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BBE.[(EHHE 

liccne,o;osaHHe pOJIH BOsMYUJ;eHHii H onpe,o;eneHHe '4HCJia '4aCTHD;, Bbi
na,o;aro~x H3 p~Ma ycKopeHHH HJIH HaKonneHHH, npe,o;cTaBnHeT co6oii 
O,IJ;HY H3 HaH6onee npHHIJ;HnHaJibHb~ 3a,IJ;a'4 TeOpHH YCKOpHTeJieH. llo,o; 

BJIHHHHeM B03My~eHHH, HCT0'4HHKOM KOTOpbiX MOI"'YT 6b!Tb CaMble pas
H006pas~e ~H3H'4eCKHe 3~eKTW, YBeJIH"lHBaiDTCH noTepH, 'iTO npHso
gHT K He06XO,IJ;HMOCTH OI"'paHH"leHHH TOKa nyqKa. 

B HaCTOH~eii pa6oTe o6cYE,IJ;aeTCH o6Hap~eHHbrn s~eKT sosM~e
HHH se,o;~el"'O Mal"'HHTHOI"'O noJIH CHHXPOTpOHOB, B03HHKaiD~H Hs-sa 
3Ha'4HTeJibHOI"'O BJIHHHHH /B OTJIH'4He OT 06bi'4Hb~, 11 TenJIWX11

, Mal"'HHTOB/ 

TenJIOBOI"'O COCTOHHHH Cll-Ka6enH Ha pacnpe,o;eneHHe B HeM TpaHcnopT
HOI"'O TOKa, 3TOT 3~eKT nOBb~aeT sepOHTHOCTb BW6WBaHHH "laCTHD; 
H3 06JiaCTH YCTOH'4HBb~ ~a30Bb~ KOJie6aHHH, 0H 6WCTpO pa3BHBaeTCH 
BO BpeMeHH BCJie,IJ;CTBHe o6paTHOH CBH3H B03M~eHHH H noTepb H MO
~eT npHBO,IJ;HTb K HC"lesHoseHHID scero ny'4Ka 6es nepexo,o;a MarHHTOB 
B HOpMaJibHOe COCTOHHHe, 

C~eCTBeHHYID ponb s sosHHKHoBeHHH s~eKTa HrpaeT a6coniDTHaH 
BeJIH"lHHa H BH,Il; pacnpe,o;eneHHH norno~eHHOH sHepl"'HH /TeMnepaTypw/ 
B csepxnposo,o;H~x o6MOTKax /CllO/.' 

I. PACllPEAEITEHHE nornOmEHHO~ 3HEPflili B CllO 

CrpynnHposaHHbrn nyqoK npH ,IJ;BH~eHHH s Mal"'HHTHOM none ycKopH
TenH "laCTb CBOeH 3Hepl"'HH nepe,o;aeT CllO B pesyJibTaTe noTepb 
"laCTHD; /1/, HaH6onee ~eCTKHe pa,IJ;HaD;HOHHbie YCJIOBHH p;IH cno B03HH
KaiDT npH JIOKaJibHOH no anepType BWCa,IJ;Ke yCKOpHe~ '4aCTHD; Ha 

CTeHKH BaKyyMHOH KaMepbi, B 3TOM CJiy"lae ~YHKD;HH HCTO"lHHKa Hs
Jiy"leHHH S (t, E , 0) 111 npH Bbi'4HcneHHH norno~eHHOH sHeprHH 
W(p,~) MO~eT 6WTb npe,IJ;CTaBJieHa B CJie,IJ;YID~eM BH,IJ;e /eM. reoMeT-

PHID Ha PHC. I I : 

s(r .E. n>= i:i . 8(~-~· >Bell -j.l >BCE-E >. 111 
I 0 0 

r,o;e Li -cpe,o;HHH BeJIH"lHHa noTepb Ha p;IHHe MarHHTa f z ; ~ -anepTyp
Hblli yron; E- SHeprHH qacTHn;; j.!=COSa /a - yron swca,o;KH "laCTHD;, 

o6W'4HO - I Mpa,o;/ • 
0'4eBH,Il;HO, 'iTO ,IJ;nH HCT0'4HHKa /1/ ~~MH,yeTCH HeO,IJ;HOpO,IJ;HOe pac

npe,o;eJieHHe norno~eHHOH 3Hepl"'HH B CllQ 1•2 , 3TO HJlJIIDCTpHpyeTCH 
,o;aH~ Ta6JIHD;W H pe3YJlbTaTaMH paC"leTa/S//pHc.l/ nJIOTHOCTH no

TOKa a,o;pOHOB CE>20 MsB, KOTOpWe BHOCHT OCHOBHOH BKJia,IJ; B 
W(p.~) npH Eo=7 ,5 rsB. PesyJibTaTbl pac"leTa, npHBe,IJ;eH~e B Ta6-
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2. OBPA30BAHHE HOPMA11hHOf! 30Hbl B CllO 

PHc.I. PacnpeAeneHHe 
llnOTHOCTH llOTOKa aAPO
HOB B MOAeiTH AHllOITbHO
ro MarHHTa. 

ITHI.J;e, BblllOITHeHbi An.!l 

HCTOqHHKa /J/, a ITOKa-

3aHHhle Ha PHC.J- An.!l 
cnyqaH noKanbHOH BbiCaA

KH qacTH~ llOA yrnoM 

a llPH £z =0. llpH CBepx

BbiCOKHX 3HeprH.!IX 

W(p,¢) B OCHOBHOM 
OllpeAenHeTCH 3neKTpOH
cPOTOHHbiM KacKaAOM, 

TaKHM o6pa3oM, no

TepH nyqKa B npo~ecce 

yCKOpeHHH llpHBOAHT K 

TOMY, qTo BHyTpeHHHe 

CITOH Cll0 B yriTOBOM 

paCTBOpe llOPHAKa 20° 
MOryT OKa3aTbCH B 

neperpeTOM COCTOHHHH 

BlliTOTb AO o6pa30BaHHH 

orpaHHqeHHOH HOpManb-
............ '"---···· /nTtf""' I 
.............. ..J"-' .. U..Il I Vil.J/ • 

HopManbHaH 30Ha Mo~eT B03HHKHYTb B pe3ynbTaTe noTepH qacTH~ 

B MOMeHT nepeBOAa /H~eK~HH/ nyqKa B CBepxnpOBOAH~ee KOITb~O npH 

ManbiX llOAKPHTHqHOCT.!IX 11 =0, I+ 0,2. Ha pHc.2 H3BecTHbie 3Kcne
pHMeHTanbHbie/4-71 H pacqeTHbie / 2 / pe3yiTbTaTbl npeACTaBITeHbJ B OT

HOCHTeiTbHbiX eAHHH~ax I I =, 20 M]J;JI</r/. 3aBHCHMOCTb I nonyqeHa Ha 

OCHOBe H3MepeHHH nepeXOAOB H3 CBepxllpOBOAH~ero B HOpManbHOe 
COCTOHHHe llpH o6nyqeHHH/S/ H YAeiTbHOH TennoeMKOCTH/9 / An.!l HT-50. 

Ar!H KOM6HHHPOBaHHhlX llpOBOAHHKOB, H3 KOTOpbiX H3rOTOBITeHbJ Cll0 HC-
cneAOBaHHhlX B/5-7/ MarHHTOB, OHa OTITHqaeTCH K03~H~eHTOM 
3,67. 

06naCTb, pacnono~eHHaH H~e 3aBHCHMOCTH I Ha pHc.2, COOTBeT
CTByeT TaKHM COCTOHHHHM, KOrAa 0H3 OTCYTCTByeT, HeCMOTpH Ha Ha

nHqHe OilpeAeneHHOrO TellnOBblAeiTeHHH OT BHyTpeHHHX HCTOqHHKOB 

W(p,¢). Hx MO~HOCTH He XBaTaeT An.!l HarpeBa npOBOAHHKa B 
cno AO KpHTHqecKOI~I TeMnepaTypbJ Tc (B ,I). 06naCTb MeE,Izy KpHBbiMH 
I H 2 HnH I H 3 cooTBeTCTByeT HanHqH~ OH3, HaXOA~eHCH B ycToi:f
qHBOM TellnOBOM paBHOBeCHH. C yBenHqeHHeM 7} H 8 3Ta o6naCTb 
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PHc. 2. 3KcnepHMeHTaJibHbie H pactieTHble pesynbT8Tbl no 
HarpeBaHHIO H 06JiytieHHIO CBepxnpOBOAHIIUiX gHnone~: • -
p;aHHble pa6oTb/41; !i - p;aHHbie 1 51; •- p;aHHbiel61; 
V - p;aHHbie I 7 I; 0 - HaiiiH H3MepeHHH. 

yMeHbmaeTCH H npH lp MO~eT HC'le3HYTb. Pasp;eneHHe TOKa Me~y 

CBepxnpOBOp;HHKOM H MaTpHQe~ B pe3HCTHBHOH 30He H HanH'lHe BHyTpeH
Hero TenJIOBOI'O COnpOTHBJieHHH HeCKOJibKO pacmHpHeT 06JI8CTb C~ecT

BOB8HHH: OH3, npH'leM KpHBaH: 3 npoxogHT tiepes TJ =I H npep;enbHoro 

SHatieHHH: TOKa IP B H:BHOM BHp;e HeT, HaKOHeQ, o6nacTb, pacnono~eH
HaH: BbEe KpHBOH 2 HJIH 3, COOTBeTCTByeT HeyCTO~'lHBblM COCTOH:HHH:M. 
3TO 03H8'18eT, 'ITO TenJIOBbip;eJieHHe OT W (p, c/J) H ~OyJieBO 

TennoBbip;eneHHe Ha neperpeTOM ytiacTKe CIIO HaCTOJibKO BeJIHKH, 'ITO 

npH TJ•COnSt HOpMaJibH8H: 30Ha pacnpOCTp8HH:eTCH: HeKOHTpOJIHpyeMbiM 
o6pa30M BITJIOTb p;O nepexop;a M8I'HHT8 B HOpMaJibHOe COCTOH:HHe. Pe-

3YJibT8Tbl, nOK838HHble H8 pHC. 2, KatieCTBeHHO COI'JI8CYIOTCH: C TeOpHe~ 
CTeKJIH o paBHOBeCHH HOpMaJibHO~ SOHbi B nnoTHOfl o6MOTKe 1101. 

Bo3HHKHOBeHHe OH3 cna6o 38BHCHT oT Toro o6cTOH:TeJibCTBa, npo

naH:H Ka6eJib HJIH He nponaH:H, Tp8HCnOHHpOBaH HJIH He TpaHCnOHHpo-

4 

saH. IlpH MaJibiX 7J cetieHHe cBepxnposowr~eH: tiaCTH Ka6eJIH: p;ocTa
TO'lHO p;JIH: nponyCK8HHH: He06XOp;HMOH BeJIH'lHHbl TpaHCnOpTHOI'O TOKa. 

Ilo-BHp;HMOMy, p;~e B HenponaH:HHOM H TpaHCnOHHpOB8HHOM Ka6eJie TOK 
cnoco6eH nepepacnpep;enH:TbCH: /eM. 3aBHCHMOCTH 7 H 8 Ha pHc.2/ 

tiepe3 TOKOBBOp;bl HJIH BHYTPH K8UeJIH:. B npOTHBHOM CJiytiae KpHBaH: 3 
cosnaJia 6w c 38BHCHMOCTbiO I B 3KcnepHMeHTax. TaKHM o6pa3oM, noH:B

nerme OH3 caMo no ce6e Mo~eT H He npHBeCTH K nepexop;y Mai'HHTa, 

HO H3-3a nepepacnpep;eneHHH: l1~~a 6yp;eT BJIHH:Tb Ha xapaKTepHCTHKH 
M8I'HHTHOI'O nOJIH: B anepType • 

3. P A3MEPbl HOPMAJibHOI1 30Hbl B CIIO 

AJIH: KOJIH'leCTBeHHOI'O onpep;eneHHH: HCK~eHHH Bep;y~ei'O MarHHTHO
I'O noJIH: Hap;o 3H8Tb BeJIH'lHHbi !ir B K~OM BHTKe CIIO. ~H OQeHKH 

/'ir MO~HO HCnOJib30B8Tb JIHHeHHYIO 3aBHCHMOCTb 4 /pHc.2/: /'ir 
= 1-TJ , op;HaKo 3TO otieHb rpy6oe npH6nH~eHHe. IIo-BH,IJ;HMOMy, 

/'ir (7)) * H3MeH.HeTCH: B COOTBeTCTBHH C 3KCnepHMeHT8JibHbiMH 38BH
CH~OCTH:MH wq (r). Ee3 60JiblliOH norpemHOCTH KPHBYIO 3 MO~HO 3KCT

panoJIHpOB8Tb no 6 K ep;HHHQe H onpep;enHTb !irq(TJ). 3Ha'leHHH: !ir 
B npOMe~yTKe 0 < /'i r < /'i r q Bbl'lHCJIH:IOTCH: Ha OCHOBe pemeHHH: 

ypaBHeHHH: TennonpOBO,IJ;HOCTH C y'leTOM p;HH8MH'leCKHX nOTepb H ~YHK
QH~ B(t) H I(t), o6bltiHo H3BeCTHbiX p;nn p;aHHoro ycKOPHTenH. 

TeMnepaTypHoe pacnpep;eneHHe B CIIO MO~Ho noJiytiHTb He3aBHCHMO 

p;JIH: K~OI'O BHTKa, HO C ytieTOM npOCTpaHCTBeHHOI'O pacnpep;eneHHH: 

W(r,c/J) H TenJIOBbip;eJieHHH:. Yp;o6HO BOCnOJib30BaTbCH: MHOI'OTO'leti
HbiM npH6JI~eHHeM, pa36HB8H: BHTKH /B CJiytiae Cep;JI006p83HOI'O p;H

nnn«/ J.J:::I ~nPMt::lHTl-.T nn !'~.n:uy,.y u q:::~.n::J'R::IA' 7"PnnnHJ...T.n:PnPHUP H Hu.".P 

CTyneH'l8TO~ ~YHKQHH OT r. IlpH 3TOM p;JI.H TOHKHX BHTKOB BnOJIHe 
MO~HO npeHe6pe'lb yi'JIOBblM pacrrpep;eneHHeM TenJIOBbip;eJieHHH, HO 

Y'lHTbiBaTb ero OT BHTKa K BHTKY. 
Ilo H3BeCTHO~ 38BHCHMOCTH KpHTH'leCKO~ ITJIOTHOCTH TOKa B KOM6H

HHPOBaHHOM npOBO,Il;HHKe OT TeMnepaTypbl H HHp;YKQHH M8I'HHTHOI'O nOJIH: 

Jiei'KO onpep;eJIHTb BeJIH'lHHy HarpeBa, npH KOTOpOM B p;aHHOM BHTKe 
B03HHKaeT HOpMaJibHaH: 30H8. 3HaH: p;HHaMHKY pacrrpep;eJieHHH: TeMne
paTypbl B BHTKaX CIIQ Ha OCHOBe pemeHHH: ypaBHeHHH: TennonpOBO,Il;HOCTH, 

MO~O noJiy'lHTb ~YHKQHIO /'i r N ( t ), rp;e N - HOMep BHTKa. 

4. PACqET HCKAlliEHHM MAfHHTHOrO IIOnH 

B pactieTax npep;nonaraJIOCb, 'ITO B OH3 HeT TpaHcnopTHOI'O TOKa. 

Ha pHC.3 noKa3aHO H3MeHeHHe pacnpep;eJieHHH: M8I'HHTHOI'O ITOJI.H B 

anepType p;JIH: ,IJ;BYX THnOB p;HnOJibHbiX M8I'HHTOB: a/ cep;noo6pa3HOI'O 

p;HnOJibHOI'O M8I'HHTa, B KOTOpOM noJie B OCHOBHOM ~OpMHpyeTCH: 06MOT-

* HHp;eKC ''q" Be3p;e yKa3biB8eT Ha npep;enbHble BeJIH'lHHbi, COOT

BeTCTBYIOIIUie nepexop;y Mai'HHTa. 

5 



~-~~---------, 

Q y 

6'\,0TM . .a 

0,1 
0,1 0,1 

a 
.. 
2 

0,2 
0,1 

4 

2 

N24 

Nl3 
N12 

Nl 

&.l1crol 
0 0 +---"llfi!i:F::::::.O....,---~,_;!r,a(~) 

'! I 
-2 I 

I 

-4 
I 
I I 

-6 ~LfTCIQ -4 
I 

~l.ETCIQ 

0.1 Q,2 03 0.4 0,5 0,1 0.1 OJ O.lt Q,S 

PHc.3. HsMeHeHHe HenHHeHHOCTeH s sasHCHMOCTH oT 
pOCTa HOpManbHOH 30~ B CeAn006pa3HOM AHnone /a/ 
THna "oKOHHaH paMa" c :lKe.TleSHbiM cep.c;e>~HHKOM I 6/. 

a. (Ia" I 
r,. (ICT") 

Qz(«T') 

AHHB.MHKH 
H B AHnone 

KOHj 6/ AHnOnbHOrO MarHHTa C :lKenesHbiM cep.c;e'IHHKOM THna 110KOHHaH 
paMa", r.c;e none HanonosHHY onpe.c;enHeTcH 3THM cep.c;e>~HHKOM /12/, 
B Ta6nHQe Ha PHC,) noKa3aH sanoJI(eHHbm B paC'le~ pOCT HOpManbHOH 
30~ BO BpeMeHH, TO eCTb npH YBe.TIH'leHHH ~· B cnyqae, KOr,D;a no
TepH >~acTHQ HAYT no o6pasYJQ~eH B I I 4 MarHHTa I eM. reoMeTpmo 
Ha pHc.4/, BOSHHKHOBeHHe OH3 .c;o~Ho npHBOAHTb K HaH6onbmeMY 
H3MeHeHHIO He.TIHHeHHOCTeH. 

6 
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Pacc'lHTaHHoe HSMeHeHHe MarHHTHoro nonH, BhlSBaHHOe nepepac
npe.c;eneHHeM llnOTHOCTH TOKa, npe,D;CTaBnHnOCb B cne.c;ym~eM BH,D;e: 

a/ AnH ceAnoo6pasHoro MarHHTa 1131 : 

y y y 2 
t\BY(x);

80
.c 0 +C 1 .x + C 2 .x + ... , 

l[ l[ l[ 2 
t\Bx (X)/B .. 00 +C1 ·X +02 •X + ... ; 

0 

6/ AnH MarHHTa THna 11 0KOHHaH paMa111141 

t\B (r,O)/ = I (L) n-
1 

[b sin(n-1)0-a sin (n -1)·01.· 
x Bo n=1 r 0 n n 

/2/ 

/3/ 

r.c;e 80 - BY I x =0, y =0/ - senH'lHHa ocHoBHOH AHnonbHOH KoMnoHeHTbl 
MarHHTHoro nonH. 

XapaKTepHCTHKH nonH, npHBe.c;eHHbJe Ha pHc.3, nonyqe~ Ha eAH-
HH'lHOM p~yce f =I CM AnH C~•Y H Ha Kpam anepTyphl AnH 8n , 
bn• llyHKTHpOM Ha rpa~HKaX H Ta6nHu;ax PHC.) noKasaHa OpHeHTHpo
BO'lHaH rpaHHu;a rrpe,)1enhHO .c;onyCTHMbiX 3Ha'leHHH c:·Y, an,bn, MeCTO 
npOBe,D;eHHH KOTOpofl 6y.c;eT yTO'lHeHO HH:lKe, 

5. BnHHHHE HCKAmEHHA MArHHTHOfO nonH HA llHHAMHKY qACTHU 

B HacTpoeHHOM ycKOPHTene nepBH'lHble noTepH qacTHU HepaBHOMep
HO pacnpe.c;e.neHbJ M~Y OT,D;e.TlbHbiMH MarHHTaMH H cny>~aHHbiM o6pasoM 
$flyKTYHPYJOT BO BpeMeHH 111• llO-BHAHMOMy, B COBOKynHOCTH C co6cT
BeH~MH $nyKTyau;HHMH BenH'lHH W(r, c1>) scne.c;cTBHe peanHsau;HH pas
nH'lHbiX KaHanOB H,D;epHbm peaKQHH npH B9aHMO,D;eHCTBHH 'laCTHU C Be-
~eCTBOM Be.TIH'lHHa W MaKe,( f, cP) He MO:llteT npeBbDUaTb W ( f, cP) 
6onee 'leM B 10 pas. AnH paccMaTpHBaeMOH npo6neMhl sonpoc o $flyK
Tyau;HHX rrorno~eHHOH 3HeprHH HMeeT npHHQHnHanbHOe 9Ha'leHHe, lloKa 
STOT sonpoc He Hccne.c;osaH, B pacqeTax .c;o~eH ~HrypHposaTb HeKoTo
pbm K03~HUHeHT sanaca K •10. 

HCKa:lKeHHH MarHHTHOrO nonH, o6ycnoBneHHbie p~aJ..UiOHHbiM H AH
HaMH'leCKHM HarpeBOM, MOryT YBe.TIH'lHTb IIO SaKOHY cpe,D;HHX KBa,D;paToB: 
a/ HCKa:lKeHHe SaMKHyTOH op6HThlj 6/C,D;HHrH 'laCTOT 6eTaTpOHHhlX KO
ne6aHHHj B/ mHPHHhl peSoHaHCHbm nonOCj r/ HHKpeMeHT pa3BHTHH 
CTOXaCTH'leCKHX HeyCTOH'lHBOCTeH, BenH'IHHbi, xapaKTepHSYJO~e 3TH 
3~eK~, nponopQHOHanbHbl Cpe,D;HeKBa.c;paTH'leCKOMy OTHOCHTe.TlbHOMy 
sHa'leHHID HenHHeHHOCTH MarHHTHoro nonH < t\ B /80> Ha Kpam pa6o-
>~eii anepTyphl HnH ee Ksa.c;paTy B cnyqae "r". 

B CHHXPOTpOHaX Ha CBepXBhlCOKHe 3HeprHH senH'lHHa <t\8/Bo>~ 
• I o-4 COOTBeTCTByeT C,D;BHry 'laC TOT 6eTaTpOHHbiX KOne6aHHH <t\v>• 

10-2/1&/ y ~ 5 • BenH'leHHe He.TIHHeHHOCTH, HanpHMep, B pas IIPHBe,D;eT 
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K nonagaHHro'no KpaHHeH Mepe ~aCTH ny~Ka B nonochl pesoHaHCOB ,o;o 
4-ro nopa,o;Ka BKniD~HTenbHO H, cne,o;oaaTenbHO, K ,o;ononHHTenbHbiM 
H B03paCTaJOID;HM noTep.RM ~aCTHIJ; ~L(t). 

6. UHK11 B3AHMOOBYCnOBn~HHOH CB513R LETCIQ 

Q~eBHAHO, ~TO Afl.ll CBepxnpOBO,D;R~X MarHHTHhlX CHCTeM yCKOpHTe
neH c~ecTayeT BSaHMoo6ycnoBneHHaa TepMoAHHaMH~ecKaa H sneKT
poManrnTHaa CBRSb MeJttAY nepBH~HhlMH H BTOpH~HhlMH /,o;ononHHTenbHbi
MH/ noTepaMH ~aCTHIJ; B BH,D;e HapaCTaiD~ero IJ;HKna, noKaSaHHOI"'O Ha 
pHc.4. Ana KpaTHOCTH Mbi HaSBanH ero LETCIQ (Loss-Energy deposi
tion-Temperature-Current-Induction magnetic field-Quaver). 
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PHc. 4. J.lHKn LETCIQ H ero Ka~eCTBeHHoe BnHaHue Ha 
noBep;eHHe TeMnepaTypHOI"'O rpaAHeHTa B CllO. 

B.T 

5 

I ... 

2 

Rccne,o;oBaHHe IJ;HKna LETCIQ 
~peSBbNaHHO cno~HYID npo6neMy, TeM He MeHee Ka~eCTBeHHO ~HSH~ec
Kaa KapTHHa ,D;OCTaTO~HO RCHa. EcnH sa BpeMa ~t- I MKC npH HH*eK
IJ;HH IQ13 npoTOHOB noTepu L0 npHBOp;aT K HarpeBy, ,o;onycTHM, Ha 
~T"' 8 K /pHc.4/, TO nepexo,o;a He npOHSOH,lJ;eT, TaK KaK ~T<Tq CllO. 
O,o;HaKo Hens6e~o o6pasyeTca OH3 ( ~T> ~ T q ) H npoHsoil:,o;eT 
BOSMy~eHHe MarHHTHoro nona B anepType. lloTepH ~acTHu; B npou;ecce 
ycKopeHHa, a TaK~e poeT TOKa I H nona B npu YMeHhmeHHH J c(B,I) 
MoryT yBenH~HTb pasMep OH3 HacTonbKO, ~To (~B/B 0 ) > IQ-4 
H Tor,o;a BKniD~aeTca u;HKn LETCIQ. KocBeHHO o6 STOM MO~Ho CYAHTb 
no OTKnOHeHHID OT KpHBOft HOpManbHOI"'O OCThlBaHHa I nocne HMnynbca 
HH*eKIJ;HH. 

BosMo~Hhl cne,o;yro~e CHTyau;HH /puc.4/: a/ LETCIQ BKniD~aeTCa 

BCKOpe nocne H~eKIJ;HH, nOTepH ~aCTHIJ; peSKO BOSpaCTaiDT H npOHCXO-
AHT nepexo,o; MarHHTa /KPHBaa 2/; 6/ LETCIQ sanas,D;bJBaeT, 
n~OK TepaeTCa nOCTeneHHO H HC~esaeT COBCeM rp;e-TO B cepeAHHe 
u;uKna ycKopeHua; a/ LETCIQ He BKniD~aeTca ,o;o KOHIJ;a u;HKna yc
KopeHHa, HO nOTepH HeMHOI"'O BOSpaCTaiDT Hs-sa ManhlX ,D;OnOnHHTenbHb~ 
HCK~eHHii MarHHTHoro nona I BenH~HHhl cneBa OT npep;enbHOH rpaHHIJ;bi 
Ha pHC. 3/, TaK ~TO OCTaHeTCa He,D;OCTaTO~HbrH pesepB B ~T Afia 
OC~eCTBneHHa BbiBOp;a ny~Ka npH MaKCHManbHOH 3HeprHH YCKOpeHHbiX 
~aCTHIJ;. 

YMeHbWeHHe noTepb HnH TOKa H~eKIJ;HH He BCerp;a MOI"'YT YCTpa
HHTb onaCHOCTb, nOCKOnbKY HOpManbHaa SOHa MO~eT BOSHHKHYTb B 
CfiQ npH ManhlX ~ no p;pyrHM npH~HHaM 116 / H noKa He aCHO noBep;e
HHe OH3 npu HanH~HH $nyKTyau;HH W(r,¢) B npou;ecce ycKopeHHa. 

7. R3MEPEHRE HEnRHEHHOCTEH llPR RMITYnbCHOM HArPEBE CllO 

noKanbHbrH HarpeB CllQ MarHHTa THna 11 0KOHHOH paMhl11 C ~eneSHbiM 
cep,o;eqHHKOM/ 121 cos,o;aBanca HarpeBaTeneM c pasMepaMH 6x3xl MM 3 

HS KOHCTaHTaHOBOH npOBOnOKH C aKTHBHbiM COnpOTHBneHHeM 1,3 OM. 
B6nusH HarpeBaTena pasMe~anca TepMoMeTp-conpoTHBneHHe AnneH
Bpep;nH c pasMepaMH 4xi,Sxl MM 3. HarpeBaTenb H TepMoMeTp npHKne
HBanHCb snOKCH,D;HOH CMOnOH K CllO H 3aKpbiBanHCb CTeKnOTeKCTOnHTOM 
Afia YMeHbWeHHa Tennonepep;aqH OT HarpeBaTenR K ~,D;KOMY renHID. 
MarHHT BMeCTe C HSMepHTenbHOH KaTymKOH, noMe~eHHOH B anepType, 
norp~anca B KpHOCTaT C ~KHM renHeM. reoMeTpHa 3KCnepHMeHTa 
cxeMaTHqHo noKasaHa Ha pHc.S. 

B HarpeBaTenb OT reHepaTopa no,o;aBanca HMnynbc TOKa ,D;nHTenb
HOCTbiD 0,5 MC, CHHXpOHHSOBaHHbrH no BpeMeHH C HMnynbCaMH nHTaHHa 
Mai"'HHTa, KOTOpbie HMenH TpeyronbHYID cPOPMY H nepHO,D; cnep;OBaHHa I 3 C. 
li3MepeHHH Mar'HHTHOI"'O nona B anepType npOBO,o;HnHCb no MeTO,D;HKe, 
onHCaHHOH B pa6oTe/ 1?/ B naysax Me~y HMnynbcaMH TOKa OT HCToq
HHKa nHTaHHR Mai"'HHTa H3MepHTenbHaa KaTyWKa, nop;KnroqeHHaa K CH
CTeMe MarHHTHbiX H3MepeHHH, nOBOpa~HBanacb B anepType Ha HeKOTO
pbrH yron ~¢ c noMo~biD maroBoro sneKTPOABHraTena. lisMepeHHa 
npo,o;o~anHcb, noKa KaTymKa He c,o;enaeT o6opoT Ha 2 rr. ,[(aHHbie Mar
HHTHbiX H3MepeHHH onepaTHBHO o6pa6aTbiBanHCb Ha 3BM. 
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PHc.5. 3aBHCHMOCTb OT speMeHH: pOCTa MarHHTHOrO nonn/a/, 
TeMnepaTyphl Cll0 /6/ H OTHOCHTenbHOrO H3MeHeHHR HenHHeHHO
CTeH BToporo /s/ H TpeTbero /r/ nopn,u.xa. feoMeTpHn 3Kc
nepHMeHTa /,u./: I - ~ene3Hhlll cep,u.e~HHK; 2 - cno; 3 - H3Me
PHTenbHaR KaTymKa; 4 - HarpeBaTenb; 5 - TepMOMeTp; 6 -
CTeKnOTeKCTOnHT. 

0,U.HOBpeMeHHO C MarHHTHbiMH H3MepeHHRMH KOHTpOnHpOBanOCb H3Me
HeHHe TeMnepaTypbl B6nH3H Cll0. feoMeTpHR 3KCnepHMeHTa 6b1Jla BbJ6-
paHa TaKOH, ~TO TepMOMeTp noKa3bJBan TeMnepaTypy, OTnH~aiOIIIYlOCR 

OT TeMnepaTyphl BHyTpeHHeH nosepXHOCTH CllQ He 6onee ~eM Ha 25%. 
3To 6biJlO nposepeHo Tenno~H3H~ecKHM pac~eTOM. H3MepeHHe TeMnepa
TYPhl TepMOMeTpa npOBOAlfnOCb nyTeM BKniO~eHHR ero B MOCTOBYJO CXe
My, ypaaHosemaHHYJO npH 4,2 K. CHrHan pa36anaHCHpOBKH MocTa ycH
nHsancn H 3anHCbJaancn Ha 6hlCTpo,u.eiicTBYIOmeM caMonHcu;e. llorpew

HOCTb H3MepeHHR TeMnepaTypbl He 6onee ~ 0, I K. 
BHa~ane s HarpeBaTenb no,u.aaanacb 3HeprHn, HecxonbKO npeBb~aJO

man p,onyCTHMYJO W q AnR p,aHHOH 06MOTKH, H 6biJlH nonytieHbJ 3KCnepH
MeHTanbHhle TO~KH, KOTOphle npHBe,U.eHhl Ha pHC. 2. 3a TeM npH T/ • COn St. 
MOII.IHOCTb HarpesaTenR CHH~anacb HaCTOnbKO, 'ITO nepexop,a MarHHTa 
He npOHCXOAlfnO, H npOBOAHnHCb H3MepeHHR OTHOCHTenbHhlX H3MeHe
HHH HenHHeiiHOCTeH C BblKniO'leHHbiM H BKniO'leHHbiM HarpeBaTeneM. llpep,
BapHTenbHhle pe3ynbTaThl 3KCnepHMeHTa npep,cTaBneHbl Ha PHC.5. llo
,U.06Hhle H3MepeHHR 6yp,yT npO,U.O~eHbl Ha ,U.aHHOM H p,pyrHX THnaX 
Cll-MarHHTOB. 

llony~eHHhle pe3ynbTaThl CBH,U.eTenbCTBYJOT 0 3aMeTHOM OTHOCHTenb
HOM H3MeHeHHH HenHHeiiHOCTeH nop, p,eHCTBHeM noKanbHOrO Harpesa 
CllQ, npHBO,U.Rmero K o6pa3oBaHHIO orpaHH'leHHOH HOpManbHOH 30Hbl H, 
cne,u.osaTenbHO, K nepepacnpe,u.eneHHIO Toxa, xax H npe,u.nonaranocb 
B pa6oTe l1ll. 

3AKJDOI.JEHHE 

PaCCMOTpeHa HOBaR npo6neMa, peWeHHe KOTOpOH B~HO AnR Bbi60pa 
npe,u.enbHblX senH'lHH noTepb ~aCTHU: TOKa H~eKTHpyeMoro nyt~Ka 

B CHHXPOTpOHhl Ha CBepXBbiCOKHe 3HepniH. B HaCTORmee BpeMR H3-3a 
cnoJKHOCTH ee pemeHHR He npe,U.CTaBnReTCR B03MO~Hb1M Cp,enaTb 
o6ocHoBaHHble KonHt~eCTBeHHhle ou;eHKH. O,u.Haxo cne,u.yeT 3aMeTHTb, 
'lTO B03HHKHYT 6onee ~eCTKHe Tpe60BaHHR K ,U.HHaMHKe tiaCTHLJ; H 
,u.onycTHMbiM noTepnM, ycTaHoBneHHhlM paHee/1.2/ no KpHTepHIO nepe
xo,u.a MarHHTOB B HOpManbHOe COCTORHHe. K COJKaneHHIO, 3~eKT pap,H
aLJ;HOHHOro B03MYmeHHR MarHHTHOrO nonR CBepxnpoBO,U.Ril.IHX MarHHTHblX 
CHCTeM HeB03MOEHO KOMneHCHpOBaTb KOppeKTHPYIOII.IHMH06MOTKaMH B Mar
HHTaX scne,u.cTsHe Heonpe,u.eneHHbJX, no r1> H Z, cnyt~aHHblx npou;ec
coa noTepb, B03HHKHOBeHHR 0H3, nepepacnpep,eneHHR TOKa H T.n., 
ap,eKBaTHbiX MrHOBeHHbiM H3MeHeHHRM p,onyCKOB Ha pa3Mephl BHTKOB Cll0. 

ABTOphl Bhlp~aJOT rny60KyiO 6narop,apHOCTb 3a no,u.p,epJKKy H o6-
c~eHHe pa6oThl A.M.Ban,u.HHy, n.r.Maxaposy, A.A.CMHpHOBy, 
B.H.HaaHoay, H.A.llienaeay, ~.A.illHmosy, H.B.HccHHCKOMY, E.ll.Kne
meHKo, a Ta~e A.E.ChlpeHmuKOsy, B.ll.3enbAH~Y. H.A.EnHceesoH:, 
A.M.lloHnrHHy, ll.H.HHKHTaeay, B.H.llo6aHoay - 3a noMOmb npH pac
tieTax H H3MepeHHRX. 
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BacHnea n.r. HAP· BnHRHHe noTepb 3HeprHH ny4Ka Ha AHHaMHKY 
4aCTH~ .8 CBepxnpOBOAR~HX CHHXPOTpOHaX 

P9-82-486 

PaccMoTpeHo ao3HHKHoaeHHe orpaHH4eHH~X HOpManbH~x 30H a TpaHcOOHHpoeaH
HOM Ka6ene nOA Ae~CTBHeM nOTepb 3HeprHH ny4K8 6e3 nepeXOAa BCero MarHHTa 
8 HOpManbHOe COCTORHHe. 8 Ha4ane ~HKJla MarHHTHOTO nOJlR o6pa30BaHHe HOpManb
HWX 30H npHBOAHT K nepepacnpeAeneHH~ nnOTHOCTH TOKa B 06MOTKe H K HCKa*e
HH~ JlOJlR B anepType. 3TH HCKa*eHHR OTpa*a~TCR Ha AHHaMHKe ny4Ka H MOTYT 
OpHBOAHTb K AOnOnHHTenb~M noTepRM 4aCTH~, TO eCTb ABH*eHHe ny4Ka B caepx
nponoAR~eM yCKOPHTene - 3TO npo~ecc C o6paTHOH CBR3b~ noTepb H MarHHTHOrO 
OOJlR. 06CY*Aa~TCR CneAy~He npo~ecc~: noTepH 4aCTH~ OPH yCKOpeHHH; ~OpMHpo
B8HHe OOnR 3HeprOB~AeneHHR H TeMnepaTyp B 06MOTKe MarHHTOB; 06pa30BaHHe 
HOpMafibHOH 30H~ B caepxnpOBOAR~e~ o6MOTKe; .BfiHRHHe nepepacnpeAeneHMR nnOTHOC 
TM TOKa Ha xapaKTepHCTHKH MarHHTHOrO nOnR B anepType M8THHT0Bj AHHaMHKa 
Oy4Ka OPH HaJ1H4HH B03M~eHH~. CAenaHa non~TKa CBR3aTb pacCMOTpeHH~e npo~ec
C~ B 3aMKHyT~~ ~HKJl. 0pHBeAeH~ 3KCAepHMeHTanbH~e pe3yfibTaT~ BnHRHHR HMOynbc
HOrO Harpeea o6MOTKH CBepxnpOBOAR~ero AH00J1R Ha HenHHeHHOCTH MarHMTHOro 
nonA. 

Pa6oTa ~nonHeHa e fla6opaTOPHH s~coKHX 3HeprHH OK~H. 
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on the Dynamics of Particles in Superconducting Synchrotrons 

The appearance of restricted normal zones in a transposed cable under 
the action of beam energy release in the case of partial transition of the 
superconducting magnet into a normal state is examined. The formation of 
normal zones at the beginning of the magnetic cycle leadsto some redistribu
tion of the local current density in the winding and to a respective dis
tortion of the magnetic field in the aperture. Suchdistortions have an in
fluence on the beam dynamics and can lead to additional particle losses, 
i.e. the beam motion in the .superconducting ac<:elerator is a process with 
an inverse connection between losses and magnetic field. The following 
questions are discussed: losses of particles; field of the energy release 
and temperature in the winding; conditions for appearance of a normal 
zone; influence of the redistribution of the local current density on the 
magnetic field parameters; beam dynamics in the case of ~returbations. An 
attempt is made to connect all these questions in an exclusive circle. 
Experimental results concerning the influence of the pulse heating of the 
winding of a superconducting dipole on the magnetic field linearity are 
presented too. 

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