Jist monmydeHus: Haumydinei o0mel KapTuHbl paboThl CHCTEMBI BOJOCHAOXKEHHUS U BBISIBIICHHUS BO3HU-
KaIoIIUX MPoOIIeM ¢ yTEeUKOH [esiecoo0pa3Ho MCHOIb30BaTh KOMIUIEKCHOE CHCTEMHOE PEIIeHUEe, BKIII0Ya-
IOIlIee HECKOJIBKO THUIIOB JAaTYMKOB/PErHCTPATOPOB, OOJAYHBIE TEXHOJIOTUH M KOMIUICKCHBIC aHAJIHTHYE-
CKHE MPOTpaMMHBIE PEIICHHS, a TAKKe CICAYIOIINE MEPOTIPUSITHS 1 HHCTPYMEHTBI:

— ONTHMU3AIHA CYIIECTBYIONINX B Pa3paboTKa HOBBIX METOJOB T€PMETUYHOCTH BOJIOTIPOBO/IA;

— pa3paboTKa CTpaTeruyl MpeI0TBPAIIECHHs MM MUHUMHU3AIMN HOBBIX YTEUEK;

— CO3JJaHUE TOYHOTO BOIHO-XO3SIMCTBEHHOTO OanaHca Ha OCHOBAaHWH PAacueTOB HOPMATHUBOB PAaCcXO0B
W HEYYTCHHBIX MTOTEPh MO BCEM MapaMeTpam;

— pa3paboTka aKTHBHOH 3((EKTHBHON CHCTEMBI KOHTPOJISI YTEYEK M IMOTEPh BOJBI, BKIIOYAIOIICH:
YCTaHOBKY JaTYMKOB M CEHCOPOB OOHApyKeHHS yTEUeK Ha HanOolsiee MPOOJEMHBIX YyJacTKaX CETH, MOJy-
YeHHUE TAaHHBIX B peajJbHOM BPEMEHH, MPUMEHEHUE CPECTB UCTAHIMOHHOTO OOHAPYKEHUS YTCUEK;

— ympaBJiieHHE JaBJICHHEM 3a CYEeT YCTaHOBKH peAyKIMOHHBIX KianaHoB (PRV) B kitoyeBbIX MecTax B
cucTeMe pacrpezeneHust Boabl. OXHAKO UCTIONB30BAHNE CIUIIKOM Ooubioro KommdectBa PRV (Hapsmy
COMYTCTBYIOIIMMH CUYETYNKAMHU U, BO3SMOKHO, HOBBIMU CETMEHTaMHU TPYO) MOXKET CTaTh JOPOTOCTOSIIUM,
[0 CPAaBHEHMIO CO CTOUMOCTBIO COKOHOMIICHHON BOJBL.

— NpUMEHEHHEe OeCTpaHIICHHBIX METOJ0B BOCCTAHOBJICHHUS TPYOOIIPOBOMOB C MPUMEHEHHUEM ILIACTH-
KOBBIX TPYyO;

— HCTIOJIb30BAaHHE HAYYHBIX [10JIX0/J0B B IOHUMAHHUH TPHPO/IBI BETUUNH YTEUEK B CETSIX BOAOCHAOKEHHUSI.

OnHako 3TH MepoIpuATHS OyAyT BBIMOIHATHCS TOJIBKO TPH YCIOBUH, KOTJA YHpPaBICHHE BOJIOIPO-
BOJHOUN MH(PACTPYKTYpPOH ABIsETCS HarmOoee SKOHOMUYIECKH dP(HEKTUBHBIM, €CITH OHO OCYIIECTBISETCS
B COOTBETCTBHU C LIEJIEBBIMU HCCIIEJOBAHUSIMH U BOJAHBIMU ayJAUTaMH, KOTOPBIE MOTYT ONPEACIIUTD U 1aXKe
npeJcKas3arh, Kakue paliOHHBIE CHCTEMBl BOJIOCHAOXKEHHUsI HanboJiee MOABEPKEHBI pa3pbiBaM M yTeUKaM.
OnHako mocine MepBOHaYaIbHON OLEHKH COOTHOIICHHS 3aTPaT C TOCTIKEHUEM d(deKkTa B paMKax CHCTe-
MBI 3TH YCHJIMSI CTAHOBHUTCS BCE TPY/AHEE BBHIMONHATH SKOHOMHUYEeCKH 3 dexkTuBHBIM 00pa3om. Takum 00-
pas3oM, CyTh 3aKIII04aeTcs B TOM, YTO HUKOTa HE MOXKET OBITh HICaIbHOM CUCTEMA pacIipeeliCHHsI BOJIBI C
0 % HenoxomHBIMU HOTEpsIMH BOAbl. HacTymaer MOMEHT CHM)KEHHSI OTAA4M, KOTJa NIEJI0 JOXOOUT 1O
COKpAIIEHHs ATUX NOTepb. Kilo4eBBIM TEPMUHOM 3]1eCh SBIISETCS SKOHOMUYECKHI YPOBEHb YTEUKH, KOTO-
pBIii ompenenseTcs MeXIyHapOIHOW accolMalueil Mo BOIHBIM pecypcaM KaK «ypOBEHb YTEUKH, MPH
KOTOPOM HpeJIeNIbHBIEC 3aTPaThl Ha aKTUBHBIH KOHTPOJb YTEUKH PaBHBI NPEICIbHBIM U3/IEPKKaM MPpOTeKa-
IOIIEH BOJBI» M KaK «IKOHOMUYECKHH YPOBEHb PEalIbHBIX MOTEPh, [KOTOPHII| BO3HHMKAET, KOTAa CyMMa
CTOMMOCTH BOJIbI, TOTEPSHHON B PE3yJIbTaTe pealibHbIX MOTEPh, U CTOMMOCTh MEPOTPUSITHH, MPEIIPUHSI-
THIX JUTSI MUHUMHU3AIMH PEATbHBIX MTOTEPh, HAXOAUTCS HA MUHUMYME)».
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SOME ASPECTS OF INDUSTRIAL POLYMER WASTE RECYCLING SYSTEM

Kh. I. NURMETOV, A. A. RISKULOV
Tashkent State Transport University, Republic of Uzbekistan

Among the wide range of wastes generated in the regional sphere of production and consumption, pol-
ymer wastes are of particular relevance, which are a set of products generated at various stages of techno-
logical processes at specialized enterprises for the production of chemical products, as well as amortized
products of various functional purposes (packagings, packaging elements, film semi-finished products,
medical products, household appliances and equipment) which are formed in the process of functional ap-
plication as in specialized agencies and organizations (medical institutions, trade organizations, transport
organizations), and in the system of housing and communal complexes (housing and communal services).
A significant portion of some polymer waste is recycled at the site of generation and used to produce the
product of the required quality.
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Wastes (residual products) of the process of producing polyamide fibers and products from them are a
full-fledged raw material for plastic masses and composite materials with a brand assortment of more than
50 types at quality parameters corresponding to domestic and foreign analogues.

Among the most mass polymer wastes are waste in the form of containers (containers for liquid-phase
food, technical and special products, bags for storage and transportation of bulk food, construction, agricul-
tural goods), sheet and film semi-products, medical products (disposable syringes, containers for storage of
medicines) made from thermoplastic materials based on polyolefins.

A characteristic feature of polymer waste based on polymers of the polyolefin class is a pronounced
technological predisposition to recycling, due to the features of the structure of the macromolecular chain,
which provide relatively high resistance to multiple effects of technological factors (temperature, pressure,
shear strain). These features of the polyolefin structure allow multi-cycle recycling of various types of
waste to produce products in the form of regenerated raw materials with high parameters of consumer
characteristics, which can be used as a semi-finished product in the manufacture of a wide range of prod-
ucts of various functional purposes.

When recycling film wastes, they are sorted, ground, cleaned of contaminants and residual products,
dried, remelted in a multi-section extruder with degassing and subsequent granulation of the regenerate to
obtain a semi-finished product with the most common dimensional parameters.

Among the most important indicators of the efficiency of the production activity of the enterprise spe-
cializing in the field of recycling of high molecular weight products are parameters characterizing the qual-
ity of products, primarily granulate based on regenerated raw materials obtained using process lines with
various degrees of completion of the process.

Techniques for processing secondary polymeric thermoplastic materials based on various approaches
are known. The most common method of processing secondary polymer materials is mechanical crushing
of non-standard cushioned polymer products and production wastes (runner systems) with subsequent pro-
cessing of crushed fractions with size from 5 to 15 mm in technological equipment ensuring achievement
of viscous-fluid state (extruders, thermoplastic machines) with subsequent granulation. This method of re-
cycling is simplest in technology, however, it results in a product with a large dispersion of service charac-
teristics (rheological, deformation-strength, thermophysical, tribotechnical, adhesive, etc.) and is used, as a
rule, to obtain products of low quality using an uncertain composition, large size or mass for recycling
cushioned polymer products, or with the presence of large contaminants.

In the practice of recycling, a method of processing film cushioned thermoplastic articles (cover films,
packaging of food materials) is used, consisting in mechanical fractionation (crushing of the semi-finished
product) with subsequent exposure of the ground film fragments of the elements of the technological unit,
which cause their mechanical deformation, leading to their heating. Under the influence of thermal energy
of deformation from dispersed fragments of film materials and semi-finished products, so-called agglomer-
ate - partially melted fragments with a particle shape close to spherical are formed. The obtained agglom-
erate is used for making articles by injection molding or extrusion using traditional equipment - casting
machines (thermoplastic machines) and extrusion plants (extruders).

The technology of recycling secondary thermoplastic materials by agglomeration is quite widespread in
the practice of recycling, since it has a relatively low energy consumption and simplicity of implementa-
tion, but has a number of disadvantages limiting the scope of its application. Firstly, it is effective only for
film waste, and secondly, it requires careful preparation of raw materials (sorting and cleaning from con-
taminants and related products), since if this condition is violated, an unstable quality regenerate with low
consumption characteristics is formed.

In the course of system research, an effective technology for recycling process waste of thermoplastic
materials has been developed, which allows to obtain a product of high quality with stable parameters of
consumer characteristics.

The essence of the developed technology of recycling secondary polymer materials based on thermo-
plastics is as follows. It is known that with uniaxial orientation of thermoplastic fibers, they are strength-
ened due to the formation of a specific supramolecular structure. This structure, formed from blocks of
macromolecules with mainly parallel laying, has a memory effect due to the higher level of intermolecular
interaction in the oriented supramolecular structure compared to the non-oriented periphery. Therefore,
when cooling a re-melted fragment of oriented fiber of any section (cylindrical, rectangular, triangular,
etc.), a significant part of the oriented reinforced structure is restored. Due to the same (or similar) molecu-
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lar structure and chemical composition of the modifying component (oriented fiber fragments) and the ma-
trix (undirected secondary raw material fragments), thermodynamic compatibility of the components of the
regenerated material is ensured and a strengthening effect is achieved. In order to realize the reinforcing
effect, from 1 to 100 parts by weight of fragments of uniaxially oriented fibers must be introduced into the
non-oriented matrix. With the ratio "matrix-oriented fiber" 100:1, the effect of reinforcement of the regen-
erate is technologically significant, and with the ratio of components in 1:100, undirected matrix compo-
nents perform the function of a kind of high-molecular plasticizer.

Subsequent drying of mechanical mixture of oriented and non-oriented components in suspended layer
at close mass ratios of dispersed fragments ensures preservation of required ratio and achievement of ho-
mogeneous semi-product suitable for further remelting. Processing of the obtained mixture in a continuous
process cycle and a closed volume of process equipment makes it possible to continuously supply the raw
mixture to the feed hopper of the extruder, perform degassing of the melt through the zones of the melting
cylinder, homogenize the melt due to the continuous action of the screw and granulate the regenerated
product in the closed process space with minimal environmental access at all stages of the recycling pro-
cess. These causes almost complete suppression of thermo-oxidative and thermo-destructive processes in
the polymer material at various stages of the process and the production of a regenerated product (regener-
ate) of stable quality.

The developed recycling technology can be implemented when processing secondary polymer materi-
als based on various thermoplastics - high pressure polyethylene (HDPE), low pressure polyethylene
(LDPE), polypropylene (PP), polyamide 6 (PA6), and mixtures of LDPE + PP, HDPE + PP, etc. Studies of
the structure and structure of thermoplastics regenerated according to various technologies using modern
methods of physical and chemical analysis and determination of parameters of strain-strength and rheolog-
ical characteristics have shown notable advantages of the product regenerated according to the developed
method compared to the regranulate obtained according to the known technology.

As follows from the obtained data, the regenerated product (regenerate) obtained by the developed
technology is superior in strength, impact toughness characteristics, the product obtained by extrusion re-
melting technology. The characteristics of the regenerate are not inferior in quality to the primary ana-
logues (PP, LDPE, PAG), so it can be used as a full-fledged material for the manufacture of polymer prod-
ucts of various functional purposes instead of the so-called primary.

Regenerated polyolefins have been used as a matrix binder for composite materials with process and
service characteristics that meet the requirements for products of a particular functional purpose.
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SHEPTETUYECKAS Y®®EKTUBHOCTH BEJIOPYCCKOM KEJIE3HOM JOPOTH

B. M. OBYUHHUKOB
benopyccruii 2ocydapcmeennulii ynusepcumem mparcnopma, 2. I omeny,

C. A. CEMALIKO
benopyccrasn sicenesnasn oopoea, . Munck

[IpoBeneHHbI aHaMM3 SKCIUTyaTallMOHHBIX pacxofoB benmopycckoi skenmeznorr nmoporu (BXK) 3a
MIPENBIIYIIYIO MATUIETKY OKa3al CIeayoIIee.

Haubonpmas mgomns, 45-47 % sKcmmyaTalMOHHBIX pacxoaoB bemopycckoit jkene3Hol JOporu Ha TOTI-
nuBo nipuxonutcs Ha bapanosnuckoe (HO/I-2) u Butedckoe (HO/I-6) otnenenus. To CBUACTEILCTBYET O
TOM, YTO JBYMS 3TUMH OTJAEIECHUSMH BBIIOJIHACTCS HauOOJBIIMKA 00bEM MEPEBO30K C MCIOIB30BAHUEM
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