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Aa6opaTOPHR IHCORHX SHepraff 
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AHHOTAUHH 

llpRBe~eHH npKMepH ycnemaoro npRMeHeHRH caepxnpoao~ 

MarHHTOB (CIIM) B OCHOBHHX ycTpOMCTBaX (f}HSKRH BHOOKHX SHepi'ldt, 

a TaKEe napaMeTpH H8ROTOPHX npoeRTHpyeMWX ycTpOHCTB. 

06cY*AeHH ooo6eHHOCTH pa6oTH anKa6aTRqeCKHX o6MOroR CillJ 

C BHCOKOU nnOTHOCTbiD TORa, B ~8CTHOCTH - UOBHmeHHaa qyBCTBH

TenbHOCTb R BH~peHHKM Ten~OBH~e~eHHHM. Hs~OEeHH OCHOBHHe 

Tpe60B8HHH R SJleRTpoKSOJ~OHHHM ROHCTpYJO.n!JlM ( 8ill{} OOMOTOR 

CIIM. 

llpHBe~eHH ~aHHWe no BHUOnHeHHm BHTHOBO~ H ROPDJCHOi 

HSO~ OOMOTOR CTIM, npOrrHTHBB~M HX OOCT8B8M, 8 TaKEe 

CBOHOTBaM SJleRTpOHSOJlJUlHOHHHX MaTepHaJlOB ( 3vllv1), I!pHMeWleMHX 
• 

B 3HK CITM. B ~acTHOCrH, rroRasaH xapaRTep HSMeHeHHs MexaHKqeo

KHX CDOMCTB UO~ ~e~OTBHeM P~SUHOHHOrO OO~eHHH, ~aHH SHa

lfeJntfi aJieRTPHllec~toM: apowoc!I!H HeRoTopwc 3¥IM. Ilpe.n.no.eua MeTo

,tUtKa BHOopa OHM .1VlJI :mM, onpe~eJ'IJDlU(as p~oua~HWi uop~oR 

JIOIIIiT8~ me OBOMOTB. lJ.aHO R.P8TR00 OIIHO&HHe mJOOROBOJIDTHOif 

Y0'1'8HOBKH OIDIJI[ "HcRp:ts" ,1lJ1JI HSMepeHHit aJieKTplf!leOROi IIpOlUIOOTH 

H HHTeHOHBHOOTK li8CT.AHhtX paspSI,t(OB B SHM H 3HK • 

• 
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B OCHOBHHX Y'CT.POMCTB8.X, npJJMerureMHX E G)MSlU\e BHCORl!X 

saepruft, - HoTo'lmntat 11 RatrMax llaCl'l!n;, ycRopwreJIJIX, ;neTeR

Topax H oneRTPOMeTpHX - ycnenmo HOllOJI:b3YJOTOH OBepxnpOBOM

llll'l6 MartmTH ( CIIM) ., ll TOM 'UJOJle Mat'Hl'ITH C ROCBetnmrA RP:tJOCTa

l'HpOBa.Ill'leM ll BHCOROit ROHC'l'pyxTBBHOii ILJlOTHOCT:&IO l'ORa 

( ~ I08 A/M2 npH ~ ~; TJI) • 

B Te'qeHme pnna JteT B cocrane mHZeRnUoimoro ROrAnJieRoa 

CHHXpoqnsOT pOHa 06'DEI;nHH6HHOrO DHOTDTJTB sr;ne pHLDC l'JCCJie,ItOBa!Uift 

( 0Hffi1:, ,1Ty6Ha) SKCnJiyaTHpyt>TC.B: ICl'OliHBK MHOrosap.s:,IUillX HOHOB 

•KpDOHn/I/ H DCTO~IR noAapHSOBaHHHX ~eftTpoBOB "lloJIHpHc"/2/. 

06a l!CTO"JHIUCa CO~e_tl!~aT Cffi~. 

B ClllA, B Ha.IUioHaJ!l>HOfi Jia6oparopmH HM. 3.CJ)epMB ( F N A L ) , 
nne.rten B nocroSHHym sxc~T~D cnepxnpoBo~ft (CIT) ycxo

plrreJI:& npoTonon TeBHTPOH ( <Dou.Bf.en.. j ~ )/3•4•5{Ta6.1!.I. 

B Rmme I985 r. ua ~~ToM ymtopuTeJie .nocriJrHyTa sneprB.A" !600 ThE 

npH B3ruJMO,Ite:fiCTBIUi llCTpe11HJ:DC npOTOlUIOrO B aHTHITpOTOJmoro nyq

l(OB. JJ:.pyroii npBMep lteiicTBYJII{ero ( c ~ I979 r.) yc.KopuTeJISI - err 
n;BKJIOTpoH (Y'HHBepcu~·eT mTaTa MDT.IHraa, CIDA) ,1tJ.lJI MccJie,no:aamdi 
c T.R.Jt6JIHMJa HOHa.t•:ni/S,,c. 7?;G/ •. Kpymml CID\4 llOCTOSIHHOro TOita 

.nJ1H STOrO r(lJRJIOTpOHH, BHllOJIHemmft B AprOHHCRO:f! HamtOHa;rrr,Hoii 

Jl.QC)opaTOPDB CiliA, ~MOel' OOHOBHHe rrapa.MeTpH: BHfTpemndl ,ItllaMeTp 

c6MOTRD - I,5 Mi BH<:ol'a - I,3 Mi B = 6 !Jt; J = 3.5•I07 A/M2; 

W san. = I7 M,mg. 

B OI'UIH naqaro COO_pyiK:e:mre en C11HXpoTpoua PeJISrrBBliCTCRl!X 

HJtep J:ly!tJiorpoJ:ID./7 I o MariiUTa.Mn c :ateJiesmtM .a:pMOM 1 o6MOTRoil 

113 Tpy6qaroro Cli ItadeJIJI C OXJI8JK,T4eruteM UOTOROM JJ;B~HOrO 
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re~8/, pHc. I, Ta6~. I. B OHBM Te~e cos~aH H aaxo~Tca B CTanKH 

,nOBO,lUm Cll CHHXPOTpoH Ha I,5 raB- CIOOI/9/, pHC. 2, T86JI. I. B I986 r. 

ycneWBO upoBe~eHH KOMn~eKCHHe KpHOrCHlWe HODHTaHHH KPHOCT8THOH CHC

TeMH enHHa CO~tecrHO C pewpHEepaTopOM ItrY-I600/4,6 H HCDHTaHKH ero 

MarBHTHO~ CHCT8Mii: HHJt8KTHpOB81IHliH Dy-cJ:Oit npo'l'OHOB npone,neH qepes 

BCID uenOqKy CBepxnpono~ ~OJIOH R KBa,npynOJieM. 

~~HeMruee pasBHTHe ycKOPHT8JlnHOH 'l'eXHHKH BO BC0X Be~ Ha

yqHHX U0HTpax MHpa CBHSSHO C COS.n&HHBM CIT KO~SH,nepOB-YCKOpHTeJiei 

Ha CB8pxBY:COKHe aHepro CO BCTpelUIHMfl UytUtaMJii. B M'.DB3 (llpOTBHHO, 

CCCP) aaqaTs pa6oTs no npoeRTY YHK - ycKOPHTGJILHo-HaKODHTeJihHOro 

KOMIIJieRca H8 3 TaW5•0•89; IO/, T80JI. I. B H8CTO.f.lllt88 BpeMH DpotmM 

~pOHfOM Be~ca pa60TH no MO,neJIHpOBal~ en ~O~ei H KBaAPYDOJiei 

YHK: H8 KOpO!KBX (JtJIJ!HOH 0, 75 M) MO,INJIS:JX KCCJie.D:OBaliH oco6eHHOCTll 

TpeHHpoB:KH,MeXaHKqeOROi CTSOli~HOCTH .• ~SMHqecRHX norep:& H K&qecTB8 

Mai'HHTHoro noJJ.S, npo~ecooB npu: nepexo,ne uatmn.•oB B aopM&JI:&Hoe coc

Tomme. llpo,noaae!CJI MOJteJJHpoBamle DOJIHOI48CWT86HHX 6-MeTpOBHX 

HMn,yADCHHX en ~OJieA l.HK/II/. 

B ~PI' ( <7J E S Y ,Kap.ncpya) cos.n;ae1~cSI aJieKTpoa-nporoiUIJiH ROJIJ18i1:

Jtep CO CIT H&RODHTeJIDHHM KOJJ.DUOM H8 8~~0 rs.a/!2/, madJI. I. B CiliA 

aaqam padoTH no npoeKTy S S C - I'Hl'BHTcKoro cynepROJIJI8lJtepa sa 

20 TaB. Amma HaxotmTeJ.I:&aoro ROJWlS ~ Toro ycRopu!eJUI c CIIM aa 6 TJI 

cocT&BXT rv 90 m/131, T&6JI. I. HA I9f6 r. HaJI.eqew HCillimaHHSI 

DOJIHOM&ClliT&OHOrO (I6,6 14) .JUmOADBOrO 148I'HH'1'8 55 C • 

CnM HCUO~Sfm'l'OJI H JtJIS 7p8BCUOp!HpOBKH nyqROB JCROpeHHHX 

sapgeHJOOC ~O'l'Bll· Hanpoep, 60Jiee IC JieT B JIBdoparopmt SIN 

(illBeiuapag) padoTae'l' nepBYi MmOHHHi KaHa~ ~HOI 8 M HS !6 CTIM 

UOCTORHHOro TORS C KOCB8HRHM KpHOCT8'l'~OB8HH8M ( BH,JTpeH~ 

,. 
I 



-6-

nd .IU!a.Merp cOJieHoH.rton II5 rvM; :J pad = I rtA;B0 = 5 T.71)/5,c.99; 

I4/ • 3a 3!'0 BpeliUI HaKOII.JleH ~ Ha"UlTeJ'l'b:HH.ti OII!rr paOO:Ml C CilM B 

ycJIOBkUiX ;LVIBTeJII.,HO:a aRcr.r.n.ya! a.I,UH! 6es OTeiJJieHHSI. 0TMeTBM t 

~TO sa Bee~ STOT nepEO.It 3~CD~yaT~H IIO pa3IUDJ npHqJHruA 

npOBS~O 6onee IIO nepeXO.ItOB CillA B HOpManbHOe COCTOHHUe. 

H He 6Wio H3 uux 1m o.rtn:oro nepexona lil3-sa HenOJIBJ:tOK c aJieR

TPOHSOJIJliJ;YOHlio:A: KOBCT~eft (3Hf\) MBrHBTHO~ CHCTerm, HeCMOT

p..q aa ro, no HeiTpoHuoe o6Jiyqe:tme nepnoro no XOlJY nyqrm 

crrM cocra.Bn.no,.., 3· roSrp. iE) 

CillJ DOCTOnBHOrO TOKa 6ynyT ECDO~SOBBHH B COCTaBe K.P~- . 

Ill:lX ,lleTeKTOPOB (cneKT.POMeTpoB) tiaCTIDJ;, ycTa.HaMHBaeMHX Ha 

yCKOP:t:JTeJIS!X CO BCTpe'UWMH nytm&1~I5/ • 0.1UlO H3 OCHOBHHX rpe

OOBa.Hldi It raRDM ,lleTex:ropimM :;,~anutTBM - MBJirut PBJU!amtOHHast 
• 

r~ua B Pa.IJ.DM:OUOM Hanpa.BJ19IUU! ( C yqeTOM CTeliOK RPEOO Ta'!'a) • 

GinA nep:aoro DOKOACHHH (I975-3I r.r.) ~ TaRHX .rteTeRTOpoB 
' 

BHnOJmeHH "Toin\ocremmLIME": :.1arm1T no rrpoe.KTy :JS R B CERN 

(lltaefulapns:); Marnnr ,n.ztR: xa.r.te}H TPC. cos.na.mnrli :a JioypeHcoBcKoi 

.na6oparopum ClliA ;I1)J.Ji ~umnepiDJ,~HTa PEP ( 6Tali(pop,n, CiliA) ; C L E 0 -

,It€T€RTOpmdi Ma.I'ffilT ,llJJJI 3Jl8KT)OHBOrO Ha.KOIIHTeJll)HOrO KOJI:OI:(a 

n KopHe.zi:oCKOM ym~BepcilTe:re CiliA; MarmJT CELLO, yoTa.uoBJtemmft 

Ha HBKOimTeJIT>HOM KOJIT>n;e PET R A B ] E S 'i , i.PPI', Ta6JI. 2. I!Js 

paspa6aTimaer.awc Cl1M ,ItJlSI ,lJ,eTeHTO.POB BTOporo IIO.KOJieHIIH O'I'M6'I'BM 

C] F cOJieHOII.rt .IVlJI ttOJ.IJlaitltepa B Jla6opaTopHH HM. 3.wapM.u ,ClliA; 

*)I rpel c I nz/Rr = roo pan; ~ nonm~epoB .11.osa ~~oH
Horo norJiaqemtst I09pan coo~·neTcrnSeT mH:rerpa.lll)nof1: .nose 
06Jly'qemtS: (qm>eHcy) ReftTpOHOB IQI H/mif.• 
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coJieHOHJtH TO PA 'l H VENUS ltJ1JI ycRO.PHTeJ1DHoro ItoMllJleRca 

TRISTAN B KEK, Hnomts~; coJieEIOHAH ]ELPHI H ALEPH ,l1JlSI 

aRcnepoeHTa L E P B CERN, Ta6JI. 2. 

B OHfiH (JlyCSHa) pea.mmye~·ca npoeitT M8I'HHTHoro cneR-

TpoMeTpa "C(llepa" C ROOp;u;HHSTHHhGI )leTeRj:'Opmm: B 6.mt3ROA R f.t.:J/ 
reouerpm/16/. B cocttu cnexrpc>MeTpa BXO.lUIT CDM Ha 4,5 TJI 

(,PHC. 3). Il.nOTHOCTb TORS B npoUOJlH]II(e ero 06MOTRH rv !,4.IaBA/,;a; 

Jpa6 = I ItA; sanaceHHSJi aHepJ'U ~an~ 5,2 MJI'K. CilM npoeRTH-

pye!CJI ;ltoJ1fl pa60TH 0 ROCBeHHYM I:,PBOCT&THpOD8HHeM B peDMe 

uopoaeHHoro" TORa. 

IT. OCOBEHHOOTH CIIM, HCllOJII~ B YCTPOacTBAX 

@13MKH JJiCOJG1X 3HEP!l1R; OCHOBHIIE TPEBO.BAHWI 

R 3mt l1I OBdOTOK 

. .. sa-

TpeOOB&JDfJJ R BimOJIHemm 311[{ CIIM BUTeKaDT HS oco6eHHOCTeiii 

ROHCTPYRUHH HX 06MOTOR H YCJIOmt~ SRCUJJY8T&IUm, B TOM liHCJle -

B aBBpHiima CHTYmtRRX. RaR npaxuo, coBpe.uemme C1lM ,ttJIJi qg
smar BHCORHX SHeprnt BYIIOJIHJD)TC~i C 60JlDIIIOI IIJlOTHOCT:DIO TOR& 

B o6».«>Tit8X ( !-t5 • 108 A/,_2) • T&RHI~ OOMOi'RB H8 UOCi'OJmHOM TORe 

'lac To npe,nMaSHa'leHH JlJlli pa6om n ycJiomtSX, 6JlllsRHX K 8JUIB6a

TH'IeCKHM, ll OHH 00Jl8Jt81)T UOBHJileHHOii 1lYBCTB11TeJ.1.DHOCTH> R BHY

TpeHIIHM TeUJioBJQeJieHHJIM. llpli'DlHJ:( Taxon noBYJJieHHoii -qyBCTBHTeJID

uocn OOMOTOR CIIM K BliYT.PeHHHM ~·eUJIOBHJleJiemtJlM Y :JWaSQ C 

COTpy)lHJIKaw/IB/ CBRSHB8J)T B OCE'OBHOM C OlleR» HHSROI (UO.PJUJ;

Ra 1·10-3 l(K/CJf3•K) TeUJIOeMROCT.HO U.P01IH1'H.BatoolHX H JU)YI'HX .IUI

SJleRTpU'IeCRHX uarepHaJIOB 3HK CDM npH 4,2 K, a TaKEe c Te.u, 

'ITO pasHHUS ue~ pa6o-qe~ reMUeparypoiii o6MOTKH H reunepa~oa 

nepexo~ B HOpMBJlE&Oe COCTOBHHe crpa BHCORO~, 6~SROI R KpliTH

'IeCROI, ~OTHOCTH TOR& o-qeHb MB~~. nop~a O,I K. 
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Hcro~SMH BHYTPeHHHX Tecr~o~e~e8HM B o6MOTKax CllM MOr.fT 

61iT:&, Hanpmep. ;zteWopMatnm H pacTpecmmaJnUI oprmm:-qecRIDC MaTe

pHa~oB SKK, npoxcxo~e xax B npo~ecce r~6oKHX OXAS~eHKI. 

TaR H no.n: ,~telcTmteM aJie:rn.'poMar::mTHWC ycHJm~ npR paCSoTe CIIM. 

ITo STIDJI ze IIplNHHaM MOryT IIPOH(lXO.n;MTT:> CMenteimSI IIpOBO).tBHR8 06-

:MOT:tm OTHOCRTeJI:&HO SJielleHTOB 3HR KJIH coce,1tHHX BHTROB. ,Uame 

CaMOe MaJIOe TaROe nepeMentemt:e ':,IteC.fiTim MHRPOR) MOaeT BHSB8T:& 

Ten~oBH.lleJiemte, npoo.n;mnee R MHCTHOMY' nepexo.n;y cBepxnpoBOJ.Um

xa B BO.PMB.nbBOe COOTomme. T8R1, HBIIpHMep, afi9/ IIOK838HO, 'ITO 

nepeuememte BCero Ha IO MRM npotmtaHHOfi SIIORCH,ItOM MaJieBDKO:li 

. odMOTKH CllM (;ztHaMeTp - 60/!23 liM; BHCOT8 36-.9 MM; IDJJtYRT:rm

HOOTt; 4,4 M.I'H) OTHOCHTeJ'.IbHO CTOKJIOTeKCl'OJmTOBOH KOpiiyCHOii 

-:a:so~ BHSiiB&eT npe~eBpeMeHF.HH nepexo.n: cnepxnpoBO.n;HHRa 
( . 

B ijbpJmJIDHOe COCTO.fllme sa C11eT TetiJia OT TpeHHS y&e IIPH 0, 75 
I 

of TORS nepexo.n:a. llpu aTOM TeiiJlOBHJ);eJiemte cocT8BJIJle'l' ncero 
// 

'f?O Jdlz. 3HauTeJ!DHO y.zryqmaJIO CBTymtmO B .JWUIOM CJIY118e IIOMe-
/ ' 

j I • 

/ JAeime Mexu.y Tpj'lltHMHCJI IIOBepxHOCTSJMH Ma'l'epH8Jl8 C HHSIO!M ROS(p-, 

~eHTOM TpeHBH, HanpHMep, IIOJI~OH IIJieHKH. 

PacTpeCIGmaHHe B CJIOSDC SIIOKmi,ItH:OrO KOMllayH.tta• l!poiiHTJmal)

lqero o6MOTim CIIM, BHSJiBaeT TeiiJI:>Bii.D:eJiemtfl .n:o 6+ 7. ro4 JI:/1./uf. 
r,- IIOSTOMY B81tHO YMeBblii8'1':& TOJIIIUmY CJIOCB KOMII8yB,Ita H apMHpOBaT:& 

HX, HSnpHMep, CTeKJIOTK8H:&ID: STO CBHEaeT BepOH?HOCT:& pacTpecKK

BaHWi H, COOTBeTCTBeHHO, TeiiJIOBli.]teJieHHi B OOMOTRe. 

MexamAeOKHe CJIJlH, BOS.zte.iC'l'ByJOJitHe H8 SJieMeHTll S:vfK II.PK 

liSrOTOBJleHml H SKOl!JlY8Talnm CllM~, o6yCJIOBJle~, Bo-nepma, CHJia

Wl 01' H8THI'8 CBepxnpOBOJUml\8 npu H8MOTRe Mai'HHTOB; BO-BTOpHX,

Tep.MOMeXa.InAeCIGDm CHJJ.m.m, IIOSIBJLSJOinHMHCSI B MarHHTe Il.PH OXJiallt

,Itemm: HS-88 P83Hmtll HHTerpaJU,JUD: TeMIIepaTypHHX OOKpautemtft Jllli

HeHJmx pasuepoB .n;H9JieKTpl111eCRHX H MeT8JIJUI1!eOK.HX SJieMeHTOB ROB-
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CTpymnm 061110'1'~) t B-TpeTlaHX, - 8Jl9RT.POM8l'HlU'HIA1JI CH.1181m 

npx UpOTeR&HHH TOR& B o6MOTR8X. 

HaTSII' CBepxnpoBO.lUDIRB, Harrp&ep, B Bll).'(e MB'l'8JIJJYPI'.ifq9C

KOI mmum:, cocT8BJlSieT 3 -:- 4· IO~·H/.f. TaR, IJlliHKB ( 2x3 ,5) ~ 
npu HaMOTRe eDM ·~pa"/IS/ AOJ~a HaTBrHBST»CH c yc~eM 

N 250 H. 

TepuouexaaaqecRHe cHJIH npi: oxnQKAeHHH o6MOTOR BWSHBSDT 

CJIOJtHOHalipueHHOe COCTOSBHe 8J1E:UeHTOB amt. 

3JieRTpOM8I'HIITmte Cl!JIH B OCtJI9HOIIJt8X, B OCHOBHOM, paCTH

I'HB8J)T Blll'RH no p8Jl)lJ!OY 06MOTRi: H OQU810T HX no ee OCH. BH

SHB&eMHe om B eo.run:nm Mex8llllli:ecDe HanpsmeBWI pacrsmeHIISi 

H&npaBJieHE:l 1'8Hl'eHI.lH8J!DHO no OTJ::omemno R BHTRaM 06MOTRH, 8 HB

U,PJmeBHJI CU'l'WI - BJ,tOJll) ee OCH. ,lJ,.rut ynpomeHHOf;i OiteHKH SJieKTpo

Mal'HHTHHe JCHJlHJI B 06MOTRe 06~:HO np~OT8BJIJD)'l' SKBHBaJieH'l'HHM 
3k!:J~T-..., 

.M8rHK'l'HHM ~eHHeM, BOSJteiCTB~~ H8 Hee R8K ~~ec,9euyrg ~e_L 
ROe ,lt8BJlemte HB C'l'eHRB COCYAay, H . .PaBHhlM (B [al'M] ~ 

r-~ a2.ro-5/2j'1 0 , rJte B- HHJzyiCIUm » [T.n,], f' 0 = I,26·Io-Srs;M. 
Han.PDep, npx B = 6 TJI s'l'o .u;SBJJ.emte cocT8.BJl.HeT "' I40 am. B 

err ,101JIOJUDC Jl KB8,1ij)yliOJIJIX R8.PTHE8 pacnpeJteJieHli.R 8JleKT,PO:u&I'Bli1'

HHX CliJl HHIJI, 'tleM B en COJleHOH,ll,&X. TaR, JtJU1 en RBa;IU)ynOJiel 

IIOCTOHHROrO TORS (~a 1,5 M; JHoM= 1,5 RA; B = 5,I TJI), 

cos~ B UEPHe ~ axcne,PHMeHTOB c HaKOUHTeJIDHHMH ROJIEn&

.MH (npoeKT J.S R ) , xapaKTepHH asUMYT&JILHHe cams: AO 200 T 

H8 Me'l'p ,u;..tlHHH RSQOI IIOJIOBHHH M8I'B11J.T8/ 
381. 

B UeJIOM pacnpeJteJieBHe uexaHH'tleCKHX HanpsmeHBI B aJieMeH

Tax 3HK eTIM npeJtC'l'&Bnne? AOCT8TO't1HO CJIOZHYm Rap~. 

*) Tepwrqecxas: rmTerpaJI»HU ycana npH OXJ18Qemm OT 300 K 
,11;0 4,2 K y HeapMHpOBaHHHX ~aJieR'l',PHKOB B cpe~eM B 3-4 
pas a 60JWBe, -qe:u y ue~. · 
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0TBeTCTBeHBHJ4 MO:MeHTOM D.Pll paCCJ&OTpemm RB.PTHHH UeXSHH

qeclGDC ycHJIH~. Hanpoep. B a.rc~a6aftltlecRHX o6MOTRax CDM HBJlfi

erca o~eHKa H noc~e~ ee 3KcnepKMeHTa~Haa npoBepxa Ha

.ItezHOCTK coxpaHemtf.[ xopome:H a.ttresliUI JtSOJIJn.tHH H npormTHBaiO

mmc 06MO'l'£Y COCT8BOB R npOBO)tlnnty t OXJl81Ut86MOMy- R8PK8CY HJm 

renJioo6MeHHHitau. Tax, B sxcnepoeHTax Ha MO,ItPJlbHHX CIIM no 

nporpaMMe VENUS /I·5/ 6HJia 113MepeHcL 

~esHS llO~OH nJieHKH K a~eMeH!aM KOHCT.PJKUKH HS ~ 

MJrUntfi nocJie rtUJl8 OX.n&a.lteBltfi noel MOJJ;eJIH o'l' 300 K .ItO 20 K. 

llpottHOCTI:. npx p&C'l'mtemm o6paU:£40B• BHpesaHHYX HS 06140'1'KJI[• 

B Hanpauemm, nepneH.ltHKYJlhPHOM rpallliUe pas,n;eJl8 no.11BlfWJt-

-8Jli)MHHd• coTaBKJla rv 39 Mila. Hpo'tHocT:r:. aa cJtBHr uoJ.ID aro:a 

rpaHHIUl dsJla rv 20 MIIa/2I/. JIJuc o6ecne'!eHHJI xopomeA Ten~o
npo.BOJUIOCTH BCeit OdMO'l'KH, 'q'l'O BamiO •.llJlfl H8,Ite1DIOH pa60'l'H 

~a6ar.aqecKHX CfiM Heo6XOJJ;KMO HCK~'l'h OTC~OeHHR H pacTpeo

IOtBaHHJl noJDDiepma Ma'l'epna~oB, .BXO.ItSDtHX B BHK. 

B ~eJIOM rpedoB&HHS K 3KK CTIM c TO'qKH speHKS MeX&HKqec

KHX CBOIC'l'B CBO.ltfi'l'CSI R onpe.tteJJeHHoii Beacnm:e npe,n;eJla npoq

BOCTK MSTepHaXOB SJleMeH'l'OB BKTKOBOH 1 MeECJIOeBOH K ROpDyCHOii 

HSO~• KO'l'Opsll B 2-3 pasa ~OREeH npeBHWSTI:. BOSHHR~e 

B HSO.n.m:tmt Mexamrqecne uanpazeHllfl. Hanpuep, ll.Plf BH6ope 3HK 

C.IlM ,1lJlS1 TepMOHJtepHoii yc'l'aBOBRH, paspa6ai'HB&eMoi1: B Hnomm no 

npoeiCTY L CT. O,lOUDJl Hs ocaomux '1'pe6oBamtli J~BJJJieTca aa.rcez

HaJI padoTa BH'l'ROBOti, M61tCJ10eBO:a H ROpDyOHOH HSOJJJII:tJrm llPK 

01GfMallJJUfl ycm:JIHSX p,o 400 Mria JIPK 4 K 1221. B .JU)yrOM npoepe 

c CIIM Ha 7 T Cral$)p,Itci<oro 14eB~rpa JIJIHeimbtx yoxopm:reAeii ( S LAC), 

CiliA (CHO'l'eMa reJIDMI'OJJ.bitS C R&HaJlOM ]GI&MeTpOM 30 OM) DOK838H0 1 

qro npm: pacqeTHHX P&JlHaJI.l,HHX HnnpseHHJiX cu'l'u B npOBOJnUIRe 
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I7,5 ~~~ R 8KCH8RDHUX- 30 Mft/Mf- H&npgxeHHH CESTKH 

(B D;SJ!O:M) 1180~ (DJieTeHHii DOJmaJIHA HJIH HdJIOH) COC'I'a

BHT 650 MM/~ / 24/. 

Mex~ecRHe CBO~CTBa HeROTOpYX SJIORTPOHSO~OHHHX 

R ROHCTp~OHHHX MBTepHSJIOB, liCUOXDSyeuwx B CllM, HPHBe~e

HH B Ta6J!Hne 3 / 23+29/. 

Ms BOSJtelcTmtli H8 aJieKT _?lllieCicyJ) HSO.Jl.SII.UD) OOMOTOK CilM 

B B.Ba.PJ:tiiilmx CHcyailliJDC omeHM .ltB8 - noBHJllelUle Te.MIIepaeypu 

'tU\CTB OO:MOTJm, nepeme,DJIIe! ll HO,PMaJIDHOe COCTOJIHHe, H SJleR

TpaqecKOe H8DpsEeHHe, DO~~eeca Ha OCHOBHHX TOKOBBO~ax, 

,.lUISrHOC'I'lfltOCIGIX DOTeHUHaJlhm.t~ BHBOJtSX H B CSMO:ft OOMOTRO BO 

BpeWI ee nepeXOJtOB B HOP:MaJIDHOe COCTOJDme ll B nportecce SBa

Kyatij!H SHepro. 06I:AHO OOMOTltY H cxerq SSDUI'l':T:i npoeRTHpy.roT 
• 

TSK, t~T06H TewepaTypa cooit "ropJ111e:£1" TO'DCM, nep:aoii nepe-

me~e:£1 B HOpyaJiltHOe COCTOHHHe ne npeBHm8Jl8 IQO + 200 K, 

a Hanpsmemte H8 OCHOBHHX TOKOBBOJXSX Dpll BilBOJte SHepl'lm 

OHJIO He OoJiee I KB ( B HeROTCIPHX CJIY'i8SiX JtO 3 KB) .. 

~ RPJPBHX OOMOTOR CllM DOCTOSHHOro TORS, KCDO~yeMYX 

B qJismce ECOIWX SHeprHi, X8.P8KTepmr y.Hli1(;8JIDHOCTlt ROHCTpJRD;D 

ll TeXHOJlOrmf eroTO.BJleHHSI, H€00XOJtHMQCTlt SmtOHOJUrrmBaHWI 06-

MOTOR (&JtHSO&TneCRD:), a B J;SJJte CJiyqae:a - DpHMeBemt1J ROC

BeHHoro RPftOCT&TBpOBaHWI ll peEHMB "saMOpozeHHOrO~ TORS, 

SRC~STSURH 0 ~TeJIDHHMH nepe,PHB&MH H OTe~eHHeM OOMOTOR 

Me~ ceaHcaMH pa6oTH ycxopnTeJiel. 

0TMe'.l'HM HeKOTO.PHe .lij)yi'He oco6eHHOCTK OOMOTOR CIIM • .JLn.fi 

KMDY~HHX CDM ycxopuTeJiel TpeoyeTca BHcoxaa npe~sHOHHOCTD 

H ~eH~OCTD BHnO~eRKH HeCKOJIDKKX COTeB 06MOTOR. BosJteR-
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OTBBS s~eRTpOMBrHBTHHX OK~ H& 9~6M8HTH 3HK CTIM YOROpJITe~e~ 

HO~ UZK~eoKKI xap&RTep, OOOTBe!OTB8HBO H BSyTpeHBHe Ten

AO~e~eHHS Bl-88 &Heprer.aqeo:KIX IIOTepa B OdMOTK8X UpOHOXOAaT 

uepBOJtRecKH. noaTouy aHK mlll1UCHHX CIIM J,to.mma npe.nyoMST.PH

B&T:& Ha~e BHYTPK OdMOTKH R8H&HOB ~ npoxo~ ~oro re

JIU, !1' • e • Od:MO!Im JtOJJ&BY .BSliOJlWITaQJI "DO.PJIOftiMH" • fi.PK &TOM 

BHOOR&s C!&d~HOO!a ROBOTPJK~lBHHX DapauetpOB odMOTOK HM

IIy'Jl:OCBHX CI1M )J;OJIJtH8 OOXp8HS11'aO:i B Tet~eHlfe H80KOJI:DRKX .n;ec.s:'l'

ROB JieT. 

P~~oHRoe :aosJ.telorBKe lta aJleMeHTH SHK CDM a uponeoce 

YCROpemts: H BJDO.lt8 uyql(OB K8 ltUMe,PH YOKO,Pli'J.'eJIR MOKeT )tOOTH

raT:& Oll80BYX B8Jlll1mH. TaR, .P8JU18IUtOHHHe HSI'.PY'BRH HS opramAeo

RJte M&Te.PJI&J.Ul OOHOBHHX 7SJIOB OJ'lQ6CTBYDJtiDC "TeiiJ.tHX" YOKOpJt!e-
• 

Jiel II,PO!OROB,II.PU6J.t8H1Uile It I ro1JY padOTH, y&e B H80TOSJil68 

Bpeu JXOOHI'Uf 106 rp/30/ • J(JLa Cll YCROPHTeJ.f.e:£1 COOT.BeTCTByJ>

DUfe P&JtK~o:mme Harpysmr OK&XJ'1'0Ji do~ee BHOOKDm. TaR, pao

qerHBSI DTerpaaau )J;OJa nor~ontemta: (sa IO ~er axcn.nyaTa:rnm) 

.n;JIS:[ s~eKTpollaOJISlitBOHIUD: MaTepus.Jio:s, paono~ozeHHIIX .Bdaau 

B&KYPUOI xaueplf JI.POeRnpye~aorc :a C E R N ( npoeRT L E P ) 
Bo~oro 9A6KTpOH-IIOIHT.POBHOrO H8RODKTe~OrO KO~ 000!1'8B

JIJieT I08rr/3I/. 
BHrexa~e xs nepe~o~eHHHX aume oco6eHHoctel cnM rpe6o

li81Wl K :awnOJIHeBJO) ant u odMOTOK :a o6me:u mute Mono owo.PMY

~poBar:&, K&R J,tOOT&TO'tiHHe M8X8BI'I8Clt8S H 8Jl8Kfpx'16CKSH liPO'tl

HOOT:&, 8Jl80'tliAHOCTa, .PIUtli8~0HHU CTObOOT:i, !81IJIOUpoBO,IUtOOT:& 

11 !e.amepamoupo:so,IUtocr:r. (JtBa II<>o..ue;IOlllX - ooodeHHO ;Jt1Ut CIIM 

c KOCBeHHl:DII X.PlfOCTampo:aaHKeM. :;cor.v;a ueodXO.ItDf8 rane H 

Xopomu 8Jtl'68U R II,POBOJtHlll<Y o6JtfOfRH H 3JleMeBT8M ei ROHOT,PYK-



- I? -

QHH), 1'eXHOJ!OI'JI1Ui0Ct'lt HlrOTOBJ.JeHBS:I, M.IJDDf8.n.bHO B08MO'KHY8 

Ten~o~eJI.eBKa, OB&B8HHHe o rpeHHeM x pactpeoKHBSHHeM MBTe

PH&JIOB aRK UpH BOS~eiCTBHH MeX&BKqeOKRX YOB~I B HH8KHX TeM

neparyp. 

W. 3JJEKTPOHSQJll!UIOJ;UjijE KOdCTPYKIJl1H OEMOTOK CIIM, 

~ B <msmtE lllCOrog SHEPI"HR 

HeROTOpHe ~e IIO BYnOmJeKHm BH!ROBOI H KOpn,yoHOI Bso

.:wnnut, a 'I'al<'&e IJpOJIH!'HB8!liqHM ocSMO!D: CIIM COOT&BaM llPHBe)leHS 

B 'I'&d~ax 4 H 5. 

3m{ Cll ~OJI.eft H Kl38.1WYI10~Iel CKBX.POT.POH8 CIOO! (0H.ffi1, 

~6Ha) COOTOBT HS OTeKJ!OTeROl'O~mTOBOf&) KO.PDJOHOI BSO~ 
H ROM6HHHpOB8HHOH BHTROBOI: 2 OJI.OSI (tlo 20 YKM TO.mnmtOit) J18B-

08H8, H8MOT8HBHX BII0JlH&XJ18CT8 }[8 IIJlOOKH:ti K80~ ( 3, 8x0, 92)MM2, 

o:aepxy 06MOT8Hil OTeKJIOJ!eHTOI ~·Jma ACTT (a) BJIB 3-I um:pBHQJ 

6 MM, TOJlllUIHOit !00 MKM HS 8JJllMCI60pOOHJlHK8THOro OTeRJia. War 

H8MOTIGI OTeKJIOJleHTH 10 MM, T8R 'ITO M9E,1J;f BHH8MH OOT81>1'0Ji 

sasopw no 4 MM ;llJlJl npoxo.zta oxJIS.JUtSDlQero reJnlfl. CTeRJIOJieBTa 

npomn.•aaa snoxolQU004 KOMIIayH.ltOII:. ll.PH no~dope npomt:'I'HBal)tqero 

OOOT8B8 Y'QftiB8JlJIOlt OJ18,QDJU{e TeXHOJIO:rJrqeOlQfe 00o08HBOOTB H 

TpedoaaHHSI: I) otex.n.oJieHTa uoo~e nponxTKH ~o~a oo~epz&Tlt 

CBRBymmero He doJiee 20% no Beoy; 2) CBHs~ee ~OJ!EHO odJia

.It8Tlt ~OCTSTOqHOit THKCOTpODBOOT~O, npe~pe~~e:tt 881lOJIHeHHe 

SUORO~OM npo.Me.,TKOB ~ OXJI8~~8D~ero re~ llp.H odzaTHH Od

MO'l'D BO Bpeu fiOJIHM8.PK38lllDI: 3) Bs:SKOCTlt llpODlfTHB8J.llltero 

oooTa:aa )lOJIJtHa Cbi'l'lt mtsRol, odemte'tJUJaJOD(el paBHOMepHYJD npo-

JE) Hono..u.syeTOJI .mtC!OBOit SUOKCH(~HOJiltiUlit OTeK.JIOTe:KC'l'OJ!HT 

nna CTScb-I. 
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UHTRY CT6RJlOJ19HTJi B 6od6KH8Xj 4) B.PODJI'.r8HB8JI O'r9KJ10Jl6H'.r8 

BPK Xp&HeBHK (~O 3 Meos~eB) He ~OnzH8 CT8HOBKTbaa Xp,yDROI, 

BHSROCTb OB83~ero He ~OnzH8 8H8~Te~HO JB6~Ti0St 

~TO MOrJIO dy UOM6m8!D TOqaoa YRJianR9 BH!KOB K&Oenn BPK HBMOT-

1(6 OOMOTOK. 

ITpu BYOope CBRJymmero &UOROKXHOrO KOMD8YRn8 onpoOOBBHO 

HeCKO~RO TlmOB ~8HOB111X Jf MO.O:~.POB8HHHX IUIJ(JlO&JlliWS~ec

RHX CMOJl ( TJIIIOB 3JJ. X JlSf,) • 0npo60B8Hb' O!Be P.O:'.r6JlH omDaDlle-

ro THU8 X 00 CMema~ ~ (K8!8nH88TOp8 H OTBep,o:Te

Jtfi) - Up0,1G'l(TY ROB.l6HC8IUIJ[ teBOJl& X 4.)opM&.n)l6l'HJUI 0 ;ltll8'l':ti

JleHT,PJimmHOM; J!liiiH O'l'Bep,lOI!eJiel ~A, HaoM.'.r'NA, Yn. B xa~ecT

Be DJl&OTJI~R&TopoB onpodoBaBH THORo~. noJimsW.pw • WT&JiaTw 

BHOMBX CBHpTOB. Hcno~SOB8XIC) pas6&BH'1'6JlH - 8RTKBHHe MO~

~R8'1'0pw, yq&CTB~e B o6p830B8HBH 3-MepHOI CT,P11('1'ypw (rJm

llK.lUIH6 &4ifpw MHOrO&'l'OMBYX CIIH,P'l'OB) • 

HecROJIDRO COOT8BOJ liS ~CJ18 onpo60B8HHHX xopomo BH~ep

U.mt YOJlOmtS 8ROUJIY8'1'8nD U,PH HH8DX TeMJiepaeypax • .1JJ1R: HO

UOJlbSOB&HHa B CllM CllHHa 0HJ18 OT00,P8H8 OM9CD ~8HOBHX CMOJI . 

C MOJ19KfJtfi.PHHM B800M 0'1' 350 ~0 600: 3!-I53(2Q% B600BHX ~SO

Tel) + a~-!6(50%) + K-II5 (30%) c no.mt~ouaJIDHHMH snoRo~

HHMK C09.0:H9HHHMH 8UORCKHOBOJ18~0rO THUS. B K8~6CTBe 0'1'Bep

,O:'l'eAa XCU0Jlb30B8H8 OMeOD HSOMepaoro M6'l'liJ1'1'8'1'p8rKAP~8J19Bo

ro 8Hl'lfAPK,lr;8 (HsoMmA) 0 MaJieHHOBllM 8Hr:t~J{pl0l:OM H M6'1'HJIT6T

p&I'H)U)0W'1'8J16BNM &HI'HJXPHztoM (MTC.A). liJIJI ycRopeHU nponeooa 

O'l'Bep~eHBH BBO~JIOH YCKO,PH'l'eJlb aMHHHOro 'l'BU8 {~e'l'BJ16eB8HJ1~~ 

11'1'0 uoaBOJillllO :aeon uoJioepxaaumo np11 I25°C B 'l'e~eHHe 3-4 t~aoo:a. l 
Pa6oToouooo6HOOT» o6MOTOR 6onee ~ecnTKa ~On&HHX H R~ax&- I 
ma: CIIM, BHIIOJIHeHHHX no .IUlHHO~ TeXHOJioro, npo.Bepesa B pado~ 1 

YCJlO:umt npx 4,2 K ua 'l'pex npO'l'O'lmiHJrlX nepllo~ax emma. i: 
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3HK CDM .HpJIOT.POH8 (pHc. I, T80JJ.. 4) 1UtJJI)118eT KO.PIIYCHYD 

lt80JJBllBI) K3 JDIO!OBOrO Oi'8KJ10TeK<)!ODT8 1'0.mi&HHO:I 0, 5 MM H WX
l'JPHOrO 6JJ.O"UUOrO OTeKJIOTeKOTOJIH'ra t qmtCH,PYJ)IQero Bl!l'KH B OOJ1809 

JJ.OOOBHX 118C!e:l, H BR!ROBJD HIO~~ - 40J104 X 20 MKM ASB08H8 

H 2 CJJ.OSI 01'8RJlOJ18H'1'.Y, DpODHT&HHc)l 8UOKOJI,lUUlll KOUD&YBJXOU ( 80 

UIQ4). B oepH~ CUM iiy]<JIOTpona BMecTo JISBOaHa npHA~eHeHa 

noBKB~~ nJJ.eHKa. llpe~ouaTpKBaerca onpodoBBTA sa odpaa~ 

Tpyd118!0DO Cll K808JJJI 11 IIOJIBOII&ODI!&OH.YX MO.Jl8JUDt CDM 

H80ROJJ.AI<O B&pllaH!OB D!ROBO:tl HSOJlJnt'IH C JfCIIOJIUOli&HKeM JIHDKO:I 
~ 

no.DHI~ol • oteKJ10JJ.eHr.w • oue~raJU.Hoit BYp~el nacm. 

llpK &dope 8DOI<ClfJUIOrO ICOMIIayB.ll8 Jl,lJJI BYIIO.OeiDUI 311K 

OOMOTIGI MO.JleUHOrO CilU "CQ)epa" ( TadJJ.. 4) HaD onpodOB8BO !0 

paaJ.Ili1DIYX ooof&BOB ropa-qero • XCtJIO.JlBOro OTBepaJteHHSI. CpeJtH 
• 

ma: KOMIIayH.lt ST-!0 B8 OCHOBe at:OROHJXHOA CMOJJ.H S.U-20, MOAHqg-

~pOBaHHO:I HK'l'PBJJ.AHHK xayqyxou (paapado'l'R& SHHKaJJ.eRTpouam, 

r.JleHlOII'pSJl)/35/ i ROIOI&ylfJl XOJJ.OJ].HOrO OTBepqeiDUI H8 OCHOB"e 

CBRSYDilero K-!!5 C OTBep)UITeJUIMB ll3llA HJlH Jl-20; KOMU8YHJ1H 

H8 OOHOBe 3UOK~OI CMOJJ.H S.U-16 H p&SnKqHHe C0~8T8sHs S.U-16 

o K-115 11 O'l'Bep~re~ ~A • KaoMTTIA; 1'e~ope&RfHBHYi 

9DOKO~ ~ ropgqero O!Be~eHKB. 

JlaK noRaau JlY1IUIIIe pesynTaTW (no a.ttresu R Hepa&BeDJlel oTaJJH 

K&pKaoa • croiKocrx R repuo~pa~ .JlO TeMJiepaTyp.w 78 K)_ npx 

&noJIHeHD Kopnyosol xaoJ.IRitD odnloto MO.Jle.nsoro CIIM "Cwapa". 

llpomn.•xa BoeA OdMO!Im (24 OJIO.S: mliHD (2x3,5) ,.,2 B XJ!OIA&fo

OJM&DOA xao~) OCY'II'eC'l'BJJ.eHa HOM118YHJJ;OM ST-IO. llpoepso 

f&KOI ae pesynf&! DO CfOIKOCfll lt TepMOYJUl.PaM .JlO 78 K H 

feXHOJlOI'JilUIOO!K IIpODHfD OHJI JI0,1l:Y118B H8 BeOROJU.KJIX HedOJlBDJIX 
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MO.JteJJSX 06MO'l'OK D.Plf IICDOJI.DSOlt8Hlm npomttJ.'itB&Dnero COC!8B8 H8 

OOHO:ae CB.R:Syunero (OMec:o al!-J:6 m: K-II5) K O'l'.Bep.lUI'l'eJI.a: 

Hso~A :a nponoptlD I20 rp C:JUI3yDJtero H BO rp O'l'Bep;ltHTeJI.R. 

IY. BWiOP H l'ICQWOBAHHH WH§W®KHX CBOklcTB 

SJlEKTPOH3()J.[f}llHOHfWX MATEPH.AJIOB JJ.JIH; HC

llOJibSOJMHW{ B SJIEKTllQH30.1Il!UHOHimX KOH

CTPllQlWlX cmt .· 

HaHdo~ee paoupoc'l'p&HeHHi~ a~eR'l'poxao~oBHKMH MaTepm:a

JlSMH ( S.HM) • mmom;syeMHMH :a G1mt CliM .B yo'l'pOiOT.B8X qaamm BY

OORKX SHepi'III, .fiBJI.fm'lCSI O'l'eKJJOilJISOfmat: ( npoeHSDJ!C.fl H yrJie

llJ1801'lllm/3? tJ, noJJ.HliMil,lUIHe • .na.ac&HOBite ttJiemm, JlllliJ(lte noJIH

HMB',lUIHe H C!eRJlOJieH!H a: 0!9KJI<)BOJIOtqDIO!He lf&!epK&Jlli t npoiiB'l'SH

HHe 8llORCH,ltHHMH JJOJJJIM9.Plf8~CSI 0001'8BI1MH t npenpel'H H8 OCHo

Be Jl8BOSHOBO:I 6yvarH HJ.G! 0 'l'eR.JIOOe!D • npmallfii)!CJI !&De paa.mrq

HHe ROMIIosm.uromme noJUUlepmre MarepxaJllf c opr81DAeCIOIIm It He

opr&HKqeoKHMH Hano~Te~. 

MccJie~oB&HHSM ~sxqeoRHX cBO:IC!B aKM npx xpxoreHHHX 

teMllepaeypax noc:a.a:~QeH ~ pa6ot, Halipm/eif, 3I • 35+48/. O.ItHaKo, 

Bin!lJY 01leiUIWUKH padOTK ,1UI8Jl8K!~j)HKO.B B K.PliOreHBHX JOJIOBHJDC 

Jt O'l'O;rl'Oi'BJUJ: e.uma HOJ)M, C1'8lt,Up'l'OB ll Me!0.1J'l{I(H HCDH!amtli 

n ~snecnx oBoiic'l'B JI.PH HHSI:mc rewepa!ypax, ,ttaHHHe pasma 

SB'l'OPOB SHS"DD'l'eJI:&Ho OTJllt1181)TC.H 'Jl.PYI' O! .npyra. B I 49/ npe.D;

JiomeHa 0~8 HS BOSMOZHHX Me'l'O~~R BH60pa SHM ~ HCU0Jlb80BSHHH 

B 3.KK CIIM, onpe,TteJl.RlOI!l8.f.l nopHJtC·R m: MeTO.IU:l HX mom.n.•amdt. Kp:a:te

PHH o~eHRH cBoftc'l'B SHM, npe~ssHa~eHHHX ~ npBMeHeHBa B CDY 
,PSSJIBlUIOrO H83H8116HH.fl, 38DCSI~ OT TKlla .)J;SHHOro yc!po:IO!Ba ll 
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W1HXU.I, xoropwe ~e Mate~xa~ B &TOM yorpouorBe BHno~r: 

8Jl8M9HT8 KOHO!pJ1UtD 1 8Jl8K!.PJili90KOii H30JlJIIliOI 1 TeiLD.OH80JIJIItDit 

38JlliB011HorO BJlll JIOKpoDHOrO Jll!epxa.na. llOC.UtOJ.W(J :nyqemte qg

IJA601GIX OBO!OTJJ Ma!epUJlO.B D.PH Kp.HoreHHWC TeMIIeparypax -

~oporooro~l nponeoo, npe~raer~ onpe~e.neHHHI p&UHOH&JI~HHI 

oCS.,ey lfOIDl'l&Jm:l (OH8UJI8 - H8 Od,P811l8X, 8 S&feM - H8 IIO,tteJISDC) • 

llO~OK XX BPOBe,tteBXa MOZer y!O.US'l~ B K8~0M OT.tte~HOM 

OJJTCI&e. TaROI UOJtXO.tt 1 BRJmUDqHI H Upe,ltO!UJleiUie 0 CBOICTB8X 

MB!epH8JlOB Ha ypOBHe KX MOJieRyAapHO:I O!.PJK~PHt U08BOJISef He 

!OAbHO Uonyqlffb xap&RTepKC!HKY K8BeO!HYX MR!8p.K8Jl0B npx pa6o

fe B KPHOreHHRX yoJIOBHSIX, HO I COS.tt&B8!:& ROBBe MafepH&JIH 0 

sap&Hee 8B,lt8BHHM.I OBO!CTBSMH, npe,1U188H8118HHHe ClleiUf&JU.HO .It1lfi 

EpKoreHHOil Te:X:IIJID • Hanpoep, ltJIJl UOJUIIUIH OOJIOTOE CilM yCKOpH

TeJiel UOPftXOK HCDWTSHHI, U08BO~ H8HOOJ1ee paq:a:OH8~HO BeCTH 

0!60p MB!epH8JlOB 1 MOEeT OHT:& 1'8KHM! I) onpe.tteJieHHe CTOHKOOfH 

HIOJ.l.fUVI}t K TepMOYJl&PBM (.ztOOT81'0"1HO 11.0 78 K}; 2) OUPf3.-.eJieHHe 

el TeMDepafYpHol yo~ - pacn:a:peHHB; 3) onpe.zte.nesxe npo~ocrx 

ll.PH paoTsmemm, ouTHH x xsrx:Se ( B Kpxoreuma ycJIOBHS!X); 

4) MexamrqeoKHe H011!lf&HHJI npx oTarneoux uarpysxax, npx rto'l'o

PKX onpe,tteJISmTos:r, B TOM 'IHOJie, !eMJiepa!ypu CT8RJIOB8HHJI 1 MOpo

IOO!OIKOCft H SJ1801'1111BOOTH no T8PMOMeX&H11119CDM KPDHM; 5) 

Mexasneoue KOIIHTaHJIJI npH JUf.:uoorqeoma: sarpys~tax (onpe,n;eJie-

ae IIOJ(J'Jiei171P17'0C'PK 11PH :rrp~~eHD BJJJf paorJJ.Ze:mm, onpe,lfeJie

HHe JJUl.PBO:I Ilp01!HOCTK IIO Me'.l'o,ny -lllapDK ) ; 6) onpe.zteJieHHe 

SJleR'l'p:neo:KOit IIpOUOO!H B D.ltROM reJ.IJm; 7) lfSMepeHU y.u;eJI:&HOro 

o6~eMHoro eAeK!pxqeo~toro oonporUBAeHls, ..-JieRrpxqeosoa npoHB

ItaeMoor• H ROI~eHT8 .ttlf8AeR!pneOKIX IIOTep:& ( ~ f ) -
B pado11e:l opexe; B) HonwraHKa aa TenxoBoe • sAeKTpxq$oxoe ora-

l 
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peDe (npH HeOdXO.lUDIOOTK) ~ 9) Ollpe;a;eJieHJie f.lt6JlDHHX 'l'61lJ10eMROO

TK 11 'l'en.nonpOBO.IUIOOTB:f%-npe;a;e.n:eB:He P8JUI~OHHOI O'l'OitKOO'l'H B 

fOJlOBWIXt dJIHSIOIX It 8RODJQ'8'1'81UlOHIUD4. 3a!eM tlpOBO,wr.t'OJl HODH

T&HU H8 MO.tteJUIX npu JlJIH!eJIDmct KOM614lnlpOB8HHHX BOS.tte:ler:awa, 

D,P110,1JlOUlJ)D(IXOJl It padO'UM fCJlOmtSM. Eo!80'l'B8BHO, ll'l'O lt&Jle:KO He 

BOer~ seodxo~o nepe~c.n:eHH&e HODH'1'8BK& npoao~T~ B DOJIHOM 

od~eMe. Hsor;a;a BDOJIHe ~pomat~K&c npoBeorH xcn&T&BKS no n.n. 

I,S x IO. Hs otodpaHHHX no np:oe;JXeHHol BYme Me'.l'OJUme 3HM BH

no~cs :uo;a;e~e K DOJlHOMBOmT&dHHe aHK, Rotopue no~epramT

cs HOBKM HODIIT&JDISIM. Hanpoep, )IJISI Od:UOTOK CIIM 0 lCOCBGBHI:iM 

R.PKOCT&'l'Bp0B8HHGM HeOOXO~ HCCJ18.1tOB8!~ ~GSBD npoDB'l'HB&m

~ COO'l'8BOB R M8'1'8A.ny K8,PR8COB, '1'81lJlOOdMeHHBROB 1 D,POBO;a;HHK,Y. . ' 

To.nDRO npx xopomei ~esHH SHM R Me'l'&.nAaM a KpHoreHHHX yo.n:oBH

$!% MOZHO ,P8CCU!IiB8'1'~ H8 ,ItOCTS'l'O'Uiyl) '1'6MI18,P8Typo- ll 'l'eDJIODp<)

BO~OO'l'D BOel KOHO'l'p~ B UeJ!OM, ~'1'0 Hrp&eT ODpe;a;e~ 

POJlD B odeone~eBHH H~eZHO~ paOOfH CUM 0 KOOBeHHHM KPHOO'l'8'1'H

POB8HHeM. 

Hs KOMIIOSHitJIOHBHX DOJIHMepmnc Ma!epH&JIOB B ROBO'l'.PYKIUlfJX 
\ 

OdMO'l'OK CIIM BUOOJJ.ee qaoTO HODOJlD81J.l'l'O.fl MaTepxaJIW, apiDtpOBaB-, 

RHe 0'1'8RJUDIHIDIIH HJIH yi'OJU.HiiMH BO.IIOKHSMH • HsMeJeHHe M8X8JUAeo-
i 
\ 

ROil llpoq}{OOTH HGKOTO.PHX TDOB OT,3RJIODJ18CTDOB IDO.tt B08,IteiC'l'D-

eM P&JUt&IUIOHHOro OdJ1111eHU npe;a;olr&BJieso sa .PJIO ~, 4/ 4I/. Od.nyqe-, 

De ()Xosa I,I•I87 rp) .BeJlOOD npx 5 K, HSMepe:mt.fl(- npx 4.,2 K 

des npoMe'JQ"lO'IBoro otorpeq. MeXlUUReoxu npo"'JJooT:. npu: pac'l's

zeHK.K, Oa&THB H KSrHde Od,P88UOB liS OT8R~Onn&OTKK& G-10CR 

(KOMIIayH;a; Ba OCHOBe dBo-«JeBOJibBOH (A) OMOJUl H O'l'Be.P.Of8J.ISI 

8MHBHOl'O fllll&, 8.PMK.POB8H H8 67% < od'JieMHHS) E- Ofe:U.OTI<&B:DJD) 

Oyu{eOTBeBHO CDSI:Jl&Ol». CHDeHHe ll8 I0-30% O!Meli&JlOCI» H .ttJ11t 

OdpaSUOB 1:9 CPeRJlOBJl8CIKK8 G-11(~ , (OOBOBB, R8R K y G-lOOR 
. . ) 
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O'l'Bepltll!e.n 8DBHOrO THUS HeCKOJll»KO HHOrO 0001'8B8, 06'IaeMHHft 

npo~eH'l' &PMKPOBKH E-creK~OTK&H~ - 70%). C'l'eK~OnAaoTHR 

VL-E200 HS OCHOBe UHKA08~~Y,KqeOKO~ CMO~ 0 8~~

HHM OTBep~'l'eAeM H apMHpOBBaft E-oTeRAO'l'KSHl»m IIOK888~ pesyA»

'1'81'li, 6JmaRHe R G-10CR • Mexamrqeone ae oBo~oTBS apo

poBSHHHX E-c'l'eR~OTK8H~ o6p&8UOB H8 IIO~OA OCHOBe 

( TIL-G1000 ) ~aae y~nxxwc~» nooAe o6~eHHK. 

B.n:H.mme PUB&ItHOHHoro o6.n.yqeHKJt npx KpHoreHHKX 'l'eMIIepaTy

pax H8 U&!epH&JlH H KOMIJOHeHTH CIIM IIOJU>06HO OCB6DteHO T&KEe 

B /46,47/. 

06mxpHHi 9KCIIepHM8HT8~HHI M&'l'epK&A 0 CBOICTB&X SIIOKC~ 

KOMII~OB sapY'(Seuoro IIpOH3BO.IJ:Cll'B8 .1WI II.POIIH'l'D 06MO'l'OK CilM 

npuexeH, Hanpmaep, B 139•421. 

B T86Jllllle 6 IIPKBeJJ;eHH pesyJU,'1'81'H HSMepetmSi B EHJU(OM re

nHH 9A6K'1'p:aqecKO~ npo~HOCTH HeKOtOpHX IIOAHMepHHX 3HM. HsMepe

HHH IIpoBO~~C:& H8 BHCOKOBOAl»THO~ HODHT&TeADHOi yoTSHOBKe 

"l1oRpxa" (OHliM)/4S,SO/. YoTaHoBKa (pHc.5), .u;eloTBy:aqaJ~ o 

!972 ro~, OOJJ;epzKT Me'l'a~eo~ KpHOCTST ¢ 300 MM, BHCO~Oi 

!300 MM 0 BHCOKOBOAl»THHM BDOJJ;OM H CMOTpOBHMH OKHaMK H8 CTeR

JlO'l'eKCTOJlltTOBHX CMeHHHX Rp.LIIDRSX KPKOCT8T8 C p&SJIJAHJiMH liCIIHf8-

Te.nii!Dm srcdt:IRSMH (pHC. 6, 7) • Ha JCT8HOBKe MODO HCDHTHBST:& 
1-'f 

JUU{TeJIDHYJ)"YJtpantOBpeMeHH}'IO 9JI6KTp:a~eoleyiS IIPOliBOCfl» IIAeHOliHOI 
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H ~O!OBOI 8~8R!,POH80~ H8 nepeMeBBOM (50 rn) B UOO!OaBHOM 

H&np.aeBJUJX 11.0 65 K~ H 80 R3, COO!B8!07JI8HBO. HO!'O'IHBU Ha

up.aeHHSI x BauepteJ.W~u aunapa!fpa xarotouemr aa suo;a;e 

!1.1R , r • .lijles;a:eH {I'JlP). llpe;Q'OMOtpeH uo.ae• BaJipJDleJIBSi B 

DIH,l)OJCOM 'JI.If&nasoue oxopootel (or 0, 3 11.0 2 1 5 KB/ o) • utolf8Tx-

11eoKoe ona11eHHe U.PK npodo.sx .• HMeetoa yorpolo'f:ao AU BsMe

.PeHU 1180H"UUH.X paaps;D;OB (l{P) B HODH'l'UB88JIU Od,P81It8X ami 
i: 

x 3HK (m:sxepxren llP fJDia llUT·-a> • Annapa!JP& A1UI upoRonoJioo-

uoro HSMepeBKa ~ odeoneqx;aaer.! ~O!BHTe~ocTa BBMepeBKI 

(npx uanpaeJWJX 11.0 60 RB) 11.0 5. ro-14 Kl ppa JUJH!eJUdlocu 

HMD1.7ll>OOB Of 0, OI DO 1J.O tO M'JtO • . 

I.Hono.uso:aaoe Olii B OCHOliHHX y.o!pOIC!BaX IDDJI &oo-

RHX eueprxl (BQeRTopax • X&H!tJl8X uo!BI(, JOKO.PJI!&JUJX 1 .v;eteR

topax B onextpoMefpax) 1l.002KrJ£O JPQBBR ~~e~ol senpepuBHol 

JKOILJJ¥8tf&rgm;.t:dl.PJ1 · :aTpR;l_;~f:IO~J.yceltlBOD88JIBOI:r.,f1HI'Jl.lOJJI'JB81UIOOTll 

padO!K O~SHHX SJ16RTPOWRsB1180!2X JOTIBOBOK B ~eJIOM B 8H8~ 

rensol oTeneHB tMtpe.JteJUJI)toa: J:&1!801'BOJI mmoDemu.t SHK oduo-

TOR CIDI, JJXO.Itf:OIUtt B BX OOO!U. B OBUB 0 lt'lDl, H8PJI)1.7 0 BOCJie-

11.0D8HJIJDIK1 CB.f138HHKJUI 0 COSM&eM KpBoreJUOOt, 8J18KTpoBHLIX, 

8Jl8K!pOT8XBH1180KBX B MarHK!HHJ OBOT8M 8TBX JOT8HOBOK, HeOdXo

~0 ~pe pas:aep~» padorw no upo:ae.v;eHBm ROMUJieKoBYX 'JI.Onro

:apeueiDUIX peoypcHHX xomttam aHK CIIM :a ycJtoBHJDC, J18ROlDI!8JUr-

HO npxd~eHBKX K pado~. 

2. aKK odMOTOK odc~eMHX CDM padoramr B yoJIOBHSX o~o

:apeMeHBoro BO&'JI.eloTBU caepxHKaRBX TeMUepatyp (Jlo 4 K) x 

dOJlbmBX Mex~eOKHX K p~~OHBHX H&rpy&OK (OOOTB6TOTB8BHO, 

,llO 400-600 Ama - H8 CU!Ke H 11.~ lOIS rp - no UOrJlOIQeHBOM 
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BHrerpa~Hol ~ose sa IO ~er axcnAyaT~}. ~ R.PynHYX 

~ad&!KqeoRBX oduorox CDM noc!OSHHoro roxa xapaxrepBH: 

BHCOR&s U~OTHOCT~ !OK&, ttOBYWeHH&a ~CTBB'l'e~OCT~ K BHyTpeH

HBM TeU~~e~eHKRM, fHBK8~HOCT~ KOHC!pyaq&K B TeXHOAOrKH 

xsroroBneHHH, seodxo~cr~ B ~~e c~eB saMOHO~B&HKa 

oduorac. .1lJui mmynomcc CIIM yoRopateJiel - npesmt~oHRHOO!~ 

H ~eBTHqHOCT~ BHBOAH8HHH MHOroqao~eHBHX (~O H8CKOnKBX co

reR K doAee} OdMO!OK, KO!OpHe ~OnzHH OOXp&HH!~H B Te~eHHe 

H80KOJU.KHX A9C~KOB ~e! 9KCtt~8TauBH 0 nepxo~eoKHMK 88XOA8-

D.B8HHSDOf x orenJieHlUIMII. 

3. OoHOBHHe rpedoB&HHH R BHDOJIHeHBm 3.HK o6MOTOR CllM ~ 

YO!po:AOTB q&ISJIIQI BHOOIOIX 9Hepi'Bit: ~00!8!011H8JI M8X8HIA80R8H 

(2-3 xpaTBHi sanae npe~eJIOB npoquooTH no OTHomeKKm R uaxox-
• 

M8JlbmrM HattpueiiBJDI B HSO.n:.mtJiDI} H 8Jl8K'l'pneoRU ( 11.0 3 KB 

- .lt7lJI KOpeyOHOI HSOJI.fllllDI) npO'IHOO!:&, 9J180TK'IHOOT~, .P&JtH&ItHOH

HU orobooT:&, BiiOQlRaR tteMonposo~oor:o H xopomu Qresu R 

ooce~ aJieMeHTaM ROHCTp~ OdMOTOK (npH KOOBeHHOM HX 

KpHOOTSTMpOB&HKK), T8XHOJ10rKqHOOT:& K yuepeHH8JI CTOHMOO'l':& 

. HSI'OTOBJielUISI. 

4. Hanp&BJleHKSl ~anHebJa: no:aoxomrx pad or, uanpaBJieHHHX 

H8 C08~8HKe HQeUHX Sl1K CilM ltJlfl qJlSHD BHCORHX &Hepi'Idi: 

a) paapadO!K8 8Jl8CT;rrntHX H OTOi:t:mx: K Tepuo~paM KOMJI&YH.ttOB 

(zeJia!eADHO - XOJIO~ro O'l'Bepa1J.aHHH) ~ 88MOHO~HRR Od

MOTOKj d) ttOBYmeHKe K8~eCTB8 H :~KCttep.KMeHT8JI:&BHe HOOAe~OB&HHa 

B MO,lteJI:&BHX KOHOTpym:tKSIX JntiiDX J18HT t npenperOB H BH.P8BHKB8-

DIUIX tt0.11l018PJI8JDI(IUOH naoT; B) ~~aspadO'l'K8 H HOmn'8HHJI .BeKYYMHO.

ttAO'.rHHX, uexamrqeou x aAeKrpn~~oKH ( ~o rv 5 RB) upo11HHX ~s

Jiexrp:neciCJIX pasBJISoK ,ItJUl odMOTj)K xs rpyd~aroro cBepxnpoBO~

HHRa; r) y:ae.mrqeoe .P8JlH8IlHORHOit 01'0iiKOCTlf S:m.t II 3HK odMOTOR 

CllM. 
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· 5. Heo6xo,lUBUl paspadoTxa eJJ;IIJIHX HOPM H teXHHlleCRHX fCJlO:ad 

Ha BOIIYJ!amtsl aHM H 3HK CIIM. Il.PH &TOM, yq:BTHBU ym~xanHOCT:D 

H 60JlDWy.D OTOHMOCT:D CII OdMO'f01<, CAe~e'f paapadO!S'f:D H HCUOJlD

IOBa'f:D npx H8ro'fOBJleHBK H 8KCU~~'f~ KPJUHHX CllM Hepaspy

mammue M6'fOnY KOH!pOAS K8,80!B8 BHUOJlHeHKa K COC'fORHBa 3HK 

KX odMO'fDR. 

• 

,,,~A 
[v-- ()-
{) 8. 1tJ .!56 
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PHc. I. lli.my.uom.dl en ,lU{UOJI:bHd M&rmtT ,ltJJJt liyRJIOTPOHa 
HS Tpydqaroro cBepxnpoBo~ero xa6eAH a aeJieSHHM 
SIPMOM (OIDm, lfy(SHa, /8/). 

PHc. 2. CBepxnpoBoJtSliQHe }tltftto.umi£1 11 I<Ba.lij)ynOJ!bHHe MarHHTH 
ltilfl cHHXpoTpoHa cmrn ( o ~~~VI, CJJ~ 6Ha, I 9/. 

PHc. 3. CBepxnpoBO~ M&rmtT ,n;JISI cne:~TpoMeTpa peJIJmtBHCTDtmx: 
~ep (npoeRT "C~pa", oHga, ~6Ha, /I6/). 

Plio. 4. J(ettoTBHe P8.ltH&UBOHHoro o:SJJYtieHIDI · (I,I•i09pa,n;) Ha 
M8X8Hlf118CRy.l) npO"'BOC!:L ~~H pacTmcemm: ( p ) 1 

CESTD ( 0 ) H HSrH<1e ( :11 ) o6p&SI.l0B HS CT6RJIOUS180Tll

. ROB /4IJ. 
PHc. 5, BHCOROBOJI:bTHSH KpKOreHHai YCT8HOBR8 "HcRpHs" (OHHH, 

nJ6H8) ~ HCCJie,D;OBSHH~ :1J19RTpxqecROi npo~OOTH 
BSO~ B ~OM re~ ll+ij. 

PHc, 6. BwcOROBOJ!bTHHe BCIIHT8TeJt:tHHe J'Ael!m yoT8HOBJQf "HcRpHs" 

;D;JJJI HCOJie,1XOB8HHit B D.'la(OM reJIIm 8JieKTplA60RO~ U,POtUIOCTH 
C.Sap:&epBOi UlleH01Did ( CJ113B8) H 3IIOKClf,IO{Oi ( onpaBa) HSo
JJHJJ.Hl'{/ i;J'j • 

Puc. 7. DiOOBOBOJibTH&.a: HCDiiT&TeJD>HBJI JAeba YCT8HOBBH "HcBpHs" 

,1XJlSI HOIDlT8BHI B liOI,n;ltO'M roJIHH UJ16H011HO! HSOJISUHH Ha 
eJiei<Tpxqec:~ym npo~ocT»/~9( 



-33-

-..ll..-H.._T........,E..-P ..... A-...-T .... Y_f...A 

I • .A.RoeBOB B.r. ll Jl.P• OHml, PS-8563, Afdsa, 1975. 

2. AmllqeBI<O H. r. H AP. OIDJH t 9-8 2-177 t JiyCSaa, 1982. 

3. CERN COURIER, Vol. 25 1 N 2, 1985, p.59. 

4. The Energy Doubler design siu4J. A proaress Report. 

FH-26), 1.0).1974• 

5. Kp11oremme np11dopw H yoTpolct:aa B uepHol tfBsue. 

llo.tt peJl. A.r .SeJJ.b.JJ;OBH"'a. 8Hep:t:'OHS.1U1T, M., 1982. 
6. CERN COURIER, Vol. 16, N 12, 1976, p.4)1. 

7. EaJJJ'.UDI ,A.M. • AP· B KH.: Tpy.zul I1 Bcecomssoro ooBelll8HlUI 

no yoxopxTeJU:U sap.aesma qao'l'Hn;. "Hayxa", M., !975, 

r. 2, o.4. ! :tmol 
Smirnov A.A. et al. Proc. 8 tl:. Intern. Cont. on 14agn. eo • 

B. Grenoble, 198). (Journ. _d~ Physique/ Vol.45,1984,p_.C1-279)_ •.. 

9. meueB H.A. • .lU>· OHmf, P9-83--582, .IJ1'dua, 1983. 

IO. A.no D. M. ll AP. B KH. : Tpy.D;H Dr BoecoJ>SHOro c6BeUUUIJISl no 

II. 

!2. 

YORO.PHTeJISDI sap.aeBHHX 1180ftit, "Haps", M., 1975, T.!, o.44. 
Aree:s .A.H. 11 ;c;p. B RH.: T.PY.IUi IX BcecoiOaao.ro CO.De11.\8BU no 
YOKO.PHT8J'.I.Dt 88p.fiZ8HHiiX 1f8CfBD; • OH.m1 1 .ltydHa t !985 t! .IT, C • 335 • 
Wolff s. Proc. 9-th Intern. Cr)nf. on Magn. Technol., 

Zurich, 1985, p.62, 

1). CERN COURIER, Vol. 25, N 9, 1~185, p.)S). 
/ G. 

14. Horvath I., Vecsey. Proff9-th Intern. Cont. on llagn. 

Teohnol., Zurich, 1985, p.174 .• 

15. Desportea H. Proc. 9-th Inte~1. Cbnt.on Kagn. Teohnol •• 

Zurich, 1985, p.149. 

16. ABepneB C.A. B AP• OHHH, PI-85-5!2, JtydHa, !985. 

17 ·lllmno:s D.A. B KH.: TPY»f padoqero ·C~BeDI8HU no nporpUMe 
. .:AJ..-6l::£!!L 

aRonepoeurroB Ha BcTpellHHX D)"IKax. ;oHHHYlfJrdia, 1983, o. IIS. 



-5~-

18. Iwasa Y. et al. Cryogenics, Vol. 25, N 6, 1985, p.)04. 

19. Yamada !. et al. Proc.7 th :entern.-Cont. on ll4agn..Technol., 
Karlsruhe1 1981.(IEEE trans. on M.ag,netics, Vol.:Ma.g.-17,.N5, 
1981,p.17':19). 

20
• .AmruteHRO H.r., MlmeHH B.~. OID:lH,PB-6987, Af6Ha,I9?3; 

ITT3,H6,!973, c.I76;Cr.yogenics, Vol.14, N7, 1974,p.409. 

21. Wake M. et al. Proc. 9-th Intern. Cont. on Magn. Technol., 

Zurich, 1985, P• 178• 

22. Koizumi IC. et al. Adv. in ~~ryog. Eng., Vol.28, 

Plenwn Press, New York, 198:~, p.22). 

2). BltrJm Jl.A. MeX81Uftlecmte CBO:~C'rB& 1118TepH8JlOB npM HHSRHX 

TeunepaTypax. Tiep. c aur~ •• "MHp", M., !974. 

24. BpexH8 r. CBepxiJpOBO.ttmitHe M!li'HHTHHe CliC'l'ew. 

llep. c aHrJI., "MHp", M., !976. 
• 

25. Hartwig G., Knaak s. Cryogenics, Vol. 24, N J. i , 1984, 

P• 6)9. 

26. CnpaBOlUDtK no ~sm<o-Te'XHH'ti~~cimM oCBOBSM RpHoremmH, 

llo,!\ pe;q;. Ma.n:Ko.Ba M.II., K8Jl8H.3, 3Hep~08TOMH3MT ,M., !985. 

21. «PacToBCRd B.r. H .14.P· KpHor1~BHM Texmma. "3Hepl'Rfl" ,M:..A 
I !':Jb7. 

28. Kasen M.B. et al. Adv. in Cj:yo~:;-. .Eng., Vol. 26, Plenum 

Freas, New York, 1980 , p. 2)5. 

29. Fickett F.R. Proc. 5-th Intorn. Cont,. on Magn. Technol., 

Rome, 1975, P• 6S9 

)O. ABep,{euxo B.II. Jf,.lXP· B KH.: -llpoHSBO.tlC!BO H nepepadoTR& CJIH

TeTIAecox cHO~ nJISc:rneciGO: Macc.M., mnmM, 13, 197'7 ,c.II. 
-- ~ ~ - - - 'i '\ ~-

)1. Liptak G. et al. Report CEWl 85-02, Geneva, 1985~ 

)2. Tsuchiya K et al. Nucl. Ins·;rum. and Meth., Vol. 2oG, 

198), P• 57. 

)). Daum c. Proc. 8-th lll.ttrn. Oonf. om Magn. Teohnol., 

Grenoble, 198), rep. C1-267 .. 

\ \ 

' \ 



)4. .nwt a. et al. Deai.p Repo.r~ ~or . &D Indirect~ Cooled 

)-m diameter s.c. sole.no.tci for the Pezmilab Coi.lider 

De He tor .Faoj,lJ. Q ( CDF). 1!ll-1135 • 1982. 

35. noaouapeB JI. T. • l..ioro.ti:BJlccJm~ o .c. 11 n. : TWltH n 
DcOC<DiHOU B~. DO t'azJJ]Iqt~RO~ CBepx1JpoBO.ltBMOC'l'Bt 

._./11iU~ 
.1eHIIJlrpa.Jl--;v1~4, YOM I, c.:32.S 

.)6. AJmnteoo H.r., .D;oJICSJIJIOB8 r .R., lllmuoB K>.A. OHmtl, 9-IOIO'l, 
Jly6HS, 1976. 

37. Kee&D IJ.. Cr.roaentca, iol •. 21, N 6 , 1981, P• )2). 

)6. BillaD J. l:Teprillt ~ .ut.ti-Id'.U~76-15,Geneva, 1~7El. 

39. Jiiddleton &.J. et al. PrGp.rint IUIBL/R-265, 1972. 

40. 'lall:amu.:ra S., i(aio !1!. CqOBaniCS, Vol. 20, H 8 , 
1960, p.441. 

• 
41. ~ a., Kato 2!. Adv • .Ln Cr.Jog. q., Vol.)O, 

1984, p.41. 

42. Evans D. at al. J!repri.nt RiWI../R-251, 1972. 

43. MHHeHH B.w., .AmmleHRO H.r • .ITCJ),Ji II, I976,c.2432. 

44. Reed B.P. et al. Cryogenics, Vol.1),N2,197),p.67. 

45. HM.rt\ld.g G. hoc. ICLIC/IC~ Co~., ~Diego, 19U1. 

46. Bnmmwe ~. D.PJI mmmcc 7eunepa1'JP8X Ha MBttepu&JJH 

u I«lliDOHesm CII MBrmlrC>B. Hpenpmn.• C.ti.iHN 77-D3, 

WelJp&Jlla 1:116. 

4'1. !{yp&HOB r.O. H JUl• CCS. •3Jif!K'I.P<X)mlfliOOK88 ammparypa•, 

am. IS, A1'0Mi18.1t87, !J., I9l1I, c.46. 
4b. Am~~I&eaRO H.r •• c~enaaoB A.l: •• illBmoB ~1.A. auexrptqeOK811 

II30JlSI:tiiS Cll IIBl'IDlt'OB &.ileKTIIOflanOOimX H auopremqecRU 

JC1'8HOBOK. · li8ttiUimflll, P.lra, 1982. 

49. AlniDleBKO H.r •• HBOpctatD a. onmr, PB-7660, ~. I!.l?4. 

5\1. Am!IneHRO n.r. • JUl· OliJm, t-82-172, J13dua, !962. 



...: 

0 CJ ~0 05ftiJ'IeHUR 
0 

• nocne oJnY/eHUR 0 
oro-
l!) npu5K . . 
..!.J ~ ....... 
r 

£r p -- (.) 
0 c 
~ 
C) ~ 

0': p 
u c . . ~ ·'4· : 
-.:"'" 

") 
l!) ~ .-

-

0 p 
i 0 
I N c l UJ 

.J ~ . -. , -;..·.- . I > ~ · npe5~A npoYHocmu . ; ·~ . .... I 
• I 



• 

·---~-:::= 



•' 

. ~ .. .. 

, .. 
;. .·. 

-~ .. \- . .. #.( ••• :. 


