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The ESR spectra of FeFeB complexes with two different types of symmetry were detected in p-type silicon

doped with boron and iron. The spectra were obtained for samples which were kept at room temperature after
quenching. The intensities in the spectra were a function of the quenching rate and storage time at room

temperature. One of the spectra (labeled NL32) had the orthorhombic / symmetry, whereas the other (NL33l
had the monoclinic / symmetry. Both spectra were observed simultaneously with the familiar spectra of Feo,

Fe+, and of FeB pairs. The spectra had a resolved hyperÍine structure for some orientations of the complexes

relative to the magnetic field and this structure was due to the hyperfrrne interaction with the nuclei of the rrB

isotope; an additional hyperfine splitting was due to 57Fe. An analysis of the angular dependences of the

sp€ctra was made on the assumption that the effective spin of the c€nters was ,S : l/2. T"his analysis yielded

the components of the g factor which were much greater than the value of g for a free electron. An analysis of
the spectra with the effective spin 

^S 
: 5/2 alloweÀ us to determine the relative values of the splitting

parameters in zero field (E/Dl for both centers and to ensure a good agreement with the theoretical
relationship between the components of g and the parameter E/D. An analysis was made of various models

of FeFeB complexes in Si and the reeults were used in combination with the characteristic features of the
geometric configurations to propce schemes of thc hypcrfine splitting of the spectra of the complexes

explaining the experimental results.

Iron impurities in silicon interact w'ith defects .

In an acceptor-doped material the reaction oeeurg
between iron and the aceeptor giving fise to iron-
aceeptor impurity pairs. Pairs with the composi-
tions FeB , FeIn, and FeGa were first investigated
by the ESR method by Ludwig and Woodbury.l
Further investigations showed that some pairs could
be stabili zed in various geometric configUrations .

For example, FeAl and FeGa pairs could be sta-
bilized simultaneously in the trigonal and ortho-
rhombie configUrations. 2 r 3 In the case of impurity
pairs formed by iron $rith B or In only the tri-
gonal configUration of the center is known for the
FeB pair 1, b and the orthorhombie one for the FeIn
pair. 1

Interactions with crystals, which oeeur at room
temperature because of the high mobility of transi-
tion metal atoms and the high enereiT of binding
to acceptors r 

t 
' 
t ean alter significantly the eleetro-

physical properties of crystals beeaus€, firstly'
the impurity pairs themselves are electrically active
and , seeondly, sueh pair-forming reactions alter
the electrical activity of the components. The pro-
eesses which oceur as a result of reaetions of transi-
tion element impurities with defects in crystals ean
be investigated by the ESR method, which is a power-
ful instrument for the identification of the complexes
and for the study of their geometric eonfigurations
and electron structure.

In studies of the complexes formed as a result
of reactions of iron w'ith boron we used p-t]1pe sili-
eon doped with boron and characterized by a re-
sistivity p = 1 Q. cm. The dimensions of our samples
were 2 x 2 x 20 mm and they were cut along the
t 001 I axis, which was parallel to the large faees.
The iron impurity ( utFe) was introducèd by diffu-
sion in sealed and argon-filled quartz ampoules at
L300oc applied for 2 h. Immediately after the diffu-
sion treatment the ampoule w'ith the sample was im-
mersed in water. A surfaee layer was removed
mechanically and then by etching; this r4ras followed
by a seeond quenehing. A surfaee layer was once

again removed in an etchant. The reaction produc-
ing complexes Fe with boron took plaee during stor-
age at room temperature, whieh was followed by
storage in liquid nitrogen. Saturation of the samples
with the iron impurity, enriched to the extent of
90t rrith the s 7Fe isotope, was ensured by diffusion
for a period of 16 h.

The ESR spectra were determined using a super-
heterodyne Spectrometer operating in the K range
at 4.2 K. L) The speetrometer was tuned to reeord
the dispersion signal. A sample was placed inside
the spectrometer resonator in such a way that its
[ 01,1 J axis was always perpendieular to the magnetie
field.

Two new strongly anisotropic ESR spectra were
observed in the samples doped w"ith boron and iron.
The intensities in the spectra depended on the queneh-
ing conditions and on the duration of storage at
room temperature. The spectra were observed sim-
ultaneously with similar spectra of Feo (g = 2.070)
and Fe+ ( g = 3 . 5 24) and with the spectrum of the
trigonal FeB pairs described earlier. I ,4

One of the spectra (labeled by us NL32) had
the orthorhombic symmetry and the other (NL33)
had the monoelinic symmetry. The angular depen-
dences of the positions of the lines in all three aniso-
tropic spectra are shown in Fig. 1. An analysis
of the angular dependences was made initially em-
ploying a spin Hamiltonian for the minimum possible
effective spin of the center S = Il2:

l:FaBgS, (1)
the parameters of which are the eomponents of the
g tensor calculated using a special computer pro-
gram. fn the ease of the NL32 centers the results
of the calculations yielded the following parameters:
9r. il[rool = 7.902, 82. il[orrl = 1.811, gs.ll Iorrl =
4.L84; in -the ease of the-Nl,í3 eenters ths cbrreó-
ponding parameters were gr, I[ orrJ = 8.899,
92. il[orrl = 1.412, 93. I[orrl = 2.895; and 'e =
37. 30; where e is the -angle between Br and the
[ 011 ] axis .
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FfG. 1. Angular dependences of the positlons of llnes in the
spectra of the l[L32 (1) and NL33 (2) coryIexes and of t]re FeB

pair (3).

It was clear from these parameters that the
Zeeman splitting factors are unusually high compared
with the g faetor ( g = 2) for a free electron. The
deviation of the value of the g fractor should indi-
eate either a signifieant contribution of the orbital
magnetism or that the effective spin is S

An analysis 6 of the low-s5rmmetry impurity colll-
plexes shows that the contribution of the orbital
momenturn to their magnetism is unimportant, be-
eause such high values of g can be explained only
on the assumption that S

Ez is in our case considerably higher than 6.

The spin Hamiltonian derived for the ease S =
5 12 includes additional terms describing the ze?o-
field splitting:

fr:paBgS +D (st-35lt2l+E (s;-st). (2)

In this method it is natural to assume that g = 2,
so that the angular dependences (Fig. 1) ean be
deseribed by the spin Hamiltonian of Eq. (2) with
EID = 0.74 t 0.02 for the NL32 spectrum and E/D =
0.58 t 0.02 for the NL33 spectrum. The eoruect-
ness of these results is eonfirmed by the data plotted
in Fig . 2. It is clear from this figure that in the
case of the NL32 and NL33 centers the values of
g are in good ag"eement with the calculated depen-
denees. Consequently, the hypothesis that the spin
is S = 512 is quite reasonable for both eenters.

The appearance of new centers in silicon crys'
tals doped with boron and iron suggests that ' the
reactions producing complexes involve these irnpuri'
ties. The nature of the resultant complexes was
identified by investigating the hlryerfine structure
of the speetra.

Doping of iron containing only 2% of the s 7Fe

isotope charaeterized by I = L 12 should grve rise
to a speetrum in which the hlryerfine strueture of
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FfG. 2, Dependences of the components Btr Ez, and gs of the
g factors on ttre paraneÈers E/D pfotted for the doublet ground

sÈate of the S = 512 spin system analyzed in Ref. 6 on the as-
strytion that the effective spin was S = LlL.

the lines is due to the interactions of a paramagnetic
electron with the nuelear spins I = 312 of the 118

isotope (natural abundance a = 81 .2+) and I = 3 of the 108

isotope (natural abundance c = 19.8t). Itlhen the
diffusion took place from a source of Fe containing
90t of the 5 7Fe isotope, there should be an addi-
tional spUtting due to the hyperfine interaction with
the I = LlL spin of 57Fe. Moreover, in the case
of a sufficiently well-resolved structure, it should
be possible to observe the individual hlryerfine split-
ting lines of the zeSe nuelei (a = 4.7\). Figure
3 shows the ESR speetra of the NL32 and NL33 cêÍltt :

ters which included the hyperfine structure lines.
Unfortunately, the splitting of the lines was deteet-
able only for some orientations of the centers rel-
ative to B, which was due to the smallness of the
splitting. Therefore, wê were unable to investi-
gate the complete angular dependence of the splitting.
The intensities of the individual eomponents of the
hlryerfine structure were proportional to o and,
beeause of the overlap of the resonanees due to
the small splittitrg, the dominant lines in the spec-
trum should be those due to the hlryerfine struc-
ture of the 1I B nuclei in samples with low eon-
centrations of the sTFe isotope and due to the nuclei
of the rrB and sTFe isotopes in samples with high
eoneentrations of the iron isotope. It is clear from
Fig. 3 that both eenters exhibited quadrupole split-
ting due to the I r B isotope ( I = 31 2) confirming
the participation of one boron atom which clearly
replaced an atom of silicon in the NL32 and NL33
complexes. When the iron impurity was enriched
w'ith the sTFe isotope, an additional splitting was
observed and it should depend on whether the iron
atoms formed complexes. The low sJrmmetry of the
complexes and the high value of the effective spin
of the S = 512 centers suggested participation of
two iron atoms rather than one in the NL32 and
NL33 complexes, in contrast to the trigonal con-
figuration of the FeB pair.

Since the slrmmetry elements of an orthorhombic
complex are two (011) planes and in the monoclinic
configuration we have only one such plane, the most
probable models of the complexes are in our opinion
the geometric configurations shown in Fig . 4. It
should be pointed out that, &s demonstrated.in this
figure, in the orthorhombic configuration the iron
atoms occupy the equivalent ihterstitial positions,
whereas in the monoclinic ease they occupy the in-
equivalent positions. This should grve rise to dif-
ferent t1ryes of splitting in the case of the NL32
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FIG. 4. Models of ttre t{L32 (a) and NL33 (b) complexes in the
crystal lattice of silicon.

and NL33 centers, because in the former case the
splittings due to the hlryerfine interaction with the
nuclear spins of the iron atoms should be equal,
whereas in the latter case they shorlld be different.
Possible splitting schemes allowing for the differences
between the geometric eonfigurations of the complexes
are shown in Fig. 3 . In the ease of both eenters
we could expect three distributions of the isotopes

VJ 
s7Fe57Fe(110ro, 

u'F")i 4), s) eo% or 5z F''

àorre56ta(1Al

in a complex: sTFe s7p"11 B, sTFe 56Fe 1lB, and
seFe seFe 118, which should grve rise to different
(depending on c) contributions to the intensities
of the individual line components . Consequently,
in the case of the orthorhombic complex with this
orientation out of the twelve lines only eight were
observed and, ês is demonstrated by the scheme,
the splitting was due to the s 7 Fe and 1 18 isotopes .

In the ease of the monoelinic eomplex the smallpess
of the splitting at the 1rB nucleus rnade the quadru-
pole splitting poorly resolvable and primarily due
to the inequivalent positions of the atoms of the
s 7 Fe isotope .

t )Ttt. experinental data were obtained in ttre Physics Laboratory
of Èhe Ansterdam University.
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1 990 QrrSrIItA rr TEXH IIITA UOJIynPoBotrHuItoB tnoJw 24, 6wn.

r 990 PHYSICS AND TECHNICS OF SEMICOND UCTORS uol. 2,í, N I

AJIEHTPOHHbIil IIAPAMATHITTHbIA PESOIIAHC
KOMIIJIEITCOB FeFeB B ITPEMHIIII

Errcencmfi A. A., Auuepaaan C. A. Iprr.

Cuenrprr 9IIP xouuaencos FeFeB AByx paanr.rnrlx rruoa cnMMerpuu oduapyxerar n p-
NpoMrrEE, nerupoBanuou 6opou tr ?neJreooM. Cuenrpu BoBEtrftaJru n o6paaqax, r(oropno Drrfleplrcu-
gáaucs rrpn NoMEarEoË reureparype uoone sarcarrtr o6paaqos. llx rsteucusEocrn gaBtrcenr ot
cropocrtr aarcarrntr tr BpeMeEE iuaófixrcu. O4rn uo cuerrion (.aanansnË NL3-2, ruea opropoudn-
recÍyn f cnrolerpuroigpyroË (NLSS) - uouonJrtrEuyof. O6a onerrpa na6nro4aaucr oAEoBIre-
ueuuo c ugBecraÉrMu cueKTpaME p"o, Fe+ Í rrapu FeB. CnexrpÉ[ EMeJra paapeuleEr]rp cBepx-
touxyro crpyxTypy Anr Eeroropnx opueETaquft $ouunexcoB orEocurenbno uarnuTnoro troJlt,
odycnoueuÉyro-ónepxrouruu naauuogeficrsnera c rlpoM usoroua 1lB, a raxïte AouonEurenbEoe
GBepxroErtoe pacqeuneuuo, BtrBBaEEog EaorotrolÁ 6?Fe. Ilpone4eu +4aIEa ynroBÉrx saancruocrefi
ouexrpor E trpe4uonox€sn[, trro effirrrnnui otrEE qeurpoa 5:112. B peaynrrare asaauaa 6sau
nonylreErr KonrroEeETf,r g-íDaKTopa, aEaqEreJrbEo npeBDrmqlotqEe SEaqeEEe g Anr cFoooAEoro oJlêr(-
rpoua. Asaaqa cuer(rpoB o a{tferrmusru ctruuoM 5:512 u-osBorur o,rrpe4enurb oruocnreJlbrne
aóarsmtr uapauerpon pacrqerinerna B EyneEoM norc (EID) 4na o6oÍx qerrpoB E tronJnlnrb
roponoo corJracro c reo'peruaecroË aarsoiuocrlp ugtfiAy r(oDÍIroueEraMx g n uÀpauerpon-ElD.
Paccxorpearr uoAentr NouuJrexcoB FeFeB a Si, ua ooEole r(oropux o ytl€rou ooo6easocreË reo-
xerprrrocnf,x rourfrrypaqufr upegnotfteEn oxeun cBgprrorÍono paoqonneunf cuerTpoB ftoulrJrer(-
.cou, odttrcnrxrqtro uad.unAaeule lr,acqetrnsru r.

lfanecruo, qro ,nsreao fiax trpzrÍecb E Rpeuutru ytracrByer E peaftqzÍx c Ae{en-
TarÍu. B uarepralre, JrertrponaunoM arqerrropaux, trporeftaxlr peafiqutr Merrc$r xte-
resou n aftqerrroproË uprMecbx), B peaynÉrare xoropÉIx odpaaynrcn npÍuec'EDrs
uaprr ,I(e'Ieso-aftqetrrop. BtrepDlre rrapH FeB, FeIn, FeGa 6unr trccJreAoDaEH uero-
.AoM 9rIP Jhognrrou n Bygdepu [11. ,(anrueftmre nccneAoBaurfi roxaaaJrtr, rtrrro

seKoropÊIe trapII uoryr craduntrstrpoBarËcE B paBnEqEÉrx reoMerptrqecntrx KoEÓnry-
'paqtrfix. Tax, upuuecuhre trapbr FeAl n FeGa uoryt cÍadnnnaupoBarbcs oAEoEpe-
lÍsuso B rptrronanrsofr u opropoudutrecfioË rouóurypaqrrrx [t'8]. B cnyqae odpa-
.8ODaEtrs UpuMeCEÉrX IIap C B U In UsEgCTEÉl JrErrrÉ rparoEanEsas fioEÈurypaqtrfi
qeurpa Ans rrapu FeB 1r' al u opropoudusecras - Ans napn FeIn [11.

Peanquu B npzcraJrJrax, trporêr(arcqtre BcJroAcrBue EbrconoË trogBntftEocrtr
arorÍoB rrepexo4uËrx MeranJroB u rncoxoË sueprutr cur.afr c ar(qetrTopauu Aa?fie trpE
xormaruoË Teutreparype [1'61, BhrÍruBarcÍ clqecrBeusoe traueneutre anerrpo{uau-
.qecfttrx cBofrctB RprcTannoB, trocKoJlbay, Bo-trepBËIx, caMtr lrptrMecElile uaplÍ anefi-
'TptrIrecKf, aaTtrBEÍil tr, Bo-BTopHX, B peSynbTaTe peaKqtrE rIBMeIrffeTcrI aneaTpEqecRa.E
axluBuocrb ee RoMtroEeEToE. llayyzrr trpoqeccu, trpoucxo4gqtre trptr peaftqtrEx
rrptrMeceË uepexolHËrx aJreMefiToB c AeÓer(raMa B r(puclannax, roaBoJrser ueToA
.?IIP, noroprrË nnrrerc.fi xopomtrM rrrrcrpyMeurou AJIE rÀeuraóExaqtrE KouunercoB,
trccJlegoBauv.s. nx reoMerpuqecfttrx notrórrypaquË E gnefirpounoË crpyrrypn.

,{ar rccne4oBautrff nourrJrexcoB, odpaayroqnxcff trpÍ pearrltrfix rr(eJrgsa c 6opou,
trcgo.llÉSoBannct odpaaqÉI r(peME'/,fl. p-TvÍra, nertrpoBaErroro 6opor,r c yAenbEËrM
cotrportrBneEneu p:{ Ou'cu. Odpaaqu uMSJIII pa3Mepbl 2X2X20 MM I( BhIpeaaJIIIcb
B sarpaBnenun [0{1 J sAorr donnmeË cropouËr. flpuuecr ,fieneaa (66Fe) rao4rJracb
tryreM gu{Óyanu B 8a[a.firrlrbrx u EatroJrEeHlrblx aproHoM KBaprleBbrx aMtrynax trpu
reutreparype 1300 oC r reqeulle 2 .r. HeMeAneEHo rrocJre 4urf(pyarau aMrryna c o6paa-
qoM cdpachrBaJracb B BoAy. flocne roro KaK c o6paaqor cuaqaJra Mexarnqecftu,
a BareM B TpaBtrTeJre 6nn y4aneu rïoBepxnocrnrrË c.rroË, o6paaqËr gananuBaJrucb
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cuoBa. Sareu BrroBb yÀaJrflJtcfi uouepxuocrHufi croft B TpaBrrrene. ,{;rn trporexalrafl
peaxqufi c o6pasonaurrÍenÍ noMrrJreftcoB Fe c 6oponr odpaaqn BbIAeprfi[IBaJrr{cr' uexoro-
poe BperÍs rrprr fior!ÍEarnoft Teurreparype, [ocJre qero onrí xpaHIrJIIrcb B^ ?IrrAKoM

ieore. flnn nicnqenrar o(paaqoB npuMecblo ]rieJleBa, o6oraqenuoft 4o 90 % rao-
rorror\Í ó?Fe, gu{ifyaun trpoBogunacË s resenue 16 s.

CneHrprr SfIP raaruep flrncb Ha cyrreprerepoAulrroM ctrefirpo!Íerpe K-Arauaaona
rrprr reMtreparype 4.2K.L CneHrpouerp HacrpauBarcfi sa perrrcrpallulo clrrlraJra

4ucnepcnn. Ofipaaeq aafiperJrffncfl B peaorÍarope cnefirpoMerpa rax, vto6u Halrpa-
BJTeHLIe t011 I odpaartra 6uno Bcerga repuen-
AtrKyJIflpHO IIaUpaBJIeHI4IO MaTHIITHOIO IIOJIfi.

A"a HoBhIx ctrJïbrro anr,raorporrublx crrexTpa
3nP 6nnu odnapymelrbr trprl ficcJregoBarruu o6-
paaqoB, nerupoBanIlhlx dopolt n ?fieJIeaoM. Iltt-
TeHcnBHocrLt trx BaBIrceJrI4 oT yc.nonraË BaHaJIKIT

odpaaqoB w Bpeilrenrr Bblgepxtrtla IrpE noMnar-
noft reurreparype. Cuerrpm uadnlogaJrrrcb oA-
HoBpeMeHHo c r.rBBecrIrbIME ctrenrpaMn Feo (g -
-t,.070), Fe * (9-3.524) vÍ cnenrpoM rpnro-
namnoË non{mypaquu rapbl FeB, orrrltcan-
noË panee [1' 4J.

Ogun r,ra cnenrpoB (naanaunufi HaMR IV L32)
LrMeJr opropolrduqecftyro crrMMerpnrl, gpyrofi
(N LS|\ MoHoI(JIuHHyK). Vrnosble saBrIcIIMo-
crtr rroJro?fiennfr. nunuË Bcex rpex nadnro4ae-
Mbrx aHrr8oTpotrHhrx cner(TpoB troKaBaHbI Ha
pnc . '1. Ans aHaJrIrBa yrJroBblx BaBÍIcuttloctefi
Bgaqaile 6rrn ucnoJrbaoBarr crrnnosuft raMnJrÉ-
ToEr,raH AJrfl MLrHrrMaJrbHo BoaMo)fiEoro a{{ex-
TLIBHOTO CIIUHa IIeIITpa ,S - I 12

Aod A4, Ud

800

600

l :F aBgS,
+00

napaMeTpht KoToporo r(oMroHerITbI g-TeE-
sopa BbrrrrrcJlflJrrrcb c noMoqbro KoMrrbrcTep-
noË rporpaMMbr. An" qelrrpa N L32 pe-
synbTaTbr pacrleTa Aanr cJreAyroque napa-

200

ErnT

I 000

(r)

P[c. l. Vrnonrre aaBtrctrMocrtr rtonoirtenuË .lruusË ctrex-
rpoB NL32 (/), NL33 (2) n rapbr FeB (S).

30 60
0 , epa1

gs, 
ll torrl: 4.184; AJIfl llenrpa NL33'

:2.895; 0-37.3o, 0-yroJr rueifiAy
MeTpbI: gt,ll Ir00]:7'902, 92,iltotr1:1.81 1,

9r, tlortl : 8'899, g2, 
ll [0rr I 

: I'472, gs, r[ou]
gt tr [011 l.

Kax nugno uB rrprrBe4ensbrx trapaMerpoa, 4nr o6oux r{enrpoB nonytreuhr ue-
oduqgo BËrconue guaqenulr Sanropon aeeMauoBcr(oro pacqetrJrertrfl no cpaBueutrK)
c g-farropor (g:2') g;rx cro6oggoro eJrexrpoua. OrHnofierrue Bertrrrughr g<farropa
Aonrxro cnuAereJlbcrBoBarb nu6o o cyqecrBenrrou BRnaAe opduranrroro Marxe-
rnaua, au6o o roM, qro srfrfenrnrnnfi cunn S > l/2. Asaana [6] upuuecsbrx NoM-.
trJreftcoB, odnagaroqnx gnaxoË cuuuerpueË, rroragaJr, rrro BKnaA op6nranrnoro'
MOMeETa B trX MarIIeTtrEM Ire CyIqeCTBeII, UOATOMy CTOJTb BËICORÍre 8EaqeHtrff g MO?LEO
odrrcuuru, Jrrrrtrb trpe4tronaras S ) l/2 u;r:n 4axre ,S > 3/2, rafi r(ax & B Eameu
cnyqae agarllrTeJrbno 6oarme 6.

1 EncnepruerraJrÊEÉIe AansÉro nonytrenu n ![uauvecxoË na6oparopuu Anrcrep4aMcfioro JrEu-
BepcErera.
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CuunosbrË rarÍIrJlbrolruan B cryqae S :512 coAepr*il4t Aotronur{reJrbnhre rrJreHhr,
orrlcbrBarcrque pacrqerrJreEEe B HyJreBoM rroJre:

,;E :paBsS + D (S? - 35ll2l + E (,S; - S;).

B arou MeroAe ecrecrBeggo trpeÀtrono;firlTb g:2, rorÁa yrJroBbre BaBucrrMocrq
(p"c. 1) otrtrcbrBarorcff crrtrrroBbrM raMuJrËrorÍuanou (2) c trapaMerpaMtr ÁIrfl

I{L 32 trlD-0.74t0.02, Ann NL SS
tr lD -0.58 t 0.02. Hoppexruocrb errrx pe-
syJrbraToB rroATBeplr(AaeTc.s ptrc. 2. ftan
BrrArro w3 prrcyEKà, Anff qeErpoB N L32
a N L33 rapaMerphr g xopomo cornacy-
rcTCff C paCCqI,rTaEEbIMU SaBnCtrMOCT.gMU_

Cne4orareJrbuo, \nfr o6oux qerrrpoB rrpe4-
troJIo}rieIIIIe o ToM, qTo CtruE ^S-512, ÍrB-
rrfreTcfr. BrroJrEe paByMEErM.

flosnneurre EoBbrx qeETpoB B nprrcran-
Jrax KpeMHVfr, coAepx(aqEx rrpEMecE 6opa

(2')

0.5
Efi)

Puc . 2. SanactrMocrtr KoMtroHeHr g-([anropoB
gu gz E ga or trapaMerpa EID Anrr Ry6nersoro

ocuoBnoro cocTorrnnfi. cunnosoii ctrcreMËr
S- 5/2, trpoauanaanponaunoË B [6J B trpe4-
troJro'fierrrrr, qro a{{errussuri ctruu ,S- t 12.

r 
'r(eJreaa, 

troaBoJrtrJro rrpeAtronorfiurb, rrro B pear(quffx c odpaaonagtreu KouuJrer(coB

JrqacrByror aru rrptruecz. ,{arnrracneutrs trptrpoAn qeurpon 6r'rna trccnegoBana
cBepxroEr{aff crpyxrypa ctreKrpoB.

2uT
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57Fr 57Fe11 
B

57Fe 57Fe (gl
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Puo. 3. CuenrpH 9IIP qenrpos NL32 (1,4)n NL33 (2,3, 5) upn nernpoBaEsE EB EorolrtrEroB
,fieresa o paonEgnÉIu coAeprfiautreu usoroua 6?Fe.

I-J - e:2 To (wrwrBeEEoe coEeprfianze r?Fe), 41 5 - 90/s rlps.

IIpu terupoBauulr o6paaqor uprrMecblo 
'$ereaa, 

coAepffiaq,eft numr 2 o/o naorofla
6?Fe c I:t /2, cBepxrorrfias crpyxrypa nunnË AonrfiEa 6urr o6ycnoBJrena Baauuo-
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AeiiCTBueM rraparrarlrr4rrroro aJreHrpoHa C fl[epHblr!ÍIr ctrrlHaMu I:312 rrsorotra [B
(npupognoe coÀeplr(arlre a:87.2 o/o) u I:3l{Borotra 108 (a:18.8:o/o). B rou c.ry-
vae, xor4a gu{r{yann trpoBoAtrJracb lra lrcroqlrlrna Fe, coAepxaq,ero g0 % usorotra
67Fe, gorxuo uadlrogarbcÍ AouonrtrTeJrblroe pacrq,errJrexrle, BËrBBaEIroe cBepxrou-
Kr{M BsauMogeËcrrueu co cnlruo,u I:ll2 xgpa 6?Fe. Itpoue roro, B cnyqae Aocra-
roxrgo xoporuo paspemennofi crpyxrypbl Moryr Éa6nro4arrc.s orAenËEbre Jrusrtr
cBepxrounoro pacrqetrrenvfr sa s4pax zeSi (cr,:4.7 o/o). Ha prc. 3 upure4erH
cuer(rpbr 9IIP qeurpos NL32 v. NL33, Anff ftoropnx ua6aro4alorcr ntrEutr cBepr-
rounoË cTpyriTypbr. ft coifiaJleuldro, paclqelrJleur{e
nnr.ufr" BaMerHo Jrumb npu Her(oropbrx opuenTa-
qtrffx qeHTpoB oruocr{TeJrbno B, TITo odycnoBJreno
MAJIOCTbIO BEJIUTTITHhI PACqEITJIEHII'T, trOATOMY T[,C-

cneAoBarË rronHyro yrJroByro saBrICuMocTb paclqe-
nJregtrfl 6nno HeBoBMolnEo. IzlstencuBrrocrb or-
Aenbubrx KoMtroHeHr cBepxtonHoË crpyxryphr
upouopquouaJrbrra d, m BcJreg0tsue repenpblrrrff
peaouancoB rra-Ba uanoft Beruqrrnhr pacu{erJleutr.s
AOMUEUpyroqnM.w JrrrHrrtrMn B crleKTpe Aonlr(Hbr
6nrr runuvl cBepxrosHofi crpynryphr flAep 118

B o6paaqax c MaJrbrM cogeptfiaulreM rraorolra 5?Fe

n ffAep 118, utFe B odpaaqax c BbrcoxtrM co4ep-
)KaEueM ororo rlaorona. [tan BuAEo ttg pvc. 3,

Anff o6orx qenrpon nadnro4aerefi. qerblpexnparuoe
pacqeuJreune, o6ycroBJreulroe rraororroM 11E} (I:
:3/2), qro roArBeplnAaer yqacrue oAgoro aroua
6opa, ro-Bu4r{MoMy, BaMetqantqero aroM KpeM-
lulfrfr., B noMrrrrer(cax N L32 T, N L33. flpu o6ora-
trreuun lrpaMecn )Keneaa rraororoM 67Fe sa6nro[a-
ercff [orronHrlTeJrbEoe pacqenJreHne crÏeKTPà, Ko-
Topoe Aon'fiEo saBtrcerb or roro, cKonbKo aTo-

f'
6

-i.--,-t

lG---_ a::l-) -=)Puc' 4' Mox'fiï#isï:Hï-fí;fi(ï,\n:,{ÍÍ3 (6) n Kpa-

MoB ,$eJIeBa BxoAtrT B r(outrJrenc. Husftas ctrMMerptrff r(ourrJre[coB u BÉrconoe Buaqe-
nre arflfexruBnoro ctruua qeurpoB 5:512 yftaanBaror, cropee, Ea Jruacruo AByx
arouoB 

'Keneaa 
B r(outrnercax NL32 a NL33, a Ee oguoro, naft r rpnronanruofr

nosóurypaquu uapH FeB.
Ha ocsosaurru roro, qro areueuTautr ctruuerplrr opropoudusecroro RourrJrerca

,rrJr.ffrcrcfi ABe rrnocftocru (011), a MouorJrtrnuofr rourftrrypaqntr - oAEa ranaff
rrJrocfiocrb, sau6oree BeposrrrhrMtr MoAenfiME aoMtrJreacoB, ga Eartr Bsrrgg, Moryr
6nru reouerprqecfttre ron{nrypaqutr, trpegcraaJreuuhrs Ea ptrc. 4. Cnegyer or-
Mertrrb, qro, r(afi BnAEo uB ptrcyur(a, B oproporndnsecxoË xou{rrypa\tu arour'r
il(eneaa BaEuMarcT aftBuBaJrenTnËre Merr(noyaenbnbre rroatrqtrtr, a B MouortJrusuofr -
EeaftBEBaJreETErre. Oro 4oaxno trpuBecrx n pasnrrnËrM cxeuau pacrqetrneufrfl. ÁIts.
qenrpoB NL32 n NL33, ran r(afi B trepBou cnyqae pacqenneutrfi, BhrBBaEEbre cBepx-
ToEKuM raaurnogeËcrBueM c ÍAepEÉrMIr ctrtrEaME aroMoB treJlega, goaxrrl 6urs
paBErIMtr, a BO BTOpOM.- paaJrtrqEbrMtr. BoauoxsÉile cxeMlil pacqetrneEtrg, Jrqtrtu-
Baroqre paannqurr B reouerpuqecntrx ror{urypaqtrfix KourrrgacoB, troftaaaun Ea
prc. 3. ,{nr o6oux qeurpoB BoBMotr(EriI rpv crtocoda pactrpeleneuurr trBorotroB
B KoMtrJrefice' ó7Fe57Fe11B, 6?Fs60Fe11B u 50Fe68Fe11Br Aàrorr{ng paanrurr'rfr (r earr-
ctrMocru or a) Br{na4 B trHregctrBuocru or4eJrÉEhrx noMIroEeET nur.ufr. B cuny

'aroro Ans opropouduqecxoro KoMtrJIeKca npr 4arrofi opueuTaqtrr na 12 nunuË
na$arogarorcff Jrtrmb 8, npnveu, KaI( BaIEo rra cxeuËr, pacqerrneure odycnoraero
uaororrautr rax 5?Fe, TaK r 118. ,{nr MoEor(JIuEEoro noMtrJreftca ua-Ba ManocTr pac-
qetrJreuafi Ea sApe 118 uerrrpexfiparlroe pacqetrneuue rrJroxo paapemeuo u o6ycno-
Bneno B ocEoBEoM seaftBtrBaJrenTuo pactronoxeunËrMr arouaMu naoroua 67Fe.
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