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BBepeHue

B MEXKyHapOTHOM MpaKTHKE poJb
BOCIIPOM3BOJICTBA CHIPbEBOI 0a3bl HedTenOOBIYH 3a
CYeT BHCAPCHHS COBPEMCHHBIX METOJIOB YBEIHUYCHHUS
HeTEOTIAYH (TUApOTMHAMUYICCKHUX, TEIUIOBBIX,
ra3oBbIX, XHMHYECKMX W T.J.) Ha  OCHOBE
WHHOBAIIMOHHOHN TEXHHUKH U TEXHOJOTHIA OBICTPO PacTeT
U CTAaHOBHUTCS BCe OOJIee TPUOPUTETHOM.

B  mHacrosmee  BpeMs — MEPCIEKTHBHBIM
HaIpaBJIEHHEM TPHPOCTa 3amMacoB HEPTH B MHUPOBOU
He(TenOObIYe SBISIETCS PAa3BUTHE W TPOMBIIIJICHHOE
MPUMEHEHNE COBPEMEHHBIX HHTETPUPOBAHHBIX METOIOB
yBenmuenus: Hepreornaun (MYH), KoTopbie CIIOCOOHBI
obecrieunTh cuHEpreTmdeckuii 3pdekr B ocBoeHUH
HOBBIX u pa3pabaTbIBaceMbIX HE(TSIHBIX
MECTOPOKICHHM.

W3BecTHBIC METOBI YBEIMUYCHHUS HEPTECOTIAUN
TUTACTOB B OCHOBHOM XapaKTCPU3YIOTCS HAIIPABICHHBIM
3¢ (dexkToM W BO3ICHCTBYIOT MaKCHUMYM Ha OJIHY-IBE
NPWYHMHBL, BIHAIONINE HAa COCTOSHHE OCTAaTOYHBIX
3aracoB.

Knaccudmkaumna metonoB yBenmyeHus
HedTeoTAaUM

Knaccugpukanus METOIOB YBETHUYEHUS
HE(PTEOTIAYH TUIACTOB BBITIISIUT CICAYIOIINM 00pa3oM:

1. Tuapponunamuveckue METOABIL:

*0apbepHOC 3aBOJHCHHUE Ha Ta30HE(TIHBIX
3aJIeXKaX;

*HecTallMOHapHOE (LMKINYECKOE) 3aBOJHEHHUE;

*()opcHpPOBaHHBIN OTOOP KHUIKOCTH;

*CTYIIEHYATO-TePMaTbHOE 3aBOJHCHHE.

2. TemmoBble METOIBI:

*TIAPOTEILIOBOE BO3ICHCTBUE HA TIJIACT;

*BHYTPHUILTACTOBOE TOPEHHUE;

*BBITECHEHWE HEPTH ropsIeit BOIOM;

*TIAPOLUKIHMYCCKUEC 00PaOOTKH CKBaXKHH.

3. 'a30BBIE METOKI:

*3aKavKa BO3yXa B IIACT;

*BO3JICIICTBHE Ha IUIACT YIJIEBOJOPOAHBIM
razoM (B Tom umcie IIDIIY);

*BO3/ICICTBHE Ha IUIACT ABYOKUCHIO YIIEpOa;

*BO3JCHCTBHE Ha IIJIACT a30TOM, IBIMOBBIMH
razaMu U Jip.
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4. XuMHYECKUE METOIBI:

*METO/IBI YBEJIINYCHUS
BBITECHECHUS,

*METOJIbI OTOKOOTKIOHCHHS U BBIPABHUBAHUS
mpoGUIs TMPUEMHUCTOCTH (YBENUYCHUS KO3 UIMECHTA
0XBaTa BO3JICHCTBUA);

*METOJIBI KOMILIEKCHOTO neiicTBus,
HaTpaBJICHHBIC Ha  YBEIMYCHHE KO3 UIMEHTA
BBITECHCHHS U OXBAaTa IUIACTa BO3ICHCTBHEM.

5. I'pynma KOMOMHUPOBAHHBIX METOJIOB

C TouYkM 3peHHs BO3IEHCTBHS Ha IIIACTOBYIO
cucteMy B OOJBIIMHCTBE CITyYaeB pean3yeTcsl UMEHHO
KOMOWMHHUPOBAHHBIA ~ TIPUHIMIT ~ BO3JEHCTBUSA, TIpH
KOTOPOM COYETAIOTCS THIPOJAMHAMUYECKUNA U TETIOBOM
METOJIBI, THIPOAUHAMIYCCKUN U (PU3HKO-XUMUUCCKUI
METOJIBI, TCIUIOBOM U (DYU3UKO-XUMHYCCKHIA METOIBI U
Tak ganee.

6. MeTonbl yBeTUUCHUS IeOnUTa CKBaKUH

OmHUM W3 HOBBIX M MEPCHCKTHBHBIX CIIOCOO0OB
SIBIIICTCS. METOJI TOTOKOOTKJIOHCHHS ¥ BBIPABHHBAHUS
po(HIIS TPUEMUCTOCTH.

KoapduIueHTa

OCHOBHble MeTOAbl NOTOKOOTKITIOHEHUA
U BblpaBHUBaHUA npocbvmﬂ nPUeMUCTOCTHU

Takoe monpasnereHUe HOCUT  YCJIOBHBIM
XapakTep. B TEXHOJOTMAX BBIpaBHUBAHUS HPOGHIA
NIPUEMHUCTOCTH pearceHT 3akauuBaercsi B o0beme 5 — 40
M° Ha 1 M TONIIMHBI [UIACTA, A B TIOTOKOOTKIOHSIOMIUX
TEXHOJIOTUSIX — 3HAYUTENILHO OOJIbIIE.

Ot METOAbI Hanboiee IIUPOKO  Ha4daJIn
MPUMCHATHCA Ha HO3,HHCI7[ cTaguun pa3pa60TKH
MeCTOpO)K,HeHPIﬁ, qTOo CBsA3aHO (10) CHMI)KCHUCM

3 (PEeKTHBHOCTH TUAPOAMHAMHUYECKAX M Psiia (HHU3HKO-
XAMHAYECKHX METONOB Ha ocHoBe IIAB, xwuciaor u
IIeJIOUE.

TTorokooTknoustomue  texHonoruun  (ITOT)
OCHOBaHbI Ha 3aKkayke B HarHeTaTeIbHBIC CKBaXKHHBI
OTPaHUYCHHBIX O0OBEMOB CICIHANBHBIX PEAarcHTOB,
MPEIHA3HAYCHHBIX JUISI CHIDKCHHSI POHHUIIAEMOCTH
BBICOKOTIPOHHUIIAEMBIX TPOCIOEB IUIACTa (BIUIOTH IO UX
OJIOKHPOBAHU), c LEbI0 BBIPAaBHUBAHHS
MPUEMUCTOCTH CKBa)KUHBI MO pa3pe3y IUIACTa U, TEM
caMbIM, CO3JaHWsA Ooyiee PaBHOMEPHOTO (PpOHTa
BBHITECHCHHSI W yMCHBIIECHHS TMPOPHIBOB BOJBI B
MOOBIBAIONINE  CKBOKHWHBL.  JaHHBIE  TEXHOJOTHH



aKTHUBHO HCIONB3yIOTCsT B Poccum ¢ 80-x romoB
MPOIIIOr0 BeKa M B HACTOSIIES BpPeMs 3HAYUTEIHHAS
4acTh METOJOB XHMHYECKOTO 3aBojHEHHs B Poccum
CBf3aHA WMEHHO C JTUMH TEXHOJOTHAMH. B cTpane
npumensiercs okosio 100 paznosunnoctei [TOT.

K MTOTOKOOTKJIOHSFOIIINM TEXHOJIOTUSIM
3aKayKd B IJIACT OTHOCST:

- TIOJIMMEPBI, TOJIUMEPDI CO CHIMBATEISIMU;

- nomuMmepaucnepcHsie  cuctemsl  (ITIC),
KOJUIOUJTHO-TMCTIEPCUOHHBIE CUCTEMBI (KOC),
BOJIOKHUCTO-ucnepcHble cuctemsl (BIC);

- Ba3koynpyrue cuctemsl (BYC);

- ZIpyrHe ocagkoreneo0pasyroniine KOMIO3H-
ITIH.

anMeHeHMe nonunmMmepoB

[TommmepHOe 3aBOTHEHHE 3aKIFOYACTCS B TOM,
YTO B BOJE pPACTBOPSAETCS BBICOKOMOJEKYIAPHBIN
XUMHYCCKHIA pEearcHT — TOoJuMep, O0O0JamaroIuii
CIOCOOHOCTBIO JaKe TPU MaJbIX KOHICHTPAIHIX
CYILECTBEHHO TIOBBIIIATH BSI3KOCTH BOJIbI, CHIDKATh €€
MOJBIKHOCTb M 32 CYET OJTOr0 IMOBBIIIATH OXBaT
TJIaCTOB 3aBOJHEHHUEM.

Jng momuMepHOTO 3aBOOHEHUS TPHUMEHSIOT
BOJHBIE  PAacTBOPHl  NOJMAaKpWIaMHUIa, a  TakKxKe
TOJIMA THIICHOKCHIOB, BSI3KOCTh KOTOPHIX HE CHIKACTCA
B MHHEPAJM30BAaHHBIX BOJAX B OTJIMYHE OT PAcTBOPOB
MOJIMAKPUIIaAMUAA.

OcHOBHOE ® camMoOe TMPOCTOe CBOHCTBO
MOJIMMEPOB  3aKIIOYAaeTCsl B 3arylieHud BOABL. ITO
MPUBOJUT K TaKOMY € YMEHBIIEHUIO COOTHOILIEHUS
BS3KOCTeH HEe()TH W BOIBI B IUIACTE M COKPAIICHHIO
YCIIOBHH TPOPBIBA BOJBI, OOYCIIOBICHHBIX DPAa3TUIUEM
BS3KOCTEH I HEOAHOPOJHOCTHIO IJIacTa.

Kpome Toro, monmumepHbIe pacTBOPHI, 00MIanas
TIOBBIIIEHHOH BSA3KOCTBIO, JIY4IIE BRITECHSAIOT HE TOJIBKO
He(Th, HO M CBA3aHHYIO IUIACTOBYIO BOAY W3 MOPHUCTOH
cpeasbl. [loaToMy OHM BCTynaroT BO B3aUMOJIEHCTBHE CO
CKEJIETOM TOPUCTOW Cpefbl, TO €CThb TMOpOJAOH U
[EMCHTHUPYIOIINM  BEIIECTBOM.  OTO  BBI3BIBACT
aaCcopOIMI0 MOJIEKYJ TTOJIMMEPOB, KOTOPHIE BEHIMAJAIOT
U3 pacTBOpa Ha TMOBEPXHOCTb MMOPUCTOM Cpelnbl U
MEPEKPHIBAIOT KaHAJBl WM YXYIIIAIOT (IIBTPAINIO B
HUX BOJAbl. IlomuMepHBI pacTBOp MPEANOYTUTEIHHO
MOCTYNAET B BHICOKOTIPOHUIIAEMEBIE CJIOH, U 33 CUET ITUX
IBYX 3(Q(eKToB — TOBHINICHHUS BS3KOCTH pacTBopa U
CHIDKEHHS TMPOBOIUMOCTH CpEObl — MPOUCXOTUT
CyIIecTBEHHOE YMCHBIICHHE JTUHAMHYECKOH
HEOJHOPOJHOCTH MOTOKOB JKUAKOCTH H, KaK CIIEICTBHUE,
MOBBIIIEHHE 0XBAaTa IUIACTOB 3aBogHeHHeM [1,2].

NMpumeHeHMe Guononumepos

Bypnoe pasButTHe OMOTEXHOJIOTHH,
MPOUCXOJsIIee B TMOCIEAHUE TOHbl, MPHUBEIO K
MOSIBIICHUIO BO3MOKHOCTH HCITONIb30BaHUS B HE(PTSIHOM
MPOMBIIIJICHHOCTH OMOMOIMMEPOB, KOTOPBIC SIBISIOTCS

nojaucaxapuiaMid  Kak  pacTUTENbHOrO, Tak W
MHKpPOOHOTO pOoUCXOoXIeHHs [3].
ITpakTHdyeckass  IEHHOCTb  OHOIOIUMEPOB

OTpe/iesIsieTCsl, MPEXKAE BCEro, MX CHOCOOHOCTHIO B
MalbIX KOHIIEHTPALHUSIX PE3KO MEHSITh PEOJIOTHMYECKUEe
CBOMCTBA BOJHBIX CHUCTEM — TIOBBIIIATh BSI3KOCTh,
00pa3oBbIBaTh TENW. OTH CBOWCTBA  TPUBICKIN
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BHUMaHHE HEPTeIOOBITYNKOB, W OHOMOIMMEPHI B
MOCTCTHIE JBa HECATWJICTUS CTald TPUMEHATH B
MPaKTUKE TIOBBIIICHUA HE(PTEOTHaYM IIJIACTOB
Moau(uKaITHs npodums MIPOHUTIAEMOCTH u
CeJICKTUBHAs 3aKymopka [4, 5].

ITlo CpPaBHEHUIO c TPaJULIUOHHO
MIPUMEHSICMBIMH npu JOOBIYC HeTH
BOJIOPACTBOPUMBIMH ~ CHHTCTHYCCKUMH  TIOJMMEPAMH,
OouomonuMepbl  OOJIAAIOT  PSAAOM  CYIIECTBEHHBIX
MPEUMYIIECTB, B TOM YHCIC TaKUMH, KOTOPEIC
MTO3BOJISIOT MPUMEHSTHh UX B OYCHB JKECTKHX YCIOBHSIX,
IJIC  UCIOJE30BAHHE  CHHTCTUYCCKUX  IOJMMEPOB
HedpdexktuBHO [6]. buomomumepbl yCTOWYHMBBI TIpH
temneparypax g0 100-120°C, a  HekoTOpBIE
npeacraButesu gaxke 10 150°C, 94To mepekphIBacT BeCh
TeMIepaTypHbIHA JarazoH pa3pabaTbIBaeMbIX
MECTOpOXXJeHu.  buomonumepsl  ycTOH4YMBBI B
IUPOKOM HHTepBasie pH, kak B KuCIOH, Tak W B
LIEJIOYHOM cperie.

Kpome TOTO, K MIPEUMYIIECTBAM
OHOTIOIMMEPOB IO CPABHECHHUIO C JPYTUMHU pearcHTaMH
MOXKHO OTHECTH MX 0€30MacHOCTh, KaK MJIS YCIOBEKa,
TaK U JUIS OKPYKAIOIICH CPEIbl.

BakHBIM CBOHCTBOM OHOIIOJIMMEPOB SBISETCS
YCTONYHBOCTH K MeXaHUYECKOH, XUMUYECKOHN
JnecTpykuuu. PacmpocTpaHeHHBIH BHUZ JACCTPYKIUU
O6uomonMepoB - 3TO paspyieHue ux
MHKPOOpPTaHU3MaMH, Kak IMpPH XpaHEHWH, TaK U TIPHU
MPAKTUIECKOM  WCIIONB30BAaHUHM. TakuM  00pas3om,
OHMOIIOTHYECKAsT JECTPYKIHUS IMOJTUCAXAPUAOB SBISCTCS
mpensaTcTBreM s 3(h(HEKTUBHOTO X TPUMCHCHUS.

MukpoOHbIE  TONHCAaXapuIbl HMCIOT  Psii
MPEUMYIIECTB Tepe MOMUCAXapUIaMU PACTHUTEIBHOTO
npoucxoxaeHus. Tak, 3TH OHOMOTUMEPH MOXKHO
MoJy4aTh B HEOOXOIUMBIX 00BEMax HE3aBUCHMO OT
BPEMEHH rojia U KIMMaTHIEeCKUX yCIOBHH.

OnmHako ~ MHKpPOOHBIE  DK30TOJHCAXapHIbI
HMMEIOT BBICOKYIO CE0ECTOMMOCTh W3-3a 3HAYUTEIBHBIX
3aTpaT Ha HAy4YHBIC WCCIIEJOBAaHUS, CBS3aHHBIE C
TTONCKOM HOBBIX MPOAYIICHTOB, HOBBIX
TEXHOJIOTUYECKUX PELIEHUM, U3-3a BBICOKOM CTOUMOCTH
HCTIOJIB3YEMBIX CyOCTPATOB, SJHEPTHH U paboyveii CHIIHI.

PacrurencHbie MO CAXapUIIBI ropasuio
JICIICBIIC MUKPOOHBIX, OJHAKO, 3HAYUTEIBHO YCTYMAIOT
UM 1o cBoiictBaM. PaccmoTpum Oonee moapoOHO
OCHOBHBIX MPEJICTABUTEINCH OUOMOIUMEPOB.

KcanTtan(CssH49029)n - U3BECTHEII
MUKPOOHBIM  MOJHMCaxXapuj,  HCIOJNB3YEeMBIA  JUIs
MOBBIIEHUS HePTemo0bn [7].

Kcanran SIBIISIETCS KHCITBIM

reTepononcaxapuIoM. B cocraB KcaHTaHa BXOIST
octaTku D-riroko3bl, D-riarokypoHOBOM KHCIOTHI, D-
MaHHO3BI B cooTHOIIeHnNn 2,8:2,0:2,0 COOTBETCTBEHHO.

CTpykTypa MHUKpPOOHOTO DK30IMOJINCaXapuia
KCaHTaHa Npe/ICTaBIcHA Ha PUCYHKE 1.

Kpome Ttoro, on conepxut oxono 4,7%
AeTWIbHBIX TIPyon ¥ OKoJd0 3%  OCTaTKOB
MUPOBHHOTPATHOW KHUCIIOTHI, CBSI3aHHBIX C OCTATKAMH
[NIIOKO36I B OOKOBBIX MEMSX B BHUAC IMKIUYECKOTO
KeTaus.

KcanTan MoXeT IpUMEHATHCS IJIsI U3BICUCHHS
HEe(PTH W3 HCCAKAIOMINX MECTOPOXKACHUH, B KOTOPBIX
ocTaroyHas HepTh aacopOUpyeTcs Ha pa3IUdHBIX



MOPO/Iax, COJEPIKAIIMXCS B HEPTSCHOCHBIX TIJIacTax 1 He
BEIMBIBaeTCSI W3 HUX Bojoil. OH TepMocTaOuWIieH,
YCTOMYMB K JIEUCTBUIO S3JIEKTPOJIMTOB, COXpaHSET
BSI3KOCTh B 3aCOJICHHBIX PacTBOpax, He ajcopOupyercs
TBEPABIMHU YaCTHI[AMHU.
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Puc. 1 - CTtpykrypa MEUKPOOHOT0 SK30M0HCAXapHIA
KCAHTaHa

B sTOM HampapneHun pa3paboTaHa TEXHOIOTHS
NPUMEHCHUSL KOMIIO3UIIMOHHBIX CHCTEM Ha OCHOBE
KCaHTAHOBBIX OMOIIOIMMEPOB - TEXHOJIOT S
«KcanTan», KOTOpast BIIOCICACTBHH YCIEIIHO IPOIIIa
MIPOMBICIIOBBIC HCTIBITAHUS Ha MecTopoxaeHusx OAO
«TarHe)Tb» W B [JaHHBIH MOMEHT WMEET CTaTyC
MIPOMBIIIIJICHHO BHEAPSEMBIX padoT [8]

Haznauenue TEXHOJIOTUH «Kcanran»:
MOBEIINICHUE OXBaTa IUIACTOB 3aBOJHCHUEM, IYTEM
CO3/IaHMs B MPOMBITHIX 30HAX TUIACTA BBEICOKOTPOYHBIX
TCNCBBIX OJIOKOB M3 KCAHTAHOBBIX OHMOTIOIHMEPOB.
VYCnoBUs TPUMCHEHHUS: HEOJHOPOJHBIC TEPPUTCHHEBIC
Win  KapOOHAaTHBIC  KOJUICKTOPHI ~ MOPOBOTO WM
TPEIUHOBATO-TIOPOBOTO THIA; MPOHUIIAEMOCTh — HE
menee 0,1 MKM2; TeMIieparypa miacta — ot 15 go 50°C;
Bs3KOCTh He(TH — oT 4 mo 300 mlla-c; mpueMuUCTOCTH
HArHETATEIbHBIX CKBaXXHH — He MeHee 150 M3/cyT;
3aKkayMBaeMas BOJAa — TIpeCHas WIH CTOYHAS,
00BOJHEHHOCTh JOOBIBAEMON TPOAYKIUU TIO0 YYaCTKY
cocraBisaeT 10 98%.

CoOTHOIIIEHHST KOMIIOHEHTOB, Mac.%: KCaHTaH
0,05-0,3; ameraT XpoMa W/WIM XPOMKAJIUEBbIE KBACIIBI
0,005-0,2; Boma ocrtampHOe. [IpuueM mocne 3aKauku
3aJaHHOTO o0bema cocTaBa OCYIIECTBIISIOT
TEXHOJIOTHYECKYIO BBIICPIKKY MPOOIDKUTESIBHOCTHIO OT
3 mo 10 cyrok. Texnonorus «KcaHTaH» MmO3BOJHIIA
JIOTIOTHATENHHO J00BITh 560 THIC.T HEPYTH B CpeaHEM,
1040 1 Ha o;THY CKBaXKHHO-00paboTKy [9].

CKJ1eporIoKaH - HEeUTpaIbHbIN
TOMOIIOJIMCaXapul, B KOTOPOM OCTaTKH
TITIOKONMPaHO3bI CBSI3aHBI B-(1,3)-cBs3siMu.

CxJepriitokal CHHTE3UpYEeTCsl B Cpele Ha OCHOBE
0K03bl. CKIIEPTIIIOKAaH JIETKO PacTBOPSIETCS B BOJE,
o0pa3ys  ICEeBIOIUTACTUYHBIC  pacTBOpel, pH m
KOHIEHTpaluuu coyieid. TpexBajieHTHbIE KaTHOHBI (Cr*,
AP’*, Fe’*) wmoryr BeBbBaTh  reneoGpasoBaHue,
OTMEYEHAa HEYYBCTBUTEIHHOCTh CKICPOTIIIOKaHa K
JEHCTBUIO OJHO- U JIBYXBaJICHTHBIX KATHOHOB, a TaKXKe
TO, YTO CKJICPOTIIIOKAH TepMOCTAONIbHEE, YeM KCAHTAH.

I[ponykr BII-92 — mnonucaxapum, KOTOPBIi
SABISICTCA PE3YIBTATOM MpoIlecca >KU3HEAEATEIbHOCTH
MUKpooprann3MoB Azotobactervinelandii BKIIM B-

259

5933 [10]. OTnu4uTensHON OCOOEHHOCTHIO TPOAYKTA
BII-92  saBmsercs TO, dYTO B  MaKpOMOJIEKYJIS
ouomnoymmMepa cozepkarcs KapOOKCHIIbHEIE,
KapOOHHUIIBHBIE ¥ THAPOKCHIBHBIE TPYIIHI, CIIOCOOHEIE
00pa30BHIBaTh KOMIICKCHBIE COCTMHEHNS.

Makpomonekynbl  BII-92 HMeEOT KECTKYIO
ctpykTypy. K ocHoBHO#l nemu npucoeauneHo 5-20%
(ot oOmiero uyucna (GyHKIUOHANIBHBIX TPYII) KHCIBIX
THAPOGWIBGHBIX ~ TPYIIN, [O3BONMIONIMX  TOJAMEPY
PACTBOPATHCS B BOJC W MPUIAIOIIUC €My XHUMHUYECKYIO
aKTUBHOCTh, W THAPO(POOHBIC OCTATKU KUPHBIX KHUCIOT
Ciy, Ci¢ m Cig. Hanmmume maHHBIX (DYHKIIMOHATBHBIX
TPynn  TO3BOJWIIO TPENJIOXKUTh TpoAaykr bII-92 B
KauyeCTBE OCHOBBI CLIMTOM ITOJIMMEPHON CUCTEMBI, 1€ B
Ka4decTBE CIIMBATENS TNPUMCHSINCH XPOMOKAJIHEBEIC
KBAaCIIBL.

W3BecTHB! pasnuyHBIE ITOJIUMEpPINCIICPCHBIC
CHCTEMBI Ha OCHOBE mpoaykra BI1-92, pasnmuuarommuecs
TUTIOM HamoJHHUTENA. B kadecTBe amcriepcHOW (hasbr
MOTYT BBICTYNATh TJIMHOMOPOIIOK, IUTACTHK, Kpaxmai
[11].

buononumep mpoaykr BII-92 u xommosunuu
Ha €r0 OCHOBE MPOIILTH MPOMEBIIIICHHYIO alpoOaIiio B
3anannoit Cubupu npy pemeHny 3a1a4d BhIpaBHUBAHUS
Mpo¢WIsL MPUEMHUCTOCTH M OTPAaHWYCHHUS BOJOTIPUTOKA.
JlonomHUTENHHAS TOOBIYA HEPTH MPH 3TOM COCTABIISCT
or 250 mo 3000 Tomn Ha omHy ToHHY bBII-92, B
3aBHCHUMOCTH OT T€0JIOT0-(pU3NIECKUX YCIOBHMA, CTaTUN
pa3paboTku U Ipyrux (HaKTOpOB, a CpelHee 3HAUYCHUE
yaenpHON 3ddektuBHOCTH — Oomee 500 TOHH
Hedru/ronny BI1-92. IIpn MHOTOKpaTHEIX 00paboOTKaXx,
Oomnee 3-5, ynmembHas 3(GGEKTUBHOCTh CHIKACTCS IO
yposHs 100-500 TonH HedTH/TOHHY BI1-92 (110 KaHHBIM
OAO CnaHedTts-Mernonnedreras, PUTIK).

Cumycan - 9K30MOJUCAXAPUI,
CHHTE3WPOBaHHBIN  Acinetobactersp, mpencTaBiseT
co00l KHCIBIH TeTeporoiucaxapu W COCTOUT U3
OCTaTKOB HEUTPAJIHHBIX CaxapoB TIOKO3BI, TalaKTO3HI,
MaHHO3bI, PaMHO3BI, ITCPUPUIIMPOBAHHBIX KUPHBIMHU
KUCJIOTAaMHM  JIAypUHOBOM, TMaJbMUTHHOBOM, Malb-
MHTOJICUHOBO, CTE€apUHOBOMH, OJICUTYpaJIbHOM
xuakoctd. KymbTypansHas xuakocts Acinetobactersp
XOpOIIIO CMCIIUBACTCS C MPECHOH BOJOW, OJIHAKO
MPAKTUICCKH HE PACTBOPSIETCA B MHHEPAIHM30BAHHBIX
IUTACTOBBIX BOJAX.

Bonanble pacTBOpPHI KYJIBTYPaTbHOW KUIKOCTH
IJI0X0 (QWIBTPYIOTCS Yepe3 o0pasIbl MOPOABI IJIacTa,
9TO  TPHBOAWT K  MOHOTOHHOMY  CHIDKCHHIO
MPOHHUIIAEMOCTH KEepHa BIDIOTH 10 3a0UBKH |
MpeKpaeHus GuiapTpanuu.

Kunkoe crexsmo obecrednBaeT XUMHYECKOE
B3aMMOJEHCTBHE C  MOJIEKylaMu  Ouoronmumepa,
O0uolIAB w® comsMH MHOTOBAJCHTHBIX METAJLIOB
IUTACTOBOM MHHEpPAaIM30BAaHHONW BOJIBI, YTO B HTOTE
MPUBOAUT K OOpa30BAHUIO MPOYHON apMHUPYIOMICH
CEeTKH, KOTOpas 3¢ hexTUBHO CHIDKACT
BOJIOTIPOHUIIACMOCTh TIPOMBITBIX 30H U IIOBBIIIACT
OXBAaT ILJIACTa 3aBOJHCHUEM.

Komnosumus 3akadnBaeTcs B HarHETAaTEIHHYIO
WA JO0OBIBAIOIIYIO CKBaXHWHY, IPOJBUTACTCS B
BBICOKOTIPOHUIIAEMBIX MIPOIUIACTKAX, B
HU3KOIPOHMIIAEMBIX 30HaX TIJIyOWHA IPOHHUKHOBEHUS
3HAYUTEITHHO MEHBIIAS.



[Io wcTedyeHMHM ONPEAEICHHOTO  BPEMEHHU
reneo0pazoBaHMs JKUAKAS KOMITO3UIMSA ITIPEBPAIIaeTCs
B BA3KOYIPYTHH Tellb IO BceMy 00BeMY, 3aII0THEHHOMY
pactBopoM. PerymupoBanme ocagkooOpa3oBaHHS B
I1acTe JOCTHTaeTcs BEIWYMHONW o0bema OydepHO
OTOPOYKH MTPECHON BOJIBI.

B pabore [12] YCTaHOBJICHO, 4TO
KOMIIO3WIIMOHHAsE CHCTEMa HAa OCHOBE pPacTBOPOB
HIETIOYHOM TIa3MOJIN30BaHHOM Onomaccel, CMycaHa u
MHOT'OBAJICHTHBIX METaJUIOB MUHEpaTN30BaHHOM
IUTACTOBOM BOJABI 00pa3yeT arperaTiBHO YCTOWYUBYIO
SMYJbCHIO  IOBBIIICHHOW  BSI3KOCTH Ha  (PPOHTE
BBITECHCHHSI HE(TH B IUIACTE, PEaM3yeTcs MEXaHH3M
CEJIEKTUBHON 3aKyMIOPKA CPaBHUTEIHHO
BBICOKOTIDOHHUIIAEMBIX ~ IDIACTOB,  MPHUBOMALINHA K
BBIPAaBHUBAHUIO (DPOHTA APCHUPOBAHHS M YBEIHMUCHHIO
OXBaTa IUIACTa.

Ha wectopoxaennsx HI'IY AxcakoBHEpTH
NpU 3aKayKe KOMITO3UIIMOHHON CHCTEMBI Ha OCHOBE
Cumycana Ha PaeBCKOM MECTOPOXKICHHU B PE3yJIbTaTe
3aKYMOPKU BBICOKOMPOHHUIIAEMBIX YYACTKOB CHU3WIACH
MPOHMIIAEMOCTh IUIACTa, YBEIWMYWIach Hedreornaua,
nmo3BojMBIIAas NOOBITE 14 674 T JONMOTHHUTENBHON
He(TH. Ha [[IxamoBckoM u 3HaAMEHCKOM
MECTOPOXKICHUSX 3a cder MIPUMEHECHHUS
KOMITO3UITHOHHOM cucTembl no0bITo 10 828 T HedTh.
DKOHOMUYECKHH d(P(HEKT OT 3aKa4YKH KOMITO3UITMOHHON
cuctemsl coctaBmi 73 483 Teic. py0./rox [13].

C LIEJTBI0 CO3/IaHusg OTEYECTBEHHOTO
OuononuMepa A MPUMCHCHHS B Ka4eCTBE PEarcHTOB
CEJICKTUBHOM BOJIOM30JIAIUY Ha Kadenpe Gu3ndeckoi u

koutongHo xummn  PI'Y Hedptm U raza Obun
CHHTE3UPOBAaH  KHCIHBIM  monucaxapuj  Purtuzan.
KommtekcHbIi 9K30I0JIMCaXapul Puruzan,
CUHTE3UPYEMBIi IITAMMOM Oaktepuit

Paracoccusdenitrificans, COCTOUT W3 HEUTPAILHOTO |
IBYX KHCJIBIX IIOJINCAaXapuioB, OAWH U3 KOTOPBIX
aIIIMpOBaH.  BBUTM  TPOBEOCHBI  IPOMBICIIOBEIC
WCTIBITaHNUS, BBISIBHBILINE 3HAYUTEIBHYIO
3¢ dexTBHOCT, TpUMEHeHUs1 PutH3aHa B KadecTBe
pearenra ISt BEIPAaBHUBAHUSA npodureit
npueMucTocTH [3].

I'yapoBast kamens — O3TO  HEUTpaslbHBIN
BOJIOPACTBOPHMBIHA  ITIOJNMCAXapuj, TOIy4aeMbId W3
ceMsH ryapoBoro aepesa, Cyanaposistetragonolobus, u
uMeeT OOMIYI0 CTPYKTYpYy raJlakTOMaHHAaHOB. ['yapaH —
(OYHKIIMOHABLHBIA TIONMCAXapyl B TyapoOBOW KaMelH,
COCTOMT H3  OCHOBHOW memu  (1—4) B-D-
MaHHOIIMPO3WIOBLIX dacTed, 3ameméHHeix B 0-6
TIOJIOKCHUSAX ONMHOYHBIMA OOKOBBIMH ILemsMH  a-D-
rajakTonupano3bl. CtpykrypHas ¢opmyna ['yapana
MpeIcTaBJIeHa Ha PUCYHKE 2.

OTHOIIEHHE MaHHO3BI K TaJIAKTO3¢ COCTaBIISICT
npumepHo 1,6:1, B 3aBUCUMOCTH OT HCTOYHHKA U
METO/a TIOTYICHUS.

I'yapoBasi kaMeib PacTBOPSCTCS B IMOJISPHBIX
pacTBOPUTENAX, 00pa3ysl CHIBHBIC BOJOPOIHBIC CBSI3U.
CreneHb pacTBOPEHUS TYapOBON KaMEIH WU BSI3KOCThH B
o0ImIeM ciydae BO3pacTaroT C YMEHBIICHHEM Pa3MEpOB
yacTWI, yMeHblIeHHneM pH, w©  Bo3pacTanmem
Temneparypbl. CTeleHb PacTBOPEHHS YMEHBIIACTCS B
MPUCYTCTBUU PACTBOPEHHBIX COJIEH M APYrHX BEILECTB,
00pa3yIomumx CBS3M C BOJOH, TaKMX Kak caxaposa [14].
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Puc. 2-CtpykrypHas ¢popmysa I'yapana

OnHoi u3 HOBBIX pa3paboTox
TatHUIIWHedTH, HampaBJIeHHBIX Ha  YBEIUYCHUE
kod(punrenHTa oxBaTa IJIacTOB 3aBOTHEHUEM, SBJIICTCS
TEXHOJIOTUS IPUMECHEHUSI KOMITO3UIIMOHHBIX CHCTEM Ha
OCHOBE I'yapoBoi kamenu — Texnosorus «I'Y AP» [15].

Mexanuszm eHCTBUS: OIOKMpOBaHUE
BBICOKOTIPOHHUIIAEMBIX OOBOJHUBIINXCS 30H IIJIACTOB
reneo0pasyromuMu KOMIIO3HUIUSMHU WU
HU3KOKOHIICHTPUPOBAaHHBIMHA ~ PAcTBOPaMH  T'yapOBOU
KaMend C UWHAYKTOpaMH TreneoOpa3oBaHus — (Auis
BBICOKOIIPOHUIIAEMBIX KOJIJICKTOPOB) W IOCIEIYIOIIEe
repepacipeecHue ¢dpoHTa 3aBOJHCHUS Ha
HEOXBaUCHHBIC BO3JCHCTBHEM MIPOYKTUBHBIC
MIPOILJIACTKH. Y CIIOBUS TIPUMEHEHUS: HEOAHOPOIHBIE TI0
MIPOHHUIIAEMOCTH KOJUICKTOPEI. CoOTHOIIEHHUS
KOMITOHEHTOB, Macc.%: ryapoBas kamens 0,2-0,5, okcun
uunka 0,03-0,05 u anerar xpoma 0,02-0,1 wnu okcun
maraus 0,02-0,04 u ameratr xpoma 0,01-0,12, Boma
ocTanbHOE. BRIIEpKKy OCYLIECTBISAIOT OT 3 10 5 CYTOK
[16].

B nacrosmmnii MoMeHT TexHoJiorusa «[ YAP»
MIPOXOJIUT  OMBITHO-TIPOMBICIIOBBIE ~ WCTIBITAHWS — Ha
mectopoxkneHussx OAO «TarHedTh», BXOAE KOTOPHIX
JIOTIOJTHATEIHHO JOOBITO 46 THIC.T HEQTH [8].

MpumeHeHune BA3Koynpyrux cuctem (BYC)

B cBm3u ¢ pgedumutoM u JOPOTOBU3HOM
XUMHUYECKHX  PEareHTOB  MpPEICTaBJSIIOT — HHTEpec
METOAbl  BO3ACWUCTBUS HA  IUIACT  PA3IMYHBIMU
BOJOM3OJIHUPYIOIIMMHA MaTepuajaMi HHIUBUAYAIHHO
WIH B COYCTAHHU C  HHTCHCHDUIUPYIOIIUMHI
peareHTamm.

B kagectBe peareHTa, BBIPaBHHBAIOIIETO
MIPOHHUIIAEMOCTHYIO HEOJHOPOIHOCTH TUTaCTOB,
HCTIONB3YIOTCSI KOMIIO3UIIMK HAa OCHOBE IIOJINMEPOB CO
CIIMBAIONIMMH  areHTaMH, oO0pa3ylomue Teld B
IUTACTOBBIX yCIOBHAX. Ilo CBOMM pEOOTHYECKUM
CBOMCTBaAM OTH Te€lM 3HAYUTEIBHO MPEBOCXOIAT
XapaKTePUCTUKHU PacTBOPA MOJIMMEpa.

Kak MIpaBuIIo, npu pa3paboTke
KOMITO3UIIMOHHBIX ~ CHUCTEM  OPUEHTHUPYIOTCS  Ha
HCIOJIb30BaHUE HeIe(DUITUTHBIX, HEJOPOTHX,
TEXHOJIOTUYHBIX B WCIOJIb30BaHUU u
TPAHCIIOPTHPOBAHUN XUMHUYECKUX NMPOAYKTOB. B cBs3M
¢ 3TUM ObUIa U3y4YeHa BO3MOKHOCTH ITOJTydEHHS TeJeH C
HCTIOB30BaHUEM CHCTEM Ha OCHOBE IOJIMAKPIIAMHIIOB
B BH/IC KOMITO3UIIMOHHBIX COCTaBOB CO CIIMBATENSIMH B
BOJIaX BBICOKOU M HU3KOW MUHEpPAIIU3AIUH.

IIpuniun BO3JICHCTBUS BS3KOYTIPYTOi
CHUCTEMBl Ha OCHOBE HCIIOJIb30BAHUS IMOJHMAKpUIAMHUIA
aHaJIOTMYEH MEeTOJaM, OMHUCAaHHBIM BhIlie. [IpoHukas B
HanOoJice MPOMBITHIC MPOIUIACTKH, ITOJHAKPHIAMHU]T,



BOJIOH,
3aKyTIOPUBAIOIIYIO

pearupyst cO cHIMBaTeJIeM U  IJIaCTOBOW
obpa3zyeT 3JIAaCTHYHYIO  Maccy,
KaHaJbl U TIOPBI.

Mero 1O3BOJISIET  BBIPABHHUBATH
HNPUEMHUCTOCTH HarHeTaTelbHbIX " MPUTOKA
JNOOBIBAIOIIMX ~ CKBOXHH, HW3MCHATh  HAINPaBJICHUE
(WIBTPAIMOHHBIX TIOTOKOB, YBEIHYUBATh CTCIICHB
u3BJcUcHUS HepTH 3a CYET M3MEHCHHS OXBaTa
MOCJIONHO-HEOJHOPOHOTO  IIACTa BO3JCHCTBHEM H
MOJKJIIOUCHUsT B paboTy paHee HE paboTaroImux
MPOTIUIACTKOB, CHIDKAs KOJUYECTBO BOJABI B MPOIYKIHH
JMOOBIBAIONIMX CKBaXWH. Penentypa BsA3KOYNPYrux
cuctem (BYC) monbupaercst ¢ yaeToM THIIOB U CBOWCTB
KOJUIEKTOPa, COCTaBa 3aKauuBAEMOW BOBI.

npodun

NMpumMeHeHMe BONOKHUCTO-AUCNEPCHOMN
cuctemsl (BOC)

Texuonorus YBEIUYCHUS KOHEYHOTO
ko3 dunueHTa HeHTEOTAAYM BBICOKOOOBOIHECHHBIX
MOCTIONHO-HEOTHOPOHBIX IJJACTOB C TMPUMCHCHUEM
BOJIOKHUCTO-AucnepcHoit cuctemsl (BJIC) 3akmtouaercs
B TIOCJIEJIOBATCIILHO YEPCAYIOIICHCS 3aKayke B IUIACT
Yyepe3 HATHETATENBHBIC CKBAXKUHBI BOJHBIX CYCIICH3UIH
JIpeBecCHOM MyKH M TIuHBL. JlpeBecHas myka (M),
MOCTYyTIAIOIasi B BBICOKOIPOHMIIAEMBIE  IIPOCIIOH
HEOJHOPOIHOTO TUIACTa, OJarojapst HAIMIHUIO Ha CBOEH
MOBEPXHOCTH TOHYANIINX BOJIOKHHCTBIX OTBETBIICHHH
bubpuiut, 32 cyer cuil (HU3MIECKOTO B3AUMOJIECHCTBUS
3aKpeIuIsIeTcsl Ha CTeHKax Hop. boiee Menkue wacTHIbI
TJIMHBI, TPU HACHCTAHWUM WX BCIEH, 3aJCPIKUBAIOTCS
¢uOpmTaMu  IPEBECHON MYKH, B pE3YJbTaTe 4Yero
o0Opa3zyeTcs CTOlKass K pa3sMbIBYy CTPYKTYpHpOBaHHas
BOJIOKHHCTO-AMCIICPCHAS CHCTEMa W  yMCHBIIACTCS
CCUCHHE TMPOMBITBIX KaHAJIOB moponsl Iwiacta. C
TEYCHHEM BPEMCHH JpPEBECHas MyKa, H [JIHHA
NpelenbHO HAa0yXalT, YCHIMBAas 3aKyHOPHBAIOIIIHA
apdexr. JlpeBecHas Myka B OTIHYHE OT JPYTHUX
NPUMEHSIEMBIX  PEarcHTOB  WIM  MaTepHaloB B
TEXHOJIOTHSX TI0 YBETHYCHUIO HE(PTEOTHAUM IUIACTOB
(monmakpuinamMuaa, KapOOKCHMETHIIICIIIION036I U Jp.)
HE  TojaBepraercs  AECTPYKIMH, He  oOjamaer
OHMOIIMIHBIMU CBOWCTBAMH, KOJOTHYECCKH YUCTA H €€
MIPOU3BOJICTBO OCHOBAHO Ha UCIIOJIE30BaHUH
pecypcoobecieueHHBIX MaTePHAIIOB.

NMpumMeHeHMe reneobpasyroen KOMNo3nuum
Ha OCHOBe CUJIMKaTa HaTpus

OxHnmM u3 3 GeKTUBHBIX METOJIOB
BO3JICHCTBHsI HA OOBOJIHEHHbBIC HEOJHOPOAHBIE ILJIACTHI,
UCIIBITAHHBIM W BHEJIPEHHBIM B MPOMBICIOBBIX
YCIIOBUSIX, SIBJISIETCS TPOLECC CEJICKTUBHOW H3OJISILIUH

BOJOIIPOBOIAIINX KaHaJIOB BOJOU3O0JIHUPYIOIIUMHU
COCTaBaMM Ha OCHOBE CWJIMKATa HATPUA.
B OCHOBC TCXHOJIOTHH MMPpUMCHCHUA

CUJIUKATHBIX COCTABOB JICXKUT CIIOCOOHOCTH CHIIMKATA
HATpUsl B3aMMOJICHCTBOBATh C MOHAMHM TIOJIMBAIICHTHBIX
METAUIOB HIIM JPYTUMH areHTaMu ¢ o0Opa3oBaHuEM
BOjZlopacTBOpUMBIX  ocagkoB  CaSiOz,  MgSiOs,
Mg(OH),, Ca(OH), nu reixeo6pasHBIX CHCTEM.

B pe3yabTaTte B3aUMOJICHCTBHA
KPEMHEBOKHUCIIOTO HATPUS (3KUKOTO CTEKJIa) C COJISTHOM
KHCIIOTOH 00pa3yercsi refib KPEMHEBOW KHCIOTHI IO
cXeMe:
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NaSiO; + 2HCI = H,SiO5 + 2NaCl.

B KkadecTBe W30JMPYIOMICTO MaTepHana Jis
3aKyIOPUBAHUS BOJIOHACBIILIEHHBIX IIJIACTOB B
CKBa)KMHAX CHJIMKArejb JIOJDKEH OTBEYaTh
ompeneiaéHHBIM TpeOOBaHMSIM, a, HMEHHO, HYXHO,
9TOOBI BpeMsl Hadajga €ro CXBaTbhIBaHUSA OBLIO
IOCTaTOYHBIM JUIA TOrO, YTOOBI €ro MOXKHO OBLIO
BBECTH B IUIACT, HE OMNACasCh IPEKICBPEMCHHOTO
CXBaThIBaHUS CcMecH B TpyOax. C Apyroi CTOPOHEI,
MOCJIC BBEICHUS CMECH B IMMOPOBOE MPOCTPAHCTBO BPEMsI
HayvaJla CXBaTLIBAHUA HE JOJDKHO OBITH OYEHb OOJIBIIKM.

IlepcrekTHBHOCTH HCTIONB30BaHUS
reneobpasyromux  pactsopoB ('OP) Ha ocHOBe
CUITMKAaTa HATpUsl Uil TPOBEACHUS H3OJSIIMOHHBIX
pabot obycioBiIeHa TEXHOJOTUIHOCTHIO

MIPUTOTOBJICHUSI pPAacTBOpa M 3aKaykd €ro B IUIACT,
JIOCTaTOYHO HHM3KOM CTOMMOCTHIO PEareHTOB W WX He
TOKCHIHOCTBIO, BEICOKOW TIPOYHOCTHIO 00pa3yroIIerocst
renst u T.a.[17].
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MupoBoif  ONBIT  CBUACTEIBCTBYET,  YTO
BOCTPcOOBaHHOCTh COBPEMCHHBIX
MOTOKOOTKIJIOHSFOIINX METO/IOB MOBBILICHUS
HeTeOTHAYN pACTET, UX MOTEHIUAl B YyBEIMYCHUH
M3BJIEKAEMbIX 3amacoB BHYIIIUTEJICH. Oromy
CITOCOOCTBYET u TO 00CTOSITENBCTBO, 4910
cebecTouMOCTh  TOOBIMM  HEepTH C TPUMEHEHHUEM

COBPEMCHHBIX MECTOJOB IO MEPE HUX OCBOCHHUA H

COBCPIICHCTBOBAHUSA HEMPEPBIBHO CHHMKACTCA u
CTAHOBMTCS BIIOJIHE COIOCTABUMOM ¢ Ce0ECTOMMOCTHIO
,HO6LI"II/I HC(IJTI/I TpaaAUIIMOHHBIMU IMPOMBIIJICHHO

OCBOCHHBIMH MCTOJAMHU.
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