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OBIWI XAP.AR'IEPHCTHKA PAEOT!l 

.AKTYAllliiOCTh TEMH. B noCJ1e.niu1e l'O.ItH nepexo,IOlM 06JracT1> 
MeW' .nermnm H Tmte.nm.m :aomu.m ~eJIJieTCSI B CaMOCTOSITeJil,HYJ.). 

llOJJY1DIBllYI) Ha::3BaHBe "no.nyTsme.nue :aowt'. 8TB HOHH B si;ztepHUX pea.K

i:omx O~ O,IU!Ol!pell!eHHO CBOICTBaMH Halt Jiel'ItBX • .1t,lISl KOTOpux 

:xaprurrep l33am.!O,ItelcTBHSI , onpe,IteJISieTCSI l!H,ItlDm;ltYaJII,HHMH CBOICTBa.Ml! 

B CTpyK1',Ypoit DTJDC l!OHOBt Ta.K H TJlllteJIHXt .1t,lISl KOTOpUX BalltHH O61l!Re 

coottcTBa si;ztepaol r&1Tep:mi:. Ewm o6HapYJ1teHH SIBJleHWI• cne~ql!'IHHe 

JIJ!III& ,JtJIJI IIOJJYTSlleJIHX HOHOB. XOTSI K IIOJlYTJD!teJIHM HOHaM no HeKOTO

PllM npHSHB.KaM 11'.llltHO omecTH HOHU B ,ItlmIIaSOHe MaCCOBUX ,mceJI 

6 !!I; A -:s I6 t HO ruumoJiee X8Pa.JtTepHoe ,JtJIJI DTOtt, O6JU1CTH llOBe,IteHJre 

mrem :aoau :asoTOIIOB JillTIDl H 6epHJIJIJIJ1: 

a) JW)a_DTKX HOHOB 06.na,nam stpitO mqmteHHOi1 KJUlCTepHott 

(KBaSDDJielcy'JistpHOI) CTpYJtTypol C ~Hoff DHeprHel-,ItHccowi;a

xnm aa npocTebHe KJUlCTepu ( d • t • <X ) • H &To OT:KptmaeT ynH

RaJII,HYJ) BOSll>lKHOCTI, JtJIJI HSytieHHSI KBaSBH>Jielcy'JistpHOI npHpO,ItH si;ztep 

B peaKJll!JIX nepe,1ta,m KJmcTepoB ; 

6) :xapa.KTep :asMBHeHHfI Me:t'Ll:tltepHUX B3am«>,ItelcTBH1t npH nepe

XO,Ite OT Jiel'ItBX K TJlllteJllilM HOHaM pesKO MeHSleTCSI. He,Itamure 8KCnepH

M8HTH C llOJJyTSDteJIHMH HOHaMi'I llORaaaJIHt "ITO ITO llpOBCXO,ItHT B 06~
CTB si;ztep JIJITBJl H 6epJmJmSt. 

llOJIY1ieHHHe BORU OTiq)HBallT HOBli8 nepcIIeKTJtml: H B TBX o6Jrac
TJDC si;ztepaoa qllmliDQ[.' I',Ite pam,me HCllOJII,SOBaJIHCI, .I{PYl'Jile 'iaCTmtH: 

JW)a BSOTOllOB JIBTHSlt xapa.KTepBSye1me ,ItOBOJilaHO 60Jil,IIHJI ,Ite

~KTOM 111.cc no cpamiemm o coce.IOUDm ycroft<Immlm SJ;Itpallll, mm 
6HTI> KCllOJll.SO:ea.HH .JtJISI OOJIY1ieHBJI :a: BCCJle,ItOBaHU si;ztep, ,ItaJ!eKHX OT 

O6.mCTH CTa6BmdlOCTB ; -· · · 
6/ ,. 

BCllOJll,SO:eaBHe . "-- {. BlleCTO JieI'RJIX si;ztep llpH JICCJie,ItOl!lllUll'I 

I'BI'llllTCKBXpe80HaHCOB O6ecne1DrBaeT MeJll,IIIH8 qx>HH HS-Ga cneitKqE'le

CKOff npKpO,ItH ITHX· s;1tep ; 
BSMepeHKe IIHOl'JIX·SJ;It8pHHX-XOHCTaHT ~ ltOJIHlleCTJle!UWX :xapa.KTe

PBCTD s;lt8pHBX npoueccon. ltOTOpHe J:CllOJll,SYJ)TCSI B HHllenepHHX pa~ .. , ,,, 

OCrt{;JJ:tl-?~i:l:i:ii :l.~ 

~e~;~~ ~r:\:-:l::.;10!.~Mufl 
oV'}SJi~IUTEHA 
~~ -- -



ClleTax smepHHX B Tepwsmepma: peaKTOpoB, Truate ynpomaeTCSI npB 

BCUOJII,SOBalUm 8TIIX HOHOB ; 

llOJIYTHSeJllle.HOHH WJryT ZMeTI, npemzyJlleCTBO nepe,n .nernmm B 

aKTBBaWIOHHOM aHaJIBSe npH onpe,ne.neHBR npll!Mecel HSOTOIIOB oo,nopo

.tta B Ma.Tep:manax. 

nBCCBpTaJ:tllJl JlBI!Jl8TCS O606~eHB8lll pa6OT, mmoJIHemw:x: B COOT

BeTCTBD C eaylIBO-'l'81B'fllliBCJ.UDm ruraeaw HagTBTYTa aTOMaOI 8H8P

I'ltll ma. H.B.~llaTOBa. 

Wb PABOTil sait1lDllaeTca B Hay,IHOM o6ooao:eamm: Hal!OOJiee ue
.necoo6pasma TeXBr!ecm pemead, odeonA1DfB8mtJCC pemeH11e npodJie

Mli UOJIY'IBBJIII H yoKOpeBllll: llOJIYT.llX8JIHX HOHOB B IOIKJlOTpoBe. a :mrea
ao: 

a) cnoco6a llOJIY'IBBJJJl llOJIYTJDteJWX JilOBOB B ItmJIOTpoHe ; 

CS) cnocoCSa nepe:eo.na RJiaccztiecKOro ItmJIOTpoaa B HSoxpomml 

C nmpoXJDI peryJllll)OBalllreM &Heprm,; B TIIIOB JilOHOB i · 
B) cnocoCSa miMepemm aaepreTHtiecKOro cneltTl)a ny,ma ycKO

pemwx: llOJIYTmteJIHJ: S>HOB i 
r) cnoco6a peKOHCT,PYJQ.UII ItlmJ!OTpoBa ,Jt1Ul Bp8wmp0Jl8THHX HC

CJI8,l(0Bam O llo.nyTSJl'.eJ!l:llQI H0H8M]I[• 

HAYtilWI HOBH3HA. JIIOOJI8,l(OBalld, ·oTHOO.antJIX(lS R npodJieMe UOJIY

ll8HlilSI B ycKOpeBBSI llOJIYT.PeJIHX HOHOB B wm:,IOTpoHe, onpe,neJIJleT_CJl 

npez,tte ncero Te11, 'ITO &Ta npo6Jle111 no.mocnD dwia pemeBB. imep

BHe B :ope aa J:tl!K)IOTpoBe HAS, 'ITO IIOCJIYDJIO TOJNB0M It.pasmlD> 

.8TBX padOT BO MHOI'JID.: .lij)yrllX lU[K1lOTpoBHHX Jia6opaTOp:ax, T.e •. CSH
JIO pasmrro BOB08 Bay,IHo-T8llll!'leOBD8 aanpa:exemm B OdJiaCTJI nOJIY

llemm H yoitOpemm nytllWB BOHOB B lU[K1lOTpoaa:x:. 

Pememm &TOI npodJiew J3ltJil)lI8.8T B oeds: TaDe psm llaOTHHX 

pemead, OdJiaJta,..-X: JIBY"DlOI HOBIISHOI, a JllleHHO: 
Ilpe,ttJIOxeBa -ao:eas: cxem. 1tOTo-.:mmta JIDHOB .lt,J[Jl JlBltlOTpoaa, 

oCSeonA1JlCB8flU3~ HS,lt8llHYI> pa6o'fY ItmJIOTpoaa B peDE_ yo:sopem 

111orosapJWIHX JIOJJY'l'sxeJIHX BOHOB O BHCODIIJ[ JIBT8HODBOCTJDIJI. 

Ilpe.ItJ[OXeB ~ HOOJI8]tOBaB onooo6 YJl8.ll]lllemm HBT8BO:lll!OOT• ory

OTK0l3 JIOHOB l3 IUIRlIOTpoR8 :ayTeK JIX JISB1I8ll8BIJI BS KOTO'IJDIKa KOpOT

KIIIK ( OY'D'8OT:eeBHO l!Dp0ll8 nep:a:>,tta yoKOp~ero wmp.sseau) BHOOKO

BOJII>'1'Hlil01 :mmynoan o JtDTenHOCTI,I) nepe]tllero \l!POHTa nopsi;ttm 
mBpmw: odJiaon <JasoBOro sax:eaTa B umt10Tpoae. • . ._ . 

IlpeJt,JIOX8H K T80peTK'l80JDI •c~e]tOBaH ,ltXS. ~OTpOHa HOBHit 
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cnooo6 BSMepeHBSI &Heprmt BOHOB O BCUOJII,SOBaHJreM peKO~m!altID'I RX 

l3 IJYlIK8 &JieKTpOHOB O H3B8OTHOff 9HeprReA. 

Ilpe,TµIolKeH B BoOJie.noBa.H onooo6 ,nooffaoro IIpOMHI'HBaHBSI, nosoo

JUmllJII YMCHl,lllUTI, tJaOTOTY OJie,l(OBaHBSI orycTROB BOHOB Ila Ml!!IICHH B 

O,l(HOBJ)8MCHHO yr,telU,III8TI, WC ,TµIBT8JI1,HOOTI,, YJrYlIIIIM paspememte npe

MSinpOJI8THOA M8TO,l(BKB. 

Ilpe,TµIOllt8H B BCCJie,ItOBaH onooo6 yoKOpeHl'l.ll HOHOB o HX nepesa

J)JJ;ltROtt IIPH .IUJYKpaTHOM BCUOJII,30BaHim tJaOTB mnurmoro llOJIJl umtnO

TpoHa CO OMe~8HHUM BCTO'IHBROM HOHOB. 

IIP AK'IWIECKA.fl J.U<;JllIOCTh 

1. B pesyJII,TUTC pememm npo6JICM!l ycRopeH:wI llOJIYTSilltCJillX no

HOB Ha umtJIOTpoHe HA3 o 1965 r. Ha ffl)HaX JIHTlUI, a c 1974 r. B Ha 

B?HB.X 6ep:l'tlIJUUI Bimomrnno 6OJII,ffi08 KOJIR"IeOTBO llUYlIHllX B DPm<Jra.lUlmt 
BCCJI8,l(OB8.Hm1. 

2. CoopyiKeH R3Oxp0HHUR I.tlIBJIOTpoll O WR})OimM pery.JmpOBalllieM 

8Heprxtt H TmIOB HOHOB (noMHMO llOJiyTSI]{eJIHX - Truate JI8I'KHX H TRllteJIHX, 

BllJIOTI, ,no HCOHa) C peROp,IUlUMll'. mtTeHCBBHOCTm.m llOJIYT.RllCJIIDC HOHOB 

B o BJ)eMS!npOJieTHOff MCTO.!UU{OH, c 1977 r. BCllOJII,Syelmii ,TµISI pememm 

KaR HaYlIHmt, TaR H npHRJia,nHux sa.nall, BMCDititX BaXHOe napo.m10xo

sstltoTB8HHOC 3lUllICHRC ( eanp:m,iep, B3MepeHHe ueffTpoHHHX KOHOTaHT . 

TepMOSQJ;epHOro .nmmasom1, B3j"ICHBe pa,!(BarQIC>llllOI CTOlb«JOTB peaRTOp

HHX MaTepllaJIOB, onpe,neJieHHe npHMeoen B BHCORO'lJ[OTUX no.nynpo:oo,n

HRROBUX KlTepmi.nax C llOMOIIU>JJ altT~HHOro aHaJIBSa H ,np.). 

3. p~ npe,nJio~emrA JI pa3pa6OTOlt llOIOOO) HAS BHe,IijleH B ~e 

HHCTH-ryTOB CoBeTCKOro Collaa n .npyria CTpaH C3B. Hru:Ip. , raSOBOSB

pa THaSI CllOTeMa BH8,IUleHB. ua WIKJIOTpOHaX ID!~ AH KasCCP (Amla-ATa), 

ID!~ AH YsCCP (TamKeHT)' nm (TOUCR); JICTOlIHBK llo.rryTllFe.JWX HOHOB 
B3JIT sa OCIIOBY Iq>H cos,namm BCTOlIHHK.:'l HOHOB JIHTJUl n1m.11OTp0un D 

I'occeH,nopgc ( fJlP) ; r.mTO.Jl Rwepemm aneprmt HOHOB c B~rro.111,som

HBeM peitooommLtHH D nytrn:C 3.118KTp0HOB C B3BeCTHOil 8HepnrnA H~IIOJII,-

3ODaJICSI IIJlB BcCJic,nommru ruwKTp01rnoro OXJralr,ll;emm B lffl1 co AH 
cccr. 

· AllPOBAIJJffi. Oo11omuc pcsyJI1,TaTu )tRccepTawroH11off pa6onz .JlO

KJIDJUmamto1; na Y, YI, YII H Yill Mewnapo,nHux .KOHqiepennwrx no BSo

xpoHHHM ItJ[KIIOTpOHaM ( 1969 r. - 0Kcqop.n, 1972 r. - BaHK,yBcp, 

19?5 r. - llJ>pHX, 1978 r. - E.nyMJmrron) ; na YII MeW}!apcl,l(llOH KOH

qiepeHitIDI DO ycitopHTCJIJJM BUCOKHX &Heprd (EpeBaH, 1969 r.) ; l~'l 
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:xm. MeWBB.po,ItBol mROJie Y>JIO.ItUX y,1eumc no qmHite :mrooox aaeprd 
(M:rmox, 19?9 r.) ; Ha XYI E:eponelCKOM COBelllEUllD[ no ~OTpOB~ 
(B:wumrea, 19?9 r.) ; aa II, lY, YI BcecoDSma coBelll8lllmX no yc-
1t0pwreJIJD1 ( 19'i'O r. - MooKBa, 1974 r. - MocKBa, 1978 r. - ,llydaa); 
Ha BcecODSHOM COBellt!llllIH no ~TpOHal! (.Ame-ATa, 1967 r.) ; Ha 

m Co:ael!l,.'UUDl: no ItHRJIOTpOHY YI20-M (qecxe ~elomme,1973 r.); 
Ha II Bceconsnoit_ m:mqiepeainm 1:10 neil'rpoBl!oA qmsmce. (KlteB," 1973r.). 

IIY1i!IBKAIUm. no TeMe )Olccep~ .oey6JnmoBaBo 52 paooTu,· 
np:ime.neruwx D CimCKe JllITepaTYl)H, noJ1y,1eno·5 aBTOpcm·cmT,lteTeJi:r,.;. 
OTB Ha llSOdpeTeHllll. 

C'l'PYKTYPA l{~CEPTAUIH. PadoTa COCTOnT lI3 BBe.ttemm~ '118Tupex 
rJJaB Ii! saitirmemm. Od!IU!I Od'LeM ,1tli!CCepTaw,m COCTaBJmeT 27I CTpa

~, l3KJID'llasI IlO pHCYlUWB H CIIHCOK JlllTepaTYl)W:a: CCWIOK lI3 149 
na.mroHODaHd. 

Bne.1teH11e co.nepmr nocTaHOBKY SSM'llll, nepeqem,paccmTpen-
HliX · npodJie111 11 odocuollal!Be CTpYKTYJ)H ,1tli!ccepTmlJDI~ · · 

'·' . ' . ' . 
IIepBaJI rJiaBa .ltlICC8pTarom IlOCBSllt8B8. HCCJie.nommm paSJm!IHHX 

cnocooon no.n:yqemm 11. ycKOpemm worosapJWU,JX HOHOB JmT:mt 11 de
PZllJlmI B DJllCJIOTponax H Jmdopy BruroOJlee onTiim.lrr,noro.cnocoda 11,,JU! 

xtmrJIOTpona HAS. Bo BTopo,l;'.r.nane npmie.neno omroamre paspadoTaH.;. 
HOI'O HCTO'l!Hmta morosapJWU,tt IIOJiyTSIE8JIHX EOBOB H pesym,TaTH ero 
HcCJie,1toBa1UIJI. Tpena rJia:ea IIOcmmteBa. cos.namm imoxpoBl!oro wm.;.. 
JIOTpOHa, 0 CJICT8SJI TpallCIICpTl!poBK!i! IIOJiyT.fll!t8JmX liIOHOB O lllll,POitl!M 

peryJmp0BaJUie1r1 me Tmra .. u sneprmt,. a Taxxe 11ero~ immpemm me 
&BepreTJ[t{8CEOro cneitTpa •. qeTBepTaa rJia:ea IIOCmmteHa peKOHC~
Itml ItHRJIOTpOH.a .1tJIJl Bp8wmp0JI8TBHX HCCJie.no:eaad .c IIOJ!YTBE8Jll:Dm. 

BOBaD. 

. B SaRJmtz8lll!l'!: IIpBBC,1t8H K,Pa'l'ltd nepeqem, OCHOBiWX HaY'IHHX pe
synTaTOB. 

col!EfUil!E PAID'.W 

rJiaBa. l. 11:CJJEJlOBABHE PA31JHlIHl:lX CIIOCOBOB YCKOPEHIDI HOHOB 
, . mrmiI H EEmir.JmH B ll11KJIOTPOHAX . . ' 

~ ~ • • • ' a • • • ' •a ' ,• 

Ocuoimmm npe.ncramrreJIJDm noJl:y'l'smeJIUX m>aon, •. odJiaJtaDIPD,iJ! 
BC8JOI BX JJ;OCTOlmOT:imm, JIBJDIDTCJl 1ll01UI HSOTOilOB mu H depltlIJilm. 
Ho HMellHO OllE JtOJII'Oe :epeMi ae dwm iio'c'l'1JlliH .itmi JJ;D;8p!i0-qlKBlA8Cia!X 
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HCCJl8,1tOBaBd HS-sap~ cep!.eSHHX npodJieM, BOSH!i!Kalll\l!X np!i! liX 

IlOJIY118lll!ll K ycI<0pemm B nmtJIOTpOH8, rJiaBHI:Dm l!3 KOTOPHX .IIBJI.lmT

ca: OTCYTCTBKe rasoodpasamc 008,JUDleBd Jra'l'JIUl H depWl'JIHJI IIpH 
HOpHlJII,HO:ll TeMIIepaTYJ)e, 003,ll;aD!lee H8B03MOllUlOCTD HCilOJII,30B8.HlIB 
odwmoro ,1tJUl ItJ[KKOTpOHOB (raso:aoro) HCTO'llll!Ka l!OllOB; BUCO.Rrul XH

MH'I80Rrul aKTHB!lOCTh JDtTHJI H p~ coe,1tli!Hemtl! dep:wrmm ; TOKClr'I
HOCTD coe.n:rmemtl! depWI.1.IIDI ; BOSM'.)lKJlOCTI, :awmBaHIDl lK!mKOI'O JIBTWl B 
ycKOpBTeJII,HYJ> KUMepy H3-3a BUCOKO! CLE.'llUlaeMOCTH llM MeTa.n.nll'Iec
KHX llOBepXHOCTeft i B03M0l!!IOCTI, 11Mlllq)OB3pUBOB" npn pa3orpeBe rpa
HYJI JIBTHJI, llOKPl,l'l'llX IIJieUKaMH OKRCJIOB H HRTJ)JmOB ; CIIIDKe1me MeKT
pll'IeCKOI npO"lllOCT!i! BllCOKOBOJihTH!iX IIpoMelcyTKOB npH no~amm Ha 

8JieKTp0,1tll R H30JmTOphl coe.n;m1eaml JIHTHJl H depH1LIIllil i Tpy]UIOCTH no
JIY1ieHRJI BUCOKOSap,a;n;mnc IlOJIYTmteJIWC HOHOB 113-sa IlliCOltmc n0Te1nnm
JIOB HOHHSaIUD! ; llOTep:e; IIOJIYTSD!t8JIUX lIDHOB Ha OCTaTO"IllOM rase IIPH 
me ymropemm B · UHKJIOTpoue. 

A.BTOp0M 6WIO IlpoBe.tteHO TeopeTll'IeCKOe :rr BKCIIepl!MeHTaJU,IIOe 
HCCJie.no:aaime pasJIJil'IHHX B03MOlltlWX cnocodon IIOJIY1IeHwr lf yciropemm 
worosapJ'Wll:DC HOHOB JIRTWI H depRJIJirul: 

Cnocod ycKopemm c nepesapsmKOil. HcTO'IIHHKH o.n;uosapsmuux 110-
JIY'l'.lmeJWX JIOHOB paspadoTaTl> aecpaBHHSJ IIpollle, 'leM .ttJUl r,morosapsm
ma:. Hanpmrep, ,1tJUl HOHOB ·JIHTWI 140llteT dl,l'l'I, HCllOJII,30Dallll Tept.n
HOHHaJI BMHCCHJl li!X C llOBepXBOCTH narpeToro a.llllM)CRlmlW.Ta Jill'l'HJl. 

IIpH padoTe TaKOro HCTO'IIHID<a sarpmlHCHHe ycKOpBTeJUI ne'sHatraTeJII,
HOe, 0.ltB8.KO YCKOpeHHe 0.IUI03ap.R;JUWX HOHOB B UHKJIOTpone He o6ecne
"ll'IBaeT ero aqxpeKTHBHOl'O HCIIOJIDSOBWmll,T.K. SHeprrur B HCM nponop
nHOHaJII,Ha KBa,lij)aTY sapswi HOH.a • .nmi YBeJilr'lemtll sapswiocTH :UOHOB 
JIHTH.11 H depK7IJIJIUl .no 3 ( c n8Jll,D yneJIH'Iemm HX anepnm Ha nopsmoK) 
Wll!HO RCilOJII,30BaT:L 06.ttHJll(Y npe.n:sapBTeJU,HO ycKOpeHHUX llOHOB ,no 
&HeprHH 0,3-0,5 MaB/HYKJI. np:a: HX npoxo~eHJm qepes TOHIGIB 
("'IO MKr/cJ'-) CTpmmep. llsy,ieHH TpR pa3HOBlJ;!UiOCTH cnococla C ne
pesap.fWt()il: 

BHeDIHmi ycKOpHTeJII, - l!HllteKTOp 11,,JU! IIpem'CKOp8HWl l'IOHOD .n;o 
aHepl'Rll 0,3-0,5 MaBiHYKJI.-.n;OBOJII,HO rp0M03,JU(rul H .noporan YCTUIIOB
Ka, Jta''B :mtir.eKWJJI HS nee B ItUJIOTpOH c nepesap,a;n;KOit ua Tnep.n;oM 
CTpmmepe He npocTa B BKCilJ!YaTaitlDI. 

Cnocod.c JU3YKpaTHHM HCIIOJil,30BallReM padoqero MaI'IIBTHOro.no
JUI, np8,n;JIOlltelUWi1 B Jliil1 OWIH ,1tJUl YCKOp8HWl TJmeJWX lIDHOB, npe.n
noJiaramotii npe,JzyCKOpeHHe m.JIOsapsi;ruwx HOHOB Ha cyclrapMOll:mce Bq 
.I(yaHTHOro Hanp&'ltemm, HX BWJYCK, pa3BOp0T, nepesapM}IYJD IDllKl!KUlD) 
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JI ycrropeHJie y-y.e DHCOK03apJWWX JIOHOB Ha OCHOBHOti_'llaCTOTe, Tpe-

6yeT ,ltOBOJII,HO CJIOllil!Oti CJICTeMU pa8BOp0Ta lI JIHJKetmm'[, a, r~BHOe, 

JI8-3a pasJmtlllmc Tpe6yewa: saKOHOB miMeHerum cpe.IOieft mJ,I(y'ltUHlI 

MIU'IUITHOro noJUI C ~HYCOM o6Jia.rtaeT OrpaHWieHHeM no 9Hepnm . 

(npHMeHlITeJII,!IO K UHKJIOTpOHY HA3 MU<c1n&1.111,mUI aHepI'Wl HOHOB JilI

TW! 50 MaB). 
EoJice npocTOtt cnoco6, He HMellllmi Tarrott HJI8KOit npe,1teJII,HOi 

8llep:rim, 6wr npe.JtJiollteH aBTopOM n HccJie.nonan B nmaoTpoite. B neM 

RCllOJII,3yeTCSI JICTO'lllmt MaJI03apswmx JIOHOB, CMenteIIHHil H8 ueHTJn 

Mll'HlITHOro noJUI, YCKOpeHHe BX Ha cy6rapMOmme BlJ HaIIpSm'.8HW! B 

TetreHJie HCCKOJil,I<JIX o6opOTOB, 06.nHpKa Ha CTpmmepe H ~ei!mee 

ycKopeune.Ha OCllOBHOft 'laCTOTe C ueHTpJipOBa.HHHMH Op6JITmm. B cno

co6e JIMCJOTCSI neKOTOpHe Tpy.nHOCTH c COBMenteHHeM OJOIOBpewmnoro 

ycrropeHJI.II .ItBYX TJillOB HOHOB lI co CTOitKOCTI,D CTpHmiepoB. 

AKC:eaJll,HaSI mt;i!teKitJIJI llOJIYT.ID!teJIHX l!OHOB H8 nnemaero l[CTO'IJHH

Ra. 0Ha 3fil'llil'Il!Ba :e:s-sa Toro, .tJTO llpH Heil npaKTlI'IeCKH HCit7IlltreHO 

sarpSI3HeHne ,ItCTaJiett nmtJIOTpOHa n OTCJTCTB,YJOT orprumtreHHSI, HMeD

Dll!eCSI npR pasMentemm JICTOtJHJIKa BHYTPH ItHKJIOTpOHa. 0.nHaKO 9KCne

pm.reHTH, nponc.neHHue Ha MaKCTe aKCl!aJII,HOti HHllteKUHH, a Taroite 

pactreTH llOTep1, llOJIYT.lmeJIHX HOHOB JI8-3a nepesapJntI?I Ha OCTaTO'I

HOM rase no pa3pa60TaHHOtt MeTo.nmce, aKqnepIDl!CHTaJII,HO IlO,ItTBepllt

.nemme na uiut110Tpone, noRa.38JIH HaJmtme sna'!llTCJII,HWC n0Tep1, aTmc 

HOHOB npH TB.KOM cnoco6e. 

Ilpm.rene1me BHYTpeHllero HCTO'IlUIKa. no.natra pa6o11ero BenteCTBa 

B pa3pS\It npn 9TOM B03M0l!tlla nyTeM pa30rpeBa ero ,eyroBUM pa3PJmOM, 

C IlOMOlltl,10 pacnwreHHSI nomu.m, B rume OJOI03apS\ItllllX HOHOB C HCllOJII,:

SOBallHeM TepMOl!OHHOi 8Mll'.CClm H nyTCM Hcnapen:wJ H3 HarpeTOX:O THI'

JIJI. 

CYJlleCTDC!illHM He,ItOCTaTKOM rrpn HCllOJII,30BaHIDI pasorpe.Ba pa6o
trero EemecTna ,eyroBHM paSpS\ItO~ SIBJISI8TCSI pe3KaSI 3aBHCmtOCTI, CKO

pocTll no.natJR pa6011ero BentecTBa B l)a3PS\It, a cJie,ItOBaTeJII,HO,,H BU
xo.nn lIOllOD OT IIapa.MeTp0B pa3p~. Kpo1rm Toro, Cp0K cJIYllt6u.Trutoro 

HCT01I!UIKa ue npeoocxo.nBT neCKOJII,KJIX ."iaCOB. 

HaR1JY'lllllIM HCT01IHHKOM B. r.mpe •. HCilOJII,SYDIIHM pacnwrenne pa6o
qero nemecTBa no1mo:l1 6ow1aimnpo,BKOtt, . SIB11.1IeTC.II HCTO'IHHK. JUW OHHH. 

0.ItHaKO RMeflTC.II PS\It npo6JieM fiPB, ero lICilOJII,30:aawm .JtJI.II llOJIYtreHml 

MHOro3apswurx: noHoB JIJITH.11, c:wmrumux .. co cneJ:tR41IKOR pa6011ero Be'.'" 

ntecTIJa, co.nepllt8.lllero · JIHTRI. · IiOJiee npH.ro,lUUlM. HCT01IlilIK. T~KOro TJIDa 
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MOllteT ORaSaTI,C.II .JtJI.II JIOHOB 6epRIIJ.lll.lI. IlpH BCilOJll,30Balilm 9TOI'O cno

co6a 6wra llOJIYtreHa mITCHCmtOCTI, TpeX3apS\ItHHX HOHOB 6epWIJIHSI oo 

B11e111Be:M ny,me ItHRJIOTpoHa HAS 0,02 MKA, O.ItHaKO npu mJIOM cpoKe 

OJIYZ6H, llOCKOJII,Iey' .JtJI.II yBeJIB'IeHWJ IlOCJie,ItHero Tpe6yeTC.II pasorpeD 

pa3pSWI(?i1 RaMepu cmue I300°c, trero HeBOsMOl!HO .nocTHtll,. 

HcnOJII,30Brume TCpM'.>HOHllOll 8MKCCl!IH OJOI03apSWJUX l!OHOB B pa3-

PS\It, saneimliftHa oonomraTeJILHOM rase, c noCJie.ItYDitefl HX ROHJI8a

ItRefl BHSHBaeT PS\It npo6JieM, cBSI3amwx c Ha.rteJCHOCTI,D pa6om Trutoro 

HCT01Il!HKae 

BHYTPemuni HCTO'llUnt, B KOTOp0M THI'JII, C pa601IBM BCntCCTBOM 

pacno.n:araeTcSI PS\ItOM c ropmefl pa3~oft KaMepofi H narpemeTc.lI 

8JieKTpOlle%11, BH6pa.H .JtJI.II IlOJIYtreHW! MIIOI'03apSWIHX llOJIYTJD[eJIUX 

JIOHOB .JtJI.II ItHRJIOTpoHa llOCJie TlllaTeJII,HOI'O H DCeCTOpoHHero aHaJilI3a 

·BCex BOSMOXHHX cnoco6oB. OnTllHlJ.ll,HOCTL mroopa IlO,ltTBepir;neHa TOM, 

'ITO np:e: ITOII cnoco6e ~oTpoH HA3 06ecne1IJIBaeT peKOimHHe mi

TencmmocTH MHOrosapJWWX llOJIYT.IIllteJIHX l!OHOB, UO-~MY. npn 

Hall(SOJil,llleM cpoxe CJJY;i!t6H HCTOtJHmta. 

rJiaBa n. PA3PABOTKA H HCCJIEJ(OBAHHE HCTOlJIIHKA 
MIIOI03APfllUfilX TIOJIY'l'mtEJIUX IDHOB 

IlpB cos.narum HCTO'llnrn:a C nenn npeo,noJieHlm NHOI'O'IHCJieHllUX 

Tpy.nHOCTeft llOJIY'ICHH.ll morosapsw1ux ITOJIYT.IIllteJIHX JIOHOB 6wm HC

llOJII,SOBaHH CJie.D:YDime OCHOB!lHe npHHumm: 

I. TJ!rJII,, pa3p~ KaMepa H naponpooo.n MOryT narpe:naTLC.II 

.no TeJ1IIIepaTypu ooo0c, 06ecnetrmn.1I .nocTaT01IllYJl ynpyrocTL napon 

pa6011ero BenteCTBa (.JtJI.1! HOHOB JIHTW! HCllOJil,SyeTC.II MCTaJIJIH'ICCKH! 

JlllTHfl, .JtJI.II :e:onoB 6ep:iwnm - coJII, /3e F2 ) • J(eTaJIH HcTotJHmm, 

Ha KOTopue 110ir:eT nona.naTL narpeToe pa6otree oontecToo, H3roTannn-

• Bal)TC.II JI8 MeTaJIJIOB, HC B3aIM>.nefiCTBYIJIIHX C HEM (neplKliBClll.-:lSI 

CT8JII, JIIJilI TaHTaJI) • 

2. IIYTeM HCllOJIL30BalllUI CHCTeM pasorpem ( 9JleKTp0IlC1II,) JI 

ox.nallr,Il;emm ( C;iitaTufi 003,n:yx) THI'Jl.lI cos,llaeTcSI neo6xo.nm.ruil TeMIJepa

Typ!IHff rpa.nHeHT t ycTpaHillJIItHil D031WlKJIOCTI, BWIHBaJIHJJ. paCJIJL'lDJJCll

HOI'O JIRTJm B pasp~YJ> .Ra.Mepy. 

3 ;: ~oc1ntecTB1L1IeTc.1I repMeTH3altlm THI'JI.II n paspsw1oit KaMcpu 

.JtJI.II cne.neHHSI K MHIIHM;y?q nona.nnmm napoB pa6011ero nemecTm D yc

KOpBTenHYD Ralllepy, 1roTopue nona.rtruoT D nee Jimllb qepe3 11e60JILIIIYlO 

8MRCCR011HYD nteJI1,. BIIJTpeHHIDI ITOJIOCTI, pasorpeTOit pa3p.FWion KaMepu 
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.llB/Ul8TCS1 JIOBymKott .ItJlll napoB pa6ot1ero Belll8CTB8.. 3q$3KTHBHOCTI, HC
IIOJII,90BaHHSl pa60'lero Belll8CTBa: no cpaBllemm C XOJIO,ItHOtt pa9p!ijUIOi1 
rumepott IIOBUIIlaeTCSl BO MHOro pas. 

4. TB:rJII, C BUKJID'l8HHHM 8Jl8KTIJOHB.I'Jl8BaTeJieM·npH saneHHOM 
,ItYJ'OBOM pas~e H BKJID'l8HHOM Bq JXY'aHTHOM HaJipmtteHIDI aarpeBaeTCSl. 
He BW!e 300°C. 

5. 3arpysKa pa6otJero Belll8CTBa B THI'JII,'OcymecTBJISleTCSlB one
unaJII,HOM 60KCe "B.Te'leHHe KOpoTKOro· BpeMeHH, 'IT06U CB8CTH K MH

Hl!MYMY BpeMll conpHKOCHOBeHBSl C aT»:>cqiepott :xm,mtl8CKH aKTBBHOro 
pa6otJero BemecTM B MH ·6esonacaocTH pa6o,mx, 06CJiy1nrnaDllU!X uc
TO'IHHK. · . 

6. CllcTem aJieKTJlOIIHTamm o6ecnetJHBaeT mmyJI:&cu ·,eyroooro 
pasj>.lma·c Ml'HOB8HHOi1MOlllHOCTI,D H8CKOJII,KO ,IteCSlTKOB KBT ,(aanpmte-· 
Hlle I KB, -TOK ,ItO 40 A) c W!JIOLfJDUWM IIOCTOSJHH.!Dd ( ".ztel!ypHID4") pas-· 
psmo M . Me amy HMIIY J!I,CaMlf • ' 

7. ID4eeTcS1·ncnowraTeJI1,aoe rasoooe·nuTaaHe MH sal!HraHlUl H 
no~epl!aHHSI paspJijta. licnoJ11,synToS1 miepTHUe rasu 3He H -4iie · c 
peWIPKYJI.BnHel H otJHCTKott oT nplWecea B cnewm,n1,Hol rasooosBpaT
aott CBCTeMe. 

8. HMeeTCSl ,ItBCTaHUHOHHOe nepeMemeHBe HCTO'lHBKa IUJ;OJII, KJ)OMJK 

JXYaHTOB, a KaTO,ItOB - KaK IUJ;OJ!I, KpOLfJK, TaK.H HX IIOBOJ)OT B none
pe'!HOM aanpaBJieHHB. 

Hal16o.iiee OTBeTCTBeHBaJl H CJIOlllUUl 'laCTI, BCTO'IHHKa, paonoJia
raeMaJI ~ neHTpaJil>HOA 06.nacTH ItRKJIOTpoaa, cxe111Tzt1ecKH npe.ztcTai:3-
Jieaa Ha pHc. I. 13 ilCTO'lHHK8 HCIIOJII,3Y8TCS1 ,ItyroBOtt paspJJ,It C npSIMO
aaKaJII,HUMH KaTO,ItaMB C OCIUtJIJIJ!IUte! 8JI8KTp0HOB B CWil>HOM MaI'Hl!THOM 
IIOJI8o 

0KOH'laT8JII,HM KOHCTPYKU:wI HCTO'IHHKa, qx:>pua H mTepl!8Jl KaTO
,ItOB, T8MII8paT_ypHhle· YCJIOBHSl, OIITlDIUU,HU8 naprureTpl:l ,ItyroBOro. pas
psma, Bu6op pa6otJero BemecTBa u BcnowraTeJ11,aoro rasa, .ztonycu 
Ha nepeKOC HCTO'll!Uraa OTHOCBT8JII,HO IIB.I'HRTHOro IIOJIJl 6wm Onp8,It8JI8-
HU BpesyJII,T8.T8 HCCJie.iioBa.Hll!, IIpoBe,IteHHHX CHatJSJia Ha HCCJI8,It0Ba
T8Jll,CKOM cTeH.Ite, saTeM aa URKJIOTpoHe. BalltHlDllit peayJII,TaTrum.Hc-· . . . 

CJ18,It0B8HHA SlBJISlDTCSl CJieJXY)lltl!e:· 
r. Buxo.zt worosapJJ,ItHwc zoaoB saBHCHT oT IIJIOTHOCTH WlltHOCTK 

B pas~e. KOJIJimmpOBaHReM pasp~ y.u.aeTCSl IIOJIY'laTI, .IIJIOTHOCTI, 
lWIIyJII,caofl: MOlltHOCTn B paspJJ,Ite 60.Jiee IO KBT/c,/i, ·'ITO ~TcH, 
n~-BB.ItHMOMY. pexop,ItOM )tJIJl ,eyro:ma: HCTO'llU[KOB C HaKaJieHHmm Ka
TO,ItaJ,m. 
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Puc. I. Cxeua uc
TO'IHHRa nonyT.lllteJIUX 
HOHOB. I,8 - KaTO,llU; 
2,I5 - 3Kl)8HU i 3 -
naponpooo.zt ; 4 - aMHc
c110HHaJ1 men:& ; 5 -
paspB,ItHul K8Ha.JI i 6 -
KOJIJn'D,llTOp pa3p~ ; 
7 - T8pJ.l)H90JIJlUKJt 
paspsmuol KaMepu ; 
9 - Tep11mapa ; IO -
TJJ:l'JII, ; II - Me1tTpo
neq1, i 12 - JIHTBtt wm 
COJll> 6epMJ1IDI i I3 -

oxmur,1tea11:e .ztHa THrJ!Sl ; 14 - BBO.It rasa. 

2. MaJIOMOlllHul ,nyrooo.lt paspsm B IIpoM8llYTKaX Mell,l(y MJlllHhlMH 

mGJY.lll,CaMH ( T • Ko n ,It83typHul11 paspJJ,It) IIOSBOJ!SleT YBBJIH'IBTI, cpe,ItHDD 
JIHT8HCJJ:BHOCTI, ny'!Ka MHOl'OSapJJ,ItHUX HOHOB UHKJIOTpOHa B I,5-2,5 pa
sa. 

✓ s. HaBJIYtJ.DJBM BCIIOMOmTeJil>HUM rasou MS! pa60TU BCTO'IHBKa na 
Jll!TD H 6epl!JIJ!lilll SlBJISlDTCSl H30TOIIH re.JIU KaK C TO'IKII speHHSI cpOKa 
CJ!Ylt6U KaTO,ItOB, TaK H MSl Y.It06CTBa Ba.Jia.IU<H peMHMOD C 6JIH3KBM OT
aomewre• lllCCU K sapsmy, B, KOH8'IHO, C TO'IKH speHHSl OTCYTCTBIDI 
XHD'l80KOI'O BSaDl>,Itel!cTBWl C pa60'IBM BellleCTBOM. Jt,II/1 IIOJIY'l8HHS1 
MaKCDILJll,HOI JIBT8HCHBHOCrH HEl06XO,Itlllll) CB8CTH llpm.lOCHU8 rasu B 
reJlllll ,ItO 2-3%, .AJ[Jl qero He06XO,ItHloll Cll!CT8Hl rasOO'lllCTKH. 

4 • .ztonycx Ha nepeKOC paspJJ,ItHOI KaMepu OTHOCHT8Jll>HO HanpaB
Jl8HllJl lllI'HHTHOro IIOJISl 0'!8HI, llteCTKJJ:I ( 0,5°). 

5. SapJJ,ItoBU.lt COCTaB HOHOB JIHTWI H 6epZJIJIHSI, HSB1leKaeMWC HS 

. lllCTO'lHJIKa, npBB8,It8H B TUMBU8 I• 

.~,..,,~ 
Ta6Jimta I 

3apJJ,ItOBll.11 COCTaB HOHOB JIHTHSl H 6epllt1IJIHH 

r+ 2+ 31-

I 9
;~ ·· I ~: I ---~~ __ J __ ~---
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6. CpoK CJIYllt6U HCToqmma IIpH pa6oTe rui JIHTHH ,Il;OCTID'aJI 40 'Ul

COB, Ha'6epHJIJI1m - 65 qacoB • 

·HccJie.n;oBaHHe·m.mym,cH6ro .Jl:3BJieqenHJI HOHOB na HCTOqHEJta 

. : ' ·. ... . ~-

IIOCKOJII,Kj' 06ll'!H0 B IUIKJIOTpOBe H3BJieqe1me llOJIOJK:irfeJI!=>l!IlX. HOHOB 

IIpOHCXO.n;HT B TeqeHHe Bcero OTPlm9.TeJI1,HOI'O ·noJiynepio.n;a .n;ya.HTHOro 

Bl! HaIIpIDlt\JHHJl, a Q6JiaCTI, <Ina HOHOB, IIplll'O.n;HllX .n;JIJI YCltOpemm, co

CTaBJISleT JIElllI, ,OT 2 _ .n;o IO% nepm>.n;a Bq H ruixo.n;HTCII B6./IH3H aM!lJill

Ty.n;HOI'O 3HaqeHJm nanpID!temm, TO llJia3Ma RCTOqffllKa B o·6JiaCTH 

amtccnoHHoii.meJin.o6e.n;HsreTcsr·JroilaJ,m eme .n;o Ha'la.Jia.<Iaaoooro saXBa

Ta. Eecne>JiesHoe ll3BJieqeHHe ltDHOB .n;JIHTcsr B cpe.n;HeM Ha nopsmox 

60JI1,m,ee Bpewi, qeM BTO Heo6xo.n;HM:> .n;JISI nmaoTpOna. ,n.,.rsr ycTpa.HeHl!Sl 

BTO:r<1 He.n;ocTa.TRa aBTOpOM 6wr npe.n;JioiteH JI HcCJie.n;oBaH Ha ~oTpo

ite cnoco6 H3BJieqemm l'!OHOB ll:3 HCTO'!HIIKa KOpOTKmm ( 3Haq)IT8JII,HO 

MeH1,me nepno.n;a ycxopSlllmero Bq nanp.imen1m) BUCOKOBOJil>THm.m _m,myJI1>

caMB c .n;JIHTem,HocTLD nepe.n;Hero @OHTa nopsmxa mnpHHu o6JiaCTR <In

soooro saxmTa.ROHOB. CxeMa HMIIYJILCHOro HSBJieqeHM,IIpll:Be,Il;E!,Ha Ha 

pHc. 2. I{opOTKRe m.myJI1>cu c 8.Mfl:7IHTY.n;oA .n;o IO KB, c11HxpoHH30Ba.H"'." 

Hlle C YCKOPSilllllHM Bq. HanpSD!teHJrieM, no.n;aBaJIHcf na ll3BJieRaJ:>l!Utli .. SJieKT

po.n;, pacnoJIO!tOHHw1 Ha paccTomum 1,5 MM OT 8MHCCHOHHOfi meJIR HC

TO'!Hll:Ra. 

PHc. 2. CxeMa ,MS! HCCJie.n;<;>BaHHSl· 

JIMIJYJil,CHOI'O H3BJieqeHWI.ROHOB HcToqnn

Ra. l - HCTOqnJl:K HO.HOB ;.2 - BKOTpaK

Tc:>p ; 3 - BKpaHRpymutl! 9JieKTpo~+4 ~ 
. ny.nep ; 5, - .n;yanT,; 6 - Bq P~HepaTop ;. 

7 - qa30BpamaTeJI1, ; 8 ,""" reHepaT<>p Ko

poTKHX ~JII,COB; 9, .IO -:- HCT~qn~ •. 

nocTOJlHHOI'O HaIIpffileHHSI. 

. IIpooo.n;eB!IUe llCCJI8,ltOBaHJm ll0Jta3aJIJI, no 

l hmTeHc:1mRoc1'1, JIOBOB · B crycTxe BO BHemneM nyime IUIMOTpOHa 

npH HMIJyJil>CHON HSBJleqeno oospacTaeT B 2-3 pasa no CpaBH8BJID C 

H3BJieqeHH8M nocTOS!WllilU nanpmteHE8M; .. 

2) yneJIH11enHe mmym,cnoa BHTeacmmocTB npoJicxo.n;HT BCJie.n;cT

BB:e HaROWI8HIISl HOHOB B llJia3Me B 06JiaCTH H3BJieqeHIDI sa·BpeMSI M811t
.n;y R8BJISK8.Dlltm,m m.!llyJll,OSMll, 
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3) 8TO yneJIHlleJIHO CYIIIOCTBeHHO saBHCHT OT .n;JIHTOJil,JIOCTH ne

pe.n;Hero (P.poaTa ll3BJieitaDlleI'O mmym,ca ( np11 ee ywemmeHRH · c 15 .n;o 

8 HC JIHTOHCBBHOCTI, oospacTaeT B l ,5 pasa) ; 

4hl3MeHOHH81l qasu BSBJIOKaDIIJIX JIM!lYJII,COB ll>llHO CYllleCTBOHHO 

( B 2-3 pasa) YMOHl>mJITI, . .n;JIJITOJIJ,HOCTI, crycTROB HOHOB BO BHemHeM 

nyqxe H TB.Rl!M o6pasoM YJIY'lmHTI> paspemenHe BpewmpoJieTuoa MeTo.n;:e:-

KB j 

5) Jlcnom,sysr lI3Blle''l8HlI8 nmyJILCaJOI C MOHl>meA "18.CTOTOA, 'leM 

ItmuIOTpOHHlUI, ll>lDlO lICCJie,n;OBaTI, .n;muu.mxy llyqKa B IUIKJIOTpOHe. B 

qaCTHOCTH, onpe.n;eJlllTJ, 'lRCJIO o6opoTOB, sa ROTOpoe BHIJyCKaOTCII 

crycTOR ll3 ItJIKJIOTpOHa. 

rJia:ea m. PACIIlHPEHBE .nHAIIA30HA 8HEPI'HB no.nY'.mlFJlllX 
HOHOB .IUlil ib¥13WIECHHX 8KCIIEPIH:HTOB 

Ilpooo.n;emte pasnoo6pa3HHX 8RcneplDleHTOB C HCllOJII,30BaHH8M 

nOJiyTmteJWX HOHOB, nepeqJICJIOBHHX BHl!e, Tpe6yeT B0311JlltHOCTlI pery

JIJipOBEUIBll JIX 8Hep:ro B IIIJlpOKOII ,ltBaIIa30H8, eanpoep ,lf,IIJi JIOHOB JIB

TU OT 5 ]1,0 90-100 MaB, qero HeB031«>XBO 6WIO ]1,0CTJIIIJ, B RJiaCCHtie

CltOII ItJ[KJIOTpOHe. XOTSl CTOJD.t:>CTI, 3aTpaT Ha nepeBO]J, y-..e pa60Ta:eme

ro .n;JI)IT8Jil,HOe Bp8MSl RJiaCCl!tIOCROro ItJIKJIOTpoHa B ll30xpoHHHA C mH

poltllll peryJIHpoBaHJ!8M BHeprHR HOltOB CYlll8CTBeHHO MeHl>me CTOm.t'.>CTlI 

coopy-..e!UISl HOBOI'O H30Xp0HHOI'O ltlIKJIOTpona, BO.&KOHO)O{t{eCKH TaxqA 

nepeoo.n; CTal!(?BHTCSl Q8JI8C006pa3Hllll, ecJIJI OH 3aHBlll8,T HeMHOI'O 

BpOMOHlI, Be.n;J, OCTaHOBKa ItllRJIOTpOHa Ha .n;JIJIT8JIJ,Hw1 cpoK nplDlO.n;lIT K 

llp8Itpa1118HJ[I) HayqHHX lI llpJIK1Ia.n;HWC ~CCJIO,Il;OBaHd Ha BTO lle BJ)8MSI. 

nJISl 3BaqJl:T8Jil,ftOI'O COKJ)all!8HIDI BpeMeHJ! nepeoo,na RJiaCCHtieCKOl'O ItHK
JIOTpOHa B H30xpoHHufl 6wro: 

1) npore.n;eHo npe.n;BapH'l'eJI1>Hoe T111E1Te.n1,noe )if.),1t8JIJIIJX)Brun1e SJie

MOHTOB leI'BHTHOI CTPYKTYPH mi IIJ,ltOJIH n I/5 HaTypaJil>HOA remmmu 

C O.n;HOBpeMeHHUM aHaJill30M npOCTpa.HCTBeHHOI I[ <Iasoooa YCTOftraBOCTH 

.n;HHaMHKJI HOHOB B qopMJ!J)yeMHx noMX c 11cnoJIJ,SOBa.HHeM 8BM ; 
2) lICllOJIJ,30BaHO C MHffJDllJU,HUMll nepe.n;eJIKaMH MlKCIDllJIJ,HOe 'lHC

JIO CJICTeM lI 8JI811eHTOB pa60TaBUeI'O ltllKJIOTpOBa (SJIOKTpOMarnHT 6es 

noJJllcHUX HaxoneqnHKOB, .n;yanTu, Bll reuepaTop, cxcTeMU ,n.n:sr 13peM1t

npoJieTHUX pa6oT) , coxpaHeHO HanpaBJienae llOHHO-OIITll1I8ClKOA CRCTOMH 

TpaHCllOpTJq)OBRJ[ HOHOB 113 UHitlIOTpOHa ; 

3), lflRClllllJil,Hl,IU 06paso11 COKJ)ameHO BpOIISI IEI'HITHUX H3MepeHd 

' 
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Ha lUll(JIOTpOH~ n;yTeM ~os,11.rupm .. n~o_cT1>1> !lBTO~!~llPOJl!lllll<>,? c110Te

MH lI3)48peHmt T(lllOrpag&m ~I'HllTHOI'O noJIH,. B~n9_cp8.JtCT,B8HHO OBSI3aJI-

HOil C 3BM JI,IUI. o6pa60TKlI p13sym,TaTOB lI8Mepimd ; . . . . 

,,; 4) coKJ)anteH? ,Bpewi H~ ,1!3,<>XI>O~lil· pe~m,),~ nyTeM npm,teHe

KWl OOOTB8'?CTByDll8tt .JnUU'HOCTllKH ny,ma,B :i:w.CTHOCTH, ClICTeMU 0,IU{OBp8-

MeRHOI'O. H8M8p8Bllll ·~u ll,,JµIl![Te.nllOCTH crycTKoB'io110B 9pa3y mi 
MHOrmc' l)MB,YCax· ycKOpeHmi 683 npepfil3aH1Ul nytma •. '. . . .. 

B pesym,TaTe lICCJI8.JtOBaHmt .JtJIJl HSOxpOHBOro UJIKJIOTpOHa 6wra 
' · 1. , • ~ ')-•' • • .\ ' - , ,' t . •. ,• \· . ·, . 

onpe,JteJieHa uarHHTHEUI CTpYKTypa, CX8Ma.Tll'I80KH. llOKa3aHHEUI. Ha. :pHc_. 
3, H OCHOBHH8, IIapaMeTpli KOTOpol IIpHBe.Jt8HH B

0 

Ta6JI:mte £' ·.• . . . . 
~ . . . '• . . . , . ''. . 

AL 

II I 

J_.tA 
PHc. 3. 3Jie

MeHTH qx>pMllpOBa

Hlm:. MarHHTHOro 

noJIH: I - ceK

Top ; II - ueaT-' 

pa.ri,HWt ,!OlCK ; 

-~ 
B 

Ill - rapMOHll'leC

KB8 06..:>TKK ·,; 

IY ._. OCBOBHOtt 

.JU[CK ; J· - KOH-

. ·ueHTpH'l8CKJl8 06-
MOTRK. 

~wm oco6eHBOOT.IOOI IIU'Hll'l'HOA CTpYKTYPH lll30xpOHHOI'O IUUt-
JIOTpoHa HA3 Jm,!Ull)TCJ! CJI8.JtYDlltlt8: ·. . . . . 

I. Yc1topJ1TeJI1,H8Jl KaMepa, BRJil)'IJ8lllll8Jl B ce6s 8JI8MeHTH qiopllJI-' 
' . . ' ., ' ' ' . . 

poBalili rerHE'HOI'O llOJIJl, .ltBJU!8TCJl ll,It~OA OHCTel,l)ft,. tJTO no_8BO-

JIJl8T Y.Jt06Ho oo6HpaTL. ·BCe, OTaJIJ,~El- ( 1}8RTopu, ,n11cKH). B TOKOBHe · 
0

8Jl8M8HTH, a. T~late np:a:6op .,IUIJI iermrriwc.' H3MepeH:d JJHe·. OCHOBHOro 
' •••• <, ; • ' • _, ~ •• ' -· •-. -- .... 

8Jl8KTp0MaI'HHTa: 0 •,BHCfKOil ,Tp'lllOCTLll,t ·:,•-. ic.; :.t ., 
' 2 •. Cnewranr,HaSI reg~en:>Wl,C8K~OpOB, KOr,Jta rpaH}llt!J ~· '' .• 

06pa6oTallllll8 no OKJ)ygl{OOTH, OJa,?~TgJl H8 ,I_\ tieHTpy ~nur_ra, a no 

KaCaTeJII,HOI K U8H'lpa.n!,HOl4Y,ll;HC.KY, llOSBOJIHJiaCYJll8CTB8HBO, YB8JlH

'llITI> yroJI C~HOCTH Ha t&lJWX'~eycax. 3Ta reOM8Tpllll, B ROTO-
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poA 6WIO OCYlll8CTl3JI8HO CIISITH8 qRCOK C KJ)aeB C8KT0p0B, CBeJia a,p
qit'lKTH W1Cllllt8HHSI K MaJIOll OOJIHtilIHe B mBpOKOM .JtHalla30H8 (0,?-I,8 T) 
cpe,IUlHX mt.JtYKUHA MarHHTHOro noJUI. 

Ta6Jimr,a 2 

0CHOBHH8 napru.rerpu MarHHTHOil CTPYKTYPH H30xpoHBOro 

UHKJIOTp0Ha 

,ltllaM8Tp nOJIDCHHX HaltOH8'lHHKOB 

KOJIH'l8CTBO nap C8KTOpoB 

3asop Meg,n;y ceKTopru.m 

3asop Meg,n;y ,n;oJIHHaMH 

Maxcme.nr,Hul yroJI cmtpaJII,HOOTlI 

Cpe,IUlJm BH.llYRWIJI Ha mmycKHOM pa,n;HYOe 

.KOJ!l!'l'.8CTBO nap KOHU8HTplI'l80KHX 061,l)TOK 

KOJ1ll'l8CTBO nap rapWHJ!'l8CKHX 06MOTOK 

KOJ1ll'l8CTBO nap Me,!OJaHBllX 06MOTOK 

Ma!tCmeJII,HWl TOK <;>6WTOK 

0XJia!f.Jt8HlI8 06MOTOR 

150 CM 

3 
20 CM 

34 CM 

50° 
0,7-I,8 T 
8 
9 

-2 
IO00 A 
BO,Jta 18 aTM 

3. B neHTpaJII,HOft 06.nacTH OTCYTCTByeT llO.Jt~eM MarHl!THOro no

J!Jl, HCllOJIL3yeMllil B 60JII,WIDIOTB8 H80xpoHHUX UHKJIOTpOHOB ,ItJIJl aK

ClilaJII,HQjt qx>Icy'OHpoBKH. n.,ia ee 0CYlll8CTBJieHBJI npnreHeHH ~eJieBue 

.JtBa4JP8.l'Mll Ha ,n;yanTax, o6ecne'll!1laDltlle npeKpacHYJ) aKCBaJII,HYJ> <Ix>RY
cHpOmcy HOHOB Ha nepBHX mecTH o6opoTax, llOCJie KOTOpllX y-,.e .JtOCTa

TO'lHa qJOicy'CHpOBKa. nepeMeHHHlof no a8HMYTY mrHHTHHM noJieM. KpOMe 

TOro,a~H .n;JraqJpaI'MH o6ecne'lltlIH peSllM nocTOSlllCTBa op6HT B UHKJIO

TpoHe, a Truae npe.1tmpHTeJ1r,HYll qnaoBYD oeJieKitHD JI,IUI y.nytIIlleHHSI 

8HepreT:1'180KHX, reOM8TplI'I8CKllX H Bp8MeHHHX (JI,1UIMeTo.u;a :epeMeHH 

npo.neTa) :mpaKTepHCTHK nytma. 
4. CTporo lll30xp0HHOe IIU'lUITHOe nOJie JI,1UI BC8X TlillOB_l!OHOD H 

n aaeprd, nocTOJllUIO KOHTpOJmpyeYJe oyTe11 Ha6Jill,ll;eHHSI q:esu cry

CTKOB HOHOB C nOl,l)JJU,I) ClIC'l8M!l J!3 9 mman-aJieKTpo,n;oB, paono:noliten-
.... -► 

Hlil Ha pa~HX pa,n;JJYcax YOKOpeHHJI BHYTpH O.n;HOro lI3 ,n;yaBTOB 

IUlltJIOTpOHao 

BlmyCK IJY'llt!l HS UHKJIOTpoHa OCYJ!l80TBJIJI6TOJl C llOWJJU,ll aneKT

pOCTaTJAeCKOI'O ,n;eqllleKTopa C I'JIII8p60Jlll'l8CKJDOI 8Jl8KTpo.n;rum, <Ix>RY
CHpYJ:)lllero J.eI'HHTHOI'O KaHaJia H ItOppeKTHpYIJIIU!X 8Jl8KTp01el'HHTOB BO 
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DCeM ,IJ;J!aIIa80He aneprmi H TmIOB HOHOB C aqxpeKTHBHOCTl>DS0-60% 6e8 
KaKHX-JIB6o MexanJI1IecKill nepeMememtli BJieMeHTOB BHIIYc:ita •. 

Bee 8TO BMecTe C paspa60TaHHHM BHCOKOHHTeHCBBHHM BCT011HHKOM 

HOHOB npHBeJIO K no.nyt1emm HOHOB BO BllelllHeM IlytlKe UHKJIOTpOHa B 
WHpOKOM ,IlHaIIa80He roe MaCC B 8Heprntt ( puc. 4) C BHCOKHMl't ( ,IlJIJl 

:MHOrRX BOHOB C peKOp)OIHMlI) :mtTeHClmHOQTSIMH1 npHBe,neHHmm B Ta6-
JIJme 3. 

Tt---t---, --t--+--,-,-,.-+-+--l-+-+-+-<f-+-+--i-.~--'-+--, 

140 

120 

/00 

80 

i 
ti (,0 

~ 
~ 
~ 40 

to 

0 ~H'"j::"; 1 I I 1-1· 1 I I I I I I I I I I I I I 
2 • 6 8 m ~ ~ ~ ~ ro tt 

Macco6oe 'IUC/10 

PRc. 4.' :3nepnm BOHOB 
B lUlltJIOTpoHe HA3. 06JiaCTl> 
Mew npm,nJMB f = 20 MI'u 
B 814 MI'It 06ecIIe~ena·TOH-

, . 
IUDm mra,HTaMH I Mell{,I(y 
f =• 8,4 MI'It B 6,5 MI'It -

TOJICTHMH .DYaHT8.Mll'. 1 'M81l,Ilj' 

6,5 MI'li H 218 Mfn - pa6o
Ta Halli cy~rapWHmte B~. 
rmmp6oJIH ;.. orpauHtJeHlUI 
IIO MlKCHWIJil>HOI muzymnDI[ 

npH yw.sannmc saprota.X 
BOHOB. 

IloME?a:>·no.nyTSlllte~ JilOHOB,BO mell!HeM IlytlK8"UHKJIOTp0Ha C TeM 
xe HCTOtmHKOM IIOJIY118HU H JierKHe HOHH C BUCO:Kl!MH HHTeHCBBHOCTS!Ml'I 
(HanpHMep, IIpoTOHll ,no 500 MK!, a BOHH 4He2+-.no 800 MK! B :mmym,
ce ,nJJl!!'reJII,HOCTl>D I MC c 'CJaOTOTOI 50 rn>. 

Paspa6oTanHM ,IlJIJl nmtJIOTpoHa MHOI'OKaHaJil>HM oBcTem Tpai!
cnopTHJ)OBKH,ROHOB K Mml!eHJW 8KCIIepimeHTaTOpoB'odecneiumaeT 84)
qJeKTHBHOe npooo.neHHe· orumx pasH006pasH1a HaYtJHUX:'H DpmtJIB.ItHHX 
SJ.1t8l)HO-qi![BH"l8CKllX' pa6oT B peBJJlH'8.T8 Ooyill80TBJiemm B Bd OJtw»-
IIIHX BOSWllHOCTel: . . .· 

I) m.Jioqx>HoBOfl KOJIJDMlillll! ·ny,ma Ha sHa'IBTeJII,HOM paccTOBHD 
OT wmreHH C MailU!THHM OTKJIOH8HB8M 'CJaCTJm, paccemmux Ha ,KJ)SJtX 
,IlHaq,pllI'!4 ; ' . 

2),nBj'X pelllDil)B TpaHcnopTHJ)OBKH: RaK 6es,IlHcnepcHOHHOI'O,C co
xpa.H8RHHM aqqieKTHBHHM BMllTTancoM, TaK :e: c MOiioxpoMaTBSaD;Xel IJ:Yll
xa .tto 0,1%; 
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3) IIOnytleHWI o,nnopo,nnoro pacnpe.neJieHJm EHTeHCHBHOOTH J:IY'IKa 
Ba MBlllelm'. 0 6om,moft IIJIO~i;D (,no 1000 ~); 

4)aqxIJeKf:amtol ,ItlmfflOCTHKH IIapa.MeTp<>'B J:IY'IRa: pasMepOB none
pe,moro · ceqemm ;..· no 0Be11eium OKHCH 6epWIJIM HJIH MmtaJIYH.na;,nJIH
TeJI&HOCTH H qBSH MH!CpoCI'YCTKOB - C IIOMOnia> mman-8.lleiti'po.noB; &qi
qJeKTHBHOI'O nonepetJHoro 8MHTTaHba - 0 IIOMOllll>D IIQ:,unm{HX llteJieil B 
MHOrOJiaMElJil,HHX BSMepHTeJiell, saperHOTpHpOBaBIIIHX ero COCTaBJISD)lJtHe 
B pa8Jllr(IHHX peur.ruc, paBHHMH ( 2 .. '3),c CJ.f-lllpa.zt. 

Ta6JI~ 3 
Cpe,nnd TOK (MK.A) BH8111Hero JlY'IKa B UHKJIOTpOHe HA3 H 
.ny,mI]IX_ sapyc5ellHHX itmtntiTponax (no MaTepBa.1UlM Yill Me:g,ny
aapo,nnol KOH/fepennim IIO ICHKJIOTpOHaM, BJIYJ,mlil'TOH, I9?8r.) 

~- ~t+ ~:♦ z!t- 98:♦ 3/lt 'ZC"f 'iVn o/.t 
po 

H A :3 I5 2 I2 2 ? 2 80 I3 
B,e p K JIB 5 0,5 5 0,5 5 2 5 2 
0 K p B ,It lit I2 2 
Te:xao.ynHBepcHTeT 0,04 0,00I ,5 0,003 2 0,Ol 3,5 5,2 
YHBB8po.mT.lmnBBH8 0,2 
TOK B 0 4,3 
X a p ya .11. .11 I 
K a p JI. c p y 8 0,2 

lIJIJI BSMepeHlUI JI KOHTp0JUI ope,nnel aaepl'JIH IIO.nyTmteJIUX JIOHOB 
nplDleHen M8TO.It Bp8M8HH npoJieTa O BOilOJil,80BaHH8M IIHKan-8JIOKTpO~OB 
( TO~OCTI, B3MeJ)8HlIJI O ,4-I%) 6es npepUBaHll:Jl J:IY'IKa Ha Bp8WI HSMe
pea:wi: i. ,IlJIJl BSMepeH:wI 8HepreT:Ht1ecKOrO CII8KTpa BOIIOJII,SY8TC.II HSMe-

. peue IIOJIYIIpoBO,TUU!KOBI:DI ,neTeKTOpoM aHeprd JIOHOB, ynpyro pac
cemnmx Ha TOHKOI SOJIOTOI qom.re. IIIBp:ima aaepreTBtJecKOro oneKTpa 
no.n:yTmteJIWC BOHOB, HsMep.11eMa.1I Ta:Km! cnooo6oM o TOtJHOCTl>D 0,06%, 
o6wuio C~CTaB11Jtlra 0,&-0,4%'oT ope,nnel 8H8pI'lDI. _. 

. C nenn• BSMepeHJm B ·KOHTpOJ!Il eaepreT]lqecKOro- cneKTpa BOHOB 
BO BpeMSI 8KOII8pJDeHTOB 6es H:xnpepHBalUDl.6W! npe,1T,J1011teH B Teope
Tlfli8CKH 11100J1.e.tt0Ba11' npm.teHJITeJII,Ho K . ItllKJIOTPOHY HA:3 noBu:11 cnoco6 
mnaepea:im aaepreTBtJecxoro cneKTpa JIOHOB c :e:ononso:earureM p8,l(l'la-
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IUIOHllOlt peKOr.s:5~ 1IJX B IJY'IK8 8Jl8:KTpOHOB C H3BeCTHOit BHepr:e:ea. 

B OCllOBe cnoco6a Jie:z::r.rr pe3KOe YB8JIH'I8HH8 KOBcI$nnleHTa pa,ItBaI.OlOH

llOii peKOWHlla.IUm npH B!lpaBlnmamm CKOpOCTel HOHOB ll: 8Jl8KTpoHOB. 

CxeMa YCTaHOBltH ,nJIJI H3Mepemm BH8pI'lm BTBM cnoco6oM llpHMeHHT8Jll,

HO K IUIK/IOTpoay HAS np:e:oo.n:eHa Ha piiic. 5. IIpooo.n:eHHHe Hcc.ne.n:om

HHJI ll0Ka3a.nlt, 'ITO BTOT cnoco6 lllll!:8T 6I:lTl> HCllOJil,30BaH ,nJIJI lI3Mepe

HRll :e: KOHTpoJIJI BHepreTJl'IecKOro cneltTpa IJY11Ka llOHOB nmtJIOTpoHa 

6es ero npepHBaHBII c TO'IHOCTl>D 0,1%. -

p 
~., 1••~ 

1¥J"D~OHa ' ' 

PHc. 5. CXeMa YCTaHOBKJI ,nJIJl lim113p8Hl1Jl &Hepro IIOHOB C :e:c

llOJI1,30BaHH8M HX p8KOWH!laWD[ B IJY'IK8 8Jl8KTpoHOB. Q. - cor.na

CYJlllBJl JIHHsa ; M1 - KOppeKTHPYDIU!I mrmrr ; S.1., ~, Ss- - npm.m:e 
coJieHO}J,ltll ; .Sl, S11 - H30rHYTHe cOJieHOIWl ; K - KOJJJieitTop aJieKTpo

HOB ; G, - 8Jl8KTpoHHaJI nymRa ; M2 - llOBOpOTH!dt Hll'HllT ; n - ,neTeK

TOp ; L - ,nmma comrecTaoro npo.!:[eTa HOHOB H 8JI8KTpoHOB. 

rJiam IY. llHKlIOTPOH .lUffi BPEWIIIPOJIETHHX HCCJIEJ{OB.AIDHt 
C IIOJIYTillFJIHIIH HOHAMB 

IlpoBe.n:eue PJWl Ba~I:lX B;ItepHo-qJIS)lqtCKIIX HOCJie,JtOBaIDdt Ba 

IJY'IKaX llO.nyTJIJl!:8JII:lX HOHOB TP86yeT paspa60TKH MeTO,ttJlltlI C perHcTpa

nxeff BHepreTJA8CKHX oneKTpoB HelTpoHOB, o6pa3YJJl!tl[ICH B J\It8PHHX 

peruatHJDC. Hmro0.11ee IIpBI'O.ltHllM cnoco6011 H3Mepenu &Heprd 6HOTPHX 

HeitTpoHOB cel1iac JIBJlJleTCH M8TO.U: Bp8M8HB npo.neTa, B KOTOpoM 06 
enepru HelTpoBOB cy.u;srr no perJiICTPBpYelllMY BpeMeu nons:n;aemr 

HeitTpOHa B .u;eTeKTOp,_HaXO.ztmlUl[lca Ba H3BeCTHOM paccTOJIHlllH OT Meo

Ta 06pasoBSH1IJI aelTpoHa (Mm11eu). 

Bo3H>lEBH .u;BS Tlma Bp811llIIpOJI8TH:WC pa6oT: nepBWt - C lilCllOJII,-

30BaHR8M KBaSJD,l)HOBHepreTll'!eCKHX IJY11KOB HOHOB, 6ollSap.u;Hl)YJ)lltBX 

TOHRYJ) Mlllll8HI,, H BTOpOI - c_ HCllOJII,30BaHH8M CllJIOIDHOl'O HelTpoHHOl'O 

cneKTpa, 06pa3ye1S>ro IIplI 60..Sap.u;Bp<>BKe TOJIOTOI Jallleu :aowum, 
KOTOpI:le WryT JDleTI, Tane mHl)OKHI BHepreTll'I8CKHI Cll8ltTP• 
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EWil'I llpOBe,nemi- TeopeTH'IBCKRB H BKcnepHMeHTaJIJ,HUe l'IC_CJie,noro

HWl BJIHJIHR!l pa3JIH'IHUX napaMeTPOB KaK CaMOI!O ~OTpo~a I T?K H ,. 

CHCTBMU iTPaHCilOpTHpoBim :HOllOB, ,Ha OCHOBHHe xapaKTepHCTHKl'I Mf/TO-:-,, 

,na-.:..· eHepreT1Nec1toe paspememre n::.nll!HaMK'IecKHe, .n:HariasoH, (,nHanasoa 

BHeprd perncTPHpY8MHX He ltTpoHOB); llOJiy:'IeHH IIpOC,ll'He H y,no6Hµe , pac-

118THH8 saBHCHMOCTR, . xopomo no.n;TB8plt.I(8HllH8 : BKCllepHMeHTaJIJ,HO • 

B pesyJI1,TaTe TeopeT:1Nec1toro H eKcnepHMeHTaJII,Horo :e:cCJie.nom

HRll pa3Jll'111HHX cnoco6oB JM8HI,W8Hwt :tJaCTOTH CJIB,ltOBaHWLCryCTKOB 

HOHOB . Ha , MllIII81UI C ueJII,JJ' pacmnpeHM · .n;Hlla.MlN8CKOI'O ,n11anas,011a 6wro, 
IlOKa3aHO, 'ITO HaRJIY'lfilm.fi! xapaKTepHCTHKaWI {MeHW!:e:ti• pa.n;HaUHOHllllil, :, 

qx>H.;o,n110BpeMeHHoe,3Ha11HTeJII,HOe y1topo11e11ne crycTKOB) o6Jia,ItaeT 

cnoco6 .n:oo1moro, npoMl'II'HBaHHJI', .npe,wiollteHHHil aBTOpoM n BHe.npeHHHil 

B URKJIOTpoHe HAS.· 3TOT cnoco6, cxem ycTpOilCTB;·.n;JIJl KOTOporo IIpH

Be.n;ena Ha p:e:c. 6,- saKJIIO'IaeToJI B y:yem,memrn: '!JaCTOTH qryoTKOB· na 

nepBOM,06opoTe HOHOB c- IlOMOUU,Dpa.I{EaJil',HOl'O Bl! .n;eqmel(TOpa H ycTpa

H8HHH 0aT8JIJIJl[TOB OT paccJIOeHHOI'O np:e: BHIIYCKe crycTKa Bl! .n:eqmeK

TOp0M, pacnoJIOJl!:8HHHM B CHCT8Me TpaHCllOpTHl)OBim HOHOB, K, Mmll811H. 

TaKHM cnooo6ou y.n;aBaJIOCI, llOJIY11HTI, ,wi:irreJII,llOQTI, crycTKa 1,2% OT 

nep:e:o.n:a BtJ:. 

~----:-----7 

ftj_i, _· r;, ,, :t:"-i,, ""'" ___./' l 
::_L_ j , --~ , , ' , I 

\:=t2i--:-_ ~r--•:-c- --- "'- -- __ J 
. ,,. , , " ; , 

I 
I 
I 

· P:e:c • 6. cxem 

ycTpoltcTB, ,nJIJl ,n;BOIHOro 

1 · npo?wlHI'llllalUtl. I - :e:c

TO'IHHK HOHOB ; 2 -
BHy-rpennd .n:eqmeKTOp ; 

3 - nepBWt ceJieKTOp 

crycTKOB i 4 :e: 4' - ;ry
aHTH ; 5 - ,naT11HK Bl! 
HanpJDlteHHJI ; 6 - ,Il8JIH

T8Jll, '!JaCTOTH ; 7 H 7' -
JIHHmt 3a,IteplltIOI i 8 H 

8'- ycwmTe.n:e: MOIJlHOC-

TH i 9 H 9' - 1UlCTp0811-

·'' .• • HHe KOHTYPH; IO ~ 
,,_p .,, • t ·''• . ·~ . • ~ • ' . ' 

BHemHmt .negineRTOp ; II - BTOpol ceJieRTOp crycTKOB i 12 :e: I3 - er.1- · 

1tbo·'iHHe ,naTttmc:e: (mman-BJieKTpo:iiH) llY1IKa ·, 14 - me1t1,; 15 H I5"-
cTpo<1ocKoIIriecKRe npeo6paso_BaTeJIH. . -
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C ~eJibD npe,ttOTBpall!eHl!UI YBeJIHtleHl!UIWil!!TeJibHOCTH crycTROB 
HOHOB npH Tpru!CilOpTHpOBKe HOHOB K MH!lleHH IlpHMeHeHa 6e3,ItHCnepcHaJI 
CHCTer.tl Tpa.HCnOpTHJ)OBKH, a ,ItJIJl npe,ttOTBpall!eHlm Y'JCY'Alllemm Bpewm
HOro p:ispemenl!UI sa WI11TeJibHOe BpeMSI aKcnosmum o6ecneqena BHco
Ka.!l cTa6HnhHOCTb na~eTpoB W!]UIOTpoHa, oco6eHHO HH,eyKitBJI Mar
HHTHOro nona ("'5.IO~) H aMIJJIHTY.ItH ,tzyaHTHOro B'CJ HanpmleHl!UI 
(,.,3_10-3). 

Am ywem.memts ,JPDITe.nHOCTlll cryCTKOB HOHOB nepcnex
THBHO H3BJieqenHe HOHOB Jll3 HCTO'lHHKa KOp0TRJIIMH Bl:lCOltOBOJ!bTH!lMH 
HMIJyJ!bCru.m C oqem, ROp0TKlD4 (MeHJ,llle O6JiaCTH g830BOI ce.neKitHH) 
nepe'AllllM <WOHTOM. B npoBe,IteHH.lil 8KcnepHMeHTax TaROe JraBJleqeBJie 
IlpHBO,ItBJIO K Y}4eHl,lll8HHD 'AJIHT~BOCTH crycTKOB HOHOB 60.nee qey 
B,IJ;BOe, no cpaBHeHmo C Jll3BJleqenHeM llOCTOJlHHHM Hanp.!lllteBHeM. 

B p.R;Ite HCCJle,ItOBaHmi IlpH HCIIOJlb30BaHHH neATpoHOB co CIJJIOillHUM 
aHepreT~ecKHM cneKTpoM 110.nyTsmeJIHe HOHH m,em npeJD,;,vlllecTBO 
nepe,It Jiel'IGIMB - IlpliJ qmtCHpOBaHHOA mKCmruII,BOI MamHTHOit HH.ItYR
~ W!]UIOTpOHa OHR o6pa3yvT BelTpoHH C 60.nee xecTKHM 8HepreTHqe
CKHM cneKTpOM (MaKcmwII,HaJl anepnm: HelTpoHOB npH HCll0Jib30BaHHH 
HOHOB JIHTHJl B W!]UIOTpoHe HAS BTpOe npeoocxo,inn- JlllKCm.ruibHYI) 8H8p

I'lm nelTpOHOB, llOJIY'UleMl:ll B pea~ C ,ItelTpoHaMH). 
C ~eJ!bn yBeJIHtleHHJl HMIJyJ!bCHOA HHTeHCHBHOCTH BelTpoHOB co 

CllJIOillHUM 8HepreTJi!qeCKHM Cll!)KTp0M ,ItJIJl W!]UIOTp0Ha HA:3 paspa60TaHa 
H IIpOUJJia 8KcnepHMeHTaJII,BYJ).IIpOBePRY C n:y,IKOM HOHOB CHCTer.tl rpyn
IlHJ)OBKH OTKJIOHeHHeM HOBOB cpasy C HeCKOJiblCHX KOHetJHHX op6HT B 
IOlltlIOTp0HB. 

0CH0BHUE PE3YJILTATil .IUIJCEPTAWi0HH0tt PAB0Til 

I. Ilpo6Jier.tl YCKOpeH~ llO.nyTJDEeJIHX HOHOB B W!]UIOTpOHe Bnep
Bl:le B MHpe llOJIHOCTbD 6wra pemena Ha nmtJIOTpoHe HA:3 (q&13Ji!qecue 
8KCnepHMeHTH Ha IlY1IBaX JIHTHJl Ha nmtJIOTpoHe HA:3 naqaTH B I965 r •• 
Ha IlyqMX 6epHJIJiliffl - B I974 r.), qTo llOCJIYltHJIO TOJ!qKOM K pasBl'!
THD 9THX pa60T BO MHOI'llX ,Iij)yrHX nmtJIOTpoWUlX Jia6opaTOpll'.JlX MHpa' 

T.e. 6uno pasBHTO HOBOe nepcneKT.HlllOe HaytlHO-TeXHH'teCKOe HaIIpaB
JIBHHe B 06JiaCTH no~eHl!UI H YCK0p8Hl!UI nyqKOB HOHOB B nmtnOTpoHaX. 

2. Ilpe'A,7loxena cxem, OCYlllBOTBJleHH paspa60T:Ka H HCCJle,ItOBaHHe 
BHCOKOHHTeHOHBHOI'O HOTO'IJHlilRa MHOrosap.R;ItHWC llO.nyTSll!teJIHX HOHOB O 
ropaqeit pasp.R;ItHoft KaMepoft H IIpJDWKaDIIHM K Hel THrJieM o pa6o'D!M 
Be111eoTDOM. ,U.1IJI OYlllBOTBeHHOro yooJiaqeHHJl BlllCO'Aa MHOro3ap.R;!tHWC 
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HOHOB npHMenem1 BHCOKaJl .llJIOTHOCTb m.myJ!bCHOH MOlllllOCTlI (,-, IO 
KBT/oJ/'3) ,:H ,Ite!tYI)Hllfl pasp.R;It Mel!t,Ily m.lilYJ!bO~. . : 

3. Ilpe'A,7loxen H HCCJl8~0BaH HOBllff onooo6 IlOBHilleHHJl.lIHT~HC~ 
HOCT~ crycTKOB HOHOB nmtJIOTpoHa - ~ Jll3BJleqenne IDl HCTOtJHHKa KO
J)OTKHMH ( << nepHo,tta Bll, .m'aHTHoro nanpsmemm) BHCOK9BOJ:lbTHHMH. BM

IlYJ!bCaMH C. ;zvun:eJ!bHOCTbl) nep~.nuero qJpOHTa Kopoqe IDHJ)HHH 06.nac.TH 
qasooo.ro saxnaTa n umuoTpone •.. TrutoA. cnoco6_ l!3BJieqeHHfl nosBOJIHeT 
Tade peryJIHpOBaTb 'AJIHTeJibHOCTb cryoTKOB HO~OB, _HCMe~OBaTb qa-
30:eyJJ,OeJieKUHJ) B URKJIOTpOHe !J MopoTHOCTb.BHIIYCKa eyqKa .ID~
JIOTpoHa. 

4 •. llo.1t JlYltOBO,ttOTBOM u npa nenoope,nOTBBHH<>M yqacTD anropa 
OcyJll8CTB.l[eJm ,paapadorna,sanyaK H BBO,It B 8KOllJlya~ noxpoHHOI'O 

nmtJ10Tp0Ha O mHpOKHM peryJIHpOBaHHBM aaepl'HI H THnOB HOHOB. ,IlpH 
8TOM r.tlKCDIBJil>HHM o6pa80M HCllOJ!b30Ba.1IHCb Y3JIH H nor.1e111eHHJl 
KJiaccuqecKOro IlOJIYTOpaMeTpoBOI'O URKJIOTpoHa. 'ITO BMBCTe C TD1a- .. 
TBJIJ,HHM.npe~BapHTeJ!bHllM MO~e~HpOBaHHeM Mal'HHTHOro llOJIJl H ~~
KR eyqKa ,,a TWtze O. IIpHMeHeHlieM · B.BTOMB.THBIIJ)OBaHHOa cm.CTeMH WU'HHT
HHX H3MepeHmi,Cllm38.HHOit O SBd,nosBOJmJIO.ooyllleOTBHTL peKOHOTpy:KIJ;lm 
~OTpolUl sa p8KOMHO KOp0TKOe BpeMII (MeHee 9 MeMD;eB),no~TBOJU(RB 
9ltOHOMR1i8CKYD ueJiecoo6pasHOCTL TBKOI'O cnpoo6a nepeno~a ~CClllleO
KOro n;HKJIOTJ)OHa B ll30xpomnrlt. 

. ,llJisI y.uyqmeHl!UI aKCJm.Jll,HOA qx>R;y-CHJ)OBKH nytma ,HOHOB B ~eHTpaJll,-
HOtt o6JiaCTH UHKJIOTpoHa,H .ItJIJl o6ecne~eHHJl IlOCTOJlllCTBa Op6HT npn 
H3MeHeHHH anepl'Hl! H THilOB HOHOB B URKJIOTp0He npm,eaeuu qx>KYOH
PYJJIUIB 111e.neBl:le ,mmqipanm im ,ItYanTax. 

5. Paspa60T8HHaJl no~ PYKOBO~CTBOM aBTOpa MHOI'OKaHaJ!bHaJI cn
CTeMa Tpa.HCilOpTHpOBKH HOHOB K IIE!l8H.ID4 o6ecnetraIJaeT KaK 6e3~HC
nepom>HHHA, Tait H pellHM O MOHOxpOr&lTHSa~ett nyt{Ka ; MaJIOqx)HOBY!) 
KOJIJilDilBWll) eyqRa ; O'Afi0p0'AHOe o6JiyqeHHe o6pa3UOB O 60JII,WOI llJI0-
1118.lt1,D. 

6. IlpoBe,tteH aHaJIJll3 pa3JIH'IHHX onoco6oB l!3MepeHHH anepreTuqe
oKOro oneKTpa llO.nyTmteJIHX HOHOB. Ilpe'A,7lOll8H H TeopeTaqeoKH HCCJie
~oBaH,~~Blll cnooo6 H3MepeHRll,8Heprmr HOHOB C ~CilOJ!b30BaHB8M pa
,It~HHOA pe1t011:t1marum uoaoB B nyttKe aJieKTpoHOB o HSBecTnoa · 
aaepr:Hel, KOTopmt JE11teT nosBOJIJlTb BSMepea11e ope'Afiel &Hepl'Hl! H 
q>OpMU 8HepreTuqeoROro oneKTpa c TOtJHOOTbD,.., 0,1% 6es npepHBaHH.!l 
ny,ma. 

7. IlpoBe,IteHH'T80peTuqecIOte B 8KCnep:HMeHTaJibHHe HCCJl8,ItOBa
HH.!l10 paspa60Ta!Ui ycTpoftcTBa H OCYllleOTBJieHH Mep0IlplU1Tltli, B pesyn-
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TaTe tJero H30xp0Hllln1 nmtJIOTpC)H HAS aqqieKTDBHO HCllOJU,3yeTca Ha 
llOJIYTmteJIWC KOHaX .ltJlJI cneKTpoMeTpmi: 6ucTpux He8Tpo110B MeTO.IJ;OM 
BpeMeHK npoJieTa. 

HaR6oJiee aqqieKTBBHUM cnoco6oM O.ztHOBpeMeHlloro yweHI,memm tJa
CTOTI:l cJie,l(OBaHl!JI cryCTKOB HOHOB Ha MJllllleHH, Tpe6yeuoro .ltJlJI paclllH
peHl!JI .IJ;HHa.MR'iecKOro .zumna3oaa 13pe.MBIIpoJieTaoro cneRTpoMeTpa, H 
~ yxopo11emm cryc1'KOll BOHOB C ~UW) YJIY"11118lDUI 8B8J)I'9'l'KUCKOl'O 
paspemeBJIJI MeTO,l(a aBme,011 np~oaemmlit a:aropoM 11eTo~ ,ItBOIBoro 
llpolOII'HB8llWI, C llOMOlltLI) KOTOporo 1,lt8ll8,IIOCJ. llOJcy"W.TJ, crycTKH ,IPlll

TeJJJ,HOCTI,D I,2% OT llepHO,l(a Bq. 
8. B p.ime KCCJie,l(OBa.Hd Ha aeilTJ)oHaX co CllJIOll!Hb!M 8HepreTK

tJeCKRM cneKTpoM IlOJIYTJmeJible HOHH MOryT BlvleTI, npe~eCTBO nepe,l( 
JierKHMR - npK qHKCHpoBaHHOll M:U<CmlJII,HOA :r.m.n;yKnlm IUmJIOTpoHa OHH 
o6pa3JDT aeilTpoHI:l c 6oJiee lteCTKRM cneKTpoM. C ~eJJJ,n YBBJll!'IBHWl 
HMIJYJJJ,CHOil HHTBHCHlliOCTK aeilTpoHOB co CllJIOIIIHHII 9HepreTnecKHM 
cneKTpOM .ltJlJI IUmJIOTpoHa HA3 llO,l( PYKOBO.IJ;CTBOM aBTopa pa3pa60TaHa 
H ycnewHO npom.na 8KCIIeplD4eHTaJJJ,HYJ) npoBepey CHCT8Ma rpymmpoBKH 
HOHOB OTKJIOHBHHeM c HeCKOJJJ,KliDC KOHetJHUX op6llT B IUmJIOTpoae. 

9. B pe3yJI1>TaTe npooo.IJ;eHHux pa6oT BO m1emaeu ny,IKe H30xpoH
HOro UBKJIOTpOHa llOJIYtJeHll peKOp.!UlI:le HHTeHCHBllOCTH IlOJIYTSlllteJIUX 
HOHOB B lllHpOKOM ,l(Balla30He,:::meprd, 'ITO BMeCTe C BBe,l(eHJWM :ape1111-
IIpoJieTH11M peDMOK K pa3pa60Ta.llllOil CHCTeWit TpancnopTHpoBKH 
IJY'IKOB odecnetJHBaeT pemea:e:e .Kpynaoa HaytIHOtt npo6Jiew - npooo.IJ;e
mre KaK HaYtJHUX, TaK H IIPHKJla.ItHUX Jm8pHC>-qlH3H118CRJIX KCCJI8,l{Ol31illd: 
Ha IlOJIYTJlllteJiux HOHaX, m.roDill:IX BalltHOe HaPO.ItHOX03rolCTBeHHOe 3Ha'le
HHe. 
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