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Pa6ora BeinonHeHa B ¢punuane «Openoyproypraz» JOOO «bypraz»

Hayunslii pykoBoauTesns - ®ponoB AHapeit AHIpeeBUY
JOKTOP TEXHUYECKUX HAyK
OdunmanbHbIe OMMOHEHTHI - [TonskoB Bnagumup Hukonaesuu
JIOKTOP TEXHUYECKUX HAYK, Mpodeccop
- ABeppsaHOB Anekceii [leTpoBuy

KaHIuAaT TCXHUYCCKHUX HAaYK

Benymas opranusanus: - TIoMEHCKHI HAYYHO-UCCIEA0BATEIBCKUN U MTPOEKT-
HBIA MHCTUTYT MPUPOIHOTO Ta3a u razoBbix TexHosoruii (OO0 «TiomenHUUI umpo-

ras)

3ammra cocrourcs 21 uronst 2004 rona B 14% yacos Ha 3acelaHuu JuccepTa-
nmmoHHoro cosera /[ 212.273.01 npu ['ocynapcTBeHHOM 00pa30oBaTEIBLHOM yUpexkKIe-
HUUM BBICIIETO TMpo(deccHOHABHOTO 00pa3oBaHusl «[FOMEHCKHI TOCyaapCTBEHHBIN
HedTerazoBeiii  yHuBepcurer» (TromMI HI'Y) mo aapecy: 625039, r. Tromens, yi. 50
net OkTsa6ps, 38.

C nmucceprarnueit MOXKHO 03HaKOMUThCS B Oubnuoteke Trom[ HI'Y mo aapecy:

625039, r. Tromensb, yi. MenbHukaiite, 72.

ABtopedepat pazocnan 21 utonst 2004 r.

YueHslii cekpeTapb
JUCCEPTALIMOHHOIO COBETA

I-p TeXH. HayK, mpodeccop B.I1.OBunHHMKOB
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OBIIAA XAPAKTEPUCTHUKA PABOTDI

AKTYaJlbHOCTH NMPO0JeMbI. BCKpBITHE Ta30BBIX FTOPU30HTOB, COAEPKAILUX B
CBOEM COCTaBE KOPPO3HMOHHO aKTUBHBIE ar€HThl MPEIONpeeseT Psi TEXHUUECKUX U
HKOJIOTMYECKUX MPOOJIEM B MPOLIECCE CTPOUTENBCTBA U IKCIUTyaTallui CKBayKUH.

Cpean HUX 0CcOOYIO CIOKHOCTH MPECTaBISET MpodieMa o0ecreyeHus: repme-
TUYHOCTH 3aKOJIOHHOT'O MPOCTPAHCTBA Ha BECh MEPHO] CYLIECTBOBAHUS CKBAKHHBI.
TpyaHocTs ee peuieHns 00ycClIOBI€HAa BHICOKUMHU 3a00MHBIMHM TEMIIEpaTypaMH U ar-
PECCUBHOCTBIO TUIACTOBBIX (uiron10B. Hanbomblyo onacHOCTh, U3 BCETO MHOT000-
pa3usi KOPPO3MOHHOAKTUBHBIX IUIACTOBBIX (IIOMIOB, MPEICTABIAET CEPOBOAOPOI.
OH BBI3bIBAET UHTEHCUBHOE KOPPO3MOHHOE NOPAKEHUE KAK METAIIMYECKHUX DJIEMEH-
TOB, BXOJAILIMX B COCTaB KPENH, TaK U TaMIIOHA)KHOTO KaMHs, SBJIAIOIIMMCS NacCH-
BaTOPOM METAJUIOB. B TO ke BpeMs, MEXaHU3M KOPPO3HMOHHOI'O MOPAXKEHUS LIEMEHT-
HOTO KaMHS U (PU3UKO-XUMHUYECKHE (DaKTOphI, onpeaestonue CKOpocTh Mpoliecca,
OCTalOTCSl 10 KOHLA HE BBISICHEHHBIMH. JTO OOCTOSITEILCTBO HE IMO3BOJSET JaBaTh
IPOTHO3HYIO OLIEHKY JIOJITOBEYHOCTH Kpemnu Ha 0a3ze CYIIECTBYIOIIHUX TaMIIOHAKHBIX
MaTepHUaJIOB U CIIEPKUBAET MPOBEICHUE UCCIEIOBAHUN IO CO3[JaHUI0 HOBBIX TaMIIO-
Ha)KHBIX KOMIIO3ULIUM C TOBBIIIEHHON KOPPO3UOHHOM CTOMKOCTBIO.

CTpouTenbCcTBO Ta30BbIX CKBaXXUH B OpeHOYypxkbe, BBOJA B IKCILTyaTanuio Ac-
Tpaxanckoro 'KM, B mpoayKTHBHBIX MjacTax KOTOPBIX conep:kutcs 10 25% cepo-
BOZI0pO/Ia, erle Oosiee 000CTpseT JaHHYIO TPoOIeMy.

OpHUM U3 TJIaBHBIX HAIpaBJIEHUM €€ peleHus sIBISETCS MPeAoTBPallEHUE He-
YOPABJISIEMOT0 3arps3HEHUS] OKOJIOCKBA)XMHHOW 30HBI MPOAYKTHUBHOTO TOPH30HTA
buabTpaToM U TBepAOH (ha3oil OypOBBIX U IEMEHTHBIX PACTBOPOB.

[TockonbKky 00beM OypeHHsI B YCIOBHSIX KOPPO3HMOHHON AKTUBHOCTH KHUCIBIX
ra3oB BO3pacTaeT, TO 3a/aya MpeloTBPALLEHUS WM OCIa0JIeHUsI OCIOXKHEHUN MyTeM
CO3JaHUsl UCKYCCTBEHHOM KOJIbMATallMM C 3aJaHHBIMM CBOWCTBAMH, UX HCCIEIOBa-
HUE OCTAETCS AKTyaJIbHOM HAy4YHO-IIPAKTUYECKON MPOOIEMON.

Heab padorel. Pa3paboTka TEXHOIOTUU CTPOUTETHCTBA CKBAXKUH B YCIOBHUAX
arpeccuy KHUCHbIX ra3oB, 0OecrneuMBarolleil CO3JaHue FePMETHUYHOIO 3aKOJIOHHOIO

IIPOCTpaHCTBA Ha BECh IICPUOA €€ SKCILTyaTalllu.
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OcHOBHBIE 3aJa4H HCCJIEI0BaAHMI

1. TepmoguHaMUYECKOE PACCMOTPEHHE IMPOLIECCOB B3aUMOJACHCTBUS TaMIIO-
HaXHOTO KaMHsI ¢ H)S 1 yTOuHeHHe CyliecTBYIONIMX MPEICTaBICHUN O MEXaHU3Me
KOPPO3HOHHBIX MPOLIECCOB B 3aBUCUMOCTHU OT (ha30BOr0 COCTaBa MPOAYKTOB TBEpe-
HUS, arperaTHOro COCTOSIHUS CEPOBOJIOPOAA, €r0 KOHLEHTPALUH, COCTaBa MOMYTHBIX
ra3os.

2. Pa3zpaboTka MaTeMaTHYECKOH MOJENH ONMUCAHHS KUHETHKH KOPPO3HH TaM-
IOHA)XKHOI'O0 KaMHS B YCJIOBUSX IUIACTOBBIX BOJ, COAECPKALIUX CEPOBOIOPOI U BBISB-
JeHue (PU3HKO-XUMUYECKHX (DaKTOPOB, ONPEACNIAIONIMX CKOPOCTh KOPPO3UOHHOTO
nporecca.

3. Pa3paboTka MeTOAMKH MPOTHO3UPOBAHMS JIOJITOBEYHOCTH TaMIIOHAXKHOTO
KaMHsl, IOJBEPTHYTOT0 BO3JIEUCTBHIO TUIACTOBBIX BOJI, COJEPIKAIIUX CEPOBOJAOPOA U
KPUTEPUEB OLIEHKU KOPPO3UOHHOM CTOMKOCTH TAMIIOHAKHOTO KaMHsI IIPU BO3IEHCT-
BHUH ra3000pa3zHoro Hy,S.

4. Pa3paboTka TpeOOBaHMI K TaMIOHAKHBIM MaTepuanaM M TEXHOJIOTUHU lie-
MEHTHUPOBAHUS Ta30BBIX CKBAXXHH, COACPKAIIUX CEPOBOIOPO/I.

5. Pa3zpaboTka npuOIMKEHHBIX MaTeMaTUYECKUX MOJIeNICH TUHAMUKHA YaCTHI]
KOJIbMaTaHTa B BOJTHOBOM IIOJIE.

6. Pa3zpaboTka TEXHOJIOTHH KOJbMATALIMA M YCTPOWCTB ISl €€ OCYIIECTBIIE-
HUA.

Hay4ynast HoBu3Ha pa0doThI

1. Paspabortana Hay4yHO 0OOCHOBaHHAsE METOJMKA MIPOTHO3UPOBAHMS OXKHAe-
MO TJTyOMHBI KOPPO3HMOHHOTO MOPaKEHUs LIEMEHTHOTO KaMHs MpU BO3IEHCTBUM Ha
HEro PpacCTBOPEHHOI'O B MOPOBOM KUAKOCTH CEPOBOAOPO/IA.

2. Hayuno 000CHOBaH MeXaHH3M KOPPO3MOHHOTO MOPAKEHUS TAMIIOHAXKHOTO
KaMHsI 0J] AMCTBHUEM Ta3000pa3HOT0 CEPOBOIOPOA.

3. Hayuno oGocHOBaHBI mapamMeTpbl KOJbMATAIMH, B YACTH KOJMYECTBA IHC-
nepcHoil (as3pl  (KoJbMaTaHTa) W PEKUMHO-TEXHOJIOTHUECKMX XapaKTECPUCTHK
TPaHCIOPTUPOBKU €€ B KaHallbl MOPOAbl, C y4eTOM (PU3UKO-XUMUUYECKUX CBOWCTB

BMEIIAIONIEH CPEbI.
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HpaKanecmaﬂ IHEHHOCTb H peajin3alnusd

O6ocHOBaHME TpeOOBaHUM K IEMEHTUPOBAHHUIO CKBAXXHH, COJCPIKAIIUX CEPO-
BOJIOPOJ ¥ KOPPO3UOHHOW CTOMKOCTH TaMIIOHAKHBIX MAaTEPUAJIOB B 3THX YCIIOBHUSX,
MO3BOJIMJIM PEUINTh MpoOJeMy pa300IIeHHs IUIACTOB, COACPXKAIIUX arpeCcCUBHBIC
KHCIIbIC Ta3bl.

Pa3paborannas kinaccudukamnys ycIoBUH U PaKTOPOB, BIUSIONINX HA TIPOIEC-
CBhI KOJIbMATAIMK TIPOHUIIAEMBIX TIOPOJI, MTO3BOJUIN TPAMOTHO BEIOPATh TEXHOJIOTH-
YECKUU PEXXUM BCKPBITHS TJIACTOB, COJIEPIKAIIUX CEPOBOOPOI.

Pa3paboTanHast TEXHOJIOTHS M TEXHUYECKUE CPEJCTBA BUOPAIIMOHHON KOJIbMa-
Tallud TO3BOJISIIOT Hanbonee 3 (PeKTUBHO pemiaTh mMpodieMbl npu OypeHun ciabdo-
CIIEMCHTHPOBAHHBIX M HU3KOIPOHHUIIAEMBIX IMPOILIACTKOB, TIPU BBICOKOW MEXaHUYe-

CKOM CKOpOCTU OypeHUs WU MPOpabOTKE CTBOJIA CKBAKUHBI.

Anpodauus pe3yJibTAaTOB HCCJIeI0BAHNM

OCHOBHBIE TOJOXKEHUSA JUCCEpPTAIlMU JIOJO0KEHbl Ha: OO0JACTHOW Hay4HO-
TeXHU4IeCKOoW KoH(pepeHnn «COBpeMEHHBIC TEXHOJIOTHU M TEXHHUYCCKHE CPEICTRBA,
MOBBIMIAIOIINE TEXHUKO-DKOHOMUYECKHUE TOKa3aTeIu CTPOUTENbCTBA HedTeraso-
pa3BeovHbIX ckBakuH» (r. Tromens, HTO «["opraoe», 1989); 11 Bcecoro3Hol Hayy-
HO-TeXHHYeCKOoi KoH(pepeHmnu «Hedts m ra3 3amamunoirt Cubupm» (r. TromeHsb,
1989); HayuHO-TeXHHUYeCKOW KOH(pepeHuu «KoOMIIEKCHpOBaHKE  TIe0JIOro-
reo(U3MUeCKNX METOJ0B HCCIEAOBAHUS MPHU JIOKATHHOM MPOTHO3E U pa3BejKe 3ajie-
xei HedTH U ra3a B 3anaanoit Cubupu» (r. Tromenb, 1993); HaydHO-IIPaKTHUECKOM
mKoyie — ceMuHape «COCTOSIHUE W ITyTH Pa3BUTHUS METOJIOB, TEXHUKU M TEXHOJIOTHH
KOHTPOJIS 33 MCIBITaHHEeM HedTera3oBbiX ckBaxuu» (T. TBepn, 1993); Mexrocynap-
CTBCHHOM Hay4YHO-TE€XHWYECKOW KoH(pepeHumH, mocesmieHHod 30-tu nernro TUU
«Heptp u raz 3amannoit Cubupu. I[IpoOrembl A00BIYM M TPAHCIOPTHUPOBKU»
(r.Tromenn, 1993); HayyHO-TIpaKTH4YECKON KOH(pepeHInH, nocBsAnieHHon 50-1eTnio
OOH «KowmriekcHoe 0CBOeHHE He(Tera3oBbIX MECTOPOXACHUN tora 3anagHon Cu-
oupu» (r.Tromens, 1995); HTC OAO «l"a3zmpom» « COBEpIICHCTBOBAHHE TEXHOJIO-
ruM 3akaHuuBaHus ckBaxkup» (r. CraBpomosb, 1998); peruoHajibHOM Ie0JIOro-
TEXHUYECKOM COBemaHnu «HTeHCH(pUKAIUI TPUTOKOB yTIEBOAOPOIOB U3 MTOUCKO-

BO-pa3BenovHbIX ckBakuH» (T. Tromens, 2000); HTC OAO «["a3npom» «Pe3ynbTaThl
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M I1IyTH TIOBBIHICHUWA 3(1)(1)6KTI/IBHOCTI/I HCIIOJB30BaHUs IEPEAOBBIX TEXHOJIOTUH

npu cTpoutenbcTBe ckBaxkun» (r. CraBpomonb, 2002); CoBelmaHuy MO UCTIBITAHHUIO
(3akaHYMBaHHIO) CKBaXMH Ha TEPPUTOPUM AesTelbHOCTH opranu3anuii OAO «['a3-
npom» (r.Hoserit Ypenroi, 2002).

I[y6ankanuun

OcCHOBHOE coJiep)KaHNE TUCCEPTAMOHHOM paboTsl onyOnukoBaHo B 11 mevar-
HBIX paboTax, B TOM 4ucie 2 aBTOPCKUX CBHUIETEIbCTBAX.

CtpykTypa u 00beM padoThI

HuccepranonHas paboTa COCTOMT W3 BBEICHHS, TPEX pasleioB, OCHOBHBIX
BBIBOJIOB U PEKOMEH/IALIUM, CIIMCKA HCIIOIb30BAaHHBIX UCTOYHUKOB U3 ~ HAaUMEHOBA-
Huil. U3n0xkeHa Ha CTpaHULaX MAIIMHOMKMCHOIO TEKCTa, COACPKUT pUCYH-
KOB U TaOJINIL.

ABTOp BbIpaxkaeT ITyOOKYIO MPU3HATEIBHOCTh M 0JIar0JapHOCTh CBOEMY Ha-
YYHOMY PYKOBOJUTEINIO, JOKTOPY TeXHUUecKnXx Hayk ®pomoBy A.A., TOKTOpaM Tex-
HUYecKux Hayk, npodeccopam Kyznenoy O.C., OBunnHukoBy B.II. 3a HeoneHu-

MYIO IIOMOIIb U IMOAACPKKY ITPHU BBIIIOJIHCHUHU ﬂHCCGpTaHHOHHOﬁ pa6OTI>I.

COJHEP)XAHUE PABOTDI

Bo BBeneHum 00OCHOBaHa aKTyaJbHOCTb TEMBI HMCCIIEOBAaHUM, IOCTaBJIEHA
1IEJIb U OTIPE/IeNIeHbl OCHOBHBIE 3a/1a4y JUCCEPTALMOHHOM paboThl, CHOPMYITUPOBAHBI
Hay4yHas HOBM3HA, IPAKTUYECKas LIEHHOCTh W IOKa3aHa pealn3alusi pe3ysbTaToB
UCCIIEIOBAHUM B IPOMBICIIOBBIX YCIIOBHSIX.

B nmepBom pa3jgesie NpUBEIEH aHAIN3 PE3YIbTATOB TEOPETUUYECKUX, IKCIIEPU-
MEHTaJIbHBIX M IPOMBICIOBBIX HMCCIEAOBAHUI TaMIIOHAXHBIX MATEpUAJIOB IMOA ACi-
CTBHMEM CEPOBOIOPOAA.

[TokazaHo, 4TO Mpu OypeHUU CKBAXKUH HA MECTOPOXKICHHUSX C BBICOKHM CO-
NEpKaHUEM CEpPOBOJIOPOJA HEOOXOIMMO MPUMEHITh MHCTPYMEHT, TPYyObl U JIpyroe
000pyZI0OBaHUE B CEPOBOJAOPOIOCTOMKOM HCTIOTHEHUU. KpoMe TOro, TeXHOJIOTHs 11e-
MEHTHPOBAHUS U BUJIbI TPUMEHSIEMBIX [IEMEHTOB JOJKHBI OBITh TAKUMU, YTOOBI MOJI-

HOCTBIO MCKJIIOUHUTBH BBIXOJ CCPOBOAOPOAAa HAa JHCBHYIO IIOBCPXHOCTD. Ananuz IIpo-
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MBICIIOBBIX JaHHBIX MO0 OpeHOYyprckoMy MECTOpOXKIEHHIO, TMpoBeAeHHbIM A.B.

TapHaBcKkuUM, MTOKa3bIBACT, 4TO B 65% CKBa)KWH TaMITOHAKHBIM KaMEHb TTOIBEPTaeTCs
MHTEHCUBHOM KOppo3uu. [l03TOMy BaKHO OLIEHUTHh KOPPO3UOHHYIO CTOMKOCThH Tam-
MOHAXXHOTO KaMHS, MOJYYEHHOTO W3 PAa3IUYHBIX BSKYIIMX B YCIOBHSIX CEPOBOJIO-
POIHOM arpeccuu.

Ha ocHoBanuu kputuueckoro o03opa padoT Mo OleHKEe KOPPO3UOHHOW CTOM-
KOCTU CYIIECTBYIOIIUX TaMIIOHAXKHBIX MAaTEPUAJIOB B YCIOBUSIX CEPOBOIOPOIHOI ar-
peccuu cliefiaH BhIBOJ O TOM, YTO PAa3HOPEUMBOCTh CYILIECTBYIOLIUX MpPEACTaBICHUN
OTHOCHUTEJIbHO MEXaHU3Ma KOPPO3MOHHOI'O MOPaKEHUsI TAMIIOHAKHOTO KaMHS U OT-
CYTCTBHE YETKMX KPUTEPUEB, HEOOXOAMMBIX JJIA BHIOOpA U Pa3pabOTKH KOPPO3UOH-
HOCTOWKHUX MaTepuajioB, ONpPeaeIniIn He0OX0JMMOCTh TOCTAHOBKHU MCCIIEIOBAHUN B
00JlacTU M3Y4YEHHsS MEXaHU3Ma KOPPO3UHM TAMIOHAXHBIX IEMEHTOB U Pa3pabOTKU
00BEKTUBHOTO METO/Ia OLICHKH KOPPO3MOHHOW CTOWKOCTH LIEMEHTHOT'O KaMHS B yC-
JIOBHUSAX CEPOBOJAOPOIHOM arpeccum.

N3BecTHO, 4TO CEpOBOAOPOA MPHU IMOBHIIIEHUU JABICHUSI MOXKET MEPEXOJUTh
U3 ra3000pa3HOro B JKHUJIKOE COCTOSIHME. DTOT MEPEeX0]] BOZMOXKEH B Ipejesiax TeM-
neparyp, He MPEBBIIIAIOMINX 100°C. Tak, mpu HOpMambHBIX Temmeparypax (15 -
20°C) yxe mpu nasiaennn 1,6 MIla cepoBOLOPO HAXOAUTCS B CIKIDKCHHOM COCTOSI-
HuU. [Ipy NOBBIIEHUN AaBIE€HUS OJJHOBPEMEHHO BO3PAacTaeT PAaCTBOPUMOCTH Ia3o-
00pa3HOTo CEPOBOJIOPO/Ia B BOJIE. ITO J1a€T OCHOBAHUE MPEIOIOKUTH, YTO CEPOBO-
JIOPOJl B YCJIOBUSIX XOJOJHBIX CKBAaXXMH KOHTAKTUPYET C TaMIIOHA)KHBIM KaMHEM B
KUAKON (aze, 0IHAKO, HE UCKIIOYAETCS BO3MOXKHOCTh KOHTAKTUPOBAHUS U B ra3o-
00pa3HOM BUJIE.

TepmoarHaMUUYeCKOE€ pacCMOTPEHHE MPOLIECCOB B3aUMOAECHCTBHS MPOIYKTOB
TaMIIOHA)KHOTO KaMHsI C PAaCTBOPEHHBIM B IUIACTOBOM BOJIE CEPOBOAOPOAOM IOKa3bl-
BAE€T, YTO CYIIECTBYIOIINE TAMIIOHAXKHBIE IIEMEHTHI HE MOTYT 00€CIICYUTh MOTYyUYCHHE
a0OCOJIOTHO CTOMKOTO KaMHS.

JIisi mOCTpOEHUsT MaTEeMAaTUYECKOM MOJENU C LEJbI0 M3Yy4YeHUS! KUHETHKU U
MEXaHHU3Ma KOPPO3MOHHOIO MOPaKEHUsI TAMIIOHAXKHOTO KaMHs MO/ J€UCTBUEM ILjIa-
CTOBOM BOJBI, COAEpKaIle pacTBOpeHHbIN cepoBogopoid, A.D.Ilomakom ObLIM HC-

ITOJIb30BAHBI M Pa3BUTHI NpeacTaBiicHus Ppanko-KameHenkoro o nmpoueccax macco-
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INEpEHOCa B KAITMIIAPHO-IIOPUCTBIX TCJIaX MPHUMCHUTCIBHO K HEMCHTHOMY KaMHIO.

OpnHako WMH HE OBUIO YYTEHO MHOT000pa3ue (PU3HKO-XUMUYECKUX M XUMHUYECKHX
IIPOLIECCOB, UMEIOIIMX MECTO IPU B3aUMOACHUCTBUU LIEMEHTHOIO KaMHSI U arpeCcCHUB-
HOM CpeJlbl B YCIOBUSX CKBaXXMHBI. B MPUHATON MOJIeIM B KA4€CTBE OCHOBHOIO IO-
CTyJIaTa JIOIYCKaJIOCh, YTO IIEMECHTHBIM KaMEHb IPEACTAaBISACT COOOM KalMILIIPHO-
MOPUCTOE TEJIO, YaCTh KOTOPOT'O PACTBOPSETCS B KUCIIOTE, a 4acTh oOpasyeT Oydep-
HBIW CJIOM, OTJAETAIOIINAN IEMEHTHBIM KaAMEHb OT arpeCCUBHOIO BelIeCTBa. Takoe y-
POIICHUE HE IMO3BOJIUIO YUUTHIBATh MHOT000Opa3ue (hU3MKO-XUMHUECKHUX MPOIICCCOB
B3aMMOJEHCTBUSA arpeCCUBHOIO BEIIECTBA W MPOAYKTOB THAPATALMHU PA3IUYHOIO
XAMHUKO-MHUHEPAJIOTHYECKOTO COCTaBa, OKAa3bIBAIOIIUX CYIIECTBEHHOE BIIMSIHUE Ha
MEXaHU3M KOPPO3MOHHOTO TMOPAXKEHUS M TMPOLECCHl MaCCONEPEHOCa IPOAYKTOB
B3auMoOJAeHCTBUA. KpoMe TOro, B KadeCTBE arpeCCUBHBIX CpPEJ pPaccMaTpPUBAIUCH
JIAIIb CUJIbHBIE KUCJIOTHI.

B pazButue 3THX uccienoBanuii Hamu, coBMecTHO ¢ B.M.KpaBLoBsiM, uccie-
JIOBaHO BJIMSIHUE BO3JIEUCTBUS CIa00W CEpOBOAOPOIHOM KUCIOTHI HA IEMEHTHBIN Ka-
MEHb.

Kak moka3pIBalOT MHOTOYHMCIICHHBIE SKCIIEPUMEHTAIIBHBIE JIAHHBIE, MPOLECC
KOPPO3UH LIEMEHTHOTO KaMHS B YCJIOBUSIX BO3JAEHUCTBUS PACTBOPEHHOTO CEPOBOIOPO-
Jla HOCUT IIOCJIOMHBIN XapakKTep.

Ilycths 4yepes onpeneseHHbI NTPOMEKYTOK BPEMEHH, JIMTEIBHOCTH KOTOPOTO
onpeneisieTcss KoHIeHTpanued H,S, cTpyKTypHBIMH XapaKTepHUCTUKaMH KaMHs, KO-
JUYECTBOM THAPATHOU (a3l B equHUIE 00BeMa, 00pa3yeTcs MPOKOPPOIUPOBAHHBIN
OydepHBbIi clIoH, BKIIOYAIONIUA HepacTBOpUMbIe B H,S MPOAYKTHI pas3iioKeHUs TU/I-
patHbiX ¢a3 B Buze reieit SiOIAH,0O, AI(OH); u mpoaykTsl KOppo3uu B TBEPIOH
(FeS, CaS) u xunkoit dpazax (Ca(HS),).

[TpoxoppoIMpOBaHHBINM CJIOM ABIIAETCS OOJiee MPOHUIIAEMBIM, YeM HMCXOIHBII
IIEMEHTHBIM KaMeHb, TaK KaK PEeaKIMOHHOCIIOCOOHas (a3za IIEMEHTHOro KamHS B
MpoLEecce TUAPOJIN3a MEPEXOIUT B PACTBOP, a 3aTEM B BHJIE XOPOILIO PACTBOPUMOTO

npoaykta koppo3uu — Ca(HS), — B okpysKaroliyto cpemy.
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B pabote mokazaHo, 4TO MEXIy KOPPOJUPOBAHHOM 30HOM U OCTaJIBHOM

JaCThI0 TAMIIOHAKHOTO KaMHS CYIIECTBYET UeTKasi TpaHMIla paszesa, 30Ha Mpeapas-
PYILIEHHUS HE MPEBBIIIAET THICSYHBIX JI0JI€H CAHTUMETpA.

[Ipennaraemasi HAaMH cXeMa KOPPO3HOHHOTO MPOIecca TaMIIOHAKHOTO KaMHH,
JUTSL CITydasi, KOTJa COOTHOIIIEHNE KOHIIEHTpAIlMU arpecCuBHOTO BemectBa Ci U TUI-
pOKCHA KaJblidsi B IOPOBOM KUAKOCTU KaMHA C, COOTBETCTBYET HepaBeHCTBaM (i
< C, u C;>> Cy, npuBenena Ha puc. 1 u 2. B mepBom ciyuae nonst OH u Ca2+,
MoCTymarIue B 00beM pacTBopa B pe3yibTaTe rUapoiau3a TBepaon ¢dassl, nuddyH-
TupyroT B 30HYy peakiuu ||, roe nonst OH pacxomyrorcst Ha HEUTpAIU3aLUI0 HOHOB
H', anonsr Ca”™ uepe3s koppoaupoBaHHEI ci10i 1ubGYHAUPYIOT B pe3yIbTaTe aUc-
commaru H,S, u3 30ub1 |, tuddyHaupyoT kak BriyOb IEMEHTHOTO KaMHS TaK U B
CTOPOHY OKpYy>Karomieil cpenpl. MakcumanbHasi KOHLEHTpalusi noHoB HS  cooteT-
CTBYET MaKCUMAaJIbHOM CTENIEHHU TMIpOIn3a.

Nonwr HS, npoHukaromue B TiyOb IIEMEHTHOTO KaMHS SIBIITFOTCS HHEPTHBIMU
M0 OTHONIICHHIO K MPOAYKTaM TBEPACHHS IIEMEHTHOTO KaMHs, TaK KaK paBHOBECHas
pH noposoii sxunkoctu <11. ckitoueHrne coCTaBISIOT JIMILb OKUCIbI JKeje3a, B3au-
MojaeucTByromue kak ¢ H,S, Tak u ¢ HS, s> pu JIF0OBIX pH cpensl

6HS + Fe,03 = 2FeS + 4S + 3H,0 (1)

[Ipu 3TOM BClENCTBHE YBEIWYEHUS 00beMa MPOAYKTOB KOPPO3UHU IO CpaBHE-
HUIO ¢ 00BeMOM, 3aHUMaeMbIM F&,03, MOTyT BO3HMKAaTh BHYTPCHHHUE HANPSHKECHUS B
IIEMEHTHOM KaMHE, BBI3BIBAIOIINE €TO MEXaHMUECKOE PAaCTPECKUBAHNE.

Takum o0Opa3zoM, paccMOTpeHHasi cxema Impoliecca B3aumonaencTsus H,S ¢
TaMITOHA)XHBIM IIEMEHTHBIM KaMHEM, TIOKa3bIBaeT, YTO IMPOIECC €r0 KOPPO3UOHHOTO
MOpaYKEHUS BKITIOYACT TAKUE CTA/INH, KaK:

- TuAponu3 TBepAod ¢Ga3bl U MOCTYIUIEHHE XOPOIIO PACTBOPUMBIX MPOAYKTOB
THIPOJIN3a B 30HYy XUMUYECKON PEaAKITNH,

- xumHuueckoe B3anmoeiicteue nonoB OH u H'; Ho,S u Fe,0s; (FeO);

- BBIHOC IIPOAYKTOB KOPPO3UH B BUJE MOHOB Ca** n HS B OKPY’KAIOILYI0 Cpery

1 HakorieHue FES, S B mpokoppoAMpOBaHHOM CIIOE.
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Tak KakK BCTpEUa IMIOTOKOB THAPOKCHAA KaJblIHWA W arpeCCUBHOIO

BElIECTBA MPOUCXOTUT B Oy(epHOM ciioe, TO CKOPOCTh Mpoliecca KOPPO3UH OrpaHu-
yuBaetcs auddys3uer.
[TonBoa arpeccCMBHOrO BEIIECTBA M3 OKPYKAIOWIEH CpeAbl B 30HY PEAKIIMH,

nexarei Bo || o6mactu OydepHOro ¢ios MOXKHO 3aIlliCcaTh B BHJIC:

dC
dm, =-D,—*dt 2
m, " dh, (2)
rae D — xoaddunment nuddys3uu B OydepHom cioe, cm?/cex;

P —nopuctocts 0ydepHoro cios;

C1 — KOHIICHTpaLHs, rlem;

dm; — konuuectBo H,S, nporeniiero 3a Bpems dt uepe3 eauHuUILy I10-
maau Ha rnyouny dhy, r/em®.,

Bcerpeunsiit motok Ca(OH), MOKHO BBIPa3HTh B BUJIE:

dC
dm, =—-D, —2dt 3
, =0, % ©
rme dm;, — konmmyectBo Ca(OH), nporteamiero 3a Bpems dt uepe3 equHHILY

ioriaay Ha riyouny dh.

COOTHOLIIEHHE BEJIMYUH IOTOKOB OMpeieseT 30Hy B3auMojeicTus nonos H'
u OH B mpenenax OydepHoro cios. M3 3akoHa coxpaHeHHs] MaccC CleayeT, YTO B
MecTe BeTpeur noTokoB H' u OH™ ux BemmuuHbI paBHBI ApyT Apyry. CormacHo ypas-
Henuit (2) u (3) 30Ha paBEeHCTBA MOTOKOB OIPEICISACTCS BEIMIMHAMH T'PATUCHTOB
KOHIIEHTpAaIui H' u OH'.

[IprumeM AJ1st MPOCTOTHI PACCYKACHUM, UTO PACIPEICICHUE KOHIEHTPAui Ho-
o OH u H' B GydepHoM clloe uMeeT nuHelHbIH xapakTep . Takoe HomylieHue He
MCKa)XaeT KapTUHBI IIpoliecca, OJHAKO MOJYyYEHHBIE PE3YJIbTaThl IO CKOPOCTH MPOTE-
KaHMsI POIIECCOB OYyT HECKOJBKO BHIIIE peabHBIX.

JInst onpeneneHus 30HbI B3anMoericteus nonoB H' u OH™ mpupaBHEBaeM mo-

TOKU. C y4éTOM CTEXMOMETPUU OyJIeEM UMETh

@ __ b dC,

S = @
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dc, _ dc,

T (5)

+ -
[Tockonbky H™ + OH™ = H,0O, to u=1. Torma cooTHoleHUe, ONpeaesroIiee
30HY BCTPEUM IIOTOKOB C y4&TOM JIMHEHHOCTH rpafueHToB KoHuenTpamuit H™ u OH

IIPUMET BUL:
== (6)

[Mpruem hy + h, =h

C yBejMYeHHEM KOHIIEHTPAIMK arpeCCUBHOIO BEIIECTBA BO3pACTAET IPaJHEHT
KoHIeHTparuu noHoB OH', a clienoBaTebHO M YBEIWYHMBACTCS BEIMYMHA IOTOKA
THUAPOKCH/IA, BBHIIICIAYUBAEMOI0 M3 I[EMEHTHOTO KaMHsS, a 30Ha BCTPEYH IIOTOKA
CMEIIAETCsl B CTOPOHY HEMOBPEIKAEHHON YaCTH [IEMEHTHOIO KaMHS.

B sTOoM M cocTouT (pH3UYECKHI CMBICI YCKOPEHHS Mpoliecca KOPPO3UU NpH
BO3pacTaHUU KOHIICHTPAIIUU arpECCUBHOIO BEILIECTBA.

CKOpOCTh pa3pylleHUs TAMIIOHAYKHOTO KaMHS OIpPEaeseTCs] KOJIMUYECTBOM U
CKOPOCTBIO BBIHOCA TIPOJYKTOB THAPOJIN3A B OKPYKAIOIILyI0 cpeny. s Toro, 4To0s!
3

KaMeHb MPOKoppoaupoBai Ha rryouny dh, HeoOXxoaumo, yToObl U3 00béMa 1-dh cm

BhIienaynBagock 1-dh-mg Ca(OH),. KonruecTBO KHCIIOTHI, HEOOXOIUMOMN I HEM-

Tpanusaruu ganHoro konuuectsa Ca(OH), paBHo D, ?jil dt .

N3 ycnoBus 6ajianca Macc ¢ y4éToOM CTEXMOMETPUYECKOro KoddduiineHTa mno-
JTy9HM.
dC,
Datpmt = uOldhling;  me=m -y (7)
rae M, — gonst CaO B enuHMIlE 00BEMA KaMHS,

, 3
Y - 00bEMHAs Macca KaMHsl, r/cM”,

Tak xak p=1, To

dC
D Lat = Cdh 8
P, m, (8)
NmeeMm:
G _ G *G 9
2= ©)
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N3 ycnoBus NMHEHHOCTH TPAJUEHTOB IOJYYHM:

dC, _ C,+G, (10)

dh, h
Torna:

C, +C

D, - —2dt = mydh (11)

Pemenne qaHHOTO YpaBHEHUS MTOJYYUM B BHJIC:
2
h”  r= DG GP, (12)
m,

Tak xak rpu t=0, h=0, To umeem:

H = \/20(c1 +C)P (13)

m,

AHanu3 NOJyYEeHHOr0 BBIPAXKEHMs MOKAa3bIBAET, YTO INIyOMHA KOPPO3UOHHOIO
MOpaKeHHUS TAMIIOHAKHOTO KaMHS BO3pAcTaeT ¢ yBenndeHUueM 3G (HEeKTUBHOTO K03 (-
¢unmenta nuddysun D, mopuctocTy mpoKOppoAUpPOBaHHOTO oSl P, KOHIIeHTpauuu
arpeccuBHoro BemiectBa C; M THAPOKCHIA KajibIMs B MOPOBOW KUAKOCTU TaMIIO-
HaxHoro kamus Co.

B 10 ke Bpems Bo3pactanue ooOuiero conepxkanus CaO — My B eAMHULIE 00bE-
Ma KaMHs1, 3aHIMaeMOTr0 MPOAyKTaMH THIPAaTallii, CHI)KAeT CKOPOCTh POABMKEHUS
KOppo3uoHHOTO (poHTa. [loaTomy, ecnu B cocTraBe MPOAYKTOB TBEPIACHHUS COJIEp-
KHUTCS TTOBBIIIEHHOE KommuecTBO CaO, TO MX CTOMKOCTH MPH MPOYUX PABHBIX YCIIO-
BHI BO3PacCTaer.

Paccmotpum ciyuait, korga C;>>C,, a pH nopoBo#t xuakoctu menbie 11
(puc. 2).

B sToMm ciiyyae arpeccuBHOE BEUIECTBO MOJHOCTHIO 3amoiHsAeT OydepHyto 30-
HY, KOHTaKTUPYs HETMOCPEICTBEHHO C TBEPIO (ha3oi nemeHTHOro kamus. [Ipu aTom
MMEEeT MECTO YaCTHYHOE MPOHUKHOBEHHME arpeCCUBHOTO BEIIECTBA B IIEMEHTHBIN Ka-
MEHb Ha ONpPEEIEHHYIO TITyOuHYy .

B cuty o6parumMocTH peakiuu

Zst + Ca(OH)2 s Ca(HS)z + 2H20 (14)
MOJKET YCTaHOBUTLCS AMHaMHueckoe paBHoBecue Mexay HpS, Ca(OH), u Ca(HS),.

I'unponus TBEPION Pa3bl IEMEHTHOTO KaMHsl OyJeT UMETh MECTO JIMILb IPU OTBOJE
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Ca(HS), w3 1eMeHTHOro KaMHS B OKPYXKAIONIyIO Cpeay, a CKOPOCTb KOp-

PO3HOHHOTO TIpoIIecca TUMHUTUPYETCS CKOpocThio oTBoa Ca(HS)s.

[Ipouecc KOppoO3uK TaMIIOHAKHOTO KaMHSI M B 3TOM CJIy4a€ HOCUT MOCJIOWHBIN
xapakrtep, Tak kak konmneHrpamus Ca(HS), magaer HemocpeacTBEHHO B IOTPAHUYHOM
30HE [IEMEHTHOI0 KaMHsl, Mpujieraronieil k 0ypepHomy cioro.

Tak kak KOHTponHMpyrOWUM (AKTOPOM CKOPOCTH IMpoIecca KOPPO3UOHHOTO
MOPaYKEHUsI TAMIIOHAXXHOTO KaMHSI B 3TOM Cllydae CTaHOBUTHCA MU(DPy3uOHHBINA OT-
BOJI MPOJYKTOB KOPPO3UU, TO YPaBHEHHUE IMPOTHO3UPOBAHUS OXKUJIAEMOU TIIyOUHBI

KOPPO3UOHHOTO MOPaKEHUS MPUMET BUJL!

h= [2PGP (15)
m,

rae C;3 — xonuentpaiust Ca(HS), B morpaHudHO# 30HE IEMEHTHOTO KaMHS 1
oydepnoro cios.

W3 ycnoBus TepMoauHamudeckoro paBHoBecus Mexnay HoS, Ca(HS), u
Ca(OH), cienyet, kak 3To BHIHO u3 ypaBHeHUs (14), 4yTo ¢ yBeIMYECHUEM KOHIICH-
tpauuu H,S Bo3pacTtaer u paBHoBecHas konueHTparus Ca(HS)s.

3nas koHneHTpanuu H,S B miacroBoit Boge u Ca(OH), B mopoBo# JKHUIKOCTH,
coracHo ypaBHeHUs (14) HaX0aMM MaKCHMaJIbHO BO3MOXHYIO KOHIIEHTparuto Cs.

AHaJIN3 TIOTYYEHHBIX PE3yJIbTaTOB MOKA3bIBAET, UTO, KAK MEXaHU3M KOPPO3U-
OHHOT'O TIOPAXKEHUSI TAMIIOHA)KHOTO KaMHsl, TaK U CKOPOCTh KOPPO3UOHHBIX MPOIIEC-
COB OIIpEJIENISIETCs, C OJTHOM CTOPOHBI, (DA30BBIM COCTABOM MPOAYKTOB TBEPJICHHUS, a C
JIPYTOi — KOHLIEHTPAIMe arpeCCUBHOTO BEIIECTBA.

[Tpu mManeix KoHIEeHTpanusx HyoS B m1acToBOM BOE CKOPOCTH KOPPO3ZHOHHOTO
NnopakeHusi KaMHsi, uMmeroiero paBHosecHyto pH < 11, onpenensiercs BeIUYMHAMU
KOHIICHTpAIIMH arpeCcCMBHOIO BEIECTBA M paBHOBecHOM KoHleHTpanueid Ca(OH), B
nopoBoi xuakoctu. Eciu morok H,S cymectBenno 6omnbiie moroka Ca(OH),, To
JUMUTHUPYIOIIEH cTaaueil mpouecca spisieTcs Au(@Py3UOHHBIA OTBOJA MPOIYKTOB
koppo3uu Ca(HS),.

Korpa TammnoHaxHblli KaMeHb MMEET paBHOBeCHYI0 pH mopoBoil >KuakocTu
oonpmie 11, To nuMuTHpYIOIUMU (DaKTOpaMHU SIBISIFOTCA TU(DPY3nOHHBIE MPOLECCHI
nepeHoca arpeccuBHoro Bemiectsa u Ca(OH),, omHaKko BeJWYMHBI TOTOKOB CHMYKA-

IOTCA B PE3YJILTATC YIINIOTHCHUA 6y(bepHor0 CJIO4.
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N3 PACCMOTPCHHOI'0 MC€XaHHU3Ma U KHHCTHUKH KOPPO3HMOHHOI'O ITOPaXCHHA

TaMIIOHAKHOTO KaMH$ MOJ AecTBHEM pacTBOpEHHOTO B Bone H,S cnenyer, uro nmpu
JOOBIX KOHILIEHTPAIMAX arpecCUBHON CpeJbl Ui TaMIIOHaXHOTO KamHs ¢ pH mopo-
BOI *xuAKOoCcTH MeHee 11 cKOpoCTh KOPPO3MOHHOTO MpoIecca KOHTPOIUPYeTCs Aud-
dby3uel, MeHsAeTCs JMIIb JUMUTUpPYIomue (pakTopbl camoro AU y3MOHHOTO MpPO-
niecca. Ecm paBHOBecHass pH mopoBo# KUIKOCTH TaMIIOHAKHOTO KaMHs 00JbIne 12
u C1>>C,, To cepoBOAOPO MPOHUKAET BriyOb TaMIOHAaXKHOTO KamHs. Ero HelTpa-
JAU3anUsl OCYLIECTBIISAETCS TMAPOKCUIOM, OCTYNAIOIIUM 32 CUET PacTBOPEHUS KpH-
CTAJUTMYECKOTO TUAPOKCUAA KaJbIUs U TUAPOJIA3A TMPOAYKTOB TBEPACHHS C PaBHO-
BecHort pH > 11. [Ipu 3ToM oOpa3yeTcss MajJopacTBOPUMBIN Cyabdum Kanbius. Ta-
KM 00pa3oM, Ha TiyOnHe MpoHMKHOBEeHHS H,S B 1leMEeHTHBIN kaMeHb oOpa3yercs
30Ha npenpaspyuienus. [Ipoaykrsl TBepaenus ¢ pH > 11 B 3Toii 30He He mojBepra-
IOTCS KOPPO3MOHHOMY TMOPaXEHHUIO, TaK KaK HAaXOJSATCS B PAaBHOBECHUHU C OKPYKaro-
HIe¥ cpesoi B CHITy 0OpaTUMOCTH PEAKIIHH
2H,S + Ca(OH)z s Ca(HS)z + 2H,0 (pH < 11)

B nenom mpouecc KOppO3MOHHOTO MOPaXEHUsI KaMHs OyJIeT HOCUTh ABYX(pOHTaNb-
HBIN XapakTtep. [lepBblil GpoHT XapakTepu3yeT rpanuily MpoHUKHOBeHUs H,S BriryOb
[IEMEHTHOTO KaMHs, Pa3AesIoNIyI0 30Hy Mpeapa3pyIlIeHUs OT OCTAIBHOM €ro 4acTH.
A 3anHuii GpoHT PUKCHUPYET TpaHMITy pas3zesia MKy MJIOTHOCTHIO MPOKOPPOIUPO-
BaHHOM YacThl0O WM 30HOW mpenpaspyuieHus. [Ipoasukenue 3agHedt rpaHUIbl 00y-
cioBiieHo auddysnonnsiM otBoom Ca(HS), B okpyxaroniyro cpeay ¥ MOCIEIyIo-
MM THAPOJIM30M MPOAYKTOB TBepAeHUs ¢ paBHoBecHOM pH < 11. CkopocTh mpo-
JBUKEHUS TepeaHero (poHTa OMpeaessieTcs CKOPOCThIO THAPOIIN3a COCTABIISIIOLIUX
EMEHTHOTo KaMHs ¢ pH > 12.

B mpouecce BBINOIHEHHS SKCIEPUMEHTAIBHBIX HCCIIEOBAHUM Ipeciie[oBa-
JIOCh JIBE IIeNI: MPOBEPUTH CIPABEUIMBOCTh MONTYYCHHBIX YpaBHEHUH MPOTHO3UPO-
BaHUS KOPPO3MOHHOW CTOWKOCTHM TaMIIOHAXKHOTO KaMHS H TOJYYUTh JAHHBIE O
CPaBHUTENBHOW KOPPO3MOHHOM CTOMKOCTH KaK CYIIECTBYIOIIMX, TaK U pa3padaThl-
BAaE€MbIX TAMIIOHAXHBIX MaTEPHAIIOB.

Cnenan BBIBOJI O TOM, YTO C YY4€TOM PaCCMOTPEHHOM KMHETUKH U MEXaHU3Ma

KOPPO3HOHHOTO IMOPAXKCHUA TAMIIOHAXXHBIX MATCPUAJIOB IO I[eﬁCTBHeM pPacTBOPCH-
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HOTO B BOJE CEpOBOAOPOAA, JUIS TMIOBBIICHUS KOPPO3MOHHOM CTOMKOCTH

KaMHs1 HEO0XO0IMMO:

1. ObecnieunTh yCIOBHsSI 00pa30BaHUsl MPOIYKTOB THUApATAILMH C HU3KOU
paBHOBecHOM pH.

2. [IpoyKThI TBEPACHUS TOJKHBI IMETh BBHICOKYIO PEaKITMOHHYIO €MKOCTb.

3. Bydepnsrii cnoit nomxeH o6maaate Manoi 1udy3uoHHON MPOHUIIAEMO-
CTBIO.

HauGonbiielr Koppo3nOHHOM CTOMKOCTHIO 00JIalaeT TaMIIOHAXHBIM KaMEeHb C
NOHMKEHHOU paBHOBecHOW pH mpoaykroB tBepaenus (pH < 11). Takas pH xapak-
TEpHA JUIsI HU3KOOCHOBHBIX THAPOCWIMKATOB KaJNbIUs, TUAPOTPAHATOB KaJIbIUS U
Maraus, rugpocuiukaroB Maraus, CaSO, - 2H,0, CaCOj;. BricokoocHOBHBIC
TUAPOCWIMKATHl KaJIbLIMsI, THAPOATIOMUHATEI, CBOOOJHBIN THUIPOKCHUI U SBISIOTCS
HEYCTOMYMBBIMU COEMHEHUSIMU B CpeJie Ta3000pa3HOro cepoBOAOpOIa

[Ipyn Hamu4uM KHUCIOPOJa B OKPYKAIOIICH Cpelle WJIM B CAMOM IIEMEHTHOM
KaMHe JECTPYKTHBHBIE MPOLECCHl PAa3BUBAIOTCA 3a CYET Iepexoja Cyib(puIoB B
CYIb(GUTHI KaJbIUs, UMEIoIue OoNbIui ynenbHblii 00beM; dem Ca(OH),, BcTy-
Naromui B peakiuio. [IpucyTcTBre OKHCIIOB JKelie3a B COCTaBE TaMIIOHAKHOTO KaMm-
HSl MHTEHCU(MUIIMPYET pPa3BUTHE NECTPYKTUBHBIX IPOIECCOB 3a CUET HAKOILUICHUS
FeS, nmeromiero oombion 00neM, uem FeO u Fe0s.

Ecnu B arpeccuBHOM Ta30BOil cpelie OTCYTCTBYET KHUCIOPOJ, UYTO XapaKTepHO
TUTsI TTyOOKHUX CKBa)KHMH, M B COCTABE TAMIIOHAYKHOTO KaMHSI OTPaHHUYCHO COJICP)KaHHE
Keye3a, TO pa3BUTHE JECTPYKTUBHBIX MPOIECCOB, BBHI3BIBAIOIINX OOBEMHBIE pa3py-
HIeHUs] KaMHsI ¢ paBHOBecHOM pH mopoBoii skuakoctu 6ombiie 11, ciemyeT CBs3bI-
BaThb ¢ 00pa30BaHWEM KPHUCTAJLUIOTHIPATOB THIIA 3Ca(OH); - CaS; - 3H,0 ;
4C3(OH)2 . CaS4 . 14H20

OTaenbHO OBUIM MPOBEACHBI IKCIIEPUMEHTAIbHBIC HCCIICAOBAHMS B Ta30BOM
CEPOBOJIOPOTHON arpeccuu. B 3TUX yCIOBHIX MPOAYKTHI TBEPICHUS MCCIICIOBAHHBIX
MOHOMMHEPAJIbHBIX BSXKYIIMX SIBISIOTCS COBEpLIEHHO HecTodkumu. [lo crenenu
yOBbIBaHUSI KOPPO3UOHHON CTOMKOCTH OHU PaCIiOararoTcs B CIEAYIONICH Mmocieno-
BaTenbHOCTH. CoS, C3A, C3S, CL,AF.

K uncny runpatHeix (a3, obnagarommx HU3KOW paBHOBecHOW pH, oTHocsATCS
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HU3KOOCHOBHBEIC 'MAPOCUIIMKATBI  KaJIbIIUA, TUAPOCUIIUKATLI Martuys,

TUApPOrpaHaThl, JBYBOJHBIA THIIC, OJHAKO MMOCJIEAHEE COCAMHEHUE UMEET HU3KYIO
BOJIOCTOMKOCTh. CoJiep’)KaHUE OKHCIJIOB JKejie3a B COCTaBE TaMIOHAXXHOW KOMIIO3M-
MU TOJDKHO ObITh orpanmdeHo 10%. Ilpu Gosee BhICOKMX KoHIeHTparusax FeO,
Fe,O3 B 1IeMEHTHOM KaMHE BO3HHUKAIOT MHTECHCHUBHBIC HAIPSDKCHHS 3a c4eT o0paso-
BaHMS HEJIOMyCTUMO OOJIBIIOro KojinuecTtBa FES, 00bemM koToporo Oosnbiie, yem FeO

Bropoii pa3aen nocBsieH NEPBUYHOMY BCKPBITHIO M Pa300IIEHUIO TIACTOB,
COJICpIKaIllUX arpeCCUBHBIC KUCIIBIE Ta3bl.

Kak Obu10 mokaszaHo B pasueine 1, eciau KUCIbIM ra3 pacTBOPEH B ILIACTOBOM
BOJI€, TO MPU €r0 KOHTAKTUPOBAHUM C TAMIIOHAXXHBIM KAMHEM MPOUCXOIUT KOPPO3HU-
OHHOE€ MOPaKEHUE MOCIIETHETO.

CrnemoBaTellbHO HEOOXOAUMO YXKE MPU MEPBUYHOM BCKPHITHH TaKHUX IUIACTOB
HE JIOMYCTUTh WM MAaKCUMAaJIbHO CHU3UTh BO3MOXKHOCTh KOHTAKTUPOBAHUS arpecco-
pa ¢ IPOMBIBOYHOM JKUAKOCTHIO M BITOCIICACTBUH C TAMIIOHAXXHBIM PacTBOPOM (Kam-
HEM). DTO CTAaHOBHMTHCS BO3MOXKHBIM IPH 00ECIIEYCHHMH MIHOBEHHOM KOJIbMAaTalluu
ra30HaNOJHUTEIbHBIX TUIACTOB MIPU UX MEPBUYHOM BCKPBITUH.

PaccMoTpuMm ycioBUs, BIMSIONIME HA MPOIECCHl KOJIbMATAllUM MPOHUIIAEMBIX
MOPOI.

[Iponecc konbMaTalMK TPOUCXOIUT MPU B3AUMOJACHCTBUM YETHIPEX OCHOBHBIX
00BEKTOB JIPYT C APYroM:. JUCTIEpCHas (aza U AUCIEPCUOHHAs Cpeaa KOJIbMaTHPYIO-
IIUX PACTBOPOB, MOPOBasi MOBEPXHOCTH MOPOJbI U BHYTpPHUIIOpOBas cpeaa. Ousmnko-
XUMHUYECKUE CBOMCTBA ABYX MOCIEAHUX MPUPOAHBIX OOBEKTOB PEIKO UCIOIB3YIOTCS
JUISL PETYJIMPOBaHUs TIpoliecca KOJbMAaTalluu C 1EJIbIO MTOBBIIIEHUS eTro (P PeKTUBHO-
CTH, @ 00bEKTaMHU PETYJIMPOBAHUS SIBIISIIOTCS MEPBBIC JIBA.

OmnpeneneHue U KiaaccU(UKAIMA YCIOBUM, BIUSIONIMX HA 3TOT IMpoliece, Io-
3BOJIUT MOJ00paTh Haubojee MPUEMIIEMYI0 TEXHOJOTHMYECKYI0 CXEMY YIpPaBIICHUS
IIPOIECCOM, TOJYYUTh HY)KHBIC MTapaMeTphl U CBOMCTBA CJIOS KOJbMATaIK (TITyOwu-
Ha, I0JITOBEYHOCTh, MEXaHUYECKasl IPOYHOCTh, YCTOMUYMUBOCTh K BO3JIECTBUIO arpec-

CHUBHBIX TIACTOBBIX (DITFOHJIOB).
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B pesynbraTe 0030pa uHbopmauu 1o npodiieMaM KoJbMaTalluy MpOHHUIAe-

MBIX TIOPOJI, @ TaK)X€ UCCIEIOBAaHUM, MOCBALICHHBIX BOMpPOCcaM (PUIBTpaLUd MHOTO-
(a3HBIX cpel uepe3 MOPUCTYIO MOpoay, MeK(a3HOMY B3aUMOJEUCTBUIO B KOJUIOU-
HBIX U TPyOOJMCIIEPCHBIX CHCTEMax, MOXKHO BBLICITUTH JIBE OCHOBHBIC TPYIIIBI yCIIO-
BUH, BIMSIOIIMUX HA MPOLIECC KOJIbMaTallUu:
- ycIoBHS, HEOOXOUMBIE JJIsl OCYIECTBICHUs KOJIbMaTallUi IPOHULIAEMOM MO-
pOJbI;
- YCIIOBMSI, UHTEHCU(ULUPYIOLIUE MPOLIecC KOJIbMaTallHH.

[TepBas rpyrmmna ycaoBHil BKIIOYAET TPU MOATPYIIBI (PaKTOPOB, 6€3 KOTOPHIX
HEBO3MO’KHA TUPOAMHAMHYECKasl KOJIbMAaTallUs MOPOIbL:

- HaJM4He B MPEJ30HE M 30HE KOJIbMATallH JUCIIEpPCHON (a3bl (TBEpAbIX Yac-

THII, TTy3bIPHKOB Ta3a);

- obecrieueHrne TPAHCIIOPTHPOBKU AucrepcHoi ¢as3el (popmoobdpasyromiero ee
areHTa) B IOPOBBIC KaHAJIBI,
- 3aKyIMOpYBaHUE KaHAJOB U TPEUIUH MOPOJIHI.

Bropoe ycnoBue cBsA3aHO ¢ MpeoojieHueM AeicTBUs (PaKTOPOB YCTOWYUBOCTU
K KOAaryJsiiuy KOJIbMAaTHPYIOLIEro pacTBopa, a TPEThE YCIOBUE HE TOJBKO C MPEOJI0-
JIEHUEM UX MPOTUBOAEUCTBUS CONMKEHUIO YaCTHIl KOJIbMaTaHTa, HO U C UCMOJIb30Ba-
HUEM CBSI3aHHOTO ¢ 3TUMU (hakTopamu 3¢ dexra "pa3dyxaHus’ nucrnepcHoil ¢asbl B
OrpaHUYEHHOM MTOPOBOM MPOCTPAHCTBE MOCIE CHATHUS BO3JCHCTBUS Ha CJION KOJIbMa-
TalUU.

OTaenpHO paccCMOTPEHO BIMSHUE THAPOAKYCTHUECKUX BO3JECHCTBUM Ha Xapak-
Tep popMHUpOBaHUS CIIOSI KOJIbMATAIUH.

[Ipu Hano)xeHUM KoJieOaHWI NABICHUS Ha MOJMIUCIEPCHYIO CUCTEMY B IIO-
ClIeTHE BO3HUKAIOT Pa3sHOOOpa3Hble aKyCTHUECKHE SIBICHUA M JACHCTBYIOT pasziiny-
HbI€ ITOHIEPOMOTOPHBIE CUJIbI, TOPOK/ICHHBIE 3BYKOBBIM U paJAHallUOHHBIM J1aBJICHU-
€M, aKyCTUYECKHMMHU TCUCHHSIMHU, CUJIbI TUAPOIUHAMUYECKOTO mpoucxoxaeHus (bep-
HYJUIM), CHJIBI, BRI3BaHHBIC OCIMJUIALIMEH TBEPIBIX YacTull B Tuapocpene (Kenura) u
paccerBaHHEM 3BYKOBOW SHEPIHMM Ha YacTULIAX TBEPAOH (ha3bl.

B TpeTbeM pa3zaesie pacCMOTPEHBI TEOPETUUECKUE ACTIEKTHI MPOIIECCOB KOJIb-

MaTalyy ITPOHHUIIAEMBIX TOPOJI. BeISBICHO, YTO Mpu BO30YXJICHUU KOJICOAHUM TaB-
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JIEHUSI C YacCTOTOM, OJU3KOWU WIIM paBHOM COOCTBEHHOM 4acToTe KoJieOaHuit

TBEP/JON YacTUIBl KOJbMATaHTAa B JIHCIEPCUOHHOW cpene, AaHHas 4YacTHIA MOXKET
HOJYYUTh 3HAYUTENIbHBIE NEPEMELICHUs] OTHOCUTENIBHO CPEIbl, CKOPOCTh U YCKOpe-
Hue. [Ipu 3ToM oTiHyaromuecs: pa3MepoM u (WiIH) IIOTHOCTHIO CBOOOIHBIC TBEPIbIC
YacTULIbI KOJIbMATaHTa, MepeMeIasiCh OTHOCUTEIbHO JAUCIIEPCUOHHON THIPOCPEbl B
HaIpaBJIECHUU U3IYUYEHUS 3BYKOBOM DHEPIMM C Pa3HbBIMU CKOPOCTSIMU U CABUTAMHU
(a3 konebanuii, OynyT cOMMKATHCS APYr C APYrOM U BCTYIAaTh B KOAryJSIIMOHHOE
B3aumozeiicteue. IlepemenieHus: cBOOOIHBIX YaCTULl OTHOCUTEIBHO CPEllbl B 3BYKO-
BOM I10JIe YCHJIMT MX a/IF€3UI0 C MOBEPXHOCTHIO MOPOBBIX KAHAIOB M UX B3aUMOJCH-
CTBHE C paHee aacopOupoBaHHBIMU (HECBOOOIHBIMH) TBEPIBIMU YaCTUIIAMH KOJIbMa-
TaHTA.

OOpasyromuiicss B 3ByKOBOM MOJI€ CIOM 3aKyNOPEHHBIX TBEPABIMH YacTHIIAMHU
KaHaJOB B [OPOJIE MOXET COCTOSTh U3 KapKaca KEeCTKUX KPYIHBIX YaCTHI] HAOJIHH-
Tens (OapuTa), CLIEMEHTUPOBAHHBIX MEJIKOAMCIICPCHBIMH TUIACTHYHBIMU YaCTUIIAMH
(rmuHBI). MexaHH4YeCKUe XapaKTePUCTUKH TAKOTO CJIOS OYAyT CYIIECTBEHHO BBIIIIE,
4YeM y OJHOPOJHOTO IIIMHUCTOTO.

B npornecce hopmupoBanHust €051 KOJIbMaTaIllii U3MEHSIETCS BOJIHOBOE COTPO-
TUBJICHHE MOPOBOU Cpe.bl, pacTeT Ko3((PUIMEHT ee OTpakeHHs, IOITOMY B Mexa-
HU3ME KOAaryJsIIMOHHOTO W MEXaHHYECKOTO YIJIOTHEHUS U YIPOYHEHHs CIIOS BCE
OOJBIIYIO POJIb HAYMHAET UTPaTh 3BYKOBOE JABJICHUE, BETUUYMHA IEUCTBUS CUIIBI KO-
Toporo Ha 1...3 mopska Bblllle, CYIIECTBEHHO BbIIIE YEM y JPYTUX CHUJI, BOZHUKAIO-
IIMX B 3BYKOBOM IoJie. [Ipu 3ToM mpoucxoauT oTxaTue cBOOOAHOU U cllabOCBs3aH-
HOW BOJBI U3 TpoMOa CJI0s KOJIbMAaTalliu, YIJIOTHEHUE MOCIEAHET0 B MECTax Cyxe-
HUI TOPOBBIX KAHAJIOB.

[IpeBbiieHne 1aBIeHUS B CKBaKMHE HAJI IMJIACTOBBIM MOKET OKa3aTh 3aMETHOE
BJIMSIHUE Ha AUHAMUKY YacTUIl KOJIbMAaTaHTa B IOPOBBIX KaHAJIaX MOPO/IBL.

Ecnu ke mmpuHa criekTpa M3JIy4aeMbIX 4acTOT HAXOJUTCS B Mpeenax OT He-
CKOJIBKMX COT Tepll 10 JECSITKOB KHUJIOTEpI], TO BBICOKA BEPOSTHOCTh COBMAJCHUS
COOCTBEHHBIX YacTOT KOJIEOAHUN YacCTHI] C OAHOM U3 CHEKTPa YaCTOT BBIHYXJAECHHBIX
KosieOaHuil. BOBHUKHYT pe30HaHCHBIE TEePEeMEIICHHS YaCcTUIl KOJbMATaHTa OTHOCH-

TEJIBHO AUCIEPCUOHHOM cpeipl cycrieH3uu. [Ipu sTom nosiBiaTcs aedopmaiuu, pas-
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PBIBBI CIUIOITHOCTH AUQP(GY3HBIX CIOEB COJNBBATHBIX OOOJIOYEK YACTHUL, YTO

OyZeT crocoOCTBOBAThH are3Wu TOJIBIKHBIX YAaCTHUIl HA CTEHKAaX MOPOBBIX KaHAJIOB,
UX B3aMMOJICHCTBUIO C paHee aJicOpOMPOBAHHBIMU Ha CTeHKe yacTuiiamu. Kpowme
TOTO, Ha MEePEMEIICHUE YaCTHIIbI BIHSIOT TaK)Ke KOJeOaHUs ¢ OJM3KUMH K PE30HAHC-
HOUW 4aCTOTAMM.

[Tox Bo3AeiicTBMEM 3BYKOBOTO MOJISI, MPOUCXOAUT U JOYIAKOBKA CJIOS YaCTH-
1IaMU TBEp0# (pa3bl pacTBOpa, MEPEYIAKOBKa MEXaHHMUECKOW CTPYKTYphl TpomoOa.
[Ipu 3TOM CBOOOIHOE TTPOCTPAHCTBO MEXKAY KPYIHBIMH arperaramu 3aHuMaroT 6osee
MEJIKHAE YaCTHUIIbI, UJET BHITECHEHUE CBOOOHOM BOBI U3 CJIOS KOJIBMATAIMH, PACTET
YUCJIO MEXaHUYECKHX KOHTAKTOB B CTPYKTYpe TpoMOa, U4TO MOBHINIAET €T0 HEPOHU-
AEMOCTh M MPOYHOCTh. CyIIECTBEHHO YBEIWYMBAETCS BOJHOBOE COIMPOTHUBIICHHE
CJIOS KOJbMAaTaIlii, MEHE 3aMETHO — 3BYKOBOE JaBJICHHUE HA CTEHKE IMOPOJIbI, YTO
BBI3BIBACT YMEHBIIICHUE KOJIEOATEIbHBIX MEPEMENICHU JacTull B TpoMmOe, ImpeKpa-
IIaeTCs MX MepPEyMmaKkoBKa.

JlanpHeiIIee yIIoTHEHUE CII0ST KOJIbMATAIMK UIET 3@ CUET MPOJAOKCHUS BBI-
TeCHEHUsA CBOOOIHOM M ciabocBs3aHHON BoAbl U3 TpoMmOOoB. [locie mpekpateHus
BHOPOYIJIOTHEHHSI TIO TIPUYHMHE OCMOTHYECKHUX SBJICHUH BO3MOKHO HEKOTOpOE Haly-
xaHue "00e3BOKEHHBIX TPOMOOB, COAEPKAIIMX TJIMHUCTHIE WK UM TOJO0O0HBIEC Yac-
THIIBI.

HccnenoBan mporiecc W3MEHEHHS MPOHUIIAEMOCTH TOPOJLI B pe3yJbTaTe
KoibMaTanuu. OnpeieneHa CTpyKTypa CJI0€B U 30H HEOJHOPOIHOCTH OPOJIbI U OTH-
CaH MEXaHHM3M KOJbMaTaIli{ TTOPOBI B 3ByKOBOM TIOJIE.

BrickazaHo mnpeAmnonokeHne, 4To Hanboyiee WHTEHCHBHOE KOATYJISIITMOHHO-
aJIr€3MOHHOE B3aUMOJICHCTBUE MPOUCXOAUT MEXIY MEIKOAUCIEPCHBIMU, OTHOCH-
TEJIHHO TUIACTUYHBIMYM YaCTUIIAMH TJIIMHBI, U 00Jiee KPYyIMHBIMH, INIOTHBIMA YaCTHUIIA-
MU OapuTa ¥ MOpOjbI, Ojarojgaps yeMy oOpa3yeTcsi MaJOMpPOHUIIAEMas U MPOYHAS
CTPYKTypa KOJbMATaIIHOHHOTO CJIOS, COCTOSIIETO X KECTKUX YaCTHIl, CIIEMEHTHPO-
BaHHBIX TJTMHUCTBIM MAaTEPUATIOM.

YerBepThlii pa3iesi NOCBSIIECH COBEPIICHCTBOBAHUIO TEXHOJIOTUU U TEXHUYE-
CKHX CPEJICTB KOJIbMATAIMH MPOHUIIAEMBIX TIJIACTOB.

DKCnepUMEeHTAIIbHBIE U TEOPETUUECKUE UCCIIeIOBAHMS MIOKAa3aIl 0COOYIO
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3HAaYUMOCTB, JIIA ITOBBIIICHUA 3(1)(1)6KTI/IBHOCTI/I KoJbMaTanuu

NIECYAHUKOB, TaKuX (PaKTOPOB, KaK TEpermaj NaBJICHUS MEXIYy CKBAXWHOW W TIa-
cTOM, 0OBEMHasl KOHIICHTpAIUs TBEpoi (a3l B pacTBOpE, CTEICHb €€ JUCIIEPCHO-
CTH, UHTEHCHUBHOCTh PAacXOJyeMON Ha KOJIbMATAIlUI0 dHEPTUH, MPOHHUIIAEMOCTh I10-
POJIbI, OYUCTKA CTEHKH

B 3T0i1 cBSI3M anipoOUpPOBaHBI PsAJT TEXHOJIOTUN U TEXHUYECKHUX CPEICTB, TAKHX
KaK:

1. TexHonorusi KOJIbMaTaIMK, OCYLIECTBIsIEMasl MyTeM PETyJIUPyeMOro H3Me-
HEHUsI KOHILIEHTpalluK TBEPAOH (a3bl pacTBOpa B 3a00€;

2. BuxpeBoe yCTpOWCTBO ISl OYUCTKUA M KOJbMATAIlMU CTEHOK CKBa)KUHBI C
UCTIONb30BaHuEM dPQeKTa KaBUTAIUH,

3.KoneMatupyrormiee ycTpoiicTBO, obecrieunBaroiiee n3MeHenne nudhepeHiu-
aJIbHOTO JTaBJIEHUs Ha 3a00¢;

4, YCcTpOMCTBO IS KOJIbMaTaIlii M BUOPOYTUTOTHEHUS €€ CIIO.

PazpaboTana TexHWYeckas JOKYMCHTAlMs Ha WX NPUMEHEHHE, MPOBEICHBI

OLCHOYHLBIC UCIIbITaHUA.

OCHOBHABIE BbIBO/Ibl 1 PEKOMEHJ AL

1. IlpennoxeHa MaTeMaTHyecKasi MOJIEIb OMMCAHUS KOPPO3UOHHBIX ITPOLIECCOB
KaMHS 101 A€MCTBUEM PAaCTBOPEHHOIO B IJIACTOBOM BoAE cepoBoaopoa. IlomydyeHsl
YpaBHEHUSI NMPOTHO3UPOBAHUS KOPPO3UOHHOTO TMOPAXKEHHS] KaMHS AJIA Pa3iIudHbIX
napaMeTpoB arpecCUBHOM cpebl U Paz0BOro cocraBa MPOIYyKTOB TBEPACHHUS.

2. Ha ocHOBaHMM TE€pMOJMHAMHYECKOTO PACCMOTPEHUS IMPOILIECCOB HAYYHO
000CHOBaHBI M IKCIIEPUMEHTAIBHO MOATBEPKACHBI KPUTEPUU OLEHKH KOPPO3UOHHOM
CTOMKOCTH TaMIIOHa)KHOTO KaMHS K BO3JECMCTBUIO ra3000pa3HOro CepoBOAOPOJa B
MPOMBICIOBBIX YCJIOBUAX. Da30BbIil COCTaB MPOAYKTOB TBEPACHHS KOPPO3UOHHO-
CTOMKOr0O KaMHs JOJDKEH UMeTh paBHOBecHYI0 pH < 11, conepxaHue OKHCIIOB kKere-
3a B COCTaBEe ChIPhEBOM cMeCH HE OJKHO npeBbimaTh 10%.

3. Pazpaboran komIuiekc TpeOOBaHUN K TaMIIOHA)KHOMY MaTepHaily M TEXHO-

JIOTHUSIM EMEHTUPOBAHUS Fa30BbIX CKBAXKUH C CEPOBOJOPOIHOMN arpeccueil:
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a) TaMIOHAXXHBIN pacTBOp AOJDKEH HMMCTH BBICOKYIO CCAMMCHTAIIMOHHYIO H

cypho3UOHHYIO YCTOWIUBOCTD,

0) Ha cTanuu HOPMUPOBAHKS CTPYKTYPbI KaMHS JTOJDKEH MPOSABIATHCS 3 dekT
pacmmpenus 0,5-2%;

B) JOJDKHO OBITH oOecrieueHO (POPMHUPOBAHHE CTPYKTYPHI C 3aMKHYTOH I10-
PUCTOCTBIO MMYTEM YMEHBIIEHHSI BOJOLIEMEHTHOTO (hakTopa TaMIOHa)KHOTO PacTBO-
pa, YCKOpEHHUs TMpoIiecca TBepACHUS Ha HaYaIbHBIX CTAIUSIX, CO3IaHUS N30BITOYHOTO
JABJICHUS HA YCThE CKBAYXKUHBI HA CTAJIMM MHTEHCUBHOT'O CTPYKTYpOOOpa30BaHuUS.

4. OG0CHOBAHO, YTO HapsAIy C pa3pabOTKON TaMIOHAXXHBIX MaTEPUAIOB, CTOM-
KHX K CEpOBOJIOPOJIHON arpeccuy HeoOXxoauma TeXHOJorus, obecrneunBaronias 61o-
KHpPOBAaHHE arpeCCUBHOIO areHTa B IUIaCTe B MPOIECCEe MEPBUYHOTO BCKPBHITUS METO-
namMu KosbMmaTtarui. Pa3zpaborana kimaccudukaius ycIoBUN, BIUSIONAX HA MPOIIEC-
ChI KOJIbMaTallUH.

5. Onmcana auHaAMUKAa 4YacTHIl KOJbMaTaHTa B 3BykoBoM mojie. [lokazaHo
BIIMSIHUE HA HEE 3ByKOBOTO JaBJICHUS TJIOTHOCTH YACTHII, KX PA3MEPOB U PACCTOSHHUS
MEXIy HUMHU, Nepernaja JaBjIeHrus MeXIy CKBAXKMHOW M IJIACTOM, OTKPBITON MOpHC-
ToCTH (TIPOHHUIIAEMOCTH) ITOPOJIBI TIACTA.

6. YcraHoBieHo, yTo BHOpOKOIbMaTamusl Hanoosee 3¢ heKTuBHA I cliabocIie-
MEHTHPOBAHHBIX M HU3KOMPOHMUIIAEMBIX IIJIaCTOB. Bo3HUMKaroIIEee MPH KOJIbMATAIHH
JOTIOJTHUTENHHOE JAUCTICPTUPOBAHIE TBEPAOU (ha3hl MO3BOJISIET CHU3UTH PACXO] XUM-
pPEareHToB U TIMHOMOPOIIKOB, MOBBICUTh KAYECTBO PAaCTBOPOB, MOJYUYECHHBIX ''Hapa-
00TKO#" B mpoliecce OypeHust MPUPOTHOM TJIUHBL.
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