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Meronom Hempon—pa.unaxfnouﬂoro aHAMM3a MCCNEN0BAH NpoLEcC MoabapsepHOro oTpa-
XEHHS YABTPAXONOTHBIX HEHTPOHOB OT MOBEPXHOCTH Hepxapeoute# Fe-Ni-Cr-cramm, crabu-
NNM3UPOBAHHOMN THTaHOM. O6HapyXeH 3¢deKT 3HAYUTENBHOrO MO CPABHEHHIO C TeOpHel ce-
JIEKTHBHOTO YBEJIMYEHHs BEPOATHOCTH 3aXBaTa HEHTPOHOB saipamu cpensl. JlaHo obwsicHeHue
3¢ deKTy, CBA3AHHOMY C CYIIECTBOBAHMEM THUTAHOCOAEPXKALIMX KIaCTEPOB M CTPYKTYPHBIX Ha-
pylueHuii, HcKaxaloumx dopMy pacripenesieHus 3G¢GeKTHBHOro MOTeHIHANa B3aUMOAEHCTBHS
YABTPaXOAOIHBIX HEHTPOHOB C IMOBEPXHOCTBIO BELIECTBA.

1. BBEJIEHHME

.

B npensaputensHoi myGnukauum [1] coobuanocs, YTo NMPH KCCIEN0BAHMM NOA6apEED-
HOTO OTPaXeHHs YIbTPaXoJOAHBIX HEHTPOHOB OT HepXapelollei ctanu 1X18HIT o6HapyxkeHO
He YKJIa[IbIBAIOLLEECS B TEOPMIO YCHIEHHE 3aXBaTa 3THX HEHTPOHOB OCHOBHBIMH 3/IEMEHTAMH,
BXO[SIIUMMHM B ee cocTaB. JanbHeiflllee U3yYeHHUE C MOMOLIBIO ANEKTPOHHON MUKPOCKOIHH
CTPYKTYPHBIX OCOOEHHOCTEH CTaJIM MO3BONIIO OOBACHUTL PU3NUECKUH MEXaHU3M YCHIIEHHS
KakK MpOsBIIEHUE KJIACTEPHON CTPYKTYpPHI BEllECTBA, MEHSIOLIEH XapaKTep Hpolecca 3axBaTa
YAETPaXOJIOAHBIX HEATPOHOB MO CPaBHEHHUIO C NPOCTOM MOJEJBIO 3TOTO B3aUMOAEHCTBUS LTS
TOMOT€HHOH MOMHUIIEMEHTHON CpelbL.

U3BecTHO, YTO [IA CpeMbl, ComepXallieil HECKOMLKO JIEMEHTOB ¢, PABHOMEPHO PacIipe-
IEJICHHBIX TI0 00BEMY ¢ OTHOCHTENBHOM SOEpHON KOHLEHTpalueil ¢;, MOJTHass BEPOATHOCTD
B3aMMOJEHCTBUSA YALTPAXOJOIHBIX HEUTPOHOB C MOBEPXHOCTHIO NPEACTABIAET coboi cyMMy

*E-mail: bond@foton.polyn.kiae.su
tP. Geltenbort, J. Pendlebury, K. Schreckenbach.
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2
I\
VHBTPZXOHOHHBX
HEHTPOHBI E

Puc. 1. Cxema ycraHOBKHM: I — BxoaHas Al-¢onkra, 2 — BepTHKaNbHBIN HeHTpOHOBOA, 3 —

LUTOK TiepeMeLLeHus BXOAHOM AnadparMul, 4 — BXogHas KaMepa, 5 — MOABIDKHAA BXOJHAA JUa-

¢parma, 6 — CBUHLOBAS 3alIuTa, 7 — KoHBeprop ''B, 8 — KOXYX C HArpeBaTeNeM H TETUIOBBIM

aKpaHOM, 9 — obpasell, 10 — COCYH Y/ILTPaXONONHEIX HEUTPOHOB, 1] — HarpeBatens, 12 — Ka-

Mepa oTXura, 13 — 1UTOK nepemelleHus ofpasia, 14— BakyyMHR wnbep, 15 — Ge-merexTop,
Dy, D;, D3y — [IETEKTOpH YJBLTPAXOJOAHBIX HEHTPOHOB

NapUMaTEHEIX BEPOSTHOCTE! 3aXBATa 1 KOHKDPETHBIM 3JIEMEHTOM CPEbl U BEPOATHOCTH He-
YIIPYTOro PacCesHUS [i;.:

q ‘
b= et ) @
i=1
[e BEJIMUMHBL fi;e = Mo f(V) ¥ pl = ni f(v) 3amaloTca COOTHOLIEHUAMMU:
fw)=2y™? [arcsiny —yv/1- y2] ,

e = ko /4nb, ' =kalc;/4mb.

3mech v — CKOPOCTb HEMTPOHA, ¥ = V/Vjim, Viim = \/2Eijm/m — rpaHWMuHas cKopocTs

CpelIbl, m — Macca HEUTpoHa, Ej;n = h?Nb/2mm — rpaHudaHas 3HepTUs cpetsl, N — 4uCIo

silep B eOMHULE OGbeMa, b = Zq: ¢;b; — ycpenHeHHad Mo 3JieMEHTHOMY COCTaBy Cpelbl JIHHA
i=1

KOTepPEeHTHOTO paccestHus, k — BOIHOBOE YHCIO, 0;e — CEYCHHE HEYTIPYTOrO PacCesHus, oF —

YCpemIHEeHHOE 10 M30TONTHOMY COCTABY CEYEHHME 3aXBaTa i-TOTO JIEMEHTA.

DKcrnepuMeHTaIbHas NTPOBEPKa TEOpHH B3aMMOICHCTBHA YIBTPAXOJIOIHBIX HEATPOHOB CO
cpenoii mpu noxdapbepHOM OTpaXeHHH CTaIa BOIMOXHOH ¢ MOABJIEHHEM METOAd HEWTPOH-Da-
JHALIMOHHOIO aHaJIN3a Ha YJIbTPaXOJMOOHBIX HEHTpoHax [2]. B HacToseH paboTe 3TOT METOx
OBbLT MPUMEHEH VTS H3YYEHMS Mpoliecca B3aUMOIEHCTBHSA YALTPAXOMOAHBIX HEWTPOHOB C He-
PXaBEIOLLUEH CTABIO KakK IYTEM 3aXBaTd, TAK M HEYNPYIOrO PaccessHusl,

Cxema yCTaHOBKM npuBemeHa Ha puc. 1. MccmemyeMelit oGpasen obmydancs y.rn,rpaxo-
JIOZTHBIMM HEWTPOHAMH B ILMJIMHAPHYECKOM COCYyAe M3 HepXKaBelollei cramu umHoi 112 cM
u guaMetpoM 8.8 cMm. OGpasell, NpUroTOBIEHHRIN U3 Hepxaperoweit cranu 1X18HIT, npexn-
CTaBJIsLT COGOH 3/IEKTPOIONMPOBaHHYIO donbry TomuuHoi 200 MkM B (hopMe criupany mim-
puHO#i 10 CM M BHEIIHMM AMAMETPOM 8 CM C TOMHOH IUIomaabio S = 3120 cM2.
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HeiliTpoHBI M3 HCTOYHHMKA YILTPAXOJIOAHBIX HEUTPOHOB MMOCTYIAIM B COCY/I 10 BEPTHKAJTb-
HOMY HEWTPOHOBOLY Yepe3 BXOAHYIO AHadparMy ¢ OTBEPCTHEM IUIOINAAbIO Sy = 0.785 cM?2,
1160 yepe3 Bce ceyeHHe cocyna, Korma auadparMa ynamsnack. CrnekTp CKOpPOCTeil ynbTpa-
XOJIONHBIX HEUTPOHOB B COCYZe GBUT COCPENOTOYEH B MHTepBasie oT 0 10 4.4 M/C NpH cpenHei
ckopocTH U = 3.8(2) M/c. IINOTHOCTB MOTOKA YIbTPAXOJOAHBIX HEUTPOHOB B COCYMIE M Ha €ro
BXOJI€ M3MEPSUIach C MOMOILBIO TPEX ra30BhIX MPOMOPLHMOHAIBLHEIX AeTeKTOpoB Dy, D,, Ds,
MOAKTIOYEHHBIX K COCYNy Yepe3 OTBEpCTHs C IUIolanbio So. s perucTpaluy +y-KBaHTOB,
BO3HMKAIOLIMX Ha MOBEPXHOCTH 00pa3Lia MpH 3axBaTe YILTPAXOJOXHbIX HEUTPOHOB, MCITOJIb-
3oBaics Ge(H p)-netekTop Ha ocHOBe cBepxuHucToro Ge ¢ paspelueHHeM 2 K3B npu sHepruu
~-kBaHTOB 1 M3B. Heynpyro paccesstHHbIe yIbTpaxoJ0oqHble HEHTPOHBI PErMCTPHPOBATIMCH C
TIOMOLIBIO KOHBEPTOPA U3 0B TomuMHOI 1 cM, PacroNOKEHHOro MEXIY COCYIOM M BXOXHBIM
OKHOM JeTekTopa. B peakumu n + °B = o+ ’Li ¢ BeposatHocTbio 0.96 sapo ’Li o6pasyercs B
BO30YXIE€HHOM COCTOSSHUHM M HCITyCKaeT y-KBaHT C aﬂepmeu 477 x3B, KOTOpPbIi PErHCTPH-
pyeTcs ZETEKTOPOM. :

IIpu n3mepennn poHa win obe3raXuBaHUK 0Opa3lia MOCIEAHNI BHIBOOWICS U3 cocyla
B CNIELIMAILHYIO KaMepy, OTAEJIEHHYIO OT COCyla BaKyyMHBIM umnGepoM. BaxyyMm B cocyne
noxepxuBancst Ha yposHe 2 - 10755 - 10~¢ Topp, Bakyym B kamepe 611 =~ 10~ Topp.

IIpn n3MepeHnH MosHOro KoadduiueHTa MoTeph YAbTPAXOJOAHBIE HEHTPOHBI MOCTY-
naji B cocyn yepe3 auadparmy. K3 ckopocrteit cuera ji, ji, j3 AeTeKTOpoB D, D,, D,
OINpeeisiyiacCh BeIMYMHA

2(51 — 252 — 73)So
B2t

rae fi ¥ i, — YCPEOHEHHBIE IO TOTOKY YJILTPaX0JIOXHbIX HEHTPOHOB MONMHEIE KOG DULHEHTHI

MOTEPh COOTBETCTBEHHO IS MOBEPXHOCTH obpa3ua M cocyna, S; — Iuiomanb cocyga. Ilpu

BHIBEICHHOM M3 COCy/a 0oGpaslie OnpeeNsiach BeNHUMHa i, S;. B pe3y/bTate ABYX M3Mepe-

HH pa3HOCTHBIM METOIOM BHIYMC/ISIACh BEJIMYMHA I Wig obpasua.

JIist M3MepeHHUsT BEPOSTHOCTH HEYTIPYTOro pacCesiHUs M MapLUaIbHBIX KO3(bHULHEHTOB
3axBaTa yJILTPaxoJOAHBIX HEUTPOHOB nMadparMa yIausIach, YTOOs OHH MOCTYMAIH B COCYA
yepe3 Bce ceYeHHe. YcpeaHeHHas I10 CIIEKTPY CKOPOCTeit HEMTPOHOB BEPOSATHOCTb HEYNPYTOTO
paccesiHUA OMpeaessiach Kak

S +n,S; = 2)

= = 2jie S()E

Hie (2 + j3)Seie’
rae j;e — CKOPOCTb CYETa MMITYJIbCOB B NMHKE IOJHOrO MOIIOILEHMS y-JTydei ¢ SHEpruei
477 k3B, €;. — 3(d¢dEeKTUBHOCTb PETrHCTPALIMH YJIBTPAXOJIOAHBIX HEUTPOHOB, HEYNIPYIO pacce-
SIHHBIX Ha TIOBEPXHOCTH 00pa31ia, PErHCTPUPYEMBIX 110 j;e, € — 3¢(EKTMBHOCTb PETUCTPALIMU
YALTPAXOJMIOAHEIX HEMTPOHOB, MPOLLUEALLINX Yepe3 BXOAHBEIE OTBEPCTUA AeTeKTopoB. OTHOMLIE-
HHE ;. /€ ONMpeneasUIoch B JOMOJIHUTEILHOM H3MEPEHHH C KaIMOPOBOYHBIM 06pa3LioM M3
MOJUITUICHA.

YcpeaHeHHas 1o MOTOKY BEPOSTHOCTh 3aXBaTa YJILTPAXOJIOIHBIX HEHTPOHOB %-THIM 3JIE-

MEHTOM OINpEENAIach Kak:

©))

—i_ _ 25i(E)eSo
Be ™ Ga+ inBier(B)S’

rae j;(E) — cKopoCcTb cYeTa B ITHKE ITOJIHOTO MOIJIOLIEHMS y-Jy4eii ¢ sHeprueil E, 3; — BHI-
XOJ KBAHTOB C 3Heprueil E Ha OIMH aKT 3aXBaTa HEUTPOHA IS €CTECTBEHHOM CMECH H30TOIIOB
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Pue. 2. @®parMeHTH CIIEKTPa -Y-KBAHTOB MPH OGIyYeHHH

o6pa3la yJIbTPaxoJOMHBIMH HEUTPOHAMH; M — YHCJIO MMITYJILCOB
~y-IETEKTOpa B OTHOCHTEJIBHBIX €JMHHMIIAX

i-TO 3NIEMEHTA, €, (EF) — 3 GdEKTHBHOCTL PETHCTPALIMM Y-KBAHTOB C 3Hepruei E, uamyyae-
MBIX C TIOBEPXHOCTH o6pa3ua. DHepreTHyecKas 3aBUCHMOCTh OTHOWIEHMA &.(E)/e onpene-
JISIACh HOTIOJHUTEIBHBIMH U3MEPEHUAMH C UCITOJIb30BaHHEM KaTHOPOBOYHEIX 06pa3LioB U3
MTOJIMATIWIEHA, TUTAHA M ATIOMUHUS.

H3aMepeHNs BHINONHSINCH IOC/IE XUMUYECKON OYHMCTKHM ITOBEPXHOCTH o6pa3la TpaBlie-
HueM B kuciaore H3 PO, 1 BakyymMHOro orxura npy temneparype okoio 1000 K B reuenue nsyx
yacoB. Ha puc. 2 npuBeneHs! pparMeHTH CIIEKTpa -KBAHTOB. B CIIEKTpe BUIHBI ITUKH TIOJ-
HOTO IOTJIONIEHUS y-KBaHTOB C 3Heprueit 477 k3B u 2.22 MaB, 06ycioBJIeHHBIE HEYTIPYTUM
paccessHHEM M 3aXBaTOM YJIETPAXOJIOAHBIX HEHTPOHOB Ha IIOBEPXHOCTHOM Bozmopoze. B criekr-
pe IPUCYTCTBYIOT TaKXe ITMKH, CBI3aHHBIE C 3aXBaTOM YJIBTPaXOJIOXHEIX HEMTPOHOB SIIPaMH
3JIEMEHTOB, BXOMSIIHMX B COCTaB HepXaselollel cramd. OOpaGoTKa IMOMYYEHHEBIX CIIEKTPOB
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TNPOBOAMIACH C YYETOM BHEIIHETO Y-(OHa M -(hOHa, OGYCIOBIEHHOTO B3aMMOIEHCTBHEM
YABTPaXONIOAHBIX HEHTPOHOB C MOBEPXHOCTHIO COCYAA.
B pesynbrate M3MEpEHHIA TOMyY€eHbl 3HAYCHUS: T = 6. 44(57) 1074, ;. = 1.57(26)-10~*,

E? =2.2(3.8) 10‘6 Mexy nonHoi (fz) ¥ cyMMapHOoii (;, + s 1) BCpOHTHOCTﬂMPl CYLIECTBYET

pa3Hulia, paBHas Z T. = 4.85(62) - 10~*, kotopas onpenensier cymmapuylo BEPOSITHOCTD
=1
3aXBaTa YJAbTPAXOJOIHBIX HEUTPOHOB JIEMEHTaMH, OTIMYHKIMH OT BOIOPOXA.

TIpsMble M3MEPEHNs MAPLIMAIBHEIX BEPOSATHOCTEH 3aXBaTa BHIIOMHSUIACH N0 HaUGOJee
VIHTEHCHBHBIM -y -TIEPEXOAaM MPH 3aXBaTe YILTPaXOMOIHLIX HeitrpoHoB sapamu Fe, Ni, Cr, Ti.
Jinst cpaBHEHHUS ¢ TEOPMEi U3 TIOMYYEHHBIX 3HAUYECHMI Ji' ONpPENeNATMCH 3HAYEHNS TTAPAMET-
poB 5j: =7t/ f(v) B npubmmxenun f(v) = f(7) = 0.96. Pe3ynETaThl NMPEACTABICHH! B Ta6n. 1.

. 4

W3 TaGruLs1 BUOHO, YTO ) u; = 4.99(18)-10*, 4TO comIacyeTcs ¢ HE3aBUCHMBIMHU AaHHLIMH
o—l :

IO H3MEPEHHUIO u, i ¥ ﬂc CpaBHeHHE 3KCTIEPHMEHTANIBHBIX M TEOPETHUECKUX 3HAYEHMIA
Tk MTOKA3BIBAET, YTO SKCIIEPHMEHTAIBHBIC BEpOSTHOCTH 3aXBaTa 3HAYHTEBHO BHIIE TEOPETH-
yeckux. DdbeKT yBeJIMYEeHUsI HOCUT CEJIEKTUBHBIA XapaKTep. © MAaKCHMAJIBHO BhIpaXeH U1
THUTAHA.

) o , Tabauya 1
PesynnTaThi H3MepeHHs Ji, H 7);
BneMeHT Ni Ti Fe , . Cr
i - 10* 0.83(10) 1.23(4) 1.74(10) 1.1909)
7t - 10%, akCnepuMeHT 0.86(11) 1.28(5) 1.81(11) 1.24(10)
i - 104, Teopust 0.128 0.014 - 0.60 ; 0.207
OTHOLLEHHE 3KCIL./TEOP. 6.7 91 3 _ 6
Ant - 104 0.73(11) 1.27(5) 1.21(11) 1.03(10)

HaGiiomaeMoe ycuieHHe He OOBACHSETCS BO3MOXHOMN IMPHMECHIO B CIIEKTPE YJIBTPaxo-
JIOMHBIX HEHTPOHOB € ¥ > Ujim = 6 M/C, KOTOphIE MOTIM Obl YBENMYMBATH NapLMAbHEIE
BEPOSTHOCTH 3aXBaTa 3a CYET HAATPAHHMYHOTO NPOHMUKHOBEHHS YJIBTPAXONOMHBIX HEHTPOHOB
B 061eM o6pasua. KOHTpoNbHEIE M3MEPEHHA [T 00pa3iia U3 MEAH C vy;,,, = 5.65 M/c mokasa-
JIH, YTO SKCIIEPUMEHTAIEHOE 3HaUYCHHE ﬁf“ TIpEeBHILIAET TEOPETHYECKOE He GoJiee ueM B 2-2.5
pa3a. Eciu 3T0 nipeBrIIeHHE CBSI3aHO C IPOHUKHOBEHHEM HEUTPOHOB € v > 5.65 M/c B 06pa-
3e1] MeIH, TO JUIsl HepXaBelolei ctamm 3T1oT 3ddekT Oyner cnabee' ' MOXET JIUIUb YaCTUYHO
o0BACHHTE YBETMYEHHE 3axBara Ha Fe, HO Malo cKaXeTcss Ha HaGMOJAeMOM YCWIEHHMH VISt
OPYTHX 3JIEMEHTOB. ' - T

DddexT ycuwieHHss Mor 6b1 BOSHUKHYTh NIPH HAIMYMH HA MOBEPXHOCTH CJIOS, CHIBHO
oboraimeHHoro THTaHoM. ITToCKONBKY Y TMTaHa b < 0, TO B TAaKoif MONENM MOTEHIMAN y
TOBEPXHOCTU MPEACTABIAET COOO0I MOTEHIMANBHYIO AMY TE€pe] MOJOXHUTEIBHEIM IepenagoM
MOTEHIMaNa BEICOTOH Ejir. B 3TOM cilyyae 6bUTO 6b1 BO3MOXHO 3HAYMTEIBHOE YCHJICHHE
3aXBaTa YJIbTPAXOJIOAHBIX HEUTPOHOB Ha ANpax THTaHa, [lIa TIpPOBEPKM TaKOil BO3ZMOXHOCTH
OBLT BHITIOJTHEH 3JIEMEHTHBIH aHAJIM3 BHYTPH 00pasiia U €ro NOBEPXHOCTHOTO CJIOA TP TIOMO-
mn: (1) MeTona o65EMHOTO HEHTPOH-PATHALIMOHHOTO aHa/In3a, (2) MeToa peHTreH-dryopec-
LIEHTHOTO aHAIM3a Ha IIy6UHY 50 MKM, (3) peHTIeH-CIIEKTPAIBHOrO 3JIEKTPOHHO-30HI0BOrO
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MHKpOaHaJIU3aTopa Ha rmy6uHy 1 MkM, (4) peHTreH-(OTOINEKTPOHHOrO CIIEKTPOMETpa Ha
. miy6uny < 10 HM. Pesynerarsl npeacrasneHsl B Ta6n. 2. ITo manHbIM MeTonoB (1)—(3) comep-

JKaHHE OCHOBHBIX 3JIEMEHTOB cooTBeTCTBYeT Tl 1X18HIT, ais KOTOpOi pacCYMTEIBAIMCE

ni. TeHOEHLMH K TOBHIIEHHUIO cofiepXaHHs Ti Mo Mepe yMEHbIUEHHUs TOMINHE aHANTN3UPY-

eMoTo cJiog He Habmonaercs. Bosee Toro, Korna TOMIHMHA CI0S MOPSAKA JUTMHEI BOIHEI YITb-
TPaXOJOAHBIX HEMTPOHOB, abCOMOTHOE comepXaHue Ti M APYIUX 3AEMEHTOB HEPXABCIOMIEH
CTaJIM MEHbILIE 0OBEMHOIO 34 CYET aTOMOB KHMCJIOPOIa, YIIEpoaa ¥ BOAOPOIa, K MOCIEAHEMY
meTon (4) He uyBcTBUTENIEH. IIpH 3TOM COOTHOWLIEHHE MEXIY KOHuempaumIMn T1, Fe,Niu
Cr COOTBETCTBYET OGHEMHOMY. .

: ' ) Tab6auya 2

Pe3yabTaThl 31eMEHTHOIO aHAJIH3A 00pa3noB
BneMeHT | Ti Fe Ni Cr Si C 0
Conepxanue, at.% no Meroay (1)| 0.7 70.6 8.7 20.0 - - -
Conepxanue, at.% no merony (2)| 0.6 70.7 | 8.3 20.4 — - -
ConepxaHue, at.% no Meroay (3)| 0.7 69.5 8.5 19.7 1.6 - -
Cozepxanme, atr.% no merony (4)] 0.3 ) 324 42 11.3 - 28.8 | 23.0

MajtocTh cpemHeil KOHLEHTPALMK THTAHA HAa MOBEPXHOCTH HE MCKIIOYANa BO3MOXHO-
CTH CYILECTBOBaHMsI OBGIACTE €ro NOKAMM3ALMH ¢ NMOBRIIIEHHEIM cogepXaHueM. B cesasm ¢
3THM BO3HMKIIO MPEAMOJIOXEHHE, YTO THTAH 0Gpa3yeT BHIXOASIIME HAa MOBEPXHOCTb KJIacTe-
PBI, pa3Mephl KOTOPBIX GOJIbIUE JUTHHBI BOIHBI YIBTPAXOJIOAHEIX HEWRPOHOB. Toraa HeHTpOHEI
CBOGOIHO MPOXOIAT B KIACTEPHI M IBIKYTCS B HUX, OTPAXasACh OT IPAHMLI, NOKA HE 3aXBATHT-
CA WIM He BHEIMOYT Ha3aq B BakyyM. ECiH B KiIacTepax MMeETCH KaKOe-TO KOJIHYECTBO SiAEp
Fe, Ni u Cr, TO y/isTpaxo/iofHble HEHTPOHH Takxke OymyT 3¢peKTHBHO MU 3aXBaTHIBATHCA.

Jns1 MpoBepKM 3TOi TMMOTE3bl OBLTH BHIMOJIHEHB! MCCIEIOBAHHUA OCOOEHHOCTEM CTPYK-
Type! crayy 1X18H9T mpu moMoluy MeTona 31€eKTpOHHON MHMKpockomuu. Hcnons3obaics
MpOCBEYNBAIOIIMI MeKTPpOHHBIH MHKpockonn GEOL-100CX 1 uudpoBoit pacTpoBbIi 2Jiek-
TPOHHLL MuKpockornm DSM-960, ocHalleHHBIN pEHTIeHOCIEKTPATLHBIMH QHaJIN3aTOPaMH.
HaroToBneHne TOHKMX 06pas3loB C «[IPOCBEYHBAEMOI» TOMUMHO#M (< 2000 A) npoBomuiIochk
3JIEKTPOJIMTHYECKH B BOXHOM PACTBOPE CEPHOM U op'rodnoccbopﬂoi«'l KHMCJIOT IpH KOMHATHOM
TEeMITEpaType.

Ha puc. 3 npeacrapieHb Mnxpocbororpadpnn OIHOTO U TOrO XE€ Y4acTKa MNOBEpPXHO-
cTH o6pas3ua, MoayYeHHbIe NPH MOMOIIH PaCTPOBOro LHGPOBOro IMEKTPOHHOIO MUKPOCKOIIA
DSM-960 B pa3IMYHBIX PEXHUMAX: B PEXHME BTOPHYHEIX JIEKTPOHOB (4), B peXHUME Xapak-
TepHcTHYecKoro uanydeHust K, Ti (6), B pexume 06paTHO OTPaXEHHbIX JIEKTPOHOB (6). Pu-
CYHOK 3a oTpaxaer peiibed MOBEPXHOCTH M CBUAETENILCTBYET O CYUIECTBOBAHHMH BBIXOMALUMX
Ha TTOBEPXHOCTH BTOpo(da3HEIX BKIIOUEHUI (KJ1acTepoB) ¢ pa3MepaMy o 9 MxM. Pucynok 36
CBHAETENLCTBYET O HAIMYMH B COCTABE KIACTEPOB 3aMETHOIO KOMHYECTBA THTaHA. PUCyHOK 38
yKa3bIBaeT Ha TO, YTO B COCTaBe KJIACTEPOB MMEETCH IMEMEHT C MAJILIM Z (IO-BHIHMOMY,
yriepon), oGecrneynBaloLINi XOPOIIMiI KOHTPACT 3THUX KJIacTEPOB ¢ MAaTpHUIIei Xeie3a, HH-
ket U xpoMa. OueHKa 10 Cepyuu CHUMKOB TTOBEPXHOCTHOM TUIOTHOCTH BBIXOLOB KJIACTE-
POB C JIMHEHHAIMHU pa3mMepaMH Gosblie YeM 1 MKM MoKasaia, YTO 3Ta BEJIMYMHA COCTABJISET
(2-6) - 10* cM—2. XapaxTepHble Pa3Mephl BLIXOZIOB KIIACTEPOB MEHSIOTCS OT 1 o 9 MKM nipu
CpeIHell BeJIMYMHE 3 MKM.
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Puc. 3. Muxpodororpaduu yyactka mosepxHoct o6pasua cramu 1X18HIT, nonyyeHHEIe npy mo-
MOILUM UM(POBOrO PACTPOBOrO 3/MEKTPOHHOrO MHMKpockona DSM-960 B pa3nMyHBIX peXuMax: a —
B peXHME BTOPMYHBIX 3JIEKTPOHOB, 6§ — B PEXUME XapaKTepUcTHYecKoro mamydeHuss K, Ti, 6 —

B pexuMe OGpaTHO OTPaXEHHBIX SJEKTPOHOB

Ha puc. 4 npeacraeneHs Mukpodororpaduu cTpyKTyps 06pasiia, NoJyYeHHbIE TPH HO-
Mol npocseyuBatolero Mukpockorna JEOL-100CX Ha yyacTkax ¢ 04eHb MaIOi TOMUIMHOM,
2000 A. Ha pwuc. 4a x0po1LIO IpOCMAaTPHBAETCS TPYIIIia MEAKHX KIACTEPOB C pasMepaMH OT 300
£o 1000 A. Ananus Mukpodororpaduii pasmidHbIX obnacreit o6pa3tia fiokasas, YTo AMaMeTp
MeJIKMX KiacTepoB Kojebmercs B nmpenenax (150-1500) A, BenruumHa cpemHero muamMerpa d
cocrasisteT 400 A, a 06beMHast IWIoTHOCTB 1 = 1.7(5)- 101 cm~3. Tlpu pacuete audpakumoH-
HBIX KApTHH, MOMYYEHHBIX OT MEJIKMX KJIACTEPOB, 3HAYCHUST MEXIUIOCKOCTHBIX PaCCTOSHHIA
U 00pa3yioluX Mx BropodasHbIX BKIIOUYEHHH OKa3UTHCh MPAKTHYECKH COBMANAIONIMMMU C
TaOJIMYHBIMH 3HaYEHWSIMHU 1S Kapouaa turaHa TiC (tabm. 3).

Ha o1HOM M3 NpocBeYMBAEMBIX YYACTKOB 06pasiia 06HAPYXEHO KPYITHOE BhIAEJIEHHE C
XapaKTepHHIMH pa3Mepamu (2-3) MKM, OTHOCAIIIEECS K TPYIINE KPYITHBIX THTAHOCOAEPXKAIIMX
kiacrepoB (puc. 46). TaxuMm o6pa3om, B oOpa3iie 0OOHApYXEHBI ABE Pa3IMYHEIE [0 Pa3Mepy
TPYIIITBl TUTAHOCOAEPXALIMX KIacTepPOB, PABHOMEPHO pacnpele/ieHHbIX o ero o6nemy. M3-
BeCTHO, uT0 B cTaind 1X18HI9T THTAaH MOXET NMPHUCYTCTBOBaTh B BUAE MEJIKHMX KapOMIHBIX
BhLIENEHHUH, GOPMHPOBAHHE KOTOPBIX MMEET TEPMOIHMHAMHYECKYIO Npupoay. Pa3smMep, Komu-
YeCTBO M XapakKTep MX PACTpedesIeHHs B CTPYKType MeTalIa ONpeNeaioTCsA TeMIIePaTypoil U

. BPEMEHEM OTXHIa CTAIbHOro m3genus. Kpome TOro, TMTaH MOXET NMPUCYTCTBOBATh B BHIE
METAJUTYPrHYeCKHX BKIIOYEHUH pa3IMIHOro cocTaBa, (OpMHUPYIOLIUXCSA B MPOLIECCE IUTABKH U
TIPUTOTOBJICHHS CTaIH. XapaKTepHO# 0COGEHHOCTHIO TAKMX BKITIOUEHMIA SIBJIAIOTCS MX pa3Me-
pBI, OGBIYHO NPEBHILIAIOLIME HECKOIBKO MUKPOH. TTo-BHIUMOMY, UMEHHO TAKUE BKITIOYEHUS
BHIHBHI Ha pHC. 3 U pHC. 46 KaK KIACTephl C XapaKTepHBIMU pa3MepaMu Gonee 1 MKM.

InoTHOCTE Kap6uaa TUTaHa cocramuser 4.92 r/cM’, IIMHA PacCEsHUS YITIEpoJa U TH-

133



C. C. Apsymanoe, C. T. Beases, JI. H. Bondapenko u dp. XITP, 1999, 115, ewin. 1

Tabauya 3
Ta6mynble H 3KCHEPHMEHTAIbHbIE 3HAYEHHS MEKIUIOCKOCTHBIX PACCTOAHMH dj i

Ui KapOmaa TMTaHa

hkl dhki, TAOM. dhki, KCIL

111 ' 2.49 2.30

200 2.15 2.10
220 : 1.52 ~ 149

311 1.30 -

222 1.245 1.22

TaHa PaBHBI COOTBETCTBEHHO 0.66 - 1072 ¢cM u —0.34 - 10! cMm. T'paHmyHas 3Heprus
Efi€ = 4.1.107% 3B, yTo 3aMeTHO MeHblUe IPAHUYHON SHEPIMM HEpXaBelollel CTaIn
o, = 1.8 10~7 3B. ITo3TOMy BHIXOZSILUME HA MIOBEPXHOCTH KJIACTEPH NeOPMUPYIOT pac-
npeaeneHue 3¢p¢GeKTHBHOIO NMOTEHIMAIA B3aUMOAEHCTBYSA YIBTPaXOJOAHBIX HEHTPOHOB C MO-
BepXHOCThI0. HeiTpoHHI ¢ 3Heprueit E > EzT:SL MOTYT IMPOHUKATh BHYTPb KJIACTEpPa U IBUraTh-
Cs TaM, OTPAXasiCh OT €r0 CTEHOK, I10Ka He 3aXBaTATCA WIM He BRIANYT B BakyyM. Eciu nua-
METp KJIacTepa 3aMETHO MpPEBHILIAET JUIMHY BOJIHBI YIBTPAXOJOXHEIX HEUTPOHOB (A =~ 900 A),
TO 3aXBaT HEMTPOHOB OyIdeT MPOMCXOMUTh, B OCHOBHOM, Ha siIpax THTaHa.
ITpu KraccyeckoM Noaxofe U3GHITOYHbIH K03 PHLUHUEHT NOTEPD Apli, o6ycnosneHHBIH
3aXBaTOM YJIBTPaXOJOAHBIX HEUTPOHOB SIPAaMM TUTaHA B KJIaCTEpaX, MMEIOLIUX BBIXOJ Ha ITO-
BEPXHOCThb, MOXHO MpPEACTaBUTh B BUIE

Aul = W\ W, W,

'

rae W, — BepOSTHOCTb MONaJaHUA YJIBTPAXOJOXHBIX HEHTPOHOB Ha BXOAHOE CEYeHHE KIIac-
Tepa, W, — BepogTHocfb Bxola B 06veM Kiacrepa, W, — BepOSTHOCTb 3aXBaTa YJBTPaxo-
JIOMHBIX HEMTPOHOB TUTAHOM B 00BbeMe Kitactepa. [jisi TPYNIBI MEJIKMX KJIaCTEPOB [0 CHUM-
KaM Ha NpPOCBET OMpEAE/ISUIMCh MX 00BEMHas TUIOTHOCTh M pealbHEIN auamerp. ITockonb-
Ky CPeIHssl IUIOLIah BHIXOZHOTO CEYEHMs KJIaCTEpPOB COCTaBisieT md>/6, a uucio Kiacte-
POB, BBIXOISAIUMX HA OBEPXHOCTh EAMHHYHON IUIOLIANH, PaBHO 2dn, T0 W, = nd®n /3. Ina
KPYIMHBIX KJIaCTEPOB OMpEeAe/sUIach IUIOTHOCTh BHIXOAOB KJIACTEPOB Ha MOBEPXHOCTB .00pa3-
11a p ¥ CPeIHMIl JMaMETp 3THMX BEIXoNoB d. B 3ToM ciyyae BenmmuuHa W; = 7r?1'2p/4. s
OLEHKH W, IpUMEM, YTO CIIEKTP NMOTOKA YJIBTPaXOJOIHBIX HEHTPOHOB MaKCBEJUIOBCKMH, T. €.
F(E) x E ot 0 10 E ez = 1077 3B, yTo NpUGIU3UTENIBLHO COOTBETCTBYET YCIOBUAM 3KCIIE-
pUMeHTa. B kiacTep NMpOXOAT TOJNBKO YJIBTPaXOJIOAHEIE HEHTPOHBI C HOPMAILHON KOMITO-
HEHTO# ckopocTH Gonbeit vl . Ecnu npeHeGpeyb KBaHTOBLIM 3(ybeKTOM OTpaXeHUs Yib-
TPaXOJIOAHBIX HEMTPOHOB M3-3a Nepenaaa NMoTeHLHMala Ha BXOIE B KJIaCTep, TO YCPEAHEHHOE
IO CMEKTPY ¥ M3OTPOITHOMY pacCIpee/iCHHIO MOTOKA YJIETPaXOJOAHEIX HEUTPOHOB 3HAYEHHE
W, =( = EJiC |E,...)* = 0.35. B xiactepe cpeaHss M0 MOTOKY YABTPaXONONHBIX HEUTPO-
HOB CKOPOCTb YMEHBIUAeTCs 10 v = 2.7 M/C, TIOCKONIbKY CTEKTP MOTOKa MpHoGpeTaeT BHI
F(E) x E or 0 50 Epey = 0.59-10~7 3B. CpenHiolo IIMHY Mpo6era ylIbTpaxoJOIHBIX Hell-
TPOHOB JIO BHIXOJIA M3 KJIACTEPAa MOXHO OLIEHHUTh KaK BeJIMYMHY nopsiaka 2d. Orciona s MeJi-
kux knactepoB W, = 2dNrio v, [, Toe 0 = 5.9 6apH — ceyeHue 3aXBaTa THTAHOM HEATPOHOB
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Puc. 4. Muxkpodororpabun cTpykTypH 06pasua, INOXyYeHHEIE ITPH nouoﬁm NPOCBEYMBAIOLLIETO
371eKTpoHHOro Mukpockomna JEOL-100CX, a — rpynma Menxux KIacTepoB, 6 — KpPYIHBI! KIacTep
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CO CKOPOCTHIO vy, = 2200 M/c, Ng; = 5 - 1022 cM~3 — umciio siep THTaHa B eQMHHLE OGB-
ema TiC. Jlnst kpynHeix KiactepoB W, ~ 2.5d Ntiovs, /0. Bemmuuna Apl ~ d*nNyovs, /7,
00yCJIOB/IEHHAs CYILECTBOBAHMEM TPYIINBI MEJIKHX KJIacTepoB, coctannder (1.054+0.32)-103,
HecmoTps Ha rpy0OCTh OLIEHKM, BUIHO, YTO CYILECTBOBAHHME MEJIKMX KJIACTEPOB HNA€T JIMILUb
10%-Hb1it B1an B 3G @deKT CeIeKTHBHOTO YCHWICHHS 3aXBaTa HA THTAHE.

Crnenyer OTMETHTB, YTO 3aKpHITEIE MEJIKME KIaCTEPhl aHAJIOTHYHEI [TOPaM B BELIECTBE, Ha
KOTOPBIX BO3MOXHEBI CBSI3aHHBIE COCTOSIHMS YJIBTPaXOJOAHBIX HEHTPOHOB [3,4]. Ecnu sHep-
sl yIBTPaXOJOTHEIX HEHTPOHOB PaBHA PE30HAHCHOM, TO C JOCTATOYHO GOJBLION BEPOSITHO-
CTBIO HEMTPOH MOXET IPOHHMKATH B ITOPY, YTO NMPUBOIUT K YBEJTHUCHHUIO BEPOATHOCTH I10TEPE.
OpnHaxo orieHKa o0beMHOM I0NH, 3aHUMaeMO MEKHMMH KJacTepaMH B MaTtepuane o6pasua,
MOKAa3BIBaeT, YTO B HabMomaeMoe ycuieHHe 3TOT 3ddeKT JaeT He3HAUMTENbHBIM BKIIA.

OueHKa M36LITOYHON BEPOSTHOCTH 3axBaTa Apll, CBA3aHHOTO C IPOHUKHOBEHHEM YIIbT-
PaXOJIOAHBIX HEUTPOHOB B KPYIHEIE KJIACTEPHI, AaeT Apll ~ 4 pNriovs [T = (1.3-3.9)-10~4.
INocenHas BeIMYMHA NOKA3BIBAET, YTO KPYIMHEBIE KIacTephl KapOuia THTAHA BRI3BIBAIOT He-
0GXOIMMBIit 3¢peKT YCHICHHS 3aXBaTa YIBTPAXOMOIHBIX HEHTPOHOB SAPAMM TUTAaHA.

AddekT ycnneHHs 3axBaTta apyrumMu 3neMeHtaMu ctanu (Fe, Cr, Ni), B npuHIpne, Mor
OBI OBITH CBA3aH ¢ HAUTMYHEM MX B Ka4eCTBE MpUMeceii B KlacTepax kapouaa TutaHa. OgHako
TI0 JINTEPATYPHHIM JaHHBEIM aTOMHAs! KOHLIEHTPALMS 3THX 3JIEMEHTOB BO BTOPO(da3HBIX BBIIC-
nenmsx TiC kpaiine Mana [5]. KavecTBeHHO 3TO XOpOILIO BUIHO Ha DHUC. 5, i€ MPEACTARICHH
MHKpodoTorpaduM MOBEPXHOCTH 00pa3Lia ¢ HECKOJIBKUMH KPYITHBIMH KJIacTepaMH, MOIyYeH-
HBI€ TIPH TOMOLIM PACTPOBOTO JIEKTPOHHOTO MUKPOCKOIA B PEXHMME BTOPHYHBIX 3JIEKTDOHOB
(a), a Takke B peXvMe Xapakrepuctudeckoro uanyyenuns K, Ti (6) ¥ xapaKTepHCTHYECKOTO
uanysenma K, Cr (). Ha cBerioM mose (puc. 56), 0GyCIOBIEHHOM XapaKTEPHUCTHYECKHUM
uanyyenreM Cr B MaTpHLE, Ti€ €r0 KOHLUEHTpauus pasBHa 18%, KiacTephl BHIJIIAT pe3-
KO KOHTPacCTHUPYIOIIMMH TEMHBIMU MATHAMHK. DTO CBHAETEJECTBYET O TOM, YTO KOHLIEHTpa-
uug Cr B KiacTepax 3HaYMTEJBHO MEHBILE, YeM B Martpuue. ITOCKOJIBKY CEYeHMs 3axBaTa
HeitpoHos sapaMi Fe, Cr, Ni u Ti cpaBHHMEI, TO B HaGMIOOAIOLMiC M30BITOYHBI 3aXBaT
VJILTPAXOJIOMHBIX HEUTPOHOB 3TUMH AIPaMH THTAHOCOIEPXAIMe KJIAaCTEPE MOTYT JATh JIUIID
HEe3HAYMTE/IbHBIA BKJIAI.

 TIpMHIMIMATEHO BO3MOXEH HECKOJIBKO WHOW MEXaHM3M YCWIEHHs 3aXBara YALTPaxo-
JIOMHBIX HEUTPOHOB 3TUMH AAPAMM, CBI3aHHBIA C HATMYHUEM IPAHMII Pa3lesia MeXIy OTAEIb-
HBIMH 3€pHaMM MaTpHLEI HepXaBelolei craii. ['paHuiibl pa3aena XOpolIo BUIHEI Ha pHC. 6,
TAe npeAcTaBieHa THMYHasa MuKpodoTorpadus penaseda noBepxHOcTH 06pa3ia, MoyYeHHas
TIPH. TIOMOIIY PACTPOBOTO 3/IEKTPOHHOTO MUKpockona DSM-960 B pexume BTOPHYHEIX 3JIEK-
TPOHOB. AHaIM3 HECKONBKHMX TAKMX CHUMKOB II0KA3aJl, YTO CPEHHI pa3Mep 3epHa COCTABIIA-
eT 10 MxM. B [6] npu moMOLIM METONOB 3IEKTPOHHON MHKPOCKOITMH OBUIO YCTAHOBJICHO, YTO
wis Fe-Cr-Ni-cramu 12R72 ¢ comepxanueM TuTaHa (.52 Bec.% mociie CTaHAApTHON T€pMO-
006paboTK¥ MakCUMaTbHasi KOHLIEHTPALKsI TATaHa BO3JIe [PaHULbL 3epeH focTurana 7.7 atr.%.
ITpotskeHHOCTH 30HH oGorawenus coctasisiia 2000 A, o61acTs, 3aHUMaeMasi 36PHOTPAHAY-
HBIMH BbiaeneHusIMH, 500 A. TakuM 0Opa3omM, BEpOATHOCTh W IonafgaHus yABTPaXOJIOTHBIX
HEHTPOHOB B 00JIaCTh OOOralleHUs AOCTATOYHO BHICOKA MU MOXeT cocTtaBiath 0.04. U3Bect-
HO TaKXe, YTO BBIIEPXKA ayCTEHUTHOI HepXaBelollei cTa npu Temmneparype (550-650)°C
MOXET NMPUBOAWTEH K BHIMAACHUIO KapOMIoB XpoMma mo rpamuiaM 3epeH [7]. TloBbileHHIO
KOHLICHTpallMM TUTaHA ¥ XpOMa B 3€PHOTPaHMYHEBIX OOJMACTAX, NMPWIETAIOIIMX K IOBEPXHO-
CTH, MOXET CITIOCOOCTBOBAaTh YCKOpeHHas auddy3usa ymiepona mo MeX3epeHHbIM MpaHHLIAM
C MOBEPXHOCTH obpasia (Tabn. 2). ITockoabKy XpoM 00fagaeT CpaBHMTENFHO Maoil JTHHOM
paccestiust (be, = 0.35-10712 cM, by; = 1.03-10~12 cM, bp, = 0.95-10~12 cM), NOBHILIEHKE OT-
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Prc. 5. Mukpodororpadun noBepxHOCTH 06paslia ¢ HECKONBKMMHM KPYITHBIMH KJIacTepa-
MH, TIOMyYEeHHEBIE NPU MOMOIUM LM($POBOTO PACTPOBOrO 3MEKTPOHHOTO MHKPOCKOMA: @ — B
pexiiMe BTOPHYHKIX 3JEKTPOHOB, 6 — B peéXuMe XapaKrepHcTHuecKoro mamydeHus K, Ti,

6 — B pEXHMe XapaKTepHCTHYecKoro nanydeHus Ko Cr

HOCHTEJIbHOM KOHLIEHTpalMH Ti u Cr B MeX3epeHHEIX 001aCTIX MOXET ITOHHU3UTh BEIMYNHY
IPaHUYHOM 3HEPTHM [0 CPABHEHHIO C IPaHHUYHOM 3Heprueit MaTpuus. K aToMy xe sddekry
MOXET NPHUBECTH NMOBBILIEHHAsT KOHLIEHTPALMs BOIOPOA B MEX3EPEHHEIX OO/IACTAX, HATMYHNE
KOTOPOT'O Ha MOBEPXHOCTH CEAYET W3 PE3Y/IbTATOB M3MEPEHMIA.

Ecny 4acTh ynbTPaxONOAHBIX HEATPOHOB MOXET MPOXOAMTH B MEX3EPEHHEIE 00MacTH
M 3aXBAaTHIBATBCS, TO M3OHITOYHEIE 3HAYECHMsI MApLHANBHEIX BEPOATHOCTEHN 3axBaTa Ang 6y-
" IyT IpONMOPUMOHAIBHEL N¢;ot. Jisi 9KCIIEPUMEHTATLHO HABTIONAEMOTO COOTHOILEHUS MEX-
Jty M30RITOYHEIM 3aXBaTOM YNBETPaxoJonHbX HeirpoHoB sinpamu (Fe, Cr, Ni) Heobxogumoe
OTHOLIIEHHE MX ATOMAPHBIX KOHLEHTpauMii paBHO 2.9 : 2.0 : 1.0 yro maer b= zq:c,-b,- =

' \ i=1
=0.75-10"2 cm. CoorBeTcTBYyIOImMIl 3(hPeKTHBHEI MOTEHLUMAT B3AHMONEIHCTBUSA YIBTpa-
XOJIOOHBIX HEHTPOHOB HMXKE, YE€M IMOTCHIHAT MATPHIIEI, IIO3TOMY HaGofalonieecss ycuie-
HME 3aXBaTa MOXET UMETh MecTO. ['paHMYHasi 3Heprus TaKOi Cpefbl ONpeneseTcsa IUTOTHO-
CTBIO Siiep, KOTOpas He BHILIE TUIOTHOCTH sIEp B 3€pHaX, a CJICHOBaTeNbHO Ejj,, He BhILIE
[.5- 1077 3B. TaxkuMm 06pa3oM, MeX3epeHHHIE 06IACTH TAKXKE MOTYT CTaTh OGIACTAMH IO-
HIXEHHOTO 3G(EKTHBHOrO IMOTEHLIHANA, IPUYEM YXONSIIMMH BHYTph 00pa3ua Ha NyOHMHY
nopsiaka 10 MxM u 6onee.

INoxyyeHHOE OLEHOYHOE 3HAaYeHHe Fj;,, BHILE rpaHUIE GOPMHPOBAHMSA CIEKTpa Y/b-
TPaxonoaHkIX HEMTPoHOB (1-10~7 3B), OHHAKO B CHEKTPE HMEETCS MPHMECH YIBTPAXOTOXHBIX
HEUTPOHOB ¢ GoJbLIei 3HEPrUeil, HA YTO YKA3KIBAIOT KOHTPOJIBHEIE M3MEPEHHSA C 06pa3LoM
n3 Meau. Ecnu oTHOCHTENbHAsA HONSL YNBTPAXONOAHKIX HEHTPOHOB ¢ E >15-10773B B
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"Prc. 6. Tunosas mukpodororpapus pe:isecpa noﬁepxnoc’m o6pa3ua, nomyueH-
Hast MDY TIOMOLLM 3/IEKTPOHHOTO MHKPOCKOTIA DSM-960 B pexuMe BTOPHYHBIX /€K~
TpoHOB. CpenHuit pasmep 3epeH ~ 10 Mxm

criekTpe coctapisieT 10%, BEpOATHOCTh OTPaXEHHS UX OT MeX3epEeHHOM rpaHuIsl paBHa 0.9,
a BEpOATHOCTh MX IOIVIOLIEHUA B MEX3EPEHHOM IMPOCTpaHCTBE O1M3Ka K 1, TO M36RITOYHAS
BEPOSITHOCTH TOTEPH B pe3yinbTaTe 3axpata simpaMu Fe, Ni, Cr MOXET COCTaBUTDH BETNYMUHY
ropsiaka 4 - 1074, JOCTaTOYHYIO ISl OOBACHEHHMS HaGIoaaeMoro YCHIeHHs.

TakuM 06pa3oM, HaGmonaeMelit 3dEKT CENEKTHBHOTO YCHWIEHHS 3aXBaTa He NPOTHBO-
PEYHMT CYLIECTBYIOLIEiH TEOPHH B3aMMOAEIUCTBHIA YIBTPAX0JIOAHBIX HEUTPOHOB C ITOJIU3IEMEHT-
Hoii cpenoitl. Ero Hamuume yKa3biBaeT JIMILb Ha TO, YTO MpH aHATH3E IKCIEPUMEHTATHHBIX
IaHHBIX M CONIOCTABIIEHHH HX C TEOPHEH HEOOXOIMMO UMETH AETaTbHYI0 HHMOpMaIHIO O saep-
HOM COCTaBe TTOBEPXHOCTH H e€ CTpyKType. CyllecTBOBaHME B Cpele JIOKATM3OBAHHEIX 061a-
CTeii ¢ pazMepaMH GOJBILMMU A C OBBIIIEHHOH KOHLIEHTpaLUe 3JIEMEHTOB C OTPULIATEIbHOM
WIH HeOOJBLION MOJIOXUTENBHOM IIMHOM PacCesTHHS MOXET IPUBECTH K ne(bopmaupm 3¢-
dbexTHBHOrO NMOTEHLMANA B3aMMOAEHCTBHA yns’rpaxononﬂmx HEUTPOHOB. '

. ABTOpHI OJ1arogapHbI I‘ JIXycTy 3a MOMOILLIB B MpoBeaecHUM 3KcrepuMenTa, A. K. Uy-
PAaKOBY 3a NpeOCTaBNeHHe NpOrpaMMbl 0GpaboTKM TaMMa-CTIEKTPOB ¥ C. A. Terepuny 3a
BHITOJIHEHHME 3JIEMEHTHOTO aHATH3a 0Gpa3LIoB.

Pa6ora 6bL1a ‘BHIIONHEHA Grarogaps nomepxxe Enponeﬁcxoro ¢doHma INTAS (rpaHT
93-298), Poccuiickoro poHaa GpyHIaMEHTAIBHBIX HccaeaoBaHuil (rpaHT 93-02-927) u @oxna
nonmepXxku MonoaeXxHeX pabor PHII «KypuyaroBckuit mHCTHTYT» (rpaHT 20).
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