
T-5J.,9 

I 
K.,U. TOJICTOB, r .C . llla6paTOBa 

IIPHMEHEHHE 

CBEPXCHllhHhlX MArHHTHhlX IIOllEA 

B <I»OT03MYllhCHOHHbiX HCCllE,UOBAHH.HX 

IIPH BhiCOKOA 3HEPrHH 

Pl - 8402 



)6beAHH8HHOrO HHCTHTyTa »AepH~X 

HCCJI8AOBamdi 
IHll 06'he,!I;HHeHHOrO HHCTHTyTa ll,!l;epHbiX 

lUOTCll CaMOCTOl!TeJibHbiMH ny6JIHKall;HliMH. 

:TBHH co CT. 4 Y cTaBa OH.HH. 0TJIH"!He 

JaKJIIO"!aeTCll B TOM, 'ITO TeKCT npenpHHTa 

DW' ,~TieH B KaKOM"JIH60 Hay"'HOM )l(ypHaJie 

I*C3t~ 
~,fp 
1t~s.t..~ 79~ · 

~-, -.9fao"croJJ '2-?s lip. !toT ••)i,. 'Pa.ro ,1£.)1. ;e.n;-

--~~ ·C.t Je Ji~ It 211Jtlll~IJ:tcs4b 0.· .. tmeH 

.. • ~ ltOJiel... . / 
-'97q ••• ' .. ' / 

/3b!Kax. 

TpaHbi" 

ie.n;enlleT 

~H"'eCKHX 
f"'aTeJiliM. I aepxHeM 

l 

Pl - 8402 

K.~.TonCTOB, r.c.ma6paTOBa 

llPHMEHEHHE 

CBEPXCHJibHbiX MArHHTHbiX llOJIEH 

B ci»OT03MY JlbCHOHHbiX HCCJIE~O BAHH.HX 

llPH BLICOKOH 3HEPrHH 

A£..--. """''" . '. " '~T ··:·· :-~, •• ....,...~"" ...... ~ ........ l• ' • ' 

uepHw.:: s• · ,, .... : .~ 
6t ~~.-~.J i J ,. ~~-·~A 



B uacToJimee apeMJI pa3pa6oTaHLI H ycnewuo npuMeHJI
IOTCJI cnoco6LI nonyqeuHJI caepxcunhHLIX MarHHTHLIX noneu, 
OCHOBaHHLie Ha 6LICTpOM C>Ka THH 06'beMa, B KOTOpOM CO 3-
.z.auo uaqanbuoe MarHHTHOe none, unu c>KaTHH ToKouecyme
ro KOHTypa, 'ITO npHBOAftT K yaellH'IeHHIO TOKa B .z.pyroM 
KOHType, CBJI3aHHOM C nepBLIM /I •2•3/. 3TO C>KaTHe npo
H3BOAUTCJI uanpaaneHHLIM B3phiBOM /l,2/ nu6o nocpe.Z.CTBOM 
MarHHTOAftHaMH'IeCKOB KYMYHJIUHH. HanpJI>KeuuocTh nony
qeuuoro B 3THX CDOC06ax MarHHTHOrO DOJIJI B MaKCHMyMe 
.Z.OCTHraeT MHllllHOHOB 3pCTe.Z., AllHTeJibHOCTb - HeCKOJlbKHX 
MHKpoceKyuA, a o6'beM - .z.ecJITKOB c..w 3. MarHHTHble non11 
C TaKHMB napaMeTpaMH npe.z.ocTaBllJIIOT 6oJlbWBe B03MO>K
HOCTB AllJI accne.z.oBaHHB C DOMOUlbiO JI.Z.epHbiX $oT03MYJib
CBB, ecna ueo6xo.z.aMaJI auTeHCHBHOCTb qacTHU MO>KeT 6hlTb 
AOCTBrHyTa 3a OABH UHKll, a AllHTeJlbHOCTb HMDYJibCa qacTHU 
MHOrO MeHbWe AllHTellbHOCTH MarHHTHOrO DOJIJI B ero MaK-

CHMyMe. 
B ue.z.aauee apeMJI ocymecTaneu 6hlcTpbiH I < 5 MKc/ 

BhiBOA nepBH'IHhiX npoTouoa ua ycKopaTene H«l>B3 /3a o.z.au 
o6opoT/, BhiBOA >Ke OAUOrO "6auqa" 83 30 .Z.OCTHraeTCJI 3a 
apeMJI < 0,2 MKC. B 3THX ycnoBHJIX 6Lino ycnewuo npoae.z.e
uo o6nyqeuae $oT03MYllhCHB rr- -Me3ouaMH 50 F3B/c c uc
nonh30BaHBeM ycTaHOBKB BMDYllbCHOrO MarHHTHOrO DOJIJI 
uanpJI>KeuuocThiO 200 K3, H3roToaneuuoi B UEPHe. 

B COOTBeTCTBBB C 3THM B HaCTOJIUleM coo6meHHH o6-
CY>K.Z.aiOTCJI nepcneKTHBLI npaMeHeHHJI HMnynhCHhiX MaruaT
HhiX nonei uanpJI>KeuuocThiO 106 3 B o6'heMe 5 x 3 x 2 c..w3 
.z.nJI npoae.z.euaJI $oT03MYllhCHOHHblX uccne.z.oaauai c qacTu

uaMB BhiCOKOB 3HeprHB. 
OcTaHOBBMCJI auaqane ua ueKoTopwx npo6neMax, npa 

peweuaa KOTopwx nepcneKTBBHO npaMeueuae npe.z.naraeMoi 

MeTOA&KB. 
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fipe*~e Bcero o6paTHMCB K npo6neMe MHO*eCTBeHHOH 

reuepau;uu qacTuu; B a~pou·a~pOHHOM B3aHMo~eicTBHH. B 

pB~e TeopeTH'JeCKHX 14- 91 H 3KCnepHMeHTaJibHbiX 110,111 

pa6oT nony'leHLI pe3ynLTaTLI, noKa3LIBaroiiJ;He, 'ITO uccne~o
BaHue CTOITKHOBeHHH a~pOHOB C B~paMH n03BOITBeT pa3~e
ITHTL ~Ba MeXaHH3Ma reHepaiJ;HH 'laCTHIJ; B a~pou·a~pOHHOM 

B3aHMO~eHCTBHH: MeXaHH3M MrHOBeHHOH reHepau;HH 'JaCTHIJ; 

H MeXaHH3M po~eHHB 'JaCTHIJ; qepe3 npoMe*YTO'IHble B03· 

6Y*~eHHble COCTOBHHB. 3TO pa3~eneHHe B03MO*HO H3·3a 

TOrO, 'ITO ~aiTLHeiwee pa3MHO*eHHe 'laCTHIJ; B B~pe H~eT 
no-pa3HOMy, B 3aBHCHMOCTH OT TOrO, KaKOH H3 MeXaHH3· 

MOB po~eHHB HMeeT MeCTO. Hccne~OBaHHe MHO)I(eCTBeH· 

HOCTei, yriTOBLIX, HMnynLCHbiX H 3apB~OBbiX xapaKTepHCTHK 

BTOpH'IHLIX 'laCTHIJ; KaK cPYHKU:HH aTOMHOrO Beca MHWeHH 

/uanpaMep, ~eneuue B3aHMo~eicTBHi ua rpynnax s~ep 
C , N , 0 H Ag , Br 191 I B conocTaBneHHH c ~aHHLIMH no 

a~pOH·a~pOHHOMy B3aHMO~eHCTBHIO n03BOITHT npocne~HTL 
~anLHeiwee pa3MHO*euue qacTuu; B s~pe. llpu 3TOM 6onL

woi HHTepe c npe~cTaBnBIOT ~aHHLie no "g " - qacTau;aM, 

KOTOpble MO*HO paCCMaTpHBaTL B Ka'JeCTBe "cneKTaTOpOB" 

B3aHMO~eHCTBHH 6LICTporo a~pOHa C HYKITOHaMH B~pa. 
~anee nepei~eM K rrpo6neMe MexaHH3Ma B036y)l(~eHHB 

H pacna~a B~ep no~ ~eHCTBHeM 6LICTpbiX 'laCTHIJ;. 

B uacTosmee BpeMB HaKonneuo HeMano 3KcnepaMeH

TanLHLIX cPaKTOB, KOTOpble HeiTL3B 06'LBCHHTL C nOMOIIJ;LIO 

Mo~enu ucnapeuus B036y~euuoro s~pa. 

TaK, MO~eJib HCnapeHHB B036Y*~eHHOrO B~pa He MO*eT 
06'LBCHHTL: 

a/ cna6y10 3aBHCHMOCTh 'IHCITa 'laCTHIJ;, CBB3aHHbiX C 

pacna~oM s~ep, ax pacnpe~eneuui no yr.Ji:aM, 3aps~aM H Mac

CaM OT 3HeprHH H MaCChi nepBH'IHOH 'laCTHu;LI; 

6/ BLineT H3 B~pa 6biCTpLIX cilparMeHTOB, HanpHMep, 

s~ep renus c 3Hepruei -2 F3B 112 I. 
He HaXOMT o6'LBCHeHHB nonnoe pa3pyweuue B~ep c 

aTOMHbiM BeCOM - 100 C BLineTOM ~0 40 3apB)I(eHHbiX 

'laCTHIJ;, T.e. npeHMyiiJ;eCTBeHHO OT~eiTLHbiX HYKITOHOB /1 3 1, 
H ps~ ~pyrux cilaKTOB. 

B TeopeTH'IeCKOH TpaKTOBKe 3THX BBITeHHH OTMeTHM 

MO~enL cPITIOKTyau;HOHHOH KOH~eHCaiJ;HH HYKITOHOB B B~pe ll 4 l 
MO~enL y~apHOH BOITHLI, Bbi3LIBaeMOH npoxo~eHHeM 6LICT· 
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poi qacTHU:LI B B~pe 171 . ~anLHeiwui nporpecc B BLIBCHe

HHH npou;eCCOB, npOTeKaiOIIJ;HX B B~pe npH CTOITKHOBeHHH 

C 6biCTpLIMH 'laCTHIJ;aMH, Tpe6yeT 6onee ~eTaiTLHbiX KO· 

ITH'IeCTBeHHbiX ~aHHbiX no MaCCaM, 3apB~aM H 3HeprHH 

HaH60ITLWero 'IHCITa 'JaCTHIJ; B K~~OM B3aHMO~eHCTBHH. 

11 HaKOHeu;, paCCMOTpHM npo6neMy CTOITKHOBeHHB peng

THBHCTCKHX B~ep. hOCT HHTepeca K 3THM HCCITe~OBaHHBM, 
HalJHHaB C pa60T IS,I(il, CBB3aH C nOCTaHOBKOH HOBLIX 

npHHIJ;HnHaiTLHbiX BOnpOCOB, HanpHMep, B03MO*HOCTLIO cy

IIJ;eCTBOBaHHB CBepxniTOTHhiX COCTOBHHH B~epHOH MaTepHH 

H COCpe~OTO'IeHHeM 60ITLWOH 3HeprHH B 3HalJHTeiTLHOM 06'Le

Me ll7 I. O'ieBH~Ho, 'ITO B cTonKHOBeHHBX penBTHBHCTCKHx 

B~ep Mbl 6y~eM HMeTh ~eiTO C O'JeHL 60ITLWHM KOITH'IeCTBOM 

reuepupoBaHHLIX qacTHU: u qacTHU: oT pacna~a B.n.ep. 

Bee TPH npo6neMLI ~ng cBoero pa3peweHHB Tp-e6yroT 

~aHHLIX no aau6onLweMy qucny BTOpH'IHLIX qacTuu;. B ua

CTOBIIJ;ee BpeMB 3TH )J.aHHLie, BKITIO'IaB 3apB.IJ., Macey H 3Hep

rHIO BTOPH'IHLIX qacTHU: B .n.uana3one oT uecKonLKHx M 3B 
~o .n.ecBTKOB F3B, MO*HO nony'IHTL, npuMeHBB cPOT03MynL

cuu B CBepXCHITLHOM MarHHTHOM none. fipH 3TOM Mhl HMeeM 

~eno C 60ITLWHM 'IHCITOM 'JaCTHIJ; H reOMeTpHeH 4 TT B Ka*)J.OM 

B3aHMO)J.eHCTBHH. 

Hu*e noKa3aHLI nepcneKTHBLI no.n.o6HLIX uccne.n.oBaHHH 

B npe~nOITO*eHHH HCnOITL30BaHHB HMnynhCHOrO MarHHT· 

HOrO nong C HanpB*eHHOCThiO 10 6 3 B 06'LeMe 5 X 3 X 2 CM :l 

H cPOT03MYIThCHH .IJ.BYX THnOB: liP-2 - THn 1 H liP-2, o6o

raiiJ;eHHOH nerKHMH s.n.paMH, - THn II. 
B nepBOM npu6nH*eHHH .n.aHHLie, KOTopLie ueo6xo.n.uMo 

nony'IHTh .n.nB pa3peweHHB nocTaBneHHhiX 3a.n.a'l, MO*HO 

pa3.n.enHTh ua TPH no~rpynnLI, CBB3aHHhie c o6LI'IHLIM no.n.-

pa3)J.eneHHeM BTOpH'IHbiX 'JaCTHU: Ha S, g H b · 
PaCCMOTpHM BHa'Jane CTOITKHOBeHHB C B)J.paMH O.IJ.H03a· 

ps.n.uoii nepBH'IHOH qacTHIJ;LI. B 3TOM cnyqae pa3.n.eneaue 

Ha s-;g- H b -qacTHIJ;bl npOH3BO~HTCB CITe.U.YJOID;HM o6pa30M: 

K s •lJaCTHIJ;aM OTHOCBTCB O)J.H03apB.IJ.HLie penBTHBHCTCKHe 

'JaCTHIJ;bl C E KitH /M > 0,3 H OTHOCHTeJibHOH HOHH3aiJ;HOHHOH 

cnoco6uocTLIO j I J nnaTo < 1,4. K g -qacTau;aM OTHOCBT

cs, uanpaMep, npoTOHhi c 3Heprueii 30 M3B<EKHH <400M3B 
H OTHOCHTenLHoi HOHH3au;ueii 1,4< J I j <4. 

rrnaTo 
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s · 'IQCIIIUijbl 

3HaK 3ap.11~a onpe~enJieTCJI no HanpasneHHIO MarHBTHoro 

OTKnoHeHBJI. PaJ~eneHBe BTOPB'IHLIX 'laCTBU no MaccaM Ha 

rr, K B P MO)KeT 6LITL npoBJBe~eHo no B3MepeHBJIM BM

nynLCa B BOHH3ai.J;BOHHbiX noTepb B o6naCTB BMnynLCOB 

< 5 T3Bjc, npB'IeM OCHOBHaJI 'laCTb 'laCTBI.J; B a~poH-HyK
nOHHbiX CTOnKHOBeHBJIX JIBJIJieTCJI TT -Me30HaMB, a BTOpH'I

Hble npo:u;eCCbl B .R~pe TOnbKO yseJIB'IHBaiOT ~OJIIO TT -Me30HOB. 

3a~aqa onpe~eneHBJI BMnynLcos s- qacTBU s none -10 6 3 
MO)KeT 6b1Tb peweHa C 6onLWOH TO'IHOCTLIO: OTHOCHTenLHaJI 

OWB6Ka npB BJMepeHBB BMnynLCa 

~ =[(~H )2 +( ~D )2]I, 2 
P H D /1/ 

r~e ~H - OTHOCHTenLHaJI OWB6Ka B HanpJI)KeHHOCTH Mar

HHTHOrO nonJI, 0 - BTOpaJI paJHOCTb OTC'IeTOB B KOOp~H

HaTHOM MeTO~e H3MepeHHJI HMnynLCOB no MarHHTHOMY OT

KnOHeHBIO s HanpasneHBB, nepneH~HKyn.RpHOM seKTopy H 
H TpaeKTOpBB 'laCTBI.J;bl. 

,D;n.11 onpe~eneHBJI D no /2/ yqacToK cne~a ~nBHoii L pa3-

6usaeTcJI Ha ~sa OTpeJKa c Koop~HaTaMB (0, t =.h.) B (t, L). 
2 

'f. '. ... 
"·'r--~'.f~ /L V

1 
~-

~ • ..-~. ! ____ -

-t 
4115 ~ 

---
L 

D cos a = 3 • 10-
4 

Ht 2 
p ' 

D = y -2y + y
3

, 
I 2 

/2/ 

r~e a - yron HaKnOHa cne~a K nnOCKOCTH ciJOT03MynLCBOHHO

ro cno.11 I P - T3B/c, H- K3; t B D- s eM/. Owu6xa 

s onpe~eneHBH D, T.e. ~ D, CBJI3aHa c MHoroxpaTHLIM Kyno

HOBCKBM pacCeJIHBeM B HCKa)KeHHJIMH 3MynLCBB, KOTOpble 

MoryT 6LITL y'ITeHLI cne:u;uanLHLIMH HJMepeHHJIMB Ha penep

HbiX cne~ax 'laCTBU BbiCOKOH 3HeprHB, HanpasneHHbiX no 
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HopMaJIB K nnocxocTB c1JoT03MYJILCBOHHOro cno.11. O~Haxo, 
KaK cne~yeT B3 p.R~a pa6oT /IB,l 9 / , B nonJIX - 106 K3 
npB B3MepeHBB BMnyJILcos ::::.50 T3B/c s 3MynLCBB .6P-2 

3TH BCKa)KeHBJI B nepBOM npB6JIB)KeHBB MO)KHO He Y'IBTbiBaTb, 

Tor~a ~D = Dk , 

<D2 I /2 
k> = ---~-

kt3,2 .10-2 
/3/ 

57,3 p/3 c 

r~e p f3 c - s T3B, a D k B t - s eM. 

Ilpu B3MepeHBB BMnynLCOB B 3MynLCHH II /o6oraiUeH

HOii nerKBMB .R~paMB/ He06XO~MO Y'IBTbiBaTb H JHa'leHHJI 

BTOpbiX pa3HOCTeH 3a C'leT BCKa)KeHBH cnoeB. B 3TOM 

cnyqae ~D = ( D 2k + D ~cK. ) I 12• Ilo HaWHM o:u;eHKaM, 

s 3MynLCBB II seJIB'IBHLI BCKa)KeHBii D11cK HMenH JHa'le

HBJI, ~aHHble B Ta6n. 1, npH'IeM cne:u;HanLHblMH MepaMH npH 

o6pa60TKe c1JoT03MynLCBH OHH MOryT 6b1Tb CHH)KeHbl. 

Ta6Auija 1 

t • 

MHKpoHbl 500 1000 1500 2000 2500 3000 

D V!CK ' 

MHKPOHbl 0,4 I 1,9 2,9 3.8 4,7 

,D;n.11 onpe~eneHBJI D V!CK. npu 6onLWBX senH'IHHax t 6y

~eM nonbJOBaTbCJI 3KCTpanonJII.J;BeH ~aHHbiX Ta6n. 1, 'ITO 

JaBLiwaeT owB6Ky s onpe~eneHHH D . EcnB o6ny'leHHe 

c1JoT03MynLCBB npOHJBe~eHO 'laCTHI.J;aMH C HMnynLCOM ~nH

TeJILHOCTblO, MHOrO MeHLWeH speMeHH, B Te'leHHe KOTOporo 

MarHBTHOe none MO)KHO C'IHTaTL nOCTOJIHHbiM, TO no H3-

BeCTHOMY HMnynLCY nepBB'IHbiX 'laCTBU B3 ciJopMynLI /2/ 

MO)KHO onpe~eJIBTb H C Manoii OWH6KOH npB ~OCTaTO'IHOH 
CTaTBCTBKe. Il03TOMY B ciJopMyne /1/ MO)KHO ~H/H C'IB-
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Tan. HeCyll(eCTBeHHhlM no cpaaueumo c LlD/D. B COOT
BeTCTBHH C 3THM B Ta6n. 2 nOI<a3aHa O)I(JI;J;aeMaJI TOqHOCTL 
H3MepeHHJI HMnyJILCOB S - qaCTH~ B 3aBHCHMOCTH OT ;J;JIHHhl 
cne.n;oa L =2t , ua KoTopoii npoH3BO;J;JITCJI H3MepeHHJI. 
KaK cne.n;yeT H3 Ta6nu~w, ToquocTL onpe.n;eneHHJI p .n;nJI 
3MYJILCHH I COCTaBnJieT -/2 7 3/o/o. 

g- 'lQCIIIUijbl 

Ha cne.n;ax o.n;Ho3apJI.IUfWX g - qacTH~ H3Mepeuue Mar
HHTHOrO OTKJIOHeHHJI H HOHH3a~HOHHWX noTepL n03BOJIHT 
onpe.n;enHTL HMnynLc H Macey qacT~, qTo .n;acT B03MO)K
HOcTL pa3.n;eJIHTL npoTouw, .n;eiiTpouw H JI.n;pa TPHTHJI. Ta6n. 3 
HJIJIIOCTpHpyeT B03M0)KHOCTH 3TOrO pa3.n;eneHHJI. 

b - 'lQCIIIUijbl 

,LI;JIJI Me.n;neuuwx qacT~ aenuquua MarHHTuoro OTI<no

HeHHJI OI<a3hlBaeTCJI MeHLWe HJIH paBHa BTOpoii pa3HOCTH OT
KJIOHeHHJI la cqeT xynouoacxoro pacceJIHHJI. B 3TOM cnyqae 
pa3.n;eneuue qacT~ no MaccaM H 3apJI.n;aM B03MO)KHO c no
MOU(LIO o6wquwx cnoco6oa no npo6ery H xapaxTepy cne.n;a 
B6JIH3H ocTaHOBKH. B cnyqae, Kor.n;a D MarH. = D KY,.JI. , B03-
MO)KHO cTaTHcTuqecxoe pa3.n;eneuue qacT~. 

Ta6n. 4 noxa3waaeT BeJIHquuw KHHeTuqecKoii 3Hepruu 
qacTHIJ; H nerKHX JI.n;ep a 3MynLCHH I, Kor.n;a D MarH=:'D KY,.JI. • 

,LI;JIJI I<HHeTuqecKoii 3HeprHH, 6onLweii qeM ee 3HaqeHHJI 
B Ta6n. 4, B03MO)KHO pa3.n;eneuue qacTHIJ; H JI.n;ep no 3apJI.n;aM 
H MaCCaM Ha OCHOBaHHH npo6era, BeJIHqHHLI MarHHTHOrO 
OTI<JIOHeHHJI H H3MeHeHHJI MarHHTHOrO OTI<JIOHeHHJI C npo6e
rOM BCJie;J;CTBHe TOpMO)KeHHJI. B Ta6n. 5 B J<aqeCTBe npHMe
pa paccMoTpeuo pa3.n;eneuue JI.n;ep 4 He H 7Li .n;nJI t = 1 MM • 

OcTaHOBHMCJI TenepL ua cTonxuoaeHHH penJITHBHCTCI<Hx 
JI.n;ep. B 3TOM cnyqae po~euuwe penJITHBHCTCKHe qacT~w 
s H npo.n;yxTw pacna.n;a JI.n;pa qacT~w g H b 6y.n;yT pa3-
.n;enJITLCJI auanoruquo H3JIO)KeHHOMY pauee .n;nJI cnyqag o.n;uo-
3apJI.n;uoii nepauquoii qacT~w. Pa3JIHque 6y.n;eT TOJILI<o B 
pa3.n;eneuuu no 3apJI.n;aM H MaccaM ~parMeHTOB uaneTaro
U(ero JI.n;pa. 
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Ta6AUija 4 

~I ~~C'l <.0 C'- co ro C'- ~ ro C'l <.0 T KHH, ITpoder, .. tv) .. .. .. .. .. .. .. .. 
l ~ ~ l.C) .... ro 0') Ct) C'- ~ ro H C'l MaB .MR H 

Q 
<l I l I 

I 

1 !5 II3Q 

~1§3 C'l <.0 (]) ~ l.C) l.C) co co co 

cil 
p .. l.C) .. .. .. .. .. .. .. .. 
d 30 2276 C'- H ro 0') ~ H ~ l.{) <.0 ro I 

H H 7 
T 40 2736 

~~I l.{) I He 40 567 
Q =- <.0 H co l.C) ro ~ ~ co C'- en .. 

H ro 0 <.0 C'- ~ ro H <.0 H ~I 'Li !20 co H ~ 0-l H H I 124 

w ~~l!) 
l!) l.{) l!) Be 320 3831 

~ l.C) ·:'ll l.{) C'l 0 H 0 H 0 H I .. .. .. .. .. .. .. .. .. .. .. .. ! B 600 4684 
0 0 0 0 0 0 0 0 0 0 0 0 

c !000 gg42 CW) 

~I c:s ~ I I ' .. = .. 
::t .. -::s .. I ' ~ H 

~ . ~ I I I 3TO pa3~eJieHBe B03MO:>KHO Ha OCHOBe B3MepeHBH Mar-E-tH 
~ ~~ 

l!) 0 l.{) I HBTHOrO OTKJIOHeHBB B BOHB3aUBOHHhlX llOTepL H o6Jierqa-
C'- l.{) ::-.2 l!) l.{) 

~ ::I: (T) 
ro C'- H .:\2 0 C'- I eTCH TeM, qTo l}lparMeHThl HaneTaromero s~pa, oqea~Ho, 

ro:at H l.{) I BMeiOT peJIHTBBBCTCKBe 3HeprBB H ~BIDKYTCH B HanpaBJie-

0 

~ 
I I 

HBB, 6JIB3KOM K HanpaBJieHBID nepaBqHoro nyqKa. B cnyqae, 

0 I I ' = Kor~a 3aps~ l}lparMeHTOB coana~aeT c 3aps~oM nepaBqHoro 
<U. C'- 1: c = I g~pa, HOHB3aUBOHHhle llOTepH TaiOKe OJlBHaKOBhl, yMeHL-.. I I .. I .. 

i ()' 0 0 weHBe HMllYJILCa nponopUHOHaJILHO YM8HLWeHBIO Macchl, 
..QO co I a CJie~OBaTeJILHO, MarHBTHOe OTKJIOHeHHe no cpaBHeHBIO C 

~~ I N ~ l.{) H 

~ 
cr:> ero BeJIHqHHOH ~JIH nepaHqHhlX g~ep B03pacTaeT nponop-

~~ 
0') co C'- N <.0 .. .. .. .. <.0 UHOHaJILHO yMeHLWeHBIO MaCChl. llpH yMeHLWeHHH 3apg~a 
0 H N 0 .. .. 

H3MeHHTCH HOHH3aUHH H MarHHTHOe OTKJIOHeHHe. B Ta6JI. 6 0 0 

as I 
npHBe~eHhl BeJIHqHHhl, xapaKTepH3YJOJUHe B3MepeHHH Ha CJie-

&i 
~ax 4JparMeHTOB g~pa ~~ C Haqa.m.HLIM HMllYJILCOM 

0. '"0 r-c '"0 r-c 60 F3B/c npH ~JIHHe cne~a L = 1 CM. 
E-t 0.. 

Ji 
' i II I 

10 



12 

II) 

0 
::t 
;:s 

~ 
~ 

• 
ttl 

~ ~ 
l=:t 

~ 
• 
~ 

1-f 
• 
~ 

H 
CD 
'0 

&I 
• 

:X: 
~~ 
~ 

E-t 

QQ. 
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<.0 
H 

CX) 
H 

H .. 
ro 

lD 
~ 

ro .. 
"d' 

() 
<':'C) 

~ 

~ .. 
0 

~ .., 

<.0 .. 
0 
1-f 

CI) 
N 

1-f .. 
ro 

0 
"d' 

ro .. 
"d' 

t::>v -
8 
<.0 

~ 
"d' .. 
0 

:.:3 
1'--

T 

I 

1 

Ta6AUfla 6 

Hztpo ~Jl!IO, 3apSI.II; ~' ~·, 
raBZo ___ ___,.MK=-----

ci2 60 6 -·- 75 3,5 

cro 50 6 so 4,2 
BIO 50 5 75 3,5 
B

8 
40 5 93 4,4 

Be
8 

40 4 75 s,s 
Li

8 40 3 56 2,6 
Li

6 30 3 75 3,5 
He

4 20 2 75 3,5 
He

3 15 G IOO ~. 7 

KaK cne~yeT H3 Ta6JI. 6, ~JIH s~ep c o~HHaKOBbiM Japs

~OM KYJIOHOBCKOe pacceHHHe B 4 pa3a MeHLWe, qeM pa3-

JIHqHe B MarHHTHOM OTKJIOHeHHH H, CJie~OBaTeJihHO, He MO

:>KeT npenHTCTBOBaTL ~HCKPHMHHaUHH s~ep no Macce. PaJ

~eJieHHe H~ep C OMHaKOBhiM MarHHTHbiM OTKJIOHeHHeM H 

paJJIHqHbiMH 3aps~aMH MO:>KeT 6b1Th npoH3Be~eHO no pa3HH

:u;e B HOHH3ai.J;HH. 
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