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PHOSPHORUM SLAG AND PHOSPHOGYPSUM AS MAN-MADE
INDUSTRIAL WASTE FOR CREATION OF MODIFIED FIRE
AND EXPLOSION-SUPPRESSING POWDER COMPOSITIONS

Abstract. One of the priority areas of life safety and environmental protection is the creation of modified fire
and explosion-suppressing powder compositions using man-made waste from various industries. Their use makes it
possible to reuse substandard (expired) fire extinguishing compositions, possibly as substances that slow down the
processes of explosion and combustion of materials. Fire and explosion-suppressing powders at the end of the shelf
life must be regenerated or disposed of. For the regeneration procedure, i.¢. restoration of the fire-extinguishing
properties of the powder, it is sent to the manufacturing plant to restore its properties and characteristics. This allows
you to modify the properties of the powder and produce an improved product. At the same time, a significant
contribution is made to the development of a system for the rational use of natural resources, disposal of production
waste, preservation of the ecological situation in the area, as well as prevention of emergencies and emergencies at
industrial dumps. Comprehensive and rational use of secondary material and raw materials and wastes of various
industries should take a certain place in the raw material balance of industry and in the prevention of emergencies.

Keywords: fire and explosion-suppression powder compositions, waste from various industries, disposal of
production waste, secondary and raw materials.

Introduction. This research work presents the classification of different types of reuse of raw
materials used for explosion and fire. The focus is on recovery issues and different reuse ways where the
used powder (or its components) at least restores the original level of performance. The thesis describes
the implementation of a life cycle assessment method. In addition, various numerical and analytical
software tools are used, which model the processes of creation and testing of the obtained mixtures, as
MATLAB. In the future, the potential environmental benefits of the recovery of fire and explosion-
suppressing powders will be investigated. The mentioned method includes several new aspects: it allows
the analysis of possible trade-offs between potential impacts and energy efficiency; independently
simulate some parameters that affect the reuse of the product; the method is applicable even on the early
stages of the modernization process, when some technical characteristics not defined yet. The
environmental impact parameters of the product life cycle stages is used as input to the assessment.

The issues of environmental protection and prevention of pollution leads to the need for the use of
alternative raw materials from industrial waste for the prevention of emergencies. At the same time,
millions of tons of industrial waste in the form of electrothermophosphoric slags, phosphogypsum and
internal overburden have accumulated at the enterprises of the phosphorus and coal mining industry.
Meanwhile such kind of industrial waste allow to solve the problem of rational use of material resources
and the environmental situation in industrial regions.

Problem statement. By investigation of the composition of fire-extinguishing powders, two main
tasks are solved, as consisting in the selection of the chemical and granulometric composition of the
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powder and providing the highest possible fire-extinguishing ability for a class of fire. The system of fire
safety of the object is established as a set of organizational measures and technical means aimed at
preventing fire and reducing damage from it at the object, i.¢. it is necessary to minimize the possibility of
occurrence and development of fire, as well as the impact on people and property of fire hazards. In this
regard, both flame retardants (including flame retardants and paints) and building materials are used to
increase the fire resistance of building structures, i.e. the use of primary fire extinguishing agents, such as
fire-extinguishing powders. Among other things, such powders are included in the composition for
extinguishing fires of various classes in the compositions of powder extinguishers, which must have the
appropriate charges: for class A-powder ABC (E); for classes B, C and (E) - BC (E) or ABC (E) and class
D-D[1-4].

For effective fire extinguishing it is necessary to determine the temperature limits of flame
propagation — (ignition). The ignition temperature is the temperature of the substance at which its
saturated vapor forms in the oxidizing medium concentrations equal respectively to the lower (lower
temperature limit) and upper (upper temperature limit) concentration limits of flame propagation. During
extinguishing the flame, strong heating of the powder composition leads to its melting and transition of the
solid into a liquid state, and then, when evaporating, into a gas. Melting of solids and boiling of liquids
occurs at different temperatures, due to different energies of bonds between atoms and molecules of
substances. These physical properties of substances are considered in the development, selection and
evaluation of the effectiveness of fire extinguishing agents and materials. [5-7]

The complex task of developing the composition of fire extinguishing powders is solved with the help
of optimally selected qualitative and mathematically calculated quantitative composition of components
made from waste fine dusts and substandard fire extinguishing powder based on ammophos.

An active base for fire-extinguishing powders for multi purposes is known [8], containing
monoammonium phosphate, ammonium sulfate and a mixture of organosilicon substances. The
disadvantage of this invention is the multi-componence of the active base and the high cost of preparing.

A powder composition for extinguishing fires of various combustible materials is also known [9].
This composition includes a hydrophobic organosilicon liquid, an additive of highly dispersed silicon
dioxide and the main component, which is used as silvinite, ammophos, and as a highly dispersed silicon
dioxide — white soot with a specific surface area of 100 sq.m. / h, as well as an additional aluminosilicate.
The disadvantages of this powder include multi-component active base, high cost and complex technology
of'its production.

It is technically and economically efficient to use phosphogypsum and electrothermophosphoric slag
in fire extinguishing compositions. These dusts are mainly composed of particles up to 1.0 mm in size, i.€.
do not require the cost of electricity for their additional grinding. Dust-like fractions are captured by dust-
gas-cleaning devices and accumulate in storage bins.

To date, there is a wide range of fire-extinguishing powders. But the intensive work continues to
create new fire-extinguishing and explosion-suppressing compositions. The standard formulations used
are very expensive; unused batches of expired or post-fire powder are only partially used as fertilizers.
Substandard powder is mostly stored and does not find application.

According to the results of the study, we have identified the preservation of the fire-extinguishing
ability of the expired powder of the P-2AP and the possibility of its use as a fire-extinguishing agent.

Based on further research, we offer fire-extinguishing powder compositions based on expired powder
P-2AP and waste slag phosphorus production, located 1) in the dump DPO-Khimprom and Novo-
Dzhambul Phosphorus Plant and 2) phosphogypsum of LLP "Kazphosphate". These compounds can be
used to extinguish fires of smoldering materials, flammable liquids and gases. The production of the
proposed compositions is possible from the waste of non-scarce domestic raw materials.

The main component of expired powder grade P-2AP is ammophos, the mass fraction of which is
more than 90%. Additives in the composition of this powder are: chamotte-kaolin powder ALO; » SiO; »
H,O with impurities of iron oxide and titanium, and Aerosil AM-1-300 or AM-1-175 (mass fraction in
powders up to 2.5%).

Three samples of each type of waste were collected, averaged and dried to a constant humidity at
50 degrees Celsius in a drying cabinet. Table 1 presents the results of determining the chemical
composition of fine dust waste, and Table 2 shows their granulometric composition.

— 7 ——
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Table 1 — Chemical composition of the investigated raw medium, %

Components mm Electrochemistry slag Phosphogypsum
Si0, 40 13,33
Ca0 44,5 26,59
AlLO5 3,96 0,45
MgO 2,65
Fe,0;5 0,33 0,80
Na,O - 0,12
K,0 - 0,10
P,05 0,89 1.15
others 0,39 16,4

Research of granulometric composition of the slag of the waste phosphorus production was carried
out using a sieve and microscopic analysis. Sieve analysis of fire extinguishing powders was carried out
on two grids: No. 02 (200 microns) and No. 005 (50 microns). A significant part of the powder particles
has a size of less than 50 microns. A similar pattern was observed in phosphogypsum during fractional
sieve analysis by standard technique (ROTAP); in electrothermophosphoric slag the predominance of
fraction less than 50 microns was not detected. Microscopic analysis of the samples was performed on a
scanning electron microscope JEOL with the possibility of energy-dispersive analysis.

Table 2 — Granulometric composition of the investigated raw medium, %

Dispersion, mm Phosphogypsum Electrothermophosphoric slag
>25 - 19,7
1,6-2,5 - 13,5
1,0-1,6 0.8 12,4
0,63-1,0 2,9 8,6
0,1-0,63 18,2 32,7
0,63-0,1 4.8 13,5
0,05-0,0063 41,3 15,6
<0,05 52,1 6,2

In order to determine the optimal compositions of mixtures based on expired powder P-2AP with
industrial waste, the mathematical model MATLAB was used [10,11].

CONCLUSION. We applied statistical analysis methods to identify the dependence of fire
extinguishing capacity on the percentage of expired powder and industrial waste in the mixture. Using the
Least Squares Method, we considered the ranges of powder-to-industrial waste ratios:

- the first option (phosphogypsum) from 20: 80 to 30: 70

- the second option (Electrothermophosphoric slag) from 50:50 to 35:65

Combining the calculated data for the first and second variants, the dependence of the extinguishing
capacity on the percentage of the mixture components was obtained.

Thus, the suitability of waste phosphorus production and fire-extinguishing powders with expired
shelf life as fire and explosion suppressants was investigated; the mathematical and computer model
(MATLAB) was used to obtain fire-and-explosion-suppressing powder using fire-extinguishing
compositions (as the main component, the expired powder P-2AP was selected) and non-demanded
pulverized waste of phosphogypsum and electrothermophosphoric slag, which provide sufficiently high
operational propertics of the compositions at a very low cost; the composition of fire and explosion-
suppressing powder from a mixture with the following ratios was developed:

composition No. 1 - fire-extinguishing powder based on expired powder P-2AP (73-74,5%) +
phosphogypsum (27-25,5%) and

composition No. 2 - fire-extinguishing powder based on expired powder P-2AP (54-57%) +
electrothermophosphoric slag (46-43%).

For these compositions requires grinding 10-15% fineness of grinding raw powder.

The mathematical analysis of the MATLAB model is confirmed by the results of the compositions of
the studied raw medium: expired fire-explosion powder composition + phosphogypsum and expired fire-
explosion powder composition +electrothermophosphoric slag.
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Analyzing the results obtained, we came to the conclusion that the use in the proposed fire
extinguishing compositions as the main component of expired powder P-2AP (which retained the main
operational properties — fire extinguishing ability) and non-demanded waste phosphogypsum and
electrothermophosphoric slag provide sufficiently high operational properties of the compositions at a
very low cost. [11]

Thus, the efficiency of the proposed fire and explosion-suppressing compositions is achieved, while
making a significant contribution to the development of the system of rational use of natural resources,
waste disposal, preservation of the ecological situation of the arca, as well as the prevention of
emergencies and emergencies at industrial dumps.
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®OCPOPJIBI KO ’KOHE ®OC®OPJILI THIIC: TYPJIEHAIPLUITEH OPT
YKOHE KAPELIBLIC CIHIPTTII YHTAKTEI KOMIIO3HITHAS ’KACAYFA APHAJIFAH
TEXHOTEH/IK OHEPKJCIITIK KATJALIKTAP

AnnoTtanmust. Tiponmik Kayincizmiri MCH KOPIIAFaH OPTaHbI KOPFayIbIH OachIM OAFBITTAPhIHBIH Oipi — Typui
OHIPICTIH TEXHOTCHIIK KAJIBIFBIH KOJJAHY HETI3IHIAE TYPICHIIPLITCH OpPT-KAPBUIBIC COHMIPTINI YHTAK KYPAMbIH
skapary. Omapapl kapaMchi3 (Mep3iMi 6TKEH) 6pT COHAIPY KYPaMbIH MAaTCPHAIIAPABIH )KaPbLIybl MCH XKaHY YACPICiH
OastymaTaThIH 3aT PETiHAC KalTa maiaadaHyFa MyMKIHAIK OSPETiHAIKTCH KOIJAHFAH THIMIL.

OpT->KapBLIbIC COHIIPTINI YHTAKTAP >KAPAMIBUIBIK MEP3iMi ASKTATFAHHAH KCHIH KANIbIHA KEJNTIPLTIN HEMECE
JKOHBIIanpl. KanmblHa KeNTipy IIapachl, SIFHH YHTAKTBHIH 6PT COHIIPY KACHETTEPlI MCH CHIATTAMAJIAPHIH KAJIIBIHA
KCITipy VINIH OHTIpymI 3aybITKa >kiOepimemi. Bynm YHTaK KACHCTTCPIH O3TCPTYIC SKOHC SKCTUITIPINTCH OHIMIL
IIBIFApYFa MYMKIHAIK Oepexmi. Byn perre TaOwfum KOpabl YThIMABI NMAaHAanaHy, ©HAIPIC KAJIBIKTAPBIH >KOIO,
SKEPTIKTI SKEPiH 3KOJOTHIBIK JKaFTalibIH CAKTAy, COHIAW-aK OHEPKICINTIK YHIHILIEpAC TOTCHINE KOHE alaTThIK
JKaFIalIapAbIH ATABIH ATy XKYHECIH JAMBITYFA €JICY Il YAeC KOCBIIAIbL.

Kalitanama marepuanmbIK-IIMKI3aT KOPJAphl MEH TYPIl OHIIPIC KAJABIKTAPBIH KEIICHIl >XKOHE YTBHIMIBI
MmavJanaHy eHEPKACINTIH IMHKI3aT TCHIECPIMIHAC XKOHE TOTCHINC >KarJaiasl OosmbpMay OapbichiHAa Oenrim Oip
OopbIH anmysl THic. Ka3ipri yakeiTTa onapAsl madaanaHy yieci mmkizaT kemeMiHiH 25-30% eCenTik KepCeTKImIiHIH
mamMameH 3-5% xypaiiner. Con ceOenTi HHAY CTPHITBIK-HHHOBAIIMAUIBIK AAMy KC3CHIHAC TCXHOTCHAIK KALIBIKTAPABI
YTBHIM/IBI JKOHE KCIICHI MAHAATIAHY MOCCIICICPIHIH MPAKTHKAIBIK MAHBIZHL 30P.

OHiMai KaWTa NalAaTaHyablH MAHBI3OBUIBIFBI 3aHHAMAZAA 13, FRUIBIMH Opraza jAa OipHeImme peTr aram
KOPCETIITCHIMEH, Ka3ipri YakbITTa OJKOJOTWUIBIK TYPFBIJAH 6PT COHAIPY YHTArblH Oaramay MEH Kaira
malJanaHyIplH KEINCHI KOHE >KyWem omicrepi oK. COHBIMEH Karap, FBUIBIMH SJCOMETTC >KOHE 3aHHAMATa
KOJIIAHBIIATHIH KaHTa TMaWmadaHy aHBIKTAMAchl dpraiibiM Oipmeit Ooma Oepmeiini. ATamraH >KYMBICTAa OipHEIIE
YCHIHBUIFAH AHBIKTAMATAPMCH KOCA KAaHTa MaWOATaHyAbIH anyaH TYPJCPIH KIKTSY YCHIHBUWAH. [lafinanaHblFaH
yHTaK (HeMece OHBIH OemiKTepi) Kamaii OonFaHga Ja OacTamkpl 6HIMIUTIK ACHTCHIH KAJIblHA KEITIPY YIIH KalTa
malmanaHy TYpraepi MoceneciHe Oaca Hazap aymapeiiagsl. JKyMBICTA eMIpIiK WHKIAI Oaramay OHIiCiH 3epTTey
skonapsl cumarraianbl. COHBIMEH KaTap, ajbIHFAH KOCHAJNAPABI KAcay >KOHE ChIHAY YACPICTEPIH MOJCIBACHTIH
TYPIi CaHABIK-TAIAMATEl OaFIapIaMaNbIK Kypangap, atan adTkaHna, MATJIAD CHAKTHI OarmapraMaisik OHIMIOCD
KoJmansLiagsl. bogamakTa epT-’KapbLibic COHTIPTIMT YHTAKTH KAJIBIHA KSITIPYIiH 9JCYSTTi SKOIOTHAIBIK TAHIACH
3eprrencai. AtamFaH omic OipHEmE kaHA acmekTimepai KaMTuael O BIKTHMAT OCCP MCH JHCPTHSA THIMILTITI
apachIHIAFBl BIKTUMAJ MOMIJIETE TaNAAy »Kacayra, eHIMII KalTa maimajiaHyFa dcep eTETiH KeHOip KepceTkimTepai
Jepbec MOACTHACYTE MYMKIHAIK Oepemdi; oiC KCHOIP TCXHHKAIBIK CHIATTAMANAP AHBIKTAIMAFAH KC3AC JKCTLIIIPY
YACPICIHIH aJFaIiKbl Ke3eHACPIHAC MaHtaNIaHpUIAbl. OHIMHIH 6MIPIIK OHKJI Ke3CHIACPIHIH KOPIIaFaH Oprara acepi
OaraayIaFbl Kipic KOPCCTKIIITEP] PETIHAC KOITAHBLIATIBL.

Tyiiin ce3aep: epT >KOHE KAPBUIBIC KAYINCI3AIriHE apHAIFAH YHTAKTHI KYPaM, TYPJl OHIIPIC KAJIABIFEL, OHIIPIC
KAJIBIFBIH JKOF0, KalfTanama MaTepHaIabIK-IIHKI3aT KOPBI.




ISSN 2224-5286 Series chemistry and technology. 6. 2020

B. Canapramesa’, A. Haykenosa %, B. Ajnmosa’

! Kasaxckuif HAMOHATBHEIH TICIAaTOTHUCCKIH YHHBEPCHTST mMeHE AOad, Amvarsl, KazaxcraH;
2 FOxxuno-Kasaxcrauckmii yHuBepcuteT HMeHH M. Ayaxosa, [lIsmvkent, Kazaxcran;
3 Me>kmyHapoaHBIH YHHBEPCUTET HHPOPMAIMOHHBIX TEXHOIOTHI, AnMarsl, Kazaxcran

®OCPOPHBIN IIIJIAK K ®OCPOTHIIC:
TEXHOT'EHHBIE TPOMBINITEHHBIE OTXO/AbI JJIS1 CO3JAHUA MOAH®UIINPOBAHHBIX
MOXAPO- 1 B3PBIBOIIOTJTOIMAOIIHUX MTOPOIIKOBBIX KOMITIO3UIIUU

Annortamust. OTHUM W3 NPHOPHUTCTHBIX HANPABICHHH OC30MACHOCTH KH3HEACATCIHHOCTH WM 3aIIHTHI OKpY-
JKAFOIICH Cpe/Ibl SIBIICTCS CO3JaHHE MOIU(PUIUPOBAHHBIX MOKAPO-B3PHIBOIOIABILIFOIINX MOPOIIKOBEIX COCTABOB C
MPUMEHCHUEM TEXHOTCHHBIX OTXOJ0B PA3IHYHBIX MPOH3BOACTB. X MPUMEHEHUE ACTACT BO3MOYKHBIM IIOBTOPHOE
HCHOJIb30BAHUEC HEKOHIUIMOHHBIX (IIPOCPOYCHHBIX) OTHETYIIAMIMX COCTABOB BO3MOJKHO B KAYECTBE BEHICCTB,
3aMEULIFOMMX MPOLECCHI B3PBIBA M TOPEHH MATEPHANIOB.

ITo:kapo-B3pBIBOMOJABAIOIUEC MOPOIIKH IO OKOHYAHHH CPOKA TOJHOCTH MOAJCIKAT PErCHEPAlH WM
yTHmmanun. s mponeay pbl pereHEPalyy, T.€. BOZOOHOBICHH MOMKAPOTYIIAIINX CBOHCTB MOPOINKA OH OTIPAB-
JSIETCSL HA 3aBOA-TIPOM3BOJHUTENb JJISI BOCCTAHOBICHHS €TO CBOMCTB M XAPAKTEPHUCTHK. JTO IO3BOLIET MOIH(H-
IUPOBATH CBOICTBA MOPOMIKA M BBITYyCKATh YCOBEPIICHCTBOBAHHBIN MPOAYKT. [IpH 3TOM BHOCHTCS BECOMBII BKJIAJ B
PA3BUTHE CHCTEMBI PALMOHATBHOTO HCMOJB30BAHMA NMPHPOJHBIX PECYPCOB, YTHIIM3AUUHM OTXOAOB IPOH3BOACTBA,
COXPAHCHHS SKOJOTHYCCKOH OOCTAHOBKM MECTHOCTH, 4 TAKXKE HPETOTBPALICHUS YPE3BBMAWHBIX W ABAPUHHBIX
CHUTyalHi HA MPOMBIIUICHHBIX OTBAJIAX.

KoMIuIekCHOE M palMOHATBHOE HCMOJB30BAHHE BTOPHYHBIX MATCPHAIBHO-CBIPBEBBIX PECYPCOB H OTXOAOB
PA3MMYHBIX MPOM3BOACTB JOJDKHO 3aHMMATh OMNPEICICHHOE MECTO B CHIPHCBOM OalaHCE IPOMBIIUICHHOCTH H
TMPEAYIPESKACHUH YPE3BbMalHbIX CHTyauui. K HacTosmeMy BpeMEHU A0S UX HCIONb30BAHUS COCTABJIET OKOJIO
3-5%, BMecTo pacueTHBIX mOKazarened 25-30% ot oObema chipba. [lo3ToMy B mepHoa HHIYCTPHAIbHO-HHHO-
BAIHOHHOTO PAa3BUTUA BONPOCH PALMOHAIBHOIO M KOMIUICKCHOTO HCIOJB30BAHHA TEXHOTCHHBIX OTXOJ0B HMEHOT
BAYKHOE MPAKTHYCCKOE 3HAUYCHUE.

HecMmoTps Ha TO, 4TO BA’KHOCTh MOBTOPHOTO MCIOJB3OBAHUA MPOAYKTOB HEOJHOKPATHO OTMEYANACH KAK B
3aKOHOJATENIBCTBE, TAK M B HAYYHBIX KPYyrax, HA JAHHBIM MOMEHT HET KOMIUICKCHBIX H CHCTEMATHYCCKUX METOI0B
OLICHKM M TOBTOPHOTO HCIOJB30BAHHA OTHETYINAIMX MOPOINKOB C 3KOJOTHYECKOH TOYKH 3peHud. bosee Toro,
ONpeneaCHH MOBTOPHOTO HCIOJNB30BAHUA, MPHMEHACMBIC B HAYYHOH TUTEpAType M 3aKOHOAATEIBCTBE, HE BCErAA
COBIMAArOT. B maHHOH paboTte mpeacraBieHa KIACCH()WMKALMSA PA3IMYHBIX BHIOB IHMOBTOPHOTO HCIIOJIb30BAHMI,
BKIIFOYAs] HEKOTOPBIC IpeaaracMsie onpeneieHmss. OCHOBHOC BHHMAHUE YACTSIETCS BOIMPOCAM BOCCTAHOBICHHSA H
THIIAM MOBTOPHOTO MCHOJIB30BAHUSA, IPH KOTOPBIX HUCTIONB30BAHHBIN NOPOIIOK (MM €r0 KOMIOHEHTHI), IO KpaifHeH
Mepe, BOCCTAHABIMBACT IICPBOHAYAIBHBIH YPOBCHb IPOM3BOAMTEIFHOCTH. B paboTe ommchiBacTcs pas3paboTka
METOAA OLCHKU >KM3HCHHOTO IMKIA. [IOMHMO 3TOrO, HCHOJB3YIOTCSA PA3IHYHBIC YUCICHHO-AHATHTHYCCKHE
MPOTPAMMHBIC CPEICTBA, KOTOPBIC IMOMOTAIOT MOACIHMPOBATH IPOIICCCHI CO3MAHMS W ampoOAlMH MOIYyYCHHBIX
cMecel, B YaCTHOCTH, TaKHE NpOTrpaMMHbic MpoaykThl, kKak MATJIAB. B mepcmekruse OyayT HCCIEIOBaHBI
MOTCHIHATBHBIC YKOJOTHYCCKHIE BBITOABI BOCCTAHOBICHHSA MTOKAPO-B3PBIBOMOJABIAOIIUX MMOPOIIKOB. Y IOMSHY ThII
METOJ BKIFOUACT B CeOsI HECKOJIBKO HOBBIX ACTIEKTOB. OH MO3BOJIICT MPOBOJIHUTH AHAIN3 BO3MOKHBIX KOMITPOMHCCOB
MEXKIy TMOTCHIHANBHBIMA BO3JACHCTBHSIMH W 3HEProd3(h()eKTHBHOCTHIO; HE3aBHCHMO MOJCIMPOBATH HEKOTOPBIC
MAPAMETPBI, KOTOPBIC BIUAKT HA MOBTOPHOE UCTIONB30BAHKUE MPOAYKTA; METOA MPUMEHUAM JAKE HA PAHHHX JTANax
MPOIIECCAa MOJCPHHU3ALMHE, KOTIA HEKOTOPBIC TEXHUYCCKHE XaPAKTCPHCTHKH, BO3MOYKHO, CIIC HE OBLIH OTPEACIICHBI.
BosaeiicTBre HAa OKPYIKAKOIIYEO CPEdy 3TANOB JKH3HCHHOTO IHMKJIA MPOAYKTA HCIOJIB3YETCA B KAYSCTBE BXOJHBIX
MAPaMETPOB A OLICHKH.

KioueBbie ¢j10Ba: TOPOIIKOBBIE COCTaBBI I IOXKApO- M B3PBIBOOC30TMACHOCTH, OTXOABI PA3IHYHBIX
MPOU3BOJACTB, YTHIN3ALMA OTXOA0B IPOM3BOACTBA, BTOPHYHBIC MATCPHAIBHO-CBIPBEBBIC PECYPCBL
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