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Urgency of the research. Most machines require perfection of their drives for the decline of resource-demanding and
energy consumption at an acceleration and braking of drive elements. On making of such elements of drives, as gears,
sprockets, chains, the third is expended and more than of labour intensiveness of production, necessary for the production of
mechanisms and machines. Therefore a problem of decline of resource-demanding and energy consumption of drives appli-
cation of polymeric compos is actual for the production of machine elements.

Target setting. Development and mastering of technological processes on the decline of resource-demanding and ener-
gy consumption of machine drives by application of polymeric materials instead of metallic.

Actual scientific researches and issues analysis. Efficiency of application of polymeric compos for making of polymeric machine
elements is shown had an experience of exploitation of drives, equipped by such elements, both abroad and in a home engineer.

Uninvestigated parts of general matters defining. Philosophy of constructing and technology of polymeric machine ele-
ments on the concrete examples of the worked out constructions.

The research objective. Consideration of the worked out and made types of sprockets, gears and chains from polymeric
compos from the point of view of their constructing and technology of making.

The statement of basic materials. Machine elements being produced on resource-saving technologies for mechanical engi-
neering and can be used in the chain and gear drives which are a part of mechanisms of robots, polygraph, textile, food-processing,
agricultural and other machines are considered. Some types of polymeric and metallic-polymeric chains, sprockets, gears are given.
Integrated constructions, manufacturing and operation of machine elements out of polymeric composites are presented.

Conclusions. Application of integrated constructions of polymeric machine elements and their production for one tech-
nological operation casting under pressure on injection automatic machines enables cardinally (in times, but not on per-
cents) to reduce labour intensiveness of production of machine elements, getting the row of advantages of structural, techno-
logical and operating character here.

Keywords: resource-saving technologies, polymeric and metal-polymeric sprockets; gears; chains.

Fig.: 10. References: 10.

Introduction. At the basis of a modern technological civilization ability to make more
and more products lays at their decrease material and energy consumption. The successful
decision economic, energy and ecological problems is in many respects predetermined by ap-
plication of new constructional materials, in particular, polymeric composites, for manufac-
ture of machine elements [1].

In mechanical engineering machine elements of drives were traditionally made out of steel,
that in many cases it is inexpedient. For example, chain drives, gears out of polymeric composites
find more and more wide application thanks to high reliability and constructive simplicity in all
areas of mechanical engineering, in particular, in robot-building, textile, polygraphic, food-
processing, agricultural mechanical engineering. They possess necessary flexibility, work without
vibrations, appreciably decreasing working noise, lubrication do not demand, are capable to amor-
tize easy pushes and impacts, have smaller, than belt drives, dimensional and weight characteris-
tics, and also can be used in wide enough range of speeds and loadings. Manufacturing of ma-
chine elements out of polymeric composites is little-waste and not very energy-consuming. From
them is easier make machine elements of complicated shape, they are so technological, that give
the chance to create the so-called integrated parts, which manufacture out of metal much more
expensively or in general it is impossible. As density of polymeric composite materials several
times below steel density, the moments of inertia of parts and energy consumption for speeding
up and braking as consequence decrease that allows to raise frequency of rotation.

In view of limitation of energy and material resources the basic source of increase of the na-
tional income should become resource saving, i.e. the considerable volume of production should
be made without a gain of material resources at the expense of their economy. Materials con-
sumption a finished article — an end-product of multiphase process of its manufacture — includes
the last work embodied in used materials. Than less material it is required for manufacturing of
a concrete machine element, its design and the technology of production are especially perfect.

To reduce materials consumption products it is possible, having raised quality of designing by
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optimization of their parameters, in particular, weight of constructions. The same purpose is
served by application of new technological processes with high operating ratio of materials,
volume forming machine elements for one technological operation, allowing receive not only
ready elements without any subsequent processing, but also the integrated elements replacing
with self of several elements of traditional manufacturing, based on serial processing of surfaces
by cutting. Same increase of qualitative and functional characteristics of initial raw materials, its
fuller use, including processing of a waste of the basic production promotes [2].

The laboratory of polymeric machine elements at chair of Machine Design Fundamentals
CSTU had been carried out designing and introduction in a batch production on a number of
the machine-building enterprises of Ukraine, Russia and Belarus driven and tension sprockets,
gears out of polymeric composites. As a result of the conducted works losses from corrosion,
vibrations and working noise (10-25 %) have been lowered metal and power consumption
drives on 12-15 %, was reduced lathe park and floor spaces, labor productivity (at 6-10 time)
has cardinally raised and the cost price of manufacturing of elements has decreased (on the
average in 2,5 times), the operating ratio of materials to 0,95 as a result of application highly
productive and little-waste technology of elements of drives by molding under pressure on
injection automatic machines out of polymeric composites has raised [3, 4, 5].

The purpose of the present paper is to consider some sprockets, chains and gears out of
polymeric composites according to its design and technology.

The statement of basic materials.

Design philosophy. Manufacturing of chain drives and their elements out of polymeric
composites according to the constructions similar metal, in most cases is impossible because
of differences in technological and physical-mechanical properties of materials. The method
of structurally functional designing has been applied to creation of constructions of elements
of chain drives with necessary technological and operational characteristics [5].

Designing of chain drives elements out of polymeric composites is closely connected with
designing of molds for their injection molding under pressure on injection automatic ma-
chines and technology of processing of polymeric materials in a product [6, 7, §8]. Presented
further design of sprockets and chains out of polymeric composites are shown that its design
philosophy differ first of all by application of elastic deformation polymeric materials. Links
of the offered design can be made by injection molding under pressure on injection automatic
machine out of polymeric composites during one technological operation.

The basic requirements shown to constructions of machine elements out of polymeric ma-
terials, produced by injection molding under pressure, look as follows.

1. A machine element should have technological biases.

2. In machine elements undercuts are inadmissible.

3. Tolerances should be technically proved, i.e. are calculated taking into account physi-
cal-mechanical characteristics of applied materials.

4. Elements, whenever possible, should not have cantilever portions.

5. The shape of machine elements should to provide, whenever possible, application of
all-in-one matrixes and punches.

6. The configuration of machine element should not inhibit to free filling of a die-casting
mould by melt.

7. The most responsible elements, whenever possible, should not get to a plane of the
parting mold.

8. The machine element should have the roundings off necessary for increase of mechani-
cal strength, simplification of process forming and appearance improvements.

9. Webs should be probably thin and an equal thickness.

Except these requirements, at creation of new constructions of chain drives elements pos-
sibility of execution of machine elements integrated was used, i.e. one monolithic element
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produced for one technological operation, can include the maximum number of structurally
functional elements. So, at designing and manufacturing of chains their links represented
monolithic machine elements.

After creation of basic constructions design parameters of created elements at which definition
possibility of their work together with standard elements of chain drives was pawned have been
established. It became for the purpose of a possibility of their further use in the available equipment
and for reception of more exact comparative characteristics. Such design parameters are: a chain
step, the shape and the sizes of elements of engagement, distance between internal plates. They
coincided with corresponding elements of roller chains in accordance with TOCT 13568-75 and
sprockets in accordance with I'OCT 592-81. The corresponding equipment for manufacture of
links of chains and sprockets of the developed constructions by injection molding method under
pressure on injection automatic machines has been made. Chains made out of polymeric compo-
sites based on polyamides, have the dimensional precision corresponding to precision driving roller
chains of a general application with small breaking force, and chains out of glass-filled marks have
higher precision characteristic for chains at which assemblage apply a selective method.

Practice of chain drives operation shows, that in overwhelming majority of cases the useful
tension of standard metal chains makes 10-20 % from their limiting (destroying) loading. There-
fore it makes sense to make not only sprockets, but also chains from polymeric composites. They,
though do not possess such ultimate load as metal chains, however, not only satisfy often to the
most widely distributed conditions of operation, but also have advantages in weight, consumption
of energy, speed, low level of noise, anticorrosive firmness and lubrication.

Chains out of integrated elements. As it has appeared, manufacturing of chain drives
and their elements out of polymeric composites according to the constructions similar metallic
(fig. 1), in most of cases it is impossible because of differences in technological and physi-
comechanical properties of materials. The connections with tightness which are used practi-
cally all metallic chains, cannot be used for assemblage of chains out of polymeric materials
because of easing press fits owing to a relaxation of stresses, characteristic for polymers. Be-
sides, owing to dimensional closed state of a construction of a roller chain the increase in
dangerous cross sections of plates in places of ears without substantial growth of dimensions
(width) of a chain is impossible, that for chains out of polymeric materials is of great im-
portance owing to lower strength and rigidity of constructional polymeric materials in com-
parison with the steels traditionally applied for this purpose.
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Fig. 1. Inner (a), external (b) links and design of the standard steel roller chain

Except the requirements shown to constructions of machine elements out of polymeric ma-
terials, made molding under pressure, at creation of new constructions of chain drives elements
provided possibility of execution of machine elements integrated, that is one monolithic element
produced for one technological operation, can include the maximum number of structurally
functional elements [9].

Further some standard sizes of machine elements out of polymeric composites on the
basis of polymers of polyamide group are resulted developed in polymeric machine ele-
ments laboratory of CSTU.
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Instead of six metal elements of which the link standard roller driving chain consists
(fig. 1), it is made one monolithic link out of polymeric composite (fig. 2).
On fig. 2 the monolithic link of a chain in two projections, where 1 - ledges is represented;
2 — a working part of a hole; 3 — head, consisting of a hat (a) and leg (6); 4 — a hole for as-
semblage; 5 — symmetrically located bent plates; 6 — the roller. Size L gets out such that
height H of ledges allowed to carry out assemblage.

\ I
i

Fig. 2. Elastic monolithic link of a chain Fig. 3. Chain out of elastic monolithic links

The corresponding equipment for manufacturing of links of chains and sprockets of the
developed constructions by molding under pressure has been made.

The chains made out of polymeric composites, based on polyamides, have the dimensional
precision corresponding to precision of driving roller chains of a general application with a
small ultimate load, and chains out of glass-filled types have higher dimensional precision, cor-
responding to chains at which assemblage apply a selective method.

Only elastic deformations thus take place. In each of plates the special holes formed by
two arches of various radiuses which centers do not coincide are carried out and lay on a lon-
gitudinal axis of a link. One of arches (smaller radius) is the worker, and the second (larger
radius) serves for realization of assemblage of a chain. The centers of the arches forming
holes are a little dissolved for formation of ledges which prevent from spontaneous disman-
tling of a chain. Diameter of an arch of a working part of a hole 2 and leg of head 36 are equal
among themselves, and also diameters are equal: the greatest cap of head 3a and arches of a
holes 4 larger radius. Chain assemblage is carried out as follows: the link is inserted by turns
the heads between deformed plates of the following link. Caps of heads 3a are inserted into
holes 4 (in places larger radius), and plates pass in undistorted state. By longitudinal force the
heads are entered into a working part of a hole, it is elastic deforming thus ledges 1 in the
middle of a hole. These ledges prevent from spontaneous dismantling of a chain.

On fig. 3 the chain with elastic monolithic links is shown. It is important to note that of
such links as is shown on fig. 2 it is possible to assemble two-, three- and multiple-row
chains. Example of such chains is shown on fig. 4. To use chains with elastic monolithic
links on the available equipment and not to create for them special sprockets, it is necessary,
that external diameter of pins was equal to diameter of rollers driving chains of type IIP ac-
cording to 'OCT 13568-75 corresponding steps. Sizes of diameters heads and radiuses of
the arches forming holes in plates, can change in certain limits depending on physical-
mechanical properties of an applied polymeric composite.

On fig. 4 it is shown also metal-polymeric chain which inner links are executed out of a poly-
meric composite in the form of one integrated monolithic machine element consisting of two cy-
lindrical elements with holes, connected by plate-like elements, and external links in which role
standard metal connecting links can serve, i.e. such chain is completely dismountable.
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Fig. 4. Polymeric three-, two- and one-row chains (left and middle). Metal-polymeric
single-row (right) with integrated monolithic inner links

On fig. 5 the chain consisting of monolithic inner links 1, external links of 2 and stainless steel
coupling rods 3 is represented. Plates of links are executed by straight lines for giving of possibility
of increase in their thickness without loss of ability to their assemblage in a uniform chain. Thus at
assemblage the principle of elastic deformation of links is not applied any more. It is reached by
introduction in a chain of a modular external link 2 which is fixed in a chain by means of the cou-
pling rod 3, simultaneously incorporating with an inner monolithic link 1. The stress-strained state,
contact stresses and other questions concerning such chains are considered in [3; 5].

3

o

1
e

Fig. 5. Driven metal-polymeric chain

Integrated sprockets and gears. Deformation of a polymeric sprocket in case of the ap-
plication of loading to one tooth extends and on the next teeth located both in a direction, and
against a direction of rotation of a sprocket. Essential change of the stress-strained state in a
body of a sprocket depending on the shape of teeth, radius of a transitive zone at a hollow is
observed. Constructive changes of a sprocket for the account of introduction of thickenings of
a zone of fit to a shaft lead to essential redistribution of stresses and deformations and de-
crease extreme stresses on an external surface of a tooth and in a sprocket body approximately
in 1.5 times. A critical zone in a sprocket body is all hollow of toothed rim, and not just a
working surface of a tooth, as at usual rigid metal sprockets.

Designing of sprockets from polymeric composites is a some complicated because the sizes
of toothed rim are limited by the sizes of a chain, and it is impossible to increase its strength for
the account of increase in width of a tooth (as in case of a gear). It is necessary to consider also
the profile shape a tooth which appreciably defines as much as possible admissible speed of
movement and service life of a chain and sprockets. At operation of the chain drive equipped
with sprockets from polymeric composites, it is necessary to give advantage to the profile shape
according to TOCT 592-81 (rectilinear) before the profile shape it agree TOCT 591-69 (con-
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cave-convex) for some reasons, basic of which is ability of a rectilinear profile to compensate
the maximum increase in a step of a chain as a result of its wear without engagement breaking.

For guarantee rigidity and prevention warping in a machine element design rigidity edges
are provided. And it is necessary to notice, that rigidity edges in many cases are necessary not
only at operation to resist to deformations, but also at extraction of machine elements from the
form. Besides, rigidity edges are used for management of process of filling of a making out
cavity and compulsory orientation melt in a necessary direction. For example, at casting of
sprockets, gears or pulleys accordingly chain, gear and tooth-belt drives of an edge of rigidity
in a radial direction are necessary not only for maintenance of durability of machine elements
and reduction of a thickness of casting, but also for the accelerated direction of a stream melt
for the purpose of qualitative formation of a gear wreath, and from both parties of a disk, dif-
ferently such machine element will have defects of teeth and propensity to warping.

On fig. 6 photos of some standard sizes of polymeric machine elements, illustrating both
told above, and results of research of their is stress-strained state are resulted. Let's notice, that
it is possible to operate by stress-strained state of a design by its purposeful change rigidity
(thickness of a toothed rim, a nave, quantity of ribs and their arrangement, application of
spokes instead of ribs, saving thus a material, etc.) depending on the requirements shown by
conditions of operation of chain drives.

i

.".E'{‘
Fig. 6. Polymeric sprockets and gears

On fig. 7 is shown the example of one of the integrated sprockets, including, except actu-
ally sprocket, a drum and a cover for bracing.

Designs of forms are various, as products for which manufacture they are intended are vari-
ous. Any form represents a combination of known knots and details to knots and special purpose
details. Performance of cooling system for each compression mould considerably raises equip-
ment cost. Therefore, if there are no obstacles, project the universal cooling block providing
working capacity of replaceable packages, including forming and pushing out systems.

Fig. 7. Sprocket integrated with drum and cover of bracing
The way of manufacturing of matrixes is a determinative at manufacturing of compression
molds. The most widespread way of manufacturing of matrixes — milling with the subsequent
polishing cannot provide sufficient accuracy, application of more progressive technologies there-
fore is necessary. One of them is electro-erosion processing of metals. At manufacturing of ma-
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trixes by this way preliminary operations — milling and thermal processing are used. Using this
preliminary operation, we receive a gain in time as on productivity on simple operations the elec-
tro-erosion technology concedes to milling. The remained allowance remove on a draught mode
with the big energy of an impulse, and in process of allowance reduction pass to softer modes.

On fig. 8 the example of a cut out form-building teeth of a sprocket of a matrix by a wire
electrode on the electro-erosion machine tool with numerical programmed control and a cor-
responding sprocket is shown.

Fig. 8. Cut out of a matrix Fig. 9. Tension 3-row sprocket
and cast sprocket and idle gear wheel

Thus the big clearance on fig. 8 in comparison with diameter of a wire electrode (0.2 mm)
speaks liberation of elastic deformations.

Manufacturing of matrixes for sprockets, gear wheels and similar machine elements it can
be carried out on electro-erosion machine tools with the numerical program management of
types 453103, 4532d3, 4732d3, Agiecut, which make a cutting a wire electrode form-
building gear wreaths of matrixes on parameters preliminary entered into the program.

Other progressive method of reception of matrixes of compression moulds of a complicated
configuration is the plasma dusting on model of a working layer in the thickness 1...3 mm with
the subsequent registration of a basic part by pouring by other metals («bark-like» method). As
a result labor input of manufacturing of equipment reduces in 3...10 times, and the working sur-
face of a matrix does not demand finishing processing as cleanliness of a surface corresponds to
cleanliness of a surface of model. Average time of manufacturing of a working layer makes
5...30 minutes, hardness reaches it 72ZHRC.

Base materials for creation of polymeric composites are polyamides PA-6 and PA-6.6 manu-
factures of Chernigiv joint-stock company «Chemical fibre». As a result of their updating by dif-
ferent functional additives their physicomechanical properties cardinally improve.

Because of fibre glass presence in a composite material there is a deterioration of matrix
group elements. To reduce its influence, these elements are chrome plated with thickness of a
covering till 18-20 mc and polished for giving of a demanded roughness of a surface.

The complicated configuration of a sprocket or gear wheel dictates the form of elements of
matrix group. As a result of casting of an experimental batch of polymeric machine elements
modes of molding are fulfilled and there are data for management in technological parameters
of manufacturing of a polymeric machine element (pressure of injection of a material, tempera-
tures of processing of a material on zones, compression mould temperature, temperature melt,
speed of rotation screw, time of a cycle of a machine element manufacturing). Use of such
technological parameters as the data carriers, adapted for input possibility in management injec-
tion automatic machine, creates possibilities for computerized manufactures of machine ele-
ments by molding under pressure out of polymeric composites [4]. Except technological ad-
vantages, polymeric elements of chain drives have also operational advantages [9; 5].
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Low heat conductivity of polymeric materials promotes accumulation of heat in a machine
element, the local overheat in places of concentration of a thermal stream [10], for example,
interfaces of naves of idle gear wheels and tension sprockets to motionless axes therefore can
take place. Besides intensity of stresses in such interfaces can exceed that in teeth under the
influence of loading. All it leads to thermal destruction a polymeric material, as an example of
that fig. 9 where are shown a tension sprocket for the three-row chain, working in oil, and a
parasitic gear wheel can serve [5].

As heat accumulation occurs in a machine element, artificial heat removal, for example,
having blown in surfaces air seldom gives desirable effect. More effective in this case is divi-
sion of a thermal stream by means of flutes and other constructive decisions (ribbing, a thin
nave) on purpose non-admission local overheats in a machine element.

On fig. 10 three different constructions of polymeric sprockets are presented: in the first of
them division of a thermal stream by means of flutes (at the left) is applied, and the bearing of
sliding from a self-greasing material CAM is built in an sprocket from polyamide PA-6; in ano-
ther (in the centre) the same flutes are applied, but the bearing of sliding and an sprocket are made
of one antifriction material for one technological operation; in the third sprocket the thin nave, and
figured apertures round it (on the right) is applied also give the chance to regulate fastening of this
sprocket for the purpose of installation of a necessary phase lag in an operating time of chain
transfer. In all three cases also it is applied ribbing surfaces to heat exchange intensification.

Fig. 10. Tension sprockets of different constructions with separation of heat stream

Conclusion. The presented examples of machine elements out of polymeric composites
allow to draw a conclusion that application of integrated machine elements constructions and
their manufacturing for one technological operation by molding under pressure on injection
automatic machines gives possibility cardinally (in times, instead of for percent) to lower la-
bor input of manufacturing of machine elements, receiving thus a number of advantages of
constructive, technological and operational character.
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Onee Iununenxo

PECYPCOOIIAJHI TEXHOJIOT'TI BAPOBHUIITBA JETAJIEM MAIIIMH

Axmyanvnicme memu docnioyncenns. binowicmo mawun nompebye 600CKOHANEHHS IXHIX NPUBOOIE Ol 3HUIICEHHS MA-
mMepianomMicmKocmi ma eHep2oCnONCUBAHHS IO 4AC PO32OHY | eanbMy8anHs npugooHux demaneil. Ha eucomoenenns maxux
Odemarnel npugoodis, K WecmepHi, 3iPOUKU, TAHYIOSU, BUMPAYAEMbCA mpemuna i OLibie mpyoogumpam, HeoOXiOHUxX 01
BUPOOHUYMBA Mexanizmié i mawiun. Tomy € akmyanbHol0 npobemMa 3HUICEHH MAMePIanoMiCmMKOCMi Ma eHep2OCHONCUBAH-
H5l IPUB00IE 3ACMOCYBAHHAM NONIMEPHUX KOMNOZUMIE OJisl GUPOOHUYMEA Oemarneli MauuH.

Ilocmanoexa npoonemu. Po3pobra i 0c60€HHA MEXHONOLIUHUX NPOYECI8 NO 3HUICEHHIO MAMEPIATIOMICIKOCTI ma eHep-
20NOCNOJICUBAHHS NPUBOOIB MAWUUH ULIAXOM 3ACIOCYBAHHS NOTIMEPHUX MAMEPIANi6 3aMiCmb Memanesux.

Ananiz ocmannix oocnioycens i nyonikayii. E¢exmusnicmo 3acmocysanna nonimepHux KOMNO3umie Osi 6Uc0mos-
JIeHHS RONIMEPHUX Oemanell MauluH nPoOeMoHCMPOBAHA HAAGHUM 00CEI00M eKCHIyamayii npueoodis, OCHAWEHUX MaKumu
demanamu, sAK 3a pybedicem, max i y imuuHAHOMY MAWUHOOYOYEAHHI.

Buoinenns nedocnioxncenux uacmun 3azansnoi npoonemu. Pinocois KoHcmpyo8anus i mexHonozii ucomosieHHs
noximMepHux oemanel Mauiul Ha KOHKPEMmHUX NPUKIA0ax po3pooieHux KOHCmpYKyitl.

Mema cmammi. Po327150 po3pobnenux i 6u20mosneHux munie 3ipouox, uiecmepe i 1aHyio2ié 3 NONIMEPHUX KOMRO3UMIG
3 nO2NA0Y IX KOHCIMPYIOBAHHS I MEXHONOT 8U0MOBNIeHHSL.

Buknao ocnoenozo mamepiany. Posensanymi demani mawiun, sKi po3pooneni i UpoOIsiiomsbCs 3a pecypcoowaonumi me-
XHONO2IAMU Ol MAWUHOOYOY8AHHS, | MOJICYMb OYMU 3ACMOCOBANT 8 IAHYI0208UX MA 3Y0UACMUX NPUBOOAX, WO € YACMUHOIO
Mexanizmie pobomis, noniepagiuHux, MmeKCmuIbHUX, Xapionepepoonux ma iHuwux mawiun. JJani 0eaki munu nonimMepHux i
MemanononimepHux 1anyroeis, 3ipo4ok, uiecmepen. Ilpeocmagneni inmezposani KOHCMPYKYii, 6U20MOBNEHH Ma QYHKYIOHY-
6anHs Oemarneli MawuH 3 NONIMEPHUX KOMNO3UMIB.

Bucnogxu 6ionosiono 0o cmammi. 3acmocy8ants inmeesposanux KOHCMpYKYitl notiMepHuUx oemaneil MawuH i ix eupo-
OHUYMBO 3a OOHY MEXHONORTUHY ONepayiio IUMBEOM ni0 MUCKOM HA MEPMONIACTNAGMOMAMAX 0a€ MOJICIUBICHb KaAPOUHATLHO
(6 pasu, a ne Ha 8i0COmMKU) 3HUZUMU MPYOOMICIKICINb UPOOHUYMBA Oemarneli MawuH, OMpUMYIOUU NPU YoMy pso nepesaz
KOHCMPYKMUBHO20, MEXHON02IUHO20 MA eKCHLyamayiiino2o xapakmepy.

Knrouosi cnosa: pecypcoowaoni mexnonozii; nonimepni ma MemanonoiimMepHi 3ipouku,; uiecmepHi, 1aHYIO2U.

Puc.: 10. bion.:10.
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Onee Iununenxo

PECYPCOCBEPETAIOIIUE TEXHOJIOT UM
MMPOU3BOJICTBA JETAJIEM MAIINH

Axkmyanvnocms mempl uccnedosanus. bonvuwiuncmeo mawun mpe6yiom co8epuiencmgo8anus ux npugooos Oiisl CHuU-
JICeHUsT MAMEPUATOEMKOCIU U dHep2ONnompebieHs npu paseoue U MopmModiceHuu npugooHsix demanetl. Ha uzeomosnenue
makux oemarnei NPUB0O08, KAK WleCmepHu, 386e3004KU, Yenu, pacxo0yemcs mpems u 6onee mpyoo3ampam, HeoOX00UMbIX
0714 NPouU3600CmMEa Mexanusmos u mawun. Ilosmomy npeocmasisiemcs akmyanbHol npooiema CHUNCeHUs MAmepuanloemko-
cmu u dHep2onompedIeHUss NPUB0O08 NPUMEHEHUEM HOTUMEPHBIX KOMNO3UMOE OJisl RPOU3B0O0CMEA Oemanell MAuluH.

Ilocmanogxa npoénemsl. Paspabomxa u océoenue mexHoni02u4eckux npoyeccos N0 CHUICEHUI0 MAmepuaioémKocmu u
9Hepeonompebnenus npuso008 MawUH HymMeéM NPUMEHeHUs NOTUMEPHBIX MAMEPUATO8 3aMeH MEMANLTUYECKUX.

Ananuz nocneonux uccinedoganuii u nyonukayuii. p@exmueHocms nNPUMEHeHUs NOAUMEPHBIX KOMHO3UMOE O/isl
U320MOGIeHUsl NOTUMEPHLIX Oemanell MauuH NpPOOeMOHCMPUPOBANA UMEIOWUMCS ONbIMOM IKCNAYamayuu npugooos,
OCHAWEHHBIX MAKUMU OCMANAMU, KaK 3a pyOedcom, max u 8 omeyecmeeHHOM MAUUHOCPOECHUU.

Buioenenue neuccnedosannsix uacmeii oouieii npoonemol. Dunocodhus KOHCMPYUpoBaAHUs U MeXHONO2UU U320MO8]Ie-
HUS NONUMEPHBIX Oemanell MawuH Ha KOHKPemHbIX NPUMepax paspabomanHblx KOHCIMpPYKYUil.
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Ilocmanogka 3a0auu. Paccmompenue pazpabomantuix u u320moeieHHbIX munog 36€3004ex, uiecmepen u yenei u3z no-
JTUMEPHBIX KOMNO3UMOG C MOYKU 3PEHUs. UX KOHCIMPYUPOBAHUS U MEXHOIO0SUU U320TNOBICHUA.

H3noscenue ocnoenozo mamepuana. Paccvmompenst demanu mawiun, Komopbie npou3so0samcs no pecypcocbepecaioujum
MEeXHON02UAM OISl MAUWUHOCIIPOEHUS U MO2YM OblMb UCHONB308AHbl 8 YENHBIX U 3Y04amblX NPUBOOAX, AGNAIOUWUXCS HACTNBIO
MexanuzmMo8 pobomos, noaucpaguiecKux, meKCmuIbHblX, nuwyenepepadamvleaiowux u opyeux mawiun. Janvl Hekomopule
MUNbL NOTUMEPHBIX U MEMALTONONUMEPHBIX Yenell, 36é300uek, uiecmepeH. IIpeocmagnensl uHmezpuposantvle KOHCMpYKyuu,
uz20mogeHue u PYHKYUOHUPOBAHUe Oemaneil MAWUH U3 NOTUMEPHBIX KOMNO3UMOS.

Bui600vt 6 coomeemcmeuu co cmamoueii. [Ipumenenue unmezpuposaHHuix KOHCMPYKYU NOTUMEPHLIX Oemareli MautiuH
U UX NPOU3800CMEO 3a OOHY MEXHOIOSUYECKYIO ONepayuio Aumsvém nood 0agieHuem Ha mepMonIacmagmomamax 0aém 6os-
MOICHOCMb KAPOUHATLHO (8 pa3bl, A He HA NPOYEeHmbl) CHU3UMb MPYOOEMKOCIb NPOU3BO0OCMBA Oemaneli MAuluH, nOxyYdsl
npu 5MOM PAo0 NPEUMYWECE KOHCIMPYKIMUBHO20, MEXHOI02UHECKO20 U IKCHLYAMAYUOHHO20 XAPAKmMepa.

Knrouesvie cnosa: pecypcocoepezaroujue mexHono2uu, NOIUMepHble U MEMALIONOTUMEPHbIE 36E3004KU, WeCMepHU, Yenu.

Puc.: 10. bubn.: 10.
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