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MATHEMATICAL AND PHYSICAL BASIS FOR DEVELOPING A SIMULATOR
FOR TOWING AND PULLING OF WHEELED AND TRACKED MACHINES

Abstract. The subject matter of the article is the towing and pulling of wheeled and tracked vehicles with the use
of cable ropes and dynamic slings. The goal of the study is to determine the mathematical and physical basis for the
development of a simulator for towing and pulling wheeled and tracked vehicles for researching to study the
possibility of using aramid fibers of cable-ropes and dynamic slings. The tasks to be solved are: based on the analysis
of the main roads and ground characteristics to formalize the list of calculated parameters and physical quantities determine
the amount of evacuation work when pulling, towing and transporting wheeled and tracked vehicles; to develop a
mathematical model that describes the process of pulling and towing wheeled and tracked vehicles using cable ropes and
dynamic slings. General scientific and special methods of scientific knowledge are used. The following results are
obtained. By analyzing the main characteristics of roads and ground, a formalized list of design parameters and physical
quantities that determine the volume of evacuation work during the towing and pulling of wheeled and tracked vehicles was
obtained. Mathematical model, describes the process of pulling and towing wheeled and tracked machines using cable
ropes and dynamic slings have been compiled as a system of equations with different order. analyzed existing technology
for the production of aramid fibers, their strengths and weaknesses, and formed a research polygon with regard to the
peculiarities of the operation of wheeled and tracked vehicles. Existing technology for the production of aramid fibers, their
strengths and weaknesses, and formed a research polygon with regard to the peculiarities of the operation of wheeled and
tracked vehicles have been analyzed. Conclusions. The main roads and ground characteristics that determine the vehicles.
evacuation conditions are the following: the type of road or ground, their possibility depending on the season and
precipitation, the presence of ascents and descents, as well as the nature of road (ground) interaction with caterpillars
determined by resistance coefficients. movement and traction. The mathematical model of pulling a wheeled and tracked
vehicle using cable ropes and dynamic can be presented as a system of equations: the jerk carried out by the machine in
time reflected third-order differential equation, assuming that all the energy accumulated by the cable is numerically equal
to the work of moving stuck machine, corresponds to the equality of the corresponding integrals; the properties of aramid
fibers that affect the strength and performance characteristics of cable ropes can be formally expressed through the
elongation of the cable. Analysis of strength and service properties of aramid fibers opens the way to improvement of
manufacturing technology of cable ropes and dynamic slings for pulling and towing of wheeled and tracked vehicles.
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Introduction

Formulation of the problem and research tasks.
It is well known that the immediate evacuation of
wheeled and tracked vehicles (WTV), in particular
armored weapons and military equipment (AMWE),
facilitates the rapid return of the equipment to action
and, in the time of combat, also prevents it from being
destroyed or captured by the enemy. Vehicle recovery is
a complex technical task which is often hindered by the
use of towing cables with their lack of strength and
serviceability. Traditionally, steel cables left over from
the Soviet Army are used to evacuate vehicles. The
appropriate method of AMWE evacuation relevanted at
that time and designed for low-skilled personnel, is not
only time- and resource-intensive and non-ergonomic,
but also very dangerous. At the same time, the
emergence of new technologies in the production of tow
ropes and dynamic slings has expanded the possibilities
of use for the manufacture of the last fibers with more
attractive performance and strength properties.

Modern aramid fibers have the highest tensile
strength and modulus of elasticity, if we consider the
ratio of these indicators to their density. They are
resistant to most conventional organic solvents,
combustibles and lubricants. Under the action of very

strong acids and alkalis, its strength decreases, but it is
more resistant to corrosion factors, such as salt water.
Therefore, the possibility of using cable-ropes made of
modern aramid fibers for pulling and towing AMWE
require additional research. It is clear that the cost of
field experiments due to their destructive nature is too
high. Physical modeling is also not a suitable method of
analyzing the effectiveness of hostilities due to the
difficulty of finding an adequate physical analogue to
the processes that take place during hostilities.

Thus, the actual is problem to develop new
methods of evaluation of the wuse of existing
technologies both to assess the feasibility and to identify
methods of using aramid fibers cable-ropes and
dynamic slings for the towing and pulling the coils.

Analysis of recent research and publications on
the above issues shows the relevance of the study. The
order of organization of evacuation of tanks,
methodology of calculation of tractive forces for
different types of jams; order of loading of tanks on
vehicles are presented almost without changes in
textbooks that have been published during the last ten
years [1, 2]. The material submitted in the style of
advice and instructions, of course, is easy to digest, but
does not reveal the mathematical and physical principles
of towing and hauling of wheeled and tracked machines
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and, The design is not intended to be used as a basis for
investigating the feasibility of using aramid fiber cable
ties and dynamical slings.

The methodology for calculating the forces acting
on the towing objects from the side of the towing link
used in the modeling of the towing process, has been
considered quite thoroughly for marine objects [3], but
its use for WTV samples requires some refinement due
to the specific conditions of the application.

The goal of the study is to determine the
mathematical and physical basis for the development of a
simulator for towing and pulling wheeled and tracked
vehicles for researching to study the possibility of using
aramid fibers of cable-ropes and dynamic slings. To
achieve this goal the following research tasks are solved:

— based on the analysis of the main roads and
ground characteristics to formalize the list of calculated
parameters and physical quantities determine the
amount of evacuation work when pulling, towing and
transporting wheeled and tracked vehicles;

— to develop a mathematical model that describes
the process of pulling and towing wheeled and tracked
vehicles using cable ropes and dynamic slings;

— to analyze the existing technologies for the

production of aramid fibers, their advantages and

disadvantages, and to draw conclusions about the
feasibility of additional processing of aramid fibers,
given the peculiarities of the operation of wheeled and
tracked vehicles.

Main material

1. Roads and ground characteristics and a list
of calculated parameters and physical quantities that
determine the evacuation work amount during the
towing and pulling WTV samples. The nature and
scope of evacuation work during the towing and pulling
of WTV samples largely depend on the condition of
roads and ground. The main roads and ground
characteristics that determine the vehicles. evacuation
conditions are the following: the type of road or ground,
their possibility depending on the season and
precipitation, the presence of ascents and descents, as
well as the nature of road (ground) interaction with
caterpillars determined by resistance coefficients.
movement and traction.

To compile the differential equations of the
process of pulling and towing wheeled and tracked
machines, we will use the following provisions. The
possibility of machines on all ground is determined by
the coefficients of adhesion and drag.

The resistance to movement resulting from the
interaction of the tracked vehicle with the ground and
ground deformation is characterized by the drag
coefficient f. The resistance of the WTV caterpillar
depends on the design parameters of the caterpillar, the
cost of friction in the chassis and some transmission
units, ground quality and speed.

The greatest force with which the ground keeps the
tracks from slipping is called the traction force by
traction, which is characterized by the track-to-gravel
coefficient ¢. The traction coefficient depends on the
quality of the ground, the specific pressure of the

crawler and the design of the tracks. The drag and
traction coefficients for the tracked vehicles for the most
typical road conditions obtained by experiment [1, 2, 4].

2. Mathematical model for the evacuation of
wheeled and tracked vehicles using cable ropes and
dynamic slings.

2.1. To successfully carry out evacuation work, it is
necessary to correctly determine the traction forces
required for the towing and pulling of the WTV and the
evacuation capabilities of the available traction means. Let
a vehicle of mass M get stuck, having gone deep into the
ground with certain characteristics to a depth h, having an
angle of inclination o and an divergence angle of the
tractive effort with the direction of movement £ (Fig. 1).

—

Fig. 1. Forces acting
on the WTV sample during towing and pulling

When towing and pulling the machine, it is
necessary to overcome the resistance force R, which
depends on many reasons - technical condition of the
machine, ground conditions, depth of the jam, angle of
inclination, etc. According to [1], the value of R is
calculated as the sum of the main resistance (the so-
called ground drag) R1 and the additional resistance R2

R=R1+R2, (1)

where R; takes into account the takes into account
sliding friction on the ground f, the ground tilt angle o
and the depth h.

R2 takes into account the difference between the
tractive force strength and the angle deviation machine's
displacement strength [, the additional length at
continuous stalling or at hardening or shrinking of the
ground; the coefficient of aggregation with the ground
in case of jamming of the running gear of the machine.

For example (Fig. 1), will consider for the car with
a serviceable running gear:

Ry =Mg(f cosa+sina). 2

When jamming the running gear Ry is determined
by the formula:

Ry = Mg(¢cosa+sina), 3)

here M — mass of the vehicle; f and ¢ — the coefficients
of resistance to motion and adhesion, respectively.

2.2. Assume that the machine is pulled and towed
by a tractor, the traction capabilities of which allow you
to create traction on the hook of the tractor in these road
conditions. This force is transmitted by a cable whose
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pulling force T acts on the machine. When pulling and
towing, the machine will move with acceleration a .

Based on this, according to Newton's second law,
we can write:

T+Mg+R=Md 4)

Expression (4) neglects the mass of the cable itself. Taking
into account the mass of the cable m, it will look like

T+(M+m)g+R=Ma,

Here T — cable pulling force; R — resistance force; a —
machine acceleration; M — vehicle’s mass; m — cable’s
mass; g — acceleration of gravity.

If we assume that the cable has length | and is
made of a material with density p, then the expression ()
will have the form

T+(M+pl)g+R=Ma. (5)

Pulling and towing can be done jerkily. This
means the volatility of the acceleration can over time.
From time to time the machine will pass the distance S,
changing its position x(t). Given that

dv(t)  d2x(t
a(y - 20 -0 ®)
dt
the (5) can be designed and written in scalar form:

d2x

T —((M +pIS)gsinp+ Rcosp) =Md—2, )
t

here f — sliding friction on the ground; a — the ground
tilt angle; p — angle deviation machine's displacement
strength; 7' — cable pulling force; R — resistance force;
| — cable’s length; p — cable’s density. S — rope diameter.

In these calculations it is assumed that the rope
consists of one strand. If a cable is stranded with n, then
the tension is multiplied by n.

At the same time, the force T is also not constant,
because the cable has damping properties. We will
assume that all the energy accumulated by the cable-cable
is numerically equal to the work of moving the stuck
vehicle. In analytical form, this equality will look like

1+Al Xf d X
j Tdl = j (M —)d (8)
I Xin

here xin — initial position of the vehicle; x; — final
position of the vehicle; M — mass of the vehicle; T —
cable pulling force.

After transforming the formula, we get

1+Al Xin Liin d2x
[ = [ (m —)dx— [ M=—v()dt =
I VlOlt tnO‘t dt
tg 2 It ty tf 3
= ax @dt—J'J'Md—dt: 9)
dt? 7 dt dt®
tin tin tin tin
ty tf
=M [ [ i@,
tin tin

3
here j(t) = d—: —a jerk made by the vehicle in time [5, 6].
dt

2.3. In general, the cable pulling force T is defined
T=cS, (10)

here o— is the mechanical tensile stress of the cable
material, N/mm?.

The value o is determined by the characteristic of
the material forming the research set.

The expression (10) can be written taking into
account the relative elongation of the cable:

T=EeS = ETIS

(11)
Here E — Jung's module; ¢ — the relative elongation of
the cable.

2.4. If a cable with a length | has an absolute

elongation Al , then its relative elongation is equal to
e=Al/l (12)
A cable made of synthetic material, when
deformed, has an elongation
|
Al=1| [ — a , (13)
aTb aTb

here | — cable-rope length; 7 — the maximum allowable
tension in the cable-rope; T — the working load of the
cable-rope; T, — breaking strength of the cable rope; a —
dimensionless coefficient depending on the material and
construction of the rope [3, 7, 8].

Aramid fibers have different trade names. The
values of the coefficient a are presented in table 1

Table 1 — Values of coefficient a

Type of rope Polymer name Coefficient
value a
: Polyamide 35
Braided Polypropylene 11
eight stranded YPropy
Polyester 11
Twisted Poﬁ?/:){zg];?:ne 2é8
eight-strand Polyester 7E

3. Use of aramid fibers in the production of
cable ropes and dynamic slings for towing and
pulling of vehicles. In the authors’ opinion, researches
of various technologies of aramid fibers additional
treatment with usage of high-molecular hydrocarbons
can be considered perspective.

Thus, analysis of strength and service properties of
aramid fibers opens the way to improvement of
manufacturing technology of cable ropes and dynamic
slings for pulling and towing of WTVs.

Aramid fibers form a completely new and separate
category of organic fibers. Fibers in this category have
the highest tensile strength and modulus of elasticity as
measured by their ratio of strength to density. They are
resistant to most common organic solvents,
combustibles and lubricants.

When exposed to very strong acids and alkalis, its
strength decreases, but it has greater resistance to
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corrosive factors like salt water. The authors analyzed
existing technology for the production of aramid fibers,
their strengths and weaknesses, and formed a research
polygon with regard to the peculiarities of the operation
of wheeled and tracked vehicles.

Particular attention should be paid to the harmful
effects of ultraviolet light, atmospheric phenomena and
lubricating contaminants. It is found out that necessary
breaking force of aramid cable-rope is provided by less
number of threads in accordance with high tensile
strength. Moreover, the weight of a cable made of
aramid fiber is estimated to be 5 to 6 times less than the
weight of steel fiber, which is crucial for the actions of
the vehicle crew.

However, for aramid fibers, the most aggressive
substances are those in contaminated air. It follows that
active ultraviolet light and atmospheric precipitation
will have a negative effect on the performance
characteristics of the cable ropes. To mitigate such
impact, cable-rope production technology requires
improvements in terms of acquisition of certain
properties of chemical fibers or additional treatment of
fibers produced by existing technologies. For this
purpose the authors have analyzed physicochemical
peculiarities and mechanism of formation of web fibers.

The main differences in the process of their
formation include enzymatic biosynthesis by matrix
block-copolypeptide with a given sequence of amino acid

residues; the formation of fibroin filaments occurs at high
speed by crystallization oriented in the axial mechanical
field; the process of polypeptide synthesis and filament
formation can be considered as isothermal [9-13].

Conclusions

The main roads and ground characteristics that
determine the vehicles. evacuation conditions are the
following: the type of road or ground, their possibility
depending on the season and precipitation, the presence
of ascents and descents, as well as the nature of road
(ground) interaction with caterpillars determined by
resistance coefficients. movement and traction.

The mathematical model of pulling a wheeled and
tracked vehicle using cable ropes and dynamic can be
presented as a system of equations: the jerk carried out
by the machine in time reflected third-order differential
equation, assuming that all the energy accumulated by
the cable is numerically equal to the work of moving
stuck machine, corresponds to the equality of the
corresponding integrals; the properties of aramid fibers
that affect the strength and performance characteristics
of cable ropes can be formally expressed through the
elongation of the cable.

Analysis of strength and service properties of
aramid fibers opens the way to improvement of
manufacturing technology of cable ropes and dynamic
slings for pulling and towing of WTVs.
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MartemaTnuHne Ta QiudHe MATPYHTS IS PO3POGJIEHHS CHMYJ/ISITOPA BUTSATYBAHHS
i OykcyBaHHSI KOJIICHHUX Ta IyCeHMYHUX MALIUH

O. C. Ceprees, A. 1. Kpupomarnka, O. B. Icakos, B. O. Jlucenko, B. I. Mockanenko, C. B. bypain

Axorauis. [IpeaMeToM BHUBYEHHSI CTAaTTi € BHTATYBAaHHS i OYKCYBaHHA KOJICHHMX Ta T'yCEHWYHMX MAIIHMH i3 3aCTOCYBaHHIM
Ka0eb-TPOCIB Ta JUHAMIYHHX CTpOI. MeToI JAOCTiIZKeHHsI € BU3HAYCHHS MATEMATAYHOTO Ta (Hi3MYHOTO MiAIPYHTS JIsi PO3POOICHHS
CHMYyJATOpa OYKCHPYBaHHS 1 BUTATYBAHHS KOJNICHUX Ta TYCCHHYHHMX MAIIWH JUIS JOCIIDKCHHS MOYKITMBOCTI BUKOPHCTAHHS apamiTHIX
BOJIOKOH KaOeJb-TPOCIB Ta JIMHAMIYHHX CTPOIL. 3aBIaHHA JOCTiKeHHs: Ha OCHOBI aHasli3y OCHOBHMX XapaKTEPHUCTUK JIOPIT i IPYHTIB
(hopMati3yBaTH Mepertik PO3paxyHKOBHX MapaMeTpiB Ta (DI3UUHUX BEIMUKH, 1110 BU3HAYAIOTH OOCAT €BAKyalliHHIX pOOIT NP BUTSATYBAHHI,
OyKCHpYBaHHI 1 TPaHCTIOPTYBaHHI KOJIICHUX Ta TyCEHNYHUX ManH. CKIacTH MaTeMaTHYHy MOJIENb, IO OIMUCYE MPOLIEC BUTATYBAHHS Ta
OyKCHpYBaHHS KOJIICHUX Ta TYCEHHYHUX MAILMH 13 3aCTOCYBaHHAM KaOeJb-TPOCiB Ta AMHAMIYHHX cTporl. OTpuMaHi Taki pe3yJbTaTu.
[ImsixoM  aHaMi3y OCHOBHHX XapaKTEPHUCTHK JOPIT 1 IPYHTIB OTpUMaHUK (opMami3oBaHMi IEepelik pO3paxyHKOBHX MapaMeTpiB Ta
(IBUYHUX BENIMYWH, IO BH3HAYAIOTH OOCAT €BaKyalliiHMX poOIT MpH BUTATYBAaHHI, OYKCHPYBaHHI 1 TPaHCTIOPTYBaHHI KONICHHX Ta
T'YCeHMYHHX MalMH. MareMaTnyHa MOJeNb, ONMCYE IPOLEC BHUTATYBAHHS Ta OYKCHPYBaHHs KOJNICHMX Ta TYCEHMYHHX MaIlMH i3
3aCTOCYBAaHHSIM Ka0eNb-TPOCIB Ta IMHAMIYHHUX CTPOII CKJIaJieHa SIK cUcTeMa piBHsHB. [IpoaHaii3oBaHi iCHyIOYi TEXHOJOTI] BUPOOHHIITBA
apaMiIHIX BOJIOKOH, 1X MepeBary Ta HeIOMiKH, Ta C(hOPMOBAHHIA MOJIITOH JIOCTIHKEHD 3 OTJISIY Ha OCOOIMBOCTI KOJIICHUX Ta TYCCHUYHHX
MarvH. BucHoBkr. OCHOBHMMH XapaKTEpUCTUKAMH JIOPIT 1 IPYHTIB, sIKi BU3HAYAIOTh YMOBH €BaKyallii MalllvH, € BUJ] IOPOTH a00 IPYHTY,
X MPOXIHICT B 3aJI&KHOCTI BiJl IOPH POKY i aTMOC(HEPHHX OMafiB, HAsBHICTH ITiIHOMIB 1 CITYCKiB, a TAKOXK XapakTep B3a€MOZIl TOpOTH
(TpyHTY) 3 TYCEHMIIMH MAIlIFHH, 10 BU3HAYAETHCS Koe(illieHTaMH Ormopy pyxXy 1 34eruieHHs. MareMaThdHa MOZENb BUTATYBaHHS
KOJIICHAX Ta TYCEHMYHHMX MAIIVH i3 3aCTOCYBaHHSAM KaOelb-TPOCIB Ta AMHAMIYHHX MO)Ke OyTH TMOJaHa SK CHCTeMa piBHSHb. AHami3
MIITHOCTHUX Ta €KCIUTyaTaIlliiHIX BJIACTHBOCTEH apaMigHIX BOJOKOH BiIKPHBA€ IUIIX /IO YAOCKOHAJICHHS TEXHOJIOTil BHIOTOBJICHHI
Ka0eb-TPOCIB Ta IMHAMIYHHUX CTPOII Il OYKCYBaHHS 1 BUTSTYBaHHS KOJNICHUX Ta TYCEHUYHUX MAIIHH.

Kaw4yoBi cioBa: BuTAryBaHHS Ta OyKCYBaHHS KOJIICHOI Ta T'yCEHHMYHOI TEXHIKH; KaOelb-TPOCH Ta JUHAMIUHI CTPOIIH;
eKCIUTyaTamiiHI XapaKTepUCTHKH apaMiJTHUX BOJIOKOH; MaTeMaTHIHA MOJICNTb BUTATYBAHHS KOJICHOI Ta T'YCEHUYHOI TEXHIKH.

MatemaTn4yeckne U pu3nyecKHe 0CHOBBI IIs1 Pa3padoTKH CUMYJISITOpPa
BBITSITMBAHUS U OYKCHPOBAHUS KOJECHBIX H I'YCEHHYECKMX MalluH

A. C. Ceprees, A. 1. KpuBomarnka, A. B. Hcakos, B. O. JIpicenko, B. . Mockanenko, C. B. Bypaun

Annoranus. IlpeqveroM m3ydeHHsl B CTaTbe SIBISICTCS M3BJICYEHHE M OYKCOBAHHE KOJIECHBIX M I'yCEHMYHBIX MAIIMH C
NpUMEHEHNeM Kabenel-TpocoB M auHamuueckux crpor. Lleqblo mccaenoBaHusi SBISIETCS ONpPEZeTICHHE MAaTeMaTHUecKOH U
(u3IIecKoil OCHOBBI TS Pa3pabOTKN CHMYISATOpa OYKCHPOBKH M M3BJICUEHMS KOJECHBIX M TYCEHHMUIHBIX MAIIMH I MCCIISOBAHHS
BO3MOKHOCTH HCIIOJIF30BAHMS apaMHAHBIX BOJIOKOH KaOeMb-TPOCOB M AMHAMHYECKHX CTPOIL. 3agadyM HCCJIEJOBAHUS. HAa OCHOBE
aHaJM3a OCHOBHBIX XapaKTEPUCTHK IOPOT M TPYHTOB (POPMATM30BAaTh IIEPEUCHb PACUECTHBIX MapaMETPOB M (PM3MUECKUX BEIIMYHH,
OTIPEAEIIONNX 00BEM 3BAKyallIOHHBIX PaboT MpH M3BIEUCHHUH, OYKCHPOBKE M TPAHCIIOPTHPOBKE KOJECHBIX M I'yCEHUYHBIX MAIIIHH.
CocTaBUTh MaTE€MaTHYECKYI0 MOJENb, OIMMCBHIBAIOILYIO MPOLIECC H3BJIEYEHHS M OYKCHPOBKM KOJECHBIX M T'yCEHWUYHBIX MAIUH C
NpPUMEHEHHEM KaOeNnb-TPOCOB W JUHaMUYecKux CTpor. IlosrydeHbI cllefyione pe3yabTaThl. [lyreM aHamn3a OCHOBHBIX
XapakTEepUCTHK TIOPOr M TPYHTOB TOMy4deH (HOpPMalM30BaHHBIA IepeyeHb pPACUCTHBIX MapaMeTPOB U (PU3MUECKHX BEIIMYHH,
OMPEEISIONIMX 00BEM IBAKYallMOHHBIX PA0OT MPH M3BJICUCHHH, OYKCHPOBKE W TPAHCIIOPTUPOBKE KOJNECHBIX U I'yCEHHYHBIX MAIIIH.
Maremarrdeckasi MOJIENb, ONICHIBAIOIIAs MIPOIECC M3BJICUEHMSI M OYKCHPOBKH KOJIECHBIX M T'YCEHHYHBIX MAIIWH C NPHMEHEHHEM
Kabenp-TpOCOB M AWHAMHYECKHX CTPOI, COCTaBJIeHa KaK CHCTeMa ypaBHEeHHiL. [IpoaHanmM3MpoBaHBI CYyIMIECTBYIONINE TEXHOJIOTHH
MIPOM3BOJICTBA aPAMHIHBIX BOJIOKOH, MX IPEHMYINECTBA M HENOCTaTKH M C(HOPMUPOBAH MOJMIOH HCCIECIOBAHUI C y4eTOM
0COOEHHOCTEH KOJIECHBIX M T'YCEHWYHBIX MamvH. BbIBOABI. OCHOBHBIMH XapaKTEPHCTHKAMH JOPOT M TPYHTOB, OIPEENISIOIINX
YCIIOBUSI 9BAKyaIMM MAILIMH, SIBJISFOTCS BUJI IOPOTH WM TPYHTA, UX MPOXOAUMOCTD B 3aBHCHMOCTH OT BPEMEHH rofia U aTMOC(EpHBIX
0CaJIKOB, HATMYHE MOABEMOB U CIIYCKOB, a TAKOKe XapakTep B3aUMOEHCTBUS JOPOTH (II0YBBI) ¢ T'YCEHHUI[AMH MAILIMHBI, ONPeesieMbli
K03(}HUILIHEHTaMU CONPOTHBICHNMS IBIKEHHUS M CLCTUICHNsI. MaTemaTidyeckass MOJeIb BBITSTHBAHHUS KOJIECHBIX M TYCEHUYHBIX MAIIH
C MPUMEHEHHEM KaOeNb-TPOCOB M JAMHAMHUYECKMX MOXKET ObITh MPEACTaBlIeHAa KaK CHUCTEMa ypaBHEHHIl. AHAIM3 MPOYHOCTHBIX H
9KCIUTyaTalMOHHBIX CBOMCTB apaMHIHBIX BOJOKOH OTKPHIBAET IIYTh K YCOBEPIICHCTBOBAHWIO TEXHOJIOTHMH H3TOTOBJICHHS KaOelb-
TPOCOB U ANHAMHYECKHX CTPOII 11 OYKCOBAHUS 1 U3BJICUECHNSI KOJIECHBIX Y T'YCEHUIHBIX MAIIHH.

KawueBble cJ0Ba: BHTATHBAaHIE U OYKCOBAHME KOJIECHOH M TYCCHUYHOH TEXHHKH; KaOeMb-TPOCH M JMHAMIYECKUE CTPOIIBT,
9KCIUTyaTalIOHHBIC XapaKTEPUCTHKY apaMUIHBIX BOJIOKOH; MaTeMaTHYECKasl MOJEIIb M3BIICUCHHS KOJIECHOM U I'YCCHMYHOM TEXHUKH.
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