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CoryiacHO TeopeMe BHUpHAJIa JUIOJb HMMEET Malyl0 TOJIHYI0 SHEPruio Ipu
OCCKOHEUHOM  OTPHUIIATECIbHOM TOTCHIMAJBbHOW DSHEPruu HM  OECKOHEUYHOMU
MOJIOKUTENIbHOU KuHeTnuyeckou sHepruu cM. [1]§10. Dty snepruro Hukona Tecna
CMOT peaju30BaTh B MOCTPOEHHON MM MaiuHe. [[puHIunuanbupie TPYIHOCTH AJIs
COo3MaHusl MamuHBl O€3 JBHUTaTeNss Ha JHEpruM OeH3WHa TmpeonmosieHsl. Ho
DKCIIEpUMEHTaIbHBIE HuccienoBanusi Hukoner Tecna Ha MHOTO  ONEpeawiv
CYILIECTBYIOIIME TE€XHOJIOTUM, U COTJIACHO MOUM pacueraM HampsbKeHHe Mmpooos,
Hanpumep, dapdopa Hamo caenath Ha nopsaku Oosbine. Hukonma Tecna mor
CO3J1aBaTh HAIpsSHKEHWE B MUUIMAp BOJBT, a IO COBPEMEHHBIM JaHHBIM
MaKCUMaJIbHOE HANPSXKEHHE MULUTMOH BOJIBT. [IpryueM Ha/l0 UCIOIb30BaTh BBILIKU
OOJBINION BBICOTHI A M30ekaHue MpoOosi. Ecinu BBUHUCIUTE CHITy, CO3TaHHYIO
NOTEHIIMAJIOM JIMIIOJISI W TPUPABHATH €€ CWIE€ NPUTSHKEHHS, TO TMOJYyYUM

KOMIICHCAIIUIO I'PAaBUTAIIUMOHHOI'O I10JIA 3emin.
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Kynona, nomyyaercss npaBUIIbHBIE COOTHOLICHUS MEKIy IOJHOW JHEPTrUEH H
CPEIHMMM KWHETUYECKMMM M IIOTEHUMAIbHBIMM JHEprusMu. B ciydae aumosis
UMeeM n = -2 OECKOHEYHOE OTHOLIEHHE NMOTEHIIMAIBbHON U KUHETUYECKOM SHEPTUU
K TOJIHOM JHEPTMU CHUCTEMBI. BECKOHEYHOCTh OTHOLICHUS CPEIHEW JHEPIUH K
IIOJIHOM SHEPTUU HAPYIIAET BCE 3aKOHBI (PU3HUKH.

Mopudunupyem >t dopmynsl s gunoins.  [lonnas  sHeprus
B3aMMOJICUCTBUS AUIIOJIA ONPEIEISAETCS KaK pa3HOCTh BYX BEJIMUNH
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D10 ogHOMEpHBbIE (OPMYIbl BIOJIb JJIMHBI JUIMOJIS U MapayieIbHOro paauyca,

MCHJA HAIIPABJIICHUC AUIIOJIA nepefmeM B HOBYIO CUCTCMY KOOpAMUHAT, I'’AC AUITOJIb



MnapauiCJICH panuyCy U KHHCTUYICCKAs 9HCPIrus, BEPHCC TCH30P SOHCPIrUU-NMITYJIbCa

HampaBlieH BIOJb ocu aunois. OOmas Qopmyna aas OUNONS HMEET BHI
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VYpaBHenust nBwkeHuss HploTOHa JAEWCTBYIOT 1O OOpeTeHust CKOPOCTH,
COOTBETCTBYIOLIEH YHEPTUU AUIIOJIS
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3amaeM HayaJIbHOE HANPSKEHUE U MOJIy4aeM 3HAYCHUE IUIeY JAUTONS U3 (POopMyIbl

— O-kn (lO )ln

i
g A

, TJIe BeIWYUHa A - COOCTBEHHOE YHCIIO MaTpHUIbI HaHp}I}I(CHI/Iﬁ, a

IJIEYU IUTIOJIEN OTIPENEIISIIOTCS C TOYHOCTBEO 10 MHOXKHUTENS. 3a1a€M CKOPOCTh WIIN
VMMITYJIbC, YCTAHOBUB JUIMHY IUIeYa JIHINOJSA OO0 HYKHOW aMIUIATYIbl CKOPOCTH,
COOTBETCTBYIOIIME ypaBHeHUIO (1), C HampaBlEeHUAMH, OMPEACIIEMBIMU I10
TEH30py HanpspkeHn. Ho Tak kak BennunHa I1eya JUNOJIsA IPOU3BOJIbHA, MOXKHO
JNOOUTBCS TPOU3BOJIBHOTO CYMMapHOIrO HampaBieHus. Mmmynec, Hampumep,

u3MeHseTcs 1o Bropoit hopmyne (2). Auddepenuupyem BTopyro dbopmyiny (2),

t—t
MoJiydaeM HW3MEHEHHE HampsikeHust mno dopmyne o, (1), = o, (¢,)!, exp[— l° V.

Uepes Bpems ¢—t,>>[/V yCTaHABIMUBAETCA CKOPOCThb, COOTBeTCTBYrOmas (1).



ITocne YCTAHOBJICHUSA MMOCTOSIHHOM CKOPOCTH HAIIPSAKCHHUC CTAHOBUTCA HYJICBBIM, U
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CKOpPOCTb HE U3MEHSETCS, IPUYEM BBINIOJIHIAECTCSA PABEHCTBO [/, = . IIpnuem

MPOUCXOAUT NOYTH MTHOBEHHOE N3MEHEHHUE CKOPOCTH IIPU U3MEHECHUH MTapaMeTPOB
IUTIoNsl. BpeMsi yCTaHOBJIGHMSI DPAaBHOBECHS MHOTO OOJIbIlIe IIieya JHUIIOJIS,
JIEJICHHOTO HAa CKOPOCTh TEJIA, UTO ABJSECTCS MAIOW BEJTUYUHOM.

Kakue ynpoineHus MOXKHO celaTh B aJirOpuTMe? MaTpuily HanpsiKEHUM
MO’KHO 3aMEHHUTh Ha BCECTOPOHHEE CXKATUE, TOTJA HAIIPABJICHUE TIJI€Ya IUIOJIS HE
3aBUCUT OT MATpHUIbl HANPSHKEHUHM W AJITOPUTM YIOPOCTUTCS, JOCTATOYHO
aTMOC(EpPHOTr0 JaBJICHHS W aBTOMATHYECKH IMPOU3OUIET MEPEeXo]l K 3aJlaHHOMY
HAIPaBJICHUIO JIUTIONS, T.€. MOXXHO OyJeT MPOCTO TMOBOPAYUBATH KOPOOKY C
JIATIOJIEM U TTIOYTH MTHOBEHHO IMOJIYYUM 33JJaHHY0 CKOPOCTb.

JlobuBasice OOJIBIIOrO 3apsifa JUIOAS ¢ OOJIBIIOTO Tjiedya JUIIOJS,
MIOBOpAauMBas IUIEYO JUIIOJS W3MEHSEM HANpaBIICHUWE aHaliora BEKTOpa

KHHETHUYECKOMN 9HCPIuu. I[J'I}I CO3aHHUA CKOPOCTHU B
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Hanpsokenue npo6ost B dapdope paBuo 250kV/em u dapdop He saBusercs
noaxoAsiimuM u3oistopoM. [lpousoitner mpoOoil Bakyyma, 3JIEKTPOHBI M HOHBI,
BEIOMBAEMBIC M3 aHOJIA M KaTOJ1a B BAKyyMe€ MPEMSTCTBYIOT CO3TaHHUIO U30JIATOPA Ha
BAKYYME M HaIpsHKeHHE Mpo0os B BakyyMme pasHo 10°V/cm. B pa6ore [3] nomydeno
HAa OCHOBE HAHECECHMs IUICHOK W3 HAHO MAaTepHaiOB 3HAYCHHE MPOOMBHOMN
HampspkeHHocTH SMV/em. Ho 3TO TOJNBKO TMIJIEHKM W3 HaHO MAaTepHalioB,
HaIpPsHKEHHOCTh MPO0O0s U3 HAHO MAaTEPUAIOB HUKTO HE MEpSLJIL.

[ToBopoT TIIEYa AMTOJNSA OCYIIECTBISETCS 32 CUET TOBOPOTA KOPOOKHU C
nunosieM. [ToBopauuBasi KOpOOKy € AMMOJEM, NPU TOPU3OHTAIBLHOM IMOJIOKEHUU
mieya JUIONsS TOJydaeM TAry BHOJb IUIeYa JUIOJIS,, BEPHEE aHaJor BEKTOpa

KUHETUYECKOMN OHCPIruu BAOJIb IJICYaA JTUIIOJIA, B BEPTHKAJIBbHOM ITOJIOKCHHHU I1JICHA



JUMOJS  OCYIIECTBISIETCSl TOpMOXeHHe. TakuM o00pa3oM MOXHO MOCTPOUTH
MAIlMHY, HCTIOJIb3YIOILIYIO JIEKTPUYECKYIO dHepruto aunons. Hukona Tecna ymen
co3iaBaTh OOJbIIME 3apsAfbl U MCIONb3Yys JAWUIONb MOCTPOMJ aBTOMOOWIIb 0e3
JBUTATEJIS.

MO>HO IOCTPOUTH JIETATEIbHBIM aNmapaT Ha SHEPTHM JIHUIIONS, JJIL 3TOTO
HaJ10 IPUPABHATH OTEHINUAJIBHYIO SJHEPTHUIO AUIOJIA €70 IPaBUTALlMOHHON YHEPTUU
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I[O6I/IBaCMC}I OHpCI[CJICHHOﬁ BbICOTBI JICTATCJIBHOI'O arlrapara. I[J'IH CO3aHu
CKOpPOCTH alirapara HaJo INICYO JOIIOJHUTCIBbHOI'O AWIIOJA HAIlpaBUTb BIOJIb
HaIpaBJICHUA CKOPOCTH.
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GopMyity s KBapKOB, OOpasyroIMX MPOTOH, HAXOISIIMACS B SIpE aroma
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DHEPrus paBHA MOTEHIMAIBHOW C OOpaTHBIM 3HAaKOM. HeHTpoH siekTpuyecku

;m, =2.8Mev,m, = 4.7Mev. Kunetnueckas

HCHTpaJieH, 3HAYUT U3 JIBYX OTPUIATEIbHBIX 3apsgoB -¢/3 W  OJHOTrO
MIOJIOKHUTENBHOTO 3apsina 2e/3 obpasyer nBa gumnoss. C MPOTOHOM CIIOKHEE,
obOpazyercst 4 AumoJii, C OJHUM OTpHUIATCIbHBIM 3apsgoMm —¢/3 u 4
MOJIOKUTEIBHBIMU ~ 3apsgamMu  €/3. BoJIHOBbIE (YHKIIMM HMEIOT CJIOXHOE
pacrpesicliecHue, OTPHIATCIbHBIA 3apsAn HWMeeT 4 MakCUMyMa IDIOTHOCTH
BEPOSTHOCTH, a KaXJble JBa IOJOXHUTEIbHBIX 3apsjia pa30OMBAaIOTCSI Ha JBa
MaKCHMyMa TUIOTHOCTH BEPOSTHOCTH. TakuM 00pa3oM 00pasyroTcst 4 JTHUITONS ¥ HX
HIOJIOXKHUTEIbHAS U OTpULIATENIbHAS dHeprus paBHa 13.9 Mev. Bennuunna 1poOHBIX
3aps/IOB COKPAIAeTCsl, TUIOJb 00pa3yroT 4YacTHIbl ¢ 3apsaoM —e/3 u e/3. [lpu

BBIYUCJIEHHON B KHure [2] sHepruum npotoHa 30 Mev sHeprusi mpoToHa BIBOE



MeHbllie. Ho B kHure [2] BhUMCIIEHA MpeeibHas KUHETUYECKAsl SHEPIrus B spe
aToMa, a y MEHS BBIYMCJIEHA CPEAHSIS SHEPTUsL.

MO>XHO TOCTPOUTH JIETaTEIbHBIN anmapaT Ha dHEPrUH JUIOJS, ISl 3TOTO
HaJ0 TMPUPABHITH CHIIbI, CO3JAHHOM JUIONEM, CHUJIE€ MPUTSHKEHUS 3E€MIIU
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nobuBaeMcsi HE0OX0nMMOM noabeMHon cuibl. [Ipu miede numosns, pasHoM 10 cwm,

noyiyqaeM 3apsn ¢ =10 CGSE. Torma HampsHKEHHOCTh JJICKTPHUYECKOTO TIOJIS

JUTIONST  paBHA l%le“CGSE:9.49-105V/cm. [Ipu wmeHbIIEM IUIEYE TUTIONS,

IIOJIy4aeTCsl MEHbIIMM 3apsald. BHyTpu sAzxpa aroma KBAapKU BBIIECPKHUBAIOT
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npobosi He mnpoucxoauT. [lo-BuagumMomy, Ha MHUKPOYPOBHE BaKyyM SIBJISETCS
XOPOIIMM H30JISTOPOM U MOXKHO B BAaKyyMe€ Ha MHUKPOYPOBHE JOOUTHCS OOIBIIIOTO
HANPSDKEHUS DJICKTPUUYECKOTO Mol 0e3 mpobosi. OpHeHTHPYS IUIIOJINA B aTOME C
MOMOIIBIO 3JIEKTPOMArHUTHOTO IO MOKHO JOOUTHCSA OOJBINOW CHUIIBI TIPU
OOJIBIIION HANPSHKEHHOCTH MPOOOs.
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[TpuueMm 3TO OOIIEE CBOMCTBO BCEX 3aKOHOB COXPAHEHHS HAJIMYME MHUMOTO
yieHa. [Ipu yuere kBaHTOBBIX 3(DPEeKTOB, 11000 ypaBHEHHE B 3aKOHE COXPAHCHUS
COJIEP’)KUT MHMMBIN 4JIEH, MPONOPLHOHAIbHBINA MOCTOAHHON [lnaHka u 3HauYeHue
SHEPruM B JCHCTBUTEIPHOM 3aKOHE COXpPAHEHHs] DJHEPruM KoyeOyiercs ¢
aMIUTUTYJ0M, paBHOM MHUMOM 4acTH cM. [4].

Bo3MOxkHO m1o3TOMYy HE paboTaeT BEUYHBIM [BHUraTellb Ha IPUHLUIE
YCTOMYMBOI'O IIOJOKEHUS paBHOBecHs. Ero upes takosa. MMeem ycTtoWdmBoe
II0JIO’)KEHUE paBHOBECHUs. 3a0MpaeM Majloe KOJIMYECTBO JHEPTUH, TAKOE, YTOOBI

CUCTCMAa HC BbIIJIa M3 II0JOXCHHA PABHOBCCHUA. Cucrema BO3BpalIacTCia K



MOJIO’KEHUIO PABHOBECH S, CHOBA 3a0MpaeM Mallylo YaCTh SHEPTUH, U CHCTEMa CHOBA
BO3BpAIAeTCs K MOJOKEHUIO paBHOBecus. [lomyuaercs, uro 3abupath Mbl OyneMm
MHHUMYIO 4aCTh SHEPTUH, IPU HEU3MEHHOHN IEHCTBUTEIBHON YacTH, npudeM (asa
MHHUMOTO WieHa OyIeT yMEHBIIIATh aMILUTUTYAy KOJIeOaHHiA, HO IIPU ATOM aMILTUTYAa
¥ MHUMBIA 4IEH COXpPaHMUT CBOE 3HAYCHHE. DTO 3HAYMUT, uTO (a3a KojeOaHMii
COCTOUT M3 MHOXKECTBA YACTeH, MpUYeM Kak[as 4acTh C Pa3HOM aMIUIUTYIOU U
HernpepbiBHON (hazoil. Korma 3abepeM cymMMapHYIO 3HEPTHIO0, PaBHYI0O MHHUMOMY
4JieHy, CUcTeMa OyAeT HapylleHa, MHUMBIA 4YJieH HE CMOXKET KoyebaTbcs, ero
HoCJeHsST 9acTh KosieOanuid (pa3pl paBHA HYJIO W aMIUIMTyJa MHHMOTO YJICHA
paBHa 0 w MHHUMBIH wieH oOparutcs B HOJb. CucTemMa BBIHAECT W3 JTAHHOTO
YCTOMYMBOTO TOJ0KEHUSI PAaBHOBECHUS, KOTOPOE ONPEAEsIeTCsl ¢ y4e€TOM MHUMOTO

yjeHa. 1T.e. MHUMBIN YJIEH UMEET BUJL

Im p(¢) = Im p | sin[max(w, ) 4, sinJ- @, (u)du];

0

@, = Imp |

n+12

N
Ay =Y. A lim A, =1,0< 4, < 4
k=1

['me wacToTa m Bpems SBISAIOTCS Oe3pa3MepHbIMU. [Ipu 3a00pe sHEprum 4ujieH A4,
CTpeMHUTCS K Hymo, (a3a wieHa Im p(¢), CTPEMHTCS K HYJIO, TIPH TMOCTOSHHOU
aMIuIuTyne |Imp| uineHa Imp(r). Ecim He 336I/IpaTb SHEPrur0 y CHUCTEMBI, TO

HUMCIOTCs Typ6y.HeHTHbIe KOJICOaHHs C ACTCPMUHHUPOBAHO 3aBUCAIIMMHU OT BPCMCHHA

T
napaMmerpamu Im p(¢) = Imp | sin[max(a)o)sinj w,(w)du], cMm. [4] , HO Popmynbl [4]
0
HAJI0 BUJOU3MCHUTD, B CBSI3U C HOBBIMU UJCSIMH O BEUHOM JIBUTATEIIE.
Ho noxazatp, 4To 4acToTa CTPEMHUTCS K HYIIO, MOKHO TOJIBKO U3 COOOpaKeHU
COXpaHEeHUs dHeprur. MOXXHO pacIIMPUTh 3aKOH COXPAHCHUS SHEPTUHU, BKIIFOYAs B
HETo DHEPrUI0 YacTHIl BakyyMa. YacToTa ocTacTCsl HEM3MEHHOM, MHUMAs DHEPTHUS

MNOoCTYNNacT M3 4YaCTull BaKyyMad, KOTOPBIC OXJIAKAAIOTCA. Hpnqu YCTAHOBUTCH

yacToTa KoJieOaHWs, MEHbIIE WM PaBHOM CpeAHEell SHEepruM 4YacTHll BaKyyma

t 2

hAw = (-1 41 *)=(-1 >+ YAV AE = — de
o= (-Imm,c” +Immc;)=(—Imp,c” +Imp i )AV;AE = '[ t 1501051
0

dt

CpemHEeW TEMHOUW HSHEpPruu. ITa 4YacTOTa OYEHb OOJbINas, TaK KaK IUIOTHOCTH



COOTBCTCTBYCT INNIOTHOCTH JJICMCHTAPHBLIX YaCTUL, H HOTpe6J'I$IeMa$I OHCPIusi
BCJIMKA, IIPUYICM HOTpe6J'I$IeMa$I OHCPIrud yMCHLIIACT INNIOTHOCTH J3JICMCHTAPHBIX
qacTull WJIKM YMCHBIIACT CKOPOCTh CBCTAa B BaKyyMC. HpI/I B3SITUM 3HAYUTEIILHOM

YaCTHU dHEPIruy 3HAUYMTCJIbHO YMCHBIIMTCS 3HA4YCHHUEC Im pycz B o0beme AV . Ho B

OCTaJIbHOM 00BEME CBOMCTBA BaKyyMa He Hapymiarcs U OyJIeT BOCCTaHOBJICHHE
cBOMCTB 00beMa. Ho cymmapHO mocniencTBusi MOTYT ObITh HE MpECKa3yembie B
MOMEHT HCUYEpHaHUsi DHEPruM BaKyyMa U3 OKPYXKAIOIIEro MPOCTPAHCTBA.
YMEHBIIUTCA OrpOMHasi KWHETHYECKas HSHEPrusi AUMNOJSI 4YacTUIl Bakyyma H
YBEJIMYUTCS TIO MOJYJIIO OTpOMHAas MOTEHIMalbHas. JTO NpHUBEAET K MpoOOoro
JIATIONST C BBIJICJICHUEM SHEPIUU B3pbIBA, a 3Ta YHEPTUS JUIOJS YaCTHUIl BaKyyMa
CWJIBHEE SIIEPHOTO B3pbIBA U MOXKET CO3/1aTh HOBYIO BceneHHyro 3a cuer 3Hepruu
bonbsmioro B3pbiBa. CBoiicTBa mNpoOOs IuMONS 4YacTUL[ Bakyyma cM. [5].
[Tosy4aeTcsi, YTO 3HEPrUI0 BaKyyma HaJ0 OCTABUTh B MOKOE, 3TO T'PO3UT HOBBIM

OOIBIINM B3PBIBOM.
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