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ON THE NEED TO DEVELOP TECHNOLOGIES
FOR PRODUCING BIOPLASTICS IN KAZAKHSTAN

Abstract. This article is published with a purpose to draw attention to the need to initiate in Kazakhstan the
development of technologies for producing bioplastics from Kazakhstan’s own renewable plant resources.

Every year, Kazakhstan generates hundreds of thousands of tons of plastic waste based on synthetic polymers
traditionally produced from petrochemical raw material. Among them are bottles, packaging and bags. For example,
in 2019 alone, plastic waste amounted to over 480 thousand tons. 15 companies, including two plastic processing
plants, are not capable to cope with this amount of garbage. More than 18 million plastic bags are discarded in
Kazakhstan every day, contaminating the environment.

Since only about 9% of the plastic produced is recycled, the remaining part either contaminates the environment
or is damped where the complete decomposition takes up to 500 years, releasing toxic substances into the soil in the
mean time.

The production of bioplastics and bioplastics-based products that will decompose in a short time (few months)
will reduce the use of synthetic plastic products the decomposition of which is extremely slowly from 100 up to
500 years. Petroleum-based plastic is a real threat as a source of environmental pollution. Kazakhstan is taking
measures to reduce environmental pollution. Starting in 2025 it is planned to introduce a complete ban on the
realization of petroleum-based food packaging (bags).

It is necessary to develop technologies for producing biodegradable polymers from renewable biological
resources to replace petroleum-based plastic, reduce environmental pollution and increase global sustainability.

There is a need for initiation of the research work on bioplastics in Kazakhstan.

Keywords: bioplastics, natural polymers, natural rubber.

Main part. Problem. Hundreds of thousands of tons of plastic waste based on synthetic polymers
traditionally made from raw materials based on petroleum products accumulate in Kazakhstan annually.

These are bottles, packaging and bags. For example, in 2019 alone, plastic waste amounted to over
480 thousand tons. 15 companies, including two plastic processing plants, cannot cope with this amount of
garbage. Every day in Kazakhstan, more than 18 million plastic bags are thrown, polluting the
environment [1].

Since only about 9% of the plastic produced goes into recycling, the rest either pollutes the
environment or settles in landfills, where its complete decomposition can take up to 500 years, and toxic
substances will be released into the soil.

The main problem with the use of products made of synthetic polymeric materials is their very slow
decomposition under natural conditions (from one hundred to 500 years). Oil based plastic is a real threat
as a source of environmental pollution. Kazakhstan is taking measures to reduce environmental pollution.

Thus, the Ministry of Ecology, Geology and Natural Resources of Kazakhstan, the National Chamber
of Entreprencurs "Atameken" and the Association of Environmental Organizations of Kazakhstan
concluded a memorandum of cooperation on the introduction of paid use of plastic bags. The main goal of
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the adopted memorandum is to reduce the use of plastic bags and the production of environmentally
friendly types of packaging (biodegradable plastics).

It should be noted that the international community is actively working to reduce the output of
synthetic plastic products. To date, more than 40 countries at different stages have introduced a ban on the
use of plastic bags. For example, in Germany, Denmark, the Czech Republic, and Uzbekistan, free sale of
plastic bags in retail trade is banned, and in the USA, China, Italy, Australia, Pakistan, Georgia, Kenya, a
complete ban on the use, sale, production and import of plastic bags has been introduced.

Since 2025, Kazakhstan will introduce a complete ban on the sale of oil-based food packaging (bags)
[2].

It is necessary to develop technologies for producing biodegradable polymers from renewable
biological resources to replace petroleum-based plastic with them, reduce environmental pollution and
increase global sustainability.

The main advantage of bioplastics is its ability to decompose in a short period of time (weeks and
months), while the decomposition of synthetic plastic requires hundreds of years [3].

In this regard, research is also being initiated in Kazakhstan aimed at developing technologies for
obtaining new bioplastics from Kazakhstan's renewable plant resources.

Biodegradable polymers are polymers that retain performance over a period of consumption and then
decompose under the influence of environmental factors into water and carbon dioxide, humic substances
and biomass. Thus, a natural cycle of substances is carried out, capable of maintaining the ecological
balance in nature [4]

Biodegradable polymers have advantages:

- the possibility of processing, as well as petroleum-based polymers, on standard equipment;

- resistance to decomposition under ordinary conditions;

- fast and complete degradability when specially created or natural

conditions - the absence of problems with waste disposal;

- independence from petrochemical raw materials.

Biodegradable plastics are divided into four groups.

The first group is natural polymers isolated from biomass: starch, cellulose, protein, glycogen, inulin,
natural rubber.

The advantage of natural polymers is that the resources of the feedstock are constantly renewable.

The second group consists of polymers produced by microorganisms during their life (PHA
polyhydroxyalkanoates - derivatives of polyoxybutyric acid). The most promising polymer of this group at
present is poly-3-hydroxybutyrate, or polyhydroxybutyrate (PHB). In nature, this polymer is synthesized
by certain types of microorganisms and plays the role of an intracellular energy reserve, like glycogen and
polyphosphates in other microorganisms. Polymer located in the cytoplasm of microorganism cells in the
form of granules and usually accounts for more than 40% of their weight in the dry state [5].

Since PHA is biodegradable and does not harm living tissues, it is often used in medicine as
absorbable suture threads, dressings and tampons, plates and rods in orthopedics [6, 7].

The third group includes polymers artificially synthesized from natural monomers, for example, PLA
polylactides.

Products made of polylactide (PLA), a transparent thermoplastic that is a product of polycondensation
of lactic acid, decompose in compost within one months and a little longer in seawater. An important
advantage of a submarine is the possibility of processing it on traditional equipment. Disposable dishes,
films, fibers, and implants for medicine are formed from PLA [8].

The main producer of polylactides is the company RURAC (Netherlands).

When you add the appropriate plasticizer, the PLA becomes elastic and can compete in properties
with polyethylene (PE), polypropylene (PP) or plasticized polyvinyl chloride. The service life of the
polymer increases with a decrease in the size of the monomer unit in its composition, as well as after
orientation drawing, causing an increase in the modulus of elasticity and thermal stability of the
submarine. By fermenting corn dextrose, the American company Cargill Inc. mastered the production of
submarines under the Eco-Pla trademark, sheets of which are comparable in impact resistance to
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polystyrene (PS). Films have high strength, transparency, gloss, low coefficient of friction and good
weldability.

However, the PLA is not without flaws, the main of which is the ability to swelling and dissolution
during prolonged contact with water. Moreover, the higher the temperature, the faster these processes
occur. Another drawback holding back the widespread adoption of PLA as a polymer domestic and
general technical purpose, is its high cost [6].

The fourth group consists of traditional synthetic plastics with biodegradable additives introduced into
them.

Currently relevant task is the creation of compositions (mixtures) from synthetic (obtained mainly
from oil) and natural (organic and inorganic) materials - BSPM, in which the continuous (matrix) phase is
a synthetic polymer.

The first stage of biodegradation is the formation of microcracks and the subsequent destruction of
products into fragments. The mechanism of these processes is based on photodegradation of system
components under the influence of ultraviolet (UV) radiation with the formation of radicals, which, in
turn, activate photooxidative processes in PM [9].

Then the fragments are exposed to microorganisms, enzymes [6].

Synthetic polymers, that is, based on petroleum products, include: polyethylene, phenol-
formaldehyde polymers, synthetic fibers, synthetic rubbers [10].

The problem of replacing plastic based on synthetic polymers with bioplastics is an international
problem. Thus, according to global market forecasts, in 2020 bioplastics will make up 5% of all plastics
produced, and in 2030 - 40% of all plastics produced. Ceresana predicts that by 2020 the global bioplastics
market will be $ 5.8 billion [11].

Currently, bioplastics account for approximately 1% of 335 million tons of plastics produced
annually.

According to the latest data from the European Bioplastics Institute and the nova-Institute Research
Institute (Hiirth, Germany), which are leading organizations in the field of biopolymer research, global
bioplastics production capacity will increase from approximately 2.11 million tons in 2018. up to
approximately 2.62 million tons in 2023 [12].

The disadvantages of biopolymers should also be noted:

- high cost (so far an average of 2-5 euros per 1 kg) ;.

- many of the bioplastics are inferior to conventional plastics in mechanical properties, i.¢. they are
not strong and tough;

- many of the bioplastics are inferior to petroleum-based plastics in their barrier properties to oxygen,
carbon dioxide and water vapor, which can adversely affect a packaged food product.

At the same time, numerous publications indicate an ongoing search for promising developments in
the production of biodegradable materials [13].

Thus, research is needed to address the disadvantages of biodegradable polymeric materials.

For example, it is necessary to modify the technology for bioplastics based on the natural polymer of
starch. The main sources of starch are crops - potatoes, corn, wheat, barley.

Starch is fully biodegradable, renewable and has a low cost [14].

Starch is an inexpensive and affordable substance that decomposes under various conditions the
environment. Its production exceeds current market needs.

USA and Europe. The leading manufacturers of starch-based biopolymers are: the Italian company
Novamont, the Dutch company Rodenburg Polymers [15]. Overproduction of potato, a source of starch,
was also noted in Kazakhstan [16].

Starch (CsHi0Os)n is a mixture of amylose polysaccharides and amylopectin,

monomer of which is alpha glucose. Amylose is a linear polymer, amylopectin is a branched polymer.
The content of amylose and amylopectin in starch varies and largely depends on the source of starch [17].

The good compatibility of starch with plasticizers is of great interest for the production of bioplastics.

— 44 ——



ISSN 2224-5227 5.2020

Plasticizers are substances that are introduced into the composition of polymeric materials to give (or
increase) elasticity or plasticity, to improve technological and operational properties.

A review of the literature indicates that the final properties of starch bioplastics can be improved by
using various plasticizers, fillers, and also by changing the source of starch [18].

That is, further, new studies of starchy bioplastics compositions are needed.

Composite material is a multicomponent material, consisting, as a rule, of a plastic base (matrix),
supplemented with fillers with high strength, rigidity, etc. By varying the composition of the plastic base
and filler, their ratio, they get a wide range of materials with the necessary properties.

Promising technologies aimed at the inclusion of latex rubber plants (milk juice with colloidal rubber
particles) in the composition of starchy bioplastics to increase its elasticity and strength. Due to its
plasticity, elasticity, affordability and low cost, natural rubber is a promising agent for improving various
bioplastics.

Similar work was carried out in Thailand and the USA with PHBV (Poly (3-hydroxybutyrate-co-3-
hydroxyvalerate), as a result, the plasticity and hardness of this bioplastics were improved [19,20].

Natural rubber is a high molecular weight hydrocarbon (C5HS8) n, a cis polymer of isoprene;
contained in the latex of the tropical tree of Hevea (Hevea brasiliensis), in the roots of the Kazakhstan
Dandelion kok-sagyz (Taraxacum kok-saghyz) and other rubbery plants [21].

The most widespread use of natural rubber is the production of rubber [22].

However, a new application of natural rubber is currently being discovered - the inclusion of natural
rubber in bioplastics to improve its performance [20].

Conclusion. Qil-based plastic is a real threat as a source of environmental pollution in Kazakhstan. In
this regard, research is also being initiated in Kazakhstan aimed at developing technologies for obtaining
new bioplastics from Kazakhstan's renewable plant resources.

It is necessary to develop technologics for producing bioplastics from natural polymers that are
biodegradable for several months to replace synthetic plastic with them.

The critical points, alternative ways of implementing the bioplastics problem in Kazakhstan are as
follows.

It is necessary to strengthen the strength and elasticity of bioplastics.

Promising solutions. Choose the best composition, such as starch and adequate plasticizers and
additives. A promising way to improve the strength and ductility of bioplastics is to include natural rubber
in its composition.

It is necessary to reduce the cost of bioplastics, to ensure import substitution. Cheaper bioplastics can
be achieved by using cheap ingredients. Use of waste, waste or untreated materials is possible.

It is necessary to narrow the gap between bioplastics resecarch and the market through the
collaboration of scientists with commercial enterprises producing and selling bioplastics.

K.P. Yreymn, K.7K. ZKambaxkun

«buonorus xaHe 6CIMAIKTEP OHOTEXHOIOTHICH HHCTUTYThD» PECIY OTMKAIBIK MEMJICKETTIK MEKEMECI,
KP Binim sxoHE FRITBIM MEHHCTPIITI, AnmMatsl, Kazakcran

KA3AKCTAHJA BUOILUTACTHKTI AJTY TEXHOJIOI'MACBIH
I93IPJIEY KAKETTLIITI'T TYPAJIBI

AnHotanusa, Y CHHBUIFAH AHATHTHKANBIK 0Ty KasakcTanra )KCKCMCHIIIK KA3aKTAHIBIK YKAHAPTHLUIATHIH 6CIM-
K peCypcTapblHaH OHOILIACTHK ajlly TCXHOJOTHACHIH d3ipieyai 0actay KaKCTTUTTIHEC HA3ap ayJapy MaKCaThIHAA
JKaApHSIAHIBL

XKemn catipin Kazakcramga MyHaW eHiMZAEpi HETi3iHAEC MIMKI3ATTAaH ASCTYPIl JAWBIHIAIFAH CHHTCTHKAIBIK
TMOJTUMEPJICP APKBLTHI JKY3ACTCH MBIH TOHHA IUIACTHK KAIABIKTApP SKHHAMAABL. Byn xamagpikrap — OeTenke, Kanmrama
JkoHE makeTTep. Muicansl, 2019 SKBUTFBI MIACTHK KOKBICH 480 MBIH TOHHAZAH aCTHL. 15 KOMIIAHHSA, OHBIH IIIiHIC
IIACTHKTI KalTa OHACHTIH CKi 3ayBIT KOKBIC MOJIICPIH HTepe amManapl. KazakcTanaa KyH CalibIH KOPIIAFAH OPTAHBI
JIACTAUTBHIH 18 MUJITMOHHAH ACTaM MJIACTHKAIBIK MAKET IIbIFAPBLIAIBL
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Kaiitanama eHzeyre eHAIPINCTIH MIACTUKTIH 9%-Fa Ky BIFbI FAHA KEIIII TYCETIHAIKTCH, KAJFaH O6JIiri KOpIaraH
OPTaHBI JACTAHIBI HEMECE KOKBIC TACTAHTHIH JKEPIEC TYPaabl, OHAA TOIBIK bIABIpAy yzaepici 500 Kpurra JeHiH
CO3BLIYBI MYMKIiH, OYJI pETTC TOTBIPAKKA YJIBI 3aTTap O6IHE L.

Kazakcranga OworiacTuka eHIIPICIH MKOHE COHBIH HETi3iHAC KbICKA Mep3iMace (aliapaa) bIABIPAnTBIH OYHbIM-
JApABl OHAIPY YHBIMAAPHl CHHTCTHKABIK IIACTHKTCH YKacairaH OyieiMaapasl matimamany el 100-ger 500 s>xeurra
JCHiH eT¢ Oasy BIIBIPATy KAFAAWBIH KBICKApTa anaabl. MyHall eHIMACPIHIH HCTI3IHAC MIACTHK KOPIIAFAH OPTAHBI
JACTayabIH K631 PeTiHAC HAKTHI Kayim-Karepiepai kenripedi. KazakcTaHma KOpImaraH OPTAHBI JACTAHY MOJICPIH
KBICKAPTY J>KeHiHAC mmapamap KaOesurmanyaa. Oceitafimia 2025 skeimmaH Oactam MyHAaW HETI3IHACTI TaraMIIbIK
KAnTaMaHbI (MAKCTTCPAL) CATYFa TOJBIK THIHBIM CajTy >KOCIIAPJIAHBIN OTHIP. YKaHAPTHUIATHIH OHOJIOTHAIBIK PECypC-
TapAaH OMOJIOTHSIIBIK BIIBIPANTHIH TOIAMEPIICPAl MYHAH HETi3IHACTI IIACTHKTEP/I aybICTHIPY, KOPIIAFaH OPTAHbIH
JACTAHYBIH A3aHTY oHE *KahaHIBIK TYPAKTHIIBIKTHI APTTHIPY YIIiH AHbIPBII ATy TEXHOJIOTHSUIAPBIH 331pJiey KaKeT.

BuoanyaHTYpIiliK INIACTHKTEP TOPT TOMKA O6TiHe Il

Bipixmi Tom — 6momaccagan OeriHIeH TAOWFH MOIMMEPIIEP: KPaxMal, HEJDT0I03a, aKybl3, TJIHKOTCH, HHY IIHH,
Taburn Kaydyk. TaOWFW IOJMMEPICPAIH APTHIKIIBUIBIFBI — OACTamKpl IMHKI3AT PECYpPCTapbl YHEMI »KAHAPBII
OTBIPATIBL

ExiHmmi Tom — eMip Cypy OapbhIChIHAA MHKPOOPTAHM3MACP OHAIPETIH HOIMMEpIiep (II0JMTHIPOKCHATIKAHOATTAP
PHA - monmmoxcuMail KbIIIKBUIBIHBIH TYBIHABUIAPHI). Ka3ipri yakeITTa OCHI TONTHIH €H NEPCIEKTHBTI MOIMMEP]
oJm-3-0kCcHOy THpar Hemece monuruapokcuoyTupar (I11'6) Oonbm cananaasl. Taburarra Oy MOMMEP MHKPOOPra-
HU3MACPAIH KCHOIp TYPACPIMCH CHHTC3ICITCH JKOHC 0aCKa MHKPOOPTaHH3MACPACTI TTHKOTCH MEH momudocgar
CHSKTBI JKACYIIAIMIIIIK JHCPTCTHKANBIK PE3CPB POTIH arkapagsl. [loamMmep MHKPOAF3amap »KaCyIaTapbIHBIH
IUTOIIA3MACHIHAA TYHIPIIKTED TYPiHAC OOJNANBI KOHE OACTTEC KYPFaK KYHiHIE osapabiH camMarbiHbH 40%-m1aH
ACTAMBIH KYPaNabL

PHA 6mHONOTHATIBIK BIABIPANTHIH YKOHE Tipi TIHACPTE 3HSH KENTIPMEHTIHIIKTCH OHBI MEIUIIMHANA >KHi COPATHIH
TITICTIK KINITEP, TAHFBIIITAP MCH TAMIIOHJAP, INIACTHHATIAP MCH OPTOICAMAAAFHI 63€K PETIHAC MaliTalaHAIbI.

Yrinmri Ton — TAOUFH MOHOMEPIICPACH JKACaHIbl CHHTC3ICITCH HOMMMEPIIep, MbIcaibl, PLA noammakTuarep.

INomumakruaren (AXK) »xacamran OyibIMIap — CYT KbIIKBLIBIHBIH, ITOJUKOHICHCAMACHIHBIH OHIMI — MOIIIp
TepMOIIIacT Oip aif imrHAe KOMIIOCTA >KOHE TCHI3 CYBIHAA OJaH Oipa3 y3arbIpak brapIpaiiasl. AXKIK-HBIH MaHBI3IBI
apTHIKIIBUIBIFBI OHBI JSCTYPML KaOJbIKTa KaWTa eHIeY MYMKIHAIri Oombinm caHamansl ITJI-mam OipperTik bIAbIC,
TUICHKA, TAJIIBIKTAp, MEIUIMHA YIIH UMIUTAHTATTAP KAIbITaCa bl

TepTiHII TOI — ASCTYPII CHHTETHKANIBIK IUIACTHKTEP, OJAPFA SHI131ITCH OHOMOTHSIBIK OY3FBINI KOCTIAIap.

CuHTeTHKANBIK (HET131HEH MYHAHAAH ABIHFAH) >KOHE TAOMFH MATCPHAIIAPAAH KACAJFaH KOCHAIap »Kacamaisl,
0Napaa Y3MIKCi3 MAaTPHIAIBIK (ha3a CHHTCTHKAIIBIK MOJTHME]P OOJIBIN CAHATAIBL.

CHHTCTHKATIBIK TMOTUMCPJICPTS MBIHANAP >KATAgbl. MOMHATHICH, (PCHOMO-(QOPMATBACTHATI MOTHMEPIED,
CHHTCTHKAJBIK TAIBIKTAP, CHHTCTHKAIBIK KayuyKTap.

Kazakcranga OHOIIIACTHKAHBIH FHUIBIMU-3EPTTCY >KYMBICTAPhIHA OAaCTAMAIIBLUIBIK jKAacay KaXKeT.

Tyiiin ce3aep: OnomnacTuk, TaOUFH MOIUMEpPIIEP, TAOUFH KayUyK.

K.P.Yreymmn, K. K, Kambaxua

PecmyOmikanCkoe TOCYIAPCTBCHHOE YIPCSKACHAC «IHCTHTYT OHOJIOTHH W OHOTCXHOJIOTHH pacTeHuin» Komurer
Hayxu. MununcrepcTBo obpazosanus u Hayku PeciyOnmku Kazaxcran. Amvarsl. Kazaxcran

0 HEOBXOJUMOCTH PA3PABOTOK TEXHOJIOTH MOJYUYEHAA
BUOIIJTACTHKA B KAZAXCTAHE

Annortamust. Hacrosmmii aHaMTHYCCKU 0030p MyONHKYETCS C LENbI0 OOpaTHTh BHHMAHHE Ha HEOOXO-
JuMocTh mHHIManmu B Kasaxcrane pa3pabOTOK TEXHONOTHH MONYUYCHHS OMOIIIACTHKA W3 COOCTBEHHBIX, Ka3ax-
CTAHCKHUX BO30OHOBIIEMBIX PACTUTEIBHBIX PECYPCOB.

Esxxerogno B KazaxcTane CKaruIMBarOTCA COTHH THICAY TOHH IUTACTHKOBBIX OTXOJOB HA OCHOBE CHHTETHUYCCKHX
MOJMMEPOB, TPATUIHOHHO H3TOTOBJICHHBIX W3 CHIPhSI HA OCHOBE HE(PTEHMPOAYKTOB. JTO OYTHUIKH, YIAKOBKH H
nmakeTsl. K mpumepy, Tobko B 2019 rogy mMycop miacTHKa COCTaBHI CBbIME 480 THICAY TOHH. 15 KOMIAHHN, B TOM
YHCIC JBA 3aBOJAA MO TEpepabOTKE IDIACTHKA HE CIPABILIFOTCS C 3THM KOJIHYECTBOM Mycopa. Kaxkneri aeHb B
Kazaxcrane BerOpacsiBacTcs 001¢e 18 MITH MIACTHKOBBIX MAKSTOB, 3ATPA3HASL OKPY KAIOMIYIO CPCAY .
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ITockoIbKy BO BTOPHYHYIO HMEpPepadOTKY IMOCTYIAET JHIIb OKOIO 9% IPOM3BOAMMOrO IDIACTHKA, OCTATbHAA
YacTh MO0 3arPA3HICT OKPYKAIOIIYIO CPEAy, THOO0 OCENAET HAa CBAJIKAX, TJC €0 I0JIHOE PA3JIOKCHHE MOXKET 3aHSITh
10 500 ner, mpu 3TOM B MOYBY OYIYT BBLIEIATHCS TOKCHUHBIC BEIECTBA.

Oprarmzaums B Kazaxcrane nmpon3BoaCcTBa OMOIUIACTHKA U HA €r0 OCHOBE M3/CIHH, PA3/IaracMbIX B KOPOTKHUH
CPOK (MecAIpbl), 0OECHECUNT COKPAINCHUE WCIOJB30BAHUS WM3ACIHH H3 CHHTECTHYCCKOTO IUIACTHKA, PAa3IaracMbIX
kpaitie memneHHo 0T 100 1o 500 mer. IlmacTwk HA OCHOBE HE(TEHMPOIYKTOB COCTABILICT PCATBHYIO YIPO3Yy KAk
HCTOYHHK 3arpAa3HCHHA OKpy»karomel cpeapl. B KaszaxcraHe NMpHHMMAIOTCS MEPBI IO COKPAIICHHIO 3arpsa3HCHUI
okpy:karomei cpeasl. Tak, mmanupyercsa ¢ 2025 roga BBECTH MOJHBIM 3alPeT HA PEeaTM3alUI0 MUIICBOH YIAKOBKH
(makeros) Ha ocHOBEe Heru. HeoOxommma pa3paboTka TEXHOIOTHH ITOJYUCHHUS OHOpPA3IaracMbIX IOJIMMEPOB H3
BO300HOBISIEMBIX OHMOJIOTHUCCKHX PECYPCOB IS 3aMCHBI MMH IUIACTHKA HA HE(TSIHOH OCHOBE, YMCHBINCHHS
3arpsA3HCHUS OKPY>KAFOIICH CPeIbl H MOBBIMICHHS TTI00ATbHOH YCTOHYHNBOCTH.

BropazmaracMblc MIIACTHKH ACTLTCS HA YSTHIPE TPYIIIHL.

IlepBasg rpymma — 3TO NPHUPOJHBIC MOJMMEPHI, BBIACICHHBIC W3 OMOMACCHI Kpaxmal, LEJUI0J03a, OCIOK,
TJIMKOTCH, MHYJIMH, HATYPAJIBHBIH KayuyK. [IpenMymecTBo MPHPOIHBIX MOIMMEPOB B TOM, UTO PECYPCHI HCXOTHOTO
CBIPHS IIOCTOSIHHO BO30OHOBIISIEMBI.

Bropas rpynma — moamMepsl, HMPOM3BOAWMBIC MHKPOOPTAHH3MAMH B XOJE CBOCH JKH3HEICATECIHHOCTH
(momruapoxcuamkaHoats: PHA - mpoW3BOAHBIC TOIHOKCHMACIIHOH KHCIOTHI). Hambomee NEpCIICKTHBHBIM B
HACTOSMICC BPEMS MOJIAMCPOM 3TOH TPYNIIBI ABICTCA MOMH-3-0KCHOyTHpAT, nim mouraapokcudytupar (I1'6). B
MIPHUPOJIE 3TOT MOJMMEP CHHTE3UPYETCA HEKOTOPHIME BHAAMH MUKPOOPTAHU3MOB M HTPACT POJIb BHY TPHKJICTOYHOTO
SHCPTCTHYCCKOTO pPE3epBa, MOJOOHO TIMKOTCHY W monudocharaM B APYTHX MHKpoOpraHmsMax. [lommep
HAXOJUTCS B HUTOILIA3ME KICTOK MHKPOOPTAHU3MOB B BHIE TPAHYJ B 00BIMHO cocTasipieT bonee 40 % oT ux Beca B
CYXOM COCTOSTHHH.

IMocrkomeky PHA — OmopasmaracMbIii W HEC BPCOHT JKHBBIM TKAHAM, €T0 HacTO HCIOJB3YIOT B MCAHIMHC B
Ka4YeCTBE PACCACHIBAIOIIMXCS NIOBHBIX HUTCH, MMOBS30K M TAMIIOHOB, IJIACTHH M CTEPYKHEH B OPTOIICIHH.

Tperbs Tpynma — IOJMMEpPHI, HCKYCCTBEHHO CHHTC3HPOBAHHBIC W3 IPHPOJHBIX MOHOMEPOB, HAIPHMED,
PLA nonuaakTHIbL

Wznenns w3 momunakruaa (IUVIA) — mpo3payHOTo TEpMOILIACTA, KOTOPBIH SIBILIETCS MPOAYKTOM IOJHKOHICH-
CalM{ MOJIOYHOH KUCIIOTBI, PA3JIararoTCsl B KOMIIOCTE B TEUYCHHE OJHOTO

MecAa W HEMHOTHM JOJbIOIC B MOPCKOHW Boxe. BaxubiM gocromncTeoM I[TJIA sBiIsSeTCS BO3MOKHOCTH €TO
mepepadoTKH HA TPaguIHOHHOM obOopymosanmu. M3 TIUIA (opMmMyroT OZHOPA30BYIO MOCYAY, IUICHKH, BOJIOKHA,
HMILIAHTATHI JJIS1 METUIIHHBI.

Uerseprast rpyma — TPAOWOHOHHBIC CHHTETHUYCCKHE IUIACTHKH C BBEICHHBIMH B HHX OHOpPA3pyINAIOIINMHU
Jo0aBKaMU.

Co31ar0TCs CMECH W3 CHHTETHHECKUX (IIOIYYCHHBIX TIABHBIM 00pa30M M3 HE()TH) W IMPHPOTHBIX MATCPHATIOB, B
KOTOPBIX HETMPEPBIBHOM, MAaTPHIHON (30 ABIACTCS CHHTCTUUECKUHA TIOMMED.

K cuHTeTHUECKHM NONMMMEpPAM OTHOCATCS: IOJHMATHICH, (PeHOIO-()OpPMAaNbACTHIAHBIC MOIUMEPbL, CHHTCTH-
YECKHE BOJOKHA, CHHTCTHICCKAC KayuyKH.

Heobxoamma nHHIHANNS HAY IHO-HCCIEI0BAaTEILCKUX PaboT OmoriacTuka B Kazaxcrane.

KioueBnbie cioBa: OHMOIIIACTHUK, IPUPOTHBIC OTMMEPHI, HATYPAIBHBIH Kay Iy K.
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