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OEU,A:i illA.'<TEP.ill.CTi'JKA PAEOTiii 

Pa6oTa IlOCBffil!eHa SKCIIepHM0HTaJII:.liOMY HCCJie,ltOBaHP.ID H3JI]'ll?-· 

.Hil.f.l. pe.wiTHBRCTCKHX sapa~eHI!HX qac~HU B pa,n;.l!OBOT;HOBO,IJ;ax. 

AKTyaJ!bHOCf.l>.P8,IUJ:oHsJiy-qemi:e peJ.UITH.B>ICTCIG\!X sapRKBH!lliX 

crycTKOB HMeeT p.ff.ll: npa.KT:11qecimX npupl!teHlli'l:.3,u;ec:r, cJie.rr,yeT OTMP­

TliT.b KaR ,I(RarHOCTliKY rryqKa B YCKOPHTB.1!RX sap.HJKemmx qacTm~. 

He06XO,I(HMYKJ ,1VllI HSY\!BHllR ,miHa.I•.nrui: RX ,lJ.BHJKeHRR,TaK H ocnoemi:~ 

HOBHX MeTO,IJ;OB reHepau,aH MOHOXpOMaTHq8cKoro H3JiyqeHH.a. 

iJe.in. padoT!l.3KcrrepHMeHTaJibHOe onpe.n.eJieHHe ycJioBHii Ma1wz­

M&Jli>Hh!X noTepb aaeprmn Ha HSJIYl!eHHe, HSMepeHD.e pacnpeAeJieHHh 

cneRTpaJibHOa IIJIOTHOCTli aaeprmm H3JIY'!0HPl.li H ee saBHC~MOCTH OT 

,IUICIIepcx• H reoMeTpHH ,nJ!3JI0KTpHqecKoro SaIIOJIHeRM.H BOJIHOSO~a. 

li~'CU!aH HOmISHe..B pa6oTe BilepBl:rn HSMepeHH IIOTepv. 3Heyrn 

rryqra B BOJIHOBO,ue na rrapru.ieTpli!t.Iec!tee 1rnJiyu.eHZe [I], ::>anep·r ie 

HSJiyqeHHe npH aKCliaJ!I>HOH H rrepnerJ.D;RKYJIHpHO~ OpHeHTa.rJ)IM OCH 

BOJIHOBo.n.a H nyqKaf 2] ;HsMepeHa saBB:CHMOCTb IlOTep:r, aHepri;rn: OT 

.mtcnepc:<IH BOJIHOBO,IJ;a [ 3] 'IIOTepH aHeprmi: B BOJIHOBO)l.e c ,IJ,li3JI€K­

TpzqecKoi IIJiaCTliHOM [4,5],HsMepeRa g)aSOBa.ir npOT.f.IJKeHHOCTh crycT 

KOB MeTO,IJ;OM cneitTpa.nbHOro aHa.imsa HSJIY\!BHID! [Q}. ,L.n.i! ~OpMMpo­

B8.!m.fl cryCTKOB Tpe6yeMOM {!la30BOH npoT.IDKeHHOCTH paspa60Ta!la H 

BnepBUe HCIIOJil>30.Ba.Ha HS Jll'!Hei-1HOM YCKOpHTe..18 npmu:uurn:aJr:bHO HO­

Ba.f.l CKCTeMa CBq mi:Taruta: Ha 6ase aBToreHepaTopa Ha MOillHOM KJili­

cTpOHHOM HMI!YJll'>CHOM yCWIHTeJie [? ,8] • 
!lpa.KTJIIqecKaJ'I ueHHOCT:&.HCCJie,IJ;OBa.lille T.iaCTOTHO~ saIDJ:c:a•.1cc:Tlil: 

HSJiyqeHHOit aaeprHH Il03BOJIWIO onpe,D;eJU'!Tb OITTm:.a.JJ:::>hllle yCJfO'GlH 

oT6opa aaeprl!Ull: OT rryqxa B GBq ,D;H~~aaoHe a~eKTpoMarHZTH!:!X BO~H 
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BHe,npeHHe HaMepHTeJIJI epasoBoll llfJOT.fillteHRocTR crycTitOB, omi­

caaHoro B pa6oTe, llOSBOJil!!JIO CYIJICCTB8HHO YBeJili!'ill:T:b HHcPoPMar(HlO 

o napa.MeTpax yc1mpeHHoro nyq:ita Id o6ecne'mT:& :ita"tJ:eCTBeHHYD pa6o­

TY ycKOPHTeJJ.f! Ha OCHOBe a TOI :e:aq;OpMaIJ;lm. 

HoBM cncTeMa CB1l rmTamm JmHetmoro ycKopHTeJIJI, paspa6o­

TaHHruI B CM3H c npoBe,t\emieM .liICCJle,D;OB&!Kli, BHE:,npeHa Ha EpeBB.H­

CKOM YCKOPMTeJle. 3KOHOMi'ltJec:im:! SIPlJeKT npli BHe.npeHl'!H COCTaBHJI 

400 Tlic.py6,. 

Anpo6a.iuw: pa60TS R ny6JmKagHR.PesyJ1bTaTs .D;HCCepTa.i.utH ,zi;o­

K,lta.I\liBaJIHCh Ha ceMHHapax: ( X RToroBBa Hay'iHo-TexrurqecKl!Ul: ceMi'l­

Hap or.neJia ycKopHTeJie:H, >ilTH AH YCC.'P, li.ap:&.KOB,HHBap:& I973r. ,ce­

MKHap EpllH no Bonpocrua \lJKSHKH ~ Texmnm: ycKopeHl!l.li aap.flllteHHHX 

qacT~,ceMHaap Epl>.PI no nepexo,ItHoMy llISJiyqeBHi),pyKoBu.intM!l:H rum­

,neMll!KOM AH ApM.CCP r.M.rapu6RHOM) H ony6JllilKOBa.Hl:l B BOC:bMlil pa6o-

Tax. 

CO,UEP"'.tD.AHHE PABOTli 

B nepBo:H rJiaBe o6cYJr,rteHH JilllTepaTypHHe ,naHHHe, Henoope,ItCT­

BeHHO OTHOOllJl!l[eCH K BOnpocy reHe~ 8JleKTPOMa'I'HHTHOro HSJiyqe­

HWi peJI.HT.liIBHCTCKl!MH SJleKTpoHaMH; np:e:Be,nea aHaJili'!S MexaHHSMOB :e:s­

J1yqeHMH x cnoco6oB OT6opa MOll!HOCTn; onpe,zi;eJiem.t Tpe6o.aaHKil K na­
pi:i.MeTpaM cryCTKOB SJleKTPOHOB. 

BTopaa: rJiaBa nocB1D11eHa .liICTOllllBKY aJ1eKTpoHHSX crycTKOB -

JlHHe!noMy YCROp.liITeJill ea 50 MSB, CHCTeMe CBtl'IDlT!Ulll.fl: JIHHetteoro 

ycROJ>HTeJlll, ll03BOJIKBme! B lllJllporou: npe,neJiax BapbHpOBaTI> \{lasOBYJl 

npoTJD1eHHocTb cryCTK~BI np:e:Be.zteHH aaepreTliflleCKll!e cneKTPH nyqKa.; 

MeTO,ml'.Ka H pesyJI:&TaTs H3MepeBHI ~OBOI DpOT.filteHHOCTD cryCTKOB 
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[6 - 5]. 
B HSMepelil1fIX 6llJIO HCDOJII>SO:Bal!O TO 06CTO.f!TeJibCTBO,qTo nos-

6yJK.nerute nycToro BOJIHOBo.zta, nepece:i<aeMoro sapR~eHHOi qacTHUeM, 

o6yCJIOBJ.l9HO TOJI:bKO nepeXO,ltHHM HSJiyqeHKeM [~r.1.2]. ~3MepeHH11 

npOBO,I4liJIHC:& MeTO,ItOM cneKTpan:&Horo a.HaJmaa HSJiyqeHRR:.AMwmTY,ltU 

nep:BI:ilx ,IteCHTH rapMOHHK H3JIY'l9HK!l: onpe,zteJ!fIJlliC:& no HHT9HCHBHOCTY. 

nepexo,!Uioro naJIY1{eHIDi crycTKOB c noMom:&E a.Ha.imsaTopa cneKTpa 

HSJiyqeHW'I. AHamisaTop cneKTpa COCTOHJI MS CTOllKi!: BOJIHOBO,ItOB 

(IO BOJIHOBO.ztOB) ll.pliMoyroJI:&Horo ceqeHHR, npoHKar.maewx a;1eKTpoa­

HHM nyqBOM nepneH,ml'.!cy'JISij>HO rue OCH D BOa6yJ1U4ae~lliX Ha THne BOJIP.J.:l 

TE,0 .Ilonepelililie paaMepll BOJIHOBO.ItOB 6wm Bb16pa.HH TaKHM o6pa.soM, 

t!To6H ()<. )-aa rapMOIDIKa. TOKa II.V"IKli BOs6y.JIU(aJia OCRO.BHyro MO.ztY B 

(J<. )-OM BOJ!HOBO,Ite, a (JH)-aa rapMOHHKa 6blJ!a 6N aanpe.zteJI:&HOil B 

HeM.,ll.nl! Toro, 'llT06Dl HCKJIIO'lliTb oi:m6KH, CBSi3aHH!ile c .za.nyqeHHeM 

(K+l)-oft H T .,zi;. rapMOHKK, B (H )-OM BOJIHOBO.zte ycTaHaBJil4BaJmCI> 

pexeKTOpHlle cf»iuu,TPDl COOTBeTCTBYIOOlero .inianasoHa qaCTOT. MsMep.11-

JISC:b oTHOCMTeJibHSJ'i MOll!HOCT:& H3JIY'ieH¥.H (H)-oa rapMOHHKlil PK/Pr 
H npoHSBO,I{HJIOC:b cpa:aHe:f!He c pacqeTHHMlf 3HaqeHH.llMH ,ltJI.fI \lla30BO~ 

llll!IPHHLI UliJmB,lijlHqecKoro crycTKa c paBHOMepH!ilM pacnpe~e.neHHeM 

saPHJ(a no ~He R ~ycy: 

~ z 
fJ I - U1H 1~) 
fl</P, - t<2-. 

fili __ 
Ii I c;:) 

r,Ite PH - MOll!HOCT:&, R K - conpo'!'KMerui:e H3.nyqeHli:1 , )II~ (r; l­

o! rapMOHHKH, llx - nOJIHHOM tie6!illleBa, a: =cos/Biz) , G =;,, f etc 

qia30BHi yrOJI crycTRa, 2 d 0 - BblCOTa l{H.IDIHJlllliqecKoro CT'YCTKa 

B Hanpaan:emm ,ItmUtemm. 

PeayJI:&TaTH HsMepefllllli noKaaaJm:,qTo CYIJleCTBenHoro yMeH:&we-
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mm: itiasoBoft 'AolIHHLl crycTKS. c llOMO~bll liIM0Dlll!XCf.C aneMeHTOB Ha­

CTpOiKlll JIJdHeiHoro YCKOPHTeJD'I ;D;OCTHI'syTb H0BOSMOJWO.B CBl!SliI c 

BT.ll!M 6lilJia paspa60Ta.HS. liI BHe,IJJJeHa HOBafI CliICTeMa C:Bti llHTaHHll JIH­

He!Horo yCKOpliIT0JIS:I, OCHOBSHHWI Ha aBToreaepaTOpHOM peJmMe pa-

60TH yc~T~Horo KJlllCTpoHa THna lillY-I2A[7,8] c 'AolIHTeJibHOC­

Tbll liIMIIYJlI>C8 "'2MRceR R MOlllHOCT:&il ""20 MBT; aTa CHCTeMa llOSBOJm­

~a B llIHpORJllX npe;n;e.nax BapbliIPOBaTb ii>asOBYD npOTJilleHHOCTb crycT­

KOB aneRTpOHOB Ha :ewco;n;e JIHHeiHoro YCKOpllTe.mi no;n;6opoM tW.CTO­

TH B npe;n;e.nax ± IOO Kr:U; ycTasoBHTb cTa6HJibHlilt pemIM pa6oTH 

npH ipaaoBoi 'AolIHHe IO-I!>°; yM0HldlD!1Tb aaepreTHqecK!lli paa6poc c 

2,5% ;n;o I,5%; YB0JIH'll'ITJ> cpe,ItHHii TOR c I MltA. ;n;o I,5 MK.A. 
B TpeTbei r~aBe npe;n;cTaBJJeHH pesynbTaT& HCMe.ito:samm: JILH­

TeHCHBHOCTH lI3JIY'i0HHH cryCTKOB 8~0KTPOHOB npliI aKCliIBJlbHOM npo­

~eTe JlX B IU!JIHH.IUlHqecxoM BOJIHOBO;n;e[I,2,4,5]. 

HsMep&IIacb saBHC:i!MOCTb &HeprHH nepexo;n;soro liI qepeHKOBCKo­

ro HSJIY1i0mllt OT TOJlll{l'IHli ,ll;lf9~0KTPBqecxoa lJJI8CTKHH. Ilo YMOBWiM 

8KCnepliIM0HTa ' ~ 1 liI € = 2, 05 (\JiTOpolJJI8CT), ll08TOM;y IIOTOK 

MOIIIHOCTliI. B ROJIHOBO;D;e c D'Jl8CTHHOI 6lilJI o6yc~OB.110H KS.It nepexo;n;­

HHM, TSK H qepeHKOBCIQIM HSJIYlieHliUIMlll.Cor~acHO llOJIY'l66HliM 8KCne­

pHM0H'l'aJil)HL!M ;D;a.HHL!M npH MSJlHX TOJDllHH2X lJJI8CTHHH ({,,d« i) HSJIY­

qeHlle Bnepe;n; no HanpaBJieHJD'.> ;n;muteim.a: crycTKOB H sasa.v; OK83H.Ba-
. 2 

me.a: paBHliMI!, 8H0prml HSJ.IY'l0HliI.H nponop!lKOH8JibH8 ( {,, d) .POOT 

TOJlll{l'IHH npHBO;D;liIT K MOHOTOHHOMY pOCTY Hsnyqemm: Bnepe;n; (Bospac­

TaeT qepeHKOBCKa.H KOMIIOH0HT8 HSJIY'i0BWi ), a MOIIIHOCTb HSJIY'i0HB.H 

Hasa.D; CTaHOBHTC.H OC~YDJ10ii 9JYHKmteii napB.MeTpa r11 J , qTo o6'b­

.HCH.H0TC.H HHTepf)epe~eii BOJlH, HSJlY':J:EiHHHX Ba rpammax '88,IJ;e.n:a. 

Ma.ltCHM;yM liISJIY110Bim BIIepe.it cPu!j11 = IOO Br) HS. OCBOBHOii tW.CTOTe 
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yCKOp.HDl(ero DOM 6WI nonyqeH npH ln d = 2 Jr • 

IlpaKT:iiI'i0CKK y;n;o6HblM H3JIY118TeJieM JIB1ffi0TC.H BOJIHOB0,11; c ;D;JiI­

a~eKTpHll'.eCKOii lJJI8CTliIHOii, B6J.IliISliI ROTOpoit DOMe~eH npOBO,wnIUdii SK­

pas. OH MO~eT 6HTb :e:cnOJibSOBaH ;u.:n..a: reaep~ aneRTPOMarlUITHHX 

BOJIH 6es ;D;OllOJIHliITeJlbHOro TpaKTa c~pOBWllil.H MOIJIHOCTH. Cor.na.c­

HO llOJIY'l0HHllM B 'A1iICCepT8UliiliI pacqeTHHM 9JoPMYJiaM ycnoBH.H MaKCH­

M,YMB. noTepb aaepI'HliI Ha 111a~eH1iie onpe.iteJI.HllTC.H cooTsomemun.m:: 

Ond={2t< i-f)z; fn coj{ I: a) < O; (2) 

r.zte d - TOJlll{l'IHa ;D;HaJieF.TpH'lleCKOi IIJI8CTKHH, a -paCCTO.HHHe 

MeJUtY npoBO,Itlill.leA CTeHKOii ll n.naCTl1HOii, ?,,- :: ¥11. - [. r: . PacqeT 

llOTepb 111 W{ HSMepeHliie npOKSBO.n;KJllICb Ha BTOpott rapMOHHKe qacTo­

TB YCBOPJmllero IIOJI.H npK A11 J =Ti , 011 d = 7Tjz_ K r,.. a =7r.MaK­

CKM,VM K3JIY119HHOH MOlllHOCTl/1 (60 BT) sapeI'liICTpliipOBaH B o6~aCT:l/1 

9Hti'll0mllt .Ao;) Kp = 0, ?5 + 0, 9 (..i\o - ,IJ;JmHa BOJIH& B CB06o;n;­

HOM npocTpaHCTBe,.il~- lq)HT111qec:KaR: 'Ao1IHH8 BOJIHH :nycToro BOJIHOBO­

.zta). 

B HHTepBaJie qacTOT c.>nz < <..> < w,.,, (<.<Jn.1 , t.Jm. - KOPHliI 

ypaBHelUtll: Re r,.. =D R Re fn=D COOTB0TCTB9HBO) pacnpoCTpami­

D1111!0C.ll BOJ.IHH OTCYTCTBYJ)T 111 aHepI'WI lii3JlY'l0HWi "sa.IIHPaeTC.H " B 

lJJI8CTHHe, KOTOPWI aXBliIBBJ!eHTHa pesoHaTopy, B036~eMOMY npo-
a 2 1 

JieTa.tanel -qaCTliII{Oii [JIB]. IlpH ' <. ! E. - B wraCTliIHe B03HHK80T 

HSJIY110HliI0 BaBw!OBa-qepeHKOBa, KOTopoe Tal0l0 6y,11;eT "sanePTO". 

B XBasHBenpep&BBOM cneKTpe nepexo,ItHoro HSJIY'ieHH.H Ha6Jml,Jl;aeTCJl 

ICliIR qepeHKOBCKoro HSJlY'leBWi. 3amtcHMOCTb aueprlll'I "sanepToro" 

1118J.IY'l0.HK.H OT ;D;HCnepcHH BOJIHOBO;n;a HSMep&II8Cb B o6JI8CTH ;D;JiilB 

BOJIH I ~ Ao~Hp "re . IlHK H3JlY'1eHID1. CBl!Sa.inmit c aqxpeKTOM 
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BamtlIOBa-llepenFoBa, naOJIKmaJT0H np.llI }.o/.A"'f = I.02,cyR'!eM 

B o6JiaCTH ,JtmUl BOJIH I <- )., I .A 11p < /,I "sa.nepToe" :as.rryqe­

HHe npeBaJIHpOBaJIO Ha.n; ll13JIY~eHHeM B pesoHaTope,sanOJIHeHHQM .IUI-

3JieKTP.llIKOM [A4j.&ro o6~RCHJJeTCH TeM, 'lTO ;rI,1I.H. STPlX qacTOT ;n;o6-

POTHOCTb pesoHaTopa, o6pasO:aaHHO:UO llJI8.CTBHOH B sanpe;n;e.n:o:<OM 

BOJIHOB0.1(e,60JibWe ll13-3a "npOBJIICSHHR:" llOJVi B 06JiaCTl> nycToro 

BOJIHOBO;o;a.C pocToM A•/..A «p "npom!:crume" nOJIR yMew.maeTcR,pe­

sOHaHCHM ,IT,1IMHa IIJiaCTHH!:i !n. J - 7f • li HSJIYtieHHe B pesoHa­

TOpe CTaHOBHTC.R: OOJI:Ollle "sanepToro" ils-sa llMa.n;a B 3H6pI'i110 JII::;­

JiytleHIDi Ha M9Ta.JIJ.illqeCKHX TOpua,x pesoHaTopa. 

iviHoroKpaTHOe H3JIY'tl6H:l!e sapmgeHHOii l!aCT:~UUi B BOJIHOBOJJ;e Ha 

rp~ax pa.s;n;e.na CJIOHCTOH cpe).\l:(, COCTaBJI9HHOtt ll13 qepe,IG'l!llllMXCH 

,IUISJieKTpHqecKKX llJiaCTHH, np.llIBO.IUIT K YJ3e.mi:qe:im10 MOllU!OCTH llISJ!Y­

qeHllJI. YCJIOJ!lile, up.III KOTOpOM 3TOT sqxpeKT HMeeT MeCTO,dHJIO no­

JiytleHO B f !5] H Ha3BaHO napaMeTpJIIqecKllM HSJIYtieHKeM JIIS-sa xa­

paKTepa BS8.HMO;n;e11CTBWi M0JiWY BHHYJr,D;aDUeii CMO! H cpe.I(Otf: 

cos(.fJllJ -co.s\f=O; (3) 

co~'f =} =co~tf..aJco,siJ11dj -±( (,,_: .,.. /'f,)sin.(~ a);in ({,, d) (4) 

r;n;e v - CKOpoCTb qacTHU!i, d - 'l'()JilllWia ,ttHSJI8KTpH-

qeCKHX llJIBCTHH' a - paCCTOJ'llillie Me~ IJJiaCTHHaM!r!, l =a + d -

IIepzo;n; cp~. If= K._l • K;;i. - llOCTO.FIHHM'. pacnpOCTpaHeHWi B cpe·. 

.u;e.MHaqe rooopa, pOCT WiTSHCHBHOCTH lllSJIYtieHHS:! B CJIOHCTOM .nra:­
SJieKTPHKe dy.D;eT BMeTl:t MeCTO B TOM CJIYtiae,eCJIH o6ecne'lleH CHH­

xpOH.llISM Me:ll,l!Y CKOPOCTDE qaCTJiUUi H \PBSOBOI CKOpOCTDE COOTBeT­

CTBYDllei rapMOH.llIKH BOJIHH [!5,JI.6]. 

B axcnepHM8HTaJlloHOI YCTBHOBKe cryCTKK SJieKTPOHOB npoxo­

,IUIJIJII qepes BOJIHOBO.D; xpyrJioro ceqeHJllfl,sanoJIHeHHoro qepe,llY!lliiH-

-s-

'f 

MHCH CJIOJiMrll BOs;n:yxa H (pTOponJiaCTa.MsMepH.n:aCD MOmHOCTD ™10 

BOJim.t,pacnpocTpaIDrlOO{eAcH B,ttOJID 'l'paeKTOp:lil'! .D;BID!t8HIDI qaCTlilll liI B 

oopaTHOM HanpaB.7IeHHH.HsMepeBH.li nottasaJIH,'llTO napaMeTpaqecR.RH 

aiixlleKT rrpeBamtpyeT Ha.n; o6YlUlllM qepeHKOBCKKM HSJIYtieHReM,KOTOpoe 
2. 

BOSHHKaeT npH eJ > I B IIJiaCTHHe,a pesoHaHCHI:lU ImK asJiyqeHM 

IIOHBJ!JieTC.S: 00.IDfSH rpaHHU!i Henpospal!HOCT.it1 cpe,Itlil. ilpa BapHamrn: 

TOJillU1IHH .D;HaJieKTpHKa ( In. d = 0. 33 + 6., 57) H \l;HKCHpOBa.HHOM 

sHaqemm BOS,lij"JIHoro npmaeJ!tY'l'Ka ( f'n. a = 0,8I) Ha6Jno,rca.imc.& .n;:sa 

napSMeTpHlleCKWC pesoHB.Hca,cooTBeTCTByiallHX nepEOU H BTOpO~ npo­

CTpaHCTBeHHlilM rapMOHHKaM H o6yCJIOBJieHHIDC KHTePI;epeHI.tHOHHbIM 

ycHJiemieM BSJIYtieHJ1Lq [~7]. 

IlOCKO~DKY' HSJiyqaTeJID, JIICIIOJIDSYJOO!Mi napaMeTpHll8CIW~ pesc­

Ha.HC, peaJibHO BCer.D;a HMeeT KOHelllllle pasMepH, TO eCTb npe;n;cTaB­

JI.a:eT 00601 "':":mxy KOH0'iHOro lWCJia JV 'ARS.'IeKTpR"ieCKJII.X lll1aC·­

THH, TO HCCJie.D;OBBJIBCh TEUOite Sa:BlllCHMOCTD ITOTeph aHeprlill OT 'llIC­

JIB nepHO~OB cpe,I(l:l H .n;HCnepcHH BOJIHOBO.D;a.CTOmta npospaqHa,ecJIH 

BYlIOJIHHe'l'CH 0,7.1,HO lil3 yCJIOBl!:i! { Jl8] ! 

2. 
U ( zi == 0 · 

/If-I ' I 

{, 
. ..., 

- .r , 
i. - u/ 'l J St·n(l rJ)= U; (5) 

ZI. ( ) "·c,) I " 
r.u;e N-i z - Il0Jll1HOM 1le6WDeBa, ')[=CO.SL{~- :11,,:-j.COrJiaCHO 

no.nyqeHHlilM pesyJILTQTaM B IIOJIOCe npospa1rnocT11 MOlllHOC't '-' KSJIYl!e­

HJIR: llpollOPintOHaJI:OHa :irna,n;paTy tmCJia llJISCTHH Jv ~ • "!TO COB-
; . 

Ila,llaeT c TeOpBeA: iHSJ. ]J.Hcnepcli!Ul BOJIHOBO.D;a 3.Zl;0Cl> CKa3lilBaeTCH 

B cyzeHHH IIOJIOCH 'l{BCTOT sQ;l\ileKTHBHOro ESB.RMO.I(eMCTBJIIH no.rui; HaJrY­

qeHJllJI c qaCTllI:(el. IloTepllI 'laC'.l'ml&I Ha HSJlyqelllie CTpeWITCfi I< HYJIJO 

IIPH Ao I).. "P - I. 3Hepr.w;: HSJIYtieHWI B aenpospa'IIBoi CTonxe HS­

MepHJiac:& llpJII 0,, oJ "'- f n a "" Tf/2. ;rI,1I.H. fl/ = 2 H /( =4. IlOTe-

-9-
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pH aaeprmi: B CTODKe B lllKpOKOM HHTepBaJ.Ie saaqeHJIIA fi o I .A Kf IIPli­

MepHo paaHbl HSJiyq0HHOH BH0PM!l! B O.ItHOA IIJlaCTHHe,sa HCKlIJJqeHl!(­

eM o6Jia8TR MeJJtDY :KpHTHqeCKOI qacTOTOA BOJIHOBO,lta H 1laCTOTOA, 

onpe,ll;eJJ.R:eMOA YCJI'.".Bl'10M t; rn. = In • 
Hs ,ll;RCIIepCHOHHOro ypa:a:a:eHWI (4) CJie.ItYeT, qTo ;u;IIl BOJIH TH­

na TM n., "1.' BOs6yJK,D;aeMHx aKCidaJihHHM npOJieTOM qacTHrUI, npospaq­

H00Tb 6eCKOHeqaol CJIOHCTOM cpe,nH l!Me0T MeCTO npa JII06oA aapaa­

QHH nepao.D;a cpe.n;H, ecJW Koa~eHT 

1-{Ern r~)=i 
2 !n. £rn 

(6) 

T.e. npH l rn = (,L .3To yCJIOBH0 ;u;IIl BOJIHOBO,ll;a 3KBHBaJI0HTHO 

ycJioBHJJ EpDCTepa B cBo60.D;HOM npocTpaHCTBe [JI8].nocKOJil>KY qac­

ToTa HSJiyqeHIDI H ,ll;RSJieRTp)iqeCKfA npOHHQa.0MOCTh ILllSCT:rur&I 

(£ = 2,05) no YCJIOBiUIM SKCIIepHMeH'r 1. 6wm tPHKCHpO:eaHHHMH, IIOTe­

PH SHeprliH Ha HSJiyqeHHe HSMepHJIHCh B 3Sl:IRCHMOCTH OT nepHO,ll;a 

CTPYKTYPH up.a z On. d = 2 rll a. H fiolJ.i, = 0,82. KeaJu>aT:aq­

HM Sa:BHCHMOCTh IIOTepr:. aaeprmi: OT q]j:!CJia IJJlaCTKH llOSBOJIKJia OTO·. 

6paTh 3HaintT8JihHYJO MOl!UiOCTh OT nyqxa Ha qaCTOTe napaMeTpHqec­

KOro pesoaaaca. MHHIIIMaJihHOe sHaqemte HSMepeHHO:I MOutHOCTH 

-10 KBT JI,TH. /{ = IQ npH 'lllCJie qaCTHU B cryCTKe ..... 5•107 H 

qJaSOBOM umpHHe -rs0 Ha 'llSCTOTe rpynIIHpo:aamm:. 

B 'lleTBepToi rJia.Be npzBe.D;eHH pesyJil>TaTH aKcnepaMeHTaJil>HO­

ro HCCJie'Ao:eaHHH msJiyt1eHHH, BOSHHKaJOlllero npH nepeceqelWJ![ crycT­

KaMH aJieKTpOHOB npsiMOyrOJihHOro BOJ.(HOBC'Aa nepneB,ItHxyJVlpHO ero 

OCHc 

IlpH OTCYTCTBmI :eap~ JIOJIH B,ll;OJil'> TpaeKTOPD sapimellllol 

'18CTH!iji Wt =0) reHepl'\UWI BOJIH o6ycJIOB.JieHa TOJihKO nepexO.ztm,IM HS-

··10· 

.nyqeHHeM [ JI2] • HsMep.Maci. srumcHMOCTh nepexo.D;Horo HSJIY'll:eHHH OT 

,ll;RCnepCW!I H ):U![BJI0KTPH'll0CKOA npoimnaeMOCTH BOJIHOBO~a c ~eH-

TpaJil'>HHM npoJieTOM cryCTKOB aJieKTpOHOB ( y. = glz ) nepne}WiKYJIHP­

HO lllllpOKOH CTeHKe. KpHTH'll0CKHI pasMep BOJIHOBO;u;a AID'! BOJIHl:l 

H,o HSMeHHJICH c IIOMOl!ll>E corJiaCYJWIHX MeTaJ.IJIH'leCKHX R'JIHHheB, yc­

TaHaBJIHBaeMHX Ha YSKOA CT0BKe BOJIHOBO;u;a. .rr.n:a S:Kpa.HI!IpOBaliIDI no­

JUI H3JIY'll:0HlUi H o6ecneqewm: TOKOnpoxolll,ll;emm: B,ll;OJih TpaeKTOPHH 

.IJ;BHllteH!m nyqKa ycT&JaBJIHBaJiaCJ> a.moMHHHeBM cJio,7IJ>ra TOJI!llHHOA 

~rofl. 3KcnepI!IMeHT llOKaSaJI, 'llTO pOCT ,ll;RBJI0KTpHqecKOM npoH.Huae­

MOCTH sanOJIHeHlU! llpHBO,ll;RT K YM0HhW0Hl!Iil IIOTepi. aaepr:mi: Ha nepe­

xo~oe Hs.nyqeHHe. 

HaJmq:ae rpamm;El pas;u;~a '!I)Jyx. o.D;Hopo,ll;HHX cpe.n; B6JIH&14 Tpa­

eKTOPHH cryCTKa. TpaacwopMl!pyeT cneKTP HSJiyqeHJiISI. Oco6eHHOCTh 

aToa reoMeTpZI!I HSJiyqSTeJIH o6yCJIOBJieHa He TOJihKO ~YMli KpHTH'l0C· 

KHMH qacTOTaMH, COOTBeTCTBynIU:'IMH ,ll;RSJieKTpillleCKHM npoimnaeMOC­

THM sanOJIHeHm:r, ao H BJnIBHKeM cpe,nH, B KOTopoli -qacT~a He npo­

JieTaeT. 3aBXCHMOCTh MOll{HOCTH HSJIY'l0HIUI OT ~cnepcHH BOJIHOBO;u;a 

HMeeT MOHOTOHHLIA xapa.KTep. PaBHOMepHOCTh qaCTOTHOro pacnpe,ll;e-

JieHHJI MOillHOCTH YJIY'llllaeTCSI npH On :t 0 =Ti • 

PesyJii.TaTH HsMepeHID! MOutHOCTH HSJiyqemm: B ,ll;RSJieKTPH'llSCKOR 

H BOS,eymHOI ILIIaCTHHOI IlpH 0 n j = 1f H rn J = 1T / 4 IIOKa38JIH 1 

qTo B c.nyqae )UtlsJieKTpHqecKol IJJiaCTHHLI saeprwi: xs.nyqeHHSJ: o6Jia­

~aeT 60JibmeA '<W.CTOTBOI p&BHOMepHOCThD B liUiTep:saJie SHaqeHHi!: 

r~/rn. = 0,2 + 0,5 no cpaaHeHHI) c BOS,IzylllHOH lJJiaCTHHOZ. Bos­

,IJ,ylllHM IIJiaCTHHa B BOJIHOBO;u;e o6pasOBHBaJiaci. c IIOMO!llhID ,IJ;Byx KJm­

HOBH,ll;HHX DJiaCTHB, WIOCKll'.e rpaHH KOTopsx·6YJm o6pame1W K TpaeK­

Topu ,IUllmeHml crycTKO.,., • Ilpz ,ltJU!He IJJiaCTHHLI, paaaol Jl 6 I z 
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·'!aCTJUJ;a Kalt 6bl He tiyBCTByeT DJISCTlilHH, :1:1 :1:13JIYllaeT '1'8.K,KaK OHa 

~s~yqa.Jia 6R B O.AHOPO~HOM BOJIBOBO,n;e c £ ,paBHO~ .ztll'.3JieKTpHqec­

K0~ npoH.mi;aeMOCTlil sanoJIHemur sa WISCT.HHO~. 

Mcc.i1e,n;o.sa.rme ll.lSJiyqe.HIDI B ILi. lCTHHe, noMemeHHoii B aanpe­

,n;e.nhHH~ BOJIHOB0,11;, lilHTepecao B CB!iSH c TeM, qTo TaRE:e ll3JIY".!8Te­

JIH MoryT HaiTH np.HMeHeHRe ,llJIJI HSMepeHHJI na~eT~WB cryCTKOB 

aapH~eHHHX qacTll.lU ycKopRTeJIR.B HsMepeHKF.x BapDll.lpoBa.imch Ka.IC 

KP.l'lTK'iecI<Htt pa.aMep BOJIHOBo,n;a ;II,1IH. :aOJimI H,
0 

, Ta.K z ,r:;.mrna .l4K­

a~eKTp:aqecKott IIJiaCTHHU,pesOHa.HCHHe qacTOTbl KOTopott onpe.n;eJm­

JIJdCh lil3 COOTHOWeliliSi {~9) : 

r.ne 
., 
I n. 

,...., I 
' . ') ii n. t91x.\a = t:: (7) 

(,t - llOCTOHHHYe pacnpocTpaHeHHJi B nyCTOM :1:1 

38llOJIHeHHOM ,!tHaJieRTPHKOM BOJIHOBO,n;e, d - TOJilll:l:lHS !JJISCTHHH. 

0T6op MOlllHOCTlil OCY111eCTBJI.ffJICH c llOMOllU>~ so~a. llOCJie,n;o:eaTeJI~HJ 

c KOTO.t-a'" 6WI BKJIIOqeH !l!WI:&Tp HHJllHHX qacTOT )i.JIJi OCJia6JleHWI Bbl.:l­

Wk!X rapMOHHK. MSJIYllelOOi. Bo BOeM .l:IHTepBaJie SHaqeHJUi ./\of}. KP 

He Ha6JIID,n;BJioc:o pesKoro .Ma.KOJ!lMYMa HSJiyqeHHH, c:sa:aawioro c HSJ!Y­

qeHHeM BamtnoBa-~epeHKOBS, RaK STO lilMeJ.IO MeCTO B c.nyt;lae aKClil­

aJihHOro ppoJieTa cryCTKOB SJieKT~OHOB. 

3aI<.1lIOt1eoe 

OcHOBHI:le pesyJI»TaTH 3KCneplilMeHTaJI:bHOrO HOc~e,n:OBaHHJI BOS· 

6yJK.neH.l'lH BOJIHOBO.D:OB peJIHTlrIBHCTCRHMH cryCTRaMl!l 3JieKTpoHOB c 

·rneprilleH 50 lvlaB, qasOBO:ll: Ilp0T.!illt0HHOCT:Dl0 OT IQO .n;o 200 II "DICJIOM 

qacTHU B cryCTKe ~ 5• IO 7 MOi!W.C; CliJOPMYJllilPOBaT:> c~e,llVICWIM o6pa-

-12-
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IlpH npoJieTe crycTKOB no OCH BOJIHOBO.n;a qepes ,IIDS~eKTplilqec­

KYJJ llJ!aCTiray, nepeiq>H:ea.DllYID rronepelllioe ceqemie BOJIHoBo.n;a, ,Il,1J.R: 

MaJlblX TOJDIU!H llJISCT.l:IH CXi« f ) llOTepH SHeprlil.l'l Ha HSJIY".!eHRe Bne­

pe,n; i1 HasB,D; pSBHH H nponopQHOHBJI&HY cfndf~·. C poCTOM Knd 
IIOTePD paCTYT, llpHl!BM co SHal!eHI:'l:ll: (nd = lf IIOTepM aHeprllli Ha 

HSJIY".!eHHe HasB,D; CTSHOB.fITCH OCI.nJJIJmpYJOO!ei WYHKllllei ctnd>. qTo 

CBfi8aHO 0 HHTepqiepeH:U,Hei!: BOJIH, HSJIY".!eH!ijllC Ha rpa.w:rx IJJiaCTHHbl, 

PacC'll!'.TaHH IIOTepH SHeprHH Ha K3JIYt:.1eHEe B saxopoqeHHOM 

BOJIHOBO,n:e c ,!tHSJieKTp~eCKOM IIJISCTHHO:ll: H IIOJzyll'.eHa COOTHOmeHWI, 

onpe.n;eJIJn00111e o6~aCTh MaKCKMBJihHHX IIOTep:o Ha HSJIY".!eHHe. Mont­

HOCTD HSJIYqBHRf.1 HSMepeHa ,Il,1J.R: saa-qem rna.=JT, Ond=JT :1:1 f'.ia="ii, 

tn" = lf/4 • M8KCHMYM OT6opa MOIJUiOCTH OT IlyqRa COOTB9TCTByeT 

,ItJIHHaM BOJIH }.. 0 I}.. KP = o. 75 + 0, 9. 

B nOJioce npospat1aocT:1:1 BOJIHOBo.n:a c nep110,14KqecKo:ll: CTPYKTY­

pol, cocTa:BJieHHoi!: HS qepe~xca CJIOeB BOS,IzyXa H <t>TopoIJJiaCTa, 

IIOTepm aHeprm! Ha napaMeTpli!lieCKOe HSJiyqeHHe Ha .n;Ba IIOp.F.!.,D;Ka 

npeBWDalO'l' noTepH 8H9prHK Ha qepeHKOBCKOe HSJIY".!eHHe B .n:zaneK­

TplrilleCKOil llJISCTHHe. M8KCRMa.JII>Ha.R: MOlllHOCT:b M3JIYll9IDUl ("-!00 B'1' 

Ha rrep!rIO,ll; Cpe,n:&t) IIOJIYllBHa npH rn Cl "'d n. d "' ii .MOlllHOCT:b napaMeT­

pzqecxoro HSJIY".!eHHH B IlOJIOCe npospatUiOCT.1:1 BOJIHOBO,n;a co CTOII­

KOi!: HS KOH9l!HOro tmcna /'{ MaCTHH nponopqe:OHBJI»Ha fl/ 2 
• 

B IlOJIOCe Henpospa"IHOCTH BOJIROBO,n:a co CTOllKOi!: IL7.IaCTHR 

( tnd =. r n. a "' Tr/4 ) llOTep!rI SHepr:im IlyqKa Ha HSJIYqeHHe llpH­

MBpHO paBKY noTepHM B o.n:ao:ll: rrJia.CTKHe B llll'IPOKOM lrIHTepBaJie SHS­

qeHH:ll: Ao/)~p , sa HcltJillqeHReM o6JiaCTH qacTOT,38KJI!)l!eHHOI 

M~ KpHTHlieCRO:ll: qacTOTO:lt BOJIHOBO,n:a H 'iSCTOTOi, onpe,n:eJmeMOi 

YCJIOBHeM f.. rn. = {n .IlpH STOM yCJIOBlrIH CJIOHCTa.R: cpe,n:a B BOJIHO-
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BO,Ite ~ pacnpoCTpalUDt11tHXCJl CH.MMeTpll'i.BHX E-BOJIH 0Ka3blB8.9TCR 

npos:;>at1Ho:lt np11 Jlll60M sHS11emm: nepI40Jla cpe.zu,i. 

Il0Tep11 aseprD m "sanep<roe" HSJiy-qeHHe B MaCTHHe :HMeJOT 

MaKCHM;yM B oCSJiaCTH ,11;1IHH BOJIH,6Jm3IGIX K npe,zi;eJI:&H01ii ,11;1IHHe BOJIHli 

BOJIHOBO,Ita. Ilpll 8.KCH8JIDHOM npOJieTe &JieKTpOHHoro IIyllKS. OHO o6yc­

JIOBJleHO KalC qepeHKOBCKHM, TSR H nepexo.zumM HSJIYl!8HH.liMH Ha rpa­

.Bllll8.X MacTmm. B .llHaIIaSOHe ,Jt.DB BOJIH 1 < ;. o I}. "'P <. 1, 1 
MODlHOC!l> "sanep<roro" HSJlY'l8Hlf.fI npemmiaeT MOllUiOCTD Hany-qeHM 

B pe30H8Tope, sanOJIHeHHOM ,ItHSJI8KTPHKOM. 

Ilp:PI npOJreTe &JieKTpOHBliX cryc'l'KOB nepneH,IUIKyJIJlpHO OCH BOJI­

HOBO,Ita cneKTpaJil>HOe pacnpe,neJieHl!le HHTeHCHBHOC'l'lil HSJij"ieHHJI paB­

HOMepHO B OTHOCHTeJil>BO lllllij)OKON .ItHaIIaSOHe traCTOT e'~"f'=0,5+0,8). 

DOCKOJil>Ky BOS6YJQtelUle BOJIBH H,o B npmt0yr0Jll>HOM BOJIHOBO,ll;e o6J:I-

88HO J.IBllll> nepeXO.ItHOMY Kany-qemm. 

IloTep:PI aHeprHH Ha nepexo,ItHoe HsJiy-qeHHe B npmt0yr0Jil>HOM 

BOJlHOBO)le c O,IUIOi rpamme.I pas,IteJIS. cpe,It,38DOJIBJIDllHX BOJIHOBO.It, 

MOBO'l'OHHO pacTYT c 1l8CTOTO:A npH cj)HKCHpOBaHHOM f11.i!o ( ii!o - pac­

C'l'OJIBH8 O'l' TpaeK'l'Opl[H ny-q:Ka .ItO rpammii pas,IteJia) .PmmoMepHOCTJ> 

118CTOTaoro pacnpe,neJiemm aHepnm YJIY111118eTCJl npB saa11emm: l,,10slf. 

MOHOTOHHYI pOC'l' nmep:& aaepI'Jm c 'qQC'l'OTOI Ha BOS6YJQteHBe Hfd 

BOJIHH Ha6J.Do.luuJCJI TEllOKe B B ayqae npoJieTa cryCTKOB qepes IIJ.[80-

THffY B BOJIHOBO,Ite. 

Ha OCHOBe nepeXO,ItHOro HSJIYq~JDJ.fI B npmtOyrOJll>HOM BOJIBOBO­

,Ite COS.ItaB np116op ~ 8H8JDl[38'l'Op cneKTpa B3JlY'18HJ111l SJI8KTPOHBYX 

cryC'l'KOB, noaBOJIJIDlld ,JlH&rHOC'l'HpOBa'l':& llPO.ItOJll>BYD C'l'PYRTYPY 

cryCTKa. 

Paapa6orrasa J/l BDepmie B WlpOBOA npaK'l'HKe BHe,Itpesa CBCTe­

Ma CBq IIHTEIHWI JIHBe:Afforo YCKOpHTeJIJl CHffXPOTpoH8 &a OCBOB8 B.B-
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ToreHepaTopaoro pe.lEIUlla llMDYJil>CHoro KJmCTpoaa Ia1Y-I2A c MO!q­

HOCT:bl!l BHXO,Ita - 20 MB!; CBCTeMa D03BOJDIJJIEl 4J<>PMllPOB8'1'l> crycTKB 

aJieKTpOHOB 38,ztaHHO:A qasoBoi llpOTJllteHHOCTH; SKOHOMB:qecKHta acp.. 
tI>eKT OT BHe)UleHWI'. COCT8BJl[JI -400 THC.pY6 •• 
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