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·- ; .. "1. B B e J1. e 'a· II e 

. B ·npeJlnomeaaofi B ll •2 1 · cxeMe KonneKTHBHOI'o nHaefiaoro ycKopHTen.II 

T.IIJKenbiX 'l:8CTHU Ha Bb!COKH~ 9Hepi'HH HOHbl YCKOpSI!OTC.II BHyTpH aneKTpOHHb!X 

: ~oneu, nporieTa.II. BMeCTe c HHMH 'l:epea _CHCTeMy nocneJlOBaTenbHbi::C peao.Ha:-. 

:Topos,. CncTeM~ ·peaoaaropos · co'l:eTaeTc.II c. npoJlonbahn.1 ~.arHHTHhiM noneM, 

He.o6XOJlHMbiM JlnSI 'nOJlJlepiKaHHSI Bpa~aT_enbHOI'O .~~HIKeHHSI an.eKTpOHO~ B KOnb- . 

uax, EcnH o6ecne'l:eHhi ycnosH.II ycKopeHHSI Koneu .IIOil JleficTBHeM onpeJle.nea.:. . . . 
H~fi n~CTO.IIHHOll CHnhi, TO a<lJ<lJeKTiiBHOe ycKOp.IIIOIUee none, JlefiCTBYIOIUee Ha 

HOHbl, HaXOt;!.IIIUHeC.II Ha KpaiO CI'yCTKa, 6yaeT OnHCbiB8TbC.II <lJopMynofi 

·. Ne MB 
E .. 2,4 V----r-a .--. 

.1. 10 ... -CM ( l,l) 

.I::Ile. N e - nozmoe 'l:Hcno aneKTpoaos s ionhue; a. <mi:::neHHhifi Koa<lJ<lJRUHeHT. 

cooTBeTCTByeT TlinH'l:HhiM napaMeTpaM n~ pa6oThi ·/3/,. ITpeJln~~araeTc~, 'ITO .. 
~ . . 
Ha YCKOpSieMble CI'y~TKH .JlefiCTBYIOT- 4JoKyCHpy!OIUHe CHnhi, COXpaH.II!OIUHe npo~ . 

. JlOnbHhie paaMephi crycTKOB iteH3MeHHhi!\m s· conyTCTBYIOIUefi CHCTeMe Koop

JlliHaT l4l ,' CooTseTCTBy.IOmee ( l.l) saeumee. ycKopSIIOutee "JlonycTHMoe" aneK

TpH'l:GCKOe none JlOniKHO .6hiTb paBHbiM 

.· 

E 
Jlon; {1,2) 
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3riecb M 1 MaCChi aneKTpoaa II IIOHa, I 2 2' 
N ,·-·mcno IIOHOB B KOnbue, Yl=1 v1:-fiYII' 

r
11

"" 1/ V 1-q i, {3..). - OTHOC!ITenbH8.H ( OTHe~eHa K CKO~OCTII CB9Ta) CKOpOC~b 

epameHH.H aneKTpoaoe B rroKo.HmeMC.H ~on~ue, {3 I} - rrpononbHasi OTHOCHTenb-

Ha.H cKopocTb Konbua. HarrpHMep, rrp11 N "" 5·10 3 rronyqaeM . E =5,4 Me/cM, 

·, N 
· '5o 1 o-2 · E 'I'J.'O nplt Y l"' '· N "' 1 ' aaeT. aon; 

none3HO. !ICIIOn?30B8Teb T8Kllie ~en!I'liiHbl 8; l.t/2 

200 Jill • B 
·· 'CM 

' ' & t/2JlO'fl.' 

l 

p.Hae pac'leTo'B 

KOTOPhie 8 aea 

paaa MeHbiiie aaHHhiX II rrplt KoTopbiX yeenlt'IeHite BHeiiiHero rron.H B aea paaa 

eme He IIp!tBOJliiT K OTpbiBy· IIOHOB OT KOnbUa. 

H~llie 6ynyT paccMoTpeHhi 'B03Mo:>KHoc;H ycKopmomefi cltcTeMhi, cocTo.H

mefi. lt3 Ha6opa ·uHnHHJlPH'le.~KIIX peaoHa~opo-8, paaaeneHH~IX cpoKyCIIPYIOillltMit 

Tpy6aMit ~4; ' ... 11 nplte~aeHbi ~aHHbte' no npoe~TY 2-MeTpoeoit yc~opltTenb
Hofi ceKUHH, BKniOqaromefi ceepxrrpoeon.HmHe cone!IOHllhi rrponon!>Horo MarHHT

Horo non.H n, eo3MOlliHO,. ceepxrrpoeoa.Hmne p_e::~oHaTophi. 

2. 3 Heproo6ecrre'lemre rry'IKa 
. . . . 

Hp11 Bhi6ope · napaMeTpoe peaoHaTopoe Haao Y'lHTbiBaTb p.HJl cpaKTopoe. 

Bo-nepBhiX, llienaTen6uo, 'lT06hi CHCTeMa 6hma KOMIIaKTI!a, T.e. pa6o'la.H · nmiua 

eon!! 6hma .He6onb~oit. Bo-eTopbiX, ai:m rrep~natilt ycKop.He.MbiM crycTKaM no-

. CT8TO'II!O 6onblll0ll 9Hept'IIII l!e06XOllllM01 'IT.06b! ee 6b!lr0 llOCT8TO'li!O 3aiiaCei!O 

B pe301!8T0p.ax. nn.H o6ecrre'lei!II.H Heo6XOJlll.Mb!X TO'lHOCTEiit I!Yllii!O,· 'IT05b! yc.;.. 

kop.Hromee aneKTpH'leciwe rr6ne · e peaoiiaTopa_X. E pea ··aa 3aMeTHYIO• ~emi'l.lli!Y 
rip~Bbiiiiano TOpM03Hillee neitCTBlle rrepexonHoro lt3ny'leHHH, T.e •. 'lT06hi 

rne 

E e · =Epea, -E ~ E, ""' •' ~ --
.. 

- ' . ' ~ 
E -:- a6coniOTHas:r eenH'lHHa TOpMoas:rmero non .H. · -

(2.1): . 

nns:r · o5ecrre'leHHH. cpOKYC!tpOBKII HylliHO HMeTb n·oCT8TO'lHOe IIpOCTpaHCTBO 
·' ' . 

_MellillY pe30H8T0p8MII ll B TO llie epeMH lli.enaT.en~HO, 'IT06hi OHO "He rrporra-

)lano napoM" nns:r ycKopeHH.H, DoaToMy: mino Bhi6HpaTb E e > Enom 11 c rro

MOillbiO npononbHoro MarHHTHoro rron.H crreuHanbHOit KOHqmrypaUHII _"pa3M83hi

eaTb" Vl ,2 I ycKop.HIOillYIO c11ny Ha eecb nepHon, eKniO'IaiOmHit pei3'o1aTop. H: 

llpOMelliyTOK, 

. ( . ..... :··,... 
4 .. 



_, 

a) Bht6op Hanp'snKeHHOCTH u ·AnHHhi .aonHhi eneKTp_uqec-

. K or o n on sr. 

., -: 

3Heprlisr, KoTopasr AOmKHa 6htTh ·:;JanaceHa a· peaoHaTopax, oTHeceHHasr 

K eAHHHUe. AnHHbl YCKOpHTensr, paBHa: 

-2 w = 3,4. 10 
aan 1 

(2.2) 

3pecb' MHO)I{HTenh E A On. /E~. . .()6ycnoBneH TeM, 'ITO AnHHa nepHOAa A On)!{-
'-- . .. . 

Ha .6htTh. paaHa L =hE.,/~ Aou, rae h - npoTsr)l{eHHocTh peaoHaTopa aaonh 
. ··#... . 

Tpa~KT~pnu crycTKa (h-.. . >.:"f3
1
j/4). <PyHKituSI (2.?) HMeeT. M~HHMYM np11 E ~= E 

Ecn11 TaKoe aHa'leHHe~Ee 6onbrne. E. aon c Heo6xollHMhlM.aanacoM, To ero 

cn~JlyeT !3bi6HpaTh B Ka'leCTB_e pa6oqero; Op11 aTOM p~aoHaTopbt JlOn)I{Hbi 6htTb. 

pacnono)KeJ~bi TaK, 'IT06ht . cpeaHsrs,t aHeprHsr, KOTopyro noTpe6nsreT c~ycToK 

Ha · eAHHHUe AnHHbi ycKoimiensr-paBHSina·c·h: 
. . . .'. •. ·- . 

W =eN E 
ny'l.l . e .Jlon. 

!51 
Mcnonhaysr oueHKH . nonyqaeM, 'ITO npri ·. E.,=. E 

: . Wn . ' . 
a- ~·-1-·-- 025 · -. w •. - • . 

aan.l 
(2.4) 

May'leHHe aaBHCHMOCTH · E 

( . R ;.. -p~llHYC ~onhua) E ., X - ~ 
OT X llOK83biBaeT, 'ITO npu h » R ~II 

TorAa npH E =E H8XOilHM, 'ITO w aarr.l 
. . e .,, . 

He 3_8Ili1CHT _OT JlnHHbl BOnHbl, T8K KaK · R pea ':X. ·: 3To · nerKo ·noHsr'rh; ec-

·nu y'leC;h, 'ITO. ManbH~· pe30H8T0pbl (c. M9HbllxeH .z:i~HHOH, BOnHbl) HBAO pacno-

naraTb p9)1{9 H ll8B8Tb B iiHX. 6onhlliYIO. HtlllpSI)I{eHHOCTh 1 . .qeM. B 6onhlli11X pe- · . 

. 3~HaTopax. HeKufi KOM~~~Mucc, y'IHThiBaromuH: Tpe6oBa~itsr, miKnaahmaeMhte 
. . .. . . . . . . . ·.· ' . 

'KpHOreHHOfi TeXHHKOH Ha ra68JlHTbl. CHCTeMbl 1 H. Jlpyr'ue ynOMSIHYTbie BbiWe 
. - . ' 

<flaK:r0pbl 1 'npHBen HaC K Bbt6opy X. = 60 CM. 

6).Bbt6op 'IHCna "N., aneKTpOHOB> a· KO.ribUe 

· 0IJH . Bbt6ope .. 'IHCnil. aneKTpOHOB HallO 

'19HHe, uMeHHO -E ;, N1 '., e 
a ycKopmomee HOHbi ·none E ~ .. yN., 

5 



npHMeHHTenbHO K .naHHOii yckopmomeii clicTeMe BenH'IHHY N e - cne.nyeT pa

ayMH'O' orpaHH'IH~b. H H>Ke npHBO.llHTC51 opHe!ITHPOBO'IHa51 Ta6nHua · HHTepecyro

lllHX ·Hac napa~eTpoBI pacc'IHTaHHag Jing L I h =4 

Ta6m1:ua 1 

MNg._ N./10 
13 

E KB E KB E y, KB E MB W ( ..lll!i.) W . 
1 

( ..lll!i.) a pe3 (-) ·(-) 2twn(-) Y,l(-) ny'l,1 CM 3an •. CM . 
CM CM , CM CM - · · 

'415 720 360 ·. 90 2,6 0165 216 0125 

2 '415 .• 500 140 90 110 0;26 113 0,20 

3 3,1 550 300 75 2;T'-" 0137 . 115 0,25 

4 ·s~1 ; 500 250 75. 118 0131 112: . 0,25 .·. 

5 2,0 300 150 . .60 111 0112 015 0125 

. BH.UHM01 Ha.no ojJHeHTHpoBaTbC51 Ha 3 r 5 CTpOKH, BenH'IUHhi E 1 1 E.non B351-:-:, 

Thi s.necb B .UBa pasa MeHblllHMH B03MO>KHhiX, B npaHurine. npH cos.naHHH . 6onh

woro ycKOpHTenH cne.nyeT · paCC'IH ThiBaTb Ha rp_aaneHTbi aneprnn no HOB·. 
~ . . . 

'-"4~ 
CM 

3. Pe)K!IMbl pa5orbl; MOIUHOCTH HCTO'IHHKOB ITHT8HH5!1 K.rr.n. 

Pe>KHMhi pa6oTbi reHepaTopoB B,"', n~T~HUH1 nx nM~ynhCHaH·. P reH.l 
. - .• 

H Cpe.ll!IHSI MOlUHOCTii p I'en,l. X/ 1 TellnOBbl8 llC>T9p!i1 K,U,.Q, cyme.CTB9HHO 38-

BiiCSIT oT ·ao6poTHOCTn pesoHaTop.oB, HH>Ke npliBO.llHTCSI Ta6n. 2 9THX Benli,'IHH1. 
. . ·. ' . .. . 

paCC'IIiT8HHa5I ,qng ''leTBepTOH CTpOKii T.a6n, 1 ~ .QnliTenbHOCTb .liMITynbCOB pa-

60Tbl I'9H.epaTOpOB Bhi6paHa TaK: 

' 
r 
reH 

• { Q I cu - .. - -. 

min ---... .. 

r (HenpepbiBHhiH pe>KHM). 
' '• 

(4.1) 

· 3aecb · r - BpeMeHHoii liHTepBan Me>K.lly nocrieaoBaTenbHhiMii npoXO>K.lleH!iSII-.m 
. ~ 

ycKop51eMbiX . crycTKOB 'lepea CliCTeMy. TI ocneaH51H KonOHKa Ta6nHUhi N 1 
. . . : -2 

cpeaHee 'lucno ycKopeH!IhiX .noHOB B 1 ceK :~ npeanono*eH'nn N_1 I~ e .. 10 . 
. ·,ji'_-;· 

.• XI I1nneKCOM "1!' 'oTMe'!aJOTCH Ben!!'llfHbi1. OTHeCeHHbie K enn:nn:ue nniuihi,: .. :.::'. 

6 
,c .( 

~./:t~ 
'\ 

•. 

"\; 

I 
' ! 
I 

. .! 

j 

I 

.·i 



i 

Ta6mma 2 · 

r(ceoq · 'r..JfiC) 

~ 

. 5100 

0;10 

0,01 

. 5,00 

0;10' 

0101 

l 5100 

10 0110 
10 . 0 01 

I 

.01005 

t. -- 38 6 · .. 32 

6•106 1910 300 . 1610 -

1 . 19110 3000 16110 

r-- - 61()o103 

3,2·10_2. 5;8.to3 · 

aen;~: -· ~:3•103 
pelKI!M 

312 

aenpep, 
pelKI!M · 

1 

50 

533 

3028 

6028 

38 

1850 

6000 

6 32 

300 1550 
.. 

3000:., -3000 

32 6 

333 300 

302? 3000 

6028' 6000 

26 

33 

28 

28 

.. - ... ,. 

0116 

J 

t 
0116 

0149 

0119 

0189 

0195 

0199 

016 

3110 

310 

016 

3110 

310 

016 

3110 

310 

620 . 

B~puaaT c Jl06poTaocTbJO Q .. io5 
1 KoTopaSI MollieT 6hiTh, no-BnnuMoMy, 

nonyqeua npu oxnalli.Ue!IHII pe3oua TopoB lliii.UKHM a30TOM, TI:Je6yeT cneuuanh,;.,. 

Hh!X IICTO'I!IHKOB B,'l, UIIT8!Ill51 C Bb!COKOll UMnynhC!IOll MOil!!IOCTb!O (6 J\,{BT_:. 
M 

ll r "'30 MKCeK) ll ,\ = 60 CM, 
. reu 

E en II nyTeM ucnonb30Baiiii51 CBepxnpoBO.UIIMOCTII 6ynei nony'leHa no6..:. 
ts - . • 

pOT!IOCTb llOpS!.UKa 10 1 TO B03M~lli!Ih!M pelliiiMOM pa6o~hl rrp~ E ll "' 2 ~...!L 
· 1;2 _ .CM 

6yneT _ TaKOll
1 

Kprna ~OnbUa cnenyJOT ·.upyr 3a .UPYI'OM 'lepe3 ll!ITepBanhi- Bpe-

Menu"'· 5 ceK. Tor.ua TennoBhie noTepii 6y.nyT 30ll; oxnallineniie - lliii.U-
• .•· . •.. . . M ' ' KBT . • . 

KHM renueM. I1MnynhcHa~ MOIUIIOCTh reuepaTopoB B;'l. "' 6 ----=---- , cpe.uum1 -.- M ... ,_ 

uecKonhKO Bhime MomuocTu TennoBhiX noTepb;. Hau6onee Bhii'O.U!Ihifi pelliHM -

np,u Q"' 10}0. Ecnii TaKyJO no6poTuocTh yn~c~c~ nbny'IIITb 1 ;orna ··npii Toil 
. ' ' .~ 

: llie MOIU!IOCTII TennOBh!X noTepb "' 30 .Jll:.. II Uenpeph!B!IOll MOIUHOCTH rene-
. K . .· M .• : .· . • .. :;· -

paTOpOB "' 6 ......Jt.!_ MOlli!IO cymeCTBe!IIIO yBenii'IllTb 'laCTOTY cneAOBa!IIISI Koneu M . . . 

II nony'IIITb IIIITepBanhi Bpe~eiiii Melli.UY cne.nyJOIUIIMII npyr 3a npyroM Konb-

uaMII "' 5 MeeK, T,(il. B 1000 pa3 qame, ·'!eM npu Q = 108. 

. 7 

.• F., 



4. ¢;p,M!IpOB8H!Ie rrpo,nonbHOI'O M8I'HIITIIOI'O IIOnSI · 

a•BIITKOB 

npennonaraeTcSI np!IMeHIITh npon<;>.nhHOe Mat;.HIITHoe none "" 20 _ Krc, 

MOe CBepxnpOBO.USIIUIIMII K8TyuiK8MII, nng 9TOI'O Tpe6yeTCsi-"" 1,5•10
4 

CM 
KaTyiUKII 6 -CM, COOTBeTC:TByeT nnoT-'ITO, HallpiiMep llpll pan!IanhHOll ·TonlU!IHe 

- - - 4 a 
HC)CTII TOK8 0,25 •10 :-::-:2 , 

· CM 
Op!I coanaHIIII npononhHoi:'o Mai'HIITHoro nonSI Ba:lKHO cnen!ITh aa_ TeM, 

"'T06hi B03MO:lKHhie HeO.UHOpO.UHOCTII ero He C03.U8Ban!I 3H8"1!ITenbHb!X' panuanb- . 
' - . 

_HhiX KOMrroHeHT nong -B r • - KoMnoneHTa B 
1 

•. ·Bbi3biBae't noSIBnen!Ie npononh- · 

Hb!X cun, neil:CTBY!OliiiiX Ha KOnhUO, KOTOpb!e MOI'Y.!_np!IBeCTII __ K OTpbiBY IIOHOB, 

0oTpe6yeM, "'T06hi ·oum6Ka 1:1. B ynoBneTBOpSina HepaBeHCTBY · ... 

1:1. B :s x I E nori/Y I II · ( 4,1) 

Ecn!I 6bi X = l Ha y"'aCTKe ycKop!IT~nSI, na KoTopoM coBepmaeTCSI HecKonb

KO IIOHHb!X KOne6aH!Ill 1 TO IIOHbl CMeCTIIJliiCh 6b! K KpaiO CI'yCTKa II, MOI'nll 

6hi noTepSIThCSI, OepHO.Ubl IIOHHhiX KOn~6amtil: Ha pa3JIII"'HbiX yqaCTKaX YCKO-.. / ' . 

pHTeng pa3nH"'Hb!, OoaTOMY X H8.UO Bhi6Hp8Th B 38BHCIIMOCTH OT XapaKTep-

HOI'O nep!IO.U~ o'm!I60K II ero OTHOllieHIISI ·K nefJHO~y HOHHbiX KOne6aHHll, 0pHeH

T!IpOBO"'HO 6epg X'"' o;1 .. 0,2 ( 1:1.B."" 25 f. 50 rc), 'nonyqaeM, "'TO Ha Ha"'anh.; 

HOM y"'aCTKe ycKopHTeng nonycK Ra 1:1.Bz / b c xapaKTepHbiM nepHO.UOM "' L 
. z ! 

3 
IIJIII B HeCKOnhK() pa3 MeHhiUIIM 6yneT "' 2·10- , 

Ec:_m KaTymKa panHyca ~aT "' 25 CM BhmonHeHa H3 oTnenhHhiX .BHTKOB 

c paccTOHHHeM Me:lK.UY .HIIMII d , TO .uoii:lKHO 6hiTb R/d ~2 • Coa.uaHHe 

cneUHanhHOll MO.UynSIUIIII npO.UOnhHOI'O ~ai'HHTHOI'O nonS! /2/ ,.UnH nepHO.UH"'eC

~OI'O nepeBO.U~ HaiwnneHHO~ KOnbUOM ~;8lll8Te~~HOH ~H~~;~~ B nocT;~aTe_nh-
Hyio npe.unaraeTcSI ocymecTBHTh .uononHHTenbHhiMII KaTymKa'Mtt• Tpe6yeMbie 

TOKII B HHX npoC"'IIThiBaiOTCSI .Ha 3BM c HCnOnh30B~H!IeM 'cpyphe:.aHanll·3-~ Tpe-

6yeMorci nonH, Ope.uycMaTpHBfl:e'rcSI ileo6x'on~~~'g cBo66na MaHHnymiposaHH~ 
TOKaMII OT,llenhHbiX CeKUHll STIIX KaTymeK, 

---i'·:; 

- -~ 

;~~:r-~ 8 

,•'i 
"::·~:· 
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5: ITpe.nBapurenhHbie 9KcrrepuMeHTbi.rro BbiOopy Marepnana 

.llJ15! CBepXIIpOBO.ll~lliliX_J?e30HtlTOpOB 

:C uenhiO Bbioopa MaTepuana .unH CBepxrrpoBO.UHIIIHX pe30HaTopoB, naxo:

.UHIIIHXCH B • CHnhHOM Maf'HHTHOM none, ObinH Ha'IaTbl OIIb!Tbl 110 HCCne,UOB8HH!O 

IIOB9.1l9HHH CBepX11pOB0.1lHIIIHX CIInaBOB B C,B,'!, IIOnHX, 3KcrrepHM9.HT8nhHble HC-
. I . 

cne.uoBaHnH rrpoBo.uunuch B .uuarrasone· 500 Mru na KoaKcu~whHbiX rronyBonno-

BbiX pe30HaTopax. llnH BHyTpennero rrpOB?.UHHKa KOaKcuana ucrronh30Banacb 

rrpOBOnO'!Ka .1lH8":f9T~_OM OT 0,5 no 0,2 MM H3 CBepxrrpoBOJlHHKa. npoCTOTa KOH- . 

CTPYKUH~- p,e3oHaTop-a. 1103BOnuna ObiCTpO rrpoH3BeCTH uccne.UOB8HHH GonblllOf'O 
• > • ' ·.~-·: ,· • ' - • ' • ' ··, ' 

Konuqe~TBa cciepxrrp.oBO.UHHKOB u ·orrpe.uenHTh rpyrirry CBepxrrpoBO.UHIIIHX MaTe-

p,uanoB; KOTOpbie MoryT tJb~Ofh ucrronb30BaHbi _B KatiecTBe .. paooqero Bem:cT:Ela 

·. IIOKpb!THH pe30HaTopa. 

B npouecce SKcnepuMeHTa onpe.uengnacb' 38BI1CHMOCTh noopOTHOCTH pe.30:

HaTopa OT TeMnepaTypbl oxna)K,1l9HHH .UO T =. 1,6°K H BHeUIHef'O Maf'~HTHOf'O 
·nonH .uo 3.0. ~~. lloopoTnocTh pe3oHaTopa orrpe.uenHn~ch Me;ro.uoM HSMepenu_H 

BpeMeHH GOTyxaHHH nepexo.unoro rrpouecca. no H3Mepennoii: .uoopoTHOCTH Q 
pacctiuTbiBanoch noBepxnocntoe conpoTHBnenue 

Tepuana no cpopMyn~ 

R 
IS 

CBepxnpOBO.UHIIlef'O Ma-

(5.1) 

r.ue R ',.- rroBepxnocTnoe corrpoTHBnenue Hapy)Knoro rrpOBO.UHHKa, a R s -uc-
. . . 

cne.uyeMoro BHyTpennero cBepxrrpoBOilHHKa, A . G - KoacpcjluuuenThl 1 orrpe.ue-

HH9Mble ~eOM9TpH'l9CKHMH p83MepaMH pe30HaTopa, 

06o3Ha'IHM F OTHOIII9H!le . .UOOpOTHOCTil pe3~HaTopa _c 110Kpb!Til9M 113 

CBepxrrpOB0.1lHIII9f'O MaTepuana K .UOOpOTHOCT!l ananOI'H'IHOI'O M9.1lHOI'O pe30H8-

'TOpa ~pn · KOMHaTnciii TeMnepaType. llnH crrnaBOB · Nb-Zr rrpu 1,8°K II H = 0 

aio_T cpaKTop yBenii<lennH .uoopoTHOCTII F = 900 t- 1000 II . .unH crrnaBa Nb- Ti 

F"' 90p~ B~;m~ee Mara.uT~oe. rro.rie HII = 20 ~a CHII)KaeT ¢aKTOp B _1,4 t- 1,6 pa-

3a,_ 

Cne'nyeT OTM9THTh 1 'ITO Mbl .HCCneJlOBanu KOMMep'!eCKHe . CBepXIIpOBOJlHIIKI1 

oe3 00~800~l{ll ~~Be;XHOCTII, no JlaHHbiM /6/ ,· oopaooTKa cymeCTB9HHO yMe~~:-. " .. •' . . . " . 

lll89T IIOBepXHOCTHOe COIIpOTHBneHIIe CBepxrrp_oB_OilHUK8, Cne.U.Oi3aTenhH0 1 _ MO)K-
. . !. . - . 
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. . . : . 

HO Q)I{IUlaTb 3Ha'leHIISI 'Jio6pOTHOCTii: pa6o<Jei'O pesoHaTopa 

T = 1,8°K 
.. : 

C noKpbiTIIeM. H3. 

H BHeJllHeM · Mai'~ 
. 8 . .· 

CBepxnpOBOAHIIKOB 2 pOJla "' 10 II BhiJlle npii 

HIITHOM none 20 K9. 

6. Borrpocbi TeXHonorHH H3roToBneHHH cBepxrrpoBOAHlliHX . , 
pe3oHaTopoB 

Ilpu paspa6oTKe CBepxrrp6BOJlstlllero ycKopuTenst HeManoBa)I{HOH TeXHI!''!eC

Kofi npo6neMofi ·' stBnsteTCst nonytieHrr.e Heo6XOJliiMOH CBepxrrpoBOAstiUeit. IIOBepx

HOCTII; Ha OrihiTHOH CTaJliiii rrp.oeKTIIpOBaHII~ rrp~ BhiiiOnHeHIIIl ,9KCIIepuMeHT~nh_: 
' . . . --··· .. ·~ . ' . -, 

HhiX IIpOBepOK ~03M0)1{H0 II3I'OTOBneHIIe pe30HaTopa H3 uenbHOI'O KyCKa CBepX-

npOBOJlHIIKa. flpiiMeHeHile TaKIIX pe3o~a TOpOB B . 6_oHblllOM. ~~Cll1Ta6e 'lpe3Bhi-' 

<Jafiilo Aoporo. B liacTostJllee BpeMst cymecTByeT Hec·KonhKO crroc~t5oB. rrony<Je:

Hilst cBepxrrpo~oAmimx rroKphiTrrfi: aneKTponuTrr'!ecKoe oca)I{Ae~~e, K'aToiiHoe 

HaiibineHIIe,. rrnaKIIpOBKa niiCTOM II Jlp. 

. H~MII paspa6~ThiBaeTCSl CIIOC06 HaH·e'~eHIISI CBepxrrpOBOJlHIUei'O IIOKpbiTIIH 
. . . . , 

B TneiOIUeM paspsme c rrpeABapuTenbHhiM ncrrapeHneM cBepxrrpoBOAHHKa, nu6o 

ero KOMIIOHeHTOB. nnst- o6ecne<JeHIISI 'IIICTOTbl npouecca BaKyyMH8Sl KaMepa 

rrpeABapnTenhHO OTKa'luBaeTcst JlO AaBneHrrHl0-9 Top. Pa6o~uit npouecc Be

AeTcst rrpu· 10-8 TOp. B uenstx MIIHilM8nbHOI'~ sarpst3HeHHSI CBepxnpoBOJlHIIK8 

Bhi6paH IICIIaprrTenh aneiCTpOHHOny'leBOI'O Tuna C KOnb~eBbiM K8TOJlOM IIpstMO

I'O HaKana. Ilpu_pa6oTe ucrraprrTenH aneKTpocTaTHCTII'leCKil ~oKycupyeMhifi rro

TOK aneKTpoHOB 6oM6a.pJlnpyeT HaiihinsieMhifi MaTepuan, Bhi3biBast ero ·nc~ape
Hne. IloTOK ncnapstiOIUilXCSI <iacTHU, IIOII8A8Sl B o6nacT~ TneiOIUei'O pa3pstJla, 

IIOHII3IIpyeTCSI II yBneKaeTCSI Ha pe3_0H8TOp. floBepXHOCTb pe30H8TOpa rrpenBa- · 

pnTenbHO O'IIIIUaeTcst; B 'TneiOIUeM -;~spstAe E. aTMOC~~pe-·aproHa • 
. O~ucaHH~Ifi crroco6 H~HeceHrrH ~cBepxrrpoBOAH;;er~- rioKphi;rrS! o6ecrrequBaeT 

. ' - ·-·- "- " . . ' . . 
XllMil'leCKYIO 'IIICTOTY CBepxrrpOBOAHIIK8 H 'IHCTOTY IIOBepXHOCTH pe30HaTopa. 

flpH HaHeC~HHH, CBepxrrpOBOAHIIKa 2 pbna. np.eACTaBnsteTCSI B03MQ}KHhiM. HCIIa~stTb 
He· TOnbKO I'OT~Bhlfl M8Tepuan, HO H pa3nenbHO Tpe6yeMbie KOMIIOHeHTb!' C y'Ie

TOM rrony'leHHSI pesynhTHpyiOIUei'O COCTaBa 1 6nH3KOI'O K CTeXHOMeTpll'IeCKOMY. · 

B·nanbHeHllleM B Kaq~CTBe HCTO'IHHK~ Terrna'Anst ncnapeHHSI rrpeJliiOna-
. ' " - . ' ·. '~~;r ~; . 

raeTC:H Iicrronh30BaTb aHeprHIO nyqa nasepa, 'ITO- rrosBoiu-iT B 6onbillofi cTerrem! · 

. -~ 
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csec:rn k MHHHMYMY aarpganenne csepxnposoaHnKa n paapemn:r nonyqa:rb 

Hanbmenne sny:rpennefi nosepxnoc:rn peaona :ropa, He paapeaag nocneannfi. 

7. KpnoreHHKa 11 o6maSI cxeMa ycKopmomell: ceKUHH 

. : nng Oo~aoOTKH paannqHb!X. napaMeTpOB yCKOpgiOillefi CHCTEJMbl H OKOH'la

T~nbHOPO nx Bhi6opa npw npoeKTnposannn 'KonneK:ruanof.o_ nunefinoro ycKopn-
, ~ .. 

:reng. na · BhiCOKiie 9Heprnu cnpoeK:rnposana oana ceKung ("' 2· M) c .'leThipbMg 

peaona:ropaMn, flpoMe)!(yTKH Me)Kily peao~a-ropaMn· sag:rhi B asa paaa 6on~- . 

\ue, ~eM :re, Kb:rophi; ii'ciio~baos~nncb -~ ':ra6n. 1. floa:roMy :rennosbie no:re

pn u ocianbHhie xapaK:repHhie napaMeTpbi :ra6n, 2 yM~Hhlliaro:rcg · B: as a . pas a, 
. -

CxeMa:ruqecKn ceKung nao6pa)!(ena na puc, 1, Coocnoc:r!. peaona:ropos 

( 1) Me )Kay co6ofi u· c yaep)!(nsaromnMn · conenon.lloM (2) o~ecnequsaeTc5! :rotiHo · 

o6pa6o:ran.nofi :rpy6ofi ( 3), · gsnmomeficg oanospe!M.enno sny:rpennefi. o6onoqKofi 

K'piroc:ra:r~ '(4) yriep~llBaJOiuero conenoi:!.lla. Me)!(ay peaona:ropaMu pacnonb)KeHhi. 

nep~opnposaH_Hhie ljloKycllpyromne :rpy6hi (B). Peaona:ropbi on11paro:rcg na :rpy-

6y ( 3 )' qepea mapnKonoa·munH~KH ( 5), o6ecneqnsaromue neo6xoanMyiO :roq

HOCTb. n BMec:re c :reM o6nal:taromue aua:.m:renbHhiM :repMnqecKnM conpo:rns

nenneM,-q:ro noasonge:r nMeTb :reMnepa:rypy peaona:ropos, oTnlltiHYIO o:r :reM

nep,a:ryp.bi Kpllo-c:ra:ra ( 4), Konuen:rpiJ:qno c ljloKycnpyromnMn :rpy6aMn (6) no

MemeHhi KOppeKTHPYIOllilie. co neHOllahi (7). CeKUllll o6MOTKI1 9TH X co neHOll,llOB 

!1Mero:r paaaenbHoe aneE::rp,onllTBHlle, q:ro noasonge:r yc:ranasn!1BaTb Koppe_KTH-:. 

pyioruee none paan11'!HhiX Konljlnrypau11fi. · Peaona:ropbi cna6)!(eHhi ~a~noqKa~ii 
(3), B .. Ko:rophie Ma')!(eT 6biTb · ~~aau · nro6o.fi xnaaoaren:r ·- o:r csepx:reKyqero 

ren11g ao .)!(naKor~ ~3o~a. Kp~ocTa:r· (4) oxsaThiBae:rcg aao:rHhiM aKRaHoM 

(9), Bee yanhi ceKUllll aaKnroqeHhi B BaKyyMHhifi KO)!(yx J10), Tennouaong

UllOHHOe BaKyyMnoe npoc'i'panc:rso 11 npoc:rpafic:rso .uononposoaa coo6maro:rcg 

· Me~ay co6ofi H· nMeiOT o5runfi BaKyyM ~ l o-6 TOp, BH~lliHne KpuoreH~bie 
yc:rpofic:rsa, .He noKa3aHHhie .Ha pirc, 1, coc:rog:r· ~:~a c~:~c:reM. cna6)!(eHJ1g ceK

. Ullll. xnaaoaren:raMn, C03.ll8Hllg BaKyyMa, asapllfiHoro c6poca raaa, raaosoro 

~ynb:ra ynpasnenug, nynb:ra yrrpasnen11g csepxnpoBo.llgrunMn conenoil:aaMn, cuc

:reMbi aneK:rpon!1TaHI:Ig u asaKyau~:~u aneprnu coneno~.lla. Bbmonnenue KpuoreHHhiX 

ycTpofiCTB YCKOpn:renbHOll· ceKUllll c :rpe6yeMb!Mll TO'IHOCTgMU npe.llCTaBnHeT orrpe-. . 
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)leneHHblO TOXHOnOI'H'IOCKHO TpyJlHOCTH, U09TOM~ B_OUpOCbi JlOUyCKOB H HHblO . 
\,, 

38Jl8'1H 6ynyT pemaTbCSI Ha OUblTHOM 9K30MUnSipe _ C_OKUHH, 
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