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0-23 Pacuer BBIOpOCOB 3arpsi3HAIOMIMX BEIIECTB NPHU CKUTAHUU TOIUIMBA B
KOoTjoarperatax  KOTelIbHOM.  Meroauyeckue  yKa3aHus K BBIIIOJIHEHUIO
MPaKTUYECKON paboThl Mo aucuuiuinHe «lIpombllieHHass 3KOJOTHs) Il OYHOU

dhopmbl 00yUeHUs HanpaBiaeHUs MOATOTOBKH «TexHochepHas 6e3omacHOCThY» /CoCT.:
B.}O.Ocunoga, A.B.lllapadpyraunosa, Kazans: KTACY, 2022. - 32c.

[Ievaraercs no pemennto PemaknnonHo-m3marensckoro copera KasaHckoro
rOCYJIapCTBEHHOI'O ApXUTEKTYPHO-CTPOUTEIIBHOTO YHUBEPCUTETA

Meroaudeckue yKa3aHUs K BBITIOJHEHHIO IpakTHUecKod paborel «Pacuer
BBIOPOCOB 3arpsi3HSIIONIMX BEIIECTB, MPU CXKWUTAHUU TOIUIMBA B KOTJoarperarax
KOTEJIbHOW» JJIS CTYAEHTOB OYHON (popMBI OOyUEHMsI HampaBJICHUS IOATOTOBKHU
«TexnocepHass 0e30MaCHOCTE» COCTABJIEHbI B COOTBETCTBUU C TpPEOOBAHUSMHU
denepalibHOTO TOCYJapCTBEHHOTO 00pa30BaTeNbHOIO CTaHJIApPTa, COOTBETCTBYET
LeIAM M 3ajlayaM M3Y4YeHMs AUCUMIUIMHBI «[IpOMBIlIEHHAs] SKOJOTHUS» MO TEME:
3arps3HEeHUE aTMoCc(ephl MPU C)KUTAHUA OCHOBHBIX BHUJIOB OPTAHUYECKOI'O TOILIMBA.

[IpuBeneHBl OCHOBHBIC BBIOPOCHI 3arps3HSIONIMX BEHISCTB IMPU COKUTAHUHU
OpPraHUYECKOr0 TOIJIMBA U OXpaHa aTMOC(EpPHOro U METOJMKa pacuera ¢ 3aJaHUsIMU
JUTSL TIPOBEACHUS TPAKTUYECKUX 3aHSATHUH CO CTYACHTaMH TIO Pacdery BBIOPOCOB
3arpsA3HSIONIMX BEIIECTB B aTMOc(epy IpH CKUTaHUHU TOIUIMBA B KOTJoarperarax
KOTEJILHOH.
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JA.M.HypueBa
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1.BBIBPOCHI 3ATPSI3HATOIINX BENECTB MPH C)KUT AHUH
OPTAHUYECKOT'O TOILUIUBA U OXPAHA ATMOC®EPHOTI'O
BO3YXA

Heasn: I[IpakTueckoe 03HaKOMJIEHHE C OIpEEICHUEM BaJOBBIX BBHIOPOCOB
BpPEAHBIX BEUIECTB NAPOBOr0 KOTJIA MPHU CKUTAHUU OPTraHUYECKOro TOILIMBA.

3agaum:1l) Paccuurars [0 MpeNIaraéMoOMy BapUaHTy BaJlOBBIU u
MaKCHUMaJIbHO-Pa30BbIil BBIOPOCHI BPEJHBIX BEIIECTB MAPOBOrO KOTJIa U CPABHUTH
MOJIyYUCHHbIE 3HAYEHUS OKCHJla a30Ta, Cepbl M JIETy4edl 30Jbl C HOpMaTHUBaMU
yIeTIbHBIX BBIOPOCOB B aTMOCdepy.

Oo01mme MOJIOKEHUSA

bbITOBbIE U MPOU3BOJACTBEHHBIE HSHEPronOTPEOHOCTH  YAOBJIETBOPSIOTCS
CJIEIYIOIINMHU BUJIAMU YHEPTUH:

- TEIJIOBOM (TEXHOJIOTMYECKUETPOLECChl, OTOIUIEHUE, KOHIMIIMOHUPOBAHUE
BO3/yXa),

- BJIEKTPUYECKOM (MMPUBOJ MAIIMH, 3JEKTPOAIIapaTyphl, OCBEICHUE),

- DJIGKTPOMAarHuTHOW (paauocBA3b, TenedoHHas CBS3b, TEJIEBUICHUE,
puOopsI).

Haunbonee yHuBepcalibHass - OJJEKTpUYECKass »HHEprus, oOecrneurnBaromas
MOTPEOHOCTh B JJIEKTPOMATHUTHOW M B 3HAYMTEIHHOM KOJMYECTBE B TEIJIOBOU
sHepruu. Jlo Hacrosmero BpeMeHH Oolbllias 4YacThb DHEPronoTpedieHus
MOKPBIBAECTCSI 3a CUET HEMOCPEJACTBEHHOTO CXKUTaHHUSI OPraHWYECKOro TOIUIMBAa B
neyax.

[Ipennpusitus, BbIpaOaTHIBAIOIIME 3JIEKTPOIHEPTHIO Ha 0a3ze OpraHUYeCcKOro
TOIUIMBA, Ha3bIBalOTCS TEIIOBbIMU 3iekTpoctanimsiMu (TOC). Ilpu cxuranuum
TOIUIMBA XMMHUYECKas HEPrusl MpPeBpaliaeTcs B TEIUIOBYIO YHEPTHUIO Mapa, KoTopas
3aTeM B IapOBOM TypOMHE NEPEXOAUT B MEXAHUUECKYIO SHEPTHUIO, a TypOOreHepaTop
nenaet ee yxe anekrpudeckon. TermoBoit KIIJI o6pranoit TOC Becbma HU3KHUH - 37-
39%. Iloutu 2/3 TemnoBOW PHEPTrUU M OCTATKOB OBIBIIETO TOIUIMBA B OYKBaJIbHOM
CMBICIIC BEUIETAIOT B TPYOY, HAHOCS BpEN OKPYKAIOIIEH cperie.

Ha  nmpou3BOACTBO  DJIEKTPOIHEPTHMHM  TEIUIOBBIMH  3JIEKTPOCTAHIUSMU
pacxoJlyeTcsi MEHee YETBEPTH BCEX JOOBIBAEMBIX TOPIOUMX MCKOMAEMbIX, OCTAIbHAs
4acTh pAcXOJyeTcsi B OCHOBHOM Ha TIOJy4Y€HHE IPOMBIIUICHHOW U OBITOBOU
TerioBor »Hepruu. [lpeanpusitvs, BbIpadaTHIBAIONIME KaK AIEKTPUUYECKYIO, TaK M
TEIJIOBYIO YHEPTHI0, HAa3bIBAIOTCS TemiodnekTpoueHTpaisamu (TOL). Dnexkrpuueckas
sHeprus TOL mogaercs B 31eKTpOCETh, a TEMIOBas - B TEIJIONPOBOIBI.

[Ipy CKUraHuM OPraHUYEeCcKOro TOIUIMBA B TOMKAaX MPOMBIIUICHHBIX U
KOMMYHAQJIbHBIX KOTJIOArperaTax M TeIUIOreHepaTopax IMPOU3BOAUTCS TEIIOBas
sHeprus (BOJSHOM TMap WIM Topsiyas BOJAa Ha OTOIUICHHWE WM Tropsdee
BojocHaOxeHue). KorenpbHbie yCTaHOBKH, MpEIHA3HAYCHHBIE JJIs1 CHA0KEHUS TTapoM
NPENNpUSTUNA, TPUHITO HA3bIBATh IMPOU3BOACTBEHHBIMU KOTEJIBHBIMU; B CIyyae,
KOrJla KOTeJIbHasl BbIpaOaThIBAET Map U HAarpeBaeT BOJY MJIs MPEANPUSITUS U HYX]



OTOILJICHUSI, €€ Ha3bIBAIOT MPOU3BOJCTBEHHO-OTOMMUTEIBLHONW;, M KOTJa KOTeIbHas
YCTAHOBKA COOpYXKAaeTCsi JMIIb IS [OTPEOHOCTEH OTOIUIEHUS U TOpPSYero
BOJIOCHAOKEHMs, €€ Ha3bIBalOT oTonuTenbHOl. [IpeacTaBieHHbIE KOTENbHBIE
MOTYT OBITh Pa3JIMYHOM MOIIHOCTH: Pa3JIMYalOT KOTEJbHbIE C MNapONPOU3BOAU
TeabHOCTHIO 10 30 T/4 m BhImIe 30 T/4.

TennoBbie 3JEKTPOCTAHIIMU W TEIIOICKTPOILICHTPAJIU, BbIpaOaThIBAIOIINE
AIEKTPUYECKYIO M TEIJIOBYIO SHEPrui0 Ha 0a3e CHKUraHUsT OpPraHUYECKUX BHJIOB
TOIUIMBA, OKA3bIBAIOT 3HAYUTEIILHOE OTPULIATEIILHOE BO3JCHCTBHUE HA OKPYKAIOIIYIO
cpeny. C JbBIMOBBIMH Ta3aMHM JJIEKTPOCTAHLIMM B  BO3IYIIHBIM  OacceliH
BBIOpachIBaeTCs OOJIBIIOE YHCIO TBEPJBIX W Ta3000pa3HBIX 3arps3HHUTEIICH, Cpeau
KOTOPBIX TaKue BpEIHBbIE BEIIECTBA KaK 30J1a, OKCHJIBI yTJepojaa, CEpbl U a3oTa.
IToMrMO 3TOrO B BO3AYIIHBIN OacceiiH momagaeT OrpOMHOE KOJHYECTBO JUOKCHIA
yriaepoja U BOJSHBIX MapoB.

Ob6bembr Bpenubix BbiOpocoB TOC B armochepy i mpumepa MOXKHO
XapaKTepU30BaTh JIAHHBIMU MaTepHalbHOro Oananca yroiabHo TOC MOITHOCTBIO
2400 MBT, pabotatoiieil Ha yrie TUIa JOHEIKOro aHTPaluTOBOro mrhioa (puc. 1).
Ha Ttakoii TOC B yac cxwuraerca a0 1060 T yruis (kajopuitHocThro mopsnaka 22,7
MJIx/kr, 301bHOCTBIO 23 %, cepHUCTOCTBIO 1,7%), U3 TONOK KOTJIOB yaansercs 34,5
T/4 1IJJaKa U U3 OYHKEPOB 3JEKTPO(UIBTPOB (OUMILAIOIIKX JBIMOBBIE a3bl OT 30JIbI
Ha 99%) - 193,5 T/4 ynOBJICHHON 30J1b1. YJIOBJICHHAS 30JIa U IIJIaK B KoJan4decTBe 228
T/4 TIOMaJar0T B 30J00TBaJ 3JEKTPOCTAHIIMM, 3aCOpsisi M 3arpOMOXKIasi OTPOMHBIE
tepputopun. [Ipyn 3TOM 4acoBoi BEIOPOC ABIMOBBIX T'a30B COCTABIISIET OKOJIO 8 MITH.
M3, coaepxkamux 2350 T yriaekucioro rasza, 251 T BoASHBIX 1apoB, 34 T CEpHUCTOTO
anruapuaa, 9,3 T OkcHIOB a3ora, 2 T Jjerydyedl 3ombl (pu 3(PPeKTUBHOCTH
3omnoynoBurenen 99%,).
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Puc. 1. Marepuanbnubiit 6ananc yroiasHoit TOC momHOCTHIO 2400 MBT
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[Ipu cxxUraHumM TBEPJOTO, KUIAKOTO W ra3000pa3HOro TOILIMBA BCS €ro Macca
MIPEBPAIIAETCS B OTXO/IbI, MPUYEM KOJIMYECTBO MPOTYKTOB CTOPAHUS B HECKOJIBKO pa3
MPEBBIIIAET MAacCy HCIOJNB30BAHHOTO TOIUIMBA 3a CYET BKIIOYEHHUS a3oTa U
KHUCIopoa (B 5 pa3 - Mpu CXKUTAHUU ra3a, B 4 pasza - yriis).

CylmiecTBeHHOE BIIMSHHE HAa COCTaB OOpa3yIOMIUXCS BPEAHBIX BEIIECTB MPH
C)KMTaHWU TOTUIMBA OKa3bIBAIOT: 1) ero BU; 2) PeKUM TOPCHHS.

1) Ha TemmoBbIX AIEKTPOCTAHIMSIX HCIHOJIB3YETCS TBEPAOE, KHUAKOE H
razoo0pa3Hoe TOILIUBO.

TBepaoe TOMIUBO

B kauecTBe TBEpAOro TOIUIMBA B TEIUIOAHEPIreTUKE HCIONB3YIOT YU
(Oypble, KaMEeHHBIE, aHTPAIIUTOBBIN MITHIO), TOPIOYNE CIAHIIBI U TOP(.

l'optouas yacme TOIIMBA BKIIOYAET OPTAHUUYECKYI0, COCTOAIIYIO U3 YIJIepo/a,
BOJIOPO/ZIa, KHUCIOPO/AA, OPraHUYECKON Cepbl, U HEOPraHMYECKYI0 4acTh (B COCTaB
roproueii YaCTH TOIUIMBA Psijia MECTOPOXKIACHHUN BXOAUT NUpUTHAs cepa FeS»).

Heeoprouasa (MuHepanibHasl) 4acTh TOIUIMBA COCTOUT W3 BJard W 30JIBL.

OcHOBHasi 4acTb MUHEPAIbHOW COCTAaBISAIONIEH TOIUIMBA TMEPEXOAUT B
MPOLIECCE CKUTAHUS B JIETYUYIO 301y, YHOCUMYIO IbIMOBBIMU Ta3zamu. Jlpyras yacTtb
B 3aBUCHUMOCTH OT KOHCTPYKIIMU TONKU U (PU3NUECKUX OCOOEHHOCTEW MHUHEPAIbHOM
COCTABJISIFOIIEH TOIUIMBA MOKET IPEBPALIATHCS B LIJIAK.

30JIbHOCTh OTEYECTBEHHBIX YTIIeH KosiebseTcs B mupokux mnpeaeiax (10-55%).
COOTBETCTBEHHO U3MEHSIETCSI M 3albUIEHHOCTh JBIMOBBIX Ta30B, JOCTHUTasl MJis
BBICOKO30JIbHBIX yTJiei 60-70 /™.

XUMUYECKUM COCTaB 30Jbl TBEPAOro TOIUIMBA JOCTATOYHO Pa3zHOOOpa3eH.
OOBIYHO 30718 COCTOHUT U3 OKCUOO8 KPEeMHUS, AIIOMUHUS, MUMAHA, KAIUs, Hampus,
Jocenesa, kanvyus, macHus. Kanoyuii B 307€ MOXET NPHUCYTCTBOBATb B BHJE
CBOOOIHOTO OKcuoa, a TakXKe B COCTaBE CUIUKAMOS8, CYAbdamog W JPYrux
COCIMHEHUM.

bonee neranbHbiE aHaNM3bl MHMHEPAJIBHOM YacTW TBEPJbIX  TOIUIMB
MOKa3bIBAIOT, YTO B 30Ji¢ B HEOOJBIIMX KOJIMYECTBAX MOTYT OBITh U Jpyrue
AJIIEMEHTBI, HANPUMED, 2epMaHull, OOp, MbIUbAK, BAHAOUL, MapeaHey, YUHK, YPaH,
cepebpo, pmymv, @Gmop, xa0p. MUKpONpUMECH MEPEUUCICHHbIX 3JEMEHTOB
pacnpeneisioTcsl B pa3iuYHBIX MO pa3MepaM dYacTull (pakuusx JeTyded 30JIbl
HEPAaBHOMEPHO, W OOBIYHO WX COJIEpPKAHUE YBEIUYHMBACTCS C YMCHBIICHUEM
pa3MepOB 3TUX YACTHIL.

B cocraBe 301bl TBepABIX BHUJOB TOIUNIMBA MOTYT MPUCYTCTBOBATH
pPaIMOAKTHUBHBIE WM30TOMBI Kajus, ypaHa U Oapus. DTH BBIOPOCHI MPAKTUYECKU HE
BJIMSIIOT HAa paJuallMOHHYI0 00CcTaHOBKY B pailone TOC, xoTs ux obiiee KOIM4eCTBO
MOXXET MPEBBIIATh BBIOPOCHI PAJAMOAKTUBHBIX a3po3oneid Ha ADC Tol ke
MOIIHOCTH.

TBepmoe TOMIMBO MOXKET COAEPKaTh Cepy B ClEAyOIMX (popmax: KomueaaHa
Fe,S u nupurta FeS,, B cocTaBe MOJIEKY]l OpraHMYECKON 4aCTU TOILUIMBA M B BHJE
cynbdatoB B MuHepaibHOW yacTH. CoenvHEHHs] Cepbl B pe3yjibTaTe TOpPEHUs



MPEBpAIIAlOTC B OKCHJBI CEpbl, Ipu4YeM OKoio 99% cocTaBisieT CEpHUCTHIN
anruapua SO,.

CepHuUCTOCTD yriiel B 3aBUCUMOCTH OT MecTopoxeHus coctaniser 0,3-6,0%.
CepHHUCTOCTH TOprOYHX ciaHIeB gocruraet 1,4-1,7%, Topda-0,1%.

Kuakoe TonauBo

B kadecTBe KUAKOrOo TOIUIMBA B TEIUIODHEPTETHKE IPUMEHSIIOTCS Mas3yT,
CJIAHLIEBOE MACJIO, TU3EIbHOE TOILIUBO.

B cocraB 30161 Ma3yTa BXomar neHtaokcuy BaHamus (V,0s), a Takke NiyOs,
A1,03, Fe;03, SiO,, MgO u apyrue okcuabl. 30JIbHOCTh Ma3yTa He npeBbimact 0,3%.
[Ipy mONHOM €ro CropaHud COAEpKaHUE TBEPAbIX YaCTUIl B JBIMOBBIX Tra3zax
cocraBmsier okono 0,1 T/M°, OHAKO BTO 3HAYCHHE PE3KO BO3PACTACT B IIEPHOL
OUYUCTKU MOBEPXHOCTEN HArpeBa KOTJIOB OT HAPY>KHBIX OTJIOKEHUH.

B xuuakom TorumBe orcyrcTtByeT nuputHas cepa (FeS,). Cepa B masyre
HaxOJUTCSl MPEUMYIIECTBEHHO B BHUJE OPraHUYECKUX COCIAMHEHHUN, JIEMEHTapHOU
Cephl U cepoBoaoponaa. Ee comepkaHne 3aBUCUT OT CEPHUCTOCTH HE(TH, U3 KOTOPOU
OH IOJIy4Y€EH.

B ma3zyre, cxxuraeMom B KOTeNbHBIX U Ha TOLI, comepKuUTcs MHOTO CEpHUCTBIX
coenuuenuid. Ilocie ero cropanusi oOpa3yercsi JAHOKCHI CEphl, SBISIOUIUNCS
MPUYMHON BBINAJEHUS TaK HA3bIBA€MbIX KHUCIOTHBIX Jokae. I[IpenoTBpaTtuth
BPEIHOE BO3JECHUCTBUE KHUCIOTHI HAa 3J0pOBbE JIFOAEH, XU3Hb JKUBOTHBIX U
PACTUTENIbHBIA MUpP, OCOOCHHO MPU CBEPXHOPMATHUBHOW €€ KOHIEHTPAIMH, MOYKHO
pu BHEAPEHUU 3(PPEKTUBHBIX TEXHOJIOTMYECKUX CXEM MO 00€CCEepUBAHUIO Ma3yTOB.
[Ipu mepepaboTke BBHICOKOCEpHHCTONW HepTH TOIBKO 5-15 % cepnl mepexoauT B
JTUCTUJUISIIMOHHBIE TIPOJIYKTHI; OCTaJdbHAas YacTh CEPhl OCTAETCS B Ma3yTe, COKUTaHUE
KOTOpOro B OonblIMX KoiuyecTBax Ha ycraHoBkax HII3 u kpymaeix TOII,
PACIIONIOKEHHBIX BOJIM3M HHX, CBSA3aHO C OOJIBIION KOHIIGHTpAIlMEH CEPHUCTHIX
COCIMHEHUI B OTXOJSIINX JILIMOBBIX T'a3ax.

TonouHble Ma3yThl B 3aBUCHMOCTH OT COJEpXKaHUA B HHUX CEpBI
MOAPA3ACIISIIOTCS. HA MAJIOCEPHUCTBIE - coaepxkanne cepbl SP < 0,5 %, cepHUCThIE Sp
= 0,5-2,0% u BeIcOKOCEpHUCTHIC Sp > 2,0 %.

Ju3enbHOE TOIUIMBO MO COJIEPKAHUIO CEPBI JEINUTCS Ha JIBE TPYIIIbIL: IepBasi-
10 0,2 % u BTopas-n0 0,5%. B cianueBoM macie coaep:xanue cepol He 6oiee 1%.

I"'a3000pa3Hoe TONJINBO

['a3000pa3Hoe  TOMIMBO  NpEACTaBiseT coboit  Haumbonee  “yuctoe”
OpPraHUYECKO€ TOIUIMBO, TaK KaK MPHU €ro MOJHOM CTOPaHUM U3 TOKCHYHBIX BEUIECTB
o0Opa3yloTcs TOJBKO OKCHABI a3ora. llpu HemomHOM cropanuu B BBIOpOcax
npucyTcTByeT okcup yriepoaa (CO).

TOC Ha npUpOJHOM ra3e 3HAYUTENBHO HKOJOTMYECKM 4YHIIE YrOJIbHBIX,
Ma3yTHBIX U CJIAHIEBBIX, HO HEJNb3s 3a0bIBAaTh O BpE/e, KOTOPbIM HAHOCUT MPHUPOIE
n00bpYa Ta3a W TMPOKIATKa THICSUYEKMIOMETPOBBIX TPYOONPOBOIOB, OCOOCHHO B

6



CEBEpHBIX palloHaX CTpaHbl, TJI€ COCPENOTOUYEHBI MECTOPOXKIEHUs rasa (yuiepo
Taiire, TyHApe, OJIEHEBOJCTRY).

B cocTtaBe 3arpsa3HAIONIMX BELIECTB, XapaKTEPHBIX MJIsi OOBEKTOB Tra30BOM
IIPOMBIIIVIEHHOCTH, 0OBIYHO BBIEAOT cepoBoaopon H,S. Ilpupoansie rassl Moryr
ObITh OECCEepHUCTHIMU WJIM COJIEP’KAaTh 3HAYUTENbHBIE KOJIMYECTBA CEPOBOJOPOJA.
JloObiua u nepepaboTka cepoOBOAOPOACOEPHKAIIMUX ra30B, TOKCUYHOCTD U JIETY4€ECTh
KOMIIOHEHTOB KOTOPBIX BBIIIE, 4YeM Yy HE(PTH, COMPOBOXKIACTCS BBIACICHUEM
oonpix konuuectB HyoS B atmMocdepy u siBisieTcst 0osiee onacHoOM Mo 3arps3HEHUI0
BO3/lyXa U APYTHX IKOJIOTHYECKUX OOBEKTOB MO CPABHEHHUIO C MPUPOJHBIM Ta30M,
cBOOOJIHBIM OT cepoBozoposaa. B mpouecce nepepaboTku ra3os, coaepxkamux H,S,
MIPOUCXOJIUT Pa3pylICHUE U U3HOC 00OPYIOBaHUS, B PE3YyIbTATE YETrO BBIIEISAIOTCS B
OKpPYXaIOIyI0 Cpely B ONACHbIX 00bEMaxX CEPOBONOPOJ M COMYTCTBYIOIIHE EMY
TOKCUYHBIE CEPHUCTHIE, a30THBIE U IPYTHUE COCTMHEHUS.

[Ipupoansie Tra3pl pas3nyaroTCs CoAepKaHueM cepoBojopoaa. Hampumep,
npupoaHbie Tazbl OpeHOYpPrcKoro MecTopokaeHus coaepxkat 4-6% cepoBoaoposa,
acTpaxaHckoro - 25 %. B Kanaae sKCIyaTUpYIOTCS Ta30BbIE MECTOPOKICHHUS C
cozepkanreM cepoBogopoaa 10 50%. ["a3er HEGTEnEepepadboTKu MOTYT COIEpKaTh OT
0,5 no 15% cepoBomopona.

TpeOoBaHus K CTENEHUM OYMCTKH 3aBUCAT OT Ha3HaueHus rasza. Ilpu ouwncrke
ra3a, BbIOpaceiBaeMoro B arMocdepy, COJEpKaHHEe CEpOBOAOPOAA JOHKHO
coorBercTtBoBarh [IJIK. IIpm OYMCTKE TEXHOJOTMYECKUX Ta30B COJEPKAHUE
CEpPOBOJIOPO/IA  PErJIaMEHTUPYETCs  TpeOOBAaHMSIMU  MPOLIECCOB  JlajbHEUIIEH
nepepabotku. CepoBOAOPOM, BBIACTSEMBbIH IPU OYKHCTKE, IepepadaThiBalOT B
AIIEMEHTAPHYIO CEepy WIH CEPHYIO KHUCIOTY. METolIbl OYHUCTKH OT CEpOBOAOPOA
MOXXHO DPa3JelUTh Ha JBE OCHOBHBIC TPYIIIBI: COPOIMOHHBIC METOABI M METOIbI
KATAJIMTUYECKOr0 OKucieHus. Haumbonbpliee pacnpocTpaHeHHE MOIYyYUI METOJ
XeMocopOmu, 00eCcTIeUnBaIONTNI CTENeHb OYUCTKH 110 99,9%.

2) [Ipu coxUraHuy OpraHMYECKOro TOIUIMBA PA3InYAlOT 4 pEKUMa TOPEHHUS

- HEeUTpajgbHOE (CTEXMOMETPHUUYECKOE WJIM IOJHOE CrOpaHue TOIUIMBA IpHU
k03 dunmente n3bbITKa Bo3ayxa o=1),

- OKUCIIMTEIbHOE (TIOJTHOE CTOpPaHKe P HEOOJIBIIIOM H30BITKE BO3ayXa o >1),

- BOCCTAaHOBHTEIIbHOE (HETIOIHOE CTOPaHUe TPU HEJOCTaTKe BO3ayxa o <1),

- CMENIaHHOE (OKHUCIUTEIHbHO-BOCCTAHOBUTENLHOE, XapaKTEPHOE JIJisi TOPECHHUS
TBEPAOro TOIUIMBA MPU HEPABHOMEPHOM B3aUMOJIEHCTBUU MTOBEPXHOCTEN €0 YaCTHII
C BO3IyXOM, Koraa o >1).

[lepeuncnennbie (hakTOphl BIUSIOT Ha BBIOPOC BCEX BPEIHBIX BELIECTB,
COJIEPKAILMUXCS B IBIMOBBIX I'a3ax - 30JIbl, OKCHJIOB a30Ta, YIJIEpOa, CEPbI, OKCUIOB
BaHa U (B OCHOBHOM BBIJIENSICTCS MIEHTAaOKCH I BaHaaust V,0s).

Jluokcuo yenepooa W napvl 600bl - OCHOBHBIE IO MAacce€ OTXOJbI

MIPOU3BOJICTBA - MOCTYNAIOT B aTMOC(hepy, BKIIOYAIOTCS B IPUPOJAHBIC IUKIIBI U
MOTJIOLIAIOTCS] PACTUTENIBHOCTHIO B IIPOLIECCE CUHTE3a OPTaHMYECKUX COCIMHEHUNA U
pereHepanuu Kuciopoaa. B 3TOM KkadecTBE ATH OTXOJbl HENb3sl MPHU3HATH
BpEIHBIMU.



Opnako  macmTaObl  UCHOJB30BaHUS ~ OPraHUYECKOro  TOIUIMBA U
COOTBETCTBEHHO BHIOpOCA JTUOKCHA YIIIEPO/Ia MO0 HEKOTOPHIM OIIEHKaM MPEBBIIIAIOT
pereHepalMoHHble BO3MOXKHOCTUA pacTUTEIBLHOTO Mupa. B pesynbrare B atmMmochepe
Ha0II0/1aeTCsl BO3pacTaHue YAECIbHOTO Beca TUOKCHUAA yriiepoja (YrJIEKUCIIOro rasa)
CO,. Biusiane CO, BbIpakaeTcsi HE TOJIBKO B TOKCHYECKOM JICHCTBUU Ha >KUBBIC
OpPraHu3Mbl, HO U B CITOCOOHOCTH MOJIoUIaTh HHGPaKpacHbIE JTyUH.

[Ipu HarpeBaHUM 3€MHOW MOBEPXHOCTU COJTHEYHBIMU JIy4aMH 4YacTh TEIUIa B
BUJIe MH(GPAKPACHOTO U3IYUYEHHs OTJAeTCsi 00paTHO B MUPOBOE MPOCTPAHCTBO. DTO
BO3BpAIlla€MOE TEIUI0O YacTUYHO MEepEeXBaThIBAETCA Tra3aMH, MOIJIOLAIOIUMU
uH(ppakpacHOe U3TydeHHEe, KOTOpbIEe B pe3ylbTrare HarpeBatorcs. Eciau 3To siBneHue
MPOUCXOJIUT B Tporochepe, TO C POCTOM TeMIepaTypbl MOTYT MPOUCXOJIUTH
KIIMMaTu4deckue u3MeHeHus (“rmapHukoBbii 3 dekt”’). [lo MHEHHUI0O MHOTHX yUYEHBIX,
ATO MOXET NPHUBECTH K PALYy KaracTpoPUUECKUX TMOCIEACTBUN TJI0OAIBHOIO
MaciTaba, B TOM YUCJIE K TasHUIO JISAHUKOB, MTOBBIIICHUIO YPOBHSI MUPOBOT'O OKEaHa
Y 3aTOIJICHUIO OTPOMHBIX U HanOoJiee 00XKUTHIX MTPUOPEKHBIX TEPPUTOPUN OKEAHOB,
nepepacipeesieHnI0 0CaIKOB, PEYHOI'0 CTOKa U Ap.

OpHa U3 OCHOBHBIX MPOOJIEM COCTOUT B TOM, YTOOBI ONMPEACIUTh MACIITA0BI U
BPEMEHHBIE paMKH KJIMMAaTUYECKUX W3MEHEHUH B pe3ysbTaTe HAKOIUICHUS Teruia 3a
cuer CO,. Jlo cux mop eme ocTaercsi HECHBIM, B KAKOW CTENEHH KIMMATHYECKUE
M3MEHEHHS CBSI3aHbI C MOTJIONICHUEM HH(ppaKpacHOro u3inydeHus: B atmocdepe. Bee
YCUJIUSL TIO OMPEENICHUI0 BO3MOXKHOT'O BO3JCHCTBUSI Ha KJIMMAT TPU YBEIHMYCHUU
conepxxanusi CO, B aTMocdepe CBsI3aHBI C BBISICHCHHEM MATBHEUITUX WU3MEHCHHM,
KOTOpbIe OYAyT HaOMIOAAThCS MPHU JOCTUKEHUU KOHIEHTpAIMU JUOKCHAA Yriiepoja
0,06 % (06.) (B Hactosimee Bpemsi B 3eMHOM artmocdepe conepxkanue CO,
cocrasinsger 0,03-0,034 % (06.). TpyaHo npezackaszarh, Korjga OyJeT JOCTUTHYTO ATO
3HaueHue. Ecnu cuurtarh, yto BbIOpOoCck CO, M B ganbHenieM OyayT MOCTOSHHO
BO3pacTaTth, TO 3Ta KOHIEHTpanusi Oyaer pgocturyra okono 2050 r. Ecmum
pacxofoBaHUE YIJIepo/la COXPAHUTCS HAa COBPEMEHHOM YPOBHE, TO YCTaHOBJIEHHE
koHieHTpaiuu CO; B atmocepe Ha ypoBHe 0,06 % (00.) MOKHO OXKUJIATh TOJBKO K
2200 r. Ecnu ke ymacTes MOCTOSIHHO COKpaniaTh NOTpedIeHre MPUPOTHOTO TOTLINBA,
TO 3TO COCTOsIHME HACcTYnUT 0Koj0 3000 r.

[Ipu npencka3zanuy BO3MOXKHBIX M3MEHEHUN KJIMMaTa B PE3yJIbTaTe YABOCHUS
conepxxanusi CO, UCTOIB3YIOT MOJEIbHBIE PACUEThl; OHU YPE3BBIYANHO CIOXKHBI U
Jal0T HEOJIHO3HAUHbIE pe3ysbTaThl. HeT yBepeHHOCTH B HAJEKHOCTH PsJa JAHHBIX,
KOTOpbIE MCIOJB3YIOTCS TPH KOHCTPYUPOBaHMM Mojenu. K HUM, B 4YacTHOCTH,
oTHocuTcs Bompoc o0 kKoimuectBe CO,, yxonmsmem u3 armocepbl U
pacTBopsroiemMcss B MUpOBOM OKEaHe.

[Ipu ynBoenuu conepxkanusi CO, B Tponocdepe H3MEHEHUE KIuMara C
MOBBIIIIEHUEM TEMIEPATYPhl CTAHOBUTCS BIIOJIHE BEPOSITHBIM, €CJIM HE MPOUCXOJUT
HUKAKUX KOMIIEHCUPYIOIIHUX MPOIIECCOB, KaK, HAIPUMEP, YCUICHHOE TMOTJIOIICHUE U
paccesiHue U3Ny4eHus B cTparocdepe u3-3a 3arpsa3HeHUil B BUE TbLUIM U a3pO30JIeil.

[Ipob6nema oOoramenus arMmochepsl ITUOKCHIOM yriepoja He JOhKHA
paccMaTpHUBaThC HM30JMPOBAHHO, TaKk Kak B Kpyroobopore CO, yd4acTBYIOT H
CUHEpruYecKne, W aHTaroHuctudeckue ¢aktopel. K cuHEeprudyeckum (dakTopam
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OTHOCHUTCSI BJIMSIHME TaKWX Tra3oB, Kak auokcuia cepbl SO,, okcun azora (I) N0,
dbropxnopyriaeBoaopossl (hpeonst), meran CH, 1 0300 O3. BogsiHbie mapbl JOKHBI
OBITh MCKJIIOYEHBl W3 3TOI'0 PACCMOTPEHMs, TaK KakK, HECMOTPS Ha JIOKaJIbHbIE
pa3iuuvs B pacHpelesieHMH HaJ TMOBEPXHOCTHbIO IUIAHETHI, UX OOImas a0jis B
aTMocepe MPaKTHUYECKH OCTAETCA MOCTOSHHOM M HE BHOCHT 3aMETHOTO BKJIaJa B
HarpeBaHue 3eMHOM moBepxHocTU. [pyrue raszel, nornomatomue UK- uznyyenue,
BHOCAT mpubau3utenbHo 50% 10 CpaBHEHHIO € OOMMM KOJWYECTBOM TEIUIA,
HAKaIJIMBaeMOIr'o 3a CYeT Juokcuja yriepona. Ilpu oreHke Tak Ha3bIBA@MOIoO
MapHUKOBOTO 3¢ @deKxTa, BBHI3BBAHHOIO JICSITEIHHOCTHIO YETOBEKa, HEOOXOAUMO
YYUTHIBATH BIUSHUE U ATOTO (paKkTopa.

JleicTBue mbBUIM W a’pO30JIEM  MPOTUBOIIOJIOKHO  JECUCTBUIO  Ta30B,
HAKaIUIMBAIOIIMX TEIUIO, TaK KaK MEPBbIE YMEHBIIAIOT KOJIUYECTBO COJIHEYHOTO
CBETA, Ma/IAI0NIeT0 Ha MOBEPXHOCTh 3eMJIH.

HenaBHo ydeHBIMH  OBUIO  YCTaHOBJICHO, YTO  YIVIEKUCIBIA  ras,
BbIOpachiBaeMbIii B Oonbmiux konuwdecTBax 1OC, HMHTEHCHBHO pa3pyliaeT u
030HOBYIO 000JI0UKY 3EMIIH.

3ona, oxcuowl cepvi, azoma U MHOTHE JIPYTH€ KOMIIOHEHTHI JIBIMOBBIX I'a30B
SBJISIIOTCS. BPEIHBIMM BEUIECTBAMM, MPEBBIIICHUE KOHLEHTPAIMU KOTOPBIX Haj
CaHUTApPHBIMU HOPMAMH B BO3yLLIHOM OacceilHe HeIOMyCTHUMO.

KommaectBo meepowix sewyecms (IIKM.p.=0,5 Mr/m°), BbIOpAchIBACMBIX B
atMocdepy, ompenensiercss 30JbHOCTHIO TOIUIMBA, IMOJHOTOM CropaHusi roprouen
MAacChl, TITyOUHOM 30JI00YUCTKH.

[Ipu ropenuu cepa, TPUCYTCTBYIOIIAs B OPraHUYECKOM  TOIUIUBE,
npeBpamaercs B oOuoxcuo cepwvt (I1JKm.p.=0,5 Mr/m®), KOIHYECTBO KOTOPOTO
OTIPEENSIeTCS] CEPHUCTOCTHIO MCIIOIB3YeMOTo ToruiuBa. Hanbonbiyto cepHUCTOCTH
MMEIOT TOIUTMBA €BPOMENUCKOM YacTu (IMOJAMOCKOBHBIE M yKpauHCKUE Oypbie yIiu,
JOHELKNW, KU3EJIOBCKHM, WHCKHM KaMEHHBIE YIJIM, 3CTOHCKHE TOPKOYHE CIAHIIBL,
MazyTbl U Heptu Tarapum u bamkupun). Cubupckue yriid UMET HeOOJbIIOoe
colepKaHUEe cepbl. becCepHUCTHIM  TOIUIMBOM  SIBJISICTCSI TPUPOAHBIM  Ta3
OOJIBIIMHCTBA MECTOPOXKACHUH, 3a UcKioueHrneM OpeHOyprckoro, MECTOPOXKICHUM
Cpenneit A3uu u HUXKHEN Bonru.

[IpoGnema 3arpszHeHHsT aTMoc(epbl CEpHUCTBIM AHTHAPUIOM MpUOOpeTaeT
erre OOJIBIIYIO OCTPOTY B CBSI3M C TPAHCTPAHUYHBIM MepeHocoM mnpumeceit. [loToku
CEPHUCTOTO AaHTUApPHUAA, H3MEpPSAEMble MWUIMOHAMU TOHH B TOJ, IEPECEKAIOT
roCy/IapCTBEHHbIC TpaHUIlbl, 0COOeHHO Ha Tepputopur EBponsr u CeBepHoii
Amepuku. B Haubosiee HeOIaronpusiTHOM TMOJOXKEHUU OKa3aJIUCh CTPaHBI,
pacnionoxxennsie Ha Boctoke u CeBepo-BocToke EBpomnbl, B CBsi3U ¢ npeodiagaHueM
3aMajiHbIX MOTOKOB BO3JYIIHBIX Macc B 3ToM pervoHe. CTpajaroT jeca W o3epa
CxannunaBckux ctpan (Hopserus, IlBemnusi). Tak Ha Tepputoputo COBETCKOTO
Coro3za exeroano nonaaaet 5-10 MiIH.T, a yxoauT Ha 3amajg 1,5-2 MIIH.T.

Okcuowr azoma (TTJIKM.p.=0,085 Mr/m°) 00pasyloTCs HpH TOPEHHH 3a CUET
OKHUCJIEHHUS a30Ta BO3/lyXa TOJbKO NPH BBICOKMX TEMIIepaTrypax U 3a CYET a30Ta B
TOIUIMBE, HAXOJSIIETOCS B CIIOXKHBIX OPraHUYECKHUX COCTUHEHUSAX, BXOISAIINX B
COCTaB yIiig U B MOJICKYJISIpHOM cocTosiHuu. B okcup azora (II) NO nepexoaut 10-
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30 % TomnuBHOro azora. Ha BwIxoje W3 AbIMOBOM TpyObl auokcua azora (NO,)
coctaBisier 10-15 %, ocranbubie 85-90% coctaBnser B ocHoBHOM NO. [lanee npu
JIBWKEHUU JhIMOBOro (hakena B arMmocdepe KOIWYECTBO JUOKCHIA a30Ta
yBenuuuBaercst 10 60-70%. Jluokcun azoTa TOKcUuHee, yeM okcui. Eciu BEIOpOCHI
OT aBTOTPAHCIIOPTA MPOU3BOMAATCS HAa YPOBHE 3€MIIA, TO BHIOPOCHI SHEPTETUYECKHUX
NPEeANpUATUNA OCYIIECTBISAIOTCS Ha BhicoTe Oonee 100-300 M. DTO ciocoOCTBYET He
TOJIBKO JaJdbHEMY IMEPEHOCY MNpUMECe, HO W TMOMaJaHUI0 UX B BEPXHHUE CJIOU
aTMocdepbl, B YaCTHOCTH B 030HHBIN CIIOM, pacroioKeHHbIN Ha BbIcOTE 18-26 KM.

B pesysbrare CIOXKHBIX peakuuii B auanasone temmeparyp 700-800 °C mpu
HEJIOCTATOYHOM KOJIMYECTBE KHCIOPOJA, MOJABAEMOr0 B 30HY F'OPEHHS, B JIBIMOBBIX
razax oOpa3yercss MOJUIMKIWYecKud  yriaeBojopos  Oenz(a)mupen  CyoHyg
(ITIKMm.p.=0,1 mr/ 100M3), 001aIaroIuii KaHIIEPOT€HHBIMU CBOMCTBaMU. ATperaTHoe
cocTosiHhe OeH3(a)upeHa B JIBIMOBBIX Ta3ax-a’po3osibHoe. KaHieporeHHbIMU
BEILIECTBAMU SIBJISIFOTCSI XUMHUYECKUE BEIIECTBA, BO3JICHCTBUE KOTOPHIX Ha YEJIOBEKA
BBI3BIBAET PaK U JPYrue OMyXOu.

[Ipy HEMOJIHOM CrOpaHWM KHUIKOr'0 TOIUIMBA B JBIMOBBIX T'a3aX 00pa3yroTcs
KPYIHOJUCIIEPCHBIE, JUIYYUE YaCTHUIIbl Ca)XH, COCTOAIIME MPEUMYIIECTBEHHO U3
yraepona. Caxa crocoOHa aacopOupoBaTh OeH3(a)IIMPEH, B pe3yJbTaTe 4Yero ee
YacTUIbI TPUOOPETAIOT KAaHLIEPOT€HHbIE CBOMCTBA.

K Bpemnbim Bo3geiicTBusiM TOC creayer OTHECTH M BBIOPOCHI TEIUIOTHI,
MPUBO/AIIME K TEIJIOBOMY 3arpsS3HEHUIO OKPYKAIOIIeH cpelbl. DHEePreTUYECKUM
6ananc yronbHoi TOC ckianpiBaeTcsi TAKUM 00pa3oM, YTO TMOTPEOUTENIO OTIAETCS
tonbko 30-35% »sHepruu, nojsydeHHOM Mpu cxuranuu TtorumBa. [Ipumepno 10%
TEIJIOThl YXOAUT B aTMocdepy ¢ AbIMOBBIMU razamu, a Oonee 50% oTBOAMUTCS B
MpolLIecce OXJIAXKIEHUSI KOHIEHCATOPOB TYpOUH 100 BOIOM, 3a0UpaeMoil U3 peK wiu
BOJIOEMOB, JIMOO B TpaaupHsax. [Ipoucxojdiinee mpu 3TOM TEIUIOBOE 3arpsi3HEHUE
BOJIOEMOB TPU HEIOCTATOYHOCTH 3alIUTHBIX MEP CIOCOOHO HAPYIIUTH YCIIOBUS
oOutanusi BOAHOW ¢opbl U ¢ayHbl, MNPUBECTH K Pa3BUTHIO B BOJOEMax
HEXeJIaTeIbHbIX OHOJIOTUYECKUX IMPOIIECCOB (pa3pacranuto CUHE-3€JIEHBIX
Bojopocielr u T.i.). TerutoBele BbIOpockl TOC BO3MEHCTBYIOT Ha OKPYXKAIOIIYIO
cpemy, MEHsI MHUKPOKJIMMAT B pailloHe ee pa3MelieHus, a TMpd OOJBIINX
KOHIICHTPAIUSAX MOIIHOCTH MOT'YT MPUBECTH K U3MEHEHUIO UPKYJIISINKU BO3AYIITHBIX
Macc, UX TeMIIepaTyphl U BIIaXKHOCTH.

Takum oOpa3zoM, ydactue sHepreruueckux npeanpuatuil (TIC, KOTenbHbIX) B
3arpsi3HEHUHM OKPY’KAroIIel Cpelibl MPOAYKTaMU CropaHusi, TBEPAbIMH OTXOJIaMHU U
HU3KOIMOTEHIIUAJIBHBIM TETJIOM 3HAYUTEIBHO.

Oxpana atMocgepHOro Bo3ayxa

3arpsi3HeHHe BO3AYLIHOIO OacceiiHa OOBEKTaMHU TEIUIOdJIEKTPOIHEPTETUKU
CBS3aHO B OCHOBHOM C BBIOPOCAMHU JILIMOBBIX I'a30B, 00pa3yIOMIMXCS MPU CKUTAHUU
OpPraHWYECKOro TOIUIMBA B KOTJIAX AIEKTPOCTAHUMNU. B CBA3M € 3TUM U1l CHUKEHUS
BPEIHOTO BO3JEHCTBUS HSHEPreTUKM Ha BO3AYIIHBIH OacceiilH MOXKET ObITh
HCIIOIb30BaHO KaK MUHUMYM TpH ITyTH:
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1) yMeHbIIIEHHE KOJUYECTBA U YIyUIICHHE KauyecTBa OpPraHUYeCKOro TOILUIMBA,
CKATAEMOT0 ISl IIPOU3BOJICTBA AJIEKTPOIHEPTUHU U TEILIOTHI;

2) TioiaBieHEe 00pa30BaHUs U yJIaBJIMBAHUE BPEIHBIX KOMIIOHEHTOB JBIMOBBIX
ra3oB M COKpallleHuEe OJlarogapsi STOMY BBIOpOCA AJIEKTPOCTAHIUSIMHU BPETHBIX
BEIIECTB B aTMOChepy;

3) yMCHBIICHUE KOHIICHTPAIMM BpPEIHBIX BEIICCTB B IPU3EMHOM CJIOE
aTMoc(epbl B pe3yibTaTe pPacCEUBaHUS BPEIHBIX BBIOPOCOB BBHICOKUMH TpyOaMmu
9JIEKTPOCTAHIIMHI, OOJiee paIlMOHAILHOIO MX pa3MEICHUs, YCUJICHUS KOHTPOJIS 3a
BBIOPOCAMHU M KOJIOTHYCCKOE YIPABICHUE PSKMMAMK SHEPTeTUUYCCKUX TIPS IIPHUITHI
C WCTIOJIb30BAHUEM DKOJIOTHYECKH YHCTHIX TOILIUB.

1) YMeHbllIeHHEe KOJIMYECTBA W YJyYlleHHe KadecTBa C:KHTaeMoro
TOIJIMBA

Camxenne oObeMa BpEOHBIX BBIOPOCOB B aTMoc(epy B MEPBYIO OdYepe/lb
MOXKET ObITh 00ECIEUEHO 3a CUET COKpAIIECHUS! KOJUYECTBA M YIYUIIEHHUsS KauecTBa
CKMIaeMOro TOILIHBA.

['moGanbHbIM  HampaBJIE€HHEM B JTOW 00JIaCTU  SIBISIETCS  NOBbIULEHUE
koaghpuyuenma nonesnozo deticmsusi (KI1J1) snekTpocTaHiuil 1 COOTBETCTBYIOIIETO
CHUKEHUSI YJIETbHBIX PACXO0B TOILINBA.

Jlns  ycwiieHus 3TOro mpouecca HEoOXOJuMO HE TOJbKO Bce Ooree
COBEpIIICHCTBOBATh 000pYyJIOBaHWE, HO W HMHTCHCH(PUIMPOBATH JEMOHTAX U
PEKOHCTPYKIIMIO YCTapeBIIEro OOOPYIOBaHUsS, MOJII KOTOPOrO B SHEProcUCTEMax
CTpaHbI C KayKJbIM I'OJIOM YBEJIMYNBAETCS.

OcHoBHOe HOBOe Hampaiienne B mnoBbimieHnd KIIJ[ TtomnmBa Ha
ANEKTPOCTAHIUAX B HACTOAILLEE BpPEMs CBS3BIBAETCS C PA3BUTHEM MapOra3oBBIX
yctanoBok (III'Y). Kak u3zBectHo, nocTUrHyThiii B HacTosee BpeMsa KIIJ[ TernoBsix
AJIEKTPOCTAHIIUA HAxOAWTCS Ha ypoBHe, Onu3koM K 40%. OtedecTBEHHBIE H
3apyOeKHbIE OLIEHKH MOKa3bIBAIOT, YTO MPH CKUraHuu npupoanoro raza KIIJ I[IT'Y
MOXKET OBITh joBencH A0 50-56%, T.e. PKOHOMHS TOIIMBA U COOTBETCTBEHHO
CHI)KEHHE BBIOPOCOB MPHU KCIOJIB30BAHUM TaKUX YCTAHOBOK MOT'YT COCTaBUTH 27,5-
40 % mo cpaBHeHUIO ¢ 00braHBIMU TOC.

BaxxHblM TIPUPONOOXPAHHBIM MEPONPUITHEM SIBISETCS W HOBblULEHUE
Kauecmea ucnonvzyemozo monausa. C TO3ULMA OXpaHbl BO3AYIIHOro OacceiiHa
MPEUMYIIECTBA HMMEIOT TE€ BUJBl TOIUIMBA, KOTOPbIE COJEPX AT MEHBIIE
HEXeJIaTeNIbHbIX MPUMECEH, B MEPBYIO O4Yepeqb 30Jbl, cephl U a3ora. [loaTomy BO
n30eKaHWe M3JIMIIHEr0 3arpsA3HEeHUs BO3AYIIHOro OacceifHa MPEUMYIIECTBO IO
BO3MOYKHOCTH [JOJKHO OTJABAThCS MAJIO30JbHBIM W MAaJIOCEPHUCTBIM TOIUIMBAM.
Haunbonee 4MCTBIM OpPraHMYECKUM TOIUIMBOM ABISIETCS NpuUpoaHbld ra3. Ilpu ero
C)KMUTaHUU HE BBIJEISIIOTCSA TBEP/IbIE YACTUIIBI U MTPAKTUYECKU OTCYTCTBYIOT BHIOPOCHI
CEPHUCTBIX COCTUHECHUN.

B cBsi3U ¢ 3TUM NepeopreHTalNs] Ta30Ma3yTHBIX JIEKTPOCTAHUMN HA COKUTAaHUE
NPEUMYIIECTBEHHO MPUPOJHOIO0 Tra3a W COKpAllE€HUE JO0JIU BBICOKOCEPHUCTOIO
Ma3zyTa MOXKET NMPUBECTU K HE MEHEE OUIyTMMOMY pPE3yJIbTaTy, YeM YCTAaHOBKa Ha
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ANEKTPOCTAHIUAX, CHKUTAIOIIUX BBICOKOCEPHUCTHIE TOIUIMBA, JIOPOrOCTOSIIUX
CEPOOYUCTHBIX COOPYKEHUM.

OTeuecTBEHHbIE TONOYHBIE Ma3yThl BbIPAOATHIBAIOTCS B OCHOBHOM M3
CEepHUCTHIX HeTel u coxepxat a0 3,5 % cepbl. KoHUEHTpamus cepbl B MPOAYKTAX
CTOpaHusl TAKMX Ma3yTOB HEJOMYCTUMO BEJIHMKA, YTO OCOOCHHO HEOIAroNnpusiTHO NpU
pacnonoxxenn TOC BOAM3M WM B YepTE€ TOPOAOB CO 3HAYUTENBHBIM (HOHOM
3arpsi3HeHust atMocepsl. [1o nmerommmMes onenkam s Ma3yTHeix TOC Haunbonee
1€J1eCO00pa3HBIM TyTEM COKpPALLEHUSI BBIOPOCOB AUOKCH]IA CEPBI C SKOHOMUUECKON U
COLIMAJILHOM TOYEK 3peHusl SBIseTCS 00jaropa)XMBaHUWE TOIUIMBA B IPOLIECCE €ro
IIPOM3BOJICTBA Ha HeTenepepadaThIBAOIIUX 3aBOAAX CO CHIKEHHUEM COJIEep KaHUs
cepsbl 10 1% u menee. HapogHox034iiCTBEHHBIE 3aTPAThl B 3TOM Cllydae OKa3bIBAlOTCS
B 1,3-2 pa3za HWXKe, 4eM IpPU YCTAaHOBKE Ha 3JIJIEKTPOCTAHLHUAX CEPOOYHUCTHBIX
coopyxeHuil. [Ipu 3TOM ynpolaercs sKciIyatanus 3J1€KTPOCTaHIMM U BO3pacTaeT
HAJEKHOCTh 3JIEKTPO- U TEIUIOCHAOKEHUS TOTPEOUTEIIEH.

JIOTIOJTHUTENBHOIO YMEHBILIEHUSI BBIOPOCOB OKCHJIOB CEPbl MOXKHO JOCTHYb
MOBBIIICHUEM JIOJIA UCTIONb30BAHUS MAJIOCEPHUCTBIX TBEPJIBIX TOIUIMB.

C 3KOOrMyYecKord TOYKHM 3PEHHUS Ba)XKHOE 3HAUEHHE UMEIOT obozaujeHue u
nepepabomka meepoo20 MONIUGA, TOBBIIAIOLUIME €ro KadecTBa, B TOM YHUCIIE
CHIDKAIOUIME COJIEp)KaHUE B HEM 30JIbI M cepbl. PacueTsl MOKa3bIBAIOT, YTO MpU
CHIDKEHUHM 30JbHOCTH | MiH. T yrisg Ha 1% MOXHO COKpaTUTh BBIOPOC 30JIbI
npuMepHo Ha 10 TbIC. T.

3a pybexom, ocobenno B CIIA u ®PI, ocymecTBistorcs ra3udpukamms
TBEPJOTO TOIIMBA U MOJIYYEHUE Ha 3TOKM 0aze TpaHCHOPTAOENbHOI0 ra3000pa3Horo
TOIUIMBA C BBICOKOM YNEIBHOM TEIUIOTOM cropanus. [lomyueHue sHEpPreTuHyecKoro
ra3a U3 TBEpJOro TOIUIMBA NPEACTABIISIET UHTEPEC U JUIsl HALIEH CTpaHbl, HAIpUMED,
B CBSI3U C OCBOEHHEM MecTopokaeHur yried KaHcko-AuuHckoro OacceiiHa.

Cpenun meTonoB razuukanuy TBEPAOrO TOIJIMBA MPEICTABISIET HHTEPEC
mepmoxumMuyeckuii  cnoco6 — NepepadOTKM  TOIUIMBA HAa  DJIEKTPOCTAHIUSX,
MO3BOJISIIOLIMI TMONYYUTh OYMILEHHBIM Ta3 M CKWUraHUs B KOTJIAX U B BHJE
NOoOOYHBIX TNPOAYKTOB cepy, OeH3on, Toiayosn u Jap. Co3gaHue onTUMaibHOU
TEXHOJIOTUU MepepadOTKU TOIUIMBA [0 3TOMY METOJY MO3BOJUT IMOJYYUTh MPHU €ro
peanu3aldyd B JHEPreTHKE OMOJHUTEIbHBIA AIKOHOMUYECKUH 3(PQeKT 3a cuer
U3BJICUEHHUS TOOOYHOIN NMPOTYKLIUH.

2) MeToabl MoaaBjeHUsI U YJIABJIMBAHUSL  BPEIHBIX KOMIIOHEHTOB
ABIMOBBIX I'a30B HA JJIEKTPOCTAHLMAX

I[J'I}I OXpPaHbl BO3AYIIHOI'O OacceiiHa Hamboliee BaKHBIMH  SIBJISTFOTCS

MEpONPUATHS, COKpAIAIOIIME BHIOPOCH C ABIMOBBIMH Ta3aMU DJEKTPOCTAHIINI
TBEPBIX YaCTHII (30J1b1), OKCUIOB CEPhI U a30Ta.

12



MeTtoabl 60pbOBI ¢ BBIOpOCAMH TBEPABIX YaCTHIL

KonuuecTBo TBepAbIX YacTHI[ 30kl W HENOXKOra TOIUIMBA (IOJ] HE0XKOTOM
TOIUIMBA HMEETCS B BHJAY MEXaHUYECKUN HEJOXKOr, T.€. TBEPAbIC YaCTHUIIbI
HECTOPEBIIIEro TOIUIMBA), 00OPa3yIOIIUXCS B TOMKAX KOTJIOB U YHOCHMBIX U3 TOMKHU
JTLIMOBBIMU Ta3aMH, MPOMOPIUOHAIBHO KOJUYECTBY CKHIaeMoro TOIUIMBA, €ro
30JbHOCTH M CTeneHu uuiakoynaBiauBanus. I[locnmenusisi cocrtaBisier 5-10% mnpu
tBepaAoM U 15-30% mnpu xkuakoM HulakoygajdeHu. s KOTJIOB ¢ MeEXaHU3U
POBAHHBIMHU CJIOEBBIMHU TOMKAMM 3TOT MOKA3aTENb 3HAUMTENbHO BhIlIe 80%.

KonuuectBo nerydeit 305161, BEIOpachiBaeMOM B aTMOC(eEpy SHEPTeTUUECKUMU
yCTaHOBKaMu, onpenensercs 3h(OEKTUBHOCTBIO OUYUCTKU Ta30B B 30JI0YJIOBUTEIISX,
YCTaHABIIMBAEMbIX 33 KOTJIAMH.

B namieli crpane u 3a pyOeXoM B3ST KypC Ha MaKCHMaJbHO BO3MOXHYIO
OUHUCTKY Ta30B OT 30ibl. Hanmpumep, B AHINIMM TpeAycMaTpPUBAETCS OUYMCTKA
JLIMOBBIX Ta30B OT 30Jibl Ha 99,2, a B ®PI" Ha 99,5%. ¥V nHac npunsto, yro KIIJI
30JI0yJIOBUTENICH JOMKEH OBbITh Il DJEKTPOCTAHIIMM, CHKUTAIOIMIMX 30JIbHBIC
TOIUIMBA, - 99,5%.

[To mpuHIMIaM JEHCTBUS 30JI0YJIOBUTEIU PAa3HOOOPA3HbI: 3JIEKTPOPUIBTPHI,
MOKpPBIE€ UHEPIIUOHHbIE, CYXHE UHEPIIUOHHBIE.

HaubGonee pemeBsl MOKpble 30s0yioBUTENU. MU oOcHalieHa MoJoBUHA
ANIEKTPOCTAHIIUNA cTpaHbl. Takue ammapatbl OTHOCUTEIBHO KOMIIAKTHBI, pa0OTaroT
YCTOWYMBO, OOecTieunBasi CTEMEHb OYUCTKH Ta3oB 95-97%. OcCHOBHBIE TPYIHOCTH
AKCIUTyaTalliM 3TUX allllapaToB CBSI3aHbl C H3HOCOM (YTEPOBKH, a TakkKe C
o0OecreueHreM HaJJIeKAIIEro KaYeCTBa OPOIAIONIEH BOIBI.

Haubonee HamexHbl W yHAOOHBI B OJKCIUTyaTalldd CyXH€ WHEPIIMOHHBIE
3oioysoButend. OaHaKo 00JacTh UX MPUMEHEHUS OTrPaHUYUBACTCS CPABHUTEIHHO
HU3KOM 3(PGEeKTUBHOCTBIO, OCOOCHHO Il MeEIKoAMcHepcHeIX dactui. 30%
anekTpoctaniuii OwpiBiiero CCCP umenu snexktpoduibTpbl. B Hacrosiiee Bpems
noikHast 3(PEeKTUBHOCT pabOThl 3IEKTPOGUIBTPOB OOECIeunBaeTCs HE BCerjaa:
CTENEHb OYHUCTKH oOlpeaensercs ¢(U3NKO-XUMUYECKUMH CBOMCTBAMU 30JbI U
JTLIMOBBIX Ta30B, a TaAK)KE CKOPOCTHIO JABMIKEHUS M TeMIlepaTypoi 3Tux rasos. [Ipu
COBEPIIEHCTBOBAHUM KOHCTPYKIIUU D3IEKTPOPUIBTPOB UX I(H(PEKTUBHOCTH MOMKET
OBITH TOoBeaeHa 10 99- 99,5%.

HecMoTpst Ha TO, 9TO METOABI OOCCTIBIIIMBAHUS JIBIMOBBIX Ta30B B HACTOSIIEE
BpeMsi Hanbosee pa3paboTaHbl, JEHCTBYIONINE U BHOBb YCTaHABIMBAEMBIC arlliapaThl
BO MHOTHX CIIy4asiX HE€ YJIOBJIETBOPSAIOT MPEIbABISIEMbIM K HUM TpeOoBaHusiM. B
HACTOSIIIIEE BPEMS CpefHsIs Mo cTpaHe 3(PPEeKTUBHOCTh 30JI00YUCTKHA HAXOAUTCS Ha
ypoBHE 95%. HoBble sHepreTnyeckre KOTJIbl OCHAIIAIOTCA BJIEKTPOPUIbTpaMU
s pexTuBHOCTHIO 99% U BHIIIIE.

BonbIIMHCTBO TMPUMEHSEMBIX 30JI0YJIOBUTEIEH HW30MpaTeNbHO YIaBIMUBAIOT
OTHOCHUTEIIbHO KpYIHbIe (pakiuu 30Jibl, TOTJa KaK UMEHHO B MEJKUX (PpaKiusx
KOHILICHTPUPYIOTCSL ~ TSDKENblE METAJJIbl W JAPYTM€ TOKCHYHBIE KOMIIOHEHTHI.
YcTaHOBIEHO, YTO MO AMCIEPCHOMY COCTaBy 30Jla B M3BECTHOM Mepe KOMUpPYET
YTOJIbHYIO MbUIb, U MO3TOMY CTENEHb MOMOJIa YIJISI HEMOCPEICTBEHHO BJIMUSIET Ha
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OYHUCTKY Ta3a, TaK KaK KpyIHas 30Jja Jy4YIlle YIaBIuBaeTcs. TakuM o0pa3om, yxe Ha
JTamne TOTUTHBOIIOT OTOBKH MOKHO MpeaycMaTpuBaTh MEPOTIPUSATHSA,
o0ecIeynBaroIne CHUKEHNE BEIOpOCa 30JTbI.

[Ipu cxuranum wmas3yra OTOJTHHUTEIbHBIC 3arpsA3HUTENH TOCTYMaloT B
atMoc(epy B BHJE CaXH, KOTOPbIE HAHOCAT CYIIECTBEHHBIH yIIepO OKpyKaromen
cpefie, TOCKOJbKY SIBIISIIOTCSA HOCHUTENSIMH KHCJIOT W KaHIeporeHos. [loatomy,
HECMOTpPSI Ha CPaBHUTEIHHO HEOOJBIIOE KOJMYECTBO BBHIOpAChIBAEMOW 30IIbI, Ha
ANEKTPOCTAHIUAX, paboTalolmuX Ha  Ma3yre, HEOOXOIMMO  TMPUMEHEHHE
30JI0yJIaBJIMBAIOIINX YCTAHOBOK CIICMANBHBIX THUIIOB. 3a pyOeX)OoM IJisl ATHX LeNel
UCIIOJIB3YIOTCSL  NEKTPODUIBTPHI, CyXH€ WHEPIIMOHHBIE almapaThl, CKpyoOepsl
MOKPOHW OYMCTKH M TKaHEBBIC QUIBTPHI ¢ 3PPEKTUBHOCTHIO YIIABIMBAHUS TBEPJIBIX
gactul] 80-99%. [l OTE€4eCTBEHHBIX Ma3yTHBIX KOTJIOB HMMEIOTCA CIeIUaIbHbIC
30J10yJIaBJIMBAIOLIME YCTAHOBKH (OaTapelHbIe UKIOHBI, SJIEKTPOPUILTPHI U Ap.) I
OYMCTKHM JBLIMOBBIX Ia30B IIPH BLICOKUX Temieparypax (350-400 °C).

TeruioBbIe ANEKTPOCTAHIINK, PAOOTAIOIINE HA TBEPJAOM TOIUIMBE, CKIAIUPYIOT
CBOM 30JIONUIAKOBHIE OTXOIbl Ha CIENHaJbHO TIOCTPOCHHBIX 30J00TBajIaXx.
CTpouTeNnbCTBO 30J00TBAJIOB TPEOYET 3HAUUTEIBHBIX OTBOJOB 3eMeb. B HacTosIee
BpeMsl IUIOLIA[b 30JI00TBAJOB y HAc cocTtaBisier okoino 40 Teic.ra, 3amachl
30JI0LTAKOBBIX OTXOJI0B, cocTapistomue mnoytd 1,3 miupa.t (exeronno Ha TOC
oOpa3zyercst okosio 100 MIH.T OTX0JI0B). 30JI00TBAJIBI IPEJICTABIIAIOT OMPEACICHHYIO
OIMAaCHOCTh IS OKPYXAIOIIel MPUPOAHON Cpedbl, MOCKOIbKY 3arps3HSIOT MOYBY,
TPYHTOBBIE BOJIBI B CBSI3M C MBUICHUEM U WH(DUIbTpaIen.

Jleryyass 307a OTJIMYAETCS TMOBBIINICHHBIM a0pa3WBHBIM BO3ACHCTBHEM Ha
MEXaHU3Mbl M CUJIMKO3HBIM - Ha OPraHu3M 4YeJIOBEKa M3-3a OOJBIIOr0 KOJIWYECTBA
IUoKcuaa  KpeMHusa.  [IpimeHue  BBI3BIBACT  CHUKEHUE  MPOJYKTHUBHOCTHU
CEeNTbCKOXO3SIICTBEHHBIX TOJIEH, COKpAIlleHHE pecypca MEXaHHW3MOB, pa0OTaONIUX B
30HE 3albUICHHOCTH, M YXYJALIAeT CAaHUTApPHOE COCTOSHUE TEPPUTOPUH, UTO
HETaTHBHO BJIMSET HA 3JJ0POBHE UCIOBEKA.

Oco0eHHO HeOIarompHUsITHO MPOSBISETCS MBbUICHHE 30J00TBAJIOB B palOHAX C
OOJIBIIMMU CKOPOCTSIMH BeTpa. B 3THX yCIOBHSIX OH MOXKET MOCTY>KUTh UCTOYHUKOM
3arpsi3HEHMS] TEPPUTOPHH TUIOMIABI0 B HECKOIBKO COT KBaJPATHBIX KMIOMETPOB. 1o
ATUM TMPUYUHAM MEPOIPHUATHS, HAMIPABICHHBIC HA YMEHBIICHHE U HEUTPATH3AIUIO
BPEIHOI'0 BO3/ICUCTBUS MbUIECHHUS 30JI00TBAJIOB, BAXKHEHIIINE MPU UX IKCIUTyaTalIUH.

NMmerotcst paznuyHble CIOCOOBI IMBUICTIOAABIEHUS 305100TBasIoB. Haumbonee
pactpoCTpaHEHHBIM SIBJIIETCS YBJIQXKHEHHE WX TMOBEPXHOCTU. B dYacTHOCTH, Ha
30JI00TBAJIaX ~ yCTpawBarOT  JOXAeBaHHE. B 0co00  TSDKENBIX  CIIydasx
NPEANPUHUMAIOTCS MOMBITKU MOAEPKaHUS B CEKLUAX 30JI00TBAJIOB 00Jiee BBICOKOTO
YPOBHS BOJIbI MyT€M IOJIayd B HHMX OCBETJIEHHOW BOIbI. B Tex ciyuwasx, Korna
00BO/IHEHNE 30JI00TBaJIa HEBO3MOYKHO, €0 3aChIMalOT MPUBO3HBIM TPYHTOM. B 1emsix
MPEIOTBPAIICHUS TBICHUS 3alOJHEHHBIX CEKIIMH 30JI00TBAJIOB OCYIIECTBIISIETCS MX
KOHCEpBallMs, BKJIIOYAIOIIAs OTCHINKY PACTUTEIBHOTO CJOS 3E€MIIH, TIOCEB CMECH
JYTOBBIX TPaB, MOAKOPMKY MUHEPAIbHBIMU YJOOPEHUSMH U TIOJIMB B T€UEHUE 2 JIeT
710 00pa3oBaHUS COMKHYTOTO TpPaBSHOrO TMOKpoBa. Takoro poga KoHCepBalus
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BBITIOJTHEHA Ha PsJe 30JI00TBAJIOB B IIEHTpaNbHOW Tmoiioce Poccwm ¢ ymMepeHHO
BJIQXKHBIM KJIMMATOM, TJ/I€ HEe TpeOyeTcs MoJInBa.

YTunuzanus 30JI0IIIAKOBBIX OTXOJOB B HAPOJHOM XO3SMCTBE - ATO Ba)KHOE
MIPUPOAOOXPAHHOE MEPOTNPHUATHE, MPUHOCSIIEE CYIICCTBEHHBIM SKOHOMUYECKHUMA
addext. B TO ke BpeMs yTmiIM3anus 30JI0MIJAKOBBIX OTXOJIOB B HAIICH CTpaHE
HaxoauTcs Ha ypoBHE 10 % €XeroaHbIX OTXOAOB, UTO COBEPUICHHO HEIOCTATOYHO.
OCHOBHBIMH HaIIPaBJICHUSAMHU MX HMCIIOJIB30BAHMS SIBJISETCS: N3BECTKOBAHUE KHCIIBIX
nouB - 3,3 MJIH.T, 100aBKU B OCTOHBI M PacTBOPHI - 3,2 MIIH.T, oOBajioBaHuE J1amMb
30JI00TBAJIOB - 2,6 MIIH.T U JIp.

B Hacrosmee Bpems uUMEIOTCS OTpaOOTaHHBIE TEXHOJOTHMH HCIOJIb30BaHUS
30161 M 30JIONUIAKOB IS TIPOU3BOJICTBA PA3JIMYHBIX CTPOUTEIBHBIX MaTEPHAIIOB:
OCTOHOB, B TOM YHCJIC SIMCUCTBIX, IITHHO3EMHOI0 KEPAM3HTa, UTJIOMOPUCTOrO TPABHS,
IIJIAKOOJIOKOB | JIp.

B nmanpHelimeM mnpeamosiaraeTcsi YBEIWYHTHh HCIOJIB30BAHUE OTXOJOB IS
IIPOM3BOJICTBA CTPOUTENBHBIX MaTEepHaIoB (IIEMEHTa, KUPIHYA), B CEIIbCKOM XO3SMCT
B€ JUISI M3BECTKOBAHMS KHCJIBIX II0YB, a TaK)K€ BHEIPHUTH HOBBIC TEXHOJOTHYECKHE
CIOCOOBI TIEPEepaOOTKU 30JIbI W MIJIaKa B CTPOUTEIHHBIE MaTEepPHANbl, B YaCTHOCTHU
TaKHUe MPOTPECCUBHBIC MaTEPHAJIbI, KaK MIJIAKOTPAHYJIAT U a3¢pPUT.

3ammTa 0T OKCHAOB Cepbl

TennoBbie SIEKTPOCTAHIIMM BHOCSAT CYIIECTBEHHbIM BKJIaJ B 3arps3HEHUE
BO3/yIIIHOTO OacceiiHa BbIOpOcaMu TUOKCHIA CEPBI.

Jlnokcua cepbl U NPOIYKTHI €ro B3aUMOJICUCTBUS C APYTUMHU 3arpsI3HUTEIIIMU
OCAXXJIAIOTCA Ha MOYBY, IOMAJAl0T B BOJAOEMBI B BHUJIE a’3pO30JIEl M PACTBOPOB,
KOTOpPBI€ BBIMAJAIOT ¢ aTMOC(EpHBIMU OcCaJKaMH (KUCIOTHBIC NOXAW). B palionax
pacnionoxxerust KpymHbix TOC HabMr0MaeTCs MOBBIIIIEHHOE COJIEPKaHne CYIh(aToOB B
MOYBaX, B CBSA3U C YEM CHIIKAETCS UX MPOAYKTUBHOCTh. BpeHoe BIusiHUuEe TUOKCHIA
CEepbl YCUJIMBAETCS MPU HAJIMYHUM B BO3AYXE OKCUAOB a30Ta, MO3TOMY CaHUTApHBIMU
HOpMaMH BBEJIEHO TpeOOBaHUE ydeTa CyMMAalliM KOHIIEHTpPAIuid OKCHJIOB CEpPhl U
azora.

OCHOBHOE KOJMYECTBO CEPbI B JABIMOBBIX I'a3ax HAXOJUTCA B BHUJIE JUOKCH]IA
cepsl (110 99%) u Tonbko 1% npuxoauTcs Ha TPUOKCH cepbl. OJIHAKO KOHIICHTPALIUA
uMeHHO SOz B JABIMOBBIX Ia3ax ONPENENSIET KOPPO3HIO 3JEMEHTOB Ia30BO3YIIHOIO
TpaKTa.

Homa SO; B rase cHuxaercs ¢ pOCTOM TEMIIEPATypbl U C YMEHBIICHHEM
u30bITKa BO3/AyXa B TOMNKE. Takoe BeaeHHE TMpoliecca TOPEHUs BO3MOXKHO TpHU
MO//IEP’KaHUHU TOYHOTI'O COOTHOIIEHUS MEXKTY KOJTMYECTBAMM TOIUIMBA U BO3/1yXa.

CymiecTByeT 00JbII0€ KOTUYECTBO METOJA0B OYUCTKHU JIBIMOBBIX Ta3oB oT S02,
OCHOBAHHBIX Ha CEJIEKTUBHOM IIOTJIOINIEHUU CEPbl PA3JIUYHBIMU COEIVUHEHUSMHU.
Haunbonee s3KOHOMUYHBIE MOKpBIE€ CIIOCOOBI OYHUCTKM MMEIOT OJUH CYIIECTBEHHBIN
HEJIOCTATOK - YXYAIIAIOT CIOCOOHOCTH JIBIMOBBIX Fa30B PACCEUBATHCS, B PE3YJIbTATE
Yero 3a4acTyro KoHueHTpanus SO, B IpU3EMHOM CJIO€ 3JEKTPOCTAHIIMM, HECMOTPS Ha
OUYHCTKY, OKa3bIBAECTCS BBIIIE JOIMYCTUMBIX HOPM.
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K 0coOGeHHOCTSIM cepoyIIaBIUBAIOIIUX YCTAHOBOK 3JIEKTPOCTAHIIMN OTHOCHUTCS
uX  KpynHomacmTabHocTh.  Ilnomanps, 3aHuMaeMas  CepOYJIaBIUBAIOIIUMHU
YCTaHOBKaMHU, COM3MEpPUMa C TUIONIAbI0 OCHOBHBIX COOPYKEHUMN AIEKTPOCTAHIIUH.

OKcIulyaTanusi CEepoyJIaBIMBAIOIIMX YCTAaHOBOK CBfA3aHa C NOTpPEOJICHHEM
3HAUYUTEIBHOTO KOJMYECTBA PEAreHTOB (M3BECTHSKA, M3BECTHU, aMMHUaKa U Jp.) U
00pa3oBaHUEM COOTBETCTBYIOIIETO KOJIMYECTBA OTXO0J/IOB CEPOYJIABIMBAHUS, KOTOPHIE
MOT'YT UMETh W TOBApHYIO IIeHHOCTb. Jlyis ynaBnuBaHusi 1 T OKCHAOB Cephl U3
JIBIMOBBIX Ta30B AJIEKTPOCTAHIIMM Tpedyercs 1,8 T u3BecTHSKA.

Xumudeckasi TPOAYKIUS, IMojdydaemasi MPU OYUCTKE JbIMOBBIX Ta30B OT
JTMOKCHUJIa Cephl, 3aBUCUT OT BBIOPAHHOT'O TEXHOJIOTHYECKOTro nporniecca. [1pu ounctke
aMMHMAYHO-IIUKJIMYECKUM METOJIOM B KA4yeCTBE TOTOBBIX IPOJYKTOB MOXKHO
nonyanth 100%-HBIM CKWKEHHBIH JUOKCUA cepbl U cyiabdar ammonus. [lpu
MCIOJIb30BaHUM MAarHe3UTOBOI'O METOJa MOJIy4aeTcsl MPOMEXKYTOUHBIA MPOIYKT -
KpUCTAJUIBl Cynb(ara MarHus, KOTOpbIe Mociie X o0paboTku (Cyiika, OOXKuT)
MOCTYNAIOT B CEPHOKUCIOTHOE MPOU3BOCTBO.

OuyucTka OTXOMSIIMX Ta30B OT JUOKCHAA CEPbl SKOHOMHUYECKU BBIFOJHA MPU
conepxkanuu 0,5-2,5 00.% VYnanenne SO, U3 ABIMOBBIX Ta30B JENIO TPYIHOE, T.K.
HE00X0IUMO mepepadboTaTh OTPOMHOE KOJIMYECTBO ras3a, Harperoro /0 BBICOKOU
TeMIIEpaTypbl U C MajbiM cojaepkanuem auokcuna cepbl 0,1-0,4 00.%. Metoasl
noporu 1 Majnod3(pPeKTUBHBI.

JIns OYMCTKM Ta30B OT CEPHUCTBIX COCAMHEHUU MPUMEHSIOT HECKOJIBKO
criocoOOB: TMPOMBIBKY Ta30B BOJIOM, W3BECTKOBBIN, KHUCJIOTHO-KATAJIUTUYECKHUIA,
KOMOMHUPOBAHHBIM (COYETaHWE KHUCIOTHO-KATAIUTUYECKOIO U HM3BECTKOBOTO),
MarHe3WToBbIi, amMmuauyHble (MOKpBIM M cyxoil) Meroasl. Haubonee mnomHO
pa3paboTaHbl TPU METO/Aa, OCHOBAHHBIX HAa CEJIIEKTUBHOM TOTJIONIEHUH TUOKCHIA
Cepbl: aMMHUAYHO-ITUKIINYECKU, MATHE3UTOBBIN U U3BECTKOBBIM.

H36ecmkosblii Memoo

[Tocne ouYMCTKM OT TBUIM Tra3 TIOCTYNMaeT B CKpyOOep, OpoIIaeMblii
M3BECTKOBBIM PAaCTBOPOM:

SOQ+Ca(OH)2:C3.SO3+H20
CaC0O3+S0,=CaS0;+CO,
CaS0;3+1/20,=CaS0,

Henocrarok merona - oOpa3zoBaHue 1iama, CoJiepKaliero cyabQuT u cyibdpaT
KaJIbIUsl, KOTOpPBhIE IIJIOXO pAacTBOPSAIOTCA B  BOJE, HEMPOPEarupOBaBIIYIO
u3BecTh WM u3BecTHAK (Ca0, CaCOj3). DTOT m1aM HE UCTIONB3YIOT M COPACHIBAIOT B
oTBaJl. 3a pyOeXoM pa3paboTaHa TEXHOJOTHs, MO3BOJSAIONMIAS MOJIy4YyaTh U3 LUIama
BIIAXKHBIM THUIIC, KOTOPBIM TOCJIE COOTBETCTBYIOUIEH IOJATOTOBKHA OTBEYAET
TpeOOBAHUSIM CTPOUTEIBHON MPOMBIIUIEHHOCTH. CTEleHb OYUCTKUA 3TUM METOIOM
nocturaet 98%.

Ammuaunslil Mmemoo

OcHOBaH Ha B3aUMOJIEHCTBUM JIMOKCHAA CEpPbl C BOJHBIMU pacTBOpaMu
cynb(huTa aMMOHUS.

SOZ+2NH3+H20=(NH4)ZSO3
SOQ"‘(NH4)2803+H2022NH4H803
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B 3aBucuMocTtH OT cmoco0a pasnokeHusi OuCyiab(huTa aMMOHHS Pa3inyaroT
HECKOJIbKO BapHAHTOB 3TOI'0 METO/A:

-aMMHAYHO-IIUKJIMYECKUIA METOJ - 3aKJI0YaeTcs B MOIVIONIEHUH JAUOKCHUAA
Cepbl pacTBOpaMU CyJIbPUT- OUCYIb(UT aMMOHHUS NPU HU3KOW TemImeparype H
BBIJICJICHUH €r0 IMPHU HarpeBaHWH, CTEIICHb U3BJICUeHUs THOKcHaa cepsl - 90%,

-aMMHA4YHO-aBTOKJIABHBIA - CyJAb(OUT U OUCYIbPUT aMMOHHUS HArpeBarOT B
aprokiase rnpu 140-160 °C ¢ monydeHneM TOBapHBIX MPOLYKTOB - CEPHI U Cyib(ara
aMMOHMS,

-npu 00paboTKe OucCynb(pUTa aAaMMOHHS CEPHOM KHUCIOTOM BBIAEISIOIIMIACS
JUOKCHUJl CEpbl HCIOJB3YIOT JUIsl HPOU3BOACTBA CEPHOM KHUCIOTHI - aMMHauHO-
CEPHOKHUCIIOTHBIN METO,

-mpu 0o0paboTke Oucynbhura aMMoHUs a30THOW ((hochOpHOI) KUCTOTOU -
aMMHUAYHO-a30THOKUCTOTHBIA  ((ochopHokucnoTHbI). [lpu 3TOM  00pasyercs
JTMOKCH]I CephI, a30THBIE U (HOCHOpPHBIE YI0OpEHUSI.

AMMUa4HbIe METO/Ibl OTHOCUTEIBHO SKOHOMHUYHBI U 3()()EKTUBHBI, HEIOCTATOK
uXx - 6e3BO3BpATHBIE MOTEPU ACPHUIIUTHOTO MIPOAYKTA - aMMHUAKA.

Macznesumoegulii memoo

OcHoBaH Ha B3aMMOJIEHCTBUU JTUOKCHUIA CEPBI C CYCIIEH3UEH OKCUa MarHusi:

MgO+S0O,+6H,0=MgSO; 6H,0

Cynbput MarHusi oTGUIBTPOBBIBAIOT, CyIIAT M paziaratoT tepmudecku (900-
1000 °C), npu sToM nosyyaercst YucThiit SO,, KOTOPBINA UCIOIB3YETCS KaK ChIPhE JUIs
MOJIYYEHUS] CEPHON KUCIIOTHI.

[IpenmymecTBa MeTOa - CTEMEHb OYUCTKHU 70 95-96%, BO3MOKHOCTh OUUCTKH
3albUICHHBIX Ta30B C BBICOKOW TeMIepaTypor, OTCYTCTBUE OTXO/IOB U CTOYHBIX BO/I.

Ho cmoco®6 rpomo3faok, TpeOyrOTCS 3HAYUTEIbHbIE KamuTaldbHbIE U
AKCIUTYaTallMOHHbIE PACXObI (HA pEreHepaluio MOrJIOTUTENS), IPUMEHSIETCS PEAKO -
B OCHOBHOM Ha YCTaHOBKax, KOTOpbI€ pabOTaIOT HA CEPHUCTOM TOILIUBE.

AMMHAYHBII W MAarHe3UTOBBIA METOABl B OTJIMYHE OT H3BECTKOBOIO
MO3BOJIAIOT BO3BpalllaTh PEAreHThl B MPOU3BOACTBO WM MOJy4aTh TOBApPHBIE
MIPOYKTHI.

3amuTa oT OKCHIAOB a30Ta

OOpa3oBaHNe OKCUIOB a30Ta MPHU BBHICOKOTEMIIEPATYPHOM CXKUTAHUU TOTUIMBA
OOyCJIOBIEGHO B OCHOBHOM  OKHCJIEHHEM MOJIEKYJSIPHOTO a30Ta  BO3yXa
HEMOCPEJCTBEHHO B 30HE ropeHus. [Ipu HU3KOTEMITepaTypHOM CXKUTAHWUW TOILIUBA
YBEITUYMBACTCS JIOJIT OKCHIOB a30Ta, OOpPa30BABIIMXCS B PE3yJIbTATE OKHCICHUS
CBSI3aHHOT'O a30Ta, BXOJSIIEr0 B COCTaB TOIUIMBA. DTOT MPOILIECC MPOUCXOIUT JIerye
u ObICTpee, YeM OKHCIICHHE MOJCKYJISIPHOTO a30Ta BO3AyXa MPH OTHOCUTEIHHO
HHM3KHX TEMIIEpaTypax, HanpuMmep, Juis yriis npu 250-280 °C.

MakcUMaJIbHBIA BBIXOJ OKCHAOB a30Ta HaOIIogaeTcs B 30HE AaKTHUBHOIO
ropeHusi. B ocTanbHBIX 30HAaX, TJI€ YPOBEHb TEMIIEpaTypbl OTHOCUTEIHHO HUXKE,
aTMOC(EpHBI a30T MPAKTUYECKH HE OKHUCIAETCS. JTO O3HAYAeT, YTO CHUKEHUE
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TeMIlepaTypbl TOPEHUSI TOIUIMBA CIIOCOOCTBYET YMEHBIIEHHUIO COACPKAHUS OKCHIOB
a30Ta B BBIOpOCax.

CHmKeHre BBIOPOCOB OKCHUJIOB a30Ta C JBIMOBBIMH Ta3aMHU 3JIEKTPOCTAHIMI
o0ecreunBaeTcs PEKUMHBIMH u KOHCTPYKTUBHBIMHU MEpOTIPUATHSIMH,
HampaBJICHHBIMM HAa yMEHBIIIEHHWE OOpa3oBaHMsI Ta30B B TOMKaxX KOTJIOB
(IBYXCTyNeHUYaTOE CKUTaHHWE, PEUUPKYJSIIUS IbIMOBBIX Ta30B B 30HY T'OpPEHUS,
C)KUTaHWE TOIUIMBA MPHU MajbIXx K30BITKaX BO3AyXa, pa3pabOTKa HOBBIX THIIOB
rOpeJIOK M pa3IMyHOE KOHCTPYKTHBHOE pEIIEHHE TOMOYHBIX YCcTpoMcTB). Ha
BBIOOp ONTHUMAJILHOIO METO/A CHUKEHHUS COJEpXKaHUS OKCHUIOB a30Ta B TOIMOYHOU
KaMepe CYILIECTBEHHO BIIMAIOT MOIIHOCTh KOTJa W BHUJ TOIUIMBA (ra3o00pa3Hoe,
KUKOE, TBEPJOE).

Ha razoma3yTHBIX 2HEPreTHYECKUX KOTJIaX PEKUMHBIMUA U KOHCTPYKTUBHBIMHU
MEPOIPUSTUIMU YAAETCSI COKPATUTh BHIOPOC OKCUAOB a3ota Ha 35-40 %. Ilpu sTom
yBenuuenre croumoctd TOC He npesbimaer 2 %. [Ipu cokuranuu TBEpAbIX TOILIMB
MPUMEHEHUE Jla)K€ KOMIUIEKCA KOHCTPYKTHUBHBIX W PEKUMHBIX MEPONPUITHIHA
MO3BOJISIET CHU3UTh BEIOPOC OKCHUJIOB a30Ta He Oosee yeM Ha 25 Y.

[lepcieKTUBHBIM CHIOCOOOM CHHKEHHSI BBIOPOCOB OKCHJIOB a30Ta SIBISETCS
OYHMCTKA JILIMOBBIX T'a30B, KOTOpasi BCE IMIMPE MPAKTUKYETCS 32 PYOESKOM.

A30TOOUYMCTUTEIBHBIE YCTAHOBKM CJEAYET MCIOJb30BaTh JIMIIb IOCHE
MCYEpIIaHusd BO3MOKHOCTEH TIOJaBIEHUSI peakiuii o0pa3oBaHUs OKCHIOB a30Ta
CPABHUTEIBHO JE€UIEBBIMU TEXHOJOTMYECKMMH  METOJlaMM, TaK KaK OYHMCTKa
IBIMOBBIX F'a30B OT a30Ta CPAaBHUTEIILHO JIOPOr0€ MEPOIPUSITHE.

HaubGonee pacnpocTpaHeHHbI aMMHAYHO-KaTaTUTUYECKUNA METO/T Pa3JIOKEHUS
OKCHJIOB a30Ta MMEET CTENEeHb O4YHUCTKH 10 85 %. B KkauecTBe Kartaim3aTopoB
MCIIOJIb3YIOTCS CIUIaBbl M3 METAJIOB TUIATUHOBOM T'PYIbI (MajUIaInid, TUIATUHA) WA
COCTaBbl, COJIEpKAIlNE HUKENb, XPOM, LIMHK, BAHAJAUNA U JP.

6NO+4NH;3;=5N,+6H,0
6N02+8NH3=7N2+12H20

Bonbioro adpdexra MOXKHO TOCTUYD IPHU CKUTAHUU TBEPABIX TOIUIUB B TOMKAX
c "KumsAmmMm cimoeMm'", a Takke Mpu Ta3uduKanuyd TOIUIMB W HCIOJIb30BAHUU
Mapora3oBbIX YCTaHOBOK. I[Ipu cxkvranumu raz3uuiMpoBaHHBIX TOIUIMB KOJIHMYECTBO
OKCHUJIOB a30Ta MOXeT ObITh cHUKEeHO Ha 80-90 %.

3ammTa OT OKCHAA yriepoaa

XUMHYECKHE METOAbl OYHCTKH HE HAIUIM IMPOMBIIIJICHHOTO MPUMEHEHHS.
Ucnonriyercs B ocHoBHOM noxuranne CO go CO, npu BeicokoM cojepxkanuu CO,
IIPY HU3KOM - UCIIOJIb3YIOT KaTaTUTHYECKOE OKHUCIICHHUE.

3) PaccenBaHue BpeIHbIX BellecTB B aTMocdepe

Konnentparusi BpeaHbIX BEIIECTB B MPU3EMHOM CJI0€ aTMOC(hEphl 3aBUCUT HE
TOJILKO OT 00bE€Ma BpPEIHBIX BHIOPOCOB, HO M OT KJIMMATHUYECKUX U METEOPOJIO
TUYECKUX YCIOBUM MECTHOCTH, a TAKKE OT KOHCTPYKIIUU JLIMOBOM TPYOHI.
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[Ipu naHHBIX TPUPOAHBIX YCIOBUSIX U 33JaHHBIX pa3Mepax BHIOPOCOB BPEAHBIX
BelIeCTB B aTrMmocdepy YpOBEHb HX KOHIIEHTpPAIlMM 3aBUCUT OT KOHCTPYKLHHU
IBIMOBOW TpyObl, B MEPBYIO OYepeAb OT €€ BBICOTHl (KOHLIEHTpalus oOpaTHO
MIPOIOPLIMOHATIbHA KBAAPATy BBICOTHI TPYOBI).

B cBs3u ¢ aTUM pocT TpeboBaHWII K OXpaHE BO3AYIIHOTO OacceiiHa mMpu
MIPOYUX PaBHBIX YCIIOBUAX BEIET K HEOOXOJIMMOCTH YBEIMUYEHHUS BBICOTHI JBIMOBBIX
TpyO, HanboJee BHICOKUE U3 KOTOPBIX B HacTosIee Bpems npeBbicuin 300 M.

Co3gaHue BBICOKUX TpPyO OOXOAUTCS JOCTATOYHO JIOPOro, MpHUYEM UX
CTOMMOCTh IO MEpPE YBEIMWYEHHUS BBICOTHI BO3pAcTaeT MOYTH MO KBaIpaTUYHON
3aBUCUMOCTH. TeM He MeHee CTOMMOCTb JBIMOBBIX TPYO 3HAUUTEIBHO HUXKE, YEM
COOPYKEHUU IO OYUCTKE JBIMOBBIX T'a30B, YTO C 3KOHOMMYECKOW TOYKH 3PEHUS
TOBOPUT B MOJb3y TpyO. OIHAKO B HACTOSIIEE BPEMsI COOPYKEHHE BBICOKHMX
IBIMOBBIX TpYO HE NPU3HAETCS B KAayeCTBE T'€HEPAJIBHOIO HANpPABIICHUS OXpaHBbI
BO3yIIHOrO OacceifHa, Tak Kak BpEIHBbIE BBHIOPOCHI M3 BBICOKHX JBIMOBBIX TPYO
paccenBarOTCsl Ha BECbMA 3HAYUTENIbHBIE PAcCTOsIHUA. OTpHULIATENIBHOE BO3/IEUCTBUE
ANEKTPOCTAHIUNA HAa OOLIMPHBIE TEPPUTOPUU CTPAHbI MOXKET HMETh pa3JInyHbIC
HEOJIAronpuATHbIE TOCIEACTBUSA, B TOM YHUCJIE TaKHE, KaK KHUCIOTHBIE JIOXKIH,
YXYyJIUIEHUE COCTOSIHUS aTMOC(ephl B YAAJIEHHBIX palloHaX B pe3ysbTaTe HaJIO0KEHUS
BBIOPOCOB Ha MOBBILIEHHBIE AHTPONOIE€HHBIE U MPUPOJHBIE KOHIIEHTPALIUA BPEIHBIX
BELIECTB.

B cBsi3u ¢ 3TUM B HacTosAllee BpeMsi MPUOPUTET OTAAECTCA METOJaM,
MO3BOJISIOIIMM MaKCHMAaJbHO CHH3UTh BBHIOPOCHI BPEAHBIX BEIIECTB B aTMocdepy,
nocine yero s obecredenuss gommkHoro IIJIK  nmomyckaercss  BbIOMpaTh
COOTBETCTBYIOIYIO BBICOTY TPYO.

B psne paiionoB (Bocrounas Cubups, Ypan, 3akaBkazbe) HaOII0IarOTCS
3HAUUTEIbHBIE KOHIIEHTPALMK BPEAHBIX NMPUMECEH BCIEACTBUE TOTO, YTO YCIIOBHUS
MOroJIbl HE 00ECIeYNBAIOT PACCENBAHUS U yJAJICHHS NMPOMBIIIICHHBIX BHIOPOCOB U3
MPU3EMHOTO €05 aTMOC(DEpHI.

B Takux paiioHax TpeOyercssi oOpaTUTh 0CO00O€ BHHMMAaHUE Ha OpPraHU3aLUIO
MEpPONPUATHI MO 3alluTe BO3AYyUIHOro OacceifHa. CnenyeT u3beratb CTPOUTENIbCTBA
NPEeAnpuUsATAA ¢ OOJBIIMMHU BBIOpOCAMHM B MeECTax 3acTosi BO3[AyXa M YacTo
MOBTOPSIIOIIMXCS TYMaHOB, OoJjiee TUIATEIbHO MOAXOAUTH K BHIOOPY IUIOMIAAOK MAJIs
NOPEINPUATUI C YUETOM PO3bI BETPOB.

Taxum 00pa3oM, TEIIOBbIEC AJIEKTPOCTAHIINH, CKUTAIOIINE OPTraHUYECKUE BUIBI
TOIJIMBA, OKAa3bIBAIOT CYLIECTBEHHOE BIUSHUE HA YUUCTOTY aTMoc(epHOro Bo3ayxa. B
TO K€ BpEMsl ClIeAyeT MOMHHTb, YTO 3TH MACIITA0Bl 3aBUCAT OT MomHOcTH TOC,
BUJIa W XapaKTEPUCTHUK CHKUTaeMOro TOIUIMBA, YPOBHS MPHPOJAOOXPAHHBIX
MEPOIIPUATHNA, CTENEHU TEXHOJIOTMYECKOTO COBEPIIECHCTBA DJJIEKTPOCTAHLUU MU
MHOTHX APYTHX (haKTOPOB.

Jlis BbIpaOOTKM MeEp IO OXpaHe BO3AYLIHOro OacceiiHa, MpeaoTBPallEHUI0
BO3MOXHOCTH €ro 3arps3HEHUs] HEOO0XOJUMO 3HaTh COBPEMEHHOE COCTOSHUE
atMoc¢epHoro Bozayxa. CucremMaTusanusi CBEJEHUN O pacnpeaesieHud UCTOYHUKOB
3arpsi3HEHUSI 110 TEPPUTOPUSAM, O KOJIMYECTBE U COCTABE BHIOPOCOB 3arpsi3HSAIOLINX
BEIIECTB B aTMoc(epy Ha3pIBaeTCs MHBEHTapu3aluel BbIOPOcOB. OCHOBHOU LIENBIO
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WHBEHTAPU3AIMK  BBIOPOCOB  3arpsi3HSIONIMX  BEIIECTB  SBISIETCS  MOJYy4YEHHUE
UCXOJHBIX JAHHBIX [JI1 OLEHKU CTENEeHW BIUSHUS BBIOPOCOB 3arps3HSIOMINX
BEIIECTB MPEANPHUATHS Ha OKpYyXarollylo cpeny (atMocdepHblii  BO3IYyX);
YCTaHOBJICHHUS NPENEIbHO JAOMYCTUMBIX HOPM BBIOPOCOB 3arpsi3HSIOLIMX BEIIECTB B
aTMocepy Kak B IIEJIOM IO MPEANPHUATHIO, TaAK U TO OTIEIHHBIM HCTOYHHKAM
3arpsi3HeHHsI aTMOC(Eephl; OpraHU3aAIMK KOHTPOJIS 32 COOJIIOJICHUEM YCTaHOBJIEHHBIX
HOPM BBIOPOCOB 3arpsi3HSIONIMX BEIIECTB B aTMoc(epy; OIEHKH COCTOSHUS
NbUJIEra3004MCTHOTO  OOOpY/AOBAHUS  MPEANPUATHS;  OLIEHKHM  3KOJIOTMYECKHUX
XapaKTEPUCTUK,  HUCIOJb3YEMBIX HA  NPEANPUITHA  TEXHOJOTUH;  OLEHKHU
3¢ (HEKTUBHOCTH HMCIOJB30BAHUS CHIPHEBBIX PECYPCOB W YTHIM3AIMU OTXOJOB Ha
MpEANPUATUN; TNTAHUPOBAHUS BO3YXO0OXPAHHBIX paO0OT Ha MPEANPUITHH.

[Ipy wHBEeHTapu3aluu BBIOPOCOB  3arps3HSIONIMX ~ BEHIECTB  JIOJDKHBI
UCITIOJIb30BATHCSI HEMOCPEACTBEHHO MHCTPYMEHTAIBHBIE 3aMEpPbl B COOTBETCTBUU C
JNEUCTBYIOIIMMHA CTaHAAPTAMHU U PEKOMEHI0BAHHBIMU METOJIMKAMMU.

B caydasx OTCYTCTBHSI HMHCTPYMEHTAJIBHBIX METOJIMK U ONPEIACICHHUS
BBIOpOCA KaKoro-1m0o BEIeCTBA JOMYCKAeTCsl MPUMEHEHUE PAaCUETHBIX OTPACIIEBBIX
METOMK.

2.PACYHET BbBIBPOCA 3AI'PA3ZHAIOIINX BEIECTB IIPU
C)KUT'AHUU TOILIUBA B KOTJIOAT'PETATAX KOTEJIbHOM

JIyst KOTJIoarperaToB M MaporeHepaToOpoOB MPOU3BOAUTEIBHOCTHIO 10 30 T/4 U
BbIlie 30 T/4 CyIIECTBYIOT pa3InYHbIe METOAMKHU pacueTa 3arps3HsIONUX BEIIeCTB.

Hacrosmas meTonrka npeiHa3HaueHa JJisl pacueTa BhIOPOCOB 3arpsA3HSIOLINX
BEIIECTB B aTMocdepy € razo00pa3HbIMH TPOIYKTAMH CTOPAHHS TPH CHKUTAHUH
TBEPJIOrO TOILJIMBAa, Ma3yTa M Ta3a B TOMKaxX MPOMBIIUICHHBIX U KOMMYHAJIbHBIX
KOTJIOArperaToB U TEIUIOT€HEPATOPOB MPOU3BOAUTEIBHOCTHIO 10 30 T/4.

[Ipy cxxuraHuv TBEPAOTO TOIIMBA HapsJAy C OCHOBHBIMHU MPOTYKTaMHU
cropanus (CO,, H,0O) B armocdepy mocTynaroT TBEp/ble YaCTUIIbI (JIETydas 30Ja ¢
YacTUIIAMU HECTOPEBIIETO TOIINBA), OKCUIBI CEPBI, YTIEpoa 1 a3oTa.

[Ipy cKuraHuM Ma3yTOB C JIBIMOBBIMH Ta3aMHU BBIOPACHIBAIOTCS OKCHU/IbI
yriiepoja, Cepbl, a30Ta U Ma3yTHas 30J1a (B epecueTe Ha COCIMHEHUS BaHAIMS ).

[Ipu cxuranuu rasa ¢ JABIMOBBIMHU Ta3aMH BbIOPACHIBAIOTCS JUOKCHUJ a30Ta,
OKCHJ YIJIepo/a.

BbIOpOCHl  3arps3HSIONIMX BEHIECTB 3aBUCAT KaK OT KOJMYECTBA W BHUIA
TOIUIMBA, TaK W OT THUIA KOTJoarperara.

BanioBblii  BBIOpOC TBEpABIX YaCTHUI[ B JBIMOBBIX Tra3aX KOTEIbHBIX
ornpezensercs no Gopmyie:

M; =q,mf(1-0,01L;) , T/rox (1)

IZIe ¢, - 30JIbHOCTD TOIUINBA, %o (Tabmuia 4, npuioxeHue 1),
M - KOJIMYECTBO U3PACXO0JIOBAHHOIO TOIIMBA 3a TOJ, T.,
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f - Oe3pasmepHbld KOA(D(UIMEHT, XapaKTEPU3YIOLIUN A0 YHOCHUMOW C
IBIMOBBIMU Ta3aMHU JIETy4Yell 30JbI, 3aBUCUT OT THIA TOIUIMBA W TONKHU (Tabmuma 1,
npuioxenue 1),

L, - 93¢ hekTuBHOCTH 30510y0BUTENEH, % (Tabnuna 2, npunoxenue 1).

301bHOCTh TOIUIMBA 3aBUCUT OT BHJA TOIUJIMBA U KOJEOJIETCS B IIMPOKUX
npeaenax. Jns yraei [lonmockoBHOro 6acceiina ona paBHa 39%, a nisa Kysnenkoro
Oacceitna — 11%. 3ombpHOCT roprounx ciaHIeB coctasisieT 54,2%; a mazyra — 0,1%.
besmepnbiii kodpduimeHT f 3aBUCUT OT TUIA TONKH U BUA TOIUIMBA, UCIIOJIB3YEMO
ro B KOTENBbHBIX. Tak, MpW CXKUTAaHUM OYpPHIX W KaMEHHBIX YIJIEH B TOMKE C
HETIOJBIDKHON perieTko u pydHbsiM 3a0pocom  f =0,0023, a mpu MCIOJIB30BaHUHN
TOMKA C THEBMOMEXAaHWYECKUMU 3a0pachiBaTeNIIMM M HEMOABUKHOM pPEIIeTKON
f =0,0026. DddeKTUBHOCTh 30J0YJOBUTENS 3aBUCHT OT THIA ammapara u
KoJebsercs B npeaenax ot 85 10 95%.

KonuyectBo TomnmBa, U3pacxol0OBaHHOTO 3a TOM, OMPEAEseTCS MO JTaHHBIM
MPEANPUATHS, KaK CPEIHSS BEIMUMHA 32 MPEABIIYIINUE S5 JIET WU PacyeTOM.

Omnpeznenenne Macchbl OJAHOTO M3 BHIOB HM3PAaCXOJOBAaHHOTO 3a TOJA TOILIMBA
(TBEpI0TO, )KUJIKOT0, Ta3000Pa3HOI0) PACCUUTHIBAIOT 10 OpMYyIIE:

K
m =24t K—*’”H-KH ()

T
rae tcp - CpemHSS IPOJOIKUTENHHOCTD OTOMMTEILHOTO TTePHOIa, JHEH,
K3cp

MepUO/i OTOMUTEIHLHOIO ce30Ha (MpuHUMaeTcs paBHbIM 0,65),

K, - KO3(DPUITUEHT TOJIE3HOr0 ACHCTBUSA KOTEIBbHOU (I KMJIKOTO TOILIMBA -
0,6, st TBepaoro - 0,5, razoodpasuoro - 0,7),

I1 - MaponpOU3BOJIUTEIILHOCTh KOTEIBHOM T/4ac,

K, - IONpaBOYHBIN KO3 PUITMEHT, YIUTHIBAIOIMINK 3aBUCUMOCTD MapOIPOU3BO

JTUTEILHOCTH KOTEIBHOM OT pacxoja TomuiuBa (yCJIOBHO NMPUHHUMACTCS PAaBHBIM IS
KOTEJIbHBIX MapOoNpOU3BOIUTEILHOCTHIO 110 3 T/rox - 0,02; no 10 1/rox -0,015; no 30
t/rox - 0,01).

- K03 (DUIMEHT, YYUTHIBAIOIIUN CPEIHIO 3arpy3Ky KOTEJIBHOU 32 BECh

MakcumanbHO-pa30oBblid BHIOPOC TBEPABIX YACTHUIL OIpeAeseTcs no GopMmyie:

m'f (1-0,01L )11,57
G, = m ( . ST (3)
rae m’ - pacxoj TOIUIMBA 33 CaMbIX XOJIOJIHBIN MeCsI] To/1a, T.,

n - KOJIN4YCCTBO I[HGI‘/’I B CaMOM XOJIOJHOM MCCAIC 3TOIr0 rojaa.

BanoBsiii BEIOpOC OKHCH yTiiepojia paccuuThiBaeTcs 1o hopmMyie:
M, =C,m1-0,019,)10° | t/rox (4)

21



IJIe ¢, - IOTEPU TEIUIOTHI BCJICACTBUE MEXaHUYECKOW HEITOJIHOTHI cropaHus, %
(Tabmuma 3, mpunoxenue 1),

M - KOJIMYECTBO H3PACXOLOBAHHOTO TOILIMBA T/TOJ WIH THIC. M /TOL,

C,, - BBIXOJ OKHCH YIJIEPO/a IIPU CHIYKCHUU TOILIMBA, KI/T HIIH KI/TBIC. M

co

Cco = q2 R(?ir (5)

rie ¢, - HOTEepPU TEIUIOThl BCJIEICTBUE XMMMUYECKOH HEMOJHOTHI CrOpaHUs
ToruBa, % (Tabnuua 3, npunoxenue 1),

R - KO3(p(GUIMEHT YYHUTHIBAIOIIMK JIOJNI0 TOTEPU TEIUIOTHI BCIEICTBHUE
HEMOJIHOTHI cropanus TomwmBa (R = 1 - ais TBepaoro torumBa; R = 0,5 s rasa;

R =0,65 nis mazyra),

Q' - Hu3WAsg TemoTa CropaHusl HATypaJlbHOro ToIUMBa (Tabnuua 4,
npuioxkeHue 1).

MakcumalibHO-pa30BbIil BRLIOPOC OKCHJIAa YTIepoia Onpeessercs mo GopMmyiie:

0,0116C_m'(1-0,01
G, = - n( 9.) -

rie m u n-B dopmyne (3).

BanoBsiii BRIOpOC OKCHIIOB a30Ta OMpeesieTcs mo Gpopmyiie:
Mo, = inr KNo2 (1_13)10_3 t/ron  (7)

rne Ky, - MHapamerp, XapakTepU3YIOUIMA KOJMYECTBO OKCHIOB a30Ta,

oOpasyronux oau I'JIx teruta, kr/Jlx (Tabnuna 5, mpunoxenue 1);

B - KOd(PGUIMEHT, 3aBUCANIUN OT CTENEHH CHIKEHHSI BBIOPOCOB OKCHJIOB
a30Ta B pe3yibTare MPUMCHCHHS TEXHUYECKHX pemeHud (I KOTJIOB
npou3BOIUTENBHOCTRIO 10 30 T/9ac S = 0).

MaxkcuManbHO-Pa30BBIi BHIOPOC OMpeeseTcs mo Gpopmyiie:

0,016m'Q; K o, (1 - )10°°

NO, —

. ,T/c (8)

BanioBblii BBIOPOC OKCHJIOB CEpBI OMPEAENSETCS TOJBKO IJii TBEPAOrO M
’KHUJIKOTO TOILTUBA MO opMyIie:

Mgo, = 0,0Zer(l—ﬂéoz)(l —1s0,) , T/rox (9)
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rae S’ - colepikaHue cephl B TOIUIuBe, % (Tabnuua 3, npusoxenue 1),

7%, = OJIS OKCHJIOB CEPBI, CBA3AHHBIX JIETY4€EH 307101 TOIIMBA (I CIAHIEB -
0,5; yroeii - 0,1; mazyra - 0,2),

1%, = JOJIS OKCHIOB CEPBI, YJIABINBAEMAs B 30JI0yJIOBUTENIE.

MaxkcumanbHO-pa30BbIi BHIOPOC onpeessercs mo Gopmyiie:

©0,231m'S" (L - 1746, )(I = 74,

G, - ,r/c (10)

Pacuer BBIOPOCOB MSITHOKWMCH BaHaIUs TOCTYNHUBIIEr0o B arMmocdepy ¢
JBIMOBBIMU Ta3aMH MPHU CKUTAHUM KUAKOTO U TBEPAOTrO TOIUIMBA BBIMIOIHAETCA IO
dhopmyiie:

-3
My,o, =Q,0,B'A=175c)(1-0,017,)10 , kr/ron  (11)
rae B’ - KOJIMYEeCTBO U3PACXOJ0BAaHHOIO Ma3yTa 3a roj, T.,
Q. o, - COJIEpKaHWE MEHTOKCHIA BaHAIUs B JKUIKOM TOIUIMBE I/T (IpH

OTCYTCTBUU JaHHBIX aHAJIM3a TOILTMBA JIJIsl Ma3yTa)
S"> 0,4 % omnpenensaoT no hopmye (12)

Qo =954S8"-316, /Tt (12)

rae S" (%) - ans manocepuucroro masyra (1,9 mist cepumcroro u 4,1 mus
BBICOKOCEPHHUCTOI0),
Noc - KOO UIIMEHT ocelaHus TIEHTOKCH/Ia BaHAMs Ha TIOBEPXHOCTH HarpeBa

KOTJIOB; 1775c = 0,07 17151 KOTJI0B C TPOMEKYTOUYHBIMHU MMAPOIEPErpPEBATENAMH, OUUCTKA
MMOBEPXHOCTU KOTOPBIX MPOU3ZBOAUTCS B OCTAHOBIEHHOM COCTOSIHUM; 7. = 0,05 mis

KOTJIOB 0€3 MPOMEKYTOUHBIX MapolieperpeBareneid npu TeX *e yCIOBHUSIX OYUCTKHU:
Noc= 0 Uil BCEX OCTaNbHBIX CIy4aeB; 7, - JOJS TBEPABIX YAacTHI] B MPOIYKTAX

CTOpaHMs XUIAKOTO TOIUTMBA, YJIABIMBAEMBIX JJIi OYMCTKU Ta30B MA3yTHBIX KOTJIOB
(mpusioxeHue).

Pacuer MakcuMalibHO-Pa30BOTO BBHIOPOCA MATUOKUCH BaHAIUS MPOBOJIUTCS IO
dhopmyie:
116-10°Q, 1, B'(L— 775 )(L~ 0017,

G‘VZO5 n H r/r (13)

rae B” - konmnuecTBO Ma3yTa, U3pacX0J0BAaHHOI'O B CAMBIN XOJIOJHBIA MECHLI, T.
N - KOJMYECTBO JHEU B PACUETHOM MECHLIE.
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Pacuer BBI6POCOB OKCHIOB a30Ta IIpU CIIOCBOM CKHUI'aHUH TBCPJAOIO TOIIJIMBA

Jl71st KOoT10B, 000PY/IOBAHHBIX TONKAMHU C HEMOJBM)KHOMN, IIEMTHOM PEMIETKOM, C
MTHEBMOMEXaHWYECKUM 3a0pachiBaTelieM, W JJI1 LIAXTHBIX TONOK C HaKJIOHHOU
pemeTkol cymmapHoe konudecTBo okcuoB azora NO, B nmepecuere Ha NOy; (B 1/c,
T/rom), BbIOpachkiBaeMbIX B aTMOC(hepy ¢ IBIMOBBIMU Ta3aMH, PAaCCUMUTBHIBACTCS IO
dhopmyire:

M \o, =BF,><Qir><KLoz x B, xK,, (14)

rae Bp- pacxon Tomusa, 1000 1/rog;

' - HM3IIas TeIuioTa cropaHus tommusa, 21,98 MJx/kr,
1 9
Klo, - YACIbHBIA BHIOPOC OKCHMIOB a30Ta MPM CIOEBOM CHKUTAHMU TBEPIOIO

toruBa, I/ MJIx.
T .
Bemnunna Ky, pacCUMTHIBAETCA 10 GOPMYyIIE:

Ko, =035%107° x oy (1+ 5,46102%}{/ Q' xq,, (15)

raie o, - KOd(pGUIHMEHT H30bITKAa BO3AyXa B TOMKE, MPU OTCYTCTBUHU
uH(pOpMAITUU O KOHIEHTPAINH KHCIIOpO/ia B JBIMOBBIX Ta3axX 3a KOTJIOM MOKHO
MpuHUMaTh = 2,5;

Rs - XapakTepucTrKa TpaHyJIOMETPHUYECKOTO COCTaBa YIJIsl — OCTaTOK HA CHUTE C
pazmepoM siueek 6 mm, 40%;

Jr - TEIIOBOE HAMpsHKEHUE 3epKana ropenus, 0,61208 MB1/M°.

B.- 0e3pa3zmepHbli KOG (DUIIMEHT, yYUTHIBAIOMIUM BIUSHUE PEHUPKYISINANA
IBIMOBBIX T'a30B, MOJAaBAEMbIX B CMECU C JAYThEBBIM BO3YyXOM IO KOJOCHUKOBYIO
penieTKy, Ha 00pa30BaHUE OKCHJIOB a30Ta;

B, =1—0,075r,
r7ie I — CTENEeHb PEIUPKYJISINH IBIMOBBIX Ta30B, paBHa 0%;
Br=1-0,075%0=1

K11 -k09)HIHEEHT mepecyera, Ipy OIPELEICHIH BEIOPOCOB B T/rox paBerl0”,
IIPY OTIPEICIICHUH BRIOPOCOB B T/CEK paBeH 1;

Knoz = 0.35%10-3x2,5%((1+5.46)x(100-40)/100)x 413,453 = 0,0072 r/M ]Ik

Mo, =1000%21,98x0,0072x1x10-3 = 0,1582561/rox

Mo, =1000%21,98x0,0072x1x1 = 158,256r/c
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MNo2 = MNox x 0,8

Mo, =0,158256% 0,8 = 0,1266T
M, = 158,256 0,8 = 126,6048r/c
My =M NO, x0,13

Mno=0,158256% 0,13 = 0,020571/Ton
Mo =158,256x 0,13 = 20,5733r/c

Pacuer BEIOpOCOB cepbl AUOKCUAA
CyMMapHOE KOJMYECTBO OKCHIOB CEpPhl , BHIOPACHIBAEMBIX B aTMOC(epy C
JTLIMOBBIMU Ta3aMH (T/C, T/TOM), BBIYUCISIOT TI0 popMyJie:
Mg, =0,02mS" x(L— 1750, )x(L-7i0, ) T/rOR
rae M - pacxoj HaTypaJlbHOIO TOIUIMBA 3a paccMarpuBaeMsblil nepuox, 1000
T/TOx;
S' - conep:kanue cephl B TOILIMBE Ha pabouyio Maccy, %, pasHo 0,299;

M50, - 1OJIS1 OKCUIIOB CEPBI, CBA3BIBAEMBIX JIETYYEH 307101 B KOTJI€E, paBHa 0,2;
15, = 0TI OKCHUIOB CEPBI, YIaBIMBACMBIX B MOKPOM 30JI0YJIOBUTEIIE MOIMYTHO

C YJIaBJIMBaHUEM TBEPJbIX YacThll. J[Ods OKCHIIOB CEphl, YJIAaBIMBAEMBIX B CYXHX
30J10yJIOBUTENISIX, IPUHUMAETCSI PABHOW HYIIIO.

Mo, = 0,02%1000%0,299%(1-0,2) = 4,7841/Ton

Msop = 4,784%x106/300%x3600%24 = 0,18461/c

Pacuer BbIOpOCOB yriieposa okcuaa
Pacuer xonnuectBa BIOpocoB CO BBIMOTHSAETCS IO COOTHOIIEHUIO:

- q
MCO:103><m><CCO><( —ﬁ} 8)

rae m — pacxon torusa, 1000 1/rog;
C., — BBIXOJl YTJIEpOJa OKCHA TIPU CKUTAHUM TOILIUBA, T/KT (r/em®) Wi Kr/T
(xr/TBIC.HM").

PaccuuteiBaercs o gpopmyie:

Cco =05 RQir’ (9)
rie (s — NOTEepU TeIIa BCIEACTBHE XUMHUYECKOW HEIMOIHOTHI CrOpaHus
ToruiuBa, 5%
R — kodpdunmeHT, YYIUTHIBAIOMIMK OO TOTEpH TEIla BCJICACTBHE

XUMHUYECKOM HENOJHOTHI CropaHusa TOILUIMBA, O6yCJ'IOBJ'I€HHy}O HaJIN4ueEM B
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MPOJIYKTaX HEMOJIHOIO CrOpaHusl OKCHJIa YIJIEpOja; NMPUHUMAETCSA JJis, TBEPAOIO
tormBa 1,0

Q" - Hu3IIas TEIUIOTa CrOpaHus HATypajJbHOro TOIIMBa, 21.98M/Ix Kr;
04 — MIOTEPH TeIIa BCICACTBUE MEXaHUYECKOW HEMOHOTHI CrOpaHUs TOIUIUBA,
5,3 %.
Cco = 5%1%21.98 =109,9kr/T
Mco =0,001%x1000%x109,9%(1-5,3/100) = 104,07531/Tron
Mco=104,0753%x106/300%x3600%24 =4,0152r/c

Bonpocsl Aj1s1 caMonpoBepKu:

1. ATmocdepa u OCHOBHBIE HICTOYHUKH €€ 3arps3HEHUS.

2. CBoiicTBa M XapaKTEPUCTUKU BHIOPOCOB BPEAHBIX BEIIECTB B aTMOCheEpy.

3. PaccenBanme BRIOPOCOB BpEIHBIX BEIIECTB B aTMochepe.

4. TexHOJOTnYECKHE MEPONPUATHS IO OOpbOE C 3arpsiI3HEHUEM aTMOC(EPHI.

5. BapuaHThl OYMCTKM JBIMOBBIX Ta30B OOBEKTOB TEIUIODHEPIETUKH OT
3arps3HSIIONINX BEIECTB.

6. Oxpana atMochepHOro BO3ayXa.

/. YMEHbIIEHUE KOJIMYECTBA W YJIy4YLNIEHHWE KayecTBa CKUIAEMOI'O TOILUIMBA

8. Meroasl monaBieHUS W yJABJIMBAHUS BPE/IHBIX KOMITOHEHTOB
JBIMOBBIX TA30B Ha 3JIEKTPOCTAHIIUSIX.

9. Metonb1 60pBHOBI ¢ BEIOpOCAMU TBEPJIBIX YACTHUIL

10. Ounctka npIMOBBIX Ta30B TOLI oT THOKCHIa CepHhl.

11. Ounctka gpIMOBBIX ra3oB TOL] oT okcuIOB a3o0Ta.

12. Ouuctka apiMOBBIX Ta30B TOL ot okcuaa yriepoaa.

Cnucok peKkoMeHIyeMol JUTepaTypbl
1. 3uranmmH, M. I'. [IpoekTrpoBanue anmnapaToB mnbuierazooyuctku / M. I
3uranmmH, A. A. Konecnuk, A. M. 3uranmun. - Cankr-IlerepOypr : Jlans, 2014. -
554 c.
2. Popuonos, A. U. 3amuTa Ouocdepsl 0T TPOMBIIUIEHHBIX BEIOpOcoB / A. H.
Ponuonos, 1O. I1.Ky3uenos, I'. C. ConoBrseB. — Mockga : Konoc C, 2007. — 392 c.
3. Beromkun, A. I'. OCHOBBI MpOIECCOB HMHXKEHEPHOU 3Koyoruu. Teopus,

puUMepsI, 3a1a4n : yueoHoe nmocodue / A. I'. Beromkun. — Cankr-IlerepOypr : Jlanp,
2014. - 512 c.
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Tao0mumna 1

3HadYeHUs KOB(l)(i)I/IHI/ICHTa f B 3aBUCHMOCTH OT THIIA TOIIKHA U TOILJIMBA

Tun Tonku Tormuso f
C HENMOABMXHOW PEIIETKON U PyYHBIM Bypble u kaMeHHbIE yIIu 0,0023
3abpocom Antpanur AC u AM 0,0030
Antparutr APM 0,0078
C 3abpachIBaTeNsIMU U 1IETTHOM penieTko |  bypble 1 KaMeHHbIe yIiu 0,0035
[ITaxTHas TBep10€ TOIIUBO 0,0019
[ITaxTHO-1IETIHAS Topd kyckoBoi 0,0019
Kamepnsbie Torku Masyt 0,010
JIerkoe kxuaKoe TOIIMBO 0,010
CrnoeBbie TOKHA OBITOBBIX JpoBa 0,0050
TeIJI0arperaToB Bypsie yriau 0,0011
Kamennsie yriam 0,0011
C nmHEBMOMEXaHUYECKUMU Bypsie 1 kKaMeHHBIE YU 0,0026
3a0pachIBaTEIISIMU U HETTOABIKHON Antpanut APII 0,0088

pELIETKON
Tabmauma 2

Cpennue skcruryaTallioHHbIe 3()PEKTUBHOCTH anmnapaToB
MbUICYJIABIMBAHUS U TA300YUCTKU OTXOASIIUX Ia30B KOTEIbHBIX

Anmapar, yCTaHOBKa OddexkTuBHOCTH ynaBiauBaHus, %
barapeitabie nukinonsl Tuna bI[-2 85
barapeitabie nukaoHbI Ha 6a3e cekiuu COLI-24 93
barapeiinbie mukions! Tuna LIBP-150Y 93-95
O1eKTPODUITBTPHI 97-99
entpobexunie ckpyooeps [{C-bTU 88-90
I'pynmoBeie nukinons! [{H-15 85-90
JKanro3uiiHbIe 30J10YJIOBUTENN 75-85
JsiMococ neuieynoButens JI1-10 93
Huxnonsr 1TH-15 80-85
Hukmonsr [TH-11 81-87
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XapaKTepI/ICTHKa TOIIOK M KOTJIOB MaJjou MOHOTHOCTH

Tadomuna 3

Tun Tonku u KoTia ToOILIHBO 01 g2
Tomnku ¢ nuenHou JloHEeKui aHTpaIuT 12,5/10 0,5
peLIEeTKON
[ITaxTHO-1IETTHAs TOIKA Topd kyckoBoi 2,0 1,0
Torka ¢ MHEBMO- VYT THITa Ky3HEIKHX 5,5/3 0,5-1,0
MEXAHUYECKUMHU VT1iu Tamna J0HEKUX 6,3/5 0,5-1,0
3a0pachIBaTENISIMU U
IEITHOM peIIeTKOMN Bypele yriaun 5,5/4 0,5-1,0
IPSIMOTO XO/a
Tormka ¢ mHEBMO- Kamennbie yriau 5,5/3 0,5-1,0
MEXaHUYECKUMH
3a0pachIBaTESAMU 1 Bypsbie yrim 6,6/4,5 0,5-1,0
LEMTHOW PELIETKON
oOpatHoOro xoaa
Tonka ¢ mHEBMO- JIOHETIKH1 aHTpaIUT 13,5/10 0,5-1,0
MEXaHUYECKUMU Bypsbie yrim Tuna 9/7,5 0,5-1,0
3a0pachIBaTeNIIMU U MOJIMOCKOBHBIX
HEMOJBMKHON PEHIETKOM Bypsie yriu tuna 6/3 0,5-1,0
OOPOAMHCKUX
YTy THIa Ky3HEIKHX 5,5/3 0,5-1,0
[ITaxTHast TOMKA C JlpoBa, 1pobIieHbIC
HaKJIOHHOMW pelIeTKon OTXOJIbI, OIUJIKH, 2 2
TOp( KyCKOBOI
Torka CKOpOCTHOTO poBa, memna, onuiaku 4/2 1
TOPEHUS
Kamepnas Tomnka ¢ Kamennsbie yriau 5/3 0,5
TBEPJIBIM Bypsie yrim 3/1,5 0,5
IIUTAKOYTaJICHHEM
KamepHnas Tomnka Ma3zyt 0,5 0,5
I"a3 (mpupoaHbIT 0,5 0,5
MOMYTHBIH)
JloMeHHBIM Ta3 0,5 0,5

B rpade 3 6omabine 3HaYEHUS — MPU OTCYTCTBUM CPEACTB YMEHBIIICHHS YHOCA,
MEHBIIIME — MPU OCTPOM AYTh€ M HAJIMYMK BO3BpATa yYHOCA, a TAKXKE MJII KOTJIOB
MIPOU3BOJIUTEILHOCTHIO 25 —35 T/4.

28



XapakTepucTuKa TOIUIUB (MPU HOPMAJIbHBIX YCIOBUSIX )

Tabmuna 4

-
HauMeHOBaHME TOILTUBA o8 S' % M I[)I?/il(’l“
Yriam
Jlonenkuii 6acceitn 28,0 3,5 13,50
ITonMocKOBHBIN OaccelH 39,0 4.2 9,88
[Teuopckuii 6acceitH 31,0 3,2 17,54
YenaOuackuii 6acceiln 29,9 1,0 14,19
HOxHO-Ypanbckuit 6acceitn 6,6 0,7 9,11
Dkubacty3ckuii 6accein 32,6 0,7 18,94
Ky3nenkuit 6acceiin 13,2 0,4 22,93
Kancko-AuuHckuii 6,7 0,2 15,54
MunycuHcKkuit 6accelin 17,2 0,5 20,16
UpxyTckuii bacceitn 27,0 1,0 17,93
bypsitckuii 6acceitn 16,9 0,7 16,88
[TapTuzanckuii (CyuaHnckuil) Oacceiin 34,0 0,5 20,81
CaxanuHckuil dacceiin 22,0 0,4 17,83
I'oprouue ciaaHubl
JlenuHTpaacIaHel 54,2 15 9,5
Topd
Poctopd B memom 12,5 0,3 8,12
Jlpyrue BUAbI TOILUINBA
Hposa 0,6 - 10,24
Ma3zyT MaJIOCEpHUCTPBIH 0,1 0,5 40,24
Ma3syT cepHHUCTBII 0,1 19 39,85
Ma3zyT BBICOKOCEPHUCTHIH 0,1 4.1 38,89
Jn3enpHOE TOILUIMBO 0,025 0,3 42,75
ConsipoBoe mMacio 0,02 0,3 42,46
IIpupoaubIii ra3 u3 ra3onpoBoaAoOB
CapaToB —MockBa - - 35,80
CraBpormoias — MockBa - - 36,00
Bpsiack- MockBa - - 37,30
[IpombicioBka- AcTpaxaHb - - 35,04
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Tabmuna 5

3aBUCUMOCTh KNog OT IIapOIIPOU3BOAUTCIbHOCTH KOTJIOAIrpCraTtoB

[Taporpon3BOAUTEIBHOCTD 3nauenus Kno2
KOTJIOAarperaTos, IIpuponHblii | aHTpauuT bypsiii | KameHHBII
T/4 ra3, Ma3zyT YT OJb yroJyb
0,5 0,08 0,095 0,155 0,172
0,7 0,085 0,10 0,163 0,180
1,0 0,09 0,105 0,168 0,188
2,0 0,095 0,12 0,183 0,20
3,0 0,098 0,125 0,192 0,21
4,0 0,099 0,13 0,198 0,215
6,0 0,1 0,135 0,205 0,225
8,0 0,102 0,138 0,213 0,228
10,0 0,103 0,14 0,215 0,235
15,0 0,108 0,15 0,225 0,248
20,0 0,109 0,155 0,23 0,25
25,0 0,11 0,158 0,235 0,255
30,0 0,115 0,160 0,240 0,260
Tabnuia 6

3amaHus 1S pacyeTa BhIOpOCA 3arps3HSIONINX BEIIECTB MPU CKUTAHUM TOILIMBA
B KOTJI0arperarax KOTeJIbHOU (BUJ TOTIKU KaMepHasi)

Homep | Bwup Tommsa KonnuectBo [IpousBoautens | IlpuierazoynaBnuBa Pacxon
Bapu pacxomayemMoro | HOCTh MAapOBOTO | IOIIUE YCTAHOBKHU YIS 32
aHTa TOIUTMBA B TOJ, T KOTJIa, T/9ac STHBApb, T

1 OypBIii yroJib, 35 4 Jpmococ 34
YenssOuHCK MBUICYJTOBUTEIH
2 Oypblii yros, 37 8 Barapeiinbie 3,6
TTonMoKkoBCcK ' nukinoHs! BI] - 2
3 Oypblii yros, 4 IIH - 15 3,2
3,8
YenssouHck
4 OypbIi yToJb, 41 10 JsiMococ 3,8
[TogmokoBCK ' MBUICYJTOBUTEIH
5 KaMEHHBII 15 IH - 15 3,5
3,6
yroJib, [ledopa
6 Oypblil yrob, 15 IH - 15 3,7
4,0
YensOuHCK
7 KaMEHHBIN 8 IIH -15 3,4
3,5
yroJib, Ky3Henk
8 aHTpALIHUT, 15 IIH - 15 3,1
3,2
YensionHck
9 OypBIi yToJb, 37 8 IIH - 15 34
ITonmMockoBCK ’
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10 aHTpALIUT, 31 20 IIH - 15 3,2
YengOUHCK ’
11 Masyt mMaso 4.8 3,0 Barapeiinbie 550
CEPHUCTBIN nukinoHs! BI] - 2
12 Masyt masno 4.2 2,0 barapeiinbie 520
CEPHUCTBIN 1uKIoHbI bl - 2
13 Masyt Majo 44 4.0 Barapeiiabie 510
CEPHHUCTBIN uKinoHs! BI] - 2
14 Masyr 6,0 4,0 Kamro3Hnie 570
CEPHUCTBIN 30JI0YJIOBUTEJIN
15 Masyr 6,2 2,0 JKamnro3asie 530
CEPHHUCTHIN 30JI0YJIOBUTEINN
16 Masyt 6,1 4.0 Kanro3usie 520
CEPHUCTHIN 30JI0YJIOBUTEIIN
17 JunzenpHoe 4.0 2,0 barapeiinplii TUKIIOH 490
TOIUIMBO tuma [{bP-150Y
18 JuzensHOE 3,8 3,0 Barapeitaplii TUKIOH 470
TOTUTUBO tuna [{bP-150Y
19 JuzensHOE 3,9 4,0 Barapeiinblii TUKI0H 480
TOILTHBO tuna [{bP-150Y
20 ConsipHoe 4.0 5,0 barapelinplii TUKII0OH 440
Maclio trna [{bP-150Y
21 Masyt Maso 5,8 3,4 IMH-11 550
CEPHUCTBIN
22 Masyt Mano 4.6 2,6 IIH-11 520
CEPHHUCTBIN
23 Masyt Majo 4.8 4.4 MH-11 540
CEPHUCTBIN
24 Masyt 6,6 45 IIH-15 570
CEpPHUCTBIN
25 Masyr 6,5 2,5 IIH-15 530
CEpPHUCTBIN
26 Masyt 6,5 4,3 IMH-15 560
CEPHUCTBIN
27 Jn3enpHoe 47 2,5 IIH-15 490
TOILJIUBO
28 JuzenbHOE 3,9 3,3 IHH-15 470
TOILIMBO
29 JnzenpHOE 3,9 4.4 IIH-15 490
TOILTMBO
30 ConsipHoe 45 54 IIH-15 460
MacJio
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PACYET BbIBPOCOB 3AI'PA3ZHAIOIUX BEINECTB IIPU C’)KUT'AHUU
TOILIUBA B KOTJIOAT'PETATAX KOTEJIbHOM

Mertoandeckue yKa3aHus K BHITTOJTHEHUIO TPAKTUYECKON pabOThI MO TUCITUTUIMHE
«[IpombIIeHHAS DKOJIOTUS» ISl CTYJIEHTOB OYHON (POPMBI OO yUCHHSI
HanpaBJICHUs MOATOTOBKH «TexHocdepHas 0e30MacHOCThY»

CocraBurenun: OCUIIOBA Benepa IOcynoBna
[ITAPA®YTIMHOBA Amnacracus BanepbeBHa

Penakuust 1 KoppekTypa aBTOpPOB

N3z narenscTBO
Ka3zaHckoro rocy1apcTBEHHOr0 apXUTEKTYPHO-CTPOUTEIIBHOTO YHUBEPCUTETA
[Tognucano B neyathb ®opmar 60x84/16
3aka3 [TewaTs puzorpaduyeckas Yennew.a. 2,0
Tupax 20 5k3. bymara odcernas Ne 1 Yu.-u3n.a. 2.0
Otnevyatano B nonurpaduueckoM CEKTope
NznarensctBa Kazs['ACY

420043, Kazans, yn.3enenas, |
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