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HOPMATUBHBIE CCBIJIKHA
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IPOU3BOJCTBEHHBIX  MPOIECCOB WX  J00bUM, TepepaboTKH, XpaHEHHs U
TPAHCIIOPTUPOBKM», YTBEPKJACHHbIN MocTtaHoBieHueM [lpaButensctBa PecnyOnnku
Kazaxcran ot 17 nronsa 2010 roma Ne 731;

2)Texuunueckuii pernamenT «OOIue TpeOOBaHUS K MOXKapHOU 0€301aCHOCTHY,
YTBEPKJICHHBIN MTprKa3oM Munuctpa BHyTpeHHUX Jien Pecnyonuku Kazaxcran ot 23
nroHs 2017 roga Ne 439;

3)Canutapubie mnpaBuia «CaHUTapHO-IMUIEMUOJIOTHYECKUE TpPEOOBaHUS K
00beKTaM YroJbHOW MPOMBINIJIEHHOCTH», BBEACHHBbIE MpUKa3oM MuHucTpa
HaIMoHaJIbHOU 3koHOMUKHU Pecnybnuku Kazaxcran «O0 yTBepxkaeHnn CaHUTapHBIX
paBul «CaHUTapHO-3IUAEMHUOJIOTHYECKHE TpeOOBaHUs K o0BbeKTamMm
npomMbinuieHHOCTH» oT 20 MapTa 2015 roga Ne 236;

4)CT PK 1526-1-2016 Yrau ly0apkoibCKOro MECTOPOKACHUS YTIU y4aCTKOB
«lleHnTpanbHbIi» U «3anaaHbIiy;

5)CT PK 1527-2006 TommmBo TBEpoe MUHEpalbHOE MapKupoBKa, yIaKkoOBKa,
TPaHCIOPTUPOBAHUE U XPAHEHUE;

6)CT PK 1382-2011 Yrau Onpenenenve OKUCICHHOCTH;

7)ASTM D7582-15. Standard Test Methods for Proximate Analysis of Coal and
Coke by Macro Thermogravimetric Analysis;

8I'OCTP 55662-2013. Metoasl merporpaduyeckoro aHanuza yrieid. Merton
onpeeIeHUs] MallepaJIbHOIO COCTaBa;

OI'OCT 25543-2013 Yruium Oypsle, kameHHbIE U aHTpanuThl. Knaccudukarus mo
FEHETUYECKUM U TEXHOJIOTUYECKUM [TapaMeTpam;

10)'OCT 2093-82 TommBo TBepaoe. CHTOBBII METOJ ONpEACIICHUS
IPaHyJOMETPUYECKOIO COCTaBa

IDHI'OCT 17.4.1.02-83. Oxpana npuponsl. IlouBsl. Kriaccuduxarms
XUMHUYECKUX BELIECTB JJIsI KOHTPOJIS 3arpA3HEHUS.

12)I'OCT P 57719-2017 Topuoe neno. BeipaGotku ropHbie. TepMuHBI H
OnpeaeIeHUS

13)'OCT ISO 1213-1-2014 TonnuBo TBepoe MuHepanbHoe. CioBapb. YacTs 1.
TepMuHbBI, OTHOCAIIMECA K OOOTAIEHUIO YIS

14)I'OCT 27313-2015 TomnmmBo TBepjaoe MuHepaibHOe. (003HauUCHME
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OIIPEJAEJIEHUS, OBO3HAYEHUA U COKPAIIEHUSA

B Hacrosmel nuccepTaiiioHoi paboTe KCIMOJIb30BAHBI CCHUIKM Ha CIIEAYIOIINE
onpeneneHusi, 0003HaYEHUsI U COKPAILICHHUS :

ITose3H0€ McKkOMaemMoe - TPOIYKUHs FOPHOJO0OBIBAIOIIEH TPOMBIIIIEHHOCTH U
pa3pabOTKH KapbepoB, cojaepkamiasics B (aKTUUECKH JOOBITOM (M3BJICUCHHOM) W3
Heap (OTX00B, MOTEPh) MUHEPAIBLHOM ChIpbe (IIOPOAE, KUAKOCTH U MHOW CMECH),
nepBasi IO CBOEMY  KadeCTBY  COOTBETCTBYIOIIAS  HAMOHAIBHOMY  WJIH
MEXKIyHApOJIHOMY CTaHJIapTy

Yroas - TBepmas roproyas  ocajoyHas  nopoja, oOpaszoBaBIIascs
NPEUMYIIIECTBEHHO M3 OTMEPIIMX PACTEHHH B pe3yJibTaTe UX OUOXUMHUYECKHUX,
(bUBUKO-XUMUYECKHUX U (PU3UYECKUX U3MEHEHUH.

OxucjieHHBbIH yroJb - (BBIBETPEJIBbIA yrojb) yrojib, K3MEHUBIIHNI CBONCTBA B
pe3yJIbTaTe BO3JECUCTBUS KHCIOPOJA W BIIATM NPHU 3aJIETAHMM B IUIACTaX WJIM IpHU
XPaHEHUH.

Crnenkoke — KOKC CHEUAJIbHOTO HA3HAYEHUS W3 DSHEPreTHYECKUX YIJIeH
Kazaxcrana, mpeactaBnsieT co0Oil TBEpAbIH YIJIEPOJUCTHIH BOCCTAHOBUTEND IS
AIIEKTPOMETAIUTY PrHUECKUX [TPOU3BOCTB;

BbipaGoTaHHOEe NPOCTPAHCTBO - TIPOCTPAHCTBO, oOOpasylomieecs Mocie
W3BJICUEHHUS MOJIE3HBIX UCKONAEMBIX WJIM BMEILIAIOIINX F'OPHBIX IMOPOJ, B PE3YJIbTATE
BEJICHUS OYMCTHBIX paloT.

BbicoTra ouncTHOM BbIPAa00TKHU - KpaTyaiiliee paccTossHUE MEXIY KpPOBIIEH U
MOYBOW BHIPAOOTKH.

I'opHasi BbIpa0OTKA - UCKYCCTBEHHOE COOPYKEHUE B HEAPAX 3EMIIM WM Ha €€
MOBEPXHOCTH, CO3/IaHHOE B PE3YJIbTATE BEJACHUS TOPHBIX pa0OT C LEJbIO BHITOJIHEHHUS
ee (DYyHKIIMOHAJILHOTO Ha3HAYEHUS U COXPAHEHUsl B TEUEHHUE OIPEICIICHHOIO CpOKa
BPEMEHH.

OtkpsbiTasi BbIpaloTKa - TOpHas BbIpabOTKa, oOpa3dyemas B Mpefenax
KApPbEPHOTO TOJISI M HMMEIOIIas HE3aMKHYTBIM KOHTYpP IIOIIEPEYHOIO CEYEHMS,
BCJIEZICTBUE €€ NPUMBIKAHUS K 36MHOW MOBEPXHOCTH.

Pa3pe3 - COBOKYITHOCTb OTKPBITBIX TOPHBIX BBIPAOOTOK Kapbhepa, CIyKalux s
IKCIUTyaTalli MECTOPOKJEHUS YTOJIbHBIX U PACCHITHBIX HMCKOMAEMbBIX OTKPBITBIMH
TOPHBIMU Pa0OTAMH.

bpoBka ycryna kapbepa - JIMHUS IIEPECEUYCHMsS] OTKOCA yCTyla Kapbepa C €ro
KPOBJIEW WJIA MOJAOIIBOM.

Bepxusss OpoBka Kkapbepa - JMHUS T[epeceyeHuss OopTa Kapbepa C
BBIIIIEJIeXKaIIEH Hepa3paOoTaHHOM MOBEPXHOCTHIO.

Hwuxkusas OpoBka kapbepa - JMHHUS IIepeceueHus OopTa Kapbepa C €ro
IIOJOIIBOM.

OT1koc 0opra Kapbepa - yCIIOBHasi MOBEPXHOCTb, KacaTelIbHAsl K BEPXHEU U
HUKHEH OpOBKaM Kapbepa.

Yeryn kapbepa - yacTh OopTa Kapbepa B opMme CTymneHH, paspadbarbiBaeMmasi
CaMOCTOSITENIbHBIMH CPEACTBAMH OTOOMKHU, IOTPY3KH M TPAHCIIOPTA.



IIpou3BOACTBEHHBIM NMPOLECC - COBOKYIHOCTh TEXHOJOTMYECKUX M HHBIX
HEOOXOOUMBIX JJI TPOU3BOJACTBA TMPOILECCOB; pabouynx (IPOU3BOJCTBEHHBIX)
orepaluii, BKJI04as TPYJAOBYIO JESTEIBHOCTb U TPYJAOBbIE QYHKIIUH paOOTAIOIIHX.

TexHonoruyeckuii  mpomecc -  YINOpsAJOYEHHas  IOCIEAO0BATEIBHOCTD
B3aMMOCBSI3aHHBIX JEHWCTBUM, BBIIOJIHAIOIIMXCS C MOMEHTa BO3HHKHOBEHMS
UCXOIHBIX JAHHBIX JI0 TIOJy4YEHUs TpeOyeMOTro pe3yibTara.

AHTHIMPOTreHBI - MATEPUAIIBI, IPEIOTBPALLAIOIINE CAMOBO3TOPAHUE ITOJIE3HBIX
UCKOIaeMbIX (yIJis, py/ibl, Topda 1 JIp.) B lIaxXTaX, Ha Kapbepax, B OTBajax U T.II.

Puck - Ha3zBaHue M Mepa CIy4YallHOrO MPUYMHEHHS BpeIa, COBOKYITHO
COYETAIOIIAasl CTENIEHb BO3MOXHOCTH IPUYUHEHUS BPEAA U CTENEHD €0 MEIULIMHCKOM,
WM TEXHUYECKOM, WA COLMATIbHO-3KOHOMUYECKON 3HAYUMOCTH (TSXKECTH).

PynHuunble ra3bl - TNPUPOAHBIE Ta3bl, BBIACIAIOIMIMECS U3 PA3IUYHBIX
VCTOYHHUKOB T'a30BBIICNICHUS B TOPHBIE BBIPAOOTKH, BHIpAOOTAHHOE MPOCTPAHCTBO U
ra3pl, oOpasylomniecs B BbIpaOOTKaX B pe3yibTaTe XMMHUUYECKUX M OHMOIOTHYECKUX
peaKkiui, NpPOTEKAKIMX MEXIy BO3AYXOM U IIOJE3HBIMA HCKONAeMBIMHU,
BMEIIAIOIIMHU €T0 TOPOJAMH, KPEIBIO

Burpen - nauToTHn yIUIA, BCTPEYAIOIIMKCS B IUIACTAX YIVII B BUAE JIMH3 M
IPOCIIOEB, OJECTAIMN, OJTHOPOAHBIN, XPYNKUI, C PAKOBUCTBIM HU3JIOMOM, C XOPOILIO
BBIPAKEHHOM 3HJIOTEHHOW TPEIIMHOBATOCTHIO, NEPIICHANKYIIIPHON HACIOEHUIO.

®r03eH - JUTOTUII YIJIA, BCTPEYAIOLIMNCA B IUlaCTax yIyid B BUIEC JIMH3 U
IPOCIOEB, MAaTOBbIA, C IIETKOBUCTBHIM OJIECKOM, BOJOKHUCTOW CTPYKTYpOH,
CAXKUCTBIN, OYEHb XPYIKHUH.

Opranmyeckasi Macca - Macca YyIUIsg, BKJIKOYAKOIIAS BCE OPraHUYECKHE
COEAMHEHUS YIIIEPOIa, BOJOPOA, a30Ta, KUCIOPOAA U CEPBI.

TexHuveckuil aHAIU3 - OTIPEIETICHNE BJIAr, CEPbl, 30JbHOCTH, BBIXOAA JIETYYNX
BEILIECTB U PACUET HEJIIETYUYEro Yriepoaa.

OOmasi B1ara - cyMMa BHEIIHEH BJIard ¥ Biard BO3AYyLIHO-CYXOIrO YIJIA.

Buara anagauTu4eckoi NpooskI - Bjara, CoJiepKallascs B aHAIUTHYECKON pooe
YIJISL IOCJIE €€ MMPUTOTOBJIEHUS U JOBEIEHHUS 10 BO3AYILIHO-CYXOI'0 COCTOSIHHUS.

30abHOCTL - Macca 30Jbl, OmpeAeNseMas B YCTaHOBJICHHBIX CTaHIApTOM
YCJIOBUSX, OTHECEHHAs K €JUHNUIIE MACChl YIJIS U BBIPAXKEHHAs B IIPOLICHTAX.

Jleryune BemiecTBa - BellecTBa, OOpa3yloIIMecs NpPU Pa3IOKEHUU YT B
YCJIOBHSIX HarpeBa 0e3 10cTyna BO3ayXa.

Husmas Temiora CropaHmsi - KOJIMYECTBO TEIUIA, PABHOE BBICIICH TEIJIOTE
CrOpaHMs 3a BBIYETOM TEIIOTHI UCIIAPEHUS BOBI, BBIAEIUBILIEHCS ITPU CTOPAHUU YTJIS.

OMY - opranuueckas macca yriis;

OI'P — OTKpBITHIC TOPHBIE PAOOTHI;

III'P — noxzeMHbIe TOpHBIEC PAOOTHI;

ITAB — nOBEpXHOCTHO-aKTUBHOE BEIIECTBO;

TI'A — TepMOTrpaBUMETPUYECKUIN aHAIN3.



BBEJAEHUE

AKTyajibHOCTH paldoTbl. CoBpeMEHHas WIM HOBEHWIIAs CTaaus TOPHON HayKu
HalpaBJieHa Ha PElICHUE KOMIUIEKCHBIX MPOOJIeM, B YaCTHOCTH, PA3BUTUE TEXHOJOTHUM
MOA3EMHON M OTKPBITOM YIiIeq0ObIYN B YCIOBHUSAX UCTOLIEHUS MUHEPATIHbHO-TOIIIIMBHBIX
pecypcoB W mpeoOiajaHus IKOJOTMUECKUX U COLHUAIBHBIX (DAKTOPOB B MUPOBOM
sKOHOMHUKeE [1].

VYrpaBneHue Ka4eCTBOM NPOAYKIUU SIBISIETCA SIBJISETCS HEOTHEMIIEMBIM ACIIEKTOM
JESATEIbHOCTH TOPHOTO MPEANPUITUS U 3aTPAruBAET KaXKbIH 3Tal MPOU3BOJCTBEHHOIO
[IMKJIa, HAYMHAS CO BCKPBITUS MIAXTHOTO TOJIS, C BKPBIIMIHBIX pa0OT MPHU OTKPBITHIX
TOPHBIX paboTax, OTPaOOTKM M MPOAODKACTCS Ha CTaausiX OTBAJIOBOOpa30BaHUS,
CKJIAJIUPOBAHUS TTOJIE3HOTO UCKOIIaeMOro.

Bce ycunms 1o COBEpIIEHCTBOBAHHMIO TEXHOJOTHMHM JOOBIYM W YIPaBIICHUS
KauecTBOM YIJIA CJEIyeT HalpaBisiTh, B TEPBYK OdYepelb, Ha PEHTAOEIbHOCTH
pa3paboOTKU MECTOPOKICHUN, MOBBIILIEHUE KOMIUIEKCHOTO HCIOJIb30BaHUS JOOBITOrO
CBIPbsSI C MAaKCUMAaJIbHbIM W3BJICYEHHEM LIEHHBIX KOMIIOHEHTOB, COAEPKAIIMUXCSA B HUX.
KommiekcHOe uCIonb30BaHNUEe, YMEHbBIICHUE WM Yy THIIN3AUs IPOMBIIUIEHHBIX OTXO/I0B,
oOecreunBaeT, MpPEkJe BCEro CHUKEHUE Ce0EeCTOMMOCTH MMHEPAJIbHOIO ChIPhS U
YIIy4IIEHUE IKOJOTUYECKOW 00CTAaHOBKH pernoHa. Pe30osonum o BaXXKHOCTH COXpaHEHUS
TEMIIOB YIOJIbHOM reHepalluy SHEPTUU U, BMECTE C TEM, HEOOXOAMMOCTH MPOJIBUKEHUS B
cdepax yriexuMuu U riry0oKol nepepadoTKu YIIis C EIbI0 MOBBIIIICHUS UCIIOIb30BAHHUS
YIOJBHOIO TMOTEHIMalla CTPaHbl BBIIBUHYTHl Ha NEpBOM KazaxcTanckoMm dopyme
YTOJbHON TpoMbIIUIEHHOCTH «HOBBIE BO3MOXXHOCTH YTOJIBHOW MHPOMBIIUIEHHOCTH B
YCJOBHSIX TEXHOJIOTHYECKON MOICPHUZALIUN.

be3 coxpaHeHus WK yIy4llIeHHUs KadecTBa JOOBIBAEMOIO ChIPbsl Pa3BUBATH HOBYIO
M palMOHAIN3UPOBATh CYIIECTBYIOIIYIO IMEepepadaThIBAIONLYI0 OTPaciib HEBO3MOXKHO.
Takum 06pazoM, nepet yriea00bIBaIOIIMMU IPEIIPUSITUSIMHI CTOAT 33/1a4U [IEPECMOTpa
Ka)KJI0T0 3Tarna Mpou3BOJCTBEHHOTO 1IMKJIA U BHEJPEHUE METO/IUK CEJIEKTUBHON BHIEMKHU
YIOJbHOW TOPOABI M COXpAaHEHHE TMOTPEOUTENbCKUX KAueCTB YIVISI U YTrOJbHOMN
MPOIYKIIUH.

["opHOOOKIBaOIIAS MHIAYCTPHS SIBIISIETCS COBOKYITHOCTBIO OTpaciieil MPOU3BOJICTBA,
U BKJIIOYAeT B ce0s pa3BelKy U J0ObIUY MOJE3HBIX MCKONAEMBIX B KaYECTBE OCHOBHBIX
MPOLIECCOB, a TaKKe MPOLECChl NEPBUYHON MepepabOTKU C TMOJYyYEHUEM HX
oty pabprKaToB, YCIOBHO OTHECEHHBIE K BCTIOMOTATEIbHBIM [2]

OcHOBHBIE M BCIOMOTaTeJbHbIE TEXHOJOIMYECKHE MPOLECChl MPOBOASTCS
MOCJIEIOBATENIbHO M MPOU3BOACTBEHHBIN IUKJI YIJIe100bIYM CleAyeT pa3fesiuTh Ha JBa
stana [3, 4].

[TepBsiii sTan BKItOYAET B ceOs CIEAYIONTUE IIIary:

1)IToaroroBka ropHbIX MOPOJ K BHIEMKE;

2)BbIeMOYHO-TIOTPY304YHBIE PAOOTHI;

3)TpancnopTupoBaHUEe TOPHON MaCCHI;



4)Ot1Basioo0pa3zoBaHME MYCTHIX TOPOI;

5)Pa3rpy3ka u ckiiagupoBaHUE TOJIE3HBIX UCKOMIAEMBbIX.

Bropoii sTan 3aBepuiaeTcst yxe OTTPY3KOHM YISl MOTPEOUTEN0 MM MEPBUYHOM
nepepaboTKOM yTisl.

[Ipy OTKpBITBIX TOPHBIX MPOU3BOJACTBAX 3aTPAUYMBAIOTCS OONbIIME YCHINS Ha
MOJITOTOBKY KAPbEPOB, KOTOPast COIMMPOBOKAAETCS CKOIUICHUEM ITyCTOW TOPHOU IMMOPOTHOU
MAacCChl, 3a4aCTYI0 CPAaBHUMOU C KOJIMYECTBOM YI'OJIbHOW T'OPHOM MAaCCOM, IMOCTYIAOLIEN
Ha TepepaboTKy M OTIrpy3Ky NOTpeOUTeNsiM, KOrja KaK BCKPBIIIHBIE MaTepUalibl
HAIPaBJISIIOTCS Ha TIOKPBITHE U 3aBEPIICHUE BRIPAOOTAHHBIX YYACTKOB, KOTOpas SBISETCS
HE MEHEE BAXXHOU YaCThIO TOOBIYHBIX pa0OT M Ka4€CTBO MPOBEJCHUS 3aKJIaIOYHBIX padoT
HAMPSIMYIO BIHUSET HAa O€30MaCHOCTh U MPOJIOJDKUTEIHHON TOPHON AESITEIIbHOCTH.

Takum ob6pazom, B pabore OyayT pacCMOTpPEHBI MPOOJIEMbl M MYTH COXpPAHEHUS
MOTPEOUTENBCKUX CBOMCTB YIUISI M MPOJYKTOB €ro mnepepadboTKu B mpoliecce J00bIUH,
CKJIQJIMPOBAHUS M TPAHCIIOPTUPOBAHUS HA UHBIC ITPOU3BOJICTBEHHBIE IUIOIIA KU,

[IpakTuka mokaszama, 4YTO TNpU pa3paboOTKe H CKIAJAUPOBAHUM YTJeH psiia
mectopoxknennid Kazaxcrana (Kaparanamnckoe, Jkubactysckoe, Illybapkonbckoe,
apsiakonbsckoe, Kapaxbipuackoe, MaiikyOeHcKkoe U Ap.) B ONPEAENIEHHBIX YCIOBUSAX
MIPOUCXOJISAT OKUCIUTENbHBIE MPOIIECCHI, MPUBOJSINNE K Pa3pyIICHUIO TEIUIOTBOPHBIX U
MHBIX XapaKTEPUCTHK YTOJILHOM MPOAYKIIMU U 3a4aCTYIO K KX CAMOBO3TOPAHHUIO [5].

CaMoBO3ropanue yrijisg MpU BCKPBITUM YTOJIbHBIX IUIACTOB, MPOLECCaX BBIEMKH,
NEepPBUYHON 00pabOTKU M CKIAJMPOBAHUU HA aBAPUUHBIX WM BPEMEHHBIX OTKPBITHIX
TUIOLIAIKaX HAHOCAT 3HAYMTEIBHBIN yIepO dKOHOMUKE MPEIIPUITHS U OKPY>KaroIe
cpene. [Ipu camoBo3ropanuu yrist CKUraeTcsi 00JIbIIOE KOJIMYECTBO YTOJIbHBIX PECYPCOB,
CHID)KAeTCS TEIIOTBOPHAsE CIIOCOOHOCTh YISl M, Kak pe3yJbTaT, BbIOpachIBaeTcs
CYIIIECTBEHHOE KOJIMYECTBO TOKCHUYHBIX U TMAPHUKOBBIX ra3oB. [Ipomykramu ToOpeHUs
SBIIIOTCSI MEXaHUYECKUE B3BECH, B BUE CaXH, TAK)KE OTPABISAIONIUE M TOKCUYECKUE
BEILIECTBa, B TOM uucie, okuch yraepoaa (CO), cepructsiii ra3 (SO2), yriaeBoaopoasl U
npouee [6, 7].

Ha camoBo3ropanue yris npuxomutca 6oiee 90% mnokapoB, MPOUCXOIAIIUX Ha
yroJibHbIX MecTopoxkaeHus X Kutas. [1o HemoJHbIM CTaTUCTUYECKUM JaHHBIM 32 MEPUOT
¢ 2001 mo 2014 rox B Kurtae 65110 3aperucTpupoBaHO 0K0JIO 32 cily4yaeB B3pbIBa ra3a Win
no’kapa B TMOJ3EMHBIX YTOJBHBIX INIaxTaX, MpHUBeANero k rudemu 614 yenosek, a 3a
UCTOpHUIO JKCIUTyaTtanuu KaparanJImHCKOTO YroJIbHOTO OacceiiHa 3aperucTpupoBaHO
okoJio 170 ciydaeB caMOBO3TOpaHus YIJIs PU T0O0BIUHBIX padboTax [8,9]. B aBrycre 2019
MPOU30IIUIO BO3TOpPaHHE YIJisi B BbIPaOOTAHHOM TOPHOM YCTyINe paspesa «3amagHbIi»
[Iy6apkonbckoro MectopoxkaeHus [92]. CamoBo3ropaHue yris M CHEIIKOKCA SIBJISETCS
MPUYMHOMN KOJIOCCAIbHBIX (DMHAHCOBBIX MOTEPh y MOJIB30BATENEH, TaK 3aQPUKCUPOBAHbI
CJIyyau BO3TOpaHHs Ha AKTIOOMHCKOM (heppocCIlsIaBHOM 3aBO/ie B OyHKEpax BPEMEHHOTO
XpaHEHHUS.



BcnencrBre ropeHus NOpOAHBIX OTBAJIOB COACPKAHUE OKUCH YIIIEPOIa, CEPHUCTOTO
aHTHIPUJIA U CEPOBOIOPOA HAa PACCTOSHUAM J10 2 KM OT OTBAJIOB MPEBHIIIACT JOMYCTUMbIC
canuTapHsle HopMbI [100].

B mnameli crtpane u 3a pyOeXoM BBIMOJIHEH OOJBIION 00beM Hay4dHO-
MCCIIEeIOBATENbCKUX PA0OT MO M3BICKAHUIO MEp MPO(HUIAKTUKU CaMOBO3TOpPAHUS YTIICH.
Br160op cmoco6oB u cpeactB 60psOBI ¢ CAaMOBO3TOPAHHEM JJIsi KaKIOTO KOHKPETHOTO
MPEANPUITHS OCYIIECTBISIETCS. C YYE€TOM MECTHBIX YCJIOBHH H SKOHOMHYECKOU
1€JIeCO00Pa3HOCTH.

AKTyalnbHOCTh pa3pabOTKM TEXHUYECKUX PELIEHUH [0 COXPAHEHHIO YIS U
YTOJIbHOW TIPOYKIIMH, B TOM YHUCJIE, TOATBEPKAACTCS 3aja4aMu:

1) Konneniiuu  pa3BUTHUSI TOIUTMBHO-PHEPIETUYECKOTO KOMILIeKkca PecmyOnuku
Kazaxcran 10 2030 roga: pa3BuTHE TEXHOJIOTHI U aIbTE€PHATUBHOE UCIIOJIB30BAHKE YIS

2) Tlocnanue nHapomy Kazaxcrana «Kazaxcranckuii myTs-2050: Enunas 1uens,
€IMHbIE UHTEPECHI, AUHOE Oy TyIIeey;

3) Konnenmuu naHoBannoHHoro passutus Pecy6mmku Kazaxcran no 2020 roxa:

-MCMOJIb30BaHUE CHIPHEBOTO MOTEHIMAA CTPAHBbI;

-IIPUBJICUCHUE HOBEUIINX TEXHOJOTHMH M CO3JaHUE BBICOKOTEXHOJIOTUYECKHUX
MIPOU3BOJICTB.

Heab nuccepranmoHHON padoThI COCTOUT B TIOJTYUYCHUU TEXHOJIOTHUH COXPaHEHUS
NOTPEOUTENbCKUX CBOMCTB YIJII U MPOAYKTOB €ro nepepaboTKu B Mepuoja JoObluU U
XpaHEHUSI.

s 10CTHMKEHUSI TMOCTABJEHHOW 1eJu B JHCCEPTANMOHHON padorte
MOCTABJIEHBI CJIeAyIOLIHe 3a1a4M:

-U3yUYUTh T'€OJOTUYECKUE U TOPHOTEXHUUYECKUE YCIOBUA U (DAKTOPHI OKHCIEHUS U
CaMOBO3TOPAHUS YTOJIBHOU MPOTYKIUY;

-M3y4YUTh MEXaHU3Mbl OKHCIUTEIBHBIX TMPOIECCOB U  MHPOBOM  OIMBIT
peynpeKIalonNX Mep YXyIIIEHUs] CBOUCTB yTJIs;

-YCTaHOBUTH NMPHUYMHBI CHIKEHUS KPYITHOCTH M CIIy4al CAMOBO3TOpAHUsS YIJis Ha
paspesax «LlenTpanbubiity, «3anaaubiiiny AO «lllyGapkosib KOMUPY» U CIIELIKOKCa Ha 6a3e
AKTIOOMHCKOTO 3aB0j1a (heppOCILIaBOB;

-IIPOM3BECTU TOJIE€BbIE HSKCIEPUMEHTaJbHble HCCAEAOBAHUA 3(PPEKTUBHOCTU
AHTUMHUPOTEHHBIX MAaTEPUAIIOB B MPEAYNPEKICHUU OKUCICHUS YIJIS U CIICIKOKCAa B
YCIIOBUSIX  XpaHEHWsT Ha  MpOU3BOJACTBeHHON  miomanke  Ily6apkonabckoro
MECTOPOXKJICHUS;

-MCCIIEZIOBATh KAUECTBEHHBIC XAPAaKTEPUCTHUKU YISl U BBISIBUTH KOMITOHEHTHI,
CIOCOOCTBYIOIIME M KaTAIH3UPYIOIIUE OKUCIUTENbHbIE MPOIECChl, KOTOPHIE, B CBOIO
ouepeib, IPUBOIALINE K CAMOBO3TOPAHUIO YIJIA U MPOAYKTOB €ro MepepadoTKu;

-IPOU3BECTU UCIBITAHUS CYIIECTBYIOIIMX U BHOBb Pa3pabOTaHHOTO MOJIUMEPHOIO
AHTUIHPOTEHHOTO MOKPBITHUS, YBEIMYUBAIOIIETO CPOK COXPAHHOCTH YTJISI U3 BTOPUIHBIX
MPOJYKTOB MPOU3BOJCTBA;



-pa3paboTaTh TEXHOJOTHMYECKHE PEIICHUs IO TMOJACPKAHUI0 MOTPEOUTENHCKUX
CBOMCTB yIJISI M CIICIIKOKCA BO BpeMsi OTPaOOTKU YTOJBbHBIX IUIACTOB, XpaHEHHUs Ha
OTKPBITBIX, 3aKPBITHIX TUIOMIAIKaX, OYHKepax U BaroHax P TPAHCTIOPTHPOBAHUH.

Nnes nuccepranmuonHoii padorsl [loTpedburenbckue, TEXHOJIOTHISCKUE CBONCTBA
YISt ¥ YTrOoJIbHOM MPOAYKIIMM BO3MOXKHO COXPAaHUTH OT IOCJIEICTBUI BBIBETPUBAHUS,
CaMOBO3TOPAaHUS B OYMCTHBIX 3a005X, TOPHBIX YCTyNaxX U YBEIMYUTh CPOK XPAHECHHUS
nyTeM TpuMeHEHHs J(P(GEKTHBHBIX HW30JUPYIONUX MATCPUATIOB JUIS  TTOKPBITHS
MOBEPXHOCTH TOJIE3HBIX MCKOMAEMBIX MPHU MOA3EMHBIX M OTKPBITBIX TOPHBIX PadoTax,
mralesneil Bo BpeMs CKIaupOBaHus Ha pabo4MX y4yacTKax U CKIIAJCKUX IUIOIIAKAX JIJIst
XpaHEHHS 0 MOMEHTa OTTPY3KH MOTPEOUTEIIO.

Metoasb! ucciaenoBanusi B padore. B qrccepraiimonHoit paboTe UCOIb30BaHbI PSiJT
METOJIUK, BKIIFOUasl OLIEHKY M aHATMTUYECKUI 0030p HAyUYHO-UCCIEA0BATEIBCKUX TPYI0B
U TEXHUYECKOU TOKyMEHTALUU; JIa0OPaTOPHBIE U OMBITHO-IIPOMBIIIIEHHBIE UCIIBITAHUS,
MaTeMaTH4Ye€CKOE MOJICIUPOBAHUE.

OcHoBHBbIE HAy4YHbI€ M0JIOKEHN ], BLIHOCMMbIE HA 3a1UTY:

-IPUMEHEHUE TOJMMEPHBIX MTOKPBITUI U cMecH 5 % xunakoro crekna u 1 % IIAB
(ITporpecc) npu 100bIYe M CKIAAMPOBAHUM YIS MO3BOJISIET YMEHBIUIUTH HapyLICHHE
dbpaknuonHoro cocraa B mpenenax 50-300 MM B cpenHeM 1o 17% u mpemoTBpariaet
pasMmenpuenue 10 Gpakuuii 0-6 mm Ha 5%);

-BHOBb MPOW3BEJCHHBIN MOJTMMEPHBIA U30JUPYIOMINNA MaTeprai (AHTUITUPOTeH) Ha
OCHOBE BTOPUYHOTO  CBIPpbS  KOKCOXMMHYECKOTO  TPOU3BOACTBA  d(PPEKTUBHO
MpeNoTBpaIlaeT pa3pylIeHUE TEXHOJIOTHYECKMX CBOWCTB YTOJBHOM MPOAYKIMH U
COXpaHsieT ypOBEeHb (DUKCUPOBAHHOTO yIiiepojia Ha ypoBHE 85%, a ypOBEHb 30JIbHOCTH B
cpeneMm 110 4,8% B epuop 6 MecsIEB.

OcHoBHbIE HAYUYHbIE Pe3yJIbTAThI:

-oieHeHa 3(PGEKTUBHOCTh MPUMEHEHUSI U30JHUPYIONINX MOKPHITUH B COXpaHEHUU
KPYIMHOCTH YIJISI B 3aJaHHBIX (PAKIUOHHBIX TpPaHUIAX BO BpeMs J00bIMU U
CKJIaIUPOBaHUHU;

-MIOJTy4YeH TOJUMEPHBIA aHTUIMUPOTCHHBI MaTepual U3 BTOPUYHBIX IMPOIYKTOB
KOKCOXMMHYECKOTO MTPOU3BOJICTBA;

-noka3aHa 3((PEeKTUBHOCTh Pa3pabOTAHHOTO H3OJHUPYIONMIETO (AHTUITUPOTEHHOTO)
Marepuasa Ha OCHOBAaHMM MaTEMaTUYECKOTO MOJEIUPOBAHMS;

-YCTQHOBJICHBl KHHETHYECKHME TIOKa3aTel M 3aKOHOMEPHOCTH MPOTEKAHUS
CaMOHArpeBaHUsi U CaMOBO3TOpaHMs CHEIKOKCa, BKIIOYas 3(PPEKTUBHYIO SHEPTHUIO
aKTUBAllUM W JUHAMUKY M3MEHEHUS T[IOKa3areled anuadaTH4ecKod CKOPOCTH
CaMOBO3TOPAHMS;

-pa3paboTaH KOMIUJIEKC TEXHOJIOTMYECKUX pEHIeHUH U peKOMEeHAAlMi s
BHEJIPEHHUS B MPOU3BOJICTBEHHBIN MPOIIeCC JOOBIYH, IEPBUIHON 00paOOTKH U TIITyOOKOM
nepepadboOTKH yrisl.

Hayunasi HoBU3HA padoThI COCTOUT B pa3paboTKe MOJUMEPHOIO aHTUIIHPOTEeHA U3
BTOPUYHBIX OTXOJ0OB KOKCOXMMHYECKOTO TPOM3BOACTBA; pPa3pabOTKE KOMIUIEKca

10



TEXHOJIOTUYECKUX PEUICHUN U peKOMEHAAIUI JIJIsl IPOBEICHNUS ONBITHO-IIPOMBIIIIEHHBIX
paboT Mo NpeAoTBPALICHUIO CAMOBO3TOPaHUs U ITPOJJIEHUIO CPOKOB COXPAHHOCTH YIJIS U
MIPOJYKTOB €ro nepepadoTKu.

IIpakTHyeckasi 3HAUMMOCTb padoThl. Peannzanus uaei U Hay4YHbIX MMOJOKEHUM
paboThl TO3BOJIUT €O37aTh A((HEKTUBHBIE TEXHOJIOTHUYECKUE PEIICHHs] MOBBIIICHUS
KauecTBa IMPOJYKTOB TOPHOW MPOMBIIUIEHHOCTH 3a CYET peuleHus MpoOsIeMbl
CaMOBO3TOpaHMs UM  MaccuBalUd  (aKTOPOB, CIOCOOCTBYIOUIMX  pa3pylICHUIO
KaueCTBEHHBIX XAPAKTEPUCTUK MOJIE3HOTO MCKOMAEMOT0 MPU OTKPBITOM M IMOJ3EMHOM
cnocobax pa3pabOTKM  YroOJbHBIX IJIACTOB B TOPHO-T€OJOTMYECKUX — YCIOBUSX
Kaparannuackoro yroibHOro ©OacceliHa W HMHBIX MECTOPOXKIEHUAX PecmyOnuku
Kazaxcran. Pesynbrarhl  ucciaenoBaHuss  MOTYT  OBITb ~ HCIOJIB30BAHBI ISt
COBEPIICHCTBOBAHMS 3aKJIaJ0YHBIX pad0T BO BpeMs yrieao0sun. Hay4yHblie M OMBITHO-
IIPOMBIILIJIEHHBIE HCTBITAHKS B PAMKAX PEeAIM3alMU ITPOEKTA NMPEMIOKAT BO3ZMOKHOCTH
YIIyYIIEHUS] SKOJOTUYECKON 0OOCTAaHOBKHM U YCJIOBHM OXPaHbI TPYJa 3a CUET TEXHOJIOTUU
nepepabOTKH BTOPUYHBIX OTX0/I0B KOKCOXUMUYECKOTO MTPOU3BOJICTBA B PAMKAX PEIICHUS
po0JIeMbl CAMOBO3TOPAHHUS YISl U CIIELIKOKCA.

OxugaeMblii conMaabHbIl 3P PexT paspadoToK 3aKIOYACTCS B IOBBIIICHUN
YpOBHsI O€3011aCHOCTH BE/IEHUS TOPHBIX pabOT Ha YTOJIbHBIX pa3pe3ax IIaxTax B CBA3H CO
CHMKEHHMEM pHUCKa BO3TOpPAHMS YIS Ha TMOJ3EMHBIX, OTKPBHITBIX IUIOLIAJKAX U
BbIPAOOTAHHBIX MPOCTPAHCTBAX.

OxuaaeMplii IKOHOMHMYECKMH  J(P(PeKT  TEeXHOJOIrHYEeCKUX  PelIeHUi
3aKJIF0YAETCA B COKPAILIEHUU TOTEPh JTOOBITOTO CHIPhSl U BBIITYCKAEMOTO MPOAYKTa, YTO
KOMIUIEKCHO OTpakaeTcsi Ha cTra0mwim3anuio cedbecToumMoctd U dDPEeKTUBHOE
IJJAHUPOBAHUE IPOU3BOACTBEHHBIX OIEpaLU.

OO0bexkThl W mpeaMeThl Hccjen0BaHus. B gaHHOIl pa0oTe M3ydeHbl BIUSHUA
MIPOLIECCOB BBIBETPUBAHUS, OKUCJIEHUS HA KAuecTBO Yyriis M creukokca. IIpoBenensl
pacueTbl, pal UCCIe0BaHUM, O3BOJIIOMIUN pa3padboTaTh PEerjJaMeHT M0 XPaHEHUIO0 U
UCIIOJIb30BaHMIO. J[71s1 u3yueHus: PU3NKO-XUMHUECKUX (PaKTOPOB ObLIA BHIOpAHBI YTIIH
mapku [ llly6apkonbckoro MecTopoxkieHus. Takxke 71st UCCIIeOBAaHUI HCTIOIh30BANICS
cnenkokc TOO «Capsi-apka Cnenkokc» PabGota BeimonHeHa B McmbiTaTenbHOM
nabopaTopuy METAaHOBOW DHEPreTHMKH B TOPHO-METALTYPrHUYE€CKOM KOMILIEKCE
KaparananHcKoro TeXHM4ECKOTO YHUBEPCUTETA U HA IJIOIIAIKaX YTOJIbHBIX XPAHWIIHIILL
paspesa «lleHTpanbHbIi).

Peanuzaumuss padorbl. Pe3ynbTaThl MOJNEBBIX, J1a0OPATOPHBIX HWCMBITAHUNA |
OCHOBHBIE BBIBOJIbI OBUTH OMYOJMKOBAHBI B 5 HAYYHBIX CTAThSX, B 2 T€3UCAX HAYUYHBIX
KoH(pepeHIui u 1 mone3Hoi Mojenu.

Yuactue B HUP, X0351/iCTBEHHO-I0TOBOPHBIX padoTrax:

-noroBop Ne286/17 ot 18.05.2017 ¢ AO «Illybapkons xomup» «HccnemoBanue
(GakTopoB, BIMSIOIMIMX HA CaMOBO3TOpaHHE CIEIKOKCA, MPOMU3BEACHHOIO U3
ly6apkoabckoro yrist 1 pa3padboTka peKOMEHIalui MO YCIOBUSAM XpaHEHHs CIIELIKOKCa
B €MKOCTSIX, CKJIQ/IaX U OTKPBITHIX IUIOIIAIKAX»;
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-noroBop Ne45-HUP/17 ot 05.09.2017 xopmopanueit ¢ ERG «UccnenoBanue
BIMAHUS (PAKTOPOB BHIBETPUBAHUS, CTIOCOOOB U TEXHOJIOTHUN XPAHEHHUS PSAIOBOTO YTJIs, U
pa3paboTKa MEPOIPUSITHI TIO MOBBIIIICHUIO U COXPAHHOCTU €T0 KPYITHOCTH.

Crpykrypa padotbl. [[uccepranmonHass paboTa COCTOMT M3 BBEACHHS, S5-TH
pas3nenoB, 3akitoueHust U coxepxkut 112 crpanun tekcra, 79 pucynka, 24 Ttabmu,
CIIMCOK HCIIOJIb3YEMBIX HCTOYHUKOB M3 118 HauMeHoBaHuUs

Amnpodanusi pa6oTbl. OCHOBHBIE MTOJIOKEHUS PaOO0ThI AOKJIABIBAIUCH U MOJTYYHITH
onoOpenue: Ha Hay4yHbIX cemuHapax kadeapsl PMIIN KapTV u nHayuyHO-TeXHHUYECKHX
coperax  KapTV,  MexayHapogHbIX  HAyYHO-IPAKTUYECKHX  KOH(EpeHIHIX
«CarunoBckue uteHusi-10», «CaruHoBckue uteHus-12» u 1 oHnallH KOHpepeHIUu B
[Tonbmie. Pe3ynbTaThl Hay4YHBIX HCCIEAOBAaHUM, MOJYYEHHBIX B XOJ€ BBINOJHEHUS
JMCCePTAllMOHHON paboThl, ObUIM TpHUHATH Kopropauued ERG u AO «lllybapkonb
KOMHP» JUJISl pACCMOTPEHUS U BKJIIOYEHUS] HAYYHBIX PE3YJIbTAaTOB B ITPOU3BOJCTBEHHBIN
MPOLIECC U BHOBB pa3padaThiBa€MbIil TEXHUYECKUIN PETJIAMEHT.

Bnaromapuoctu. J[lokTopaHT OilarofapuT KazaxCTaHCKOTO U 3apyOesKHOTO
Hay4YHbIX  KOHCYJBTAaHTOB 332  PEKOMEHJAlMM W  [OMOLIb  IPOBEICHUE
AKCTIIEPUMEHTAIBHBIX PA00T M BBIMOJTHEHUU OTACIBHBIX 3TaloOB AMCCEPTAIIMOHHON
pabotel, a Takke pykoBoacTBO AQO «lllybapkonb KoMup» 3a MPEAOCTaBICHHE
AKCIEPUMEHTAIBHOM IJIOIIAJIKK U MPEIMETOB UCCIEIOBAHUM.
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1 COBPEMEHHOE COCTOAHHUE HPOBJIEMbI COXPAHEHWA
KAYECTBA YI'OJIBHOMU ITPOAYKIIMU B 'OPHOM JEJIE

1.1 TeopeaneCKne OCHOBbBI OKMCJICHUSA YIJIA

DOHJOTEHHBIM TOXKap MPOUCXOJUT B pe3yjbTaTe caMoOBO3ropaHus yris. B cBoro
ouepeslb, CCaMOBO3rOpaHUe MOKHO OINUCaTh Kak IIOCTETIEHHOE BO3pacTaHUe
TEMIIepaTypsl B MAacCHBE WM B CKOIUICHHM Pa3phIXJICHHOTO YIS, B PE3yJbTaTe
MpUBOJAIIEE K BOCIUIaMEHEHHI0. Ha mpakTuke, K MOTEHIMAIBLHO IMOXAPOOMACHBIM
00BbEKTaM MOXHO OTHECTH IPOMBIIIJICHHbIE YYacCTKH AOOBIYM W XPAHEHUS YIJIS, Te
MPUCYTCTBYIOT YCIIOBUS, OJIArONPHUSTCTBYIOUINE, MOSBICHUIO OYaroB M MPOTEKAHHIO
caMoHarpeBaHus [3].

Ha camom nene B m000M MPOM3BOACTBEHHOM IIMKJIE MPOUCXOJSAT BHEILIAHOBBIC
OCTaHOBBI, TpeOyIOLUe AIUTEIbHOE TEXHHYECKOe OOCIYyKMBAaHUE, B PE3yJIbTAaTe Yero
yToJbHas Mopoa, OATOTOBICHHAS )T BRBIEMKH, OTKJIaIBIBAETCS B OYHKEpa BPEMEHHOTO
XpaHCHUS, OYMCTHBIC TOPHBIC pPa0OTHl TPHOCTAHABIMBAIOTCS, OCTABIISAS OYHCTHBIC
BbIPAOOTKM HE 3aBepUICHHBIMU. B pe3yibpTaTe 1MogoOHOro MpOCTOSsI UM JOOBIYM YIS
pa3Hoil MOP(OJIOTUHU CYIIECTBYET PUCK MOSBICHUS 0YaroB CAaMOBO3TOPAHMS.

Bce Tpu oOcCHOBHBIE SJEMEHTHI [JIsi BO3HUKHOBEHUS M TOJJEPXKAHUS IOXkKapa
KHCIIOPOJ, TEMJIO W TOIUIMBO MPHUCYTCTBYIOT Ha TPOU3BOJCTBEHHBIX YydaCTKax
yraeno6erun (Puc.1.2). B yronapHbIX maxTax yrojib SIBJISI€TCSI OCHOBHBIM HMCTOYHUKOM
TOIUIMBA, KUCJIOPOJ HEOOXOAUM paboyuM, a TEIJIO BhIPA0ATHIBACTCS IK30TEPMHUECKOM
peakuuen yrias, M KUCJIOPOJ, B CBOIO O4Yepedb, IOCTaBISETCS HENpPEepPhIBHO
BEHTUJISIHMOHHBIMU CHCTEMaMU JJig OOecCledeHHs] TPYJOBOW U TEXHOJIOTUYECKOH
JESITEIbHOCTH, MO3TOMY HHU OJUH W3 3TUX DJIEMEHTOB HE MOXKET OBbITh YJaleH W3
OKPYXAaIOIIeH cpebl.

Ha npumepe OTKpBITBIX YTrOJBHBIX pa3pe3oB oudaramu camoBosropanus (Puc.1.3)
MOTYT MOCIYXHUTh YY4aCTKH TOPHBIX pa3padOTOK M MECT BPEMEHHBIX M MOCTOSHHBIX
OTBAJIOB MOPOA U u3BiIedYeHHoro yris [3,10,11]:

-HEKAYEeCTBEHHO 3auUMUICHHbIE OTKOCHI YTOJBbHBIX YCTYIOB, KPOBJIM BCKPBITBHIX
IJIACTOB, B TOM YHUCJIE, Pa3pyLICHUs MJIACTOB B pe3yJIbTaTe B3PbIBAHUS TOPO BCKPBHILIH;

-II0JJ3€MHBIE TOPHBIE PAOOThI, TOATOTOBIEHHBIE OTKPHITHIMU Pa00TaMH, HA y4acTKax
re0JIOTUYECKUX HAPYIIEHUHN U OTOJI3HEH

-IIEJIMKA YTJIs HAa KOHTaKTe C MOpPOJaMHU BHYTPEHHUX OTBAJOB OECTPAaHCIOPTHOMN
BCKPBIIIIH;

-YTOJIbHBIE U CMEIIaHHbBIE YCTYIIbI, OCTABIIsIEMbIE HA JUTUTEILHYI0 KOHCEPBAIIUIO;

-OChINK  (MIOPOJHO-YTOJIbHBIE CKOILJICHUS, NpPUJIETaloliie K OTKOCY YCTyma),
oOpasyrommecs 3a cueT cOpachIlBaHUsA IKCKaBAaTOPOM YacTH B30PBAHHOTO OJIOKa MpH
MOCJIOWHON pa3pabOTKe TIACTOB OOJBIION MOIIHOCTH 0€3 OCTaBJICHUS] TPAHCIOPTHBIX
0epM MEXIy CIIOSMU, HEKQUeCTBEHHON 3aUMCTKH DJIEMEHTOB YCTYIA W BHIBETPUBAHMUS
MOPOJHO-YTOJILHOTO MacCUBa MO/ AecTBUEM aTMOCHEPHBIX (PaKTOPOB;
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-HAChIM IO/ JKENE3HOJOPOXKHBIMH TYTSAMH ¥ KOHBEHEPHBIMU JIMHUSIMHU,
MyTENPOBObI TOHHEIBHOTO THUIIA W aBTOTPAKTOPHBIE Cbhe3/bl, CHOPMUPOBAHHBIC U3
TOPHOM MaccChl, COJIEPIKAILIECH TOPIOYHI MaTEepUal;

-BHYTpeHHHE  OyJbJO3€pHBICE  OTBajbl, Cc(QOpMUpOBaHHBIE Ha  OTBaJax
OECTpaHCIIOPTHOM BCKPBIIIH, COAEpIKAIEH TOPIOYUN MaTepual OT 3aYUCTKH KPOBIHU
YTOJBHOTO IJIaCTa ¥ BaJOBOW BHIEMKH MaJOMOIIHBIX IJIACTOB;

-BHEIIHUE MOPOJHbIE OTBaJbl, B TOPHOM Macce KOTOPBIX COJAEPKUTCS OO0JbIIOE
KOJTMYECTBO TOPIOYMX MATepUaioB (YTJIs WM YIJIECOAEPKAIIUX TTOPO.);

-1ITabesu pe3epPBHBIX CKIIAJIOB YTJIA.

B wuccnenoBarensckoit padore M.M. VBanoBoii [3] ObLI IpOW3BEICH aHAIU3 H
CXEMaTUYECKA OMHCAHBl TOTEHIMATbHBIE YYaCTKU OYaroB CaMOBO3rOpaHUsA B
MPUMEHEHUU Pa3HBIX TeXHOJornueckux cxemax (Puc 1.1).

a) Oceimu yrIIs1, ¢ O0pTa Kapbepa 0) TpemuHbl, 00pa3yoIMUEcs Tpu
00paboTKe 3KCKABATOPOM-MEXJIONATOM

pu 0TpaboTKe 320051 IKCKAaBAaTOPOM
TOpoOM —

/
ey / . e

SR a \
\ Al

B) OchbInyu yTiis HAa MOJIKaX U MOYBE
32004, TIpH 0TPaObOTKE 320051 POTOPHBIM

r) Tpeuunsl, oOpazyroumecs B
pe3ynbTaTe OMOJA3HOBEHUS

3KCKaBaT0p0M HapHOC6JII/DKeHHBIX HOI[YCTYHOB
)] /)
) /
) , / -
), y) ‘ ) ) S

N
1) YToJIbHAs MEIOYb,

O6pa30BaBI_Ha$ICSI ITOCJIC BBIBCTPHUBAHUA
KOHAMIIMOHHBIX NJIN HCKOHAMIIMOHHBIX

\
¢) Tpeutunsl B pe3yyibTare
BBIBETPUBAHUS UJTH TIPOBECHUS
OypOB3pPBIBHBIX palOT:

LEJIUKOB YTJIsl, HAXOIAIINXCS Ha L
JTHEBHOM ITOBEPXHOCTHU /
b
A |
Wk \
\ '
Pucynok 1.1 (a-u) - Y4acTku BepOSTHOTO BOSHUKHOBEHHUS CAaMOBO3TOpPaHUsI,

muct 1
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k) Tenabl, 00pa3oBaHHBIC B
pe3yibTaTe BEIBETPUBAHUS
KOHJIMLIMOHHBIX WJIM HEKOHIULIIUOHHBIX
LEJIMKOB, HaXOIAIINUXCS HAa JTHEBHOU
MIOBEPXHOCTH:

‘_j\.\.'

N

3) Y4acTKu KOHTaKTa yIJis C
BMEILAIOIIMMU TOPOJaAMHU:

n) [Ipockinu Bo BpeMsi OTPy3KHU YIJIsl B @BTO W/WJIM %/ TPAHCIIOPT

o

s AN

N

N

Pucynok 1.1 (a-u), nuct 2

N
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Pucynok 1.3 - Ouar camoBo3ropanus Oyporo yriis mocje BeITOpaHus
OyHIaMEHTAJIbHBIE MCCIEAOBAaHUS NPUYMH U MEXaHHW3Ma CaMOBO3IOpaHUs YIJIA
BO3HUKJIM IPUMEPHO ¢ cepeanHbl [X Beka M MpoJoJIKaIOTCs MO CEroAHSIIHUN J1IeHb. B
OCHOBHOM, Y4Y€Hbl€ BHIAT NPUYUHBI B XHUMHUYECKHX OCOOCHHOCTSIX OTIEIbHBIX
KOMIIOHEHTOB, BXOJSIIIIMX B COCTAB YIOJIbHOM MOPOIbl, @ TAKKE B COUETAHUU PA3JIMYHBIX
BHEITHUX (DAKTOPOB, YCUIIMBAIOIINX CKIIOHHOCTh K OKUCIIUTEIbHBIM peakuusM [12,13].

HccnenoBaTen ykas3blBAlOT MHUHEPAIBHYIO COCTaBIIIIOLIYHO YTJIEd B KauyecTBe
npu4rH camoBo3ropanus yrisi. B 1861-1866 rogax ObLI0 BBIABUHYTO MPEAMOI0KECHHUE
HeMenkux yueHsix P.I'yamanom u FO.JIubuxom o kmtoueBoit ponu nupurta. CormacHo ux
3aKJIIOYEHUAM, CaMOBO3TOPAaHME YISl MPOUCXOJUT BCJIEACTBUE HANMYUS B MPUMECSX
MUPUTA, CIOCOOHOTO BCTyNaTh BO B3aUMOJIEHCTBHE C KUCJIOPOJIOM BO3AyXa U BOJAOH.
OnHako, Kak IMokKa3ajia MpPaKTHKa, HE BCE YIJIM C BBICOKHM COJEP>KAHHUEM CEPHUCTOIO
JKese3a CKIIOHHBI K CAaMOBO3TOPAHHIO U, HA000POT, TAKXKE MPOIOJKAIOT CAMOBO3TOPATHCS
YINIA ¢ HE3HAYNUTEIBHBIM COJIEpKaHUEM CEPBI U MUpUTA. HacTO caMOBO3rOparOTCs YINIH
HE TOJIBKO C BBICOKMM, HO U C HU3KHUM COZAEPKAHUEM MUPUTA.

B 10 e BpeMs JaHHasi TeOpusl MOAAECPKUBACTCS U IO CEH IEHb MHOTUMHU YYEHBIMU
[14-17]. Tak, cepHble COEOMHEHUS JKENe3a U, B LEIoM, HOHEI kenes3a (Fe?) apmsrorcs
KaTaJIM3aTOPaMHM OKHUCJIEHUS OpPraHWYecKod Mmacchl yrisi. OKHCIHTENBHBIE IPOLECC
ABJISIETCS. 9K30TEPMUYECKUM U TPOTEKAET CO 3HAYUTEIbHBIM BBIJCICHUEM TEIUIa, B
pe3yabpTaTe 4Yero NpoOUCXOAUT CAMOHATPEBAHHUE YTOJIbHON MacChI.

F682 + 1’102 + mHzo —>F€SO4 —>F62(SO4)3 —>F62031’1H20
[Mupur cynbdar cynbdar OKHCH
xenesa (1) xkenesa (I11) Kenesa
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OTU TEOpUHU MOATBEPKAAIOTCA TAKKE B UCCIEAOBAHUSAX XUMUYECKONW AKTUBHOCTHU
OpTraHWYECKUX KOMIIOHEHTOB B COCTaBE YTjied: (PEHOJIbHBIX W albJerHAHbIC TPYIII,
ruapoapoMatrndeckux coenunenuii [18-21]. B denonbHOM Teopuu okucienus, [.JI.
CTalHUKOB MPEIIONOKUI, YTO MMEHHO OKHUCJIEHUE WIJIUCTHIX apTUJUIMTOB CIY>KUT
MPUYMHON CAMOBO3TOpaHus, I71€ AKTUBHYIO POJIb OTAAET OKUCIIaM KeJle3a.

B 35IeKTpOXMMHYECKOW TEOpUM AHAJIOTMYHO MPEABIyLIIMM aBTOpaM CUYUTAIoT,
CUMTAIOT MOHBI JByXBajeTHOro xene3a (Fe’') MHUIMIMMPYIOT CaMOBO3rOpaHws,
paszensisa BeCh MPOLECC Ha JIBE CTA/IUU, B KOTOPBIX COCTABHBIE YACTHU YTJISl BHIMOJIHSIIOT
3a/1a4M TAJIbBAHWYECKX DJJIEMEHTOB, 3a CUET YEro TeMIlepaTypa YTOJIbHOM TOJIIH
noaaumaercs 10 60°C, B yCI0BHUAX KOTOPBIX 3aITyCKAIOTCA LIETIHbIE PEAKIINA OKCUIICHHS],
npuBoAsLIME Temneparypy camonarpeBanue 10 S00°C. [15].

BrlienepeuncieHHble TEOPUM OCHOBBIBAIOTCS HA XHWMHUYECKOM AKTUBHOCTH H
OKHCJISIEMOCTH YIJIEPOACOIEPKAIIMX BEIIECTB KUCIOPOAOM 32 CHET AKKYMYJIHUPOBAHHOI'O
TEIJIa, HE YYWUTHIBAas pEaJbHbIX YCJIOBUH  MECTOPOXKIECHUS, T'€OJOTMUYECKUX
XapaKTePUCTHUK U CI0c00a BeJIeHUsI TOPHBIX padoT.

[IpuknanHoi xapakTep HCCIeIOBaHUS MpUOOpeNIH B Hayalle MPOIUIOr0 CTOJIETUS
omaromaps Tpynam A.A. Ckounnckoro, B.C. BecenoBckoro u Apyrux uccieaoBaTesieil B
MOCIICYIOIINUX TOJaX U MO HACTOSIINIA JIeHb. 3HAUUTEIbHbIC HapaOOTaHHBIC MATEPUAIIBI
M0 BIMSHUIO TOPHOTEXHUYECKUX (PAKTOPOB TMPEICTABISIOTCA TaKXKe 3apyOeKHBIMU
yuenbiMu u3 Kutas, Uaauun, CIIA u no cerogusmnuii aAeHs [7, 23-28].

O0600611ast BhIIIIEyKA3aHHOE, MOXHO CJIelaTh BBIBOJ, YTO CAaMOBO3TOpaHUE YT
MPOUCXOAUT B PE3YyJIbTATE OKHUCJIEHUS YrOJbHOM MacChl C 3allyCKOM IIpH
HU3KOTEMIIEPATYPHBIX YCIOBUAX U CO CTPEMUTENIBHBIM ITOBBIILIEHUEM HHTEHCUBHOCTH OT
BBIJIEJISIEMOTO TeIUIa. B pe3ynbpTaTe XMMHUYECKUX MPEBPALICHUN MEHSETCS U XapaKTep
MPOTEKAHUSI XUMUYECKUX TPOIECCOB B CYMME TI'€0JIOTO-TEXHUYECKUX OCOOCHHOCTSIMU
YTOJIBHOTO MECTOPOXKICHUS M TEXHOJIOTUSMH TPUMEHSEMBIX TOPHBIX padOT cTaguu
CaMOHArpeBaHMsl CTAHOBSITCS LIETTHBIMU U HEOOpPaTUMBIMU B €CTECTBEHHBIX KOHIUIUSX
(Puc.1.4).

VBenH4ueHHe VcropeHHe
IK30TEPMHH OKHCIHTEIbHBIX
peakiHH IpOIecCOB

Tenrosoil pasroH g

BrioeaeHHe TeIIA

Pucynok 1.4 - Cxema caMOHarpeBaHusi 1 YCKOPEHUS OKUCIUTEIbHBIX MTPOIIECCOB
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B OonpmuHCTBE CllydaeB NPUYMHOM DHOJATCHHBIX TOXKApPOB  SIBISIOTCS
HEKOHTPOJIMPYEMbIE TPOLIECCHl CAMOBO3TOPaHUs YIJisl IpU A00bIYE, TPAHCTIOPTUPOBAHUU
U XPaHEHUs YIS Ha OTKPBITBIX M 3aKPBITHIX CKJIAJOBBIX IUIOMIANAX. YTOJdb JIETKO
OKUCJISIETCS, YTO BBI3bIBAET MPOOJIEMBI HA MHOTUX YTOJBHBIX IIaXTaX MO BCEMY MHUDPY.

1.2 HccaenoBanmne (pakTopoB BLIBETPUBAHHUS U CAMOBO3TOPAHHUA

Ha cerognsmuuii 1eHb O4YeHb MHOTO PAOOT MPOBOAATCS IO HCCIEAOBAHUSIM
OTJIENBHBIX (PAKTOPOB, OJIATONPHUATCTBYIONIUX OYaramM caMOBO3TOPaHUS U YCUITUBAFOIINX
OKHUCJIUTETIbHBIC TTPOLIECCHI JI0 3Tara BOCILIAMEHEHUS

CamoBo3ropanue yrjied MpOUCXOJUT TMpPHU COOJNIOJCHHH OOIMMX  YCIOBUM
BO3HHKHOBEHH: JIF0Ooro moxapa (Puc.1.5), a umenHo:

-HAJIMYIHE YTIIsA, CIOCOOHOTO OKUCIISTHCS P HU3KUX TEMITepaTypax;

-IIOCTATOYHOE KOJMYECTBO KUCIOPO/Ia AJIsi CMEIICHHUSI XUMUYECKOTO PABHOBECHS;

-KOJIMYECTBO TEIIOTHI JOJKHO aKKYMYJIHUPOBATHCS B JJOCTATOYHOM KOJIMYECTBE JIJIs
MOJIJICPIKAHUS U YCHIICHUE TTOCTICAYIONTUX IK30TEPMUICCKUX PEaKIINi OKUCIICHHS.

Tax k hakTopam caMOBO3rOpaHUsi MOKHO OTHECTH BCE DJIIEMEHTHI, CIIOCOOCTBYIOIINE
obecreunBaronIie BBHIICNIEPEUUCIICHHBIE YCIIOBUS. M MOXKapoomacHOCTh yTOJbHBIX
pa3pe30B B IEJIOM OIPEACIIICTCS COBOKYITHOCTRIO IIEJIOT0 Psia Pa3IudHbIX (PaKTOPOB.

Pucynok 1.5 - OCHOBHBIE 3JIEMEHTBI OTHS (TToXkKapa)
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Bce ¢akTopsl, cmocoOCTByIONIME CaMOBO3TOPAHUIO YIJIS, YACTO Pa3JeNsioT Ha 2
IPYIIIIBL: TE€OJOTHYECKUE U TOPHOTEXHUYECKHE [29-32]

['eonornyeckne (GaxTophl, BIUAIOT HA CAMOBO3TOpPaHHME YTJEH B €CTECTBEHHBIX
YCIIOBUSIX, U U3yYEHUE MapaMeTPOB YrOJIbHBIX TJIACTOB M KAYECTBEHHBIX XapaKTEPUCTUK
yTJeH, CrocoOCTBYIOT CO3aHUI0 3(PPEKTUBHBIX Mep MPOPUIAKTHKA U 0€30MacHOTO
BEJICHUSI TOPHBIX paloT.

Tabmuma 1.1 - @akTopsl, BAUSIONME HA BOSHUKHOBEHUE SHOTCHHBIX TTOKAPOB

I'eosiornueckue paKTopsbl
T'opHo-TexHOJIOTHYeCcKHE (PAKTOPBI
XapakTepuCTHKHU YIJs XapaKkTepuCTHKHU YIoJIbHOIO IJIACTA
TommuHa miacra Crioco0ObI 100BIYH
[etporpadudeckuii coctan YkJ10H macta (yroi majeHus) Temn npoBUKEHHS JIaBbI
Paznombt Ycnosue cronba
['panynomeTpuueckuii coctan Bri6pocs! yrist YcnoBue Kphllin
BraxnocTs ITopucrocts yrius Paspymenne nopos
ConepxaHue cepbl I'yOuHa 3aneranus 3akmagka
Du3nKo-MexaHu4yeckre CBoWcTBa | MOIIHOCTE MiacTa Bnusinue npeBecHbIX MaTepuanos (Tp.
onop)
MuHepanoruueckuii coctas T"azoHoCcHOCTB Yreuku
Hasnmame 6akrepuit JlocTynHOCTh BO3yXa MHoromIacToBkle pa3paboTKu
- Temnepatypa Tlotepu yrus
- TekToOHHYEeCKHE XapaKTEPUCTUKHU BripaboTaHHbIe IPOCTPAHCTBA
- - BentunsuuonHsie CHCTEMBI,
BIIAKHOCTH paboueil cpepl

-MoImHOCTH MJIACTA U YCJIOBHA 3ajIeraHusl IVIACTOB - boJbiias CKIOHHOCTD yTJIs
K CAaMOBO3TOPAHMIO B MOITHBIX IJIACTAX CBS3aHA, TPEXK]IE BCETO, C TEIIION30JISIITHOHHBIMU
YCIOBHUSIMU, TPENATCTBYIOIIMMH OTTOKY Teria. TakKe CIEeIyeT Y4YecTh CIIOXKHOE
CTPOCHHE TIIacTa, COJACPIKAIIETO Pa3IMYHbIE MUHEPAIbl U OPraHUYECKHUE COCTABHBIC,
CKJIOHHBIE WJIM MHULIMMPYIOLIME OKUCIUTEIbHBIE MPOLECCHI B TOJIIE T1acTa [29].

-Yroa mnaxeHusi yroabHoro miaacra - Ilpu pa3paboTke KpyThIX IUIaCTOB
CYILIECTBYET OOJbIllass BEpOSTHOCTh OOPYIICHUH NpU BEACHUU OYUCTHBIX PabOT, TeM
caMbIM, Hapyllas CHUCTEMY BEHTWIALIUM, CO3/laBas BEPOSITHOCTh MPUTOKA BO3AyXa K
BBIPAOOTaHHBIM MIPOCTPAHCTBAM U OOPYIIIEHBIM 30HAM

-TexToHMYecKasi HAPYLIEHHOCTD MJIacTa - C HapyLIEHUEM CTPYKTYPhI YTOJIBHOTO
TJ1acTa MPOSIBISETCS TPEUTMHOBATOCTh M MPOUCXOIUT Jera3alus IiacTa, B pe3yiabTaTe
TOpHBIE pa0OTHI TPUOCTAHABIMBAIOTCS U PA3PHIXJICHHBIA YTOJIb TEPSIETCS I BBIEMKH U
OCTaeTCsl AOCTYITHBIM JJI1 OKUCIIUTEIbHBIX MPOIIECCOB HATHETEHHBIM BO3yXOM.

-I'a3oHOoCHOCTH MuIacTa - MertaH, 3anoiHssl NOPbl YTOJIbHBIX MACCUBOB SIBISETCS
AHTAarOHMCTOM KHCIIOPOJa, CO3/JaBasi ACPUIMT €ro KOHIEHTpAIMu MJis1 CMENIECHUs
XUMHUYECKOTro paBHOBecHs. TakuM 00pa3oM, METAHOHOCTHOCTh CO3/1aBast OMPEACIICHHYIO
OTIaCHOCTh TOPHBIM paboTaMm, MPEJOTBPAIIACT CAMOBO3TOpaHUE YTJIs.

-Ctenenr Meramoppusma yriaei - [IpuHsaTo cumtarh, 4TOo yriaum c OoJbliel
CTeTNIEHbI0 MeTaMOppu3Ma MeHee CKIOHHBI caMOBO3ropaHuto. Tak, Haumbomee
CKJIOHHBIMU K CaMOBO3IOpPaHUIO YTJed OTHOCAT Oypble YIiu, MEHEE CKJIOHHBIMU —
KaMEHHBIE YIJIM, a BEPOSITHOCTh CAMOBO3TOPAHUS AHTPALIUTOB CYUTAIOT HUYTOXKHOU, YTO
TaKXe MOATBEPKIACTCS IKCIIEpUMEHTAIbHBIMU [21,32].
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-Ilerporpaduuecknii  cocraB yriass -  CKIOHHOCTh  CaMOBO3TOPAHUIO
00yCIaBIUBAIOT TAK)KE HAJTMIMEM MUKPOKOMIIOHEHTOB TPYIITIBI BATPUHUTA, B CBSI3U C €TI0
BBICOKOM TOPUCTOCTHIO M  HAJIMYMEM AaKTHUBHBIX  PAJAMKAJIOB. bBOJBIIMHCTBO
UCCleloBaTeNie HE MPUAAIT OONbIIOro 3HAaYeHUs (PO3UHUTA B  MpoIEccax
CaMOBO3TOPAHMSI, OJHAKO, SKCIEPUMEHTAIbHBIMU JIaHHBIMU MPEANOIAraeTcs, YTo Mpu
HU3KUX TeMIlepaTypax OKHCIAETCS CHayana (QIO3MHUTHI, OJHAKO C IMOBBIIICHUEM
TeMIepaTypbl 00Jee CKIOHHBIM K OKHCJICHHIO CTAaHOBUTCS BUTPHHHUT, B TO BpeMs Kak
(hr03eHOBBIE BellecTBa Oosee ycToiunBeIMu [29,32].

-30JIbHOCTP M MHUHEPAJBHBIA COCTAB - 30JIbHOCTH CIENYET paccMaTpuBaTh Kak
KOJJMYECTBEHHOE BBIPAKEHWE MHUHEPATHHOM ATOM YaCcTU KOHEUHBIN YIJIs, a MUMEHHO,
HAJINYMS CKJIOHHBIX K OKUCIICHUIO MUHEPAJIOB, HAIPUMEDP, KOHEUHOMY CYJIb()UIOB 11EJI0M
xene3a (nmupurta U mapkasuta). O TUPUTHOM TEOPUU CAMOBO3TOpaHUs YIIOMUHAIOCH B
NPEABITYIIEN TIaBe, TI€ OTMEUYEHO, O KaTAJTUTHYECKUX CBOMCTBAX COCIUHEHUM JKEJe3a.
[Ipu cpaBHUTENBHO HEOOJBINONW TEIIOEMKOCTH MHUPUTA, B PE3yJbTaTe MOTJIOIIECHUS
OJIMHAKOBOTO KOJMYECTBA TEIUJIa TEMIEpaTypa NUPUTa BO3PACTaeT B HECKOJBKO pa3
Oombiie yrias. OqHako, peakTUBHas: CIOCOOHOCTh MMUPUTA B CyXOl Macce He3HAUUTEIbHA,
W JUIIb TIPU TOBBIIMICHUH BJIAXHOCTH YK30TEPMUYECKHUE PEAKIIMU OKHUCIICHUS THUPUTA
YCUJIMBAIOTCSI HEKOHTpoJupyemo [36-38].

-BiaaxkHocTs - Elle B cepeanHe MpONUIOrO CTOJIETHSl YCTAHOBJIEHO, YTO Biara
ABIIAETCA HEOOXOAMMBIM 3JIEMEHTOM CaMOBO3TOPaHMsI yTiei, OTHAKO, Ha CETOIHSAIIHUN
JI€Hb, HET YETKOI0 MPEACTABICHUS O IPUPOJIE BO3AEHCTBUS BOJIbI Ha TPOLIECC OKUCIICHUS
B CWIy CIUIETEHUS (PU3NYECKUX U XMUMHUYECKHUX SIBICHHM, MPOUCXOJSAIINX B TONIIAX
yrojJpHOro MaccuBa. [Ipm 3TOM BaXHO pa3nuyaTh COCTOSHHUS BIIArd YIJIS IIpH
pacCMOTpPEHUM BO3JEHCTBUS Ha OKHcleHue. Brary mnopapasnensior o0OOIIEHHO Ha
BHEILIHIOIO U BHYTPEHHIOIO, KOTOpBIE, B CBOIO OYE€pEb, OTIMYAIOTCA MO MPOYHOCTH
CBA3aHHOCTH C YrobHOM Maccol. [1o sxcrepuMeHTaabHbIM JAHHBIM MPEIOI0KEHO, YTO
AKTUBHUPYIOIIMM areHTOM CITY>KUT UMEHHO TMIPOCKONUYecKas (aHaJuTH4ecKas) Biara, B
TO BpeMsl KaK BHEUIHSI BJlara, yBJIQXHSS YTrOJbHYIO MOBEPXHOCTb, 3aIOJIHSS IOPHI,
MPEMSITCTBYET COPOLIUU KUCTIOPO/1a, BDEMEHHO PUTOPMAaKUBast Tpoliecc okucieHus [41-
43].

-Jleryyne BemecrBa - [loxg neTrydynMu BemecTBaMu B yIJI€ IOHMMAIOT BCE
ra3oo0pa3Hble KOMIIOHEHTBI YIJIsi, KPOME BOJIbI, BBIAEISEMBIE MPU €r0 HarpeBe MIpu
BBICOKMX TeMIleparypax 0e3 JocTymna Kuciopoja. Pe3ynbrare HarpeBa 4acTuil pa3HOTO
pasmepa (ot 37 mo 5000 mMxM) co ckopocThio 293°C/MHUH HCClIeIOBATEIU MPHUILIA K
BBIBOJIY, YTO YIJIU C BBICOKUM BBIXOJIOM JIETYUMX BEUIECTB HECYT B c€0€ MOBBIIICHHBIH
PHUCK CIIOHTAaHHOTO caMOBO3ropanus [44].

B cuny BbIOpaHHOrO 00BEKTa HCCIAEAOBAHUA HUWKE MNPHUBOJIUTCA  Psif
TOPHOTEXHUYECKUX (PAaKTOPOB, CIIOCOOCTBYIOUIMX CAMOBO3TOPAHUIO YISl IPU OTKPBITHIX
ropHbIX pazpadotkax [10, 31, 32, 45-47]:

-IlporsizkeHHocTh OYMCTHOTO (poHta - B cumy Oonpmiol  miomanu
0TpabaThIBA€MOI'0 y4yacTKa IjlacTa yroJib, MOATOTOBJICHHBIA K BbIEMKE, MOJBEpPraercs
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KJIMMaTAYECKOMY BO3JEHCTBUIO, IIOPOXKAAs YaCThle OYard CaMOBO3TOPAHMS, B CIIydasX
3aTSHKHBIX OUHMCTHBIX pabOT MOCIE BCKPHITHS.

-BbicoTa ¥ OOHOBJSEMOCTb YIOJIbHBIX YCTYNOB - YTOJBHBIE YCTYIIbI
WCIOJIb3YIOTCS [l MOCTEIEHHOM OYMCTKM OT BEPXHErO CIIOA OO HHMXKHETO, TJIE OHU
MOJABEPratOTCs MEXaHUYECKOMY U KIIMMAaTUYECKOMY BO3JEHCTBHUIO, B PE3YJILTATE YETO C
oOpyllIEHUEM MPOSBIAETCS AKTUBHOCTH BBIIICHA3BaHHBIX (DAKTOPOB CaMOBO3TOpaHMS.
[Ipu cnumkom BeICOKUX ycTynax 3Q¢GeKTUBHOCTh MEXaHUYECKON OTPaOOTKU CHUXKAETCS
W BEpXHHE YacTH YCTyIa, TMOJATOTOBJICHHBIE B3PBIBHBIMU pPa0OTaMH, OCTAIOTCS
HEKA4YeCTBEHHO OYMIICHHBIMHU.

-IlnaHupoBaHMe ¥ MPOEKIUA 0TBAJIOB BCKPBIIIHA U TOPHOM MOPOAbI - B ciaydasx
CKOIUICHUSI TOPHOH MOPOABI U BCKPBILITHOTO MaTepuala B 30HaX OTPAOOTKH MPOUCXOIUT
PEAaKTUBHBIM KOHTAKT C MUHEPAIBHOU YaCThIO U BCKPBITOrO IMOATOTOBIEHHOTO YIJIS, B
pe3yapTaTe 4Yero HWHULMHUPYETCS W YCKOPSAIOTCS OKHCIUTENbHBIE MPOLECCHl Ha
MMOBEPXHOCTH YT'OJIBHOTO IUIACTA. BOJBIIMHCTBO 3HAOTCHHBIX IOXKAPOB MPOUCXOAAT B
MOPOJHO-YTOJIbHBIX CKOIUICHUSIX: HaBalaX, OCHINAX, OTBajlaX M INTA0ENsIX YIS
coctaBisieT 30-80%. Tak, u3 8 mOXapoB, €KEroJHO BO3HUKAIOLIMX Ha paspese
«YepHoropckuii», 4 moxkapa - SHIOTEHHBIE B OCBINSX U HABaJaX, 4 - 5K30N€HHBIE B LIEJINKE
OT TMOCTOSIHHBIX II0)KapoB B OTBaJaxXx. B cBOI0O odepenb, oyarn CaMOBO3TOpAaHUS B
CKOIUICHUSIX PAa3PBIXJIEHHOIO YIVIS, YacTO SBJISIIOTCS NPUYUHOW IOXKApPOB B LEIUKAX.
IIpakTHuecku Ha BCEX pas3pe3ax CTpaHbl HE MPOBOAMUTCS HUKAKUX MEPONPUATHH IO
CBOEBPEMEHHOMY YJAJICHUIO CKOIIJICHUH WK IPO(UIAKTUKE UX CAMOBO3TOPAHUSI.

-He3annnanupoBanHble 1 aBapuiiHble 0CTAHOBBI - 3aMEIJICHHE OUYMCTHBIX PadboT
3a4acTyl0 CO3JAal0T OOJBIIMKA BPEMEHHBIM WMHTEPBAIT JTOCTHKEHHUS KPUTHUECKOU
TEMIIEPATyPbI CAMOBO3TOPAHUSL.

-MexaHM3MPOBAHHBII MPOLECC OYMCTKH - TEOpeTHYECKH MEXaHUYECKOe
BO3JICHCTBUE HA YroJib NpH J0OBIYE, MOTPY3KE M TPAHCHOPTHUPOBKE (IKCKABATOPHI,
IPY30BOM TPAHCTIOPT: KOJIECHBIN M KEJIE3HOAOPOKHBIN) UIN CHJIAMHA TOPHOTO JIaBJICHUS
MPUBOJUT K pa3phiBy XUMHUYECKHUX CBsi3ed M 00paszyroTcs CBOOOIHBIE paUKabl,
Pa3BHUBAIOIINE OKUCIUTEIbHBIE MEXaHU3MBbI. TakuM 00pa3oM, MPHU pa3pylICHUH YTt
oOpa3zyeTcst 00JIbII0E KOJIMYECTBO aKTUBHBIX IIEHTPOB, CIIOCOOHBIX B3aUMO/IEHCTBOBATD C
KHCJIOPOJIOM BO3/lyXa JIayKe IIPU HU3KUX TEMIIEpATypax.

-BbiBeTpuBaHue yriieii NMpH OTKPBITOl pa3padoTke W CKJIAAMPOBAHMHU Ha
OTKPBITBIX CKJIagaxX - BeiBeTpuBaHuWEM yriell Ha3bIBAIOT TAKXKE OKHUCIUTEIIbHbIC
pa3pyLIUTENbHbIE MPOLECCHl B TOJIIE YIUIA WM B IITA0ENIX HAa OTKPBITHIX CKIIAJax,
3a4acTyl0 IPUBOIAIINE K CAaMOBOCIUIAMEHEHHUIO IIPU HAJIWYMHU YCJIOBHH. Pasznnuarorcs
busnueckoe U xuMudeckoe BeiBeTpuBanue. [Ipu pusnyeckom nmposiBICHUN TPOUCKXOTUT
Pa3phIXJICHHE YTOJIBHOM MACChl, MOHM)KEHHE MOIIHOCTH YIOJBHOIO IIIacTa H
o0pa3zoBaHue MOPOIIKOOOPAa3HOW MACChl, HEMPUTOIHOMN ISl JaJbHEHIIeH 00paboTKu U
peanuzauuu. A 1oJ XMMUYECKUM BBIBETPMBAHUEM MOJIPA3yMEBAIOTCA OKUCIUTEIbHBIC
MPOLIECCHI, M3MEHSIOIINE KAYEeCTBEHHBIM COCTaB YIJISA: YMEHBIIECHUE YIVIEpOAa,
BO3pPACTaHHUE KUCIOPOACOIECPKAIIMX OPraHNYECKUX BEUIECTB B COCTaBE. B OCHOBHOM Ha
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OTKPBITOM BO3[yX€ KIMMAaTUYECKUE YCIOBHS SBISAIOTCA Pa3pyLIMTEIBHON CHIIOH,
MIPUBOSALIEHN YTOJIb B HE PUTOIHOE JUIsl HAPOJHOTO X03s511cTBa cocTosiHue [21,48].

Bosnbias BeICOTa yTONBbHBIX WM CMEIIAHHBIX YCTYTIOB HEPEKO SABIIAECTCA MPUINHON
PE3KOT0 yBENWYEHHUs UX jAedopManuu moj AEHCTBHEM CHII TSXKECTH, NMPUBOIAILICH K
YaCTUYHOMY WJIM MTOJIHOMY pa3pyLI€HHIO YCTyNoB. [[pouHOCTHBIE CBOICTBA yCTYyIIa €11
0osiee CHUXKAIOTCA, €CJIM OH COCTOUT M3 HEOJAHOPOAHBIX IAY€K, YTO, HAIIpUMEP, UMEET
MecTo Ha pazpe3ax 110 "Dkubacrysyrons". Ha 3anagnom Oopty paspesa "CeBepHblii"
HEOJHOKPAaTHO BO3HUKAJIM OHIOTCHHbIE I0XKaphl B OCHIIAX, 00pa30BaBIIMXCS B
pe3yJbTaTe OMOJI3aHMsl OTKOCOB YIOJIbHBIX YCTYIIOB IO IIJIOCKOCTSIM HaIUIaCTOBAHHUA.

DHJOreHHasi MOKapoONacHOCTh Ha pa3pe3ax 3aBUCUT OT BHUJA MNPUMEHSIEMOIO
TexHosornyeckoro tpancnopta. Ha paspeze um. 50-netuss OkTsa0ps Ha ydacTKax C
KEJIE3HOJOPOKHBIM TPAHCIIOPTOM YHUCIIO ITOXKAPOB B 2-5 pa3 MEHbIIIE, YEM Ha ydacTKax C
aBTOTPAHCIIOPTOM.

PasMemienne yrimcTeiXx MOPOA W YINI M3 IUIACTOB Hepabodeld MOLIHOCTH BO
BHYTPEHHHMX OTBajax Oe3 MPHUHATHUS MEp MO MPEeJOTBPAIICHUI0 UX CaMOBO3TOpaHUs
IPUBOAUT K TOMY, YTO 3HAYMTEJbHBIE IIOLIAJN BHYTPEHHHUX OTBAJIOB IOIBEPraroTCs
ropeHuto. ClencTBUEM 53TOrO SIBJSIETCS 3ara3oBaHHOCTh arMoc(epbl pa3pe3oB U
BO3TOPAaHUE YIOJbHBIX LIETUKOB B PE3YJIbTAaTE€ MPSAMOIO KOHTAKTa MX C TOPAIIUMU
OTBaJlaMH WJIM Y€pPEe3 OCHINMHU U HaBaJIbI [29].

1.3 OcHoOBHBIE CTAAUN OKUCTCHUS YIJIsI

OxucneHue yriasi HAYMHACTCS C DK30TEPMUUYECKUX XUMHUYECKHX PEaKIUi, U ero
MO>KHO OIHCATh KaK MPOIIECC, BKIIOYAIOIINNA TPH MOCeI0BaTeNbHbIX dTana (Puc.1.5):

1)®uznueckas aacopOLUs KUCIOPOIa Ha TOBEPXHOCTU YIJISI - IEPEHOC KUCIOPOa
Ha TIOBEPXHOCTH YACTHI yTJIs;

2) Xumudeckas abcopOuus (XemocopOIus), KoTopas MPUBOAUT K oOpa3OBaHUE
YTOJIbHO-KUCIOPOJAHBIX KOMILJIEKCOB U KUCIOPOJCOAEPKALIUX YIIIEPOIOB;

3) XuMu4ecKoe B3auMOIeUCTBIE MEX Iy yriaeM u 02

Xumuueckas peakiusi (cragusi 3) pacuieruiieT MeHee CTaOWIbHBIE YTrOJBHO-
KHUCIIOPO/JHBIE KOMIUIEKCHl M TMPUBOAUT K OOpPa30BaHUIO Ta3000pa3HBIX IMPOIYKTOB,
o6b1yHO okucH yriaepozaa (CO), asyokucu yriepoaa (CO2) u BoasHoro mapa (H20). [46].
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TacTana yras = BelleleHHe raza

PI/ICYHOK 1.5 - ba3oBeble SIBJICHUS, IIPOUCXOIAIINUC B ITPOICCCC OKUCIICHUSA YIJIA

-

Kputnueckass Temneparypa jid YCKOPEHUSI OKUCIUTEIBHBIX  IPOLIECCOB
JNOCTUTAETCS B pe3yJIbTaTe XUMUYECKHX ITpeBpanieHuil tuna [51]:
C+ 02 =C02 + 393.5 k/I»x/mMoib
2C+ 02 =2CO + 170 xJI»x/Momn
2H2 + O2 = H20 + 241.8 xJI>x/M0i1b
N3-3a cBOEH CTPYKTYyphl, KOTJA Yrojib BCTYHAaeT B KOHTAaKT C KHCJIOPOJIOM, OH
aacopbupyer kucinopona. Ilpu temmneparype Boimie 40°C aacopOmusi NPUBOIUT K
AK30TEPMHUUECKON PEAKLIMH U BbI3bIBAET MOBBIIICHUE TEMIIEPATYPbI OKPYKAIOILIEH CpeIbl,
HCIIapeHue BJarv, pacKphIBalOTCSI MUKPOIOPHI B YTOJIBHOM BEIIECTBE U YBEIUUUBACTCS
pearupyroiasi IoBepXHOCTh. ECII 3TO TEIJI0 HE MOXKET ObITh YJAJICHO U3 OKPY KaroIeh
cpensl, koHueHTpauu CO u CO2 yBenumuuBatotcs npu temneparype Boime 70°C, a
BOJIIHOM map Beiaensiercsa npu 125°C.
IIpu cHm>keHUM BIaxXHOCTH Ha 60% OT HayaIbHON HACTYIAET TPEThS CTaaMs, TAE,
0 CYIIECTBY, U (pOPMUPYETCsl odar camoHarpeBanust yrisi. [Ipu mocratouHoM mMpuTOKE
BO3J/lyXa MEpEeXo/| Mpoliecca CaMOHArpeBaHusl yriid B BO3TOPaHUE MPOUCXOAUT B TAKUX
yCI0BUAX B TeueHue 5-7 cytok (Puc.1.6).
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Pucynok 1.6 - Cxema pa3BuTus IIPOLIECCOB CAMOBO3IOpPaHUs U TOPEHHUSI YIJIEH.

1.4 OOHapykeHHe 04ArOB CAMOBO3rOPAHUS YIOJbHOI NPOAYKIUH
1.4.1Metoap! uccienoBaHusl CKIIOHHOCTH YIJISl K OKUCIIEHUIO U CAMOBO3TOPaHUI0

Ha cerognsmHuii J€Hb MPEICTABIEHO MHOXKECTBO METOAOB OIPEICICHUS
CKJIOHHOCTH yTJIEW K OKHCJIEHHUIO WIM CaMOBO3TOPAHUIO. JTHU METOJbl OCHOBAaHbBI Ha
OTpE/ICNICHNN KAYeCTBEHHBIX XapaKTEPUCTHUK, ONEHKH (U3MKO-XUMHUYECKHUX CBOMCTB
yrast. [lpu 5ToM HET 0JIHO3HAYHOCTH B MPUMEHEHUU OOIIENPUHATOrO METO/AA K yTJIsIM
BCEX THUIIOB, C Pa3HBIX MECTOPOXKACHUN [52].

BonbIIMHCTBO  M3BECTHBIX  METOAOB  0a3upyloTcss Ha  (QyHAaMEHTAJIbHBIX
XUMUYECKHX METOJMKAX OLEHKH okucisiemoctH kak meton B.C. Kpsima - okucieHnue
IIEPMaHraHaToOM B KUCJIOM cpene, meron Jlunm m ['opimanaa — OKHCIEHHE C TTOMOIIBIO
a30THOM KUCIIOTHI, U OpoMoM Kak B MeTojae dumiepa.

N3BeCTHBI METO/IbI, OCHOBAHHBIE HA ONPEICIICHUN TEMIEPATypbl BO3rOpaHus NpH
Pa3IMYHOM DPEXHUME BO3JICUCTBUS Ha OOBEKT HCCIEAOBAHMS: IO BO3TOPAHUIO TPU
HEM3MEHHOCTH 3a/laHHOM TeMmriepaTyphl (Mmeton J[leHmiTera), BO3ropaHui0 Yyris MpU
MOTOKE BO31TyXa (KUCIOpoa) (MeTon DpaMaHa).

B coBpemMeHHBIX YyCIIOBUSIX TOI00HBIE 3aMEphl TEIJIOBBIX CBOMCTB, XWMHUYECKOU
AKTUBHOCTH MPOBOJATCS HA KOMIUIEKCHBIX aHAINTUYECKUX YCTPOUCTBAX, MO3BOJISIOIINX
ONpeAeNaTh MapaMeTpbl BO3rOpaHus HamOoJjiee TOYHO C YKa3aHUEM IPOrpeccuu U
HaIpPaBJIEHHOCTH OKUCIUTENbHBIX MpoueccoB [52-57]. Metonel wucciaenoBaHusi B
OOJNBIIMHCTBE CIIy4aeB, HCIOJHUMBI B JAOOPATOPHBIX YCIOBUSAX, KOTOpBIE MAlOT

(I)YHI[aMeHTaJIBHBIC OCHOBBI JI1 OHICHKH CKJIOHHOCTH VYIJII K CaMOBO3IOpaHHIO.
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Pazymeercs, nanHbple 1a00paTOPHBIX MCCIEIOBAHUIM HE YUUTHIBAIOT MOJIEBBIX YCIOBU,
OJTHAKO, WX JOCTATOYHO ISl Pa3padOTKA MEPONPHUITHA IO MOHHTOPUHTY W
OoOHapy’>KEHUIO 0YaroB caMoBo3ropaHusi. B Toxe Bpemsi 0a3oBble J1abopaTOpHBIE
UCHBITAaHUSI TIPOBOJATCS TMEPUOAMYECKHM Ha 0a3e MPOMBIIUICHHBIX HPEINpUsATHI MO
YCTAHOBJIEHUIO WHKYOAlIMOHHOTO MEpHOJia CaMOBO3TOpPAHMs YINISI M OTKJIOHEHHUS OT
pa3pabOTaHHBIX PETIAMEHTOB.

1.4.2 OGHapykeHHe 04aroB CaMOBO3TOPaHUS MIPH MOA3EMHOI 100bIYe YIS

DHJOTEeHHBIE TOXKAPHI B YTOJIBHBIX [IAXTaX Yallle BCET0 BO3HUKAIOT B BEIPAOOTAHHOM
MPOCTPAHCTBE, OOYCIIOBIMBAsST TEM CaMbIM  TPYIHOCTh WX  OOHApYXCHUS,
npenynpexacHus u tymeHus. OTcyTCTBHE HEoOXoauMou HH(OpMAIu o Tpolecce
CaMOBO3TOPaHUS B BEIPAOOTAHHOM MPOCTPAHCTBE MOKET MPUBECTU K HECBOEBPEMEHHOMY
MPUMEHEHHIO aKTUBHBIX METOJOB TYIICHUS U CTAaTh MPUUMHON H3OJIALUUA BHIEMOYHOTO
yuyactka. Hwuskas 3¢@deKTUBHOCTh TACCHBHOrO croco0a TMOJAaBJICHUS OYaroB
CaMOBO3TOPAHUS MPUBOAUT K JUIUTEIHHOW M30JSIIMU y4acTKa, a 3a4acTylo U K MOoTepe
MOJITOTOBJICHHBIX K BHIEMKE 3aMIaCOB YIJIS U JOPOTOCTOSIIETO 000PYI0BaHUS.

Ha mnepBbiii B3rmsan, Omarogapsi 3aMKHYTOCTH OTpaOaThIBAEMOTO Y4acTKa H
OpraHW30BaHHOW CXEMe IMO/IaYd BO3yXa MPUMEHEHHE TPSIMBIX CIIOCOO0B OOHAPYKCHHSI
YY4aCTKOB CKOILJICHUS TEIJla U OYaroB CaMOBO3TOpaHUs KaXeTcsl 0oyiee MPUEMITUMBIM.
[Ipy »TOM TEONOTUYECKHE ¢ TOPHO-TEXHUYECKHE OCOOCHHOCTH OKAa3bIBAIOTCS
MIPENSATCTBUEM JIJIs M30MPATETHHOCTH M aBTOMATU3AIMN CUCTEM JICTCKTUPOBAHUS.

-3amep Temmepartypsbl [ u3MepeHus: Temriepatyp TOpPHBIX MOPOA M BO3IyXa
CYIIIECTBYET HIMPOKUN BHIOOP Pa3IUYHBIX TEPMOMETPOB, BKIIIOUAIONINX KaK OOBIUHBIC
KOHTAaKTHBIE JAaTYMKH (TEpMOIaphl, TEPMOCOTPOTUBICHUS), TaK M YCTPOMCTBa
JTUCTAHIIMOHHOTO KOHTPOJISL Temneparypbl. IlpemnmaraeMble Ha pPBIHKE CpEICTBa
TEMIIEPAaTypPHOTO KOHTPOJIS, IO CYTH, TPeIHa3HAuEHbI KakK sl 0OHapy KeHHUs Impoiiecca
CaMOBO3TOPAHMSI, TaK U JJIsI OTIPEIeTICHUS MECTOMOIOKEeHHS o4yara. O1HaKO, Ha MPAKTHKE
MPUOOPHI OKA3BIBAIOTCS MalI0d(P(HEKTUBHBIMU 11O PUUHUHE TEMIOU30JIAIIMOHHBIX CBOMCTB
YTOJNBbHBIX  CKOIUICHWH. J[aTymku  JUCTAHIIMOHHOTO  KOHTPOJISI  TEMIEpaTyphl,
3aKJIaJIbIBAEMbIe B CKOIUICHHS YTJIs U TMEPEAArolINe PaTuOCUTHAIBI MPH MOBBIIICHUU
TEMIIEPATyphl, TAKXKE TEPSAIOT CBOIO IIEHHOCTh B CHJIY IIJIOXOM HWIH HEOTHOPOIHOU
MIPOHUIIAEMOCTH PAIMOBOJIH B CI0KHON CUCTEME YTOJBHBIX MOPOI, XOTS MPUMEHUM TIPH
OTKPBITBIX TOPHBIX pabOTax TA€ OTCYTCTBYIOT MHOXECTBO (haKTOPOB OTpPaHUUYCHUS
nepenadu curuana [58,59].

-3amep 2J1eKTPUUYECKUX CBOMCTB YIJIs U BO3AYIIHO# cpebl. DTOT METOJ] OCHOBaH
Ha U3MEPEHHUH IEKTPUUECKON TPOBOAMMOCTH BO3/yXa M YTOJIbHOW MacChl BMEIIAIOIINX
nopoa. Teopernuecku B cilydyae MHTEHCUBHOCTH Ta30BBIJICIICHHS B BO3AYIIHYIO Cpely
MOBBIIIAETCS M AJIEKTPONPOBOJAHOCTh, OJHAKO CO3JAIOTCS  3aTPYOHEHHUS IPHU
CYIIECTBEHHON Pa3HOPOJHOCTH MOPOJ B YrOJLHOM MAacCHBE M BO3CHCTBUSI BHEIIHHX
(hakTOpOB, TAaKMX KaK BIAXHOCTH M Temmeparypa [60,61].
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-MoHuTOpUHT BO3AYmIHON cpeabl. Hambonee dyacto BCTpedaromMiicss METO
OOHapyXEHHUSI OMACHBIX YYacTKOB IIIaXThl HA CETONHSIIHUA JC€Hb. AjanTaius
AHAJIM3aTOPOB MPOUCXOJUT B 3aBUCUMOCTH OT KOMIIOHEHTHOTO COCTaBa yIJIs, Tak,
HarpuMep, TMpU BBICOKOM COJEPKaHUM CEPHBIX COEAUHEHUN, PEKOMEHIYETCS
HaOJIIO/IeHNe 3a KOHIeHTparueil aByokucu cepol (SO), a 3a4acTyro 3TO CBOJAUTCS K
MOHUTOPHUHTY ypOBHS yrapHoro u yriaekucioro raza (CO, CO,) uiam AeTeKTUPOBAHUIO
COYETaHUs BCEX Ta30B U MX COOTHOUIEHHUS B BO3AYIIHOU cpene [62-65].

OrpaHuYeHHBIN JUIITH TA30BbIM aHAJIM30M BO3/1yXa B TOPHBIX BEIPAOOTKAX MOAXO]T B
OCHOBHOM OKa3bIBaeTCs CJ1a00/1eiCTBEHHBIM B OOHAPYKEHUN 04aroB CaMOHArpeBaHUsI U
HE CIOCOOCTBYET CBOEBPEMEHHBIM MepaM IPeJOTBpaIleHUs] YHIAOTEHHBIX MOXapoB. B
CBSI3M C 3THM MPUMEHEHNE UHIUKATOPHBIX Ta30B, BRIACISIOMIUX CIEIU(PUISCKUE JTETYIHEe
coemHeHus1 B atMocdepy BbIpabOTKHU MPH MPU HATPEBAHUHH B OYarax TEIIOCKOIUICHHUS
TaK)K€ PacCMAaTPUBAETCS KaK JIEMCTBEHHBIM CIIOCOO OIpeAesieHus: CaMOBO3TOpAHUS Ha
paHHEHN CTaJuU.

-Onarogaps (puU3MUECKUM M PaJMOMETPUUYECKUM CBOWCTBAM paJioHA, MO3BOJISIOT
IIPUMEHATH €r0 B KAUE€CTBE CUTHAJIM3UPYIOLIEro IPU3HAKA, TaK Kak IIpu Temneparype 50-
100°C yrisa u mopoasl UHTCHCU(UIIUPYETCS pacnaj pajoHa U BCIUIECK KOHIICHTPAIIH B
IaXTHOM aTMocdepe onpenenseTcs NpudopaMu paTuauOHHOTO KOHTPOJIS.

-IPEIJIOKEHO MCIOJIb30BaTh PA3JIMYHbIE COOTHOILIEHUS WHAMKATOPHBIX Ta30B B
pynHuyHOU atMocdepe. Tak, yCTaHOBJIEHO, YTO JUIsl OLEHKU TEMIEPATypbl oyara c
temmneparypoi 10 100°C MOXKHO IPUMEHATh COOTHOUIEHUE OKHCH yTJIepo/ia K 3TUJIEHY,
a cbiiie 100°C oTHOIIIEHUE ATUJIEHA K allCTUJICHY.

-MOHUTOPUHI ~ atMocdepbl C TOMOLIbI0  MAacC-CIIEKTPOMETpa  MO3BOJISET
OoOHapy’>KMBaTh TEIUIOBBIE IPOLECCHl MO COJEPKAHMIO BELIECTB, OJOPAHTOB 3apaHee
pacmpeneieHHOro B mpocTpancTtBe. Hampumep, OeH301 oOHapy>KuBaeTcs MpU
temmneparype He Hrke 20°C, keumoi - 100°C, annunossiii ciupt - 150°C.

-0 @®paHuuu u SNOHUM TPOBOAWIM UCHBITAaHUS BHOBb pa3pabOTaHHBIX
MUKPOKAIICYJI, 3alOJHEHHBIX OEH3aJIbJCTUIOM, IMPOKIAAbIBAs HMX B BbIPaOOTAHHOM
npoctpanctse. [Ipenmnonaraercs, 4To apoMaTUUYECKOE COeIMHEHUE OyAeT BhIIETSATHCS B
PYIHUYHYIO aTMOC(epy IPH MOBBIILIEHUN TEMIIEPATYPHI.

HenocrtaTkoM [MaHHBIX TEXHUYECKMX PELICHUM SBIIAETCS  HEBO3MOXKHOCTH
pa3MeleHus] HHANKATOpa, TOMEIIaeMOT0 B KarcCyiy, 1Mo BceMy 00beMy BbIPaOOTaHHOTO
MIPOCTPAHCTBA. YUYUTHIBAs, YTO O4ar CaMOBO3TOPAaHMS, OCOOEHHO B HAaYaJbHBINA MEPHO/T
pa3BUTHsI, UMEET HEOOJIbLINE pa3MEpPbl U IO YCIOBHSIM TEIJIOOOMEHAa HaXOJIUTCS B
Pa3phIXJICHHOM YIJIE Ha HEKOTOPOM YAAJIEHUM OT IMOYBbI IJIacTa, CYIIECTBEHHO
CHUKAETCS BEPOSATHOCThH MOMNAJaHUsl aMITyJibl C MHAUKATOPOM B MECTO BO3HMKHOBEHUS
odara.

Taxke CylecTByeT BEPOATHOCTH BBIJICICHUS WHAMKATOPHBIX IMOXKApHBIX I'a30B B
BBIDA0OOTAaHHOM TIPOCTPAHCTBE H OUYMCTHOM 3a00€ TOJ BIUSHHEM Pa3IMYHBIX
€CTECTBEHHBIX ()aKTOPOB BHYTPEHHEIO U BHEIIHErO MPOMCXOXKIEHHUS, 0€3 MOBBIIICHUS
TEMIIepaTypbl YIJIg, YTO HMCKaKaeT IOCTOBEPHOCTh TOrO WJIM MHOIO pa3pabOTaHHOIO
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MeToa. HeManoBaXKHBIM SIBISIETCSI TO, UTO BBIACIECHUE JNETEKTUPYEMOIO KOJIMYECTBA
WHJIUKATOPHOTO Ta3a CBHUJCTEIBCTBYET 00 YK€ aKTHBHOM IMPOIECCAa OKCHCICHHUS H
0OHapyXUTh HAYAIBHYIO CTaJuUI0 HE ynaerca. Cieayer yUuThIBaTh BpEAHbIE CBOMCTBA U
TOKCUYHOCTh WHJMKATOPHBIX MAaTEpPHAJIOB WU BEIIECTB IIPU BHEAPEHHU METOIMKHA B
TEXHOJIOTUYECKUM PETJIaMEHT.

KOHTpoJIb EpBUYHBIX NPU3HAKOB CAMOBO3TOpPaHUs HE CBOJIUTCS JUIIb K aHAIN3Y
KOMIIOHEHTHOTO cocTaBa rasza. Kak HM3BECTHO, 4YTO MpPHU JIOCTUKEHUU KPUTHYECKOU
TeMIEpaTypbl CAMOHArpeBaHMsl IPOMCXOJUT HWHTEHCUBHOE HCIApPEHUE BHEIIHEUW H
BHYTPEHHEW BJIard, BCJEJACTBUE YEero BIAKHOCTh aTMoc(epbl 3HAYUTENLHO
yBennunBaercs.  CyIlecTBYIOT  pyyHble W aBTOMAaTHU3UPOBAHHBIE  CPEACTBA
(mcuXpoMeTphl) OmpeNeeHHs] BIAXHOCTH paboyeil cpenbl, TOUYHOCTh KOTOPBIX HE
BBI3BIBAIOT COMHEHHS.

NHpukanued mpoleccoB CaMOBO3TOPAaHUs CIYKUT HMMEHHO BJIAroCoAEep:KaHHe
Bo3nyxa (d), Korma Kak OTHOCHTENIbHAs BIIAKHOCTH, OMpeielseMasl MCUXPOMETPaMH,
WCIIOJIb3YETCS ISl pacyera

d =0.622 * Pp—*(p
Po—PFxo
rae:
P, - naBneHre HACBIILIEHHOTO BOJSIHOTO Mapa;
P,- GapoMeTpHuueckoe AaBlIeHUE BO3IyXa;
(p- OTHOCUTEJIbHAS BIIAYKHOCTh BO3/1yXa.

Takum 00pa3oM, yBeIMYEHHUE BIIATOCOJCP)KAHUS BO3JyXa TMOCIE MPOXOXKICHUS
gyepe3 BhIpabOTaHHOE MPOCTPAHCTBO CBUJIETENBCTBYET 00 MHTEHCHU(UKAIIUU Tpoliecca
BBINIAPMBAHKS BJIATM W3 YT B 30HAX C MOBBIIEHHOM Temmeparypou. Ha mpakrthke
JAHHBI MeTOA ObUI MPOTECTUPOBAH B TOPHBIX BBIpaOOTKax mmiaxThl «Pacmanackasy»
KysHenkoro yronasHoro 0acceiina B Poccuiickoit ®enepanuu [66,67]. Ilpu npocrote
JAaHHOTO METOJa, €CTh CYILECTBEHHblE HEAOCTAaTKU: B CIy4yasX OTHOCUTEIIbHOMN
BJIQXXHOCTU Bo3ayxa okojo 100% maHHbIN cniocoO mpakTudyecku He padboraeT. B Tom
YHClie, 9TOT METOJ[ CUTHAIM3UPYET O MPOUCXOJAIINX TETIOOOMEHHBIX MPOIECCOB Oe3
yKa3aHUs W JIOKAJIU3alU1 04aroB.

[IpoBeneHHbI aHaMM3 MOKa3ajl, YTO OOJBIIMHCTBO MPEAJIOKEHHBIX CIOCOO0OB
oOHapy»KeHusi U JIOKallMd OYaroB CaMOBO3IOpaHUs HE NPUMEHSAETCS Ha NIaxTaxX, a
UCIIOJIb3yeMbIE HMEIOT pPsJl HEIOCTaTKOB, 3aTPYIHSIOMIMX OOHapy>KEHHUE O0YaroB
CaMOBO3TOpaHHUsS Ha paHHEH CTaaAuM pPa3BUTHUS, HE MO3BOJSIIOUIMX ONPEENSTh
MECTOHAXO0KJIEHUE OYaroB Mokapa, MmapaMeTpbl U TEHACHIIMIO UX MOBEIEHUS, a TaKkKe
MOMEHT JUKBUAALMK moxapa. [Ilupoko wHcmonp3yeMblii Ha IaxTax KOHTPOJb 3a
COCTaBOM PYIHUYHOTO BO3JyXa HEPEIKO HE TMO3BOJSET OOHAPYNKHUTh BO3IHHUKIIHMA
SHAOTCHHBIA TOKap MpPU HArHETaTeIbHOM CIIOCOOE MPOBETPUBAHUS, MPUBOASAIIEM K
BBIHOCY aTMOc(ephl BBIpaOOTaHHOTO MPOCTPAHCTBA HA MOBEPXHOCTb.
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1.4.3 OGHapy:keHHe 04aroB CaMOBO3TOPaHUs MIPU OTKPBITHIX TOPHBIX paboTax

Ha xaxxaom yriepapaspabarbiBarollieM pa3pes3e, CKIOHHOM K CaMOBOTO3TOPaHUIO
JIOJDKHBI OCYHIECTBIISTHCA MEPONPUATHS IO CBOCBPEMEHHOMY OOHApY’>KEHHUIO OYaroB
caMOHAarpeBaHus yriisi. AHAJIOTMYHO TOJ3EMHBIM IIaxTaM [JIsi OOHApy>KEHHsI 0YaroB
CaMOHAarpeBaHusi  MNPUMEHHMBI  TEPMOMETPUYECKUE,  DJICKTPOMETPUYECKUE U
ra3oaHalMTUYeCKue CcrnocoObsl. Tak Kak MpU HUHTEHCUBHBIX OKHCIUTEIBHO
BOCCTAHOBUTEJIBHBIX IMPOLIECCAX MPOUCXOJAT BBIACICHUE Tapa, JAbIMa, OdYaru
OTpeeNIUMbl BU3YaJIbHO, OJJTHAKO MOJArarbCcs Ha ATOT CIMOCOO B Ka4eCTBE OCHOBHOTO
ITO3BOJIMTENBHO JIUIIbL Ha pa3pesax I u Il kateropuii noxapoonacHoCTH.

B cuny noctynHocTr 00bEeKTa MCCIEA0BaHUS METOBI M IPOU3BEACHUE KOHTPOJISA U
OIICHKH 0YaroB caMOBO3ropaHus 0ojiee pa3HOOOpa3Hbl U TOUHBL. Ha ceromHsaImHuil 1eHb
WCIIBITHIBAIOTCSI M BHEJPSIOTCS B MPOU3BOJACTBEHHBIM MPOILIECC METOMbl TEIJIOBBIE,
ANIEKTPOMETPUUYECKHUE U UHbIE (PU3MYECKHE METOMAbl (ONTHYECKHE U TEPMO-aKyCToO-
SMHCCHOHHBIE [68-73].

-I'eopusnuecknt Meron. JlaHHBIA METOA  3aKIIOYAETCA B JIHUIOJIBHOM
ANEKTpOnpOoUINpOBaHUN IITa0ene  yris. DIJIEKTpUYECKOe I0Je CO3JaBajloch U
PETUCTPUPOBATIOCH CHUHXPOHHO TIEPEMENIAEMBIMU THUTAIOMUM U HU3MEPUTEIHHBIM
JIUMOJISIMU, PACIOJI0KEHHBIMH B Pa3HbIX BbIPaOOTKaX U OPUEHTUPOBAHHBIMU O BHICOTE
BBIpaboTKH [69,70].

-TepmoakycTuueckuit MeTo. CyniHOCTh TEPMOCTUMYJIMPOBAHHON aKyCTUYECKOMN
OMUCCUU 3aKIIIOUAeTCsl B PErUCTpPallii aKyCTHYECKOM SMHCCUM B 0oOpaslie MpH ero
HarpeBaHWHU, OIICHUBAET IMapaMETPhl CTPYKTYPbl TOPHBIX MOPOJ, MOABEPTaBIIMXCS
TEPMUYECKOMY BO3JEHCTBHIO, U TIO3BOJISET IPOBOAUTH UCTIBITAHUS B TIOJIEBBIX YCIOBUSAX.

-JJIeKTPOMEeTPUYECKHIT MeToX. MeTobl OCHOBaHbI Ha U3MEPEHUU MMOTEHIIMATIOB
€CTECTBEHHOI'0 JJIEKTPUYECKOTO TMOJII Ha IIOBEPXHOCTH YTOJBHOTO MAacCuBa, TJe
yBenuueHuto noreHuuana EDII cooTBETCTBYET pocT TeMIiepaTypbl BHYTPHU YTOJIBHOTO
MaccuBa. COOTBETCTBEHHO, 0 U3MEHEHMIO ToTeHInana EQIT MOKHO CyIUTh O ITMHAMUKE
mpoliecca caMoHarpeBanusi. Takke CYIIECTBYET CIIOCO0 KOHTPOJIS HA OCHOBE U3MEPEHUS
ANEKTPUUYECKUX COMTPOTUBIICHUI OTAEIIBHBIX YYACTKOB YTOJIBHOIO MACCHUBA MJIU ITA0ES.
ITo ckopocTH U3MEHEHUS MIEKTPUUECKOTO CONPOTUBIIEHUS, U3MEPIEMOTO METOMETPOM,
Ha y4acTKe MEeXIy COCEIHUMHU JIaTYMKaMH, YCTAaHOBJIEHHBIMU B LINypax, IPOOYpPEeHHBIX
Ha pacctosstHud 50—100 M Apyr OT apyra, MOXHO CYAWTh O XapakTepe Ipoluecca
CaMOHarpeBaHusl.

-Tepmuueckuii Meroa. JlanHpiii croco® Haubonee paclpoCTpaHEeH s
oOHapy>XeHusT M KOHTPOJsSl OdYaroB caMoHarpeBaHus paspe3ax. C MOMOIIBIO
TEPMOJIATYMKOB, YCTAHABJIMBAEMBIX B MaccuB (ckoruieHue) Ha riyouny 0,8-1,2 w,
U3MEpSIETCsl Temmeparypa HadalbHOM cragud. OUEHUTHb CTENEHb M0>KApOOMacHOCTH
00BbEeKTa MO3BOJISIET METOM, OCHOBAaHHBI HA U3MEPEHUU TETUIOBOM SHEPIUH U3ITYUEHHUSI C
MOMOIIBI0 MHIUKATOpa HH(GPAKPACHBIX JIyuel U TeIIOBU30pa
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a) CHUMOK wmabens yens

0) CHUMOK wmabes menjio8U30PHOU Kamepou
Pucynok 1.7 (a,0) - Cbemka mradesnst yriisi TEIIOBU30pOM
B HacTosiee BpeMsi yxe CyIIECTBYIOT TEXHOJIOTUHU, MMO3BOJISIOLINE MTPOU3BOIUTH
JTUCTAHIIMOHHBIN TEIUIOBOM KOHTpOJb 00bekToB [68]. Ilporpamubie pemieHus
MPEICTaBISAIOT TPEXMEPHYIO MPOEKIHI0 OOBEKTOB C OTPAKEHHEM YYAcCTKOB C HUX
TeMrneparypHbiMu 1anHbIMU (Puc. 1.8)
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0) 3-x MepHoe npedcmasieHue memnepamypHo20 nos
Pucynoxk 1.8 (a,06) - TepmoMOHUTOPUHT C 00paOOTKOM JaHHBIX TETLIOBU30PHOMN
ChEMKHU
Cnenyer yduThIBaTh HEKOTOpPblE OCOOEHHOCTHM M HEIOCTaTKU JaHHOIO BHJIA
TEPMOMOHUTOPUHTA IIPU UCIIOJIB30BAHUH €T0 1 OOHAPYKEHUSI 04aroB CaMOBO3TOpaHUs
B F'OPHOM MAacCHBE pa3pe3a MpH JOOBIYHBIX TOPHBIX paboOTax, OTBaJaX, XpaHECHUH U
mTabUPOBAHUH TOTOBOM YTOJIBHOM MPOTYKIIUU:
-IIpruMeHnMoO 11 TEpMOKOHTPOIISI M1 OOHAPY>KEHUSI pAHHUX CTaIui CaMOBO3rOpaHUs
B OTBAJIaX, BCKPBITHIX YTOJBHBIX MOJEH U mTabeneil yrist Ha CKiIafaxX XpaHeHHUs, TaK KaKk
KpUTUYECKasl TeMIepaTypa HarpeBaHus u3MepuMa Ha riayoune 1o 3 merpos (Puc.1.9).
-Texnonorus He crocoOHa (UKCHPOBATH TIYOMHHBIE TEIUIOBBIE MPOIECCHI IO
CbEMKE IOBEPXHOCTHBIX TEMIIEpPATyp, COOTBETCTBEHHO HE YyAAacTCi MPOTHO3UPOBATH
JUHAMUKY Pa3BUTHS OYaroB CaMOBO3TOpaHUSl MpPH TOJITOTOBUTEIBHBIX M Hayale
BCKPBIIIHBIX PaboT.
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-Jlnst 06paboTku GONBUIMX MACCUBOB JaHHBIX MOCIE BU3YaJbHOTO OOCIIEIOBaHUS
yrojbsHOro paspesa ¢ nomoisto BITJIA TpeOyeTcst COOTBETCTBYIOIIEE TEXHOIOIMUECKOE
OCHAIIIEHUE B TIOJIEBBIX YCIOBUSAX U KOMIIETEHTHOCTH MEPCOHAaja 0COOEHHO B TOTOKOBOM
(aBTOMaTHYECKOI) ChEMKE, IPU KOTOPOM TakKe BeCbMa 3aTPYJHUTEIBHO 3aMETHUTh
00J1aCTH MOBBIILIEHHOT'O PUCKA SHIOT€HHOTO BO3TOPAHHUS.

\ T = L 0.8 °C

Pucynok 1.9 - OGHapyxeHHe 04aroB CaMOBO3TOpaHUs B IMITA0EISIX

Takum 00pa3om, MOAOOHBIE pEUICHUS MOJIE3HBI JIJISl MCIOJIb30BAHMSI HA TOPHBIX
NPEANPUATUSAX TPU OTKPBITON A0OBIYE YIS IS OCYIIECTBISIONIMX MOHUTOPUHTA
0e30MmacHOCTH rOpHBIX padboT. Hanbonee panrioHanbHbIMUA U IPUEMIIEMBIMU JJIs1 Y CJIOBHI
OTKPBITBIX TOPHBIX Pa3zpabOTOK KaXKyTCsl METOJbI MPSIMOI0 TEMIIEPATypHOTO KOHTPOJIS
HECMOTpST HAa HAJIMYWE MEHBIIUX UHTEpPEepeHIUi y DICKTPOMETPUUECKUX WU
reo(pu3n4IEecKuX CrIOCOOOB PEruCTpaIllii OYaroB CaMOBO3TOpaHHUsI.

1.5Cnoco0b1 npeaynpe:kaeHus BHIBETPUBAHUS U CAMOBO3TOPaHUS YIJIsl

[TopoaHO-yTOJILHBIX CKOIUIEHHs Ha pa3pe3ax KakK OCHIIU, OTBAJIbI U IITa0enu B
OOJNBIIMHCTBE CIIy4ae SBJSIOTCS OCHOBHBIMHM OYaraMM W MPUYMHAMU DHXKOTEHHBIX H
930T€HHBIX [0XAapOB, KOTOpPbIE HAHOCAT CYUIECTBEHHBIM HSKOHOMHUYECKHH yuIiepO
yIIeAo0bIBAIONINM  MPEANpUATHSM, TaK, HampuMmep, IO JaHHBIM  [opTaia
Heapornoibs3oBareneid Drom.Online B yroneHbIx moxapax Kwurtast cropaer oxosno 2030
MUJUIMOHOB TOHH YTJIS B TOJI.

Vuensie Coaltech 0000muaM TATH OCHOBHBIX TMPaBWI MPEAOTBPAIICHUS
caMmoBo3ropanus [74]:

1)OtBOA KHCTIOpOA ITyTEM KOHTPOJIS MOTOKA BO3AyXa WIIA YPOBHS KUCIOPOJa HUXKE
KPUTUYECKON KOHLIEHTPALIUH.

2)OT1BOA Temja IMyTeM OXJAXKICHHUS HarpeBarouleiicss MOBEPXHOCTH (ITOTOKOM
BO3/lyXa WM UHBIMH CIIOCO0aMu).

3)BeposiTHOCTH CaMOBO3rOpaHus BO3PACTAET C COMPOTHBICHUEM BO3AYLIHOMY
MOTOKY
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4)Kontponupyemass ~ BEHTWISIIHS ~ MPEAOTBpalllaeT  MOSBJICHHE  OYaroB
caMOHarpeBaHus B TPYIHOJOCTYITHBIX 30HAX.

5)CKIOHHOCTh K CAMOBO3TOPAHHIO BO3PACTAET C YBEJIIMUECHUEM TTyOuHbI (1Taderns,
rJiacra).

Bce yrmu uw yronpHblEe TOPOIBI TMOABEPralOTCS OKHUCICHHUIO OKpYKarolen
atMoc(epoil, a HNTUTENIbHOE HE3alUIIEHHOE COCTOSHUE YKJIAAKH YIS HOPOXKIAET
OOJIBIITYI0  BEPOATHOCTh HAKOIUICHUS TeIJla, B pe3yJbTare MpUBOASINAS K
BoCIUIaMeHEeHHI0. [loaToMy B MpakTUKE TOPHBIX MOPEINPHUSATHH  HUCIONB3YIOT
pa3paboTaHHbIE TEXHOJOTUU COXPAHEHUsS YIJIi B TEYEHHE BCEro IMPOU3BOJICTBEHHOTO
nporecca. JlJis mpenoTBpamieHus CaMOBO3TOpaHUsl YIyisi HEOOXOAMMO OOeCleuynBaTh
KOHTPOJIb (JaKTOPOB, ONMKUCAHHBIX B MPEAbIIYIINX TTIaBaXx.

OTBOMA KUCIIOPOA OT MOBEPXHOCTH YTJIsl B IITA0ENAX U OTBajaxX (/1€ MPUMEHUMO)
MO>XHO JOCTUTHYTh YIJIOTHEHHEM, a MOABEPKEHHOCTh OECIpPEPBIBHBIM BO3IYIIHBIM
MOTOKOM YMEHBINAETCSl CHEIHalbHBIM (opMupoBanueM mmtabeneit (popma, BbicoTa U
T.A.). AHTUIUPOTCHHBIE MOKPBITUS MO3BOJISIIOT YMEHBIIUTh XUMUYECKYI0 aKTUBHOCTH
YIJISI, U30JIMPOBATh OT BHEITHUX (PU3NUECKUX U XUMUYECKHX (hakTopoB [75-82].

-Cnoco0b1 0TpadOTKM YroJibHbIX miaactoB. OT BeIOOpa crioco0a BCKPHITHS U
MOJATOTOBKH IIIaXTHBIX W BBHIEMOYHBIX TOJIEW 3aBUCUT W JalibHEHIas 0e30MacHOCTh
HKCILTyaTalli, TaK KaK ATO OTPAXKAeTCs U Ha MPOEKTUPOBAHUE CXEM ITPOBETPUBAHUS KaK
OJIHOTO M3 TJIAaBHBIX (DAKTOPOB CaMOBO3rOpaHus MpH MoA3eMHOM no0brde. [losaTomy
CJIelyeT UCXOJIUTh U3 CTEIIEHU MOKaPOOMACHOCTH YUaCTKOB.

[Ipu BBIOOpPE CcIIOCOOOB OTPAOOTKH HAPSAIY CO CIIOCOOOM MPOBETPUBAHMSI CIIECTYET
YUUTBIBATh PUCKU MOAPAOOTOK COJNMKEHHBIX IIJIACTOB; BO3MOXKHOCTH IOTAILECHUS
BbIPAOOTAHHBIX TMPOCTPAHCTB IO MEpPE IMOABUTAHUA OYHMCTHOTO 3a00s; HU3OJSLMIO
BBIEMOYHBIX TIOJIEH TIPU UX OTPaOOTKE.

Heo06xo1MMbIM yc10BHEM BOZHUKHOBEHHSI SHAOTEHHOTO MOXKapa SIBJISICTCS] HaJTn4ue
paspyueHHoro yris. [Ipu orpaboTke MOUTHBIX KPYTHIX IJIACTOB 00pa30BaHNUE CKOTIIEHUH
pa3pyIIEHHOTO YTisi BO3MOXKHO KaK B BBIPAOOTaHHOM IPOCTPAHCTBE OTPabaTHIBAEMBIX
Y4aCTKOB BCJIEJCTBUE MOTEPH MOJIE3HOIO MCKOMAEMOr0 B MPOLIECCE BEICHUSI OUMCTHBIX
paboT, TaK U y KPaeBbIX YaCTeH MEKYUaCTKOBBIX M MEXITaXHBIX LEIUKOB B PE3yJIbTaTe
UX pa3pylLIeHHs] TOPHBIM JaBieHHEM. MeXdITaKHblE LENHUKHU SIBISIOTCA MCTOYHHKAMHU
MOBBIIIEHHOW MMOXapOOMAaCHOCTH, BCJIEICTBHE TOrO, YTO K OMNPEAEIICHHOMY MEPUOIY
BEJICHUSI OYMCTHBIX pabOT OHU MPEACTABIAIOT COO0N KOHIEHTPUPOBAHHBIC CKOTLICHUS
pa3pyILIEHHOr0 YIJIs, Yyepe3 KOTOphbIe JIMTEIbHOE BPEMsI MHTEHCHUBHO IMPOCAYMBAETCS
BO3IyX.

ITpodeccopom B.I1.3y60BbIM OBLT TIPEIOKEH CITOCOO OTPAOOTKH KPYTHIX IIACTOB
0e3 OCTaBJIEHUs YrOJbHBIX MEKATAXKHBIX LETUKOB, CHUKAIOLIUI PUCK CAMOBO3TOPAHHUS
yroJibHBIX 11eUKOB (puc.1.10). OCoOOeHHOCTh JaHHOTO croco0a 3aKIYaeTcs 0TpaboTKe
IIacTa 1mo Taxkam, KOTOPbIE Pa3AesisaioT Ha MOIITaXU. [IepBriM B 3Take 0TpadaThIBAIOT
HUKHUH MOA3TaX C MOJIHBIM 3all0JHEHHEM BbIpa00TaHHOTO MPOCTPAHCTBA 3aKIaI0YHBIM
MaTepuasoM. 3aKJIaJOYHbIi MaccHB JOJDKEH OTBEYaTh CJEAYIOUUM OCHOBHBIM
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TpeOOBaHMSAM: YNPaABISEMOCTh Ipoliecca Mepenycka 3aKiaJoyHOro marepuaina B
BbIPA0OTAHHOE MPOCTPAHCTBO OTPa0ATHIBAEMOIO TMOJATAXKA; HAAECKHAS W3OS
BBIPA0OTAHHOTO MPOCTPAHCTBA OTPAOOTAHHBIX MOJITAKEH OT MPOHUKHOBEHHS B HETO

KHUCJIOpOJa — BO3OyXa U3 OTpa6aTBIBaeMBIX HOI[BT&)KGIZ. OTpa6OTKy OCTaAJIbBHBIX
HOI[3T&)I(CI>'I B IIPpCACIIaxX 9TaxKa BEAYT IIOCJICAOBATCIIbHO B HUCXOIAIICM ITOPAIKE [76]
@ ¥ a%'ﬂx 5”.

I — aTakHBI OTKATOUYHBIN KBEpULIAr; 2 — IPaHUIIbl BLIEMOYHOT'O YYacTKa; 3 —
HAKJIOHHBIN 3TaKHbIN BEHTUJISIHMOHHBIMKBEPILIAT; 4 — 3Ta)KHbIM OTKATOYHBIN KBEpIILIAr
O0TpabOTaHHOTO 3Taxa; 5 — MOAATAKHbIE KBEpILIaru; 6 — HoJI3TaXKHbIE IITPEKU; 7 —
oTpabaTbIiBaeMas 3axX0JiKa; 8 — 3aKi1al0uHbIN MaccuB; H — BeicoTa oTpabaThiBaeMoro
sTaxka; h — HaKJIOHHAs BBICOTA MOAATAXKEH (KpoMe HMYKHETO Mo3Taxa); hH — HakIIoHHAas
BBICOTa N-T0 (HUKHETO0) MoAdTaxa; L — pa3mep BbIeMOYHOTO OJI0Ka 110 IPOCTUPAHUIO

Pucynok 1.10 - PekoMeH1yeMas TEXHOJIOTMYECKask CXeMa OTPabOTKHA MOITHBIX
IIJJACTOB YIJIsl, CKJIIOHHBIX K CAMOBO3TOPaHUIO

- [lpumeHeHne  AHTUNUPOTEHOB.  AHTUNHMPOTEHBI  HMCIOJB3YIOTCA  JJIs
MaKCHMaJIbHOTO TOPMOXKEHHUS (3aMeIJIEHUs) POLECCOB OKHUCIEHUS U CaMOBO3TOpaHUs
yras. X mpuUMEHSIOT Kak AJisl peIBapuTeIbHON 00pabOTKU LIETUKOB YIJIsl, TaK U IS
npOo(UIAKTUKY TOSBIEHUS OYaroB CAMOHATPEBaHMs B OTBaJlaX M INTAOENSAX MOPOJI U
yras. Ha cerogusmnamii 1eHb pa3pabOTaHO MHOXKECTBO BHUIOB aHTHIHPOTEHOB,
BO3JICUCTBYIOIIME HA TOBEPXHOCTD YTJIsl OMPEAEIICHHBIM 00Pa30M, CHHXKAsl OKCUJIAHTHY O
AKTHUBHOCTb, 3aMEUIsIi IPOLECCHl M CPOACTBO PEArMPYOLIUMX BEIIECTBA, OTBOJS
KHUCJIOPOJI 3aMOJIHAs MOPbl U TpelmmHbl U T.4. [Ipyn mpoaneHun cpoka XpaHEHHUs yIUIs
JOJDKEH YYMTBIBATHCS TEMIIEPATYPHBIN PEKUM YIUIS 32 BEChb CPOK €0 XpaHEHUs, a JJIs
COPTOBBIX YIJIEH U aHTPALIMTOB — U3MEHEHHE UX (PPAKIIMOHHOTO CUTOBOTO COCTaBa.

Tak, mo MexaHuU3My HNEUCTBUS AHTUIUPOTEHBI MOXHO Pa3[eiIUTh HA HECKOJIBKO
rpymm:

-XHUMHUYECKOE HHTUOMPOBAHUE OKUCIUTEIBHBIX MPOIIECCOB;

-M30JISIUS TIOBEPXHOCTEN FOPIOYNX MAaTEPUAJIOB Pa3IMYHBIMU BEIIECTBAMM;

-OJIOKMPOBKA TOP B YIJIE U TPEIIMHOBATHIX MACCHUBOB, 3aTpyAHSOmUNd 1uddy3uro
KHCJIOPOJIa BHYTPb KyCKa YyTJII WJIM OIPAaHMYCHHs IOTOKA BO3JyXa 4YEpe3 YTOJIbHBIN
MacCHB.
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B ropHoi1 npoMBIIIUIIEHHOCTH NEPBBIMU UCTIBITAHUSIMUA aHTUITUPOTCHOB 3aHUMAIIHUCh
m3BecTHoie Aestenn CkounHcknii uw  B.M. MaeBckas, KOTOpble Mpeajiaraiv
WCIIOJIb30BaHME IIEJIOT0 psijia MHTMOUTOPOB IS MPEAYNPEKIACHUS CaMOBO3TOPAHUS B
mTabensx U MOPOAHBIX OTBAJIAX., HApUMeEp, (PeHOJIBHOTO TUMa ((PEeHOT U MHOTOATOMHBIE
(beHoub).

ABTOpaMH ObLT MPEJIOKEH aHTUITUPOTeH HA OCHOBE HEHUTPATU30BaHHOTO YEPHOI'O
KOHTaKkTa (BOJHBIN pPAcTBOP KaJIbIIMEBBIX WM HATPUEBBIX COJIEH CyIb(OKUCIOT,
MOJIy4aeMbIX U3 OTOPOCHBIX KHCJIBIX TyIpoHOB) [82], koTopwlii  0Opa3sys
TPYJHOPACTBOPUMBIE CyJIb(paT KalblUsi M KaJlbLKUEBbIE COJHU apUIICYJIb(POKUCIIOT,
TaMIIOHUPYET MOPHI YIJIA U CO3/IA€T TUTPOCKOMTUYHYIO BO3yXOHEITPOHHUIIAEMYIO TIJICHKY,
OJIOKMPYIONIYIO aKTUBHBIE IIEHTPHI Ha MOBEPXHOCTH Yyris. HemocraTkom sBiseTCs €ro
MOBBIIIIEHHOE KOPPO3MOHHOE JIEWCTBUE HA METAINTIMYECKHUE IIOBEPXHOCTH U PE3KUI 3amax
aMMHaKa.

B nanpheiiiemM KoMIUIEKC MPO(QUIAKTUYECKUX MEp CaMOBO3TOPaHMsS Ha pa3pe3ax
MOTIONHWIICS pa3paboTKaMU HOBBIX OTHE3AITUTHBIX COCTaBOB [75-83].

Ha wnam B3rnsia, Hambosnee 6e30macHbIM U 3(PGEKTUBHBIM SBISETCS MPUMECHEHHE
OTHE3AIIUTHBIX TMOKPHITUHA OOpa3yloliue 3alllUTHBIX CIOUM W3 TBEPIBIX, KHUAKUX U
ra3000pa3HbIX BEIIECTB Ha MOBEPXHOCTH, KOTOPHIE TOPMO3SAT IPOIECC OKHUCICHUS,
npeKpamnas I0CTyNl BO3/yXa K MOBEPXHOCTU YIJISI MIPU 3TOM HE BCTyNas B PEAKIIMIO C
KOMITO3UTOM YTJsi U HE Hapylias ero mnoTrpeOUTeNbCKUX CBONCTB, MPH BCEM 3TOM
MPOMBIIIJIEHHO JOCTYITHBIE U OTHOCUTENBHO Hefoporue. Hanpumep, nojimMepru3oBaHHbIE
HeMpeneabHbIe  YIIIEBOAOPOALl  (KaydyK, TMOJUXJIOPBUHWII), CIOXHBIE  3(UPHI
HEIpeleIbHbIX KHCIOT (BBICHIXAIOIIME Macja), IMOJIMMEpPU30BAaHHbIE AalbJETUIbl U
KeTOHBI (cMoJbl). [IpouHble 3MacTUYHBIE IUIEHKH, XOPOIIO MPEeI0XpaHsolue Yyrojb B
mTalbensiX OT OKHCJICHMS, JAal0T CMECH JIaTeKca W JKUIKOTO CTEKJIa B Pa3HBIX
COOTHOUIIEHUSIX, a TAaKX€ BOJHBIM pacTBOp MaisipHoro kjies. JlaHHbIE COEAUHEHUA
oOpa3ys IJIeHKY Ha OBEPXHOCTH 1ITabesis 001aJal0T BBICOKOM CTENEHHU THIPOU30JISLIUY,
YCTOWYMBOCTHIO K aTMOC(PEPHOMY U XMMHUUECKOMY BO3/CHCTBUIO, YTO OUEHBb BAXKHO MPHU
WCIIOJIb30BAHUH B PA3JIMYHbBIX KIIMMATUYECKUX YCIOBUSX.

-IlITabequpoBanue U ykJaaaka yrias.QopmupoBanue mradenel U opraHu3anus
CKJIaICKUX TEPPUTOPUH SABISAIOTCSA YaCThIO TOOBIYHBIX PadOT, JIJIs Uero pazpadaThiBaeTcs
PSAI PErJaMEHTOB, TEXHOJIOTMUECKUX CXEM C MPUBEICHUEM MaTEMAaTUYECKUX PACUETOB U
MOJeNUpoBaHus. U3BECTHBI 3allaTEHTOBAHHBIE TEXHOJIOTMM  CKJIAJAUPOBAHUS U
dbopMUpoBaHUs  OTBAJOB, HANpaBlIEHHbIE HA  palMOHAIBHOE  HCIIOJIb30BaHHE
MPOMBIIIEHHBIX TEPPUTOPHM, yA0OCTBa NajbHEHIIeH NOTPY3KH M MPOPUIAKTHKU
CaMOBO3TOPAHMS M BBIBETPUBAHUA KaK OCHOBHOM 3aJ1a4y MPOEKTA.

OCHOBHBIMU PUHIUIIAMU MPOPHIAKTUKY CAMOBO3TOPaHUS MIPH YKJIaIbIBAHUH YT
ABIIAIOTCSL HEroprouee OCHOBaHME IITaOens, MOCIOMHOE YKIaJbIBaHUE IUTadesnen ¢
VIUIOTHEHHEM Ka)XJIOTO CJIOS OTAEJIbHO, OTPAHWYEHUE BBICOTHI, M3OJSLMA IITadeneu
aHTUIHPOT€HAMU, KOHTPOJIb 3@ TEMIIEPATYPHBIM PEKUMOM IITadesei.
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SIkyTckuM MHCTUTYTOM ropHoro jaena Cesepa umenu H.B. Uepckoro Cubupckoro
otnenenus Poccuiickoii AkamemMuum HayK TPEAJIOAKEHBI  HECKOIBKO  CIOCO0
mTa0eIMpoBaHus M TPAHCIOPTHPOBAHUS YIUIA NpPeIyCMaTPUBAIOIIME MEphI IO
MPOJIJIEHUIO CPOKOB XpaHeHus yriis [84-86].

OnHa M3 NOpPEeUIOKEHHBIX TEXHOJIOTMHM IpEAyCMaTpUBAEeT pa3leleHUe yIId Ha
MEJKYI0 U KPYIHYI0 Gpakiuu nepe] TpPaHCIOPTUPOBKOM, TPH yIIaKOBKE MEIIKOT'0O YIJIs B
MelKkyd B kojmdectBe 15% oT o0mield macchl mepeBo3uMoro yris. B cBowo ouepens,
HAaOUTHIMM MEIIKaMU BO3BOJAST OrPAAMTEIbHbIE CTEHKH, MEXIY KOTOPbIMH H
pa3Mmemaercss OCHOBHas Macca yriil. HesaTtapeHHBId  yrojib  IOKpPBIBAETCS
BO3lyXOoHenpoHuaemou mienkoit (Puc.1.11)

.
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Pucynok 1.11 - Cxema mrabensi, ynoskeHHbIH 110 nateHty PO No 2288155 [84].

JlanHast cxema YKJIAAKd yras TPUTOJHA I CKIAJAO0B MPOIYKIUU TpU
TPaHCHOPTUPOBAHUU U TpeOYyeT JOMOJHUTENbHBIX TPYJ03aTpaT, BKIOYAsl pacxXxojbl Ha
MEIIKY ¥ TUICHOYHBIN MaTepral.

[Ipu dopmupoBanun mTabene s 0oyiee UIMTEIBHBIX CPOKOB XPaHEHHS Ha
OTKPBITHIX MPOMBIIUICHHBIX TUIOMIAJIKaX 3apPETUCTPUPOBAH CIOCOO YKIIATKU CIOSMHU H
Hapall¥BaHUEM 3alIUTHON MPOCIONKU U3 JIbJIa MyTEM PACHbUICHUS BOJBI B XOJIOJHOMN
cpene (Puc. 1.12)

XS 0'0’0
":’:’o‘o’ 5K
,0,0.0.0’0’02020?0? o%!

1 - wumabens yens, 2 - HAKIOHHAS NIOCKOCMb, 3 - OCHOBaHUe wmabens, 4 - ean, 5 -
caou 1oa, 6 - meniou30aaYUOHHbIL CIOU
Pucynok 1.12 - Cxema mrabens rmo nateHty PO Ne2237001 [85].

JI71st 3TOTO CIOCO0 BKIIIOYAET pa3MEIEHUE MOJIE3HOTO NCKOIMAEMOT0 Ha OCHOBAHUH
mTaberns, YIDIOTHEHUE YIIII KojJecaMu aBTocaMocBaiioB. [Ipu 3ToM ocHOBaHHE MITA0CIIS
pacroJjiaraloT Ha CJ1a0OHAKJIOHHOW IJIOCKOCTH MOBEPXHOCTH M OOBAJIOBBIBAIOT €r0 IO
KOHTYpPY, C HACTYIJIEHHEM XOJOJHOIO TMEepHoJa Toja MPOMOPAKHBAIOT OCHOBAHUE C
MMOBEPXHOCTH, YIAJISASI CHEIKHBIA TOKPOB, 3aTEM HAMOPAXKUBAIOT CJIOM JIbJ1a TOJIIIHHOM 15-
20 cM ¥ 3aKpBIBAIOT €ro TeIUIOU30JIUPYIOIIUM CJIOEM, KOTOPBIA HETIOCPEACTBEHHO TIEpe/T
YKJIQJKOM YT CHUMAIOT M 3aKPBIBAIOT UM C(OOPMHUPOBAHHYIO YacTh IITA0EA. 2 HJI.
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HenocraTkoM ngaHHOrO ©  paHee MPEIJIOKEHHOTO  CIOcOOOB  SBIIAETCSA
OTPAaHUYCHHOCTh CE30HHOCTHIO HCIIOTHCHHS padoOT, a UMEHHO, MTa0eTUpOBaHUE YIJIS
BO3MOKHA JIUIITh B 3UMHUHN TIEPUOJI U CIIOKHOCTBIO OMTPEATHBHOTO KOHTPOJIS TIPH TasTHUU
MPOCTIONUKH B O0Jiee TEIUIbIe CE30HBI.

CymiecTBytoT crmocoOsl  (popMuUpoBaHUS OTBajJoOB M InTabenedl  IMOJIE3HBIX
HCKOMAEMBIX C COOOIIEHHEeM TEXHUYECKHMX METOJ0B TEIJIOOTIACICHUSI BO BpeMs
xpaHeHus. OIHUM W3 TIEPBBIX IMOJOOHBIX CIHOCOOOB SBHJIACh TEXHHKA YCTaHOBKH
nepopMUPOBAHHBIX TPYO W3 MeTauia, 00JaJarolIUM BBICOKOH TEILIONMPOBOIHOCTHIO,
MEXKTy CIIOSIMH TTOJIE3HOTO HCKOTIAEMOTO, KOTOPBIE CIIYKUJIH CPEACTBOM TEIIJIOOTBEICHUS
Y MIPY aKTUBAIMW OKHCIUTEIBHBIX NpoLeccoB [87].

B mocnenyromieM ObUTH MPEIOKEHBI MOX0XKUE MEXaHU3MbI, HO C COOOIIECHHUEM
OXJIQKJIEHHBIX MHEPTHBIX Ta30B 10 MyTsAM nepdopMupoBaHHBIX TPYO. Bee aTh criocoOsr
B II€JIOM HCIIOJHUMBI B YCIIOBUSIX YTOJBHBIX MPEINPUATANA HaIlled CTPaHbI, U OCTAETCA
JIUIIb OI[EHKA PAIIMOHATBHOCTH MOIOOHBIX TEXHOJOTUYECKUX OCHAIIICHUN.

Jlis npumenenust Ha momaakax [llyGapkoibckoro MeECTOPOXACHHSI CUUTAEM
npueMiaeMbiM U 3(PGEKTUBHBIM TOCIOWHBIA crmoco0 (opmupoBanusa 1mradenei ¢
HAHECEHUEM AHTUIHMPOTCHA MPU KaKJIOM HACIAWBAHWH AHAJIOTUYHO TMPEIOKCHHOMY
metony C.E. ®enoposoit (Puc.1.13).

»

1— 0oorcoesasn ycmanoska, 2 — 3auumnas npociouKa
Pucynoxk 1.13 - Crioco6 ¢popmupoBanus mradens [88]

ABTOp paccMaTpuBajia HapalllMBaHUE JICISTHOM 3alllUTHOM MPOCIONKH TIpU
CKJIQJIMPOBAHUU YIJISI B YCJIOBMSIX JUIUTEIHHOW MEpP3J0ThI, 00Jiee COOTBETCTBYIOIICH
mumib CeBepHbIM peruoHam Poccuiickoit deneparuu. OpHako, AJis NPUMEHEHUS B
kiuMatudyeckux ycnoBusix lLlentpanbHoro Kaszaxcrana, cuutaem, (opmupoBaHue
3aIUTHOM MPOCIOUKH BO3MOXKHO JOOUTHCA MYTEM pACMbUICHUS AHTUIUPOTEHHBIX
BEIECTB.

B pabote [86] Taxke MpuBEICHBI TaHHBIC UCCIICIOBAHUM BIUSHHS YIJIa OTKOCA Ha
BO3/IyXOHENPOHUIIAEMOCTb YTOJIbHBIX CKOIUJIEHUH. Tak, ¢ yMEHbIIEHUEM yIJla OTKOCa C
37° no 25° cHMKaeTcs BO3ACHCTBUE BETPOBOro MoToka B 1,42 paza, 4TO TakKe MOXKET
MOCITY>)KUTh TOJIE3HOM peKOMEeHAanue [isi NPOQUIAKTUKA BBIBETUPBAHUS U
caMOBO3TopaHus yris B ycnoBusix [lly0apkoibckoro MeTopoxieHusl.

Takum o006pa3oMm, TreoTeXHONOrHYecKre (HaKTOPhl OKHUCICHUS YIS SIBISIIOTCS
KOHTPOJHUPYEMBIMU U CO3JAI0T BO3MOKHOCTh pa3pabOTKH O€30MaCHbIX METOI0B TOPHBIX
pabotr. B nanpHeliem OyaeT mpoOM3BEAEHBI MONBITKH MOJEIUPOBAHUS MPOPMIAKTUKI
CaMOBO3TOPAHUS HA CTAJUSAX BCKPBITUS, OTPAOOTKH MJIACTA U CKIAAUPOBAHUS YIJISI JUIS
XpaHEHHUS.
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2 AHAJIU3 TOPHBIX PABOT HA  WIYBAPKOJbBCKOM
MECTOPOXJIEHUU U HA OBBEKTAX MNEPEPABOTKHU YIOJILHOM
MNPOAYKLUU

2.1 IIy6apkoJbCcKOe MeCTOPOXKIACHUE: I'e0J0THs, CXeMbl Pa3padoTKH

Mecropoxaenue yris lybapkons pacnonaraetcss B KaparanamHckoi o61acTu B
500 kM K roro-3anamy ot ropoaa Kaparauasr (Puc. 2.1).

XKeneznoaopoxHoil BeTKa JyinHO0 112 kM, Beayias K MECTOPOKIEHHUIO, TTO/IBSI3aHA
K KeJIe3HOAOpoxkHOMY mnyrtenpoBony Kaparanaer—XKeskasran. Taxke nposoxkeHa
aBTOMOOMJIbHAS Tpacca, MPOXOIAIIAs MapAIICIIBHO /I TUHHUH, CITUSIONIASACS C OCHOBHOM
tpaccoit A17 Kaparanasi—Ke3kasras.
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Pucynok 2.1 - Pacmonoxenne I1ly0GapkoabCKOro YroJIbHOTO MECTOPOXKICHHS H
OCHOBHOM MHPACTPYKTYPHI

[ly0apkonabckoe MeCTOPOKIECHUE MOJENICHO Ha TPH YroJbHBIX pa3pesa. Pazpesbl
«Banagueiit» U «l{eHTpanbHBID OTPaOaTHIBAIOTCS HA CETOAHSIIHUNA JI€Hb YTOJbHBIM
npennpusitueM AQO «lllyGapkons komup, ydacTok «BocTouHbI» TIaHHpyeTCs K
oTpaboTtke B Oyayiiem (Puc.2.2).

Pazsenka IllyGapkonbsckoro OacceiftHa mpousBoauiack B mepuoa 1952-1986 rr.
JloObruHBIe paboThl Ha yuacTke «lleHTpanpHbIN) NpeanpuHuMaIuch B KoHie 1980-x u
ObLTH BO300OHOBIIEHBI ¢ 1997 roga. A Ha ydacTke «3amaaHblii» oTpaboTKa Hayandach B
1999 rony [89].
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Pucynok 2.2 - [1nan Hly6apkoibCKOTO yroapbHOTo 0acceitHa, KOHTPAaKTHBIX
II0AAeH, JOOBIYHBIX YYACTKOB U OOBEKTOB MECTOPOKIACHHUS

Paiion mecTopok1eH!s pacroiokeH B CTETHOW MECTHOCTH C IJIOCKUM peibedoM, ¢
npeBblieHneM noBepxHocTu ot 440 1o 490 m. Kniumar paiiona pe3ko KOHTUHEHTaIbHBIH
C CYpOBOM 3UMOH U KapKHUM JIETOM.

[ITy0apKkoJbCKOE YroJIbHOE MECTOPOKICHHE SBISETCS YacThbl0 acCCHUMETPUYHOU
MYJbJIbl, JUIMHHAsE OCh KOTOPOM MpOCTHUpAaeTcss Ha OKOJO 12 KM B CyOIIMPOTHOM
HaIPaBJICHUU C MAaKCUMAaJIbHOM IIMPUHOMN 6-7 KM, a MakcuManbHas riayouna 150 m (Puc.

2.3).
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Pucynok 2.3 - ['eonmoruueckas ctpykrypa u rayouna [llybapkoabckoro
MECTOPOKIECHUS
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VYrim MecTopoxACHHS — FOPCKOTO BO3pacTa. BrisieeHo Tpu yriIeHOCHBIX TOPU30HTA:
Bepxuuii, Cpennanii 1 Hyuoxauit. Momuocts Huxaero ropuzonTa 10 50 M, 1 OH BKITFOYAET
B ce0sa 1m0 mecty B OCHOBHOM MasioMomHbix (0,2—1,5 M) yroibHbIX MadeKk C
nepecianBaoIUMKCcs ocaakaMu. CpeIHUM YTroNbHBIA TOPU3OHT — CAMBIM MaJTOMOUTHBIH
Ha MECTOPOKIEHUH, MPEACTABIIAIOMNNA OO0 OJIUH MJIACT MOIIHOCTbHIO /10 2,8 M.

BepxHuil rOpU30HT COCTOUT U3 TPEX OCHOBHBIX IIACTOB. CaMblid BHICOKHI IJIACT
(2V) momHocThI0 OT 12,8 10 21,9 M (B cpennem 18 m) otaenen ot miacta 1V npocinoiikoi
MONIHOCTHIO OT 1 10 5 M. MomHocTh tuiacta 1V — o1 8,3 10 12,0 M (B cpeanem 10,7 m).
Campblil HI>KHUH T1aCT — 3T0 macT V0, MOIHOCTh KOTOPOro cocrasisieT oT 1 m g0 1,55
M (B cpeaHem 1,2 m). CtpykTypa miactoB BepxHero ropuszoHTa camas mpoctas U
HauOoJee BhIIep)KaHHAsI HA CEBEPE U 3aI1ajie MECTOPOXKICHUS. Y BEJIMUEHUE MOCTYIIIICHUS
HAHOCOB HAa 10r€ U IOr0-BOCTOKE B MOMEHT OTJIOKEHHUS NPHUBENI0 K O00pa30BaHHIO
MHOTOYHCIIEHHBIX TIPOCJIOEB U Oosiee HU3KOMY cojaepxkanuto yris (Puc. 2.4).

Pucynok 2.4 - [IpononsHsIil paspe3 [ly0apkoIbCKOTO MECTOPOKIACHUS

[IIy6apkoiabCKue yIrau — TYMYCOBBIE DHEPTeTHUECKHE YIIIH, KIaCCU(PHUIIMPYIOTCS
nmoa Mapkoi /[ (ATMHHOIIIIAMEHHBIHN), UMEIOINE OTHOCUTEIBHO HU3KYIO 30JIbHOCTh Ha
Mecte 3aineranus (0kojo 12%). 307pHOCTH YHCTOTO YIJIS TUIACTOB, 0€3 BKIIOUCHUS
npocioeB, koneodsercs ot 3,4% 1o 7%. Yriau uMmerot Huzkoe cojaepsxkanue cepsl (0,22%),
BbIXOJ1 JeTyuux BemecTB 43—45 %, cpennioro Bnary 11-14%, BbIXOJ JIeTy4nX BEILIECTB
or 45% wu Oonee u BoeicHIyto Termoty cropanus 7400 kkam/kr. Mmeer xoporue
TeXHUYECKHe creupuKaluy AJis UCIOIb30BaHUS B KAUECTBE ChIPbs JUIsl POU3BOCTBA
HU3KOTEMIIepaTypHOro kokca [91].

CBogka mno kauectBy yras Ily0apKonbcKoro yroiabHOIO MECTOPOKIACHUS
npeacTaBieHa B Tadmmie 2.1.
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Tabmuma 2.1- [TokazaTenn kayecTBa yris Mo KaxaoMy miacty [90]

Iaact 2v | 2v2+3+4 |2va [2v3 [2vi |1v [1v2 [1v22 [1viz | 1vi
Mapka D D D D D D D D D D
?(;]“I")‘g’)m’ PAHOBOTO yriid 72 |27 74 |94 18,7 | 146 |[114 |93 5.2 10,5
Bnara cszannas (%) 6 6,3 5,2 7,6 5,1 8,3 4,8 5,7 8,2 6,1
Brxon netyunx (% DAF) | 44,1 | 43,7 443 | 423 |443 |43 43 43,1 | 429 |419
Cepa o6mas (% DB) 0,36 | 0,26 029 |036 |05 [044 [034 [049 [057 [o055
®ocop (% DAF) 0,014 | 0,014 0,036 0,023 001 |001 |00 |0,009 | 0,007
Bonopox (% DAF) 544 |53 563 |5 562|516 |48 |s519
Vrrepon (% DAF) 774 | 76,65 77,14 | 78,02 | 77,13 | 76,6 | 75,12 | 76,94
Tennora croparms DAF 31 32,9 3062 | 3025 | 3133 [ 3019 | 3059 | 3118 | 3141 | 3038

(MIx/kr)
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Pucynoxk 2.5 — Cxema BckpbiTus Ly6apKoabCKOTo MECTOPOKICHUS

Ha IlenTpansHOM pa3pese UCHOJIb3YyeTCs MCKIIOYUTENIbHO TPAHCIOPTHAs cXema
OTpa0OTKM C HCIIOJB30BAHMEM OKCKAaBaTOPOB M caMOCBajoB. Tpu pabouux 3a00s
npocTuparoTcs B WMHy 4 kM Beiemka nepBbix 10 M - 13 M BCKpBIIIKM MITKON MOPOJ HA
paspese ocymiecTBisieTcss 0e3 OypoB3pBIBHBIX paOoT. Bce apyrue ycTymbl, BKIIIOUYas

yTOJIb, pa3pabaThIBAIOTCS C UCIIOJIB30BAaHUEM OypPOB3PBIBHBIX PalOT.

Jlyis mepeMenieHus mycTol MOpojbl Ha YYacTKU 3aKJIAJKU U OTBajbl paboTaroT 3
npariaiiHa ¢ oo0bemoM koBira 10 m>.
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B umensix MHHUMU3AIMU 30JIbHOCTU JJII COXPAHEHHUs TEIJIOTBOPHBIX CBOWCTB
no0blua yriigs BEAETCS CEJIEKTHBHO. YTOJIb 3arpy’kaercsi C IOMOUIbI0 KaHATHBIX
HKCKABATOPOB C JIEKTPUUECKUM MPUBOJOM U ¢ 00beMoM koBIia 5-10 M* Ha HeOobIIHe
CaMOCBaJIbl, 0COOEHHO JIJIsl KPYITHOTO YIJIsl, BO M30€KaHUE U3MENbYCHUS YIIIsl.

VYrone mogaeTcs Ha APOOWIIKY BHYTPU pa3pe3a U Ha KOHBEHEp, 3aTeM Ha X/I
MIEPEBAJIOYHBI  IMyHKT ©  ckaaa. CopTUpoBOYHAss  yYCTaHOBKA C  TOJOBOWM
npousBoguTeabHOCTRI0O 4 700 000 TOHH mMOAaeT yrojib MPSMO Ha CKJIaaA W X/A
MEePEBATIOYHBIN MYHKT. BHICOKO30JIbHBIN YToJib MOJAETCA Ha OTACIIbHBIN CKIIA/I.

Bekpelilia BBIBO3UTCS Ha camMocCBajax KpPYIIHEE M 3arpy’kKaercsl TaKKe KPYIHBIMU
HKCKaBAaTOpPaMU Ha yCTYyIIaX.

VYyactok 3amangHblii  OoTpaOaThIBaeTCsl AHAJIOTHMYHON TpPAHCIOPTHOM CXEMOM.
[upuna ycTymnmoB A0CTaTOYHO OOJbIIAsl AJsi UCHOJIB30BaHUs Ha HUX Oojiee KPYMHBIX
AKCKaBaTOpoOB U camocBasioB (Puc.2.6).

P o

Pucynok 2.6 - Bun Ha pa3pe3 «3anaansliit», 2018 r. (Bua Ha 1or)

['opHble MamuHbI U 00OpPYAOBaHUE PACCUUTAHbl Ha OTAEIbHBIE YYaCTKU, HO NpHU
HEOOXOIMMOCTH HCIOIB3YIOTCSA U Ha APYTUX ydacTkax. JlopoxHas uHGpacTpykTypa u
YKJIIOHBl ~ 3alpOEKTHUPOBAHBl I  JABYXCTOPOHHETO  JBM)KEHUS ~ CaMOCBAJIOB
rpy3010AbeMHOCTHIO 220 TOHH.

Ha obonx paspesax OTJIEJIbHBIE COPTUPOBOYHBIE KOMILJIEKCBI
MPOU3BOAUTENBHOCTBIO 4,7 MIIH T U 4,0 MIIH T B TOJl, KOTOpPbIE TPOU3BOJAT pa3ACIICHUE
dbpakmmii 0-50 mm, 20-50 mm u 50-300 mm.

Ha paspese LleHTpanbHBId caMOCBAJIBI MIEPEBO3AT YTOJb HA KOHKPETHBIE CKIIAbl,
OTBEJECHHBIE HA PAa3HbIE 30JIBHOCTH, IOCIIE YETO YroJib IPY3UTCS HA JBAa KOHBEMEpa u
JOCTaBIISIETCS HA COPTUPOBOYHBIA KOMIUIEKC, M TOCIE COPTHUPOBKH 3arpykKaercs B /I
BArOHETKH.

Ha yuwactke 3anmaaHblid yrojap JOCTaBISIETCS HA COPTUPOBOYHBIA KOMILIEKC
caMOCBaJlaMU U3 YTOJbHBIX 3a00eB. CaMOCBaJIbI TaKXKe HAMPAaBISIOTCS Ha KOHKPETHBIC
CKJIaJIbl, OCHOBBIBAsICh HA 30JIbHOCTH MPH MOJHOM 3arpy3Ke MOIIHOCTEN COPTUPOBOYHOTO
KOMILJIEKCA.

[lepeduenb oOopymoBaHus MJisi TOTPY3KH W TPAHCHOPTHUPOBKH NPEICTaBICH B
tabnuue 2.2.
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Tabnmuna 2.2 - T'opHas TexHHKa, HUcmoyb3dyemas Ha paspe3ax lllyGapkonbckoro

MECTOPOXKICHUS
HanveHoBaHNe TEXHUKH | Pa3mep o6opyroBanusi | IeHTpaJbHBIH | 3anaaublii | HToro
O0opynoBaHue JLIsl IOTPY3KH
DKCKaBaTOp ISl YIS S5m? 9 6 15
DKCKaBaTOp JJIsl BCKPBILIH 8 m? 1 3 4
OKCKaBaTOp Ul BCKPBIILIU 11 M3 1 1 2
DKCKaBaTOp JJIsl BCKPBILIH 12.5 m? 2 0 2
DKCKaBaTOp JJIsl BCKPBIIIH 21 m? 2 1 3
KanaTHble 5KCKaBaTOPbI 10 M3 2 1 3
KanatHbie 5KcKaBaTOpbI 5w 1 0 1
Jparnaiinsl 10 m? 3 0 3
O0opynoBaHue Iisi TPAHCIOPTHPOBKH
CamocBainbl benA3 45T 9
Camocansl Hitachi 60T 20
CamocBainbl benA3 90T 1
CamocBainbl benA3 130T 7
Camocsaisl Hitachi 1851 4
CamocBainbl benA3 220T 10
Kongeiiepbl
Konsetiep st yris | - | 2 | H/I | 2

Ha xaxnom yrojasHOM 3a00€ MPOU3BOIUTCS MEPUOANYECKUN KOHTPOJIb 30JIbBHOCTH U
MPUHUMAIOTCSl PEIICHUs i1 OTrpy3KH Ha KOHKpeTHble ckianel. Ha IllyGapkombckom
MECTOPOKICHUU BBIJECJICHBI IJIOIAAKU JIJIsl CEMU CKJIa/l0B YIUIA C 30JbHOCTBIO 6%, 7%,
10% u 20%.

Jlnst cOopa TPyHTOBBIX BOJI HAa HHXKHEM TOPU30HTE YywacTka LleHTpanbHbIA
chopMUPOBAH OTCTOMHUK-3yMII(), OTKYJa BOJA OTKAYMBACTCS B MCHAPUTEIBHBIN TPy
Hacocamu mpousBoautenbHocThi0 300 M3/u w180 M3/4, YTO YyIOBIETBOPSET
HEOOXOIMMOCTh B MEPUOA HAaUOONBIINX ocaakoB. [lo HabmoneHusIM pa3pe3 3amaaHblid
OKa3aJICsi OTHOCUTENIbHO CYXUMM U Ha JaHHOM JTare He TpeOyeT KOHCTPYKLUMH ISt
OTKauMBaHUs MOJA3EMHBIX BOJ.

Takum oOpazoM, mnpu [IOOBIYHBIX paboTax, BKIIOYAs BCKPBIIIHBIE pPaOOTHI,
OTBaJIOOOPAa30BaHUE U CKIIAJJUPOBAHUE YIJIsl, B OCHOBHOM ITPUMEHSETCS] aBTOMOOMIIbHBIM
TPaHCTIOPT, YTO SBJIACTCS JIMITHUM BO3JIEHCTBUEM Ha Pa3pyIIaeMOCThb YIJIS MPU YaCThIX
MEXaHMUYECKUX MAaHUMYJSIUAX Ha YrojlbHYI0 TIOPONYy U pa3zelieHHble (paKiuu.
B3pbiBHBIE pabOTHl HECMOTPS HA CEJIEKTHUBHOCTb BBIEMKH TaK)KE CO3[JAeT PUCK IS
BO3HHUKHOBEHMsI O4aroB camoBo3ropanusi. Iloaromy mnpu HemocTtaTouHOU OTpalboTKe,
OUMCTKE YCTYINOB, HEMOJHOTO 3aBEpUICHHMS M 3aKJIAIKW OTPa0OTAaHHBIX YYaCTKOB
BEPOSITHOCTh CAMOBO3TOPaHUsl YToJIbHOM MOpobl Beicoka (Puc. 2.7)
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PucyHnok 2.7 -Bo3sropanue yroiapHOM Opobl Ha paspese 3anaaHblii [92]

2.2 TexHoJsioru4eckas cxeMa HCIOJb30BaHus cnenkokca Ha AO «Ka3xpom»

Bormpockl xpaneHus crienikokca, ero 6e3ornacHas TpaHCIIOPTHPOBKA C COXPAHEHUEM
€ro MOTPEOUTENBCKUX CBOMCTB OKA3aJIOCh CIOKHOM 3a/1aueii HEKOTOPBIX MOTPEOUTENCH.
Tak, AKTIOOMHCKUI 3aBOJI (PeppOCITIaBOB UCIIBITHIBACT 3aTPYAHECHUSI C COXPAHHOCTHIO
CIEIIKOKCA Ha CBOMX MPOU3BOJICTBEHHBIX 00BEKTaX, U M0 HAOIIOICHUAM, IPUMEHSIEMAs
TEXHOJIOTHSI OCYILUEHHS W XPAHEHHUs ChIPbs MPUBOMAT K CIIyyasM CAMOHArpeBaHUs W
CaMOBO3TOpaHUs CIELUKOKCA, M Kak CJEICTBUE K YyObITKAM U HApYyIICHHUIO
TEXHOJIOTMYECKOTO Ipoliecca.

Xpanenue

CIeNKOKCa B
Tpoussoacrso Tpancno 3aﬁ oMax C Xpanetue Xparteriie HUcnoan
clenKoKea Ha p Y P . yuka crenKoKea CHenKoKea
AO ‘ THpPOBKA ‘ (22-aHeBHbIi » CHenKoKea » B7- » Bl 30BaHHE B
CIIENKOKCa CKJIA, NpoU3Bo-
«Ulybapkoas na II:KT3 ® B.]'la)KHi[)lX AHEBHBIX JHEBHBIX P e
OyHKepax OyHKepax i

KOMHP»
MaTepHAJTIOB)

Ha AKT3®

PucyHok 2.8 - TexHosmornueckas cxema Iporu3BOACTBA U UCIIOJIb30BAHUS
CIIELIKOKCa

ITpom3BojacTBO crnerkokca Ha 6aze AO «llly6apkonas komup» coctaisier 300 000
TOHH CHEIKOKCa B TOJ (B IepecyeTe Ha CyXOoW mpoAykT). ToBapHOW NpOayKIHEH
apisitored (Tabnuna 2.3):

-CHEIKOKC (pakiuu >5 MM B KoimuecTBe 255 269 1/roj 1Mo cyxoMy Becy;

-CTIEIKOKC (pakiuu <5 MM B KosimdecTBe 45 048 1/Tof 110 CyXoMy Becy;

-cMmoJia B konmuectse 32 046 1/ron.
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CelppeM  JIsI  NPOU3BOJACTBA  CHEIKOKCA  SIBISIETCS  KAMEHHBIM  yroJib
[IIy6apkoabCKOTO pazpesa, 4TO COOTBETCTBEHHO, TAK)KE€ BXOJUT B OOBEKTHl MHTEPECOB
VCCIIEJOBAHUS.

Tabnuna 2.3 - O6mas xapakrepuctuka crenkokca «Capolapka CrielkoKey
Cepnuc Brxon Peaknunonnas Crpyxrypn VnenpHas
[Tokaza| KpynHo 30J1bHOC| JETY4HX ast Brnaxs TTopucro | CrB,
TOCTb, N CIIOCOOHOCTH, o, |TTOBEPXHOCTb o o
TEb |CTh, MM o Tb, % | BEMIECTB, M z-c MIPOYHOCTH, |0CTh, Yo w2/r cTh, % %
’ % % ’
SHACH5 0.40,0) <10 [6.0-100( 4.0-7.0 1,0-15 674 | hoo | 30 [220250|880

[Toctynatomuit Ha AkT3® cnenmkokc pasrpyxkaercs B 2 OyHKepa TOA
BaroHOONPOKHUIbIBAJIEM OOLIEH BMECTUMOCTBIO CIIELIKOKCa 98 TOHH WM pa3rpykKaeTcs B
OyHKephl yuacTKa py4HOH BBITPY3KH, TIe 2 OyHKepa BMECTUMOCTHIO 1 58 TOHH CrienKoKca.
3aTeM CIELKOKC MO Tajiepee MOCTYyNaeT Ha CKJIaJ BIAXHBIX ChIPhEBBIX MATEPUAJIOB, /1€
CITCLIKOKC pa3Melaercs B 3 3akpoma, Kyj1a momemaercst 21 772 TOHHBI CENKOKCa, KOraa
Kak HeJenbHas MoTpeOHOCTh cocTaniseT 10 920 T.

OcHoBHasi Macca CIHEIKOKCAa XPaHUTCS B YCIOBUAX OTCYTCTBHUSI TEIUIOOOMEHa
CIIEIKOKCA C OKpyXawmen cpenou. HM3-3a HarpeBa coenkokca 0 KPUTHYECKOU
TEMIIEPATYPbl MPOUCXOAUT CaMOHArpEBAHME. 3apPOKJICHHUIO OYaroB CaMOBO3TOpPaHUS
CHOCOOCTBYET Takke BbICOTa ITadens okojo 10 M, mpu abCOMIOTHOM OTCYTCTBHH
TEIJIOBOTO KOHTPOJIA, HECMEHIEMOCTH HIXKHUX CIIOEB IITA0EIIs.

[Ipu BBITpy3Ke CBHIpbS U3 3aKpPOMOB HCIIOJIb3YETCS BEPXHUU 3a00p C MOMOUIBIO
MOJABUKHOTO PEKIMMEpPA, KOTOPBIA B CHITy KOHCTPYKTHUBHBIX OCOOCHHOCTEN 3aKpoMa He
CIIOCOOCH MPOU3BOJIUTH MOJIHYIO BBIEMKY CIIEIIKOKCA, YTO MPUBOIUT K OOpPa30BaHUIO
MEpTBOM 30HBI HEBBIOPAHHOTO CHIPhs BbIcOTOM 0,5 M. JlaHHBIN CIIOM 3aChIMAeTCs CBEPXY
BHOBb IIOCTYNHMBIIMM BJIQKHBIM CIIELIKOKCOM W OCTa€TCsd MCTOYHHUKOM ITOBBILIEHHOTO
okucnenus (Puc. 2.9).

Pucynok 2.9 - CymiectBytomas cxema padoTsl pekiiiMepa
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[To mpuyrHe OTCYTCTBUS TEIJIOOOMEHA U HECOOTIOJEHUHN YCIOBHM XpaHEHUs Ha
CKJIa/ie BJIQXHBIX MaTepuanos rnpoucxoaut 50 % camoBosropanuii (Puc. 2.10).

Pucynoxk 2.10 (a,0) - Bo3ropanue crierikokca B 3aKpomMe

Takum oOpa3om, BCIIEACTBUE HEIOCTATOYHOCTH BEHTWIISIIIMK, BEPXHEH 3arpy3Ku U
pasrpy3Kd HIDKHHE CJou IuTabens CHEHKOKca TMOABEPraloTcs CaMOBO3TOPaHHIO
Osaroapsi OTCYTCTBHIO TEIIJIOOTBO/AA U U3OJISIIIUHM OT aTMOC(EpHOro KUCIOpoa.

C uenbo CHUKEHHUSI CaMOHArpEeBaHusl U CaMOBO3TOPAHUS YIIIEBOJIOPOJHOTO ChIPhS
IpU  XPaHEHHH HEOOXOJUMO TPOU3BOAUTH TMEPHOJUYECKYIO TOJHYI0 OTIPY3KY
MaTepHaa, CorjlacCHO TEXHUYECKOMY periaMeHTy « TpeboBaHus k 0€30MacHOCTH yTIiied u
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MPOU3BOJICTBEHHBIX  MPOIECCOB  HMX  JOObIUM, MepepadOTKH, XpaHEHUs U
TPAHCIIOPTHPOBKMY.

N3 cknaga BIaXHBIX CBHIPHEBBIX MaTEpPHATOB CHEIKOKC IMOCTymaeT B 2
OCYIIMTENIbHbIE CHUCTEMbI, MOITHOCTBIO 65 TOHH/4acC W MOJAECPKKON TemrepaTyphl 110
700°C. I1epen 3arpy3Koii B CyHIMIIbHYIO KaMEPY, C IOMOUIBIO pa3rpy304HOr0 yCTPONCTBA,
CIIEIKOKC NOAAETCS HA KOHBEMEP, KOTOPBIM TPAHCHOPTUPYET CHEHKOKC B CYLIMJIHYIO
CUCTEMY, TJIe BIAXHOCTh CHeIKoKca cHikaercs ¢ 18-20 % no 2-4 % (Puc. 2.11).

wy

R SR

PHcyHOK 2 11 - CxeMa cymKH cmpﬁ;i

OpHa U3 CyIIUIBHBIX CUCTEM BBIJIETICHA JUIS CYIIKH CIIEIKOKCA U aJaTUPOBaHA JIJIs
JTOCTHKEHUS BIAXKHOCTH CHIPbs 4 % Ha BBIXOJIC.

B cuny TexXHOJOTrMYecKUX MapamMeTpoB CYIIKU IPU BBIXOJE U3 POTALMOHHOU
KOJIOHHBI, TemIiieparypa crnenkokca coctabisieT 120-130 °C, 4YTo CyIIECTBEHHO
npeBbimaeT kpurndeckyro (6onee 60 °C). Tak, oueBUIHO, YTO COOOIEHNE BHEIIHETO
Terja SIBJSIETCS TMPUYMHOW CaMOBO3TOpPaHMUSI B  IOCJHEAYIONIEH IIETOYKe €ro
WCIIOJIb30BAHMS.

[ToaToMy HEOOXOIMMBI TEXHOJOTHYECKHUE MEphl MO CHUXEHHUIO TeMIlepaTyphl
CIEIIKOKCa TOCTE CYIIKH.

[locne cymky CHENKOKC MOCTYMaeT Ha CKJaJ CyXUX ChIPbEBBIX MaTEpHUalioOB, IJ€
ecThb 4 OyHkepa oobemoMm 1 220 m> u 4 06wemom 1 300 M. O6mmii 066em 10080 M, kyma
nomernaercs 7 258 ToHH crenkokca. CHEeNnKOKC MOCTyHaeT B 7-AHEBHbIE OYHKEPHI C
temmneparypoii 6osee 100 °C. bonbime pazMepsl 7-THEBHOTO OyYHKEpa HE CIOCOOCTBYIOT
MIPOBETPUBAHUIO U TEIJIOOOMEHY HArperoro CIerkokca ¢ okpyskatomiei cpemnoi (Puc.
2.12).
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PucyHnok 2.12- @parMeHT TEXHOJIOTMYECKON CXEMbI TOTPY3KHU Ha CKIIaj 7 —
JTHEBHOT'O XPaHEHUS CYXOTO ChIPbsI

N3 7-nHeBHOTrO OyHKEpa CHEUKOKC MOCTyNaeT B IBEHAAUATh 1-AHEBHBIX OYHKEPOB
oOmm 06beMoM 2 232 M3, KOTOpPBIE MOTYT OJJHOBpeMeHHO BMemaTh 1 607 ToHH. byHkep
3aKpBITOTO TUIIA MPEMATCTBYET MPOBETPUBAHUIO U TEIUIOOOMEHY HarpeToro Crenkokca ¢
OKPY’KAIOILIEN CPENOM.

Takum oOpa3oMm, B MPOU3BOACTBE TOPHBIX PabOT M yIpaBJICHUS KaueCTBOM
YIOJIbHOM TMPOAYKUUU MPUCYTCTBYIOT JJIEMEHTBHI, HE TMPEMSITCTBYIOUIME U Jaxe
CHOCOOCTBYIOIIKE OKUCIIEHUIO YTJISl U CIIELIKOKCA, TEM CAMBIM CHUXKasl MOTPEOUTENIbCKY IO
LEHHOCTb U TEXHOJOTUYECKUE XapaKTEPUCTUKH.

MexaHu3upoBaHHasi TPAHCIOPTHAas CHUCTeMa OTPa0OTKU YTrOJBHBIX IUIACTOB,
JOCTAaTOYHO MPOJIJICHHBIM (DPOHT OYUCTHOTO y4acTKa U T€HETHYECKUE XapaKTePUCTUKH
YIS
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3 OKCIIEPUMEHTAJIBHASA YACTbD. ITIOJIEBBIE U JIABOPATOPHBIE
HCIIBITAHUSI AHTUIIMPOT'EHHBIX ITOKPBITU

3.1 Onucanue MeTOA0JOTHM U MOJIEBBIX padoT

[ly0apkonabCkue yriad HU3y4YeHbl B JIOCTAaTOYHOW Mepe Uil CY>KACHHs 00 HX
CKJIOHHOCTH K OKHCJICHHIO, ONpPENEIeHbl MAapKU M KJIACCHI YTJIeH, B pe3yJbTaTe 4ero
BBINMYILLIEH OTAEAbHbIMH HOpMaTuBHbIM akT — CT PK 1526 [95], yuuTbeiBaronui
TEXHUYECKHUE YCIOBUS U KiacCUUKAIUIO yriied pa3pe3oB LleHTpanbHbI U 3amaIHbIi.
CormacHO JaHHBIM  HACTOSIIIETO CTaHJapTa YIJIM OTHECEHbl K  KaMEHHOU
TEXHOJIOTUYECKON Mapke U noAarpynmsl B -/[JInHHOIUIaMEHBI BUTPUHUATOBBIN. B cuiny
BBICOKOTO cojiep:kanusi BuTpuHuTa B coctaBe yrojib no CT PK 1382 otHecen k
HEYCTOMYMBBIM K OKHCIICHHIO M PEKOMEHJIOBAHHBIM NPENEIbHBIA CPOK XPAaHEHHS Ha
CKJIaJiax 0003HAaueH CPOKOM B 6 MeCSIIEB MTPU COOJIIOICHUH TEXHOJIOTUN CKIIAIUPOBAHUS
u mrabenupoBaHus. Borpocsl BEIBETPUBAHMS YIUISI P XPAHEHUH U TPAHCTIOPTUPOBKH
TAaKX€ YIOMSHYTHI B CTAHAAPTAX U TEXHUYECKOM peryiameHTe [86-89], uTto yka3piBaeT Ha
TO, YTO BOIPOCH CKJIATUPOBAHUS U OTMYCK MPOIYKIUU TOTPEOUTENSIM SIBIISETCS
BaXKHEHIIeH pob6sieMoil, TpeOyroIeil TOCTOSTHHOTO Pa3BUTHUs CIIOCOO0B MPOPUIAKTHKU
OKHUCJICHUS YTJIsl Ha 6a3ax MpeAnpusiTUs U IUIOIIAKaX CKIaAUupPOBaHUS.

Hecmotpst Ha pa3paboTaHHOCTH BOIMPOCA OKUCIICHUS YIJIeH, TEXHOJIOTUN JOObIYH,
XpaHEHUsl NPEINPUITHUSIMU U TOCYyJapCTBOM [0 CETONHSAIIHUN JI€Hb BbIpaOaThIBAIOTCS
IpOrpaMMbl M TEXHOJIOTMYECKHE PErJaMEeHThl 10 COXPAaHEHUI0 MOTPEOUTENHCKUX
CBOMCTB moJie3Horo uckormaemoro. Tak B 2019 rogy nayarta pa3zpaboTka OTAEIBHOTO
TEXHUYECKOI0 perjaMeHTa Mo TpeOOBaHUSM K KayecTBY YIJIeM M MpPOAYKTaM  HX
nepepaboTKH, B KOTOPOM IIJIAHUPYETCS BHECTH YETKUE PEKOMMEHJAIUU IO
CKJIAJJUPOBAHUIO U YCIOBUSAM XPaHEHUS NPOLYKIUHU, ITPU 3TOM JIO0 CUX [OP MPEATPUATUS
PYKOBOACTBOBAIUCH JOKyMeHTOM OT 17 mromnst 2010 roxa [94]. Tlo dakTy pyKOBOACTBO
AO «llly6apxons komup» U ERG o03a0oueHbl pemieHneM mpoOaemMbl BBIBETPHUBAHUSA,
COXpaHEHHs KJacca KPYMHOCTH YIVIM M CAMOBO3IOpaHUs CIIELIKOKCAa HAa NPEANPUATHSIX
KOHEUYHOTO IOJIb30BaTEII.

B cBm3u ¢ stum pabouert rpymmoit KapTV mnpeanpuHuManuch IMOJEBbIC
UCCJIEIOBAaHUsl TI0 TIOMCKY MyTeW COXpaHEeHHsS MOTPEOUTENbCKUX CBOMCTB YIS U
MIPOYKTOB MEePEpabOTKU B paMKax CPOKOB XPAHEHUS U B JIyUIIEM CITydae UX MPOJICHUSI.

[lo Hamuuuio HaydyHO-TEXHMUYECKOW ©0a3pl OblIa pa3paboTaHa MporpaMma
MPOBEACHUS MOJIEBbIX UCCIIEI0BAHMS, IPOCICKUBAHNUS JUHAMUKHI Pa3BUTHS MTEPBUYHBIX
MPU3HAKOB OKUCIUTENbHBIX IPOLIECCOB, U3MEHEHUIO M MOTEPH (PUIUKO-XUMHUYECKHUX
cBoiictB mpoaykuuu IllyGapkonbckoro mnpennpusiThss B TeueHue 6 MecsleB, Kak
YTBEPKIACHO B CTAHJAAPTHON JOKYMEHTALMU IPEATIPUATHS.

JInst mpeloTBpallleHus] OKUCIEHUS ¢ MOMEHTA BCKPBIIIM 10 OTTPY3KH IMOJIE3HOTO
HCKOMAeMOoro Tpedyercs MEepecMOTp MOJHOTO LHKJIAa MPOU3BOJACTBEHHBIX OMEpALIUil.
OnnHako, U3y4UB BIMSIHIE TOPHOTEXHUYECKUX U TEHETUYECKUX (DAKTOPOB, BIUSIOIIUX HA
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OKHUCJICHUC MW CaMOBO3IOpaHHUC, BO3MOXHO OI'PAHUYHUTBCA MCPAMH HC BHOCAIIHUX

NPUHLHUIHAIBHBIX ~ M3MEHEHUH, TpeOyrolmux OOJIbIIMX  KalWUTaJOBIOXKEHUA U
JOJITOCPOYHBIX UCIIBITAHUM, SKCIIEPTH3.
Ob6o3peBast npuuMHBL, (AKTOPBI, YCYryOJsIOIIME ECTECTBEHHBIE IPOLECCHI

paspylieHuss yriii M JOCTYIIHbIE Mepbl UX NPO(MIAKTHKH OBLT pa3padoTaH IUIaH
HCCIIEIOBATENILCKUX PabOT, BKIIOYAIONIUN TMOJEBbIE W JaOOpaTOpHBIE MCIBITAHUS
3G (HEKTUBHOCTU MPENYNPEKAAIOIINX MEPOIIPUATHIA.

B xauecTBe OCHOBHOT'O METO/Ia, IPEAOTBPAIIAIONIECTO OKUCICHUE YT B IITA0CTIAX,
OblT  BBIOpAaH CHOCOO TOKPBITHSA YTOJNHHOM TMOBEPXHOCTH  AHTUIIUPOTCHHBIMU
Martepuaigamu. BeiOop omnpenesneH mpex/ie BCEro paiMoHaaIbHOCTHIO MPEAiaraeMbIX Mep
1 OTCYTCTBHS naryoHoro a¢exra Ha onepamnuu mo oTpaboTke paspesa.

OTtcnexuBaHUEe W3MEHEHMsI TEPBOHAYAIBLHOTO (PU3MKO-XUMHUUYECKOTO COCTOSHHUS
mTabenei, MOKPBITHIX Pa3IWYHBIMU AHTUIIMPOTCHHBIMU MaTepualiaMH, C TEUYECHHUEM
BPEMCHH, Ha HaIll B3I, SABISETCS HamOoJiee JOCTYMHBIM CIIOCOOOM HAOIOICHHUS
JTUHAMUKHU pa3pyLIeHUs CTPYKTYPBI YIJIsI, €r0 CaMOHArpeBaHUs U BBISBICHUS HanOoJiee
3¢ PEeKTUBHBIX AHTUTTUPOTEHHBIX MaTEPHUAJIOB.

B kadectBe mOKpHITUSA OBUIM BBIOpPAHBI AHTUIIMPOTEHBI, pallMOHAIBHBIC
KOHIICHTPAIIMK M COOTHOIICHHUS KOTOphIX HcmbiTaHbl BoctHUU [99]. B tabmune 3.1
MPUBEICHBI AHTUITUPOTCHHBIC MaTEPHUAJIbI, IOCTYITHBIC HA PHIHKE MPOMBIIIJICHHON XUMUU
B PErHOHE.

Tabmuma 3.1 - DddexTuBHBIE KOHIICHTPAIIMKM BEIIECTB JJI aHTHUIIMPOTEHHOTO
TTOKPBITHUS

HaunmeHoBanue BelecTBa ¢ dexkTHBHAS KOHLEHTPAUSA B
BOJIHOM pacTBope, %

XITOPUCTBIN KAJIBLIUI 10-20

MapranieBoKHUCIbIN KaIUN 0,20-0,25

MoueBuHa 3-5

Kugkoe CTeKIo 2-10

[ToBEpXHOCTHO-aKTUBHBIE BEIIECTBA 1-5

(ITAB) «IlIporpeccy, «Jlotocy, «Buxppy

M3BeCcTKOBOE MOJIOKO 5-10

WNHepTHas nbUIb 10-20

[IpencraBneHHbIe AaHTUIUPOTCHBI HECMOTPS Ha OOOCHOBAaHHOCTh NMPUMEHEHUS B
MPOMBIIIJIEHHOCTH, O0JIAAIOT W PSJIOM HEJAOCTAaTKOB M MOTYT TMaryOHO BIMSITH Ha
KaueCTBEHHBIE XapAKTEPUCTUKU YTOJIbHOM MPOIYKIHMH, BO3JIECUCTBYSI XUMUYECKH WIH
co3JaBas CMECh JMIIHUX HEOPraHWYeCKUX MpUMECed, OJHAKO, JaHHbIE MaTepuabl
HUKOT/Ia HE UCTIBIThIBANIUCH Ha [1ly0apKoIbCKUX YTISX U B YCIOBUSIX MECTHOTO PErHoOHa.
Ha ceromHsmHMil 1€Hb MPOJOJDKAIOTCA MOSBIATHCS HOBBIE AaHTUIMPOTCHHBIE arcHTHI,
MPEAOTBPALIAIOIINE CAMOBO3TOPAHNE IIPU XPAHEHUU U TPAHCIIOPTUPOBKE YIJISI, OJTHAKO,

HKOHOMHUYECKAs COCTABIIAIOMIAsl TpeOyeT OrpaHUYEHHUsI pacCMaTPUBAEMbIX TEXHOJIOTHI
[78, 99-103].
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Hwuxe npuBeneHbl KpaTKHe OMUCAHUSI OCHOBHBIX MaTepHaliOB, BHIOpaHHBIC MJIs
ucneiTanusg. Cleyer OTMETHTh, YTO TPHBEACHHBIE B Tabnuie 1 aHTUIUPOTCHBI
UCIO0JIb30BaAIUCH ¢ 80-X roJI0B ¥ ObUIN 0 MPEXHEMY OA0O0PEHBI AJIs MOJIb30BAHUS U IIPU
COBPEMEHHBIX TEXHOJIOTUYECKUX YCIOBHUSIX COCEIHUX CTpaH B CHIy CBOEH
paunroHaibHOCTH [104].

-I'uapokcun kanmplivg (TamieHass W3BECTh) MPUHATO CYUTATh I(PHEKTUBHBIM
AHTUIHPOTCHOM, WHTHOWPYIOIIUM OKHCIUTEIbHBIC IMPOIECCHl B YIOJLHOM MACCHBE.
Onnaxo, ecTh 3aMeYaHMs 110 €€ YHUBEPCAIBHOCTH U B 3aBUCUMOCTH OT MAPKU YTJISI MOXKET
OoKazaTb o0OpaTHOe JelcTBHUE, YCYryOisisi pa3pylleHHe YroJbHOH CTPYKTYpHI.
Henocrarkamu SIBISIIOTCSL BBICOKAS IIEIOYHOCTbD, TUIOXas PACTBOPUMOCTH B BOJIE, UTO
3aTpyAHSET MPOLECC PAaBHOMEPHOIO MOKPBITUS MITA0ENs, CIIOCOOHOCTh OCAXKACHUS HA
JTHO eMKOCTH TipH XpaneHuu. [ToaTomy 3¢pPeKkTHBHOCTH ramieHoi u3BeCTH HE0OXO0IUMO
OLICHUTb, UCIIBITHIBAS B MIOJIEBBIX YCIIOBUSX.

-HepTHass mbUIb, TPUTOTOBJICHHAST W3 W3BECTHSKA, YMEHBINAET BEPOSITHOCTh
OKHUCJICHUSI YTJIS 32 CUYET MEXaHUYECKOW M30JILMU €ro MoBepXHOCTH. [losTomy mux
3¢ (HEKTUBHOCTh 3aBUCUT OT TEIUIOEMKOCTH M IUIOTHOCTU. Temno€éMKOCTh TBEPIBIX
BelIeCTB O00BIYHO penko ommuaercs oT 1 kJDr/kr-K. ITloatomy mpu BbIOOpE
aHTUIHPOTeHa HE0OX0IUMMO 0OpaTUTh BHUMAaHKE Ha €ro IIIOTHOCTh. OIHA U Ta ke Macca
MOPOIIKA IPU HU3KOHM TJIOTHOCTU CMOXKET M30JIMPOBATh OOJIbIIYI0 MOBEpXHOCTh. Kpome
TOTO, JIETKHM MOPOILIOK MEPEHOCUTCS C IMOMYTHBIM IMOTOKOM BO3AyXa Ha OoJbliue
PACCTOSIHUS, YeM 00ECIIeUNBAET 3HAUNTEIBHYIO IUIOMIAb 3AIUTHI.

Opnako, cieayeT OTMETUTh, YTO JUIsl HAJCKHON M3OJSINU TOBEPXHOCTU YIJISA OT
BO3/lyXa TpeOYIOTCS 3HAUUTEIbHbIC KOJTUYECTBA TBEP/IbIX aHTUIIUPOreHOB. [IpuMenenue
PAcCTBOPEHHBIX BEIIECTB MOXKET 0OKa3aThCsl IKOHOMHYECKHU 00Jiee OIpaBIaHHbIM.

-CMech HW3BECTKOBOTO MOJIOKA W XJIOPUCTOTO KalbLUsl SBIAETCA IUIOTHBIM
M30JMPYIOUIUM W OJHOBPEMEHHO XUMHYECKH WHTHOMPYIOIIMM aHTUmuporeHom. Ho
HE0OXO0MMO COOTIOAATH OCTOPOKHOCTH MPU MPUTOTOBJICHUH TTOTO0OHBIX CMECEH, TaK Kak
OHU MOTYT MOTEPSITH CBOU CBOMCTBA.

Hampumep, mnpu cMemIMBaHUM MOXKET TMPOUTH  peakiust  00pazoBaHUs
MaJIOpacCTBOPUMON OCHOBHOM COJIM:

CaCl2+ Ca(OH)2=2CaOHCl,] .

-IInenkooOpa3yrole aHTUIIUPOTEHbl — MaTepHallbl, KOTOpble (OPMHUPYIOT
TBEP/yI0, HO JOCTAaTOYHO 3JIACTUYHYIO IJICHKY, 00JIaarolIyio xopoliei aaresueid. B
KauecTBe IJICHKOOOPA3yIOIIEr0 areHTa B HallEM Cilydae MPUMEHSETCS CMeCh JKUIKOTO
CTEKJIa M XJIOPUCTOTO aMMOHHUSI.

[lepeuenp MarepuasioB  ObUT  JOMOJHEH TaKKe  HANWYECTBYIOIIEH  Ha
MIPOU3BOJICTBEHHON 0a3e B OONBIIOM KOJIWYECTBE (DEHOIBHOW BOJBI, BTOPUYHOTO
MPOYKTa KOKCOBaHUS.

Bo MHOrumx MHCTPYKIHSAX MPO(PUIAKTUYECKUX MEPONPUATUNA PEKOMEHAYIOTCSA K
HCIIOJIb30BAHMIO TOJIMMEpPHBIE MaTepHalbl, KOTOpbIe, OYEBUIHO, B CHIIy CBOEH
MHEPTHOCTH MOTYT cuuTaThCs A(Q(EKTUBHBIMU M O€3BpEIHBIMH MaTepuaiaMH Jjs
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MOKPBITHUS IITA0ENIeH U YTONBHBIX MACCUBOB MPHU OTKPBITHIX TOPHBIX padoTtax. [lonobHbie
MaTepHallbl yKe 0JIarornosyqyHo UCHOJb3YIOTCs B maxTax KaparaHaguHCKOTro yrojbHOro
OacceiiHa 17151 U30JSIUU TOPHBIX BEIPA0OTOK, (POPMUPOBAHMS KPEIUICHUH U APYTUX PabOT
[105].

JUis  WCTIONHEHHsS] JKCIEPUMEHTANBHBIX HWCCIEIOBAHUN M0 TPEIOTBPAIICHUIO
BBIBETPUBAHUS U BIUSHUIO CIIOCOOOB, YBEIMYUBAIOIIUX CPOKU O€30MAaCHOTO XpaHEHUS
PSAA0BOIO, BHEPTETUYECKOTO YIJIA U MPOU3BEEHHOTO CIIEKOKCa ObUIH C(HOPMHUPOBAHBI U
obpaboTtansl 47 mrabeneir u3 Hux 3 mTadens mo S50 ToHH, 44 mTabens mo 12 TOHH.
Hwxenpusenennsie Tabmuupbl 3.2-3.5 oTpaxkaroT JMIIb 4acTh IITadened, KOTophle, Ha
Hall B3TJIsA, NOPENCTaBISIIOT HMHTEpec [isi 0030opa B jJaHHoW paborte. llltabenu
dbopMUpOBAIUCH JUISI UCTIBITAHHUSI B TIEPUOJ TMOBBIMIEHHBIX OCAJIKOB Ha OTKPBITHIX H
3aKPBITHIX YTOJIbHBIX CKIIaJax.

Tabauna 3.2 — PsagoBo# yroJib MOBBIIEHHON KPYITHOCTH B 3aKPBITOM CKJIAJIE
Ne IIpumensieMbie MepbI
IT.
1.1.1 | KoHTpoJibHBIN
1.1.2 | be3 npumeHeHus
1.1.3 | C nokpsiTueM Kamniem — 1ieMeHTHO-MUHEpaibHOU cMechio (MuHOBa)
1.1.4 | C Tekduekc — noauMepHbIM NOKpeITHeM (MuHOBa)
1.1.5 | C nokphITHEM TPEXCIOWHON TEPMOCTOMKON MOJIMAITUIICHOBOM MieHKOoW (YHHBepcan)
1.1.6 | C npumenennem antunuporesa 3 % moueBuHbI + 2 % XJIOPUCTOrO KaIbIHs
1.1.7 | C npumMeHeHremM anTunuporera 5 % u3BecTKOBOro MoJioka + 4 % XJIOpUCTOTO KaJIbITUs
1.1.8 | C npumenennem antunmporena 5 % sxunkoro crekna + 1 % [TAB (Ilporpecc)
1.1.9 | C npumenenreM antunuporexa 3 % cepHOKucaoro aMmmonus + 3 % yriaekuciaoro KaibLus
1.1.10 | C npumenenunem antunuporena 10 % wHepTHOI nbutn + QeHONbHAS BOAA

Tabmuma 3.3 — PsgoBoit yroas MOBBIIIEHHOW KPYITHOCTH HAa OTKPBITOM CKJIaJIe
Ne IIpumensieMbie Mepbl
IT.
1.2.1 | KoHTpoJIbHBIN
1.2.2 | be3 npumeHeHuUs
1.2.3 | C nokpsiTueM Kamiiem — rieMeHTHO-MUHEpaJIbHOU cMechio (MuHOBa)
1.2.4 | C Tekdekc — noauMepHbIM NOKpeITHeM (MuHOBa)
1.2.5 | C noKpbITHEM TPEXCIOMHON TEPMOCTOMKON MOIMITUIICHOBOM MIeHKoU (YHHBepcal)
1.2.6 | C npumenenunem antunuporesa 3 % moueBuHbl + 2 % XJIOPUCTOTO KaIbIMs
1.2.7 | C npuMeHeHHeM aHTUIHporeHa 5 % n3BecTKOBOro MoJioka + 4 % XJIOpUCTOrO KaJlbIHs
1.2.8 | C npumeHennem antunuporesa 5 % sxuakoro crekia + 1 % ITAB (IIporpecc)
1.2.9 | C npumenennem antunuporesa 3 % cepHoKHcIoro aMMoHust + 3 % yIieKucaoro KajabIysl
1.2.10 | C npumenennem antunuporena 10 % unepTHO# nbuth + QeHONbHAS BOAA
1.2.11 | C nokpsiTuem I'eohom — opranomuHepaabHO# cMosoi (MuHOBa)
1.2.12 | C mokpsiTueM Dxoduiekc (MuHoBa)
1.2.13 | C Tekdnekc-M — nonumepHbIM NOKpbITHEM (MHHOBA)
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Tabnuna 3.4 — PsanoBoii SHEpreTHYeCKUi Yrob Ha OTKPHITOM CKJIaJie

Ne mur. | [lpumensieMble Mepbl

3.1 KonTposbHbI

3.2 be3 npumenenus

3.3 C npumenenunem antunuporesa 3 % moueBuHbI + 2 % XJIOPUCTOTO KaIbLHs

34 C npumMeHeHneM aHTunuporeHa 5 % n3BecTkoBoro MoJioka + 4 % XJI0pUCTOro Kajiblus

3.5 C npumenenuem antunuporesa 5 % sxuakoro crekia + 1 % ITAB (Ilporpecc)

3.6 C npumeHeHnem antTunuporeHa 3 % cepHOKHCIIOro aMMoHUs + 3 % yrieKkuciaoro
KaJIbIUs

3.7 C npumenennem antunuporesa 10 % uHepTHO nbutn + ¢peHoabHAas BoAa

3.8 C nocnorinbm (0,5 M) CKIaAMPOBaHUEM U YINIOTHEHHEM

3.9 Co cmaunBanueM yrist 2-3 % BoJIHOM cyclieH3Hel raleHHON N3BECTH

3.10 C nokpbITHEM MITA0EIS YKUJIKUM PACTBOPOM TJIIHHBI

3.11 C nokpeITHEM MITA0EIIsI CMECHIO TIIMHBI C TECKOM M M3BECTHIO

3.12 VYknaaka B TpaHiien ¢ GOpMHUpPOBAHUEM KPBIIIU U3 TIIHHBI

AHaOTUYHBIE TOKPBHITUS HWCIIOJNB30BATMCH TPH  3aKJIAAbIBaHUM  mTabenei
cnierikokca (Tabmuna 3.5), mpor3BeIeHHOTO U3 UCCIEAYEeMOT0 YIisl. AHTUITUPOTEHBI IS
WCIIOJIb30BaHMsI ObUIM TMOJOOpPaHBI HCXOMASl M3 PANIMUYHBIX HAYYHBIX HCCIEIOBAaHUMN
OTEUYECTBEHHBIX U 3apyO0eKHBIX YUCHBIX U C YUYETOM CPOJCTBA KIIMMATUYSCKUX KOH U
peruoHa.

Tabmmma 3.5 — Cenkokc Ha OTKPBITOM YTOJILHOM CKJIaJIe

Ne mit. | [lpuMeHnsieMble MepbI

1k KonTtpospHblil mradens gpakiun cnemnkokoca 0-10

2K KonTpounbHslii mrabens dpaxiun crnenkokca 10-25

3k KonTponbHslii mTabens ppakiuu cnenkokca 25-40

1.1k C Tekduekc - moJMMepHbIM MOKpbITHEM (MHHOBA)

1.2k C npumenennem antunuporesa 3% cepHokucioro aMMoHus + 3% yriekucioro Kajablus
1.3k C NOKpBITHEM CMECH KUJKOHN TTTUHBI U MecKa

1.4k C NOKpBITHEM TPEXCIOMHON TEPMOCTONKON MOJUITHICHOBOH 1uieHKo (YHuBepcan)
2.1k C Texkdaekc - nomumMepHbIM MOoKpbITHEM (MHIHOBA)

2.2k C npumeHeHueM antTunuporesa 3% MoueBuHbI + 2% XJIOPUCTOTO KaJlbLHUs

2.3k C NOKPBITUEM CMECH TJIMHBI, IECKa M H3BECTU

2.4k C NOKPBITHEM TPEXCIOWHON TEPMOCTONKON MOJUATHICHOBOH TIeHKoU (YHUBEpca)
3.1k C Tekduekc - moIMMepHbIM MOKpbITHEM (MHHOBa)

3.2x C npumenenunem antunuporena 10% unepraoit neun + 1% ITAB

3.3k Co cmaunBanueM yrist 2-3% Bo/IHOM cycrnieH3uei raimeHHONH H3BECTH

3.4x C NOKPBITHEM TPEXCIOMHON TEPMOCTONKON MOJUATHICHOBOH TIeHKoU (YHUBepcan)
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a) MccnenoBarenbckuii mradenb Ne 1 co CEKOKCOM ¢ KPYMHOCTHIO (pakiiuu
0-10 mm

0) - UccnenoBarenbckuii mradens Ne 2 co CEIKOKCOM ¢ KPYIHOCTBIO (PpaKIiu
10-25 mMm
Pucynoxk 3.1 (a,0) — [lITabenu yriist u crierikokca Ha >KeJIe3HOAOPOKHOM TYITUKE
Ne7 IIly6apKoJIbCKOTO MECTOPOKICHUS
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6) CxeMa pacronoxeHus mradesiel B 3aKpbhITOM CKIIaJIe
Pucynoxk 3.2 (a,6) — Cxema pacnosiosKeHHUs UCIIBITYEMBIX IITa0enei

JUist  OTCneXuBaHHWST W OLEHKM UW3MEHEHUS KAauyeCTBEHHBIX XapaKTEPUCTHUK
MIPOU3BOJIUIINCH €XKEMECSUHbIE 3a00Pbl U TOJIEBbIE MCIBITAHUS TeMIIEpaTyphl mTadesei
U COXPAaHHOCTM KPYNHOCTH IIyTEM CHUTOBOTO aHanmu3a. 11 OLEHKUM W3MEHEHHUs
KaueCTBEHHBIX XAPAKTEPUCTHUK MPOU3BOIUIUCH TEXHUUECKUN aHAIU3 YIJIS U CHEIIKOKCA
c kaxmgoro 3abopa. Kamopumerpuyeckue — XapakTEPUCTUKH  BBIYUCISUINCH
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npuOIM3UTENBHO 1O (opMyJie, NPEUIOKEHHOW crnenuanuctamMu PaspesoynpaBieHus
«¥Ypryiickoe» OAO «IIII'XO» [106].

CutroBbIii aHanu3 BbIOpAaH NPSIMBIM METOJIOM MOHUTOPUHIAa HWHTEHCHUBHOCTH
MPOLIECCOB BBIBETPUBAHUS, TaK KaK HapylIeHHE (PPAKIMOHHOTO COCTaBa MPOUCXOMAST B
pe3ynbTare OKHUCIUTENBHBIX IPOLIECCOB, KOTOpPbIE NOTEHLUMAIbHO MPUBOAAT K
CaMOHArpeBaHUIO U MOcJenylouemMy Bo3ropanuto. [loatomy mrabenu ocHOBHas LElb
MIPOU3BOJIUMBIX pabOT OOHApYX UTh HauOoJiee NEHCTBEHHOE MOKPBITUE WIIU CIIOCO0
YKJIaJK{d IITa0esns, MaKCUMaJbHO COXPAHSIOMMUNA KPYMHOCTb YIJisl. A W3MEHEHHs
TEIJIOTBOPHBIX M (PU3MKO-XMMHUYECKHX CBONCTB OyIyT OLEHEHbl KaK IEpBUYHbIE
NPU3HAKU MOTEpU NOTPEOUTENBCKUX CBOMCTB M MOTEHLMAJIbHbIE MNPEANOCHUIKH K
IpoIeccaM CaMOBO3TOPaHHUs, YTO, pazyMeeTcs, ObLI0O MaJOBEPOSITHHIM HaONI0aTh B
MajorabapuTHBIX MITA0EsIX.

3.2 UccaenoBanme renerndeckux npusnakos lly6apkoabckoro yriisi

Tak Ha3bpIBacMble I'€HETUYECKHE XapPAaKTEPUCTUKHU YIJIS MPEKIE BCETO CBSA3aHBI C
IIPOUCXOXKJICHUEM YTOJIbHOTO BEIIEeCTBa B Ipolieccax reHesrca u meramopgusma. B ato
NOHATHE BXOAUT OCOOEHHOCTHM MMHEPAJOTHYECKOIO COAEpkKAaHWUA YacTh YIJIeH M uX
nerporpaduueckuii cocraB. Kak paccmaTpuBasioch B NpeAbIAYLIUMX IJIaBaxX pabOThI
OLICHKa KaK HEOPraHMYECKOro, TaKk U NeTporpaduyeckoro COCTaBOB J1al0T BO3MOKHOCTb
OLICHUTh CKJIOHHOCTH YTJIsl K OKHUCJIEHUIO U B 3aBUCUMOCTH BBIPQXKEHHOCTH TEX WJIM MHBIX
0cOOEHHOCTEH BbIpAOATHIBAIOTCSI MeEphl 10 COXPAHHOCTH U  IPEIOTBPAIICHUIO
OKHUCJIUTEIbHBIX ITPOLIECCOB B MOMEHT OTPa0OTKH Pa3pe30B, OUMCTHBIX PabOT MOI3EMHBIX
IAXT ¥ CKJIIAAMPOBAHUS YTOJIbHOU NPOIYKIMU HA IIOBEPXHOCTH 3€MJIH.

[TocnenHue U3BECTHBIE HAM MCCIEAOBAHMS BIUSHHUS T€HETUYECKUX CBOMCTB YIJIEU
HA CKJIOHHOCTb K OKHUCIeHHIO npoBoawinch B HYWUJI «Ousnko-xumun yrien» HUATY
MU CuC non pyKoBOJACTBOM JIOKTOpa TEXHUUECKHUX HayK U mpodeccopa C.A. DnireiH.
Tak, B pabore [107] mnpousBemeHa kinaccuukanus W pPAHXKUPOBAHHUE yTIEH
MeCTOpOxkAeHNN PO 110 rpyImmamM CKIIOHHOCTH K OKMCJIEHHIO. BMecTe ¢ Tem, MPUBEICHBI
Y ONHCAHBI METOJWKHU MPOBEAECHUS OLICHKM OKHCIEHHOCTH IIyTEM TEPMOTPAaBHUMETPHH,
omnpezeNieHns KOHIEHTpaluu U GopM IMPUCYTCTBYIOIIETO Kejle3a HHCTPYMEHTAIbHBIMH
cnocobamu. O pojaM MOHOB XKeje3a B IMpoLEeccax OKUCICHUS M CaMOBO3TOpaHUs
YIOMHMHAJIOCh TAKXKE B MPEAbLAYLINX TJIaBaX JIUTEPATypHOro 0030pa.

3.2.10npeneneHne cocTaBa HEOPraHUYECKOM yactu yried KaparanamHckoro
YTOJILHOTO Oaccelina

B pamkax mnpoekTta XO034iCTBEHHO-IOIOBOPHBIX pPA0OT MPOU3BEACH aHaIIU3
00pa31oB 30JIbl YIJISI U CHEIKOKCa METOJIOM aTOMHO-3MHUCCUOHHOW CIEKTPOMETPUU C
WHIYyKTUBHO-CBSI3AHHOW TUTa3MOM  OBUT  ONpEeNeH JJIEMEHTHBIM COCTaB  yIUIs
[IIy6apkoabCKOro MECTOPOKICHUS Ha Oa3e ucnbiTarenbHol 1adopatopun TOO «A3umyT
I'eonorus»
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B HmxkeykazanHou Tabmuie 3.6 TpHUBEACHBI 3HAYCHUS METAJUIOB KOHTPOJIBHBIX
mrabeneit yrisg u crienkokea [ 108].

Tabmuua 3.6 - DnemeHTHBId coctaB yris U cnenkokca lllyGapkonbckoro
MCCTOPOKIACHUA
HanmMeHnoBanue o6bekTa yroJib ‘ crenkoke 0-10
OmnpenensieMble 2JIEMEHTBI Copneprxanue, %

1 Cepebpo Ag <0,00001 <0,00001

2 AnroMUHAN Al 8,1 7,7

3 Kagmuii Cd 0,000006 0,000020

4 Xpom Cr <0,0007 <0,0007

5 Menp Cu 0,0006 0,0012

6 Kenezo Fe 0,47 1,22

7 Mapranert Mn 0,049 <0,008

8 Monubaex Mo <0,000045 0,000092

9 Huxkenn Ni <0,0008 0,0013

10 Caunen Pb <0,0008 <0,0008

11 Cyppma Sb <0,00002 <0,00002

12 OnoBo Sn <0,00008 <0,00008
13 [uak Zn 0,008 0,009

B pesynprate aHanmuza B yrie u crnenkokce IIIy0apKobCKOTO MECTOPOXKICHHUS,
HauOoJIbIIIEE COJEPIKAHNE TIOKA3aIM SJIEMEHTHI: aTtoMUHMM (B yrie - 8,1%, B crierikokce
—7,7%) u xene3o (B yrie — 0,47%, B crietikokce — 1,22%). B npunoxeHnun A npuBeIeHbI
3HaYeHHS 11 00pa3loB 3076l YIJIA, KOTOPHIE CBUICILCTBYIOT TaKXe O BBICOKOM
COJIEpKaHUH Keje3a U aJUIFOMUHUS B cocTaBe yroubHOU npoaykiun AO «Illy6apkois
KOMUD».

OTH 3HA4YEHUs COTrJACOBBIBAIOTCS C JTAHHBIMH, MOJYYEHHBIMU AJIbTEPHATUBHBIMHU
Meronamu aHanm3a wuccinenoBateneir KapTV wu IllyGapkonabCkoro mpeanpusiThs
[109,110].

Takum o6pa3om, mosiaraeM, 4TO OJAHON M3 TJIABHBIX MPUYUH BBIBETPUBAHUS YIJIS U
caMmoBo3ropanms crerkokca I1ly0apKoJIbcKOTo MECTOPOXACHUS SBIISETCS JOCTATOYHO
BBICOKO COJIEp)KaHHE COCMHEHUM JKeie3a U alFOMUHHUS.

3.2.2Pacuer nerporpadudeckoro cocraBa yrieiu

ITerporpaduueckuii cocraB obpasmos Illybapkoiabckoro yrisi WcCienoBalcs B
paMKax XO03-J0TOBOPHBIX paboT Ha 0asze wucmelTatenbHON mgaboparopuun TOO
«Ilentpreonanut» (IIpunoxenne A)

56



Pucynok 3.3 - Ilerporpaduueckuit KOMILITEKC HCCIe0BaHUs KAMEHHOTO YTJst
«ITETPOI'PA®», naboparopust TOO «llenTpreoananut»

Tab6muma 3.7 Iletporpaduueckuii coctaB yris LllyGapkoabCkoro MecTopoKaeHus

HaumeHoBaHue mapamerpa U eIMHUIIBI PesynbTarhl onpeneneHus
WU3MEpEeHHIA Oobpaszern 1 O6pazen 2
Macc. nosst BuTpunHnTa, Vt, % 73,6 76,0
Macc. 107151 CEeMUBUTPUHUTA, SV, % 8,8 6,5
MaccoBas foJst nHepTHHUTA, I, % 11,2 13,4
Maccosas gons nuntuauta, L, % 6,4 4,1
CyMmmMa otonfaroniux KoMrnoHeHToB,y OK, % 17 18

ITo pe3ynbraram nerporpaduueckoro ananmsa (tadauna 3.7) B yrisix npeobiagaroT
Marepajibl Tpynmnbl BUTPUHUTA B cpenHeM 3HaueHun 74,8%. Ilpu 3TtoM copepxanue
MalepajioB IpyIIbl MHEPTUHUTA Kojebnercs B mpenenax 11,2-13,4 %. Copepxanue
MallepajoB IPyNIbl JUIITUHUTA HAXOAUTCS B IpoMexkyTKe oT 4,1 10 6,4%.

Taxum oGpasom, uccrienopanus cocrasa Llly6apkonbckoro yrisi CBUAETEIbCTBYIOT
O HaJIMYUU CKJIIOHHOCTH YTJIsl K OKHCIICHUIO.

3.3 TexHuuyeckuii aHAJIU3 YIJIed U CIEHIKOKCA B IMHAMHKE

K TexHonornueckum napameTpam OTHOCSITCS 30JIbHOCTb, COJEPKAHUE BJIard, BHIXO]1
JIETYYHX BEIIECTB, TEIJIOTA CTOPAHMUS.

HccnenoBanue TEXHOJIOTMYECKUX IIOKa3aTeyed SIBISETCS OCHOBHBIM CIOCOOOM
BBISIBJICHUS! ()aKTOPOB. CIIOCOOCTBYIOIIUX OKHCIUTEIBHBIM MpoleccaM. Tak u3MeHeHue
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COJIep’)KaHUE JIETy4YMX BEIIECTB M TEIIOThl CropaHus OyAyT CIYXKUT SIBHBIM
CBUJICTETILCTBOM Pa3pyIICHUS] MOTPEOUTEIHCKUX CBOWCTB YTOJIbHOW mpoaykiuu [112,
113]

OmnpeneneHus BIary, BbIX0/1a JICTY4YHX BEIIECTB U 30JbHOCTHU YTJIsl MPOBOAUIIOCH Ha
TepMmorpaBumeTpudeckom ananmuzatope Eltra Thermostep (pucynoxk 3.4) cormacao ASTM
D7582-15 IIpubop criocobeH mpoBOIUTH OJJHOBPEMEHHBIN 3amep 19 006pa3iioB BecoM 10
5 r. CtangapTHeIi MeTo1 TpeOyeT U3METbUYEHHSI aHATTU3UPYEMOTO MPOIYKTa 10 PpaKIUU
0,25 MM, MOSTOMY pETUCTPUpPYEMbIC NaHHBIE HE 3aBUCAT OT (OPMBI WM KPYIHOCTH

HCXOOHOTO ChIPbA.

20 |

. e e

Pucynok 3.3 - TepmorpaBumetpuueckuit ananuzatop Eltra Thermostep

Bce Texnuueckue mokazaTeny YIS OMpenesstoTCs MOCIeI0BaTeIbHO U OCHOBAHO
Ha Pa3HOCTSAX BECOBBIX 3HAUEHUUN CONEPHKUMOTO TUTIIA.

Brixon neTyunx BEHIECTB MOXKET UCIOJIb30BaThCS ISl YKa3aHUS BBIXOJIA KOKCa Ha
KapOOHU3AIHIO, 00ECTICYMBAET OCHOBAHUE JIJIsI TIOKYIKU U TIPOJAXKHU MMOTPEOUTENIAM WU
JaBaTh XapaKTePUCTUKHU TopeHus. OUKCUPOBAHHBIN YIJIEPOJ - paCUETHOE 3HAUYCHHUE, ITO
paszauna Mexay 100 nporeHTaMu 1 CyMMOI IPOLIEHTOB BJIArH, 30J1bI U JIETYUYHX BEIIECTB.
Bce npo1ieHThI T0JDKHBI OBITh PACCUUTAHBI 110 OJTHON METOAMKE.

Kak yxe ynmoMuHaiIOCh M3MEHEHHUE TEIUIOTBOPHBIX CBOWMCTB PAaCCUUTHIBATIOCH IO
Metoquke [ 106], koTopas o3BOJISIET OLIEHUTh U3MEHEHHE OTHOCUTEIILHO OTIPEACIICHHOTO
COCTOSIHUSI TOIUJIMBA. 3a MCXOJHbIE JNaHHbIe Uit popmynbl (3.1) BIYMCIEHUS HUBIICH
TEIJIOTHI CTOpaHMs OBLITM BHIOpaHBI Moka3arenu u3 [lacrmopra kayecTBa yriisi M ClieKOKca
cootBeTcTBEeHHO (I[Ipunoxenue A)

100-W,—A,

Q, = (Q1 + 6W;) * 00 WA, 6w, (3.1)

58



'me Q- HM3MIAasl TEIUIOTa CrOpaHUs Ha IMEPBOE COCTOSHUE TOIUIMBA ¢ padouei
BIIQYKHOCTBIO W1, 30JIbHOCTBIO A |, I, COOTBETCTBEHHO, W), A, - M3MepseMble TEXHUUECKHE
MoKasarenau u3 Tabauisl 3.8

Tabnuna 3.8 - TexHuyeckas xapakTepuCTHKa CIEIKOKca o mrtabdernsm [104].

: 2 55 8= 8¢ | % |8 |..9.
S &S = 4 g o g F = o & S H X
© o B G = B =5 3 S ro| S &R
& el © 5 2 = g = 5 X S SESXN| 9 EE S
> | °| & =5 | 82|85 22 |ZEi%
2 | | & Ty 25 |28 | 5 |63 :
: 1| 26.06.2017 | 1,2594 6,2 6,5 4,042 83,32 8137

5| 23.02.2018 | 1,1549 6,1 10,5 7,2 76,2 7856
1.1 | 523022018 | 1,2013 3,7 10,3 6,8 79,2 7933
1.2 | 5| 23.02.2018 | 1,2281 477 9.4 8,9 77 7838
1.3 | 5| 23.02.2018 | 1,1519 4,1 14,2 10,8 70,9 7719
14 | 5| 23022018 | 1,1628 4.4 9,2 6,8 79,7 7882
5 1| 26.062017 | 12418 6,6 6,0 2,6 84,7 8218

51 23.02.2018 | 1,1600 2,5 7.2 45 83,8 8447
2.1 | 5123.022018 | 1,144 1,6 9,8 2,9 85,7 8681
22 | 51 23.02.2018 | 1,2165 7,7 7,5 3,2 81,6 8550
23 | 51 23.022018 | 1,1267 6,6 6 4,77 82,7 8031
24 | 523022018 | 1,1565 2,5 6,8 3,3 87,3 8554
; 1| 26.06.2017 | 1,3875 6,7 5,0 6,6 81,6 7834

5(23.02.2018 | 1,2106 2,1 6,6 10,4 80,8 7945
3.1 | 5123.02.2018 | 1,1095 2,1 12 2.8 83 8637
32 | 5123.022018 | 1,115 4,1 8,9 6,8 80,2 8364
33 | 5]23.022018 | 1,1495 2 9,3 8,8 79,9 8103
34 | 523022018 | 1,129 472 9,7 3.4 82,7 8574

N3 aHTUNUPOreHHBIX MAaTepUaloB MOXXHO OTMETUTh TeK(IeKC-OJIMMEPHOE
MOKPBITHE U TPEXCIONHYIO TUICHKY, TaK KaK IITa0esl, HOKPHITHIC BBIIIETIEPEUYNCICHHBIMU
AHTUIIMPOTEHAMHM, [OKA3aJdM YCTOMYMBOCTh K MJOXKII0, CHErY W BIUSHUIO HU3KHUX
temiiepatyp. B cBoéM psiy naHHbIe mITabels MOKa3alu BBICOKOE COJEpKaHue yriepoa.

B cBs3u ¢ Tem, uro ananu3 mpoBoauics o 10 pa3 ¢ kaxmoi mpoOoit, HeGoIbIast
pasHuIa B mpenaenax 3% npuHsTa 3a IPUEMIIEMYIO OTPEMIHOCTH U IPUHUMAJIACh PABHOU
B Clly4ae CpaBHEHHUs C pe3yJbTaTaMH KOHTPOJBHBIX IITabenei. Tak aHaJIOrM4HO
CUTOBOMY aHAJIU3Y MPHUBEACHBI 0030pHbIe AuarpamMmsbl (Puc. 3.4-3.11).

3HAuUUTEIBHBIA POCT 30JbHOCTU HAOJIOMAAETCS HAa BCEX OTKPBITHIX CKIIagaX, KOoruaa
KaK KOMITIOHEHThI TEXHUYECKOTO aHaJIN3a B 3aKPBITHIX CKalaJaX OCTAIMCh MPaKTUYECKU
HEM3MEHHBIMU, 33 UCKIIIOUYEHUEM ITa0essl MOKPBITHIM [IEMEHTHO-MUHEPATILHOM CMEChIO
(MunoBa). HecmoTpss Ha MOJOXUTENbHBIA pe3yJbTaT MPOJEMOHCTPUPOBAHHBIA B
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CUTOBOM aHAJIN3C, CMCCh HC ABJIICTCA pallMOHAJIbHBIM PCIICHUCM 0COOCHHO B CE30HaX C
BBICOKOM BCPOTAHOCTBIO OCAAKOB.

0,0% I
-1,0%
- -2,0% -1,5%

-3,0%

-4,0% 3,9% -3,5% -3,5%
-5,0%

a, %

KC.yTIIepO /T

51%  -5,1%
£ -6,0% 5.6%  -5,6% o ’
2 -7,0% -6,4%
=
-8,0%
-9 0% -8,3%
111 112 113 114 115 116 117 118 119 1.1.10

[IITabenn

KOHTPOJIbHBIN TIPUEMJIEMBIH - HeNpUeMIIEMBbIi
Pucynok 3.4 - Ps10Bo# yroyib NOBBILIEHHON KPYITHOCTH. 3aKPbIThIA CKIIA/I.
N3menenne ypoBHs (PUKCUPOBAHHOTO YIJIepoia

7,8%
8,0%

7,0%

=
S 60%
§ 5,0% 4,4%
3
5 4,0%
3
s 3,0%
a2}
S 0,
2,0% 1,1% 11%  1,1%  L1% g9
1,0% ‘l 0,4% -I ‘I -l -l 0,5% 0,6%
0,0% y
1.1.1 1.1.2 1.1.3 1.1.4 1.15 1.1.6 1.1.7 1.1.8 1.1.9 1.1.10
Tabenn
KOHTPOJIbHBIN MIPUEMIIEMBIN - HETIpUEMIIEMBII

PucyHnok 3.5 - Ps10BO# yroyib NOBBILIEHHON KPYITHOCTH. 3aKPbIThIA CKIIA/I.
W3meHeHne ypoBHS 30JIbHOCTH
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[ITtabemn
KOHTPOJIbHBIN TIPUEMJIEMBIH - HeNpUEeMIIEMBIil

PucyHnok 3.6 - Psi1oBO# yrosib NOBBIILIEHHON KpyTHOCTH. OTKPBITHIN CKIIA].

8,0%

6,0%

4,0%

2,0%

H3m.30mbHOCTH, %

0,0%

N3menenne ypoBHs (PUKCUPOBAHHOTO YIJIepoia
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121 122 2. 1.2.4 2. 126 127 2. 1.29 1210 1.2.11 1.2.12 1.2.13
LIJTaGeJm
KOHTPOJIbHBIN MIPUEMIIEMBIN - HETIpUEMIIEMBII

PucyHnok 3.7 - Psi1oBO# yroyib NOBBIILIEHHON KpyTHOCTH. OTKPBITHIN CKJIA].

Wzwm.pukc.yrnepoaa, %
I=)
N

HN3MmeHeHue YPOBHA 30JIbHOCTH

3,8%
0,6%
# _l
-1,1% -0,8%
27 g9 -2,5%
-3,4% 2,8% -3,6%
-6,1% -6,3% -6,3%
-7.8%
2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 2.10 2.11 2.1%6
[ITabenn
KOHTPOJIbHBIN MIPUEMIIEMBIN - HETIpUEMIIEMBII

Pucynox 3.8 - PsgoBo# yrojb ¢ MOBBIIIEHHBIM COJIEpKaHUEM MeNlovu. M3meHenune

YPOBHS (PUKCUPOBAHHOTO YTJIepoIa
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W3m. 30ibHOCTH, %
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Pucynox 3.9 - PsgoBo#i yrosb ¢ MOBBIIIEHHBIM COJIEpKaHUEM MeNlovu. M3meHenune
YPOBHS 30J1bHOCTH
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[ITabenun
KOHTPOJIbHBIN MIPUEMIIEMBIN - HETIpUEMIIEMBII
Pucynok 3.10 - PsnoBoii sHepreTuyeckuii yroib. I3MeHeHue ypoBHs
(UKCUPOBAHHOTO YTJIEpOa
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ITabenn
KOHTPOJIbHBIN MIPUEMIIEMBIN - HETIpUEMIIEMBII

Pucynok 3.11 - PsoBoii 3HepreTudeckuii yroiab. I3MeHeHue ypoBHs 30JbHOCTH

62



3.4 UcciienoBanue KHHETUKHA CAMOBO3TOPaHMSI CIIEIIKOKCA

OCHOBHBIMU TIapaMeTpaMH, XapaKTePU3YIOUIUMHU CKIOHHOCTb CIEIIKOKCa K
CaMOBO3TOPAHHUIO, SIBJIIOTCS (PPEKTUBHAS SHEPTUS AaKTUBAIIMUA PEAKITUU OKHUCIICHUS E u
MPEIIKCIOHEHT aauadaTHdeckoil ckopocti camoHarpeBanus C.

KomrmieHcaiimonHoe ypaBHEHUE U HalJICHHOE 3HAUCHHUE TEMIIEPATyPbl KOMIICHCAIIUN
MO3BOJISIFOT C IOCTATOYHOM JJIsl TPAKTUKUA TOYHOCTBIO orpeaensats napamerpsl E u C.

3nauenue ¢ (GHEeKTUBHON SHEPTUU aKTUBALIMU U MPEAIKCIIOHEHTAa anadaTH4ecKon
CKOpPOCTH CaMOHarpeBaHusi TMpoIlecca CaMOBO3TOPAHUSI CHEIIKOKCA 10 BEJIUMYMHE
pasorpesa AT paccuutsiBaercs no ¢popmynam 3.2 u 3.3:

_ LnP, — Ln(11, - AT)

-yt G2

E
C =11, AT - eR(To+AT) | (3.3)

[Ipy BOCIUIAMEHEHHMH TBEPJIOTO TOIUIMBA Pa3jIMYalOT JBa 3HAYCHUS TEMIIEPATyp
BOCIUIAMEHEHUS — TEeMIepaTypy BOCIUIAMEHEHHUS JIETy4YHX BEIIECTB U TeMIIEeparypy
BOCIUIAMEHEHHUs Kokca. [Iporiecc ropeHus 4acTHIl TBEpJOr0 TOIUIMBA HAYMHAETCS C
BOCIJITaMEHEHMs JieTy4ynx. Hwusmeir temmepaTypoil BOCIUIaMEHEHHUs O0O0JIalaloT Te
TOIUIMBA, KOTOPbIE UMEIOT HAaHOONBIINN BBIXOJ JIETYYMX M COJAEP)KAT B OPraHUYECKON
Macce Hanbosbllee KOJIMUYECTBO KUCIOPO/1a M HAUMEHbIIIee KOJIMYECTBO YIIIepo/ia.

W3yyenune mporeccoB, MPOTEKAIOUIMX B TeMIEPaTypHOM HWHTEpBalie OCHOBHOIO
Pa3NOKEHUsT OPTaHWYECKONM MacChl YIJIi M KOKCa, TO3BOJISAIOT TOHSTH, KaK 0OIIne
3aKOHOMEPHOCTH, TaK U CTIENU(PHUKY Pa3TI0KEHUS TBEPAbIX TOTLIUB.

[Ipyn ananm3e nepuBaTOrpaMM BBISIBIEHBI TPU CTAIMA OCHOBHOTO Pa3JIOKEHUs
opraHuyeckod macchl Ha Au(EepeHIMATBbHBIX KPHUBBIX, TNe HAOIIOMAIOTCA THUKH C
MaKCUMyMaMHU CKOPOCTH MOTEPU MACCHI (TOUKHU Meperunoa).

o 120,0 ——% loss - 02.2018
2 100.0 ——10s5% - wtabens 1.1
o > R, —#—10ss% - mwradens 1.2
% W“ g loss% - mra6ens 1.3
s 800 @) ¥=10s5% - mrabens 1.4
S —8—1]0ss% - mwradens 2.1
Zz 60,0 loss% - mrraGens 2.2
g loss% - mrrabens 2.3
S 400 loss% - mrabens 2.4
= loss% - mrrabens 3.1
g 20,0 - AT ——10s5% - mwradens 3.2
) WP 0000 —&—loss% - mrrabens 3.3
: 0,0 AA‘AATA\TTT\A\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\10SS%_mTa6eHB3'4

1357 91113151719212325272931333537394143454749515355575961
Bpems Harpesa, MUH

Pucynok 3.12 - [Toteps Maccbl OT Bp€MEHU U HarpeBa B Cpejie KUCI0poaa

63



1000,0

®
SOU 800,0 - —&—Ttemmeparypa - 06.2017
g & 6000 Temmeparypa - 09.2017
o =

= = 4000

S = Temneparypa - 10.2017
5 " 2000

&= 0.0 - SRR temneparypa - 11.2017

1 4 7101316192225283134374043464952555861 —¥—Temneparypa - 02.2018

Bpems Harpesa, MUH

Pucynok 3.13 - Temmneparypa TUTJIS IPU CKUTAHUH TPOO CIIEIIKOKCA
KOHTPOJILHOTO Tabess B cpejie KUCIopoa

N3 ananuza rpauKoB, MPEAJIOKEHHBIX BbIIIE, HaUMEHEEe YCTOMYHMBOE K
TEPMHUYECKOMY Pa3NIOKEHHUIO TOBEACHHUE IPOAEMOHCTPUPOBAIH mTadenu crenkokea 1,1;
2,1; 3,1, nokpeiTble mnonuMepoMm Tekdiekc, B CHIIy HCKYCCTBEHHOTO J00aBlIEHUS
MPUHATHIE 32 3HAYCHUE JIETYYMX BEUIECTB, MPU 3TOM BBIYMCIICHHAs HU3IIAs TEIJIOTa
CropaHusi OKa3ajach HauOoJiee BICIIEH ¢ TeUeHHEM BPEMEHH OTHOCUTENIBHO IPYTHX, UTO
TaK)Ke TMOATBEPKAACTCS 3HAYCHUSIMH BBIYMCICHHBIX DHEPIMM aKTHUBAIUM U DHEPTHS
aKTUBAIIMU MPOIIECcca CaMOBO3TOpaHusl £ CIEIKOKCa U TPEAIKCIIOHEHTA a/Ina0aTHIeCKOn
ckopoctu camoHarpeBanusi C. Beraucienue npon3BoAnIOCh aHAJIOTuIHO padote [114].

B nenoMm, U3 MONy4eHHBIX SKCIEPUMEHTANBHBIX JAHHBIX CIEIYET, YTO SHEprus
aKTHBALMU MIPOIIECCAa CAMOBO3IOpaHMs £ CrieKOKca HaxoauTes B mpeaenax oT 40 mo 58
kJx*Moub !, mpepKCcnoHenT aquadaTndeckoil ckopoctr camonarpesanus C ot 1,94%107
1o 1,0-10* K*c!.

B rtabmume 3.9 nmpuBeneHBl  pe3ynbTaThl  KUHETUYECKUX  [MapaMeTpOB
CaMOHAarpeBaHus M0 YpaBHEHHUIO JIJIs cienkokca npu temreparypax ot 100-900 °C Taxxe
n3 rpadukoB (pucyHok 3.12-3.13) BugHO, 4TO B TeMIlepaTypHOH o0jgacTu KOTopbix 30-
210°C ckopocTh caMOHarpeBaHus IpeodIagacT y mpod XapakTepU3yOIIUecss MEHbIIIUMHU
3HAYCHHUSIMU DHEPIMM AakKTUBAIlMU. B BBICOKOM TemmepaTrypoil 00JacTH, CKOPOCTb
caMoHarpeBaHusi 00pa31loB, MpoLecca BO3rOpaHus He XxapakTepHo 3HaueHuto E. Orcrona
CJIEJTyeT, UTO MOBBIIICHHOW MOXXapPHON OMaCHOCTHIO MIPHU XpaHEHUHN 00JIafaeT CIEIKOKC,
MPOLIECC CaMOBO3TOpaHUsi KOTOPOTrO XapaKTEpU3yEeTCS MEHBIIMMHU 3HAYEHUSIMU
KMHETUYECKUX MapaMeTpoB.

Tabnuna 3.9 - Annadbatudyeckue napaMeTpbl CAaMOHArpeBaHusl CIICIIKOKCa

Dddexrupnas sueprus | [IpeadKcrnoHeHITHATb-
N n/o akTuBanuu E, HBIA MHOXKHUTEIb C, K*c-
kJx*Mob- 1 1

3.1 mrraGennp, TekdeKe 58,7 23668,12

2.1 mrabensb, Tekdiexe 55,7 12637,80

1.1 mrrabenb, TeKIIeKc 54,6 9281,71
3.2 mrrabenb, nHEepTHAs blIb + [TAB 46,9 830,06
2.3 mrrabenb, TJIMHA + [IECOK + H3BECTD 45,17 665,14
3.3 mrrabenp, rameHHas U3BECTh 44,6 496,26
1.3 mrrabens, )KUaKas rIMHa + MECOK 443 403,43
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3.5 CurtoBblii aHaIU3

[Iy0apKkoabCKUN  yroib OTHOCUTCS K JUIMHHOIUIAMEHHOMY THUIYy — YIJICH.
UcnpiTyembiit yroas mo (ppakiimoOHHOMY COCTaBy OTHECEH K PSJ0BOMY, TAKUM 00pa3oM
MPOBEJCHUE CHUTOBOTO aHajdu3a InTadenell Kak OCHOBHOTO TOKa3aTelsl W3MEHEHUS
KauecTBa BO BPEMEHH SIBIISICTCS 00OCHOBAHHBIM.

CuTOBBIN aHaANKW3 MO3BOJISIET PA3JEAUTh U OLIEHUTH B MPOIEHTHOM COOTHOILIEHUU
(bpakiMOHHBIN COCTaB, U3MEHEHUE KOTOPOTO MOKHO MHTEPIIPETHPOBATH KaK HWHAUKATOP
pa3pyLIMTENbHBIX POLIECCOB B CUITY BHIBETPUBAHUS YIJICH.

AKTyaJqbHOCTb TMPOBOJMMOTO BHJA HCCIENOBaHUS Takke O0O0OCHOBAHHO
KOMMEpPUYECKOM MOTPEeOHOCThIO, Tak yroib ¢pakmuu oT 0 10 6 MM HE SBISETCA
KOMMEPUYECKH TPHUBICKATEIbHBIM y TMOTpPeOUTENC KOMMYHAJIbHO-OBITOBOTO YIJIS, B
CBSI3M C Ye€M aHAIMTUYECKUN 0030p JaHHBIX ObLI HAIIPABJIEH HA OIEHKY pOCTa JaHHOM
(bpakMOHHON TPYTIIHL.

CUTOBBIN aHaNW3 W TPaHYJIOMETPUUYECKUN COCTaB MpoBoamwIHCh corjlacHo ['OCT
2093-82. Hamecka mns aHanmza Obiia paccumtaHa B 200 kxr yris Ha mTabens.
[TorpenHocTh onpeaenaeHus: BbIX0/1a KJIIaCCOB KPYITHOCTH cocTaBuid 2,7%.

AHanu3 BBINOJHSAJICS B IOJIEBBIX YCJIOBHUSIX B HEMOCPEICTBEHHON OJIM30CTH OT
aHaJIM3UpYyEMBIX ITadesneit. Hamuyue cuT mo3BONMIIO BBIMOJIHUTH aHAN3 MO0 (DpaKIusM
0-3 MM, 3-6 MM, 6-13 MM, 13-25 mm, 25-50 mm,50-100 mm 1 100-300 mm.

[TokazarensHbIMH 1J11 HAC OBLITM MU3MEHEHHS BO (PPaKIIMOHHBIX cocTaBax 0-6 MM U
50-300 MM, Tak Kak yMeHbIIeHUE coaepkaHus KpynHoctu 50-300 MM U yBelIHYEeHHE
KoJimyecTBa vactull pasmepa (-6 MM uMeeT SIBHOE BbIPRXKEHUE OKHUCIUTEIbHBIX
nporeccoB. MI3MeHeHus yacTuil B npejenax pa3mepoB oT 6 10 300 MM HE UMEET CTOJb
naryOHOro 3Ha4eHWsl [UIsi MPOM3BOACTBA M pealu3alud MpPOAYKTa, OJIHAKO,
OTCJIC)KMBAHUE TCHJICHIIUU U 3aMEJICHUE Pa3pyIIArOIIUX MPOIIECCOB B ATOM JHAIa30He
MO3BOJIUT pa3padboTaTh 3 (HEeKTUBHBIE PEKOMEHIAIMH 10 COXPAHEHHUIO MPUBIIEKATEIbHBIX
NOTPEOUTENBCKUX CBOMCTB YIJISL.

Kak Bumno u3 nmuarpamm (Puc 3.14-3.21) namnbonee nonryio (pakiMOHHYIO
COXPAHHOCTh TPHU HCIOIH30BAHUM AHTUIUPOTCHOB MPOAESMOHCTPUPOBAIM IITA0CTH
KOMMYHAaJIBHO-OBITOBOTO yIiisi. Tak 1Mo KpuTepuro pocta GpakiimoHHOro cocTaBa 0-6 Mm
1.1.3, 1.1.4, 1.1.5, 1.2.3, 1.2.4, 1.2.5, 1.2.8, 1.2.10, 2.3, 2.5, 2.8 sBunuch Haubojee
NEPCIEKTUBHBIMU I JaJIbHEUIIEH OLEHKU MPUMEHEHHUs, aHAIOTUYHO MOJIOKUTETIbHAS
JTMHAMUKA OTCIICKUBAETCS HA TE€X *kKe MTa0eNsx, HO 1Mo cuTaM B pasmepax oT 50-300 mm,
a UMEHHO, HaOJII0JaeTCsl MEHBILSASI CTENIEHb PA3PyLIEHHs KPYIHBIX YaCTHII.

Nunukatopom 5(PGEeKTUBHOCTH TMPUHATO CpaBHEHHUE aOCOIIOTHOM pa3HUILBI
(GpaKIMOHHOTO COCTOSIHUS KaKOTO MTa0eNs ¢ BEIMYMHON BBIBETPEHHOM JOIH YT U3
KOHTPOJIBHOTO 1ITA0ENs (BBIJIETIEH JKEJIThIM IIBETOM). Takoil moaxo/1 m03BOJISIET BBISIBUTD
HauOoJee 1eHCTBEHHbIC AaHTUITUPOTEHHBIE CMECH M TIOKPBITHS.

Kak BuAHO U3 HIKENPUBEIEHHBIX TPEHAOB TEXHUUYECKYIO 3(P(EKTUBHOCTD
MPOJIEMOHCTPUPOBAIM CJIEIYIONIME AHTUIHUPOTrEeHbl: MOKpbITHE Karmiem - 1memMeHTHo-
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MUHEpalbHON cMechto (MmuHoBa), Tekduekc - momuMepHoe mokpeiTHe (MuHOBA),
MNOKPBITHE TPEXCIONHON TEPMOCTOMKON MONMMATUIEHOBOM IIeHKON (YHuBepcan),
antunupore” ( 5% xuakoro crekna + 1% ITAB (Ilporpecc), antunuporen ( 10%
UHEpTHON UM + (eHonbHass Bona). llepeunciieHHble aHTUIMUPOTEHBI W TOKPBITHS
nposiBUIM 3((HEKTUBHOCTD KAaK B 3aKPBITHIX, TAK U B OTKPBITHIX C IPUMEHEHUEM K YTIIISIM
pa3HOro Kjacca.

Ucxons U3 3HaueHW CUTOBOTO aHANM3a HAWOOJBIIUN TMOJIOXKHUTEIbHBIN dPheKT
Cpelr MEepEeyYWICHHbIX BbIIIE MaTepuajoB HAOMIONAETCs Y TOJUMEPHOIO MOKPBITHS
Tekduexe 1 TPEXCIOMHOM MOTUITHICHOBOU IJICHKH.

Opnnako, cienyeT MpOaHAIM3UPOBATH  JaHHBIE SKOHOMHUYECKOW  OLICHKHU
AQHTUIIUPOTEHOB W TMOKPBITUWA, U B COYETAHUM C TEXHUYECKUMH XAPAKTEPUCTHKAMHU
BBIBECTH HHA0OJEe palloOHAJbHOE pelIeHHe, TaK Kak COXpaHeHUue (PpaKIMOHHOTO
COCTaBa HE BCETJa OTPAXKAETCS HA TEMJIOTBOPHBIX CIIOCOOHOCTAX YTJIS.

18,6%

20,0% 6%
18,0%
X
= 160% 13.6%
E 14,0% H-6%
0,
a 12,0% 91% 9,6%
2 10,0% . 8,1%
S 8,09 6,1% T
= 8.0% L
= 6,0%
4,0%
2,0%
0,0%
1.1.1 1.1.2 1.1.3 1.1.4 1.1.5 1.1.6 1.1.7 1.1.8 1.1.9 1.1.10
[tabenn
KOHTPOJIbHBIHI TIpUEMJIEMBIH - HeIpUeMJIeMbIH

Pucynok 3.14 — M3amenenus: GpakiiMOHHOTO COCTaBa BO BPEMEHH. 3aKPBIThIN
ckiaj. PamoBoil moBbeilieHHON KpynHOCTH. @pakims 0-6 MM.
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.11 112 113 114 115 116 117 1.1.8  1.1.9

0,0% I
X -10,0%
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2 -20,0%
- 20.3% 24,0%
2 -30,0% T -25,0% -27,0%
5 -40,0%
~ 47 50, 395 -40,0% -39,5% -39,5%

-42.5%
-50,0%
KOHTPOJIbHBIN TIPUEMJIEMBIH - HeNpUeMIIEMBIi

Pucynok 3.15 — M3menenune GpakiIMOHHOTO COCTaBa BO BpEMEHHU. 3aKPBITHIN
ckiana. PsgoBoit moBeimeHHOW KpynmHOCTH. @pakius 50-300 mm
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[Itabenn
KOHTPOJIBHBII MIPUEMJIIEMBIH - HEIPUEMJIIEMBIN

Pucynok 3.16 - amenenue ¢ppakiimoHHOTO COCTaBa BO BpeMeHU. OTKPHITHIH
ckian. PsagoBoit moBeIeHHONW KpynmHOCTH. @pakius 0-6 M.
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KOHTPOJIbHBIN TIPUEMJIEMBIH - HeNpUeMIIEMBIi

Pucynok 3.17 - I3meHeHue GppakiimOHHOTO COCTaBa BO BpeMeHU. OTKPBITHIN
ckiaj. PsanoBoit moBsiieHHON KpynHOCTH. @pakius 50-300 Mmm
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H_[Ta6€J'II/I
KOHTPOJIBHBIN MIPUEMIIEMBIN - HETIpUEMIIEMBII

Pucynok 3.18 - 3menenne GppakIiimoOHHOTO COCTaBa BO BpeMeHHU. PsmoBoit yroms ¢
MOBBIIIEHHBIM CcOJiepKanreM Menouu. @pakuus 0-6 Mm
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KOHTPOJIbHBIN MIPUEMIIEMBIN - HETIPUEMIIEMBII

Pucynok 3.19 - Ismenenue ¢ppakiiMOHHOTO COCTaBa BO BpeMeHHU. Psi1oBoM yroms ¢
MOBBIIICHHBIM cofep:kanreM menouu. Opakius 50-300 MM
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KOHTPOJIbHBIN MIPUEMIIEMBIN - HETIpUEMIIEMBII

Pucynoxk 3.20 - I3mMeHeHne GpaKIIMOHHOTO COCTaBa BO BpeMeHHU. PsioBoit
sHepreTuueckuil yronb. @pakius 0-6 MM
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KOHTPOJIbHBIHI TIpUEMJIEMBIH - HeIpUeMJIeMbIN

Pucynok 3.21 - Iamenenue ¢ppakiimOHHOTO COCTaBa BO BpeMeHu. PsioBoi
sHepretuueckuit yronb. @pakuus 50-300 m
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MOHUTOPUHT (PPaKIMOHHBIX U3MEHEHUH YISl B IITA0ENAX MO3BOJISIOT BHIIOIHUTD
MIPOrHO3UPOBAHUE M0 3KCIOHEHUHMAIbHBIM KPUBBIM JaHHBIX 3a 6-MECSUHBI CpOK
HaOmonenua. Kak BuUAHO W3 pucyHka 3.22 aHTUIUPOTEHHbIE MaTepuajbl OYEBH]IHO
YBEJIMUYUBAIOT CPOK COXPAHHOCTHU (MO KPYIHOCTH) yIiisi MUHMMAJIBHO Ha 4 Mecsua, a, B
YaCTHOCTH, IOJIMMEPHBIE AHTUIIMPOTEHBI MO3BOJIIOT YBEJIWYUTh CPOK XPAaHEHUS IIpU
coxpaHeHnu ypoBHs ppakiuu 0-6 mm Ha 20% B 2 pasa, a ypoBHs ppakuuu 50-300 MM Ha
40% B 2,5 pas.
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R>=0,8526 NPUMEHEHHS] aHTHUITUPOTCHOB)
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IUICHKA)
0%
0 5 10 15 20

MCECAIBI

a) COXpaHHOCTh KPYITHOCTH 10 U3MEHEHUIO cocTaBa Ppakiuu 0-6 MM
Pucynok 3.22 a,6 — [Iporno3upoBanue n3MeHEHUE Ka4eCTBA U CPOKOB COXPAHHOCTH
YIJIA 110 KPUTEPHUIO KPYITHOCTH, JIUCT |
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MECSIIbI

0) COXpaHHOCTh KPYITHOCTH IO M3MEHEHHIO cocTaBa (pakmuu 50-300 mm
Pucynok 3.22 a,0, nuct 2

Takum oOpa3om, NaHHBIE U YPABHEHHsI KPUBBIX TMO3BOJISIIOT CIIPOTHO3UPOBATH KaK
M3MEHEHUE KauecTBa YIrOJIbHOM NPOAYKLUMH B 3aJaHHBIM CPOK XpaHEHUS WIH
KOHCEpBaIH pa3padbaTbIBa€MOT0 Y4acTKa, TaK U CPOKH COXPAHHOCTH YIJIS 110 3aJaHHBIM
KpUTEpUSM Ka4ueCTBa.

3.6 TemnepaTypHblii KOHTPOJIb HCCJIeTyeMbIX IITA0e el

B GoJIbIIMHCTBE Clly4aeB OKUCIUTENbHBIE IPOLECCHI ABIIAIOTCS 3K30TEPMUYECKUMU
peakuusMU U BHEIIHE JAaHHbBIE MPOLECChl MOXKHO 3a(UKCUPOBATh U KOHTPOJIUPOBATH C
MOMOIIBI0  OTCIICKUBAHUSI W3MEHEHUW TEeMIepaTrypbl H3ydaeMoil cpenbl. JlaHHbBIE
JICHUCTBUSL MOXHO TMPOBOJUTH Kak OOBIYHBIM TEPMOMETPOM, Tak U Oolee
aBTOMAaTH3UPOBAHHBIMHU JaTYMKaMH KaK TEIJIOBU30p U TepMOMAapbl € 3JIEKTPOHHBIMU
nucruiesimu (Puc. 3.23-3.28).

3a mepuoxa octaexkuBaHus ¢ OKTAOpst 2017 mo ampens 2018 roga KpUTHYECKUX
TEeMIIepaTyp Ha U3y4aeMbIX mITa0ensX 3auKkcupoBaHO HE OBLIO, OJTHAKO, MAKCHUMYM B
paszauiry 10°C nabmronancs B mradbene KOHTPOIbHOTO 50 TOHHOTO mITadens B AeKaope
2017 roma, 9TO MPUBOAMT K 3aKJIIOUCHHUIO O TOM, YTO 00bEM M3ydaeMbIxX mtadeneit (12
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TOHH) HE MOXET BOCIHPUHUMATHCS OOBEKTHUBHO JUIS  OTCICKHBAHUS — Terlia
AK30TEPMHUYECKUX PEAKUUN OKHUCIEHUS YIUIA, TaK KaK pocT U u3MeHeHus B 1-2°C He
MOJIE)KAT KOPPEKTHON MHTEPIIPETALNU B MpeAenax MOTPEIIHOCTH U3MepeHus. B cBoro
ouepeslb, TEXHUYECKUH W CHUTOBBIM aHajIu3bl JEMOHCTPUPYIOT JIOCTAaTOYHYIO
00BEKTUBHOCTH BbIOOpa pazmepa mradeneit 17 oleHKH 3P PEKTUBHOCTH TOIO MIIM HHOT'O
MTOKPBITHS.

Taxk kak 12 ToHHBIH mITabenb nMeeT BbicoTy 1.7 MeTpoB, a 50 ToHHBIH mTadens 2,1
MeTpa, TO IPU YCIOBUU O€30MACHOTO XpaHEHHs M COOJIOAECHUS BBICOTHI mITabens 2.5
MeTpa JIaHHbIE PE3yJIbTaThl MOKHO DKCTpanoaupoBaTh Ha mradens S000T, T.K. pa3HHIla B
BbicoTe MexAy 12 ToHHbIM M 50 TOHHBIM HITa0ENsIMU HE MOKa3aja CyIIECTBEHHOMN
pasHUIBl, a BbBICOTa IUTA0ENst sBJseTcd HauOoJee BaKHOM Mpu mpolreccax
caMOHAarpeBaHUs ¥ BHIBETPUBAHUS YTJIs B IITa0EIE.

CornacHo «MHcTpykiuu 06 oxpaHe TpyJa NpU CKIAIUPOBAHUU YIS pa3Mepbl
mtabesnsi KaMeHHOTO YTJIsl He JIOJDKHBI IIPEBBIIATh MO BBICOTE 2,5 M, a 1o mupuHe 20 M,
muHa mTabenss He orpanuuyuBaercs. llltabenb ngomkeH uMerh (QopMy yCEUEHHOUH
NApaMUJbl C KBaApaTHbIM, MPSMOYTOJBHBIM WA TpaneuenJalbHbIM OCHOBAaHHEM.
[lItabenu maccoit 12 T B cpemHeM UMEIOT BbIcOTy 1,5 M, u3 kotopeix 0,2-0,3 M
NPEJICTABIISAIOT COOO0M 30HY BBIBETPUBAHMS YTJIs, a TIy0Ke yke HaOII01at0TCsl POLIECCHI
CaMOHarpeBaHusl U CaMOBO3TOPAHMUS YTJIsl.

B nurepatype BCTpedaroTCs JaHHBIE, YTO CKOIUIEHHE YIUIS, ITOABEPKEHHOE
CaMOHarpeBaHuIo, — TO HEKOTOPBI MUHUMAJIbHBIN 00beM, HEOOXOAMMBIH I pa3BUTHSA
nporecca. IToT 00bEM ONpPENeNIeTCs MHUHUMAJIbHOM TOJIIIMHONW €ro CKOIUJIEHHS m,
kotopas cocrasisier 0,14-0,2 m.

Tak, KpUTHYECKas TOJIIHWHA MPOCIOWKHA YIJIL M, MPA KOTOPOM IPOUCXOIUT
camoBo3ropanue yris, cocrasisier 0,2 M. Macca mrabens U ero o0beM He OKa3bIBaIOT
3HAYUTEJILHOTO BIIUSHMUSI.

OnHako, Mo AuarpamMMme pucyHKe 3.29 Ha MPOTSKEHHUM MEePUOJIa MCCICIOBAHUIN
OTCJIC)KMBACTCSl pA3HUIA YTEHHUS TEeMIIepaTyp MexXay IITabeasiMH OTKPBITOTO U
3aKpBITOTO XpaHEHUs, KOTopas JOXOIUT 10 5-7°C, 4yTO CBUAETEIBCTBYET O MPOLIECCAX
caMOHAarpeBaHus B IITA0ENSIX HECMOTPS HAa OTPULIATENIbHYIO TEMIIEPATYPY OKPYKaroei
cpenpl. OueBUIHO, YTO INTA0ENIM OTKPBITOTO PEXKHUMa XPAaHEHUsI IOJBEPraroTCs
BO3JCMCTBUIO KHUCIOpoJa OoJbIlle, HECMOTPS Ha HEJOCTHIKCHUS KPUTHUYECKUX
TEMIIepaTyp MJaXKe Ha KOHTPOJBHBIX INTA0ENAX HEMOKPHITHIX aHTUIUPOTCHHBIMU
Marepuanamu. [Ipy 3TOM OJZHM W Te€ K€ AHTUIUPOTEHHBIE MATEPUAJbl IMPOSIBISIOT
pa3nuyHyo 3(QQGEeKTUBHOCTH IO IMPEIOTBPAIICHUIO Mpoliecca BbIBETpUBAaHUS yrisi. B
3aKpPBITHIX CKIIafax KpynmHocTh yriist ¢pakiuu 50-300 mm coxpanmnack Ha 10% Gonblie
M0 CPABHEHUIO yTJIEM OTKPBITOrO CKJaja (10 pe3yibTaTaM SKCIIEpUMEHTAIBHBIX paboT B
3aKpBITOM CKJIaJIe CITyCTs 6 MecAleB B 1ITadese pSAI0BOro YIiisl MOKPbITask HOJTUMEPHBIM
matepuanom Tekdnekce ppakuus 0-6 mm yBenuumnach Ha 5,1 %, Ha OTKPBITOM CKJIAJE -
Ha 9%).

71



Temneparypa & wrabene

B Tennepatypa v BAAMHOCTS
B OHpYHEWEN CREa

Pucynox 3.23 - W3mepenne Pucynok 3.24 - M3mepeHue TemmnepaTypsl
TEeMIIepaTypbl KOHTPOJIBHOTO IITabEs mraberns, MOKPBITOTO  TPEXCIOWHOM
IIJIEHKOMN

Pucynok 3.25 - I3smepenune reMnepatypsl  Pucynok 3.26 - M3MepeHne TeMIepaTypbl

rabesst, IMOKPLITOr0 CMEChI0 MHEPTHON  1rrabenst, HOKPBITOro OpraHOMUHEPATbHOM
IBUIM U (PEHOJIBHOM BOAbI CMOJIOMH
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Temnepatypa & wrabene |
_ "

Pucynok 3.27 - Usmepenue temneparypsl Pucynok 3.28 - M3MepeHue TemmnepaTypbl
mradessi, MOKPHITOro JKodiaekcom mradens, MOKPBITOT'O MOJIUMEPOM

35,0

N W
\-Lh \-o
o o

Temnepatypa, °C
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Texdnexc-M

01.10.2017  01.11.2017  01.12.2017  01.01.2018  01.02.2018  01.03.2018  01.04.2018

B [[Itabens 1.1.1
B [[Itabens 1.1.7
B [[Itabens 1.2.3
M [[Itabens 1.2.9

JlaTa 3amepa

W ][Irabens 1.1.2 ®IIrabens 1.1.3 ®lltabens 1.1.4 ®IIrabens 1.1.5 ™ IlItabens 1.1.6
B ][ItaGens 1.1.8 MIIltabens 1.1.9 MIlTtaGens 1.1.10 BIItabens 1.2.1 MWIlTabens 1.2.2
H [[Itabens 1.2.4 IlItabenr 1.2.5 M®Illrtabens 1.2.6 ®IIltabens 1.2.7 IlItabens 1.2.8
M [[Itabens 1.2.10 ®IIItabens 1.2.11 ®WIIItabens 1.2.12 ®WIIItabens 1.2.13

Pucynoxk 3.29 - Kontpoins Temneparypbl BHyTpH IITa0eNe 3aKPBITOTO U

OTKPBITOI'O CKJIaaA0B

73



3.7 DKoHOMHYECKAs OLIEHKA MPUMEHEHUs] AHTUIIMPOreHOB

DKOHOMHUYECKAsi OLEHKAa IMPOBOJAWIACH 10 BCEM AHTUIMPOIEHHBIM MaTepHalaM,
OJIHaKO, B AMarpammy, NpuBeIeHHY0 Ha pucyHke 3.30, OblIM BKIIOUYEHBI UL HauboJee
3¢ (deKTHBHBIE MO HAMMEHbIIEMY cojaepkaHuio (pakuuu 0-6 MM IO CpPaBHEHHUIO C
KOHTPOJIBHBIMU IITA0ENIMU. DTO B UTOTE MO3BOJIUT MPOBECTU aHAIU3 PEHTA0EIBLHOCTH
TOTO WJIA UHOTO AHTUITUPOTE€HHOT'O MOKPBITHS.

Pacuer cToMMOCTH NpUMEHEHUS] NOKPBITHUI MPOBOAMICSA U3 pacuera KOJIMYecTBa
pPacxXoAHbIX MaTepUaloB M MX CTOMMOCTM Ha | TOHHY copa3MepHo miomanu 5000
TOHHOTO mITabens. B mpunoxxenun B npuBenensl moapoOHble pacdyeTbl CTOMMOCTH
MPUMEHEHHSI KaXK10I0 UCIBITAHHOTO AaHTUITMPOTEHHOT0 MaTepuaa U MOKPBITHUS.

Ha pucynke 3.30 npuBoasATCS paCUMTAHHBIEC 3aTPAThl HA IMOKPBITUS, KOTOPBIE JAJIH
MOJIOKUTENIbHBINA Pe3yJIbTaT B COXpaHEHUU KpynHocTU. Y cornmacHo rpaduky cpaBHEHHS
HauboJiee NPeANOYTUTEIbHBIX MaTepUaIoB HAOII0AAETCS 3HAUUTEIbHAS Pa3HULIA B [IEHE
MaTepuagoB IOJUMEPHOU mpupoapl. OJHAKO, CIEIyeT Yy4ecTb, YTO  HPHU ITOM
TeXHUYECKUH 3D (PEKT y MOTMMEpHBIX aHTUITUPOTE€HOB MPOSBIISETCS IPEUMYIIIECTBEHHEE
OCTaJIbHBIX TOKPBITHI.

Takum o0Opa3om, creayeT oOOpaTUTh BHUMAaHHE HA MOKPBITUS MOJIUMEPHOIO
MIPOUCXOXKICHUSI B CBSI3U pAJla TEXHUUYECKHX IPEUMYIIECTB, B TOM YHUCIE MaJloi
30JIbHOCTU M COXpPAaHEHUE TEIJIOTBOPHBIX CBOWMCTB YIS, LIEHOOOpPA30BaHUE KOTOPBIX
OyZeT CpaBHUMBI C IPUBEICHHBIMU HIKE [IEHAMU 0003HAYEHHBIX B IMarpaMMe 3eJIeHbIM
LBETOM.

B nenoM, 3a SBHBIM NPENIOYTEHUEM OKAa3bIBAIOTCSA IOKPBITHS TPEXCIONHON
TEPMOCTOMKOM MONMAITUIICHOBOM IJIeHKOU (YHHUBEpca), CMeChbio 5% >KUAKOTO CTEKIIa U
1% ITAB (Ilporpecc), cmecbto 10% uHepTHOH NbUM U (GEHOJIbHOM BOABI, 2-3% BOJIHOIM
CYCIIEH3UEN TallICHHON U3BECTH

IToxperTne 2-3% BOAHOW CyCIIEH3WMEH Tall€eHHOM W3BECTU HE INPUMEHSUICS IS
PSA0OBOTO YIVISI HOBBILIEHHOW KPYITHOCTH T.K. JAHHOE MOKPBITUE MPUBOJUT K YXYIIIEHUIO
NOTPEOUTENBCKUX CBOMCTB YIJIsl, yBEIMUEHUIO 30JIbHOCTH, YXYAIIEHUIO BO3TOPAHUS YT
IPU UCHOJb30BAHUU B KOMMYHAJIbHO-OBITOBOM CEKTOpE, YTO M0 HAIlEeMy MHEHHUIO He
JOIyCTUMO JUIsl JAHHOTO TUIIA YTJIs.
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OPC TIPUEMJIUMBIH . HEIIPUEMJTUMBIN
Pucynok 3.30 - [lenoBoe cpaBHeHUEe TpuMeHeHNs Hanbonee 3P GeKTUBHBIX
AHTUIMHUPOTEHHBIX MaTEPHAIIOB U CMeCei

HpOI[CJIaHHaH pa60Ta IIO3BOJICT OLICHUTD B(I)(I)GKTI/IBHOCTB MMPUMCHCHUS TOT'O HUIIN
HHOT'O aHTHITMPOI'CHHOT'O MaTCpHuajida, OCHOBBIBAACH HAa JaHHbLIX CUTOBOI'0, TCXHUYCCKOIO,
9KOHOMHNYECCKOI'O aHaJIn30B.

4 MPON3BOACTBO U IPUMEHEHHUE INOJIMMEPHOI'O ITIOKPbBITUSA
N3 BTOPUYHOTI' O CbIPbA

4.1 Onuncanue NOKPHITUS

C yuyeToM BbIIIETIEPEUHUCTIEHHBIX MPEUMYIIECTB MOJUMEPHBIX aHTUITUPTEeHOB ObLiIa
IpennpuHsaTa pa3paboTKu COOCTBEHHOTO Croco0a MpeaoTBpAlIeHUs] BHIBETPUBAHUS U
CaMOBO3TOpaHMsS YTl M CHEUKOKCa NPU XPAaHEHHWH U TPaHCHOPTUPOBKE SIBISETCA
MOHIDKEHUE TOXKAPOOIMACHOCTH, COXPAHEHHUE M YJIYYIlIEHUE MOTPEOUTEIHCKUX CBOMCTB
yIasi M CIELKOKCa, a TakkKe palloHalu3alnusi MPOU3BOJCTBA CIICLIKOKCA IyTEM
UCII0JIb30BAHUS BPEIHBIX OTXO/I0B JJIsi CUHTE3a MOJIMMepa U, KaK CIeICTBHE, yITydllleHue
HKOJIOTUYECKUX YCJIOBUM Ha MeCTax MpPOU3BOJCTBA, KPOME TOrO0, MPEJOTBPAILAET
00pa3oBaHue yroJbHOU MbLIH.

TexHu4yeckuid pe3yabTaT JOCTUTAETCS MYTEM MOKPBITUS TOBEPXHOCTU VYIS U
CHEIKOKCa MPH CKJIaIupoBanuu oiumepoM (penondopmanbaeruaHoii cmodoit (ODC)),
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CUHTE3UPOBAHHBIM ITyTeM A00aBieHus (opMalnHa B pe3epByap-OTCTOMHUK (HEHOIBHOM
BOJIbI (OTXO0/1a KOKCOBAHUS ), UCTIONB3YIOIICHCS I TYIICHUS KOKCa.

[TomumepHast cMech MOKPBIBAET IOBEPXHOCTh W MPOHUKAET B TOPBI YIJIA,
npenoTBpailas MPOHUKHOBEHHE Kuciiopoda. Takxke (eHonpopmanbaeruaHas OCHOBA
noysmMepa o0JafaeT KIEUKOCThIO, YTO MpH OOBOJAKMBAHWUU IOBEPXHOCTH YISl U
CIEI[KOKCA CKJIEMBAET MEJIKUE U, COOTBETCTBEHHO, HEpEeHTa0eNIbHbIE (PpaKIINU, TPHIaBast
YIPYTOCTh ¥ MPOYHOCTH NMpoAyKuuu. Pusnko-xumuyeckue cBoiictBa @PPC 1mo3BOISIOT
COXPAHATh LIEHHOCTb NOKPBITUSA YT M CIIEIKOKCA MPHU DKCTPEMAJBHBIX IOTOJHBIX
yenoBusx: - 40 1o 50+, mpu CyXou ¥ JOXKIJIMBOU MOTO/IE.

JlaHHBIN CcOCO0 MO3BOJIAET COXPAHUTHh MOTPEOUTENTHCKUE CBOMCTBA CIEIKOKCA U
YIYUIIUTH [T0KA3aTeNb KAJOPUUHOCTH YIJIEH, TaK KAaK MOKPBIBAOIIAS] CMECH HE COJICPKUT
MHHEPAJIbI U UHBIE MAaTEPUAJIBI, YBEIUYMBAOLIME 30JIbHOCTD U BIAXKHOCTD YTJIs. JlaHHbIN
METOJ1 SIBJsieTCsl HauboJiee palMOHAIbHBIM, Tak Kak J1si cuHTe3a @OC B OOJIBIINHCTBE
HCIOJIb3YIOTCS. TIPOU3BOJCTBEHHBIE OTXOJbl M JOCTYIHBIE HAa OTECYECTBEHHOM DPBIHKE
XUMHKATBI — (POPMaATHH

Bremnnii BUI Bs3Kasg JKUAKOCTb TEMHOIO, KOPUYHEBOro 1Bera. MaccoBas 10
benondopmanpaernanoit cmoist 80-90 %, dopmansaerug — 1-3 %, penon — 1-3%.

[IpennaraeMblii COCTaB CMECH IO MEXAHU3MY OKAa3bIBAET CIEAYIOLIEE JIECUCTBHE:
dbenondopmanbaerninas cMoia, IPOHUKAsl B TIOPBI M TPEIIUHBI YTJIsl, OJIOKUPYET IIEHTPHI
OKHUCJIEHUSI YIJig, 00pa3yeT IUIEHKY Ha MOBEpXHOCTH yris. Ilpu BbIChIXaHHMU cOCTaBa
oOpa3zyeTcst KielKas TIeHKa, KOTopast OJIOKUPYET MOPHI YISl TEM CaMbIM MPEA0TBpaIiast
MOCTYIUICHHE KUCIIOPOa BHYTPh, CKIIEUBAET MEJIKHEe (hPaKIIUU YTJIsl U CIIEIKOKCA, TAaKKe
oOecrieynBaeTCcsl TEPMOM3OJSALMUS 32 CUET IUIOXOHM TEPMOPEAKTUBHOCTH PE30JIbHBIX
dbenondopmanbaerugabix cMoi [115].

4.2 TexHoJIOTHS POU3BOJACTBA HOBOI'0 MOJUMEPHOI0 AHTHIIMPOTreHAa

Jlis cunte3a (deHondopManbIeruiHON CMOJIBI 32 OCHOBY B3siTa OOIIEH3BECTHAs
MIPaKTUKa CHHTE3a, KOTOpasi BKIIIOYAeT B ce0st CMeIIeHne KpucTamuioB gpeHomna ¢ 37%-Hbim
(hopMaIMHOM B IPUCYTCTBUH COJsTHOM KuCIOTHI ITpu 100C.

JUis  mpoBeneHWsT  CUHTE3a B YCIOBUAX, HaubOosiee  IPUOIMKEHHBIX
MIPOU3BOJICTBEHHBIM U C YYE€TOM CIENU(UKH U CIONKHOCTH IOJIEBOTO OIpeaeTIeHUs
KOHIleHTpanuu ¢eHosa B (HEHONBHOU BOJE, OBUIO PEIICHO MPOW3BOAUTH CHUHTE3 B
n30bITKE (hopmanrHa 03 100aBICHUS MUHEPAIIBHOW KUCIOTHI, TaK KaK MPEIoaaraeTcs
MPUCYTCTBUE CEPHOM KUCIIOTHI, a TAK’)K€ MOHOB aMMHUakKa B cocTaBe (eHOJIbHOM Boibl. C
y4eTOM TMEPEUYHCICHHBIX JIeTajel Mpeanonaraioch MOMYyYUTh PE30JbHYI0 CMOIY,
KOTOpasi COXPaHUT BSI3KKE CBOMCTBA IIPU OOJILIIOM U30BITKE BOJIBI.

Urak, Obu10 cMerero 30 mit eHOoJIbHOM BOABI, KPACHOTO LIBETA MPEANOI0KUTETHHO
u3-3a okuciennoro 20% ¢enona B cocrase, u 30 M TexHuueckoro 37%Horo hopmanuHa
MpU KOMHATHOM Temmeparype. 3arem cMmech HarpeBaiu g0 100°C, uWHTEHCHBHOE
o0pa3oBaHUE CBETJIO-KOPUYHEBBIX U KENTHIX XJIOMNbEB HAOMIOAANOCH YK€ IIPU HArpeBe
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50°C u xJomnbsi yBEIMYMBAJIUCh B pa3Mepax C MOBBIIIEHUEM TEMIEPATYphbl, KaK U
MPEANOJIarajoch Mpu MIaHUPoOBaHUH dKcriepuMenTa (Puc 4.1-4.2).

Pucynok 4.1 - Cunre3z @OC, 80C. Pucynok 4.2 - Cunres ©OC,
BbIITapUBaHuE BOIbI, 20 MUH
kunstueHust mpu 100C

Cyxast cMoJia MOKET OBITH IMOJTy4YeHa Iy TeM UCTIapeHust n30bITKa BOBI U (popMasinHa
WJIM MIyTEM OTCTAaWBaHUSl CUHTE3 CMECH, YTO MPUBOJAT K UJIEHTUYHBIM pe3ylibratam (Puc
4.3-4.4). Taxxe MOJIOKUTEIbHBIM HAOIIOJACHUEM CTall0 OCBETJICHHE BEPXHETO CIIOS
KUIKOCTH, YTO MOXKET CBUJIETEILCTBOBATh PACXOYy M, COOTBETCTBEHHO HEUTpaTU3AINH
cB0OOAHOTO (heHosa u3 GEeHOIBLHON BObI, UTO MOTEHIIMAILHO YiIydilnaeT 0e30MacHOCTb
TPy/ia Ha MPOU3BOJICTBEHHOM OOBEKTE.

Pucynok 4.3 - Cyxas ®OC, oraenennas Pucynok 4.4 - Otaenennas POC
MyTeM HCHapeHHs HW30BITKA BOJBI W IIyTEM PACCIOSHUS Pa3HbBIX (a3
dhopmanuHa.
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4.3 Pe3yabTaThl HCHIBITAHNUS MOJIUMEPHOI0 MOKPBITUS

Cyxas ®DC HecMOTps Ha TBEpAYIO GopMy COXpaHMIA KIEUKOCTh IJIACTUYHOCTD.
ODC OblT1a HaHECEHA PaBHBIC HABECKH CIIEIIKOKCA TP Pa3HBIX (PaKIIHiA, YTO ITO3BOJIUIIO
HaOII01aTh 3a pa3HbIe Mosie3Hbie cBoiicTBa DDC.

Crienikoke MeNKOM (pakidu CKIewiIcs W co3fan 3(PpQPeKkT KOMKOBATOCTH, YTO
MOJIOXKUTETIFHO TIOBJIMSIET HA €r0 TPAHCIIOPTUPOBKY, Npojaxy. boiee He HaOII01a7T0CH
YIOJIbHOU MUK MPU TIEPEChINaHUM, KOMKHA KOKCa CTaJId MPOYHEE U HE Pa3pyIIAIUCh MTPU
MEXaHUYECKOM BO3JIEHCTBUM CPEJHEN CHJIbI, YTO TakKe HaONIoAaloch W Ha OoJee
KPYIHBIX (PPAKLUAX KOKCA BO BPEMs IPOOJICHHUS IPU ITPOOOIIOATOTOBKE.

_ ™ i -
PucyHnok 4.6 - [Tokpbiteie @DC
dpaxiuu cnemkokca 10-25mm
o = T TR 7 .
o e

-«

o # <
Pucynoxk 4.7 - [Ilokpeiteie ODC PI:EyHOK 48 - Tlokpbithie ®DC
paximu crierkokca 0-10 My ¢bpakuuu crenkokca 25-40 MM
[lepen nmpoGneHueM IJsi MPOBENEHUST TEPMOTPABUMETPUUYECKOTO aHaIM3a ObLIO
MIPOBEJICHUE MCCIICAOBAaHUE TTOP M TPEIIMH KOKca Ha 3G (PEKT CMOJIBI MO OJIOKUPOBAHHIO
MIPOHUKHOBEHMSI KUCIIOPO/a.
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Pa3nuria B 3armoaHEHUH MOP M TPEIIMH MOJMMEPOM TpeACcTaBieHa Ha pUcyHKax 4.9
n4.10.

PucyHnok 4.9a - Cnenikokc 10 o0pabotkn  PucyHoxk 4.96 - Cnemkokc moche
00pabOTKH MOJIMMEPOM

Pucynok 4.10a - Crneuxokc 10 06padotkn  Pucynoxk 4.106 - Croeukokc mocie
00pabOTKH OTIMEPOM

[ToneBble wucclenOBaHUS MPOBOAMUIMCH HA IUTA0ENSAX Yriaed U CIEKOKCca
[y6apkonbckoro MecropoxaeHuss Kaparanamuckoro yroyibHoro OacceiiHa. 3a Bpems
MIPOBEJICHUST UCCIIEIOBAaHUS HAOIIOAAIMCh METEOPOIOTHUECKIE OCAKU MEPUOTUIECKHU.
UccnenoBanus BeIUCh HA OTKPHITOM CKJIAJ€ XpaHEHUS YIJIs, HE3aIIUIIEHHOM OT
METEOPOJIOTUUECKUX YCIOBUM, TaKUX Kak J0XIb M cHer. CTapToBOW TOYKOMH
HCCIIEZIOBAHUSI CUUTAIOCh BPEMS TOCJI€ BO3ACHCTBHSA Ha IITA0ETH YTJS TPOJUBHBIX
noxnaen. Meton wuccrmenoBaHUsA 3aKIIOYacss B 00paOOTKE HCCIEAyeMBIX COCTAaBOB
AHTUITMPOTECHOB B IMITA0EIAX YIS

ConocTaBUTENIbHBIN aHAIU3 MOKA3aTeJIed aHajaora, MPOTOTHNA W 3asBISEMOTO
cocTaBa IpeJicTaBieH B Tabmuie 4.1.
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Tabmuma 4.1 - Tlokazarenu TEXHUYECKOTO aHanu3a ITadenel CIeIKoKca pa3HbIX

(I)paKI_II/If/'I, IIOKPLITBHIC PA3JIMYHBIMU AHTHITMPOI'CHAMUN

ItaGens W& % | V5, % | AL, % | C,%
Crnenxokc, ¢ppakiuu 0-10 MM (B Hadasie UCIIBITAHHS) 1,69 6,98 3,53 87,8
Crnenxokc, ¢ppakiuu 0-10 MM (KOHEIT UCTIBITAHUS) 1,87 10,3 7,74 80,2
Crnenxkokc, ¢ppaxiuu 0-10 MM, mokpsITeiit DDC (6 Mec) 2,66 7,23 4,33 85,8
Crnenxkokc, ¢ppakiuu 10-25 MM (B Hauaje UCTIHITAHUSA) 1,61 7,77 4,78 85,8
Crnenxokc, ¢ppakiuu 10-25 MM (KOHET] HCTIBITAHWS) 2,5 11,2 6,5 79,8
Crnenxokc, ¢ppaxiuu 10-25 mm, mokpeITeiii @DC (6 mec) 3,15 8,87 5,17 82,8
Crnenxokc, ¢ppakiuu 25-40 MM (B Havaje UCTIHITAHUS) 1,62 7,57 5,13 85,7
Crnenxokc, ¢ppakiuu 25-40 MM (KOHET] HCTIBITAHHS) 2,1 10,6 7,4 80,2
Crnenxokc, ¢ppaxiuu 25-40 mm, mokpbITeiidi DDC (6 mec) 2,91 8,43 5,26 83,4

4 2,6
= 2 -I 0,7
S _ ._'
2 0
e e
> 2 19 -1 8 2,1 2.3
¥ 62 -3.1 ’
= 12 2
o ’ 5.5
QE’ 8 g1 632 iy
g -10
~ .12
14 12,42
$® $‘b $‘T>
v o o KOHTpO.]'H)HLII/I
KOHTPOJBbHBIN MIPUEMIIEMBIN . HETIPUEMIIEMBIN na60paTopHH
Pucynok 4.12 — H3MeHeHue ypoBHS (PUKCHUPOBAHHOTO YIJIEpOaa CIHEIIKOKCa

OTHOCHUTCIIBHO UCXOAHOI'O COCTOAHUA

80



5 6.0
2 3,8
2 40
o 2, 08 M 0.6 '07
= 0,3 "% i ,39 0,2 13
5 J =T ) = - -
£ 00
=
a2}
=~ 2,0
-4.0 a8 -3,2
SO DN e Vad A v O VoA » O
\\\\%\(;}o&& ’»’\z’\,’»&{o&& ”3")"3"3§z@&
& & &
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KOHTPOJIbHBIN MIPpUEMIIEMBIN HETIPUEMIIEMBIN
nabopaTopuu
Pucynok 4.13 — U3meHeHue ypoBHS 30JbHOCTH CIIELIKOKCA OTHOCUTEIBHO

HCXOOHOI'O COCTOSAHUA

4.4 MonenupoBaHue BJIMSIHUSI KPYNHOCTH CIEHKOKCA M KOJHYeCTBA
AHTUIIHPOTeHA HA COAEpP:KaHUe BJIAaru

[TocTpoeHre MaTeMaTHYECKON MOJIENIM OCHOBBIBAJIOCH Ha ABYX (haKTOpax:
KpyIHOCTH crierkokca (5, 10 u 15 MM) 1 KOJTM4eCTBO HAHECEHHOTO aHTUITUPOTEHA.

AHTUTIUPOTeHOM MOocyXuia (peHonpopmalbaeruitas cMoJia, BHOBb
CUHTE3UPOBaHHAS U3 (PEHOIBHOM BOJIBI ¢ KOKCOXHMHYECKOTO MTPOU3BOICTBEHHOTO
nponecca AO «Capblapka CIEIKOKCY.

[InanupoBaHue FKCIEPUMEHTA U MaTeMaTU4eckas 00paboTKa pe3yabTaTOB
AKCHEPUMEHTA MPOU3BOAWIUCH METOJOM IIEHTPATIBHOIO KOMIO3UIIMOHHOTO
rmianupoBanus [116].

XapakTepUCTUKH IJIaHA SKCIIEPUMEHTA MpeICTaBlIeHbl B Tabnuue 4.2, a MaTpuiia
iaHupoBaHus — B Tabmutie 4.3. [1pu 3Tom pakTopamu sxcriepuMeHTa ObLUTA BHIOPAHBL:

-X1 — KpymHOCTB CIIEIIKOKCa

-X2 — mMacca aHTUIIMPOreHa

OyHKIKEH OTKIIUMKA Y SIBIISETCS COJIEp>KaHUE BIIarH.
Tabmuma 4.2 - XapakrepucTuka IjiaHa SKCIepuMeHTa

X1 (KpyIHOCTb CHELKOKCA) X2 (Macca aHTUIIHPOTE€HA)
YpoBeHb
Kon 3HadeHne, MM Kon 3HadeHue, T
Bepxuauit ypoBeHb +1 15 +1 10
OCHOBHOM YpOBEHb 0 10 0 5
HuxHuit ypoBeHb -1 5 -1 0
Nnrepan 5 5
BapbUPOBAHUS
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Tabnuua 4.3 - MaTpuua rmiaHupoBaHUs SKCIEPUMEHTA

Xi1(KpyIHOCTB CIEIKOKCA) Xo(Macca aHTUIIHPOTeHa) ButaxxHocTh yriis
Ne
Kon 3HadeHue, MM Kon 3HadeHue, T %

1 -1 5 -1 0 Yoxkenl
2 -1 5 0 5 Yoken2
3 -1 5 +1 10 Yoken3
4 0 10 1 0 Yorend
5 0 10 0 5 Yokens
6 0 10 +1 10 Yoxen6
7 +1 15 -1 0 Yoxken?
8 +1 15 0 5 Yoxken8
9 +1 15 +1 10 Yoken9

IIo JaHHOMY MCTOIY MaTeMaTU4YeCKON O6pa6OTKI/I PE3YJIbLTATOB JSKCIICPUMCHTA

TI0JIy4aeM YPaBHEHHE PErPECCHH:
y=botb; X +b, X, +b 1, X X, +b 1 X +b2n X3
Ko uuenTsl perpeccu pacCUnuTHIBAIOTCA 110 (OPMYJIaM:

1
* D9y
by==2>

_ Y1 DAy, (DAY CD+yy (P Dy (FDHyg (1)
6 b

b

b Y Dy (FD Ay, (D Ay (FD Ay, (D Hy g (F1)
2= p ;

_ Y CDEDHy, (D Dy (D (D (FD (1)

b=
12 4 >
b _ 033(y; Yo ty3 Y7 e 1Y) -0.67(y, 1Y s )
11 2 >
_ 0,33(yl+y3+y4+y6+y7+y9)-0-67(y2+y5+y8)
227 )
2

* 6 6
bo:bo-gbu-gbzz-
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4.5 YpaBHeHHs perpeccum CoJAep:KaHUus BJIArd B CIIEHIKOKCe

Jlns mosydeHust ypaBHeHusi perpeccun Buaa (3.3) s coaepKaHUsS Biard B
CIEIKOKCE ¢  pacyeta ero Kod(PQUIMEHTOB, HCIOJb30BATUCH  PE3YJIbTATHI
AKCTIIEPUMEHTAIBHBIX JAaHHBIX, IPEACTABICHHBIX B TaOwuie 18.

Tabnuna 4.4 - Pe3yabTaThl 9KCIEPUMEHTA

X1 (KpynHOCTh X2 (macca v, Y, Y, Y.,
CIEIIKOKCA) AHTUIIMPOTEHA)

Kon MM Kon r % % % %
-1 5 -1 0 1,6346 1,7666 1,6927 1,6980
-1 5 0 5 2,607 2,5985 2,7764 2,6606
-1 5 +1 10 3,7836 3,7421 3,2799 3,6019
0 10 -1 0 1,5697 1,6163 1,6569 1,6143
0 10 0 5 3,0952 3,172 3,1824 3,1499
0 10 +1 10 3,5413 | 3,4257 3,6124 2,3460
+1 15 -1 0 1,5647 1,6089 1,6861 1,6199
+1 15 0 5 2,9144 2,8848 2,9251 2,9081
+1 15 +1 10 3,675 3,7451 3,8652 3,7618

*  1,698+2,6606+3,6019+1,6143+3,1499+2,346+1,6199+2,9081+3,7618
by= x =2,5956

b= 1,6980(-1)+2,6606(-1)+3,6019(- 1)+1 6199(+1)+2,9081(+1)+3,7618(+1) —0,0549

1,6980(-1)+3,6019(+1)+1,6143(- 1)+2 3460(+1)+1,6199(-1)+3,7618(+1) O 7963

by~

1,6980(-1)(-1)+3,6019(- 1)(+1)+1 6199(+1)(-1)+3,7618(+1)(+1)

by, = ; =0,0595
0,33(1,6980+2,6606+3,6019+1,6199+2,9081+3,7618)-0,67(1,6143+3,1499+2,3460)

2
0,33(1,6980+3,6019+1,614+2,3460+1,6199+3,7618)-0,67(2,6606+3,1499+2,9081)

b=
by,=

=0,2994
=-0,5048

by=2.5956-7 *0,2994-2*-0,5048=2,7326

Takum o0pa3om, MoTyYEeHHOE YpaBHEHHUE PErPECCUU UMEET BU/L:
y=2,7326 +0,0549X,+0,7963X,+0,0595X,X,+0,2994X?-0,5048 X; (4.9)

J1Jis TpoBEpKH aJIeKBaTHOCTH MOJIYY€HHOTO YPAaBHEHUS PETPECCUH, OTMCHIBAIOIIETO
WCCIIEyEeMBIId TIpOIlecC, HEOOXOAMMO, TMPEXKIE BCEro, OIEHUTHh TOTPEIIHOCTb
SKCIIEpUMEHTOB. J[711 3TOr0 HEOOXOAMMO CPaBHUTH SKCIEPUMEHTAIbHBIC JTaHHBIE C
pPacCUYeTHBIMHU 3HAYEHUSIMH, MOJYYCHHBIMU TP IMOJICTAHOBKE KOJAUPOBAHHBIX 3HAYCHUH
(daxTopoB B ypaBHeHue perpeccuu (4.11). [Ipu momcraHoBKe KOAMPOBAHHBIX 3HAYCHUN
(hakTOpOB FKCIIEpUMEHTA (B COOTBETCTBHUU € TabmuIei 4.4), ObUTH MOJTYUYEHBI CIICTYIOIINE
pacyeTHbIC 3HAUCHUS BIIATH B JIEBSTH OMBITAX:
= 2,7326+0,0549(-1)+0,7963(-1)+0,0595(—1)+0,299(—1)?- 0,5048(—1)?

= 1,7355;

YpaCqu
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Vpacenz = 2,7326+0,0549(-1)+0,7963(0)+0,0595(—1)(0)+0,2994(—1)? — 0,5048 (0)>
= 2,9771;

Voaceas = 2,7326+0,0549(-1)+0,7963(+1)+0,0595(—1) (+1)+0,2994(—1)?
—0,5048 (+1)% = 3,2090;

Vpacens = 2,7326+0,0549(0)+0,7963(-1)+0,0595(0) (—1)+0,2994(0)% — 0,5048 (—1)?
= 1,4315;

Vpacens = 2,7326+0,0549(0)+0,7963(0)+0,0595(0)(0)+0,2994(0)2  — 0,5048 (0)?
= 2,7326;

Vpacens = 2,7326+0,0549(0)+0,7963(+1)+0,0595(0) (+1)+0,2994(0)? — 0,5048 (+1)?
= 3,0240;

Vpacewr = 2,7326+0,0549(+1)+0,7963(-1)+0,0595(+1) (—1)+0,2994(+1)?
—0,5048 (—1)% = 1,7263;
Vpaceas = 2,7326+0,0549(+1)+0,7963(0)+0,0595(+1)(0)+0,2994(+1)% — 0,5048 (0)?

= 3,0868;
Vpaceas = 2,7326+0,0549(+1)+0,7963(+1)+0,0595 (+1) (+1)+0,2994(+1)?

—0,5048 (+1)* = 3,4378
AHanu3 ypaBHEHHsI pErpeCCUU NO3BOJISAET CAENATH CIEAYIOLIINE BEIBOABI

y=2,7326 +0,0549X,+0,7963X,+0,0595X, X,+0,2994X3-0,5048 X>

[TonoxwurenpHbie 3HaAUCHUS KOIPPUIMEHTOB mpu X; U X, MOKA3bIBAIOT, YTO
YBEJIMYEHHUE BJIar B YIJI€ MOBBIIIAETCS MPU YBEJIMUYEHUH MACChl aHTUITHPOTEHA.
Koo uumenTs! npu X,> ¥ X, OTIMYHBIE OT HyJIS IOKA3bIBAIOT, 9TO 3aBUCHMOCTD HE

JIUHEWHAA.
PaccmoTpuM YacTHBIE 3aBUCHMOCTH BIIHMSHUS OTICIBHBIX (PAKTOPOB HA (PYHKITHIO

otkimka y=f(X;)
npu X, = —1
y=2,7326 +0,0549X,+0,7963(-1)+0,0595X,(-1)+0,2994X3-0,5048(-1)*
= 0,2994X} — 0,0046X, + 1,4315

Takum oOpa3om, MoxyyaeM 4acTHOE YpaBHEHHE:

y=0,2994X} — 0,0046X; + 1,4315 (4.10)
nmpu X, =0

y=2,7326 +0,0549X,+0,7963(0)+0,0595X,(0)+0,2994X3-0,5048(0)*
= 0,2994X} — 0,0549X, + 2,7326

[Tomyuyaem yacTHOE ypaBHEHUE:

y=0,2994X? — 0,0549X, + 2,7326 (4.11)
mpu X, = +1
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y=2,7326 +0,0549X,+0,7963(+1)+0,0595X, (+1)+0,2994X3-0,5048(+1)*
= 0,2994X? — 0,1144X, + 3,0241
YacTHOE ypaBHEHUE UMEET BULL:

y = 0,2994X> — 0,1144X, + 3,0241 (4.12)

Jinst  mepexona OT  KOAWMPOBAaHHBIX 3HAYEHWW K  PEalbHBIM  BEJIIMYMHAM
BOCIIOJIB3YEMCsl YPaBHEHUSAMMU:
K-10
X, 552 =0,.2K-2, (4.13)
rae K— KpylmHOCTh CIENKOKCA;
10 — cpenHsist KpyIIHOCTB;
5 — MHTEpBa BapbUPOBAHUS.

IlogcraBum 3HaueHuss B ypaBHeHUs:i 4.12-4.13, moaydum cClEAyIOIIME YacTHBIE
3apucumoctu y = f(0,2K-2):

y = 0,2994(0,2K-2)2 — 0,0046(0,2K-2) + 1,4315
= 0,011976K2 — 0,23952K + 1,1976 — 0,00092K + 0,0092 + 1,4315
= 0,011976K2 — 0,24044K + 2,6383

y=0,2994(0,2K-2)? — 0,0549(0,2K-2) + 2,7326
= 0,011976K? — 0,23952K + 1,1976 — 0,01098K + 0,1098 + 2,7326
= 0,011976K2 — 0,25048K + 4,04

y = 0,2994(0,2-2)? — 0,1144(0,2K-2) + 3,0241
= 0,011976K? — 0,23952K + 1,1976 — 0,02288K + 0,2288 + 3,0241
= 0,011976K? — 0,2624K + 4,4505

C noMoI1p10 TaHHBIX YPaBHEHUN CTPOUTCS TPpadUK 3aBUCUMOCTH COJICPKAHUS BIaru
B CIICLIKOKCE OT KPYITHOCTH, MOACTABIISASI B HUX 3HAYEHUS, U3 MIPEAESIOB MaTpHILIbl. JlaHHbIE
pacuera npencraBieHbl B Tabnuue 4.5.

Tabnuna 4.5 - PacyeTHble naHHBIE 711 TOCTPOEHUs TpadUKoOB

K, M - 3HayeHusd y Hp(I;I 3HaYeHUsX X, 1
5 1,7355 3,0870 3,4379
7,5 1,5087 2,8351 3,1562
10 1,4315 2,7328 3,0241
12,5 1,5041 2,7803 3,0418
15 1,7263 2,9774 3,2091
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Pucynoxk 4.14 - I'paguk 3aBUCMOCTH BJIaKHOCTH CIELIKOKCA OT
KpyIIHOCTH

Ha pucynke 4.14 npencraBieHa 3aBUCUMOCTb KOJMYECTBA COJICP’KAHUS BJAru
CHelKoKca oT KpynHocTu. HabGniogaeTcss paBHOMEpHOE MOHMKEHHUE COJIEP KaHUsI BIIaru
crerikokca 6e3 gobaBieHus u ¢ qo0aBieHueM Macchl 5 ¥ 10 © aHTUIUpPOTreHa 3aTeM
PaBHOMEPHOE YBEJIIMYECHHUE BIAXKHOCTHU CHENKOKCA. BUIHO, YTO MUHUMaJIbHAS BJIA)KHOCTh
CITELIKOKCa COOTBETCTBYET KPyHMHOCTH — 10 MMm.

BCJICI[CTBI/IC TOro, 4TO Ha I‘pa(I)I/IKe HC Ha6J'IIOIIaIOTCH SABHBIC MHWHHMYMBI H

MaKCHUMYMbI, MOTPEOHOCTh HAXOAWUTh IMPOU3BOAHBIE HJI ONPENETICHHUS 3KCTPEMYMOB
OTMaNaeT.

PaccmoTpuM dacTHBIE 3aBUCHMOCTH BIHSIHHS OTACITBHBIX (PAaKTOPOB HA (PYHKIIHIO
orkimmka y = f(X;)

y=2,7326 +0,0549X,+0,7963X,+0,0595X, X,+0,2994X3-0,5048 X’
mpu X; = —1
y=2,7326 +0,0549(-1)+0,7963X,+0,0595(-1)X,+0,2994(—1)2-0,5048 X3
= -0,5048 X; + 0,7368X,+2,9771
Taxkum 00pa3oM, oJTly4aeM 4acTHOE ypaBHEHHE:
y=-0,5048 X + 0,7368X,+2,9771 (4.14)

npu X; =0

y=2,7326 +0,0549(0)+0,7963X,+0,0595(0)X,+0,2994(0)2-0,5048 X3

= -0,5048 X3 + 0,7963X,+2,7326

[Tomyuyaem yacTHOE ypaBHEHUE:

y=-0,5048 X2 + 0,7963X,+2,7326 (4.15)
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mpu X; = +1
y=2,7326 +0,0549(+1)+0,7963X,+0,0595(+1)X,+0,2994(+1)2-0,5048 X3
= -0,5048 X; + 0,8558X, + 3,0869
YacTtHoe YPaBHCHHUC UMCCT BHUI:
y=-0,5048 X3 + 0,8558X, + 1,0869 (4.16)

I[J'IH nepexomga OT KOAHUPOBAHHBIX 3HAa4YCHHUU K pCaJIbHBIM BCJIMYHNHaAM
BOCIIOJIB3YCMCs YPaBHCHUAMUA
— (mcl).c.'s)

X, =0,2my -1, (4.17)

IlogcraBum 3HaueHuss B ypaBHeHUs:i 4.15-4.17, moayuum cCileAyIOIIME YacTHBIE
sagucumoctu y=f (0,2mgy, . -1):
y = —0,5048(0,2m¢,.c_ — 1)2 + 0,7368(0,2mq, . -1) + 2,9771
= —0,020192m¢,_c_2 +0,20192my, . — 0,5048 + 0,14736mg, . — 0,7368
+2,9771 = —0,020192mc1,_c2 +0,34928my, . + 1,7355

y =-0,5048(0,2mg, — 1)* + 0,7963(0,2my, . -1)+2,7326
= —0,020192my,.2 + 0,20192my,. — 0,5048 + 0,15926m,,. — 0,7963
+2,7326 = —0,020192my, . % + 0,36112m,,. + 1,4315

y = -0,5048(0,2my,. — 1)% + 0,8558(0,2my,.-1) + 3,0869
= —0,020192my,.? + 0,20192m,, . — 0,5048 + 0,17116m,,. — 0,8558
+3,0869 = —0,020192my,. 2 + 0,37308my,. + 1,7263

Tenepp 10 1aHHBIM YpaBHEHHUSM MOKHO MOCTPOUTH I'paduK, ¢ MOMOIIBIO KOTOPOTO
MOHO TIPOAHAIM3UPOBATH 3aBUCUMOCTh COJCPKAHMS BJIard OT MacChl aHTUITUPOTCHA.
JlaHnHble pacueTa mpeacTaBiIeHbl B TabmuIe 4.6.

Tabnuna 4.6 - PacueTHble naHHbIEe 7151 TOCTPOSHUs IpadUKOB

Macca aHTHIHpOreHa, T - 3HaueHus y npg 3HauYeHUsIX X, 1
0 1,7355 1,4315 1,7263
2,5 2,4825 2,2081 2,5328
5 2,9771 2,7323 3,0869
7,5 3,2193 3,0041 3,3886
10 3,2091 3,0235 3,4379
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: S
g 2 - +—=X1=10 Mmm
E Ls o == X1=20 Mmm
| x1=30 Mmm
1
0,5
0
0 2,5 5 7,5 10

Macca aHTHIIMPOTeHA, T

Tabmuma 4.15 - 3aBUCUMOCTD BIAXKHOCTH CIICIIKOKCA OT KOJUYECTBA
(heHoahopMaITbICTHIHBIX CMOJT

Takum 00pazoM, Kak BUIHO U3 TpaUKOB KPYITHOCTH CTICIIKOKCA HE CHIIBHO BIIASET
Ha cojiep)KaHue BIIard B crienikokce. Ha pucynke 4.15, rae mokasaHa 3aBUCUMOCTD BJIarH
CIICIIKOKCA OT KoJindecTBa (heHOIPOPMaTbICTHIHBIX CMOJI, MOXKHO 3aMETUTh, YTO TPH X |
=10, 20, 30 MM cojepkaHue BJard B CIEIIKOKCE MOBBIIIAETCS, OJTHAKO, TOTOM MOKHO
3aMETUTh MOCTEIICHHOE MOHMKCHHUE COJICPXKAHUsS BJIArH, YTO JOKa3bIBACT MPUMEHCHHE
UCCIIelyeMOT0 aHTUNIMporeHa 3PPeKTUBHBIM.
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5 TEXHOJIOI'MYECKHUE CXEMbI AOBbIYM U CKJIAAWPOBAHUASA
YT A CIIEHKOKCA IIYBAPKOJIBCKOI'O MECTOPOXKKIAEHUA

5.1 TexHoJIOTHS CKJIATUPOBAHNS YIJIS HA OTKPBITHIX CKJIaJaxX
5.1.1 O6uue pekoMeH AN

Xpanenue [lyGapkonbckoro yriasi AODKHO OCYIIECTBISITHCS HAa CHEIUATbHO
000pYyZOBaHHBIX CKJa/JaXx M CyXUX IUIOMIAJIKaX, HE MOJBEPKEHHBIX OOBOIHEHHIO, C
COOJIIOICHHEM MEP, UCKITIOYAIONINX BO3ZHUKHOBEHHUE MOKapOB U B3PHIBOB, 3arpsi3HEHUE
OKPY’KAIOIIEH CPEIbI.

1)¥Yronp nomkeH XpaHUTbCS B IITA0ESX, pa3Mepbl KOTOPBIX OTPaHUUYMBAIOTCS
BBICOTOM 70 2,5 M, mupuHOM He Oosiee 20 M, IJIMHA HE OTPAHUYMBACTCA. 3aKJaaKa
CIEyIONIero IuTadenst CleayeT MpPOM3BOAUTH Ha  pacCcTosHUU 3-5 M OT
c(hOpMUPOBAHHOTO.

2)PexoMeHIyeMBbIil yros 3akiaaku mradenei 25°. MakcuMallbHBIA YTOJl OTKOCOB
mrabeneit cocraisiet 37°.

[TpumepHsbIil 00beM mTabens: Boicota 2.5 M, mupuHa 20 M, mymua 100 M, macca
5000 1, mmomaas 2600 m2.

3) OcHoBaHMEM IUIOMIAJIKK JOJKEH OBITh €CTECTBEHHbIM TPYHT (IIOBEPXHOCTh
3€MJIH, 110YBa), MOKPBITHIN C YIIJIOTHEHUEM CMECHIO LIUIaKa U TOUIEH TVIMHBI C TONIUHON
cinost B 10-15 cm (cooTHomienune mimaka v rauHbl 1:1). Ilpu ecTtecTBEHHOM TpyHTE
OCYUIECTBIISIETCA XOpollasi TEIUIooTHaya yris B TOYBY M OTHOCUTEIBHO OBICTpOE
yAalieHue B Hee aTMOC(EepHBIX OCaTKOB, €CTECTBEHHBI T'PYHT OOECIEUMBAET TaKKe
JY4IIUNA KOHTAKT MOYBHI C YIJIEM, UTO 3aTPYIHAET CBOOOIHBIN MOACOC BO3yXa BO BHYTPb
mTabens yepes moJ mradeIbHOe OCHOBAHHUE.

HIlpu momade yras Ha CKIAJ, YKIAJIKe B MTabelb U OOpaTHOW Moaayve JOTKHBI
NpPEeAyCMaTPUBATHCS MEPHI [0 YMEHBIIEHUIO U3MENBUYECHUS YIS U MPEIOTBPAILLICHUIO €r0
pacIbUIEHUs, COOTBETCTBEHHO YIIJIOTHEHUE TPAHCIIOPTOM HE JIOITyCTUMO.

5)K MepaM 1o npegoTBpaIIeHUIO HEXKENATENbHOI0 U3MENIbYEHUs YIIIsl (HapylleHue
(GpaKIIMOHHOTO COCTaBa) MOXKHO OTHECTH CIICAYIOIIEE:

-COKpallleHhe [0 MHHUMyMa TOTPY30YHO-pa3rpy304YHbIX OMNEpalMil  Mpu
CKJIaAMPOBAHUM YIS

-MaKCUMaJIbHOE YMEHBIIEHHE BBICOTHI pa3rpy30UHOM 3CTaKa /Ibl ’KeJIe3HOJOPOKHOTO
TYIUKA;

-Ha  ONepauMsX IO CKIAJUPOBAHUIO YIVISI PEKOMEHAYETCS MPUMEHSTh
aBTONOIPY3YUK C MUHUMAIbHON TEXHUYECKHU BO3MOXHOU BHICOTOM BBITPY3KHU YTJIS;

-3arpy3Ky yIJIsl B KOBII aBTONOTPY3YMKAa PEKOMEHIYETCS BECTH C MUHUMAJIbHBIM
JABJICHUEM HAIopa.

6)B 1ensx CBOEBPEMEHHOIO OOHAPYKEHHUS OYaroB OKHUCIIEHHUS PEKOMEHIYEeTCs
IPOBEJEHUE BHU3YaJbHOTO W TEMIIEPATYpHOrO KOHTPOJISI XPAHUMOTO YIS IyTeM
NEPUOINYECKON TEINIOBU30PHON ChEMKHU C TPUMEHEHUEM KOMITBIOTEPHOI 00paboTKOI 1
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MOJICTUPOBAHUS C BBICOTHI YCTAHOBJICHHBIX CTOJIOOB TIO MEPUMETPY CKJIaJI0BOM
TUIOIIAIKH.

T)Ans yBeIMYEeHHUS CPOKa XpaHEHUS YTJId Ha OTKPHITOM IUIOMIAIKE Mpe/iararoTcs
CJIEAYIOILME METOBI:

-TIOKPBITUE TPEXCIOUHON TEPMOCTOMKON MOIUITUIIEHOBOU TNIEHKOM;

-IIPUMEHEHHUE CHEeUAIbHBIX MOKPHITUN (AHTUITUPOTEHOB).

[Ipy BBINOJHEHHH PEKOMEHIYEMBIX MEPONPHUATUNA 110 MOBBIIMIEHUIO CPOKOB
XPaHEHUS YToJib MOBBIIIEHHON KPYMHOCTU JOJKEH COOTBETCTBOBATH XapaKTEPUCTHKAM
YMEHBILICHUSI TIPUPOCTAa MEJIOYM B IITa0ere OTHOCUTENbHO ITabens 6e3 o0paboTkw,
MPUBEICHHBIM B Tabuie 5.1.

Tabnmuua 5.1 - YMeHbllleHre npupocTa MeIoYH B mTabene OTHOCUTENBHO mTadens
6e3 06paboTku (dhpakumu 0-6 Mm)

C 3aTpathl Ha

POK XpaHEHHs

ITokazarenb 1 ToHHy mpu Macce
3 Mec 6 Mec. mrrabens 5000 T, Tr

IToxpsiTHE TPEXCIOHHOMH TePMOCTOHKOM 2.1% 45% 473

MOJMITUIICHOBOM MJIEHKOM

C npuMeHeHneM aHTUIHUporeHa 5 % >KuaAKoro 0.6 % 50, 577

crekna + 1 % ITAB (IIporpecc) ’

Cunte3upoBanHas penondopmabaeruiHas cMoia 2 4% 4% 1944

Ha 6a3e KokcoxmMuueckoro koMOMHaTa ’

5.1.2 Ucnonp30BaHNE aHTUIIUPOTEHHBIX MOKPBITUI

I[Ipu gmutrensHoM Xpanennu IllyGapkombckoro yrist s COXpaHEHHUS
MOTPEOUTENbCKIX KayeCTB PEKOMEHIYETCS IMOKPBITHE InTadesneld CHeruaibHbBIMU

nokpeiTusimu (Tabnuua 5.2):
Tabnuna 5.2 - PekoMeH1yeMble MOKPBITHS JIJIsl YTJIsl MOBBIIIEHHON KPYMHOCTH No

HanmenoBanue noKpeITUS Pacxog, xr/m2 | Pacxon, Kr/T
AnTtunupores 5 % xwuakoro crekia + 1 % ITAB (Ilporpecc) 5 26
b
Cunre3upoBanHas GpeHoadopMabIeTHIHas cMoJia Ha Oa3e 383 193
KoxkcoxumMuueckoro koMOMHara ’ ’

IIpurorosnenne antunuporena 5 % xuakoro crexna + 1 % ITAB:
1)PacTBOp mpuroTaBIMBaOTCSI B eMKOCTH 00beMoM He MeHee 200 ;
2)3anuTh EMKOCTh TEXHUUYECKOW BOJIOM HAOJIOBUHY
3)Otmepurts 2 kr [TAB (ITporpecc) u 10 kr (7 J1) KUAKOTO CTEKJIa JOCTYITHOW MapKH;
4)ITomemmBasi pacTBOP MPOMBILUIEHHBIM MUKCEPOM, MEJIEHHO 100aBUTh OTMEPEHHbIE
areHTbl B eMKOCTb;
5)10NOJHUT COAEPKUMOE EMKOCTH TEXHUYECKOW BOJOM 10 OTMETKHU
6)XpaHUTh MOATOTOBIEHHBIN PACTBOP B 3aKPHITOM BHJIE NPHU TeMIiepaType Boiiie S°C.
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5.1.3 TlokpeiTHe mITabeNnel yris aHTUIMUPOT€HHBIMH MTOKPBITUSIMHU:

1)As1s mokpeiTUs mTabenel BOAHBIMU PACTBOPAMHU aHTUIIUPOTEHOB UCIOIB3YETCS
nutamoBbiid Hacoc tuna BITH-150 (momyctuMel aHanoru:

- HOMUHaIbHasg nojgada — 10 150 m3/4gac;

- HOMUHAJIbHBIN Hamop — 10 30 M;

-TeMIEepaTypHBbIi nuana3oH o.c. - -30°C - +60°C;

-MOIIHOCTH aBurarens — 30 kBT;

-Bec Hacoca — 335 kr.

JlomoTHUTETFHOE HAaTHETaTeIbHOE 000PYI0BaHUE BKIIIOYACT CISAYIOIIUE IeTalH:

-IU3elIbHBIN 3nekTporeHeparop tuna AJl-35 (momycTumbl aHAJIOTH)

-BBICOKOHANOPHBIA HArHETATEIbHBIN NUIAHT JJIMHOU 10 M;

-BBICOKOHAMNOPHBINA CIMBHOM IUTAHT JJTMHON 2 M;

-BbICOKOHAIOPHBIN 3all0pHBINA KpaH;

-COEMHUTENIbHbIE CKOOBI.

2)[nst MOOUIBHOCTH YCTAHOBKM PEKOMEHIYETCS CKOHCTPYUPOBATH IPUIICTIHYIO
CUCTEMY, KOMOMHHPYIOIIYIO 3JIEKTPOBUTATEIb, JOUPYIOIINI HACOC U €eMKOCTHU IS

3)I1okpbITHE AHTUIMPOTEHOM CIIEAYET IPOU3BOAUTH B CPOK HE TO3HEE ueM 24 Jaca
nocie GpopMupoBaHus MTAOENIS ¢ 3aBeplICHUEM MUPUHBI B 20 M U JJWHBI ITa0ess HE
Mmenee 30 M. JlononHsomuiics GpoHT 1ITadess MOKPhIBAETCs 0 Mepe MPOABUKEHHS Ha
kaxpie 30-40 m.

4)PaboTa 1O MOKPBHITHIO AHTUIHPOTCHAMHU MPOU3BOAUTCS pabodeil KOMaHAOW B
COCTaBe HE MEHee 2-X 4YeJlOBEK, IMPU YCIOBUU OTCYTCTBUS IMOMEX paboTaM II0
dbopMupoBaHUIO MITA0ENEH, C TOJyYeHUEM Haps1a-10IMyCKa WM UHBIX Pa3pelIuTeIbHbIX
JOKYMEHTOB IIPEATIPUSITHS.

5)I1okpeIiTHE mTadeIeit MPOUCXOAUT COTIACHO PAcXo1y, yKa3aHHOMY B Tabmuiie 5.1

SPJIILLMA HACOC
OHTepHeP €—OHTUOKDO

30 @l

e

TS e e e
20m 35M™

Pucynoxk 5.1 — CxeMa NOKpBITHS TITA0CIIs YIS aHTHITUPOTCHAMU TIPH
dbopMUpOBaHUH
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5.1.4 TlokpbITHE TPEXCIONHON TEPMOCTONKOMN MOJUITUICHOBOU MIICHKOM

[Tpu nnurensHOM XpaneHuu Lly0apKoabCKOTO yrisl U CHEIKOKCa AJIsi COXPaHEeHUs
NOTPEOUTENbCKMX KauecTB TAaK)KE€ PEKOMEHAYETCSl MOKpPBITHE ITadened TpexcloMHON
TEPMOCTOUKOM MOJIUITUIEHOBOM TIJICHKOU.

1)Tpexciolinas rmjieHKa Nporu3BOJAUTCS C TIOMOUIBI0 PYKaBOB IIUPUHOM 12 M.

XapaKTEpUCTUKU TPEXCIOMHON TEPMOCTONKOU IOJIUITUIIEHOBOU TUIEHKH:

-Tommuna niaeaku — 0,2 Mm;

-Tepmocroiikocts — 65 °C + 80 °C.

2) Heobxoaumoe o6opyaoBaHUE:

-Anmapar ropsiueit ceapku, 220V;

-DJEKTPOTEHEPATOP C HOMUHAIILHOM MOIIHOCTHIO 220-230V

-bopTOBOM TPaHCIIOPT AJI YCTAHOBKU CTEHJA C PYJIOHOM TpPEX CIOMHOW IJICHKU U
KPEIUICHUN.

3) IlokpseITHE MIIEHKOH CeNyeT MPOU3BOIUTE B CPOK HE NO3AHEE YeM 24 yaca nocie

¢dbopmupoBaHus mwTabess ¢ 3aBeplIeHreM UPUHBI B 20 M U AJTUHBI IITa0eIs He
MeHee 30 M. Jlomonustomuiics QpoHT mTabenss MOKpBhIBAaeTCS MO Mepe
npoABWKEeHUS Ha Kaxabie 30-40 m.

4)PaboTa 1o MOKPHITHIO MJICHKON MPOU3BOIUTCS paboueil KOMaHA0M B COCTAaBE HE
MeHee 2-X 4YeJIOBEK, MPH YCJIOBUM OTCYTCTBUS NOMeX paboTaMm 1o (OpMHPOBAHUIO
mrabene, ¢ MoJlydeHueM HapsAa-foNycka WM MHBIX Pa3pelIMTENbHBIX JTOKYMEHTOB
MpEeANPUSITUS.

5)IleHkoil paBHOMEPHO YKPBIBAIOT INTA0ETb YISl M MO MEPUMETPY OCHOBAHUS
mTaless yCTaHABIMBAIOTCSA KPEIJICHHs BO N30exKaHUe MOAHATHUS MIICHKH.

6)Ykiaaka Ipou3BOJUTCS IMOMEpeK IITadens, Kpas IUIEHKU CKJIEHBAIOTCS APYT C
JIPYroM ropsiueit ceapkoi, oopasys eaunoe nokpoitue (Puc. 5.3).

Tl'opsiyast  cBapka  OCYIIECTBISETCS  CHEUUANbHBIM  allapaToM  4epe3

HarpeBaTeJIbHBIN 3JIEMEHT, BBITIOJIHEHHBIN U3 METallIa, KOTOPBIA HAarpeBaeT IMOJIMATHICH
(Puc. 5.2).

BEPNHHI IHCT TULEHEH

..... s - e g ORI KJIHH

HHAITHI THCT MTEHEH

JIEMECTRORASR TEFY AR HHA

.

-
HAINPABIEHHE JIEHATHHA

Pucynok 5.2 - Cxema paboTsl amnmapara ropsiaeii ceapku [117]
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PeXxXC/IOMHAaR MN/AeHKad

Topsiuas CBAPKA

Pucynok 5.3 — Cxema moKpbITHSI IITA0EIS YISl TPEXCIONHOM TIICHKOW MPU
dhopMupoBaHUHT

5.1.5TexHonOrNs NOKPHITHS CHENKOKCA BO BPEMsI IIPOU3BOICTBA

[Tociie okoOHYaHMSI CTaAMMU MHPOJIM3A TOJYKOKC MPOXOIUT MEXKIY (GypMaMu u
OXJaXXJaeTcsi IapaMM BOJIbl M3 BaHHbl TylleHusa. Jlanee  kavarommmcs
KOKCOBBITAJIKBATEJIEM, MOTYKOKC COpachIBAa€TCs B BAHHY TYILIEHUS, [J€ O0XJIAXKIaeTCs 10
50°C u mpuoOpeTaeT NOPUCTYIO CTPYKTYPY.

W3 BaHHBI TyIIeHHS] CKPEOKOBBIM KOHBEHEPOM MOJIyKOKC, MPOXOJI Uepe3 CYIIKY,
rae Harpesaercs ¢ 50°C no 62°C, noctynaet Ha JIeHTOUHbIA KoHBelep (B-1000mm; L-
107,3m.). Jlasee MOMYKOKC TMOCTYMAeT HAa HAMPAaBIAIONIMN K TpoxoTy KoHBeiep (B-
1000mm; L-48m.). I'poxor wunHepuuonsslii camodbanancusii [MCJI-72 paszpenser
MOJIyKOKC Ha JiBe (PpakiMM CBbIIIE SMM U MEHbIIE SMM, Jajnee Kaxnaas (pakuus Mo
cBoeMy koHBelepy (B-1000mm; L-24M.) nBIKYTCS HAa BpEMEHHBIE MECTa XpaHEHUS.

Pazpaborannyio meromuky cunTe3a ODOC u3 KOMHOHEHTOB (DEHOJBHON BOJBI
BO3MOXHO NMPUMEHHUTh Ha 0a3e, JOMOJHUB CYIIECTBYIOIIYI0 CXEMY CYIIKH CIIEIIKOKCa
OTJICTHHBIM KOJUIEKTOPOM (DE€HOJIBHOM BOJBI, TJIE€ M PEKOMEHIYETCS BOCIIPOU3BEICHHE
XUMHUYECKOU peaKIuy MpeBpalleHus noaudeHonoB B GeHoIGopManbIETUIHYIO CMOITY.
TexHudeckue yciaoBus ISl MPOTEKAHUSI XUMUYECKON peaKIu 00EeCeUeHbl HATUYUEM
TEeMIIepaTypbl U CIEAaMHU CEpHOM KHUCIOTHI, OTACNSIoNIascs B kamieorOoitHnukax (Puc.
54)

[ToxpbiTHE CclEKOKCa BO BpeMs CYLIKHA MO3BOJUT BBITYCKAaTh MPOAYKLHUIO IO
CTaauu pasziefieHuss mo (GpakiusM C YIyYIIEHHBIMH MEXaHMYEeCKHUMH CBOWCTBAMHU H
M30JIMPOBAaHHBIMU TOPAMH, MPEMSITCTBYSI HEMEIJIEHHOMY OKHUCJICHHUIO MPHU BBIXOJE HA
MOTpy3Ky npu cpeaneit BnaxkHoctu 20-22% BMeCTO MPOEKTUPOBAHHBIX 12%.
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PI/ICYHOK 5.4 Cxema IOKPLITHUA CIICHKOKCA ITOJIUMCPHBIM aHTUITUPOTCHOM BO BPpCM:A

CYIIKH
5.1.6 XpaHeHue yris Ha 3aKpbITOM ILTONIAKE

JIns yBenWYeHHWs CpoKa XpaHEHHWs YIJIA Ha 3aKphITON IUIOMIATKe HEO0OXOIMMO
WCIIOJIb30BaTh CKJIAJUPOBAHUE VIl B ITabels ¢ MPUMEHEHHEM CIIeIHUAIbHOTO
MOKPBITHSL.

Paccrosinne mexay mTabensiMy yrisl 3aKPBITOTO CKJIaJa JOJKHO COCTABISTH HE
Mmenee 3 M. PaccTosiHre Mexay mradenem yriis U CTeHOU (KOJIOHHOM) 3aKphITOTO CKIIaaa
JIOJI’KHO COCTAaBIISATh HE MEHee 3 M.

TexHOMOTHS XpaHESHUS YISl U €T0 TTOKPBITHS Ha 3aKPBITOW TUIOMIAJIKE aHAJIOTHYHA
TEXHOJIOTUW XpaHEHU YTl Ha OTKPBITOM cKiaje. [Ipu 5ToM HE0OX0IUMBIMU YCIIOBUSIMU
XpaHEHUs YTl Ha 3aKPBITOM CKJIaJIe SBIISFOTCS:

-IIPOBETPUBAEMOCTH;

-IOCTYITHOCTH 3arPy3KH-BBITPY3KHU CKJIa/la HE MEHEE, YeM C IBYX BBIXOIOB.

[Ipy BBITOJIHEHUH MEPOINPHUSATHI 1O TOBBIIICHUIO CPOKOB XpaHEHUs Yrolib
MOBBIIIEHHOW KPYMHOCTH JOJDKEH COOTBETCTBOBATH CIIEAYIONIMM XapaKTePUCTHKAM
YMEHBILICHUSI TPUPOCTA MEJIOYM B INTabese OTHOCHUTENbHO ITabens 06e3 oO0paboTku
(Tabmmma 5.3).

Tabnuia 5.3 - YMeHbllIeHHe PUPOCTa MEJIOYH B IITadesie OTHOCUTENBHO ITadens
6e3 00paboTku (hpakmu 0-6 Mm)

Cpok xpaHeHust 3arpatsl Ha | TOHHY IpU
ITokazarenn Macce mradeis 5000 T,
3 mec. 6 mec.
T
ITokpeITHE TPEXCIOMHON TEPMOCTOMKOI
PBITHE TPEXC TP 1,5 % 2% 473
MOJIUATHUIICHOBOM IIIEHKOMH
C npuMeHeHHeM aHTHOUporeHa 5 %
P AITHD 0,5% 1% 577
xujkoro crekna + 1 % ITAB (IIporpecc)

YMeHbIIIEHHE NPUPOCTA MEJIOYHN NTPU XPAHEHUH B 3aKPBITOM CKJIAJE IO CPABHEHUIO
C XpaHEHHEM Ha OTKPBITOM CKJIaJie IpUBEAEH B Tabuuue 5.4
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Tabnuna 5.4 - YMeHbIIeHHE TPUPOCTa MEJIOUU MTPU XPAHEHUH B 3aKPBITOM CKIIaJe
110 CPABHEHUIO C XPAaHEHUEM Ha OTKPBHITOM CKJIAJIE

Cpok xpaHeHust
3 mec. 6 mec.

ITokazareinn

VYMeHbIIeHUE TPUPOCTa MEJIOYU OT XpaHEHHUS B
3aKpBITOM CKJIAJI€ 110 CPABHEHUIO C XPAHEHUEM Ha 0,7 % 1,9 %
OTKPBITOM CKJIaJIe

5.2 MHoroc/ioiiHas NMJIEHKA IS TPAHCIOPTHPOBAHUS YIJISl M CHIEIIKOKCA

[TonoxxuTenpHbIE PEe3yIbTATHl UCTIHITAHUNA TPEXCIOWHOM TIIEHKH 10 TPO(HIIaKTHKE
BBIBETPUBAHUS YIOJbHOM MNPOAYKUMH TIO3BOJISIET PEKOMEHIIOBATh HCIIOJIb30BAHUE
MPOMBIIIIEHHBIX MOJUATUICHOBBIX MEIIKOB MIUPUHOIO OT 1,5 10 2,5 M Wi BKIIabIIIEH
10 MEPUMETPY TPAHCHIOPTHBIX BarOHOB, CIIAMBAEMBIX 110 OKOHUYAHUIO 3arpy3ku (Puc.5.5)

a
PucyHok 5.5 a-nmonmaTHIICHOBBIE MHOTOCIIONHBIE MTaKeThl (OUT 6arn); 6 — BKIIA BN
B BaroHbI JIJIs1 IEPEBO3KH YTOJIBHOM MPOTYKITHH.

[Ipy wucnonb3oBaHWK BKIAABIIIEH W3 TPEXCIOMHOW TIJIEHKM HE NOTpeOyeT
3HAQUYMUTENIBHBIX TPYA03aTpaT U HECET AOINOIHUTENIbHBIE ONEpaluy IO CIIMBAHUIO WIH
CIAaMBaHUIO MAKETOB M0 OKOHYAHMIO 3arpy3ku. [logo0Has TpaHCOPTUPOBKA MO3BOJISIET
COXpaHUTh (PPAKIMOHHYIO 1IETIOCTHOCTh BO BPEMS MEPEBO3KH U BPEMEHHOI'O XpaHEHUS,
KOTOpasi He TpeOyeT MepeHoca B 3aKPbIThIe XPAHUIUIIA IPU COOMIOACHUH U3HAYATILHOTO
perlaMeHTa BIaXKHOCTH CIIELIKOKCA IIPHU OTILYCKE C 3aBOJA-U3TOTOBUTEIIA.

5.3 TexHosorusi OTPadOTKM IUIACTA W 3aKJIAJAKHM  BbIPA0OTAHHOIO
MNPOCTPAHCTBA HA YIOJIbHBIX HIAXTAX

Cy1iecTByolue Ha CEroJHAITHII 1eHb TEXHOJIOTMU OTPaOOTKU YTOJIbHBIX IJIACTOB,
BBIOOP M JKCIUTyaTalys TOPHBIX MAIIWH, MPOEKTUPOBAHHE CXEM NPOBETPUBAHUS HE
IPEeIOTBPAIIAIOT TIOTEPH YISl B BEIPAOOTAHHOM MPOCTPAHCTBE B CHUITY BBIBETPUBAHUS U
CaMOBO3TOpaHMsI YTOJIBHBIX CKOIUIGHHM, OCOOEHHO Ha Yy4YacTKaX TIeOJIOTMYECKUX
HapYILIECHNM, B KOTOPBIX TEPSAETCS YIoJib, PAHEE PAa3PBIXJICHHBIN B PE3YyJIBTATE CABUKEHUS
TOPHBIX MOPO/I.
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B cBsi3u ¢ atiiM Haubosee 3PGEeKTUBHBIM CIIOCOOOM TMPO(UIAKTUKH IHIOTEHHBIX
MOKapoB B IIaxTax sIBJIsETCS oOpabOTKa IIEIMKOB M BBIPAOOTOK aHTUIIMPOTCHAMH,
CHUKAIOIIUMH XUMHUYECKYI0 aKTUBHOCTb YIJISI IO OTHOIICHUIO K KHCJIOPOY.

CHmKEHUST XUMHUYECKOW AaKTUBHOCTH YIJII B OCHOBHOM JIOCTHTAlOT ITyTEM
00paboTKU TEPSIEMBIX CKOTUICHUHN TBEPBIMH U KUAKUMU aHTUITHPOTCHAMHU.

Tak, oOblUHOE YBI@XHEHUE YIJISI MNPUBOAUT K CHUKEHHIO €ro XHUMHYECKOU
AKTUBHOCTH 10 OTHOILIEHUIO K KUCIOPOIY M3-3a 00pa30BaHMs Ha €ro MOBEPXHOCTHU CIIOS
KHUJKOCTH, TPEMSATCTBYIONIEH NPOHUKHOBEHUIO KHUCIOPOJa K aKTUBHBIM IIEHTpaM
JloGaBKa B JKUIKOCTb IMOBEPXHOCTHO-aKTUBHBIX BEIIECTB YCHJIMBAET aHTUIUPOICHHOE
AeiicTBUEe BOIbBI JEeHWCTBUSA Onaronapst Jydiled CMauMBaeMOCTH MOBEPXHOCTHU YTJIA,
MPUBOAIIEH K 00pa30BaHUIO IJICHOK C OOJBIIIEH MOBEPXHOCTHIO [28].

JlanHast TEXHOJIOTUS MPOPUIAKTUKN SHAOTCHHBIX MOXKAPOB MO3BOJISET MPOBOIUTH
00paboTKy BBIPAOOTAHHOTO MPOCTPAHCTBA 0€3 OCTAHOBKHU JOOBIYHBIX paOOT B JIaBE, YTO
OYEHb BaXXHO C SKOHOMUYECKOU TOUKHU 3PEHUS.

Ha ocHoBe mJaHHBIX, TOJYYEHHBIX IIOJEBBIMU HCHBITAHUSIMU, MpEAaraeTcs
MOKPBITUE KPOBJIH, TPy 320051 U CTEHOK BbIPAOOTKH aHTUIIHMPOT€HHBIMU MaTepUaiaMu
B coctaBe 5 % xuakoro crekna + 1 % IIAB (Ilporpecc) u moaumMepHOro MOKpPBITHS
«Tekdnexcy, B 4aCTHOCTH, MPU HATUYUSX MPU3HAKOB PA3PBIXJICHHOCTH TOPO]T OJIOKOB.

[TokppiTHE AaHTUMHPOTEHOB MPOU3BOIUTCS MyTeM HaOpbsra cios B 0,2-0,5 MM
IMHEBMATUYECKOU HACOCHOU YCTaHOBKH.

Pacuurannslit 00beM pacxoja Ha 1 M2 MMOBEPXHOCTH COCTABISIET 5 KT cocTaBa 5 %
xuakoro crekna + 1 % ITAB (Ilporpecc)

B ciyvasix HarHeTaHUs MOJMMEPHOTO MOKPBITUS B TOJIIM KPOBIIUM PACXOIyeTCs 10
38 kr Ha | mM2.

Heo6xo1MMOCTh HarHeTaHUsI 3aKJIFOUAETCSl HE TOJIBKO B M3OJISIIIMOHHBIX (DYHKITHSIX
MOJIMMEPHOTO MOKPBITUS, HO TAKXKE U B IEJIAX YKPEIIJICHHUS] KPOBIU U CTEHOK BHIPAOOTKH.
JlJis HarHeTaHusi MOJMMEPHOTO MOKPHITUS B IiyOuHy 1-1,5 M mpousBogutcs OypeHue
IITYPOB I ycTaHOBKM aHKepoB Turna MPMA, uepe3 koTopble coOO0IIaeTcss aHTUITUPOTEH
(Puc.5.6).
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a) cXeMa TOKPBITHS CTEHOK BBIPAOOTKH 0) HOKPBITHE CTCHOK BBIPAOOTKH
AHTUIINPOrCHOM noKpbITHEM « Tekdexc»
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[Iporieccel caMOBO3ropaHusi 3a4acTyr0 MPOUCXOASIT UMEHHO B TPYIHOAOCTYITHBIX
ydacTKax HIaXThl, TJIe TPEII0KEHHBIA CIOCO0 U30JISLNUN OTOJIEHHOTO YYacTKa YIOJbHBIX
LEJINKOB HEBO3MOXKEH. bilokupoBaHMe WM 3aKpbiTHE NOJOOHBIX Y4YacTKOB U
BbIPAOOTAHHBIX NIPOCTPAHCTB HAa NPAKTUKE MPOU3BOAUTCA IIyTEM  3aKJIAJKU
MIPOCTPAHCTBA.

['maBHast posib 3aKkjIafKyd BbBIPAOOTAHHOTO MPOCTPAHCTBA SBIISAETCS YMPABICHHUE
TOPHBIM JaBJICHUEM TIPU BEICHWM OYUCTHBIX pabOT, 4YTO TaKke CIOCOOCTBYyET
MPENOTBPAILICHUIO HapyllleHud penbeda 3eMHON MOBepXHOCTU. Paspernas BOMPOCHI
TOPHOTO JAaBJIEHUS, HE PUIAETCS 3HAYCHUSI BIMSIHUIO COCTaBa 3aKJIaJJ0YHOr0 MaTepuaa
Ha IIPOLIECCHI CAMOHArpeBaHus, KOrjga Kak OKUCIbI METAJUIOB B COCTABE IYCTBIX MOPOJ
MOTY MOCTYKUTh KaTaJu3aTOPOM OKHCIUTENBHBIX MTPOLIECCOM M CIPOBOLIMPOBATH OYaru
cCaMOHarpeBaHusi B TPYIHOAOCTYIIHBIX ydacTKax IIaXT, HECMOTPS Ha MaKCHUMAaJbHYIO
IUIOTHOCTh 3akJagku. TakuMm oOpa3oM, CMEIICHHE TMOJUMEPHOTrO MaTepuana ¢
3aKJIaJI0YHBIM ~MAaTepUaioM TMpU MHEBMATUYECKOM CHOcOo0€ 3aKiIaJKu U [OpU
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THAPO3aKIaJKEe B OCOOGHHOCTM UWMEET [MOTEHIMAN  PalMOHAIBHOTO  METOoJa
3a0J1arOBPEMEHHOTO OJIOKMPOBAHUSI OYara CaMOHarpeBaHusl.

[IpodunakTuka camMOBO3ropaHus OT CMEIICHHs 3aKJIaJ04YHOrO0 Marepuana ¢
MOJIMMEPHBIM TTOKPBITHEM 3aKII0YACTCS B U3OJISIIIMKA U UCKITFOUEHUH TPSIMOTO KOHTAaKTa
KOHIIEHTpaTa OTpabOTaHHOW TOPOJAbI C OTrOJIEHHBIMH CTEHKaMU BBIPAOOTAHHOTO
MPOCTPAHCTBa, a TakXKe B oOecrmeueHuH OoJiee TUIOTHOM 3aKJIaIKH BBIPAOOTAHHOTO
MPOCTPAHCTBA B CHITY JIN€3UBHBIX M 3JTACTUYHBIX CBOMCTB CBs3yrolIero matepuana [118]

3arotoBka
TOJTUMEPHOTO
TIOKPBITHSI

Mecto JpobunbHas u
CKJIaIH PO COPTHPOBOYHASI XpaHumie 3akaouHas

JleHTOYHbIH Hcrounnk

BaHHA CTaHIHS TOTOBOTO IpreMHNK o MauHa /
p KoHBeiiep CKaTOTO BO3IyXa
TIOPOJIBI 3aKJIa0YHOTO Marepuana TCXHHKA

XBOCTOB Marcépuaiga

Pucynok 5.7 - [Ipouecc HaHECEHUS TTOTMMEPHOIO MOKPBITUS BO BPEMS 3aKJIaJOYHBIX
pabot

Nnes cMmemumBaHHWS MaTEpHAIOB HE TOTPeOyeT KamUTaJIbHOTO HW3MEHEHUS
JECUCTBYIOIIUX TEXHOJIOTHYECKUX CXEM 3aKJIaJK{d BBIPAaOOTAaHHOTO MPOCTPAHCTBA H
TpeOyeT NuIb J00aBICHUE 3aTOTOBICHHON CMECH Ha CTaJIuU IPOOJICHHS U MOATOTOBKHU
3akJaioyHoro Marepuana (Puc. 5.7).

5.4 TexHosioruss OTPA0OTKH YroOJbHBIX IUIACTOB NPH OTPLITHIX TOPHBIX
pa6orax Ha npumMepe Lly0apko/bCKOro yrojibHOro pa3pesa

[Tnactel Ha yuacTke LleHTpasibHbIN aIal0T HA FOT U Ha y4acTKe 3araHblid Ha I0ro-
BOCTOK, TIOTOMY KOJMYECTBO YCTYIIOB B BCKpHIIIE YBEIUYMBACTCS IO Mepe
MpOJIBMKEHUS (PpoHTa TOpHBIX padboT Kk neHtpy Lllybapkonbckoro yrojisHoro 6acceitna.
Bckpeliia ¢ BEpXHUX YCTYNOB TPAaHCIOPTUPYETCS B OTBAJIbI BHEITHEH BCKPBIIIU IO
aBTOJIOpOTaM IO Kpaio pas3pe3a. bomnblmas dwacTe BCKpHIIM B CpPEeAHHX H Oojee
HU3KOJICKAIUX ~ YCTYMax OTpadaTblBaeTcs OJHOKOBIIOBBIMUA OKCKaBaTOpaMu |
TPaHCIOPTUPYETCS] caMOCBallaMU Ha y4YacTKH 3aKjaJIKu BHYTpPU pas3pe3a. BpemeHHbie
aBTOYKJIOHBI CTPOSITCSI M3 BCKPBIINIM Ha OOpTax Kapbepa Uil COKpAaIlEeHHUs OO0IIero
PacCTOSTHHS TPAHCTIOPTUPOBKH.

YacTp macTa, BEIXOAAIIAS HA 36MHYIO TIOBEPXHOCTh MJIM OKa3aBINAsICS OTKPBHITON
MOCJIe BCKPBIIIHBIX padOT B KOPOTKUU CPOK OKa3bIBaeTCs BhIBETpenoil. Bo m3bexanue
MOTEPh MOJE3HOTO NCKOMTAEMOT0, CBSI3aHHBIX C OKUCIIEHUEM YTJIsl M BO3TOPAHUS IIEITUKOB,
TPeOYIOTCSI MEPOIIPHUATHS O TOKPBITUIO TTOBEPXHOCTH YCTYMOB M BCKPBHITOTO ITUTACTa
BBIIIICHA3BAHHBIMHU AHTUIHPOTCHHBIMU MaTepHaliaMu. [ToxpsiTHE
dbenondopmManbaIeruIHBIMU  CMOJIAMH, CHHTE3UPOBAHHBIMU U3 (DEHONBHOU BOJIBI
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KOKCOXMMHYECKOTO MPOU3BOJICTBA, SBISIOTCS OOJiee palliOHAIbHBIMU C TOYKH 3PEHUS
HYKOHOMHMKH M IKOJIOTHUH YTIICTOOBIYH.

Hanecenne aHTHUNMPOTCHHOTO MaTepwalia BO3MOXHO  IPOUW3BOAHWTH  Kak
CTallMOHAPHBIMU, TaK W MOOWIBHBIMH CMECUTEIHHO-HACOCHBIMU YCTaHOBKaMHU.
WcnbiTanHpli 1101 HA TA0ENSIX B 2-5 MM MOJIMMEPHOTO MOKPBITHSI TTO3BOJIUT COXPAHUTH
pabouee COCTOsTHUE YCTYIIOB U IETUKOB 110 6 MecsieB. (Puc.5.8)
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Pucynok 5.8 — OtpaboTka 100BIYHOTO YCTyIIAa C MPUMEHEHUEM aHTUIIPUPOTEHHOTO
MOKPBITHS
Ha oTBansl BHelIHEH BekpbIiu mpuxoautces 25% ot obmiero oobeMa orpadboTaHHON
BCKPBIIIIH, & OCTATOK XPAHUTCS KaK 3aKjaJika B TpaHHIIaX pa3pesa.
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[Tpobnema conepkaHusl BHyTPEHHUX OTBAJIOB 3aKJIIOYAETCS B HATMYUU MPOCIONKU
TOpPIOYUX CJIaHIEB, KOTOPBIA 3ajieraeT Ha YroJIbHOM IUlacTa M OTpadaThIBaeTCsl Kak
nmycToi Matepuall. MIHKyOalnoHHBIA MepHo] BO3rOpaHUsl TaKUX CIIAHLEB COCTABIISET 3
MecsLa, U, B HaCTOSILIEE BPEMsI, TH NOPOJbI CKJIAbIBAIOT Ha HU3JIEKALUX TOPU3OHTAX
0TpabOTaHHOTO pa3pe3a U MOKPHIBAIOTCS MIMHOM. [§89]

[lonaraem nokpeiTHe (GOPMUPYIOMIKUXCS BHYTPEHHUX OTBAJIOB aHTUIUPOICHHBIMU
CMECSIMU WJIM TPOU3BENECHHBIMH (eHONI(DOPMAIBAECTUIHBIMU CMOJIAaMU  00ECTIEYUT
NpojJIeHNe NHKYOAllMOHHOTO TIEpHO/Jia Ha CPOK CBBIIIE 6 MECSIIEB, a B JIyYIlIeM ClTydae u
BOBCE MPEIOTBPATUT OKUCIICHHE Toprodux mopos (Puc.5.9)

Ok xo1a 2kekasaropa I1-10.70 Ock xoaa skekasatopa 311-15.90

Bekprunsas noposa /Upu}lmm: CHAHLAMH

63,0 | 833 833 |

P HCYHOK 59— CDOpMI/IpOBaHI/Ie BHYTPCHHHUX OTBAJIOB C ITOKPBITHUCM 3aKJIaJAKH
AHTHITUPOT'CHOM
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3AKVIIOYEHUE

brnarogapst skcneprMeHTaM IO TMOKPBITUIO YTOJIBHBIX INTAa0ENe pa3IndHbIMU
AHTUIHPOTEHAMHU, a TAKXKE MTPOBEIEHHBIM TEXHUYECKUM M CUTOBBIM aHAJIN3aM BBISIBJICHO,
YTO AHTUIUPOTCHHBIE MOKPBITUS HMMEIOT MPAKTUYECKYIO POJb MO MPEIOTBPALICHHIO
OKHUCJICHUS U YBEJIMUEHUIO HHKYOAIIMOHHOTO TIEPUO/Ia YISl U CIIEIIKOKCA.

DKCHEepUMEHTHI 10 MPUMEHEHUIO AHTUIIUPOTEHHBIX MAaTE€pPHalIOB MPOU3BOAUIUCH
JUIIb B YCIOBHUSX OTKPBITOTO XPAHCHHUS YIJISA, TIPU 3TOM PE3yJIbTAThl TEXHUYECKOTO U
IPaHyJIOMETPUUECKOTO aHAJM30B, TMO3BOJISIIOT CleNlaTh BBIBOA 00 3ddexkTuBHOCTH
AHTUMHUPOTEHHBIX MATEPUATIOB B MPEIOTBPAIICHUN BHIBETPUBAHHS Ha BCEX CTAIUSAX
yrIaea00bud, TaK KAk TPUHIUI W CIIOCOO TMOKPBITHS CKOIUICHHH CKOIICHHH YTJIst
ocTaercsi eMMHBIM. B cBsI3u ¢ uem, B paboTe OBLIIM PACCMOTPEHBI IPUMEPHI TPUMEHEHHUSI
METOJIMKH COXPAHEHMsI TEXHOJIOTHYECKUX M MOTPEOUTENHCKUX IEHHOCTEH B pa3InIHBIX
croco0ax u ATamax J00bIYHU YIJIs.

B pesynbrare mpoBeACHHUS SKCICPUMEHTAIBHBIX Ja0OPATOPHBIX HCCIICIOBAHUN
MPUILLIIA K CJIETYIOIIMM BbIBOJAM:

-KamenHbie yriam u CHEIIKOKC CaMOBO3rOparTcs B InTabene B pe3ysbrare
MPOUCXOIANMX  (U3HKO-XUMHUYECKUX  PEAKIUH  OKHCICHUS  TpU  HHU3KOH
TEIJIONPOBOTHOCTH MaTe€pHUaia, a CIEeIKOKChl, HECMOTPS Ha TOHMKEHHOE COJEp>KaHue
JeTyuynx BewlecTB (kaMeHHble yriu uMerT 40-45%, cnenkokc - 10-15%),
CaMOBO3TOPAIOTCS 32 CYET CO3JaHHUS aKTHUBHOW Pa3BUTON MOBEPXHOCTH W M3HAYAIBHO
HarpeToMy COCTOSTHUIO.

-YcTaHOBJEHbl ~ 3aKOHOMEPHOCTH  NPOTEKaHHWs  TEIUIOBOTO  MEXaHU3Ma
CaMOBO3TOpaHUs JUIsl yTJed M CIELKOKCa, IMOJy4YeHHOTro Ha ux ocHoBe. MccienoBaHo
BIIUSTHUE HA IMHAMUKY CAaMOHATrPEBAaHUSI CTICIIKOKCA B IITA0EIIC MHBIX U HE MECHEE BAYKHBIX
KpUTEPUEB M TApaMeTPOB. YCTAHOBJICHO, YTO TMpPH BJIUSHUU BETPOBOTO 0OIyBa,
MPOUCXOJUT MPOTPECCUPYIOMIMA POCT TEMIEPATypbl CaMOHArpeBaHUs, KOTOPBIN
HEn30€XKHO MPUBOJIUT K CAMOBO3TOPaHHUIO.

-Yraepoansle Marepualibl oOpasyloliyecsi B MpOLEecCe KOKCOBAaHUS MPOSBISIOT
Pa3IMYHYI0 CKJIOHHOCTh K camoBo3ropanuto. J[nsi cmenkokca 3(pQexTuBHas dHEPrus
aktuBanuu E Haxoautca B mpeaenax oT 44,3 go 58,7 x/x-monb-1, mpead KCIOHEHT
agnabatudeckoil ckopoctu camoHarpeBanusi C ot 403 no 23668 K c-1. Uem meHbum
3naueHueM E u Gonpimum 3HaueHnem C oOrnamaer marepuan, TeM 0ojee CKIOHHBIM K
caMOBO3TOpaHui0 OH siBisiercs. [[mst cmenkokca E He3HayuTeNbHO MEHBIIE, YeM Yy
KaMEHHBIX yTJIEH, YTO CBUIETENIbCTBYET 00 YBEIMUEHUN aKTUBHOCTH MaTepHalia, OJJTHAKO
HU3Kas BEJIMYMHA MPEAIKCIOHEHThI MOKET YKa3bIBaTh HAa TO, YTO MPU MHUIIMMPOBAHUU
mpoliecca CaMOBO3TOPaHUs CIEIKOKCAa pEIIalolee 3HAYCHHE OTBOJUTCS HArpeToMy
COCTOSIHUIO MaTepHarna.

-MI3 aHTUNHUPOTrEeHHBIX MATEPUANIOB CIIEAYEeT OTMETUTh Tek(iekc - MoJUMEpHOe
MOKPBITUE M TPEXCIOWHYIO MOJIMATUICHOBYIO IUIEHKY, TaK Kak IITa0ensi, MOKPBITbIE
BBINICTICPEYUCICHHBIMI aHTUIUPOTEHAMH, TTOKA3aJi YCTOMYMBOCTD K JOXII0, CHETY U
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BIUSTHUIO HU3KUX Temmeparyp. B cBoEM psiy AaHHBIE IITA0ENs MOKa3ald BBICOKOE
COJICpKaHHE yTIepoa.

-JlaHHBIC ~ CHTOBOTO  aHAJM3a  IO3BOJISIIOT  TIOCTPOUTH  KPWUBBIE MW TIO
HKCIIOHEHIIMAIBHBIM YPAaBHEHUSAM CIIPOTHO3UPOBATh KaK H3MEHEHUE KauecTBa yTOJIbHON
MPOJYKIIUU B 33JaHHBINA CPOK XpaHEHUS UM KOHCEPBAIMHU Pa3padaThIBAEMOr0 Y4acTKa,
TaK M CPOKH COXPAHHOCTH YTJSl O 3aJlaHHBIM KPUTEPUSM KadecTBa. IMOJUMEPHbIE
AHTUIHPOTCHBI TTO3BOJIIOT YBEIIMIUTH CPOK XPAHCHISI IPH COXPAHECHUHN YPOBHS (PPaKITUH
0-6 mm Ha 20% B 2 paza, a ypoBHs ¢pakuuu 50-300 mm Ha 40% B 2,5 pas.

-IlonmumepHble TOKPBITUS WIMA TMOJUITUICHOBBIE TUIEHKH IO3BOJUIM COXPAHUTh
[IEJIOCTHOCTh M DJHEPTeTUYECKYIO0 IIEHHOCTh MPOAYKIIMHA, HE YBEJIWYUB MPH ITOM
30JIbHOCTD, CBSI3M C OTCYTCTBHEM HEOPTaHUYECKUX MpuUMecel B cBoeM coctase. OIHaKO,
HDKOHOMHKA TPUMEHEHUs TIOJUMEPHOTO TMOKPBHITHS HE SIBISIETCS  MPUMEPOM
PalMOHATIBHOCTH U TPeOyeT M3y4deHHUs MPUMEHEHUS WU pa3paboTKu 0ojiee JenIeBbIX
aHayioroB. Tak, HampuMep, UHTEPECHA TEXHOJIOTUSI 00pabOTKHA BTOPUYHOTO CBHIPhS WIIH
MOOOYHBIX MPOYKTOB KOKCOBAHUS YTJIsl.

-denonbHas Boaa, oOpa3zyromiascs B pe3yjibTaTte KokcoBanus Ha LllybGapkonbckoro
VIJIsS, SIBISIETCS PpeajbHOM OKOJOTUYECKOW MpoOJIeMON, KOTOPYKO HEOOXOIUMO
HEHUTpanu30BaTh B JIIOOOM Cciydae, MOIJIO OBl MOCIYXUTb CHIPbEM [UJIsl CHHTE3a
MOJIMMEPHBIX AaHTUITUPOTEHOB HA YYaCTKE MPOU3BOCTBA.

-Buaurcss TEepCHEKTUBHBIM W HCIOJB30BAHUE TPEXCIOWHOM MOJIUATHIEHOBOU
IUICHKU B Pa3IUYHBIX opMax, KOTOpast MOTJIa MOCIYXHUTh dPPEKTUBHBIM MOKPHITUEM U
YIaKOBOYHBIM MAaTEpPHAIOM B CIydasxX TPAHCIOPTUPOBAHUS W CKJIAJAUPOBAHUS YIS U
cnenkokca. M3rotopneHue Tak Ha3blBa€MbIX 0aroB JJis TPAHCHOPTHUPOBKH, XPaHEHHS
YOI U MPOIYKTOB OOECHEUYUT KaK COXPAaHHOCTh NPOAYKTa, TaK U MOOUJIBHOCTH INPHU
WCIIOJIb30BAHUH OTIPE/ICIICHHBIX 00bEMOB.

-PazpaboTanpl TEXHOJOTMYECKHE PEKOMEHJAIMM 1O TMPOJUICHUIO CPOKOB
COXPAHHOCTHU KPYIMHOCTU U TEXHUYECKUX XapaKTEPUCTUK YTJIs U CIIEHKOKCA Ha OTKPBITHIX
U 3aKpBITBIX XpaHUIUIIax. [Ipy OTKPHITOM XpaHEHWU PAIMOHAIBHBIMH PEUICHUSMU
OKa3aJiCh W PEKOMEHJOBAaHbI Ui BHEAPEHUS B IPOU3BOJCTBEHHBIM MPOIECC
mrtabenupoBanue B cooTHommeHuu 2,5mM* 100mM*20m (B*1*11), koTopas coctasiset 5000
T YrOJIbHOW TpoayKiuu B mradene. IHPeKTHBHBIMU MOKPHITHIMHU, 00CCIEYNBAIOIINE
u3MebueHue yriist He 6osee 4,5-5% 3a 6 MecsI1ieB SBIISIIOTCS TPEXCI0MHAsS TEPMOCTONKAs
MOJIMATUIICHOBAS TJIEHKA M aHTUIIMPOTEH ¢ cocTaBoM S % xkunakoro crekna + 1 % I1IAB
(ITporpecc).

-IIpuMeHeHre aHTUTUPOTEHOB CYIIIECTBEHHO HE YBEIMYMUBAET CE0ECTOMMOCTD yTJIs
pu 00paboTKe TOPHBIX BHIPAOOTOK IMPH MOA3EMHBIX M TOPHBIX YCTYIAaX MPU OTKPHITON
n00bIYe yIJIsl, a YBEIMYMBAET MHKYOAIMOHHBIM MEPUOa Ha CpPoK Oosiee 6 MecsAleB Ha
ydacTKax IJIacTa CKJIOHHOTO K BHIBETPUBAHUIO U CAMOBO3TOPAHHUIO.

- [IpoGnembl coXpaHHOCTH YISl BO MHOTOM 3aBHUCSAT OT CIOC00a BCKPBITHS
IIaXTHOTO TOJIA WJIM paspe3a, OTpaOOTKH YroJbHBIX IUIACTOB, NPOPUIAKTHKU
OKHUCJIUTEIbHBIX MPOIECCOB B MOMEHT BCKPBIIIHBIX PadoT T.1.
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-McnibiTaHHBIE MOMMMEpPHBIE AHTIIUPOTEHHBIE MaTepUabl PEKOMEHJIOBAHBI JIJIs
MPUMCHCHHSI BO BpEMs 3aKJIQJIOYHBIX PabOT Il W3OJSIHH OTKPBITOH MOBEPXHOCTH
YTOJBHBIX TUTACTOB ¥ TIOPOJI OT MUHEPATLHBIX aKTHBHBIX KOMIIOHCHTOB, YCYTYOIISIFOIIINX
OKHUCJICHHUSI OPraHWYeCKOM Macchl, M YIUIOTHEHHUsS 3aKJIaJIOYHBIX MAaTEepUAIOB MPH
3aKPBITUN BBIPAOOTAHHOTO MPOCTPAHCTBA U YYACTKOB.

- Ha IllybGapkonsckoMm paspe3e 00paOoTka JOOBIYHBIX YCTYIIOB U BHYTPEHHHX
OTBAJIOB TOPOJIbI C TOPIOYMM CJIAHIIEM TOJUMEPHBIM AHTHITMPOTEHHBIM MaTEPHAIIOM U3
(GeHONIbHON BOJBI TO3BOJUT PAllMOHAIM3UPOBATh MPOU3BOACTBEHHBIA MPOIECC H
00eCcTeuynTh MPOYHOCTH 3aKJIAIKH U TOPHBIX YCTYTIOB

103



CIIMCOK UCITIOJIb3OBAHHbBIX NICTOYHHUKOB

1 B.K. Apenc Ilytu pa3BuTusi TopHOro naena u TopHodM Hayku // ['opHbIH
MH(pOPMaIIMOHHO-aHAIUTUYECKUN OIOJUIETeHb (HAay4YHO-TeXHUYEeCKuU KypHai) 2005. -
c.212-222

2 CunbukoBckuid B.H., Bokun B.H. CunbukoBckas E.B. TexHonorus oTKpbIThIX
ropHbIx padoT: YuebHoe mocobue / Ilox penakuueit B.H. CunpukoBckoro — 2-oe u3.
[Tepepab. u 106. — Kpacuosipck: COVY, 2007. —-528 ¢

3 UpanoBa N.U. Co3manne 3KOIOTUYECKON OE30MACHOCTH JAOOBIUHBIX PabOT Ha
OypOoyroipHbIX MecTopoxkaeHusx Cubupu - npuccepTamusi Ha COUCKAHHME 3BAHMUS
KaHauaara texHuueckux Hayk: 25.00.36 MpKyTckuil rocyJapCTBEHHBIM TEXHUYECKHUU
yHuBepcurer. - Upkyrck, PO, 2014.- 170 c.

4 Perun H.A. TlonroroBka ropubix mopoj k BeieMke. Y. 1. Yuebnoe nmocobue - M.
: l'opHas knura, 2009 — 188 c.

5 Kanar6aea A.Ill. Pa3paboTka crnocoba CHIKEHHS 3arpsi3HEHHS] OKpY Karolen
Cpelbl TMpU CKJIAJUPOBAHMM yIIeH Ha TEIUIOANIEKTpOoCTaHImsaX, ABropedepar
nuccepranuu. -T.Anmatsl, 2010r.

6 T'tonbmanueB A.M. I'onoBun I'.C., I'magyn T.I'. Teopernueckre OCHOBBI XUMHUHU
yri. — M.: U3n-Bo MITY, 2003. — 556 c.

7 Wlanos U.M., lllecrakoBa U.N. dusnko-xumMuyeckre CBONCTBAa OyphIX yriien
Bocrounoit Cubupu u 3abaiikanbckoro kpas // BecTHUK UPKYTCKOTO rocyAapCTBEHHOTO
TEXHUYECKOro yHuBepcurera, 2012. — Ne7. — ¢.81-85

8 Wan-Xing Ren Analyses and prevention of coal spontaneous combustion risk in
gobs of coal mine during withdrawal period // Geomatics, Natural Hazards and Risk, vol.
10, Ne 1, 2019. - P.353-367. https://doi.org/10.1080/19475705.2018.1523237

9 Nman6ekoBa A.M. VYiyuiieHue yciaoBuid TpyzAa, NOBBILIEHUE €ro 0€30MacHOCTH
U OXpaHa OKpyXawllel cpeapl KaK BaXKHbIE COLIMANbHBIE TpeOOBaHUS K
(YHKIIMOHMPOBAHUIO TOPHO0OBIBAIOIIETO Mpeanpusatus // xypHan «[Ipobiemsl mpasa u
SKOHOMHKNY», - 2016. - No2 - ¢.66-73

10 Dr L.L. Sloss Assessing and managing spontaneous combustion of coal — IEA
Clean Coal Centre, UK, 2015. - p.55

11 ecrakoBa N.M. OreHKa 3K0JIOrMYECKON OMACHOCTH CaMOBO3TOpaHUsl OYpBIX
yriei, // Bectauk UpKkyTcKoro rocy1apcTBEHHOTO TEXHUYECKOTO yHUBepcuTeTa, 2012 .
- Ne63 - ¢.77-80

12 Jluapenay H.M., Maesckas B.M., KpsuioB B.®. IIpoucxoxuenue,
npoduiakTUKa U TyIIEHUWE HJIOTEHHBIX MOKapoB B yrojibHBIX maxTtax — M.: Henpa,
1977.-319 c.

13 TponoB b.B. O mexann3Me OKHCIICHUS KAaMEHHOTO yTJIsl KHCIIOPOI0M BO31yXa //
N3Bectusa ToMckoro nHAyCcTpuanbHOro MHCTUTYTA, 1940. - Boin.3, T. 60. - ¢.11-36

14 TIpoGnemsl kaTanu3a B yriexumun. / CoopHuk HaydH crateid. AH Ykpaunsl. —
K.: HaykxoBa gymka, 1992.—c.195-199.

104



15 IMTamkosckuit I1.C., KpaBen B.M. Poip 31€KTpOXMMHUYECKHUX IPOIECCOB B
Pa3BUTUU oyara caMoBO3ropanus yris // Yronas Ykpaunsl, 1995. - Ne6. - ¢. 38-39.

16 Jun Deng, Xiaofeng Ma, Yutao Zhang, Yaqing Li, Wenwen Zhu Effects of pyrite
on the spontaneous combustion of coal // International Journal of Coal Science and
Technology, 2015 - 2(4) - p.306-311. DOI 10.1007/s40789-015-0085-y

17 Onifade M., Genc B., Wagner N. Influence of organic and inorganic properties
of coal-shale on spontaneous combustion liability // International Journal of Mining
Science and Technolology, 2018. https://doi.org/10.1016/j.ijmst.2019.02.006

18 bananaes A., bapanosckuii B., bypuak A., [Ilumonenko JI., Cnoboasuuukosa B.,
I'yaa /., Ky3nenosa JI., Pynauk E. HekoTopeie acneKkTbl OTAENIBHBIX I'€OJOTHYECKUX
bakTopoB caMoBO3ropaeMocTu yrieit / 'eorexuuueckas Mmexanuka, YkpauHa, 2012.

19 CragnuxoB JI.I'. CamoBo3roparomecsi yriiu U MOPOJbI, UX T'€OXUMHUYECKas
XapakTepHUCTUKA U METObI ono3Hanus. — M.: Yraexumuszaar, 1956.— 324 c.

20 3axapos E.l. AyTtookucieHnue Kak ICTOUHUK caMOoHarpeBanus yriis // I3Bectus
Tynl'V. Hayku o 3emze., 2013. - B.I. - ¢.45-58

21 KyzuenoB II.LH., ManonetneB A.C., UcmarunoB 3.P. Bausnue CBOWCTB
MCKOTAEeMBIX yTJIeH Ha WX CKJIOHHOCTh K CaMOBO3ropaHuio // XWMHs B WHTEpecax
ycToituuBoro pa3sutus, 2016. - Bein.24 - ¢.335-346.

22 Restuccia F., Ptak N., Rein G. Self-heating behaviour and ignition of shale rock
// Combust Flame, 2017. - Ne176. - p.213-219

23 Onifade M., Genc B. A review of spontaneous combustion studies—South
African context. // International Journal Mining Reclamation Environment, 2018

24 Ozdeniz A.H., Sivrikaya O., Sensogut C. Investigation of spontaneous
combustion of coal in underground coal mining. / In: Mine planning and equipment
selection conference, Dresden, Germany, 2014. - p. 637—644

25 D.S., Behera P., Singh B. Spontaneous combustibility characterisation of the
Chirimiri coals // International Journal of Geoscience, # 2, 2011. - p.336-347

26 Raju G.S.N. Auto-oxidation in Indian coal mines-an investigation // Journal of
Mines, Metals & Fuels, 1988. - #427 - p.437-441

27 Sia G.S., Abdullah W.H. Geochemical and petrographical characteristics of
lowrank Balingian coal from Sarawak, Malaysia: its implications on depositional
conditions and thermal maturity // International Journal of Coal Geology 96-97, 2012. -
p.22-38

28 Jlyrosuosa H.IO., [lopronma B.A. BausiHue npenBapUTEIbHO OXJIAXKICHHOTO
yIasi Ha pas3BUTHE Mpoiiecca camoBo3ropanusi / CoBpeMeHHbIE MPOOJIEMbI HAyKU U
obpazoBanus, 2013. - Ne 6 —.

29 BacunseBa M. B. T'eonormyeckue QakTtopsl BIMSHUS HAa BO3HHUKHOBEHHE
SHJIOTEHHBIX TI0KApOB B YroJibHBIX ImaxTax // COopHuK HayuHbIX TpyaoB YkpITPH,
2016. - No 4 — c.64-69

30 Cliff D., Brady D., Watkinson M. Developments in the management of
spontaneous combustion in Australian underground coal mines // Underground coal

105



mines, 14th Coal Operators’ Conference. Wollongong, NSW, Australia, Australian
Institute of Mining and Metallurgy and Mine Managers’ Association of Australia, 2014.
- p 330-338

31 Tonbickas ®.A. OrneHka reoIOTUYECKUX (PAKTOPOB CaMOBO3rOpaHUs yriiei
BEIyIIUX YroJIbHbIX OacceitHoB // ['opHBIi HHPOPMAITMOHHO-aHATMTUYECKU I OIOJIIETEHb,
2010. - ¢.193-203

32 Tonbmckas @D.A., IletpoBa K.W. I'eonornyeckue (pakTopbl camMOBO3rOpaHUs
yraei Ky3Heukoro 6acceiina // ['opHblii HHPOPMAIIMOHHO-aHATUTUYECKUIN OIOJIETEHb,
2013. - ¢c.123-129

33 Tlamenko JI.B., Ilotanenko B.M. OcoOEHHOCTH CTPYKTYphl CKIOHHBIX K
camoBo3ropanuto yrieit Jlon6acca // COOpHUK HaAyIHBIX TPYA0B JIOHEIKOTO HHCTUTYTA
KEJIE3HOAOPOKHOTO TpaHcnopTa, 2018. - NoS1. - ¢.66-84

34 T'onpiackas @.A. Ctenenb MeTaMoppu3Ma KaK TJIaBHBIA TeHETUUECKUH MPU3HAK
camoBo3roparomuxcst yriaeit // T'opHblii nHGOPMAIMOHHO-aHAIUTUYECKUN OIOJIETEHb,
2013. - c.164-169

35 Onifade M, Genc B Comparative analysis of coal and coal-shale intrinsic factors
affecting spontaneous combustion // International Journal of Coal Science and
Technology, 2018. - # 5(3). - p.282-294

36 Scott A.C. Coal Petrology and the origin of coal macerals: a way ahead //
International Journal of Coal Geology, 2002. - #50(1-4) -p.119-134

37 Jlm Xm VYn, WN.JI. Mamenko, JLII. benaBenues, II.A. Illnamakop O
ITerporpaduueckom MeTOIE ONIPEACIICHHS COPOIIMOHHON CITIOCOOHOCTH yTuie // BecTHUK
HAy4YHOTO IIEHTpA MO 0€30MacHOCTH PaboT B yroJibkHOM poMbliliuieHHoCcTH, 2012, - Nel. -
c.31-44

38 Deng J., Ma X., ZhangY., Li Y., Zhu W. Effects of pyrite on the spontaneous
combustion of coal // International journal of coal science and technology, 2015. - #2 (4)
-p.306-311

39 Arisoy A., Beamish B. Mutual effects of pyrite and moisture on coal self-heating
rates and reaction rate data for pyrite oxidation. // Fuel, 2015. - #139 - p.107-114

40 Saffari A., Sereshki F., mohammad ataeilthe simultaneous effect of moisture and
pyrite on coal spontaneous combustion using CPT and R70 test methods // The Mining-
Geology-Petroleum Engineering Bulletin, 2019. -p.35

41 Tonbiackas @.A. HccnenoBanue BIMSHHS T€HETHUECKOW BJard Ha MpoIecc
caMoBO3ropanus yriein // 'opHbIi nH(pOpMaIMOHHO-aHATUTHYECKUH OrosuteTeHb, 2013.
- ¢.183-187

42 Ko3snos B.A., ®enoposuu [1.M. Brara B yriiix — Ba)KHbIil TapaMeTp KauecTBa
nponykiuu // I'opHBIM HHPOPMAIIMOHHO-aHATUTHYECKUH OroJieTeHsn, 2013. - ¢.82-85

43 Bopommios C.I1., Bopommiios f.C., Bopommnos A.C., YBaposa B.A. Bnusaaue
BJIaT'M HAa OKUCJICHUE KaMEHHBIX yriell // BecTHUK Hay4HOTO LIEHTpa 1Mo Oe30MacHOCTH
pabot B yrosbHOU mpombinieHHOCTH, 2008. - No2 - ¢.68-85

106



44 Chen Y., Mori S., Pan W.P. Studying the Mechanisms of Ignition of Coal
Particles by TG-DT // Thermochimica Acta, 1996. - Vol.275, No.1. - p. 149-158

45 Eroglu H.N. Develop methods to prevent and control spontaneous combustion
associated with mining and subsidence. - Report number 2000-0195, 2000.

46 Jeffrey L.S The impact of geotechnical factors on the secondary extraction of
coal in the Witbank and Northern Highveld coalfields, specifically related to safety//
Safety in mines research advisory committee, 2002. - p.48

47 Hlesenés JI.B., Porateix A.M., UcxakoB X.A. ITog3eMHbIe BOJBI KaK areHTHI
BBIBETPUBaHUS yriieBMemnaromux mnopona // Bectnuk Kyz0acckoro rocynapCcTBEHHOTO
TEXHUYECKOro yHusepcurera, 2003. ¢.63-64

48 Saffari A., Ataei M., Sereshki F., Ghanbari K. Presenting an engineering
classification system for coal spontaneous combustion potential // International Journal of
Coal Science and Technology, 2017. - p.110-128. https://doi.org/10.1007 / s40789-017-
0160-7

49 benasenues JLII., I'ananun A.@., I'pumina A.®. u ap. be3onacHocTh Tpyna B
yroybHbIX maxrtax.lIpaktudyeckoe pykoBoactBo. CnpaBounuk - M.: Heapa, 1999.- 286 c.

50 [IanoBamoB A.M. MeToan4eckoe PyKOBOJCTBO MO H3YYEHUIO JUCHHUILIHMHBI
"Xumusa" // http://hi-edu.ru/e-books/xbook859/01/part-004 (o cocTrosHHIO Ha
30/04/2020)

51 Dnomreiin C. A., Mourym M. A., HecrepoBa B. I'. Meroasl mnporxHosa
CKJIOHHOCTH  yriledh K  OKHCIEHHI0O W  caMmoBosropanuto //  [opHblii
nH(pOpMaIIMOHHOAHATTUTUYECKUH OroiieTensb, 2008. - Nel12 - ¢.211-216.

52 Tperybos [.I'., OpxwuxoBckuit J[.C., Turepyk A.A. Wcnonb3oBanue
g depeHIMaIbHON CKaHUPYIOIEeH KaIOPUMETPHUH JJIsl TPOrHO3a CKIIOHHOCTH TBEPIBIX
MaTepHalioB K TEIJIOBOMY camoBo3ropanuto // [IpoGiaemsl obecrieueHus 6€30MacHOCTH
MIpY JIMKBUJIALIMK TTOCIEACTBUM Ype3BbIlUaiiHbIX cuTyaui, 2014. -¢.310-313

53 3axapoB E.U., I[landepoBa N.B., CaBunoa JI.H. Mertoaudyeckue OCHOBBI
OIICHKH CKJIOHHOCTH yriei K CaMOBO3TOPAHHIO // ["opHbIit
nH(OPMAIIMOHHOAHATTUTUYECKHH OroieTenb, 1992. - ¢.46-49

54 DOnmreiin C.A., T'aBpunoBa JI.M., Koccosuu E.JI., Anpamiesnu A.O.
Hcnonb30BaHue TEMJIOBBIX METOJOB AJII OLUEHKU CKJIOHHOCTU yTJied K OKUCICHHUIO U
camoBo3ropanuto // I'opusiit )xypHan, 2016. - Ne 7. - ¢.100-104.

55 I'pexoB II., Ilamkosckuit II.C., 3aBbssoBa E.JI., Bcskuit A.A. Metoa
ompeeNieHus CKJIOHHOCTH yTiield K camoBo3ropanuto // ['opHocmacaTenbHOE Aeno: cO.
Hayu. Tp. HUUT' /I «Peciuparop», 2011. - Beim. 48. - ¢.64-73

56 CmupunoBa O.C., TonbiHcKas @.A. CraTucTuueckue METOIbl B
MPOrHO3UPOBAHNUU CAMOBO3TOPAHUS yIiieh

57 Zhu H.Q., Song Z.Y., Tan B., Hao Y.Z. Numerical investigation and theoretical
prediction of self-ignition characteristics of coarse coal stockpiles // Journal of Loss
Prevention in the Process Industries, 2013. - #26(1) - p.236-244.

107



58 Kong B, Li Z.H., Yang Y.L., Liu Z., Yan D.C. A review on the mechanism, risk
evaluation, and prevention of coal spontaneous combustion in China - Environmental
Science and Pollution Research, #24: 23453-23470.10.1007/s11356-017-0209-6, 2017.

59 Bateman C.S. Prevention of spontaneous combustion in underground coal mines
with the implementation of pressure balancing techniques. - PhD Thesis, The University
of Utah, 2016.

60 Zhang J., Ren T., Liang Y., Wang Z.W. A review on numerical solutions to
selfheating of coal stockpile: mechanism, theoretical basis, and variable study // Fuel,
2016.- #182 - p.80-109.

61 I'pexos C.II., ITamkosckuit I1.C., OpnukoBa B.II. KonTtpons 3a nmpuszHakamu
camoHarpeBaHus yriis // Yrons Ykpaussl, 2015. - ¢.40-43

62 Kamunckuit A. 4., [Toranos I1.B., Makapos H.B., [lInanaxos I1.A., Konbixanos
B.B., EpactroB A.JO., Xaiimua C.A. MOHHUTOpPHHI 3HAOT€HHOW IOXapOOMAaCHOCTH
BBIPAOOTAHHOTO MIPOCTPAHCTBA OTPAOOTAHHBIX U JICUCTBYIOIIUX BHIEMOYHBIX YYaCTKOB
HAa TOJIOTUX W HAKJIOHHBIX TUTacTax yrisi // BecTHUK HaydyHOTO IIEHTpa 1Mo O€30MacHOCTH
paboT B yrojbHOM mpombinuieHHOCTH, 2011. - ¢.53-60

63 Kopmynos I'.1., MuponenkoBa H.A., [Toranos P.B., I'anicanos H.JIL., [ 'pumrn
B.IO. KonTposb 04aroB caMoBO3ropaHusi Ha yroJbHBIX IIAXTaX ¢ MOMOIIBIO U3MEPEHUS
IJIOTHOCTHU MOTOKA paaoHa, 2012. - ¢.194-196

64 Yyo6apos b.B., Umwxkos O.B., Tokapes O.C., Bube F0.B. CoBpemeHHBII crtoco0
oOHapy>KeHUsi paHHUX CTaJAUli CAaMOBO3TOpPAaHUs YIUVIS TIO BBIICICHUIO pagoHa //
bezonacHocTh Tpyaa B mpoMbinuieHHOCTH, 2014. - Ne9. - ¢.59-62

65 Iloprona B.A., Jlabykun C.H. M3menenue Ttemnou3nuecknx MmapaMeTpoB
BO3/lyXxa B TOpHBIX BbIpaboTkax maxTel «Pacmaackas» // Bectauk Ky3zbacckoro
roCyJJapCTBEHHOI'0 TEXHUYECKOro yHuBepcurera, 2008. - ¢.31-35

66 ITloprona B.A., Ipyxunun A.A., XpamuoB B.M. Cnocobbl oOHapyXeHHS U
JIOKAIlUA 0YaroB MOJ3EMHBIX MOXapoB // BecTHUK HayyHOTO IIeHTpa Mo 0€30MacHOCTH
paboT B yroyibHO# npombIluieHHOCTH, 2014. - Ne 1. - ¢.103-108

67 [DnexrponHsIi pecypc] http://www.flir.ru/automation/display/?id=43078

68 EpactoB A.}O. OnbiT mpuMeHeHus re0pU3NIeCKON CheMKH U TETIOBO3MOHHOTO
KOHTPOJISL JJIs BBISBJIEHUS OYaroB CaMOHArpeBaHMsl Ha YrOJbHBIX CKJIaZaX U BbIOOpa
cnocoba ux tymenus / Hayuno-rexuudeckuit xxypnan "Bectauk", 2012. - No 2. - ¢.152-
156

69 Ilar. P® 2340002, MIIK GO8B 17/117 GO8B 25/10. Cnocob6 paHHero
0oOHapyXeHUS MoKapa M YCTPOUCTBO i ero peanm3ainuu. / lukapes B.U.; 3asBurens u
naTeHToobOnanatens: BoenHo-kocmuueckas akagemus um. A.®D. Moxkaiickoro. — No
2007130046/09; 3asBn. 06.08.2007; omy6:1. 27.11.2008; - 6rom1. No 33. -5 c.

70 HecrepoBa B.I'., Ilonomape K.E., baxtuna HFO.C. OO0 wucnosib3oBaHuu
ONTUYECKOTO M TEPMOAKYCTOIMUCCUOHHOTO METOJIOB [IJISi OIEHKU OKHUCICHHOCTH

MCKOIaeMbIX yriiei // 'opHbIi HaydyHO-aHAIUTUYECKHH OroeTeHs, 201 1. - Ne. 2. - ¢.180-
187

108



71 Novikov E.A., Oshkin R.O., Shkuratnik V.L., et al. Application of thermally
stimulated acoustic emission method to assess the thermal resistance and related
properties of coals // International Journal of Mining Science and Technology, 2018

72 Tonbickas D.A. [lpumeHeHwe MeToJa MHOTOMEPHON KIacCUPUKAIMU TIO0
ATAJIOHHBIM TOYKaM JIJISi OMPEEICHHs] CTEIEHH CaMOBO3TOPaeMOCTH OyphIX yriien //
Hogrie uaen B I'eonorun Hedtu u I'aza, 2017. - Ne 1. - ¢.67-70

73 Coaltech. Prevention and control of spontaneous combustion: best practice

guidelines for surface coal mines in South Africa. 2009. - p.129
https://miningandblasting.files.wordpress.com/2009/09/spontaneous combustion
guidelines.pdf

74 Tlamenko JIL.B., Iloranmenko B.M. Ilpouecc OKucCI€HUS CKJIOHHBIX K
camoBo3ropanuto yrieit Jlon6acca / COOpHUK HayYHBIX TPYJA0B JIOHEHIKOTO MHCTUTYTA
AKEIE3HOAOPOKHOTO TpaHcnopta, 2019. -Ne 55.- ¢.49-57

75 3asbsanoBa E.JI. [IpuMeHeHHe aHTUNHMPOTEHOB MPOJIOHTMPOBAHHOTO JEUCTBUS
HAa TJIaCTaX HAKJIIOHHOTO U KPYyTOro najeHus // I'opHblil nHQOpMaimoOHHOAHAIUTUYECKU T
oromnerens, 2009. - ¢.321-328

76 I'mymenkoB E.B., Cunopenko A.A. IlpenorspaiieHre caMOBO3IrOpaHMs YIS
npu OTpabOTKE MOUIHBIX KPYThIX IutactoB Kyszbacca // 3anucku ['opHOTO MHCTHUTYTA,
2004. - T.159 4.1. - ¢.32-35

77 I'pekoB C.II., IlamxoBckuit II.C., Bceskuii A.A., BousHenn B.B.
[IpenoTBpailieHre caMOBO3rOpaHus yIiiel B OTpaOOTAHHBIX YYaCTKaX YrOJbHBIX IIaXTaX
JlonGacca // Matepuansl Il MexayHapoiHOW Hay4HO-TIPAKTUYECKON KOH(EpPEHIUH,
nocssamennor Bcemupromy JlHI0 rpaskaanckoit o6oponsl. 2019. - ¢.72-78

78 Ilecrakoa M.W. [IpumeHeHne MHTUOUPYIONINX BEIIECTB JJIs MPOQUIAKTHKA
caMoBO3ropanus Oypbix yrieir Boctounoit Cubupu u 3abalikaibckoro kpas / BectHuk
Upkyrckoro I'ocygapcTBeHHOTO TeXHUYECKOro yHuBepcutera, 2014. - No2(85). - ¢.103-
108

79 Ilar. P® No2666612 AHTUNUPOTEHHBIA peareHT [Jisi XpaHEHUus U
TpancnopTupoBku yris // AKmaes B.B., OO0 "HayuHo-1Tpon3BOICTBEHHOE MPEATIPUSTUE
"I[IpombllITIeHHBIE TEXHOIOTHU XUMHYecKoro cuaTe3a", Omy06m. 11.09.2018 - brom. Ne 26
-8c.

80 ITat. P® Ne2637221 AHTUOUPOrEHHBI peareHT s MPeAoTBpALICHUs
CaMOBO3TOpaHMUsS yIJiA TMpU XpaHeHWH U  TpaHcnopTupoBke //Kmaes B.B.,
Ony06:1.01.12.2017 - bron. Ne 34 - 8 c.

81 Topocsu E.C., lanosanoBa A.A., Epmos J.I'., CrparoBuu II.M. Ananus
METOJI0B OOpHOBI C TOKapaMH Ha TMOPOJHBIX OTBAJAX YTOJBHBIX HPEANPHUATHI //
AKTyalbHbIE HANpaBJICHUS HAYYHBIX MCCIEIOBAHWU: OT TeopuH K mpaktuke, 2015. -
Ne3(5). - ¢.351-354

82 [Dnextponnsiit pecypce] https://www.chem?21.info/info/1527836/

109



83 Janoszek T., Gogola K., Bajerski A., Influence of anti-pyrogenic materials on
coal mining waste's tendencyto self-ignite // Journal of Sustainable Mining, 2016. - Vol.
15, Issue 4. - p.170-174

84 Ilar. P® No 2288155 Criocob TpaHCHOpPTHpPOBaHUS yIiisi U (GOpMUPOBAHUS W3
Hero mradens // HoBukoB M.B., Muxaiinos A.I'., BacunseB I1.H. MucTuTyT ropuoro
nena Cesepa um. H.B. Uepckoro Cubupckoro otaenenusi Poccuiickoit AkageMuun HayK.
Ony0n. 27.11.2006 - bron. Ne 33 - 5 c.

85 Ilar. PO Ne 2237001 Cmoco06 ¢opmupoBaHus IITadenst yriasi B YCIOBUSAX
MHoroJieTHer mep3noTsl // Bacunwes I1.H., 3yokos B.I1., Cepedpennukona T.B., Omy6:1.
27.12.2004 - 5 c.

86 Ilarent PD No2161115 Cnocob dhopmupoBanus mradens yris / Bacunbses [1.H.,
Edpemos A.IL., UemesoB E.H., ®enoposa C. E., Ony6u. 27.12.2000 - - 5 c.

87 ITareutr CCCP Ne840400 Croco0 3amuThl mIradess noJIe3HOT0 UCKOIIAeEMOT0 U
€ro KOHIIEHTpaTa OT caMoHarpeBa u camoBosropanus // EnpuanunoB E.A., Omy0m.
23.06.1981 - bron. Ne 23 -3 c.

88 ®denopoBa C.E. TexHONOrMM CKIAAMPOBAHUA YIJsA U1 NPEAOTBPAIICHUS
camoBo3ropanus // ['opHbIi HHPOpMaMOHHO-aHAIMTUYECKUH OrosuieTenb, 2005. - ¢.183-
189

89 Ortuer KOMNIETEHTHOTO JHia 00 yroiabHbIX akTuBax AO «Illy6apkoias KoMHUp»
(Pecniybnuka Kazaxcran) - SRK Consulting (Kazakhstan) Ltd KZ0521, Anmatsr, 2018. -
88 c.

90 KomruiekcHbI  TpOeKT: ocBoeHuss U paspaborku  lllyGapkombckoro
MECTOPOXKIEHHU C TuKBuAanuen nocneactsui aestenpHoctu AO "llly6apkons Komup",
,2004. - Tom L. - 345 c.

91 Hpwxn H.A., HdaynemxanoB A.K. [aynerxanoa X.T., 3amanner H.M.
KauectBennbie xapaktepuctuku yrias [lly6apkonbckoro MeCTOPOXKICHUS U €ro
MIPUMEHUMOCTD JIJIs IPOM3BOJICTBA CIIeLIKOKca // xypHan Tpynbl YHusepcuteta, 2019. -
Ne3. - ¢c.45-49

92 [DnextpoHHbIi pecypc| CaMOBO3ropaHue yriecoaepkKux MmopoJi Mpou301uUio B
Kaparangunckoii obnactu // http://today.kz/news/proisshestviya/2019-08- 20/782051-
samovozgoranie-uglesoderzhih-porod-proizoshlo-v-karagandinskojoblasti/

93 BegomocTh paboumx dyeprexeidl AKTIOOMHCKOTO 3aBojaa (eppocIiuiaBOB
908.11.10-1.1-TX —2012

94 Tloctanosnenue [IpaButensctBa Pecryonuku Kasaxcran ot 17 urons 2010 rona
Ne 731 O6 yrtBepxnenuun Texuudeckoro perinameHTta «TpeboBaHusi K 0€30MacHOCTH
yraeil ¥ TPOU3BOJCTBEHHBIX IPOLIECCOB WX JOOBIYM, MEePepadOTKH, XpaHEHUS U
TPaHCHIOPTUPOBKID)

95 CT PK 1526-1-2016 Yrmu Illy6apkoasCKOro MECTOPOXKACHUS YTIIU Y4aCTKOB
«lIeHTpanbHbBIN» U «3amaHbIN

96 CT PK 1527-2006 TomnuBo TBepmoe MUHEpalbHOE MapKHpOBKa, YIIaKOBKa,
TPaHCIOPTUPOBAHUE U XPaHEHHE

110



97 CT PK 1382-2011 Yrnu OnpeneneHue OKUCIEHHOCTH

98 npoext Texnuueckoro periameHTa «TpeboBaHUA K YIVISIM U MPOAYKTaM HX
nepepadoTKm»//
http://www.nca.kz/upload/iblock/da0/da08fd323ab2be6b2100519a277b6ed4.docx

99 PykoBOACTBO MO  NPUMEHEHHIO  CIHOCOOOB  TOPMOXKEHHS  Pa3BUTHS
caMOHAarpeBaHus yriisi B BBIpaOOTaHHBIX MPOCTPAHCTBAX BEIEMOYHBIX 11axT. — KemepoBo:
BoctHHUH, 1987. - 69 c.

100 ®enmopouu A.Il.,, Urunmes B.I'., Bepmmawun C.H., [Mapunmuua B.SI. O6
3¢ PEeKTUBHOCTH TMPUMEHEHHUS AHTUIHUPOTCHOB // BeCTHHMK Hay4HOro IIeHTpa IO
06e30macHOCTH padOT B yroJabHOM NMpoMbIiieHHocTH, 2010. - ¢.81-88

101 ITat. P® 2623755 CocrtaB sl peaOTBPAIEHUs] CAMOBO3TOpaHus YIisl Mpu
XxpaHneHnuu u tTpancroptupoBke // XKmaes B.B. Ony6m. 29.06.2017 - bron. Ne 19 — 8 c.

102 ITar. P® 2625109 AHTUOHMpPOTEHHBIA pEareHT Uil XpPaHEHUs U
TpancnopTupoBku yris // dKmaes B.B. O0ymi.11.07.2017 - Brom. Ne 20 - 1 c.

103 IlInanakoB II.A., Jlebenes K.C., T.M. TIpaueBa DddeKkTUBHOCTH
AHTUIIMPOTEHOB Ha BOJHOM OCHOBE // HAy4YHO-TEXHUYECKUI XypHa «BectHuk», 2015. -
Ne3. - c.45-51

104 IIpuka3 Pocrexnanzopa ot 23.12.2011 N 738 "O0 yTBepxkIeHUU UHCTPYKIIUU
MO MPEAYNPEXICHUI0 CAMOBO3TOpaHUs, TYIICHHIO H pa300pKe MOPOIHBIX OTBAJIOB"

105 [DnexTponHbiii pecypc] www.minova.kz (aktyansHo Ha cocT.08.11.2020 1.)

106 Cyxanos P.A., Cunopona I'.Il. Onienka HU3IIEH TEIIOTHI CrOpaHus yrien 1o
M3BECTHBIM 3HAauEHUsIM pabodeil 30IpHOCTH © paboueil BiaxxkHocTH // ['opHbIi
nH(pOpMaIMOHHO-aHAIUTUYECKUH OrosuieTensb, 2006. - ¢.66-69

107 HoOpsxoBa H.H. Hayuno-meroaumdeckoe 0OOCHOBAHHME OIICHKH CKJIOHHOCTH
yrael K OKUCICHHIO JUIsl YOpPaBIIEHWS WX KayeCTBOM MpH J00bYe M XpaHEeHUU //
Jluccepraiusi Ha COMCKaHUE YYCHOW CTEMEHW KaHIuJaTa TEXHUYECKHUX HaykK, MocCkKBa,
P®, 2016

108 Hpwxna H.A., JaynerxanoB A.K., laynerxanosa XK. T. BiausiHue 301bHOCTH U
HEOPraHMYECKOTO COCTaBa Ha camMoBo3ropanue yris // Tpyasl MexayHapoaHON Hay4dHO-
npakTuuecko kKoHdepeHuuu «VMHTEerpauus Hayku, oOpa3oBaHHsS U TMPOU3BOJACTBA —
ocHoBa peanuzanuu [Inana varumy (CarunoBckue uteHus Ne 12), 2020. - ¢.84-86

109 CadonoB A.A., Ilapaduno B.M., MayceimbaeBa A.J[., I'ameeBa JI.M.,
[ToptHOB B.C. MukpoxoMmnoHeHTHBIH cocTaB yriei [lenrpansHoro Kazaxcrana // Yrois,
2018. - Ne9, - ¢.70-75 http://dx.doi.org/10.18796/0041-5790-2018-9-70-75

110 CadonoB A.A., IloprHoB B.C., IlapadmmoBa P.Y., MayceimbaeBa A.Jl.
DKcrpeccMeTol OMpeNeNieHus COACpkKaHMsl JHUOKCUIA JKelie3a B yrjie Ha OCHOBE
M3MEPEHUST MarHUTHBIX CBOMCTB // sxypHan "Yroms", 2018. - ¢.75-76

111 TOCT P 55662-2013 Metoas! nerporpaduueckoro anaiausa yriei. Yacts 3.
Meroa onpeenenus MaluepaibHOro COCTaBa

112 Hpwxa H.A., JaynerxanoB A.JK. [I[pumeHeHre aHTUTUPOTEHHBIX MaTEPUAIOB
Ul TOKpbITUs yraed u  kokca IllyGapkombckoro wmecropoxaeHuss //  Tpynsl

111



MexayHapogHO  HaydHO-TIpakTHUecKoW  KoH(epeHuun  «WHTerpamus  Haykw,
o0pa3oBaHusl M TPOM3BOJCTBA — OCHOBa peanu3anuu llmana Hammm» (CaruHOBCKHE
gyreHus Ne 10), 2018. - U.4 - ¢.84-86

113 Drizhd N. A., Dauletzhanov A. Zh., Zamaliyev N. M., Dauletzhanova Zh. T.
Efficiency of application of antipyrogenic materials for coating coals and coke // Scientific
Bulletin of the National Mining University, 2019. - No. 6. - p.112-116
https://doi.org/10.29202/nvngu/2019-6 /16

114 Epmaram6et b.T., Kacenoa XK.M., Hypranues H.VY ., Kacenos b.K., bixanosa
JLH., bykeraee A.C., J[laybuibaeB, M.Jl. HccnegoBaHue KHHETHKH Ipoilecca
TEPMHUUECKOTO Pa3JIOKEeHUs yIiIsl nryoapkoiabckoro mectropoxaenus //E.A.bexetostiy 90
KBUIABIFBIHA  apHANFaH  XalbIKApPAIbIK  FHUIBIMU-TOKIPUOENIK  KOH(PEPEHIIUSHBIH
Marepuanaapsl -2015. — Tom 1 - c.164-168

115 Hpuwxna H.A., HaynerkanoB A. K., Uopaes M K., laynemxkanosa XK.T. HoBoe
MOJIMMEPHOE AHTUIIUPOTCHHOE TMOKPBITUE IS YIS W CIEIKOKCa W3 BTOPUYHBIX
npoaykToB // Topusiii )xypHan Kazaxcrana, 2020. - No5. - ¢.26-31

116 Uobpaes M.K., Jlayner:kano A.XK., laynerkanosa XK.T., Paxumxanosa 3.A.
[TocTpoeHre MaTeMaTUYCCKOW MOJCIH BIHMSHHS KPYIMHOCTH CIEIIKOKCAa M KOJIMYECTBA
aHTUNHUporeHa Ha camoBosropanue // xxypHan Colloquium-journal, 2018. - Nel13(24). -
c.69-73

117 [OnexTpoHHBIHA pecypc] https://www.parnikiteplicy.ru/material/svarka-
plenki.html (akryansno Ha coct.08.11.2020r.)

118 Hpuxa H.A., HdaynerxanoB A.K., 3amanmueB H.M., Jlaynerxanoa K.T.
[IpodunakTka caMOBO3TOpaHuUsl B TOPHBIX BBIPAOOTKAX MPU MOI3EMHOMN yTieao0nrde //
I"opusbiii )xypHan Ka3zaxcrana, 2020. - Ne§ - ¢.47-52

112



HNPUJIOKEHHUE A. IIpoToK0/IbI HCIIBITAHUN YIJIS U CHIENKOKCA CTOPOHHUMH
aHAJINTHYECKUMHU J1a00paTOPUAMH

PecnyGnnxka Kasaxcran

TOO "Asismyt Feomorua” 100019, r. Kaparanaa

X HMUEG-aHATHTHYCCKAA TalopaTopus np.C. Ceiitpyzuinsa, 105
o= Tem8(7212)418-410,418-409

drapec:B(7212)418-405

Sukaank: Jnvenosa AM.

Anpee zaspyuuka: r.Kaparanna, np. Byaesap Mupa, 17

Znxan No 815 or 29.09.2017 r,

Hawwmenoranse npod: Ioaa

Meran onpeneneiia:  AToMB0-IMueCHONALIA CNCKTPATE LI

MPOTOKOJ HCNIBITAHHH M §25 IK(36)

| N npofes sawazume L] K Yu3 Yed Jus
[ JlaSoparonmii N 0687 30688 20689 L] 20691
Haumenosaumne ofsexra - _ -_ — —_
Towkes ovfiops - - nd -_— —
Jdara ovbops 1408, 2007 r, 14052017 r. 14.09. 2007 T5.09.3017 r. 15.08. 2017 r.
T T [ ——— Conepsanne, %
1[Cepehpo Ag 000007 10,0002 000003 0, a2 0001 1
2| AnsosaEe A Al =) 7 <f < <fh
] L (M As <1,005 <1}, 005 <[5 BN ST
4| bop B 0,019 0,042 0,014 0,001 0,020
s|bapui Ba 0,42 0,72 0,33 0.07 0,70
&l bepuimia Be 10,0008 0,0011 00010 ] 00,0004
T|Buemyr i =0, 006 =, (i ={h 05 <1, (G =, 006
3| Kimsari Cd <[, 000006 0, (08 <[ 000006 <0, 000006 <{ (IO
o Kobamst Cao 00013 [T 01,0019 <), (002 00005
10] Kpor Cr 10,0028 00,0082 0,0020 <0,0007 1,009
11[Mens Cu 10,0097 10,0071 10046 <0,0006 0,027
12[Fenean Fe T,6% 160 L7 1,88 52
13| epreanni Ge =0,0007 =0, 0007 <0,0007 =), 007 <[,0007
14| Hegmil In =], M0 09 <1, 00000 <1, (009 <o) D000 <1, (000%
15| Tanran La i, 0061 0,059 0,0068 10,0034 10,0093
16[JlaTHA Li <0045 <), 0045 <0,0045 <0, 045 <0,0045
17{Mapranen Mo [ 0,062 0,035 016 0,089
18| Monuliaen Mo 0,0005 00013 <), {003 <), (003 0.0004
19| HuoduRA Nh =0,001 1,001 =<l (0 1 <0,001 <0,001
20| Huxen Mi 0,002 [T 00035 <1 D008 o], CI0H
21 [Mocdop F 0,07 0,07 =0,04 <(l,04 <[4
12[Camney Ph N 00018 00017 i, 0008 =10, CKI08
23| Cyprsa Sh 00006 [ 0, 000
24|Crananil Se <0002 <0,002 <i), 002
25| Cenen Se <0, 006 <), 00005 {1, (016
2600080 Sn <0, 0003 <0, 00% =1, 0003
27| Crponuni B 0,140 0,336 1,098
28| Tennyp Te <, D006 =0, 0006 =0, 000006
29| TTan Ti 0,38 .52 047
| Tannuii Ti [T 1, 00004 00002
11| ¥ pau LI =20}, Q003 <1],0003 <1, 0003
12| Banaguli v 0,0067 00070 00067
13| Bonedipam W =), (S <00, 0005 <0003
J4[HrTpui Y 0, Dl}|1 00018 0,0016
EE] (AT Zn 0,010 0,010 0,016
36 LinproHs £r 0,005 0,007 [
HenoasHTend:
Zanemana AM, ﬂ’?n
r
Jara pemoanennn weneranns: 10.11.2017 . Haltrlumruﬁnpumpﬁi i

(DT i3 e 500 PSR PO e T RETR AR RO T Rl
FRayTIe T N GTHOCETEN TG0 OO BETAN, MDOLUBALIM HOPLITaS
Tipraeomcnt wodnu Tt 1 MCERT Doy, SOGIBOMIBENEH. SICUSY KON DOV TA0, SO0 MHOLAMIS0'0 [ASRLS-NE rICORETIRR Crpiwad

113



TOO "Aausyr Deonorps™

K HMHEC-aHAIHTHYCCEAR Ta00paTOpH

Juraaune: Javenosa AV,
Aapec sagamkes: r.Kaparanaa, np.Byaseap Mupa, 17

Jawan No

Hawsexosanse npol: Iaan
MeTo Onpersienns:  ATOMEO-IMHCCHONHBIN CNERTPANEHEIR

HOPOTOKOJ HCIBITAHHA Ne 825 —I1K(36)

825 o7 29092017 r.

PecnyvGnuka Kazaxcran
100019, r. Kaparanaa
np.C.Celdyumua, 105
Tem:8(7212M418-410.418-409
anc:B(7212)418-405

|_N npofies aakazaEa Mes a7 el ] Hel
[ MaGopaTopmei N 593 20653 20694 20655 20696
Hanmenomanne oinexTa - - - — -
Tovisca ariopa - _— — — _
JIaTs oThopa [E09.0007r. | IR0GI0ITT, 18020017 1. TE.09.3017 . 18053017 .
OINpeIe EEMLE TIEMENTIL Conepacanne, %o
1[Cepeipo Ag 0, 0005 100007 000004 <=0, 00001 00000
2| Anrosarmii Al ] 7 i ] 7
3| Mulinkax As Evi <), 05 <{),005 <[, I3 <005
1[Bop B 0,016 0,014 0,026 0,010 0,014
5|Eaprit Ea 0,126 0333 0,388 0,401 0,497
&|BepruLHi Ee 00007 0,0017 X 00000 [XEES
7| BrcMyT Bi =01,006 <0, 008 0,006 =0,006 0,008
| Kansni Cd <[, (0000 <0, (A 1), (0006 <0, (0000 <, 000006
5| Kobans Cn 00012 1,004 00021 00006 0, 0008
1| Mpam Tr 04,0020 10,0055 01,0040 <0, 0007 0030
11| Mens Cu 10,0029 0,043 10,0067 00020 0062
1z Eenean Fe 0,59 2,06 FAT] 1,00 I3%
13| CepManni Ge <[, (007 <), 0007 <0, 0007 =), (0 7 <, 0007
14| Fleumni Tn <0, 09 <1, (00 <11, DO =0, (00009 <0, 000009
15| TanTan La 10,0052 0,140 T, D0E0 0, 0048 10,0029
16| T L I}, {045 <I,004% = TH LR <11, %
17|Mapranen Fin 0,075 [E 0,058 0027 0,053
13[Monniaen Flo 0,004 [NIE <0003 <0, 0003
16| Haobwi Wb <01 <0,001 {1,001 ] 0,001
20| Hukens, i 10,0034 10,0030 10053 00015 0,0024
21 |[Docfiop F 0,09 <004 011 0,04 0,72
22| Comnen Fh 10,0015 G018 01,0020 <), (0% =0, 0%
_ﬁl W Eh 0, 00005 <=0 00004 =0, 00004 0,00007
23| Crananii S <0,002 N =0,002 ], 002 <1002
35| Cencn Se <0, D0THE =0, 00005 <0,00008 E O
36| Cnogo S 0,003 10,0004 10,0003 =0, 0003 <I,0003
27| Crpormed = 0,022 0,172 0,151 0,049 0,177
[ Tenmyp Te =1, 0006 <0, (00006 S <, I B
9| ThTan Ti 020 (3 0,79 027 0,73
30| Tanani i S|
31| ¥pau 1] <, 0003
32| Banwri v 00110
33| Bossdpas W [, 0006
34| Frrpuit Y 0007
55] LlstrK In 0,008
36| LI prosiai £r <1}, (13
Henoamnrean:

Janenoes A M.

Jara snmoanenss wensiranag: 10112017 r.

114




TOO "AsumyT Deonorua”
KHMITKO-AHATHTHYEeCKAR malopaTtopus

akaune: Jaaemona AM.

Adpec saxaruni: . Kaparamna, np.Byassap Mupa, 17
415 o7 29.09.20017 r.

Jakan Na:

Hanuvenoeanse npod: Joma
MeTon onpeacncHiAT  ATOMHBO-IMECCHOHEEH CNCKTPANBHENR

IMPOTOKOJ] ACTIBITAHHHA Ne 825

N o0kl JAKATTHER Mat1
| latonaonneii X 20037
Hanmenopanue ofisexTa -
Toaka orfiopa -
JaTa erhops 18,05 2007 r.
Onpeacamesase avessenria  |Conepmanse, %o
I[Cepefipo Ag 000010
2 AAOMHEHA Al 9
A Muimeax As <[ 005
4|Bog B 0,023
3| bapus Ba [[EE]
&| Bepranih Be 00026
T BHemyT i =006
A|Kaguui Cd <[, ODM06
sl Kobanst Co [T
5 Y] Cr [(TCiEF
11| Meae Cu L0081
12[Femean Fe 1,36
13| Cepesasnii Ge <I, 0007
14| Huanii In <10, (D
15| TanTan La L0096
16 MTurnii Li =10, (45
17| Bdapranern Mn 0,045
18[Monnfineu Ma 00010
19| Huobnii MNb =0,001
20| HHKens Ni L0065
2| dacdop P 0,235
FE] (AT Fb 10,0033
23| Cyphnia Sh 00000
24| Crannuii e =11 002
25| Cenen Se <0, 00006
26| Onoeo Sn 00003
27| Crposusi Er 0,226
2E| Tennyp Te =1, DG
39| Turan Ti 59
30| Tannsh T 0y (N2
31 ¥ pas 1) <), (G003
32| Banannii i 00130
33| Boasdpam W <, NS
3 |Hrpsid Y 0,0025
5[ meK £n 10,022
36| Ll prorsi r 0,0k
Henoansrens; ]! [
Jumenona A M W

Jata epinoaHeERn HenmTasaa: 10.11.2017 r.

PeciyOnura Kazaxcran
100019, r. Kaparauga
np.C.Ceiidynanea, 105
Ten:B(T212}418-410,418-404
Dawc:B(T212)418-405

—ITK(36)

CBErC =TS 38 01300 NS00 M MY ASOACTENNDISOCTE HECHT IR

ATy i T T CP=ICaTOR MO OISR NOGA R P

Cip.3wus 3

el

115



HNPUJIOKEHUE b. AKTBI 0 IPOBeIeCHUM CUTOBOI0 AHAJIN3A

AKT
O NPOBEAEHHWK CHTOBOrD aHanKaa

Mel, kOMWECWA B cocTase npegctasatenal KaplTY (MenonHWTens) B8 nvue
3amanwesa H.M., Axmatiyposa [O.P., Xadpapcea [.A., Bonkonosckoro [B. w

npeactaentens AQ «lllyBapkons komups B NUye 3am, WadaneHusa OTK BanwixwHod E.B,
COCTEEWMK HACTOALLMA KT O NPOBESEHUA CHTOBOND SHAMNW3A YINA NOBLILUEHHDA KDYTHOCTK,
a2 UMekHo onpefeneHu dpakuMoHHOro cocTaea no knaccam 0-3, 3-6, 6-13, 13-25, 25-50,
50-100, 100-300, Gonee 300 WM B SKCNEPWMEHTANBHLIX WTAGENFX, YCTAHOBNEHHLIX HA

OTKPBITOM Cnane (¥/a Tynuk Ne7), B oGweme 200 kr Ha wrabens.

Ne Knace, PeaynsTaTki |
wraBens MM Rata Kr % '
0-3 25 12,5
36 19 95
6-13 24 12,0
13.25 27 13,5
121 R 25.02.2018 o 150
50-100 31 15.5
100-300 44 22,0
Gonee 300 | 0 00
= u_g, | 24 12.0
36| 15 75
6-13 23 11.5
13-25 28 13.0
122 e 25.02.2018 28 14.0
50-100 a5 17,5
_100-300 _ 48 24,5
Gonee 300 0 0.0
03 22 11,0
36 15 7.5
6-13 17 8.5
13-25 18 9.0
123 i 25.02.2018 23 115
50-100 34 17,0
100-300 58 28,5
Gonee 300 12 6.0
0-3 20 10,0
35 u 11 55
6-13 15 75
13-25 20 10,0
124 ST 25,02.2018 35 10.0
50-100 40 20,0
100-300 81 30,5
Gonee 300 13 6.5
0-3 20 10,0
35 14 7.0
6-13 16 8,0
:| 25 e 25.02.2018 - 20 10,0
25-50 22 11.0
B 50-100 a7 18,5
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100-300 56 28.0

Gones 300 15 7.5

-3 27 13.5

.6 29 11,0

&6-13 25 12,5

13-25 27 13,5

126 s 25.02.2018 St 4.0
50-100 30 15,0

100-300 41 20.5

Gonee 300 0 0.0

03 28 140

6 24 12,0

6-13 22 11,0

13-25 25 12.5

127 . 25.02.2018 = 150
50-100 32 16,0

100-300 39 19,5

Gonea 300 0 0.0

= 22 1.0

= 13 65

6-13 17 8.5

13-25 20 10.0

128 s 25.02.2018 = 13.5
50-100 EE] 16,5

100-300 61 30.5

fiones 300 i 3.5

0-3 265 13,0

6 20 10,0

6-13 26 13.0

ne 28 14,0

129 & 50 25.02.2018- a2 16.0
50-100 33 16,5

100-300 35 17.3

Gones 300 o 0.0

03 30 10,0

a6 15 7.5

613 18 5.0

13-25 25 12,5

1.2.10 e 25.02.2018 = 12.0
50-100 28 14,0

100-300 B8 33,0

Bonea 300 0 0.0
03 24 12,0

ah 18 9.0

6-13 16 5.0
13-25 24 148
1211 25.50 25.02.2018 a8 19.0
50-100 32 16,9

100-300 48 24,0

Gonea 300 o 0.0
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0-3 22 11,0

36 , 21 10,5

8-13 23 11,5

1212 13-25 25022018 20 10,0
- 25-50 24 12,0
20-100 30 15,0

100-300 52 26,0

Bonse 300 8 4.0

0-3 24 12,0

3-6 20 10,0

6-13 18 9.0

i 13-25 20 | 10,0
i 25.50 25022018 30 15.0
a2 16,0

51 255

5 25

T,

::":;-l-... .
T T L T
f@r‘u-. B e
L ]

MpeactasuTens AD sllyBaprons KoMWps:

dam. HavansHuka OTK @;-z;,gf'
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AKT
O npoedeHn CHTOBOMD aHanMiaa

Mei, KoMWaccHA B cocTaee npeacTaewTensd KaplTY (McnonHeTens) B fwug
Jamanwesas HM., Axmatwypoea [.P., Xamgapoea [.A, Bonkonoeckoro OB
npegctasnTena AD «lllyGapkons komupr B niue 3am. Havanbuwka OTK Baneikwion E.B
COCTABMNM  HACTORLMA BKT O MpoBEgeHdWM CWTOBOMO @HANWM3a  YrNAa  pAgoson
IFHEpraTMHeckoro, a UMeHHo onpeneneqnl pakUMoHHOro coctasa no wnaccam 0-3, 3-6, 6
13, 13-25, 25-50, 50-100, 100-300, Gonee 300 mm B 3KCNepUMEHTANLHLIX wWTabenax
YCTAHOBNEHHEIX HA OTKPLITOM chnaae (wig ynuk NeT), 8 obweme 200 kr Ha wrabens,

Ne Knacc, ! Pe3ynbTaTh!

wrabenn MM Aara . K %o
0-3 , 24 12,0
3-6 16 8.0
6-13 | 20 10,0
13-25 27 13.5
31 2550 26.02.2018 45 225
50-100 40 20,0
100-300 28 14,0
Gonee 300 0 0.0
0-3 22 1.0
3-8 14 7.0
B8-13 14 a5
13-25 27 135
3z 2550 26.02.2018 a4 220
_50-100 42 21,0
100-300 32 16,0
Gonee 300 Q 0.0
0-3 24 120
3-6 oL 18 9,0
G-13 18 8.0
13-25 22 11,0
3.3 2550 26.02.2018 £2 26.0
50-100 | 34 19.5
100-300 27 13,5
Baones 300 0 0.0
0-3 _ 26 12,5
3-6 23 11,5
5-13 28 14.5
13-25 22 11.0
3.4 2560 26.02.2018 | 49 245
50-100 ' 28 14,0
100-300 ; 24 120 |
Gonee 300 o5 | 125 |
0-3 | 18 85
36 ' 12 G,0
B-13 15 7.5
3.5 e 26022018 | 23 115
25-50 . 36 18.0
50-100 , 43 I 215
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100-300 36 18.0
Gones 300 16 8.0
0-3 23 11,5
3-6 18 8.5
68-13 27 13.5
13-25 22 11,0
3.6 25.50) 26022018 49 24,5
50-100 34 17,0
100-300 26 13.0
Bonee 300 0 0.0
0-3 18 a5
3-6 9 4.5
5-13 10 5.0
13-25 21 10,5
3.7 25,50 26.02.2018 a2 21.0
50-100 44 220
___100-300 38 19,0
Bonee 300 17 8.5
0-3 22 11.0
3-8 15 7.5
6-13 19 9,5
13-25 : 24 12,0
3.8 2550 26.02.2018 44 22.0
50-100 43 215
100-300 33 16,5
Gonee 300 0 0,0
0-3 18 8.0
3-6 14 7.0
8-13 15 7.5
13-25 23 11,5
3.9 TR 26.02.2018 40 200
50-100 44 22,0
100-300 a9 17,5
bonee 300 11 5.5
0-3 22 11.0
3-8 16 B.0
B6-13 17 BS
13-25 22 11,0
3.10 5550 26.02.2018 49 24.5
50-100 29 18,5
100-300 27 13.5
Gonee 300 8 4.0
0-3 18 9.0
3-8 14 7.0
6-13 16 75
13-25 21 10,5
3 T 26.02.2018 5 34.0
50-100 41 20,5
100-300 . 32 16.0
B Gornee 300 11 55
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0-3
3-8
6-13

13-25
3.12 2550 26.02 2018
50-100
100-300
Bonee 300

MNpegcrasuwrenn Kapl TY:

HenonHurens

Wenonuurens e

o

Wcnonuutens ,?}:n ?‘H f
= 7

HMcnonHuTens

Mpeacrasutens AQ ullyBapkons KoMups:

3am. naqanexuka OTK Gﬁ?:‘:rny/
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AKT

0 NpoBedeHHK CHTOBOMNO aHanWvaa

Mel, KOMWCCWA B cocTase npeactasuTensn Kapl TY (wcnonHuTens) 8 nuue
3amanvesa H M., AxmatHyposa [.P., Xanpapoea [J A., Bonkonoseckoro [1.B.
u npeacTasuTens AQ «lyGapkone komup» B Nuue crapwero macrepa OTK
Hevaseon M A cocTaEwny HACTOALLMP SKT O NPOBEOSHAW CUTOBOMD aHanusa
YINA NOBBILWEHHOR KPYNHOCTW, @ WMEHHO onpegenexHnn dpaKkuWoHHOro
cocTtaea no knaccam 0-3, 3-6, 6-13, 13-25  25-50, 50-100, 100-300, Gonee
300 MM B 3IKCNEpUMEHTanNbHbIX WTaben\x, YCTAHOBMEHHLIX B 3AKPLITOM
cknage, B obweme 200 kr Ha wrabens.

Nz Knaceg, Peaynetatel
~ wrabena MM _Ea_“i B I L
63 ] 23 11,5 ;
. 3-8 16 8.0
613 25 125
13-25 28 14,0
1t 2550 23.02.2018 29 | 145
_50-100 33 18,5
_100-300 | 46 23.0
_ Gonee 300 | 0 00
0-3 5 22 11,0
36 | 11 55 |
613 | 23 115
13-25 29 14,5
1.1.2 25.50 23.02.2018 30 15,0
50-100 32 180
. 100-300 53 26,5
Bonee 300 0 00
0-3 19 95
3-6 11 55
613 14 7.0
13-25 18 9.0
113 —25eq 23.02.2018 2 1156
50-100 35 175
~100-300 _ 67 335
Gonee 300 13 8.5
S 03 18 9.0
36 10 50
114 813 | 23022018 12 6.0
13-25 19 95
B - 25-50 20 10,0
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50-100 | 4 20,5
100-300 72 36.0
Gonee 300 | 8 40
| 0-3 | 18 9.0
_ 36 13 6.5
613 16 8.0
13-25 19 9.5
115 25.50 23022018 2 NE
50-100 32 16,0
100-300 66 33,0
e Bonee 300 = g 45 |
0-3 ' 5 12,5
3-6 20 10,0
6-13 23 115
13-25 26 13.0
118 a 23.02.2018 5 150
50-100 34 17.0
. 100-300 42 21,0
Sonee 300 0 go
- 03 23 11,5
. 38 17 8.5
. 613 25 12,5
13-25 29 145
147 5= €5 23.02 2018 % X
___50-100 30 15.0
100-300 45 230
. _ bonee 300 0 0.0
03 21 10,5
3-6 | 14 7.0
| 8-13 19 9.5
13-25 22 1.0
| 118 5550 24.02.2018 56 3 |
. 50100 | 31 15,5 |
100300 59 285
| Gonee 300 45 !
03 25 125
| - 23 115
6-13 | 25 13,0
13-25 7 135
119 2550 24.02 2018 = P
50-100 , 32 16,0 |
| 100-300 39 19,5 '
Gonee 300 | 0 0,0
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03 ' 22 110

36 15 75
613 | 20 | 100
1325 | 25 12,5
1.1.10 j_z_ﬁ‘_-':_‘ju = 24 02 2018 24 12.0
50-100 ' 29 145
. 100-300 | o9 295
Gonee 300 B . 2,0
] f.‘_-:-‘-l-l.-_: Tl.- E Ec-'i:;;;‘-“'—h‘
MNpeactasutenn KaplTY: | franiy ‘p,@\
WcnonuuTens
WcnonHuTens : J
N o m ol
WenonHutens Xaipapos [ A

WcnonHuTens C:P

MNpeacrasutens AQ «lllyGapkonst Komup»:
- |k

Crapwwin mactep OTK # Heuaepd oy
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AKT
O NPOBEAEHHW CHTOBOMO aHanusa

Mel, koMMccWMA B8 cocTase npegctaswTensi Kapl TY (wenonHwTens) B nwue
Jamanuesa HM., AxmatHyposa [O.P., Xadpapoea [OA., Bonkonosckoro [O.B. w
npeacrasatend AD «lllyGaprons womupr B nuue 3am. wavansiuka OTK BanwixuHoi E.B.
COCTABMNA HACTOALLMA 3KT O NPOBEJEHUA CHTOBOMD aHaNW3a YIMA PASOBOMO C NOBLILLEHHBIM
COOEPMAHMEM MEMNONYW, 8 UMEHHD onpegeneHny dpakyWoHHOro cocTaea no knaccam 0-3,
3-8, B-13, 13-25, 25-50, 50-100, 100-300, bones 300 MM B 3KCNEPUMEHTANBHLIX WTAGENAX,
YCTEHORNEHHBIX HA OTKPRITOM cknane (/g Tynuk Ne7), B oBeeme 200 kr va wrabens.

Ne Knacc, ' Peaynsratsl
wraGens MM Asra Kr o
0-3 29 14.5
3-6 18 9.5
6-13 30 150
13-25 0 15,0
2.1 385D 24.02.2018 Y 155
50-100 30 | 15,0
__100-300 31 15,5
. tonee 300 0 0,0
0-3 28 14,0
36 18 8.0
6-13 29 | 145
13-25 30 15,0
2.2 5550 24.02 2018 12 16.0
S0-100 33 16.5
100-300 30 15.0
Bonee 300 1] 0.0 |
3 | | 28 140 |
3-6 i 19 | 85 |
6-13 ! 27 135
13-25 31 15.5
2.3 5550 24.02.2018 34 17.0
50-100 28 140
100-300 3 15.5
__Bonee 300 2 1,0
0-3 30 15,0
3-6 18 8.0
6-13 26 13.0
13-25 a5 17.5
2.4 2550 24.02.2018 31 15.5
. 50-100 | 31 15,5
100-300 29 14,5
Gonse 300 ] 0.0
0-3 24 12,0
3-6 18 a.0
6-13 I 25 12,5
’ 25 1398 < 24.02.2018 30 150
25-50 A6 18,0
50-100 | = . [ 155




100-300 32 16,0

Gonea 300 4 2.0

0-3 30 15.0

36 18 8.5

B-13 27 135

13-25 a3 16,5

26 35.60 24 02.2018 32 16.0
50-100 a0 15.0

100-300 29 14.5

Gonee 300 0 0.0

-3 i) 13.0

3-6 18 9.0

6-13 25 12,5

13-25 32 16.0

2.7 2880 24 022018 a7 18.5
50-100 26 13,0

100-300 32 16.0

Ganee 300 4 20

0-3 27 13,6

3-8 17 B5

613 29 14.5

13-25 30 15.0

2.8 25.50 24.02.2018 32 16,0
50-100 30 15,0

100-300 32 16,0

Gonee 300 3 1,5

3-8 18 9.0

B-13 24 120

13-25 34 17,0

28 2560 25022018 23 16 5
50-100 31 15,6

100-300 a2 16.0

Bones 300 K| 1.5

0-3 29 14 4

-6 18 8.4

6-13 30 14,9

13-25 30 14,9

210 2550 25022018 30 14.9
50-100 34 16.8

100-300 30 14,9

Bonee 300 0 0,0

0-3 28 14.0

3-6 18 8.0

6-13 27 13,5

13-25 30 15.0

21 25.50 25.02.2018 11 155
50-100 31 15,5

100-300 33 16,5

Goneea 300 2 1.0




0-3 28 14,0
36 19 | 8.5
6-13 29 14,56
13-25 29 14,5
212 25.50 25.02.2018 30 15.0
50-100 3 155
100-300 K| 155
Gonee 300 3 ~+5
S e A e

Mpepcraautens KaplTY:

Wenonuurans
WcnonxuTens
Wenonkurens
Menonuutens
Mpegcragutenes AD «

3am. HadanoHwka OTK

(Beenot

R mara
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My, womwccus B cocTaee npegcTaBdTened  KaplTY (wcnonduTens) B ndue
Xahpaposa [ A, Bonwonosckoro [.8.
npeactasutens AD «lllyGapkons komwpe B nWue 3am. Havanewuka OTK Banwiwkod E.B,
COCTABMNM HACTOALMA AKT O NPoBEGEHWM CMTOBOMD AHANW3A CNEUKOKCE, 3 WMEHHD
onpeaensHn  PpaKuWoHHOrD cocTaea no knaccam 0-3, 3-8, 6-13,
BKCNEpUMEHTANBHEIX WTabeNAx, YoTaHOBNeHHLIX Ha OTKPEITOM cknage (x/0 Tynwk MNeT), B

damanwepa H.M., Axmarvypoea [P,

AKT

o npoEeAeHHH CHTOBOMO aHanWaa

cbwene 100 kr va wrabens.

13-25, 25-50, B

Ne Knace, PeaynbTartsl
Data
wrabena MM or %
03 14,0 14,0
1 36 26 022018 34.0 34,0
513 520 | 520
0.3 12,5 12,5
11 36 26.02.2018 30,0 30,0
812 57.5 57.5
03 185 18.5
12 36 26.02.2018 410 41.0
613 40,5 40.5
0-3 20,5 205
36 40,5 405
1.3 38 26.02.2018 o e
1325 20,5 20,5
03 13,5 135
14 3.6 26.02.2018 33,0 33,0
813 . 53,5 53,5
03 40 40
3.6 5.0 5.0
: 6-13 Mg 19,0 19,0
1325 72,0 72,0
03 20 2,0
36 5.0 5.0
& 613 ZB.Re28 15.5 15,5
1325 7.5 715
03 3.0 3,0
36 6.5 6.5
ol 6-13 £PL0E2005 17.0 17,0
1325 735 735
03 50 5.0
36 | 115 11,5
23 813 RUE210 14.0 14.0
13-25 69.5 6.5
03 25 25
36 5.0 5.0
24. e 27.02.2018 165 oE
13-25 76.0 76.0
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0-3
3-8
3 6-13 27.02.2018
13-28
25-50

71.0

0-3
3B
31 513 27.02.2018
13-25
25-50

15.0

75,5

0-3
38 I
3.2 | B-13 27.02.2018

l 13-25
' 25-50

0-3
_ 36
a3 6-13 27.02.2018
13-25
25-50

0-3
3-6
3.4 6-13 27.02.2018
13-25
25-50

Npegcrasurend KaplTY:
Wenonywrans

Wenonuurans

WenanHaTent . ﬂ":‘};}

WcnankuTens *%_;::}
MNpegcrasurens AQ «lyBaprons KoMups:

3am. HavansHuka OTK ﬁ:-?m./
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NPUJIOKEHMUE B. CBognas Tadjauna pacuera CTOMMOCTH NPUMEHEHUs

AHTUIIUPOTCHHBLIX MaTCPHUAJI0B

3aTp mM-a1a
3arp. M- Pacx. m-12 walt
Ne Pacx. mat- | C1-TH 1 KT | Pacx. M-i1a ) HalT
2 JaHal mradesst
mTao. Ja, Kr M-J1a, TT Ha 1 M*, KT 5 mrades
M“, TT 5000
5000 1, xr
TOHH, TT
1.1.3 1 000 82 83,3 6 833,3 43,33 3553
1.1.4 460 1500 38,3 57 500,0 19,93 29 900
1.1.5 13 1400 1,1 1516,7 0,56 789
100 360
1.1.6 50 167 12,5 3695,8 6,50 1922
50 32
1.1.7 0 167 9,2 968.3 4,77 504
75 157
1.1.8 25 417 8,3 1 850,8 4,33 962
100 67
1.1.9 100 45 16,7 9333 8,67 485
1.1.10 41050 403 34,6 14333 17,98 745
1.2.3 1 000 82 83,3 6 833,3 43,33 3 553
1.2.4 460 1500 38,3 57 500,0 19,93 29 900
1.2.5 13 1400 1,1 1516,7 0,56 789
100 360
1.2.6 50 167 12,5 3695,8 6,50 1922
50 32
1.2.7 60 167 9,2 968.3 4,77 504
1.2.11 195 1131 16,3 18 378,8 8,45 18 379
1.2.12 155 1 047 12,9 13 523,8 6,72 13 524
1.2.13 420 1411 35,0 49 385,0 18,20 49 385
2.9 60 32 5,0 160,0 2,60 21
2.10 250 150 20,8 3125,0 10,83 4531
100 150
2.11 500 95 53,3 5315,0 27,73 2 764
40 32
2.12 500 150 41,7 6250,0 21,67 3250
100 360
33 50 167 12,5 3695,8 6,50 1922
3.9 60 32 5,0 160,0 2,60 83
3.10 250 150 20,8 3125,0 10,83 1625
100 150
3.11 500 95 53,3 5315,0 27,73 5315
40 32
3.12 500 150 41,7 6250,0 21,67 3250
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IPUJIOKEHHUE T'. ITatent Ne4892

REPUBLIC OF KAZAKHSTAN

MATEHT
PATENT

M 4692
HAILTATE MOJETRIE / HA IHOTEIHYIO MOIETE / FOR UTILITY MODEL

(21} 201910263
(23} 23.11.2009

Kazageran Pecnyvinnkacs Malloams MoleTsiep MeallegeTTiE TITTMIATS
TIpEEY YR ! ,Il,a'sa pernoTpar & [ocyIiprIscHROM PeecTpe NoeTHE
ssogenedi Peemvimmar Bazaxetan / Date of the registration in the State
Register of Utility Models of the Republic of Kazakhstan: 28.04, 2020

(54) Keumip MeH apHailsl BOKCTE CRKTAY e TACKMATLIAY Ke3iHDe ReMipiTyl MeH el lriHeH &aHYHH
oCIBIPMAYER APHATFAH DOTIIMEDTE #alEE

[Toamnepaos NOKPLITIE 108 NPEI0TOPaINSHIE Bbbe PN HNE 11 COMOBOOPAHIE VIO 1 COSlRIRCE TP
EPAREHTN T TPAECHOPTHPoRRE

Polyisenic coating to prevent airing and spostanecus commbustion of coal amd special coke during storage
and tragsportation

-
{73} Tayaersanos Acknber Kamacmmonir (K2 dpmaa Hosoaadt Avexcanaposir (KZ) %
Daletzlanoy Assylbek Zhanasylovich (B2 Drzhd Nikolay Alexandrovich (KZ) g

{72 Javnerswanosa Kabaa Tavseyparossa (K2} Davlezhavova Zhanna Tavmmratovos (KZ)
Jumamien Hawm Mascyponse (KZ2) Zamnlivey Nail Mansurovich (KZ)
Hipaes Mapar KitpiviSacnim (K2} Iheavey Marmt Kinmbavevich (KZ)

l SLIK, o odisnas %E EvuETRIpOE

Meamcann 3L . KvamTrapon §
Signed by EDS Y. Kuantyrov :
N

‘ W WITTTRIE ANATREpAiE Merin| e T TR PME dnpextopa

Anpesrop PTTH cHammomansmsni insTemyT mimeimesryaTmn codc TRenmaeTis
\ Director of the «Naticmal Instinate of Intellecnzal Propertyn RSE
\m-ﬂ:ﬁ. VAT VTNV a"w‘f

rABAATAUASASATATAIAS

-'k‘-{,
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HNPUJIOKEHMUE JI. AKT BHeApeHUs B IPOU3BOJICTBO

Ea3arcran Pedrmelinpeais, 100004 |'/ Pacnyfineks KaagsiTas, 100004
Eaparangs «,, Acthannteas e 18 4 r, Eaparangs, vn. Acdianeraas 18
-7 7312 4407 24 SHUBABRKOL KOMIR +77212 8407 41
=T Td1d 440516 ) k\ #T 7272 440516
shkBerg ke shivGarng kx

OuccepTauWoHHBIA COBET

«lopHoe genow No cNeEUWanbLHOCTAM:
60070700 «MNopHoe genaw,

60070600 «eonorvA » pazeegra
MECTOPONOEHHA NONSIHLIX HCKONAEMBIX:
npu EaparﬂHAl&Hl:KﬂM TEXHHYSCHOM
YHHBEPCHTETE

AKT BHEOPEHWA

Mbl: HAMETOANWCABLLWECH, KOMWCCKA B COCTAEE!

Knm C.N. — Buue-npeangedT no npovzecacrey AQ alllyGapions komMups;

Opuxa H.A, — pupextop HTLU «Metaws KapTV, a.7.1., npodeccop;

OaynetwaxoB AM. — goktopasT kadenpe PMMKM KapTy
COCTAEMNM HACTORALWMA BKT B TOM, 4TO OCHOBHLIE NONOMEHUA OWCCEPTALMOHHOR
patotw A [aynemkaHosa Ha Temy «PaapaGoTka MeTOOWKW XpaHEHWMA YINA W ero
npoaykToB  nepepaboTkM  © COXpPaWeHWeM WX NOTPEOWTENBCKMX  CEOWCTER
AOKNaARBANACE W NONyYKWM oAcOpEHME HA 3CEAAHMM HAYYHO-TEXHWYSCKOTD COBETA
AD  alllyGapwone komuper. [MposegeHHble  HayuHble  WCCNEOOBaHWA  MOMHO
¥aAPAKTEQM30BATE KAk HaysHo ofocHoBaHHLIe pa3lpaloTeM, KOTOpLE  WMEDT
NpEKTUHECKYH LEHHOCTE W DEKOMEHOVIOTCA K BHEODEHMID W WCNONB3IOBEAHWW NpW
NDOBEAEHWKM  HAYYHO-WCCNefoBaTensckux W ONBITHO-MPOMBILUAEHHEX paboT  no
COXpPAHEHWH TEeXHONOTWHYECKWX CEOACTE YINEed W NpOMMNaKTHEY BbiBETPMBAHWA W
CaMOBOIrOpaHWA OTBANOE YIoNbHBEX Nopod. HacTOAWWM NUceMoM NOATBERMOAEM O
NONOKWTENEHBIX WTOraX BHEGDEHWA HEYYHO-NPAKTHHSCKAX peayNLTaTos JUCCepTaLiM,
KOTOpLIE MMNAHAPYIRTCA K WCNONLIOBAHWID HA NPOMIBOACTBEHHLIX NNOWAOKEX MpW
LO0RIYE W XPEKEHUR YTNA.

[aHHuIA KT BHEADEHUA He ABNASTCA OCHOBAHMEM ONR NPefLRABNEHWA KaKux-
nuBo hMHAHCOBLIX NPEeTEHaMA, a Tawoke TpeOOBaHWA, CEAIAMHLIX C ABTOPCKUMM
NpasamH.

0

Ewue-npeiugeHT No NnpoMiIBoacTey -
AD zllyBapKonk KOMUR |-=

Kuma C.1.
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MNPUJIOKEHMUE E. IlacnopT CKJIAJUPOBAHUSA YIJISl U CHEIKOKC HA IY0APKOJIbCKOM pa3pese
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NPUJIOKEHHUE WU. IToBbiienne 3¢ GeKTUBHOCTH TEXHOJOTHH Pa3padoTKH MECTOPOKIACHUS

[NoBbiweHue 3dpekmubBHOCMU MexHON02UU pa3padomku MecmopoXdeHus
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