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O6m.aH xapa1crepncn1Ka pa60TL1 

A1cryaJihH0CTb TeMhl 

B pa:rnH'lHh!X o6nacrnx COBpeMeHHOll Hay1m H TeXHHim, 3KOnorHH II 3,110p0BMI qenoBeKa 

cymecrnyeT uenblll p,m 3a,11a'l, Koma He06X0,11HMO H3MepHTh MarHHTHbie rronH B ycnOBHHX 

:)KCTPeManbHhIX B03,11ellCTBilll OKpy,KaJOmefi cpe,11hI, HarrpIIMep, BhICOKHe ypOBHH pa,11HaUIIII. 

IlpnMepaMII TaKOro po,11a 3a,11aq HBnHJOTCH: • 

• qJI13Il'leCKile 3KCrrepI1MeHThI Ha COBpeMeHHhIX ycKOpHTenHX H ,11eTeKTopax 'laCTHU, TIIIla 

LHC, CMS (~EPH), Ha 3KcrrepHMeHTanhHhIX ycTaHOBKax, HarrpI1Mep, HPEH (JIH<l>), 

KOMEAC (JUIP), Ha H,11epHhIX peaKTopax, HarrpHMep, HEP-2 (JUIP); 
• 6e30IIaCHOe o6cny,KHBaHHe CIICTeM 3axoponenHH pa,11I1oaKTHBHhlX OTX0,110B; 

• 6e30IIaCHaH 3KcrrnyaTaUHH Me,11HUIIHCKIIX ycKopI1Tenefi II pa,11HOTOMOrpaqioB; 

• 6ecKOHTaKTHbie CIICTeMbI Il3MepeHHH ::ineKTPH'leCKoro TOKa II 3amHThI ::ineKTPOCeTell II 

06opy,110BaHI1H na aTOMHhIX ::ineKTPOCTaHUIIHX; 

• KOHTPOnhHO-Il3MepI1TenhHhie II yrrpaBnHJOmile CIICTeMbI KOCMil'leCKIIX arrrrapaTOB. 

HarrpIIMep, OCHOBHhIM rrapaMeTPOM nJ06oro ,11eTeKTOpa 'laCTIIU HBnHeTCH BhICOKOe 

pa3perneHHe rro IIMrrynhcy 'laCTHUhI (HarrpHMep, ,11nH CMS - 5 % rrpI1 3HeprnI1 E = 1 T::iB), 

TO'lHOCTh pac'leTa KOTOporo orrpe,11enHeTCH TO'lHOCTh!O Il3MepeHIUI pa,11I1yca TPaeKTOpIIH 

rrponeTa '!aCTIIUhl II TO'lHOCTh!O Il3MepeHHH MarHHTHOro rronH coneHOil,11a B TO'lKax Ha 3TOll 

TPaeKTOpHII. CoBpeMeHHhill ypoBeHb pa3BHTHH K0Op,11I1HaTHhIX ,11eTeKTopoB II03BOnHeT 

H3MepHTh KOOp,11HHaTy 'laCTHUhI C BhICOKOll TO'lHOCThlO (nyqrne 100 MKM HnII 3x10-
5 % rrpH 

pa,11Hyce TPaeKTopIIH rrponern '!aCTHUhI - 3 M). B TO )Ke BpeMH TO'lHOCTh Il3MepeHHH 

MarHHTHOro rronH B pa,1111aunoHHhIX ycnOBHHX 3KCrrepnMeHTa B CHnhHOll CTeIJeHH orpaHH'leHa 

pamiaunoHHOll CTOllKOCTh!O ,11aT'!HKOB MarHIITHOro rronH H HaX0,11HTCH Ha ypOBHe - 1 %. 
KoMIIhJOTepHOe M0,11ennpOBaHne MarHHTHhIX rronefi II03Bonnno C HeKOTOpbIM 

rrpH6nn)KeHneM CBH3aTh 3Ha'leHHe MarHHTHoro rronH B pa6oqefi 06nacTI1 H BHe ee. 

Hcrronh30BaHHe ,11aHHhIX KOMIIhJOTepnoro M0,11ennpoBamrn, peJynhTaTOB MarHHTHhIX 

Il3Mepe!IHll BHe pa,11HaUIIOHHOro rronH II ,11aHHhIX !IO IIJMepeunJO T0K0B B MarnnTax 

II03B0nnno cymecTBeHH0 IJ0,11HHTh T0'lH0CTh B0CCTaH0BnennH 3Ha'leHHH ManIHTH0ro rronH Ha 

TpaeKT0pHII rrponern 'laCTHUhI, T.e. B pa6o'leM 061,eMe, ,110 - 0.1 %. Ha,110 II0,11'lepKHYTh, 'ITO 

rro,1106Hh!e K0CBeIJHble HJMepeHHH MarHHTHOro rronH HMe!OT YKa3aHHyJO TO'lH0CTh TOnhK0 B 

CTUUH0HapH0M pe)KUMe, KOr,11a He yqnThIBaJOTCH, Bo-rrepBhIX, Hanil'!He 6onhIIIOro KOnIFieCTBa 

06opy,110BaHHH Herrocpe,11CTBeHH0 B pa6o'lell o6naCTH MarHHTH0ro IIOnH, B0-BT0pbIX, 

«crnpenne» MaTepnanoB, H3 KOToporo n3roT0Bnen caM MarnnT, rro,11.11ep)K1IBa10mux 

KOHCTPYKUHH, o6opy,noBaHHH, ::ineKTP0HHKH H T.,11. B pe3ynhTaTe pa,11I1aUHOHHOll narpY3KII. 

Hcxo,nH H3 3T0rO 0'lCHh cepbe3Hh!C TPe6oBaHHH rrpe,nbHBnHIOTCH K MaTepnanaM 

K0HCTPYKUHH i<aK caMoro Marnnrn, TaK u Bcero 06opy,110BaHHH BHYTPH MarHHTa. TaK ,11nH 

LHC neo6xo.11nMaH ,11onroBpeMeHHaH CTa6HnbHOCTh rrapaMCTPOB BCero 06opy,110BaHI1H 

,11on)l(Ha o6ecrre'lnBaThCH B Te'leHHH 10 ncr pa60ThI ycKopnTenH. )],aHHhie TPe6oBannH Bcer,11a 

HBnHJOTCH K0MilpOMHCCOM Me)K,11y neo6X0,11HM0ll T0'lH0CTh!O rrpoBe,11eHHH 3KCrrepnMeUTa H 

TCXH0norn'!eCKIIMH B0JM0)KH0CTHMH K0HCTPYKUHH. )],OCTH'lh a6conJOTHOll "rrp03pa'IHOCTH" 

06opy,110BaHHH ,11nH MarHHTHoro rronH rrpaKTII'leCKH HCB03MO)KH0, 'ITO rrpnB0,11HT K 

HCKU)KCHHIO ero pacrrpe,neneHHH, oco6eHHO B ycnoBHHX 6onhIIIHX rpa,11HCHT0B MarHHTH0ro 

rronH. C YBenH'lCHHeM pa,11naunoHHOll HarpY3KH 3Tll HCKa)KellHH KapTbI MarHHTH0ro rronH 

T0nhK0 ycunuBaJOTCH. 

B 3THX ycno1mHX rrpoBeCTH K0ppCKUHIO MarHHTU0ro II0nH B03M0)KH0 C II0M0mhJO 

M0HHTOpnnra MarHHTH0ro rronH B peanhHhIX ycnoBHHX pa60Thl ycTaH0BKH. Ho rrpu 3T0M HC 
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TOJlbKO BC.ll KOHCTJ)YJ(llii.ll nonnepraeTC.ll HHTeHCHBH0My o6nyqeHHIO, B pe3yJlbTaTe 'Iero 

npoHcxonHT ee «cTapeHHe», HO H BC.ll H3MepnTeJlbHa,r :meKTJ)0HHKa, BKJl!O'Ia.ll naT'IHKii 
MarHHTH0ro n0Jl.ll. 

PerneHue 3a)la'I MOHHTOpHHra MarHHTH0ro n0Jl.ll B pa)lnaunoHHblX YCJJ0BH.llX B K0He'IH0M 
.... ... ,,). C'IeTe onpeneJJ.lleTC.ll PaJlHal.{H0HH0H CT0HK0CTh!O naT'IHK0B MarHHTHoro noJJ.ll. 

TaKUM o6pa30M, nccnenonaHHe panHaUH0HHOH CTOHKOCT!i naT'IliK0B MarHHTH0ro noJJJI 

JIBJllleTCJI Bll)I(HOll HayqHoii 3a)laqefi H HMeeT 60JlbllIOH npaKTH'IeCKiill liHTepec nnJI 

MOHliTOpiiHra MarHHTHOro noJJJI B pa3llH'IHbIX ¢li31i'IeCKiiX ycTaH0BKax B YCJJ0BliJIX Bb!C0KHX 
pa)liial.{H0HHblX n0T0K0B. 

B 3TOM CBeTe naHHa.ll pafioTa JIBJlJleTCJI aKTyaJJbHOH Ha ceronHJillIHlill neHb. 

IleJIL n Jauaqn unccepTagnouuoii pa6oTLI 

U:eJJb!O naHHOH pafioTbI JIBJlJIJl0Cb paJpafiOTKa, H3rQT0BJleHHe Ii npHMeHeHHe K0MnJJeKca 

o6opynoBaHHJI nnJI HCnbITaHHJI naT'IHK0B MarHHTH0ro n0JJJI n panHaUH0HHbIX ycJJ0BHJIX nnJI 
MOHiiTOpiiHra MarHHTH0ro n0JlJI Ha ycKopnTeJJJIX. 

,[{JJJI nocTH)KeHHJI nOCTaBJleHHOH uenu Heo6xonnMo 6bIJJO pellIHTb cnenyromHe 0CH0BHb!e 
3a)la'IH: 

• BL1pa60TaTb 
MeTonnKy nponeneHHJI BCero K0MnJleKca pafioT no li3yqeHHIO 

pa)luaunoHHOH CTOHKOCT!i naT'IHK0B MarHHTH0ro noJJJI. 

• CoJnaTb COOTBeTCTBYIOII.{YIO 3KCnepnMeHTaJJbHYIO fia3y Ha 0CH0Be 

MarHHTOKaJJii6poBO'IHb!X CTeHnoB JI<l>lJ )lJ]JI H3MepeHHJI xapaKTepHCTHK naT'IliK0B 
MarHHTHoro n0JJJI no ii nocne o6nyqeHHJI. 

• Pa3pa60TaTb Ii H3roT0BHTb Heo6xonHMYIO li3MepHTeJlbHYIO annapaTypy nnJI 

nccnenoBaHHJI xapaKTepiiCTliK ofipaJI.{OB naT'IliK0B MarHHTH0ro noJJJI no Ii nocne 
06nyqeHHJ1. 

• PaJpafioTaTb He06XO)lHMYIO TeXH0Jl0rHIO o6nyqeHHJI o6pa3UOB B pa3Jlii'IHblX YCJJ0BliJIX 

3KcnepHMeHrn; o6opynoBaTb o6nyqaTeJlbHbie CTeHnb1 Heo6xonHMb!Mii 

npncnoco6neHHJIMH nnJI 3arpY3Kn B aKTHBHYIO 30HY Ha CTJ)oro onpeneneHHoe BpeMJI, 

KOTopoe onpeneJJJIJlO ypoBeHb no3bl o6nyqeHHJI, H BblrpYJKli o6pa31.{0B li3 aKTHBH0H 

30HbJ, o6ecne'IHB nx 6eJonacHoe xpaHeHHe KaK Ha MecTe npoBeneHHJI o6nyqeHnJI, TaK Ii 

npn li3MepeHHJIX Ha MarHHT0KaJJii6poBo'IHbIX CTeH~ax. 

• IkcnenoBaTb pannauH0HHYIO CTOHKOCTb pa3Jlli'IHbIX Tiin0B naT'IliK0B MarHHTH0ro n0JlJI. 

B Tex cnyqaxx, Karna 3T0 B03M0)KH0, npoBeCTli HX MonepH!i3al.{HIO C UeJlb!O ynyqrneHHJI 

liX pa)liiaUHOHHOH CTOHKOCTli. OTo6paTb Han6onee PaJlliaUH0HH0CTOHKiie naT'IliKii 
MarHHTH0ro n0JlJI. 

• Pa3pa60TaTb H HCnbJTaTb np0T0Tlin MarHHT0MeTJ)H'IeCKOH annapaTypbl Ha 0CH0Be 

C03nanaeMbIX pa)liiaUH0HH0CTOHKliX naT'IliK0B MarHHTH0ro noJJJI B ycJJQBliJIX peanbH0ro 
3KCnepuMeHTa Ha YCK0pHTeJle. 

HayquaH HOBHJHa pa60Tbl 

B nHccepTaUHOHHOH pafioTe npHBeneHbI H0BbJe pe3yJJbTaThJ no pa)liial.{H0HHOH CTOHKOCT!i 

pa3llii'IHbJX naT'IHKOB MarHHTH0ro nonJI; nepBb!e pe3yJJbTaThl 3KcnepHMeHTa no 

MOHHTOPHHry MarHHTHOro n0JJJI B panttal.{H0HHblX n0JJJIX Ha ycKopHTeJle Y-400M (JUIP, 
OIDIH). 

I. Ha OCHOBe pa3pa60TaHHOH B OIDIH TeXH0Jl0riili o6nyqeHHJI o6pa3UOB nonyqeHbl nepBb!e 
pe3yJlbTaTbJ no uccnenoBaHtt!O: 

2 

a) xapaKTepHCTHK MHKponaT'IHK0B Xonna, H3roT0BJleHHblX no opnrHHaJJbHOll 

TeXH0Jl0rHH B rocynapcrneHHOM YHusepCHTeTe «JlbBOBCKa.ll floJJHTeXHHKa» (rY 

«JIIT» r. JlbBOB, YKpanHa) 113 nncKpeTHbIX MHKp0KpllCTaJJJl0B Ha 0CH0Be 

TJ)a)llll.{li0HHblX nonyrrposonHHK0BbIX MaTep1Ian0B TIIna III-V no II nocne o6nyqeHHJI 

6bJCTJ)bIMII HeHTJ)OHaMH co cpenHeii 3Heprneii <En>=l.3 M3B II C ¢n10eHCOM OT 1014 

no 1020 
HIM

2 
(Ha cTeHnax OIDIH); 

b) xapaKTepiiCTIIK floJJeBbJX naT'IliK0R MarHIITH0ro n0JJJI, li3roT0BJleHHbJX Ha 0CH0Be 

COBpeMeHHOH nonyrrposonunKOBOH lll!TerpanbHOH TeXH0Jl0rHII «KpeMHlill Ha 

H30JJJITope» B IfHCTHTYTe ITpo6neM TexHonornH MHKpo:meKTJ)OHIIKII u Oco6o 

1IHCTbIX MaTep1Ianos PoccHiicKoii AKa)leMIIII HaYK (HITTM P AH, r. 1IepHoronosKa, 

PoccttJI) no u nocne o6nyqeHHJI 6b1CTJ)bIMH HeiiTJ)0HaMH c 3Heprneii OT 0.1 no 25 M3B 

II c ¢n10eHcoM oT 1016 
no 1018 

HIM
2 

(Ha cTeHnax OIDIH); 

c) pa)lHaUIIOHHOH CTOHKOCTII BbICOKOCTa6HJlbHb!X BepTHKaJJbHb!X naT'IliK0B MarHIITH0ro 

noJJJI, coJnaHHblX no TeXH0Jl0rHII fiIIIIOJlllpHbIX liHTerpanbHblX cxeM B lllneiiuapCKOM 

<l>enepanbHOM IfHCTHTYTe TexHonornlI (lll<l>HT, r.JIOJauHa, lllneiiuap1IJ1) np1I 

o6nyqeHHli 6bICifbIMH HeHTJ)OHaMII co cpenHeii 3Heprneii <En>= 1.3 M3B u c 

¢n10eHcoM OT 101 
no 1019 

HIM
2 

(Ha CTeHnax OH51If II lll<l>HT). 

2. ITponeneHbl 3KCnep1IMeHThl Ii BnepBbie nonyqeHbl pe3yJlbTaTbl no M0HHT0plrnry 

MarHHTH0ro n0JlJI s pa3lllI'IHb!X peanbHb!X pan1IaUH0HHblX noJJJIX Ha ycK0plITeJle Y-400M 

(OIDIH) B Te'IeHIIII onHoro ceaHca nnlITeJJbH0CTb!O 104 qaca, rne ¢n10eHc raMMa

HJnyqeHHJI fib!Jl B nuanaJ0He 107 + 109 
r/M

2 
u ¢n10eHc HeHTJ)OHOB - 10 13 + 10 16 

Hhi2, npu 

3Heprn1I E = 0 + 10 M3B. flpu 3TOM, CYllfMapHax 0TH0CHTeJlbHaJI T0'IH0CTb M0HIIT0pHHra 

MarHHTHoro noJJJI nplI 3TIIX MaKClil\faJJbH0 nocTIIrHYTb!X no3ax o6nyqeHIIJI .[{X B 

npouecce 3Kcnep1IMeHTa cocTaBHJJa: 

a) nnJI npoMblllIJJeHH0ro ,[{X (ITX3605, r. C-fleTep6ypr, a/o «MarneTOH») - 0.17%, 

b) nnJI orn6paHHbJX pan1IaUHOHHOCTOiiKux .[{X (rY <<.TIIT», r. Jlbsos)- 0.07 %. 

3. 8 pe3yJlbTaTe 3B0Jl!OUIIII TeXH0Jl0rHII mroTOBJleHHJI .[{X Ha 0CH0Be nponeneHHbIX 

liCCJJenosaHHii 6b!Jl0 snepBb!e nocTIIrHYT0 3Ha'IIITeJlbH0e ynyqmeHHe pa)lHaUHOHHOH 

CTOHKOCTH .[{X. EcJJli B Ha'Iane liCCnenoBaHIIH H3MeHeHHe 'IYBCTBIITeJlbH0CTII .[{X nplI 

o6nyqeHHH 6bICTJ)bIMII HeiiTJ)OHaMH C ¢n10eHCOM F - 1018 
HIM

2 
6b!Jl0 Ha yp0BHe enlIHIIU 

npoueHT0B, TO B pe3yJlbTaTe Hamux IICCJJenonaHIIH 3T0T napaMeTJ) YllfeHbllJIIJlCJI Ha 

nopJinoK u C0CTaBIIJl He 6onee 0.2 % npu o6nyqeHIIH 6b!CTJ)b!MII HeHTJ)OHaMII c 

¢n10eHCOMF= 1.4x 10
18

HIM
2

• 

IlpaKTII'Iec1rnH JHa'IHMOCTb pa60Tbl 

I. Co3naH KoMnneKc o6opynosaHHJI B JI<l>l! OIDIH c uenL10 ucnonLJosaHIIJI ero KaK nnJI 

liCCnenoBaHIIJI pa)lHaUIIO!IHOH CTOHKOCTH naT'IIIK0B MarHIITH0ro II0JlJI, TaK II Jlllll 

KaJJii6poBKH BH0Bb C03JlaBaeMOH MarHIITOMeTJ)II'IeCKOH annapaTypbl B MarHIITHb!X II0JlJIX 

Jl0 5 Tn, COCTOJIII.{lill li3 H3MepuTeJlbHOH annapaTypbI, Kan1I6poBO'IHb!X II o6nyqaTeJlbHblX 

CTeHJl0B," MexaHH3M0B nepeMell.{eHHJI naT'IliK0B MarHIITH0ro II0JlJI Ha CTeHJlax: 

• If3Mep1ITeJlblla.ll annapaTypa o6ecne'IIIBaJJa 0TH0CHTeJlbHYIO T0'IH0CTb II3Mepemtii 

MarHHTH0ro noJJJI X0JlJl0BCKIIM MarHHT0MeTJ)0M, H3r0T0BJleHHblM B JI<l>l!, Ha yp0BHe 

0.02 % H a6COJl!OTHYIO TO'IH0CTb 113MepeHHii (0.001 % OT Boop) npeUII31I0HHblM 51MP 

- MarHIIT0MeTJ)0M PT 2025 npolIJBoncTBa ¢1IpMbI METROLAB. 

• Ha MarHIITOKaJJH6poBO'IHb!X CTeHnax JI<1>1I o6ecne'IHBaJJaCb BblC0KaJI 0TH0CIITeJlbHaJI 

T0'IH0CTb (- 0.01 %), a )lJ]JI CBepxnp0B0)lllll.{ero CTeHna II a6conIOTHaJI T0'IH0CTb (-

0.01 %), MH0roKpaTH0ro II0BT0peHIIJI ycJJOBHii 3Kcnep1IMeHTa Ha «rennoM» H 

<<X0Jl0llH0M» MarHIITOKaJJH6poBO'IHbJX CTeHnax s II0JlJIX no 5 Tn npu uccnenonaHHH 

PaJlHaUIIOHHOH CTOHKOCTH naT'IIIK0B MarHIITH0ro II0JlJI. 
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• Cneu11anhHOe 3' - Koopn11HaTHOe np11aonHoe ycrpoHCTBO 06ecneq11aano 
nepeMell.{eH11e II qmKcaumo 11cnhnyeMhIX o6pa:moa .[{X B pafioqeM 3a:iope MarH11Ta c 
TOqHOCTblO - 0.1 MM. 

• Pa:ipa6oTaHhl II BHenpeHbl 3KCnep11MeHTaJlbHbie MeTonhI o6nyqeHIIH o6pa:iuoa 
narq11KOB ManmTHoro nom1 Ha peaKTope MEP-2 (JIH<I>, OIUIM), rne 6hma 
orpa6ornHa Heo6xon11Ma» TexHonorm1 06nyqeH11H o6pa:iuoa II cOJnaHbl 
COOTBeTCTByioll.{lle 3Kcnep11MeHTaJibHbie YCJIOBIIH Ha peaKTope nm1 npoaeneHIIJI 
pan11au110HHblX IICCJienoaaHIIH o6pa:iuoa naTqllKOB MarHIITHOro nOJIJI. 

2. COJnaHbl MIIKpOMIIHllaTIOpHble pan11au110HHOCTOHKlle naTqllKII MarHIITHOro nOJIJI B 
paMKax c1;rnMeCTHOH pa6oTbl OIUIM c fY "JUI" (r. JlbBOB, YKpa11Ha) no npoeKTaM 
YKpa11HcKoro HayqHo-TexH11qecKoro l.{eHrpa (YHTl.{) N2 320 11 MelK.!lynaponHoro 
HayqHo-TexH11qecKoro l.{eHrpa (MHTl.{, OIUIM, r . .[{y6Ha, Pocc11J1) N2 639. I1p11 JTOM 
6bIJIO IICCJienoBaHO 6oJiee 400 o6pa:iUOB naTqllKOB MarHIITHOro nOJIJI 11 6bIJIII 
cqiopMyJillpOBaHbl peKOMeHnau1111 no COBepmeHCTBOBaHIIIO TeXHOJIOr1111 113roTOBJieHIIJI 
pan11au110HHOCTOHKIIX naTqllKOB MarHIITHOro nOJIJI. Ha 6a:ie pa:ipa6oTaHHb!X HaMII 
pan11au110HHOCTOHKIIX MIIKponarq11KOB MarHIITHOro nOJIJI B ry <<IlIT» COBMeCTHO C 
IIH)KeHepaMII 113 KaHanhl II .5InOHIIII H3rDTOBJieHa II IICnbITaHa MarHIITOMerp11qecKaJ1 
annapaTypa nnH 113MepeHIIH MarHIITHOro nOJIH B pan11au110HHblX YCJIOBIIJIX Ha 
ycKop11TeJIHX. Ha co3naaaeMOM ycKop11TeJie MPEH B OIUIM nnaH11pyeTcH npoaon11Tb 
MOHIITOpllHr MarHIITHOro noJIH B pan11au110HHbIX YCJIOBIIJIX C nOMOll.{blO pa:ipa6oTaHHbIX 
HaMII pan11au110HHO-CTOHKIIX MIIKponaTqllKOB MarHIITHOro nOJIJI. 

3. ITpoaeneHhl nepBbie 113MepeHIIH pan11au110HHOH CTOHKOCTII BbICOKOCTa611JibHblX 
BepTIIKaJibHbIX naTqllKOB MarHIITHOro nOJIJI 113rOTOBJieHHblX B lll<I>MT (r. JlOJaHHa, 
lllaefiuap11J1) B paMKax npoeKTa MHTl.{ (OIUIH, r . .[{y6Ha, Pocc11H) N2 639. 

4. ITpoaeneHhl nepBbie IICCJienoBaHIIH pan11au110HHOH CTOH_KOCTII IloJieBblX naTqllKOB 
MarHIITHOro nOJIH, H3rDTOBJieHHblX Ha OCHOBe coapeMeHHOH nonynpoaonHIIKOBOH 
IIHTerpanhHOH TexHonorn11 <<KpeMHIIH Ha 1130JIHTOpe» a MITTM P AH (r. qepHoroJIOBKa, 
Pocc11J1) B paMKax npoeKTa MHTl.{ (OIUIH, r . .[{y6Ha, Pocc11H) N2 639. 

5 .. BnepBhie npenno)KeH II pean113oaaH MeTon no npoaeneH1110 nepaux nonroapeMeHHhIX 
11cnhITaH11H MarHIITOMerp11qeCKOH annapaTypbl nnH MOHIITOpllHra MarHIITHOro nOJIJI B 
peaJibHblX pan11aUIIOHHbIX ycJIOBIIJIX npoaeneHIIH 3Kcnep11MeHTa Ha ycKop11TeJie Y-400M 
(JI.5IP, OIUIM) B TeqeH1111 onHoro ceaHca MHTeJihHOCThIO 104 qaca. ,[{JIH JToii uenH 
pa:ipa6oTaH II H3roTOBJieH npOTOTlln MarHIITOMerp11qecKOH annapaTypbl Ha 6a:ie 
pan11au110HHOCTOHKIIX MIIKponarq11KOB XoJIJia. 

~BTOQ 3aIUHIUae-r: 

• KoMnJieKC o6opynoaaHHJI nJIH IICCJienoaaH_IIH pan11au110HHOH CTOHKOCTII naTqllKOB 
MarHIITHoro noJIH, COCTOHll.{IIH 113 113Mep11TeJibHOH annapaTypbI, KaJI116poaoqHblX II 
o6nyqaTeJibHbIX CTeHnoa, npeU113110HHblX MeXaHll3MOB nepeMell.{eHIIH narq11KOB 
MarHIITHoro nOJIH Ha CTeHnax. 

• Pe3yJihTaTbl IICCJienoaaHIIH pan11au110HHOH CTOHKOCTII MIIKponaTqllKOB XoJIJia Ha 6a:ie 
TpanllUIIOHHblX nonynpoaonHIIKOBbIX MaTepllaJIOB III-V, 113rOTOBJieHHblX B rY <<IlIT» 
(r.JlhBOB, YKpa11Ha), npll o6nyqeHIIII 6bICTpbIMII HeiiTpOHaMII co cpenHeii 3HeprneH 
<En>=l.3 MJB II c qin10eHCOM OT 1014 no 1020 HIM2 (Ha CTeHnax OIUIM). 

• Pe3yJihTaTbl IICCJienoBaHIIH pan11au110HHOH CTOHKOCTII IloJieBbIX naTqllKOB XoJIJia, 
H3rDTOBJieHHblX Ha OCHOBe COBpeMeHHOH nonynpononHIIKOBOH IIHTerpanbHOH 
TexHonorn11 <<KpeMHllii Ha 1130JIJ1Tope» B HITTM P AH (r. qepHorononKa, Pocc11J1), np11 
o6nyqeHIIII 6bICTpblMII HeHTpOHaMII C 3HeprneiI OT 0.1 no 25 M3B II C qJJIIOeHCOM OT 1016 

no 1018 HIM2 (Ha cTeHnax OIUIM). 
4 

• Pe3yJibTaTbl 11ccnenoaaHIIH pan11au110HHOH CTOHKOCTH BepTIIKaJibHbIX naTqllKOB XoJIJia, 
H3rDTOBJieHHbIX no TeXHOJIOrHII 611noJIJ1pHblX IIHTerpaJibHblX cxeM B lll<I>MT (r. Jlo3aHHa, 
lllneiiuap11J1) npll o6nyqeHIIII 6hICTpblMII HeHTpOHaMII co cpenHeii 3Heprneii <En> = 1.3 
MJB II c qin10eHCOM OT 1017 no 1019 HIM2 (Ha cTeHnax OIUIH II lll<I>HT). 

• Pe3yJihTaTbl 11ccnenonaHIIH pan11au110HHOH CTOHKOCTH npOMbIIIIJieHHbIX narq11KOB XoJIJia 
mna ITX3605 (r. C-I1eTep6ypr, a/o «MarHeTOH») MJI qin10eHca HeiirpoHoB F = 1. 16xl0

16 

HIM2 c JHeprneiI E = 0 + 10 MJB (Ha cTeHnax OIUIH). 
• BnepBbie npenJIO)KeHHble II peaJill30BaHHbie 3Kcnep11MeHTaJlbHbie MeTOnhl no 

11ccnenonaH11IO: 
a) xapaKTepllCTIIK naTqllKOB MarHIITHOro noJIJI Ha MarHIITOKaJI116ponoqHblX CTeHnax 

JI<I>q no II nocJie o6nyqeHIIJI 6b!CTpblMII HeHTpOHaMII co cpenneiI JHeprneiI <E> = 
1.35 M3B np11 pa:in11qHb!X 3HaqeHIIJIX qJJIIOeHCOB OT 10

17 
no 10

20 
HIM

2 
Ha peaKTope 

MEP-2 OIUIH. 
b) pan11au110HHOH CTOHKOCTII naTqllKOB XoJIJia B peaJibHhlX ycJIOBIIHX 3KCnep11MeHTa B 

TeqeHIIII onHoro ceanca nn11TeJibHOCTblO 104 qaca Ha ycKOPIITeJie Y-400M (JI.5IP, 
OIUIH) np11 qJJIIOeHce raMMa-HJnyqeH11J1 B n11ana:ione 10

7 + 10
9 

r/M
2 

11 qin10eHce 
HeiirpoHOB - 1013 + 1016 HIM2

, np11 JHeprn11 E = 0 + 10 MJB. 

Anpo6aunH pa6oTbI 

OcHOBHbie pe3yJibTaThI, np11neneHHble B n11ccepTau1111, noKJianhIBaJIIICb II o6CYlKJlaJIIICb 
Ha cnenyiolllllX KonqiepeHUmlX II COBell.{aHIIJIX: 
I. "The 9th International Magnet Measurement Workshop (IMMW-9)", CEA, Saclay, France, 

June, 1995. 
2. "The 2nd International Conference VITI-97", Minsk, September, 1997. 
3. 1997 IEEE ''The 15th International Magnet Technology Conference (MT-15)", Peking, 

October, 1997. 
4. "The EUROSENSOR-12 Conference", Southampton, England, September, 1998. 
5. "The 11th International Magnet Measurement Workshop (IMMW-11)", BNL, Upton, NY, 

USA, September, 1999. 
6. 1999 IEEE "The 16th International Magnet Technology Conference (MT-16)", NHMFL, 

Tallahassee, Florida, USA, September, 1999. 
7. The Conference «Radiation Hardness of Electronic Systems», Lytkarino, Moscow Region, 

Russia, June, 1999. 
8. The 7th European Particle Accelerator Conference (EPAC-2000), Vienna, Austria, June, 

2000. 
9. 2001 IEEE "The 17th International Magnet Technology Conference (MT-17)", CERN, 

Geneva, Switzerland, September, 2001. 
10. Pa6oq11e COBell.{aHIIJI: 
a) no cMe,KHhlM npoeKTaM YHTl.{ N2 320 11 MHTl.{ N2 0639. rY <<IlIT», r.JlhBOB, YKpallHa, 

10 HOJ16pJ1 1998r; 
b) no HTOraM pa6oT no npoeKTy MHTl.{ N2 639. OIUIM, .[{y6Ha, Pocc11H, 24 HOJ16pJ1 1999 r. 
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IIy6JinKaguu 

Ilo MaTepnrurnM ,IIHCCepTallHH ony6JIHKOBaHo 12 Ha}"IHbIX pa6oT. 

Co.llep,KaHHe m1ccepTauuu 

,;. 

,n:nccepTaIUIOHHM pa6oTa cocT0HT H3 BBe,11eHHJ1, ceMn man, JaKn10qeHnJ1 n 6n6nnorpaqnm. 

,n:nccepTal.\HJI co,11epJKHT 27 pHC)'HK0B, 1 rn6nm~y, 6n6nnorpaqm10 H3 72 HanMeHoBaHntt n 
HMeeT o6mntt 061,eM 76 CTPaHHI.\. 

Bo BBe.lleHHH H3naraeTCJI o6mnif no,11xo,11 K npo6neMe M0HHT0pHHra MarHHTH0ro n0JIJI 

n pa,11naunoHHbIX ycJI0BHJIX Ha ycKopnTeJIJIX. O6oCHOBaHa aKTyaJibH0CTb n cqiopMynnpoBaHbl 

uenH ,11nccepTaUHOHHOH pa60TbI. KpaTKO H3JlaraIOTCJI 0CH0BHbie pe3yJlbTaTI,I, K0T0pbie 

BbIH0CJITCJI Ha JamnTy. IlpHBO,IIHTCJI cnncoK 0CH0BHbIX KOH<jlepeHI.\HH H conemaHHH, r,11e 
npoIIIJla anpo6aunJ1 ,11aHHOif pa6oTbI. 

IIepBaH rJiaea co,11epJKHT Bb16op H o6oCHOBaHne BbI6paHHOH MeT0,IIHKH HCCJie,II0BaHHJI 

pa,11naunoHHOH CTOHKOCTH ,llaTqHK0B Xonna. OCHOBHbIM MeT0,II0M H3}"1eHHJI xapaKTepHCTHK 

,11aTqHK0B MarHHTH0ro noJlJI B pa,11naunoHHbIX ycnonm1x 6bIJl BbI6paH MeT0,11 cpaBHHTeJlbH0ro 

aHaJIH3a xapaKTepHCTHK o6pa3UOB ,110 H nocne 06nyqeHnJ1: OCHOBHbie 3KCnepnMeHTbI 6b!JlH 

npoBe,lleHbI Ha MarHHTOKaJin6ponoqHbIX CTeH,llax JI<l>tJ n HMnynbCH0M peaKTope 6bICTPbIX 

HeHTPOHOB llEP-2 (JIH<l>, OIUill). KpoMe rnro, ncnbITaHHJI npoToTnna 

MarHHTOMeTPnqecKOH annapaTypbI n K0MnneKTe c OTo6paHHbIMH pa,11naunoHH0-CTOHKHMH 

,n:x npono,11nnncb Ha JKcnepnMeHTaJibHoii ycTaH0BKe KOMEAC Ha ycKopnTene Y - 400 M 
(JUIP, OIUill). 

IlpnBe,lleHa cxeMa 3TanoB pa6oT no nccne,110BaHHIO pa,11naunoHHOH CTOHK0CTH .n:x Ha 
cTeH,11ax OIUill (Pnc. 1 ): 

1. O6nyqeHne o6pa3UOB Ha peaKTope llEP-2 OIUill 6bICTPbIMH HeHTPOHaMH co cpe,11Heii 

3Heprneii <E> = 1.35 MJB npn pa3nnqHbIX 3HaqeHHJIX <jln10eHcon OT 1013 ,110 10I
(j HlcM2

• 

3TH 3HaqeHHJI <jlnIOeHCOB C00TBeTCTBYJOT pacqeTHbIM ,llaHHbIM no HeHTPOHHOMy <jloHy 
60JiblIIHHCTBa C0BpeMeHHbIX ,lleTeKT0p0B. . 

2. XpaHeHne o6nyqeHHbIX o6pa3UOB oc~eCTBJlJIJl0Cb npn TeMnepaType -10° C C uenbIO 

HCKflIOqeHHJI B03M0JKH0ro 0TJKHra pa,11Hal.\H0HHbIX ,11e<jieKTOB B o6pa3uax ,110 M0MeHTa HX 
nccne,11onaHHJ1 Ha CTeH,11e. 

3. IlOBbIIIIeHne a6COJlIOTHOH qyncTBHTeJlbH0CTH .n:x Ha nopH,LI0K 3a cqeT 3annTKH HX 

nMnynbCHbIM ('r = 0.5 Mc) T0K0M c aMnnnTy,11oii I= 10 x lttoM• 

4. llccne,11onaHne napaM~0B ,n:x npn nocTOJIHHoii TeMnepaType t = +25° C (± 0. I 0) ,110 H 
nocne o6nyqeHHJI. · 

5. A6cOJlIOTHaJI KaJIH6pOBKa ,n:x B e,11nHnuax MarHHTH0ro n0JlJI Ha MarHHTOKaJIH6ponoqHQM 

CTeH,lle C ncnom,30BaHHeM 3TaJI0HH0ro npn6opa .5IMP-MarHHTOMeTPa, KOTOpbIH n03B0JIJIJI 

<jJHKCHpoBaTb 3HaqeHne MarHHTH0ro nonJI B O,IIHOpO,IIHOH o6naCTH C a6cOJlIOTHOH 

TQqHQCTbIO He XYJKe 0.001 %. 
6. y CTaH0BKa KaCCeTbI C .n:x H .5IMP npo6HHKOM B 0.IIHY H TY JKe TQqKy 0,IIHOpO,IIHOH 

o6naCTH MarHHTH0ro nonx ,110 H nocne o6nyqeHHH C TQqH0CTbIO He XYJKe 0.1 MM C 

noMombIO cnel.\HaJibH0ro K00p,llnHaTH0ro MexaHH3Ma. 

7. MHOroKpaTHOe noBT0peHne HCCJie,II0BaHHJI ,n:x nocne o6nyqeHHH ,IIJlJI BblHBJleHHJI 
CK0p0CTH B0CCTaH0BJieHHJI H3HaqaJibHbIX napaM~0B ,n:x. 
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Pnc. 1. CxeMa 3Tan0B pa6oT no TeCTHp0BaHHIO .n:x. 

8. Ilo pe3yJibTaTaM 3KCnepnMeHT0B Bbipa6aTb!BaJIHCb cne,IIYJOIUHe peK0MeH,11aunn: 

a) no H3MeHeHHIO CTPYKTYPbi KaK qyncTBHTeJibHoii o6nacTn nnacTHHbI ,11aTqnKa, ero 

no,IIJI0JKKH, TaK H no,IIB0,IIJIIUHX np0B0,110B H cnoco6oB HX KpenneHHJI K K0HTaKTHblM 

ToqKaM Ha nnacTHHe ,n:x; 

b) no H3MeHeHHIO peJKHM0B o6nyqeHHJI o6pa3UOB na o6nyqaTeJibHbIX YCTaH0BKax n 

coorneTCTBHH c K0HKpeTHbIM THn0M ncnbITyeMbIX o6pa3UOB; 

c) no H3MeHeHHIO peJKHM0B KaJIH6poBKH 3KCnepnMeHTaJibHbIX .n:x Ha 

MarnnTOKaJitt6ponoqnoM cTen,11e ,110 H nocne o6nyqenHJI. 

9. IlpoBe,lleHbl HCnbITaHHH np0T0THna MarHHTOMeTPHqeCKOH annapaTypbl B K0MnJieKTe c 

OT06paHHbIMH pa,11nauno11110-CTOHKHMH .n:x Ha 3KCnepnMeHTaJibHOH ycTaH0BKe 

KOMEAC na ycKopHTene Y - 400 M (JUIP, OIUill). 

Bo BTopon rJiaee npnne,11enu rrapaMeTpbl «rerrnoro» MarnnToKaJitt6ponoqnoro 

cTen,11a, npe,11HaJ11aqe1111oro ,11nJ1 nccne,11ona11HJ1 rrapaMeTP0B ,n:x ,110 H rrocne o6nyqeHHJI B 
MarHHTHbIX II0JIJIX ,110 2 Tn (Pnc. 2). 

kACC[TA 
JIX • •~r 

lzconsl 
8.=var 

Pnc. 2. EnoK-cxeMa cTen,11a (2Tn.). 

HUIEPMTEJlhH~I 
AllllAPAHPA 

Ero ocnonoii JIBJlJIJICJI lll-o6pa3HbIH 

3neKTpoMarm1T, KOTOpbIH 

3aIIHTb!BaJICJI II0CT0JIHHblM 

CTafiHJlbHbIM T0K0M ,110 200 A C 

nnanHoii perynnponKoii ero 311aqe11HJ1. 

IlapaMeTPbl 6onee 400 o6nyqennux 

o6pa3UOB ,llaTqHK0B MarHHTH0ro n0JIJI 

6b!JlH HCCJie,II0BaHbl na CTeH,11e rrpH 

pa3JIHqHbIX yp0BHJIX MarHIITH0ro 

n0JIJI, rrpn 3T0M 6bJJII-I o6ecrreqeHbl 

cne.llYJOIUHe ycnoBHJI npoBeneHHJI 
3KcrrepHMeHT0B: 

I. O6pa3UOBOe (Boop) MarHHTH0e none B pafioqeM B03.IIYIIIH0M 3a3ope MarHHTa M0rJI0 

nnaBH0 H3MeHHTbCJI OT O LIO 2 Tn. 
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2. OnHoponHOCTh ManmTHOro nOJIJI Bo6p B ne1npanhHOH qacnI 3a.30pa (pafioqHfi o6beM C 

050 MM n Bh!COTOH no 30 MM) o6ecneqHBaJiaCh Ha ypoBHe 0.01 %/cM (PHC. 3) BO BCCM 

nHana:ioHe MarHHTHhIX noneii no 2 Tn. 
3. KoHTPOJih H nHnHKannJ1 o6pa:inoBoro MarHHTHOro noJIJI Bo6p B pafioqeM o6beMe 

OCYilleCTBJIJIJIHCh C nOMOIIlh!O npenH3HOHHOrO 5IMP-MarHHTOMeTPa C Bh!COKOH 
a6coJIJOTHOH TOqHOCTh!O H3MepeHHJI MarHHTHOro nOJIJI (0.00 I% OT Bo6p) npOI13BOncrna 

¢npMhI METROLAB. 
4. IIpellH3HOHHOe 3x - KOopnnHaTHOe npnBonHoe YCTPOHCTBO o6ecneqHBaJIO nepeMeIIIeHHe 

H <i>HKCallIIIO IICnhITyeMh!X o6pa:inoB .n;x B pafioqeM 3a.30pe MarHIITa C TOqHoCTh!O ~ 
0.lMM. 

5002 
J_ 

_ 5001 ,-!0.01% -
8 ,_ V 
-,, 5000 
u 
ti: 

4999 

4998 

/ 

3 4 6 7 
X(cm) 

~ 

9 JO 

B TpeTLeii rnane npHBeneHhl 

CHCTEMA 
KPHOrEHHorol 
05ECf1EllEHllil 

MEXAHH3M 
ITEPEMElllEl-filJI 

KPHOCTAT 

: enc ,-----! 
l I I : 

i~,~~i ___ J ____ _ 
CHCTEMA 
nlITA!-illJI 

CHCTEMA 
BAXYYMHOfO 
01iECTTEllEH11JI 

HJMEPITTEJlhHA..11 
AIIlIAPATYPA 

TaKIIM o6pa:JOM, Bee nepeqHcJieHHOe Bb!llle 
o6ecneqHBaJIO Bh!COKYJO OTHOCHTeJihHYJO 
TOqHOCTh (~ 0.01 %) MHOrDKparnoro 
nOBTOpeHIIJI ycJIOBIIH ::JKCnepIIMeHTa Ha 
<<TenJIOM» MarHHTOKaJIH6poBoqHoM CTeHne npH 
IICCJienoBaHIIII xapaKTepIICTHK naTqHKOB 
MarHIITHOro noJIJI no II nocne o6nyqeHHJI. 
Pttc. 3. PacnpeneneHHe MarHIITHOrO nOJIJI 

no OCH 3a.30pa MarHHTa 

napaMeTPbl CBepxnpoBO.!lJIIIIero MarHHTOKaJIH-
6poBoqHoro cTeHna, npenHa:iHaqeHHoro nnJ1 
IICCJienoBaHHJI napaMCTPOB .n;x no H nocne 
o6nyqeHIIJI B MarHIITHh!X nOJIJIX no 5 Tn (Pile. 
4). Ero OCHOBOH HBJIJIJICJI CBepxnpoBO.!lJIIIIIIii 
COJieHoIIn, KOTOph!H 3anIITh!BaJICJI 
nocTOJIHHh!M CTa6HJihHb!M TOKOM no 150 A c 
nnaBHOH perynttpOBKOll ero 3HaqeHIIJI. 

Pttc. 4. CTPYKTYPHaJI cxeMa 
CBepxnpoBO.!lJIIIIero CTeHna 

8 pe3yJihTaTe MonepHH3allIIII CBepxnpOBO.!lJIIIIero MarHIITOKaJIII6poBoqaoro CTeHna JI<l>q nnJ1 
npoBeneHIIJI npenII3HOHHh!X HCnhITaHHH pannannoHHOll CTOHKOCTH ,ll;X B MarHHTHh!X nOJIJIX 

no 5 TJI fihIJIH nonyqeHhl cnenYJOIIIHe napaMeTPhI: 
I. MaKCHMaJihHOe pafioqee Marnnrnoe none Bo6p ..................... 5 Tn. 

2. 0nHoponaoCTh MarHHTHOrD nOJIJI 8o6p 

B pafioqeM o6beMe (~ 60 CM3) {Pttc. 5) .............................. ~ 0.001 %/cM. 

5. A6cOJIJOTHaJI TQqHOCTh KOHTPOJIJI II IIHnHKanIIII o6pa.3IlOBOro 
MarHIITaoro noJIJI Bo6p B pafioqeM o6beMe 5IMP-MarHIITOMCTPOM ... 0.001 %. 

4. KoopnIIHaTHh!H MeXaHII3M o6ecneqIIBaJI: 

• nepeMeIIIeHIIe npo6HIIKa no OCH coneHottna Z = ± 200 MM 

OTHOCIITenhHO neHTPa pafioqefi o6naCTII c TQqHOCTh!O .......... ± 0.1 MM; 

• nepeMeIIIenne npo6HnKa no panHycy OT O no 35 MM c rnqHOCThJO .. ± 0.1 MM; 

• BpaIIIeHne no yrny OT 0° no 360° C ToqHOCTh!O .•..................... ~ 0.5°. 

5. ,ll;onroBpeMeHHaJI CTa6nnhHOCTh Bo6p (8 qacoB) ··················· 0.005% 
6. IfcroqanK TO Ka ........................................................... 0 + 150 A 

7. CKopOCTh H3MeHeHHJI TOKa ....................................... 0.05 + I A/ceK 
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Pnc. 5. PacnpeneneHne MaranTnoro nonJ1 no ocn coneaonna 
TaKHM o6pa:ioM, Bee nepeqm:nenaoe BhIIIIe o6ecrreqnBano BhICOKYJO a6conJOTHYJO 

TQqHOCTh (~ 0.01 %) MHOrDKpamoro IIOBTOpCHHJI ycnoBHH ::JKCnepnMeHTa Ha 
CBepxrrpoBO.!lJIIIIeM MarHHTOKaJIH6pOBOqHOM CTeHne B IIOITJIX no 5 Tn rrpn nccnenoBaHHH 
pannannOHHOll CTOHKOCTH naTqHKOB MarHHTHOro IIOITJI. 

B qeTnepToii rJiane rrpnBeneHhl napaMe1Jlhl H3MepnTenhHOll arrrrapaTyphl, C 
IIOMOIIIh!O KOTOpoii Ha MarHUTOKaJIH6poBOqHh!X CTeanax OII5III H3MepJIIlHCh 
xapaKTepucTHKH naTqHKOB Marm1moro nomI no u rrocne 06nyqeHHJ1. 8 nepBYJO oqepenh 
paccMaTPHBaJIUCh TPefiOBaHHJI, rrpenbJIBITJleMh!e K ll3MepuTenhHOll arrrrapaTYPe rrpu 
::iKcrrepttMearnx nono6Horo pona. 3Tu TPe60BaHuJ1 rnaBHhIM o6pa:ioM orrpenenJ1JIHCh 

AU n 
TOKA )lX 

- r-~·-~·;·~~-H ~--~ -) 
~ l;H,omoe.l 

~

""' '"( i--··· Li~-~~~~~~~~~.9~~~~~~ 
CHHXPOHHlATOP 

! CETb - -- - -

-220B -----~----~--- , 

.. ::,==:::=; .---r o,mAUHHA l 
It A IT KOHTl'OJIJIEP }-----Jl 3 e M 

6onhlllllM KOnuqecTBOM IICIIhnyeMh!X 

o6pa:inoB (6onee 400), KOTOphIe 6hIJiu 
uccnenoBaHhl B TeqeHHH nnuTenhHoro 
BpeMeHU (3 rona) c MaKCHMaJihHO 
noCTU)KUMOll TQqJIOCTh!O (no 0.02%). IIpu 
::JTOM nano OTMeTUTh, ~o o6pa.3Ilhl 
OTmrqanuch pa:iMepaMH qYBCTBHTenhHOH 
o6naCTU ll IIO.!lilO)KKH, MaTepuanaMU, H3 
KOTOph!X OHH fihIJill ll3rOTOBneHh!, 
HOMIIHaJihHh!Mll TOKaMll nuTaHUJI, 
qYBCTBHTenhHOCTh!O, norrycTUMOll 
pacceuBaeMOll MOIIlHOCTb!O ll rrpoquM. 
Pnc. 6. EnoK-cxeMa H3MepuTenhHOii 

arrrrapaTyphl 

H3roTOBITeHHaJI annapaTypa (Puc. 6) B ycnOBllJIX MarHHTOMeTPuqecKoro CTeHna 
no3BOITJ!Ila npoBonuTh pa3H006pa.3Hh!e llCIIh!TaHHJI na~HKOB MarHHTHOro nonJI ll 
KOHTPOnupoBaTh ll3MeHeaue OCHOBHOro rrapaMCTPa .n;x - KaJIH6poBoqaoii KpHBOll no ll 
nocne 06nyqeHHJ1 ,ll;X. 

0CHOBHh!e xapaKTepHCTHKH CllCTeMhI: 
I. KonuqeCTBO He3aBUCHMh!X ll3MepnTenhHh!X KaHaJIOB .................. 4. 
2. ToqHOCTh OTHOCUTeIThHh!X ll3Mepeauii rrapaMeTPOB ,ll;X ...... (0.05~.02) %. 
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3. ~naml3oH MarHHTHLIX noneii (c rpewi: no,!l.!lnaml3oHaMn) •.•• B = (0+5) Tn. 
4. ~Harill30H HJMeHeHHH TOKOB nnTaHHH .[(X .......... I= O+ 1 OxIHoM, T.e. (0+ 1) A. 

5. TeMnepaTypa TepMOCTa6HJJHJallHH: 

• KacceTbl c .[(X .............................................. t = +25° C (± 0. 1°); 

• 3JJeKTPOHHKH ••••••••••••••••••••••••••••••••••••.•••••••••.• t = + 35° C (± 0. I 0). 
,,_ 

6. To'IHOCTb YCTaHOBKH KaCCeTbI c .[(X B <l>HKCHpoBaHHOe 

IlOJJOJKeHHe nettTpaJJbHOH 'laCTH 3JJeKTPOMarHHTa ••••••.••••••••• ~ 0.1 MM. 

B DHTOH rJiaee npnne;:ieH1>r peJyn1>TaT1>r nccneL10BaHHii napaMcrpon 

MHKpo,LlaT'IHKOB Xoirna Ha MarHHTOKaJJH6pOBO'IHbIX CTeH,Llax LIO H IIOCJJe o6nyqeHHll. 

HccJJe,LIOBaHHH pa,LIHaqHOHHOH CTOHKOCTH L{aT'IHKOB MarHHTHOro IlOJJH rrpOBO,LIHJJHCb B 

OCHOBHOM Ha MHKpO,LlaT'IHKax Xonna, H3rDTOBJleHHbIX B ry «JUI» (r. JlhBOB, YKpaHHa) H3 

,LIHCKpeTHbIX MHKpOKpHCTaJJJJOB Ha OCHOBe rpa,LIHllHOHHbIX nonynpoBOLIHHKOBbIX MaTepHaJJOB 

III-V. Eonee 400 o6pll3ll0B TaKOro THna ,LlaT'IHKOB 6bIJJH HCCJle,LIOBaHO. 

KpoMe Toro, HCCJJe,LIOBaJJHCb Ha pa,LIHallHOHHYJO CTOHKOCTb CJJeL1yiomne THIIbl ,LlaT'IHKOB 

MarHHTHoro nonx: 

I. IlpoM1>nnneHHble L1aT'IHKH Xonna THna ITX3605 (r. C-IleTep6ypr, a/o «MarHeTOH»). 

~aHHblH THII L{aT'IHKOB llBJllleTCH Han6onee pacnpocrpaHeHHbIM n MarHHTOMeTpH'leCKOH 

anrrapaType B PoccnH. 

2. IloneBble ,LlaT'IHKH Xonna, HJrDTOBJJeHHbie Ha OCHOBe COBpeMeHHOH nonynpoBOLIHHKOBOH 

HHTerpanhHOH TexHonornn <<KpeMHHH Ha HJOJJHTope» B HITTM P AH (r. qepHoronoBKa, 

Poccttx). 

3. BbICOKOCTa6HJJbHble ,LlaT'IHKH MarHHTHoro IlOJJH, COJ,LlaHHhie n III<l>HT (r. JlOJaHHa, 

lllnei1napnx). 

IlocJJe,LIHHe 3 THna ,LlaT'IHKOB MarHHTHOro IlOJJH HCCJJe,LIOBaJJHCb n orpaHH'leHHOM 

KOJlH'leCTBe (He 6onee IO o6pll3ll0B KalK,Lloro THna). 3To CBHJaHO C TeM, 'ITO IIO pe3yJJhTaTaM 

HCIIbITaHHH 3THX L{aT'IHKOB He 61,rno BOJMOJKHOCTH H3MeHHTb HX CTPYKTYPY, a 3TO JHa'IHT, 

HeJJbJH 61,rno HJMeHHTb HX pa,LlnaqHOHHble xapaKTepHCTHKH, KaK OTMe'leHO B nepnoii mane. 

TeM He MeHee, 3TH ,LlaHHhie 61,rnn BaJKHbl LIJJH o6meii oqeHKH pa,LIHallHOHHOH CTOHKOCTH KaK 

HaH6onee npHMeHlleMbIX B PocCHH L{aT'IHKOB HJ r. C-IleTep6ypra, TaK H Han60,J1ee 

COBpeMeHHbIX H nepcneKTHBHbIX pll3pa60TOK ,LlaT'IHKOB MarHHTHOro IlOJJH HJ r. 

qepHorOJJOBKH H r. JlOJaHHa. 

Ilpn nepBbIX HCilbITaHHHX BbIHCHHJJOCb, 'ITO HaBe,ileHHM _aKTHBHOCTb Ha KOHTaKTbl ~x 
ropll3LIO 6on1>11Ie, 'leM HaBe,LleHHM aKTHBHOCTh 11a qyncrnnTeJJbHYJO 06nacT1> ~X. 
CneKTPOMeTpH'leCKHH aHaJJHJ IlOKll3aJJ, 'ITO OCHOBHOH BKJla,LI B HaBe,LleHHYJO aKTHBHOCTb 

,LlaBaJJH cepe6po HJJH JOJJOTO, KOTOpbie HCOOJlbJOBaJJHCb LIJJH H3rOTOBJJeHHH KOHTaKTOB ~x. 
Ilo peJyJJhTaTaM 3KcnepnMeHTOB 61,rnH Bbipa6oTaHbI peKOMeH,LlallHH no HJMeHeHHIO 

KOHCTPYKllHH ,LlaT'IHKOB. EbIJJO peKOMeH,LIOBaHO, Bo-nepBbIX, JaMeHHTb cepe6po H JOJJOTO 

OJJOBOM, B0-BTOpbIX, Ha 3Tane HCCJJe,LIOBaHHH nepeiiTH Ha 6ecKopnycHhle L{aT'IHKH, TeM 

CaMblM, HCKJJIO'IHB BOJMOJKHhie HeraTHBHble BJlHllHHH MaTepHana Kopnyca ,LlaT'IHKa Ha 

pe3yJJ1>TaTbl HJMepeHHH. Ilocne nepexo,L1a Ha HCIIOJlbJOBaHHe OJlOBa, B Ka'leCTBe KOHTaKTOB, 

CYMMapHM HaBe,LleHHM aKTHBHOCTb cymeCTBeHHO YMeHblIIHJJaCb H B OCHOBHOM 

onpe,LleJJllJJaCb MaTepHaJJOM ~x H HHTeHCHBHOCThlO o6nyqeHHH. 

Ha nepBOM 3Tane KalK,LlblH ,LlaT'IHK HCCJJeL{OBaJJCH Ha BOJMOJKHOCTb JanHTKH HMilYJJhCHblM 

TOKOM ('r=0.5Mc) rron1>111IeHHOH aMIIJJHTYLlhI OT IHoM LIO !OxI"oM LIO H nocne o6nyqeHHll 

(PHc.7a). 3aTeM HJMep»nacb JaBHCHMOCTb BblXOLIHOro Hanp»JKeHHH OT JHa'leHHH 

MarHHTHOro IIOJlll npH L{aHHOM TOKe ~x (lOxIHoM), TaK Hll3bIBaeMM, KaJJH6poBO'IHM KpHBM 

(PHc.76). 

Ilocne o6nyqeHHll ,LlaT'IHKH ycrnHaBJJHBaJJHCb Ha npeJKHee MeCTO n O,LIHOPOLIHOH o6JJaCTH 

MarHIITHOro IlOJlll, nponeL1ypa 113MepeHHll IlOBTOpllJJaCb H peJyJJ1>TaTbl cpaBHHBaJJHCb. 

IO 

~anee ttccneL10BaHHH npoBOL1IIJJ11c1, no cneL1yiomeii cxeMe. Ilepnyio HeL1emo nocne 

o6nyqeHllll UJMepeHHll Ha MarHHTOKaJJu6pOBO'IHOM CTeH,Lle npOBOLIIIJlHCb eJKe,LIHeBHO. 3aTeM 

IIHTepBaJJ MeJKLly HJMepeHllllMU yneJJH'IIIBaJJCH. TeM caMbIM HJyqaJJOCb 113MeHeHHe 

'IYBCTBIITeJJbHOCTII o6nyqeHHOro ~x co BpeMeHeM. ~o o6nyqeHUll LIOJlrDBpeMeHHM 

cTa6HJJbHOCTb rrapaMerpoB ~x, KaK npaBHJJO, 61,rna Ha ypoBHe TO'IHOCTII HJMepuTeJlbHOH 

arrrrapaTyphl, T.e. ~ 0.05 %. 
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6) Magnetic Field (n 

Ilocne o6nyqeHHH 'IYBCTBIITeJJbHOCTb ~x n 

Ha'!ane 61,1crpee, a JaTeM nee MeLIJleHHee 

UJMeH»JJaCb B CTOpOHY JHa'leHHll Heo6nyqeHHOrD 

~X. Ilpo11cxoL1HJJ, TaK Hll31>rnaeM1>1ii, OTJKHr ~X, 
Koma 'IYBCTBHTeJJhHOCTb o6nyqeHHoro ~x 
BOCCTaHaBJJHBaJJaCb ITO.LI B03,LleHCTBHeM BHeIIIHIIX 

napaMeTpOB. Ha pnc. 7B Il_OKll3aHO H3MeHeHlle 

'IYBCTBHTeJlhHOCTH ~X N2 6 J 4 B Te'leHHH 68 

CYTOK nocne o6nyqeHHH. Ilp11 3TOM 

'IYBCTBHTeJJbHOCTb ~X 3a 68 CYTOK 

BOCCTaHOBIIJJacb Ha I % rrpn Ha'laJJbHOM 

H3MeHeHHH Ha 3.7 %. 
Pttc.7. 3aBHCHMOCTb BbIXOLIHOrO HanpllJKeHIIH L{Jlll ~x N2 614 LIO n nocne o6nyqemrn: 

a) OT TOKa IIHTaHIIH; 6) OT JHa'leHHll MarHHTHOrC!I IIOJJll; B) OT BpeMeHH nocne o6nyqeHllll. 

B cnyqae C HCCJJe,LIOBaHHeM pa,L111aqHOHHOH . CTOHKOCTH npellH3HOHHbIX ~X, 
113rornnneHHhIX B III<l>HT (r. JlOJaHHa, lllneiinapttx), 6brna B1>16paHa L1pyrax cxeMa. ~aT1I11KH 

6bIJJH o6nyqeHbl 6b!Crpb!MII HeiirpoHaMH C ipnweHCOM OT 1017
HIM

2 
LIO 10 19

HIM
2
• l13MepeHHll 

qyncTBHTeJlbHOCTII ~x LIO H nocne o6nyqeHHH npOBOLIHJlHCb KaK B JI<1>q, TaK II B lli<l>l1T. 

Ilp11 3TOM 'IYBCTBHTeJJbHOCTb o6nyqeHHblX ~x yneJJH'IHJJaCb B cpe,LIHeM Ha HeCKOJlbKO 

npoqeHTOB. Ilocne 3TOro ,LlaT'IIIKH HarpeBaJJHCb LIO 420°c B Te'leHHH 30 MHHYT, T.e. BHeIIIHHM 

BOJL1eiicTByi<>IllHM napaMeTpOM JL1ec1, 61,ma TeMrrepaTypa. Ilocne 'lero napaMerpbi ~X 
BOCCTaHaBJJHBaJJHCb B HOPMaJJbHOe COCTOllHHe (LIO o6nyqeHHH) H coxpaHl!Jlll 3TO COCTOllHlle 

nocne CHHTHH B03,LleHCTBHH TeMnepaTypbi. 

B pe3yJJbTaTe MHOrO'IHCJleHHblX (6onee 400) 3KcnepuMeHTOB C MIIKpO,LlaT'IHKaMH 

MarHHTHOro IlOJJH npoBOLIHJlCll OT6op He ~x, a BbI6op TeXHOJJOrHII H3rDTOBJleHHll Han6onee 

nepcneKTHBHbIX ~x C TO'IKH 3peHHll ux pa,LIHallllOHHOH CTOHKOCTH. TaKM 3B0JllOllHll 

TeXHOJJOrHII H3rDTOBJJeHHH ~x npoHJJJlIOCI'pHpOBaHa Ha pHC. 8, r,Lle IlOKll3aHhl 

KaJJ116poBO'IHble KpllBble LIJJH ,LlaT'IHKOB N2 650-4a II N2 568-2c LIO H nocne o6nyqeHHll 

6b!CI'pb!MH HeiirpoHaMH C <PnIOeHCOM l.4x !018
HIM

2
• B pe3yJJ1>TaTe o6nyqeHllll 

qynCTBHTeJJbHOCTh YMeHblIIHJJaCb LIJJH ~x N2 650-4a na 3 .5%, a LIJlll ~x N2 568-2c na 0.2 %. 
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PHc. 8. 3aBHCHMOCTb BhIXO.llHOfO HarrplllKeHHJI OT 3HaqeHHJI MarHHTHOro IlOilJI .llO If rrocne 

06nyqeHHJ1: a) ,[(X N2 650-4a; 6) ,[(X N2 568-2c. 
TaKHM o6pa30M, ITO pe3ynhTaTaM 3KCrrepHMeHTOB Ha CTeH11ax OIUIH C o6pa3l(aMH 

MHKPO.llaTqHKOB Xonna 6brna OTPa6oTaHa OilTHMaIThHaJI TeXHOilOfHJI H3fOTOBileHHJI 

pat1Hal(HOHHO-CTOHKHX LJ:X B fY <<.Jill» (r. JlhBOB, YKpaHHa). B pe3yIThTaTe 3B0Il!Ol(HH 

TeXHOilOrHH H3fOTOBileHHJI ,z:i:x 6hrno .llOCTHrHYTO 3HaqHTenhHOe ynyqrneHHe pat1Hal(HOHHOH 

CTOHKOCTH ,z:i:x. ToqHOCTb H3MepeHHJI MarHHTHOfO IlOilJI rrpH pat1Hal(HOHHOH HarpY3Ke 6brna 

yaenHqeHa, KaK MHHHMYM, Ha rropll.llOK ITO cpaBHeHHJO c TeM, qTo 6brnO .llO Haqana 

3KcrrepHMeHTOB. B Haqane nccne110BaHHH H3MeHeHHe qyacTBHTeilbHOCTH ,z:i:x rrpH o6nyqeHHH 

6bICTPhIMH HeHTPOHaMH C <pnJOeHCOM F - 10
18 

HIM
2 

6hrno Ha ypOBHe et1HHHI( rrpol(eHTOB. B 

pe3ynhTaTe Hccne110BaHHH 3TOT rrapaMeTP YMeHhllIHilCJI Ha IlOPJl.llOK If COCTaBHil He 6onee 

0.2% rrpn o6nyqeHnn 6bICTPhIMH HefiTPOHaMH c <pnJOeHCOM F = 1.4 x 1018 
HIM

2
• 

B mecToii rJiaBe rrpnae11eHhl pe3ynhTaThI nccne11oaaHnfi BITHJIHHH HeHTPOHHoro 

o6nyqeHHH Ha rrapaMeTPhI rroneBhIX 11a~nK0B Xonna. B 11aHHOM cnyqae nccne11yeMhIM 

o6'beKTOM 6bm HOBhIH THil MarHHTOCeHcopa, TaK Ha3bIBaeMbIH, rroneBOH t1aTqlfK Xonna 
(I1LJ:X), coqeTaJOII(HH crroco6HOCTh rrpeo6pa30BaHHH MarHHTHOro rronH B JneKTPHqecKHH 

CHrHan C B03MOlKHOCT'bJO ycnneHHH 3T0f0 CHruana. 

TpH rpyrrrru rr,z:i:x o6nyqanHch 6hICTPhIMH HefiTPoHaMn c JHepmefi oT 0.1 .llO 25 MJB H c 

<pnJOeHCOM 1.3*10
16 

HIM
2

, l.3*10
17 

HIM
2 

n l.3*10
18 

HIM
2 

cooTBeTCTBeHHO Ha peaKTope UliP-2 

OIUIH. Cpe,llHHH JHepm» HeHTPOHOB cocrnan»na <E> = 1.35 MJB. Bo apeM» 06nyqeHHJ1 

rr,z:i:x HaXO,llHilHCh B rracCHBHOM pelKHMe (T.e. Harrp»lKeHHe Ha JITeKTPO.llaX IlHTaHHH H 

yrrpaBITHJOII(HX 3aTBOpax 6hrnO paBHO HYITJO) H pa3Mell(anHCh B K8111',meBblX If CBHHI(OBhIX 

KOHTefiHepax. LJ:03a COITYTCTBYJOII(ero raMMa-<pOHa COCTaBnHna OT 103 
.llO 105 

pa,ll rrpn 

paBHOMepHOM crreKTPe, 

ll3MepeHHH xapaKTepHCTHK o6nyqeHHhIX rr.z:i:x rrpOBO,llHnHCh rrepHO,lllfqecKH:· cpa3y rrocne 

o6nyqeHHH, 3aTeM KalK,llhIH ,lleHh B TeqeHHH He,llenn H, HaKoHel(, pa3 B Het1enJO B TeqeHHH 73 

CYT0K. Ilepe,ll rrepBbIM H3MepeHHeM ,lla~HKH xpaHHilHCh rrpn TeMrrepaType t = -1 o0c ,llO 

cHnxceHHH ypoBHH HaBe,lleHHOH aKTHBHOCTH .llO caHnTapHofi HOpMhI. B rrepepuae MelK,lly 

H3MepeHHHMH ,lla~HKH Bbl,lleplKHBaITHCh rrpH KOMHaTHOH TeMrrepaType. 

XapaKTepHbie 3KCrrepn!'{eHTaIThHbie 3aBHCHMOCTH BhIXO,llHOro Harrp»lKeHHH rr,z:i:x N2 53 OT 

ypOBHH MarHHTHOfO IlOilJI '.rrpn pa3nnqHbIX pelKnMax BKJlJOqeHHH ,llaTqHKa MarHHTHOro IlOilH 

(pelKHMhI reueparnpa TOKa H reHeparnpa Harrp»lKeHn») .llO n rrocne o6nyqeHHH HefiTPOHaMH c 

qinJOeHCOM F = l.3*10
18

HIM
2 

n cpe,llHefi JHepmefi <E> = 1.35 MJB rroKaJaHhI Ha pHCyttKe 9. 

12 
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Pnc.9. 3aBHCHMOCTb BhIXO,llHOfO HarrplllKeHHH OT ypoBHH MarHHTHOro rron» (ITLJ:X N2 53) ,llO H 

rrocne o6nyqeHHH (F = l.3*10
18 

HIM
2
): a) pelKHM reHeparnpa TOKa, 6) pelKHM reHeparnpa 

HarrplllKeHHH. 

AHaITH3 Il0,ll06HhIX KpHBhlX, rronyqeHHhIX .llilH 8 rr,z:i:x, Il03B0IlHil c11enaTb cne,llYJOII(He 
BblBO,llhI: 

1 . Bo Bcex cnyqa»x HeHTPOHHOe o6nyqeHHe rrpHBO,llHT K H3MeHeHHJO MarHHTHOH 

qyacTBnTeilhHOCTH rr,z:i:x. Ilpn 3TOM, ecnn B pelKHMe reHepaTopa TOKa qyacTBHTenhHOCTh 

o6nyqeHHoro ,lla~HKa B03pacTana, TO B pelKnMe reuepaTopa uarrp»lKeHn» - rrat1ana. 

2. KpoMe Toro, B pelKHMe reHepaTopa HarrpHlKeHHH OTHOCHTenhHoe H3MeHeHne 

qyacTBHTenhHOCTH rr,z:i:x ,llO If rrocne o6nyqeHHH HeCKOilhKO B03pacTano C pOCTOM ,ll03bl 

o6nyqeHH». Ha pnc. 10 rroKaJaHo H3MeHeHne pa3HOCTH BhIXO.llHOro Harrp»lKeHHH ITLJ:X 110 

n rrocne o6nyqeHn» rrpn pa3JIH~ux .ll03ax 06nyqeHHJ1 B MarnnTHOM none B = 1.5 Tn 11n» 

;;:: .,. 

pelKHMa reHepaTopa HarrpmKeHHH. 

30 r---,----,-,---
3. Ilo Mepe Bhl,llep)!(KH 

KOMHaTHOH TeMrrepaType 

o6nyqeHHhlX I1LJ:X rrpH 

MarHHToqyaCTBHTenhHblH 

2:, 25 t----i---rT- - I 
a 

cnrHan HeCKOilbKO H3MeHHITCH, CTPeMHCb K HCXO,llHOMy 

3HaqenHJO, HO He ,llOCTHran ero 3a BpeMH, paBHOe 73 

CYTKaM. 

f20+------j7'---,--7 
J 

4. O6nyqenne HefiTPoHaMn n COITYTCTBYJOII(HM raMMa

<pOHOM He H3MeHHITO JIHHeHHOH 3aBHCHMOCTH cnrnana 

rr.z:i:x OT BennqnHhl MarHHTHOfO IlOITH. 

15 -1----1---,-----:-'. 
0,1 10 

Fluence (IO 17 n/m 2
) • 

100 Pnc. 10. 3aBHCHMOCTh OTHOCHTeJibHOro H3MeHeHHH 

qyaCTBHTeilhHOCTH rr,z:i:x OT ,ll03bl o6nyqeHHH B pelKHMe 

reneparnpa Harrp»)!(eHHH (B=const= 1.5T) 

TaKHM o6pa30M, BrrepBble 6bmo HCCJiet10BaHo BJIHHHHe o6nyqenn» peaKTOpHblMH 

Heil:TPoHaMH (<pnJOenc F = 10
16 + 1019 

HIM
2

; cpe,llHHH 311epm» <E> = 1.35 MJB) na 

qyacTBHTeJibHOCTh ,lla~HKOB MarHHTIIOfO IlOJIH HOBOro THrra, rroneaoro ,lla~nKa Xonna, B 

rnHpoKoM .llHarraJoHe MarnHTHLIX rronefi (B = 0 + 1.5 Tn) Ha cTeH,llax OIUIH. Pe3ynLTaThl 

3KcrrepHMeHTOB rroKaJann, ~o pelKHMLI reHepaTopa TOKa n reHepaTopa Harrp»)!(eHHH B cxeMe 

BKJlJOqeHHH I1LJ:X IlpHBO.llHT K IlpOTHBOilOJIO)!(HblM H3MeneHHHM qyaCTBHTeilbHOCTH IlLJ:X 

rrocne o6nyqeHHH. 3To 3HaqnT, qTo He TOJibK0 Bb16opoM TeXH0ilOfHH H3fOTOBJieHHH rr,z:i:x, HO 

H cxeMOH ero BKJlJOqeHHH M0)!(H0 coxpaHHTb IlOCTOHHCTBO ero OCHOBHOH <pyttKI(HH, 

MarHHToqyaCTBHTeJILH0CTH, B llIHpOKOM ,llHaITa30He ,ll03 P811Hal(HOHHLIX B03,lleHCTBHH. 
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B Ce!lhMOii rJiaBe npHBe.[leHbI pe3yJILTaTbl TiepB0ro JKCTiepHMeHTa (Pnc. 11) TIO 

M0HHT0pHHry MarHHTHoro n0JIJI B pa.[IHaUH0HHbIX ycJI0BHJIX Ha ycK0pHTeJie. TaKHe 

HCTib!TaHHJI np0T0THTia MarHHT0MeTpHqecKOH aTITiapaTypb! B K0MnJieKTe C OT06paHHblMH 

pa.[IHaUHOHHO-CTOHKHMH ~x Tip0B0.[IHJIHCb Ha JKCTiepnMeHTaJibH0H ycTaH0BKe KOMEAC Ha 

ycK0pHTeJie Y-400 M. MccJie.[lyeMhie .[laTqJIKH MarHJITH0ro TI0JIJI pacnoJiaraJIJICb B 3a30pe 

MarHHT0B B HeTiocpe.[ICTBeHHOH m EtherNet~ I 6JIJl30CTH OT BaKYYMHOH KaMepbl, r.[le 

HaX0.[IHJICJI Tiyq0K qaCTHU. CnrnaJI C 

,[laTTJIK0B TI0CTynaJI Ha 

Jl3MepJITeJihHYJO annapaTypy, K0T0pall 

pacTioJiaraJiacL 3a pa.[1nau;J10HHoil: 

3aIUJITOH B 10 MeTpaX OT aKTHBHOH 

30Hbl ycKopnTeJIJI. 

Ilpo.[IOJilKJITeJihHOCTb JKCTiepHMeHTa 

C0CTaBJIJia l 04 qaca. 

PJ1c. 11. bJIOK-CXeMa JKcnepJ1MeHTa. 

MOHJITOpHHr MarHJITH0r0 noJIJI ocyiuecTBJIJIJICJI 8-KaHaJibHbIM MarHJIT0MeTP0M a pelKHMe 

peaJILHoro apeMeHJI. YTipaaJieHne H3MepJ1TeJILHoil: aTITiapaTypoil: JI Tipe.[1BapnTeJILHaJ1 

o6pa60TKa .[laHHblX ocyiuecTBJIJIJIJICb 38M B JKCnepHMeHTaJihH0M 3aJie. O.[IHOBpeMeHHO 

.[laHHbie Tiepe.[laBaJIJICb Ha ueHTPaJibHYJO 38M Ha nyJihT ynpaBJieHHJI JKCTiepJ1MeHT0M no 

JIJIHHJI RS232 JI .[laJiee c BbIX0.[I0M Ha EtherNet. 3.[leCb .[laHHbie M0HHT0pJIHra MarHHTH0ro 

TI0JIJI CTaBJIJIHCb B C00TBeTCTBJle C ,[laHHbIMH Jl3MepeHHJI pa.[IHaUH0HH0r0 TI0JIJI H pelKJIM0B 

pa60Tbl cenapaTOpa (H3MepeHJle T0Ka JI TI0JIJI MarHJITOB). 

B KaqeCTBe JICCJie.[lyeMblX .[laTqHK0B MarHHTH0ro n0JIJI JICTI0Jib30BaJIJICb 6 J13f0T0BJieHHbIX TIO 

OTPa60TaHHOH HaMJI TeXH0JI0fJIH pa.[1J1aUHOHHO-CTOHKJIX ,[laTTJIK0B Xomrn (fY «JIIl», r. 
JlLBOB) JI 2 npoMLIIIIJieHHhIX .[laTqnKa Xonna THTia I1X3605 (r. C-IleTep6ypr, a/o 

«MarHeTOH»). IlpOMblIIIJieHHble ,[laTqJIKH H3 r. C-IleTep6ypra 6bIJIJI 6a30Bb!MH .[IJIJI .[laHHOH 

cxeMbl MarHJIT0MeTpa, JIMeJIH MaKCHMaJibH0 B03M0lKHYJO CTa6HJibHOCTb JI 0TH0CJITeJibHYJO 

TQqH0CTb H3MepeHHJI MarHJITH0ro noJIJI. IloJTOMY 2 TI0CJie.[IHHX ~x (I1X3605) 

HCTI0Jib30BaJIHCb B KaqecTBe K0HTP0JibHbIX .[laTTHK0B. Bo apeMJI JKCnepJIMeHTa 6 0CH0BHbIX 

~x JI l KOHTPOJibHbIH ~x pacnonaraJIHCb B 3a30pax MarHHT0B cenapaTOpa B pa.[IHaUH0HHbIX 

ycJI0BHJIX B T0qKax MaKCJIMaJibH0 6JIH3KHX K naKYYMHOH KaMepe C TiyqK0M. BTOpoil: 

KOHTPOJibHbIH ~x He o6JiyqaJICJI II JICTI0Jib30BaJICJI Ha MarHHTOKaJIH6ponoqHQM CTeH.[le B 

KaqeCTBe onopHoro. Ero p0Jib 3aKJIIOqaJiaCh B K0HTP0Jie 3a 'noCTOJIHCTBOM ycHJIHTeJihH0ro 

TPaKrn H3MepnTeJILHoil: annapaTypbI JI0 II nocne npone.[leHHJI JKcnepnMeHTa Ha cenapaTope. 

3To o6ecneqHBaJIO HeH3MeHH0CTb BHeIIIHIIX ycnonnil: np11 KaJIH6pOBKe ~x Ha 

MarHHTOKaJIH6poaoqHQM CTeH.[le B JTaJI0HIJ0M MarHHTH0M none .[10 II nocne o6nyqeHHJI. Bee 

~X 6bm11 TepMocTa611n11311poaaHLI npn t = + 25 °c ± 0.2°. Ilo pe3yJILTaTaM KaJI116poBKH 

0TH0CHTeJihHaJI TQqH0CTb 113MepeHHJI MarHHTH0ro noJIJI .[IJIJI 0CH0BllbIX 6 113Mep11TeJihHbIX 

KaHaJI0B C0CTaBHJia 0.05 %, a .[IJIJI .[IByx K0HTP0JibHblX - 0.02 %. 
Ta6JIHUa l: Pe3yJihTaTbl M0HHT0pHHra pa.[1HaUH0HH0ro n0JIJI B JKcnepnMeHTaJibHhIX TQqKax. 

N! UOlHQHH ,!(X <llmoenc raMMa 

e pa11nan. 1oue KB3HTOB ( r/M2) 

)(KOH'fllOJlbHblH JV( 3.2x10E9 

2 (6a:JOBblii AX N!3) 2.lx10E8 

3 (6a:JOBbIH AX N•I) 2.6x10E7 

4 (6a:JOBbIH AX N!2) 7.6x10E7 

5 (6a:JOBblH AX N.S) l.lx10E7 

6 (6a:JOBblll AX N-4) 2.4x10E7 

7 (6a:!OBblll AX N-6) 2.7x10E7 

<llmoeuc neihponoe (n/M2) 

0-4.3 M1B 4.3-10 M1B 

6.0x10E14 l.1x10El6 

2.6x10E13 l.6x10El5 

2.lxlOE13 9.9xlOE13 

5.2xlOE13 3.8xlOE14 

9.3xlOE12 5.5x10El3 

8.0x10E12 9.6x10E13 

6.8x10E12 9.6x10El3 
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8 MeCTaX pacnoJI0lKeHHJI 

,[laTTHK0B MarHHTH0ro noJIJI B 

3a3opax MarHHTHoro cenapaTopa 

noMeIUaJIHCb rpynTihl 

.[leTeKTopon, K0T0pble H3Mepl!JIII 

JIHTerpaJibH0e 3HaqeHHe 

113JiyqeHHJI BO npeMJI 

JKCnepnMeHTa .[IJIH KaJK.[I0r0 113 7 

,[laTqllK0B 0T.[leJihH0 (Ta6JI. 1). 

8 TeqeHHH JKcnepHMeHTa B KalK.[IOH 113 JKCnepHMeHTaJibHbIX ToqeK (Pnc.11) 113MepeHo II 

o6pa6oTaHO nopJl.[IKa 3xl0
5 

3HaqeHHil: MarHHTH0ro noJIH B pelKHMe peaJibH0ro npeMeHH. 

Pe3yJILTaTbl M0HHT0pHHra MarHHTH0ro noJIH B JKCnepHMeHTaJibHbIX T0qKax C 1 no 7 

cpHKCHpOBaJIHCb Ha cpoHe npaKT11qeCKH paBH0MepH0ro HaK0nJieHHH .[I03bl o6nyqeHHH .[IJIJI 

KalK.[loro H3 .[laTqlfK0B MarHHTH0ro n0JIH B 0T.[leJibH0CTII. 

Ha pnc. 12a) 11 126) n0Ka3aHbI rpacpHKII H3MeHeHHH qyncTBHTeJihH0CTH 0CH0BHbIX 

JKCnepHMeHTaJibHbIX .[laTqJIK0B XOJIJia npll MHHHMaJibHOH mx N2 6) II MaKCIIMaJibHOH mx 
N2 3) .ll03ax o6nyqeHHH (Ta6JI. 1). 

-+-ll:f(ttf:Jp-..c --- [Umg~ -+- fld,tt&p.me ---llrq~ -+- Mtt~lilR ---Cuirl:~ 

@4$$11 ~l.8Sl 

. '·'"! ! '·" 
gl,&49 
, .... 
6) 

gmJjffi~ 
24 

•> 
48 -- 72 96 24 48 

T-(lb,,) 

72 96 aj 0 24 48 

T-(}b,j 

72 96 

Pnc. 12. 3aBHCIIMOCTb BbIX0.[IH0ro.HanplllKeHHH ~x OT BpeMeHH a npouecce o6nyqeHHH: 

a) ~x N2 6 {npn B=l.45Tn); 6) ~x N2 3 {npH B=0.8Tn); B) K0HTP0JibHblH ~x {npn B=l.5Tn) 

lh rpacpHKOB BH.[IH0, qTo npn HaHMeHLIIIeil: .[I03e o6JiyqeHHJI qyncTBHTeJibH0CTb ~x N2 6 

113MeHHJiaCb Ha 0.05 % OT nepB0HaqaJihH0ro 3HaqeHHH. Ilpn MaKCIIMaJibHOH .[I03e B K0HUe 

JKcnep11MeHTa H3MeHeHHe qyncTBHTeJibH0CTH JIJI_JI ~x N2 3 C0CTaBIIJI0 0.07 % OT 

nepaoHaqaJILHoro 3HaqeHHll. 

~Jljj 0CTaJibHbIX JKCnepHMeHTaJibHbIX ~x (N2N2 l, 2, 4, 5) JaBHCHM0CTb qyncTBHTeJibH0CTH 

OT .[103bl o6nyqeHHH 6blJia TaKaJI JKe, KaK II .[IJIH ~x N2 3 H ~x N2 6. 

Ha pHCYHKe 12n) n0Ka3aH rpacpHK 113MeHemrn qyncTBHTeJibH0CTII K0HTP0JibH0ro ~x npH 

HaK0nJieHHH .[103bl o6nyqeHHH B MarHHTH0M none 8 = 1.5 TJI. B K0HUe 3Kcnep11MeHTa (np11 

MaKCHMaJibHOH .[I03e o6JiyqeHHH .[laHH0ro .[laTqHKa) 113MeHeH11e qyncTBHTeJibH0CTH 

K0HTP0JibH0ro ~x C0CTaBHJI0 0.17 % OT nepB0HaqaJibH0ro 3HaqeHHH .[10 o6nyqeHHH. 

IlocJie 0K0HqaHHH JKcnepnMeHTa annapaTypa noBT0pH0 KaJIH6pOBaJiaCb Ha 

MarHHTOKaJIH6poaoqHoM CTeH.[le n JI<t>tJ:. ~aHHbie KaJIH6pOBOK Ha MarHHTOKaJIH6poaoqHOM 

CTeH.[le n0Ka3aJIH, qTo H3r0T0BJieHHhie TIO cneu;HaJibH0H TeXH0JI0fllll pa.[IHaUH0HH0CT0HKHe 

.[laTqlfKII Xonna 113MeHHJIII CB0IO qyncTBHTeJibH0CTb B cpe.[IHeM Ha 0.05 % 3a npeMH 

3KCnep11MeHTa B TeqeHHH 104 qacoa, qTo C00TBeTCTBYeT nonyqeHHblM pe3yJihTaTaM B 

npouecce JKCnepnMeHrn (P11c. 12). O6nyqeHHblil: K0HTP0JihHblil: .[laTqHK Xonna 3a JTO JKe 

apeMH 113MeHHJI CB0IO qyncTBHTeJibH0CTb Ha 0.15 %. Ilpn 3T0M Heo6nyqeHHbIH K0HTP0JibHbIH 

.[laTqHK XoJIJia (I1X3605), K0TOpbIH K0HTP0JIHp0BaJI H.[leHTHqH0CTb ycnoanil: KaJI116poBKH Ha 

MarHHTOKaJIH6poaoqHOM CTeH.[le .[10 II nocJie 3KCTiepHMeHTa, He 113MeHHJI caoeil: 

qyncTBHTeJibH0CTII (n npe.[leJiax 0TH0CHTeJihHOH TQqHQCTH KaJIH6pOBKII .[IJIJI .[laHH0ro .[laTqlfKa 
-0.02%). . 

TaKHM o6pa30M, no peJyJILTaTaM 3KCnepHMeHTOB B OIUIM C o6pa3UaMH ~x (rnaBbl 5, 6) 

6Lma OTPa60TaHa 0nTHMaJihHaJI TeXH0JI0rHH H3roT0BJieHHJI Pa.llHaUH0HHO-CTOHKHX ~x B fY 

«JIIl» (r. JlbBOB, YKpaHHa). I1cnOJih3YH JTII Pa.llHaUHOHHO-CTOHKHe ~x 6bm Tip0Be.[leH 

3KCnepnMeHT no M0HHT0pHHry MarHHTH0ro noJIJI B pa.[IHaUH0HHbIX ycJI0BHHX peaJibH0ro 

JKcnep11MeHTa B TeqeHnn 104 qacon Ha ycrnHoBKe KOMEAC Ha ycKopnTene Y - 400M a 

JUIP OIUUI (r. ~6Ha, Pocc11J1). B TeqeHHH JKcnep11MeHTa no M0HHTop11Hty MarHHTHoro 

non11 B pa3JIHqHhIX JKcnepnMeHTaJihHblX ToqKax ycrnH0BKH KOMEAC cpn10eHc 

pa.[IHaUH0HH0ro n0JIJI C0CTaBHJI: 

.[IJIH raMMa-cpoHa- F = l. lxl0
7 + 3.2x 109 r/M2; 

JIJIH Heil:TPOHOB - F = 6.43xl0
13 + l.16x10

16 
HIM

2
, TIPH E = 0 + 10 MJB . 
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IlpH 3TOM, Cj'MMapHal! OTHOCHTeJlbHM TOqHOCTb MOHHTOpHHra MarHHTHOro IIOJlll rrpH 
MaKCHMaJlbHO ,LIOCTHrHyrhIX ,LI03aX o6nyqeHHll .n:x B rrpo11ecce 3KCrrepHMeHTa COCTaBHJJa: 
)];nll rrpoMhill!JJenHoro )];X (ITX3605, r. C-IleTep6ypr, a/o«Marnernn»)- 0.17%. 
)];JJH OT06paHHblX pa,LIHa[IHOHHO-CTOHKHX )];X (fY <<.Jlll», r. JlhBOB)- 0.07 %. .-'-

B 38KJIIO'leHHH c<popMynnpoBaHbl OCHOBHbie pe3yJJhTaTbl ,LIHCCepTaI.:IHOHHOH pa60TbI: 
1. C03,LlaH KOMIIJleKC o6opy.noBaHHll ,LIJ!ll HCCJJe,LIOBaHHll pa.nHa[(HOHHOH CTOHKOCTH ,LlaTqHKOB 

MarHHTHOro IIOJ!ll, COCTOlll[(HH H3 H3MepHTeJJbHOH annapaTypbI, KaJJH6poBoqHblX H 
06nyqaTeJ1hHbIX CTeH,LIOB, MeXaHH3MOB nepeMel[(eHHll ,LlaTqHKOB MarHHTHOro IIOJlll Ha 
CTeH.nax. IlpH 3TOM xapaKTepHCTHKH ,LlaTqlfKOB MafHHTHOro IIOJlll ,LIO H IIOCJJe o6nyqeHHll 
H3Mepl!JJHCb c OTHOCHTeJlhHOH TOqHOCTb!O ~ 0.05 -;- 0.02 %. KpoMe Toro, o6ecnequBanacb 
Bb!C0KM OTHOCHTeJlhHM TOqHOCTb (~ 0.01 %), a ,LIJlll CBepxrrpoB0,Lllll[(ero CTeH,Lla tt 
a6COJIIOTHM ToqHOCTb (~ 0.01 %}, MHOroKpaTHOro IIOBTOpeHHll ycJJOBHH 3KCrrep11MeHTa 
Ha <<TeIIJJ0M» H (<XOJIO,LIHOM)) MarHHTOKaJJH6poBoqHblX CTeH.nax B IIOJ!l!X ,LIO 5 Tn rrp11 
HCCJle,LI0BaHHH pa.nHa[IHOHHOH CTOHKOCTH .naTqlfKOB MarHHTHoro IIOJlll. 

2. BrrepBbie II0JJyqeHhl pe3yJJhTaTbl HCCJJe,LIOBaHHH pa.nna11110HHOH CTOHKOCTH 
MHKp0,LlaTqHKOB Xonna Ha 6a3e TPa,Llll[(HOHHbIX rronyrrpoBO,LIHHKOBbIX MaTepuanoB ill-V, 
H3rDTOBJJeHHbIX B focy.napcTBeHHOM YH11BepcuTeTe (<.JlbBOBCKal! IloJJHTeXHHKa» (fY 
<<.Jlll», r. JlhBOB, YKpanHa}, rrpn 06nyqeHu11 6bICTPhIMH HeHTPOHaMH co cpe.nHeii 
3Heprneii <En>=i.3 M3B H c <pJJIOeHCOM OT 1014 .no 10

20 HIM
2 

Ha cTeH.nax OH5II1. 
3. BrrepBbie IIOJJyqeHbl pe3yJJhTaTbl HCCJJe,LIOBaHHH pa.ntta[(HOHHOH CTOHKOCTH IIOJleBbIX 

,LlaTqllKOB Xonna, 113rOTOBJJeHHb!X Ha OCHOBe COBpeMeHHOH rronyrrpoBO,LIHIIKOBOH 
HHTerpanbHOH TeXHOJJOrHH <<KpeMHHH Ha H30Jll!TOpe» B I1HCTHTyre Ilpo6neM TeXHOJIOfHH 
MnKpo3neKTP0HHKH H Oco6o lIHCThIX MaTepnanoB PoccniicKoii AKa.neM1111 HaYK 
(I1ITTM PAH, r. IIepHoronoBKa, Poccttll}, rrpn o6nyqeHHH 6hICTPhIMH HeHTPOHaMn c 
3Heprneii OT 0.1 .no 25 M3B H c <pnIOeHcoM OT 1016 .no 1018 HIM

2 
Ha cTeH.nax OH5Il1. 

4. BrrepBb!e IIOJJyqeHbl pe3YJJbTaTbl HCCJJe,LloBaHHH pa.nna[IHOHHOH CTOHKOCTH 
BepTHKaJJbHbIX ,LlaTqHKOB Xonna, H3roTOBJJeHHbIX rro TeXHOJJOrHH 6HIIOJJllpHb!X 
HHTerpanbHbIX cxeM B lllBeiiIJapcKOM <l>e.nepanbHOM I1HCTHTyre TeXHOJIOrHH (lll<l>I1T, 
r.J103aHHa, lliBeHIJapnll) rrpn o6nyqeHHH 6hICTPhIMH HeHTPOHaMH co cpe.nHeii 311eprneii 
<En>= 1.3 M3B H c <pnIOeHCOM OT 1017 .no 1019 HIM2 Ha cTeH.nax OH5II1 H lll<l>I1T. 

5. BrrepBbie IIOJJyqeHbl pe3yJ1hTaTbl HCCJJe,LloBaHHH pa.nnaIJHOHHOH CTOHKOCTH 
rrpoMhill!JJeHHhIX .naTqnKOB Xonna Tnrra ITX3605 (r. C-IleTep6ypr, a/o «MarneToH») .LIJlll 
<pnIOeHca HeHTPOHOB F = l.16xl016 HIM2 c 3Heprneii E = 0-;- JO M3B. 

6. BrrepBbie rrpe,LIJJO)KeHhl H peanH30BaHhl 3KcrrepnMeHTaJJbHb!e MeTO,Llbl rro uccne,LIOBaHHIO: 
• xapaKTepHCTIIK ,LlaTqHK0B MarHHTHOro IIOJlll Ha MarHHTOKaJJH6pOBCJqHblX CTeH.nax 

JI<l>l{ .no H rrocne o6nyqeHHll 6bICTPhIMH ueiiTPOHaMH co cpe.n}leii 3Heprneii <E> = 
1.35 M3B rrpn pa3JJ1fqHb!X 3HaqeHHllX !pJJ!OeHCOB OT 1017 ,LIO 10

20 Hhi Ha peaKTOpe 
HEP-2 OH5II1. Ilpn 3TOM 6hmo ttccne.noBaHo 6onee 400 o6pa3IJOB .naTqHKOB 
MarHHTHOro IIOJlll H 6b!JIH C!pOpMynnpoBaHbl peKOMeH,LlaIJHll rro coBeprneHCTBOBaHIIIO 
TeXHOJJOrHH H3rDTOBJleirnll pa.nnaIJHOHHOCTOHKHX ,LlaTqHKOB MarHIITHOro IIOJlll; 

O pa.nHaIJHOHHOH CTOHKOCTH ,LlaTqlfKOB Xonna B peanbHblX ycnOBHllX 3KCrrepnMeHTa B 
TeqeHHH O,LIHOro ceaHca ,LIJlHTeJlbHOCTb!O 104 qaca Ha ycKOpHTeJle Y-400M (JUIP, 
OH5Il1} rrpn !pJJ!OeHCe raMMa-H3nyqeHHll B ,LIHaIIa30He 10

7 
-;- 10

9 
r/M

2 
JI <pJJ!OeHce 

HeHTPOHOB - 1013 -;- 1016 HIM2, rrpn 3Heprnn E = 0-;- JO M3B. Ilpn 3TOM, CYMMapHal! 
OTH0CHTeJJbHM ToqHOCTb MOHHT0pHHra MarHJiTHOro IIOJlll rrpn 3THX MaKCHMaJlbHO 
,LIOCTHrHyrhIX ,LI03aX o6nyqeHHll .n:x B rrpouecce 3KCrrepHMeHTa COCTaBHna: 

a) .LIJJll rrpoMhIIIIJJeHHoro ,n:x (ITX3605, r. C-IleTep6ypr, a/o «MarneTOH») - 0.17%, 
b) .nnll orn6paHHhIX pa.n11a11noH11ocrniiKnx )];X (fY <<.Jlll», r. JlbBOB)- 0.07 %. 
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7. B peJyJJLTaTe rrpoae.neHHbIX 3KCIIepHMeHTOB 61,mo ,llOCTHrnyro ynyqIUeHHe 
pa.nHaIJHOHHOH CTOHKOCTH )];X Ha nopll,llOK no cpaaneHHIO c TeM, 'ITO 6blJIO ,LIO uaqana 
3KcrrepHMeHTOB. B Haqane HCCJJe.l{OBaHHH HJMeHeHHe qyaCTBHTeJlhHOCTH )];X IIpH 
o6nyqeHHH 6LICTPhlMH HeHTPOHaMH C 4>n10eHCOM F ~ 10 18 HIM2 6LIJJO Ha yp0BHe e,llHHH[( 
npoIJeHTOB. B peJyn1,TaTe Hccne.noaaHHH 3TOT napaMCTP YMeHLIUHJlC.11 Ha nopl!,LIOK H 
COCTaBHJJ He 6onee 0.2% rrpH o6nyqeHHH 6LICTPbIMH HeHTPOHaMH c !pJlIOeHCOM F = 1.4 x 
10l8HIM2. 
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