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IpH YTWIN3AIUH MNUIAMOBBIX OypoBBIX 0TX0m0B. Croco® yTunmsanuu OypOBOTO HUIaMa CKBaKHH
BKIJIIOYAET OTHeNeHHe OypoBOro muiamMa OT OypoOBOIO pPacTBOpa W BEITPY3Ky OypoBOro muiamMa B
HITaMOBBIH ambap. DopMupyOT pa3fenuTeNbHYI0 METAUIMIECKYI0 apMaTypy SYEUCTOrO THIIA BHYTPH
[IJJaMOBOTO ambapa B BHJIE BEPTHKAJIHHO OPHEHTHUPOBAHHBIX SUEEK JJISI BOSMOXKHOCTH TOCIEAYIOLIETO
OTAETHHOTO MOPLHHUOHHOTO XHMHKO-TEXHOIIOTUIECKOTO BO3ICHCTBH Ha OypOBOW HUIaM B KaXIOU U3
syeek. CHadana aecTabMIM3UPYIOT KOJUIOWIHYIO CHCTEMY BBEICHHEM Cyib(ara jkeje3a B KOJIMYECTBE
nopsinka 1-3% ot obmeit mMaccel OypoBOro IniamMa A0 BHU3YaJdbHO 3aMETHOTO Pa3KIDKEHHUS MacChl
W PaBHOMEPHOTO CTPYKTYpooOpa3oBaHHA. 3aTeM MPOBOIAT aOCOPOIUI0 MONYYEHHOH MAacChl IyTeM
BBEJICHHSI BEPMUKYJIMTA BCIYYEHHOTO B KOJMUECTBE Mopsiaka 1%. 3aBepiialoT BO3AEHCTBHE BBEIICHUEM
TYMHHOBBIX KHCJIOT B KoJH4YecTBe mopsnka 1% ot oOmelt maccel OypoBoro mmiama. Crocob
OCYIIECTBIIAIOT MPH TTOCTOSHHOM ITIEPEMEIINBAHUN CO CKOpPOCTHIO mopsiaka 30-60 o0/MuH B mpenenax
nopsiaka 30-60 MUH Ha KaxI0M U3 Ha3BaHHBIX ONepaluii U KOHTPOJIUPYIOT 3HAuUMMBbIE MapaMeTphl ¢
oTpeieNIeHNeM KiIacca OMacHOCTH MOJTyYeHHOTO MPOAYKTa B MPOIecce BO3NEHCTBUA. 3aTeM M3BICKAIOT
METAJLTHYECKYI0 apMaTrypy U3 IIIAMOBOTO aM0apa W J0OaBISFOT TPYHT B KOJIHYECTBE, HEOOXOAMMOM
JUISL TOCTYDKEHUS TTOJYYEeHHBIM MPOAYKTOM 3HA4YeHUH KOHIIEHTpalWi HWXXE NPEAETIbHO JOIMYCTUMBIX.
N3o6peTenue mo3BOIsET TAPAHTUPOBATH BHICOKOE KAUECTBO YTHIIM3ALUH MIPH UCKITIOYCHUN H3ITUIIHETO
BPEMEHH BO3/ICHCTBUS, SKOHOMS 3aTPAauUBAEMBIC PECYPCHI.
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Cnoco0 yruauszauuu oTpadoTaHHOro 0ypoBoro mJjaamMa CKBamXHH

N300peTeHne oTHOCUTCSA K 00JacTH 00€3BpEKMBAHUS OTXOAOB OypEHHUS M MOXET OBITh
UCTIOJIb30BAHO NPU YTHJIM3ALMH IIJAMOBBIX OypOBBIX OTXOAOB HpU OypeHUHU Ii1yOMHHBIX
CKB)XUH PAa3HOTO HA3HAUEHHUSI.

H3BecTeH cnocob yTUIM3ALUKM OTXOA0B OypeHus ckBaxuH (mareHT PD Ha mzobOpereHue
Ne2213121), KOTOpBIH COAEPKUT PEKYJbTHUBALMIO LLIAMOBOrO ambapa, BKIOYAKOLIYIO
ocBoOOXkIeHHe ambapa oT KUAKOH (asbl oTpaboTaHHOrO0 OYpOBOTO PacTBOPA, JTHUKBHIALMIO
TEKy4eCTH €ro KOAaryJsIMOHHBIX CTYCTKOB, 3aCBIIIKYy OCTABIIMXCS OTXOIOB OypeHus
MHHEpaJbHbIM TPYHTOM, IIAHHUPOBKY Tepputopuu. llepen ocBOOOKAEHHEM IIJIAMOBOTO
ambapa OMpenessitoT KOHLEHTPALUU 3arps3HSIOLIMX BELUIECTB B OTpabOTaHHOM OypoOBOM
pacTBOpe, OOBOIST CONAEpIKaHHE 3arpsi3HSIOIIMX BEIIeCTB B PacTBOPE A0 3HAYSHHUH HIDKE
npefenbHO JOMYCTUMBIX KOHLeHTpauuid. OcBOOOKIEHHWE NPOU3BOMSIT IMYyTEM BBITYCKa
KHUAKOH (asel yepe3 mpoeM 00BaIOBaHUS LIAMOBOTO ambapa.

H3BecTeH Takke cnocod ode3ppekuBaHus Oyposoro miamMa (mateHT PP Ha nzobperenue
Ne2541957), xoTopblii BKJIOYAET mpueM OypoOBOro muiama ¢ >KeJoOHOH JuHUU OypoBOH
YCTaHOBKHM WJIM MOCJe BHOPOCHUT LEHTPAIbHOH CHCTEMbl TMAPOLMUKJIOHHOHW OYHCTKH CO
IIHEKOBOIO TpaHcmopTepa OypoBOW YCTAHOBKH, MOATOTOBKY K OO€3BpEKUBAHUIO -
nepepaboTke OypOBOro Ijiama, MOATOTOBKY PacTBOPOB PEAreHTOB Il 00E3BOKUBAHUS U
o0e3BpexrBaHue OypOBOro IUIAMa, CMELIMBAHUE IMOCIEAHEr0 C PeareHTaMu U BBEIEHUE C
OTHOBPEMEHHBbIM TEepEeMEIINBAHINEM HEHTPaIU3yIOero M KamCyJIUpPYIOIIero CoCTaBa,
KoaryyissHta u (QJOKyJsiHTa B OYpOBOI ILJIaM B MOCJIENOBATENHHO COEIUHEHHBIX peakTopax
Il «CO3peBaHMs» Tepen 00e3BOKMBAHHEM. 3aTeM MPOBOAAT 00€3BOKMBaHHE OYpPOBOTO
mjamMa Ha KaMEepHOM Tmpecc-QUIbTPe WJIH JIEHTOYHBIX Mpecc-QuibTpax u OUYUCTKY
dunpTpaTa ¢ MOCIEOYIOMIMM BTOPUYHBIM HCIOIb30BAHHEM O0E3BPEKEHHOrO OYypOBOroO
jaama.

U3zBecTeH Takxke Crocod yTHIM3ALUK OTXOA0B OypeHHs CKBa)KHUH, OMHCAHHBIN B MATEHTE
P® Ha wuzobperenume Ne2392256. Cmocob BKiIIOYaeT OTAeNeHHWE OypoOBOro mijamMa OT
OypoBOro pacTtBopa, LHPKYJUPYIOLIEro B mpouecce OypeHHs, U CKJIaAUpOBaHHE OypOBBIX
IUIAMOB B UIaMoOBble ambapel. bBypoBoli mjam mnepepabaThiBAIOT B  IIIAMOBBIM
HOJYMPOAYKT, B KOTOPBIH BKJIIOYAIOT B KadyecTBe MoAH(HKaTOpa KOMIIO3UTHOH CMecH
I'YMHUHO-MUHEPAJIbHbIH KOHLEHTPAT, a TEPPUTOPUU BCEX TPYHTOBBIX BBIPAOOTOK s
pasmelneHus 00e3BPEKMBACMbIX MPOAYKTOB OypeHHUs BO3BPALIAIOT B 3€MEJIbHBII 00O0pOT.

IIInamoBbIe aM6apr yCTpanuBarOT B BHUAC HECKOJBKUX BPEMCHHBIX ONCPATUBHBIX



napajijielbHO PACIONOKEHHbIX aM0apoB, B KaXKABIH M3 KOTOPBIX HAIPABISIOT MIJaM OT
OypeHusi pa3UYHBIX CJIOEB MOPHBIX MOPOJ, KOTOPbIE TTOOYEPENIHO MOABEPralOTCs MPOXOIKE
npu mnoMomu OypoBOro HMHCTPYMEHTA. YCTPauBalOT TEXHOJOTHYECKUH TIOCT IO
IPUTOTOBJICHUIO TOBAPHOIO NPOAYKTAa B BHJI€ HECKOJbKUX IapajulesibHBIX OacceilHOB, B
K2)KIOM M3 KOTOPBIX OPraHU3YIOT [100YEPEIHOE BbI3pEBAHUE MEJIUOPAHTA.

HenocratkoM naHHOTO aHajora sBJSETCS YBEJIMYEHHE BCKPBITBIX HApYLIEHHBIX
TEpPUTOPHUI Ha OOyCTPONCTBO HECKOJBKHUX 3eMIISIHBIX OYpOBBIX amMOapoB, T.e. B MPOILECCe
OOppOBI 32 BOCCTAHOBJICHME 3arps3HEHHBIX TEPPUTOPUN emie Ooyiee yBETHUYHBAIOTCS
pa3Mepbl HAPYIIEHHBIX TEPPUTOPHUI HA OOYCTPOMCTBO 3eMIISTHBIX aMOapoB, 0ACCEHHOB, sIM U
T.O. IJS CKJIQAUPOBAHUS M IOCJIEAYIOLIErOo BbI3PEBaHUS OYpPOBBIX IIJAMOB, BEpPHEE HX
cyOcranumii. M, HeCMOTpsl Ha TO, YTO IUIAHUPYETCS BPEMEHHAsl 3aHITOCTh 3THX pabouyux
TEPPUTOPUH IJIsi OYUCTKU u 0OpabOTKH IIJTAMOB, OJJHAKO BPEMsl STHX BO3JIEUCTBUI MOKET
3HAYUTENIbHO 3aTSHYThCS 1O PAa3HbIM TPUYUHAM - KJIHUMATHYeCKUM, (PUHAHCOBBIM,
OpPraHU3allMOHHBIM (HEXBAaTKa B JOCTATOYHOM KOJHYECTBE IOMOJHUTEIbHBIX PEareHTOB,
MIOCKOJIBKY HeoOXomuMo oOpabaTeiBaTh M caMu amMOapbI-COOPY)KEHHS, BOCCTAHABIUBATH U
BO3BpAIIATh UX B 3€MeJIbHBIN 000pOT).

HanGonee Onu3kuM aHAIOroM K 3asBISIEMOMY H300pPETEHUIO SIBISETCA CIOCOD
YTUIN3aluU OTpabOTaHHBIX OypoBbix nutamMoB (mateHT P® Ha uszobOperenme Ne2486160),
KOTOPBII BKJIIOYAET MOATOTOBKY IJIOLIAJKH NepepadoTku, cOOp, 3KCKaBaLUIO M JOCTaBKY
HedTe3arps3HEHHbIX I'PYHTOB Ha IJIOLIAAKY nepepadoTKH, IOJITOTOBKY
He(Te3arps3sHEHHOrO IPYHTA, BHECEHHE I'YMHHO-MHUHEPAJIBbHOTO KOMILIEKCa U obecreueHne
NPOLIECCOB OMOCTPYKTypHU3aluu HedTe3arpssHeHHbIX rpyHTOB. Cmocol obOe3BpekuBaHMs
oTpabOTaHHBIX OYypOBBIX MIJIAMOB BKJKOYAaeT H3BECTKOBAHHE, PEAreHTHYIO KOAryJISLHIO,
BHECEHHE (JIOKYJSHTOB W TYMHHO-MHHEPAJIbHOTO KOMILJIEKCA, MOJTAMHYK BbIEMKY
OypoBoro mijnama Ha OydepHblii cioli ¢ HacTHIKOW miama ciioeM He Oonee 8-10 cm,
BBICYLIMBaHNE OypOBOroO HIIaMa, CKJIAJAUPOBAHHUE B OYPTHI IS MOCIENYIOLMEH YTHIN3AIUH.
I'yMuHO-MUHEpaNbHBIM ~ KOMIJIEKC  TOJy4eH B IPOLECCE  HUBKOTEMIIepaTypHOI
MEXaHOXHUMHUYECKOW OKCTPAKIMU TYMHUHOBBIX KHCJOT H3MelbYeHHeM Oyporo yris B
AUCTIEPTATOPE CO CMEIINBAHNEM U3MEJIbYEHHOTO OYypOro yriis co LIeJOYbI0.

Henocratkom Hambonee OMM3KOro aHajora sBJISIETCS OTCYTCTBHE TapaHTHPOBAHHOHN
KaueCTBEHHOUW 00paboTku Bcero obbema OypOBOTO MHIIaMa, COAEPIKAIIErocs B IIJIAMOBOM
ambape, 6e3 HCKJIIOYEHHUs - B KaXKIOW ero 4acTd, B yrjax, Ha JAHE U T.J., IPUYEM KaK B
IOCTaTOYHOM CTENEeHN XUMHUYECKOH 00pabOTKU peareHTaMu, Tak MU B JOCTATOYHOH CTENEeHHU
MEXaHHYECKOTO MePEMELINBAHNS KaK 110 BPEMEHH JJINTENbHOCTH, TaK U 110 UHTEHCUBHOCTH,

uzberasi He MNPpOMEIIAHHBIX YHAaCTKOB B TOM HUJIM HHOM CCIrMCHTEC LIJIaMOBOTO aM6apa.



3amaya wM300peTeHHs 3aKIIOYaeTCss B TrapaHTHPOBAHHOM TMOBBIIEHHH Ka4yecTBa
yTuinsanuu oopabareiBaeMoro OypoBOro mjama u o0Opa3oBaHUs MPOAYKTA CO 3HAYEHUSIMU
KOHLIEHTPALMH HUXKE MpenejbHO AOMYCTHMBIX 33 CHET HCKJIIOYEHUS «MEpPTBBIX 30H» -
HeZopabOTaHHBIX B JOCTATOYHOUN CTEMEeHU yYacTKOB B oOmeil macce oOpabaThiBaeMOro
mjamMa Ha KaXJOM U3 3TaloB ero 00e3BPEeKHMBAHMSA, a TakKKe 3a CYET HaXOXACHUs
ONTHUMAJBHOTO PEXHUMa MO BPEMEHHU BO3JEHCTBUS peareHTaMHu Ha oOpabaThIBa€MbIil LIIaM,
10 COOTHOIIEHUIO KOJHYECTB PEareHTOB U LjIaMa.

CyIHOCTh 3asiBJIIEMOr0 U300pETEHUs 3aKJII0YAaeTCs B TOM, YTO B CIMOCOOE YTHIIM3ALUH
OoTpabOTaHHOTO OYPOBOrO ILIaMa CKBaKUH OCYINECTBIISIIOT OTHAENIeHHe OypOBOro Imjiama OT
OypoBOro pactBopa M BBIFPY3Ky OypoBOro LuiaMa B IIJAMOBBIA ambap, (OpMHUPYIOT
pa3meNuTeNbHYI0 METAIIIMYECKYIO apMaTypy sIMeUCTOro THUIA BHYTPH LIJaMOBOro ambapa B
BUJI€ BEPTHKAJIbHO OPUEHTHPOBAHHBIX sueek Oe3 AHA IJisi BO3MOKHOCTH IMOCJIEAYIOIIEro
OTAENBHOrO MOPLHUOHHOIO XMMHKO-TEXHOJIOTHYECKOTO BO3ACHCTBIS Ha

OypoBOH IIJIaM B KaXJOW M3 sU€eK CHadaja JecTaOmin3alneil KOJUIOUIHOW CHUCTEMBI
BBeleHUEeM cyib(daTa xkejge3a B KojaudecTBe mopsimka 1-3% ot obmeli mMaccel OypoBOTO
mjamMa [0  BHU3yaJbHO  3aMETHOIO  pAa3kKIKEHHUS  MacChl W PaBHOMEPHOTO
CTPYKTYpoOOpa3oBaHusi, 3aTeM mpoBeaeHHeM aOcopOLMU TMOJYYEHHOH Macchl MyTeM
BBEACHHUS BEPMHKYJHUTA BCIOYYEHHOrO B KoJu4ecTBe mopsiaka 1% oT oOmel Maccel
OypoBOTro IIjIamMa U 3aBEpPLIAIOT BO3AEHCTBHE BBEIEHUEM I'YMHUHOBBIX KHCJIOT B KOJHYECTBE
nopsinka 1% ot oOmeii mMaccel OypOBOro muiama, MpPU 3TOM XHUMHKO-TEXHOJOTHYECKOe
BO3AeHcTBUE:  aecrabmim3anuio, abcopOuMi0 W BBEAEHHE TYMHHOBBIX  KHCIOT,
OCYINECTBJISIOT IPU MOCTOSSHHOM MEePeMEIINBAHUH CO CKOPOCThIO mopsinka 30-60 obopoTos
B MHUHYTY M BpeMeHH B Impenenax nopsaka 30-60 MUHYT Ha KaXAOW W3 Ha3BAHHBIX
omepanyii ¥ KOHTPOJUPYIOT 3HAYUMbIE MapaMeTpbl OO IOCTH)KEHHs 3HAYE€HUN HUXKe
npefebHO  JOMYCTUMBIX  KOHLEHTpAlMii, OCBOOOXIAOT  IIJAMOBBIH  ambap  OT
METAJTMYECKON apMaTypbl, 10OABJSIOT IPYHT C BOCCTAHABINBAEMbIX TEPPUTOPHUI.

3asiBisieTcsi Takke Crnoco0d, B KOTOPOM HCIOJB3YIOT CyibdaT Kejie3a B BHUIAE
kpucraoruapara Fe;(SO4);-7H;0.

3asiBisieTcss Takke Crnoco0, B KOTOPOM HAapsiAy C BBILICONMHMCAHHBIMH TMPU3HAKAMH,
UCTIOJIB3YIOT Cyb(art skene3a B Bune kpucramnorunpara Fe;(SO4)3-9H,0.

TexHuveckuil pe3yabTaT 3asBJIIEMOI0 H300pETEHUs IOCTUrAeTCs 3a CYET BBEACHMUS
HOBOHM ONepanuM, BAUSIOUIEH HA BEChb MOCJEAYHIOIIMN MPOLECC XUMHUKO-TEXHOJOTHYECKON
obpaboTku OypoBOTro IIIamMa OT €ro Hadajia 0 CaMOro ero KoHua. BBeneHue neneHus BCel
nojJexaimei oopadboTke Maccel OypOBOro IIIaMa Ha paBHbIE, YIOOHBIE YYACTKHU U MOPLIUH

(c yueTom rabapuTOB 3KCILTyaTUPyEeMOro OOOpPYAOBAaHUS - CMECHTENeH, MeIaliok U T.I.,



auamMeTpa HuX oxBarta pabouell 30HBI U € HCKJIIOUEHHEM «MEPTBBIX 30H» IIpPHU
nepeMellnBaHUuM, T[€ MeIIajJKku OblIM paHee HE B COCTOSIHUM OXBAaTUTh BECh
obpabaTbiBaeMblii MaTepuaj MLIAMOBOrO amdbapa B I€JIOM, C TMOJCYETOM MHUHHUMAJIbHO
HEOOXOIMMOro, HO JOCTaTOYHOTO KOJMYECTBA pPEareHTOB) HCKIIOYAaeT Y4YacTKH, He
BCTYMHBLINE B PEAKLIMH U3 MacChl 00pabaThIiBa€MOro Ljama, HO JejiaeT mpouecc o0padboTku
U B IUIaHE XMMHMYECKOTO BO3JEHCTBHS KAaUeCTBEHHBIM, KOHOMHYHBIM U MaKCHMAJbHO
peHTa0eIbHBIM.

Jenenue umamMoBoro ambapa mo BCeMy OObeMy Ha paBHblE YacTH B BHUAE STYEUCTOMU
CTPYKTYpPBl C BEPTUKAJIBHO OPUEHTHPOBAHHBIMHU SYEHKAMHM OCYINECTBJISIOT C TOMOIIBIO
NpPEeIBAPUTENIBHO TMOATOTOBJIEHHON pabodeill MeTaJulMdecKoil MPOYHOH  apMaTyphl,
yCTaHABJINBAEMOW C BO3MOXKHOCTBIO JEMOHTA)Ka MOCJE OKOHYaHHsI 00pabOTKH BCEH MacChl
oOpabaTpiBaeMOro ImJjamMa W HECJOKHOTO yJIaJeHHUs sS4eeK, He HMMEKIIHX IHAa, MOJ00HO
dbopmam.

Beenennass mepBodl (0 Hayajga XUMHUYECKMX M JaKe MEXaHUYECKUX BO3AEHCTBUN)
onepauus (HOPMHUPOBAHMS sUEEK, NESIMX OOLyI0 o0palaThiBaeMyl MacCy Ha YacTH,
Jerde TOAJAIIIUXCS Onaromaps 3TOMY TIIATENbHOW 00paboTke BO3NEHCTBUEM Kak
MEXaHUYECKOU, TAK U XUMHUUYECKON 10 MOJHOTO 3aBEPIICHUS KaXKAOW U3 ONepaluil U Ha BCEX
JTanax, a Takke C KOHTPOJIEM BHU3YaJbHO KaXOT0 M3 y4acTKOB 0OpadaTbiBaeMO Macchl,
NO3BOJISIET NpPH HEOOXOIMMOCTH HECKOJbKO CKOPPEKTHPOBATH 110 BPEMEHHM WIJIU 10
KOJIMYECTBY B3aUMOJEHCTBYIOIIMX MATEPHAIOB 32 CUET JOMNOJHHUTEIBbHOI'O BPEMEHH,
HEeOOXOAMMOro, HampHUMep, B CIIy4ae OCIOKHEHHs CJIOS MOPOAbl MO Mepe MPOXOIKH IO
ckBaxxuHe. ONTUMaNbHO NMOJOOpPAHHBIH M NMPOBEPEHHBIH PEXKUM BO3AEHCTBHUS KaXKIOTO M3
sTanoB B mpeaenax 30-60 MUHYT W TPEACTABICHHbIE B CYI[HOCTH HU300peTeHUs
COOTHOIIEHHS PEareHTOB NAI0T FAPAHTHPOBAHHOE KAUYE€CTBO 1O JOCTHIKCHHS 3HAUCHHI HUXKE
NpenesbHO IOMYyCTUMBIX KOHLEHTpauuid. OOHAKO IJIsi HEOCJOKHEHHBIX CJIOEB TOPOJBI
NPOXOJAKH CKBRXXUHBI MOKHO HMHOTAA OTPAHUYUTBCS MEHBIIUM KOJIMYECTBOM BpPEMEHHU
B3aMMOJICHCTBHUSl TNPU O00S3aTENIbHOM TEPEeMEIINBAHNN B KaXAOW U3 syeek amdapa
COOTBETCTBYIOINEH oOpadaTbiBaeMOH dacTHm nuIamMa. Bu3yadbHbI  KOHTPONb IO
MEHSIOIEMYCsl LIBETY M CTPYKType Marepualia - IjlaMa OT 3Tama K 3Taly MOJCKa3bIBaET
BpeMsl TOTOBHOCTH OOpa0OTKM Ha KaXIOM M3 KOHKPETHBIX 3TarnoB. MEHSIOMIMICS IBET
OypoBoro mJjama Ha I€PBOM JTale€ MOXKET CIYXHTh KPHUTEPUEM TOTOBHOCTH K
NOCNEAYI0IIeMy 3Tany Bo3aeHcTBusA. bonee ToueH mpuOOpPHBIH KOHTPOJb C JATYUKAMH H
3TAJOHAMH UHAMKALIUH.

Tax mocne mepBOro XMMHUYECKOTO BO3AEHCTBUS - AecTabMIN3alUN KOJUIOUAHOW CHCTEMBI

cynb(aToM skeye3a IBET Cepo-O00JIOTHOrO OypOBOrO MIjlaMa MEHSIETCS Ha PbIXKE-PXKABBIM.



DTO CBOEro poxa OpPHEHTHP - YKa3aHWEe Ha CTEeNeHb TOTOBHOCTH 0O0pabaThiBAeMOTO
MaTepuana B sUeHKe K CIEAyHIneMy JTany -adcopOLUM BEPMHUKYJIUTOM BCIyYEHHBIM.
Kpome Toro mocie Bo3meWcTBUs CyJibdara skeje3a HaOMIOJaeTCs 3aMETHOE pPas3KHKEHUE
Macchl 1 paBHOMEPHOE CTPYKTypooOpa3oBaHue.

ITocne 3aBeplieHUsT BTOPOrO JTama XUMHYECKOTO BO3IEHCTBUS BEPMUKYIHTOM
BCIYYEHHBIM U 1O 3aBEPLICHHH TPETHEro 3Tara XUMHUYECKOrO0 BO3JEHCTBUS MOCPEACTBOM
I'YMHHOBBIX KHCJIOT L[BET MPOAYKTa B sYeWKAaX TaKKe HU3MEHSETCs, TErmepb - B CTOPOHY
LBETOB Y€PHO! raMMBI.

DTO OpPUEHTHUPOBOYHBINH KPUTEPHUIl JOCTATOYHOCTH W TOTOBHOCTH 00padaThiBaeMOro
MaTepualia IUis TMOATOTOBKHM K BHECEHHWIO B TPYHT 3eMeNbHbIX Tepputopuii. s Gonee
JeTalbHbIX UCCIIEOBAHUIN B Cliy4yae MJIaHHPOBAHUS 3aCeBa BOCCTAHOBJIEHHBIX TEPPUTOPHIL C
NMOMOIIBKO AIIaApPpaTHOrO KOHTPOJIA MPOBEPAOT TIIJIOTHOCTH, KHCIOTHOCTD HW OPYTrue
3HAYUMBIC MapaMETPhL HCXOI[;I U3 J3TOro, HAarOTCA PEKOMEHAALMHU AJid ONTHUMAJIbBHOTO
HUCTIOJIb30BaHHs BOCCTAHOBJICHHBIX T'PYHTOB HWJIN I[aJ'IbHefILHeFO ux O6HaFOpa)I(I/IBaHI/I$I npu
11eJ1eCO00Pa3HOCTH JOBOAKH OO HYJKHOTO YPOBHSI - HCIONb3OBAHHUS JJIsl JIECOMOCAIOK,
noJjiei, macTOUII U T.1.

Tak, TexXHHUYECKHIl pe3yJbTaT 3asBISIEMOro crnocoda yTHIM3alUU OYpPOBBIX LUIAMOB C
BO3MOKHOCTBIO BH3YaJIbHOTO KOHTPOJISi TOTOBHOCTH K MOCJEAYIOIIEeMy 3Tamy oO0paboTku
MpeTepreBaroIero HU3MEHEeHHs: B Imporecce oOpadoTku OypoBOro mjamMa TO3BOJISET
UCKJIFOUHUTb W3JIUIIHEE BpPeMsl BO3IEHCTBHs, SKOHOMsI 3aTpadnBaembie pecypcbl. C npyroii
CTOPOHBI UCKJIIOYEHHE H3JIUIIKA PEareHTOB U U3MEHEHHEe BPEMEHHU BO3JEHCTBUS HA KAKAOM
U3 3TArOB HE MO3BOJISIET CHU3UTH KauecTBO 00paboTku OypoBoro muiama 3a cuer Oojsee
TLIATEIBHOW - MOPLUHMOHHONH O00palOoTKM Kakaoro wu3 (parMeHTOB U3 0OImeld Macchl
martepuana 3a cueT JeneHus Ha sdeiiku. COBpEeMEHHOE TEXHUYECKOEe OCHAIleHHe
CKBAXUHHBIM O60pYI[OBaHI/IeM u O6I:>ILIHI:>IM KOMIIBIOTCPHBIM OCHAIICHHUEM, O6bILIHbIM
KOHTPOJLIEPOM Hapsily ¢ PEKOMEHAYEMbIMH B 3asIBJISIEMOM MAaTEHTE MepPaMH AENAlT CIoco0
COOTBETCTBYIOIIIUM BBICOKOMY YPOBHIO 3adBJIACEMOIO TEXHUYCCKOIo pEIICHHA B I[aHHOfI
chepe W TPUTOOHBIM K TMPOMBIIJICHHOMY TNPUMEHEHUI0 € 3HAYUTEbHON 3KOHOMHEH
CPenCTB.

Crioco0 oCyIeCTBISIOT CAEAYIOIIUM 00pa3oM.

[IpoBomsT ornenenune OypoBOro mjama or OypoBoro pactsopa. Ha ocHOBe KOHCTPYKLUH
IIJJAMOBOr0 ambapa MpOU3BOIAT pacyeT HeOOXOAMMOro KOJH4YecTBa sideek. JJocTaBieHHYIO
K IIJaMOBOMY amM0apy MeTaJUIMYeCKyI apMaTypy S4YeHCTOro THIAa B BUAE BEPTHUKAJIbHO
OPHUEHTHUPOBAHHBIX SY€EK C IMOMOINBIO KPaHa YCTAaHABIMBAIOT B NMYCTOH (MJIM HAIMOJHEHHBIN

OypOBBIM IIJIAMOM, CTPYKTYypa KOTOPOTO IMO3BOJIAET 3TO OCYLIECTBUTbH) IIJIAMOBBIN amOap.



Bce sdeiikm COeOUHSIIOT MeEXAy COOOH KpEemeKHbIMH JJIEMEHTaMU I CO3JaHus
JOTIOJIHUTEIbHON YCTONYMBOCTU U IPOYHOCTU KOHCTPYKLIUU.

VYrunusauus OypoBOro muiamMa OCHOBaHAa Ha JOOaBJIEHHH IOCJIENOBATEIbHO B HETO
pPa3IUYHBIX XUMHUYECKHUX PpEAareHTOB U HUX TINATEJIbHOM MEPEeMEIIMBAHUM C IOMOIIbIO
nepeMeIInBaIero ycrpoicrsa. TexHONMOrnueckuii mpouece yTuian3anuu OypoBoro muiama
B KaX01 siYelike ONMHAKOB.

ITocne MOHTa)ka pa3neNUuTebHON METATHYECKON apMaTyphbl SIMEUCTOr0 TUMa B OypOBOI
uiaMm (3amojiHeHue oObeMa siueliku OypoBbiM misamMoM - 80%) mOOaBJSIOT KOAryJsSHT -
cynbdar skene3a B KojudecTBe mnopsiaka 1-3% oT oOmeir macchl OypoBOro mmiama ajsi
necTabuiIM3anuy KOJUIOUAHON cuctemMbl. [lepeMernnBanue OypoBOro miama ¢ KOaryJIssHTOM
OCYIIECTBJISIOT C I[IOMOINBIO [E€PEeMELINBAIOLIEr0 YCTPOWCTBA, HAaIpUMep, MeLIaJKH.
PacueTHOE KONMMYECTBO CysbdaTa JKejae3a B3BEIINBAIOT-103UPYIOT U AOCTABISIOT K STYEHKe C
paboTaromel MemaiaKol, 3aTeM pacyeTHOEe KOJMYECTBO 3acChIMal0T B sUelKy. Bpews
nepeMeInnBaHus, Kak npasuio, nopsaka 30-60 munyt. KonxmdectBo 000OpOTOB MeImanku -
nopsinka 30-60 o6/muH. KOHTpONb OKOHUAHMS MpoLiecca HAa AAHHOM 3Tale OCYIIECTBISIOT
BU3YaJIbHO 71O 3aMETHOTO Pa3’KMKEHUs MAacChl U PAaBHOMEPHOTO CTPYKTypooOpa3oBaHus, a
TaK)XXe€ [OMOJHUTENbHO BO3MOXXHO usmepenue pH. Ilpu pgoctuwxenun pH=7 npouecc
CUHMTAIOT 3aBEPIIEHHBIM. [[JIsi OCYLIECTBIEHUS 3asABJIIEMOro Crocoda MCHONb3YIOT CyJbdaT
xkesesa B Buae kpuctayuoruapara Fe (SO4)3-7H20 umm Fex(SO4)3-9H,0.

B xone B3aumopeiicTBus OypoBOro umiaMa M KOaryJsiHTa BOJHAsl AMCCOLMALIUS
snekrponuta Fey(SO4); npuBOAUT K BO3HUKHOBEHUID HOHOB 2(Fe’™), 3(S04)*, wuro
cnocoOcTByeT aecrabunu3zanuu  (pasBajy) yCTOWYMBOro reist OypoBOro muiama M
pas3aesIeHuro ero Ha TBEPAYIO U KUAKYIO Qpakiuu.

Jlanee MpOMCXOAUT MPOLECC KOATYJISLHUH - CIUMAHKS TBEPABIX YaCTHUL OYpOBOro ILjIaMa
IIPU THAPOJIN3E IO COOTBETCTBYIOLIEH CXEMeE:

Fe'"+2HOH — (FeOH)>"+2H".

BrinenuBmuiics woH HeWTpanuzyer wu30biTok rpynn OH™ B OypoBoMm muiame m0
MOJY4Y€HUsI HEUTPAJIbHOU CpenbI.

IIpn u30BITKE BOIBI B CHCTEME Ielb-OypOBOH INJIaM HOHBI TPEXBAJIEHTHOIO JKeie3a
ruaponausyoTcs Ao runpookcuna Fe(OH)s, koTopwiii najnee mnpu UCMAPEHUH BOMBI
NEepPEXOUT, COOTBETCTBEHHO, B OKCHUJ XKeJe3a:

2FG(OH)3 il Fezo3+3H20.

ObpasoBaBuuiics oxcun kemnesa (III) abOcopOupyer opraHuuyeckme BemecTBa U

yMEHbIIIaeT TOKCHYHOCTh OYpOBOrO IILJIaMa.



3aTeM B MOJYYEHHYIO MacCy OypoBoro umiama ¢ cyiabpatoMm skene3a misi abcopOumm
BBOAST QJIOMOCHJIMKAT - BEPMHKYJHUT BCIYYEHHBIH B KonuuecTBe nopsiaka 1% ot oOumieit
maccel OypoBoro uuiama. Bpems nepememmnBaHus -nopsigka 30-60 munyt. Kommuectso
000poTOB Memanku - nopsiaka 30-60 o6/mMuH. KOHTpoJb OKOHUAHUS NepEeMEIINBAHUSA BENYT
BU3YaJIbHO 10 00pa30BaHUsl PABHOMEPHON CTPYKTYPBI MacChl ¢ BKPAIICHHEM KOMOYKOB.

IIpouecc B3aMMOAEHCTBUS 3KOTOKCHKAHTOB OypOBOrO IIjJaMa C BEPMHUKYJIHUTOM
BCIIYUYE€HHBIM MOAPA3EIISETCS Ha MATh YCJIOBHBIX cTanuil B3aumoxaeuncTeus (I - V):

I - B3aumMopeiCTBHE S5KOTOKCHUKAHTOB OypOBOro mIjIamMa C BEPMHUKYJIUTOM, (H3UKO-
XUMUYECKHE MPOLEeCChl PACTBOPEHUSI M AUCCOLHMALIMN SKOTOKCHKAHTOB OypOBOro HIIaMa B
KHUAKOH (pase BEPMHUKYIHUTA BCIYUYEHHOTO,

IT - ¢pusuko-xuMUYECKHe mpouecchl mpeonoienus: Gpakropos OyhepHOCTH BepMUKYIUTA
BCITy4eHHOro (OOMEHHBIE pEeaKUWH, pPEAKIUU COCOUHEHHs, XHMHYECKOTO MOTJIOMEHHS
HOHOB 3KOTOKCHKAHTOB OypOBOro HUIaMa TBEPIbIMH KOJUIOMJHO-IHCIIEPCHBIMH, a TaKKe
30JIb-TeJIEBBIMH (pa3aMH BEPMHUKYJIHTA BCIYYEHHOTO),

IIT - mporecchl HHKOHTPYIHTHOTO TUAPOJIN3a (pa3pyLIeHNsI) BEPMUKYJINTA BCIyUYEHHOTO,
¢bopMHupOBaHHE MHOTOKOMIIOHEHTHOH CHCTEMBl OKCHJAOB, 3KCTPardpOBaHHBIX U3
KPUCTAJUIMYECKUX pEIIEeTOK BEPMHUKYJIHTA BCIYYEHHOTO, O0Opa3oBaHHWE TEPBHYHBIX
IpenebHO FUAPATHPOBAHHBIX METACTAOMIBHBIX COCUHEHUNH U (POPMUPOBAHHE KOJIIOUIHO-
OUCTIEPCHOM | 30J1b-reieBol (pa3 HoBOOOpa3oOBaHU,

IV - dazoBbie npeBpalineHus NepBUYHBIX COEAUHEHUN B OoJiee yCTOHYMBBIE BTOPUUHBIE,
TpeTu4Hble W T.A. (mpouecchl Oudypkaur HOBOOOpa3OBaHHIl), YTO MNPUBOAHUT K
YIUIOTHEHHIO M MOBBIIIEHUIO CTAOMIBHOCTH 30JIb-TesieBOH (ha3bl HOBOOOPA30BaAHMUIA;

V - dopmupoBaHue (CMHTE3) MOJUMUHEPATbHBIX AJIOMOCHUIUKATHBIX HOBOOOpPA3OBaHMIA,
00Jafaro KX BSUKYLIUMU CBOWCTBaMH, OOYCJIOBICHHOE CAMONPOM3BOJbHON ONTUMHU3AIMEH
COOTHOIIEHHS ¥ COCTABa MPOAYKTOB KUAKO(PA3ZHBIX X UMUYECKUX PEAKLIUH.

3aTeM 3aBepIlaoT BO3JEHCTBHUE HA MOJYUEHHYIO MAacCy BBEIEHHEM I'YMHHOBBIX KHCJIOT B
KomuecTse nopsiaka 1% ot oluell mepBoHavadbHON Macchl OypoBOTO IIaMa. I ' yMUHOBBIE
KUCIOTBl ~ NPHOOPETaroT  Npou3BoAMTENM  paboT B TOTOBOM K  NPUMEHEHHIO
nopomkooOpa3HoM Buzae. Bpems nepememmBanus -nopsiaka 30-60 munyT. Kommuectso
000poToB Memanku - nopsaka 30-60 o6/MuH.

KonTponb OkOHYaHUs MepeMeLIMBaHUSA BEAETCs BU3YalbHO, BO3MOXHO U C
NPUBJIEYEHUEM COOTBETCTBYIOIEHl TEXHUKH, [0 IOJHOTO paclpeneseHuss TI'yMHHOBBIX
KHMCJIOT YEPHOTO LIBETA.

XUMUYECKUH MeXaHU3M O0€3BpeKHMBAHHUS IMOJYYEHHOH MAacChl IIOCJI€ BBEICHMUS

TYMHUHOBBIX KHUCJIOT 3aKJIHOYa€TCsa BO BSaHMOI[efICTBI/IH METAJIJIOB C O5THMH KHCJIOTaMHU C



0o0pa3oBaHMEM BOJOHEPACTBOPUMBIX T'yMATOB TSDKENBIX METAIOB. DU3NKO-XUMUYECKHE
OCHOBBI B3aUMOJAENCTBUS T'YMUHOBBIX KHUCJOT C TSKEJIbIMU MeTajljlaMU MU OpraHUYeCKUMHU
COEMHEHMSIMH BKJIFOYAIOT OJHOBPEMEHHOE MPOTEKAaHHE IPOLECCOB HMOHHOrO OOMeEHa,
ancopbunu u abcopOuMM, COKOAryJsLMM M OKKIIO3UM, obecneunBaromux 3(QexkTuBHYIO
CaHaALMIO.

ITo okoH4YaHMM JAaHHOTO 3Tana odpasyercs mpoaykT. ITocne ero monydeHus u3 siueex, B
COOTBETCTBUM C HOPMATHUBHBIMH  JOKYMEHTaMH, OTOHMPAIOT M  IPHUTOTABIMBAIOT
ycpenHeHHy npoOy. JlaHHyr mpoOy aHaJU3HPYIOT HAa COOTBETCTBHE C CYLIECTBYIOIIUMHU
TpeboBanusiMmu. Ecniu mpoba MM COOTBETCTBYET, TO OCTABLIMIICS B IIJAaMOBOM ambape
NPOAYKT MEPEMELINBAIOT C TPYHTOM, OOPa30BaBIIUMCS B PE3YyJIbTATE BBIKANBIBAHHS SIMBbI
NoJ ILIJTaMOBBIM amOap, NpPU COOTHOIIEHWHM mNpoaykTa W rpyHta 1:1. B pesynbrare
NOJIydaeTcst CMeCh TpyHTO-UuIamoBas. Eciam mpoba He COOTBETCTBYET AEHCTBYIOLINM
HOpMAaTHUBaM, TO IMpouecc oOpabOTKHM T'yMHHO-MUHEPAJIbHbBIM KOMIIOHEHTOM BENYT MO
MOJY4€HUs MPOAYKTA CO 3HAUYCHUSIMHU KOHLEHTPALMN HE BBILIE NPEAEIbHO AONYCTUMBIX.

[To 3aBepuIeHWH TOJNYYEHHS NPOAYKTAa CHELHAJIbHYIO apMmarypy (sueliku Oe3 nHa)
IEMOHTHPYIOT M VAAQISIOT €€ M IepeMeIlHBarollee yCTPOHCTBO M3 IIIAMOBOrO amoOapa.
BOKOBYIO THAPOM3ONALMIO MUIAMOBOrO amOapa IEMOHTHUPYIOT M TakkKe YIOAIST U3
JIaMOBOTO ambapa.

IIponyKT CMEIMBAIOT C IPYHTOM C IOMOINBIO CTPOUTENBbHONW TEXHUKH - OYyJIbJ03€pOB,
JKCKaBaTOpPOB U Jp. B pesynbrare nepemeimnBaHus oOpa3yeTcs CMeCh I'PYHTOLIIAMOBAs
BJIaXkHas1. Bu3yanbHbIM KOHTPOJIb 3aBEPIIEHUS TEXHOJIOTHUECKOTO MPOLECCa OCYLIECTBISIOT
10 TOCTHKEHUSI OJHOPOJHOCTH U PABHOMEPHON OKPAaCKU CMECH.

CMech TPYHTOLLIAMOBYIO CYXYIO MOJIY4alOT M3 CMECH TIPYHTOLIJAMOBOM BJIQJXHOHW B
pe3yJbTaTe €CTECTBEHHBbIX MPOLECCOB HUCMapeHus Boabl B TedueHue 10-20 gHelt mpu
TemnepaTtype okpysxarwouiei cpenbl 20-25°C u HopManbHOH BJAXKHOCTH BO3AyXa.

IlonyyeHHass cMmech IPyHTOLIJIAMOBasl Cyxas KaK TEXHOTCHHBIH T'PYHT HUCHOJb3YETCs B
Ka4yeCcTBE 3aChIIKM LUIAMOBOro ambapa Ha MeCTe€ B TOJIe C BBIpABHHBAHHEM pelbeda
MECTHOCTH.

CMecpr TIpyHTOLUIAMOBYK) CYXYKO  pa3paBHHUBAIOT  CIELTEXHUKOHM, BO3BpaLIAIOT
IUIOAOPOAHBIA CJIOW, paHee CHATBIH MpPHU BBIKANBIBAHWW SIMBI TOJA LLUIAMOBBIA ambap,
KOTOpBIA BIOCJEACTBUM 3aCEBAKOT TPABAMH, 3aCAKUBAKT JEPEBbsIMU M KyCTapHUKAM,
BO3BPAIIAIOT B CEIbX03000pOT.

IIpumep.

OcymecTBisAOT €rnocod B COOTBETCTBUHM C BBIIIEONUCAHHON TexHonoruedl. Ha sueiiky

pasMepoM 2x2x25 M yCTaHaBIUBAIOT U KpPENmAT IMEPEeMEIIUBAIOIlee YCTPONUCTBO B



CIENYIOLIEM TMOPSAKE: KPBIKY SYEeHKU MOAHUMAIOT, B OTBEPCTHE MO LEHTPY KPBIIIKH
YCTaHABIMBAIOT MEIIAJIKy U ONMYCKAIOT ee B OypOBOIl IIJJaM OJHOBPEMEHHO C 3aKpbIBAHHEM
KPBILIKH.

Jns nepeMemiMBaHUS MCIHOJB3YIOT, HampuMep, MeEIAJKy C JBYMs JIONACTSIMHU
IPOMNEJUIEPHOTO  THUMNA,  PACMOJOXKEHHBIMH  MEPNeHJUKYJIApHO  Jpyr K  Jpyry,
o0ecnevnBaIUMU BCTPEUHOE MepeMEeNINBaHie OypOBOro IjIama.

KonnuecTBo nepeMemunBarnX yCTPOUCTB MOXKET ObITh Oojee OJHOTO M 3aBUCUT OT

TpeOyeMOoi CKOPOCTH yTHJIU3AIMU OypOBOTO IIjlaMa.



dopmyaa u3obpeteHus

1. Cnocob ytmansaumm otpabotaHHOro 6ypoBOro LWAAGMa CKBaXWH, XapaKTEPUSYHOLLIUIACS TEM,
YTO OCYLLECTBARAIOT OTAEAEHUE BypOBOro waama oT 6ypoBOro pactBopa M BbIrpy3ky OypoBOro
WwAaMa B LWAAMOBbIM ambap, GOpPMUPYIOT Pa3AEAUMTEABHYKD METAaAAMYECKYHD apmMmaTtypy
AYEUCTOro TMNa BHYTPU LWIAGMOBOro ambapa B BUAE BEPTUKAAbHO OPUEHTUPOBAHHbIX AYeeK
6e3 AHa AAS BO3MOXHOCTM  MOCAEAYIOLLEr0  OTAEAbHOIO  MOPLMOHHOIO  XMMMWKO-
TEXHOAOTMYECKOTO0 BO3AEMCTBMA Ha OypoBOM LWIAAM B KaXAOM M3 SiYEEK CHAuyaAa
AecTabran3aumen KOAMOUAHOM CUCTEMbI BBEAEHUEM CyAbdaTa Xene3a B KOAMUECTBE MOPSIAKA
1-3% ot 0buwer maccbl 6ypoBOro wAama A0 BU3YaAbHO 3aMETHOrO Pas3XWXeHWs MaccCbl U
PaBHOMEPHOrO CTPYKTypoobpa3oBaHus, 3aTeM NPOBEeAeHUEM abCcopObummn MOAYYEHHOM MacCChl
nyTeEM BBEAEHMA BEPMUKYAUTA BCMYUYEHHOrO B KOAMUECTBE nopsiaka 1% ot obuier maccbl
O6ypoBOro LAamMa U 3aBepLUaOT BO3AEHCTBUE BBEAEHMEM TYMUHOBbLIX KUCAOT B KOAMYECTBE
nopsiaka 1% ot obwen maccobl OypoBOro lwAama, npu 3TOM XMMWKO-TEXHOAOTMYECKOE
BO3AeNCTBUE: AecTabuan3aumio, abcopbumio U BBEAEHME TYMUHOBBIX KUCAOT, OCYLLECTBASIIOT
Npyv MOCTOSAAHHOM MNEPEMELIMBAHUK CO CKOPOCTbIO nopsiaka 30-60 060poTOB B MUHYTY B
npeaenax nopsiaka 30-60 MUHYT Ha KaXAOM M3 Ha3BaHHbIX Onepauui U KOHTPOAMPYHOT
3HauMMble napameTpbl A0 AOCTUXEHWUS 3HAUEHWA HUXE NPEAEAbHO  AOMYCTUMBbIX
KOHLEHTPaLUMK, 0CBOOOXAAIOT WIAAMOBLIM ambap 0T METAAMMUYECKOW apmaTypbl, A0OaBASAIOT

FPYHT C BOCCTaHAaBAMBAEMbIX TEPPUTOPUNA.

2. Cnocob no n. 1, xapaKTepusyloLLMINCA TEM, YTO WCMOAB3YIOT CyAbdAT Xene3a B BUAE

KpucTtaanormaparta Fe2(S04)3-7H20.

3. Cnocob no n. 1, xapaKTepu3ylOLWMIACA TEM, UTO MUCMOABL3YIOT CyAbdaT Xenes3a B BUAE

Kpuctaanormapata Fe2(S04)3-9H20.
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