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Analytics

NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcman Pecriybnukacel ¥nmmbik fbiribiM akademusicbl "KP YFA Xabapnapbel. Xumusi XoHe
mexHorsioeusi cepusicbl” fbifibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacbli Emerging
Sources Citation Index-me uHOekcmeryeze KabbindaHraHblH xabapnalidbl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicsbl XypHandbl o0aH api the Science Citation Index Expanded, the Social
Sciences Citation Index xeoHe the Arts & Humanities Citation Index-ke Kabbiiday maceneciH
kapacmbipyda. Webof Science 3epmmeywinep, asmoprap, 6acnawsifiap MeH MeKemMesiepae KOHMeHm
mepeHDiei MeH canacbiH ycbiHaobl. KP YFA Xabapnapbl. XuMusi XoHe mexHosnoausi cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmabiK YWIiH eH 63eKmi xoHe 6edendi XuMusinbiK FbliibiMOap
bolibIHWa KoHmeHmke adasndbifbiMbi30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HblIl xypHan «13eecmus HAH PK. Cepusi xumuu u mexHonoaul» 6bin
npuHam dns uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
CodepxxaHue 8 amom UHOeKkcuposaHuu Haxodumcs 8 cmaduu paccmompeHuss KomnaHuel Clarivate
Analytics 0ns OdanbHeliweeo rpuHamusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4ecmeso u
enybuHy koHmeHma 0ris uccriedogamersiel, agmopos, usdamerel u y4pexoeHul. BkrroyeHue Mzeecmus
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawly MpuUeepKeHHoCcmb K Hauboree
aKkmyarbHOMY U 8/1UsiMesIbHOMY KOHMeHmMy o XuMu4ecKuM Haykam 051 Hawezo coobuecmea.
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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.e. 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.e. 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.e.
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 Al,O; * 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.
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Table 1 — Chemical composition of the investigated raw medium, %

Components mm Electrochemistry slag Phosphogypsum

Si0, 40 13,33

CaO 44,5 26,59
ALO; 3,96 0,45

MgO 2,65

Fe,0; 0,33 0,80

Na,O - 0,12

K,O - 0,10

P,0s 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

>2,5 - 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 properties 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 area, as well as the prevention of
emergencies and emergencies at industrial dumps.
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DOCPOPJIbI KOK )KOHE @OCPOPJIBI T'NIIC: TYPJIEHAIPIUITEH OPT
7KOHE KAPBLIBIC CIHIPTIII YHTAKTbBI KOMITIO3ULIAA JKACAYFA APHAJITAH
TEXHOTEHJIK OHEPKOCIITIK KAJIABIKTAP

Annotanus. Tipuijiik Kayinci3airi MeH KOpllaraH OpTaHbl KOPFayJblH 0achiM OarbITTapbIHBIH Oipi — Typii
OHJIIPICTIH TEXHOTI€HMIK KaJIBIFBIH KOJIaHY HETi3iHJAe TYPJICHIIPIIreH epT-KapbUIbIC COHIIPrill YHTAK KYpaMblH
xapaty. Onmapzs! >kapaMchI3 (Mep3iMi 6TKeH) opT COHIIPY KypaMBbIH MaTepHAIIaPIbIH JKapbUIyBl MEH KaHy YIEepiCiH
Oasty;maTaThIH 3aT peTiHAe KaiTa maiiianaHyra MyMKIHAIK OepeTiHIIKTeH KOJIIaHFaH THIM/I.

OpPT-KapbUTBIC COHAIPTINT YHTAKTAp JKapaMIbUIBIK Mep3iMi asKTalFaHHAH KEeWiH KajmblHa KENTipiIin Hemece
JKoiibTaapl. KanmeiHa KenTipy Imapachl, sSFHH YHTaKTHIH ©PT COHMAIPY KacHeTTepi MEH CHUMaTTaMallapblH KaTbIHA
KeNTipy VINH eHHIpyII 3aybITKa >KiOepimemi. Byn yHTaK KacHeTTepiH e3repTyre >KoHE JKeTUIIIpiareH eHIMIl
ImIBIFapyFa MYMKiHAIK Oepemi. Bynm perre TaOumFum KOpAsl YTHIMABI MalfalaHy, OHIIPIC KaJIBIKTapblH JKOIO,
JKEPTUTIKTI JKepAiH 3KOJIOTHSJIBIK JKaFIalblH CaKTay, COHJal-aK OHepKaCINTIK YHIHIIepae TOTEHIIE XKIHEe alaTThIK
JKaFJaiapIpIH auJblH ATy )KYHECiH TaMBITYFa eJeylli yiec KOChUIaIbI.

Kaiitamama MaTepHalABIK-IINKI3aT KOpJIApbl MEH TYPIi OHIIpiC KAIIBIKTAPBIH KEIICHMAl JKOHE YTHIMIIBI
naijjanany eHEpKACINTIH LIMKi3aT TEHrepiMiHAe KoHe TOTEHILe jKaraaiapl Oonapipmay OapeickiHza Oenriii Oip
OpbIH anmybl THic. Kasipri yakeiTTa ojap/pl maiijanaHy yJieci mmkizat keyeMmiHiH 25-30% ecentik KepCeTKilIiHiH
nramamet 3-5% kypaiinbl. Coi ceOenTi HHAYCTPUSUTBIK-HHHOBAIMSUIBIK JaMy KE3CHIHIe TEXHOTCHIIK KaIbIKTapabl
YTBIM/IBI J)KOHE KEIICH 1 Maiiaaany MocelleIepiHiH MPaKTUKAIBIK MaHbBI3BI 30P.

OHimMai KaliTa maiigadaHyAblH MaHBI3IBUIGIFBI 3aHHAMaJa 1a, FBUIBIMH OpTaja jga OipHeme peTr aram
KOpPCETUITeHIMEH, Ka3ipri yakpITTa OSKOJOTHWSIBIK TYPFBIOAH OpT COHJIIpy YHTarblH Oarasay MeH KadTa
maiianaHyIelH KeIIeHMi JKoHe JKyiemnmi omictepi koK. CoHBIMEH KaTap, FBUIBIMH O/eOMETTe JKOHE 3aHHamana
KOJJAaHBUIATHIH KaliTa mMaiiianaHy aHBIKTaMachl ophaiibiM Oipmeit Ooma Oepmeiimi. ATanraH >XyYMbIcTa OipHeme
YCHIHBUIFAH aHBIKTAMaJapMeH Koca KaiTa MalmalaHyAblH allyaH TYPJIEpiH XiKTey YchHbUaH. [laiinamaHeuran
yHTaK (HeMece OHBIH OelikTepi) Kajail OoiraHma Ja OacTamKbl ©HIMAUIIK JCHICHiH KaIblHA KENTIpy YIIiH KaiTa
naiianany Typsepi MoceieciHe Oaca Hasap ayaapbuiazsl. JKymbIcTa eMIpiik IMKINI Oarajay oIICiH 3eprrey
xommapsl cumarTanaabl. COHBIMEH KaTap, ajblHFaH KOCMATap/Abl jKacay jKOHE ChIHAY YIEPIiCTEpiH MOJCIBICHTIH
TYpJl CaHABIK-TajJIaMalibl OaraapiiaMaliblK Kypanaap, atan ainTkanna, MATJIAB cusikTel OarmapiaMaibiK eHIMICD
KOJIIaHbUTa bl bosaiakTa epr->KapbulbIc COHIIPTIIT YHTAKThI KAJIMbIHA KSATIPYIiH dJICYETT] IKOJIOTUSIIBIK Hai1achl
3epTreieni. AtanraH ofic OipHelne >kxaHa acmekTiiepai KamTuiabl. OJI BIKTHMaa OCE€p MEH JHEPrusl THiIMILTIri
apachIHIAFEl BIKTHMAaJ MOMUIEre Taijay JKacayra; eHIMAl KaiTa maijanaHyFa ocep eTeTiH KeibOip KepceTKimTepai
Jepdec Mozenbeyre MyMKIHIIK Oepefl; oic Keiblp TeXHUKAJbIK CHIaTTaMajjap aHbIKTalIMaraH Ke3Je KeTULAipy
YAEpiCiHiH anFaliKbl Ke3eHIepiHIe MaiIananbpuIaabl. OHIMHIH OMIpPIiK IUKI Ke3eHISPiHiH KopIaraH opTara acepi
Oaranaymarbl Kipic KOpCETKIIITepi peTiH/e KOITaHbIIa IbL.

Tyiiin ce3aep: opT ’KoHE JKapBUIBIC KAYIICi3AiriHe apHAIFaH YHTaKTHl KypaM, TYPJIi ©HAIPIC KalIbIFbl, OHIIpiC
KaJIIBIFBIH JKOI0, KaliTataMa MaTepHaIIBIK-IIIAKi3aT KOPHL.
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®OCP®OPHBIN IIVIAK U ®OCPOTUTIC:
TEXHOT'EHHBIE IPOMBIINIJIEHHBIE OTXO/bI U151 CO3JAHUS MOAU®UITUPOBAHHBIX
IMOKAPO- 1 B3PbIBOIIOTJIOIMAKOHIUX ITOPOIIKOBBIX KOMITIO3UIIUU

AnHoTanusi. OTHUM U3 NPHOPUTETHBIX HAIIPABICHUH 0E30MaCHOCTH >KU3HENCSTENbHOCTH M 3alUThl OKpY-
KaIOIEeH cpepl SBISETCA CO3aHue MOIU(DUIMPOBAHHBIX IT0XKapO-B3PHIBOIOIABIIIOINX TOPOIIKOBBIX COCTABOB C
IMPUMEHEHHEM TEXHOTEHHBIX OTXOJOB PA3JIMYHBIX NMPOU3BOACTB. X MpUMEHEHUE AenacT BO3MOXKHBIM IIOBTOPHOE
WCTIONIb30BaHNE HEKOHIWIMOHHBIX (IPOCPOYCHHBIX) OTHETYIIAIIMX COCTaBOB BO3MOXKHO B KauyeCTBE BEILECTB,
3aMeUISIONIMX MTPOLECCHI B3PhIBA U TOPEHHS MATEPUAIIOB.

[Toxxapo-B3pbIBONOJABIAIONIUE MOPOLMIKA IO OKOHYAHUU CpPOKa TOJHOCTH MOMJIEXAaT pereHepaluy Wid
yrunmzaiyu. [ nmpoueaypsl pereHepalyy, T.€. BO30OHOBIICHHS MOXAPOTYIIAMX CBOMCTB MOPOIIKA OH OTIPaB-
JSieTCsl Ha 3aBOA-NPOU3BOJUTENb JJISi BOCCTAHOBJICHHSI €r0 CBOWCTB M XapaKTEPHCTHK. JTO MO3BOJSET MOANU(U-
LUPOBATh CBOMCTBA IIOPOILKA U BBITYCKAaTh YCOBEPLIEHCTBOBAHHBIN NPOAYKT. IIpy 3TOM BHOCUTCS BECOMBIN BKJIAJ| B
Pa3BUTHUE CUCTEMbI PAIlMOHAJIBHOT'O HCIIOJB30BaHUA MNPUPOAHBIX PECYPCOB, YTWIM3ALMU OTXOJOB IPOMU3BOJCTBA,
COXpaHEHHs HKOJOIMYeCKOW OOCTAaHOBKM MECTHOCTH, a TaKXKe HNpeJO0TBPALICHUs YpPEe3BbIYaWHBIX M aBapUHHBIX
CUTyallMii Ha TPOMBILIUIEHHBIX OTBANAX.

KommiekcHoe M palyioHaIbHOE HCIOIb30BAHWE BTOPHUYHBIX MAaTEPHATIBHO-CHIPEBBIX PECYPCOB M OTXOIOB
pa3IUYHBIX IPOM3BOACTB JOJDKHO 3aHHUMATh OMPENEIEHHOE MECTO B CHIPHEBOM OallaHCE MPOMBIIUICHHOCTH H
IpeSyIpekACHUN YPe3BbIYaiHBIX cUTyanui. K HacToseMy BpeMEHHU NO0JI UX HCHOIb30BAHUS COCTABIIAECT OKOJIO
3-5%, BMecTo pacueTHBIX mNokazatened 25-30% ot oObema cwipbs. [lo3TOMy B meprox MHOYCTpHAIBHO-MHHO-
BallMOHHOTO PAa3BHUTHUSl BOIPOCHI PALIMOHATIBHOTO M KOMIUIEKCHOIO HCIIOJIB30BaHMs TEXHOTEHHBIX OTXOIOB HMEIOT
BaXXHOE MPAKTUYECKOE 3HAUCHUE.

Hecmotps Ha TO, 4TO Ba)XKHOCTh IOBTOPHOIO HCIONB30BaHMUs MPOJYKTOB HEOAHOKPATHO OTMEYalach Kak B
3aKOHOJATEIbCTBE, TAK U B HAYYHBIX KPYyrax, Ha JaHHBI MOMEHT HET KOMILJIEKCHBIX U CUCTEMAaTHUECKUX METOA0B
OLIGHKM M TOBTOPHOTO HCIIOJIb30BAaHMs OTHETYIIAIMX MOPOIIKOB C SKOJIOTMYECKOM TOouku 3peHus. bomee Toro,
OIpeneIeHNs] TOBTOPHOTO HCIIONb30BaHMs, IPUMEHSIEMbIE B HAYYHOM JIUTEepaType M 3aKOHOAATENILCTBE, HE BCETaa
coBnajaoT. B nmanHO#t pabore mpencraBiieHa Kiaccu(UKalMs PasIMYHBIX BHJOB MOBTOPHOTO HCIIOJIb30BaHMS,
BKIIIOUasi HEKOTOpBIE Ipeasaraembie onpeaeneHusa. OCHOBHOE BHUMAHHUE YAEIAETCS BOIPOCAM BOCCTAHOBIICHHS U
THUIIaM OBTOPHOTO MCIOJIB30BAHUS, IPH KOTOPBIX MCIIOIb30BAHHBIN MOPOIIOK (MM €r0 KOMIIOHEHTHI), TI0 KpaiHen
Mepe, BOCCTAaHABIMBACT IIE€PBOHAYAIBHBIN ypPOBEHb IPOM3BOAUTENILHOCTU. B pabore omuceiBaeTcsi pa3paboTka
METOJa OLEHKH >KM3HEHHOrO LHKIa. I[OMHMO 3TOro, HUCHONB3YIOTCS PA3JIUYHBIE YHUCICHHO-AHATHTUYECKUE
MPOTPaMMHBIE CPEICTBA, KOTOPHIE IOMOTalOT MOJEIMPOBATh IIPOIECCHl CO3MaHMA M anpoOalyy IOIyYEeHHBIX
cMecell, B 9acTHOCTH, Takwe mporpamMmHblie mpoaykTel, kak MATJIAB. B mepcnekruBe OymyT mcclemIOBaHbBI
HNOTEHIMAJIbHBIE YKOJIOIMYECKHE BBITOABI BOCCTAHOBIEHHUS M10KaPO-B3PhIBOIOABISIONIX TOPOIIKOB. Y IOMSHYTHII
METO]I BKJIIOYaeT B ce0sl HECKOJIBKO HOBBIX aclleKTOB: OH MO3BOJISIET MPOBOANTH aHAIN3 BO3MOXKHBIX KOMIIPOMHCCOB
MEXAY IOTEHINAIbHBIMUA BO3JCHCTBHAMH M SHEpProd((eKTHBHOCTHIO; HE3aBUCHMO MOJEIHPOBATh HEKOTOPHIE
napaMeTpbl, KOTOPLIC BJIHAIOT HAa IMOBTOPHOC UCIIOJIB30BAHUE NNPOAYKTA; METOA NPUMCHUM JIAXKC HAa paHHUX dTalax
Ipoliecca MOJIEPHU3ALMH, KOT/1a HEKOTOPhIE TEXHUUECKUE XapaKTePUCTUKH, BO3MOXKHO, €Ille He OBbIIH OIpee/ICHBI.
BozneiicTBue Ha OKpYXaloILIyl0 Cpedy 3TaloB >KU3HEHHOTO LHKJIA MPOAYKTa HCIOJIb3YETCsl B KadeCTBE BXOJHBIX
MapaMeTPOB UL OLIEHKH.

KniodeBble c/10Ba: IMOPOIIKOBBIE COCTaBbl Ui IOKapo- M B3PbIBOOE30NMACHOCTH, OTXOIBl PAa3IMYHBIX
IIPOU3BOJCTB, YTHIM3ALHNS OTXOA0B IPOU3BOJCTBA, BTOPHYHBIE MATEPUAIIbHO-CBIPBEBBIE PECYPCHI.
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