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3aliueB floH. P16 - 10480 

OueHKa paa~aUMOHHoro Harpeaa csepxnpoaoagmux MBf'HHTOB 

YCKOpHTeneH BWCOKHX 3HeprHH 
i 
I 

PactteTHbiM rryreM nonyqeHbi pacrrpeneneHHSI rrorepb, BHeprosnr.neneHHH I 
H reMrreparypH or panHaUHOHHoro Harpesa a caepxrrpoaon:snuHx MarHuTax 

1 cnea,yiDUIHX rrpoeKrupyeMbiX ycKopHreneif.: HyKnorpoHa ( Ol1SH1), ila6nepa 

1

. 
( CWA) H ycKopHrenoHo-HaKonurenbHoro KOMnneKca ( CCCP) .. I1oKaaaHo, 
T.fTO pat:Ul:8UI10HHbifi H8f'peB !'.tOIKeT orpamPUiB8Tb M8KCHM8llhHYID HHT9HCHBHOCT 

ITYT.JK8, 0C06eHHO npH. CBepXBbiCOKH.X 3Hepr'HHX. 

Pa6oTa BbmonHeHa B Jla6oparopH.H BbJCOKHX 3Hepr11H OH.HH. 
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Coo6meaue 06'be.LIBHeuuoro HHCTBTYT& a.11epuwx •ccne.llOB&HH.i 0 ,ny6ua 1977 · 

Zaitsev L.N. P16 - 10480 

Estimation of the Radiation Heating of 
Superconducting Magnets for High Energy 
Accelerators 

The calculation of the distribution of losses, energy 
deposition and temperature for radiation heating in 
superconducting magnets are obtained for the following 
designed accelerators: Nuclotron (JINR), Doubler (USA), 
Accelerator Storage Complex (USSR). It is shown, that 
the radiation heating may limit the maximum beam intensi
ty, particularly at superhigh energies. 

The investigation has been performed at the 
Laboratory of High Energies, JINRo 

CommunicatiOn of the Joint Institute for Nuclear Research 0 Dubna 1977 
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CBepxnpoBo~e MBrKITH B KO~AneBHX YCKOpBT6ARX 6y~T no~ep-

rST:&CJI ,»;eiCTBJID 06.iy116HJIUI BC.I6,»;CTBB8 llOT6p:& qaCTHilo BeJlllqM.IUI 

,11;08 Ul 8HeprOBH,»;6~6HJIUI B 06MOT.I!t8X MBrKIT8 98BBCJIT OT 'U!CJl8 llOT6-

p8H!Da qacT~,ax asByYTM:&aoro 1 anepTfpRoro pacnpe,»;ene.BJIUI, yr.:a:oB 

m:o,»;a qac'l'~ B CTeH.I!ty BBKYfllllol RBMepH, saeprBII qacTBil B reoueTpu 

BC'l'OqRIKa I 06~.1!1'1'8 odlyqeRJIS. 

B aacT~el pa6oTe npe,»;cTBBneaa nepBSR no!lRT.I!ta paccuorpetb B ue

.:a:o• npo61euy BXBSHJIUI odlyqeaas aa cocToRaae cBepxnpoBo~ MBrKI-

ToB. Bu,~;y c~ozHocn sa,»;aqll oneH.I!ta c,»;eJiaaa Bec:&aa np~6Jlazeaao,Ho 

TBM He Meaee C JICQ0~:&30B8HieM no~TI BC6X JlHT6P8TYPHHX ,»;BRRHX no 

pasBBM acneBTBM npo6neMH. 

PaccMSTplsa.cs TOJl:&Ro pa.»;BBillloKRHI aarpeB o6MOTRII, nocRoJI:&Ky 

Cp6,li;KII TeniOBOI llOTO.I!t B MBrKIT8X BCJle,»;CTBB6 o6JlyqeRJIS ae npeBHma6'1' 

0,06 ~/a.2 1 aa npaRTB.I!te ae arpaeT cy~ectBeHHOR ponH. 

B BaqecTBe npMMepoB BHQMCnHnMCb norno~eHHHe ~03H M npMp~eHHe 

'1'8Mn8pa'l'fPII B 06Mo'!'.l!t8X 118rR.ITOB, .l!tOTOpHe npe,»;nOJlaraeTCJI .ICilOJU.SO

BB'l':& B npoenax HyuoTpoaa aa 33 ThB (I6 ThB/ayMoa/II, .Ha6nepa 

aa IOOO ThB (CDIA/21 11 YHK aa 2000 ThB / 3/. 
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ITOTEPM YCKOPEHHliX ~ACTMU 

fu6h!Bllllie H3 rryq:Ra '!aCTHin>I HMeiOT pacrrpe~eJieiDie Ha rpamme 

BaRJYM-BemeCTBO, Upe~CTaBJiffDmee C060J!I DOBepXHOCTH!iA RCTO'!HHK nep

BH'!HHX '!aCTRU: 

So( Eo,10 , §
0

) ai. 
r.ne E0 - sHeprwr nepBH'!HOl!l '!acT~; -

ttaCTRU (I) 

ThB. CTepa,n, -t-z
0 

- pa,nRyC-BeKTOp TO'!RH 

IIOBBpXHOCTH; S2_ 0 - HaiipaBJieHHe, IIO ROTOpoMY '!acTmta rrepeceRaeT -IIOBepXHOCT!. B TO'!R€ "{
0 

• 

IToBepXHOCTHhll!i HCTO'!HHK B ~IDPPePBHUHaJibHOM Bane (!) 06HttHO He

H3B8CT8H, B paC'!eTax HCIIOJib3ynT HHT8l'paJibHyD xapaRTepRCTHKY! 

S(E(),~o)= S(Eo,f, 1 ) lc(
0
=Const' (2) 

r,lle l. - asKMY'!'; 'f - arreprypHhll!l yro;r; cl..o - HaR6oJ£ee oopo;rr

Hhll!l yroJI BXO,na '!aCTHug B CTBHRY BaRYYMHOJ!i KaM8ph!, 

O.n;HaKO RH<J,op.~a.wrn OTHOCHT8JibHO (2) T0%13 H8.D;OCTaTO'IHO, II03TOMY 

IIpH OU8HRBX DOTep!. ITpHXO.D;HTCH OIIRpaT!.CH Ha 3KCII8pHM8HT8JibHh!e pe-

3YJI!.TaTh!, B HHX IIOB8pXHOCTHble HCTO"l:HHRH (IIOT8PJ1) OT0~8CTBJDUY.!'CH C 

OTKJIHRBMH .Il8T8KTOpoB, IIOMemeHHh!MR sa TOHROJ!i CT8HKOJ!i BBKyyMHOJ!i Ra

M8p!l (KBa3.1mOT8Pf!MX), T. e,; 

(3) D(l) j S (l) =- const 
r.ne D ( ~) - <i>YHRUIDI OTK.IlHKOB .n;eTeRTOpoB us;ry-qemm. MHTerpan: <i>YHK

UHLi (3) OT 'i! .n;o i_ + 6, 1 ,naeT TIOJIHOe '!HCJIO IIOTepmnwx ttaCTHU 

L , KoTopoe y.n;o6Ho BhlpaJita.T!. B % OT HHTeHCHBHOCTH B Ko~e UHKJia 

ycKopeHIDI I 0 • 

Ha puc. I rroKa.sa.Ha Tlml!'!HM KaprHHa pacnpe,neJieHIDI KBas.lmoTepb/ !./ 
YBeJIH'!eHHe aKTHBHOCTH .n;eTeKTOpoB H8,I( MHID8HRMR C XapaRTepHHM OTHO-

4 

~ 

$@.) 1 omll.ea. 

to' 

10
4 

to' 

tri 

M"we""'~1. C•llenep 

~ 100 
HOI'IIP~ MATHHTD8 

P H C, l. KBa3HIIOT8pH IIO KOnbllY CHHXpOTpOHa l (EPH )\nl! .1\BYX pelKH

MOB IIpH 1416 rsB, I - CT8HKa BaKyyMHOH KaMephlj 2 - DY40Kj 
3 - pacnonOlK8HHe aKTHBa~HOHHhlX ,l\8T8KTOpOB, 

1i 
l 
0 10 

] 
~ 
~ 

0 

ll,Ot 
. l!i620242132 

PaCCtnOliHUe om I'IUWIIHU,M 

P H c. 2. OTKnHKH ,1\eTeKTopoB Hsny4eHHH (KBasunotepu) B0nH3H 
W!IDeHH: e - H3:U:epeHHH 25 rsB/ 4/ j 6. - H3:U:epeHHH 70 rsn/5/ j 

,_ - paC4eT 25 rsB/6/; --- IIpHOJHillCeHHaJl aD!IpOKCHM~HH ,l\JIH 
33 rsB. 
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CHT8JThHO paBHOM8pHI:lM CIIa.n;OM Ha H8CKOJThKO ,ll;8CHTKOB WIH COTeH M8TpoB 

OT MHrueHB*,noCTaTO'lHO IIOHRTHH R MOryT 6&TL IlpH6RBEeHHO OIIHCaHH SKCITO

H8HTOH c Koaqxpi!UReHTOM aepaBHoMepHOCTR K'H = 2 

S (1.) = 2 Q.
0
exp (-o.t) · (4) 

Ha pHC. 2, 3 IIOKa38HH HeKOTOpue pe3yJThTaTH H3MepeHBi KBa3HIIOTepL H 

HX IlpH6RBE8HHaH arrrrpoKCHMaqHR /4-7/. 

3HaqnT8JThHO Tpy,naee IIOHRTL ~TYaQHH KB83HIIOT8pb B "CIIOKO~

HOH 06J1aCTH", T.e. Me~y Mm118HJIMH. C Haweti TO'liGI 3peHIDi HX MOll!l!O 

06~CHHTL yr~OBHM pacrrpe,ne~eHHeM rrepBH'!HHX '!acT~. 

B pa6oTe/
8/ pac'leTHHM IIYTeM rro~eau HOPMBnDHHe pacrrpe.ne~eHRH 

yr~OB ~ i H cf... f OTHOCHTBJThHO Hal'I60~ee B8JlO.ffTHHX d._ 
0 

• MaKCH

MaJThHHe 3Ha'leHRH paBau:ct.i ~ I0°; o('f ~ sO. Ha pnc. 4 rrpHBe,IJ;eHH pac-

rrpe.ne~eHRH ,n;osu no '1.. oT I rrpoToaa IO ThB, rra.n;allmero aa cteaey 

rro.n yr~aMH 0°' 2° H I0°. PacqeTH mmo~eHH** M8TO,l(OM MoHte-l~apJIO 

B reoMeTpMH, npnBe,neaao~ ~ (pHc. 9). 

Kax mmao H3 pHc. 4 H Ta6~. I, BeJIH'!HHH .nosu oT~BIOTCH B 20 

pas B 3aBHCHMOCTH OT yr~OB d., , XOTJI ITJIOTHOCTL IIOTepL IlO a3HMYTY 

rrocTOJIHHa • IlpM 6Mee BHCOKOI aaeprHH rrepBH'!HHx rrpoTOHOB pa3JIH'me 

Be.JIW.IHH ,ll;03H OT yr~OB cJ.. 6y,neT eme 6oJThme • O.ztHaKO B HaCTO.a:utee Bpe

MK H8H3BeCTeH KO.~eCTBeHHHA pe3yJThTaT, IIOSTOMY B paC'leTe MH orpa

HH'!HJIHCL KH = ID, T.e. c,neJiamr HeCKOJThKO S8HID!teHHyD on:eaey aaepro

BH,JJ;e~emm. 

* [;firJIIeHRMH MH Ha3b!BaeM JIJ06b!e 3~8MSH'l'H, H8XO.lt.ffl!IH8CH B Ba.KYYMHOI 

KaMepe, C KOTOpHMH MO~eT B3al'IMO,ll;8~CTBOBaTL IIyqOK! saCHOHKH, 

CKpeilepu, MarHHTb! ~ BHBO,IJ;a H T.II. 

** PaC'leTa Bb!IlOJIHeHH B.E.XBoctoBHM. 

6 

"' 

,.., 

D.,,DJH.!,A. I I I 

m" 

0 ~00 !DO 

P K C. 3. 0TKJIHKH H8B6,It6HHOI pa.ztH08KTHBHOCTH ( KB83HIIOT6PH ) 
B6JIH3B BHBO,ItHHX ycTpOICTB CHHXPOTPOH8 H8 300 raB / 71; ---npH-
6JIMX6HH8H 8IIIIPOKCHM8~H. 

I 1 

' I 
I I • 
' t 0( =2. 
I r' 

0 uo Z,cM. 

p H c. 4. BHqRCJieHHNe pacnpe,neJieHHH norJio~eHHOI .noaH IIPH 10 raB. 
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Ta6Jizna I. 

D, pan/npoToH • a.t-I 

------------------------------------------------------------------
d., oT nepBWU~HX OT BTOp:HtmHX 

cyr.wapHSR: IlpoTOHOB a,n;poHOB 

---------------------------------------------------------------
oo 0 2,8 ro-6 2,8 ro-6 

20 2,r ro-6 2,4 ro-6 4,5 ro-6 

roo 3 ro-6 5 ro-5 5,3 ro-5 

-------------------------------------------------------------------
IIO-BifJU'IMOMJ, B CHHXpoTpoHax C llteCTKOit «PoKYCHpoBKOI ,IU!aii830H 

H3MeHeHHH yrJIOB ol HeCKOJ!&KO ~. TeM He MeHee OTKJIOHeHHe H3Me

pemwx Bemr<mH OTKJmKOB ,D;eTeKTOpoB OT Ope,ll;HIIX ± I0 pas. MOllteT 6HT~ 

3TO ,ll;OnOJIHHTeJILHO BH3BaHO HeKOTOpoit HepaBHOMepHOCTD~ CaMHX noTePD 

H HepoBHOCT.RMH noBepXHOCTH BaK:yyMHOI KaMepi. 8TOT BOnpoc Tpe6yeT 

.D:aJIDHeftmero no,D;po6aoro asyqeHHR. 

IlpH B3aHMO,D;eitCTBHH nyqxa C BHYTpeHHeit MHIDeHD~ o6pa3JDTCff BTO

PK'!HHe qaCTHI.tH pasHoro COpTa CO CBOHMK cneKTpaJIDHO-yrJIOBUMK pacnpe

,D;eJieHH.RMH. Ha PHC. 5 nOR83BHa CXeMa B03MOXHOro pacnpe,D;eJieHKH nep

BK'IHHX H BTOpK'!HllX qacTHn no KaMepe YCKOpHTeJlll. 3apmEeHHHe qaCTliUH 

A-C c HMIIyJI&caMPI p , 6JIH3KHMK K pa.BHOBecaorq Po 181, BWieTaDI!Uie 

H3 ~~eHH B Y3KOM yrJIOBOM HHTepBaJie,Moryr BHCaEKBaTDCff Ha CTeHKax 

KaMepH no BCeMY KOJI&Izy yCKOIJHTeJIII. 

OcTaJThHHe BTopaqaae qacTHUH, KaK sapm~eHHHe D- E , Tax H 

HeR'rpaJIDHHe \'t , oce,D;aiOT Ha cTeHKax KaMepH B6JIHSH MHIDeHH K onpe,D;e

JIHIDT wya~ (4). ECJIH B ycKOPHTeJie RMeeTca nepexBaTqaK, cxpenep 

HJIH ,ll;pynJ:e MHllleHH, TO KapTHHa nOBTOPJieTCff, KaK nOK838HO Ha IJHC. I. 

CorJiacHo pacqeT~8/(pHc. 6),noTepe B "cnoKo~o:A o6JiaCTH" MOllt

HO OIIHCaTD Me,D;JieHHO cna,IJ;81>lJiel 3KCIIOHeHTOA ,aHaJIOnt<mOI( 4),C l(li ~ ~Q. 

8 

.P i1 c 5. 

P H c.6. 

"' 

-

Cxeua pacnpeAeReHHH BTOpi!qa!iX qacTHn naCRe BSaHuo
AencTBHH nyqxa npoTOHOB c uHmeaaum. I-uamea»; c-apuo 
uarHHTa; 3- nepeXBaTqHK ( A- F - cu.TeKcT ). 

$(7~ 10~ 
(JTII.f.A.. 

l(f' 

10" 

111' 

tO"' 
0 

HHqxCReHHHe pacnpeAeReHHH noTepD qacTHn H8 60R~WHX 

paCCTOHHHHX OT UHW8HH npH Eo = ro,ss rajjfc /B!: 
I- no aapyaaon cTeHKe BaKyyuaon Kauepa; 2- no BHYT
peaael cTeHKe; 5- no Bepxael + HH.aen cTeHKe; 
4-cyuua; --- - npH6HHKeHH8H annpOKCHU8nHH. 
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B6nnaz MKmeHH noTepH 6o~ee HnH Meaee paBHoMepHH no anePType. B 

"CITOKOHHOH 06~aCTH" "!aCTJmH MOryT lm'l'H Ha O.D;IfY CTeHey. 

' Koaqxp~eHTii Q 0 , Q.. H 0. onpe.D;eJISJIHCl> Me.D:YDIIIHM 

o6pasoM: Q 0 - H3 HOp.!KpOBKl'IJ S($)dl::.1; Cl. - nyTeu conoc-
lli~ 

TaBn8HHH 3KCIT8pHMeHTanbH!iX JJ;aHHHX rrpH 25 H 70 f9B (pHC. 3) C peay~-

TaTBMH rrpH 300 raB (pHC. 4) H HX-SKCTpBnOnEnHel B o6~aCTh SHeprHi 
I I Q 

I000-2000 raB; a. - BimiCJI.liJICli no !Jiopzy~e Q= i'r , r.n;e Q-
'!HMO 6eTaTpoHHI:l.X KO~e6amfit 3a 060poT, R. - pazuryc YCKOpJ!Tem/4•8/ 

3Ha"!8Hllil STHX KOSlf$mHeHTOB ITPHBe.D;eH!i B Ta6~. 2. 4iyHKI41DI S (I) llO

Ka3aJW aa p:~~c. 7. Bes RoatP:PlltUteHoroB K 11 OHB npe.D;C'l'8BISil'l' co6ol 

pacnpe.D;e~eaas no aSJMYTY cpe.D;HJX Be~B'IBH norep~ tracor~ npa ue~es
aou BYBo.D;e .ayqKa. 

T a 6 ~ H ~ a 2. 

Koaqxp~eHTii JJ;Jili iflYHKUlnt ( 4) 

---------------------------------------------------------------------
--~~~~~-rrpo~~~~~-~----~~~~~~-~~~---~~:cn~~~~~~-~~~~: __ G< __ 

33 raB 

IOOO raB 

2000 raB 

0,05 

0,0022 

O,OOI6 · 

0,06 

0,02 

O,OII 

O,OI3 

O,OOI6 

O,OOI5 

4,8 

49,4 

40,8 

---------------------------------.. ·-------------------------"'·-----

Terreph ITO~ KOS~eHTii JJ;Jili ITOTepD B ITpoQecce YCKOpeHHH. 

ITOCKO~KY 3B.TyxaHHe 8Mll.I!HTYJJ: 6eT8l'poHmiX H qiHXpOTpoHmiX KO~e6aHHi! 
-V1.. -Y2. -Yt. 

BO BpeMeHH rrponopQHOHaJIDHO B ...., Po "" Eo , 'l'.x. JJ;Jili 6o~!lllliX 
CHHXpoTpoHOB MarHH'l'ROe no~e MeHHe'l'CR TaK Ee,KaK HMITynLC qaCTH~H,TO 

MOJEHO one!fli'l'h JJ:OJID or rrommx rroTepD L~~e g l! aipqieK'l'KBHYD aHep.rml 

E Slcp<p JJ;Jili HHTepBana E..,+ E: A E
0

, 

10 

... 

f' 

SCZ).UJ"·U·· 
1. 

0 

I 

I 

I -~-~.----...... 

3 

2 

Z,l1 

P H C. 7. ilpH6nHXeHHUe ~YHK~HM ITOTepb qaCTH~ ITpM B3aMMOJJ;6HCTBHH 

nyqxa c BliBOJJ:HUMM yctpoUCTBaMH: I - l!yxnotpoH; 2 - )la6nep; 3 - YIII\. 

II· I 4 I R a Ill 14 ll R lll «< 40 41 ~ 
"-P• 11'10"""" (Al ·4") 

P H C. 8. J13MepeHHb18 KB83HITOTepH Ha CMHXpOfPa30TpOHe 10 f3B/9/: 

I - llpH Ne.D;n6HHOM Dt<BOJJ;e rryqKa C 3\lJcjJ6KTHBHOCTbll 94~; 2 - B rrpo

~ecce ycxopeHHa rrocne IOO Mc; 3 - cyMMa. 
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HaMeHeHHe 'DICJia t~aCTHD; c aHeprHell Mo:mo npelJ;CTa.BHT:& BllJl8lleHHeM: 

S(Ee;) = 0..' E~'Y2. 'l (5) 

a a<WleKTHBHyD aaep!'Kil BWmCJil!!T:& no ipoJIIYJie: 

(6) 
_ -t E~l - (E.+ t:. E. )}.4 • 

[~cpop- 1" E:ll - (to+~ E. )Ya. 
B Ta6JI. 3 lta.HH aHat~emm E •crT no (6) K Koa@lmnieHTH!, noJIY'{eH

HHe H3 HOp.mpDBKH(foS'(E.)df; 1. 
JeM"* L A3JfMyTa.J11>HOe pacnpe,!J;eJieHHe IIOTep:& ~IC 6WIO H3yqeHO TOJI:&KO 

Ha ClillixpocpaaoTpoHe OHlllf (PHC• 8). Ha OCHOBBHHJI[ p81.5oTJ9/ MOZHO IIPH-

HRT:& KH ~ IO. OTHOC.HTeJI:&HO 83JDIYTan:&Horo pacnpe.neJiemm noTeJlf> IIPH 

HHJKe:ttrnm, oco6eHHo TIPH noca,u;xe Ha op6.HTy nyq:Ka, BHBe,IJ;eHHoro HS 6yc

Tepa, .narumx ooo6me He HMeeTCH. B paC'IeTax noTepH L "'"* MH pac

npe.neJI.ltiii! Ha 2li 'fi. c l<w = -tO. 

3HEProru,JlEJIEHHE B OB.IOTKAX MAIIDITOB 

3Hepro~eJieHHe HJIH norJiomeHHYD .nosy , o6yCJioBneHHYD noTepmMH 

YCKOpeHHiiX 'laCTHD;,pacc•n'!Ta%1> TPJ:.IlHO.JUmOJIH H KBaD;py!IOD &eDT CJIO&

HYD reoMeTpD. HCTO'IHHK nepBJ!tlHOro H:uyqemm MO&eT 6!lT:& HepaBHOMep

HUM no aneprype H aaHwyry,~ro npHBO,llHr x noHBXeHHD rpexwepaol 

aa,n;a•m, KOTOpaH ,nOJIJIHa pemarbCH l.I9TO,llOM MOHTe-J\apJI0 0 

B npe.neJiax lJ;JIRHH lJ;HnOJIR 6 + 8 M nnoTHOCT:& noTep» no asJ!MYTy 

MO:mo npi!HJIT:& TIOCTOHHHOI. Toi',IJ;a IIPH CKOJI:& yro,IJ;HO CJIO:mol reoMeTpiDI 

Ce~eHHII MarHHra 3aD;a'la CBO,IUI'l'all K ,IJ;ayMepHO:I, 'ITO OC06eHHO BB:mO 

,IJ;JIR BH'IHCJieHBH CIIeKTpoB HH3K09BepreTJ!'I9CKJ!X 'laCTHD;. 

B HQCTO~ee BpeMR BeT paC'IeTBHX ,IJ;SHHYX no ,IJ;038M HSJIYtleHBH B 

THIIJ!'IHOI reoMeTpu H B mJ!POKOM ,IJ;Haii830Be 9HeprHI IO + 2000 reB. 

ilyTeM BHBJIHSa 9KCnepHMeHTan:&Hb!X H paC'IeTHHX peayJI:&TBrOB B .npyrax 

12 
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I 

T a 6 JI H u a 3. 

3Ha'lemm E 'icpcp 11 ! 

YCKOpHTeJI:& A E., r~B F~'P·r~B ! 'OTH.e,IJ;. 

--------------------------------------------HyxJIOTpoH !,5 - !2 IO 0,49 

E~~.-= I,5 reB 12 - 22 I8 o,29 

EIIAIC = 33 reB 22 - 33 30 0,22 
0 

-----------------------------------------------.Ua6Jiep roo - 400 300 0,47 

E .. "*= roo reB 400 - 700 650 o,3o 

EIIAKe 

o = IOOO reB 700 - IOOO 900 0,23 

--------------------------------------------------------------------
70 - 400 300 0,33 

YHK 400 - 700 600 0,!7 

E .. "*= 70 reB 700 - IOOO 800 0,!4 
EN\ .... 

0 = 2000 reB IOOO - !300 !200 0,!2 

!300 - !600 !500 O,II 

!600 -2000 !900 0,!3 ... 

• , E Sa C'le'l' 6onmero HHTepBMa 6. 0 • 

reoMeTpi!RX H HCnOJI:&30BaHHR nOJIY9MIIHpH'IeCKHX COOTHOID~HJ!:I MH noJiy

'DID 38BHCHMOCT:& n· (E.) t KOTOp811 noKaaaHa Ha PHC· 9 • .I(oabl * Bbi'IHC

JieHH IIPH d. ~ I upan; B YCJIOBD paBHouepHoll JIHHeltuoR nnoTHOCTH 

IIOTepb. KpKBBII npHMSBHa K ltBYJI 9KcnepgeHTMI>Hiiii'TO'IKEIM /IO,ff/. 

0THocneJI&Hoe zaMeHeHHe D"' (!) UPHBe.neHo Ha pH c. IO. 

* llorJIO!IIeHH811 ,ll;03a, pan; = IQ-5 ,Ux/r, ilO~ati Me'l'O,mtRa pacqeTa 
6y,!J;e'l' ony6XHROB8Ha B OT~en:&ROA pa6oTe. 
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J-EH«fltPMfte~lfto,11/ 

- HAIII PAC.'IfT 

4oh ~~~-
sc.aJ- ___ --==-==-~ ~*3+4..., 

~9--~L:::'2f# at.•.f"'MA 'l-:..n __ /1 _/ 

,J -' ~· ... ~ ' ', ' ·:·31..., 

P B c. 9. Bwqac~eauaR a&BBCBIIOC~~ nor~o~eaaol ~oa& o~ aaeprBB 
nepBB~Boro RPO~OB8 C nBB8IBQJ DXO~BOC~AD I DpO~OB • CII-I 
(BJIII 2 5i 'ZC). npoTOHOB aa c~ BlfYTpeaael noBep:mocu ~JJJI~pa). 

D{'f),oro.t~,. 

f0° 

-l 
fO~~--~~--~-=~ 

0 .!ii 1G -15 IO 15 'l,c." 

P B c. IO. O~HOCBTen~HHe BaueaeHHH norxo•eaaol ~oa& no pa~aycy 
ll&rHU8; Kl't)- ~H MUeHB; I<('Z)- B CJIY'IIae DOTep:r:. llaCTB~. 
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QneHHDMCH BKJia,n B .n:osy BTOpH'IHI:lx rrpoTOHOB, sapH!temrux $"- H K -

Me30HOB, HeiTpoHOB, jM - Me30HOB OT pacna,na TIBOHOB H K80HOB, a TaK

JKe SJieKTpoHOB K l- KBaHTOB 5jO - pacna,na. YtmTHBaJICII BKJI8,1l; ~- H3-

JiyqeHKH, o6p830Ba.BIIlei'OCR: B pesyJIJ:.TaTe p8,1l;HBU:lfOHHOI'O 3axBaTa H Heyn

pyroro pacceRHHH HeiTpoHOB, CHffTHH OCTaTOqHOI'O B036~eHKH R,n:ep 

TIOCJie KacK8,1l;HO-KCTiapHTeJIJ:.HOft CT8,1l;HH B3BHMO,n:eacTBHR. 

IIp:a: yrJiax dv ~ I Mpa,n;Haa nepooe BsBHMo.n:eiicTBHe noTepHHHoii qac

THU!l (IIpoTOHa, R,n:pa) IIpoHCXO.n;Fr B CJ!Oe l:a 'Z. , T. e • B CTeHKe BaKYYM

HOI KBMepH, a He B cBepxnpooonRmel o6MOTKe. CJie.n;oBaTanbHo,paaJIHtme 

B HOHH38UHOHHHX TIOTePffX rrepBH'IHHX IIpoTOHOB H R,n:ep HHKaK He CK83HBaeT

CII Ha BeJIKqKBe norJio~eHHol .n:osH. B sTOM CJiyqae pasJIK'IHe B pacrrpe.n:e

JieHHH ,D;OSH IIO ~ OT R.D;pa :H IIpoTOHa, IIO-B:IU(:HMOyY, o6yCJ!OBJieHO yae

JIHqeHHeM BHXO;D;a Tr" - Me30HOB B aKTe nepBOI'O BSBHMO;D;eiCTBHH. OueH-

K:H rroKasHBSIJT, 'ITo De,~ / D, ~ 2 rrpx Eo = ro ThB. 

YcTaaoBKT:r:. norpemHoCT:r:. D" {E.) He npe;a;CTaBJIHeTCII BOSMO.IIHHM, 

TI03TOMY ee CJie,n:yeT TIOJiyq:HTJ:. MeTO.D;OM MoHTe-Kap.7IO H cpa.mnrr:& B OT

,n:eJI:&HHX TOqKax C 3KCIIepmMeHTaJI:&HHMK pesyJIJ:.TaTBMK B a,n:eHTwqao! reo

MeTpeH. Heo6XO;D;KMOCT:& TaKKX HCCJie.D;OBSHKa He BHSHBaeT COMHe~., 
• I< ('t) 

CpaBHHM pesyJIJ:.TaTH aamero pacqeTa no !IJopeyJie D:: ~LTD -:;;:;;-
1/<l<v. "'' "'ct. 

C .D:aHHHMH H3MepeHKa ,D;03H o6nyqeHHH B6JJJI3H MHWeHei Ha HeKOTOpHX 

YCKOp:a:TeJIIIX ( "{ Q. - pa;a;ByC anepTyplil ) : /I
2
/ 

I. C0= 25 ThB, I = roi8rrpoT,~" = 40%, 'l. = o,: CM,1>H,~. 3· ro9~a.n . 
1) = 5·Io-2·4·Io-I·Ioi8·2,5·Io-6·IO= s·Io9pa.n: (pac.II). 

paf-'f, /?/ 
2. E'o = 300 rsB. I= 4• roi9npoT,'l,. = 9'.1, 'l. = 40 Cll, D = ro9pa.n: • 

u 1-1?>11. 

l) = 4,5·I0-3·3·I0-2·4·I019·3·I0-5·I0-2 = I,5·I09pa.n:. 
I*'~· /I3/ 

3. Eo= IOOO ThB,I= 3·IOI9npoT,'l., = IO%;'t:::0,2 cM;'D = 2,5·IOipa;a;. 

D = 2 2·Io-3 ·Io-1·3·Io19·B·Io-5·ro; 5 3·IOIOn~n p&C'f. t t .!:""""' 

( 'L, - 3!MeKTiiBHOCTJ:. IIHIDeHII; '1_ & - l$lJeKTHBHOCT:& B!IIBO.zt8 ). 
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Cor~acze ~aHHHX pac~eTa H HSMepeHHI xopomee. K co~axeHBD,ue

ooaMo~o rrpoBeCTH aHaHOrHqHOe cpaaueuKe ~ "cnoKoAHoi o6~aCTH" 

Ha-aa 6oxcWHx ~KTY~ ~oa~. Kax ~uo ua pRe. II,pacnpe~e~eHHe 

~081i ITO 83m&yTy YCKOpKTeJUI C 1(11::: & ITOBTOp!ieT pacnpe~MeHHe noTe~ 

c K14 :: I0 (pHc.I). 

Terre~ MO~o aanKcaT:& IPc>IJiY~ ~ BwmMemm aueproBH,II;e~emm 

B 06MOTKe MarHHTOB: 

) -S ... 
a npH KHlleKUIDI ' W L Io:D, I< ('l) KH.Illf/r; (?) w: = --

p 
6) npK yCKOpeHKK a a BpeWi£\ t 

I -S ., IC('t)K 
W: (E)= 10 L· I· '·D ~ M.n.lf/r; (8) p o ol 2'liR, 

B) npH HOJNan:&HOM H aBapHAHOM Bll.BO~e IIyqKa 

-5" ,. k'( ) w'1l)=iO«·L·I-D _t. exp (-C\.i)k' Jl-' p \: o o 2 Tl ~Q. H IAI r. (9) 

CoOTBeTCTBeHHO MO~OCT:& aHepi'OB~e~eHHR B e~e 06~eMa Onpe~e

JUieTCil <Ix:>JiiY~oa: 

,,!"' <4 I - 3 
W~ = - VJ:p 0 Br/CM, (IO) 

P t. ) n 
r.ne JPn - cpe~HHH ~OTHOCT:& 06MOTKH, r/CM3. 

Ilo BiilllenpHBe~eHHHM <fJoiJiY~aM 6wm Bll'DIIMeHH MSRCIIMan:&HHe ~08~ 

B 06MOTK8X caepxnpo.oo~ MarHHTOB ~ npoeXTHpyeKHX YCKOpBTenel: 

HYJUIOTpoHa, Jla6~epa H YHK. Hcxo~HHe ~aHBue ~ p~eTa npHBe~eHH 

B Ta6JI. 4. PeayxcTaTH BWmMeud ITOK838HH Ha pHC, I2. Kax H Me~OBa

~0 o~ar:&,ocuoBHol BEn~ B ~oay o6yCJioBneH noTepRMK npx BHBO~e nyq

Ka, n~eM ~ HYJUIOTpoua no aceyY nepHMe'l'PJ, a .IVDI )laOJiepa III YHK 

ua .nmme Ji' R ;' 'Jl' R · 
6 ~'1 

MOIIIHOCT:& aueproBH,II;eJieHJ!II npH Me~eHBOM BHBO~e Q11Ka COO'l'Be'l'-

CTBeHBO paBHa: 3,2·!0-2, 0,3 H 0,5 fn/CM3 (~=0 n~ t 8 a 1,3,30 C). 
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T a 6 JI H u a 4. 

IlapaMeTpu ycxopHTe~. ueo6xonHMHe ~ pac~eTa~oau 

------------------------------------------------------------------
3uepl'lil1i HHTeucnuocu IloTepH Bpewr 

PeDM E,,I'sB I ..!ll2! L .%I. t ,c 
0 ' UJ1IIt1I 

-----------------------~~OT~;-7!7------------------------------

Hue~ I,5 - Io* ro-6 

YcKopeHHe I,5.S3 - I* 6 

Elmo~ nyqKa 33 2·roi2 4 0,5+5 

Jla6Jierf2/ 

H!ute~ Io2 - O,I 2·ro-7 

YcxopeHHe Io2+ro3 - I* IO 

Pmlo~ nyqxa Io3 5· roi3 I(IO) I+ IO 
!!lli /3/ 

~KUHR 70 - I· IO * 5 4• IO 
' 

YcKopeHHe 70+2·I03 - I* I5 

fuBO~ IIyqKa 2·I03 5·roi4 2 30 

• Be~ npiiHHTH aBTOpoM, 
( ) Ilo'l'epK B KoJI:&ue IIPIII aaapHibiOM c6poce nyqxa B ~oBymey. 

P A.IU1AUHOHHI::lYi HAI'PEB 

Pacnpe~e~eHBe IIJIOTHOCTK noTe~ npoToHoB H aueproBUneJieHHH Ha 

I npoToH.CM-I noJiyqeHH npH6JIH&eHuo, no3TOKy H nepen~ teunepaTyp 

OT p~H~HOHHOrO HarpeBa MOXHO O~eHHTb TOnbKO no llOpR~KY BenHqHHH, 
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PH c. II. Pacnpe~eHeHBe BeHH~H norHo~eHBO~ ~osN B uarBHTax 

CHBXPOTPOHa UEPH 25 rsB fi 2f; Ha BHYTPeBHHX MHmeHHX HOPMHPOB8HO 

Ha IQIB npOTOHOB. 

... ~p~:W.Illl{. 

~, 61! --'!._- <l ~
~•' HYki\DTPnH 

aT, .. ·~ ,.r:---"~'"~"OAO-;:- __ .U" 4T.""u•k _.-' 6 ~ ·~· --- _,1()/ " -- --- ..... ' 

.. ,..n ..... :<"' ----.;,---- I 

--'- ---1 

~ A•~••• '·" . 
l - ' . 

·"''· - ' •••••• ; ;o.-~ ,.. ' / •- • l '-.,-... r/ 
- - __ ___";'_ ~ I YHK a 

U\0 -- Z:H 

YHK ... 
"'i ..tt--J~·l 1 (."'., ........... 

.,_, 
a:-;; 

~ H C. I2. nsueHeHHe norHO~eHHO~ ~OSY H TeunepaTypy: a) B ~8BHCH

UOCTH OT 83HMyTa - npH6HHXeHH8fl OUeHK8 no (II), CM
cenTyu-uarHHTY; 6) Ce~eHHe OOUOTOK U8rHHT8; 

B) B 38BHCHMOCTH OT BpeMeHH - peweHHe ypaBH6HHH Tenno

npOBO~HOCTH nofi5f. 
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B KaqecTBe rrepooro npH6KKEeHHR 

Jie /I3/. 
• 2. 2. 

6YHH B!l'IHCJieHY A Tp no iflo:PMY-

,.t" G 1 (c{) ct .. ~ AT. "' w. -- - + + r- P 2. Kc" 2 2.k' .. ,." 
d. + 2.olw~ll 

2.h. J· (II) 

r.ne K,\1 = 4 11r/CM "'K , K .. 1." = 2· w- 4 91'/cx 0 1< , h. =3· w-2
11r/CM 

°K, diBOll 0, I CM, d. = 0,5 CM (TOJIIItHHa HeKoToporo CJIOH o6MoTKH, 

C ,nByx CTOpoH OXJiaJIQl;aeMODO reJIHeM, B6JIHSH TO~KH A '"r;a~rt,• ITOKa-

9aHHO~ Ha pHC. !2). 
1'11\kC 

Pesy.IThTaTH B!l'IHCJieHH:i!: A '"rp ,nJIH peJIWMa BHBO,na rryqKa rrpHBe,ne-

HN Ha p:i!:C. 12. 

B HOBWC KOMn03RTHYX cBepxnpooo.nHHKax HHTH NB Ti. rro.nBepram

ca TBHCTHp<>BaHHD. MHODOlmJII>mdi Ka6eJID H IIJI6T6Hall numa IIOJIHOCTD!l 

TpaHCIIOHHPyDTca. IlpH MB.ltOM mare TpaHCITOHHpoBaHHH 3qxJJ6KTHBH8li ITOIIe

petiHaR T6IIJIOllpoBO,nHOCT:& 6~eT SHatmTeJIDHO BIIIUe, CJie,noBaTeJIDHO, BHy

TpeHHH:i!: neperra.n; TeMnepaTypH A Tp .n;oueH 6UTI:. CYI!leCTBeHHO MeH:&me 

paC'UITaHHoro. 

C ,npyro:i!: CTOpoH!i, He CJie,nyeT 9a6!IBaTb 1 ~TO B 06MOTK8X C HSMe

HRIDmHMCfl B0 BpeMeHH MarHHTHHM IIOH6M IIpoHCXO,nHT "co6CTB6HHBH" ,nHC

CHIIauKli aHepi'HJII, corrpoBOI.D;aeMaR pasorpeBOM Ka6eJIH. Be.JIWIHHN A l'p 
H AT,a. ,no.DHll cKJia.D;HBaTbCH. 

llo,n ,neiiCTBHeM KpaTKOBpeMeHHODO B03MYJ116HHR COCTO.fiHHe coopxnpo

BO,nHHKa H9M8HH8TCfl B CJI6.D;YJJ!IIeit flOCJie,nOBaT8H:&HOCTH: 
I 

a) rrpRpameHHe TeMnepaTYPH AT., llPJ!BO.n;Iri'l' K YMem.meHHil IIJIOTHoc-

TH KpHTH'r8CKODO TOKa Jc. ; 
6) YM6H:&W8HHe lc B CBOD o-crepe.n:r, B!:l3!:lBaeT yBe.JIH'IeHHe rJIY6lml:l 

IIp0HHKHOBeHXf! MarmrTHODO llOJIH B CBepXIIpoBO.nHHK; 

B) IIepeMell!eHHe cppoHTa MarHHTHODO flOTOKa CO!lpoBO~aeTCH ,nOIIOJI-
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HHT8~HHM BNn8~8HH8M H8KOTOporo K0~8CTB8 ,JJ;Mny~eBa Tenna, B pe-

3YJThT8T8 11ero npoHCXO.l(H:r nOBHWeHHe :reWiepa:ry.pu Ha BeJIHIIHHY AT;. 
IIpH yCJiomm AT; <:AT: CRCTeMa llBJI!ieTCJI yCTOO<m:BOI OTHoCJITem.

Ho MaJIHX B03MYJlleHIDi. B npoTRBHOM CJiyqae, Ror.na A~·>A~'. c:aepx

npooonHHK rrepeibteT B HOp.iaiii>HOe COCTOIIHH8. 

SHeproBune~eHHe IIPR mmeKJ:nm aa BpeMR: ..., IO~ c npe,l(C:raB

MeT co6ol onHo R3 TaKRx B03MJ'llleHHI. HanpxMep, IIPR rroTepgx L .. ~ I% 
B JJ:a6Jiepe B03HRKaeT aHepro¥~e~eHRe -vrp' = 8. ro-4 .n..tr. no !l>o PIIY

Jie, npHBeneHHol B pa6oTe I ,IIOKHO BY~B~RT» Teunepa:rypy: 

T = v v IOOO+I,5·Io6·s·rcr4 : !4,.; = 5,7 ok 
Ml np.apaJQewte ~ T::T- T0 = 5, 7 - 4,3 = !,4 aK. 

ECJIH Ha CBepxnpoBO,ll;HHK B T8'1SHHe KOpDTKOro BpeMSHH ,JJ;SICTByeT 

B03MYIQ8HH8 TaK, 'ITO OH He MOZ8T H8CTH HOMHHaJn.HYit TOK, IIOCJI8,JJ;Hl!l 

6y,JJ;eT T8'1D B M8,JJ;HOI MaTp~e. Terr~o,reHepapyeMOe B MaTp~e, 38TeM 

OTBO,JJ;HTC.II B ~KHI reJIHH. 

~ IIJIOTHOCTH TOK8 B MaTp~e MOZHO 3anHC8Tb /!3/. 

( 
I f )% -'f/3 ] ~ h Ll Tp p... I ) ( I2) 

rne p"' - y,nem.Hoe corrpoTHBJieHHe; I - HOMHHam.Hmt TOK; J -Y'!H

Th!BaeT KOHIPJirypaumo IIpDBO.l{HHKa. 

BllpaJKeHHe (12) - RpwrepHI KPHOCTaTiJ'I8CKOI CTa6HJm3BinUI. Ileper-

peB 06MOTKH OT KpaTKOBpeMeHHHX CK8'1KOB TeMIIepaTypH YCTpSHIIeTC.II aBa

pHIHOI 38IIlHTOI MarHHTa. CYIQ8CTB8HHHM Tpe60BaHHeM IIpJI 381QHTe llBMeT

C.II TO, 'ITO TeMIIepa:rypa T"" B JDJ6ol '18CTH M~a He no.DHa rrpe

BHlllaT» OIIpe,JJ;eJieHHOro 3H8'1eHHII. 06H'IHO j'll'l = 20 + 30 •I( 
0 

YCJioBRe 381QHTH Marnwra 3aiiRCHBaeTCJI CJienYJliiiHM o6paa011 /I3/: 

1 ~ J ~ [ ~cT'"'J u.,., y I , (!3) 

E - 3aii8C8HH8ll SHepi'H!I; U"' - MaKCBMSJThHOe Hanplm8Hl!e; me 
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9- (3DcK) ~ roi6 A 2 c/M4 /I3/. 

II PHPaBHHBM npaBHe qacTR BHpallteHHI ( 12) H ( 13) , MoJKHo oueHHT» npe

' 
nem.Hoe aHa'leHHe A ~ . JJ:Jia 6om.WHHcTBa coBpeMeHHHX nHIIOJiel nonEHo 

BHIIOJIHIITbC.II ~enyvmee COOTHOW8HH8: 

A T,'-+LlT.'~ 2+3 01< 
A r 

(I4) 

npH KOa~eHTe aanaca no HOMHHBJibHOMY TORY - 10 + 15%. 

OEGYI,()(EHllE PE8YJlbTATOll 

PaC'IeT pacrrpe,JJ;eJieHRR IIO a3HMYTY IIOT8pD '18CT~ BHIIOJIH8H Ha OC

HOBe IIO~SMIIHpH'18CKHX COOTHOWeHHi!, KOTOpHe He IIpDTHBOpe'laT tfJH3Ktr8C

KHM rrpe,ll;CT8BJI8HHIIM 0 ,ll;HH8MHK8 BHCanKH '18CT~. Koa~HUH8HTH HepaBHO
/ 

MepHOCTR noTep» KH = 2 B6JIH3H MHWeHH H K 14 = IO B "cnoKoiHoA o6-

JiaCTH" BIIOJIH8 060CHOBaHH. 

0HH IIBJUIDTC.II CBOero pona KOS~HUH8HT8MH aanaca, IIOCKOJThKY Heo6-

XO,JJ;HMO R36aBHTb JDJ6oft MarHHT Ha KOJThiJ;8 OT 'lpe3M8pMOro YB8JIK<r8HHII 

IIOT8pD H, CJI8,ll;OBaT8JThHO, SHeproBH,ll;8JI8HHII. llpe,ll;CKa38T:& 3apaHee 1 B Ka

KOM HMeHHo MarHHTe (H3 - IOOO! ) npo:n:aoi,JJ;eT aTo yBe~eHKe, rrpaKTR

'IecKH H8B03MOEaO. 

'ITo Kacae:rc.f! BeJUI'lliH 6. T p nM CTau;HOHapHoro npou;ecca 

TeiiJionepe~8'1H(.t > 5 • IO c), TO OHH HeCROJn.KO 3aBhiW8HN. O,JJ;HaKO 

rrpR STOM Be~li A Tp' OT KpaTKOBpeMeHHHX B03MyWeHHM (j: '::! IO~ C) 

rrpR MaJIHX MarHHTHHX IIOMX YKJianHBaJ>TC.II B' ,l(OIIyCTJii!.lli8 IIp8,1(8Jibl. TeM 

6o~ee, 'ITO B KpPITepn (!4) He yqTeHo pesKoe y:ae~eHRe yne~Horo 

COIIpoTKBJieHHII Me~HOit Ma1'pHIJ;H BCJ18,l(CTBJil6 OdJiyllSHJil.f!/l4/.JlpJii dORblllliX HOMll-
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HaJ!l>HllX TOKB.X STO ITpRBO,ll;HT K .D;OITOJIHBTeJILHOMY BH,ll;eJiemm TeiTJia. 

TaiWM o6pB.30M, Ha OCHOBaHIDI BlliiOJIHeHHHX pacqeTOB MOJIHO ITOK8-

38TD,KaKHe ITOTepK 'I8CTKU ,ll;OnyCTKMH B paCCMBrpHBaeMHX yCKOpHTeJIRX 

ITpR YCJIOBHl!I O,ll;HHaKOBOi!: HHTeHCHBHOC'l'H, HaiipHMep 5• IOI3 tipOT/D;IIKJI 

(Ta6JI. 5). IlpH TaKHX ITOTepllX npo6JieMa HaKOITJieHIDI p~an;HOHHHX .n;e

qJeKTOB He MOJteT 6HTD CyDteC'l'BeHHOi!: ;ri.liH. YCKOpHTeJiel. 

T a 6 JI H u a 5. 

nonyCTHMHe BeJIHqHHH ITOTepD, % OT 5"IOI3 npor.(a.n;ep)/~HKJI* 

PeDM 

HH:Jte~ 

YcKopeHHe 

Me.JtJieHlll:il KJDI 6LIC'l'pHI 
aBapHftBLiit BLIBO,ll; ITyqKa 

HYKJIOTl)OB 

npoToBH H.Iij)a C I2 

IO 

o.I 

0.4 

5 

o.os 

o.2 

na6Jiep 

o.I 

I 

o.I 

YHK 

6 

I 

2 

• B cnyqae A~~ o.I. o.2 ·K OHa Ha 99~ onpe.n;enaerca 
norepaUH npH BHBo.n;e nyqKa. 

CJie.n;yeT sBMe'l'BT:&. 'ITO paC'IeTHHe Be.IIJIIDIIUI noTepD B npoeKTa.x 

YCKOpH'l'eJiel o6JllmO ~ peam.HLIX BeJIB"DDH 0 OCHOB8BHllX Ra omrre pa6o

TLI COBpeMeHHLIX CHHxpoTpoBOB. B Ta6JI. 6 npHBe,ll;eBLI npe.n;eJILBLie 3Ha'I6HHH 

HHT6HCHBHOCT6H paCCMaTpHBaeUHX yCKOpHTenett, 

Haum .IJ;aHHHe ITO,ll;TBepJIIlSilTCII pesyJILTa.TSMII He,ll;aBIDIX 9RCITepBMeHTOB 

B AproHHCKott Han;HoHam.Hoi!: Jia6oparopn /I6/. llpJI[ o6JIY'IeHD .ltlDIOJIII 

IfY'IROII c Eo= I2 ThB crepxnpo:oo.nHBRB nepexomtm! B HOJN8lfi>Boe COCTOJI-
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T a 6 JI H u a 6 • 

ilpe.n;eJILHQ-,ll;OITYCTHMHe HHTeHCHBHOCTH YCKOpHTeJien, npoT/UHKJI* 

PeanDHHe BeJIH'IHHH HyKJIOTpDH na6Jiep YHl{ 
ITOT8QL 

llpH HHEKUJII!! - IO% 
(B na6Jiepe - I%) 

5·IOI3 5·IOI2 3•IOI3 

B npouecce ycKope-
HM- I% 

5·IOI2 5·IOI3 5·Ioi3 

flpH Me~eHHOM BLIBO- s.roi2 2·IOI2 3.roi3 
,lle - 3 

llpH aBapKIHOI BLIBQ-
,Ite B JIOBYDIRY - 20% 

roi2 3·IOII 5.Iol2 

ii Bee 3Ha'!eKBR COOTB8TCTBYDT KOH~Y ycKopeHHH. 

HHe npH ITOTOKe ~ 2,7•I0g npor/ctl ( "f =50 MC), 'r,e. Tp ~0,5°K, 

flo H8IDMM OUeHKaM B cnyqae paBHOMepHOrO 06Jiy'IeHRR 06MOTOK: 

n• (I2 rsB)/4.1i'lq. = 2,7•10-8 pa,It/npOTOH•CM2 HJIH t.t;= 7,3·I0-4 .lllK/r. 

Az1 1 
B 3HaMeHaTeJie Y'!TeHO OTHOmeHI!e Az = 2; i!.Z, IT.PJI ROTOpOM CIOJIY'!eHa Be-

Jlli'IHH8 D • (pHc. 9), K A 'Z pea.JI:&Horo MarHHTa, a TaKJB:e nepHMeTp 

anepryp!i rrpJI "lq, = 5 CM, MaKCJIMaJIDHaa TeMnepaTypa B 06MOTKe: 

T ="'vfiooo + I,5·I06• ?,3·Io-4' - I4,4' = 5,6°K. 

IIpH K ( 'Z) = I + 0,2 H TOJI!IIi'lHe o6MOTK~ ""' 4 eM no-

nyqaeM BeJDI'IIIHH A TMai<C. = I,3°K H A TMHH. = 0,3°K. 

TaKJIM o6pasoM, npJI KOMITJieKCHOM paccMOTpeHHH npo6neMH pa,llR8UHOH

Horo HarpeBa CBepXllpoBO~mBX MarHHTOB YCROpHTeJiel OHa npencTaBnSeTCR 

HCKniD'IJIT8~DH0 8KTJ8JILHOI, ~ EHpa60TRH OKOH'IaTeJIDHUX peROMeH,!!;auHA 

H8o6XO,!!;HMH ,ll;aJILHefmze pacqeTHO-TeOpeTH'!eCKHe H 3RCnepHM8HTaJILHH8 

JICCJieltOBaHM, 

23 



B 3BKXtReHHe aBTOp BHpazaeT 6~aro~apHOCTL A,M,EQn~ay •. H.H.Ce

MeHDmKHHY H A.r~3eHL~OBH~y 38 no~epzxy pa60TH, a T8RZ6 H.H.ro~apoBy, 

B,E.XBoCTOBy, E,B,BacHHamaay a H.E. HCCHHCRO~ 3a o6c~eaae H llOH63-
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