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YIPABJIIHHA EKOJIOTTYHOIO BE3IEKOIO - METOJIUKA KJIACHU®IKAIIIT
TBEPJAUX I'OPIOYUX KOITAJIMH

Exomoriuna Oe3mneka 3alexuTh BiJl PiBHSI PO3BUTKY €HepreTHMYHOi Oesreku. ['oprodi xomaauHH
BIJIITpalOTh TPOBIAHY poJib y 3a0e3ledeHHi eHepreTHdHOoi Oe3nekr KpaiHu. TBepii Toprodi KOmaluHU
3aliMarOTh BaroMy IHTOMY Bary y 3arajibHiii Maci roproumx komnanuH. Ha maHwii yac He icHye €quHOI
VHIBEpCaIbHOT CHCTEMHU Kiacudikallii TBEpIUX TOPIOYMX KONATUH. Y Pi3HUX KpaiHaX BUKOPUCTOBYIOThH
pi3Hi cucTemn Kimacuikarii Byriist 3a Mapkamu. Ilpn 1pomy y 3aeKHOCTI BiXl CHCTeMH Kiacupikarii
BPAaXOBYIOTb Pi3HI Ha0OPH Pi3HMX MOKA3HMKIB. OCHOBHAM aKyMyIIATOPOM CHEPrii y CKiaji TBEpAHX
TOPIOYHX KOMAIHMH € BYIJICIb 1y HEBEIIMKIN KUIBKOCTI BoicHb EHepreTiiHa TBEPAMX rOPIOYHX KONAINH
3HAXOAUTHCA y TPsMi 3aJ€KHOCTI BiJ BMICTY IIMX XIMIYHHMX eJeMeHTiB. sl OLIHKHM Ta MOPiBHAHHS
PI3HUX BUIIB TBEPAHMX TOPIOYHMX KOMAIWH Ta iX BHYTPIBHIOBHUX BiAMIHHOCTEH, BUXOIIYHM 3 HaSBHOCTI
ONTUMANILHOTO YHCIIa TOKA3HHKIB OCHOBHHMX CHEPIeTHYHUX HOCIIB, SIKUMH € BYTJCIh Ta BOJCHB,
po3pobIeHo KoedillieHT TiepeBeieHHs iX B yMOBHUI aHTpanut. Po3pobnenuii koedimieHT nepeBeaeHHs
TBEPIUX TOPIOYMX KOMAJMH B YMOBHHWI aHTpAIMT Ja€ MOKJIMBICTh aHAII3yBaTH €HEPreTHYHY LIHHICTB,
PI3HHUX THITIB TBEPAUX T'OPIOYHUX KOITAJHMH, POIOBHII, IUIACTIB TBEPAUX TOPIOYNX KOMAIHMH, PI3HUX MapoK
BYTULIS, POGOTY MIANPUEMCTB 3 BHAOOYTKY TBEPIAMX TOPIOYHX KONAIMH, TipHUY030aradyBalbHUX
KOMOIHATIB i (pabpuK Ta MiANPHEMCTB 3 BUKOPHCTAHHS Ta [EPEPOOKH TBEPAHUX TOPIOYNX KONAIMH, CTaH
Ta TEPCIEKTUBH PO3BUTKY PI3HUX PIBHIB E€HEPreTHYHOi Oe3mekH. Y CHUCTEeMi €KOJOIiuHOi 6631‘[61(1/1
po3pobiieHnii HaMu KoedilieHT, MOXKHA BHKOPHUCTOBYBAaTH IPU PO3pOOII KOMII'IOTEPHHX IPOrpaM 3
MOJICNIIOBAHHS IPH CTBOPEHHI CHCTEM 3aXUCTy 3 HEIOIMYLICHHS 3aropaHb, MOXEX Ta BHOYXIB NpH
noOyBaHHI, BUKOPUCTaHHI Ta MepepoOIli TBEpANX TOPIOYMX KOMaJWH. 3alpolOHOBAHUI BapiaHT MOXe
CIIyTyBaTH, fK NOJATKOBMM pPIi3HOBHIOM JJisl y3arajdbHEHHS Ta YAOCKOHAIEHHsS iCHYIOUMX CHCTEM
knacugikalii, Tak i JUis CIOHYKaHHSM MOTHBAIIIT 10 TIONIYKY HOBHX MiIXOIB Y TOJABIIOMY BHPIIIEHHI
MMUTaHHS KIAcU(iKaIii TBEpANX TOPIOYNX KOTIAIHH.

KawuoBi ciaoBa: anrpaumur, Topd, Oype BYriuisi, Kam’sHe BYTiUUIs, YMOBHHN aHTpAIHWT,
ycepelHEeHUH BYIJIeLleBO-BOIHEBUH IIOKAa3HUK, KOS(III€HT NIEpeBeICHHS B YMOBHUI aHTpPALUT.

IlocTanoBka npodaemu. Exonoriyaa 6e3mnexa € HeBi €MHOIO CKIIAI0BOIO HAI[IOHAJIHHOI O€3IeKH.

VYci eneMeHTH KHUTTEIISUIBHOCTI CycliibeTBa (PYHKIIOHYIOTh NMPH TapaHTOBAHOMY 3a0e3ICUCHHI
Horo eHepreTHyHUMH pecypcamu. Came TOMYy €HepreTHYHa Oe3leKka € OHI€I0 3 HaHBaXKIMBIMIKMX
CKJIaJIOBUX €KOHOMIYHOT Oe3neku Oyb-akoi nepxkasu [1]. B Ykpaini 3amacu TBepIuX roprouux KONalluH
y IIPUKJIAIHOMY 3HA4YEHH €:

— Oyporo ByTiIIs — IOCTIHHAMU;

— KaM’sSHOT'O BYT'UUIS — HOCTIHHUMH;

— Top(y — MOCTIHHUMH 3 HE3HAYHOIO TEHACHIII€I0 10 3MEHIICHHS.

IIpu nboMy BUI0OYTOK OYpOro BYTiJLISA XapaKTePU3y€EThCA TCHICHINE 10 301IbIIEHHS, KaM’STHOTO
BYTUIISl Ma€ TEHIEHLIIO 1O CTIMKOro 3MeHIIeHHs, Topdy IeMOHCTpye ciabke 3poctaHHs [2]. Punok
BYTJUIS Ma€ JIBa POBIAHUX cerMeHTH [3]:

— GHEpreTUYHe BYTULIA, BAKOPUCTOBYETHCS AJISi BAPOOHUIITBA €IEKTPOSHEPTii;

— KOKCiBHE BYT'JLISI, BAKOPUCTOBYETHCS B METITyPTii.

Enepretnuna Oesrneka € ojHieo i3 6a3oBux. be3 (yHKIIOHYyBaHHS, Ha BIAMOBIJIHOMY piBHI,
SHepreTHYHol Oe3MmeKkn HEMOXKIIMBA pealizalis (QyHKIIOHYBaHHs, K €KOJOTiYyHOI Oe3MeKkH Tak i 1HIINX
BHIIIB O€3MEKH, sKi € KOMIUIEKCHUM 3a0e3MeueHHs HalllOHAIBHOI Oe3Mmeku. Y 3a0e3nedeHHl eHepreTHIHO1
Oe3neKy NpoBigHY POJIb BiAIrparoTh ropoyvi KOMaJHHH.

Jlo roprounx KomaiuH BiTHOCATH Pi3HOMAHITHI BYTJIEIEBI OpraHiuyHI PEYOBHHH, IO 3aJSTAIOTh Y
HaJpax y BUTJAI PiI3HUX CKYMUEHb. 3a arperaTHUM CTaHOM PO3Pi3HSIOTH TBEP[i, PiJKi 1 Ta3omomioHi
roproui konanuad. CepeJl TOPIOYNX KOMATUH BaroMy MUTOMY Bary 3aiiMalOTh TBEPJi FOPIOYl KOMAJHHU.
3a cTymeHeM TEepPeTBOPEHHS BUXIAHMX OIOTEHHUX MaTepialiB y pe3ynbTari Byriedikarlii po3pi3HSIIOThH
TaKi BUAU TBEPAUX TOPIOYMX KOMATUH:

— TOp;

— Oype ByTijus;
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— Kam’siHe BYTiJUIS;

— aHTPaLUTH;

— TOpIoYi ¥ BYTJIMCTI CIaHLI.

AHanizyrouu icHyroui knacuikaiii TBepAUX TOPIOYHUX KOMAINH MOXKHA 3pOOUTH BHCHOBOK, IIIO Ha
IaHnid 4ac kKimacugikarliss BYTUDIS 3IIMCHIOETHCS 33 TCHETHYHUMH 1 TEXHOJIOTIYHHMH ITapaMeTpamH,
KPYITHICTIO, 30aradyBaHICTIO, MeTporpadiqHuM CKJIaJoM Toio. [Ipy 1bOMY pPO3pi3HSAIOTH TE€HETHYH,
XIMIKO-TEXHOJIOTi1YHi, TPOMHUCIIOBI Ta 3MiMaHi kiacudikarii Byrims [4, 5].

AHajni3 octaHHiX gocaimkeHb i myOaikauniii. OnHi€ro 3 HAWCKIAAHINMX MPOOJIEM HAayKH PO
TBEpJi TOPIOYi KOMAIMHH € iX Kiaacudikamis. Hag BupimenHsM niei npobieMy MpauioBajiy i MpamioTh
JIOCHITHUKHM B PI3HUX KpaiHax CBiTy, Y TOMY YHCJi i B Hamlii kpaini. IcHyroui kiacudikarii TBepaux
TOPIOYMX KOTAIWH MOKHA OJUINTH HAa TPU OCHOBHI THUIIH:

— 3arajbHi — BKIIIOYAIOTh OCHOBHI MapaMeTpH (KOHCTUTYTHBHI BIACTHBOCTI), IO BiJ0OpaXKaloTh
BHYTPIIITHIO CIIIBHICTh KOYKHOTO KJIacy 1 KJIaciB cepell BCiX TBEpIUX TOPIOYNX KOMAJIWH, OXOTUIFOBAaHUX
knacugikaniero. Taki knacugikanii MalOTh FTOJTOBHUM YMHOM Ii3HABaIbHE TEOPETUYHE 3HAUCHHS;

— TEXHOJIOTYHI (IPOMKCIIOBI) — PO3MOAUIAIOT, TBEPAUX TOPIOUMX KOMAIMH 3a IMOKA3HUKAMHU
BIacTHBOCTeH. TexHosoriuHi kiacudikaiii BHPaXarOTh TOJOBHAM YHMHOM TaKi CITiBBIIHOIICHHS
BJIACTUBOCTEH TBEPAMX TOPIOYMX KOMAJIWH, 3HAHHS SKUX HEOOXigHEe i1 BUKOPHCTAHHSA iX B Tiil abo
IHIITH KOHKPETHIH raxy3i MpOMHUCIOBOCTI, 1 TOMY BOHH Ha3WBAIOTHLCS TaKOK OKPEMUMH 200 YaCTKOBUMU;

— KOMOiHOBaHi — (IIPOMHCIIOBO-TEHETUYHA) IPYHTYIOTHCS HA TIOKA3HUKAX, 1110 BUKOPUCTOBYIOTHCS 1
B 3arajbHUX, 1 B TEXHOJOTIUHUX Kiacudikamisx. [IpuBeaeni kiacudikamii MaloTh K TEOPETHYHE, TaK i
NpakTUYHE 3HAa4YeHHS. BOHM [ar0Th MOXKIMBICTG BH3HAYMTH YHUCIO TBEPAMX TOPIOYMX KOMANHH,
BKJIIOYCHUX Vy KiacHQiKamiio, a TaKoX CIPUSIOTh PO3KPHTTIO B3a€EMO3B’S3KY CKIady, OYyIOBH i
MPAKTUYHO BAXXIUBUX IX BIACTUBOCTEH. Buxonsun i3 pisHOMaHITTS BUIIB TBEPAUX TOPIOYHMX KOMAIHUH Y
NPUPOAI, pO3po0IIEHO iX CHCTEMaTH3aLliIo 32 HAlOLIbLI 3aralbHUMH, XapaKTePHUMH O3HaKaMH. HAYKOBHX
kiacudikariii — Tabm. 1[5, 6, 7].

Tabnuys 1
3arajpHa HaykoBa KJacudikamis TBepaAUX rOPHOYUX KoNaJauH [5; 6, 7]
Knacu tBepaux Cragii XiMi4HOI 3pisIocTi
TOPIOYUX KOTIAINH Topd’siHa OypOByTiJIbHA KaM’sTHOBYT1JIbHA aHTpaLUTHA
1 2 3 4 5
LT'ymiTu(mepeBakHO Topdu: Bype Byrimms: Kawm’stae ByTims: AHTpamTi
3 BUIIUX POCIIMH) a) BEpXOBUX | a) 3eMITUCTE a) 30BHI OJTHOPiTHE
00T 0) 1IiJIbHE (Onmuckyye, caxa)
0) Hm3uHHUX | (OnMUCKyde, 0) 30BHI HEOAHOPiTHE
OoutiT MaToBe (cmyracrte, MaTOBE
B) 3aXOpOHEHI | cMyracTe) HaIiBOJIMCKYyYE)
B) JITHITH
1. Jlinro6iomitu (i3 a) ¢ixrenit — | a) mipomicut —i3 | a) pabxomicuT — 3i -
CTIMKHX QOpMiBHUX 3 BOCKY BOCKY cMoI
CJIEMCHTIB BUIIUX 0) Komanmu — 0) staTap — 31 0) TKiIOYTbChKE
POCTHH) 13 cMouI CMOJI CMOJISTHE BYTLILIS
B) QiMeHIT — 3 | B) cHOpOBE B) KOHIIEHTpALii CMOJI
MTUJIKY BYTULIA T') CIIOPOBE
(TiIMOCKOBHE) (Ki3eJI0BChKE)
T') KyTHKYJIOBE 1) KyTHKYJIIT
BYTULIA (ipkyTchKe)
(migMoCcKOBHE e) “mucryBare”
“nmanepose” BYT1JUIA
BYT'LILIIS) (6ap3acbke)
1) 6ap3acbke ) KEHHEI
BYTULIA 3) JIOMIHIT — i3 KOpH
II. Campomnernitu (3 a) camporneni | a) borxemu a) Byruus 3 Jlroray Camponerniti
HIDKYIAX POCIIHH, (npicaHoBOAHI) | 0) TOpOAHIT (6orxem) cepen
BOJIOPOCTEH (ajbT), 0) KypOHTIT B) MaparyHiT 0) caporierniTi cepen TTIOHET[LKUX
3ITATITKIB )KUBHX B) OaJIXaluT | T) CAIPOIETITH KaM’sTHOT'O BYTLILIIS AHTPAINTIB
OpraHizmiB — T) calpoKkonu | cepen Oyporo (xeHHeNi-00TXE/TH)
TUTAHKTOHY) BYTULIA
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IIpooosocenns maoan. 1

1 2 3 4 5
1. Bnacue (keHHEMTI-
canporeniti (CTikki oorxenu,
€JIEMEHTH POCIUH HariBOOTXE/THN)
MICTSATBCS)
2. CanpokoiTi Camnpoxomita CanpoxoitiTu cepen
(cTiiiKi eeMeHTH cepen Oyporo IPKyTCHKOTO
POCJIHH BIJICYTHI) BYTLLIS KaM’sSIHOTO BYT1/LIS
(xaxapeichbki,
MaTaraHChbKi)
IV. I'pyna ocobnmBux - a) 3Mima”i a) 3MIiIIadi TyMiTo- AHTparmTi
BUIIB TBEPAMX CamnponesiTo- CamponesniTH 3MINIaHOTO
FOpPIOYUX KOTIAJIUH TYMITH ¥ TYMITO- | cepel ipKyTChKOTO MTOXOKEHHS 1
canponesiTh Kam’sTHOTO CKIIaay cepen
cepen BYT1JUIA JTOHETIbKHX
ITiTIMOCKOBHOTO 0) 3MilIani TyMiTo- TYMYCHHUX
Oyporo ByTiIsA JIITOO10TITH AHTPAIIHTIB.
0) 3Mmimane cepesl KaM’ sSITHOTO
TyMITO— BYTLILIIS
ninTobioniToBe 3axigHoro Jlonbacy i
BYTLILIA cepen KizenoBcekoro
Oyporo Byrijus Oaceliny
JIHIPOBCHKOTO B) KEHHEI
Oaceitny
B) KEHHEIT

€Bporneiicbka ekoHomiuHa koMicis OOH 3arBepauna HOBY cHCTeMy MiKHApOIHOI Koaugikarii
BYTUJUISL CEPEHBOTO Ta BUCOKOI'O PaHriB, TOOTO KaM'SHOTO BYrUUIs Ta aHTpauuTiB [8]. 3rimHo 3 Iii€ro
KJacuQikariero 10 Oyporo BiIHOCATh BYTIJUISA 3 BUIIOKO TETUIOTOIO 3TOPSHHS BOJIOTOI 0€330JbHOI MacH 10
24000 x/x/xkr. Habip OCHOBHHMX O3HAK, SKUMH ITOBHHHO XapaKTepHU3YBaTHUCS BYTULISA: CEpEmHIN
MOKA3HMK BIAOUTTS BITPUHITY; XapaKTepUCTHKa peIeKTOpaMH; MallepaIbHUM CKJIaj: BMICT IHEPTUHITY;
BMICT JINTHHITY; IHIEKC BITBHOTO CITydyBaHHS, BUXIJ JIETKUX PEYOBHH Ha cyxe 0e330J]hHE NalluBO;
30JILHICTD Ha CYXy Macy; BMICT CIpKM Ha CyXy Macy; BHILA TETIOTa 3TOPSHHS Ha CyXy 0€330JbHY Macy
[8]. V pi3Hux kpaiHax 3aCTOCOBYIOTHCS Pi3HI MiXOM MO0 3arajibHOl KJIaCH(iKaIlii TBEpIUX TOPHOYNX
KomanuH (Tadm. 2).
Tabauys 2
HopiBHsinbHA kiIacudikanisa Byrinis [9]

Buam Byrims

€EK OOH CLIA Himeuunna

Topd Topd Topd

OpTO-JIrHIT Bype Byrims M’sike Oype Byriuis

MeTa-girmit Byp_e Byruus / [ligbitymue MartoBe Oype ByTriyuis
BYTLLIISI

Mera-JIirgir Cy0606iTyMHE BYTULIS I'sanieBe Oype ByTULIS
Cy006iTymHe Byrimis / [Monym’siHe ByTius
Cepennbo neTke 6iTyMHE
BYTULIS

BitymHe Byriys :
YMHEC By I"a3zoBe mosrym’stHE BYTLILIA

l"a3oBe Byrijuig

Cepennbo neTke OiTyMHE

BYTLILIIS -
T Kupne Byrims
Mauio nerke 6iTyMHe BYTiuIs KoBanbcbke nony6iTymMHE ByTriuis
HamniBanTpanur [Ticue Byrims
AHTpanut patl Y
AHTpanuT AHTpanuT
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[Mommpena knacudikariisi BUAIB Byriuis B PypchKiil TipHUYii POMHUCIOBOCTI. 32 BMIiCTOM JIETKHX
CKJIaJJOBUX

YucneHH] TEXHOJIOTIYHI TOKa3HUKU PO3PaxOBYIOTHCS MPU OOIPYHTYBaHHI 3amaciB 1 MPOEKTYBaHHI
po3pobku pomosumy [10]. Knacudikaris 3anaciB/pecypciB KOPUCHHX KOMAIHMH € OCHOBOIO ISt
YHOpaBIiHHSA, O0MIKY Ta KOHTPONIO 32 iX BUKOPHCTAaHHSIM. ICTOPUYHO PO3BHUTOK KiacH(iKamiil y pisHHX
KpaiHax BiOyBaBcs y JliaMeTpajlbHO aHTUTETHYHHX HAINpsMKax: y KpaiHaX, y CBiil yac, Tak 3BaHOTO
comiamicTuaHoro Tabopy BUAIUIEHHS KaTeropiii 3amaciB/pecypciB  MPOBOIWIOCH 32 CTYIIEHEM
TCOJIOTIYHOTO BHBUYCHHS HAp, y IHIMMX KpaiHax — 3a pIBHEM GKOHOMIYHOI 3HAYYIIOCTI Ta MOMKJIHBOI
ajanTalii 3amaciB Ta pecypciB 10 pHHKY. bynp-sika cuctema kiacudikamii CTBOpIOe €quHy 0asy
MOPIBHSIHHS 1 JJO3BOJISIE 3HU3UTU CyO’€KTUBHICTH IPH MPOBEICHHI OIIHKK OOCATIB 3amaciB Ta pecypcis
KOPHUCHHX KOTaJWH. Y 3B’S3Ky i3 TJ00aji3ali€lo pUHKIB MiHEpalbHO-CHPOBUHHHX Ta CHEPreTHYHHX
pecypciB y CBiTi BH3HAYWJIACh TEHJACHIlS 1O 3MEHIIEHHS KiTBKOCTI KiacupikaliifHmX cucTeM Ta
po3pobneHHs emuHOl KnacudikamiifHOT CHCTEMH 3amaciB 1 pecypciB KOPHCHHX KOTAIWH JUISA
onpautoBanHs ['mobansHoro Kogekcy 3BiTHOCTI 110710 KoprcTyBaHHs Haapamu 3emuti [11].

IlocTaHoBKa 3aBIaHHA Ta ioro po3p’sizaHHsi. BpaxoByrouu Te, 110 iCHYIOTh Kiacugikamii e
MOPSZ 3 TAKMMH [TOKa3HUKaMU K BHXI1Jl JIETKHX PEYOBHH, BUKOPUCTOBYIOTHCS TaKi MOKA3HUKH, K BMICT
BYTJIEII0, TEIJIOTa 3rOpaHHs, BiIOWBHA 3MATHICTH B MAacisAHil iMepcii, abo JeTio4i pedOBHUHH, BYTJIEIb,
BOJIEHb, KUCEHb, CIpKa, TEIJIOTa 3TOPSIHHA, METOI0 CTaTTi € PO3pOOJICHHS CIPOIIEHOI0 METOHy MAJIs
OLIHKM Ta TOPIBHSHHS PI3HUX BUAIB TBEPAUX TOPIOYMX KONAJIHH, BUXOASYHM 3 ONTHMAIBHOTO YHCIA
OCHOBHUX MOKa3HHUKIB.

BunisieHHs HeBMpillleHHX paHille YACTHH 3arajJibHOI NMpo0jeMH, KOTPAM NPUCBAYYETHCS
cratTd. Ha nanmit yac He icHye €IMHOI YHiBepcadbHOI CHCTEMH KiacH]ikaiii TBEpAMX TOPIOYHX
KOmanuH. Y Pi3HUX KpaiHaX BHUKOPHCTOBYIOTH Di3HI cuCTeMH Kiacudikamii ByriUnis 3a Mapkamu. Y
3aJIEKHOCTI  BiI CHUCTEMH KiacHdikamii BpaxOBYIOTh pi3HI HaOOpH PpI3HUX MOKa3HUKIB. IcHYe
knacugikais — JIrHITH, cyOOITYMiHO3HE BYTLIS, OITYMiHO3HE BYTriIsA, aHTpauuTH H rpaditH. Y
3aKOpJOHHHUX TMPOMHUCIOBUX Kiacu(iKalisiX BUKOMHOI'O BYTULISA MPUHHATO BHIUIATH BYTULIL Oype,
KaMm'ssHE 1 aHTpaIlUTH 3 JOJATKOBHM BHIUICHHSM JITHITIB @00 OTOTOXXHEHHSM OCTaHHIX 3 Oypum
ByriyursiM. EnemeHTapHi moainu B ux Kiacu@ikamisgx OCHOBaHI Ha CTyMeHi iX Byriedikamii 1 3yMOBICHUX
HEI0 TaKUX HaMBaXJIUBIIIMX IIOKa3HUKAX MPOMHUCIOBHX BJIACTHBOCTEH, SK MUTOMA TEIUIOTa IPH
3rOpaHHi Ta CHIKIUBICTE. Y 3aJ€KHOCTI BiJ KiIacU(iKaIlii MpUHATI TakKi MapaMeTpH: eIeMEHTHUH CKIIal,
BUXi[l 1 BIACTUBOCTI HENETKOTO 3AJIUIIKY.

VY CIIA BukomHe Byrunisl NOJiICHEe Ha 4 KJIACH: JIICHITH, Cy00iTyMiHO3HE 1 OITYyMiHO3HE BYT1ILIS,
aHTpAIUTH. Y KOKHOMY KJIacl BUIUICHO TPYIH JJIs JIICHITIB 1 HECMIKIMBOTO (Cy00ITYyMiHO3HOT0) BYT LIS
3a BEJIMYMHOIO BHIIOI MATOMOI TEIJIOTH 3TOPSHHA 0€330JIbHOTO BYTLLIA, @ AJSl BT, IO CHIKA€ThCS
(61TYMIHO3HOTO), 1 aHTPAITUTIB, — 32 BMICTOM 3B'S3aHOTO BYTJICITIO i BUXOMIOM JIETKUX pedoBHH. Iloctae
HEOOXiAHICTh onTUMi3alii kinacugikamii TBEpIUX TOPIOUYMX KOTAJIHH.

Bukaanx ocHOBHOro mMarepiajdy [JOCHiIKeHHSI 3MOBHMM OOIPYHTYBAaHHSIM OTPUMAHMX
HAYKOBHMX pe3yJabTaTiB. TepuUTOpialbHO-POCTOPOBA, EHEPreTMYHa Ta NPOJOBONIbYA OE3MeKH, €
HEBiJ'eMHUMH CKIIQJIOBUMH I 3a0e3MedeHHs 0e3MeKH KUTTEBOTO IMOTEeHIaly CYCHIBCTBA 1 KOXKHOTO,
OKpEMO B3ATOTO, Horo xxutes [13]. Peanizaris, sk OCHOBHUX, ITOX1THUX BUIIB O€3IICKH Pi3HUX PiBHIB, Ta
1 HamioHanbHOI Oe3leKku y LiIoMy HE MOXIHMBa 0e3 HamiifHOro ()yHKIiIOHYBaHHS €HEPreTHYHOI Ta
€KOJIOTIYHOI Oe3rexku. Byrienps 1 BOASHb € HEBiJ €MHOI, 0a30BOK0 CKJIAOBOIO, SK YCIX JKHUBUX
OpraHiaMiB Tak i Ta30HOAIOHMX, PIAKMX Ta TBEPAUX TOPIOYMX KOMAJIHMH, IO CKIAJal0Th OCHOBY
eHepreTHYHOoi Oe3nexu. ['oprodi KOpUCHI KOMaTWHN — IPUPOIHI OpraHidHi CIOMYKH, IO MAarOTh 31aTHICTh
ropiTi. BUKOPUCTOBYIOTBCS SIK JDKEpeso TerIoBoi eHeprii. [lommupeni B mpupoi y TBepaoMy (Kam’siHe
Ta Oype 6yeinna, mopg, eoprwoui cranyi, canponenimu), pigkomy (ragma, HadTONOHIOHI pevosunu —
PIAMHHI Ta 3aTBEPAUIl — NPUPOIHI acgharvmu, 030kepum, Kip TOIIO) W ra3onofioHomy (easu npupooui
eoproui) crani. ['oproui KOpPHCHI KOMAJIMHHU. CKJIQJAIOThCS 3 TOPIOYOi Macu (gyeneyb, 800eHb, KUCEHD,
cipka) i 6anacty (301u). 3 yCix TBEPIUX TOPIOYUX KOPUCHUX KOTIAIMH HAaWBaXKIIMBIIINM € BYTULIA [4].

3MaTHICTH BYTJICIIO 3'€THYBATUCS 3 OIBIIICTIO €JIEMEHTIB 1 YTBOPIOBATH MOJIEKYJIH Pi3HOTO CKIIATY
Ta OynoBH, OOYMOBIIOE PI3HOMAHITTS OpraHiyHMX crodayk. OpraHidHi CHOJIYKH BiJlirparoTh
0e3MoCepeIHI0 Ta OMOCEPESAKOBAHY pOJib Yy 3a0€3MCuUeHH] ICHYBaHHS, SK JKUBUX OpPraHi3MiB Tak 1
Jlronuun. OnHIE 3 TaKUX BOXIIMBHUX POJeH € 3a0e3MeUeH s pi3HUX PiBHIB eHEpreTH4Hoi Oe3neKy, sKa,
Ha JaHWH MOMEHT, ITl¢ HEMOXIIMBA 0€3 BUKOPUCTAHHS PI3HUX BHIIIB TOPIOYNX KOTAIMH Y JIOMY YHCHI 1
TBEPIUX TOPIOYHUX KOTIAJHH.
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Byrnenp (Carboneum) C — XiMIiYHHUN €JI€MEHT, MDKHApOJHA Ha3Ba MOXOAMThH BiJ JIATHHCHKOTO
carbo — Byriuist, OB s13aHOTO 3 JaBHIM KopeHeM kar — BOroHb, aTOMHUI HoMep 6. BinzHocHa aTomMHa Maca
12,011, enekTpoHeraTHBHICTB: 2,6; Temmeparypa miaaBieHHs 3550°C (3ropsi€), TemriepaTypa KHITiHHS
4800°C, ryctuna (rpadit) — 2,25 r/cm3. KinbkicTh BnacHHX MiHepaliB Byriento — 112; myxe Bemuka
KIUTBKICTh OpTaHIYHUX CIIOJYK BYTJICHIO — BYTJIEBOJHIB Ta iX MOXiAHUX. Byrmnemp 3HaX0UThCS B IPUPOI
SK y BUILHOMY CTaHi Tak 1 y BUTJISIII CIIONYK. BiH Jdyke MOIUpeHuid B 3eMHIH KOpi, @ TAKOX Y KOCMOCI;
Ha CoHIIi BiH ITOCi/1a€ YeTBEpTE MiCIle MicIs BOJIHIO, TeNif0 Ta KHCHI0. Byrnens ckmanae mpubimsHo 0,5%
Bix Mack 3emHOI xopu (6mm3pko 1x10'"T). Komoo6ir Byrmemio, sk i OyIb-SIKOTO iHIIOTO €IEMEHTa,
BiJIOYBa€THCSI 32 BEIIMKUM 1 MaJMM ITUKJIaMU. Benmukuii (TeooriyHmii) KoIoo0ir MoB’ I3aHui 3 XiMiYHUM
BUBITPIOBaHHIM BYTJICIIO JiTochepr i BUHOCOM B OKeaH KapOOHATIiB BUBEPKEHUX TOPIJ 3 TOJAIBIITUM
MeTaMop(i3MOM 1 BUAUICHHSIM BYTJIEKHCIOTH y aTMocdepy. bionorianuii Koioooir ByTJelio moB’ s3aHuit
3 KUTTEMIAUIBHICTIO OpraHi3miB. Byriems, mio mictuthes y Burmsai CO, B armocdepi (23,5%10''1),
CIIY)KUTh CHUPOBHHOIO i (hoTocmHTe3y pociauH. YactuHa Byriemio y Burismi CO, moBepTacThbCs B
arMocepy IpH pO3KIAaHHI POCIHH, a iHIIA YacTUHA HAKOMUYYETHCS Yy BUIJISAI MEPTBOi OpraHiky,
HAIpPUKIIAI, MOKIaiB ByriuIst 1 Topdy, NPOAYKTIB Ipoiecy GOTOCHHTE3Y POCIMH MUHYJIUX IE€OJOTTYHUX
enox. baraTo Byriemoo MicTATh aHTpAIMT, KaM’sHe 1 Oype Byriuii, Topd. Byriens BXOAUTh 10 CKIaLy
Ha)TH, TPUPOIAHOTO Ta3y, MOBITPS, POCIHH, OpraHi3My oauHu 1 TBapuH. llopiBHSHO 3 cepemHiM
BMICTOM B 3€MHIH KOpIi, JIFOJICTBO Y HAI3BHYAMHO BEIMKIN KUTBKOCTI BHI00yBae BYIUICNH 13 HAAp Y
BUTJISI/II TOPIOYMX KOMAJIMH, SIKi € OCHOBHUM JDKEpeJIoM eHeprii [5].

loproui xomanwHu € ra3onomiOHi, pigki Ta TBepai. TBepli roprodi KONaJWHW — BYIJIEBOJHEBI
0caJioBi TIOPOIH, MEPEBAXKHO POCIMHHOTO MOXOMKEHHS, IO MAlOTh 3IaTHICTh TOPITH. 3a CTyleHeM
MIePETBOPCHHS BUXIMHUX OIOTEHHWX MaTepiamiB y pe3yiabTaTi Byriiedikamii po3pi3HSAIOTH TaKi BHAN
TBEPJUX TOPIOYUX KOMAIWH: TOpd, Oype Byrimis, kam’siHe BYTUDIS, aHTPAlUTH, TOPIOYl W BYIJIHCTI
ciaHIi [6].

Topd — [mim. Torf] — Oiorenna mopucra ocagoBa mopona (kaycroOioiit). Koxip Oypuit abo
temuuii. [Ipupoana Bomioricts 75-95%, Bmict Byriemo 45-66%. Bin € mepiioio cragiero mepeTBOPEHHS
POCIIMHHOTO MaTepially y ByTrunis. HakomwmdyeTrhcss B 00J0Tax 13 3QJIMIIKIB BiAMEPIWUX POCIHH, SKi
PO3KIIQIAlOTECS. B YMOBAX IiJIBUIIIEHOI BOJIOTOCTI Ta 0OMEXEHOI'0 JOCTYIY MOBITps (KHCHIO). ['0oBHY
pois mipu TopOyTBOPEHHI BiirpatoTh Iporieck rymidikariii. BUKOpHUCTOBY€EThCS MEPEeBaKHO K MiCIIeBe
MAJMBO, JJIS BUTOTOBJIEHHS! KOMIUIEKCHUX OPTaHIYHHUX JOOpHWB, piamie — aisi OalbHEONOTIYHUX TOTped
[14].

Bype Byrimis — roprouya ocamoBa MOpoJa POCIMHHOTO ITOXOKEHHS i3 TPYIH KayCcTOOIOJITIB,
nepexigHa gopma BiJ Topdy 10 kam’siHOTO Byriuis. Komip Bin cBiTO-0yporo 0 4opHOTO. Mae BUCOKY
TITPOCKOMIYHICTE. 32 CKJIAIOM HAJIeKWTh A0 TyMmaTiB. TBepaicTe He3HawHa. Po3pi3HSIOTH M’sike Oype
BYTiJurs (JIIrHIT) i3 BMICTOM BYTJIEIf0 B OpraHiuHii pedoBwHi 63-71% 1 Bomorictio 40-60%, a Takox
mineHe Oype Byrimwis i3 BMicToM Bosord 17-40%. 3a MixnaponHoto knacudikamiero Oype BTt
MOJUISTIOTE Ha 6 KiaciB 3a BoJorictio (< 20%, 20-30%, 40-50%, 50-60%, > 70%) Ta Ha 1’STh TPYN 3a
BUXOJIOM CMOJI HamiBKOKCYyBaHHS. B VYkpaini Oype Byruuis 3a BHXOJOM CMOJ HamiBKOKCYBaHHS
BUIUIAIOTH 4 TpymH, 3a TEIJIOTOI0 3ropanus — 4 miarpynu (> 1,5; 31-31,5; 29-31; < 26 MJIx/kr). bBype
BYTUIIISL YTBOPIOEThCS HUIIXOM CTaJifHOIO NEPETBOPEHHS POCIMHHUX pelToK. CIouaTKy y BOJHOMY
CepeloBHILI y BiTHOBHMX yMOBax (opmyerbest Topd. [licnsa nmepekpurts Topdy ocaakaMu i 3aHYpeHHS y
TOBIII TOPiJi B YMOBax MiJIBUIICHOI TeMIlEpaTypyd 1 THUCKY BiIOYBa€ThCS 3MiHA KOMIIOHEHTHOIO 1
XIMIYHOTO CKJIaJy OpraHiK{ i YTBOPEHHsI Oyporo BYriis. BUKOPHCTOBYETHCS IEPEBAXKHO LIS CTIATICHHS
Ha TEC, sx moOyToBe majmBO, a TaKOX sl OpUKETyBaHHS, ra3udikaiii, BUpOOHUIITBA BYTJIEIYKHIX
peareHTiB Ta MOHTaH-BOCKY (TipHHYIOTO BOCKY). IlepCIIeKTHBHUM € 3piKEeHHS Oyporo BYTi/UIS., a TAaKOX
Horo KOMIUIeKCHA niepepodka [15].

Kam’siHe ByriJuist — roproda 0cajioBa mopojia pOCIMHHOIO IMOXOKEHHS 13 TPYIH Kaycmobionimis.
dopmMyBaHHS KaM’STHOTO BYTiJUIS BiIOYBA€ThCS HUISIXOM CTAJiHOTO NIEPETBOPEHHS POCIMHHUX PELITOK.
Croyatky, BHACHIIOK pPO3KIaAy PEIITOK Yy BOJHOMY CEpPEIOBHINI Ta BITHOBHHX YMOBax
YTBOPIOEThCA mopgh. Jlami, micist mepeKpuTTs Topdy MiHEpaILHIMHU OCAIKaMH i 3aHYpEHHS Ha 3HAYHY
NIHOWHY, i di€ro O10r€HHHX MPOIECiB, MiIBHINEHOI TEMIIEPATYPH Ta THCKY BiAOYBA€THCS YIIIIBHCHHS,
BW)KMMaHHSA BOAM T4 3MiHa KOMIIOHEHTHOTO 1 XIMIi4HOTO CKJIaJy OpraHiyHOi PeYOBHMHH 3 MOCHiJOBHUM
YTBOPEHHSM OYpo2o @yeinnsd, KaM SHOTO BYriuig Ta aHTtpauuTy. Komip dYopHUi, cipyBaTo-4OpHHH.
I'yctura 1-1,8. Teepmictes 0,5-2,5. Bwmict Byrmemio 75-97%. PosmoBcromkeHe cepen BiakiIamiB
KaM’sTHOBYT'UIBHO1, IEPMCBKO]I Ta FOPCHKOi crucTeM [16].
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AHTpauuT — BifJ Ip. anthrax — ByrijuId, auril. anthracite, hard coal; HiM. Anthrazit, bp. anthracite,
iclL.  antracita — HaWOumeII MeTaMOp(i30BaHWM PI3HOBHJ 60V2ilid Kam SAHO20, 10 Ma€ BHUCOKY
Meniomeopuy 3IaTHICTh. KaM’SHE BYTiUIS HaWBUIIOTO CTyNeHd Byriedikamii. AHTpaUT MIMPOKO
3aCTOCOBYETHCS SIK BHCOKOSIKICHE €HEpreTHYHE MAalINBO, & TAKOX SK CHPOBHHA Y YOPHiil Ta KOJIHOPOBIH
MeTaNTyprii, XiMigHiil Ta eNeKTPOTEXHIYHIN MPOMHCIOBOCTI TOIIO. AHTPAIIUT — ByTJIEI[EBAa CHPOBHHA TIPH
BUTOTOBJICHHI a0Opa3uBiB, BiJHOBIIOBauiB, enektpomiB [17]. Komip cipyBaTo-4opHmMii, OJUCK SICKPaBO
METaJiuHuH, TBepAicTs A0 2,5, ryctuHa 1,4-1,7. Bmict Byrnewto 92-97%. Mae enektponpoBigHicTs. €
IIPOAYKTOM IPHPOIAHUX IEPETBOPEHb BIIMEPIOT0 POCIMHHOTO MaTepiany. YTBOPIOETHCS IMEPEBAXKHO
BHACIIZOK PErioHaIbHOr0 MeTamop(i3My MpH 3aHYPEHHI BYTJIEHOCHHX TOBII B OONACTb MiABHILEHUX
temmepatyp (350-550°C) i THcKy. 3amsrae y BUIIAIl IUIACTIB i JTiH30BUAHUX TiT. [OpHTH 6e3 muMy, He
CHIKAa€ETHCS, MAa€ BUCOKY TEIIOTBOPHY 31aTHICTH (33-35 MJIX/Kr). BUKOPUCTOBYETHCS SIK BUCOKOSIKICHE
eHepreTnyHe nmanuBo [18]. BmicT Byrikiro, 3a pi3sHIMU JaHUMH, MOke KommBatucs Bix 91.0 no 97,0, a
BozHIO Bix 1.3 10 3,0 BiCOTKIB YBa)Ka€ThCS, 10 Y BIIITOBITHAX YMOBaX aHTPAITUT MOXE Yepe3 MPOMIKHI
cTalii mepeTBOpUTUCS Ha Trpadit. Y Takomy pasi OesnepepBHUN psnx ryMiTiB (Topd — Oype Byriuis —
KaM’siHE BYTLULIS — aHTPALMT) 3aKiHYYEThCsI rpaditom [6].

EnepreTnyHuii cTaH peYOBHHHU, TOOTO KUIBKICTh HAKOIMMYEHOI €HEprii, BU3HAYAE XiJ MOAATBIINX
XIMIYHUX TIepEeTBOPEHb 9r (hi3WKO-XIMIYHUX peakiliil 1 K HaCTiIOK BIUIMBae Ha (GOPMYBaHHS CKJIaly Ta
BJIACTUBOCTEH PEYOBHHU. A BiJ| TaK, CHEPreTUYHUN CTaH PEYOBUHM BIUIMBAE HA NPOLECH ra3oreHepaltii,
MPOSIBH Ta30AMHAMIYHHX SBUII, a00 camo3aiiMaHHs BYTiUIL. Ajie OyAb SKUM 3MiHaM B MOJICKYJISIPHOMY
CKJIaJll MEePenyTh CTPYKTYPHI TpaHC(OpMallii peuoOBHHM, IO BH3HAYAIOTH XiJl MOJATBIINX XIMIYHUX
MEPETBOPEHb, Ta (Pi3MKO-XiMIUHUX peakuiii [19].

OCHOBHUM aKyMYJIATOPOM €HEPrii y CKJIaJli TBEPANX TOPIOYNX KOMAIMH € BYTJIEIh 1 Y HEBEIUKIM
KUTBKOCTI BOJIeHb. BUX0/Is14H 3 IbOT0, €HepreTHYHA IIHHICTD TBEP/MX TOPIOYHX KOMAIWH 3HAXOTUTHCS Y
MPSIMiH 3aJIE)KHOCTI BiJl BMICTY Y IXHBOMY CKJIaJli ByTJICIIO Ta BOJHIO.

Jns OWiHKKM Ta TOPIBHSHHA PI3HUX BUAIB TBEPIUX TOPIOYMX KOMAJIHH MH, BHXOISIYH 3
ONTUMAJILHOTO YHUCIa OCHOBHMX BiJICOTKOBHX TOKAa3HHWKIB BYTJICLIO i BOTHIO, PO3POOMIM METOAUKY 3
BH3HAYCHHS Koe(illi€eHTa NMepeBeeHHs Pi3HUX BUAIB TBEPANUX TOPIOYHMX KOMAJIMH B YMOBHUI aHTPAIUT.
Jlis mepeBelieHHsT TIEBHOTO BHJIy TBEPAMX TOPIOYUX KOMAIWH, a00 BYTiLIS MEBHOI MapKd B YMOBHUH
AHTPALUT MIPOIIOHYEMO PO3pO0IIEHY HAMU (POPMYITy:

(1)

ne Ksgy — KoedillieHT NepeBeNeHHs TBEPAMX TOpPIOYNX KOMaJWH B YMOBHHMU aHTparut, C — Maca
BYTJICIFO Y B3ATUX JJIS OIIHKY BiJIMTOBITHUX TUIIIB TBEPAHMX TOPIOYNX KOMAIMHAX — ¥ BificoTKax; H — Maca
BOJIHIO Y B3ATHX JUISI OI[IHKH BiATIOBITHUX THITIB TBEPAUX TOPIOYMX KOMAIWHAX — Y BICOTKAX; A cy —
YCEpPEHEHUH BYTJICIICBO-BOJHEBUN TOKAa3HHUK CKIQJy AaHTPAaIlUTy — VY BIJICOTKaX, BU3HAYaEMO 3a
(dhopmyIoro:

Amcn = Cpam + Ham (2)
ne Ca, — CepeliHil TOKa3HUK MacH BYTJICIIO B aHTPAIUTI — Y BIJICOTKaX, BU3HaYaeMO 3a (popmyioro:
Cam = Cmax‘zl'cmin (3)
ne Cp gy — MaKcUMalibHa Maca Byrieito B autpauurti (%); Cp,in — MiHIMaJIbHA Maca BYTJICIIO B aHTPAIIUTI
(%); Hpm — cepenss Maca BOJHIO B aHTPALUTI — y BIICOTKAX, BU3HAYAEMO 32 (OPMYJIOI0:

_ Hmax+Hmin

H Am — 2 (4)

ne Hpgx — MakcuMasbHa Maca BogHIO B aHTpauuTi (%); Ho,i, — MiHIManbpHa Maca BOIAHIO B aHTPALUTI
(%).

Jlns BU3HAUCHHS YHCIIOBOTO 3HAYEHHS YCEPEIHEHOTO BYTJICLIEBO-BOJHEBOTO IMOKA3HUKA CKIATY
AHTPAINTY, BUXOAMIH 3 MaKCUMaIbHUX 97 1 3 Ta MiHIManbHUX 92 1 2 BiICOTKOBUX MMOKA3HUKIB, y HOTO
CKJali, BYIJICLIO Ta BOJIHIO BiANOBITHO, BUKOPHCTOBYeMO (opmynu 2, 3, 4. Pe3ynbraT mpuBeaeHo y
dbopmyi:

_ Cmax+Cmin | Hmax+Hmin _ 97492 | 3+2 _ 189
Amcn = Cam + Ham = + -

2 2 2 2 2
Ilicia BU3HAYEHHS YKMCIOBOIO 3HAYEHHS YCEPECAHECHOI'O BYTJICIIEBO-BOAHEBOI'O IMOKAa3HUKA CKJIAay
AHTpaALUTy JI1 MEPCBCACHHS ICBHOTO BUAY TBCPAUX TOPHOYHX KOIIAJIWH, abo ByFiJ’IJ’IH MEBHOI MapkKu B

5
+-=945+25=9(5
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YMOBHHI aHTpanuT, y GopMyny 1 micTaBIsieMo YHCIOBE 3HAYCHHS YCEPEIHEHOTO BYTIIELIEBO-BOTHEBOTO
MMOKa3HUKA CKJIaly aHTpauTy 3 hopmynu 5 i popmyna 1 Oyme Matu O1TbII KOHKPETH30BaHUH BUTJIIS:
K C+H

S = (6)
ne Ksgpy — KoedillieHT mepeBeneHHs TBEPAWX TOpPIOYNX KOMaJuH B YMOBHHMU aHTparuT, C — Maca
BYTJICIFO Y B3STHX /IS OLIHKH BiMTOBIIHUX THITIB TBEPAUX Toprounx konanvHax (%); H — Maca BOAHIO y
B3STHX JJIS OLIHKH BiJIOBITHUX TUIIB TBEPAUX Toprounx konanmuHax (%); 97 — ycepeTHEHUH BYTIIEIIEBO-
BOJIHEBHI IOKAa3HUK CKJIAAY aHTpalHMTy,%.

3 METOIO OLIIHKH Ta HOPiBHSHHS Pi3HUX BUIIIB TBEPAUX FOPIOUMX KOMAIMH Ta CAMUX BHIIB BYT1JUIA,
BUXOJISTYM 3 BIZICOTKOBUX TMOKA3HHKIB BMICTY y HUX Ha cyXy i1 0€330JbHY Macy BYTJICIIO 1 BOJHIO, MU
3aCTOCYBAIH pO3pOONeHH HaMU KOe(illieHT MepeBeIeHHsT Pi3HUX BHIIIB TBEPAUX TOPIOYNX KOIAJIHMH B
YMOBHUH aHTpanuT — popmyna 6. OTpuMani pe3yiabTaTH MPUBEACH] y Ta0I. 3.

Tabauysa 3
IlepeBeneHHs1 TBEpAUX rOPOYMX KONAJIUH B YMOBHUI aHTpauuT*
[loka3sHMKH BMICTY Ha CyXy i 6€330JbHY Macy, %

Hassa BYTJICIb BOJICHD BYTJICIb + BOJACHD | YMOBHMIA aHTPAITUT

min. | max. | med. | min. | max |med.| min. | max. | med. | min. | max | med.

JepeBuHa — — 497 — — 6,1 — — 55,8 — — 0,58

Topdu 53,0 | 620 | 575 | 57| 6,5 | 6,1 | 58,7 | 68,5 | 63,6 | 0,61 | 0,71 | 0,66

Bype Byrimus:
- 3eMJIHCTE 63,0 | 72,0 | 67,5 | 55| 6,5 | 6,0 | 68,5 | 78,5 | 73,5 | 0,71 | 0,81 | 0,76
- IIIJIbHE 67,0 | 750 | 71,0 | 55| 6,5 | 6,0 | 72,5 | 80,5 | 76,5 | 0,75 | 0,83 | 0,79
MaToOBE

Kawm’sine Byrims [Jonbacy, mapka:

-1 76,0 | 86,0 | 81,0 | 50 | 6,0 | 55 | 81,0 | 92,0 | 86,5 | 0,84 | 0,95 | 0,90

-T 78,0 | 89,0 | 83,5 |45 | 55 | 50 | 82,5 | 94,5 | 88,5 | 0,85 | 0,97 | 0,91

- K 84,0 | 90,0 | 87,0 | 40 | 54 | 47 | 88,0 | 954 | 91,7 | 091 | 098 | 0,95

-K 87,0 1 92,0 | 89,5 | 40 | 52 | 46| 91,0 | 972 | 94,1 | 094 | 1,00 | 0,97

- TIC 89,0 | 940 | 91,5 | 38 | 49 | 44| 928 | 98,9 | 959 | 095 | 1,02 | 0,99

- I 90,0 | 950 | 925 |34 | 44 | 39| 934 | 994 | 964 | 0,96 | 1,02 | 0,99

- QHTPALUT 91,0 | 96,0 | 93,5 | 1,3 | 3,0 | 2,2 | 923 | 99,0 | 957 | 0,95 | 1,02 | 0,99

* Tabauys nobyoosana na ocnoei mabauyi Enemenmmuuil cknao meepoux 20plodux KONANUH pisHOT
npupoou i 3pinocmi [6] i3 3acmocysanuaM OaHux po3pobuaeroi asmopamu hopmynu 6

3a pesynbTaTaMH TaONUI MOXHa 3pOOMTH BHCHOBOK, LIO 3a CEpPEeIHIM BiJICOTKOBUM BMIiCTOM
BYIJICIIO 1 BOJHIO y TMEpepaxyHKy Ha Cyxy 0e330JbHy Macy, NpH NepeBelleHHI B YMOBHUN aHTPAIUT
MIiHIMaJIbHUAN, MAKCUMAJIbHUM 1 CEpEIHIM MOKa3HUK BIJOBITHO CTAHOBUTH:

- mepeBuHA — cepenHii — 0,58;

- Topd — 0,61; 0,71; 0,66;

- oype Byrumt — 0,71; 0,81; 078;

- antpamut — 0,95; 1,02; 0,99;

- kaMm’sine Byrimis Jlonbacy B cepeanpomy y Mexax — 0,90-0,99.

JaHy MeToanKy MOXHa 3aCTOCOBYBATH JJISl OLIHKM 1 MOPIBHSHHS TBEPAMX TOPIOYMX KOIANWH i
PI3HHUX BHIIB BYT'ULISA YCSIKOTO TIOXOKEHHS 1 HEOJHAKOBOTO BYTJICIIEBO-BOTHEBOTO CKIIATY.

BucnoBku /j11 KOXXHOTO 3 BHUIIB TBEPAMX T'OPIOYHMX KOMAJIMH XapaKTePHUH IIMPOKHN Jiama3oH
BapiaHTIB 3a XIMIYHUM CKJIaJoM Ta (PI3UYHHMHU BIIACTUBOCTSAMHU. 3aCTOCYBaHHS PO3POOJICHOTO HaMHU
KoedilieHTa IepeBeJCHHSI TBEPAUX TOPIOYMX KOMAIMH B YMOBHHH aHTpaUT Aa€ MOXKJIHMBICTbH
aHaJi3yBaTH EHEPreTHYHY WiHHICTh, PI3HUX THUMIB TBEPAMX TOPIOYUX KOMAIWH, POJIOBHIL, IUIACTIB
TBEPUX TOPIOYMX KOMAJVH, Pi3HUX MapoK BYTiJUIs, pOOOTY MiJIPUEMCTB 3 BUAOOYTKY TBEPAUX TOPIOUNX
KOTAJIMH, TIpHUY030araqyBaibHUX KOMOIHATIB Ta IHIOINX IMiJIPUEMCTB 3 MEPEPOOKH TBEPAMX TOPIOYHUX
KOTIAJIMH, CTaH Ta MEPCIEKTUBU PO3BUTKY PI3HUX PIiBHIB €HEPreTHYHOI OE3MEeKH Ta CUCTEMH IHBIIEHOTO
3aXHCTy. 3acTOCOBYBaTH IPH CTBOPEHHI KOMIT'IOTEPHHX NpOrpaM 3 MOJCIIOBaHHA, 3 METO0
BUTOTOBJICHHS CHUCTEM 3aXWCTy 3 HEIOIYLICHHS 3aropaHb, MOXeX Ta BUOYXiB mnpu n00yBaHHI,
BUKOPHUCTaHHI, Ta MepepoOIli TBEpIUX TOPIOYHX KOTIAIHH.
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IepcnekTHBM MNOAANBIIMX JOCHIAKEeHb. 3aNpOMOHOBAHMK IiJXiJ OI[IHIOBaHHS TBEPIUX
TOPIOYMX KOTAJIMH, MIJISIXOM 3aCTOCYBaHHS PO3pO0JICHOI HAMH METOAUKH MEPEBEIACHHS TBEPIUX TOPIOYHNX
KOTIaJINH 4Yepe3 yCepeIHEHUH BYTJICIEBO-BOTHEBHUH MMOKA3HUK, B YMOBHHUM aHTPAIUT, MOXE CIYyTyBaTH,
K JOJAaTKOBMM BapiaHTOM Uil ONTUMI3alii Ta YJOCKOHAJEHHS ICHYIOUMX MOPSIAKIB Kiacupikarii,
PO3pOOIEHHS 1HTErpaNibHOTO XIMIYHO-(PI3WYHOTO TOKAa3HWKA, TaK 1 JUISI CIIOHYKaHHSM MOTHBAIll 10
MOITYKY HOBUX IiJXOJIB Y BUPILICHHI NMUTaHb 3 YJOCKOHAJCHHS YNPABIIHHA CHCTEMH EKOJIOTiYHOI Ta
E€HepreTHYHOI OE3TeKH, OTHUX i3 OCHOBHUX CKJIAIOBHX HAI[IOHAIBHOI OE3IeKH.
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ENVIRONMENTAL SAFETY MANAGEMENT — CLASSIFICATION METHOD
OF SOLID COMBUSTIBLE FOSSILS

Environmental safety depends on the level of energy security development. Combustible minerals
play a leading role in ensuring energy security. Solid combustible minerals make up a significant
proportion in the total mass of combustible minerals. Currently, there is no single universal classification
system for solid combustible minerals. Different countries use different systems for classifying coal by
grade. At the same time, depending on the classification system, different sets of indicators are taken into
account. The main energy accumulator in solid combustible minerals is carbon and a small amount of
hydrogen. The energy of solid combustible minerals is directly dependent on the content of these
chemical elements. To evaluate and compare different types of solid combustible minerals and their
intraspecific differences, based on the presence of the optimal number of indicators of the main energy
carriers, which are carbon and hydrogen, the conversion coefficient into conventional anthracite has been
developed. The developed conversion coefficient of solid combustible minerals into conventional
anthracite makes it possible to analyze the energy value of different types of solid combustible minerals,
deposits, layers of solid combustible minerals, different grades of coal, operation of solid combustible
mining enterprises, mining and processing enterprises, plants and factories processing solid combustible
minerals, the state and prospects for the development of different levels of energy security. In the
environmental safety system, the developed coefficient can be used in the development of computer
simulation programs in creating protection systems to prevent combustion, fires and explosions in the
extraction, use and processing of solid combustible minerals. The proposed option can serve as an
additional variety to generalize and improve the existing classification systems, and to motivate to seek
new approaches to further classification of solid combustible minerals.

Keywords: anthracite, peat, lignite, hard coal, conventional anthracite, average carbon-hydrogen
index, conversion coefficient into conventional anthracite.
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