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(54) CNOCIb BUAAJNIEHHA KOJIbMATYIO4YMX YTBOPEHD I3 BYITIEBOOHEBOYTPUMYIOYUX MITACTIB

(57) Pedpepar:

Cnocib BuOaneHHs KonbMaTyluMX YTBOPEHb i3 BYrMeBOAHEBOYTPUMYKOUMX MNACTiB  BKIOYAE
nocnifjoBHe 3akayyBaHHs B MNNacT TEXHOJOMYHWX PO3YMHIB 3a 3adaHVM TUCKOM i BUTPATOO, SKi
B3aEMOZAIIOTb i3 KONMbMaTYlOUMM YTBOPEHHSAM MPUPOOHOro abo TEXHONEHHOrO MOXOOXKEHHS, a TaKOoX
BKIHOYAE TEXHOMOrYHY BUTPUMKY PO3YMHIB y NNacTi, BUAaneHHs NpoayKTiB peakuii i BUKIUK Npunnvey
3 nnacta go nossu noigy. NonepegHe0 NPOBOAATL XiMiYHWIA aHani3 NNacToBMX i NOBEPXHEBUX BOA,
a TaKoX TEXHIYHOI BOAWM Ha BMICT B HMX KamnbLito Ta dpakuin TBepaux YacTWHOK, Ha MiacTasi
OTPMMaHMX pes3ynbTaTiB aHanidy 34iMCHIoITb 0OpObBKYy TexHiYHOI BOAW [AOAaBaHHAM [0 Hel
KanbunHoBaHoi coan Na,CO3
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KopucHa Mopenb Hanexutb A0 HadpTorasoBuaobyBHOI MPOMUCIOBOCTI, @ came - OO cnocobis
BUAAnNEeHHss MOMNIMEPrauHNUCTUX KONMbMaTYHOUUX YTBOPEHb i3 BYrNMEBOAHEBOYTPUMYKOUYUX MNAacTiB,
npuaHadeHa Onsi BUKOPUCTAHHS SIK NPWM OCBOEHHI CBEpAfOBMHM, Tak i B NpoLeci ekcnnyaTauii gns
NiABULLEHHS TX NPOAYKTUBHOCTI i3 3aCTOCYBaHHAM PO3YMHHUX peareHTiB. Moxe 3HanThn 3acTOCYBaHHS
npw KanpPeMoHTi HAapTOBUX | ra30BNX CBEPASTOBUH ANS 30iNbLUeHHS iX AebiTy.

Mpn po3kpuTTi Nopoan B npoueci 6ypiHHA CBepAsIoBUHM i B HACTYMHWIA nepiog ii ekcninyaTtadii
BiAOyBaeTbCs 3MiHA (iNbTpaUiNHNX BNAcTMBOCTEN NPOAYKTUBHUX MMACTiB B HABKONIOCBEPAJIOBUHHIN
30Hi Nig BNNMBOM psaay hakTopiB, SKi 3anexaTb:

Bi di3MKO-XiMiYHUX BNACTUBOCTEN MPOMMBHOI PiAMHU Ta Yacy Tl KOHTAKTY 3 ripCbKUMK Nopoaamu;

NPOTUTUCKY Ha NNacT, KA CTBOPHETLCA NPOMUBHOK PiANHOIO B NPOLIEC MO0 PO3KPUTTS;

B3aemMopii pinbTpaTy LEMEHTHOIO PO34YUHY 3 NOPUCTUM abo TPILLMHHMM MPOCTOPOM i3 FipCbKUMM
nopogamu;

3MiHM BNacTMBOCTEW HaddTWU B NPUCBEPASIOBMHHIA 30HI BHACMIQOK OXOMNOMKEHHA nnacta npu
OypiHHi Ta B3aemogiji i3 pinbTpaToMm.

PagianbHa oinbTpauis npu3BoAMTb OO0 YTBOPEHHS TNIMHUCTOI KipkW, 30HW KonbMmarauii abo
BHYTPIWHLOI KipKM Ta 30HW NPOHUKHEHHA inbTpaTy. Llen npouec cnocTepiraetbca npu
CTaTUCTUYHOMY | AMHAMIYHOMY PO3YMHaX.

Mpwn iHTEHCMBHOMY 3aMnOBHEHHI NOPUCTOro abo TPILLMHHOIO hniigy CTOPOHHLOK PEYOBUHOD, SKa
Mae cKknagHy i3nKO-XiMidHYy npupoay, BinOyBaeTbCS HEKOHTPOSIbOBaHa 3MiHa
Ha(pTOrasonpoHUKHOCTI, AKa B KiHLEBOMY pe3ynbTaTti npu3BoAMTb [0 ICTOTHOrO 3MEHLUEHHS
HadToBigAavi. PinbTpaT NPOMMCAOBOI PIAVHKW, AKMI NOTPANMSE y NacT, NOpyLUye cTany CTaTUCTUYHY
piBHOBary Mixk MopoAolo Ta nracTtoBum oroigoM, BHACMiAOK YOro BigbyBaloTbCA HOBI (DI3MKO-XiMiYHI
npoecu, ski NpM3BoAATE A0 HabyxaHHA MUHUCTOI PEYOBUHM, BUNadaHHsS B 0caf CONen, KomnoigiB Ta
iHLIMX 3BaXKEHWX YACTMHOK, YTBOPEHHS CTiMKNX €MYINbCil, 30iNbLUEHHSA 3anuLLIKOBOI BOAOHACUYEHOCTI.
[MpOHWMKHEHHSA MPOMUBHOI PiAVHW B NNacT nignsarae 3akoHam dinbTpauii B nopucte abo TpilMHHe
cepegoBuule. Y CBEpASIOBMHI Yy 3B'A3KY i3 HEOOHOPIAHICTIO BNAcTMBOCTEN MNOPOAMW, CTYMEHS
AncnepryBaHHs NPOMUBHOI PiavHKN, 3MIHOK MPOHMKHOCTI MOpPOAM Mig BNAIMBOM HabyxaHHS TMMHUCTOro
mMaTtepiany, ginbTpauia HOCUTb AyXXe CKNagHUI Xapakrep.

ToBLUMHA 30BHILIHLOT iNbTPALINHOT KipK1 3anexuTb Big TUNY NPOMWBHOI PiAWHKU, TemnepaTypu
Ta TUCKY i MOXe KONUBATUCH Bif KiflbKOX MiNiMeTpIiB A0 KiNbKOX caHTumeTpiB. B HadhTonpoMmncnoBocTi
CTyniHb 3abpyOHEHHs1 nNnacTta po3ynHamMu AndepeHLiloeTbCA Ha 3abpygHEHHS OMCMEPCHO (hasok
OypoBOro pos4yvHy (TBEpAMMU YaCTUHKaMM) i gucnepcHuUm cepegosuilem (dinsTparamu).

Mpouec 3anoBHeHHS MopucToro abo TPILUHHOIMO NpocTopy ApiGHOAUCNEPCHUM MMUHMCTMM abo
iHWMM MaTepianoM HOCWUTb HasBy KonbMmarauis nnacta. TeBepdi YaCTMHKM 3 MPOMWMBHOI PidWHM,
PO3MIipU AKX MEepPEeBULLYIOTb PO3MIpU MOp, BiAKNAO4ATLCA Ha CTiHKaX CBEPANOBUHK, YTBOPKOKOYM
FMUHUCTY KipKy. Opyra yactuHa TBepgol dasu, 3 po3mipamu YacTMHOK, MEHLIMMMK 3a AiameTp nop,
NPOHUKaE B NNAcT i BiAKNaAa€ETbCH Y HABKONO CBEPAOBUHHIN 06nacTi, yTBOPIOKOYM 30HY KonbmaTaluii,
npuv UbOMY KoNnbMaTauielo 3abpyaHIOTECS BUCOKOMOPUCTI Ta BUCOKOMPOHUKHI KONEKTOPMW.

Konbmarauisa nnacrta BAnvMBa€e Ha 3MiHY MOro MPOHUKHOCTI, @ TaKoX Ha MUTOMWA eneKTPUYHUIN
onip, andysHo-agcopbuiiHy akTMBHICTb NOPOAM | MOXe iICTOTHO BNAMBATK Ha BENMYUHY NMPOHUKHEHHS
dinbTpaTy B Nnacr.

Konbmarauis nnacta mMoxe nposiBfsTUCh K Big'eMHMI bakTop Mpyv OCBOEHHI CBEPASIOBMHU, a
MOXe BifirpaBaTv MO3NTMBHY POfib Yy BMNAAKy HanpaBreHoi NPUMYCOBOI LUBMAKICHOI KOonbmaraldii, sika
[AO3BOMSIE YyTBOPIOBATW HEBEMMKY MO TOBLLUMHI 30HY KONbMaTalii i3 3MEHLIEHHSIM HacTynHoi inbTpauii
piouHN Yepe3 Hei. 3 meTol 3abesneyeHHs HagiMHOCTI mpouecy BypiHHA (3MEHLEHHS MMOBIPHOCTI
BVHUKHEHHSI NPUXOMMEHHs OypurbHOI KOMOHW, WO € HacnigkoMm nepenagy TUCKIB Y CBEpPANIOBUHI i
nnacTti Ta MOXMNMBOCTI TMMYacoBOi i30MAUii NNacTiB 3 Pi3HUMW TUCKaMM 3 METOK NonepemkKeHHs
HadTO-, raso-, BOAOMPOSABIB ab0 MOrMWHaHHA Yy NIacT MNPOMMBHOI PIAWMHW; 3HAYHOTO 3MEHLUEHHS
GinbTpauii NPOMMBHOI pianHK y NnacT) 3abe3neyvyoTb WBUAKE YTBOPEHHS 30HM KonbMaTaluii. PisHnus
B CTyMNeHi BMMAMBY 30HW KofbMaTauii Ha 3HWXKEHHS MPOHWKHOCTI MracTiB O0OyMOBMEHa pi3HMLED
pexvMmy 3abpyOHeHHs nnacta konbMmartauieto. BinblicTb gocnigHukiB, nNpu aHanisi 3abpygHeHHs
nnacra KonbmaTauielo, JOTPUMYOTLCSA KOHLENUIT BHYTPILUHBEONOPUCTOrO CKNEeniHOYTBOPEHHS, 3rigHO 3
AKAM YacCTMHKM 3 po3MipaMu MeHWMMW 3a JiameTp nop, ane OinblmMMy 3a iX TPETUHY NPOXiaHOro
nepepisy, 3ycTpivyarouncb, YyTBOPIOIOTL NEPErOPOaKM, O 3aTPUMYIOTh YaCTUHKM MEHLLIOro po3Mmipy. B
LbOMY pexumi OpMyBaHHS 30HM KONbMaTauii 34iNCHIOETBCA B Nepiog MUTTEBOI inbTpadii, To6To 0
YTBOPEHHSA | YLLISIbHEHHA FAIMHUCTOI KipKW, TOBLUMHA YTBOPEHOI 30HW KofbMaTauil cknagae nuwie
Kiflbka MinimeTpiB i i1 BNAMB Ha NPOAYKTUBHICTL Mfacta He3HadHa. B pexumi ckneniHOyTBOpPEHHS
yepes Kinbka XBWUIIMH (POPMYETLCA MasionNpPoOHMKHA 30Ha KonbMaTauil, Wo 3aBaxae noganbLiomy
NMPOHUKHEHHIO NPOMUBHOI PigMHM Y NnacT.
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HepockoHanicTb Aitodoi cuctemm po3pobkn HadbTorasoBmx NMoknagie, Ha AaHUM Yac, € rofoBHUM
dakTopoM y popmMyBaHHI 3acTimHUX obnacTten i3 3anacamum HadTu. PopmyBaHHS 3acTinHUX abo
HegpeHOBaHUX 30H BiaOyBaeTbCA Ha BCiX CTafisx po3pobku pogoBuLL, MoYMHaKYKM Big OypiHHA | Oo
eKkcnnyartauii, siki HaknagalTb NPUHLKUMNOBI OOMEXEHHST Ha YMOBM PYXOMOCTi HadTh, ToOTO Ha
dinbTpauiiHi BNacTUBOCTI ripcbkoi nopoau (mponyckaTn 4depe3 cebe HadTy, ras, Bogy) Ta ii
NPOHUKHICTb.

Bigomo, Lo sKLLO YacTMHa nop ripCbKnx nopig, 3anHaTa akot-Hebyab hasoto, To NPOHUKHICTEL Ans
iHWoI a3 ctae MeHwot. [Npn HeBenukin BOOOHACUYEHOCTI BOAA BTPUMYETLCA Y HEBESIMKMX
TYMVKOBUX NOpax; Yy BY3bKUX MICLISIX KOHTAKTIB 3epeH, aki He BepyTb ydacTb y QinbTpauii piguHu, a
TakoX y BUrMA4i HEPYXOMUX MiCUEBUX MMIBOK i MiKpoOKpanernb, pO3MilLlyeETbCA Ha NoBepxHi nopoau. B
OesiKii YaCTUHI NOp BOHA BCe-Takm MiCTUTbCS | TOMY ¢pa3oBa NPOHUKHICTb NO HadTi nicns 36inbLIeHHS
BOJOHACUYEHOCTi LWBMAKO 3MeHWyeTbes. Akwo B nopax 3Haxoamtbca 30 % 3B'a3aHoi Boau, TO
BiHOCHA NMPOHUKHICTb ANA HAaTUN 3HUXKYETLCA Y 2 pasu. 3 LibOro BUNNMBAE, WO HEOBXIAHO NpunMaTK
3axoau Ans 3axucTy HadToBMX NnacTiB i BUOOIB CBEpANOBMH Big nepegvacHoro ob6soaHeHHs. pu
NPOHUKHEHHI B nopoay dinbTpaTy OypoBOro po3ymMHy pocTe BOAOHACMYEHICTb MfacTta B HambinbL
BY3bKill YaCTWHI NOTOKY (NpMBMBINHIN 30HI NNacTta). BHacnigok Lboro 3HayHoO 3MEHLLYETLCA BigHOCHA
NPOHUKHICTL nopig ansa HadpTth i gebit cBepanoBuHU. BogsiHi dinbTpatn 6ypoBOro po3ynHy MiLHO
YTPUMYIOTBCA NOpoAaMun 3aBAsKU rigpodinbHMM BacTUBOCTAM OCTaHHIX | BaXXKO BUIy4atoTbCs i3 nop
nnacrta npu 0CBOEHHI CBEPANOBUHMU.

Mowko4KeHICTb NnacTa-koneKkTopa € AOCUTb akTyanbHO npobnemoro npyu po3pobui pogoBuLL
HadTh i ragdy. Jlnwe guHamika npouecy GYpiHHSA € HACTINbKU CKNagHOo, WO MOXe Mpu3BecTn Ao
BTpaTW 34aTHOCTI NnacTa-kornekropa nponyckatn vepe3 cebe nioign, Hanpuknag, BMKOPUCTaHHSA
OypOBOro po3ymHy Ha OCHOBI CyNnbMaTy HaTPIto i3 BUKOPUCTAHHAM TEXHIYHOT BOAM i3 BUCOKMM BMICTOM
PO3YMHEHUX B Hili COMewn KarnbLilo, BUKIMKAE XiMiYHY peakuilo i3 FMMHUCTUM PO3YMHOM i3-3a 4Oro
HEMOXIMBO OTPMMaTU SKICHO BYpOoBUI PO34KH, Skuin 61 He 3abpydHioBaB nnacT. [xepena Boau Ang
OypiHHA abo BigHOBMEHHS CBEPANOBUH BMKOPMUCTOBYIOTL 0€3 nonepegHboro XimidHOro aHaniay, Lo
CTa€ NPUYUHOID HEAOCTATHBOI SIKOCTi BYPOBUX PO3YMHIB, WO 3abpyAHIOTL NnacT.

Byno BcTtaHoBNEHO, WO GEHTOHIT fOGaBNeHUn y po34vvH, NPOAOBXYE HabyxaTu BNpomoBX 24
rogvH. AKLO Takuii po34MH NoTpannsie y NpoayKTUBHUIA NNacT, BiH MOXe HabyxaTu B NNacTi i 3HN3UTH
MOro MPOHUWKHICTL Mavxe OO0 Hynsa. B Takux Bunagkax sk gucnepreHT Anst 6eHTOHITY goaarTb
KaycTuyHy cofy. B gesikux Bunagkax HeobxigHe BUCOKe 3HAYeHHs1 pH, Hanpwknag, y CBepAnoBuHax i3
KMCMAMM ra3oMm, ToAi Y MpOMMBHMX pignHax 3acTtocoBytoTb KOH, MgO a6o CaO. Po3umHn NaOH i3
BMCOKMM MOKa3HUKOM pH BMKOPUCTOBYIOTb AN PO3YMHEHHSA TNWH Y MMacTi, IKe NOYMHAETbCA MNpu
3HayeHHsaX pH, wo gopisHoe 9,2 i BULLE.

IcHye dbeHOMeEH "3BOPOTHIN edheKT BOPOHKU", KU norarae B TOMy, WO piguHa 3aBxau Tedye B
nnacT, Ae KinbkicTe nop 36inblyeTbCa N0 Mipi NPOCYBaHHA PiAWMHU Bif CTIHOK cBepAnoBuHW. Oyxe
BaXXKO MOBEPHYTU Lier Xe po3dnH (inbTpar) i3 nnacra y ceBepaiioBuHy, ocobnueo, SKWO pignHa, Wwo
NpoHWKNa B nnacTt Beibpana B cebGe 4acTMHYy Matepiany i3 nnacrta. 3oHa ginbTpauii 3a geskumm
AaHumun gocsarae 1,5-3 m Big ctoBOypa cBepASIOBMHN, NPOTE BCKPUBAETLCA (OOCMIAKYETLCS) TiNbKM
1,2-1,5 m nowkomkeHoi 30HU. OcHOBHMM 3abpyaHioBayem nnacta npu 3abpygHeHHi dinsTpaTtom
OypoBMX PO34MHIB BCiX TUNiB (DEHTOHITOBMX, NONIMEPHMX, HA HadTOBIA OCHOBI) € APIOHI YaCTUHKM
(meHWi 3a 10 MkM) po3byptoBaHux nopig (kBapuy, kanbuuty). ocnimKeHHs KepHa nig enekTpOHHUM
MIKDOCKOMOM roKa3anu, LWO 3BY)XEHHA Mop Yy nopuctux kKaHanax Ha 15-20 % € npuymHoo
MOLLKOPKEHHS nnacTa.

3MEeHLLEHHS MOLLKOMKEHHS MracTa 3a paxyHOK MPOHWKHEHHS (binbTpaTiB XiMpeareHTiB MOXITMBO
AOCATHYTU WNAXOM Migbopy TakvMx peareHTiB, ki He MPOTUMNOKa3aHi MiHepanoriyHOMy ckrnagy nopia.
BupaneHHs HebGaxxaHuX iOHIB HaTpito i 30inbLUEHHS iOHIB Kanito, aMOHIl0, KanbLilo i MarHito cnpusie
cTabinizauii  po3kpvBaluMX Mopig i3 NPOMMBHOK pignHOW. TpuBanicte po3dopmMyBaHHA 30HM
NPOHUKHEHHS Bifirpae 3Ha4Hy posb Y BiAHOBMEHHI KONMEKTOPCbKMX BIIACTUBOCTEN NPUBUBINHOT 30HU
nnacra, 3pyiHoBaHoOi Npu OypiHHI. XiMiYHi INbTPM LEMEHTHUX PO34YMHIB TaKOX BMSMBalOTb Ha
noLLKOMKEeHHS nnacTa. Li pignHn MaoTb BUCOKY KOHLEHTpaLito ioHIB KanbLito i rigpookecngy (pH>12).
Mpo 3abpyaHeHiCTb nnacTa nig Yac LeMeHTyBaHHS, CBigyaTb pe3ynbTaTv OTPMMaHi 3a J4OMOMOro
BunpobyeauviB nnacTie (Porter K.E. An overview of bormation damage. - JPT, 1989 v. 41. Ne 8, pp.
780-786).

Bigomun cknag Ans BigHOBMEHHS NPOAYKTUBHOCTI CBEPANOBUHM Nicnst OypiHHA abo KkanpemMoHTy
33 paxyHOK 3HWXKEHHSI CTPYKTYPHO-MeXaHi4YHUX BNacTUBOCTEN FMNHUCTOrO PO34MHY, KONMbMaTy4oro
npvBubINHYy 30HY nNnacrta. Ckrnag MiCTUTb KOMMOHEHTU NpY HAacTyNMHOMY CiBBigHOLWEHHI Mac, %:

ankinapuncynscoHat 10-15

Boja pewTa.
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HaHnii cknag nposBnse 34aTHiCTb agcopbyBaTUCh Ha MNOBEPXHi FMUHUCTUX MiHepanis i3
YTBOPEHHSIM HAacMYeHMX NONIMOMNEKYNSApHMX aacopbuinHmx wapis ankinapuncynsdgoHary, ski CyTTEBO
3HWXYIOTb CTPYKTYPHO-MEXaHi4YHi BNacTUBOCTI MMUHUCTOrO po3yvnHy. [oBepxHeBO-akTUBHa peyvoBuHa
(MAP), wo BknNtoYae BoAy Ta aHIOHOAKTMBHUI ankinapuncynb@oHaT B MacoBiii koHUeHTpauii 10 % B
o6'emi 18-12 m* (3 po3paxyHky 1-1,5 M> Ha OAMH MOTOHHWIA MeTp TOBLUMHM Nracta A5 OXOMNJIEeHHSA
3aKONbMaTOBaHOI 30HM) 3aKayyBaBCs y NPUBUOIHY 30HY CBEPASIOBMHU. [licns BUTPUMKKM Ha MpOTA3i
48 roguH 3 METOK AOCArHEHHS rpaHMYHOI agcopbuii ons edekTMBHOro disnko-ximivyHoro Bnnmey NAP
Ha TMWHUCTMIA PO34YMH KONbMATYHuUMA MOpUCTE CepefoBuLle, TMUHUCTUI PO34MH i3 ocnabneHnmmn
CTPYKTYPHO-MEXaHIY4HUMMN BNacTUBOCTAMM BMAANsBCS i3 NpuBMOBINHOI 30HW. Ha ycTaneHoMy pexumi
poboTtn ceepanoBuHu, ii Aebit niggnwmeca (A.C. CCCP Ne 1284297, E21B 43/27, nyén. 2000 p.,
Bron. «IHTenekTyanbHa BnacHicTb» Ne 21).

Hanbinbw ©6nm3bknum [0 3anponoHOBaAHOI KOPUCHOI Mogeni € Bigomui cnocid obpobku
npmBuGINHOI 30HM ceepanoBuHn (MaT. Poc. Ne 2270913, MMK E21B 43/22, 3aaen. 03.06.2004,
onybn. 27.02.2006). Cnoci6 cnpsaMoBaHWA Ha MiABULEHHS MPUUManbHOCTI  HarHiTanbHUX
CBepanoBUH, WO 3abe3nevye niaBuLeHHs HadToBioaaYi nnacTie 3aBasikn o0b6pobui NpMBUBIAHOT 30HK
HEeOoOHOpIOHOro  KonekTopa, 3abpydHEHOro KONMbMAaTaHTOM KOMMIIEKCHOTO CKhagy, 3a paxyHoK
CenekTMBHOI Aii Ha HM3bKOMPOHWKHI  3arnMHM30BaHi  MponfnacTkM i3 4acoBOK  i3onsauieto
BMCOKOMPOHMKHNX | 0OBOAHEHWX nponnacTtkiB. Cnocib Bkm4Yae NOCMiQOBHY 3akadky B nnact
TEXHOSOMNYHMX PO3YMHIB i3 KUCMOK, HENTpanbHOK Ta NYXKHOK peakuield cepenosuwa, SKi
B32EMO/IIOTb i3 KONbMAaTyluMMU YTBOPEHHAMWU MNPUPOOHOro abo TEXHOreHHOro MOXOMKEHHS, B
nepcopoBaHin  HaBKONOCBEPAJIOBMHHIN  30HI. [lepen 3akadyBaHHAM TEXHOJOMYHUX PO3YUHIB
OnoKyloTb HEOAHOpPIOHI MO  MPOHMKHOCTI HadTOHACW4YEHi MNPONIacTkM  LUMAXOM  MOCAI4OBHOMO
3aKadyBaHHS i3 3a4aHUM TWUCKOM i BUTPATOH 3BOPOTHOI BYrNEBOOHEBOI eMynbCii, BOAOI30M040ro
mMaTepiany i OpraHi4YHOro Po34nMHHMKA, MOTIM 3aKa4yylTb TEXHOSONMYHI PO3YNHM i3 3a4aHUM TUCKOM i
BUTPATOID, MPUYOMY B PO3YMH KUCIIOTU AoAatoTb rigpocynbdaT MNy>XKHOro MeTany, Sk HewuTpanbHe
cepefoBULLE BUKOPUCTOBYIOTb OPraHiYHU PO3YMHHUK, a FYXHWUA pO3YMH 3a[aBnioloTb B Mnact
NneBHNMM OO0'€MOM BYINEBOAHEBOrO PO34YMHHMKA, MICMsi YOro MpPOBOASITb TEXHOJSOMYHY BUTPUMKY,
BMOANSTb NPOAYKTU peakUil i BUKNUKaoTb NPUNSIMB i3 nnacTta Ao nosisn noigy nocTikHOro cknaay.
HepockoHanicTio gaHoro crnoco®y € 3acTocyBaHHA [Nl PO3YMHIB  HEKOHOMUIMHOI Boau i3
HEKOHTPONbOBaHUM BMICTOM KanbLito i TBEpAUX YaCTUHOK, AKi BUKIMKAKOTb 3HWXKEHHS NPOHWKHOCTI
nnacrtis. Kpim uboro, cnoci® He nepegbadae 3axucTy Bi KOPO3iHOT aKTUBHOCTI Pe4YOBUH HAOTOBOrO
obnagHaHHs.

3agaveto KOpUCHOI  mogeni € pospobka  cnocoby  BigHOBMNEHHSI NPOHUKHOCTi
BYIMEBOAHEBOYTPUMYIOUMX MACTIB OO 3HAYEHb, HAGNMXKEHUX OO0 MOYATKOBUX LUNAXOM BUOANEHHA 3
HUX KOMbMAaTYUYUX YTBOPEHb, 30iMNbLUEHHS OXOMMEHHA nracta HaTOBUTUCHEHHAM 3aBASKU
3aNy4eHHI0 B pO3pOOKY MEHW MPOHWKHMX 3aKoflbMaToOBaHWX MPOMNSacTkiB | MPOnsacTkis
HEeOOHOPIOHUX KOMEKTOPIB 3a paxyHOK BUKOPUCTaAHHA XiMpeareHTiB, $Ki He npoTunokKasaHi
MiHepanoriyHomy cknagy obpobnoBaHux nopig, wo [o03BonuTb 36inbwnTn AebiT cBEpaIoBUHU i
KiHLLeBe HahTOBUIMYYEHHS NPY OOHOYACHOMY OOTPMMAaHHI eKoNorivYHoi 6e3nekun 34incHeHHSA cnocoby.

MocTaBneHa 3agjadva BUPIWYETbCS 3aBOSKM TOMY, WO Yy crnocobi BuOaneHHs KoNbMaTyrumx
YyTBOPEHb i3 BYrNMEeBOAHEBOYTPUMYKOUMX MMACTIB, WO BKMAYAE MOCMIAOBHE 3akayyBaHHA Yy nnact
TEXHOMOrMYHMX PO3YMHIB 3@ 3aJaHWUM TUCKOM | BUTPATOlO, SAKi B3aEMOAiOTb i3 KOMbMaTyuUM
YTBOPEHHAM MPUPOAHOro abo TEXHOrEHHOIO MOXOKEHHS, @ TaKOX BKIHOYAE TEXHOSOTYHY BUTPUMKY
PO3YMHIB y MNacTi, BuganeHHs NpoayKTiB peakuii i BUKNUK MpUnAMBY 3 nracta Ao nosisu dnoigy,
3rigHO 3 KOPUCHOK MoZens, nonepedHb0 NPoBOAATb XiMIYHMI aHani3 nnacToBuX i NOBEPXHEBUX
BO, @ TaKOX TEXHIYHOI BOAM Ha BMICT B HUX KanbLilo Ta dpakuin TBepauxX YacTUHOK, Ha NigcTaBi
OTPUMaHUX pe3ynbTaTiB aHanidy 34iNcHITE O00pOoOKYy TexHiYHOI BOAM [JOoOaBaHHAM A0 Hei
kanbumHoBaHoi coan Na,COsz, y HAaCTyNnHOMY CMiBBIOHOLLEHHI KOMMOHEHTIB, Mac. %:

KanbumHoBaHa coga Na,CO; 0,3-0,6

BoAa pewiTa,

nicns uboro y Boay AofalTb Tpunonidocdat HaTpito NasP3Oj¢ Yy HAcTynHOMY CriBBiAHOLUEHHI
KOMMOHEHTIB, Mac. %:

Tpunonigocdar HaTpito

0,2-0,4
N5P3010
Boda pewTa,

OTPMMaHUIN PO3YUNH 3aKa4vyloTb Yy nnacT, noTiMm npu Tucky 100-150 atm 3 nepioguyHUMM 3ynnMHKaMK
Ha 5-15 xB. 3akaudytoTb y mnacTt 4 % po3dmH congaHoi kucnotu HCI, y HacTynHOMY ChiBBiAHOLLEHHI
KOMMOHEHTIB Mac. %:

4 % po34uH consHoi kncnotn HCI 0,3-0,5

Boda pewTa,
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i micnsa KiNnbKOX roanH BUTPUMMKM BUAANSAOTE NPOAYKTU peakLii, a cCBepafioBUHY OCBOKThL 3riHO 3
BiAOMUMM TEXHOOTIAMN.

[ns 3gincHeHHs cnocoby BaXXnMBMM € NIAroToBKa BOAM AN1A MiATPUMAHHSA MIacTOBOrO TUCKY B
HU3bKOMPOAYKTUBHUX 3aKOflbMaTOBaHMX Mnacrtax. 3akayyBaHHA HEKOHAWUIMHOI BOOW BWKIMKAE
IHTEHCMBHE 3HWXEHHSA NPUIUMAarnbHOCTI HarHiTanbHUX CBEPANOBUH i HE3BOPOTHY BTpaTy 4YacTUHW
BMOoOyBHMX 3anaciB BYrneBOAHIB. [ONMOBHMM KpUTEPIEM SKOCTI NiAroTOBMEHOI BOAW CNyrye
MaKkcuMMarbHUin po3mip dpakuin TBepaux yYactuHok (TBY). [Ina nnacTiB 3 NPOHUKHICTIO MeHLle 3a
0,015 mkm posmip dpakuin TBY He noBumHeH nepesulyBaTn 2 MKM. [ns 3akadyyBaHHS BOAWN Y
HU3bKOMPOHMKHI HadbTOHacuMyeHi nnactn HeobxigHa 1 nonepegHs MiAroToBka, Hanpuknag y
droTauiiHux MalluHax, 3 OOOYMLLEHHSIM Ha HarHiTanbHuUX cBepanoBuHax. [xepena Bogu Ans
NPUroTYBaHHA TEXHOMOTMYHOrO PO3YMHY MOBUHHI NEPEBIPATUCH XiIMIYHMM aHarni3aoMm Ha BMICT Y HUX
conen KanbLito.

Baxnueum € Bigbip npob i npoBedeHHs aHani3iB nNnacTtoBMxX i MNOBEpPXHEBUX BOA, fAKi 3a
TEXHOMNOMYHUMN YMOBaMy MOXYTb 3miwyBaTucb y nnacti. Hanpuknag, skwo y Bogi 6arato
cynb@aTiB, BOHa HE MOBWHHA 3MillyBaTUCb 3 TEXHOJSOMNYHMM PO3YMHOM Ha BOAHIMA OCHOBI, B SKil
YyTPUMYETbCA OaraTo KamnbLilo i3-3a MOXIMBOCTI 3aKyrnopku nnacra KpucTanamy YTBOPHBaHOMO
aHrigputy. [Ons ocamkeHHA Kanbuilo y TexHiyHy BOAy, WO 3akadyeTbcsa B MMact, A0AalTb
KanbLMHOBaHy coay.

Tpunonipoccpat HaTtpito, pgobaBneHwut y Boay, € NPOAYKTOM Mepepobknm  TepMivHol
OpTOOCHOPHOI KUCNOTU, NO CTYMNEHI BNAMBY Ha OpraHiaM HanexuTb OO0 pPevYoBUMH 4-ro knacy
Hebes3neku, noxapo- Ta Bubyxobe3neyHun, He TOKCUYHUIA. MopoLukonoaidbHuI TpunonigocdaTt HaTpito
pobasneHnn y Boay, PO3PiMKyeE MMMHW, KaomniHW, YacTKOBO Aucneprye napadiHo-CMOMUCTI PEYOBUHN,
ouumLLyE MOpW i TPIlWMHM Big HKMX, perynioe pH po3dnHy, 3axuvwae Big koposii HadToBe 06nagHaHHS, €
€KONoriYyHo 6esneyvyHmm.

3acTocyBaHHS KUCNOTHMX BaHH i3 HCI npusHadyeHe ans ouuLLEeHHs] CBEPANOBUHHOMO QinbTpa Big
3a0pyOHIOYMX Ta 3aKyMoOPHYN PEYOBUH: FMMHUCTOrO PO34YUHY, YACTUHOK LEMEHTHOrO KaMeHto,
NPOAYKTIB KOpPO3il MeTany, ToLo.

BukopucTaHHA 3anpornoHOBaHOro crnocoly Yy MOPIBHSAHHI i3 BiAOMWMW [03BONSIE NiABULLATY
€(EKTMBHICTb PO3YMHEHHS Ta BUAANEHHA KONbMaTylouMX YTBOPEHb i3 BYrNeBOOHEBOYTPUMYHOUUX
nnactiB. [poAyKTUBHICTL CBEPANOBUHM Mpu 0OpoOLi 3anponoHOBaHMM CNOCOOOM MiABULLYETHCS B
1,6-3,5 pasis.

Cnoci® 34incHI0ITL HACTYMHUM YMHOM. [lonepedHbO NPOBOAATb XiMIYHMI aHani3 nNnacToBuX i
NOBEPXHEBWNX BOA Ha BMICT Y HUX Cynb@aTiB, a TEXHIYHOI BOAN Ha BMICT B Hill KanbLilo Ta TBEpAUX
YaCcTMHOK. Akwo O6yae BMSIBNEHO, WO BMICT Kanbuito nepesuwye 400 mr/n, y BoAy AoAalTb
kanbuuHoBaHy cogy Na,COj; Ans ocafKeHHs KanbLito. AKWOo po3mip dpakuin TBepaux YacTUHOK Y
BOJi NepeBuLLYE 2 MKM, BOAY HEODXIAHO Bif, HUX OYUCTUTN.

B 06pobneHy Bogy gogatoTb TpunonigocdaT HaTpito. MNopowkonoaibHui Tpunonicdocdat HaTpio
[o0pe po34MHAETLCS Y BOAi Pi3HOI TemMnepaTypu.

Po3uunH Tpunonicdocdaty HaTpito i kanbunHoBaHoi coan Na,CO; 3akadytoTb Y NNacT, sika 3Mouye
nopogy, Wo nignsrae obpo6ui. MNicns uboro 3akavyylTb COMNAHY KACMNOTY, ONTUMarnbHa KifbKiCTb SKOT
BM3HAYaETBCS NOTYXHICTIO 06poONOBaHOro nracTta, Moro NOPMUCTICTIO Ta MPOHUKHICTIO.

PO34MHM TOTYIOTb LIMSXOM PO3YMHEHHST PO3PAaXYHKOBUX KifTbKOCTEW KOMMOHEHTIB Yy BOAi Y Nntobin
NMOCNiAOBHOCTI.

Bracnigok peakuii 4 % CONsHOI KMCNOTK i3 COAO Y NNacTi yTBOPKETLCA NiHa. [pyn yTBOPEHHI
rasis B obmexeHomy 06'eMi YyTBOPHOIOTBCA HOBI TPILWMHM, IO MO3UTMBHO BMNMMBAE Ha OpPeHyBaHHS
HadpTOBOroO Wapy. 3akayyBaHHsI B NIIACT KACMOTHOIO PO34MHY 34IACHIOTL npu Tucky 100-150 atm. 3
nepiogu4HMMN 3yrnmHKkammn Ha 5-15 xB. [Npu TakoMy BeAeHHi npouecy OTpUMYIOTb MIKpOpO3puBY 3a
pPaxyHOK LUBWOKOrO POCTY TWUCKY B CUCTEMi BOAOMPOBIOHMX KaHamniB, Mo SKMX 4YacTMHa KUCIOTU
CNPSAIMOBYETLCA Y HU3bKOMPOHWKHI NPOMMACTKM i OXOMMETbCA 3HAYHa YacTUHa 3aKoribMaToOBaHOl
30HMU.

[MPOHUKHEHHSI PO34YUHY Yy MNacT CYNPOBOMAXYETLCA MOCUMEHUM Ta30yTBOPEHHSIM i YTBOPEHHAM
NiHW, WO MOCWITOE MPOHUKHEHHS KUCITOTU B HU3bKOMPOHUKHI YacTUHM nnacTta i 36inbluye OXonneHHs
30HM QiNbTpaLii NOLKOMKEHOro NNacTa, Lo NiABULLYE TaKUM YUHOM ePEKTUBHICTL 0OPOGKN.

Micna KiNbkOX roguMH BUTPUMKU PO3YUHY Y MNacTi, CBEpANOBUHY OCBOKTL 3rigHO BigOMUX
TEXHOSOriN.

Mpuknag 3aiicHeHHs cnocoOy.

Mepen 06pobKO HEOOXIAHO HANMMUTU B EMHICTb HEODXIOHY KiNbKICTb MPICHOT TEXHIYHOI BOAMW. AKLO
nicnst XiMmivHOro aHanisy 6yae BCTaHOBIEHO, LLO BMICT B Hili kanbuito nepesuiye 400 mr/n (npu Hopmi
100-120 wmr/n), pogaTtn y Bogy HeOOXigHY KinbKiCTb KanbumHoBaHOi cogn Na,COs; Ans ocampKeHHs
kanbuito. MigtpumanHa pH moxe 6yTu 36inbweHe o 9,5-10,5 3a gonomorow TpunonigocgaTty
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HaTpito. 36inbweHHs pH NOBUMHHO MPOBOAUTUCHL TINbKW MNICNS 3MEHLIEHHSA KOHLUEeHTpaUil Kanbuito oo
120 mr/n. OnTumanbHe CniBBIQHOWEHHA MiXX OoGaBkamy BW3HAYAETLCA Ha MigcTaBi NINOTHOrO
TECTyBaHHS.

[nsa oTpMMaHHsa onTuMarnbHUX pe3ynbTaTiB HeobXigHO NigTpUMYBaTU BMICT TBEpAOi hasmn Ha piBHi
MeHWe 3a 5% no ob'eMy. [Ins uboOro 3acToCOBYOTb MPOLIEAYPY KOHTPOMO BMICTY TBEpAOoi asu 3
HacTyNHUM o4mnLleHHsIM. OBpobKy TeXHIYHOI BOOM 34INCHIONTb AOAABaHHSAM A0 Hei KanbLWMHOBAHOI
coan Na,COs, y HAacTynHOMY CMiBBiAHOLIEHHI KOMMOHEHTIB, Mac. %:

KanbunHoBaHa coga Na,CO; 0,3-0,6

BoAa peLiTa,

nicns uboro y Boay AodatoTb Tpunonicgocdar Hatpito NagP3;O;o, y HAaCTynHOMY CIBBiAHOLUEHHI
KOMMOHEHTIB, mac. %:

TpunonigocdaT HaTpito 0.2-0.4

NasP3049

BoAa peLiTa,

wo 3abesnevye pPO3YMHEHHST KONbMATYHUMX YTBOPEHb i NapadiHO-CMONUCTUX PEYOBMH B MNacTi
npuv ogHOYaCHOMY 3axXUCTi Bif KOpo3ii obnagHaHHs.

Micna 3akayyBaHHA pPO34MHY Tpunonidocdaty HaTpito, y nnact npu Tucky 100-150 atm. 3
nepioanyHicTio B 5-15 xB. 3akadyloTb 4 % PO3YMH COMSIHOI KMCMOTW, Y HACTYMHOMY ChiBBiOHOLUEHHI
KOMMOHEHTIB, mac %:

4 % pO34YMH COJSIFHOI KUCIOTKU 03-05

HCI

BoAa peLiTa.

CBepanoBuMHY 3aKpuBalOTb Ha Yac pearyBaHHS KUCMOTW 3 KONbMaTylOuYMMWU YTBOPEHHSAMU Ha 24
roguHum. licna uboro cBepAnoBUHY BBOAATL Y eKCnnyaTauito.

®OPMYIA KOPUCHOI MOJENI

Cnocib BuaaneHHs KonbMaTyluMX YTBOPEHb i3 BYrNMeBOOHEBOYTPMMYKUMX MNAcTiB, WO BKOYaE
nocnifoBHe 3akavyBaHHA B MIacT TEXHOMOMYHUX PO3YMHIB 3a 3aJaHUM TUCKOM i BUTPATOl, AKi
B3aEMOJil0Tb i3 KONbMaTyOUMM YTBOPEHHAM NPUPOAHOrO abo TeXHOreHHOro MOXOLXKEHHS, a TaKoX
BKIMOYA€E TEXHOMOrYHY BUTPUMKY PO3YMHIB y NNacTi, BUOaneHHa NpoAayKTiB peakuii i BUKIUK NpUnnmnesy
3 nnacta [o nosisu niigy, SkMi BiAPIi3HAETLCA TUM, WO NonepeaHbo NPoBOAATL XiMIYHUI aHani3
NnacToBUX i NOBEPXHEBUX BOA, @ TAKOX TEXHIYHOI BOAM Ha BMICT B HUX KarnbLilo Ta pakuii TBepamx
YaCTMHOK, Ha MNigcTaBi OTPUMaHWX pe3ynbTaTiB aHanidy 34iNcHIKTb 0BpobKYy TEexHiYHOI BOAM
AofdaBaHHAM [0 Hel kanbuuHoBaHoi coan Na,COj, y HacTynHOMY CRiBBIOHOLIEHHI KOMMOHEHTIB,
mac. %:

KanbumHoBaHa coga Na,CO; 0,3-0,6

BoAa pewTa,

nicns uboro y BoAdy fgopatoTb TpunonicdocdaTt HaTpito NsP3Ojp, Yy HacTynHoMy cCRiBBiAHOLUEHHI
KOMMOHEHTIB, mac. %:

Tpunonidgocdat HaTpito NasP304g 0,2-0,4

BoAa pewTa,

OTPUMaHWUIN PO34YMH 3akauyloTb y nnacT, notim npu Tnucky 100-150 aT™m. 3 nepiogUiYHUMN 3ynMHKaMmM Ha
5-15 xB. 3akadvyoTb y nnact 4 % pos3unH consHoi kucrnotu HCI, y HacTynHOMy cniBBigHOLUEHHI
KOMMOHEHTIB, Mac. %:

4 % po34nH consHoi kucnotu HCI 0,3-0,5

BOda pewTa,

i nicnsa KinbKOX rOAMH BUTPMMKW BUAANsOTb NPOAYKTU peakuii, a CBepAnoOBUHY OCBOIIOTbL 3rigHO 3
BiJOMMMMN TEXHONOTISIMW.

Komn’'totepHa BepcTka [. LLieBepyH
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