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Aranoe H.H. H AP· P8 - 12786 

HMnynbCH~H AHnOJlbH~H MarHHT H3 Tpy54aToro CBepxnpoBOAHHKa 
C ~HPKYflR~HOHHOH CHCTeMOH KpHOCTaTHPOBaHHR 

EcnH none ceepxnpoBOAR~ero AHnonbHOro MarHHTa orpaHH4HTb eenH-
4HHOH OKOJlO 2, 5 T H B~nOJlHHTb Ma rHHT no THny 110KOHHaP. paMa 11

, TO 
MO~HO Cy~eCTBeHHO ynpoCTHTb ero KOHCTpyK~H~, yMeHbWHTb 06aeM CBepx
npOBOAR~eH 05MOTKH, npH 3TOM, ecnH o6MOTKY MarHHTa CAenaTb H3 CBepx
npOBOAR~ero Ka5enP. C KaHanOM AflR KPHOareHTa, TO Cy~eCTBeHHO ynp~a
eTCR KOHCTpyK~HR KPHOCTaTa yCKOPHTeflR H 05ner4a€TCR AOCTyn K MarHHT
HOH CHCTeMe. AnR o~eHKH nepcneKTHB npHMeHeHHR MarHHTOB THna "oKOHHaR 
paMa" C ~HPKYilR~HOHHOH CHCTeMOH KPHOCTaTHpoeaHHR npH coopy~eHHH 
HYKflOTpoHa - CBepxnpoBOAR~ero yCKOPHTeflP. penP.THBHCTCKHX RAeP B flB3 
OHHH 5~n H3roroeneH H HCn~TaH AHnonbH~H MarHHT AflHHOH oKono 0,4 M, 
anepTypoH 5,5 eM, c noneM AO 2,5 T. Ka5enb MarHHTa ~nonHeH H3 Menb
XHopoeoH Tpy6KH £! 5¥0,5 MM, Ha KOTopy~ CnHpaJlbHO HaBHT~ H npHnaP.H~ 
npOBOJlOKH H3 MeflKOAHCnepCHOrO CBepxnpOBOAHHKa, 0nHCaHa KOHCTpyK~HR 
MarHHTa C ~HPKYflR~HOHHOH CHCTeMOH KpHOCTaTHpOBaHHP. nOTOKOM ABYX$a3-
Horo renHR. npHBOARTCR 3aBHCHMOCTH AerpaAa~HH KpHTH4eCKOrO TOKa 
H TennoB~AefleHHH B MarHHTe OT CKOpOCTH H3MeHeHHR MarHHTHOrO nonR, 
BeflH4HH~ ero HeOAHOPOAHOCTH H rHApaBJlH4eCKOro ConpOTHBJleHHP., 

Pa5oTa e~nonHeHa e fla5opaTOPHH B~COKHX 3HeprHH OHHH. 
npenpKHT 06'beO.HHeHHOI'O HHCTHTYTB smepHbiX IICCl)eO.OBBHHll, ny5Ha 1979 

Agapov N.N. et al. P8 - 12786 
Pulsed Dipole Magnet of Hollow Composite Superconductor 
with a Circulation Refrigeration System 

When a superconducting dipole magnetic field is limited by 
a value of about 2.5 T using a "window frame" type dipole, the 
design of such a magnet can be essentially simplified, and the 
superconducting winding volume can be decreased as well. If the 
winding is made of hollow composute superconductor, the cryostat 
construction is simplified and it is easy to handle with supercon
ducting magnets.ln order to estimate the prospects of using "win
dow frame" type dipole magnets with a circulation refrigeration 
system for the project of the NUCLOTRON accelerator, the dipole 
magnet with a length of about 0.4 m, a 5.5 em aperture and a magne
tic field of up to 2.5 T has been constructed and tested at the 
High Energy Laboratory, JINR. The superconducting cable of the 
magnet consists of a cupro-nuckel pipe with an outer diameter 
of 5 mm and a wall thickness of 0.5 mm on which multifilament super
conductors are cabled. The magnet construction with a two-phase 
helium circulating refrigeration system is described. The depen
dences are presented of the critical current degradation and of AC 
losses on the magnetic field inhomogeneity and hydraulic resis

tance. 
The Investigation has been performed at the Laboratory of 

High Energies, JINR. 
Preprint of the Joint Institute for Nuclear Research. Dubna 1979 
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BBE,llEHHE ,llaHHa~ pa60Ta 8~nonHeHa 8 COOT8eT
CT8~~ c pa38~8aeMOH 8 nB3 OHRH nporpaM-
MOH coopy~eH~~ HyKnoTpoHa - c8epxnpo8o

ARlllero c~HxpoTpoHa pen~T~8~CTCK~x ~,qep1 11. Ecn~ none c8epx
npo80A~lllero ,q~nonbHoro MarH~Ta orpaH~4~Tb 8en~4~HOH oKono 
2,5 T ~ 8~nonH~Tb MarH~T no T~ny "oKOHHa~ paMa", TO cylllecT-
8eHHO ynpo111aeTC~ ero KOHCTPYK~~~ ~ yMeHbwaeTC~ 06DeM C8epx
np080A~llleH 06MOTK~ 1 2 1 . np~ 3TOM, ecn~ 06MOTKy MarH~Ta c,qe
naTb ~3 c8epxnpo80A~lllero Ka6en~ c KaHanoM ,qn~ ~~pKyn~~~~ 

Kp~oareHTa, TO CyllleCT8eHHO ynpOCT~TC~ Kp~OCTaTHa~ C~CTeMa, 
o6ner4~TC~ ,qOCTyn K MarH~TaM C~HXPOTpoHa ~ pe3KO CH~3~TC~ 
Tpe6oeaH~~ K KOHCTPYK~~~ 8aKyyMHOH KaMep~ yCKOp~Ten~. K ,qpy
r~M 8a~HbiM ,qocTO~HCT8aM ~~pKyn~~~OHHoro cnoco6a oxna~,qeH~~ 
OTHOC~TC~ 803MO~HOCTb C03,qaH~~ MarH~TOB C 6onee B~COKOH 
MexaH~4eCKOH ~ 3neKTP~4eCKOH np04HOCTb~, MeHbWee KOn~4eCTBO 
ren~~ 8 c~cTeMe, 6onbwa~ Kp~oreHHa~ 6e3onacHOCTb ~ ,qp/3,4 / . 

6onbwoe 3Ha4eH~e ~MeeT 8onpoc o TOM, 4TO npe,qno4T~Tenb
Hee ~cnonb308aTb e Ka4eCTBe Kp~oareHTa: ~~AK~H ren~~ ~n~ 
,qeyx¢a3H~H napo~~,qKOCTHbiH noToK? 

B pa3pa6aTbl8ae~x c8epxnpo80A~lii~X ycKop~Ten~x 15
•
6 1 e Ka-

4eCT8e Kp~oareHTa 8bl6paH ~~AK~H ren~H, Bepo~THO, C4~TanOCb, 

4TO np~ ~cnonb30BaH~~ ,qeyx¢a3Horo ren~~ e ce.epxnpoeo,q~lii~X 

~~pKyn~~~OHH~X C~CTeMaX 803MO~HO 6nOK~pOBaH~e oxna~,qa~lii~X 

KaHano8 "napoe~M~ npo6KaM~ 11 , HepaeHoMepHOCTb pacnpe,qeneH~~ 
noTOKOB 8 He~36e~H~x 8 3TOM cny4ae napannenbH~x KaHanax, 
3Ha4~TenbH~e Kone6aH~~ ,qa8neH~~ ~ pacxo,qa ren~~. O,qHaKo, 
KaK yKa3~8anocb 8 17•81, 3T~ onaceH~~ MoryT oKa3aTbC~ npe
yeen~4eHH~M~ ~ e 6onbW~HCTBe cny4ae8 npe,qno4T~TenbHee ~cnonb-
3oBaTb ,qeyx¢a3H~~ ren~H. 

C8epxnpo80A~lll~e MarH~Tbl c ~~pKyn~~~OHHOH c~cTeMOH Kp~o
cTaT~po8aH~~ noTOKOM ~~,qKoro ~ ,qeyx¢a3Horo ren~~. npe,qHa3-
Ha4eHH~e ,qn~ pa60Tbl Ha nOCTO~HHOM TOKe, on~caHbl e 19 · 10 •111. 

,lln~ 3Kcnep~MeHTanbHOH npo8epK~ pa6oTocnoco6HOCT~ ~M

nynbcH~x MarH~T08 C ~~pKyn~~~OHHOH C~CTeMOH Kp~OCTaT~po8a
H~~ 6bin co3,qaH MO,qen bHbiH Ma rH~T ~3 Tpy64aToro ceepxnpoeo,q
H~Ka ~ npo8e,qeH~ ero nepBble ~cnbiTaH~~ Ha ,q8yx¢a3HOM ren~~. 
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KOHCTPYKUI-i.R 
MArHI-iTA 

OcHOBH~M c~noe~M aneMeHTOM KoH
CTpyK~~~ A~nOnR cnym~T mene3HOe RPMO, 
KOTOpoe BOCnp~H~MaeT A~HaM~4eCK~e 

yc~n~R, B03H~Ka~~~e np~ ~MnynbCHOM B03fiymAeH~~ ofiMOTK~ 

MarH~Ta • .RpMO COCTO~T ~3 ABYX C~MMeTp~4H~X 4aCTeH, ~3ro
TOBneHH~X ~3 0,5-M~nn~MeTpOB~X n~CTOB TpaHC¢QpMaTOPHOH CTa
n~ H CKpenneHH~X ABYMR CTanbH~MH yronKaMH TOn~~HOH 4 MM, 
CBapeHH~MH C nHCTOBOH · CTanb~ H TOP~O~MH nHCTOB~MH HaKnaA
KaMH TOn~HHOH 8 MM. MarH~T noKa3aH Ha PHC, 1; OCHOBH~e 
ero napaMeTp~ yKa3aH~ e Ta6nH~e. 

06MOTKa B~nonHeHa H3 Tpy64aToro KafienR, H3rOTOBneHHOrO 
nyTeM HaBHBKH CBepxnpoBOAR~ero npOBOAa Ha MenbXHOPOBy~ 
Tpy6Ky. TpHA~aTb OAHH npOBOA CnHpanbHO C waroM 47 MM HaMa
T~BancR Ha ofinymeHHy~ MenbXHOPOBY~ Tpy6Ky AHaMeTpOM 
5x0,5 MM. 3aTeM Tpy64aT~H Ka6enb nponycKancR 4epe3 eaHHY 
c pacnnaeneHH~M npHnoeM, COAepma~HM 95% onoea H 5% cepe6~a. 

...l.. 

il 

PHc. 1. MarHHT. 1 - Tpy6Ka Ka6enR, 2- caepxnpoBoAR~HH npo
BOA, 3 - fiaHAam ~3 CTeKnoneHT~, 4 - BHTKOBaR H30nR~HR, 5 -
npOCTaBKa H3 TeKCTOnHTa, 6 - nonyRpMO, 7 - 3MeeB~K AnR OX
namAeHHR RpMa, 8 - nonyo6MOTKH. 

- 4 
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AnepTypa 

~HHa mene3Horo RpMa 

4Hcno BHTKOB B OfiMOTKe 

1-iHAYKTHBHOCTb 

~HHa KafienR B OfiMOTKe 

BHeWHHH AHaMeTp Ka6enR 

Ta6m1~a 

4Hcno npoBOAOB ~ 0,5 MM B Ka6ene 

CeepxnpoeOAHHK 

4~cno ceepxnpoeOAR~Hx H~TeH 

B npOBOAe 

~~aMeTp ceepxnpOBOAR~HX HHTeH 

0THOWeHHe Ce4eHHH MeAH 
H CBepxnpOBOAHHKa B npOBOAe 

War CKpyTKH npOBOAOB 

War CKPYTKH HHTeH 

MaTepHan Tpy6KH Ka6enR 

npHnOH 

KpHTH4eCKHH TOK npH 
TeMnepaType 4,4 K 

MaKCHManbHOe none 

55x55 MM 2 

328 MM 

16 

0,15 MrH 

16 M 

6 MM 

31 

cnnae Nb 50 -Ti50 
/HT-50/ 

1045 

10 MKM 

1 ,39 

47 MM 

3 MM 

Menbx~op 

95% Sn + 5% Ag 

7380 A 

2,37 T 

~Be CeAn006pa3H~e nonyo6MOTKH MarHHTa fi~nH H3rOTOBneH~ 

c noMO~b~ npHcnoco6neHHR, noKa3aHHoro Ha pHc. 2. 1-ix no6o
e~e 4aCTH H3rH6anHCb nyTeM OfiKaTKH KafienR ponHKOM BOKpyr 
~HnHHAPH4eCKHx noaepxHocTeH npHcnoco6neH~R. no6oa~e 4aCTH 
ofiMOTKH 6~nH OTOrHyT~ Ha yron 55°,MHHHManbH~H paAHYC H3-
rH6a KafienR COCTaBnRn 17,5 MM. 

BHTKOBaR H30nR~HR COCTOHT H3 4eT~pex cnoeB MaHnapOBOH 
neHT~ TOn~HHOH 0,02 MM H WHpHHOH 8 MM ~ ABYX CnOeB CTeKno
neHT~ TOn~HHOH 0,08 MM ~ WHPHHOH 10 MM, nponHTaHHOH 3nOKCHA
H~M KOMnayHAOM. 

nocne HaHeCeHHR BHTKOBOH H30nR~~H nonyofiMOTKH CHOBa 
ycTaHaenHaanHcb a yKa3aHHoe npHcnoco6neHHe H o6mHManHc~ 
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P~c. 2. np~cnoco6neH~e AnR ~3rOT08neH~R o6MOTKH. 

CTpy6~~HaM~. 3aTeM npo80A~nocb ~x 6aHAa~~po8aH~e c no
MO!qbiO HeCKon bK~x cnoe8 cTeKnoneHTbl I 10 cnoe8 AnR no6o8biX 
4aCTei1 nonyo6MOTOK ~ 4 CnOR AflR npRMOn~HeHHbiX y4aCTK08/. 
nonyo6MOTK~ ycTaHaBn~8an~cb 8 nonyRpMa ~ c noMO!qbiO cne
~~anbHbiX yCTPOHCT8 np~~~Man~Cb K nonyRpMaM AO nony4eH~R 
saAaHHbiX pa3Mepo8 no rop~30HTan~ ~ 8epT~Kan~. ~anee MarH~T 
co6~pancR nonHOCTbiO ~ noMe~qancR 8 ne4b AnR non~Mep~3a~~~ 

CMOnbl. 

CXEMA 
YCTAHOBKI1 

CxeMa Kp~ocTaT~po8aH~R MarH~Ta 
npeACTa8neHa Ha p~c. 3.C~aTbli1 ren~i1 no
cTynaeT ~3 KOH~e8oro Tennoo6MeHH~Ka 1 

pe~p~~epaTopa / 12 / , APOCCen~pyeTCR 8 8eHT~ne 2 ~ nOAaeTCR 
8 ren~e8yl0 Mar~cTpanb 4 np~ c8epxKp~T~4eCKOM Aa8neH~~ nocne 
oxna~AeH~R 8 3Mee8~Ke 3 AO TeMnepaTypbl K~nR~qero ren~R. 113 
ren~e8oi1 Mar~cTpan~ OAHa 4aCTb noToKa Hanpa8nReTcR 8 Kp~o
cTaT 5, a APYraR - 8038pa~qaeTcR 8 c6opH~K pc~p~~epaTopa 6. 
nocTyn~8w~i1 8 Kp~ocTaT noToK, npoi1AR 4epes ¢HnbTP 7, pa3-
AenReTCR Ha A8e , 4aCT~; OAHa ~3 KOTOpbiX 4epe3 8eHT~nb 8 Ha
npa8nReTCR Ha oxna~AeH~e TOK0880A08 9, a APYraR - noAaeTCR 
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P~c. 3. CxeMa ~~pKynR~~OHHoi1 c~cTeMbl Kp~ocTaT~po8aH~R Mar
H~Ta. 1 - Tennoo6MeHH~K; 2,8,20 - 8eHT~n~; 3 - 3Mee8~K; 
4 - ren~e8aR Mar~CTpanb C MHOrocnoi1HOH 3KpaH08aKyyMHOH 
~sonR~~ei1; 5 - Kp~ocTaT; 6 - c6opH~K ~~AKoro ren~R; 7 -
~nbTp; 9- TOK0880Abl; 11 - MarH~T; 12- np~6op AflR ~3Mepe
H~R MaCC080ro paCXOAa ~ napOCOAep~aH~R nOTOKa; 13 - C~CTeMa 
~HA~Ka~~~ ~ ~3MepeH~R 06DeMHbiX paCXOA08 ren~R; 14 - 3neKTpo
Harpe8aTenb; 15- A~~~Y3~0HHbli1 8aKyyMHbli1 Hacoc; M1, M2, 
M3 - MaHoMeTpbl. 

8 MarH~T 11 nocne APOCCen~po8aH~R 8 8eHT~ne 10 AO Aa8neH~R 
H~~e KP~T~4eCKOro. 06pa308aBW~HCR np~ APOCCen~p08aH~~ 8 8eH
T~ne 10 oxna~Aa!Oiq~H MarH~T A8YX~a3Hb1H nOTOK nocneA08~Tenb
HO npoxoA~T no KaHany c8epxnpo80AR~qero Tpy64aToro Ka6enR 
o6MOTK~ ~ no 3Mee8~Ky, np~naRHHOMY K ~ene3HOMY RPMY. Ha 
8biXOAe A8YX~asHoro noToKa ~3 MarH~Ta ycTaHoeneH np~6op 12, 
C nOMO!qbiO KOTOporo ~3MepReTCR MaCCOBbiH paCXOA ~ napOCOAep-
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P~c. 4. MarH~T nepeA ycTaHoBKO~ e Kp~ocTaT. 

maH~e noToKa. ra3oo6pa3H~~ ren~~ e~BOA~Tc~ ~3 Kp~ocTaTa 

4epe3 C~CTeMy ~HA~Ka~~~ ~ ~3MepeH~~ 06DeMH~X pacXOAOB 13. 
napaMeTpbl OAHO$a3Horo ren~~ nepeA eeHT~neM 10 onpeAen~

~Tc~ nocpeACTBOM MaHoMeTpa M1 ~ TepMoMeTpa T. 3neKTpoHarpe
eaTenb 14 cnym~T An~ ~3MeHeH~~ napocoAepmaH~~ noToKa Ha 
BXOAe B MarH~T. c nOMO~b~ MaHOMeTpOB M2 ~ M3 ~3Mep~~TC~ 
AaBneH~~ nOTOKa Ha BXOAe B MarH~T ~ BbiXOAe ~3 Hero.BHyTpeH
H~~ COCYA KP~OCTaTa 5 ~MeeT A~aMeTp 300 MM,B~COTy 1600 MM ~ 
MOmeT OTKa4~BaTbC~ A~$$y3~0HH~M BaKyyMH~M HaCOCOM 15. 

Ha p~c. 4 noKa3aH MarH~T nepeA ycTaHOBKO~ e Kp~ocTaT. 

PE3YilbTATbl 
3KCnEPI1MEHTA 

MarH~T ~cn~T~eanc~ e eepT~KanbHOM 
nonomeH~~. Kp~ocTaT~poeaH~e MarH~Ta 

ocy~ecTen~nocb noToKoM ABYX$a3Horo 
ren~~ co cneAY~~~M~ napaMeTpaM~: Maccoeoe napocoAepmaH~e -
0,43 + 1; YAenbH~~ MaCCOB~~ paCXOA - 50+200 Kr/M 2.c; MaKc~
ManbHa~ TeMnepaTypa- 4,4+ 4,7 K. 

AocT~rHyT~e 3Ha4eH~~ Kp~T~4ecKoro ToKa ~ MarH~THoro 

non~ np~BeAeH~ e Ta6n~~e. 
TpeH~poeKa MarH~Ta He Ha6n~Aanacb. 

8 

• 

B npo~ecce ~cn~TaH~~ ocy~ecTeneHo HecKonbKO AeC~TKOB 
nepeXOAOB MarH~Ta ~3 CBepxnpoBOA~~ero COCTO~H~~ B HOpManb
HOe ~ eoceMb oxnamAeH~H MarH~Ta oT TeMnepaTyp~ oKpyma~~e~ 
Cpe~ AO TeMnepaTyp~ m~AKOrO ren~~. np~ 3TOM H~KaK~X ~3-
MeHeH~~ xapaKTep~cT~K MarH~Ta He Ha6n~Aanocb. 

Ben~4~Ha MarH~THoro non~ e ~eHTpe A~non~ ~3Mep~nacb AaT-
4~KOM Xonna. PacnpeAeneH~e MarH~THoro non~ e ~eHTpanbHOM 
Ce4eH~~ anepTyp~ MarH~Ta CH~ManoCb Ha ypOBHe 1,75·10-2 T 
np~ TeMnepaType oKpyma~e~ cpe~ c noMO~b~ AaT4~KoB Xonna. 
Pe3ynbTaT~ ~3MepeH~H np~BeAeH~ Ha p~c. 5. 

0AHOPOAHOCTb MarH~THOro non~ B pa6o4eH anepType MarH~Ta 
MOmHo cy~ecTeeHHO no~c~Tb nyTeM 6onee T04Horo cornacoeaH~~ 
B~COT~ 06MOTK~ C Ben~4~HOH 3a3opa mene3HOrO ~pMa, Hanp~Mep 
yMeHbW~B TOn~~Hy rop~30HTanbH~X TeKCTOn~TO~X npOCTaBOK 
MemAY o6MOTKOH ~ ~PMOM. 

MarH~T B 3KCnep~MeHTaX B036Y*AanC~ ~MnynbCaM~ TOKa Tpey
ronbHOH ¢op~ 6e3 nay3 Me*AY H~~. 

TennoB~AeneH~e e MarH~Te onpeAen~nocb ~cxo~ ~3 3Hepre
T~4ecKoro 6anaHca. 

Ha p~c. 6 np~BeAeH~ pe3ynbTaT~ ~3MepeH~H Tenno~AeneH~R· 
B MarH~Te B 3aB~C~MOCT~ OT CKOpOCT~ ~3MeHeH~R non~ B ~eHTpe 
MarH~Ta B. H3MepeH~R npoBOA~n~cb e ~~Knax c MaKc~ManbH~M~ 
3Ha4eH~~M~ non~ BM OT 0,7 TAO 2,25 T. KaK B~AHO ~3 p~c. 6, 
TennoB~AeneH~e e MarH~Te He 3aB~C~T OT aMnn~TYA~ non~ 
e yKa3aHHOM ~HTepeane 3Ha4eH~H BM ~ np~ 3aAaHHOH een~4~He B. 
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P~c. 5. PacnpeAeneH~e non~ e ~eHTpe MarH~Ta Ha ypoeHe 
1 , 75 ·1 0 2 T. 
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P~c. 6. 3ae~c~MOCTb TennoB~AeneH~~ P ~ cTeneH~ AerpaAa~~~ 
Kp~T~4eCKOrO TOKa Ic / I co OT een~4~H~ ~ B ~eHTpe MarH~Ta, 
• - ~MnynbCbl nonR TpeyronbHO~ Cll<>PMbl c aMnn~TYAO~ BM~ 2 T 

/6ea naya Me>KAY ~MnynbcaM~/; • -B M = 1,4 T; 6. -BM= 1,14 T; 
o- Bw" 0.7 T; +- nony4eHbl np~ YAenbHOM MaccoeoM pacxoAe 
G = 120 Kr/M 2.c ~ MaKC~ManbHO~ TeMnepaType ren~R B MarH~Te 
TM = 4,6 K; o :- G ~160 Kr/M~C , TM= 4, 7 K. I co .. 7380 A 
nony4eH np~ B ~ 1 TIc ~ T M = 4, 4 K. 

AnR yMeHbWeH~R TennOBbiAMeH~R np~ 6onbW~X CKOpOCTRX 
~3MeHeH~R nonR He06XOA~MO yeen~4~Tb 3neKTp~4eCKOe conpOT~B
neH~e Me>KAY npoeonoKaM~ e Ka6ene. 

Ha p~c. 6 TaK>Ke noKaaaHa aaBHC~MOCTb cTeneH~ AerpaAa~~~ 
Kp~T~4eCKOrO TOKa I c / I co OT CKOPOCT~ ~3MeHeH~R nonR np~ 
~~Kn~4ecKo~ pa6oTe AnR ABYX aHa4eH~~ YAenbHbiX Maccoeblx 
paCXOAOB ~ MaKC~ManbH~X TeMnepaTyp ren~R B MarH~Te, 

H~3K~e aHa4eH~R AerpaAa~~~ KP~T~4eCKoro TOKa np~ 6onbw~x 
CKOpOCTRX ~3MeHeH~R nonR ~ COOTBeTCTBYIO~eM TennOBbiAeneH~~ 

e M.arHI'ITe yKa3biBaiOT Ha xopow~e ycnoe~R oxna>t<AeH~R ceepx
npoBOAHI'!Ka, o6ycnoeneHH~e Man~M TepM~4eCK~M conpoT~eneHI'!eM 

Me>KAY CBepxnpoBOAH~KOM ~ oxna>t<Aa~I'!M ren~eM. 3TO nOATBeP>KAa
eTCR TeM, 4TO He Ha6niOAanOCb 3aB~C~MOCT~ AerpaAa~~~ OT 
YAenbHOro Maccoeoro pacxoAa ~ napocoAep>t<aH~R ren~R Aa>Ke 
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B TOM cny4ae, KOrAa nap, B~XOAR~~~ ~3 MarH~Ta, ~Men TeM
nepaTypy, paBHYIO TeMnepaType ABYX~a3HO~ CMeC~ Ha BXOAe 
B MarHI'IT, 

noTepl-1 AaBneH~R B MarH~Te, ~3MepeHHble np~ YAMbHbiX Mac
COBbiX paCXOAaX CMeC~ 54~127 Kr/M 2•c ~ ycpeAHeHH~X no An~He 
oxna>KAaiO~ero KaHana een~41'1Hax napocoAep>t<aH~R 0,52~0,73,co

CTaBI'InH 0,12·10 5 ~ 0,37· 1 0 5 H/M 2. 
Kone6aHI'!R AaeneHHR Ha BXOAe e MarHHT He npee~wanH eenH-

4~H~ 0 , 02 ·105 H/M 2 np~-1 eoa6y>t<AeHHH o6MOTKH TpeyronbHbiMH 
I'!MnyJlbCaMH TOKa /C An~TenbHOCTbiO Ka>KAOrO HMnynbca 6 CeKYHA 
H MeHee/ , cneAYIO~~MH APYr aa APYrOM 6ea naya. 

3AKn~4EHHE CoaAaH ceepxnpoBOAR~~~ ~MnynbcH~~ 
A~nonbHbl~ Ma r HI'!T AnR nony4eHI'!R none~ 

AO 2,4 T c ~~'~PKYnR~HOHHO~ CI'ICTeMo~ 
KPHOCT8THPOBaHHR , MarHHT OTnH4aeTCR npOCTOTO~ B ~3rOTOBne
HHH 1'1 HH3KO~ CTOHMOCTbiO, 

OH ycTo~4HBo pa6oTan np~-1 Kp~ocTaTHpoeaHHH noToKoM AByx
~aaHoro ren~R c MaccoBbiM napocoAep>t<aHHeM 0,43 ~1 H c YAenb
HbiM MaCCOBbiM paCXOAOM 50+ 200 Kr/M 2• C, 6naroAapR XOPOWHM 
ycnOBHRM KP~OCTaT~pOBaH~R, B MarHHTe Ha6niOAanaCb HH3KaR 
AerpaAa~HR KPHT~4ecKoro TOKa. Aa>t<e np~-1 cKopocT~ H3MeHeHHR 
nonR 3,5 T/c AerpaAa~~R He npeeblwana 10%. 
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