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BBEJAEHUE

DHepreTuYecKue MPEANpUITHS HECYT HauOOJBIIYI0 OTBETCTBEHHOCTh 3a
YCKOPSIOUIUICS MPOILIECC YXYAIICHUS! 3KOJIOTHYECKOM 00CTaHOBKM B Mupe. HecmoTps
HAa AaKTMBHOE MWCIOJb30BaHUE ra3za, Hed)TH U ypaHa, JOJsA YISl B MHPOBOM
MPOU3BOJICTBE 3JIEKTPOIHEPrUU BBICOKA W cocTaBisier okono [1-3] 30 % [1-3].
HabGnrogaeTcss MHTEHCUBHBIM pPOCT 0OBEMOB MOTPEOJICHUS YIJISI SHEPreTHUYECKUMU
NPEANPUATASIMH, 4YTO OOYCIaBIMBAETCS BO3PACTAHMEM CIpoca HAa HEIOPOTYIO
TEIUIOBYIO W JJIeKTpuueckyto 3Hepruto [4]. Hampumep, B Kurae x koniry 2019 rona
oOI1asi yCTaHOBJICHHAs! MOIIHOCTh 3JIEKTPOCTAHIINHM, pabOoTaOIUX HA yTie, MpeBbICUIa
1000 I'Br. IIpu stom u3 3,5 muipA. ToHH AoObiBaeMoro yrias 50 % Mcnosib30BaHO IS
BBIPAOOTKU 3JeKTpodHepruu [2,5,6]. NMuaus 3aHuMaeT mnaATO€ MECTO B MHpPE MO
BbIpaboTke djekTtposneprun (345 ['Br). Jloas yrojbHBIX D3JIEKTPOCTAaHIUMN B
APHEPreTUYECKOM CEKTOpPE ITOM cTpaHbl cocTaBisieT 57 % [7-10].

B rocynmapctBax ¢ pa3BUTON YrosibHOM TemiosHepretukon (Kwurait, Nunus,
SAnonus, Poccusa, ABcTpanus W Jp.) €XKEroJlHO PETUCTPUPYETCS BBICOKUU YPOBEHD
3arpsi3HeHusi aTMoc(epbl. ITO OOYCIOBIECHO TEM, UYTO B MPOIECCE COKUTAHUS YIJIS
oOpa3zyercsi HE TOJBKO DHEPTHs, HO M omnacHble BemecTtBa [11-13]: aHTpomoreHHbIC
BbIOpOCHL (COy, NOy, SOy); 30monnakoBsie 0Txobl (31110); neTydas 301a ¢ BBICOKUM
comepkanreM Tsokenbix MetaioB (As, Cr, Ba, Sr, Zn, Pb, Mo wu np.); Bona,
3arps3HEHHAs] TOKCUYHBIMU AJIEMEHTAMH U PaIUOHYKIIAIaAMH.

MupoBOMy HAy4YHOMY COOOIIIECTBY XOPOIIIO U3BECTHO BIMSHUE, OKA3bIBAEMOE Ha
OKPYKaIOIIyI0 Cpey MepeurcaeHHbIMU oTXoaamu [13—15]. B yacTHOCTH, OKCHUIBI CEPBI
U a30Ta, COEANHSSACH C aTMOC(EPHON BIaroM, OKUCISIIOTCS, 00pa3ysl ciiadble pacTBOPHI
CEpPHOM W a30TUCTOM KHUCJIOT, KOTOpBIE SBJISIOTCS MPUYUHON BBIMAJACHUS KHUCIOTHBIX
noxnend [16,17]. TloBblieHHe KOHIEHTpAIMM OKCHIOB a30Ta CIOCOOCTBYET
pa3pylIEHUIO O030HOBOTO CJIOSi aTMOc(ephl, KOTOPBIM 3alllMINACT 3E€MJII0  OT
ynbTrpaduoneToBoro kocmuueckoro wusnydenus [13]. ITlomumo »TOro oOkas3bIBarOT
cylecTBeHHOe BiusHUE [18] comeprkamuecss B MpOAyKTax cropanus (Gprop, XJop U ux
MPOU3BOJIHBIC, TOKCHYHBIE U KAHIIEPOI'€HHBIE MHKPOIJIEMEHThI, KaHIIEPOTCHHbIC

yraeBofopoabl. ['obanbHpIMU akTopamMu BO3AEHCTBUS MPEANPUSTUN SHEPTETUKU Ha



OKPYXAIOIYI0 Cpey SIBJISIOTCA HE TOJBKO BBIOPOCHI PACCMOTPEHHBIX BBIIIE OKCHJIOB,
HO W YIJVICKHCJIOTO Ta3a W IMapoOB BOJbI, CIIOCOOCTBYIOIIMX PAa3BUTHIO MAaPHUKOBOTO
s dexTa u HapyIICHUIO TPUPOAHO-KIIMMAaTHIeCKUX ycioBuid [13,14,19].

Bo MHOTUX pa3BUTBIX rOCYJIapCTBax pa3pabOTKE COOTBETCTBYIOIIUX TEXHOJIOTUN
JUTS YMEHBIIICHUST KOHIIGHTPAIM BBIOPOCOB 3arpsi3HSAIONIMX BEIMIECTB B aTMocdepy
DHEPreTUYECKUMHU TPEANPUATUAMU W TOBBIIIEHUS >KHU3HCHHOTO YPOBHS HAaCEJIEHUS
YAENSETCA 3HAaUUTeNbHOE BHUMaHUE [20-22]. 3a4yacTyr0 Ha IMPOMBIIIICHHO Pa3BUTHIC
CTpaHBl OKa3bIBACTCS JaBJIEHHWE C TpeOOBAaHWEM CHIDKCHHSI BBIOPOCOB  WJIH
cTabWIM3aIi TEMIIOB MPUPOCTa MOCIEAHUX. TeM He MeHee OKoJo 45 % MUPOBBIX
BbIOpOocOB CO, 00pa3yeTcs MPEeUMYIIECTBEHHO 3a CUET Ckuranusi yrisd. [lpu stom
munepamu [14] mo sromy mnokazarento sBisitorcsa CHIA, Kuran, Unausa, EBpocoros,
Poccusi. B Kurtae uz 100 % Bb1OpocoB uactuil 30561 70 % SBISIOTCS pe3ysbTaToM
JeSATEIbHOCTH YTOJIbHBIX SHEPreTUYecKuX npeanpusatuil [18,23]. Anaiorudno oocTouT
neno ¢ BeiOpocamu auokcuaa cepbl (SO,) — 90 %, okcuaoB azora (NO,) — 67 %,
nuokcuaa yriepoaa (CO,) — 70 % [18,24].

Bosnbiiine 00BEMBI OMACHBIX AHTPOIMOTEHHBIX BHIOPOCOB BEAYT HE TOJBKO K
CEPBHE3HBIM HKOJIOTUUECKUM MOCIIEICTBUSAM, HO TAKKE OKa3bIBAIOT HETaTUBHOE BIIUSIHUE
Ha 3a0poBbe somen [13]. Hampumep, exeromnno B HWMHauum  yroJbHBIMU
AJIEKTPOCTAHIIUSAMH BBIOpACHIBACTCS B OKpYKawoIyto cpeay Oosee 110 Thic. TOHH
TBEPBIX YacTHI] 307161, 43 MiIH. TOHH SO, 1 1,2 MutH. ToHH NOy [25]. UHaus ObIcTphIMH
temnamu obronsier Kuraii mo BeiOpocaM okcusoB cepy B atmocdepy [26]. YronabHbie
AJIEKTPOCTAHIIMU OTBETCTBEHHbIE 3a 58% wu3 00mux BeIOpocoB SO,. 3arpsi3HeHue
BO3/yXa BCIEJICTBUE paOOThl YrOJbHBIX SJEKTPOCTAHIIMI BBI3BAJIO YBEIUYCHHE
4acTOThl PECHUPATOPHBIX 3aboneBaHui. 3aduKcUpoBaHO oOkoio 75 % ciydaes
MPEXKICBPEMEHHOW CMEpPTH OT CEpPACYHO-COCYJIMCThIX 3a00JeBaHUN y JIOAEH B
Bo3pacte 30 JseT W cTapiie, MPOXKHUBAIOIIMX BOJU3M dJEKTpocTaHui. B oOmei
CJIO)KHOCTU CIIy4aeB MpexaeBpeMeHHoN cMmeptu HacuutbiBaeTcss or 80000 go 115000
[7,27].

N3 n3BectHbix [18,20,28] myTell MUHMMHM3alUM KOHLIEHTPAUHA AHTPOIIOTE€HHBIX

BBHIOPOCOB  YTOJIHOM  TEIJIODHEPTETHUKA HAuMOOJee TMEepPCHEeKTHUBHBIM  CUUTACTCS



npumeHenue BoAoyroiabHbeix (BYT) [29-31] u opranoBogoyroasubix (OBYT) [32-35]
TOTUTMB Ha OCHOBE OTXOJOB yrico0oramenust (B 9aCTHOCTH, (PHIIBTP-KEKOB) U OTXOJIOB
HedTenepepaboTKu (O0TpabOTaHHBIX MHIYCTPUANBHBIX U OBITOBBIX Macel, (pycoB, cMoI
u JIp.).

AKKyMyJupyembie 3amnacbl (UIbTP-KEKOB (BJIaXKHBIX BBICOKO30JIBHBIX OTXOOB
oOoraiieHus yrisi) Ha CErOJHAIIHUNA JICHb COCTAaBJSIOT HECKOJBKO JIECSTKOB
MWUIMOHOB TOHH B roja [36]. B mnocnennee Bpems B Poccuu, Kurae n Hnguu
00CY)XTafOTCSl BOTIPOCHI BOBJICUCHHUS B JHEPIreTHKY (PUIBTP-KEKOB KaMEHHBIX YTJIeH
[30,36]. B ¢unbTp-KeKkax KOHIICHTpalus yris, Kak mpaBuiio, coctarisieT 40—60 %.
[TosToMy yBIa)kHEHHBIE (UIBTP-KEKU (B TaKOM BUJIC OHU TMOJIYYAIOTCS U XPAHITCS Ha
oboraTtuTenbHbIX (abpukax) TMPENCTABISIIOT YK€ TOTOBbIE K HCIOJIb30BAHUIO
CYCIIEH3UM BOJOYTOJBLHOTO ToIIuBa [36].

BYT umeer psan HEIOCTAaTKOB, TAK KaK OHO CYIIECTBEHHO YCTYNA€T YTIIIO IO
HPHEPreTUYECKUM ToKa3aTensiM (MEHbIle TeryioTa cropanus). K ToMmy ke, BOZHHKAaeT
psn Apyrux mpoOJieM, CBSI3aHHBIX C paccioeHUEM (BBINAJEHHUEM TBEPJbIX YaCTHUIl B
0CaJIOK — CeIMMEHTAIIMEN ) CYCIICH3UH, YTO 3aTPYAHSIET TPAHCTIOPTUPOBKY KOMIIO3UIIUMA
BYT TpyOonpoBOAHBIM TPaHCIOPTOM, HX JUIMTEIILHOE XpaHEHHWE U TOCIETyIoIIee
cxuranue [36].

JIist  mpeAoTBpalieHus PacCIOCHUs] CYCIIEH3MH B Hee J00aBISIOT IKUIKUE
roproune TUIacTU(PUKATOPl M TOJYYalOT TaK Ha3bIBa€Mble OPraHOBOJIOYTOJIbHBIC
tToruuBa [36]. B 1enom Takue BUJBI TOIUIMB MPHUHATO HA3bIBaTh KOMMO3WIIMOHHBIMU
xugakumu (KKT). B kaduecTBe XMIKMX TOPIOYHUX KOMIIOHEHTOB MPUMEHSIOTCS OTXObI
HEe(PTIHOTO MPOUCXOXKICHHUS, OTIIOKEHHUSI, 00pa3yIOIIHUECs IPU OUUCTKE HEPTEITPOBOIOB
U pe3epByapoB, OTpabOTaHHbIE Macjia pa3JIMYHbIX HSHEPrOyCTaHOBOK, TYypOUH,
JBUTATENEH, TpaHCcHOpMaTOPOB, 0OBEMBI KOTOPHIX MCUUCISIOTCS MIJTMOHAMHU TOHH B
rox [36,37].

Cormacno [37] B Mupe yxe HakoruieHo Oosiee 1 Mapa. TOHH HedTENUIaMOB H
exerogHo obOpasyercs emie 60 miH. TOHH. JKumgkue HedTEmpOIyKTHI, TOManas B
BOJIOEMBI, MOYBY, MOJ3EMHbBIE BOJIbI, HAHOCST OIPOMHBIM yIIepO OKpy:Karoiieu cpese

[38]. Cxxuranue TUMUYHBIX KUJIKUX TOPIOYUX OTXOJ0B B UICXOHOM COCTOSTHUU TpeOyeT



JOBOJILHO OOJBIIUX pecypcoB, oaHako B coctaBe KIKT Hedtenuiambl Moryt
3h(HEKTUBHO (C TOYKM 3PEHUS SHEPTETHUYECKUX M IKOHOMUYECKHUX XaPAKTEPHUCTHK)
WCITOJIB30BATHCS U1 MHTCHCU(DMKAIINK 3aKUTAHMS TOTUIMBHOTO COCTaBa, a TaKKe JJIS
YIYUIIEHHUS €T0 PEOJOTUYECKUX XapaKTEPUCTHK.

Takum oOpazom, mpumenenne KOXKT sBisieTcss mOCTaTOYHO MEPCHEKTUBHBIM
pelieHreM HECKOJIbKHX MpOoOJIeM: YTWIM3allUs TEePEUHCICHHBIX OTXOJOB yIje- M
HeTenepepabOTKH; COKpAIllEHHE TEMIIOB JOOBIYM YIJII W Ppa3pabOTKHM HOBBIX
MECTOPOXKJICHUI;  COKpallleHUE KOHIIEHTpAluid  aHTPONOTE€HHBIX  BBIOPOCOB B
OKPY’KAIOIIYI0 CPeAy, PacCIIMpeHHE CBhIPbEBOM 0a3bl Il M3TOTOBJICHUS TOIUIMB W3
OTXOJI0OB U COOTBETCTBYIOIINX OCTATKOB.

3a mocnenuue S50 JeT co3gaHbl  (PyHAAMEHTAIbHBIE OCHOBBI TEXHOJIOTHUU
MPOMBIIIJIEHHOTO TipuroToBiaeHuss W cxkuranus KXKT B Tomkax »HEpPreTHYECKUX
KoTjioarperaroB. Pa3paboranbl (¢u3MYECKHE, MaTeMaTUYECKUE, MPOTHOCTHYECKUE
MAaTEMAaTUYECKUE MOJICNIU, HSKCICPUMEHTAIbHBIC METOAUKH, METOJbl, AJITOPUTMBbI
YUCJIEHHOTO MOJEIUPOBaHUs, MOJYYEHbl 3aBUCUMOCTH HHTEIPAJIbHBIX XapaKTEPUCTHUK
OT OCHOBHBIX IMapaMeTPOB Mpolecca, CPOpMyTUPOBAHBI TEOPETHUUECKUE CIICJICTBUS U
MPAKTUYECKUE PEKOMEHIAMU. MOXXHO BBIJICIUTH PSAJl YUYCHBIX, KOTOPBIC CIeain
3HAYMTENBHBIN BKiaa B pazputue texHosnoruid KOXKT: Wang H., Jianzhong L., Kefa C.,
Bo Y., Zhang G., Kijo-Kleczkowska A., Sahoo B.K., Meikap B.C., Mypxko B.I .,
ITy3pipeB E.M., Hensrun I'.'H., Ocunues K.B., XogakoB I'.C., bypaykos A.Il.,
bapanosa M.I1., Anekceenko C.B., Conomaros B.B., Mansues JI.U., KpaBuenko 1.B.,
KpaBuenko A.., boromono A.P., Ky3uenosI'.B., Ceipogoit C.B. HccrnegoBanuem
KKT, uMeroniux B CBOEM COCTaBE MOMHUMO YTJIsl )KUJIKUE TOPIOYNE KOMIIOHEHTHI (TaKkue
KaK Ma3yT, KEepPOCHH, HHIYyCTpHaJbHbIE Macjia, BOJOHE(DTSHBIE SMYJIbCHUH U 1p.)
3anuManuch Mohapatra S.K., Manwwani P., Kim S.H., Sakai T., Svoboda K., LiuJ.,
Lee C.H., Tarapuuxosa E.B., UYepneuxuit M.IO., JlexktepeB A.A., Ilarpakos [O.D.,
OBuunHukoB FO.B., JIumtBan .M., boromonos A.P., IlleBeipeB C.A., Ctpuxak I1.A.,
['mymkoB J1.0., Bepmununa K 1O., Banuynnun T.P., Hammna I'.C., [Ha6apaun J.I1.

B mupe yxe mpoBeeHbl OMBITHI MO MPUMEHEHUIO CYCIEH3MOHHBIX TOIUJIMB B

Ka4CCTBC AJIbTCPHATUBHOTO TOIIJIMBA B3aAMCH YIJIAA Ha SHCPICTUUICCKUX 00BEKTAax.


https://www.sciencedirect.com/science/article/pii/S0378382017304125#!

3HAYMTENIbHBIN BKJIAJl B Pa3BUTHE TAKUX TEXHOJOTHM BHECIU yueHble U3 Kurtas u
SAnonnm [39-42], KOTOpBIE TPOBEIM COBMECTHYIO pabOTy IO MPUTOTOBICHHUIO
BOJIOYTOJILHOTO TOIUIMBA U €0 JabHEHUIIEeH TPaHCIIOPTUPOBKE MOPCKUMHU TaHKEPaMHU
1o anektpoctaniiuu B Hakoco, SAnonus (sueprodisoxk 600 MBT) [40,41]. B Kurae KXKT
IIMPOKO HCIOJb3yeTcsl B KoTiax Oenee 20 Terolsnexkrpoctanuuii, Oonee 300
MIPOMBINIJICHHBIX TIeUeld M COTHSX Ieued NI Cymku WU obxkura [42]. McciaegoBanus
yueHbIX yHHBepcutTera mrtata IlencunsBanuu (CILIA) moaTBepauan 3KOJIOTHYECKYIO
spdextuBaocTs KXKT (cHIKEHHE BBIOPOCOB OKCHAOB cepbl U a3ora) [43]. B Poccun
YCIICIIHBIM CYUTAETCS OMBIT, 3aKiatovaromuiics B TpancnoptupoBke KOKT u3 r. benoso
u ero cxuranun Ha HoocuOupckoit TOII[-5 [44]. Taxxke mpoBeaeHA OIbITHAS
sKCIUTyaTauuss KotiioB npu cxkurannv KOKT Ha OCHOBE KEKOB KaMEHHBIX YTJIEW Ha
cranuun bapsac, KemepoBckas o6macts [36].

K nacrosiiieMy BpeMEeHHM JOCTAaTOYHO XOPOIIO M3YYEHBI MPOIIECCHl 3aKUTAHUS U
rOpeHUs BOJOYIOJBHBIX W OPraHOBOJOYTOJBHBIX CycneH3uh [45—48], Bompocsl
MPUTOTOBJICHUS] U CKUTAHUS MOJOOHBIX TOTUIMB U UX PEOJOTUUECKUE XapaKTePUCTUKHU
[49-51], a Takxke sKojoruueckue xapakrepuctuku [32,52,53]. Pe3ynbTarhl Hay4HBIX
nccinenosannii [32,45-53] maror ocHoBaHue nojarath, 4To KOKT SBASIOTCS TOCTOMHOM
aJTbTEPHATUBON YIJII0 B KaueCcTBE OCHOBHOTO TorunBa Ha TOC. K coxalieHuto, mo3uiuu
SHEPreTUKOB, KOJIOTOB U HaceJieHHUs 1o BornpocaMm ucrnoiab3oBanus KXKT BmecTo yris
pPacxoMsITCS BCIICICTBHE Pa3HBIX HHTEPECOB (IKOJIOTUYECKUX, DKOHOMHUYECKHX H
sHepreTudecknx). Kak creactBue, pe3ysbTaThl HCCIEIOBAHUM, MEPEUYUCICHHBIX B
pabotax [32,45—-53], 10CTaTOYHO PEAKO JOXOAAT J0 MPAKTHISCKOTO UCTIOJIb30BaHMUS.

[lepcriekTuBBl  AaNbHEHIIETO Pa3BUTUS MCIIOIL30BaHUS BOJOYTOJIbHBIX U
OpraHOBOJIOYTOJIbHBIX ~ TOIUIMB  BecbMa  oOmupHbl.  [lpumenenne KXKT B
PHEPTreTUYECKOM CEKTOPE MOXKET CIYKUTh OCHOBOW 3(PQPEeKTUBHONU (C TOYKU 3pPEHUS
HanOosiee BaxHBIX st TOC OCHOBHBIX 3KOJIOTHYECKHUX, IHEPTETUUECKUX U TEXHHUKO-
PKOHOMMYECKHUX IOKa3aTesiell) 3aMEHbl YT, Ma3yTa W MPUPOAHOrO ra3a Ha MHOTHX
TOC ¢ npoctaToyHO MajbIMU KalMTaJbHBIMM 3aTpaTaMU M C COXpPAaHEHHEM Ha
TpeOyeMOM ypOBHE BPEIHBIX BHIOPOCOB B armMocdepy. B cBsi3u ¢ 3TUM 3HAYMTEILHBIN

HHTCPCC LA pa3dBUTHUA TCINIOOHCPICTHKHU IIPCACTABIIACT IIPOBCACHUC KOMIIIICKCHOI'O



aHalin3a INCPCICKTUB IIPUMCHCHUA KOKT He Toabko ¢ G)HCpFGTI/I"I€CKOI\/'I, AKOJIOTUYECKOM
1 TEXHUKO-3KOHOMHUUYECKOMN TOYCK 3pCHUA.

HGHBIO Da6OTBI SIBJIIETCS TEXHUKO-DPKOHOMHYECKOEe 000OCHOBAHHE HMCIIOIL30BaHU

KOMITO3UIIMOHHBIX KHJKUX TOIUIMB U3 OTXO0JI0B HedTenepepadoTKU U yriieo0oranieHus
Ha TOC ¢ y4eToM 3HEpPreTHYECKUX U SKOJIOTMYECKUX apaMeTPOB.
JInst AOCTH>KEHUS ITOCTABIICHHOW LIEJIA PELIAIUCh CIAEAYIOIIUE 3a0auH:

1. Pa3zpaboTtka METOIUKH TEXHUKO-3KOHOMUYECKOTO 000CHOBaHUS
nenecooopaznoctu  cxuranua KOKT w3  orxomoB  yrimeoGoramieHUss U
Hedrenepepadbotku Ha TOC, yduThIBaIoUIe HKOJIOTHYECKUE, IHEPTETUUECKUE U
DKOHOMHYECKHE XapakTepucTuku cxuranust KKT.

2. Pa3paboTka METOIMKU 3KCIIEPUMEHTANIBHBIX UCCIEAOBAHUN MPOLIECCOB TOPECHUS
KXT c¢ uenpto omnpeneyieHHss KOHIIEHTPAUUMid OCHOBHBIX aHTPOIOTE€HHBIX
BBIOPOCOB.

3. HccnenoBanue 3KOJIOTMUECKUX XapakTepUCTUK HauOoiee nepcrneKTuBHbIX KOKT
C LIEJIbI0 aHaln3a HEOOXOJMMBIX KOHIEHTPAUM U CBOMCTB KOMIIOHEHTOB IS
MPUTOTOBJICHUS] TOTUIMBHBIX CYCIICH3UM.

4. YcraHoBineHue 1O pe3yJibTaraM — AKCIEPUMEHTAIbHBIX  HCCIIEIOBaHUMN
HKOJIOTUYECKUX XAPAKTEPUCTUK CXKUTAHUS (KOHIEHTpAIUid BHIOPOCOB OKCHUIOB
azotra NO, u cepel SO,) KXT u3 orx0m0B 0OO0OTameHUs TUIHYHBIX MapoK
KaMEHHBIX YIJIEH.

5. [IpoBeneHre  TEXHUKO-DKOHOMHUYECKOTO  OOOCHOBaHUSI  MEPCIEKTUBHOCTH
npuMeHeHuss KJKT Ha TEIIOBBIX 2JIEKTPUYECKUX CTAHIIUSAX OOJBIION, cpeHel 1
MaJIOil MOIITHOCTEM.

6. Pazpabotka >(ppekTUBHBIX (IO CPAaBHEHUIO C MBIJIEBUIHBIM YIJIEM, Ma3yTOM M
ra3oM) CXeM MPUroTOBJIEeHUs, XpaHeHus U ucnoib3oBanus KXKT na TOC.

7. Pazpabotka pexkomenpanuii mno mnpumeHeHuro KXKXT na TOC ¢ paznoit
MOITHOCTBIO, OCHOBHBIM M PACTONOYHBIM TOTUIMBAMH.

Hayunas HoBM3HA paGoThl. PazpaboTan moaxos K MPOBEACHHUIO KOMITJIEKCHOTO

TEXHUKO-IKOHOMHYECKOTO 000CHOBaHUS 3(PPEKTUBHOCTU (C TOUKU 3pEeHHs] HamboJsee

BaXXHbBIX  JJIA TOC OCHOBHBIX 9KOJIOINM4YCCKHUX, OHCPIrCTUYCCKHUX KW TCXHHKO-
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IKOHOMHUYECKUX XapakTepuctuk) npumeHeHus KOKT Ha TemnoBbIX 3IEKTPUUECKHUX
CTaHIUAX U KOTEJIbHBIX B3aMEH TPAJIULHUOHHBIX TOILIMB, OTINYAIOIIHMICSI OT U3BECTHBIX
y4eTOM HauOoJiee 3HAUYMMBIX DSHEPreTHYECKUX, SKOJOTMYECKUX M  TEXHHKO-
HPKOHOMUYECKUX XAPAKTEPUCTUK HCIHOJB3YEMBIX TOIUIMB. YUTEHbl OCOOEHHOCTH
TUIIAYHBIX CXEM CHCTEM TOIUTMBHBIX X03sicTB TOC, paboTrarolmux Ha yrie, Ma3yTe u
rase ¥ IOpOBEAEHO HUX mpeoOpazoBaHue c 1enpto npumeHeHuss KXKT B kaudectBe
OCHOBHOTO ToIIMBa. PazpaboTaHHas cxema CUCTEMBI TOILIUBHOTO XO3SHCTBA SIBISIETCA
YHUBEPCAIBHOW C TOYKH 3pEHUS BO3MOKHOCTHU Mcnosib3oBanus KIKT pasnoro cocrasa
Ha TOC. OnpeneneHbl OTHOCUTENbHbIE MMOKa3aTeau 3(()EKTUBHOCTH (C TOUYKH 3pEHUS
OCHOBHBIX JKOJIOTHYECKUX, DHEPrETUYECKHUX U TEXHUKO-PKOHOMHYECKUX
xapakrepucTik) KXKT ¢ yyeTom rpynmsl 3HaUUMbIX TAPaMETPOB (TEIJIOTa CTOPAHUS U
pacxoj TOIUIMBA; AHTPOIOrEHHbIE BBIOPOCHI U 30JbHBIA OCTATOK; MaKCHUMallbHas
TEMIIEpATypa TOPEHUS; MUHHMAJbHBIE TEMIIEPATYPhl 3aKUTAHUS; BPEMEHA 3aJEPKKH
VHULMAPOBAHUS TOPEHUS; CTOMMOCTH KOMIIOHEHTOB; TEXHUKO-IKOHOMHYECKUE
ITOKa3aTeNun XpaHEeHWs, TPAHCIIOPTUPOBKH u COKUTAHUS TOIUINBA;

M0>KAPOB3PHIBOOE30MACHOCTD ).

IIpakTrueckas 3HAUMMOCTb. BBIITOITHEHHBIE UCCIEAO0BAHUS TTO3BOJIMIIN MOJYYUTh
AKCTIEPUMEHTAIbHYI0 MH()OPMAIIMOHHYIO 0a3y JaHHBIX JJISI CPAaBHUTEIBHOIO aHaIn3a
OCHOBHBIX 3KOJIOTUYECKHUX, DHEPreTUYECKUX 151 TEXHUKO-3KOHOMHYECKHUX
XapakTepuctuk cxuranus nepcnektuBHbix KOKT Bmecto yrimed, maszyra u rasa.
[TomydyeHbl pe3ynbTaTbl MPOTHOCTHYECKOTO pacyera TNepeBOAa TPEX TUIHMYHBIX
O00BEKTOB TEIIOPHEPTETUKHU (C PA3TUYHBIMU TETIJIOBOM M AJIEKTPUUECKONW MOITHOCTSIMH,
BUJIOM M OOBEMOM UCIOJB3YyEMOIO0 TOIUIMBA) C TPAAUIMOHHOTO TOIUIMBA Ha
HECKOJIbKUX TIEPCIIEKTUBHBIX (C TOYKU 3PEHUSI SHEPIEeTUKH, DKOHOMUKH U DKOJIOTHUH)
CYCIICH3HM. Y CTaHOBJICHBI YKOHOMUYECKHUE 3aTPaThl, CBsI3aHHbIE ¢ nepexoaom Ha KOKT,
1 BO3MOKHBIE TTOC/IeACTBUA. [Ipy 3TOM B 3aBUCMMOCTH OT IIPUOPUTETOB U TPEOOBAHUM
0 AHTPOINOTCHHBIM  BBIOpOCAM, CTOMMOCTH TOIUIMBA W  DHEPreTHUYECCKUM
XapaKTEpUCTUKAM MOKHO BapbUPOBATh KOHUEHTPALMIO W TUIl KOMHOHEHTOB KOKT.
baza BemiecTB U MaTepUANIOB 11 NMPUTOTOBJICHUS KOMIIO3UIIMOHHBIX XKUJIKUX TOTUIUB

OUYeHb IMIHMPOKas: (PUIBTP-KEeKH, NMUIaMbl, (PYyChl, CMOJBI, OTPAOOTAHHBIE Macjia U JIp.
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P€3y.HI>TaTI>I AUCCEPTAIMMOHHBIX I/ICCJIe,Z[OBaHI/IfI HUCIIOJB3YIOTCA IIpW BBIIIOJIHCHHU
HHBCCTUIIMOHHOTI'O ITPOCKTA, HAIIPABJICHHOI'O HAa CO3JJaHHUC IICPBOTO B Poccumn onbITHO-
IMPOMBIIIJICHHOTO Y4YaCTKa IMOATOTOBKH U CKUI'aHUA OPraHOBOJOYI'OJIBHOI'O TOILIMBA C
IMPUMCHCHHUCM ITPOMBINIJICHHBIX W OBITOBBIX OTXOOO0B.

CreneHb JAOCTOBCPHOCTU PE3YJIbTATOB ISKCIICPUMCHTAJIIBHBIX W TCOPCTUUCCKUX

UCCJICIOBAHUM TOATBEP>KIAETCS BBIMOJHEHHBIMU OIEHKAMH CHUCTEMATHYECKUX U
CIIy4allHBIX ~ MOTPEUIHOCTEH  pe3ylbTaTOB  HU3MEPEHHUH,  YIOBJIETBOPUTEIHLHOU
MOBTOPSIEMOCTBIO OMNBITOB MPHU UJCHTUYHBIX HAa4YaJbHBIX YCJIOBUSX, UCIOJIb30BAHUEM
COBPEMEHHBIX BBICOKOTOYHBIX ONTHYECKUX METOJIOB M IPOrpaMMHO-aNNnapaTHbIX
KOMILJIEKCOB.

CBs3b Da6OTBI C HAY4YHBIMH TIpOrpaMMaMM M TpPaHTaAMU. I[I/IccepTaHI/IOHHBIe

MCCIIEIOBAHUSI TOPEHHSI YaCTUIl KOMIIO3UIMOHHBIX UJKUX TOIUIMB BBITIOJIHEHBI MPH
noaaepxkke rpanta Poccuiickoro Hayunoro ¢ounaa (mpoekt Ne 15-19-10003), a Takxke
['panta Ilpesunenta PD (mpoext Noe MJI-314.2019.8) u mpoexkra BUY-MIIDBII-
60/2019 B pamkax mnporpaMmbl pa3BUTHS HaluMoHAIBHOrO HCCIEI0BATEIBCKOTO
TOMCKOro MOJIMTEXHUYECKOTO YHUBEPCUTETA. TeMaTHUKa UCCIENOBAHUN COOTBETCTBYET
IIPUOPUTETHOMY HANPABICHUIO Pa3BUTHS HAYKU, TEXHUKU U TEXHOJIOTHU B Poccuiickon
®enepauuu (yka3 [Ipesunenta PO Ne 899 ot 7 utons 2011 r.) «9HeproapheKkTuBHOCTD,
sHEprocOepekeHune, saaepHasi SHEPreTUKay, a TaKkKe HaXOJUTCs B chepe KPUTUUECKHUX
TEXHOJIOTUN (eePATbHOTO YPOBHS, MOTYYUBIIUX BBICOKUN PEUTHHT IO MOKA3aTENIsIM
cocTosiHUA U nepcnektuBam — pa3BuTus  («TexHomorun  3HeprodPpPexKTUBHOrO
MPOU3BOJICTBA U NMPE0OPA30BAHMS SHEPTUH HA OPTaHUYECKOM TOTUIUBEY, « TexHomoruu
CO3JaHusl JHeprocOeperarouMx CUCTEM TPAaHCHOPTUPOBKU, pPACHPECHCHUS U
WCIIOJIB30BaHUsl dHEpPrum»), Tak kak mnpuMmeHeHue KOKT BmecTo yris mosBosiser
CYIIECTBEHHO CHU3UTHh aAHTPOIOTCHHBbIC BBIOPOCHI, H(H(HEKTUBHO YTHUIN3UPOBATH
MHOTOYMCJICHHBIE HWHAYCTPUAIIBHBIC OTXOJbl, IOBBICUTh TEXHUKO-2KOHOMUYECKHE
XapaKTePUCTUKU C)KUTAHUSI HU3KOCOPTHBIX YTOJIbHBIX TOILIUB.

HaVT—IHBIe ITOJOXXCHHA, PC3YJIbTATHI 1 BEIBOJAbI, BEIHOCHMMBIC HA 3allIUTY.

1. HoBblli 1OAX0J K TEXHHUKO-dPKOHOMUYECKOMY OO0OCHOBaHMIO Hcmojib3oBaHus KOKT

Ha TOC B KauecTBE OCHOBHOI'O H/WIN JOMOJHUTEILHOTO TOILUIMBA, OTINYAIOIIAICS
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OT UW3BECTHBIX YYE€TOM OCHOBHBIX  DJKOJIOTHUECKHX, JOHEPreTUYeCKUX U
YKOHOMHYECKHX XaPaKTEPUCTHUK U Oa3UpPYIOMUKCS HA YaCTHYHOW MOJEpPHHU3AIUN
CUCTEM TOILTMBOINPUTOTOBJICHUS U TOILJIMBOIOAAYN HA CTAHIIUH.

2. IlpoBeneHHBIE OLIEHKM OCHOBHBIX BJIOKEHUM IMOKA3aJIM, YTO MOJIEPHU3ALMS KOTJIOB
TOC, pabortaromux Ha yrie, MazyTe W rase, npu nepexone k cxuranuio KXKT us
OTXOJIOB yryieoOoramieHuss U HedrenepepadboTKU MOXKET OKYNMUThCA B TeueHue 1-3
aer. CpaBHEHUE PE3yJIbTaTOB  HCCICAOBAaHUN JJIS KOTJIOB C  pa3HOU
IPOU3BOAMTEIIBHOCTBIO TOKa3aJd, 4YTO YeM OoJblIe pacxoJ TOIUIMBA B
HPHEPreTUYECKUX YCTAHOBKAX M OOBEMBbI BbIpabATHIBAEMOW SHEPIHH, TEM MEHbIIIE
Cpok okynaemocTH nepexona Ha KIKT.

3. OtHocutenbsHble noka3arenu d¢dexruBHocTH KXKT B KauecTBe OCHOBHOTO TOTUIMBA
TOC ¢ yderoM rpynmbl 3HEPreTUYECKUX, SKOJOTMYECKUX U IKOHOMHUYECKUX
nokaszaresiei (TerioTa CropaHusi U pacxoj TOIUIMBA; aHTPOIOTEHHBIE BBIOPOCHI U
30JIbHBIA  OCTAaTOK; MAaKCHUMajlbHas TeMIlepaTypa TOPEHUS; MUHUMAJIbHBIC
TeMIEPaTyphl 3aKUTaHUs; BPEMEHA 3aJIePKKU UHUIIUUPOBAHUSI TOPEHUS; CTOUMOCTh
KOMIIOHEHTOB; TE€XHUKO-2KOHOMHUYECKHE TMOKa3aTeIu XpaHEHUS, TPAHCIOPTUPOBKHU
W CXKWTaHus TOIUIMBA; T0XKapOB3pHIBOOE30MAacHOCT) B 2-10 pa3 BeIme 1O
CPABHEHUIO C YIJIEM U Ma3yTOM.

4. MakcuMallbHYI0 OTHOCUTEIbHYIO S()@PEKTUBHOCTH (C TOUKH 3peHUs Haumbosee
BaKHBIX WA TOC 3KOIOTMYECKUX, SHEPreTUYECKHX U TEXHHKO-3KOHOMHYECKUX
xapaktepuctuk) TexHojoruii KXKT na TOC MOXHO MOMYy4YuTh MPU MacIITaOHOM
BOBJICYCHUH OTXOJOB YyryieoOoramieHusi (IIUIaMOB, KEKOB, MPOMIIPOJIYKTa) B
Ka4ueCTBE OCHOBHBIX TBEPABIX TOPIOYMX KOMIIOHEHTOB.

JInuHbI BKJQJ aBTOpa COCTOUT B (HOPMYJIMPOBKE 3a/lad JUCCEPTALMOHHBIX

WCCJICIOBAHNM, TUIAHUPOBAHUU HKCIIEPUMEHTOB, pa3pabOTKe METOJWK, MPOBEICHUU
OMBITOB U  TEXHUKO-DKOHOMHUYECKOTO OO0OCHOBaHMs, 0O0pabOTKe pe3yiabTaTOB
HKCIIEPUMEHTATILHBIX ¥ TEOPETUUECKHUX HCCICIOBAHUMN, aipoOaliiy MOCICTHUX, OIICHKE
CUCTEMATHYECKUX W  CIy4YalWHBIX TOTPEIIHOCTEeH, aHaim3e U  0000IIeHUU
IKCIIEPUMEHTAIBHBIX JaHHBIX, pa3pabd0TKe peKOMEH 1Al UCITOIh30BaHUS PE3yIbTaTOB

UCCIIeNOBaHNM, (DOPMYITUPOBKE 3aIIUIIAEMBIX TTOJIOKEHUHN U BBIBOJIOB.
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Anpo6au1/m Da6OTBI. OcHOBHBIC peE3yIbTaTbhl AUCCCPTAIMOHHBIX I/ICCHGI[OB&HI/Iﬁ

JOKJIQJIbIBAIUCh U OOCYyXJanuch Ha BcepocCHMUCKMX Hay4dHbIX KOH(PEPEHIHUSX C
MEXIYHApOMHBIM  ydacTHeM  «Temnodu3nyeckne  OCHOBBI  DHEPTETHUYCCKUX
texHonorut» (Tomck, 2016, 2017), MexayHapoaHbIX Hay4YHBIX KOH(EPEHIMIX
«Temomacconepenoc B cucTreMax oOecrieyeHus1  TEIUIOBBIX  PEXKUMOB
HHEPrOHACHIIIEHHOTO TEXHUYECKOTO M TEXHOJIOrM4eckoro obopynoBanus» (Tomck,
2016, 2017, 2019), MexayHapoaHOM HaydHOM cummnosuyme «IIpoGiemsl reosoruu u
OCBOECHUSA HEIp» (Tomck, 2016, 2017, 2018), MexnyHapoaHbIX
bopymax«uTennekryanpabie  3Heprocuctemb» (Tomck, 2016, 2017), XXXIII
Cubupckom TermnodusznueckoM cemuHape (Hosocubupck, 2017), 11 MexayHnapoaHoi
KoH(pepeHuu «ParmoHanbHOE TPUPOJIONONB30BAHUE: TPAAUIMU U HHHOBALIUK
(Mockaa, 2017), X Bcepoccuiickoli Hay4YHON MOJIOJIEKHON KOHPEPEHITUN « APKTHUKA U
ee ocBoeHue» (Tomck, 2017), IX MexayHapogHOM CEMHHApEe MO CTPYKType IUIaMEH
(HoBocubupck, 2017), MexayHnaponHoii HayuyHoi KoHbepeHiun «CoBpeMEHHBIC
npobsiembl Tertodpusuku U 3Hepretuku» (Mocksa, 2017), VII MexayHapoaHoMm
cemuHape «lIpobnemHbie BOMpockl TEIOMaccooOMeHa pH (a30BbIX MPEBPAILICHUIX U
MHOTO(A3HBIX TEYCHHUSIX B COBPEMEHHBIX arapaTax XUMHUUYECKOW TEXHOJOTUU U
sHepreTudyeckoM obopynoBanun» (HoBocubupck, 2018), «XXXIV Cubupckom
terogusznueckoM cemuHape» (HoBocubupck, 2018), Cenpmoit poccuiickoi
HallMOHAJIbHOW KoH(pepeHuu 1o TtermioooMeny (Mocksa, 2018), Poccuiicko-
Kazaxcranckom cummnosuyme «Yriexumus u 3kojorus Kyszbdacca» (Kemeporo, 2018),
«XXXVI Cubupckom Ttemnodpusznueckom cemuHape» (Hoocubupck, 2020), XVI
Bcepoccuiickoil mkose-KoH(pepeHIUN MOJOIbIX YYEHBIX C MEXAYHAPOIHBIM YYaCTHEM
«AKTyaJqpHbIE BOINPOCHI  TEIIOPUIUKA U (PU3HUECKON  THAPOTa30IMHAMUKI
(HoBocubupck, 2020).

HV6HI/IKaHI/II/I. OcHOBHBIE IMOJIOKCHH:A, PC3YJIbTAaTbl U BbIBOJbI AUCCCPTALITMOHHBIX

uccienoBaHuii onyOnukoBaHsl B 19 crarhsix, B TOM 4Hcie 6 — B PEHEH3UPYEMBIX
KypHajax 3 chucka, pekomeHgoBaHHoro BAK P®: «UM3Bectuss By3oB. [IpobGiiembr
PHEPreTUKN», «be30macHOCTh JKU3HEACSITENBHOCTHY», «XUMHYECKOe M He(TerazoBoe

MalIuHOCTPOCHHUC), «H3BecTus Tomckoro INOJIUTCXHUYCCKOT'O YHUBCPCUTCTA.



14

NuwxuaupuHr reopecypcoBy, «Kokc u  xumus». OnyOnukoBanbl 13 crareil B
MEXIYHAPOJHBIX PEICH3UPYEMBIX JKypHAllaX, WHIACKCUPYEMBIX 0a3amMu JaHHBIX
«Scopus» u «Web of Science»: «Journal of Hazardous Materials» (M®=9.04, Q1),
«Energy Conversion and Management» (M®=8.21, Q1), «Environmental Pollution»
(MD=6.79, Q1), «Journal of Cleaner Production» (M®=7.25, Q), «Science of the Total
Environmenty (M®=6.55, Q1), «Applied Thermal Engineering» (M®d=4.73, Ql),
«Waste and Biomass Valorization» (M®=2.85, Q2), «EPJ Web of Conferences», «AIP
Conference Proceedings», «cMATEC Web of Conferencesy.

CTDVKTVDEI H COACPKAHUC Da6OTBI. HHCCGpTaHI/IH COCTOUT M3 BBCIACHU, 3 IjiaB,

3aKJIIOUCHMS, CIIMCKA JUTEpaTypbl, BKItoudaroniero 181 HauMeHOBaHUE, COJEPKUT 26
pucyHkoB, 40 Tabnuiy, 175 ctpaHui.

Bo BBejacHUM 000CHOBaHa AKTYAJIbHOCTb TCMBI IIHCCCpTaHHOHHOﬁ pa6OTI)I,

chopMynMpoBaHbl 1€JIb U 3aJa4d  UCCIEIOBAHWM, OTPaXEHbl MpaKTUYECKas
3HAYMMOCTh, Hay4yHas HOBW3HA IMOJYYEHHBIX PE3yJbTaTOB M JIMYHBIM BKJIAJ aBTOpa
U CCepTaLiU.

B mepBoii riaBe NpOaHATM3HPOBAHO COBPEMEHHOE COCTOSIHHUE MPOOIEMBI

CKUTaHUS TBEPABIX, KUJKUX U CYCIIEH3MOHHBIX TOIUIMB HA TEIJIOBBIX JIEKTPUUYECKUX
craHiusax. OnpeneneHsbl NEPCIEKTUBHBIE YKOJOTMYECKUE PEIICHUS IS MUHUMU3ALUN
Brnusinug TOC Ha okpyxkarouryto cpeny. Ocoboe BHUMaHue yzaeneHo yroiabHbeiM TOC.
OmnpeneneHbl OCHOBHBIE JOCTHIKEeHHMS B obmactu wucciaegoBanuii KOKT, a Takke
npoOJsiembl, caepxuBatoniue pasutue TexHosoruii KXXKT (ocobeHHo mpu BHEApEHUU

MO0I00HOTO TOIJIMBA B MIPOU3BOCTBO TEIIOBOM U dNeKTpudeckoit snepruu Ha TOC).

Bo BTOpoO#l rnaBe mpuBEACHO OMUCAHHWE MCIOJIb30BAHHOTO B JIUCCEPTALIMOHHOM
HCCIICIOBAaHUM CTEHJIa M pa3pa0OTaHHBIX METOJUK PETHCTPAIMU KOHIICHTpaIUi
BbIOpocoB NOy u SO, mipu cxxuranuu yrias 1 KXKT Ha 6aze 0TX070B yriieoOoramieHus
(bunbTp-KEKOB MATH pacpPOCTPAHEHHBIX Kak B Poccuu, Tak u 3a pyoexom Mapok «I,
«I», «K», «CCy», «T») u roprounx xKuakocTeil (MazyTa, oTpabOTaHHOTO TYPOMHHOTO
Macna). Ha puc. 2 mnpuBelneHbl pe3yiabTaTbl SKCIEPUMEHTAJIbHBIX HUCCIEAOBAHUMI,
noATBepxkaaromue cHwkeHue BbIOpocoB NO, u SO, mnpu cxuranun KXT mo

CpaBHEHUIO C yrieM. Takke TpPUBENCHO OINHUCAHUE pPa3padOTaHHBIX METOIHK
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MPOBEJICHUSI  TEXHHKO-dKOHOMHUYeckoro obocHoBanusi (TDO) »sddexkTuBHOCTH
npumenenns KOKT B3ameH TpaauIMOHHOrO TOMJIMBA HA THIHMYHBIX OOBEKTaX
sHepreTuku (kotenbHOM U nByx TOC), paboTaromMx Ha pa3HbIX BUJIAX TOIUIMBA
(TBEpIOM, JKHMJIKOM, Ta30BOM), C Y4Y€TOM OJKOJIOTHYECKUX, DHEPreTUYECKUX U
HIKOHOMUYECKUX XapaKTEPUCTUK M3y4aeMbIX TOILIUB. BrlmomHeHo mnpeoOpa3zoBaHue
TUMAYHBIX CXEM CHCTEM TOIUIMBHBIX XO3SMCTB KoTenbHOM u TOC, paboTaromux Ha
TBepOM (yTojb), >KHUAKOM (Ma3yT) M Tra30BOM (IIPUPOJHBIN Ta3) TOIUIMBAX IS

ncnoap3oBanus KOKT.

B Tperbeil rnaBe AuccepTalMd MPEACTABICHBI PE3YJbTaThl HCCIECIOBAHMUIA,
MOCIIY)KUBIIME OCHOBaHUEM IJisi (POPMYJIHPOBAHUS BTOPOIO, TPETHETO U YETBEPTOrO
3AIIMINAEMBIX TOJIOKEHHW. B wacTHOCTH, A pa3BUTUA BTOPOrO 3aLIUIIAEMOIO
NIOJIOXKEHUSI JTUCCEPTAallMi BBEIAEH B PACCMOTPEHUE OTHOCHUTENIBHBINA I10Ka3aTellb
3 PeKTUBHOCTU (C TOUKHU 3pEHUSI HAU0O0JIEe BAXKHBIX IKOJIOTHUYECKHUX, SHEPreTUUECKUX
U TEXHUKO-DKOHOMHUYECKUX XapakTepucTtwk) wucnosb3zoBanus KXKT B kauecte
ocHOBHOTO Ha TOC c y4eToM IpyMimbl 3HAYUMBIX MapaMETpPOB (TEIUIOTa CropaHus,
pacxoj]l TOIUIMBA, AHTPOIOI€HHbIE BBIOPOCHI, 30JIBHBIA OCTATOK, MAaKCHUMajbHas
TeMIepaTypa TOpEHUsl, MUHUMAaJIbHbIE TEMIEPATYPhl 3aKUTaHUSI, BPEMEHA 3aJICPHKKU

WHULMAPOBAHUS TOPEHUS, IKOHOMHUYECKHUE 3aTPaThl, OKAPOB3PHIBOOE30MACHOCTD):

Lor= [Y 1 QOTH] + [YZ .GOTH] + ['YS .ANOX OTH 'ASOX OTH] + [74 .MOTH] + [YS 'SOTH] + [Y6 .POTH] +

+[Y7 “Norul,
rae y; — BecoBble KOA(D@uiUEeHThl (B TEPBOM MNPHUOIMKEHUH MOXHO POJIb BCEX
MEePEUNCICHHBIX (AaKTOPOB CUMTATh pPaBHO3HA4YHOW, Torma Y=1, i=l...n, tne n —

KOJIMYECTBO YUUTHIBAEMBIX (PaKTOPOB).

JIns pa3BUTHSL TPETHETO 3AIIMINAEMOTO TOJIOKEHHUS JTUCCEPTAlMM PAaCCUUTAHbI
3aTparbl Ha TexHoJormyeckre u3MeHeHusi Ha TOC M KOTEIbHBIX MPU TMEPEXOJie Ha
KOKT. IlokazaHo, 4To OHM OKymaroTcsi B TedeHue 1-3 jer. B kayecTBe THUIMYHBIX
OOBEKTOB DJHEPreTHUKM BBIOpaHBI HEOONbINAss KOTEIbHAs W JBE TEIUIOBBIC
ANEKTPUUYECKUE CTAHIIUH.

JIns  pa3BUTHSL  YETBEPTOrO  3AlIUIIAEMOI0  MOJOXKEHUS  JUCCEpTallUuU

CIIPOTHO3UPOBaHA OTHOCUTENbHAS 3((HEKTUBHOCTH (C TOUKH 3pEHUs HAauOOJee BaXKHBIX
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st TOC OCHOBHBIX DJKOJIOTUYECKHMX, JHEPIeTHYECKHX M TEXHHKO-3KOHOMHUYECKHMX
xapaktepuctuk) TexHonorut KXKT na TOC mpu mmpoxomacmiTabHOM BOBJICUECHUU
OTXOJIOB yryieoOoramieHusi (IJ1aMoB, KEKOB, MPOMIPOAYKTa) B KauyeCTBE OCHOBHBIX
YTOJBHBIX KOMIIOHEHTOB ToIuiMB. Ha mpumepe cxuranus oauHouyHou karumm KOKT
ONpENeNeHbl  OCHOBHBIE  MPHOPUTETHI Il  OOECleYeHHs  MEePCHEKTUBHOCTU
KOMIIOHEHTOB M CYCHEH3MH B LEJIOM: CTOMMOCTb, BpeMs 3aJEpKKU 3aKUIaHUs,
MUHHAMAJIBHAs JIOCTAaTOYHAs TEMIEpAaTypa OKHUCIMTENS, JJIMTENbHOCTh Ipouecca
ropenusi, Terora cropanust KXKT. Meroauka BeiOOpa ONTUMAIBHOTO (C TOYKU 3PEHHUS
HEPreTUYECKUX U SKOHOMHMUYECKHMX Moka3areneil) cocraBa KXKT ocHoBbIBanach Ha
YEeThIpEX MPHUHIMUIIAX: MHHUMHU3ALUMAS CTOMMOCTH CYCIIEH3MOHHOM KOMIIO3ULINH;
MAaKCHMM3alKs TEIUIOThl CrOPAHMS; MAaKCUMU3alUs JUINTEIIBHOCTH IIPOLIECCAa TOPEHUS;
MUHUMH3ALUs BPEMEHU 3aJIePKKH 3aKUTaHUs (MHEPLMOHHOCTH HayalbHOM CTaJuU
TOpEHUs).

B 3aknroueHnu IMOABCACHBI OCHOBHBIC UTOTH JUCCCPTAIHMOHHBIX HCCHGHOB&HHﬁ, a

TaKxe c(hpopMyJIMpOBaHbI COOTBETCTBYIOLIUE BHIBOIBI.
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I''TABA 1. COBPEMEHHOE COCTOSAHMUME ITPOBJIEMbBI C)KUT'AHUA
TBEPJAbBIX TOIIVIMB U OTXO40B UX TIEPEPABOTKH HA T3C

1.1. IIpoOJembl cxkuranus TBepabIX TOIIUB Ha TIC

VYronpHble TemioBbie 3ekTpuueckue ctaniuu (TOC) U KOTeNbHbIE YCTAaHOBKH
3aHUMAIOT YCTOWYMBBIC MO3UIMK B CTPYKTYpPE MHUPOBOTO IPOU3BOJICTBA JHEPTUU
(pucynke 1.1.1). ExxerolHO CTpOSITCS HOBbIE CTAHIIMM U KOTEIbHBbIE, paboTaroliue Ha
yTiie, HECMOTpPs Ha OOJbIIIME HETaTUBHBIC SKOJIOTUYECKHE MocnencTsus. Hanpumep, 3a
MOCJICTHUE JECIATIIICTUS BBIOPOCH B atMochepy CO, yBeTUYIIINCh B HECKOJBKO pa3
[14]. Ha npoTs>keHUM MHOTHX JIET JIWJEpaMU MO 3TOMY INokaszaTento sBisitoTess CIIA,
Kwurait, Uamus, EBpocoro3, Poccust [14]. bonee nomosunasl BeiOpocoB CO, B aTMochepy

MPUXOJIUTCS HA PHEPTreTHYEeCcKue npeanpusarus [14].

O6Lwan ycTaHOBNeHHasn
MowHocTb (MBT)

Poccus
Y 48435

“==, pecnybnuka
- 9 2100

Sy O

Pucynok 1.1.1. YcranoBnennsie MomtHocTr (MBT) yrosibHBIX TEIJIOBBIX

AJEKTPOCTAHLIUM MO BceMy Mupy [54-57]

CornacHo JTaHHBIM MEXAYHApPOJHOTO ’HEepreTudeckoro areHrcrsa B 2018 romy
3aUKCUPOBAaH POCT TMOTpeOieHust yris Ha 1.4%, 4TO BABOE MPEBBICWIIO CPETHUMN
nokazarenb 3a 10 smer [2]. Ilo mporHozam oJisi BBIPAOOTKH DJIEKTPOIHEPTHU Ha

YTOJbHBIX 3neKkTpocTtaniusax B 2040 roxy ymaxet B 1,5 paza x 2018 rony — no 25%,
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OJIHaKO ee abcoyoTHBIA 00beM yBenuuutcs Ha 3% [58]. Ilpu sToM nmaupyroume
nosuniuu 3aHumarot Kwurair, CIIA, Wumusa, Anonms, Poccus m IOxknHas Adpuka

(tabmuma 1.1.1).

Tabnuna 1.1.1. O6bembl moTpedneHus yris [2]

OOBEeMBI TTOTPEOTCHIS .
Cpennauii Temn
Mo Torr: | 0101 o011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | POCTABTOL Y
2007-2017 | 2018
Kurait 17489 | 1903.9 | 1927.8 | 1969.1 | 1954.5 | 1914.0 | 1889.1 | 1890.4 | 1906.7 18 0.9
CIIA 4988 | 4706 | 4160 | 4318 | 4309 | 3722 | 3406 | 3313 | 317.0 49 43
WHus 2904 | 304.6 | 3300 | 3528 | 3875 | 3953 | 4004 | 4159 | 4522 57 8.7
SAnonus 1157 | 1096 | 1158 | 1212 | 1191 | 1199 | 1199 | 1199 | 1175 02 2.1
Poccust 905 | 940| 984 | 905| 876| 921| 893| 839| 880 11 49
1OxHas 928 | 905| 883| 884| 895| 852| 869| 843| 860 0.1 2.0
Adpuka
Bech mup | 3610.1 | 3782.5 | 3797.2 | 3867.0 | 3864.2 | 3769.0 | 3710.0 | 3718.4 | 3772.1 07 1.4

Cpenu CyliecTBYIOUIMX MPOOJIEM CXKUTaHusl TBEpAbIX TommB Ha TOC MOXKHO
BBIJICJIUTh HECKOJBKO. BO-MepBBIX, YXYAIIEHHE SKOJOTUYECKOM O0OCTaHOBKH. Tak Kak
C)KUTAaHUE VI COMPOBOXKAACTCS BBICOKUMHU KOHIICHTPAIIUSIMH AHTPOIOTE€HHBIX
BBIOpOCOB: OKCUIOB cepbl (SOy), azota (NOy) u  yriepona (COy), TBEpABIX YACTHIIL,
JIETYYUX OPraHUYECKUX COCAMHEHHUHN U TsKENbIX MeTtauioB [7,13,59]. B cBoro ouepenb
0o0JIbIlIEe 0OBEMBI OMACHBIX AaHTPOTIOTEHHBIX BHIOPOCOB BEAYT HE TOJIBKO K CEPbE3HBIM
AKOJIOTMYECKUM  TOCJHEACTBUSIM (BBINAJACHUE KHCIOTHBIX JIOKACH, pa3pyllICHHE
030HOBOTO CJios aTMocdepsl 3emiin, yXyIIIeHne KauyecTBa MOYB M MPUPOAHBIX BOJ U
p.), HO TaKXe€ OKAa3bIBaIOT HETaTUBHOE BJIMSHUE HA 3/I0POBBE JIOJICH (YBEIMUUBACTCS
KOJIMYECTBO OCTPBIX M XPOHUYECKUX PECHUPATOPHBIX 3aboieBanuii). Kpome Toro, B
pe3yapTare oO0oTamieHus yris o0pa3yloTcsi MHOTOYMCIICHHBbIE (MWJUIMOHBI TOHH)
OTXOJIbI, CKOPOCTh YTHJIM3AIIUU KOTOPHIX MHOTO MEHBIIIE CKOPOCTH MX OOpa3oBaHMUS.
Bonbiias gacth 0TX00B yrieo0OoTalleHus CKIaIUPyeTcs Ha CIEeIHUATbHO OTBEICHHBIX
TeppuTopusix (OTBajiax). DTO, B CBOK O4YEpellb, TaK)KE€ HETaTUBHO BIUSET Ha
OKPYXAIOIyI0 cpeny. Tak Kak MPOJIODKUTEITFHOE XpaHEHUE 3HAYUTEIBHBIX 00HEMOB
MOAOOHBIX OTXOJIOB, XapaKTEPU3YIOUIUXCS MOBBIINICHHBIM COACPKAaHUEM BPEAHBIX U

OTTACHBIX JIEMEHTOB, MPUBOJUT K 3arpsi3HEHUI0 aTMocdepbl u mouB. Takum oOpazom,
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BO3pPACTAET CyMMapHasi TEXHOT€HHAsl Harpy3Ka NpeAnpUusITHH YroJIbHOW SHEPreTUKU Ha
OKPY’KAIOLIYIO CpENy.

Bo-BTOpBIX, 3amackl yriisi BO BCEM MUPE OrpaHudeHbl. VIcXoas U3 CEerogHsAIIHUX
00BEMOB MHPOBOTO TOTpeONeHUs (C Y4YeTOM HACTOSIIMX 3aMacoB B IMpejaesiax
KOJICOMIOMIMXCSl BEJIMYMH 3alacoB) YIJed XBaTUT mnpubausutenbHo Ha 180 ner.
Crnenyer y4ecTb, YTO CO BPEMEHEM TaK)KE PACTET U MOTPEOHOCTH B AJIEKTPOIHEPTUH.

B-Ttpetpux, ¢ koHma 60-X TOJOB NPOM3OLUIO YKECTOYEHHE TpeOOBaHUU K
3arpsI3HEHHIO CPellbl ra3000pa3HbIMU U TBEPABIMH BHIOPOCAMHU B BHJIE€ 30JIbI U IUIAKOB
TEIUIOBBIMH 3JIEKTPUYECKUMHU CTaHIUSAMU. TakuM oOpa3oM, YBEIMUYEHHUE PacXoJ0B Ha
pElIeHHE 3TUX HKOJOTMYECKUX MpoOsieM (Ha CHCTEMbl Fa300YMCTKH M 30JI0yAaJICHUS
COBPEMEHHBIX TEIUIOBBIX AJIEKTPOCTAHUMW Tenepp mnpuxoaurcs okono 40 %
KaUTAIBHBIX 3aTpaT U 35 % H3KCIUIyaTallMOHHBIX PacXofOB) Hapsay C BO3pOCILIEH
CTOMMOCTBIO CTPOUTEIIbCTBA TaKUX CJIOXKHBIX O00BEKTOB, kak TOC, mpuBeno K
CHIDKEHUIO OJIarONpUsATHBIX MEPCIEKTUB UX PAa3BUTUS C 3KOHOMHUYECKON TOUKH 3PEHUS.
Kpome Toro, Ha cCerogHsIIHUN J€Hb MHOTHE TEIUIOBBIE AJEKTPOCTAHLUMUU JTOCTUIIIU
npeaena MOJASPHU3AluU, KOTOPBIM OINpENeseTcs W3HOCOM MATEPHAIOB KOTJIOB H
TypOUH.

Cnenyer otmetutbh, uto ¢ 2014 [2] HaOmomaeTcss 3aMelJIeHHE POCTa
noTtpebnenus yrisa (tabn. 1.1.1). B mepByto ouepenp naHHBIN (HakT 0O0YCIOBJIEH TEM,
4yTO psin cTpaH, Takux Kurait u CIIA, nouutn 10 onpeaeneHHoro npeaenia B pa3BUTHH
YTOJIbHOW JHEPreTHUKM M OCO3HAJIM OIACHOCThb, KOTOPYIO HECET CHKUTaHUE YISl Ha
TEIUIOBbIX AeKkTpuueckux cTaHiusx (TOC) mias 340poBbsl U KU3HH JIIOJEH, a Takxke
OKPYKaIOIIEH CPEeJIbl B LIEJIOM.

B CIIIA pexopaHbIMU TeMIAaMH 3aKPBIBAIOTCS 3JIEKTPOCTAHIMH, paboTarolue Ha
yrie, U B OnKkaiiiee Bpems 3Ta TeHaeHus He uameHnutcs [60]. Jlomns anexTposHepruu,
MOJTy4Ya€MOW IIPYU CKUTAHWUU YTJIsl, B 3TOM cTpaHe cHusminack ¢ 51 % B 2008 roay o 28
% B 2018 [2,60].

IIpaBurenscTBO KHTast BEAET akTUBHYIO NOJIUTUKY, HAIIPABJIECHHYIO HA CHH)KEHHE
BBIODOCOB MyTEM COKpalleHUsi [J0Jud yriig B 3Hepromnorpedienun [61-63].

OOBsSICHEHUEM JTOMY SBJISIETCS KPUTHYECKOE COCTOSIHHME aTMOC(EpPHOTO BO3AyXa.
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Cornacuo wuccinenosanusMm Institute for health metrics and evaluation ri100aJIBbHOTO
opemenn OosiesHeit (GBD) B aToil cTpaHe HTENbHOE BO3JCHCTBUC 3arps3HEHUS
Hapy>KHOTO M BHYTPEHHEro BoO3ayxa ImpuBeso Kk 6,1 MwmmoHam ciiydaes
MPEXKIACBPEMEHHOM CMEPTH OT HHCYJIbTA, CEPACYHOrO0 MPUCTYIA, paka JIETKHX U
XPOHUYECKUX 3a00J1eBaHMil JIeTKUX [64].

Bonpocam cHuXeHUS KOHIIGHTpAIMii BBIOPOCOB 3arps3HSIONIMX BEIIECTB B
atMoc(hepy SHEPreTUUYEeCKUMU TPEANPHUATHSIMH M TOBBIIICHUS >XU3HEHHOTO YPOBHS
HACEJICHUSI YJIeTAETCS 3HAUUTEIIbHOC BHUMAHHE TaK)Ke U B IPYTMX CTPaHAX MHUPA, TAKUX
kak Muaus, Anonus, Poccus [45,63,65]. OcHOBHAS 1eIb NPEANPUHUMAECMBIX YCUIUN
3aKJIIOYaeTCsl B pa3paboOTKe M BHEAPEHUU HOBBIX OA(PGEKTUBHBIX HKOJIOTHYHBIX

TOIJIMBHBIX TEXHOJIOTHH.

1.2. Ortxoasbl yriieodoramenus 1 He)renepepadoOTKH — OCHOBHbIE KOMIIOHEHTBI
NePCHeKTUBHBIX CYyCIIEeH3HOHHBIX TOIJIMB

3HaYWTeNbHAS OIS JIOOBIBAEMOTO YIS 00OTalaeTcs Npu MOATOTOBKE JUIS
sKcropra. B mporiecce oOoramieHHss KaMEHHBIX YIJIEH TpU CTYIIEHWH YTrOJbHOU
IJIAMOBOM  CYCIICH3MM C  NPUMEHCHHEM  IMOBEPXHOCTHO-aKTUBHBIX  BEIICCTB
(¢pokynsaToB) [30,62,66] 00pa3yroOTCs OTXOMBI, KOTOPBHIE YCJIOBHO MACNSTCS HAa TPHU
BUJA: TPOMIIPOJIYKT, NUIaM, (QWIbTP-KeK. HakorieHHbIe O0BEMBI TaKHX OTXOOB

nepepabOTKU YISl COCTABIIAIOT HECKOJIBKO JECATKOB MUJUIMOHOB TOHH B TroJ (Tabnuua

1.2.1).

Tabmuua 1.2.1. MupoBbsie 00beMbl 0TX010B TepepadoTku yriust ¢ 2007 mo 2019 rr.

(McTmoaIp30BaHkbI JJaHHEIE [2]).

[Totpebnenue yrus, Mt OTxomasl
Tox Kuraii | Ungus | CHIA | Poccus ﬁ?ﬁi’; Asctpanus | Typuus yrne061\(/)[rTa>l1<u CHITL,
2007 | 2821 542 1021 210 187 141 99 602,52
2008 | 2920 581 1018 227 202 140 99 622,44
2009 | 3158 652 904 203 187 144 100 641,76
2010 | 3350 684 954 212 193 133 95 674,52
2011 | 3695 715 910 221 182 128 101 714,24
2012 | 3832 777 807 232 189 127 99 727,56
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[Tponomxenne Tadmuier 1.2.1

[Torpebnenue yras, Mt Otxonpl

Ton . IOxnasg yriieoooramieHus,
Kwuraii | Mupus | CILIA | Poccus Adprixa Agctpanus | Typius M *

2013 | 3969 810 837 207 192 116 84 745,8
2014 | 3837 899 831 199 199 111 97 740,76
2015 | 3770 889 722 222 185 116 93 719,64
2016 | 3718 905 663 215 188 117 107 709,56
2017 | 3732 937 650 225 182 116 112 714,48
2018 | 3770 982 624 234 186 113 125 724,08
2019 | 3860 985 530 234 189 119 111 726,01

* 0auHvie nepecuumanvl 8 COOMEEMCmMEUU CO CPEOHUMU 3HAYCHUAMU 00BbEeMO8 000bIYU
Velisl;, NPUHAMO OOnyuleHue 0 mom, 4mo gopmupyemvie omxoosbl He YMUIUSUPYIOMCS, d

CKILAOUpyIOmcsi

B nocnennee Bpemss B Poccum, Kutae m MuHaum oOcyxaaroTcs BOIPOCHI
BOBJICUCHHUSI B DHEPIreTUKY (PUIBTP-KEKOB KaMEHHBIX yriied [36], akKkymymaupyembie
3arachl KOTOPHIX Ha CETOTHSIIHUNA JCHb COCTABIISIOT HECKOJIBKO JAECSITKOB MUJUIMOHOB
TOHH B roj [36]. ®uibTp-KEeK MPENCTaBIsIET CMECh MEIKOAUCIIEPCHOIO YIJis (pa3Mep
gactuy 10 100 MkM) U BoAel U oOpaszyercs mpu (QuioTauuu KaMeHHOro yris. B
COOTBETCTBUM C 3TUM METOAOM OOOTalleHUs] peai3yeTcs MPOMBIBAHUE YTIOJbHON
HOopoJbl BOJAOM C TPUMEHEHHEM IOBEPXHOCTHO-aKTHBHBIX BELIECTB, a TaKxkKe
JanbHeimas kiaccuukanus yriaeld Ha rpoxoTax ¢ LEbl0 pa3iesieHus Mo (Ppakiusam.
Bona, wucrnonb3oBaHHas i1 MPOMBIBKMA TOPOJBI, TOMAETCS JJIS OCBETJIICHUS B
CHELMATIbHBIE €MKOCTH, B KOTOPBIX MPOUCXOAUT OcaxJeHue vactull yrias. CycneH3us
OTKAUMBAETCSl U HANPABISETCS B JICHTOYHBIE MPECC-PUIBTPHI, B KOTOPHIX MTPOUCXOAUT
ee (QuibTpanus dYepe3 cChenHalibHylt0o MeMOpaHy ((UIbTpPOBAIbHYIO TKaHb) —
peanuzyercs oTxuM. OOpa3yrouuiics B pe3yjbTaTe 3TOro npouecca BiIaXHbI 0CTaTOK
YTOJBHBIX YaCTHUI[ SBIsCTCS (QUIbTp-KeKOM. B  ¢uibTp-kekax, kak u B BVYT,
KOHIIGHTpAIusi yris, Kak mpaBwio, cocTtaBisier 40—60 %, mosTomMy YyBIIa)KHEHHBIE
bunbTp-keku (B TaKOM BHJE OHHM TOJyYalOTCA M XPaHATCA HA OOOTaTUTEIIbHBIX

babpukax) MPEACTABISIIOT YK€ TOTOBBIE K HCIOJB30BAHHUIO BOJOYTOJBHBIC TOIUIMBA

(BYT) [36].
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[Tpumenenue BYT B kauecTBE OCHOBHOI'O TOIUIMBA (HampUMeEpP, BMECTO YIJIS WU
Ma3yTa) HHEPreTUYECKUX MPEANPUSITHNA MO3BOJAECT JOCTUTHYTh HECKOJBKHUX IIEJICH:
CHU3HUTH AHTPOIIOTCHHBIC BHIOPOCHI B OKPYXKAIOIIYIO CPENy, YTHIIM3UPOBATH OTXOIBI
yriaeo0OoramieHusi, OCBOOOJIUTh OOJIbIIME TEPPUTOPUU COOTBETCTBYIOIIUX OTBAJIOB,
CHU3UTh TEMIIbI JOOBIYM YIJIE M pa3pabOTKHM HOBBIX MecTopoxaeHuid. OmHako
BOJIOYTOJIbHOE TOIUIMBO MO3BOJIET PEIIUTh NMEPEUUCICHHBIEC MPOOIEMBI HE MOJTHOCTHIO,
TaK KaKk OHO CYIIECTBEHHO YCTYIA€T YIJII0 U Ma3yTy IO YHEPr€THUYECKUM IOKA3aTEeIsAM
(MenbIIe TerioTa cropanus). K ToMy ke, BO3HUKAET PsII APYTHUX MPOOIIEM, CBI3aHHBIX
C pacciioeHueM (BBINMAICHUEM TBEP/IbIX YaCTHI] B 0CAJIOK — CETUMEHTAIMEN) CYCIIeH3UH,
YTO 3aTpyJHseT TpaHCHOpTUpPOBKY BYT TpyOompoBOAHBIM TpPaHCIOPTOM, HUX
JUTUTEILHOE XpaHEHUWE U moclienyroiiee cxkuranue [36]. Jlnga npenoTBpailieHus
pacciioeHus CYCNeH3WW B Hee J00aBISAIOT KUAKWE TOPIOYHE IIaCTU(UKATOPHI U
MOJIY4altOT TaK Ha3blBa€Mble OopraHoBojoyrosibHble TomuBa (OBYT) [36]. B nenom
TaKOW BUJI TOTUIUB MPUHATO HA3bIBaTh KOMITO3UIIMOHHBIMU skuakumMu (KXKT).

B xauecTBe )XUAKUX TOPIOYMX IIACTU(PUKATOPOB MPUMEHSIOT OTXO bl HEPTIHOTO
MPOUCXOXKJCHUSI, OTJIOKEHHs, O0O0pa3yloluecss TMpU OYUCTKE HEPTENpPOBOJOB U
pe3epByapoB, OTpabOTaHHbIE Maclia pa3IMYHBIX  SHEPrOyCTAaHOBOK, TYypOUH,
JBUTaTeNiel, TpaHchopMaTOpoOB, 00BEMBI KOTOPBIX MUCUUCIISIIOTCS MUJUIMOHAMHU TOHH B
rox [36,37] u TpedyroT yrunuzanuu. CoriacHo [37] B mupe yxke HakoruieHO Ooiee 1
MJIpJI. TOHH He(TEeNUIaMOB U €XeroaHo ooOpasyercs eme 60 miH. ToHH. JKuakue
HepTenpoayKThl, Monaaasl B BOJAOEMbI, TTOUBY, TOA3EMHBIE BOJIbI, HAHOCST OIPOMHBIN
yiep0d okpyxkaromiei cpene [38]. JlocTaTrouHO TMEpCHEeKTUBHBIM DPEIICHUEM JTaHHOM
npoOsiembl siBnisieTcs: co3aanue TOruBHBIX KOKT [36]. Coxuranve TUMAYHBIX KUIKUX
TrOPIOYMX OTXOJOB B HCXOAHOM COCTOSIHUU TpeOyeT JOBOJIBHO OOJBIIUX PECYpPCOB,
omnako B coctaBe KXKT Hedremmambr moryT »h@(EexTuBHO (C TOYKH 3PEHHS
PHEPreTUYECKUX M  DKOHOMHMYECKHUX  XapaKTEPUCTUK)  HUCIOJIb30BaThCA IS
WHTEHCU(DUKAIIMU 3KUTAHUS TOTUIMBHOTO COCTaBa, a TakKKe IS YIydIlIEHUs €ero

PCOJIOTNYCCKUX XaAPAKTCPUCTHUK.
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1.3. HepCHeKTI/IBHbIe IKOJOTHYECCKHUE PCIICHUSA /I MUHHMHU3AIIUA BJINSAHUA

TIC Ha oKkpy:KaOLIYI0 Cpexy

B nactosiiee Bpemsi BO MHOTHX cTpaHax mupa (B yacTHoctd, Kutae, Mnaum,
CIIA, Benukobpuranuu, Poccum, ['epmanuu, Cunranmype) oco0oe BHUMaHUE
yaAeNsieTcss pa3paboTKe U BHEAPECHUIO «IKOJOTMYECKUA YUCTBIX» YTOJBHBIX TEXHOJOTHM
[18,67,68], cpead KOTOPBIX MOYKHO BBIJEIUTH: 1) TEXHOJIOTHIO YIJIABIMBAHHUS H
xpanenus yriepoja (Carbon Capture and Storage (CCS); 2) TeXHOJIOTHIO yJIaBIMBaHUS
u ucnoyibzoBanus yriepoaa (Carbon Capture and Utilisation (CCU). IlepBas u3 3Tux
TEXHOJNOrMid  mpeanosiaraer  yinaBnuBanne (CO, Ha  KpYNHBIX  HMCTOYHHUKAX
(3MIEKTpOCTaHIMK, CTAJIETUTEHHbIE, LIEMEHTHbIE, He(dTe- W Tra3zonepepadaThIBAIOLINE
3aBOJBI U (PaOPUKU), €TO TPAHCIOPTUPOBKY U JaJbHEHIIEe XPAaHEHUE B F€OJIOTHYECKHUX
dbopmanusax (MCTOIIEHHbIE HEPTSAHBIE U TA30BbIE MECTOPOXKICHUS, MUHEPATN30BaHHBIC
BOJIOHOCHBIE TLIACTHI U T. J.). OTyiM4Ke BTOPOM TEXHOJIOTHUU 3aKJIIOYAETCs B TOM, YTO
YJIaBJIMBAEMBIN YIJIEKUCIIBIA Ta3 CIY>XKUT B KA4€CTBE KOMMEPUYECKOTO MPOAYKTa MJIS
MUIIECBOM U XUMAYECKOM MPOMBIIIUIEHHOCTH. [[puMeHeHne JaHHBIX TEXHOJOTUN BEChbMa
s dextrBHO (CKOpOCTh 3axBaTa BbIOpocoB CO, cocrtapisieTr 87100 %) [67]. C Touku
3pEeHHS] SKOHOMHYECKOH BBITO/Ibl, OHU YCTYNAIOT APYTUM METOAAM B CBSI3U C BBICOKUMH
3aTparaMu JHEPTrUM, HEOOXOJUMOW Ha J00bIYy, TPAHCIOPTUPOBKY U TMOATOTOBKY
MUHEpaIOB 1151 yaepxkanus CO,.

Psn  npyrux pabor [69—73], TMOCBSIIEHHBIX KHUCIOPOJHOMY CIKUTAHHUIO
NBUICBUIHOTO  YIJIS, TOATBEPXKIAIOT TEPCHEKTUBHOCTh HCIOJIB30BAHUS  JITAHHOM
TEXHOJIOTUM JJIsl COKPAILEHUs BBIOPOCOB MAapHUKOBBIX Ta3oB (B uactHoctd, CO,) B
atMochepy. CpaBHHUTENIBHBIM aHAJIN3 TMOKA3bIBAET, UYTO MPUMEHEHHE KHUCIOPOIHOTO
CKUTaHUs YrOJbHOM MbUIM TMO3BOJISET HE TOJBKO IepepaboTaTh obOpasyromuiics CO,,
HO TaK)Xe CHU3UTH BHIOpPOCH! okcHioB azoTta (NOy). Tak, Hanpumep, B [69] npuBeacHbI
pe3yabTaThl MOACIUPOBAHUS CKUTAHUS MBIJICBUIHOTO YIUIsl B KUCiopojae. M3aMeHsoch
COOTHOIIICHHE PAa3MEPOB YACTHUIL YTOIHHOU MBLIH (CBEPXTOHKUX — 20 MKM U OOBIYHBIX —
70 MkM). Pe3ynbpTarhl MoKa3aiau, 4TO CMEIIMBAHUE MBUIEBUIHBIX YIJIEH C YacTHIAMU

Pa3HBIX PasMEPOB MOKET IIOBBICUTb HE TOJIBKO IIPOU3BOJAHUTCIBHOCTL T'OPCHHA, HO
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TaKke COKpatuTh BbIOpoCchl NO,. Haunbomnee 3Haunmo maHHbIN A(DPEKT TPOSIBISETCS
IpU YBEJIMYEHUH OTHOILICHUSI KOJHUYECTBA CBEPXTOHKOTO YIisi K YIVIIO OOBIYHOIO
pa3mepa ¢ 30 % no 50 % [69].

Eme oaHuM nepcreKTUBHBIM  METOJOM  CHIbKeHuss BbiOpocoB CO, wu
MUHUMU3AIUU  TpoOJieM, CBSI3aHHBIX C TVIOOANbHBIM TOTEIJICHUEM, SIBISIETCA
COBMECTHOE C)KMTaHWE yIJII W OMoMacchl B KadecTBe TorumBa [74—77]. buomacca
coctaBisieT 10—14 % ot o011ero MUpoBOTo 00beMa TOIUIUBA U SIBJSETCS] YETBEPTHIM I10
BEITMYMHE TJI00aTbHBIM SHEPTETHUECKUM pecypcoM [74]. OmHako mpuMEHEHUE TaHHON
TEXHOJIOTUM CBS3aHO C  PAJIOM  HEJOCTATKOB, HANPUMEpP, JIOPOTOCTOSIIUM
JIOOCHAILICHUEM CUCTEMBI BIIPHICKA TOIJIMBA U HEYCTOWMYHMBBIM MPOLIECCOM TOPEHUS.

B [78] npenyioxkeHo UCIONb30BaHUE B KAYECTBE TOIUIMBA YIJIS, IPOMUTAHHOTO
ruiepuHoM. OcCHOBHOM akieHT B [78] clelaH Ha U3YYEHUU XapaKTEPUCTHUK
MOJIYYEHHOTO0 TOIUIMBA M BBIOPOCOB TIPU €ro CXKUTAaHUM C HCIOJIb30BaHUEM
AKCIICPUMEHTAJIBHBIX M YHUCJICHHBIX METOJ0B. Pesynprarel [78] mokazanu, d4TO
MPOMUTKA TJIMIIEPUHOM CIIOCOOCTBOBAJIa YBEJIMUYECHUIO TEIJIOTBOPHOM CHOCOOHOCTH
yIJi, YJIYYIIEHUIO TOPIOYECTH TMPU HUBKUX M BBICOKHMX TeMIlepaTypax, a TaKxkKe
CHUKEHUIO BHIOpOCOB okcuaoB a3oTa (NOy).

Ha ceropnusimnuii nens B Poccum [79—81] u mHOTMX npyrux ctpaHax [32,82—85]
aKTyaJIbHBIM SIBJISIETCA WCIIOJIb30BAaHUE KOMMO3UIIMOHHBIX KUAKUX TOIUIMB. OCHOBHOM
akieHt npu cozaanun KOKT caenan [86] Ha MCHoJib30BaHWE HU3KOCOPTHBIX YIJIEH,
OPTraHUYECKUX OTXOJIOB U TSKEJbIX HEPTSAHBIX OCTAaTKOB. [IpenmyiiecTBa npuMeHeHUs
JJAaHHBIX BHJIOB TOIUIMB 3aKJIOYalOTCAd B cieayroiieM. Bo-mepBbIX, 3ameHa yrid
KOMIO3UIIUOHHBIM KUJKUM TOIUIMBOM IO3BOJISIET MUHUMHU3HPOBAThH (MPAKTUYECKU
CBECTM K HYJIIO) BBIOPOCHI OKCHAOB CE€pbl M a30Ta NpPHU €ro CXKWUraHuu B padoTe
OPHEPreTUYECKUX YCTAaHOBOK. BO-BTOPHIX, MJaHHBINA MOIX0]] 00ECTICUMBAET PACIIUPEHUE
CBIPhEBOI 0a3bl JjIsl U3TOTOBJICHUS TOIIUB U3 OTXOJIOB M COOTBETCTBYIOIIUX OCTATKOB,
a TakKe TOBBIIIEHUWE TMOJHOThI CrOpaHHusi HHU3KOCOPTHBIX Yyried. B-TpeTbux,
WCIIOJIb30BAHUE OTXOJIOB YIJIeNepepadOTKu (B 4YaCTHOCTU, QUIBTP-KEKOB) M TSIKEIBIX
HEe(PTIHBIX OCTAaTKOB B KauecTBe KOMMOHEHTOB mnpu co3ganuu KXKT cmocoOGcTByeT nx

sbdextuBHON yTHaM3anuu. OCOOCHHO 3HAYUMBIM 3TO MPEUMYIIECTBO CTAHOBUTCA,
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€CJIM IPUHATHh BO BHUMAHUE, YTO YK€ UMEIoLMecs (aKKyMyJIUpyeMBbI€) 3arachl PUIbTp-
KEKOB W3 OTBAJIOB JOCTUIAaIOT HECKOJIBKHUX JECATKOB MUJUIMOHOB TOHH. lIpumeHeHwne
MOJTOOHBIX TPOIYKTOB YIJENEepepadOTKH YCTPAaHUT HEOOXOAMMOCTh MHOTHX CTpaH B
noOpue yras (M pa3pabOTKe HOBBIX MECTOPOXKICHHWM) Ha JUIMTEIbHBIA IEPUOJ
BPEMEHH.

K HacrosmeMy BpeMEHM XOpOIIO H3YyYEHBI IIPOLIECCHl 3A)KUTAHUS U TOPEHUs
BOJOYTOJBHBIX W OPraHOBOAOYIOJBHBIX CYCIEH3MH, BOIPOCHl IPUTOTOBICHUS
MOJTOOHBIX TOIUIMB M UX PEOJIOTUYECKUE XapaKTEPUCTHKH, a TAKKE SKOHOMUYECKUE U
HKOJIOTUYECKUE XaPAKTEPUCTUKU. Pe3ynbTaTel HayyHBIX HccieaoBaHuid (B tabm. 1.3.1
NPUBEAEH KpPAaTKUil 0030p OCHOBHBIX MyOJIMKalLMUA B JTUAUPYIOMIMX MEXIYHAPOIHBIX
KypHajax) JalT ocHOBaHue nonaratb, yTo KOKT gBisitoTcss TOCTOWHOM anbTEepHATUBOU

YIJIIO B Ka4CCTBC OCHOBHOI'O TOILNIMBA Ha TOC u KOTeIIbHBIX.

Tab6numa 1.3.1. O630p OCHOBHBIX HAMPABICHUN pPeaIU3yeMbIX B MUPE MCCIICIOBAaHUN B

obOmactu KXKXT

HcTounuk OCHOBHBIE TOCTKECHUS

3axxuranue u ropeHue

[IpoBenensl MacmTabHBIE AKCIEPUMEHTHI MO CKUTAHUIO B PEXHME
HAaHOKJIACTEPHOI0 MHULMUPOBAHUS MYJIbCAUMOHHOTO ropeHust BYT u
IpPYTUX  HEKOHAMIIMOHHBIX  TomumB.  [lomydyena — oOmupHas
uHpopmaIus 00 0COOEHHOCTSIX MPOTEKAOIMUX (PUIUKO-XUMUYECKUX
IIPOLIECCOB TAaKOTO TOPEHUS B IMPUCYTCTBUU MEPErPETOTO BOMISHOIO
napa.

[87]

[Ipensioxeno pemenne 3aaaun 3axuranus yactuibl BYT B ycnoBusix
paANaIMOHHO-KOHBEKTUBHOTO TEIIOOOMEHAa ¢ BHEIIHEH Cpeaou.
[88] [IpoBeneHo MaTeMaTUYECKOE MOACITUPOBAHUE. Y CTAHOBIICHO BIIUSIHUAE
KOH(Urypalyy 4acTUIlbl Ha BpeMeHa 3aJIep>KKM BOCILIAMEHEHHUS Ha
npuMepe IBYX JOCTATOYHO TUMHYHBIX popm (cdepa u KyO).

OmnpeneneHbl HHTETPAIBHBIC XAPAKTEPUCTUKU 3KUTAHUS M TOPCHHUS
[36,89— | OBYT (MuUHUMAaJIbHBIE TEMIEPATYPhl 3a)KUTaHUS, MAKCUMAJIbHbIC

o1] TEMIIEpaTypbl TOPEHUS, BpPEMEHA 3aJCPKKH 3aXKUTAHHS, BpEeMEHa
TOPEHMUST).

IIpoBeIeHO KOMIIIEKCHOE MCCIEA0BAaHME MPOLIECCOB NOPEHMs Kaleib
BYT B nortoke pasorperoro Bo3ayxa U B IICEBIOOKHUKEHHOM CIIOE.
[IpoBeneH KOMIUIEKCHBIM aHanu3 MOPQOJIOTMH Kamneidb TOIUIMBA U
JVHAMUKU UX TOPEHUS.

[92]

[93] [IpoBeaeHo MoaenMpoOBaHUE MPOLIECCOB UCTAPEHUSI KAEIb KUKOTO



26

[Tponomxkenue Tadmuupl 1.3.1

HcTounuk

OCHOBHBIE TOCTUKECHUSI

3axxkuranue u TOpCHUEC

TOINIMBA, IOJAIOLICIOCA B KaMCpPy CropaHusa C IICCBAOOKHNKCHHBIM
CJIOCM.

[94]

[IpoBeneH aHaU3 MEXaHU3MOB B3aUMOJICUCTBHUS PACHBLICHHOTO
notoka BYT ¢ TCEeBIOOKMKEHHBIM CIIOEM B KaMepe CropaHwus.
VYcTaHOBJIEHBI CKOPOCTH 00pa30BaHUs YIiepOaHBIX (a3 MpU TOPEHUU

BVT.

[63]

HpOBe,ZIeHI)I OKCIICPUMCHTAJIBHBIC  HCCIICAOBAHUA  XAPAKTCPUCTHK
ropCHH:A BOJOYT'OJIBHOI'O TOIINIMBA COBMCCTHO C He(bTHHBIMI/I nriaMamMu
B KaMCPC CropaHus € ICCBAO0KMNKCHHBIM CJIOCM.

[95]

[IpoBeneHn aHanM3 BAMSHUSA YCIOBHM (TeMIepaTypa H BbICOTa
MICEBJIOOKUKEHHOTO CJI0s, CKOPOCTh T'a30B M Ip.) AKCILTyaTallMd Ha
xapakrepuctukn  ropenns BYT B kamepe cropanusa ¢
IICEBIOOKMKEHHBIM ciioeM. [IpoBeneHO MOoAenupOBaHUE CHKUTAHMS
kanenb BYT B ICEBIO0KMKEHHOM CJIO€.

[32]

IIpoBenen anamu3 xapakrepuctuk ropeHuss BYT  (ckopocts
BOCIUIAMEHEHUSI, TeMIieparypa IiaMeHu, d()PEeKTUBHOCTb CropaHus,
KOHIIEHTpAIIMU BBIOPOCOB 3arpsi3HAIONIMX BEIIECTB) C J100aBICHUEM
IIPOMBIIUIEHHBIX KUJIKUX OTXOJIOB.

[96]

[IpencraBiensl pe3ysbTaThl pacnbUICHUA BYT
MMHEBMOMEXaHUYECKUMH (POPCYHKAMH C TOCIEIYIOIIUM CKUTAHUEM
TOIUIMBA B BUXPEBOM MEYM. YCTAHOBIICHBI ONTHUMAJbHBIE Pa3MEpPHI
KareJb TOIUIMBA 1JIs1 UX 3P (PEKTUBHOTO BHITOPAHUSI.

[97]

IIpencraBinena HoBas oneHka cxuranus BYT B BepTukanpHOU
IUKJIOHHOM TOIMKE C XHUAKUM MNUIakoyaaieHueMm. [IpoBeneHn ananus
BJIUSHHUS COOTHOIICHHUS KOMIIOHEHTOB BO3JYX/TOIIMBO, CXEMBI
pacmpeneneHuss BO31yXa, TEIMJIOBOM Harpy3kKd TOIKM KOTJa Ha
JTUHAMUKY TOPEHUSI TOTLINBA.

[98]

[IpuBeneHsl pe3ynbTaThl UCCIECIOBAHNS OCHOBHBIX 3aKOHOMEPHOCTEU
Y XapaKTEPUCTUK MPOLECCOB HU3KOTEMIIEPATYPHOTO MHULIMMPOBAHUSA
TOPEHHUS] OJMHOYHBIX Kallellb OPraHOBOJOYTOJBHBIX TOIUIMBHBIX
KOMIIO3ULIMMA B MOTOKE OKHUCIIUTEIS. Y CTAaHOBJIEHBI 3HAYEHUSI BPEMEH
3aIEpKKU  32KWTAHHUSI WU TIOJHOTO CrOpaHus OJWHOYHBIX Karllellb
OpPraHOBOJOYTOJIBHBIX ~ TOIUIMB  PA3JMYHBIX  COCTAaBOB  IIPH
BAPBUPOBAHUM TEMIEPATYPbl MW CKOPOCTH IIOTOKA OKHUCIWTENS B
IIMPOKOM  JMAaIla3oHe, BHAA M KOHLEHTPALMN HCIIOJIb3YEMBIX
KOMIIOHEHTOB.

[99]

N3noxeHsl pe3ynbTaThl KCCIENOBAaHUST OCHOBHBIX XapaKTEPUCTHK
WHUIMUPOBAHUSI TOPEHUS YacCTUIl KOMIIO3MIIMOHHOTO >KHUJKOTO
TOIUIMBA IIPU BUTAHUU B MOTOKE Pa30rpeTOro BO3/yXa B MOJAEIbHOMI
kamepe cropanus. OmnpenesieHbl HEOOXOAMMbIE U JIOCTaTOYHBIE
YCJIOBUS JJIsl peanu3aluuu BUTaHus u 3axkuranus yactun KOKT,
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[Tponomxkenue Tadmuupl 1.3.1

HcTounuk

OCHOBHBIE TOCTUKECHUSI

3axxkuranue u TOpCHUEC

MIPUTOTOBJICHHBIX HA OCHOBE MEPCIEKTUBHBIX KOMIIOHEHTOB U3 YUCIIA
OTXOJIOB yTiie— U HeTenepepadOTKU. Y CTAHOBJICHBI BA YCTOMYHUBBIX
pEe)KHMa BUTAHUS U 3AKUTAHUSI B KAMEPE CTOPaHMUSL.

IIpuroroBiieHue CyCrieH3Ui, CTA0UIBLHOCTb, PE0JIOTHYECKHE
XaPAKTEePHUCTUKH, pacliblJIeHHe

[100]

PaccMoTpeHbl BOIIPOCHI BBICOKORHEPIETHUECKOIO BO3JCHCTBUS Ha
yroJib B IIPOLIECCE MPUTOTOBJIEHUS MBUIEYTOJIBHOIO ToIuMBa U BYT, B
YAaCTHOCTH €ro IoMOJa Ha IIapoBod OapaOaHHOW MENbHUIE, H
MOCJIEAYIOIErO JTOU3MEIBYEHNS C IOMOIIBIO JE3UHTErpaTopa WU
MPOBEICHMS KAaBUTALIMOHHON 0O0paOOTKH BOJOYTOJBHON CYCIIEH3HUHU.
Ob6a MeToga MO3BOJSIOT IOBBICUTH JAMCIEPCHOCTh yriid. JlaHo
(u3nuecKkoe 00bSICHEHUE MOJYUYEHHBIX PE3yJIbTaTOB.

[101]

ITomyyeHa romoreHHas TOIUUIMBHAsA CYCIEH3UM (HAa OCHOBE YIJis) C
BBICOKOM KOHIIEHTpalueil TtBepaoro BemiectBa (65-70 macc. %) u
HU3KOM Bs3KOCThIO (mopsiaka 1 Ilac) ¢ mpuMeHEHHEM pa3IMYHBIX
CMAYMBAIOIINUX ar€HTOB U JIUCIEPTaTOPOB.

[102]

[IpoBeneH aHaM3 BIUSHUS MOJMKAPOOKCUIIATHBIX JUCIEPTaTOPOB Ha
peosiorndeckue cBorictea BYT.

[103]

PazpaboTtanbl METOABI HCCIEIOBAHHUS JUHAMUKH TOPEHUS W
razudukanuu otnenbHbix Kamneinb BYT. C npumeHeHueM a3epHOro
HAarpeBa YCTAHOBJIEHBI: TEPMOMETPUYECKAsA, MNHUPOMETPUUYECKAA U
KOHICHTPAIIMOHHAS JUHAMHUKA OJIHOKAIEJIIbHOTO CXWUTaHUS, IOJIHOE
BpeMsi TOpEHHMs, JJIUTEIIBHOCTh TEMIIEpaTypHbIX (a3 ropeHwus,
TEeMIlepaTypa BOCIUIAMEHEHHUS, CKOPOCTH Ta3u(UKAINK TTPOTYKTOB
CrOpaHusl.

[92]

[TpoBenéH KoMIUIEKCHBIN aHanu3 Mopdonoruu kamens BYT.

[104]

[IpoBeneH aHanu3 BIMSHUS KOHLEHTPALMU YTJIA, KUCIOTHOCTH
cycnensuu (pH of mixture), pa3nuuHbIx 100aBOK U 3JIEKTPOJIMUTOB,
M1aCTU(UKATOPOB U TEMIIEpaTypbl Ha BI3KOCTh U PEOJIOTHYECKUE
xapakrepuctuku BYT.

[105]

[TpoBeneHo WCCJICIOBAHUE  PCOJIOTUUECKHX  XaPaKTEPHUCTHK
BOJIOYTOJIFHOTO TOIIJIMBA HA OCHOBE YIJIEH Pa3iMyHOW 30JbHOCTH C
MIPUMEHEHUEM HOBOM TEXHOJIOTHU MUKPOBOJIHOBOU 00PabOTKH.

[106]

[IpoBeneH aHamu3 BIWMAHUSA PACIPENCIICHUS PAa3MEPOB YIOJbHBIX
YacTHUI] Ha peoJiorudyeckue xapakrepuctuku BYT Ha ocHOBe yriei
pa3IMYHON CTETeHn MeTaMopdu3Ma.

[107]

[IpoBeneH aHanu3 BAUSHUS psia MapaMeTpoB (CTENCHb KapOOHU3AIUN
yIJisd, XUMUYECKUM cocTaB (Bjara, 30JIbHOCTh, JETy4HUe, KUCIOPO/I,
yTJIepOa U Tp.), TOBEPXHOCTHASI XUMHUS (CMaurBaeMOCTh, aJICOPOITUs 1
p.), pacrpejereHue 4acTHIl 1o pa3Mepam U 1p.) Ha cBorictBa BYT.

[108]

HpOBe)ICH aHaJIn3 BJIIMAHUA XUMHYCCKUX AUCIICPTaTOPOB U
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[Tponomxkenue Tadmuupl 1.3.1

HcTounuk

OCHOBHBIE TOCTUKECHUSI

IIpurorosiieHue cycneH3ui, CTadMIbLHOCTh, PE0JIOrHYeCKHUe
XaPAKTEePUCTUKH, paciblIeHHe

cTabuiau3atopoB Ha peojoruueckue cpoiictBa CWS  (BSI3KOCTS,
CTAOMJILHOCTB U TIP.).

[109]

[IpoBenen cuHTE3 HOBOT'O BHICOKOA((PEKTHUBHOIO AMCIEpraropa s
BVYT na ocHOBe 111€7J0YHOTO JIUTHUHA ITIIICHUYHON COJIOMBIL.

[110]

[IpoBeneHn aHanu3 BIMSHUA psfa MapameTpoB (BHA W KOHIICHTPAIMS
n00aBOK, pachpelieieHHe YroJbHBIX  YacTHI[ [0  pa3Mepam,
KOHIICHTpAIUsl TBEPJbIX KOMIIOHEHTOB) Ha PEOJIOTMYECKUE CBOMCTBA
BYT. B kadectBe kommoHeHTOoB BYT wmcmonp3oBagnchs HOBBIC
pa3paboTaHHbIC AHMOHAKTUBHBIC I00aBKHU.

[111]

Y CTaHOBJICHO BIWSHHWE HEMOHHOTO IUcIiepraropa (MOJMOKCHITHIICH
cOpOUTAaHMOHOOJIEAT) HA YTOJbHbIC YacTHUIlbl B cocTaBe BYT.

[42]

[IpoBeneH aHanu3 BIUSHUA TMOPUCTOCTU (PPAKTATBHOU CTPYKTYPbI
ceepxToHkoro KJXKT Ha ero peonoruyeckue XapakTEpUCTUKHU
(BSI3KOCTBh, CKOPOCTh CJIIBUTa) M JMHAMUKY TOpeHus (Temmeparypa
BOCIUIAMEHEHUSI, DHEPTUsl aKTUBAIUN).

[112]

[IpoBenen ananu3 nedopmaruu u pacnana kamneias BYT. Beimonneno
CPaBHEHHE JKCIIEPUMEHTAIBHBIX PE3YJBbTATOB C Ppe3yibTaTaMu
MOJIEJTUPOBAHUS.

[113]

[IpoBeneH aHanu3 BIUSHUS OPraHUYECKHX PACTBOPUTENIEN Ha
PEOJIOTUYECKUE U TEPMUYECKUE CBOMCTBA BOJOYTOJBHBIX CYCHEH3HM.

[114]

[IpencraBneHbl pe3yJIbTaThl YHCJICHHOTO MOJICTTUPOBAHUS
BTOPUYHOTO Pa3pyIICHUS KalleJlb OPraHOBOJIOYTOJbHBIX KOMITO3UIIHHN.
Y cTaHOBIIEHBI PEKUMBI Pa3pyIICHUs Kaneiab B 3aBUCUMOCTH OT YHCIIa
Bebepa, Bappupyromierocs ot 7 go 212.

JKoJIOru4YecKue XAPAKTCPUCTUKH C)KUT'aHHUA

[115,116]

YcTaHoBIeHBI XapakTepHble KOHLIEHTpauuu BeioOpocoB NOy u SOy npu
C)KUTaHMM KaMEHHBIX YIJIeW, OTXOIOB YyrienepepadoTku ((PpuiabTp-
kekoB), BYT u OBYT Ha ux ocHoBe.

[117]

Y CTaHOBIIEHBI  XapaKTEPUCTUKH  BBICOKOTEMIIEPATYPHOTO MOTOKA
IBIMOBBIX ~ Ta30B, oOpasyrwomuxcs npu coxkuranuu BYT B
BEPTUKAJIBHOM IMKIOHHOM TOINKE C JKUJIKAM LUJIAKOYJIAJICHUEM
MpUMEHEHWEM  JBYMEpPHOro  MeToja  [Hu(poBON  TpaccepHOM
BU3YyaJIU3alUU.

[32]

VYcranoBnensl XxapakTepHble KoHueHTpauuun SO, u NOy npu
cxuranund BY T ¢ noGaBieHreM IPOMBIIIICHHBIX KUIKHX OTXOJIOB.

[63]

VYcTaHOBIIEHBI XapaKTEepHbIE KOHIEHTpauu BbiOpocoB SO,, NO,
30JIbHOTO OCTaTKa U JIETy4YeH 30J1bI, 00pa3yomuXcsl MpU COBMECTHOM
ropeaun BYT wu HedTaHBIX OUIAMOB B Kamepe CropaHusi ¢
IICEBAO00KUKEHHBIM CIIOEM.

[118]

HpOBCI[eH aHaJIn3 HpO6J’I€MBI HCIIOJIB30BaHUA BOAOYT'OJIBHOTO
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[Tponomxkenue Tadmuupl 1.3.1

HcTounuk

OCHOBHBIE TOCTUKECHUSI

JKoJIOrHIYeCKHe XAPAKTCPUCTUKH CKUTAHUA

TOIINIMBA B JHCPICTHKEC, OIPCACIICHBI IICPCIICKTHBHBLIC 00J1aCTH €ro
IIPUMCHCHMA.

[119]

PaCCMOTpCHI)I BOIIPOCBHI OpraHu3aliy CXKUTAHHUA BOAOYTI'OJIBHBIX
CYCHGHBI/II‘/’I Pa3JIMYHBIX THUIIOB Ha IIbUICYI'OJIBHBIX KOTJIAX TCIIJIOBBIX
QJICKTPUICCKUX CT&HHHI?I. HpI/IBCI[CHI)I PCKOMCHOAIUHU 110 YIIYHIICHUIO
OKOHOMHUYCCKHUX MU OKOJIOTHYCCKHUX HOKaBaTeJIeﬁ, a4 TaK)KC ITIOBBIINICHUIO
HaJCKHOCTHU TOIIOYHBIX YCTPOﬁCTB H KOTJIa B ICJIOM.

[120]

[IpoBeneH aHamu3 MPOLIECCOB CKUTAHUS OCAaJKOB CTOYHBIX BOJ
COBMECTHO C YIJIEM M JpPEBECMHOM B KaMepe CropaHus C
HUPKYJIHPYIOIIUM  KUIIAIIAM ~ CJIOEM. Y CTAaHOBJIEHO CHUXKEHHUE
BBIOPOCOB OKCHJIOB a30Ta U CEpHI.

[121]

[IpoBeneH aHaiM3 TIPOIECCOB CKUTAHUS TIICHUYHOW  COJOMBI
COBMECTHO C yTJIEM B TOIIKE C MCEBIOOKMKEHHBIM ciioeM. CKuraHue
JAHHOTO TOTUIMBA MPUBEIIO K CHUX)eHUIo KoHIeHTpauit NO, u SO, B
BBIOpOCax.

[97]

VYcTaHoBJIEHBI XapaKTepHbIE KOHIEHTpanuu BbiOpocoB NO, mpu
W3MEHEHUH COOTHOIICHUS BO3IYX/TOIIUBO.

[122]

BrITTOHEHBI  AKCIIEPUMEHTAIBHBIC HCCICAOBAHHUS JKOJOTHUECKHUX
XapaKTEPUCTHK TOPEHUS CYCIICH3WOHHBIX TOIUIUB W3 OTXOJOB
yrienepepaboTku ¢ gobaBkamMu  OMOMacChl. Y CTaHOBJICHBI
TEOPETUIECKHE 3aBUCUMOCTH KOHIICHTpaIit ra30BbIX
AHTPOITIOTCHHBIX BBEIOPOCOB OT TEMIIEpPaTyphl B KaMmepe CTOpaHHS,
croco0a MPHUTOTOBJICHMSI, KOHIICHTPAIIUA W THUTIA OCHOBHBIX TOPIOYUX
U HErOpIOYMX KOMIIOHEHTOB, KOHIIGHTpAallMM # TUMa J00aBOK
PACTUTEIHHOTO MPOUCXOKICHHUSI.

TexHoJsiorun npuroroBJieHust U c:kuranus KoKT

[123]

[larenr ©Ha wu300peTeHUe, OTHOCAIIEECS K  DHEPreTHKEe U
MpEIHA3HAYEHHOE JIJIs pacnbUIMBaHUs xKujakocterd u BY'T.

[124]

[laTeHT Ha M300peTEeHHE, OTHOCAILEECS K YCTPOMCTBAM ISl CKUTAHUS
KUAKOTO TOIJIMBA, B TOM YHCIE€ BOAOYIOJBHOTO B Ppa3IMYHBIX
KOTEJbHBIX YCTAHOBKAX MPOMBIIUICHHONW TEIJIOOHEPTEeTUKH U APYTUX
TEMJIOTEHEPUPYIOLIUX CUCTEMAX.

[125]

[laTeHT Ha TONE3HYIO MOJENb, OTHOCSIIYIOCSA K crocodam
npurotoBiiecHuss BYT miga  ero  mociemnyromero  CoKUraHus.
TexHH4ecKkuM  pe3ysNbTaTOM IPEAJIAaraéMol  IOJE3HOM  MOJIEINH
SABJSCTCA  CO3JAaHHE TMPOCTOM TEXHOJOTHYECKOW JIMHUKA  JJIS
npurotoBiiecHuss BYT w  ero  cxkuranus,  IO3BOJSIOLIEH
MHHUMM3HUPOBATh 3HEPro3arparsl Ha npurorosiieHne BYT, ¢ Hu3kou
ce0eCTOMMOCTBIO U MIUPOKOH chepoil MPUMEHEHHUS, U TPOBOJUTH €0
CKUTaHUE C MUHMUMAaJIbHBIMU BHIOPOCAMU BPETHBIX BEIIECTB.

[80]

PaccmoTpensl mpuMepbl ONBITHO-IIPOMBIIUIEHHON pean3alnuu
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[Tponomxkenue Tadmuupl 1.3.1

HctouHuk OcHOBHBIC JOCTHIKCHUA

Texnonoruu npurorosJieHus u cxuranus KoKT

TEXHOJIOTUH (baKCJ'IBHO-KaHCJ'IBHOFO CXKUI'aHUs BOI[OYFOHBHOﬁ CMCECHU B
TOIIKax HaJl CJIOCM IropAIICro yrisi 1 B BHXpGBOfI TOIIOYHOM KaMcCpc.

BeinmonHeHbl  WCCAENOBaHUSA 1O  TEXHOJOTMHM  MPUTOTOBJICHUS
BOJIOYTOJIbHOTO TOIUIMBA M ero cxkuranus. PaszpaboTaHo HOBoe
obopynoBanue s ATUX 1ened. I[lpuBeseHbl TpUMEpHl OIBITHO-
IIPOMBIIJIEHHOTO UCITOJIb30BaHus TeXHOoTuu BYT.

[126]

IIpoBeneHO 0O00CHOBAaHUE TEXHUYECKUX M TEXHOJIOTMUYECKUX PELEHUM
PEKOHCTPYKIMU NApOBBIX KOTJIOB MAJION MOIIHOCTH C NEPEBOIOM KX
Ha coxuranue BYT. OcymiecTBieH BBIOOp METOAUKHA PACUETOB U
MPOEKTUPOBAHUS KaMEPbl TOPEHMS, KaMEpbl OXJAKIEHUS U JIPYTUX
MoBEepXHOCTEH HarpeBa komia. (CocCTaBleH TEIUIOBOM OajaHc
PEKOHCTPYHPOBAHHOIO KOTia, padoraromero Ha BYT. IlpoBenena
TEXHUKO-DKOHOMHYECKAasi  OLICHKAa TaKOM  pPEKOHCTPYKUUH U
IPOAHAIU3UPOBAHO N3MEHEHHE IKOJIOTUYECKHUX XAPAKTEPUCTHUK.

[127]

Pa3zpaboTana u npejuioxkeHa HOBasi cxema BUXpeBOro cxuranus BYT
B DJHEpreTudyeckux Koriaax. C(CxemMa oO0OCHOBaHa MPOBEACHUEM
o ipoOHOT0 MaTeMaTUYECKOT0 MOJICITUPOBAHUS TOMOYHBIX MPOIIECCOB
Ha npuMepe razoMa3yTtHoro kotiaa [1-56I'M u kotina BK3-75-3905b.

[128]

[IpeacraBineHo 0OOCHOBaHHWE MPUMEHEHUS HU3KOTEMIIEPATYypPHOro
BUXPEBOTO  cmoco0a CXuraHus Uil [epeBojJa KOTJIOB Ha
[129] ucnoab3oBaHue BogoyrosibHoro TormBa (BYT). PaspaGotana
TEXHOJIOTHS €TO CKUTAHUS B BUXPEBOU TOIKE Ma3yTHOro koria JIKBP

6,5/13.

[IpuBeneHbl pe3yabTaThl aHaiu3a JIaHHBIX 10 HCHOJIb30BAHUIO
[130] PAa3IMYHBbIX TEXHOJOTMM MPOU3BOJACTBA U CHKUTAHUSI BOHAOYTOJIBHOIO

TOIJINBA.

Takxe NDpeanpUHUMAIIACH TONBITKKM TMPOBEACHHUS TEXHUKO-DKOHOMHYECKUX
pacyeToB, OCHOBAHHBIX HA PEAbHBIX MPOEKTaX MOAEPHU3ALUU (PYHKIHMOHUPYIOLIUX
PHEPreTuYecKux 00bekTOB. CliemyeT BbLACIUTh UccienoBareneit OpunnaukoBa 10.B.,
boiiko E.E., Jlyuenko C.B. B uactHOCcTH, u3BecTeH 3()PPEKTUBHBIA MHHOBAILIMOHHBIN
MIPOEKT IO TIEPEBOIy ra3oMa3yTHOU KoTeiabHoM (T. [TaBnogap, pecmyOnmka Kaszaxcran)
Ha CKUTaHUE HMCKYCCTBEHHBIX KOMMO3UIMOHHBIX xuakux TommmB (MKXKT). B xone
pacueroB BbIOpaH coctaB MKIKT, pa3paboTaHbl MpPOEKTHBIE pEIICHUS IO
nepeoOOpPyIOBaHUIO KOTEIbHOM C Y4YETOM CYIIECTBYIOIIETO M JOMOJIHUTEIHLHOTO

obopynoBanusi. I[lpemynoxkeHpl CcrnocoObl TPOU3BOJCTBA U CXKWUTAHUS —TOIUIMBA,
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texHonornyeckass JuHus npurotoieHuss MKIKT. IlpoBenen pacuer croumoctu
000py10BaHUSs, BXOSIIETO B TEXHOJOTUYECKYIO TUHUIO MO MPOU3BOJICTBY U CKUTAHUIO
TOIIMBA. BBIMONHEHA OIIEHKa CTOMMOCTH BCEil pabOTHI B IEJOM M IMPOBEIEH pacyeT
3G ()EKTUBHOCTH JTAHHOTO MHHOBAIIMOHHOTO IMPOEKTAa, B PE3YJIbTaTe KOTOPOro clejaH
BBIBOJ, O €ro BBICOKOW KOMMEpPYECKON MPUBIIEKATEIBHOCTU: CPOK OKYIaeMOCTU
coctaBun 1,82 roma, wmHaekc goxona 3,26. lcciemoBaTenssMu BBIIOJHEH pacyeT
MHHOBAI[MOHHOTO MpoekTa 3aBoja 1o npousBoactsy MKXKT, koTopslil Takke okazaiics
BECbMa IMPHUBJICKATENbHBIM JJIs MOTEHUUAIbHBIX HHBECTOPOB (CPOK OKYIA€MOCTH
coctaBuiI 2,6 roaa, unjaekc noxona 2,4). Takum obpasom, ucnoibzoBanue MKXKT B
KAaueCTBE TOIUIMBA B TEIJIOOHEPIETUYECKUX YCTAHOBKAX TEXHOJIOTMUYECKH OCYIIECTBUMO
U He TpeOyeT 3HAUUTENIbHBIX U3MEHEHUI B cxeMe Mpou3BojcTBa. CoriacHO pacueram
KAl TAJIOBJIOKEHNS B MOJIEPHU3ALMIO TEINIOIHEPreTUUECKUX YCTAHOBOK IIPU MEPEBOJIE
nx Ha HUKXKT okynarorca 3a 2-3 roaa, a MHAEKC JOXOOHOCTH OT OCYIIECTBICHUS
no00HBIX TpoekToB paBeH 2-3. Taxxe OBunnnukoBbiM 0.B., boiiko E.E., JIynienko
C.B. cnenano 3akmouenue o tom, yto BHeapenne MKOKT B mpakTuky nenecoo6pasHo
HAaYMHATh ¢ OOBEKTOB MaJOW YHEPreTUKH MO MPUYMHE MEHBIINX KAIUTAIOBIOKEHUA U
BBICOKOM 000payrBaeMOCTH KaluTaia.

Texnonoruu ucnonb3oBanus KOKT B3ameH HePTEenpoIyKTOB NOJYyUYUIIA aKTUBHOE
pacnpoctpadHenue B Havyaie 70-x ronoB XX Beka B Kurae, SAnonuu, Iseunu, CIIIA u
JIPYTUX CTpaHax BO BpeMsi MUPOBOTo «HedTsaHOTrO Kpusucay [46]. B HacTosiiee Bpems
HanmOoJiee aKTUBHO JaHHbIE TEeXHOJIOTMHM pa3BuBaioTcs B Kurtae m fAnonun. Tak, B
OOJBIIMHCTBE KPYMHBIX ropoaoB Kurtas 3ampeieHo CTpOUTENbCTBO M 3KCILTyaTalus
yroiabHbix KOTenbHbIX U TOC. Kpome Toro, mpaButenbctBO Kutas paszpaborano
porpamMmy, HaMpaBJIEHHYIO HAa MO3TAIHbIN NEPeBO MPEANPUATHI ¢ HeTerazoBoro Ha
BojoyroibHoe TorunBO. Ceromuss Ttematukoir BYT B Kurtae 3anumarorcs Ttpu
MCCIIEIOBATEIIbCKUX LEHTpPA, co34aH [ocyaapCTBEHHBIM LEHTP BOAOYIOJBHBIX
TEXHOJOTHM, paboTaloT mecTh 3aBoAoB 1o npousBojacTBY KIXKT, a Ha koTenbHBIX U
anektpoctaHuusx npu cxxuranun KOKT npousBoautcs 1o 2 muH. kBT snepruun. K 2020

rojy B 3TOW cTpaHe miaHupyetrca noectd mpouszBoAcTBo KOKT no 100 mMaH. TOHH B
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roa. Kpynneimmmu npoexkramu 1no BHeapenuto KOKT, peamuzoBanneiMu B Kurtae,
apisitorcst TOC B ropogax MaomuH, [lansToy, 136100, Kuuxao, Tunrmao [46].

Kopnopanus Mitsubishi B Slnonuun pazpaboTana NpOMBINIIEHHYIO TEXHOJIOTHIO
MPOU3BOJICTBA M CHKUTaHUS YIrOJbHO-Ma3yTHeIX cycrnensuid. C 1985 r. Ha
anexkTpocTtaHuun B I. KOkocaka Takoe TOIUIMBO MCIHOJB3YIOT B JIBYX arperarax
MOIIHOCTBIO 265 MBT kaxnapeii. B r. Hakaco mnpoBeieHBl HUCTBITAHUA YCTaHOBKHU
MOITHOCTRIO 7,5 MBT, notpebmstomnieit 3,2 1/4 ToruBa. VMcnpITaHbl TakKe arperarsl
mormmHOCThIO 60 m 100 MBT ¢ morpebnennem BYT mo 21 1/4. Pan TOC Snonun
npUMOpPCKOro Oa3upoBaHMs, Ha KOTOPBHIX MpOBEJcHAa HEO0OXOaUMas MOJIEpPHU3ALIMS
CUCTEM C)KHMraHus W 3osoynainenus, ucnoib3dyer KIKT B mpombineHHOM Maciirade.
Cxkuranne KIKT nmpousBoasiT COBMECTHO C Ma3yTOM B OCHOBHOM B HOYHOE BpEMs WIIN
4yacbl 3HAUUTENIBHOrO CHIKEHUS Harpy3ok. IIpomsBomst KIKT B Kurae wus
00O0raIieHHOTO YIJIS U IOCTaBJISIIOT B AMOHUIO TAHKEpAMH.

OneIT nepeBojia 3HepreTuyecknx ycranoBok Ha cxxuranue KOKT B Poccuu He Tak
Macmtabed u ycnemeH. OnbeiTHO-ipoMbinuieHHoe cxkuranue KOKT mposeneno B 80-x
roJax MNPOILIJIOr0 CTOJETUS B PAMKax KPYIHOW MEKOTPACIEBOM IPAaBUTEIbCTBEHHOU
nporpammbl Ha koTiiax [IK-40 benosckoit I'POC u TII-35 Mun-Kymckonn TOLI.
BrinonHeHHbIE HA ATUX KOTJIaX UCIIBITAHUS MOJT PYKOBOACTBOM K.T.H. XuaustoBa A.M.,
JxyanybaeBa A.K., OcunneBa B.B. mokazamu, 4To mepexoji OT IBLICYTrOJIBHOTO K
CYCHEH3UOHHOMY C)KWIAHHMIO CONPOBOXKIAJICA  YBEIWYEHHEM JUIMHBI  y4acTKa
BOCIUIAMEHEHUS W CHWKEHHMEM €ro TEMIEPaTypHOTO YPOBHS.  YBEJIMYEHUE
JUIUTEIBHOCTH TPOLECCa BOCIUIAMEHEHHSI MPUBOJUIIO K 3aTATMBAHUIO BBITOPAHUS
yroabHbix yactull KXKT, noBeilieHUI0 TeMnepaTypbl MPOAYKTOB CrOpaHUs Ha BBIXOJE
M3 TONKHA U 32 KOTJIOM, COBOKYITHOMY YBEJIMYECHUIO MOTEPh TEIUIOTHI C YXOIAIIMMU
ra3aMy 1 MEXaHHM4YeCKUM HeJloskorom torummaa [130].

ITo pesynbratam ucnbeitanuid KoTiaoB [IK-40 u TII-35 ma KXKT npussT npoekt
kotia TIIE-214 HoBocubupckoit TOLI-5, npeaycmaTprBaronifii HIOMHUMO €T0 OCHOBHOM
paboThl Ha TBHUICYTOJLHOM TOIUIMBE BO3MOXKHOCTh CHKHTAHUS CYCIIEH3MOHHOTO
cxkuranus. 3a mnepuox ¢ 1989 r. mo 1997 r. mo TpyOOnmpoBOAY MHOCTABICHO Ha

Hogocu6upckyio TIII-5 okomno 350 teic. M° BYT. Cxuranne KXXT B KOTie IpHBeso K
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HEOOJIBIIIOMY CHUXEHHUIO MOTEPh TEIJIOThl C YXOIALUIMMHU Ta3aMu U JOMOJTHUTEIbHBIM
IIOTEPSAM HA KOMIIPECCHIO BO3/1yXa, OJHAKO ITO3BOJIJIO YIIYYIIUTh JKOJOTMYECKHE
[IOKA3aTeNM KOTJIa W CHU3UTh CTOMMOCTH TOILIMBA. B mociexgyromeM B CBA3U C
nepeBogioM KoTioB benoBckoit I'POC Ha HOBYIO »3KoNOrMdeckd Oosee YHUCTYIO
TEXHOJIOTUIO C)KUTAHUSA YTOJABHOM NBUIM OT JK30TEPMHUYECKOW YTHUIM3AalUU IuIama
OTKAa3aJIiCh.

Texnonorus cxuranus KXT mo cpaBHeHUIO € TpaJulIMOHHBIMU CIIOCOOAMU
C)KUTaHUs YIJII MMEeT psj npeumyuiecTB [126]: BOBIIeUEHME YTOJIBHBIX MIJIAMOB M
OTXOJI0B YIJIeOOOTallEHUs; YACTUYHAsI WM TIOJHAs 3aMEeHa JI0POrOCTOSIIEro Ma3zyTa U
IpPYrUX  YIJIEBOJOPOAHBIX  TOIUIMB,  CHW)KEHHME  CEOECTOMMOCTH  €IMHMIIbI
BbIpa0aThIBAEMOM TETUIOBOM YHEPTUM (B 3aBUCUMOCTH OT COOTHOIIICHHUS 1I€H Ha YTrOJib U
JpyTU€ SHEPrOHOCUTENN); IMOBBILIEHUE B3PBIBONOKAPOOE30NaCHOCTH; BO3MOKHOCTh
TPAaHCHOPTUPOBKUA MO TPyOONpPOBOJAM; CHMKEHHME OSKCIUTyaTallMOHHBIX 3aTpar MpU
XPaHECHUH, TPAHCIIOPTUPOBAHUU U CKUraHuu BYT 110 cpaBHEHUIO C yIrieM; CHUKEHUE
KOHLIEHTpaluil BBIOPOCOB OKCHJIOB a30Ta M cepbl. OJHAKO MpPU 3TOM NPUMEHEHUE
texHosorui KOKT wmeer psag mnpobOirem B 0OJacTH MNPUTOTOBJIEHUSA, XPAaHEHUS,
TPAHCIOPTUPOBKU U CHKUTAHUs, KaXZas U3 KOTOPBIX BIIOJHE paspemmuma. Koporko
PAacCCMOTPUM KaXX1yIO U3 BBIIECIEHHBIX MTPOOJIEM.

Ilpucomosnenue K?KT. Ilpuroroinenue BYT cocTouT n3 Tp€X OCHOBHBIX 3TAallOB
(crammii) [127]: 1) mnpenBaputenbHOoe  ApoOJieHWE; 2)  MOKpPBIA  IOMOJI,
3) roMoreHu3anusa. Tak Kak 0Opu NPOBEICHUU JTUCCEPTALUOHHOTO HCCIEA0BAHUS
npenycmotpeno npurotoBieHue KXKT Ha ocHOBe yke roToBoi cycneH3uu — QUiIbTp-
KeKa, mepBasi M BTOpas CTaJAUM HCKIIOYEHbl. BbIMONHsIIaCh romMoreHu3anus (BBOJ
CTaOMIIN3aTOPOB, IIIACTU(DUKATOPOB U Mp.), B pe3yibTaTe koTopoit KIXKT nmpuobperano
TOMOT€HHBIE CBOMCTBA.

Xpanenue u mpancnopmuposexa K)KT. [nutenbHoe xpanenue KIKT
COIIPOBOXKJIAETCSI €r0 PaCCIauBAEMOCTBIO C OCAXKIECHHMEM YrOJbHbIX d4actuil. [l
IOPEeIOTBPAlICHUs]  PacCIauBaeMOCTH, YBEJIWYEHHs] CTAaTUYECKOM CTaOMIBHOCTH,
CHU)KEHUS BSI3KOCTHU CYCIIEH3UN MPUMEHSIOT pa3fuyHble MIacTU(PUKATOPHI U JO0OABKU

(ITAB, cTabunu3aTopsl  T.1.), U3MEHSIONINE CTA0MIHLHOCTD, BSI3KOCTh U MHBIE CBOMCTBA
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KOKT. Kak npaBuio, maccoBas J10J1s1 TakKuxX J0OABOK B TOIUIMBE COCTaBIsET okoyio 1 %
[127]. K Tomy e Bo3moskHa TpaHcnoptupoBka KXKT mo tpybonpoBogam (ycremHsii
onbIT TpaHcnoptupoBkn KIKT mno tpyOonmpoBoay NpPOTSKEHHOCTBIO 262 KM W3
Kemeporckoit B HoBocHOMpPCKyI0 00J1aCTh), B HAJWBHBIX TaHKEpax (OIBIT IMOCTABKH
KKT u3 Kutas B SlnoHuio), a Tak:ke B KeJIE€3HOJOPOKHBIX IUCTEPHAX.

Corcueanue KPKT. Hauumnas ¢ 60-70 rogoB XX BeKa aKTUBHO pPeaIU3yeTCs
onbITHO-TIpoMbIliieHHOEe  Ckuranne KOXKT B kornax. CyliecTByeT MHOKECTBO
npumepoB [80,100,123-127,129,130] Bueapenusi texnosnoruit KKT B mpakTtuky: oT
nepeBoja AeHCTByIOMMX ycTaHOBOK Ha cxkuranue KOKT [123—125] no co3manus HOBOTO
obopynoBanus (Tonok, Gopcynok u mp.) [80,127,129]. B nacrosiee Bpemsi B Poccun
MOXHO BBIICIUNTh HECKOJIBKO TMPEANPUSATUNA, KOTOPhIE 3aHUMAIOTCS pPa3pabOTKOM
npoekToB 1o BHeApenuto TexHosoruii KOXKT Ha oObekTax TeruiosHepretuku: HaydHo-
MPOU3BOJICTBEHHOE 00BeauHeHue «l uaporpydomnpoBoa» (r. Mocksa), 3AO Hayuno-
MIPOU3BOJICTBEHHOE IpeAnpUsTUE «CuOIKOTEXHUKAY (r. HoBoky3Helk),
00O «Amanbtea» (r. Mockga).

Ha ocHoBanuu aHanu3a pe3yiabTaTOB PACCMOTPEHHBIX MCCIIEIOBAaHUN MOMKHO
CIeJIaTh BBIBOJ O 3HAUYUTENBHBIX IepcnektuBax BHenpenus KOKT B kadectBe
OCHOBHOI'0 M JomNoJIHUTENIbHOro TormarMBa Ha TOC. IlosBUTCS BO3MOKHOCTH CJieIaTh
BOKHEUIITUHN 11ar, TO3BOJISIIONIMN HE TOJBKO dA(PEeKTHBHO (C TOYKK 3pEHUs
AKOJIOTHYECKUX XapaKTEPUCTUK) YTHIM3UPOBATh MHOTOUMCIICHHBIE aKKyMYJIMPOBAHHBIC
oTXO/bl yrieoOoramieHuss 1 Herenepepadbotku B coctaBe KIXKT, HO U cylIeCTBEHHO
CHU3UTHh TIOTPEOJICHHE TIOJNIE3HBIX HWCKOIMAEMbIX IS TIOJyYEeHHs] TEIJIOBOU W
AIEKTPUUYECKON HHEPTrHM, a TAKKE MHUHUMHU3UPOBATH BIMUSHUE TEIJIOOHEPTeTUKU Ha
3JI0POBbE HACEJICHUS U COCTOSIHUE TIPUPO/IBI.

Kak mpaBmiio, OOJBIIMHCTBO HCCIICIOBAHHMI BBIMIOJHEHO B paMKaxX OJHOTO M3
CYIIECTBYIOIIMX HampaBieHuid (tabnuna 1.3.1). B 49acTHOCTH, K JHEPreTHUYECKUM
XapaKTEPUCTHUKAM OTHOCSTCS TEIJIOTa CTOpaHMs, pacxXxoJl TOIUIMBA, MHUHUMAaJIbHas
TeMIrepaTrypa 3aKUTaHHsl, MAKCUMallbHasi TeMIlepaTypa TOPEHUs, BpEMs 3aJEepP:KKU
uHunupoBanus ropenus. K peonorumdeckum xapakrepuctukam KOXKT oTHocsTcs

JUHaAMHN4YCCKas BA3KOCTb U CTaOMIIBHOCTD. DKOJIOTHYECKHE XAPAKTCPUCTHUKH BKIKOYAIOT
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B ce0sl KOHLIEHTPALIMK Ta30BBIX AHTPOIOTE€HHBIX BbIOpocoB mpu cxuranuu KXKT u
30JIbHBIM  OCTaTOK. TEXHUMKO-dJKOHOMHYECKME OLEHKM 3aKJII0YaloTCsl B pacueTre
SKOHOMHHM pecypcoB npu BHenpeHnu Texnosorur KIKT m cpokoB okymaemoctu. Her
O00OOCHOBaHHBIX JaHHbBIX, MO3BOJSIOUIMX OLEHUTh 3(PPEKTUBHOCTH (C TOUKU 3PEHUS
Haubonee BaxHBIX A1 TOC OCHOBHBIX SKOJIOTMUECKUX, YHEPIeTHUECKUX U TEXHUKO-
sKOHOMHUYeCcKuX xapakrepucTuk) npumeHeHuss KOKT Ha oObekTax »HEpPreTHKH,
OOBEIUHAIOIUX B ce0€ BCE OCHOBHBIE 3HAUMMbIEC XapaKTEPUCTHUKU TAKUX TOIUIMB.
Takum 00pa3oM, 3HAYUTENbHBIA WHTEPEC I Pa3BUTHS SHEPIreTUKH MPEACTABISIET
IPOBEJCHUE KOMIUIEKCHOTO TEXHUKO-DKOHOMHUYECKOTO OOOCHOBAHHS HCIOIb30BaHUS
KOMIIO3ULMOHHBIX JKUJAKUX TOIUIMB C YYETOM HX OCHOBHBIX JHEPIreTUYECKUX,

9KOHOMHYCCKHX U IKOJIOTHUYCCKUX XAPAKTCPHUCTHUK.

BbiBOABI 1O IEPBOIi Ii1aBe

1. IlpoaHanu3upoBaHbl OCHOBHbIE MPOOJEMBI COKMTaHUS TBEPABIX TOIUIMB Ha
TEIJIOBBIX 3JIEKTPUYECKUX CTAHLMSIX, B YACTHOCTH BOIPOCHI MPUTOTOBJICHUA,
XpaHEHMsI, TPAHCIIOPTUPOBKH U CKUTAHUS.

2. Boigenensl 0a30Bble KOMIIOHEHTBI MEPCHEKTUBHBIX CYCHEH3MOHHBIX TOILIHUB:
HU3KOCOPTHBIE YIJIM, OTXOJIbl Yrieo0OTraTuTeNbHbIX (aOpuk (LIambl, QUIbTP-
KEeKH, MPOMIIPOAYKT), TBEpPAblE OCTATOUYHbIE MPOAYKTHl  MepepabOTKU
TPAJAMIIMOHHBIX JHEPreTUYECKUX pecypcoB (ymisi ¥ HedTH), OTpaOOTaHHBIC
WHIyCTpUaIbHbIE Maciia, HeTenuiaMbl, OBITOBbIE OTXO/IbI M OMOMacca.

3. BbINOnHEH aHaIM3 NEPCIEKTUBHBIX 3KOJOTMYECKUX PEIIEHUN ISl MUHUMH3aUU
BIIMAHUSA TBEPAOTOILUIMBHBIX TOC Ha OKpyXarollyr Cpeny, HalpuMmep,
KHCIIOPOJHOE CKUTAHHME MBUIEBUIHOTO YIJISl, COBMECTHOE MCIIOJIb30BAaHUE YT U
OromMacchl, IPUMEHEHUE B KAUECTBE TOIIUB MHOTOKOMIIOHEHTHBIX CYCIIEH3HUH.

4. BpINOJIHEH ~ aHAlIM3  COBPEMEHHOIO  COCTOSIHHUS ~ TEOPETUYECKUX U
DKCIIEPUMEHTAJIbHBIX  HCCIEAOBAHMM  KOMIO3MLUMOHHBIX O KMJIKHUX TOIUIMB,
PacCMOTPEHBI MPUMEPHI ONBITHO-ITPOMBILIIIIEHHON peanu3aunu TexHonorun KOKT

B TCIINIOOHCPICTUKE U TEXHUKO-2KOHOMUYECKOM OLCHKHW BHCAPCHUA TAKHX
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TEXHOJIOTHIA, OINpeaeNeHbl OCHOBHBIC JOCTIDKEHHS, HEpEIICHHBIC 3aJadyd B
JTAHHOW 00J1acTH.

CrnemaHo 3aKJIIOUYEHHE O 1e71ecCO00pa3HOCTH MPOBEJACHUS KOMILJIEKCHOTO
TEXHUKO-9KOHOMHUYECKOTO 0oOocHOBaHUsl ucmoib3oBanus KXKT ¢ yderom wux

9HCPICTUICCKUX, 9KOHOMHNYCCKUX U SKOJIOTHICCKUX XAPAKTCPHUCTHK.
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IJIABA 2. METOJUKM JUCCEPTAIIMOHHBIX UCCJAEJOBAHUI

2.1. UccnenoBaHne OCHOBHBIX 3KOJOTHYECKHX XapPAKTePUCTUK CXKUTAHUS

KOMITO3HMIINOHHBIX KUAKHX TOIIJIMB

Ha pucynke 2.1.1 mnpencraBieHa cxema CTEHIA, HCIOIb3YEMOrO IS
UCCIIEOBAaHUS YKOJornueckux xapakrepuctuk cxuranusa KXKT — konnentpanuii NOy u

SOx.

Pucynok 2.1.1. CxeMa sKCnEepUMEHTAIBHOTO CTeHAa: [ — TOIJIMBHAas HaBecka; 2 —
AHAIUTUYECKUE BEChl, 3 — METAUIMYecKas ceTka; 4 — MOIYJbHBIA 30HI;, 5 —
KOOPJIMHATHBIN MeXaHU3M; 6 — KepaMmuueckasi TpyOa HarpeBa; 7 — my(denbHas nedb; 8 —

ra300TOOPHBIN HIJIAHT; 9 — razoaHanuzaTtop; /0 — nepcoHanbHbI KoMmmbloTep [116].

[Ipu mpoBeneHUM SKCIIEPUMEHTOB TOIUIMBHAS HaBecka [ B3BEUIMBAJIACh TIPH
noMoIIM aHanmuTuueckux jgadoparopHeix BecoB VIBRA HT 84RCE 2 (auckpeTHOCTH
U3MEpPECHUS — 10° r). Macca HaBECKH B Ka)KIOM AKCIEPUMEHTE COCTaBisijaa 1 rpamm.

Hanee oOpazer; momemniajicss B H3TOTOBJICHHBIM W3 HEPXKaBEIONIEH CTalbHOM CETKH
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(pa3mep staeex 0,5%0,5 mm) umusap 3 (BeicoToit 0,05 M, nruamerpom ocHoBanus 0,015
M). Ilpm mnomomM KpeneXHbIX 3JIEMEHTOB UWIMHAP C TOIUIMBHOM HaBECKOMN
¢ukcupoBasicsi B TOPU3OHTAIBHOM IIOJIO)KEHUH Ha KOHIIE IMOJOT0 METAUTHYECKOTO
CTEp>KHS, BHYTPHM KOTOPOrO pa3MeIlajcsi MOIYJbHBIM 30HJA Tra3oaHanuzaropa 4.
CoOpaHHasi KOHCTPYKIMS Kpemuiaach Ha KOOPAWHATHBIM MEXaHW3M 5, KOTOPHIA B
aBTOMaTHYECKOM pexkuMe olecrieuuBall ee nepemenieHue (co ckopocteio 0,5 m/c) B
CKBO3HYIO KepamMu4deckyro TpyOy HarpeBa 6 (muamerpom 0,05 M, mmunour 0,55 ™)
mydenbHO#l ieun 7. Bo Bpemsi mpoBeAeHHs SKCIIEPUMEHTa OTBEPCTUE, YePE3 KOTOPOE
TOIUIMBO  IIOMELIAJIOCh B II€4b, TEPMETHYHO  3aKPbIBAJIOCh  MHUHEPAIBHBIM
TEIJIOU30JIALIMOHHBIM MaTEPUAJIOM JUJISl YCTPAHEHHsI HEPETJIaMEHTUPOBAHHBIX MTOJICOCOB
BO3/yXa.

TeMmmneparypa HarpeBa B SKCHEPUMEHTax BapbHupoBasiach B auanazone 500—1000
°C. KoHTponp W ycCTaHOBJIEHHME HEOOXOJMMOW TeMIIepaTypbl HarpeBa B Kamepe
CrOpaHHUsl BBIMOJHSJICA C TOMOIIBIO MHTETPUPOBAHHBIX PETYJIATOPA U TEPMOIIAPHI TUMA
S (mnaTHHOPOIUM-TNIATUHOBAS, MaKCUMaJIbHas pabodas temneparypa 1400 °C, mpeaen
nomyckaembix oTkioHeHud +£1 °C). BBugy Toro, 4Tto MCIOJHEHHE €YU OJHO30HHOE,
TpeOyeMbIii TeMNEpaTypHbIA PEXKUM C MUHUMaIbHBIMU morpemHoctsMu (£1 °C)
o0ecreynBaeTcss UMEHHO B LIEHTPAIbHOW YaCTH TPYOKHU.

OOpa3yrouuiics nmpu TOpPEeHWH TOIUIMBA TMOTOK JBIMOBBIX Ta30B YJIaBIMBAJICA
YyBCTBUTEIBHBIM 3JIEMEHTOM 30H[a 4. Jlanee mo mpoyHoMy ra3o0TOOpHOMY LIJIaHTry &,
NOJKJIIOYEHHOMY K KOpPIYCy rasoaHanusaropa 9, oroOpaHHas mnpo0Oa mocTymajia K
U3MEpPUTENFHBIM ~ CeHcopaM. BcTpoeHHBIT MeMOpaHHBIM HAacoC aBTOMATHYECKH
NOJJIEP>KUBAJ TTOCTOSIHCTBO MOTOKA JBIMOBBIX Ta30B K CEHCOpaM, JJIs 3alUThl KOTOPBIX
OT BBICOKMX KOHIIEHTPALM BHIOPOCOB MpeaycMOTpeHa (YHKIUS aBTOMATHYECKOU
IPOJYBKH CEHCOPOB BO3yXOM.

Kopnyc razoananusaropa 9 noaxntovancs no untepdeiicy USB x TIK 70, na
KOTOPOM YCTaHOBJIEHO clienrain3upoBanHoe 110, no3Bossitoniee B pexxuMe peaJbHOro
BPEMEHU  OTCJIEXHMBaTh Ha 3KpaHE TEKyIIHME 3HAYEHHUS COOTBETCTBYIOLIUX

KOHLIEHTPALMK B IPOLIECCE U3MEPEHUN.
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IIpp panbHeWIeM pacCMOTPEHMM M AHAIW3E€  Y4YacCTBOBAJIM  CPEIHHUE
koHneHTparuu BeiopocoB NO, u SO,. B coctaB razoananmzaropa Bxoaut ceacop NO,
KOTOPBIN MTPOU3BOAUT cyMMapHoe u3Mmepenue koHuneHtpauuid NO u NO,, Ho Ha BbIXOJI€
oToOpaxaercs 3HaueHne KoHueHTpauuii B Buae NOy. Uto xacaetcst BbIOpocoB SOy, TO
B YCJOBHSIX IPOBEICHHUS JAHHBIX AKCIIEPUMEHTAJbHBIX HcciieqoBaHuil SO, sBIseTCA
OCHOBHBIM CEPOCOJEPKAIIUM OKCHJIOM B JBIMOBBIX r'a3ax, IIPU 3TOM HAJINYUE OKCHUJIOB
SO; He WCKIIYAaeTCs, HO IPEANOJIAraercs, 4ro HMX KOHIEHTPAallMd OYEHb MAJIbI.
Boeluncinenre CpelHMX KOHLEHTpauud MPOBOJUTCA C HUCHOJIB30BAHUEM METOAA
OpsIMOYToJIbHUKOB. [lnomane mon KpuBoil TpeHaa pa30OuBanach Ha MHOMKECTBO
NPSMOYTOJIBHUKOB, IIMPUHA KOTOPBIX COOTBETCTBOBAJIA BPEMEHHOMY HWHTEpBaly, a
JUIMHA KOHUEHTpPAIUsIM paccMaTpUBAaEeMOro rasa. /lajgee BBIYMCIAIOCh MPOU3BEACHUE
LIMPHUHBI U JUIMHBI UL KQXJAO0T0 NPSAMOYTOJIBHUKA, ITOCIE YEro MYTEM CI0KEHUS BCEX
NPOU3BECHUN  ompenessiach CyMMapHas IUION@Ab MOJ  KpHUBOW  TpeHAaa
paccMaTpuBaeMoro razoo0paszHoro BbiOpoca. CpeqHee 3HaUEHHE PACCUUTHIBAIOCH KaK
OTHOUIEHUE HAJICHHOW IUJIOLIAAN KO BCEMY MHTEpPBAy BPEMEHHU, B TEUEHHE KOTOPOIO
pEerucTpupoBaics BoIOpOC.

JIng wu3MepeHusT KOHLEHTpALMKA Ta30B NPUMEHSJICS CIEHUaIU3UPOBAHHBIN
razoananusaTop Testo 340, TeXHUYECKHE XAPAKTEPUCTUKH KOTOPOTO MPEICTABICHBI B

tabmure 2.1.1.

Ta6nuna 2.1.1. Texuuueckue xapakTepuCTUKH razoananu3aropa Testo 340 [131]

Jnara3on CucremaTuueckas .
ITpouecc . beicTponeiicTBue
U3MEpEHUN MOTPEIIHOCTD
+5 v (099 nmm)
Vismepenie +5 % ot u3m. 31a4. (100-1999
NO 0—4000 oM * | M) <30c
X +10 % ot u3m. 31a4. (2000—
4000 mmm)
Vismeperie +10 oM (099 nmm)
SO 0-5000 M +10 % oT u3Mm. 3Hadu. (B OCT. <40 c
X JIAaIra3oHe)

* nnm — eounuya usmepernusi konyeumpayuu (1 nnm = 0,0001 %)
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C IIATBIO

CaMbIMH

pacnpocTpaHEHHBIMU

(oTHOCUTENIbHAS JIOJISI B PHEPTreTUUECKOM IIUKJIE Pa3BUTHIX TOCyAapcTB gocturaer 70—

90% [4,132,133]) mMapkamu KaMeHHBIX yruieil: tomuid («T»), crabocnekarouuics

(«CCp»), xokcyrommiicsa («K»), mmuaHommamMeHHbId («JI»), razoBeii («I'»). Taxke

paccMaTpuBaINCh TUIUYHBIE OTXOJbI yrienepepaboTKu — (UIbTp-KEKH (HAa OCHOBE

KaMeHHBIX yriend Mapok «K», «CCx», «T», «I'», «»).

B Tabmumax 2.1.2-2.1.4 mnpuBeneHBl OCHOBHBIC CBOMCTBA MCCIIEIOBAaHHBIX

KaMCHHBIX yrneﬁ Pa3HBIX MApOK U COOTBCTCTBYIOIIHNX UM (l)I/IJ'IBTp-KCKOB.

Tabmuma 2.1.2. CpoiicTBa pa3HbIX MapoK KaMEHHBIX Yriaedl W (UIbTP-KEKOB

COOTBETCTBYIOIIMNX MapoK [134]

Hous cyxoro
Mapka yris uin puibtp-kexka | W, % BEIIIECTBA B A%, % vt g O’.v, MJIxk/kr
Keke, %
OunpTp-Kek «K» — 56,5 26,46 23,08 24,83
VYromap «K» 2,05 - 14,65 27,03 29,76
DunpTp-KeK «J» — 43,2 36,99 41,47 19,24
Yrons «J» 10,09 — 8,52 40,19 24,82
OuinbTp-KeK «I'» — 47,0 33,82 43,11 22,16
Yronb «I'» 0,76 — 17,8 41,36 27,82
OunbTp-kek «CCy» - 62,1 50,89 30,16 15,23
VYrons «CCx» 2,76 — 21,68 27,40 26,23
OunbTp-Kek «T» - 60,9 21,20 16,09 26,92
VYromae «T» 2,89 - 18,07 15,07 27,65

Tabnuua 2.1.3. DeMeHTHBIN COCTaB Pa3HbIX MAPOK KaMEHHBIX yIJIed U (PUIbTP-KEKOB

COOTBETCTBYIOIIMNX MapoK [134]

Mapka yris c® % H™ % N9 s g 0™, %
WM (PUIBTP-KeKa

VYrons «K» 79,79 4,486 1,84 0,868 12,70
OubTp-Kek «K» 87,20 5,090 2,05 1,022 4,46
Yrons «CC»x» 77,30 4,783 1,93 0,326 15,32
OunbTp-kek «CCy 87,47 5,039 2,15 0,444 4,77
VYrome «T» 87,97 4,104 2,23 0,526 5,03
OunbTp-Kek «Tr» 90,13 4,255 2,31 0,441 2,77
VYromp «I'» 79,31 5,340 0,01 0,414 14,93
OunbTp-KeK «I» 75,12 4,638 0,02 0,226 19,99
Vroas «JI» 77,11 5,767 2,62 0,398 14,11
OunbTp-KeK «J» 73,27 4,904 0,02 0,218 21,59
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Tabmuua 2.1.4. Pe3ynbTarbl aHaiu3a XapaKTEpPUCTUK (PUIBTP-KEKOB B HCXOJHOM

(keneitHom) coctossiHuM [134]

OuUIbTP-KEK B UCXOJTHOM (BIKHOM) MaccoBas 10151 CyXOro BELIECTBa, 0%y, MITx/kr
COCTOSIHUH Y0
@uibTp-KeK «K» 56,5 14,1
DunbTp-KeK «J» 432 8,3
Ounbtp-Kek «I'» 46,9 10,4
OunbTp-kek «CC» 62,1 9.5
OunbTp-kek «T» 60,9 16,4

JIJisi TpUrOTOBJIEHUSI OPraHOBOJIOYTOJIBHBIX TOIUIMB Ha OCHOBE (UIBTP-KEKOB
UCITOJI30BAIMCh J[BA KUJKHUX FOPIOYMX KOMIIOHEHTA, HauOOJIee paclpOCTPAHEHHBIX U
CYIIECTBEHHO Bimsmonmx Ha cBoiictBa OBYT [89-91]: mMa3yr u orpaboraHHOe
TypOuHHOE Macio. B tabmuue 2.1.5 mpuBeneHbl OCHOBHBIE XapaKTEPUCTHKU 3THX

KOMIIOHCHTOB.

Tabmuua 2.1.5. Pe3ynabpTaThl aHanM3a XapaKTEPUCTUK KUIKUX TOPIOYMX KOMIIOHEHTOB

[134]

KommoneHT p Hpg/i? K, W, % A % Ty, K Tign, K MQI[)SK\;KF
oTpaboTaHHOE 868 - 0,03 448 466 45,1
TypOMHHOE
Ma3yT 1000 6,12 4,06 438 513 394

JIisi  TIOBBIMIEHHWS] CErMEHTapHOW CTaOMIBbHOCTH  (yMeHbIIeHUs dddekra

paccinoenus) KXXT ucnonb3oBaics minactudukarop (cmaumBatenb) Heomnac (Tabnuia

2.1.6).

Ta6nuna 2.1.6. OcHOBHBIE XapaKTepUCTUKH TacTudukaropa [134]

IToka3zareinb 3HayeHue
BHEIITHHUI BH]T OeclBeTHas KUAKOCTb
coaepxanue [TAB, % macc 25
pH pactBopa 6,5
miotHocTh npu 293 K, kr/m’ 954
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Hcnonb30BaHHBIE METOAWKH OIPEICIICHUS CBOMCTB KOMIIOHEHTOB, a TAaKXKe

MPUTOTOBJICHHSI TOTUIMBHBIX CYCIIEH3UI MpeAcTaBleHbl B padbote [91].

IIpuroroBnenue coctaBoB KIKT ocymiecTBisuioch B COOTBETCTBUU C METOJIUKOMN

[91], BKIITOUAKOIIEH CIICTYIOIIUE ITAMBI:

1) IlogrotoBKa HAaBECOK KOMIIOHEHTOB CMECH IPU IMOMOIIMA AHAIMTHYECKUX BECOB
ViBRA HT 84RCE (muckperHocts m3mepenust 10~ T), HCXOIs M3 pacdera Macchl
TOTOBOI'O COCTaBa M COOTBETCTBYIOIIMX MACCOBBIX J10JIC KOMIIOHEHTOB.

2) IlepemeninBanre KOMIIOHEHTOB OCYILIECTBISIIOCH B 2 ATana roMorenusaropom KA
T 18 (takke mpumenscsa romoreHezatop MPW-324) ¢ qucnieprupyrorieit Hacaakoi
B METaJUIMYECKON eMKoCcTH oObeMoM 0,5 1 (Takke HCIOJIb30BAIUCh EMKOCTH
oobemom ot 0,1 1 mo 1 ;). IlepBoHaualbHO B €MKOCTh JOOABISIIUCH >KUIKUE
KOMITOHEHTHI (BOJla, MAaclio, IUIACTU(UKATOpP) M MEPEMEIIMBAIUCh B TEYEHHUE 3
MUHYT (GKHJKHWE KOMIIOHEHTBI JOOABJSUIMCh B COCTaB B HUCXOJHOM COCTOSIHHM).
3aTeM B BOJOMACISIHYIO 3MYJIbCUIO BBOJIUJICSA YTOJIbHBIN KOMIOHEHT. [ITUTENBHOCTh

NnepeMCciMBaHrA KOMIIOHCHTOB COCTaBJIsJIA 10 MUWHYT.

2.2. Boioop onTumaabHoro cocraa KiKT

Mertonuka BbeIOOpa onTuManbHOro coctaBa KOKT ocHoOBbIBamach Ha TMSITH

npuHiumnax [135]:

1) MUHMMH3ALMSA CTOUMOCTH CYCIIEH3MOHHON KOMIIO3UITUH;

2) MaKCUMU3alys TEMJIOTHl CTOPAHUS;

3) MaKCUMU3ALMS JJIUTEIIbHOCTH Mpoliecca TOPEHNS;

4) MUHMMU3AIUS BPEMEHU 3aJCPKKU 3aXKUTaHUs (MHEPIIMOHHOCTH HayaJbHOW CTaIuU
ropeHus);

5) muaumuzaius BeiopocoB NO, u SO.

OcHoBHBIE (aKTOPBI, BIMSIONIME HA BLIOOP BHJIa TOIJIMBHOIO KOMIIOHEHTa U
KOMIIO3UIIUH B IIEJIOM, KaK IPaBUJIO, OMPEASISIOTCS MOTPEOUTENIEM B 3aBUCHMOCTH OT
nesei, pemaemMpix 3amad U TpeboBanuii. Hambomnee pacmpocTpaHeHHOUM SIBISETCS
3a/1auya BbIOOpA TOILIMBA, XapaKTEPU3YIOIIETOCs MaKCUMAJIbHOW TEIUIOTOM CrOpaHus U

HauMeHbIeH cTouMocThio [54,136—139]. Jlnsg  TpagulIMOHHBIX BHUAOB JKUIAKUX U
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TBEPIBIX OSHEPreTHMYECKUX TOIUIMB METOJUKH BbIOOpa JOCTATOYHO  XOPOUIO
anpoOupoBaHsl M O0OCHOBaHBI (MHGOPMANKS O CTOMMOCTH, TEIUIOTE CrOpaHus,
JUIUTEIIBHOCTU TOPEHHSI U BPEMEHHU 3aJIEPKKU 3aKUTaHUsl TaKUX TOIIMB IPHUBEAEHA BO
MHOTHX CIIPAaBOYHBIX U MEPUOJUYECKUX M3NaHusx). OgHaKo Juisi BCEro MHOrooOpas3us
BO3MOYHBIX COCTaBOB KOMIO3UMLMOHHBIX KUJAKUX TOIUIMB (B yactHOCTH, KIKT) Takue
JAHHBIE UMEIOTCS JIUIIb B OrpaHUYEHHOM Kosmuectse [140].

C uenplo oOmpeAesieHus ONTUMAJIBHOTO (C TOYKM 3pPEHUS JHEPreTHUECKUX U
PKOHOMHYECKHUX XapaKTepUCTHUK) KommoHeHTHOro coctaBa KOXKT paszpabortana
DKOHOMHYECKAsE MOJIEIb, KOTOpas MO3BOJIIET NPU 33JaHHBIX 3HAYEHUSAX CTOMMOCTH U
TEIUIOTBl ~ CTOpPaHMsl  OTAEJIbHBIX KOMIIOHEHTOB CMECH, BBIOMpaTh HaumOoliee
3¢ (exTuBHBIA (C TOYKH 3pEHUS OCHOBHBIX JHEPreTUYECKUX U SKOHOMUYECKUX
xapaktepuctuk) coctaB KOKT (Bug M KOHLEHTpallMd OCHOBHBIX KOMIIOHEHTOB),
pPacCUMTHIBATh CTOMMOCTbD IMOJIYYEHHON CMECH U €€ TEIUIOTY CrOpaHUsl (3KCIEPUMEHTBI
[136,141,142] mo3BoauiH cAelaTh BBIBOJ 00 «aIJUTHUBHOM» MEXAaHU3ME BIIASHUSA
KOMITIOHEHTOB Ha 3TH MapaMeTpbl B COOTBETCTBHHM C OTHOCUTEIBHOW MAacCOBOM WIIH
00BEMHOMN KOHUEHTPALIMEN B CYyCIIEH3UN ).

Pa3paboTanHas 3KOHOMHYECKAsi MOJIEb MPEANOIaraeT BO3MOXHOCTh CPaBHEHUS
pasnmnuHbix coctaBoB KOKT He TONBKO MO COOTHOLIEHHWIO «TEIIOTa CropaHus /
CTOMMOCTb», HO TaKkK€ U MO JUIMTEIbHOCTU TOPEHMsI €IMHHUIBI 0o0bema cMmecu (Ha
npUMepe OJUHOYHOW KaIljii) U BPEMEHH 3aJEpKKU 3aXHUraHus (3KCHEpUMEHTaIbHbIE
JTaHHBIE TIOJTYYEHBI aHATIOTMYHO MeToaukaMm [141,142]).

HaubGonee spPexTuBHBIM (C TOUKH 3pEHUS] PHEPTreTUYECKUX M IKOHOMHUYECKHUX
XapakTepucTK) TormmBoM BeicTynaeT KXKT, B cocTaB KOTOpOro BXOAST KOMIOHEHTBI €
ONTUMAJIbHBIM (MaKCHUMAaJIbHBIM) COOTHOILIEHUEM TEIJIOTHl CrOpaHusi U cTOMMOCTH. C
3TOW LIEJIBIO HA IEPBOM JTAl€ pacyeTOB B MOJEIN BHYTPH Ka)JOW M3 YETHIPEX T'PYIIII
KOMIIOHEHTOB (TBEpIOE€ Toprouee, KHUAKOe roproyee, Boja, Iuactudukarop) KKT
IPOBOJMJIOCH PAHXUPOBAHHE II0 YAECIbHOMY IIOKA3aTeNI0 «TEeIoTa cropanHus /
ctoumocTb» (MJx/py0.). Isis BOJIbI B pacCCMOTpPEHUE MPUHUMAJIACH TOJIBKO BO3MOXKHAS
koHueHTpanuss B KXKT. B nactosiiieid paboTe y4UTHIBAIUCH JOIMYCTUMBIE JTHAINa30HbI

HN3MCHCHMUA KOHHGHTpaI_II/Iﬁ U CTOMMOCTHU HCIIOJIb3YCMbIX CMauduBaTelIeH. I/IH(I)OpMaI_[I/ISI
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O CTOUMOCTH U TEIUIOTE CTOPAHUS OTAECIBHBIX KOMIIOHEHTOB TOIUIMBA PUHUMAJIACh KaK
CpelHee 3HAUCHUE TaHHBIX.

Hanee nna kaxnaod u3 derelpex rpynn koMnoHeHToB KOKT ompenensumcs
COCTABJISIFOIIME C HAMTYYIINM (MaKCUMAaJIbHBIM) UHTETPaJbHBIM MOKAa3aTeNeM «TEeIUIoTa
cropanus / croumocth» (M/Ix/py6.). OTH KOMIOHEHTHl BBIOMPATUCH B COCTaB
ONTUMAJIBHOM (C TOYKH 3PEHUSI DHEPreTHUECKUX U IKOHOMHUYECKUX XapaKTEPUCTHK)
cycnensuu. [locne duxcanuu cocraBa KXKT onpenensinach 1051 Kaxa0ro KOMIIOHEHTA
B cmecu. Kommonentsr KOKT Takke paHXMpOBamuCh MO YAEIBHOMY ITOKA3aTEeIlIo
«remnoTa cropanus / croumoctb» (MIDx/py6.). Haubonee sdpdextuBHBI (C TOUKH
3pEHHUS] OCHOBHBIX SHEPreTUYECKMX M SKOHOMHYECKUX XapaKTEPUCTUK) KOMIIOHEHT
BKJIIOYAJICSI B CMECh B TIpeAeiiaXx MaKCUMAJIbHO JOMYCTUMON OTHOCUTEJIbHOU
KOHIIeHTpanuu. Btopoil 1o 3¢h(EeKTUBHOCTH KOMIIOHEHT BKJIIOYAJCS B CMECh B
MaKCUMaJbHO JOMYCTUMOM KoyimyecTBe (¢ coOmroneHuem ycnoBusa: 100 % —
MAaKCUMAJIbHOE COJIEp)KaHUE IIEPBOrO KOMIIOHEHTa — MHUHHMAJIbHOE COJIEpIKAHHE
TPETHhET0 KOMIIOHEHTAa — MUHUMAJILHOE COJIEpKaHHUE YETBEPTOTO KOMIIOHEHTA). TpeTuit
KOMIIOHEHT BKJIIOYAJICS B CMECh B MAaKCHUMaJlbHO BO3MOXKHOM KOJIUYECTBE (C
coomonenueM ycioBus: 100 % — makcuManabHOE COJIEPKaHUE TMEPBOTO0 KOMIIOHEHTA —
pPAaCCUYMTAHHOE COJIEp’)KAaHHE BTOPOTO KOMIIOHEHTAa — MHUHUMAJIBHOE COJIep)KaHHe
yeTBepTOro kommnoHeHTa). CojaepikaHue mocieaHero 1mo 3h(MeKTUBHOCTH KOMITIOHEHTA
omnpeAessyaochk 1mo ocratouHomy npuHuuny: 100 % — MakcuMaabHOE COJIep)KaHue
MEepBOr0 KOMIIOHEHTa — pPAacCYMTAHHOE COJIepKaHWE BTOPOr0 KOMIIOHEHTa —
pPAacCUMTAHHOE COJEpKaHUE TPEThEro KOMIIOHEHTa (HO HE MEHEE 4eM MHUHHMAaIbHO
JOMyCTUMOE COJIEp>KaHUE YETBEPTOrO KOMIIOHEHTAa B CMECH).

Ha mnocnennem »srtame pacyeTroB ompeaensyiach CTOMMOCTh (Sy) M TeminoTa
cropanusa (Qy) noaydeHHou ontumanbHou cmecn KOKT, wmcxoma w3 maHHBIX O
ctoumocTu (S;), Termote cropanus (Q;) U KOHUEHTpalMH (y;) KaKJIOro KOMIIOHEHTa ¢

yaeToM «3(PGEKTUBHBIX)» (OCPETHSIONTNX ) COOTHOIICHHIA:
Ss=2.8i " Vi;
Os=20:" Vi,

raei =1, n, n — konudectBo KoMrnoHeHTOB B KOKT (n=4).
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Ha pucynke 2.2.1 npeacTaBieH alropuT™M BbIOOpa ONTUMAJIBHOTO (C TOYKH

3pEHUS PHEPTETUUECKUX U SKOHOMHUYECKUX XapakTepucTuk) coctaBa KOKT.

TeepAbli roproyuin Huakui roprodui
PA P A P Bopa Mnactudmkatop
KOMMOHEHT KOMMOHEHT
BulymcneHwe nokasartens Bblvncnenve nokasatens Bblyucnenwe nokasartens Bbluncnenve nokazartens
«TEennoTa CropaHuA/CTOMMOCTE» «TENMoTa CropaHUa/CTOMMOCTE» «TENNoTa CropaHusA/CTONMOCTE» «Tennota cropaHua/CTOMMOCTbY
(MOx/py6) (MIx/py6) (MIx/py6) (MIx/py6)
/

Onpegenenve Max nokasatens Onpepaenexne Max nokasatensa Onpepenenne Max nokasatens OnpepeneHne Max nokasatens
«TennoTa cropaHns/cCTOMMOCTb» «TennoTa CropaHns/CTOMMOCTb» «TennoTa CropaHusl/CTOMMOCTb» «TennoTa CropaHus/CTOMMOCTbY
(MOx/py6) (MIbx/pyG) (MIbx/py6) (MOx/py6)

|
CpasHeHne Max-Hbix nokasaTenew
«TennoTa cropaHus/CTOMMOCTb»
Mepebii N0 apPEKTUBHOCTN KOMNOHEHT? OA MakcumaneHo gonyctumas
«TennoTta cropaHus/cToMMocTb» = Max OTHOCHTENbHAS KOHUEHTpaums (1)
HET
" OA " x !
BTopoi no achekTMBHOCTH KOMMOHEHT? ®2=100 % — @1 - Min (3 — Min 4
Onpepenexve
HET cTouMOoCTU Sz=Siyin
TennoTsl cropaHns Qz=Qy;
2 A .
TpeTtnit No ahheKTUBHOCTN KOMMNOHEHT? ©3=100 % — @1 - Q2 —Min @4
A
HET
YeTBepThlit N0 adhheKTUBHOCTU OA P4a=100% - @1- @2 - Q3
KOMMOHEHT? He MeHee dony 020 cod
. 4ermeepmoz0 KOMINoHeHma e cmecu

Pucynok 2.2.1. Anroput™m Beibopa ontuMansHoro coctaBa KKT [107]

Ilpumeuanue: maxcumanvuvle U  MUHUMAIbHbIE OONYCMUMblE  KOHYEHmMpayuu
KOMNOHEHMO8 8 cMmecu: meepovlll copiouutl komnonenm 40—60 %, scuokuil eoprouutl

komnonenm 0—20%, sooa 40-50 %, nracmughuxamop 0,5—1%

2.3. TexHUKO-IKOHOMHYECKOe 000CHOBAHHE MEPeX0/1a HA NMePCIeKTUBHbIE
CyCIIEH3MH
Metoauka NpoOBEIEHUS TEXHUKO-PKOHOMHUYECKOTO OOOCHOBAHHUS Iepexojaa Ha
nepcnektuBable KOKT (Ha ocHOoBe 0TX0#0B yriie- W HedremepepabOTKH) peaTbHBIX
PHEPreTUYecKux oOBeKTOB TpoBeaeHa [143,144] Ha mnpumepe JBYX TEIUIOBBIX
AIEKTPUYECKUX CTAHLUMU M OJHOW KOTEJIBbHOW, CYLIECTBEHHO OTJIMYAIOLIUXCA JIPYr OT

Jpyra KOJMYECTBOM BbIpaOATHIBAEMON TEIUIOBOM U D3JIEKTPUYECKOM SHEPruu U
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pacxoaoM TOILIMBA. PaCCMOTpeHHLIC OHCPIreTUYCCKHC 00BEKTHI PacCIIOJIOKCHBI B

Cubupckom peruone Poccuiickoit @eneparun. XapakTepUCTUKH CTaHIIUN TPUBEICHBI B

tabmume 2.3.1. JlanHble 0 akTHUECKMX pacxo/ax TOIUIMBA HA CTAHIUAX (C y4eTOM

obecrieueHus: ux OecrnepedoitHo paboThl) B mepuon 2012-2014 rr. mpuBencHbI B

tabmmre 2.3.2.

Tab6nuna 2.3.1. Xapakrepuctuku TOC u korensHol [143,145,146]

Craunug Ne 3

XapaKkTepuCTUKU Crannus Ne 1 Cranuus Ne 2 (KoTe/bHas)
TemmoBas 300 780 1.2
MOIIIHOCTH, I Ka/a
DneKTpuiecKast 300 140 _

MOILIHOCTh, MBT

Bua TormmBa

KameHnHnblii yrosib
Mapku «/1»,
IIPUPOJIHBIN ra3,
MasyT (s

PACTOITKH)

[Ipuponnslii ras,
MasyT (pe3epBHOE
TOILIUBO)

KameHnHblii yrosib
Mapku «J1»

Ta6nuna 2.3.2. Pacxoa TOTUIMBa U U3MEHEHUS CTPYKTYPhI TOIUTMBHOTO Oananca ['POC-

23a2012-2014 rr. [143,145,146]

2012 rox 2013 roxg 2014 roxg
TommmBo T/ 1/ 1/
TBIC. M° A % THIC. M° Tyr % moic. M | 0T %
Crannus Ne 1
Vroip 415200 | 371200 | 45| 389900 | 348500 | 52 |425400 | 380300 | 51
I'a3 402100 | 462400 | 55 |260400 | 299500 | 48 | 307700 | 353900 | 49
Hroro - 833600 | 100 - 648000 | 100 - 734200 | 100
Cranmus Ne 2
Ma3zyt 10000 | 14000| 0,1 10000| 14000| 0,1 | 10000 | 14000 | 0,1
I'a3 402416 | 382500 | 99,9 | 344100 | 391000 | 99,9 | 336700 | 382500 | 99,9
Hroro - 396500 | 100 - 405000 | 100 — 396500 | 100
Craanust Ne 3
Vrons 1000 | 908,6 | 100 1000 | 947,6| 100 | 956,5| 855,1| 100
Htoro 1000 | 908,6 | 100 1000 | 947,6| 100 | 956,5| 855,1| 100

Ha ocHoBanuu HMCIOIIMUXCA MdaHHBIX O BH/JAC TOINNIMBA, €ro SHCPIreTHYCCKHUX

XapaKTEPUCTHKAX, CTOUMOCTH M PACXo/ie MPOBEICHA OIICHKAa YKOHOMUYECKOTO d(dekTa
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OT mepexoja paccMaTpuBaeMbiX cTaHiuid u kotenbHoM Ha KOKT. IlenecooOpasHo
CpaBHEHHE TOJOKUTENBHBIX U OTPULIATEIbHBIX JEHEKHBIX TOTOKOB, (POPMHUPYIOIIMXCS
3a CUeT YMEHBUICHUS WJIM yBEJIMYEHHUs u3Aepkek. [Ipu 3Tom BeIpydka OT pean3anuu
AIEKTPUYECKOM M TEIJIOBOW PHEPrUU HE YUYHUTHIBaeTCs B (JOPMHUPOBAHUHU MOKa3aTese
okynaemoctu nepexona Ha KOKT, Tak kak OHa NPaKTUYECKHM HE 3aBUCUT OT BHUIA
C)KMTaeMOro TOILJIMBA, a OMpEENseTCs] MOTPEOHOCTIMU a0OHEHTOB U JIEUCTBYIOIIUMHU
Tapudamu.

I'maBupiMu  npenmymectBamMu  npumeHenuss KOKT — ABnsioTcst  CHHMKEHHeE
TOIUIMBHBIX 3aTpaT MpH CKUTaHUU OoJjiee ACIIEBOTO TOIUIMBA, a TAKXKE BBIMOJA 3a CUET
CHU)KEHHS BEIOPOCOB B aTMOC(epy U NpUMEeHEHHE 0osiee 0€301acHOro MPOU3BOICTBA.

B xadecTBe OCHOBHBIX pacCMaTpPUBAIUCh CIEAYIOIIME cTaThu 3atpar [144]:

1) TorumBHBIE 3aTpaThl (BKIOuyaroT npuoodpereHre komrnoHeHToB KOKT u Tpancnopt
X 10 CTaHIIMHN);

2) sKcITyaTallMOHHBIE — 3aTpaThl  (Ha  AJIEKTPOSHEPIHI0, HEOOXOJUMYI0  JUIs
IIPUTOTOBJICHUS CYyCIIEH3UN);

3) KanuTalbHBIC 3aTPaThl (HA CUCTEMY TOIUIMBHOTO XO3SMCTBA);

4) 3aTpaThl Ha CKJIAJUPOBAHKE U YTHIIM3AIMIO 30JI0IIIAKOBBIX 0TX010B (31110);

5) 3aTparbl IKOJIOTMYECKUE MEPOTIPUATHS WU YIIATy TpadoB.

TomuBHBIE 3aTPaThI

B cBA3M ¢ TeM, 4YTO Ha TPEX pacCMaTPUBAEMBIX CTAHUUAX IPUMEHSETCA
KaMeHHbI yroiib «JI», B Hactosimeil pabote paccmorpennl coctaBbl KXKT Ha ero
OCHOBE M OTX0J0B ero rnepepabotku (puibtp-kexoB) (Tab6m.2.2.3). OcrtanbHbie
koMmrioHeHTol KOKT omnpenenenst mo mnokazarensiM 3¢d@exkTuBHOCTH cMecu (B
COOTBETCTBUM C 3akitoueHusmu [36,115,146]): naumenwmas croumocts KOXKT mnpu
HauOoNbIIEH TEIUIOTE CTrOpaHHs, MHUHUMAJIbHOE BpeMs 3aKWUTaHMs, MaKCHUMaJbHas
JJIUTEIBHOCTh TOPEHUS, JTOCTYIMHOCTh KOMIOHEHTa B peruoHe. CTOMMOCTH COCTaBOB

KOKT (6e3 ydera 3aTpat Ha MpUTrOTOBJICHHE) MPUBEIECHBI B Tabmuiie 2.3.3.
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Ta6nuna 2.3.3. Cocra, xapakrepuctuku u ctoumocth KOKT [143,145,146]

= = © =
< ~ o - o
= = ~ —~ < " 8 2 I
: : S s |BEE | &8
= z 2 = = a8 s =
o ) e O E A O O K 5 qm)
=} E : = = o 5 [T g a
= = » = =2 3% | mg ¥ S O
o K [} T = L Q 2 M 3 =
Ne Z Z = 5 8 R SZ:ES ® S
o 5 o X o' &= o X
/11 = s O A 5 o0 =X
e = 9 e = g == Ha ocnose
2 é 2 E =i pe3yJIbTaToB
= 2 S = g & SKCIIEPUMEHTOB
S 5 © = ° g [6, 7] ¢ karIMu
- paauycom 1 Mm
49.5% OUNbTP-KEKU }
KaMCHHBIX yIJIeH
1 10,0% | dycol 249.1 20,9 1 7-9 16-18
0,5% | WIKIIK
40,0% | Texuuueckas Boma
49.5% OUIbTP-KEKU §
KAMCHHBIX yIJICH
2 10,0% | Hedrsaubie otnoxenus | 279,1 21,1 2 69 14-17
0,5% | WIKIIK
40,0% | Texaudeckas Boaa
15,0% | ®ycsl
44,5% | KameHHble yriu
3 0.5% | LLIKIIK 773,3 21,6 3 4-6 12-15
40,0% | Texaudeckas Boga
49.5% OunbTp-KEKU §
KAMEHHBIX yIIIeH
4 | 10,0% | MoropHoe maciio 1018,3 21,1 4 5-7 11-13
0,5% HIKTIK
40,0% TexHuueckast Boaa

Croumoctn komnoHeHTOB KOKT mpHHATEI ¢ yd4eTOM CpeOHHX PBIHOYHBIX LEH
(MOTYT MEHSITHCA B 3aBHCUMOCTH OT KOHKPETHOTO rocTaBiuka) B nepuoa 2018-2019
IT., a TAaK)K€ MpPEANnojaraeMblX 3aTpaT Ha UX TPAHCHOPTHPOBKY. DakTHyeckasl CTaBKa
IaTel 3a 3a00p BOABI MpUHUMANAch cpeaHed mis Cubupckoro peruona PO — 311
pyO./ThIC. M [144,146].

Tekyuiye TOMIUBHbBIC 3aTpaThl (py0./TOM):

$1=Cr Gy, (2.3.1)
rae C, — CpeHEephIHOYHAs 1I€Ha TOIUIMBA C YYETOM TPaHCHOPTUPOBKU (pyo./T); G, —

TpeOyeMbIil pacXo/1 CKUTAEMOTO TOILTUBA (T/TON).
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KonuyectBo Tema, BBIAENAIONICECS MPU CXKUTAaHUM TpeOdyeMoro pacxojna
TPaJAMIIMOHHOTO TOTUIHBA (YTOJIb, Ma3yT, ra3) 3a rox (x/rox):
Oron= Q0rGr, (2.3.2)
rjae Q,— yaeiabHas TerioTa cropanus Tormsa (JHx/kr).
VY nensHas Teruota cropanus KOKT (ompenensercd kak cyMMa TEIJIOT CTOPaHUS
koMmrioHeHTOB KOKT ¢ ydeToM HX OTHOCHTENBHOM MacCOBOM KOHIEHTpaluud B

cycnensuu [91]) (Jx/kr):

i=1
QK>KT=ZQ1 '¢i, (2.3.3)

rne Q; — rtemora cropanus i-ro kommoHeHTa KOKT (/x/kr); ¢; — oTHOcuTenbHas
MAacCOBasi KOHIIEHTPALHKS i-T0 KOMIIOHEHTA B CYCIICH3HH.
TpeOyempsrit pacxon KXKT (1/ron):
Gixr = Oron/ Qroxrs (2.34)
rae Qro; — TEIJIOTA CTOPAHUS, BBIACIISIOMIASCS MIPU CKUTAHUU TPAAUIMOHHOTO TOILIMBA
(Ix/ron).
Pacxon i-ro komnonenta KXKT (1/ron):
Gi = Gyxr* @i (2.3.5)
3atparsl Ha KKT:

i=1
s,=>.C-G (2.3.6)

rae C; — cpenHeppiHOYHAsA 1ieHa i-ro kommnoHeHTa KOKT ¢ yuerom TpaHCropTupoBKU
(py6./T).

IKCIITyaTAIIMOHHBIE 3aTPAThI

B kauecTBe JaHHOM CTAaThU 3aTPaT pACCMATPUBAIMCH TEKYIIUE PACXOIbl CTAHIUAN
Ha DJIEKTPOIHEPIHI0, HEOOXOAUMYIO JJIsl TIPUTOTOBJICHUS! CYCIIEH3UOHHBIX TOIUIMB. B
HACTOSAIIEEe BpEeMs HM3BECTHO HECKOJIbKO crocoboB mpurotoBieHus KOKT [147-150],
KOTOpbIe Oa3upyrOTCS Ha TEXHOJIOTHSX TOHKOJIUCIIEPCHOTO M3MEJIbUCHHS YTJIeH,
CMEIIIMBAHUsI MX C BOJOW, NMPUMEHEHHUS TIUIACTU(UKATOPOB W cTaOuiau3aTopoB. Jliis
CPaBHEHHUS PACCMOTPEHBI JBE METOAUKHU: C IPUMEHEHHEM TOMOT€HM3aTOPa U IapOBOM

0apabannoit menpHUIB! (LITBM).
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[TpurotoBnenne KXKT ¢ wucnosib3oBaHMEM TOMOTE€HHM3aTOpa NPOBOJUTCS B
HecKoJIbKkOo 3TanoB [136,142]. Ha mepBoM TroTOBUTCSA BoOAOMACIHsiHash sMyibcus. Ha
BTOPOM JTare B €MKOCTh C IPUTOTOBJICHHON SMYJIbCUEH BBOJIUTCS TBEPABIM KOMIIOHEHT
(yronp unmu GuibTp-Kek). Bce KOMIIOHEHTHI MEPEeMENIMBAIOTCS TOMOTEHU3aTOPOM B
TEUEHHE 33JJaHHOT0 BpeMeHU (Kak mpaBuiio, 10 10 MunyT).

[Tpurotornenne KXKT ¢ wucnonp3oBanueM IapoBoil OapaOGaHHOW MeETbHUIIBI
OCHOBAaHO Ha KaBUTAIIMOHHOM [148] m3menpueHun yrias B BOAHOU cpene. B cocrtas
MEJIbHUIIBI BXOAUT OapabaH, MeENIONIME IIapbl U CHEUHAIM3WPOBAaHHbIC Bajku. B
OapabaH 3achlliaeTcs yrojb Wik (GUIbTp-KeK W Imapel. [locme »Toro 3amuBaroTCs
KUJKUE KOMIIOHEHTHI (Boja, Macio, ¢ychl, HEPTAHbIE OTIOXKECHUS  WIH
mactudukarop). Ipurorosnenne KXXT ¢ mpumeHeHneM MeNbHHIBI TMPOBOJIUTCS B
TeyeHue OoJiee IIUTENBHBIX TEPUOAOB (OT TMOJydyaca JI0 HECKOJbKHX YacoB) I10
CPaBHEHHIO C TOMOTE€HHU3aTOPaMH.

B [149] noka3zano, yto KXKT, mosydeHHbIe ¢ MCIIOJIB30BAaHUEM OO0EHUX METOJIUK,
UMEIOT CXOXkHe cBoicTBa. [IoaTOMYy 00OCHOBAHO MpPUMEHEHHUE 0oJiee paluOHAILHOTO
METOJIa — C IPUMEHEHUEM TOMOTreHr3aTopa (CTOMMOCTh YYTEHA B 3aTpaTax Ha CUCTEMY
TOTUTMBHOTO XO35MCTBA). PacCUMTHIBAIMCH AKCIITyaTallMOHHBIE 3aTPAThl, HEOOXOANUMbBIE
JIJIsl TPUTOTOBJICHUS TOTUIMBA (3aTPaThl HA JIEKTPUUYECKYIO DHEPTHUIO).

Pacuer skcmtyaTalimoHHBIX 3aTpaT MPHU UCIIOJIH30BAHUHU CIIOCO0A MPUTOTOBIICHHUS
C IOMOIIIbIO TOMOT€HU3aTOPa NPUBEIAEH HUKE.

Yucno uukiaoB padboThl B rof (IUT./TOM):

Cc= GK)KT / ms;, (237)
rae Gioxr — Tpedyembiit pacxon KOKT; m, — macca 3arpy3ku Toriusa (T).
O61iee BpeMst paboThl ycTaHOBKH i ipurotoBiaeHus cocrara KXKT (u/rox):
T=ct, (2.3.8)
rze t — Bpems paboThl yCTAaHOBKU (1), TPUHATO 13 MUHYT.
Pacxon snexrposneprun B roj Ha npurotroBiaenue KXKT (kBt-u/rox):
G,=nTN, (2.3.9)
I7i€ 1 — KOJMYECTBO YCTAHOBOK (IT.); N — MOIIIHOCTh JABUTaTeNs ycTaHOBKU (KBT).

3arpatsl Ha snekTpo’Hepruto st npuroroBieHus KXKT (py06./ron):
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S3= G, G, (2.3.10)
rae C,— CTOUMOCTh JIEKTPOIHEPTuH, pyo./KB1-4.

KanuranbHbie 3aTpaThl

KanutanbHble 3aTpaThl MPEACTaBISAIOT 3aTpaThl HA MIPUOOPETEHUE 000PYI0BAHUS
CUCTEMBI TOIUIMBHOT'O XO35IIICTBA HA CTaHIIMH, a TAK)KE HA €€ epeo0opyAOBaHUE.

Cornacuo ma"gaepiM TaOa. 2.3.1 Ha cramnuu Ne 1 TOIUIMBHOE XO3SHCTBO
peanu30BaHo ISl KAMEHHOTO YIJIA, TPUPOIHOIO ra3a U Ma3yTa, Ha cTaHUuK Ne 2 — muist
IIPUPOJHOIO Ta3a U MasyTa, Ha ctaHuuu Ne 3 — 11 KaMEeHHOTrO yriid. JlJIst BBITOJIHEHUS
pacyeToB KalUTAJIBHBIX 3aTpaT PACCMOTPEHBl TUIHUYHBIE TEXHOJOTMYECKUE CXEMBI
TOIUIMBHBIX XO3SUCTB JJI Ka)XJOTO BHJA TOIUIMBa (TBEPAOro, >KUJIKOTO U Ta30BOIO).
Jlanee BBIYUCISIUCH 3aTpaThl HA cucTeMy ToIutMBHOro xo3siicta nisa KXKT cormacHo
JIBYM BO3MOYHBIM BapUAHTAaM €€ CO3/IaHHUs.

llepsoviii 6apuanm noApaszyMeBai MepeodOOpPyI0BaHNE CYIIECTBYIOIIEH CHCTEMBI
TOIUIMBHOTO XO3SIMCTBA HAa CTAaHUMHM MYTEM COXPAHEHHS HYXKHBIX (MCKIIOYEHUS
JIUITHUX) 3JIEMEHTOB U JOTOJHEHUS] HEOOXOUMBIM 000PYA0BAHUEM.

Bmopoiui monpazymeBan coO34aHUWE MOJHOCTBIO HOBOW CHCTEMBI TOIUIMBHOTO
X03M1CTBa.

IIpu pacuere 3arpaT Ha CHUCTEMY TOIUIMBHOTO XO3SIMCTBA  MPUHSATHI
CpEIIHEPBIHOYHBIE 1IEHBI BXOJIAIIETO B HEE 000PYI0BAHUS.

Ha paccMOTpeHHBIX CTaHUMAX [JI8 IPUTOTOBIICHHS  YTOJIBHOM — MbUIX
UCIIONB3YIOTCS  mapoBble  Oapabanubie  MenbHuilbl  (IIIBM).  Texauueckue
XapaKTEepUCTUKU MeNbHULl TpuBeAeHbl B [150]. B wactHocTH, Ha craniuu Ne 1
ucnonb3yercst HIBM 287/410. Pacuetnoe Bpems npuroroBienust cMecu KXKT Ha ogHoM
MEJIPHUIIE TpPH OJHOKPATHOM 3arpy3ke mnpuHATO 1 wyac. CTOMMOCTH OJIHOIO
roMoreHu3aropa cocrtabisger mnopsaka 700 Teic. pyd. B cBsasum ¢ Tem, dro
npurotoBiiecnne cmecu KIKT H0DKHO TPOU3BOAUTHECS HEMOCPEACTBEHHO IE€pen
nojaved B KOTeN, JUIsi TOATOTOBKM TomumBa Ha craHiuu Ne 1 HeoOxomumo
npeaycMoTpeTb He MeHee 10 roMoreHu3atopoB (IO OJHOMY TOMOT€HHU3AaTOpy Ha

KKl KOTeNn) U 2 roMoreHusaropa B pesepBe. OOmive KanuTalbHbIE 3aTpaThl Ha
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MOKYNKY TOMOT€HH3aTOpOoB cocTaBaAT 8,4 MiH. py0. Bpems npurortosnenuss KKT
INPUHATO 13 MUHYT.

3aTpaThl Ha CKIAIMPOBaHMe U YTHIU3ALMIO 30/I0I1JIAKOBbIX 0TX0/10B.

CHmKeHUe 3aTpaT CTAaHLUWU 3a CUET YBEIUYECHUS JOJIM CHKUTAHUS YT TPUBOIUT
K pocty miomaneid nosurona 311O. B To Bpems kak nepexon Ha KXKT He npusener k
yBenuuenuto 3O, T.x. 1monss yras B TOIUIMBHOM OanaHce CYIIECTBEHHO HE
n3MmeHsercsi. (COOTBETCTBEHHO, JIOMOJHUTENBHBIX 3aTpaT Ha CKIAOUPOBAaHUE U
YTHIA3ALHUIO 30JI0IIIAKOBBIX OTXO0JI0B HE TpeOyeTcs.

3aTrpaThl Ha IKOJIOTHYECKHE MEPONIPUATHS WIHN yIUIATy ITpados.

[Ipumenenne KXKXT wuckimroyaer HEOOXOOUMOCTh B MPOBEICHUU CHELHAIBHBIX
MEpONPUSTUI, HANpaBJICHHBIX Ha CHUXXEHUE BBIOpocoB B atMmochepy. Hampumep,
3aMeHa CYIIECTBYIOIIUX I'OPEJIOYHBIX YCTPOUCTB HA HU3KOOMUCCUOHHBIE, 110/1a4a I'a30B
PELUPKYJSLIMU B TOPEJIKH, BHEAPEHUE JIBYXCTYIIEHUYATOM CUCTEMBI CHKUTAHUA, 3aMEHA
CYLIECTBYIOIIMX  30JIOYJABIMBAIOIIMX YCTAHOBOK Ha sMmyusraropst ¢ KIIJ
30JI0yJaBJIMBaHus Ha YpoBHE 99,5 %. D10 cBA3aHo ¢ TeM, uTo npu cxkuranuu KXKT ue
MPOUCXOJIUT MPEBBIIICHHS YCTAHOBJIEHHBIX HOPM BBIOPOCOB.

K tomMy ke orcyrcrtByeT mpobsieMa, cBs3aHHas C MNbUICHHEM CKJIaja YIis B
JETHUN TEepHUoj] B CYXYH BETPEHYI0 NOroay (OCOOEHHO aKTyallbHO MJii CTaHLUU,
PACITOJIOKEHHBIX B TOPOJICKOM uepTe). B CBSA3M ¢ 3TUM HCKIIIOYaeTCs HEOOXOMMOCTD B
MEpOINPUATHAX, HANPABICHHBIX HA CHW)KEHHE 3albUIEHHOCTH YTOJIBHOIO CKJIaJa,
HalpuMep,  CTPOUTENIBCTBO  3AKPBITOIO  YrOJABHOTO  CKJIAAa,  NPUMEHEHHE
BETPO3ALIUTHOTO OTrPAXACHUS MO INEPUMETPY YIOJBHOIO CKJIaJa WM IPUMEHEHUE
YCTAaHOBOK TBUIEMOAABICHUS (yCTaHOBKAa TymMaHooOpasyroumx myuek). Bce 3tu
MEpONPUATHS TAKXKE SBJISIIOTCS BECbMA 3aTPAaTHBIMU, B TO BpeMsl Kak nepexon Ha KOKT
MO3BOJIIET MHHMMH3MPOBATH JaHHYIO MpoOieMy, T.K. (UIBTP-KEKU SBISIOTCS
BJIQXKHBIMH OTXOJIaMHU yrienepepadoTKu.

[IpumeneHnne yriisi XapakTEepHU3yeTcsl eIle OJHOW MpoOJeMOW — BO3TOpaHHE
YTOJIBHOM MBI B OyHKEpaxX KOTJIOB (Yriid Mapku «JI» XxapakTepusyroTcsi TOBBIIICHHON
B3pbIBOONACHOCTHI0). (OCHOBHBIMH NPUYMHAMH  BO3TOPAHMI  MOXET  CIIY>KUTb:

MEPECYIIKA MBUIM B PE3YyJbTaTE MPEBBILICHUS TEMIIEPATYPbl adPOCMECH; OTIIOKECHUS
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IbUIA B TPAKTE CHUCTEM MBUICIPUTOTOBICHUS W3-32 KOHCTPYKTUBHBIX HEIOCTATKOB
TpakTa; OTCYTCTBUE 3aIOJHEHUSI OYHKEpa MbLJIM MHEPTHBIMU ra3aMH HAa OCTAHOBJIEHHOMN
NBUIECUCTEME; HEIOCTaTOYHAsl IUIOTHOCTh OyHKepoB mbuid. IIpoOnemy Bo3ropanus
YrOJIbHON MbUIM B OyHKepax 0€3 JONOJHUTENIbHBIX MEPONPUITUN MO3BOJIET PEIINUTh

nepexon Ha KOKT, T.k. TOIIMBO B KOTEN MOJAETCA B )KUJAKO-IUCIIEPCHOM COCTOSIHUM.

2.4. BeruncjieHue KOMILUIeKCHOTO napamerpa 3¢ppexktuBHoctu npumenenust KoKT

OrneHuTh 3GGHEKTUBHOCTH CKUTAHUS TOIIMBA, B YACTHOCTH CYCIIEH3HMOHHOTO, 110
VM3MEPEHHBIM 3KOJIOTUYECKUM WIIA SFHEPTETUUECKUM ITOKA3aTENsIM HE BCEra BO3MOXKHO.
3ayacTyro TpeOyeTcsl YYUTHIBaTH M JIPYTHME XapaKTEPUCTUKHU Mpoliecca, HAmpUMED,
SKOHOMHUYECKHE WJIM COLUUAIBHBIE aCMEKThl, a TAaKKE COBOKYMHYIO OILIEHKY psiaa
dakTopoB. B Takux ciydasx HCHONB3YIOT METOJUKH MYJIbTUKPUTEPUATHHOTO aHAIN3a
(multiple-criteria decision-making (MCDM)) [151]. MynbTUKpUTepUaIbHBIE METOMIBI
OILICHKHU MIPUMEHSIOTCS C IIEJIbI0 aHAIN3a OJTHOBPEMEHHOTO BO3ICUCTBUS psifia (aKTOPOB
Ha Kakylo-IM0O CHUCTEeMYy WIM TPYyNIy XapakTEPUCTUK HA OCHOBE HMEIOIIUXCS
Pa3pO3HEHHBIX JAaHHBIX O Tmapamerpax mnpouecca. MCDA 1o3BONsI€T HAaXOOUTH
ONTUMAJIbHOE PEIICHUE B YCJIOBHUSX OOJBIIOIO KOJWYECTBA HEYMOPSIOUCHHBIX
apryMEHTOB; OO0ECIEUMBAET IMOCIAEAOBATEIbLHBIH UM BOCIPOU3BOAUMBIN  TMPOIECC
IPUHATUS PELICHUN ITyTEM HMCIOJB30BaHUS €JUHOrO Moaxoja. Bo MHOrMX HaydHBIX
UCCIeNOBaHUSIX NpuMeHsuch noaxoasl MCDM mns pasueix oOnacTeil Hayku |
TEXHUKH, ¥ 3Ta TCHJICHIIUS YCUJIMBAETCA HA MPOTsKeHUu MHorux Jiet [151]. B pamkax
JTAHHOTO HAMpaBlIeHUs OIeHKA 3(P(GEKTUBHOCTH MPUMEHEHUS CYCIICH3MOHHBIX TOIUIUB
TaKke mpeactapiser uHTepec. OgHakKo Takux padoOT OmyOJMKOBaHO HE MHOro. B
paMKax JaHHOTO JHUCCEPTAMOHHOTO HCCIEAOBAHMUS TMPEIJIOKEHO [Ba MOAXoAa K
pacdery KoMIuiekcHoro mnapamerpa dddexrtuBHoctu mnpumeHeHus KXKT, koropsie

0a3upyrOTCsl HA OCHOBHBIX MpUHIMIAX MeTo10B MCDM.

2.4.1. Ilepsvlii nooxoo
JIJIs OIICHKH OCHOBHBIX IPEHMYILECTB NMPUMCHEHHS CYCIICH3UH OIpeaeicHbI

OTHOCHUTCJIBHBIC J3KOJOIMY€CKHC, SKOHOMHNYCCKHE KW OHEPICTHYCCKHC I10KAa3aTclii B
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cpaBHeHuu ¢ yraem [152,153]. Paccmotpensl Tpu nepcnektuBHble cycnieH3uu: KOKT 1
(100 % dunpTp-Kek yras mapku «T» B keaeoOpa3sHoM ucxogHoM cocTtostHum); KOKT 2
(89% ¢unpTp-kex yras mapku «T», 10% mazyt, 1% mnactuduxartop), KXKT 3 (89%
bunbTp-kex yriss Mapku  «T», 10% otpabotranHoe TypOuHHOE Macno, 1%
1acTuduKaTop).

B kauyecTBe OCHOBHOIO OTHOCUTEIBHOIO I[IOKAa3aTelid [0 aHTPOIOTE€HHBIM
BBIOpOCaM MPUHATO OTHOIIEHHE cpenHux KoHueHTpauuit NO, u SO, mpu cKuraHuu
VIJI K aHAJIOTUYHBIM MTapaMeTpaM, COOTBETCTBYIOIIUM IKCIIEPUMEHTAM C CYCIIEH3USIMU
[152]:

Agoxr " = NOy yrom, / NOs it (24.1)
AK)KT S0 = SOX yrosb / SOX KOKT- (242)

Paccuntan oOmuMii OTHOCUTENBHBIN TOKa3aTelb MO aHTPOMOTEHHBIM BBHIOpOCAM
ot cxxuranusi KXKT, npuroToBiaeHHbIX HA OCHOBE BCEX MCCIEAOBAHHBIX (DUIBTP-KEKOB
[152]:

Agxr = Agoxer O Agorr OO (2.4.3)

OCHOBHBIM PHEPreTUYECKUM IOKAa3aTelieM TOIUIMBAa MPUHSATO CUUTATh TEILIOTY
cropanus. Kak ciiencTBue, B KaueCTBE OCHOBHOTO MHTErPAIBHOTO 3HEPreTUYECKOro
napaMeTpa I1eJIeCOO0pa3HO PacCMOTPETh OTHOCUTEIIBHOE HM3MEHEHUE TEeIUIOTHI
cropanust KXXT no cpaBHEHUIO ¢ HICXOHBIMU yTisaMH [152]:

Mioxr = Qas, v okt / Qas, V yroms- (2-4-4)

B xauecTBe OTHOCHUTEJIIBHOTO YKOHOMUYECKOTO TMOKa3aTessl MPUHSITO OTHOIIECHUE
croumoctu yria u KKT [152]:

PK)KT = Cyrom)/ CK)KT- (245)

IIpu »TOM 1I€7€CO00pa3HO YUMTHIBATH CPEAHIO PHIHOYHYK) CTOUMOCTH
KOMIIOHCHTOB HCCIICJOBaHHBIX TOIUMB. B Tabmume 2.4.1 mnpuBencHBI 3HAYCHUS

CTOMMOCTH TOTUIMBHBIX KOMIIOHEHTOB B Poccuu (Cubupckuii peruoH).
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Ta6nuna 2.4.1. 3HaueHus CpeTHEPHIHOYHOW CTOMMOCTH M KOHIIEHTpAIUii KOMIIOHEHTOB

KOKT [152]

MaccoBas
0 * .
Ne KoMnoneHT Croumocts* (C;), pyo./Kr KoHmeHTpaws (), %
1 | KameHHbIM yroJib 0,7-2,9 100
o | PuabTp-KeK 0.2-0,5 89-100
KaMECHHOTO YTJIs
3 | Maszyt 11-27 10
4 OTtpaboTtanHoe 917 10
TypOMHHOE MacJo

* ykazawvl cpeoHepviHounble yenvl 3a 2017-2018 ee.; 3HaueHuss He ABAAIOMCA

¢Z/IKCZ/lp0661HHblMM U MO2CYym MEHAMbbCA 6 3A6UCUMOCMU OM KOHKPEMHO20 nocmasujuKka

OOOOIIEeHHBIM  MHTETpPalbHBIA  [MOKa3aTelb,  YYUTHIBAIONIUNA  OCHOBHBIC
HKOJIOTUYECKUE, DKOHOMHUYECKHE M DHEPreTHUYECKUE XapaKTEPUCTUKH, MOMKET ObITh
MPEICTABJICH B JIByX BapuaHTax. [lepeviu eapuanm — OJHOBPEMEHHBIA YYeT
BBIYHCIICHHBIX BECOBBIX KOA((GUIIMEHTOB (IKOJIOTHS, IKOHOMUKA U dHEepreTuka) [152]:

Byoxr = Axoxer - Mioxr * Proxer (2.4.6)

Bmopoii  6apuanm — BbluHcneHue Kod(pPuUIMEHTa, XapaKTEPU3YIOIIETO
KOJIMYECTBO SHEPIUU, KOTOPAsl BBIICIUTCS MPU CKUTAHUU | KT TOIUIMBA, C YUYETOM €r0
CTOMMOCTH Y KOHIIEHTpaIuu oOpaszyroniuxcs rnpu ropeun BeiopocoB NO, u SOy [152]:

Dicxer NOX = O, v okt / (Cior - NOy 1oxc1); (2.4.7)
Dioir > = Q' v 1ot / (Cioxer * SOx sox)- (24.8)
2.3.2. Bmopoii nooxoo

C wnenbto oneHku A0cToWHCTB U HenoctaTkoB KOKT mo cpaBHeHHIo ¢ yriem
BBEJICH KOMIUIEKCHBIA mapameTp 3(HPEeKTUBHOCTU (C TOUKHU 3pEHUS] HanbOoJee BaKHBIX
11t TOC OCHOBHBIX 3KOJIOTHYECKUX, JHEPreTUYECKUX W TEXHHKO-3KOHOMHYECKUX
XapaKTepUCTHK), YIUTHIBAIOIIMY creayromue napameTpsl [154,155]: Tennora cropanus
U pacxo] TOIUIMBA; AHTPOIOTE€HHBIE BBIOPOCHI M 30JIbHBIA OCTATOK; MaKCUMaJIbHas
TeMIepaTypa rOpeHusi; MUHUMAaJIbHbIE TEMMEPATYPhl 3aKUTAHUS; BPEMEHA 3aJICPKKH
WHULIMUPOBAHUS TOPEHHUS, CTOMMOCTh KOMIIOHEHTOB, TEXHUKO-2KOHOMHUYECKHE

IIOKa3aTcIn XPaHCHUA, TPaHCIIOPTHUPOBKH u CXXHUTI'aHH TOIIJINBA,
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MOKapOB3PLIBOOE30MIACHOCTh. 10 KaXXoMy W3 IMOKa3aTesied BBITIOTHEHBI OIEHKH C
YYETOM pPa3HbIX KOMIOHEHTHBIX cocTaBoB KIKT.
Temnora cropanus 4 pacxoJ TOIJIMBA
OtHocuTenbHbIe TIOKa3aTenu no temnore cropanus KIKT B cpaBHEHMM € yriem
BBIYHCIICHBI IO popmyite [155]:
QOTH = QK)KT / erom;- (249)
OtHocutenbHble MOKazaTeum 1o Macce tormmmBa KOKT, meoOxomumomn i
nosyueHust 20 M/l sHepruu, B CpaBHEHUH C YTJIEM BbIUUCICHBI TI0 Gpopmyre[155]:
Gom= Grxr ! Gyrom- (2.4.10)
AHTpPONOreHHbIe BLIOPOCHI U 30JIbHBIN 0CTATOK
Jns ouenku npeumymiectBa npumeHeHus KIKT mno cpaBHeHuro ¢ yriiem

pacCUUTaHbl OTHOCHUTCIIBHBIC ITOKA3aTCIINU II0 BbI6pOC&M N()X )51 SOX Hu 110 MacC€ 30JIbl

[155]:

ANOX OTH — NOX KKT / NOX yl"OJ'IL; (241 1)
ASOX oTH — SOX KXKXT / SOX yronL; (24 1 2)
MOTH = MK)KT / MerJIB' (2413)

MakcuMmaibHasi TeMIepaTypa ropeHust

B coorBerctBMM ¢ 3KcnepuMEHTaIbHOW Metonukou [124] ompeneneHsl
MaKCHUMaJIbHbIE TeMIEpaTypsl T4, JOCTUraeMble MPHU FOPEHUM CYCIIEH3MH M YIJIEH.
OtHomeHns MakcuMalibHbIX TemnepaTyp ropenuss KOXKT B cpaBHeHun c yriem
BBIYUCIIEHBI IO opmyraM [155]:

Ty ommaX = TdmaXK)KT / Tdmaxyronb- (2414)

MuHuMAJ/IbHbIE  TEeMIEPATYPbl 3a:KUTAaHUA M BpeMeHa  3aJIePKKHU
UHUIMUPOBAHUSA TOPEHUsI

B cooTBeTcTBMM C S3KCIEpUMEHTAIbHBIMU MeToAukamu [71] omnpeneneHbl
MUHHUMAaJIbHbIE (TOPOTOBBIE) TEMIIEPATYPHI Tgmi”, HeoOxoaumblie s 3axuranus KOKT u
yIJIel, YCTaHOBJICHbI BPEMEHA 3aJCPKKU 3a)KUTaHUsl TOIUIMB Tq MPU HICHTHUYHBIX
TEMIIEPATyPax HarpeBa BO3AYIIHBIM IIOTOKOM 7.

OTHOUIEHUSI MHUHUMAJBHBIX TEMIIEpaTyp U BpPEeMEH 3aJepPKKU 3aKUTaHUs

CYCIICH3UI B CPAaBHEHUU C yTJIEM BBIUUCIIEHBI 110 hopmyram [155]:
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Tg OTHmin: TgminK)KT / Tgminyronb; (2415)
Td o = Ta okt / Td Yromb- (2.4.16)
IHoxapoB3pbIB00€30MACHOCTH
Hcnonb3oBaHue CycneH3Ui xapakTepu3yeTcs: 00jiee BRICOKUMU TeMIlepaTypaMu
3aKHATaHUs, 00Jiee NIUTEILHBIMU BPEMEHAMHU MPOTPEeBa TEpel 3aKUTAaHHUEM, a TaKKe
MEHBIIUMHU TEMIIEpaTypaMu TOPEHUs. OTH TpPU I[IOKazaTessl SBISIIOTCS OCHOBHOM
MPUYMHON CYIIECTBEHHO OoJjiee BBICOKOM mokapoB3peiBoOe3onacHoctd  KOKT o
CPaBHEHUIO C YTOJbHBIMU TOIIMBaMU. Kak cieacTBue, OTHOCUTEIBHBIM MOKA3aTEIlb
M0KapOB3PBIBOOE30MIACHOCTH Py, TOTUIMB MOYKHO OIIEHHUTH C HMCIIOJIb30BAHHEM TpPEX
yKa3aHHbBIX TTapaMeTpoB 1o dopmyie [155]:
Py = Tg OTHmin'Td oy OTHmaX' (2417)
CTtoMMOCTL KOMIIOHEHTOB M  TEeXHHMKO-)JKOHOMHYECKHE I0KAa3aTeJu
XPaHEeHHUs, TPAHCIOPTHPOBKH U CKUTAHUSA
B cooTBercTBUM CO CpEAHEPHIHOYHOM CTOMMOCTHIO KoMmoHeHTOB KOKT
ONPEAEICHbl MPEUMYILECTBA CYCIIEH3UOHHBIX TOIUIMB B CPAaBHEHHUM C yriieM. Takxke
MPUBEIEHBI CYMMapHBIE TEXHUKO-3KOHOMHUYECKHUE MOKA3ATEIHN MO TOIJIMBOMOATOTOBKE
B COOTBETCTBUM ¢ MeTOAuKOM [135]. BeIUMCIIEHBI OTHOCHTEIIBHBIC ITOKA3aTENIM IIO
CTOMMOCTH CYCIIEH3WI B CpaBHEHUH C yrieM. OrnpenesieHsl 3aTpaTbl HA XpPaHEHUE,
TpaHcnopTupoBKy U cxkuranue KXKT B kauecTBe OCHOBHOT'O TOILUIMBA (B3aMEH yTJisl) HA
TETUIOBBIX DJIEKTPUUECKUX CTAHIIUSIX:
Sorm = Stoxr / Syrom,; (2.4.13)
NOTH = NK}I{T/NyronL- (2419)
CTouMOCTh  pacCMaTpMBaeMbIX  CYCHEH3UM  ONpEAessyiach  HUCXOAS U3

CPpE€AHCPBIHOYHEBIX IICH KOMIIOHCHTOB, BXOAAIINWX B TOIIJIMBO, U UX KOHI_IeHTpaHI/Iﬁ B HEM

(Tabm. 2.4.1):

i=1
Sexr=2.C o0, (2.4.20)

rae C; — cpenHepblHOUHAs LeHa i-ro koMnoHeHTa KOKT ¢ yuerom tpancrnoptupoBku

(py0./T); @; — KoHUEHTpaus i-ro komnoHeHTa B KXKT.
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OcHoBbIBasicb Ha Metoauke [135] momydeHbl 3HA4YEHHUs 3aTpaT HAa XpaHEHHUE,
TPAaHCIOPTUPOBKY M CKUTAHUE YISl (OCHOBHOTO TOIUMBa), a Takke KXKT (B kauecTse
OCHOBHOTO TOIJIMBA) Ha TEIJIOBOM 3nekTpuueckoit ctanumuu Ne 1 (ta6mn. 2.3.1). Jlanee
MOJTYYEHBI COOTBETCTBYIOIINE OTHOIIECHUS Ny

O06o0menne pe3yabTAaTOB BBINOJHEHHBIX HCCJIEI0BAHMHA M PEeKOMEHJIAIMU
10 UX MCIOJIb30BAHUIO

Jist 006001IeHHs MOTYYEHHBIX pe3yJbTaTOB BBEJIEH B PACCMOTPEHHE IMapameTp,
MO3BOJISIFOIMI BBITIOJIHATH OLEHKHA NEPCIEKTUBHOCTH Mcnoib30BaHua KOKT ¢ pasHeimMu
KOMIIOHEHTHBIMU COCTaBaMU B CPaBHEHUU C yIVIEM. DTOT MapameTp MOXKHO B IEPBOM
MPUOIMKEHUU NPUHATH (B COOTBETCTBUM C OCHOBHBIMHU MOJIOKEHUSIMHU KIACCUUYECKUX
TEOpUH ympaBieHUs U NpuHATUS perieHuit [156]) kak cymmy (WM NpOU3BEICHUE) BCEX

OTHOCHUTEJIBHBIX MTAPAMETPOB, PACCMOTPEHHBIX BhIIIE [155]:

Lom1= [YI ) QOTH]+[YZ'G0TH]+[Y3'ANOX OTH 'ASOx OTH]+

+[Ya Mol +[¥s Porl+ [Yo "Soml+[¥7 "Nowl; (2.4.21)
Lomn 2= [V1"Qora] [Y2" Gorul - [V3"Anox oru"Asox oral
Y Mo [¥5 Pom] * Yo Somd * [¥7 “Nomal. (2.4.22)
rae y; — BecoBble KOd(DduimeHThl (B MEpBOM NPHUOIUKEHHUU MOXKHO POJIb BCEX
NEPEUYNCICHHbBIX (PAKTOPOB CUMTATh PABHO3HAYHOW, Torma Y=1, i=l...n, rme n —

KOJIMYECTBO YUUTHIBAEMBIX (DaKTOPOB).
Ecnu yuuThIBaTh TJIaBHBIM 00pa3oM MpPEUMMYIIECTBA CYCIIEH3UI Haja yIisiMu, TO
1enecoo0pa3Ho UCI0JIb30BATh KOMILJIEKCHBIN mapametp [155]:
Joun 1=[Y1" Qorl+[V2 1/ Goral+¥3 1/ANOx ome’
V/Asox ornl+ ¥4 1Moyl +[¥s 1/Poral+[ Y6 1/Sorl+[Y7 I/Nowl;  (2.4.23)
Jorn 2 =[Y1" Qo [ Y21/ Gorul [¥3' 1/Anox 0w
"VAsox oml [Ya- VMol [Ys 1/Porul” [Y6' 1/Soru] [Y7 1/Nowl- (2.4.24)
O6a BapuaHTa pacyeTa 0a3upyrOTCs Ha OCHOBHBIX npuHiunax MCDM (Multiple-
criteria decision-making) u oueHb OJaM3KM K 0OIIen3BecTHOMY noaxone WSM (weight
sum method), KOTOpBI 4acTO MPUMEHSIETCS B DHEPreTUYECKOM CEKTOpE BBUIY €ro

YHUBEPCAIBHOCTU U MIPOCTOTHI MPOU3BOAUMBIX pacueToB [157,158].
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BbIBOABI 110 BTOPOI Ii1aBe
Pa3paboTana cxeMa ¥ CMOHTHPOBAH IKCIIEPUMEHTAIBLHBIN CTECH/ IJIs1 HCCIICIOBAHUS
HKOJIOTMUECKUX  xapakTtepuctuk  (BeiOpocoB SO, u  NO,)  cxuranus
KOMITO3UIIMOHHBIX JKHJKUX TOIUIMB C HCIOJb30BaHUEM MYy(PEIbHOM TeYH U
ra30aHajJu3uPYIOLIEN CUCTEMBI.
Pa3paborana meTtonuka peructpanuu KoHIeHTpauuii BbIOpocoB SO, u NO, npu
CKUTaHUU HABECKH TOILIMBA.
Pa3paboTtan HOBBII MOAXOA K  TPOBEACHHIO  KOMIUIGKCHOTO  TEXHHKO-
HPKOHOMHYECKOTO OOOCHOBaHUA (C TOYKM 3peHHs HauOosiee BakHbIX g TOC
OCHOBHBIX  JKOJOTMYECKHX, DHEPreTUUYEeCKUX U  TEXHHUKO-PKOHOMHUUYECKUX
xapakrepuctuk) mnpuMmeHeHuss KOKT Ha TEIIOBBIX 3IEKTPUYECKUX CTAaHUUSIX H
KOTEJIbHBIX B3aMEH TPAJAUIMOHHOTO TOIUIMBA, OTIMYAIOIIMKUCS OT W3BECTHBIX
y4eTOM HauOojee 3HAYMMBIX AHEPreTUUYECKUX, SKOJOTHYECKUX M HAKOHOMHUUYECKUX
XapaKTEPUCTUK UCITOIb3YEMbBIX TOTUIHB.
Pazpabotannbiii mnoaxoj Oasupyercss Ha MPUHIMIAX MYJIbTHKPUTEPUATIBHOTO
anamm3a (MCDM) Oonpiioro oObemMa JaHHBIX, KoTopblii JA€T BO3MOKHOCTH
MPOBEJAECHUSI  CPABHUTEIBHOM  OIEHKM  NEPCHEKTUBHOCTU  HCIOJIb30BaHUSA
CYCTIIEH3MOHHBIX TEXHOJIOTUH Ha OCHOBE CTAaHIAPTHBIX KPUTEPUEB U MAPAMETPOB.
Pa3paboTanHasi SKOHOMHUYECKas MOJIeTb TI03BOJIMJIA TPOU3BECTH CpPABHEHHE
pasmuunbix  coctaBoB KOKT ¢  yderom OONBIION TPYNIbl  ONPEACIISIONIAX
napaMeTpoB: TEIUIOTa CrOpaHMs, Pacxojl TOIJIMBA, AHTPOIMOTEHHBIE BBLIOPOCHI U
30JIbHBI OCTAaTOK, MHUHUMAaJbHAas TEMIIEpATypa 3aXUTaHUS W BPEMS 3aJIEPKKU
WHULIMUPOBAHUS TOpEHUS, MaKCHUMaJIbHAas TeMmneparypa rOpeHus,
M0KapOB3PLIBOOE30MIACHOCTh, CTOUMOCTh KOMIIOHEHTOB U T€XHUKO-2KOHOMUYECKHUE

MOKa3aTeNn XpaHEHHUs], TPAHCIIOPTUPOBKH U CHKUTAHUS.
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I'/TABA 3. OCHOBHBIE PE3YJIbTATBI JUCCEPTAIIMOHHBIX
UCCJEJOBAHUN

3.1. Pe3yabTaThl 3KCNIEPUMEHTATbHBIX UCCJIET0BAHUI IKOJIOTHYECKUX

XapPaAKTEPUCTHUR CKUTAHUA KOMITIO3ZUITNOHHBIX KUIKUX TOIIJIUB

3.1.1. Konyenmpayuu evibpocoé NO, u SO, npu corcueanuu KameHHuIX yeiel pasiuiHblxX
MapokK

Ha pucynke 3.1.1 mnpuBeneHbl OCHOBHBIE PE3YJIbTAaThl  BBINOJIHEHHBIX
uccnenoBanuit [152,153,159-161], wtocTpupyronme XapakTepHble KOHIEHTpalUi

NOy n SO npu C)KUraHUM KAMEHHBIX YIJIEW pAa3HBIX MapOK B ITBUIEBUIHOM COCTOSTHUU.

400 y T - T - T
1 Il Yrons "CC" 4
350 ([l Yrons "T" .
1 [ Yronb "K" | :
3004 ] VYronb "™ .
y Yrone "0" 1
_ 250 ; .
= 1 ]
=
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Pucynok 3.1.1. DkcnepumeHTaabHble 3aBUCUMOCTH KoHIeHTparuid SOy (a) u NOy (6)

OT TEMIIEPATYpPhl B KAMEPE CTOPAHMS NPU CKUTaHUS KAMEHHBIX YIJ€d Pa3HbIX MapOK

[152,153,159-161]

B pesynapTare aHammza SKCHEPUMEHTANBHBIX 3aBUCUMOCTEN (pucyHok 3.1.1)
YCTaHOBJIEHO, YTO C POCTOM TEMIIEpaTypbl B KaMepe cropanus KoHueHtpauuu SOy u
NOy Bo3pacTatoT. Beicokoe comepxaHue B TOIUIMBE JIETYYHX ra3000pa3HbIX BEUIECTB
(V™) criocoGCeTByeT ero 3aHraHHIO HpH Ooliee HH3KHX TEMIIEPAaTypax, a CHIKCHHE
TEMIEPATYpbl, B CBOIO OYEPElb, BEJET K CHI)KEHUIO KOHIIEHTpaluil BeiOpocoB SOy, u
NO; [61,152,159-161].

[Ipoueccel oOpa3oBaHMsl OKCHUIOB CEPbl MPHU CHKUTAHWU YrOJIBHOTO TOILJIMBA B
OOJBINIE Mepe 3aBUCAT OT COJCPKAHUS OPTaHMYECKUX COCIUHEHUU CEepbl (S B
pa3HbIx oOpasuax. Tak, Hampumep, colepkaHue cepbl B yriie mapku «K» cocrasnser
0,868 % (Tabmumia 2.1.3), 4yTo BHIIIE, YeM y APYTHX PACCMOTPEHHBIX MApOK yrieil. ITo

U OMpe/ieiieT MaKCUMAJIbHOE KOJIMYECTBO BHIOPOCOB SOy MPH €ro CKUraHuu (PUCYHOK

3.1.1, a).
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DKCHepUMEHThI MTOKA3alld, 4YTO TEMIEpaTypa CKUTaHUs CYIIECTBEHHO BJIMSIET Ha
nuHaMuky Bbixona NO, npu ropenuu yrieu (puc. 3.1.1, 0).

Oxcuapl a3ota 00pa3yloTCs MPH TOPEHUHM 3a CUET OKHCIEHHUS a30Ta BO3IyXa
TOJIBKO MPHU BBICOKUX TeMmIiepaTypax [61] u 3a cuer a3oTa B TOIUIMBE, HAXOASIIETOCS B
CIIOHBIX OpPraHUYECKUX COEAMHEHMSX, BXOIAIIMX B cOocTaB TormBa. OOpa3oBaHHe
OKCHJIOB a30Ta IMpHU BBICOKOTEMIIEPATYPHOM CXKUTAHHHM TOIUIMBA OOYCIIOBJIEHO B
OCHOBHOM OKHCJICHHEM MOJEKYJISIPHOTO a30Ta BO3JyXa HEMOCPEJICTBEHHO B 30HE
ropenusi. [Ipy HU3KOTEMIIEPaTypPHOM CHKUTAaHUM TOTUIMBA YBEJIMUUBACTCS J10JS1 OKCHUJIOB
a30Ta, 0Opa30BaBIIMUXCS B PE3yJbTaTe OKUCIEHHUS CBSI3aHHOIO a30Ta, BXOJSIIETO B
COCTAaB TOIUIMBA. ODTOT NPOLECC NPOUCXOJIUT JIer4e U ObICTpEe, YEM OKHUCIICHHE
MOJIEKYJIIPHOTO a30Ta BO3AyXa MPU OTHOCHTEJIbHO HU3KUX TEMIIepaTypax, HampHumep,
qutst yroast ipu 250-280 °C. MakcuMaibHbIM BBIXOJ OKCHIOB a30Ta HAOJI01aeTCs B 30HE
akTuBHOro ropenus [162,163]. B ocrtanbHbBIX 30HaX, I/I€ YPOBEHb TEMIIEPATYPbI
OTHOCUTEJIBHO HIKE, aTMOC(HEPHBINA a30T MPAKTUYECKU HE OKUCISAETCA. DTO O3HAYAET,
YTO CHWKEHUE TEMIEpaTypbl TOpPEHUs TOIUIMBA CIOCOOCTBYET YMEHBIICHHUIO
COJIep>KaHMs OKCUJIOB a30Ta B BhiOpocax [152,159-161].

OcHoBHOE 00pa3oBaHWE TOIUIMBHBIX OKCHJIOB a30Ta HAYMHAETCS TpU
temrepatypax Bbiie 700 °C. Ilpu Takux Temmeparypax 0o0ecnedrBaeTcsi yCTOMUHUBOE
3aKUTAaHUE W TIocHenyrollee ropeHue Jyeryynx. OOpaboTka H3KCHEepUMEHTATbHBIX
JaHHBIX TIoKazana [152,159—-161], 4To BBIXOA TOIJIMBHBIX KOHIEHTparuid NO,
NPaKTUYECKA NPSIMO MPONOPLUUOHATEH COACPKAHUIO a30Ta B HMCXOJHOM TOIUIMBE
(Tabmuna 2.1.3).

Kpome toro Ha Beixog SO, u NO, Biuser comepxanue Biaru (W*) B oOpasiax,
KOTOpasi CIOCOOCTBYET COKpallleHHI0 BbIOpocoB [152,159-161]. W3 ananuza Ttabaun
2.1.2 u 2.1.3, a Takxke IpeAcTaBICHHBIX 3aBUCUMOCTEl Ha pucyHke 3.1.1, a cienyer,
41O yroJyib «K» M3 BceX pacCMOTPEHHBIX YIJIEW COAEPKUT HAUOOJbIlIee 3HAYEHUE CEPhI
(0,868 %) 1 oTHOCHUTENIBHO HEBBICOKOE 3HaueHue Biaru (2,05 %) (puc. 3.1.1, a). Yroub
«T» conepxxkutr MeHnbiee KomuecTBO cepbl (0,526 %) u Oonblliee KOIUYECTBO BIIATH
(2,89 %) (puc. 3.1.1, a). Yroas «/I» umeer Oojbliee MO CPAaBHEHUIO C OCTaJbHBIMU

yrasimu conepkanue Biaru (5,17 %) um HeBbicokoe conmepxkanue cepsl (0,398 %),
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CleI0BaTeIbHO, HAMMEHbIIME KOHIeHTpauuu BbIOpocoB SO, (puc. 3.1.1, a).
OkcnepuMeHTallbHble KpuBble i yriied «I'» u «CCy» 3aHMMaroT MPOMEKYTOUYHBIE
MOJIOKEHHUS.

CornacHo mpeACTaBIEHHBIM 3KCIIEPUMEHTAIBHBIM 3aBUCUMOCTIM (puc. 3.1.1, 6)
MaKCHUMaJbHble KOHIICHTPAIIMU BHIOPOCOB OKCHJIOB a30Ta COOTBETCTBYIOT yriro «CCy,
TaK KaKk OH MMEET B CBOEM COCTaBE MPHUOJMU3UTEIBHO OJIMHAKOBOE KOJIMYECTBO a30Ta
(2,23 %) u Bnaru (2,76 %) (tabmuubl 2.1.2 u 2.1.3). AHanOru4HbIe BHIBOJBI MOKHO
caenate u ans yraa «T» (azor 2,23 %, Bnara 2,89 %) (puc. 3.1.1, 6). Yroas «I'»
COJIEPKUT HauMeHblliee kKoiaumdectBo Biaru (0,76 %) u3 BceX pacCMOTPEHHBIX YTJICH.
Opnako MMeeT B cocTaBe Takke manoe konmuectBo azora (0,01 %) (puc. 3.1.1, 6).
Haunmenbiine BbiOpockl NO, xapaktepHsl aig yris «», coxmepxkaiero Oosblioe
KoJinuecTBo azota (2,62 %), oJHAaKO BBICOKOE cojepkaHue B HeM Biaru (5,17 %)
MO3BOJIIET cokpaTuTh BeIOpoCchl NOy (puc. 3.1.1, 6).

Jnana3zoH 3HaueHUN BHIOPOCOB OKCHJIOB a30Ta MPU CHKUTAHUM YIJIEH COCTaBUII
130-550 oM [61], a okcunoB cepsl — 20-367 nnim [61]. TIpencraBieHHble 3HAYEHUS
XOpOIIO KOPPEJIUPYIOT C JAaHHBIMU, NMpuBeAeHHbIMU B [61,164,165]. Tak, nanmpumep,
Jara3oHbl BEIOPocoB okcuoB a3oTa (NOy) — 10-200 nmm [61], a okcumoB cepsl (SOy)

—50-900 M [61].

3.1.2. Konyenmpayuu NO, u SO, npu coicueanuu KKT nma ocnose purvmp-xexos
KAMEHHbIX Y2/ell pa3IudHbIX MapoK

Ha pucynke 3.1.2 nmnpuBegeHbl OCHOBHBIE PE3YJIbTAaThl  BBINOJIHEHHBIX
uccnenoBanuii [153,159,161,166], wimtocTpupyroine KOHIIEHTpauu BeiopocoB NO, u

SO, npu cxuranun KXKT Ha ocHOBE PUIIBTP-KEKOB pa3HbIX MAPOK KAMEHHBIX YIJICH.
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3ameHa TPaguIMOHHOTO MOAX0/a MBUICBUIHOTO CXKUTAHUS YIJid Ha IPUMEHEHUE
KOMITO3UIIMOHHBIX ~ KUJKUX TOIUIUB  CIIOCOOCTBYET CHW)KCHHUIO KOHIIGHTpAIUit
razoo0pasHeix BbeIOpocoB [159,161,166], uro oOycCimaBIMBaeTCSd XUMUYCCKUMU
peaKIusIMH, TPOTEKAIOIIMMU NpH TopeHuH. Boja BBICTyMaeT B KadyecTBE HECYIEH
cpeabl cycrnieH3ud. OOpa3sylomnuiics Npu TOPEHUU TMEpPEerpeThliidi map BCTYyHaeT BO
B3aMMOJICHCTBUE C YIJIEPOJOM, COJEpKaIllUMCS B TOIUIMBE, 00pa3ysi MOHOOKCH]
yriiepoja u cBOOOAHBIN Bojgopos [167]:
C+H,0 (nmap) -»CO+Hy; (3.1.1)
CO+H,0—CO,+H,. 3.1.2)
Bomopon u  MOHOOKCHJ — yriepoja MOTYT  BBICTyHaTh B KauecTBE
BOCCTAHOBUTEJEH, CIMOCOOCTBYS CHIKEHMIO COJIEpXKAaHMUSI OKCHIOB a30Ta U CEPhbl B

JIIBIMOBBIX Tazax [167,168]:

2NO+H,—2HNO; 2HNO+H,—2H,0+Ny; (3.1.3)
NO+CO—N+COy; (3.1.4)
SO,+3H,—H,;S+2H,0; (3.1.5)
SO,+3CO—COS+2CO0O,. (3.1.6)

Ncxonst w3 BBINMICONMUMCAHHBIX XUMHUUYeCKMX TpeBpamenuid (3.1.1)—(3.1.6),
MPOUCXOAIIUX TPU TOPEHUH TOILJIMBA, MOXHO CJIeJIaTh 3aKJIIOUYECHUE O BIIUSHUU
BJI&KHOCTH TOIUIMBHOTO oOpasla Ha KOHIICHTPAIMIO OKCHIOB a30Ta M cepbl. B
JaCTHOCTH, 4YeM OOJIbIlie COJepKaHWe BJIard B TOIUIMBE, TEM HIKE KOHIICHTpAIUs
BbIOpocoB NO, u SOy [159,161,166]. D10 cBsizaHO C TEM, YTO B MPOLIECCE TOPEHUS
obOpasyercs OonbIlee KomuecTBO BOAsHBIX MmapoB (H,O) u, ciemnoBarenbHO, MOJEKYT
Bojoposa (H,) u monookcuna yraepona (CO). Ilocnennue, B3aumoaenctBys ¢ SOy u
NO,, cHWXaIT MX KOHILEHTpalnui B AbIMOBBIX razax. Cpenu BYT nHaumOosbiias
MaccoBas JI0Jis BIAXHOW COCTaBisitomiel xapakTtepHa (tabmuma 2.1.4) mius GuiabTp-
kekoB Mapok «I» (56,8 %) u «I™» (53,1 %), MeHblIMe 3HAYEHHS] MACCOBOM JOJU
BIIAYKHOM CoCTaBJstomIet nmeror Guiibtp-kek «K» (43,5 %), dunbrp-kex «T» (39,1 %)

u punsTp-kex «CC» (37,9 %).
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Crnenyer OTMETUTh, UTO COJEP)KAHUE BJIard CYIIECTBEHHO BJIMSET Ha TEIUIOTY
cropanus uccienoBanablx KXKT Ha ocHOBe QunbTp-kekoB (Tabmuiel 2.1.2 u 2.1.4) u,
KaK CJIEJICTBUE, ONPEALISAET YHEPTETUUCCKUE XaPAKTEPUCTUKH.

Cpenu paccMOTPEHHBIX CYCIEH3UM MaKCHMallbHble 3HadeHUs BBIOpOcOB SOy
xapakTepHbl s GuabTp-Keka «K» (pucyHok 3.1.2, a), a MUHUMaJIbHBIC IS (QUITBTP-
kekoB «I'» u «JI» (pucynok 3.1.2, a). OrmeTum, uro 3HaueHus BiIopocoB SO, mist KIKT
Ha ocHOBe (PribTp-Kkeka Ha 60—80% MeHblile, yeM IS yTrien.

AHaIOTUYHO YTJISIM JUTSI UCCJIEIOBAHHBIX CYCIICH3WH Ha OCHOBE (DHUIIBTP-KEKOB
MOXHO OTMETUTH ciaeayroniee. OunbTp-kek «K» HMMeEeT BBICOKOE COAEpPIKAHHE a30Ta
(2,05 %) m OTHOCUTENHLHO HEBBICOKYIO BIAXXHOCTH (43,5 %) (Tabmuus 2.1.2 u 2.1.3).
CrnenmoBaresibHO, CYCHEH3MM HAa €ro OCHOBE COOTBETCTBYIOT BBICOKHE KOHIEHTpALUU
BbIOpOocoB NO, (pucynok 3.1.2, 6). ®unbTp-kek «I» u puibTp-keKk «» UMeroT HU3K0e
coneprkanue azora (0,02 %) u BbICOKyI0 BIaxXHOCTh (47 % u 56,8 %, COOTBETCTBEHHO).
CrnenoBaTenbHO, IEPEUUCIICHHBIE CYCTIEH3UU UMEIOT MeHbIHe BhIOpockl NO, (pUcyHOK
3.1.2, 6).

Cnenyer OTMETUTH, YTO MaKCHUMallbHble KOHILIEHTpauuu BbIOpocoB NO, mid
KKT, mpuroroBieHHbIXx Ha OocHOBE (uibTp-kKekoB, Ha 20-50 % MeHble, yem s
yraei [159,161,166]. lna KOXKT (mpuroToBiieHHbIX M3 (DUIBTP-KEKOB) IUANa3OH
BBIOPOCOB OKcHibl a3ota coctaBmi 55400 nmmM, okcumoB cepel — 10—130 mmm.
[TonyueHHbIE pPE3yNbTAaThl BIOJHE COMOCTABHUMBI C W3BECTHBIMU JIUTEPATYPHBIMU
nanabiMHu [32,63,85], cOrNIacCHO KOTOPHIM KOHIIEHTPAIlMUd BBIOPOCOB OKCHIOB a30Ta
(NOy) n mmokcuna cepol (SOy) COCTABIAIOT CIICAYIONMINE JHAMA30HbI: TIPU CXKUTAHUU
KOKT Ha ocHoBe cTounbix Boj 167207 M u 215-285 ninm [32], ipu cxxuranun KXKT
Ha ocHOBe kameHHbIX yrient 310477 nom u 130-240 nnm [85], npu COBMECTHOM
cxuranun KOXKT u vedrsaupix mmamoB 80—110 oM 1 45-85 nmm [63], COOTBETCTBEHHO.

Takum  oOpa3zoMm, MOXHO OOOCHOBAaHHO  3aKJIIOYUTh, YTO  OTXOJbI
yraenepepaboTKU MPECTABISIOT MEPCICKTUBHBIE OCHOBHBIC KOMIIOHEHTHI CYCTICH3UN,
KOTOpBIE MO 3KOJIOTrHYecKUM (pucyHOK 3.1.1) M SHepreTMyecKuM XapaKTepUCTHKaAM
(tabmuupr 2.1.2, 2.1.4) MOryT 3aME€HHTh TPAJULHUOHHOE MBUIEYTOJIbHOE TOILIMBO

[159,161,166]. Ilpu »sTomM mimaHomepHas paboTa TO BBHIOOPY HEOOXOJUMBIX U
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noctaTouHblx Temrepatyp cxkuranus KXKT wmoxer oOecrneunth MaKCHUMalbHBIN
sKoJoTHYeCKUi A(h(PeKT, T.e. 3aA€HCTBOBATh B TEIUIOPHEPIETUKE BCE BUIBI OTXOJI0B
yraenepepaboTKU, CHU3UTh CKOPOCTH Pa3BEAKU U Pa3pabOTKU HOBBIX MECTOPOKICHUI
yrig 1 HeTH, MOHU3UTh KOHIICHTPAIIMH AHTPOIIOI€HHBIX BBIOPOCOB MPU CKUTAHUU
TPaJUIIUOHHBIX SHEPTOPECYPCOB.

Takum oOpaszom, i MUHMMHU3AIMU KOHIICHTPAIMI aHTPOIOT€HHBIX BHIOPOCOB
npu padote ¢ yriaamu wid K)XKT Ha ocHOBe 0TX070B yrienepepaboTKu HEOOXOAUMO,
4yTOOBI TOIJIMBO XapakTepuszoBanoch [159,161,166]:

1) mocTaToYyHBIM KOJMYECTBOM Biaru (s yriaen 2,5-5 %, nus KOKT 45-55 %);
2) BBICOKHM COJEP>KAHHEM JIETy4YHX Toprounx KoMnoHeHToB (3040 %);
3) Hu3KOM 3016HOCTHIO (15—18 % nns yrueit, 20-35 % nns KOKT);

4) HM3KUM cojiepkaHueM cepsl U azorta (0.2—1.2 %).

3.1.3. Konyenmpayuu NO, u SO, npu cocuecanuu KIKT na ocuoge guivmp-xexos
PA3HBIX MAPOK KAMEHHBIX Yenel U NpoOYKmos Hepmenepepabomru

Ha pucynke 3.1.3 nmnpuBeneHbI OCHOBHBIE PE3YJbTATHl  BBINOJHEHHBIX
uccnenoBanuii [143,152,160,161,166], nimocTpupyrolire XapakTepHble KOHUEHTPALUH
SOy u NO, npu CKuranuu QUIbTP-KEKOB W MPOAYKTOB HedTenepepadoTku (B
YaCTHOCTHU, OTPAOOTAaHHOTO TYpOMHHOTO Macia u Ma3yTa) B coctaBe KXKT.

Camxenne BeiOpocoB NO, u SO, B cilydae CKUTaHUSI KOMITO3UITMOHHBIX KUIKHX
TOIJIUB OOYCJIOBJICHO COOTBETCTBYIOIIMMHU xuMuueckuMu peakiusamu (3.1.1)—(3.1.6)

(cm. . 3.1.1), B KOTOPBIX Y4acTBYET BOJIA.
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pa3HbIX MapoK C J00aBJeHHEM OTpaOOTaHHOTO TYpOMHHOTO Macia H MasyTa

[143,152,160,161,166]
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Taxxe Omnaromapss mnpucytrctButo B KOKT Boawsl Temmeparypa U CKOpPOCTh
aanabdaTUYECKOr0 CrOpaHus CHIDKAETCS, YTO MPUBOJIUT K YMEHBIICHUIO 0Opa3oBaHUs
NO, [143,152,160,161,166]. IlomyueHHble pe3ynabTarhl (pucyHok 3.1.3) xopormio
COTJIACYIOTCS ¢ HMEIOITUMHUCS TpeacTaBieHusMu [162,169] o macmirtabax BIMSHUSA
BogHou (a3er KIXKT na BeIOpock SO, m NO,. Tak B cpemHeM auana3oH W3MEHEHUS
KOHIICHTpAIIUH OKCHIOB CEPhI ISl CYCIIEH3UH H OCHOBE (PHIIBTP-KEKOB Pa3HBIX MApPOK C
nobaBiIeHreM MpoayKToB HedTenepepabotku coctaBua 10—150 M (pucynok 3.1.3, q,
8), okcuaoB azora — 70-550 M (pucynok 3.1.3, 6, ). [Ipu cpaBHEeHNH W3MEPEHHBIX
KoHIleHTpauil BeIOpocoB mia yried u KXKT MoxxHO cnenaTe BBIBOJ O TOM, 4YTO
C)KMUTaHHUE CYCIEH3MIl CIOCOOCTBYET CHMKEHHIO KoHueHTpamuii SO, Ha 50-60 %
[143,160,161,166]. 1as BeiOpocoB NO, 3HAUMTEIBLHOTO CHUKEHHS KOHLIEHTpALUMM HE
HaOJIIOAAIOCH (JIJI1 HEKOTOPBIX COCTABOB CHIDKEHHE Aocturano 5 %). B menom xe
MOKHO CKa3aTh, YTO KOHUEHTpauu OKCuI0B azota s yried u KIKT cousmepumsl
[143,152,160,161,166]. Eciu cpaBHUTh HU3MEPEHHBIC 3HAYCHUS KOHICHTPAIUN IS
KOKT, To MmoxHO cnenars BbIBOA O TOM, 4TO KoHueHTpauuun NOy, u SO, ans KXKT na
OCHOBE (DHIIBTP-KEKOB B JBa paza MeHblie, ueM aia KXKT Ha ocHOBe (QUIBTP-KEKOB €
no0aBIeHUEeM MPOAYyKTOB HedTenepepadorku [160,161,166].

[TogoOHBIN (hakT 00YCIOBIEH XMMHUYECKUM COCTAaBOM, HCIIOIb3YEMBIX TOPHOYHMX
xuakoctedt. Tak comep)kaHue cepbl paboueld 4yacTh Ma3yTOB MMEET CPaBHHUTEIIBHO
HEeOOJIBIION pa3dpoc U yarie Bcero HaxoauTcs B nuanazone 0,3-3.5 %, y TypOMHHBIX
Macel cepbl B coctaBe He 6onee 1,1 % [160,161,166].

B rtabmune 3.1.1 mpeacrtaBimensl koHueHTtpamuu SO, m NO, mpu CKUTaHUH
TUITUYHBIX u HTUPOKO UCIIOIb3YEeMbIX HKHUJTKUX TOPHOYUX OTXOJIOB

[143,152,160,161,166].
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Tabmuua 3.1.1. MakcumanbHble KOHIIEHTPAllMd KOMIIOHEHTOB MPOAYKTOB CTrOpaHUs

TUIAYHBIX U HIMPOKO UCIOJIb3YyEMbIX KHJIKMX FTOPIOYUX OTXO0/0B [152]

[TonoxeHue 30H1a ra3oaHaIn3aTopa
['oproyas xxkuaKocTh NOy, ppm
B KaMepe CropaHusi
BepxHssis Touka 18
Ma3syt CpenHsis Touka 17
HwxHss Touka 17
Bepxwnsist Touka 14
Macno TypOuHHOE
HHIYCTpHATbHOE CpenHsisi Touka 14
HwxHsa Touka 13
BepxHsisg Touka 18
Macno typounHoe orpaborannoe | CpenHss TOUKa 17
Huoxusast Touka 17
Bepxnsis Touka 16
Macio aBTOMOOMIIBHOE
HHTyCTpHATBHOE Cpennsist Touka 15
Hwmxusst Touka 15
BepxHsig Touka 16
Macio aBTOMOOMIIBHOE
CpenHsist Touka 21
OTpabOTaHHOE
Huoxusast Touka 21
Bepxnsis Touka 19
Macno TpancdopmatopHoe
CpenHsist Touka 17
O0TpabOTaHHOE
HwxHsa Touka 19

Crnenyer OTMETUTH, 4YTO TOJYYCHHBIC JTUANa30HbI Ta3000pa3HBIX BBHIOPOCOB
COMOCTAaBUMBI JJIsi BceX ucciaeayeMbix oOpasuoB [152]. Iloatomy ¢ TOYkH 3peHUs
HKOJIOTHMH BO3MOKHO HMCHOJIb30BAaHHUE MPAKTUUYECKH BCEX PACCMOTPEHHBIX KHIKOCTEH C
PaBHBIM BKJIQJIOM JJis aTMOc(ephl OKpysKatolei cpenbl. B pesynbTaTe uero BbIOOp TOM
WJIU MHOM xujkou roproueit coctapisromiei s KOKT o0ycnoBneH B Oosblei cTeneHu
XapakTepucTuKkamu mpoiecca ropenus [36,89,90,170—-172]: temnepatypoil 3aKuranusl,
TEIUIOTON CropaHusi, UHEPIUOHHOCTHIO 3aKUTaHUS W CTaOWUJIBHOCTBIO CYCIICH3UH, a
TaK)Xe CTOUMOCTBIO U 00beMaMu (3amacamu) cbipbst st ipurotoBiaeHus KKT.

B oskcnepumentax [36,91] mokazaHo, 4YTO J100ABJIEHHUE JKHAKUX TOPHOYMX
KOMIIOHEHTOB TPUBOJIUT K CHUXEHUIO TEMIIEpATyphl 3aKUTaHUs (MHUHUMAaJIbHOU
HeoOxoaumoi Temrepatypbl okuciutens) Ha 40—70 °C. Kak cneacTBue, MOKHO 3a CUeT
CHIDKEHUS TeMIepaTypbl KOMIIEHCUPOBATh BO3MOXKHBIA POCT KOHIICHTpAIUH BHIOPOCOB

NO, u SO, BcaeacTBue 100aBICHUS KUJIKUX TOPIOYNX KOMITIOHEHTOB B cocTtaB KOKT. K
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TOMY K€, 100aBJIECHHE KUIKOTO TOPIOYEro KOMIIOHEHTa IPUBENET K HEOOJIBIIOMY POCTY
TEeMIIepaTypbl B 30He ropeHus. [lo3ToMy Mpu HUCHOIB30BAHUM CYCIIEH3MOHHBIX TOILIUB
BO3MOYKHO OTEHIIMAJIBHOE CYIIECTBEHHOE CHI)KEHHE TEMIIEPATYPhl CKUTAHUS C LIEIIBIO
HOBBILIECHHSI 9KOJIOTMUECKHUX MOKa3aTesnel paboThl TEINIOIHEPTETUUECKUX YCTaHOBOK.
Crnenyet otMeTuTh, uto B cirydae KOKT Ha ocHOBe puIbTp-KEeKOB ¢ J0OaBICHHEM
IPOAYKTOB He(TenepepabOoTKH pazdpoc SKCIEPUMEHTAIBHBIX TOYEK B OJHOM cepuu
DKCIIEPUMEHTOB IIPU UACHTUYHBIX YCJIOBHUAX 3HAYUTEJBHO LIMPE, YEM JUISL OIBITOB C
KOKT nHa ocHOoBe kekoB. Kak ciencrBue, annmpoKCUMAIIMOHHBIE 3HAYEHUSI HA PUCYHKE
3.1.3 He Bcerma OTpa)karoT MOHOTOHHBIM POCT WJIM CHM)KEHHE COOTBETCTBYIOIIHX
KoHIeHTparuid. Ckopee Bcero, 3TO OOYCIOBIEHO TE€M, 4YTO JKUJKUH TOproYuit
KOMITIOHEHT HEPAaBHOMEPHO IIporpeBaeTcs, ucnapsiercs u roput B cocrare KXKT [36,91].
Tem He MeHee, 001as TeHACHUUA (B IPOBEACHHBIX OMNBITaX ¢ MPUMEHEHUEM Ma3yTa U
OTpaOOTaHHOTO TYPOMHHOTO Maciia) pPOCTa KOHIIEHTpaluid BBIOPOCOB Jaxke MpH
HEOOJIBIIOM  J100aBIEHUM  OTPAOOTAHHBIX  JKMJIKMX  TOPIOUYMX  KOMIIOHEHTOB

MPOCJIeKUBAIACh BO Bcex omnbiTax [143,152,160,161,166].

3.2. KpurepuajbHoe 000cHOBaHHE BbIOOpa onTuMAaJbHOro coctaBa KiKT
B Tabmuue 3.2.1 mnpuBeneHbl NPUOPUTETHI MO HMHEPLHMOHHOCTH IPOLIECCOB
3axkuranus Karenb KOKT pasHOro KOMIIOHEHTHOTO COCTaBa IIPU  HMACHTUYHBIX

temmneparype (1000 K) u ckopoctu nBrkeHus (5 M/C) MOTOKA OKHUCTUTEIIA.



Ta6nuna 3.2.1. OcHoBHbIe XapakTepucTku komnoHeHTOB KOKT [135]

Kpurepuu Bb160pa

Junanazon
Kommnonenr Croum | Temnora VSMEHCIHA
KOKT Bun OCTE CrOPaANS OTHOCHTEILHOM
P o
S5, (0). MaccoBOM
pyo/KrT M /Tx/kr KOHUCHTP aHI{H B
TOTUIMBHOM
KoMIio3unuH (y;), %
Yriu Oypelie 0,6-1,1 26-32
Vriam xaMeHHBIE 0,7-2,9 32-37
TBepnoe AHTpanur 50 34-36 40-60
roproyee OunbTp-Keku kameHHbIX yriaed | 0,2-0,5 33-34
YriepoaHblid OCTaTOK OT 30 2934
MIAPOJIN3a ABTOMOOMIIBHBIX IITHH
Hedtn 23-29 41-43
AneToH 76-78 29-32
DTUIIOBBIN CIUPT 203- 30-31
254
Kepocun 61-85 35-46
bensun 51-63 4647
Masyr 11-27 3941
Jn3enpHOE TOIIIMBO 35-41 44-46
OTtpaboTaHHOE MOTOPHOE MACJIO 6-9 3645
OtpaboranHoe 9-17 41-43
TpaHcGopMaTOPHOE MacIo
Kikoe OtpaboTtanHoe TypOUHHOE 9-17 4144
roprouee hoaacn(é 0-20
TpabOTaHHOE KaCTOPOBOE 3637
MacJyo
KommpeccopHoe macio 45-46
lNoprouast cmech miist § 3739
SHEPreTUYECKUX Leei
Bononedtsnas sMynbcus 44-46
Hedrsuble nuiambl 17 13-21
Hedrsubie oTnoxenus 0,7 41-43
Dychl 0,4 3248
[Tonumepsl ociie pereHepanuu 15 30-40
TTOTJIOTUTEIHHOTO Maciia
KameHHOyrOosIBHAS CMOJIa 12 3641
Heroprouast | TexHOJIOrMUECKHE WIIA CTOUYHbBIE B B 40-50
KHUJKOCTh BOJIBI
HIKTIK (1eno4Ho# KOHIIEHTpaT
(cTOK) MPOM3BOICTBA 9 -
[Tnactuduka- KarpoJaKTama) 0.5_1
TOp ['ymar Hatpus 45 — ’
KapbokcumetTunienntonosa 1 —
CwmauuBatens «Heomacy 65-120 —
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Kak u ciemoBano oxujaTh, MUHUMAIbHYI0 MHEPLIMOHHOCTh MOKHO 00ECIEUUTh
IIPY UCTIOJIb30BAaHUU YTJICH Majio CTeTIeHH MeTaMOp(u3Ma ¢ MaKCUMAJIbHBIM BBIXOJIOM
JaeTyuux (B YacCTHOCTH, OyphiX). DUIBTP-KEKH XapaKTEPU30BAIUCh MaKCHUMAaTbHOU
MHEPLUUOHHOCThIO MHULMUpoBaHus ropenus [89,91,136,142]. Ilosromy KIKT Ha ux
OCHOBE MMEJIA HU3KUW MPUOPUTET MO JAHHOMY IMOKAa3aTeIko.

IIpu cpaBHeHun KOKT ¢ uaeHTMYHBIM TBEpPABIM TOPIOYMM KOMIIOHEHTOM, HO
BAPBUPYEMBIMH TOPIOYMMH KHJIKOCTSIMHA YCTAHOBIJICHO, YTO MHUHUMAJIbHBIE BPEMEHA
3anepKKu 3axuranus cooTBeTCTBYIOT KIKT ¢ KuakocTsamu, y KOTOPBIX HAMMEHBIINE
TEMIIEpaTypbl BOCIUIAMEHEHHMS U TEIUIoTa NapooOpa3oBaHUsl (HAMpUMEp, Cpeau
HCCIICIOBAHHBIX OTPA0OTaHHBIX Macesl MHUHHUMAaJbHbIE 3HAYEHUsI STOro IapaMerpa
COOTBETCTBYIOT MOTOPHOMY MamuHHOMY) [36,89,91]. BhInosHeHHBIE SKCIIEPUMEHTHI
MOKa3aJld, 4YTO Ha MHEPUUOHHOCTH 3axkuranust KXKT onpenensronum o6pa3om BIHSIOT
U napameTpsl (Ha30BbIX MPEBPAICHUM KUJKUX TOPIOYEH W HErOprouei KOMIIOHEHT, U
TEPMHUYECKOTO PAa3JIOKEHUs OpraHudyeckorl dactu yras [36,89,91,136,142]. [na
COCTaBOB, Y KOMIIOHEHTOB KOTOPBIX 3TH NTapaMeTPbl UMECIOT MUHUMAJIbHBIEC 3HAYCHHUS U3
PaCCMOTPEHHBIX JUAMA30HOB, XaPAKTEPHbI HAMMEHBIINE HHEPLUUOHHOCTHU 3aKUTAHUSL.

JlmutensHOoCTh TIporiecca ropeHuss KOKT ompenensercs riaaBHBIM 00Opa3om
napaMeTpaMM KOKCOBOI'O oOcCTaTka (T.e. XapaKTEepUCTUKaMU TBEPAOU YroJbHOU
KOMMOHEHTHI). [IpoBeneHHbIE SKcmepuMeHTH [36,89,91,136] mnokaszanm, 4YTO OTH
nnutenbHoCcTH MakcuMmanbHbl s KOKT Ha ocHOBe KaMEHHBIX yIyied (Ipu STOM
TeMmrepaTrypa TOpeHUs MakcuMayibHa). HeckonbKO MEHbIINE 3HAYCHUs XapaKTEPHBI
YIAEPOJHOMY  OCTAaTKy TMHUPOJM3a ABTOMOOMJIBHBIX IUH U (QUIBTP-KEKaM.
Munumanbsubie ke 3HadeHus cooTBeTcTBYIOT KOKT ¢ Oypbimu yrisimu. Kugkue
rOPHOYME KOMIIOHEHTHI OKA3bIBAIM HE3HAYUTEJIPHOE BIMSIHUE HA JJIMTEIbHOCTh TOPEHUS
KXKT (posib 3TUX COCTaBISAIONIUX OTPAaHUYMBAIACH JIMIIb CTAJAUEH 3a)KUTaHUsS 3a CUET
razo(azHoro pearupoBaHusi MapoB U TPOJYKTOB TEPMHUECKOTO PA3JIOKEHUS C
okucnurenem) [89]. Kak cneactBue, npuopuretHocts KXKT mo gaHHOMY KpUTEpHIO

3aBHCCJIA OT UCIIOJIB3YEMOI'O TBCPAOTO YI'OJIbHOI'O KOMIIOHCHTA.
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OtHocuTenbHble KOHIEHTpauuu kommoHeHToB KJKT B coctaBe cycneH3uw,
IpeacTaBleHHble B Tabnuue 3.2.2, COOTBETCTBYIOT MAaKCUMAaJbHOMY YAECIbHOMY

KO3 GUIIUEHTY «TeIIoTa cropanus/croumoctb» (Mx/pyo0.).
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Ta6nuna 3.2.2. Pe3ynbTaThl TEXHUKO-3KOHOMHYECKOT'O 000CHOBAHUS C BBIICIICHHBIMH MpropuTeTamu [135]

V neapHBIN
[Ipuopurer o [Ipuopurer o
[10Ka3arellb IIpuopurer o
Tennora COOTHOILIEHUIO MOKa3aTeNo
Copepxanue «TerIoTa MOKa3aTeNo
KOMIIOHEHTA HaumenoBanue Croumocts | cropanus CroDARIs/ «TEIIoTa «MaKcHManbHay | (HAMAIbHOE
komnoHeHTa B KOKT KXT, py6/kr KKT, p CrOpaHus 5 BpeMsI 3aJICPKKHU
B KXXT CTOUMOCTDH JUIATENbHOCTE
MJIx/Kr OKT /cTOUMOCTh roperus KXKT, ¢ 3aKUTaHUS
MJT/py6 KXKT», MIx/py0 KXKT», ¢
49.5% q)I/IJII:Tp-KeKI/I KaMEHHBIX
yrieu
10,0% Dychl
0.5% KK 0,2 20,9 83,9 1 14 8
40,0% TexHonornueckue uiu
CTOYHBIE BOJIBI
49.5% CDI/IJ'II:Tp-KeKI/I KaMEHHBIX
yriaeu
10,0% Hedrsaublie oTnoxenus 0.3 211 757 ) 13 7
0,5% HIKTIK
40.0% TexHonornueckne uiu
CTOYHBIE BOJIbI
15,0% Dychl
44,5% Yrau Oypsie
0,5% KTIK 0,4 22,9 52,2 3 5 14
40,0% TexHonornueckne uiu
CTOYHBIE BOJIbI
15,0% HedTtsanble oTiioxeHus
44.5% Yrim Oypslie
0,5% IKTIK 0,5 23,3 479 4 4 13
40,0% TexHoIOrNYECKUE WIN
CTOYHBIE BOJIbI
15,0% Dychl
44.5% VY1 KaMeHHbBIE 0.8 21,6 27,9 > ? 2
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Y nenbHbIi
[Ipuopurer no [Ipuopurer no
[IOKa3aTellb [Ipuopurer no
Temnora COOTHOUIEHUIO MOKAa3aTeIo
Conepxanue «TeIIoTa MOKAa3aTeIo
KOMLIOHOHTA HanmeHnoBanue CroumMocTh | cropaHus CrODAILS/ «TeIIoTa «vaKenMannpas | TAHAMAIBHOE
koMrioHeHTa B KOKT KXKT, py6/kr KKT, p CropaHus BpeMs 3aJI€PKKU
B KXKT CTOUMOCTDH JUIATENBbHOCTE
MJIx/kr KOKT> /CTOUMOCTh roperms KX Ty, ¢ 3aKUTaHUS
MJT/py6 KXXT», M/Ix/py6 KXKT», ¢
0,5% IKIIK
40.0% TexHonornueckne uiu
CTOYHBIE BOJIbI
15,0% HedTtsubie oTnoxenus
44,5% VYTIu KaMeHHbIE
0,5% LLIKIIK 0,8 21,9 26,8 6 8 3
40.0% TexHonornueckne uiu
CTOYHBIE BOJIbI
49.5% CDI/IJ'II:Tp—KeKI/I KaMEHHBIX
yrien
OTtpaboTaHHOE MOTOPHOE
10,0%
° | macno 1,0 21,1 20,7 7 10 4
0,5% HIKTIK
40.0% TexHoIOTnYECKUE WIIN
CTOYHBIE BOJIBI
49,5% Yrnu Oypeie
10.0% ﬁZEJ?SOTaHHOG MOTOPHOE
0.5% IKTIK 1,2 23,0 18,8 8 1 10
40,0% TexHoMOrnYeCKNe Win
CTOYHBIE BOJIBI
49.5% q)I/IJIIsz—KeKI/I KaMEHHBIX
yrieu 1.4 20,7 14,7 9 15 9
10,0% KamennoyrospHasi cMosa
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V neapHBIN
[Ipuopurer o [Ipuopurer o
MOKAa3aTellb [Ipuopurer no
Tennora COOTHOIIEHUIO MTOKa3aTeIIo
Coneprxanue «TeTIoTa MTOKa3aTeIIo
KOMIIOHEHTA HaumenoBanue CroumMocTh | cropanus cropass/ «TEmjoTa «MaKcHManbay | HAMAIbHOE
komnoHeHTa B KOKT KKT, py6/kr KKT, CrOpaHus BpeMsI 3aJICPKKHU
B KXXT CTOUMOCTDH JUIATENBbHOCTE
M/Tx/xr KOKT> /CTOUMOCTh ropers KOKTy, ¢ 3aKUTaAHUS
MJT/py6 KXKT», MIx/py0 KXKT», ¢
0,5% LIKIIK
40,0% TexHOIOTHYeCKUE W
CTOYHBIC BOJBI
49,5% Yrnu 6ypeie
10,0% KamenHnoyronbsHas cMmona
0,5% LI[KIIK 1,6 22,6 13,9 10 6 15
40.0% TexHoMornuecKue uiu
CTOYHBIE BOJBI
49.5% CDI/IJ'II:Tp-KeKI/I KaMEHHBIX
yriaeu
10.0% OtpaboranHoe
7 TpaHc(hOpMaTOPHOE MacIIO 1,6 21,1 13,6 11 12 6
0,5% HIKIIK
40,0% TexHooruuecKrue uiu
CTOYHBIC BOIBI
49.5% VYrian kaMeHHBIE
10.0% 8;£§SOT2[HHOC MOTOPHOE
0.5% KK 1,6 21,5 13,5 12 7 1
40.0% TexHOMIOTHYECKHUE WUITH
CTOYHBIC BOBI
OuUIbTP-KEKU KaMEHHBIX
49,5% yrien 1,6 20,9 13,3 13 11 5
10,0% OtpaboTraHHOE TYpOUHHOE
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YV nenbHbIN
[Ipuopurer no [Ipuopurer no
MOKa3aTelb [Tpuopurer o
Temmora COOTHOUIEHUIO MOKAa3aTeIo
Conepxanue «TeIIoTa MOKAa3aTeIo
HanmenoBanmue CtouMoCTh | cropaHus «TeIIoTa «MHHUMAJIBHOE
KOMITOHEHTA cropaHust/ «MaKCHUMaJIbHas
koMrioHeHTa B KOKT KXKT, py6/kr KKT, CropaHus BpeMs 3aJI€PKKU
B KXXT CTOUMOCTDH JUIATENBbHOCTE
MJIx/kr /CTOMMOCTh 3aKUTaHUS
KXKT», ropenust KOKT», ¢
KXXT», M/Ix/py6 KXKT», ¢
M]Jx/py6
MacJo
0,5% LIKIIK
TexHOoIOTHYeCKUE I
40,0%
CTOYHBIC BOBI
49.5% Yrim Oypeie
OtpaboTaHHOe
10,0% Tp.’fHC(i)OpMaTOpHOG MacJyio
1,8 23,0 13,1 14 3 12
0,5% HIKTIK
TexHoMornuecKue uiu
40,0%

CTOYHBIC BOJBI
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B cnyuyae moBbIIEHUS KOHUEHTPALMM KUIKOH TOPHOYEW KOMIIOHEHTBI MOXHO
u3MeHuTh npuoputetHocTh KOKT kak 1o JUIMTENBHOCTM TOpEHUsA, TaK U
WHEPLMOHHOCTH 3aXWUIaHMWs. B 4YacTHOCTH, NPOBEIEHHBIE OKCIEPUMEHTHl [89—
91,136,142] mnoxa3zanmu, YTO TpU TEIUIOTE NapooOpa3oBaHMs KUAKOW TOprove
COCTaBIISIIONICH (HampuMep, Macell) MEHbIe, YeM TerioBord 3((EKT TepMUUECKOro
Pa3iOKEHHUsI OPraHWYECKOM 4YacTH TBEPAOTO TOPHOYEr0 KOMIIOHEHTA IOBBILICHUE
KOHLIEHTpAlM¥ Macejl MOXET MPUBOAHNTH K YCKOPEHHIO IMpoLecca 3aKUTaHus, HO MPHU
3TOM M TEMIlepaTypa U AJUTENbHOCTh ropeHus coctaBa KOKT OyayTr cHuxkaThbes.
[ToaToMy 3a cueT BappUpOBaHUS KOHIEHTPALMM  KOMIIOHEHTOB  CYCIIEH3UM
OTHOCUTEJIBHO NPUBEACHHBIX B Tabnuue 3.2.2 MOXHO H3MEHUTh MPUOPUTETHOCTH
coctaBoB KOKT kak B cTOpOHY OOJBIIMX JUIMTEIBHOCTEH, TAK 1 MUHUMAJIbHBIX BPEMEH
3aepKKu 3axkuranus. [IpeacrtaBieHHsle B Tabnauue 3.2.2 COCTaBbl XapaKTEPHU3YHOTCS
OJIN3KMMH TIOKA3aTENsIMH BA3KOCTH (CYIIECTBEHHO BIMSAET Ha TPAHCHOPTUPYEMOCTH U
craOuiabHOCTE). IlosTOMY TpH HM3MEHEHMM KOHIEHTpAlMil HYKHO YYUTHIBATH
TpeboBanus cuctem cxuranus k tekydectu KXKT u romorenHoctu (cTaOUIbHOCTH) Ha
CTa/INM PacIblIa B TOIIOYHBIE YCTPOUCTBA SJHEPIE€TUUECKUX YCTaHOBOK.

HecMmoTps Ha BappupOBaHKEe KOMIIOHEHTOB U X KOHIeHTpauui B coctase KIKT,
BO BCEX IMPOBEICHHBIX J3KcrnepuMmeHTax [36,89-91,136,169] ycraHOBIEH €IUHBIM
MEXaHU3M HWHULMUPOBAHUS YCTOMYHMBOIO TOPEHUS MCCIEIOBAHHBIX CYCHEH3MOHHBIX
KOMIIO3ULIMM. ODTOT (aKTOp NO3BOJSIET CJAENaTh 3aKIIOYEHHE O BO3MOXKXHOCTHU
IPUMEHEHUSI €JUHOM TEXHOJIOTMH, a TaKXE COOTBETCTBYIOIIUX TEXHOJOTMYECKUX
OJIOKOB pacmblila U HarpeBa npu cxuranuu uccinenoBaHHblx KOKT Ha mnpaktuke.
[TocnenoBaTenbHOCTh MPOLIECCOB MPU CHKUTAHUM OJMHOYHOW Karuu ciexyromas [91]:
IIPOrPEB MPHUIIOBEPXHOCTHOIO CJIOSI KAIUIM M HMCIIAPEHUE BIArd (BU3yaJIbHO MEHSETCS
M300paKEHNE KaIUIM C TJSHLEBOW Ha CTPYKTYPHO HEOJHOPOJHYIO); MPOTPEB YaCTHII
YIJIEPOJHOTO OCTAaTKa M €ro TEPMUYECKOE paslioKeHHe; (POopMUpPOBAaHUE B TOHKOM
IPUIIOBEPXHOCTHOM CJIOE CMECH MapoOB BOJBI W JKUJAKOM TOpIOYEd KOMIIOHEHTHI, a
TaK)Ke Tra3000pa3HbIX MPOAYKTOB TEPMHUUYECKOIO PA3JIOKEHHS OPraHUYeCKOM YacTu
YIJIAEPOAHOTO OCTaTKa (JeTy4yux); rasodasHoe 3aXUraHue STOM CMECH; IpOrpeB

KOKCOBOI'O OCTAaTKa U €0 I'CTCPOIrCHHOC 3aKUT'aHHC. I[J'Iﬂ I'pyHIIbl KaIlCJIb (B OTJIMYUC OT
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OJIMHOYHOW) BCIEACTBUE PA3HOM MHEPUMOHHOCTH MX MpOrpeBa B IOTOKE MOTYT
HAOI0IaThCSl TIEPECEUCHHS] B COOTBETCTBYIOIIMX CTAAMSIX C COCEIHHMMHU KaruisiMu. B
3aBUCUMOCTH OT TpeOyemoro mnpuopurera (tabnuua 3.2.2) MOXHO HW3MEHUTH
KOMITOHEHTHBIM COCTaB W, COOTBETCTBEHHO, JJIMTEIIBHOCTH BBIJICIECHHBIX CTaaui
npolecca rOpeHus.

IIpoBenenubie o Metoaukam [147,148] skcrnepuMeHTHl TO3BOJIMIIM CIIENIATh
BBIBOJI O TOM, YTO YyCTOWM4MBOE 3axuranve wuccienoBaHHbix KOKT Bo3MoxxHO mnpu
BapbUPOBAHUU TEMIEPATYPhl OKUCIUTENS B IIUPOKOM JMAana3oHe (B YAaCTHOCTH, OT
«am3kux» (327-377 °C) temmnepatyp [166,169] 10 COOTBETCTBYIOIIMX TUIMYHBIM
TONOYHBIM ycTpolicTBaM — He MeHee 727 °C). TeXHMKO-3KOHOMUYECKHA aHalIHu3
noKaszaJl, 4to B ciy4yae Bbicokux (Oonee 727 °C) Ttemmeparyp NPUOPUTETHOCTh
cootBercTByeT Tabmuue 3.2.2. Ilpu «HHM3KHX» (WM YMEPEHHBIX) TeMIlepaTypax
okucnurens [136,142] nponeccel 3axuranus KXKT Ha OoCHOBE HEKOTOPBIX YrOJbHBIX
KOMITOHEHTOB (Hampumep, GUiIbTP-KEKOB) PEATU3YIOTCS C BBICOKOM MHEPIIMOHHOCTHIO U
MaJbIMH TeMIlepaTypaMu ropenus. Kak cieacTBue, Npu TakKUX YCIOBUSAX ONTUMU3ALIMS
npoueccoB  ucnoip3oBaHuss KOKT MOXET JOBOJIBHO CYIIECTBEHHO W3MEHMUTHCS
OTHOCUTEJILHO TPHOPUTETHOCTH, TpHBEAeHHOW B Tabmume 3.2.2. B stom ciyuae
1e71eco00pa3HO MPEAJIOKEHHYIO METOAUKY JTOMOJHUTH BECOBBIMU KO3 dUIIMEHTAMU
Uil ydeTa TpeOyemMoro BKJaJa COOTBETCTBYIOIIETO MPHOPUTETA WIM Kputepus (B
3aBUCHMOCTH OT LEJEed COOTBETCTBYHOMX TexHonorud mnpumeHeHns KXKT wu
MPOU3BO/JICTB).

B ciyuae nmomosiHeHMsI BBIJICNEHHBIX B Tabmuie 3.2.2 kpuTepueB oObeMamu
(3amacaMy) KOMIIOHEHTOB MOXHO JUIsl COOTBETCTBYIOUIMX MPOU3BOACTB, PalOHOB,
PETHOHOB, TOPOJIOB W JaXX€ CTPaH YCTAaHOBUTHh YHUKAJIbHBIE (MICHTUPHUITUPYIOIINE)
MPUOPUTETHBIE TIEPEYHU KOMIIOHEHTOB CYCIEH3MM W MX KOHUEHTpAlUU IS
JOCTUKEHHUSI ONTUMAIBHBIX (C TOYKHA 3PEHHUS DHEPTETHUYECKUX U HIKOHOMHUUYECKUX
XapaKTepUCTUK) XApaKTEPUCTUK IMPOLECCOB CXKWTaHUs TOIUIMB. Hampumep, mis
Ky30acca xapakTepHbl upe3BblYaliHO OoJibliue 00beMbl (UIBTP-KEKOB (T0Ciie
nepepadoTKU YIJIeW JUisl SKCIOpTa) W OTpabOTaHHBIX Maced (BCIEACTBUE Pa3BUTOTO

TPAHCIIOPTHOTO CEKTOpa). B 3TOM cilyyae NPUOPUTETHOCTH 3aMacoB JAXKE MOXKET
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MPEBBINIATh AHAJTIOTUYHBIN MOKa3aTelb, XapaKTepU3yIOIUi XyAlIyo (10 CpaBHEHUIO C
YTISIMA KaMEHHBIMHA U OYPBIMU) HHEPIIMOHHOCTH 3KUTAHUS TOTUIMBHBIX KOMIIO3HUITUH.
KpacHosipckuii kpaif umeeT O0JIbIIKe 3anackl OypbIX yriei, KOTOphIE XapaKTepUu3yroTCs
MUHUMAJIbHON HMHEPIMOHHOCTBHIO 3a)KUTAaHMS, HO U MEHBIIMMHU TeMIepaTypamMu U
TEIJIOTON cropaHus. [lo3ToOMy NPUOPUTETHOCTH 3amacoB MOXKET HWMETh OOJIbIee
3HAYEHHE, YEM COOTBETCTBYIOIIMM MTOKa3aTelb 1Mo 3(h(PeKTUBHOMY MapaMeTpy «TEIioTa
CTOpaHUs/CTOMMOCTEY. ISl TeHTpabHBIX permoHoB Poccum ¢ TOCTAaTOYHO CHITBHO
pPa3BUTOW  TPAHCHOPTHOM  MPOMBIIUIEHHOCTBIO  BBICOKM  OOBEMBI  €KErOJIHOTO
MPOU3BOJICTBA OTPAOOTAaHHBIX Macel U JPYyrux HePTenpoayKTOB, HO MHUHHUMAJIbHBI
3amachkl YroJIbHbIX KOMIOHEHTOB. lloaToMy akTyanpHa 3amada MPOU3BOJICTBA
yIIaepoHOTO ocTaTka (TBepaoro roproyero kommnonenta KOKT), wampumep, npu
JIOBOJIbHO YKOHOMUYHOM HU3KOTEMIIEPATYPHOM MUPOJIM3E aBTOMOOUIIBHBIX IIIHH.
[TonydeHHbI€ MO pe3yJbTaTaM TEXHUKO-3KOHOMUUYECKOTO aHalIM3a IPUOPUTETHBIC
rpynnsl [135] komnonenToB KOKT pasBuBatoT npeacrtasinenus [140]. B wactHocTH, B
[140] Beinenens! npuoputeTHbie yronbHble KOMNOHEHTHI KOKT. IIpu aTom kputepusmu
BbIOOpa [140] sBIAMUCH: pacxoabl HAa MPUTOTOBIIEHHWE CYCIIEH3MOHHBIX TOTUIMBHBIX
KOMITO3UIIMM,  30JbHOCTh,  CJOXKHOCTh  TPAHCIOPTHPOBKH, MepeoOOpyI0oBaHUE
JNEUCTBYIOIIUX DHEPreTUUECKUX arperaToB M MPOU3BOACTB B IeJoM. PaccMOTpeHBI
[140] ocob6ennoctn mnepcrektuB npumeHeHus KXKT B Poccuum, Kurae, Snonwm,
Uranmuu, CIHA u OUHISHIMA B COOTBETCTBUM C HCCIICIOBAaHHBIMH IPUOPUTETAMMU.
[IpumeHeHnre BBIICNIEHHBIX B HACTOAIIEH padOTe TMPUOPUTETHBIX KPUTEPUEB 10
CTOMMOCTH, TEIUIOTE CTOpaHUsi U WHEPUUOHHOCTU 32XKUTAHUSA, a TAKXKE IMOJYyUYEHHbIE
rpynnbsl - KOKT (C COOTBETCTBYIOIIMMHM KOHIEHTPALMSIMU KOMIIOHEHTOB) MOKHO
WCIIOJIB30BaTh TIPU BHIOOpPE CYCIIEH3MOHHBIX KOMIIO3UIIMKA B Pa3HBIX PETHOHAX B

COOTBCTCTBHUHU C DOKOHOMHNYCCKHUMH U 3KOJIOI'MYCCKHUMU TpC6OBaHI/I$IMI/I.
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3.3. Pe3yabTaTbl TEXHUKO-I)KOHOMHYECKOT0 000CHOBAHMS MEePexo/1a Ha

MNEPCNEKTUBHDBIC CYCIICH3UN

3.3.1. 3ampamel na npuobpemeHnue omoenvhbix Komnonenmos KXKT

B tabmumax 3.3.1-3.3.3 mpuBeaeHO cpaBHEHHE (AaKTHUYECCKUX M TPEIITOIaraéMbIX
pPacxoJI0B TOIUIMBA U €r0 CTOMMOCTH C y4eTOM oOecreueHusi OecriepeOoiHON paboThl
paccmarpuBaeMbix ctaHiuuii B mepuon 2012-2014 rr. Pacuer mpoBeleH Mg 3TOTrO
nepuojia BpEMEHHU, TaK Kak BCE JIaHHbIE /I pacyeTa M3BECTHbI Ha ATH TPU Toja.
Od4eBHUIHO, YTO BO3MOXKHO IepecuuTaTh AaHHbIe Tabn. 3.3.1-3.3.3 Ha mro0oit npyroi
JIMana3oH BpeMEHU MpU U3BECTHOU MH(OopMannu o (paKTUYECKUX pacxojax TOIJIMBa Ha
COOTBETCTBYIOIIMX CTAHIUAX W KOTEJIbHBIX. MeToauka pacuera HE HW3MEHUTCH.
VYcraHoBlieHa BeIMYMHA TOJIOKUTEIBLHOTO JEHEKHOIO IMOTOKAa (PKOHOMHH) MpH

Nepexoa€ Ha pa3IMdHbIC CYCIICH3UHU TPEX CTaHHHﬁ.

Ta6nmuua 3.3.1. CpaBHEHHE pacxoJ/iOB TOIUIMBA U €r0 CTOMMOCTH g ctaHuuu Ne 1

[143,144]

[TapameTtp Pa3zmepHOCTh 2014 2013 2012
dakTHUeCKHe JaHHbIC

Pacxon yris T/TON 447460 | 405879,7 435305,3

Pacxon raza TBIC. M"/TOL 335727 286737 413679,3

TonuuMBHBIE 3aTPAThHI MJTH. py0./Tox 1954,5 1700,5 2255,6

CocraB KXXT Ne 1 (o ta6:x. 3.2.2)

Pacxon FART N1, T/rox 1016119,3 | 894608,9 | 11635469
(bUIBTp-KEKH T/TO 502979 442831,4 575955,7
dycol T/TO 101611,9 89460,9 116354,7
HIKIIK T/TO1 5080,6 4473 5817,7
TEXHAYECKAA BOJA T/TO. 406447,7 357843,6 465418,8

TonnuBHBIE 3aTpaThI MJIH. py0./Tox 253,1 2228 289,8

DKOHOMHS MJIH. py0./Tox 1701,4 1477,7 1965,8

CoctaB KXXT Ne 2 (o tabun. 3.2.2)

Pacxon FART N2, Tiron 1005540,7 | 8852954 | 11514335
bUIBTP-KEKH T/TON 497742.,6 438221,2 569959,6
He(TSHBIE OTIOKEHUS T/TO. 100554,1 88529.5 115143.,4
LLIKTIK \ T/ron 5027,7| 44265 5757,2
TEXHUYECKAsI BOJA ‘ T/TON 402216,3 ‘ 354118,1 460573,4
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[TapameTtp Pa3zmepHocTh 2014 2013 2012
TonnuBHbBIE 3aTpaThl MJTH. Py0./TO1 280,6 247,1 321,4
DKOHOMUS MJIH. py0./Tox 1673,9 1453,4 1934,2

CocraB KXXT Ne 3 (o ta6:. 3.2.2)

Pacxon FART e 3, T/ron 984300,8 | 8665954 | 1127112
dychl T/TOx 147645,1 129989,3 169066,8
KaMEHHBIA YToJib T/TOx 438013,9 385635 501564,8
HIKIIK T/TO] 4921,5 4333 5635,6
TeXHUYECKas BOAa T/TOx 393720,3 346638,2 450844,8

TormBHBIE 3aTPaThI MJIH. py0./Tox 761,2 670,1 871,6

DKOHOMHMS MJTH. Py0./TO] 11933 1030,4 1384,0

Cocras KXXT Ne 4 (o tabi. 3.2.2)

Pacxon FART e 4, T/ron 10069703 | 886554 | 1153070,5
UIBTP-KEKH T/TON 498450,3 438844,2 570769,9
MOTOPHOE Maclio T/TOx 100697 88655,4 115307
HIKIIK T/TO1 50349 4432.8 57654
TEeXHUYECKas BOJa T/TON 402788,1 354621,6 461228,2

TorumBHBIC 3aTPaThI MJIH. py0./Tox 1025,4 902,8 1174,2

OKOHOMUS MJIH. py0./Tox 929,1 797,7 1081,4

Tabmuna 3.3.2. CpaBHEHHE PacxoJ/l0OB TOIUIMBA U €r0 CTOMMOCTH JJisi cTaHuuu Ne 2

[143,144]

[TapameTtp Pa3zmepHOCTH 2014 2013 2012
dakTHyeckue NaHHLIE
Pacxon mazyra T/TON 10000 10000 10000
Pacxon rasa TBIC. M°/TO] 336700 344100 402400
TormnmBHBIE 3aTpaThl MJIH. py0./Tox 1479,1 1509,3 1746,4
CoctaB KXXT Ne 1 (o tabi. 3.2.2)
bacxon FART N1, T/ron 561700 574100 | 671400
GUIbTp-KEeKH T/ToA 278100 284200 332300
Dy T/TOx 56200 57400 67100
HIKIIK T/TOx 2800 2,900 3400
TEXHUYECKAsT BOJA T/TOx 224700 229700 268600
TomuBHBIE 3aTPAThHI MJH. py0./T0ox 139,9 143,0 167,2
DKOHOMUSI MJIH. py0./Tox 1339,1 1366,2 1579,2
CoctaB KXXT Ne 2 (o tabun. 3.2.2)
Pacxon FART N2, T/ron 555900 568100 | 664400
buUIbTP-KEKH T/TOJ 275200 281200 328900
HePTSIHBIE OTIIOKEHUS T/TOx 55600 56800 66400
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ITapamerp PasmepHOCTB 2014 2013 2012
HIKIIK T/TOx 2800 2800 3300
TEXHHUYECKas BOJIa T/TO] 222400 227300 265800
TorumBHBIE 3aTPaTHI MJIH. py0./Tox 155,2 158.,6 185,4
DKOHOMUSI MJTH. Py0./TO1 1323,9 1350,7 1561,0
CocraB KXXT Ne 3 (o ta6:. 3.2.2)
Pacxon IOKT Ne 3, T/ron 544200 556200 | 650400
B TOM YHCIIE:
Dychl T/TOx 81600 83400 97600
KaMEHHBIN yrojb T/To 242200 247500 289400
HIKIIK T/TO1 2700 2800 3300
TEXHHUYECKas BOJIa T/TON 217700 222500 260200
TorumBHBIC 3aTPaThI MJIH. py0./Tox 420,8 430,1 502,9
DKOHOMHMS MJTH. PYy0./TO]T 1058,3 1079,2 12435
CocraB KXXT Ne 4 (o ta6:1. 3.2.2)
Pacxon IOKT Ne 4, T/TOx 556700 569000 665400
B TOM YHCIIE:
(bUITBTP-KEKH T/TOJ 275600 281600 329400
MOTOPHOE Maciio T/TOx 55700 56900 66500
HIKIIK T/TO 2800 2800 3300
TeXHHYECKas BOJa T/TO] 222700 227600 266100
TormuBHBIC 3aTpaThI MJTH. Py0./TO1 566,9 5794 677,5
OKOHOMHUS MJIH. py0./Tox 912,2 929,9 1068.,9

Tabmuna 3.3.3. CpaBHeHHE PAcXO/]0B TOIJIMBA U €r0 CTOMMOCTH 1Jisi ctaHuuud No 3

(xoTenbHOM) [143,144]

ITapamertp PasmepHOCTB 2014 2013 2012
dakTUUeCKHe TaHHBIC
Pacxon yrist T/TON 956,5 1060 1016
TonnuBHBIE 3aTpaThI MJIH. py0./TOx 1,3 1,4 1,3
CocraB KXXT Ne 1 (mo ta6sn. 3.2.2)
pacxon FHRT N 1, Tron 974,2 1079 1035
(bUIBTp-KEKH T/TON 482.2 534,5 512,4
dycol T/TOI 97.4 108 103,5
[IKTIK T/TOI 4.9 5,4 5,2
TEeXHUYECKas BojJa T/TON 389,7 431,9 414,1
TommBHBIE 3aTPaTHI MJTH. py0./TO7 0,2 0,3 0,3
OKOHOMUS MJIH. py0./rox 1 1,1 1,1
Coctas KXXT Ne 2 (o tabmn. 3.2.2)
ITapameTtp ‘ PasmepHOCTB ‘ 2014 2013 2012
1}: i‘;’;;’f{iﬁ? Ne2, T/rox 964,1 1068 1024
(bUIBTp-KEKH T/TON 4772 528.9 507,1
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[TapameTtp Pa3zmepHocTh 2014 2013 2012
He(TAHBIC OTIOKCHUS T/TON 96,4 106,8 102,4
LIKIIK T/TON 4.8 5,3 5,1
TEXHUYECKAs BOJIA T/TON 385,6 427.4 409,8
TorumBHBIE 3aTPaTHI MJIH. py0./TOx 0,3 0,3 0,3
OKOHOMUS MJIH. py0./Tox 1 1 1
CocraB KXXT Ne 3 (mo ta6mn. 3.2.2)

Eii’;’f‘{ PII?JII{eT Ne3, T/rox 943,7 1046 1003
dychl T/TOL 141,6 156,9 150,4
KaMEHHBIN yrojb T/TON, 420 465.,4 446,2
LIKIIK T/TON 4,7 5,2 5,0
TEXHAYECKAA BOJA T/TON 3717,5 418,4 401,1

TorumBHBIC 3aTPaThI MJIH. py0./Tox 0,7 0,8 0,8

DKOHOMHUS MJIH. py0./T0ox 0,5 0,6 0,6

Cocras KXXT Ne 4 (mo tabi. 3.2.2)

Ei%’;;’f‘{ Iﬁf Ned, T/rox 965,5 1070 1026
(bUIBTP-KEKH T/TOx 477,9 529,6 507,8
MOTOPHOE Maclio T/TON 96,5 107 102,6
HIKIIK T/TOI 4.8 5,3 5,1
TEXHAYECKAA BOJA T/TON 386,2 428 410,3

TonnuBHBIE 3aTpaThl MIIH. py0./Tox 1 1,1 1

DKOHOMHUS MJIH. py0./Tox 0,3 0,3 0,3

Hawunbonpimas sxoHomus HaOmromaeTcs npu mepexone Ha cxkxuranne KOKT Ne 1
(tabmumer 3.3.1-3.3.3), T.K. 3TOT cocTaB MMeeT HamOoJblui npuoputer [135] mo
COOTHOIICHHWIO TEIUIOTHI CTOpaHWs TOIUIMBA K CTOMMOCTH BXOJIAIIMX B HETO

KOMITOHEHTOB (Tabmurna 3.2.2).

3.3.2. DxcnayamayuoHHvle 3ampamuol

B kauecTBe [aHHOW CTaThU 3aTpaT paccMaTPUBAIUCh TEKYIIUE pPacXOdbl
CTaHIUM, cBs3aHHbIe ¢ npurotopienueM KOKT, B uacTHocTH, 3aTpaThl Ha
MOTPEOISIEMYIO IIEKTPOIHEPTHUIO.

B Hacrosmiee BpeMs TOTpPEOHOCTM TpeX MCCIEAOBAaHHBIX CTaHIMM B
AIIEKTPOIHEPTUM HAa COOCTBEHHBIC HYXKJbl MOKPBHIBAIOTCS 3a BHEIIHEW CETU MO IICHE

927,54 py0./teic. kBTu [146]. JlanHble O pacxoie OdICKTPUUYECKOW HHEPTUH U
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COOTBCTCTBYIOIIMX 3aTpaTax Ha IIPHUIOTOBJICHHC YFOHBHOﬁ IIbIJIM IIPUBCACHLI B Ta6JII/II_IC

3.34.

Tabnumna 3.3.4. Pacxoj 37MeKTpUUeCcKOW SHEPruu M 3aTpaThl HA MBUICIPUTOTOBJICHHE

[143,144]

ITapamerp | Pasmeprocts | 2014 | 2013 | 2012

Crannus Ne 1

daxTHUecKHil pacxo/ 371/7H Ha

kBT*u/ron 17271956 | 15666956 | 16802785
NBUICIPUTOTOBJICHUE

dakTryeCKHe 3aTpaThl Ha 3J1/9H

MJIH. py0./Toa 16 14,5 15,6
Ha TBUICTTPUTOTOBJICHHUE

Cranuusa Ne 2

dakTHYECKUN pacxo/1 3J1/9H Ha

kBt*u/rog | 12996195,4 | 13282646 | 15533257,6
IIBUICIPUTOTOBJICHUE

dakTHUYECKUE 3aTpaThl HA 3J1/9H

MJIH. py0./Toa 12,1 12,3 14,4
Ha TMBUICTTPUTOTOBJICHHUE

Crannus Ne 3

dakTUYECKUI pacXxo/1 3J1/3H Ha
MBUICTIPUTOTOBJICHHUE

kBT*u/ron 36919 40916 39229,2

dakTHuyeCcKue 3aTpaThbl HA 9J1/9H

MJIH. py0./Tox 0,03 0,04 0,04
Ha MBUICIPUTOTOBJICHHE

Pe3ynpTaThl  pacyeToB  TOAOBOTO  MOTPEOJICHHUS ~ DJIEKTPOIHEPrUU U
COOTBETCTBYIOIIMX AKCIUTyaTallMOHHBIX 3aTpaT Ha npurotoBieHne KIKT mpencraBnenst
B Tabmune 3.3.5. OrpuuarenbHble 3HAYEHUS WIUIIOCTPUPYIOT HSKOHOMMIO JE€HEXKHBIX

CPpCACTB 3a CUCT CHMIKCHHU 3aTpaT Ha SJICKTPOIHCPIHIO.
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Tabnuna 3.3.5. Okcmryaraionsbie 3atpaThl Ha ipurotoBieHrue KXKT romorenusaropom [143,144]

Cragmus Ne 1 Crangmust Ne 2 Cragmust Ne 3

Hapamerp Pasmeprocts [ 2013 2012 2014 2013 2012 2014 2013 2012

Pacxox 311/7H Ha
MPUTOTOBJICHHE kBT*u/ron 4750024 | 4182795 | 5440230 | 2626470 | 2684360 | 3139198 4555 5048 4840

KOKT Ne 1

3arpatsl Ha 371/3H

st KOKT Ne 1 MIH. py6. /ron 4.4 3.9 3.1 2,4 2,5 2,9 0,004 0,005 0,004

Pasuuna 3arpar Ha
3J1/9H Ha
NPUTOTOBJICHHE
KKT Ne 1 n
(paxkTnyeckux
3aTpar Ha
NBLICNIPUTOTOBJICH
ue

MJIH. pyo0./roj -11,6 -10,7 -10,5 -9,6 -9,8 -11,5 -0,03 -0,03 -0,03

Pacxopm 2m1/5H Ha
MPUTOTOBJICHHE kBT*u/ron 4701463 | 4139249 | 5383593 | 2599126 | 2656414 | 3106516 4508 4996 4790

KOKT Ne 2

3arpatsl Ha 3J1/3H

st FOKT Ne 2 MJTH. pyO. /TOJT 4.4 3,8 5 2.4 25 2.9 0,004 0,005 0,004

Pa3nuna 3arpar Ha
3J1/3H HA
NPUTOTOBJIEHHE
K/KT Ne2 m
(paxkTnueckux
3aTpar Ha
NbLIENPUTOTOBJIEH
ue

MUJIH. py0./Tox -11,7 -10,7 -10,6 -9,6 -9.9 -11,5 -0,03 -0,03 -0,03

Pacxox 351/7H Ha

EP}K“;"JTV‘:’;HGHHE’ kBrwron | 4602155 | 4051816 | 5269876 | 2544225 | 2600303 | 3040898 4412 4890 4689
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[TapameTtp

Pa3zmepHocTh

Cragmus Ne 1

Crangmust Ne 2

Cragnust Ne 3

2014

2013

2012

2014

2013

2012

2014

2013

2012

3arpathl Ha 3J1/3H
st KOKT Ne 3

MJIH. py0. /Ton

4,3

3,8

4,9

24

24

2,8

0,004

0,005

0,004

Pa3nuna 3arpar Ha
3J1/3H HA
NPUTOTOBJICHHE
K/KT Ne3 n
pakTHIeCKUX
3aTpar Ha
NbLICNIPUTOTOBJICH
e

MJIH. py0./Toa

11,8

-10,8

-10,7

-9,9

11,6

-0,03

-0,033

-0,032

Pacxom 3:1/3H Ha
MIPUTOTOBJICHHE

KOKT Ne 4

kBT*4/ron

4708147

4145134

5391247

2602821

2660190

3110933

4514

5003

4797

3aTpatsl Ha 3J1/9H
st KOKT Ne 4

MJIH. py0. /Ton

44

3,9

24

2,5

2.9

0,004

0,005

0,004

Pasnuna 3arpar Ha
3J1/3H Ha
NPUTOTOBJICHHE
K/KT Ne 4 n
(pakTnyeckux
3aTpar Ha
NbLICNPUTOTOBJICH
ue

MUJIH. py0./Toa

11,7

-10,7

-10,6

-9.9

11,5

-0,03

-0,033

-0,032

HpuMeanue: CHUJICEHUE 3ampam OmMHOCUME/IbHO d)CZKI’I’ZMIIGCKM)C NOKA3aHO CO 3HAKOM «—).
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3.3.3. Kanumanvhsie 3ampamsi
1) HUzmenenus 6 mexnonocuueckux cxemax monauenvix xossaicme TOC

TonnuBHoe xo3saiicTBO TOC [173] mpeacTaBisieT KOMIUIEKC TEXHOJOTHYECKH
CBSI3aHHBIX YCTPOMCTB U COOPYKEHMI JJIsl IpreMa, XpaHEHUs!, TOATOTOBKU TOIUIMBA U
€ro TPaHCIOPTUPOBKU BHYTPU HieKTpocTaHlUU. COrJIaCHO UCXOJHBIM JIaHHBIM
(tabmuma 2.3.1) [146] Ha cranmuu Ne 1 TOIIMBHOE XO3SWCTBO peaM30BaHO s
KaMEHHOTI'0 yTJisi, IPUPOJHOTO ra3a U Ma3yTa, Ha cTaHUU Ne 2 — 1Jisi MPUPOJHOTO ra3za
1 MasyTa, Ha ctaHiuu Ne 3 — niis kameHHOro yriis. B manHol paboTe paccMOTpEHBI
TEXHOJIOTUYECKHE CXEMbI TOIUIMBHBIX XO3SHUCTB JUIS KaXKJI0T0 BHIa TOIUIMBA (TBEPAOrO,
JKUJIKOTO U ra3oBoro). Jlanee BBIMOJHEHBI MPeoOpa3OBaHUs CYIIECTBYIOIMIMX CXEM IS

ucnonbs3oBanusa K)XKT Ha paccMOTpPEHHBIX CTaHIUSX.

2) Tonnuenoe xossaiicmeo TOC na meepoom monause (yane)
[IpunnunuanpHas cxema TOIUIMBHOTO Xo3siictBa TOC Ha TBEplIOM TOILUIUBE

MoKa3zaHa Ha pucyHke 3.3.1.

Pucynok 3.3.1. TexHonormueckass cxema yroiabHoro xossicrsa TOC: | — nmprueMHbIi
OyHKep; 2— JEHTOYHBIM TpaHCHOpTep; 3 — CKIIAJ yIiisl; 4 — IpoOWIbHAs YCTAHOBKA; 5 —
OyHKep CBIpOro yriisi; 6 — MbUIeyrojbHas MeJbHULA; 7 — cernapaTtop; 8§ — HUKJIOH; 9 —
OyHKep yrojibHOU nbuin; /0 — nutarensb yris; 11 — napoBoil kotelr;, /2 — MeJIbHUYHBIN

BeHTUJIATOD [174]

TomMBO B KENE3HONOPOKHBIX BArOHAX IIOCTYHaeT K  Pa3rpy30YHBIM

YCTPOMCTBaM, OTKYZla C TOMOILBIO JICHTOUYHBIX TPAHCIIOPTEPOB HANPABJISAECTCS HA CKIIaJ.
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Co ckiasa TOIUIMBO MOAAETCS B JIpOOMIBHYIO YCTaHOBKY. Mmeercs BO3MOXHOCTB
M0/1aBaTh TOILJIMBO B JPOOMIIBHYIO YCTAHOBKY M HEMOCPEICTBEHHO OT Pa3rpy30UHBIX
ycTpoicTB. 13 ApoOuiibHON YCTaHOBKHM TOIUIMBO MOCTYIAeT B OyHKepa ChIpOro yriisd, a
OTTyAa — B TbUICYTOJIbHBIE MEJIbHUIBL. YTOJIbHAs IMbUIb ITHEBMATHYECKH
TPAHCTIOPTUPYETCSL Yepe3 cemapaTop M LHUKJIOH B OYHKEp yrojibHOM MbUIM, a OTTyAa
NUTATEISIMU K TOopelikaM KoTiia. Bo3myx M3 IMKIOHA 3acachlBA€TCs MEJIbHUYHBIM

BEHTWISITOPOM U MOJAETCA B TONOYHYIO KaMepy KOTJa.

3) Tonnuenoe xozaucmeo TOC Ha dxcudkom moniuge (mazyme)

Jis TmpueMKH, XpaHeHHs, MOJa4d HEOOXOAMMOIro KOJMYecTBa MaszyTa B
KOTEJIbHYI0O M TOJATOTOBKM €ro JJid CHKUTaHUsl B TOINKaX KOTJIOB, IPETyCMOTPEH
KOMILJIEKC YCTPOMCTB — Ma3yTHOE XO3SIMCTBO (pucyHOK 3.3.2). VI3 IpUeMHOro CIMBHOTO
yCTpOMCcTBa (BKJIIOUAIONIETO B CeO0sl  JKEJIE3HONOPOKHBIE IMCTEPHBI, JCTaKamdy,
NEPEHOCHON CIMBHOMW JIOTOK, CIIMBHOM eJI00 U OTBOJSILYIO TpyOY) Ma3yT MOCTYIAET B
IpPUEMHYI0 eMKOCTh. V3 Hee ma3yT mojaetcs B puiabTp rpy0oil OYMCTKH M HACOCAMHU
yepe3 (QUIBTPbl TOHKOM OYMCTKHM 3aKaYMBAETCS B €MKOCTh Ma3yToxpaHwiuma. M3
€MKOCTH Ma3yTOXpaHWInIla 4epe3 (UIbTpbl TOHKOM OUYMCTKH U MOJOTpEBATENU
NOTPYXKHBIMUA HEQTSIHBIMU HaCOCAMH Ma3yT MOJAeTCsl B TOPEJIKH KOTEJIBHOTO arperaTta.
Yacte pasorperoro Masyra HampaBiseTcss 1O JIMHUM  PEUUPKYJIALUd B
Ma3yTOXPaHUJIMINE TSI Pa3orpeBa HaXOMASIIErocs TaM Ma3yTa. Penupkynanus mazyTta
npelHa3HayeHa I NpeayNpekIeHUs 3acThbIBaHUS MaszyTa B TpyOONmpoBOAax Ipu

YMEHBIIIEHUU WIH MPEKPAIEHUN €r0 TOTPeOIeHUS.
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Pucynokx 3.3.2. TexHonoruueckass cxeMa Ma3yTHOTO XO35WCTBAa (C Ha3eMHBIM
maszyroxpanuiuiiem) TOC: [ — npuemMHOe YCTPOMCTBO; 2— MpUEMHAasl €MKOCTh; 3 —
Hacoc; 4 — uaeTp TpyOOH oOuMCTKH; S5 — GUIBTP TOHKOM OYHCTKHA, 6 —
Ma3yTOXpaHUJIHIIE; 7/ — MoAorpeBaTenb; 8 — popcynka; 9 — mapoBoit koten; /0 — TuHUS

peuupkyssiuuu [174]

4) Tonnuenoe xossiicmeo TIC na 2azosom monauge (NPpupooHoMm 2ase)

TomnuBHOE XO3SUCTBO JJIEKTPOCTAHIUMM, paOOTAIONIMX HAa Ta30BOM TOIUIMBE,
ABJIIETCSl HaumboJsiee MPOCThIM (B CpPaBHEHMHM C yriaeM Hu Maszytom). OpHako mpu
COOPY>KEHHMH TaKHX DJIEKTPOCTAHIIMU, KaK MPaBUIIO, TPEIYCMATPUBACTCS BO3ZMOXKHOCTD
ux paboThl HE TOJBKO Ha Ta3e, HO W Ha MaszyTe. Cxema Ta30BOTO XO3SCTBA
ANEKTPOCTAHLIMM TOKa3aHa Ha pucyHke 3.3.3. Ha Tepputopuu 3JI€KTPOCTAaHIMU HE
npeaycMaTpeHbl  ra3oxpaHwimina. [a3 TmocTymaer Ha  3JIEKTPOCTAaHIUI0  OT
MarvucTpaabHOIO ra3omnpoBojia Wiu OT razopacnpenenurenbHoi cranuuu (I'PC). Jlns
CHWKEHUSI JIaBJICHUS JO0 HEOOXOIMMOro (IO YCJIOBHSM pabOThl TOpPENOK KOTJIOB)
ycTaHaBiuBaeTcs razopacnpenenutenbibiii myHKT (I'PIT). O6srano I'PIT pa3meniaercs B
OTIENbHOM  3JaHMM  HA  TEPPUTOPUU  JJEKTPOCTAaHUUU U 00OpyayeTcs
MPEIOXPAHUTEITLHBIMU TIPOTHUBOTIOKAPHBIMA W TIPOTHUBOB3PHIBHBIMU  YCTPONCTBAMU.
[TpousBoautensHOoCcTh ['PII paccunThiBaeTcsi Ha MakCMMalbHBIA pPacxoj] raa BCEMU

Komiamu 3nekrpoctaHuuu. B kaxnom ['PII mpemycmarpuBaercss onHa pe3epBHas
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YCTaHOBKA JJI PETYJIMPOBAaHUs AaBieHus raza. Bee razonpoBogsl k ['PIT u 10 nmapoBsix

KOTJIOB IPOKJIAJABIBAIOTCS HaJ 3€MJIEH U HE PE3EPBUPYIOTCS.

Pucynok 3.3.3. Texnonmornueckas cxema razoBoro xo3siictsa TOC: [/ — MarucTpaibHbIi
ra3onpoBOJ; 2 — Ta3opaclpeNeIuTeNbHbIA MyHKT, 3 — (QuIbTp; 4 — perynasarop
JABIICHHUS; 5 — cBeYa JUIsl IPOAYBKHU ra3onpoBoa; 6 — NpeAOXpaHUTEIbHbIN KianaH; 7 —
OTCEYHOM KiamaH; 8 — peryaupyronmn kiamaH; 9 — ropenka; /0 — mapoBOM KOTEI

[144,174]

5) Texnonocuueckue uzmerenus 8 cxemax monaueuwix xossiicms TOC npu nepexode Ha
KOKT

IIpumenenne KOKT cymecTBeHHO ympoIaer CUCTEMY TOIUIMBHOIO XO35KCTBA
(pucynok 3.3.4). B wactHocTH, Ha cTaHiuu Ne 1 wuckiodaercs HEOOXOOUMOCTh B
000py/I0BaHUH, MPEAHA3HAUEHHOM JJIsi XpaHEHUS, U3MEJIbUEHUSI U TPAHCHOPTHUPOBKU
yIis, a Takke B O00OpYJAOBaHMM MAa3yTHOIO W Ta30BOro Xo3sicTB. MckmroueHuem
SBIISIIOTCS pe3epByaphl Uil XpaHEeHUs] Ma3yTa. B JMaHHBIX eMKOCTSIX OyIyT XpaHUThCS
komnoHeHTl KOKT (punpTp-kex, orTpaboTaHHas roproyas >KUIKOCTb U, IIpH
HEOOXOJUMOCTH, JONOJHUTEIbHBIN TOPIOUMH KOMIIOHEHT (HampuMep, Mell, COJIOMa,

YIJIEPOAHBIN OCTATOK MUPOJIU3a aBTOMOOMIBHBIX MOKpbITIeK u ap.) [120,121].
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Pucynok 3.3.4. TexHonoruueckasi cxema TOruIMBHOTO Xxo03siiictBa TOC, paboraroreii Ha
KXXT: I — mpuemHOe yCTpOMCTBO; 2 — pe3epByap I XpaHEHUsS (PUIbTP-KEKa; I —
pe3epByap g XpaHEHHUs] OTpaOOTaHHOW TOpHOYEH >KUAKOCTH; 4% — pesepByap s
XpaHEHUs JOMOJHUTEIBHOTO KOMIIOHEHTa; 5 — €MKOCTh C TOMOT€HHM3aTopoMm; 6 —
HaKomuTeabHas eMKocTh rotoBoro KXKT; 7 — Hacoc; 8% — npenronok; 9 — dopcynka; 10

— nmapoBoii koten [144,174]

* no mpebosanulo 3aKazyuKa (603MONCHA peanuzayus cucmemvl Oe3 pezepsyapa 0

XPAHEHUA OONOJIHUMENIbHO20 KOMNOHEHMA U npedmonka)

6) 3ampamul Ha cucmemy MONIUBHO20 XO3AUCMEA
B Tabmumax 3.3.6-3.3.8 mpexacTaBieHbl 3aTpaThl Ha CHUCTEMBl TOILTUBHBIX

XO34MCTB KaXJI0M U3 pACCMAaTPUBAEMBIX CTAHLIUH.

Tabmuma 3.3.6. CpaBHeHHE pacxXoJOB Ha OOOpPYIOBaHWE CHCTEMBI TOIUIMBHOTO

xo3sicTBa cranimu Ne 1 [144,174]

Vaer KoIHaecTo Hena/mr., Toic. | CyMmMma, ThIC.
pyo. pyo.
TomnuBHOe x03s1cTBO TOC Ha TBEPAOM TOIUIMBE
Pa3rpy3ouHoe ycTponcTBO 1 44000 44000
Cknan 1 2000 2000
JlenTO4HBIN TpaHCIOPTED 1 2000 2000
JpoOunpHas ycTaHOBKa 1 1000 1000
[IputeyrosibHas MeIbHULA 20 30000 600000
Bynkep ceiporo yris 20 2000 40000
Cenaparop 20 400 8000
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[Tponomxenue Tadauibl 3.3.6

Vaen KOMiectEo Iena/mrT., Thic. | CymMma, THIC.
pyo. pyo.
Hukion 20 200 4000
ByHkep yronapHOI nbun 20 1500 30000
[TutaTens nbuH 60 1500 90000
B3pbIBHOM npe1oXpaHUTEIbHbINA Ki1anaH 160 20 3200
JIpIMOCOC MHEPTHBIX I'a30B 20 100 2000
MenbHUYHBIN BEHTUIATOP 20 200 4000
TommBHoe x034iicTBO TOC Ha KUAKOM TOILIMBE
[IpuemHoe ycTponCTBO 1 1000 1000
Ma3yToXpaHWIUILE 2 2400 4800
OunbTp (rpy00il ¥ TOHKOW OYUCTKH) 9 110 990
Hacoc 6 37 222
Ilogorpesarens 2 220 440
dopcyHKa 60 40 2400
TormmBHoe x03s1icTBO TOC HA Ta30BOM TOILJIMBE
Koupgencaroorson 1 45 45
Pacxonomep 1 75 75
OuibTp 4 25 100
Perynarop nasienus 4 60 240
Kiaran npegoxpaHuTenbHbIN 4 130 520
Kianan orceunoit 10 25 250
Kianan perynupyrommii 10 45 450
Caeya JiJ1s1 TPOJTYBKH Ta30MpOBOIA 1 1 1
Hroro 841733
TormmBHoe x03siicTBOo TOC Ha KOKT
PesepByap a1t XpaHeHus! PUIbTP-KeKa 3 2800 8400
PesepByap /1 xpaHeHus oTpabOTaHHON roprovei 1 B B
KUJKOCTU
PesepByap st XxpaHeHus JOMOIHUTEILHOTO 1 B B
TOPIOYEro KOMIOHEHTa *
PesepByapvc TOMOT€HU3aTOPOM (OCHOBHOW, 20 3000 30000
pE3EPBHBIN)
HakonurensHas emkocts roroBoro KOKT 10 3800 38000
[Tpenronok * 10 1500 15000
YcerpoiicTBo nmoaauu ToruuBa ((hopcyHKH, Hacoc, 10 3500 35000
TpyOOIIPOBO.T)
Hroro 161200
JxoHomus npu nepexoae Ha KiKT 680533

* no mpebosanuro 3axkazuuka (803MONCHA peanuzayusi cucmemvl bes pesepsyapa OJis

XPDAHEHUA OONOJIHUMENIbHO20 KOMNOHEHMA U npedmonka)
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Tabmuua 3.3.7. CpaBHeHuE pacxoJOoB Ha O0OOpYIOBaHHWE CHUCTEMbl TOIUIMBHOTO

xo3siicTBa cranmun Ne 2 [144,174]

Vaen KoMiectEo ena/mr., Toic. | CymMMa, ThIC.
pyo. pyo.
TommBHoe x0341icTBO TOC Ha KUAKOM TOILIMBE
[IpuemHoe ycTponCTBO 1 1000 1000
Ma3zyTtoxpaHuuie 2 2400 4800
OmibTp (rpyO0Oil ¥ TOHKOM OUUCTKH) 9 110 990
Hacoc 6 37 222
ITonorpeBarenn 2 220 440
dopcyHka 42 40 1680
TommBHoe x035iicTBO TOC Ha ra30BOM TOILIMBE
Koupgencaroorson 1 45 45
Pacxonomep 1 75 75
DunbTp 4 25 100
Perynstop naBnenus 4 60 240
Kianan npegoxpaHnuTesbHbIN 4 130 520
Kianan otceynoit 7 25 175
Kianan perynupyrommii 7 45 315
CBeya Jiy1s1 TpOJTlyBKH ra30lpoBOAa 1 1 1
Uroro 10603
TonnuBHOe x03s1icTBO TOC Ha KOKT

PesepByap i xpaHeHus QUIBTP-KeKa 3 2600 7800
Pe3epByflp JUTS1 XpaHEeHUs OTpaboTaHHOM 1 2400 2400
rOpIOYEH KUIKOCTH
PesepByap mist XpaHCHI:I:[ JIOTIOJTHUTEITLHOTO 1 1800 1800
TOPIOYEr0 KOMIOHEHTA
PesepByapvc TOMOT€HU3aTOPOM (OCHOBHOW, 14 3000 21000
pE3EPBHBIN)
Haxonurenbaas emxocts roroBoro KOKT 7 3500 24500
ITpearonok™ 7 1500 10500
VYerpoiicTBo noaauu Toruiusa ((popcyHkH, 7 3500 24500
Hacoc, TpyOoonpoBo)
Hroro 113500
Jxkonomus npu nepexoae na KiKT -102897

* no mpebosanuro 3axkazuuka (803MONCHA peanuzayusi cucmemvl bes pesepsyapa OJis

XPAHEHUA O0ONOIHUMENIbHO20 KOMNOHEHMA U npedmonm)
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Ta6nmuma 3.3.8. CpaBHeHuE pacxoJ0B Ha OOOPYJIOBAaHHE CHUCTEMbl TOIUIMBHOTO

xo3siicTBa cranmuu Ne 3 [144,174]

Vaen KoMiectEo ena/mr., Toic. | CymMMa, ThIC.
pyo. pyo.
TomuBHOe x03s11cTBO TOC Ha TBEPIOM TOTUIMBE
Pa3rpyszouHnoe ycTpoiicTBO 1 44000 44000
Cxnan 1 2000 2000
JleHTOUYHBIN TpaHCTIOPTEP 1 2000 2000
JpoOuibHas ycraHOBKa 1 1000 1000
[Ib11eyronpHas MeIbpHUIA 1 25000 25000
ByHkep ceiporo yris 2 2000 4000
Cenaparop 2 400 800
Hukion 2 200 400
byHkep yronbHOH nblIN 2 1500 3000
[lutarens npun 6 1500 9000
B3pbIBHOI peoXpaHUTENIbHBIN KiIanaH 16 20 320
JIpIMOCOC MHEPTHBIX Ta30B 2 100 200
MenbHUYHBIN BEHTUISATOP 2 200 400
Uroro 127120
TommBHoe x034iicTBO TOC Ha KOKT

PesepByap [uist XxpaHeHus QUIbTp-KeKa 1 200 200
Pe3epByUap JUISL XpaHEeHUs 0TpabOTaHHOM 1 100 100
TOpPIOYEeH KUIKOCTH
PesepByap s XpaHeHIiﬂ JIOTIOTHUTEIHHOTO 1 100 100
rOpIOYEro KOMIIOHEHTA
PesepByapvc TOMOT€HU3aTOPOM (OCHOBHOW, ) 1000 2000
pE3EPBHBIN)
Haxonurenbaas emxocts roToBor0 KOKT 1 2700 2700
[Tpenromok™ 1 1000 1000
VYerpoiicTBo nogauu ToruinBa ((popcyHkH, 1 2000 2000
Hacoc, TpyOoonpoBo)
Hroro 8100
IxoHomus npu nepexoae Ha KiKT 119020

* no mpebosanuro 3axkazuuka (803MONCHA peanuzayusi cucmemvl bes pesepsyapa OJis

XPAHEHUA OONOIHUMENIbHO20 KOMNOHEHMA U npedmonka)

[Ipu nepexone uccneoBaHHBIX CTAHIIUHN C TPAJUIIMOHHBIX TOIUIUB (YroJib, Ma3yT,

ra3) Ha cxuranue KOKT nHambonbiias skoHoMmus qocturaercs y craHiuuu Ne 1 (tabu.

3.3.5). DTO 0OBSACHSAETCS TE€M, YTO JIaHHBIM OOBEKT BKJIIOYACT TPU BHJIA TOIUIMBHBIX

cucteM (g yrijsi, raza ¥ Mas3yTa) ¢ OOJIBIIMM KOJUYeCTBOM oOopynoBanus. [lpu

nepexoac C€ TPpaauIUOHHOI'O TOIUIMBA HA CYCIICH3WMU 3HAYUTCIBHO COKPAIIaCTCsA

KOJIMYECTBO HEOOXOJMMOIo O0OpYyHOBAHUS IS

HOBOM CHCTEMBI, CJICOOBATCIBHO
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3aTpaThl HA CUCTEMY TaKXe€ cokpamaroTcs [144]. AnamoruyHble 3aKJIFOYEHHS CIETaHbl
qus ctaniuy Ne 3. He cMoTpst Ha TO, 4TO TOIUIMBHAS cucTeMa Juist ctaHuuu Ne 3 MeHee
MaciTabHa (TOJBKO TOIIMBHOE XO3SMCTBO ISl YIJIsA) SKOHOMHS IPU IEpPexoje OT
TpaaumonHoro tormsa Ha KOKT saBnsercs BecbMa O4EBHAHOM MO TEM K€ MPUYUHAM.
[lepexon Ha cycnieH3uu AJist cTaHuu No 2 sIBJISIeTCS SKOHOMUYECKH HEIEIeCcO00pa3HbIM

(BeImuMHA YKOHOMUM OTpHliaTesibHas) (Tabdi. 3.3.6).

3.3.4. Umocosvie 3ampamei, ceésazantvle ¢ nepexooom 1IC na KOKT
C ydeTtom pacueroB, TNpeAcTaBleHHbIXx B 1. 3.3.1-3.3.3 mnpowusBeneHo
CYMMHUPOBaHHE BCEX 3aTpaT, HEOOXOUMBIX JJI MEPEX0/ia OT TPATUIIMOHHOTO TOTUIMBA

Ha K)XXT. PesynbsraTel npeacrasieHst B Tadiuie 3.3.9.

Tabmuua 3.3.9. Jlenexusle mnotoku npu nepexoae Ha KIXKT 3a 2012-2014 rr.
[143,144,174]

[Iepeuens 3arpar, MIIH. dakTuyeckoe Cocras Cocras Cocras Cocras
pyo. TOILIABO KOKT Ne 1 KXKT Ne2 | KXKT Ne 3 KOKT Ne 4
Cranuus Ne 1
TomuBHBIE 3aTpaThI 5910,6 765,8 849,1 2302,9 3102,3

3aTpathbl HA NOJITOTOBKY:
KanuranbHbie 841,7 161,2 161,2 161,2 161,2
DKCIUTyaTalluOHHbIE 46,1 13,3 13,2 12,9 13,2
3arpatsl Ha 31O — — — - —
3arpaTsl Ha
9KOJIOTUYECKUE — - - — —
MEpONPUSITHS
HToroBsle 3aTpatsl 6798.,4 940,3 1023,5 2477 3276,7
JKOHOMUS - 5858,1 5774,9 4321,4 3521,7
Crannus Ne 2
TomuBHBIE 3aTpaThI 4734,7 450,2 499,2 1353,8 1823,8
3aTpathl HA TOJATOTOBKY:
KanuransHble 10,6 113,5 113,5 113,5 113,5
DKCIuTyaTannoOHHBIC 38,8 7,8 7,8 7.6 7.8
3arpatsl Ha 31O B B B B B
3aTpathl Ha
9KOJIOTUYECKHE — - - — —
MEPOTIPUSITHS
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Ilepedens 3aTpat, MIIH. dakTHuecKoe Cocras Cocras Cocras Cocras
pyo. TOILINBO KOKT Ne 1 KKT Ne2 | KXKT Ne 3 KOKT Ne 4
Hrorossie 3aTpaTsl 4783,6 571.,5 620,5 1474,9 1945,1
OKoHOMMHUSI - 4212,1 4163,1 3308,7 2838.,5
Crannmsa Ne 3
TomuBHBIE 3aTpaThI 4 0,8 0,9 2,3 3,1
3aTpatrhl Ha OJITOTOBKY:
Kanuranbaeie 127,1 7,1 7,1 7,1 7,1
DKCIUTyaTalluOHHbIE 0,109 0,013 0,013 0,013 0,013
3arpats! Ha 31O — - - — —
3aTpathl Ha
9KOJIOTHICCKHE - - - — —
MEPOTIPHUATHS
Hrorossie 3aTparbl 131,2 8,9 9 10,4 11,2
OKoHOMMUS - 122,3 122,2 120,8 120

Cnengyer oTMeTuTh, 4TOo B Tabmuue 3.3.9 mpu pacyeTe JEHEKHBIX MOTOKOB HE
YUUTHIBAJIUCH JIOBOJIBHO MAcCIITAOHBIE BIIOKEHHS B DKOJIOTHYECKHUE MEPONPUITHS MPU
paboTe ¢ YIIIsIMU pa3HBIX MApoK, a TaKKe CHEIUPUUECKUEe N3MEHEHUS YHEPTETUYECKUX
XapaKTEPUCTUK PadOThl KOTEIbHBIX arperaTtoB, MPOAHAIM3UPOBaHHbIE B padoTe [115].
Ecnu yuects KpymHble mTpadbl, €XKEroJHO BBIMHCHIBAEMBIE JHEPIETHUECKUM
NPEANPUATUSIM, TO CPOK OKYMAeMOCTH MOJIEPHMU3AIUU — MEPEX0/ia OT TPATULIUOHHOTO
CXKUTAHUS YIVISI K CYCIIEH3USIM MOXET HW3MEHSAThCA OT HECKOJBKHX MECSILEB 0
HECKOJIBKUX JieT. Uem Oouibllie pacxo/1 TOIIMBa, TeM MaciuTabHee d3DPeKT U oueBUIHES
npeumyniectsa KXKT. [IpoBeneHHbIE TEXHMKO-IKOHOMHUYECKNE OLICHKHA MOKAa3alaH, YTO
st KpynHbix TOC naxke B ciiydae TOMOJHUTETBHBIX (HE PACCMOTPEHHBIX B HACTOSIIEH
pabote) pacxonoB wucrnonbszoBanue KXKT B kauecTBe OCHOBHOTO TOIUIMBA OyJeT
SKOHOMUYECKHU U IKOJOTUUECKH OMPaBIaHHBIM.

B pa6orax [135,143,152,155] npenacraBieHbl OTHOCHTEIIBHBIC SKOJIOTHYCCKHE,
TEXHUKO-DKOHOMUYECKHE M  JHEPreTUUECKHUE  XapaKTEPUCTUKHU, TO3BOJISIOIINE
BBHIOMpATh ONTHUMAJIbHBIC TBEpHAble U >kuiakue roproune kommoHeHThl KOKT. Ha
OCHOBAaHHUU JKCHEPUMEHTaNbHbIX JaHHbIX [135,143,152,155] u mnojgy4eHHBIX B
HacTosIe paboTe MOXKHO 3aKIIOYUTh, YTO CYCHEH3MOHHOE TOIJIMBO MOTYT OBITh

YPE3BbIYAHO TEPCIEKTUBHBIMU JUIsI JIFOOBIX OSHEPreTUYECKHX YCTAaHOBOK (IIpHU
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BBIpa6OTKC TEILUIOBOM U SHCKTquCCKOﬁ O9HCPIruy HE TOJBKO AJI IMPOMU3BOACTB, HO H

HACEJICHUS).

3.4. OTtHocuTeIbHBbIE MOKa3aTe u 1Jd cpaBHenns K/KT ¢ yriem, mazyrom u

NMPUPOAHBIM I'a3oM

3.4.1. Ilepsvuii 6apuanm

Ha pucynke 3.4.1 npencraBieHbl pe3yibTaThl BHIYMCICHUN, WILTIOCTPUPYIOIIHE
KaK YMEpPEHHbIE, TaK U 3HAYUTEIbHBIC (B HECKOJILKO pa3) MPEBBIIICHUS] BHIOPOCOB MPHU
MCIIOJIB30BaHUU YIJIS IO CpaBHEHUIO ¢ cycrieH3usamu [152,160,161]. AHanoru4asie mo
XapaKTepy KpUBBIC TMOJIY4YEHBbI [IJI1 BCEX HCCIEJOBAaHHBIX B HacTosIel pabdore
TOIUJTUBHBIX KOMITO3UITUH.

Pe3ynbpraThl pacuera oOLIEro OTHOCHTEIBLHOTO IMOKA3aTelsd MO aHTPOIOT€HHBIM
BbIOpocaM OT cxkuranusi cycrnensui (1 — ¢unbtp-kex; 2 — 89 % dunpTp-kek, 10%
Mazyt, 1% mnactuduxarop; 3 — 89% dunsTp-kek, 10% orpaboTaHHOE TypOMHHOE

MmacJo, 1% mnnactudukarop) npeacraBieHsl B Taduie 3.4.1.

NO
A

Y T Y T Y T y T y Y

700 750 800 850 900 950 1000
]

T, (°C)

a)
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3.5 4

3.0

254

2.0 1

ASO‘

T T T T T T T
700 750 800 850 900 950 1000
T, (°C)

0)
Pucynok 3.4.1. 3aBUCMMOCTH OTHOCUTEJBbHBIX MOKa3aTeaen no koumueHTpauusm NOy (a)
u SO, (6) ot Temneparypsl B kamepe cropanust 1iist KOKT [152]: 1 — KXKT 1 (bunbtp-
kek Mapku «T»); 2 — KXKT 2 (punbrp-kek mapku «T» ¢ mazyrom); 3 — KKT 3 (¢punbtp-
KeKk Mapku «T» ¢ oTpaboTaHHBIM TYpOUHHBIM MaciioM); 4 — GUIBTP-KEK Mapku «/»; 5
— KXKT 4 (punbrp-kex mapku «I» ¢ mazyrom); 6 — KOKT 5 (punbrp-kek Mapku «J» ¢

OTpaOOTaHHBIM TYPOMHHBIM MacJIOM)

Tabnuua 3.4.1. O0wmuii mokasaresb M0 aHTPONOT€HHBIM BbIOpocaM [152]

AK)KT 1 AK)KT 2 AK)KT 3

«CC» | «T» | «K» | «I'» | «d» | «CC» | «Ty» | «K» | «I» | «I» | «CC» | «T» | «K» | «I» | «I»
700 | 2,73 10,51 1,19|3,73]|0,71 | 0,19 0,07 | 0,18 | 0,03 | 0,07 | 0,13 | 0,14 | 0,19 | 0,06 | 0,156
800 | 5,49 | 1,69 | 2,39 | 4,11 2,08 0,1(027| 02| 010,13 | 0,090,556 |0,13|0,12 | 0,35

1000 | 9,451 497 | 6,75 | 7,33 | 6,09 | 0,350,561 0,49 | 0,71 | 0,23 | 0,34 | 1,09 | 0,48 | 0,32 | 0,62

T,

°C

N3 Ttabnuupl 3.4.1 XOpoIIO BUAHO, YTO CYCIIEH3UU 3HAUUTENIBHO BHIUTPHIBAIOT 10
WHTETPaJIbHBIM JKOJOTHUECKUM XapakTepuctukam 1o cpaBHeHuto ¢ KKT 2, 3 u
yriaamu. C poctoM temnepaTypbl cxkuranus npeumyniectBa KXKT cranoBsarcs enie
0oJiee OUECBUAHBIMU (3HAYEHUS Aot 1, Akt 2 U Aokt 3) HEIIUHEHHO pacTyT). Jlaxke npu
OTHOCUTEIIBHO HEBBICOKMX TEMIIEPATYpaxX OTJIWYUS OCHOBHBIX aHTPONOTI€HHBIX
BbIOpocoB KOKT OTHOCHTENBbHO HMCXOAHBIX YIJIEH HENb3s CUUTATh YPE3BBIUYAWHO

OOJBIIMMU, TaK Kak B KauecTBe 0CHOBHOro komrnoHeHTa KXKT ucnonb3yroTcst oTxo/pl,
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KOTOpBhIE B CBOEM COCTAaBE€ HM3HAYAILHO COJEpKAT OOJbINE BEIIECTB, MPHUBOISAIINX K
(hOpMHPOBAHUIO OTTACHBIX TA3000pa3HBIX OKCHJIOB.
B rtabmume 3.4.2 mpenctaBieHBl pe3yIbTaThl pacyeTa OTHOCUTEIHHBIX

MoKa3aTeJiel o TEIIOTe CTrOpaHusl.

Ta6nuna 3.4.2. OTHocuTenbHbIE dHEepreTudeckue nokaszatenu st KOKT [152]

Mapxka | Mioxr1 | Mixr2 | Myoxrs
«CC» | 0,361 0,471 0,493
«T» 0,594 0,671 0,691
«K» 0,471 0,551 0,571
«I'» 0,374 0,475 0,495
«JI» 0,322 0,440 0,461

OcunoBHoit Henoctatok KXKT oueBuaeH M XOPOIIO MPOCIEKUBACTCS MO TabJIUIIE
3.4.2. MeHbIIyI0 TEIUIOTY CTOpPaHUsS CYCIICH3WM MOXKHO OOBSCHUTHh 3HAYHUTEIbHOMU
JI0JIE BOJIBI B UX cocTaBe. B To ke Bpemsi i psijja KOMIIOHEHTOB CHUYKEHHUE TETLIOTHI
CrOpaHHsl MOXKHO CUHUTaTh YMEPEHHBIM (HampuMep, CYCIICH3MH Ha OCHOBE Keka «T»
UMEIOT TeIIOThI cropanus Ha 30-35 % Huxke, 4eM y yris).

B Tabmune 4.3.3 mnpuBencHbl 3HAYCHUS OTHOCUTEIBHBIX HSKOHOMHUYECKHUX

MOKa3aTesien Il CyCIICH3U M.

Ta6muna 3.4.3. OTHOCUTEIbHBIE PKOHOMUYECKHUE TTOKa3aTely cycnen3uii [152]

MapKa PK)KTI :C1100%/ PKX(TQZC]’IOO%/ PK}KT3: C]lOO%/
C>'100% (Cy89%: C5:10%) (Cy89%: C410%)
«CC»
«T»
«K» 5,143 1,275 2,218
«I'»
«J»

Tabnuua 3.4.3 wimocTpupyeT KpaTHbie peumMyitiecTBa ucnoiab3oBanus KXXT nHa
OCHOBE (PHIIBTP-KEKOB MO CPABHEHUIO C YTIISIMH COOTBETCTBYIOITUX MapOK.
Pe3ynbTaThl BBIYMCIICHUS TIEPBOTO BapuaHTa Oe3pa3MEpHOro IoKa3aress

(mpou3BelleHHEe TPEX OTHOCUTEIIbHBIX MOKa3zaTeseil (110 3KOJIOTMU, IO SHEPreTUKE, MO
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HPKOHOMMKE)) MpuBeaAeHBI B Tabiuie 3.4.4. Pe3yabTaThl BBIUUCICHHUS BTOPOTO BapHaHTa

0e3pa3zmMepHOro nokasaress MpuBeIeHbI B Tabnuiax 3.4.5, 3.4.6.

Tabmuma 3.4.4. be3pa3smepHble OTHOCHUTEIBHBIC TOKa3aTenu (IKOJIOTHS, DHEPreTHKaA,

sKOoHOMHUKA) [152]

e BK)KT 1 BK)KTZ BK)KT}

e «CC» | «T» «K» «'» «I» | «CC» | «T» | «K» | «I» | «I» | «CC» | «T» | «K» | «I'» | «I»
700 5,06 1,56 | 2,89 7,18 1,18 0,12 |1 0,06 | 0,12 | 0,02 | 0,04 0,14 | 0,21 | 0,24 | 0,07 | 0,16
800 | 10,19 5,16 | 5,79 7,88 3,45 0,06 | 0,23 | 0,14 | 0,06 | 0,07 0,1 1086 | 0,16 | 0,13 | 0,35

1000 | 17,53 | 15,18 | 16,37 | 14,11 | 10,09 0,21 | 0,48 | 0,35 | 0,43 | 0,13 0,37 | 1,68 0,6 | 0,35 | 0,63

Tabmuuna 3.4.5. OrtHocuTenbHble TOKazaTenu (¢ ydetom BbIOpocoB  NOy),
MJIx/(pyoxmmm) [152]
T oC Dvronb Nox DK)KT 1 No

g’ «CC» «T» «K» | «I» | «I» | «CC» «T» «K» «I'» «JI»

700 0,049 | 0,057 | 0,075 | 0,119 | 0,143 0,9 0,586 04| 2479 | 2,374

800 0,039 | 0,048 | 0,055 | 0,059 | 0,057 | 0,225 0,261 0,182 0,27 | 0,237

1000 0,026 0,03 | 0,033 | 0,032 | 0,032 | 0,071 0,117 | 0,095 0,083 0,068

T OC DK)KT 2 Nox DK)KT 3 NOx

g’ «CC» «T» «K» | «I» | «I» | «CC» «T» «K» «I'» «JI»

700 0,031 | 0,094 | 0,065 | 0,041 | 0,035 | 0,035 0,393 | 0,111 0,046 | 0,209

800 0,021 0,07 | 0,042 | 0,026 | 0,022 | 0,026 0,214 0,05 0,037 | 0,079

1000 0,017 | 0,029 | 0,024 | 0,016 | 0,014 | 0,021 0,082 | 0,031 0,026 | 0,049

Tabmuuna 3.4.6. OtHocuTenbHble mMoOKazaTenu (¢ ydetoM BbeIOpocoB  SO,),
MJIx/(pyoxmmm) [152]

T oC Dyronb S0 DK)KT 1 S0x
o «CC» «T» «K» «I'» «JI» «CC» «T» «K» «I» «JI»
700 1,822 | 15,361 | 3,307 | 5,152 | 14,328 | 3,071 | 9,383 3,34 | 4,957 | 3,653
800 1,457 1,707 | 1,378 | 2,061 2,388 | 2,938 | 4,691 3,34 | 4,249 | 3,392
1000 0,364 0,341 | 0,331 | 0,468 0,478 | 2,162 | 2,606 2,11 | 3,305 | 2,499

T..°C Dioxer 2> Dioxer 3>
e «CC» «T» «K» «'» «» «CC» «T» «K» «I'» «JI»
700 0,292 1,095 | 0,554 | 0,374 0,321 | 0,549 | 2,355 | 1,163 2,12 | 2,932
800 0,133 0,469 | 0,259 | 0,312 0,268 | 0,318 | 1,178 | 0,445 | 0,893 | 1,047
1000 0,074 0,168 | 0,116 | 0,283 0,243 | 0,181 | 0471 | 0,291 | 0,283 | 0,305

[IpeacraBnennsie B Tabmunax 3.4.5 u 3.4.6 pe3yabTaThl MO3BOJISIOT CIENATh

3aKJII0YEHUE O TOM, YTO MPUTOTOBJIEHHWE CYCHEH3UW W3 OTXOJIOB YyrienepepadoTKu U
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0TpabOTaHHBIX Macel SIBISIETCA 4Ype3BblUailHO nepcrneKTuBHbIM. [Ipu aTOM mpobiiema
3aMEHbl YIJIA Ha KOMIIO3HMIIMM M3 OTXOJOB yriie — M HedrenepepaboTKH SBISETCS
KOMIUIEKCHOM. B 3aBUCMMOCTM  OT  DJKOJIOTMYECKHUX, OKOHOMMYECKUX  HIIU
DKOJIOTHYECKUX IPHOPUTETOB 1IEJIECOO0PAa3HO HCIOIb30BaTh BCE IOTCHIMAIBHBIC
KOMIIOHEHTBI CYCIIEH3HM, a TAKXKE CYLIECTBEHHO BapbUPOBATh TEMIEPATYPHBIA PEXKUM

CXKUTI'aHUA.

3.4.2. Bmopotii eapuanm
B Tabmuue 3.4.7 npuBeAcHbl TUNUYHbIE 3HAYCHHUS KOHIIEHTPAIMA OCHOBHBIX

KOMIIOHCHTOB HCCJICIOBAaHHBIX Cy0HCH3Hﬁ.

Tabmuua 3.4.7. Tunuunsle KoHueHTpauuu KommnoHeHToB KOKT, mnpunsteie nms

JadbHEUIUX pacyeToB [155]

CocraB ToILIABA O0o3HaueHue

["a30BbIi KaMEHHBIN yroJib (yrojpHas Iblib, pazmep yactul] 100mkm) 100% Yrons 1

Crnabocnekaronuiicss KaMeHHBIH yroiib (yrojabHasi IblIb, pazMep yactull 100Mkm)

100% VYrons 2
BYT (razoBsiif kamennsiii yroas 50%, Bona 49%, miactudukarop 1%) KKT 1
BVYT (cnabocnekaromuiicsi kameHHbIH yroab 50%, Bosa 49%, ninactudukarop 1%) KOKT 2
DUIBTP-KEK ra30Boro KAMEeHHOTo yriid (BiaxkHblil) 100% KOKT 3
PuibTp-KeK ciabocneKaroerocsi kKaMeHHoro yrist (Bnaxssii) 100% KKT 4

OBVYT (puibtp-Kkek razoBoro kameHHoro yris 89%, mazyt 10%, nnactudukarop 1%) KKT 5

OBVT (¢mibTp-Kek razoBoro kaMeHHoro yrist 89%, orpaboTaHHOE TYpOMHHOE Macio

10%, rutactudukarop 1%) IOKT 6
OBVT (¢puinbTp-Kek ra3oBoro kaMeHHoro yrist §9%, orpaboTaHHOE MOTOPHOE MAaciIo
o o KXKT 7
10%, rutactudukarop 1%)
OBVYT (punbtp-kek cnabocnekaronierocst KaMmeHHoro yrist 89%, mazyt 10%,
o KXKT 8
iactuduxarop 1%)
OBVYT (punbtp-Kkek cnabocnekaronerocst kKaMmeHHoro yrist 89%, orpaboraHnHoe
KXT 9
TypbunHoe macio 10%, niactudukarop 1%)
OBYVYT (punbtp-kek cnabocnekaromnerocss KaMeHHOro yrist 89%, orpabotanHoe KOKT 10

motopHoe macio 10%, nnactudukarop 1%)

1) Tennoma ceopanus u pacxoo monausa

B cootBeTcTBUM ¢ pe3yapTaTaMM SKCHEPUMEHTOB [91] TemmoTel cropaHus
CYCHEH3UOHHBIX TOIIMB MO>KHO OIPEIEIUTh M0 CYMME TEIIOT CrOPAHUSI KOMIIOHEHTOB
C YYE€TOM HMX OTHOCUTEIBHOW MAacCOBOM KOHIEHTpauuu. Termnotsl cropanus KIKT c

Y4E€TOM KOHIIEHTPALUNA TOPIOYMX M HErOpPIOYUX KOMIIOHEHTOB cOCTaBWIM [155]: Qxxer
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1=13,91 MJIx/kr; Qxr »=13,12 MJIx/kr; Qxxr 5=13,31 MIx/kr; Qixr 6=13,87
MJIx/xr; Qxxer 7=13,77 MJIx/Kr; Ot s=12,45 MJDK/KT; Qxoxer 9=13,02 MJIx/KT; Qxoxcr
10=12,91 M JIx/kr.

TemnoTsl cropaHusi UCTONB30BAHHBIX yriel U (UIBTP-KEKOB cocTaBuiu [155]:
Oyrom 1=27,82 MJIK/KT; Qyrom, 2=26,23 MIUK/KT; Qoxr 3=10,41 MJIx/KT;  Qioxer 4=9,46
MJIx/Kr.

C ucnons3zoBanneM KOXKT MOXHO MONTyYUTh OJIM3KHAE YTISIM TEIIOTHI CTOPAHUS.
O4eBUHO, 4YTO JJiI OSTOTO HEOOXOJUMO YBEIUYMBATH KOHIEHTPAIMIO TOPIOYUX
KOMIIOHEHTOB B COCTaBe€ CyCIeH3ud. lIMeTCcs BepXHME Ipeneibl auana3zoHa
WU3MEHEHUS] KOHUEHTpAalM TOPIOYMX KOMIIOHEHTOB B COCTaBE CYCIEH3UM (TBEpHbIA
roprourii KoMnoHeHT — oT 40 no 60 %; xunkuii roptounii KoMrnoHeHt — ot 0 7o 20 %;
mactupukarop — ot 0,5 1o 2 %; AononHUTENbHbIE NIpUMecH U 100aBku — 10 10—15%
[36]). B cooTBETCTBHM C 3TUMU OTPAHUYEHUSIMU HUKE MPUBEACHBI 3HAYECHUS TEIJIOTHI
CropaHus CyCIIEH3Ul, B KOTOPBIX KOHIIEHTPALMs FOPOYEro KOMIIOHEHTa MaKCUMajbHa
[155]): Qxxrs=16,21 MJIx/kr; Qwxr 6=17,35 MIAx/kr; Qwoxr 7=17,13 MIx/kr; Qgoxr
§=15,45 MJIx/kr; Qrxer 0=12,08 MIx/KT; Qe 10=16,37 M JK/KT.

OtHocutenbHble MOKasaTeau 1o Macce tomauBa KOKT, HeoOxomumomn it
nonyuyenust 20 M/[x sHeprum, B CpaBHEHHH C YIJIEM IIPEACTABICHBI HA PUCYHKE 3.4.2.

B 1menoM MOXKHO cenarh 3aKJIOYEHHE O TOM, YTO MO TEIUIOTE CrOpaHus U
pacxony TormumBa (Hampumep, B yac) KXKT ©6e3 pgoOaBieHuss TPOIYKTOB
HepTenepepabOTKHM  CYHIECTBEHHO YCTYyMalOT CYXHM  YTOJIbHBIM  IBUIEBHJIHBIM
TOIIMBaM, a B CJIy4ae CyCIEH3UH, coAepallux MpPOAYKThl HedTenepepabOTKH, 3TOT
HEJI0OCTATOK MOYXHO HHMBEJIMPOBATH 32 CUET BHIOOpPA KHUIKOIO TOPIOYEro KOMIIOHEHTA C

BBICOKOM TEIUIOTOM CrOpPaHMUSI.
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Pucynok 3.4.2. Otnomenune teminotsl cropanuss BYT u OBYT k temnore cropanus
yrie Qg (a); otHomeHnue pacxogoB BYT u OBYT k pacxomy yris Goy I
MOJTYYEHHUsI UAICHTUYHOTO KoJinuecTBa 3Hepruu (6) [155]

* B [91] uccneoosana wupokas epynna scudkux eoprouux xomnorenmos KIKT u
onpeoenenbl MENJomvl CeOpaHus CYCNeH3Uulli Ha ux ocHoge. Tenioma ceopanus
HEKOMOPbIX CYCHEeH3Ull (KOHYeHMpayuu KOMNOHEHMO8 MAKCUMAIbHO OO0NYCMUMBIMU)
ouzxa x yenam. B wacmuocmu, KOKT 11 (punemp-kex « K» 80 %, ucxoonoe mypountoe
macno 20 %) — 20,4 Moc/ke, KXKT 12 (¢punomp-xex «T» 80 %, ompabomanrnoe
mypournHoe macno 20 %) — 22,3 M][c/xe.



107

2) Anmponozentsie 8b10POCHI U 301bHBLL OCIMAMOK
OtHomenue BbIOpocoB NO, u SO, [152,159-161] npu cxuranun KXKT k

aHAJIOTUYHBIM MMapaMeTpam JIId YIJIsl IpeacTaBeHbl B Tabnumax 3.4.8, 3.4.9.

Tabmuma 3.4.8. 3HaueHus: OTHOCUTEIHLHOTO KO3 UIIMEHTAa Anox ors TIO BBIOpOCcaM NOy

[155]

Temneparypa cxuranus, °C

Cycnensus 700 800 900 1000
KOKT 1 0,923 0,892 0,914 0,729
KOKT 2 0,577 0,654 0.8 0,891
KOKT 3 0,092 0,423 0,444 0,692
KOKT 4 0.1 0,324 0,444 0,691
KKT 5 1,769 1,385 1,167 1,115
KKT 6 2,808 1,742 1,444 1,256
KOKT 7 0,969 0,962 0,861 0,654
KOKT 8 0,94 1,11 1,624 1,444
KOKT 9 1.51 1.624 1,444 1.369
KOKT 10 0,567 0,581 0,791 0,873

Ta6nuna 3.4.9. 3HaueHuss OTHOCUTENIBHOTO KO3 dUIMEHTa Agox ory 1O BBIOpOcamM SOy

[155]
Temneparypa cxuranus, °C

Cycnensus 700 800 900 1000
KOKT 1 0,033 0,04 0,12 0,106
KOKT 2 0,04 0,044 0,056 0,065
KOKT 3 0.2 0,143 0,08 0,056
KOKT 4 0,176 0,102 0,059 0,063
KKT 5 0,833 0,612 0.31 0,206
KOKT 6 0,267 0,388 0,34 0,375
KOKT 7 0,333 0,306 0,45 0,313
KOKT 8 0.6 0,733 0,467 0,59
KOKT 9 0,58 0,556 0,389 0,44
KOKT 10 0.4 0,367 0,278 0.4

Ha pucynke 3.4.3. mpencraBieHbl JuarpamMMbl, OTpakalolllhue MPEUMYIIECTBA
OOJIBIIMHCTBA PACCMOTPEHHBIX COCTaBOB II0 CPaBHEHUIO C yrjeM. 3HayeHUs

kod(pdunreHTa Anox orx B OOJBITMHCTBE cllydaeB He mnpeBbimianu 1 (puc. 3.4.3, a). Jlus
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KXT 5-9 3HaueHus [OaHHOTO IMOKaszaTels MPEBbIIAIM |, 4TO CBUIETEIBCTBYET O

IPEBBILICHUH KOHLIEHTpauuii BeIOpocoB npu cxxuranuu KXKT mo cpaBHeHuto ¢ yriaem.
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Pucynok 3.4.3. OtHomeHue Maccbl 301bHOTO octaTka mpu cxuranum KKT B

CpaBHEHMHU C yriaeM M., [155]

OnHako cleayeT OTMETUTh, 4YTO HW3MEHSS KOHIEHTpPAaluuh KOMIIOHEHTOB B
CYCIEH3UH, MOKHO O0ECIEeUUTh KaK PoCT, TaK U CHIKeHUE BhIOpocoB NO,. 3HaueHuUs
OTHOCUTEIBHOTO KOIPIUIIMEHTA Agox o JJII BCEX PACCMOTPEHHBIX CYCIEH3UN HE
npeBbicuin 1, 4To cBHuETeNbCTBYET O siBHOM mnpeumyiiectBe KXKT B cpaBHeHuu c
yriieM (BeIOpockl SO, TpH CKUTaHUU yTJis Oosiblie, ueM npu cxkuranuu KXKT).

B [91] nokazaHo, 4to Macca 30JbHOro octatka mpu cxuranun KXKT
COOTBETCTBYET Macce 30JIbHOTO  oOcTaTka KoMmoHeHTOB. Iloatomy  wyepes
OTHOCHUTEJIIbHYKO  30JbHOCTh  KOMIIOHEHTOB  CYCHEH3MH  MOXHO  CIEeJaTh
COOTBETCTBYIOIIME OIEHKU Juisi cycneH3ud u yraed (puc. 3.4.3). [doctaTodHo
OUYEBHUIHBIM SIBJISIETCS CYIIECTBEHHOE MPEUMYIIecTBO OosbinuHcTBa cycrien3uid (KOKT
1-3, KIXXT 5-7) no cpaBHEHMIO C yIjeM, TaK KakK IOYTH IOJOBUHY MACChl COCTaBIISET
BOJIa — 0€330JbHbIN KOMIIOHEHT. Eciu e OpaTh BO BHUMAaHHE, YTO JJIsI POU3BOACTBA
OJIHOTO U TOTO € KOJIMYECTBA dHEPIUM TpeOyeTcs CylIecTBEHHO OosbIe (B 2—3 pasa)

maccel KXKT mno cpaBaenuto ¢ yriem (pucyHok 3.4.2, 6), TO Macca 30JbHOTO OCTaTKa
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IPU CKUTAHUM CYCIIEH3MOHHBIX TOIUIMB MOYET OBITh CONOCTAaBUMOH (B psijie ClyyacB
JTaKe HECKOJIbKO OOJIbIIEH) C MOJy4aeMOMl NMpU HMCHOJB30BAaHUHU YIUIA. DTOT acCHEeKT
CIIEyeT YYUTBIBATh IPHU PACCTABICHUU AKIEHTOB, KOTOPBIC SBIISIOTCS TJIaBHBIMU B

OLICHKaX MEPCIEKTUBHOCTH CYCIIEH3MOHHBIX TOILIMB IO CPAaBHEHMIO C yIiisiMu [164].

3) Makcumanvhas memnepamypa 2openus
Pe3ynbprarhl mpOBEIEHHBIX CPABHUTEIBHBIX OLICHOK MAaKCUMAJIBHBIX TEMIIEPATY]P
T, ™ [175], mocTUraeMeIX IPH FOPEHUH CYCIIEH3MH W yIiIeH HPUBEICHBI HA PUCYHKE

3.4.4.
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Pucynok 3.4.4. OtHomenns MmakcumanbHbIX Temmeparyp ropenust KOKT B cpaBHeHuu ¢

yrieM Tyom o [155]

Kak u cinenoBano oxuaaTe B COOTBETCTBUU C COBPEMEHHOW TEOPUEHN 3KUTaHUA
U TOPEHMs TOTUIMB, MaKCUMAaJIbHbIE TEeMIEpPaTyphl TOpeHUs: yriei Oomnbiie [175], yem
KOKT. I[ToaToMy BCe BBIUMCIICHHBIC OTHOIIICHHS OKa3aluch MeHblne 1 (puc. 3.4.4). Oto,
B CBOIO OU€PE/ib, MIUTIOCTPUPYET BAKHBIN HEJIOCTATOK CYCIIEH3UI B CPABHEHUU C YIJIEM.
OpHako clieqyeT OTMETUTh, YTO OTHOIICHHUS JIJIsi CYCIIeH3UN 0€3 100aBICHUS KUIKOTO

roprouero komnonenta (KOKT 1-4) menbiiie, yem A1 CyclieH3Hil ¢ 100aBIeHUEM Maces

u mazyta (K)XKT 5-10).
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4) MunumanvHvle memnepamypbl 3axCUSAHUS U 8PEMEHA 3A0ePIHCKU UHUYUUDOBAHUS

cOpEerUs
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Pucynok 3.4.5. OTHomeHuss MUHUMaNbHbIX TemnepaTyp 3axuranus KOKT wu yrus

Tyom ™" [91,155]

Ta6bmuma 3.4.10. 3HayeHUS OTHOCHTEIBHOTO KOA(PPHUIIMEHTA Ty .y IO BpPEMEHaM

3a/IepKKU 3axkuranus [155]

Temneparypa B nieuu, °C
Cyenensus 477 527 577 627 677
KXKT 1 1,667 1,429 1,577 1,698 1,857
K)KT 2 1,667 1,667 1,708 1,698 1,857
KKT 3 1,6 1,571 1,673 1,566 1,667
KKT 4 1,778 1,833 1,917 1,93 2,143
KXXT 5 1,7 1,714 1,855 1,755 1,889
KXT 6 1,556 1,5 1,5 1,465 1,571
K)KT 7 1,111 1,083 1,042 1,047 1,086
KXT 8 1,533 1,55 1,458 1,395 1,486
KKXT 9 1,5 1,429 1,491 1,377 1,444
KXT 10 1,1 1,071 1,091 1,038 1,067

[lo mody4yeHHBIM OTHOIIEHUSIM (PUCYHOK 3.4.5) BHUJIHO, YTO MUHUMAJbHBIC
TeMIepaTyphl 3aKUranusi cycrneHsuil Boime [90], yem yriel (OTHOIIEHUS MPEBHIIIAIOT

1). Hauuwiii ¢dakt o0O0yCIOBIEH BBICOKOW WHEPIMOHHOCTBhIO 3axkuranus KXKT,
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CBSI3aHHOM C JOIOJIHUTENbHBIMU 3aTpaTaMM TEIJla U BPEMEHHU Ha UCHapeHue Bojbl (B
CPAaBHEHUU C MPOLECCOM 3aKUTaHUs MbUIEBUIHOTO YrOJBHOrO TOIUIMBA). OAHUM U3
CH0CO00B CHUKEHHSI MHEPLIUOHHOCTH 3a)KMTaHUSI KOMIIO3UIIMOHHOTO YKUIKOTO TOILJINBA
SIBJISIETCS] BKJIFOUEHHUE B €70 COCTaB BHICOKOPEAKIIMOHHBIX J100aBOK, HAIPUMED, TOPIOUUX
KuakocTted HedTsaHOro mpoucxoxaeHus. B uwactHoctu, ans KIKT 6 u 7 moporosbie
TEMIIEPATYPbI 3aKUTAHUS MEHBIIIE, COOTBETCTBEHHO, MTOJIyY€HHbIE OTHOILIEHUS OJIMKE K
1 (pucynok 3.4.5). Ins coctaBoB 0e3 100aBlIEHUSI KUAKOTO TOPIOYETO KOMIIOHEHTa
(KXXT 1-4) nanHble COOTHOIIECHUSI HECKOJbKO Oojbiie 1. AHalOrM4HBIC BBIBOJBI
MOXXHO CZAENaTh W JUI1 BpeMeH 3ajepkku 3axuranus karenp KKT w wactun yris

UIEHTUYHBIX pa3mepoB (Tadum. 3.4.10).

5) Ilosxcapos3pvleobeszonachocms

Hcnonb3oBaHue CyCIEH3UN XapakTepu3yeTcs: 0oJjiee BBICOKMMH TeMIlepaTypaMu
3aKUTraHusl, 0ojiee UIMTENbHBIMU BpEMEHAMH MpOrpeBa Mepes 3aKUraHheM, a TaKxKe
MEHBIIMMHU TEMIIEpaTypaMH TOPEHHs. OTU TpU IMOKa3aTess SBJISIOTCS OCHOBHOM
IPUYMHON CYIIECTBEHHO Oosiee BbICOKOM moxapoB3pbiBoOe3onacHoctu KOKT 1o

CPaBHEHHIO C YTOJIbHBIMU TOIJIMBAMHU (PUCYHOK 3.4.6).
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Pucynok 3.4.6. CpaBHeHue nokasatesns noxapos3pbiBooezonacHoctd KOKT u yrist Py,
YUHUTBIBAIOIIETO  I[OPOrOBBIE  TEMIEPATYPBl  3aKUTaHUS,  BpeMsl  3aIEpXKKHU

WHULMAPOBAHUS TOPEHUS U MaKCUMAaJIbHbIE TeMIlepaTypbl ropenus [155]
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[IpuBeneHHbIe HA pUCYHKE 3.4.6 3HaUEHUS WILTIOCTPUPYIOT IBHOE MPEUMYILIECTBO
KXXT B cpaBHenuu ¢ yriem. [lokazaTens moxapoB3pbIBOOE30MIACHOCTH ISl CYCIICH3UHN
CYILIECTBEHHO BBIIIE, YeM JUIsl yriied (3HAYeHUs OTHOIICHWM MpeBbIIAOT 1 A Bcex

o0pasIioB).

6) Cmoumocms KOMNOHEHMO8 U MEXHUKO-IKOHOMUYeCKUe NoKazameiu XpaHeHus,
MPAHCROPMUPOBKU U CHCUSAHUS
IIpoBeaeHHbIE TEXHUKO-DKOHOMUYECKUE onieHKHU [135,143,174] noka3anu, 4To C
YYETOM PacX0JIOB Ha XpaHEHUE, TPAHCIIOPTUPOBKY U Cxkuranue ucrnoiab3zoBanre KXKT B
KaueCTBE OCHOBHOTO TOIUIMBA SBJISIETCS DKOHOMHUYECKH OIpaBAaHHBIM. VcCkimtoueHue
COCTaBUJIM CYCIICH3UHU C J0OaBJICHHWEM Ma3yTa, YTO OOYCJIOBJICHO CTOMMOCTBIO ATOTO

KUIKOTO TOproYero Kommnonenta (puc. 3.4.7).
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Pucynok 3.4.7. Otnomenust croumoctu KOKT u yrist S,y (a); OTHOIIEHHWS 3aTpar Ha

xpaHeHue, TpaHcnopTupoBKy U cxkuranue KKT u yris Ny, (6) [155]

7) Obobwenue pe3yrbmamos GblNOJHEHHbIX UCCIe008aHUL U DEKOMeHOayuu no ux
UCNOIb308AHUIO

B Ttabmume 3.4.11 mnpencraBlieHBl pacCUMTAaHHBIE 3HAYCHHUS KOMIUICKCHOTO
0e3pazmepHoro napamerpa Iy, ISl PACCMOTPEHHBIX CYCIEH3UM MPU YCIOBUU, YTO BCE
BecoBble Kodhdummentsl paBHbl 1, a B Tabmunax 3.4.12, 3.4.13 mpu BeECOBBIX
kodpdunuentax or 0 mo 1. Ha pucynke 3.4.8 mnpuBeneHbl AuarpamMmbl IS
JEMOHCTPAIIMA CYMIECTBEHHOTO OTIWYUS 3HA4eHWil [, B ClIy4ac TPUMEHEHUS
KOMITOHEHTOB CYCIEH3UN C pa3HBIMH CBONCTBAMHU M KOHIEHTPAIMSIMH B COCTaBe

TOIINIMBHBIX CYCHGH3Hﬁ.

Tabmuua 3.4.11. 3HaueHHss KOMIUIEKCHOrO Oe3pa3MepHOr0  KpuTepus s

uccnenoBanHbix KJKT B cpaBHEHUM C yIiisiMH COOTBETCTBYIOIINUX MapokK [155]

CyCHeH?’Hﬂ QOTH GOTH ANOx OTH ASOx OTH M, OTH S OTH P OTH S OTH N, OTH I oTH 1 I OTH 2

KXKT 1 0,5 21 0,892 0,041 0,5 05| 184 0,5 | 0,469 | 5,846 | 0,008

KOKT 2 0,5 2| 0,654 | 0,044 0,5 05| L76 0,510,498 | 5,787 | 0,006

KKT 3 0,374 | 2,672 | 0,423 | 0,143 | 0,893 | 0,194 | 2,045 | 0,194 | 0,25 | 6,489 | 0,005

KKT 4 0,361 | 2,773 | 0,324 | 0,102 | 1,455 | 0,194 | 1,922 | 0,194 | 0,275 | 7,013 | 0,005
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[Tponomxkenne Tabauubl 3.4.11

CYCHGH3H51 QOTH GOTH ANOx OTH ASOx OTH M. OTH S OTH P OTH S OTH N OTH I oTH 1 I OTH 2

KKT 5 0,478 | 2,09 1,167 | 0,612 | 0,827 | 1,231 | 1,752 | 1,231 | 1,191 | 8,283 | 1,516

KXKT 6 0,499 | 2,004 | 1,742 | 0,388 | 0,804 | 0,897 | 1,133 | 0,897 | 0,824 | 6,838 | 0,455

KOKT 7 0,495 | 2,02 0962 | 0,306 0,808 | 0,592 | 1,481 | 0,592 | 0,545 | 6,235 | 0,114

KOKT 8 0,475 | 2,106 1,022 | 0,733 | 1,329 | 1,231 | 1,703 | 1,231 | 1,273 | 8,866 | 2,657

KXKT 9 0,497 | 2,014 | 1,624| 0,556 | 1,310,897 | 1,168 | 0,897 | 0,879 | 7,667 | 1,088

KXKT 10 0,492 12,031 0,581| 0,367 |1,313 0,592 | 1,431 | 0,592 | 0,582 | 6,654 | 0,138

Paccuntanubie 3HaueHUs! I,;; COOTBETCTBYIOT OOJIBIIOMY Juana3ony: 5,787—
8,866 (B cimywae cinoxeHus I, 1); 0,005-2,657 (B cimydae yMHOXeHHS I, »). Kak
CJICICTBUE, TMOSBIISIOTCS IIUPOKHUE BO3MOKHOCTH BapbUPOBAHUSI CBOMCTB TOILJIMBHBIX
KOMIIO3UIIMA W XapaKTEPUCTUK DSHEPreTMYECKUX IMpoleccoB. MOXKHO clenarh
3aKJIFOYECHHUE, O TOM, YTO Y€M MEHBIIIE MOJyYEHHOE 3HAaUEHUE oy, | JUIS1 CYCIICH3UU, TEM
OoJibllle TEPCHEKTUBBI €€ HCIOJb30BaHUSI B KAadyeCTBE OCHOBHOTO TOIUIMBA Ha
DHEPIeTUUYCCKUX MPEATPUATHIX (JIJIs1 TOTYyUYCHHS TEIJIOBON U IEKTPUUSCKON YHEPTUH).
B wactnoctu, KXXT 1, 2, 7, 10 sBustoTca BechbMa MepCHeKTUBHBIMU (1o, | =5,787—

6,654).

N\

DO

{3@\ @C\q, @érb \Qg\u @Q«o @C\@ @é\,\ Qé\fb @é‘b@é,\@

Pucynok 3.4.8. 3HaueHus KOMIUIEKCHOTO Oe3pa3MepHOro Kputepus Il  ana KKT B

CPaBHEHUU C YTJIIMH COOTBETCTBYIOIIMX MApPOK (3HAYEHHS BECOBBIX KOA(D(DUIIEHTOB ;

paBHbI 1) [155]
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Ta6nuna 3.4.12. 3HaueHUs] KOMIUIEKCHOTO 0e3pa3MepHOro KpPUTEPHS Iy 1 At KOKT B
CPaBHEHMM C YIJISIMA COOTBETCTBYIOIIMX MAapOK TMPU BapbUPOBAHUHM BECOBBIX

ko3 dunreHToB v; [155]

IOTH 1

OG6pa3zen TorMBa vi=1, v2.v7=0,5 v3=1, Y1, ¥2.v4.77=0,5 Ys. Ye=1, V1.4, ¥7=0,5
KXKT 1 3,173 2,941 4,093
KOKT 2 3,143 2,908 4,023
KXKT 3 3,432 3,275 4,364
KOKT 4 3,687 3,523 4,565
KXKT 5 4,381 4,499 5,633
KXKT 6 3,668 3,757 4,434
KOKT 7 3,365 3,265 4,154
KOKT 8 4,67 4,808 5,9
KXKT 9 4,082 4,284 4,866
KOKT 10 3,573 3,434 4,338

Tabmuua 3.4.13. 3HaueHHs] KOMIUIEKCHOTO O€3pa3MEpPHOro KPUTEPHS Iy 2 11t KOKT B
CPAaBHEHUM C VYIISIMM COOTBETCTBYIOIIMX MAapOK IIPU BapbUPOBAaHUU BECOBBIX

ko3 unreHToB y; [155]

IOTH 2
Obpaser Tommmsa 71=1,72.¥7=0,5 | y3=1, 1. ¥2.v4.¥7=0,5 Ys. Ye=1, v1.y4, ¥7=0,5
KXT 1 0,00012 0,00012 0,00025
KXXT 2 0,0000995 0,0000995 0,0002
KXKT 3 0,0000837 0,0000837 0,00017
KXKT 4 0,0000774 0,0000774 0,00015
KXKT 5 0,02368 0,02368 0,04737
KXT 6 0,00711 0,00711 0,01422
KXKT 7 0,00177 0,00177 0,00355
KXKXT 8 0,04152 0,04152 0,08304
KXKXT 9 0,01701 0,01701 0,03401
KXT 10 0,00215 0,00215 0,00431

Ha pucynke 3.4.9 u B Tabnuiie 3.4.14 npuBeneHsl 3HaUCHHS napameTpa Joy,, (11
Ciay4dasi CJHOXKEHUS Jo | U YMHOXKEHUS Jo ) U4 WUIIOCTPAUM MPEUMYIIECTB
CYCHEH3UOHHBIX TOIUIUB MO CPABHEHUIO C YTIISIMH.

3HaueHus J,.,; | 601b11e 1 TOKa3bIBAIOT, BO CKOJIBKO pa3 KOMIUICKCHBIN MapameTp
3 PeKTUBHOCTH (C TOUKH 3pECHHSI HAaU0O0JIee BAXKHBIX IKOJOTHUECKHUX, SHEPIEeTUUECKUX
Y TEXHUKO-3KOHOMHUYECKHX XapakrepucTuk) KOKT npesblaeT aHamornuHbeiii napaMeTp

s yriisi. XOpolllo BUJIHO, YTO B ciydae ucnosib3oBaHus B coctaBe KOKT orxomoB ¢
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BBICOKHMM COJIEpKAHUEM YTJIepoia U MaJIOH CTOUMOCTBIO MmapaMeTp Jor; | MAaKCHUMAJIEH.
Ecnmu B cycnen3un q00aBISIOTCS TaKe€ B MAJIBIX 00heMaX BBICOKOKAYECTBEHHBIC, HO B
TO € BpeMsl JOCTaTOYHO JIOPOTHMe KOMIIOHEHTHI (HallpuMep, Ma3yT), TO 3HAYCHUS Jory |
MOHIKAIOTCA. Takke MPEenMyIIecTBa CyCIeH3U MOTYT OBITh HE3HAUYNTEIBLHBIMH, €CITH
B MX COCTaBE€ MCIOJIb3YIOTCSI KOMIIOHEHTHI C BBICOKMMH 3HAUYEHHUSI AHTPOIOT'€HHBIX
BBIOPOCOB (HarpuMmep, MpU MPUMEHEHWHM CMECH KeKa CJIa00CIEKaIoIIerocsl Yrisg U
Mazyta. Ecnu 3HaueHust Jo; | MEHbIIe 1, TO B 3TOM cCiydyae 3amMeHa yris Ha

CYCIICH3HMOHHBLIC TOIININBA Heuenecoo6pa3Ha.

“wi 7 7

OTH
[04]
1

AMuan

% |

2 |
o I 77 722 AV NN
FELEEEELEE

CycneHaus

Pucynok 3.4.9. 3HaueHusi KOMIUIEKCHOTO Oe3pa3MepHOro kputepus Jo, 1 st KKT B

CPaBHEHUU C YIJIIMH COOTBETCTBYIOIIMX MAPOK (3HAYEHHS BECOBBIX KOA(DOUIIMEHTOB v;

paBHbI 1) [155]
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Tabnmuma 3.4.14. 3HadueHUsT KOMIUIEKCHOTO  O€3pa3MepHOro  KpUTEpHs s
MCCIIEIOBAaHHBIX CYCIIEH3UH B CPABHEHUHU C YTJISIMH COOTBETCTBYIOIIMX MapoK (BECOBbBIC

ko3 dunreHTs v; paBHbl 1) [155].

O06pas3elr TOIUIMBA Jom 1 Jom2

KXKT 1 35,13 31,781
KXKT 2 41,978 39,27
KKT 3 28,052 26,135
KXT 4 40,874 26,249
KKT 5 5,79 0,151
KXT 6 6,932 0,547
KXKT 7 9,825 2,157
KXKT 8 5,222 0,085
KXT 9 5,974 0,227
KXXT 10 10,548 1,759

3.5 HepCHeKTI/IBLI CKUTaHUA HHAYCTPHAJIBbHBIX 0TX0/10B, aAKKYMYJ/INPOBAHHBLIX Ha

TEPPUTOPUAX THIMMYHBIX 320POIICHHBIX HHAYCTPHAJIbHBIX PETHOHOB, B COCTABE

KKT

CocTrosiHuEe OKpY’KalIlIe Cpelbl Ha TEPPUTOPHUSIX THUIHYHBIX 3a0pOIIEHHBIX
WHyCTpUAIbHBIX peruoHoB, Kpaiinero CeBepa u ApKTUKH (B YACTHOCTU APKTUYECKOM
30HbI Poccuiickoit @denepaliun) BhI3bIBACT HapacTarollyto 03ad0odeHHOCTh [176,177] B
CBSI3U C 00pa30BaHUEM TEPPUTOPUM, B KOTOPBHIX MacIITaObl Jerpajallii €CTECTBEHHBIX
HKOCHCTEM JOCTUIJIM OINACHBIX (3alpeiesbHbIX) 3HAUE€HUN, a YpOBHU 3arpsA3HEHUs
CYILECTBEHHO MPEBBIIIAIOT A0onmycTUMble HOpMBI. [lo nanueiMm CMU (mait 2019 r.) Ha
15% Ttepputopun Apkrtuueckoil 30HbI Poccuu 3adMKCHUpOBaH KPUTHUECKUI ypOBEHb
sko3arpszHeHus. Ilnomann muorux panoHoB Kpaitnero CeBepa, rie pacrosoKeHbl
JNEUCTBYIOLIME CKJIAAbl W XpaHWIMIIA Troprodye-cMa3zouHbix wmatepuasioB (I'CM),
3arpsi3HEHBl  CBAJKaMU  METAJJIOJOMa, OBITOBBIM W CTPOMTEIBHBIM ~ MYCOpPOM,
OpOIICHHBIMA ~aBTOTPAHCIIOPTHBIMU  CPEJICTBAMM, PAa3pPYLICHHBIMU 3JaHUSIMU U
COOPYKCHHUSIMH XO3SMCTBEHHO-OBITOBOTO M TEXHHYECKOTO HA3HAUEHHUs, a TaKxKe
OOJBIIMM KOJMYECTBOM METANIMYECKUX Oouek U pesepByapamu ¢ ocratkamu ['CM.
[TouBsl, Ha KOTOpBIX HaxonasTcsa ckiaasl ['CM, kak nmokazanu uccienoBanus [178,179],

34I'PA3HCHBI He(l)TerOI[YKTaMI/I, IMOCTYyMAOMMUMHU B TPYHTOBBIC BOJbI, B PCKH, PYYbH,
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03epa U 3aJuBbl. B yclIoBUsAX CypOBOro KiumaTa CUTyalus yCcyryoJsercss TeM, 4To HU3-
32 OYEHb KOPOTKOTO JIeTa OMOJOTHYECKas PEKYJIbTHBAIUS (CTIOCOOHOCTh BOJOEMOB K
CaMOOYHMIIEHUIO) 3aTpyAHEeHa. Hu3kas Temneparypa cAepKUBAET 3TU IPOLECCHI.

[InaueBHOE cocTOsSTHUE TEpepabOTKH OTXOAOB B APKTHKE IMOATBEPIKIACTCS B
€KETrOJIHBIX JTOKJIaaax JenapTaMeHTOB MO OXpaHe Mpupojbl peruoHoB [178,179]. Oto
orpenesnsieT He0OX0AUMOCTh Pa3pabOTKU U MPUHATUS HEOTJIOKHBIX MEP HE TOJBKO I10
CMSTYEHHUIO HAKOIUIEHHOTO JKOJIOTUYECKOTO yIiiepda, HO M MO MPeaoTBPALECHUIO
NOTEHUUAIbHBIX YIPO3 ApKTUYECKUM DJKOCHCTEMaM, CBSI3aHHBIX C HapacTarouiei
HKOHOMUYECKOM W MHOW JESATENIbHOCTbIO B 3TOM PErHOHE, OCOOEHHO J1OOBIBAOLINX
otpacieil. [IpuBnekareabHbIM IS UHBECTOPOB MOXET CTaTh MOJy4YEHHE MPUOBUIM OT
YTWIA3AUMU UMEIOIIMUXCS MHIYCTPUAIBHBIX OTXOJOB IIPU IPOU3BOJCTBE TEIUIOBOM MU
aNEeKTpUYecKor 3Heprun. B nocnennue roael [lpaBurensctBom PO 3anyiieHs KpynHbIe
(MHaHCOBBIE MPOEKTHl IO OCBOCHHUIO TEPPUTOPUN KpaillHEro ceBepa, ApPKTUKU H
AHTapKTHKU. 3alylaHUpOBaHa pealu3alusi KPYMHbIX HHPPACTPYKTYPHBIX MPOEKTOB.
OCHOBY JTaHHBIX POEKTOB COCTABJISET YCTOMUMBOE, O€30MacHOe U 3HEPTrod(h(PeKTUBHOE
cHa0KeHUe MPOU3BOJACTB M HACEJIEHUS TEIUIOBOM M 3JEKTpuYecKkoil sHepruei. s ee
IIPOM3BOICTBA CTPOSITCS HEOOJBIINE KOTEIbHbIE U KPYIHBIE TEIUIOBbIE 3JIEKTPUUECKUE
CTaHIMUM. B KayecTBE OCHOBHOIO TOIUIMBA HA JAHHBIX SHEProNpearpUATHSIX
IUTAHUPYETCS UCIOJb30BaTh JOPOTrOCTOSIIUE MPOAYKThl HedTe- M razomnepepaboTKu.
HecMmoTrpst Ha OonblMe 3amachl HMCKOMAEMBIX PECYPCOB  II€JI€CO00pa3HO MO
DKOJIOTMYECKUM M HKOHOMHUYECKHMM IPUYMHAM MCIOJb30BaTh MHOIOYHCIIEHHBIE U
OTKpPBITO XPAHSILHMECS, HAKAIUINBAEMble B TEYEHHME MHOIMX JIET HA TEPPUTOPHUAX
KpaiiHero ceBepa, APKTHUKA U AHTapKTUKA WHAYCTPUAIbHBIE OTXOJAbl B TOIJIMBHOM
CEKTOpe JTaHHBIX pernoHoB. K ToMy e, B mocieaHne TOAbl CYIIECTBEHHO KOJEOII0TCS
LEHbl HAa TPAJAUIMOHHBIE IHEPrOpecypchl, 4TO, OE3yCIOBHO, YCJIOXKHSET MPOTHO3bI
pPa3BUTHUSA PETHOHOB [4].

MacmTabHoCTh C(POPMYIMPOBAHHON MPOOJIEMBbI O0YCIOBIEHA MPOTSHKECHHBIMH
TEPPUTOPUSIMHU KpalHEro ceBepa, APKTUKM U AHTApKTUKH, a TaKXKe 3a0pOIIEHHBIX
WHyCTPUAIbHBIX PETMOHOB. B yacTHOCTH, ApKTHYECKas 30Ha 3aHUMaeT okoio 20 %

tepputopun Poccuu. Jlanuwiii pernoH obecmeunBaeT okoyio 11 % HamoHAIBHOTO
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JI0X0Ja CTpaHbl — JOOBIBAETCS 3HAUYUTEIBLHOE KOJMYECTBO MOJE3HBIX HCKOMAEMBIX
(amaTHT, HUKENb, MEIb, AIMA3bI U Ap.), HaxoauTcs 6omnee 70 % uedTn U cBbIIe 88 %
ra3oBbIX 3allacOB BCEX POCCUMCKUX MOPCKUX akBaTopui. Takke Ha TEPPUTOPUU
CeBepHOro Moyr0ca HaXOAUTCS 0KOJI0 24 % yriieBOAOPOAHBIX 3a1aCOB IJIAHETHI.

B 2013 rogy mnpesugentom Poccuiickoii ®enepanuu Oblia yTBEpKICHA
Crpaterust pa3BuTus ApKTHYECKOM 30HBI U 00ecreueHns HAlIMOHAIBLHOM 6€30MacHOCTH
Ha nepuon a0 2020 roma. OnHa mnpemycMarpuBaia, B YaCTHOCTH, <JIMKBHUIAIIMIO
HKOJIOTHYECKOTO yIlepOa, MPUUYMHEHHOTO B PE3yJibTaTe XO3SMCTBEHHOW, BOCHHOW U
WHON JIeSITeNIbHOCTH B APKTUYECKOW 30HE, BKJIIOYas OIEHKY NPUYUHEHHOTO
AKOJIOTUYECKOTO yIiepOa v peayiu3aliio MEPOIPUITUI 110 OUUCTKE APKTUYECKUX MOpe
U TeppuUTOpUil OT 3arpsiHeHus» . lIpemmaraeMbplii TPOEKT SBISIETCS YPE3BBIYANHO
BOXKHBIM B O3TOM IUIaHE, TaK Kak OoJbllas YacTh BBIOPOCOB MPUXOJUTCS Ha
DHEPreTUYECKUM CEKTOp C TPAaJWLIMOHHBIMM TOIUIMBAMHM. B OTHOmIEHWMH TEppUTOpUI
KpallHero ceBepa, ApPKTHUKA ¥ AHTapKTUKU OOJIbIIME HAAEKbl CBS3bIBAIOT C
MPUPOJIHBIMU pecypcaMu. BaskHO mpoIiecc OCBOCHUS JaHHBIX TEPPUTOPUIN MTPOBOJUTH C
MUHUMM3AIMEH  HETaTUBHOTO  OKOJOTMYECKOro  BiMsSHUSA.  Hy>XKHBI ~ HOBBIE
KOMITO3UIIMOHHBIE TOTUIMBA C BBICOKUMH JKOJIOTMUYECKUMH, HSHEPTETUYECKUMH U
SKOHOMHUYECKMMHM IIOKAa3aTeNIIMU Ha OCHOBE OTXOJOB MNEpPepadOTKH TpPaJUIIMOHHBIX
SHEPreTUUYecKuX pecypcoB. Co31aHue TAKUX TOIUIMB MO3BOJIUT PEIIUTh SKOJIOTMYECKUE
npo0JieMbl HE TOJILKO B SHEPreTUKE, HO U B TPAHCIIOPTHOM CEKTOpE (HarpuMep, 3aMeHa
JTU3EIIbHBIX TOTUIHB).

Bcero B apkruueckoit 30He Poccuiickoit denepanuu exerogHo oopasyercs 10 1
MJIpJ TOHH OTBaJIbHBIX MOPOJ U TBEPABIX OTX0A0B. Ha maHHOW TeppUTOpPUU BBIJIEICHO
16 MOpckuX W MPUOPEKHBIX 30H, TAE YK€ HAOIIOMAIOTCS CUJIbHAS TPaHCHOpMAIIHS
€CTEeCTBEHHOTO TIeOXMMHUYecKoro (oHa, 3arpsi3HeHue atMocdepsl, aerpaaarus
PaCTUTENILHOTO MOKPOBA, MOYBBI U TPyHTOB. COrIacHO JaHHBIM APKTUUYECKOTO COBETa
B ApkTuKe HacuyuThiBaeTcs okosio 100 KIrOueBBIX TOYEK, B KOTOPBHIX HAOIIOIAIOTCS
npoOJieMbl C COCTOSIHUEM OKpykarouieid cpenasl [176,177]. B MupoBoMm MacmiTade

JaHHAs IPOo0JIeMa BRIV AUT TJI00aTBHOM.
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B nannoit pabGote ObUT MpPOM3BENEH aHAIM3 OO0BEMOB HAKOIJIEHHBIX
WHYyCTPUATIBHBIX OTXOJIOB Ha Tepputopusx Apktuku u KpaitHero ceepa (tabmuiia
3.5.1), u3 uymcia KOTOpbIX ObUIM BHIOpaHbl HauOoJiee MEPCHEKTUBHBIE B KaueCTBE

KOMITIOHCHTOB JId CYCIICH3MOHHBIX TOIIINB.

Tadbmuma 3.5.1. CBomHble JAHHBIE O KOJIMYECTBE HAKOIUIEHHBIX OTXOIOB Ha

teppuTopusix Apktuku u Kpaiinero ceBepa (Ha ocHOBe JIaHHBIX [176,177])

Bun 3arpsisnenus O6wvem MecTopacnonoxeHue
Meramionom Apxurienar 3emist @panna-Hocuda,
OOYKH, aBTOMOOMIIH HoBocubupckue octpoBa, OCTPOB
( ’ ’ Bonee 350,000 ToHH P P » O¢TP .
TpYyOOIIPOBOIBI, PE3EPBYaPHI, Bpanrens, Henerkuiit aBTOHOMHBII
CaMOJIETHI U TIP.). OKpYT, ApXaHrenbckasi 00J1acTh
Apxunenara 3emist Opanna-Hocuda
Hedrenuiamer Boree 25 M P P ¢
(0. I'peam-bemnn)
OctpoB 3emia Aekcadapsl, OCTPOBa
CrpouTelbHBIE OTXOBI Bouee 15600 M’ P P, 0CTP

apxunenara 3emist @panna-Nocuda

TBepbie OBITOBBIE OTXO/BI,
(Oymara, KapTOH, CTPOUTEIHHBIN Boxee 64000 M’ Apxunenar 3emis @panna-Hocuda
MycOp, pe3uHa, IepeBo U Tp.)

bonee 10 TBIC. TOHH

TBEpAbIX U 0Koi0 600

PannoaktuBabie 0TX0161 ADC I'y6a AnapeeBa, Kapckoe mope,

3
(aTOMHast MPOMBIIIJIEHHOCTH ) M KHARHAX apxurnenar Hosas 3emiis
paZoaKTUBHBIX
OTXO0JI0B
["oprode-cma3zouHbIE MaTEpUAIIBI Boree 7000 a8
(aBHAIIMOHHOE TOIUIMBO, Apxunenar 3emist @panna-Mocuda,
JU3€JIbHOE TOTIJINBO, OCH3MH, octpoB Bpanrens
0oTpaboTaHHBIE Maclia, CMa30uHbIE
MaTepuabl)
OctpoBa apxunenara 3emiisa @panna-
OTX0aBI KAMEHHOTO YIS Bornee 15500 m° Hocudga
[IInHBI U PE3UHOTEXHUUYECKUE Boree 18 1 OctpoBa apxunenara 3emiisd Opanua-
15631 (05 Hocuda

B pamkax gaHHOU paOOThl MPOBEAECHO KOMIUJIEKCHOE PEIIeHHE 3a]ad IIUPOKOIro
NPUMEHEHUsI KOMIIO3MIIMOHHBIX TOIUIMB B  TEIJIODHEPIeTHKE C IPOBEACHHUEM
HKCIIEPUMEHTOB JUIsl OOJBIION TpyHIbl KOMIIOHEHTOB M3 YHCJAa HHIyCTPUAIbHBIX

OTXOJOB, HAKOIJICHHBIX HAa TEPPUTOPUAX KpalHEro cesepa, ApPKTUKU U AHTapKTHKHU.
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BbIMONIHEHBI TEOPETUYECKUE W IKCIIEPUMEHTAIbHBIE HCCIEAOBAHUS IJisi CO3JaHUS
TEXHOJIOTUWA MPUTOTOBJICHUS, XPAHEHHS, TPAHCHOPTUPOBKHU, CHKUTAHUS TOIIMBHBIX
KOMIIO3UIIMMA €  KMCHOJB30BAHHMEM  MHOTOYUCIEHHBIX  OTXOJIOB  IEepepadOTKu
TPAJUIIMOHHBIX SHEPreTUUYECKUX PECYpPCOB, a TAKXKE aJalTalliyd NapoleperpeBaTescH,
HPKOHOMAM3EpOB M JIPYTUX 3JIEMEHTOB KOTEIBHBIX arperaToB MJig paOdOThl HAa HOBBIX
torumBax. W3 aHanmu3a nyOnukanuid B NPOQUIBHBIX MEXKIYHApOIHBIX >KypHaiIax
MO>KHO CJI€JIaTh BBIBOJ O TOM, YTO TAKOE€ KOMILJIEKCHOE HCCIEJOBAHUE HE MPOBOJAUIOCH
JaXke NSl y>)K€ OCBOCHHBIX MUPOBBIM COOOLIECTBOM TeppuTOpuid. JJis MepcrneKTUBHBIX
TEPPUTOPHUI KpailHero ceBepa, APKTUKHM M AHTApKTHKUA HE pa3padoTaHa CTpaTerus

9HCPIreTUICCKOTO pa3sBUTHA.

1) Duepeemuueckue napamempui 20peHUs CYCNEHIUOHHBIX MONIUB

Ha puc. 3.5.1 npuBeneHbl OCHOBHBIE XapaKTEPUCTUKUA ITPOLIECCOB 3aKUTAHUS U
TOPEHHUSI YIIIEH, KEKOB M CYCIIEH3MOHHBIX TOIUIMB Ha UX OCHOBE: YTOJb 1 — yroas «/I»,
VYronp 2 — yrone «CC», Kek 1 — punbrp-kek «/I», Kek 2 — punbrp-kek «CC», OBYT 1
— ¢unbTp-kex «I» 89 %, orpaborannoe Typounnoe macio 10 %, ninactudukartop 1%;
OBYT 2 — ¢unetp-kek «CC» 89 %, orpaboranHoe TypOouHHOEe Macio 10 %,
mactudukarop 1 %; OBYT 3 — yron «I» 39 %, Bona 50 %, orpaboTaHHOE TypOUHHOE
macio 10 %, nnactudukarop 1 %; OBYT 4 — yroms «CC» 39 %, Boma 50 %,
orpaboTtaHHoe TypOuHHoe wmacio 10 %, mnnactudpukarop 1 %. Awnanus
AKCHEPUMEHTAJIBHBIX PE3YyJIbTATOB MO3BOJSET CAENaTh CIEAYIOIIEEe 3aKII0YEHUE:
ONpPEIETAOIMMU JJIS1 TPOLIECCOB 3AKUTAHUS U TOPEHUS CYCIIEH3UM SIBJIAIOTCSA CBOMCTBA
TBEPJOr0 TOPIOYEr0 KOMIIOHEHTa (30JIbHOCTh, BIAXKHOCTh M KOJMYECTBO JIETYYHX).
JlaHHBIN BBIBOJ HArJISIIHO MOJTBEPKIAIOT CYCIEH3UHU, MPUTOTOBJIEHHBIE HA OCHOBE
KaMEHHOTo yriig. Takue CyCHeH3MH XapaKTEPHU3YIOTCS CaMbIMU MaJlbIMH 3HAUYCHHUSIMU
BpeMeHHU 3ajiepkku (puc. 3.5.1) ¥ MOpPOroBBIX TeMIIEpaTyp 3a)xXuraHus Ojarojaps
BBICOKOM KOHIIEHTpanuu JietyunX. [lo 3Toli mnpuunHe OOOCHOBAaHHBIM WHTEPEC
MPEJCTABIAECT MCIOJIb30BaHHE J00aBOK OYphIX WJIM KaMEHHBIX YIVIEM B LEIX
WHTEeHCH(DUKAIMU 3aKUranus npu Oonee Hu3Kkux Temrepatypax OBYT Ha ocHoBe

MEHEE PEaKIMOHHBIX KOMIIOHEHTOB (Hampumep, QuibTp-kekoB). Hambompmumu
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MOPOTOBBIMU TeMIIepaTypamMu 3akuranus (puc. 3.5.1) xapakTepusyroTcsi CyCIIeH3UU Ha
ocHoBe ¢uibp-keka «CCy». CormacHo Tabn. 2.1.2 maHHBIM OTXOJ XapaKTepHU3yeTcs
HAWBBICIIIUM 3HAYCHHEM 30JIbHOCTH U MEHBIIIUM 3aJIep’KaHueM JIeTyunx. B aTom cirydae
IUIE €r0 yCTOWYUBOTO 3a)KHTAHHS TPEOYETCsl MOJBECTH OOJbBIIE TEIUIOBOW SHEPTHUH.
Ecnmu roBoputh 0 cycmen3un ¢ go0aBKoil oTpaboTaHHOTO TypOMHHOTO Macia 10 %
(OBYT 2), To nansi Hee TakKe IMOPOTroBas TeMIlepaTypa 3aXKUTaHUs BBIIIE, YeM Y
cycnien3un GpunbTp-kek 89 %, orpaboranHoe Typounnoe macio 10 % (OBYT 1).

1400

1200

OBYT 4
OBYT 3
0BYT 2
OBYT1
Yronb 2

1000

800

Yrone 1

Temnepatypa (°C)

600 ~

T T T T T T T
Yrons 1 Yrons 2 Kek 1 Kek 2 OBYT1 OBYT2 OBYT3 OBYT4

(a) (0)

Pucynok 3.5.1. (@) MunumanbHbie (ITOPOTOBBIC) TEMIIEPATYPHl 3aKUTAHUS (Tgmin) u

MaKCHMaJlbHbIe Temrepatypsl roperust (Ty") CYCIICH3HOHHBIX TOIUIMB HAa OCHOBE
pa3HbIX YroJibHbIX KOMHOHEHTOB M 10% oTpaGoTaHHOro TypOMHHOrO Mmacna; (6)
BpEMEHa 3aJEepKKU 3aKUTaHMs CYyCIIEH3MOHHBIX TOIIUB HA OCHOBE Pa3HbIX YTOJIbHBIX
koMmrnoHeHTOB U 10% oTpaboTaHHOro TypOMHHOTO Maciia B 3aBUCHUMOCTH OT

TeMIepaTypbl B kamepe cropanus (1)

JIns  yTUAM3alMu  MPOMBINUICHHBIX  OTXOJOB, COKpalleHus J0ObIYM U
WCITIOJIb30BAHUS YTJIS MPEJCTABISIET HHTEPEC MPUMEHEHUE TOPIOYUX OTX0JI0B (prroTaruu
yria. Ha puc. 3.5.1a mnpencraBiieHbl MHUHUMAJbHBIE TEMIIEPATYPhl 3aKUTAHUS H
MaKCHUMAJIbHBIE TEMIIEpAaTyphl TOPEHUSI HCCIEAYEMbIX TOIUIMBHBIX KOMIIO3HUIIUM.
3enenast kpuBasi Ha puc. 3.5.1a WUTIOCTpUPYET MUHUMAJIbHBIE TEMIIEPATYPHI B KaMepe

CropaHmus, H606X0)II/IMBIC JJIA 3aKUIraHusAa yFOHBHBIﬁ IIbIJIM MU KaIl€JIb TOIIJIMB HAa OCHOBC
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0TX0J1a yrieo0oraieHus U oTpaboTaHHOrO TypOMHHOrO Macia. Jljist paccmaTpuBaemMoi
IpYIIbl TOIUIMB TEMIEpaTypa 3aKUraHus BapbupoBanach B auanazoHe 447-677 °C
(Puc. 3.5.1a). Haubonee Hu3KHE TeMIlepaTyphbl 3aXKUTAHUS XapaKTEpPHBI JUJIS yIied u
CyCcIlieH3uH C J00aBKOW OTpabOoTaHHOTO TypOuHHOro Macna. CuHss kpuBas Ha Puc.
3.5.1a unmocTpupyeT MakCUMalbHbIE TeMIEpaTypbl ropeHusi. MoXHO OTMETUTb, YTO
CYCHEH3UOHHBIE TOIUIMBA 3HAYUTEIBHO YCTYHAIOT MO JAHHBIM IMOKA3aTeNsIM YTOJbHOU
nb.  J{ns  cycnmeH3ud  BCHEACTBUE BBICOKOM BIIAXKHOCTA W MCIIOJIB30BAHUA
HU3KOCOPTHBIX KOMIIOHEHTOB TeMIIepaTrypa ropeHus BapbupoBaiuch 960—1015 °C.
Huarpamma Ha puc. 3.5.160 WUIIOCTPUPYET, YTO JJIsl MU3YyUYEHHBIX TOIUIMB MpPU
yBeIMYeHUH TeMmieparypsl B Kamepe cropanus ot 600 °C mo 700 °C BpemeHa
WHULIMUPOBAHUSI TOpeHusi cHMkarTcs Ha 20-69 %, Tak Kak BO3pacTaeT TEIIOBOU
MOTOK K TMOBEPXHOCTH TOIUIMBA. BcClencTBUE 3TOr0 CKOPOCTh MPOrpeBa BCEX
KOMIIOHEHTOB YBEJIUMYUBACTCS, U BPEMSI 3a/ICP>KKHU 3aKUTaHUS TOIJIMBA COOTBETCTBEHHO
yMmeHnblaercs. [lokazaHo, 4TO XapaKTEpPUCTUKH BOCIIAMEHEHUS YTOJIbHBIM MbUIH
Jydille, 4YeM Yy CYCIEH3UM, TMOCKOJbKY Yrojib BOCIUIAMEHSIETCS mpu 0ojiee HU3KOM
TEeMIEpaType ¢ C HAUMEHbIIEH BPEMEHHOW 3aJepKKOW MO CpPAaBHEHHUIO C
CYCIIEH3MOHHBIMHM TOTUITMBAMU. B OCHOBHOM OOJbIIIME BpeMeHa 3aJCP>KKH 3aKUTAHUS
JUISL CyCIIeH3Uid 00yCTIOBJIEHBI 3aTpaTaMu TeIla U BPEMEHU Ha MapooOpa3OBaHUE BO/IbI,
KOTOpbI€ JOCTAaTOYHO Beduku (=2.2 MJIx/kr). YcraHoBlieHO, 4TO A00aBJICHHUE B
CycrieH3un HedTecoAepKamero KOMIOHEHTa (0TpaOOTaHHOTO TYypOMHHOTO Macia)
MPUBOJIUIO K HMHTEHCU(DPUKAIMM 3aKUTaHUS KaIlJld TOJIYYEHHOM CyCHeH3uHu (puc.
3.5.16) 3a cueT MEHbIIUX 3aTpaT YHEPTUU HA UCIIAPEHUE MACTIa IO CPABHEHUIO C YTIIEM.
3axkuranuto OBYT mpu Oojiee HU3KHX TEMIIEpaTypax ra3oBOil cpelibl CIOCOOCTBYIOT
KUJKUE TOPHOYUE KOMIIOHEHTHl C HU3KMMH 3HAYEHUSIMU TeMIepaTyp BCIBIIIKH,
3KUTAHUSI M TEIIOT mapooOpaszoBanwus. JlaHHOE 3aKiIrOYeHHE OCOOCHHO BaXKHO JIJISt
CYyCHEH3UH, TMOJYyYeHHBIX M3 OTXOJOB yIJIEOOOTalleHusi, KOTOpbIE SBISIOTCS
JIOCTATOYHO 30JIbHBIMU W COJIEp’KaT MO CPAaBHEHUIO C YTOJbHOW NbUIBIO MEHbIIIEE
KOJIMYECTBO JIETYYMX BEIIECTB, TEIUJIOTa CrOpaHUsi KOTOPBIX MOXKET 3HAYUTEIILHO

YCKOPSITh NPOTrPEB U 38KUT'AaHUE KOKCOBOT'O OCTATKA.
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Kak mnokazanu »KCHEpPUMEHTHI, HCIOIb30BaHUE (PHUIBTP-KEKOB C JOCTATOYHO
HU3KON 30JbHOCTHIO M BBICOKUM COJECPKAHMEM JIETYYUX, Harpumep, GuiabTp-kex «/I»
HE BCErJla CloCcOOCTBYET CHMKEHUIO BPEMEH MHUILIMMPOBAHUSI TOPEHUsI CycrieH3ul. Tak
HalpyMep Ha HUHTepBajie Temmeparyp oT 667 no 697 °C BpeMeHa 3aJepKKd
rereporeHHoro 3axuranms miass OBYT 1 (¢unstp-kex «JI» 89%, otpaboranHOe
TypOunHoe macio 10%, mmactudukarop 1%) Bbeilie, 4em sl TOIUIMBA Ha OCHOBE
¢unbTp-keka «CCy». DTO CBSI3aHO C TEM, UYTO COJEpKaIIHecs B OOJBIIOM KOJIUYECTBE
JIETy4yue COBMECTHO C MapaMu OTpabOTaHHOTO Macja CO3JAar0T BOKPYT Karuld TOIUIMBA
o0ako B Iporuecce razogazHoro 3akuranud. /JJanHoe o0s1ako razoB OJOKHPYET TOCTYI
KHCIIOpOJa K KOKCOBOM 4YacTH TOIUIMBA, I[IO3TOMY IIOKa OHHU HE MPOTOpST,
reTepOreHHOro 3aXuranus He npoucxoaut. [Ipu 6onee Huzkux temmneparypax (607 °C),
HaIlpOTHUB, y CYCHEH3MHM U3 (PuibTp-keka «l» 3aepKKU 3aKHUTraHus HUXKY, YEM Y
¢unbpTp-keka «CCx». B 3TOM cilyyae MJIMTEIBHOCTh MPOrOpPaHUsl FOPIOYMX Ta30B I
bunbTp-Keka «/I» BbIlle, Tak KaKk MpU MalbIX TeMmiiepaTypax y ¢uiabTp-keka «CCy»
roproyas CMECh HAaKaIUIMBA€TCS MENJIEHHEE, TEM CaMbIM T'€TEPOr€HHOE 3a’KUTaHUE
npoucxoaut mnozxe. C pocTOM TemIepaTypbl CKOPOCTb BBIXOJAa TOPIOYMX TIa30B
bunbTp-keka «CCy» Bo3pactaet u nipu temmneparype 627 °C 3aepKKy 3aKUTAHUS IS
CYCIIEH3UI HAa OCHOBE Pa3HbIX KEKOM CTAHOBSATCA COU3MEPUMBI.

B 1O e Bpems, KOMIIOHEHTBI C BBICOKOM 30JIbHOCTBIO, KOTOpas ISl HEKOTOPBIX
bunbTp-kexoB (Hanpumep, Mapku «CC») coctaiset okoyio 50%, OyneT NpUBOAUTH K
YBEIIMUEHHUIO 3aTpar Ha uHuuunpoBanue ropenuss OBYT Ha ux ocHoBe. B wactHOCTH,
CPaBHUTEIIBHO HU3Kasg HUCXOJHAas BJIAKHOCTh M MaJlO€ KOJIMYECTBO JIETy4YHX B
0e33051pH0i yacTh kKeKoB «CCy» He OyIyT crmocoOCTBOBATH YIYUIIEHUIO XapAKTEPUCTUK
3)KUTAHUS, TaK KakK OOJBIIOE KOJMYECTBO MHHEPAIBHBIX COCTABISIONIUX B TOIUIMBE

OyJieT MOJABIATh MPOIECC 3aKUTaAHUS.
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2) Okonocuyeckue UHOUKAMOPbL CHCUSAHUS MONTUB
2.1. Cpasnenue 6vibpocos npu cocueanuu OBYT ¢ dobasnenuem scuoxozo 2oproyeco
KOMNOHeHma.

[lepBbIM 3TaroM HCCIEIOBAaHUN CTAJIO HM3YyYEHHUE BIUSHUSA MCIOJb3yEMOIO
JKUJIKOTO TOPIOYEr0 KOMIIOHEHTa Ha KoHIeHTpauuu BbeIOpocoB NO, u SO, mpu
cxuranun OBYT. Tlonyuennsie pesynbTaThl (puc. 3.5.2 u 3.5.3) no3BONSIOT clenaTh
cinenayromue 3akmodeHud. Jlobasnenue 10% oTpabOTaHHOrO MOTOPHOIO Macia K
bunbTp-kexky mMapkun «CC» MpuBeNO0 K HAUMEHBIIMM KOHIIEHTPAIUSM BBIOPOCOB (IS
NO, 150450 M, ana SO, 20120 nmm) mo cpaBHEHUIO ¢ OTPaOOTaHHBIM TYPOUHHBIM
MacioM U maszytoM. HaumOGonbmme konnentpauuu NO, xapaktepubl migs OBYT c
OTpa0OTaHHBIM TYpOUHHBIM MaciioM (175-525 mnnm). OnHako yCTaHOBIIEHHOE
MIPEBBIIIICHUE COCTaBIsAECT He Oosiee 15 % mpu 3TOM TeMmieparypa B KaMmepe Obuia Ha
MakcuMasibHOM 3HadueHuu (1000 °C). HeznauutenbHsiit pocT KoHUeHTpauuit NO, ais
cocTaBa ¢ OTpaOOTaHHBIM TYPOMHHBIM Macyio (OTHOCHUTEIBHO APYTHX CYCIEH3HI)
MOXET OBITh BBI3BaH JIOKAJIHHBIM POCTOM TEMIIEPATYPhI B 30HE TOPEHUS 32 UCHApEHUS
Macjga, 4YTO MOIJIO TPUBECTH K MHTCHCU(UKAIIMU 0O0pa30BaHUA OBICTPHIX U
TEPMUYECKUX OKUCIIOB a30Ta, KOTOpPbie (OPMHUPYIOTCS B 30HE BBICOKHUX TEMIIEpaTyp
(6ome 1300°C).

HaubGonbmme konuentpamuu SO, xapakrepubl 1 OBYT ¢ mazyrom (30-150
nnM). JlaHHbIA pe3ynapTaT OOYCIOBIEH TEM, YTO OPraHUYECKHE COEAUHEHUS CEpbl
SIBJISFOTCSI IPUPOTHBIM KOMITOHEHTOM ChIpoit HedTu. [Ipu Tepmudeckom BO3IeHCTBUN B
MPOIIECCE CTOPAHUS CEPHUCTHIE COSAMHEHUS U3 HEPTENMPOAYKTOB TpaHCHOPMUPYIOTCS B
OKCH/JIBI CepBI ITpu TeMnieparypax csbiie 500 °C.

JlaHHBIE COSMHEHHS COACPKATCS B OOJIBIIIEM KOJIMUECTBE B TSHKEIIOM CMOJIMCTON
bpakuuu HePTH, YeM U siBisieTcst Ma3yT. Cepbl B TUCTUILIATHBIX (pakuusx (TypOuHHOE

¥ MOTOPHOE MAcCJI0) MEHbIIIE.
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Pucynok 3.5.2. JIluarpammsl koHueHTpanuii BEIOpocoB NO, (a) u SOy (6) OT cxKUraHus
OBVYT npu BapbupoBanuu temiepatypsl B rieuu: OBYT 1 — ¢unbtp-kex «CC» 89%,
MaszyT 10%, miactudukarop 1%; OBYT 2 — punbrp-kex «CCx» 89%, orpaboTaHHOE
Typounnoe macio 10%, mmactudukarop 1%; OBYT 3 — OBVYT ¢uibtp-kek «CC»

89%, motopHoe macio 10%, mmactudukartop 1%

Jiist OBYT Ha ocHoBe QuibTp-keka «/|» kapTuHa Heckoybko uHas. JlobaBnenue
10 % oTpaboTaHHOTO MOTOPHOTO Maciia MPUBEJIO K HAUOOJIBITUM KoHIeHTparusaM NOy
(135-374 nnm), B TO BpeMsi Kak BBIOPOCHI ISl CYCHEH3UN C Ma3yTOM M OTpabOTaHHBIM
TypOMHHBIM MAacJIOM HaxOJATCS B MPUOJU3UTENHHO OJAMHAKOBOM nuarnaszone (75-300
nM). B 1o xe Bpems BeiOpocsl SO, st OBYT ¢ noGaBieHneM MazyTa MaKCUMAaJIbHbI
(20-158 nmM), a ¢ oTpabOTaHHBIM TYpOMHHBIM MACJIOM HECKOJIbKO MEHBIIE, YeM C
MoTopHBIM (Ha 10 %). Ecnu cpaBHUBaTh Mexay coOOi JIBa OTX0J/a yriieoOorarieHus,
To s punbTp-keka «CCy» 3HaueHus BbIOPOCOB HECKOJBKO BbIlIe. JlaHHBIN (akT
MO>KHO OOBSICHUTH T€M, 4TO GUIbTP-KeK «/[» Xxapakrepusyercs OONbIIUM KOJIUYECTBOM
aetyuux (Tabm. 2.1.2), KOTOpble B COBOKYIMHOCTH C JIETYYUMH, BBIJACISIONIUMUCS OT
CTOpaHUs KHJKHX TOPIOUYMX KOMIIOHEHTOB, MPUBOASIT K H3MEHEHHUIO KOJMYECTBA
BbIOpOCOB. V3BECTHO, UTO OCHOBHBIE a30TO-U CEPOCOICPKAIIINE BEIIECTBA BBIICISAIOTCS
Ha CTAaIUM BBIXOJA JIETYYNX, B BUAC BOCCTAHOBUTEIHHBIX MPOMEKYTOYHBIX MPOTYKTOB

WM (PYHKIMOHAIBHBIX TPYIII, HE BCE U3 KOTOPBIX MOTYT npeBpaimatorcst B NOy u SOx.
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Pucynoxk 3.5.3. lnarpammser koH1eHTpaiuii BeiopocoB NOy (a) u SOy (6) oT coxuranust
OBYT mnpu BapsupoBanuu temneparypsl B neun: OBYT 1 — punsTp-kex «I» 89 %,
MaszyT 10 %, mnactudpukatop 1%; OBYT 2 — dunbstp-kek «I» 89 %, orpaboranHoe
TypounHoe maciao 10 %, mmactudukatop 1%; OBYT 3 —dunstp-kex «JI» 89 %,

MoTopHoe macio 10 %, mnactudukarop 1 %

2.2. Cpaenenue 6vibpocos npu coicueanuu yens, uiomp-keka, BYT, OBYT u
8000MACAAHOU IMYTCUU.

Ha puc. 3.5.4 mpencraBiieHbl 3aBUCMMOCTH W3MEPEHHBIX KOHIICHTpAIUN Jis
HATJISIHOM WJUTFOCTPAIIMM MaciTaboB W3MEHEHH aHTPOIOTCHHBIX BBHIOPOCOB TMPHU
WCIIOJIb30BAaHUU YTJIeH, CYCHEH3WM Ha WX OCHOBE, OTXOJIOB WX IepepaboTKu W
BOJIOMACJISIHOM 3MyJibcuU. UeM BbIlIE TeMreparypa CKUTaHUsl TOIUIUB, TEM 3aMEeTHEe

oTmuus (puc. 3.5.40).



450 T x T 2 T ' I

- _ ] 200 . - T y T 2 T ]
g 400} 1 S1s0f // ]
gx 350 - 7 51 100 |- - ]
300 ? l BogomacnsHas SMyJ'II:CMHJ -1 w 50 | / |_ BogomacnaHas amysibcus ‘ -
200 L : L - L . L o [ ! . L i ]
E 400F 1 EN0 ]
et . ] @ 135 | ]
o 200 1 o %r ]
“ 100 F 1 @ e} ]
0 : L N 1 1 1 : 0 [ ]
£ 300 _— ] ’5‘140' |
& 25f e {1 2 :
. I 1 = 70} "
Q 150 OBYT 1 o ..
I 1 @ 3Bf ]
75 [ . I ; L . L - 0l
= 300} RE= I
% 205 [ 180 :
N D- I
> I 1 = 46} ]
O 150 1 & sl :
g = | 8 =f !
75E I ) L : 1 . 0]
— 300 | ] I
£ I T 69 ]
(=%
& 225 N 7] g 46 B T
o 150 ] 3 I
75 1 1 7 ] . 1 =) 0 [ I \ 1 i ] 7 I ]
700 800 900 1000 700 800 900 1000
Tg =c) Tg (°C)
a 4]

Pucynok 3.5.4. CpaBHenue konunentpamuii BiopocoB NOy (a) u SOy (6) OT cxxuranus
KaMEeHHOro yrisi Mapku «Jl», ¢uipTp-keka kKaMeHHOro yrig mapku «J», BYT
(yrospHas mpLIb KamMmeHHOTO yriist Mapku «JI» 50 %, Boma 50 %), OBYT (dbunbrp-kek
mapku «II» 89 %, orpaboranHoe TypOunHHoe Mmacio 10 %, mnactudukarop 1 %),
BOJIOMACIISIHOM AMyJbcuu (oTpaboTaHHOoe TypOuHHOE Macio 50 %, Boma 50 %) mpu

BAPbUPOBAHUYU TEMIIEPATYPHI B [1€UU

[Tomy4yeHHblE pE3yJabTaThl WJUIFOCTPUPYIOT IEPCHEKTUBHOCTh ITPUMEHEHUS
bunbTp-kexkoB, BYT u OBYT B kauecTBe 3KOJOTMYHOTO TOIUMBAa. B wacTHOCTH,
BOJIOMACIISIHASI AMYJIbCUSI XapakTepusyercss HanbosbmuMu BeiOpocamu NO, (300420
nmM) 1 SO, (35-178 mmMm), MOATOMY CKMTaHHME Maciia Jake B pa30aBIEHHOM BOJIOH
(W1 IpYyrUMHU SKUJIKOCTSIMH) BUJE KpaiiHe Henenecooopa3Ho. Kak u 0xuaanock, yroib
TaK)Ke XapaKTEepPU3YeTCsl JOCTATOYHO BBICOKUMM KOHIIEHTPALMUSIMH PACCMATPUBAEMbBIX
ra3oB. BomoyroipHoe TOIVIMBO U (PUIBTP-KEK XapaKTEPU3YIOTCS CaMbIMU HU3KUMU
KoHIeHTparusiMu BbIOpocoB NO, (60-332 nmm) u SO, (7-76 nnM). B cpaBHeHunu c

yraem konnentpanuu SO, nius BYT u orxonoB yrienepepabotku Hike Ha 55-75 %,
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NO, H 35-57 %. OOBSACHUTH MOJOOHOE CHUXKEHHE MOXKHO IMPUCYTCTBUEM BOJIBI B
cycnensusax BYT u keke. Bo-nepBbIX, yMEHbIIAETCS 1O YTOJIBHOM YaCTH, TEM CaMbIM
YPOBEHb TOIUIMBHOM CE€pbl M a30Ta MeEHbIIE. Bo-BTOpBIX, W3-3a HaJIWYUsA BOJBI,
YBEIMYMBACT KOJIMYECTBO CBOOOMHBIX pamukanoB H, u CO, KoTOpble COCOOCTBYIOT
BOCCTaHOBJIEHUI0O NO M CHMXEHUIO KOHLUEHTpaluuid OKCHIOB cepbl . B-TpeTpux, B
MPOIIECCE HArpeBa W HUCIApEHUs BOJbl U3 TOIUIMBA TEMIIEpaTypa B 30HE TOPEHUS U
CKOPOCTh CTOpaHHUsl CHIKAETCS, cienoBaresbHo, o0pa3yercs MeHblie NO, u SOj.
Boi6pockl npu cxxurannun OBYT Heckosbko Bbilie mo cpaBHeHUI0 ¢ BYT B cBs3u ¢
MPUCYTCTBUEM B  COCTaB€ TOIUIMBA  TIOPIOYEr0  KOMIIOHEHTA,  BHOCSIIETO
JOTIOJIHUTENIBHBIN BKJIaJ B YXYIIICHUE DKOJOTUU (B HEKOTOPBIX CIydasX yBEIUUYCHUE
koHneHTparuii NO, no 48 %, SO, 10 50 %). DKoJ0orMYecKruid BKJIaJ HUCIOJb3yEeMbIX
TOPIOYMX JKUJIKOCTEH OOYCIOBIEH HUX XMMUYECKUM COCTaBOM, TaK KaK OHU HUMEIOT
BBICOKME KOHIIEHTpAllMd COCJAWMHEHUN Cephbl M a30Ta, a TaKXKe 3a CUET BBICOKOU
TEIIOTBOPHOM CIIOCOOHOCTH IMOBBIIIAIOT TEMIIEPATypy B 30HE TOPEHUS, UTO HANIPSIMYIO
BIIMSET Ha Mpoliecchl (POPMUPOBAHUS paccMaTpuBaeMbIix OKcuaoB. Ho eciau mpoBoauTh
CpaBHEHHUE C VYIIAMH, TO VYXYIAIICHHWE DHKOJOTMYECKHUX XAPAKTEPUCTUK 3a CYET
n00aBIeHNs OTpadOTaHHBIX Macel He sBisgeTcs macmTaOHbiM. C TOYKH 3peHus

okucioB cepsl npu cxurann OBYT SO, camxkatoresa Ha 17-57 %, NOy Ha 17-60 %.

2.3. CpasHenue evibpocos npu cocueanuu BYT u OBYT ¢ oononHumenvHuiMu
20pIOYUMU KOMINOHEHMAMU.

B kadecTBe JOMOJHUTENBHBIX TOPIOYUX KOMIIOHEHTOB OBLIM MCIOJIb30BaHbI
JIPEBECHBIE OIMIIKH, YIJIEPOAHBIA OCTATOK MHPOJIM3a ABTOMOOWJIBHBIX IIHH, MET U
KapTOH (TIEPEMOJIOTHIN 10 cocTosiHUS Mbun). Ha puc. 3.5.5 npuBeneHbl KOHIIEHTPALUU

BbIOpOCOB NOy (a) 1 SOy (6) OT C:KUTAHUSI UCCIIEAYEMBIX TOTUIHUB.
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Pucynox 3.5.5. CpaBHenue konnentpamuii BsiopocoB NOy (a) u SOy (6) OT cxxuranus
BYT, OBYT ¢ nonoJHHUTENBHBIMU TOPIOYMMH KOMIIOHEHTAMH IIPU BapbUPOBAHUU
TEeMIIepaTyphl B neuu: [ — yriaepoAaHsiid octaTok nupoiusa muH 100 %; 2 — duiabTp-Kek
«CC» 79 %, orpaboranHoe TypOunHoe maciio 10 %, yriepoaHblii OCTaTOK MHUPOJIH3a
mH 10%; 3 — punbtp-Kek «CCx» 80 %, orpaboranHoe TypounHoe maciio 10 %, onuiku
10 %; 4 — dunptp-kexk «I» 90 %, xkapron 10 %; 5 — dunsTp-kek «CC» 80 %,

otpadoTanHoe TypounHoe macio 10 %, uzBectrsik 10 %

Makcumanbible KoHUeHTpamuu NO, u SO, 00pa3yroTcss HOpU  CKUTAHUU
YIIEPOJHOTO OCTaTKa MUPOJIM3a aBTOMOOWJIBHBIX IIMH B YUCTOM BHUAE (KpuBas [).
Opnako mpumenenue 10 % mocnennero B kaudectBe no0OaBku K cycneHszuu OBYT
(kpuBass 2) He BiedYeT 3a COOOM TSKENBIX SKOJOTMYECKUX MOCIeACTBUM. BbIxos
OKCHUJIOB cepbl yMeHbInaeTcss Ha 30—75 %, KOHIIEHTpAIlMA OKCHIOB a30Ta MOTYT OBITh
camkenbl Ha 30 % B 3aBucuMocTd OT Temreparypbl. C TOUKU 3pEHUS IHEPTETHKU,
JlaHHasi 00AaBKa MO3BOJIAT CHU3UTh MHEPLUMOHHOCTh MpPOLECcca 3aKUTaHus TOILIMBA 32
CUeT MOBBILICHUS JOJM OPraHMYEeCKOW YacTH, a TakkKe CHIKEHUs oOulei 30JbHOCTU

TOIUIMBHOTO oOpa3na. Takke B XO0J€ 3KCIEPUMEHTOB YCTAHOBJIEHA YCTONYMBAs
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TeHJeHIUsl peanu3aiuu dpdexkra Mukpo3pbiBoB Kanenb OBYT ¢ wyactunamu
yIAepOAHOTO ocTaTtka. B pesymbrare manHoro sdd@exta yMEHBLIAIOTCS pa3Mepbl
4acTHI], O0Jier4aeTcsi MPOIECC UX B3aMMOJCHCTBUSA C BO3JyXOM, 3a CYET YEro OHU
OBICTpEE 3aKUTAKOTCS, JIYUILE TOPAT U MOJHOCTHIO BBITOPAIOT.

BbiOOp CcOCHOBBIX ONWIOK B KadectBe KomnoHeHTa OBVYT (kpuBas 3)
OOyCJIOBJIEH HX IIMPOKUM paCHpOCTpaHEHUEM, OOWIBHBIMHM 3allacaMu W HU3KOU
cTouMOCThO. 10 cBOEH Mpupoje ONWIKU SIBISIOTCS HATypalbHBIM ChIPbEM, OHU HE
BBIICJISIIOT BPEIHBIX BEIIECTB MPU TOPEHUH, COAEPKAT OOJBIIOE KOJUYECTBO JICTYUHUX,
yriaepoja, a TakXkKe JIMTHUH, CMOJbl, 3(QupHBIE Macjaa, CHOCOOCTBYIOLIUE
uHTeHcu(ukanuu BociiameHeHus. [loOaBnennem 10 % apeBecHBIX ONUIIOK B
cycnen3un OBYT npuseno k cHmxkenuto koHueHTpanuu NO, Ha 20 % (1o cpaBHEHUIO
¢ nanueiMu st OBYT npencraBnenHbiMu Ha puc. 3.5.4a). Onuiku cnocoOCTBYIOT
MHTEHCU(UKAIMU TTPOLIEcCa 3aKUTaHUS U YBEJIMYEHHUIO BbIX0/1a MOHOOKCHUA YIJIEpo/ia,
KOTOPBIM MPUHUMAET Yy4YacTH B BOCCTAHOBUTEIBHBIX PEAKUUSIX B HAIpPaBICHUU
dbopmupoBanust cBobogHoro N, (NO+CO=N,+CQO,). OrtHocutenbHo SO, He
HAOJII0JaeTCsl KaK 3aMETHOI'O CHMKEHMSI, TaK M YBEJIMUYEHUsI KOHLUEHTpalUUi BHIOPOCOB
(puc.3.5.56) orHocurensHo OBYT 6e3 no6aBok (puc.3.5.40).

Haunbonee pacnpocTpaH€HHBIM CIIOCOOOM OYUCTKH JIBIMOBBIX Ta30B  OT
CEpHUCTOTO aHTuApuaa sBIsSETCS aOCOPOLMOHHBINA, HCHOJB3YIOINIMM B KauecTBe
copOeHTa Henoporoi u HeAaeduuTHIN MaTepuan — u3Bectb CaO u uzBecTHsIK CaCO;
[52]. [To 3TUM npUYKMHAM TIPEACTABISAETCS UHTEPEC B U3YUCHHUH BIUSHUS YaCTHUI MEJia B
COCTaBE OPraHOBOJOYTOJIBHOIO TOIUIMBA HA KOHUEHTPALMU aHTPOIOTEHHBIX BHIOPOCOB.
AHaJIM3 JBIMOBBIX Ta30B Mokaszan (puc. 3.5.5), 4TO cpeaHUe KOHIIEHTpallud OKCHJIOB
cephl U a3oTa Ha BceM mHTepBasie temiepatyp (700—-1000 °C) nnst cocraBa ¢ 1006aBKOM
U3BECTHSKA HUXKE, yeM Yy Bcex octaibHbix OBYT. BeisiBneHHOE yMEHbIIEHHE 00BEMOB
BBIOPOCOB TIPU UCIOJIb30BAaHUU MeJla 00YCJIOBJICHO XUMUYECKUMH B3aUMOJIEHCTBUAMU
CaCOs/Ca0 u SOy B pe3ynbrare KOTOpbIX 00pa3yorces cyiabdat kanbuus (CaSO,) unu
ero cynbpur (CaSOs;).

IIpuMeHeHne KapTOHa B KAYECTBE JIOMOJHUTEIBHOTO TOPIOYEro KOMIIOHEHTA JJIs

BYT mpuBeno k 3HauuTeabHOMY CHIDKEHHIO BbIOpocoB NO,. B wactHOCTH,
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koHneHTparuu NO, nns ¢unbtp-keka «JI» cocraBunu auanazon 10-350 nmm (puc.
3.5.4a), xonuentpauun NOy 1 CycmeH3MHM Ha OCHOBe OQUIbTp-keka «JII» ¢
nobasnenueMm 10% xkaproHa coctaBwin auanazoH 5—140 nmm). CHukeHHe 00I1Iero
CEpOCOICPKAHUS CMECH 3a CUET MPUCYTCTBUS KapTOHA 00ECIEeUnsIo najieHue BbIOPOCOB
SO, ¢ 9-80 mmm (st yucroro GunbTp-keka «J») (puc. 3.5.46) no 12-50 nmwm (st
cocTaBa ¢ kKapToHOM) (puc. 3.5.50).

B kauecTBe >XHMIKMX HETOpPHOYMX KOMIIOHEHTOB B coctae OBYT B03MOXkHO
UCIIOJIb30BaTh TEXHOJIOTMYECKHE CTouHble Boabl. B pabore [180] mpoBeneHbl
AKCIEPUMEHTAJIbHBIE HUCCIEAOBAaHUS 10 ONPEACIICHUI0 BIMAHUS KadyecTBa BOMbI
(TeXHUYECKOM, BOAOIPOBOJHOM, NUCTUUIMPOBAHHON) HA XapaKTEPUCTHUKU 3a>KUTaHUS
s Tpex coctaBoB BYT (mpu pa3HbIX OTHOCHUTENBHBIX MACCOBBIX KOHILIEHTPALMSIX
KOMIMOHEHTOB). OTIWYUs MEXAYy VYCTAHOBJICHHBIMM 3HAUCHUSIMU XapPaKTEPUCTUK
3akuranus i1 BYT Ha ocHOBE pa3HOW MO KavyeCTBY BOJIbI COCTAaBWIIM: JJIS BPEMEH
3aJIepKKU 3aKUTraHusi 1, — He Oornee 8 %, mus TemmepaTyp B IeHTpe Karum 1, — He
oomee 6 %. IlomyueHHble OTKJIIOHEHHUSI  SIBISIFOTCS  HE3HAYUTEIBHBIMHU U
0OyCJIaBIMBAIOTCA HAJIMYMEM B TEXHUYECKOW BOJE XapaKTEPHBIX OOJBIION M Majou
DHEPreTUKE TOPIOYMX MPUMECEW M CTOKOB, WCIIAPEHUE U TOPEHHE KOTOPBIX YCKOPSET
NPOrpeB U 3aKUraHWe KOKCOBOro ocTaTka. Kpome Toro, TeXHHMYecKkas BOJa COACPKUT
MOHbI METAJJIOB, KOTOPBIE, BHICTYNIAIOT B KAYECTBE KaTaau3aTopa Jid BbIXOAA JIETYUHX
BEILECTB, a TAKXKE€ 3aXKUT'AHMSI KOKCOBOIO OCTaTKa. BeposATHO, YTO pa3HOE KauyecTBO
BOJIbI, BXOJISIIIIEN B COCTaB CKUTA€MbIX TOIUIMB, TAKKE HE3HAUUTEJIHHO MOBJIMSIET U Ha

KoHIeHTparuu Be1opocoB NO, u SO,.

3. ObobweHue pe3yrbmamos ucciedo8aHull

[Tpu o0O0OOIIEHNN pPe3yabTATOB HCCICIOBAHUN KCIIOJIL30BaHbl JIBA TIOJXO0JA,
npeAcTaBiicHHble B cratbe [181]. B mnepgom cayuae npuBENEeHBI OTHOLIEHUS
KOMIUIeKCHOTO Kputepust aist cycnensuit BYT u OBYT k aHalloru4yHOMY KPUTEPUIO
VIS YIJIS C y4Y4eTOM TEIUIOThI CTOPaHWs TOIUIMBA, CTOMMOCTH KOMIIOHEHTOB W
3apErUCTPUPOBAHHBIX AHTPOIOTEHHBIX BBIOPOCOB (puc. 3.5.6). Bmopoii nooxoo

noapasymMeBal KOMILJICKCHBIM YUC€T OTHOCHUTCIIBHBIX AHTPOIIOI'CHHBIX BBI6POCOB IIpu
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cxuranuu yrien, cycriensuit BYT u OBYT (puc. 3.5.7). Pacuer npousBoawics ajs
cinenytonux torwmB: BYT — yroms «/I» 49 %, Boma 50 %, mmactuduxarop 1 %;
bunbTp Kek «A»; OBYT 1 — ¢punbtp kek «I» 89 %, orpaboTaHHOE TypOMHHOE Maciio
10 %, mnactuduxatop 1 %; OBYT 2 — ¢umstp kex «I» 89 %, mazyr 10 %,
wiactudukarop 1 %. Bce paccuntanHble MoKa3aTead CPaBHUBAINCH CO 3HAYCHHUSIMU
it yroist «/I». B oboux ciiydasix 3a 3TaJloHHOE 3HAYeHUE ObLIO BHIOpaHO 3HaueHue 1.
PaccunranHble MmokaszaTenu, KOTOpbIE BbIIIE 1, CBHAETEIBCTBYIOT O INPEUMYIECTBAX
CYCIIEH3UI B CPAaBHEHUU C yTJIEM.

TeroTel  cropanusi ~ KOMIIOHEHTOB — TpelCTaBlieHbl B Tabm.  2.1.2.
CpeaHepblHOUYHbIE CTOMMOCTH YTOJIbHOM MBUIM M Ma3zyTa MpUHUMaIUCh paBHbIMH 0,045
$/xr u 0,3 $/kr, coorBeTcTBeHHO. CTOMMOCTBH OTXOJIOB YyriieniepepaboTKU MPUHUMAIIHChH
paBuble 0,006 $/xr, KOTOpass y4uTHIBaja JIMIIL 3aTPaThl Ha TPaHCHOPTHUPOBKY. lleHa
oTrpaboTaHHOTO TypOMHHOTO Macjia npuHHMaiach 0.08 $/kr. CTOMMOCTH CyCIICH3HA
ONPENEIUINCh UCXOMSl U3 PBIHOYHBIX II€EH KOMIIOHEHTOB M MPOMOPLUOHAIBHO HX
KOHLEHTpalMu TMpU MPEINOJOKEHUN HYJIEBOM CTOMMOCTH BOJbl. KoHUEHTpanuu
aHTPOIIOTEHHBIX BEIOPOCOB JJISI pacCMaTPUBAEMbIX TOTUIMB MIPEJICTABIICHBI HA PUCYHKAX

3.5.6,3.5.7.
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Pucynox 3.5.6. O600mIEHHBIN WHTETPAIbHBIA TOKA3aTeb, YUUTHIBAIOIINA OCHOBHBIE
IKOJIOTHYECKHE, SKOHOMHUYECKHE M DHEPreTUYECKUE WHIUKATOPHl HMCCICIOBAaHHBIX

CYCIICH3UM
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Pucynok 3.5.7. OTHOCUTENBbHBIN MTOKA3aTElb, XapAKTEPUIYIOIINI OTHOIIIEHHE OOIIEro
MOKa3aTelisd 1o BbIOpocam sl KayK0M U3 UCCIIEIOBAHHBIX CYCIIEH3HI K aHAJIOTHYHOMY

II0KAa3aTCIIIO I10 BBI6pOCElM JJIA YA

B cooTBercTBUU ¢ pacueTamMu MOJTy4YeHbI Auarpammel (puc. 3.5.6, 3.5.7), koTopsie
WUTIOCTPUPYET TEPCHEKTUBHOCTh HCIIOJIb30BAHUA OTXOJOB yrjieoOoramieHus u
CYyCHIEH3UM Ha MX OCHOBE B KayeCTBE aJIbTEPHATUBBI TPAIMLUUOHHOMY yriro. BYT u
OBYT c npumechio oTpabOTaHHOTO TypOMHHOTO Macia 3HAYUTEIbHO BBIMTPBIBAIOT 11O
MHTErPaJIbHBIM TOKA3aTeNIsIM B CPAaBHEHHM C YIJIEM. B YHCIEHHOM SKBHUBAJEHTE HX
KOMIUIEKCHBIE XapaKTEpUCTUKU Bhllle, yeM y yrust B 1,7-38.4 paza. Mcnonb3oBanue
Mazyta B coctae OBYT He xapakrepu3yeTcsi BBICOKUMH KOMIUIEKCHBIMU
NoKa3aTeslssMH, B OOJBUIMHCTBE CIy4yaeB JAHHBIA COCTAaB YCTYMaeT  YIJIIO
(koadpdunuenter B and D usmensiercs B auamnazone ot 0,7 mo 0,9 u 0,3 mo 0,9,
COOTBETCTBEHHO). [lo6aBka Ma3yTa B CYCIEH3USIX CIIOCOOCTBYET YJIOPOKAHHUIO CaMOTO
TOIUIMBA, B CPABHEHUM C NMPUMEHEHUEM OTXO0JI0B HedrernepepadoTKU, Ybsi CTOUMOCTh
3HAUUTENBHO HUXE. OCHOBHBIE MpeuMylIecTBa TOMIMBHBIX cycneH3nit BYT u OBYT
1o cpaBHeHUO ¢ yriieM 1 OBYT ¢ nmpumMecsio Ma3zyTa 3aKJIHOYAOTCS B CYIIECTBEHHO
MEHBIIIUX aHTPOIOTEHHBIX BHIOpOCax (B CBA3M C MPUCYTCTBHEM BOJIBI B COCTaBE

TOIJIMBA U MaJIOM CTOMMOCTHM KOMIIOHEHTOB (TaK KaK HMCIOJIb3YIOTCS OTXOJbl). Tak
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MOXHO OTMETHUTh, YTO NOJIyYEHHBIE 3HAUYECHHUS OTHOCHUTENIBHBIX MOKA3aTEIEHd MOKHO
BapbUpPOBaTh KAK MPU ONTUMHU3ALHMHA KOMIOHEHTHOIO COCTaBa TOILIMBHBIX CYCIICH3UH,
TaK U MMPU PALIMOHATILHOM BBIOOPE TEMIEPATYPHOIO PEKUMA TOPEHUS.

Ha ocnoBanum ananuza puc. 3.5.6 u 3.5.7MOXHO cHelaTh BBIBOJ O TOM, YTO
cycrier3uu BYT u OBYT sBnsitoTcs nepcneKTMBHBIMU TOIUIMBaMu. KpaTHble 3HaUeHUS
KO3 (PUIIMEHTOB WIUTIOCTPUPYIOT B psifie CIIy4aeB OCOOEHHO BBICOKHE KOMILJIEKCHBIE
3HAYEHUS MHTErpalbHbIX KpuTepueB. ONpenessionlyr0 poJib HIparT CBOWCTBA
KOMIIOHEHTOB ¥ UX KOHLEHTPALHUS B CyCIIEH3UAX.

Jst WJUTFOCTPALIMH HKOHOMHYECKOTO NOTEHIMAJIA UCITOJIB30BaHUS
pacCMAaTpUBAEMbIX TOIUIMB PACCMOTPUM JELUEHTPAIU30BAHHYIO JHEPTETHUYECKYIO
CTpyKTYpy Apkrudyeckoil obnactu Poccum (Apxanrenbckas o6nacth, Henenkuii
aBTOHOMHBIN OKpyT, AkyTus, Mypmanckas o6mactb, HyKOTCKUii ABTOHOMHBIN OKpYT,
ceBep KpacHosipckoro kpas, SAmano-Heneuxkuii aBTOHOMHBIA OKpyT). Cepbe3Hoi
npo0JIeMOIl CEBEPHOIO pETrHoHa SBJSAIOTCS TPAHCIOPTHBIE PAacXOJbl M HAJOTU Ha
MCKONAEMOE TOIUIMBO, KOTOPBIE 3HAYMTEIBHO YBEIMYMBAIOT CTOMMOCTH JHEPTUH B
Apxkruke. J1oyig TpaHCIIOPTHBIX PAacXOJOB B UTOTOBOM CTOMMOCTH TOIUIMBA AOCTHUTAET
70 %. Llena Ha AU3ENbHOE TOIUIMBO JJISl TPYAHOAOCTYIIHBIX PailOHOB AOXOAUT 110 450—
550 $. 3a ToHHY, uTO B 2—3 pa3a MpeBbIIaeT MUPOBYIO IICHY HA JJAHHBIH TOBAp.

HecMoTpst Ha CTONB CIIOKHYKO OPraHHM3alyI0 IOCTaBKH TPaJHLMOHHOIO
AHEpropecypcoB B Apktudeckux peruoHax Poccuu Ha 2016 roa HacuuThIBaJIOCH OoJiee
570 nu3enbHBIX JIEKTPOCTAHIINI, CyMMapHas MOIIIHOCTh KOTOPBIX COCTABIISIET OPSIIKA
860 MBT. [/lns ocHamieHusl JTaHHBIX CTAHIMN exeromHo Tpedyercs Oosee 1100 Thic.
TOHH TOIUIMBA. 3aTpaTbl Ha BBO3 TAaKUX OOBEMOB 3HEPrOpECypCcOB B YAAIEHHBIE
CEBEPHBIC PETHOHBI COCTABISAIOT Topsaka 615 muH. $§. DTO NMPHUBOAUT K TOMY, YTO
ce0eCTOMMOCTb BBIPAOOTKU SJIEKTPOIHEPTHHU JOXOIUT B OTACIBHBIX parioHax g0 0,5-2
3a kBr-uac. IIpu ToMm, 4TO cpeanss o Poccuu 1ieHa dI€KTPOIHEPIUU [T KOHEYHOTO
noTpeduTes B 30HE IEHTPAIIM30BAHHOTO JHeprocHaOkeHus coctaBimsier 0,05 § 3a
KBT 4.

OrpanuueHHasi TpaHCIOPTHAs MHQPPACTPYKTypa O3HAUYAET, YTO SHEPTETUUECKHE

PECYPChI JOJIPKHBI OBITb OTHOCHUTEIBLHO OJIM3KM K HAaceJIEHHBIM ITYHKTAaM, yTOOBI HX



136

MOXHO ObUIO 3(PPeKTUBHO HCMOAb30BaTh. Cpeau AOCTYMHBIX BapUaHTOB MOKHO
BBIJICIUTh UMEIOIIHUECS OTXOJbI, IPEBECHBIE KOMITOHEHTHI, a TaKkke psij Oosiee 6oraThix
HPHEPreTUYECKUX PECypCOB, UCIOJB30BAaHUE KOTOPHIX BO3MOXKHO B KadeCTBE J100ABOK.
Cozpnanue cMeceBbIX TOTUIMB HA OCHOBE UMEIOIIUXCS OTXOJ0B U KOMIIOHEHTOB PETHOHA
C MaJIOM J[0Jed MPUMEHEHUS BBO3MMOIO CBIPbSl SIBISIETCS OJHUM H3 CIIOCOOOB
CHIDKEHHMS 3aTpaT Ha JOCTaBKy TOIUIMBA B YJIAJICHHBIE PAWOHbl U TOBBIIICHUS
HAJSKHOCTH WX DJHEProcHaOxeHus. Tak Ha OCHOBE OIIGHOYHOTO pacueTa MOXKHO
MPEANOJIOXKUTh, YTO JJisi uMeromuxcss mMourHocte (860 MBT) Tpebyemas TeroBas
DHEPrusl OT CXKUTaHMUS TOIUIMBA JIOJDKHA COCTaBIIATH okoio 27 120 960 I'/lx/r. Ilpwm
U3BECTHOM Macce cokuraeMoro torusa (<1100 Teic. TOHH) €ro cpeaHss TEII0TBOPHAs
CIIOCOOHOCTh JOJDKHA COCTaBUTh He MeHee 25 MJDk/kr. s JOCTHOKEHUS
COOTBETCTBYIOIIMX TEIUIOBBIX XapaKTEPUCTHUK HEOOXOJIUMO YBEIUYUTH PacxXo
paccMaTpUBaEMbIX CMECEBBIX TOIUIMB B 2—3 pasza B 3aBUCUMOCTH OT KOMIIOHEHTHOTO
COCTaBa CYCNEH3UH (COrJacHO TEIIOTaM CropaHus, NMPeACTaBICHHbIX B Ta0d. 2.1.2).
OnHako ¢ y4eTOM KOJMYECTBA aKKyMYJIMPOBAHHBIX OTXOJOB M MX HU3KON CTOMMOCTHU
YBEJIMYECHHE Pacxoja MOKHO CUMUTATh JOMYyCTUMBIM. TakuM o0Opa3oMm, UCIOJIb30BAaHUE
COOCTBEHHBIX OTXOJIOB PETHOHA TO3BOJIUT MOBBICUTH SHEPTETUUYECKYI0 0€30MacHOCTb
OTHAJIEHHBIX PErMOHOB, COKOHOMHUTH CBBINIE MOJyMWIIHApAa A0JJIapoB (3a cuer
CHU)KEHHSI TPAHCIIOPTHBIX PACXOJ0B Ha BBO3 MCTOYHHKOB M3 JPYTUX PETHOHOB), MpPHU
ATOM CHU3UTH Tapu(dbl Ha sHepruto Oosee yem Ha 50%. Takke 3a CUET MPUOIDKEHUS
00BEKTOB MPOU3BOJCTBA SHEPTUHU W TMOTpeOuTeNne ymeHbinarbes Ha 15-20% mnorepu
SHEPIUM B CBSA3UM C TPAHCIOPTUPOBKOW W €€ paclpelelieHueM. ODKOJIornuyeckas
00CTaHOBKA YJYYIIIUTCS ITyTeM CHUKEHUSI 00bEMOB 3aB03a JU3ENIbHBIX 004yek Ha CeBep

(oxo1i0 200 ThIC. B TON).

3.6. PexoMeHaa1IuM N0 UCIIOJIH30BAHUIO MOJY4YEHHBIX Pe3yJIbTATOB
Hcnonp30BaHue B SHEPreTHKE JIIOOBIX BUIOB TOILIMBA BCETJa XapaKTepU3yeTcs
HKOJIOTUYECKUM, SKOHOMHYECKUM W DHEPreTUYeCKUM acrekTamu. ClemayeT OTMETHTb,
YTO TMOJIYy4EHHE HJI€aJbHOIO COOTHOIIEHHMSI BCEX XapaKTePUCTUK TOIUIMBAa HAa

CGFOI[H?[HIHHFI ACHb HCIOCTWMIKMMO, IIO9TOMY KaXXA0C TMPCANPUATHC BI)I6I/IpaeT
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KOMIIDOMHUCCHBI BapHaHT B COOTBETCTBUM C COOCTBEHHBIMH TPUOPUTETAMH U

BHEILIHUMH YCIIOBHSIMHU.

['J1aBHBIM 3KOHOMHYECKHM IMPEUMYIIECTBOM KOMIIO3UIIMOHHBIX JKUJIKUX TOIUJIUB
ABJIAETCSI JIOCTYIHOCTh W HHU3Kasg CTOMMOCTh ChIpbS [JIsl HMX [PUTOTOBJIEHUS.
Oueprernueckue xapakrtepuctuku coxurannsg KKT He sBasiorcs nmpeMmyliecTBOM B
CPaBHEHUU C YrOJIbHOW MbUIbIO (IO MPUYMHE HAJUYMsl B COCTaBE BOJIBI U OTXOJIOB).
OpHako HECMOTPS Ha 3TO, 3@ CUET CYIIECTBEHHOIO CHM)KEHHS TEMIIEPATYPbl B KaMepe
cropanusi (ycroiuuBoe 3axuranne KOKT peamusyercs B amamazone 650-900 K)
BO3MOXKHO COKpallleHUE 3aTpaT Ha WHULMHAPOBAHUE TOPEHHs, YTO SIBISETCS
ITOJIOKATEIIBHOW CTOPOHOM NIPUMEHEHMS CYCIEH3MOHHBIX ToImuMB. Kpome Toro
nosbilieHus TernoThl cropanus KOKT MoxxHO noOuThCS myTem J0OaBIEHUS XKUAKOTO
FOPIOYEr0 KOMIIOHEHTA B COCTaB CYCIEH3MHU. ODKOJOTMYECKUH aCMEKT NPUMEHEHUS
KXXT sBnserca 0Oe3yclOBHBIM MPEUMYIIECTBOM. Tak Kak MpU  CKUTaHUU
KOMIIO3UIIMOHHBIX >KUJKUX TOIUIMB OOpa3yeTcsi CYHUIECTBEHHO MEHBIIEE KOJIMYECTBO
okcusioB azotra (Ha 60 %) u cepel (Ha 30 %) u neryded 3076l B CPAaBHEHUH C
TPaJAULIMOHHBIM CXKUTAHHUEM IBUIEYTOJIBHOIO TOIUIMBA.

I[lo  pe3ynpraTam  BBIIIOJIHEHHBIX  JKCIEPUMEHTAIBHBIX  MCCIIEIOBAaHUN
chopMyIHpOBaH TEepeYeHb peKoMeHIalui o mpaktudeckomy npumenenuto KKT B
OOJIBIIION M MaJION YHEPreTUKE:

1) Cycnen3un Ha OCHOBE (UIBTP-KEKOB M MPOIYKTOB HedTernepepabOTKU HMEIOT
KOHIIeHTparuu npoaykToB cropanus (NO,, SOy) HIDKe, yeM JUisl TUIMTUYHBIX YTJICH.
OnHako QUIBTP-KEKU MPEICTABIISIIOT MHOTOYMCIECHHBIE OTXOAbI 10 BCEMY MHpPY C
JIOCTAaTOYHO HHU3KOW CTOMMOCThIO. Kak crenctBue, O4Y€BHJIEH 3KOHOMHYECKHI
IPUOPUTET UX IIUPOKOTO MPUMEHEHHSI BMECTO YTJIEH.

2) Hecmotps Ha ocHOBHBIE HegocTaTku KIKT, kK KOTOpBIM OTHOCATCSI MEHBIIAs TETIOTA
CropaHusi W TeMmIeparypa TOpeHHus, OOJbIIMI pacxol TOIUIMBA, OOJbIINE
TEMIEPATypbl MPOrpeBa, MPU KOTOPHIX BO3MOXKHO 3a)KUTaHHe, U OOJbIlINe BpeMeHa
3aJIep)KKA MHULIMUPOBAHUS TOpeHUs (10 OTHOILIEHUIO K YIJsiM), CYIIECTBYIOT
CHOCOObI, TMO3BOJISIONIME WX MHHUMHU3UPOBATh. OTH MapaMeTpbl  MOXHO

BapbUPOBATh MPU PAIMOHATEHOM BBIOOpPE KOHIIEHTpPAIMd U CBOMCTB OCHOBHBIX



3)

4)

5)

138

roprounx KomrnoHeHToB B coctaBe KOKT. Hampumep, 3a cuer poOabiieHUs
OTpabOTaHHBIX Macell C BHICOKOW TEIUIOTOW CropaHus. B Takom ciiydae 4uCIeHHBIC
3HAYCHUSI COOTBETCTBYIOIIUX OTHOCUTEIBHBIX KOA(DPHUIIMEHTOB MOKHO BapbUPOBAThH
B MMpokux auarnazoHax: Q. = 0,36-0,5; Gy = 2-2,77; Ty min — 1.07-1,2; Td om
=1,04-1,9; Tyom = 0,87-0,98.

OcHoBuble mpeumymiectBa KIXKT mo cpaBHeHMIO ¢ yrieM 3akilO4aroTCs B
CYIIIECTBEHHO MEHBIINX aHTPOIOTCHHBIX BBIOPOCAX M 30JbHOM OCTAaTKe, Majon
CTOMMOCTH KOMIIOHEHTOB, ITOJIOJKHUTEIBHBIX TEXHUKO-3KOHOMHYECKHX ITOKA3aTEIIsIX
XpaHEHU, TPaAHCIIOPTUPOBKH n COKHTaHUS, Ooiee BBICOKOM
MO’KapOB3PHIBOOE30MACHOCTH.  3HAYCHHUS  COOTBETCTBYIONIUX  OTHOCHTEIBHBIX
KO3(PpIUIIMEHTOB COCTaBUIN: Anox ore=0,1-2,8; Asox o =0,04—0,83; M., = 0,5—1,45;
Somn = 0,5-1,23; Py =1,13-1,27; Ny = 0,25-1,27. DT mapameTpbl MOMKHO
YMEHBIITUTH B HECKOJIBKO pa3 HE TOJBKO MPU ONTHUMHU3AINHA KOMIIOHEHTHOTO COCTaBa
TOIJIMBHBIX CYCIICH3UM, HO U TIPH PAllMOHAJILHOM BBIOOPE TEMIIEPATyPHOTO PEKUMa
TOpPEHUSI.

B 3aBucHMMOCTHM OT HOpPHOPUTETOB (BBHICOKHE TpPEeOOBAaHMS K DSKOJOTHU W (WUJIN)
PKOHOMHKE W (WJIM) SHEPreTHKE) B MPEACTaBICHHOM OOOOIIEHHOM KOMILJIEKCHOM
napamerpe S(PGEKTUBHOCTH CYyCHEH3UM BecoBble KOIDDUIIMEHTHI Y;, MOXKHO
n3MeHATh B auanazoHe or 0 mo 1. IlomydyeHHbIe 3HAYEHMS, MO3BOJSAT IMPOBECTU
aHaIM3 PEUMYIIECTB U HeaocTaTkoB ucnoib3oBanuss KXKT BmecTo yris ¢ yaerom
MOBBIIIIEHHBIX TPEOOBaHUM, HAIIPUMEP, K IKOJIOTMH M MEHEE KECTKUX TpeOOBaHUMU
10 CTOMMOCTH TOILIMBA, TEIUIOTE CTOPAHUS U PacXoje TOIUIMBHBIX KOMITO3HINH. B
MIPEICTABIICHHOM MAaTeMAaTHYECKOM BBIPAXEHUU J00ABITCS COOTBETCTBYIOIINE
MHOKHUTEIH Y; IePe KaKIbIM yUUTHIBAEMbIM (haKTOPOM.

BapeupoBanue koHieHTpanmuu u Buaa orxoma B coctaBe KOKT mo3Bossier B
HIMPOKUX JHMana3oHax H3MEHATh IMoka3arenu padborel TOC. MoxkHO caenaTh
3aKJIIOYEHUE O TOM, YTO CYCIEH3HMH MPEJCTaBISIOT YHHUBEPCATIbHBIN BHUJ TOILTMBA
JUISL  TIONYYCHHUS TPeOYeMBIX JKOJOTHYECKHUX, DHEPIeTHYECKHMX ¢ TEXHHKO-
PKOHOMHMYCCKHX XapaKTEPUCTHUK. B dYacTHOCTH, B HECKOJBKO pa3 MOXHO

BapbUPOBATh MOPOTOBBIC KOHIICHTPAIIUK aHTPOIIOTEHHBIX BHIOPOCOB (OKCHIOB CEPhI
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W a30Ta) MNOpeAnpusTHil yronbHOW TemnodHepretuku, Ha 30-40 % CHUBUTH
ONpENENAIONME CTaTbd pPacXoJOB M OOECHEUUTh BBICOKHE HHEPreTUUYECKUE
napameTpbl paboThl BCEro KOTEIBHOTO 00OpyAOBaHMs (BCiencTBHE Oojee HU3KHX
temriepatyp ropeHuss OBYT mno cpaBHeHMIO C yIrJieM MOpOIJIEBAETCS CPOK
0e3aBapuitHON PKCILTyaTalllu).

CycneH3un Ha OCHOBE OTXOJIOB yTiie- U HepTenepepabOTKH CYIIeCTBEHHO BBITOJIHEE
C TOYKHU 3PEHUS IKOHOMUKHU (SKOHOMHMS TOTUTMBHBIX 3aTpaT COCTABIISAECT JUAIMA30H OT
120 muH. 10 5,8 MupA. py0.) MO CpPaBHEHHUIO C YIJIIMH JaXX€ CaMOT'O BBICOKOI'O
copra. Ilpu »>TOM B 3aBUCUMOCTH OT TMPUOPUTETOB U TpeOOBaHUN IO
aQHTPOTIOTEHHBIM  BBIOpOCAM,  CTOMMOCTH  TOIUIMBA UM DHEPreTHUYECKUM
XapaKTepUCTUKAM MOKHO BapbUpOBATh KOHUEHTpaAUWIO U Thll KoMoHeHToB KOKT.
baza BemecTB W MarepuanoB ISl MPUTOTOBIEHUS CYCIEH3UNW OYEHb IIUPOKAs:
(UIBTP-KEKHU, IIIaMBbl, (yChl, CMOJIbI, OTpPAOOTaHHBIE MacJIa U Tp.

[IpumMeHeHnEe MPEACTABICHHOTO KOMIUIEKCHOTO  mapameTrpa Iy  MO3BOJUT
onpenenutb >(PPEKTUBHOCTh (C TOYKM 3peHUs HaubOoJsiee BaxkHbIX it TOC
OCHOBHBIX  JKOJOTMYECKHX, DJHEPreTUYECKUX U  TEXHHUKO-DKOHOMHYECKUX
xapaktepuctuk) nepepojaa yroiabHbix TOC Ha KIKT B JoCTaTOUHO KOPOTKUE CPOKH.
[Ipyu »STOM mpennpusTHe MOXKET BBIOMpPATh MNPUOPUTETHBIE TPEOOBAHUS K
XapaKTepUCTUKAM pPacCMaTpUBAEMbIX TOIUIMB (TEIJIOTa CropaHusi, pacxof,
CTOMMOCTb, aHTPOIIOTE€HHbBIE BHIOPOCHI U Mp.). OCOOEHHO 3TO aKTyaJbHO ISl CTPaH,
rae texHonoruu cxxuranus KXKT aktuBHO pa3BuBarorcs, Takux kak Kurau, Anonus,
CIIIA, Poccusa. Kpome Toro paspaboTaHHas MOJCIbh TEXHHUKO-3KOHOMHYECKOTO
00OCHOBaHUSl TMO3BOJUT OINPEAEINTh 3KOHOMHIO 3arpaT npu mnepexone TOC
Pa3IMYHBIX MOIIHOCTEN W BUAOB HCHoJb3yeMoro torumsa Ha KIKT, uro sBisgercs
OCHOBOM TPH BHIOOpE SKOHOMHUYECKOW CTpaTeTMu MPEANPHUATHS U BbIOOpa Mep, C
MTOMOII[BI0 KOTOPBIX MOKHO JJOOUTHCSA (PUHAHCOBOW YCTOMYMBOCTH.

MHOrux MHpPOBBIX MPOU3BOJUTENEH TEIUIOBOW U BJIEKTPUYECKOM JHEPruu
OTHYTMBAaeT TMepexoJ ¢ YIVII Ha CYCHEH3MOHHOE TOIUIMBO  BCIIEJCTBUE
MPOTHO3UPYEMBIX TPeOyEeMBIX JIOCTATOYHO OoJbluX pacxomoB. OmHako B

HAcToOsIIe paboTe TmMoKa3aHO Ha mpuMmepe Tpex TunudHbix T1TIC, dTO
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TexHoJiornyeckue uamMmeHenus Ha TOC npu nepexoae Ha KIKT okymnatorcst B TeueHue
HECKOJIbKMX JieT. B 3aBHCHMMOCTHM OT JEHCTBYIOIIMX B CTpaHe TpeOOBaHUU K
HOPOTOBBIM 3HAUYEHUSIM aHTPOIOTEHHBIX BBIOPOCOB CPOKU OKYIAEMOCTH MOTYT OBITh
kopoue. B wactHoctu, B Kurae u Unaum nogoOHeie TpeOGoBaHusi Oosiee MATKUE MO

cpaBHeHMIO ¢ Poccniickon denepanueit.

BbiBOABI 110 TPpeThEH I1aBe

Omnpenenensl xapaktepHble KoHIEHTpanuu NOy u SOy NmpH CKUTAaHUM KaMEHHBIX
yraed pasHeix Mapok, BYT Ha ocHOBe GUIBTP-KEKOB KaMEHHBIX YIJeH
cooTBeTcTBYIOIUX Mapok U OBYT Ha ocHOBe (UIBTP-KEKOB KaMEHHBIX YyIJIEeH
COOTBETCTBYIOIIMX MapoK U MPOAYKTOB HedTenepepaboTku. OnpeneiaeHbl
OCOOEHHOCTH CHMKEHHS BBIOPOCOB MpPH CKUTAHUM KOMITO3WLIMOHHBIX KUAKUX
TOIJIUB.

Boigenensl ontuManbHble (C TOYKM 3pPEHUS SHEPIETHUECKHMX M IKOHOMHUYECKUX
XapaKTEPHUCTHK) KOMITIOHEHTHBIE COCTaBbI OBVT, COOTBETCTBYIOLIME
MaKCUMaJIbHOMY YJEIbHOMY KOA(D(PUIIMEHTY «TEIioTa CTOpaHus / CTOUMOCTBY.
Pa3zpaboranHasi 3KOHOMHUYECKash MOJENb, MPEIoiaraéT BO3MOXHOCTb CPaBHEHHUS
paznuunbix coctaBoB OBYT no nokazarensiMm 3()eKTUBHOCTH CMECH: HaUMEHbIIasl
croumoctb OBYT mnpu HaumOosbiel TeIIoTe CropaHus, MHUHUMAaJIbHOE BpeMs
3QKUTaHUS, MAKCUMAJIBHAS JUIMTEIBHOCTh TOPEHUS, TOCTYIMHOCTH KOMIIOHEHTa B
PErvuoHe U Ip.

[IpousBeneHo TeXHUKO-dIKOHOMUYECKOe o0ocHOBaHue Tiepexoaa TOC u KoTenpHOl ¢
TPAAULIMOHHOIO TOIUIMBA HAa OPraHOBOAOYIOJIbHBIE TOIUIMBHBIE KOMITOZHUIIMU C
ydeToM  3aTpaT Ha mpuoOpeTeHue  OoTaeNbHbIX  KoMmmoHeHToB  OBVT,
HKCILTYyaTAlIMOHHBIX (3aTpaThl HA MOTPEOIAEMYIO SJIEKTPOIHEPTUIO) U KAMMUTAIbHBIX
(3aTpaThl HA U3MEHEHHUS B TEXHOJOTHMYECKHX CXeMaX TOIUIMBHBIX XO3SMCTB) 3aTpart,
3aTpaT HAa CKIAJAUPOBAHHE W YTWIM3ALUIO 30JI0IUIAKOBBIX OTXOJIOB, 3aTpaTr Ha
HKOJIOTUYECKUE MEPONPUATHS Ui yiuiaty mrpadoB. OnpeneraeHa SKOHOMUS 3aTpat
npu nepexoqe Ha OBYT, kotopas MoxeT cocTaBiaTh 1js1 KpynHbix TOC ot 2.8 no

5.9 mupa. py0., ays kotenbHbIX — oT 120 g0 122 miH. pyo.
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4. TlpousBeneH pacueT OTHOCUTENbHBIX Moka3zarenen ays cpaBHeHus BYT u OBYT ¢

VIJIEM, YUYWUTHIBAIOIIUX HSKOJIOTHYECKHE (AHTPOMOTECHHbIE BBIOPOCHI U 30JBHBIN
OCTaTOK), SHEPreTUuYecKkue (TEryIoTa CrOpaHus, pacxXoj] TOIUIMBA, XapaKTEPUCTUKU
3QKUTaHUS U TOPEHUS, MOXKAPOB3PHIBOOE30MACHOCTh) U SKOHOMUYECKHE (3aTpaThbl
Ha MOpUOOpPETEHHE KOMIIOHEHTOB TOIUIMB, KalWTalbHBIC 3aTpaThl, 3aTpaThl Ha
CKJIAIMPOBAaHHE M  YTWIM3ALUHMK  30JIOIUIAKOBBIX  OTXOAOB, 3aTpaThl  Ha
AKOJIOTHYECKUE MEPONPHSITHS WM yIUIaTy IMTpadoB) XapaKTEPUCTUKH TOTLUIUB.
BBenen komriuiekcHbIM mapameTp Iy, MO3BOJISIOMMN OOBEAMHUTH B ceOe Bce
BBILICIICPEYUCIICHHBIE XAPAaKTEPUCTUKU TOIUIMB. PaccunTanHble 3HauYeHUS oy
COOTBETCTBYIOT OOJbIIOMY nuamna3zony: 5,787-8,866, 3HaueHUsT KOTOPOTO MOKHO
U3MEHSTh TPU TIOMOIIM BECOBBIX KOIPPUIIMEHTOB C YYETOM MOBBIIMICHHBIX
TpeOOBaHUM, HATPUMEP, K IKOJIOTUU U MEHEE JKECTKUX TPEOOBaHHUM MO CTOMMOCTH

TOIINIMBA, TCIJIOTC CrOpaHus U pacxXoA€ TOIJIMBHBIX KOMHOBHHHﬁ.

3AK/IIOYEHHUE

B 3aknroueHun pa60TbI MOKHO C(i)OpMYJ'II/IpOBaTB OCHOBHBIC BBIBOJABI 1 OTMCTHUTD

ONpeIEIAIOIINE PE3YIbTATHI:

1.

Pa3paboTan moaxox K NPOBENCHHUIO KOMILIEKCHOTO TEXHUKO-3KOHOMHUYECKOTO
00OCHOBaHME MPUMEHEHHUS KOMIIO3ULMOHHBIX XHIAKMX TomimB Ha TOC u
KOTEJIbHBIX B KAauye€CTBE OCHOBHOIO W/WJM JONOJHUTEIBHOIO TOIUIMBA,
OTJIMYAIOIIMICS OT M3BECTHBIX Y4YETOM HauOoJiee 3HAUMMbBIX SHEPreTHYECKHX,
DKOJIOTUYECKUX U SKOHOMUYECKHUX XapaKTEPUCTHK UCIIOJIb3YEMBIX TOILIMB.

Onpenenenbl oTHOCUTENbHbIE MoOKazaTenu 3pdexruBHoct KXKT ¢ yuerom
IPYIIIBl OCHOBHBIX HHJMKATOpPOB (TEILUIOTAa CrOpaHHMsT M pacxo] TOIUIWBA,
aHTPOIIOT€HHbIE BHIOPOCHI U 30JbHBIM OCTAaTOK; MaKCHUMalbHas TeMIeparypa
TOPEHUsl; MUHUMAJbHBIE TEMIIEpaTypbl 3aXHUIaHUsS, BpPEMEHA 3aJEPKKU
VWHULMAPOBAHUS TOPEHUS; CTOMMOCTh KOMIIOHEHTOB; TE€XHUKO-PKOHOMHYECKHE
MOKa3aTelid  XpaHEHUs,  TPAHCHOPTUPOBKM M CXKHUraHUSA  TOIUIWBA,

noXkapoB3pbeiBoOe3omacHocTh). [lokazano, uro gmnus KIXKT w3  oTxomos
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yriieo0oraiieHuss U HedrenepepadoTKH JTaHHbIE KOA(GPUIIMEHTH MOTYT OBITh B
2—-10 pa3 BbILIE IO CPABHEHUIO C YTIIEM U Ma3yTOM.

BrlnoniHeHHbIE  MCCNEOBAaHUSI  TMO3BOJWIM  TIOJMYYUTh DKCIEPUMEHTATBHYIO
nH()OPMAITMOHHYIO 0a3y MaHHBIX IS CPABHUTEIHLHOTO aHaIM3a dKOJOTUYECKHUX,
PHEPreTHYECKUX W  TEXHUKO-DKOHOMHUYECKHUX  XapaKTePUCTHK  CHKUTAHUS
NEPCHEKTUBHBIX KOMIO3UIIMOHHBIX JKUJKUX TOIUIUB BMECTO YIJeH pa3HOro
KayecTBa.

BrInoiHEeHHbIE TEXHUKO-D)KOHOMHUYECKHE PACUEThl MO3BOJIUIU YCTAHOBHUTH, UTO
KOKT Ha ocHOBE OTXOJ0B yrie- U HeTenepepabOTKU CYIIECTBEHHO BBITOJHEE C
TOYKH 3pPEHHUS PKOHOMHUKH IO CPAaBHEHHUIO C YIJSIMH JIaX€ CaMOT0 BBICOKOTO
copra. Ilpu sTOoM B 3aBUCUMOCTM OT HPUOPUTETOB U TpeOOBaHUM IO
aHTPOTIOTEHHBIM ~ BBIOpOCaM, CTOMMOCTH TOIUIMBA U  DHEPTeTUYECKUM
WHAUKATOpaM MOXHO BapbHpPOBATh KOHIIEHTpAIMIO U THUN KoMmoHeHToB KOKT.
ba3a BemiecTB U MaTepuanoB i MPUTOTOBJIEHUS CYCIEH3UH OYEHb HIMPOKAs:
(UIBTP-KEKHU, IIaMBbl, (yChl, CMOJIbI, OTPAOOTAaHHBIE MaCia U Jp.

OcnoBuble npeumymectBa KXKT mo cpaBHeHMIO C yriem 3akilo4aroTcsl B
CYLIECTBEHHO MEHBILIUX aHTPONOIC€HHBIX BbIOPOCAX U 30JIbHOM OCTaTKE, MaJloi
CTOMMOCTH  KOMIIOHEHTOB, MOJIOKUTENBHBIX ~ TEXHUKO-DKOHOMHUYECKHX
[OKa3aTesIX XpaHEHWs, TPAHCHOPTHUPOBKU W COKUraHUs, Oojiee BBICOKOM
M0>KapOB3PHIBOOE30MACHOCTH. 3HAYEHHS] COOTBETCTBYIOIIMX OTHOCHTEIHHBIX
noka3aTresied MOKHO YMEHBIINTh B HECKOJIBKO pa3 HE TOJBKO MPU ONTUMHU3ALUU
KOMIIOHEHTHOT'O COCTaBa TOIUIMBHBIX CYCIEH3MH, HO W TpPH PALMOHAIBHOM
BBIOOPE TEMIIEPATYPHOTO peKNUMa TOPEHUSI.

B mnpencraBimeHHOM 0000IIEHHOM KOMIUIEKCHOM MapameTpe 3¢h(EKTUBHOCTH
CYCIIEH3UI B 3aBUCHMOCTH OT LI€JIEBBIX MHAUKATOPOB BECOBbIE KOADPUIIMEHTHI Y1
MOKHO HW3MEHATH B nuamazoHe oT 0 go 1 mpu aHanm3e MPEeuMYIIECTB U
HepocTaTkoB ucnonb3oBanus KOKT BmecTto yrist ¢ y4eToM MOBBIILIEHHBIX
TpeOOBaHUIl, HampuMep, K OKOJIOTMH U MEHee >KECTKHX TpeOOBaHHWM 10

CTOUMOCTH TOINIMBA, TCIJIOTC CrrOopaHusd U PaCxXoaC TOINIMBHBIX KOMHOBHHHﬁ.
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TexHnonornyeckue msmeHeHusa Ha TOC u korenbHbIX Tpu mepexoqe Ha KOKT
okymnatorcs B TedeHue 1-3 ser. Uem Oosbllie pacxo]] TOIUIMBA B YHEPTETHUECKUX
YCTaHOBKaxX M OOBEMBbI BBIpA0ATHIBAEMON OSHEPrHHM, TEM MEHbBIIE CPOK
okynaemoctu nepexona Ha KIKT.

MaxkcuManbHyl0 OTHOCUTENBbHYIO 3((EKTUBHOCTh (C TOYKH 3peHHs] Haubosee
BaXHBIX 11 TOC OCHOBHBIX HKOJOTHYECKUX, IHEPTreTUYECKUX U TEXHUKO-
PKOHOMHUYECKUX XapakTepucTHK) TexHonorui cxxkuranusa KKT na TOC moxkHO
NOJIYYUTh MPU MIHUPOKOMACIITAOHOM BOBJIICUEHHHM OTXOJOB YrieoOoraiieHus
(1171aMOB, KEKOB, TPOMITPOIYKTA) B KAU€CTBE OCHOBHBIX YTOJIbHBIX KOMIIOHEHTOB
TOrIMB. OOBEMBI €KEroAHOTO 00pa30BaHMs TAKUX OTXOJIOB cOCTaBisioT 10—12
% OT 00BEMOB PSAIOBOTO YIJISL.

[Tepexon yroapusix TOC ¢ tpagunmonnoro tormmea Ha KOKT mo3Bonut pemmnthb
HECKOJBKO TJ00albHBIX NpoOsiieM yenoBeuecTBa. IlepBas — yTwimMzanus
HIMPOKOTO KJIacca OTXOJIOB yriie- U HeQTenepepaboTKU. ITO MO3BOJIUT HE TOJIHKO
YTWIN3UPOBAaTh YK€ HAKOIUIEHHbIE OTXOAbl (0OOBEMBI COCTABJISIOT: OTXOJbI
yrieoOoramenuss 6omee 800 MIH. TOHH, OTXOJbl HedTemnepepaboTku Oonee 1
MJIpJI. TOHH), HO TaKXe TMPEeJOTBPATUTh HAKOIUICHHE BHOBb OOPa3yHOIINXCS
oTX0Z0B. BTOpass — CHIXEHUE KOHIIEHTpAlMid aHTPOMOTEeHHBIX BBHIOPOCOB
npeanpuatusMu yroibHou sHepretuku (SO, Ha 40 %, NO, Ha 20 %), uro
MO/IPa3yMEBAET CHUYKEHHWE HEraTMBHOTO BO3ICHCTBUS Ha OKpPYXKAlOLIYIO Cpeny,
o 3a00JIEBAEMOCTH M CMEPTHOCTH, BBI3BAHHOM IUIOXUM COCTOSTHUEM
OKpY’Karolero Bo3ayxa. TpeThbsi — pallMOHAIbHOE HCIOJIb30BAHUE MPUPOIHBIX
PECYPCOB HE TOJBKO C LENbI0 COXPAHEHUS MPUPOAbI, HO U CAMUX HPHUPOJHBIX

pPeCypCOB, KOTOPLIC HOHaI[065[TC$I JJISL JKU3HU CIICAYIOIIUM ITOKOJICHUSM.
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OBO3HAYEHUNA
BYT — BoOyroiapHOE TOIIMBO;
31O — 30101IIaKOBBIC OTXOJIBI;
KXXT — xoMIO3UIIMOHHOE JKUAKOE TOILIMBO;
OBYT — opranoBooyrojibHO€ TOILJIUBO;
TOC — TeroBas 3JIEKTpUUECKasi CTAHIIMS;
A% — 3011BHOCTD B CYyXOM COCTOSIHUH, Y0;
cH - coJiepKaHMe YIiepo/ia Ha cyxoe 0e3301pH0e cocTosiHuE, %,
H® — coJiepKaHKe BOJOPOaa Ha CyXoe 0€330JIbHOE COCTOsIHUE, Y0;
N® COJIepKaHKe a30Ta Ha CyXoe 0e330JIbHOE COCTOsIHUE, %0;
0% — CoJIep)KaHHE KHUCIIOPO/ia Ha cyxoe 0e330pH0e cocTosiHuE, %0,
Q’.v — BBICIIIas TeIUI0Ta cropanusi, MJIx/kr;
T,™ — MakcuMalbHas TEMIIEPATypa B IIEHTPE KaIlIU B IIpoliecce e€ Harpesa, K;
Tin — TEMIIEPATYpPA 32)KUTAHUS JKUIKOTO TOPIOYEro HePTENpoayKTa, K;
Ty — TeMriepatypa BCIBIIIKH KHIKOTO roprodero Heprenpoaykra, K;
T, — Temneparypa okuciaurens, K;
Tgmi" — MUHUMAaJIbHAas TeMIlepaTypa OKHCIWTENs, HeoOXxoauMmas ISl YCTOWYHUBOIO
3akuranus, K;
V4 Brixon JIETYYHX BEIIECTB Ha CYXYI0 0€330JIbHYIO Maccy TOIUIHBA, %,
W* — BIIaXKHOCTB, %0;
T4— BpEMS 3aJICp>KKHU 3aKUTaHUS, C;
p — IJIOTHOCTb, KF/M3;
Qo — OTHOCUTEIBHBIN TTOKa3aTenb 1o Terore cropanust KOKT B cpaBHeHuu ¢ yriew;
G o — OTHOCUTEIIBHBIN TTOKa3aTens 1o Macce KOKT B cpaBHeHuu ¢ yriew;
ANOx oy Asox ors — OTHOCUTENBHBIE TOKa3aTenu no BeioOpocam NOy, SO, OT cxxuranus
KOKT B cpaBHEHUU C yriewm;
M ., — OTHOCUTEIIBHBIN TTOKa3aTenb 1Mo Macce 30Jbl KOKT B cpaBHeHUH € yriew;
Tyom  — OTHOCHUTEBHBIN MMOKA3aTEMb M0 MAaKCUMAILHOM TeMmneparype ropennst KOKT

B CPaBHCHHUHU C YTJICM;
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™ OTHOCHTENIBHBIN MOKa3aTes b 0 MUHUMAJILHOHN Temiieparype 3axuranus KOKT

Tg OTH
B CPABHEHUU C yTJIEM;

T4 o — OTHOCHUTEJIBHBIM TOKa3aTelib MO BpeMeHM 3ajepkku 3axuranus KXKT B
CPaBHEHHHU C YTJIEM;

Sors — OTHOCUTENBHBIN 3KOHOMHUYEeCKUM nTokaszaTenb KOKT B cpaBHeHuu ¢ yriewm;

Py — OTHOCUTEIIBHBIN MOKa3aTelNb 1o moxkapor3pbeiBoOe3onacHoct KOKT B cpaBHeHHHN
C yriieMm;

Loryy Jorm — KOMITJIEKCHBIE O€3pa3MepHbIC KPUTEPHUH ISl HILUTFOCTPAIIMU MTEPCIIEKTUBHOCTH
HCCJICIOBAHHBIX CYCIICH3UIN B CPABHEHUU C YIJIEM;

S| — TeKyllre TOIUIMBHbBIC 3aTpaThl, pyO/TO;

S, — TormuBHBIe 3aTpaThl Ha KXKT, py6/rox;

S3— BKCIUTyaTallMOHHBIE 3aTPaThl, pyO/TO;

S, — 3atparsl Ha ckiaaupoBanue u yruiuzanuio 3110, pyd/rox;

Ss— 3aTpaTbl Ha HKOJIOTHYECKUE MEPOTIPUATHUS, PYO/TOI.
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IIpunoxenue 4
Cnucok Harpaa v 10CTUKeHUI

1. Ctunenausa Ilpesunenra Poccuiickoit @enepannu acnupaHTaM, OCBaWBAIOIIUM
oOpa3oBaTelbHbIE  MPOTPAMMbI  BBICIIETO  O00Opa3oBaHUs B  OpraHU3alUAX,
OCYIICCTBIISIONINX 00pa30BaTENbHYIO JEATEIBHOCTh, HAXOSANIUXCS B BEICHUU
MunuctepctBa OOpa3zoBanuss u Hayku Poccuiickoit ®denepanmn, Ha 2017/18
y4€eOHBI1 Tof.

2. Crunengus Ilpesunenra Poccuiickoii ®enepanyu CTyJIEeHTaM M aclnupaHTam
OpraHu3aluii, OCYIIECTBISIOMMUX 00pa30BaTEIbHYIO ACATEIHHOCTh, 00YYatOIUMCS
no oOpa3oBaTelIbHBIM IPOTrpaMMaM BBICIIETO O00pa30BaHUs MO OYHOU (opme Mo
CIIELIMAJIbHOCTH 1501071 HaIPABJICHUSIM IIOJATOTOBKH, COOTBETCTBYIOILIUM
MPUOPUTETHBIM HAIMPABJICHUSAM MOJICPHU3AIMA W TEXHOJOTMYECKOTO Pa3BUTUS
poccutickoit axoHoMukH Ha 2018/19 yueOHblii ro.

3. Crunenaus Ilpesupenta Poccuiickoit @enepanuu CTyA€HTaM W acOUpaHTaM,
oOyyaromumcsi 1O oOpa3oBaTeIbHBIM IPOrpaMMaM  BBICIIETO 00pa30BaHUs,
UMEIOIUM TOCYAapCTBEHHYIO aKKpEIUTAIMIo, MO O4YHOM ¢opme OOydeHHsS 110
CIICLIMAJIBHOCTSIM ~~ WJIM  HAIPaBJIEHUSIM  IOATOTOBKH,  COOTBETCTBYIOLIUM
MPUOPUTETHBIM HAMPABJICHUSAM MOJICPHU3AIMNA W TEXHOJOTMYECKOTO Pa3BUTHUS

poccuiickoit sxoHoMukH, Ha 2019/20 y4ueOHbI# TO/I.
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AKT

0 IIPaKTUYECKOM HUCIIOIBL30BAHUN PE3yIILTATOB
JIUCCEePTAMOHHON pabOTEI
Kypranknnoit Mapraputsl AjleKcaHApOBHEI

B pesynbTaTe pacCMOTpEHHSI MAaTEpUATIOB U Pe3yJIbTaTOB JUCCEPTAITMOHHOM
pabdorel Kypramkunoii MLA. «TexHHKO-3KOHOMUYECKUN aHaIN3 XapaKTEPHCTHK
CHKUTAHIS KOMIIO3UITMOHHEIX KIJKIX TOIUINB U3 OTXOJOB HedTemepepaboTKN 1
yrineoOoramenns Ha TOC», NpeCcTaBIEHHON Ha CONUCKAHWUE VUEHOW CTEIeHH
KaH/I1JjaTa TEXHIYECKNX Hayk, koMuccuell B coctaBe: Kamenckoro J[.E. — rmaBHBIT
nmxenep, Mopozora B.I1. — HaualbHUK 3JIeKTpOTeXHIUeCKo mabopaTtopun, OBLI
COCTABJICH HACTOSIUI aKT, CBU/IETEILCTBYIONINIL O CIEAYIONIEM:

l. pesympTatel JuccepranuoHHOll padoTel Kypramkmnoii M.A. npu3HaHEL
aKTyaIbHBIMU, II0JI€3HBIMU ¢ MPAKTUUECKOI TOUKHU 3PEHUS Pa3BUTUSA COBPEMEHHBIX
IIpeAcTaBIeHUil 0 Hpolleccax MOPeHNs KOMIIO3UIHOHHBIX KIAKIX Tormue (KOKT)
13 OTXOJIOB yriieoOorameHIst B kamepax cropanmsi TOC;

2. TIOJTYYECHHBIS pPEe3YIbTATHI TEeXHHIKO-3KOHOMITUECKOTO aHaIm3a
HCTIOJNIB30BAIIICE TPU BHIOOpPE ONTUMAITBHBIX (C TOYUKHU 3PESHUS HanOOJee BaXKHBIX
OCHOBHBIX  53KOJOTHMUECKNX, HHEPTeTUUECKHMX W  TEeXHHKO-3KOHOMITYECKIX
XapaKTePHUCTHK ) PeKIMOM pabOTHl SHEProOIOKOB, NMEIOMIXCSI B PACIIOpsIKESHUN
OAO «bernoBckoe 3HEpTOyIpaBIICHUEY,

3. copMyITHPOBAHHLIE B IUCCEPTAIMOHHON paboTe BLIBOJEI MCIIOIB30BAHEL B
BHJIE TPAKTHYECKNX PEKOMEHJAI[Uil COOTBETCTBYIOMUM mojpazaeneHnsm OAO
«beroBckoe HHEProyIpaBieHUe» € IENbI0 YIIYUIIEHNST TEXHOIOTUI CIKNUTaHUS
KOKT pasmmgHOro cocTtaBa ®W CHIDKEHHSA HeraTMBHOro BimsiHus 10OC Ha

OKPYXKAIOIYIO CPey.

/
A
YeHbl KOMHCCHH: e W A.E.Kamenckuii

i :
fﬁ’éﬂ’/ B.I1. Mopo3os
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AKT

00 MCII0JIb30BaHUU PE3YIIbTATOB JUCCEPTALIMOHHOM paboThI
Kyprankunou Maprapurtsl AneKcaHIpOBHBI
«TexXHUKO-I)KOHOMUYECKUI aHAJIN3 XapAKTEPUCTUK CKUTAHHS KOMITIO3ULIMOHHBIX
KUJKUX TOIUTUB U3 OTXOJI0B HedTenepepaboTku U yriaeoborameHus Ha TOC» B
00pa30BaTEILHOM IIPOLIECCE, PEATU3YEMOM COTPYIHUKAMHU
HayuHo-00pa3oBaTenbHOro HeHTpa
N.H. byrakoBa NnuxxenepHoi mkousl sHepretukn HU TITY

[IpeacraBienHsle B JIuccepTallMOHHONW pabore acnupanta KyprankuHoit
M.A. pe3ynbTarbl AKCIEPUMEHTAJIBHBIX U TEOPETHUYECKUX MCCIEIOBAHUN
3aCIy’KMBAIOT BHUMAHUS U MIPUHATHI K PACCMOTPEHUIO B KAUECTBE PEKOMEH 1Al
M0 CO3JaHUI0 TEXHOJOTUH JIsi 3()(PEKTUBHOTO CHKHUTaHUS KOMIO3UIIMOHHBIX
KUJKUX TOIUIUB HAa OCHOBE OTXOJOB yrie- M HedTenepepaboTKu Ha OOBEKTaxX
O0JBIION M MaJION TerI03HepreTUKu. OcoOblid HHTEPEC, IT0 MHEHUIO COTPYIHUKOB
HOII 1.H. byrakoBa, npeACTaBJISIIOT PE3YJIbTaThl UCCICAOBAHUN IKOJIOTUUYECKUX
XapaKTepUCTUK TOPEHUSI CJOXKHBIX [0 COCTaBYy KOMIIO3UIIMOHHBIX TOIUIMB B
KaMepax CropaHusi BOAOTPEMHBIX U MAPOBBIX KOTEIbHBIX arperaTos.

Pa3zpabGoTtannas HKOHOMHYECKAs MOJIEJTb u MPOU3BEACHHBIN
TEXHUKO-DKOHOMHYECKHI aHajiu3 MO3BOJWIA YCTAaHOBUTb, YTO CYCIIEH3UMM Ha
OCHOBE OTXOJIOB yrjie- U HedTenepepaboTKU CYHUIECTBEHHO BBITOJHEE C TOUKHU
3peHUs IKOHOMHKH (IKOHOMMUS 3aTPAT OT COTEH MJIH. JI0 IECATKOB MIIPJ. pPyO. B TON)
10 CPABHEHUIO C YIVISIMU JaXKE€ CaMOr'0 BBICOKOTO copta. [Ipy 3TOM B 3aBUCHMOCTH
OT MPUOPUTETOB U TPEOOBAHMI TIO AHTPOIIOTEHHBIM BBIOPOCAM, CTOUMOCTH TOTUIMBA
U DHEPreTUYECKUM XapaKTEPUCTHUKAM MOXKHO BapbUPOBATH KOHIICHTPAIMIO U THUII
komnoHeHTOB KOKT.

Hacrosiuit  akT  MOATBEp)KIAeT, YTO BBIBOABI U MPAKTUYECKHE
pEeKOMEHJaluy, MpPUBEIEHHbIE B  JUCCEPTAlMOHHON paboTe  acnupaHTta
Kyprankunoit M.A., UCONIb3yIOTCA TIPU pa3paboTKe 0Opa3oBaTEIbHBIX KYpPCOB C
1EeIbI0 00Y4YEeHUS! CTYJIEHTOB U MaruCTpaHTOB pecypcodDPEeKTUBHBIM CUCTEMAM U
AHEprod(PGheKTUBHBIM TEXHOJIOTHSIM CKUTAHUSI KOMITO3UIIMOHHBIX TOILJIUB B TOMKaX
NapoBBIX U BOJAOIPEUHBIX KOTJIOB. B wacTHOCTH, mpH pa3paboTKe JEKIHMOHHBIX
KYPCOB M Y4EOHO-METOAMYECKUX MATepUaIoB JJIs BEICHUS IUCUUILIMH B paMKax
MarucTepckux mpoduaei aBTOMATHU3AIMHA TEIUIODHEPTETUYECKUX TIPOIECCOB U
HKOJIOTMYECKH YUCTHIX TEXHOJIOTUI UCTI0JIb30BAHBI:
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- AKCHEPUMEHTAJIbHBIE JIaHHbIE 10 KCCIEAOBAHUIO BIUSHUSA KOHIIEHTPALUU
KOMITOHEHTOB TOTUIMBHBIX CYCHEH3MM Ha HKOJOTHYECKUE XaPaKTEPUCTUKU
TOpEHUS;

- SKOHOMHYECKas MOJEINb JUIsl CpaBHEHMs paszinyHbIX coctaBoB OBYT mo
nokazatessiM G(HEKTUBHOCTH cMech: HauMeHbInas crouMocts OBYT mpu
HauOoONbIIEH TEIJIOTe CrOpaHWs, MHHUMAIbHOE BpeMsl 3aKUTaHUS,
MaKCUMaJlbHasl JIIUTEIbHOCTh TOPEHMSI, JOCTYITHOCTh KOMIIOHEHTA B PETHOHE
U TIp;

- pe3yJIbTaThl TEXHUKO-3KOHOMUYECKHI aHanu3 nepexona TOC u KOTeIbHOM ¢
TPaJAUIIMOHHOTO TOTUIMBA HA OPTaHOBOAOYTOJIbHBIE TOIUIMBHBIE KOMIIO3UIIUU
HA OCHOBE BOJIbI, YIJIA, OTXOJOB YIJIeOOOTamieHusi, MPOTYKTOB
HeTenepepaboTKH.

[IpuMeHeHre TOJNyYeHHBIX B JUCCEPTALMOHHON paboTe pe3ylbTaToB H
c(OpMyJIMPOBAHHBIX PEKOMEHAALNN MO3BOJISIET: UCIOJB30BaTh MHOTOUYHCIEHHbBIE
OTXOJbl YIJ€- B Kauy€CTBE KOMIIOHEHTOB ISl MPUTOTOBIICHUS KOMIIO3UIIMOHHBIX
TOIUIMB; TOBBICUTH KakK 3(P(EKTUBHOCTh MX CKHUIaHWA B TOINKAaX IMApOBBIX U
BOJOTPENHBIX KOTJIOB, TAK U HAJEKHOCTh TEIIOAHEPIE€TUYECKUX YCTAHOBOK 32 CUET
peanu3alnuy HU3KOTEMIIEPATYPHOrO 3aKUTaHUsA, B TOM YHWCJIE CHUKEHUS Ta30BbIX
aHTPOIIOTEHHBIX BHIOPOCOB.

LlenecooOpa3Ho Takxke OTMETUTh, YTO pPE3yIbTaThl JIUCCEPTALUOHHBIX
VCCJIEIOBAHUM CTall OCHOBAHWEM [UJISl aKTyallM3allMu COAEPKaHUS JMCLMIUIAH,
HaIlpaBJIEHHBIX HA 00yYEHHE COBPEMEHHBIM CUCTEMaM KOHBEPCUH TBEP/BIX TOILJIUB
HE TOJIKO IPH MOJTOTOBKE MATrUCTPAHTOB, HO U CTYJIEHTOB B paMKaX HAy4HBIX
UCCIIEJOBAaHU B CEMEeCTpe, a TakK€ AacHUpaHTOB, OOy4YaIOIIUXCS IO
cnennanbHOCTSIM: 05.14.04 — IIpomeinuienHass TemiosHepreruka, 05.14.14 —
TennoBble 3JIEKTPUYECKUE CTAHUWU, UX DHEPreTHUECKHWE CHUCTEMbl M arperarhl,
01.04.14 — Tenmodusuka u TeopeTudeckas Teruorexauka, 01.04.17 — Xumuueckas
bu3uKa, TOpEHUE U B3PBIB, (PU3HUKA IKCTPEMAIBHBIX COCTOSTHUIN BEIECTBA.

PyxoBoaurens HOLL 1. H. Byrakosa
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