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He,n;aBHO ony6Jll1JtoBaHHhle pesyJIl>T8!l'bl III no onpe,ll;9JIemno r.ny6ID1bl 
npoHHKHOBeHHR MBrRKTHOrO no~ B BblCOKOTeMllepaTypHUa cBepxnpoBO,ll;HKK 

YB~zCu,? 0,. C nOMOIIll>1O OTpalKeHHR nOJrHplISOBaHHblX HeitTpoHoB 
npO,ll;eMOHCTplIPOBanK aHa~T9JIl>Hble (B 10 paa) pac7o~eHHR B o~eHKe 
~ A no CpaBHemno C .lij>yrm.m M9TO,ll;m.m 2, I. llpH'mHhl Ta

Koro ClIJIl>HOrO pasJllITm)l OneHOK I(B. Be.JIlil.1mHy A B paaHHX M9TO,ll;ax 
nOKa He HCHbl. 

OTMeTHM, ~TO MeTO,ll; oTpaxeHHR n~pHaOBaHHHX HeitTpoHoB HHaKHX 
3HeprHA HBnHeTCH , nplI co6~e~ onpe,ll;9JIeHHHX YC~OBlIll, HaH6o~ee 
a,Il;eR;BaTHl:IM nocT~eHHoit aa,ll;a~e,T .K •• B np:umnme, n03Bo~eT onpe
,Il;~Tl> arum:CHMOCT!:> BeJIl'I:tmHbl MarHHTHoro no~ OT r.ny6ID1bl. K ~CJIy 
T~ yc~oBKit c~e~eT OTHeCTlI, np~e Bcero, BOaMOEHOCTl> TPaKTOB
KH nO~9HHHX peaYJIl>TaTOB B paMKaX O,ll;HOMepHoit Sa,Il;a~ 06 OTpalKeHRR 
HeitTpoHoB OT nOBepXHocTlI cpe,ll;U. H8H60~ee CYIIl9cTBeHHblM Tpe60BaHlIeM 
HBnHeTCH BblCOKaH O,ll;HOPO,ll;HOCT!:> ~OTHOCTH H HaMarHKqeHHOCTlI BelIleCT
sa B,ItO~ nOBepxHocTlI, T. e. OTCYTcTBHe nop, MHOrO\lia3HocTlI H .lij>yrHX 

CTpyltTypHblX HGO,ll;HOpO,ll;HOCTeit. H3 Hero C~9~eT, ~TO BeCl> o6paae~ 
,Il;O~H HaxO,ll;HTl>CH B MeicHepoBcKoit ~aae. BHCOKOTeMUepaTYPHHe 
CBepxnpoBo~lIlHe KepaMHKH 3Ha~T9JIl>HO OT~aIOTCH no ~OTHOCTH OT 
KplICT~orp~ecKoit ~ T8KHX coe,ll;HHe~ H, C~e,ll;OBaT9JIl>HO, o6~a

,Il;~T 3Ha~Te~Hoit CTpyKTYPHoit HeO,ll;HOpO,ll;HOCT])IO. STOT ~T B KaKoit-To 
CTeneIm MOlKeT CHHJltaTl> ,Il;OCTOBepHOCTl> o~eHOK Be~ A Ha OCHOBe 
3KCrreplIMeHTOB rro OTpalKemno no~pH30BaHHblX HeitTpoHoB OT rrOBepXHOC
Tit MaCClIBHHX 06paa~OB. KpOMe Toro, MaKPOCKOIIlt1'leCKHe OTMOHaHHR OT 
H,Il;e~Hoit nnaCKOCTHOCTH, T.e. nnaBHHe HepOBHOCTH rr0Bep~OCTH 
KepaMl!"£eCKOrO o6paa~a YBQ L CIA ~ OJ B 3KCrrepHMeHTe II npHBe
~ K TOMY, 'ITO HeOnpe,ll;e~9HHOCTD Ae COCT~ 25% OT cpe,ll;Hero 
3Ha1'leHHR yr~a CKOJIl>lKeHHR e . O<IeBH,Il;HO, lJ:TO 6~moe 3Ha'leHHe 
napaMeTpa. TaRlIte CHHJIta9T qyOOTBHT9JIl>HOCTl> M9TO,ll;a H COIrplIA: 
)KeHO C npHBHeceHH9M ,Il;OnO~T9JIl>HHX rHnOTeS 0 Ka'leCTBe nOBepXHOCT
HOCTH. 

RHEe MH aH~SHpyeM BOSMOEHOCTl> rrOCT8HOHKH ODHTa no onpe,ll;e
~emno J1 C nOMOIIll>1O OTpalKeHRff nO~plIaOBaHHHX HeitTpoHoB B 6o~ee 
qaCTNX yC~OBRRX, nyTeM HcnO~aOBaHHH TOMKOit nneHKH TOro )Ke COCT&
Ea, no~aeMOa HarruneImeM Ha MOHOKpHCT~eCKHe no~oZKH. O<IeBH,ll;
HO, 'ITO BblCOKHe O,ll;HOPO,ll;HOCTl> nneHKH, a TaRlIte Kat[eCTBO ee nOBapx
HOCTH, o6ecne~BaeMoe MOHOKpHCT~ecKoit nO~OXKOa. ,Il;O~ CYIIl9

-;-"~ "') ":, ','OCrite:),,, ,( U'.;,,:;,,:. . 
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~ MarHeTKKOB. rrOMemeHHHX BO BHeillHes rrOJIe H • nOTeHUHaJI (2)
CTBSHHO yJIy"Wll'lT:b ,n;OCTOBepHOCT:b OueHKH BEl.Im'llIHH A 6JIaI'o,n;aps:r 

1) a,n;eRBaTHOCTB peaJIbHOrO ~ecca OTpaxeHHff B MO,n;eJIB, nOJIOESH

HOn B OCHOBY o6pa6oTKft 8KcDepBMeHTaJIbHHX ,n;aHHHX. 2) YBeJIKqs~ 
'!YBCTBHTeJI:bHOCTB MeTo,n;a sa ClJeT yMsHbmemur ~ • ¥l3BSCTHO 4/ • 
~TO KapTBHa. pacnpe,n;eJISHHff MafHHTHOrO no~ B TORRon cBepxnpoBo~

IIIell: llJIeRRe OTJIKqaeTCII OT TaRoooii B Do;ry6scRoHe.qHoM o6pasus B TOM 

CJIY"Iae, eCJm r0!J.Y6BHa npOIDIKH(>BSHlfR cpaBIDIMa C TOJIlltHHon IIJIeHKH d . 
B STOM CJIY"Iae ~THoe nOJIe He DOJIHOCTbm BHTeCHReTCII HS llJISHKH. 

COrJIaCHO TSOpHH / ,3aBHCHMOCTb llH.n;YKInm 01' ROOp,n;HHaTI:l i: HOp

MaJIbHOll: R nOBspxaOCTH llJISHKH HMeeT ~ 

Ch(~*) (I)
B(:)= \1- ch ( 2dA) ., 

r,n;s \1 - BeJIB~Ha BHelllHero MaI'HHTHOrO DO~. npHJIOJltSHHOrO napaJtlIeJIl) 


HO nOBspXHOCTH llJISBIUJ 1=0. Jt,7.Ia 06pa6oTKft 3RCnepllMSHTaJIbHHX .n;aHHHX 


no OTpaJltSHHID nO~pH30BaHHI:lX HenTpOHOB OT nOBepXHOCTH CBSpxnPOBO~


IIIen llJIeHKft Heo6xo,n;HMo HMeT:b MeTO,n; pac'leTa BeJIl!tDiffi R.", H 2_ RO

3~eHTOB OTpaJltSHHH HeITpOHOB, nOJIapHSOBaHHHX no B npOTBB no~ 


H COOTBeTCTBeHHO. C'lBTaJI. 'ITO HH;ItyKlJ.KII B(2) B llJIeRRe HeO,lJ;!{Opo.n;Ha 


H OnHCI:lBaSTCII ~OpMYJIOn (I). a CaMa IIJIeRRa HaHeCeHa Ha n~oJ!tKy 


H3BeCTHoro COCTaBa. MsTO.n; pac'leTa. pasBHT!ffi B pa60Te /5 • 0 ROTO


POM ROPOTKO nOH,n;eT pe'l:b HHlIte. rrOSBOJIHJI pacc~TaT:b R03~eHTI:l 


OTpaJlteHHH R-t (ll.) H R_C~l.) ( ~.I.. - HOp.!aJI:bHaH K nOBspXHoCTH KOM


nOHeHTa BOJIHOBOrO BeKTopa na,n;~ HefiTpoHoB) H TeM CaMRM onpe,n;e


JmT:D Be~Hy OJm.IlaeMOro pa3.1IH'11!H Kos~eHToB R+ (il.) H fL (ll.) 

B 3aBHCHMOCTH OT A • d . H , a Ta.KJ![e OuemIT:b '!YBCTBHTeJI:bHOCT:b 


MeTo.n;a R H3MeHe~ napaMeTpa ~. 

¥lSBeCTHO /s . 'lTO 3a,n;a'la HaxO~SHlfR Ko~eHTa OTpaJlteHHH 

HenTpoHOB OT rpaHHUH HeMaI'HHTHOn cpe.n;H CBO,n;HTCII R pemSHRID KBaHTOBO

MeXamt'leCKOH 3a,n;a~ Ha OTPalItemIe llJIOCKOn BOJIHI:l OT CKa'lKa rroTSHUHa

JIa U~ , r.n;e U ~ - SCT:b BeJIl!tDiffia a<PlieKTHBHOn nOTeHUHaJIbHOn 9Hep

rHH HettTpoH-~epHoro BSaHMo.n;eficTBRff. CBR3aHHaJI co cpe,n;HHM SHa1fe

mIeM.n;JmHH &51 KorepSHTHoro R.n;epHoro pacCeRmIR HSnTpOHOB H ~C
JIOM R.n;ep B e.n;HHHQe 06~eMa N cOOTHOmemIeM 

1\2. 
U ~ =411 ~ , tJ ,e~ ) 	 (2) 

r.n;e rn - Macca HettTpOHa. 

2 

npH06peTaeT .n;o6aBKY B BH.n;e MaI'HHTHOrO rrOTeHUHaJIa: 
_ 4 """')

'U == - j1A. (B - H ,
M 	 (2') 

CyMMapHl:ln 3~eKTHBHuR nOTeHUHaJI cpe.n;H 3anHCI:lBaIDT B BH.n;e 

1;2., ~ ~ 
.. 	 'LI- 4'IT _ .. rv .g~ - f· ( ~ - H ) ) 

- .1rn 	 (3) 

r.n;e F - MaI'HHTHHn MOMeHT HenTpOHa, B - BeKTOp MarHHTHoll: HH

.n;yrunm. EcJm e,:B(~). TO 1\=1.I.(-r). M3 fPoPMYJIhI (3) CJIe,n;yeT. 'fTO JJ;JIH 

npOTHBOnOJIo= OpHeHTaIJ;H:tt MarHHTHoro MOMeHTa OTHOCHTeJI:bHO H SHa

1feHHff U pa3JIH1faIOTca • .1VIH "rrOJIOlKHTeJI:bHO" rro~pHSOBaHHI:lX u",r;""v""", 
U(ce)"" U+(;?):'U!t - .f4(B(~ - H) ,,n;m "oTpmtaTeJThHo" rrompH30BaHHI:lX _ 

lH"l)"''Ln:e:)~1A!I +.1" (e.(z)-M). Ha pHC. I CXeMaTK'IHO nOKa3aHH 3aBHCHMOCTH 

nOTeHUHaJIOB U±~)(c Y1feToM rrOTeHURaJIa no~oJ!tKH). 

_tilfJ.% 	 FRc.I. O,n;HoMepHI:lH nOTeHUHaJI 
u+t ZI JJ;JIH oTpm~aTSJI:bHOa(6) H nOJIO~.(:·1){i1ei·t~ 

_ AI~)fKJ.le~i.l.% 	 TeJIbHo~(a) OpHeHTanHR MarHHT
Horo MOMeHTa na,n;a~ He~Tpo
HOB OTHOCHTeJI:bHO~HelliHero 
MarHHTHoro nom tl • 06JIacTb~ ." 
i?4 -:- i!'... 38IDJTa llJIeHKoi!'";J ::~ 
B cBePXnpOBO~msM COCTORHHH, 
e.= ~(l!) (CM. fPoPMYJIY (1).

lr, 22 z 06JIaCT:b i!' > i!:z. 3aHRTa no.n;-
JIOJKKott C nOTeHUHaJIOM Un._e l l(J.2 


U-IZI 
 I I {,,*,, _ . B HOpMaJThHOM COCTORHHH 
_.t!ltK,;,te-'-,Lz: ; A_ (Kj.letkc... B(l!)=H",C.o"s1:: H u+=U-='l.ASl 

I Il I ~2K2 	 B llJIeRRe. AMnJIHTY.n;H A'2ft) 
H A~) (t.1) OTpaJKeHHI:lX BOJIH 
COOTBeTCT~ rrompH3a~ 
paCC~TUBaIOTCH B Mo.n;eJIH /5/."11J ::~ E - 3Heprwr. cooTBeTCTBYIO
maR ROMnOHeHTe BOJIHOBOrO 

l, l2 l BeKTopa na,n;aJO!l(HX HehpoHoB /(J.' 

MarmITHI:lH nOTeHlJl{aJI MOlKHO rrepeIIHCaT:b B BH.n;e, aHaJIOrH'IHOM qiop
MYJIe (2). BBe~ JJ;JIH 9TOro cJIy'laH "MaI'HHTHyIO" ,n;JIHHY paCCeRHHff cpe.n;H 

CJIe.n;y:lOllUlM 06pasOM : 

-h2.
U :::: ~IJT'- .•,,~ (z-) 

,.., .2,..,., IV M ' 	 (4) 

:I 



r.n;e g.,(iI.)= 	2,?>~· ~040 (~(t)- H). (4' ) 

BeJill'mHH, BXO,wIlIlHe :B qlopMyJJY (4'), llMeIOT cJIe.n;yIOIl(Ke pasMepHocTlI: 

~"" - A , N - a-3 
; e" H  raycc. 

TaKlIM 06pa.aOM, He llMe~ q)eppOMarHllTHoro ynopa.n;O'l;eHIDI H Mar

HlITHOH aHRSOTPOllHH cBepxnpoBO.n;HRK BO BHemHeM llOJIe MOJmQ IIpe.n;CTaBllTb 

RaK HaMarHll'leH:a:yIO cpe~ c :a:eKOTopOH aqxpeKT.l:lBHOH "MarHHTHOR" ;I\JIKHOH 

paCCeffHIDI He~TpOHOB, CBffSIDiHOH C ~en H BHelliHHM IIQJIeM ~pMy

JIo:ii (4'). a cyMMapHM ;I\JIKH8 paCCeffHHff HMeeT. TaKllM 06pasOM. ~Ba 
SHa'leHltS. cooTBeTcTBylOOIRe IIPOTHBOIIOJIOlltHHM IIOJIffPHSa.I.UilIJM II~ruomero 

rryqKB: 

f!: (t) == gSj =t: tM (e) . (5) 

+ 
3amtCMMOCTI:. ~- OT ~ OIIP9.n;9JIl19TCR Sa:BHCMMOCTbIO B(t) , (CM. \pop-

MyJIH 1.4'). IIpHBe,n;eM SHaqeHHff BeJIKqHH, lIcno~syeMHX HaMR B .n;aJIDHe~
WeM H pacC'lHTaHHllX: Ha OCHOBe Ta6JIH'lHHX H KpRCTaJIJIOrp~'l9Crua: ~aHHllX:. 

Ta.6Jnu:ta 
lJJJ:eRKa (yec.z(\'~O.::J) IIo,ItJIolKKa (Srri O!'J 

0
&i (A) 0.63I.ro-4 O,42.ro-4 

N (.~-3) 0,0747 0,0837 

gl'1 (i) 3.06.ro-9. (13(~)- H) 0,0 

~r (A-I) 7,7,10-3 6,64'ro-3 

0 
Ar(A) 8I4 	 946 

~ ,;t'1r'
3.n:ecb B .Ii1 H .Ii13Mep.a:mc8 B rayccax, a Rr= -7;-;" - 3Ha'l9Hl1e HOpMaJIb-

Hoi KOMIIOH9HTH BOJIHOBOrO B9KTopa n~~ HeftTpoHoB, KOTopoe HaXO

~.Ii1TCH liS YCJIOBKff: 

'h2. ~z 
r (5' )Vi til.21"'1"1 

4

MSBeCTHO, 'ITO O,JtHOMepHM KBaIiTOBO-'Mexrum'leCKaH S~a'la Haxo~e-
R \ Cf'(+- \2. 1:1 \ (~'( .... )\2.ImH KOa~eHTOB OTpaJlteHW! +'" A... ~l.) a IL= A_ Ptl (cM.pac.I) 

NlfI CJJ:y"lM IIOTeHIUIwra CJIomrOH qlopMhl (o6cYlII;lJ;aeMIDi C.1lY'laii) He lIMeeT 

aHanHTH'leCKOrO pe~eHHff. PaHee MaMa 6ana pasBHTa O,JtHOMepHM MO~eHL 
HeO,JtHOpO~HOH TOHKoR IIJIeHKR a MeTO~ paC'leTa Ko~eHTa OTpaJlteHRa 

• 	 HeaTpOHHOH BOJIHH OT IIOBepXHOC~ TaKOR IIJIeHKH / • KOPOTKO CYTh 

MeTO~S COCTOHT B SBMeHe HeIIpepl-lBHoro llOTeHIUIaJIS 1,U~) ,ItHCKpeTIDlM 
KBaSHIIOTe~aJIOM: 

",L n 

(,I(2)=.~ ~ gi!(~()'6(r-~J
.2m .:"" 	 ) (6) 

T. e. B B~e CytAMH O,JtHOMepHllX: KBa3.l:lll0TeHIUIaJIOB lliePMll B TO"lKaX 

~.. 2..: • BaaHMO~eaCTBlIe HefiTpoHa B TO"lKaX ~i. IIPOIIOPIUIOHaJIbHO Be

JIH'lHHe "~(eL)' KOTOPM 8BJI1leTCR cpe~ no aToMHoA MOCKOCTH 

i!.= ~L' SHa'ielmeM .D;IDIlm pacCef.lHHff H9RTpoHa. BoJIHOBa8 qiyHKr.um HeitTpo

Ha Ha ~OM HS Y'lacTKoB Me1U(y z( H i!r:-t B1iq.l:lpa9TC8 B B~e CYM

MH IIJIOCrua: BOJIH. ~matyIl{HXCI'.t B llOJIODTeHLHOM II OTpBl.(aTeHLHOM HaII.PaB-

C cooTBeTCT.BYJOIIl,HMK aMD'JIllTy~aMa: AW( -) a AfiJr ...... )JIeHHffX i.l AJ.' IIo~-
CTaHOBKa TaKlIM 06paSOM sanuCaHHO! BOJIHOBOit ~ B ypaaHelm9 

illpe,ItHHrepa C KBas.l:lllOTe~aJIOM (6) CBO,ItHT ero K CHCTeMe 3~elIJIHIO
IItHXCR aJIre6palf'lecrua: ypaaHelmH OTHOCHTeJ.tI:,HO AC<'). MeTO~ II03BOJIffeT 

Ali)r .....) 	 Ati)( ...... ) . 
HaHTH Bce ~J. H ~.l ( l. = I •••• ~ n. +I) NlfI JllDClo! MO~eHLHOH 
3aBHCHMOCTlI e~ (j!c) H. TaKllM o6pasOM, HaiiTll BOJIHOBYIO ~ :B He-

O,JtHOPO,JtHoi!: cpe,n;e, a TaRJJte Koa~eHT OTpaJlteHHff RJ I.t. ::= (f) A (-'.l) 12(_n(_ 	 ) I 
II lIpoxo~eHHff T(ll)=-\A {l)\Z H9RTPOHOB (3~eCh n.. - 'lllCJIO TO'leK, 

B KOTOpHX 3~aeTCR IIOT9~aJI (6». Pac'l9T~ CIIeKTpaJIbHllX: 3aBHCHMOC

Tea Ko~eHTOB OTpa&eHHff lIOKaaaJIH,B 'lacTHOCTR, 'lTO B CJJ:y"lae 

az.(~()=-Cl)h~t ,llr=lL,+rZ'.:=CCIfs,t (O~OpO,JtHa8 TOHKa8 IIJIeRKs) pe

SY~TaT~ C ~COKOR TO~OCTD~ COBII~aIOT C pe3Y~TaTaMR paCqeTa lIO 

aHaJIHTH'leCKOI ~JIe /6/ Ko~eHTa oTPaJlteJmR: NlfI IIpRM0YTo~Horo 
6apbepa B~ -U • r~9 U CBff3aHO C 6j! 11 II c cJIe,II;yDIIHM o6pa
BOM: 

u = 4'f1' 	 1\'1.. (8i'_)
2m Arc 	 (7) 

IIoCJI9,JtHee paaeHCTBO aHaJIOI'H"mO paa9HCTBY (2) H MOJiteT CJIylI'HTb OIIpe

~eJIeHlleM lIOTe~aJIa NlfI O~OM9PHOA o~opo~ol ~cKpeTHol 3~a'lH. 
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KOHKP8Tl!liii nepeC'leT 3Ha'l8mdt "TpeXMepHliX" .zvmH paCCeJ'flIWr B "O,n;HQ

MepHHe" ocymeCTBJlH8TOSI HCXO~ H3 npOCTOrO YCJIOBl!l.ff: nOTeHlJ,HaJIbl 

TpeXMepHOH H O,ItHOMepHOi 3aAa'I ,n;O~H COBITanaTb. 

Ha pllc.2 npHBO~TCR pe3y~TaT paC'IeTa K03~8HTa OTpaaeHl!l.ff 

.D;JI.H MO,n;~HO! OX/;HOpO,ItHOH IIJI9lOOI '(BaZ<~u} ~ TOJIIltllliO!t 1500 AH 

1000 AHa nOJIy6eCKOH8'lRott nO)J.JIOlKKe 

RIK!) to 
o.g 

08 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

2 

~f'T~ 0,3 npn B('!):H. T.e. ~ 

PRc.2. K03~eHT 	OTpaae

Hl!l.ff HeHTpOHoB OT IIJIelOOI 0 

Yflt\Z.CI.43()+ TOJIIItHH<;1I: 1000 A 
(KpRBaH I) H 1500 A (Kpll 

BM 2) Ha nO)J.JIOlKKe lIS 

$",Ti 0,3 IIpll B(;;\-)== ~= (llw,.t- • 

o J 	 I 

6.8 	 72 76 80 8.4 68 9.2 '10-3 


K! fA-I] 


CJly'lM. Kor,n;a IIJIeHKa HaxO,ll;HTOSI B HOpMaJIbHOH <Pase. Pac'leT npoBe,n;eH 

,!VIff MeJKYse~Horo paCCTORHl!l.ff tJ ~ = 10 A. 
Pe3YJIbTaTbi 3KcnepIDdeHTOB no 3epKaJIbHOMY oTpaaemno nO.'.lf.!pIISOBaH

HliX HeHTpOHOB npllHRTO npeX/;CTaBJJHTb B BH,Ite KOM6lIHauHH 

cI l _ tV; (i) 
t:>e ( ) - Nii fit) 	 (8) 

..,. - tl 
r,n;e "'6 (i) • rJf!:} (Ill) - HHT8HCRBHOCTH OTpaJKeHHOrO no,n; yrJIOM CKOJIb

lIt8Hl!l.ff 6l YSIWKOJJ..1Il!Mll:pOBaHHOrO ny'lKa HeHTpoHoB. It - BOJIHOBOii BeK

TOp naAaIOIlIRX HeHTpOHOB. 3aMeTlIM. 'lTO Ill.-:=' R..f) • 3HaRlI: - II + 03Ha

'l8IDT, 'ITO He~TpOHH perllCTplIpOBaJIHCb C BKJIID'leHHbIM II B~eHHbIM 

CIlHH-¢JmnnepOM COOTBeTCTBeHHo. 

PYKlIlee BeKTOp nOJIRp1I3auID:l p 
ny'lK8. B 06meM cJly'lae p:= p(l). 
CIlHH-¢JmnnepOM TaKlIt9 RBJlHeTCR 

CnIIH-<PJllinnep 

OTHOCllTeJIbHO 

BePORTHOCTb 

qJyHKUHeH ~ • 

(; 

- YCTPOl1:CTBO. peBepcn

B8KTopa Jf B nanaIOlll8M 

t peBepca nOJIRplI3auHH 

T.e. f,,{(I) . 

OnyCKM HeCJIOlltHHe paccyx.n;eHl!l.ff, npnBe,n;8M qJopMyJIy, CBff3b1aaromyro 

113MepRe:MYJOrflyHlU1lIIO Sect) C R-+(~..L) II R_(k.l.): 

S(It) "" S(f,8)::; 'L(f~'H1-2l{'»'P(~)] +!+(k.P)[1 fo C1-Z!(II»-P(k)] 
a R,.(k.e)(t +P(M] + ItJk'9)[1- p(f)] ) (9) 

'l r,n;e 'it-:t (': 6) -CBepTKa Kos~eHToB R± ('1 e I· 6) C qJyHImH8H pa3

PSWElH.Wl peqmaRToMsTpa G-~J9 (i'l fJ'). 
ITpoue.n;ypa CBepTKll nOSBOJIReT yqecTb Heonpe,n;eJI8HHOCTb At9 yr-

JrOB CKOJP)lIt8HWI HeJa:TpOHOB. a. TaKlIt8 HeOIIpe,n;eJIeHHQCTb A~ U 3Ha'l8mm 

k- pernCTplqlYeMliX Hei1TPOHOB. 

VIs qJopMYJIH (9) JIartto mI.Il;eTb, 'ITO ,n;JIR JUJ;8aJIbHoro peIPiIeKTOM8T

pa, T.e. Ror.n;a G( 61 (fI.~fi}... (f(I.-It')· 0"(8- t9'), P I, I = I. 
~ Sf!/i)=-$(I;.):r (!+(Pe.J.l!2-(nJ). 

ITepei.n;aM K aHaJmsy paCC'lllT8HHHX 3Ha'l8Hll:H rpymaml1: :t (~) ,n;JIR 

Mo,n;eJIbHOil cBepxnpoBO.n;HIllefi MaHKU co 3Ha'l8IDtffMl:i HeiiTpOHO-DIITH'leC

KHX napaMeTpOB, YKasaHHhlX B Ta6JIHUe. 

Ha plICYHKax 3+5 npe,n;cTaEJIOHhC P83YJrbTaTbi paC'leTa qiyHKUHl1: S(~J) 
.D;JI.H JUJ;eaJIhHOrO perf!JIeKTOMeTpa, T. e. ~ = 0, AI#..PJ... 0, F == I, 

t '" 1. " 
Ha pHc.3 nOKa:3aHa $(~l.),n;J.tH IIJr8HI<H TOJfll!lIHOi:J d = 1000 A .. 

n OOJr8.CTH 3Ha"leHHM ~l ~ I. • lIpe,n;cTaBJI8HhC ,n;na CJly'laJ'l: A 200 A r 

S(K!1 
1.8 

1.6 

II 
1 4 

12 

1.0 

0.8 

0.6 

0.4 

6.6 7.2 7.4 8.0 8.4 	 8.8 9.2 .10-3 

2.0 .,--------,.------, 

K1fX-1j 
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PRC. 3. <liyHKIU1H .s (l.L) 
,!VIff cJly'laen: 

I -..A.. = 200 A.
•2 A = lOOO A. apR 

IIOJIe H '" 420 rc, 

,n;J.tH lIJIeHK.H TOJllI(HHoW: 

lOOO A. 

http:l.),n;J.tH
http:PSWElH.Wl
http:paccyx.n;eHl!l.ff
http:lIt8Hl!l.ff
http:paCCTORHl!l.ff
http:Yflt\Z.CI.43
http:OTpaaeHl!l.ff
http:YCJIOBl!l.ff


TORHHe. rrp~OH cymecTBOBaHHR TaKOrO CJIOR MoxeT 6HTh ,n;~T
(KpRBaii 1) R A = 1000 A (KpRBaii 2) rrpR SHa"t£emrn BHeillHero rrOM 

KRCJIopo,n;a y rrOBepXHOCTR IIJIeHKR. VIs pRC. 5 B.H,lJ;HO, KaK MeHfleTCR S(I!!j)H = 420 rc. .s (1.1.) HMeeT OCIULJI,JIRPYJOlllIDi XapaRTep (CM. TaKlKe 
B SaB.HCHMOCTH OT ~. 

pHc.4). ~HO. 'ITO C YMeHhIDeHHeM Jl 9~eKT (T.e. OTKHOHeHHe 
O"t£eB.H,lJ;HO, 'ITO Y"tIeT He.H,lJ;eanDHOCTR p~eKTOMeTpa ,n;OJIXeH Tpaac$( k1.) 0'1' 1 ) BOSpaCTaeT. 

cI>op.mpOBan ~ ::; (~.l.) B W"HKUKIO $6 Ck.) , KOTOPaii rrpH ~CR-
PRc.4 ,n;eMoHcTpHpyeT pas.JIWmff qiyIoo:urn $(k1..) ,lJ;JIII IIJIeHOK 

pOBaHHoM SHa"t£eHHR napaMeTpa e (l: l.l-/e ) RllJIHeTCR WHro-meH 
C TOJIlI!HHofi 1000 AR 1500 A. YBeJIH"t£eHHe TO.1Ill\.HHll IIJIeHKR rrpRBO,lJ;HT Se Ch) . 

3
2.0 'I---------'------, KPRBOH 2 Ha pRc.6 rroKasaaa Sa(i.0 rrpR e = 5.10- ; 

S(K1J ~ = 4.10-2 11 p(l)=~-c/~<I ( c = 6.28'10-3 1-4). 3aBRcHMocn1.8 
PRc.4. ~;mI $ (£.1.) pel,) BSRTa HaMII HS pa.60TH /7/. KpHBaii 1 Ha TOM xe plllcYHKe - .H,lJ;e

1.6 ,lJ;JIII CJIY'IaeB: 
2 

1.4 I - d = 1000 A; ~O, A 
S(K.LJ PRc.6. ~ $ (k.l.) ,lJ;JIII 

1.82 - d = 1500 A. rrpR1.2 .H,lJ;eaJIbHOrO p~eKToMeTpa 
rrOJIe H = 105 rc 1.6

1.0 (KpRBaii 1) H C Y"tIeToM 
R A=200A. 1.4 paspemeHHR KOHe"t£HOH BeJIH0.8 

1.2 "t£HHH (KpHBaR 2). ilJIeRRa 
0.6 

1.0 TanmRHOH 1000 A, rrOJIe 
0.4' ,. I 3 0.8 H = 420 rc,6.8 7.2 7.6 8.0 8.4 8.8 9.2 .10

A = 200 A.K i ri:-1) 
0.6 

0.4 

K YBeJI.H"t£eHmO 'lIICJIa OCq.H.lJJIHUKti S B BH6paHHOM RHTepBaJIe 8.J. 68 7.2 76 8.0 84 8.8 9.2 .10-3 

K [ i:-1)CpaBHeHHe KpRBHX 1 Ha pRc.3 R pHc.4 rrOSBOMeT o~eHHTh SaBH i 

CHMOCTh ,s OT BeJIH"t£.HHH BHeillHero rrOM - C YMemmeHHeM rrOM ~eKT 
YMeHDWaeTcR, OCTaBaJICh ,n;OCTyrrHHM ,lJ;JIII RSMepeHRR rrpR rrOJIflX if! 50 rc. 

aJIbHHH CJIY'Iati. OcTaJIbHHe napaMeTpH paC"t£eTa rrpHBe,n;eHH B rrO,JJ;llRCH
Ha pRc.5 paccMoTpeH CrreUKaJIbHHH CJIY'Iati - IIJIeHKa.y KOTOPOH rrpR

K PHCYHKY. ~O, 'ITO Y"tIeT peaJIDHHX rrapaMeTpOB p~eKTOMeTpa rrpHBO
rroBepXHocTHHR CJIoti TOJDJnIHOti ~ H~ rrepexo~T B cBepxrrpoBO.D;Hlllee COC

,lJ;HT K SaMeTHOMy YMeHhmeHHID 9~eKTa. 

2.2 'I-------~.-----I OrMeTHM, 'ITO Ha rrepBHH Bsr~ KaJKeTCR BHrO,lJ;HHM YBeJIH"t£HBaTh
S(K1J PRc.5. ~ S(l1.).2.0 rrapaMeTp e ,T.K. npH 9TOM /).e -+ O. O,lJ;HaKO yrOJI e peaJIbHO 

.HJInDCTPHP~aII 9~eKT HaJIR1.8 .. 6y.n;eT OrpaHlll"t£eH YCJIOBHeM .. = ke 1:. k~ (T. e. e ~ ~ ), KOTO
"t£RH CJIOR IIJIeHKR ,n;~THoro1.6 poe CJIe.n;yeT RS npOCToro Tpe60BaHHR: SHa"t£eHHR i ,n;OJIEHH rrorra,n;aThIno co,n;ep3aH.HID KRCJIopo,n;a.1.4 B 06JIacTh sHa"t£eHHif ~~ , B KOTOPOH CrreKTpaJIDHaR IIJIOTHOCTh rrOTOKa 
B CJIoe TOJIlI!HHOH ~ Ha rro1.2 TeIIJIOB~ He!TpOHOB .n;OCTaTO"t£HO BHCOKa, "t£T06H 06eCrre"t£HTh CTaTHCTHtBepXHOCTR IIJIeHKR1.0 "t£ecKyD TO"t£HOCTh RSMepeHHif ~ S(a.l.} • TaR, HarrpHMep. THllH"t[
B(;!): 104= c.DKS.i. • 0.8 HID/! SHa"t£eHReM k~ ,IVlH TeIIJIO~ Dy'IKOB HCCJIe,n;OBaTeJIDCKOrO RMIIyJIDC~ 0 0 

06 1 - 0 = 0 A; 2 - ~ =100 A; () 
/HI- 2'il" ·-1

Horo peaKTopa ViliP-2 owrn Av6Ha RllJIHeTCR K. = ~ =1, '{ A 
0.4 3 - 0 = 200 A. ilJIeHKa TOJI- ( ,,*" ~ 4+5 A). BoCrrOJIDSOBa.BlIIHCh SHa"t£eHHeM f<r HS Ta.6J1lIUli, rroJIy. 

~o! 1000 A B rrOJIe 
6.8 72 76 8.0 8.4 8.8 9.2 '10-3 

H = 420 rc, A = 200 1...
Ki(.~-lJ 

9 
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~r '" ~, qTO e ~on3HO 6aTh ~ Il~- 5' ro-3 pa,n. 

~ 

I. EcTb OCHOBaHHH o~aTh, qTO 3XOnepHMeHT no onpe~e~eHKID 
rJIy6HHH npOHHKHOBeHl'IJJ A MarmrrHoro nOJm B TOHKOIIJIeHOqHHe BHCOKO

TBMnepaTYpHHe CBepxnpOBO~HHRH C nOM~ HeiTpOHOB n03BO~T no~

qlfTh OueRRY A B MeTO.IU'NeCKR 60~ee 'tHCTm: YCJIommx no CpaBHemm 

co c~aeM RCCJIe~OBaHH! TaM ~e cnoc060M Ha TO~CTm: 06paauax R TeM 

CaMHM nOBHCRT ~OCTOBepHOCTb oueHKH B~HH 1\ . 
2. PaaBHT MeTO~ paCqeTa, n03Bo~ 06paClaTHBaTb 3KCnepHMeH

TaHDHHe cneKTpH 3epK~Ho OT~eHHW!: HeiTpoHoB OT nOBepXHocTH '1'OH

Koi cBepxnpoBo~ei IIJIeHKH, HaHeceHHoRHa MaccHBHYD no~oEKY H no

MemeHHoit B MarlmTltoe nMe H C UeJIDIO onpe~e~eHKll B~HH A , 
a TaKXe TO~HH npHnoBepxaoc'1'Horo C~OH, He 06~a,naIDmero cBepxnpoBo

~ cBO.liCTBaMH. 
3. HeifrpoHHO-OnTll'IecKRe napaMeTpH CRCTew YBQ 2 Cu :l, O~ -IIJIeH

Ka llJIl!JC $y1l0.!, -nO~OlKKa TaKOBH, qTO aiWleKT, COCTo.a:II:l:illi B OT.JIifIlI'IJ<I 

H3MepaeMo! fPyH:KI:um $(l.l) 0'1' e~,~oDeH 6HTb CTSTRCTll'IeCKR 
,ll;OCTOBepHo HIWJIXUJ;aeMNM B 06~acTiI 3HaqeHHi ~.l. 1:- It\"=- 7,7'10-3 A-I, 

npm yr~e CK~eHl'IJJ e ~ 5.10-3 pa,n. IIPH aTOM BeJIKtIHHa CaMoro 

aiMleRTa B03paCTseT C YBeJIKtIeHHeM nOJm H , a TaRlIt8 C yMeHbmeHH8M 

rJIy6HHH npOHHRHOB8Imll: A • .n;OCTynHOR ~ H3MepeHHA 06~acTbIO 3Ha

qeHHi napaMeTpS A c~e~eT C'lRTaTh 06~aCTh 0 ~ A ~ 2000 A 
~ no~eit ~ 400 rc. C yMeHbmeHHeM nOJm 3'1'a 06~Tb CYEaeTCH. 

B peaHDHW!: yC~OBHl1X 3RCnepHMeHTa 3HaqeImll: i1 ~ 50 rc. ~o , 

He CMOryT 06eCrre'lR'1'b He06xo~0.li Ha,ne~OCTR onpe~~eImll: napaMeT

pa A npH ~m: ero 3HaqeHWlX. IIOC~8,ll;Hee YCJIOBHe OrpaHll'IHBaeT 

RoppeRTHOCTb TPaRTOBRH 3RCnepHMeHTOB B PaMKax O,ll;HOMepHo.li Mo~e~ 
cd 

OTpameHHH He.liTpoHoB B TOM c~ae, e~ nepBoe KpiITKqeCROe no~e 

He:. <. 50 rc. 

4. To.nuuntLl IIJIeHOR, nPH ROTOpm: npOHBJIlIlOTCH npe~eCTBa TORRe
.....IIJIeHO'lHOrO Y~~'2. c...,)O.:J -06paaua, CBH3aHHHe C xapaKTepHHM He

MOHOTOl:il!.l& nOBe~eHHeM fPyH:KI:um S (~l). JIelKaT B HHTepBMe 
,.... 1000+1500 A." 
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li(f)
5. HeOnp8,ll;~eHHOCT:b napaMeTpa peqmeRToMeTpa 8 ..... 5% 

H yqeT HellQJIHoit nOJI.B.piI3mn1H nyqKa. HettTpoHoB COXPaHlIIOT Bce xapaR

TepHHe oc06eHHocTR I}iy1mInm: $ ( Ill.) , CHWKaIl: aflJIJeRT ~ B 2 pasa. 

6. 3.KcnePHMeHTH C MOHOKpHCT~eCKHMH IIJIeHKaMH n03BGnffT on

pe~e~Th 3HaqeHHe napaMeTpa A :EUJ;OJIb onpe~MeHHoro RPRCTaJIJIorpa

~ecRoro HanpaBJIeHKll, onpe~eJmeMoro XapaKTepOM pOCTa IIJIeHKH 

B npo~ecce nPHroTO~eHH8. 3RCnepHMeHTH C no~pHCT~eCKHMH 

IIJIeHRaMll HeCYT iI$f,1MBIlIDO 0 napaMeTpe A ,ycpe,ll;HeHHOM no 

KPHCTaJIJIOr~eCKHM HanpaBJIeHHRM C yqeToM CTeneHH B3aKMHOrO pa3

ynopa,n;oqeHl'IJJ KPRCT~TOB. CpaBHeHHe 3RcrrepRMeHTOB Ha. IIJIeRRBX 

P~'lHo.li (R3BecTHoit) CTerreHH M038H'lHOCTR n03BO~T ~anaTb 3~ 
qeHHe 0 Be~e KpHCTaJIJIOrp~eCRo.li aHH30TpOmm napaMeTpa A . 
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