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Electrical properties arrays of intersecting of nanowires obtained in the 
pores of track membranes 
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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• The PET track membrane (TM) used for 
the growth of nanowires was 
characterized. 

• A model for calculating the number of 
intersections of nanowires was 
proposed. 

• Resistance of an array of Fe0.2Ni0.8 
nanowires was measured. 

• The correlation between the l and the 
Ncros. res. with 1/Raverage was established.  
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A B S T R A C T   

In the following work by means of matrix synthesis the nanowire arrays of Fe–Ni alloy with elemental compo-
sition close to permalloy (Fe0⋅20Ni0.80) were obtained. In capacity of matrix the polyethylene terephthalate (PET) 
track membranes with angular distribution of pores within the range of ±30◦ and the diameter of pores in 100 
nm were used. As a result, via electrochemical deposition method the metal-polymer composite in the form of 
nanowire arrays in the polymeric matrix were obtained. The distribution of pores over the surface of track 
membranes and the average amount of nanowire intersections under a variety of lengths of the grown nanowires 
were calculated. The resistivity of metal-polymer composite arrays, formed with nanowires of varying length, 
was measured. The growth boundary conditions and the lengths of nanowire arrays that are essential for 
obtaining of conducting metal-polymer composite were determined.   

1. Introduction 

Synthesis of nanostructured materials is one of the most upcoming 
areas of science nowadays. Such an interest is caused by the enormous 
potential of possible applications in various directions of science and 

technology. Metal and semiconductor nanowires/nanorods [1–7] or 
sandwich-structured with different metal nanoobject, like nanocubes 
[8–10], can be such promising nanostructured materials. In the case of 
nanowires and nanorods, their structural features and properties ones 
depend on the features of the matrix in whose pores growth is carried 
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out. In this regard, investigations of the structural features and proper-
ties of nanowires of various types, as well as methods for their prepa-
ration, are of considerable interest. There is a number of methods for 
obtaining of nanowires, such as thermal or laser deposition [11,12], 
which are well suitable for the obtaining of semiconductor nano-
structures, and classical methods such as vapor-liquid-solid obtaining 
[13,14]. Also, a widespread method of obtaining nanostructured mate-
rials from metals and alloys is matrix synthesis [15]. The main idea of it 
is to fill a previously prepared matrix with the required substance. 
Porous oxide of aluminum (POA) [16,17] and track polymer membranes 
(TM) [18–20] are the most often to be used as a matrix for synthesis of 
nanowires with a large aspect ratio. POA matrices are distinguished by a 
high density of pores with a regular geometric arrangement; however, it 
is difficult to simultaneously change both the density of pores and their 
diameter. Also, in POA matrices, there is a certain scatter in the shape of 
pores, several percent of which are not strictly cylindrical and vertical 
[21]. Polymer TM are characterized by a chaotic arrangement of pores 
with the possibility of overlapping one another, however, they differ in 
flexibility and the ability to purposefully change the shape and diameter 
of the pores, while the difference in the shape of the pores from each 
other. In addition, in TM it is possible to vary the density of pores over a 
wide range, regardless of their diameter and location. A significant 
difference of TM is the possibility of changing the angle of inclination of 
the pores to the normal of the polymer film, as well as increasing their 
density while maintaining the diameter along the entire length. 

It is possible to obtain nanostructures of pure metals [22,23] and 
complex compositions, such as alloys or layered nanowires [24,25] by 
the matrix synthesis. Thus, nanowires made of Fe–Co, Fe–Ni alloys have 
magnetic properties depending on the configuration of the received 
nanowires. These materials are promising for materials for medicine and 
can also find their application as components of sources and receivers of 
electromagnetic waves, memristors, elements of flexible microelec-
tronics and others [20,26–30]. In a number of papers, comparison of 
nanowires from these alloys was made. Thus, in Refs. [27–30] the 
magnetic properties of nanowires made of alloys obtained by using a 
POA matrix were investigated and the dependence of the properties on 
the ratio of elements in the nanostructures, their ordering, and the effect 
of heat treatment on the structure was shown. The magnetic properties 
of nanowires depended on the lengths of the synthesized nanostructures. 

However, in described works, due to the limitations introduced by 
the matrix material, it is impossible to properly assess the effect of the 
degree of pore filling on the physical properties of the obtained arrays of 
nanowires. It is possible to determine this dependence when using TM as 
a matrix. Thus, in Refs. [20,31,32], arrays of Fe–Co and Fe–Ni nanowires 
synthesized in the pores of a polyethylene terephthalate (PET) matrix 
were studied. Regularities of synthesis were determined for a 
two-electrode deposition scheme, and the effect of the pore diameter on 
the orientation of the magnetization vector of nanostructures array and 
its magnetic properties were shown. However, the use of arrays of 
nanowires as components of flexible electronics and arrays of sensors or 
nanoscale circuits [23] requires detailed investigation of the electrical 
properties of these arrays of nanowires, including the dependence of 
their electrical properties on the length of nanowires and on the struc-
ture of the entire array of nanowires. Thus, the aim of this work was to 
study the electrical properties of arrays of Fe–Ni alloy nanowires of 
various lengths in pores with a diameter of 100 nm in a PET matrix, as 
well as to assess the possibility of controlling the electrical properties of 
the obtained arrays by changing the nanowire lengths and the config-
uration of the entire array. 

2. Experimental 

The arrays of Fe–Ni nanowires of various lengths obtained by elec-
trochemical deposition into the pores of track etched membranes made 
of PET were studied. The pores in the matrix were through and had a 
cylindrical shape. The industrial track membranes manufactured by 

JINR (Dubna, Russia) were used, the parameters of the membranes were 
as follows: pore diameter (d) – 100 nm; film thickness (h) – 12 μm; pore 
density (N) – 1.2‧109 pores/cm2; angular distribution of pores ±30◦

along the course of rolling the film (vertically) during irradiation with 
ions and ±0.5◦ perpendicular to the course of rolling the film (hori-
zontally) along the course of the scanning ion beam. The process of 
obtaining of track etched membranes is described in details in Refs. [33, 
34]. 

The preparation of the matrix for the deposition of metal into the 
pores was made in several stages, shown in Fig. 1. The filling of the pores 
of the matrix and the production of nanowires were carried out ac-
cording to the method described in Ref. [35]. The electrodeposition 
process was carried out in a special galvanic cell. The area of the TM 
involved in the deposition process was ~1.8 cm2. The area of the 
working electrode was 0.17 cm2 and approximately corresponded to the 
surface area of the pores of the matrix. A potentiostat/galvanostat “Elins 
P-2X′′ was used as a current source. The process was carried out in the 
potentiostatic mode. The deposition potential was 1.5 V. An iron anode 
was used for the Fe ions compensation. In Ref. [34], the authors showed 
that the above-described deposition mode makes it possible to obtain 
nanowires consisting of an Fe–Ni solid solution based on a Ni lattice with 
an element ratio of ≈Fe24–Ni76. Arrays of nanowires of different lengths 
were obtained by changing the time of the electrodeposition process, 
according to the previously obtained dependence of the average length 
of nanowires on time, for pores with diameters of 100 nm [36]: 

l= 4⋅10− 9⋅t3 + 3⋅10− 5⋅t2 + 0.0128⋅t (1)  

where t – time of electrodeposition, s; l – average nanowire length, μm. 
A JSM 6000 PLUS (Jeol, Japan) scanning electron microscope (SEM) 

was used to control the average length of the deposit arrays of nanowires 
and to determine the distribution of pores over the surface of TM. The 
study was carried out in the secondary electron detecting mode at an 
accelerating voltage of 15 kV. 

The electrical characteristics of the nanowire arrays were measured 
using a resistivity control unit Cresbox (Napson, Japan) using the stan-
dard four-probe DC method [37]. The measuring probes were made of 
tungsten carbide, the distance between adjacent probes was 1 mm, the 
radius of the tip rounding was ~150 μm, the load on the measuring 
needle was 50 g. When measuring the electrical characteristics, the 
contact of each probe with the sample surface was carried out over an 
area of ≈0.7‧10− 5 cm2. Thus, each probe was in contact not with a single 
nanowire, but with an array consisting, on average, of 8500 nanowires. 
The determination of the resulting resistance of the samples under study 
was carried out at 250 points, evenly distributed over the surface of each 
sample, in order to obtain averaged values of the resistances of the entire 
array of nanowires, as well as to level the contribution of the disordered 
arrangement of pores. 

3. Results and discussion 

3.1. Matrix characterization 

Analysis of the pore distribution over the surface of the PET matrix 
was carried out to characterize the TM which was used in the work. For 
this sake, a series of SEM images were made in different parts of the 
surface of the PET matrix (Fig. 2). The analysis of the pore distribution 
over the surface was carried out using the single bond method (“nearest 
neighbor” method) [38–40]. So, the average distance from the center of 
the pore to the center of the nearest pore was determined by the formula: 

rA=
∑

ri

/
n (2)  

where ri– distance from the center of a pore to the center of the nearest 
pore; n – number of pores in the analyzed area. 

For the next step, the average value of rA was determined over a 
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series of images. To determine the type of pore distribution over the 
surface of the TM used, the resulting average value, rA = 0.173 μm, was 
compared with the average distance to the nearest neighbor character-
istic of a random (Poisson) distribution, rE = 0.144 μm. It was deter-
mined by the formula: 

rE = 1
/

2
̅̅̅̅
N

√
(3)  

where N – pores density per unit surface (cm2). 
The distribution type was estimated using the Clarke-Evans coeffi-

cient (R) [39], according to the formula: 

R= rA/rE (4) 

In our case, R = 1.197, which suggests that the pore distribution on 
the PET matrix has a deviation from the random (Poisson) distribution, 
with the presence of group distribution elements. This is clearly seen in 
the SEM images of the surface of the PET matrix shown in Fig. 2, where 
there are regions of local pore accumulations. It is also worth noting 
some uneven distribution of pores over the matrix, characterized by a 

change in the average distance from the center of the pore to the center 
of the nearest pore for different regions. This unevenness, most likely, is 
associated with the peculiarities of the process of obtaining the matrix. 

In case of the group type of pore distribution over the surface of the 
PET matrix, it is necessary to take into account the probability of pore 
overlap. Overlaps, or partial overlaps, can make a significant contribu-
tion to the overall conductivity of the metal-polymer composite, because 
they are natural areas of formation of an electrical circuit. To take into 
account partial overlaps of nanowires and estimate their number, it is 
necessary to enter a condition for accounting for intersections. It is 
necessary because with a change in the geometric dimensions of nano-
structures, a change in the properties of structures is possible, in 
particular, due to the quantum size effect, which is clearly demonstrated 
for nanowires made of Bi [41] and Ti [42]. It is worth noting that, 
although in Refs. [41,42] a change in the properties with a decrease in 
the nanowires diameter is observed, the nanowires themselves are ob-
tained from a semimetal (Bi) and a superconductor (Ti). In the case of 
typical metals, which include Fe and Ni, significant changes in electrical 
characteristics due to the quantum size effect should manifest 

Fig. 1. Stages of the filling of the pores of the matrix and the production of nanowires Fe–Ni in the pores of a PET matrix.  

Fig. 2. SEM images of areas on the surface of the PET matrix used to calculate the distribution of pores over the surface.  
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themselves only at sizes on the order of interatomic distances. But, it is 
known that the properties of structures based on FeNi still depend on the 
sizes larger than interatomic [43,44]. This necessitates the introduction 
of the conditions for their intersections: since typical metals, as 
mentioned above, have a pronounced quantum size effect at extremely 
small sizes, the sizes of the intersection region of two nanowires can be 
much smaller than the sizes that show a sharp change in properties in 
Refs. [41,42]. In this case, it is not worth taking into account the cases 
when the nanowires are only slightly superimposed on each other, 
because of the possible manifestations of size effects when the sizes of 
the nanostructured regions formed are too small. In this regard, those 
pores in which at least 10% of their unit volume overlap will be 
considered as partially superimposed pores. So, it is necessary to enter 
the definition of a unit volume (Vind.): 

Vind. = π ⋅ (d/2)2⋅d (5)  

where d – pore diameter. 
After determining the unit volume, it is necessary to determine the 

projection of the area of this intersection onto the matrix surface. So, 
when two pores intersect, the area of their intersection has the shape of 
an irregular cone, having at the base, in the limiting case, two equal 
segments. In the case of intersection of pores in the volume, with an 
angular distribution of pores in the range of ±30◦ relative to the surface, 
it can be determined, based on simple geometric calculations, that at 
least 30% of the pore projection areas are superimposed on the surface 
(the limiting case when two pores are intersected at angles of 30◦ and 
− 30◦). Now, using the projection of the condition for taking into account 
the intersections on the matrix surface, it can be determined that 
superimposed pores will be considered as those pores whose areas of exit 
to the surface are located within the Sprob – the maximum area that 
satisfies the condition of the limiting partial overlap of pores: 

Sprob = π⋅(1.5⋅d − 2⋅b)2 (6)  

where b – difference between d/2 and the altitude of the triangle (k) at 
the sector formed by the intersection of pores: 

k = (d⋅sin α)/4⋅sin(α/2) (7)  

where α – angle of a circular arc formed by the intersection of an adja-
cent pore. 

3.2. Determination of pore crossing probability 

Next, it is necessary to determine the probability of pore overlap on 
the matrix surface using the obtained SEM images. Based on the ob-
tained SEM images (Fig. 2) of the regions of the PET matrix, the distance 
to 4 nearest neighbors for each pore is determined. Then the calculation 
of the number of pores located within circles of radius rA, where the 
center of each circle is the center of each pore participating in the 
calculation, is carried out. Knowing the number of pores in the image, as 
well as the distance between the center of each pore and the 4 nearest 
neighbors, it is possible to calculate the probability of the location of 
several pores in a circle with radius rA: 

Pi =Ni/Ncom (8)  

where Pi – the probability of finding the i-th number of pores at a dis-
tance rA from the center of each pore, Ncom– total number of pores on the 
figure, Ni – the number of pores on the figure, at a distance rA from 
which there is the i-th number of pores; i – the number of pores located at 
a distance rA from the center of each pore. Table 1 shows the average 
values of the probabilities of finding the i-th number of pores in a circle 
of radius rA. 

Next, it is necessary to calculate the probability of overlap, including 
partial overlap, according to the previously set condition, on top of each 
other in the images. To do this, it is necessary to calculate the probability 

of partial overlap. 

Psup. i =
i!

(
SrA

Spore

)i⋅
(

Sprob

SrA

)i− 1

= i!⋅
Spore

i⋅Sprob
i− 1

SrA
2i− 1 (9)  

where Spore – area of projection onto the surface of one pore; SrA – area of 
a circle with radius rA; Sprob – maximum area satisfying the condition of 
partial overlapping of pores; Psup. i – the probability of superposition of 
the i-th number of pores in the area of radius rA. 

The average number of pores satisfying the condition of partial 
overlap was determined by multiplying the total number of pores 
located on a unit area with (8) and (9): 

Nsup. i =Psup. i⋅Pi⋅N (10) 

In this case, it is necessary to take into account the peculiarities of the 
process of irradiation of a PET matrix by ions for the formation of tracks. 
So, as mentioned earlier, the pores in the matrices used were located not 
perpendicular to the plane of the matrix, but at an angle. Moreover, if 
the horizontal spread of ions was ±30о, then the vertical spread did not 
exceed ±0.5о. As a result, the resulting pores can form intersections only 
horizontally, while the vertical displacement of the points of entry and 
exit of the ion into the PET matrix differed by no more than 0.5 nm at a 
matrix thickness of 12 μm. In this case, it could not lead to the formation 
of any significant number of intersections in elevation projection. As a 
result, when assessing the probability of pore intersections in the vol-
ume, it is required to take into account the intersections only in the 
horizontal projection. The average distance between pores in the hori-
zontal projection will differ significantly from the previously deter-
mined average distance to the nearest neighbor rA. To determine the 
average distance between the pores in the horizontal projection, one 
needs to split the obtained SEM images into areas with a height of 100 ±
1 nm and determine the distance between the pores in these areas for all 
images (example in Fig. 3). Moreover, in the calculation, pores with at 
least 30% of their area in the analyzed zone will be taken into account as 
a whole pore. Thus, the analysis of SEM images of a PET matrix (Fig. 2) 
made it possible to determine the average minimum distance between 
the pores in the horizontal projection: rH = 0.284 μm. 

After determining rH, one needs to estimate the probability of pore 
overlap in bounded regions over the matrix surface. To do this, the steps 
to determine the probability of finding the i-th number of pores at a 
distance rA from the center of each other (8) should be repeated, how-
ever, with some changes in the calculation conditions. So, instead of rA, 
the rH is used. Also, determination of the distance to 4 nearest neighbors 
is carried out only within a limited zone. Knowing the number of pores 
in the images (Fig. 2), as well as the distance between the center of each 
pore and the 4 nearest neighbors in a limited zone, it is possible to 
calculate the probability of the location of several pores in a circle with 
radius rH: 

Pi lim =Ni lim/Ncom. lim. (11)  

where Pi lim – the probability of finding the i pores at a distance rH from 
the center of each pore in limited zone; Ncom. lim. – total number of pores 
in limited zones; Ni lim– the number of pores on the image in limited 

Table 1 
Distribution of pores over the surface of the PET matrix, as well as the proba-
bility of their partial overlap in the subsurface layer characterized by a unit 
volume.  

i (pcs) 1 2 3 4 

Pi (%) 100 39.3846 8.123 1.5716 
Psup. i (%) – 0.22683 0.009217 0.000499 
Nsup. i (pcs) – 1622944 17355 99 
Pi lim (%) 100 61.5804 27.7929 6.5395 
Psup. i H (%) - 0.000932 1.88699‧10− 6 1.16632‧10− 8 

Nsup. i H (pcs) – 9954 9 0.01  
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zone, at a distance rH from which there is the i pores; i – the number of 
pores located at a distance rH from the center of each pore in a limited 
zone. 

The probability of overlap, including partial overlap, according to 
the stated condition, on top of each other in bounded areas was deter-
mined similarly to (9), however, new conditions were added: 

Psup.i H =
i!

(
SrH

Spore

)i⋅
(

SrH lim.

SrH

)i

⋅
(

Sprob

SrH

)i− 1

⋅
(

Sprob. lim.

Sprob

)i− 1

= i!⋅
(
Spore⋅SrH lim.

)i⋅
(
Sprob. lim.

)i− 1

SrH
3i− 1 (12)  

where SrH lim. - area of a circle with radius rH, in a limited zone; Sprob. lim. - 
area of the maximum area that satisfies the condition of partial overlap 
of pores in a limited zone; Psup. i H - the probability of superposition of the 
i pores in an area of radius rH in a limited zone. 

The average number of pores satisfying the condition of partial 
overlap in a selected area was determined by multiplying the total 
number of pores located on a unit area, defined according to the con-
ditions of partial overlap, with (11) and (12), but with the addition of a 
factor for accounting for pores belonging to two bounded areas (E): 

Nsup. i H =Psup. i H ⋅Pi lim⋅N⋅(1+E) (13) 

The results of the analysis of the pore distribution over the matrix 
surface are presented in Table 1. 

The lengths of the grown nanowires (Fig. 4 (a)) were estimated using 
SEM. It should be noted that in the case of SEM studies of the lengths of 
nanowires, the matrix was removed from the samples of arrays of 
nanowires in a solution of concentrated NaOH (240 g/L) at a tempera-
ture of 60 ◦C. 

As it seen in Fig. 4, the grown nanowires have a slope due to the slope 
of the pores in the PET matrix. Knowing that the angular distribution of 
pores in the horizontal projection is approximately equal [33,34], as 
well as knowing the pore density, it is possible to calculate the average 
number of crossings of pores in the PET matrix per unit volume. For this 
sake, an assessment of the volume occupied by pores inclined by 0–30◦

relative to the normal in a PET matrix was carried out: 

V =
Hf

cos β
⋅

(

π ⋅
(

d
2

)2
)

⋅
N
2

⋅S (14)  

where V – volume of pores inclined by (0–30)о; Hf – nanowire growth 
front; β – average angle of inclination of PET matrix pores; S – matrix 
unit area. 

It should be noted, that in the case of calculating the probability of 
crossing the pores of the matrix it is crucial to take into account the 
previously advanced condition of partial crossing of nanowires. It is also 
necessary to take into account that the projection of the deviation of the 
pores on the surface of the matrix may exceed the average distance 
between the pores in the horizontal projection. As a result, the nanowire 
can cross not only with the neighboring nanowire, but also with others, 
which can lead to double, triple crossings, etc. Taking this into account, 
the probability of their intersections was calculated, depending on their 
length: 

Pcros. i =
V30

Vm
⋅ i!⋅

⎛

⎜
⎜
⎝1, 8⋅

V− 30

Vm
⋅

Vind.

Vnanowires − Vind.
⋅

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅(
l2 − H2

f

)√

rH

⎞

⎟
⎟
⎠

i− 1

(15)  

where Pcros. i – Probability of crossing nanowires; V30, V− 30- the volumes 
occupied by pores with angle from (0–30)o and (–30-0)o, respectively; 
Vm – matrix volume; Vnanowires = π⋅(d/2)2⋅Hf – volume of one nanowire; l 
– average length of nanowires. 

Thus, with determined length of nanowire, the probability of their 
intersection was calculated. The number of intersections was deter-
mined: 

Ncros. i = Pcros. i⋅N (16)  

where Ncros. i – the number of intersections of the i-th number of nano-
wires in the matrix volume. 

The results of calculating the number of intersections and partial 
overlaps in the volume of the matrix are presented in Table 2. It should 
be noted that although Table 2 shows the calculated amounts of in-
tersections of up to 4 nanowires, it is also possible the intersection of 
more nanowires, but the probability of this is extremely small, and the 

Fig. 3. An example of one region of interest used to calculate the average horizontal pore spacing.  

Fig. 4. SEM images of arrays of nanowires: a - an array of nanowires 4.1 μm long; b - a cut of the intersecting array of nanowires. Both the different angle of 
inclination of the nanowires and the area of intersection are noticeable. 
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number of such intersections will not have any significant effect on the 
formation of an electrical circuit. 

The total number of intersections and overlaps on the surface was 
determined as their sum: 

Ncros. res. =
∑i

0

(
Ncros. i + Nsup. i H

)
(17) 

The results of calculating and measuring the resistance are shown in 
Table 3. 

3.3. Electrical resistance of the metal-polymer composites 

Resistance for each sample was measured as the average of 250 
points equally spaced across the sample area. In the case of growing 
nanowires to the entire thickness of the matrix, it would be necessary to 
take into account partial overlaps on the reverse side, but in present case 
this is not required, since only partial, rather than through, filling of the 
matrix pores is performed. 

Fig. 5 shows the dependence graphs of the total calculated number of 
intersections (Ncros.res.) and reverse resistance (1/Rav

) on the length (l) of 

nanowires. It can be observed that the dependencies have a similar form, 
however, there are some deviation regions in dependency of reverse 
resistivity (1/Rav

) on the length (l) of the nanowires. The first deviation is 

observed at nanowire lengths less than 2.7 μm the formation of a 
continuous conducting chain is not observed, due to the lack of in-
tersections for the formation of a stable electrical circuit, and therefore 
the resistance of the matrix significantly exceeds hundreds of MΩ. At 
nanowire lengths longer than ≈2.7 μm, a conducting chain of nanowires 
begins to form, sufficient enough to measure the resistance, which, with 
an increase in intersections and nanowire lengths, is characterized by 
the gradual formation of a continuous stable conducting layer at a 
nanowire length of ≥4 μm, followed by a relatively smooth conductivity 
growth, the dependence of which correlates with the dependence of the 
growth of intersections of nanowires with an increase in their length. 
The results obtained demonstrate the existence of a critical nanowire 
length at which, in a given TM configuration, the formation of a 

continuous conducting array of nanowires is possible. 
Thus, we can summarize that when Fe–Ni nanowires are grown by 

electrochemical deposition, conductive “chains” of nanowires are 
formed in PET matrices with inclined pores. In this case, the resistance of 
an array of nanowires depends on their length and, as a consequence, on 
the number of intersections. In addition, the correlation of the de-
pendences of the number of crossings on the length (Ncros.res.(l)) and 

reverse resistance on the length (1/Rav
(l)
)

makes it possible to predict 

the values of the electrical characteristics of the obtained metal-polymer 
composites depending on lengths of the grown arrays of nanowires. 

Variable values of resistance make it possible to consider these 
nanostructures as elements of multilayer devices for microelectronics, 
including flexible ones due to the configuration of the metal-polymer 
composite array, and also as components of electronic skin. 

4. Conclusion 

This work shows the possibility of creating a conductive metal- 
polymer composite based on track membranes with pores filled with 
Fe–Ni alloy, and obtaining arrays of nanowires with specified electrical 
properties by establishing the lengths of nanowires and the number of 
their intersections. The boundary linear dimensions of nanowires 
forming conducting arrays and the nature of the dependence of the 
conductivity on the degree of pore filling have been determined. The 
number of intersections of nanowires is calculated depending on their 
length and the degree of filling of the matrix. The results of calculations 
and measurements of resistances coincide: with an increase in the length 
of nanowires, a decrease in resistance is observed, which indicates the 
inclusion of a larger number of parallel-connected nanowires into the 
conducting layer, with an increase in the number of intersections. 
Insignificant deviations in the monotonic increase in the conductivity of 
the array with an increase in the length of the nanowires were found. All 
this makes it possible to obtain elements of microelectronics, magnetic 
recording, as well as sources and receivers of electromagnetic radiation 
based on an array of metal-polymer composite obtained by filling TM 
with metal alloys with specified properties. 
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