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PROBLEMS AND SOLUTIONS OF THE SILT SLUDGE
UTILIZATION ISSUES AT WASTE TREATMENT FACILITIES
OF NUR-SULTAN CITY

Abstract. Effective management of wastewater sludge is currently one of the most pressing environmental
problems in Nur-Sultan city, which becomes more acute year by year and requires immediate solution. Wastewater
sludge is almost completely stored at the treatment facilities, which turns them into a source area of bacteriological
and toxicological hazard. For this reason, the most urgent problem now is the development of new sustainable and
zero waste technologies that can effectively expedite the reduction of silt sludge and lead to a significant decrease in
their final volume. This article analyzes various methods of sludge disposal. It is shown that of all possible
technology options with admissible environmental impact and the best economic indicators, the most acceptable is
the method of thermo-catalytic oxidation of wastewater sludge in a semi fluidized bed of the catalyst, the use of
which can fundamentally change the situation with the sludge disposal. Also, the article studied the composition and
carried out measurements of silt sludge contamination with heavy metals and oil products at wastewater treatment
plants of Nur-Sultan city. It is pointed out that the LOC for the TPH-in-soil is 1.5 g/kg, from which it can be
concluded that there is a significant excess in the wastewater sludge for this indicator, and studies for the heavy
metals presence in the wastewater sludge showed that sediments can have a toxic effect and are classified as 4 class
of hazard.
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The development of new resource saving and zero waste technologies to efficiently clean human
waste with the possibility of their reutilization, is one of the most critical tasks in the field of
environmental protection [1].

Self-restoration of natural ecosystems is slow, which is mainly due to the high concentration of
xenobiotics, which are not included in the biotic cycle, and their high resistance to decomposition.

As a rule, an increase in the environment of xenobiotics concentration is directly or indirectly
associated with human economic activities, which generates industrial and agricultural waste, pollution of
water resources, soil, and atmosphere with toxic substances. Therefore, special attention is required to the
issues of environmental reclamation, in particular rehabilitation and restoration of land fertility,
sustainable processing of municipal waste, aqueous effluents treatment and wastewater sludge utilization
of treatment facilities.

As a result of human household and industrial activities, liquid waste is generated in the form of
wastewater, which is mainly discharged into the sewage collection system. In the process of wastewater
undergoing all stages of treatment at the waste treatment facilities, a silt sludge is generated, which for the
most part is resistant to, or difficult to process by any kind of treatment, except for dehydration and
storage, which causes the spread of negative air and gas pollution, contamination of soil and underground
water with toxic components included in their composition [2]. The composition of silt sediments may
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include substances with general toxic, toxicogenetic, embryotoxic, carcinogenic and other negative
properties. They may contain heavy metals, pathogens, excess nitrates, toxic substances, pesticides,
polychlorinated biphenyls, aliphatic compounds, esters, mono- and polycyclic aromatic substances,
phenols, nitrosamines, etc.

Thus, the silt sludge utilization from wastewater is one of the most major problems of modern cities.
Common methods for treating silt sediments in sludge digesters or dumping them on silt landfills are not
effective enough and require the alienation of significant land plots near pollution sources [3]. The
territories provided for the storage of silt sludge are overflowing quickly and cannot cope with continuous
sludge flows. Besides that, silt storage facilities pose a threat to environmental compartments due to the
high content of dangerous viruses, bacteria, harmful gases, hazardous chemical compounds. Additionally,
in the process of fermentation in vivo offensive odors are produced, which causes great inconvenience to
the townspeople. On the flip side, due to the presence of a high concentration of phosphorus and nitrogen,
the wastewater sludge can serve as a good fertilizer. Due to this, the main focus in the disposal of silt
sludge should have been its use as a local fertilizer. However, the question of the use of silt sludge in
agriculture, and especially the matter of the accumulation of toxic substances in soil and plants when
applied as fertilizer, is not well understood. As a result, the practical use of silt sludge as a fertilizer can be
a source of pollution, since, in addition to various organic substances, it can contain heavy metals, the
migration of which in the biosphere have an extremely negative impact on the environment.

This is one of the reasons why methods of sludge incineration have become more widespread in
recent years. That process also makes it possible to obtain a positive energy balance and use the calorific
value of silt sediment efficiently[4]. The main factor that encourages the use of this method is the fact that
the amount of sludge generated at urban wastewater treatment facilities is enormously large compared to
the free areas where the sludge can be disposed of or otherwise treated (composting, for instance).

In a number of cities and large settlements of Kazakhstan, dehydrated raw sludge is collected and
placed in urban silt landfills, worsening the already tense ecological situation. Thus, the accumulation of a
huge amount of off grade sediments - production waste after the biological treatment of wastewater.

Currently, about 89 thousand tons of dehydrated wastewater sludge are taken annually to the landfill
of Nur-Sultan city, with a moisture content of 68-73% (initial moisture content of wastewater sludge is 93-
97%), for dry solids (estimated value) about 32-33 thousand tons. There is a tendency to its substantial
increase with the city's population growth. Sediments of urban wastewater treatment facilities are organic
(up to 72%) and mineral (about 28%) impurities isolated from water as a result of mechanical, biological,
and physical and chemical treatment. It was determined that silt sediments of Nur-Sultan city contain a
significant amount of organic matter, that is, fats, proteins, carbohydrates, etc. Through the analysis it was
found that the ash content of the dehydrated sludge from the wastewater treatment facility of MSE Astana
Su Arnasy is 27-32%.

In modern conditions, the protection of soil from pollution appears to be important, since any harmful
compounds in it sooner or later enter the human body [5,6]. Silt landfills are one of the major and largest
in terms of environmental pollutants with harmful and hazardous substances, in particular heavy metals.

Silt landfills operation involves:

1. The washing out of contaminants in open bodies of waters and groundwater;

2. The ingress of contaminants through the food chains into the human body;

3. Many compounds have the ability to accumulate in tissues, and especially in bone tissues.

Heavy metals and their compounds make up a significant group of toxicants [7]. A distinctive feature
of heavy metals is their inaptness to break down in the natural environment, instead, they are able to
accumulate in ecosystems, causing long-term harm. Following the links of the migration chain (soil -
plants - animals - people), heavy metals have toxic and carcinogenic effects on all living organisms. The
greatest harm is caused by metals, which are used in significant quantities in human production activities
and, as a result of accumulation in the environment, pose a major hazard in terms of their biological
activity and toxic properties. These include metals such as lead, mercury, cadmium, zinc, bismuth, cobalt,
nickel, copper, tin, antimony, vanadium, manganese, chromium, molybdenum and arsenic. An additional
source of heavy metals in wastewater sludge is industrial effluents from electronic, instrument making and
other industries. Heavy metals in wastewater are contained in the form of ions and complexes with
inorganic and organic substances [8]. They can be in suspended colloidal and dissolved forms in untreated
wastewater. Dissolved forms of metal compounds are the most toxic [9].
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However, there are no large industrial enterprises in Nur-Sultan city, the activity of which leads to
significant pollution of industrial wastewater with heavy metals. Effluents entering the wastewater
treatment facilities of Nur-Sultan city are 80% household pollution greywater and the concentration of
heavy metals is low in them. Heavy metal ions are contained in coarse dispersed mineral suspended solids
and undissolved organic impurities that are trapped in the preliminary settling tanks of treatment facilities
and make up wastewater sludge. Metal compounds are almost non-degraded during biological oxidation.
Partially, metal compounds are sorbed by active sludge, and then, through a series of biochemical
processes, they are converted into an inactive form. The other part of heavy metal ions create complexes
with activated sludge protein. The accumulation of metal compounds in activated sludge occurs in both
cases [9]. Excess active sludge is a part of a wastewater sediments and is subject to utilization.

The measurements of the heavy metals mass content in raw dehydrated wastewater sludge (gross
content) are presented in table 1. The data show that the concentration of heavy metals in dried sludge is
higher than in raw sludge.

Table 1 - The content of heavy metals in silt sludge

Sampling Location S, mg/kg
Zn Pb Cr Cd Ni
raw sludge before dehydration 789 24.4 74.0 1.9 51.3
Dried sludge 1021 234 67.8 2.5 59.9
Sediment from deposit sites 618 23.1 63.9 2.4 56.0
Soil APC 220 130 - 2.0 80

The data of Table 1 on heavy metals in wastewater sludge showed that wastewater sludge can have a
toxic effect and belong to the 4th class of hazard [10].

Silt sediments were also examined for the content of oil products in them. Given that the MAC for the
content of oil products in the soil is 1.5 g/kg, we can conclude that there is an excess for this marker in the
wastewater sludge (table 2).

Table 2 - The content of petrochemicals in the sludge

Sample name Unit Concentration of petrochemicals
Raw sludge of wastewater dehydration mg/dm’ 105.4
Dehydrated wastewater sludge mg/kg 4105
Wastewater sludge from deposit sites mg/kg 2429

Most sediment is stored at silt sites and landfills, leading to pollution of surface and groundwater, soil
and vegetation. When entering subsurface and groundwater, the aqueous extract of wastewater sludge
gives them color and flavors, which negatively affects the quality of such waters [10].

Effective management of wastewater sludge is at present one of the severe environmental issues in
Nur-Sultan city, which is aggravated every year and requires urgent solutions. Wastewater sludge is
almost completely stored in the landfill of treatment facilities, which turns them into a hot spot of
bacteriological and toxicological hazard. At the same time, the use of sediment from wastewater sludge
will solve the current need to search for alternative energy sources, which wastewater silt sludge may
become one.

There are many methods for wastewater sludge utilization. As a rule, the choice of recovery method is
determined by the availability of appropriate equipment. The most promising in regards to the processing
of sludge are thermal methods.

Due to the high content of volatile solids and colloidal substances generated during fermentation,
excess active sludge is hard to treat with mechanical types of dehydration. Wastewater sludge generated at
the sewage treatment facility of Nur-Sultan city, is subjected to a dehydration process using flocculants
prior to utilization. In turn, the use of flocculants obstructs the processing of the resulting wastewater
sludge after dehydration into compost and fertilizer.

The resource of silt sediment deposition on the maps of landfills is significantly limited or exhausted,
and recycling methods that radically reduce the initial volumes of silt sediments logically come to the
forefront, and, of course, thermal ones are among them; those are divided into two large groups -
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incineration and thermal breakdown (drying by the pyrolysis). However, the disadvantage of thermal
methods for utilizing sludge is the formation of flue gases, which requires the use of modern and effective
methods for their purification and careful monitoring of exhaust gases.

Sludge sediments are traditionally burned in pseudo-boiling-layer furnaces, which, although being an
efficient environmental equipment, are quite temperamental to the process conditions, and require capital
investments for operation, and input for expensive spare and wear parts. Additionally, due to the high
content of heavy metal salts in the sludge, the generation of tar during combustion, and also due to a
general lack of technology - the generation of dioxins - sludge incineration cannot be considered as the
optimal solution, as it requires a powerful and expensive gas cleaning unit. The search for alternative
solutions in the field of thermal technologies leads to thermal breakdown or drying of sediments [11,12].

Pyrolysis technologies are also known and used in various industries [13]. They are about heating the
feed materials in an oxygen-free atmosphere that prevents combustion. The manufacture of pyrolysis
equipment for the utilization of silt sludge (a crucible updraft furnace) with a couple of operating cycles
per day that meets the needs of industrial production will be a rather ergonomic and technologically
intensive process. The process product will be carbonized hydrophobic dry residue of hazard class V (not
hazardous), which is confirmed by the results of a number of tests [14]. The pyrolysis disadvantage is the
increased fire and explosion hazard of the pyrolytic plants. The implementation of sludge utilization by
pyrolysis is the most expensive methods. The process of sludge disposal by pyrolysis is less common than
utilization by burning, and it is not widespread in the CIS countries.

The most relevant of all the possible technology options with acceptable environmental impact and
the best economic factors is the method of thermo-catalytic oxidation of wastewater sludge in a fluidized
bed of catalyst. The introduction of sludge incineration technology and the construction of a heating
module for thermo-catalytic oxidation of wastewater sludge from sewage treatment facilities are described
in the literature [15]. This pilot project allows to solve the problem with large savings of investment costs
compared with foreign counterparts and fundamentally turn the situation with the silt sludge utilization,
significantly improving the environmental situation in different regions through technological scaling.

There are no technologies used for the thermal utilization of wastewater silt sludge in Kazakhstan.
However, such facilities operate in a number of cities of the Russian Federation, such as: St. Petersburg,
Novocheboksarsk, and a plant in Omsk was also tested in pilot mode [15].

In summary, there aren't any industrialized options for the use of final products of the silt sludge
utilization in Kazakhstan today. All alternative options come down only to theoretical assumptions and
experiments, and the implementation of the methods of thermal utilization discussed in this article can
quite effectively manage the reduction of silt sludge, and lead to a significant decrease in its final volume.
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HYP-CYJITAH KAJTACBIHJAT'BI KOPI3 TASAPTY KOH/ABIPTBIJTAPBIH/IAT' BI
TYHBA IIJIAMBIH KOJEI'E ’KAPATY MOCEJIEJIEPI MEH HIEITY KOJIIAPBI

AHHOTaUMs. AFBIHIBI CY TYHOACHIH THIMAI Oackapy Kasipri TaHAa >KbII CAlbIH ITUENICHICIIT Kelle )KaTKaH KOHe
Kemen mrenryai Kaxketr ereTiH Hyp-CyntanH KamacklHAArsl €H MaHBI3IBI AKOJOTHSUIBIK, MAcelelepaiH Oipi OobIm
caHanagbl. AFBIHIBI Cy TYHOACHI TOJNBIFBIMEH AEPIIK Ta3apTy KOHIBIPFHI MOJHIOHIAPBIHBIH ayMarblHIa CaKTaJFaH,
Oy1 omapael 6aKTEPHOJIOTHSIIBIK JKOHE TOKCHKOJIOTHSUTBIK KayilTi OIIakka aifHaiapipaabl. TyHOa meriHiH cakrayra
apHaJFaH aJaHOap Te3 TOJBIN, TyHOa arpiHBIHA TeTen Oepe anmmaiinel. COHBIMEH KaTap, TYHOA IIeTiHiHIH KHHATYHI
MEH CaKTaJlybl Ke3iH/ie allbITy YJepici TaOuFH jkarJaiiia >kaFrbIMChI3 MICTIH Maiiia OoiybIHa opail xypeai (aspauus
MacereciHe OaitlaHbICThl Macele), Oy Kaia TYPFbIHIapbiHA YIKEH KOJaUChI3ABIK Ty IbIPaIbI.

Ocpunaiiia Ka3ipri Ke3J/ieri eH 03eKTi MaceleHiH 0ipi — TyHOa IeriH/iIepiHiH a3atoblHa THIM/L 9CEp eTe alaThIH
JKOHE KOJIEMiH a3alTaThIH jKaHa MHHOBALMSIIBIK, THIMII, pecypcTapbl YHEMICHTIH XKoHE KaJIBIKChI3 TEXHOJIOTHS-
Japabl JaMBITY.

Makanana aBTopiap Oipkarap KojnaHOaimbl Mocesenepial memyre KaOuteTTi, TyHOa NUIAMBIH Kozere
JKapaTyIbIH TYPJI 9IiciHe Tanaay acaraH. bapiblk MyMKiH HYCKaJTapAbIH ilIiHEH KOpIIaFaH OpTara KOJIAWIIEI ocep
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€TEeTIH TEXHOJOTHSUIAPbIH €H THIMII 3KOHOMHUKAJBIK KOPCETKIIITEPl HEFYPJIbIM KOJAMIbI OOJIBIT CaHAJATBIH 9.ICI
KOPCETUIreH, 01 KaTalu3aTOPAbIH CYMBUITBUIFAaH KaOaThIHAQ aFbIHABI CYIbIH TEPMOKATAIUTHKAJIBIK TOTBIFY SMICi.
Makasajga KapacThIpbUIFaH aTajiFaH MUWIOTTHIK K00a IIeTeNIIK aHaJOITapMEH CaJbICThIPFaHIa KYPJEi IIBIFBIH/bI
YHEMJIey MOCeJIeCiH HIelIyre )oHe TyHOa MIeriHAIepiH KoJere )apaTy KaraaiblH TyOereini e3repryre MyMKIHJIIK
Oepeni, Typil aiiMakTapAarbl SKOJOTUSUIBIK XKaF1ai/Ibl TEXHOJIOTUSUIBIK MaclITadTay apKbUIbl €19Yip *KaKcapTabl.

Conpaii-ak, >xymbicta Hyp-CysiTaH KajachlHBIH KoOpi3[i Ta3apTy KOHABIPFBUIApBIHIA TyHOA MITiHIIEPiHIH
ayblp MeTaJlJJapMeH JKoHe MYHail eHIMJAEpIMEH JlacTaHy JKarJaibl enmeHai. JKep KbIPTHICHIHIAFsl MyHal eHiMe-
piHiH mekTi pykcar erinreH xoHnentpaumscs! (LILIPK) memmepi 1,5 T/ Kr ekeHIH ecKepcek, arbIHIbl cyaa Oyl
KOPCETKIIITEH achlll KeTy MYMKIHIIT1 Oap e KOPHITEIHBI )KacayFa 00Ja/ibl, all 3epTTeyiiep aFbIHIBI Cy TYHOACKIHIA
ayelp MeTanmap OONFaHIBIKTAH, TYHOAmap YHITTHI oCep €Tyl MYMKIH jKOHE KAayiNTUTIKTIH 4 Ti3UTiMiHe €HTi3iITeH.
CoHZIBIKTaH, aybUl IIapyallbUIBIFBIHAA TYHOA NIIAMBIH THIHANTKBIII PETiHOEC NPaKTHKAIBIK KOJIAHY Maceneci
Jactany Ke3i OOJIbIN caHanabl, OUTKEHI OHbIH KypaMbIHIAFbl aybIp METaJIap KOpIIaFaH OpTara Tepic ocep eTe/i.

Ocputaitmia  Oyrinne KazakcraHnma arblHFa KOHBUIFAH TYHOA LUIAMBIH KOJere jKapaTy Ke3iHIeri aaibiH
OHIMIEpl MaijadaHyFa apHaJFaH HYCKamap JXKOK. bapiblk Oamama HycKajap TEK TEOPISUIBIK Ooypkamaap MeH
SKCIIEPUMEHTTEpre FaHa CyieHeli, al OoChl MakajaJga KapacThIPbUIFAH TEPMMSUIBIK KOJEre Kapary oJiICiH xKysere
achIpy apKbUIbI IIOTIHIHI a3aiTYMEeH THIMAI Kypecyre 0oapl.

Tyiiin ce3nep: Kypam, TyHOA IITaMBl, TOJIMIOH, KSpi3 Ta3apTy KOHIBIPFBUIAPKL, KOJIETe JKapary.

M.T. Epmexos!, O.B. Poxkxosa', E.T. Toabicoaes!,
K.H.2Kakun6exos!, C.H. Mepkypbepa?, B.U. lllegep?, B.B.Upanosuy®

'AO «Hayuno-texnonoruueckuii nentp «Ilapacar», Hyp-Cynran, Kazaxcram;
2T 'ocynapCTBEHHOE KOMMYHAIIBHOE IIPEANPHATAE «AcTana cy apHack», Hyp-Cynran, Kaszaxcran;
3 [IpousBoacTeo «MuHCcKoancTBOM YII « MuHCKBOIOKaHAT», MuHCK, Bemapych

IMPOBJIEMBI 1 ITYTHU PEHHEHUSA YTHJIN3ALIUA NJIOBOI'O IIVIAMA
HA KAHAJIMBAIIMOHHBIX OYNCTHBIX COOPYKEHUAX I'. HYP-CYJITAH

AnnoTtanusi. D(p¢deKTUBHOE yNpaBieHNE WIOBBIM OCAJKOM CTOYHBIX BOJ B HACTOSIIEE BPEMS SIBISICTCS OJHON
13 HanboJiee OCTPBIX dKoJornieckux npodiem r. Hyp-Cynran, koTopas ¢ KaxIbsIM roJioM obocTpsieTcs: 1 Tpedyer
6e3oTnararensHoro pemeHusa. Ocakyu CTOYHBIX BOJ NMPAKTHUECKH MTOJHOCTHIO XPAHATCS Ha TEPPUTOPHH MOJIUTOHOB
OYNMCTHBIX COOPY’KEHHH, YTO MpeBpallaeT MX B o4ar OaKTEPHOJIOTHMYECKOM W TOKCHKOJIOTHYECKOH OIAaCHOCTH.
Tepputopun, NperyCMOTPEHHBIE JUIS XPaHEHMS! MJIOBBIX OCAIKOB, OBICTPO IEPENOIHSIOTCS M HE CIPABISAIOTCS C
HETIPEPHIBHBIMU WJIOBBIMHM NOTOKaMH. KpoMe TOoro, mpu CKOIUIEHMH M XPaHEHHWH HIIOBBIX OCAJKOB IPOUCXOAMT
mporiecc Opo>KEHUSI B €CTECTBEHHBIX YCJIOBHSIX ¢ 0Opa3oBaHHMEM HENPHUATHBIX 3amaxoB (mpobiiema, CBA3aHHAS C
BOIIPOCOM a’3paliii), YTO JOCTaBIIET OOJIbIINE HEYHOOCTBA HACSICHHUIO TOPOIOB.

Takum oOpa3zom, akTyasibHeield npodaeMoll B HacTosIIee BpeMsl sBJIIETCS pa3padoTKa HOBBIX, MHHOBAIIMOH-
HBIX, DKOHOMHYHBIX, pECYpCOCOeperarommx u 0e30TX0AHBIX TEXHOJIOT U, MO3BOJISIOMINX dPPEKTUBHO CIIPABUTHCS C
COKpaleHNUEM HIIOBBIX OCaJKOB M IIPUBECTH K CYIIECTBEHHOMY YMEHBILICHUIO HX KOHEYHOTO 00beMa.

B nanHO# crartbe OBUIM NPOAHAIM3WPOBAHBI PA3IMYHBIE CIIOCOOBI YTHIIM3alMK WJIOBOTO MIIaMa, KOTOpbIE
CHOCOOHBI PEMINTH PsII MPUKIAIHBIX 3a1a4. [1oka3aHo, 9YTO M3 BCEX BO3MOXHBIX BAPHAHTOB TEXHOJIOTHI C JOITyc-
TUMBIM BO3ACHCTBHEM HA OKPYXKAIOIIYI0 CpeQy C HAWIydIIMMH SKOHOMHYECKMMH II0Ka3aTelsMH, Hamboiee
MIPUEMIIEMBIM SIBIISIETCS CIIOCO0 TEPMOKATATUTUIECKOTO OKUCIICHHSI OCa/IKOB CTOYHBIX BOJI B TICEBAOKIPKEHHOM CIIO€
Karanu3aropa. [laHHBIA MHIOTHBIA MPOEKT, PACCMOTPEHHBI B CTaThe IMO3BOJSET PEIIUTh MPOOIeMy ¢ OOJBIIOi
9KOHOMHEW KaIlWTaIbHBIX 3aTpaT IO CPAaBHEHUIO C 3apyOeXHBIMH aHAJIOraMH W TNPHHIWIIHAIBHBIM 00pa3oM
W3MEHUTh CHUTYallMI0 C YTHIM3alHEeHd MWIOBBIX OCAJKOB, YJIYHYIIMB CYIIECTBEHHBIM OOpa3oM 3KOJIOTHYECKYIO
CHUTYAIUIO B PA3JIMYHBIX PETHOHAX MyTEM TEXHOJIOTMYECKOTO MacITaOupOBaHUSL.

Taxke B Hacrosimield paboTe W3y4eH COCTaB W IPOBEACHBI M3MEPEHHs 3arpsi3HEHHOCTH WIIOBBIX OCAJIKOB
TSOKCIBIMA METAIaMH W HEe(TEIPOMYKTaAMH Ha KaHAJIWU3AI[MOHHBIX OUYMCTHBIX coopyxenusx r.Hyp-CynraH.
YuuteiBas To, uto I1/IK mo copepkannto HeTENPOJYKTOB B ITOYBE COCTABISAET 1,5 I/Kr, MOXKHO C/IENaTh BHIBOJ O
TOM, YTO B OCaJKaxX CTOYHBIX BOJ HAOIIOJAeTCsl 3HAYMTENIFHOE IIPEBBINICHHE II0 JaHHOMY IIOKa3aTelro, a
UCCIICIOBaHMs HA HAJIM4YUE TSDKEJBIX METAJUIOB B OCAJKaxX CTOYHBIX BOJ MOKA3aJd, YTO OCAAKH MOTYT OKa3bIBaTh
TOKCHUYECKOe JeficTBUe U OTHOCATCA K 4 Kaccy omacHocTu. I1oaToMy BOIpPOC O MPaKTHUECKOM MCHOIb30BAHUU
WJIOBOTO IIUIAMa B CEJILCKOM XO3SIMCTBE B KaUeCTBE YAOOPEHHH MOXET NPEACTABISTh COO0I NCTOUHUK 3arpsi3HEHHS,
TaK KaK COJEPIKAIINECs B HEM TsDKEIIbIe METaJUTbl OKa3bIBAET KpaifHe OTPHUIIATEIbHOE BO3/ICHCTBIE HA OKPY KOO
cpeny.

Taxkum o0Opa3om, Ha ceroaHAIIHUK JIeHb B KazaxcraHe OTCYTCTBYIOT Kakue —IMOO MOCTaBICHHBIE HA MOTOK
BapUaHThl MCIIOIb30BaHMS KOHEUHBIX NMPOAYKTOB YTHJIM3ALlMM HIIOBBIX OC3AKOB. Bce anbTepHAaTHBHBIE BapUaHTHI
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CBOJATCS JIMIIb K TEOPETUYECKUM IPEINOTI0KECHNUAM U SKCIEPUMEHTaM, a Pealn3anusi pacCCMOTPEHHBIX B JTAaHHOM
CTaThe METOJOB TEPMHUUECKON YTHIM3AIMKM MOXET JOBOJILHO 3(()EKTUBHO CHPABUTHCS C COKPAILICHUEM HIIOBBIX
0CaJIKOB.

KiioueBblie ci10Ba: cocTaB, UJIOBBIH 11IJIaM, TTOJIMTOH, KAHAJTM3AIMOHHBIE OYMCTHBIE COOPY KEHUS, YTUITU3aIHS.
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