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~~ccepra~HH Ha COHCKaHHe ylfeHOH CTeneHH 
KaH~H~aTa lj>H3HKO-MaTeMaTHlfeCKHX nayK 

ll.yona - 1980 r. 



Pa6oTa BbiTIOJIHeHa B HaylfHO·HCcJie)I.OBaTeJibCKOM HHCTHTyTe 

HJI.epHoH ~H3HKH npH ToMCKOM noJIHTeXHHlfeCKOM HHCTHTyTe 
HMeHH C. M .. KHpoBa (r. ToMeK). 

Hay q H hie p y KoBo Jl. 11 T e JI 11: 

)I.OKTOp ~H3HKO·MaTeMaTHlfec· 
KHX HayK, npo~eccop AH.n.peii HHKOJiaeBH'I ,ll.H)I.eHKO 

KaH)I.H)I.aT ~H3HKO·MaTeMaTH-
lfeCKHX HayK BHraJIHH MHxaiinoBH'I 

0 ~ 11 u H a JIb H hie on no He H T hi: 

)I.OKTOp ~113HKO·MaTCM3TlllJeC-
KHX HayK, npo~eccop 

KaH)I.H)J:3T ~113HKO·MaTeMaTH
lfeCKHX HayK, .CTafHllHH Hayq

Hb!H COTPYJI.HHK 

libiCTpHU.KHH 

BJia)I.HCJlaB nasJIOBHIJ 

CapaHues 

Bna.n.HMHP AneKcaH.n.poBH'I 

CMHpHOB 

Be)!. y w. e e Hay q H O·H c c JJ e)!. 0 B •3 T e o1 b c K 0 e y lJ p e )J(· 

)l.eHHe: 

I1HCTHTYT aTOMHofi 9HeprHH HM. KyptiaToBa (r . MocKBa) 

3aW,HTa )I.HCCepraUHH COCTOIITCH «_g_g__» ,4/117./f 1980 ro-

)l.a B «~» ti3COB Ha 33Ce)I.•3HHH CI1eUH3JJH3HpOB3HI!OfO COBe· 

Ta LL-047.01.02 np11 Jia6oparopHH BbiCOKHX 9Hepmt"! 06be)I.H· 

HeHHOfO HHCTHryra H)l.epHbiX HCCJJe)I.OB3HHH, r. ,LLy611a , MoCI\OB· 
CKOH o6JiacTH, JIB3, OI15II1. 

C )I.HCCepnnnefi MO)KHO 03H3KOMHTbC51 B 6l!6JJliOTCKe J183 
OI15II1. 

ABrope~epaT pa 3oc.1aH «A_» ~ 1980 ro~1 a . 

YLieHbiH ceKperapb crreuuaJJH3HpoBaHHoro coBera 

MHxaHJI <l>e.n.opoBHlf .nHxalfeB 

OEW.A51 XAPAKTEPUCTUKA P 

AKTyaJibHOCTb npooJieMbi. B HacroHmee E 

CJIC,li.OBaii iiHMII l!IHeHCIIBHb!X peJIHTHB!ICTCKHX 

1\0B 6bi CTp O pa31HfBaCTC51 HOBOe HanpaBJie!l 

I!Ollllb! e nyl!KH, reuepHpyeMb!C B MO)I.H~HU. 
uau oceKyHJI.HhiX ycKopureJJe!t: orpa:>K·areJib~ 
ll llTO·H30JIIlp OBaiiHb!X )I.HO)I.aX, TIHH'I·)I.HO)l.aX. 

60J! b !I1HMII nepcneKTHBaMH HCI10Jlb30BaHII51 T i 

JI H'-!H b!X 0 6 Ji aCT51X HayKH H TeXHHKH: I1p!1 

ynp a BJIHeMoro rep MoH,nepHoro CHHTe3a, cc 

MHHH MYMOM B-rroJIH, B 5I.ll.epHoi1 ~H3HKe, JI.JJ 

JJa3ep oB. 
U.eJib pa6orht. U eJlbiO JI.HCceprauHoHHOII 

ll3YlJCHHe CHJ!bliOTO'-!llb!X HOHHb!X nylJKOB, reF, 

)KaTCJ! bH b!X CHCTeMaX ( CHMMeTpHl!HOM H aCJ 

)l{aTCJJbH bi.X TpHO)I.aX, TCTp O)I.e) li B03MO)KHOt 

poBKH H 6aJIJIIICTII'ICCKOrl ~OKYCHpOBKH. 
Hayl!Ha st HOBH3Ha. B pa6oTax ( 1-9), 

ny )I.HCCepTaUHII, 113JIO)KCIIbl HOBble pe3yJII 

T3Jibll0f0 IICCJlC,'I.OBaHIH! CHJJbHOTOl.J.llbiX HOHI:l 

fCHepupyeMb! X B !IOBb!X T II I13X OTpa)KaTCJlb} 

CIIB!Ib! M il 3 1J O)I.aMJJ, 3CliMMCTp 1I4110M TpHO)I.C 
11Cilhl HOBble 9KCIJepllMCIIT3Jl bllbi C ,11.3llllbiC I 

CaUI! ll cun, rp•allcnopru pyeMOI'O IIJ OOJI 

haTO)I.a; ycraiiODJICIIO HaJIII'IIIC )I.B)'X pe:>KIIM 

TeJi bllOfO rpliQ)l.a (OT) B 3aBIICIIMOCTII OT 

o6paaosaHIIH 11 a a JIO)I.e; npe,li.JIO)KCH·:l J<a' 
acuMMeTpll lJ TJ oro rp liOJl.a . DoJiylJCIIbi HOllbiC 

)~311Hb!C 110 ,li.I!IIaMIIKC o6pa30B3IIIIH JI pac. 

IIOii I1Jl33Mbl (n~ 1016 CM- 3) II pOJIII 33p51 

Hb!X npOUeCCOB npll ~OpMHpOB31IHII .9JICKT 

I!OTOKOB. LJ.aHbl peKOMell)I.3UIIII llO J1300Te 

:>!\IIM3X C MaJ<CHMaJibHOl:! .9~~eKTifBIIOCTbiO 
nytiKOB B orpa)!<areJibHbl X CHCTeMaX, 



BblllO.JIHeHa B Hayquo-HccJie.rr.osareJI:6~M 
cpH3HKH npH ToMCKOM noJIHTCXHHIIecKoM 
M~ KHposa (r. ToMeK). 

HHCTHTyTe 
HHCTHTYTC 

b1 e p y K 0 B 0 .ll. If T e J1 H: 

cpH3HKO-M3TCM3TH'lCC- . 

npo<fleccop AHJJ.peii HHKoJiaeBHIJ )J.H)I.eHKO 

<fJH3HKO-MaTeMaTH-

<fJH3HKO-M3TCM 3TH'ICC

npo<fleccop 

<fJH3HKO-M.aTeM3Tif

HayK, -craprrmii uayq~ 
,li.HHK 

. I 

BHraJIHH ~"xaiiJIOBHIJ 
JibJCTpH~KHH 

8Jia)I.HCJiaB flaBJIOBH'I 

CapaH~eB 

8Jia)I.HMHP AJieKcaHJJ.POBHIJ 
'CMHpHOB 

\ 

.. 

HayiiHO-HCCJIC,li.OB•3TCJ1bCKOe yqpe)K-

aTOMHOll imeprHII IIM. Kypqarosa (r. MocKsa) 

.rr.rrccepra~rrrr cocronrcH « .2,2 » AAA'H 1980 ro

qacos Ha 33CC,li.•3HHH CllCUH3JIH3HpOB3HHOfO COBe
.01.02 npH Jia6oparopiiH BbiCOKHX ::mepmii 06'he.U.H

HHCTHTyra 5l,li.CpHb!X HCCJIC,li.OB3HHll, r. )ly6Ha, MoCKOB-
3CTH, JIB3, OI15II1 .... 

MO)KHO 03H3KOMHTbC5l B 6H6JIHOTCKC JIB3 

«A_» ~ 1980 rona. 

ceKperapb cneuHaJIH3HposaHHoro cosera 

MuxaHJI <l»eJJ.opoBHIJ Jluxaqes 

,. 

06lll,A51 XAPA~TEPHCTHKA PABOT~I ~.: \ 

--·~ 

. AKl-yaJibHOCTb npooJieMbi. B HacroHmee speMH uapH.rr.y c nc

cJie.rr.onmiuHMn· IIHTCHCIIBHbiX peJIHTHBIICTCKIIX 3JICKTpOHHbiX nyT.J
KOB 6biCTpO pa3BIIBaCTC.fl HOBOC HanpaBJICHIIC- CliJlbHOTO'IHbiC 

IIOilllbiC llY'lim, reHepnpyeMhiC .·. B : MO,li.II<fJIIUHpoBaHHbiX nyumaX 
HaHOCCKYH.li.HhiX ·ycKopiiTeJiei'J: OTpa·)K·3TCJlbHbi::S CliCTeMaX,, Mar

IIIitc.FH30JII1pOB3HHbiX ,li.IIO,li.3X, niiH'l-,li.HO,ll.aX. 3TO o6ycJIOBJieHO 

60.'lhlliHl\UI ·nepCllCKTHBaMH IICllOJlb30B3HII.fl TaKIIX nyiiKOB B pa3, 

JIH'lHbiX o6JiaCT.flX uayKII II TCXHIIKH: llpii pelliCHIIH npo6JICMbi 

ynpaBJI.flCMOfO TepMOH,li.CpHOfO CIIHTC3a, C03,li.3HIIII JIOBYlliCK .C 

MIIHHMYMOM B-noJIH, B .H,ll.epuoii <fJII3IIKe, .U.JIH naKoaiiKH ra30BhiX 

Jia3epos. 
: IJ.eJib paoorbi. UeJihiO .rr.nccepraunoHHoi'I pa6oThi .HBJIHercH 

H3YtiCHIIC CHJlbHOTOtiHhiX UOHHbiX nytiKOB, reuepupyeMhiX B o'fpa

·:tKaTCJibHbiX CIICTCMaX ( CIIMMCTp!ItiHOM. II aCHMMCTpHtiHOM orpa

)J{3TCJibHhiX· Tp!IO,ll.aX, TCTpo.rr.e) II B03MO)KHOCTH HX •TpaucnopTII· 

. pOBKii II 6aJIJIIICT!ItiCCKOi'I <floKycnpOBKII. . • . . . . . . ... 
Hay•maSI HOBH3Ha. · B pa6orax ( 1-9), cocranHBIDnx ocno

ny .rr.uccepraunn, H3JIO:ti<eHhi HOBbie pe3yJihTaThi . 3KcnepHMeu

T'l.l..'IbHoro l!CCJie)I.onaun.H. cHJihHOTOtiHhiX HOHHhiX nytiKOB ( CI1D), 

renepHpyeMhiX B !IOBb!X TIInaX OTpa)KaTCJibHbiX TpllO,li.OB C MaC

:ciiBHb!Mil a!IO,ll.aMJI, aCIIMMCTpiitiHOM Tp!IO,li.C II B Teipo.rr.e; IIOJIY· 
11CHhl HOBhlC. 3KCnepUMCIIT3JibHbiC ,li.UllllblC IIO TOKOBOH KOMllCH· 

caunn CHO, .TP·rucrropnrpyeMoro · ll3 o6Jiacrn mrpryaJii>noro 
I<UTO,ll.a; YCTUIIOBJICHO HaJIJl'IIIC .li.BYX pe)KI!MOB pa60Tbi OTpa)Ka

TCJibiioro Tp!IO,ll.a· (QT) . B 3UBIICIIMOCTII OT!llpOUCCCOB IT/Ia3MO· 

o6pa3onamm iw mio.rr.e; npe.rr.Jio:a{eHo:l Ka'lecrneHnaH Mo.rr.eJib 

acnMivterpH'IIIoro -rpno.rr.a, DoJiytieHhi HOBbie 3I<cnepnMeiiraJibHhiC 

.rr.aHHhie' no .U.IWaMHJ<e o6pa3onannH n pacnpocrpanemm auo.rr.

Hoi'I nJia3Mbi (n~ 1016 cM-3) n poJin .aapH.rr.o-nei'Irpaml3aunoil

HhiX npOUCCCOB npH cpopMHpoBaHIIII 3JICKTpOHHOfO H HOHIIOfO 
llOTOI<OB •. .LI.aHhl ·peKOMCH,ll.aUHII llO pa6ore B OllTHMaJibHb!X pe

:tl\IIl\:laX C MaKCHMaJibHOi'l 3cpcpeKTIIBHOCTb!O reHepaUHII IIOHHhiX 

nyqr<OB J3 OTpa:a<aTeJihHbiX CIICTCM3X, 
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npaKTH'leCKafl u.eHHOCTb. Pe3yJihT•3Tbi rrpoBe)l.CHIIbiX IICCJIC
,ll,ODaHHll'· II03BOJl!IJIH: 1) · IIOBbiCHTb IIOBTOpHCMOCTb n.apaMeTpOB 
Cl10 li ocylll,eCTBHTb HX 6aJIJIHCTH'lCCKYIO cpoKycHpOBI<Y 
(h .--...- 2 KA/cM2 ); 2). rroBhiCHTh 3cpcpeKTHBHocTb · reuepaumr 
( e ~ 70%) 11 i YBC.,'IH'li!Tb 3Hepr1110 IIOIIOB ,ll,O HOMHHa.'IbHOfO Ha
npH:tKCHHH reuepaiopa; 3) reuepuposaTb uoHHhie rry'!KH c 3a~ 
.n.aHHhiM npocpirJieM; 4) ocymecTBHTb HaK•3'lKY Ar+N2 Jia3epa. 
c rroMolll,hiO Cl1n,c--3Heprneii npon:inos .. Ei::::;;600 .K3B. · 

npe,ll,JIOR<eHHbie H pa3pa6c:iTaHHhie' MCTO,ll,.bl refiepauuu CHn 
MOryT 6hiTb HCIIOJlb30BaHbl npH . npOBC,ll,CHHH IICCJIC)l.OBar!Hll no 
c03,ll,aHHIO · M arniiTHhiX JionyllleK c .M.HHHMYMOM B-no.JIH, · cpol(ycn
ponKe II TpaHCIIOpTIIpOBKC ' liOHHb!X Iiy'IKOB, B H,ll,CpHOll cp1I3HKC. 
Pa3pa6oTaunaH arrnapaTypa ·Mo:tKeT 6hiTb ncnoJib30Bmra. J3 3KC
nepHiHirnax, ·c HHTCHCHBHbiMII IIOHHblMH H 3JICKTpOHHb!MH: nyq:. 
·KaMH. ·• . . . : .. 

PeaJUI3au.un: Pa3pa6oTaHIIble MCTO,ll,bl renepaurm. Cl1Il B 
OTpaHWTC.JibHhiX CIICH~MaX Btre,ripeHbi . B I-!1111 H,ll,epuoii. <j:lfl3l!J{11 
ripu' ToMCKOM rroJiHT~XHH<lecKOM HIICTHTyTe :H IICnbJib3YlOTCH 
B 3KCIIepHMCHTaX IIO HaKalJKe ra30BbiX Jia3epoB _IF cpOKYCHpOBKC · 
HOHHhiX ny'IKOB; .' . . .. · ' · .. · .. 

Aripo6au.uSI pa6oTbl.. Pa6oThi, noJio}!<eHH.hre B ocnosy··.n.Hccep
TaUHH, · .D.OKJia,ll,bii3amic6 ua · V Ii VI Bcecoi03HhiX cosemauiiHX no ' 
ycKopllTCJIHM :· 3ap.HMCHHbiX lJ•3CtliU (r: ,Uy6na, 1976, 1978 .rr.), 
I L Me}K.n.ynapo.n.noM CHMII03IIyMe no KOJIJieKTHBHhiM MeTo.n.aM 
ycKopeumr (r. ,Uy6na, . 1976 r.), II BcecOI03Ho~c ceMHnape no 
cp113HKC li TCXHHKC ' HHTCHCHBHbiX H.CTOI.JHHKOB HOHOB. II HOH!Ib!X 
nylfKOB (r. KneB, 1979 r.), ·.III Bcecoi03HOM cnMno3nyMe 'no 
CHJihHOTOlfHoii· HMIIYJrhcnoii. 3JieKTpoHnKe (r. ToMeK, 1978 r.), 
III MeM.D.YE•3pO,ll,HOH KOHcpepeHUHH no HCCJIC,ll,OBaHHIO H. IIOJIY'!C
IIII!O cnJibHOTOlfHhiX 3JieKTpoHHhiX H HOHHbiX nylfKOB (r. Hono
ci!6HpcK, 1979 r.), · a TaK:tKe .n.oKJI<i.D.hiBaJIHCb' Ha ceM:rmapax 
OHMY OI15H1 (1979, 1980 rr.) n <I>I1AH (1980r.). . . 

ny6JI'HKau.uu. Pe3yJlbTaTbi, BOlllC,ll,IIIHe B ,ll,HCCepTaumo; ony6-
mmoBaHhi .B H<ypuaJiaX )I\.T<P, «l13BeCTHH BY30B CGCP: <I>u3!r~. 
I< a>>, TPY .n.ax 'cHMII03IIyMoB II· KoHcpepenuHii, a TaK:tKe rw.riy'Ierio 
,ll,Ba aBTOpCKIIX CBH,ll,CTCJibCTBa. . . 

06beM p~60Tbi. ,UHccepTaunounaH pa6oTa · H3JIOJI{eiw· ·ria 
102 CTp•3HliUaX MallliiHOIIIICHOrO TCKCTa; IIJIJilOCTp!Ip013UH<l 62 pi!- • 
cym<aMn na 33 cTpamruax H 7 Ta6JIIIli,aMH na 4 :c.rp·annuax. ,Uiic- · 
CCpTaUIIH COCTOIIT H3 BBC,ll,CHHH, .Tpex rJiaB, 3aKJIIO'ICHHH ri .CIIIIC-
I<a IICIIOJlb3YCMOi1-JlHTepaTypbi II3 109 HaiiMCHOB;3HHll. 

· CocTo~m!le. norrpoca n 3a.n.aqu · nccJie.n.onaHHH. · feiiepauiiH 
:fi·fO 13 06b!lfHb!X IIJiaHapHbiX ,ll,HO,ll,3.X · HaHOCCKYH.D.HbiX ycKopH-
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TCJICll IIO)l.aBJI:eHa 3JIC!<TpOHHb!M IIOTOKOM, OT6npa!Olll,IIM ,ll,O 97% 
3nepnm, rio.n.ao.n.nMoii K .D.HO.D.Y •. ,UJIH noBbillleHHH acpcpeKTIIDHOCTII 
nepe.z;:atiii anepriiiLHOHHOMY nyqi<y neo6XOJI.IIMO yBeJIHlfiiTh cpe.n.
uee BpCMH 'HaXOM)l.CHHH 3JICKTpOHa B ,ll,IIO,ll,C. ,Ua~H~~, npo6JieMa 
pelUaeTCH B Tpex pa3HOBII,ll,HOCTfiX. MO,ll,IIcpiiUHpOBaH!lb!X nyllleK, 
a IIMCHHO: OTpaMaTCJibHOM Tp!IO,ll,e, MarHHTOH30JIHpOBaHijOM 
,ll,HOJI.C II Il!IH'I-,ll,IIO,ll,e:. OepBble pa60Tbl; ;TIO IICCJl~,!J.OB.;lHHIO 'CI10, 
renepupyeMhiX B OT, 6biJIII Bbii10JIHeHhi s 1974 ro.n.y B; KopHC,Jih
cKoM ynHnepciiTeTe (CIIIA) rpynrroii::Cy.LI.'aHa. B 3TIIX 3Kcnepu
MeHTax 6biJIII noJiylfeHbi npoTOHHhie nylfKII c TOKOM ~o 5 KA.n 
3Heprue·ii Ei .....:- 0,3 M3B. ,UaJihireii:llliie IIccJie~oBaHIIH . 'B 3TOM · 
HanpaBJICHHII npo;n,ojjMaJIIICb B OCHOBHOM. rpynnaMII,'KaneTaHa- · 

, I<oca/BMJI CIIIA n Kpii.D.OHa. B ·MeMllyHapo,il.noii: cpH3IrlfecKoii 
· KOMilaHHII. EbiJIII. TIOJIYlfCHbi: 3aBIICIIMQCTH BCJIHlfHHbi; HOHiiar·o no~ 
'TOK•3 OT TOJilll,IIHbl aHO,ll,a :,H HanpHM.CHIIH B;OT,. npe,ll,CKa3aHbi 
·paCXO,ll,IIMOCTII 3JICI<TpO!IHOro II .. HOHIIOfO riOTOKOB npH paooTe:.c 
. IIJICHOlfHhiMII ano.n.aMII: MaKCIIMaJibHaH. BeJIIftiHHa TOKa Honuoro 
nylfKa; .n.ocTHrnyni5I B 3Tnx 3KcnepH!.!eHTax, .. cocTannJia I1 ~ 
200 KA; ·· IIJIOTHOCTb TOI<•a. k~ 1 KA/cM2, . 3Heprii5I irouon E1 '"':"' · 
106 3B, pacxo.n.nMOQTb' nyqKa a ~ 8°. ; O.n.uaKo 3cpcpeKTIIBHOCTb 
pa6oTbi OTpaJI<aTeJibHoii ·CIICTCMbi' ( e ·· III (2Ii+ I c). ne.,, npeBhi
lllaJia o6bilfHO 30%'. CJie.n.yeT raiQKe OTMeTiiTh, 'lTO · ret~epa
UIIH CI1n B 3TIIX 3I<cnepiiMeHTax nociiJia.· o.n.uoKpaTHhil'r xapat<- · 
Tep,· B .CI3513H C pa3pyrneHHCM aHO,ll,a B TC'lCHIIe 1-2 .c6pOCOB yc-

. KOpiiTCJIH, liTO 3IIa'IIITCJibHO yxy.n.maJIO IIOBTOJ>HCMOCTb napaMeT· 
pon uomwro nyqrm. · · , · 

0epBa5l 'JaCTb · ,ll,IICCepTaU!IOHIIOii pa6o'rbi 110CBHlll.CHa H3YlfC· 
mr10 C¥.10; renepupyeMbiX B OT c nJieHO'lHhiM IIJIH cpoJibrOBbi~I 
aHo.n.aMu n npou.eccaM TIJia3Moo6pa3oaamm na. · ano.n.e. BTopaH 
1IaCTh .p•a6oTLI BI<moqaeT IICCJie.n.onaHIIH CHn, renepiipyeMbiX a 
HOBblX TIInaX OTpmKaTCJibHbiX, CIICTeM H Xapai<TepiiCTHK IIOCJIC,ll,-

' llllX: 3Tn OTpmi<aTeJibHbiC CHCT~Mhl (OT C MaCCIIBHbiM , aHO,ll,OM, 
acJIMl\IeTpH'!Hhlll TpiiO.D., .TeTpo.n.) ll03BOJIHIOT IIOJiyqaTb HO.HHbie 

• 11Ylfi<II. C 3a,ll,a,HHblM npocpHJICM, 110BbiCliTb f!OBTOpHeMOCTb nap•a· 
. MCTpOB CI10, YBCJIIl'IIITb 3HeprHIO. IIOHOB ,ll,O HOMIIHaJihHOfO. Ha

npH:tKCHIIH renepaTopa II ,ll,OBCCTII 3cpcpei<THBHOCTb · nepe;n.aqif 
I 3Hepnm HOHHOMY IIY'li<Y B npe,ll,eJie J!.O 100%. . 

K aauune npe.n.cTanmtiOTCJI cJie.n.yiO~ue Teaucbi:, 
• . . I 

1. .B cHMMeTpiilfHOM OT.r.roryr peaJIII30Bb!BaThCH .n.aa ·pe)J(II
Ma renepaumr· CI1n: a) pe:tKIIM panuero o6pa3oBaHIIH ano.n.noii 
UJla3Mhl1 B KOTOpOM npeo6Jia;n.aiOT npoueCCbi HCliTpaJIH3•3UIUI II 
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iiMCCT MCCTO yneJIII'lelllie IIOTOKa' 3J!Cl{Tp01IOB C KaTO}l.a C yne~III
'ICIIIICM 'TOJilll.liHbl aHO}l.a; 6) pe:tKHM 1103.II.HCf0 o6pa30BalliiH 
ano.II.Hoii nJia3Mh( n KoropoM npeo6Jia.II.aiOT :npouecchi H•JKOIIJIC~ 
Hllfl npocrpaH~TBCHHOfO 3apH.II.a OCll,IIJIJIIIpyiOill.nx 3JICKTpOHOB ll 
Ha6JIIO.II.aCTCH yneJili'ICHllC KaTO}l.HOfO ·TOKa. C YBCJilllJCHHCM TOJi: 
mnHhi aHoir.a. . · · · · 
··' 2. BpeMH o6pa3opann5( •JHO.II.Hoii. mia3Mhi HaxoinTcH B'nn
Tepna.he O<M<IO He nocJie· HalJaJia nMnyJihCa HanpmKcHHH 
npn · pa6oTe rerpo.II.a H OT c .li.H3JICKTpiiqecKHMH: nJieHolJHbiMH n 
MacciinHhiMH ·aHo.II.aMII~ CKopocTb pacnpocTpaHennH cneTHill,ero
cH' CJIOH OT •3HO.Il.a paBHHCTCH (2,8~t:J,2) -107 CM/CCK B nepBbiC 
30 HC .HMIIYJibCa 'HanpH:tKCHIIH II 2,3 ·1 06 CM/CeK . B IIOCJIC.Il.YIOili,CC 
npeMH: · 3na'IIITCJibHOe 'npeswuenne : Ie, i; q-JI; ::JJiei{TpotiHoro 
·n noHHoro rioToKon n · ciiMMeTpnqHoM • OT. c . .II.II3JieKTPII'IecKnMH. 
nJICHOlJHbiMII aiio.II.aMH CBH3aHO C 3apH.II.O-HeiiTpa.riii3aJinoHHbiMI! 

, npoueccaM·H B ;3HO.r(~KaTO.II.HOM npoMC:tKYTKC, a HC C '3aMbiKaHHCl\l 
cro nJia3MOii c'KoHue!npauiieii n;;:: 1016 cM-

3
. · 

_3. feHepauiiH CI1fi n aciiMMCTpH'IHOM OT n CJI~qae BbiBO.II.a 
· nyqKa B cropony BIIpTyaJibHoro KaTo.II.a He conpoBo:tK.II.aeTcw na
.II.enneM HarrpH:tKCHIIH.' 3<iJ<iJeKTIIBHOCTb nepe.II.alJ!I 3IICprHH HOH
JIOMY rryqKy MO:tKCT ,.II.Oc1'IIfaTb 100% .• 

4: fenep·aumi CI1fi n reTpo.II.noii r<on<Pnrypaunii · oTpa)I<a
reJii:.Hoi'r CIICTCMbl B KOTOpOH . aHO.Il.HbiJI 6JIOK COCT<'lHT Il3 .ll.BYX 

·ToH.KIIX aHO.II.OB,' O.II.IIH II3 KOTOpbiX BO.II.OPO.II.OCO.II.epl!<alll,aH nJienKa 
· HJIII MaCCIIBHbiH .II.II3JICKTpHlJCCKIIH . .II.HCK C OTBCpCTIIHMII- pac
llOJIO:tKCH CO CTOpOHbl BIIpTyaJibl!OfO KaTo)I.a; a .npyrofi--'- 3IWII

. nOTCHUIIaJibHbiH, MCTaJIJIIIlJCCKaH <iJOJibra .IIJIH CCTK•3. CO CTOpOHbl 
peaJibHorci' KaTO.II.a, . n03BOJIHCT: a) nOBb!CIITb'. nOBTOpHCMOCTb 

. napaMerpon CHIT no cpaBHenmo co· ; cJiyqaeM acHMMerpn'IJIO
ro OT; 6) yBeJIIPIHTh, no cpaBneHHIO co c.rryqaeM acnMMCTpii'IHO
ro OT, 3HeprHIO noHOB .II.O .II.CHCTBYIOill,ero HarrpH:tKeHIIH renepaTo
pa; B) rroBhiCHTh ::J<iJ<PeknmnocTh rrepe.II.atJII ::Jneprnn CHn n 

npe.II.eJie .no 100%. n 
5. I1cnoJib30BaHIIe · · OT c ·MacciiBiihiMH .II.II3JieKTpi1'1CCKIIMIT 

·· ano.II.aMII II03BOJIHeT: •3) rroBhiCIITh pecypc pa6oThi OT .II.O 6oJicc . · 
' 'I eM 102 cpa6arbiBaHnlr yci<opiiTeJIH; · 6) rroJiy'laTb CI1fi c 3a.II.an

Holr <iJopMOli CClJCHIIH; 'B) ocylli,CCTBJIHTb 6aJIJIIICTHlJCCKYIO <iJoKy
C!!pOBKY CI1fi 3•3 cqeT yMeHblllCHHH xapaKTepHbiX pa3Mepon 
o6JiaC1'II BnpryaJihHoro KaTb.II.a. . . 

6. ToKoBaH KOMrrencaUIIH CI1fi,' BhiBO.II.Hlll,erocH II3 o6Jiacru 
' DIIPTYaJibHoro KaToJI.a, He tHBJI51ercH rioJinoii · n yMeHhrnaeTcH c 

naneHIICM .BeJIJilJIUihi ::JJieKTpomwro rroToKa c' i<aTo.II.a. 
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.·.' CO,ll.EP)KAH HE~ PAEOTbl 

Bo BBC.Il.CHHH H3•10:tKCI!bl · OCIIOBHb!C npmuJ.iHlbl fCI!Cf:'.1UIIII 
ciUJhHOTO'IHhiX 11oHHhiX rry'IKOB · • n MO.II.H<PnunponaHHhiX, nymKax 
1!3!IOCCKY11AIIhiX ycKOpliTCJICr"t;· rrpoBC.II.CH. o63op . napa~ierpon 
l!OI!Hb!X ny'!KOB, IIOJIY'!CIIHbiX. B orpalliaTCJibllb!X Cll~TeMaX, H OC
!IOBHbiX. 3KCIICpl!MCHTaJihHb!X . II .,.reopeTII'ICCKIIX pC3YJibTaTOB, 
I!OJIY'lCIIiiT:iX B '3TOM narrpaBJICHIIII. J-J.a· OCIIOBC au·ami::.•1.QTMC'!3-
CTC51 .OTCYTCTIHIC JiiiTepaTypHb!X }l.ai!Hb!X 0 HCK01;opbl~~ BCCbM3 
cylli,CCTBCH11b!X, CllOHCTBaX; ,HOHiioro ·• ny'II\3, npoJieccaX ,IIJI33~IO
oopa30B3H!IH,. ·a T•.1K:tKC CIIOC06ax IIOBb!lllCHHH cta6HJibliOCTII, 
napaMCTpOB IIO!II!OfO ny~ma II ynemll!CHHH 3<iJ<iJcKTHBHOCTH CfO 
rcneparum. C<iJopMyJinponaHhi ocnonHLie norrpochio uccJie.nycMLIC 
B .II.IICCCpT3ll,Hll. • . , . , .. , . . . . . . . , 

B. nepaoiiJJiane paccM·.1TpimaroTCH ::mchepmvieHTaJihHhie. yc
TaiiOBKll: H anrrapaTypa }l.JIH IICCJie.nonflH~m CI10, reticpupyeMLIX 
B. OTpa1!<3TCJlbHb!X CIICTCMaX. 3KCI!Cp11MCHTaJihHOC 'o6opy.II.OBRI!IIC 
BKJIIO'!aCT CJIC.Il.YIOill,HC 3JICMCHTbl: ciiJibHOTOti!IblC . )'C!<Opi!TCJ!l! 
«BEPA» .,u, «TOHYC», ncno.1L3yeMhte B. KaqecTne reHej>:iTopon 
BbiCOKOBO.ltbTi1hiX, HMIIY.ribCOB nanpHlliCHiiH · iioJIOX<HTeJihHOi'I no-, 

. JillpHOCTH, .II.BC 3KCnepHMCI!TaJibllb!C BaKyyMHb!C. KaMepbl,; CIICTC
MY BHClll!!CfO nr.myJihC,HOfO .MarHI!THOfO IIOJIH, 3JI~K'fPO~. II. ~.II.ep~ 
no-cpii3H'Iec~_<yiO ,arrrraparypy }l.JIH II3Y'ICHHH rrapa¥.e'fpon Iii:nmhiX 
IIYlJKOB II pel!<liMOB pa60Tbl OTpa:tKaTCJibllb!X Cl!CTCM II )'CKOpii-
TCJ!Cli. ', ' .. •, ,· ... , .. •. '· • .: · ... :,· ·, .· 

· ,YcKoprrTeJih «BEPA» (1, 2) nMeer cJie;iyiOili,IIe rrap·3MeTphr: 
MaKCIIMaJILHoe nanpH:tKeHIIe 450 KB, · ).iJIIITCJihHOCTh ri~my.JiLca 
Ha IIOJrYBb!COTe 75 HC, .II.JIHTCJlbi!OCTb' <iJpoHTa lll\111YJlbCa narrpH
)KCHHH tw< 10 HC, Bb!XO}l.HOC conpOTIIBJICHIIC . <iJopMnpyiOliJ.CrO 
3JieMeHra · p , 7 O~L . Y cKop~ieJih cocron1' n3· · cJie.nyiOili,IIX ::JJie
MenTon: reHeparop IIMIIYJihCHoro HarrpmKeHHH na 0,5 MB; 
5 KP,lli, BbiiiOJIHeHHhiH no.,cxeMe ApKa.zi.i,ena:.~ MapKca; 6biCTpLiit 
<iJopMI1pyiOili,IIH 3.JiCMCHT ~ .II.BOI"IHaH <iJopMrtpyiOill,aH JlllHHH B 

· KoaKc'naJil,'r'roM: . HcrroJinenHII, 3an6mreHna5r . .nerioHII3onaHnou n'o-' 
)J,OH, pa.ioraJibHbili' rf130BbiH KOM.MYT•3Top. pa6()Ta!Olli,HJ! B pel!UIMe 
caMonp66oHo. ripe.II.biMTIYJibCHblli ra30Bb!II p'a3p51Ji,HHK, YMCHbllla~ · .. 
!Olli,HH, ~MIIJiiny .li.Y; npe.II.bll\11IY.hb<;a II ~6odp5i!Olli,IIlt <iJpon-f· OCH0

1

B~ 
!10~0 Hlv!IIYf!bCa , narrpmKeHIIH,,,. nyrriKa .. C pa.II.IIaJibHb!M H30JIHTO~ 

. po~, ;H~{ero~nM ?fiTI;IMii3I1ponanHykl .. · .II.JIH pa6oTbr' · s. penepcnpo~ 
BaHHOM .· pe:tKIIMC IIOBCpXHOCTb (puc. :1) ... , I13JIOJ!{,eHa .MCTO.II.IIKa 
pacqera <iJopMbi nonepxnocTii II30JIHTopoi, ' B ocHony KOToporr 
no.1ol!<eilo ,Tpe6oi3aHIIe (eli ' Corrsf r.ne .i"- yC'p'e.iilieHHa5{ All-
3>1cKrplPJeci<aH IIOCTOHHHaH CMel!<HbiX cpe.zi.',' .. > ·'' , • ' " '' 
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YcKoplireJib «TO.HYC»: (2) · Bhipa6aThiB<l.JI BbiCoKonoJibTHhiH 
HMIIYJibC Hanp5UKCf1I,I~ IIOJIO)!{~ITCJibHOii IIOJIHpHOCTH aMITJiliTy~oii. 
1 .MB l(~JIHTCJibHOCT~IO 50 HC. Tipone~eH aHaJIH3 npHqHH npo-: 
6oH ceku.HoiuiposaHHoro H30JIHTopa. Pe3yJILTaTbi (IHaJI_H3a nc~ 
IIOJib30BaHhl npH KOHCTpyHpoBaHHH HOBOfO H30JI5ITOpa nylliKII 
ycKopHTeJIH «TOHYC», H3fOTOBJICHHOro H3 U.CJibHOro 6JioKa 
OOJIII9THJieHa II HMCIOIIJ.CfO . npocpHJIHpOBaHHYIO n,onepXHOCTb CO 
CTOpOHbl BaKyyMa. . . 

3KCnepHMCHTaJibHbiC KaMepbl' (2, · 3, 4) _npe~CTaBJIHJIH IJ.II
JIHH~pbl ,IIJ HCp)!{aBCIOIIJ.CH CToaJIH, HM~,IOIIJ.He narpy6KH ~JIH Bbl-

. no~a HOHl!OfO nyqKa, CllrHaJibHbiX KaoeJief! II Bb!COKOBOJibTHbiC 
BBO~hi. ,[LJIH no3MO)!{HOCTII npone~eiiHH cpororpa¢nponannw 
ano~Iioro-KaTo~Horo 3a3opa ropeu.· na!(yyMnoii KaMephi' 3aKphiT 
OTnOJIHpOBaHHbiM opr~;eKfOM. ·.. . 

. BnelliHee M•3rHHTHOe IIOJIC C03~aBaJIOCb TOKOBhiMli' KaTyiii
KaJ\W, pacno.iio.tKeiiHbiMH. nne BaKyyMHOfO o6neMa KaMephi'npii 
pa60Te na ycimpnreJie <<TOHYC» · (2) ·.; 11 nHyrpn KaMephi, Ho 3a 
9KpaiiaM~, npn pa6ore na ycKopHTeJie «BEPA» .(3; 4)!t · KarylliKII 
CJIY)!{HJIH Harpy3J50H KOH~eHC•3TOpHhiX 6arapeii 9HeproeMKOCThlO 
200 K,U)I{ u 22,5 K,U.tK na ycKopnreJIHX «TOHYC>> II ~<BEPA», 
COOTBCTCTBCHIIO. . . . . . . . .•. . 

Tipime~eH ~o~potSHLIH ·a~IaJIJI3. norpemnoCtefi, B03HIII{aJOIIUIX 
npH H3r,.Iepemm napaMerpon CI1TI· 9JieKrpo- · ~~ H~epno-cpH3nqec
Imi"I ~narHOCTHI<OH, II CIIOC06hi I!X ycrpaHeHHsi. ,UJIH H3MCpCIIIISI 
JlapnMerpon CI1TI npnMeHH~IICh eMKocinhre 11 aimmno~eMiwcT- . 
HLIC ~eJrHTCJHi HanpH)!{CHHH~: tiiiTerpaJibHhH:; ., II . CCKIJ.IIOIIHpOBaH~ 
IIhie U.HJIIIH,ll.pbl cp;apa.ri.e·H, pa6oraiOIIJ.He ·• c orpuu.aieJibHhiM cMe~ 
memreM. )J,JIH. c6poca ' HH3K09HepreTimihiX ' .• 9J!CKTpOHOB, corrpo" 
BO)!<,ll.aiOlll,HX HOHHhiH n)nioK, crau.noHapHhie .II · nepe~nfi)!(Hhie 
KaJiopn.M.eTphi,· · conMenieHHLie · ·e _u.rrJ:iiti!,ll.paMn ct>apa~eH,· n~reio
mue ripocpHJJHpemaiiliyiO nonepxriocii, AJJH yMeHbiiieimH 9cpcpeK-. 
TOB IIJJa3MOo6pa3oBilHHR. H , BTOiJHqHO~ 9MHCCHII 9JJeKTpOHOB, 
npel\15i---: npoJieiHLie Jianmm, noHcaPoroncKoro; illyirThi o6p'ar~ 
IIOJ:O ~?K·a~. MarHHTHbie neTJJH~ d}3{~t, cf>3Y., Tiap'aMeTpb~ IH_HiHoro 
nyqKa ·.onpe,ll.CJIHJIHCb : T3K)!{C C. nOMOIIJ.hiO. H,ll.epHO-cpH3IIqec
IWH · ~narHoCTHKH, ocHoBaHiioi! na ar(nmau.noHHOi"I' MeTo~nK:e rio 
noporoB~IM. peaKU.IHIM Cl2 (p,.·r )NI3; NI4(p >i ) QI5_: ;llJJn Ii3ytie: 
HIIH npou.e9C_OB HJJa3r,.{006pa30BaHHSI npHMCHHJICSI 3QTI; 311M-2, 
pa6oraiOill,nii n Ka~pondM,pe)!{H~Ie c 9Kcno3HIJ.Heti 10 nc. Mmm
MaJihH•aH Kmiu.enrpau.nH ·· nJia3Mbi · 'c_ Teimeparypoi! ~ 10. :>B, 
cneqenne Koropoi"I perncrpnpor1a.riocb, ne npenbllilaJia 1 QI5 cllr-3~ 
TiyreM nne)I,emm 3a~ep?J<e'K _8 Tpara 3aT13opnor~' ITMnyJJhca t}lo~ 
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\rorpat}lnponaHne npono,ll.HJIOCh n pa3JJHLJHhJe MoMeHThi HMIIYJJb-. 

ca •HanpH2KeHHH. B 9Tciii rJJane paccMoTpenhi nonpochi K•.1JJH6-
po8Kn H rrcirpelliHOCTH onncaHHOH Bhlllle. annaparypbL 3Kcnep11-
MCHTllJ!bH0 IIOKa3aHO, qTo noKa3aHHH li.IIJIHH,ll.pa <l>af:0.1,ll.C5! ~aJOT 
n ·:::::.: 6 pa3 .. 6oJJhllle 3Ha~IeH~Ie ToKa CHD, qeM 9TO cJJe~yer 113 · 
II6Ka3aHHll aKTHBaiJ.HOHHOlr MCTO~HKH. . 

Bo n-fopoii rJJane i>accMoTpeHhi .reopeniqecKHe MO~eJJn reue
pau.nl1 CHD n cnMMeTpnqHbiX OT, n·pnne,ll.eHhi 9KcnepHMeinaJJh
IIbie p~3YJJbTaThl . H HX aHaJJH3 no HCCJJC,ll.OBaHHIO TeHepaiJ.llll 
Cl1TI n cnMMerpnqnhiX OT c. nJJeHoqHhiMH, · cpoJJhrOBhiMII n MaC" 

. CHBHb!MH aHO,ll.aMH:: 
CTau.noHaplil:,ie :)\io~eJIH reHepau.un CI1D :n OT npe~cKa3hi

I:oa,IoT paCXO,ll.HMOCTH 9JICKTpOHHbiX H HOHHbiX · nOTOKOB npn. ,ll.OCTII
)1\CHIIH onpe,ll.eJJeHHOfO ycJJOBHH , ( OTHOCHTCJ!bHQe' KOJJimeCTBO 
pacceHHHhiX 9JJCKTpOHOB, cpe,ll.HCKB,a,ll.paTHqHh!H yroJJ. pacceHHIIH, 
cpeil_i'Iee ·· liHCJJo •nepeceqennii · 9JJeKTpoHaMrr aHo,ll.a) ~ qro coon3er
crnyer' nOJIHOli>HCHTpaJJH3aiJ.IIH o6neMHOro 3apSI~a B aHOA-Ka
TO)I,HOM:, (A-K) · 3a3ope OT, 6oJiee cHJJLHYIO ~3ailncuMocTL;: qeM 

· 9TO_ ~CJie~yeT H3 :.3aKOHa 4afiJJ~a- JleHrMIOpa; 'seJJ!I'IliHbl HOHHO

fOTOKa oT HanpH)!<_eHi1H;ji ~ V A' (k = 2;6~4,0). B··npo,ll.eJJan~ 
HhiX 9KCnepHMCHTaX pacXO,ll.HMOCTH 9JJCKTpOHHOrO II IioHiioro. 
noToKon oTc)TTcrnonaJJn, no na6JIIO~aJJoch l<C>Iieiinoe yileJJiiiremre 
Eomwro: roKa · c yseJJwieHHCl\1 ~men a< rrepecelJeimii 3JJeKTpciHa~t !I 
ano~a.· 3ro pacxmK,ll.CHHe · CBH3atto c nec1'au.noHapnocTbiO :.npci
u.eccon, HMCIOIIJ.IIX Mecro rrpn renepau.nn CI1D 'n OT u .. KoneiriiLIM 
llHYTPCHIIHM conpOTIIBJJCHHCM TCHeparopa. . . . . .. . 

3KcnepnMeHTaJJbHO 'rroK•33aHo, qTo cyu(ecrnyer 1 .riria: pe)!\I!Ma 
pa6oThl CIIMMeTpHqHoro ·QT j5, 6/: 1) <pe)!{HM 'paHHero o6P,?~O: 
BaHHSI •3HO~HOH nJJa3Mbl 3a ciJeT npo6o51 no' TJOBepXHOCTH ,ll.H-' 
9.iieinpnqecKoro aHo~a Iimi pa.Jorpena ero · 6oJJhlliHM noTOKCJM 
ocu.HJIJJIIPYIOIIJ.HX 9JJeKrpoHoB, Kbr~a B A- K. 3a3ope · ripesaJIHp'y! 
lOT 3a p5I,ll.O-Hei1TpaJJH3aiJ.HOHHhH~ npou.ecCbl , IIa,ll. .. HaKOITJJeHIIeM 
o61,e~~I!Of0 ': 3apSI,ll.a ·> KOJJe6JJ!OllJ,HXC~ . 9JICKTpOHOB;' 9TOT peMIIM' 
peaJJII3yercH n OT c ,ll.H9JJeKTPifqecKHMH rr.JleHo·qHbi~m ai-w.ziaMii 
l1JIU cpo,'lbfOBb!MU: aHOAaMI! Ha M3Jih!X (MeHhllliiX, lJC!I{ COrJJaco: 

1 naHHhiii.3a3op) A-]\3a3opax n n,hipa2KaercH· n'6hicrpo~1na;nemm 
HanpH.tKeHHH H · coorneTcTBYJOllJ,eM yMeHhllleiineM 9Heprinr9.iieln
poHon: 11. noHon; yneJJntieHHII rroJJHoro 1i .KaTci,ll.Horo :-roKon c"yl\ieHL~ 
J+ICHIICM TOJJIIJ.I!Hhi aHO~a. (pi! C. 3), yneJinqemm ')!,JJilTC.JJbHOCTii 

:HHeM , TOJJIIJ.IIHhi aHo~a .· (pH c. 3), ' yseJJHIJeHHII ' ,lJ,JJHTe.ri'bH:ocrn 
noHHoro nyqKa.3a cqeT paHHero·Hatr•aJJa ero reHepau.Hn 1i 3Hepro~' 
pacnpe~eJJeHHH CoMaKCIIMYMOM, CMClll,CHHhiM B. o6miCTb '3Hepriiii 
MCIIblliiiX, 1ICM HOMI!HaJibHOe , uanpmKeHIIe, renepaTopa; 2V pe-

, . 
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)!{HM rro3,ZJ,Hero o6pa3oBaHHH aHO)J.Hoii rrJI•33Mhi; Kor.rr.a B A~Kaa- / 
3ope , npesaJIHpyeT. HaKorrJieHHe o6'heMHoro ', 3aim.rr.a Ko.rie6mof 
III.HXCH , ::weKTpOHOB Ha)J. 3apH)J.O-Hef'npaJIH33~1IOHHhiMll rrpq~ 
~eccaMII; ,~HOT peROIM peaJIII3YCTCH ,' C 3KBIIIIOTCH~HaJihllhiMII 

•3110.rr.aMH, Kor.rr.a o6pa3oBaHHe ·rrJia3Mhi 3a cqeT npo6oH no no
nepxHOCTH · aHO)J.a OTCYTCTBYCT, a pa3orpeB MaTepHaJia aHO,ZJ,a 
OC~IIJIJIHpyiOIII.HMH 3JICKTpoiiaMH 33MC)J.JICH B. CBH31I C MaJihll\I 
ypoBHCM 3JICKTpOHHOfO-nOTOKa'c KaTO,ZJ,a; )J.JIH 3TOfO pe)KifMa X•3-
paKTCpHO yMeHbllleHHe .. rroJIHoro II Ka!o.rr.noro IioTOKOB ~ yMeHh
menneM TOJIIII.IIHhi aHo.rr.a, .sa.rr.ep)!{Ka.iHalJaJia • renepa~nn , nonno
ro' nylJKa oTHOCIITenhfio HMnYJihoa HarrpH)Kemm, HaJinqne B4 Ko
Jie6anm1 3JlCKTpOHHOfO IIOTOKa B nepBbiC (20730) . HC ')J.JIIITCJih
HOCTII JiMnyiibca, oTcyTcTBHe -HJin He3Ha 'IIITeJihHOe , _cMem.emrc 
MaKCHMyMa CIICKTpa HOHOB B o6JiaCTh ·3Hepriifi MCHblliiiX MaKCII-, 

' . 
MaJibHoro nanpH)!{CHHH renepaTopa. , ' ., \ . . 

l13yiieiiHe napaMeTpon, .CI1D, Tp•ancrropTIIpycMoro 113 .o6Jiac
TII D!IpTyaJihi!OfO K3TO)J.a, noKa33JIO,. 'ITO TOI<OBaH HeiiCTpaJII!33l~ilfl 
nylJKa .He - flBJIHeTcfl nomrofr II -yMeHblllaeTcfl -c • YnemiiicmrcM 
A-K; 3a3opa •. 3io cooTBCTCTtiyeT, yMeHhlliCHIIio: noTOKa 3JICKTpo
non C KaTO)J.a /6/. ,.[LJIH ycTp•3HCHHH )J.a!IHOfO HBJICHIIH, IWTOpoe 
yxy.rr.lllaer 3cpcpeKTHnHoCTh TpaHcrropniponKn CI1n n yneJIII 1IIIna
eT ero paCXO)J.HMOCTb, . 6hiJIO rrpe)J.JIOMCHO_ CTaBHTb Ha nyTH 
.rr.peiicpa CI1n 3a3eMJICHHyro MeTaJIJIHIIecKyiO ceTKY c. BhiCOKofr 
npo3pai!HOCTb10. C nOMOill.biO . 3TOfO cnoco6a y,ZJ,aJIOCh · CKOMIICH-
CHpC>D3Tb IIOHHhii'i ny'IOK no. TOKY•. ; _ · _ 

BbiJIO npose)J.CHO HCCJIC)J.OBaHHe O)J.HcipO)J.HOCTH norrepeqnoro 
ce<ieHHH CI1D, KOTopoe rroKa3aJio,;qTo nJIOTHoCTh· HOHHoro ToKa 
MaKcHMaJihHa n ~eHTpe ~II crra.rr.aeT nci pa.rr.nycy. BeJIII'IHHa ToKa 
CI1D, renepiipyeMoro. cHMMeTpiiiiHhiM OT c )J.II3JICKTpHl!eCKIIM . 
IIJICHOI!Hb!M aHo')J.OM,., npeBhilllaCT B (30-40}. pa3 COOTBCTCTBYlO" 
Ili.YIO BCJIII'IHHy .)J.JIH .6HnOJIHpHOfO IIOTOKa B nJiaHapHOM )J.IIO)J.C. 
npn 3TOM paCXO)J.HMOCTh: .HOHHOfO •IIYlJKa IIC ·. npeBh!lllaJia 0 10°, 
CocT(lB noHnoro ny'tlm, renepnpyeMoro cm..iMeTpnqnhiM .. OT 

__ C )J.H3JIC!{Tpiii!CCIUIJ\111 aHO)J.aMII H3 noJIJI3TliJICHOBOH nJICHKII;· 6b!JI 
npem,tyiii.CCTBCHHO , .H3, npOTOHOB; BCJIII'IIIHoa IIOHHOfO • TOKa npll 
3TOM. )J.OCTHraJia .30 KA na ycKopnTeJie «BEPA». npu 3cpqlCKTIIB
HocTn.renepa~nn e< 45%-/6/. · , · . · ·, ·. . - ·.· . ' .. 

<l>oTorpacpnponamre 30DoM n pa3JIIIIIHhiC npeMcna )J.JIHTCJih~ 
HOCTII IIMnyJihCa nanpHMCHIIH A-K 3a3opa OT c nJieHO'IIIhi'l\I 
aHO)J.OM . _ IIOK•33aJio, _'ITO BpCMfl. o6pa30B31111H aHO)J.IIOH . IIJI 33Mb! 
IIp1IXO)J.IITC51. Ha H31IaJIO )J.JllfTCJibHOCTII lll\IIIYJII>Ca ·. }ranpmKCHIIfl. 
~ pe3yJihTaTe npo6oH no nonepXHOCTII a11oi.r.a 3a C'ICT IIJIII nepe
xo~n~x np?~ec~on Ha nepe.rr.ncM cppoHTC Ul\tnyJihca JianpH)Kemm 
8 

' / 
'I 

/ 

! 
I 

I 
l 
I 
I !: 

I 

·b 

l 
I 

? 

~ r 
f 

IIJIII HaKOIT.riCHHH ::3'apH:zta noriiollteHHhLic <n 'a!lo:ne 3JIC!{Tp0HOB; /7/. 
. CKopocTh · jfacrrpocTpaueHIIH · 'ano.rr.lioii · nJia3M~~ ,'c, KoH~eHTpa~n

eii n;;:; 10 16 : CM-'3 · paBHHCTCH ; (2,8+0,2) ·1 07 CM/CCK . ·a nepBb!C 
. 30.'HciuMnyJILca·HarrpH)KCHIIH n 2,3·106 cM/ceK n rrcicJie.rr.yiom.e·e 
npeMH -.rr.JlHTCJILHocTH HMnyJihca. TeM ·He Menee, · •JiecMoTpn ·ua 

· CTOJib • BhrCbKy!{) ·CKOpOCTb 'pacrrpOCTpaHe'HII5l, :aHO)J.HOlf . nJI.a'3Mbl, 
noKa3aHo, · 'ITo yMeiihilleHne. 3IiepriJu · 3JICKTpo1wn i1 :HoH<)ri "cs'src · 
3aHo: c>'HeiiTpaJiu3all.uoiilii,rM:ri ripol1.'ecca~11f ·s -A.:K;sa3ope·"_OT; 
a'l'le c:nepeKphnfieM· eto IIJia3M:oii /5/: :• · ' · · · · •. 

• Bo . BTOpoii rJl<lBC • OHIIC::iHb! TaKM'e''-pe3yJihT·a'Tb! 'II . aHaJIH3 
nnepnhie npose.rr.eHHhix · '3K:cilepifM:eHTon '-no 'ii3yqenn10 CI1n,· re
uepnpyeMhix' 'B · cm\u.icTJJHI!HhiX 'OT ·;c' p:i'3JIIIlJIIbiMH ·KoHcpiirypa~ 
UJI5tMH MaCCHBHb!X aHO)J.OB /8/. B 31;IIX CHCTe~iax '(pile. 2) reue: 
pau)IH IiOH!IbiX ITYIIKOB'. ocylll.eCTBJHieTC51 . 'al!o):r.a'MII; . TOJIIII.Iiiia 
'KOTdphiX MHbro 6bJibuie ·)vmiiLr · csooo)iiioro ··npooera ;9JieKTpouon: 
AHo)J.hi riM:eroT; otnepcf}in,i Hahpcifim KoTophix ycTaiiasm'maH:rrcfi 

·KaTO)J.bl c · cpopMoii, :cociTBCTCTBY!Olli,eii 'cpopMe'3THX ·oTBepCT~!"I. 
Bc5t•'cllcTeMa. no~1em.aJJ:aci, no niieriinee'Mai-f.iriTHOe ."hoJie, ~pe~ 
llHTCTByiOiuee rtoTepHM ocuiiJJ:JiiipyiOiir.IIx qepe3 aHo.rr.uoe oTnep~, 
CTHe 3JieKTpoHOB · Ha aHb)J.. I1cCJIC)J.OBaHHe, HOHiihiX ny;hws, :'refie: "-
pHpyeMbiX n raKHX eHcTeMax; '·rioKa3aJio,- tfro: npocpn'.nb · CI1n 
coOTBCTCTByeT cpcipM:e· ;]Hoiurdro · oTsepciJ.i5r.' 'BbiJ!rr: iwJiyqenhi 
JJC~TOl:IHb!C; -rpy6qaTbiC H cnJICHUHhie ;-'rrouiibie :nyqKII.:. : 3a' 'cqe-f . 
yMcHLlliCIIIIH l ·xapaKTepHbiX pa3Mepos 66.riaCTII. ;rinp-fyaJI,bHOro 
KaTo.rr.a ohiJia bcymeernneiia 6::\JIJIHcTHi.JecKafl rPOKyCIIpOBKa CI10 
c MaKcnMyMoM 'rrJiomocTH IIoHH'oro 1-oKa 'j1 -~ 2 j.;:A/cM2• nonio~· 
pHeMocTh napaMeTpoil ·fi~HHoro nyiii<a (ne.Jiu~nika 'Toka;' 3f.Iepru5r, 
paCXO)J.IIMOCTb) ;':.reliepupyeMoro OT c MaccJIIlHhlM ,, aiw.hoM, CV
UJ,CCTBCH!iO ·'TIOBb!CIIJiach 'ITO cpasiieHiiJo· :co c.riyi.Jae'M itcn0Jib3·0~a~ 
111151· miCHOlJHoro.al!b,tia. 3To .:·CBH:iano c' ~hOBbillieihteM. ,hoJitoi.Jeq~ 
HOCTH < auoitai!H, CJIC)J.ODaTeJihHO, : cn'cyTcr'ri:Ue'M: ;; Heo6xb.rr.riMocrli 
nepe6opo1c :.:IKC!]ep.IIMCHT3Jibii0H" Ka J\.iepbl ... ·: J1.cToiiH,IIKo~t -~' HbHOB 
CJiyXGIJia nJia3W.•J,. 66pa3oBaimaH' B ·:pe3yJILTaTe' noi.i~pXHOCTHo'ro. 
rrpo6o51 r,iJ.k:lJieKTpii'ICCKoro 'alid.rr.a !ua · rrepe.ziHeM _cppou'Te H.~irryJib 7 
ca uanpflmeniiH .. ,J\aK noKa3aJio ¢ororpaqiiiposaHue -~ 3.0no~i 

' . ' ., . ' ~ ' ' ' . - ~ ' ' . ' ' ' - - ~ '- - . 
TIOBCpXHOCTII: MaCCHBHOfO •3IiO)J.a 'CBC'ICHIIC ,fiJI 33Mb! pacnoJ!omeiiO 
BOKpyr aHo)J.IJOfO :oTBCpCTHH noJiocci!"!, .WilfliiHa 1K6Topoii' He, rrpe~ 
BbllllaCT ·(l0-'--15) •MM. :Opn HCCJie,honaHifiiH . reHepa~rii! CI1n 
MacCHBHLI~ni ~auo.rr.aMH · 6hrJio noJiyiieuo;- <iTo· c yMeHtllleune'M A- K 

. 3330pa; OT{:'J)KaTe.iJhHaH CIICTCM~I· nepCXO)J.JJ.iJa 1n' :pC)!(IfM pa60Thl 
MqrHH'i'o-I!30JIIIposannoro.: ;rtuo.rr.a. ·c' ·· 'B'i,ino.ll.oM" iroHHorci :riy4K:a 
B CTopoiiY, BIIpryaJihHOro l<ilTO)J.a sa ctier .rr.pef1cpa n' 'cr{pefueullb!X 

. pO:l)J.IIaJlbiiOM 3JI.CKTpH'ICCKOr.t iiioJie i If 33fi~IyTaJibiiOM ·MarHI!'fiiOl\f 
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none TOKa, KaTo)J.a. -.8£1>cpeKTHBHO_CTb· reHepa~mr CHD, B OT 
c ·MaccuBHhiMH ·auo)J.aMn ue npeBhiiiiaJia 30.% npn 'cpeP.HeM TOKe 
11onnoro .~ny'IKa 12 KA, )J.JII!TeJibHocrhiO. no .ocuoaanniO 100 uc, 
.9Heprneii nporonoa. 200 K.9B II 800 I\.3B na ycKopiiTCJI.HX: «BEPA>:> 
1i:'«T0HYC» COOTBeTCTBCHHO~ • ·. . . . 

B Tpeiheii rJiaue nprmo)J..HTCH pe3yJihTaThL'IHCJiennoro p•aciie
r'areH:epa~uu CHIT .B aciiMl\terpn'!HOM . rpiio)J.e /7/, cp(!.Bnenne 
C 3KcnepiiMeiiTa-!JbHbiMII pe3y.n:h!il.TaMH II anaJIII3 . .9KCnepHMCHTOB 
no H3y'!emno mlpaMerpoa nomihiX· ny'IIWB,, reuepnpyeMbiX · B no~ 
BhiX orpa)l'{areJibHhiX cncreMax ;/9/ :-c-:ierpo)J.ax. •< ·· : . , . · 

B .paccMorpeuuoii. MO)J.eJin reneJ>aiJ,nu· CHD B acnMMerpnq
HoM OT BhiP.eJieHhi .ii.Be·.o6Jiacrn: o6Jiacrh A-K 3a3opai r)J.e npn
CyTCTBYIOT .9JJ~KTpOHHhiii, nOTOK C I(~TO)J.a Il IIOTOKII OC~IIJIJIIIpyiO" 
lll.HX . .9JICKTpOHOB I~ OOJiaCTh: aiiO)J.-BHpry•:lJ!bHblii K8TO)J., f)J.C liMe~ 
laTCH , nori:>K . OCQHJIJIHPY,IOlll.IIX .9JICKTpOHOB·:,,JL HOHHblri ' I!OTOK 
c aHC),rr.'a. (eM. pHC; 2). B orJin•me .or paccMorpeHIIH ~CIIMMerpn'l
uoro OT B aMIIJIIITYJJ.Y· ,cnei<rpaJibHOii .cpyiiKl(IIII pacnpeJ],eJieHIIS1 
gJieKTpoH:oa ri:o .9Heprnn 6biJia nneJJ.ena neJIHIJIIIIa «-'!nc..tforo» ro1~a 
KOJie6JIID.lll.HXC5I .9JICKTpOHOB B · npe)J.IIOJIQ)KCUHII IIOJIIIOJI TOKOBOH 
KoMneuca~JIH noutloro ny~IKa! rpancnoprupyeMoro II3, o6Jiacrn 
slipryaJibiH>ro . I(a:r?Ji~: :· ..... pe3yJihTaTbi,. coaMecruoro perneHnn 
ypanueuuii., T1yaccoua )J.~JIH t. · n II. o6Jiacreii. c 3aJI,aHIIhiMII rp·a
im'IHbiMII ycJI,OBII.HMII na K•:lTOJI,e, aHOJI,e II tmpryaJibHOM; KaTO)J.e 
npnseJJ.e1m .ii·a pJ.Ic. 4. Pa.ccM:orpennaH MOJJ.eJib aciiMMerpn•moro 
Tpn'6JJ.a· npe:U.cKa3biBaer orcyicrm1e pacxoJ],nMocreii .9JieKTponnhiX 
ir nonnhiX Ko!Vri£6henT· rioroKo'il · 11, e.Jie)J.oBareJibno, ,yMenLrnenun 
.9Hepriiii HOFf()B. Jlpn yae'mr'!eH.Hfl :'IIICJia OCIJ.II~JI.H~Hll ,.9JreKTpOHOB 
•Iepe3 af[O)J. .9JieKTpOHHblll IIOTOK C KHTOJI,a;yMeHblliaeTC.H'.JI CToaHo: 
a'urc;n Mnor() Mein,~e. rciK£!;:}I'aiiJIJJ.a .- JienrMiopa, .•a·.Honnan· KOM; 
ncmema Bo3pacrae:y; ncrpeMHTCH·B npe]J.eJie (n~oo, •no.coor
aerciayer,, cpii3niJeCKOl!, KapTIIHe oeCKOHelJHO TOHKOro .. aHO)J.a) 
K 3HatJC~JIIO _.9JieKT{J<(HH~f<;J; '}.'OKa,·npJI: .9TOM 's£l>cpeKTI1BHOCTb :nepe~ 
P.a,tm &HepJ'I1H,IIOHHOMY ny'IKY )J.OCTI1raer 100,%. ·. · · • 

: DponeJJ.eHHhie .9I~cnepJIMenrbJ no 11CCJI(i)J.on•aHI1IO CI1D, rene
pupyeMhiX' B OT c ano)J.OM 113 aJIIOMJIHH311poaaHuoro I Jiaacaua 
Ha ycKopnreJie «BEPA» H c. aHO)J.OM 113 )J.H3JieKTp1IlJeci<:oii nJieH
KII Ha YCKOpH'r~Jie «TOHYC>~ IIOK•a3aJIII,. 'ITO B )J.aHHbiX cJiy'!a.HX 
peaJin3yercSI pe:iimM. pa6oTbi. acJIMMerpnqHoro .rpuo)J.a. feHepa~ 
~II.H CI10 Ha.6mo;i.aJiacb npeHMYlll.CCTBeHHO . c roii · cropoHLI 
anoJI,a, TJI.e IIMeJio Mecro o6pa3onanJie nJia3Mhi. G aHOJJ.OM'.JI3 
•aJIIO~nnm3upoaaHnoro .nancaua nJia3Ma .o6pa30BhiBaJiacb 3a cqer 
pe3IICTIIBHoro Harpena ciron AI .9JieKrponnhiM: roKoM, nporeK•al()c 
lll.IIM no anoP.y. Ecmi cJimi AI Haxo)J.JIJicn co croponbl aiipryaJih~ 
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HOfO; KaTO~a,, To·· npn .9TOM .9HepriiSI:npotOHOB ;COOTBeTCTBOBaJia 
MaKCHMaJibHOMY· nanpSI:ii<eHHIO, .,; reHeparopa, < reuepa~un · CHD. 
na6moJI,aJiaci,. B ocJioBHOM. B cropo11y BHpryaJihHoro· I<aToJI,a, ne
.flii'IIIHa .9JieinpouJioro noroKa 6LIJia ·MeHLIIIe l.JaiiJIJI.':-JleurMIO: 
poBCKOfO 3HalJeHJISI ·II yMCHblliaJiaCb C;'yMCHbllleHI!Cl\1 TOJll~IIHbJ 
anoJI,a. .CpaaHenue :31\cnepnMenraJibHLIX 3Ha•wnnii; Ie/Ieq"-n .: n 
11/Ieq- .rr• c. yucJieHHhiMJI noKa3Lmaer .corJiacue · c · ·· yohiBaiOlll.eii · 
cpynK~Helt • :. ·pacnpeJJ.eJieHIIH· KOJle6JIIOiu.nxcfl gJieKrpouon 

no 3Heprim. . : '· " 
IT p11 ,nhmoJmenmr aHoJJ.a 'm JJ.H3JieKTPII'Ieci(oii nJienKn pe11mM 

pa6orL{ OT .iia.;ycKopHieJie «TOHYC» 3aanceJI or roro, na JWIWII 

cropoue:·anoJJ.a nponcxoJJ.l!JI:: non~pxuocTIIhiJr npo6olr. B cJiy•wc 
npo6on· eo cropoHbi mrpryaJihHoro KaTOJI.':l, , peiKIIM :pa6oTLI OT 
6b!JI TUKOJ"i::•/IW KaK C aJIIOMIIIIII3!!pODUHHblM·:JiaBCaJIOM CJioe·M ·AI 
K ,anpryaJihHOMY IWTOJI.y. ,. B· nporimonoJio/KHOM cJiytrae • na6moc 
J],aJIOCh :yMeJibiiieHiie ·3Heprnn 3Jieinpoliori, . 6oJihlUile KaroJJ.Hbie 
TOKH (le>Jeq.-'JI.) :nreHepa~USI IIOHHOfO IIOTOI\a npeUMYll~CCTBeH: 
HO B I cropouy ·. peaJibliOfO KaTOJI.a.' n poneJI,eHllbiC: .9KCIIepmteHThl 
c. acnMMerpntlliLIM>. OT noi<a3aJin,. lJTO: c yMeHbrneHHeM ,TOJill(IIIIhi 
<lHOJI,a. I;Ia6JIIOJ],aCTCsl· yMeHblllCHIIC .BeJI.II'IliHbl .9JieKTp011IIOfO·.TOI\a 
c KaroJJ.a, ro ecTL, npeo6JiaJ],anne iraKonJieHIIH .o6be.Miwro 3apnc 
JJ.a ocU.HJIJIHpyim~nx . .9Jiei<rponon na.ri 3apSI.rio~nelnpaJIII3aiJ.IIOII~ 
nhiMII npou.eccaMH n .A~K 3a3ope OT, . •no ·,coornercrnyer. U pe-
/JOIMY pa6oTLI OT, omicanHoMy B npeJJ.hiJI.Ylll.Cli rJiaae. , 

. PaccMor.penna.H MOJJ.eJIL renepa~n11 CHD a .acnMMerpu•moM 
OT. .9£l>tileKTHBno 11CIIOJII130BaH•a n .npeJJ.JIO/KeHuoli MOJJ.llcpHKau.nn 
acHMMerp11'1Horo rpHoJJ.a~ierpo.zi.e: · /7; 9/.; B :)l.aHnoii : eucre Me 
(pHC., 2) aHOJI,Hb!H 6JIOK·COCTOIIT 113 :JI.BYX\aHOJI,OB,·OJI,IIH·.H3 KOTO
pb!X CJIYII<HT JICTO'IHHKOM; BOJJ.OpOJJ.OCOJJ.ep:ii<alll.elt nJia3Mbl; (A2). 
a :JJ.pyrolt aHOJI, .9KpamipyeT: .9Ty: IIJ!a3MY OT;.9JieKTpH'ICCKOro' IIOJIH 
B· A 1-K 3a3ope. TaKIIM o6p'a3oM, uoHHhiii ny'loK B ierpo)J.e 4Jop-
MHpyercn TOJibKO B cropoHy BIIPTY•JJihHOro • KaToJ],a. · .. 

Opoae.a:eHHbie aicrie.prrMeHr'b£·~rid :iicc.Jieii_b'BaJ.imo'~CI10, .reHe~ 
p11pyeMbiX · B TeTpOJJ.e. HOKa3aJIH, 'ITO .9cpcpeKTIIBlWCTb nepeJ],a'!II 
3HeprHI1 .110HHOMY .ny'IKY~ JI,OCTHraJia ·70%~ npii .9TOM '.9Hepr11H 

1 

qHn paaunJiacb J. K,Ll.m npH ToKe ;nporonHoro. ny'!Ka 20 KA 
lt·P~CXOJI,HMOCTH a ~ s~.:;fenepa~JISI CHn' B. cropouy :peaJibHOrp 
KaTOJ],a ,; ObiJia• IIO,IT,o3BJieHa B ~ :10 pa3 npn pa60Te c .• ceTO'!Hbllll 
aHOJJ.OM A 1 11 .6oJiee '!eM. n 10 2 pa3 :npH . ncrroJib3oBaHIIIi aHo~ 

.JJ.a A 1 .113 A!cpoJihi:H .• HJII1 .. aJIIOMI1HH3HpoaanH.oro · ,Jiaacana, .lJTO 
'noJJ.TBepmJJ.·aeT 3cp£PeKT . .9KpaHnpoaKH nJI·a3Mhi· aHC)JJ.a Ai or .9JieK
rpuqeciui~ ,nol!elr n A 1-K 3a3ope. TeHepa~iui iC.Hn ua,IIHaJiach 
-trepe3 ilt< lO uc noc.rye Ha•wJia nMny.'lbca: Hanpn:ii<emw;: ·cor -!Ia
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cyHCb C liOK333HHHMH- 30Iloa,' CJ3H)l.eTCJlbCTByioiii.HMH,, liTO. HCTO'l~ 
IIHKOM • · HOHOB. CJIY)!{HT -· nJia3Ma,. o6pa3onanHaH :n pe3yJibTaTe · 

npo6QH 'no i noBepXHOCTII )l.H3nCKTpH'ICCKOfO aHO)l.a.. l13MepeHIUI 

3nepreTn'!ecKoro cneKTpa Cl1D '(PHC; 6), renepHpyeMor()::B:.TeT
po.n.e iTIOK33aJIO, liTO -MaKCHMYM :cneKTpa npiiXO)l.HTCH H•a HOMH~ 
H3JlbHOe HanpH)!{CHHC, npiiJIO)!{CHHOe K :TeTpo.n.y. 3TO TIO)l.TBCp)!(· 
.n.a:no :rioJiyl!eHHbie~panee _pe3yJibTa'l;bi o MaJioii BeJIH'IIIHe ·.HonH.oro 

TIOTOK<l. B! CTOpOHY peaJibHOfO K3TO)l.a II,: CJie)l.OBaTCJlbHO/ OTCYTCT" 
Bile aapH.n.o-HeTpaJIH3aiJ.HOHHbiX npou.eccoB B A 1-K ·- aa3ope 
TeTpo.n.a:- . • _:_, · · ·.•,,. . 

._ l1ccJie)l.oBaJiocb BJIIuhme seJIH'IHHbi Ai-K H A1~A2 3a3opoB. B 
TeTpo)l.eina · napaMeTpbi renepr:rpyeMbiX'HOHHbtx•ny'IKOB; r EbrJio: no~ 
i<a3ano na.Jtnqne onTnMaJibHbiX·At-A2'H Ar~K 3a3opoB, :npH:KOTo
i)uiX' na6JIIO)l.aCTCH 'M•3KCHM3JlbltaH BCJIIIl!HHa TOKa reuepBpyeMoro 
CHD .(puc. 5). '· YMellhlileime" ·BCJIHl!HHbUIIonnoro ·:noToKa npu 
yBeJIII'iemm A 1.:1(. '333opa 'HJIH · npn; yMeHblileHIIH : MC)K3HOJl.HOro 
3a3opa-· : CBH3auo -c yMenbiUenneM: · npoBucaimH . hoTe·uu.H3JJa 

n A1-A2 ·3a3opeu TCM- ·c·aMbiM yxy.n.rnenneM.ycJiomii!f'·Jl.JIH ocy
tu.ecTBJJeHIIH '•npo6o51 •no: nOBepXHOCTH·)l.H3JICKTplltiCCKOfO 3IIO

)l.a . A2. : c J,J.pyroli. CTOpOHhl YMCHhlUCHHe Ar-K •3330pa rrpiiBO)l.IIT 
K na)l.CHIIIO 3HeprliH ~3JICKTpOHOB 33 Cl!CT ;paCCOfJI3COBaHIIH TCT-

. p0Jl.3 C cpOpMnpyiOIII.liM :9JICMeHTOM · YCKOpHTCJIH II, CJIC)l.OB3TCJlb~ 
no, K MaJioii~'BeJIIIl!IIHe 9JieKipoHnoro. ioKa, npoxo)l.HIII.ero B o6-

JI acTb Az-' BIIPTY•aJibllbiii K3TOJl., · liTo ·Bbi3biBaeT • yMeHbrneniie 
IIOHIIOfO IIOTOK3. : •. i.:: ,:; : " , · .. "' 

EbiJiu :npoBe)l.CHbi •IIccJie.n.oBaHHH ·CHD; reHepnpyeMbiX' i3 TCT
.po.n.e. c MaccHBHbiM. )l,H3JieKTpntrecKHM ·afH)Jl.OM A 2,' npW9TOM xa

palnepncnum HOHHOro itlylJKa: OKa3aJII1Cb •3HaJIOrHlJHbiMH COOT-
• l.ICTCTBYIOli~liM : · xa paKtepHCTII!\aM. ·TeTpo.n.a'•·c1•• 'TIJie.HO'IHhiM· a11o: 

}:I,OM A2; IIO cyu~ecTBemw B03poc pecypc pa6oTbl_aHOJl.HOro 6JI~I;:a. • 
~ < ' : • \ ' ;ir :·. '·.' f 

• • > ·~ 

" "t"-' " ; ,,,.., ·, 

; '···OCHOBHbiE,·PE3YJibTATbi:·PAEOTbl 
,li 

. . . 
· 1. IloJiyliCHbi HOBbie :pe3yJibTaTbi no rel-Iepau.nn CHD B HOBoit 

OTpm!{aTeJihHOH :ciiCTeMe-TeTpO)l.e, -· TI03BOJiiUOlli,eii TIOBb!CliTb 9Hep'
fHIO nbnon · Jl.O )l.eiicrnyicn.U:ero HanpH)!{.eHHH reitepaTopa: u 9cpcpeK~ 
TIIDHOCTb• nepe)l.a'!H,9Hepmn noiiHor;Iy nyqKy .n.o 100% J' DoKa3ano 
6oJibutoe · 3HalJeHne .: i9cpcpeKTa : naKonJieHHH · o6-heMuoro 3apH.n.a 
'KOJIC6JJIOUI,HXCH : 9JieKTpOHOB : B: Me)!{3HO)l.HOM ; npOCTpaHCTBe 113 
npOitCCCbi .l!Jl(l3Moo6paaoBaHim:,JlJIH yBeJillliCHliH IIOBTOpHCMOCTil 
napm.!e:r:poB : ·CHD , >~IccJie.li,onaHa · Teipo:U.HaH 'KoHcjHirypau.nsr 
C. MUCCJ{Bilh!M )l.II3JlCKTpli'ICCKIIM ai.IO)l.OM. /7, 9/. 
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2; Briepahle nccJie,ll,onaHbi: CHn, -. renepupyeMbie n cnMMer

piil!HOM OT c nepa3pyrnaiOIII.HM,CH ano.n.oM, o6e_cnel!HBaiOIII.IIM 
BbiCOKYIO • noBTopHeMoCTh napaMetpoB noHHbiX · ny'IKOB, :3aJJ.aHHbi!'i 
npOcpHJib' Ce'ICHHH II TI03BOJIHIOIII.HM OCYIII.CCTBJI51Tb oaJIJIIICTH'ICC

KYIO cpoKycHpoBKY 3a Cl!eT yMeHblileHHH xapainepHbiX pa3Mepol.l 
OOJlaCTH BIIpTyaJibHOfO K3TO)l.3 /6, 8/ .. , . . : .. . . · 

3. DoJiylleHbl HOBbie· )l.811Hble 0 BpCMeHH o6pa30B3HHH H Cl\0-
, poCTII pacnpocTpaHCHHH •3HO)l.HOII IiJia3Mbl (n;;::d 0 16 CM-3): 

(2,8+0,2) · 107 cM/CeK. B nepBb!C 30 llC )l.JlllTCJlbHOCTH IIMIIYJib
ca .nanpH)!{eHHH II 2,3. 10 6 cM/ceK. B nocJie.n.yiOru.ee BpeMH. DoKa7 
33HO, 'ITO ·YMCHblUCHHe 3Hepniii. 3.1ICKTp01IOB II .HOIIOB npu JIC, 
TIOJlb30B3HIIH )l.II3JieKTpii'ICCI<OfO aiiO)l.a CB513~1110_ C 33pH)l.O-HCii

TpaJIH33U.iiOHHbiMH npou.eccaMII, a He c :KIMbiKamieM A-K 3a3opa 
nJia3MOII /5, 6/. • 

-4. BnepBbie :3I<cnepHMCHTaJihHO . noKa3aHo cyiii.eCTBohaHJie 
.n.nyx pe)!\HMOB renepari,HII CHD u CJIMMeTpiPIIIOM OT n 3aniicii
MOCTH OT npou.eccon nJia3Moo6pa3onamm na >::mo.n.e /7/: 

a) pe)!mM pa11nero o6pa3onamm auo.n.noii nJia3Mhi, Kor.n.a. 
HaOJIIO)l.aeTCH YBCJIHlJCHHe 3JICI<TpOHHOf0 HOTOI<a C KaTO,Z:,•:l npll 

~ yMeHbrnenmi · TOJIIII.IIHbi ano.n.a .JI npeB3JIIIpot:oamie 3apsr.n.o
- HeiiTpaJIU3QU.IIOHHb!X npOU.CCCOB Ha)l. 1!3KOTIJICHIH~M . 'OObCMJIOro 

3apH.n.a KoJie6JIIOIII.HXCH 3JieKrpo·HoB B A-K 3·33ope OT; 
6) pe)Kl!M TI03)l.HCfO o6pa30B3HIIH aHO)l.HOll TIJI33'Mbl, KOf)l.U 

ua6JIIO)l.aeTCH yMeHblileHne 3JICKTPO.HHoro noToKa c KaTo)l.a npn 
yMeHbrnemm TOJIIII.Illlbi aHo.n.a n npeBamipOIXIHHe naKonJieHHH 
06beMHOrO aapH)l.a KOJICOJIIOIII.IIXCH 3JieKTpOHOB ~ Ha)l. 33p5I)l.O
HeiiTpaJIH33U.HOHHbiMII npou.eccaMn B A-K 3a3ope OT. 

· 5. 3KcnepiiMCHT3JlbHO TIOK333HO, 'ITO TOKOB3H KOMliCHC3IJ.ll51 
CHD, TpaHcnopTHpyeMoro H3 o6JiacTn . nHpryaJibHoro Kato.n.a, 
l!C HB•1HeTCH l!OJIHOH II yMeHblil3CTCH C TI3Jl.C.HHCM BeJIHlii!Hbl 
3JICKTpOHHoro noTOKa. DoJiylJeHbi HOBbie )l.aHHbie o pacnpe.n.eJie
Hllll nJioTHOCTH roKa CHD, reHepnpyeMoro B OT, II naii.n.enbi on
TIIMaJibHbie napaMeTpbi OT, npn KOTOPhiX nMeeT MecTo '1-tai\CJI
MaJibHaH. reHepaU.IIH TOI\3 IIOHHOfO I)YlJ'Ka /3, 4, 5/. ' 

6. DoKa3aHo, 'ITO ecJIH 3cpclJeKTIIBHOCTb nepe.n.aqn 9Heprnn 
· JIOHHOMY nytJKy, renepHpyeMOMY OT c nJieHo•IHbiM II MacciiBHbiM 

3HO.ll,OM, IIC npeBbililaJia 45% II 30%, COOTBCTCTBCHHO, TO 3cpcpeK· 
TIIBIIOCTb nepe.n.aliJI 3Heprnn CHD, reuepi'IpyeMoMy- !.1 TeTpo.n.c 
C IIJieHO'lllbiM II M3CCIIB!Ib!M 3HO)l.3MII, COCT3BIIJia 70% II 50%, 
COOTBCTCTBCJIIIO /7/, . 

. 7. 4ncJiei!Ho HCCJie)l.oBaH3 renepau.m1 CHD B aciiMMCTpH•mor.r 
O,T. DoKa3aHo otcytcTBJie pacxo.n.IIMOCTn I!OHHoro n 3JICKTpon
Horo KOl\tnOHCHT TIOTOKOB II YBCJlllliCHile 9f}lcpeKTIIBHOCTII ncpe.ll,a-
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l!H -~JfteprHH JibHHOMY nyqKy ,no 100% npH n..:c...:..~oo,·r,ne II:..:::._ cpe,n
Hee lJHCJIO nepecelJeHHii 3JieKrpoHoB. :11epe3 aHo,n:. DoJiylJeHo xo
pornee .COfJI3CHC C 3KCnepHMCHT3JlbHh!MH pe3JJibT3T3MH /7/. 
. 8. Pa3pa6oraH H 3anymeH B 3KCnJiyaraumo ·n penepcHponau
HOM no .no.npHOCTH pe)KHMy· cHJihHOTOlJHhiH · yci<opHrenh ·«BE PA» 
MOlll.llOCTh!O 2. l 0 10 Br, uanprillieHHC 0,4 MB, ,l(JIHTeJibHOCTb IIM
nyJihCa, t:•3 IIOJIJBbiCOTC 74 HC,· BOJIHOBOC COIIpOTHBJICHHC. <flopl\111-
py!Olli.CfO 3JieMeHra 7 OM, CKoHcrpyHponaHa ·u 3tmymeHa n .3I<C
rwyarar~mo · Honan nylima umwcei<yu,nHoro ycrmpHreJin «TO
HYC» ,nJI5I pa6orhr B .penepcnponauuo!\t rio noJinpuocnr pe,KIIMY 
11a yponue Hanpn:~KeHHH I MB. -Dpe,nJimKeH •JHaJIHTHlJCCKHii Me
To,n paclJera <flopl\thi nonepxuocrn •npoxo,nHhiX 1!3oJinropon /l; 2/. 

. 9. Pa3pa6oraH KOMIIJieKc 3JICKTpo<flH3HtreCKOII annaparyphi, 
II03BOJIH!Olli.HII ,ny6JI11pOB3Tb: MCTO,l(hl perucrpaUHI! •· riapaMeTpOB 
IIOI!IIh!X IIYIJKOB IL TCM· 'C3Mb!M TIOBbllllaJOll~IIii ' ,l(OCTODepHOCTb 
nciJIY'ICHIIhiX. pe3y JihTaron /2/;: 

:.,, ',rj 

i . ' 
~: ' 

< '; ·~ 

1 ~l 

·. 

· · Puc., I. CxeMa ycKopureJIH ~BEPA». I.,.-- ICOMMyrarop; 2 - . .li.Bolinal! cpop· 
MllpYJOIII.al! .lllii!IIll; 3--:"' npe,ll.h!MliYJibCHblli• pa3Jlll,'IHIIK; 4- nywKa. · 

I . 

Pnc. 2. CxeMbi OTpa)Kare.%HbiX ·~ucreM: .aF.cnMMerpll'IH!>Iil orpmKareJibllhiii 
rp!IO,ll. C TIJiell011Hb!M IIJIII !lJOJibfOBbiM aHO,li.OM; 6) CI!MMerpHtillbl!"! orpa)!\3· 
re.~bHbrlr rp_HO.ll. c ~IaCCIIDHblM aHO,ll.mt; s) acliMMerpli'IHbll! orpa)!(areJibHhll"i 

rpHD.ll.; r) rerpo.11. . 
. ·' ; i 

•, 

t5 . 
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Pnc. 3. 3aancHMOCTb KaTOAHoro" TOKa oTpalKaTeJibHoro Tpllo)J.a OT T0.1U\IIHLI 
ano.ua. 

Pnc. 4. 3anncn;~ocm (1./Ie,,_,.) u (ldle'l-n) OT cpe)l.nero •mc.1a nepcce•IcHHii 
· 9~CKTpOHU~Ill 3HO)J.a ·)J.Jlli Tpex ~£o,ll.CJ!bllbiX !jlyHKIUiil 9IICprCTIJ11CCKOfO pacnpe

. Jl.C,1CHI1ll 9JICKTp01!0B. 

JG~ 

'· ;. ) r· i , '_ ~ 

5;· 3anHCIIMOCTb. BCJ!lllJHHbl . TOKU J!OIIOB 
· AJ!ll ycKopnTeJiefi «BEP A» (a) 11 

Pnc. 6. 3nepreTH'ICCKHii cneKTp cnJibHOTO'IHoro uonnoro ny'IIW, rcucpnpye· 
~!Oro n icTpOAe na ycKopuTeJie «TOHYC» (a) ·u n unnepcno11 TeTpo.n.e 

na ycKopnTeJie ·«BEPA» (6). 
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