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ANALYSIS OF FASTENING METALS STRUCTURE BY
CLUSTER MODEL ON THE BASIS OF
RENGENODYFRACTION STUDIES DIAGNOSIS

Worked computer program of design cluster structure of fusions to simple metals with a crystal-
line grate face - centered cube (FCC) and volume cube centred (VCC) of for comparison with experi-
mental data of x-ray diffraction analysis.
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Pospobrena xomn'romepua npoepama mooenioganHs KiacmepHoi cmpyKmypu po3niagie npoc-
mux Memanié 3 KpPUCMANIYHOIO pewimkolo epaneyenmposanoio xyoiunowo (LK) ma 06 emno-
yenmposanoro kyoiunor (OLK) onsa 3icmaenenns 3 eKCnepumMenmanbHUMu OAHUMU PEHM2eHOOUDPaK-
YiliHO20 aHanizy.

Knrouosi cnosa: koopounayitini uucia; OnmMuManbHull po3mip Kiacmepa.

Raising of problem

High speed the crystallization of metals is one of certificates of presence of well-organized,
cluster structure of fusions to simple metals, that predetermines the necessity of interpretation data of
neutronandx-ray researches on the basis of cluster model of structure of simple liquids.

Analysis of the last researches and publications

Neutronandx-ray research of simple liquids and fusions is devote many works, including
[2,3]. For realization the structural analysis of fusions to simple metals within the framework of clus-
ter model drawn on the results of research of authors [1,4,5,6,7,8].

Formulation of research purpose

The purpose of work is development of the computer program to design the cluster structure of
fusions to simple metals with a crystalline grate face-centered cube (FCC) and cube (CCV) centred by
volume of for comparison with experimental data of neutronandx-ray analysis, determination form and
basic structural parameters of clusters — mean value of coordinating number, middle atom distance,
optimal clustersize.

Exposition of basic material

Interpretation of these diffraction researches on the basis of cluster model of structure of lig-
uids requires implementation of complex of calculation tasks — from the choice of form of cluster to
establishing a connection between the parameters of model and data of diffraction analysis. Corres-
ponding calculations are represented in this work for clusters with the structures of FCC and CCV of
grates.

The choice of form to the cluster was determined in accordance with principles of Kuri-Wulfa
about a minimum of superficial energy to the crystal, which is in an equilibrium with the liquid and to
corresponds principle Gallant according to which a crystal is limited to the atomic planes with the
maximal closeness of atoms.

In FCC to the grate such are atomic planes {110}, from which the built clusters can be in a
form: octahedron, tetrahedron, rhombohedron. Thus the first from adopted answers most attitude of
volume toward the area of surface, id est is most credible. In CCV to the grate such are atomic planes
{10, 1011, 011, 101, 011, 110, 110, 101, 011, 011, 101} from which the built clusters can be in
form:bipyramid, prisms, threepyramid. And in this case the first from the adopted clusters answers
most attitude of volume toward the area of surface, id est is most credible.

During interpretation of this radial function to distribution of atoms (RFDA) within the
framework of cluster model it is necessary to define the methods of calculation of coordinating num-
bers on a cluster for their next middle on a standard and approximations with experimental RFDA.
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Unlike unfinished ideal to the crystal coordinating number, depends an atom which answers £k — to
the coordinating sphere on his position, that is why it is necessary to expect the 4V coordinating num-
ber on a cluster for every coordination. Obviously, that it is possible a next way:

Zy = Xi NpiZyi /N (v), (1)
where Nj; — number of atoms which have a coordinating number, Z;; on every coordinating sphere,
N(v) — number of atoms in cluster, when volume have v — atom.

In general case the number of atoms in a cluster is expressed by cube dependence on v:

N@) = av® + v + yv +c, ()
where a, §, v, ¢ is determined for each of forms of clusters. Numbers:
QW) = X ZyiNii (v) (3)
also can be presented by analogical dependence
Qr(V) = Zyoo (av® + Biv® + yiv + 8. 4)

But, if in first case, parameters are determined relatively simply, then for being a., By, Y« O it is
necessary to define the value of Oy(v) for the different number of atoms in the rib of cluster (v) for to all
coordinating spheres which are used in calculations. For this purpose the algorithm of calculation of
them was created by means of computer and after their determination the put task could be untied for all
used forms of clusters.

As known, at consideration of diffraction on the limited object in a structural factor it is expe-
dient to use the function of form V(x,) [1]

a(s) =Xt V(xp) exp(inp), %)
where x,, is rarius which connects some a central atom is arbitrarily chosen from P — by an atom, S'is a
factor of dispersion. Function of form

V(xp) = 7 Eh2 e 0 ()0 (Xmap)- (©6)
where 0 (X, +p) — function of Evald;
1, Xy €V
O'(xm+p) = { 0, xmpnélpv }5
where V is a volume of some limited area.

Discrete forms were found V(xp) for the areas of different form of structure of FCC for clusters
as an octahedron and CCV as bipyramid and them continuous analogues. Also the continuous functions
of form are found for all forms of clusters of structure of FCC and CCV. For them does not fold difficul-
ties and being of characters of Fourier, for description of profile of diffraction peaks. For an octahedron
general intensity:

i(s) = %f_LL V(x)e®o*dx = 3 — cosa — 2a?sina, (7)
bipyramid —
i(s) = 261’“(){41[60(2 —a?cosa — 2(sina)? — 4asina —2cosa + 2], (8)

where a = S§-L, d is between plane distance, L is a characteristic clustersize for normals to family of beat-
ings back planes.

The design program was carried out on such chart:

1. Introduction of experimental structural factor of a (S), where S of — the change of wavevec-
tor at dispersion. The offered procedure is demonstrated on the example of diffraction researches of a (S)
fusion of copper (with the structure of FCC) at 7= of 1393K [2] but to fusion to the rubidium (with the
structure of CCV) at = of 513K [3].

2. A calculation of RFDA is on the type of diffraction peak. The method of apodization [was
thus used [4,5], what consists in the conduct of introductionof gravimetric function at being of func-
tions of distribution atoms by the method of regularizationto equalization of Tihonov in the diffraction
tasks of research of macroscopically izotropicstructures, which allows considerably to decrease oscilla-
tor component, related to the error of measuring and presence of top limit of size of change of wavevec-
tor, while in default of gravimetric function procedure of receipt results in blurring of peaks of function
of distribution of atoms.

1 » —x)2
G(r) = (4nr)_5 J_ 4mxp(x) exp (— %) dx = 4mrpg + %fOSmS[a(S) — 1] e’ sin Srdr ,
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where 7 — constant of apodization, p(x) is a local atomic closeness. Thus
z (r-ri)?
4mrp(r) = Zkrk 2’; —exp (-2
In right part of equalization G, can be found minimization of quadratic form
Q = [[HG() = G (}dr. ©)

3. The system of normal transcendent equalizations, which got untied by the method of the gra-
dient lowering, turned out.

The initial values of parameters of z;, 74, o, coming from supposition about the type of near or-
der accordingly position of diffraction peak. o, — on speed of distribution of sound and nearest between
atom distances. The weekend of z; was determined by the estimation of middle sizes of efficiency in
fusions and on her form. Choosing the that or other form of area of efficiency determine such values her
middle sizes, that deviation of theoretical type of diffraction peak from experimental was minimum.

4. A type was approximated by expression

i(S) = % INFIOEIN V(|%|) cos Sxdx., (10)
where model function of distribution of clusters for to the sizes
3n
g(L) = ALz exp (—BL™). (11)

Coefficient 4 is determined from the condition of norms setting
J, gWadL =1,
m = 2-3 (best approximation m =3, n=1).

Minimization (9) is determine z,, 74, o, are the specified values for 30 coordinating spheres.

5. The result of approximation is determination of mean value of coordinating number, middle
between atom distance, optimal clustersize.

The worked out program of design allows to conduct research of changes of structural parame-
ters in the wide interval of temperatures.

So in works on research of physical properties [6,7,8] it was shown that the change of struc-
ture of near coordination in fusions of alkaline metals (Rb, Cs) with a temperature takes place not dro-
ningly, but place is taken saltatory at certain temperatures or in the very narrow interval of tempera-
tures.

These changes correlate with the anomalous phenomena on dependences of viscidity and
closeness on a temperature. Yes, for fusions of rubidium it takes place in the interval of temperatures
250°—300°C.

In this work research of temperature dependences of parameters of structure of fusions of ru-
bidium is conducted in the interval of temperatures from near to the melting-point —40°C
(°me = 38,9°C), to 400°C. Data of diffraction researches were used for the brought object [over 3]. For
a design the form of cluster was used as bipyramid. The mean values of between atom distance, op-
timal clustersizes, middle distances, were determined between clusters.

In the interval of temperatures 250°—300°C was observed saltatory changes of afore-named
parameters. The special attention is deserved by dependence of optimal clustersize (L) on a tempera-

. o L A
ture (7) which with high exactness of approximation answers dependence — L,p,; = Aexp (5)

Energy of activating AFE it follows to interpret with the increase of the combined superficial
energy of clusters the sizes of which diminish with the increase of temperature. In the afore-named
. K] . .
interval of temperatures there was a change AFE from 1,537 m—(])l in the interval of temperatures 40°—

240°C, to 2,493 % in the interval of temperatures 300°—400°C. It is the certificate of phase transi-

tion of II of family, which can be bound to the change of form to the cluster, for example, of passing to
the varieties of prism, biprisms which are answered by less attitude of volume toward the area of sur-
face, id est substantially greater superficial energy. But it requires the detailed analysis: implementa-
tion of design for the different forms of clusters, peculiar to the structure of FCC in different tempera-
ture intervals. In addition, extrapolation of dependence of L,y(7) pithily melting gives a value me-
dium-sized of cluster over 14 angstrom for the considered case of bipyramid. If to interpret the
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warmth of crystallization — 2,31 % as the disengaged combined superficial energy of clusters, there

is possibility to find her dependence on the sizes of clusters and from a temperature, and, finally, to
estimate the size of between atom potential which is a separate task.

These changes correlate with the anomalous phenomena on dependences of viscidity and
closeness on a temperature. Yes, for fusions of rubidium it takes place in the interval of temperatures
250°—300°C.

Conclusions

The worked out computer program provided exactness of approximation of 0,05 %. For the
brought objects [over 2] it is got: 4V between atom distance — 6,677 4, optimal clustersize — 18,597 4,
AV coordinating number — 0,962, AV distance between clusters — 0,474 A, for objects [3] it is got: AV
between atom distance — 5,755 A, optimal clustersize — 12,756 4, AV coordinating number — 1,325,
AV distance between clusters — 0,518 4. research of temperature dependences of parameters of structure
of fusions of rubidium is Conducted in the interval of temperatures from near to the melting-point
—40°C (t°me = 38,9°C), to 400°C.
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AHAJII3 CTPYKTYPHU PO3IJIABIB ITIPOCTUX METAJIIB Y PAMKAX
KJIACTEPHOI MOJIEJII HA OCHOBI JIAHUX PEHTTEHOJJU®PAKIIMHAX
JOCJII>KEHb

NinoGopens O.M., Kneuxos O.M.

Pedepar

Metoro poboTH € po3poOKa KOMITTOTEPHOI HPOTrpaMH MOJIETFOBAHHS KJIACTEPHOI CTPYKTYpPH PO-
3IJIaBIB MTPOCTHX METAIIB 3 KPUCTAIYHOIO PEIIITKOI0 TpaHeneHTpoBaHo Kyoiunoro (I'LIK) Ta 06’ eMHO
[EHTPOBAHOIO KYyOIYHOIO AJIsI 3iCTaBJICHHS 3 €KCIEPHUMEHTAILHUMHU JaHUMH PEHTTeHOAUPPAKIIHHOTO
aHawizy.

Po3paxyHOK KOOpAWHAIIIMHKUX YHCEN M0 KIacTepy I IX HACTYITHOTO yCEpEeIHIOBAHHS 3a 3pas-
KOM 1 3icTaBJeHHs (anmpoKcuMallii) 3 eKCIepHUMEHTABHOIO PajiajbHOI0 (YHKINE PO3MOJITY aToMiB
(P®PA). ITpu upomy Bubip hopmu KiIacTepa 3IiiCHIOBaBCS BilNoBiAHO Ao npuHLmmy Kropi-Byneda ta
BpaBe — mpo MiHIMYM MOBEpXHEBOi €Heprii KpucTaia, SIKUi 3HaXOAUThCA B PIBHOBA3i 31 CBOEIO piin-
HOIO, 1 TUM, IO KPUCTan OOMEKYEThCS aTOMHUMH IUIONIMHAMHU 3 MaKCHMAIBHOKO IMUILHICTIO aTOMIB.
Hns THK rpat iM BiamoBigaioTh kiactepu y (GopMi: OKTaeapa, TeTpaeapa, poMooeapa, MpUIoMy mep-
II0I0 3 HAa3BaHWX BIJOBia€ HaHOLIbINE BiHOUICHHS 00'eMy 0 TUIOMI ITOBEPXHi, TOOTO BOHA € HaWd-
OLITBIIT TOCTOBIPHOIO.
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Jns Bkazanux Buiie GopM KiactepiB Oyim BH3HaYEHI qUCKpeTHI QyHKIii popmu i ix Oe3nepe-
PBHI aHAJIOTH Y Pi3HUX HAMIPsAMaXx TPAHCIIAIIHN.

[o orpumanux QyHKUisX Oynu neBHI Oyp’e-00pa3u (IHTEHCHBHOCTI) AJIs OMUCY MPOQLITiB TUd-
pakuifHUX MiKiB U1 BUMAAKY OKTaeApa. BHKOpUCTaHHSM OTpUMaHUX 3aJISKHOCTEH po3pobieHa KOM-
n'IoTepHa TporpaMa MOJICITIOBAHHS KIIACTEPHOT CTPYKTYPH, SKa MoJisirajia B alpoKCHMAIlii eKCIiepruMeH-
TaJIbHUX JaHUX PEHTTCHOAU(PAKIIHHUX JOCTIIKESHb PO3IUIABIB MiJli TCOPSTUYHOK MOACIUII. Pe3yib-
TaTaMH arpoKCHMalii €: BU3HAYCHHS CEPEeJHbOTO 3HAYCHHS KOOPIUHALIMHOTO YHCNa, CEPEIHbOI MiXKa-
TOMHOI BiJICTaHi, ONITUMAIILHOTO PO3Mipy KJacTepa, CepelHboi BiJCTaHI MK Kiactepamu. OTprmMaHi
JaHi s Mimai opu Temreparypi 1393 K MaroTh HaCTYIIHI 3HAYEHHS: CEpeIHS MiPKaTOMHA BifICTaHb —
6,677 A, ontumansHui posmip k1actepa — 18,597 A, cepenne koopauHaniiine uncno — 0,962, cepenHs
BiZicTaHb Mixk Knactepamu — 0,474 A.

Hani mns py6inis npu temmneparypi 1393 K MaroTh HacTymHI 3HaUSHHS: CepeqHs MiKaTOMHA
BizicTaHb — 5,755 A, ontumansruit po3mip kmactepa — 12,756 A, cepenHe KoopaMHALIiHE YHCIO —
1,325, cepenns Biactanb Mixk knactepamu — 0,518 4.
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