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YK 661.185:622.32
KOMMO3NLUMOHHbIE MAB 419 OEPABOTKMW MPU3ABOVHbIX 30H

'‘B.B. MEPKY1OB, 2B..NTEPMALLUEB, ‘c H.maHTnep
( 1r. TemupTay, PI'M «KaparaHAnHCKWUIA rocyaapCTBEHHbIV MHAYCTPUabHbIA YHUBEPCUTET,
2HIM OAO «CuHTe3lNMAB», Poccus, benropogckas 0671.)

B npouecce pa3paboTKn HeTAHbIX MECTOPOXAEHMIA npu3aboiiHble 30HbI nnactoB (M3M1)
HECYT OCHOBHYIO Harpysky Mo TpaHCNOpPTYy MAacToBbIX >KWUAKOCTER (HeTb, MiacToBble W
HarHeTaeMble BOAbl) K [LOObIBatOLMM CKBOXMHAM W HarHeTaemblX (BbITECHAIOLLMX) XKUAKOCTEN
Brny6b njacta OT HarHeTaTeflbHbIX CKBaXWH. B CBA3WM € 3TMM OT cocTosiHua T3I1 BO MHOrom
3aBUCAT KaK Temnbl 4O6bIYN HETK, TaK U TEKYLLAA U KOHeYHas HegTeoTaya nnacTos.

B HacTosllee Bpems HaKOM/EH 3HaYMTeNbHbIA ONbIT BO3feincTBuA Ha M3MM pasninyHbIMK
meTogamun (rMApoAUMHaMUYECKUI pa3pbliB NacTa, TENJ0Bble M BONHOBbIE BO3AEACTBUSA, (IU3MKO-
XMMUYeCcKue BO3LeNCTBMA U apyrve). Cpefn HMX 0C060e MeCTO MPUHALNeXUT MeTojaM C
NMPUMeHeHNEM MOBEPXHOCTHO-aKTMBHbIX BelecTB (MAB), Tak Kak npobnembl perynupoBaHus
coctofHua T3 M MpakTUYecKM BCEX OCHOBHbIX MPOLLECCOB B [00blYe He(TM CBfA3aHbl C
MOBEPXHOCTHbIMU U KanuANsiPHbIMK ABAEHUSIMW, Kak BO BCEM nnacTe, Tak WM B AaHHOWA [M3r].
MonoxuTenbHas ponb [MTAB npocmaTpmMBaeTcs B COYETAHUM KakK C pasnUyHbIMU  (DU3UKO-
XUMUYECKUMU, TaK ¥ C ApYrMMU MeTogamu Bo3geiicTaua Ha M3I.

[na  3aBoAHeHWA NNactoB  ObINO  MPefnoXeHO  WCMo/b30BaTb  BOAOPACTBOPMMbIE
HenoHoreHHble TMAB - OKcMaTUAMpoBaHHble ankungeHonos OI-HO. [MpombICAOBbIA  ONbIT
NCMOMb30BaHUA 3TOrM0 MeTo4a MoKasan npoTUBOpeYmBble pesynbTathl [1]. [ONOAHWUTENbHbIE
nccnefoBaHMsA MokKasanu, Yto NP HarHeTaHWM B NacT CNabOKOHLEHTPUMPOBaHHbLIX PacTBOPOB
MAB pa6oTa N0 OTMbIBaHNIO HeTM OCYLLECTBASETCA B OCHOBHOM TONbKO B MPU3abOMHbIX 30HAX
HarHeTaTe/IbHON CKBaXXWHbl. 10 Mepe ABWXEHUS MOTOKa B rNybb nnacta, KoHueHTpauus MAB B
HEeM CHWXaeTcsl, MeX(a3Hoe HaTSKeHMe Ha NOBepXHOCTU KOHTaKTa pacTBopa C HepTbio pacTeT U
NoNOXNUTENbHBIA addeKT aelictemsa MAB nagaet. Mo Mepe NpPoABMXEHMA NOTOKa Briy6b niacta oT
npu3aborHOM 30HbI ero TemnepaTypa pacTeT, a MUHepaIn3auMs Yalie Bcero nosbiwaetcs. Mpu
3TOM B MEPBYI0 O4vepefb U3 MOTOKa afcopbupyeTcs Ha YyXKe OTMbITOW MOBEPXHOCTU FOMOMOrU ¢
HU3KUM K cpegHum [J1B, a ocCTaBLIMecs FOMONOrM C A/MHHOW NONMOKCUATUIEHOBOW LENbIO
(cBepxBbicokue ['JIB) MMEtOT HU3KYH MOBEPXHOCTHYH aKTUBHOCTb.

Ha ocHOBe MHOXecTBa [eTa/ibHbIX N1ab0paToOpHbIX WUCCNefoBaHWI Mpouecca BbITECHEHUA
He(bTM M3 MUHepasbHbIX MOPUCTLIX Cpef BOAHbIMU pacTBopamu AB ©n Apyrux KOMMOHEHTOB,
ObIN0 cAenaHo MNpeanosioKeHNEe O BO3MOXHOCTM CO3JaHWsA B MOPOBOM MPOCTPAHCTBE YC/I0BUIA
OAHOPOAHOCTY MO (Ha30BOV MPOHULLAEMOCTUN BbITECHSAIOLLENA XUAKOCTU, HEPTU U NNacTOBON BOAbI
[1,2]. MpakTnyeckn 3TO yaaeTca OCYLLECTBUTb HA OrpaHUYeHHOM MO pasmepy y4vacTke mnacta npu
3aBOLHEHUM MYTEM OpraHu3aLMnm JOCTATOMHOrO MO pasmMepy (PpoHTa (0TOpOYKa), CoAepXKallero
KOHLEHTPUPOBAHHYO CUCTEMY CrelnansHO nogobpaHHbix NMAB [3-5].

[MepBoHayaibHO 3TO [fefnanocb C MCMONb30BaHMEM, TaK Ha3bIBAEMbIX, MULENNAPHbLIX
pacTBOpPOB Ha OCHOBE BOLOMAC/IOPaCTBOPMMbIX HE(TAHLIX Cy/nb(oHATOB. Hanbonee aeKTuBHbIE
MULLEeNNSPHbIE PacTBOPbl COLepXKaT paBHble 00beMbl BOLHOW W YrneBOLOPOAHON (ha3. ITO TaK
Ha3blBaeMble cpefHehasHble COCTaBbl TPETLEro TUNa no BuH3opy [1] Ha gnarpammax paBHOBECHbIX
(ha30BbIX PacCMOeHWI Yr1eBO4OPOAHbIX CMeceld, cofgepxawmx MAB (B 3aBUCMMOCTU OT 3HAUYNMOIO
BapbMpyeMOro napameTpa YCnoBuil). BHYTPEHHAS CTPYKTypa TakmX CUCTEM, Ha3blBaeMbIX eLle
MUKpOo3amybcusamu (M3), nMeeT CNOUCTbI BUKOHTUHYa/bHbIV XapakTep, B KOTOPOM C/I0M BOAbI U1
yrneBofopoja pasgeneHbl MoHocnosmMu MAB, OpMeHTUPOBaHHbLIMI NOMSAPHONM FPYNMoi B BOAHbIN
CNON, a 0neo(ubHBIM pagnKaniom B YrNeBOAOPOAHbIA CNOA. 3Ta CTPYKTypa XapakTepHa Ans
MeX(a3HbIX rpaHuL, C MNPaKTUYeCKU HyneBOW MexhasHoW CBOOOLHON 3Hepruein (mexdasHoe
HaTsHXKeHune). Ecnm nonyynTb Takyto MUKPO3IMY/bCUIO OTAENbHO, MPUBECTU €8 B KOHTAKT C HE(ITbIO



AU BOAOW, TO 3T KOHTaKTbl CaMOAMCIEPruMpytOTCA M pa3MblBalOTCS, HO He cpasy, a YeTr
He60/bLION NepuUos BpEMEHU, 38 KOTOPbIA YXUTPAIOTCA M3MEPUTL MEX(Da3HOe HaTHKEHMe. KoTep:<=
OKasblBaeTcsa B npegenax ON-KOMH/m.

B page HayyHbIXx paboT ONMCbIBaIOCh, YTO MNPW WCMOMb30BaHUU MPSAMbIX U 06PATHbIX
MUKPO3MY/IbCUI Ha HaCbIMHbIX KBapLeBbIX MOLeNAX HeTeBOLOHACBILEHHbIX CPed B NPO3payvHbIX
Tpybkax gnmHoin 0.5 M Habnoganacb yAuMBUTENbHAsA YETKOCTb rpaHuL, (PPOHTA BbITECHEHUS K
BOAOHEe(TAHOrO Bajsia CO CTOPOHblI BbITECHAIOLLEA >XUAKOCTM [aXe B Ciyvae CreunansHoro
(hopMMpOBaHNA HEOAHOPOAHOIO (BK/KOYas U COUCTYHO HEOAHOPOAHOCTL) NOPOBOro NMPOCTPaHCTBA
mMogZenu. ITOT 3PMEKT MOXHO OOBLACHUTbL TOMBKO TEM, YTO Pa3MbIBAHUIO rpaHuLbl (poHTa
BbITECHEHWUA  MPenATCTBYeT  ABfleHWe  06pa3oBaHMA  MaKpO3My/nbCUA  NpU  CMeLleHuK
MUKPO3MY/IbCUIA C BOLOW W HedpTbi0 B paclUMpeHMsX MOpPOBOro MNpocTpaHcTBa. B cTecHeHHOM
MPOCTPaHCTBE Takue 3MynbCuM 061ajat0T MOBLILEHHOW BA3KOCTbIO BCMEACTBUE 3amnasfblBaHuA
HacCTyNMeHN A PaBHOBECHbIX COCTOSAAHWUIA. 3TO KPAaTKOBPEMEHHO CYLLECTBYIOLLME 3MYbCUM, HO 3TUX
KPaTKOBPEMEHHbIX 3()(heKTOB, MNO-BMAMMOMY, OblBAeT [AOCTATOMHO [N NpefoTBpaLleHus
pa3MblBaHUA (PPOHTA (PUbTPALUN.

MpuHUMN noaxofa K CO3J4aHWi0 KOMMO3WULMOHHBLIX MMAB CcTaHOBUTCA Ha MepBblA B3rnag
OYEeBUAHbIM, €CNN Y4YecCTb, 4YTO YNbTPAHU3KOE MeX(a3HOe HaTKeHWe Ha KOHTaKTe BOAbl C
yrnesofgopofamn ¢ 06pa3oBaHMEM MWUKPOIMYNbCUOHHBLIX (a3 (B3aMMOCBA3aHHbIE ABMEHUA)
onpegenseTcs rnapouabHo-nMnoguabHbiM 6anaHcom monekynbl MAB [6,7]. MNpu HekoTopoii
3Havallen BeNMYMHE U CTPOEHUW YrNeBOAOPOLHONM YacTM U TMAPOGUIBHOCTU (CONbBATUPYIOLLEN
CMOCOGHOCTN) MONAPHLIX rpynn Monekyn [MAB Takoil nogxog npuemnem u [Ans Bblbopa
KOMMOHEHTOB KOMMNO3uuuiA. CrnegyeT Takke OTMETUTb, 4YTO Npu pa3paboTke KOMMO3ULMOHHbIX
MAB Bcerga Benvka [oNs  3Mnupu3Ma, € MOMOLLbHD KOTOpPOro TpebyeTcsa MpoBepka U
[,0Ka3aTeNbCTBO TOM0 WY MHOTO NOAXO0Ja.

JKcnepuMeHTa/lbHasa YacTb

Hanb6onee npnemneMoin METOANYECKON OCHOBOM Nogbopa KOMMO3NUMOHHbLIX MAB ana OMN3
ABNSAETCA OLEeHKa (a3oBOro COCTOAHWUA CUCTEM «BoOfa-yrnesogopon-NMAB» npu [OCTATOYHO
6onbwom cogepxaHun MAB. Bonpocbl COCTaBneHUs KOMMO3UUMOHHBLIX AB ans HelTpasibHbIX
COCTaBOB XOPOLUO M3BECTHbl W M3y4yeHbl. MeHee W3BECTHbl W HEAOCTATOYHO W3YYeHbl
KOMMO3MLMOHHbIe TIAB [AN1A LWeNoYHbIX U COMIAHOKUC/IbIX COCTaBOB, KOTOPbIE MPeACTaBNATCA
Hanbonee WHTEPECHbIMU W BaXHbIMW AN TexHonoruin BosgehicTeusa Ha M3, TMoatomy B
HacToslen paboTe CcTaBunacb Uenb MOMYYEHUS CreuuanbHbIX  KOMMNO3ULMOHHBIX TTAB  ans
Lelo4HOro Bo3gencTamns. KoMnoHeHTaMy KOMMO3ULMOHHBLIX TAB BblGpaHbl B CBA3W € 3TUM (HO C
YUYeTOM [JOCTYMNMHOCTU, KOHEYHO):

- HEMOHOrEHHbIE C aHNOHHbLIMUN A1 LWEeN0YHbIX COCTABOB;

- HEMOHOTrEHHbIE C KAaTUOHHBLIMW L1 KUC/IbIX COCTABOB.

Bce HemoHoreHHble MAB Tuna OKCUATUAMPOBAHHLIX ankunheHonos (HeoHonbl A® 9-n)
NnpeLCTaBNAOT CO60M CMecy NONMMEProMOsIOroB, rAe N MokKasbiBaeT CpefHee CofepyxaHue rpynn
OKWCUW 3TWUNEHa B MOJIEKYIE.

B [1] 6bin0 nokasaHo, 4TO B CMecsiXx «Bofa-yrnesogopoa-NMAB», npoucxogut
nepepacnpeeneHne romosioroB mexgay asamu TakuM 06pasoM, 4TO B YrNeBOAOPOAHYH a3y
YXOLAT rOMOJIOTN C HU3KOW CTeneHbl OKCUaTUAUpoBaHus (N; oT O Jo 7), a B BOAHYHO a3y - C
BbICOKOM (ni > 7). Ecnm o6pasyeTca cpefgHedasHas MUKPOaMynbcusa (Me3odasa), TO B Heil
KOHLEHTpUpyeTca y3kaa (pakuus atokcmnatoB (nj = 5 - 9). Jaxe Ana BOAOMAC10pPacTBOPUMBIX
HEMOHOreHHbIX [MAB MWKpPO3MyfibCUM 06pasytoTCs TOMbKO MNPU  HEKOTOPO MuHepanm3auum
BOAHOM (ha3bl. ITO CBSA3AHO C TeM, YTO MUHepanu3aLms CHUXKaeT pacTBOPMMOCTb B BOAHON (hase U
CNOCcO6CTBYET BbIXOAY Ha MeX(asHyr NOBEpXHOCTb FOMOMOrOB C 60/bLUMMK 3HAYeHusMU N (P
okono 8-10).

C yyeToM 3TOro 6b110 M3yyYeHO (ha30BOE COCTOSHWE B CUMCTEME AU3TOMNNBO-BOAHAsA (hasa-
cmecb A® 9-n (n =v44+ (\-v412) nNpu KoHuUeHTpauum cmeceii MAB 10% (puc. 1)



MwuHepanusauma BogHon (asbl coctasnana 67 r/n (NaCl - 50 r/n; CaCb - 13 r/n, MgCh - 4 Tlu,,
4TO XapaKTepHO A4/1f NaCcTOBbIX BOA YMEPEHHOW MUHEpann3aLmn.

STOT ONbIT CBMAETE/NILCTBYET O MaslOi Lenecoobpa3HOCTU pPacyéToB Ha WUCMOMb30BaHWe B
KayecTBe KOMMO3ULUMOHHbIX HIAB cmeceili NpogyKTOB OKCU3ITUAMPOBAHUS C pasfndHbiMu 1B
BCNeACTBME HU3KUX NapaMeTpoB CONOOMAM3aLMM BOLHOM W yrneBoLOPOLHOW (a3 B Me3oasax
[aXe B CUCTEMax C MMHEPasM30BaHHON BOAHOW (ha30iA.

PucyHok 1 - ®a30Bble COCTOAHMA CMeCei oKTaH-Boda-cmecb ADP9-4 - AD9-10
1- Covg, 2 - G8ve- N03=VA09-4+(1-v)A®P9-10, t=25°C. MuHepanusaums, r/n:
NaCl - 50, CaC12- 13, MgClI2- 4 (E67 r/n); MAB- 10%.

[Ona  aTokcmnatoB  U30HOHWUN®MeHona (AP 9-n) 310 006ycnoBfeHo cnabopasBUTbIM
AMNOGMAbHLIM - pagukanoMm  (conobunusauyms  yrneBoAoOpOAHON  (hasbl) UM CKAOHHOCTbIO
OKCM3TU/EHOBBLIX LENoYeK B Muuennax o06pa3oBbiBaTb BOAOPOAHbIE CBS3M  Mexay Co6oi
(CTeCHeHHOe COCTOSIHME), BbITECHAS YaCTb MAPaTMPOBaHHOW BOAbl (COMO6UNM3aLMA BOAbI) B
YrneBoA0pPOAHbIE PACTBOPbI.

MpescTaBneHHble pe3ynbTaTbl M COOOPAXEHUS MO WX OLEHKe NPUBOAAT K 06O0CHOBAHWIO
nNcnonbL30BaHMA HenoHoreHHolX NMAB B paccmatpvBaeMoM BapuaHTe ucnonb3oBaHua ansa Ol13 B
BUAE CMeceli C MOHOAKTUBHbLIMW W KaTMOHaKTMBHbIMM MAB 3a cueT 06pa3oBaHUS CMeLIaHHbIX
muuenn. Korga, Hanpumep, MULENNAPHbIA  pacTBOp B Bode BogopacTsopumoro [1AB
conrbuNn3npyeT 13 yrnesoLopoaHOro pacTsopa He TONbKO PacTBOPUTE/Nb, HO B MEPBYHO O4epesb
macnopactsopumoe [MAB (kak 60nee noNspoHe BeLLECTBO), M HaAo60pOT, MULENNAPHLINA
YrNeBOLOPOAHbIA pacTBOP B MEpPBYHD O4yepedb COMOOMAN3NPYET pPacTBOPEHHOE B  BOfe
BogopacTeopumMoe MAB. B pesynbTate pe3ko MOBbIWAeTCA COMN0OWUNM3MPYIOLWAas CnocobHOCTb
CMeLlaHHbIX Muuenn. Mpu sTom Bcerga HabnohaeTcs CUHEPrM3M MuULennoobpasosaHus (Mo umcny
arperaumy B MuLennax) M conobmunusaumy npoTUMBOMONOXKHON (asbl, YTO CBA3AHO C ABNEHWEM
3KpaHUpPOBaHUA B3aUMOAENCTBUIA B MULENNaX MOEKY/ OLHOMO TMna Apyrumu Mosekynamm,

Wcnonb3oBaHHOe B AaHHOM paboTe aHMOHakTMBHOe IMAB - ankmnbeH3oncynbhokucioTa
(ABCK) siBnsieTca BOAOMAC/OpacTBOPMMbIM BeLLECTBOM. HEMOHOreHHbIN BOLOMAC/10pacTBOPUMbI
KOMMOHeHT HeoHon A® 9-6 TakXe XOpOLIO pacTBOpVMM B AWU3TONAMBE. ITO YNpowiano 3agayy
nccnefoBaHuii  (hasoBbIX COCTOSHMIA. HaBeckm cmeceli TAB pacTBopsnum B 3afaHHbIX
COOTHOLUEHUAX B [AM3TOMAUBE B rpajyMpoBaHHbIX MNpobupkax, L06aBnsann 5%-Hblli pacTBop
LLeNoYN paBHbI 06beMY B3ATOr0 YMCTOrO AWM3TOMUBA, COAEPXMMOE MPOOGUPOK CMeLIMBanu K
CTaBuiM B TepMoCTaT [0 AOCTWXKEHWA paBHOBECHOro cocTosHuA npu 22°C. [locne 3amepos
06bemMoB (a3 cofepXXmmoe npobupoK CHOBa MepemeluvBanv M ctaBunu B Tepmoctat npu 90°C.
MMony4yeHHble pe3ynbTaThbl NOKa3aHbl Ha gnarpaMmmax (puc. 2).

Kak BugHo, fmarpamma MMeeT TUMWUYHBIA BUA No BuH30py, HO BMeCcTO 061acT TpexdasHoro
COCTOSHMSI Npn KOHUeHTpauun MAB 10% umeeT MeCTO TOMIbKO MOMHAs MUKPO3MY/nbeusi. B Takoi
cucTemMe LOCTUTHYTb TPeX(asHOro COCTOAHMUSA MOXHO TOJ/IbKO CHMXas KoHLUeHTpauuio TAB unu,
KaK 370 BWAHO NpW CpPaBHEHWM Juarpamm C pasHbiMU Temnepatypamu, MyTeM MOBbILEHNS
TemnepaTypsbl Bbile 90°C. 3TO CBUAETENLCTBYET O TOM, YTO B6/M3U ONTUMaNbHOIO0 COOTHOLLIEHMS
KOMMOHEHTOB KOMMO3ULMOHHOIO [MAB WMMetOT MeCcTO BbICOKME MapaMeTpbl COMHOOUNN3ALNN.
CnepyeT TakXe 3ameTWTb A/ 3TOr0 KOMNO3UUMOHHOro [MAB CcyXeHuWe MHTepBana COCTaBOB



NKPO3MY/Ib.CUOHHBIX (a3 C MOBbILEHNEM TemnepaTypbl, HO B613M ONTUMa/IbHOIO COOTHOLLEHNUS
AHWOHHOI0 N HenoHoreHHoro MAB.

22°C 90°C

PucyHok 2 - inarpamma ha3oBOro COCTOSIHUSI CMeCeii:
OMTMMabHbIA COCTaB KOMNo3mumnoHHoro MAB - (70% ABCK+30% A® 9-6) AT - pactBop
NaOH (5%) - (ABCK + HeoHon A® 9-6). KoHueHTpauns cmecn ABCK 1 HeoHona A® 9-6 B
cucteme - cymmapHo 10%.

Komno3nuuna ABCK - HeoHon A® 9-6 aABngeTca npefcTaBUTesIeM CMeCH BOAOPacTBOPUMOIO
MAB c Bogomac/nopacTBOPMMbIM, HECMOTPSA Ha TO, YTO B UCXOAHOM BUe OHa Mac/opacTBopuma.
MpeBpawieHre Bogomacnopactsopumoin ABCK B BogopacTBopumbliin - ABCNa npowucxogut
aBTOMaTUYecKu npu fobasneHMn K pactsopy cmecu MNAB B Au3TonnvMBe pacTeopa Lienoyn. 3710
BbIFOAHbIV NPaKTUYECKN BapMaHT, TaK Kak 06ecnevymBaeTcs BO3MOXHOCTb MOMy4YeHUs yL06HON BO
BCeX OTHOLLEHMAX TOBApHOW (POpPMbl MPOAYKTa B BUAE KOHLEHTPUPOBAHHOIO /erKOMOABUXKHOIO
XWOKOTO MNpOAyKTa, KOTOpbIA Ha MecTe MpPUMeHeHUs pa3basnslT AWU3TONIMBOM, APYrUM
[OCTYMHBIM MW LeNeBbIM NO Ha3HAYEHWO Yr/1IeBOLOPOLOM NS NONyYeHUs paboyero cocrasa Ans
ori3.

Mukpoamynbcun «amstonnmso/pacteop NaOH» Ha ocHoBe cmecn ABCK/A® 9-6 MOXHO
nofy4nTb M3 pacTBopa 3TOM CMecu B AM3TONAMBe Jo6aB/feHMeM B 3TO pacTBOP BOLHOr0O pacTteopa
NaOH. TMpu manbix go3ax BBefeHWs pacteopa NaOH B mcxofHbln Kucnblid pactsop MAB B
[AV3TONNUBE MUKPO3IMY/IbCUM OCTAOTCA KUCAbIMK (Tabnnua 1).

Tabnuua 1 - MUKpoamynbCcun, nosnyyaemble napumnanbHbiM BBefeHWeM pasHbiX 403 5%-ro
pactBopa NaOH B ncxogHblil Kucnblit pacteop cMec ABCK/A® 9-6 B oTHoweHun 70/30 (18%) B
pomynsTan (A4T)

Pacteop NMAB  CogepxaHue BeegeHune 5%-ro sogHoro pactsopa NaOH
(18%) 5% pacTBOpa B MCXOAHBIA pacTBop MAB
NaOH 10% 20% 30% 40% 50%
KopnyHeBas KOHCHUC- Tekyu4as HernoABuX- cnabonoasux-  NOABUX- cBeTnas
XUAKOCTb TeHUMSA BAa3kagd M3 Had renb-M3  Had renb-M3 Haa M3  nofBMXHas
pH<5 npu 30°C PH<5 pH<6 pH>10 pH>11 M3 pH>11

BA3KOCTb TaKMX MWKPO3MY/bCUIA pacTeT C yBenMyeHnem [o3bl BBogumoro pactsopa NaOH
BNNOTb [0 06pa3oBaHWs HeMOABWKHOIO rens BOAM3M TOUKM HeWTpanusauuu. Ecnm Touky
HelTpanm3auuy NpPoOCKOYUTb BBeAeHMEM cpa3y 60/bLIO [03bl pacTBopa LLenouM, TO MOXHO
NONMYYNTb CHOBA NOABMXKHbIE, HO YXKe WeovHble M3. danbHeillee BBefeHVE LWenoyun 4o 06bemMoB
6nm3knx K obbemy AT nNpuMBOAUT K 00pa30BaHUIO MOABWKHbLIX LLENOYHBIX MWUKPO3MY/bCUA
CHayasnia 0bpaTHOro TMna, a NoToM ¢ obpatleHveM a3 - K NPAMbIM MUKPO3IMY/bCUAM CKIOHHBLIM K
npeBpaLLeHNIo B MAKPO3IMYNbCUN.



Pa3BefeHne KUCOW MUKPO3MY/bCUM BOAON (Tabnmua 2) NpMBOAMT K HapacTaHWIO BA3KOCTU
BMNOTb A0 06pa3oBaHUs HEMOLBWXHOIO e, KOTOpbIA He CMeLUMBaeTCcs C BOAOW MPU MOMbITKe
[aNbHenLLIero passegeHns.

Pa3BefieHVe LLENOYHbIX MUKPO3IMY/bCUIA BOZON (Tabnvua 3) nNpu UCXOLHOM COAepPXKaHUK
pacTBopa NaOH 6onblie 30% (B Tabnuue 40%) paclumpseT 06nacTb CyLLeCTBOBaHUSA 06pPaTHbIX
MUKPO3MY/IbCUI [0 COAepXKaHus BOLHON (ha3bl B HUX 60-70% ¢ nocnegytowmm obpalleHnem das un
MOCTENEeHHbIM NepPexooM B 00blYHbIE TOHKOAMUCNEPCHbIE 3MY/IbCUN.

Peonornueckme achhekTbl pasbaBneHns BOAOI MUKPO3IMynbcuii Ha ocHoBe ABCK 1 HeoHona
AD9-6, AT v weénoun, ocobeHHO B KWUCNOM BapuaHTe, MNPeACTaBAATCA UeHHbIMM npu OlM3
06BOAHEHHBIX LOObLIBAOLLMX CKBXMWH (OrpaHM4eHne BOLOMNPUTOKOB) WU HarHeTaTe/lbHbIX CKBaXMH
(c uenblo pacliMpeHMM oxBaTa MIaCTOB 3aBOLHEHWeM). I BCE 3TO MpuU LEeNeBOM HasHayeHuu -
perynnmpoBaHumn KanunnsapHocTu n oyncTke M3 oT achansTocmononapagmHOBbLIX OTI0XKEHWUA.

Ta6nuua 2 - BeaeHve BoAbl B KUCYHO MUKPO3IMY/bCUIO

LLenoyHas M3 [Job6aBka [ob6aBku Boabl K M3, % 06. 0T ucxogHoro obbema M3
(4T - 73%, wenoyb - BOAbI . . 0 .
11%, MAB - 16%) 8 M3 10% 21.5% 30% 40% 50%
cnaboss3skas KOHCUC- TeKyuas HeTeKy4min renb- Jlanee ¢ Bofol
npospayHas M3, TeHumA reneobpasHas refib 3MY/b- He cMeLLMBatoTCA
pH<5 npun 30°C M3 pH<5 pH<5 cus

Tabnuua 3 - BeegeHne BoAbl B LLEMOYHYO MUKPO3MY/IbCUIO Ha 0cHOBe pactBopa ABCK/A®
9-6 84T n 5%-ro BogHoro pactsopa NaOH

VicxogHas M3 [ob6aBka Pas6aBneHne Bogoi, % oT o6bema ncxogHon M3
BOAbl B M3 1 21 31 32 42 52
Xunpkas, KoHcuc- Knokas Xugkaa — obpalleHue
KOpn4yHeBas TeHumna MB (a3
MB npu 30°C orn MnpP orn rnrp Th
M3 npsmas npsamas npsmas
pH>11 M3 M3 M3 M3 3MYNbCUS  3IMY/IbCUSA
MpuyMeyaHne: coctaB UCXOLHOW MUKpoamynbcun AT - 49.2%, pacteop NaOH - 40%, MAB - 0.8%; IP -
npospayHas; T[NP - nonynpo3payHasd; Ol - onanecuympyowad; MB - wmanosssk.aq, T[4 -

TOHKOAMCNepPCcHad

OpfiHa 13 0CO6EHHOCTEN LLEeNOYHbIX MUKPO3IMY/IbCUIA CBA3AHHA C MX PAaCTBOPEHWEM B MPECHON
BOAEe W B3aMMOAENCTBMEM TaKMX 3MYNbCMIA C MWUHEpanamu, npeob6nagalolyMy B MOpogax
He(TEHOCHbIX MNacTOB - KBapLUeM W W3BECTHAKOM. TakXke LLeNoYHble MUKPOIMYNbCUN BefyT K
pacnafy acasbTOCMONUCTLIX BOLOCOLEPXKALUMX W COMECOofepXalimx 3amecoB, 4TO, BUAWUMO,
CBSA3aHO He TOJIbKO C PacTBOPUTENIEM, HO U C AWUCNeprupytoLLeid cnocobHocTbio MAB, OMbINAIOLWUM
¥ CMauMBalOLLM AEVICTBMEM LLEMNOUN.

3T1 0COBEHHOCTM MOXKHO MCNOMb30BaTh Npy ONM3 Kak gns ouncTky M3 0T OTNOXKEHMIA, Tak
N 0N NpefoTBpaLlleHns NpopbIBOB KOMMNPECCUOHHBIX NIacTOBbIX BOA NO rMAPOMOOHLIM KaHanam.
PacTekaHue He(pTX NO MNJEHKE MUKPO3IMY/IbCUU MOXHO MCNO/Mb30BaTh Kak AN 06e3BOXUBAHWA
M3r1, Tak ¥ And opraHu3auumM NpUToKa HePTU M3 MENKUX Mop B KPYMHbIe, 3a CYET 3(PdeKToB
KanunnspHoro BnuTbiBaHMA. Kpome TOro, wenoyHsle M3 anpuopu LO/MKHbI ObITb UHIMBUTOpPaMu
KOppPO3uKn CTann (37O TakXXe MOATBEPXKAEHO B OMNbITax), a Ha NMOBEPXHOCTU KBAPLMTCOAEPXALLMX
Mopozs MOXET NPOUCXOAUTbL PacTBOPeHMe KBapLia ¢ 06pa3oBaHMEM CUNMKATA HATPUS.

3aK/oyeHne
MpoBefdeHHblE MCCNef0BaHMA MOKasblBalOT, 4YTO Hambonee addekTMBHbIMKA s ONM3
ABNAOTCA KOMMNO3MUMOHHble MAB, nogbupaemble MO MNPUHUUNY ONTMMaibHOrO rUMAPOPUILHO-
AMNogmabHOro 6anaHca AN KOHKPETHbIX YCNOBWIA Ha OCHOBe KpuTepueB (ha30BOr0 COCTOSHWSA
cucteM «Bofa-yrnesogopod-fNAB», KOTopbIMU SABNAAKOTCA 06pa3oBaHMe Me3oas M napameTpsbl



conbmunmsaumm BOAHON M YrneBOAOPOAHON (a3 B Me3oasax. ITOT MOAXOA UCMO/b30BaH ANs
noa6opa KOMNO3nUMOHHbIX MAB NMPUMEHNUTENLHO K LWeNnoYHbIM O3 CKBaXKUH.

Ha ocHOBe 3TMX MCCnefoBaHUA GbIN NONYYEHbI LLETOYHbIE MUKPO3IMYbCUM, 06nagatoLine
MpU UX KOHTaKTe C MOBEPXHOCTbK M/aCTOBbIX MOPOA, BOLON W HePTbH PALOM YHUKA/bHbIX
CBOICTB. B 4aCTHOCTW LLENOYHbIE MUKPO3MY/bCUX MOTYT BbIMblBaTb OCTATKW MAEHOK HETU U
aficoOpOLMOHHO-TMAPOGH0OM3NNPYIOLLME KOMIMOHEHTbI C NOBEPXHOCTM KBapLa, co3jaBas abCcontoTHO
rMAPOUNBbHY0 NOBEPXHOCTb. [pyM KOHTaKTe C NOPOLOA MUKPO3IMY/IbCUW OCTaBMISKOT Ha Hen
NeHKY, KOTopasi He cpa3y CMblBaeTCcsi BOAOM. Ha Takoi nieHKe B BOAHOW cpefe Kannis HeTu
pacn/ibIBaeTCs, HO He YAepXUBAEeTCAa NOBEPXHOCTLIO, a Kak Obl BbITEKAET B BOAHYIO (ha3y, CO34aBas
BUAMMOCTb TMAPOPOOHOCTM MNMEHKM M CXOAa C Hee, YTO ABMAETCSA CNeACTBUMEM Y/bTPaHW3KOro
MeX®{a3HOro HaTSHKEHUS Ha TpexdasHOM KOHTaKTe «BOAa - NeHKa MUKPO3MY/NbCUM - HEPTb». ITH,
MOXeT ObITb, BMepBble OMNUCbIBaeMble ABMIEHUA MOTYT WMeTb pellalrollee 3HavyeHwe anA
OpraHu3aLmmn KanuaasapHoro NpuMToka HethT M3 MasoNpPOHMLAEMbIX NIACTOBbIX MOP B MOABMXKHbIN
BOAHbIV NOTOK BOAOHACHILLEHHBIX OTHOCUTE/IbHO KPYMHOMOPUCTLIX nponiacTkos M3r1.

BaxHOl nNpeanocbifKO YCMEWHOro NPUMEHEHUS LWENOYHbIX MUKpPoamynbcunii ans ONM3
ABNSIETCA O0OHapyXXeHHble (hakTbl reneobpasoBaHUss npu pasbaBneHUU KUCIbIX (C  MabIM
COAEpPXXaHMEM LENOYN) MUKPOIMYNbCUIA BOAOW WM 06pa30oBaHMA BSA3KUX MUKPO3IMYNbCWIA Npu
CMeLLEeHUN LLeI0YHbIX MUKPO3IMY/bCUMN.

LLlenoYHble MUKPO3IMYNbCUM YXKE TOMIbKO B CU/Y BblleHa3BaHHbIX CBOMNCTB U OCOGEHHOCTEN
MMeT 60/bLION NOTEHLMaN YCnewHoCcT! npumeHeHus n ansa Ol3 HarHeTaTe/lbHbIX CKBaXXUH C
LleNbi0 pacluvMpeHns oxBaTa MacToB 3aBOLHEHMEM W, Tem 6ofiee, NPy OpraHu3aLmm CUCTEMHbIX
OnM3 ¢ gocTuxeHnem ath(PeKToB NOBbILEHMA HepTeOTAa4M NIacToB.
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