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OEIUAH XAP AKTEPMCTMKA P AEOTbl 

Aicrya.rtbHOCTb TCMbl. Ilpe,n:npttH51Ta51 C Haqana· 70-x ro,n:0B M0,n:epHmaurrn 

cttuxpocpa3orpoua B 3Haq1nerrhHOii: creneHiI peumrra Ha MHorue ro,n:hI npo6rreMy 

C03,n:aHH5l co6cTBeHHOH 6a3hI 0J15JJ1 ,!(AA npoBe,n:eHH5l q>llJHqecKHX 

JKcnepllMeHT0B B o6rraCTll q>ll3llKll BhIC0KllX 3Heprn:ii:. 

B Jla6oparopuu BhIC0KHX 3Heprnii 0115111 aKa,n:eMHK0M A.M.Ean,n:Hf!hIM 

pa3BllBaeTC5l H0B0e HayqHoe HanpaBrreHtte - peAATHBHCTCKa5l ;J,n:epHa5l q>ll3HKa. 

O,n:HHM ll3 Ba)KHeiiwnx proyrrhTaT0B 3THX nccrre,n:oBaHnii Ha ·cnHxpocpa3oTpOHe 

OJ151J1 51.BHJIOCh ycTaHOBJieHne rpaHllU o6rracTH 3Heprnn npe,n:eJihHOH 

cpparMeHTaunn 51,n:ep, Jie)Karueii B npe,n:enax 3,5 I'JB/HyKJioH, onpe,n:eAAIOll{eii 

Haqano acnMnT0TnqecKoro pe)KnMa If B03M0)KHOCTH nccrre,n:oBaHHH KBapK

rJIIO0HHhIX CTeneHeii CB060,n:hI B H,n:pax. 

B nepcneKTllBe pa3BllTHe 3TOro . HanpaBJieHH5l 6bIJIO 6hr HeB03M0)KHO 6e3 

yrryqrneHmI BpeMeHHhIX ll npocTpaHCTBeHHhIX xapaKTepHCTHK. BhIBe,n:eHHhIX 

nyqKOB, nOBhillleHllH 3Heprnn ll HHTeHCllBH0CTll ycKopeHHhIX H,n:ep, yc1<0peHH51 

cpe,n:HllX If T}I)KeJihJX H,n:ep. Ha CllHXpOq>a30TpoHe 3TO 6bIJIO . HeocyruecTBHM0; B 

Bll.D:Y uenoro pH,n:a ero KOHCTPYKTHBHhIX oco6eHHOCTeii. 

B Haqane 70-x ro,n:oB BO MHornx nccrre,n:oBaTerrhcKnx ueHTpax Mnpa, 

3aHHMaIOll{llXCH myqeHtteM BOnp0C0B cpyH,n:aMeHTanhHOH q>H3llKH.aTOMHOro H,n:pa 

If CTp0eHlleM H,n:epHOii: MaTepnn, yqeHbie ycKOpHTeJihll{llKll BCTynnnn B 

copeBH0BaHne no . C03,n:aHlllO H0BhIX TexHorroruii ,n:JI5l BHe,n:peHHH TeXHHKll 

CBepxnpOB0,!(llMOCTll B 0CH0BHhie npn6opbl q>ll3HqecKoro 3KCnepnMeHTa -

ycKopnTeJill 3apH)KeHHhIX qacTHU. EhIJill pa3pa6oTaHhI CBepxnpoBO,n:5lll{He 

MarHHThI C qpe3BhJqaii:HO CJIO)KHOH TeXHOJiorneii: ll3f0TOBJieHHH, nonyqnBIUHX 

Ha3BaHne MarHHThI Tuna "cos8". 

MaKCHManhHaH BeJIIfquHa HH.D:YKUHH MarHHTH0ro IlOAA B 3THX MarHHTax (B 

3aBHCllMOCTll OT TeMnepaTyphI KpllOCTaTupoBaHHH) ,n:JI5l pa3HhIX KOHCTPYKU:HH 

Jie)KllT B ,n:uana30He 3,5 + 8 Tn. Ilone B HHX cpopMttpyeTCH C nOMOll{hlO 

MHOfOBHTKOBOH, KaK npaBHJI0, .D:BYXCJIOHHOH o6MOTKH ll3 CBepxnpOBOMmero 

Ka6eAA Tnna "nJIOCKUH CKpyTKa", C)KaTOH 6aH,n:a)KnpyIOll{HMll K0JihUaMH n 

OKpy)KeHHOH IIIHXTOBaHHhIM MarHHTHhIM 3KpaHO,M., 
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B nepno,o; c 1973 no 1975 rr. B flB3 OIUlll no HHHU:HaTHBeA.M.fiaM1rna 

TaK)Ke Haq1rnaeTC51 pinpa6oTKa npo6neMbI cOJ,o;aHH51 caepxnpoao;:uuu:ero 

)KeCTKOq>OKycnpyromero ycKOpHTeJI51 pen51THBHCTCKHX 51,ll.ep - HyKJioTpoHa C 

opneHTHpOBKOH Ha caepxnpoB0)];511UHe MafHHTbI C MaKCHMaJibHbIMH ypoBH51MH 

HH.D.YKUHH noneii ~5 Tn THna "cos 8" AJI5I 3aMeHbI CHHxpocpa30TpOHa. 

TaKOH BapnaHT 3aMeHbl, B-BH.D.Y 3cpcpeKTa "3aMopo)KeHHbIX TOKOB" B 

cBepxnpoiioMIUHX. MarHnTax, Tpe6yeT Bae.n.eHHSI "Tennoro" 6ycTepttoro KacKa.n.a 

AJI5I ' o6ecneqeHH51 ycJIOBHll HOpMaJibHOfO HH)l(eKTHpoBaHH51 51,ll.ep B 

CBepxnpoB0)];51IUee KOJlbU:0 C OTHOCHTeJibHO KaqecTBeHHbIM MarHHTHblM noneM H 

nocne.n.yromHM ycKopeHHeM 51,ll.ep ,l].O KOHeqHOH 3HeprHH 12 + 15 f3B/HyKJIOH. 

3TO 6b!JI HeonpaB.o;aHHO .n.oporoii npoeKT, He yqHTbIBaIOIUHH q>HHaHCOBbie 

B03MO)KHOCTH nB3 H Oll..Hll n,B o6meM TO, He pernaBlllHH ,l].O KOHU:a 3a)],aqy 

cymeCTBeHHOfO pa3BHTH51 ycKOpHTeJibHOfO KOMnneKca nB3. 

Ilo 3TOH npnqnHe B nepno.n. 1978-1979 rr. B nB3 Oll..Hll HaqanHCb noncKH 

HOBOH KOHu:enU:HH HyKJioTpOHa H C03,l].aJIOCb CBOe HanpaBneHHe pa3BHTH51 

npOCTbIX B H3f0TOBJieHHH, He.n.oporOCT051IUHX CBepxnpOBOMIUHX MarHHTHblX 

CHCTeM AJI5I CHHXPOTpOHOB C ypoBH51Mll HHAYKU:llll MafHHTHblX noneii 1,8+2 Tn B 

r116p11AHOM Bap11aHTe, no aHaJIOflIH C "TennbIM" Bap11aHTOM, HMeIOll{HX 

cpeppoMarHHTHblH MafHHTOnpoBO,l]. c nonrocaMH,q>OpMHpyIOIUHMH Heo6xo)].HMYIO 

KOHq>HrypaU:HIO noAA' II CBepxnpoBOMIUYIO o6MOTKY B036y)l(,l].eHH51i lI3 

pa3pa60TaHHOfO B nB3 Tpy6qaTOf0 CBepxnpOBOMll{ero Ka6em1. 

Ha OCHOBe nonyqeHHbIX npH 11cnb1TaHH51X 3THX MafHHTOB .n.aHHbIX 6bIJIO 

c.n.enaHO y6ep;HTeJibHOe o6ocHOBaHHe B03MO)KHOCTH co3p;aHH51 O,l].HOKaCKa,l].HOfO 

HyKJioTpoHa C KOHeqHOH 3Heprneii ycKopeHHbIX 5(,ll.ep ~6 f3B/HyKJIOH, 

pa60Taromero C qaCTOTOH l.{HKJIHpOBaHH51 0,5 + l ru:. 

)];AA BbIXO)];a B aCHMnTOTHqecKyIO o6naCTb 3Heprnii pen51THBHCTCKHX 5(,ll.ep 

(3Haq11TeJibHO Bbillle 6 f3B) He06XO,l].Hl.lO' cymecTB~HHOe pa3BHTlle 

ycKop11TeJibHOfO KOMnJieKca nB3, OTBeqaromeMy nporH03llpyeMOMY ypoBHIO 

.n.pyr11x MllpOBblX u:eHTpOB II nepcneKTllBHbIM nporpaMMaM q>ll3HqecKHX 

HCCJie,l].OBaHHH. 

Ou:eHKa cpnHaHCOBblX II npoll3B0,l].CTBeHHblX B03MO)l(HOCTeii 011..5111 

noKaJbIBaeT, qTo peanbHOii nepcneKTHBoii AJI5I Oll.5111 a qacTll coJ.n.aHH51 
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co6CTBeHHOll 3KCnepHMeHTaJibHOll 6a30B0ll ycTaHOBKH 51BJI51eTC51 C03p;aHHe 

caepxnpoBoMmero ycKOpHTeJibHoro KOMIIJieKca - CynepHy!<11oTpOHa c 3Heprnett 

ycKOp51eMblX 51,ll.ep ~60 f3B/HyKn. 113 MarHHTOB HOBOfO THITa. 

QeJJb pa60Thl. )];HccepTaU:H51 51BJI51eTC51 o6o6meHHeM pa6oT, BbITIOJIHeHHbIX 

B cooTBeTCTBHH c HayqHo-TexH11qecK11M11 nnaHaMH flB3 OM..HM no pa3BHTHIO 

ycKOpHTeJibHOll 6a3bl fla6opaTOpHH,H 3aKJIIOqaeTC51 B HayqHOM 060CHOBaHHH II 

peantt3aUHH HaH6onee onTHMaJibHblX TeXHHqeCKHX perneHHll, npe,l].JIO)KeHHbIX 

aaTopOM, onpe,ll.eJI5110ll{HM o6pa30M cnoco6CTBYIOIUHX C03,l];aHHIO npoCTblX no 

KOHCTPYKUHH H TeXHOJIOfllll H3fOTOBJiemrn, 3KOHOMIIqecKH 3cpcpeKTHBHbIX II 

y.n.o6Hb!X B 3KCnnyaTaU:HH CBepxnpOBOMIUHX MarHHTHblX CIICTeM ycKOPIITeJiett 

CIIHXpOTpOHHOfO THna, .KaHaJIOB TpaHcnopTIIpOBKII qacTHU: B 3TIIX 

ycKOpHTeJibHbIX KOMITJieKcax. 

HayquaH uoBuJua. HoBa51 TeXHOJIOfH51, npe,l].JIO)KeHHa51 aBTOpOM p;aHHOll 
' ~ 

pa60Tbl, npHHU:IInHaJibHO ynpomaeT np?6neMy np1IMeHeHII51 CBepxnpoBO-

,l].HMOCTII B ycKopHTeJibHoii TeXHHKe H o6ecneqIIBaeT PoccIIII II OM..Hll np1IOpHTeT 

B pa3pa60TKe H peaJIII3al.{IIII npoCTbIX, 3KOHOMHqHbIX, BbICOK03cpcpeKTIIBHbIX, 

CBepxnpOBOMIUHX, 6b!CTPOU:IIKJIIIPYIOIUIIX KplioreHHO-MafHIITHblX CIICTeM 

CHHXpoTpOHOB. 3HaqlIMOCTb HayqHOll HOBII3Hbl nplIBe,o;eHHblX B ,l].IICCepTaU:IIII 

pe3yJibTaTOB B qacTH COBeprneHCTBOBaHII51 TeXHOJIOfIIII II C03,l];aHII51 KpIIoreHHOll 

MafHHTHOll CIICTeMbl HyKJioTpOHa xapaKTepll3yIOTC51 cne.n.yIOIUIIMII 

OTJIHqHTeJibHbIMII npll3HaKaMII: crroco6HOCTblO CBepxrrpOBO,l];511l{ero ycKOplITe]I5( 

51,ll.ep pa6oTaTb npII qacTOTe CJie,l].OBaHII51 U:IIKJIOB 0,5+ l ru:; MaJibIM KOJIIIqecTBOM 

reJIH51, rrpoKaq1IBaeMoro II HaXOMmeroc51 B CIICTeMe, 3<p<peKTIIBHOCTblO ee 

oxna)l(,l].eHII51 ABYX<pa3HbIM renIIeM, 6e30naCHOCTblO pa60TbI;' npOCTOH 

KOHCTPYKU:IIett KpHOCTaTa (renIIeBoro cocy.n.a He Tpe6yeTc51) II CBepxnpoBOMIUHX 

MafHIITOB, TeXHOJIOfliqHOCTblO IIX II3fOTOBJieHmi:; ycJIOBIIHMII pa60TbI BaKyyMHOll 

KaMepbr; MeXaHHqecKOll If 3JieKTpHqeCKOH npoqHOCTblO MafHHTOB; Ha,l].e)KHOCTblO, 

y.n.o6CTBOM 3KCIInyaTal.{HH, xopornett ,l].OCTYIIHOCTblO K 3JieMeHTaM ycKOpHTeJI51 H 

peMOHTOCITOC06HOCTbIO; 3KOHOMHqecKOH 3cpcpeKTHBHOCTblO npH II3fOTOBJieHIIH If 

3KcnnyaTaU:Hll. 

Ilo He3aBHCHMOll ou:eHKe aMepHKaHCKHX cneu:IIaJIIICTOB,3aHIIMaIOIUHXC51 C 

1995 rop;a pa3pa60TKOH npoToHHoro KOJIJiatt.n.epa 2xl00 f3B B Hau:110HaJibHOH 
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na6opaTopnn HM. <l>epMH,MarHHTbI c cpeppoMarHHTHbIM MarHHTOnpOBO,llOM tt 

TPY6'laTOll CBepxnpoBOAS{IUeii o6MOTKOH HBIDIIOTCH H
0

att6onee nepcneKTHBHbiMH 

no cpaBHeHHIO c MarHHTaMH THna "cos 8". 

IlpaKTil'ICCK8H ueHHOCTb pe3ynhTaTOB pa3pa60T0K H HCcne.noBaHHll npH 

C03,llaHHH 6bICTp0l(HKnHPYIOIUHX CBepxnpoBOMIUHX MarHHTOB Ha OCHOBe 

Tpy6'laToro CBepxnpOBO,llHHKa COCTOHT B TOM, 'ITO 3aBeprna10meii cpa3oii 3THX 

pa6oT CTano C03,0:aHHe HOBOro Tuna CBepxnpOBOAS{IUeii MarHHTHOii CHCTeMbl -

ycKOpHTeID! penHTHBHCTCKHX H)].ep - HyKnOTpOHa, 3anymeHHoro B JIB3 0115111 B 

1993 ro,ny; nepBoro ,neiicTByromero cBepxnpoBOMIUero ycKopttTenH B Poccntt. 

ABTop ,nttcceprnunoHHOii pa6oTbI JamnmaeT: 

1. KOHl(enl(HIO H OCHOBHbie npHHQHnbI nOCTPOeHHH HOBOH no THny 

CBepxnpOBOAS{IUeii MarHHTHOll CHCTeMbl )KeCTKO!pOKY--CHpyromero CHHXpOTpOHa; 

Ha npnMepe HyKnOTpoHa, OCHOBY K0Topoii COCTaBID!IOT 3neMeHTbl MarHHTHOll 

OilTHKH C cpeppoMarHHT~blMH MarHHTOnpOBO,O:aMH H o6M0TKaMH H3 Tpy6qaTOro 

CBepxnpOBO,llHHKa. 

2. Pa3pa6oTKY npoeKTa n TexHonornro coJ)].aHHH Mo,nynhHOii KOHCTPYKUHH 

MarHHTOKpHOCTaTHOll CHCTeMbl HyKnoTpOHa - ycKOpHTenH peID!THBHCTCKHX H,nep. 

3. HoByro TexHonornro , peannJoBaHttyro B MO)].enhHhIX n rnTaTHhIX 

)].HnOnhHbIX H KBa)].pynonbHbIX MarHHTax HyKnoTpoHa, pe3ynhTaTbl 

TeOpeTnqecKHX H 3KCnepHMeHTanbHblX nccne)].OBaHHH no onTHMH3aQHH 

napaM~OB H TeXHonorHH HX H3rOTOBneHHH. 

4. KoHCTPYKl(HIO, TeXHOnorHIO H3rOTOBneHHH H pe3ynhTaTbl 

3KcnepnMeHTanbHhIX nccne,noBaHHii no onpe.neneH1110 xapaKTepHCTHK 

CBepxnpOBOAS{IUero Ka6em1 B ,nByx MO,O:HqJHKal(HHX: MH pa60Tbl B HMnynhCHhIX 

nom1x ll MH nOCTOHHHOTOqHbIX MarHHTOB C H30nnpoBaHHblMH no 3neKTpnqecKoii 

uenH CBepxnpOBOAS{lUHMH npoBo,naMJI (npOBOilOKa) .. 

5. PeJynhTaTbI 3KcnepHMeHTanbHhix nccne,noBaH11ii npouecca 3BaKyaUHH 

3HeprHJI H3 Tpy6qaTblX ·cBepxnpoBOMIUHX MarHHTOB HyKnoTpoHa Ha BHernHee 

conpOTHBneHne. Pa3pa60TKY npHHUHna pa6oTbl, cxeMHbIX perneHHll CHCTeMbl 

aBapJIHHOll 3BaKyal(JIJI 3Hepr1111 MarHHTHOll CHCTeMbl HyKnoTpOHa U )].aTqHKOB 

o6Hapy)KeHHH HOpManbHOii cpa3hl B CBepxnpoBOMIUHX MarHHTax. 
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6. flpHHUHn H KOHuenumo COJ,naHm:1 3KOHOMH'IHh!X caepxnpOBOMIUHX 

MarHHTOB H IlHH3 .nm1 KaHanoB TpaHcnopTHpOBKH t:faCTHQ npoKaqHoro THna _Ha 

OCHOBe Tpy6qaToro Ka6enH C H30nHpOBaHHblMH )KHnaMH, pa6oTalOIUHX B 

nOCTOllHHO-TO'IHOM pe)KHMe OT ManoMOl.llHhlX HCTO'IHHKOB nHTaHHH, MOIUHOCTblO 
1,572 KBT. 

Anpo6a1..urn pa60Tht. 0CHOBHbJe peJynhTaTbl ,llHCCeprnuttoHHOH pa60Tbl 

.noKna.nhrnanHCb Ha IV, V,IX,X,XI,XII,XIII,XIV Bceco10JHh1x coaemaHHHX no 

ycKopHTenl!M 3apl!)I(eHHbIX t:faCTHU, XVIII Me)K,llyHapo,nHoii KOH<pepeHUHH CTPaH

qneHoa C3B no qlH3HKe H TeXHHKe HH3KHX TeMnepaTyp {.[{pe3,lleH 1979 r.), Ha 

BTOpott BceCOI03HOH KOH_rpepeHUHH no TeXHHt:feCKOMy Hcnonb30BaHHIO 

caepxnpoao,nHMOCTH (JleHHHrpa.n, 26-28 CeHrn6pl! 1983 r.), HauHOHaJibHOii 

KOHrpepeHUHH CWA no ycKopHTenl!M (CaHTa-<I>e, WTaT Hhro-MeKCHKo 1983 r.), 

Ha VIII Me)I()].yHapo,nHoii KOHrpepem-1H11 no ~arHHTHott TexHonornH (fpeHo6nh, 

1983 r.), Ha XII Me)I(,nyHapo.nHoii KOHrpepeHUHH no KpHoreHHOii TexHHKe 

(CayTreMnToH, 1988 r.), Ha HauHoHanbHoii KoHrpepeHUHH CWA no HH)I(eHepHoii 

KpHoreHHKe (Anh6yKepK, 1993 r.), Me)K,llyHapo,nHoii KOHrpepeHQHH no 

KpHoreHHoil: TeXHHKe (feHyll, 1994 r.), HauHOHaJibHOtt KOHq>epeHUH~1 ClllA no 

rrpHKna,nHOH caepxnpOBO,llHMOCTH (EOCTOH, OKrn6pb 1994 r. ). fIHTOH 

EaporreiicKoil: KoHrpepeHUHH no ycKopHTenl!M t:faCTHU (11crraHHll, EapcenoHa, 
1996 r.). 

Ily6nuKaQm1. flo TeMe ,llHCcepTaUHH ony6nHKOBaHo 39 neqaTHhIX pa6oT, 

OCHOBHhie peJynhTaTbl co.nep)KaTCll a 30 ny6nHKaQHHX, IIpHae,neHHblX B CnHCKe 
IlIJTepaTypbl. 

CTpytcrypa .nuccepTaQHII. Pa6orn COCTOHT H3 BBe.neHttll, IIllTH rnaB H 

3aKnroqeHttll. 06mHii 06beM COCTaBnlleT 91 CTpaH11uy rreqaTHOro TeKCTa, 33 

p11cyHKa, cnttCOK nm'epaTypHbIX CCblnOK H3 43 HaHMeHOBaHHU. 

CO,l],EPIKAHHE ,/1,HCCEPT AU,HOHHOH P AliOThl 

Bse.neuue co.nep)l{HT rrocTaH0BKy Ja,naq11,06my10 xapaKTepttCTHKy pa6oT tt 

06ocH0BaH11e CTPYKTyphI .nncceprnutttt. 

B nepuoii rnase npttae.neHa nporpaMMa H 3TaIIbI coJ.naHHll 

caepxrrpoao.nll1.11ei1 MarHHTHOH CHCTeMbl HyKnoTpoHa, 0CHOBHble pe3ynhTaTbl 
11ccne.noaaHttii. 
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B COOTBeTCTBHH C nporpaMMOH co3.naHml HyKJIOTpOHa B Jia6opaTopmi 

Bb!COKHX 3Heprnu 0115111 B nepHO./l I 977-1979 rr. aBTOpOM 6bIJIO BnepBble 

npe.nno)KeHO KopeHHblM o6pa30M ynpocTHTb MarHHTO-KP~?c1:aTHYIO c11cTeMy 

3TOf0 ycKop11Tem1, BBO,WI B ee KOHCTPYKUHIO 3JieMeHTbl MarHHTHOH onTHKH 
. ' , ' J.' ' p ' • 

HOBOfO THna C Tpy6':rnTOll CBepxnpoBO,WIIUett o6MOTKOH 11 C MarHHTOnp,oBO.llaMH 

Tpa.n11u110HHblX "Tennh1x" M_arHHTHhIX c11cTeM, 06na.na10m·11x uenbIM pll.llOM 

HeocnopHMhIX npe11My1UeCTB. )],Jill npoBepKH HOBOH KOHUenUHH 6_bIJI C03./laH 

Mo.neJibHblll HMnyJibCHblll .nttnOJibHblll MarHHT THna "oKOHHall paMa" c o6MOTKOH . ' . .~' 

H3 Tpy6'-!aToro CBepxnpoBO./lHHKa C UHPKYJillUHOHHOll CHCTeMOll oxna)l(JleHHll, 

nony'-IHBWHH Ha3BaH11e IJ;C)],-1 (uttpKynllUHOHHhlll cBepxnpoBO./llliUHH .nmion_h) • 

Y~neWHbie HCnb1TaHHll nepBOH 'Mo.neJIH, npoBe.neHHbie HCCJie.noaaHHll no 

onpe.neneHHIO OCHOBHblX xapaKTepttCTHK HalllJIH CBOe npO./lOJI)KeHHe B npoeKTe 

HHCTHTYTCKO[O Macwni6a no.n Ha3BaHtteM "Cc'l3.natttte noJIHOMaCWTa6HbIX 

3JieMeHTOB MafHHTHOH CHCTeMhl HyKJIOTpoHa Ha OCHOBe MarHHTOB C )KeJie3HbJM 

llpMOM H o6MOTKOH H3 Tpy6qaToro cBepxnpOBO./lHHKa" '. 

llepaall oqepe.nh npoeKTa (1981-1985 rr.) npe.nycMaTpttBaJia pa3pa6oTKy 

KOHCTPYKUHH H TeXHOJIOfHKl H3[0TOBJieHHll Tpy6qaToro caepxnpoBO./llllUero 

C03./laHIIe 
Ka6eJill .llJlll pa6oTbl B HMnYJibCHbJX 

MafHHTHbJX nOJillX, 

nonHoMacwTa6Horo Mo,nenhHoro MarHHTa .nttnonM1oro IJ;C)],-2, H3Mepetttte 

OCHOBHblX napaMeTpOB, onpe.nenetttte 3HepreTH'-!eCKHX noTepb H ycnOBHH 

KpHOCTaTttpoBaHHll • 

o'-lepe.nh npoeKTa npe,nycMaTpttBana pa3pa60TKY 

KBa.npynoJibHblX MarHHTOB HyKJIOTpOHa, MO.llYJibHOH 

CHCTeMbl HyKJIOTpOHa, OTpa6oTKY TeXJ-jOJIOfHH 

BTopall 

./lHilOJibHblX H 

KpHOCTaTHOH 

wTaTHblX 

MarHHTO

cepHHHOfO 

npOH3BO./lCTBa H HCnbITaHHH. 

KoHe'-!HOH UeJiblO BTOpOH O'-lepe.ntt (1985-1988) npoeKTa 6bma onbITHall 

c6opKa H 
HCnbJTaHHll cynepneptto.na -MarHHTO-KpHOCTaTHOH 

CHCTeMbl 

HyKJIOTpoHa .llJlll npoaepKH B pa60'-IHX ycJIOBHllX npHHllTbJX KOHCTpyKTOpCKHX 

B03MO)KH0CTH YCTOH'-IHBOfO 

MarHHTOB UHPKYJIHUHOHHblM 
peweHHH, OKOH'-laTeJibHO[O nO./lTBep)K.lleHHll 

KpHOCTaTttpoBaHHll MHOfHX 
napanneJibHoro 

cnoco6oM, onpe,neneHtte He06XO./lHMblX ,naHHblX .llJlll npoeKTttpoBaHHH cxeMbl 

3BaKyaUHl1 3HeprHH H3 HyKJIOTpOHa. 
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B 1986 ro.ny 6bIJI yTBep)K.lleH npoeKT "PeKOHCTPYKflHH MarttHTHOii cttcTeMbI 

CHHxpoqia3oTpotta Ha cBepxnpoBo.wimy10 - HyKJioTpott", TOM 2, Pll-02-02, 

pa3.nen "MarHHTHaH · CHCTeMa. CttcTeMa 3JieKTponnTaHHH", npe.nycMaTpHBa10111nii 

C03,D;aHHe HyKJioTpoHa. ABTOp paccMaTpHBaeMOH pa6oTbl 6blJI HayqHo

TeXHH'-!eCKHM PYKOBO.D;HTeJieM pa6oT no pa3pa60TKe If peanmaunn 3THX 

npoeKTOB, npoBe,neHHH HCCJie,D;OBaHHH If HCnbITaIIHH, Henocpe,n;CTBeHHbIM 

pa3pa60T'-IHKOM OCHOBHblX KOHUenTyaJibHbIX nOJIO)KeHHH, KOHCTPYKTHBHbIX 

peweHHH H TeXHOJiornii:. 

B neptto.n C 1988 r. no 1992 r. 6bIJIH 3anymeHbl B ceptt10, H3fOTOBJJ;eHbl If 

npOlllJIH KOMnJieKCHbie HCilbITaHHH Bee l 00 .nnnoJibHbIX n 66 KBa,n;pynOJibHbIX 

KpttoreHHO-Marnnrnorx Mo,n;yneii:. B qieBpane 1990 r. ycneumo npoBe,n;eHbI 

KOMnJieKCHbJe HCnbITaHHH uenO'-IKH H3 16 KpnoreHHO-MarHHTHbIX MO,n;yn_eii. 

3axoJia)KHBaHne uenO'-IKH H3 12 .nnnoJibH~bIX If 4 KBa,n;pynOJibHblX MarHHTOB 

OT KOMHaTHOH .no renneBOH TeMnepaTy~bl ocymeCTBJIHJIOCb C noMOIIlblO 

ycrnttoBKH KrY-1600/4,5 npn cpe.n;HeM 3Ha'-!eHHH pacxo.na rennH qepe3 Ka)K.D;orii 

MarHHT ~0,45 r/c n .llJlHJIOCb OKOJIO 17 qacoB. B npou:ecce HCnbITaHHH 

HHHI.l;HHpOBaJIOCb HeCKOJibKO .necHTKOB nepexo,n;OB, OTKa30B B CHCTeMe 3alIIHTbl If 

3BaKyauttn 3Heprnn He tta6n10.nanocb. 

O6MOTKH MarHHTOB B03BpaiUaJIHCb B CBepxnpOBO,WIII1ee COCTOHHHe Mettee, 

'-!eM qepe3 5 MHHYT nocne nepexo.noB. MarHHTbl B036y)K.D;aJIHCb HenpepbIBHblMH 

HMnyJioCaMH TOKa TpeyroJibHOH qiopMbl c aMnJIHTy,n;oii 6 KA, .llJlllTeJibHOCTblO 

HapaCTaHHH n cna.na no 1,55 c n nepttO.D;OM crie,n;oBaHH.SI HMnynoCOB 3,5 c B 

Te'-!eHHe 192 qacOB ( OKOJIO 2· l 05 I.l;HKJIOB B036y)K.D;eHHH). llepena.n ,n;aBJieHHH Me)K.D;y 

nHTalOIIIHM n OTBO,WIIIIHM rentteBblMH KOJIJieKTopaMH no.n.n;ep)KHBaJICH paBHbIM 9 

Klla. llpH _3TOM MaCCOBOe napoco,n;ep)KaHHe feJIHH B OTBO,WlllleM KOJIJieKTOpe 

6hIJIO OKOJIO 1, a ero TeMnepaTypa 4,5 K. KpHOCTanrpoBaHtte If pa6orn MarHHTOB 

6hIJIH CTa6HJibHbl. Kone6attnii:' pacxo.na reJIHH B napaJIJieJibHblX OXJia)K.D;aIOIUHX 

Kattanax He tta6n10.nanoco. Pa6oTa MarHHTOB oCTaBanaci. CTa6HJibHOH H · npn 

3Ha'-IHTeJibHblX OTKJIOHeHHHX napaMerpoB KpHOCTaTnpoBaHHH OT HX 

HOMHHaJibHbIX 3Ha'-!ettnii:. llepena.n ,n;aBneHHH Me)K.D;y nHTaIOII.l;HM If OTBO,Wlll.l;HM 

KOJIJieKTOpaMH 6bIJI CHH)KeH B 1,5 pa3a (.no 6 Klla). llpn 3TOM H3 KaHaJIOB .llJIH 

OXJia)K,D;eHHH Hp Ma MarHHTOB BbIXO./lHJI neperpeTblll nap c TeMnepaTypoii: OT 5, 1 K 
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.D,0 7 ,8 K COOTBeTCTBeHHO .D,Jlll KaHana C •. HauMeHbIIIUM u Hau6oJibIIIUM 

ru.npaBJIUtJeCKUM conpoTUBJieHUeM. 

IlepBblli KBa.npaHT KpuoreHHO-MarHUTHOii cucTeMbl HyKJIOTpoHa 6bm 

ycTaHOBJieH B TOHHene ycKopUTenH u npoII1eJI TeCTOBbJe UCTibITaHUll B cpenpane 

1992 r. IloTpe6onanOCb 84 tJaca .D.nH 3axona)ImBaHUll 28 .D,UTIOJibHblX u 11 

KBa.D,pynoJibHbIX KpuoreHHO-MarHUTHblX Mo.nynei1 OT KOMHaTHOii .D,O renuenoii 

TeMnepaTypbl. KpuoCTaTuponaHue MarHUTOB 6bmO CTa6uJibHbJM. .[l.anneHue B 

naKyyMHOii KaMepe ycKopmeAA ~ l · l 0-
7 
Ila. 

MoHTa)I( KpuoreHHO-MarHUTHOii cucTeMbl HyKJIOTpOHa B TOHHene 6b!JI 

3anepII1eH B l!HBape 1993 r., a B MapTe 1993 r. npone.neH nepBbiii ceaHc ee pa6oTbI. 

C Maprn 1993 r. npone.neHo 11 ceaHCOB pa6oTbI HyKnoTpoHa o6meii 

npo.D,OJI)I{UTeJibHOCTblO 2580 . tJaCOB, U3 HUX. Ha npone.neHue cpll3UtJeCKllX 

3KCnepuMeHTOB C nytJKaMU HyKnOTpoHa, B3aUMO.D,eiicTByromux C BHyTpeHHllMll 

MmueHHMU B naKyyMHOii KaMepe ycKopuTeAA,6bin0 3ai-patJeHO npuMepHO 65770% 

npeMeHU. 

Puc. I. O6muii Bll.D. KOJibUa 
KpuoreHHO-MarHUTHOll 
CllCTeMbl HyKJIOTpoHa B 

. paiioHe KaHana llH)I(eKUllll 

BTopaH rnasa nocBHmeHa nonpocaM pa3pa6oTKll caepxnpoao.D,Hmero 

Tpy6tJaToro Ka6enH ll C03.D,aHUIO Ha ero OCHOBe MO.D,eJibHhIX )],llilOJibHhlX MarHllTOB 

H yKJIOTpoHa. Il pIIBe.D,eHbl OCHOBHble xapaKTepllCTllKll MarHllTOB, pe3ynb Ta Thi 

llCCJie.D,OBaHllii B pa3HblX pe)I(llMaX pa60Tbl, c.nenaHhl OCHOBHbie BbIBO.D,bl. 
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IlepBbie uccne.nonamrn 6bIJill npone,neHhI Ha 3KcnepuMeHTaJibHOM MarHIITe 

UC.[!. I, o6mIItt Bll.D. Kornporo npttBeJJ,eH Ha pttc.2. 

~25 

" .. 

kA. 
ill J_ 

Pttc.2. KoHCTPYKUllll Marnttrn UC.[1.-1. I-Tpy6Ka Ka6enH, 2-cnepx/npoBO.D.llllllltt 
npoBO.D,, 3-6aH.D,a)K ll3 CTeKJIOJieHTbl, 4-Me)KBHTKOBal! ll30Jll!Ullll, 5-npocTaBKa ll3 
TeKCTOJillTa, 6-nonyHpMo, 7-3MeeBllK .nm, OXJia)KJJ,eHllll llpMa, 8-nonyo6MOTKll. 

OcHOBHhJM CllJIOBhlM
0 

3JieMeHTOM KOHCTPYKUllll )],llilOJill TH.Ila "oKOHHal! 

paMa" cny)KHT )KeJie3HOe llpMO. RpMO COCTOllT ll3 .D.Byx CllMMeTpll'IHhlX 'faCTett, 

mroTOBJieHHhlX ll3 0,5 MM JlllCTOB TpaHccpopMaTopHOH CTaJill, .D,Byx TOpUeBhIX 

HaKJiaJJ,OK ll .D.BYX npOJJ.OJihHhIX yroJIKOB 113 CTanll MapKll CT-3, coeJJ,HHeHHhlX C 

ITOMOil{bIO 3JieKTpOCBapO'IHhIX ll!BOB B eJJ,llHYIO KOHCTpyKUllIO nonyHpMa. 

OcHOBHhJe JJ,aHHhie cnepxrrpoBO)],l!Il{ett 06MOTKll ll napaMeTpbl MarHUTa 

rrpIIBe.D,eHhl B Ta6n11ue 1. 

AnepTypa 55x55 MM2 

.[l.nttHa )Kene3Horo llPMa 328 MM 
llttcJIO BUTKOB B o6MOTKe 16 
11HJJ.YKTHBHOCTb 0,15 MlH 
llnIIHa Ka6enl! B o6MOTKe 16 M 

BHell!Hlltt JJ,llaMeTp Ka6enl! 6,5MM 

llttCJIO IlPOBO.D,0B 0,5 MM n Ka6ene 31 
CnepxnponO.D,HHK cnnan /HT-50/ 

llllCJIO caepxrrp0BO.D,HIIIllX HHTett B IIPOBO.D,e 1045 

llttaMeTP cnepxrrpoBOJJ.lllllllX HHTett 10MKM 

OTHOllleHH.e Ce'feHHH Me.D,H II CBepxrrpOBO)],HllKa n npono.ne 1,39 
lllar CKPVTKll IIP0BO)],OB 47 MM 
lllar CKPYTKll HHTett 3MM 

MaTePllaJI TPY6KH Ka6eJil! MeJihXHOP 
IlpllIIOH 95%Sn+5%Ag 

KPIITw1eCKlltt TOK IIPII TeMnepaType 4,4 K 7380A 
MaKCHMaJibHal! HHJJ,VKUUll MarHllTHOro ITOJill 2,37 Tn 

O6MOTKa BhIITOJIHeHa H3 Tpy6'faToro Ka6enl!, H3rOT0BJieHHoro nyTeM 

H3BHBKll caepxrrpoB0JJ.l!IUero npoao.na Ha Tpy6Ky H3 MeJihXHopa .D,HaMeTpOM 
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5x0,5 MM, npeJJ.BapliTeJlbHO o6ny)KeHHOro,a 3aTeM nponymeHHOrO 4epe3 BaHHY C 

pacnnaaneHHbIM np1rnoeM, coJJ.ep)KalUHM 95% onoaa H 5% cepe6pa. 

KpHOCTaTHpOBaHHe MarHHTa ocymecTBJIHJIOCb nOTOKOM J].Byxcpa3HOro 

reJIHH c napaMeTpaMH: MaCCOBOe napocoJJ.ep)KaHHe - 0, 1 + l, yJJ.eJibHblll MaCCOBblll 

pacxoA - 50+350 Kr/M2 c, MaKCHManbHaH TeMnepaTypa 4,3 + 4,7 K. 

Ha 3TOH MOJ].eJIH yJJ.anOCb noKa3aTb, 4TO TaKOH THn caepxnpOBO,lUIIUHX 

MarHHTOB MO)KeT pa6oTaTb C 4aCTOTOH IlOBTOpeHHH UHKJIOB B036y)KJl.eHHH, 

paBHOH 1 ru H BbIIIIe. 

TiaHHblll caepxnpoBOJ].HlllHH Ka6enb HMeeT 60JiblllY!O )KeCTKOCTb H He roJ].eH 

MH H3fOTOBJieHmI o6MOTOK C He60JiblllHMH paJJ.ttycaMH H3rn6a. 

KpoMe Toro naHHbitt caepxnpoBOAHlllHtt 

TenJIOBbIJ].eneHHH (KoonepaTHBHbie noTeptt) npH 

Ka6eJib HMeeT 6onbIIIHe 

pa6oTe B HMnynbCHblX 

MarHHTHblX IlOJIHX. 11ccneJ].OBaHHH noKa3aJIH Ha Heo6XOJ].HMOCTb pa3pa60TKH 

HOBOH KOHCTPYKUHH caepxnpOBO,lUl!llero Ka6enH J].JIH 6blCTpOUHKJIHpy!01UHX 

MarHHTOB. 

CaepxnpoBO,lUIIUHll Ka6enb J].nH H3fOTOBJieHHH o6MOTOK B036y)KJJ.eHHH 

MarHHTOB HyKnOTpoHa npo_eKTHpOBaJICH, HCXO,lUI H3 HH)KeCJieJ].yJOIUHX 

Tpe6oBaHHtt: HOMHHanbHbl~ pa604HH TOK - 6,0 KA; KpHTH4eCKHH TOK Ka6em1 npH 

HHAYKUHHX MarHHTHOro nonH - 2,5 Tn He HH)Ke 6,8 KA; pa6oqee Hanp.H)KeHHe 

H30JIHUHOHHOrO noKpblTHH - 2,5 KB, MHHHManbHblll paAHYC H3rn6a - 18+20 MM; 

H30JIHUHH J].OJI)KHa HMeTb xopoIIIyJO MexaHH4eCKY!O np04HOCTb npH TeMnepaType 

)KHJ].KOro reJIH.H H BbI)].ep)KHBaTb 60JibIIIHe pa)].HaUHOHHble Harpy3KH (cyMMapHaH 

nornomeHHaH )].03a 3a apeMH IlOJIHOH )KH3HH npHHHTa paBHOH ~5-10
6 

rpett). 

Tiptt pa6oTe B H3MeHH!OIUHXCH MarHHTHblX IlOJIHX Hap.HAY C BeJIH4HHOR 

KpHTH4eCKOf0 TOKa onpe)].eJIHJO!llett xapaKTepHCTHKOR caepxnpOBOAH!llero 

Ka6enH CTaHOBHTCH BeJIH4HHa noTepb 3HeprHH B HeM. 

B COOTBeTCTBHH C npHHHTblMH KOHuenUH.HMH coopy)KeHH.H MarHHTHOH 

CHCTeMbl HyKnoTpOHa aBTOpOM 6bma pa3pa6oTaHa HOBaH KOHCTPYKUHH 

caepxnpoBO.IUl!llero Tpy6qaToro Ka6enH, 6a3ttpyioma.HCH B caoeM H3rOTOBJieHHH 

Ha CTaHJ].apTHble BblnycKaeMbie npOMblIIIJieHHOCTb!O KOMilOHeHTbI: MeJibXHOpOBY!O 

Tpy6Ky MH)K Mu-30-11 rocT 492-23 JJ.HaMeTpOM 5x0,5MM, caepxnpoBO.IUllllYJO 

npoaonoKy c MeA_Hott MaTpttueii rnna CKHT-0,5-1045-0,42 )].HaMeTpOM 0,5 MM, 
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HMeiomeit 1045 CBepxnpOBO,lUIIUHX HIITett )].HaMeTpOM IO MKM H3 HH06Htt

THTaHOBoro cnnaBa HT-50, K03!p!pHUHeHT 3anonHeHH.H rrpOBOJIOKH 

CBepxnpOBOJ].HHKOM 0,42. 

KOHCTPYKUH.H CBepxnpOBOJ]..HI.Uero Ka6en.H )].n.H HyKnoTpOHa IIpHBeJ].eHa Ha 

pttc.3. TexHOJIOrHH era H3[0TOBJieHH.H 3aKnJ04aeTC.H B cne)].yIOI.UeM: C IIOMOI.Ub!O 

IlOBHBanbHOH MaIIIHHbl Ha Tpy6Ky HaMaTbIBaeTcH ·. 31 CBepxnpOBOJl..HI.UM 

npoBOJIOKa cnttpanbHO c·IIIaroM TpaHCilOHHpOBaHH.H 47 MM; rrepe)l. HaBHBKOH 

npOBOJIOKH B e)].HHOM npouecce c HaMOTKOll Ha MeJlbXHopoByJO Tpy6Ky HaHOCHTC.H 

cnoii 3Il0KCH)].HOro KOMrrayH)].a - TepMopeaKTHBHoro CB.H3YJOI.Uero, TOJII.UHHOii: 

0,1 +0,15MM. · 

,ll;n.H rrpeJ].OTBpaI.UeHHH OTCJIOeHH.H CBepxnpOBOJ]..HI.Ueii rrpOBOJIOKH OT 

Tpy6KH (B npouecce mrn6aHH.H Ha Manbie paJJ.HYCbl IIpH H3rOTOBJieHHH 06MOTKH) 

Ha CBepxnpOBOJl..HI.UYJO npOBOJIOKY Ka6eJIH HaMl,l.TbIBaeTc.H rrorrepe4Hblll 6aH)],a)K H3 

HHXpOMOBOii: npOBOJIOKH )],HaMeTpOM 0,2 _MM C maroM - 0,3 MM H 3aTeM 

HaMaTbIBaeTC.H JieHT04HOe H30JIHUHOHHOe IlOKpbITHe. 

l130JIHUH.H CBepxnpOBOJ]..HI.Uero Ka6eirn COCTOHT HX 4-x CJIOeB IlOJIHHMHJ].HOii: 

nneHKH (JJ.Ba CJIO.H c 50%-M rrepeKpbITHeM) TOJII.UHHOH 40 MKM ·Ka)KJJ.blll (B cyMMe 

160 MKM) H 2-x CJIOeB CTeKnOJieHTbl TOJII.UHHOH 0, lMM ,o6HJibHO nporrHTaHHOii: 

TepMopeaKTHBHbIM 3IIOKCH)].HblM KOMrrayH)].OM C )].06aBKOii: CHJIHKOHOBOro 

KayqyKa, KOTOpM BBOJ].HTC.H )].n.H nornoI.UeHH.H 3HeprttH, rrepe)].aBaeMoii: OT 4aCTHU 

3IlOKCH)].HOii: CMOJibl K 4aCTHUaM KayqyKa, B03HHKaJOI.Ueii OT HapyIIIeHH.H 

MHKpOCTPYKTYPbl KOMnayH)].a B MeCTax KOHUeHTpaUHH 60JibilIHX MexaHWieCKHX 

Hanp.H)KeHttii:. 

TipoBe)].eHHbie HCCJie)].OBaHH.H IlOKa3anH, 4TO HCIIOJib30BaHHe TaKoro 

KOMnayH)].a npttBO)].HT K pe3KOMY yMeHbllleHH!O 3cpcpeKTa TpeHHpOBKH H II03BOJIHeT 

npH nepBOM B036y)KJJ.eHHH MarHHTa nony4HTb 6JIH3KY!O K MaKCHManbHOii: 

BeJIH4IIHy KpHTH4eCKoro TOKa. 

BttxpeBbie KoorrepaTHBHbJe IIOTepH B Ka6ene HOBOH KOHCTPYKUHH rrpH 

CKopocT.HX HJMeHeHH.H MarHttTHoro IIOJIH B=4Tn/c rrpaKTH4eCKH OTCYTCTBJJOT, a 

061.UHe TenJIOBbie IIOTepH onpe)].eJIHJOTC.H TOJibKO xapaKTepHCTHKaMH 

npttMeH.HeMbIX CBepxnpOBOJl..HI.UHX rrpOBOJIOK. 

11 



5 

Puc.3. KoHcTpyKUH.SI Tpy611aToro caepxrrpoao,r:vnuero Ka6en.SI ,rvrn o6MOTOK 
MarimTOB HyKnOTpOHa •• 1-Menhxttopo:sa.SI Tpy6Ka, 2 - caepxrrpoBO,WIIUHH rrpOBO.D., 
3 - 6aHJI,a)K H3 HHXpOMOBOH rrpOBOJIOKH, 4 - rroniitH):r.Ha.SI neHTa (KaITTOH), 5 -
CTeKJIOJieHTa, rrporrttTaHHa.SI :moKCH.D.HhlM KOMITayH.D.OM, 6-3ITOKCH.D.Hh!H KOMTiayH.D.-

OTBetJaeT 
PaccMaTpttaaeMa.SI KOHCTPYKUH.SI caepxnpoBOWIIUero Ka6en.SI 

rrocTaBJieHHblM 3a,11.a11aM, TeXHOJIOrHtJHa H npocTa B tt3rOTOBJieHHH, tJTO 

TI03BOJIHJI0 mroTOBHTh B ycnoBH.SIX JIB3 aech caepxnpoBO,WIIUHH Ka6eJih ,D.n.SI 

MarHHTOB 1-IyKnOTpOHa ( OKOJIO 12 KM). 

Ilony11eHHble 3KCTiepttMeHTanhHble xapaKTepttCTHKH IT03BOJI.SllOT ,11.enaTh 

pactJeTHYIO oueHKY 3HepreTtttJeCKHX noTepb B o6MOTKaX MarHHTOB HyKJIOTpoHa 

,D.n.SI pa3HblX pe)KHMOB pa60Tbl. 

)];na OTpa6qTKH TeXHOJIOrHH H3rOTOBJieHH.SI ,11.HITOJlhHhlX MarHHTOB :c 

o6MOTKOH H3 6aH,D.a)KttpoaaHHoro caepxnpoao,WIIUero Tpy611aToro Ka6eJI.SI HOBOH 

KOHCTPYKIIHH, oueHKH 3aTpaT Ha HX npott3BO,ll.CTB0 If norry11eHHe 

3KCrrepttMeHTanhHhlX xapaKTepHCTHK 1981-1983 ro,11.ax aBTOpOM 6bIJI C03,D.aH 

TIOJIHOMacwTa6HhlH ,11.HTIOJihHhlH MarHHT ue;::i:-2 tt rrpoae,11.eHhl HCilbITaHH.SI ,D.Byx 

M0,11.H<pttKaUHH 3TOrO MarHHTa. 

KoHCTpyKUH.SI MarHHTa npnae,11.eHa Ha pttc.3a. OcHOBHbie xapaKTepHCTHKH 

B Ta6JIHlle 2. 

Puc.4 
Puc.3a 

12 

) 

. .b 

fl 

Ta6nuua2 

AnepTypa MarttttTa MM2 92x 42 
<Ptt3tttJecKa.SI .D.JIHHa MarHina MM 1486 
Pa3Mepu )KeneJHoro .SIPMa MM3 1400 X 256 X 166 
Macca MarHttTa Kr 360 
qHCJIO BHTKOB 06MOTKlf 12 
IfH.Ll.YKTHBHOCTh MrH 0,635 
LinttHa Ka6en.SI B o6MOTKe M 45 

LiuaMeTp TPY6KH Ka6eJI.SI (MeJibXHOPOBOH) MM 5 X 0,5 

qncno en npoao.noa 00,5, HT-50 31 

qHCJIO en HHTett B npoBO)J.e 1045 
LlttaMeTp ell HHTett MKM 10 
BHeWHHH )J.HaMeTp Ka6eJI.SI C H30JI.SIUHeii MM ~7 

KpttTtttJeCKHii TOK MarHHTa nptt T=4,35K A 6470 
JanaceHHa.SI 3Hepru.SI KLI)K 13,3 

eyMMapHa.SI HHTerpaJibHa.SI OTHOCHTeJlhHa.SI HOO)J.Hopo,11.-
HOCTh MamTHoro noJI.SI B aneprype Ha ypoBHe B=2Trr 4· IQ-4 

06muii TennorrpttTOK K reJIHIO B MarnnTe nptt pa6oTe 
B T_paneueBH)J.HOM UHKJie C nepH0,11.0M 2c, Bmax = 2 Tn 
u.B=4 Tnlc BT 11 

Hccne,11.oBaHH.SI MOJJ.ttcpm.ittpoaaHHOH KOHCTPYKUHH MarHHTa QC,[{-2M 

noKa3anu: TenJIOBhJ)J.eJieHlf.SI B MarHHTe npu pa6oTe B UHKJie no rpacpHKY TOKa 

pttc.4 COCTaBHJIH ~ 32BT , CTaTHtJeCKHH TennonpHTOK K MarHHTy ~ I,5BT, 

KpHTHtJeCKHH TOK B MarHttTe nptt TeMnepaType 4,35K COCTaBHJI 6470A. 

MarnttT ycTOHtJHBO pa6oTan npu yMeHbWeHHH pacxo.D.a rentt.SI .D.O 0.40 r/c, 

npu 3TOM napoco,11.ep)KaHHe ITOTOKa reJIH.SI Ha BhIXO)J.e H3 o6MOTKH COCTaBJI.SIJIO 

OKOJIO I, a Ha BhJXO,D.e lf3 KaHaJia OXJia)K)J.eHH.SI MarHHTOnpoao,11.a BbJXO.D.HJI 

neperpeThIH nap c TeMnepaTypoii 6,8 K. 

Pe3yJihTaTbl HCCJie)J.OBaHHH 3HepreTtttJeCKHX TIOTepb B MarHHTe (o6u.uie If B 

)KeJie3HOM .SipMe) ,11.Jl.SI JJ.BYX CKOpOCTeH HJMeHeHH.SI MarHHTHoro nomI npu 

pa3Jilf'IHhIX BpeMeHHhlX napaMeTpax CTOJia TOKa npttBe)J.eHbl Ha pttc.5. 

q11cneHHoe (npoaepo11Hoe) MOJJ.enupoaaHtte non.SI caepxnpoBOJJ.l!IUero 

.D.unonl! UCL{-2 H aHantt3 Hen11HeiiHhlx 3cpcpeKTOB c uenhIO onT11MuJauu11 

KOHCTPYKUlfH MarHHTa B COOTBeTCTBHlf C Tpe6oBaHHllMlf, CBl!3aHHhlX C 

HaCbILl.\eHHeM )l{eJie3HOro llpMa If BJIHllHHeM pa3MepoB lf30JlllUlfOHHblX npOKJia.D;OK 

Me)KJJ.y o6MOTKOH If MarHHTonpoBO)J.OM (KopnycHall lf30JlllUHll) If BJIHllHHe 

JI060BbIX qacTeii, npoBO)J.lfJICll Ha OCHOBe MeTO)J.a ofrbeMHbIX HHTerpaJibHbJX 
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ypaBHeHHH H MeTO)la conpsi)KeHHblX rpam1eHTOB no nporpaMMaM 

POISCR, POISON. 

MAGSYS, 

15 
cl, 
C: 

10 

5 

0 

8•4H/• 

2 3 4 5 
'Iu,C 

Pttc.5. 3HepreTtt'-IecKHe noreptt P B 

MarHHTe B 3aBHCHMOCTtt OT 

J],JlttTeJibHOCTH - 'tu TPaneutteBtt)lHblX 

HMnynbCOB TOKa ero B036~eHIDI 

npH HeH3MeHHblX CKOpOCTHX 

J-!JMeHeHIDI • nom B aneprype 

B = 4, I T/c H B = 2T/c. )1.nttrerrbHOCTb 

nnaTO TOKa c 1"""=5580 A H3MeHHnaCb. 

-3HepreTtt'-IecKtte noTepH B Marnttre. 

----3HepreTtt'-IeCKHe noTepH B 

)KeneJHOM HpMe MarHttTa. 

TpeTbH rnaua nocBHllleHa BonpocaM pa3pa60TKH H 
C03)laH ttH 

caepxnpOBO)lHll.leH MarHHTHOH CHCTeMbl HyKnOTpoHa. 

OKOH'-IaTenbHaH KOHuenUttH HyKnOTpoHa 6bma Bb1pa60TaHa 
nocne 

acecTopoHHHX HCCne)lOBaHHH pa60Tbl MO)lCilbHbJX o6pa3UOB MafHHTOB HOBOrO 

rnna B I 983r. 

PaJMepbl HMeIOll.leroCH KOnbueaoro TOHHenH y OCHOBaHHll cpyH)laMeHTa 

CttHxpocpaJOTpOHa JIB3 0115111 (aHelllHllH CTOpoHa) noJBOnHnH paJMeCTHTb B 

UOKOilbHOM 3Ta)Ke KOpnyca ycKopttTenb C nepttMeTpOM ~251 M. 

Bb16paHHaH MarHHTHaH CTpyKTypa COCTOHT H3 8 cynepnepHO)lOB,' B 

Ka)K)lblH HJ KOTOpblX BXO)lHT 3 perynllpHblX neptto)la THna <l>O.L(O H O)lHH nepHO)l, 

He co)lep)Kall.lHH )lttnonbHbJe MarHHTbl (6onbWOH nHHeHHblH IlJ)OMe)KyToK). 

CxeMbl JlBYX THnOB nepttO)lOB HyKnOTpoHa npttBe)leHbl Ha pttc.6. 

•I 111 ✓ !1 

-

6) 

•I l',,ii'I 

427.5 
•I 

6) 

•I 

3505 3505 

3460 3460 
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Pnc. 6 CxeMbI JlBYX Tttnoa 

nepHO)lOB ycKOpHTenH; 

( a )- 3cpcpeKTHBHbJe )lnttHbl, 

( 6 )-JlilHHa MarHHTOnpoBO)la, 

( B )-<pHJH'-IeCKall )lnHHa 

MarHHTa. 

) 

~ 

\1 

PerympHbIH neptto)l BKmotJaer B ce6.ll cpoKycttpyromyro H 

)lecpbKycttpyromyro KBa)lpynonbHbie nHH3bI, tJeTbipe )lHIIOilbHbIX MarHHTa H )lBa 

ManbIX CB060)lHbIX npoMe)KyTKa, rrpe)lHaJHatJeHHbIX )lnH pa3MCll.lCHHH 

MynbTttnonbHbIX KOppeKTOpOB H ycTpOHCTB )lttarHOCTHKH rrytJKa. 

OcHOBHbJe rrapaMeTpbl MarHHTHOH CHCTCMbl HyKnoTpOHa rrpHBC,ll;CHbl B 

rn6nttue 3. 

Ta6nm:(a3 

1. 06m.tte )laHHblC 

3ueprHH HH)KCKUHH 5 M3B/uyKnou 

3HePrnll H)lep c q/A=0,5 rrptt B=2,08 Tn 6 r3B/uvKnou 

IIPOTOHOB 12,8 faB 

IlepttMeTp 251,52 M 

MaKCHManbHal! HHTeHCHBHOCTb (KVnOHOBCKHH rrpe)leJI) 5.10 11 Nq2 tJacT/I.:(HKn 

llnttTenbHOCTb HH)KCKUHH 8 MKC 

.L(nHTenbHOCTb MC)lnCHHOfO BbIBO)la ( CTona rronsi) (0,1+ l0)c 

.L(ttarraJOH 3HeprHH Me)lneHHOfO BbIBO)la (0,2 + 6) r3B/uyKnou 

KpHTHtJCCKaH 3HCPfHH 7r3B 

qaCTOTa UHKnOB pa60TbI )lo 0,25 + 1 ru 

2. CTPYKTYJ)a " MamUTHblC 3JICMCHThl 

KoJIH'ICCTBO cvrreprrepHO)lOB 8 

KoJIH'-Iecrno rrepttO)lOB Tttrra <l>O.[lO 32 

qaCTOTbl 6eTaTpOHHbIX KOJie6aHHH Ox ,Oz 6,75 

KoJIHtJCCTBO )lHIIOJibHbIX MarHHTOB 48 X 2 

KBa)lPYIIOJibHbIX JIHH3 32x 2 

11H)lYKUH.ll a )lHIIOJibHbIX MarHnTaX IlPH HH)KCKUHH 0,0455 Tn 

MaKCHManbHa.ll 2,0830 Tn 

rpa)lHCHT B JIHHJaX <!> IIPH HH)KCKUHH 0,761 TJI/M 

MaKCHManbHbIH 34,892 Tn/M 

rpa)lHCHT B JIHH3aX ll IIPH llH)KCKUHH - 0,752 TJI/M 

MaKCHManbHbIH - 34,456 Tn/M 

Pa)lnyc KPHBHJHbI B )lllIIOJibHblX MarHHTaX 22M 

CarnTTa B )lllilOJibHbIX MarHHTax 5,8MM 

ArrepTypa )lnnoneii 56xll0MM 

ArrepTypa KBa)lpyrroneii 63X 120MM 

O)lHHM HJ HerrpeMeHHblX ycJIOBHH ycTOHtJHBOH )lHHaMHKll rrytJKa a 

)KCCTKO<pOKycnpyromeM CHHxpoTpOHe H yMeHbIIICHHjl IIOTepb tJaCTHU rrpH 

ycKopeHHH HBnHCTCH . co6JIIO)leHne )lOCTaTO'IHO CTpOrHX )lOIIYCKOB Ha 

O)lHOpO)lHOCTb MarHHTHOfO IIOnH B )lllIIOJibHbIX MarHHTax ll rpa.ntteHTa B 

KBa,npyrrOJibHblX B npe.nenax pa6otJeH o6naCTn anepTypbl MarHHTOB n BO apeMCHH 
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BO BCeM ,o;1rnaMnqecKOM ,o;nanaJoHe ll3MeHeHm1 nom1 npn ycKopeHnn, HaqnHaH c 

MOMeHTll llH)KeKUllll. KpoMe 3a,o;aHHhIX ,o;onycKOB Ha llHTerpanbHbie. norpeUIHOCTll 

B O,D;Hopo,o;HOCTll no )].JlllHe MarHllTHhlX :meMeHTOB Heo6xo,o;nMO BbI,D;ep)KaTb B 

npe,o;enax 5 • 10-4 pa36poChI 3cpcpeKrnBHhIX ,D,JillH ,o;nnoneil. n 10-3 KBa.n;pynoneil., 

noJJO)KeHllSI Me,o;naHHOll IIJJOCKOCTll B ,D;llIIOJ1SIX ll COBIIa,D;eHne MarHllTHOH H 

reoMeTpnqecKnx oceil. KBa.n;pynonH. 

IIo,o;po6Hbie pe3ynhTaTbl MaTeMaTnqecKOll o6pa6oTKll ,o;aHHhlX O cneKTpe 

rapMOHllK no TeCTOBhlM ll3MepemrnM MarHllTHOro nonH MarHllTOB HyKITOTPOHa ll 

npe,o;BapnTeJJbHbie oueHKll. BJlllSIHllSI peanbHbIX norpeIIIHOCTeil. IIOJJSI Ha napaMeTpbl 

unpKynnpywmero . nyqKa noKaJann, qTo KaqecTBO nonH B MarHnTax 

COOTBeTCTBYeT Tpe6oBaHllSIM ycToil.qnBOCTll 6eTaTpOHHOrO ,D;Bll)KeHllSI qacTllU B 

ycKopnTene n 3TO no.n;TBep,o;nnocb Ha npaKTnKe npn JanycKe ycKopnTenH • 

KpoMe BbITIOnHeHllSI )KeCTKllX ,o;onycKOB Ha O,D;Hopo,o;HOCTb MarHllTHOro 

J 

nonH B 3J1eMeHTax MarHllTHOll onTllKll ycKopnTenSI ll ,o;p. cymecrneHHbIM o6pa30M t 

Ha ,D;llHaMnKy ,D;Bll)KeHllSI nyqKa B KaMepe ycKopnTeJJSI CKa3bIBaeTCSI ToqHOCTb 

npocTpaHCTBeHHOil. ycTaHOBKll MarHllTOB B KOnhue. 

IIocKOJlbKY npn C03,D;aHllll MarHllTHOil. CllCTeMbl He BCer,o;a no uenoMy pH,D;Y 

06CTOS1TeJ1bCTB y,o;aeTCSI BblTIOJ1HllTb Bee He06XO,!l;llMble qpe3BbJqaiiHO BbICOKlle 

Tpe6oBaHnSI, TO ,D;nH llX BbITIOJJHeHmI B MarHHTHOll CHCTeMe HyKITOTPOHa B MaJJbJX 

JJHHettHblX npoMe)KyTKaX B e,D;llHOM 6noKe c KBa.n;pynonbHhIMH MarHHTaMH 

pacnoJJO)KeHO 28 CBepxnpoBOMIUHX MYJ1bTllIIOJ1hHhlX KOppeKTOp0B (MIIK) c 

3-MSI n 4-MSI TnnaMH o6MOTOK B Ka)K,!l.OM. B MIIK BXOMT ,D;HnOJJbHbie (npHMbie tt 

KOCbie)' KBa,D;pynoJJbHbie (npHMbie ll KOCbie), ceKCTYIIOJlbHhie (npHMbie), 

OKTynonhHbie (npSIMbie) o6MOTKll B pa3J1llqHhIX coqeTaHHSIX. Ka)K,D;aSI o6MOTKa 

llMeeT HH,D;HBll,D;yanhHOe 3J1eKTponnTaHHe, oxna)K,!l.eHHe - KOCBeHHOe qepe3 

ll30ITHUllOHHhie noKpbITllSI. 

IIpn cepnil.HOM ll3rOTOBJ1eHnll O,D;HHaKOBbIX MarHllTOB none B HHX 6y,o;eT 

OTJlllqaTbCH: ,o;pyr OT ,o;pyra 3a cqcr: OUIH60K B reoMeTpttqeCKllX pa3Mepax OKHa 

(tta BCex ypoBHSIX nonH) ll BHeIIIHllX pa3MepOB MarHHTOnpoBo,o;a (Ha BbICOKHX 

ypoBHSIX llH,D;YKUHH nonH IIpH HaChIIUeHHH cep,o;eqHlfKa); OIIIH60K B 

reoMeTpttqeCKllX pa3Mepax ,D,JIHHbl MarHHTOnpoBo.n;a; pa3J1HqHOH nnoTHOCTH 

ynaKOBOK nnacnrn B MarHHTOIIpOBO,o;e (HpMe); pa3nHqHoiI MarHHTHOH 
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npoHm1aeMOCTH OT,D;eJ1bHbIX nnaCTHH MarHnTonpoBo,o;a; HepaBHOMepHOH 

YKJJa,D;KOH BHTKOB B OCHOBHOH 06MOTKe B036y)K,!l.eHHSI; pa36poca 0CTaTOqHbIX 

noneii B )KeJJe3Hh!X MarHHTOnpOBO.Liax nocne HaMarHHqlfBaHHSI (BJJHSIHHe Ha 

ypOBHe noneii lfH)KeKUHH). 

113 BbIUieCKa3aHHOro cne.LiyeT, qTo .llnSI C03.LiaHHSI xopoIIIeii MarttHTHOll 

CHCTeMbl CHHXpOTpOHHOro THna oqeHh 

orneqawmyw Tpe6oBaHHSIM K0HCTPYKIIHIO 

Ba)KH0 He 

MarHHTOB, 

TOJ1bK0 

HO If 

pa3pa6oTaTh 

pa3pa6ornTh 

COOTBeTCTBYIOIUyIO TeXHOJJOrHIO cepttiittoro H3rOTOBJ1eHHSI, qTo6bI nonyqHTh 

MarHHTbl C ,D;OCTaToqHo H.LieHTHqHhlMH xapaKTepHCTllKaMH, 

onpe.LieJJSIIOTCSI no ,o;aHHblM TeCTOBbIX MarHHTHblX H3MepeHHll. 

KOHCTPYKUHSI .LIHnOJ1bHOro MarttHTa HyKJ10TpOHa npttBe.LieHbl 

OCHOBHbie xapaKTepHCTHKH B Ta6nttue 4. 

KOTOpbie 

Ha pttc.7, 

,IJ,11 rrom H hI i1 .Martt MT 
.KBa.o,pynonbHblliJ: Harttnr 

292 

~;;~~afilmall _____ ~~ f 
xe.neJHoe ;ipMo 

CBepxnpOBOl,>!W:8ll 
06KOTKa 

Bb!COKOBaKJYHHas:i 
KaMepa 

.nByxcpa3Hblfl rem111 

Mem,x11oposal1 tpy61<a 
CBepxnpOBOJJ,Slll(l!H 
npoBo.n 

Pttc.7 

~::2 

120 

318 

MarttHT llM~eT pa360pHyIO KOHCTpyKIIHIO. OCHOBHbIM CHJ10BhlM 3J1eMeHTOM 

KOHCTPYKUHH MarttHTa cny)l(HT )l(eJJe3H0e SlpM0, K0T0poe B0cnpHHHMaeT 

.LIHHaMttqecKtte YCHJ1HSI, B03HHKaIOmtte npn HMnynhCH0M B036y)K,!l.eHHH 06MOTKH 

MarHHTa. 51pMo COCTOHT m .LIByx CHMMeTpHqHbIX qacTeil., COCTblKOBaHHblX c 

nOMOIUbIO 6onTOBblX COeJIHHeHHH. 

IIonyHpMO .LIHnOnSI tta6ttpaeTCSI 
lf3 IIITaMnOBaHHblX nnacnrn J1HCTOBoii 

3J1eKTpoTextt11qecKoii CTanH MapKH 3-330 TOJJIUHHOH 0,5 MM. IIo KpaSIM naKern 

pacnonaraIOTCSI TopueBbie nnaCTHHbl TOJ1IIIHHOii 25MM ll3 CTaJ1H MapKH CT-3. 
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Ta6mma 4 OcHOBHble napaMeTpbl CTpyKTYPHblX csepxnpoB0)]..SII..l.lHX M8rHHT0B 
HyKnoTpoHa 

IlapaMCT(lhI E.u.HJM. ):(unonh KBa.upynonh 
Macca 5Kr 500 200 

K0Hqmrypaum1 HpMa OK0HHaH paMa nmep6onw1ecKue 
nosnoca 

)].n11Ha HpMa (no )KeJieJy) MM 1370 430 

<l>H311'IeCKaH .!lJIHHa MM 1462 450 

AnepTypa (ropH3/seprnK) MM2 I 10x55 120x63 

qHCJIO BHTK0B s o6MOTKe 2x8 4x5 

)].n11Ha Cil Ka6enH B o6MOTKe M 62 24 

MaKCHManbHaH HH.UYKUHH 
(np11 6 KA) Tn 1,98 -

MaKCHManbHbIH rpa.u11eHT nonH 
(np11 5,6 KA) Tn/M - 33,4 

tlH.UYKTHBHOCTb MfH 1,1 0,44 

3anaceHHaH :rnepr11H K)].)K 19,8 6,9 

)].HH<tMH'!eCKHe TenJIOBbJ)].eneHHH 
np11 B=2Tn/c ; Bmin=0; 
Bma,=2Tn; f=0,5fu BT 21 -

)].HHa!'fH'!eCKHe TenJI0BbI)].eneHHH 
npH G=33,4Tn/m · c ; Gmin=0; 
Gma,=33,4Tn/m; f=0,5fu BT - 12 

CTaTH'!eCKHe TennonpHTOKH BT 6,6 5,2 

)].nH c6opKH nonyHpMa 6bIJI pa3pa6oTaH cneu11anbHbIH CTanenb. 

Ilocne CHHTHH nonyHpMa co CTanenH OHO pHXTOBanOCb, npoxo)].HJIO 

npe.usapHTeJibHYJO o6pa6oTKy Ha <ppe3epHOM CTaHKe 11 <pHHHUIHyio )].OBO.UKY )].0 

OK0H'!aTeJibHblX pa3MepoB BHyTpeHHero nonyoKHa C T0'!HOCTHMH'nO.BbJCOTe 0,01 

MM 11 urnpHHe 0,05 MM; <pHHHlllHOH o6pa6oTKe Ha lllJIH!pOBanbHOM CTaHKe B 

C00TBeTCTBHH C Ja)].aHHblMH )].0nycKaMH no.usepranHCb TaK)Ke nJI0CK0CTH pa3'beMa 

MarHHT0nposo.ua H 6a30BaH noBepxH0CTb. 

3aTeM )].Ba nonyHpMa co611panHCh B e)].UHhJH MarHHTonpOBO)]. H 

pa3pa6aTbJBanHCh Kan116posaHHbie 0TBepCTHH no.u lllTll!pThl. 3aBeplllaeTCH 

MexaHoo6pa6oTKa onepau11eii <ppe3epoBaHHH TopueBhIX noBepxttocTeii 

co6paHHOro M8rHHTOnposo.ua C )].0B0)].KOH pa3Mepa MarHHT0npoBO)].a no .!lJIHHe C 

T0'!HOCThlO - 0, I MM. 
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)].ByXpH.uHaH ce.!lJI006pa3HaH o6MOTKa C0CT0HT 113 )].Byx CHMMeTpII'IHhlX no 

OTH0llleHIIJO K Me)].IIaHHOH nJI0CK0CTII nonyo6MOTOK, HaMaThJBaeMblX 0T)].eJihH0 

Ha .UBYX H)].eHTH'!HhIX llla6JIOHHhlX npIIcnoco6neHIIHX II coe)].IIHHJ01UIIXCll B e)].IIHYJO 

cpopMy nocne HaMOTKII. 

Ha o6MOTKY HaH0CIITCll CJIOll. o6iuen KOpnyCHOH II30AAUIIII II3 

CTeKJIOJieHThl TOJil.UHHOll 0, l MM, nponIITaHHOH 3IlOKCII)].HhlM KOMnayH)].OM. H 

TOJihK0 nocne 3Toro o6MOTKa 06)1{11MaeTCll )].O <pIIKCIIp0B8HHhIX. pa3MepoB C 

T0'!HOCThJO )].O 0,05 MM, 

j(JIH nacnopTn3al.{IIII MarHIITOB OHII BCe npoUIJIII TeCTOBhie IICilhITaHIIll )].AA 

onpe.ueneHIIH KpIITII'!eCK0r0 TOKa II 3aMepa IIHTerpanbHhlX HeJIIIHell.HOCTell. noAA B . 
anepType npII pa6oTe B UHKJie co CK0pOCThlO no.u'heMa II cna.ua IlOAA B=2 Tn/c 

np11 o6iueii .!lJIIITeJibH0CTII UHKJia paBHOll )].BYM ceKyH.uaM. 

B Ta6nIIue 5 )].8Hhl 3aBIICHMOCTII cpe)].HIIX 3H8'leHIIll. IIH)].YKUIIII MarHIITH0r0 
~ 

IlOJIH II 3cp<peKTIIBHOll )].ITIIHhl )].IIIl0Jieii . OT TOKa IlIITaHIIll B )].II8Ila3oHe 

640-6400 A. 

Ta6nIIua 5. ToKOBhie JaBHCIIM0CTII cTpyKTYPHhIX 3neMeHTOB MarHIITHoii cIICTeMhI 
HyKJIOTpOHa, r)].e W - 3HeprIIll ny'!Ka, BM - IIH)].YK[(IIll B 3a3ope )].IIIl0JibH0ro 
MarHHTa, LM ~ 3cpcpeKTIIBHall .!lJIIIHa )].IIIl0JibH0ro MarHIITa,Gn - rpa)].IIeHT 
MarHHTH0ro nonH KBa.upynoJibH0ro MarHIITa, Ln - 3<p<peKTHBHaH .!lJIIIHa 
............. ~..., ............... ..., ...... _, ... -- _._..,.__ .................. -

I(A) W(M3B/H) BM (Tn) LM(M) Gn('Tn/M) Ln(M) 

640 261.8 0.2267 1.4193 3.8832 0.4419 

1280 829.l 0.4538 l.4200 7.7523 0.4413 

1920 1499.9 0.6818 l.4198 11.6078 0.4412 

2560 2207.5 0.9097 l.4191 15.4599 0.4411 

3200 . 2930.9 l.1373 l.4175 19.2827 0.4407 

3840 3660.5 l.3641 l.4145 23.0486 0.4402 

4480 4378.9 1.5858 l.4094 26.6726 0.4381 

5120 5056.7 l.7942 1.4036 30.1355 0.4378 

5760 5665.3 l.9806 l.3972 33.1397 0.4352 

6400 6102.6 2.1145 1.3954 35.1752 0.4333 

Ha pIIc.8 npIIBe)].etto pacnpe)].eneHIIe '!Hcna )].IInonhHhIX MarHIITOB 

HyKJioTpOHa B 3aBIICIIM0CTII OT )].0CTIIrHyThIX npII TpeHIIp0BKe MaKCIIManbHhIX 

3Ha'!eHIIll KPIITII'!eCK0ro TOKa. 

Ha pIIc.9 ripIIBe)].eHo pacnpe)].enettIIe HopManII30--BaHH0ro K TOKY 5, 12 KA 

IIHTerpanbHOro 3Ha'!eHIIll OCHOBHOll KOMn0HeHTbl IIH.UYKUIIII Mar.HIITHOro IlOAA B 

)].Hil0AAX HyKnOTpoHa, xapaKTep3yJ01Uee II)].eHTII'!HOCTh mroTOBJieHIIll MarHIITOB. 
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Pttc.9 

Pe3yJibTaTbl MarHHTHbIX li3Mepem1ii noKa3aJili, qTo cpe.n,HeKBa.n,paTttqHblll 

pa36poc 3<p<peKTliBHbIX ,l],JlliH .n,11noneii < L M > npeBbIIIIaeT CIICTeMaTttqecKoe 

3HaqeHtte LM He 6onee qeM Ha 2,6MM, B .n,11ana30He TOKOB OTO JlO 6,4 KA. 

IlonyqeHHbie pe3yJibTaTbl CBli,l],eTeJibCTBYIOT O JlOCTaTOqHo xopoIIIeii 

TO'!HOCTli li3rOTOBJieHmI ,l],ttnoneii B npo.n,oJibHbIX If nonepeqHbIX 113MepeHmIX. 

O1.1eHKa nOJIO)KeHml Me.n,ttaHHOH nJIOCKOCTli MarHHTOB noKa3bIBaeT, qTo 

yron ee OTKJIOHeHmI OT reoMeTp11qeCKOll IIJIOCKOCTII He npeBbIIIIaeT 3, 7 . I 0-4 pa.n,. 

OcHOBHoe BJimrntte Ha JlliHaMHKY nyqKa OKa3b!BaIOT CIICTeMaT11qecK11e 

Hen11HeiiHOCTH c n = 2, 4, 6 •• ( CM. p11c. I 0). 

Ek (faB/J;yxnoH) 
75 ,c. 3 4 s 6 

60 (L',B/B)M-"•104 

45 

JO 

15 
9n_ 

-15f::--: I :::::::::::: -,---- I 
640 1280 1920 2:160 3200 38<0 H.90 5120 5760 6400 

l(A) 

P11c. l 0 3aB11c11MOCTb 

CliCTeMaTttqeCKIIX Ben11q11H 

HeOJlHOpOJlHOCTeii nom1 

,l],lfnOJibHbIX li 

KBa.n,pynOJibHbIX MarHIITOB ' 

HyKJIOTpOHa OT TOKa If 

KIIHeTliqecKOH 3Hepr1111 Ha 

pa.n,11yce R = 40 MM, 

(11306pa)KeH11e rapMOHIIK 

nom1 113 pa3JIO)KeHHll B PllJl 

Teiinopa) • 

Pa36poc liHTerpaJibHblX 3HaqeH11ii OCTaToqHbIX MarHIITHbIX noneii B 

.n,11nomx no OTHOIIIeHIIIO K ypoBHIO nOJill np11 lfH)KeKI.11111 He npeBb!CIIJI LiBoCT. / 

B=. < I 0-3 nocne B036y)K,l],eH11ll MarHIITOB TOKOM 6500 A. 
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Ilp11 pa3MarHll'IIIBaHIIII MarHIITOB o6paTHblM TOKOM 650 A OCTaTO'IHOe 

none yMeHbIIIaeTCll np11MepHO Ha nopllJlOK. 

B Ka'!eCTBe IICXOJlHblX napaMeTpOB ]lJill paclJeTa JIIIH3 6pancll MaKCIIMaJibHO 

He06XO}lllMblll rpa.n,11eHT JIIIH3bl G=35T/M np11 MaKCIIMaJibHOM pa6o'leM TOKe He 

6onee 6 KA 11 3<p<peKTIIBHOH }lJIIIHe He 6onee LJ<!><!> - 42,5 CM B COOTBeTCTBIIII c 

nn11HOH Manoro n11HettH0ro npoMe)KyTKa . perynllpHott MarHIITHOH cTpyKTYPbl 

HyKn0TpoHa. 

Ha p11c.7 npe.n,cTaBneHbl nonepe'!H0e ce'!eH11e KBanpynoJibHoro MarH11Ta 

HyKnOTp0Ha C nomocaMII rnnep60Jill'!eCKOH cpopMbl, B Ta6n11ue 4 OCHOBHbie 

napaMeTpb1. 

51pMO JIIIH3bl COCT0IIT 113 lJeTblpex CIIMMeTp114HblX lJaCTett. 

)],mi cepllttH0ro HJrOTOBJieHllll MarHIITOnp0B0Jl0B . JIIIH3 perynllpHOH 

MarHIITHOtt CTPYKTYPhl HyKnoTpoHa 6b1m1 113roToBneHbI BhIC0KOToqHbie 

. wTaMIIbl. nnaCTIIHbl C Heog5XO}llfMOH KOH<pll_rypmu1ett non10ca WTaMIIOBaJIIICb 113 

3JieKTPOTeXHl-llJeCKOH CTaJIII MapKII 3-330 A TOJIII.IIIHOH 0,5 MM, 

no aHanorn11 c .n,unoneM 1/4 Marn11TonpoB0Jla co6upanacb 113 

unaMnoBaHHblX nnaCTIIH, KOT0pb1e C ITOl\Wll{biO rrpononbHblX cpnaHUeBblX 

HaKna}l0K If TopueBblX rrnaCTIIH 113 CTanu TOJI!l{HHOH 20MM 3neKTpOcBapKOH 

coe}lllHllJIIICb B e}lllHYIO KOHCTpyKUIIJO rron10ca. MarHHTOilpOBOJl JIIIH3bl C 

IT0M0ll.lblO 6onTOBblX cpnaHueBhlX coen11HeHIIH co611pancll 113 4-x ITOJIJOCOB Ha 

Kpyrnoii HarrpaBJillJOll.lett. 3aTeM Ha TOKapH0M CTaHKe o6pa6aTb!BaJIIICb TopueBble 

rroBepXH0CTII II0JIIOC0B, Jl0B0Jlll npononbHbIH pa3Mep MarHIITOilpOBO]la C 

T0'IHOCTbiO JlO · 0,05 MM. KaK II B JlllIT0Jie, IT0JIH0CTbiO co6paHHall o6MOTKa 

B036y)K}leHlfll, HaM0TaHHall Ha T0qHblX wa6nOHHblX ycTpOttCTBax, HMeJO!l{all BIIJl 

6eJilfLibeH KJieTKII, rrepen c6opKOH JIHH3bl 3aKna}lbJBaJiaCb B na3bl ITOJIJOCOB, 

3a)K11Mal1Cb nocne}lHIIMII B CTporo <pllKCllpOBaHH0e ITOJIO)KeHHe. 

OcHOBHbie xapaKTep11CTHKII JlltnOJibHblX II KBanpynonhHblX MarHIITOB 

np1rneneHhI B Ta6n11ue 4. no aHanorn11 c uH<popMauueii o xapaKTep11cT11Kax 

JlHIT0JibH0r0 Marmna Ha puc. I 0, 11, 12. npHBe}leHbl ]laHHble ,l],Jlll KBa.n,pyrronbHbIX 

MarHIIT0B HyKJIOTp0Ha • 

Kp1mreHH0-MarmnHal1 CHCTeMa HyKJIOTp0Ha C03}laeTCll H3 O]lHHaKOBblX 

KpHoreHH0-MarHHTHblX MO}lyneii Tpex Tltn0B C00TBeTCTBeHHO JlJill JlHIIOJibHblX, 

cp0Kyc11py10m11x H necp0Kyrnpy10m11x MarHHTOB. 
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Pttc.11 Pacnpe,n:enetttte qttcna 
CBepxnpoBO,wlll{HX KBa,n:pynOJibHbIX 
MarHHTOB HyKJioTpOHa no BeJIHqHHe 
KpHTHqecKoro TOKa (cepHHHOe 
H3fOT0BJieHHe 68un.) 
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Pttc.12 Pacnpe,n:enetttte 
HOpMaJIH30BaHHoro HHTerpana 
rpa,n:HeHTa nonH KBa,n:pynonbttoro 
MarHHTa HyKJIOTpOHa. 

Ka)l(JJ;b!H MO.D:yJib nepe,n: yCTaHOBKOH Ha KOJibUe ycKOpHTem, npoxo,n:HT 

KOMnJieKcttyro npoaepKy (rH,n:paBnHqecKoe conpoTHBJieHHe, 3JieKTpHqecKaH 

npoqHOCTb, MarHHTHb!e H3MepeHHH tt ,n:p.) Ha cneUHaJibHblX CTeH,n:ax. flpH c6opKe 

KpHorettHO-MarHHTHOH CHCTeMbl C nOMOU{b10 pa360pHblX BaKyyMHb!X coe,n:HHeHHH 

CTbIKY10TCH ( CM. pHc.13) renHeBbie KOJIJieKTOpbl 2, Tpy6onpOBO,n:bl C )!{H.D:KHM 

a30TOM 7, BaKyyMHasi KaMepa 4 H pa3beMHbie Myq>Tbl 5 BaKyyMHOro KO)!{yxa 

coce,n:HHX 6JIOKOB. 

°' 

13 

~ 

10 11 

Pttc.13 CxeMa Kpttoretttto
MarnttTuoro Mo,n:yJUI. 1-CHJibqJOH: 
2-reJIHBbie KOJIJieKTopbI; . 
3-TenJIOBOH JKpau; 4-BaKyyMHaH 
KaMepa; 5-Myqirn; 6-HpMo; 
7-Tpy6onposo,n: c )l(lf,n:KHM 
a30TOM; 8- BaKyyMHbIH KO)l(yx; 
9-THra; 1 O-CIT-Ka6enh JJieKTpH· 
qecKOH CBH3H MarHHTOB; 
11-TenJIOBOH Mocr; 12-o6MOTKa; 
13-Tpy6Ka ,n:JU1 OXJia)l(.D:eHHH HpMa; 
14-cynepmoJUIUHH; 15-no,n:craBKa; 
16-,n:oMKpaT. 

Bee MarHHTbl YCKOpHTeJIH coe,n:HHH10TCSI no rpynnaM B TPH 3JieKTplfqecKHe uenH: 

OTKJIOHH10U{He MarHHTbl, q>OKYCHpyromHe H ,n:eq>oKyCHpyromHe MarHHTbl. B 

Ka)l(JJ;OM Mo,n:yne nOMHMO 3JieKTpouenH co6CTBeHHOrO MarHHTa HMe10TCSI 

TpaH3HTHbie Ka6eJIH 3JieKTpHqecKOH CBSl3H MarttHTOB ,n:pyrttx rpynn. .ll:M 

3JieKTpHqecKoro coe.n:HHeHHH coce,n:Httx Mo,n:yneii B Ka)!{,n:OM npoMe)!{yTKe Me)l(JJ;y 

MarHHTaMH BbITTOJIHH10TCSI qeTbipe 3JieKTpHqeCKHX crrasi Tpy6qaTbIX CIT-Ka6eneif. 
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flpH 3TOM ace rentteBbie KaHaJibl MO.D:YJISI coe,n:HHeHbl rrocne,n:oBaTeJibHO C 

rem-1:eBb!MH KOJIJieKTOpaMH 3TOro MO)].YJISI H rrpoaepeHhl Ha repMeTH'IHOCTh Ha 

CTeH)],e. 

TaKaH TeXHOJIOfHH coe)],HHeHHH MO)].yneii II03BOJIS!eT C BhICOKOH CTerreHh10 

aepOS!THOCTH HCKJI10tJ:HTh renHeBbie TetJ:H B BaKyyMHOe npocTpaHCTBO, 

OKpy)!{a10mee MarHHThl )].O ycTaHOBKH B KO!JhUO ycKopttTeJISI. 

06mHH BH)J. KpttoreHHO-MarHHTHblX MO)].yJieH )].HIIOJlbHOro n KBa)].pynoJihHOfO 

MarHHTa HyKJIOTpOHa npttBe)].eHbl COOTBeTCTBeHHO Ha pHc.15, 16. 

Pttc. 15 06mttii BH)]. Kpnoremw
MarHHTHoro MO)].YJIH )].HITOJibHOrO 

MarHttTa 

Pnc.16 06mttii BH)]. KpttoreHHo
MarHHTHoro MO)].YM KBa)].pynonhHOfO 

MarHHTa 

CxeMa KpHOCTaTHpoaaHHSI MarHHTOB HyKJIOTpOHa npttBe)],eHa Ha pHc.17. 

CoCTbIKOBaH_Hbie Me)l(JJ;y co6oii KpHOCTaTbl MO)].yneii o6pa3y10T O)].HH, o6mnii )J.JISI 

Ka)l(JJ;OH IlOJIOBHHhl KOJlbUa ycKopttTeJIH, KpHOCTaT. 

2 

PHc.17 CxeMa KpnoreHHhIX cHcTeM 
HyKJioTpoHa. l - aaKyyMHhIH KO)Kyx, 
2 - TeITJIOBOH 3Kpau, 3 - IlllTarorunii 
KOJIJieKTOp )!{H)J,KOrO reJIHSI, 4 -
OTBO,wlll{llll KOJIJieKTOp re.rinsi, 5 -
)].HITOJlhHhlll MarHllT, 6 - KBa)].pynoJihHM 
JlllH3a, 7 - caTeJIJillTHhlll peq>ptt)!{epaTop, 
8 - cenapaTOp, 9 - peq>pm1<epaTop 
/o)!{tt)!{HTeJih renHsi KfY 1600/4,5. 
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MnHHMaJihHOe BpeMll oxna)K,ll;eHUH B ceaHcax pa60Tbl 80-TOHHOH KpHoreHHO

MarttHTHOH CHCTeMhI Hyro:roTpoHa OT 300K AO 4,5K cocrnBHJIO 72 •:iaca, a 

MaKCHMaJibHOe-110 qacoB. KpHOCTaTHpoBaHHe MarHHTOB yCToiiqHBO o6ecneqHBaeTCll 

~YMH rermeBb!Mll pecppH)I(epaTopaMH o6meii npOH3BOAHTeJihHOCTbJO 3,2KBT Ha 

ypoBHe 4,5K, pa60TaJOI11HMH napaJIJieJibHO. 

~ -~ 8 qernepTOH rJJaBe npHBOMTCll peJyJihTaTbl 3I<CnepHMeHTa.iutbIX HCCJieAOBaHHH H 

paJpa60TKH CllCTeMbl 3Ba1<yauHn 3HeprHH HJ CBepxnpOBOMmeii MarHHTHOH 

CHCTeMbl HyKJIOTpOHa rrpn nepeXOAe MarHHTOB B peJHCTHBHOe COCTOllHHe. 

IlepeXOA CBepxrrpOBOMmeii 06MOTKH MarHHTOB B peJHCTHBHOe COCTOllHHe 

MO)I(eT 6bITh BhIJBaH YXYAIIIeHHeM YCJIOBHH KpHOCTaTHpOBaHHll, npeBblllleHHeM 

AOilYCTHMoro JHaqeHHll TOI<a B 06MOTI<e, JIOI<aJihHhIM HarpeBOM 

CBepxrrpOBOMmero Ka6eJIR 06MOTI<ll HJ-Ja paAHaUHOHHhIX IlOTepb H uenoro PllAa 

Apyrnx npnqnH. Ilpn 3TOM B 06MOTI<e BOJHHI<aeT JIOI<aJibHhlll yqacTOK C 

aKTHBHhIM conpOTllBJieHHeM, Ha KOTOpOM BhIAeJIReTCll 3HeprHll B BHAe A)I(OyJieBa, 

TelIJia · OT 1IpOTeKaHHll TOI<a BOJ6y~eHHll Marl{HTHOH CHCTeMbl. ,lJ;Jill 

rrpeAoTBpameHnll rreperpeBa n paJpyIIIeHHll. cBepxrrpoBoMmero 1<a6eAA o6MOTKH 

Heo6XOAHMO 6bICTpo CHHJHTb AO HYAA TOK BOJ6y~eHHll MarHHTa. HaH6onee 

npOCThIM cnoco6oM llBAAeTCll raIIIeHHe IlOJill npH BhICaAI<e 3HeprHH Ha BHeIIIHee 

aKTHBHOe corrpOTHBJieHHe, KOTOpbIH JaKJiroqaeTCll B OTKJIJOqeHHH HCTOqHHI<a 

3JieI<TporrHTaHHll (Ja1<opaqHBaHHH Bh!XOAHhIX ueneii H nepeBOA HCTOqHHI<a 

IIHTaHllll B llHBepTOpHblll pe)I(HM pa60Tbi) H BBeAeHHll B uenb TOI<a BOJ6y~eHHll 

CBepxnpOBOMIIIHX MarHHTOB aKTHBHOro conpOTHBJieHHll rarneHHll IlOJill 

(BHeIIIHero). Ilpn 3TOM He06XOAHMO BhI6paTb BeJIHqHHY RBHeJJJ - conpOTHBJieHHe 

rarneHHll IlOAA TaKoii, qT06bI paJorpeB Ka6eJTR B MeCTe IlOllBJieHHll HOpMaJihHOH 

JOHhl He rrpHBOAHJI K ero paJpyrneHHJO H qT06b1 Hanpll)I(emu1 Ha paJHhIX 

yqaCTKax 3JieI<Tpouenn MarHHTa He npeBbllliaJIH AOilYCTHMbIX BeJIHqllH. 

C uenhro onpeAeJieHHll JaBHCHMOCTH TeMnepaTyphl paJOrpeBa 

CBepxnpOBOMmero Ka6eJTR B paiioHe HOpMaJibHOH 30Hbl OT MaKCHMaJibHOH 

BeJIHqHHhI Hanpll)I(eHnll 3Ba1<yauHn 3HeprnH Ha aBapHttHOM MarHHTe ( u = RBHem i ) 

6bIJIH IIPOAeJiaHbl HCCJieAOBaHnll ll Bb!pa6oTaHbl pe1<0MeHAaUHH. 

HccJieAOBaHHll npOBOAHJIHCb Ha OAHHOqHOM MarHHTe H Ha IIITaTHOM 

AllilOJibHOM MarHHTe HyKJioTpoHa npH HCilhITamrnx OI<TaHTa MarHHTHOH CHCTeMbl 
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yc1<opHTem1 B uem1,cocTollmeii HJ 12 mmoneii H 4 I<BaApynoneii, coeAnHeHHhIX B 

e,unHyJO uenh. 

no ocunnnorpaMMaM Hanpirn<eHHll C noTeHUHaJibHblX KOHUOB, cpopMbl 

TOI<a n HH,UYKTHBHOH COCTaBJillJOIUeii HanpmKeHHll Ha MarHHTe 6bIJIH onpeAeneHbI: 

- CI<OpOCTb pacnpocTpaHemrn HOpManbHOH JOHbl B o6MOTKe AHilOJill, KOTOpall 

He JaBncena OT HanpaBneHHll npo1<aq1<n rennll n cocraBHna AJill JHaqeHnii TOI<a B 

o6MOTKe 3,5 n 6 KA COOTBeTCTBeHHO 10, 15 n 20 MIC (rnqHOCTb ll3MepeHHH ± 5%): 

- JaBHCHM,OCTb TeMnepaTypbl paJorpeBa 1<a6enll Ha yqaCTKe HOpMaJibHOH 

JOHbl, OT BennqHHbl 
HanpR)l(eHHll Ha MarHHTe B MOMeHT Haqana 3Ba1<yau1rn 

3HeprHH, KOTopall COOTBeTCTBeHHO paBHllJiaCb 
170, 285 n 450 K npn 38.5; 28,8; 

23,2 BOJibTaX • 

-t 

L..•0.11fltGUR,•D.60M 

i•I_• iR/L-t 't•0.1Bc 
0-cMGTINa aneKTponKT■HMI 

Pnc.18 CxeMa 3Ba1<yaunn 3Heprnn HJ 

,!lHilOJibHblX MarHHTOB Hy1<noTpOHa H 

ee 3KB1rnaneHTHall cxeMa: 

Tx- rnpHCTOpHbIH KJIJOq; )l- ,uno,u: 

3.H.-Japll,UHhIH ncToqHnK: 

M- uenoq1<a AHilOJibHblX MarHHTOB: 

KH-nMnynhCHhIH ncToqHHK 

KOMMyTauirn TOI<a: K3- THpHCTOpHblH 

KOpOTKOJaMbIKaTeJib; 

KT- KOMMyTaunoHHhIH THpttcTop: 

C-KOMMyTaUHOHHall eMKOCTb; 

L-pea1<Top; Rr-conpoTHBneHne 

rarneHnll nonll. 

IlonyqeHHbie B 3KCnepnMeHTe ·,uaHHbie noJBOJIHJIH c,uenaTb BblBO,!l, qTO AJill 

o6ecneqeHHll 3cpcpeKTHBHOH Jall{HTbl He06XO,!lHMO, qT06bI Hanpl!)l(eHne Ha O,!lHOM 

MarHHTe B MOMeHT Haqana 3Ba1<yaunH 6bIJIO nopll,UI<a ~40 B H ~4 KB Ha BCeH uenn 

AHilOJibHbIX MarHHTOB. 

TipttHUHilllaJibHUll cxeMa CHCTeMbl 3Ba1<yauHH 3Heprnn MarHHTHOrO IlOJill 

AHilOJibHblX MarHHTOB Hy1<noTpOHa npnBe,ueHa HU pnc.18. 

B 3TOH cxeMe npn pa6oTe HMilYJibCHblX KOMMyTaUHOHHblX HCT0
1
1HHKOB -

KH n BO BpeMll 3Ba1<yaunn 
3Heprnn noTeHUHaJibl paJJIIPIHblX yqaCTKOB uenn 

MarHHTOB OTHOCHTeJibHO "JeMnH" He npeBbIWUJOT 
± 500 B npn TOKe 3Ba1<yaum1 -

6KA. 
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3BaKyaum, 3Hepnm Jf3 KBa.upynOJihHhlX MarHIITOB ocymecTBmleTCJI C 

TTOMOlllbIO 2X-TIIpIICTOpHblX KJIIO'JeH, TaK KaK cyMMapHaJI 3anaceHHaJI 3HeprIIJI B 

JIIIH3ax npIIMepHo B 4 pa3a MeHhUJe. 

Ha pIIc.19 mo6pa)!(eHa 3aBIICIIMOCTb OT BpeMeHII aKTIIBHOH 

COCTaBJIJIIOllleH Hanpll)!(eHIIJI HOpMaJibHOH 30Hbl B 06MOTKe )lIITTOJibHOr0 MarHIITa, 

nonytJeHHOH II3 .n:aHHhJX 3KCnepIIMeHTa npII TOKe Ha MOMeHT HatJaJia 3BaKyauIIII 

paBHhIM 6 KA. 
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PIIc. 20 EnoK cxeMa .uaTtJIIKa o6Hapy)!(eHIIJI 

nepexo.ua MarHIITa B pe3IICTIIBHOe COCTOllHIIe 

(Mll .llBYX MarttIITOB ) . 

)];nll npe.uoTapameHIIll aBapIIHHoro pa3pyUieHIIJI caepxnpoBo-Mmero 

Ka6enll 06MOTKII OT neperpeaa He06XO)lIIMO KaK MO)!(HO paHbllle 3atpIIKCllpOBaTb 

MOMeHT rrepexo.ua MarHHTa B pe3IICTllBHOe COCTOJIHHe. C 3TOH ueJibIO C MeCT CIIaJI 

06MOTOK MarHIITOB BhlBO.l{JITCJI ITOTeHUllaJibHhJe rrpoao.ua, qepe3 pe3HCTOpbl -

5000M. (.UJIJI npe)lOTBpameHIIJI llX rrepe)!(IIraHIIJI rrp11 3aMbIKaHIIII). KaK ITOKa3aHo 

Ha pIIc.20 K HllM IIO.LJ:KJIIO'JaIOTCJI BXO)lHbJe uenII ,n:aT'JIIKOB 06Hapy)!(eH11J1 

HOpMaJibHOH rpa3bl, o6pa3yll MOCTOBYIO cxeMy. Ilptt IIO.llBJieHIIII HOpMaJibHOH 
,, 

30Hbl B 06MOTKe O)lHOro 113 MarHHTOB B .n:11arOHaJIII MOCTa ITO.llBJillIOTC.ll CllrHaJibJ 

paccornacoBaHIIll, KOTOpbie YCIIJIIIBaIOTC.ll II npeo6pa3yIOTC.ll B KOMaH)lHblH ClffHaJI 

II BKJIIO'JaIOT cxeMy 3BaKya1..111II 3Heprm,. )];JI.ll OTCTpOHKll OT IIOMex B )laT'mKe 

rrpe.uycMOTpeHa aMIIJIHTY.LJ:Ha.ll II BpeMeHHa.ll ceneKUII.ll. Ha BKJIIO'JeHtte 3alllIIT 

npOXOMT CIIrHaJibl Ha BXO,n:e .n;aT'JIIKOB, IIMeIOmIIe aMITJIIITY.LJ:Y 6onee 50 MB II 

MIITeJibHOCTb 6onee 3 MC (ypoBeHb IIOMex .n:o 20-30 MB). B nay3ax Me)!(.LJ:y 

UIIKJiaMII pa60Tbl YCKOpllTeJI.ll .n:aT'JIIKII TeCTIIpyIOTC.ll Ha IICrrpaBHOCTb. 
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CttcTeMOH TaKlJX ,n:aT'JllKOB OXBaThJBaIOTC.ll ace caepxnpoBOMIUHe uerrll OT 

TOKOBBO)la .n:o TOKOBBO)la. 11MeeTC.ll BTOpa.ll CIICTeMa I TaK Ha3bIBaeMbIX 

"rpynnOBhlX ,n:aT'JIIKOB", B KOTOpbIX nrre'JII MOCTa COCTO.llT II3 HeCKOJibKIIX 

MarHHTOB. 

rnasa DHTaH nOCBJIIUeHa BOrrpocaM npttMeHeHII.ll MO)lIIlpIIUIIpoaaHHOrO 

Tpy6tJaToro CBepxrrpOBO.l{JIIUero Ka6eJI.ll B 3JieMeHTaX MarHIITHOll onTHKII KaHaJIOB 

TpaHcnopTHpOBKll qaCTIIU. 

KaK Jf3BeCTHO ycKOpIITeJihHO-HaKOnIITeJihHbJe KOMilJieKCbI HMeIOT 

pa3BeTBrreHHyIO CIICTeMy KaHanOB TpaHcnOpTHpOBKII qaCTHU. TTpII 

O)lHOBpeMeHHOM npoae.n;eHIIH Ha CIIHxporpa30TpOHe 0115111 B O)lHOM 

ycKOpIITeJibHOM UIIKJie HeCKO~bKHX lpll3ll'JeCKIIX 3KCnepIIMeHTOB - noTpe6rreHIIe 

3HeprHII CIICTeMaMII 3JieKTponnTaHll.ll 3JieMeHTOB MarHIITHOll OIITIIKH KaHaJIOB II3 

CeTII .n;erraeTC.ll COII3MepHMhIM C noTpe6rreHIIeM 3HeprIIII co6CTBeHHO ycKopIITerreM 

II )lOXO)lIIT )lO BeJilJ'JHHhI 8+ l O MBT noTpe6JUieMOH MOIUHOCTII. AKTyanhHa.ll 

noTpe6HOCTb B .n;eC.llTKH pa3 CHH3IITb 
0

3HepronoTpe6rrettne npnaena K 

tteo6xo,n;IIMOCTH paccMoTpeHII.ll Bonpoca pacurnpeHII.ll o6rracTH npnMetteHII.ll 

MarnHTOB TIIna ")];y6tta" c Tpy6<JaThIMH CBepxnpOBO.,)l.lllUHMH o6MOTKaMII 

npOCThlX B ll3rOTOBJieHIIll, y.n;o6HbIX B 3KCilJiyaTaUHH H .n;erneBblX no CTOIIMOCTH. 

O.n;HaKo, 6orrblll0ll TOK B036y)!(.LJ:eHH.ll OT)leJibHO 3ailHTbIBaeMbIX MarHIITOB 

B KaHanax 3KOHOMH'leCKII HeBbirO)leH. Ilpn HH)lIIBH)lYaJibHOll no.n;cTpOiiKe TOKOB 

B036y)!()leHII.ll MHO)KeCTBa 3ITeMeHTOB MarHIITHOll onTIIKH KaHanOB npIIBeJIO 6b! K 

BBe.n;eHIIIO 6orrbllIOrO KOITII'leCTBa CIIITbHOTO'IHhIX TOKOBBO)lOB, )lITll oxrra)!(.LJ:eHH.ll 

KOTOpbIX noTpe6yIOTC.ll 6orrbllIIIe KpIIoreHHbie MOIUHOCTII. CaMH MarHIITbI, 

pa6oTa.ll a nocTO.llHHO-TO'IHOM pe)!(HMe, npaKTII'leCKH He BbI)leIT.llIOT Tenrro. 

Heo6XO)lIIMO TOITbKO CH.l!Th xrra.n;areHTOM CTaTII'leCKIIe TenrronpHTOKH no 

IIO)lBeCKaM, (onopaM), OT TeilJIOBOll pa.n;ttaUIIH H pa.n;naunoHHOro pa3orpeBa 

ny<JKOM, KOTOpbie B cyMMe 3Ha'llITeJibHO MeHbllie TeilJIOBbI)leneHIIll B 

CIIITbHOTO'IHbIX TOKOBBO)laX. IlpaKTH<JeCKIIll onbIT C03)laHH.ll H . nccrre.n;oaaHllll 

pe)KIIMOB pa60Tbl nepBblX o6pa3UOB MarHIITOB C He6orrbllIHMH TOKaMH 

ao36y)!(.LJ:eHH.ll c o6MOTKaMH H3 caepxnpoBO)l.llIUero Ka6eIT.ll Tpy6<JaToro TIIna,Ha 

npIIMepe CBepxnpoBOMIUero IIHtprreKTopttoro cenTyM-MarHHTa HyKJioTpoHa, 

IlOKa3ail Ha 3KOHOMH<JeCKYIO 3rprpeKTIIBHOCTb II nepcneKTIIBHOCTb rrpIIMeHeHII.ll 
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3TIIX YCTIJOIICTB. ,ll;IDI 06MOTOK 3Toro MarHIITa 6hIJI lI3rDT0BJieH Tpy6'IaTbIH 

Ka6enb B Mo.n:mlmuIIpoBaHHOM BapIIaHTe c 3JieKTpIIqecKII HJOJIIIpoBaHHhIMII 

CBepxrrpOBO,lVIIUIIMII rrpOBOJ(aMII. 
.• 

l13rOTOBJieHIIe IO BIITKOBOH ce.n:noo6pa3HOH 06MOTKII cerrTyM-MarHIITa 

ocyru:ecTBJUUIOCb no TeXHOJIOrIIII II3rOTOBJieHmI 06MOTOK IIITaTHhIX MarHIITOB 

HyKJIOTpOHa Ha IIIa6JIOHHhIX ycTpoiicTBax. BhIBOJ(Hhie KOHUhI Ka6em, o6MOTKII 

CBOJ(IIJIIICh BMeCTe II 3aTeM rrpoBo.n:a B Ka6ene 06MOTKII 
coe.n:IIHHJIIICb 

rrocne;::i:oBaTeJihHo rrporraHHHoii CKpyTKoii (ITOC-60), 06pa3y.11 300 BIITKOBYIO 

06MOTKY B036y~eHII.!I C HOMIIHaJibHhIM TOKOM 200+250 A. IlplI 3TOM rrpoBo,z:i;a 

Haqana lI KOHUa TaKOH MHOrOBlITKOBOH o6MOTKII pa3;::i:eJIHJilICh KarrpOHOBOH 

necKoii, JaJIO)I(eHHoii B Ka6ene rrpII ero HJrOTOBJieHIIlI (Me~y HlIMlI HaH60JihIIIee 

HarrpH)I(eHHe IIplI 3BaKyauHII 3HeprnH). 

' 

CaepxnpoeoJUILLT,Nll r ~~.U~TDKOBBDA 3J= - 'IO-I-=== ,cna:11HHU 
CKPYfKa 

() Io- TDKDBBOA 

L 
ceepxnpoeos:u1LLf,He 
npoBOAB ka6eJtsi 
(OliNOTKa MarHHTa 

OQ.HOBHTKOBH) 

noacpwrHe 

a) 

Hel 

Rr/ / 

I Ijl (ir 
I ,RM 

TK 
H Jh 

!3iiiiit 
I - o6MDTK8 BD36YJl(AeHH!I MarHHT8 

H - KOHTYJI TOKII 3BIIK}"ll(tHH 

RM-conpoTHBneHHe MCAHOH Tpy6KH K86en11 
TK-THpHCTOpHblH ICJIIO'I 

CII-cHCTeMa aneKTponHTHHHR 58; 200A 

6) 

PHc. 21 

,ll;JI.SI OXJia~eHlI.!I CBepxrrpOBOJWIUIIX rrpOBOJ(OB B MeCTaX crra.11 CKpyTKa 

HaMaThIBaJiaCb Ha lI30lllIPOBaHHYIO IIOJililIMlIJ(HOH JieHTOH Tpy6Ky OXJia~emrn 

Ka6eJI.SI lI IIplI)I(lIMaJiacb lI30JIHUIIOHHhIM JieHTOqHhlM IIOKpblTIIeM (cM.plIC. 21a, Ha 

lIITJIIOCTpauHlI lI306pa)I(eHa OJ(HOBlITK0Ba.!I 06MOTKa). B 3TOH KOHCTPYKUlIII 

06MOTKlI CBepxrrpOBO,lVIIUHe TOKOHecyru:He rrpoBo,z:i;a OXJia)I(J(aIOTC.!I KOCBeHHO 

qepe3 lI30JIHUIIOHHhie IIOKphlTlIH, Tpy6Ka Ka6eJIH ;:(JI.!! rrpoKaqKlI reJIIIH 

3JieKTpliqecKlI lI30JilipOBaHa OT CBepxrrpOBO,lVIIUlIX rrpOBOJ(OB. Ilo lI3BeCTHOH 
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cxeMe lI3 Hee MO)KHO opraHII30BaTb Ha MOMeHT 3BaKyaUIIII 3HeprIIII 

3JieKTpttqecKyIO uerrh, B KOTopoii paBHOMepHo rro J(JIHHe Ka6err.11 MO)KHO pacceIITh 

acIO JarraceHHYIO 3HeprHIO MarHHTHOro rrom, rryTeM 6bICTpoii KOMMyTaUIIH TOKa 

B Me.n:HyIO Tpy6Ky. (cM.pHC. 216). OIIhIT IICIIb!TaHIIH ll ycrreIIIHa.!I 3KCIIJiyarnUII.!I B 

ceaHcax pa60Thl HyKJIOTpoHa y6e.nIITeJibHO IIOJlTBep.nIIJIH COCTOHTeJibHOCTh 

paccMaTpIIBaeMOH KOHUerruIIII ll C03.llaHHhlX KOHCTpyKUHH MarHHTOB, 

pa60TaIOU1HX B IIOCTOHHH0,TOqHblX pe)KIIMaX C' MaJihIMII TOKaMII B036y)I(J(eHII.!I. 

Ha 3TOM npIIHUHIIe 6b!JIH c.n:enaHbl II HCIIbITaHbl Ha CTeH.ne KBa.npyrroJihHble H 

ceKCTYIIOJlhHbie JIIIH3hl J(Jlll CHCTeMbl MeJ(JleHHOrO BhIBOJ(a rryqKa H3 HyKJIOTpOHa, 

co3,z:i;aaaeMoro B HaCTOHll.lee apeMH. 

,ll;JIH B036y)I(J(eHIIH MarHHTOB C HOBOH TeXHOJIOfHett Tpe6yIOTCH HCTOqHHKH 

3JieKTponnrnHHH MaJIOH MOll.\HOCTII ~ I KBT (SB, 200 A). 

HoBaH TeXHOJIOrHH B KOpHe MeHHeT IIO.llXO.ll K 3HepreTIIKe KaHaJIOB 

TpaHCIIOpTHpOBKH qaCTIIU ycKopIITeJibHblX KOMIIJieKCOB Bb!COKIIX H caepXBbICOKHX 

3Heprnii. 

Ilo oueHKaM aBTOpa, npe.llJIO)KeHHhlH aapnaHT CJia6oToqHhlX 

CBepxrrpoBO.llllll.\IIX MarHIITOB .llJlll KaHaJIOB TpaHCIIOpTHpOBKH qaCTHU B 

ycKOpIITeJlbHblX CBepxrrpoBOJlllll.\HX KOMIIJleKcax HBJilleTCH BeChMa rrepcrreKTHBHblM 

II 3KOHOMHqecKII 3cpcpeKTIIBHblM. 

OcHOBHhlC pe3yJ1LTaTh1 .nnccepTaUJIOHHOH pa6oThl, 

l. COJ.naHO HOBOe HanpaBJieHIIe B pa3pa60TKe caepxnpoBO.llllll.\HX 

MarHIITHblX CHCTeM ycKopnTerreii CIIHXpOTpotmoro nma Ha OCHOBe 

npe.llJIO)KeHHblX HOBhlX KOHCTPYKUIIH 3JieKTpOMarHHTOB, MarHHTHOe IIOJie B 

pa6oqeii anepType KOTOpb!X cpopMHpyeTCH MarHIITOIIpOBO.llOM, a o6MOTKa 

BOJ6y)I(J(emrn BhlIIOJIHeHa II3 Tpy6qaToro caepxrrpoBO.llHll.lero Ka6enH, cneunarrhHO 

pa3pa6oTaHHOrO .llJlll 3THX uerreii. KoHCTpyKUIIH MarHIITOB II03B0JIIIJia npnMeHHTb 

BbirO.llHblH n 3cp<peKTIIBHblli cnoco6 oxrra)I(J(ennH, ocHoBaHltblU Ha u11pKyJIHUIIII 

.nayxcpa3Horo reJIIIH no KattarraM Ka6errH o6MOTOK II Tpy6KaM oxrra)l(Jlemrn 

MarHIITOIIpOBOJ],OB MarHIITOB, IIO.llKJIIO,..'leHHblX napanrreJibHO K c6opHblM 

KOJIJieKTOpaM (rr11TaIOU1Hli II OTBO.llllll.\IIH). 

Ba)l(HblM OTJlllqIITeJibHblM IIp113HaKOM. ycKop11TeJIH co caepxnpoBO.llllll.lCli 

MarHHTHOH CIICTeMOH HOBOro nrna HBJIHeTCH ero cnoco6HOCTh pa6oTaTb c 

.llJIHTeJibHOCTblO pa6o'lero UHKJia B e.nHHHUbl ceKyH.ll 11 HMeTb HH)KHIIH npe.nen 
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.n:1rnaMlfl!eCKoro pa6oqero mrnrra30Ha lf3MeHeHHH HH.LJ:YKI..IHH MarHHTHOro fIOJIH 

rrpu ycKopeHHlf '!aCTlf'--1 ~0,02 Tn (ITOHlf)l(eHHe 3HeprnH lfH)l(eK1..1HpyeMblX 'IaCTHI..\). 

2. ITpe.D:Jio)l(eH, pa3pa6ornH, ttccne.n:oaaH II pean113oaaH · a o6MOTKax 

Marn11TOB HyKJIOTpOHa Tpy6qaTblH caepxrrpOBO.LJ:HI..l{lfH Ka6eJib Ha OCHOBe 

BhIITYCKaeMbIX rrpOMblllIJieHHOCTbIO KOMfIOHeHT, MH pa60Tbl B 11MITYJihCHblX 

MarHl1THh!X fIOJIHX Ha pa60'!l1H TOK 6 KA c MaJiblMl1 TerrJIOBbJ.LJ:eJieH11HMl1 (0, 15 + 

0,2 BTIM .LJ:JllfHbl Ka6enH), rrp11 CKopocrnx lf3MeHeHl1H fIOJIH rropH.n:Ka ~ 4 Tn/c, c 

pa.n:11ycoM lf3rn6a .n:o 20 MM. 

3. ITpe.D:JIO)l(eHbl, pa3pa60TaHbl, lfCCJie.n:oaaHbl If peaJIH30BaHbl B 

MarHHTHOH Cl1CTeMe HyKJIOTpOHa OTKJIOHHIOI..l{lfeCH 11 qJOKyCHpyIOI..l{lfe 

caepxrrpOBO.LJ:HI..l.{11e 3JieKTpOMarH11Thl C MaKCHMaJibHhlM11 YPOBHHM11 11H.LJ:YKl..llf11 

Marn11THh1x rroneii .n:o I ,8+2Tn, pa6orn10I..l.{11e c peKop.n:Hoii qacToToii 

l..llfKJilfpOBaHlfH MH caepxrrpoBOMI..l.{11X Cl1CTeM .n:o I ru. 

4. Pa3pa6oTaH 11 peaJilf30BaH rrpoeKT MarHl1TO-Kp110CTaTHOH ClfCTeMbl 

YCKOp11TeJIH peJIHTl1B11CTCK11X H.LJ:ep HyKJIOTpoHa - HOBOH 6a30BOH ycTaHOBKlf 

OJ.UIH, aae.n:eHHoii a .n:ettCTBHe B 1993 ro.n:y, paCUIHpHIOI..l{ett B03MO)KHOCTH 

lfCCJie.n:oaaHlfH B o6naCTlf peJIHTlfBl1CTCKOH H.n:epHOH qll1311Klf. 

ITpoae.n:eHo O.LJ:11HHa.n:uaTb ceaHCOB pa60Tbl ITO Hana.n:Ke MarHl1THOH 

Cl1CTeMbl HyKJIOTpOHa If OCBOeH1110 YCKOp11TeJIH B qllf31f'!eCKl1X 3KCrrep11MeHTax 

06I..l{eH rrpo.n:OJI)l(l1TeJibHOCTbJO ~2600 qacoa. B COOTBeTCTBlflf C rrporpaMMOH 

rrepBblX ql11311'!eCKlfX 3KCrrep11MeHTOB c, BHyTpeHHl1M11 MlfllleHHMl1 Ha ycKopeHHbIX 

ITY'!Kax HyKJIOTpoHa ocyll{eCTBJieHbl pe)l(l1Mbl pa60Tbl C YPOBHHMl1 l1H.LJ:YKl..\1111 
kJ 

MarHl1THhIX rroneii .n:o 12Krc If M11TeJibHOCTB'CTOJIOB fIOJIH .n:o IOc. 

5. ITpoae.n:eHbl lfCCJie.n:oaaHlfH rrpoueccoa o6pa30BaHl1H HOpMaJibHOH 30Hbl 

B Tpy6'!aTOM caepxrrpOBOMI..l{eM Ka6ene o6MOTOK MarH11TOB HOBoro Tlffia rrp11 

rrepexo.n:e B pe311CTlfBHOe COCTOHHl1e. Bb16paHbl Heo6XO.LJ:11Mble rrapaMeTpbi cxeMbl 

3BaKya1..111H 3Heprnlf If .n:aT'!l1KOB 06Hapy)l(eHlfH B ~farHl1TaX HyKJIOTpOHa 

3apo)l(.LJ:eH11H pe3HCTl1BHOH (HOpMaJibHOH) 30Hbl. ITpe.n:JIO)l(eHbl, pa3pa6oTaHbl If 

peaJilf30BaHbl ClfCTeMbl aaap11HHOH 3BaKya1..11111 3HeprHl1 113 MarHlfTHOH ClfCTeMbl 

HyKJIOTpOHa, KOMITJieKC ycTpOHCTB .n:aT'!l1KOB rrepexo.n:a u OTo6pa)KeHHH 

l1HqJOpMa1..111H. Pa3pa6oTaHa ll peaJilf30BaHa 06I..l{aH cxeMa B3al1MO.LJ:eHCTBlfH 3aI..l{l1T 

MarHl1THOH Cl1CTeMbl HyKJioTpOHa 11 Cl1CTeM 3JieKTporr11TaH11H. 
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6. Pa3pa6oTaHa u peanmoaatta cxe~m coe.n:utteHHtt 3JieKTpouerreii: 

¢YHKI..IHOHaJihHhIX. · rpyrrrr caepxrrpoaoMIUIIX MarHHTOB HyKJioTpotta. 

CqiopMyrr11poaaHbl Tpe6oaaHHH H rrpe.n:rro)KeHbl cxeMHbie peIIIeHHH CHCTeM 

3JieKTpomnamrn rpyrrrr MarHHTOB HyKJioTpOHa. Bhlpa6oTaHhI TPe6oaaHHH, 

rroruKa 3aI..l{HT H KOHKpeTHbie TeXHH'!eCKHe peIIIeHHH ITO 3aI..l{uTaM, peaJIH30BaHHbie 

B cucTeMax 3neKTporr11Tattmr <pyHKUHOHaJihHbIX rpyrrrr MarHHTOB HyKJIOTPOHa. 

7. Pa3pa6oTaHa 3KOHOMH'!eCKH 3<p<peKTllBHaH KOHUefIUllH _ll rrpe.n:rro)KeHbl 

He06XO)];HMbie rrp11 ee . peanu3aUHH TeXHH'!eCKHe .• peIIIeHHH .D:JIH C03)];aHHH 

caepxrrpoBO)l;HI..l{HX 3JieMeHTOB MarHHTHOH OfITHKH,KaHaJIOB TPattcnopTttpOBKll 

qaCTll'--1 ycKOpttTeJiett C MaJiblMll ITOCTOHHHblMH TOKaMH B036y)K)];eHHH (~200 A) Ha 

OCHOBe ll rrpHHUHITe .n:ett~TBmI MarHHTOB HyKJIOTpoHa. Pa3pa6oTaHa H 

peanmoaatta KOHCTPYKU11H Tpy6qaToro · caepxrrpoao.D:Hruero - Ka6eJIH c 

3JieKTptt'IeCKH ll30JIHpOBaHHblMll caepxrrpoBO.LJ:HI..l{llMll rrpoao.n:aMH (rro THITY 

Ka6eJIH HyKJIOTpOHa), KOTOpbie rrpu mrOT()BJieHHll o6MOTKH coe,Il;HHHJOTCH 

rrocrre.n:oaaTeJihHO, o6pa3yH MttoroauTKoayro o6MOTKY MarttuTa. KoHCTPYK'--IHH 

peanu3oaatta B HH<pJieKTOpHOM cerrTyM-MarHttTe HyKJioTpotta H 

BCITOMOraTeJibHhlX JlllH3aX ycTpOii:CTBa Me.n:rreHHOrO BhIBO)];a rry'IKOB HyKJIOTpOHa. 
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