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OBOT'AHIEHUE ITOJIE3HBIX HCKOITAEMBbIX
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YTUIU3AINUA YT'OJBHBIX HIJNIAMOB KY3BACCA
B BUJIE BBICOKOKOHIIEHTPHPOBAHHBIX BOJOYTI'OJIbHBIX CYCIIEH3UH

B cBa3u ¢ Bo3pacTaomuMy TpeOOBaHUAMH K 3a-
IIATE OKpYJXKAlolleH cpedbl BO3HHKAIOT INPOOIEMbI
TPAHCTIOPTUPOBAHHS U HCIIONB30BAHUS YIS C LENIBIO
MONy4eHHus: SHepruu. B cBA3M ¢ 3THM mpHBIeKaeT
BHUMaHHE HOBBIH BH] CYCIICH3MOHHOI'O TOIUIMBA H3
yIis — BojgoyrojeHoe Tomnuso (BYT), xoropoe saBns-
€TCA CMEChl0 TOHKOM3MEIbYEHHOIO YIJIA C BOJOH
(BomoyronbHas cycnensus - BYC) [1].

B KoHeuHOM wWTOre, MONyYeHHE W TPUMEHEHHe
BOJOYTOJBHOTO TOIUIHBA JOJKHO OOCCIeYHTh CHH-
KEHHE CTOMMOCTH BBIpabaTHIBAEMOM IJEKTPHUECKOH
HIIH TEIUIOBOH JHEPTHH M JKOJIOTMYECKOH HarpysKu
Ha OKPYXKAIOIIYIO Cpey.

HeratusHoii 0co00€HHOCTBI0 BOAOYTOJIBHOTO TOII-
7MBa ABIAETCA HAlUYWe HHEPTHOH Cpeasl — BOJBI,
MOHMKAKIIEH ero KayeCTBeHHBIE XapaKTEPHUCTHKH.
ITonaHOCTBIO KOMIIEHCHPOBATH BIHSAHHE BOJBI HA Ka-
4ECTBO BOJOYTOJILHOTO TOMIMBA HEBO3MOXKHO, OJHA-
KO YaCTHYHO CHH3HTH 3TO BIMSHHE MOKHO BbIOOpOM
HaWIyd4liero ucxoaHoro yraf. HexoaHslid  yrons
JoIDKeH 00najaTh BHICOKOH TEMIOTOi cropaHus, mo-
BBILICHHBIM COJEP/KAHUEM JIETY4YHX BEIIECTB H yrIje-

poaa. Beicokas TennoTa cropaHHs IOBBILIAET 3HaYe-
HHE HH3LIEH TEIIOThl CTOPAHHA BOJOYIOJLHOIO TOII-
nuBa. bonbmoe cofepikaHue NETYYMX BEMIECTB M yT-
Jepoja [enaeT BOJOYIOJIbHOE TOILUIMBO BBICOKOPEAK-
LUOHHBIM U1 [IPEOJI0JIEHUA HEraTHBHOIO BO3JEHCT-
BHA BJard, 4YTO B KOHEYHOM HTOre CKa3bIBAeTCs Ha
CTadKUIBLHOCTH FOPEHHS.

[TpuMeHeHne aHTparMUTOB — yriaeil (YyroJlbHBIX
LJIAMOB) € BBICOKOH TEIIOTOH CropaHusi MaloIlpH-
rOJIHO H3-32 HEBBICOKOI'O COJEP)KAHHA JIETYYHX Be-
mecTB. C IpyroH CTOpPOHBI  YIVIH paHHEH CTaguu
MeTamMop(u3Ma, HMEIOIIHE BBICOKOE COJEPKAHHE
JIeTy4nX BEHIECTB M BBHICOKYIO PEaKIIMOHHYIO CMOCO0-
HOCTb, TAKK€ IPAKTUYECKH HE I[PHMEHANTCA 11
[IPHTOTOBJACHHA BOZOYIOJIBHOIO TOIUIMBA M3-3a HH3-
KOH TennoTsl cropanust. CyleCTBYIOIIME METOJbI
NPHMEHEHHUs TUX yriel ans texHojsorun BYT (tep-
MHYECKasA, FHAPOTEpMHUYECKasi, OapomeTpuyeckas H
JIp.) CYILECTBEHHO JOPOIM H3-3a MX CJIOKHOCTH U
BBICOKOH IHEProeMKOCTH M B HacToslleidl pabdore He
paccMaTrpuBalOTCS.

YKa3aHHBIM TPeOOBAHUAM MOTYT YJOBJIETBOPATh

Tabnuua 1
TexXHHYECKUH U JIEMEHTHBIH aHAJIN3 UCXOJHBIX YIOJBHBIX 1LJIaMOB
Bun ananusza HaumeHnoBanue nokasarens [nam Hlnam Hlnam
mapku JI | mapku CC| mapku I’
Texuudeckuil aHanus Bnara ananutuueckas, W, % 5,5 3,6 25
3onbHocTh, AY, % 20,0 18,5 19,0
Bricias TerioTa cropanus, Q" kkan/k| 7450 7250 8150
Brixos seTyunx Beuiects, V& 39,8 30,0 39,5
DneMeHTHbIT coctas, % | Yruepon, cot 76,4 79,5 82,5
Bomopon, H* 4,9 5.2 58
Aszor, N®f 2,4 2,0 2,9
Cepa, S 0,6 0,6 0,6
Kucnopox, 0% 16,3 12.7 8,1
XHUMHYECKHI COCTaB Si0, 49,5 46,5 45,5
304161, % Al,O, 16,7 16,0 16,1
FEZO3 12,8 14,0 3,7
CaO 7,3 6,8 15,0
MgO 1,9 2,0 2.8
TiO, 0.6 0,4 0,2
MnO, 4,0 2,0 0,01
so, | - 10,0 12,0
Na,O+K,0 e ————-
P,04 0,12 0,6 0,7




12 I'.A.Cononos, A.H.3aocrposckuii, A.B.[lanun, T.A.Ilanuna, M.C.Kneiin
- _____________________________________________________________]

yrimu u yronsHble nutamsl Mapok JI, I' u CC Kyznen-
Koro Oacceiina. 3anacbl 9THX yTJIeH BecbMa BEJIHMKH,
KpOME TOr0o, B TMApPOOTBANAX U LLIAMOOTCTOHHUKAX
COCPEIOTOUCHO OOJIBIIOE KOJMHYECTBO TOHKOHC-
MEPCHBIX YTOJBHBIX ILIJIAMOB 3THX Mapok, IMpHMEHe-
HHE KOTOPBIX B Ka4eCTBE MCXOAHOTO CBHIPbS JJIS TIPH-
rotoeneHns BYC no3BonuT nony4uTs BBICOKHH KO-
HOMMYECKHIT U 3KoIoruueckuii adgdexrsl [2].

Jns  BbISICHEHHS BO3MOXKHOCTH  YTHJIHM3allHH
YrOJIBHBIX LIJIAMOB B BHJE BOJOYTOJILHOTO TOILIHBA
ObUTH B3ATHl 00pa3lbl YTOJBHBIX HIIAMOB Mapok /|
(m. «HHckasy»), I' (m. «Komcomonen») u CC (.
«Teipranckas»). TexHuueCKHit U 31EMEHTHBIH aHAITU3
HCXOJHBIX Yyrilei npuBejeH B tadu. 1.

B cBolo ouepenb, COBpPEMEHHBIE TEXHOIOTHH
MPOU3BOJCTBA U HCIOIB30BAHUA BOAOYTOJIBHOTO TO-
IUIMBA OPMCHTHPOBAHBI TOJ KOHKPETHBIC KOTJIBI U
Meyu, MpH 3TOM 00SM3aTeNbHBIM YCIOBHEM KOHOMH-
4YeCKOH M 3KoJoruueckoil 3¢)(eKTHBHOCTH, IIPeabsiB-
JAeMBIM K BoAoyronsHoMy Torusy (BYT), asnsercs
riyOoKas nqeMuHepanusanus yrius [1-3].

MUHHMMANBHO BO3MOXHAs 30JIBHOCTB HCXOJHOIO
yrias oOecneyuT, MpeKae BCEero, MOBBIIIEHHE TEIUIOo-
TBOPHOH CMOCOOHOCTH BOJOYTIOJBHOTO TOIIHBA,
CHIDKEHHE BpeIHBIX BBIOpOCOB B atMocdepy, cokpa-
HieHNe 00BEMOB 30JI0- W 1UIAKOY/IaICHHs, YMEHbIIIa-
eTcs M3HOC M MOTOMY YBEIMYHBAETCSH CPOK CIyXKOBI
MEepeBOIUMbIX HA BOJOYTOJIbHOE TOIUIHBO KOTIOIHEp-
roarperatos [4].

IIpu wuccnefoBaHUM pACTpPEAeNCHUsS 30JbHOCTH
MO KJ14accaM KPYIMHOCTH B UCXOAHBIX YTOJIBHBIX IIUIA-
MaX OBIIM TOJy4YeHBl JaHHbIe, MOATBEPKIAIONINE
3aBHCHUMOCThH II€pexoZia 30JIbHOCTH Yried B Oozee
MEJIKHE KJacchl. B CBA3M ¢ 3TMM OBUT BHIOpaH METOJ
o6oraiieHus yroibHBIX IIIIaMOB — MacllsTHasE arjioMe-
paums, T.K. Apyrue Meroasl odoramenus ((aoramus,
rpaBUTallMOHHOE OOorameHHe W Ap.) He MO3BOJISIOT
MOJIy4YaTh NIPHEMIIEMbIH yroJNbHBIH KOHLEHTPAT H3-3a
HEBBICOKOH CEJIEKTHBHOCTH 3THX IPOLECCOB NMPH 060-
rameHu TOHKUX KJIaccoB [5].

B kadecTBe CBA3YIOLIETo peareHTa HCHOIb30Ball-
cs TOMOYHBIH Ma3yT. Pacxon cBsA3yromiero onpeaeneH
noTpeOHOCThIO 1711 (POPMHUPOBAHHA AIrJIOMEPUPOBAH-
HOTO KOHIICHTPATa ¢ MHHHMAaJIbHO BO3MOXHOMH 30ITb-
HOCTBI0. 30JBHOCTH NMOJYYEHHBIX KOHIEHTPATOB CO-
craBuia 5-7%. BbIXoJ yroJbHOH COCTaBISIIOIIEH B
KoHUeHTpar - 80-85%. 301bHOCTL OTXOMOB COCTaB-
nsana A'=75-80%. IIpn 3TOM COXpaHSIOTCS YCIOBUS
JUIsi BO3MOKHOM YTMIM3AallMH MHHEpPAIbHOM YacTH
OTXOJOB B KayecTBE KOMIIOHEHTa CTPOHTEIBLHOIO
MaTepHana.

IToaroToBIEHHbIE YTOJBHBIE ILIAMBI HATpaBlis-
JIMCh HA OJHOCTAJHIHBI MOKpBHIH nmomon B nabopa-
TOPHYIO IIAPOBYI0 MEIbHHILY B MPHCYTCTBHH pearcH-
Ta-IIacTUH(HUKATOpa, B KayecTBE KOTOPOI0 HCIOJb-
30BaJICs TYMaT HaTPHs, MOJTYYEHHBIH W3 OYporo yris.
Pearent-mnactuduxatop g00aBIAaACS B LIAPOBYIO
MenbHuLy B xonnuectse oT 0,5-2,0 % k Becy cyxoro
yromsHOro mnutama. Yepes 3agaHHBIE TPOMEKYTKH
BPEMEHH IPOH3BOIMICA O0TOOp Npo0d, B KOTOPHIX OII-

penensics rpaHyJIOMETPHYECKHH COCTaB MyTeM MOK-
poro paccepa Ha cutax 32, 63, 125, 250, 500 MxM u
30/IbHOCTh YIONBHBIX YacTHIl. B Tabm. 2 mpuBeneHo
NPOLIEHTHOE cofiepkanue (ppaxiuii yria B BYC.

Tabnuua 2
[TpouenTtHoe conepxanue (pakuuii yris B BYC

Knace yras, MM ConepixaHnue,
%
500 0,46
250 0.07
125 0,03
63 3,64
32 6,23
<32 89,57
Konuenrpauus yris B 62,0
cycneHsusx, %o

ITpumenenne B KauecTBe cTabuiM3aTtopa TyMH-
HOBOTO Ipenapara (rymaTa HaTpus) MO3BOJIMIIO I10-
JYYHTh CTaOMWIBHYIO BOJIOYTOJBHYIO CYCIEH3MIO C
MPaKTHYECKH HEH3MEHHBIMH BO BPEMEHH PEOJIOTHUE-
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Puc. 2. 3asucumocms abicomsl 0cancoarowe2ocs
cnost meepaoll (hazel om KoHYyeHmpayuy cymama
nampusa (nocie 30 dneti cmamuvecko20 coCmosMiLA
cycnensuu)
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CKHMHU XapakTepucTHkaMH. O cTabuibHOCTH BOJO-
YTOJbHBIX CYCHEH3MH CYJIHIM IO BBICOTE CIIOS OCAXK-
JAIOUICHCs AUCTIepcHOH (a3bl 1 U3MEHEHHH TEXHOIO-
FHYECKUX XapaKTEPUCTHK C TCUYEHHEM BPEMEHHU.
CHWKeHHe BBICOTHI CIIOSl TBepAOi (ha3bl CBHAETEINh-
CTBOBAJIO O AecTaOWIM3alMM AMCIEPCHOH CHCTEMBI,
YTO MPHUBOJUIO K IOCTEIEHHOMY OCAKIECHHUIO M Cry-
HIEHUIO YTOJIbHBIX YACTHII.

CtaOuIBHOCTE BOAOYTOJBHBIX CycleH3uil Obuia
MakCHManbHOH (MuHHMYM 30 1nHeil) IpH HCIOJbL30-
Bauuu ot 1,0 % rymarta Hatpus K mMacce yrus (puc.l)
M KOHIICHTpAI[MU TYMaTOB HATpus 4 r/1 (puc. 2).

Jobaenenue Somnbiue 2% ryMaTroB HaTpUs Cylie-
CTBEHHOTO BIHAHHA Ha CTaOMIBHOCTE HE OKA3bIBAJIO.

BA3K0oCTh MOJyYEHHBIX BOJOYTONBHBIX CYCIHEH-
3MH M3MEpsIM Ha POTAallMOHHOM BUCKO3uMerpe “Peo-
TecT-2”. OnpeneneHsl 3aBUCUMOCTH SI3KOCTH  BOJIO-
YronbHBIX CycneHsuii (npu ckopoctu casura 100 ch
OT KOJMYECTBA BBOAMMOIO I'yMaTa HaTPUS H €ro KOoH-
uHeHTpauud (puc. 3, 4).
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Konuuectao rymara HaTpus, % Ha CyxyH macc!

Puc. 3. 3asucumocmo ssa3xocmu 6000y20161bIX CYC-
NeH3Ul OM KOIUYEeCm8d 66e0€HHbIX 000aBOK 2yMa-
ma nampus
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KoHueHTpauus rymarta HaTpus, r/n

Puc. 4. 3asucumocmeo gsazkocmu 6000y20.1bHbIX CYC-
neH3Ull Om KOHYeHmpayuu eymMama Hampus

H3 npexpcraBiennblx  rpaMKOB  BHIHO, YTO
BA3KOCTB, YIOBIETBOPAIomas Tpedosanusam (0,8 Ila e
¢ npu 100 ¢’') nocturaercs npu Beegenun ot 1,0 %
nobaBku K Macce yrius, nobaenenue Oonbme 1,0 %
rymara HaTpHsl XOTS H YJIy4YIlaeT 3Ha4YeHHs BA3KOCTH,
HO HE3HAYHTEJBHO.

3aBHCUMOCTh BA3KOCTH BOJOYTOJBHBIX CYCIMEH-
3WH OT KOHIIEHTPALMU pearenTa rymMara HaTpHs IoKa-
3pIBAET, YTO BA3ZKOCTb, HEOOXOAUMasl 110 TpeDOBaHHUAM
k BVT, nocturaercs npu KOHLEHTpAallMM JaHHBIX
ryMaToB HaTpust oT 4 r/n, janbHeiillee yBeaHueHHE

Tabnuua 3
XapaKkTepHCTHKH MTOJIYYEHHOTO BOJOYIOJBHOIO
TOIIJIHBA
HaumeHoBaHHe 1oKa3a- 3HaueHue
Tens
["'panynoMeTpHUECKHI Conepxanue,%
COCTaB, KJIaCcC, MKM
500 0,46
250 0,07
125 0,03
63 3,64
32 6,23
-32 89,57
Konuenrpanus yrins, % 62,0
Bnaroconepxanue, % 38,0
TeruioTBOpHAs COCO0- 7600
HOCTb, KKaJl/KI'
Bsskocts, I1a ¢, mpu 100 0,8
c-1
301HOCTD, % 5,0
DIeMeHTHOE C 83,34
coaepxanue, % H 6,0
N 2.3
0] 7,9
S 0,53

KOHLIEHTPALHH CYLIECTBEHHOI'O BIUSIHUS HA BA3KOCTh
BOJOYTOJILHBIX CYCHEH3HH He OKasbIBaeT (0coOeHHO
HaHOOJIbIINE KOHIEHTPALIHUH).

CyIlIeCTBEHHOES BIUSHHE HAa BA3KOCTh BOJIO-
YTOJILHBIX CYCIIEH3MH OKa3bIBAET BIHSHHE MaCCOBOMH
JIOJIH TBEpaoii da3sl (puc. 5).

W3 pgandoro rpaguka BHIHO, YTO MPU YBETHUE-
HHH MAacCOBOH J0JIH TBepoil (asbl BA3KOCTH MOJY-
YEHHBIX CYCTICH3HH YBEITHYHBACTCH.
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MaccoBas pons TBepaon dasb

Puc. 5. 3asucumocmeo gazxocmu 6000y201bHbIX
CYCHEH3ULl OM MAcco6ol 00U meepooll (azvl
f
(cyenensuu ¢ A° = 5,0 %)

Tabnuua 4
HopMmbl TEXHOIOTHYECKHUX XapaKTEPHCTHK BOIO-
YTOIBLHOTO TOILTHBA I TpyOompoeoaa benoro-

Hosocudupck
HauMeHOBaHHE MOKa3aTes 3Ha4ycHHe
301B6HOCTD, % 14-16
KonuenTpauus tBepaou ¢asbl,% 57-58
BsiskocTs, I1a @ ¢ mpu 100 ¢! 0,8
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TemnoTBOpHYI0  cHOCOOHOCTE  BOJOYTOJIBHBIX
CyCHeH3MH onpenensin Ha kajtopumerpe B — 08, Ona
COCTaBUJIA Jsi BOJNOYTOJBHOTO TOIUIHBA M3 IIOJATO-
TOBJICHHOTO TuTama Mapku [l (cyxas macca yris) —
7600 kxan/kr; CC — 7600 xkkan/kr; I' — 8200 kkan/kr.

[TonydyeHHble XapakTEPHCTHKH BOJOYTOJBHOIO
TomMBa (YroJabHBIH mnaMm Mapku [1) npeacraBieHbl B
Tabm. 3.

CpaBHHBasT JaHHBIE TEXHOJOIHYECKHX XapakTe-
PHUCTHK MOJYYEHHBIX cyclieH3uH (tadn. 3) U HopMm
TEXHOJIOTMYECKHX  XAPaKTEPHCTHK  BOJOYIOJIBHBIX

CYCIIEH3Hii, 3aJI0)KEHHbIX B TEXHOJOTMYECKHH peria-
MEHT KoMIulekca TpyOomposoga bemoso — HoBocu-
oupck (Tadn. 4), MOXKHO CAEIATh BBIBOZ, YTO IMOJY-
YEHHBIC BOJOYTOIbHBIC CYCHCH3MH MPUEMIIEMBI s
NPAMOro CXKMTaHMs B TOTKAX KOTJIOATPEraToB.

ITpoBeneHHble HCcIenoOBaHHA M IIOJyYEHHBIE
JlaHHbIE, MOKA3BIBAIOT BO3MOXKHOCTE IOTYYEHHS BBI-
COKOKOHIIEHTPHPOBAHHBIX BOJOYTOIbHBIX CYCIEH3HIH
H3 yroibHbix nutamMoB Kysbacca, npuemiembix s
NPAMOro CKHIaHWs B BHXPEBBIX TONKAX KOTIOAarpera-
TOB.
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KUHETHYECKAS MOJ/IEJIb IIPOIIECCA MACJISSHOM ATJIOMEPALIUMA

Meton macnsHON arnmoMepanyH YroibHBIX I1a-
MOB MOXKET HMCIOJIb30BaTbCA Iepes MeHHoi ¢uora-
LHel Kak mepBas craaus oOOoralieHHs MEJKOTO yIJid,
B pe3yJibTaTe KOTOPOH MPOUCXOIMUT CENEKTHBHOE 00-
pa30BaHME YTIIEMACISTHBIX KOMIUIEKCOB C BBICOKHM
H3BICYCHHUEM B HUX MHKPOYACTHIL YTJIs. lefl nmocie-
nyroueid GroTauuy araroMepHpoOBaHHOIO YIS YBEIIH-
YHBAETCs CKOPOCTH IIpOllecca CHHIKAETCA Pacxoj
peareHTOB, MOBLIAETCS CENEKTUBHOCTDL pa3ieieHUs
YTOJIbHBIX H MHHEPaJIbHBIX HacTul [1-3].

OnHO# W3 NPHYHH OTPAaHHYEHHOTO NMPAaKTHYECKO-
ro MPUMEHEHHS 3TOT0 METOA ABIAETCA HeI0CTAaTOY-
Hasl, TI0 CpaBHEHHIO C (poTaruei, M3y4eHHOCTh Me-
XaHHM3Ma OO0pa3OBAHHS YIIEMAC/SHBIX KOMILIEKCOB,

4TO He MO3BOJSIET pa3paboTaTh M MCMONB30BATH Ha-
Y4YHO 00OCHOBaHHBIE ONTHMAIIbHBIEC YCIIOBHS arjioMe-
pauuu 4acTuI| yris W macna. B mannoi pabore pac-
CMaTpHUBAETCS MEPBBbIH dTal CO3JaHUA MOJICIH Mpo-
1ecca, BKIYAoIuil pa3paboTky anropurMa pacuera
H MaTEMaTU4YCCKOC ONMHCaHME TEPEXO0A0B YTOJBHBIX
qacTUll B MacisHyw ¢azy. B nganeHelimem HeoOXxo-
JUMO YCTAaHOBUTH (H3HKO-XHMHYECKHE 3aKOHOMEp-
HOCTH M KOHCTaHTbI CKOPOCTEH OTAEIbHBIX CTagHi
npolecca, MPOBECTH AKCIIEPUMEHTATBHYI0 TIPOBEPKY
mojend. IlonHas kuHeTHUeckas MoIenb Tpolecca
MAcJIAHOW arJioMepalHd [O3BOJMT HM3YYUTh Mexa-
HH3M B3aMMO/ICHICTBUS YaCTUI[ MEJIKOTO YITS C Mac-
naHOM (ha3oif, BHISIBUTH Haubosee 3HAYMMBIE TEXHO-



