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Mpeancnoeue

1 PABPABOTAH ®depnepanbHbiM rocygapcTBEHHBIM aBTOHOMHLIM yupexaeHneMm «HayuHo-uccnegoea-
TENbCKUM MHCTUTYT «LleHTp 3konornyeckol npoMbiuneHHon nonutukn» (GrayY «HUW «LI3MM»)

2 BHECEH TexHu4eckum koMuTeToM rMo ctandaptusauun TK 113 «Haunyywme gocTynHble TEXHOMOMMn»

3 YTBEPXIEH W/ BBENEH B JEWCTBWE Mpukaszom ®denepanbHOro areHTCTBA MO TEXHUYECKOMY
perynupoBaHuie u metponoruun ot 11 Hoabps 2024 r. Ne 1629-cT

4 BBEOEH BMNEPBbLIE

MNpasuna npumeHeHUss Hacmosweao cmaHdapma ycmaHoeneHsl 8 cmamse 26 @edepanbHO20 3aKOHA
om 29 uwoHsa 2015 2. Ne 162-®3 «O cmaHdapmus3ayuu 8 Pocculickol ®edepayuu». MHpopmayus ob u3-
MeHeHUsX K HacmosuwieMy cmaHO0apmy rybriukyemcs e exes00HOM (10 COCMOSAHUK Ha 1 AHeaps meKyuieao
2o0a) uHghopmayuoHHOM yKazamene «HayuoHansHble cmaHOapmbiy, a oguyuanbHbil MeKkcm usmMeHeHul
U ronpasoK — 8 eXeMecAaYyHoM UHOPMayUOHHOM ykaszamerne «HayuoHanbHbie cmaHdapmel». B cryvae
nepecmompa (3aMeHbl) unu ommMeHbl Hacmosuje2o cmaH@apma coomeemcmeyrouwee ygedomneHue bydem
onybnukogaHo 8 6ruxalwemM 6bINyCKe eXeMecsyHO20 UHGhOPMAaUUOHHO20 ykaszamens «HayuoHanbHble
cmaHOapmsl». Coomsememaeyow,as UHGhopMayus, yeedoMIeHUE U MEeKCmbl pasMewalomcs makxe 8 UH-
gopmayUuoHHOU cucmeme 06wez0 Noab3osaHUss — Ha oghuyuansHoM calime PedepasibHO20 azeHmcmea fno
MexHUYeCcKoMy peaynuposaHuro U Memponoauu 8 cemu MHmepHem (www.rst.gov.ru)

© OdpopmneHue. ®IBY «MHcTUTYT cTaHgapTuaauuuy», 2024

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO MMM YACTUYHO BOCMNpPOU3BEOEH, TUPaXXMNPOBaAH U pac-
NMPpOCTpaHeH B Ka4vecTBe OCbMLI,I/‘IElJ'IbHOFO n3naHua bes pa3pelieHunsa G)e,qepaanoro dreHTCcTBa no TeXxHNn4ecko-
MYy perynmpoBaHvMi 1 METPOJIOTUA
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BeegeHue

HakonneHue B atmocdepe napHukoBbix ra3oe (M) okasbieaeT HebnaronpuaTHOE BO3OENCTBUE HA MO-
BanbHbIA KNMMMAT, U3BMEHEHWE KOTOPOTo HEPa3PLIBHO CBA3AHO C HeoBpaTUMbIMKU NOCNEACTBUSAMM, BMEKYLLUMU
3a coboil pyuckn obecnedeHns 6e30NacHOCTU U YCTONYMBOTO PasBUTHS.

3BecTkoBas NPOMbLILLNEHHOCTE SBMSIETCA SHEPrOoeMKOW oTpachblo ¢ noTpebneHnem aHeprimn go 60 %
0T 0BLLMX pacxogoB Ha NPoU3BOACTBO. BHegpeHue aHeprocbeperaroLnx TEXHOMOrMI, CHUXeHWe obLero pac-
X0[a Tenna Ha eguHULY NPOAYKLUMK, paLnoHanbHas opraHu3auns pacxoaa Tonnuea ABNSTCS akTyanbHbIMM
3afadamu oTpacnu.

B uenax cHuxeHus nNocneicTBUA U3AMEHEHWUS! KMMMAaTa Ha aHTPOMOreHHble W MpUpPOOHLIE CUCTEMEI BO
BCEM MUpe 3aeNCTBOBaHLI pasnuyHblie cpepbl rocyaapCTBEHHOMO perynupoBaHus, B TOM YACNE COBMECTHbIE
ycunus rocynapcTtea, 6usHeca n obwectsa.

Tak, OOCTUXEHWe YITepoaHOW HEeNTparbHOCTU MpWM YCTOWYMBOM POCTe SKOHOMMKM Poccuu aensieTcs
uensto Ctpatermn HuskoyrnepoaHoro pa3sutus Poccuickon ®epepaumu [1], NOOrOTOBMNEHHOW B COOTBET-
cTBum ¢ Ykasom [NpesungeHTta Poccurickon ®egepayum [2].

B uensix peanu3aunm ykasaHHoOW cTpaTtervu u nopydeHun Npaeutensctea Poccuinckon Pepepaunn [3]
B paMmkax akTtyanusauuu WH(OPMaLUOHHO-TEXHUYECKUX CMPaBOYHUKOB MO HAUNYYLWUM OOCTYMNHLIM TEXHO-
NoTuaM MpegycMaTpuBaeTcsa NMpoBedeHMe HauWMOHanbHOro oTpacneBoro 6eHYMapKkuHra Ons yCTaHOBMeHUs
MHOWKaTMBHBIX Nokasatenewn (MM) yoensHbix Boibpocos M1

HacTosilymin ctaHaapT sBNAeTCS MEeTOAWYECKUM JOKYMEHTOM, B KOTOPOM COAEpPXAaTCs pekoMeHAauuu
no npoeBefeHuo BeHumMapkuHra yaensHbix Belbpocoe NI ans oTpacnu npon3BoacTBa U3BECTU.

v
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

HAUNYYLWKWE OOCTYNHBLIE TEXHONOIMAU

MeTtoaun4yeckue pekKkomMmeHOaUuuMn No npoeegeHUoO GEH'-IMapKMHra YOenbHbIX BI:IGPOCOB NMapHUKOBbLIX
ra3oB Ans oTpacnuv no Nnpou3iBoacTBY U3BECTHU

The best available techniques. Guidelines for benchmarking of greenhouse gas emissions from the industry for lime
production

Oarta BeepgeHna — 2025—01—01

1 O6bnacTb NnpUMeHeHUs

Hactosawumin CTaHOapT yCTaHaeBnMBaeT OCHOBHbIE MeTOOWYeCKMe noaxoabl U peKkoOMeHalUnn K nposene-
HWUIO 69HLIMaDKVIHFa yOEeNbHbIX BbEGDOCOB Ml B oTpacnu no npon3eoacTBY U3BECTH.

2 HopmaTtuBHbIE CChINKK

B HacTofAwem cTaHgapTe MCNONb30BaHbl HOPMATMBHbLIE CChINKW HA cNefyloLlve cTaH4apThbl:

rOCT P 113.00.11 Hauny4ywue focTynHble TexHonornu. Nopsgok npoeefeHus 6eHYMapkuHra yaoenb-
HbIX BbIDPOCOB NapHMKOBLIX rA30B B OTPACNAX NPOMbILLNEHHOCTH

FOCT P 113.00.12 HaunyJwne gOCTyMNHbIE TEXHONOMMWA. TEPMUHLI U onpeaeneHus

FOCT P 113.00.30 Haunyuwive gocTynHble TexHonorun. Metoguueckue pekomeHaauuu no paspaboTtke
0653aTeNbHOr0 NPUNOKEHUsT MHHOPMAaLNOHHO-TEXHUYECKOTO CNPaBOYHUKA MO HAWMYYLWMM AOCTYMHLIM TeX-
Honoruam «MHOMKaTUBHBIE NOKasaTenu yaenbHbIX BblIBpOCOB NapHUKOBbIX ra30B»

Mpumeuyanue — pw NONbL30BAHNM HACTOALLMM CTAHAAPTOM LIENecoobpasHo NpoBepuTs AeNCTBUE CCbINoH-
HbIX CTAHAAPTOB B MH(OPMALMOHHOW cucTeme 0BLIero nonb3oBaHna — Ha oduumansHom cante denepansHOro areHT-
CTBa Mo TEXHWYECKOMY PEeryrnMpoBaHUI0 U METPONOTAM B CETU VIHTEPHET WUNK NO eXerogHoMy MHhopMaLUoOHHOMY yKasa-
Tenio «HaunoHanbHbIe cTaHOapTLI», KOTOPLIA ONYGIUMKOBaH MO COCTOAHWUIO Ha 1 SHBaps TEKYLLUEro roga, v no BbiNyckam
exXeMecayHoro MHopMaLMOHHOIO ykasaTena «HauuoHansHble CTaHaapThl» 3a TeKyLWiA roa. Ecnn saMeHeH CCbINoYHBbIiA
CTaHZdapT, Ha KOTOPbLIA JaHa HeaaTUPOBAHHAA CChINKA, TO PEKOMEHOYETCA UCMNONbL30BaTh AEWUCTBYHOLYI0 BEPCUID 3TOTO
cTaHdapTa ¢ YYeTOM BCEX BHECEHHBIX B JAHHYI0 BEPCUIO U3MEHEHWUIA. ECnu 3aMeHeH CChINOYHbIA CTaHOAPT, Ha KOTOPLIN
[daHa OaTMpOoBaHHasA CChiNKa, TO PEKOMEHAYETCA UCNONb30BaTh BEPCUIO 9TOM0 CTaHAapTa C yKasaHHbIM Bbile rodoMm yT-
BepxaeHus (NpuHATUA). Ecnun nocne yTBEpXAEHWS HACTOSLLEro CTaHdapTa B CCbINOYHbBIM CTaHAapT, Ha KOTOpbIA daHa
OaTHMpOBaHHAas CChiNKa, BHECEHO M3MeHeHWe, 3aaTparMearllee NonoXeHue, Ha KOTOpOe AaHa CChiNKa, TO 3TO NONOXeHne
pekoMeHayeTcs NpUMeHsATL Bea ydeTa 4aHHOro M3MeHeHUs. ECni CCbiNoYHbIN cTaHaAapT oTMeHeH 6e3 3amMeHsbl, TO Nono-
KEHUWE, B KOTOPOM [aHa CChISIKa Ha Hero, PEKOMEHOYETCA NMPUMEHATL B YACTU, HE 3aTparvBaloLLei 3Ty CCbINKY.

3 TepmuHbI 1 onpegeneHnsa

B nacTosiwem ctangapTe npumMeHeHsl TepMubbl no FTOCT P 113.00.12.

4 O0wWwuMe nonoxeHnnA

B cootBetcTBMM co CTpaTernen HU3KoyrnepogHoro passutusa Poccuitckon ®egepaumu [1] nporHosmpy-
eTcsa [Ba CLeHapus ¢ pasHbIMW Noaxo4amMu no aganTtauvu pOCCUMICKON SKOHOMMWKU K rmobanbHOMY 3Hepro-
nepexoay.

MapaHune ochbuumnansHoe
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Hactosawwmn CTaHgapT paapa60TaH C UelibK YCTaHOBIMIEHWA €dMHbIX MeToAN4YeCKMX noaxonoB K npoBe-
OEHWK0 6quM3p1<MHra yOeNbHbIX Bbl6pOCOB Mnr gnsa npon3eBoacTea M3BECTH. PaccumTtaHHble no GEHHMEDKMHFy
YPOBHU BblﬁpOCOB rr OTpaXakT NpM3HaK COBepLWEeHCTBa TEXHONOTMWN onpeneneHHoro npeanpunaTtia B COno-
CTaBMMbIX YCITOBUAX, NMPKY 3TOM HE OTPpaxakT 06LLI,VIPI YPOBEHb YAENbHbIX MPAMbBIX M KOCBEHHbIX BblﬁpOCOB mr.

5 MeTtogonorus npoBefaeHUs 6eHYMapKMHra yaenbHbIX BbIGPOCOB NapHUMKOBLIX
rasos

5.1 3Tanbl nposegeHnA EeHHMapqura yOernbHbBIX Bbl6pOCOB NapHUKOBLIX ra3oe

BeHumapkuHr cnegyeT BeINONHATE ¢ y4eTom nonoxenun FOCT P 113.00.11.

OcHOBHLIe aTanbl NpoBeaeHUsa BeHYMapKMHra:

- hopmMUpOBaHWE 3KCMEePTHOW rpynmbl;

- onpegerneHve rpaHul NPOLEeCcCOB ANS KONMWMYecTBeHHOro onpegeneHns Bblbpocoe NI W BbIGOP
MeToauk(n) pacyeta Beibpocos M7

- paspaboTtka aHkeTbl Ansa cbopa AaHHbIX, HeobxooMMblx ons pacyeTta Beibpocos 1175

- cbop 1 0bpaboTka gaHHbIX, HeobxooMMbIX ANs pacyeTa yaenbHbix Bbibpocoe M1

- pacyeT yaenbHbix Beibpocos M7

- BepumkaLmsa pe3ynsTaToB pac4eToB yaenbHbix Beibpocos M7

- NOCTPOeHne KpuBOI DeHYUMapKMHra yaenbHblx Bbibpocos NI

5.2 MeTtogonorua pac4yeTa BblﬁpOCOB NapHWKOBLIX ra3oB ANA NPpoOM3BoAOCTBa U3BECTH

5.2.1 MpaHWUbI pacyeTa yaenbHbIX BbIGPOCOB NapHUKOBLIX ra3oB AN NPOM3BOACTEA U3BECTH

Mpu npoeefeHUM BeHYMapKMHra KonuyecTBeHHas oueHka Bbibpocos NI BeINONHEHa AN cneayrwmx
NPOW3BOACTBEHHbIX NPOLECCOB NPOU3BOACTBA U3BECTU:

- 0BXUr B neyu;

- OYMCTKa OT NbINu;

- rmapaTtauuns U3BecTu;

- ApobrneHune 1 NOMOon U3BECTU (4NA NPOU3BOACTBA U3BECTM METanypruyeckux npeanpusaTil).

TexHonornyeckue NpoLecchl M YyCTAHOBKK, BKIIOYEHHbIE B rpaHULbl MPOU3BOACTBEHHbLIX NMPOLECCOB MpU
npoBegeHn pacyetoB Beibpocos M npueBeneHsl B Tabnuue 1.

TatGnuua 1— TexHonorndeckne NPOLECCHI U YCTAaHOBKW, BKITHOYEHHbLIE B rPaHULLblI MPOU3BOACTBEHHLIX MPOLECCOB Mpu
npoeeAeHun pacyetos Beibpocos NI

HaumeHoBaHWe TeXHONMOrM4YecKoro npouecca Onucaxue rpaHul

O6xur nasecTHAKa/Mena/gonomMuTa B LLAXTHOW Neyu Tepmuyeckasa  guccoumnauma  kapboHaToB  KamnbUMs
(CaCOj3) n marHua (MgCO,) ¢ nornowieHnem Tenna

O6xur m3eecTHAKa/Mena/monoMWTa BO Bpallalwencs
neyun ¢ 3aneyHbiM TennoobMeHHUKOM

O6xur nasecTHAKa/Mena/oonoMnTa B ANMHHOW Bpallato-
Lenca nevn

Mmopatauusi (ralleHne) WM3BECTU WOET C BblAENeHWEM
MopaTauus (ralleHue) U3BecTu Tenna u 06pazoBaHMeM BoAsHOrO napa

5.2.2 MeToguyeckue nogxonbl K KONMYECTBEHHON OUEHKE yOeNbHbIX BbIGPOCOB NapHUKOBbLIX ra3oB

Beibpocsi M7 n3secTkoBbIX NpeanpuaTui BknioyaioT Buibpockl CO,, obpasyowmecs npy npon3sBoAcTee
n3BecTu, obXure M3BecTHsAKa/Mena/gonoMMTa B peayfbTaTe BbICOKO-TEMMNepaTypHOro pasnoxeHus kapbo-
HatHoro cbipbsA (CaCO5, MgCO,, CaMg(COs3),) ¢ monyveHreM M3BECTW BCEX TUMOB, BKMIOYAA ralleHHYH
(rmapatmpoBaHHyto) uasecTb. KonuyectseHHoe onpepeneHue obbemos Boibpocos CO, OT NMpou3BOACTBa
W3BECTW BbINOMHAETCA ONA OTAEMNbHbBIX 0GXKUIOBbIX NEYER UMK NO OpraHM3auMn B COOTBETCTBUK C MPUKa30M
MwHnpupoasl Poccun [4] ogHMM U3 criedyowmx MeTO40B:

- pacuyet Bbibpocos CO, Ha 0CHOBE AaHHbIX 0 pacxoae KapboHaTHOTO Cbipbs;

- pacuyet Bbibpocos CO, Ha OCHOBE AaHHLIX O MPOU3BOACTBE U3BECTH.

B paHHyto kaTeropmio uctouHmkos M He BknovawTea BoiGpockl CO, OT CKMUraHus TONMMBa B nevax
obxura npy NPoV3BOACTBE U3BECTU.

2
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Buibop MeToga KONWMYECTBEHHOIO OnpefeneHns BbiIDPOCOB OCYLLECTBNAETCH OpraHM3aumsaMi, MCXoas
M3 JOCTYMNHOCTU MCXOAHbLIX AaHHLIX ANSA BbINOMHEHWS pacyeToB.

5.2.2.1 Pacuert BbiGpocos CO, Ha 0CHOBe AaHHbIX O pacxofe KapBoHATHOrO Chipbs

PacueT BbIOpOCOB BEINONHAETCA MO popMyne

n

Eco,.y = Z%(MLY ‘BFco,j 'Ff,y)_ Z%(MLDJ Wjioy '(1_ FLD,J/)'EFCOQJ)’ (1)
= =
rae Ecp,, — Bbibpockl CO, oT nponssoacTsa nasecTu 3a nepuoa y, T COy;
M, , — macca kapboHara j, M3pacxofoBaHHOTO B 0BXMroBoi Ne4yn 3a nepnop y, T;

EFCOZJ — KoapdmumeHT BoiBpocos aAng kapboxata j, T CO,/T;
Fj,y — cTeneHb KanbUnHMpoBaHMA kapboHaTa j 3a nepuog y, 4ons;
MLD,y — Mmacca M3BeCTKORON Mblnu, 06pasoBaHHOM 3a nepuog y, T;
Wj,LD,y — maccoBasi 4ons UCXoaHoro kapboHaTta j B cocTaBe W3BECTKOBOW Mbifv 3a nepuog y, OONs;
FLD,y — cTeneHb KanbUWHMPOBaHWA U3BECTKOBOW NbINK, OO,
J — BWa kapboHaTta, NnogaBaeMoro B 0OXMroByr neyvb (KanbUuT, MarHesuT 1 apyrve);

n — Konn4ecTteBO BNOOB KapﬁOHaTOB, nogaBaemsbix B Oﬁ)KVI]'OBy]-O nevb.

Macca kapboHaTa j, M3pacxogoBaHHOro B 0BGXMIroBOM Neyun 3a OTHETHLIA Nnepuog (MJ,-!y), onpeaensieTca
OopraHu3auuaMu No pesynsrataMm U3MepeHui (B3BeLlMBaHWs) kKapboHaTHOro Chipbs 32 BbIYETOM COOEPKaHUS
Braru v npumecemn (Mpy Hanm4yMm COOTBETCTBYIOLLMX AaHHbIX). 3HavYeHue ko3 duureHTa BLIOPOCOB AN Kap-
©oHaTa j (EFCOZJ) npvHUMaeTcs no Tabnvue A.1 npunoxeHus A Wy NpW OTCYTCTBMM HEODXOAMMBIX AaHHbIX
PaccuMTLIBAETCS KaK CTEXMOMETPUYECKOE OTHOLLIEHME MosekynapHon Maccel CO, K MOMeKynspHoi macce
kapboHarta. CTeneHb kanbUWHMpOBaHWA KapboHaTa j (Fj,y) onpenensieTca Ha OCHOBE (haKTWMYEeCKUX OaHHbIX
n3mepeHuin cogepxanunsa kapboHaToB B M3BECTW OTHECEHHbIX K 06LLeMy KONUYECTBY, M3pacxO40BaHHbIX Kap-
BoHaTOB 3a OTYETHLI NEPUOA, BbIPAXKEHHbIX B TOHHAX, @ NPW OTCYTCTBUN hakTUHECKNX AAaHHbLIX NPUHUMAaETCS
Ans Bcero kapboHaTHoro cbipbst pasHbiM 1,0 (unn 100%).

Monpaeka (yMeHblIeHWe) konuyecTsa BbiGpocos CO, OT NMPOM3BOACTBA U3BECTYW, CBA3AHHAA C Henon-
HbIM KallbLUMHMPOBaHWEM KapboHaTOB ydaneHHbIX C M3BECTKOBOW MbINb0 M APYTUMW COMYTCTBYOLWWMU NPO-
OyKTamu M 0TXo4amMuy NPOM3BOACTBA, OCYLLECTBNAETCS OpraHvM3aunMsaMy B criydae, ecnuv B opraHn3auumn mMe-
I0TCA hakTUYeCKMe AaHHbIe O CTEMEHM KanbLUWUHUPOBaHWM KapboHaToB B COCTAaBE U3BECTKOBOWM MbINK 1N APYrnx
COMyTCTBYIOLWMX OTX04ax. B NpoTMBHOM cny4yae, cTeneHb KanbLWHUPOBaHWUA M3BECTKOBOW MbINn (FLD,y) npu-
HumaeTca paBHon 1,0 (unm 100%), 4To gaeT HyneBylo BbIYMTAEMYIO NOMPaBKY.

Macca 13BecTKOBOW MbinuK, 0bpaszoBaHHOM NpU NMPOW3BOACTBE W3BECTU 3a OTYETHLIN nepuog (IVILD,y),
OLEHMBAETCS OpraHn3aLusaMu Ha OCHOBE pe3ynbTaToB M3MepeHui unu pacyeTos. MaccoBas Jons MCXoQHOMo
kapboHaTa j B cOCTaBe M3BECTKOBOW MbINK, HE BO3BPAaLLEHHON B 0BXNroByo nevb (Wj!LD'y), NpUHMMAaEeTCs paB-
HOW 40N COOTBETCTBYIOWEro kapboHaTa j B COcTaBe Cbipbs, M3Pacxof4oBaHHOMO B 00XKMIOBON Ne4vn 3a oT4eT-
Hblid nepuog. CTeneHb KanbLUMHUPOBaHUSA U3BECTKOBOW MNbiNv, HE BO3BPAaLLEHHON B 0GKMIOBYHO nevb (FLD,y),
onpefensaeTtcs No GakTU4YecKUM OaHHbIM U3Mepennin. 3HadeHne koadpuumneHTa BoibpocoB anga kapboHara j
(EFcon) npuHumaeTtcs no Tabnuue A.1 npunoxeHusa A UnNn Npu OTCYTCTBUKM HEOBX0OWMBIX AaHHbIX pacCHNTbI-
BAETCA KaK CTEXMOMETPUYECKOe OTHOLWeHMe MonekynapHoin maccel CO, kK MOnekynapHoin macce kapboHara.

5.2.2.2 PacyeT BbIOpocoB 002 Ha OCHOBE OaHHbLIX O NPON3BOACTBE U3BECTU

PacueT BbIGpoCcOB NpoBogMTCsa No dopmyne

n n
Eco,y = E(pr WLy 'EFcoz,f) + Z(MLD,y ‘Wiipy 'EFCOZ,f} (2)
f:1 [=1
roe ECOM — Bbibpockl CO, ot nponssoacTea ussectu 3a nepuop y, T CO,;

LPy — MPOW3BOACTBO M3BECTU 3a nepwvog y, T;
Wj,L,y — Maccoeas gong i-okcuga (CaO, MgO) B u3BecTu 3a nepuos y, OOns;
EFCOZJ — Ko3drpuumeHT BeIBPOCOB ANA oKcuaa i/, Nony4eHHoro u3 kapboHnartHoro ceipbs, T CO,/T;
MLD,y — mMacca M3BeCcTKOBOW NbiNK, 06pa3oBaHHOM 3a nepuog y, T;
Wj,LD,y — maccosas gons i-okcuga (CaO, MgO) B n3BeCTKOBOW MbINW 3a nepuos y, A0oNs;
i — okcuabl (CaO, MgO) B M3BeCTH M M3BECTKOBOW MbINW;

n — konudectBo BuaoB okcngoB (Ca0, MgO) B n3sectu 1 M3BECTKOBOW MbIMK.
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MpousBogcTtBo n3sectu (LP ) npuHMmaeTcs no dpaktuyeckuM gaHHbIM OpraHn3aunn 3a OTHETHbIN Nepu-
oa. Maccosoe cogepxaHue CaO n MgO B n3BecTH (Wj,L,y)’ onpenenseTca No pesynsraraM nabopaTopHbIX U3-
MepeHUiA coaepKaHusa COOTBETCTBYHOLLIMX OKCUAORB B M3BECTM 3@ OTHYETHbIV Nepros 3a BbIYETOM JONW OKCUAOB,
NocTynawLLMX M3 HeKAapBOHATHOrO Chipbs U COAEPXalLUXCsl B HE KanbLWHUPOBAHHLIX KapboHaTax M3BEeCTU.
3HauyeHne KoadhduumeHTa BLIBPOCOB 4N /-oKcKuaa (EFCOQ,.E) npuHMMaeTcsa no Tabnuue A.2 npunoxeHnsa A.

Macca n3BecTkoBOM Mbinu, 0B6pasoBaHHOW NpW NPOM3BOACTBE W3BECTWU 33 OTYETHbLIM Mepuosg (MLD,y),
OLeHMBAETCSH OpraHM3aLusiMK Ha OCHOBE pe3ynbTaToB M3MepeHun unu pacdeToB. MaccoBoe copepxaHue
CaO 1 MgO B n3BecTkoBOW Mbln, 06pPa3oBaHHOW 3a OTHETHLINM Nepuon (Wj,LD,y)’ onpegensieTca no pesynsra-
Tam nabopaTopHbLIX U3MEPEHUA COOEPKAHUA COOTBETCTBYIOLLMX OKCUOOB B M3BECTKOBOW MbINKW 33 OTYETHLIN
nepwog 3a BbIYETOM J0NM OKCUAOB, MOCTYNalLWMX M3 HEKapOOHATHOrO ChIPbA U COOEPXAaLUXCs B He Kanb-
LMHUPOBaAHHLIX KapboHaTax M3BECTKOBOW NbiNK. 3HavyeHue koadhguumeHTa BeiOpoCcoB Anga ji~-okcuga (EFCON-)
npuHMMaeTca no Tadbnuue A.2 npunoxeHus A.

B pacuyet sribpocos CO, oT npom3sofcTea M3secTn nNo dopmyne 2 AOMKHbI ObiTh BKMKYEHL Apyrue
NPOAYKTbI U OTX04bl NPOU3BOACTBA U3BECTK, 3a UCKITIOYEHMEM M3BECTKOBOW MblfMW, B Cry4Yae ux obpasoBaHus
32 OTYeTHbIM Nepuod. PacueT BhIMOMHAETCS TakkXe Kak ANA M3BECTKOBOW MbiNu ¢ y4eTOM Macckl obpa3oBaHus
MaTepuanoe u cogepxaHuem B HUx okcugos CaO u MgO, nonyyeHHbIX 13 KapbHOHATHOTO ChIPbS.

5.2.2.3 MeTognyeckue nogxodbl K KONMYeCcTBEHHOW OLeHKe BbIDPOCOB NapHUKOBLIX ra3oB NpU cTauuo-
HapHOM CXWUraHuW Tonnuea

HanHas kaTteropusa nctouHmkos Beibpocos Ml sknovaet Beibpockl CO, B atmoctepy, Bo3HMKaLne B
pesynkTate CKuraHwWs BCEX BUOOB MCKOMaemoro razoobpasHoro, WAKOro U TBEPAOro TOMMMBA, NPOU3BOAU-
Mble NMpUY OCYLLIECTBMEHWUM TEXHOIIOTMYECKUX onepaLunii.

Beibpocel CO, OT cxuraHus Tonnuea B nevax obxura npu Npou3BOACTBE U3BECTU BXOAAT B 3Ty KaTe-
roputo MctouHukoB. KonnuecteeHHoe onpegeneHue Bbibpocor NI Npu cxuraHun TONMMBa ONPefeEnsoTea B
COOTBETCTBMK C NMyHKTOM 1 [4].

Buibpocsl CH, 1 N,O noteHumansHO BO3HMKAIOLWWE NPU CTALMOHAPHOM CXUraHWKM TOMMUBA He Y4UTbI-
BaKTCH.

KonuyectesenHoe onpenenexune Bbibpocos CO, OT CTALMOHAPHOTO CXUraHWsl TOMMMUBA BbIMOMHAETCA
pacyeTHbIM METOAOM MO OTAENMbHLIM UCTOYHMKAM, FpynnamM UCTOYHUKOB UMK OpraHu3auuun B LIENOM Mo cnegy-
towen hopmyne

n

Eco,y = _21(':0],5/ EFgo,jy “OFjy ) (3)
f=
roe ECOM — BbIGpockl CO, OT CTauMOHAPHOTO CXUraHusa Tonnuea 3a nepuod y, T CO,;

FCj!y — pacxof Tonnuea j 3a nepuog y, Tbic. M3, T, TY.T. unu TOx;
EFcoz,j,y — Ko3aduumeHT BoiGpocos CO, oT cxuraHusa Tonnuea j 3a nepuog y, T CO,/en.;
OFf!y — KO3 PULKMEHT OKWMCNEHWSA TOMMNKUBA f, 4ONSA;
Jj — BWZ TONnuBa, CNoMnb3yemMoro ANsi CKUMaHus;
N — KONMWMYecTBO BWAOB TOMNMWBA, UCNONb3YEMbIX 3@ NEPUOL V.

OpraHuzauun OomKHbl y4UThIBaTh pacxod BCEX BUAOB MCNONb3yeMoro raaoobpasHoro, Xuakoro n Teep-
00ro TONMMBa, Kak NpUPOLHOro, Tak U MCKYCCTBEHHOMO MPOUCXOXKOEHUS, CHUIraeMoro B CTaUMOHapHbLIX UCTOY-
HUKaxX 3a OTYEeTHbIN Nepuod. Pacxod Tonnuea, UCNonb3yeMoro Ans cTalMoHapHOro CxuraHus, onpegensercs
opraHnsaumsaMn Onsi Kaxgoro suaa Tonnusa No oTAenNbHbIM UCTOYMHMKaM, rpynnamM UCTOYMHUKOB UMW OpraHu-
3aLMn B LENoMm.

3HayeHne HW3LWeR TENNOTLI CropaHns TONNMBa UM K03 dULNEHT NepeBoaAa B TOHHLI YCNOBHOMO TOMNMNK-
Ba NpUHMMaeTca No pakTUYeCKMM OaHHLIM OpraHu3auvn Unn nocTaBLlMKa TONNKMBA 3a OTYETHLIA Nepuog, a B
cry4ae OTCYTCTBMSA TaKvMxX AaHHbIX, C MCMOMb30BaHWEM 3HaYeHWA, MpuBegeHHbIX B Tabnvue B.1 npunoxenus b.

KoathdurumeHTsl BbibpocoB CO, 0T CxuraHus Tonnuea (EFCON-‘},) paccuyMTbIBAOTCA Ha OCHOBE hak-
TUMECKMX OaHHbIX O KOMMOHEHTHOM CoCTaBe ra3oobpa3Horo TOMMvMBa U CoAepKaHuK yrrnepoda B TBEPOOM U
XUOkom Tonnuee no popmynam 4, 5 u 6.

n

EFco,.jy = %(W:',j,y '”c,f)'Pco2 1072, (4)
j=
roe EFCO;_,j,y — ko3 dpuuneHT Boibpocos CO, oT cxuraHws razoobpasHoro Tonnuea j 3a nepwog y, T
CO,/TbIC. m3:
4
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W,-J-!y — obbemHas gons (MonspHas ons) i-KoMnoHeHTa razoobpasHoro Tonnuea j 3a nepuog y, %
06. (% mon.);
N j — KOMUYECTBO aTOMOB yrMepofa B MOMekyne i-koMMoHeHTa rasoobpasHoro Tonnuea;
Pco, — TUIOTHOCTL AMOKCHAA yriepoaa (COy), Kr/m3.
MnoTtHocTe Avokcuaa yrmepoaa (CO,) npuHumaetcs no tabnvue 2.

Tabnuua 2— lNNoTHOCTL gUOKCKMAA Yrrepoda ¥ MeTaHa Ansa pasNnyHbIX YCIOBUA M3MepEeHUs

Ycnosusi uamepeHun | MnotHocTk gnokecuaa yrnepoaa (CO,), Kkr/m3 MnoTtHocTh MeTaHa (CH,), Kkr/m3
273,15 K (0 °C); 101,325 kla 1,9768 0,7170
288,15 K (15 °C); 101,325 klla 1,8738 0,6797
293,15 K (20 °C); 101,325 klMa 1,8393 0,6680

MNpw NnpoBefeHWM pac4eToB 3a rof B KAYeCTBe YCIOBUIA U3MEepPeHUi MPUHUMAETCA CpeHerofoBas Tem-
nepaTypa.

EFCOZJ:.V = Z M.

i=1 !

n (W, . -ng; 44,011 5
[ e )-p,-,y-w , (5)

roe EFCOij — koappuymneHT BbibpocoB CO, oT cxuraHus rasoobpasHoro Tonnuea j 3a nepuog y, T
CO,/Thic. M3;
W,-J-y — MaccoBas oA i-KOMNoHeHTa razoobpasHoro Tonnuea j 3a nepvog y, % mac.;
Ng ; — KONMMYEeCTBO MOMeW yrnepoaa Ha Mofb -KOMMOHEHTa rasoo6pasHoro TonnvBea;
M; — monspHasa macca /-KOMMNoHeHTa razoobpasHoro Tonnmea, r/mMorb;
pjy — MNOTHOCTb rasoobpasHoro TonnMea j 3a nepuog Yy, Kr/m3;
44,011 — monapHas macca CO,,.
EFCOQJ,}/ = WCJ,y = 3,664, (6)

roe EFCOZJ,}, — KkoapdpuumneHT Boibpocoe CO, oT cxuraHus j-tonnuea 3a nepuod y, T CO,/T;
WCJ,Y — cofepXaHue yrnepoga B j-tonnuee 3a nepwog y, T C/T;
3,664 — koadpdmumeHT nepesoga, T CO,/T C.

Mpu oTcyTCTBUM (hAKTUYECKMX AAHHBLIX MO KOMMOHEHTHOMY XMMUWYECKOMY COCTaBy rasoobpasHoro To-
NN1Ba U COOEPXaHuIo yrnepoaa B TBEPAOM U XUOKOM TONMUBE 3a OTYETHLIA NEPUOL UCMOMb3YHTCA 3HAaYeHNs
K03h(pULMEHTOB BLIOPOCOB 1 COAEPXKAHWUA Yrmepona Ana COOTBETCTBYHOLLMX BUAOB TONMWBA, NpeacTaBneH-
Hble B Tabnuue B.1 npunoxenus b.

OpraHv3auumn OOMmKHEl UCMONb30BaTh KO3MMUUMEHTE BEIDPOCOB AN PSAOBLIX yrNel cOOTBETCTBYIO-
LLMX MECTOPOXAEHMWI, a NpW OTCYTCTBMU HEODXOAWMBIX OaHHbIX O MECTOpPOXOEeHWUsX noTpebrnaembix yrnen
M OTCYTCTBUM HEOBXOOMMbIX OaHHBIX MO MecTopoxaeHusM B Tabnuue B.1 npunoxeHusa b, ucnone3osartb
3Ha4YeHWs AN COOTBETCTBYIOLMX BUAOB yrmnen (KameHHbIW yronb, Bypbli yronb, aHTpauunT).

Mpw oTCcyTCTBMN HEOBXOOAMMBIX OAHHBLIX O COAEPXKaHWW yrmepoda OOMnycKaeTcs MCNOoNb3oBaHWe crnpa-
BOYHbIX JaHHbIX M3 OPYTMX NCTOYHUKOB MHGOpMaUun ¢ 06A3aTenbHOM CCbINKOW HA UCTOMHUK MHOpMaLUn.

5.2.3 YpoBeHb pacyeTa, KoadpbuumMeHThI cofepXaHua yrnepona u BbiIOpocoB NapHUKOBLIX ra3oB

3HauyeHne KoadhchuLmMeHTa BeIBpoCcoB Ans kapboHaTos (EFCON-) npuHMmaeTcsa no Tabnuue A.1 npuno-
)eHua A, a ana okcugoe CaO u MgO no Tabnuue A.2 npunoxeHunsa A. MNpu OTCYTCTBUM HEOBXOOUMBIX LaHHbIX
PaccYMTLIBAETCA Kak CTEXMOMETPUYECKOe OTHOLeHne MonekynspHon maccel CO, K MONeKynsapHon macce
kapboHarta.

CaCO5 — CaO + CO,.

KoathchmumeHnTsl Boibpocos CO, ans kapboxatos ((EF;), T CO,/T) coctasnaioT:

- CaCO3 — 0,440;

- NIgCO3 — 0,522;

- CaMg(COg3), — 0,477.

HanBonbwuin yoenbHblI pacxon kapboHAaTHOro Chipbs NMPUXOOMTCA Ha nedvu, paboTawluMe Ha merne,
B JaHHbIX MOpPOAax BbICOKOE COAepXaHWe Bnaru, HU3Kas NpoYHOCTb, YTO BrneyeT 3a cobol notepu npu ero
NOAroTOBKE K 0Bxury U B npouecce obxura. YoensHblii pacxon KapboHaTHOro cbipba Npu 06xKUre Ha OCHOBE

5
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cbopa OaHHbLIX aHKeT npeanpuATWUi, NPOM3BOOALWMX U3BECTh, NpMBeneH B Tabnuue 3. bonbluMe 3Ha4YeHus
OTHOCATCH K NOny4YeHuto u3sectn 1-ro copta ¢ cogepxaHnem CaO + MgO = 90 %, meHblune — 3-ro copTa c
copgepxanuem CaO + MgO 70—79 %.

Tabnuua 3 — YoenbHbll pacxon kapboHaTHOMO ceipbs Npu obxure

S ”Eﬁ:HM”'a YpaeneHbIi pacxof n3BecTHaKa/gonomuTa/mena
peHns MuH. Makc.
LLlaxTHble ne4un T/T 1,75 2,0
Bpalatowuecs nevu ¢ 3aneyHslM TennoobMeHHUKOM T 1,8 2,6
[nvHHbIE BpallatoLMecs rnevm rno cyxomy cnocody TT 2,1 2,6
[nuHHbIEe BpallalWMecs ne4vur no Mokpomy cnocoby T/T 2,2 29

KonuuyectsenHoe onpeaenexne seibpocos CO, OT Npom3BoACTBa W3BECTW BbINOMHAETCA AN OTAenb-
HbIX OOXKMIOBBIX NEYen Wiy No opraH13aLMu B LIeSIoM OQHUM U3 CNeayoLmMX MeTo40B:

- pacueT BbiGpocoB CO, Ha OCHOBE [1aHHbIX 0 pacxoAe KapboHaTHOrO Chipbs;

- pacuyet BbiGpocoB CO, Ha OCHOBE [iaHHbIX O NPOW3BOACTBE U3BECTH.

BbiGop MeToga KOnNMYecTBEHHOTO onpeaeneHus BbiIOPOCOB OCYLLECTBNAETCA OpraHM3aunsiMi, MCXOLs
N3 AOCTYMHOCTW WCXOAHBIX LaHHbIX ANS BbINMOMHEHWS pPAacYeToB M obecnevyeHus Hawumydlen TOMHOCTW pe-
syneratoB. Macca kapboHaTta, M3pacxo4oBaHHOrO B 0GXKUIOBOW Mevn 3a OTYETHbIM Nepuos, onpeaensieTcs
no pesynbratam U3MepeHWui (B3BeLLBaHMSA) KapboHaTHOTO ChipbA 3@ BbIYETOM COOep)KaHwus Bnarv u npuMme-
ceil. 3HavyeHue KoadhduureHTa BbIOpOCOB ANA KapboHaTa npuHMMaeTcsa no Tabnuue A.1 NnpunoxeHna A Unu
npW OTCYTCTBMM HEOBXO0OMMbIX AaHHbIX PACCYMTLIBAETCS KaK CTEXMOMETPUYECKOE OTHOLLEHNE MOMEKYSAPHOM
maccel CO, kK MonekynapHoi macce kapboHara.

CTteneHb kanbLUWHWpOBaHWA KapboHaTa onpeaenseTca Ha OCHOBE (DaKTWYECKUX M3MepeHWid coaepxa-
HUs KapboHaTOB B U3BECTU, OTHECEHHbIX K 06LLEMY KOMMYECTBY, M3Pacxo40BaHHbIX KapboHAaTOB 3a OTYETHLIN
nepuopg, Bblpa)XeHHbIX B TOHHAX, @ NpU OTCYTCTBUM (DaKTUYECKMX AaHHbIX NPUHMMAaEeTCs 05 Bcero kapboHar-
HOro chipbs paBHbiM 1,0 (M 100 %). Monpaska (ymMeHblleHWe) konuyecTsa Bbibpocos CO, oT npoussoa-
CTBa M3BECTMW, CBA3AHHAS C HEMOSHbIM KanbLWHWPOBaHWEM KapDOHATOB YAaneHHbIX C M3BECTKOBOW MblSbH
N APYrMMW CONYTCTBYIOLMMMK NPOAYKTaMKM WU OTXO4aMW NpOW3BOLCTBA, OCYLLECTBMAETCA B cryyae, ecnin B
opraHn3aunv MerTes (pakTUYeckne AaHHbIe O CTeneHu KanbLUMHMpoBaHuu kapboHaToB B cOCTaBe M3BECTKO-
BOW MbINW U APYrMX COMNYTCTBYIOWMX OTX04ax. B npoTuBHOM cniyyae, cTeneHb KanbLUHWPOBaHWA M3BECTKOBOW
nbinv npuHumMaetcs pasHoi 1,0 (unmn 100 %).

OcHosHble xumMu4Yyeckue peakyuu 8 npouzsodcmee usgecmu

CaCO5; — Ca0 + CO,.

Mpu pekapbonuzauyun 1 1 unctoro CaCO, obpasyetca 0,56 1 CaO un 0,44 1 CO,. B nepecyete Ha 1 T
ussectyn 0,44:-100/56 = 0,785 1 CO,.

MgCQO,;-CaCO,; — CaO-MgO + 2CO,.

Ha 0,963 T CaO-MgO obpasyetca 0,880 T CO,, COOTBETCTBEHHO, Ha 1 T JONIOMWUTOBON M3BECTU BbIGpa-
ceiBaetca 0,913 1 CO,. 370 TeopeTuyeckune pacyeTsl, B kKapboHaTHbIX Nopoaax cogepxarnue CaCO4 + MgCO4
84—98 %, noatomy npu usmeHeHun cootHoweHus CaCO, + MgCO 4 Heobxoamumo caenate nepepacyer. Yem
Bbilwe cTeneHb obxura, Tem Gonble eoigenserca CO,.

CraumoHapHoe cxuraHme Tonnmea — MCTOMHUK Bbibpocos M1, BknoyaeT Beibpockl CO, B aTmocdepy,
BO3HMKaKOLLMe B pe3ynbTaTe CXKUraHwsi Bcex BMAOB ra3zo06pasHoro, »MoKoro M TBepL4oro TonnvMBea B 0GKMro-
BbIX MeyYax Ans oCyLecTBNEeHUs] TEXHONOrMYECKUX onepaLuii.

Xumuyeckue peakyuu cxuzaHus monmnuea

CH, + 20, — 2H,0 + CO, (nonHoe ropeHne NpUpPOAHOro rasa);

CH, + 20, — CO, + 2H,0 + CO + C;

C + O, — CO, (nonHoe ropeHvie TBEPAOrO W XUAKOTO TOMNM1Ba).

5.2.4 MeTtoponorua pacyeTta BblIGpoOCOB NapHUKOBLIX ra3oB ANA NPOM3BOACTBA U3BECTU MeTan-
nypru4veckux npeanpyuaTUi, NPOU3BOASALINX U3BECTL ANA COBGCTBEHHOrO NoTpeGneHus

5.2.4.1 paHuMUbl pac4yeTa BbIGPOCOB NapHUKOBLIX TA30B

MpaHuubl pacyeTta Boibpocos M npuBeaeHsbl B Tabnuue 4.
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Tabnuua 4 — paHuubl pacyeTta Beibpocos NI

HaumeHoBaHWe nponasoa-

OnuncaHue rpatHu
CTBEHHOIO npouecca RAHML

MpoK3BOACTBO U3BECTU Mpon3BoAcTBO M3BecTU (OpobneHne W MOMOM, COPTUPOBKA, 3arpyska B nedvb, 06w,
BbITPY3Ka W13 nedm).

He BkntovatoTea B rpaHuubl Beibpocs! NI 0T MCNonb20BaHKs TONNWBA U 3HEPTOPECYPCOB
(aneKTpo3HEpPruK, TEMMOBOKM SHEPTUU, TEXHUYECKUX FA30B) HA!

- BOOOMNOATOTOBKY M BOLOOTBEAEHWE 33 NpedenamMy aHHOro NPOWM3BOACTEa,

- BoIpaboTKy CaToro BO3ayxa;

- TPaHCMOPTUPOBKY W NMepepaboTky TBEPObIX W KUAKMX OTXOLOB 3@ npegenaMi AaHHOro
NMpoOU3BOACTEA;

- peMoHTHble paboTel;

- 06LLeLEXOBbIE HY¥/Ibl, HE CBA3aHHbIE HEMOCPEACTBEHHO C TEXHOMOrMYeCckUM NPOLECCoM

5.2.4.2 MeTogu4eckne Noaxoabl K KONUYECTBEHHOM OLEHKe BbIGPOCOB NapHNKOBLIX ra3oB

[Mpwn npoBegeHUN KONUYeCTBEHHOW oueHkn Bbibpocor M1 4Ns NpoM3BOACTBA M3BECTW MeTannypruye-
CKUX NMPeanpusiTUi, NPOU3BOASALLMX U3BECTb AN COBCTBEHHOrO noTpednexus, yuuTbiBaoTcs Boibpockl CO,,
BblOpockl MHbIX M7 He yunTBIBaKOTCA.

Ana pacyeta nHteHcmBHoCTU BbiGpocoe CO, B Uensax onpedeneHns GeHYMapKoB NPOW3BOACTBA U3-
BECTU MeTannypruvyecknx npennpusaTuin, NpoM3BoasALMX M3BECTb ANA cODCTBEHHOro NoTpebneHus, NpuHaTa
ejvHaa MeToauka AN BCex BUOOB NPOAyKLMKM YepHOW MeTannyprum, paspabotaHHasa B pamkax paboTbl 3Kc-
NepTHON rpynnbl No NpoBeAeHuo GeHYMapkuHra yaenbHeix Bbibpocos I, cocTas KOTOpOW YTBEPXKAEH Npu-
Kasom AHanUTUYEeCKOro LeHTpa YCTOMYMBOro pa3BuTNA NpoMblwneHHocT MuHnpomTopra Poccum [5], Ha oc-
HOBaHWM METOAMYECKUX NOAXOA0B, OMUCAHHLIX B CYLLECTBYHLWX HAalMOHAIbHbIX HOPMAaTUBHO-METOANYECKIX
OOKYMeHTax, MexayHapOoAHbIX PYKOBOOALWMX JOKYMEHTaxX U OOKYMEHTax no craHgaptusauuu [4], [6]—[11].

MeTtoauka yuuTeiBaeT npsamble Boibpockl CO, OT NPOM3BOACTBEHHONO Npouecca (nepeaerna), a Takke
KOCBEHHbIE BbIBpOCHI, CBA3aHHbIE C NPOU3BOACTBOM 3INEKTPUYECKON U TENNOBOW IHEPTUN, TEXHUYECKNX ra3oB
M OYTbHA, UCMONb3YEMbIX B MPOM3BOACTBEHHOM Npoluecce (Ha nepeene).

MeTtoguka paspaboTtana ons uenen yctaHoBneHust UMM Beibpocos NI oToenbHbIX NPOU3BOACTBEHHbIX
npoLeccoB (NepefenoB) 1 NO3BONAET NPOBECTU CPABHUTENBHbLIA aHanu3 (BeHYMapKUHT) NPOU3BOACTBEHHBIX
npoLeccos (NepenenoB) oTpacnu.

Beibpockl onpegensoTcsa 3a oguMH NOMHLIN KaneH4apHbIA rog,.

Pacuem unmeHcusHocmu ebibpocog CO, (beHumapk) dnsa npoussodcmea npodykyuu

Pacuyet ynensHbix Beibpocos CO, Ans Nnpon3eoAcTsa NpoayKUUK BhINOMHAGTCA Mo dhopMyne

— *
IC02 =E CO2,npsam * ECOQ,sneKrp * ECOQ,TGI"IJ'I H ECOQ,Tex.rasbz b AECOQ,ETOD.I’EG}:I’ (7)

roe ICO2 — WHTEHCUBHOCTL BbIOpOCOB (GeHYMapK) Ans Npou3BOLCTBa ONPEeAeneHHOro Buha me-
Tannyprudeckon npoaykunn, T CO,/T npoaykuun,
E*C(-lenpmI — yAenbHble nNpsiMble BeIGPOCH! B rpaHuLax Nnpou3BOACTBEHHOIO npolecca (nepegena)
Be3 yueta BTOpPUYHLIX TOMIMWBHBIX rA30B, T COZ."T nNpoayKLuuu;
— yAenbHble BbIGPOCHI, CBA3aHHbIE C anekTposHepruen, T COL/T npoayKumu;
— yaenbHble BbIBpOCHl, CBA3aHHbIE C TennoBow aHepruei, T COL/T npogyKumu;
— yAenbHble BbIGPOCH!, CBA3AHHLIE G TEXHWYECKMMM razamu n gyteem, T CO,/T npo-
AyKuum;
— yaenbHas nonpaska K NpsAMbIM BbIbpocam Ha BTOpUYHbIe TonnuBHbIe rasel, T CO,/T
npoayKumn.
YnenbHble Bbibpockl CO, onpeaensoTcs kak Banosble Beibpockl CO,, 0OTHECEHHbIE K 06beMy OCHOBHOW
NpoW3BeAeHHOW NPOAYKLUMM ANS KaXO0ro NpOM3BOACTBEHHOIO Npolecca (nepegena).
Pacyem ydenbHbix npsmbix ebibpocos CO, 8 epaHuyax npou3sodcmeeHHo20 npoyecca (nepedena) 6es
y4ema 8mopuUYHbIX MOMAUBHbLIX 2a308
PacueT ynenbHbix npsmeix Beibpocos CO, B rpaHmuax npou3BoACTBEHHOMO npouecca (nepepena) bes
yyeTa BTOPUYHbBIX TONJMBHBIX FA30B BbIMOMHAETCA Mo hopmMyne

ECOQ,SI'IBKTD
ECOQ,TE””
ECOg,Tex.raau

AECOQ,BTOD.F&BH

* ] . - .
E COg,npsam — [Z(Rax,i CBx,j) - Z(RBth,j CBbIX,j)] 3,664, (8)
7
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rae Ry, ; — yAenbHbii 06bem Mcnonb3oBaHua /-ro yrnepoacoaepXallero pecypca B rpaHvuax npoussof-
CTBEHHOro npouecca (nepegena) MeTannypriuieckon NpoaykuumM (Ha Bxode B nepenen) 3a Uc-
KMIOYEHMEM BTOPWUYHBLIX TOMMUBHBIX ra3os, ef. uaM. (T, Teic. M3 1 Ap.)/T NpoayKUMUM;

Cgy j — CodepxkaHue yrnepoga B /-M yrnepogcoaepxawiem pecypce, T Cl/eq. usm. (1, Tbic. M3 ap.);
RBHXJ — yaenbHbii 06bem NpoM3BoncTea (0bpasoBaHnst) j-To YyINepoaCcOAepXKaLLero pecypca B rpaHmuax
NPOU3BOACTBEHHOrO rnpouecca (nepefena) (Ha Bbixoge W3 nepedena) 3a WUCKMHYEHWEM
BTOPUYHbLIX TONMUBHLIX ra30B, ed. M3M. (T, Teic. M3 1 Ap.)/T NpoayKUMK;
A 3 )
CBHXJ- — cofepXaHve yrnepoga B j-M yrnepogconepxalliem pecypce, T Clen. uam. (T, Teic. M° 1 ap.);

3,664 — koaddmumeHT nepesoga T CO,/T C.

BTopuyHbIE TONNWUBHLIE a3kl (AOMEHHbIN, KOKCOBLIA, KOHBEPTEPHLIN) HE YYNTHIBAKOTCS 34ECH HM Ha BXO-
L€, HU Ha Bbixoge. OcTanbHbIe 3HaYUMbIE YINepoAcoaepKalle pecypchl, BKNOYAsA 0TX04bl, YYMTLIBAKOTCS.

B cdbopmyne (8) 4OmKHbI y4nThIBaTbCS 00bEMbI PECYpCOB, HEMOCPEACTBEHHO MCMOMNB30BaHHbIE M MPON3-
BefeHHble (0Dpa3oBaBLUKMECSs) B TEXHOMOMMYECKMX MpoLeccax, nocne BHeCeHUs BCeX BO3MOXHbIX MOMpaBoOK
Ha M3MeHeHWe 3anacoB Ha cknagax. PekomeHgyeMbIM MCTOYHMKOM MHA)OPMaLMK O pacxode pPecypcoB siBMs-
IOTCH TEXHUYeckne 1 BanaHCoBbIE OTYEThLI NPOU3BOACTBEHHbLIX U 9HEPrETUHECKMX LIEXOB NPeanpuaTHs.

CopepxaHue yrnepoga NpUHUMAETCS MO LaHHbIM NPeanpusaTUin UNU paccYMThIBAETCS Ha OCHOBAaHWM
LaHHBIX 0 PU3MKO-XUMUHECKUX XapaKTepUcTUKax ans cnefyrLlinx BUAOB TONNWBA, Cbipbs U NPOAYKLMMN: KOK-
CYIOLLEerocs yrns, Kokca (BanoBoro), yrisi aHepreTM4eckunid, yrns B WKMXTe 1 T.0. PacyeT BbINOMHAETCS Mo eau-
HbIM dhopMynam Afs Bcex NPeanpuaThii UM UHbIM METOOAMYECKUM AOKYMEHTaM, Hanpyumep, MeTo4onorum
WSA [8], [9].

Pacyem ydenbHbix ebibpocoe CO,, ceszaHHbix ¢ nompebreHueM u ebipabomkol arekmposaHepauu

Pacuyet yaenbHbix Bbibpocos CO,, CBA3AHHBIX C 3NEKTPO3IHEPren, BeINOMHAeTCA no opmyne

Ecoz,anemp = (anp - PBblp) ' EFCOz,SﬂeKTp’ (9)

rne PnOTp—yp,eanoe notpebreHne 3MNeKTPO3HEpPrMn B rpaHMuax NpoW3BOACTBEHHOrO npouecca
(nepegena), MBT1-4/T npoaykuun;

P%Ip — yaenbHasi BbipaboTKa 3MEeKTPO3HepruM B rpaHuuax npoM3BOACTBEHHOIO npouecca

(nepegena), MBT4/T npogykuuw,
EFCO;_,BJ"IGKTD — KoagppuumeHT Boibpoca ans anektposHeprun, T CO,/MBTu.

Benn4nHebl anp, PBblp onpeaensalnTcs No akTU4ecKUM JaHHbIM NpeanpuaTna. BennyuHbl anp " PBblp
npw nogctaHoeke B hopmyny (9) He OOMKHBI BKNOYATE 3aTPaThl 3MEKTPO3HEPTMM Ha COBCTBEHHLIE HYXKO bl UC-
TOYHWMKA 3NEKTpo3aHeprun. BennuvHa BkNoYaeT cyMmMapHoe noTpebneHne anekTpo3Hepruu, Kak NocTaeneH-
HOW CO CTOPOHLI ANSA JaHHOTO NPOU3BOACTEA (Nepenena), Tak U BbipaboTaHHOW B rpaHMLax Nnpou3BOLCTBEH-
HoOro npouecca (nepenena). NeKTPO3HepPrus BKMOYAET CyMMapHy BblpaboTKy 3MEKTpoOaHepruu, KoTopas
MoeT BbITb NoTpebrieHa kak BHYTPW, Tak 1 3a rpaHuLiaMy paccMaTpuBaeMoro Npou3BoACcTBEHHOro npouecca
(nepegena).

BenwnuuHa EFCOZ,WEKTP npuHumaetcs pasHon 0,504 1 CO,/MBT-4 ans Bcex npeanpusTia YepHon Me-
Tannyprum, 4To COOTBETCTBYET 3HAYEHMIO MO YMONYaHuio, npuHumMaemomy WSA npu onpeneneHun beHumap-
koB. [laHHOE 3HaYeHWe HaxXOONTCA MeXay CPedHUM 3HA4YeHWEeM LANSA CEeTEBOW 3MeKTpo3Heprun B Poccuinckon
®epepaummn (okono 0,34) n NpUbNU3NTENBHBLIM 3HA4YEHWEeM A5 KOHOEHCAUMOHHOTO peXuMa 3aBOACKAX anek-
TpocTaHuuiA YyepHoit MeTannyprum (0,55—0,6) NpUMEHUTENBHO K NPMPOOHOMY rasy WMW ero 3KBUBaNeHTy C
TO4KM 3peHnd Bbibpocos CO,. Takxe 3HaveHne 0,504 NpUmMepHO COOTBETCTBYET 3aMblKalolLieMy KOHAeH caLu-
OHHOMY PEXUMY PerynupyroLlmMx 3NeKTpoCTaHLui B 3HeprocucTemMe (YCNOBHO ra3oBble CTaHUKUK).

Pacuem ydenbHbix ebibpocos CO,, cesizaHHbIx ¢ nompebneHuemM u ebipabomkodl meniosol sHepauu

Pacuet yaenbHbix Boibpocos CO,, CBA3aHHbLIX C TENMIOBOW 3HEPTrUe, BbIMONHAETCs no opmyne

ECOg,Tenn = (QI'IOTp - QBbip) ' EFCOQ,TGI'IJ'I’ (10)

roe QHOTp — yaenbHoe noTpebneHne TeNNoBoKi aHeprin (B nape W ropadeid Boge) B rpaHuLax npous-
BOACTBEHHOrO npouecca (Nnepefena), Mkan/T npogykKumu;

stup — yaenbHas BbipaboTka TennoBon aHepruu (B nape v ropsaYein Boae) B rpaHMLax NpouaBoi-

CTBEHHOro npouecca (nepegena), MNkan/T npoaykumu;
EFCOZ'Term — koadpuuueHT Boibpoca Ans Tennosoun aHepruu, T CO,/Mkan.

Tennoeas JQHEPIrnA BKITHOHaET 3HEePruio, nepegasaemMyro ¢ napom U FODHHEPI BogoOWn. BenuyunHebl QI‘IOTp’

QBblp onpegenarTca no CbaKTI/I‘-IECKMM OaHHbIM NpeonpuaTnAa. Benwnuuna QFIOTp BKINK4YaeT cyMmmMapHoe no-
8
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TpebneHne TennoBOW 3HEPrMK, Kak NOCTaBNEeHHOW CO CTOPOHLI ANS JaHHOro NPOW3BOACTBEHHOrO npouecca
(nepepena), Tak u BoipaboTaHHOW B rpaHMLLax NPOM3BOACTBEHHOIO nNpouecca (nepegena). Tennoeas aHeprus
Qamp BKMIOYAET CYMMapHYH BbIpaboTKy TEMMOBOW 3HEPrUK, KOTopasl MOXeT BbITe NoTpebrneHa Kak BHYTPH,
TaK W 3a rpaHuLllaMu paccMaTpuUBaeMoro NpoM3BOACTBEHHOrO Npouecca (nepegena).

BenuuunHa EFCOZ'Term npuHumaetcs pasHoi 0,27 T CO,/Mkan Ana Bcex NpeanpuaTiii YepHOW MeTan-
nyprin. [lJaHHas BeNuU4MHa paccyMTaHa MCXO4s U3 NPednonoKeHUs, 4To TeNNoBas aHeprns BolpabaTwiBaeTcs
Ha OCHOBE MPWPOAHOrO rasa (Kak 3amMblKalolwero Tonnmea) ¢ aheKTUBHOCTEIO NPOM3BOACTBA U Nepedaqn
TennoBown aHepruun, pasHon 85 %.

Pacyem ydenbHbix ebibpocos CO,, ces3aHHbIX C MeXHUYeCKUMU 2asamu u dymbem

Pacuet yaernbHbix Beibpocos CO,, CBA3AHHLIX C TEXHUHECKMMI ra3aMin U JyTbeM, BbINOMHSAETCA No opmyrne

ECOQ,Tex.rasm = Z(Gf E FCOg,Tex.raa,r')! (11)
roe G — yAaernbHoe I'IOTDEGJ'IEHVIE i-TeXHNYecKoro rasa, AOMEHHOro ayTbA B rpaHmuax npom3BoL-
cTBa, ThbiC. M J’T npoaykunm;
i 3
EFCOZ,Tex.raa,i — K03chPULKMEeHT BeIBpoca Ans i-TEXHUYECKOTo raza, JOMEeHHOro AyThs, T COlebu:. M*.

TexHun4yeckue rasbl BKIHOYAKT KUCNOPOA, a30T, aproH, a Takke JOMEHHOe OYyThbe, UCMOoNb3yeMble Ha Tex-
HOoMorM4eckre Hy»abl B rpaHMLax paccMaTpuBaeMoro Npou3BoACcTBEHHOro npouecca (Nepedena). BenwunHbl
G, onpepensioTcs No hakTUYeCcKUM AaHHbIM NpeanpusaTua 6es yyeTa noteps Npu NPOM3BOACTEE U Nepeaave.
Pacxop razoB NnpuBoAMTCA K cTaHAApTHbIM ycnoeusam (20 °C, 101,325 klMa).

BennunHbl EF o, 1oy a3 j AN BCEX NPEANPUSATUIR qepHom mMeTannyprum anHMMaI-OTCFl paBHbIMW AN
kncnopona 0,355 1 COZ."TbIC m3; azora 0,103 T CO,/TbIC. m3; aproHa 0,103 T CO,/TbIC. m3: noMeHHoro OyTbs
0,05 7 CO,/ThIC. m3. [INs KUCNOPOQa, a30Ta VM aproHa NPUHATLI 3Ha4YeHKs!, peKoMeHAoBaHHble WSA no yMOr-
YaHu. [1na AOMEHHOro OyThsA MPUHATO 3HAYEHWE NMPUHATO HA OCHOBaHMMW 3KCMEPTHOM OLIEHKU, OCHOBaHHas
Ha aHanuse 3hEKTUBHOCTM MPOU3BOACTBA AYyThs Mapo- U 3MeKTPOBO34yX0oOyBKaMu. TOMMMBOM CYMTAETCS
NPUPOAHBLINA ras.

Pacyem yOdenbHou nonpasku K npamsim ebibpocam CO, Ha 8MOpUYHbIe MOMIUBHbIE 2a3bl

PacueT ygenbHon nonpaskn K npsmeim Beibpocam CO, Ha BTOPUYHLIE TOMMMBHLIE rasbl, BbINOMHAETCS
no opmyne

AECOg,Brop.raabz = Z[(anp.,r'_ Fsmp.,f * anepw,:‘) gl EFCOz,I‘IpMp.FBB’ (12)
roe EFGOE!npwp_raa — KkoappuumneHT Boibpoca CO, ans npupogHoro rasa, T CO,/T y.T;
Fnorp. ; — yaenbHoe noTpebrexne /-ro BTOPMHHOIO TOMIMBHOIO rasa B rpaH1Lax NpoM3BOACTBEH-
Horo npouecca (nepegena), T y.T./T NPOAYKUMK;
FEblp. ; — yaenbHas Bbipabotka (oBpasoBaHwe) /-ro BTOPMYHOTO TOMMMBHOTO rasa B rpaHuuax
NMpPOM3BOACTBEHHOIO Npouecca (nepedena), T Y.T./T NPOAYKUWANK;
anep”’f — yAenbHble NoTepPW j-ro BTOPUYHOIO TONMMBHOIO rasa B rpaHuuax npeanpuarus, BKIYas

CHWraHue Ha cBeYax, PacCeMBaHWe U yTeYKM, T V.T./T NPOAYKLMN;
g, — nokasarenb 3 HeKTMBHOCTU CHUFAHNA -r0 BTOPUYHOTO TOMITMBHOIO ra3a B CPaBHEHUM
CO CXMUraHMeMm NpUpPOoAHOro rasa, Aons.
BTopWyHbIe TONNUBHbIE ra3bl BKMYaT AOMEHHbIA, KOKCOBbIA, KOHBEPTEPHBIA rasbl.
YnensHoe notpebnenue F .. ; BKIOYAET pacxol AOMEHHOTO, KOKCOBOTO 1 KOHBEPTEPHOTO rasos B pac-
cMaTprBaeMoM MPOM3BOACTBEHHOM npouecce (nepepene). YoensHasi BelpaboTka (06pa3oBaHue) i-ro BTopuy-
HOro TONnMBHOTO rasa F W yaenbHbIe NoTepu i-ro BTOPUYHOro TOMMMBHOIO rasa B rpaHiuax npeanpusaTus

F notepw,i BKIIOYAOTCS BB]:‘):g)C‘,-i(E.‘T no cpopmyrne (12) TonbKo ANst JOMEHHOrO rasa B NPOW3BOACTBE AOMEHHOro
YyryHa, KOKCOBOrO rasa B NpPOM3BOACTBE KOKCa, KOHBEPTEPHOro rasa B NPOU3BOACTBE KOHBEPTEPHOW CcTanu;
AN NPOYMX NPOU3BOACTBEHHLIX NPOLECCOB (Nepeaenos), rae ykasaHHble BTOPUYHbIE TOMMUBHBIE rasbl He 06-
pasytotest, Fo, o i1 anepm NPUHUMAIOTCS PaBHLIMU HYTIO.

Ecnu koHBepTepHbIi (Mnv NoGoi ApYroi BTOPUYHLIA TOMMUBHLIN) ra3 He UCMOoMb3yeTcsl B Ka4ecTBe To-
nnvea, To Npu pac4ete no opmyne (12) npuHMMaThL BO BHMMaHWe AaHHbIM ra3 He Tpebyetcs (T.K. ero Bknag

B nonpasky AEqq, , PaBeH Hynio).

BTOp.rasb
Benuuunbl Foy o i Fromp i Frorepu,i OMPEAGNAIOTCA MO (baKTUHEeCKUM AaHHLIM npeanpuATus. lNotepu
F MPUHUMAIOTCS MO pasHULe Mexy BbipaboTkoi BTOPUYHOTO TonnuBHOrO rasa (Fy,, ;) n ero cymmap-

notepw,i
HbIM NMone3HbiM MCNOoNb30BaHWeM, BKNKD4Yaa cobcTBeHHbIEe 00BeKTbI U OTNYCK CTOPOHHUM I'IOTp96IJ‘ITEJ'IF|M.

Benu4nHel €; NPUHUMAKTCS PABHLIMU: 4N JOMEHHOrO rasa 0,92; kokcoeoro raza 0,99; KOHBepTEPHOTO
rasa 0,95.
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Pacyem ydenbHbix abibpocoe [ ¢ yvemom nomeryuanos enobansHozo nomennenus M
Pacuet yneneHbix Beibpocos M 8 T CO,-aksunBaneHTa (CO,-3KB.) BLINONHAETCA cornacHo [4] no dopmyne

n

Eco,ey = 2, (Eiy - GWP;) (13)
i=1
roe ECOg,e,y — yaenbHble Bbibpoce NI B CO,-akBuBaneHTe 3a nepwopg y, T CO,-3KB./T Mpogykuuu;
E,-y — BbLIDpPOCHI -NAPHMKOBOTO rasa 3a nepuog y, T/T NPoaYKUNK;
GWP; — noteHunan rnobansHoro noTenneHns — KoaMULMEHT nepecyeTa BenuyuH Bbibpo-

COB j-MapHUKOBOrO rasa B 3KBMBANEHT AMoKkcuaa yrnepopa (Ha ropusoHTe 100 net), T
CO,-akBuBaneHTa/T;
n — KOnM4yecTBO BUAOB BbibpackiBaembix I
i— CO,, CH,, N,O, CHF,, CF,, C,Fg, SF.
[ns npon3BoaCcTBEHHLIX NPOUECCOB (Nepeaernos) oTpacny YepHON MeTannypriu, Npu pacdeTte yaenb-
Hbix BbiBpocos MM B CO,-3KkBMBaNEHTe yunTbIBaKOTCS TONbLKO Bbibpockl CO,.
3HaueHns K03 ULMEHTOB NepecyeTa BeNnYuH BeIOPOCOB i-NapHUKOBOTO rasa B 3KBMBANeHT AUMOKCuaa
yrnepoga (Ha ropusonte 100 net) (GWP)) ncnonbaytorca cornacHo nepednio Ml B OTHOLWEHUN KOTOPLIX OCY-
LeCTBNAETCS rocynapcTBEHHbIN y4eT Bbibpocos NI 1 BegeHne kagactpa M [12).

6 3aknwuuTenbHbIe NONOXeHUdA

Ha ocHoBaHUM pe3ynbLTaToB OTpacrneBoro beHYMapKuHra 1 MOCTPOEHHbLIX KPUBLIX BEHYMapKuHra ycra-
HasnveatoTca UMM yoenbHbix BeiGpocos M asyx ypoeHen no MTOCT P 113.00.30 (B conoctaBUMbIX YCOBUSX):

1. BepxHuit ypoeHb UMM (MM 1) — MoXeT ncnonb3oBaThCs B paMKax NpaBoOBOro perynMpoBaHus OTHO-
LUEHWUIA, CBA3AHHbLIX C OrpaHudYeHnemM eolbpocos IMr.

Onpepnensetcsa no chopmyne

lin 1= Imax = Umax = Imin) * 0,15, (14)
rae | .« — MakcumarnbHbIA yaenbHbii nokasatens Beibpocos CO,, T CO,/T npogykuuu,;
| min — MWHUManbHbLIN yaenbHbIA nokasarens Beibpocos CO,, T CO,/T npoayKumu.

2. HuxHui ypoeeHs WM (UMM 2) — moxeT ncnons3oBaThCs Npu NPUHATAM PELLEHUIA O rOCY0apCTBEHHON
noaaepxke.
Onpegensetca no chopmyne

lin 2 = Imax — Umax — min) * 0,60, (15)
rae |, — MakcuMmanbHbIA yaerbHbIi nokasaTens Beibpocos CO,, T CO,/T npoaykuum;
I min — MWHMManbHBIA yOenbHbl nokasaTens Bbibpocos CO,, T COL/T npogykumu.
10
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MpunoxeHune A
(cnpaBo4Hoe)

KoadduumeHTsl BbIGpOCOBR gUOKcUaa yrnepoaa

Tabnuuya A.1— KoagpduumneHTsl Boibpocos CO, aAns HekoTopbix kapBoHaTtos

Xumundeckan coopmyna kapboHata KoadhdpmumenT Bribpocos (EF)), T CO,/T
CaCO,4 0,440
MgCO, 0,522
CaMg(CO3), 0,477
FeCO4 0,380

Tabnuua A2 — KoathdpuuneHTsl Boibpocos CO, AN HEKOTOPbIX OKCUAOB, MOMNYYEHHbIX U3 KPOOHATHOTO CbipbS

Xummnyeckasn popmyna okcuaa KoadhduumeHT Beibpocos (EFI-), TCO, /T
CaO 0,785
MgO 1,092
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Mpunoxenune b
(cnpaBo4Hoe)

KoacdhduumneHTbl NnepeBoaa pacxoaa TONMUBA B dHepreTMYeckne eAUHMULbI, KO3 UL UEHTBI
BbIGpOCOB AMOKCKMAa yrnepoaa U cogepXaHue yrnepoaa no BMaam Tonnuea

Tabnuua Bb.1 — KoadpduumeHTbl Nepesoga pacxoda TOMMnvMea B 3HepreTuyeckne eanHuLbl, KoadppuUUeHTkl BbIOpO-
cos CO, u copepxanue yrnepoaa no suaam Tonnuea

KoadhduruymeHTsl nepesoga B KoadhchnumeHTsl CoREsHEHIE
TOHHbI YCNOBHOIO TONNKBa U BbL6pOCOB me 'qo pa (W }
3HepreTyeckue eguHULbI (NCV”) (EFco ”) YIToRo Ciy
Bugel Tonnuea - 2
EaunHnua
namepe- (TL?(C'.T';\%) T&ﬁ/:b;ncs'; T (;?_ZIT T_IE:'D'C}:?/ TChyT | TCTOx
HWA
Kugkue Tonnuea (HeddTb M NPOAYKTEI NepepaboTky HedTI)
HedTe, BkNOYas NpoOMbICNOBLIA ra30K0OH- T 1,430 41,9 2,15 73,3 0,59 20,0
neHcar
[MpypoaHbIv ra3oBeIA KOHOEHCAT T 1,508 442 1,88 64,2 0,51 17,5
a3 NonNyTHLIN HehTAHON (HedTAHbIe Me- | Tbic. M3 1,154 33,8 1,77 60,4 0,48 16,5
CTOpPOXOEHUA)
Ma3 MOMyTHLIA HedTAHOW (rasokoHaeH- | Teic. M3 1,154 33,8 1,64 55,9 0,45 15,3
CaTHbIE MECTOPOXAEHNS)
[a3 nonyTHbIW HedTsAHOW (razoBble Me- | ThIC. M3 1,154 33,8 .62 55.2 0,44 15,1
CTOpPOXOEHWNA)
BeHanH aBToMOOUNbHBIN T 1,490 43,7 2,03 69,3 0,55 18,9
BeHawH aBMaUWOHHbIR T 1,490 43,7 2,05 70,0 0,56 191
ABUALMOHHBIN KEPOCKH T 1,470 43,1 2,10 74.5 0,57 19,5
KepocuH T 1,470 43,1 2,11 71,9 0,58 19,6
Tonnueo guaensHoe T 1,450 42.5 2,17 741 0,59 20,2
Ma3yT TonoYHbIN T 1,370 40,2 2,27 77,4 0,62 21,1
MazyT cnoTckmin T 1,430 41,9 2,27 774 0,62 21,1
Tonnveo ne4yHoe ObITOBOE T 1,450 42,5 2,27 77,4 0,62 21,1
a3 cxKeHHbIA HedTAHOM T 1,570 46,0 1,85 63,1 0,50 17,2
[pyrue moTopHeie TONNMBA T 1,470 43,1 2,11 71,9 0,58 19,6
Hedytebutym T 1,350 39,6 2,37 80,7 0,65 22,0
OTaH T 1,583 46,4 1,81 61,6 0,49 16,8
MponaH T 1,570 46,0 1,87 63,8 0,51 17.4
ByTtaH T 1,570 46,0 1,82 62,0 0,50 16,9
[MponaH 1 ByTaH CXXWXKEHHbIE, rasbl yrre- T 1,570 46,0 1,85 63,2 0,51 17,3
BOOOPOAHBIE U UX CMECH CXIUKEHHbIEe
NurpouH T 1,536 45,0 2,15 73,3 0,59 20,0
Cmaso4Hble Matepuansl T 1,372 40,2 2,15 73,3 0,59 20,0
a3 HedhbTenepepabaThiBaloWmMx Npeanpu- T 1,500 44.0 1,30 44 4 0,35 12,1
ATWIA CyXoun
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KoachdhmumeHThl Nepesoaa B KoachdomumeHTbl Conepxatme
TOHHbI YCMOBHOrO TOMMNUBa 1 BblbpocoB
aHepreTuieckue eanHmuel (NCV; ) (EFco, ;) ymepona (We,,)
Bugbl Tonnuea

wawepe. | rynl, | Tt | TCOST | 1094 | vy | o
Kokc HedTAHOWM U cnaHueBbIn T 1,080 31,7 2,86 97,5 0,78 26,6
[pyrne HebTenpoayKThl T 1,430 41,9 2,15 73.3 0,59 20,0

Teepable ToNNMBa (Yronb 1M NPOAYKTEl nepepaboTky yrna)

PaaoBoi yrone MecTopoXaeHuiA:
Yrone AOHELKUIA T 0,876 25,7 2,65 90,2 0,72 24,6
Yronb Ky3HEeLKUA T 0,867 25,4 2,69 91,9 0,73 251
yronb KaparaHauHCKUIA T 0,726 21,3 2,76 94,2 0,75 257
yrone NOAMOCKOBHbIV T 0,335 9,82 2,79 95,0 0,76 259
Yronb BOPKYTUHCKUN T 0,822 24,1 2,71 92,6 0,74 253
Yronb MHTUHCKAIA T 0,649 19,0 2,73 93,1 0,75 254
yronb 4ensabuHCKUn T 0,552 16,2 2,78 94,9 0,76 259
yronb CBEPaNOoBCKUA T 0,330 9,67 2,76 94,2 0,75 257
yronb Balikupckuin T 0,264 7,74 2,76 94,2 0,75 25,7
Yronb HEePHOHIPUHCKUIA T 0,987 28,9 2,76 94,2 0,75 25,7
Yronbe AKYTCKURA T 0,751 22,0 2,76 94,2 0,75 257
Yronb YepeMxoBCKUI T 0,752 22,0 2,75 94,0 0,75 25.7F
Yrone asenckuin T 0,483 14,2 2,75 93,9 0,75 256
Yronb YATUHCKUIA T 0,483 14,2 2,90 98,9 0,79 27,0
Yronb ryCMHOO3epPCKUIA T 0,506 14,8 2,78 94,9 0,76 259
Yronb Xakacckui T 0,727 21,3 2,77 94 4 0,76 25,8
Yronb KaHCKO-a4MHCKUIA T 0,516 15,1 2,87 98,1 0,78 26,8
Yronb TYBUHCKURA T 0,906 26,6 2,76 94,2 0,75 25T
Yronb TYHFYCCKUIA T 0,754 221 2,76 942 0,75 257
Yronb MaragaHckun T 0,701 20,5 2,73 931 0,75 25,4
Yronb apKkTU4eckuin (LunuubepreHckuii) T 0,669 19,6 2,76 94,2 0,75 257
Yronb HOPUIbLCKUIA T 0,761 22,3 2,76 94,2 0,75 257
Yronb OrofXWUHCKNA T 0,447 13,1 2,76 94,2 0,75 25T
Yronb Kam4yaTCKUI T 0,323 9,47 2,73 93,1 0,75 254
yronb MNprmopbs T 0,506 14,8 2,73 93,1 0,75 254
yronb aKkubacTy3cKui T 0,628 18,4 2,77 94,6 0,76 25,8
yronb anTanckui T 0,782 229 2,76 94,2 0,75 257
Yronb TYTHYWCKMA T 0,692 20,3 2,76 94 2 0,75 25,7
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OkoHYaHue mabnuubi 6.1

KoadhdomumeHTsl nepesoga B KoadhdpuumeHTbl Conepxatme
TOHHbI YCMOBHOMQ TOMMNWBA U BbibpOCOB
aHepreTuieckmne enuHuusl (NCV, ) (EFco,y) yrnepoga (W)
Bugpbl Tonnuea

E?L'IEE)Z? oy, | e v | 1G0T | TCOS | 4 grryr | r
Yrornb Npo4ux MecTOpOXAeHUN T 0,768 22,5 2,76 94,2 0,75 25,7
Yrofb UMMOPTHbIN T 0,768 22,5 2,76 94,2 0,75 25,7
AHTpauut T 0,911 26,7 2,88 98,3 0,79 26,8
Kokcyrowpiacsa yrone T 0,962 28,2 2,77 94,6 0,76 25,8
KameHHbIW yronb T 0,768 22,5 2,77 94,6 0,76 25,8
Bypki yrons T 0,467 13,7 2,96 101,0 0,81 27,6
CnaHubl roptoyve T 0,300 8,79 3,14 107,0 0,86 29,2
BpukeThl yroneHele T 0,605 1.7 2,86 97,5 0,78 26,6
Kokc meTtannypriuyeckuii T 0,990 29,0 3,14 107,0 0,86 29,2
CMona KamMeHHOYronbHasi KOKCOXMMUYe- T 1,300 38,1 2,37 80,7 0,65 22,0
CKMX 3aBOAOB

a3kl UCKYCCTBEHHbBIE roproYne
a3 roptoYnin UCKyCCTBEHHLIN KOKCOBbLINA ThIC. M3 0,570 16,7 1,30 44 4 0,35 12,1
[a3 ropro4mi NCKYCCTBEHHLIN LOMEHHbIN ThIC. M3 0,143 4,19 7,62 260,0 2,08 71,0
a3 ropto4nini MCKYCCTBEHHLIN KOHBEPTEPHBIN ThiC. M2 0,240 7,06 5,33 182 0,35 49,6
MpupogHbIi ras
a3 roplounii NpMPOAHLIN (ecTecTBeHHbIA) | Thic. M3 1,129 33,08 1,59 54,4 0,43 14,8
[[a3 KOMMPUMUPOBAHHLIN ThiC. M3 1,129 33,08 1,59 54,4 0,43 14,8
a3 cvKEHHbBIR T 1,570 46,0 1,65 56,4 0,45 15,4
Topdh
Topd TONNUBHLINA T 0,340 10,0 3N 106,0 0,85 28,9
Bpuketbl 1 nonybpukeTsl TopdsiHbie T 0,600 17.6 3,1 106.,0 0,85 28,9
OTxoabl
Otxogbl  ©GbITOBBIE  (HEBMONOrKM4eckas T 0,341 10,0 2,69 91,7 0,73 25,0
pakumsi)
[Mpoune roproune OTXoObl TEXHOMOrMYe- TY.T 1,000 29,3 419 143,0 1,14 39,0
CKMX NpOW3BOACTB
HedhTsHble oTxoab! T 1,372 40,2 2,12 72,2 0,58 19,7
BuoTtonnuea

BrobeHaunH T 0,921 27,0 2,07 70,8 0,57 19,3
Buo-gnatonnueo T 0,921 27,0 2,07 70,8 0,57 19,3
Opyrue Buabl xuakoro Buotonnuea T 0,935 27,4 2,33 79,6 0,63 217
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