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1. Peay.nbTaTbt MHoro4111C11eHHbtX ~ttcc.neAoBaHIIIM .naaepHoM nna3Mbt 

HaWJ11t1 nplt1M€H€Hit1€ 8 nep8blX paapa60TKaX lt1CT04Hit1Ka MHOr038pFIAHbiX 

HOH08 /M3H/ AilR co8peMeHHbtX ycKop~t~Tenei1. Tat<, Hanp~t~Mep, B DB3 

mHH1 6bln pea.nH3088H .naaepHblill lt1CT04Hli1K M~H AllFI J11t1Hei1HbiX ycKo

PrATeneH, C noMOUJ,biO KOToporo 6bt110 npOB€A€HO ycKopeHI-1e FIA€P 

Aei1TepHR, yr.nepoAa 1-1 a.niOMI-1HI-1FI Ha 111t1Hei1HoM ycKopHTe.ne DY-20, 

a TaKme RA€P yr.nepOA8 Ha KOilb~€ CMHXpO$a30TPOHa /i/. Bo3Mom

HOCTb lt1CnOJ1b30BaHMR '.naae·pHoalt ni1a3Mbl 8 Ka4eCT8€ MCT04HI-1K8 lt10-

HOB All.R l\HKI10TPOHOB 6btll8 3KCnepMM€HTai1bHO nOK838H8 8 paf>o-

Te / 2 /, I<QTOpafl MM€Jl8 B OCHOBHOM nplt1HL\It1nV!aJ1bHbiYI xapaKTep, TaK 

K8K Hill KOHCTPYKL\lllfl li1CnOI1b3yeMOrO 1.\ltiKJlOTPOHa, Hill 48CTOT8 liiM€8-

werOCA a TO epeM.R nma naaepa -1 0 - 2 rl\ He noaeom.o~.n111 paapafio

TaTb naaepHbtM lt!CT04Hit1K M3YI, npHrOAHbllli AI1A 3KcnnyaTau,liiOHHOro 

pemi-1Ma. 

Bo3MomHOCTb paapa6oTKI-1 aKcnnyaTaU.HOHHoro eapl-1aHTa .naaepHoro 

lttCT04HittKa M3H AilA ~lttKPOTPOHOB e HaCTOA~ee epeMA ceAableaeTc.R 

c ycnexaMM 8 coaAaHittlt1 MOutHbtx lttMny.nbCHbiX raaoeblx COt.naae

poe, 48CTOTa pa60Tbl KOTOPbiX AOCTitlraeT -100 rlt 13•4 /. 5biiWt npo

B€A€Hbl li1CC11€AOB8Hit1A cneKTpa 38PAAHOCTeH HOHHOro KOMnOH€HT8 

.naaepHOYI n~83Mbl, o6paayl0w,ei1CR 8 eaKyyMe /e OTCYTCTBIII€ MarHHT

HOrO no.nR/ noA 803Aei1CTB111€M li1311Y4€Hli1R .naaepa Ha CQ . 3Kcne

Pli1MeHT8J1bHbl€ pafioTbl c np\IIMeHeH\IIeM co2-.naaepa I A = ~ 0,6 MKM/ 

w Nd - naaepa I A = 1 , 06 MKM/ not<aaan111, 4TO AJ1R nony4eH\IIR 

liiOHa A8HHOi1 38PAAHOCTVI B n.na3M€ onp€A€I1AIOUJ,li1M RBJ1FI€TCR napa

M€TP A 2 ¢1, rAe A - AJU1Ha eo.nHbt \.1a.ny4eHIIIR naaepa, a ¢l - nnoT

HOCTb M0\1.1HOCT\.1 lt1311Y4€HIII-R Ha MHW€Hit1. 3a C4€T TOro, 4TO Jl·aaep 

Ha C0 2 lt!MeeT AI1111HY sonHbl \.1311Y4€HIIIR e A€CATb paa 6o.nbWYIO 

no cpaeHeHIIIIO c Nd-.naaepoM, YAa.nocb nony4111Tb liiOHbl c BbiCOKiti-

Mitl 38PAAHOCTRMitl Ill 8 AOCTST04HO 60nbW~X KOJ11t14€CT88X npH cpaBHH-

T€IlbHO yMepeHHOill /no cpaaHeHlllto c Nd -naaepoM/ nnoTHOCTlll Mow,-

HOCT\.1 lti311Y4eHIIIR Ha MliiWeHH. Tat<, npltl W= 4-10 9 
BT/cM2 6bfnltl no-

ny4eHbiHOHb1' c5+, AI 8+ 15/ •. a nplll w ::::l0 10 BT/cM 2 - liiOHbl c 6 +, 

Si 12+ , V 14+ , Cd 14+ 161 

0AHaKo noMHMO HanH4111A TaKoro naaepa, KaK naaep Ha C0 2 

C B~COKO!II 4aCTOTOi1 CilCAOBSHIIIA lt!MnynbCOB Itt MOUI,HOCTb~, He06xo

AiriMOi1 AilR nony4eHHA lt!OHOB c aaAaHHoi1· se.nli14111HOi1 A/Z i I A 

aTOMHbfH sec ltiOHa, Zi- KP8THOCTb lri0Hll138~1t!H ltiOHa/, a T8Kme 

nOMitiMO no.ny4eHHR AaHHbiX no paaneTy nna3Mbf e BaKyyM, AJ1A paa

pa6oTKH 3KcnnyaTa~lriOHHoro .naaepHoro HCT04HHKa M3~ AJ1R ~HK.no

TPOHOB HeOfiXOAHMO npOB€CTll1 T8Kirle HCCil€AOBaHHR: 



a/ H3Yli€HYI€ BJlYI.RHH.R MarHHTHOro non.R HS npocTPSHCTBeHHbl€ 
H speMeHHbl€ xapaKTepHCTHKVI nna3Mbl, 06PS30BSHHOH H3J1Yli€HHeM 
C0

2 
-naaepa; 

6/ 1.1CCJ1€,Q08SHI.1€ 3SP.R,QOBbiX 1.1 Bp€M€HHbiX xapaKTep1.1CTI.1K 1-lOH
HOrO KOMnOH€HTa na3epHOi:1 nna3Mbl B MarHI.1THOM none. 

aaHHa.A pa60Ta noCB.R~eHa H3Yli€HYI~ BnH.RHH.R nonepeliHOrO Mar
HVITHOrO nOJl.R Ha npocTpaHCTB€HHbl€ Yl Bp€M€HHble xapaKT€pHCTVIK\.1 
naaepHo~ nna3Mbl. 

2. Oco6eHHOCTb eaaHMo,qe~cTBH.R naaepHo~ nnaaMbl c nonepeli
HbiM MarHHTHbiM noneM COCTOYIT 8 TOM, liTO nna3M€HHbti1 CryCTOK 
npOXO,QYIT nonepeK MarHHTHbiX Cl.11108btX nHHI.1i:1 paCCTO.RHI-l.A OT MI-1-
W€HI-1 3HaliHTenb.HO 60J1bWHe, li€M MQ)I(HO 6bt110 6bl O>KH,QSTb HCXO,Q.R 
1-13 H38€CTHOrO ypaBH€HH.A fianaHCa ,QaBneHH_i1 MarHHTHOrO nOJ1.R 
11 naaepHo~ nnaaMbl: 

/1/ 

r,Qe B- YIHAYK4H.A MarHHTHoro nonR; ni -~oHHa.R nnoTHOCTb nnaa
Mbr; m - Macca aTOMS MaTepl-lana MI.1W€HH; v2 - ycp€,QH€HHbti1 KBa,Q
paT CKOPOCTVI HOHOB naaepHOi'-1 n11S3Mbt; J1 O - MarHHTHa.A npOHVIL-'ae-
MOCTb BSKyyMa. 

~POHHKH08€HVIe n.ni33Mbl CKB03~ o6JlaCTb paseHCTBa ,qaaneHHi1 
06b.ACH.A€TC.A 803HHKH08€HI-1€M ~1r.Q HJ1YI )I{€J106KOBOi1 H€YCTOi1liHBOCTJ..1 
Ha rpaHH~.te_ nnaaMbl a MarHHTHOM none171 . BnonHe ecTeCTBeHHbtM 
npe,QCTaBJ1.R€TC.R HCnOJ1b30BaHVIe 3TOrO 3¢¢eKTa ,QJ1.R TpSHCnOPTH
POBKI.1 1-lOHHOrO KOMnOH€HTa J1a3ePHOi1 n11S3Mbl OT MVIW€HH K 3MI.1CCV10H
HOi1 ~enH. YliHTbrBa.R L4€1lbr~ P~A ctJaKTopos, KacaiOtqHXC.A ycnoeH~ 
3KCTpaK41.1VI H KOH<:;TpyKTHBHbiX OC06eHHOCTei1 COBpeMeHHblX 1.4HKJ10TPO
HOB, a TSKY.<€ OCHOBbiBa.Acb Ha p€3YJ1bTaTaX pa60Tbl /2/, MO)I(HO CKa-
3STb, liTO nepcneKT1.1BHbtM npe,QcTaBn.AeTc.A ceHllac sap!-laHT naaep
Horo HCT04HHKa, B KOTOPOM MarHVITHO€ none ,QJ1FI na3epHOi1 nna3Mbl 
.ABn.ReTc.A nonepe4HbtM. OrpaHH4eHHbtx cse,QeHI-1i1 171 no noee,QeHHIO 
naaepHoi1 nnaaMbl oT Rb-naaepa /A= 0,69 MKM/ a nonepe4HOM 
MarHVITHOM none, HCn01lb30SaHHbiX B pa6oTe 121, 8 ,QaHHOM CJ1y4ae 
ABHO H€,QOCTaT04HO: n9CKOJ1bKY HS4a1lbHa.R nnOTHOCTb nna3Mbl ,QJ1.R 
C0 2 -.naaepa npH6nH3HTe1lbHO Ha ,QBa nop.R,qKa MeHbwe, 4eM ,qn.A 

naaepos Ha Rp , "' Nd, To nose,QeHvte nna3Mbt oT naaepa Ha CO
2 8 nonepe4HOM MarHYITHOM none, KSK BYI,QHO H3 ypaBH€HYI.A /1/, M0)1{€T 

0TJ1HllaTbC.A caMbJM Cy~eCTB€HHbiM o6pa30M OT nOB€,Q€HH.A nna3Mbl, 
o6paaosaHHotr Rb- H Nd -naaepaMH. 

3. aaHHa.A pa6oTa no H3Y4€HHIO BilYIAHYI.R nonepeliHOrO MarHHTHOro 
nom~ Ha npOCTpaHCT8€HHbl€ XapaKTepHCTHKYI Y1 KHH€THKY 1-lOHHOrO 
KOMnOH€HTa naaepHOf:1 nJla3Mbl npOBO,QVIIlaCb HS fiaae CT€H,Qa YIOHHblX 
YICT04HI-1KOB na6opaTOPHI.1 .A,Q€PHbiX peaKL4Hi1 O~R~ 181.CxeMa 3KCnepH
MeHTaJ1bHOi1 ycTaHOBKH vrao6pa)l{eHa Ha pHc.l. B pa6oTe Hcnonbao-

2 



Puc. I • I - CO 2 -nagep; 

2 - na3epHbi:H nyt.I; 3 -

cseToAenHTenbHaH nna

CTHHKa; 4 - BXOAHOe 

OKHo; 5 - ~oToconpo

THBneHHe; 6 - KaMepa 

CTeHp;a HOHHbiX HCTO'tl

HHKOB; 7 - JlHH3a; 8 -

CHCTeMa 30HAoB; 

9 - MHmeHb; 10 - 6noK 

IIHTaHHH 30Hp;OB; 

11 - ocuannorpaQ CS-2. 

6 

8 

saneR IIIMnynbCHbt~ CO 2-na3ep c nonepe4HbtM paap.RAOM. JlaaepHbtill 

ltiMnynbc ltiMen $OPMY '· T\llnlti4HYIO AilR C0 2-naaepoe BbtcoKoro Aaa

neHitiR: nocne rltlraHTCKoro IIIMnynbca c AI1111TeilbHOCTbiO Ha nonye~

coTe ""' 100 HC Ha6IltOA8IlOCb MeHee \11HTeH01BHOe V13Ily4eH1Ae C Bpe

MeHeM 38TyXaH\tiR OKOilO l MKC. r~ttraHTCK\tl~ \tiMnYilbC COAepmail 

npi-16Illtl31t1TenbHO 30% oT nonHol1 3Heprltl\11 I-13Jly.4eH\IIR, KoTopaR f>bma 

paBHa o-: 4 ll>~<. Pa604\tl~ B8KYYM 8 K8Mepe C0CT8BilRil 10-& MM pT.C:T. 

H3nyl..leHI-1e $oKycl-1poeanocb Ha noeepxHoCTb M\IIWeHitl, ycTaHoaneHHo~ 

B KaMepe CTeHA8 loolOHHbtX \IICTOI..lH\IIKOB, C noMQU\biO Il\IIH3bl .\113 NaCl. 

nnoTHOCTb MOU\HOCTI-1 C$OKYC\IIP088HHOrO naaepHoro \113Ily4eH\tiR Ha 

M~t~WeH\11 cocTaanRna 41 ""1 0 9 BT /cM 2· B Ka4ecTae MaTep1o1ana MHWeHeH 

\11Cnonb3088Il\11Cb C, Al, Zr, Ta. H3y4eHI-1e npoCTpaHcTeeHHo-

8peMeHHb1X XapaKTepltiCH'\K Il83epHoH nil83Mbl 8 nonepe4HOM MarHIATHOM 

none np080AitiilOCb C nOMO~biO nnOCK\tiX 3IleKTpltl4eCK\tiX 30HA08. 30HAbl 

6btil\11 \113rOT08IleHbl \113 MeAHO~ $0Ilbr\11 \11 \IIMeilltl 8\tiA ·'npRMoyronbHHK08 

C paaMepaMI-1 np~rteMHOH 48CH1 1 x5 MM2 . 30HAbl pa60T8Il\11 8 pemltiMe 

\IIOHHoro TOKa HacbtU\eHHR. CxeMa n~t~TaHitiR aoHAoB 6blna aHa.norw .. ma 

ltiCnOilb3YeMO~ B pa6oTe 191 3a \tiCKiliOI..leHitleM COnPOT\IIBileHiriR Harpy3Kio1, 

KOTopoe aapb\tlpo8anocb OT 2 AO 100 OM. Hanp.R>I<eHHe nHTaHHR aoH

AOB lti3MeHRilOCb OT -50 AO -150 B, 8 TO 8peM.R KaK MltiWeHb 6~na 

aaaeMileHa. C~t~rHan~ c aOHA08 nocTynan\11 Ha exoA A8Yxny4eeoro 

aanOM\tiH810U\ero oc~~ttnnorpa¢a CB-2. 3anycK paaaepTK\tl oc~~t~nnorpa

¢a 6b1Il C\tiHXpOH\113\IIPOBaH C \tiMnyilbCOM naaepa C noMOU\biO $OTOCQ

npOT~BneH~R ~Cr-zZ-3A
Z. 

4. Ha1116onee nonHo aonpoc~, CBR38HH~e c n~HMeHeHHeM 30HAO

eo~ Al-1arHOCT\11Kitl naaepHOa::i nna3Mbl, OCBeU\eHbl B g,tO/. nocKOJlbKy 

e 3Kcnep~t~MeHTe lllccneAoeanacb nnaaMa, KOTopaR nonRp\llayeTcR no

nepel..lHbiM MarH\IITHbJM non eM ,Itt, cneAoeaTellbHo, noTeH~IIIan nnaaMbl, 

CTporo roeopR, He onpeAeneH, TO AilR npoeepKH AaHHbiX, nony4eH-
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HbiX C nOMOLJ.IbiO O,QHHOLlHbfX 30H,QOB, npoBO,QltlJl!IICb KOHTPOllbHbfe 1113M€p€HJ.1R ,QBO~HbiM 3Jl€KTpJ.1Ll€CKI1M 30H,QOM 'll: KOTOPbli1 06bfllHO 11Cn0Jlb-3Y€TCF! ,QflR H3MepeHHi1 8 T€X CJly4aRX, KOr,Qa nOT€HLtl1afl nfla3Mbf M€HF!€TCR B npocrpaHCTB€ 1111111 80 Bp€M€Hl-1. fibiJW Hai1,Q€HO, LlTO KOJ11.1Ll€CTBeHHbl€ pe3y!lbTaTbl, noflyl.la€Mble C nOMOlJ..!biO O,Q11H04HOrO 1-1 ,QBOi-fHoro 311€KTpi-1Ll€CK!IIX 30H,QOB 8 ,QaHHbfX 3KCnepHMeHTaJ1bHbiX YCFJOBHRX 1 COBna,QaiOT C TOI..fHOCTbiO ,QO 50%, 8bl6paHHaR M€TO,QJ.1Ka ,QaJla B03MOmHOCTb nOllYLl11Tb CB€,Q€H11F! 0 B€flHLlHH€ Ill ,QilHT€JlbHOCTH TOKa HOHHOrO KOMnOH€HTa Jla3€PHOi1 nfla3Mbl H ero CKOPOCTHbiX xapaKT€pl.1CTHKaX Ha pa3fll.14HbfX pacCTORHl.1F!X OT Ml.1W€HH nyTeM nep€M€LJ.I€HHF! 30H,QOB 8 npocrpaHCTB€, ~HTerpHpOBdHI-1€ HOHHOrO CHrHdlld Hd nOllYI..fd€MbfX OCI..ti111JlOrpaMMBX noaeonHno onpe,QeflHTb senHLlHHY aapA,Qa Q, nocrynaiOLJ.Iero Ha 30HA aa o,QHH HMnyflbC naaepa. 

5. Koop,qi1HaTHaR CHCTeMa, HCnollb30eaHHaR .QnR o6bRCH€HI1R 3Kcnepi1MeHra11b HbiX peaynb raroe, noKa3aHa Ha Pl.1C. 2. nosepxHOCTb JlB3€PHOi1 MHW€HI1 pacnonomeHa B nnOCKOCTI-1 XY-,----a- HOPMaflb K nosepxHOCTH - no OC!II Z. CI1110Bble flHH11H MarHHTHoro nonA B HanpaBJ1€Hbl no OCH Y. 30H,Qbf pacnonaraJ1HCb 8 nJlOCKOCTI1 XZ. no-IlOm€HH€ 30H,Qd B nflOCKOCTI-1 XZ xapaKrepH3Y€TC.R ,QBYM.R napaMer-paMH: paccroAHHeM L or T04KH ~OKYCHPOBKH /TOI..fKa nepecel..feHHA Koop.QHHaTHbiX ocei-1 X~ Y"'" Z ~ 0 I ,qo 30H,Qa 111 yr noM <jJ, KOTOpbri-1 OTCLIHTbiBaeTCR OT OCI-1 2 /HOpMallb K nOB€PXHOCTH MHW€HH/ ,QO npRMOi1, C0€,QltlHRIOLJ.I€i1 T04KY ~OKYCHpOBKltl C TOI..fKOi1 pacnonomeHHR 30H.Qa. nyll naaepa na,qaer Ha MHWeHb no,q yrnoM ¢=30° s nnocKocrYI XZ /aHaK yrna ¢ coorsercreyer 3HaKy eenHI..fHHbl x I. CMrHon c 30H.QOB 8 orcyTCTP.II!e MarHY'ITHorn n0nR no ctlapMe 0brn aHallOn14€H CYirHally 1 f.1306pameHH0MY B pa6ore /! 21
,1-1 COCTOF!ll 1-13 ,QBYX n0110mJ.1T€IlbHbJX nHKOB. Dep8blr::i ni.1K, KOTOpbli:i FIBilRilC.R CJ1e,qCT81-1€M $OT03Il€KTPOHHOi-1 3M~CCf.11-1 C noeepXHOCTI-1 30H.Qa no~ B03-.Q€i:1CTB~€M peHrreHOBCKoro J.13Ily4eHI1.R 1-13 nna3Mbl, cooreercraoean BP€M€HH 8 /0,5+1,5/ MKC OT Ha4a!la paaeepTKI-1. 8ropoi1 nMK HM€11 60J1bWyiO 3a,qep~Ky OTHOCHT€IlbHO HaYana pd3B€PTKYI no cpaBH€Hf.110 C ¢OT03JleKTpOHHbiM Cf.1rHallOM 1-1 orof;pa~all BP€M€HHYIO 3a8ltlCHMOCTb 

1 

4 

B€flf.11..fJ.1Hbl I-10HHoro TOKa HaCbllJ.Ie
HHR 30H,Qa 8 Jla3€PHO~ nna3Me. 
l-1cxo~FI f.13 nonyYeHHbiX ,qaHHblX 
no CKOPOCTH pacWf.1p€HltlFI 11a3ep
HO~ nna3Mbl 8 OTCYTCT8H€ Mar
HHTHOrO nOilR 1-1 OCHOBbfBaRCb Ha 

PHc.2. Koop~HHaTHaH CHCTeMa 
3KCITepHMeHTa. 



AaHHbiX, lt13fl0}f{€HHbiX B pa60Te ' 12 ~ Mbl HaWJll-1, 4TO B€Illt14Y1Ha CP€AH€ro 

aapRAa Y'IOHa 8 naaepHo~ nnaaMe Aflfl t~~cnonbayeMbiX MaTept~~ano8 Mlt1-

weHit1 npY16IlY131t1TenbHO OAY1HaKoea 1.1 pasHa 3. MaKCHMailbHafl 3IleKT-

POHHaR nJlOTHOCTb n c Jla3€PHO~ nna3Mbl, paCC'-lVlTaHHa.A B COOTB€T-

CT81t11t1 C ''), no CKOpOCTI-1 paCWit1P€HY1.A naaepHOi:i nfla3Mbl Yl B€IlYII.llt1H€ 

nJlOTHOCTI-1 HOHHOrO TOKa HaCbtll.\€Hit1fl 30HAa, COCTaBJl.AJ1a Ha pac

CTO.AHII1111 L=- 6Q MM /10 12 o-10 13
/ 1/cM 3 /a 3aBit1Cit1MQCTYI OT MaTe

plt1ana MII1W€HY1/, C YB€IlYII.l€HY1€M paCCTORHII1fl M€}f{AY MII1W€Hb~ Y1 30H

AOM 3IleKTpOHHafl nnoTHOCTb YMeHbwanacb no 1113BeCTHOMY aaKOHY 

n - 1 'L 3 (n ~ ~ z. (n.) . ) • 
e ' e Zi I I Z l 

3KCnepii1M€HTaJ1bHbl€ Y1CCJ1€AOBaHY1R 3aBit1CII1MOCTII1 Q(J;) np111 H€J;13-

M€HHOM L noKa3aillt1, 4TO B OTCyTCTBI-1€ MarHII1THOrO nOJlfl, KaK 1t1 

cneAOBano 0*111AaTb /eM., Hanpii1Mep, / 13-' I ,paaneT naaepHO~ nnaa

Mbl OCYW,€CTBJ1fi€TCfl CII1MM€TPY14HO OTHOCIIIT€IlbHO HOpMaJlll1 K noeepx

HOCTII1 Mlt1W€Hit1 /OCb pa3JleTa/. 8eJ111141t1Ha Q(~) MOHOTOHHO YM€Hb

WaeTC.A C YB€Illt1'-l€H111€M 8€Jllt14111Hbl ~~bj , VI np\11 !4> i 90° OHa npii1-

6J1M31t1T€JlbHO B /2 ..;.4/ paaa M€HbW€, 4€M np1.1 ¢,..., 0. 

6. AHaJ11113 Cll1rHanoe c 30HAOB 8 nonepe4HOM MarHII1THOM none 

noKa3ail, 4TO npocrpaHCTB€HHO-BP€M€HH~e xapaKT€pMCTY1KII1 IIIOHHOrO 

KOMnOH€HT8 Jla3€PHO~ nila3Mbl 3aBI-1C.AT OT B€J1H41-1Hbl MarHY1THOro no

Il.A, yrna M€}f{AY HOpMaJlb~ K nosepXHOCTI-1 Mlt1W€HI-1 Y1 HanpaBJ1€HYI€M, 

no KOTOpOMY ycT8HOBil€H 30HA, paCCTOfiHY1.A Me}f{AY 30HAOM 1t1 MII1-

W€Hb~ 111 P.RAa APYrlt1X ~Y131-14€CKY1X YCilOBI-1~. 

a/ Ha p~t~c.3a-r npiiiBeAeHbl 3Kcnepi-1MeHTailbHble peaynbTaTbl aa-

BIIICHMOCn1 q(¢) =G(¢)/0 I 0"' S/L 2 ,rAe S- nnoll.\8Ab 30HAa/, 

senii14111Hbl lt10HHOro aapRAa naaepHo~ nna::lMbl, Ha eAY1HHU.Y renecHoro 

yrna np1.1 pa3111114HbiX senY14YIHax MarHIIITHoro nonR. BY1AHO, 4TO 

C YB€Illt14€HY1€M MarHHTHOrO nOJlR npolt1CXOAY1T C}f{8TIIIe yrna pa3JleTa 

naaepHo(, nna3Mbl, np~-1 3TOM AilR MarHHTHbiX noneH B > 0, 03 T 

MaKCY1MYM B YrJlOBOM pacnpeA€Il€HIIIY1 /OCb paaneTa/ np~XOAY1TC.A Ha 

30HA, AilR KOToporo ¢=¢ *=11°. 0wH6Ka B 1113M€P€HY1-III yrna, nOA 

KOTOpbiM ycTaHaBillt1BaeTC.A 30HA, COCTaBJlAJla 3°.Ka4eCTB€HHO 6IlH3-

KY1€ aaBHCHMOCTY1 6bln~ nony4eHbl 1t1 AJlR MHWeHeH Y13 Ta, Al, C. 

3aBIIICIIIMOCTb OT MaTepHana MltiW€H~ B~pa~anaCb 8 TOM, 4TO MaKCHMYM 

s pacnpeAeneHH~ q(¢) np~ ¢ =¢ * AflA 6onee nerKVIX 3neMeHros 

(C, Al) AOCT~rancA np111 6onee cna6blx MarH~t~THbiX nonAx. Ha pYic.4 

noKaaaHa aas~t~cYIMOCTb q OT aTOMHOro aeca A MaTepV~ana M~ 
npH B~0,53 T, ¢~¢*, L~ 60 MM. 

6/ CpaaHeHYie ocu,HnnorpaMM c~t~rHanoa c 30HAOB a OTcyrcTsHe 

H np~t~ HanH4Y1111 MarHHTHOro nonA 0,5 T noKaaano, 4TO MarHIIITHoe 

none CYll.\€CTB€HHO yBe!lY14V1BaeT Be!ll-14HHY IIIOHHOrO TOKa Ha 30HA, 

ycTaHosneHHblall noA yrnoM ¢=4> *. Ha PVIC. 5 np~t~BeAeHbl aasHCIIIMO

cTH aen~t~4V1Hbl aapAAa Q, nocryna~~er~30HA aa OAWH ~t~Mnynbc 

naaepa, OT BeJll-14111Hbl MarHHTHOrO nO!lR A!lA 30HAOB, ycTaHOB!leHHbiX 
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PHc . .3a-r. MaTepHaJI MHmeHH- Zr, L== I 10 MM; a/ B = 
- 0,03 T; 6/ B = 0,22 T; B/ B = 0,31 T; r/ B=0,53 T. 
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PHC. ~. 3aBHCHMOCTb B€J!WIHHbl 3apH,!la 

20 
Ha €)J,HHH~Y TeJieCHOrO yrna OT <3.TOMHOrO 

Beca MaTepHana MHruenH. 

••><~< 

to 

0,1 

0 

0,2 

IOO 

o.• 8 T 

PHc.S. MaTepHan MHmeHH - Ta. 

~60 MM; /'3.-¢=11°; 
X-q>~-11°, 

2001 

Q. K 

ro-5 

0,5 !,0 I .5 B T 

PHc .• 6.. 3asHcHMOCTb seJ1H'4HHhl 

3apH,!la OT 3Ha'4eHHR MarHHTHOrO 

TIOJIH.o 

no,Q yrnaM~ ¢=1 P, -11°. Ha cpaeHeHY!fl rpa¢>J.1KOB Ha pY~c.S BHAHO, 

~TO MSfHYITHO€ none HapywaeT CHMMeTPYI~ pa3neTa nna3M~ 0THOCYI

T€JlbHO OCYI Z, KOTOpa~ YIMeeT MeCTO 8 OTCYTCTBYI€ non~. 3TOT 

BbiBOA 6bl1l nO,QTBepm,QeH np1-1 vtccne,QoBaHr.1Ax paaneTa naaepHo~ nnaa

Mbt B nonepe4HOM MSfHYITHOM none Ha MIIIW€HflX 1113 C, Al, Zr. 

YeenY~4eHvte MarHY~THoro nonA oT 0,5 Ao 1,5 T He npY~BOAY~Ilo 

K lt13M€H€HYIIO npOCTpSHCT8€HHb!X XSPSKTepHCH1K naaepHOIIi nna3Mbt 1 

TO €CTb MSKCYIMYM 8 YfllOBOM pacnpe,QeJ1eHlrH1 q(¢) nplr1XO,Qlo1TCR Ha 

yron ¢ =¢* 1r1 He ·aaBlr1Cir1T. OT MaTep1r1ana Mlr1WeHlr1. ~ccne,qosaHlr1R, 

npose,QeHHble AJTR Tpex MHWeHe!li H3 C, Al, Zr, noKaaanH, 4TO 

yseilH4eHHe nonR oT 0,5 ,qo 1,5 T cna6o BilHReT Ha $OPMY paaneTa 

nna3Mbl, O,QHaKO npH 3TOM npOHCXO,Q\IIT HeKOTOpOe yMeHbWeHHe BeilH-
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4HHbl aap.Rga Q, nocTyna!O~ero Ha 30HA. Kat< npw-1ep, Ha pwc.6 npHeegeHa 3BB14CI4MOCTb Q(B) All.R (/J=¢;*, KOrga B KB4eCTBe MaTepHana HCnonbaoeancR Zr I L = 60 MM/. 
B/ ~3Y4€HVI€ npOCTpSHCTB€HH~X xapaKT€PVICTVIK nna3Mbl, KOrAa paccTO.RHHe MemAY MI4W€Hb!O 111 30HASMVI MeHRnocb a npegenax L = = /60~150/ MM, noKa3ano, 4TO KapTHHa BnVIRHVI.R nonepe4Horo MarHVITHoro nonR npH B -::._ 0, 5 T ocTaeTC.R Heli13MeHHO~: Ha4111Ha.R c onpeAeneHHoi1 aenH4VIHbl MarHHTHOro nonA pacwHpeHllle nna3Mbl CTBHOBIIITC.R P€3KO BHV130TpOnHbJM C MBKCVIMyMOM B pacnpeA€Jl€HJ.1111 q(¢) np111 ¢=¢*. 3aBJ.1CVIMOCTb OT paCCTO.RHlii.A Bblpa>t<anaCb 8 TOM, 4TO C YB€JlVI4€HI4€M L MBKCVIMYM 8 pacnpege!leHJ.1YI q(¢) Ha <.'>='¢* AOCTHranc.R np111 6onee cna6biX MarHIIITHbiX non.Rx. 

,lln.A MJ.1weHei1 H3 Al , Zr , Ta cpaBHeHII!e ee!lY1414HbJ 3aP.AAa Q, npli!XOA.Autero npVt Hel-13M€HHOM none B=--o/0,3-;.- 0,5/T Ha ABa 30HAa, y ogHoro 1113 KOTOpbiX L = 60 MM J.1 ~~= 11 '"',a y APYroro L=, 120 MM II! r.h = JJC"_ noKS3SflO, 4TO npOXO}I{A€HII!€ n.na3MO~ paCCTO.RHt.1.A OT 60 Ao 120. MM conpoBo>t<gaeTC.A yMeHbW€Hli1€M npt.16flli131.1Te!lbHO a 10 pa3 KOJ1V14€CTBS 4BCTH~, nOCTyna!Outt.1X Ha 30HA. no reoM€TPY14€CKt.1M C006pameH14.AM yMeHbW€Hl-1€ AO!l}I{HO fibiTb npll!fi!lH3,l·1T€JlbHO 8 4 pa3a. Tat< 111M o6pa3oM, KOJ11-14eCTBO 4BCTHLt /yxog BAO!lb MarHHTHblX Cli!JloBbrx Jlt.1HHi1/ npVI npOXO}I{A€HHJ.1 paCCTO.RHlii.A OT 60 AO 120 MM naAB€T ecero a 2-;.-3 pa3a. 
npll! LG 100 MM l-1 VtcnOJlb30BaHHVI B KB4€CTBe MaTep~t~ana MVIW€HI-1 c a MarHHTHbiX non.AX B > 0,3 T /npH nonAx,fionbWI-1X, lleM Te, npH KOTOpbiX ¢opMy!lHpyeTC.A y3KOHanpaBJ1€HHbltiJ PB3ll€T n!la3Mbl/ VIOHHbUI! Ct.1rHa!l C 30HAB npH ¢=¢* 1-1M€Jl MHoronH4KOBYJO CTPYKTypy. Tat<a.A ¢opMa CHrHa!la COOTB€TCT8Y€T KapTHH€, KOTOpa.A AOll}I{HS Ha6n!OgaTbC.A np1-1 11 pacnaAe11 nna3MeHHoro cryCTKa. Kolll-14€CTBO oTgenbHbiX nH4KOB, J.1X" aMn!lJ.1Tyga l-1 A11HT€JlbHOCTb HM€!11-1 CJ1y4a~Hbli:1 xapaKTep H H€ eocnpoH3BOAHJ1HCb OT HMnyllbCS K HMnyllbCy naaepa. npoeegeHHbl€ HCCJ1€AOBBHYI.A n03BOJll-1J1H yCTaHOBVITb, LITO 8 MarHYITHbiX nonRx eem14HHo11 B S 1 , 5 T gnR 30HAa, ycTaHosneHHoro no,q yr!lOM r/J=¢* npH L = 60 MM, HM€€T M€CTO HaH6onee CTafiHilbHOe npOXO>K,Q€HJ.1€ n11S3Mbl OT MHW€HH AO 30HAS. Paa6poc 8€1lH4HHbl CJ.1rHa1la C 30HAS OT VIMny!lbCa K l-1MnyllbCY 11aaepa All.A 3THX 3KCnepHM€HTSJlbHbiX YCllOBHH He npee~WS!l 20%. 

r I npH H3MepeHH.AX B MarHHTHbiX nO!lRX -1 T 6bl110 06HapymeHo' 4TO HaH60nee CH!lbHO€ Hanb1Jl€HH€ MSTep~-tana Mlo1WeHH HS 3KPSH 30HAOB npOio1CXOAI-1T BAOflb HOpMallH K noaepXHOCTVI MHWeHH (¢=0). 3TO CBHA€T€flbCTByeT 0 TOM, 4TO HeHTPS1lbHbll1 KOMnOH€HT nllS3Mbl HMeeT npe~-tMy~eCTBeHHO€ HSnpaeneH~-te pa3Jl€Ta no HOpMaJlH K MHWeHI-1. AI ~ccneAoBaHI-1R, npoaeAeHHble npH H3MeHeHVJ~ yrna naAeHH.A nasepHoro H311Y4eHH.A c 30° AO -30°,noKa3anH, 4To npocTpaHcTeeHHo-epeMeHHble xapaKTepHCTHKH nasepHoH nna3Mbl, o6pasy~~eHc.A B MarHHTHOM none - 1 T Ha MHWeHRX H3 C, Al , Zr npH L = 60 MM, OCTaJQTCR H€VI3MeHHbiMH. 3TO rosopHT 0 TOM, 4TO npOCTPSHCTB€HHQ-
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speMeHHbte xapaKTepVIcntKVI naaepHO~ nna3Mbl s nonepellHOM Mar

HVITHOM none He 3aBVICRT OT yrna na,Q€HVIFI ~3I1Yll€HVIR Ha MVIW€Hb. 

7. ~CCI1€,QOBaHH€ ,QI1VIT€JlbHOCTVI VIOHHOrO KOMnOHeHTa Jla3epHO~ 

nna3Mb1 B ¢VIKCVIpOBaHHO~ TOllK€ npOCTpaHCTBa, KaK VIHTerpaJlbHO 

AI1R BC€X 3ap.A,QHOCTe~, TaK VI AI1FI Kam,QO~ 3apFI,QHOCTVI B OT,Qenb

HOCTVI, B 3aBVICHMOCTVI OT paCCTOFIHVIFI AO MVIW€HH L VI OT B€I1Hlllo1Hbl 

MarHMTHOrO nOI1A 8 04eHb eamHO C TOllKJ.1 3peHVIA VICnOJ1b30BaH~A 

VIOHHOrO KOMnOH€HTa .QJ1A 3a.Qall YCKOpeHHA. nnVIT€IlbHOCTb VIOHHOrO 

VIMnynbca, perVIcTpHpyeMoro 30HAOM, i\t, onpe.QenneTCA KaK 3Hep

reTVIlleCKVIM cneKTpOM VIOHHOrO KOMnOH€HTa, TaK VI epeMeHeM 06paao

eaHHA VIOHHOrO KOMnOH€HTa Ha noeepXHOCTVI MVIW€HVI to 

\t=Liv -L.'v ~t =t -t +t . 
' :'>H\ll. ' \I<IK\'. 0 2 1 0 /2/ 

B ,QaHHOM cny4ae t 0 -10- 7 
c /,QnVITeflbHOCTb naaepHoro VIMnynbca/, 

V ~lil!--.C, COOTB€TCTByeT CKOPOCTVI BbiCOK03apFI,QHbiX VIOHOB, V MHH.

CKOPOCTVI HV13K03apFI.QHbiX VIOHOB B 11 XBOCT€ 11 cryCTKa. AHCII1Y!3 aa

BVICVIMOCTVI :\t OT L VI B He npe,QCTaBI1.A€TC.A ~enecoo6pa3HbiM npH ¢, 
OTI1VI4HOM OT ¢*, nOCKOI1bKY xapaKTep yrflOBbiX pacnpe.Q€I1€HVI~ VI3Me

HR€TCA npVI V13M€H€HVIVI nonA 8, llTO VI OTpamaeTCA Ha xapaKTepe 

30H.Qoeoro CHrHana /eM. n.6/. K TOMY me c T04KH apeHHA paapa-

6oTKVI naaepHOrO VICT04HV1Ka VIOHOB AI1R ~VIKI10Tp0H08 VIHTepec npe.Q

CTaBnFieT TOilbKO HanpaeneHVIe ¢=¢*· Ha p-vtc.?a,6 noKa3aHbl aa-

BVICVIMOCTvt t 1 H t 2 /epeM€HVI ,QOCTHM<€HVIR nepe,QHei1t 1 VI 3a,QH€~ t2 
rpaHVI~aMVI naaepHO!~l nnaaMbl 30H.Qa Ha nonyBbiCOTe VIOHHoro cvtrHana/ 

OT B€I1VIllVIHb1 nOJ1FI 8 .QI1R .QBYX paCCTOFIHVI~ 30H,Qa OT MVI.W€H\.1 npVI 

yrne c/; = ¢*. KallecreeHHO 6nVI3KVIe aaeHCVIMOCTVI t 1 VI t2 or 

8€I1VIllJ.1Hb1 MarHHTHOrO nOJlA 6b!J1J;I nony4€Hb1 np1o1 VICnOJ1b30BaHvtVI 8 Ka-

4€CTB€ MaTeplo1aJla MV1W€HV1 C, Al • Ta. npVI VIHTepnpeTa~VtVI 3TVIX 

aaBV1CV1MOCTeH .QV1anaaoH VI3MeHeHVIFI nonR B norV14HO pa3.Q€IlVITb Ha 

.QBa yllacrKa: B < 0,3 T VI B > 0,3 T.B AV1ana3oHe or 0 AO 0,3T, 

L =/60 -7150/ MM nnaaMa cmV~Maercr~ VI ocb paanera noeopa4V1Baer

CA Ha yron 11", a raK KaK 3He_preTJ.14eCKH~ cneKTp naaepHoW nnaa

Mbl no pa3Hb1M HanpaBJ1€HVIRM 8 OTCYTCTBVI€ nOJlR pa3I1H4€H, TO B 

3TOM .QVIana3oHe B no H3MeH€Hi11~ At cnomHo OTAeJlVITb enHAH~e 

nonA Ha noeopor 1-1 cmarVle nnaaMbl or BilVtRHHR nonr~ Ha npo~eccbl 

nepepacnpegeneHHH 3HeprHV1 s caMe~ nnaaMe. npVI B > 0, 3 T 

C YB€J1VIll€HHeM nOllR Ha6JliOAaeTC.A cna6b1H POCT KaK t i, TaK V1 t 
2 

TO €CTb MarHVITHOe none C,QBHraeT 3HepreTVtll€CKVI~ cneKTp Y!OHOB 

a cropoHy MeHbWVIX 3HeprHW. BenHI.IVIHa At npVI B -> 0, 3 T 

npaKTVILl€CKVI He 3aBHCV1T OT 8€JlVI4VIHbl nOJlFI, 4TO yKa3b!BaeT Ha 

CY}I(€H~e BCero 3HepreTH4€CKOrO cneKTpa VIOHOB B ~eJlOM npH O,QHO

BP€M€HHOM ero yMeHbW€HV1VI a cropoHy M€HbWV1X 3HeprH~. CymeHVle 

3HepreTV1Ll€CKOrO cneKTpa 03HallaeT J1H60 YXOA VIOHOB H3 rOJ10BHOW 

4aCTH cryCTKa, I11o160 11 nepeMeWHBaHVle11 3HepreTVtllecKoro cneKrpa 

HOHOB pa3Hb1X 3apHAHOCTeW. 
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PHc. 7. Ma TepHan MHmemr Zr; 
----,

1
, !\ -t

2 
a/ L 

= 60 MM; 6/ L- 120 MM. 

B XOA€ I-1CCI1€AOBSHI-1i1 6bt
Il0 o6HapymeHo, 4TO A!l~
Te!lbHOCTb I-10~HOrO TOKa 
1\.t 3SB~CI-1T H€ TOilbKO OT 
B€Ili-141-1H~ MarHI-1THoro non~, 

I.s 8 r HO 1-1 oT paccTo~H~fl L 
M€mAY M~W€Hb~ 1-1 30HAOM. 
3aeHCI-1MOCTb At oT L Bbt
pamanacb s TOM, 4To np~ 
H€1-13M€HHOi1 B€!1H4HH€ Mar
HHTHOrO nonfl I B> 0, 3 T I 
B€!1H4HHS ~t HM€€T TeH
A€H~H~ YM€HbwaTbCfl c yee
IlH4eHH€M L B OTI1H41-1€ OT 
cny4a~ paaneTa naaepHoi1 
nna3M~ B OTCYTCTBH€ Mar
HHTHOrO non.R. TaKoe noee-

0'--------0-'.'-2------oL,-.--8--,- A~HHe At s aasHcHMocTH 

oT L s MarHHTHOM none 
06'b.~CHR€TCR B OCHOBHOM, 

KSK BHAHO H3 pHc.7, CABHrOM HHmHei1 rpaHI-1~~ 3HepreTH4€CKOro 
CneKTPS HOHOs-e-GTopoHy 60!lbWHX 3H€PrHi1, 4TO, no-sHAHMOMy, ~s
I1R€TCFI CI1€ACTBH€M YXOAS MaJl03HepreTH4HbiX HOHOB H3 n!lS3M€HHOrO 
cryCTKS npH ero ABHm€HHH nonepeK MarHHTHbiX CHilOB~X IlHHHi1. 

8. npoB€A€HHbl€ HCCI1€AOBSHHFI npoCTpa HCTB€HHO- Bp€M€HHbiX xa
paKT€pHCTI-1K nnaaMbl, o6paaoeaHHoi1 l-13ny4eHHeM CO 2 -naaepa s no
nepe4HOM MarHHTHOM none /0,171,5/ T,noKaaanH, 4TO 

a/ naaepHaR nnaaMa cnoco6Ha npoxoA1-1Tb paccTo~HHe -10 eM 
nonepeK MSrHHTH~X CI-1!10Bb1X Il~HH\1, OAHSKO o6!1SCTb CTS6H!lbHOrO 
npoxomAeHHfl nnaaM~ orpaHH4eHa paccTO.RHHeM 6 eM; 

6/ B C€4€HHI-1, nepneHAHKYilRPHOM non~, HanpasneH\.1€ npeHMY~€CT
B€HHOro PS3Il€Ta nJlS3Mbl COCTSB!l~€T yrO!l 8 /11°.:t_3 °/ no OTHOW€HH~ 
K HOpMa!lH K nosepXHOCT~ M~W€H~; 

al HHTerpa!lbHSR A11~T€IlbHOCTb HOHHOrO TOKS HS nOJlYBbiCOT€ 
HS paCCTORHHRX 6 CM COCTSBI1R€T H€ M€H€€ H€CKOJlbK~X MKC, OAHS
KO npH H€H3M€HHOM none OHS \.1M€€T T€HA€H~H~ YM€HbWSTbCR C yse
Jli-14€HH€M paccTORHHR L oT M~WeHH A!lfl L =16715/ eM; 

r/ paaneT He~TPSilbHoro KOMnoHeHTa naaepHo~ nnaaM~ nonepeK 
MarHHTHbiX CI-1!10B~X JlHHHi1 npm1CXOAHT npeHMY~€CTB€HHO no HOPM8Jl~ 
K nosepxHOCTH MHW€HH. 
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9. nonyl.leHHble pe3ynbTaTbl no3eon~IOT npeAnO>K&.1Tb eap1-1aHT 

KOHCTPYK~HH Jla3epHoro HCTOI.IHHKS HOHOB AilA ~1-'!KJlOTPOHOB C TpaHc

nOpTHPOBKO~ nilS3Mbl OT MHWeHH K 3MHCC&.10HHOH l4€IlH nonepeK Mar

HHTHbiX C\.IIIlOBbiX JlHHH~. 

ABTOpbl Bblpa>KaiOT 6naroAaPHOCTb r .H.<l>nepoey &.1 ll"l.U.OraHeC~Hy 

3a nocTaHOeKy 3aAal.lH H none3Hble o6cy>Ki:\eHH~, a TaK>Ke H.C.Hea

HOey, A.r.nl-1nbKoey H A.A.EponKHHY 3a noMOL4b a noAroToaKe 

3KCnepHM€HTS. 
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