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A H H 0 T A U :!.lL. 

B pa6oTe ~au KpaTKHH o6sop lCHOBHRX xeto~oB nony~euma 

nepBH~HO-nOXHpH30BaHHRX ~aCTHU (rrrrq) H np08HaHH3HpOBaHH 

OflTHKanhHRe B03MOXHOCTH nony~e~HH llfiq UeTO~OU n3u60BCKOrO 

C~BHra. TIOKa3aHO, ~TO HCDOHh30BaHHe CBepX3BYKOBHX CTpy~ B 

Ka~eCTBe ummeHel ~H nepe3apH~KH fl03BOXHeT nponyCTHTh 60XhmHe 

ffOO YKa)TOKH fl~aDmHX npOTOHOBe Tiony~eHH BHpaEeHHH ~H flOXH

pH3aUHH ny~Ka npoToHoB, nony~ae:amx no cxeue H,+ ~ H(JS y,_)!!..H,'* 

PaccuoTpeaa B03MOZBOCTh rrrrq no TaKol cxeue no aBTOMaTm~ecKouy 

3~aHHD pezmua pa60TH YCKOpBTena. 
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I. B B E Jl E H lL] 

!IOCKOJI:DKY COBpe:MeHHHe yCKO}BTeJIH Ha 60JI:DJ11He 3HeprHB 

BH,lta.DT nyqq 'laCTim, B KOTOpll:t CIIBHH HYKJIOHOB pacnpe,lteJieHH 

XaOTJ/I'tfeCKH, TaK liTO ycpe~HeHBt~ OIIepaTOpa CIIBHa B,I(OJI:D JID6oro 

HarrpaBJieHBH ,ltaeT uyJieByi> IIOJIH}m·sanBD, IIOmipBSOBaHHlle IIpOTOHLt 

BllHYJ:,lteHbl IIOJiy'tfaT:D IIpH pacceH:lHH BHBe,I(eHHOrO nyt~ICa Ha IIO,D;

XO,I(H~el :t.mmeHH. ~TOT OYtiOK BC!lOJI:DsyeTCH saTeM, B OCHOBHO:U, 

B 3KCIIepHY:eHTaX no BOCCTaHO BJit~HHD aJIIIJIBTY.It lllaTpliTUll pacceHHliH • 

maTepapeTanHH 3KCIIep&eHTOB C TaKHM IIytiKOll He BCer,I(a 

npocTa, TaK KaK pasJIHt~Horo po,o;a Jio:z:ase 3qxpeKTH, .Ita.D~He 

BKJia,lJ; B CHCTellaTHtleCKYD OmH6KJ,BHOr,I(a Tpy,I(HO YtiHTHBaew. 

, I\aK npaBBJIO, IIOJiyt!eHHe ,I(OCTaTt)tiHO Ha.n;e:JIHOI BHcPOpKanBH 

( ~ OMH6KOI B HeCKOJI:DKO npone:ITOB ) HS 3KCnepBKeHTOB no 

,I(BOIHOKy H TpOIHOKy pacceHHHD B yCJIOBJ/IHX MaJIOI J/IHTeHCHB

HOCTH nyt~xa, sHaqHTeJI:DHoro 3H,~preTmtiecxoro pas6poca, 

OTCYTCTBHe onopaoro nyqxa c ayJieBol noJistpmsanHel, conpH

:z:eao c 6oJI:Dmoit saTpaTol pa6oq~~ro BpeY:eHH ycxopHTeJIH. 

( COTHH tlaCOB ). 

B 3TOII CW:lCJie Ha.JIHtlHe nepB:it'tfHO IIOJIHpHSOBaHHOrO nyt~Ka 

H Ha,I(e:Z:HOI llOJIHpH30BaHHOI MHmeHH CHHUaeT 3TH Tpy,D;HOCTH. 

BoJI:DmaH HHTeHCHBHOCT:D nyqxa ( Io-7 + IO -9 no onenxa.u) 

BOSKO:Z:HOCT:D HenpepHBHOI BapHa~HH llOJIHpHsanBB nyqxa B 

npe,n;eJie OT - I ,ltO + I IIOSBOJIHeT cymecTBeHHO IIOBHCHT:D 

TOliHOCT:D IIOJIHpHsanHOHHHX 3KCll3pKMeHTOB npB peSKOll 

COKpa.uteHHH SaTpatiHBae:t.mro Bpe:!leHB yCICOpBTeJIH. 
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3TO fi03BOHHT Taxze H~e3HO peaJIH30BaTD 3KCnepmMeHTH 

no msyqeuHD nonapmsaiUtOHHI:lX anneud B ueynpyrmx coy,D;a

peumax m oxononoporoBsx o6nac~:ax. 

C 3THX nosmnml nonyqemte nupBJitiHo-noJiapmsoBauHoro 

nytiKa tiac~nm ms murot~HHKa nonsrpmsoBauHHx t~acrmn OHN) c 

nocne,D;yDmeH uuxexnmel B. ycitopltTenD npe,D;craanaer uecollHeH

HHI HHTepec. Eonee uarJUI.ItHHM no.»:TBepx,D;eumeu SiBHJIDTCSi pas

pa6orxu pasnuquoro po,D;a BapumrTOB Mrrq B CBHme ,D;Ba,D;narm 

na6oparopmax. 

B ,D;aHBOI pa60Te llH .It~HU KJ~TKHI 0630p OCHOBHHX MeTO,D;OB 

flOJiy'tleHHSi fiOJISipH30BaHHHX tlaCTP.:U H npOaHMH3HpyeM OfiTHllaJID-

HHe B03MOXHOCTH MeTO).ta nonytieFHSI nepBH'tJHO-flOJIJipH30BaHHHX 

nporouoB TIIIII, ocuoBauaoro ua J:.H).teneuuu ueracra6mnel BO).topo,D;a 

c s~auuol npoexnmel cnuua CBasauuoro nporoua aa $HKcmpoBau

uoe aanpaaneame nyreu ceneKTHEHoro rameum.a: B 3nexrpouarumruou 

flOJie KOUfiOHeHT CBepXTOHKOI CT~yKTypl:l ueracra6HJI.S: C flOCJie

,D;JI)Dtel mx moumsanmel B rasoBo~ YBmeum. ( saxBaT ueracra6HJieu 

3JieitTpOHa ).t;JISI fiOJISipH30BaHHOrOJ~-, H fiOTep.a: B CJiyt~ae nr,+ ) 

,l!a:ate,eCJIH He OcymeCTBJISITD CB'tl nepeXO,D;OB ~=1 1 m~::O ..... F:f).mr::O 

no raKol cxeue nonyt~aerc.a: - 50% noJiapmsanma nyqKa. 

BnepBI:le ua BosuosuocTD noJiyqeuwa noJiapmsoBaHHHX nporouoB, 

HCfl0JID3YSI Keracra6HJIH, yKa3aJIH Jl3M6 (I) H 3aCouCKULl (2) 

B nocne,D;uee Bpeua ( I967 ro~) BCJie,D;CTBHH pemeuma npo6neuu 

3~eKTHBHOI HOHH3anHH KeTaCTa6~Jiel H COBepmeHHO O'tleBH,D;HHX 

npeugymecrB raKoro Bapmaura Rnq ,D;HSI raH.»:eaoB H nmueluux 

ycxopmrenel B pa,D;e na6nparopmH yxe saKOHtieHH paspa6orKm. 

I 
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MoxHo ~yuaTL, t~To peanmsan~n sToro BapmaHTa Hrrq c 

BHemHe~ HHXeKUHe~ B C~ npe~CT~RnReTCR npe.lf;fi0'1THTenLHO~ 

no cpaBHeHlitl> C ~pyrHHlit BapHaHrrum, TaK KaK npm KOHCTpyK

THBHO~ npOCTOTe O~HOBpeKeHHO :paspemaeTCJr Jii npo6neMa aBTO

MaTH'1eCKOrO 3a,:JtaHHH HyxHOrO p~~zoa pa60Tbt yCKOpHTena. 

( Po.lf; t~acTmn, HHTeHCHBH~CTL, :to_Het~Hasr sHeprHSI, nonsrpwsanHst 

nytiKa, npmt~eM nonapmsanMsr Bap:>MpyeTc.s: B npe~ene OT -I ~o+I 

m sapaaee usBeCTHa). 

IT. RJIACClfqECKHE METOJUl nonyqEffiffi 
ITEPB(qfl0-DDTIHPH30B~lllliX ~CT~ 

2TH MeTO~S MCfiOBL3YDT cenapmpyiDII{He CBO:tlCTBa MHOTOfiOBlOCHHX 

' MarHHTOB, KOTOpbte ¢OKyCHpylOT lmM ~e~OKYCHpyiDT '1aCTKUY B 

saaHCMMOCTH OT 3HaKa MaTHHTHOl'O MOKeHTa. 

!e:«CTBHTeBLHO, B MarHHTHOM none Ha aTOM ~e~CTByeT 

cmna 
c n.I) 

- 3¢q>eKTHBHLII MarHHTHbii MOMeHT 

aToMa, ~vv- npmpocT sHeprMm, c6ycnoBneHHbtl s¢¢eKTOM 3eeuaHa. 

PaCCMOTpHM ~a npmuepa meCTHfiCBLHYID BMH3~ y KOTOpOI 

( Il.2) 

Tor~a cmna, ~e:«cTBy~>masr Ha arou, Haxo~.s:mm:«csr c JWs~ Ha 

paCCTOHHHH l OT OCJ4 BJiiH3H 6y,neT: 
~ 

F= ( TI.3 ) 



- 4-

0TKy,JJ;a cpasy BH,JJ;HO, "CJTO 1IHH3a nqxpeKTHBHO 6y,JJ;eT nponycitaT:& 

TOJI:&KO aTOMH C OTpHUaTeJI:&HHM 3(~eitTHBHUU MarHHTHHM MOMeHTOM 

( pHC. 2 ) 

!CfiOJI:&3ySI CO"CJeTa.HHSI CHJI:&HOrC 1 MarHHTHOrO fiOJISI CO CJia6HM 

HJIH CHJI:&HOrO MarHHTHOrO fiOJISI H CB"CJ-nepeXO,JJ;OB, MOXHO OT06paT:& 

aTOYH, HaXO.JJ;SimHeCH B O,JJ;HOM COC10SIHHH CBepXTOHKOI CTpyKTyps. 

CBSI3aHHHe npOTOHH B TaKOM ny"CJK€ HMeDT $HKCHpOBaHHOe 3HaqeHHe 

npoeKUHH CBHHa Ha uarHHTHOe no~e n?I • liOHH3anHSI aTOMHOro 

nyqita ocymeCTBJISieTCSI 3JieKTpOH~H. 

YCTaHOBKa, peaJIH3yDmaH 3TH H.JJ;eH,CO.D;epXMT CJie,JJ;yDmme 

npuHnmnman:&HHe ysJIH: 

I. ~HCCOUHaTOp ( HCTO"CJHHK aTOMOB); 

2. ItaJIJIHMaTOpH ( COfiJIO TiaBaJIR C ,JJ;Ha¢parMaMH - ~pMHPYDT 
BXO.JJ;smyv annapaTypy aTOMHOro ny"CJ:Ka ); 

3~ MHOrOnOJIDCHHt! uarHHT ( pa3,JJ;eJISieT aTOMHHI fiy"CJOK no 

COCTOSIHHSIM CBepXTOHitOI CTpyKTypu); 

4. pa.D;HO"CJaCTOTHHe nepeXO,JJ;H ( CB"CJ) HJIH CJia6oe MarHHTHOe 

fiOJie ( )J;JISI fiOJiytieHHSI $HKC~i!pOBa.HHOrO mz ) ; 

5. HOHH3aTOp ; 

6. CHCTella BaityyMHOI OTitatiKH., 

MH He 6y,I(eM .n;eTaJI:&HO paCCMaT]JHBaT:& npHHUHfiHaJI:&Hbte CTOpOHH 

no.n;o6Horo po,JJ;a HCTOtiHHKOB. 3TH lCOHCTPYKUHH XOpomo OTpa60TaHH 

H H3BeCTHbt, TaK Itait no TaKOt! CXH!le Be.n;eTCSI 60JI:&WHHCTBO 

paspa6oTOK MIN. 
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B TadJitme I KO:JICHO Ha.ATH OCHOKIHe XapaKTepHCTHKH HeKOTOpRX 

3aBepmeHHiiX HCTOtrHHKOB. 0TKeTJrtK, liTO HaHdOJI:&maR HHTeHCHBHOCT:& 

traCl'Hll H3 MIN flOJiytreHa BepTeeu: H ,D;p./
5/ TOK llOCJie HOHH-

. >tt:tp6Ko,DNo..u 
saropa COCTaBHJI 2,5 !UtA. CJiadOCflHUKHI H .D:P• B Xa.~&pOiCK&M 

cpH3HKO-TeXHHlieCKOK HHCTHTyTe JJOJiytrHJIH Jp1 oe = I ,2 MK.A. 

Pa3BHTHe HJiq CBSI3a.HO_C flOBHm~HHeM HHTeHCHBHOCTH nytrKa 

H pemeHHeU npodJie:am HHJ:eKUHH 11 ycKOpHTeJI:&. 0CHOBHhte nyTH 

no noBHmeaHm HHTeHCHBHOCTH IOiaCCHlieCKHX HJiq SIBJISieTCSI cne-

,D;YJ)m;ee: 

I. noJiytreHHe onTIUlaJI:&HHX ne.pa.MerpoB crpyH aToworo 

nytrKa H3 ,lJ;HCCOUHaTOpa; 

2. YKOpOlieHHe ~HHH MarHHTOB sa CtreT HCflOJI:&30BaHHSI 

dOJI:&mHX rpa,D;HeHTOB; 

?• yBeJIHtreHHe 3~eKTHBHOUTH HOHH3aTOpOB. 

TeoperHqecKHe oueaKH no~tasHBamT, liTO npe.D:eJIOK HHTea

CHBHOCl'H flOJISipH30BaHHOro nyqKa H3 HJiq no TaKOH CXeMe MO:JICHO 

CtrHTaT:& TOR OKOJIO IO KK!. 

I 
t 
I 
" 
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m. IDJiyqEimE IDJiflPH30.BAHiillX tiACTm! 
METO,UOM JI9MOOBCJ.OrO ~uU!. 

,Upyrott nyT:c noJiytieHHSI nepBH1!Ho-noJISrpH30BaHHHX t~acnm;, 

OTJIH'tfHl:l%1 OT yKa3aHHOrO , saKJIDtiaeTCR B ceJieK-

THBHOM rameHHH Cll:lCTpl:lX MeTaCTalhmeA 3Jie:rtTpOMaHHTHI:l:M flOJieM 

C flOCJie;Jtyi)J]teit HOHH3aiUteit. B ra30Bpl MHmGHH. PaCCMOTpHM KpaTKO 

TeOpHD MeTO.]\a. 

B3aHMO.]\eiCTBHe aTOMa C BHemHHM uarHHTHI:lM flOJie:M OflHCHBa

eTCH Bosuymammmu tiReAou 

...... -... u' = Jto ( L 8 .,. .:.? .7 8 ) em. I) 

..2 j1o = 0,927.!0 O 3pi/iaf"MarHP:THl:lit MOMeHT 3JieKTpOHa 

L~ = f £17 ~,o J - c pCSHTaJI:DHl:lit MOYeHT ... 
'J - CflHHOBhlit MO:MeHT 3JieKTitOHa. 

PemeHHe ypaBHeHHH illpe;JtHHrepa, COOTBeTCTBymmee 3TOyY raRHJI:D-

TOHHaTy XOpOmO H3BeCTHO 

.1\JI.S: ypOBHel 
2S~ 1 W{8, = Wo (2 S¥z).,. 2.tto rn3 8 ~· 

I ,, 

f 
'[ 

2 P ~ J 2 P J/.a J "' ( 8) = ~V+; "-'- + ./'fo 8 1"11;r ':t f WIV+ + &V-J{ f~'•S(w.~llfJ, iji 

2 ·~· '! 

EcJIH sueprHD H3MepHT:D B-,- ( w.~ + w_ } = 7300 UIJ'GM~: (ID.2) { 

npHHHMaH sa Hal.JaJIO OT'tfeTa .!_ ( 2 W.,. + W:. } , uarHHTHOe ~ 
3 : 

noJie B e,l\HHHnax 1. }io/3 
X-= ~·w+-W- j )(: 1. ~~~ 8 :::: s~ l'tlavcc) 

mO '1/: ,; (\V+ +W-) ~ + .t (J \Mot- W-) 

~ = - f .,. W13X t i Vxl+2 ""JX + :1.. 
t 

1 ~ 2 S f.a l'n 3 : :!: f J Y = ':lo ·· I t X . 

Yo :: L :: J()S~ 17 llf~,'l 
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coornercTBYDIItYD aaepmD nepelo.n;a 2 S}! ~ 2 Ph 

W -= .Jo ... ~ + f x :t t ~t".t+ 2mJx f "% 

MarpHqHHI 3Jie:u:ear nepexo.n;a 2 .J~ ...,.2PY,a ...., 1 S ~ 
CSI ... -V:: c::/E·'t/> 

onpe.n;eJiaer-

C m.6) 

blld H ~epcpop;z(I/ B yCJIOBHJI.lC :u:anoro B03MynteHHSI HaiiiJIH, 

qro npe:MSI JtH3HH .n;JISI 2 S ~ -. ;>.P~ ~IS~ 

t":"w(. - 7"-2.S - '-.2P . (HI. 7) 

Vonpe.n;eJISieTCSI ( HI.6) w - (HI.5) r = 99 MP/eex. M211. 

· w ::0 npH B = 575. B aro:u: cJiyqae ocynteCTBJisterca 

( pHC. 2). MHTepcpepeHIUiSI 2Sf.z, u 2P~ ypOBHeti B 3JieK

TpHqecKO:M noJie :a:eJiaer B03uoxa:cw: 6ucrpmt nepexo.n; 2 .f ~ _, 

_. 2P~ -.fJJi CO BpeMeHe.M XH3HH f':,s ~ ~,., :' L
1 
S'9S ·10-.fe.M-. 

npm: B = 575 zc:tt'u u E =- i"o ~c.Mo 

Tio.n;ypOBHH 3 H 4 COCTOSIHH. 2 S ~l fiOJIHOCT:OD BHCBeqHBaDTCSI C 

HCfiYCKaHHeM KWaHTa B ,D;aJieKOU yJI:opacpHOJieTOBOI 06JiaCTH C 

A = I2~6H,., • B TO xe npe:u:SI xounoaearu I H 2 ( ~ S 11 ) 
HMeDT npe:MSI JB:H3HH B !840 pa3 6oJI:omee (~,3.Io-6cex) 

H npH cxopocrH v- = IO 7 c:M/ceK. :u:oryr npoiTH ente paccroa

HHe t = ttt" = ~JM 
Ha pHc. 2, B3stTo:u: H3 pa6oru I ¥ I BH.n;Ha 3aBHCH:u:ocr:o 

BpeueHH JtH3HH OT :u:arHHTHOrO fiO.iiSI npH !5 ~ec.u. 
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IloraCHB KOllnOHeHTLl 3 H 4 ocymecTBJUieTCSI OT60p ny'tiKa 

c sa.n;auu:wa: m 3 • TaxoH fiY1WK Ha IOO% noJispm30BaH no 

31IeKTpOHHO:My CimHy, HO nOJIJipl~Sa,nHJI no CimHY npOTOHa 

paBHa HY1IIO B CHJibHOU uarHUTHOU fiOJie • ( 6 >.;> ~':') 

ECJIH ~Ha6aTH'tleCKH nepeBeCTH TaRO~ ny'tiOK B CJia6oe uarHHT-

uoe noJie m sareu 13 ... 0 TO fiOJIY'tiHU 50% ITOJISipH30BaH-

Hliii ny'tiOK. B Ca:MOM ;n;eJie CfiHHOBhle BOJIHOBbie cpyHKUHH COOTBeT

CTBYDlltHe fiOBe;n;eHHJO KOMIIJIHeHTH CBepXTOHKOB CTpyRTypu B 

yarHHTHOM fiOJie eCTb CJie;IJ;yJOll{HE! /6/ 
v..- P e 
r ~~ = X* 7. .X •f 
'fi, () = fi' . .x ... P,~ ·..X-~ 

.J. r '.Z. .&. 

~ P e 
rt,-1 =.X-~ . .X-~ (m.a) 

~ ;;-;:£' P ye {!1 P e 
~" =v·7 · v+J. ·/\-t- J ·Jf 1 ~ ./' .a. '.L 2.. ·I. "'I. 

(m.9) 

np:vt ny11e P.z ~ o ~ 1.3 >> -!~ · 7:_pw IIH'tr:>~ ~AA,;" .. , 
,/of~,. -/ 

~ /C~H.e,l"•t C: ~:; 1, llfl.c- # •I ~ .c'= ~ h?!C":- 0 ~Z.tL~~. 

TaKas npocras npHHUHnmani>Has cxeua noJiyqen:vts noJispu-

30BaHHoro nyqKa ;n;o11ro He MOrJia eraTh peanbHOCTbiD. 

Tpy;n;HOCTb saKJID'tlanac~> B npo611euax noJiyqeums HHTeHCHBHoro 

ny'tiKa MeTOCTa6HJieH H 3~eKTHBHOrO HOHH3aTOpa. 
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I 
Eu(e Ma,na.Hcttml m OyJH I? I, H3y'tlasr npouecc H, +-... 1-1, o a s -i) l 

B npOTOtiHO~ BO,D;OpO)tHOti :t.m:meHu, HamJIH tJTO 0': /0 -II CAM l 

npH E = IO It3B, HO OHH yK<:L3aJIH, tJTO B03MOJIHO B 

napax C.S 

6y;n;~r otteHh 60JihmH~ 

B pa6orax nonanm, nPeiKa 181, H .D:P· 6HJIO noita3aHO, 'lTO 

()(H,+ ~ H, "(.~.$~) ::: /O·IScu.~l. 
) 

tJTO no3BOJISieT noJiyttaTh o'tleHh HHTeHCHBHHe nytJKH H/fzs)(~) 

OrpaHH'tJeHHe HHTeHCHBHOCTH BOSHHKaeT H3-3a ~~~~~ 

3apsr;n;a B nytJKe m HOHHoro orcoca. 3rm npo6Jieuu 6Y.D:YT 

paccuorpeHY B pa3,D;eJiaX m H IY. 

HoHH3an;Hst Meracra6HJiet-t H." (2$) 

B CJia60U uarHHTHOM flOJie ,D;aeT B03MO%HOCTb flOJiytiHTh flOJISI
/8/ 

pH30BaHHUe 'tJaCTHUH. nol{aJilC H np. flOKa3MH, liTO nponeccHfl.S)"'*h;-

(3) H,l(eT 3qxpeKTHBHO B A~ np~ 3TO:M 
,, 

() {/{(lS.'/~JII.!, l-It-) = f /~() ~ ~:: ~ 7~<~( 
6( H(l s ~ ... ) ~ H, -; i ~ 1: :.- 2 1e ~I 

!'!'( lllJf + 

(ll.IO) 

Ce'lenme b ( Ha SIS) ~ H, -; npH q ~ x ~ P 

j1-~0 -!5 CU. 2 O'tleHh BeJIHKO (pmc.2f) • ABTOp~106'bSICHSI8"1' 3TO 

pe3oHaHCHbtM xapattrepou npouec<:a. 

:MccJie.l(OBa.Hme npouecca H lz.s ~,.) -.. H/ ellle ne npoBO.D:WIOCh o 

HecuoTpsr aa 3KcnepHueHTaJibHbte TPY.D:HOCTH B nomcitax 

no;n;xo;n;amero BemecrBa ,D;JISI nepe~:apa;n;Km, uoxao Y:ate celqac yKa3aTh, 
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~TO, B03UOXHO, 3TO 6YXYT 3XeKrpOOTPHUaTeXLHUe rasH. 

2Ta pa6oTa 6y~T o6cyx~aTLCH B pas~exeYI. 

Cne~yeT OTMeTHTL, ~TO cy~eCTBYDT npHHUHnHaHLHHe Tpy~

HOCTH 3TOrO MeTO~a IIOXy~eHHH aepBH~HO-IIOHHpH30BaHHUX ~aCTHU 

no cxeKe 1-h 1 ~ Ht2Jv.,.) ~ H,- • OHH CBH3aHU co cne~ym~:mm 
IIpH~HHaYH: 

Ill 
I. ITOCKOHLKY OIITlllllaJILHM 3HeprHH ,D;JIH nepesapH~EHHas$;,J ~;;-

l: ~ 0,5 + 0,7 K3B, TO Tpy~HO BHTHHYTL H3 HOH-
., 

Horo H9TOqHHKa nyqoK C Y~OBXerBOpHTeJILHO~ ~;i~~~~~~ 

50 + IOO MEA 

2. Ecnm TOK nyq:s:a BenHK, ~11/ 1~~ ueo6xo~oo yqmTUBaTL 

sne:s:xpm~ec:s:oe none B nyq:s:e, T.a. OHO BU3HBaeT rameume 

ueTacTa6mJiett. 

3. B nponecce nepesapa~KH i{," ~ H fJS~J o6pasymTca 

Hf!911(,HH4te HOHH ~'I , KO~ropHe 06pasyDT npocTpaHCTBeH-

Hbtl saps~. ITpm 6onLmmx To:s:ax :3apa.n; cymecTBeHeH. 

Bee 3TH TPY~HOCTH uaua,D;I:ilBd.IOT npHHUHIIHaJILHHe opraumqeHHH 

Ha npe~eXLHYD HHTeHCHBHOCTL n;{~Ka IIOXHpH3JIBaHHI:1X qaCTHU. 
H"'~e 

i GJIG;ltYM\IlX paS;lteJiax 06CyJC~ae·~cH O~HH H3 BOSU:O%HUX nyTeit , :11 

YCTpaHeHHH IIpH~HHii 3 H qaCTH~JIO 2. liTO :s:acaeTCH"I; TO ~XH 

IIOJiyqeHHH IIOJIHpH30BaHHiiX f{,- 3TO YCJIOBHe OCHOBOIIO

Jiarammee. B cxyqae nonytreHHH noJIHpH30BaHHiiiX H, t :u:eTo~oM 

nepesapH~KH YCJIOBHe "! " H C:3H3aHHOe C HHM orpaHHqeeHHe 

Ha TOK OTIIaJ,taiOT • 
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IY. 0 IITkiMAJil>IillE AmillEHM JUI.H JEPE3AP.H,lll{ll! 

I. CpaBHMTeJI:&Hlil aaanms pa.3JIHl.IHoro po.n;a wmeaeit. 

I. MeTO.l(HKa noJiytieHHSI nytiKa cbtcTplix MeTacTa6HJI:&HliX aTOMOB 

BO.l(opo.l(a c 6oJI:&mmu Ito 3qxp:vn~meH'rou npeo6pasoBaHHSI H, 1 ~ H(Z.S~) 

HaKJia)(HBaeT pSI)( Tpe6oBau:mit aa riepesapR.l(HyD MHmea:&. 

I. EoJI:&mM BepostTHOCT:& fli))(XBaTa 3JieitTpOHa. 

2. Pe3KM npocTpaHCTBeHH:ui JIOKaJIH38.UHR wmeHH. 

3. 0TCYTCTBHe KaCKa,l(HliX apouecCOB ( O,J(HOKpaTHaR 
nepesapst.l(Ka) 

4. EOJI:&moit fla,l(aDII{H~ TOK. 

~TH KpHTepHH B ,l(OCTaTOl.IHO~ CTeneHH Y.D;OBJieTBOpRDTCSI npH 

HCfiOJib30BaHHH ,l(JISI nepesapSI.l(KH CBepX3BYKOBOit CTpyH T.K. 

fiJI~HKM ( t :::5 UKr/C~ ) He y.l(O BJieTBOpReT yCJIOBHD 3 H yCJIO

BHIO 4 

EcJIH ceqeaHe nepesapst.n;KH aa opraHHKe HJIH ueTanJiax (6oJI:&moe 

paCCSIHHe) (;-~ IQ...,l? CM. 2 t T:> BepOSITHOCTb nepesapR.l(KH Ha 

na)(aiOII{Hit npoTOH w = o t 1 t = 6.IO .t 9 Yc..u l, >> 1 

:r.e. saBe.l(oMo 6y.n;yT MHoroKparaue npoueccu, l.ITO 6y.l(eT 

CHH%aT:& BeJIHl.IHHY Ofil'HMaJibHOrO K03~HUHeHTa nepesapSI.l(KH. 

B HHTepBaJie 3Heprmit 20 +: 50 ~3B, fiOBH.l(HMOMYt 3~eKTHBHee 

HCfiOJib30BaTb Opraa~qeCKHe TIJie~KH, T.K. Cel.IeHHe fia,l(aeT, 

t ,J(OCTaTOl.IHO BeJIPIKa, TI03TO!zy W- i 

B CJiyqae npOTOl.IHOit ra30BOit MHmeHH Tpy,JJ;HOCTH SaKJIIOl.IaiOTCSI 

B fiO,l()(Jp:xtaHHH propomero BaKyyM9. Io-5 .. Io-6 TOPP BHe 

KaMepH nepesapSI.l(KH H BHTIOJIHeH~H yCJIOBHSI 2 H 4. 



-13-

~~~~61X lt:l.Jt.l/' 
KpOMe TOrO MCfiOXh30BaHHe ~aHHHX ~aSTHU M napOB mexoqHNX 

MeTaHXOB MCKXDqeHO M3-3a fiOXHO~ yTepM B nepBOM cxyqae H 

BOCfiXaMeHeHMR BO BTOpOM. 

ITOXHOCThiD y~OBXeTBOpReT BCeM KpHTepMRM MMmeHh B BH~e 

CBepX3ByKOBO~ CTpyH. Kpoue TOrO CBepX3BYKOBaR CTpyR fi03BO-

H4 IY"XO~e 

MHmeHH. 2TO ~aeT B03MOJICHOPTh fiO~Iy:qaTh dOXhniYIO HHTeHCHBHOCTh 

ueTacradvrxe,t;t. 

2. PacqeT CBepX3BYKOBOit CTpyH. 

)lXR HatnHX nexeit ~OCTaToqgQ H<:fiOJih30BaTh H303HTpOnMqeCKOe 

HCTeqeHHe B BaKyyy D M3 COMa J:aBaJIR raSOBO,t;i CTpyH. KOH

~eHCMpynmeitCR Ha OXXa.Jlt~aeMO~ nonepXHOCTM. ( iKH~KHe aSOT, 

rexvr~, BO~opo~ ). Bee napaMeTpu rasoBoA crpyvr npvr 3~aHHOA 

~eo"f.eTpuwconna onpe~exmoTCR qvrcxou Maxa M. B sa~aHHOM Han

paBxeHHH H Onpe~exReTCR OTHCmeHHeM CKppOCTH CTpyH K 

CKOpOCTH 3ByKa ~ CKOpOCTH pacnpCCTpaHeHHR BOSMymeHH~, 

11 =1£ . ,\ I'.,' 1/.;:/=., =:r:=.=, ,\=2=\' 
(<II 

( II) 

ct. : /If = t/31' RT' 

a. - ru<op tfJ enu ~rt:L (IY.I) 

" : 
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~ - OTHOmeHHe CKOpOCTH CTpym B CBepXSByKOBOM TIOTKe K 

CKOpOCTH rasa B KpHTHtJeCKO:U: CetJt~HHH COIJJia JlaBa.JISI. 

( IY.2) 

"""f>¥l.t, 
Jr1CXO,ll;SI HS Sa.,I(aHHOM OTITHMa.JibHOM rJIOTHOCTM",IVISI H/ ~ /i{2f~) 

crpym m ee nonepe'!Horo pasMepa .f ~ Io15:u:oJI/cu. 3 MOJ:Ho 
. 3ac,1ec,~~ 

onpe,ll;eJimTI>·,ll;JISI pasuwx ce'!eHmii conJia Bee napa.Merpu 

crpym no ~opMyJia.M. 

llpome O,ll;HaKo mcnoJibSOBaTI> raso,ll;mHaMMt~ecKme Ta6Jimnu /4/ 

I 1?eppm/ 

Ta6JIHUa IT. llapa.MeTphl CBepXSByKOBOl CTpym 

Po,11; rasa )bt4-.X ). M 8. T~ Ji'l Jl( Poropp 

i,l z,s 5"¥ 13 2,6 1.,9 
O,n;HoaTOMHblit 1,8 ~,6 lt'f Sl '1}~ 3,1( 

~ ~'} % @ J.,9 .~z J/ 28 II,/ 9," 
Rt 2, f' 

J., 9 5 ·r 5 to J.S 25;2 2., 'I J I 
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e - npe,ll;eJII>HHit yroJI, Ha KO~WpbiA MO:m:eT OTKJIOHVITI>CSI 

crpy.a • .nnvrna nepesapSI,li;Kvr MVIrneJU'! dy,ll;eT onpe,11;eJISITI>C.fi 

Ha M.J.Ijtuwme IJ CTpyVL. 

( IY.3 ) 

r,11;e - ,li;VLaMeTp BHXO,li;Horo conna 

(IY.4) 

11:3 cVoPMYJ!H (JV."t ) BVI,li;HO, liTO TOJill{HHa MHmeHVI npH 3a,ll;aHHOA 

.f*:::-10 1s Ye..uJ onpe,ll;eJISieTCJI yrnoM OTKJIOHeHM.fi CTpyPI. 

,nJI.fi peaJII>HO ,11;0 CTR:Z:VIMbtX 't!VJ:CeJI Haxa. Jf ~ i 0 3TOT yrOJI 

cocraBJI.fieT f) ""IfJ0
• Ecnvr pacc~wsm:vre ,D;O ocvr nyG:Ka 

b = 50 MM, TO t ~ 1015~:1j CM. 
2 

MCITOJII>30BaH:vre Tpex 

coocHHX conen BMecroro O,li;Horo vr oXJia:m:,ll;eHvre rasa ,11;0 

vrcreqeavr.a nosBOJI.fiiOT JIOKaJIH30BaTI> crpyiO H cymecTBeHHO 

yMeHI>illHT:b yrOJI OTEJIOHeHVI.fi. 



4. TEXHWIECffliiE OCOEEBHOCTH 

lnR COS~aHHR CBepXSBYKOBO~ CTpyH C OIITHMaHbHHMM rrapa

MeTpaMM He06XO~HMO paspemHTb leXHH~eCKHe Tpy~HOCTH, CBR

S8HHHe C: 

I. OTKaqKQ~ 60nblliHX ITOTOKCB rasa; 

2. npOCTpaHCTBeHHO~ noKan~sauHe~ CTpyH. 

0TKa~Ka IIOTOKOB 'j,::: I019q/cM. ~ ceK Tpe6yeT BaKyyMHHX 

arperaTOB npoHSBO~HTenbHOCTbD 6onee 8000 n/ceK. ITosTOMY 

raSOBUe CTpyH, KaK npaBHnO, y~aBnHBaDTCR KOH~eHCanHOHHHMH 

HaCOCaMH ITpOHSBO~HTenbHOCTbD IOn/ CM. 2 ITOBepXHOCTH 

KOH~eHCaTopa. ilOBepXHOCTb KOH,t;eHCaTopa OUalt~aeTCR litH~-

KHMM ~~He • HePIS03HTJIOITJfqecKHe ITOTOKH raSOBO~ 

CTpyH ycTpaHRIOTCR OUallt~ae:wnu: 60itOB'btMJII TIOBepXHOCTR!m PI 

Haca~KaMH Ha COITnO. 3TH Mep'bt r:03BOnRIOT peSKO HOKaHHSBaTb 

CTpyn B npocTpaHCTBe. qTo :rtacc:.eTCR rrpe~eJibHO~ TennoBoM 

HarpySKH Ha KOH~eHCaTOp I0-2 + IQ-3 BT/CM.2 ce:rt, TO :rta:rt 

I10:rta3a.HO B pa60Te /IO/ 3TOT rrpe~en KOHCTpyKTHBHbiM peme

HHeM MOJ!tHO yBeJIHqHTb ITOqTH Ha ~Ba I10pR~Ka. 

TeXHH:rta CBepX3BYKOB'btX CTpyl, HMelOmHX t::: IO-? r /CM. 3 

~ocTaToqHo xoporuo oTpa6oTaHa l': B pR.n;e pa6oT orrRcaau pas

pa6oTaHHue KOHCTpyKUHH. 

n.C. 30JIHH H ~p./IO/ ITOJIY~l'mH HMnynbCHYlO CBepX3BYKOBYIO 

CTpylO B BaKyyMe C TIOMOmbiO Tpe>: COOCHbiX COITeJI. ABTOpbt IIOKa-

3aHH, ~To rrpe~BapHTeJibHOe oxnc:~~eHHe rasa ~o TeMrrepaTypu 

lltH~KOrO a30Ta npHBO~HT K yBen~:qeHHD ITJIOTHOCTH CTpym: Ha 

IIOpR~OK. 

I , 
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Ilapa.MeTpbt CTpyH BO.n;opo.n:a Ha pa<:CTOSIHHH 300 MM OT corma: 

fi1IOTHOCT:b B UeHTpe CTpyH I0-7:·~i~/CM. 3 , mHpHHa Ha IT01IY

BbtCOTe I eM., yron OTKJIOHeHHSI <:Tpym He cooc5maeTcSI. 

Y1IaB1IHBaHHe CTpyH OCyi.qeCTB1ISI1IOe:b C ITOMOIIt:biO re1IHeBOrO KOH

.n;eHCaUHOHHOrO Hacoca. T01I:bKO 0 :,6%+ 2 rC'J He rrorra.n:ano Ha KOH

.n:eHCaTop. 

/IO/ 
~.n. Eyco11 m .n:p. rrortas<mH, qT0

1
HCIT01I:b3YSI c5oKOBhte 

OXJia.JIC,IJ;aiOI.qHe ITOBepXHOCTH VI Haca;~KH Ha COIT1IO, MO:EHO )J;OBeCTH 

BaKyyM B KaMepe )J;O I0-5 + I0-6 TOpp C Xopome~ rrpOCTpaH

CTBeHHOn 1IOKaJIH3auHe~ CTpyH. 

E.C. EopOBH~IO/H .n:p. C03,IJ;aBaJIH CBepX3BYKOBYIO CTpyD 

B BaKyyMe • CTpySI HMe1Ia paCXO,II;Hl40 CT:b 40°, Ha paCCTOHHHH 

I30 MM OT corr11a ras rrona.n:an Ha KOH,IJ;eHcaTop, oxnax.n:aeMht~ 

:l!CH)J;KHM a30TOM. lJ.aBJieHHe B KaMe)e COXpaHHJIOC:b Ha ypOBHe 

• IO - 5 TOp. IDIOTHOCT:b CTpyH Ha ::naxo.n:e I,24.IOI5 M01I/CM. 3 

VLJIH·3.IO-B r/ CM. 3 • 

Te xe aBTOpbt B pac5oTe/IO/ H,)CJie.n:oBaJIH cBepxsByKoByiO 

CTpyiO BO,IJ;OpO,IJ;a B KaqeCTBe MHme::rur ,11;1IH rrepesapH)J;KH HOHOB. 

IlOKa3aHO, qTO .n;JIH )J;OCTHJICeHH.fl T')~ JICe T01IlllHHLI ITpH OXJiax,n;eHHH 

)J;O 78°K H 20° K HeOOXO)J;MMbl IJ)TOKH B TpH H meCT:b pas 

MeH:bme, qeM npH 300° • HcrroJio30BaHHe oXJiax.n:aewx Ka.Mep 

HCTeqeHH.fl fi03B01I.fleT ITOJiyqHT:b n~OTHOCT:b B BO,IJ;OpO,II;HO~ MmmeHH 

.n:o 10
17 ~cM.3 m .n:ocTHq:b rrepen~.n:oB rrJIOTHOCTH ua rpaHHUe 

-.L 
CTpySI-BaKyyM Ha meCT:b CeM:b nop, • .n;KOB BeJIHqUHbi ( T • K. (/,. "' T ..t ) 



3~EKTHBHOCTb CTPY~HHX MMlliEHEH 

Ecn:vr mcnonbsoBaTb ~nR nepesapR~KH f1,T ~25 ~ij H 
HflS~) 

~) _,H,- nest~eByD H aproHOBHe CTPYH
1 

nouemeHHHe B 

e~HHiil~ BaKyyMHHH KO:m:yx, TO cymeCTBeHHO COKpamaeTCR B 
l'oN.Ut~ 

( 5-IO pas) paCCTORHHe ue:m:~y ummeHRMH, qTo BOOMO~HO C 

TOqKH speBHH llOBHmeHH~ HHTeBCHBHOCTH H ra6apHTOB HCToq

HHKa. IlpH OllTHMaJibHOJ;t TOnutHBe MHmeHe~f Yc IOIS aT/CM.J 

& =I+ 2 CM
1 
t = 2.Ioi5 aT/CM.i, ~HeprHH n~a10mero 

nyqxa ~ -1 500,f, IO MTO~ OM H 27 M 'f91f eM ;1Vl1! et}'P&H • 
I 

IGIHI9UH. (1BTOpbl / 4/ llOJiyqHJIH 2% ~qxpeKTPIBHOCTb cyoapHOH 

nepesapR~K:vr. O~HaKo npoBO~HJJ:OCTb nyqKa qepes ycTaHOBKH 

6BJia HeBHCOKa, T.K. HCllOJibSOBaJIHCb npOTOqHHe MHmeHH: 

nesHeBan ~JIHHOH I5 cu H aproHoBaR I3 CM. PaccTORHHe 

Me:m:~y MHmeHm.m ""'80,.... ~aPe:euaR lcDHCTPYKUHR HS ~BYX 

cBepxsByKBBHX cTpyn ( pHc.3) ~aeT BosuoxuocTb pesxo 

COKpaTHTb B ( 5-7 pas) ~JIHH~ 3TO~ qaCTH 3a cqeT JIOKa

JIHSaUHH MHmeHH, nponyCKHaR PHTeHCJiiBHOCTb yBeJIHqHBaeTCR 

3a cqeT 60JibmHX ~onyCTHMHX ~rJIOB paCXO~HMOCTH H 60JibmHX 

onepTyp ( ) no MeHbneJ;t Mepe Ha nopR~ox. 

HOHHHH OTCOC aBTOMaTHqecKH c6ecneqHBaeTCR CO CKOpOCTbiD 

li~ I05 CM/CeK. 
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Y. 011THM.AJI1HAH HHTEHCHBHOCT:b 

BpeMH npedHBaHBH aTOMOB BO~OpO~a B MeTaCTadHnbHOM JJ~ 

COCTOHHHH 3aBBCHT OT 3HaqeHHH ~neKTpHqeCKOrO nonH, ~e~

CTBYD~ero Ha aTOM /I/: 

~s z Llp·( Y.J.s-.to~~ 
p ZJp :I ,6.I0-9 ceK. 

ITO~TOMY npH nepesapH~KaX dOnbiD~X npOTOHHHX TOKOB Ha 

BHXO~ aTOMOB B 2S4COCTOHHMH cy~eCTBeHHOe BnHHHMe OKa-

3HBaeT none, cos~aBaeMoe nyqKoM. 

/'f ~/r-"z.s = :Jp ·w. e- '"J 
( Y.I) 

r~e JZJ - HHTeHCHBHOCTb TIOTOKa 2 S~ aTOMOB 

Jp - ITpOTOHHH~ TOK 

VV - BepOHTHOCTb rrepe3apH~KM npOTOHOB B 2 COCTOHHHe 

t - BpeMH ~e~CTBMH nona Ha ~-l aTOMLI t /2 S£ UJe.JnQJ.,.._ro. 

,....r~ 

EcnM cqMTaTb nnOTHOCTb TOKa rrpOTOHOB O~MHaKOBO~ no ceqeHHD, 

TO HanpHXeHHOCTb nona Ha rpaHHUe UHnMH~pmqecKOro rryqJta /II/: 
E - __;;:J....::.;P;..,__. __ ~_ 

._ 2\ll'Ji·£·~z·Ufl.~ (Y. 2) 

-yCKOpRD~HM TIOTeHUHan; 
-pa,n;Myc rryqKa 

ITOCKOnbKY none nyqJta nMHeUHO na~aeT K U9HTpy nyqKa, cpe,n;Hee 

3HaqeHMe nona, B03,1J;e~CTBYD~ee Ha 2Sf aTOMH, dy,n;eT BHpaxaTbCR: 

E = ~r ?- · c· ~ o:~aa -- .£ · 
1 rr "J J 

C-iJ 'I''P = -~.;_P ___ _ 

JV6 .r, f. ·p!:.. . vi. 't ~y o3) 



0TCIO,ll;a: 

JJ.s = :Jp . \V. e 
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-· t Jp'?. 
t'~p .f·,~r·'o"J~·U·Vi ·1it Pi .tf~~).t. 

( Y.4) 

IIpH Ma.JibiX ~P Bblxo.n; 7ls pacTE!T JIHHekiHo npH yBeJIH'leHHH .Jp 

'lif.Jt..( ClOJI:DmHX J p Ha 3Ha'tleHHe :72~ BJIHSieT 3KCITOHeHI(HaJI:D-

Hbtit 'tiJieH H BeJIH'tliiHa 1z.s na.n;ae~· • MaKCHMa.JI:DHbtltt BbtXO,ll; 2 S ~ 
'C> ::lzJ 

aTOMO B Ciy;u;eT npH '0 .] p : 0 

JlHqipepeHUiiPYSI Bbtpa.JlteHHe (Y.4) no· Jp , TIOJIY't!HM: 

,..., JV6·1i·Eef. V~.~ 
..1pm~:: - ( Y.5) v.;.t 

t = t J t. - ,ll;JIHHa ITYTH, Ha KOTOpOM ITOJie ny't!Ka B03;D;eit

CTByeT Ha 2 S ~ aTOMbl, v- - CI:OpOCT:D npOTOHOB. !IO;D;CTaBJISISI 

3Ha'tleHHe i, B ( Y • 5), TIOJIY't!HM: 

,..., ,2 . /7 . , r,;- . .lti;-, ~-~ ~-'.).-. -, ()-Yj-.z.':"" .J J 
J PM~ = r, v j . v 2 . v ·...::__ & . £. ~ ·?-; V'-r (Y .6 ) 

7 ,. 
.C'tiHTaR ycxopSIIO~Hit ITOTeHUHaJI v IKB, pa;u;myc TIY't!Ka 3 MM., 

t = 4 CM., I1011Y'IHM :f PIn~ ~: 500 MKa. 

TOKH ITOpSI;D;Ka 500 MKa MOJ:HO I10113''t!HT:D, BI:lTSirHBaSI npOTOHI:l H3 

TIJia3Mbi HaiTpSI:m:eHHeM I5 + 20 1<-l : .n;anee TOpM03HT:b HX ,ll;O 

3HeprmH I t<, f C I. 3] 

JlJISI TOrO, 'tiTOCll:l pacceSIHHe I13''t!Ka HeitTpaJI:DHI:lX aTOMOB 

ITOCJie BbiXO,ll;a H3 rrepesapSI,ll;HOit KcWepbt ClbtJIO MHHHMaJI:DHbtM, HeOCi

XO,ll;HMO ITOMeCTHT:D ee B TO MeCTO npOTOHHOro ITY't!Ka, r.n;e OH 
tn;A:J~(!f 

CHfJidAMT<nl BClJIH3H TO't!KH neper:ada, r;u;e npOTOHbl ,ll;BHjiCYTCSI 

rrapanJieJI:DHO OCH ITY't!Ka ( pHC. I>. On;eHHM B03MOJB:HOCTH TpaH

CITOpTHpOBKH HekiTpaJI:DHbtX aTOMOB BO BTOpyiO rrepesapSI;D;HYIO KaMepy. 

B OCiJiaCTH nepermda pa;u;HyC ITJ''t!Ka MeHSieTCSI MaJIO, I103TOMy 

ypaBHeHHe 9.8 BCJt] MOJ:HO HHTel'pHpOBaT:D, C'tiHTaSI 'Z. ITOC-

TOSIHHbtM: 1 -/. :J p o/ i 

z =/ ltv11i£·?1.·v''Y.z:. +C 
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J'n()'tKe 
~ o 'Y'=tJ e. =o Ilpllt C : 1 v , - HattaJIO KOOp,I(lltiiaT B ~e 

neper"R6a 

'2:'= (Y.6) 

ECJIH ctimTaT:D, tiTO paccTOSIIIHe CIT I-ott nepe3apSI.n;Hoi1 Kauepu 

.n;o 2-ott paBHO IO cu, .n;maueTp nxo.n;Horo OTBepCTHSI 2-ott , 
bl I. &4 v • .,"",........""""' 

MHmeHH, KaK III BXO,I(HOrovpaBeii 6 MM., TO BCe Het!TpaJIJJHLie 

ttaCTHUH BOti,IJ;yT BO BTOPYD :wtmeH:b 1 eCJIH He ytrHTHBaTJJ yrJIO

BOe pacceSIIIHe np:w nepe3apSI.n;Ke ~ p1tc. ) FI'fHt 0 ,o6. 

IIo.n;cTaBJISISI 3HatieHme Z 11 = ··0,06 B ( Y. 6) Haxo.n;HM, trTO 

TaKaSI 06JiaCTlJ nepe3apSI,l(KH npOC!THpaeTCSI OT -2 : 0 ,1(0 t =- 8 MM. 

TaK KaK ,l(JIHHa Ha flOJIYBHCOTe cnepX3BYKOBOi1 CTpym, KOTOpaSI 

SIBJISieTCSI nepe3apSI,IJ;HO%t MHmeHJJI>~, paBHa OKOJIO I CM, flOTepH 

aTOMOB Ha TpaiiCflOpTHpOBKy 6y.n;~rT MaJILI. 

YI. R :003MOJKHOCTR IIOJI~rt!EHID1 IIOJIHPH30BAHHUX 
IIPOTOHOB H3 ITOJIJIPU30BAHHHX H (25 I/2) 

EcJIH ,I(JISI noJiytieHHSI noJISipH3oBaHmx H,- H3 H(l.fy~J ...... H-

6WIO ycTaHOBJieHO, tiTO flO,l(XO,I(SII~HM nepe3apSI,I(OtiHbiM ra30M 

SIBJISieTc.a A~ , TO ,IJ;JISI nponecca Hr2sv~J ~ H, + noxa 

HeT HHKaKHX peKOMeH,IJ;ar(Htt. llpH 3TOM yCJIOBHSI ,I(JISI flOJiytreHHSI 

H, 'f H3 f10JISipH30BaHHbiX H(2S j~) OCTaJOTCSI npe:m:HHMH, T,.e. 

He06XO,I(HMO, tiT06bl OTHOmeHHe CHtieiiHtf nepesapSI,IJ;KH 

G" (Has~.,.; ~ H,'~-) >> 1. . 
G' { H (IS ~ .. ) --4' fit f) 1 

O~ecnetiHTlJ ,I(OCTaTOtiHYID CTeneiiJ> f10JISipH3ar(HH nytiKa 

BblXO.n;Simero H3 MHmenm. 
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C~HTaR no Eopy I 12 I, ~To 
c- "" _j_ ( i .l. + i) . ..L 

ce~eHHH nOTepH 3ReKTpOHa 

v- J4ll"' I (YI.I) 

r,n;e I - 3HeprHR, Heodxo,n;HMaH ,n;nR OTpbiBa 3nexTpoHa 

~ - CKOpOCTb qaCTHUbl 

~ - 3apH,n; ummeHH 

HaXO,II;HM, ~TO OTHOmeHHe Ce~eHHM fiOTepH 3ReKTpOHa H3 

COCTOHHHR B O,II;HOM H TOM ze MHmeHH H npH O,II;HHaKOBOM CKOpOCTH 
(){HtlS~) ..... H, v "'"' It.s 

6' ( li il s ~ .-..~-~, ') - I 2J ( YI • 2) 

KpoMe TOrO, RCHO, ~TO ce~eHHR ()(HflJ~.e.) _.H,-1} H 

a HMeHHO OnTHMMl>HaH TORillHHa ilJ -1-f,'f 

Ha nOpR,II;OK MeHI>me tIS ,... H, ~ 

npHdRH3HTeRbHO 

Cne,n;OBaTenbHO, HCnORl>3YR ~ CTpyD ,Il;RR nepe3apH,II;KH 

" H r.2 J ¥2..) --. ~ ~ MO:m:Ho Ha,n;eR·rca npH 3HeprHHX ~,+ ~ 4-5K3B 

nony~HTb 

U ( H(zS~) ..., H, '#) 

6"' ( H £1 .r~) ,.H, ~) 
>i. ( YI.3) 

.UeHOJIRpH3auHR npH nepe3apa.n;KE n•)JIHpH30BaHHh1X Hf2S ~.~.) ... H, r 

cyll{eCTBeHHa. O,n;HaKO, HCHO, qTQ !10Mell{a.SI 3TY CTpyD B OpHeH

THPYIOillee none MO:HtHO COXpa.HPITl> BtmH~HHY H,n;epHOil nonRpH3a

UMH I lit I. 

HeodXO,II;HMO yKa3aTb, ~TO eCJIH HHTeHCHBHOCTb HeMTpMOB 

ITOCJie nepBOtf nepe3apH,II;KPI cymeCT:3eHHO dOJibme HHTeHCHBHOCTH 

ueTacTadHnen, Tor,n;a 3Ta npocTan cxeMa HenpHro,n;Ha, T.K. 

noJIRPH3auHH ny~xa H, + B 3TOM cny~ae p-. 0. • Tor,n;a: 

MOJ!CHO npe,n;noJiaraTI>, ~TO ,II;nH 3TOH ueJIH fiO,I(OM,II;YT 3JieKTpO

OTPHUaTeRl>HUe ra3bl. 



B CHCTeMe, CBSl3aHHO~ C 3THM aTO:MOM llOTepSI MeTaCTa6HJie~ 

3JieKTpOHa, paCCMaTpMBaeTCSI KaK ~laXBaT 3JieKTpOHa. 
-IU~It 

HcnoJib3YSI a.n;:aac>anrqec;r<yro rMnoTe~IY Meccn /13 ;,,,~.~me1~.: 6' ... ~ t 'li"V 
I 

MO~HO OUeHHTb OTHOmeHMe ce~eHM~ (YI.4) 

r.n;e 1<- 3cpqoe,~rmu~H()e jz-4C~n~o~.f4 -I.Ja~~~~ 
4£-~m j't.eJOHtLH&a. 

l/ - OmHO~e/J6NQ.A. e,.,'fofi,Ocn?6 

TipHBe.n;eHU 3HeprMn, He06XO,li;MMHe ,li;JISI OTpUBa 

3JieKTpoHa OT OTPMUaTeJibHoro EOHa. 

Po.n; rasa 

3JieKTpOHHOe 

CpO,li;CTBO ~f 

H 

0,75 

0 

2,2 3,8 

llOCKOJibKy ITOTeHUHaJI ROHH3auMH 2 Sv.t COCTOSIHMSI JH Z 3,23B, 

TO .n;ecpeKT 3HeprHH B ( YI .4) .n;JISI HOHH3aUHH H { z. S Y•) c>y.n;eT 
. 

onpe.n;eJISITbCSI KaK 

cpo.n;CTBO. OueHKJII noKasuBaroT, ~To ecnM 

)J;JISI aTOMOB BO,li;Opo.n;a B iS Y<, u. /(, S ~ 

r.n;e W -3JieKTpOHHOe 

6'o O,li;HO H Tcpte 

COCTOSIHMSIX, ro 

( YI.5) 

npH O,li;HO~ H TO~ Xe CKOpOCTH .n;JISI ct OUeHKH .n;aiOT, ~TO 
o(HlZS~) ~1-f,+) 1 = ~o 6 ( H uS JjJ ee.P H,"') 

ITpH HCITOJib30BaHHH nepBo:M cxew: H, "~ HIJ ~~.) H saTeM 

H (JJ Y,.j ~ H, f TO cne.n;yeT Buc>·ttpaTb TOJIII(HHY MHmeHH .n;JISI 

nepBo:M nepesapSI.n;KH 

a TaK KaK OIITHMaJibHM TOJIII(HHa ,li;.'ISI H, t---;. HilS) pea-

JIH3yeTCSI npH t~ 1016 CT/CM. 2
J TO MO~HO TIOJIY~HTb 
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;V {HtzS'/.z.)} 

tV {fiftH.~.)) ::!:: 3 
Ha.n;o no.n;odpaTI> 

IIOCJie nepBO}i :MHIIIeHH 3HeprHIO /i"~... ~ , TaKJite 
) '7, 

qTOdH 3TO OTHOIIIeHHe dHJIO OIITHMaiT:bHHM 
~ 

!IOBH)J;HMOMY 1;/.t, -t ::::: 3 + 4 K3B. ,llOEa.JIH dUJIO IIOKa3aHQ" Ce'tleHHe 

b{H/~ Hl1.S'I,.J) Ma.JIO MeHSieTCSI B HHTepBane BHeprnit 

0,5 + 4 K3B, H 3~eKTHBHOCT:b 3TOrO npouecca MO%eT )J;OCTHraT:b 

t.f%. CywapHyro 3qxpeKTHBHOCT:b H/ ~ H(J.Jv,.) ..:! M + 

CJie,n;yeT OXH,IJ;aT:b B paaoHe HeCKOJI~KHX npOUeHTOB. 

!I03TOMY, eCJIH BHTSIHYT:b H3 :HCTQqBHKa npm (/ fkA- ::: 3KB TOK 

~~500 MKa ( orpaHH'tieHme HaKna.n;HBaeT rameHme MeTaCTadHJieit 

IIOJieM paBHOB€CHOrO IIY'tiKa IIOCJie nepBOit MmmeHH) CJie.n;yeT OXH

~aT:b TOK IIOJISipH30BaHHHX IlpOTOHOE 5 + IO MKa. 

Hait,n;eM ¢0PMYJIY )J;JISI IIOJISipH3aU~H KOHeqHoro IIY'tiKa. 0Ha 

dy,n;eT OIIpe,n;eJISIT:bCSI qHCJIOM 'tlaCTHD, HaXO,n;SimHXCSI B COCTOSIHHH C 

3a,n;aHHOit npoeKumeit cnmHa Ha BB.n;eJieHHoe ~H3mqecKoe HarrpaBJieHHe, . 
HOpMRpOBaHHOe Ha IIOJIHBit IIOTOK. I )J;aJI:bHeitmeM Mli[ npe,n;IIOJiaraeM, 

B YCJIOBHSIX O)J;HOKpaTHUX coy,n;apeHmit H H€T ,n;enOJISipH3aUHH npH 

3apSI)J;OBOM OdMeHe /!4/. Tor.n;a HHT€HCHBHOCT:b IIOJISipH30BaHHHX 

3apSIX€HHHX 'tlaCT:HU OIIpe.n;eJISI€TCSI mHTeHC:HBHOCT:biO 

MeTaCTadHJieit H ceqeHH€M 0 {Hf4'S~~J ~ Ht") 

1 t:" .J 
,11/ = ~·A/~ · U 2.S -PH,+ • "2. 

r.n;a #.z.s = 111,,., · ~~-~~ :J.J · t t 

IIOJISipH30BaHHBX 

(YI.6) 

( YI. 7) 

~~~ -HHTeHC:HBHOCT:b BllTSIHYTOrO H3 HOHHOrO :HCTQqHHKa rryqKa 

IlpOTOHOB. I/2 B03HHKaeT H3-3a rameHHSI KOMIIOHeHTa 3,4 B 

3JI€KTpOMarHHTHOM IIOJie. ~OKOBHe B€IIOJISipH30BaHHHe npOTOHU OT 

,n;BoitHott rrepe3apSI,n;Km H,.,. ~ H t tS ~) _.,. H, + 

L"' ~+ ~ H(!S~)~H,~- COCTaBSIT: 

A/o ::: ( Y.z ~J .. ,.s +IV~J) · 6;s · t-2 
""'H,-1 



I/2 Ms-1.s B03HHKaeT OT rameH~~SI 2 J .l/.z MeTaCTadHJiett 

B 3JieKTpOMarHHTHOM nOJie, Haxo.n;s:utMXCSI B COCTOSIHliSIX 3 H 4. 

onpe.n;eJISieTcst ( VI. ~ ) , a 

( YI.9) 

) - ( ) )J;JISI nOJISipH38nHH 

npOTOHHOrO nytrKa noJiytrHM CJie.n;yJlinYIO <P<>PMYJIY: 

p = 
( YI.IO) 

CMHCJI cetreHHki llOHSITeH H3 Od03H<LtreHMki Rt f2S~~) fiOJISipM3at{HSI 

MeTaCTadHJI:&Horo nyt~Ka Cl~ 

.lJ.JISI ~ f ~ H ( 2 s 1/,t.) -;> H, - ( noJISipPI30BaHHRe) ¢OPMYJia TaK:m:e 

BepHa, Ha)J;O TOJI:&KO llOCTaBl1Tb COOTBeTCTBYIOtnrte CetreHHSI • . 
OneHKa no cl>oPMYJie ( YI. IO) .n;Jisr cxew H, _,. ~ Hr15 ,(/.) ~ H;-

npl1 yCJIOBHSIX 3KCnepHMeHTa ~-o/J .n:aeT ~,- ~ &, o/' 

aBTOp np:raBO,IJ;HT pesyJI:&TaT PH,- ~:: ~ 3 6 , tJTO xopomo corJia

cyeTCSI C BRtJHCJieHHOtf BeJil1tJHHOH nOJISipH3at{HH nytJKa. 

B TadJIHt{e IT npHBe.n;eHR OCHOBHRe XapaKTepHCTHKH paspadOTaHHRX 

MIN no cxeMe H/..!:!.., Hr2s ~J ~ ~- ( noJISipmsoBaHHble). 



YII. 3MAHIIIE PEimMA PAEOTbi YCKOPHTFJLR 

liOCKOJibKY ITO KOHCTpyKTMBHUM C006pazeHHSIM ITO,JJ;06Hbtti HCTOt:IHMK 

,JJ;OJIZeH 6btTb BbtHeCeH H3 pa6ot:Ieti KaMepbt yCKOpHTeJISI, TO ,JJ;JISI 

IJ;HKHMt:IeCKHX yCKOpHTeneti Tpe6yeT CBOero TeXHHt:IeCKOrO pemeHHSI 

npo6neua BHemnen HHxeKUHH ~aCTHU B ycxopHTenb /1~ /. 

QcTaBJISISI B CTOpOHe npo6neMH HHXeKUHH H 3aXBaTa t:IaCTHU B 

pexnM ycKopeHHSI, MU yKazeM na HeKOTOpbte B03MOXHOCTH aBTOMa

THt:IecKoro peryJIHpOBaHHSI peXHMOM pa60Tbt YCKOpHTeJISI, KOTOpbte 

IT03BOJISIIDT peaJIH30BaTb TaKaR CXeM~ HCTOt:IHHKa: 

IlpOTOHHbtH peXHM. IIonyt:IaeTCSI IIpH BaKyyye BO BCeM HCTOt:IHMKe. 

CTpyH He pa60T8.IDT. PadoTaeT HOHH::lti HCTO~HHK. I1:HTeHCHBHOCTb 

perynHpyeTCSI H3MeHeHHeM BI:lTSirHBa;omero ITOTeHURaJia. IlpH 

[r 6'~ ~ IO KB HH:m:eKTHpyeMHH 'WK 3 HHX - keel( . iAkA 

·1-/,- peDna:. Pa6oTaeT MOHHbtti MC~Wt:IHMK M r(e3HeBaSI CTpySI, IIpH 

t .~ IQI5 + IOI6 aT/CM. 2 B MH~~epBane 3HeprHH na,n;a.IOmero 

nyt:IKa I-5K3B, BbtXo,n; H1 - - cocTaBJISieT 25'// 9 I oT 

HHTeHCHBHOCTH na,n;aromero IIYt:IKa, TaK KaK CelleHHe 

(){~+fl. H,-) ~ Io-IS CM. 2 

MHTeHCHBHOCTb perynHpyeTCSI H3MeHOHHeM BbtTSirHBaromero ITOTeHUHa.Jia. 

o< 4 t1 pexVIMII, aHa.JIOrHllHH npOTOHHOMy 

Pe:m:HM nonSipH30BaHHUX t:IaCTHU • Pa6oTaeT BCSI onHcaHHaSI 

BUme CXeMa J1:[[q. I1:HTeHCHBHOCTb TPJ'.D:HO BapbHpyeMaa, TaK KaK 

npe,n;IIOJiaraeTCSI, liTO y:m:e pea.JIH30BC,,Hbi OIITHMaJibHbte napa.MeTpbi 

3HeprHH ITYl!Ka, TOJimHH CTpyH. BeJ.HllHHY IIOJISipH3aiJ;HH HHXeK

TRpyeMOrO nyl!Ka MO:liCHO MeHSITb nyTEM H3MeHeHHSI MOmHOCTH 

nepexo.n;oB B npe.n;enax - I + + I. 

, 
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YIII • BbiiD Jlbi 

p~so BaHHhtX H,-

2. HcnOJI:030BaH~e CBepX3BYKOBbtX CTp,~B KalleCTBe MMmeHeH 

o6ecnetiMBaeT ~OHHHH OTCOC CO CKOpOCT:OD IQ + 102 M/ceK, 

a TaKEe n03BOJIHeT Ha nopH~OK yBeJI~ti~T:O npOXO~MMOCT:O nytiKa 

tiepes ycTaHOBKy. 

3. O~eHKM noKa3htBaDT, 'liTO noJI~tieHMe nonapmsoBaHHHX 

no cxeMe H, + ~ Hf21'/.t_) -4' !-"' -J 

CJie~yeT OXM~aT:O C 3<P¢eKTMBil 0 CT:OD H9CKOJI:OIW npo~eHTOB 

no nopH).I;Ky. 

4. llCUOJI:030BaHMe TaKOrO MCTO'lJEMKa IT03BOJIMT aBTOMaT~tieCKM 

3a~aBaT:O peXMM pa60TY yCKOJ~TeJIH. 
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he. I. Sauouoct:r, BpelleHB zxmui KOIIllOHIHI' toaaoli CTPJK!'JPfi 

Hf< 2 s}i ) m,. =I (BepxJ[JJft KPHB8JI) B mJ:::.-1 {HDH&S) 
KPKBaS) ot :seJUillmw Mai'HWtHoro nona. 

Pwc. 2. Bmco:zt Hi, 13 sa:sMCliiMOC~~H O! :JHeprmm na,1taJIIlHX rrpoTo
ao:s. lllmeHJDIH HBJUIIO'J.'Cft nap.y 0., H A r • KPH!aB A 
UOK&IIO&S! ,l(OUJ Hf KOHlte~HPJDU!X B Hi' ](.llfl BCeX npo

:tteCOOB. tCpa»as B noKaallaet :awxo;zt Hi ltD 110ex npo-
necooB, KpGMe H~( 2S;2 ) At; Hi. 

Plc.3. Cxeaa no~yqeaas Hf nonfipHBOBBHHHX ueto~oa ,l(JOiuol 
nepea&~KI at B CB8P!JDYKOBHX CTPJRI. 

he •. 4. SaBHCRMo~• nonepeqHoro ceqeHltfi peaztitHH H+ + e:, ~ 
~ H~(2~Yz.. ) 1- a,-+ O! saeprKH na,I(&JOOtHX l!pOTOHOB. 
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