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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 Entrepreneurs "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.e. 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), is @ 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.
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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. Oil-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 technologies 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 research and the market through the
collaboration of scientists with commercial enterprises producing and selling bioplastics.

K.P. Yreynun, K.2K. ’Kambakun

«buonorus xoHe eciMaiIKTep OMOTEXHOJIOTHICH HHCTHTYTHD PECIyOINKAIBIK MEMIICKETTIK MEKEeMeC,
KP Binim >xoHe FBUTBIM MUHUCTpTIT], AnMatsl, Ka3zakcTan

KA3AKCTAHJA BUOILVIACTUKTI AJTY TEXHOJIOT'USICBIH
I93IPJIEY KAXKETTLIII'T TYPAJIBI

AHHOTanusl. ¥ChIHBUIFAH aHAIUTHKAJIBIK 10y Ka3akcTaHFa )KEeKEMEHIIIK Ka3aKTaH/IbIK JKaHAPThUIATHIH OCIM-
JIK pecypcrapblHaH OHOIUIACTHK aly TEXHOJIOTHMSCBHIH o3ipieyni Oactay KaKeTTUIIriHe Hazap ayJgapy MakcaThIHAa
JKapUsIIaHIBL.

Kot caitbin Kasakcranma myHall eHIMZIEpl HETi3iHIC INHKI3aTTaH ASCTYPJi JaWbIHIAIFaH CHUHTCTUKAJIBIK
MOJIMMEpIIEp apKbUIbl KY3[E€reH MbIH TOHHA IIACTHK KaJJIbIKTap *KUHAIAAbl. ByJl Kanablkrap — OeTenke, KarnTaMa
)oHe TakerTep. Mpicanbl, 2019 >KbUTFBI TUTACTUK KOKBICHI 480 MBIH TOHHAJaH acThl. 15 KOMITaHWA, OHBIH iMIHIE
TUTACTHUKTI KaiiTa OHICHTIH eKi 3ayBIT KOKBIC MOJIIEPiH urepe aamanasl. KazakcTanma KyH caifblH KOpIIaFraH OpTaHbI
JACTalUTHIH 18 MIIIMOHHAH acTaM TUTACTHKAJIBIK MAKEeT IIBIFAPbLIAIBL.
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Kaiitanama exyieyre eHIIpUICTIH IIIACTUKTIH 9%-Fa )KyBIFBI FaHA KEIII TYCETIHAIKTCH, KAJFaH 06JIiri KopIliaraH
OpTaHBl JlacTaipl HeMece KOKBIC TAaCTaWTBIH JKEpJe TYpaabl, OHJAa TONBIK blAbIpay yxepici 500 skpurFa neidiH
CO3BUTYBI MYMKIH, OYJI pETTE TOIBIPAKKA YJIbI 3aTTap OOJIiHEe/I.

Kasakcranga OvoruiacTuka OHIIPICIH JKOHE COHBIH HEri3iHae KpICKa Mep3iMae (aiiapaa) bIapIpalThIH OYHbIM-
JapIbel OHIIPY YWBIMIAphl CHHTETHKANBIK IUIACTUKTEH jKacanraH OyieMmapasl maimananyasl 100-meH 500 xeurra
IieiiiH eTe Oasy BIABIpATy JKaFrmalbIH KBICKapTa anaabl. MyHall eHIMIEpiHIH HETi3iHAe TUIACTHK KOpIIaFraH OpTaHBI
JacTay/blH Ke3i peTiHae HakThl Kayin-karepiepni kenripeni. Kazakcranna KopluaraH OpTaHbl JIaCTaHy MeJIIEpiH
KBICKapTy JKeHiHae Imapanap KaObuimanyaa. Ocbutaiimia 2025 sxeuigaH Oactam MyHaWd HETI3iHIETI TaraMJIbIK
KanTamasbl (aKeTTeplli) caTyFa TOJIBIK THIHBIM Cally JKOCHapJIaHbI OThIp. JKaHapThU1aThIH OHMOJIOTHSUIBIK pecypc-
TapJaH OMOJIOTHSUIBIK BIIBIPANTBIH TTOJIMMEPIIepAl MyHall HeTi3iH/er IIaCTUKTEP/l aybICThIPY, KOPIIaFraH OPTaHbIH
JaCTaHYBIH a3alTy jkoHe jkahaHIBIK TYPAKTBUIBIKTEI apTTHIPY YIIiH alBIPBII ally TEXHOJIOTTSUIAPEIH d31pIiey KaXeT.

BuoaryaHTYpIIiJIiK IIIACTHKTEP TOPT TOTKA OOJiHET.

Bipinmii Ton — 6nomaccanan OeiHreH TaOMFHM MOJIMMEpIIEp: KpaxMall, [eJUTI0N03a, aKybl3, TJIMKOTeH, UHYJIUH,
Taburyu Kaydyk. TaOufu mosMMepJepaiH apTHIKIIBUIBIFBI — OacTamKpl IIUKI3aT pecypcrapbl YHEMI JKaHapbIIl
OTBIPAJIbI.

Exinuri Ton — eMip cypy OapbIChiHIa MUKPOOPTaHU3M/IEP OH/AIPETIH moauMepiep (MOJUTHIPOKCHANIKaHOATTap
PHA — monmokcumaii KBIMIKBUTBIHBIH TYBIHABUTApHI). Kaszipri yakpITTa OCHI TONTHIH €H IMEPCIEKTUBTI MOJIMMEpi
nonu-3-okcubyTupar Hemece nomuruapokcudytupat (I1I'B) 6onsin cananansl. TaburaTra OYI1 MOMMEp MUKPOOPTa-
HU3MJIEPAIH KeHOIp TypliepiMeH CHHTE3ENreH XoHe 0acKka MHUKPOOPraHW3MEpIeri IIIMKOreH MeH mosmdocdar
CUSIKTBI KAaCyLIAiNIJIIK SHEPreTHKalbIK pe3epB poiiH arkapaipl. [lonmMmep MuKpoar3aiap >KacyllalapbIHbIH
IUTOIUIA3MACKIHA TYHIPIIIKTED TYpiHAE OONabl JKOHE ONETTe KyprakK KYWiHAe oJap/blH caaMmarbiHbiH 40%-1aH
acTaMblH Kypanbl.

PHA OuONOTHAIBIK BIABIPARTHIH KOHE Tipi TIHAEpPTe 3USH KEeITIPMEUTIHAIKTEH OHBI MEAUIIMHAIA KHi COPATHIH
TITICTIK XIiNTEp, TAHFBIIITAP MEH TAMIOHAP, IDTACTUHATIAP MEH OPTOIEANSAAFHI ©3€K PETiHE MaiianaHaIbl.

YriHmi Ton — TaOMF MOHOMEPIIEP/ICH JKacaHAbl CHHTE3/IENTIeH TIoJIuMepiep, Mbicaitsl, PLA nonmnakrunrep.

[Monunakrunren (AXKXK) sxacanran OyHbIMIap — CYT KbIIIKBUIBIHBIH MOJIHKOHICHCALUSCHIHBIH OHIMI — MOJIIp
TepMOIUIacT Oip ail iliHIe KOMIIOCTa JKOHE TEHI3 CybIHJAa OaH 0ipa3 y3arbIpak biabipaiipl. AXKOK-HbIH MaHBI3IbI
apTHIKUIBUIBIFBI OHBI JJCTYPJl KaOJbIKTa KalTa eHJey MYMKiHairi Oomnbin cananmansl. [1JI-man GipperTik blABIC,
TUICHKA, TAJIIBIKTap, MEAUIMHA YIIiH IMIUTAHTATTAp KaJIBIITacaIbl.

TepTiHIIi TOI — JOCTYPITi CHHTETHKANBIK IIACTUKTED, OJapFa SHTi31IreH OHOIOTHSUTBIK, OY3FBIIT KocTamap.

CunreTHKaIbIK (HEri3iHeH MyHal/1aH aJlbIHFaH) XKoHE TaOMFH MaTepHajlapAaH jKacalFaH Kocnajap jkacajiabl,
oJlapjia y3/IiKCi3 MaTpHIaiIbIK (ha3a CHHTCTUKAJIBIK OJMMEpP OOJIBI CaHATAIbI.

CHHTCTHKAJIBIK MOJUMEpJIepre MbIHAJAP JKATa[bl: MOJHITWICH, (PEHOIO-GOPMANBICTUATI OJUMEpPIIED,
CHHTETHKANBIK TAJIIIBIKTAP, CHHTETUKAIIBIK KaydyKTap.

Kazakcranma OHOTUIaCTHKAHBIH FRUIBIMH-3€PTTEY KYMBICTAphIHA OaCTaMaIIBUIBIK JKacay KakeT.

Tyiiin ce3nep: OMOIUTACTHK, TAOUFH MOTUMEpIIEp, TAOUFU KaydyK.

K.P.YTeyaun, K.JK. Kamb6axun

PecnyOinkaHCcKO€ TOCYIapCTBEHHOE yupexkaeHue « MTHCTUTYT OMOJIOriy U OMOTEXHOJIOTHH pacTeHui» Komurer
Haykun. MunucrepctBo o6pazoBanus u Hayku PecryOnuku Kazaxcran. Anmatsl. Kazaxcran

O HEOBXO/IUMOCTH PA3PABOTOK TEXHOJIOT M ITOJTYUYEHHU A
BUOIIJIACTUKA B KABAXCTAHE

Annoranusi. Hacrosmuii ananutudeckuii 0030p MyONMKyeTcs C IeIb0 OOpaTHTh BHHUMaHHE HAa HEO0XO-
JUMOCTh MHMIManK B Kaszaxcrane pa3paOOTOK TEXHOJOTWI MOJydyeHWs] OMOIUTACTHKAa M3 COOCTBEHHBIX, Ka3ax-
CTaHCKHX BO30OHOBIIIEMBIX PACTUTEIBHBIX PECYPCOB.

Esxerogno B Ka3axcraHe CKamMBaIOTCA COTHH THICSY TOHH ITACTHKOBBIX OTXOJOB Ha OCHOBE CHHTETHYECKHX
MOJMMEPOB, TPAIULHOHHO W3TOTOBJICHHBIX W3 CHIPhsi HA OCHOBE HE(PTENPONYKTOB. JTO OYyTBUIKH, YHAKOBKH U
nakeTsl. K npumepy, Tonpko B 2019 rogy mycop miactuka coctaBui cBbiie 480 ThICSY TOHH. 15 KoMnaHuii, B TOM
Yucle JiBa 3aBojia MO MepepaboTKe IUIACTUKA HE CIPaBJIAIOTCS C 3THM KOJIMYECTBOM Mycopa. Kaxuelii neHb B
Kazaxcrane BbiOpacbiBaeTcsi 6osiee 18 MITH IIIACTUKOBBIX MMAKETOB, 3arpsI3HsIsL OKPYIKAIOLIYIO CPEy.
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ITockoapKy BO BTOPHYHYIO MepepabOTKy IOCTYHAeT JIMIIb OKOIO0 9% NpOM3BOAMMOTO IIIACTHKA, OCTAJIbHAsS
4acThb 00 3arps3HsIeT OKPYKAIOMIYIO Cpeldy, IN00 OceaeT Ha CBaJKaX, TJe €ro MOJHOE Pa3lIOKEHHE MOXKET 3aHATh
10 500 net, mpu 3TOM B MTOYBY OyIyT BBLAEIATHCS TOKCHYHBIEC BEIIECTBA.

Opranuzanus B Kazaxcrane npon3Bo/JcTBa OMOIIACTHKA U HA €r0 OCHOBE W3JIEIHH, pas3jaraeéMblX B KOPOTKUI
CpoK (MecsIpl), 00eCeunT COKpAIICHNWE HCIONB30BAHMSA HW3ACIHA W3 CHHTETHYECKOTO IUTACTHKA, Pa3jlaraeMbIX
kpaitae memnerHo ot 100 mo 500 mer. [Imactuk Ha ocHOBe HE(TEHPOIYKTOB COCTABISIET PEallbHYIO yrpo3y Kak
WCTOYHMK 3arpsisHEHUs OKpy>Karomiei cpensl. B Kazaxcrane nmpuHHMMaloTCst Mepbl IO COKpAIIEHHIO 3arps3HEHHH
okpyxkatouieil cpeapl. Tak, mnanupyetcs ¢ 2025 roga BBECTH IMOJIHBIN 3alpeT Ha peaau3alyio MUIIEBONW YIaKOBKU
(maxeroB) Ha ocHoBe He(TH. HeoOxoxamma pa3zpaboTka TEXHOJOTHI MONydeHHs OMOpas3/iaraéMbIX IOJMMEPOB H3
BO300HOBIISIEMBIX OHMOJIOTHYECKHX PECYpCOB Uil 3aMEHBI WMH IDIACTHKA Ha HE(TSIHOW OCHOBE, YMEHBIICHHS
3arpsiI3HEHUS OKPY>Karollel cpeJibl 1 NOBBILIEHHS ITI00aIbHON YCTOHYMBOCTH.

buopasnaraemsle IUIACTUKY JENTCS HA YETHIPE IPYIIIbL.

IlepBast rpynma — 3TO NPHPOIHBIE IHOJIMMEPHI, BBIACICHHBIE W3 OMOMACCHI: Kpaxmall, IIeJUTI0J03a, OEeJoK,
TJINKOTEH, WHYJIMH, HATYpaJbHBIN KaydyK. [I[penMyIIecTBO MPHUPOIHBIX MOJIMMEPOB B TOM, YTO PECYPCHI HCXOIHOTO
CBIPbSI TIOCTOSIHHO BO30OHOBIISIEMBI.

Bropas rpymna — nojaumepsl, NPOU3BOAMUMBIE MHUKPOOPIaHM3MaMH B XOJE CBOCH IKU3HEACITECIbHOCTU
(monmurunpokcuankanoatsl PHA - mpou3BOIHBIE MOJMOKCHMACISIHONW KHCIOTHI). Haumbosee mepcrneKTHBHBIM B
HACTOSIIee BpeMsl IMOJIMMEPOM 3TOHM TPYHIIBI SBISETCS MONH-3-0KcuOyTrpar, i nomuruapokcudytupar (I1I'6). B
MPUPOJIE 3TOT MOJIUMEP CHHTE3UPYETCS HEKOTOPHIMU BUAAMH MHKPOOPTaHW3MOB M UTPAET POJIb BHYTPUKIIETOYHOTO
SHEPreTUYecKOro pe3epBa, IMOJ00HO TJHMKOTeHy M moiudocdaram B JIpyrux MHUKpoopraHusmax. Ilommmep
HAXOJHUTCS B LIMTOIIA3ME KJIETOK MUKPOOPTaHU3MOB B BUJIE TPaHyJl U 00bI4HO cocTaBisier 6onee 40 % oT ux Beca B
CYXOM COCTOSIHUH.

[ockombky PHA — Oumopasnaraemblii ¥ HE BPEANT JKUBBIM TKaHSIM, €ro 4acTO HCIIOJB3YIOT B MEAWIMHE B
Ka4€CTBEC pacCachIBarOIINXCs NIOBHBIX Hl/ITGﬁ, IIOBA30K U TaAMIIOHOB, IIJIACTUH H CTep)KHeﬁ B OpTOIICAUM.

Tperpst Tpylma — TMONUMEpHl, WCKYCCTBEHHO CHHTE3MPOBAHHBIE W3 IPHPOJHBIX MOHOMEPOB, HAIPUMED,
PLA monmumaktugsl.

Wznenus n3 nomunakruna (ITJIA) — mpospadnoro TepMorniacta, KOTOPBIi SBISIETCS] TPOAYKTOM INOJIMKOHJICH-
caluu MOJIOYHOM KHCJIOTBI, pa3jararorcsa B KOMIIOCTE B TCUCHHUE OJTHOI'O

MecsIla ¥ HEMHOTHM [OJbIleé B MOpCKo# Bozae. BaxupiM moctomrcTtBoMm IIJIA sBnseTcss BO3MOXHOCTH €ro
nepepaboTku Ha TpagumuoHHOM obopymoBanmu. M3 IIJIA (opMyrOT OTHOPa30BYIO MOCYAY, IDICHKH, BOJIOKHA,
WUMIUTAHTATHI JJ151 MCTUIHHEL.

quBepTaﬂ rpynmna — TpaJulIMOHHBIC CUHTCTUYCCKHUE IUIACTUKU C BBCIACHHBIMU B HHUX 6I/lOp33pyIJ_IalOLlII/IMI/I
n00aBKaMu.

Co3maroTest CMECH U3 CHHTETHYECKUX (ITOYYCHHBIX TTIABHBIM 00pa3oM u3 He(hTH) U IPUPOIHBIX MaTepHAalioB, B
KOTOPBIX HETIPEPHIBHOM, MaTpUIHON (a30ii SBIAETCS CHHTETUUECKHUN TTOJIUMED.

K cunretnueckum MoJImMepaM OTHOCATCA: TOJIMITHUIICH, (l)eHOHO-(l)OpMaHb[[eFI/I[lH])Ie MOJIMMEPLI, CUHTCTU-
YEeCKHEe BOJIOKHA, CHHTETHYECKHE KaydyKH.

HeoOxoanMa mHATIMANNS HAYYHO-HCCIIEIOBATENECKUX paboT Onoriactuka B Kazaxcrane.

Ki1ioueBble cj10Ba: OMOIUIACTHK, TPUPOIHBIE ITOJIMMEPBI, HATYPAIbHBIN KaydyK.
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