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Pa6oTa BUilOJIHeHa B HayqHO-HCCJl8AOBaTeJl&CKOU HHCTHTyTe 
aneRTpotH3HqecKo! annapaTypu WM.l.B.EmpeMoBa. 

, ,•(:: 

CTpeuneHHe nonyqHT& udmHue ITOTOKH peJIRTHBHCTCKHX a~eKTPO

HOB 2tJ1R Hcc.11e.1toBaHH, B 06.11acTH TepuoR2tepeoro CHKTe3a[I,2,8}, 

llOBUX ueT02tOB ycKopeHHR [4}, a TaRJ;e no.11yqeHHR uomaux nOTO

KOB r -RB,slHTOB _npHB8JIO B Haqa.11e meCTH2t8CJITUX rO,llOB K BOCK

pemeHHD'R2t8H A.EoyBepca O JIRHeffHOM HHllYKUHOHHQM ycKOpH~,.11e, 

B8CK838HHOR HM OTHOCHTeJl&HO 2t8BHO (5J. Cy•aocT& R2teH 3~KJlD-
{ . 

qaeTCR B HCfiOJ1&30B8HRH 2t.1Ji ycxopeHHR 3apRX8RHYX qacTRU BRX

peBoro aAeXTpHqecxoro no.11R noc.11e~oBaTe.ll&Horo pR2ta TOpOR-

2ta.n&aux Tpaac~opuaTopoB, nepBRqRYe o6uoTKH KoTopux BK.111>qa

DTCR•.napan.11e.11&ao, a BTOpHqHHe (p0.11& RX BYITOJIRReT YCKOpR8MU~ 

nyqox) - noc.11e2t0Bate.uuo. 3T& cRcTeua H83BaHa A".EoyBepcou 

"uaruHilMof ·co.11euoH2tou". 3apRxeaau qacTaua npR npoxozJteHRH 
• 

~es 

\o 
~ 
:;,-
::,... 

"uarHHTRYR CO.lleHOR.ll" 2t0Jt1Ha npHo6pecTH aaeprHD 

eU. = e/i/ U, w, 

3,lleci. e - 38PRlt VCKOpReuoff qacTIIUY; 

JI - qHc.110_ Tpaacfopua,opoB ; 

u, - HanpRlleH~e Ha nepBHUOR o6MoTKe; 

lU',_ - qll!J.llO BIITKOB nepBHqHoR 06ut1TKR. 

. (I) 

BR2tRO, ff0}!8.UqHHa 11pH06peTaeuoR 8HeprRH nponopQRORUl,

Ra aanpJ1xeax1> _nel)BH11H'9R 061.ioTKR ,paac.fopuaTopa. ]!JIR. Toro 

qTo6u aaeprRi, npao6peT~euaR qacTxUauH, ocTaBanac& nocTORR

Hoff B ,eqeaa·e J[aKor~,o BpeueuH tu. • aeo6xo.1tHMO. qTo6u U, 
-

oa.110 nocToRHRO B Teqeaae aToro Bpeueaa. 3To Tpe6oBaHHe MOJ;-~..,,.. ·; . . 

HO Y2tOBJl8TBOPRT&, '.ecJIR'Ra 06MOTKY no2taBaT& RMfiYJl&C npm,oy-

rO.Jl&HOH ~OPM!I 2tJIHTe.l[loHOCT&D tu. . 
0~o~m\iill::IU'J ,.tllll.:YlITP 

~~u~ nc~.r.:~,n6;13c:,r:1r.~, · 
5:-15.m1~TEKA 
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Ks TeopHH HMilYJl&CHHX TpaacfopwaT0pOB CJleAyeT, qTo npm.ro

yro~&H!iff HMfiYJlbC MOXeT 6IiTb fi0JIYqea DpH JIHHeflaou H3MeHeHHH 

HIQlYRQHH 8 B cepieqHHRe nmyJU,caoro TpaHc~opwaTopa. 

Ilo~cqeT DOR&3SBaeT, qTo DpH pas)'),IBI,lx paswepax YCR0pHTe.llH 

BeJill~KHa 

AB { } , m11 tu ~ 1-=-3 fO ce!f 

IloaTowy TexHHqecaan B03MOXHOCTb coopyxeeHR JIHHefleoro HHAYR

qxoHHoro ycxopHTeM ll0RBHJiac& nocJ1e Toro, Rax 6SJIH C03Aaes 

cneqHaJl&Hse warmrTHSe cn.lla.BH, aanpHwep THna·nepMa.JIJIQeB, pas7 

pa6oTaHH UODIHHe R0MUYTi!J)YDmRe 3JleUeBTH THlla C0BpeMeHHHX B0-

AOPOAHHX·THpaTp0HOB. H ce/:lqac B03M0JIH0 C03A!HHe YCR0pHT8JlR 

C TOROM ~o IO00a H A0CTHlJ[IOiO llpHpameaae 3HeprHH -o,5 MaB/M. 

ITpaqeu B OT~HqRe OT ycxopHTe.l!R c o6sqal,IU HunyJI&CHHU Tpaa

c~opuaTopoM B KH,llyxqHoHHOM YCK0pHTeJle HueeT M8CT0 pacnpeie

JieHHoe 3JleRTpHqecxoe no~e H ll03T0MY HaH60JibmRe HanpRE8HH0-:>·¥ ' 
CTR 3JleRTpHqecxoro fi0M uoryT JIHIDb H83H8tJHT8Jl&H0 npeBsmaTb 

cpe,nHee YCK0PR~ee 3JleRTpHqecxoe DO.lie. 3To 06CTORT8Jl&CTBO 

iaeT B03MOXHOCTb C03~8Tb YCK0pHT8Jlb Ha 3HaqHT8Jl&H0 69J1&mRe 

3HeprHH, qeu C 06SqffHM HMnyJl&CHHM TpaHc~opuaropou, a B03M0lJ[

HOCT& YCROpeHRR ny,rna C T0R0M B C0THH awnep A8·Jl&8T ero fi0ita 

8AHHCTB8HHHM HCT0qHHR0M U0DiH0ro nyqxa 3Jl8RTp0H0B pe.l!JITHBHCT

CRRX 3HeprHf:1. 

B { 5] A88TCR 06ma11 HA8R YCR0pR're.lIR B Ilp8AIIOJl0ll[8HHH, tfT0 

"uarHHTHHff C0Jl8H0HA" HM88T 6ecROHeqao 60J1&myn ~JIHHY, qTo 

o6ycJiaBJIKBaeT HaJIRq.ie 011.H0P0AH0ro fi0JIR B 06JI&CTK YCR0pReuo

ro nyqRa. B ~8YCTBKT8Jl&HOCTH ll[8 YCR0pKT8Jlb HM88T ROHeqayD 

3HeprKil H, c.ne.noBaTeJI&H0, K0He•rnyD ,l[JlHHY. Hs YCJI0B!Ui Heooxo-

11.RMOCTH pasuememrn 0TKa,rnux arperaTo:e J!JIH C03l!aa:rn ,1 no,1u\ep-

3 

ll[SHHR Tpe6yeuoro paspeaeHHR B o6JiaCTH nyqxa H npR6opoB ]lJl.Fl 

·. H3UepeHH.Fl, cfioKycffp0BRff H Ha6Jlll]l8HlfR nyqKa, a TaKlJ[8, IIpHHff

uan BO BHffMaHffe Tpe6oBaHH.Fl DpOH3B0.llCTBa, R0HTpOJIR, HCIIHTa

HHR H TpaHCII0pTKpOBKH; qeJiecoo6pa3H0 Bee& ycRopHT8Jlb pa3-

6HTb Ha OT]l8Jl&HH8 C8KUHH C npoMell!yTRaMK U8lJ[.llY HKMH ]lJlR pa3-

M.8D18HHR Heo6X0]lHMSX arperaT0B ff npH6opoB. 

B npel[eJZax ceRUHH ueziy cep]leqHffKaMH TOPOH]laJI&HHX TpaHc

qiopuaTopoB (KH,l!yRTOpOB) HUeeTC.Fl H8R0T0psR 3830p, o6ycJl0B

Jl8HHHR H806XOAHU0CT&D ~M8T& 3JI8RTpK'l8CRYD H30Jl.FIQHD U8ll[]ly 

C8PA8'lHHKOU H nepBH'llH0R 06M0TROf:1, ,!J,8MII~lHPYDDiYD cpe]ly, n-pe

A0Xp8H.FIDlllYD cepA8'1lHHK OT MexaHH'l8CKlfX H TenJlOBHX, HanpRlJ[8-

Hlfti, 3TO Bee ll0R83HB88T, qTO peaJI&H0ll YCT8H0BK8 CBOliCTB8H

H0 AHCKp8TH0e pacnp8A8JI8HH8 uarffifTHOr0 n,OT0Ra. It 3T0UY Ha

l[0 A06aBRT&, qTO C BHYTP8~Heli CT0pOHH HH,nyRT0pOB uoryT pac

noJiaraT&CR R0HCTpyRTHBHHe 3JI8M8HTN., Hec,6X0]lHMH8 ;ll.lIR C03]la

Hff.Fl, B o6JiaCTH nyqKa rpe6yeuoro paspelJ[eF.HR H T .l[. 

'13 H3JIOll!8HHOro CJl8;llY8T. 'lT0 YCROpRDlll88 noJ!e B peaJI&H0fl 

ycTaHOBRe· RBJIR8TCR' 'PYHKUHeli R0OpAHH8T ff,. CJl8,ll0BaTeJl&HO, 'pa3-

pa60TKa Y~KOP,HT8JIR CBR38Ha C HCCJI8AOBaHH8U BeJiffqfff!H H cfJ0PUH 

fi0M B 3aBHCHMOCTH OT pasueppB H qiopuH YCR0pR'Dllleli CHCT8MH. 

ITocK0Jl&Ry JlHHeliHHli HffAYRUH0HHHli YCR0pRT8JI& R'BJIR8TCR CHJI&

H0T0'lHHM, TO B H8M qp83BHqaliao CHJl&H0 Dp0RBJlR8TCR A8liCTBHe 

,co6cTB8HH0ro npocTpaHCTB8HH0r0 38pR,zr.a. OTO 0CiCT0R'T8JI&C'I'.BO 

Tpe6yeT coqeTaHK'.11.,ycR0PRDJQell C8KUHH C s(p:fleRTHBH0li CHCT8M0R, 

nossoJIRDmeP ocymecTBHT& coxpaHeHHe psuepoB nyqRa B npouecce· 

ero ycxopeHHR. AttaJIH3 noKa3HBaeT, qT0 JlHH3li MoryT CiHT& HC-
\ 

llOJl&30naHU, aaqHHS~ C SHeprHH ~ HeCK0JI&K0 MaB, ff B0DpOC 0 
I l _. 

coxpaHeHRH qiopw ny'qxa B Haqa.n&H0ii CTSAHH ycRopeHHR Tpe6y-
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eT HCCJie,noB!lHIUI H raspae!oTKH. HaJIH'lfH~ CHJILHOTO'l{HOI'O nytfKa 
' . 

oe!ycJiaBJIHBaeT TaKJKe Tpee!oBaHHR K pa3peJKeHHD B oe!JiaCTH nyqKa, 

Helo npH npoxoE,neHHH CHJILHOTO'lfHOI'O nY'lfKa qepe3 cpe,ny OCTaTO'lf

HOI'O ra3a B03HHKaDT 3JieKTpOH-lfOHH!:18 KoJiee!aHHR, KOTOp1:1e npH . 

He,nocTaTO'lfHO xopomeu paspeEeHHH MOI'YT npHBeCTH K noTepe yc

TOP'lfHBOCTH nyqRa. 

~ TO'lfRH speHl1R CORpameHHR pa3MepoB CIICTeMl:I II JMeH1,meHHR 

CTOHMOCTH coopyJKeHHn H 3KCnJiyaTaUHH YCKOpHTeJIR ueJiecoo6pa3-

HO OTRa3aThCR OT cneuHaJihHOtt BaKyJMHOtt Tpye!RH H oe!ecneqHTI, 

Tpee!yeMoe paspe~eHHe B OC!JiaCTH nytfRa nyTeM _C03,ll.8HHR BaRyyM

HO-ITJ!OTHOtt YCROpRDll!eH ceKUHH, 

TaKaR CHCTeMa ORa3aJiaCb B03MOEHOH, HO ITOTpee!OBaJIOCL npo

Be,neHHe :JRcnepHMeHTaJII,HtlX HCcJie,noBaHHH no onpe,neJieHHJ) OITTH

MaJibHl:IX BaKyy~Hl:IX xapci~TepHCTHK _TaKOH CHCTeMH, 

TeopeTH'lfeCKoe H 3RcnepHMeHTa~LHOe HCCJie,noBaHHe nepe'lfHC

JieHHl:IX BonpoceB H cocTa3JIReT co,nepJKaHHe ,nHccepTaUHH. Heo6xo

,nHMOCTL npoBe,neHHR 3TOH pae!OTl:l CBn3aHa C pa3pa60TROH H H3I'O

TOBJieHHeM B HHH3JA HM,l,B,EqipeMoBa JIHHeAHoro HH.nYRUHOHHoro 

YCKOPHTeJIR JUiY-3000 Ha 3HeprHD 3 M3B c TOROM ny'lfRa 200 a. 

ITOCKOJILKY coopyJKeHHe TaKOI'O ycKOPHTeJIR B CCCP npOBO,nHTCR 

BnepBl:le, TO OITl:IT, HaKOITJieHHl:IM npH pa3pa60TRe l\udO'l'PYKUHK H 

cos,na~HH ycROpHTeJIR, HueeT 3HatfHTeJILHl:IM HHTepec. 

B CBR3H C 3'l'l{M B ,JJ.HccepTa4111i OTpaEeHl:I T8l0Ke BOnp\}Cl:l ROH

CTPYHPOBaHHR H TeXHOJIOI'HH H3I'OTOBJ18HHR YCROpRDllleH CHCTeMu. 

n. 
YcKOpRDll!ee noJie CHCTeMl:l onpe,neJIReTCR ypaBHeHHRMH MaKc

BeJIJia 

5 

-- aH 
iot [ = -;u IT 

(2) 

ditJ' l = 0 ' 
(3) 

- a£ -1,otH = c - + ~[-. at V J 

(4) 

r,ne £ H /-/ - HanpRJKeHHOCTK ycKqpRDl!lero II uarHHTHoro noJielf; 

JU - uarHHTHaR npoH11uaeuocT!'; 

8 - ,nHSJieKTpHqecKaR npoHHuaeuocTL, 

YCKOPRDll{ee noJie COJieHOH,naJibHO II, cJie,noBaTeJIE,HO, MOl'ieT -61:1Tb BBe,neH BeKTOpHl:ltt noTeHu»aJI M , TaR qTo 

£ = zot M (5) 

B o6JiacTH, r,ne H3MeHeH11eu uarHHTHOI'O ITOJ!R BO BpeueHH MOJK

HO npeHe6peq1,, MOJKeT 61:!Tb BBe,neH CKaJIRPHl:IH noTeHUHaJI U, 
. no,nqHHRDll!HHCR ypaBHeH*D RanJiaca 

v 2 U = o 
H3 (2) H (4) nOJiyqaeu: 

a2f 
'i72 E = 8ft a t2 ; -

llJIR npOBO,nR1!18K cp~;l:l· .. 'i1 2 [ = Ojl ;f • 
;nJia BaKyyua 

f :) 

(7) 

(8) 

nJIHTeJibHOCTb HMITYJILCa YCKOpRDl!leI'O IlOJIR 061:l'lfHO COCTaBJIReT 

JtOJIH UHRpoceRyH;n!:1 H npaBOV qacThD ypaBHeHHR (7) MOJKHO npe

He6peqE,, OTCC~a ,nJIR YCKOPRDmew CffCTeMH JIHHeffHOI'O HH~YKUffOH

HOI'O YCKOpKTeRR cnpaBe~JiffBO BlipaJKeHHe 

v 2E = ·o (9) 
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YpaBHeHIUI (2), (3), (4) aHaJ.Orlf'llHH no lf)opue ypanHeHlUDil, 

onpe,ll8JIHl>Blm.l H&llpHll:8HHOCTL uarmtTHOro noJUI nocTOHHHHX TOKOB. 

Il03TOMY iJIH onpe,ll8JI8HHH DOJU! "uarHHTHOro COJI8HOH,lla" xoaeq

HOli .l(JIHH!i MOll:HO BOCllOJIL30BancH M8TOJtOM H8XOll:.lt8HHH uarHKT

Horo noJIH BHTKOB. c 'l'OKOU [ 6]. 

HaXOllt,ll8HHe pemeHHH ~ o6meu BH,ll~ JW8eT 3H&qHT8JILHll8 TpY]l

HOCTH H ocymecTBHMO npH-HHT8rpHpODaHlfH Ha BHqHCJIHT8JILHOff Ma~. 

·mHHe. 0.llHaKO .l(JIH aHaJIH38 nOJIH .ltOCTaToquo paccMOTpe'l'L BHp&llte

HH8 ,ll.lIJI noJIH B6JIH3H OCH CHOTeM!i, ROTOpoe HMeeT BH.lt 

E = _V{ e.-; . [i---1 2
2 ]+ 

l 2 [f+{t-~)2)1/2 ',I {f+(f-~JZ)2 · 

I ( IO) 
+ f + f. / + 

1

3 '2
2 

. . /} 
f1+(t+~;2f1zL I 7f r,.,.re+~J2J2 ; 

, .... ; 

rite V- ;yep )\I 
- 0 t L - cooTBeTCTByeT uanpHllt8HHD, npHKJia,llHBa-

euouy K nepBffquon o6MOTRe, OTHeceHHOMY K eitHHffUe ,llJiltH!i CH

CT8M!i; 

.P 
z =R ' f.= 2~ 

I 

R - cpe.llHHff PBl!.RYC RH,11.YKTopa; 

L - ·AJIHHa c11cTeu&. 

) , ~ = ~ 

i> 

AHMR3 B!ipaireHHH (IO) noK83HBaeT, qTO npH H8,llOCTaToqHO 

npOTRX8HHOR CHCT8M8 3Haq11T8JILH8~ qacTL ITOJIR pacceHBaeTCR· 

BH8 ceKUHH, a H80,llHOp0,llHOCTL ITOJIH, npeB!imaDmaH ~ 0,5i 

npoHBJIReTcH B o6JiacTH I,5- 2 R or xpaH ceKUHH. 

7 

Pacnpe,lle~eHR8 noJIH MOllt8T 6HTL yJiyqmeHo, 8CJIH YM8HLMRTL 

,llOJll) 3HeprRR noM, pacceRBaeuon C BHemHelf CTOPOHH CHCTeM!i. 
1 

3TO MOllt8T-~~TL C,ll8JI8HO, 8CJIH cep,lleqHHKH RH,11.YKTOPOB OKpylltHTL 

C DH8mHeff CTOpOHH llpOBO,llHlllHM KOEyXOM. 3TOT KOlltyX 6y,ll8T 3K~ 

paa~oBaTL ycxopHDlll88 noJie OT BJIHHHRH I!pOBO.llHlllRX uacg, pac

ITOJIOllt8HH!iX B0JIH3R ycxopHT8JIH. IlpR 3TOU Heo6XO,llKMO raxire 

HUeTL BBH.ltY, qt() BHYTPR YCKOPRDlll~ff Clf~T8M!i uoryT pa3Mell!aT!i, 

CH TaKHe y3JI!i ycTaHOBRH, Rax BaRYYMH!UI Tpy6Ka RJIR 3JI8M8HTH 

CROTC~H.topuHpOBSHlf.11 nyqxa, qro 8CT8CTB8HHO CKa3!iBaeTCH Ha 

~opue ycxopHDlll8rO fiOJIH. TaKHM 06pa3ou, YOROpHDlll&H CHCTeJ.Ca 

,llO.U:Ha OTJIHqaTLCH OT "uarHHTHOrO COJI8HOH.1ta" A.EoyBepca. 
. '' 

~~e B03M01m!ie pa3HOBR~HOCTH CHCT6M npffHHTU B YCTaHOBKax 

JIHY-3000 H "AcrpoH" [ 2 • 7}. ~opua llOJlH D 3TOM cJiyqae ~y,neT 

Ollp8,ll8.IIHTLCJI' pemeH1reu yp~H8HHH Jlan.liaca (9) c rpaHnqHHMH 

YCJIOBIH!Mff, onpe~8JIH8UID.lfe 4iop1toff CRCTel.m. rpaHHqHHe ycJIOBIIJI 

6y,llyT npe~cTaBJIR:TL CO~Off nepHO~ffqecKyD 1YHKqffD, KOTOpyD MOE~ 

HO pa3JIO!Cff'l'.L B pH~ '1iypLe. CocraBJIHDl!llf8 ycicopHDi:tero nOJIH Tait

Xe 6y,llyT npencTaBJI8HU cyuuon rapUOHffR, ,aMnJIHTy,lla H qaCTOTa 

KOTOP!iX onpe,lleJiliDTCH H3 COITOCT&BJI8HHH C pa3JI0~8HHeM rpaHHq

HOA /flyHKqmt:. 

l~R OHCT8M!i, np11ru1toU J.JIH ycraHoBKR JrnY-3000, cooraBJlHD,-
, . .,~ ' 

l!IHe noJIH 6y'JJ.YT onpe~e~TLCH OJie,llyDB{RMH :aupaxeHHm&R: 

E2- = 2 Ea[ 1~zmEnL1 (n ~77f) Cos n ~Jill; (II) , 
. I 

E f' = f Ea 2;m £
11 
L ( n 1;/J} S infl~Ji 2 ( I2) 
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3,neeL 
U, 

Ea.= -s-; 
S, e= s 

8 

- noJie B sasope Me:ar,ny HHllYKTopaMH; 

- OTHOmeHHe ,nJIHHI:! 3a3'opa Me:ar,ny IIH;llyKTO-
paMII K oeeaoll ,nJIHHe HH;llYKTOpa. 

11 ff :Jill E _ (-I) 4Cos n 2'2 Sin~ 2 
n- T1fnf0 (n 5 a) 

a 
Ic 
I, 

- BHYTP~HHH~ pa,nHye eHcTeMH; 

- MOJlll~HUHPOBaHHaR ¢YHKUHR EeeeeJIR nepBO-
ro po.na HyJieBoro nopR.nRa; 

- MO;llH~HUHpoBaHHaR tyHRUIIR SeeceJIR nepae-
ro nopR.llRa. · ' 

ITocKOJII>K;· fc ( n ;-a} oqeHb 6HCTPO paeTeT c pOCTOM n , 
TO B IDHpOKOV., aa1160Jiee HHTepeCHOV. o6JiaCTH, MOJrHO orpaHH'iHTb

CR TOJibRO nef~HM qJieH~~ pR.na B BHpaMeHHRX (II) H (I2). ~Ha

Jlll3 OTHOllleHHR aMITJIHTYJlll nepBOW rapMOHHRH K no~TORHHOII coc

TaBJIRDmew, noRa3HBaeT, qTO C TO'iRH speHHR OJlHOpOJlHOCTH noJIR 

OCHOBHOe 3HaqeHHe ~MeeT BeJIH'iHHa OTH0lll8HHR a/s H }lJIR ]lO

CTaTO'iHO OJJ.Hopo.nHoro nOJIR Heo6xo,nHMO HMeTb a/s > I •. AMnJIH-

Ty,na nepBoll rapMOHHRH He .npesumaeT o.naoro npoueaTa 

Tl! f /a 4 {JS , 8CJIII % >2, 

B o6Jiac-

]lJIR Cl!CTeMH ycTa!IOBKlf "AcTpOH" noJiyqaKJTCR aaaJior11qHHe pe:-

3:VJibT8Tli, xoTR supa:areHHR }J.JIR £z H £.I' 6y.nyr HeeROJILRQ OT

Jill'iSTbCR OT BHpa:areHHP (II) 11 (I2) BCJie]lCTBHe HeO]lHHaROBOCTI! 

rpaHH'iHHX YCJIOBHII. 

AHaJIH3 pemeHHR JlJIR noJIR Ha RpaD CIICTeMH noKa3HBaeT, 'iTO 

B03MymeHHe ITOJIR cRa3HBaeTCR HS paccTORHIIH, He npeBumaDmeM 

Tpex pa,iiHyeOB OTBepeTHR ROEyxa. 

IToeROJ!bRY pa,n11ye OTBepcTHR ]lJIR peaJibHOII c11eTeMH B 
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,:eeKOJ!bRO pas MeHbWe cpe}I.Hero pa.nHyca IIH}I.YRTOpa, TO yJKe npri 

L /4R ;3 tra·eT~UH np1106peTaDT npaKTHqecK11 no.11HyD aHepr1rn, on

pe}leJIReMyD eywoff HanpRlKeHHII Ha HHllYKTOpax: 

Ms (It) Bll]lHO, t{TO eCJIH 2--1 , TO aMITJIIITY]la nepeMeHHOi:i 

eoeTaBJIHDmell 6y]leT paBHa HYJID BO Beel! 06.11aer11 BHYTPR ycKO

p1rnmeei e11eTe1.m. Tpe6oaaa11e 2 = I osaaqaeT, qro Ha Beel! u11-

JI11Hnp11qecRoll rroBepxHOeTH pa;1111yea a C06Jll'.l,naeTCR yeJIOBlle 

Eza = Ea=Cons!• TaRHe ycJioBHR _MoryT 61iTb eos.nam,r, ec.1111 

Mel!'..llY TOpUaMR ROJ!'.yxa, _OXB8T1JBaD111ero eep]letrHIIRI!, pasMecTK.TI, 

npoBO.llRmltii UHJIHH.ztP, rrpoBOJlHMOCTb MaTepHaJia KOTOporo Y.ztOBJieT-

BOpReT yeJIOB~D _ 

/6'£/ >> /c ;f; 
KpoMe aroro, rrpoEOl!RmaR rpy6Ra .lJ.O.lll[Ha y.nonJieTBopRTI. eme 

PRllY Tpe6oBaHl!H, ROTOp&e HaR.11anuBaDT ]lOITOJIHHTeJII,HHe YCJIOBIIR 

Ha BeJllfl!H HY rrpOBO]lHMOCTH, 8HaJil{3. ROTOplix rroKa31JBaeT, trTO 
,• 

BliITOJIHeH11e TaROtt Tpy6KH peaJII,HO. 

PactieTHW.i rryreM ne Beer,lla y,llaeteR onpe.ne.1111Tb sHatreH11e yc

KOpRDmero ITOJIR B p83Jill'lHUX TOtrRax CffCTeMH. KpoMe Toro, npRMe

HeH11e pactreTa .1111meHO Ha,ne?.HOCTH ff B, pll}le CJiyqar,B BeCbMa Tpy

n.oeMRO. I1p1i onpe]leJieHRff cTaTHtrecKoro a.11eRTp1ttrecKoro ff MarHHT

Horo no.11ell lllffpORO ttenOJib3yeTCR MO]le.lIHpOBaH11e B aJieRTpOJIHTff

qecRoll B8HHe, ROTOp~e OCHOB8HO Ha no.no6HH ypaBHeHKH ff rpaHH'i

HUX YCJIOBHA l!CeJie,llyeM!lX no~eH B saxyyMe ff B 3.lleRTPOJIRTe np11 

COXpaHeHl!Jf ITO}l0611R ~OpMl:i 3JteK7pO.ztHUX CIICTeM. EcJIH pacnpe.ne

JieHne noTeHunaJia Ha fPaH11ue ycROpRDll!eR c11cTeMH otreBff,nHo, Ra.IC 

HarrpaMep, B e11cr,eMe. yeKOpl!TeJIR ycTaHOBKR n AcrpoH", TO •C rro

MO!llI,D O~NqHo~ a.11eRTPOJIHTHtreeROH BaHHl:i e HaRJIOHHl:iM JlHOM MO~eT 
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6HTD HaA;zteHO pacnpe.neJieHHe noTeHUHaJia ycKOpRDlllero IlOJIR, a 

no no.11yqeHtnlM ;ztaHHHM nocTpOeHa KapTHHa HanpRZ8HHOCTH ycKO

pRDlllero ITOJIR. 0:ztHaKo 3a;zt8TD noTeHUH8Jl Ha rpaHHUe He_Bcer:zta 

y:ztaeTCR R,Kpoue Toro, aarJIJJ,nHee uo.ne.11Hp0Ban Henocpe.ncT·BeH

HO HanpRll8HHOCTD YCKOpRDlllero IlO.IIR. 0RaSHB88TCR, qTO T8K8R 

MOJtB.IID uoaeT ~liTD cos,naHa, ec.110 BHilO.IIHHTD C.IIBJtYDlllH8 yc.110-

BHR. IHO BaHHH JtOJil'.HO 6HTD c.ne.11aHO H3 :ztH3JIBRTpHKa H HM8TD 

~opuy renep6oJlli; qepes ocD cecTeuu ,noJIJB:~a npoxo:ztHTD npoBo

:ztRlllSR Il.lIOCKaR noBepxHOCTD ·no,n yr.11ou 45° K noBepXHOCTH SJieR

TpO.IIHTa; noBepXHOCTH HH.11.YKTOpOB TpaHc~opMHpymcR B rHnep-

60.11nqecRHe, H MeTa.lIJIHqecKHe noBepxHOCTH saueHRDTCR Ha He

npOBO:zt.lllllHe; HCTOqHHKH H3MeHeHHR uarHHTHOrO ITOTOK8 3aMeHR

DTCR Ha HCTOqHHKH TORa. B 8TOM c.11yqae 'pacnpe.ne.11eHHe noTeH

UHaJia Ha CB060,nHO~ noBepXHOCTK lMeRTpO.IIHTa B BaHHe 6y:zteT co

OTB8TCTBOB8U pacnpe.neJieHlm IlOTOKa HanpRllBHHOCTH YCKOpRDl!le

ro IlOAA. C ITOMO~DD paspa60TQHHO' MO,neJIH 6HJia no.11yqeHa Rap- . 

TH Ha ?10.IIR B ycxopRDllleP ceRUHK ycraHOBRff JUfY-3000. 

m. 

B pa6ore [ 2} 3a:ztaqa ipopuHpOBaHHR 'nyqKa B HaqaJIDHO&! CTa

]llllf "yc1topea1ui: pem~Ha cos.naHReu cneuHa.lIDHOA ceKUHH ycKOpR

T8.IIR Ha sHeprRD 720 n~ c KowneHcau11eR pacTaJIKRBaDmero ,neA

CTBHR co6CTB8HHOro npocrpaHCTBeHHoro 38PR:zta nyqKa p~Ha.llc-
' ' / 

HOH COCTaBJIRDllle~ BHXpeBoro ycKOpHDlllero noJIR. Heo6xo.niuoe 

pacnpe,iteJieHee rpa;11.11eara cos.naeTcR no,nKJ1Dqea11eu K aJieKTpo

,nau COOTB8TCTBBHHOro KOJIHqecTBa HH,nYKTOpOB. C I{e.lIDD yueHc

meHHR nyqKa- pasuepu ero npRHHTH 60.11cmHMH, 220 w., y KaTo.na·. -Ho .nue npH TaRHX pasuepax Tpe6yDTCH 3HaqRT8.llbHHe rpa:ztK8HTH 

II 

ROMITBHCHpyvmero noJIR. 3ro, B CBOD oqepe,nD, npHBOJtHT K Heo6-

xo,nKMOCTH IlOBHM6HKH 8.JIBRTpHqecKOA npoqHOCTff IlO IlOBepXHOCTI! 

BaKyyuHOA Tpy6KH. Il03TOMY BCH CHCTeMa IlOM81l188TCR B 6ax C ra-
. . 

'-- . 

soo6pasnw ~peonou no.n :ztaBJieHHeu 2 aru. TaKoe pemenHe Hueer 
c.11e,nyvmee ne.nocTaTRH: 

a. IlpHXO:ztHTCH npHHHM8TD 38BHme~HHe pasuepH cep,neqHHKOB 

HH,nyRTOpOB. OHH HMBDT BHemHHH :ztHauerp 860 MM, a BHyrpeHHHA 

460 MM, B TO BpeUH KaIC B OCTaJicHOff qacTH YCROpHT8JIR 540 MM 

H 200 MM COOTBeTCTBBHHO. 3To rtpHBO:ztRT K yee.110qeHHD pacxo.na 

uarHHTHOro CilJiaBa H B I,8 pa3a Toxa HaMaraHqHBaHHR, qro, B 
I 

CBOD oqepe;ztD,BH3HBaer YBBJIHqeHKe Heo6xo.nRMoro KOJIKqecrBa 

ROMMYTHPYDlllHX 3.lleMeHTOB. 

6. Tpe6yeTcR cneuHaJI&Hce<rasoBoe xosRRcTBO .llJ!'! nporoaa 

~peoHa qepe3 YCTaHOBRy. 3To RMeeT onpe.neJieHHHe 3RCnJiyaT&I{H
OHHHe Heyno6CTBa. 

B. ITo.no6HyD CIICTeMy BpR,n JIH uo•no Kcno~&30B8T& rtpH TORax, 

npeaumaD~HX 200a, TaK KaK yxe IlpH 8TOM TOKe (200a) npRx~~RT

CR npKMBHRTD cneuHaJIDHHe Mepu .ll.lIR YBBJIHqeHHH 3.118KTpHqecxoff 

npoqHCCTK. IlpR 6oJI&IDKX ~e TORax v., CJI8,llOBaTeJI&Ho, 60JI&meu 

Ilp0CTP8HCTB8HHOM 3apR,ne Tpe6yDTCR 60JI&mHe rp8,llK8HTH .ll.lIR ROM
nencal.{KH ero. 

IlOJIOll:HT8Jl.&H!iM RBJI.lr8TCJi HCil0JlD30BaHlfe .,llJIR qiopi.rn:po"BaHKR nyq----.... "' - ----------------. Ra npo,noJicHoro uarHKTHoro nOJIR. 0:ztHa.Ko cos.naaae ero c oouomDD -------~-,-~ ... -... , ......... "~-~-,.,~_, ~,~----·~ .. ,,----·-"'"-• _________________ _....-
COJieHoa,na, pacnoJioll:eHHoro C BHemHeM CTOPOHH YCROPRDmeff CHCTe-

. MH, RaK 3TO ,lleJiaeTcR B pa:ztH03JI~RTPOHHUX npa6opax, HBB03MOE

HO, K6o nepMaJIJioeaue cep,neqmfRH HH.ll.YRTopoa 3RpamrpyoT 06-

JiacT& YCROpBHifJi OT BHemHero MarHHTHO!'O IlO.llJi. PasMemeHae a'ie 

C0~8HOK:zta BHYTPK CKCT8M& IlpKBeJio 6u R 3RpaHHpOBaHKD YCROpR-
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- I , 
~ero nomt. 3Ua11y OK83UOCI, JI03~HW pe■-TI,C'C IIOUOIIU,I> 

.IOHCTPY1UlH C.tCTeuH, _ npeJl.lOXeHHOlf 2lll'Opou. !Jieo6XOJllMOe uar

s•Tsoe noJJ:e co3JlaeTca c nouo•1,m xaTymex. ·yxpeDJ1eBHHX Ha 

BHJTpeHHeil C1'0pOH8 xagoro HlfJtYKTOJ),A. 
\ . . . . . .. 
· nocxo.nxy BODpOC O (>Opie pUHTIIHCTCXOroflIY11Ka. pacnpo-

CTpURDl8r0CJI B npoi,onma ll&rBJITB~ R 3.leXTJ)HlleCXOM UOJIJIX, 

· paaee He paceu&TJ)DUICJI. TO ll JllfCCepT8.IlHl:J'Jl8Jl88TCR BHBOJt 

·J'l)aBBeBM. onpeJle.a,mmero toPMY 111'fl[a. R npoBOJtlfTCR ero aaa

Jnl3.· 

Sqa,ra pemaeTCJI Dpll c_.1elQ'J)IIJ(X npeJtU0JtOZ8BHJIX, ]leiiiTBII

Tenmrx ]lJUI .mmelaoro KJQYXIPIOHHOro ycxop1T9JI: 

I) no~emt11U0 06,YCJtOBU~Bi:rl npoc~aH~~BeHHHU':3aPJIJlOM . . 
IJ]llXa. ue 11a11eT Ha np011,onaoe }tBDeoe '1l&CTllll: 

2) 7cxop~ee ue:npnecxoe • rf)oxycirpJJl'ee:;uarmmrae no

a m,em Jlll!"l> npoi.onHHe cocmBJlSDlll11e; 

8) IIJ"{OX HM88'1' 4WHHapeyJ> CTpp[Typy. '."l';e. fHeT ;rfepeceqe-
• I • 

nit Tpae1:Topd 11acuq; 

4) uarBll'l'B0e D0Jte y X8T0Jta[paBH0 eyu. 
I ,' • • 

B OOll!ell CJIY1f88 ypUHeHl!e iJlBHZ8BIIJI 38pUeHBOII ~11aCTiIItN B 

aJtexTpouarHl-rBow noJie ·m,eeT BIIJl 

r,te 

dP = eE +e{vxB} 1 
dt 

p = mo i? 
l}t-lf/ 

- m,nync 11acnitH. 

H3 ypaBB8HIIJI ]lJUI -zJ·-off COCTaBJIJlm[eff HUIJy.lll,Ca cCJie,JtyeT 

_ 4- =_j_ eB I}'{- u-z 
-U 2 mo . C 2 

. (.tS) 

(I4) 

IS 

I 
. l 

PaccuaTplBBJIT Dr,IOK C. TOJEOU n ltU . 6eCKOH8'1lRO JtUKBKI Illt-
. - . . 

' .ltlUlllP C pa,.Ky,cr.11' • C DCli~GI> ~opwy.ur raycca K 3U0Ha Eao 

· x cuapa noc.tei npeo6pa30BaR11Jt C IS) · no.Q11&e11 ypuaene. onpe-
. •· . , l •... 

JieJIJIJ>!'ee ~01111,,· CK.U.ROTOU0ro 8.te!(Tp0RR0ro uy,ma·, · 

i! I m/c:z'.+-P~J $ + p~ • If' (-~cj2 p ~ 
. . (I5) 

F,,, ITJo 2. CZ I 
_, 2:1TeoeE2 · f • 

· ·· ~ sTou ypaBReQK, P =/Pl 

I 

llpuaa qaq'l'Ji,ypUaeUR°C00TB8TCTBye, CltJle. ll~3Yl!allll(el pac

T&IIKIIBaBlle nyqxa· •. ,. a n9c.reJtRKI .q,1ej B .te:aol 1J&C'l'II COO'l'H'l'CT

ByeT Cll.18 • C'l'JII!KBalJlll81t nyqOJt Jt . OCII • CKA,; BH3HB&llll{aS[ p&CIJ.&

B&Hlfe ny-11xa·, o6paTR0 nponopq•o~.u.xa. a cKJra. cT.lll'IIBa.Dl(U ny-
11ox. npm,o nponopq110H&.1Aaa pqwycy. OTc~a c.te.lJeT; 11T0 ~.Ill 

'It.u.11..oro P ('~))1011.Uo CYJl8C'l'llOBaTi. ,u:oe saa11ea~e p-= f'" (PJ. 
J ,. ' • 

DJ)II R0T0ij0M CR.la~. 11..eRcTBYJ>ll(U Ba nep~epHIBJI) 1J&cTHI(J' ny-qxa. 
., ' . . . . ~ 

.ltBIII'al>IQ'llCR, napa.JtlleJII,HO OCR. paBHa ay.l.D. Hs (!5) IDie~ 

ff 'P'= mo v2ln ·' 
·r'f·l- I B 1ieaeP 

PemeHHe YPliBH~HIR (15) ltllt8TCJI :a BQe 

-}°0/P)=p,tP) +iJ.f'/PJ, 
DpRqeM ¥ ((, Ji 

Paccua~p11:aaeTcR na c.aytru: 

I} 8 ==Const 
. f. 

u 2/ B ~@ , 

(I6) 
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B npouecce pemeHIHI npH 8=COnSt TIOR&3NBaeTCR, 'l'l'O :a: 

Toro. qT06H HMeJIH uecro ua~He OTRJIOHeHHR PB.JlHyca nyqRa OT 

Be.11HqHHl,I p,(P), xpoue BN6opa cooTBeTcTBYDmHM 06pa3ou.yc.110.1 

BHti BBo.11.a nyqxa :a uarHKTHoe no.11e. aeo6xo;nHMo •. :tJro6N. BNnoJiir 
' , . .,, 

JIOCl, COOTHomeHHe 

2 ( ic)2-:, j (I?) 

( 8c)2 .s B peaJit.JWx yc.110:aKf!X, KaK npa:aKJJ.o, 2 T > 10 H yc.110-

BHe (I7) BHOOJIHf!eTCfl. PemeHHe ypa:aHeHHR (I5) 6y.11.eT HM6Tl, :a 

f =_t, (PJ+ {_p (PH11 J-,r, (A11)] Cos [&~faze Sh ~c -azcSh ~"c)]+ 
(IB 

+(f'(E11)J;(/?,J(JJf;ff" 5inf:~ (a2cSh~
0
c -azcSh;,";c)J. 

_, 

HH:neKCOM "UH" o6o3HaqeHo HaqaJibHOe 3HaqeHHe BeJIHqHHN. 

TaKRM o6pa3oM :a o:nHopo:naou ycxopRDmeu s.11eKTpHqecxou no.11e R 

napa.11.11eJit.HOM euy 0.1l.HOP0.1l.HOM uarHRTHOM no.Ile nyqoK COBepmaeT 

nyJlbCaUHH BOKpyr cpe11.nero pa11.HYCa, B6JIRqRHa KOTOporo yuea1,-

maeTCR•C yBeJIHqeHHeM 3HeprHH qacTHU. 

PemeHHe ypailHeH1ur npH 8 ~ .,P':'r.·~ ) V 2 I "p uol!eT z .,,,, :;r~,e 
· 61:iTb ttaJ;i11.eHo np11 P ;,? m/ C2 H -raxJS:e ·KueeT ·xo.11e6aTe.tI1>!{!,ltt xa-

paRTep, o.nHaRo :a OTJllftiHe OT CJiy'laf! 8 = ponst aMIIJIHTy;aa 

KOJie6aHHU pacTeT no Mepe YB8JIHti8HHfl 3H8prHH qaoTKU ITy'iRa. 

HapR:D.Y C B~HRHKeM co6CTB8HHO npocTpaHCTBeHHoro 3apRAa 
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nyqRa :a 1tHccepTaqHK paccuaTpasaeTcH Taue pacceHRHe nyqRa 

Ha aTOUaX OOTa;oqHoro r83a 'K HeycTOA'JHBOOTD nyqxa, o<SycJIOB

JieHHaH 3JienpoH-HOHHWH ·xoJie6aHH1iMH 8Jl8KTPOHOB ny111ta H o<Sp:: 

30B8HHliX HMR HOHOB OCTaToqaoro ra3a. 

3~eKT p8CC8RHHff ·SJI8R'l'p0HOB nyqRa Bli3B&H ynpyrHMK COY1t&

peHKRMH KX C &TOMaMK OCTaTOqHoro ra3a. BepoRTHOCTt. pacceR

HHfl a~exTpoHa no;a yrJiou B B aJieueH'l' d {J TeJiecHoro yrJia 

npn npoxoz11eaK11: cpe:D.& npoTHlKeaaocraD d2 onpe.neJ.ureTcR no 

tf>opuyJie MOTT& [a]. HHT7rpHpOBamte ee DplfB01tHT K B!ipalll8HIU>, 

CBJl31i:Balllll8MY ]l8BJI8HHe cpe.11.li OCTSTO'IJHOro ra3a If paccesiar., 

nyqKa npK )lBKlll8HHH aJieR'l'pOHOB, 6JIH3ROM R ITpliMOJIRH8ffHOMY 

JI. ,¼ - NIL) I (I9) 
P:G 75Z Iii N" L 

I f+ lmoce,2 . J 

- le£ (mocZ,;; e Uu,,)+elluH {e[l",,+2moc 2) 

I']le Z - a'l'OMH!di Houep pacceHBSDIIIIX qacTHU; 

No-:(L} - pacceRHRe ny,uta; 

L. - :o.mrna ycROfH're.lU! ; 

p - :o,uJieaKe cpe]lli ocTaToqHoro raaa, Topp. 

IlpR E = O :a11puea11e ( 19) ynpomaercR 

p -~ ?5 z# No -Nil) !._ ( I- 7:2) , 
,¾ L 

(I9x) 

,:_.,.;; 
I']l8 C[ - OTHOme'm(e 3Heprrrn OOKOR 3JieRTpOHa R ero 00.llHO£! 

· 3Heprirn. 

EcJIH, Hanp!Wep, 3HeprHR ltHlKeRUHlf nyqRa paBHfl8TCR 50 I<3B, 

· a :D,JIRHa YCROPKTeAA 20 M, TO pacceirnHe, He npeBNmatJ~ee o, I%. 

6y]leT HM8Tb. M8CTO ~pH p<: 5• I0-4 Mpp. 
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I' 

It; 

fipll HSJlifqHH IJpO,ltOJll>HOrO Mar&H'l'HOrO fiO./IR 8.lleXTpciJJB fiOMXMO 

noc'l'ynaTeJlLHOro ABHMeHH.R 6y-,cy'I' Bpa~aTI,C.R BOKpyr OCK rryqxa c 
yrJioBoit cKopocno J H 'l'pa~1<rop1ut n:aueH1u1 a.11ex'l'poao.a 61-

neT HMeTb BHl cnKpaJIH. 3TO DpHBOJlHT I< TOMY, q'l'O .lt~HRa nyT~ 

3JleKTPOHOB CT8HOl3HTC.R 60.111,me ,ltJlKH!l ycxopHTeJl.R, '{'1'0 )tO.UHO 

CKS3HB8Tl>C.R Ha.paccenHHH rryqKa. OnH~O H3 pemeHK.R l.lUl.8'1'0ro 

CJlyqaa CJie]J.y_eT ,. tffO !rpH ycJIOBIUlX, HMeD!llHX MeCTO 06UtrHO JI pe
aJII>FraX ycKopHTeJIRJC, pacceR~He ny•rna npHMepHO .TOJil,KO B,lBOe 

npeBumaeT BeJIH'lHHY, onpeneJI.11euyo H3 (I9x). 

0Ka:3HB88TC.R, tf'l'O orrpene.n.RD~HU T8KTOpOM npH onpe]teJleHKH 
\ 

nonycTKMoro ~a»JieHH.R cpenu ocTatoqHoro rasa .RBJlRD'l'O.R sneK-

TPOH-HOHHHe ROAe6alflfH B nyqxe(9,IO]. HRKpeMeH'I' HapacTaHH.R 

l<OJie6aHH el Y ~Wo 

3necI> 

rne 

t/Jp 

W. = ,, , ( me n· } ¼ 
t1 \..VD m, _£ 

, r ' ne 

JI8HM.fDpOBCKa.R qacTO'l'a; 
I 

m, .- Macca KoHa; 

nL - fiJlOTHOCTI> HOHOB; 

.ne - OJlOTHOCTl> 9Jl8KTpOHOB. 

(20) 

ITJlOTHO~Tb HOHOB yBeJIHqHB88TCR BO BpeMeHH, RO MOMHO noRa-

3aTI;, 'lTO r ,.._ t ~ If, CJI8AOBaTeJII,HO, .lJ,JIR 8HaJlH3a .Z!OITYCTHMO-
, . 

ro .naBJI8HHH MO~HO npHHR'l'I, HHRpeMeHT, COOTB6TCTBYD~Hn OJIOTHO-

CTH HOHOB B KOmte HMilYJlbCa. 

8 3TOM CJI.vqae 

't =: 3·/08 jr/z (p/H)f/J 
V ,_ '(Z I (2I) 

{totKOJII>Ry noJIH, o6ycJIOBJieHm,e R?Jie6aHH.!JMH, ,Jl,OCTHram- Be-

I7 

JIHqHHff, COlt3MepHMofJ C BHe'mmruH B TetreHHe COTeH nep110.noB 'RO

Jie6aHHR~ TO MOXHO no.1.1araTI>, 'lTO HeycTOl'l{HBOCTH B nyqxe e~e 

He ycnevT pa3BHT£CR, ecJIH Bpeua HMny.1.11,ca·nJ111Ka He npe.aumaer 

,Jl,8CRTKOB rrepHO]lOB. TO.l'1J:a 

. ' J/z 
P 4 /0_,., f f-'l' 2) 

- jJlz t"t, (22) 

ins napaueTpoB nyqKa B ycTaaoBKe_lHY-3000 Tpe,yeuoe .naBJie»He 

.JI8MHT B ,Jl,Haila30He. (!0-S ¼ I0-6) Topp. YB8.IIH'l{8HHe ITJIOTHOCTB 

· nyqKa.B n.1111, paa noTpe6ye'I' yJiyqmeHHR pa3pexeHHR Ha nop.11.non 

B CJiyqae {flopMHpOBaHH.11 IlOTOKa EpKJlJitl8Ha Ilplf B!il6ope .nonycTH

Moro .Z18BJI8HHR OOMltMO yqeTa ROJie6aHH« Heo6xoiHMO 'npK~HMaTI> ~O 

B_HlfMaHlfe TOT !flrutT, q•ro qacTKtJHast ROMileHcazurn ny1n,a MOl«eT np11-

. ll8CTK IC Hapymem,r, COOT Homeirn,r Me.llt'AJ' TOKOM llytlKa If Bt16paain& 

uarHKTHUM noJieM H PclJI.Hyc~~ ny'lKa, T.e. K OTKJioneHHV eaqaJib

HHX yc.110BH" OT paBHoBecHHx. EcJIH CKopocTb HaRon;re»Ha HOHOB 

1.lOCTaTO'l{HO MaJia If RX ITJIOTH~C'l'b 3HaqKT8JII,HQ MeHr,me OJIOTaOcTi 

8JI8KTPOROB nyqKa B TeqeffKe Boero BpeMeHH HMnyJI1,ca. Tr• 6y,ller 
• I 

Ha<fJID.llaT1>cff He6onomoe yue1n,me!fHe paBHoBecHoro ·pa.lJ.HYca H, cJie-

11.onare;rt,Ho, nyJI1,cauHR H3-3a H3MeaeHHH paBHOBecH!ix YCJIOBHff 
. . . . 

:sxo,na IT.YtJHa-B uarHHTHoe noJie. Ecim .BpeMn nponeTa SJieKTpouoM 

YCROpHTMJl 3H8'lH1'eJil,HQ 1f6Hbllle Bpeue1m. HMllYJI.&Ca, TO 0'1{8131f]1.HO, ' .- . . 

'lTO lf3M8H8Hlf8M Pa.ltKyca BiOJII> ]1.JIHH!i YCKOpKT8JIH H3-3a Yld'8Hbllle-
, ' 

HHH Toxa nyqxa MO~Ro npeHe6peqr,. Ecmr Ee Bpeu.11 npoJiera COR3-

Mepauo C-.llJIHTeJI,HooTr,n lW'ITYJibca, To 6y11.eT Ha6JID.llaT1>c~ nJiaB~ 

aoe YMeH1,memie pa.nHyca nyiurn B.l.{OJII, }{Jm HU yc1rnpaTeM. 

• AHamt3 :.nonycTm.co·n Be.mrqnHU ]l.aBJieHlf.F., l'!CXO}.l!i lf3 1.lOOYCTHMHX 

0TRJIOR8HHH HaqaJII>HHX YCJIOllij~ OT paBHo~ecn~x. IlOKa3HB8eT, qTo 
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BeJIHqHHa paspeZ8HHR ll,O.lll!Ha nezaTL B ll,H&Ra30He ,10-5 Topp. 

IY. 

CymecTB8HHOe CORpameHHe pall,HaJl&Hl,IX pasuepoB YCKOPRD~eft 

CHOT8W B03MOZHO ll,OCTHrHyTo, ecnH ycTpaHHTo·BaKY)'MHYD .TpyCS

Ry, a ceKUHD BHUO.IIHHTo Bat<YY.MHO-UJIOTHOR. 3TO yll,aJIOC& Cll,8-

JiaT& npH paspa60TK8 IHY-8000, Oll,HaKO B CBRSH O 3THM. UORBH

.IIHCo paSB8TBJ18HHH8 noBepXHOCTH HS snoKCHll.HOro K01may1QJ.a, H 

n0Tpe60Ba.lI000 8KcnepHM8HT8JlLH08 HsyqeuHe TaKOR OHCT8MH KaK 

C uen&D OTpa6oTKH T8XHOJIOMIK H3rOTOBJ18HKR HHJI.YKTOpOB, TaK H 

c UeJILD onpeJ1,eJieHRR·HCXOJl,HHX ll,QHIIHX ll,JIR pacqeTa B8Kf)'MHOA 

CHCT8MH H BHRCH8HHR ee 8KCn.nyaT&UKOHHUX xapaxTepHOTHK. Hsy-! 

qaJIHCL CJ18JI.YD•He BOQPOCH: 

l) Hall,8ZHOCTL Oll,HOBpeMeHHOro ynJIOTH8HHff MHOrRX CTHKOB -no 

noBepxHOCTH snoKCHJl,HO.I'O r<ounayHJl,a, o6pa6oTaHHOP B YCJIOBHRX .. 

uaccoBoro HSrOTOBJieHHR HHJl,YKTOpoB; 

2) B8JIHqHH8 J1,ecop6UHH C UOB8pXHOCTH H!QI.YKTOpa. o6ycnoB

J18HHaR KaK caMKMH MaTepHa.naMH, HS KOTOpHX BHUOJIHeH HHJl,YKTOp, 

TBK H T8XHOJIOrHqecKHM npoueccoM o6pa6oTKH noBepxHOCTeR HH

JI.YKTOpa, npH KOTOPOM OHH MOrJIH nOJl,BepraTLCR BOSJl,eftcTBHD uac

na, auyn&CHH, BnarH H T.ll,.; 

3) 3KCllJiyaTaUROHHH8 xapaKT8pH_CTHKlf•· ycKOPRDlll8A cel(Ul'IK; 

4) BJIHRHHe ycxopanmev. CHCT8MH Ha SMHCCHOHHYD cnoco6HOCTL 

8J18KTpOHHOK nyDIRHj 

5) nOB8ll,8HH8 CHCTeMY npH npoxo)KJleHHH qepes Hee CHJILHOTOq

HOrO nyqxa aneKTPOHOB (pasnoMeHHe KOMnayHJl,a UOJI, ll,8KCTBH8M 

H3JiyqeHHR H pacceRHHOro nyqxa H H3M8H8HHe B CBR3H C STHM pas

peMeHHR H COCTaBa OCTaToqHHX rasoB). 
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TaKHe Bonpocy, Rax Hall,8EHOCTL YllJIOTHeHHR, B8J1Hq1ua HaTe

RaHHR H COCTaB OCTaToqHHX rasoB, 11peJ1,eJILHOe ll,8BJieHHe, Bpeua 

OTKaqxH, Hsyqa.nHcb Ha cneu1an&HHx cTeHJl,ax B npouecce ·oTpa6oT 

RR ROHCTPYK.UHH H T8XHO.ll'.OrRK R3rOTOBJI8HlfR .HHJI.YRTOpoB. 

BJiffR~_e YCROpR~l!leff ,CHCT8Mli Ha 8MHCCHOHHYD Cll0C06HOCTL 

iTYIDRH, llOBe,teHH8.CHCT8Mbf npK npoxOlill,8HRH qepes Hee nyqxa . . . 
3JieRTPOHOB H3JqaJIHCL B nponecce WclJiall,KH ff sanycKa nepBHX 

ceK1tHffycxopHTe.11a. 

HsyqeaHe ~ecop61tKK,,C omrTHor.o HHJtYRTopa H o6pasnoB ocy

l!lecTBJIRJioc& ny,reM. lf3Mepea1ur cTaTHqecxoro HaTeKaHHH H uacc

cnexTpoueTpaqeoxoro rasoaaaJIHsa B J1.HH&1Kqecxou peMKue c no

MOl!ILD npH6opa MCX-3 ("XpoHOTpOH") Ha Clle1tH8JlLHOM CTeHll,e. 

IlpH axonepHMeHTax Ha ycxopKTeJie B xaqecrBe uacc-cnexrpo

MeTpHqeoxoro aaa.imsaTopa HcnoJIL3oBaJicR npa6op ijIU!O-I c oue

rarpoHHI:lM ll,aTqRKOM PM0-4C. 3TOT npa6op B OTJIHqRe OT "XpoHo

Tpoaa" O~Jlall,a~T 6oJI&meR CTa6HJI~HOCTLD qyBOTBHTe.lILHOCTK "· 

xpoue. T-Oro, nosBoJZReT BecTH sanHoL onexTpa o.cTaToqaux rasoB 

0 nouomLD cm.ronKcna. HsuepeHRR Hg YCTaHOBKe npOBOAHJIHCL npH 

BKJlllqeaa9u H BbfRJIDqeHHOM HaKaJie aneKTpOHHOff ffYlllRH, IlpH·H&JIH-· 

qnH H OTOYTCTBHH YCKOPRDl!lero llOJIR B CHCTeue, npH npoxon~eHHK 

qepes CHc-Teuy rcxopeHaoro H aeycxopeHHoro nytrxa a~exTpoHoB. 

Maec-cnexrp~ nporpeToro K HenporpeToro o6pasnoB, BunonHea

HbfX HS SllOKCHJl,HOro KOunay!Ql.a, llpffBe~eHbf B Ta6.11.r ff 2 CbOTB8T· 
' . ' ;~';", ~ 

JTB8HHO. 



20 

Ta6JI111ta I 

KounoHeHTa ra- Macca Ilapuu.iu,aoe 0THOCHT.8.lll,HOe 
soBoff ouecH a.e.u. ]J.aBJI.eHHe pi xto; co;o.ep.EaHHe,% · TOpp _ 

t½ +CO 28 I8,4 92 

02 82 0,5 2,7 

CO2 44 I,I 5,3 -

Cya&apHoe ;o.aBJieH11e p = 2•I0-6 TOpp. 

Ta6JI111ta 2 

Macca I1apu11aJI1,Hoe 0THOCH-· KounoaeHTa ra- ;o.aBJieHHe Pi.-t 10~ T8.ll&H08 .30Boff cuec11 a.e.u. Topp , co·]J.eplllaa11e, J/.,,_ 
% : , ~ 

OH I7 4,3 I9,0 

H2 0 I8 :r5,3 68,0 

~+CO . 28 2,9 !2,2 1 

CO2 44 0,2 0,8 

CyuuapHoe ]J.aBJieHHe p = 2,2•I0-6 TOPP 

~a.Hm,re ·noK83fiB8DT, qTo C noBepXHOCTH aenporpeTOI'O 8Il0KCH]J.

HOI'O KounayH]J.a ;o.ecop6HpyllTOR Te a:e KOMITOH8HTH, KOTQpfie. npH- . 

cyTcTBYDT B aTuoc~epe. B uacc-cnexTpe nporpeToro o6pasua oT

cyTcTBYl>T, KaK H C.118]1.0BaJIO OJ'.H]J.aTI,, napH BO]J.fi, TOI']J.Q xax 00-

]J.epa:aHHe ROMITOH8HTfi.C uaocOBYU q110JIOU 28 BeJIHKO. ~TO o6~.i:ro

HR8TOR, nO-BH]J.HMOMY, pas_BHB8~llll!MCJI npK nporpeBe pasJI0!'.8HHeM 

xounayH;o.a O Bfi]J.8JI8HH8M OKHCH yrJiepo;o.a co. libnYTaHHe omrTHYX 

2I 

HH.71yRTopoB noxasa.n:o, qTo_B oexQHH uozeT 6YTI, noJiyqeao pas

pexeHRe ,6 5•I0-
6 

Topp, 0)1,H~O I'a30Bfi,ll8JI8HHe, DpHB8]J.8HH08 

x noBepxaocTH anoxc1r:ir.aoro KounayH.71a, oxas.a.11001, BYme, qeu ra

SOBYiteJieau c ROHTpo.111,aoro o6paaua. YqHTYBa.i:r To, qro B npo~ · 

ueoce lf3I'OTOBJI8HHR lfH.71YRTOPa ROMnayH.71 He ]J.0Jl!'.8H 6YJI.npeTep

neBr,TI, CTpyRTypHYX npeBpalJl8HHI!, peaxo U8HRllll!HX xapaxTep R 

lfHT8HCHBHOCTI, ;o.ecop6xtHH, C.ll8,llyeT npe;o.n~JIOJ'.KTI,, qTo Ha6Jill]J.a

euoe yBeJiaqea11e raaoBH]J.eJieHHR 06~.i:rca.i:reTc.i:r TexaoJior11qecxHMK 

DpH'IJHHaMlf_, npo.i:rBHBmKMROR B H8JIHqlfH B B8RYYMHOI! ITOJIOCTK 111e

Jiel! MaJiol! npOBO]J.HMOCTH, H HapymeHHRMH B8RYYMHOI! I'HI'ff8H!l B 

npOH3BO]J.CTB8HHUX YCJIOBHRX. 

EJIH30CTI, Y.ll8.lll,HHX B8JIHqlfH I'~30BY]J.8Jl8HKR C noBepXHOCTell 

nporpeTHX II HenporpeTYX o6oasuoB H HH.ZtYRTOpa npH O]J.HHaROBUX 

yc'JIOBHRX HX ITOCJ18.llYllllleff Tpem1poBRK noRa3fiB81lT. MaJIYD SqJCflex

TKBHOCTI, nporpeBa ]J.JIR o6earaJEHB8HlfR ROMnayH,Zta. EoJiee Toro, 

nonYTRa TeunepaTypHoro o6esraJl'.HBaHlfR xounayH.71a uoireT npHBe

OTH R yxy]J.meHRD B8RJ)'MHUX xapaRT8PHCTHR MaTep11a.n:a. HHfiMH CJIO

BaMH, nporp_eB, Bfi3YBaR npeHMyll{ecTBeaao Tepu11qeoxoe pasJioa:e

HHe IlOJIHMepa, JIHJliI, B -H83H8'1JRT8.III,HOff CT81I8HH YCROpReT npo

uecc y]J.aJieHHR cop6apopaaHux MaTepHaJiou napoB H rasoB. 

Heo6XO]J.HMO OTM8THTI, TaRll:e; .qTO ]J.eoop6I{HJ'l lipH nporpeBe no

JIRUepa o6Jia]J.aeT 3H8flKT8Jll,HOR HHepI{IIOHHOCTI,D. 

AHaJIH3 uaoooBoro cocTaBa cnexTpa Henocpe]J.oTBeHHo nocJie . .·:...... .. . 
nporpeBa lIOR83fiBaeT POOT OTHOCHT8JII,Horo OO]J.epxaaHH ROUlIOHeH

Tl:l O uaccoBHM 'IJHC.IIOM 28. 3To J'IBJI8HHe MOllteT 6uTr/ 06f>RCH8HO 

]J.lfCCOUHaQHeff MOJI8Ry~ MQJI8HHOBOI'O 8HI'H]J.PHAa, BXO]J.R~ero B co-

CTaD ITOJllfMepa, DpH ero nporpeBe O BU]J.8JI8HHeM CB060]J.HOR ORH

,CH yrJiepo;o.a, aaxonJiea11eu nooJieAHeR B p6~eue xounayH;o.a H 



I: 

22 

nocJieJ1.yDmHu ue]l.JieHHHM BHJl.eJieHHeu ee CRB03b TOJI~Y uaTepHaJia 

B BaRyyuHHff OO'bCM. ITpK Te.ROM uexaHK3Me RBJI8HHR: CJie]l.yeT Oll'.II

J1.8Tb, qTO BpeMR BOCCT8HOBJieHHR lfCXOJI.HOrp, T.e. cymecTBOBaB

mero JI.O HaqaJia r.porpeBa ra30BHJ1.e.1IeHHR: Rounay~a B npouecce 

OROHqaHHR nporpeBa Oy]l.eT nponopQKOHaJibHO TeMnepaType If JI..IIK

TeJibHOCTH pa3orpeBa If TOJllllHHe ITOJIKMepH0¥ ROMilOHeHTH ff~YRTO-

pa. 

Ha OCHOBe lfCilHTaHHR OilliTHtlX H ~y.RTOPOB ROHCTPYKUHR HX 61:I

Jia ycoBepmeHCTBOBaHa ff nocJie TPHJI.U8THqacoBO~ BaRyyuHon Tpe

HHpOBKff HaTeRaHlfe C O;ll.HOro HH,llYRTOpa ,cocTaBJill'JI0~0;8JiTOppbeR, 

qTQ COOTBeTCTBODaJIO 3HaqeHHD ra30BH]l.eJieHHR, noJiyqeH~Oro JI..IIR: 

KOHTpO.IIbHHX o6pa3UOB. 

AHaJIH3 pe3yJibTaTOB, ITOJiyqeHHHX npH HaJia]l.Ke If 3anycxe nep

BHX ceKUHR ycKop11TeJIR, ITOR83HBaeT, qTO B CHCTeue JI.OCTHraeT

CR Tpeoyeuoe pa3pe1,e_HRe "' 5 •I0-6 Topp, ooecneqaBaeTcR H~

Jl.ell'.Hoe ynJIOTHeHHe no ITOBepXHOCTII 3ITORCHJI.HOro ROMll8YHJl.8, pas-. 

pe~eHHe He ueHneTcR npH npoxox]l.eHHH qepe3 cHcTeuy eeycxopeH

Horo HJilf ycKopeHHOro nyqxa, SMRCCHOHHaR cnoco6HOCTb nymRR He 

ueHReTcR npa cooom~HHH o6'beua ycxopsD•eff cKcTeMH c o6'fieuou 

3.IIeRTpOHHOH nymRH. , 

ITpH npoBe]l.eHHH HCCJie]l.OBaHKR Ha ycKOPHTeJie OHJIO oTueqeHO 

H3MeHeHHe .3a:3opa uexay H~yRTopaulf, qTO llpHBO,ll.lfJlO R B.03MOll'.

HOCTlf B03HHRHOBeHHR npo60R uexay COC8JI.HHMH_HH;ll.YRTOpllllH: .YBe

JIHqeHHe 3a3opa Ha 8 MM llpHBeJIO R ITO.IIHOMY npeKpalileHRD npo6o-

eB. 
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Y. 

IlpH paspaOOT.Re ROHCTPYRUHH H T8XHOJIOrHH H3rOTOBJI8HHR: yc

ROpRDlileA CHCTeMH HBOOXO]l.HUO yqHTHBaTb ITOMIIMO nepaqHCJl8HH!:IX . 
CJieJI.YDlilHB rpe6oBaHKR: 

!) o6ecneqeHRe BHCOKOBOJibTHOff H30JIR:UHH-MB~;ll.y cepJ1.8qHHROM 

H OOMO'l'ROff H~YRTopa H uexiy coce;!lHHMH ll~YRTOpauH npa B03-
/ 

MO~HOMeHbmeu oceBOM pasuepe CIICTBMH C ueJibD noJiyqeHHR: B03-

MOEHO OOJiomeff BBJIHqHHH_ycKop~Dmero 00.IIR; 

2) 06ecneqeH11e B03MOJ!HO MeHblllHX pa,nHaJibHUX pasuepoB ; 

3) B03MOXHOCTb C03]l.aHHR: llpOJI.OJlbHOro uarHHTHoro ITOJl.R:; 

4) o6ecneqeHHe Tpe6yeM!ix ionycxoB Ha ycxopRD!llee n Ma:r

. HHT Hoe OOJIR: ; 

5) TBXHOJIOrHR lf3rOTOBJIBHHR: cep]l.eqHHROB JI.OJilKHa o6ecneqn

BaTb MIIHHMaJlbHHe noTepH B HHX 3JieRTpoMarHHTHOH 3HeprlfH H B03-

MOl!rHOCTb H3rOTOBJieHHR: HX B COT~RX 3R3eMIT.1IRpos; 

6) npH. 6oJILmou ROJIHtJecTBe KHJI.YRTopoB ecTeqTBeHHO c,•pe

MHTbCR R:Touy, qTOOH BC8 OHH HM8JIH H]l.BHT.HqHUB pa3Mepu H ROH

CTPYKUIU:i ff COCTORJIK H3 3JieMeHTOB, ]l.OCTYllHHX Jl..llf! H3rOTOBJieHHJi 

lllTaMllOBROfi, JIHTbBM H T.;!l. 
.,_;,, 

,, YRa3aHHHe ·Tpe6oBaHH.R: Y.1l8.IIOCl> Y.1lOBJieTBOpHU 
0

llplf CJieJ1.YD!!leli 

.iCQHCTpyKl{H~ HHJI.YRTOpa. 

Cep]l.eqHHR BHITOJIHRBTCR: H3 JIBHTH CITJiaBa 50HIT TOJllllHHOH 

0,02 MM. OH H~~aTHBaeTCR: Ha cnel{HaJil>HOM cTaHRe, npHqeu OJI.HO-

BpeueaHo c HaMOTRofi ueroioM RaTa~opesa HaHocHTcR H30JIR:l{HR HS 

ox11c11 uarHHR:. ITocJie Ha.MOTRR oep;!leqHHR oT»rHraeroR no. cneu1rnJII,

Hofi nporpawe B·sazcyyuHo~- neqH npH uaxcauaJlbHOH TeMnepaType 

II50°C. ITocJie OTllrHra cep,lleqHffR ITOMel!l88TCR: B H30.IIRUHOHHUe 

mail6u, BUOOJIHeHHHe H3 CT8I(JIOCJIDJl.8HRTa Ha snOKCH-H;!lliTOJll>IfOM 
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c~llSYllllteM. Il<moc-r1, ueQy cep)leqHHXOM H maRdauir .sanoJIHlleTcs . 
CH!fyeT11qecKHM xayqyKOM, a CTW<H Ue:Q,Y maA~aMlf S8Jl8JWBallT~Jl 

ano1tcH,llHm1 Ko~nayHJJ.OU xo.110,llHoro ouepQemia. TaltlU,( o6pas01.!, 

odpasyeTCll 38.MKHYTHR B uexaHHqeoKOU H 3JI8KTpHqeoKOM OTROme

HRH xapxac C noue~eRRW B H8M cep,lleqHHKOU. 

C ll8JILll ~68CF8q8HHll B03UO~HOCTH .HCtmTaHHR SJl8KTpHqecxoR 

npoqHOCTH 1130.IUIUHH OT oep,lleqHHKa HU88TCll_BHBO,ll, DpOXOl!,RlllHlf 
. . 

qepes Rapxac. IlpH TaKOff ROHCTPYKUHH Jl,OCTHraeTo~_HeodxO,llH-

ua.11· H30AAllHH oep]leqHHKa OT nepBnHolt oduOTKH HliJlYRTOpa. co

xpawu:>TcH uarmiTirne xapaxTepHcTHKH B npouecce HsroTOBJleHHR, 

TpaHcnopTHP.OBRII ff 3KCDJlyaTalll{H llfQI.YKTOpa •. IlepBllqHaJI ~OdMOT-. 
\ . 

Ka" HH]lYKTOpa BUDOJIHll8TCR J3 BHJl,8'TOpa DpP.MOyrOllHOro ceqe-

HHR (no ~opue cep]le~HHKa). TrutaR ~opMa o6uoTKH ,ll&eT :sosuoz

HOcT:i. noJJyttHT& OC8BYll. CHW8'.rpHI> ycxopRllllf.Sro IIO.IIJI · ll UHHHMan- _ 
. ~·. ' : . . .. 

mie no.lIJI pacc·enH,HR, ooj~ecTBHn OTBOJl :eui1,e.11R1>111ef:lcR B cep1teq-

m1xe 3HeprHH H nosBoJllleT Bf.lrIOJIHIITI, IIH]lYRTOp B Bll;ite B&Kyyw

HO-OJIOTHOro 3JI8M8HTa. Top COCTOIIT HS .llBYX rIOJIOBHH, CBapeH

Hl:lX no BHyTp8HH8MY nepHU8TPY/BaRyyYHO-rIJlOTHmf mBOU .. Do H&

py1rnouy nepuueTpy npnnaHBallTCR sueeBKRH, -qepe!3 KOTopue · npo

nycKaeTcH Bo.Ila ]lAA o:i:irru;:11.eHHH HH:11.yKTopa. Hso~oBaam,rif cep

.ll8'11HHR II TOP -cxpenJillDTCH no aapyxHouy nepm1eTpy cnenHuibo 

nonodpaHHSM anoRCllit,HW xounay,mou C nouo~r,I) cnenHWHOff ~Op-· 

Uli. -BoKOBa.fl llOBCpXHOCTI, SllOKCH;ll.HOro Kapxaoa odpadaTimaeTCff 

Ha CTBHKe, tfTO nosBOJ!Ji8T o6ecne'IIHTI, YilJIOTH6HHe 'MlmJtY HH]lyR

TOpru.!H C nouomr.D p83HHOBHX Dp0K-!18JJ.OR If JJ.aeT B03MOJl'iHOCTL pac

Il?JIOBHTI, KH.UYKTOpU COOCHO Ilpll HX 06op1te B cemum •. CemtH!I co

CTaBJIR8TCff HS I2 HH,UYRTOpOB, ROTOpl:le cxpenJIWTC.fl C noMOQbD 

'EJilHJICK H /f)JiaHllCB TaKHM odpaapM; 'IITO cemurn OKasimaeTC.fl O!tpy-
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aeBHOI C_Bn811H8I OTOpOHH·ioayxoW.TRn& ~6eaq&e KOJleCOff.-

C nowo•1,1> pesHBOBtix npox.m;1tox LieQY KWJtTopaMK ooJl{ecuu'"". \ -

8TCR rapweTHS&JtHH cexn•a. IITO JJ.aeT BOSMOl'.HOCTb noJIY'{aTop83~ 

peaene B 9-81t1l1m,6es cneuHaaHoR BaKyyMBoR Tpy6u. B c.ay,:rae 

Hl1,ll06HOCTK BiiyTp1, CHCT~ UOX8T dBTb BCTpoeua II Tpy6xa. 

9 BHj'Tp8HReff CTOpORH HH,11~TOpOB HMeeTca BOSMOXHOCTI, sa-

KpenHTb RaTYll:KH, COS,ll8DllHC uarHllTROe noJie Jl.lUt nO.ll,ll8pn11HH 

p~suepoB nyqRa. BYBOJJ.ll OT R8TymeR DpOXOJI.RT we~ HH]lyKTOpa-
. -

UH H qepes YllJIOTHCHHR B 3IlOKCKJJ.HOM Kapxace Bllll!OJV[TCH HS Ba-

Kyyuaoro od~eua.-

B ,llHCCCpTallHH odocHOBRBaeTCH BYdp&HHaR KOHCTPYKllHR H Tex-
\ 

HOJIOr~R H3rOTOBJI8HHR. a TaRae JlllllTC.fl peltOMSIQllmHK no BHdopy 

B8KyyMHOff CHCT8M!il. 

YI. 

B sax.imqHT8JibHOR qacTH ;ll.HCC8PT8.llHK IlpilBOJI.RTC.fl pesy.16T8TY 

HcnuTaHHR nepBoff gexnxH JIHHeffHoro HHJlYKnHoHHoro ycxop~Teu 

.mfY-8000. IlOJIY'll8HRH8 P83YJil>T8TH CBK;ll.eTC.U,CTBYn O -TOM, 'ITO 

npHHitHim, IlOJIOll:8HHH8 -B OCHOBY pacqeTa if' ROHCTPYllllOB8HH.ll ycxo-, 

pHTCJIR JIHY-8000, IlpaBHJil>Hf.l H MOryT .fl~LC.11 HOXO~HHMH JipH 

cos~aHHH JIHHe,mx KHJQ'RllHOHBHX ycxopne~el. 
. . ,. . ~ 

B 3TOff ir.e qacTII DpOBO~IITCll CpallH8HHe OCHOBHliX napaMC'fl)OB . 

ycTaHoBoK JIHY-800O H "AcTpoH", Ks' xoToporo cJie.1tYeT. ttTo B ye..:. 
,.,·, 

TaHOBKe "ACTpOH~ HM88T L!8C'f0 60.11ee Bf.lCOKHR rpait,Hein YCROp.li

~mero DOJI.11, llOJlY'l8HHH~ sa cqeT CHU8HHB 3ROHOMHqecxoi ~ex

TliBHOCTII ycKOPHTBJrn, ueHee naqHo pe:neH_a CHCTeua /flOpllllpODa

HHH nyqRa. 



26 

B!lBO.llH 

r. B "uarHHTHOM co~eHoKne" A.Eoyilepca ROHeqHOH 'A4HH!i 3Ha

_qHTe4bHag qacTb aaeprHH pacceHBaerog Bo BHemHeM npocTpaHOTBe 

2. CepneqHHRH HH;llYRTopoB ueAecoo6pa3Ho c BaemHeR oTopoHu 

ORPYXHTL npoBong~HMH ROEyxaMH. IlpH 8TOM OOHOBHaH qacTb 8Hep-
' 

rHH cocpenoTOql03aeTog BHYTPH ycKopgnmeff CHCT6MH. YoxopgDlee 

D~Ae DOMHMO' nooTOHHHOR COOTSBJIR:D~eR HweeT nepeweHayD. AMDAH

Tyna rapuoaHK uoseT 6HTb cBeneHa no npeae6pexHuoR BeAHqHHH 

B o6AaCTH, 3SHRTOH nyqxoM,DpH COOTB8TCTBYD~eM BH6ope pasue-

poB HH;llyKTOpOB. 

3. Af,fDAHTyna rapMOHHK MOX6T 6UTb pa»Ha HYAD, eo4H BHYTPL 

OHOTeMH BBeCTH DpOBOn$1lllYD Tpy6KY, 3aMXHYTYD Ha BHemHeU KOZY

xe. Be~HqHHa npoBonHMOCTH Tpy6KH onpeneJIR:eTOH H3 TeX ooo6pa

EeHHM, t{T06H, Bo-nep~u;, TOK npoBonHMOCTH 6HA cymecTBeHHO 

6o~bme TOKOB cue~eHHHi BO-BTOpHX, ooAa6AeHHeM DQJIR:. DpOBOAR

~HUH CT8HRaMH Tpy6RH MOXHO 6u~o npeHe6peqb, B-TpeTbHX, pa3-

uarHHqHBanmee noAe ToKa, npoTeRaD~ero no Tpy6xe, 6uAo nony

OTl!UHM H, B-qeTB8pTHX, ~To6H ocy~ecTBARACH OT~on HaBonHMOro, 

3apnna 3a nocTaToqHO uaAoe Bpeun. 

4. B03MOEHO ocy~ecTBHTb uoneAHpOBSHH8 ycxopgDmero noJIR: B 

a~eRTpOAHTHqecRoff BaHH8 C rHnep6oAHqecKHM nHOM, npHqeu pac~ 

npeneA8HH8M noTeHuHaAa B BSHH8 uoneJIKpyeTOH ~YHKUHH IlOTOKa 

aanpnxeHHOCTH yoxopRnmero noJIR:. 

5 •. 348RTpOHHO-OilTHqeoKH8 CHOTeMH C JIHH3lWH H3-38 60AbmoR 

paoxonHMOCTH nyqxa uoryT 6HTL HCD04b30BaHN npH 8HeprHH, npe

BHmanmeff H8CR04bKO M8B. IlpH M8HbmHX aaeprHRX ueAecoo6pa3HO HO~ . . ' 
no~b30B8Tb nponoAbHOe uarmtTH06 noAe, B6AHqHHS ROTOporo noAy-

qaeTCR HSHMeHLmeR nAn DOTORa EpHA4D3Ha • .l{onycTHMSR HeonHo-
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ponHOCTb uarHHTHOro DOAR COCTaBAR6T H6CR04bRO npoueHTOB npH 

YCAOBHH coxpaHeHHR uamx KOAe6aHHM nyqKa OTHOCHT64bHO paBHO

B80HOro panHyoa. 

6. IlpH_,.paonpooTpaHeHHH nyqna B ITOOTORHHOM DpOAOAbHOM uar

HHTHOU DO.Ile H napaAAeALHOM euy yoROpRD!lleM 0048 opeAHHll panH-
/ 

yo (ero UOHOTOHH~ y6uBaeT ~ t/p . IlpH OTRAOHeHHR Haq~A&HHX 

yoAOBHll OT paBHOBeOHHX DYtfOK HOII!iT!iBaeT ROAe6aHHR' OTHOOHT84&

HO paBHOB60HOro· panHyca O llOCTORHHOH aMDJIHTYAOtt, onpeneMe

MOR HaqaJI&HmfH JO./lOBHJD.m, aueprHeK HHllr8RllHH H B6JIHTJHHOR TO

Ra DY1fRa. Ilepnon JJre nyJI&cauHll y:aeJIHqHBaeron no uepe yBeJIHqe

HHR 8Hepr1rn:. 
. I 

IlpH paonpooTpaHeHHH nyqxa B uarHHTHOM noAe -v 1/p openH11R 

panHyo OOT8CTOR nooTORHHHU, HO aunAHTyaa ROJie6a1mR yBeg11qH

Baerca no uepe ycxopeHHR. IlooROJibRY aaeprHR, -3aTparHBaeuag 

Ha oosnaHHe uarHHTHoro noJIR, OOCTaBJIReT H83HaqHTeJI&HyD 'AOJID 

OT BeJIHt{HHH 8HeprHH, ROTOPYD DpH06peTaeT nyqoR B YOKOpHTeJie, 

TO 6oJiee Dp8ADOqTHTe~bHUM RBM8Tog BapHaHT C DOOTORHHHM BAOJlb 

OCH yoRopnreJIJJ uarHKTHHll noJieM. 

7. PaoceRHH8 Ha OCT8TOqHOM ra3e OTHQOHT8JlbHO MSJIO ff B 06-

JISOTH, :itaBJieHHR, ueHL~ero ro-4 Topp, He npeBHmaeT onHoro npo

ueHTa npH·'AJIHHe YOKO~HT8M B H8CKOJILRO neonTROD MeTpoB. Onpe

A8.UD!IIHM_llre ~aICTopou ~rrpH BU6ope AaBJieHHR RBMDTOR ROJie6aHHR 

D nyqxe, o6ycno:aJie~we. HOHH3auneff ocTaroqHoro ra3a. IlaJiaraR, 

qTO nJIHTeJI&HOOTb HMDyAbOa HUeKTHpOBaHHHX 8JI8RTPOHOB 

!Q-6 ceK, AODJOTHMaR 06JiaOTb .JiaBAElHHH ORa3HBa6TOH B HHTep

BaAe ro-5 + 10~6 Topp. IlplftieM doJiee ~sxoe na:aJieHue Heo6xo

nHuo i Haqa.nbHOff qaoTH yoxopHTeM, me aHepren e~e HenocTa

Toqao BeJIHKa. 3TO Tpe6oBaHH8 ooqeTaeTo.R o YOAOBHeM, npen~RB-
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~.FleMl:lM K Be~HqHHe .naB~eHH.Fl OCTaToqeoro rasa, npH HCilO~b30-

BaHHK B SAeKTpOHHOR Oyll!I(e OKCH,ztHoro KaTo,na. 

·8. ~ecop6UH.Fl c noBepxHOCTH HH,Jl,YKTOpO,B HMeeT BeJmqffHY,' npH 

ROTOpO~ B03MOJKHO ocy111ecTBHTb OTKaqxy K no.n.nepxHBaTb .naBAeHHe 

B o6AaCTH nyqKa ~ s·ro-6 Topp c He6o~&mHM KOJ!HqecTBOM BNCOKO

BaKyyMH!iX'arperaTOB. 

YcROp.FlDllla.Fl CHCTeMa .nocTaToqHo 6NcTpO OTTpeHHpOBNBaeTC.Fl H. 

· B 'Heli 6e3 Tpy,na no.n.neplKHBaeTC.Fl .naBAeHHe ~ 5•ro-6 Topp. B OT

Tpem1poBaHHOlf c11cTeMe ( 6es Hanycxa aTuoc;jjep1:1) Tpe6yeuoe pas-· 

peJKeHHe ,nocTHraeTc.Fl npuuepeo qepes ,nBa qaca nocAe BRADqeHH.Fl 

BYCOKOBaKyYMHliX arperaTOB. 

9 ~ CneKTpaA&HYH COCTaB OCTaToqHHX rasoB npH HCCAe,noBSHHH 

.necop6UHH C noBepxHOCTH OnliTH!:IX HH.ztYKTOpOB H ROHTpOA!,HNX 06-

pasuoB uaAo OT~HqaeTc.Fl.~T aTuoc~epeoro. B cneRTpe ze ocT~Toq~ 

Horo rasa -B YCKOpHTeAe co,neplll:aTC.Fl TRllte~e yrAeBO,ztOpO,ztli, HS~H

qHe KOTOpliX IlO-BH,ztHMOMJ 06ycAOBAeHO MHI'pSUHeff MaCAa H3 napo- · 

uac~HYX arperaTOB BcAe,ncTBHe_ He,nocraToqHo xopomeff sa111HTH 

830THliMH AOBymRaMH. 

IO. laBAeHHe i Q6AacTH ycxop.FllllJleff cHcTeMY ee HsMeH.FieTcH 

npH npoxoJK,neHHH qepes cHcTeuy ycxopeHHoro KAH Heycxopeeeoro 

CHAbHOToqeoro nyqxa 8AeKTPOHOB. 

II. KOHCTPYRUH.Fl ycROp.FlDlll8H ceRUHH 6es Tpy6KH Il03BO~.Fl8T·B 

3HaqHTeALHOH CTeneHH y,noBAeTBOpHTb Tpe6oBaHR.RM, npe.n~Hl3A8H

HNM K ycxopHT8AD. ~HKCSUH.Fl H IlOAOJKeHHe HH,Jl,YRTOPOB C IlOMOIIILD 

nasa H 6ypTHKa o6ecneqHBaDT He3HaqHTeALHl:le OTKAOHeHH.Fl oceR 

lfH,ztyKTOpOB OT OCH ycxopHTe~ npH .nonycxax Ha o6pa60TRY, _ BilOA

He BNilOAHHWX npH MSCCOBOM npOH3BO,ztCTBe. 

I2. Paspa6oTaHHa.Fl npHMeHHTeALHO K 60ALmHM pa,ztHM!>HUU pas

Mepau TeXHOAOrHH H3rOTOBAeHH.Fl cep.neqHHROB H3 AeHTli TO~HHOJi 
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0,02 MM Il03BOA.FleT IlJAyqar& cep,neqHHKH C K08qxpHUHeHTOM sanoA

HeHH.Fl .no 0, 75 npH xopomux uarJ{HTHNX xapaKTepucTHKax. 

OcHoBHNe pesy~LTaTN ,nHcceprauHH ony6AHKoBaHN B pa6oTax 

[7, II, I2, ,rs]. HeKOTOpue p~3YALT8Tli ,ztOKAa,ztuBaAHCb TaKlll:e Ha 

coBe111aHHH · no HOBID.f MeTOJtaM ycxopeHH.Fl B 1Hl1.l CO AH CCCP B 

1964 r. 
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