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C n11cceprnu11eH MO)l(HO 03HaKOMHTbCH B 6116JJHOTeKe O6beJIHHeHHOro HHCTHTYTa 

HJlepHblX IICCJieJlOBaHHH. 

ABTOpeqiepaT pa30CJJaH " __ " __________ .2012 r. 

Y'-leHhIH ceKpernph 

.UHCCepTaUIIOHH0ro COBeTa 

JlOKTOp <PH3HKO-MaTeMaTHl.JCCKHX HayK, 

npoqieccop IO.A. EaTycoe 

06i.QaH xapa1nepllCTHKa pa60Tbl 

AirryaJibHOCTb npo6JieMbl 

Y CK0pHTCJIII 3ap.1DKCHHblX qacTHU HBJIHIOTCH 3q>q>eKTHBHbIM cpeJICTBOM 

3KCnepttMCHTaJJbHOrO IICCJICJlOBaHirn 3JieMeHTapHblX qacTHI.J;. )],JIH pernemrn 3TOli 

JaJia'-IH C03JlaHbl ycK0pHTeJJII, IIMeIOmile ceepxnpoB0JlHIUile JlIIITOJibHbie MarHIITbl 

JJI160 C BbICOKIIM 3Hal.JeHileM II0JJH (8,3 Tn), HO Hil3KOli CKOpOCTblO Il3MeHeHIIH 

MarHHTHOfO IIOJIH (0,007 Tn/c), JJil6o C BbICOKOli CK0pOCTblO (1 Tn/c), HO 

HCBbIC0KIIM 3Hal.JeHtteM ITOJIH (1,5 Tn). 

3cpcpeKTIIBHOCTb IICCJJC,!).OBaHIIH B cpH3HKe BbICOKIIX 3Hepmii IlOBbIIIIaeTCH C 

poCT0M 3ueprttI1 ycKOpHCMbIX l.JaCTHI.J;. O,!J.HaKO 3Ta B03M0)l(HOCTb orpanwmeaeTCH 

CHJJbH0 pacrymIIMII 3aTpaTaMII ua C03,!].aHIIC II 3KCITJJyaTaUIIIO ycKOpIITCJIH. 

IlOBbIIIICHile HHTCHCHBHOCTII rryl.JK0B qacTIIU 3a C,!l.IIHIIUY BpeMeHII Il03BOJIHCT 

YBCJJill.JIITb 3cpcpeKTIIBHOCTb pa6oTbl 3KCnepttMCHTaJJbHbIX ycTaHOBOK. )],JIH 

cymecTBCHHOro TIOBblIIICHIIH 3HeprIIII II IIHTCHCIIBHOCTH Il)"-IK0B Heo6X0,!1.HMO 

C03,!l.aTb ceepxnpoBO,!l.HIUHe 6bICTJ)OI.J;IIKJJIIPYIOIUIIC BbIC0KOII0JibHbJe MarHIITbl. 

PaJHOCTb KpIITill.JCCKOli II pa6011eii TeMnepaTypbl CBepxnpOB0,!l.HlllIIX 

MarHIIT0B ycKOpIITeJJeil: C0CTaBJJHCT ecero OKOJJO O,!J.HOro rpa,!1.yca KeJibBIIHa. 

Ilo3TOMY ,!J.JJH ,!J.OCTil)KCHIIH 3a,!l.aHHbIX napaMCTJ)OB CBepxnpOBOJlHIUIIC CIICTCMbl, 

oco6euno CIICTCMbl 6oJJbIIIOli np0TH)KCHH0CTII Ha OCH0Be 6bICTJ)OI.J;IIKJJIIPYI0Il(IIX 

BblC0KOilOJJbHhIX MarHIIT0B, ,!J.OJl)KHbl IIMCTb 3cpcpeKTIIBHYIO KpI1oreuny10 CIICTeMy 

IIX 0XJia)K,!].CHIIH. 

TaKIIM o6pa30M, cymecTByeT aKTyanhHaH Ja,!].aqa C03,!l.aHIIH 

6hlCTJ)OI.J;IIKJJIIPYI011(IIX BbICOK0ITOJJbHbIX MarHIITOB, IIMCIOil(IIX MarHIITHOe IlOJie 

6 Tn II CKOpOCTb Il3MCHCHIIH MarHHTH0f0 ITOJJH 1 Tn/c, a TaK)Ke CIICTCMbl 

KpIIOCTaTilpOBaHIIH, ocymecTBJIHIOil(eii 3cpcpeKTHBHOe OXJia)KJleHile u;enol.JKII 113 

TaKHX MarHHT0B. I1o,!J.06Hble MarHIITbl Heo6XO,!l.IIMbl JllliI npoeKTHpyeMoro 

ycK0pIITCJIH SIS 300 (nocne,!].HCli cryrreHII ycKOPIITCJlbHOfO KOMTIJJCKCa no 

IICCJIC,!1.0BaHIIIO aHTIIIIpOT0HOB II II0HOB FAIR, repMaHIIH), II ,!).JIH M0,!1.epHI13aI.J;IIII 

ycKopmenH SPS (Super Proton Synchrotron) B ~PH (Illeeiiu;apIIH). 
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I1CITOilh30BaHue CBepxITpOBOMIIIHX ycTpoii:cTB Ha ·. Bh!BO,L(HhlX KaHanax 

ycKOpHTemr ITO3BOmreT cymecTBeHHO ITOBhICHTh HHTeHCHBHOCTh ITOTOKOB qaCTHU 

Ha 3KCITepuMeHTallhHhie ycTaHOBKH. C03,L(aHHe CHCTeMbl KpHoreHHOro 

06ecITeqeHmr CBepxITpOBOMI11ero ceITapaTOpa j{BmreTCji aKT)'anhHOii: 3a.naqeii:, 

KOTopyro Heo6XO,L(HMO peIIIHTh ,L(Iljl ITonyqeHlljJ: ceITapupoBaHHOro ITyqKa K -

Me3OHOB Hay CKOpHTellhHOM KOMITileKce Y-70 rHIJ: I1<I>B3. 

U:eJib L{UCCepTaQUOHHOii pa6oTbl pa3pa60TKa H CO3,L(aHHe 

CBepxITpOBO,L(jJ:IllllX 6hICTPOUHKilHpyromux BhlCOKOITOilhHhIX MarHHTOB u CHCTeM 

KpHoreHHOro 06ecITeqeHHjf ,L(Ilj{ ITOBhIIIIeHHjf 3HeprHH H HHTeHCHBHOCTH ITOTOKOB 

qaCTHU B 3KCITepuMeHTaX ITO q>H3HKe BhICOKHX 3Hepmii. ~OCTH)KeHHe 3TOH uenu 

CBjJ:3aHO C peIIIeHHeM pjf,L(a 3a,L(aq, TaKHX KaK CHH)KeHHe TeITnOBhI,L(eneHHll B 

CBepxITpOBOMIIIHX Marnurnx, pa3pa60TKa 3cpcpeKTHBHhIX CHCTeM KpuoreHHOro 

o6ecITeqeHHji, 06ecITeqeHHe Heo6xo.nuMoro TeMITeparypHoro 3aITaca MarHHTOB u 

ITOCTOjiHCTBO HX MarHHTHhIX xapaKTepHCTHK ITPH pa6oTe ycKOpHTelljf. ~jf 

perneHHjf 3THX 3a,L(aq Heo6XO,L(HMO CO3,L(aTh YCTPOHCTBa, C ITOMOillhIO KOTOphIX 

OITpe.nenHTh xapaKTepHCTHKH MaTepuanoB, HCITOilh3yeMhIX ITPH CO3,L(aHHH 

CBepxITpOBOMIIIHX ycTpOttCTB H CHCTeM HX KpHOCTaTHpOBaHlljf, uccne,L(OBaTh 

ITpouecc TeITnoo6MeHa CBepxITpoBO,L(j{Illeii: o6MOTKH MarnuTa c oxna)K,L(aIOIIIHM 

)Kll,L(KHM renHeM, ITpOBeCTII pacqeThI C HCITOilh3OBaHHeM ITonyqeHHhIX 

3KCITepHMeHTallhHhlX pe3ynhTaTOB ,L(Iljf BhI6opa OITTHMallhHhlX TeXHuqeCKHX 

perneHHll H peanH3OBaTh 3TH perneHHjf Ha ITpaKTHKe. 

Ha 33111HTY BhlHOCHTCH CJICL{YIOillHC pe3yJihT3Thl: 

I. Pe3ynhTaThI 

3IleKTpuqecKHX 

HCCne,D;oBaHHjf 

CBOHCTB 

TerrnocpH3HqecKHX, 

CBepxITpOBOMIIIHX, 

MeXaHuqecKHX 

H3OIljJ:QllOHHhIX 

H 

H 

KOHCTPYKUHOHHhIX MaTepHanOB B HHTepBane TeMITeparyp 300 - 4 K, a 

TaK)Ke TeITnoBhle u ru,D;paBnHqecKue xapaKTepucTHKH ITpouecca 

TeITnoo6MeHa CBepxITpOBOMmeii o6MOTKH MarHHTa c )Kll,L(KHM renueM. 
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2. 

3. 

4. 

Pa1pa60TKa H uccne,L(OBaHHe CBepxITpOBOMmero 6bICTPOUHKnHpyromero 

BhICOKOITOilhHOro ,L(HITOilhHOro MO,L(enhHOro MarHHTa ,L(IljJ: ITpoeKTa 

ycKopuTenjf SIS 300. 

CxeMa KpHOCTaTHpoBaHHjf 6bICTPOUHKilHpyromeii CBepxITpOBO,L(jfllleii 

Marnurnoii: cucTeMhI ,L(Ilj{ ITpoeKTa ycKopuTenjf SIS 300 6onhrnoii: 

ITpOrn)KeHHOCTH H C ITOBhIIIIeHHhIMH TeITnOBhI,L(eneHHj{Mll. 

Pa1pa60TKa H uccne,L(OBaHHe KpHOreHHOll CHCTeMhl CBepxITpOBOMmero 

BhICOKoqacTOTHOro ceITapaTopa KaHana K-Me30HOB ycKopHTellhHOro 

KOMITneKca Y-70 nIQ I1<I>B3. 

HayqHaH HOBH3Ha 

1. Co3,D;aHhI ycTPOHCTBa u uccne,D;oBaHhI TeITnocpu3uqecKue u MexaHuqecKue 

xapaKTepHCTHKH CBepxITpOBO,L(jflllllX H KOHCTPYKUHOHHhIX MaTepuanoB, 

ITpe,L(IlO)KeHhl ypaBHeHHjf, OITHChJBaromue ITOBe,L(eHHe 3THX BenuquH, qTo 

2. 

j{BiljieTCji HOBhIMH pe3ynhTaTaMH, Heo6XO,L(HMhlMH ,L(Iljf pacqern 

CBepxITpOBO,L(jflllllX YCTPOHCTB u CHCTeM HX KpHOreHHOro 06ecITeqeHlljf. 

Ha OCHOBe TeOpHH ITpOBO,L(HMOCTH ITonyqeHbl pacqeTHhie 3aBHCHMOCTH, 

ITO3BOIlj{I0Il1He ITO OTHOIIIeHHIO COITpOTHBileHHll ITPH TeMITeparypax 300 H 

10 K oITpe,D;enHTh c ITOrpernHOCThIO B ITpe.D:enax 15% 3HaqeHHjf 

K03cpq>HQHeHTOB TeITilOITpOBO,L(HOCTH H y,D;ellhHOro COITpOTHBneHlljJ: Ka6enjf H3 

KOMITO3HTHOro HH06Hii - THTaHOBOro ITPOBO,L(a B HHTepBane TeMITeparyp 300 

- 4 K, a TaK)Ke yqecTh BillljJ:Hlle MarHHTHoro ITOiljJ: Ha 3TH BenuquHhl. 

3. IlonyqeHhI TeITnOBhie u m,D;paBnuqecKue xapaKTepucTHKH ITpouecca 

TeITnoo6MeHa CBepxITpOBOMI11eii o6MOTKH MarHHTa c )Kll,L(KHM renHeM u 

aHanHTHqecKHe Bhipa)KeHHji, OITHCh!BaIOI11He 3TH xapaKTepuCTHKH. 

4. C03,L(aH H ycITeIIIHO HCIThITaH CBepxITpOBO,L(jflllHll 6bICTPOUHKilHpyromuii: 

BhICOKOITOilhHhIH MO,L(ellhHhlll ,L(HITOilhHhlll MarHHT ,L(Iljf ITpOeKTa ycKopHTelljf 

SIS 300, HMeromuii: peKop,D;Hoe coqeTaHHe ITonyqeHHoro 3HaqeHlljf 

MarHHTHOro ITOiljf 6,8 Tn H ,L(OCTHrttyTOll ITPH 3TOM CKOpoCTH H3MeHeHlljf 

MarHHTHoro ITOiljf 1,15 Tn/c. 
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5. Pa3pa6oTaHa cxeMa KpnocTan1posamur MH npoeKTa ycKopnTeJIH SIS 300, 

n03B0JIHIOlliaH 3cpcpeKTHBHO CHHMaTI, nOBbillieHHbie TenJIOBomeneHHH B 

u:enoqKe CBepxnpoBOMllIHX 6bICTPOU:HKJIHPYIOllIHX MarHHTOB ycKopnTeJIH 

60JibllIOii nporn)KeHHOCTH. 

6. Cm,1:1aHa H BBe,1:1eHa B 3KCOJiyaTaU:HIO KpnoreHHaH CHCTeMa 

csepxITposo,1:1xmero BbICOKoqacTOTHoro cenapaTopa KaHana K-Me30HOB Ha 

ycKopnTeJihHOM KOMnJieKce Y-70 rHIJ: 11<1>B3, KOTOpaH HBJIHeTCH caMoii 

KpyaHoii B Poccnn CHCTeMoii OXJia)KJ:leHHH CBepxnpoBOMllIHX YCTPOHCTB 

csepxTeeyqnM renneM n BKJIIOqaeT B ce6x yHHKaJihHoe 06opy,1:10BaHne, 

pa3pa60TaHHOe MH 3THX u:eneii. 

IlpaKTH'lecKaH u:eHHOCTI, pa60Thl 

• Pe3yJioTaTI,J HCCJie):IOBaHHH aBTOpOM TennocpH3HqecKHX H MexaHnqecKHX 

CBOHCTB CBepxnpoBOMllIHX, KOHCTPYKU:HOHHbIX H H30JIHU:HOHHbIX 

MaTepHaJIOB npn HH3KHX TeMneparypax, a TaK)Ke TenJIOBI,IX H 

rn,1:1pasnnqecKnx xapaKTepHCTHK npou:ecca OXJia)K):leHllH 

CBepxnpOBOMllieii o6MOTKH MarHHTa )KH,l:IKHM renneM npe,l:ICTaBJIHIOT 

npaKTnqecKnii HHTepec npn pacqeTe npou:eccos Tennonepe,1:1aqn n 

MeXaHnqecKHX HanpH)KeHnii He TOJibKO B csepxnpoBOMllIHX MarHHTHbIX 

CHCTeMaX, HO H B ,1:1pyrnx HH3KOTeMneparypHbIX KOHCTPYKU:llHX. 1IaCTI, 

pe3yJihTaTOB BKJIIOqeHa B «CnpasoqHHK no !pH3HKO-TexHnqecKllM 

ocHoBaM KpnoreHHKH» no,1:1 pe,1:1aKu:neii npocpeccopa M.n. ManKoBa. 

IlonyqeHHhle pe3yJihTaTbl MOryT fihITI, HCnOJib30BaHbl B <l>rYn 

«HIBI3<1>A HM. .D;.B. EcppeMosa», O.IDlli, I--Il1lI: KM, OAO 

«KpnoreHMam», OAO HTTO «renniiMam» n ,1:1pyrnx opraHmau:nxx, 

C03):laIOllIHX csepxnpOBOJ:IHllIHe H KpHoreHHbie CHCTeMbl. 

• Co3):laHHblll H ycnemHO HCnbITaHHhlii no,1:1 PYKOBO):ICTBOM aBTOpa 

csepxnpoBOJ:IHllIHii 6hICTPOU:HKJIHPYIOllIHii BhICOKononhHhiii J:IHITOJibHhiii 

Mo,1:1eJibHhlii MarHHT J:IJIH npoeKTa ycKopnTeJIH SIS 300 npe,l:ICTaBJIHeT 

6oJibllIOii HHTepec MH C03):laHllH 6y,1:1ymnx ycKopnTeneii C nOBhlllieHHOii 
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• 

• 

3Heprneii H HHTeHCHBHOCTbIO nyqKa MH 3KCITepnMeHTOB ITO !pH3HKe 

BbICOKHX :meprnii. 

Pa3pa6oTaHHaH cxeMa KpnocTarnposaHllH 61,1cTPOU:HKJinpy10mnx 

MarHHTOB npoeKTa ycKopnTeJIH SIS 300 cIToco6Ha pemnTh 3a,1:1aqy 

OXJia)K):leHHH npOTH)KeHHOii CBeJ?XnpoBOJ:IHllieii MarHHTHOii CHCTeMhl C 

ITOBblllieHHbIMH TenJIOBbI):leJieHHHMH. 

C03,l:laHHaH H ycITellIHO BBe):leHHaH B 3KcnnyaTaU:HIO no,1:1 PYKOBO,l:ICTBOM 

aBTOpa KpnoreHHaH CHCTeMa CBepxITpOBOMlliero BI,ICOKoqaCTOTHOro 

ceITapaTopa, oxna)KJ:laeMoro csepxTeeyqnM renneM ITpn TeMITeparype 

1,8 K, IT03B0JIHJia o_6ecneqHTb Heo6XO):IHMhlii TeMITepaTypHblH . pe)KHM 

cenapaTopa HOBoro Kattana ycKopnTeJihHoro KOMnneKce Y-70 rHIJ: 

11<1>B3 n HaqaTh pa6ory c nyqKoM K-Me3oHoB. 

Anpo6au:nH pa60Th1 

Pe3yJihTaTbI J:IHCCepTaU:HOHHOii pa60TI,I ,l:IOKJia):lblBaJIHCb Ha: 

• HayqHMX ceMnHapax 11<1>B3, FNAL, CERN, GSI; 

• BCeCOI03HbIX H poccniiCKHX cosemaHllHX ITO ycKopnTeJIHM 3apH)KeHHbIX 

qacrnu: B .D;y6He (1986; 2004 rr.), IlpoTBHHO (1996; 1998, 2000, 2010 rr.), 

O6HHHcKe (2002 r.), Hosocn6npcKe (2006 r.), 3BeHnropo,1:1e (2008 r.); 

• espoITeiiCKHX KOHcpepeHU:HHX ITO ycKOpHTeJIHM s IlapH)Ke (2002 r.), 

Jiiou:epHe (2004 r.); 

• HaU:HOHaJibHbIX KOHcpepeHU:llHX ClllA no ycKopnTeJIHM B BallIHHITOHe 

(1993r.), qHKaro (200lr.), CaH-<l>paHIIHCKO (2003r.), HoKCBHJIJie (2005r); 

• Me)K,l:lyHap0,1:1HbIX KOHcpepeHIIHHX ITO ITPHKJia,l:IHOii CBepxITpOBO):IHMOCTH B 

~eKCOHBHJIJie (2004 r.), EpIOcceJib (2007 r.), qHKaro (2008 r.); 

• Me)K,1:1yHapo,1:1HbIX KOH<pepeHU:HHX no MarHHTHOii TeXHOJIOrHH s I.JYKy6e 

(1989 r.), neHHHrpa,1:1e (1991 r.), BnKTopnn (1993), IleKHHe (1997 r.), 

<l>nopn,1:1e (1999), )KeHeBe (2001 r.), MopnoKe (2003 r.), rettye (2005 r.), 

<l>nna,1:1en1,cpnn (2007 r.), Xecpee (2009r.). 
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Ilpe.D,CTaBJieHHble B ,ll,llCCepTaQllll pe3yJibTaTbl ony6JIHKOBaHbl B Bll.D,e 

npenpttHTOB 11<l>B3, FNAL, BNL, CTaTeii B coBeTCKHX, poccuiicKttx 

(llH)KeHepHo-qimuqecKttii )KypHan, ATOMHIDI :mepnrn, HoBOCTH u npo6JieMbI 

q>yH.D,aMeHTaJibHOH q>ll3llKll, XOJIO,ll,llJlbHIDI TeXHHKa) ll llHOCTPaHHblX (Cryogenics, 

IEEE Transaction on Magnetics, IEEE Transactions on Applied Superconductivity, 

Physical Review Special Topics - Accelerators and Beams) ~pHanax, TPY.D,ax 

COOTBeTCTBYIOIIIllX KOHcpepeHQllH. 

,[(OCTOBepHOCTb npe.D,CTaBJieHHbIX B ,ll,llCCepTaQllll 3KCnepuMeHTaJibHbIX ll 

pacqeTHbIX pe3yJibTaTOB npoBepeHa Ha npaKTHKe npu llCnbITaHllll 

CBepxnpOBOMIIIHX ycTpOHCTB u CllCTeM llX KpttoreHHOro o6ecneqeHmI. 

CTpyKrypa i.uccepTa._uu 

,[(uccepTaQml COCTOllT ll3 BBe.D,eHmi, qeTbrpex rnaB, 3aKJIIOqeHHH ll cnttcKa 

QllTHpyeMOH JIHTepaTypbI, BKJIIOqa101Qero 148 HaHMeHOBaHHH. O6neM 

,ll,llCCepTaQllll 6e3 cnHCKa JIHTepaTypbl COCTaBJIHeT 213 CTPaHHQ, B TOM qucJie 84 

pucyHKa u 49 Ta6JIHQ. CnttCOK OCHOBHblX ony6JIHKOBaHHbIX HayqHbIX pa6oT, 

npe.D,CTaBJIHIOIIIllX Ba)l(Heiiume pe3yJihTaTbl ,ll,llCCepTaQllll, COCTaBJIHeT 20 

HaHMeHOBaHHH. 

Co,!J.ep~auue pa6oThI 

Bo nnei.eHUU npe.D,CTaBJieH ofoop TeKyIQero COCTOHHllH ycKopttTeJieii, B TOM 

qucJie co CBepxnpOBOMIIIllMll MarHHTaMll, nocTaBJieHa 3a.D,aqa noBbIIIIeHHH 

3Heprllll ll cpe.D,Heii no BpeMeHH llHTeHCllBHOCTll nyqKa qacTHQ B ycKopttTeJII,HOM 

KOMnJieKce ll o60CHOBaHa aKTyaJibHOCTb peIIIeHHH 3TOH 3a.D,aqu, 

B nepnoii nrnne paccMOTPeHbI YCTPOHCTBa u pe3yJihTaTbI uccne.D,oBaHHH 

MeXaHuqecKHX, TenJIOBbIX ll 3JieKTPuqecKHX CBOHCTB MaTepttaJIOB, ucnoJib3yeMbIX 

npu C03.D,aHllll CBepxnpOBO,ll,HIIIllX YCTPOHCTB. Ilpe.D,cTaBJieHbI pe3yJibTaTbI 

llCCJie.D,OBaHHH .D,ecpopMaQllll C)KaTJrn, noJI3yqecTH, TeMneparypHOH .D,ecpopMaQHll, 

TenJioeMKOCTll, TennonpOBO,ll,HOCTll, y.D,eJibHOro conpOTllBJieHml B llHTepnane 
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TeMneparyp 300 4K ,l],JIH KOHCTPYKQllOHHbIX, ll30JIHQllOHHbIX ll 

CBepxnpoBO,ll,HIIIllX MaTepllaJIOB, a TaK)Ke o6MOTKll CBepxnpOBOMIQero MarHHTa. 

IlonyqeHbl pacqeTHbie 3aBHCllMOCTll, onHCbIBaIOIQlle nonyqeHHbie 

pe3yJibTaTbI, B TOM qucne, no3BOJIHIOIIIHe no OTHOIIIeHHIO conpOTHBJieHHH npu 

TeMneparypax 300 u 10 K onpe.D,eJIHTb c norpeIIIHOCTbIO B npe.D,eJiax 15% 

3HaqeHml K03q>q>llQHeHTOB TeIIJionpoBO,ll,HOCTll ll y.D,eJibHOro conpOTllBJieHml 

Ka6eJIH ll3 KOMn03llTHOro HH06Hii - TllTaHOBOrO npOBO.D,a npu Hll3KllX 

TeMnepaTypax, a TaK)Ke yqecTb BJillHHlle MarHHTHOro nOJIH Ha 3TH BeJillqllHbI. 

Ilpe.D,CTaBJieHbI pe3YJibTaTbI llCCJie.D,OBaHHH TenJionpHTOKa K reJIHeBOMY 

cocy.D,y ll TenJIOBOMY 3KpaHy MarHHTa no onopaM pa3JillqHoii KOHCTPYKQllll. 3TH 

llCCJie.D,OBaHHH no3B0JlllJill . onpe.D,eJIHTb BKJia.D, TennonpHTOKa no onopaM B 

TenJIOByIO Harpy3KY Ha CllCTeMy KpllOCTaTllpOBaHHH CBepxnpoBOMIQero MarHHTa. 

PaccMOTpeHbI BonpOCbI OXJia)K.D,eHHH cnepxnpOBOMIIIeii o6MOTKll MarHHTa 

)Kll,ll,KllM reJIHeM. Ilpe.D,CTaBJieHbI pa3pa6~TaHHbie MeTO,ll,llKll ll pe3yJibTaTbl 

llCCJie.D,oBaHHH KaK Tennonepe.D,aqu qepe3 pa3JillqHbie ll30JIHQllOHHbie noKpbITml OT 

o6pa3QOB o6MOTKll MarHHTa K KllnHIIIeMY a 6oJibIIIOM o6neMe )Kll,ll,KOMY reJIHIO, 

TaK u . ru.D,paBJillqecKoro conpOTllBJieHllH KaHaJIOB o6MOTKll npll npoTeKaHllll 

OXJia)K.D,aIOIQero reJiml. Ilo pe3yJibTaTaM llCCJie.D,OBaHHH TenJI006MeHa qepe3 

pa3JillqHbie ll30JIHQllOHHbie noKpbITml ll llX 3JieKTPHqecKOH npoqHOCTll npone.D,eHa 

onTHMH3aQHH ll30JIHQllOHHOro noKpbITllH CBepxnpOBOMIIIero Ka6eJIH. 

Ilpoae.D,eHHOe KOMnJieKCHOe llCCJie.D,OBaHHe TenJIOBbIX, 3JieKTPHqecKHX ll 

MeXaHuqeCKllX CBOHCTB MaTepttaJIOB u CBepxnpoBOMIIIeii o6MOTKll MarHHTa 

n03B0JlllJIO noJiyqttTb Heo6xo.D,HMYIO llHcpopMaQHIO ,l],JIH pacqern 

CBepxnpoBOMIIIllX 6bICTPOQllKJillPYIOIIIHX MarHHTOB u CllCTeM llX KpttoreHHOro 

o6ecneqeHHH. 

Bo BTOpoii rJiane npHBO,ll,llTCH onucaHHe KOHCTPYKQllll CBepxnpOBOMIQero 

6hICTPOQllKJillpyIOIIIero BbICOKOnOJibHOrO .D,llnOJibHOrO MO.D,eJibHOro MarHHTa 

npoeKTupyeMoro ycKopuTeJI» SIS 300. Ilpe.D,CTaBJieHbI pe3yJibTaTbI onTHMH3aQHH 

reoMeTPHll u OCHOBHbIX MarHHTHblX xapaKTepttCTllK cnepxnpOBO,wIIIIeii o6MOTKll 

MarHHTa. C yqeTOM ll3MepeHHbIX MeXaHuqecKHX xapaKTepttCTllK MaTepllaJIOB 
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onpe~eJieHa KOHCTJ)YKI.UHI CHCTeMLI 6aH~IDimpoBaHml CBepxnpOBO,lVIlll,ett 

o6MOTKH MarHHTa. IlpHBe~eHI,I pe3yJILTaTI,I pacqeTHOro aHaJIH3a MexaHHqecKHX 

HaIIpR)KeHHB B o6MOTKe H Heo6xo~HMOB BeJIHqHHLI npe~BapHTeJILHOB 

~ecpopMaUHH o6MOTKH B npouecce ee c6opKH. 

Ilpe~CTaBJieH pacqeTHLIB aHaJIH3 ~HH8MHqecKHX TeIIJIOBI,I~eJieHHB B 

CBepxnpoBO~Rlll,eM Ka6ene, )KeJie3HOM RpMe H ~pyrHX :meMeHTax MarHHTa, Ha 

OCH0B8HHH KOToporo ccpopMyJIHpOBaIII,I -rpe6oBaHHR K KOHCTJ)YKUHH 3THX 

3JieMeHTOB H onpe~eJieHI,I Bem1qHHI,1 ~HHaMHqecKHX TeIIJIOBL~eJieHHB B HHX. Ha 

OCHOBe pe3yJILTaTOB HCCJie~OBaHHj{ TeIIJIOBLIX xapaKTepHCTHK MaTepHaJIOB H 

TeIIJI006MeHa CBepxnpOBO,lVIlll,ett o6MOTKH C )KH~KHM reJIHeM npoBe~eH pacqeT 

HarpeBa o6MoTKH Hee TeMrrepaTYPHoro 3arraca ~JIR nnaHHpyeMoro pa6oqero 

UHKJia ycKopHTeJIR SIS 300. 

Ilo pe3yJILTaTaM rrpoBe~eHHI,IX pacqeToB H3fOTOBJieHa o6MOTKa MarHHTa. C 

yqeTOM H3MepeHHLIX rrpH KOMHaTHOB TeMrrepaType xapaKTepHCTHK 3TOH o6MOTKH 

rrpoBe~eHa c6opKa ~HIIOJILHOfO M8rHHTa. Ilpe~CTaBJieHLl pe3yJILTaTLI HCIII,ITaHHB 

MarHHTa B )KH~KOM reJIHH: BeJIHqHHa KpHTHqecKoro TOKa B 3aBHCHMOCTH OT 

CKOpOCTH BBO~a TOKa H qHcJia rrepexo~OB o6MOTKH B HOpMaJILHOe COCTORHHe, 

~HHaMHqecKHe IIOTepH H nepe~aTOqHaJI <pyttKQHj{ ~HIIOJIR. B rrpouecce 

HCIILITaHHB MarHHTa rronyqeHO YHHKaJILHOe coqeTaHHe ~OCTHrHyToro 

MarHHTHoro IIOAA 6,8 Tn H CKOpOCTH H3MeHeHHR IIOJIR ~o 1,15 T.rr/c. 

B TpeTLCH rJiaBe npoBe~eHO HCCJie~oBaHHe KpHOreHHoro o6ecrreqeHHR 

nporn,KeHHLIX CBepxnpOBO,lVIlll,HX ycTpOHCTB Ha IIpHMepe CHCTeMLI OXJia~eHHj{ 

CBepxrrpoBO,lVIlll,HX MarHHTOB npoeKTHpyeMoro ycKopHTeJIR SIS 300. IlpoBe~eH 

pacqeT TeIIJIOIIpHTOKOB ( C HCIIOJIL30BaHHeM pe3yJILTaTOB HCCJie~oBaHHj{ 

TeIIJIOIIpHTOKa IIO onopaM MarHHTa) H TeIIJIOBhl~eJieHHH B MarHHTHOH CHCTeMe 

SIS 300. Ha TeMrreparypHoM ypoBiie 4,5 K TeIIJIOBM Harpy3Ka Ha CHCTeMy 

KpHOCTaTHpOBaHHj{ SIS 300 cocrnBJIReT npHMepHo 4,3 KBT rrmoc 4,6 r/c pacxo~ 

)KH~Koro reJIHj{ Ha OXJia)K~eHHe TOKOBBO~OB KOppeKTHPYIOlll,HX MarHHTOB. 

.ll:HHaMHqeCKHe TeIIJIOBLI~eJieHHR B MarHHTax rrpHMepHO B ~Ba pa3a rrpeBLil.UaIOT 
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CTaTHqecKHe TeIIJIOBLI~eJieHHR B CHCTeMe, KOTop1,1e OCTaIOTCR rrpH nepepLIBe B 

pa6oTe MarHHTOB. 

11oKa38HO, qTo TeMrrepaTYPHLIH 3arrac cBepxrrpoBO,lVIlll,HX MarHHTOB 

(pa3HOCTI, Me~y KpHTHqeCKOH H pa6oqeii TeMrrepaTYPOH) B nporn,KeHHhlX 

cHCTeMax yMeHLlllaeTCR 3a cqeT HarpeBa ,KH~Koro reJIHj{ no ~JIHHe uerroqKH. 

Ilpe~JIO)KeHO cxeMHOe pel.UeHHe CHCTeMLI KpHOCTaTHpOBaHHR CBepxnpOBO,lVIlll,HX 

61,ICTJ)OQHKJIHpyrolll,HX MarHHTOB, II03BOJIHIOlll,ee 3a cqeT BBe~eHHH Heo6xo~HMOro 

qHCJia ~OIIOJIHHTeJILHLIX TeIIJio06MeHHHKOB yMeHLllIHTL HarpeB reJIHH B~OJII, 

uerroqKH MarHHTOB ~o -rpe6yeMOH BeJIHqHHLI. HarrpHMep, BBe~eHHe ~Byx 

~OIIOJIHHTeJILHLIX TeIIJI006MeHHHKOB B uerroqKy MarHHTOB SIS 300 II03BOJIHeT 

yMeHLllIHTL HarpeB reJIHH B~OJII, 3TOH uenoqKH ~o 0,3 K, qTo o6ecrreqHBaeT 

-rpe6yeMLIH TeMrrepaTYPHLrii Janae ne MeHee 1 K B cBepxrrpoBo~Hlll,HX 

6Lrc-rpouHKJIHpyrolll,HX MarHHTax SIS 300. 

Ilpe~CTaBJieHLI pe3yJILTaThl pacqern pe,KHMa OXJia)K~emrn CBepxrrpOBO~Hlll,HX 

MarHHTOB SIS 300, KOTOpLie IIOKa3aJIH, qTQ BLI6paHHoe cxeMHOe pellleHHe 

no3BOJIHT npoBeCTH OXJia,K~eHHe MarnHTOB SIS 300 OT KOMHaTHOB ~o pa6oqeii 

TeMrrepaTYPLI B TeqenHe 60 qacoB, qTo HBJIHeTCH rrpHeMJieMhlM BpeMeHeM. 

Pa3pa60T8HHM CXeMa KpHOCTaTHpOBaHHR ycKOpHTeJIR SIS 300 II03BOJIHeT 

o6ecneqHTL -rpe6yeMLie pe,KHMLI OXJia)K~eHHR H KpHOCTaTHp0B8Hllj{ 

CBepxrrpoBO,lVIlll,HX 6LrcTpOUHKJIHpyrolll,HX MarHHTOB 3TOro ycKOpHTeJIH. 

B qeTeepTOH rJiaBe paccMo-rpeHO KpHOCTaTHpOBaHHe JIOKaJILHLIX 

CBepxnpoBO~Hlll,HX ycTpOHCTB Ha rrpHMepe pa3pa6oTKH H C03~8HHH KpHOreHHOH 

CHCTeMLI CBepxrrpoBO,lVIlll,ero BLICOKOqaCTOTHOro cenapaTopa HOBOro KaHaJia 

YcKopHTeJILHoro KoMrrJieKca Y-70 fHlJ. I1<I>B3 ~JIH myqeHHH K-Me30HOB. 

C03~aHHM KpHOreHHM CHCTeMa o6ecrreqHBaeT pa6ory B HHTepBane TeMrrepaTYP 

4,3-1,7 K ~Byx CBepxnpoBO,lVIlll,HX BI,ICOKoqacTOTHLIX ~eq>JieKTopoB, 

pacIIOJIO)KeHHhlX Ha paCCTOHHHH 76 M ~pyr OT ~pyra. Ilpe~CTaBJieHLI pe3yJILTaTLI 

pacqeTa, pa3pa60TKH KOHCTJ)YKUHH, H3fOTOBJieHHH H HCIILITaHHH o6opy~oBaHHj{ 

3TOH KpHOreHHOH CHCTeMLI B COCTaBe: BaHHLI rrpoMe~oqHoro OXJia~eHHR, 

bOJILllloro BaKyyMHoro TeIIJI006MeHHHKa, HH3KOTeMrreparypHLIX 
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Tern1006MeHHIIKOB, KpIIoreHHOro KOJIJieKTOpa, OTKaqHoii MalllllHbl. Ilpe,nno)KeHO 

ypaBHeHIIe ,Il,JUl: pacqeTa noaepxHOCTII Tennoo6MeHHIIKOB, a KOTOpbIX IlOTOK 

caepxKpIITirqecKoro renm:i oxna)K,IJ,aeTCJI KIITIJirn;IIM renIIeM. 

AHanII3 pa3nIIqHbIX pe)KIIMOB pa60Tbl CIICTeMbl Il0Ka3an, qTo OHa 

o6ecneqIIBaeT a TeqeHIIe TPeX cyTOK oxna)K,IJ,eHIIe OT KOMHaTHOii TeMnepaTypbl ,IJ,O 

1,8 K caepxnpOBO,IJ,Jirn;IIx · BblCOKOqaCTOTHbIX ,neqmeKTOpOB, IIX ,IJ,llIITenbHOe II 

CTa6IInbHOe KpIIOCTaTIIpoaaHIIe caepxTe~IIM renIIeM npII TeMnepazype 1,8 K II 

OTenneHIIe ,Il,O KOMHaTHOii TeMnepazyphl B TeqeHIIe TPeX cyTOK. BbmonHeH aHanll3 

B03MO)KHblX aaapIIiiHbIX CIITyauIIii II npe,11,nO)KeHbl pe)KIIMbl pa60Tbl CIICTeMbI, 

Il03B0llJIIOrn;IIe no,n.nep)KIIBaTb' pa6oqy10 TeMnepazypy ,neq,neKTOpOB BO apeMJI 

ycTpaHeHIIJI 3TIIX CIIzyauIIii. 

MO)KHO KOHCTaTIIpoaaTb C03,IJ,aHIIe II ycneIIIHOe Haqano pa60Tbl Ha 

YcKOpIITenbHOM Km.mneKce Y-70 nm 11<l>B3 caMoii KpynHoii a PocCIIII 

KpIIoreHHOii 

caepxTeKyqIIM 

CIICTeMbl, 

renIIeM. 

oxna)K,Il,a10rn:eii 

YcneIIIHaJI 

caepxnpoao,11,,:irn;IIe 

pa6oTa 3TOH 

ycTPoiicTBa 

CIICTeMbl 

xono,11,onpoll3B0,Il,IITenbHOCTblO 280 BT npII TeMnepazype 1,8 K Il03B0llIIna 

o6ecneqIITb Heo6xo,IJ,IIMbie napaMeTPbI caepxnpoao,IJ,Jirn;ero BhlCOKoqacTOTHoro 

cenapaTOpa 21 KaHana, nonyqIITb CBbIIlle MIIllllIIOHa co6bITIIii Ha ycTaHOBKe OKA 

II nnaHIIpoaaTb Ha6op 6onbIIIOro KOnIIqeCTBa KaOHHbIX pacna,IJ,OB, qTo 

Heo6xo,IJ,IIMO ,IJ,llJI IIX IICcne,11,oBaHIIJI Ha HOBOM ypoaHe. 

B 33KJUOqeuuu. IlO,Il,BO,IJ,IITCJI IITOr npoae,11,eHHblX IICcne,11,oaaHIIH II 

pa3pa60TOK. 

B ,IJ,IICcepTaUIIOHHOii pa6oTe npe,Il,CTaBneHbl pe3ynhTaTbl IICCne,11,oBaHlllI 

,neq,opMaUIIII C)KaTllJI, nomyqecTII, TeMnepaTYPHOii ,neq,opMaQIIII, TennoeMKOCTll, 

TennonpoB0,11,HOCTII, y,nenbHOro conpoTIIBneHIIJI, 3lleKTPIIqecKOii npoqHOCTH B 

IIHTepaane TeMnepazyp 300 - 4 K ,IJ,lllI KOHCTPYKUIIOHHbIX, II30llJIUIIOHHblX H 

caepxnpOBO,IJ,Jirn;IIX MaTepIIanOB, npe,nno)KeHbl ypaaHeHllJI, OilIICbIBaIOrn;IIe 

noae,nemre 3TIIX aenIIqIIH. Ilpe,11,cTaaneHO OilIICaHIIe MeTO,IJ,IIK II YCTPOHCTB, 

co3,naHHhlX ,nn,:i npoae,neHlllI 3TIIX IIccne,noaaHIIii. Hccne.noaaH TennonpIITOK no 

onopaM pa3nIIqHoii KOHCTPYKUIIII K renIIeaoMy cocy,ny II TennoaoMy 3KpaHy 
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MarHIITa, qTo Il03B0llIIno onpe,nenIITb BKna,IJ, 3Toro TennonpIITOKa B TennOBYIO 

Harpy3KY Ha CIICTeMy KpIIOCTaTIIpoaaHIIJI KaK OT,IJ,enbHOro MarHIITa, TaK H 

ycKOpHTenJI. Ilpe,nno)KeHHbie aBTOpOM MeTO,IJ,IIKII Il03B0llIIllII npoBeCTII 

KOMnneKcHoe Hccne,noaaHIIe KaK Tennonepe,11,aqII OT caepxnpoao,IJ,Jirn;eii o6MOTKH 

MarHIITa K KIITIJirn;eMy B 6onbIIIOM o6'beMe )KII,IJ,KOMY renIIIO qepe3 pa3miqHbie 

II30llJIUIIOHHbie IlOKpbITIIJI, TaK II 3lleKTPIIqecKOH npoqHOCTII 3TIIX II30llHUIIOHHbIX 

noKpbITIIH, a TaK)Ke rH,11,paanIIqecKoro conpOTHBneHIIJI KaHanOB o6MOTKII npII 

npoTeKaHIIII oxna)K,11,a10rn:ero renIIJI. Ilpe,ncTaaneHbI ypaBHeHIIJI, onIICbIBaIOrn;IIe 

pe3ynhTaTbl npoae,neHHbIX IICCne,11,oBaHIIH. IlonyqeHHaJI IIHq>OpMaUIIJI Heo6xo,IJ,HMa 

,IJ,nJI npoBe,IJ,eHIIJI pacqeTOB caepxnpOBO,IJ,Jirn;IIX YCTPOHCTB II CIICTeM IIX 

KpIIoreHHOro o6ecneqeHIIJI. 

Ilpoae,11,eH aHanII3 npo6neM, B03HIIKaIOrn;IIX npII C03,IJ,aHIIII caepxnpoBO,IJ,Jirn;IIX 

6bICTPOUIIKnIIpy10rn;IIX BblCOKOilOllbHblX MarHIITOB. C IICilOllb30BaHIIeM 

pe3ynLTaTOB IIccne,noaaHIIii ,neq,opMaUIIII C)KaTIIJI, nomyqecTII, TepMIIqecKoii 

,11,eq,opMaQIIII MaTepIIanOB paccqIITaHbl MexaHIIqecKIIe HanpJI)KeHIIJI B 

caepxnpoao,11,,:irn;eii BbICOKOilOllbHOro 

,IJ,IIIlOllbHOro MarHIITa II TPe6yeMaJI BenIIqIIHa npe,naapIITenbHOH ,11,eq,opMaUIIII ero 

o6MOTKII B npouecce c6opKH MarHIITa, 0IlTIIMII3IIpOBaHa KOHCTPYKUIIJI CHCTeMbl 

6aH,IJ,a)l(HpOBaHIIJI caepxnpoBO,IJ,Jirn;eii o6MOTKII MarHIITa. BbmonHeH pacqeTHblll 

o6MOTKe 6bICTPOUIIKnIIPYIOrn:ero 

aHanII3 ,IJ,IIHaMIIqecKIIX TennoBbI,neneHIIH B caepxnpoao,IJ,Jirn;eM Ka6ene, 

MarHIITOnpoao,11,e II ,11,pyrIIX 3neMeHTax MarHIITa, Ha OCHOBaHIIII KOToporo 

onpe,neneHbl npIIHUIITIIIanbHbie oco6eHHOCTII IIX KOHCTPYKUIIH II BenIIqIIHa 

,IJ,IIHaMIIqeCKIIX TennoBbI,11,eneHHH B 3TIIX 3lleMeHTax. Ha OCHOBe 

cq,opMynIIpOBaHHbIX TPe6oBaHIIH K TOKOHecyrn;eMy 3lleMeHzy ,11,IIIlOllbHOro 

MarHIITa pa3pa60TaHbl II mroToaneHbl CBepxnpoBo,IJ,Jirn;IIH npOBO,Il, II Ka6enb C 

IlOHII)KeHHbIMII ,11,IIHaMIIqeCKIIMII TennOBbI,IJ,eneHIIJIMII. C IICilOllb30BaHIIeM 

pe3ynhTaTOB IIccne,11,oaaHIIJI TennoeMKOCTll H 

caepxnpoBo,IJ,Jirn;Hx 

caepxnpoao,IJ,Jirn;eii 

II KOHCTPYKUIIOHHbIX MaTepIIanOB, 

06MOTKII K )Kll,Il,KOMY renIIIO, 

TennonpoBO,IJ,HOCTII 

Tennonepe,naqII OT 

rH,npaanIIqecKoro 

conpoTIIBneHIIJI oxna)K_na10rn:IIx KaHanoB npoae,neH pacqeT Harpeaa o6MOTKII 
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,n;IUIOJihHoro MarHHTa n ee TeMnepazypHoro 3anaca ,n;mI pa6oqero u:mma 

ycKopmem1 SIS 300. Ilo pe3yJinTaTaM npoBe,n;eHHhIX rrccne,n;oBamrii pmpa6oTaH n 

H3fOTOBJieH CBepxnpOBO,ll;Hlll,HH 6nICTPOU:HKJIHp)'IOill,HH BhICOKOnOJihHhIH 

,n;HnOJihHhIH MO,n;eJibHhIH MarHHT SIS 300 c HOMHHaJihHhIM MarHHTHhIM noneM B 

anepzype 6 Tn H CKOpOCThIO H3MeHeHHH MarHHTHOro nomI 1 Tn/c. B npou:ecce 

HCnhITaHHH MarHHTa nonyqeHO YHHKaJihHOe coqeTaHHe ,ll;OCTHfHyTOro 3HaqeHHH 

u:eHTPaJihHOro MilrHHTHOro noJIH 6,8 Tn nprr CKOpOCTH H3MeHeHHH nOJIH ,n;o 1,15 

Tn/c. 

Pmpa60TaHa KpHOreHHaH CHCTeMa )];JIH npOTH)KeHHhIX 6bICTPOU:HKJIHp)'IOill,HX 

cBepxnpOBO,ll;Hlll,HX YCTPOHCTB Ha nprrMepe OXJia)K)];eHHH CBepxnpoBO,n;Hlll,HX 

MarHHTOB ycKOpHTeJIH SIS 300. IlpoBe,n;eH pacqeT TennonpHTOKOB H 

TennoBM,n;eneHrrii B MarHHTHoii crrcTeMe SIS 300, no pe3yJihTaTaM KOToporo 

npe,n;JIO)KeHa cxeMa KpHOCTaTHpoBaHHH 3THX MarHHTOB )KH,ll;KHM renrreM. 

IlOKa3aHo, qTo MHHHMaJihHaH pa3HOCTh Me)K,n;y KpHTrrqecKoii rr pa6oqeii 

TeMnepazypoii cBepxnpoBO,ll;Hlll,ero Mamrrm B pa6oqeM U:HKJie (TeMnepaTYPHhlii 

3anac) B npOTH)KeHHhIX CBepxnpoBO,ll;Hlll,HX CHCTeMaX yMeHhIIIaeTCH 3a cqeT 

HarpeBa )KH,ll;KOro reJIHH no ,ll;JIHHe u:enoqKH MarHHTOB. Ilpe,n;JIO)KeHHOe cxeMHOe 

peIIIeHHe CHCTeMbl KpHOCTaTHpoBaHHH CBepxnpOBO,ll;Hlll,HX 6bICTPOU:HKJIHp)'IOill,HX 

MarHHTOB n03BOJIHeT 3a cqeT BBe,n;eHHH Heo6xo,n;HMOro qrrcna ,n;onoJIHHTeJibHhIX 

Tennoo6MeHHHKOB yMeHhIIIHTh HarpeB reJIHH B,ll;OJih u:enoqKH MarHHTOB ',n;o 

TPe6yeMoii BeJIHqHHbI. BBe,n;eHHe ,n;Byx ,n;onOJIHHTeJihHhIX Tennoo6MeHHHKOB B 

u:enoqKy MarHHTOB SIS 300 no3BOJIHeT YMeHhIIIHTh HarpeB reJIHH B,ll;OJih 3Toii 

u:enoqKH ,n;o 0,3 K, qTo o6ecneqrrBaeT TPe6yeMhrii TeMnepaTypHhlii 3anac He 

MeHee 1 K B cBepxnpoBO,ll;Hlll,HX 6hICTPOU:HKJIHp)'IOill,HX Mamnmx -SIS 300. 

BhlnOJIHeHHhlii pacqeT pe)KHMa oXJia)K,n;eHHH MarHHTOB SIS 300 OT KOMHaTHoii ,n;o 

pa6oqeii TeMnepaTYPhI nOKa3aJI, qTo XOJIO)];OnpOH3B0,ll;HTeJihHOCTh CHCTeMhI 

KpHoreHHoro o6ecneqeHHH, onpe,n;eJieHHaH H3 ycJIOBHH KpHOCTaTHpOBaHHH 3TOro 

ycKopnTeJIH, o6ecneqrrBaeT nprreMJieMoe BpeMH oxna)K)];eHHH o6opy,n;oBaHHH. 

Pmpa6oTaHHaH cxeMa KpHocmmpOBaHHH ycKoprrTeJIH SIS 300 no3BOJIHeT 
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o6ecneqHTh TPe6yeMble pe)KHMhI OXJia)K,n;eHHH H KpHOCTaTHpoBaHHH 

CBepxnpoBO,ll;Hlll,HX 6bICTPOU:HKJIHpyIOill,HX MarHHTOB 3TOro ycKopHTeJIH. 

PaccMOTpeHo KpHOCTaTHpOBaHHe JIOKaJihHhIX CBepxnpoBOMill,HX YCTPOHCTB 

Ha npHMepe pmpa60TKH H C03,ll;aHHH KpHoreHHOH CHCTeMbl CBepxnpOBO,n;Hlll,ero 

BhICOKoqacTOTHOro cenapaTopa HOBOro KaHaJia Y CKOpHTeJibHOro KOMnJieKca Y-70 

rHL( Hcl>B3 ,n;nsi: myqeHHH K-Me30HOB., C03,n;aHHaH no,n; pyKoBo,n;cTBOM aBTopa 

KprroreHHaH CHCTeMa XOJIO,n;onpOH3B0,ll;HTeJibHOCThIO 280 BT OXJia)K,ll;aeT 

CBepxTeKyqHM reJIHeM' npH TeMnepaType 1,8 K ,n;Ba CBepxnpOBO,ll;Hlll,HX 

BhICOKoqaCTOTHhIX ,n;eq1JieKTopa, pacnoJIO)KeHHhIX Ha paCCTOHHHH OKOJIO 76 M ,n;pyr 

OT ,n;pyra. Ilpe,n;cTaBJieHhI pe3yJihTaThl pacqem, pmpa60TKH KOHCTPYKU:HH, 

H3rOTOBJieHHH H HCnhITaHHH o6opy,n;oBaHHH 3TOH KpHoreHHOH CHCTeMbI B COCTaBe: 

BaHHhI npoMe)KyToqHoro OXJia)K,n;eHHH, EOJihIIIOro BaKyyMHOro Tennoo6MeHHHKa, 

HH3KOTeMnepazypHbIX TeTIJioo6MeHHHKOB, KpHoreHHOro KOJIJieKTOpa, (n'KaqHoii 

MaIIIHHhI. Ilpe,n;JIO)KeHO ypaBHeHHe ,ll;JIH pacqeTa noBepxHOCTH Tennoo6MeHHHKOB, 

B KOTOpbIX nOTOK CBepXKpHTHqecKoro reJIHH OXJia)K,n;aeTCH KHnHill,HM reJIHeM. 

IlpoBe,n;eH aHaJIH3 pe3yJinTaTOB pacqeTHoro H 3KCnepnMeHTaJihHOro HCCJie,n;oBaHHH 

KpnoreHHOH CHCTeMhI KaK B pa6oqrrx ycJIOBHHX, TaK n B aBapHHHhIX CHTyau:nxx. 

Y cneIIIHhIH 3anycK H ,ll;OCTH)KeHHe 3a,n;aHHhIX xapaKTepHCTHK 3TOH KpHoreHHOH 

CHCTeMhI, KOTOpaH HBJIHeTCH KpynHeiiIIIeii B PoccHH CHCTeMoii, OXJia)K,ll;aIOill,eii 

CBepxnpoBO,ll;Hlll,He YCTPOHCTBa CBepxTeKyqHM reJIHeM, no3B0JIHJIH o6ecneqHTh 

Heo6xo,n;HMhIH TeMnepaTYPHhIH pe)KHM CBepxnpoBO,ll;Hlll,ero BhICOKoqaCTOTHOro 

cenaparnpa HOBOro KaHaJia YcKopHTeJibHOro KOMnJieKCa Y-70 rHL( 11<1>B3 n 

HaqaTh HCCJie,n;oBaHHH cenapnpoBaHHOro nyqKa K-Me30HOB. 
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