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UDC 538.956
RESEARCH OF RELAXATION CURVES OF PHOTOCONDUCTIVITY OF ZnSps5Seo s
THIN FILMS
Popa M.

Alecu Russo Balti State University, 38 Pushkin Str., 3100, Balti, Republic of Moldova

This paper presents research of photoconductivity relaxation curves of ZnS, sSeq s polycrystalline thin films. The
value of stationary photoconductivity, Acg, is reduced if the sample temperature in the moment of illumination
increases from 81 K to 300 K. From the slope dependency type In(Ac/Acg)=f(t) the lifetime (t) of non-equilibrium
charge carriers was calculated. The lifetime decreases with increasing sample temperature.

Keywords: thin films, photoconductivity, relaxation curves, lifetime.

Aceasta lucrare prezintd cercetarea curbelor de relaxare a fotoconductivitatii straturilor subtiri policristaline de
ZnSy5Sep5. Valoarea fotoconductivitatii stationare, Aoy, se micsoreaza, daca temperatura probei in momentul iluminarii
creste de la 81 K péana la 300 K. Din panta dependentelor tip In(Ac/Acg)=f(t) a fost calculat timpul de viata (1) a
purtatorilor de sarcind de neechilibru. Valoarea timpului de relaxare se micgoreaza, odatd cu cresterea temperaturii

probei.

Cuvinte-cheie: straturi subtiri, fotoconductivitate, curbele de relaxare, timpul de relaxare.

INTRODUCTION

Photoconduction is the phenomenon of
variation of electrical conductivity of a
material as a result of absorption of the
electromagnetic radiation in the respective
material. The  absorption of  the
electromagnetic radiation is associated with
electronic transitions, leading to changes in
electrical conductivity.

Depending on the produced electronic
transitions we distinguish three main types of
photoconduction:

Intrinsic photoconduction occurs when
the action of illumination only band-band
transitions, generating electron—hole pairs
occurs. Such a photoconduction occurs if the
energy of the quantum of radiation is greater
than the width of the gap band, hv>Eg, so that
the threshold of the intrinsic photoconduction
corresponds to the width of gap band of the
semiconductor. In this case, the concentration
of free electrons increases, as well as that of
the holes.

Extrinsic photoconduction appears in an
extrinsic semiconductor, where as a result of
excitation by light occur transitions between
the levels of impurities and allowed
bands (excitation of electrons from donor
levels in the conduction band or excitation of
the holes from the acceptor level in the
valence band). Generally, this phenomenon

includes processes related to photoionization
of any energy levels from the gap band
(centers of impurities, structural defects of
different types, etc.). Consequently, free
carriers are generated only by one type that
varies the electrical conductivity of the
semiconductor.

The photoconduction of free carriers
occurs mainly at low temperatures, where the
radiation is absorbed by free electrons of the
semiconductor. Inthis case the energy
exchange between electrons and the network
is weak, the electrons acquire from the
incident radiation an energy that is greater
than the one that can be ceded through
collision of the network. They can thus be
characterized  through  an  electronic
temperature Te>T,, where T, is the
temperature of the network. This leads to
changes in electron mobility and hence of the
electrical conductivity.

In the semiconductor light as a result of
the absorption of electromagnetic radiation,
appear additional charge carriers, of the non-
equilibrium and this leads to total electrical
conductivity variation of the semiconductor
can be written:

o=opt+Ao;, 1)
where
ov=e(Not+Pos)=01 2)
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is the electrical conductivity of the
semiconductor in the dark (in the absence of
illumination) and

Ao=e(tnAn+ppAp)=or 3)
is photoconductivity, ie. electrical
conductivity caused by non-equilibrium
charge carriers, which are generated a result
of illumination.

This paper aims to investigate the
relaxation curves of the ZnSpsSeps thin
photoconductivity and to determine some
parameters resulting from these dependencies.

EXPERIMENTAL DETAILS

ZnSosSegs thin films were prepared
onto glass substrates by physical vapour
deposition under vacuum (p<10® Torr). For
preparation of sintered films the powders of
ZnS (with purity 99.99%) and ZnSe (with
purity 99.99%) were used.

The samples were prepared using the
following deposition parameters: sourse
(evaporator) — substrate distance was 8 cm;
sourse temperature, Tey, ranged between 1000
K and 1300 K; deposited rate, rg, ranged from
1.2 nm to 1.7 nm; substrate temperature, T,
was varied between 300 K and 600 K.

Film thickness was determined by an
interferometric method and for studied
samples ranged between 0.52 um and 1.73
um.

The installationused for determining the
stationary  photoconductivity is  shown
in fig. 1 [1, 2].

The electromagnetic radiation from the
source S passes through the optical system OS
(for focalization), is modulated with the help
of the modulator MD (arotating disk provided
with slots) and then falls on the entrance slot
of monocromator M. The monocromator
descomposes incident radiation in the
monochromatic components, so that on the
outlet slot and from here on sample (P) a
beam of radiation with a known wavelength is
sent. The sample is included in an electrical
circuit (via electrodes deposited layer) which
also contains a continuous voltage source (B)
and a load resistance (R). Changing the
sample resistance under the action of
monochromatic radiation leads to changes in
voltage across the load resistance, this change

6

is amplified by selector amplifier A
and then recorded by recorder I.

SO vp

Fig. 1. The scheme of the installation for measuring
stationary photoconductivity

The photoconductivity is defined as the
difference between electrical conductivity of
the illuminated sample (o) and dark
conductivity (oo) and is expressed by the
equation [2]:

Aoc=0_ -0y =C(1—1J=m, (4)

Rl Ry Ro(Ry—AR)

where C=¢/d-L is a constant that depends on
the geometry of the sample, Ro is the
resistance of darkness, R, is the resistance of
the sample in conditions of illumination, 4R
is the variation of the electrical resistance of
the sample due to illumination.

Voltage across the load resistor has a
continuous component, caused by the
darkness current ly and a variable component
determined by the current light I. whose
frequency is determined by the frequency of
the modulator. This frequency must be chosen
in such a way that during the illumination, the
photoconductivity would reachthe stationary
value, Aoy (maximum value for given
lighting photoconductivity). The selective
amplifier amplifies the variable component, v,
whose size is [2]:

U U
V=l -To)R, {RS +R,—AR R, + RJRS'(S)
where U is the voltage supplied by the battery
(B) (fig.1).

If from the relation (5) of the variation
resistance to lighting 4R is removed and it is
replaced in the equation (4), then the
photoconductivity is expressed by the
formula [2]:

R, +R.)?
Aast — C V( 0 + s) ) (6)
If the load resistance is chosen so that

we have Rs<<R,, from relation (6) is
obtained [2]:
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Cv
Ao UR, ’ (7
and if it is chosen so that provides Rs>>R,,
we obtain [2]:
I L — ®)
Ro(URy —VR)

For a given sample we can obtain the
maximum value of the signal through the
choice of load resistence so that dv/dRs=0
(maximum sensitivity regime). In this case we
obtain [2]:

z!ﬂ 9)
4 oy

Changing the wavelength of the
incident radiation we can record spectral

characteristics of stationary
photoconductivity Ao=f (4).

Vmax

EXPERIMENTAL RESULTS. ANALYSIS

In semiconductors with aligned band, as
is the case of ZnSe and ZnS crystals,
electronic band-band transitions are vertical
and thus for the appearance of the intrinsic
photoconductivity it is necessary that the
energy hv of the photonincidence is at least
equal to the width of the gap band.

If, as a result of illumination electron-
hole pairs are generated, the concentration of
non-equilibrium electrons, 4n, will be equal
to the non-equilibrium holes, 4p, i.e. An=A4p.

If no and po are the concentrations of
equilibrium electrons, respectively for the
equilibrium holes, then the total concentration
of free charge carriers n and p will be:

n=ng+4n, (10)
P=po+4p. (11)

In parallel with the generation process,
recombination takes place (process of
annihilation of electron-hole pairs as a result
of electron transition from conduction band to
valence band).

Return to steady state due to the
recombination processes (after cessation
of illumination) occurs after a certain
appointed time for life. Lifetime characterizes
the decreasing process of the concentration of
non-equilibrium carriers and is an important

parameter to describe photoconductive
phenomenon.

Generation and recombination
processes are characterized by the generation
rate G (number of non-equilibrium carriers
generated in a unit of time in a unit of
volume) and recombination rate R (number of
carriers that recombine in a unit time, in a unit
volume). Obviously, G=g+G,, where g is the
rate of generation of non-equilibrium carriers,
e.g. at lighting, and Gy is the rate of heat
generation. Thus, in the absence of diffusion
and drift, the rate of decrease of the number of
carriers for any type of recombination can be
determined by the difference between the rate
of generation and recombination rate, i.e. [2-
7]

dn
EZG_R =@+G,)-R. (12

In the case of bipolar generation, when
the electrons in the conduction band
recombine with holes from the valence band,
the recombination rate should be proportional
to the total concentration of free carriers,
i.e. R=mp, where y is the recombination
coefficient defined as the probability of
transition of the conduction band electrons in
to the valence band, averaged over all energy
states of the two bands. At thermal
equilibrium (in the absence of illumination,
g=0), electron concentration is constant,

n — i
OI—:0, so the combination rate is equal to

dt
the rate of heat generation:
Go =Rg =70 Po = Mo Py - (13)

It can be considered =y i.e.the
coefficient of recombination of carriers is
equal to the balance of non-equilibrium
carriers, because of the relaxation time
we>>7, the energy of the two types
of carriers is almost the same.

Variation in time of the concentration of
non-equilibrium charge carriers is described
by the relation [2-7]:

dn d(An
o= 80 G (ny + an) py +4p) (14
or according to relation (12), we obtain:
d(An)
At

Taking into consideration that An=Ap,

we obtain:

=g — 7(nyAp + pyAn + AnAp). (15)
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d(An) An
o 9T (16)
where it is noted:
B 1
7(Ng + po +An)

The new introduced value 7 has
dimensions of time and represents the lifetime
of non-equilibrium charge carriers.

For the case of small deviations from
equilibrium (An=Ap<<no+py), the relationship
(17) becomes:

T a7)

1
T=——0,
7(Ng + Po)

so rdoes not depend on 4n and assuming that
the excitation starts abruptly at t=0, i.e.
An(0)=0, the solution of the equation (16) for
g=const. gives the growth law in time of non-
equilibrium charge carriers.

t
An = Ang {1— e TJ (19)

(18)

where Ang=gr is the maximum value,
stationary (for t—o0) of the concentration of
non-equilibrium carriers.

If, after reaching the steady regime
lighting (g=0) stops suddenly, the equation
(16) becomes:

d(An)  An
dt
and considering 4An(0)=4ng, we obtain the
law of decrease in time of non-equilibrium
charge carriers:

(20)

t
An=Ange 7. (21)
For an n-type semiconductor,
electrical conductivity caused by non-
equilibrium carriers (photoconductivity) is
written as:

Ao = eupAn. (22)
Substituting in  this relation the
expression of An relationship data relations
(19) and (21) we obtain the time dependence
of photoconductivity for the case as the linear

recombination:

t
Ao = AGst[l er J (23)

at illumination and:
t
Ao=Aogye * (24)
at interruption of illumination, where Aoy is
stationary photoconductivity.

These relationships are at the base of
the study of photoconductivity relaxation
curves of ZnSe thin films studied by us. From
equation (24) through logarithms, we obtain:

m[AGj:—l. (25)
T

Aoy

If Aoy represents the
photoconductivity of the sample at time t; and
Aoy i1s photoconductivity of the sample at time
t2, then in accordance with the equation (25),
we can write:

In( Acy J—In[AGZ j:—l(t1 —tz):%(tz —t,) (26)

Aoy Ao T

where:

T — — (27)
In 291 | _|p 292
Ao Ao

In fig. 2 a, b, ¢, d and e the relaxation
curves of photoconductivity of a thin layer of
ZnSe to its different temperature are
represented. It is noted that stationary
photoconductivity Aoy decreases with the
increase of sample temperature.

This is explained by the fact that at
higher temperatures, the concentration of
equilibrium charge carriers is higher and that
is why it increases the probability of
recombination (R~q).

In fig. 3 are represented the
dependences In(40/Aoy)=f(t), calculated from
the  relaxation curves for  different
temperatures of ZnS,Se;.x sample. It is not
able that these dependencies are linear.

From the slope of these dependencies,
using the relation (27), lifetime (z) of non-
equilibrium charge carriers was calculated.
With the increase of temperature of the
sample the value of zdecreases.
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Fig. 2. Relaxation curves of photoconductivity of a thin film of ZnS,Se,., at different temperatures of the sample
A.090 (d=0.90 pum, T,,=300 K, rg=1.70 nm/s) (in ordinate is indicated Ao=oi-oy in relative units):
a) T=81 K (1cm=0.1 ps); b) T=175 K, (1 cm=0.2 ps); ¢) T=225 K, (1 cm=0.2 ps); d) T=262 K (1 cm=0.4 ps);
e) T=300 K (1 cm=0.4 ps)

Recent studies [6] revealed that of collective barriers of potential related to
photoconductivity from high relaxation time different types of heterogeneity.
can be attributed to the presence in the sample
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Fig. 3. Dependencies In(4ol Aoy)=f(t) obtained at different temperatures of the
ZnSy55€q 5 thin film (A.090 sample, d=0.90 pm, T,,,=300 K, rg=1.70 nm/s)

The electric field of these barriers
causes a separation of non-equilibrium charge
carriers generated at illumination. In this case,
the recombination rate is small because the
probability that an electron will arrive into a
region containing holes is very small. This
phenomenon was highlighted in a series of
semiconductors such as CdS, CdSe, CdTe,
etc. [3, 6, 8].

CONCLUSIONS

Research results of photoconductivity
relaxation curves of ZnS,Se;.x thin films are
quite important because they provide
information that would allow their use in
radiation detectors, bolometers, solar batteries
and other optoelectronic devices that are
requested in industry and technology.
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THE POSSIBILITY TO IMPROVE THE THERMAL STABILITY OF INDUSTRIAL
GLASS FROM THE POSITION OF SYSTEM ANALYSIS

Sharagov V.
Alecu Russo Balti State University, 38 Pushkin Str., 3100, Balti, Republic of Moldova

The article characterizes the notions of “system” and “system analysis”. There has been developed a common
approach to present the characteristics of substances and materials. We have proposed a generalized model to reveal the
factors that influence the thermal stability of glass. The article presents the groups and subgroups of factors of the block
entitled “parameters and properties of glass and glassware™ that influence the thermal stability of industrial glassware. It
also discusses the advantages of the given system approach, aimed at improving the thermal stability of industrial
glassware.

Keywords: system analysis, system, factor, characteristic, thermal stability, substance, material, industrial
glassware.

S-au caracterizat notiunile ,,analiza de sistem” si ,,sistemul”. S-a elaborat o abordare unitd pentru prezentarea
caracteristicilor substantelor si ale materialelor. S-a propus modelul generalizat pentru stabilirea factorilor, care
influenteaza stabilitatea termica a sticlei. S-au prezentat grupurile si subgrupurile factorilor blocului ,,parametrii si
proprietatile sticlei si produselor din sticla”, care influenteaza stabilitatea termicd a produselor industriale din sticla.
S-au discutat avantajele abordarii de sistem propuse pentru imbunatatirea stabilitatii termice a produselor industriale din
sticla.

Cuvinte-cheie: analiza de sistem, sistemul, factor, caracteristica, stabilitatea termicd, substanta, material,

produsul industrial din sticla.

INTRODUCTION

Thermal stability is an important
operational property of industrial glassware
(containers,  assorted and laboratory
glassware, illuminating glassware, flat glass,
etc.). The methods, determining the thermal
stability of industrial glassware, are classified
according to the temperature difference, linear
thermal expansion coefficient, geometric
dimensions of the samples, operating
conditions, and so on [1-2]. For most types of
industrial glassware thermal stability is
regulated by the standard requirements.

The thermal stability of glassware is
influenced by a large number of factors: the
chemical composition and glass structure, the
molding method and the configuration of the
articles, the thickness of the glass, the state of
the article edge, etc. [1-3]. In some cases, the
products are partially or completely rejected
due to insufficient thermal stability of the
glass. It is difficult to identify the causes of
the flaw, as the impact of many factors on the
thermal stability of the glass is unknown.
Glass plants are often unable to identify
factors that reduce the thermal stability of
glass.

The aim of the undertaken work was to
reveal the factors that influence the thermal
stability of industrial glassware from positions
of system analysis.

ANALYTICAL PART

The system analysis is used in different
spheres of human activity: science,
engineering, cosmonautics, construction,
education, economics, medicine, defense
industry, etc. The notion of “system analysis”
has a multidimensional aspect. Specialized
literature offers several dozens of definitions
of the notion of “systems analysis”.

In our opinion, the system analysis can
be characterized as follows: “The system
analysis is a comprehensive study of an object
to obtain an integral representation about it
and reveal its relationship with other objects”.

The most important principles of the
system analysis are the following [4]:

1) before taking decisions one must
clearly formulate the ultimate goals and the
criteria to assess the expected result;

2) the problem should be considered as
a whole, i.e. as an integrated system, and
reveal all the consequences and the
relationships of each particular solution;

11
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3) it is necessary to identify and
analyze the possible alternative ways to
achieve the goals; the goals of the separate
subsystems should not contradict the goals of
the whole system.

According to [5], “the main and most
valuable result of the system analysis is not its
quantified solution to the problem, but rather
an improved understanding of this problem
and the essence of different ways of solution”.

The basis of the system analysis is
system approach in which any object
considered as a system [6]. Zaitsev O. S.
defines a system as follows [6]: “the system is
the great number of elements in these
relationships and connections with each other,
which give it the integrity and unity”. AS
elements of the system are the objects,
substances, properties, features, notions, laws,
etc., that is any material and abstract character
objects.

The most difficult and responsible
procedure in the system analysis is making a
generalized model, which reflects all the
factors and relations among them that may
influence the decision-making process. [4].
Until present, there is no integrated approach
to create such a model to represent factors
characterizing the physical, chemical and
technological properties of glassware.

1. The author has attempted to develop
a common approach for the compilation of the
characteristics of substances and materials.
For this first stage, all the factors that
characterize the substance and the material as
the system are divided into three blocks (in
other directions). Block-diagram of the
preparation of the characteristics of the
substances and the materials is shown in fig.
1.

2. Raw materials and
technology of their
transformation into the given .

1. Parameters and
properties of the
substance and

substance and material " material

3. Interaction of the
substance and material
<« with the environment

A 4

Fig.1. Block diagram of the representation of the characteristics of the substance and material
from the position of svstem analvsis

The first block includes the parameters,
properties, and other information that
characterize any  substance  (material):
composition and parameters characterizing it;
the type and parameters of the structure;
physical, chemical, biological, and
technological properties; the surface state of
the glass and others. The second block
contains the factors that influence the obtaining
of the substance (raw materials and the
technology of their transformation into the
given substance etc.). The third block
characterizes the interaction of the substance
with the environment, otherwise said with
other substances. It includes the operating
conditions of the substance, the influence of
the environment on the properties of the
substance, and so on.

In terms of system analysis, the thermal
stability of glass is a system of correlated
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factors. A specific model of factors for a
given glass property is generated based on a
generalized model of the three blocks of
factors. The upper level of the factors that
influence the thermal stability of industrial
glassware corresponds to the block-diagram
in fig. 1.

In its turn, each block includes several
groups and subgroups of factors. Fig. 2 shows
the groups, and Fig. 3 — the subgroups of
factors of the central block “1. Parameters and
properties of glass and glassware”.

We similarly characterized the groups
and subgroups of factors, specified in block
“2. Raw materials and technology of their
transformation into glass” and “3. The
interaction of glass with the environment”.

We shall present the groups of factors
related to block “2. Raw materials and
technology of their transformation into glass”.
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1. Parameters and properties of glass and glassware

-

1.1. Glass
parameters

1.2. Quality and
properties of glass
and glassware

1.3. State of the surface of
glass and glassware

1.4. Characteristic
forms of the
glassware

Fig. 2. Block-diagram of groups of factors related to block
“1. Parameters and properties of glass and glassware”

2.1. Raw materials and their preparation.

2.2. Preparation of batch and its characteristic.
2.3. Molten glass and conditions of its
melting.

2.4. The methods and conditions of molding
glassware.

2.5. Heat treatment of glassware.

2.6. Finishing operations.

Groups of factors that are included in block
“3.  Interaction of glass with the
environment””:

3.1. Glass contact with the environment
(gases, liquids, solids).

3.2. Temperature.

3.3. Pressure.

3.4. Physical fields.

3.5. Radiation and others.

Then, the factors related to the
individual subgroups are presented. In some
cases, the subgroups of factors consist of
subsubgroups of factors. For example, the
subgroup “Physical properties of glass” is
divided into properties subsubgroups: general,
optical, thermal, mechanical, hydro-physical,
electrical, magnetic, acoustic, etc. Further,
each subsubgroup is subdivided into separate
properties. For example, the mechanical
properties of glass include mechanical
strength, hardness, elasticity, and flexibility. It
should be noted that usually each separate
property is determined by various methods.

There are close connections between the
factors of one subsubgroup (subgroup, group,
block), as well as between the factors of
different subsubgroups (subgroups, groups,
blocks). Thus, for example, the structure of
glass surface layers (subgroup of factors
1.3.3) depends on the chemical composition
of glass (subgroup of factors 1.1.1), on
structural and physical properties of glass

(subgroup of factors 1.1.3), on the presence of
all sorts of impurities in glass (subgroup of
factors 1.2.4), on the production technology
of glassware and on the conditions of its
operation (blocks of factors 2 and 3), and
others.

In the next stage, we determine the
influence of each factor on the thermal
stability of industrial glassware. For example,
it has been experimentally found that in
identical conditions the thermal resistance of
glassware in equal amounts depends on its
configuration.

Then, comes the most difficult and
responsible stage: arranging of the factors
according to the degree of their importance
for the thermal stability of glassware. To this
purpose, we experimentally identify the
influence of each factor on the thermal
stability of glassware. In cases where no
experimental data is available, we take into
consideration the qualitative evaluation of the
influence of this factor on the thermal stability
of glassware. It must be mentioned that there
is not much information with reference to the
influence of many factors on the thermal
stability of industrial glassware.

Thus, the system analysis helps us to
obtain an integral representation of the
factors that influence the thermal stability of
glassware (or another property of glass), of
their relationship to each other and it enables
us to arrange the factors according to the
degree of their importance. This approach
reveals the possibility to improve the thermal
stability of industrial glassware and if
necessary, to correct in due time the process
of its manufacturing.

13
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CONCLUSIONS

A generalized model to reveal the
factors that influence the physical, chemical
and technological properties of industrial
glassware has been developed for the first
time. Blocks, groups and subgroups of factors
that influence the thermal stability of
industrial glassware are presented as an
example of such an analysis.

There have been revealed reliable
connections between the factors of one
subsubgroup (subgroup, group, block), as
well as between the factors of different
subsubgroups (subgroups, groups, blocks).

The system analysis enables us to obtain
an integral representation of the factors that
influence the thermal stability of glassware
(or another property of glass), their
relationship to each other and it is possible to
arrange the factors according to the degree of
their importance.
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B3AVMMOJIEHCTBUE METAJLJIOB 1 CILTIABOB C I'A30BbIMUA CPEJAMMH IO/
JTEHCTBUEM UCKPOBBIX PA3PAI0B
Y. 1. METOAUKA SKCIIEPUMEHTA U UCCJEJOBAHUE OGPABOTAHHOI
ITIOBEPXHOCTH

Muxaii;ios B.B.", IleperaTky I.B.7, I'epupuxen I[.C.3, Masanxko B.®.°, Uao IHemxy“,
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ZEanuKHﬁ I'ocynapctBennslii Y HuBepcuteT uM. A.Pycco, r. banub, Mongosa
3I/IHCTHTyT metamuopusuku um.I'.B.Kypaiomoa HAH Ykpaunsi, r.Kues, Ykpanna
4CeBep0-3arlallebn71 MOJIUTEXHUYECKUN YHUBEPCUTET, I. Cruanb, npoBuHuus [lankcu, Kuraii
5CaMapCKa;1 rocyJapCTBEHHAs CEIbCKOX03sUCTBEHHAS akajemMus, . Y cTh-Kunensckuit Camapckoit
00i1., Poccus
GLIepKacCKHﬁ HallMOHAJIbHBIA YHUBEpPCUTET UM. b. XMenpHUIIKOTO, UepKkaccehl, YKpauHa
“e-mail: pereteatcupavel @yahoo.com

B pabore mpencTaBneHBl pe3yNbTAaThl HKCIEPUMEHTAIBHBIX HCCIEIOBAaHMN B3aHMMOJCHCTBHS METAaUIOB M HX
CIUIaBOB C Ta30BBIMHU CpelaMH ITIOJ JICHCTBHEM HMCKPOBBIX pa3psmoB. VIcXons M3 pe3ysbTaToB (U3MKO-XMMHUYECKOTO
aHaJM3a, yCTAHOBJICHO, YTO Ha MPOILIECC BBEJCHUS B UCKPOBOM paspsijie JETHPYIOUIMX NpUMecel B METaJlIbl U CILIaBbI,
HaxOZsILIMECs B Pa3INYHOM CTPYKTYPHO-(a30BOM COCTOSTHHH, OOJIBLIOE BIUSIHAE OKA3bIBAET ra30Bast cpejia, B KOTOPOH
ocymiecTBisieTcsi 00paboTka. OTO HEOOXOJMMO YUUTHIBAaTh, IOCKOJBKY COCTaB, a, CJENOBATElIbHO, M CBOMCTBA
MOBEPXHOCTHOTO CJIOS, KaK MPaBUIIO, OTIIMYAIOTCS OT TPEOYEMBIX.

KnroueBble cnoBa: HCKpOBOIl pa3psili, MeTallll, Ta30Basi cpesia, JETUPYIOMUi JIEMEHT.

Tn lucrare sint prezentate rezultatele cercetirilor experimentale privind interactiunea metalelor si aliajelor lor cu
mediile gazoase sub actiunea descarcéarilor prin scintei electrice. Pe baza rezultatelor analizei fizico-chimice s-a stabilit
ca asupra procesului de introducere la descércarea prin scinteie a elementelor de aliere in metale si aliaje, care se afld in
stari structural-fazice diferite, influenteaza in mare masura mediul gazos, in care se efectueaza prelucrarea. Acest lucru
trebuie luat in considerare deoarece continutul si, respectiv, proprietatile stratului de suprafata, de obicei, difera de cele
necesare.

Cuvinte-cheie: descarcaarea prin scintei electrice, metal, mediul gazos, elementul de aliere.

This paper presents results of experimental investigations on the interaction of metals and their alloys with the
gaseous media by the action of spark discharges. Based on the results of physico-chemical analysis, it was found that on
the process of introduction at the spark discharge of alloying elements in metals and alloys, which are in different
structural-phase state, the great influence has the gaseous medium in which the processing is performed. This should be
considered because the composition and, consequently, the properties of the surface layer are usually different from the
desired.

Keywords: spark discharge, metal, gaseous medium, alloying elements.

BBEJIEHHUE

B omnmumne ot o0iyueHHs MeTayioB
BBICOKODHEPTETUUECKUMHU MOHHBIMU
My4yKaMu, MPH JEMCTBUM Ha METAJUIbI I1a3Mbl
INEKTPUUECKUX pas3psiioB (Tnerouuii,
JyTOBOW, MCKPOBOM pa3pslbl) B Pa3IUYHBIX
ra3oBbIX Cpelax, INPOUCXOIUT HE TOJIbKO
UMIUTAHTaLUs HMOHOB Cpensl B
NPUIIOBEPXHOCTHBIM  CIOW  Ha  TIyOMHY
MPOEKTHUBHOTO Mpo0era, HO U WX JalibHEeHIIas
murpauus B ri1yor Metamta [1-10]. Otor
3 dexT TPUBOAUT K H3MEHEHHUIO0 (Ha30BOTO
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COCTaBa Ha IMOBEPXHOCTH MaTepuaja U Ha
3HAUUTENbHBIX TNyOuHax [2-10], cTpykTypbl
¥ CBOMCTB METaJUIMUECKUX u3aenui [3,4,6,8].
OnHako 10 cUx mnop M3Y4YEHUIO
HEXKEJIAaTeNIbHBIX  TOCICACTBUM  ITOTAaHHs
BemiecTBa  atMocepel B MeTalT  HE
YAETSIOCHh JIOCTaTOYHOTO BHUMAaHHSI.
[ToaToMy TpenCTaBIsIOCH 1IETECO00Pa3HBIM
pPacCMOTpPEHHE B3aMMOJICHCTBHS MeETaJlia C
aToMamMd M MOJIEKYJaMHU BO3JYIIHOW WX
HEUTPAIBHBIX CpEI TIPH DIEKTPOUCKPOBOM
o0paboTke, Tak Kak TMpPU  BBEACHHUH
JETHPYIOUUX ~ TPUMECe B METaJUIbI


mailto:pereteatcupavel@yahoo.com

FIZICA SI TEHNICA: Procese, modele, experimente, nr. 1, 2014

HMCKPOBBIMHU pa3psiiaMu Iporecc o0paboTku
IIPOBOJUTCA Ha BO3AYXE MU B HEUTPAJIbHOU
cpene. B Hacrosimee Bpems MPOBOASTCS
[IOI00OHBIE HCCIIEN0BAaHUA, HHOI'IA
IeJICHANPABIICHHO, a B PAJIC CIIy4aeB MOIYyTHO
K OCHOBHOMY HAIIpaBJICHHIO paboT, M yxKe
HOJTYYEHBI ONpeIeIeHHbIe pe3ybTaThl [8-22].
Jannas paborta sBusieTcs  0000IIEeHUEM
MOJYYCHHBIX ~ paHee W  OPUTHHAIBHBIX
HAYYHBIX PE3YJIbTaTOB.

2. MATEPHUAJIBI U METOJUKHU
2.1. MATEPHAJIBI

DKCIIepUMEHTHI TIPOBOTWIITN Ha
MPEBAPUTEILHO OTOXOKCHHBIX B Te4YeHHE |
yaca  MeTaJUlaX:  MOHOKPHUCTAJUIMYECKOM
momuoaene (99,999 % Mo) (2173 K),
BoIcOKOUnCTOM  Memu  (99.99995 %  Cu)
(1073 K),  9JEKTPOJIMTHYECKOM  HHUKEIEe
(99,99 % Ni), a-TUTaHe W TUTAHOBOM CILJIaBE
BT-20, texaudyeckom xeneze (99.8 % Fe) u
craimsax 3, 20, 45 (1573 K), crutaBax menm ¢
10 — 30%Ni 1 roMOreHHOM CILIaBe Kele3a C
30%Ni B y-cocrossunu (I'TIK-pemerka).
OO6pa3upl umenu ¢GopMy mapajiesienuneaa
10x10x5 w~mM. PaGowas  moBepXHOCTB
(10x10 MM) TrOTOBWJIACH TaKHM OOpa3oM,
4yTOOBl oOmpeaeneHHas 1o mnpodunorpady
BEJIMYMHA MHKPOHEPOBHOCTEH OblIIa MEHBIIIE

0,05 wmxMm. Ilocme  37€KTPONOIMPOBKU
MOBEPXHOCTH  BCEX  METAUIOB  KpOMeE
MoJn0eHa IIPOTPABIIMBAJINCH JUISL

BBISBJICHUS 3€PEHHON CTPYKTYpHI. g menn
UCIIONB30BAJIM  TPABUTENb  CIEAYIOLIEro
coctaBa: 100 mi 3%-HOM mepeKkrucu Bogopoaa
H,O2, 5 M3 KOHUEHTPUPOBAHHOW CEpPHOU
kucnotel HySO,, mucTwiMpoBaHHas Boja
JIOJINBAETCS hi() 1 I TpaBnenue
npousBoamwiock B teueHue 60 — 90 ¢ mpu
KOMHAaTHOW Temmeparype. s TpaBneHus
Kene3a TpuMeHsin S5%-Hblil BOJHBIA WU
CHUPTOBBIH pacTBOp a30THOM krca0Thl HNO:s.
Bpewms tpaBnenus coctaisio 60 — 90 c.

Jns XUMHUYECKOro TpaBJIEHUsS THUTaHa
MIPUMEHSIITA TPABUTEIb CIEAYIONMEro COCTaBa:
mraBukoBas kuciiora HF — 80 mn u HNO3 -
140 M1 Ha 1 1 IUCTUIUIMPOBAHHOM BOJBI, B
teueHue 20 ¢ mpu KOMHATHOW TeMmmeparype.
Jns  HuKenss — TPUMEHSUIM  TpaBUTEIh
CJIEIYIOLIEr0 COCTaBa: a30THas KUCJIOTa -
2250 wu, cepHas kucnora — 1500 wu,

xJopucteiii HaTpuil - 30 T, Boma - 1000 mu.
Temnepatypa pactBopa - 20°C, Bpems
obpabotku — 5 - 10 c.

DNEeKTPOUCKpoBasi 00paboTKa METAIIIIOB
OCYIIECTBIISUIACh B PA3IMUYHBIX Cpelax BO
BJIQ&XKHOM BO31yX€; B BO3JYyX€, COJEpKalleM
HeOonbIe 00aBKM  YIVIEKHCIOrO Tasa,
MEUYEHOTO 110 YIIepoAy - 'C; BOASHBIX TapOB,
coJieprKaIInx TPUTHIA H, WIn
PaIMOAKTHBHOTO M30TONA KpHITOHA "°Kr; B
cpeae yruekucnoro raza CO; wu 14C02,
OUMIIEHHOI'O a30Ta, aproHa M aproHa c
no0aBKaMH pPaz0aKTUBHOTO U30TOMa
KpUIITOHA BKr.

I[Ipu pabore ¢ paavOaKTUBHBIMU
M30TONAMHM, COJIEpXKAIUMUCS B aTMocdepe,
SKCIIEPUMEHTHl MPOBOAMIUCH B 3aKPBITHIX
KaMepax. AHOABI s 3JIEKTPOUCKPOBOTO
JIETUPOBAHUS U3TOTABIMBAIUCH U3 METAIJIOB
TOM K€ YUCTOTHI, CIJIABOB TOTO K€ U JPYroro
COCTaBa U MUPOJIUTUYECKOTO rpadura.

Takxe TS JKCIIEPUMEHTOB,
IPOBOAMMBIX Ha MHOTO(a3HBIX CHCTEMaX,
MIPUMEHSIICSA aHoJ, COCTOAINN u3
MHOTOKOMIIOHEHTHOTO ~ HHUKEJb-XPOMOBOTO

crmaa  BXJI  (60%Ni, 20%Cr, 10%Fe,
5%Mo, 2,5%Ti, 1,4%Al, 0,5%Mn, 0,5%Si,
0,07%C, 0,02%P, 0,01%5) "
NpEeACTaBISIOIUN CO00M TBEepAbI pacTBOp
BHE/IPCHUS U 3aMEIICHUSI HA OCHOBE HUKEJIS C
I'lIK pemeTkoii.

Jlsisi HEKOTOPBIX HMCCIIEOBAHUN aHOJBI
CoJiepKali PaJUOAKTUBHBIE U CTAOUIIbHBIE
W30TOIbI 44Ti, 57Fe, 55Fe, 63Ni, 67Cu, 99MO,
Uc

Jns HaHeceHMsT Ha >KEJIE3HBIM aHOI,
COCTOSIIMIT U3 aTOMOB “°F€, TaJTbBAHIYECKOTO
KENE3HOTO  TOKPBITHS:  PagHOaKTHBHOTO
(*Fe) wmu craGumpHoro msoroma (0 Fe) -
WCTIOJIB30BATIM DJIEKTPOJIIUT TAaKOTO COCTaBa:
500 mr/mn FeCl,-4H,0, 250 mr/ma NaCl, 3
mr/mii HCI, 2 — 3 kamimM HachIIEHHOTO
pacTBopa FeCls, MEYEHOI 0
COOTBETCTBYIOIIIMM ~ M30TOIIOM (55Fe WU
>"Fe).

PagnoakTMBHOCTE ~ 3JEKTpOJIUTA  C
aTomamu Fe He npespimaia 10 mKu.
HukenupoBanue OCYIIECTBIISUIN B
CIIAa0OKUCIIOM  BJIEKTPOJIMTE  CJEIYIOLIETo
coctaBa: cepHokucibiii Hukenb NiSO4 - 140
r, cepHokucnbelii Harpuii NaSOs - 50 1,
cepHOkuchbli  MarHmid  M@SO, - 30 T,
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nosapennas cons NaCl - 5 r, 6opuast kucimora
H3BOs3 - 20 1, Boma - 1000 r. Temneparypa
anektposuta — 18 - 25°C, mI0THOCTh TOKa -
0,8-1 A/mm®.

[TockonpKy KadecTBO TMOKPBITUS BO
MHOTOM 3aBUCHT oT KHCIIOTHOCTH
anektponuta (pH), To ee goBomsar mo pH 4-5
no0aBlIeHHEM  HEOOJNBIIOTO  KOJIHYECTBA
(xamenip) BOAHOTO pacTBopa ammuaka. Croii
HUKEJS TOJIIUHON 10 1 MKM MpH IIOTHOCTH
Toka 0,15 A/,Z[MZ ocegaeT 3a 20 MuH, a TIpH
0,1 A/nv? - 3a 30 MuH.

PagnoakTUBHBINA H30TONO 3Ni snuBanu B
TOTOBBIA DJIEKTPOJIUT B BHJEC HECKOIBKUX
kareapr MedeHoro mo Hukemro NiSOy4. s
HAHECCHHSI MEIHOTO TOKPBITHS TPUMEHSIIH
JIEKTPOJIUT CJIETYIOIIETO cocTapa:
CEepHOKHCHass Meab (MEOHBIM Kymopoc —
CuSO4 , B TOM umcie M MEYEHBIH 10 MEIU
%"Cu) - 200 r, KOHUEHTPHpPOBAHHAS CepHAs
kuciaora H,SO4 - 30-50 1, Boma - 1000 r.
Temmeparypa osnekrponuta - 18- 25°C,
IUIOTHOCTH TOKA - 1-2 A/nmP. JIIHTEIbHOCTD
HaHeCeHHUs cJosi — He Oosee 1 - 2 MuH.

Jns  HaHeceHUs HHUKENb-POCHOPHOTO
noKpbITUS TonmuHOW oT 10 o 40 mMkM Ha
TUTAaH  TPUMEHSJIUCh  TOCJIEI0BATEIbHO
XUMHYECKoe 00e3KUpPUBAHUE TIOBEPXHOCTH
TUTaHa, CYIIKa, MecKoCcTpyhHas oO0paldoTka
AIEKTPOKOPYHIAOM Ne 10, rudpuIHas
obpaborka B cmecu HClI u HySO; B
COOTHOIICHUHT 1:1. [Tocne 3TOTO
MPOU3BOIMIOCH XUMUUYECKOE HUKEITHPOBAHHE
npu 7=87—-92°C B Teuenune 2 — 3 4acoB B
pactBope cienyromiero cocrapa: 20 —30 r/n
NiSOs, 20-25 r/n runodochura HaTpus
NaHPO,;, 20-25 r1/1 aMHHOYKCYCHOI
kucnotel (rmnuHa) NH,-CH,-COOH, 14-17
r/n ykcycHokucnmoro Hatpusi CH3-COONa,
0,002 — 0,003 mr/n >rrmoueBuubl C3HgN,O.
[TomyueHHOE  MOKpPBITHE  COCTOSJIO W3
MEPECHIIIIEHHOTO  pacTBopa  Qocdopa B
HUKeJIe, a Toclie OT)KUra B TeueHue | gaca
npu 300-350°C Bo3Hukanu 2 a3bl: TBEP.bIii
pactBop ¢ochopa B Hukene (I'LIK-pemerka)
u ~ 15% Beicokomucnepcuoro (menee 0,05
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MKM) bochua HUKEIIS NizP C
TETParoHaJbHON CUMMETPUEH.

Hudbdy3nonnas 30Ha MEXTY
MOKPBITUEM H TTO/JIOKKON TIPU CTOJb HU3KUX
TeMIeparypax u MaJbIX BpEMEHax
COCTaBJIsIa COTHIE IOJIM MUKPOHA.

Jns BBeaeHHS B JKEIIE3HBIM aHOJI
PaIMOAKTHBHOrO yriepoga ~'C HNpUMEHSIIACh
IIEMEHTAalUs B TBEPAOM (ITOPOLITKOOOPa3HOM)
kapGropusatope Ba**CO; mpu 1273 K B
teyeHue 1 wyaca. PaanoakTUBHOCTH Ha
MOBEPXHOCTH HAYTIEPOKEHHOTO IKEJIE3HOTO
aHoza cocTasisuia ceiiie 1 MKu.

[IpunoBepXHOCTHBIN CJI0U
HACBIIICHHOTO YTJIEPOAOM XKeJie3a TONIUHOM
~ 10 MKM cocTosi1 M3 TBEpPAOro pacTBOpa
yriepoja B o—xkeje3e u kapouma xxenesa FesC
IPUMEPHO B PaBHBIX KOJIHYECTBaX. B Tex ke
yclnoBusiX (Temmeparypa oTxkura - 1273 K,
JUTUTEIIBHOCTh OTXUTa - 1 yac, kapOoropuzarop
BaCOg3, HO Oe3 MeueHBIX aTOMOB YIJepoja)
IPOBOIMIIN HACBIIICHHUE JKeJie3a CTaOUIbHBIM
yriaepoaoM. PannoakTuBHBIM H30TONm a30Ta
BN momyuamn HemocpencTBeHHO B 06pasie
no snepHoii peakmuu N+ °n — ®N +2°n.

AKTHBalMsI  OCYILECTBISUIOCH  MyTEM
00JTydeHHSI HSUTPOHAMH aTOMOB CTaOHUIILHOTO
asora “*N, HaXOISIMXCS B 06pasIe MoCiIe ux
BBEJICHUS B 00pa3el] HCKPOBBIMH pa3psiiaMy B
cpene  a3oTa.  AHAJOTHYHBIM  00Opa3oMm
MPOBOJMIIACH aKTHBAIMSl aTOMOB aproHa,
BBEJICHHBIX B 00pa3el] HCKPOBBIMH pa3psaaMu
B Ccpelie CTa0WIBHOTO aproHa OAr. Peaxuus
MOJTy4eHHs] MCYEHBIX aTOMOB aproHa ""Ar u3
CTaOWIBHOTO aproHa ObLIa  CIEIYIOIIEH:
“Ar+°n="Ar +y.

B kaxmom skcriepuMeHTe, MpoBOIUMOM
C TOMOIIBI0  PAJHMOAKTHBHBIX HW30TOIIOB,
OPUMEHSJICS TOJBKO OAWH BHJ H30TOIA,
BKJIFOYAss aKTUBHPOBAHHBIE B  PEAKTOPE
U30TOIIBI 230Ta WM aproHa. XapaKTepPUCTUKH
MPUMEHSIEMBIX  PAJMOAKTUBHBIX  BEHICCTB
[23,24] yka3ansbl B Tabnuie 1.
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Tabmuma 1

XapakTepUCTHKU HCIOIb3YEMBIX B pad0Te p/a M30TOIOB

H3oron Tun pacnaga Ilepuon OHeprus f-4acTHil, Y-KBaHTOB U
nojiypacmana XapaKTCPpUCTUUCCKOTO PCHTICHOBCKOI'O U3JTYUCHMH,
k3B
T B (3:eKTpOHEI) 12 ner 10 (B)
BN B" (mosutponsr) 10 mMuH 1500 (B)
c p 5 000 et 150 (B)
“Ar B,y 110 mMun 2500 (B), 1500 (y)
“Ti € (ANEeKTPOHHBIH 3axBar)* 60 ner 75,3 (X-rays)
*Fe g 3 rona 52 (X-rays)
BNi p 125 ner 65 (B)
®Cu p 2,2 CyTOK 189 (B)
BKr B,y 10 met 680 (B), 517 (v)
Mo p 2,8 CyToK 1230 (B)

* 3aXBaT aTOMHBIM SIIPOM 3JIEKTPOHA, KaK MPABUIIO,

¢ 1S (K) wmm 2S (L) ypoBHS 3JIeKTPOHHON 0GOIOUKH

aroMa, 49TO NPHUBOAUT K HCITYCKAHWUIO aTOMOM XapaKTCPHUCTHYECKOTO PEHTICHOBCKOTO H3JIYyYEHHUA DJIEMEHTA,

06p33yIOH.[€FOCiI TIOCJIC DJICKTPOHHOI'O 3aXBarta.

2.2. METOJUKA
3KCIIEPUMEHTAJIBHBIX
HUCCJEJIOBAHUN

st 06paboTku 00pa3oB MCKPOBBIMH
paspsjgaMd W HAHECEHUA  MOKPBITUI
WCIIOJIb30BAIM  IIPOMBIIIUICHHYIO YCTaHOBKY
[25], COCTOSIIYIO u3 reHeparopa
UMITYJIbCHBIX TOKOB W OJIOKAa HArpyKCHHIA
(puc. 1). IIpuHnun ee AeicTBUS OCHOBAH Ha
TCHEPUPOBAHUU DIICKTPOMCKPOBBIX DPA3PSIOB
MEXIy JABYMS DJIeKTpojamMu (KaTtoaoMm -
oOpabaTpiBacMO€ M3JIETUE W  aHOIOM -
MaTepua, MpeIHa3HaueHHBIH TUTST
JIETUPOBAHUS oOpabaTtbsiBaeMOM
MOBEPXHOCTH) TpU  MOAade Ha  HUX
HaPSDKEHUS C TeHEpaTopa.

-+ eubpamop

T

e —/

SN

ob6pa3zeuy

amnoo

/

MaIT

Puc. 1. Cxema ycraHOBKH Ju1st 00paboOTKH
HCKPOBBIMH pa3psaaMu

DHeprus UCKPOBOTO paspsina
u3MeHsmiach B uHTepBaie W ~ 0,9-6,4 Jx.
YacToTta cienoBaHHs pa3psIHBIX UMIYIbCOB

v>60 I'u. JliIUTEnbHOCT, UMIYJbCA Tj
coctaBmsuia 200 mxc. B skcmepuMeHTax

PUMCHSLITA KaK TPaIUIINOHHBII
(KOHTaKTHBIN) METOJ, TaK U OECKOHTAKTHBIN
METOJ]  JICTUPOBaHUS, TpAU  KOTOPOM

BapbUPOBATACH BEIIMYMHA MEXKIJIEKTPOIHOTO
npomexxyrka MDIT | or 0,5 mo 2 wmwm.
DKCHEpUMEHTHl TPOBOAWINA B CIEIHATBHON
Kamepe, KyJa NOMEIIaTl COOTBETCTBYIOIIUE
CpeJBlL.

UccnenoBanust atomHoW 1nuddy3um,
OCOOCHHOCTEH JIOKAIM3AllMA MPOHUKAIOIINX
aTOMOB W HM3MEHEHHs (pa3oBOro cocraBa Ha
TIOBEPXHOCTH 00pabOTaHHBIX METAJUIOB M B
MEPEeXOMHON 30HE MEXKIY TOKPBHITHEM H
MaTpULEeH W3y4aau C MOMOIIbI0 KOMILIEKCa
CTaH/JapPTHBIX METOJOB, Oa3UPYIOUIMXCS Ha
pa3TUYHBIX TpUHIKTAX [26-42],

3TO TMO3BOJIMIO HE TOJIBKO OOECIEUNTH
JOCTOBEPHOCTH MOJYYEHHBIX PE3YNIBTaTOB, HO
U BBISBUTH Pa3HOOOPa3HYI0 HH(OPMAIHUIO O
nporeccax  (azo00pazoBaHUs,  KOTOPYIO
HEBO3MOXKHO TMOJYYUTh IYyTEM HMPUMCHEHHS
Kakoro-nmbo ogHoro wmeroma. Tak, ¢
MOMOIIBIO OJTHMX METOJIOB BBISBIISICTCS Cam
polecc nepeMeIeHus aTOMOB u
00pa3oBaHMs HOBBIX (ha3, C MOMOMIBIO IPYTUX
OTIpeNIeNAI0TCS 174 KPHCTaJUTNYECKast
CTPYKTYpa u MOpP(OJIOTHS, TPETBH METOJIbI
YCTaHABIMBAIOT HMX XHMHUYECKUH COCTaB,
YeTBEPThIC IMOKA3bIBAIOT OCOOCHHOCTH MX
JOKAJTN3aIHH.

s onpeeIeHUs bopMbI
KOHIIEHTPAIIMOHHOTO npoduIIst
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IPOHMKAIOIINX aTOMOB IPUMEHSUINCh
pa3IMyHbIE METOBI UCCIIEIOBaHUS, B TIEPBYIO
ouepeslb, CBSI3aHHBIE C HCIHOJIb30BAHUEM
paZinoaKTHBHBIX H30TOMOB [26-35].

C HOMOILBIO paMOaKTUBHBIX
UH/INKaTOPOB U3y4aau rporuecc
nepepacupeieieHls aTOMOB M IOJIYy4alH
KOHIICHTPALIMOHHYIO KPUBYIO PacIpeesieHus
u3orona mno riyouse. s 3Toro npumeHsuu
Meroa cHsaTusi cioeB udepe3 0,5 - 0,7 Mk,
KOrja IIoclie CHATUS CcJIod  Marepualia
oIpeaesIn MHTETPATbHYIO
PaMOaKTUBHOCTh ocTaBIIENCS 4acTU
obpasma (merox ['py3una [26]).

Jpyrum MeToJoM, IPUMEHSIEMbIM JUIs
OoNbIIMX TAYOMH TPOHUKHOBEHHs, OblIa
MakpoaBTopaauorpadus [27].

s H3y4YeHUs CTPYKTYPHBIX,
KOHIIEHTPALMOHHBIX U XUMHUYECKUX
HEOJHOPOJHOCTEM, BO3HHMKAIOIIMX KaK B
IIOBEPXHOCTHBIX, TaK M HaxXOJAIIUXCS B
o0bemMe Meramia ClosiX, MPUMEHSIINCH
U3BECTHBIE METO/bl MHUKpOaBTOpaauorpaduu
[28-30] u BIEeKTPOHHOMHUKPOCKOIMHYECKOM
aBTOpaguorpa¢puu, B TOM  4YHUCIE U
aKTHBAIMOHHO# aBTOpaguorpaduu [31-35].

Pacnpenenenue npoHUKAIOMIKUX aTOMOB
B TIOKPBITHM ¥ MAacCHBHOM Marepuaje
OPOBOJWIN TakXe METOJIOM BTOPUYHOMN
noHHOM Mmacc-cnektpockonuun (BUMC) nHa
Macc-CIeKTPOMETPUYECKOM MHUKPOCKaHe
[36].

[TpuMeHsIn TakXke U Jpyrue MeETOAbI
orpeneneHuss (GOpMBI  KOHIEHTPAITHOHHOTO
npodmis — MHUKPO PEHTI€HOCHEKTpalbHbIN
[37] ¢ mnomomipio yctaHoBku “Kamexka”,
Mmetayuorpaduyeckuit (mpu ysenuuenuu 500
- 2000), mocoiHBIi PEHTTEHOCTPYKTYPHBIN C
maroM ~ 15 MkM (mpu ucnonb3oBanuu K -
usnydenus xpoma: 4, = 0,22896 nm, 4, =

0,22935 um, 4, = 0,20848 HM) C TOUYHOCTBIO

OTpe/IeNIEHUs] MEXIIJIOCKOCTHBIX PACCTOSIHUM
u nepuonoB pemietok He Huxke 0,00003 Hm
[38] u MuKpoarOpOMETpHUYECKHIA aHATU3BI.
Jns ompenenenust (a3oBOro cocrasa
UCIIONB30BAIM  METO/BI  MeccOay3pOBCKOM
CHEKTPOCKOIIUU Ha KOHBEPCHUOHHBIX
AJIEKTPOHAX [39], Oxe-3JIeKTPOHHOTO
asaimsa [40], pacTpoBOil CKaHUpPYIOLIEH
3EKTPOHHOU MUKpockonuu [41].
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3. PE3YJIbTATDI

[IpoBeneHHbIe Ha MEIHBIX OOpas3iax
OKCIIEPUMEHTHI TOKa3ajH, 4YTO, KaK W IMIpH
00paboTKe B YCIIOBHUSAX TICIOMICTO pa3psia,
TOpSIIEro B cpene MeTaHa [43],
3JIEKTPOUCKPOBOE JIETUPOBaHUE O€3 Harpesa B
3TOU cpene TaKKe Croco0CTBYET
IIPOHUKHOBEHUIO aTOMOB YIJIEpoJia B MeEJb

(puc. 2).

N- 10_3, umMn/Mun

0 2 4

6 X, MKm

Puc. 2. Pacnipenenenne yraepona “C B mean mpu DMJI
B cpeze Metana ““CH, mexubiM (1) u conepxamm “C
yroJbHBIM 3j1eKTpoaoM (2), W= 3,4 [Tk, 7; = 200 MKc,
KOHTaKTHas 00paboTka

[lpyyem Hanuyue ABYX HCTOYHHKOB
MOHU3MPOBAHHOTO YIJIEpOJa: M3 CPEeIbl U U3
paclbUIIEMOTO  JJIEKTPOJAa, MPHUBOIUT K
OoNbIIe  KOHLEHTPAIMM  TPOHUKAOIINX
aToMOB (KpHuBas 2), 4eM MpH BHEIPEHUHU
aTOMOB TOJNBKO W3 cpenabl (kpuBas 1).
IIpoHMKHOBEHHE MEYEHBIX aTOMOB MEIU M3
MPEeIBApUTEILHO HAaHECEHHOTO0 Ha o0pasern
NOKPBITHS WIA W3 MaTepHaia aHoja,
cofepKaiero atoMsl °'Cu, moj aeiicTBHeM

UCKPOBBIX  paspsioB  NPOMCXOAHUT  Ha
OJMHAKOBYIO  TIIyOMHY,  COCTaBJISIOLLYIO
nopsiKa 20 MKM, IpU4YeM

KOHILIEHTPAaLMOHHBIN Mpoduib, HaUMHAS OT 3-
4 MKM OIIMCBIBAaeTCA OSKCIIOHEHIMAIbHOU
3aBHCUMOCTBIO  OT  KBajpara  TIIyOWHBI
NpoHUKHOBEeHUS. OTMETHM, OJIHAKO, 4YTO
nuddy3uss B Meabp aTOMOB Keje3a = (n3
KENE3HOTO HJIEKTPO/a) B JAHHBIX YCIOBMSX
Harpy’keHus, HO B cpelne MeraHa 0e3
MEUYEHBIX aTOMOB YTIJIepoJia, MPOUCXOIAUT Ha
ropasio 0oJbITyI0 TIyonHy — 10 30 MKM.
UccnenoBanne  ¢a3zoBoro  cocrasa
b Gy3nOHHONW 30HBI [OKa3ajlo, 4YTO MpH
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o0enx cxemax BBEICHHS yriepoia B Melb
oOpa3yeTcs  HE  MEXaHWYecKas  CMecCh
yriepojga W Mend, a TBEpAbI pacTBop,
IpUYEM MapaMeTp pPELIETKH MEAU 3aMETHO
ymenbmaercs (¢ 0,3615 go  0,3609 Hm).
CrnenoBarenbHO MOYXHO IPEIIOJIOKUTH, YTO
4yacThb aTOMOB YIJiepofa 3aMellaeT aTOMBbI
MEAM B y3J1ax pEIIETKH, XOTs pPa3jInyus B
aTOMHBIX pajadycax MeIud U  yriaepojaa
npesbimaer 15 %. M3oTepMudeckuid OTHKHUT
npu 973 K B Tewenue 1 u mpuBOIUT K
pacragy MeTacTabuIbHOTO PacTBOPA, BHIXOAY
aTOMOB yriepoja u3 o0bemMa K MOBEPXHOCTH
U 00pa30BaHMIO HA IMOBEPXHOCTH TOHKOIO
(~0.,1 MKM)  TpauTHOTO  CIIOS  C
IFE€KCarOHAIBHOW  CUMMETpPHEN, [IpUYEM
napaMeTpbl pemieTKu @ U ¢ COBHAJAIT C
JAHHBIMHU, TIOMEIICHHBIMU B CIPABOYHUKE
[38]. [TapameTp pemieTkr Meau BO3BpaIIAETCs
K UCXOHOMY 3HAYEHMUIO, a Ha
aBTOpaJrorpaMMax-peruiukax (Imocie CHITHS
cios rpaduTa) AaKEe TMPU  JUIMTEIbHBIX
AKCIIO3ULHUSAX OTCYTCTBYIOT BOCCTAHOBJICHHbIE
Kkpuctaysl AgBr.

[Ipn ogHOBpEeMEHHOM NPOHUKHOBEHHUH
B Meab yriiepoaa us cpensl (CO») u xenesa us
JJEeKTpoaa TaKkKe oOpa3yercs
MeTacTaOUIbHBIA pacTBOpP, KOTOPBIA IpHU
HarpeBe pacnajaercs ¢ BBIXOAOM Yriepoja U
o0pa3oBaHMEM  JHMCIEPCHBIX  CKOIUICHUH
xeneza B nuddysnonnoit 3oHe. Paccmorpum
9TH Pe3yIbTaThI.

Ha pentreHorpaMMax HacbhIIIEHHBIX
KENe30M U YIJIepoJOM MEAHBIX 00pasIoB,
CHATBIX B XpOoMOBOM K, U3JIyueHuw,
MPUCYTCTBYIOT JIMHUM TBEPJOrO pPacTBOpa
yriepoga u  kenesa B meam  (k-Cu),
YIIUpPEHHBIE JIMHUK TBEPJIOTO PacTBOpa MeIu
u yraeponma B oxkenese  (a-Fe) ¢
MHTEHCUBHOCTBIO B 3 - 4 pa3 MEHbIIEH, YeEM y
OTPpOXEHUH  OT  KpHUCTaLIOrpaduyecKux
IUTOCKOCTEH MeZH, C1ad0 OTIMYAIOIIUEecs OT
(ona 2 nmuHUM TekcaronaasHoro rpagura (H9
no kiaccudukanuu [38]) 1 HECKOIBKO JIMHUN
opTropoMOuueckoro rementuta FesC, mpuyem
IIPEUMYIIECTBEHHO Ha MaJbIX yriax, rae GpoH
MUHHUMaJICeH (Tabsuia 2).

Tabnuua 2

o o Cr
@Da30BbIi COCTaB MOKPHITHSA, IEPEXOTHON 30HBI U MaTPHIIbI, CHATHIX B XpoMoBoM K-u3nydennu ﬁa =0,22909 uMm,

/15; =0,20848 um

24° d, am A (hkl) I, % ®daza
39.6 0.3380 o 012 5 C (rpadur)
57.5 0.2380 o 021 8 Fe;C
60.8 0.2261 o 200 5 Fe;C
62.3 0.2213 o 120 5 Fe;C
64.617 0.19502 B 111 9 k-Cu
65.0 0.2132 o 110 12 o-Fe
66.0 0.2104 o 121 6 Fe;C
67.4 0.2065 o 013 5 Fe;C
69.8 0.2001 o 103 10 Fe;C
71.931 0.19503 o 111 100 k-Cu
76.321 0.16871 B 200 4 k-Cu
85.522 0.16871 o 200 50 k-Cu
93.3 0.1575 o 200 8 a-Fe
121.815 0.11930 B 220 6 k-Cu
137.0 0.1231 o 211 9 a-Fe
138.0 0.1227 o 022 1 C
147571 0.11929 o 220 70 k-Cu

OtMeTHM,  4YTO  TETParOHAIbHOCTH pacTBOpE 10 MIUpHHE JUHUH o-xene3a (110) -

MapTeHCHUTa, 00pa3yIOIIErocss B JKeue3e NpU
PAaCTBOPEHHUH YIJIepoa, HACTOIBKO Maja, 9To
NyONeTsl PEHTTeHOBCKMX OTPaXXEHUH He
paclIeIUIsIIOTCsl, a 00pa3yloT  pa3MbIThie
ouHud. Pacder copepkaHus yriepoaa B

(011) [42] naet 3Hauenue ~ 0,5%.

Pacyer mapameTpoB KpHCTaTMYSCKUX
pemieTok obpazoBaBiuxcs (a3 a Mokazan,
YTO B3aMMHOE PAaCTBOPEHHE CITOCOOCTBYET MX
3HAUUTENILHOMY  W3MeHeHuro. Tak, B
pe3yabpTaTe pacTBOPEHHsS YIIEpojaa M Kelesa

21



FIZICA SI TEHNICA: Procese, modele, experimente, nr. 1, 2014

B MCIM 3HA4YCHUC aCu YMCHBIINJIOCE Ha

0,0225 um wu cocraBuio 0,33741 =M.
OTMeTHM, YTO B CTallMOHAPHBIX YCIOBHSX
IpH KOMHATHOW TeMIleparype B3anMHas
PacTBOPUMOCTH Kejle3a M MEIM YPE3BbIUaifHO
mana (<10-°% ar.) [44]. B xemese
pacTBOpPEHHE yriepojaa W MEId IPHUBEIO K
poCTy mapamerpa peIIeTKH. 3HauyeHHe ap,

Bo3pociso Ha 0,0075 um u cocraBwio 0,3015
oM. Ilpu »sTOoM B xenme3ze oOpazoBaics
CJIIOKHBIN TBEPJABIA PACTBOP — aTOMBI MEIH
HAXOJATCS B y3JIaX PEIIETKH, 3aMeIasi aTOMBI
JKelesa, a aToOMbl yriepoja HaXxOAATCsS B
TETPASAPUUYECKUX U OKTAAPUYECKHUX IOpPaX,
T.C. B MEXI0Y3€IIbHBIX MTO3UITUSX.
MUKpPOPEHTI€HOCIIEKTPAIbHBIN aHanu3
MoKa3aJ, 4YTO B MEIU pPacTBOPHIOCH 0O
30 % xeneza, a B xemeze - cBeime 10 %

MEH. CrnenoBatenbHO, MO>KHO
MPEANOI0KUTh, YTO B MACCUBHOM MaTepHalie
pacTBOpeHHE MIPOUCXOJUT Oonee

WHTEHCUBHO, 4YeM B  (OPMHUPYIOIIEMCS
HNOKPBITUU. BO3MOXKHO, OJIHAKO, YTO CTOJb
CUJIbHOE paznuuue B KOJIMYECTBE
pPacTBOPEHHOI'O BEIIECTBA B MEIH U >Keles3e
CB3aHO C BIMSHUEM YIJEpo/a, TOYHEE, C
HEKOTOPBIM PAa3pPbIXJICHHUEM PEIIeTKU MeAH
IIpU PAaCTBOPEHUU B HEW aTOMOB yrjepoja Io
TUIy 3aMEIIEHUsS, B TO BpeMs Kak B Kele3e
yriaepoa  oOpa3yeT  TBEpAbIH  pacTBOP
BHEJIPEHUSI.

[Mocnie omxura (973K, 1 wdac)
napaMeTpbl KPUCTAJUIMYECKUX PEIIETOK MEAH
U OKele3a BO3BpAIlalOTCS K  HMCXOJHBIM
3HAUEHUSIM, TIOCKOJIBKY METacTaOMIbHbBIE
pactBopsl pacmamarorcs. OpHako (opma
PEHTTEHOBCKUX pediexkcon SBIISETCS
pa3nuuHOi: HAOMIONAIOTCSI TOHKHE JTMHUHU
MeIH U YIIUPEHHbIC JTHHHUH >Keie3a, uTo, IMo-
BUIIMOMY CBSI3aHO c BBICOKOH
JUCTIEPCHOCTHIO BBIJICIICHUI xKenesa.
3nauenue nonymupussl B muanum (111) meau
HE IPEBBIIACT 1,7-10° pan, a BenuuuHa B
Uil oTpaxkeHus: oT 1uiockoctu (110) sxemesa
COCTAaBJIISIET 3,6-10'3 pan. Ilepen otmxkurom,
T.€. MOcJIe ACHCTBUSI UCKPOBBIX pa3psanoB Bey
COCTAaBIIAIIO 1,9-10'3 pan, Bge ObulO paBHO
2,7-10'3 pan. Ilocrme oTKWUTa WHTEHCHUBHOCTH
JUHUW Kene3a Bo3pacTaeT B 2,5 pasa,
MOCKOJIbKY YBEIMYMBAETCS €ro KOJIHYECTBO.
Taxxke yBennMunBaeTcss UHTEHCUBHOCTH (B 1,3
— 1,6 pa3) oTpaxeHHl OT LEMEHTUTa U
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rpadguta, HO 3HAYEHHUS MEXKIUIOCKOCTHBIX
paccTostHul d HE U3MEHSIOTCSL.
CrnenoBarenbHO, MPOUCXOAUT TOJBKO POCT
aTux (ha3 0e3 u3MEeHEeHus ux coctaBa. HoBble
¢da3er B audPy3rmoHHONW 30HE, MaTpHIC U
MTOKPBITUU HE MOSBIISIOTCSI.

[Ipy  31EKTPOMCKPOBOM JIETMPOBAHHUU
menn kenesom Ha Bozayxe (W =0,9 Ik,
1= 200 MKc,  tospasoren = 1 MI/IH/CMZ)
MTOBEPXHOCTHBIN CJIO 00pasia TOMIHUHONW 10
30 MKM, T.e. COOCTBEHHO IIOKPBITHE H
MepexoJHass 30Ha MEXAY TIOKPBITHEM |
MOJ/JIOKKOM TIPE/ICTAaBIIIET COO0O0M TBEpABIN
pacTBOp Menu, a3oTa, KMCIOpOJa, YIJIepoJa,
aproHa B >Keje3e, PacTBOP BhIIIEYKAa3aHHBIX
AJIEMEHTOB B ME/IM U YIOPSAOYCHHBIA HUTPU]T
xeneza FeyN (y'-(ba:aa). Ota ¢aza coxpanser
CUMMETPUIO, CBONCTBEHHYIO OOpa30BaHUIO B
PaBHOBECHBIX YCJIOBHSX, U XapaKTepU3yeTCs

IPAHELICHTPUPOBAHHOMN KyOnueckoi
peleTkou, ojiHaKo ee napamerp pasen 0,3811
HM, 4TO 3HAYUTEIIbHO MIpEBBILIAET

PaBHOBECHBIE yCIOBUA dmax = 0,3801 uMm [Ko].
[TockoNMbKy —9KCIIEPUMEHTAIBFHO — JIOKA3aHOo,
YTO COXPAHWIOCH YIOPSIOYEHHE B TBEPIOM
pactBope  y-(asel, To  mpeBblucHHE
mapaMerpa peleTKH IO CPaBHEHUIO C
JUTEPAaTypHBIMU JaHHBIMH, CBS3aHO, CKOpee
BCEro, He ¢ U3OBITKOM a30Ta, a C
MPOHUKHOBEHUEM B dbopMupyromeecs
NOKpbITHE aTOMOB MeAu. CocTaB MOKPBHITHUS
MIPEJICTABIICH HUXKE:

Onemesr Fe Cu N O Ar Cc [Mapsr
H,0
C %ar. 51 25 13 10 <1 ocumensl cruenst

B otnmume ot a3zora aToMbl KMCIOPOAA,
MPOHUKIIAE B METAJUT U3 CPENbl, HAXOMSITCS
TOJIbKO B TBEPAOM PAaCTBOPE M HE CBS3aHbI B
OKHCIIBI MJTH TUJPOOKHUCITBI COTJIACHO TAaHHBIM
MeccOayIpOBCKOM CHEKTPOCKOIHUH u
PEHTTEHOCTPYKTYPHOTO aHAIIN3A.

HccnenoBanue B3auMOACHCTBUS MENIU €
KENE3HBIM TMOKPBITHEM Ha BO3AyXe TIpH
JJIEKTPOUCKPOBOI  0OpaboTke 1o  Gonee
KECTKUM  peXHMam TI0Ka3a’o, YTO
IIPUIIOBEPXHOCTHBIN CIIOU ~40 MKM
npenacTaBisieT  co0oil  TBepnblil  pacTBOp
xKene3zo-menb, coaepxkammit 57% ar. Fe u
32% ar. meau (puc. 3).
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30HA KOHMAKMAa nOKpPRIMuUst u Mampuubl

32% at. don

Puc. 3. KoHueHTpalMOHHbIE KPUBBIE pacIpe/ieIeHus
Fe u Cu B nokpsrtuu npu DUJI menu sxenezom
(W=3,4 x, v,=200 MK, tospagor = | MHH.)

KpoMe TOro mokpsITHE COIEPKHUT [0
11% ar. kucnoposa, He CBA3aHHOI'O B OKHCJIbI
xene3a. Ilockonbky B peleTke TBEpAOro
pacTBoOpa 3aMEUICHHUS JKEJIe30-MeIb HE MOXKET
pPacTBOPUTHCS CTOJIb 3HAUYUTEIIHOE
KOJIMYECTBO KHUCIIOPOJA, TO, MO-BUIANMOMY,
KHUCJIOPOJI ~ MIpaeT OCHOBHYIO pOJIb B
dopmupoBannn amopdHOIl (as3bl, TaKk Kak Ha
MeccOayIpOBCKUX CHEKTpax HHM OKCH[bl, HU
THJIPOKCHUIBI JKele3a OOHapy)KEHbI HE OBUIH.
OpnHako OoJyiee BEpOSATHBIM IPEACTaBIIAETCS
OJTHOBPEMEHHOE oOpa3zoBaHue
amMoppu3UpoBaHHbIX (a3 W LINHMHEIeH Tura
(FesCu304)4. B crammoHapHBIX  YCIOBHIX
NOSBIICHUS 1TOJIOOHBIX (pa3 He HAOII01AIOCh.

B omimume oT pacTBOpeHHsT B Menu
yriepoja, NpU BBEJEHUH B MeJlb aTOMOB
aproHa (MeIHBIH aHOJ, CpelJa — aproH WIN
aproH ¢ J100aBKaMy paJu0aKTUBHOIO M30TOIA
KpHIITOHA 85Kr) rapameTp peLIeTKH TBEPAOIo
pacTBOpa  HMHEPTHOrO raza B  Meau
yBenuuuBaetcs. [Ipu napamerpax o6paboTku:
W=64 Jx, 7j=200MKc, nj= 510
3HA4YECHHUE @ B IPUIIOBEPXHOCTHOM Clloe 10 15
MKM  (npumepHas  o0JacTb  MOJY4EHUS
uHpopManuu npu  ucnoib3zoBaHun K -

n3nydeHus: xpoma) npocturaer 0,3620 HM,
riyOMHa TPOHMKHOBEHMs, ompezensemMas Io
mubdy3un  MeuYeHBIX aTOMOB  KPHUNTOHA,
cocraBiuseT 25 MkM. OIHaKO Ha OBEPXHOCTH
WM, TOYHEE, B CJIO€ ~ 2 MKM, COTJacHO
JTaHHBIM AIIEKTPOHHOMUKPOCKOIINYECKOU
aBTopaauorpaduu, aTOMOB KpUIITOHA
IPAKTUYECKH  HET, YTO, IO-BUIUMOMY,
CBA3aHO C BBIXOJOM Ta3a M3-32 BBICOKOM

TeMrepaTypol Ha MOBEPXHOCTU. To ecTh mpu
KOKIOM pas3psjie MPOUCXOIUT BHEAPEHUE
aToOMOB B Megb, nuddy3uss B riay0b Menu H
HeOoubIIast TEPMOJIECOPOIHS C MOBEPXHOCTH.
OtMeruM, 49TO TIp 00pabOTKE B TICIOIIEM
paspsiic Takue KOHIIEHTPAIIUU PAaCTBOPEHHBIX
aTOMOB W TJIyOMHBI  NPOHUKHOBEHHUS
JNOCTUTAIOTCS ~ TpU  ropa3go  OOJBIINX
SHEpPrusX  OoMOapaUpYyHOIIMX  HOHOB |
OoJIbIICH JIMTEILHOCTH BO3AeHCTBHS [43].
[Ipn mepexome OT Menu K TBEPAOMY
pacTBOpy HUKEIS B MeIU ObLIIO OOHAPYKEHO,
YTO TPHU  BBIIIEYKA3aHHBIX  IMapaMeTpax
00pabOTKH C POCTOM COJIEPIKAHUS HUKEIS OT
10 o 30 mxm c¢ marom 10 MKM riayOuHa
MPOHUKHOBEHUST ~ aproHa ©  KPHUITOHA
ymenbmaercs 10 ~20, ~16 u ~13 mxm. [lpu
9TOM pa3iu4us B TOABMKHOCTH aTOMOB
000MX AJIEMEHTOB HEe 00HapY)KeHbl. OTMETHM,
9TO YBEIINYCHHE KOHIICHTPAIUN
pPacTBOPEHHOTO  HHUKEIS B MeOu IpH
00paboTKe B TJCIOUIEM pa3psiie OKa3bIBAET
Oojee CcuIbHOE JEWCTBUE Ha 3aMeJICHHE
npolecca nepeHoca HHEPTHHIX Ta3oB [43].
Henocpenctsennoe neicTBre
UCKPOBBIX pa3psiioB (0e3 3a3opa  MEXIy
anektponamu) (W =34 Jlx, 7= 200 Mmkc,
IMon =0, ymenmpHOE  Bpems  00pabOTKH
t = 1 munyra / CMZ) Ha MEJIHBIN 0Opaser (aHO
TaKKE€ W3 MEOH) OCYIIECTBIIsIEMOE Ha
BO3/1yXE€, CIOCOOCTBYET YBEIUYEHUIO
napametpa pemietku meau Ha 0,00052 am.
I[Ipy osToM  oOpa3zyeTcss  CIOKHBIH
pactBop  BHeApeHus.  OTmermM,  9TO
CUMMETpHS KpHUCTala MEIU HEe H3MEHsSEeTCs,
U Kakue-mubo ¢azpl  KpoMe€  TBEPAOTO
pacTBopa OTCYTCTBYIOT. OTHU Pe3yibTaThbl
HECKOJIBKO OTJIMYAIOTCS OT TMOJIYYEHHBIX Ha
TOM e oOopynoBaHuM aBTOpamu [45] mpu
AQHAJIOTMYHOM JICHCTBHHM Ha MEIb HCKPOBBIX
pa3psnoB Ha Bo3ayxe. Tak, B pabote [45]
OBLIO  TIOJIYYCHBI ~ MCHBIIUNA  MPHPOCT
napamerpa peuietku meau (Aa = 0,0004 um)
U cIeqpl HeomnpeaeneHHon ¢aspl. Bo3mokHo,
9TO CBSI3aHO Kak C MEHbIIEeH dHepruei
paspsma (1 Jx), 4dYTO  CHOCOOCTBYET
MEHBIIIEMY MPOHHUKHOBEHHIO aTOMOB a30Ta U
Kuciopoma B Metaur  [46], Tak w©
MIPUMEHEHHEM HUKEJIEBOTO aHO/IA.
JleiicTBUTENBHO, pasmep aTOMOB
HUKEIsl MEHbIIIE, YeM aTOMOB MU, TIOATOMY
WX  pacTBOPEHHE  CHWXKACT  BEJIUYHUHY
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MpUpOCTa Aa,  TPOUCXOISIIETO  MpH
OJIHOBPEMEHHOM TNPOHUKHOBEHHUH B MEIb
ATOMOB HHKENS U JIETKUX JJIEMEHTOB (a30Ta,
KHCIJIOPOJIA).

Kpome Toro, HemaeHTU(DUIIMPOBAHHEIC
peduiexcol Ha pPEHTTeHOTrpaMMax,
MOJly4eHHBIX B paborte [45], Moryr OBITH
OTPaXCHUSMH OT COEIMHEHUS Ha OCHOBE
HUKETIS.

YuuteiBas pa3idyus, BHOCHUMBIE B
MPOLECC B3aUMOJCHUCTBUS MEIU C JIETKUMHU
dJIEMEHTaMU pacTBOpeHueM u auddysueit
HUKETIS, & TAK)KE HAJTMYHUE B BO3JIyXE IIOMUMO
a3oTa W KHUCIOpOAa, BOJSHBIX TapoB,
YIJIEKHCIIOTO Ta3a, aproHa u JAp., BUJUM, YTO
MOJTy4YeHHbBIE B HacTosIIEeH pabote
pe3yNIbTaThl YKa3bIBAIOT HAa BO3MOXHOCTH
BBEJCHUS B MeIb aTOMOB MPAKTHYECKH

JMIOOBIX  HEMETALIOB W B OOJBIIOM
KOJIMYECTBE.
Jns  toro, 4TOOBI  pPAcCMOTpPETH

B3aMMOJICHCTBHE MEIU HEMOCPEICTBEHHO C
a30TOM DJKCIIEPHUMEHTHI MPOBOJIWIA B Cpelie
OUMIIEHHOTO a30Ta C  HCIOJb30BAaHHEM
MeAHOro aHoja. B aTom ciydyae mapamerp
pelIeTKH MEeIU TaKXKe PEe3KO H3MEHSICS U
Bo3zpactan ot 0,00042 mo 0,00056 um mpu
yBemmuenun W or 0,9 go 6,4 Ik
(ri = 200 Mkc, ymenapbHOE Bpems 00pabOTKH
1 munyta / cM?).

OTMmeTuM, YTO CpaBHEHHE BEIMYWHBI
napameTpa pemeTkd Meau mpu oOpaboTke B
cpele a3oTa M Ha BO3/AyXe, MMOKA3bIBAET, UTO
IPOHUKHOBEHHE aTOMOB a30Ta IMPHUBOJUT K
OonpIIeMy W3MEHEHHWIO 3HaueHus Aa, 4eMm
IPOHUKHOBEHHME  aTOMOB U MOJIEKYJ
OCTAJIbHBIX KOMITOHEHT BO3]yXa.

Nzyuenne wmerogom BUMC ¢opmbl
KOHIICHTPAIMOHHOTO npouIIs
pacmpefieieHusT a30Ta B MeAU B JIaHHBIX
ycioBusix  0o0pabotku  mMerogom  BHUMC
[oKa3ajo, 4YTO  BOJM3M  IOBEPXHOCTH
(dopMHpYIOIIETOCS ~ TOKPBITUS ~ BO3HUKAET
MaKCUMYM KOHIIEHTPALlUU a30Ta, OTCTOSIIUI
OT moBepxHOCTH Ha ~ 250 — 300 uM (puc. 4).
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Puc. 4. I3meHeHne KOHIIEHTpaIMK a30Ta (ToKa
BTOPUYHBIX HOHOB a30Ta) B MU 110 TIyOHHE
npoHuKHOBeHus, 3,4 JIx, 200 mc, Imun/cm?

Ilocne  MakcuMyma  KOHLEHTpauus
a3oTa B MeEIU CHajgaeT ¢ IIIyOMHOH 110
SKCIIOHEHIIMAJILHOMY 3aKOHY.
CrnenoBaTenbHO, MOKHO HPEANOI0KUTh, YTO
noJo0HO TOMy, 4To HaOdOAaeTcs NpU
O6oMOapIupoBKe MOHAMHU, HEPACTBOPHUMBIMU B
MeTaJlJIe B PaBHOBECHBIX YCIOBHSX (a3oTa U
yriepoga B MeAM, Tenuss W aproHa B
QTIOMUHHMH, KPUIITOHA U KCEHOHA B JKEJe3e U
T.II.) B TJEwIeM paspsnae [43,46], cHauama
dbopmupyercs MEPECHILICHHBIN (07t
TBEPAOrO pacTBOpa a3oTa B MEOU, a 3aTeM
muddy3nus aTOMOB a30Ta B Menb HAET U3
3TOro cnosd. OTKUT MeAM, HACBILEHHON Kak
a30TOM, TaK W KOMIIOHEHTaMH aTMOCQEpHI,
npu 973 K B Teyenue 1 uy mnpuBOIUT K
MpEeKXHEMY YPOBHIO 3HAUEHUS d, DPABHOTO
0,36143 uMm. To ecTh MOXKHO MPEIIOIOXKHUTH,
YTO a30T W KHUCJIOPOJ TMOAOOHO YIJIepony
o0pa3yroT TBEP/IbII pacTBop,
pacnanaromuiics npu HarpeBe. To ecTb,
BO3MOKHO BBECTHM B ME/b HEPAaCTBOPUMBIE B
PaBHOBECHBIX YCJIOBHSIX BEILECTBA U CO31aTh
WX TBEPAbIA pacTBOP B MEJIH, HO MPU HArpeBe
00s3aTeNIbHO MPOUCXOJUT pacmajl TBEPIOTro
pacTBopa, o0pa3oBaBIIerocs npu
3JIEKTPOUCKPOBOM 00paboTKe.

PaccMoTpuM B3auMoencTBrE Kemesa ¢
razaMu Bo3Ayxa Npu oOpabOTKE MCKPOBBIMHU
paspsgamu  (puc. 5, 6). N3 paccMmoTpeHus
MHKPOABTOPAANOTPAMMBI,  MPECTABICHHOMN
Ha pHUC. 5 @, BUAHO, YTO TMOMAJaHUE AaTOMOB
BoZiopoJa (TpUTHSI) M3 BOJSHBIX MAapoB B
KEJe30 MPUBOJUT K OOpa30oBaHHIO Ha €ro
TTOBEPXHOCTHU CKOTIJICHUH ¢baswl,
JIOKQJIM30BaHHON MPEUMYIIECTBEHHO BOJIHM3U
TpaHUIl 3€peH.
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nocjie HCKpoego2o Jtecuposanus 4

T =) reoon

[=0,5 mm

p-Fe-L B-FeOOH
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HAYWIbHbIE YC108UA
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Humencuenocms
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V, mm/¢

Puc. 5. Pacupenenenue aromoB “H B xenese nociie KOHTakTHOIH 00paboTku ¢ sHeprued W = 4,5 JIx
(a — MukpoasTopaguorpamma, x 500) u (ha30BbIiA COCTAB Kele3a Mociie OECKOHTAKTHOH 06paboTKM HCKPOBBIMH
paspsizamu (W = 4,5 JI5K) i B HCXOIHOM COCTOSIHHH (6 - MeccOayspOBCKIE CIIEKTPBI 00pasIoB, ° Fe)

C % am. a
40
Fe
20—
C
MAWW

0 60 120 180 240
X, um

C, % am. 7]
60 (0]
40

i Fe
201 "

o
-  Em— - 1

0 60 120 180 240
X, Hm

Puc. 6. Pactipenienenue pa3nuyuHbIxX 3JeMeHTOB B xkenese, W = 4.5 JIx, sxenesusiii anos, hysg — 0,5 (a), 2 MM (6), Oxe-
CIEKTPOCKOTIHS

[Mpuyem aBTOpaauorpaduveckas
KapTHHA MMOBEPXHOCTH, TO eCTh
pacmpezieieHue aTOMOB MEUEHOTO BOAOPOJa
NPaKTUYECKH OJMHAKOBBI NMPH KOHTAKTHOM U
OECKOHTaKTHOM  crocobax  00palOoTKH.
MOHO OBLIO TPEAMOIOKNTE, YTO B JAHHBIX
YCIOBHSX OOpaOOTKM BO3HUKACT THAPHI
J)Kenesa. Ongnako COrJIacHO JTaHHBIM
MeccOayIpOBCKOM  CIEKTPOCKONHUHU,  ITOH
(da3oit ABIAETCS TUIPOOKCU TPEXBAIICHTHOTO
Kenesa, KOTOPBIH obpazyercst npu
KOHTAaKTHOM ¥ OECKOHTAaKTHOM  CII0CO0€
00paboTKu.

Kak moxka3esBatoT MeccOay’poBCKHE
cnekTpsl  (puc.56), ¢a3oBeIi  cocTaB
MOBEPXHOCTH M TJIYOWHBI TPOHHUKHOBEHUS
ra3oB arMoc(epbl 3aBHCAT OT BEIUYHHBI
MDOII. Tlpu 3uauenun lyop=0,5 MM Ha
MOBEPXHOCTHU xKenesa BO3HUKAIOT
BBICOKOTUCIIEPCHBIE (bazbr OKCHJIa

IByXBaJeHTHOTo kene3a FeO, TBepmoro
pactBopa yrimepoaa B xenese ¢ ['LK-
pemetkoid  y-Fe  (uW3-3a  CBEPXBBICOKOU
CKOPOCTH OXJXKJIECHUS — JI0 10° rpaj/c He
ycreBaeT  NPOUTH  MpeBpallieHue U3
BBICOKOTEMIIEPATYPHOH  y-MOau(HUKAIIIN B
HU3KOTEMIIEPaTYPHYIO o-MOAN(UKAIINIO),
JIBYX Mo UKt THJIPOOKCHIA
TpexBajgeHTHoro xeneza FEOOH. Ortmeruwm,
4TO coaepKaHue y-hazbr SIBJISIETCS
JIOCTaTOYHBIM TUTST ero BBISIBJICHUS
PEHTTEHOCTPYKTYPHBIM MeTosoM. Hamwmdwne
¥ - (a3bl CBSA3aHO C MEPEHOCOM YTJepoja ¢
aHOJIa Ha KaToJ B KOJHYECTBE, JOCTATOYHOM
s ee popmMupoBaHus. B To ke Bpems mnpu
IMonm = 2 MM, Kak OyaeT TMoKas3aHo jaajee, Y-
daza OTCYTCTBYeT, 4TO, IO-BUIUMOMY,
CBA3aHO C  MEHbIIeW  TiayOuMHOW W,
COOTBETCTBEHHO, MEHBIIEH KOHIICHTpaIHe
MPOHUKIIETO  BelecTBa. Tak, TIyOWHBI
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MPOHUKHOBEHUSI aTOMOB ¥e us 14C02 B
MEPBOM CJyyae COCTaBIISIIOT X ~ 7 - 7,5 MKM,
a BO BTOPOM - HE OOJIBIIIE 2 MKM.

CornacHo JIaHHBIM Oxe-
cnekrpomerpuu, atombl N, O, C mpoHukas B
riy0b skenesa (puc. 6), 00pa3yroT pa3IudHbIC

KOHIEHTPALlMOHHbIE npoduiu.
Pacnipenenenue xKelesa, KHCIIOpO/1a,
yriepoaa u a3ora B obpasue mpu | = 0,5 Mmm

NPUBEICHO Ha pUC. 6 @, U3 KOTOPOTO BHUJHO,
YTO YIJIepoJ CKaIlIMBAeTCsl B IOBEPXHOCTHOM
cioe. Ero xoHuneHtpamnus ObICTpO YOBIBAaeT C
rIyOMHOM — o0pa3ma, a  KOHIEHTpAIus
KuciIopoaa aocturaer 3HadeHus 50 % ar.
Cronb BBICOKas KOHLIEHTPALUS KHUCIOPOAA
MOXET OBITh JIOCTUTHYTa IpH 00pa3oBaHUU
THAPOOKHCEH B  TMOBEPXHOCTHOM  CIIO€
obpasma. Kpome Toro, B MOBEpXHOCTHOM CJI0€
(1o 300 M) mpucyTcTBYyeT a3oT (10 5 - 6 %
at.). Ha moBepXHOCTH »eie3a W B TOHKOM
cinoe  BONM3M  TMOBEPXHOCTH  HAXOIUTCS
HACTOJIKO 3HAUYUTEFHOE KOJMYECTBO aTOMOB
yriaepojaa U KUCIOpOo/ia B ayCTEHUTE, OKUCIIAX
U TUJPOOKHUCIIAX, a TAKXKe a30Ta (Hampumep, B
cinoe ~ 20 HM cozep)kaHUe JIETKUX 3JIEMEHTOB
noxomut 10 90 %), YTO  MPOHMCXOIUT
BBITECHEHHE  aTOMOB  JKelie3a,  paHee
HAXOJMBIIMXCS HAa MOBEPXHOCTH, B TIyOb
MeTalljla Ha paccTosHue mopsiaka 60 HM.
WNuTepecHo, dYro KOHLEHTpamus as3ora B
JKene3e BOJNHM3M TOBEPXHOCTH TMOYTH Ha
HOPS/IOK HIDKE, YeM KHCIIOpoJa W YIiepona.
MOHO TPEeANoN0XUTh, YTO 3TO CBA3aHO C
ero ropaszio Oonee ciabbiM
B3aMMOJICHICTBUEM C JK€Jle30M, TMOJ00HO
TOMY, YTO HAONIONAeTCs B PAaBHOBECHBIX
YCIIOBHSIX.

[Tpu yBenuuenuu | 10 2 MM OCHOBHBIMHU
KOMIIOHEHTaMU MIOBEPXHOCTHOTO CI10s
SBIISTIOTCSL  KENe30 W KUCJIOPOJ,  XOTS
IOPUCYTCTBYIOT ~TakXe YIJIepox U a3oT
(puc. 6 6). B 3TOM ciydae KOHIICHTpAIIHS
KHCIIOpPOJa JOCTUraeT Ha noepxHoctu 60 %
aT. ¥ 3aMETHO yObIBaeT Ha riryOmHe oOpasiia,
YTO MOXET OBITh CBSI3aHO ¢ 00pa30BaHUEM Ha
MOBEPXHOCTU THUAPOOKHCIOB, a B OoJjee
IIyOOKMX  CJIOSIX ~ OKHCIIOB — JKele3a B
MeTacTabMIIPHOM COCTOSIHMM, TaK Kak II0
PEHTTEHOCTPYKTYPHBIM JTAaHHBIM Ha
noBepxHocTH oOpasma orcyrcrByer FeO
(eMMHCTBEHHBI  TapaMarHUTHBI  OKHCEN
Keneza TpH  KOMHATHOH — TemIeparype).
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[ToaToMmy  MOXHO cnaenatb  BBIBOA O
MeTacTaOMIBHOCTH TOHKHX cioeB Fe Oz u
FesO, , uto m3BecTHO W3 paboThl [47]. He
WCKIIIOYEHa  BO3MOXXHOCTH  00pa3oBaHUS
aMop(dHBIX OKHCIIOB xene3a [48]. CioXHOCTh
MeccOayIpPOBCKHX CIIEKTPOB (puc. 5 6)
3aTpyaHSET ux OJIHO3HAYHYIO
uHTepnperanuio. OTHAKO aHaIW3 OCHOBHBIX
0COOCHHOCTEH MO3BOJISIET CAeNaTh BBIBOJ O
CTPYKType TMOJIYYCHHOTO closi, d3PPeKTUBHAS
TodmHa N KOTOpOro  MOXKeT  OBbITh
ormpezeneHa u3 cootnomenus h=k-E/S-1,

rae E= J. U(t)-1(t)dt - SHEprus,
0

BoifiesieHHass B MOII 3a eguHu4HBIA paspsi,
U, | - COOTBETCTBEHHO, HaIpsHKEHUE Ha
OpoMeXyTKeE M TOK paspsga;, 7 -
JUTUTEIIFHOCTh UMITYJIbCA TOKA; S - IUIOIMAIh
Bosgeiicreus; | - Benmmumma MDOIL; k-
KOX(PUITUSHT MPOTOPIIMOHAIBHOCTH,
3aBUCAIIMNA OT TEIUIOQU3UYECKUX KOHCTAHT
oOpabaTbeiBaeMOro MaTepHaia.

[Tonmyuenusie pe3yIbTaThI
CBHUJICTEIILCTBYIOT O TOM, YTO TpU 00paboTKe
UCKPOBBIMU pazpsiiaMu MPOUCXOTUT

aHOMAJIFHOE HACHIIIEHHE 00padaTbIBaeMOit
MOBEPXHOCTU KHUCIOPOIOM, YTO MOKET OBIThH
UCIIOJIB30BAHO B (dbopMupoBaHUU
MOBEPXHOCTH, OO0Najaroleil CcrenraabHbBIMUA
cBoiictBamMu. Kpome Toro, ycioBus nepeHoca
MaTepuansa C aHo/Ja Ha KaToA KPUTHUHO K
BennunHe MOII - pu 0oMbIINX pacCTOSHUAX
IPOMCXOJUT paclblUIeHHE JETKUX KOMIIOHEHT
CIUIaBa aHoJa, qTO TI03BOJISIET
1eJieHanpaBieHHo  (GopMHpoBaTh  (a30BbII
COCTaB IMOBEPXHOCTHOTO CIIOA.

Jis  u3ydeHus TPOHUKHOBEHHS B
KeJNe30 TPU MCKPOBOM JIETUPOBAHHH aTOMOB
azota (06e3 mpuMmeceil), IKCHEPUMEHTHI
MPOBOJMIIM B Cpelle OYHMINEHHOTO a30Ta W
UCTIOJIb30BAJIM aHOJI U3 JKeJIe3a, COAepKAIEero
palrOaKTUBHBIN W30TOI *Fe. ATOMBI a30Ta,
obpasyromme B mpomecce DUJT  °FeyN,
pacroyiaratloTcsi  PEeUMYIIECTBEHHO  BJIOJb
rpaHuIl 3epeH (puc.7), a TBEpHbl pacTBOp
a3oTa B JKelue3e M COOCTBEHHBIE MEUYEHbBIE
aTOMBl JKeJle3a HaXOAATCS BHYTPU 3€pEH.
Hutpug xene3a u TBEpIbId pacTBOp a3oTa B
xKelese COXPaHSIOT CBOWCTBEHHYIO
00pa30BaHMIO B PAaBHOBECHBIX YCIOBHSAX
cummerputo — I'IIK u OLIK, cooTBeTCTBEHHO.
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OI[HEIKO COOTHOIICHHUE  KOMIIOHCHTOB B
OTJINYaCTCA oT

HUTPUJIEC HECKOJILKO
CTEXUOMETPHUUECKOTO — BMECTO 1:4

o

nanpagienue wg W TP oar FLITA
oughpyzuu mg;’i ‘ﬁm ;

HaOJrroaeTcs 1:3,8. CnenoBaTennsHO,
¢dbopMHpOBaHHE HUTPUIA HPOHCXOTUT C
HEOOJIBIIIUM HEIOCTATKOM a30Ta.

AL Q"J 30Ha MEEPO020

3 %".ﬂ ‘®  pacmeopa
5oaN X J0HA HUMPUOa

Fe,N

Puc. 7. MukpoaBTOpagrorpaMma xeje3a, HaChIIEHHOTO CTa0MIEHBIM a30TOM U H30TOIIOM *Fe s npouecce
nerupoBanwus, X 500, W = 3,6 [Tk, 7; = 200 mxc, 7 = 30 ¢, sy = 0,5 MM

AHaJOrMYHOE  paclpeieiieHue 1o
rpaHuiamM 3epeH HUTpuaHbIX a3 FesN ¢
MEUEHbIMH  aTOMaMH  a30Ta  IOKa3al
AKTHBAIMOHHBIA  aHaJIU3 (12N) (puc. 8).
OpHako B 00BbeMe 3epeH TaKKe IPUCYTCTBYET
3HAYUTEIIBHOC  KOJIMYECTBO  PABHOMEPHO

TN

pacnpeeseHHbIX aTOMOB azoTa.
CrnenoBarenbHo, BHYTpH 3epHa
pacrnonaraercsi TBEpPAbl pacTBOp a30T B
Kenese, a HUTPUIbl JKele3a HaxoasTcs B
MeTaJljIe B0Jb IPAHMUIL 3€PEH.

Puic. 8. MEKPOCTPYKTYpa (@) ¥ MHKpPOABTOPAAHOrPaMMa B H3IydeHHH aKTHBHPOBAHHOTO a3ota N (6) xeresa,
HACBIIIEHHOr0 a30ToM 110 peskumy W = 2,4 Tk, 7; = 200 mkc, 7= 30 ¢, |y = 2 Mm, x 2000

O6paboTka HauOosee
pacIpoCTPaHEHHOTO B MPUPOJIE CTAOMIBHOTO
xKeresa (T.e. coxepxaiero 10 97 — 98 % *°Fe
u 2-3%°Fe) HCKpOBBIMH  pa3psaaMu
aHOJIOM M3 CTaOWJIBHOTO JKele3a TOTro JKe
cocTaBa B cpezne MeueHoro 1o yriepoay COz
U B cpele CTa0MILHOTO YTIJIEKHUCIIOTO Tasa C

HKEJIe3HBIM aHOJIOM, CoJIep KaIIiM
pPaIOaKTUBHBIA HU30TOI 14C, MpUBENIa K
OJINHAKOBBIM pe3ynbTaram.
ABTOpaIUOTPaMMBI UMETH CXOHBIN
xapaktep (puc. 9). B oboux ciydasx umeno
MECTO paBHOMEpHOE pacmpeseneHue

MEYEHBIX aTOMOB BHYTPH 3€PEH U BBIICIICHUE
da3 BHeIpeHHMs] 1O TpaHULAM  3€peH.
PeHTreHoCTpyKTYpHBIiA aHanu3

JIETUPOBAHHOTO yIJIepOIoM xKenesa,
MIOJTyYEHHOT O npu UCIOJIb30BAHUU
CTaOWJIBHBIX JKelie3a W yriepoja, Iokaszad,
YTO Ha OBEPXHOCTHU U B TU(HY3MOHHOH 30HE
MPUCYTCTBYIOT  BbIcOKoaucnepcHoe K-
Kenme3o, neMentur FesC ¢  HemocTaTKoOM
yriiepoga W TEPECHIICHHBIM  TBEPIBI
pacTtBop yriepona B OLIK-xene3e
(TeTparoHasibHbIN MapTeHCUT). OTMETHM, YTO
C YBEJIMYEHUEM SHEPIUU MCKPOBOTO paszpsa
oT 0,3 bifo) 6,4 JIx BEISABJIICMBIC
aBTOpaguorpaduiIecKu cojiep>KaHue
aycrenutHoit y-¢assl (**C), xap6unos FesC
(*'C) u riyOMHA TPOHHKHOBEHHS ATOMOB
yriepoja e YBEITUYHBAETCS
COOTBETCTBEHHO B 2 U 5 pas.
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ROBEPXHOCHIb
HAnpaeieHu

oughgpyzuu

kKene3o u3 atMocdepsr (a) u u3 anoxa (6), x 500,
W =6,4 Ik, 7; = 200 mkc, 7 = 2 MuH., ly = 0,5 MM

[lpu BBeneHMHM B Kele30 HHEPTHBIX
ra3oB (aproH M KpHUIITOH) 3KCIEPUMEHTHI
IPOBOJWIN B Cpeie aproHa WM aproHa c
nobaBKaMu paso0aKTUBHOIO M30TOIa
kpunrona  ©°Kr. B mepBom  ciyuae
UCTIONIB30BATIOCh ~ CTAOMIIBHOE  JKEJIe30 U
w30TOn KpumtoHa Kr, BO BTOpOM —
KEJEe3HbI  aHOJ  coAep)kal  HeOOoJIbIIoe
KOJIMYECTBO  PaJMOAKTUBHOTO  M30TOIA
xenesa Fe, a B atMocepe OBUT TOJBKO
CTaOWJIBHBIN aproH.

ABTopanuorpaduyecKiii ¥ MOCIOWHBIH
paivOMETPUYECKUI aHAIW3 IOKa3ajaH, YTo
KaKk COOCTBEHHbIE aTOMbl, TaK U AaTOMBI
MHEPTHBIX T'a30B MPUHHUKAIOT B TIyOb XKene3a
Ha Makpockonudeckue riyounsr (puc. 10).

OtmeTuM, 4YTO BOJM3M TOBEPXHOCTH
aTOMbl ~ KPUOTOHBl ~ MPHUCYTCTBYIOT B
HEOOJIBIIOM KOJMYECTBE, IOCKOJIbKY H3-3a
NOBBIILIEHUS] TEMIepaTypbl MpH JeHCTBUU
UCKPOBBIX DPAa3psI0OB MPOUCXOJUT HAaCTUUHAS
TEPMOAECOPOLHSL.

OO0paraer Ha ce0s1 BHUMaHue TOT (akT,
YTO  aBTOPAJAMOTIPaMMBl, TIOJY4YEHHBIE C
IIOMOIILIO ®Kr u 55Fe, CTaHOBSITCS
NPaKTUYECKH OJWHAKOBBIMHM, HauyMHas C
rryOuHbl  ~ 10 MKM, TIOCKOJBKY aTOMBI H
KpUIITOHA, W  JKelle3a  paclojararrcs
PaBHOMEpPHO B IUIOCKOCTSAX, MapaliebHbIX
MOBEPXHOCTH.
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Puc. 10. Pacnpenenenue B jxene3e aTOMOB KpUIITOHA
BKr (13 atMocdepsr) (1) u Fe (u3 aHoxa) (2),
W =0,9 IIx, 7; = 200 mkc, 7 = 1 MuH., lysg = 0,5 Mm.

To ectpb Murpanus OOOHMX 3JIEMCHTOB
MPOHUCXOUT M0 00BEMHOMY MEXaHU3MY, IIPU
3TOM BO3HHUKACT TBepIII:Iﬁ pacTBOp KpUIITOHA
B xKerese, pacnpenerIeHHbIN
MPEUMYIIECTBEHHO MO0 00BEMY 3€peH.

Ha MEHBLIEM yIaleHUn oT
MIOBEPXHOCTH BIIYyOb JKeJIe3a U Ha caMoi
MIOBEPXHOCTHU pacmpeznesneHue aTOMOB
WHEPTHOTO  ra3a  KOpeHHbIM  oOpa3om
OTJIMYAETCs OT pacHpesesieHHs] COOCTBEHHBIX
atomoB (puc. 11).

Tak, aTOMBI KPHIITOHA CKAIUIMBAIOTCS B
oOpasyromuxcs B mporecce 00paboTKu
ra30HaINOIHEHHBIX MTOpax AUaMeTpoM 10 2 - 3
MKM, a aTOMBI >KeJe3a JIOKAIM3YITCsS Ha
CTEHKax IOp, Ha TPaHUIAX U B 00bEME 3epeH.
BHyTtpm 3epeH  aroMbl  KpUNTOHAa  HE
00HapyKUBAIOTCSL.

Te ke 3aKOHOMEPHOCTH HaOJIIOMAIOTCS
Ha TIOJIy4YCHHBIX AaKTHBAIlHOHHBIM METOJIOM
aBTOpaIuOrpaMMax xKenesa,
00pabaTbIBAEMOT0  JKEJIE3HBIM aHOJOM B
cpene aprosa.
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o PSS < -'-:&;x
Puc. 11. Pacripenenenue B jxene3e aTOMOB KPUIITOHA
8Kr (a) u *°Fe (6), W= 0,9 JIx, 7; = 200 mkc, 7= 1
MHH., lysr = 0,5 MM, MEKPOABTOPaIHOTPAMMBI CHSTHI C
TUIOCKOCTH, IIapaJuleNIbHOM [MOBEPXHOCTH, Ha IITyOHHE
3 MM, x 700

BOnu3um MOBEPXHOCTH  JIOKAJIHM3alus
aTOMOB MeTajljla ¥ HHEPTHOTO ra3a pa3JInyvHa,
a Ha minyouHax <10 MKM aTomMbl 000MX
DIIEMEHTOB pAacCIOJIaraloTCs PaBHOMEPHO B
ob6beme 3epHa (puc. 12).
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Puc. 12. Pacnipenenenue B jxese3e aTOMOB aproHa
AT (a) u *°Fe (6), W=0,9 JIx, 7=200 MKc, 7=1 MuH.,
lvisr = 0,5 MM, MHKPOaBTOPaHOTPaAMMBI CHSTHI C
IUTOCKOCTH, MTapajlieIbHOW TIOBEPXHOCTH, Ha TITyOnHE
15 mxm, x 1000
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OCOBEHHOCTHU ®A3005PA30BAHUSA ITPU TIPOHUKHOBEHUM B ATTIOMAHUI
KOMIIOHEHTOB BO3YXA " )KEJIE3A B IPOLHECCE 2JIEKTPOUCKPOBOI'O
JIETUPOBAHUA

I'epupuken I[.C.l, Ma3sanko B.d).l, MupoHoB I[.B.Z, MupoHosB B.M.Z,
Muxaii;ios B.B.%, IlepersaTky IL.B.", Kpaxkan K.I[.4
1I/IHCTI/ITyT mertamutodpusuku um. I'.B. KyparomoBa HAH Ykpaunsi, r. Kues, Ykpanna
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3I/IHCTI/ITYT npukiaanoit pusukun AH Monnossl, Kumnaes, Monnosa
4Eanu1<m71 I'ocynapctBennsiii Y HuBepcuteT uM. A.Pycco, r. banub, Moinosa

Ocobennocty (pazooOpa3oBaHus NPU NPOHUKHOBEHNUH B aTFOMUHHMI KOMIIOHEHTOB BO3/yXa M XeJje3a B Ipolecce
JJIEKTPOUCKPOBOT'O JISTUPOBAHUSI TPEJCTAaBICHBl B JaHHOW paboTe. Pe3ynbTaTbl MCCIIEIOBaHWE JIOKAa3bIBAaIOT, YTO B
npolecce BHEAPEHHs JIETHPYIOIIUX 3JIEMEHTOB IIPH AJIEKTPOMCKPOBOM paspsiiec OOHapy»KEHO HPOHUKHOBEHHE B
00pabaThIBaEMyl0 TOBEPXHOCTh Ta30B pabodel cpensl, a HCIOIb30BaHHE JKEJIE3HOTO MOpOINKa B IpoIecce
(opMHpOBaHUS TOKPHITUH M3 METAUIOB M CIUIABOB MO3BOJISIET IOJIYYHTh B IOBEPXHOCTHBIX CIIOSIX CBOMCTBA,
obecrieynBaroIe HEOOXOJMMBIE 3KCIUTyaTallMOHHbBIE XapaKTCPUCTHKH.

KiroueBble cioBa: 3JIEKTPOMCKPOBOE JIETHPOBaHME, (hopmMupoBaHME HOBBIX (a3, pabodas cpena, KEIe3HBIH
MOPOIILIOK.

In lucrare sunt prezentate particularitatile formarii fazelor in procesul alierii prin scintei electrice 13 patrunderea
componentelor aerului ¢i a fierului in aluminiu. Rezultatele cercetarilor au demonstrat ca in procesul introducerii
elementelor de aliere la descarcarea prin scintei electrice s-a depistat patrunderea in suprafata prelucrata a gazelor
mediului Tn care se efectueaza prelucrarea, iar utilizarea pulberilor de fier in procesul formarii acoperirilor de metale si
aliaje permite obtinerea in straturile superficiale proprietatile care asigura caracteristicile de exploatare necesare.

Cuvinte-cheie: alierea prin scintei electrice, formarea noilor faze, mediu de prelucrare, pulbere de fier.

This paper presents peculiarities of phase formation at the ingress of air and iron components in aluminum by
electro-spark alloying. Research results have shown that at the introduction of alloying elements on electric spark
discharge the ingress of the gas from the processing media in the work surface was detected, and the use of iron powder
in the formation of coatings of metals and alloys allows to gain properties that provide required operating characteristics
in the superficial layers.

Keywords: electro-spark alloying, formation of new phases, processing media, iron powder.

1. BBEJEHHUE JJIEKTPUYECKOIO0  B3pbIBA  AJIOMHHHUEBBIX
MPOBOJIOYEK B HEWTPAIBHBIX Cpeiax u jp. [2-
W3BecTHO, 4YTO B  PAaBHOBECHBIX 4].

YCIOBUSAX DPAaCTBOPUMOCTb Tra3oB BO3/ayXa B
ATIOMUHUM B TBEpAOH (asze mnpeHeOpexuMo
vana: 3-10% % O, 1-10™ %N, ~10™ % Ar
[1], u TBepabie pacTBOpPHI JTaHHBIX JIEMEHTOB
B QJIOMUHHUM IPAKTUYECKH HE CYIIECTBYIOT.
OO6pa3oBanre HUTPUIIA ATIOMUHUS OCOOEHHO
npu HU3KHUX TemIeparypax TaKxKe
3aTpyaHeHO. OHO BO3MOXHO JIMIIb TPH
UCIIOJIb30BaHUU CIIOKHBIX METOIOB, TAKUX KaK
caMOpacHpOCTPaHSFOIIHAICS

BBICOKOTEMIIEPATYPHBI CHHTE3; XUMUYECKHE
peaKkIu TMpH CrOpPaHWUH YIbTPATUCIIEPCHBIX
MOPOUIKOB, C)KUTAaHWE B BO3AyXe cMecei
HAHOMOPOIIKA AIOMUHHS C  HUTPUIAAMHU
JPYTUX METAJUIOB MOJYYEHHBIX C IMOMOILBIO

32

B Takom ciayyae B KOHEUHBIX MPOAYKTAX
TOpPEHUS B JIyUlIeM ciiydae cofepxutcs o 40
% Mac. HUTpuJa adtoMUHus. B3aumonenicTeue
¢  kuciopomoM  0Oe3  HarpeBa  TaKkxke
MPAaKTUYECKH HEOCYIIECTBUMO HMHAue, YeM C
MOMOIIBI0  MEMIEHHOTO  IU(PYy3UOHHOTO
repeHoca aTOMOB KHCIIOPOJa 4Yepe3 TOHKHUI
110 20 MKM IUTIOTHBIHN cinoit okenna Al,Oa.

UTto e KacaeTcss aTOMOB JKeJie3a, TO UX
pPacTBOPUMOCTh B ATFOMUHHH B PaBHOBECHBIX
YCIOBHUSIX HE TIPEBBIINIAET COTHIX JAOJEH
mpouedta — 0,01 [1]. B To xe Bpems
QTIOMUHHUIA XOPOIIO pPacTBOPSIETCS B JKee3e
(~ 20%).
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2. MATEPUAJIBI U METOJAUKH
2.1. MATEPHAJIBI

DKCTIIEPUMEHTBI MIPOBOAVIIN Ha
amomunun Mapku AB 000, u3 koToporo
nenand  oOpasubl  pa3iu4yHOi  popMbl B
3aBUCHUMOCTH OT TPUMEHSIEMBIX METOJIOB
u3zydeHus. Pabouas moBepXHOCTh 00pa3LoB
MoJIBEprajach nociie UM (OBKU
MEXaHHYECKOMY U  DJIEKTPOIIOIHPOBAHHIO.
MaxkcuMmanbHasi BbICOTa MHUKPOBBICTYIIOB HE
MpeBbIIIAla 0,05 MKM. AHOIEBI
W3TOTABIMBAIN U3 aTIOMUHUS TOM XK€ MapKu
U KeJie3a TeXHHUYECKoW 4ucToThl (~99 % Fe).
B psane skcrnepuMEeHTOB Ha MOJJIEKALIYIO
obOpaboTke MOBEPXHOCTh 00pasioB
raJIbBAHUYECKUM CIIOCOOOM HAHOCHIIM CIIOU
TOJNIIMHON 70 1 MKM 3>Keje3a, coaepiKariue
paIMOAaKTHBHBI H30TOI *°Fe. OTKIOHEHHE OT
PAaBHOMEPHOCTH TIOKPBITHS [0 TOJIIUHE U
paZIMoOaKTUBHOCTH He TmpeBbimano 3 —5 %.
PaBHOMEPHOCTh PaOAKTUBHOCTH MTOKPBITUI

KOHTPOJUPOBAIach IyTeM
aBTopaarorpadupoBaHus MMOKPBITBIX
MOBEPXHOCTEW, TOJUIMHBI — C IOMOIIBIO

npodunorpada. B aTom cinyuae p/a u30TOIBI
HE WCIOJIb30BAJIM, HO HAHECEHUE MOKPBITUH
OCYIIECCTBIISUIOCh  aHAJIOTHYHO HAHECEHUIO
NOKPBITUH,  COJEpXKAIUX  PATHOAKTUBHBIC
U30TOIIBI, T.€ B TOM K€ JJICKTPOJIMTE U 110 TEM
KE PEIKUMAM.

Jost HaHECEHUSI Ha obpasert
raJIbBAaHUYECKOTO  JKEJIE3HOTO  MOKPBITHS
UCIIOJIb30BAIM  AJICKTPOJIUT TAKOTO COCTaBa:
500 mr/mi. xmopuoro xenesa FeCly-4H,0,
250 ™Mr/mi. OYMIIIEHHOW TIOBAPEHHOW COJIH
NaCl, 3 mr/mn. consnoi kucinorsl HCI, 2 — 3
Karm  HackimenHoro  pactBopa  FeCls,
MEUYEHOr0 M30TOMOM "Fe. PaIioaKTHBHOCTH
SIIEKTPOJIATA ¢ aTOMAaMU °F€ He MpeBbIIana
10 mKwu.

2.2. JJIEKTPOUCKPOBAS
OBPABOTKA U METO/JbI U3YUEHUA
JANPODPY3HUOHHBIX ITPOLHECCOB

Jns 06paboTku 00pa3loB HMCKPOBBIMU
paspsIamMu 51 HaHECEHUS MTOKPBITHI
UCTIOJIb30BAIM  MPOMBIIUICHHYIO YCTaHOBKY
DDU-10M [5], cocrosmyro W3 TeHepaTropa
UMITYJIbCHBIX TOKOB M OJIOKAa HarpyXeHui
(puc. 1). Ilpunuun ee nelCTBUS OCHOBAaH Ha

TeHEPUPOBAHUU DIIEKTPOUCKPOBBIX DPA3PSIOB
MEXIYy JBYMS DJIIEKTpoJaMu (KaToioM -
oOpabaTeiBacMO€ HW3JAEIME€ W aHOJIOM -
MaTepua, npeIHa3HAYCHHBIN TUTS
JIETUPOBaHUs 00pabaThIBaeMON TTOBEPXHOCTH)
Npu TMoJade HAa HUX HaNpsDKCHUS C
reHepaTopa. OHEprusi HCKPOBOro paspsana
m3mensiace B umHTepBasie W ~ 0,9-6,4 JIx.
Yacrora cienoBaHus pa3psSAHBIX HUMITYJIbCOB
v>60 T'u. JnoutenbHOCTH UMIyJbCA Tj
cocrapmsiia 200 Mxc. B skcnepumeHTax
IPUMEHSITU Kak TpPaJULIMOHHBIN
(KOHTAaKTHBIN) METOJ, TaK MU OECKOHTAKTHBIH
METO/]] JISTUPOBAHMs, IPU KOTOPOM BEIMYMHA
MEKIJIICKTPOJHOTO  mpomexyTka MOIT |
coctaBista 0,5 u 2 Mm.

DKCTIIEpUMEHTBI TIPOBOIMIN HA BO3IYyXE.
OpHako TmpU M3YYEHUU B3aMMOJCHCTBUS
ATIOMUHHS C  WHEPTHBIMH  ra3aMh K
BO3JYUIHOW cpele BHYTPH CHEIHAIBHOM
KaMephl JT00aBISIM HEOOBIIOE KOJIHYECTBO
pPaHOAKTHBHOTO H30TONA KPUITOHA KT,

p

T

Puc. 1. Cxema ycrpoiicTa aiist 00paboTKi
METAJJIOB JIEKTPUIECKON uckpoii [8]:
1 — oOpa3er, 2 — BCHOMOTATEIBHBIA AIEKTPOS,
3 — Bubparop

2.3. METO/JbI U3YUEHUSA
JANODPY3HUOHHBIX ITPOHECCOB

UccnenoBanust atomHoil  auddysum,
O0COOCHHOCTEH JIOKaTM3alui MPOHUKAIOIINX
aTOMOB M HM3MEHEHMs (Pa30BOro cocraBa Ha
MMOBEPXHOCTU OOpAaOOTAHHBIX METAIJIOB W B
MEPEeXOJHONH 30HE MEXKIy MOKpBITHEM U
MaTpUIeH HM3y4ald C TOMOIIBI0 KOMIUIEKCa
CTaHJApTHBIX METOJOB, Oa3MpYIOUIMXCS Ha
pa3nuuHbIX npuHIMnax [6-10].
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s ompeneeHus dbopmbl
KOHIICHTPALMOHHOTO NMPOMUIIS MPOHUKAIOLTHX
aTOMOB TIPUMEHSUIUCh METOJIbl HCCIICIOBAHUS,

CBA3aHHBIC C HCIIOJIB30BaHHUECM
pPaaruOaKTUBHBIX HN30TOIIOB n
XAPaKTCPUCTHUICCKOI'O PECHTICHOBCKOI'O

uznyuenus [8-10].

@Da30BbIN COCTaB OIPEAECIIAIN METOAAMU
PEHTTEHOCTPYKTYPHOTO u
MUKPOPEHTI€HOCIIEKTPAJILHOTO aHAJIN30B,
MeccbayspoBckoii crniekTpockonuu, BUMCa
u [1OM.

3. PE3YJIbTATHBI

Kax [oKasanu [IPOBEJICHHBIEC
OKCIIEPUMEHTBI, B  YCIIOBUSX  HCKPOBBIX
pa3psanoB c¢ sHeprueit 6,4 JK M BeIMUYUHOU
MEXDIIEKTpoaHOro mnpomexkyrka 0,5 mm, a
aHoa ®u Karoa (oOpaser) HU3rOTOBJICHBI U3
ATIOMHUHUS, NPH B3aUMOJICHCTBUU ATFOMHHHUS
¢ Bo3ayxoMm Bo3HHKaeT okcua Al,Oz, HUTpHUI
AIN u TBepipie pacTBOPHI I'a30B BO3yXa B
amomMuann ¢ ['IIK pemerkoi u mapamerpom
a, ysenumuuBwemcs Ha 0,0039 um. Takxe
coxpassieTcd cuMMeTpust a3 BHeApeHus. Y
KPUCTAIITNYECKON peleTku HUTpUIA
anoMuHus, oOpasoBaBuierocs npu  OWJI,
cTpykTypa Bropuuta (ZnO, wumu H3 1o
Knaccupukanuu  [6]), OTIMYArOmIeWcs OT
['TIY-pemerkun Tuna H1 Tonmbko Hammunem
JIOTIOJTHUTEIBHBIX JIMHUM Ha OONBIINX Yriax.
[TapameTpsl peIIeTKH COCTaBIISIOT
a=031112 am wu ¢=0,49755HuM, urO
HECKOJIBKO BBIIIE JAaHHBIX, MONYYEHHBIX MPH
WCCIICIOBAaHUH B3aUMOJICHCTBUSL QIIOMUHHUS C
a30TOM B PaBHOBECHBIX YCIOBUSAX. Bo3MOXkHO,
3TO CBSI3aHO C M30BITKOM a30Ta, HO TaKXKe He
UCKJIIOYEHO, YTO B HUTPHJE PACTBOPUIHCH
JIpyrue »SIEeMEHThl BHenpeHus. B  okcuae
amomunus  o-Al,O3  Toke  Hapymaercs
CTEXHOMETPUYECKOE COOTHOILIEHUE
KOMIIOHEHTOB TPH COXPAHEHUU CHUMMETPHH
POMOO3IPUIECKO KPUCTAJUTHYECKOU
CTpYKTYyphl, 1 mapamerp a Ha 0,00008 HM
0oJbIIe, Yroid o MMEeT MPAaKTHYEeCKH TO Ke
sHauenne 55°16' (55°17 B PaBHOBECHBIX
ycioBusix [11]). Takke ecTh He3HAUUTEITEHOE
KOJIMYECTBO  TOp,  COJAEP)KAIlMX  aproH,
pasmepoM ~ 1 Mxm. UTo ke kacaeTcs kapOuaa
amomunus  Al,Cs, TO ero peduekcel He
0OHapyKEHBI, OYEBHUTHO, B CBSI3M C €70 MaJIbIM
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comepxkanueM B armocdepe. Cruemyer
OTMETUTh, YTO, KAaK TIOKA3aHO BHINIC, MPH
B3aMMOJICCTBUM  MOJHOACHA C  Ta3aMH
BO3/lyXa TaK)Xe HE BO3HUKAIOT KapOU/IbL.
[TogoOHO TOMy, 4YTO HaOMIOJANIOCH Ha
napax Mo-Fe, Cu-Fe, [12] yBenuuyenue
SHEPTHM paspsga NpH B3aUMOICHCTBHU Ha
BO3/IyX€ QJIIOMUHHUS C APYTMM METaiOM, B
JTAHHOM CJTy4ae C KeJIe30M, IPUBOJIUT K POCTY
MPOTSHKEHHOCTH (DOPMUPYIOMIETOCS TTOKPBITHS
1 1uhOY3MOHHON 30HBI MEXKY TTOKPBITUEM H
noanoxkou. [Ipu 3nauenusx W 0,3, 0,9, 3,1,
6,4 JI>)KX MNpPOTSHKEHHOCTh 30HBI  MUIPALIMHU
JKele3a B ATIOMUHUMN COCTaBJISIET
coorBercTBeHHO 40, 55, 80 umw 120 MM
(puc. 2). CopepxaHue sxeiie3a B AITIOMUHHUU
Bo3pacTaeT B 1,5 paza u goxoaut 110 60% art.
OtmeTum, 4TO dopma
KOHIICHTPAIMOHHBIX npoduiei
pacrpenelieHuss U TIIYOMHBI TPOHUKHOBEHUS
u3otonoB Fe u 2°Al coBmagaer TakoBbIME
JUISL  CTaOWJIBHBIX HW30TOMOB, MOJTYYEHHBIMHU
MHUKPOPEHTT€HOCIICKTPAILHBIM METOJIOM.
WN3mensiercs u  ¢a3oBblii  cocTaB
muddy3suonHoir 30Hbl. C pocTOM 3SHEPruu
paspsga  TMOSBISIOTCS ~ HOBbIE  (pa3oBbIC
coctaisromye. [Ipu 0,3 u 0,9 /[x Bo3HUKaeT
TOJBKO  TBEpPIbIA  pacTBOp  JKeie3a B
amomMuHuu, To npu 3,1 JIKX HauumHaeTcs
YIIOPSI0YCHHE W BO3HHUKAIOT Ciebl (haspl C
KyOmdeckoit crpykrypot tuma K23 mo
Kiaccupukanuu  [6], TPEAMOTOKUTEITHHO,
FesAl, mockonmpKy Ha peHTreHOorpamMmax
MIPUCYTCTBYIOT cinabbie JTUHAH,
COOTBETCTBYIOIIIHE OTPaKEHUSIM oT
mwiockocreit  (111), (220) u (400), Tt.e.
peduiekchl ¢ HauOOMNbIIeH HWHTEHCHBHOCTHIO
npu cbeMmkax B Co-usnydeHuu. PacmonoxxeHsl
OHM, OJHAaKO Ha OONBIIMX yriax, uTo
O3Ha4YaeT W3OBITOK JKelle3a B  JIAHHOM
coequneHuu. [Ipu 6,4 J[x TaKxke MPOUCXOIUT
yIopsi0YeHHE u o0pa3yroTcs
UHTepMeTalnyeckue coeauHeHus FesAl u
FeAl (tuma CsCl, wmu K3 [6]), koropsie
OTJIMYAIOTCSI OT CTEXUOMETPUUECKOTO COCTaBa
COOTBETCTBYIOIINX PaBHOBECHBIX bas,
npumepHo Fe;Alix n Fej Alix. Uto xe
Kacaercss (a3 BHEIPEHHs: OKCHIOB U
HUTPUJIOB Kelle3a W QIIOMHHHUS C TOH IKe
CUMMETpHEH, UTO ¥ B PABHOBECHBIX YCIIOBHUSX,
HO C HapyLUIEHHON CTEXMOMETpHUEH, TO OHH
00pa3yroTcsi Mpu BCeX 3HAYCHUSIX DHEPTHUH
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pa3psaa. OTMeTUM, 4TO TOMUMO 00pa30BaHUs
OKCHJIa aIOMUHUSI 32 CUYET KHUCIopoAa
MOCTYIAIOIIEr0 B aIIOMMHUI U3 BO3AyXa MpH
dbopmupoBaHUU YKEJIE3HOTO MOKPBITHS,
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1 1 1 1 N M
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MKM
1

__ Hoxpumue 1 Moonoxera_ (&)

<

15 30 45

120 80 40 0
X, MKkm

20 80 120

MPOUCXOOUT  TaKXKe  pacmajg  HCXOJHOHU
OKUCHOW TUIGHKH Ha  aJlOMHHUU  TOJ
JEIICTBEM HCKPOBBIX Pa3psiiOB.
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__Hoxpvimue Jr_noo.mmg__@
[
|
I

Al
|
1 1 1 | 1 1 1
120 80 40 0 40 80 120
X, MKM

Puc. 2. KoHnleHTpaimoHHBIE KPUBBIE paciipeeNicHus xele3a (g, 6) 1 amoMuHus (0, 2) B moKpbITuu mocie DUJI ¢
sHeprueit paspsaa 0,3 JIx (a,6) u 6,4 (6, 2)

BricBoOOAMBIIHECST ATOMBI KHCIOPOJa
MUTPUPYIOT B JK€J€30, M, TAKUM 00pa3oM, B
JKelle3e  BO3HUKAIOT  BCTPEYHBIC  ITOTOKHU
KUCTIOpOJia, TpPU  ATOM  MHUHUMAIbHOE
COJICp)KaHUE HAXOJUTCS HA PACCTOSHUU OT
noBepxHoctu ~25, 35, 60 u 95 Mkm B
3aBUCHMOCTH OT YHEPTHH.

TakuM 00pa3oM, YCTaHOBJIEHO, YTO Ha
MPOIIECC BBEJEHUS B HCKPOBOM paspsje
pa3IMYHBIX  JIETHPYIOUIMX  TNpHUMecedl B
METAJTBl U CIUIaBBI, HAXOSIIAECS B Pa3HOM
CTPYKTYypHO-()a30BOM  COCTOSIHWMH,  BCEraa
HAKJIa/IBIBACTCS TPOHUKHOBEHUE Ta30B CPEJIbI,
B KOTOPOH OCYIIECTBISETCA 00paboTKa. ITO
HEO0OXOJIUMO YUYUTBIBATh, MOCKOJBKY COCTaB,
a, CIIeIOBATENBHO, u CBOIiCTBa
MOBEPXHOCTHOTO  CJIOS, KAk  IPaBHIIO,
OTIUYAIOTCS OT TpeOyeMbIX ISl YCHEIIHOM
JKCIDTyaTaruu. M 3T0 MOXHO HCIOJIh30BaTh
JUISL  CO3/IaHUsl HEOOXOJMMBIX COCTaBa U
CBOWCTB MTOBEPXHOCTHBIX cioe
METAJUIMYCCKUX W3JCIH, y4YUTHIBas, 4YTO B

JaHHOM  paboTe  PacCMOTPEHBl  MHOTHE
KOHCTPYKLMOHHBIE MaTepHabl u
IIPOMBIILIICHHBIE PEXKUMBI 00paboTku

VICKPOBBIMHU pa3psiIaMH.

PaCCMOTpI/IM, KaKue€ U3MCHCHHUSA BHOCHUT
HaJMYie B BO3AYLIHOM cpene MOpOIIKa
xKenesza ¢ pazmepom nopomuHoK 60-100 MxMm
B 0COOEHHOCTH ¢dazoobpazoBaHus,
dhopmupoBaHus KOHLIEHTPAIMOHHOTO
npoduiast aToMoOB JIETHPYIOUIEH TNPHUMECH,
FJ'IY6I/IHI)I MNPOHUKHOBCHUA W TMMOABHXXHOCTHU
aTromoB. /s BBEJEHMS YaCTHYEK jKene3a B

MEXKIJIEKTPOTHOE MIPOCTPAHCTBO
MPUMEHSJIOCh  CIIEMAJIbHOE  YCTPOMCTBO,
MpeACTaBisgionee co0oil  KOHTEWHep ¢

MOPOIIKOM M TOJBEACHHYIO K KEIE3HOMY
aHONy TPYOKy C BHYTPEHHHM JHAMETPOM
1 MM, uepe3 KOTOpPYK TMOJ JaBIEHUEM
1,5:10° Tla HENPEPBIBHO I10JaBAJIACH CTPYs
MOPOILIKA B MPOMEXYTOK MEXIYy aHOAOM H
KaToJIOM. DHEpPrus €IMHHUYHOTO HCKPOBOTO
paspsana cocrasisa 0,3, 0,9, 3,14 u 6,4 JIx
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mog00HO TOMY, Kak ocymecTBisuiocs DUJI
ATIOMUHHUS KEJIE30M Ha BO3JIyXe€.
HccnenoBanusi,  NMPOBEAEHHBIE  METOAOM
MeccOay’pOBCKOI KOHBEPCHOHHOM
CHEKTPOCKONUU  IOBEPXHOCTH  oOpasia
(puc. 3), mokasaiu, YTO CIIEKTpP MPEICTABISICT
co0oif CYNEPIIO3ULINIO KOMITOHEHT,
COOTBETCTBYIOILIMX NapaMarHUTHOMY OKHCILY
xKenesa cnaboii WHTEHCHUBHOCTHU u
WHTCHCUBHOW YIIMPEHHOM JIMHUU TBEPAOIO
pacTBopa  Keine3a B ANIOMMHUM B
HEU3BECTHBIX COOTHOILIEHUSX MEXIY
MeETaJUIAMH.

110~ , umMn/Kanas

15

¢

1

12—1
3
9-%

Fe, Al_,.
| I
FexOy.x

—ll,5 —Il -0:5 0 05 ; 1,5 2
V, mm/c
Puc. 3. MeccOay?poBCKHiA SIIEKTPOHHEIH CIIEKTP
o0pa3ia amomunus nmociae DMJI mopoikom xernesa,
W =03 ik, t= 2 mun/em?, lysy = 2 MM

IlockonbKy, Kak yXe€ OTMEYanaoch
paHee,  ©IMHCTBEHHBIH  MapaMarHUTHBINA
OKHMCeNl B jJaHHOM cucreme — 310 FeO,
cleoBaTeNnbHO, 00pa3yeTcs UMEHHO OH, HO C
M30BITKOM WM HEIOCTaTKOM KHCIOpOoJa.
®azoBeiii mepexox u3 FeO B Fez0Os He

IIPOUCXOUT u3-3a CBEpPXOBICTPOrO
OXJIAKICHUS, o CyTH 3aKaJIKH.
JeicTBuTensHO PEHTIE€HOCTPYKTYPHBIN

aHaJIU3 MOATBEPIWI, YTO Ipu 0OpaboTke Mo
3TOMY pEeXUMY 00pa3zyeTcsl JIaHHBIM OKCHJ
xeneza ¢ ['IK-pemerkoit tuna NaCl
(Broctut, wn K5 mo knaccudukanuu [6]) u
napametpoM a, paBHbIM 0,43111 HM, 4yTO
03HAYaeT COXpPAHEHHE CTEXHOMETPUUYECKOTO
cootHoweHus 1:1. Yro ke kacaeTcst TBEpAOTo
pacTBopa BHeApeHus Kucioponaa B a-Fe, To,
KaK M3BECTHO, COJAEpKAHHUE KHCIOpOAa B
PaBHOBECHBIX YCIIOBHUSX HE IPEBBIIIACT 10°
% ar. HMMmnynbcHOe BO3JEHCTBUE BCEraa
YBEJIMYUBAET PACTBOPUMOCTh IMPAKTUYECKU
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HepacTBOpUMBIX BemiecTB [11-13], u MoxHO
nonaratb, 4ro poct mnapamerpa OLK
peuieTku o-Fe BbI3BaH pacTBOpEHUEM B HEl
aTOMOB Kuciopoaa. OJHaKo, OJHOBPEMEHHO
C KHCIIOPOJOM pAcCTBOPAIOTCS U JIpyrue
KOMIIOHEHTBI BO3/yXa, U MO3TOMY
HEBO3MOXKHO OIICHUTh BKJIAJ KHUCJIOpOJa B
W3MEHEHHE TapaMeTpa pEUIeTKH TBEPAOro
pactBopa  BHeapeHus.  OTMeruMm,  YTO
MOMEIICHUE  JKEJIE3HBIX  IOPOIIMHOK B
CKIDKEHHBI  BO3AYX TMpU  COXpPaHEHHH
BBIIICYKA3aHHOTO pexxnuma 00paboTKu
OPUBOJUT K  YBEJIMYEHUIO  COJAEPIKAHUA
KHCJIOpOAa B OKCHJE, a Takke K (hazoBOMYy

nepexomy u3 KyOn4eckoi B
POMOO03IPHYECKYIO pelIeTKy,
IPOUCXOSIIEMY npu ~200 K [1].
[Tapamerpsr pelIeTKn COCTaBJISIOT

a =0,30210 um, o = 59°59,5/.

B cBsA3M ¢ BBICOKOM PacTBOPUMOCTBHIO
QIIOMUHUS B JKelle3e, JOXOASIIEeH naxe B
PaBHOBECHBIX yCIOBHAX 1mouTd 110 16 — 19 %,
B JAHHBIX YCIOBHUAX Harpy>XeHus
IPOMCXOJUT WHTCHCUBHBIN ITEPEHOC aTOMOB
TIOMUHUS Ha MIOBEPXHOCTh
(hopMHUpPYIOMIETOCs  JKEIE3HOTO  TOKPBITHS
naxe npu 3uepruu 0,3 JIx, BcieAcTBUE Yero
Ha TIOBEPXHOCTH  TMOSBIISICTCS  TBEPHBIH
pacTBOp aJIOMHHMA B Kele3e, O YeM
CBHUJICTEIILCTBYET IIEHTPAJbHBI MUK Ha
MecchayspoBCKOM crieKTpe (M. puc. 3).

OpHako TpU OSTOM  HSHEPruu  He
HaOJro1aeTcs o0pa3oBaHuUs
WHTEPMETAUINIHBIX (a3, OYEeBHJIHO H3-3a
HEJIOCTaTOYHOM KOHIIEHTPAallMd B TBEPIOM
pactBope. Cynas 1O pPEHTT€HOCTPYKTYPHBIM
UCCIIEIOBaHUSM, HMHTEPMETAJUINIbI
OTCYTCTBYIOT HE TOJIbKO Ha TIOBEPXHOCTH, HO
Ha cepenuHe U Y3MOHHON 30HBI U JaXe B
30HE KOHTAKTa XKeJie3a 1 aTFOMHHUS.

W3yuenune BIUSHUS SHEPTUM pa3psia Ha
¢azoBblii  cocTaB M MNPOTSHKEHHOCTH
(dopmupyroLIerocs HOKPBITUS "
G Gy3nOHHON 30HBI MTOKA3aJ10, YTO HAJIMYUE
XKEJe3HOro IOpOoIIKa B BO3AYIIHOM cpene
NPUBOIUT K OonbmieMy 3ddexTy, dYem
o0paboTKa IO TeM K€ peXUMaM IpH
WCTIOJB30BAHUU TOJBKO IKEJIE3HOTO aHoJa

(tabu. 1).
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Tabiuua 1
IMoaBrxHOCTH aTOMOB* U (pa30BbIil COCTAB HOKPHITUS U AU DY3HOHHOM 30HBI
W, Tx 0,3 0,9 3,1 6,4
X7 mim 50 75 120 150
XY 7T Mim 60 85 140 170
D™ M em/c 6,7:10° 2,3:107 6,110 9,4-10”
DY > em’/c 15107 2,7-107 8,2:10” 1,2:110°
Dasu aFe, oAl AN, o |aFe, oAl AN, e “Ab AN O g oAl AN, o
Al,0; Al,0; el CIEARL 1AL, 05, FesAl, FeAl
*[lpu  pacueme  Kodppuyuenmos Ouggysuu He  YUUMBIBANOCL — COOEPIHCaAHUE — KAHCO020 — Memaiid 8

UnmepmemaiiudecKux CO@()MH@HM}ZX, oKCUodax u Humpudax.

Takum  obpazom,
IpEICTaBICHHBIX

Kak

BBIIIC

CleyeT
pe3yJbTaToB,

n3

6. bokmreitn C.3., ['mazoypr C.C., Mopo3

JIM.,

Kumknn

C.T.

MIPUMEHEHHUE MOPOIIKOB B MPOLIECCE CO3/IaHUS
MOKPBITHIA HAa METa/UIaX U CIUIaBaX MO3BOJISIET
MpUAaBaTh MPUITOBEPXHOCTHBIM CJIOSIM HOBBIE
CBOIicTBa, 0OecIeYnBaIOIIMe HEOOXOIUMBIE
AKCIUTyaTaIMOHHBIC XapaKTEPUCTUKH.
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MORPHOLOGICAL AND X-Ray DIFFRACTION ANALYSIS OF
CH3NH;Pbl; PEROVSKITE SEMICONDUCTOR

Plesco 1.}, Ghimpu L.}, Ciobanu V., Volodina G.?, Tighineanu 1.2
'Electronics, Engineering and Nanotechnologies Institute D. Ghitu, Academy of Sciences of Moldova
“Institute of Applied Physics, Academy of Sciences of Moldova
$Academy of Sciences of Moldova

CHsNH3Pbl; perovskite semiconductor is considered very promising for use in photovoltaics. Large family of
perovskites includes insulating, antiferromagnetic, piezoelectric, thermoelectric, superconductive, conductive and
semiconductive materials. Semiconductive perovskites used in photovoltaics have important advantages such as
processability from solutions at room temperature, low price, and tunability of optical and electrical properties by
chemical methods, including color tunability. Therefore, the initial study of this material was focused on Réntgen phase
analysis. It was observed that at perovskite concentration of 40 % wt. with 1:1 rate of Pbl,:CHsNHjsl just a part of lead-
iodide has reacted and it wasn’t completely compensated. A comparison of the obtained results with literature data is
presented.

Keywords: perovskite, semiconductor, morphological analysis, diffraction analysis, photovoltaics.

Perovskit semiconductor CHsNH3Pbl; este considerat foarte promitator pentru utilizarea in fotovoltaica. Familie
mare de perovskite include materiale izolatoare, antiferomagnetice, piezoelectrice, termoelectrice, supraconductoare,
conductoare si semiconductoare. Perovskite semiconductoare utilizate in fotovoltaica au avantaje importante, cum ar fi
prelucrabilitate din solutii la temperatura camerei, pret scazut si setarea proprietatilor optice si electrice prin metode
chimice, inclusiv si setarea culorii. Prin urmare, studiul initial al acestui material a fost concentrat pe analiza fazica
Rontgen. A fost observat cd pentru concentratia masica a pervoskitului de 40 % cu proportia 1:1 de Pbl,:CH3NH;l doar
o parte din iodurd de plumb a reactionat si el nu a fost compensat in totalitate. Este prezentatd comparatia rezultatelor

obtinute cu datele din literatura.

Cuvinte-cheie: pervoskit, semiconductor, analiza morfologica, analiza difractionala, fotovoltaica.

INTRODUCTION

Each year the world population
consumes 15-20 TW of energy. According to
International Energy Agency Statistics (IEA),
oil, coal and natural gas still account for the
highest energy supply and consumption. From
1971 to 2012 energy consumption doubled.
Only a fraction (3.5%) of energy was
produced by renewable sources in 2012. The
emission of CO, produced by fuel burning has
dramatically grown since 1971 by 2.3 times
[1, 2]. These facts reveal the acuteness of
energy deficiency problem and environmental
pollution as well as the importance of
developing ecological methods for energy
supply.

Solar power is gaining mass appeal as
photovoltaic panel prices fall and efficiencies
improve. Perovskite with its extraordinary
properties provides a potential pathway to that
aim, and it has set the solar research world
ablaze.
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The best crystalline silicon solar cells,
which form most of today’s commercial
panels, have efficiencies around 25%.
Cadmium telluride and copper indium gallium
selenide thin-film solar cells are around 20%
efficient. Gallium arsenide yields thin-film
devices with efficiencies over 28%, but it is
too expensive for the market. Perovskites,
materials with the crystal structure of calcium
titanate, have only been intensely studied for
solar cells since 2012. The perovskite solar
cells power conversion efficiency has soared
from a few percent to a certified 17.9% in
only two years [5].

One of the pioneer studies on the
perovskite structure was conducted in the
1920. The crystal structure of the ideal
perovskite (the 3D perovskite crystal
structure) is cubic ABX3 consisting of corner
sharing (BXs) octahedra with the A cation
occupying 12-fold coordination site, ‘A" and
'B' are two cations of very different sizes, and
X is an anion that bonds to both.
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Fig. 1. IEA statistics of world a) energy supply; b) fuel
consumption; ¢) CO, emission from 1971 to 2012 [1]
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Fig. 2. Evolution of different solar cell technologies in time [3, 4]

The B cation is a divalent metal, which
satisfies the charge balancing. Examples for
the metal cation include: Cu®', Ni%*, Co*",
Fe2*, Mn?*, Cr?*, Pd?*, Cd?*, Ge*", Sn**, Pb**,

Moreover, the organic component can
consist of a bilayer or a monolayer of organic
cations (Fig. 3). The ammonium head (in dye
case of monoammonium) of the cation

Eu?*, or Yb?. The basic structures of
organometallic perovskite are (R-NH;j).MX,
and (NH-R-NH)MX; (X=CI’, Br’, or I).

component bonds to the halogens in one
inorganic layer, and the organic group extends
into the space between the inorganic layers.
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(R-NHYMX, @—eR-NH/

Aamx, @A eMOX

Fig. 3 a) The 3D cubic ABX; perovskite structure with
the corner-sharing octahedral and b) the 2D layered
structure of (R-NHa),Ml, perovskite [6]

The organic groups are optically inert
and function as "spacer" groups by that
allowing the ABXj lattice to be maintained.
However, they have a major influence on the
properties of the perovskite. The organic
component tunes the exciton binding energy
as it influences the dielectric constant. By
changing the halides, the optical properties of
the perovskite can be tuned, achieving
absorption at different wavelengths.

Organometallic halide perovskite has
good potential to be used as a light harvester
in the solar cell due to its direct band gap,
large absorption coefficients and high carrier
mobility [6, 7, 9].

EXPERIMENTAL SECTION

For the further study, three types of
perovskite precursors were prepared and
bladed on the glass. For their fabrication, we
chose a polar solvent Dimethylformamide
(DMF). We observed fast reaction between
dry precursors and their good solubility in
DMF. The CH3NH3Pbls perovskite precursor
solution was prepared by dissolving CH3NHgl
(Solaronix SA) and Pbl, (homemade) in the
following molar ratios: sample 1 — 1:1,

a

sample 2 — 2:1, sample 3 — 3:1. In all cases,
precursors were dissolved completely in DMF
with concentration of 40 wt%. The precursor
solution was then bladed on the cleaned glass
and heated at 50°C. The crystallization has
occurred in time of heating. A color change
from yellow to brown was observed after
crystallization.

For lead iodide preparation we
dissolved 300 g of Pb(CH3COO),-3H,0 in
600 ml H,O and added to 260 g of Kl in 600
ml of H,O. The solution was agitated and
filtered; the remaining yellow-gold precipitate
was washed with distillated water. Then the
precipitate was exsiccated and grinded. As a
result, the yellow-gold powder with plate
hexagonal particles with diameters of 5-50
KM was obtained.

Fig. 4. SEM image of Pblzpowder obtained in
laboratory

RESULTS AND DISCUSSIONS

Surface  morphology  study  was

performed by Vega TeScan Scanning
Electron Microscope (SEM). The instrument
uses an electron beam accelerated to 30 kV.
Good crystallinity of the films with crystallite
diameter in ranges of 0.5-3 pum can be seen
here.

Fig. 5. Top-view SEM images for a) sample 1; b) sample 2; c) sample 3
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In the samples 1 and 3 crystallites with
variable sizes form a uniform layer; in
contrast, in the sample 2 crystallites have the
same sizes but form columnar agglomerates
on the surface. Hence, by changing
composition or concentration of liquid
precursor the crystallite sizes and surface
morphology can be modified on purpose. For
instance, Mingzhen Liu et. al. [9] obtained
similar layers with grain sizes about 300 nm,

Cristina Roldan-Carmona et. al. [10] — about
200 nm. In these research studies specimens
were prepared with evaporation technology,
unlike our samples obtained by blading or
spin-coating methods. In addition, Bat-El
Cohen et. al. [11] obtains perovskite with
grains of micrometer ranges by dipping
method. These films attain such morphology
with sharply defined grains just after thermal
annealing [9, 10, 11].

Fig. 6. Top view SEM |mages for the a) [9] b) [10] vapor deposﬁed and ) [11] by dlpplng made perovsklte

“Its widespread demand has caused an
improvement in the crystallinity of the
material,” Snaith said. “The crystal domain
size is increasing, and their quality is getting
higher.” Larger, more uniform crystal grains
mean fewer boundaries and defects at which
electrons and holes can recombine. This
results in more charge-carriers getting out of
the device, boosting efficiency. [11] Further
steps in perovskite development will be taken
to obtain larger crystals and even
monocrystalline material.

For X-ray Diffraction Spectroscopy
(EDX) we used DRON UMI1 with Fe Ka
(A=1.939973 A) irradiation source and Mn
filter, 6/20 method. It was defined that all
investigated samples represent perovskite
CH3NH3Pbl; crystals with tetragonal cell
(a=8.85 A, c=12.60 A).

The crystallographic orientations were
defined based on the results of other
researchers. The strongest CH3NH3Pbl; peaks
are at 17.52° (110) and 35.71° (220). With

growth of organic component concentration,
peaks at 51.27° (224), 40.20° (114) and 54.69°
(314) appear, and in the last at 25.34° (200),
30.71° (202), 44.25° (024), 64.24° (404) and
75.31° (440). Nevertheless, three phases
(110), (220) and (224) predominate in
material [13].

Fig. 7. Model of the perovskite tetragonal cell, where
A=CH;3NH;", B=Pb*, X=1"[9]

41



FIZICA SI TEHNICA: Procese, modele, experimente, nr. 1, 2014

14 224

1
1
2Pb0*Phl, |'/ /

s
L N J\MMU

——sample 1
——sample 2
——sample 3

Intelnsity
| ———

2500 4 .-110

Pure Pb

220

Intensity (Counts)

310
32224 4 404 4y
N ’ \ 1}

10 20 30 40 50 60
2 Theta (Degree)

T T T T T T T T T T T T
10 20 30 40 50 60 fﬂ 80
20

T
90

Fig. 8. XRD Spectra of a) tetragonal perovskite CH;NHsPbl; samples 1, 2, 3; b) tetragonal perovskite CH;NHsPbl;
studied by Fan Zuo et.al. [13]

Besides, CH3NH3Pbl; phase samples
also contain 2PbO*Pbl, with peak at 14.36°,
its intensity is high in sample 1 and almost
disappears in sample 3.

CONCLUSIONS

Perovskite CH3NH3Pbl; studied in this
work has well defined crystallinity in
micrometer range and grain dimensions can
be further increased. The best quality
perovskite  suitable  for  photovoltaic
application needs increase of crystal domain
size and high phase purity. XRD analysis
showed improvement of phase purity and
intensification of major phases with (110),
(220) and (224) orientations, varying
proportions of organic and inorganic
components. It is proved that the obtained
material has 3D structure with tetragonal cell.
It may also be orthorhombic or cubic and
good for highly effective optoelectronic
devices.
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THE INFLUENCE OF CUTTING SPEED v, AND PROCESSED MATERIAL ON
CIRCULARITY DEVIATIONS AT CYLINDRICAL SURFACES BROACHING

Hincu C., Carausu C., Pruteanu O.
Gheorghe Asachi Technical University of lasi, Romania, Blvd. Mangeron, No. 59A, 700050,
lasi, Romania

Brosarea este unul dintre procedeele de prelucrare prin aschiere a suprafetelor interioare, profilate sau
neprofilate, care asigura o calitate a prelucrarii, din punct de vedere al preciziei dimensionale si de forma, rugozitatii
suprafetei etc., corespunzatoare operatiilor de finisare. Lucrarea prezinta influenta vitezei de aschiere asupra abaterilor
de la circularitate la brosarea suprafetelor cilindrice. In ceea ce priveste sculele, in experimentele dezvoltate in aceasta
faza a cercetarilor, au fost utilizate brose cilindrice cu partea tdietoare executatd din otel Rp3 tratat la (63+65)HRC si
corpul din otel 40Crl0 cu (35+40)HRC, avand dimensiunea diametrald pe dintii de calibrare Dc=(25,03-0,05)mm.
Pentru lucru, brosele au fost prinse cu ajutorul unui dispozitiv tip bucsa elastica. Piesele semifabricat pentru realizarea
probelor experimentale au fost executate din trei materiale curent utilizate in constructia de masini si care au fost supuse
studiului si in cadrul cercetarilor privind rectificarea suprafetelor cilindrice interioare, respectiv: OLC45; 90VMoCirl 80;
40BCrl0. In ceea ce priveste descrierea matematica a influentei vitezei de aschiere, asupra abaterilor de la circularitate
al pieselor prelucrate prin brosare, au fost stabilite functii de dependentd unidimensionala, sub forme matematice de
complexitate medie, de tip polinomial de ordinul 3, respectiv de ordinul 6 §i in cazuri izolate de ordinul 2, respectiv 4.
Abaterile de la circularitate, A, ale suprafetelor cilindrice interioare prelucrate prin brosare, in cadrul cercetarilor
experimentale, s-au Tncadrat in limitele globale (5+20)um, respectiv intre (5+14)um pentru otelul OLC45, intre (7+16)
pum pentru 40BCrl0 si intre (6+19)um pentru materialul 90VMoCrl80.

Cuvinte-cheie: brosare, viteza de aschiere, precizie dimensionala, rugozitate.

Broaching is one of the cutting processes of inner surfaces profiled or deadlock, which provides a quality of
processing, in terms of dimensional and shapes precision, surface roughness, etc., corresponding to finishing operations.
This paper presents the influence of cutting speed on deviations from circularity in Broaching cylindrical surfaces. In
terms of tools, the experiments developed in this research were used cylindrical brooches made from steel cutting Rp3
treated at (63+65)HRC and steel body from 40Crl0 with (35+40)HRC, with the diameter of teeth calibration Dc =
(25.03-0.05)mm. For work, brooches were caught with a device type collet. Blank pieces of experimental evidence for
achievement was made of three materials commonly used in machine manufacturing and were surveyed in the research
on inner cylindrical surfaces rectification, namely: OLC45; 90VMoCrl 80; 40BCrl0. In terms of mathematical
description of the influence of cutting speed, the deviations from circularity of parts processed by broaching were
established functions depending dimensional form complex mathematical average of polynomial type of order 3 and
order 6 in isolated cases of order 2 or 4 of roundness, Ac, of the inner cylindrical surfaces machined by broaching,
within experimental investigations were within its overall (5-20)um and between (5-14)um for steel OLC45, from (7-
16)um for 40BCrl0 and (6+19)um for 90VMoCrl80 material.

Keywords: broaching, cutting speed, dimensional precision, roughness.

1. INTRODUCTION

Broaching is one of the processes of
machining the inner surfaces profiled or
deadlock, which provides a quality of
processing, in terms of precision dimensional
and shape, surface roughness, etc.,
corresponding to finishing operations.

To locate the broaching applicability as
finishing process noted that processed by
broaching inner surfaces range is quite large,
[1] and can illustrate: round holes, polygonal
holes, grooves, with keyways, inner teeth,
holes profiled.
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In industrial manufacturing processes,
broaching operation is performed in one of
two technological variants: by pulling the
spindle, which is normal, and with pushing
the spindle.

Kinematics of  generating  inner
cylindrical surfaces by stitching entails a
single continuous rectilinear movement to
broach the song being immobile, [2]. This
movement is the main movement of the
cutting, whereby the machining allowance is
removed, in a single pass. In some special
broaching machines, spindle is fixed and the
main motion straight running track.
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For stitching inner cylindrical surfaces,
running, first, in part a round hole with a
diameter smaller than the final hole. By
entering the broaching in this hole, track
focuses on the leading portion and then the
spindle is driven by machine, traveling to play
until all the teeth to come in contact with the
borehole wall it off from the chips. Each tooth
of the spindle works as a planning knife. A
tooth height is larger than the previous tooth
height, height difference between two
consecutive teeth constituting maternal
thickness of each tooth removed [3].

In relation to the matters referred to
immediately above, it can say that the way to
solve them is the undoubtedly scientific
experiment, but this captures only cliches of
reality investigated process because the study
does not allow for the totality of phenomena,
all factors and legalities involved.

Experimenting requires the introduction
of simplifying assumptions, which, if not well
chosen and rigorously defined as a field of
action, can remove the researcher scientific
truth, may lead to results that do not match
with reality and not thus practical utility.

2. EXPERIMENTAL TESTS PLANNING

To establish the clear objectives of
experimental research, as well as to
parameterize the variables studied processes,
theoretical studies have proposed to conduct a
systemic analysis of processes of stitching

and inner cylindrical surface grinding
respectively, to highlight the factors involved
in generating a certain processing accuracy
and a certain surface quality, namely: inner
cylindrical surface schemes generation by
broaching and grinding  respectively;
equipment’s and tools used in each case;
auxiliary equipment’s eventually; cutting
environment and leading its way into the
cutting area; thermal phenomena and elastic
deformations of the system during the
process, etc.

Given the basic criteria that must
comply with experimental data acquisition
approach, namely: minimizing of the
experimental tests; providing the best
precision data; providing the results easy to
interpret.

It was imposed the following:
introduction some simplifying assumptions,
rigorously selected and designated as a major
action to remove the researcher not scientific
truth, not lead to results practically unusable;
research substantiation on a good knowledge
of the processes studied, their way of
progress, the factors involved, using as a
starting point and as a benchmark for
comparison to previous research or / and data
and conclusions resulting from the theoretical
studies relating to your access theme.

To analyze the cylindrical inner surface
broaching, viewed as a system transformation
process, bowed, in principle, the scheme
shown in figure 1.

Disturbance factors

External noise

Input parameters

Technological system
(Conversion system)
State parameters

Output parameters

Noise between products

—_—

The adjustment
parameters

Interior noise

Fig. 1. Scheme of technological system as a system transformation
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The scheme presented in figure 1
enables to identify of the following categories
size involved in the technology operation, in
the general case:

- Input parameters, which refers to the
features that you have thought the process
products intended for processing before
transformation;

- Condition parameters, they are
system-specific parameters that affect the
trials but cannot be changed during operation;

- Piloting  parameters  (control),
represented by the sizes that allow the
operator to control the operation of the
system;

- Parameters of disturbance (noise), ie
sizes that occur beyond the control of the
system operator (as an example: outside
temperature, vibrations from the environment,
etc.).

- Output parameters, which relate to the
results of the relative both to the performance,
quality and the phenomenon of thermal
energy, etc.

3. RESULTS AND DISCUSSIONS

The processing carried out in
experiments conducted in the inner cylindrical
surface broaching were carried out in a
horizontal broaching machine M.B.1.5-15 A
type. In terms of tools, the experiments
developed in this research were used
cylindrical brooches made from steel cutting
Rp3 treated at (63+65)HRC and steel body
40Crl0 with (35+40)HRC and the diameter of
teeth calibration Dc = (25.03-0.05)mm. For
work, brooches were caught with a device
type collet. Blank pieces of experimental were
made from three materials commonly used in
machine manufacturing and were surveyed in
the research on inner cylindrical surfaces
rectification, namely: OLC45; 90VMoCrl 80;
40BCrl0.

Chemical compositions of the three
materials, determined by spectrographic
analyser SPECTRUM as shown in table 1,
and the HB hardness values of the same
material, are given in table 2.

Table 1
Chemical composition of materials used in experiments test pieces
Material Chemical composition, [%]
Fe C Mn S P Si Cr Mo B
OLC45 97.9 0.47 0.66 0.025 0.01 0.30 0.18 0.03 -
90VMoCr180 | 78.3 0.92 0.98 0.03 0.012 0.96 17.4 1.12 -
40BCr10 96.6 0.41 0.62 0.038 0.035 0.35 1.2 - 0.003
Table 2 respectively, it was opted to take the study of:

HB mechanical characteristics of pieces material used
in experiments

Mechanical Processed material

characteristics | OLC45 | 90VMoCr180 | 40BCr10

HB 207 265 217

Processed sample pieces of stitching
experiments were bushing type the following
dimensions: outer diameter-52mm; inner
diameter-25mm; sleeve length-24.5mm.

The inner cylindrical surface of the
work piece has been machined parts before
broaching, drilling and turning through the
inner diametrical share 24 + 0.210.

As objective functions represented
performance parameters of the process of
stitching the inner cylindrical surfaces, of
quantities describing the processing accuracy
of such surfaces and surface quality obtained
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circularity deviation of the circular cylindrical
inner surface paperbacks; the inner cylindrical
surfaces roughness processed by roughness
parameter Ra; hardness in the surface layer of
the inner cylindrical surfaces machined by
broaching. Please note that the results
measured in experimental research developed
for the inner cylindrical surface finishing by
broaching, were statistically processed in the
computer system, using for this purpose the
DataFit 6.1 software running under Microsoft
Windows operating environment and provides
a number of facilities. For further processing,
the Microsoft Excel was used.

The experimental data results as the
average of the values of the deviations from
circularity Ac, to the data points considered
are presented in table 3.
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The experimental data obtained by measuring the deviations from circularity, Ac

Table 3

Experiment number va [M/min] A [mm]

OLC45 90VMoCr180 40BCr10
1 2 0.008 0.009 0.006
2 2.5 0.008 0.009 0.008
3 3 0.006 0.007 0.010
4 3.5 0.005 0.009 0.015
5 4 0.008 0.013 0.016
6 45 0.011 0.015 0.019
7 5 0.014 0.016 0.019

Mathematical forms of regression obtained from experimental measurements

functions obtained with DataFit program and
chosen as the best models dependence
parameter values needle stitching cutting
speed at will, for strings corresponding data

carried out for the three materials studied,
together with the values of the coefficients of
the multiple regression R? are presented in
table 4.

Mathematical forms of A.=A.(v.) dependency

Table 4

Material Regression function R’
OLC45 A=2.22x10" x v,°-4.76x10°xv,”-6.36x10°xv,+1.96x10 0.9286
90VMoCr180 A=-1.11x10" x v, >+1.3x10%xv,>-4.57x10xv,+5.77x107 0.9402
40BCr10 A=-8.88x10" x v,°+8.71x10°xV,"-2.19x10°xv,+2.22x10" 0.9854
The DataFit program allowed and of mathematical models presented in table 4

plotting the data points and curve fitting
response for each model Ac=A (Va). By
exporting the results to Microsoft Excel of
data processing with DataFit program was
possible to trace in the same graph, the curves

0,02
0,018 -

0,016 |

0,014 } =

0,012 | i
001
0,008 4

0,006 =

[

0,004 —

Ac [mm]

2 2,5 3 3,5

va [m/min]
Fig. 2. The models curves Ac=Ac(Va) for the three studied steels

The results presented, allowed the
following observations and conclusions on the
influence of the working speed and processed
material on the deviations from circularity for
cylindrical inner surface broaching:

-for OLC45 steel were obtained
minimum values of the deviations from
circularity, by placing the working conditions
within the range of Va = (3-3.5)m/min;

for comparison.

The points plotted on the curves from
figure 2 illustrate the corresponding responses
of the models on the experimental points.

—e—OLC45
—=—40BCr10
—a— 90VMoCr180

-for 40BCrl0O steel, resulting minimum
values of the deviations from circularity, for
value of work speed Va=(2.5+3)m/min;

-for 90VMoCrl80 steel on the study of
cutting speed values, resulted in a continued
increase in deviations from circularity values.

The above conclusions can be explained
by considering the fact that the processing of
steels with higher mechanical properties, i.e.
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cutting forces and dynamic loading are higher
broaching machine, which leads to increased
vibration size, especially with increasing
speed work.

For 40BCrl0 alloy steel with
mechanical properties only slightly higher
than steel OLC45 have resulted in the lowest
values of the deviations from circularity, thus
highlighted good machinability of the
material under the circumstances.

Significantly higher values obtained for
deviations from circularity, if 90VMoCrl80
steel shows a smaller machinability of the
material in  the working conditions
experienced in view here and qualities of the
cutting tool or the spindle used.

CONCLUSIONS

The research was conducted as a pilot
program based on the systemic analysis of the
process of stitching the inner cylindrical
surfaces that allowed highlighting the factors
involved in the process and the selection of
independent influence factors, which were
subjected to research.

The aim was thus to determine the
influence of experimental work speed and
processed material on some objective
functions represented by a series of
performance parameters of the process of
stitching the inner cylindrical surfaces, which
describe the processing accuracy and surface
quality obtained that were investigated
influences on deviations from circularity of
the inner cylindrical surfaces processed.

The program of experimental research
has been carried out and then processed by
stitching, three pieces of material evidence
(OLC45, 40BCrl0 and 90VMoCrl80)
equipment, devices and tools used for this
purpose are chosen and carefully prepared to
ensure clear results.

Also, the measurements of performance
parameters studied were achieved by applying
the appropriate methods and using modern
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devices, thus ensuring the quality of data
collected.

It must be remembered here that the
experimental data was performed under
computer using programs (Microsoft Excel,
DataFit) and special tools developed by the
author for this purpose (spreadsheet in
Microsoft Excel)

In terms of mathematical description of
the influence of cutting speed, the deviations
from circularity of parts processed by
broaching  were established functions
depending  dimensional form  complex
mathematical average of polynomial type of
order 3 and order 6 in isolated cases of order
2 and 4.

The circularity deviations, Ac, of the
inner cylindrical surfaces manufactured by
broaching, within experimental investigations
were within its overall (5-20) pum and between
(5-14)um for steel OLC45, between (7-16)
pm for 40BCrl0 and (6+-19)um for
90VMoCrl80 material.

The results of the research showed that
with  the increasing of  mechanical
characteristics of steel processed due to
increased dynamic load broaching machine,
effort and vibration in the system, resulting
largely with increasing cutting speed value,
the minimum point in the evolution of
deviations from circularity moves to the lower
values corresponding to the working speed.
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CZU XXX XXX

EXIGENTE PRIVIND PREZENTAREA LUCRARILOR STIINTIFICE PENTRU
REVISTA ,,FIZICA SI TEHNICA: PROCESE, MODELE, EXPERIMENTE”

Nume_autor P.**, Nume_autor P.2, Nume_autor P."
'Adresa completa a instritutiei primului autor
?Adresa completd a instritutiei autorului doi
"Adresa completa a instritutiei urmatorului autor
“e-mail: adresa e-mail a autorului pentru corespondenta

Abstract: (max 10 lines) The sleep of reason produces monsters, the sleep of reason produces monsters, the
sleep of reason produces monsters, the sleep of reason produces monsters, the sleep of reason produces monsters, the
sleep of reason produces monsters, the sleep of reason produces monsters, the sleep of reason produces monsters, the
sleep of reason produces monsters, the sleep of reason produces monsters, the sleep of reason produces monsters,
Francisco José de Goya y Lucientes.

Keywords: (please, list 5-6 keywords).

Rezumat: (maximum 10 rinduri) Somnul ratiunii naste monstri, somnul ratiunii naste monstri, somnul ratiunii
naste monstri, somnul ratiunii naste monstri, somnul ratiunii naste monstri, somnul ratiunii naste monstri, somnul
ratiunii naste monstri, somnul ratiunii naste monstri, somnul ratiunii naste monstri, somnul ratiunii naste monstri,
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monstri, Francisco José de Goya y Lucientes.
Cuvinte-cheie: (introduceti 5-6 cuvinte-cheie).

I. DESTINATIA REVISTEI

Materialele prezentate in revistd vor
reflecta realizarile obtinute in ultimii ani in
cadrul catedrelor, laboratoarelor de cercetari
stiintifice ale USARB, institutiillor de
invatamint si de cercetare din Republica
Moldova si de peste hotarele ei.

In revisti se publica articole stiintifice ce
tin de urmatoarele domenii de cercetare:

- propagarea undelor de radio in diverse medii;

- elaborarea dispozitivelor electronice
analogico-numerice;
- elaborarea laserilor si aplicarea lor in

tehnologiile de prelucrare a materialelor;

- studierea infleuntei factorilor exteriori asupra
proprietatilor fizice ale substantei;

- tehnologii clasice si neconventionale de
prelucrare a materialelor.

II. CERINTE FATA DE ARTICOLELE
PREZENTATE

2.1. Dispozitii generale

Nu se vor admite pentru publicare
materiale care au fost publicate in alte edifii.
Articolele vor fi 1insotite de extrasul din
procesul verbal al sedintei de catedra, al

laboratorului sau seminarului stiintific la care
au fost discutate si propuse pentru publicare.
Lucrarile primite la redactie vor fi recenzate de
specialisti calificati in domeniul respectiv,
numiti de colegiul de redactie.

2.2. Structura lucrarilor si regulile de
prezentare

O persoana poate fi autor sau/si coautor
la maximum doud articole. Volumul unui
articol nu va depasi, ca reguld, 7 pagini.

Fiecare articol va cuprinde:

eCZU:;

etitlul in limbile originalului, roména si
engleza;

edate despre autor/autori in limba
romana si engleza;

erezumatul in  limbile originalului,

romana si engleza;
e cuvinte-cheie;
earticolul propriu-zis;
e bibliografie.

2.3. intrebuintarea suportului electronic
Materialele vor fi redactate n
Microsoft Word, fontul Times New Roman si

vor fi prezentate pe foi in formatul A4
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(297X210 mm). Parametrii paginii: 25 - stinga
(Left), 20 - sus (Top), 20 - jos (Bottom), 15 -
dreapta (Right), 12,5 - antet (Header), 0 -
subantet (Footer), 2 coloane. Dimensiunile
fontului de imprimare - 12 points. Aliniatele —
1 cm. Spatiul dintre liniile (Line Spacing)
aceluiasi paragraf, inclusiv titlul lucrarii si
informatiile despre autori - un interval. Se va
accepta cu trecerea cuvintelor dintr-un rind in

e vy

fi completa.
2.4. Structura articolului

CZU se va situa 1n partea stinga a paginii.

Titlul se va da complet, maximum 3
rinduri, pe toata lagimea paginii (12 points,
BOLD, CENTER, ALL CAPS).

Informatiile despre autori se vor da cu
aldine, in limba in care este scrisa lucrarea, in
urmatoarca  consecutivitate:  Numele i
Prenumele autorului, afilierea. Daca coautorii
lucrdrii  sint angajatii  aceleiasi institutii,
denumirea ei se va da o singurd data. Pentru
corespondenta se indica e-mail-ul unuia din
autori, Tnsemnat cu asterix.

Rezumatul va cuprinde descrierea
succintd a obiectului, metodelor si rezultatelor
cercetdrii in limbile roména si engleza si nu va
depasi 10 rinduri. Marimea caracterilor — 10
points. Cuvintul ,,Rezumat” nu se va indica.

Cuvintele-cheie vor fi indicate dupa
rezumatul articolului Tn limbile originalului,
romana si engleza.

Introducerea va reflecta stadiul actual al
cercetarilor in domeniu. in caz de necesitate, va
cuprinde o scurtd analizd istorica. Introducerea
se va incheia cu expunerea scopului lucrarii.

Continutul lucrarii va include expunerea
metodicii  cercetdrii  (experimentald  sau
teoreticd), obiectul cercetdrii, echipamentul,
metodele de masurare si de observare, precizia
si erorile metodicii experimentului. Se vor
indica rezultatele obtinute si analiza lor. Nu se
va admite repetarea datelor in tabele, desene si
texte.

Tn concluzii se va expune succint esenta
cercetarii efectuate, relievindu-se importanta si
gradul de noutate a rezultatelor obtinute.

Titlul fiecarui paragraf se va evidentia cu
aldine. Titlurile de capitol vor fi separate de
textul curent printr-un spatiu.
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In fata textului fiecare titlu de subcapitol
cu doi indici se lasd un spatiu liber de un rind.
Aliniatele se vor marca prin introducerea unui
»<Tab>”. Pentru scoaterea in relief a unor
concepte se vor folosi aldinele (fara
subliniere).

Tabele se vor numerota cu cifre arabe in
partea stingd (de ex.: ,,Tabelul 1), dupa care,
in acelasi rind, va urma denumirea si tabelul
propriu-zis. Tabelele vor fi separate de textul
curent printr-un spatiu. Toate liniile ce
formeaza coroiajul tabelului vor avea aceeasi
grosime (1 points). In tabela textuala cifrele se
vor scrie cu fontul 10 points, normal. Daca
textul va contine un singur tabel, acesta nu se
va numerota.

Hlustratiile (figurile, schemele,
diagramele, fotografiile etc.) se vor prezinta in
alb-negru, inserate in textul de baza sau pe foi
aparte. Toate figurile se vor numerota cu cifre
arabe (in ordinea aparitiei lor in lucrare), dupa
care se va da legenda lor. Toate semnele sau
marcirile ilustrate se vor defini in legenda. In
cazul marimilor fizice, se vor indica unitatile
de masurd. Daca lucrarea va contine o singura
figurd, ea nu se va numerota. Figurile vor fi
separate de textul curent printr-un spatiu.
Fotografiile introduse Tn text se vor scana cu o
rezolutie de minim 300 dpi (preferabil 600 dpi)
si se vor prelucra pentru un contrast bun.

Nu se admite lipirea fotografiilor sau
desenelor pe foi separate. Adnotarile de pe
figuri se vor face in cifre sau litere cu Indl{imea
caracterelor echivalentd fontului 10 points.
Legenda se va culege cu 10 points.

Formule matematice. Toate formulele
matematice se vor scrie, TN MOD
OBLIGATORIU, cu editorul de ecuatii din
procesorul de texte Microsoft Word for
Windows 95/, 97/, 98/, 2000, (Version
6.0/,Version 7.0, 2000) italice, centrat, prin
culegerea fiecareia din rind nou. Exigentele
corespunzdtoare vor urma imediat dupa
formula si se vor introduce prin ,unde”,
respectindu-se ordinea semnelor din ecuatie sau
relatie. Daca textul va confine mai multe
ecuatii sau relatii, acestea se vor numerota cu
cifre arabe la sfirfitul rindului, in partea dreapta
a coloanei. Dupa descifrarea simbolului-litera,
se va pune virgula, apoi se va indica unitatea de
masura.
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Unitatile de masura ale marimilor fizice
se vor prezenta in sistemul international de
unitati (SI).

Bibliografia Termenul ,,Bibliografie” va
fi separat de textul curent prin spatiu. In text,
referintele se vor insera prin cifre Incadrate
intre crosete, de exemplu: [2], [5-7], si se vor
prezenta la sfirsitul articolului 1intr-o lista
aparte, in ordinea aparitiei lor in text, n
conformitate cu cerintele CNAA al Republicii
Moldova. Referintele bibliografice se vor da in
limba originalului. Nu se vor accepta referinte
la surse nepublicate.

ITII. OBSERVATII FINALE

Informatia despre autori si rezumatele in
alte limbi decit originalul se vor plasa dupa

bibliografie. Conginutul rezumatului expus in
trei limbi va fi identic.

Materialul cules se va prezenta in format
electronic prin e-mail la adresa secretarului
stiintific (alexandr.ozhegov@yahoo.com) sau
la adresa redactorului-sef al  revistei
(pavel.topala@gmail.com), precum si Tntr-un
exemplar printat (cu contrastul bun) semnat de
toti autorii (dupa bibliografie).

Pentru relatii suplimentare se va indica
adresa, numarul de telefon si e-mail-ul unuia
dintre autori.

Articolele care nu vor corespunde
cerintelor expuse, normelor limbii si stilului
vor fi respinse.

Materialele prezentate la redactie nu se
vor restitui autorului.

Prezentat la redactie la DD MMMM YYYY
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sleep of reason produces monsters, the sleep of reason produces monsters, the sleep of reason produces monsters,
Francisco José de Goya y Lucientes.

Keywords: (please, list 5-6 keywords).

Rezumat: (maximum 10 rinduri) Somnul ratiunii naste monstri, somnul ratiunii naste monstri, somnul ratiunii
naste monstri, somnul ratiunii naste monstri, somnul ratiunii naste monstri, somnul ratiunii naste monstri, somnul
ratiunii naste monstri, somnul ratiunii naste monstri, somnul ratiunii naste monstri, somnul ratiunii naste monstri,
somnul ratiunii naste monstri, somnul ratiunii nagte monstri, somnul ratiunii naste monstri, somnul ratiunii naste

monstri, Francisco José de Goya y Lucientes.
Cuvinte-cheie: (introduceti 5-6 cuvinte-cheie).

I. THE JOURNAL SCOPE

The submitted materials should reflect
recent achievements of the Alecu Russo Balti
Sate University departments and research
laboratories and of educational and research
institutions from the Republic of Moldova and
abroad.

The journal publishes scientific articles
related to the following research areas:

- radio wave propagation in various media;

- development of numerically-analogical
electronic devices;

- development of lasers and their application in
material processing technologies;

- the study of external factor influence on the
physical properties of the substance;

- classical and non-conventional technologies
of material processing.

I1. REQUIREMENTS FOR ARTICLE
SUBMISSION

2.1. General arrangements
Papers that have been published in other
editions are not accepted. Articles should be

accompanied by an extract from the minutes of
the Chair/Laboratory/Scientific Seminar sitting
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where the papers had been discussed and
recommended for publication. The submitted
papers should be subject to the review of
qualified specialists in the field, appointed by
the editorial board.

2.2. Paper format and rules for submission

A person may be the author and / or
coauthor of at most two articles. The volume of
an article should not exceed, as a rule, 7 pages.
Each article should include:

+ UDC,;

« the title in original language, Romanian and
English;

 information about the author/authors in
original language, Romanian and English;

« the abstract in Romanian and English;

the keywords in Romanian and English;

the article itself;

the bibliography.

2.3. Use of electronic support

Materials should be edited in Microsoft
Word, Times New Roman font and page size
should be A4 (297X210 mm). Page
parameters: 25 - Left, 20 - Top, 20 - Bottom,
15 - Right, 12.5 - Header, 0 - Footer, 2
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columns. Font size Print - 12 points.
Paragraphs - 1 cm. Line Spacing within the
same paragraph including the title and
information about the author — one interval.
Transference of words from one line to another
is accepted. It is desirable that the last page
should be complete.

2.4. Structure of the article

UDC should be placed on the left side of
the page.

The title should be complete, up to 3
lines, on the full width of the page (12 points,
BOLD, CENTER, ALL CAPS).

The information about the authors should
be given in bold in the language of the written
paper in the following sequence: author’s
surname and first name (full), affiliation. If the
co-authors are employees at the same
institution, its name should be given only once.

The abstract should include a brief
description of the subject matter, methods and
research findings and should not exceed 10
lines. Font size - 10 points. The word
"Abstract™ should not be typed.

The keywords will be listed after the
abstract in original language, Romanian and
English.

The introduction should reflect the
current state of research in the field. If need be,
it will include a brief historical analysis. The
introduction should end with an account of the
paper aims.

The main text should include an account
of the research methodology (experimental or
theoretical), subject of research, equipment,
measurement and observation methods, the
precision and errors of the experiment
methodology. It should include the results and
their analysis. It is not allowed to repeat data in
tables, drawings and texts.

The conclusion should briefly expound
on the essence of conducted research
highlighting the importance and degree of the
novelty of results.

The title of each paragraph should be in
bold. A space should be left between chapter
titles and the text.

One line space is left before the text of
each two index sub-chapter title. Paragraphs
should be marked by the introduction of a

"<Tab>". Bold type (no underlying) should be
used to emphasize certain concepts.

The tables should be numbered with
Arabic numerals on the left (e.g.: "Table 1");
this should be followed in the same line by the
title and the table itself. The tables should be
separated from the current text by one space.
All the lines that form the table welding should
have the same thickness (1 point). The font of
the figures in the text of the table should be
normal, 10 points. If the text contains a single
table, it should not be numbered.

The illustrations  (figures, charts,
diagrams, photos, etc...) should be black and
white, inserted in the main text or on separate
sheets. All figures should be numbered with
Arabic numerals (in order of their appearance
in the paper) after which they should be
explained. All signs and markings should be
defined in the explanatory text. If there are
physical dimensions, the measurement units
should be indicated. In case the work contains
only one figure it should not be numbered. The
figures should be separated from the current
text by a space. The photographs included in
the text should be scanned at a minimum of
300 dpi (preferably 600 dpi) resolution and
should be processed for a good contrast.

It is not allowed to stick photos or
drawings on separate sheets. The notes on
figures should be in numbers or letters with
similar 10 point font characters. The
explanatory text should be typed with the same
character size - 10 points.

Mathematical formulas. It is obligatory
to write all mathematical formulas using the
equation editor of Microsoft Word processor
for Windows 95/97/98/2000, (Version 6.0 /,
Version 7.0, 2000) in italics, centered, each one
should be typed beginning with a new line. The
corresponding requirements should
immediately follow the formula beginning
with “where” and observing the order of signs
in the equation or relation. If the text contains
more equations or relations, they should be
numbered with Arabic numerals at the end of
the line on the right side of the column. A
comma should be used after the letter - symbol
is deciphered; the measurement unit should be
indicated.
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The measurement units of physical
dimensions should be presented through the
International System of Units (SI).

The bibliography. The term
"Bibliography" should be separated from the
text by space. In the text, the references should
be inserted by numbers enclosed in square
brackets, e.g. [2], [5-7], and should come at the
end of the article in a separate list in order of
their appearance in the text, in concordance
with requirements submitted by NCAA of the
Republic of Moldova. The references should be
given in the source language. References to
unpublished sources are not allowed.

I11. CONCLUDING REMARKS

The information about authors and the
abstracts in languages other than the source one

should be placed after the bibliography. The
content of the abstract presented in three
languages should be identical.

The typed material should be presented
both in electronic format send by e-mail (on the
scientific secretary address
alexandr.ozhegov@yahoo.com or on the
responsible editor’s address
pavel.topala@gmail.com) and in a printed copy
(with good contrast) signed by all authors (after
the Bibliography).

One of the authors’ address, telephone
number and E-mail should be indicated for
additional information.

The articles that do not meet the
described requirements, the norms of language
and style will be rejected.

The materials submitted to the editorial
board will not be returned to the author.
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