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TIpeocmasnenst pe3ynbmamsl aHAU3A GIUAHUS HA OKPYICAIOWYIO Cpedy CYUEeCmBYIoWux mexnoaio2uti ymunusayuu gocgo-
eunca npu nepepabomye e20 8 CHpOUmeIbHble CMeCU 8 CPagHeHUU ¢ npeonodiceHHol mextonoaueti. ITlokasano, umo wWupoxo ucno-
Jb3yemble @ Mupe mexHonio2uu ymunuzayuu gocgoaunca ouensb dHepeo3ampammbl, A 3ampamsl HA OYUCMIKY CIMOYHBIX 800 8
2,5paza npegviuiaiom 3ampamsl nPoU3B00Cmea eOuHuYbl NPooykyuu. Taxce npoyecc conpogoicoaemcs 3HAUUMETbHLIMU GblOPO-
camu napHurosvix 2azos. Hasedenwvi sxonoeudeckue u snepeemuieckue npeuMymecmsd paspabomanHoll mexHonoeuu, d UMeHHO
omcymemesue 00paz06aHUsi CMOYHBIX 600, A MAKICE CHUICEHUE 8bIOPOCO8 NAPHUKOBBIX 24308 00 28pa3.

Kniouesvie cnosa: ymuauzayus, pocghoeunc, skonrocuteckas 6€30nacHOCHb, JHeP2OeMKOCHb, CIMOYHble 600bl, NAPHU-
K08000pasyioujue 2azvl, MexHOI02UU nepepabomKi.

Ilpeocmasneno pesynomamu ananizy 6naugy Ha HAGKOIUWHE cepedosulye HAABHUX mexHonoz2ill ymunizayii ocghoeincy
npu nepepo6byi iio2o 8 6ydisenvHi cymiuii 6 NOPIGHAHHI i3 3aNPONOHOBAHOI MmexHoNo02ie. [Ioka3ano, wo WupoKosUKopucmo-
8yeaHi y ceimi mexnonoeii ymunizayii ghocgpozcincy oyorce enepeozampamui, a GUMPAMU HA OYUCMKY CIIYHUX 600 y 2,5 pasu
nepesuwyloms eumpamu supooHuymea oounuyi npooykyii. Takooc npoyec cynpo8ooAICyemobcs 3HAUHUMU GUKUOAMU NAPHU-
Kogux easig. Hagedeni exonoziuni il enepeemuuti nepesazu po3podieHoi mexHon02il, a came i0CYmMHICIb YMEOPEHHS Cmiy-
HUX 800, A MAKOIC 3HUNCEHHS BUKUOI6 NAPHUKOBUX 2a3ié 00 28 pasis.

Knwuogi cnosa: ymunizayis, gpocghocince, exonociuna 6esnexa, eHepeoEMHICMb, CMIYHI 600U, NAPHUKOBOYTBOPIOIOYI 2a-
3U, MexHoI02ii nepepobKu.

Results of analysis of environmental impact oftexgsphosphogypsum utilization technologies dutimg processing it
in construction mixes compared with the proposedirtelogy are presented in the paper. It is shown thiaely used
technologies for phosphogypsum utilization in ttegldvare very energy-intensive, and the cost of ewaater treatment is
2,5 times greater than the costs of one unit pridac Also, the process is accompanied by signiticamissions of
greenhouse gases. Environmental and energy advesitaigthe technology, namely the lack of wastewasewell as GHG
emissions reduction to 28 times are presented.

Key words:recycling, phosphogypsum, ecological safety, gneajpsumption, wastewater, greenhouse gas, proggssin
technology.

ITocTanoBKa npodeMbl. DKOJIOrMYECKass ONACHOCTh TEXHOJIOIMUYECKOTO MIpoLecca yTH-
musanuu hocdorumca npu nepepadoTKe ero B CTPOUTEIbHBIE MaTEPHAIIBI XapaKTePU3YETCs
BBICOKUM YPOBHEM HCIIOJIb30BAaHUSI TOIUIMBHO-PHEPTETUUECKUX PECypcoB, 0Opa3oBaHHEM
TBEPABIX WU KUJKUX OTXOJI0B, 3HAUUTEIbHBIMU BBHIOpOCAMH Ta3000pa3HBIX 3arps3HSIOLINX
BEIIECTB B aTMoc(epy, a TakKe HATUYHEM PA3IMYHOTO BHJIA BPEAHBIX U3ITYUECHUH.

VYpoBeHb UCNOIb30BaHUS TOIUIMBHO-3HEPTETUYECKUX PECYpCOB Ha pealn3aliio Kakoro-
1100 mpoliecca OIEHUBACTCS yASIbHBIMU 3aTpaTaMy MIEPBUYHOM YHEPTUU HA €IUHUILY BaJIO-
BOT'0 BHYTPEHHETO MPOayKTa cTpansl (3HeproemMkocts BBII) [1].

Ouneproemkocts BBII Ykpauns! B 2,6 pa3a npeBblIIaeT CpeAHUNH YPOBEHb SHEPTOEMKOCTH
BBII ctpan mupa (puc. 1).

OnHol W3 MPUYUH BBICOKOM SHEPrOEMKOCTH B YKpaHHE €CTh BBICOKOE TOTPEOIeHUE YHEP-
TeTUYECKUX PECYpCOB B KOHKPETHBIX TEXHOJOTHMSX HA MPOU3BOJCTBO €AMHMUIIBI MPOAYKIINH, a
TaKKe MPUYUHON BBICOKOW IHEPrOEMKOCTH SIBJISAETCS TEXHOJIOTMYECKOE OTCTaBaHHE B OOJb-
IIMHCTBE OTpaciiell MPOMBIIIIEHHOTO TPOU3BOJICTBA.
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Puc. 1. Dnepzoemxocmo BBII cmpan mupa, ke y.m.$ CIIA:
1 —Ascmpus; 2 —Janus; 3 — Opanyus;, 4 —Iepmanus; 5 —Hcnanus;, 6 — Beauxoopumanus; 7 — Lleeyus,
8 —Qunnanous; 9 —onvwa; 10 —Yexus; 11 —Benepua, 12 —Jlumea; 13 —Typyus; 14 — Vrpauna,
15 —Poccus; 16 —Benopycw; 17 —Aecmpanusi; 18 —Kumaii; 19 —SAnonus; 20 —6 mupe

OpnHoll W3 cTpaTernyeckux Ienei, chopMyIupOBaHHBIX B DHEPreTUYECKOW CTpaTeTuu
VYxkpaunbl 10 2030 roga [1], sBAseTcs co3maHue MaJOdHEPrOEMKOW M MAJOPECypCOEMKOM
SKOHOMMKH ITyTE€M BHEJIPEHHSI HOBBIX TEXHOJIOTUH HAa OCHOBE COXpaHEHUsI O€30MacHOCTH KH-
3HEHHOTO MPOCTPAHCTBA yesoBeka. OnepekeHrne TEMIOB S3KOHOMHUYECKOTO POCTa MO CpaBHE-
HUIO C TEMIIaMH MOTPeOJICHUS YHEPTropecypcoB MoJpKHO obecnieunth 10 2030T0ma nocTrxe-
HUE CPEHET0 MUPOBOTO YPOBHS TIOKa3aTeNel YHEPreTHUeCKOl 3P PEKTUBHOCTH.

Takum oOpazoM, B DHEPreTHMUECKOW CTpaTerud YKpauHbl CHOPMYIUPOBAH OCHOBHOMU
KPUTEPHA OLeHKH 3(P(PEKTUBHOCTH — pacxXo/l YCIOBHOTO ToriuBa Ha eaunuity BBII. UYto ka-
caeTcsl TEXHOJOTHYECKOro Mpolecca, TO 3/1eCh B KaUeCTBE TAKOTO KPUTEPHS BBICTYIAET pac-
XO0J1 YCJIOBHOT'O TOIJIMBA HAa €IUHUILY TOTOBOM MPOAYKIMU. TEeXHOIOTHYECKUH Mpoliecc mpei-
CTaBysieT co00il COBOKYMHOCTh HEOOXOIMMBIX TEXHOJOTHYECKHX OIepaliii, BHIIOIHAEMBIX
MOCJIEIOBATEIBLHO BO BPEMEHH C 1I€JIbI0 TIOJIyY€HHsI TOTOBOTO MPOYKTa.

AHaJIU3 NMOCJEeTHUX HCCIeT0BAHNH U myOaukanuii. B TexHomorusx yrunusanuu ¢oc-
dorurica myreM MPEBpaIleHUsI €0 B CTPOUTEIbHBIC MAaTEPHAIbl M U3JENIUS MPUMEHSIOT He-
CKOJIbKO BapHaHTOB IOCJIEIOBATEILHOCTH TEXHOJIOTUYEeCKUX omepanuii. [lepBbiii BapuaHT:
penynabnanus, MeXaHM4eCcKoe yJaleHue BIIard B (PUIIbTpax, CYIIKa, O0KUT B TUIICOBAPOYHBIX
KOTJIax WK IPYTUX TEIJIOBBIX arperatax, momoi [2]. Bropoit BapuaHT: penyabiaius, Terio-
Bas 00paboTKa B aBTOKJIaBe, MEXaHHMUYECKOE yajeHne Biark B puibTpax (BakyyM-(QUIbTpEI,
npecc-puabTpsl), cymka, momoa [3]. TpeTuii BapuaHT: pemybialusa, MEXaHHIeCcKoe yaase-
HUE BIIard B (QUIBTpax, TEIIOBas 00pabOTKa B aBTOKJIABE, MEXaHUUYECKOE y/IaJICHHUE BIaru B
¢bupTpax, cymika, momo [3].

3arpaThl TEMJIOBOW SHEPTrUU B TEXHOJOTMYECKOM IMPOLECCE C HCIOJIb30BAHUEM TOIUIMBA
OTIPECIISIOTCS TEXHOJIOTHUECKUM KOA(P(UIIMEHTOM TOJE3HOTO JIEHCTBUS arperara, B KOTO-
POM OCYIIECTBIISIOTCS pEAKIIMU MTPEBPALICHHUS HCXOIHBIX KOMIIOHEHTOB B TOTOBBIN MPOAYKT.

dakTUYecKue 3aTpaThl Ha TEIUIOBYIO 00pabOTKY THIICOBOTO KaMHs, MO CPEIHECTATUCTH-
YEeCKUM JaHHBIM B OTpaciiH, MpeacTaBicHHbiM B.B. MBanuikum [4], Kuiorpamm ycaoBHOTO
TOIUIMBA HA TOHHY BSKYIIETO!

— runcoBapoynbie koTisl 43,3 (= 0,46);

— cymmiabHbIe 6apabansr 55,0 (= 0,36);

— aBTOKJIaBBI 123,7 (=0,032).

TenoBoii poIIecC CUUTACTCSI SIKOHOMUYHBIM, €CJTH TEXHOJIOTHYEeCKUH K03 PHUIIMeHT mo-
ne3noro neiictBus mpesbimaeT 0,5. Kak ciienyer u3 npuBeIEHHBIX BBIIIEC JaHHBIX, €r0 BEJIU-
YUHA B TEXHOJIOTMU MPOU3BOJCTBA TUIICOBBIX BSKYIIMX OCTaBJSET KeyaTh Jiydiiero. Mcmo-
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JH30BaHUE aBTOKJIaBAa B KAUECTBE TEIJIOBOTO arperara sBiseTcs HauMeHee BBITOJHBIM pelle-
HUEM C TOYKHU 3pEHHs] SKOHOMHUHU TOIUIMBA, HO UMEHHO aBTOKJIaB HanboJsiee paclpoCTpaHEeH B
TEXHOJOrUsAX yTuian3anuu (ocporunca. OCHOBHBIM HEAOCTATKOM H3BECTHBIX TEXHOJOTHMA
yruimnzanuu ¢ocdorurca npu nepepaboTKe €ro B CTpOUTENbHbIE MaTepUaIbl U U3JIENUs SB-
JSIeTCs 3HAUUTEIBHBINA PAcX0/]l TEIIOBBIX PECYPCOB Ha €IUHUILY TOTOBOW MPOAYKIIMH.

Bropoit HenmocTaTok OONBIIMHCTBA SKCILTYaTHPYEMbIX B MUpPE TEXHOJIOTHI 1epepadoTKH (o-
corurica B BSDKYIIHE U U3ACTHS — 00s3aTeNIbHBIN Tpoliece JOOABIECHHUS BOJBI IJIs1 OTMBIBKU (hO-
corurca oT BOZOpacTBOPUMBIX Ipumeceld. YacTb Bozibl, 100aBIeHHOH K (ocdorumcy, Mexanu-
yecku yaasior. [locne ynanenus u3 pocdorumnca 3ta Boga NpeBpaiiacTcsi B CTOYHbIE BOBI.

Jlnisi MEXaHUYECKOTo YAaJeHHUs BOABI MPUMEHSIOT BaKyyM- U Tpecc-(puiabTpel. OUIBTPHI
NOTPEOIAIOT 3HAYUTEIBHOE KOJIMYECTBO JJIEKTPUUECKOM SHEpruH, a BOja, OT)KaTas U3 Mare-
puana, moJIeKUT 00e33apaKuBaHmi0. B CBs3M ¢ yeM co3maercs HoBas mpobiiema: o0e3Bpe-
JKHBaHHE CTOYHBIX BOA [5—7]. OcraBiiyrocs mocjie MEXaHHYECKOro yaaleHust Boay u3 ¢oc-
¢orurca, Kak IpaBUIIO, UCHIAPSIOT MPU MOMOIIH TETIOBOM 00pabOTKH.

OTMBIBKa BO/IOM MPUBOAUT K 3HAUUTEIBHOMY YBEJIIMYEHUIO SHEPIreTHYECKHUX 3aTpar, 1moc-
KOJIbKY BOJy CHaJaja MEXaHHYECKH OTKUMAIOT B QUIbTpax (yBEIMIMBACTCS PACXOJ DJICKT-
PODHEPTHH), 3aTEM €€ HCHapSIOT B CYIIMIKaX (pPacXoIyeTcsi TOILIMBO — MOBBIIIACTCS PACXO/
TETJIOBOW YHEPTHH).

OOpazoBaHue B TEXHOJIOTMYECKOM ILHKIJIE CTOYHBIX BOJ HMEET MOOOYHOE HETaTUBHOE
BJIMSTHUE Ha OKPY’KAIOIIYIO Cpely U TpeOyeT NOMOJHUTEIBHO CTPOUTEIHCTBA OYUCTHBIX COO-
PYKEHHUIA.

Tpetuit HEAOCTATOK CYIMIECTBYIOIIMX TEXHOJIOTHH yTUIU3anuu ¢Gocorurca — HaTHIue
3HAYUTENIbHOTO KOJMYECTBa ra3000pa3HbIX BHIOPOCOB B OKpyXkaroulyto cpeny. [loBeimeHue
pacxojia CX)KUTaeMOro TOIJIMBA COMPOBOXIAETCS YBEJIWYEHHEM BBIOPOCOB MApHUKOBOOOpa-
3YIOIIMX ra30B, TAKUX KaK YTIEKUCIBINA Ta3 U apbl BOJIBI.

ITo cpaBHEHHIO C MPOU3BOJICTBOM BSKYILIUX U3 MPUPOTHOTO CHIPBS TaKHe TEXHOJIOTUYEC-
K€ JMHUMA 00OpYAOBaHBI OOJBIIMM KOJMYECTBOM MAIWH, YTO YBEIUYHMBAET METAJIOEM-
KOCTb TEXHOJIOTHH, a 3HAYUT, KaIUTAIbHbIE M SKCIUTYaTallMOHHBIE 3aTPATHI.

BroiaesieHue He pelnleHHBIX paHee YacTeil o0meii mpodJaembl. Takum 006pa3om, Macco-
BOE HCHOJb30BaHuE (hocdorurca B3aMeH MPUPOJHOTO THIICOBOTO KaMHs CAEPKHUBAECTCS OT-
CYTCTBHEM 3KOHOMUYECKH BBITOJHBIX M IKOJOTHMUYECKH YHCTBIX TEXHOJOTHUECKUX MPOLIECCOB
nepepabOTKu 3TUX OTX0A0B [5—6]. TexHomornyeckue JIMHUKA COCTABICHBI U3 TPOMO3JKHX,
METAIJIOEMKHX U YHEPrOEMKHUX MaIllKH.

Haunbonee mpuemieMbIM HampaBI€HHEM IOBBIIICHUS AKOJOTHYECKOW Oe30MacHOCTH H
HKOHOMHUECKON 11e1eco00pa3HoCTH IpeBpaieHus (pocdorumca B BOKYIIUE SIBISETCS HEUT-
panuzanus npumeceii B Gpocdorurce 6e3 modaBiaeHus Boabl [4—7] u co3manue 6e3aBTOKIIaB-
HOW TEXHOJIOTHH yTUiIHn3auuu dochorumnca.

Leasb cTaTbu — NpOaHATU3UPOBATH BIMSHHUE HA OKPYKAIOIIYIO CPEAy CYIIECTBYIOLIMX
TEXHOJIOTHH yTrin3anuu Gocdorurica mpu nepepadoTKe ero B CTPOUTEIbHBIE CMECH H TTOKa-
3aTh HKOJIOTMUYECKHE U SHEPTeTUYECKUE MPEUMYIIECTBA MPEIJI0KEHHON TEXHOJIOTH.

H3znoxenne 0CHOBHOro Marepuaja. Ha ocHOBaHMH ITPOBEACHHBIX HAMHU MCCIIEIOBAaHUN
npeioKeHa TeXHOIOTUs [8] M3roTOBICHUST CTPOUTENBLHBIX U3ACTHN U3 CBEKero (ochorur-
ca, OCHOBaHHasl Ha TOM, YTO W3JIMIIHIOI BJIary XUMHUYECKU CBS3bIBAIOT C IOMOIIBIO MOTYTH-
npata cynbparta kaneius. [lomyruapar cynbgaTta KajmbIUs IMOJYYAlOT IyTeM OOXHra BO
B3BELLICHHOM COCTOSTHHH OTBaJIbHOTO (ochorurmca.

CwMmech docdorurca cBexero u moayruapara cyiabhara kanpuus ([ICK), moaydentnoro us
¢docorumnca oTBaIHLHOrO, aKTUBUPYIOT Ha MPOTHKEHUN 1—4 MUHYT. 3aTeM CMech HalpaBiIsi-
0T B Ipece, Tae GOpMyIOT U3IeNus yTeM rpeccoBanus (puc. 2).

[TpenuioskeHHast TEXHOJIOTUS TIO3BOJIAET MOIYYUTh CTPOUTENbHBIC M3/1ETIHs CTaHIapPTHOTO
KayecTBa, MO YIPOUICHHOW TEXHOJIOTMH, 0e3 3arps3HEeHUs OKPYXKarolled cpeibl CTOYHBIMU
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BOJIaMH, C MEHBIINM BBIOPOCOM T'a3000pa3HbBIX 3arpsi3HAIOIIMX BEIIECTB B aTMoc(hepy U CHU-
KEHHBIM PacX0l0M SHEPTEeTHYECKUX PECYPCOB.

®docdorurc oTBaATbHBIH ®docdorurc cBexnit — 0TX01 MPOU3BOJICTBA
13 araTUTOBOTO CHIPHS (dhochopHBIX ymoOpeHwit
W=17...25% W=17...25%
4 Job6aBku
OOGXHT C MOTyICHHEM
B-mosyrunpara cynbdara KaabIus \ i
ITepememmBanue
AKTHUBaLUs
IIpeccoBanue

Puc. 2. Texnono2ust coéMecmuoti ymuauzayuu c8exce20 u 0meaibHo2o gocgozunca

Taxxe npu peanuzanuu NPeaioKEHHOW TEXHOJOTHMU CHUYKAETCSl pacxo]l ToIiuBa. B ka-
YecTBEe aHajora JJisi CPaBHEHUS MPHUHSATHI TMOKa3aTeld paboThl TEXHOJIOTHYECKOW JIHHHH,
yCTaHOBIECHHON B T. Bockpecencke MockoBckoit obmactu Poccuiickoit @enepannu (I1O
«Munynobpenus») no pazpadorkam pupm KHAYD («xuynuHu») 1o JaHHBIM [7].

Huxe npuBeieHbl cpaBHUTENBHBIE [TOKA3aTeIH [0 PacXoay TOIUIMBA Ha TEIJIOBYIO0 o0Opa-
60TKy (ocdorurca (tadm. 1). [Ipu cocraBnenun Tabn. 1 ObUIM MPUHATHI CIEAYIOUIHE JOIY-
IICHUS. HadajibHasl BIAXKHOCTH CBeXxero ¢ocdorurnca — 35 %,MexaHMUeCKUM CIIocoboM yra-
JeHO 1o TexHoNoruu «J/xuynuau» — 15 %Bnaru, mo npeanaraeMoil TEXHOJIOTUU TaKOe e
KOJIMYECTBO BJIard YAaJE€HO XUMUUYECKHM CIIOCOOOM.

Tabmuma 1
Tloxazamenu nompebaenus monauea Ha ymuausayuro gocgpoeunca
Pacxon TorunBa | Pacxon Tomu- | CymmapHbIi Pacxon Toruu-
KonuuectBo
Texnonorus Ha cymiKy (hoc- | Ba Ha 00pazo- | pacxoi TOILIH- MCK g 17 | B2HR 1t mpo-
YTUIU3aLUU ¢orurnca, kry. | Banue [ICK, kr | Ba, kry. 1/T 0p| AYKTE, KT . T/T
/T TICK y. /T TICK I[CK MPOAYKTa, 7 MPOJIYKTa
«JI>KAyTHHA» 50,0 123,7 173,7 100,0 173,7
IIpennaraemas 50,0 30,0 80,0 10,0 8,0

Kak cienyer u3 npuBeZieHHbBIX B Ta0d. 1 aHHBIX, IPEIOKEHHAS! TEXHOJIOTUS OTIMYACTCS
HU3KHMHU 3aTpaTaMy TOIUIMBHBIX pecypcoB. Tak, oOmuii pacxo]l yCIOBHOTO TOILIMBA HA TOH-
HYy F'OTOBOM MPOAYKIIUH 110 U3BECTHOW TEXHOJIOTUH cocTaBisieT 173,7kr, a mpeuiaraemasi Te-
XHOJIOTHS XapaKTepU3yeTcs pacxoIoM ycioBHOTO TorumBa 8,0kr, uto B 21 pa3 Huxe.

Taxoke mpeIoKeHHasi TEXHOJIOTHSI CIOCOOCTBYET M30eraHuio 0Opa3oBaHMs CTOYHBIX BOJI.
ITo ganueiM T.M. Marseesoii, T.W. Kapxy, H.b. AuronndeBoii, B.A.Tepexosa [7], 3arpaTsl Ha
yTUIN3aHI0 1 TOHHBI CTOKOB TEXHOJIOTUYECKON JIMHUU MO nepepadboTke Gocdorurica B BLKY-
e Ha Bockpecenckom [10 «MuHyn00OpeHHsI» COCTABISIOT B IEHE)KHOM BBIPAKCHHH CYMMY,
NPUMEPHO PaBHYIO CTOMMOCTH MPOM3BOACTBa 1 TOHHBI BshKyIIero. KoamuecTBO CTOUHBIX BOJ
Ha 1 TOHHY BspKylIero — okojo 2,5T. IHbIMU ClloBaMU, 3aTpaThl HA YTUIM3ALUIO CTOUYHBIX BOJ
10 TEXHOJOTUU (GUPMBI «/[PKHUYITHHI» TpeBbIIaloT B 2,5 pa3a 3aTpaThl Ha MPOU3BOJICTBO Bsi-
AKYILETO.

B npennaraemoii HaMU TEXHOJIOTHH yTUIM3aUUU (Hocorurca CTOUHbIE BOABI OTCYTCTBY-
IOT, IOCKOJIbKY B TEXHOJIOTHYECKOM JTMHUU HET ONEpaLuy MEXaHUUECKOTO yJaJIEHUs BIIard U3
docdorurnca.
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I"a3000pa3Hbie BEIOpPOCHL. B CBsi3M ¢ yxecToueHHeM TpeOOBaHHM K 3aIlUTe OKpY’KaIoen
Cpebl TOSIBIJIACh HACTOSITEIbHAS HEOOXOANMOCTh CHIIKEHHSI 00pa30BaHMs 3THUX BHIOPOCOB B

XUMHUYCCKUX TCXHOJIOIUAX.

CpaBHuTeNbHAs XapaKTePUCTHKA BBIX0/1a Ta30B B TOHHAX Ha 1 TOHHY rOTOBON MPOAYKIIMU
10 U3BECTHOM U MpeIaraéMoi TEXHOJIOTUH MpeICTaBleHa B Tabi. 2.

Tabnuna 2
CpasHumenvHble nokazamenu 8bixo0a 2a308 npu nepepabomke ghococunca
VY nenbHbIi BBIXOJ, T/T IPOIYKTA
OTxosmme ra3pl
HanmeHnoBanue TexHomoruu Crounsle A g
BOJIBI BCETO —
A CO, H,0
KHAVY® («J[xuymaHm») 2,5 4,65 0,24 0,810
[Ipennaraemas 0 0,208 0,01 0,028
l'ogoBoit  BBIOpOC Ta30B TpH  MPOU3BOAUTEIHLHOCTH  TEXHOJOTHYECKOW  JTUHUHU

200 000r/rox: Texuomorust KHAY® («Jxuynuuu»):

Bcero ra3zos — 4,65 - 200000=930 0G0

B TOM YHCIIE:

— yruekucnoro ra3za — 48 000r;

— BoasHbIX mapoB — 162 00Cr;

npeanaraeMasi TeXHOJIOTHS:

— Bcero razos — 0,208 - 200 000=41 6GO

B TOM YHCIIE:

— yruekucnoro raza — 2000r;

— BoasHBIX mapoB — S600r.

CpaBHeHHE apaMeTpOB BHIOPOCOB I'a30B IMOKA3bIBAET, YTO 00IIee KOJIMYECTBO T'a30B, BbI-
OpaceiBaeMbIX B atMocepy, cHmkaercst 6osiee yeM B 20 pa3, yMeHbIIIEHHE TTapHUKOBOOOpa-
3YIOIIMX ra30B COCTABIISET: YIIIEKHUCIBIN Ta3 —B 24 pasa, mapsl BoJbl —B 28 pas.

BoiBoapl. [Ipoananmm3ipoBaHbl OCHOBHBIE HETOCTATKH W3BECTHBIX TEXHOJOTHH YTHITH3AIIUH
docdorurca npu nepepaboTKe €ro B CTPOUTEIBHBIE MAaTEPUAIIbl M U3/IEHs: 3HAYUTEIbHAS SHEpP-
TOEMKOCTh, 00pa30BaHNE CTOYHBIX BOJI M TIAPHUKOBBIX Ta30B. [loka3aHo, 4TO mpeyiaracMast Tex-
HOJIOTHS SIBJISIETCS dHEprocOeperaromnield, HOCKOIbKY pacxo TEIJIOBOW SHEPrHU Ha SIUHUILY TO-
TOBOM TPOJYKIIMM CHHYKACTCS OPUEHTHPOBOYHO Oosee yem B 20 pa3, Mo CpaBHEHHIO C
texHonorueit pupm KHAY®D («xuynunm»), koTopas BHenpeHa B T. BockpecerHcke MockoBc-
Kol obnmacty. Takke MoKazaHo, YTO MpeyiaraeMasi TEXHOJIOTHS SIBJISIETCS] SKOJIOTHYECKH YHCTOH,
T. K. BBIOPOCHI 3arpsi3HAIOMIMX Ia3000pa3HBIX BEIIECTB B aTMOC(epy CHHXKAIOTCS Oosiee ueM B
20 pa3. [IpemioskeHHast TEXHOJIOTHS XapaKTEPH3YETCsl IOJHBIM OTCYTCTBHEM CTOYHBIX BOJI.
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MATEMATHYECKOE MOJIEJINPOBAHUE ITOKA3ATEJIEN OHEHWBAHWA
IMPOU3BOJCTBEHHOI'O TPABMATHU3MA B YI'OJIBHOU OTPACJIM

Tamara Tairova, PhD in Chemical Sciences
State Institution «National Research Instituterafustrial safety and health», Kyiv, Ukraine

MATHEMATICAL SIMULATION OF THE INDEXES OF EVALUATIO N
OF OCCUPATIONAL INJURIES IN THE COAL INDUSTRY

Jlocniooiceno meHOenyii 3MiH NOKA3HUKIE OYIHIOBAHHS GUPOOHUYO20 MPABMAMU3MY HA NIONPUEMCIBAX 8Y2LIbHOL 2anysi,
n06y008an0 MpeHo08i MoOel i poO3pPAXo8aHo ix KOPOMKOCMPOKOGI NPOSHO3HI 3HAUEHHS.

Tlobyoosano mamemamuyni bazamopaxmopui Mooeni, AKi ONUCYIOMb 3ANEHCHICIb NOKASHUKIE OYIHIOBANHHS BUPOOHUYO20
mpasmamusmy 6io 0b6cazy udoOYmMKY 8y2ilif, OiIbHOCII A60 0e30iAnbHOCIE pObOMOOAsYsa WoO0 CMEOPEHHs be3NeUHUX YMO8
npayi, piens cnpagnocmi obnaonanmsa, poboma Ha AKOMY npu3gena 00 HewjacHuUx 6UNAOKI@ 3 MAXNCKUM HACTIOKOM, MA IHUUX
@axmopis. Busnaueno ¢paxmopu, wo nanbinsuie 6naueaoms Ha pigeHb GUPOOHUYO20 MPABMAMUIMY Y 8Y2ilbHill 2aTY3i.

Kniouogi cnosa: mamemamuuna mooenv, MHOJICUHHA pe2pecis, NOKA3HUKU OYIHIOBAHHS GUPOOHUYO20 MPABMATHUIMY .

HUccnedosanvt menoenyuu usmenenuti nokazamenel oyeHU8AHUs. NPOU3E00CMEEHHO20 MPABMAMUIMA HA NPEONPUAMUAX
V2ONbHOU OMPACcy U Onpedenenbl Ux KpamKocpoiHvle NPOSHO3HbIE 3HAUEHUS.

Tlocmpoenvr mamemamuueckue MHO20hakmopHsie MoOenu, KOMmopule ONUCLIBAIOM 3dGUCUMOCIb NOKa3amenei oyeHu-
8AHUA NPOU3BOOCMBEEHHO20 MPASMAMUZMA O 00beMO8 000bIYU Yes, OesmeNbHOCIU U 6e30eamensHoCmu pabomooame-
Jetl no co30aHuio Oe30NACHBIX YCI08Ull Mpyod, YPOSHA UCHPABHOCMU 000pY008aHUs, paboma Ha KOMOpoOM npugeid K Hecua-
CIMHBIM CAYYAAM € MANCENbIMU NOCIeOCmEUAMU, U Opyeux paxmopos. Onpedenenvl paxmopul, KoOmopule CyujecmeeHHo
BNUAIOM HA YPOBEHb NPOU3BOOCIMBEHHO20 MPABMATNUZMA 8 Y2ONbHOU OMPACIU.

Kniouesvie cnosa:. mamemamuueckas mMooenb, MHONCECMEEHHAs pecpeccusi, NOKA3amenu OYeHUBAHUs NPouU3600CmEeH-
HO20 MpasmMamusma.

It were investigated the changes of trend parametémvaluation of occupational injuries on entega$ of the coal
industry and their shot-term forecast values werewdated.

The mathematical multivariate models which desctiteedependence of the estimates of occupationaliésjin coal
production, activity or inactivity of employers ¢eeate safe working conditions, level of good caadibf equipment, which
led to accidents with severe consequences and fatibgars, were built. The most affect factors wereheined.

Key words:mathematical model, multiple regression, indeXesvaluation of occupational injuries.

IlocTranoBka npodjemu. OHIEIO 3 OCHOBHUX MPOOJIEM BYTUIBHOI TPOMHCIIOBOCTI Y BCIX
KpaiHax CBITY € BUCOKHMI piBeHb BUPOOHMYOTrO TpaBMaTu3My. B YkpaiHi peecTpyeTbcs Haa-
3BUYAIHO BUCOKUN PiBEHb BUPOOHUYOTO TPaBMATU3MY Y BYIJIEBUI00YBHIN Taiy3l, SKUW 3HA-
YHO BUIIMH HIK Y MEPEAOBUX BYIIIeJO0YBHUX KpaiHax CBiTYy. BimHOCHA KiIbKICTh TpaBMOBa-
HUX y ByrutbHiN ramy3i y 2000—-2013pokax cranoBmia 35—40 %Bix 3araqbHOi KUTBKOCTI
TPaBMOBAaHMX Yy KpaiHi. Bupimenns uiei npoOiaeMn yCKIAIHIOETHCS YACICHHUMH TOPYILIEH-
HSIMH TE€XHOJIOT1YHOI 1 BUPOOHWYOT MUCIMIUIIHA Ha 0aratbox IIaxTaxX, HEJOJiKaMu B OpraHi-
3awii Jep:kaBHOrO Harysiy 3a Oe3NeYHWM BEIEHHSM TipHUYMX POoOIT Ha BYIJIEBUIOO0YBHUX
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