IIpombIicioBast Xumus
Jleknusa 1 BBEAEHUE U ITPOBJIEMBI 9KOJIOT'UHN

[ nan aeknmu

. Urto Takoe nmpombiciaoBas Xumusi. OCHOBHbBIE MTOHSTHUS

. Cramuu HedTera3oBoi 100KYN

. ®DaxTopkl, BAUSIONHNE HA BEIOOP HEPTETIPOMBICIIOBBIX PEAareHTOB.
. [TpupomooxpaHHbIe B YKOTOKCHUKOJIOTUISCKHUE HOPMATHBBI

Yrto Takoe IPOMBIC/IOBas XUMMHUS. OcHoBHbIE NOHATHS

JloOblua HeTH U Ta3a SIBIASETCS CIOKHBIM TEXHOJOTUYECKUM MPOIECCOB,
BKJIIOYAIOIIUM B c€0sl CTPOUTENIBCTBO, UCIOJIB30BAHUE CIICHUATIBHBIX OMNepanui u
TEXHOJIOTUYECKOr0 000py/IoBaHUs ISl moabeMa HeTU U ra3a Ha MOBEPXHOCTb,
MPOBEJCHUE MEPONPUATUM 1O  ONTUMHU3AIMU  JOOBIYM  YTJIIEBOJOPOJIOB,
TPAHCIIOPTUPOBKY (IIOMa HA YCTAaHOBKH TOJTOTOBKHM M mepepadoTku. Bee atu
TEXHOJIOTUYECKHE OImepalud TPeOYIT IPUMCHEHHS XHUMHUYECKHUX pPEarcHTOB,
COOTBETCTBEHHO MPOMBICIIOBOW XUMHUH.

OCHOBHBIMH HalPaBJICHUSAMU TPOMBICIIOBON XUMUH SIBIISTFOTCSI:
* bopr0a c acdanbTocmononapa@UHOBHIMUA OTIIOKEHUSIMU;

* bopr0a ¢ OTII0KEHUSIMU COJIEH;

* boprba ¢ koppo3uei;

* Pearents! niist paspyuieHus BOJOHEPTIHBIX IMYJIbCH;

* [IpotuBoTypOynentHbie npucaaku (npumenenue [1TII no3BonsieT CHU3UTH
nepenasj AaBJIeHHUI Ha y4acTKe TpyOOIpoBO/ia P HEM3MEHHOM PacX0/1€ )KUIKOCTU
VI IPY TOCTOSIHHOM Tepenazie 1aBIeHU yBEIUUYUTh PACXO);

* [lormoturenu KUCIOpoaa;
* [Tornorurenu cepoBoiopoaa.

He@menpomvicnosas (npomwicnosasn) xumusa - 3T0 HayKa O NMPUYMHAX U
METO/IaX MPEIOTBPAIICHUS U YCTpaHEHUs MpoOJieM, BO3HUKAIOIIMX TIPH J0ObIUE,
TPaHCTIOPTUPOBKE Y IEPBUYHOMN MOATOTOBKU He(pTH U ra3a.

ITnacmoeswiit gnrwoud - nnacToBas >XUAKOCTb WM Ta3; XKUJIKAg WIA
razoobpasnas cpena (ra3; HedTh; Boja; razoHedTsHAs W BojorazoHedTsIHAsS
CHUCTEMA), COACPIKAIIAsACS B MPOTYKTHBHOM ILIACTe.

Ilpooykmuenstii naacm (Koai1eKkmop) - MaCCUB MOPUCTOW TOPHOM MOPOBI,
HACBIIECHHBIA YaCTUYHO WM TIOJIHOCTBHIO TUTACTOBBIM (QIIFOMIIOM, T.€. 3TO TOpHAas
opo7a, HachIlieHHas: He(ThIO, TA30M WJIM BOJIOH.
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. [Ipexne ueM 100bIBaTh MPUPOAHBIE YTIIEBOJOPObL, UX HY>KHO CHadaja
HAWTH, JJIS YETO MPUMEHSIOT IIOUCK U Pa3BEAKY NOJIE3HBIX UCKOIIAEMBIX.

. [locne TOro, Kak yrieBOXOpPOAbI HAWIEHBI, HAYWHACTCS CTaaus
IIPOTHO3UPOBaHUs 3anacoB. I 3TOr0 CTPOATCA pas3iIvYHbIE TI'E€O0JOTHYECKUE
MojenH, BKIrovas 3D MoaenupoBaHue, yYuTHIBAIOTCS pa3IMyHble (PaKTOPBI, TAKHUE
KAaK BBICOTA M IUIOIIA/b IJIACTA, IIOPUCTOCTH, HACBIIIEHHOCTh YIIE€BOJOPOIAMU U

JpyTHE.

. Jlanee UaeT ATar CTPOUTEIbCTBA CKBAYKMHBI, OHA BKIIIOYACT B CCOS:
- OypeHHe CKBaXKUHBI,
- CIIYCK DKCIUTyaTallMOHHAs KOJIOHHBI,

- [IEMEHTHUPOBAHUE JIJIs 3AIIUTHI KCILTyaTallUOHHON KOJIOHHBI OT TJIACTOBBIX
KUJKOCTE M COXpaHEHHUs €€ IEJIOCTHOCTU MPHU BO3MOXKHBIX HEXKeIaTeIbHbIX
HaMpPsHKEHUSIX (MATKas OCHITIAIOIIAsACs MOPOIa, PACTSXKEHUS U T.J.).

3areM HAYyT IIPOHOCCChI CIIYCKAa pPa3IMYHOI'O CKBAXKMHHOI'O O60py,[[0BaHI/I}I,
KOTOPOC 6y,ZIeT HaXOIHUTLCA B CKBAJKMHC Ha ITPOTAKCHUN BCEH €€ KU3HMU.

. [Tocne Toro, kKak CKBa)KMHA MOCTPOEHA, HAYMHAETCS MPOIECC T00BIYU
He(dTU U raza. Bo BpeMs dKCIuTyaTalluu CKBaXUHBI MOTYT BO3HUKATh Pa3IMYHbBIE
po0JIeMBbl, KOTOPBIE PEIIAlOTCsA MPU MOMOIIM TEKYIIETro TUIAHOBOTO PEMOHTA U
KalMTAIbHOTO PEeMOHTAa CKBaKWH. KpoMe peMOHTHBIX pabOT Ha CKBaXXUHAX MOTYT
TaK)K€ TMPOBOJUTHCS pPabOThl TO HHTEHCHUpUKauu HePpTeaoosun. CambiMu
U3BECTHBIMH MeToJlaMu HHTeHcuukammu HedTeno0brun sistores [PII u
KHCJIOTHBIC 00pabOTKH.

° B 3aBCPIICHUC ) KUZHCHHOTO IMKJIa CKBA’)KMHBI OHA JIMKBUIAUPYCTCH.

DaKTopbl, BIUAIOIINE HA BLIOOP He(PTENPOMBbICIOBBIX PEareHTOB

Ha Bcex cramusax paOOThl CO CKBaXHHOW MPUMEHSIIOTCS pa3IndHbIC
XAMHUYECKUE PEarcHTbl, BO MHOIOM KayeCTBO KaXKJIOTO U3 IMPOBOJAUMBIX
BO3JICUCTBUIM HA CKBXMHY 3aBUCHUT OT MPABWIBHOCTH BBIOOpA TEXHOJIOTMH M
peareHra.

Kpome Toro, XMMuYecKue peareHTBl NMPUMEHSIOTCS M Ha KaKIOM JTare
JBIDKEHUS TIIACTOBOM KMIKOCTH: HAUYWHAs OT MHTPAIMU TUTACTOBOTO (iroua B
KOJUIGKTOpE M 3aKaH4YMBas TPAHCIOPTUPOBKONW TOBAPHBIX YTIEBOJAOPOIOB TIO
MarucTpajJbHBIM TPYOOIIPOBOIaM Ha MEePEpaOOTKY WIIA MPOIAXKY.

. Ha BbIOOp HEPTENpPOMBICIOBBIX PEAareHTOB BIUSAET PsiA (PaKTopoB, a
UMEHHO:

- Bricokas IMPOU3BOAUTCIIBHOCTD,



- Huskas cTouMocCTs;
- CTOMKOCTB;
- 0€30MacHOCTh MPU TPAHCTIOPTUPOBKE U XPAHECHUH;

- OTpaHUYCHUS, CBA3AHHBIC C TpC6OBaHI/IHMI/I OXPaHblI Opr}KaIOIHCﬁ
CpCabI;

- COBMCCTUMOCTS.

Onpeoenenue odbwell npouzo0UMenbHOCMuU Moxcem OblMb OCHOBAHO HA
HEeCKONbKUX XAPAKMEPUCMUKAX, HANpuUMep, UHSUOUMOP CONeOMA0NCeHUs Ol
3aKauKu No0 0agleHueMm Moxcem Oblmb BbICOKOKAYECMBEHHbIM UHSUOUMOPOM,
O0OHAKO UMemb MAIblll CPOK 3aKAUKU NOO OABIeHUeM U3-30 HeYO081emE8OPUMelbHOU
aocopoyuu 6 nopody. Taxum obpazom 001ee NPeOnOUMUMETbHBIM MONCEM
0Ka3amuvCs UHSUOUMOP C XYOUUMU UHSUOUPYVIOWUMU CBOUCMBAMU, HO C JIyyulel
aocopobyueti Kk nopooe.

s ceoeeco mecmopooicOeHuss onepamop Modicem 6blOpamv He CaMblil
NnpoU3800UMENbHbIL NPOOYKM, HO MOM, KOMOPbIL JAyHule noOX00um no padbodum
XapaxkmepucmuKkam u IKOHOMUYeCKUM cooopasicerusm. Ilpu smom 6onee Oewieswiil
NPOOYKI MOJNCEM OKA3AMbCs D0J1ee 8b1200HbIM 8 KDAMKOCPOUHOU NEPCNeKmuee, HO,
eciu e2o pabouue XapaxmepucmuKu 3HAYUMENTbHO YCMYNnaiom 6onee 00pocoMy
peazenmy, 8 00120CPOUHOU NEPCREeKmUse €20 NPUMEHeHUe MOJcem cmamsv Oojee
3ampamuvimM, eciu cmamem NPUMUHOU cOOes, a makdce HACMUYHO20 U
KAnUmManibHo20 PeMOHMA CKBAJXCUH U MPYOONpo8000s8, a makKdce nomeps
NPOOYKYUU.

. [Ipn wucnonp3oBaHWKM HEPTETPOMBICIOBBIX PEAareHTOB BO3HUKAET
HEJIBINA Psifl BOMPOCOB, KOTOPHIE HEOOXOIUMO PEUTUTh

- He mpuBener i MCMOAb30BaHUE AAHHOTO peareHTa K YXYIIIEHUIO
XUMHUYECKOTO COCTaBa 00bIBaeMOr HePTH?

- CoBMecTUM JIM OH CO BCEMU MaTepuaiamMu B Ipoliecce J00ban?
- He co3nact 11 oH npo6iieM ripu nepepadoTke?

- CyIecTBYIOT JId TTpoOJIeMbl 3aKaYKH — BA3KOCTh, TOYKA TTIOMYTHEHUS,
BCIICHMBaHUE?

- CoBmecTUM 7M1 OH C JPYTMMHM OJHOBPEMEHHO HCIOJIb3yEMbIMU
He(TENPOMBICIOBBIMHU peareHTaMu?

- Brusier 1M omuH areHT Ha pabodue XapaKTEPUCTHKU APYroro H
Ha000poT?

- MoxHO 1M €ro  HarHertaTb ~ COBMECTHO  C  JIPYTHUMH
He(TENPOMBICIIOBBIMH peareHTaMu?



Hanpumep, HEKOTOpBIE MIEHKOOOPA3yIOUE HHIUOUTOPBI KOPPO3UU MOTYT
YBEJIMYUBATh NPOOJEMBbl 3MYJbCUU M BCIEHMBAs B cerapaTopax; HOIJIOTUTENIN
CEpOBOJIOPO/Ia HAa OCHOBE TpHa3sMHa yBenMuuBaoT PH noObiBaemol BOXBI, 4TO
YCWJIMBAET BO3MOKHOCTb OTJIOKEHHMSI YTIIEKUCIIBIX COJIEH; KUCIIOThI, NCIIOJIb3yEMbIE
JUIsL CTUMYJIMPOBAHUS MPUTOKA MOTYT BBI3BIBATH OCAXACHHUE ac(PalbTEHOB M Ip.
OfHAaKO CyLIECTBYIOT BCIOMOIATEIbHBIE PEAreHThl, KOTOpPbIE MOTYT OBITh
UCIOJIb30BaHbl ISl YMEHBIICHHUsS HEXenarelabHbIX 3(QeKToB, Hampumep,
YeTBEPTUYHBIE TPOTHUBOATIIOMEPATHBIE MHTUOUTOPHI THIPATOOOpa30BaHUs MOTYT
3aMEIJINTh KOPPO3HMIO MHOTAA JO0 TaKOM CTENEeHH, 4YTO He TpeldyeTcs
JOTIOJTHUTENBHOE BBEICHHUE CIIELIMAIIBHOIO HHTHOUTOPA.

HpnponooxpaHHLle N IKOTOKCUKOJOI'NICCKNE HOPMATHUBbI

B Hacrosimiee Bpemsi Bce Oojbllee BHUMaHUE yHensercs 0e30MacHOCTH
CKJIAQJMPOBAHUSI U pa3MeIlIeHUs] He(TENpPOMBICIOBBIX pPEarcHTOB, a TaKkXke Ha
COKpallleHHe cOpoca HKOJOTHYECKH BPEIHBIX PEAreéHTOB. 3a4acTylO0 CIIOXKHO
CO3/1aTh SKOJIOTUYHBIE COCTABBI C AHATIOTUYHBIMU XAPAKTEPUCTUKAMU.

B OompmmHCTBE CTpaH CYIMECTBYIOT OKOJOTHYECKHE HOPMATHBBI
WCITOJIP30BAHUS U YTUJIM3AIMA HE(PTETIPOMBICIIOBEIX PEareHTOB. JTH COCAMHCHUS
BBOJISITCS B CKBOXWHHBIC IMOTOKH, YTO BEIET K WX TIOMAJAaHUIO B BOXY, JKUJIKHEC
YTIIEBOIOPO/IbI, @ TAKXKE Ta30BYyIo (a3y. Eciu oM mepeMeniaroTcst BMECTe C KHUAKOU
YIIIEBOJIOPOHON CMECHIO, 3arps3HEHHE OKPYXKAIOUIEH CpEeabl, €CIH TOJBKO HE
NPOU30MIET yTeuka, WM JApyras aBapuiiHas cuTyanus. Hamuuwe momoO0HBIX
peareHTOB B MPUPOJHOM Ta3e MOXKET CHUXKATh €r0 SKOHOMHUYECKYIO IIEHHOCTb.
HauGonbmuii pucK JUisl DKOJIOTHMHM TMPEJCTaBIsET COpOC A0OBIBAEMOM BOJIBI,
coJieprKalieil OCTaTOuHy0 He()Th U He(DTEPOMBICIIOBBIE PEareHTHI.

CymecTByIOT pa3iv4Hble OpPraHU3alliH, HAIPABJICHHBIE HA PETYJIMPOBAHUE
HETaTUBHOTO JAECHCTBHS AESITEIBHOCTH YEIOBEKA HA OKPYKAIOLIYIO CPENLY.

Hanpumep, ¢ 1992 roga nelictByer KoHBEHIIMS O 3allIMTE MOPCKOW CpPEJIbl
CeBepo-Boctounoii Atnantuke KonBenuus, cokpamenHo OSPAR - npunsitas B
[Tapuke sBAsSETCS TEKYIIMM 3aKOHOJATEIbHBIM HHCTPYMEHTOM PETYJIHPOBaHUS
MEXIYHAPOJIHOTO COTPYJHUYECTBA B OOJACTH OXpaHBbl OKpYXalomehd cpeipl B
CeBepo-BocTouHoit AT/IaHTHKE.

KoHBeHIIMS 0XBaThIBAET PA3IMYHbBIE BUAbl IKOHOMUYECKOUN IEATEIbHOCTH B
pernone CeBepo-BocTouHOM ATIAHTHKHY, KOTOPHIE MOT'YT HAHECTH YIIEPO MOPCKUM
HPKOCUCTEMaM M OHMOJOTMYECKOMY pa3HOOOpa3vi0 peruoHa. IJTO OTHOCUTCH K
COKpAIICHUIO 3arpsi3HEHUsT MOpsl C CyIlid, J00brYe He(TH M Tra3a, YCTaHOBKE
HCKYCCTBEHHBIX OCTPOBOB M COOPY>KEHUH, MPOKIa ke Kademeil u ap.

B cooTBeTcTBMM € KOHBEHLMEW TpeOyeTcss TNpOBEIEHUE TpPex
KaTeropuil SKOTOKCUIIOTUYECKUX UCTBITAHUM HEPTENPOMBICIIOBBIX PEAr€HTOB:

- OcTpas TOKCUYHOCTD;



Hakomnjenue TokCH4eCcKux BCUICCTB JXUBBIMH OPTraHU3MAMMU,
- bruoxummnueckoe Pa3JI0KCHUC B MOpCKOﬁ BOJAC.

B 1991 rogy, BoceMb apKTHYECKUX cTpaH noanucain CTpaTeruro 3aiuThl
okpyxatomeid cpeabl Apktuku (AEPS). A OrraBckas nexnapamus 1996 r.
yupenuiia ApKTUYECKMH CcOBeT B KadecTBe (¢opyma Uil  COAEUCTBUSA
COTPYIHHYECTBY, KOOPJAMHALUMU U B3aUMOJEHUCTBUIO MEXAY apKTUYECKUMHU
rocy/lapCcTBaMH C IPUBJICYEHUEM OOIIMH KOPEHHBIX HAPOIOB APKTHUKU U IPYIHX
KUTeNe ApPKTHKM K TakMM BOIIpOCAaM, KAaK YCTOMYMBOE pa3BUTHE M OXpaHa
OKpYXaromen cpeapl. ApKTHYECKUI COBET IIPOBEJI MCCIECIOBAHUA II0 BOIIPOCAM
U3MEHEHUs KJIMMaTa , He)TH U ras3a, a TakKe CyJ0X0JICTBa B APKTHKE.

Jlekuus 2 BOPbBA C BOAOIIPUTOKOM U I'A3OBBIIEJIEHUEM
IInan nexuuu
CMOJIBI B 3JIACTOMEDBL.
Heopranuueckue remnmu.
Ocankoo0pa3yrolire peareHTbl
['enu U3 opraHUYEeCcKUX OJIUMEPOB
Boprba ¢ BogonpuTokamMu npy MOMOIIYA MUKPOYACTHII.

I/IBOJDII_[I/IH ra30HOCHBIX TOPHU30HTOB.

[lo wmepe cTapeHuss MECTOPOXICHHI  HAONIOAAETCAd  yBEJIUUYCHUE
oOBoHEHHOCTH. O0paboTka TakuX OOBEMOB BOJBI SIBJISIETCS JOPOTOCTOSIIIMM
MPOIIECCOM W MOXKET TPHUBOJIWTH K TpoOJieMaM Ha YCTaHOBKaxX IEPBHYHOMN
nepepadoTKu.

Hauboinee pacnpocTpaHEHHBIMU TEXHOJIOTHSIMU M30JIUPOBAHUSL 6000HOCHbBIX
20pU30HMOE SIBIISIETCA MEXAaHWYECKOE H30JIMPOBAHHE OOpaOOTKON IIEMEHTOM,
MOJIMMEPHBIMU TeJIsIMHU, KOTOpbIE TPEOYIOT pazoduienusa naacma.

[Tox pa3o0IeHUEM TUTACTOB IMOHUMAETCS KOMILIEKC IPOIECCOB U ONEPaInid,
TIPOBOIUMBIX 0.5 3AKAUKU MAMIOHANICHO20 PACMBOPA 8 3ampyOHOe NPOCMPAHCIEO
(m.e. 8 NPOCMPAHCMBO 3a 0OCAOHOU KOJOHHOUL) C Yelbio CO30AHUS MAM HAOEHCHOLL
uzonAyuu 8 eude NIOMHO20 Mamepuand, oopazyiue2ocs co epemeHem 8
pe3yibmame 0meepoeHuUs MAMNOHANCHO20 PACMBOPA.

B kadecTBe anbTepHATUBBHI JAHHOW OIEpalid MOXET OBITh MpPOBEICHA
o0paboTKka  pachpeneNuTesieM  HEpaBHOMEPHOW  MPOHUIIAEMOCTH  WJIHU
MOAM(PUKATOPOM OTHOCHTEIIHON IPOHUIIAEMOCTH.

CnoXXHOCTb pelleHus 3aJa4yi OrPaHUYEHHUsI BOJOIPUTOKOB B CKBAXKMHAX MPHU
pa3paboTke HEPTIHBIX U ra30BbIX MECTOPOKACHUIN yCyryOsieTcss MHOTooOpa3ueM
CYILIECTBYIOIMX MEXAHU3MOB OOBOJTHEHUSI CKBAYXKUH.



CMoJIBI M 3J1aCTOMEPBI

CMoOJIBI 151 9JIaCTOMCPBI Ha @CHOHBHOI\(’I, C-)HOKCI/II[HOﬁ NN
q)ypI/IJIOBOCHI/IpTOBOﬁ OCHOBC MOI'YT OBITH MCIIOJIB30BaHbI I HW30JEIIIHNN
HC(I)TCHOCHBIX TOPHU30HTOB.

Onu  o0OnagaroT  JOCTaTOYHOM  (PU3MYECKOW  MPOYHOCTHIO,  YTOOBI
3aKyMOPUBATH PA3PbIBbI, KAHAJBI U epdopari, HO OTHOCUTEIBHO JIOPOTOCTOSIIIH.
[ToaToMy ux 3akauka orpanuuyeBaercst 30 cM OT CTBOJIA CKBAXKUHBI.

TunuaHpIMH CMOJIAMU, UCTIOJIB3YEMBIMU Ha IIPOMBICIIE SIBISIIOTCS OuceHona
A, MOMMAIIOKCUAHASI CMOJIa, HOBOJIAK, o3 (upHas cMoia,pypaHoBasi CMOJIa U JIp.

HeopraaneCKne reJim

K meromam, OCHOBaHHBIM Ha OOpa30BAHUM BOJOM3OJIUPYIOIIEH MAacChl B
pe3yibTaTe B3aMMOJCHCTBHS 3aKauMBAa€MbIX PEArcHTOB, OTHOCHTCS METOJ
HarHeTaHUs B IUTACT TOTOBOM cMecH Kuakoro crekiia (NazSiOs).

HpI/IHHI/IH pa6OTI)I coCTaBa 3aKIKO4acTCia B HOCJ'IGI[OB&TGJ'IBHOI\/'I 3aKa4yKe
CUJIIMKaTa HaTpH:, KOTOpBIﬁ IIPOHUKACT, 3a CUCT BBICOKOM BA3KOCTH, B
BBICOKOIIPOHUIACMBIC  IIPOILIACTKH, COJIsSIHAd  KHUCJIOTA, B331/IMOI[€I>1CTBYH C
CUIIMKAaTOM HaTpHu:Ad 06p33y€T HepaCTBOpHMBIﬁ KpEMHC30JIb, a IIOIIadasd B
HHU3KOIIPOHUIIACMBIC IIPOINIACTKHU - YBCIIMUNBACT UX IIPOHUIACMOCTD.

KpeMHHMIOpraHudeckue  peareHTbl  JOCTaTOYHO  JOpPOTH,  IO3TOMY
IPOBOAUTCA MOUCK OOJiee JEIIEBbIX TEXHOJOTUH, BKIIIOUasi SMYJIbCUU HA OCHOBE
cMeced nmoaudTHIeHIHKoNA U [IAB ¢ HeTsHON BHEIIHEN NUCIIEpCHOM Cpeou.
OHH HaxoIAT NMPUMEHEHHWE Ul W30JSALUAM BOJOHOCHBIX TOPU30HTOB B T'a30BBIX
CKBa)KMHAaX.

Ocaakoo0pa3sywoiue peareHTbl

[IpumeneHnue ocaakooOpa3ywIIMX pPEareHTOB B IIJIACTOBBIX YCJIOBUSX
MPUBOJIUT K BBIMAJEHUIO HEPACTBOPUMOTI'O OCaJIKa B BOJIOHACKHIIIICHHBIX 30HAX. JTH
peareHTbl 00pa3yloTcs B pe3yIbTaTe B3aUMOICHCTBHUS

- MEXTy COOOM,
- C COJISIMH IIJIACTOBOM BOJBI
- HEMTOCPEJACTBEHHO C IUIACTOBOW BOJIOM.

Orta cucTeMa HEOPraHWYeCKUX Trejedl OCHOBaHa HA  TUAPOJIHU3E
TPEeXBaJICHTHBIX METAJIJIOB, HAIIPUMED, XKee3a. B pactBopernom Buje nonsl Fe (111)
CTaOWJIbHBI B KHUCIION Cpelie, TO3TOMY ¢ yBenudeHueM PH B mporiiecce ruaponmsa
MPOUCXOANT OCAXKACHUE YaCTHIl TUAPOKCHIA kene3a. OOpa30BaBIINeCcs YaCTHIIBI
baokynupyrwTcs, oOpasys BojasHOM Oapbep (ocamok). JlaHHbI Marepuan
XapaKTEPHU3YETCs BBICOKON CTAOMIBbHOCTBIO, @ TAK)KE BO3MOKHOCTBIO PETYIMPOBATH
MEXaHU3M PEaKIIHH.




OcagKoobpasytoume
peareHTbl, 06pasyoLmecs B
pesynbTaTe B3aMMoaencTena:

Mexay coboi C consimm NNactToBom BOAbI C nnactoBow Boaown
2F6504 + 2M25[03 er,quKCVl,ﬂ'bl NO/IMBANEHTHbIX
+3(n + 2)H,0 M WeNoYHOo3eMesIbHbIX Conv HEKOTOPbIX METaNOB,
= 2Fe0 x H,0 + 2Si0, MEeTas108, PacTBOPbI CNIOXHble 3¢pupbl,
* (n+ 2)H,0 + 2M,S0, CNIOXHbIX 3$1POB, MblNa OpraHMYecKme CUANKaTbI,
BbICOKOMOJIEKYNAPHBIX KaHndosieBoe MblfIo U Ap.

M- weno4Homn metann KMCAOT 1 ap.

Tperuit Tun 06pa3oBaHus OCAAKOB IPOUCXOJUT B PE3YNIbTATE TUAPOIN3A IPU
B3aMMOJICHCTBUM MAaTEpUAJIOB C BOJIOM, a HE C COAEpKAIIUMHUCS B Hel comsimu. K
YHUCIy pPEareHTOB, KOTOpble MPUMEHAIOTCS JJid OO0pa3oBaHMS OcCajka B
BOJOHACBIIIEHHBIX 30HAX MPU PEAKUUU THUIPOJIU3a OTHOCATCA COJIM HEKOTOPBIX
METaJUIOB, CJOXKHBIE 3(QUPBI, OPraHUYECKHUE CHUIIMKAThl, KaHH(OJIEBOE MBbLIO,
U30L[MaHypOBasi KUCIIOTA.

I'enn u3 OpPraHnv€e€CKMuXx mo/JinmMepoB

JlaHHBIA BUA M30JISIUU SBJSETCS OJHUM W3 TEPBBIX, UCIOJIB3YEMbIX Ha
MecTopoXXaeHusix. IIpuMeHeHne Telied W3 CceTyaThlX MOJMMEPOB TO3BOJISET
M30JIMPOBaTh BOJOHOCHBIM Tropu3oHT mnoutn Ha 100%. Boanblii moguMepHbIN
pacTBOp, coaepKamui (KpOCC-JIMHKEP) 3aKauMBaeTCS B OKOJIOCKBRXHMHHOE
MPOCTPAHCTBO M BCTYIAET B JEHCTBUE, 00pa3ys Tellb, KOTOPbIN OJOKUPYET MOPHI.
Hyoicno yuumuieamo, npu HegepHoM 003UpPOGAHUU MOIHCEM NPOUZOUMU 3AKYNOPKA
HehmeHoCHbIX 30H.

«Kpocchunkune» - 06pa3oBaHO OT COOTBETCTBYIOIIETO aHTJIMMCKOTO CJIOBA
cross-linking, uTo B mepeBojie 0O3HAYACT «IIEPEKPEIIUBAIOIINECS CBSI3M».

[TonumepHsbIit pacTBOp (TUTIOC CIIMBATENb) MOYXHO JINOO U3rOTOBUTH 3apaHee
Y 3aKauyMBaTh B IUIACT, JIMOO 3aKauMBaTh MOHOMEPHBIE PACTBOPHI C MHUIIUATOPOM
MOJIMMEPHU3AINK, TOTAA MOJIUMeEpP 00pa3yeTcsl B OKOJIOCKBRXKMHHOM IPOCTPAHCTRBE,
/i€ MPOUCXOAUT €ro CIIMBAHUE BO BPEMSI OCTAHOBKU CKBAXKUHBI MPU MOBBIIIIEHHON
temriepatype. OJIHOBPEMEHHO C A3TUM MOXHO MNapOLUUKIMYECKYI0 00paboTKy,
KOTOpas MPEACTABISIET COOOM MpOLEcC CTUMYJIUPOBAHUS, MPU KOTOPOM pPacTBOP



I[TAB Har"eraercss B OJHY O3KCIUTyaTalMOHHYIO CKBaXXMH. 3aT€M CKBA)KUHBI
OCTaHAaBJIMBAIOT HAa HECKOJBKO JHE, yToOBl mpousonua nponutka ITAB, 3atem
CKBa)KMHA BO3BpAILlA€TCs B padoTYy.

IIo CPpaBHCHHUIO C INCMCHTOM JdaHHAA TCXHOJIOTHUA HMCECT IIPECUMYIICCTBO,
ITOCKOJIBKY JICTKO MOJKCT OBITH BEIMBITA M3 CTBOJIA CKBAKUHBI.

Haubomee N3Y4YCHHBIMU I'CJICBLIMU CUCTCMAMMU ABJIAIOTCA:

- YacTUYHO  THUJPOJIM3UPOBAHHBIA  MONMAKpWiIaMul  (aKpujaTHbIE/
aKpUJIAMUJIHBIE COMTOJIMMEPHI):

® CIIMTHIC MOHAMU METAJJIa WIH OPTaHUYECKUMU COCTMHECHUSAMHU
- KATHOHHBIE WIH CYJIb()OHUPOBAHHBIC MOJIMAKPUITAMHU/IBI:

® CIIMTHIC MOHAMU METAJLJIa WIK OPTAaHUYECKUMU COCTUHECHUSAMHU
-[OJINAKPUIAMU/L;

® CIIUTHIC OPTAHUYECKUMHU COCTUHCHUSIMU

- aKpUJIaMUJI/ TPET-OyTHIIaKPUIATHBIE COTIOJIUMEPHI:

® CIIUTHIE MOJIUITHICHUMMHUHOM

-OHONIOJIUMEPHI:

® CIIMTHIC MOHAMHU METAJIIa

-MIOJINBUHUJIOBBIN COIUPT U NOJIMBUHUIIAMUH:

® CIIUTHIE OPTaHUYECKUMHU COCTUHECHUSIMU.

B kauecTBe crmmBaTens sl YaCTUYHO TUAPOIM30BAHHOTO MOJIHAKPUIAMUIA
ucnonb3yercst  Xpom  (llI).  Jnsg  nydmero  peryimpoBaHus — BpEMEHU
resico0pa3oBaHusl MPUMEHSIOT KapOOKCUIIbHBIE COJM XpPOMa, HAlpUMeEp, alerar
xpoMa. Takoil moaumep HeuyBCTBUTENEH K PH 1 MuHepanuszanu, mo3ToMy MOMXKET
OBITH HCIONIB30BAH IS OJOKUPOBKM BOJBI IIpH TeMmieparype a0 124°C.

B nocnenHee BpeMsi MONyYWIM IIMPOKOE PACHPOCTPAHEHUE TEXHOJIOTHU
BOJIOM3OJIAIIMM HA OCHOBE OHMOIMOJIMMEPOB - TPHUPOAHBIX TMOJIUCAXAPUTHBIX
OHMOIOIMMEPOB, KCAHTAHOBBIX CMOJI.

bonee BbICOKas, 1O CpPaBHEHHIO C TIOJIMAKPUIAMHUIOM, CTOMMOCTD
MUKPOOHBIX TMOJUCAXapUJOB HE CHU3WIA SKOHOMUYECKYIO0 3(h(HEKTUBHOCTH MpHU
MPUMEHEHUU HOBBIX TOJMMEPOB BCIEICTBHE 00Jiee BHICOKOW TEXHOJIOTHYECKOM
() PEKTHBHOCTH X UCITOIb30BAHUS.

o GHOMONMMEpPHI yCTOHUMBLI 10 TemmepaTyp B 160 °C B arpeccuBHBIX
cpenax;

o OMONOIUMEPHI XOPOILIO PACTBOPSAIOTCS B MPECHOM, MOPCKOM BOJIEe U B
HACBIIEHHBIX paccojax;

o OMonosuMeEpbl HE YYBCTBUTEIbHBI K 3arpsi3HEHUIO0 PAaCTBOPEHHBIMU

HOHAMM;



o ounonoaumepbl 3P PEKTUBHBI B IUPOKOoM auamnaszone pH (3-12);
o OMOIIOMMEPBI TOTHOCTHIO PA3JIaraloTCs MOJA JACHCTBUEM KHUCIOTHBIX
peareHToB.

Bopbﬁa C BOAOIIPUTOKAMM IIPHU MOMOIIIN MUKPOIACTHUII

[TpuHIIMTT WCTIOIB30BaHUSI TBEPABIX YACTHUI[ ISl M3OJSIUN BOJONPHUTOKA
W3BECTEH JJAaBHO, HO TaKas TEXHOJIOTHS MPUMEHSIETCS HedacTo. MeToa OCHOBaH Ha
WCITOJIb30BAaHUU TBEPABIX IIAPUKOB BOJAOPACTBOPUMOTO MOJIMMEPA, 00OPa30BAHHOTO
B YCJIOBHSX TIuTacTa #3 HEMTEBOASIHONW HMYJIbCHUM MOHOMEpPOB, TaKHX Kak
JTUBUHUIIOCH30JI M CTUPOJI M MHUIMATOPA TTosimMepu3aruu. [ImactmaccononoOHbie
TBEp/blE IMAPUKH TPOHUKAIOT B 0O0Jee NPOHUIAEMYIO IUTACTOBYIO 30HY U
OCTAHABJIMBAIOT MOTOK (BIror1a. IMYIbCUIO TAKXKE MOYKHO UCIIOJIb30BaTh 0 Havasa
MOTOKA YTIICKUCIIOTO Ta3a BO BpeMsi KOHTPOJIS TPOdHIIs.

HM30s111151 ra30HOCHBIX rOopu30HTOB

[Tennslie cucTeMbl 00pPa3yIOTCS B Pe3yJbTaTe B3aMMOJACHCTBUS XUMHYCCKUX
peareHToB, YTO IO3BOJIAET OJOKHPOBATh IMYTH MPOABMIKCHHS BOJBI BCJICIACTBUE
MPUJIANIAHUS K TIOBEPXHOCTH BOJOMPOBOASIINX KAaHAJIOB ITy3bIPKOB Tras3a H
oOpa3oBaHus IUICHOK W3 KOJUIOMJHO-JUCIEPCHBIX coeauHeHui. Haunbompimit
3 PeKT OT MPUMEHEHUS TIEHHBIX CUCTEM JIOCTUTAETCS B Ta30BbIX CKBAXKHHAX.

MexaHH3M U30JIAIHAN BOJ TIPH MPUMEHCHHUH TICHHBIX CHCTEM 3aKJII0YacTCs B
CIICTYOTIEM:

o ounctke [I3I1 B pe3ynbrare OUCTIEPTUPOBAHUS KOJIBMATHPYIOIIUX
IJIaCT TJWHUCTBIX BEIIEeCTB, MapaduHa, acalbTOCMOIHUCTBHIX BEHIECTB U
JanbHEHIIeM UX YJaJeHUHM B TMPOIECCE OCBOCHHS CKBOXHH 3a CUET
COJIFOOUTUZUPYIOIETO JEHCTBUS (KOJIJIOMITHOTO PACTBOPEHHMS) 00pa30BaBIIMMUCS
MUIIEJUTAMH B TIEHHOW cucteMe. [J1aBHBIM pPE3ylbTaToOM 3TOTO  SIBISIETCS
MpUOOIIEHUE K pa3pad0TKe MaJIOMPOHUIIAEMBIX MPOTIACTKOB;

o OJIOKUPOBAHUU ITyTEH MPOABUKEHUS BOJBI B PE3YJIbTATE TIPYIIATIAHUS
K TIOBEPXHOCTH BOJIOMIPOBOISAIINX KaHAIOB ITy3bIPHKOB ra3a U 00pa30BaHUS IJICHOK
13 KOJIJIOUTHO-TUCTIEPCHBIX COCTMHCHHMI;

o U30JISIIUM  BBICOKOTIPOHUIIAEMBIX 30H  MPOJYKTUBHOTO  ILIACTA,
SBJISIONIMXCST TJaBHBIM HCTOYHUKOM OO0BOAHEeHHS. [lpumensitorcs nByX- W
MHOTOKOMITOHEHTHBIE MeHHbIe cucTeMbl. O0nacTsIMu 3G HEKTUBHOTO TPUMEHEHUS
MEHHBIX CHUCTEM SBJSIOTCS: HHU3KOE€ M CpelHee IUIaCTOBOE JaBJICHUE,
HEOTpaHWYEHHAsi 0OBOJHEHHOCTh CKBAXKUHBI, YETKO BhIPAYKEHHASI HEOHOPOIHOCTh
MPOIUIACTKOB, HAJIMYWE TIWHUCTOM KOPKM Ha CTCHKAX CKBaXUHBI, HAJIWYHAC B
TEPPUTEeHHBIX MMOPOIaX TITMHUCTOTO IIEMEHTA.

OcCHOBHBIE BLIBO/bI

Hawnboiee pactipocTpaHeHHBIMU TEXHOJOTHUSIMH H30JIMPOBAHUS BOJJOHOCHBIX
TOPU30HTOB SBJISICTCS MEXaHWYCCKOE H30JIMPOBAHUE, 3aKadka IIEMEHTa TIOJ
JaBJIEHUEM U 00pabOTKa MOJUMEPHBIMH TEJISIMU, KOTOPbIE TPEOYIOT pa3o0ieHus



wiacta. OOpaboTka pacmpenenuTesieM HEPaBHOMEPHOM MPOHUIAEMOCTH WITU
MOJH(PUKATOPOM OTHOCUTEIHHON TPOHUIIAEMOCTH MOXET HCIOJIb30BaThCA B
Ka4eCTBE albTEPHATHBBI 00Pa0OTKE C Pa300IICHUEM TLIACTA.

[IpuMeHEeHHEe OPraHUYecKOro TIOJUMEPHOTO Telisl TO3BOJSET TOMYyYUTh
Xopoliee MPOHUKHOBEHHE, W JICUCTBHE TaKOH OOpPaOOTKH MOXKET MPOOJDKATHCS
HeckoJbko JieT. OpHako eme Oonee 3(PGEKTUBHOM SBISIETCS KOMILIEKCHAs
00paboTKa (11IeMEHT/TIOTMMEPHBIN TelIb).

Jlekuus 3 BOPbBA C COJIEOTJOXEHUAMU U ACITIO

Otan n00bIYM He(PTU XapaKTepU3yeTcss HEOOXOIUMOCTBIO U36lleyeHUsi Ha
MOBEPXHOCTh OTPOMHBIX OOBEMOB TMOMYTHBIX BOJ, KaK IUIACTOBOWM, TaKk U
3aKauMBaeMON B 3aleXb IS TMOJJICPXKAHMs IUIACTOBOTO JaBieHHs. VIMEHHO B
pe3ynpTaTe OOBOAHEHHUs AOOBIBAEMOM MPOAYKIIMM Ha BCEX CTaausX pa3pabOTKH
3ajexxed He(TH MPOUCXOIUT 00pa3oBaHUE COJEBBIX OcaakoB. HakamnuBasice B
HKCIUTYaTal[MOHHBIX KOJIOHHaX CKBaXXMH, Ha MOBEPXHOCTU TTTyOMHHO-HACOCHOTO
00OpyIOBaHUS M B CUCTEMax BHYTPHUIIPOMBICIOBOTO cOOpa W MOJATOTOBKU HE(PTH,
COJIEBBIE OTJIOXKEHUS IPUBOIAT HE TOJIBKO K OOJIBIIUM MaTE€pUAIbHBIM 3aTpaTaM, HO
U K 3HaYUTEJIbHBIM MTOTEPSM B JJOOBIUE HEPTH.

OOpa3zoBaHuE COJIEBBIX OTJIOKEHUH HUMEET psAJl CEPbE3HBIX HETaTUBHBIX
NOCJIEAACTBU, @ UMEHHO:

®BEIBOJI 000PYAOBAHUS U3 CTPOS;

® YMCHBIIEHHWE  MPOU3BOAUTEIBHOCTH  CKBAXHH M JPYruX
TEXHOJIOTMYECKUX OOBEKTOB;

® yBEIMYEHUE UYHCIA U NPOAODKUTEIBHOCTH JOPOTOCTOSILIUX U
TPYAOEMKHX PEMOHTOB, IPUBOJIAIIECE K 3HAUUTEILHOMY HEI000pY HEPTH;

e yBEIMYEHHUE DHEPro3arpaT Ha MOJOTPEB HEPTIHBIX IMYIIbCHIA;

e oO0Iee yXyIIIeHHEe TEXHUKO-9KOHOMUYECKUX MOKa3aTeneil;

® 3arpsi3HEHUE OKpy’Karolled cpeabl (B pe3yibTare HEOXKUJAaHHBIX
aBapuii, pa3IuBOB HEPTH U T.1I.).

K OCHOBHBIM O0BEKTaM, OCJIOXHEHHBIM COJICOTIIOKEHUSIMU, SIBISIFOTCS: -
nmpu3aboifHas 30Ha IUIacTa, - 000PY/I0BaHWE U KOMMYHUKAIIUU CUCTEMBI T0OBIYH,
coopa, TpaHCHopTa U TOJATOTOBKM HE(TH, - 00OpYyIOBaHHE M KOMMYHHUKAIUU
CHCTEMBI 3aBOTHCHUS MTPUPOIHBIMU U 00OPOTHBIMHU TIJIACTOBBIMH BOJAMH.

ILi1an Jexkuuu
THUIBI COIEOTIIOKEHUM.
[Tpuurabl 00pa30BaHMS OTIOKEHUM COJIECH
Mexanu3m popMUPOBaHUS COJIEBBIX OTIOKECHUH
Metoabl 00pBOBI C COTCOTIIOKESHUSIMU.
NHTHOUTOPHI CONMEBBIX OTIIOKEHUN
TpeGoBaHUs K HHTHOUTOpPAM COJICOTIOKEHUN
Cocras u cBorictBa ACIIO
[Tpuunnbl 1 ycnoBusa oopazoanuss ACIIO



e Metoabl 60ps0sI ¢ ACIIO
e Huruburtopsr ACIIO
e VYrmnnsamus HakoruieHHBIX ACITIO

Tunel coJ1€0T/I0KeHNH

B mpomecce pa3paboTku W IKCIUTyaTallid HEPTIHBIX MECTOPOKICHUMN
BO3HMKAIOT COJIEBBIE OTJIOKEHUS C TIPEeo0IIalaHieM CIASAYIOMUX TUIIOB COJICH:

exaieiuT - CaCOg;

erunc - CaSO,*2H,0;

eanruaput - CaSOy;

e0apurt - BaSOy;

eOapurorienectud - Ba(Sr)SOy;

eraymt - NaCl.

Ha mno3mHux cragusax pa3padOTKU 3aJIeKed MPOSBISIOTCS OTJIOKEHUS
CyJb(UIHBIX COJIEH, TJIaBHBIM 00pa3oM, cyabduaa xenesa.

B nenom ocaaku cojieBbIX OTJIOKEHUI UMEIOT CJIOKHBIM COCTaB, BKIKOYAOIIHM
KaK MUHEpaJIbHYIO0, TAK K OPTaHUYECKYIO YacTh. [10 TaHHBIM UCCIeJOBAHUMN, HAPSITY
C YIJIEBOJIOPOJIHBIMU KOMIIOHEHTAMHU M MTPOAYKTaMU KOPPO3HH B COCTABE COJIEBBIX
OTJIOXKEHUU MOTYT NPUCYTCTBOBATH JIECSATKU PA3JIMUYHBIX MUHEPAJIOB.

OpraHn4eckor COCTaBJISIIOIICH COJEBBIX OTJIOKEHUII B OCHOBHOM SIBIISIFOTCS
apOMaTUYECKHUE YTIIEBOJOPOABI, ac(hanbTeHbl, CMOJbI, TOHKOPACCESIHHBI OUTYM,
TyroIUIaBKHE MmapaduHbl, CEPHUCTHIC COCTUHEHUS.

B 3aBucumoctu OT ycinoBuil (HOpPMHUpPOBaHUS CTPYKTypa COJICOTIONKEHUMN
MOKET OBbITh Pa3JIMYHOM.

[1710THBIE MHKPO- M MEJIKOKPHCTAJLJINYECKHE CTPYKTYPBI. B nonepeunom
CEUCHUU TAKUX OTJIOKEHUM HE YyJIaeTCs BBIJACIUTH OTACIBHBIE CJIOH, MOCKOIBKY
OTJIOXKEHUS MPEJICTABICHBI CPABHUTEILHO OJHOPOIHBIMU KPUCTAIIIAMU IJTMHOMN 10
5 MM ¢ paBHOMEPHBIM BKJIFOUCHHEM TBEP/IbIX YIJIEBOAOPOAOB. B pside ciyuaes smu
OMJLONHCEHUS UMEIOM HAKUNeoOpasHulll (Ms2Kas HAKUNb) xapakmep.

[l10THBIE coJIeBbIE OTJIOKEHHSI ¢ MpPeod/ajaHueM KPHCTAIOB CPeIHUX
pa3MepoB M BKJIKYEHUSIMM TBEpPAbIX M KUAKHUX YyriaeBogopoaos. Ha
MOTIEPEYHOM cpe3e 00pasiia OTIOKEHUN XOPOIIO PA3IMUYUMBI CIEAYIOIINE CIIOU:
NPUCMEHHbIL - MEJKO3EPHUCTBINA, TOJMIIUHOW 3-5 MM; cpednuul - mpeodiiagaroT
KPUCTAJUIBl MPU3MATHUYECKOW WJIM UTOJIb4aTor GopMmbl jumuHON 5-12 mm. MHorna
BCTPEUYAIOTCSI KPYIHBIE UTOJIbYATHIE KPUCTAIIIBI JIMHON 15-18 MM; Hapyachbiii -
COCTOHUT M3 KPYMHBIX M CPEIHUX KPUCTAJUIOB, IPOCTPAHCTBO MEXKIY KOTOPBHIMU
3aM0JIHEHO MEJIKUMHU.

[lnoTHBbIe KpynmHoOKpHucTaLAnyeckue. COCTOST U3 KPYIHBIX HUIOJIbYaThIX
KPUCTAJUIOB JUIMHOMU 12-25 MM, 00pa3yronimx Kapkac, MeK1y KOTOPbIMU HaXOATCS
MEJIKME KPUCTAUIBI COJIEM M YTIJIEeBOJOPOJIHbIE COeIWHEHHs. B momnepeuHoM
CEUEHUU ATUX OTJIOKEHUM MOXKHO TaK)Xe BBIACIUTH 00Jiee MIOTHBIN MPUCTEHHBIN
CJIOM, TI0 Mepe yAaJeHUs OT KOTOPOIo JOJISI KPYIHBIX KPUCTAJIIOB 3HAUYUTEIHHO
YBEJINYNBAETCH.



IIpu4uHbI 00pa3oBaHue OTJI0KEHUI COJIeH

OCHOBHOE yCIIOBUE OTJIOKEHHUSI COJel - oOpa3oBaHHE MX MEPEHACBILICHHbBIX
PacTBOPOB B MOIYTHO 100BIBAEMOM BOJIE.

W3BecTHO, 4TO BBINAJEHUE XMMHUYECKOTO BELIECTBA B OCAJ0K W3 PACTBOPA
IPOUCXOAUT B TOM Ciy4ae, €CiIM KOHLIEHTpalMs 3TOro BELIECTBAa WJIM HOHA B
pacTBOpE MPEBBIIIAECT PABHOBECHYIO.

BbinageHwve coneit

O6pa3oBaHMe NepeHacbIWeHHbIX
pacTBopos

A | N v
I o J——'\ (7 | A
Bo3pacTaHue KoHLUEeHTpaLnum MOHOB CHUXKeHWe pacTBopMmOCTH
. 7] S v \ I 17 )
'S J—\ IS J—\ IS J—\ 'S Jﬁ 'S Jﬁ I Jﬁ
N3meHeHne MN3meHeHne
CmeweHne PactBopeHune [erasauua
UcnapeHune Temnepartypbl XMMWNYECKOro
BOZ, MUHepanos BOAbI

1 gasneHunAa COCTaBa BOAblI
L v . v . v L v L v . v

Mexanusm popMHUpPOBaAHUS COJIEBBIX OTJI0KEHU I

[Ipouecc ¢opmHpoBaHUsS OTJIOKEHUA MNPEICTABIsAET COO0OM MacCOBYIO
KPUCTAJUIM3ALMI0O B CIOXHBIX THAPOJAMHAMUYECKUX YCIOBUAX, B IIMPOKOM
WHTEpBaJe TEMIEpaTyp W MEpPEeChIIEHUH pPacTBOpa COJSIMH B MPUCYTCTBUHU
0O0JIBILIOTO KOJUYECTBA MPUMECEN, CIIOCOOHBIX CYIIIECTBEHHO BIMATH HA XapakTep U
CBOMCTBA 00pa3yIOIINXCS OCAIKOB.

Ilepsas cmaous pa3BUTUSL HAUUHAETCS C MEPECHILICHUS paCTBOPA COJISIMHU.

Ha emopou cmaouu npoucxonutr oOpa3oBaHHe MOJEKYJISIPHBIX acCOLMATOB,
KOTOpBIE O] BO3/ICHCTBUEM JIOKAJIBbHBIX (DIYKTyalluii HOHOB 00pa3yloT MajeHbKUE
KPUCTAJLJIBI-3aPOJBIIIN. DTH KPUCTAIbI MMOCTENIEHHO PAcTyT 3a CYET afcopOuuu
MOHOB Ha Je(EeKTHBIX YYacCTKaX MOBEPXHOCTH KPHUCTAIJIOB, YBEIUYHMBAas CBOM
pasmep. [lpuuuna pocma 3apooviuiesvbix KpUCmaiios 00yCcio6ieHa yMeHbuleHuem
C60000HOU NOBEPXHOCMHOU 3Hep2UU  KPUCMALLd, KOMOpAas CmMpeMumenbHo
VMEHbUAEmcs ¢ YBenudeHuem paouyca uYacmuy Hnocie mo2o, KaKk OO0CHMUSHYm
Kpumuyeckui pazmep. IT0 03HAYAET, YTO OOJIbIIINE KPUCTAIIIBI OyAYT IPOJ0JIKATh
CBOH pOCT, a TakXe TO, YTO MaJlble MOTYT PacTBOPUTHCA CHOBA. Takum o0Opazom,
IIPU JOCTATOYHO OOJIBILION CTENEHU MePEeChIeH s, (HOPMUPOBAHKUE 3aPOIBIIIEBBIX
KPUCTAILJIOB OYy/I€T BHI3BIBATH YBEJIIMUYEHHE POCTA COJIEBBIX OTIIOKEHUH.
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MeToabl 60pbOBI C COJIEOT/IOKEHUAMU

[IpenmyIiecTBa NPUMEHEHHUs] XWMHUYECKUX PEareHTOB Tepel JAPYyTruMU
criocobaMu 3aKIF0YaeTCsl B TOM, YTO XMMHUYECKHE TPOAYKTHI MOKHO MPUMEHSTH
NPAKTHYECKH Ha JI0OOM HE(TEpPOMBICIIOBOM O0BEKTE WM €r0 Yy4acTKe, MOXKHO
ONEpaTHBHO MEHITh WX JO3UPOBKY M TEXHOJIOTUIO HCIOJB30BaHUs, MOAOUPATH
MapKd XHMpPEareéHTOB W WX TOBapHbIC (POPMBI NMPUMEHUTEIHHO K KOHKPETHBIM
YCIOBUSIM HEPTETIPOMBICTIOBBIX 0OBEKTOB.
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Hapsiny ¢ xumudeckumu MeTogamMu OOpbObI C  OTJIOKEHHUEM CoJieh
CYIIECTBYIOT M O€3peareHTHbIE, OCHOBAaHHBIE Ha WCIOJIb30BAaHUU (DUIUUECKUX
SBJICHUM (DJIEKTPOMArHUTHBIX, BOJIHOBBIX, aKyCTHUECKHUX ), 3AIIUTHBIX MOKPBITUA,
pa3aeNieHny TTOTOKOB XMMHYECKH HECOBMECTUMBIX BOJI B MPOIIECCE DKCILTyaTalluu
3aJIeXel, KOHCTPYKTUBHBIX PEIICHUSX U APYTHE.

B03MOKHBI 1 KOMOMHHPOBAHHBIE TTOAXOBI K PEIICHHTO Mpo0OIeMbl. icxos u3
HKOHOMHYECKOU 11€1€C000pa3HOCTH B 3aBUCUMOCTH OT YCJIOBHI M OCOOEHHOCTEMN
pa3pabOTKu 3ajexel, Haluuusg ChIpbeBOM 0a3bl, JOCTYNMHOCTH TEXHUYECKHUX
CPEACTB U pounX (PaKTOPOB MOTYT HUCIIOJIH30BATHCS PA3IMUYHBIC TTOAXObI B O0pbOe
C JaHHBIM SBJICHUEM, OJHAKO B HE(TETIPOMBICIIOBON IMPAKTUKE MPHOPUTETHOE
pacnpocTpaHeHHe MNPEAOTBPAIICHUS COJICOTIOKCHUN TONYUUIIU UHSUOUMOPHbLE
CnocoObl 3auyunmul CKBaXXUH U 000PYIOBaHUS.

NHruduTopsl CoJIeBbIX OTJIOKEHU

[Io cBoeit xuMHUECKOW TPUPOJE TOTCHIHAIBHBIMA WHTHOUTOpaMU
COJICOTJIOKEHUN MOTYT OBITh HEHMOHOTeHHBbIC MOJIUGOChaThl, MPOU3BOIHBIC
CyIb()OKHUCIOT, OpraHudecKre Mpou3BoHbIE (GochHOoHOBON U (HOCHOPHON KHCIIOT,
HU3KOMOJICKYJISIPHBIE TIOJMKapOOHOBBIE KHUCIIOTHI, TMOJMMEPHl U COMOJUMEPHI




KHCJIOT THUIIA aKpHHOBOﬁ n MaHeHHOBOﬁ, Pa3IMIHBbIC KOMITO3MIIHNH TIIEPCUYNCIICHHBIX
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Pae. 847, Tinbt imrsfiamopen coaeoraeeeinm

WNHruOuTopsl CONEBBIX OTIOKEHUH MO XapaKTepy U MEXaHU3MY JEeUCTBUS
Ha NEPECHILIEHHBIE PACTBOPBI OAPA3IEISAIOTCS HA:

® pEareHTbl «IOpPOTOBOrO» JeHCTBUA (amcopOuus Ha MOBEPXHOCTHU
yIBTPAMUKPO3apOABILIEH COJIEN U HAPYIIAIOT UX CTPYKTYPY, UTO NPEMSATCTBYET UX
JalbHENIIEMY POCTY, COEAMHEHUIO KPUCTAILUIOB MEXAYy COOOM M MPUIMIIAHUIO K
MOBEPXHOCTU 000PYJOBaHUA);

e KOMIUIEKCOOOpa3zoBaTelid M  XenarooOpa3oBaTenud (Ha  CTaauu
NEPEHACHIIIEHHOT0 pacTBOpa O00pa3yloT € KaTHOHAMU IIEJIOYHO3EMEbHBIX
METaJUIOB BOJOPACTBOPUMBIE AHHOHHBIE WIN XEJIATHBIE KOMILJIEKCHI);

® peareHTbl CMEIIAHHOTO JEHCTBUA, MPOSBISAIOIINE KaK CBOICTBa
KOMIUIEKCO0Opa30BaTeNIel, TAK U PEAreHTOB IIOPOrOBOT0» JEHCTBUS.

DocpoHOBBIC KHCJIOTHI U UX C0JIH (opranogocdoHaTsl)
XapakTepHasi 0COOCHHOCTh ITUX COCITUHEHUH - HAJTMYKE OJTHON U OoJiee
rpymm — C-PO(OH)2.
(8]
i
¥ Son

P, 8,19, Ipiiep drocfponosii mecirs
OxcwytumuaeHaudochonoBas  kuciaora (OB D), ee comu, a TaKKe
MPOU3BOJHBICE HAa WX OCHOBE - HaumboJee paclpoOCTpPAaHEHHBIE pEareHTHI,
UCIIOJIB3YIONINECS B KQYECTBE MHTMOUTOPOB OTJIOKEHUS COJIeH KajbllUsl, MarHus,
Oapusi U Keje3a Ha Pa3IUYHBIX MOBEPXHOCTSIX, a TAKXKEe JJIS CTaOWUIU3aIl[MOHHOMN
00pabOTKH BOJIBI B 3aMKHYTBIX CUCTEMaX OXJaxacHus. AMMoOHueBbIe coau O 1D
(pearent CHIIX-5301) wucnons3yroT [Jis 3alUThl  HEOTEIPOMBICIOBOTO

o00opy10BaHUs OT OTJIOXKEHUH, conepxanux coiu Mg, Ba, Ca, Sr, mpu 103upoBKax
0,1-20 r/M®
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TpeOoBaHusA K MHTHOUTOPAM COJICOTJIOKEHUM
®  [PEAOTBPALLICHUE OTJIOKECHWM HEOPTraHWYECKUX COJIEM NPHU MalbIX
koHueHTparusax (menee 0,001 % B 1oOkIBaeMOl BOJIE);
®  YCTOWYMBOCTH MPU XPAHCHUH W TPAHCIIOPTUPOBKE, COBMECTHUMOCTD C
JIPYTUMU peareHTaMu, HU3Kasi KOPPO3HUOHHASI aKTUBHOCTD;
®  COXpPaHEHHE UHTUOUPYIOIIUX CBOMCTB B IJIACTOBBIX YCIOBUSX;
e  XOpomias pacTBOPUMOCTh B MHUHEPAIM30BAHHBIX BOAAX PA3TMIHOTO
cocTasa (B ToM unclie ¢ copepkanueM Ca?* 1o 15000 mr/n);
®  YHUBEPCAJILHOCTHh JEHCTBHUSA IO OTHOIICHHWIO K Pa3IMYHBIM THIIAM
OTJIOKCHMI;
®  HHM3KHE TEMIEpaTypbl 3aCThIBAaHUS TOBAPHBIX (POPM  KUJKHX
WHTHOUTOPOB;
®  COOTBETCTBYIONIUE aCOPOIMOHHBIC XapaKTCPUCTUKU B 3aBUCHUMOCTH
OT YCJIOBUM MPUMEHEHUsI MHTHOWTOpa (HE MEHee 2 MI/T MOPOJbl U MeJICHHAs
necopouust nns oopadotku I13I1 moOwiBaromumx ckBaxuH; He Ooznee 0,001 mr/r
TOPOBI JTsl 00paOOTKM BOJIBI, 3aKaYMBAEMON B HAarHETATEIIbHBIEC CKBAKUHBI );
e  BbICOKas 9PPEKTUBHOCTD IEUCTBUS U TEXHOJIOTHYHOCTH IPUMEHEHHUSI.

D(GheKTUBHOCTP ~ MHTHOMTOPOB  COJICOTJIOKEHHMS  OICGHMBAeTCS  II0
0o0pa30BaHUIO OCaJKa HAa TOBEPXHOCTH WJIM 10 HW3MEHEHHUIO KOHIEHTPAINH
0CcaJIK000pa3yroIuX HOHOB B 00bEME COJICBOTO PacTBOpa.

CymectByer MeToa OIEHKH A((OEKTUBHOCTH JIEUCTBHS HMHTUOUTOPA,
OCHOBAHHBIH HAa W3MEHEHUH BEJIUYUHBI WHIYKIIMOHHOTO TE€pUOaa TOSBICHUS
TBepaoi (a3el B oOBEME pacTBopa, 4YTO (PUKCHUpYeTCS MO0 HWHTEHCHUBHOCTHU
MPOXOMSIICTO Yepe3 pacTBOpP CBETa, ONTHYECKOW IIJIOTHOCTH, HW3MCHECHHIO
AJIEKTPOIIPOBOTHOCTH PAacTBOPA M IPYTUM ITOKA3aTEISIM.

Cocras u cBoiictBa ACIIO

AcdanbTeHocMoonmapauHOBbIE  OTJIOKEHUS  MPEACTaBISAIOT  coOoM
CIIOXKHYIO YTJICBOJIOPOJIHYIO CMECh, COCTOAIIYI0 W3 TapaduHOB W IIEPE3UHOB,
acdanpTeHoCcMONUCTHIX BemecTB (ACB) HedTH, BOABI U MEXAaHHUYECKUX MPUMECeH
HEOPTaHWYECKOTO XapaKTepa.

lapagunsr v yepezunvr — yriaeBogopoasl MetaHoBoro psiga oT CigHsa na
CesH1z0 (tux = 40-70 °C; MM = 360-450; p = 860-940 xr M>) — B IIACTOBBIX
YCIIOBUSIX HaXOJIATCS B HE(PTU B PACTBOPEHHOM COCTOSHUMU.

B 3aBucumoctu 0T copaepkanus mnapaduHOB HedTH KIACCHPHUIUPYIOT
CJIETYIOITUM 00pazoM:

. MmajomapaduaucTeie — Menee 1,5 % macc.;



. napadunucteie — ot 1,5 10 6 % macc.;

. BbICOKOMNapauHucThie — Oosiee 6 % macc.

[TapaduHbl U 1Iepe3UHBI HE PACTBOPSIOTCA B BOJIE, a TaKXKe B BOJIHBIX
pacTBOpax MUHEPAIbHBIX OCHOBAHUN U KUCIIOT, HO paCTBOPSIIOTCA B YTIIEBOJOPOAAX
BCEX KJIACCOB M MOJISIPHBIX HEAJIEKTPOIUTAX.

C pocToM KOHIIEHTpaluu TmapaduHa B pacTBOPE YBEIMYUBACTCS W
WHTEHCUBHOCTD €r0 KpUCTaIU3aIUH.

Ipu 601v110M coOeporcanuu napaghuna daxce He3HAUUMENbHOE OXAANHCOECHUE
pacmeopa Hudice memnepamypvl Kpucmaniiuzayuu napaguua (na 1—3 %)
8bI3bl8aACM €20 KPUCMALIU3ayuio 8 ooveme. A npu He3HAUUMENbHOM COOePHCAHUU
napaghuna neobxooumo 2nyboxoe nepeoxaadxcoenue (na 7— 20 %).

[Tpu xpuctammuzanuu napaduna u3 HeQTH CyIIECTBEHHOE 3HAYCHUE UMEIOT
ero:

KOHIIEHTpaIus,

TeMIiepaTypa IuiaBjieHus napaduna,

TeMIlepaTypa Hadyajla KpUCTaUI3aluu napagpuHa,

ra3oBblil pakTop HEPTH,

KOHIIEHTpaIus B HeTU MO U acalbTeHOB,

oOI11ee TaBJICHUE B CHCTEME,

0OBOJTHEHHOCTH HE(PTH,

COoAEpKaHUE MEXaHUYECKUX MPUMECEH,

CKOPOCTb ITOTOKA,

0. wMarepuan CTEHOK He(TEPOMBICTIOBOTO 00opya0oBaHUs
(ruapoPpHUIIBHOCTD, CTENEHb MIEPOXOBATOCTHU, JUIIEKTPUUYECKAsl TPOHUIIAEMOCTD) U
pSI IPYTUX MEHEe 3HAUMMBIX (DaKTOPOB.

[IpucyrctBue cmoil B TNapaUHUCTBIX MPOIYKTax 3aTpPYyIHSET MpoLecc
KPUCTAJIIO00pa30BaHUsI TBEPIBIX YIJIEBOAOPOJIOB U CHOCOOCTBYET OOPAa30BAHMIO
MEJIKOKPUCTANINYECKON CTPYKTYphl mapaduHoB. C yBeIMUEHUEM COOTHOILICHUS
(CM+A)/TI B cocraBe Hehtn Ty mapadpuna cHmwxkaercs. Omnako ACB B
arperupOBaHHOM  COCTOSTHUHU  SIBJISIIOTCS  JIOTIOJIHUTENIbHBIMU ~ MHTEHCUBHBIMHU
[EHTPaMH KpUCTaJUTU3aINK napaduHa.

Cmonbl — TBEpAbIE UM BBICOKOBSI3KHE JIMIKUE KUAKOCTH, PACTBOPHUMBIE B
yriaeBoJopoAax  HedTH,  MPEACTaBISAIOT  CcOOOW  BBICOKOMOJIEKYJIIPHBIC
reTePOLUKINYECKAE TOJUIUCIIEPCHBIE OECCTPYKTYpHBIE COEAUHEHUsT HePTH
(KOH/IEHCHpOBaHHAsg apoMaTuKa, HAaQTEHbl M TETEPOLMKIIbI), KOTOPHIE MOKHO
pa3nenuTh Ha y3Kkue (pakiuu OAHOTUITHBIX COCTUHEHUH, C MOJICKYJISIPHON Maccoi
MM = 450-1500, mmotaoctero 990-1080 kxr M3, ¢ comepxanmem 3—12 %
retepoatoMoB (O, N, S). [lpu HHU3KHX KOHIIEHTpAIMSAX OHHU IOJHOCTHIO
pacTBOpPSIOTCA B yrieBOAopoaax, »3¢upe, xiopodopme, a TMpuU BBICOKUX
KOHIIEHTpAIUAX O00pa3yloT MEXKMOJIEKYJISIPHbIE accOlUaThl MOJ0OHO MHUIEIIaM
kojutonanbix ITAB, npu HarpeBe Ha Bo3ayxe m0 100-150 °C mpeBpaiarotcs BO
BTOpHUYHBIE ac(haIbTCHBI.

Acganbmenvt  —  TBepAble  MOPOIIKOOOpPA3HbIE  MOJTULUKINYECKUE
coeMHEeHUs (KOHJACHCHpPOBAaHHAS apoMaThKa, HA()TEHOBBIC ITUKIIbI, MOCTHKOBBIC

RO ~NOO~WNE



COEMHEHMSI, METAIIONOP(PUPUHOBBIE KOMILIEKCHI ), coaepxkaliue rerepoatomsl (O,
N, S), CKIIOHHBI K accouuanuu ¢ 00pa30BaHUEM HAJIMOJIEKYJISIPHBIX CTPYKTYP.

OHu sBIAIOTCS HamOoJee TYroIlIaBKOM M MaJopacTBOPUMON YacThbIO
OTJIO)KEHUM  TSKENbIX KOMIIOHEHTOB Hedtu. XapakTepHOH OCOOEHHOCTHIO
achaabTEHOBBIX (PpaKIUi SABISIETCS OTCYTCTBUE TOYKH IUIABJICHHS, OHHM JIHIIb
pa3MsryaroTcs ¢ moBbllieHueM Temneparypsl. [loaHoe pacTBopeHue achaabTEHOB ¢
pa3MepaMyd MOJEKYJd MOpsaka 1 MM NOPOUCXOAUT TOJBKO MPU HUX HHU3KHUX
KOHLIEHTpaLUsX (10 JECATHIX 10JIEH MPOLEHTA) B CEPOYTIIEPOAE, XJTOPIPOUZBOIHBIX
(CC1ls, CH Cl3), nadramunue, 1,4—nuokcaHe, JUITUIOBOM 3(QHpe, CIUPTO—
OCH30JBHBIX CMECSIX U APYrux coeauHeHusix. OQHako Jaxe B pa30aBICHHBIX
XOJIOJHBIX PAcTBOpaxX WM C YBEIWYCHHEM KOHIIGHTpAaIMH ac(albTeHOBBIC
MOJIEKYJIBl ACCOLIMUPYIOT MEXIy co0oi ¢ oOpa3oBaHHEM Oo0Jee CIOKHBIX
KOJIJIOMTHO—AUCIIEPCHBIX arperaToB ¢ MOBBIIIEHHOM MOJEKYJSPHON Maccod WA
JTa’Ke BBIJCISIOTCS B OTIENBHYIO (Da3y, 4TO 3aTpyJHSET TOYHOE OIpEAeNICHUe UX
WHIMBUAYAJIBHOTO MOJIEKYJIIPHOTO CTPOEHHUS U pa3MeEpOB.

KapGenbi — KOKCOOOpa3HbIe MPOAYKTHl KOHJIEHCAIlMH, PACTBOPUMBIC B
CEpOYTIEPOJE U TUPHUINHE.

KapGounpl — HepacTBOpUMbIE KOKCOOOpa3HbIE MPOTYKTHI KOHACHCAIINH.

MexaHn4eckrue MPUMECU — KOJUIOUIHO-AUCIIEPTUPOBAHHBIE BEILIECTBA —
MUHEPAJIbHBIE COJIU, TJIMHBI, OKCUJIbI, IPOIYKTHl KOPPO3UHU.

ITo conepxkanuto achanbreHocMOIUCTHIX BemiecTB (ACB) nedtu aenstcs
CJIEAYIOIINM 00pa3oMm:

Masiocmocaucteie (< 10% ) ;
cmosucteie (10-20 %) ;
BBICOKOCMOJIUCTRIE (> 20 %).

Cxema paspenennss ACIIO ocHOBaHa Ha pa3jauyHOM pACTBOPUMOCTH U
aJICOPOLIMOHHOM CITOCOOHOCTH OTHEIBHBIX KOMIOHEHTOB. s wuccienoBaHus
cocraBsa 51 CTPYKTYPBI ACIIO VCTIOB3YIOT AKCTPAKIMOHHBIN,
xpomaTorpa@uueckuii, TEPMHUUYECKUM, CHEKTPAJIbHBINA, DJIECKTPOXUMUYECKUN U
JIPYTUE METOIBI.

ACIO +
Xnopohopm —» S —— Henman
NPHMECH
I ! ' Texcan
Mexanu4gecKue ACTIO
NpHEMECH | Xnopohopm
! Cunukazens
Achanbrensl [ Cmonml + napaduubl
I
CMoJIb1 + CHIIHKATeJIb
Mapadunsi

Cmob1




IIpuunHbl 1 yciaoBus odpasosanusa ACIIO
Ha untencuBnocts 06pazoBanust ACIIO cymiecTBEHHO BAUSIOT CIEAYIOIINE

(haKTOpHI:

. CHIW)KCHUE JIaBJICHUS Ha 3a00€ CKBOKHWHBI M CBS3aHHOE C JTHM
HapyIlIeHNue THAPOIMHAMHUYECKOTO PABHOBECHS Ta305KUIKOCTHON CUCTEMBI,

. WHTEHCUBHOE Ta30BBIJICTICHUE;

. YMEHBITIICHUE TEMIIEPATYPHI B IJIACTE M CTBOJIC CKBAKHHBI;

. W3MEHEHHUE CKOPOCTH ABMKEHUS Ta305KUIKOCTHON CMECH U OTACIBHBIX
€€ KOMIIOHCHTOB;

. COCTaB yTJICBOJIOPOIOB B KaXI0H (haze cMecH;

. COOTHOIIIEHHE 00beMa (a3s;

. COCTOSIHUE TTOBEPXHOCTH TPYO.

HNuTencuBHOCTh 0OpazoBanust ACIIO 3aBucut ot nmpeobiiaganust 0HOTO WK
HECKOJIbKMX (DaKTOPOB, KOTOpbIE MOTYT H3MEHSATHCS 10 BPEMEHHU U TIyOuHE
CKBOXHMHBI, IO3TOMY KOJIMYECTBO M XapakTep OTJIOKEHUA HE SBJISAIOTCS
MOCTOSIHHBIMU.

Bauanue oaenenusn na 3adoe u 6 cmeone ckeaxcunvl. Korna 3adborinoe
JTABJICHUE MEHBIIIE JABJICHHS HACBHIMICHUS HE(PTH ra30M, paBHOBECHOE COCTOSIHUE
CUCTEMBbI HapyLIAeTCs, BCJIEICTBHE YEro yBEIMYMBAETCS 00BbEM ra3oBOH (a3zbl, a
xuakas ¢aza CTAHOBUTCS HECTAOMIBHOM. DTO CIOCOOCTBYET BBIACIECHUIO U3 HEE
napauHoB. PaBHOBECHOE COCTOSIHHE MOKET HapyllaThCsl Kak B IUIACTE, TaK U B
CKBa)KMHE, U BBINaJeHUE NapadruHa BO3MOKHO KaK B IJIacTe, TaK U B CKBa)KUHE,
Ha4yMHas oT 3a004l.

OCHOBHbIMU  NPOMBICIOBLIMU  00beKmamu, 6 KOMOPbIX HAOI00aemcs
obpazosanue omnoxcenull napaguna, sasuAomcs ckeaxcunuvie Hacocvl, HKT,
8bIKUOHbIE JTUHUU OM CKBAJICUH, pe3epeyapbl NPOMbBICIO8bIX COOPHLIX NYHKMOS.
Haubonee unmencusno napagun omkiaovieaemes Ha 6HYMpeHHeU NOGEPXHOCMU
NOOBEMHBIX MPYO CKBANCUH.

Anamu3 coctaBa ACIIO, 0TOOpaHHBIX HAa Pa3IMYHBIX TNTyOMHAX CKBaXKUH,
nokasai, yto Ha riryoune 6osee 1000 m conepxutcs 6oabpiie ACB, yem napaduHOB.

Mexanuueckue npumecu (coaepxaHue He mpesblaer 4—5 % macc.) Ha
TaKUX INIyOMHAaX MPAaKTUYECKH HE YYaCTBYIOT B (DOPMHUPOBAHUU OTIIOKEHUH.

C ymeHbuieHHWEM TayOWHBI HAOMIONAIOTCS  CHMJKEHHE COJEpIKaHUS
acanbreHocmonucThix BemecTB B ACIIO, a Takxke yBeIWYEHHE KOJMYECTBA
MEXaHUYECKUX NMPUMECEH U TBEPABIX Mapa(UHOB.

Yewm Onmke K yCThIO CKBaXHUHBI, TeM B coctaBe ACIIO 6obIe 1iepe3nHoB u,
COOTBETCTBEHHO, TEM BBIIIE CTPYKTYpPHask IPOYHOCTh OTIIOKECHHM.

Bnuanue memnepamypul ¢ nnacme u cmeosne ckeaxcunsl. Hedts sBisercs
CIIOKHOM 10 XUMHUYECKOMY COCTaBYy CMEChIO KOMIIOHEHTOB, KOTOpbBIE, B
3aBHCHUMOCTH OT CTPOEHHSI M BHELIHUX YCJIOBHM, MOTYT HAXOIUTHCA B Pa3HBIX
arperaTHbIx cocTosiHUsIX. CHIDKEHHE TeMIlepaTypbl BbI3BIBAET HU3MEHEHHE



arperaTHoOro COCTOSIHWS KOMIIOHEHTOB, MPHUBOJsIIEe K 0Opa3oBaHUIO IIEHTPOB
KPUCTAJUIM3AIMU U POCTY KPUCTAILJIOB NapaduHa.

Bnuanue cazosvioenenusn. Ha MHTEHCUBHOCTh 0Opa3oBaHusi NapapuHO—
OTJIOKEHUW BIIMSET MPOUECC BBIACIECHUS T'a30BbIX ITY3bIPHKOB B MOTOKE CMECH.
N3BecTHO, YTO Ta30BBI€ MY3BIPHKU O00JIaIal0T CHOCOOHOCTHIO (JIOTUPOBATH
B3BEIICHHBIC YacTHIIbI Mapaduna. [Ipu KOHTaKTe My3bIpbka ¢ MOBEPXHOCTHIO TPYObI
yacTUIlbl NapaduHa COMPHUKACAIOTCA CO CTEHKOW W OTKJIAJbIBalOTCs Ha Hed. B
JanbHEWIIeM  Tpolecc  OTIOXKEeHHWs  mapaduHa  HapacTaeT  BCJEICTBUE
ruapodobuzanuu noBepxHoctu. Ha ctenke TpyOsl 00pa3yeTrcs clioil u3 KpUCTaIOB
napaduHa u my3bIpbKOB raza. Uem MeHee Ta30HaCHIIIEH 3TOT CIIOH, TeM OOJBIIYIO
IUIOTHOCTH OH UMeeT. [ToaToMy Oosiee MIOTHBIE OTIIOKEHUS 00pa3yIoTCs B HIDKHEN
4acTH MOJBEMHBIX TPYO, TJI€ My3bIPbKH raza Maybl U OOJbIIEH CHIION MPUIIHUIIAIOT K
KpucTaJljiaM napaduHa U CTEHKaM TPYOBI.

Bauanue ckopocmu 0susicenusn 2a30icu0KOCmHou cmecu. VIHTEHCUBHOCTD
obpazoBanust ACIIO Bo MHOrOM 3aBHCHUT OT CKOPOCTH Te€4YeHMsl KuakocTu. [Ipu
JamMuHapHOM TedeHun popmupoBanre ACIIO npoucxoauT 10CTAaTOYHO MEAJIEHHO.
C poctoM ckopocTH (TIpu TypOyIM3alMu IMOTOKA) MHTEHCUBHOCTH OTJIOKCHHI
BHavaje Bo3pacraer. JlabHEWIINK POCT CKOPOCTH ABMKEHUS T'a30KUIKOCTHON
CMECH BEJeT K YMEHbIICHHIO HHTeHCUBHOCTU oTioxeHuss ACIIO: Oosbias
CKOPOCTb JBMKEHMSI CMECH IO3BOJSET YAEpKUBaTh KPUCTALIbl HapaduHa BO
B3BELICHHOM COCTOSIHUU U BBIHOCUTB UX U3 CKBaKMHBI. Kpome TOro, NBHKYIIHIICS
MOTOK CPBIBAET YaCTh OTJIOKEHHI CO CTEHOK TpyO, 4eM OOBACHSETCS PE3KOoe
yMeHblIeHUE 0TiokeHu B uHTepBane 0-50 M oT ycThs ckBaxuHbl. [Ipu Oonbimx
CKOPOCTAX ABUKEHUS MOTOK CMECH OXJIAXKIAETCA MEJJICHHEE, UEM MIPU MaJbIX, UTO
Takxke 3ameaisieT npoiecc oopazoanus ACIIO.

° Metoabl 60psobI ¢ ACITO

B unensx 6opsObl ¢ ACIIO mpemycMaTpuBaiOT MNpOBEACHUE paboOT IIo
IpeIynpexIeHNnI0 00pa30BaHus OTIOKEHUHN U UX YAAJICHUIO.

XuMu4eckue MeToJbl 0a3upyloTCs Ha JO03UPOBAaHHM B JTOOBIBAEMYIO
IPOAYKINIO XMMHYECKUX COEAMHEHHWM, YMEHBIIAIOINX, 4 HHOIAA U MOJIHOCTHIO
MpeAoTBpallaonuX 00pa3oBaHue OTJIOKEHUM. B oCHOBE NEUCTBUS MHTMOUTOPOB
napauHOOTIOKEHUS JIekKAT aJCOPOIMOHHBIE MPOLIECCHl, MPOUCXOIAIIME Ha
IpaHHULIE pa3jiena MEeXy KUIKOU (pa30il U MOBEPXHOCTHIO METAILIa TPYObI

Nuruoutoper ACIIO. BemiecTBa, mposBISIONIME CBOMCTBA MHTMOUTOPOB

napauHOOTIOKEHHIA:
o HeTepacTBOPUMBIC BBICOKOMOJICKYJISIPHBIC TIOJTUMEPBI U
COIOJIUMEPBI;
o BBICIIIIC 3aMCIICHHBIC aMHHBI, ATKHJIUMHUIa30JIUHbL;
e MOJIMAKPUIIAMU]], CHITUKATBI U JIPYTHUE BOJIOPACTBOPUMBIC ITOJTMMEPHI;
o OKCHAITKHJIUPOBAHHBIC aTKUIPEHOIBI, CHUPTHI U AMUHBL,
0 cynb(duaHbIe, Cynb()OHOIBHBIE, dbocdopcoaepxkariue

BBICOKOMOJIEKYJISIPHBIE COEAMHEHUS.

Xumnueckne peareHThI-UHruOuTOpEl ACIIO 1o MexaHusmy JedCTBHS
NOJApA3NeNsAloT Ha  cMauyuBawomue  (TUIApoPUIM3aTOPhI),  MOAUPUKATOPHI
(mempeccophl) U TUCTIEPTATOPHI.
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Puc. 8.3. Metoam npegotepanenus u yaatenns ACIIO

Cmauuearowue  (2uopopunuszupyrowue) peazenmovl 00pa3ylOT Ha
MOBEPXHOCTH MeTala THAPOGUIBHYIO IUICHKY, TMPEMSATCTBYIONIYIO aare3uu
KpUCTAJUIOB MmapaduHa K TpyOaM, 4TO CO3MAeT yCIOBHUS VI BEIHOCA MX ITOTOKOM
xuakoctd. K HuM oTHocsaT nommakpuinamun (ITAA), kucible opraHuyuecKue
docdaTel, CHIMKATHI IIEIOYHBIX METAUIOB, BOIHBIC PACTBOPHI CHHTETHYCCKUX
nonumepHbix [TAB.

JlocTOMHCTBA ~ MHTMOMTOPOB  THAPOPWIM3UPYIOIIETO  JCUCTBUS -
BO3MOXHOCTH 3()(PEKTUBHOM paOOTHI B yCIOBUAX MOBHIIIAIONIECICS 0OBOTHEHHOCTH,
nojaya B Mecte Hauasna BeinageHuss ACIIO He3aBUCHMMO OT TEKYIIETO arperaTHOro
COCTOSIHUSL CHUCTEMBI, BOJOPACTBOPUMOCTh, MOJUQPYHKIIMOHAIBHOCTh, HHU3KHE
TEeMITepaTyphl 3aCThIBAHUS, JOCTYITHOCTD.

Henocrtatku - HEBO3MOXHOCTH HMCIOJB30BaHUS [JISl 3QIUTHl CKBAXXUH B
YCJIOBUSIX TOOBIYH BHICOKOMApaMHUCTHIX OE3BOTHBIX HE(PTEH.

Moouguxamopwr  (Oenpeccopvl) B3aUMOJCUCTBYIOT €  MOJIEKYJaMHU
napaduHa,  COKPHUCTAIU3YSACh WM  aacopOuMpysach  Ha  TOBEPXHOCTH
MHUKPO3apOIBIIICH, TPEHATCTBYS TaKUM 00pa3oM TMPOIecCy YKPYIMHEHUS |
arperauu KpucTaJjioB. 9TO CIOCOOCTBYET MOAJAEPKAHUIO KPUCTAILIOB NapaduHa
BO B3BEIICHHOM COCTOSHHU B TIPOIECCE MX JBMKEHUSA. TakuMu CBOWCTBaAMHU
00Jaaf0T aTaKTHYECKUI TMOJMIPONIICH ¢ MOJIeKysspHOil Maccor 2000-3000,
HU3KOMOJICKYJISIPHBIN TOAMH300yTHIIEH ¢ MoJeKkymsipHod Maccoit 8000-12000,
COTOJUMEPHl OJTUJIEHA W BUHUWJAIETaTa, TPOWHOM COTMOJUMEp OTHICHA C
BUHUJIAIIETATOM ¥ BUHUJIITUPPOJIUTOHOM

JoctonncTBa MOAUGUKATOPOB - U3MEHEHUE KPUCTATUIMYECKOW CTPYKTYPHI
napaduHOB B MOMEHT BO3HUKHOBeHHS U ynepxkuBanue ACIIO Bo B3BemIeHHOM
COCTOSIHUY B MOTOKE He(TH Ha TyTH OT 3a00s1 1o HII3.

Henocratku wmomudukaropoB - Hambojee CyImECTBEHHBIH A deKT
HaOIOMaeTCsl TPW TeMmIeparypax BBoAa B He(Th BHIIIC TeMIEpaTyphl Haudaja
KpUCTAJTM3aIuK napaduHa.




NogakowdE

Jlucnepeamopul (peazenmovt MHO20()A3H020 Oemep2eHmMHO20 0eliCmeus) -
XUMHUYECKUE peareHThl, oOnamarouie cBoWctBamu [IAB, ob6ecneunBaroiue
o0pa30BaHUE TOHKOJMUCIIEPCHON CHCTEMBI, KOTOPYIO YHOCHUT MOTOK HE(dTH, UTO
MNPENsSTCTBYET OTJIOXKEHUIO KPHUCTAJUIOB TNapaduHa Ha cTeHkax Tpyo. K HuM
OTHOCAT: COJIM BBICIIUX CHHTETHMYECKHX IKUPHBIX KHUCIOT, CHUJIUKATHO-
CyJIb(OHOJBbHBIE PACTBOPHI, CYIb(GATUPOBAHHBIA IIETOYHON JUTHUH, PACTBOPHI
HITAB U1 AITAB

JHoctounctBa aucnepratopoB - 3ddextuBHoe npemorBpamenue ACIIO B
YCIOBUSX CKBRXHH U TPYOOIIPOBOOB, a Takxke d(h(ekTHuBHAS 3aII1UTa pe3epByapoB
OT JOHHBIX OCaJIKOB.

HenocraTku nucnepraTopoB - HEOOXOAUMOCTh AOCTAaBKM OCHOBHOM MaccChl
UHTUOUTOpa B TOYKY C TEMIIEPaTypod BBIIIE KPUTHUYECKOW TeMIepaTyphl
Hacelmenust HegTu napaduaom (nHorma 1o [1311), moBBIIIEHHBIE TO3UPOBKH.

OddexruBHocth nHrnouTopa ACIIO yamie Bcero onpeaensercs mo MeToay
«XOJIOTHOTO CTEP KHs» KAaK OTHOIIEHHWE DPA3HOCTU KOJIMYECTBA OTJIOKEHUU Oe3
MHTUOUTOpa U C UHTHOUTOPOM K KOJIMYECTBY OTJIOKEHUH 0€3 MHrHOUTOpA.

Kpome Toro Morytr uCHosib30BaTbCs METOJIUKHU «XOJOAHOW IUIACTUHBDY,
«POTAITMOHHOTO TUCKA» U JP.

Hcnonp30BaHne XUMUYECKUX PEAreHTOB JJIsl MPEJOTBpAIleHNUs 00pa30BaHuUs
ACIIO BO MHOTHMX cClydasX COBMEIIAIOT CO CIIEAYIOIMMHU TEXHOJIOTMYECKUMHU
MPOLIECCAMM:
pa3pylIeHUs] YCTOMUHUBBIX HEQTAHBIX SMYJIbCHIA;
3aIUTHl HEPTENPOMBICIIOBOTO 000PYI0BaHUS OT KOPPO3UU;
3aIIUTHI OT COJICOTJIOKCHUIA;

(dbopMUPOBaHUS ONTUMATBHBIX CTPYKTYP Ta30KUAKOCTHOTO IMTOTOKA.

B pesynbrate npumenenus: uaruoutropos ACIIO Habmtogar0Tes cneayome
MOJIOKUTEIIbHBIC MOMEHTHI:
yBEJIIMYEHUE MEKOUHUCTHOTO Nepuoja B 3-5 pas;

YBEJIMYEHHE CpeHero oobeMa 100bIBaeMOM KUAKOCTH B 2-3 pasa;

CHIDKEHHE BS3KOCTH HEPTSHOW AMYIbCHUH, BHYTPUTPYOHAS IEIMYIbCAIUs (s
peareHTOB KOMIIEKCHOTO JICHCTBUA);

3almUTa 000pyJ0BaHMsI OT KOPPO3UH (AJIs1 peareHTOB KOMITJIEKCHOTO JIEHCTBUS);
VIYUIIEHHE PEOJIOTHUYECKUX XapaKTEPUCTHUK BBICOKOMApA(pUHUCTRIX HedTen
(CHIDKEHHE BSI3KOCTH U TEMITepaTyphl 3aCThIBAHU );

CHI)KEHHME pabouuX JaBJICHUN Ha HEPTENpoBOAAX;

YBEJIMYEHHE MPOMYCKHOW CIIOCOOHOCTH HE(TETPOBOIOB.

K uarn6utopam ACIIO nipeabsBIsIOTCS CIeAyIONMNe TPEOOBAHMUS:
npenotBparnieHue oriaoxkenuid ACIIO npu nozuposkax go 100 1/T;

YCTOMYMBOCTD MIPU XPaHEHUH, TPAHCTIOPTUPOBKE;

COXpaHEeHHE MHTHOMPYIOIUX CBOMCTB mpu TeMnepaType 70-80 °C;
OTCYTCTBUE BIIUSHUS Ha KQ4eCTBO HE(PTH;

OTCYTCTBHE BIIUSHUS HA MPOIIECCH TOATOTOBKU HEe(TH U HedTenepepadboTKu;
yMepeHHasi TOKCHYHOCTh U M0KapOOTIaCHOCTH;

TEXHOJOTUYHOCTH;




BO3MOYKHOCTb IPOU3BOJICTBA OTEYECTBEHHON MPOMBIIIJIEHHOCTBIO.

Texnonoruu npumenenus: uaruoutTopos ACIIO:

HEIpepbIBHAS M NEPUOJUYECKas Mo/1adya UHTHOUTOpa B 3aTpyOHOE MPOCTPAHCTBO
CKB&)KMHBI HA36MHBIMU JIO3UPOBOYHBIMU HACOCAMH;

HENpephIBHAS U IEPUOANYECKas M0/1ada MHTHOUTOPa B HA3eMHOE 000PY/I0BaHHE;
nepuoInyeckoe 3aaaBnuBanne nuuruouropa B [1311;

10/1aya BO BHYTPUCKBAXKUHHOE 000pYI0BaHNE IITyOMHHBIMU J103aTOPAMU;

BBOJI MHTHOUTOPA B MOTOK MTOJAABAEMOT0 I'a3a B Ta3IM(PTHBIX CKBAXKHHAX.

Yoanumenu ACIIO. llpuveHeHue yIaauTeled W pacTBOPUTENECH IS
JUKBUJAIMN YyXKe 00pa3oBaBIIMXCS OTJIOKEHUU SBIAETCS OJHUM M3 Hamboisee
U3BECTHBIX U  PACHpPOCTPAHEHHBIX  WHTCHCUQHUIMPYIOIMIUX  METOJOB B
TEXHOJOTHUECKHUX TMpoleccax A00BIYM, TPAHCIOPTA, XPaHEHUS M TepepaboTKu
Heptu. OpHako W 3Aech mpodiema Mmoadopa yAAIUTENsT U PacTBOPUTENS B
KOHKPETHBIX YCJIOBHSIX BEChbMa JIaJIeKa OT CBOETO Pa3peIICHHUS.

Jnsa paspymenus ACIIO napadguHOBOrO THIAa MCHONB3YIOT, KaK MPaBUIIO,
PacTBOPUTEIIN Ha YIIIEBOJAOPOIHON OCHOBE.

OOBIYHO B KayecTBE yAajJuTeNIed U pacTBOPUTENIECH MPUMEHSIIOT PEarcHThI
MECTHBIX MPOU3BOJCTB, HAIIPUMEp, MpoLEcca MOATOTOBKM HEPTH Ha MPOMBICIAX
TepMUYECKUMH MeTofamu. Takue ypanurenu npuroansl uisi otMmbiBa ACIIO
ac(pajbTEeHOBOU CTPYKTYPHI.

llonnoma yoanenus maxux ACIIO 6 3HauumenvHou cmenenu noGbILIAEMCS
npU KOMRAYHOUPOBAHUU pPACMEOpUmeneii ¢ y21e8000pooamu OUCHep2amopamu
acanomenos, Hanpumep apOMAMu4ecKUMU y21e8o00pooamu, YUKIUYEeCKUMU
ayemaniamu, NOGEPXHOCMHO-AKMUsHbiMU 6ewjecmeamuy. Kak mnpaBuiio, moadop
yaanutenern ACIIO ocylecTBISIOT IMIUPUYECKH. DTO CBI3aHO C HEAOCTATKOM
uHpopmauuu o crpykrype u cpoiictBax ACIIO u ¢ mMajnoi M3y4YeHHOCTHIO
MeXaHM3MAa B3aUMOJECHCTBUSA HEPTIHBIX AUCIEPCHBIX CUCTEM C PACTBOPUTEIISIMHU.

Knaccudukanuio ucnons3yeMbix B Hactosimiee Bpemsi ynanuteneit ACIIO
MO’KHO MPEACTaBUTH CIEAYIOIIMM 00pa3oM.

— WuauBunyanbHble pacTBopuTenn  (O€H30J, TOJYOJ, KCHJIOJIBI,
JUMETUIIMOKCAH; TUXJIOPATaH, JUXJIOPIPONAaH; CEPOYIIEPO; YETHIPEXXJIOPUCTHIN
yTIIepon).

— PactBopuTenu paziMyHBIX KJIACCOB OpPraHUYECKUX COEAUHEHUU
IPUPOIHOrO XapakTepa (razokoHpaeHcat; ra3oBblil 0en3un; LLIDITY; cxuxeHHbIE
YIJIE€BOAOPOAHbIE Ta3bl; JIETKast HEPTH).

— Cwmech npoaykToB HedremepepabOTk U HeDTeXUMUU (TOTYyOJIbHAs
bpakius; KepocuHoBas (Gpakuus, NHUPOKOHJIEHCAT; YaWT-COUPUT; OTHWI- U
OyTuI0€H30JIbHAST PPAKITUN).

— Opranunueckue cmecu ¢ ao6askoi ITAB (razoBwiii 6enzun - IIAB;
apoMaTU3UpoBaHHbIN KoHJeHcaT ¢ HedThio - AIIAB wnu HIIAB; numepst u
TpuMepbl n300ytuiieHa - HITAB).

— Oprasvyeckue  KOMIO3MIMM  LEJEHANpPaBICHHOTO  CMELIEHUs
XUMHUYECKUX U HEPTEXUMUYECKUX NPOAYKTOB (KEpOCHH - alleTOH; KEPOCHUH -
CIUPTHI U (W) KETOHBL; ).



- y,Z[aJ'II/ITCJII/I Ha BO,Z[HOI>'I OCHOBE MW MHOI'OKOMIIOHCHTHBIE CMCCH
(paCTBOpBI OKCHAJIKMJIIMPOBAHHBIX IIPOAYKTOB; JIMTHMH C BOJHBIM PAaCTBOPOM
mejI049u, CMCCh aJ'II/I(baTI/IIIGCKI/IX U apOMAaTHUYCCKUX YIJICBOAOPOAOB C IIPOCTBIMHU

a(upaMu MHOTOATOMHBIX CITUPTOB).
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Puc. 8.4. Mexauusam feiicteus ynamreneii ACITIO

JIocTOMHCTBA JUCNIEPraTOpPOB Ha BOJHOM OCHOBE:

o sabdextuBHee, yem pactBoputenu yaansaioT ACIIO;

o IMPOHUKAIOT B OTJIOKEHUS, HW30JUPYIOT MOJIEKYJIbl TapapuHOB,
dbopMupyst BOKPYT HUX 000JIOUKY, KOTOpasi HHTUOUPYET UX POCT;

o 00paboTKH MO JUCIIEPTrUPOBaHUIO Oojiee Oe30MacHbl, MOCKOJIBKY BOJIa

SBJISIETCS OCHOBHBIM KOMITOHEHTOM CMECH; 00paOOTKH IUCTepraropaMu JeHIieBiie
METOJIOB, OCHOBAHHBIX HA JPYTMX peareHTax, Mockoyibky 90 % HCcmonb3yemMoro
MPOJYKTa COCTaBIsET BOJIA.

Vrummzanmsa HakomiieHHbx ACIIO

OpnHoil M3 OCHOBHBIX MpoOJieM HEePTeIOOBIBAIONIEH OTPACIH SBISCTCS
HaKOIUICHHUE HE(PTIHBIX OTXOAO0B, OOpa3ymlIIuXCcs B IIpolecce J00bIYH U
MOATOTOBKM HE(PTH KaK Pe3yJIbTaT OYUCTKH TEXHOJIOTMYECKOTo 000pYyIOBaHUSA U
HKT, cOopa n0OByIIEUHBIX IMYJIbCUNA U BBIBOJIA CTOMKHX MPOMEKYTOUYHBIX CJIOEB
(IpeHAXHBIX SMYJIbCHUM) W3 TEXHOJIOTMYECKUX amnapaToB MpeaBapUTEIHLHOTO
cOpoca MmIacToBOM BOJIbI, MPOIIECCOB TIIYOOKOTO 00€3BOKUBAHUS U 00E€CCOTMBAHUS
HeTH.

Nx monBepraroT 3aXOpoHEHUIO B 00J0TaX, OTBajdax, aMOapax-HaKOMUTEISIX U
YACTUYHO CKUTAIOT, YTO MPUBOJIUT K 3arpsI3HEHUIO OKPY KAIOIEeH Cpeibl, HapyIllaeT
HKOJIOTMYECKOE PaBHOBECHE B MPUPOJE U HEIEIECOO0pa3HO C IKOHOMHUYECKOU
TOYKHU 3PEHUSL.

OcHOGHbIMU — HANPABNIEHUAMU — PAYUOHATLHO20  ucnoav3osanusi ACIIO
ABAAIOMCAL:

1. BbijiesieHue u3 ACIIO TBepabIX yriieBOAOPOAHBIX KOMIIOHEHTOB
(030KepUT-ChIpeIl, IEPe3rH), acPaTbTEHOCMOJIUCTHIX BEIIECTB M pa3ieibHOE
MCITIOJIb30BAaHUE TIOJYYCHHBIX (pakiuii (mepepadorka Ha HII3);

2. BBeneHre ACIIO B cocrtaB OMTYMHBIX BSDKYLIMX KOMIIO3MIIMM TNpU
JIOPOKHO-TPAHCIIOPTHOM CTPOUTEILCTBE U B COCTAB JIPYTUX THAPOU3OJISIIIMOHHBIX
ITOKPBITUH;



3. oopabomka ACIIO HenocpedcmeeHHo HA NpoMblCle 8 Yelsax
808/1eUeHUS UX 8 NOMOK MOBAPHOU HedmuL.

[locnenusast 3amaya HauOoJsiee akTyalibHa i HEQPTAHBIX PETUOHOB U
npombicioB, yaaneHHbix oT YIIIIH u HII3. Bmecre ¢ Tem ona Haumbomee
HKOHOMHUYECKH BBITOJIHA, CITIOCOOCTBYET MOJHON YTUIU3AIMK OPraHNYEeCKON YacTu
ACITIO, He TpeOyeT 00JIBIIOr0 KOJIMYECTBA TEXHUKHU U MaTepUAIbHBIX PECYPCOB.

C »oToi 1enbl0 TpeiokKeHa KOMIUIEKCHas J100aBKa - )21e8000p0O0HbII
pacmeopumens ACIIO na apomamuueckoti ocHoge, exmodarowui I1IAB
0emepeeHHo-0UCnEePIUPYIouie20  0eucmeus,  NOJApHble  HEeIIeKmpOoaumsl U
pecynsimop pH (& kauecmee 0CHO8HO20 pacmMEOpUMens MOo*Cem UCNOIb308AMbCSL
Hegpmb).

Beenenne komriekcHoW m00aBku B HedTh miusa  pactBopeHus ACIIO
00eCreunBaeT:

® MaKCHUMAaJbHOE CHUKEHHE BA3KOCTH CMECHU IIPU BBICOKOM COAECPKAHUU
ACITIO 1 MUHUMaTBLHOU TEMIIEPATYPE;

® CHUXEHUE TeMIlepaTypbl 3acThbIBaHUs HePTH s yMEHBIICHUS
YHEPreTUYECKUX PACXOJIOB;

e yckopenue pactsopumoctd ACIIO npu MUHHManbHOM TEMIIEpaType,
YTO 00€CIEeUNBACTCA HU3KOBSI3KUMH PACTBOPUTEIISIMU;

® MAKCHUMAaJbHYIO0 TJIyOUHY J€IMYJIbCAlUM CMECH ISl OTHAENeHUs
OayIacTHOM BOJIHOM (ha3bl U MEXTPUMECEH;

e npenorBpameHue noBTOpHOro ocaxiaeHus ACIIO Ha creHkax
TpyOONPOBOJOB IIPH TO3UPOBKE B HUX CMECH.

BBonumast B He(Th nipu noArotoBke yruwimsupyeMbix ACIIO komrmuiekcHas
no00aBKa JOJKHA CIIOCOOCTBOBATh CHUKEHUIO TMHAMUYECKON BSI3KOCTH PacTBOPOB
KaK 3a CUET MOBBIIICHUS PACTBOPSIONICH CITOCOOHOCTH KOMIO3UIIUK JOOABICHUEM
Jerkux ¢pakiuii, Tak U 3a CYET JEMPECCOPHBIX CBONUCTB MOBEPXHOCTHO-AKTHUBHBIX
KOMITOHCHTOB JI00aBKH 110 OTHOIIEHHIO K TyromiaBkuM coctapiistrorium ACIIO.

B nezaBucumocTu ot cBoiicTB, nosrydaeMbix ACIIO ux koHueHnTpaius B HehTu
BO M30ekaHue JaTbHEHIINX OCIOKHEHUH HE T0KHa mpeBbimath 20 % Macc.

Tema 4 OCHOBHBIE KOMIIOHEHTHI HE®TEITPOMBICJIOBOM
XUMHNHA JJA THTEHCUOUKAIINN HEPTETI'A30A0BbIYN

OO01Me cBeieHHs 0 METO/IaxX yBEJIMUEHUs He(Tera3ooTaauu MmaacToB
Kucnorasie 00paboTkn mpr3a00MHON 30HBI CKBaYKUHBI
['mapasnuueckuii pa3psiB mwiacta (I'PIT)
[TonumepHble peareHTbl, 0COOEHHOCTH (PU3MKO-XUMHUUYECKUX CBOMCTB U CTPOCHHUE
MOJIUMEPOB.
[Tpumenenue [TAB nnst noBeilieHus HePTEOTIAUM IJIACTOB

Oﬁmne CBCACHUSA 0 METOAAX YBCJIHYCHUA He(l)TerazooTnaqn IJ1aCTOB



UToObl MaKCHMaJIbLHO TMOBBICUTH OOmUK 00BeM HedTEeOTHaun W3 IUIACTA,
yIY4IIUTh Ka4eCTBO MPOJYKTAa U COXPAHHUTH CKOPOCTH PabOT, OCYIIECTBISIOTCS
MEPOTPHUSITHS, HAIIPAaBJICHHBIC Ha

- YCWICHHE NPUTOKA; LEJbI0 BO3JCUCTBHUS SABJISCTCS B JAaHHOM Cly4ae
BOCCTaHOBJICHHE (PMIIBTPAIIMOHHBIX Ka4eCTB MPHU3a00HHOM 30HHI,

- YMCHBIICHUC BA3KOCTHU KUAKOCTH M IIOBBIICHUA IMPOHHUIACMOCTH IIOPOI;
MMOCJICOAHAA XapaKTCPUCTHKA ITIOBBIIIACTCA 3a CUET IMPONU3BOANMOI'0 HCKYCCTBCHHBIM
HYTéM PaCHINPCHUA KaHAJIOB OTTOKA U ITOBBIIICHUA TPCHIMHOBATOCTH, KPOMEC TOI'O,
JIMKBUAUPYIOTCA Hapa(bI/IHOBBIC H I'PA3CBBIC OTIIOKCHUA CO CTCHOK KaHAJIOB.

Ilpu3aboitnaa 30ma — 3TO yYacCTOK IUIACTa, MPUMBIKAIOIIMKA K CTBOJY
CKB)KHHBI, B TIPECIIaX KOTOPOTO U3MEHSIOTCS (PUIBTPANMOHHBIE XapaKTEPUCTUKH
MPOJYKTUBHOIO IJIACTa B MEPUO]] CTPOUTEIHCTBA CKBAKUH, UX AKCIUTyaTalluy WU
pEMOHTA.

CrocoObl  TOBBIINICHHUS TMPOHUIIAEMOCTH MOTYT  KJIACCHU(UIIMPOBATHCS
CJICTYIOIIM 00pa3oM:

o Xumuueckue ob6ecneunBaioT 3G(EKTUBHOCTh  BO3ACHCTBUS B
KapOOHATHBIX KOJUIGKTOpaX C HHU3KOM IIPOHMIIAEMOCTHIO, HaIpuMmep, B
CIIEMEHTHUPOBAHHBIX MMECUaHNKAX ¢ KApOOHATHBIMHU JIEMEHTAMH B COCTABeE.

° QDu3uyeckue CcrocoObl BO3JICUCTBUSA CHOCOOCTBYIOT JUKBUALUU
OCTaTOYHBIX BOJ W TBEPAOU MEJIKOJMCHEPCHOM B3BECHM M3 MPHU3a00IHOI 30HHBI,
JaHHble (haKTOpbl HEMOCPEJICTBEHHBIM O0pa3oM BIUAIOT Ha TOBBIIICHUE
XapakTepUCTHUK MPOHUIIaeMocTh. K HUM MOKHO OTHECTH:

- BIIMSTHUE BHOpAIIHiA;
- BIMSTHUE aKyCTHYECKOTO XapakTepa;

- TIEpPEeCTpeNl CTaphIX TPOMEKYTKOB B COYCTAHUH C JIOMOJHHTEILHON
nepdoparnueit

N3 yncna XumMu4eckux crocoOOB MOBBIIICHUS MPOHUIIAEMOCTH TIOPOJI Yallle
JPYTUX UCTIONB3YIOTCS METObI KUCIOMHOU 00PAOOMKU CKBANCUH.

OCHOBOM yKa3aHHBIX METOJOB CIY>)KUT HaJIMUME Y HCIOJIb3YEMON COJISTHOU
KHUCIIOTHI CHOCOOHOCTH K PaCTBOPEHHIO KapOOHATOB MPH ITyOOKOM MPOHUKHOBEHUHU
B IUIACT; 3TO O0OECMeYMBACT JOCTATOYHO IIHUPOKOE PACIPOCTPAHEHUE CETH
YBEJIIMYEHHBIX KaHAJIOB BOKPYI CKBaXHHHOIO CTBOJA, Ornaromapsi dYemy
MIPOHUIIAEMOCTD TIJIACTa MOBBIIIACTCS, Kak U 3()(PEKTUBHOCTH (HYHKIIMOHUPOBAHUS
CKBa>KUH.

Kpome BoCCTaHOBIEHHS NPOHHLAEMOCTH TOPOJ, JJISI  YBEJIMYECHUS
He(TeOTAaUM IJIACTOB MOTYT OBITh MCIOJIB30BAaHbI U JPYTHE€ METO/bl, KOTOpPbIE
MOYXHO pa3feiauTh HAa MATH TPYNIl: THAPOAWHAMUYECKHE, Ta30BbIC, TEILIOBBIE,
XuMu4eckue, pusndeckue. PaccMOTpuUM KakIbIi U3 HUX.



K rpynne eudpoounamuueckux METONOB OTHOCATCS MEPONPHUATHUS, B OCHOBE
KOTOpBIX JIeXKAaT BTOPUYHbIE METOABI BO3ACHMCTBMS Ha IUIACT HA OCHOBE
HOJIIEpKaHUS JIACTOBOTO AABJICHUS 3aKaUKOW BOJIBI:

o dbopcupoBaHHBII OTOOP KUIAKOCTH;
o HECTAIIMOHAPHOE (LIUKINYECKOE) 3aBOJAHEHUE U .

K rpynmne eazo6bix MeTO10B OTHOCUTCS MOAU(DUKAIIUS BTOPUYHBIX METOJIOB
BO3JECHCTBHUS HA IJIACT 3aKAYKOW PA3JIMYHBIX Ta30B:

° BO3JICHCTBUE Ha IUIACT YTIIEBOIOPOIHBIM T'a30M (B ToM unciie [HDITY).
C yenvro nuxkeuoayuu acghairbmocmoionapa@duHoOB8blX OMAONCEHUU U OCYUIeHUs.
NpU3abOoHOU 30HbL.

o BO3/ICMICTBUE HA IJIACT JIBYOKUCHIO yTiiepoa (B TOM YHUCIIE€ BBIXJIOMTHBIM
razom);
o BO3JICICTBUE HA IJIACT a30TOM H T.]I.

K rpynne mennogsix METOAOB OTHOCSTCS:

o HEeMpephIBHAS 3aKauka Mapa B IJIACT;
o BBITECHEHUE HE(TU TOpSUYCH BOJIOH;
o MapOLUKINYECKUE 00pabOTKHU CKBAXKUH U T.I.

K rpynne ¢gusuueckux METOAOB OTHOCATCS PA3JIMYHBIE TEXHOJIOTMH Ha
OCHOBE BO3/ICHCTBUS Ha IUIACT PA3IUYHBIMUA BOJTHAMMU:

o AIIEKTPOMAarHUTHOE BO3/IEVICTBHUE;

o TUAPABINYECKUM pa3phIB IUIACTA;

o OypeHue TOpU30HTANIbHBIX CKBAKHH.

K rpyIiIe XUMUYECKUX METOI0B OTHOCSTCS TEXHOJIOTHH,

IpeIyCMAaTPUBAIOLIME 3aKayKy B IUIACT AareHTOB, OO0JIAJalOIIMX BBICOKON
MOBEPXHOCTHOM  aKTHMBHOCTBbIO, W  TMpPEJHA3HAYECHHbIE [JI1  TOBBIIICHUS
ko3 uieHTa BEITECHEHHS U KO3 PUIIMEeHTa 0XBara:

o BbITeCHEHHE He(dTH BOAHBIMU pacTBopamu [IAB (Bkirouas meHHbIE
CUCTEMBI);

o BBITECHEHUWE He(TH  pacTBOpamMu  MOJMMEPOB U JAPYIUMHU
3arymarmiuMi areHTaMu

o BBITECHEHNE HEPTH 1IETOYHBIMU PACTBOPAMU;

o BBITECHEHHE HE(PTU KOMMO3ULMSIMH XUMHUYECKUX DPEAreHTOB, B TOM
YHUCJIE MULIEJUIIPHBIMHA PACTBOPAMH U JIp.;

o MUKPOOUOJIOTUYECKOE  BO3JCHCTBHE  (3akauka  OHMOIOJUMEPOB,
BO3JICUCTBHE  NPOJIYKTOB  JKU3HEACSTEIbHOCTH  €CTECTBEHHOW  IUIACTOBOM
mukpopaoper —  IIAB, raza, KuUCIOTBI, BO3JEUCTBHE  MPOIYKTOB

KUZHEJEATEIbHOCTU UHTPOIYIIUPOBAHHOM TIACTOBON MUKPODIIOPHI).

['maBHBIMEH 3a7a4amMu, KOTOpBIE PEIIAIOTCS MPU MPOBEICHUU PadOT TIO
BBIPABHUBAHUIO TPO(PIIST TPHUEMUCTOCTH HATHETATEIbHBIX CKBAXKWH, SBIISFOTCS



BBIpaBHUBaHWE (POHTA BBITCCHCHHS, TOJKIIOUYCHUE HHU3KOIPOHHUIIAEMBIX
MPOIJIACTKOB B pa3pabOTKy U BhITECHEHUE HE(DTU U3 HUX.

O0padoTka npu3ad0iHOM 30HBI C MOMOIIBI) KHCJIOT

Bo3zaeiicTBUE KHCIOTBI MCHOJIB3yeTCAd JUIsi OOpaOOTKH  CKJIAJbIBAIOLIUX
HE(TEHOCHBIH MIacT KapOOHATOB, UTO CITOCOOCTBYET MOBHIIICHUIO TPOHUIIAEMOCTH
IIacTa.

Kak IMpaBHJIO KUCJIOTHEIC 06pa6OTKI/I OCYHCCTBIIAIOTCA B HCCKOJIBKO CTaﬂHﬁ:

Ha nepeoii cmaduu mnpoBoauTCs TNpeaBapUTENIbHAS MPOMBIBKA COJIEBBIM
pacTBOPOM XJIOpUAA aMMOHUS, KCHJIOJIOM HJIM TOJYOJIOM C LIEJIbI0 BBITECHEHUS
BOJIbI, COZIEp>Kalllell KATHOHBI HATPUS, KAl U KaJlblKs, OT CTBOJA CKBAKUHBI JIJIs
peaoTBpalieHus: 00pa30BaHUs OCAIKA.

Ha smopoti cmaouu npoBoauTCs mpeaBapuTebHas MPOMBIBKA pacTBOPOM
COJISTHOM KHUCJIOTOM (MM opraHuyecko kucioror). Takke HeoOXoaumas s
penoTBpanieH|s: 00pa30BaHUs OCAIKA.

Ha mpemveti cmaouu ocyuiectBisercs 3akauyka OCHOBHOI'O KHCIOTHOTO
pacTBopa. B xauecTBe UCHOIB3yeMOro pacTBOpa MOTYT ObITh UCIOJIB30BaHbI JINOO
rpsi3eBas KUCJIOTa, KOTOpas MpeACTaBiseT coO0l cMech COJITHOM M IUIaBUKOBOM
KHCJIOT, TM00 TIIMHOKHUCIIOTA, IPEACTABIIAIONIAs COOOH CMECh COJISIHOM, TITaBUKOBOM
U OOpHOI KHUCIIOT. 3aKauka OCYIIECTBJSIETCS IMyTEM CIycKa T'MOKON TpyObl Ha
riyOuHy nep@oparuu, ¢ ycIoOBUEM 00eCTIeUeHHs MOCTOSHHON THIPOLUPKYJIISALUY,
MIOCJIE YETO Yepe3 ATy TpyOy B CKBAXXHHY 3aKaUUBAETCS PACUETHBINA 00BHEM KHCIIOTHI,
KOTOpas 3aTeM IPOJaBiIuBaeTcs B riyOuHy 1iacta. [Ipu 3akauyMBaHUM KHCIOTHOTO
pacTBOpa U €ro TPAHCIOPTHPOBKE BIIyOb IMJIAaCTa PEAreHT TPAHCIOPTUPYETCS B
TOJIIY TUIacTa uepe3 nepdopairionHsie oTBepcTrsi. OCHOBHOM KHUCIOTHBIN COCTaB
yAAISET Wbl U TJIMHBI(QTFOMOCHIMKATHI), 3arPSI3HAIOIINE TJ1ACT.

Ha nocnenneit, yemseepmoii cmaouu poU3BOAUTCS 3aKavyKa MPOMBIBOYHOM
KUJAKOCTU. B KadecTBe KOTOpOMl MOTYT OBITh MCIOJIB30BaHBI HE(PThH, BOJA WU
COJIEBOM PaCTBOP, BHITECHSAIOIIMI OTPAOOTABIIYIO KHCIIOTY U3 MPU3a00MHON 30HBI
B IUIyOb IUIACTa, MPEAOTBpaIlas BbINaJACHUE HEKENATEIbHOTO 0CaIKA.

Vkazannvie npoyeccovl ocywecmenaiomcs npu nooave MAKCUMATbHBIX
00bEMO8 JHCUOKOCIU, NPU DMOM Clledyem He O0NYCKAMb 8 30He NepphopayuoHHbLX
omeepcmuti npeavluenus. 0agieHus, HeodX00UMO020 Ol OCYWeCmeNIeHUs pa3pbléa
niacma.

OcranoBuMcs ToipoOHEe Ha cocTaBax. I pszesas Kucioma, Kak yxKe ObLIO
BBIZICJICHO paHee MpPEeACTaBIIeT cO0OM CMECh CONISIHOW M TUIABUKOBOM KHUCIOT B
ONPEAEIEHHOM COOTHOLLIEHUMU.

CooTHollleHne MOAOMpPAETCS B 3aBUCHUMOCTH OT TaKUX MapaMeTpoB, Kak
TeMIepaTypa; NPOHUILIAEMOCTh; MUHEPAJIOTMYECKU COCTAB.



B citydyae BBICOKMX TeMInepaTyp HU3KOM MPOHUIIAEMOCTH, a TAKKE BBICOKOTO
KOJIMYECTBA TJIMHUCTBIX MAaTEpUajoB COOTHOLIEHHE KHCIOT HEOO0XOAMMO
YBEJIUYUTh, TIPU 3TOM KOHUEHTpPALUsl KUCIOT JOJKHA CHUXKAThbCsl. JlaHHBIM (akT
OOBSICHSIETCS TEM, UTO BO3PACTAET PUCKU HEXKEJIATEIbHOIO 0CaAKO0Opa30BaHMUs.

Tunbl nomvepos, npuMenseMbIX s cosaanns xuakocteii FPII na Boanoii ocHose

[Tponntaemoctn, M/l

3arannusnposati- 3arannnsnpo
HbliT Hecyanmnkg, Batbiii necya-
200-500 HuK, jo 10

[Mos0°C  |HCI-15% HCI-7,5% |HCI-10 % HCI - 8 %
HF - 5 % HF - 2,5 % HF - 3 % HF - 1 %

Bumue 80 °C |HCI - 12 %  |HCI-7 % HCl - 6 % HCI-3 %
HF - 3 % HF - 1,5 % HF — 1 % HF - 0,5 %

Temmneparypa [Mecuannk, [Tecuannk,
200-500 J0 10

Opnako mOMUMO O0Opa3yIOIIUXCSl B pe3yJibTaTe Takol oOpabOTKH OCAaJIKOB,
OJIOKUPYIOIINX TOPBI, MOKET MPOUCXOUTH OJIOKUPOBAHKE TIOP U TOPOBBIX KAHAJIOB
HECTAOWJIbHBIMA MUTPUPYIOLIUMHU TIIMHAMH.

I nunokucniomor 00pa3yroT Ha NOBEPXHOCTH OCOOYIO TUIEHKY Ha TOBEPXHOCTH
NOpOAbl, KOTOpass HE MO3BOJISIET YAaCTULIAM TJIMHBI OTPBIBATHCA OT MOBEPXHOCTH,
nmpefoTBpamas npoueccsl murparuu. OHa Takke, KaKk U TPA3€Bas pearupyer ¢
WIaMHU ¥ TJIMHAMH, OJHAaKO J100aBKa OOpHON KHUCIOTHI MPUBOJUT K CHUKCHUIO
CKOPOCTH B3aMMOJEHCTBUS U 00pa30BaHNI0 OOPOCUIMKATOB, CO3/IAIOIIUX JIUIKYIO
IUIEHKY, KOTOpas OJIOKMpYEeT BO3MOXKHOCTh IE€peHoca TIJuHBbL. Takue cocTaBbl
BBITOJIHO TPUMEHATh B TE€X CilydasX, Korja HeoOxoauma majasimas oOpaboTka
KOJUIEKTOpPA, a TAKXKE, KOTJa €CTh PUCK MUTPALIUN YaCTHUL] TJIUH.

[Tpu kucinoTHOM 00pabOTKE HEOOXOIUMO YUUTHIBATh CIEAYIONINE (DAKTOPHI.

BaxxHpIM mapameTpoM, KOTOPBIM OKa3bIBaET CYIIECTBEHHOE BIIMSHUE Ha
s pekTHBHOCT,  pabOTHl  BBIOPAHHBIX  COCTABOB  OKa3bIBaeT  TIIyOMHA
MPOHUKHOBEHUS. I/1yduna npoHuKHoeeHus TPEICTABISET COOON paccTOsHUE,
KOTOpOE MOKET MPONTH CBeXkasg HeoTpaboTaHHas kuciora. Yem riay0Oske KucioTa
MIPOHUKAET B IUIACT, TEM JIJTMHHEE KaHAIIbI OHA MOKET CO3/1aTh M T€M 00JIe€ BHICOKUM
Oyner neduT (6s1x00) MIACTOBOTO (PIIrOMa TOCHE MPOBEACHHON 00pabOoTKHU.

Peakuuonnas akmugnocmo- mapamMeTp XapaKTePU3YIOIIHIA PaCTBOPSIOLYIO
CIIOCOOHOCTh KHCJOTBHI B €IWHHIy BPEMEHH HA EIUHUILY TOBEPXHOCTH M
OIPEACIISCTCS KOJIUISCTBOM CBOOOIHBIX HOHOB BOAOPO]Ia, CIIOCOOHBIX BCTYIATh B
XUMHUYCCKYIO peakiuio. Tak 0ojiee CHUIbHBIC KHCIOTBI, BCIICJICTBHE BBICOKOU
CTCIICHU JIMCCOIMAIMU 00JaJaroT OOoJIbIICH pPEAKIMOHHOW aKTHBHOCTBIO M
Hao00OPOT.

Kpome Toro, 6osibiiioe 3HaUY€HHE MMEET CKOPOCTh IMOJIBOJIa WJIM 3aKayKU
KHUCJIOTHI, @ TAKXKE IJIACTOBAs TEMIIepaTypa.

B cnyuae rapbonamuvix KoONIEKMOPO8 UCNONB3YIOMCSA OOlee waosuue
coCmaewl, A UMEHHO COCMABbl HA OCHOBE: OP2AHUYECKUX KUCIOM, d2PUupos KUuciom;
XJI0pCoOepAHcaujux coneti, KUCIOMHBIX IMYIbCULL (IMYTIbCUSL Yelle8000POOHOU U
Kuciomuoul gaz ¢ oooaskou [1AB —amynveamopos ucnonb3yomes amuosl U AMUHbL).



CoBpemeHHbIE paboune COCTaBbI PEICTaBISIOT co0oii
MHOTOKOMITOHEHTHBIE JKUAKOCTH. Tak K KOMIIOHEHTAM TaKHUX CMECeH MOXHO
OTHECTH:

- caM KHCJIOTHBIN areHT;

- AMYJBraTop (B Cliydae dMYJIbCUU);
- IHTUOUTOP KOPPO3HH;

JloGaBku:

- PAa3JINYHEBIC ITAB (I[CI)MYJII)F&TOPBI, IICHOT'aCUTCIIM, CMaYUBarommc arcHThl,
ITIOHU3HNTCIIN Me)i((l)aSHOFO HaTAXKCHHUA 1 T.I[.);

- CcTaOWUIM3aToOpbl Kene3a (XENaTHbIE COEIMHEHHMS, BOCCTAHABIMBAIOLIUE
arcHThI);

- pactBoputenu ACIIO (acdanbrocmomonapaduHOBBIX OTI0KEHUMA
- IOHU3UTENU TPEHUS U Jp.

B xkauectBe IIAB wuacto HCIIOJIB3YIOTCA TaKHC COCIMHCHHA, KakK
aHKI/IJICYJIB(baTbI, aMHHBI, OPTAHUYCCKHUC aMI/IHOCYJIB(I)aTLI UT.AO

I'mapaBianyeckuil pa3pbiB IJ1aCTA

YTOOBI YyCUITUTH MPUTOK K 320010 CKBaKMHBI HE()TU WM Ta3a NpU BCKPHITHH
KOJUIEKTOPHBIX MOPOJ C HU3KUMH MOKA3aTeIsIMU MPOHUIIAEMOCTH, B IPU3a00MHON
30HE JI0JKHA OBITh C(HOPMUPOBAaHA CUCTEMA TpelrH. UTOOBI Ipy 3TOM 00ECIeUnTh
oOpa3oBaHME HOBBIX TPEIIMH M PACHIMPEHUE YK€ HMMEIOIIUXCS, B MarepHale,
oOpasymoleM npru3adoiHyI0 30Hy HEOOXO0AMMO MPOU3BECTH T'MIPOPa3phIB IJIACTA.
[Tpouecc npeacTapisieT coOON 3aKauKy TEXHOJOTUYECKOM MKHUAKOCTU B IJIACT MPHU
JABJICHUH, IPEBBIIAIOLIEM JIABJICHHUE pa3pbliBa IUIacTa. BriociencTBuM MoiayyeHHas
TpEllMHA 3aKpEeIUIIeTCs] PAaCKIMHUBAIOUIUM MaTEpUajOM TMPOMIAHTOM, WU
00pabaTbIBaeTCs KUCIOTHBIM cOCTaBOM (KuciOTHBIN ['PIT).

OcHOBHBIE NPUMEHSIEMbIE TEXHONIOrHUeCcKHe Kuakoctu [ PII nmpunsiTo nenurs

Ha:

o MOJIMMEPCOACPKAIINE KUJIKOCTH HAa BOJHOW OCHOBE;

° KUJKOCTH Ha HE(TSIHOU OCHOBE;

o MHOTO(a3HbIE U BCTICHEHHBIE KUKOCTHU (TeHbl Ha ocHOBe N2 u CO2,
a TaKXKe UX OMHAPHBIC CMECH);

o IMYJIbCUU;

o oecnionumepHbie kujakoctd ['PII Ha BogHON ocHOBe (pacTBOpHI
BA3KOYIPYTHX MOBEPXHOCTHO-aKTUBHBIX BeliecTB (BYITIAB));

o KHCJIOTHBIE CUCTEMBI.

Kunkoctu I'PIT noimkHbl 0071a1aTh CIEYIOMIMME MapaMeTpamMu:



° COBMECTHUMOCTBIO C TIUIACTOBOM mopojod u  duonaamu, s
npeoTBpalieHuss 00pa3oBaHUs OCAJIKOB U SMYJICUH C MOCIEIYIONIUM CHI)KEHUEM
TUIAHOBOW ITPOBOAUMOCTH TpewmuHbl ['PII;

° JIOCTATOYHOU BSI3KOCTBIO JJIs1 TPAHCHOPTUPOBKHU MPOMIAHTA, KOHTPOJIS
«YHUCTOTO JABJICHUS» B TPEIIUHE, XaAPAKTEPUIYIOIIETO CXJIONBIBAEMOCTD TPEIINHBI,
Y MOJyYE€HUSI TUIAHUPYEMOW T€OMETPUHN TPEILIUHBI,

o HU3KUMH [TOTEPSIMU JTABJIEHUS HA TPEHUE, CHUKAIOIIUMH Harpy3Ky Ha
HazeMHoe obopyaoBanue ['PII;
o KOHTPOJMPYEMBIMH YT€UKAMU KUJKOCTH B IIJIACT, BIUSIOIUMHU TAKKE

Ha MOJIy4eHHE TpeOyeMOl reOMETPUHN TPEIIUHBI.

JL1sl caMOCTOSATETLHOTO PACCMOTPECHHUS:
Kuokocmu I'PII na 6oonou ocnose
Kuokocmu I'PII na yeneso0opoonoil ochoge

ITosmmmepHbIe peareHTbl, 0CO0eHHOCTH (PU3MKO-XUMHYECKUX CBOWCTB U
CTpPOEeHHE MOJUMEPOB

Cpenu XMMHUYECKMX METOJOB HWHTEHCU(UKAIUKU AOObIYM HauOOoJbIIee
pacrpoCcTpaHEeHUE MOJYYMIN TEXHOJIOTUU C TPUMEHEHUEM CIIUTOTO MOJIUMEPHOTO
COCTAaBa.

H3BecTHBIC B HaCTOAIICC BPCMA BOOOPACTBOPUMBIC ITOJIUMCPBI MOI'YT OBITH
Pa3aCIICHBI Ha YCTBIPC I'PYIIIILI:

o OPUPOAHBIE OHOIMOJMMEPHl  PACTUTEIBHOTO TMPOUCXOXKICHUS U
MPOAYKTHI  KU3BHENEATCIBHOCTH  MHUKPOOPTraHW3MOB  (T.e.  HEHUTpaJIbHbIE
He3apsHKEHHBIE TTOJINCAXAPU/IbI);

o MOAU(PUITUPOBAHHBIC OMOTIOIMMEDHI, HMMEIOLINE OOKOBYIO
CUHTETHUYECKYIO 1I€Tb;

o NOJIMBUHWICAXapUAbl (C caxapuAHbIMH (parMeHTaMu B OOKOBOM
TN );

o CUHTETUYECKUE TTOJIMMEPBI.

Haubonee mupoko U3 noaucaxapuoos pacmumenbHO20 HPOUCXOHCOEHUS.
MPUMEHSIIOTCS LIEJITI0I03a, KpaxMall, XUTUH, TUTHUH, IEKTUH, TyapoBasi CMOJIa U X
MIPOU3BO/IHBIC.

COOH

Yeanono3a XHTHH Cmpoenue nexkmuna

[IpencraButensiMu noaucaxapuoos @GepmeHmamueHo20 NpPOUCXOHCOEHUS
SIBIISIIOTCS KCAHTaH, IEKCTPaH, CKICPOTIIIOKAH H JIp.



Cunmemuueckue 8000pacmseopumbvie noaumMepbl MOTYT TIPEICTABIATh COOOM
HEUTpaJIbHbIE TOMOIOIUMEPHI (MOJUITUIICHOKCU, MOJUaKpuiaaMui, noau—~N—
BUHWITIUPPOIIUIOH ), TOMOIOJIUMEPHI ¢ KUCTOTHBIMU TpyHIaMy B OOKOBBIX IEISX
(monmMakpuiIoBas ¥ MOJMMETAKPUIOBAs KUCIIOTHI, TOJIUCTUPOJICYIb(POHAT), a TAKKE
COTMOJIUMEPHBIE MPOAYKThI, HauOOJIEE H3BECTHBIMHU MPEACTABUTEISIMU KOTOPHIX
SBJIIOTCSL COTIOJIMMEP aKpuilamMuaa C aKpWIOBOM KHUCIOTOW W(WIIM) aKpUIaTOM
HaTpusi. ConoiuMepHble MPOAYKTHl MOTYT OBITH TOJIYYEHBI TAKKE THUAPOIH3IOM
MOJIMaKPUIIAMHU/JIa UK TTOJTMAKPUIIOHUTUPUIIA.

CH;=CH + CH:=CH + NaOH ——= - CH: - CH CH: - CH ——
C=0 C=0 C=0 C=0
MNH2 OH — NH: — n = O Na— m
Axpunammg AKPWNOBEA KUCNOTA AHMOHHBIA MOAMMED
B TCXHOJIOTHAX ITIOBBIIIICHUA He(bTGOTI[a‘{I/I I1acra HauOoJIbIIIEE

pacmpocTpaHeHUuEe TOJYYHJI BBICOKOMOJICKYJSIpHBIM monuakpuiamua  (ITAA),
XuMHu4eckasi (hopmysia KOTOpOTo IpeicTaBiieHa Ha puc. 1.

F en—cn—Hco—cn —F
C:—O C|=O
NH, Inl ONa |
Puc. 1 I'maponan3oBaHHBIN NOJMAKPUIIAMU]L
Kiaccuueckoe 3aBomHeHue ¢ npumeHeHuem ITAA  3akmovaercs B

pPaCTBOPEHHM CYXOr0 IOPOIIKA B KOHLEHTPALlMM HECKOJIBKUX COTBIX JOJIEH
MPOLIEHTA U 3aKayKa FOTOBOT'O pacTBOpa B 00bEME HECKOIBKUX JECATKOB MOPOBBIX
00BEMOB Yepe3 CUCTEMY HAarHETaTEeIbHbIX CKBAYKUH.

Baxnelimeli 0CO00€HHOCTBIO PACTBOPOB TMOJIMAKPUIAMUIA SABISIETCA TOT
bakT, 4TO UX MOJABMXHOCTh B TIOPUCTOM Cpejie 3HAUUTENFHO HUKE TOJIBHXKHOCTH,
PaCcCUMTAHHOM IO BSI3KOCTH, N3MEPEHHOW CTAHAAPTHBIMH METOAMU. JTO SIBIICHHE,
Ha3bIBAEMOE «PAKmMopom CcOnpomueIeHusn», CBSI3aHO C HEHbIOTOHOBCKUM
XapakTEepOM TEUEHWsS paCTBOPOB TOJMMEPOB, a TakKe C ajcopOruer wu
MEXAHUYECKUM YJIEP)KUBAHUEM IIOJIMMEPOB B IIOPUCTOMN CPELE.

[TonumepHOE 3aBOJHEHNE 3aKTI0YAETCs B J00ABIEHUH NOJIUMEPA B BOAY IS
YMEHBIICHUSI €€ MNOABWKHOCTH. [lomydaeMoe yBEIMYEHHE BS3KOCTH, a TaKKe
YMEHBIIICHUE TPOHMUIIAEMOCTH TI0 BOJHOU (a3e, KOTOpPOE MPOUCXOIUT TMpHU
WCITOJIb30BAaHUU HEKOTOPBIX IOJMMEPOB, SBISETCS NPUUMHON 00Jiee HU3KOTO
OTHOILIEHHS] TOJIBIJKHOCTEH. OTO YMEHBIIEHHE OTHOIICHUS MOJIBUKHOCTEN



noBbIIIaeT 3PPEKTUBHOCTH 3aBOJHEHHUS 3a cUeT 0oJiee BBICOKOrO Koddduimenrta
OXBaTa MO 00bEMy M MeEHbIIEeH He(TEeHACHIIIEHHOCTH B OTMBITOI 30He. bonee
BBICOKUH KOd((UIIMEHT HePTEOTHaYHn SBISETCS SKOHOMUYECKUM CTHUMYJIOM IS
OCYILECTBIICHUS MTOJIMMEPHOTO 3aBOJHEHUSI.

OpnHako 4KcTOE MOJMMEPHOE 3aBOJIHEHUE ¢ TpuMeHeHneM [TAA umeer psia
HepocTaTKoB. Tak, TexHonoruu npuMmenenus: [TAA ns nosbleHus HePTeoTAAYN
acta TpeOyIoT 3akadyku OoJbIIoro oobema pactBopa (mo— psagka 20—40 %
IIOPOBOTO 00BbEMa) IpU BBICOKOW IIEHE Ha pEareHT; pacTBOp IMOJIMAKpHIIaMHIa
MOJIBEPKEH TEPMOJECTPYKIMHU MpHU IiacToBor Temmepatype Boie 70 °C. Meton
uMeeT HU3KYI0 3((EeKTMBHOCTh NMPUMEHEHHUS Ha MO3AHEH cTaauu pa3paboTKu
MECTOpOXKAeHU mnpu oOBogHeHHOCTH Ooznee 70 %. Ilocne oOpa3oBaHus B
KOJIJICKTOPE OOIIMPHBIX IPOMBITHIX 30H OTPEOYIOTCS 0010 00BheM 3aKauKu, HO
Jla’ke 3TO MaJio BIMAET HA MOJKIIOYEHNE MAJIONIPOHUIIAEMBIX TPOTIACTKOB.

N3 Bcex MHKPOOHBIX MOJUCAaXapuaoB, HUCIOJIb3yeMbIX B He(]TemooObue,
HanOOJbIIEH CyMMOM TpeOyeMbIX TEXHOJIOTMYECKUX KadyecTB 00JIaJJaeT KCAaHTaH.
OHn npexncrasnsieT codoil rk3ononucaxapu. OCHOBHAsA LeNb KCAHTaHA COCTOUT U3
1-4-rmrokonupano3bel.  Kaxaplii BTOpOM  OCTATOK  TJIIOKONMHMPAHO3bl  HECET
TpUCaxapuIHyI0 OOKOBYIO Lielb. BokOBas 1ienb CONEPKUT ABA OCTATKA MAHHO3BI U
OCTaTOK  TIJIOKOYPOHOBOM  KHMCJIOTBL. OJHa  MOJEKyJa MaHHOIIMPAHO3bI
alleTUJIMPOBaHa, a MAaHHONMPAHO3a, HaXOJdIIascs B KOHIE OOKOBOHM 1emnw,
BKJIFOYAET IHPOBUHOTPAAHYIO KucaoTy. (CxemaTuyHas CTPyKTypa KCaHTaHa
IIPEICTABIICHA HA PUC.
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O o
O, OH O
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OH
OH

CrtpykrypHas popmyiia KCaHTaHa

Oc00EHHOCThIO KCAaHTAaHOBBIX PACTBOPOB, KaK U BCEX MOJIMMEPHBIX, SIBIISETCA
MX BBICOKAsl BA3KOCTb IPU MaJIbIX KOHIEHTPALMAX UCXOJHOIO peareHTa, KOTopas
COXpaHsETCA M IIPU BBICOKOM MHHEpaiau3aluu cpensl. PacTBop ycToHW4YuB K
MEXAHUYECKON JECTPYKLMUHU, BO3JICUCTBUIO KHUCIOT Y BBICOKOW TEMIIEPATYPHI.
PacTtBopsl KcaHTaHa 0Opa3ylOT CTPYKTYpbl C OYE€Hb BBICOKOW BS3KOCTHIO B
COCTOSIHUU TIOKOS, U CIIOCOOHBI 00pa30BbIBaTh YCTONYMBBIE I'EIE€BbIE CTPYKTYPHI
npu KoHueHTpanusax ot 0,05 % macc.



IIpumenenue ITAB nuis noBbIIeHus: HeTeoTAA4YH IJIACTOB

ITAB win moBepXHOCTHO-aKTHBHBIC BEILIECTBA - MPEJCTABIISIIOT COOOM, Kak
MPaBUIIO, TU(PUIBLHYIO MOJIEKYJTY, COCTOAIIYIO0 U3 TUAPOGHOOHON U TUIPOdUIEHON
qacTeu.

B xauectBe ruapodoOHoro ¢parmenta [IAB BhICTymaoT yriaeBogopoaHbIE
COCTABJISIFOLIUE, TAKUE KAK:

- YIIICBOIOPOIHBIE paIuKaIbl TapadUHOBOTO psifa U ux npousBoaubie [CHs-
CHz-(CHz)n-CHz-];

- YIIIE€BOJAOPOIHBIE PaduKabl 0JIe(HHOBOTO psia U uX mpousBoaHbie [CHs-
(CH2)n-CH=CH-(CH2)m-CH2-]. Panukan MoXeT cojiepaTh OJHY, JBE WIA TPU
HEHACBIIIICHHbIE CBA3H;

-aJIKUIaPOMATHUYCCKUE YIIICBOJOPOAHBIE PaaUKadbl M HMX IPOH3BOIHBIE:
[CH3-(CH2)n-CeHs-]  anmxmmbensonsr, [CHs-(CH2)n-CeHsO-]  ankwundeHo bl
3aMecTHTEI B OEH30JILHOM KOJbIIE MOIYT OBITh KaK JIMHCHHBIMH, TaK H
pa3BETBICHHBIMUA. DTO MOTYT OBITh MOHO- WM JHW3aMEIICHHBIC AIKHI0ECH30JIbI
(ankundeHob).

B kxadecTBe ruipoQrIIbHBIX ()PArMEHTOB Yallle BCETO BHICTYIAIOT:
- kapOokcunatHag rpynna [-COOMe] (Me - metami, H, amun);
-cynbonatHas rpymnna [-SOsMe];

- cyabdarnas rpymmna [-OSOs;Me];

-3TokcuibHag rpynmna [-(CH2-CH20)nH], npucoenuuennas no OH- rpynmne
CIIUPTY, KUCTIOTE, aMUHY, aMUJy, THOCTIUPTY;

- cynbdortokcumnatnas rpymma [-(CH2CH20)nCH,CH,-O-SOsMe];

- YeTBEPTUYHbBIE aMMOHHEBBIE TPYIIIIbI (COJIM UM OCHOBAHUS ), BKJIFOUas a30T
rerepouukiIndeckux coequuenui, [N+(R)sX-] (X - ranmona uim ruipokcun);

- rpynmupoBku cynbonns n cymbpokconms: [-S-(R)(RII'X n [-
S(O)RR "X

- rpynnupoBka okcuaa amuHa [-N(R),— O];

- ankunonamuHas rpynmna [-CON(CH2CH,OH),];

- 6etannoBbIe rpymmbl [-R3N*-CH2-COO-].

Knaccudukanus BonopactBopumbix [IAB, npunsras na [l MexaynapoaHom
koHrpecce no ITAB u pexomennoBanHas MexAyHApOJHON oOpraHu3aluend Mo
crangaptuzaiuu  (ISO), ocHOBaHa Ha PAcCMOTPEHUU XHUMHUYECKOW MPUPOJIbI
MOJIEKYJI ¥ BKJIFOUaeT 4 ocHOBHBIX Kinacca [TAB:

e MHonorennnic IIAB, B TOM uncie:



— Anuonoaxmuenvie - pevicteue IIAB omnpenensercs aHWMOHAMH,
MOTYYaAIOIIUMUCS TPU JUCCOIMALIMM B BOJIE; MPOU3BOJAHBIC KAPOOHOBBIX KHUCIIOT
[RCOOMe]; mnepBuunbic u BTOpHuHble ankwicyidbdarel [RCH,OSOsMe],
[R'R"CHOSOs;Me];

- Kamuonoakmuenvie - neWCTBUE OIpENENseTcd TMOBEPXHOCTHO-
AKTUBHBIMM KaTHOHAMH, MOJydaromuMmucs npu auccounanmu [IAB B Boge;
YETBEPTUYHBIC A30THCTHIE COCIMHEHHUSI C aTOMOM a30Ta B TE€TEPOLUKINYECKOM
KOJiblle (MPOW3BOAHBIC TUPUAMHA, XWHOJMHA, WMHUJIA30JIMHA, WMUJA3071a,
MUIepUuinHa, MOp(hOIUHA U JP.); OKCUIbI AMUHOB.

- amgomepuvie  (am@oaumuvlie) - KOTOpble BEAYT ce0s  Kak
aHnoHoaktuBHble [TAB B mienouHoi cpene U kak katuoHHsle [IAB - B kucioii.
ankuaamMuHokapoonoBele  kucinoTel  [RNH(CH2)NnCOOH];  IIpou3sBojaHbie
ANKUIUMUAA30JIMHOB:

N=C—N*—CH,C00~  RUCO.H,—N—C=N*— CH,C00
R I;I'ZH_-.fZHpﬂR' II?.
Paie. 6.5, Crpysrypaan dhopayan uLuye Gasoaimon
o Henonorennsie IIAB - xopomo pacTBOpSIFOTCS B BOJE€, HO HE
JTUCCOIIMUPYIOT HAa WOHBL. PacTBOpUMOCTh uX OOYyCIOBJIICEHa 0O0pa30oBaHHEM
BOJOPOJHBIX  CBSI3H ~ MEXAY  MOJIGKYJIaMH  BOJbI WU KHCIIOPOJOM
MOJIUATHIICHTIIMKOJIEBOTO (PparMeHTa MoJeKyibl. [IpeacraBurenu 3TOro Kiacca
ITAB:
- NOIHOKCHATUINpoBaHHbIe criupThl [RR CHO(CH,0)nH];
- HOJMOKCHATHINpOBaHHbIe atkmideHosl [RCsH1O(CoH4O)nH];

— MOJIMOKCHUATUIIMPOBAHHBIE  TMPOAYKTHI: HAa  OCHOBE  aMHHOB
[RNH[C;H4,O]nH]; Ha ocHOBe amumoB [RCONH(C,H4O)nH];

YuuteiBass cTpoeHne MoJiekysl [IAB # MHOrOIIaHOBBIM MEXaHWU3M
B3aMMOJICUCTBUS HMX BOJHBIX JUCIEPCUH C IJIACTOBBIMH  (IIroMIaMH U
NOBEPXHOCTBIO MMOPOoabl, 3(pdexTuBHOCT, npuMeHeHus I[IAB mpu 3aBonHeHuun
MECTOPOKIACHUM ONpeesieTcs ClIeIyoUMH (pakTopamu:

. nob6aska [IAB B Bomgy cHuxkaeT MexdasHOEe HATSKEHUE BOJBI Ha
rpanuiie ¢ HedThio. [Ipu HHU3KOM Mek(]azHOM HATSHKEHUM KAt HEPTH JIETKO
nehopMHUpPYIOTCS ¥ QUIBTPYIOTCS Yepe3 CYKEHUS MOp, YTO YBEIHUYUBACT CKOPOCTh
uX repeMenieHus B racte. Huzkoe 3HaueHne Mex(a3HOTO HATSHKSHUS Ha TPAHUTIE
Muleia—HedTh  MOXKET  CIOCOOCTBOBATH  coarobunuzayuu  HEePTIHBIX
KOMIIOHEHTOB B 00beme muiiest [TAB.

Conwounuzayusa npeocmasisem coOOU nepexoo HePpaAcmEOPUMBIX UIU
MAOPACMBOPUMBIX COCOUHEHULL 8 pPACMBOPEeHHOe COCMOsHUe No0 Oelcmeuem
NOBEPXHOCMHO-AKMUBHLIX 8EU4ECMS.

Comtobunu3anust yriaeBoAOpPOJIOB B TaKUX CTPYKTypaxX MPOUCXOAUT C
IOMOULIBI0  «pPEaKUMi»  MepepacupelesieHus  BOJOPOAHBIX  CBsized  0e3
CYLIECTBEHHBIX M3MEHEHUI CBOOOAHOM »Hepruu cucreMsl. IlosTomy yBenuueHue



MTOBEPXHOCTH CPEIbl MOXKET MPOUCXOIUTH 0€3 CYIIEeCTBEHHBIX 3aTpaT CBOOOIHOM
DHEPrUM — IYTEM POCTa KOHIICHTPAIMHU COJIOOMIM3UPOBAHHBIX KOMIIOHEHTOB
HE(TH B TUTACTUHYATOM MUIEIUIIPHOM CJI0€, Pa3AeIIIONeM BOJTHYIO JUCTICPCHIO U
HEe(PTh;

. nob6aBka [IAB B BOJly yMEHBIIIAET KPAeBbI€ YIIbl CMaUYMBaHUS 3a CUET
CHUKEHHUSI TOBEPXHOCTHOTO HATSHKEHUS, T.€. YBEIIMUMBAET CMAUYMBAEMOCTh IMOPO/IbI
BooM. [ mapodumn3anus B COBOKYITHOCTH CO CHIDKEHUEM MEK(Pa3HOTO HATSHKEHUS
MPUBOJNT K CHJIBHOMY OCJAOJICHHIO aJre€3WOHHBIX B3aWMOACHCTBUN HE(TH C
MOBEPXHOCTHIO TMOPOAbl. OCOOEHHO CHIBHO 3TOT (HaKTOp TMPOSIBISIETC TPHU
BBEJICHMH KOMIIO3UIIMOHHBIX cMecei ITAB;

. BoAgHble aucnepcuu IIAB mnposBiastoT Moromiee JAEHCTBHE 0
OTHOUIEHUIO K HE(TH, MOKPHIBAIOIIECH MOBEPXHOCTH IMOPOJbl TOHKOW IJIEHKOH,
CIIOCOOCTBYSI pa3phIBy IJIEHKH HEPTH. AJCOpPOHMpYSCh Ha MOBEPXHOCTU pazjiera
He(pTU ¢ BOJOW M BBITECHS AKTUBHBIE KOMIIOHEHTHI HE(TH, CO3JAIOLIME Ha
MOBEPXHOCTH pazjesia aJcopOLMOHHBIE CJIOU C BBICOKOW mpouHocThio, I[TAB
oOneryaroT aepopMalMi0 MEHHCKOB B NOpax—Kanwuisipax Iuiacta. Bee 310
YBEIUYMBACT TIOyOMHY M CKOPOCTh KANWUISPHOTO BIOUTHIBAHUS BOABI B
He(TEHACHIIIICHHYIO MTOPOTY;

. non neiictBueM [IAB uHTEHCHMBHEE MPOUCXOMUT TUCHEPTUPOBAHUE
Heptn B Bosme, mpuueMm I[IAB crabummsupyroT oO0pa3yroIIyrCcs IUCIEPCHIO.
Pa3zmepsl HEPTIHBIX Kamneidb YMEHBINAIOTCA. BEpoSTHOCTh WX NPUIUTNIAHUS K
TBEPJOM TIOBEPXHOCTH CHWIKAETCSA. DTO BEACT K 3HAYUTEIHLHOMY ITOBBIIIICHUIO
OTHOCUTEIBHOU (Pa30BOIl MPOHUIIAEMOCTH HOPUCTOM CpeIbl sl HEPTU U BOJIBI;

. Jydiiee BeITeCHeHne HedTu Boaou, conepxkaie [TIAB, cBsizano Tak—
xe ¢ cuibHbIM BiusiHueM [IAB Ha peosnorumdeckue cBoiictBa HedTH. BBenmenue
[TAB B HedTh mpUBOIUT K H3OJIMPOBAHUIO MHUKPOKPHUCTAIJIOB TapapuHOB U
pa3pyIlIeHUI0 MPOCTPAHCTBEHHOW CTPYKTYphl, 0OpasyeMod HMH, a Takke K
BHenpeHuto [IAB B acconumatel achanbTOCMOIUCTHIX BEIIECTB, CICACTBUEM YEro
SBJISIETCS CHIDKCHHME CTETNEHU arperupoBaHusi acalbTOCMOJIUCTHIX BEIIECTB B
pPacTBOPE HU3KOMOJIEKYJIAPHBIX YTIIEBOJAOPOJIOB U, B KOHEUHOM CUETE, YMEHBIIICHUE
BSI3KOCTH HE(TH.

Tema S MUHUMHU3ALUA TIPOLUECCOB KOPPO3NHA
IInman nexununu
DU3UKO-XUMHUYECKHE aCTIEKThI ITPOIecca KOPPO3UU
MeTob1 KOPPO3MOHHOTO MOHUTOPHHTA.
Metonbl 3a1IUTHI OT KOPPO3UHU
NHrubuTopsl KOppo3uu
3ammTa TMOA3EMHOTO O0OpYAOBaHUS JOOBIBAIOIIMX CKBaXKUH WHTHOUTOpaMU
KOppO3UH

DU3MKO-XUMHUYECKHE ACTIEKTHI MPoLecca KOPPo3uu



Koppo3usa - paspyluieHue MeTala B pe3yJbTaTeé XUMHUYECKOTO WU
ANEKTPOXUMHUYECKOTO B3aUMOJIEUCTBUS UX C KOPPO3ZUOHHOM CPeIon.

Boga  oOycrnoBnmBaeT — SJCKTPOXMMHUYECKHW  XapakTep  KOPpO3WHU
MIPOMBICITIOBOTO 000pyaoBaHus. C yBEIMYCHHEM CTETICHH OOBOJHEHHOCTH HEPTH U
ra3a yBEJIMYUBAETCS CKOPOCTh KOPPO3HOHHOTO MOpakeHusi meraimia. OCHOBHOU
MOKa3aTellb UHTEHCUBHOCTH KOPPO3MOHHBIX MPOIECCOB - CKOPOCTh KOPPO3HUH V,
MM/TOJ; T/M?+CyT.

o Eciu ckopocts koppos3un menee 0,15 mm/rom - meramn oOnamaer
BBICOKOM  KOPPO3MOHHOM CTOMKOCTPIO M TPUTOJAEH JJIs  HU3TOTOBJICHUS
OTBETCTBEHHBIX JeTajeii 000py10BaHUS.

o Ecnu ona cocrasinsier ot 0,15 mm/roa 1o 1,5 MM/Tof - Ipu OTCYTCTBUU
MOBBIIICHHBIX TPEOOBAHUN METAJUIBl 3TOM TPYMIBI MOTYT HCIHOJB30BaThCA IS
U3TOTOBJICHUSI TUIIOBOTO 00OPYA0BaHMS (EMKOCTH, TPYOOIIPOBO/IbI, KOHCTPYKIIUU U
T.J.).

o Ecnu 6onee 1,5 MM/Tro1 - MeTaJl1 HE IPUTOJEH JUIsSI UCIIOJIB30BAaHUS B
HedTerazoo0bIue.

[Ipu KOHTaKTe MeTaIa ¢ JIEKTPOJUTOM BO3HUKAET PA3HOCTh IMMOTEHITHAJIOB,
KOTOpasi CBsi3aHa C HECHMMETPHYHBIM pacCIpelIesiCHHeM 3apsDKEHHBIX YacTHI] Y
rpaHull paszaena (a3, TO ecTb 00pa3yeTcsi O080UHOU dNeKMpudecKuil CJol,
BO3HMKHOBEHHE KOTOPOTO OOYCJIOBJICHO IEpPEXO0JIOM HOHOB M3 OAHOW ¢a3bl B
JPYTYI0, U30MpaTenbHON agcopOIMell Ha MOBEPXHOCTH METaJlla YaCTHUI] U3 KUJIKOU
a3l ¥ psIIOM JPYTUX MPUUHH.

B OonpmmMHCTBE cioydyaeB NPOTEKAHHE JIIEKTPOXUMHUYECKON KOPPO3HH
XapaKTepHU3yeTCs JIOKAIU3alMel aHOITHOTO U KaTOJIHOTO MPOLIECCOB HA Pa3JIMYHBIX
ydyacTKax KOpPpOAMPYIOLIEH TMOBEPXHOCTH  MeETajla, 4YTO HNPUBOJUT K
HEPaBHOMEPHOMY WJIM MECTHOMY KOPPO3MOHHOMY Pa3pyLICHHUIO METAITMYECKON
MTOBEPXHOCTH.

OCHOBHBIE peakliK, TPOTEKAIOIINE B IPOLIECCE KOPPOZUOHHOTO PA3PYIICHUS
MeTaJljia, IPEeACTaBIEHBI CIEAYIOINMU PEAKIIUSIMU.

HA AHOJIE:
Fe — 2e - Fe?* (6bIcTpo);
HA KATO/IE:
npu pH <4,3
2H* + 2e - 2H (MemIeHHo);
H+ H - Hy;
2H* + 2e + 1/20, - H,0 (661cTpo);

npu pH > 4,3



0, + H,0 + 4e - 40H~;
Fe?t —20H™ — Fe(OH),;
4Fe(OH), + 0, + 2H,0 — 4Fe(OH);.

Ha IMPOLCCChI 3JI€KTpOXHMH‘I€CKOﬁ KOppo3nn MCTAJUIOB CYIICCTBCHHO
BJIMAIOT KaK BHYTPCHHHUC, TaK 1 BHCITHUC (i)&KTOpBI.

K BHyTpeHHuM ¢akTopaM Cle€IyeT OTHECTHU: TEPMOJAUHAMUYECKYIO
YCTOMYMBOCTh  METajUla, COCTOSSHUE €ro  IMOBEPXHOCTH, CTPYKTYpPHYIO
HEOHOPOHOCTD, BIUSHUE HATIPSKEHUN U JIP.

K BHemHum ¢daktopaMm oTHOCATCA (HaKTOPBI, CBS3aHHBIE C COCTABOM
KOPPO3HOHHOM CpeJibl U YCIOBUSIMU KOPPO3HH (TeMIIepaTypa, CKOPOCTh ABUKECHUS
Cpellbl, IaBJICHUE U JIp.)

['a3, HedTh, KOHJEHCAT U TJIACTOBAs BOJIA COJIEPKAT B OOJIBLIMHCTBE CIy4yaeB
pPacTBOPEHHBIE Ta3bl, BBIACTSIONINECS U3 HUX M0 MEpPEe CHIKEHUS JaBICHUS MIPH UX
noaseme. Hanbomnee koppo3noHHO-aKTUBHBIMU Ta3amu sBisitoTces HpS, CO;z u Oy,

MeToabI KOPPO3MOHHOI0O MOHMTOPHHIA

Monumopunz MOXHO TPEICTaBUTh, KaK OPraHW30BaHHYIO C IPOTHO3HO-
JUArHOCTUYECKUMHU LEIIMU CUCTEMY CIUIAHUPOBAHHBIX B IPOCTPAHCTBE U BPEMEHHU
HAOJNIOACHU 32 COCTOSIHUEM peabHbIX OO0BEKTOB. CyIIECTBYIOT pa3iIHYHbIE
KJ1accu(pUKayu METO10B KOPPO3UOHHOTO MOHUTOPHHTA:

— o01meMy xapakTepy — JlabopaTopHble, BHeIaOopaTOpHble (IMUIOTHBIE) U
AKCIUTyaTallMOHHbIE (TIOJIEBHIC);

—  TMEePUOJAMYHOCTH  —  TEpUoANYecKue  (BU3yallbHBIN,  BECOBOM,
yIIBTPa3BYKOBOM, paguorpaduyeckuil) 1 HenpepoiBHbIE (xuMuyeckuil ananus Ke,
U3MEPEHUE BIEKTPUUYECKOr0 CONPOTUBIICHHUS);

— IIPOOJOJDKHUTCIBbHOCTH — AJIMTCIIBHBIC 1 YCKOPCHHBIC,

— OTHOUIIEHUIO K O0OBEKTY U3MEPEHUS — MIPSAMBIC HCCIIeIOBaHMUs (BU3YyabHbIN
OCMOTpP, XHMHUYECKHE METOJbl, METOJAbl (PUKCAIUU KOPPO3UBHBIX IIEHTPOB,
W3MEpPEHUE JIMHEUHBIX Pa3MEpPOB) M KOCBEHHbIE (METOIbl BECOBOM, CBETOBBIX
s dexToB, POTOCTUMYIUPOBAHHONU SJIEKTPOHHONW SMHUCCHUH, TEIIoBOro 3¢ dexra,
MEXaHUUYECKHUe, IICKTPOXUMUYECKHUE, ONITUYECKUE, U T.1.);

— TOKa3aTessiM COCTOSHUSI METaJlyla — U3MEHEHHE BHEIIHETO BUJIA, MOTeps
MacChl, YMEHBIIIEHHE TEOMETPUYECKUX pPa3MEPOB, CKOPOCTh TMOTEPH MAaCCHI,
CKOPOCTb yMEHBIIICHUSI pPa3MEpoB, TJIyOMHA TPOHUKHOBEHUS pa3pyLICHUH,
CKOPOCTb MMPOHUKHOBEHUS, KO (PHUITMEHT HEPAaBHOMEPHOCTH, U T.J.

MeToasbl 3a1IMTHI OT KOPPO3UU
Meroabl 3amuThl OT KOPPO3UM MOKHO pa3efiuTh Ha (U3HUECKHE,
TEXHOJIOTUYECKUE U XUMUYECKUE.



K ¢pusnueckum merogam MOXKHO OTHECTH:

e [IporekTopHas 3amura;
e [IpumeHeHne KOPPO3MOHHOCTOMKUX MaTEPUAIIOB;
e [IpumeHeHne 3aIUTHBIX IOKPBITHM.

TexHonorudyeckue MCTO/JIbI 3alIIUTEI OT KOPPO3UU:

OrpaHnuyeHue BOAOIPUTOKA;
[IpenoTBpanieHue NonaaaHus KUCIOPOa;
CHMIXEHHE TeMIlepaTypbl IEPEKaYMBAEMOM JKUIKOCTH;

e licximroueHne 3akauykd B CHUCTEMY IPECHOMBOBI COAEpIKaIIEH
aHa’poOHbIC OaKTEPHH;

e CHMWXEHHE CKOPOCTH IOTOKA;

XHUMHUYECKUE METOIBI 3AILUTBI OT KOPPO3UU:

e [IpumeHeHHE HTHTUOUTOPOB C HU3KOM KOPPO3MOHHOM aKTUBHOCTBIO;

e [IpuMeHeHHE I 3aKAYKU TEXHOJOTMYECKUX >KUIAKOCTEH HMMEIOIINX
HU3KYIO KOPPO3UOHHYIO aKTUBHOCTB;

e [IpenynpexaeHue CMENIMBAHUSA CEPOBOJOPOJHON IPOAYKLUU C
IIPONYKIMEN, KOTOPasi €ro HE COAEPKUT.

IIpyuMeHeHre HHTUOMTOPOB KOPPO3UU

[IpuMeHeHne MHTUOUTOPOB SABIIICTCS OJHUM W3 HanbOosee 3P(GEKTUBHBIX U
PKOHOMMYECKH 11e71eCO000pa3HbIX METOJIOB OOPHOBI ¢ KOPPO3UECH.

OcHOBHOE€  Ha3HA4Y€HHWE -  CHIDKEHUE  aKTHUBHOCTUM  Ta30BbIX U
AIEKTPOJIMTUYECKUX CpEl, a TaKXke TMPEIOTBpPAlllEHHEe aKTUBHOIO KOHTAKTa
METAJJTMYECKOM TOBEPXHOCTH C OKpyXkarlieil cpenoi. MHrubutop moikeH
o0nazaTh XOpOIIEeW pPacTBOPUMOCTBIO B KOPPO3MOHHOW Cpele M BBICOKOU
a7ICOpPOIIMOHHOMN CITOCOOHOCTRIO Ha TTOBEPXHOCTH METaslia

NHrubuTopsl KOppo3uH KIaCCUPUIIUPYIOT CICTYIONTUM 00pa3oM.

o Ilo muny xoppo3uorHOU cpeobi:
— WHTUOUTOPBI KUCIIOTHOM Koppo3uu (B ToM yucie CO2, H2S);
— WHTHOUTOPBI KOPPO3HH B BOJTHO-COJICBBIX pacTBOpax;
— WHTUOUTOPHI OMOTIOBpEKACHUMN (OaKTEpULIUIBI).
o Ilo muny 3ameonsiemvix KOPPO3IUOHHBIX NPOYECCOB.
— WHTHOUTOPHI TA30BOH (B TOM YHUCIEe aTMOC(HEPHOIT) KOPPO3UH;
— KOHCEPBAHTHI,
- WHTHOUTOPBI KOPPO3HOHHO-MEXaHUIECKOTO Pa3pyIICHUS;
- WHTUOUTOPHI HABOJOPOKUBAHUS U T.II.
o Ilo cocmasy:
- OpraHUYECKUE U HCOPTaHUYECKUE;
- a30TCoJIepIKaINe COCTMHCHUS;
— KHCIIOPOJICOIEPKAIINE COSTMHEHUS;



— CepOCOoIePIKAIINE COCTUHCHUS;
- dbocdopcoaepkanue COeTUHESHUS U IP.

o Ilo xapaxmepy 6030eticmeus Ha NOBEPXHOCMb.!

- OJIOKHPYIOIIIHE;

— YHEPreTHUECKUE;

— CMEIIIaHHbIE (PHEPTeTUUECKU-OIOKUPYIOIIUE).
o Ilo xapaxmepy énusanus Ha KOPPOIUOHHBII NPOYECC:

- KaTOJIHOTO JIEUCTBUS;
- CMEIIAHHOTO (aHOIHO-KAaTOHOTO) JEUCTBHUSL.
o Ilo cnocoby nanecenusi:
- JO3UPYEMBIE B KOPPO3UOHHYIO CPELLY;
— JETY4HUE;
— UHTUOMPOBAaHHBIE CMA3KH;
- WHTMOMpPOBaHHbIE 00EpPTOYHAsl OyMara U IUICHKA;
- WHTMOMPOBAHHBIE OPUCTHIE aICOPOEHTHI.

BOJBIIMHCTBO HMHTHOMTOPOB, HCIIOJNB3YEMBIX B He(TEra3o100bIBAIOIICH
IIPOMBIIIUICHHOCTH, OTHOCHUTCS K IIPOM3BOJHBIM a30T-, CEpO-, KHCIOPOA- U
dbochopcoaepkammx BEMECTB CI0KHOU CTPYKTYPHI.

OCHOBHBIM CBIPBEM JIJIs1 IPOU3BOICTBA HHTUOMTOPOB KOPPO3HH B HACTOSIIIEE
BpEMsl  SBISIFOTCA  IUPUAMHOBBIE  OCHOBAaHHWs, HHU3KOMOJICKYJIIDHBIE U
BBICOKOMOJIEKYJIIPHBIE aMUHBI U OKCHAMHUHBI, CHHTETUYECKUE KUPHBIE KUCIIOTHI,
BBICOKOMOJIEKYJIIPHBIE  CIUPTBI, XWHOJMHOBBIE OCHOBAHHUsA, WMHIA30JIMHBI,
IPOM3BOJHBIE THOMOYEBUHBI, YPOTPOIMHA, (hochopcoiepkalliue COSAUHEHUs, a
TaKkKe€ MOOOYHbIE NIPOAYKTHI  IPOU3BOJACTBA CHHTETHUECKUX  KAyYYKOB,
KOKCOXMMHUYECKOTO U He(PTEXUMHUECKOT0 IIPOU3BOICTBA.

MexaHu3M [EUCTBUS MHTHOUTOpAa U €ro 3aliuTHBIA 3(@eKT 3aBUCAT OT
CTPOCHHMSI peareHTa; OT MOJICKYJSIPHOM MacChl peareHTa; OT  JIJIMHBI
YTIE€BOAOPOJAHOIO 3aMECTUTENS] M CTENEHH €ro Pa3BETBICHHOCTH; OT MPHUPOIbI
rereporenHoro atroma (O < N < S < Se); oT konu4ecTBa 3aMECTHUTENEH; OT
MaTepuaia W COCTOSHHUS 3alllUIAeMOl TMOBEPXHOCTHU;, OT THUIA KOPPO3HMOHHOMN
CpEIlbl; OT BEIMYMHBI MEXaHUYECKUX HArPY30K.

BrnugHue  OpraHMYecKMX  WMHTHOMTOPOB  KOPpPO3MM  HA  KHUHETUKY
AIEKTPOXUMHUYECKOTO PACTBOPEHHUS MeETaula BO3MOXHO JIMIIb B YCJIOBHUAX
a7IcCOpOLIMM 3TUX BEUIECTB HA KOPPOAUPYIOLIEH MOBEPXHOCTH.
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BOapIIMHCTBO NPUMEHSEMBIX B IPOMBIIUIEHHOCTH MHTHOMTOPOB KOPPO3HUH
pacTBOpUMBI B YIVIEBOJOPOJAX, KOTOPbIE M SBILIOTCA IMEPEHOCYUMKAMU
HEPAaCTBOPUMOI'O B BOJE€ MHTMOUTOpA. IHTMOMTOPBI KaKk OBEPXHOCTHO-AKTHUBHbBIE
cyOcTaHIIMM 00pa3yIoT B 3JEKTPOIUTAX KOJUIOMIHBIE MULIEIUIBI C COAEPKAILIUMUCS
B HUX YIJIEBOJOpOJaMU. MUKpOKaIuid yrieBOJOPOAOB, CTaOMIN3UPOBAaHHBIE Ha
HOBEPXHOCTU MOJIEKYJaMU HHTUOMTOpA, NEPEXOiT B BOJAHYIO (a3y, mpuuem
MOJIEKYJIbl HMHTMOWTOpa OPHEHTUPOBAHbI HA IOBEPXHOCTH YIJVIEBOJOPOJHBIX
MHLIEILT YTJIEBOAOPOAHOM LIETIOYKOM B X BHYTPEHHIOKO YaCTh, A IMNOJIAPHOU IPYIIIION
- B 00BEM DJICKTPOJIHTA.

Bosnukmme accormuatel auG@yHIAUPYIOT BriayOb BOJHOW ¢a3el U TIpHU
CTOJIKHOBEHHH C OTPHUIATEIBHO 3apsKEHHOM MOBEPXHOCTHIO METajlsla aKTUBHO C
Hel B3aMMOJCHCTBYIOT. B pe3ynbrare Ha TOBEPXHOCTH MeTauia oOpasyeTcs
OMMOJIEKYIISIPHBIN CII0M, B KOTOPOM IEPBBIM SIBIIETCS CJION, XeMOCOPOUPOBAHHBIM
METayIOM, a BTOPOM - OPUEHTUPOBAH B MPOTHUBOIOJIOKHOM HAIPaBICHUU -
HOJIIPHOM TPYNION K 00bEMY 3JEKTpoiuTa. Mexay 3TUMHU CIOSIMH COJEPIKUTCS
COOTBETCTBYIOIIEE KOJMYECTBO YIJIEBOJOPOJOB U3 BHYTPEHHEW YaCTU MULEILIBL.
OTH MapaieNnbHO MPOUCXOAIINE MPOLECCHl CO3AI0T HA MOBEPXHOCTH MeETaiia
3AIUTHBIA CJIOW, MPOTUBOCTOAILIUN KOPPO3UHU. DTOT €0 00J1a1aeT 3HAYNTEIbHON
YCTOHYHBOCTHIO U COXPAHSET CBOM CBOMCTBA B TEUEHHUE OMPEICICHHOTO BPEMEHU
NOCJIE€ YAAJICHUS UHTMOMTOpa U3 Cpeibl (TaK Ha3bIBAEMOE MOCIE/ICTBHE).

3amura NoA3eMHOr0  000pyAOBaHHS  JO0OBIBAIOIIUX  CKBAYKHH
HHTHOMTOPAMH KOPPO3MH

OCHOBHBIM ~ BHJIOM  KOPPO3HOHHBIX  MOBPEXKICHUM  IMOJA3EMHOIO
o0opy1oBaHUsl JOOBIBAIOIIUX CKBAXKUH MPH YTIECKUCIOTHOW KOPPO3HUM SIBIIAETCS
JOKaIbHasg Koppo3us BHyTpeHHeW mnoBepxHocTH HKT. CkBO3HBIE KOPPO3MBHBIE
S3Bbl HAPYIIAIOT T€PMETHUYHOCTh JU(TA, YTO MPU MEXAHU3UPOBAHHOM CIOCOOE
JOOBIYM TPUBOJUT K JOPOTOCTOSIIUM MPEKICBPEMEHHBIM PEMOHTAM CKBaXKHH, a
TaK)Xe K BBIXOAY U3 CTposi. IHTEHCUBHAST KOPPO3UsI MOXKET MPUBOJIUTH K OOpbIBaM
HKT u magenuto e€ yactT B CKBaXuHYy. MHTHOUTOPBI KOPPO3WU SBIISIIOTCS
JEUCTBEHHBIM CPEACTBOM JUISI CHUXXEHHS CKOPOCTH KOPpPO3UU IOA3EMHOIO
000py0BaHUs JOOBIBAIOIINX CKBAKHUH.

[Togady HHTHOMTOPOB KOPPO3UHU B JOOBIBAIONINE CKBAKUHBI OCYIIECTBIISIOT
C IIOMOIIBIO CIOCOOOB:

1) nepuonuyueckoe HarHeTaHue pactBopa uHruouropa B I1311;

2) nepuoauyeckas mojiaya pacTBopa MHrMOUTOpa B 3aTpyOHOE MPOCTPAHCTBO
CKBaXXUHBI (KOJIBIIEBOE MPOCTPAHCTBO MEXK Ty o0canHoi kosonHoi u HKT);

3) mocTosiHHas Tojadya WHTHOWTOpa HAa TMPHUEM Hacoca C TOMOIIBIO
JO3UPYIONIETO YCTPOMCTBA M CIEIHMAIBHBIX TPYOOK, KOTOPBIE MPU IMOA3EMHOM
PEMOHTE YCTaHABJIMBAKOT ¢ BHEIIHEN cTOpoHbl HKT 0T yCThsl CKBaXkuHBI 10 ITpuema
HACOCa, BBIBOJAT W3 CKBAXHUHBI 4Yepe3 (OHTAHYIO apMarTypy U TOJKIIOYAIOT K
HAcoCy JO3UPYIOLIErO YCTPOMUCTBA.



[IpeanouTUTENHHBIM SBIISIETCS TIOCTEAHIMN CTI0C00.

Ilepuoouueckoe nacnemanue pacmeopa uneuoumopa 6 11311 00bIYHO
IIPOBOJAT BO BpeMs IOA3EMHBIX PEMOHTOB CKBa)XMH, HEIOCPEACTBEHHO IIEpe]
CIIyCKOM IOJ3€MHOTO OOOpYIOBAaHHUS M IIOCJIE€ TPOMBIBKH CKBa)XXHHBI [0
UCKYCCTBEHHOTO 3a00s. MHTUOUTOP HarHeTarT (3akauyuBaroT) B mjacT B Buae 10—
15 %-Horo pacTBOpa. TaK Kak JJIs 3allUThI MOA3EMHOTO 000PYI0OBaHHUS CKBAKUH B
OCHOBHOM MPHUMEHSIOT He()TEpaCTBOPUMBIE WU BOJOIUCIIEPTHPYEMbIE PEareHThI,
TO B KadeCTBE PACTBOPUTENS HCMONB3YIOT HepTh. Ecnm mo Tem wunum uHBIM
npuuuHam Juis HarHetanuss B [I3I1 BeIOpan BOIOPAacTBOPUMBIA HMHTHOUTOP
KOPPO3HH, TO pacTBOP FOTOBSAT Ha BOJIE.

[lepyon akTUBHOTO WHTHUOMPOBAHUA, T.€. @hakmuueckoe 8peMsi 6blHOCA
uHeubuUmopa 8 Koauvecmee, O0CMAamo4HoM, YmooObl KOHYESHMPAyus uHeUOUmMopa
KOppo3uu 6 800HOU (haze NpoOyKYUuu CKEANXCUHbL Obllad He HUdCe KOHYEeHmMpayuu
UHSUOUMOpPA KOppO3UU 6 BOOHOU (haze NpPoOYKYUU CKEANCUHbL, HE PaBEH
IJIAHUPYEMOMY BpPEMEHM BbIHOCA MHTHOMTOpa W3 1iacta. Ilepuos axkTUBHOTO
WHTUOMPOBAHUS 3aBUCUT OT JeOMTa CKBAXKUHBI: MPU MaJbIX JeOUTaX MEPUOT
aKTUBHOTO MHTMOUPOBAHMS OOJNBIIE ty, IPU OOJBIINX — MEHBIIIE.

Texnonorus o00paOOTKH CKBaXKUH METOJOM HEpUoOOUuecKol nooavu
pacmeopa uHaubumopa Koppo3uu 6 3ampyoHoe npocmpaHcmeo CKBOKUH SIBISICTCS
0osee MpPOCTOM MO CPAaBHEHUIO C OMMCAHHOM BBIIIE TEXHOJOTHMEH HAarHETaHMs
pactBopa unruoutopa B II3I1. OTyacTn mMo3TOoMy OHa M pacrnpocTpaHeHa Oosee
MUPOKOo. MHrubuTop KOppo3uM MOJAIOT B 3aTpyOHOE MPOCTPAHCTBO CKBAXUH
takxke B Buzae 10—15 %-noro pactBopa B HedTu unu Boje. [IpenmyliiiecTBo 1aHHOM
TEXHOJIOTUH TI0 CPABHEHUIO C TEXHOJIOTHEW HArHeTaHHsl pacTBOpa MHTUOUTOpa B
1311 3akmrouaroTcst B TOM, 4TO 00paObOTKH MOKHO MPOU3BOJIUTH NEPUOJUUECKH MPU
AKCILTyaTallMi CKBAYKKH, @ HE TOJBKO BO BPEMS IIOJI3EMHBIX PEMOHTOB CKBAXHUH.

Henocrtatkom siBisieTcss He0OXOAMMOCTD 0oJiee YacThIX (B CpeHEM OJMH pa3
B 30 cyT) 00paboTOK.

TexHoJIOTUsl MEPUOJUYECKON TOJauYd pacTBOpa WHTHOUTOpA KOPPO3UU B
3aTpyOHOE MPOCTPAHCTBO CKBAXKHH TaKKe HEe oOecrieunBaeT 3(PPEeKTUBHON 3aIIUThHI
OT KOPpPO3WMH BHEUIHEW MOBEPXHOCTH KOPIIYCOB HAcOCOB W aurareneit YOIIH B
CKBaKMHAaXx.

Hawnbonee mpocToit 1 S3KOHOMUYHBIN CITOCOO 3alIUTHI OT BHEIIHEH KOPPO3UHU
KOpITyCOB HacocoB u aAsurarener Y OLH — npumenenne 3aiuTHbIX HOKpeITHM. [Ipn
BCEM MHOI000pa3uu 3allUTHBIX TOKPBITUH, pa3pabOTaHHBIX K HACTOSIIEMY
BPEMEHHU, JIMIIb HEMHOTHE U3 HUX MOYKHO YCIIECIIHO IPUMEHSATH B TEX YCIOBHUSX, B
KoTopbix pabdotator YOUH: noeviuennvie oasnenue u memnepamypa u 8vicoxkue
CKOpOCMU NOMOKA KOPPO3UBHOU cpedbl. 1IpoucxonuTt B3AyTHE U OTCIaMBaHUE
MOKPBITUHM, 00pa3zoBaHue TTyOOKHUX (10 MeTaJljia) IapanyH U TPELIMH B pe3yyibTaTe
CKOJB3AIIMX yAapoB npu cnycke YOIIH B CKBaXHHBI, YXyIUIEHUE TEIJIOOTAAYH
KOPITyCOB JBUTATEJIEH, IPUBOALIEE K UX IIEPETPEBY U BBIXOY U3 CTPOSI.



Ha nedtsanpix Mmectopoxkaenusx 3amanHoit Cubupu u Ypano-IloBommxes
ObUIM UCHBITAHbI PA3IMYHbIEC 3aLIUTHBIC MOKPHITUS U TEXHOJIOTUU MX HAHECEHUS:
XOJIOZIHOE IIMHKOBAHHE, JJEKTPOUCKPOBOE HAIBUICHHE, pPSAA  HUMIOPTHBIX
NOJMMEPHBIX TMOKphITUH. Hampumep B KadecTBe TOKPBITUH MOXET OBIThH
UCTOJIb30BaH KOMIIO3UT Ha OCHOBE OJIMOKCHIHOM CMOJIBI, MOIU(PHUIMPOBAHHON
KPEMHUHOPTaHUYECKUMU COCTUHEHUSAMHU. BpICOKas MexaHHuYeckass MpPOYHOCTD
HOKPBITHS TIPEAOTBpPALIAeT NOABICHHE TTyOOKHX (10 MeTalia) [apammH.

Tema 6 BYPOBBIE ) KUJTKOCTHU
[Inan nexknun

o @DyHKIMU TPOMBIBOYHBIX KHJIKOCTEN

o OcHOBHBIE BUIbI OYPOBBIX TPOMBIBOYHBIX >KHJIKOCTEW. VX CBOICTBA

o TexHonornueckue napaMeTpbl OypOBBIX KHUAKOCTEH

o XUMUYECKUE PEaKTUBbI U MaTepUalbl JUIsl IPUTOTOBIEHUS OypOBBIX
pacTBOpOB

[Ipu OypeHMM CKBaXHUH JUIsl MX TPOMBIBKM M TPOAYBKH IPUMEHSIOTCS
KUJAKAE U Tra3o00pa3Hble OYUCTHBIE areHThl. OCHOBHBIM M HauOoliee
pacnpoCTpaHEHHBIM THIIOM OYMCTHOTO areHTa SIBJISIIOTCS OypOBbIE MTPOMBIBOYHBIC
x)uakoctu (IDK).

@OYHKIUH TPOMBIBOYHBIX KHIAKOCTEi

[Tpu OypeHUM CKBOXKUH MMPOMBIBOYHBIC KUKOCTH BBITIOTHSIOT (PYHKITHU:

a) ['uopoounamuueckue:

- BBIHOC TIPOAYKTOB pa3pyIIeHUS TOPHBIX TIOPOJ W3 CKBAKHUH U
OCBOOOXXJICHHE OT HHMX Ha JHEBHOW IOBEPXHOCTH (TEPMHUHBI «IIPOMBIBOYHAS
KHUIKOCTDY», «OYUCTHOW areHT» XapaKTepU3yIoT (YHKIHWIO YAAJCHUS IUIaMa M3
CKBa)KHHBI, KAK OCHOBHYIO);

- Pa3MbIB TOPHOI MOPO/IbI Ha 3200€ CKBAXKUHBI, OYMCTKA J0JI0TA;

- IPUBOJT 3a00MHBIX BUTATENEH, yIapHBIX MAIIMH, 3KEKTOPHBIX YCTPOMCTB
B COCTaBE KOMITOHOBKH HH3a OypHIILHON KOJOHHBI.

0) [ uopocmamuueckue:

- COXpaHEeHHE IEJTOCTHOCTH CTEHOK CKBAXXUHBI, CIIOKEHHBIX HEYCTOMUHUBBIMU,
TPEIIMHOBATHIMUA TOPHBIMU TIOPOJaMH, 3a CUYeT MPOTHBOJABICHUS HAa CTEHKHU
CKBQ)KHHBI;

- IPEIOTBPAIICHUE TIPOHUKHOBEHHS B CTBOJI CKBaYKUHBI BOJBI, He(pTH U Ta3a
U3 MJIACTOB, BCKPHIBAEMBIX OYpOBOIl CKBaKUHOM;

- yIepKaHWEe YaCTHII IIJIaMa M YTSKEITUTEIS BO B3BEIIICHHOM COCTOSIHUH TIPH
MPEKPAIICHUH [IUPKYJISAIINN B CKBAXKHHE;

- CHIDKCHHE Harpy3KH Ha TaJICBYIO CHCTEMY.

B) Kopkxoobpazosanue:

- YMEHBIIICHUE CHJI TPEHUsI OypoBOTO CHapsifa U 00caaHbIX TPyO O CTEHKH
CKBQ)KHUHBI;

- CHUKEHUE POHUIIAEMOCTH, TIOBBIIICHNE YCTOMYHMBOCTH CTEHOK CKBa)KHH 32
CYET KOJIbMaTalluy TPEIIUH U TI0D;



- COXpaHEHUE WM YCUIIEHHE CTENEHHU CBA3HOCTH CIIA00CLHEMEHTUPO BAaHHBIX
TOPHBIX ITOPOJ.

r) Qusuxo-xumuieckue:

- IOBBILLIEHUE OYpPUMOCTH FOPHON MOPOIbI;

- IO AepKaHUE YCTOMYUBOCTH CTEHOK CKBa)KMHBI XUMHUUECKHMHU PEAKLMSIMU;

- Ipe0XpaHeHNEe OypUIIbHBIX, KOJOHKOBBIX M 00CaHBIX TPYO U JIEMEHTOB
UX COEIMHEHUS OT KOPPO3UHU U aOpa3suBHOTO U3HOCA;

- OTBOJI TE€IUIa OT MOPOAOPa3PYIIAIOIIETO MHCTPYMEHTA IpU ero padboTe Ha
3a00€ CKBa)KHMHBI.

n) Ilpouue ¢pynxyuu:

oOecrieyeHune: U3y4eHHsl T€0JIOTMYECKOro pa3pe3a CKBaKUHBI IIPU MOMOILU
reousmuueckoit anmapatypsl (' C);

- HW3y4yeHHsd nuiamMa (BBIOYPEHHBIX YacCTUL[ TOPHOM MOPOJbI) IIACTOBBIX
¢mronoB (kuakocte u razom) noctrynaroumx B [IDK Ha 3aboe u mo cTBOMY
CKBaYKUHBI;

- TEIJIOBOTO PEXHMMa B MHOTIOJETHEMEP3JBIX MOpOJAax M JbJax MpU HUX
IIPOXOJIKE.

OcHOBHBIE BU/IbI IPOMbBIBOYHBIX KUAKOCTEI
TexHu4eckas Bojaa

Texnuyeckass Boja (mpecHasi, MOpCKasi) MPUMEHSIETCS MPEUMYIECTBEHHO
npu OypeHUU MOHOJUTHBIX, TUIOTHBIX, YCTOMYMBBIX TOPHBIX MOPOJ B CKBAXKMHAX
riryouHoit He 6oisiee 3000 m.

Ilpu Oypenuu no mepsnviM, JTLOUCMBIM NOPOOAM C HE3HAYUMENbHOU
ompuyamenvrou memnepamypoti (00 —2 °C) ucnonwb3yiom oxaanrcoennyio ooy (00
0 °C) npu ycnosuu ee Henpepvi8HOU YUPKYAAYUU U CIAOOU MUHEPATUSAYUU.

Bonga oOmagaer HHM3KOW IIJIOTHOCTBIO, MAajlOW BSI3KOCTBIO, CUHMTAETCS
XOpOIIIMM PACTBOPHUTENIEM, MOHMXAET MPOYHOCTh Pa30ypUBAEMbBIX MOPOJI, UMEET
BBHICOKYI0O MTHOBEHHYIO W  HMHTETPAIbHYIO  (UIBTPAIMIO, JOCTATOYHBIC
OXJIAXKJAIIIMEe U CMa3ouHble cBoiicTBa. [Ipumenenwe Bonbl Haubosee
11e7I€CO00pa3HO MPHU aIMa3HOM OypeHUU, TIPU MCIIOIH30BAHUN THIPOMOHUTOPHBIX
JIOJIOT Ha OTHOCHUTEIIbHO HEOONbIINX TIyOuHax OypeHus, MpU BCKPHITUU
BOJJOHOCHBIX TOPU30HTOB.

[IpumeHeHune Bo/Ibl B KQU€CTBE MPOMBIBOYHOM KUJKOCTH UMEET HEIOCTATKHU:

- TMPOMBIBKA BOJIOW BBI3BIBAET OCJIA0JEHHUE OTHOCUTEIBHO YCTOWYUBBIX
CTEHOK CKBaXXKUHBI, MPUBOJAIIECE K OCHIIAHUI0 U OOBajaM TOPHBIX MOPOA U
CBSI3aHHBIM C HUMU OCJIOKHEHHSIM B Mpolecce OypeHus;

- BOJla HE CIOCOOHA YJEpKUBATh IIJIJaM BO B3BEIICHHOM COCTOSIHUM TIPH
octaHoBke nupkyJsuu [DK, 9To sBisieTcs mpUIMHOM ero oca)eHus Ha 3a00i U
MIPUXBATOB MHCTPYMEHTA B CITydae HEOMEPaTUBHBIX ACHCTBUI OypOBOTO IIepcoHana
10 IPEAYNPEKICHUIO OCIIOKHEHHUS;

- TIpU TIEPEX0Jie C MPOMBIBKM BOAOW Ha OoJiee MmiIoTHYI0 (riauHucTyro) [DK
PEKOMEHyeTCsl, YBEIWYMBATh TMOSTamHO (BO W30ekaHUE THAPOPA3PHIBOB
MIPOHUIIAEMBIX TTOPO/T).



-BOJly HE TPHUMEHSIOT MPU OYpEeHWH TJIMHHUCTHIX CIIAHIIEB, APTUIUIATOB,
aJIEBPOJIUTOB, COJIEBBIX OTJIOKEHHM M TJIMH, MHOTOJETHEMEP3NbIX MOPOLI
HECKaJIbHOTO THUIIA, TaK KAaK 3TO MOXET MPUBECTH K UX PA3yNPOUYHEHHIO, MOTEPE
YCTOMYMBOCTU U BO3HUKHOBEHHUIO OCJIOKHEHHM B BUJIE CYKEHUI CTBOJIA, OCHINIEH U
00BaJIOB CTEHOK CKBa)KUHBI.

I'nuHUCTBIC pACTBOPBI

I'muaucteie [K — 3T0 HE pacTBOP IIIMHBI B BOJE, & «IUCIEPCHAS CYCIIEH3H.

a) Hopmanvnuvie enunucmote IDK. VIX IMPOKO MPUMEHSIOT MPU 3a0ypUBAHUH
1 OypeHHH CKBa)XUH B MECUAHO-TJIMHUCTBIX OTJOKEHUSX, U3BECTHSKAX, U JIPYTUX
MOPOJIax, TEPAIOIINX YCTOWUUBOCTH MPU HACBIILIEHUH BOJIOM UITH pa3MbIBAEMBbIX MPHU
€€ [UPKYJLHH.

OcHOBHBIE KOMIIOHEHTHI TJIMHUCTBIX PACTBOPOB:

- KaueCTBEHHAasi MECTHAas KOMOBAasi TJIMHA WJIM TOBapHBIN (OCHTOHUTOBBIH,
KaOJIMHUTOBBIN) MITMHOMOPOIIOK (10 15-35 %),

- TEXHUYECKas Bojia (MpecHas Uil Mopckasi),

- XUMHYECKHE PEarcHTHI.

['MuHUCTBIE pacTBOPHI UCTIONB3YIOT IPU OYPEHHUH B YCIIOBUSX, HE CBSI3aHHBIX
C CEpbE3HBIMU OCIIOKHEHUSIMU B Ipoiiecce OypeHus: (MHTCHCUBHBIEC MOTJIONICHUS,
OCBITIH, 00BaJIbI, HAOYXaHUE MTOPOJI, BOJIO-, HEPTE-, Ta30IPOSBICHUS U T.I1.).

0) Vmsaocenennvie enunucmole pacmeopel. VX HUCTIONB3YIOT B pas3pesax,
IPEACTABICHHBIX TOJIIAMHU CJIa00YCTOMYMBBIX, JIETKO pa3pylIAOMIUXCA MPU
OOHAXXEHUU TOPHBIX MOPOJI, TPU BBICOKUX IUIACTOBBIX JABJICHUAX U BO3MOXKHBIX
BBIOpOCaX BOJIbI, HE)TU WJIM ra3a U3 CKBAKUHBI.

OcHOBa 3THX pacCTBOPOB — KAUECTBEHHBIN ITIMHUCTHIN PACTBOP. Y TSKEJIECHUE
IJIMHACTOTO pacTBopa A0 IoTHocTH 1,3+1,35r/cM® fgocTHraercss yBeaMueHHEM
KOHIICHTpAIUU TIIMHUCTON (Da3bl. [lanbHeiiiiee yTskeaIeHue MPoOU3BOISIT, 100aBIss
WHEPTHBIC YTSHKEIUTENU: OapUT, MarHeTUT, TEMATUT, KOJIOITHUKOBYIO MIBUIb U JIP.

B) Manoznunucmoie u noaumeperunucmoie IDK. 9t IDK xapakTepusyroTcs
MaJjbIM COJIEpYKAaHUEM TIMHUCTON TBEp/I0i (a3bl, HEOOJIBIION BI3KOCTHIO, HU3KOU
IJIOTHOCTBIO U MAJIBIM 3HAYEHUEM CTATHUYECKOTO HAMPSKEHUS CIBUTA.

MaJiornMHHUCTBIE PacTBOPBI TOTOBSAT W3 KAYECTBEHHOM MECTHOM KOMOBOM
TJIMHBI WKW OCHTOHUTOBOTO TIIMHOMOpPOIIKa (10 4—-8 %), TEXHUYECKOW BOJBI U
XUMHUYECKUX peareHToB. [lo cpaBHenuto ¢ rimHUCTBIME [DDK KOHUIEHTpauus
pearenToB B 3TuX [1DK 00bryHO BhINIE. X TPUMEHSIIOT NPU HAIMYUKU YaCTUUHBIX
MOTJIOIIEHUN, BOBHUKHOBEHHUH MTPU3HAKOB OCJIOKHEHUM TPU OYpEHUH Ha BOJIC U T.II.

[TonumeprnuHUCTbIE (MOTUMEPOCHTOHUTOBBIE) TPOMBIBOYHBIE PACTBOPHI
PEKOMEHIYIOTCSI TPU KOJIOHKOBOM aJIMa3HOM OypEeHUHU.

[ToruMepOEHTOHUTOBBIE MPOMBIBOYHBIE KUAKOCTH C HETHAPOIU30BAHHBIM
MOJIMAKPUIAMUJIOM M OEHTOHWUTOBBIM TJMHOIOPOIIKOM (Ka4eCTBEHHOW MECTHOM
KOMOBOW TJIMHOM) I1eJIeCO00pa3HO HCIOJIb30BaTh MPU CKOPOCTHOM OypeHHH B
MOHOJIUTHBIX C HE3HAYUTEIbHON TPEIIMHOBATOCTHIO, YCTOMUYMBBIX, HE COAEPIKAIINX
[JIMH TOPHBIX TOPOJIaX, MOJMMEPOSHTOHUTOBBIE TMPOMBIBOUYHBIE PACTBOPHI C
THAPOJIM30BAHHBIM  TIOJIMAKPUIIAMUIOM ¥  OCHTOHUTOBBIM  TJIMHOMOPOIITKOM
(KaueCTBEHHOM MECTHONM KOMOBOW TIIMHOW) HpUMEHAIOM npu OypeHuu 6
mpewunoeamsix, cpeoHe- u C1adoycmouyublxX 20PHbIX NOPOOax, 6KIIOUAIOUUX



2IUHOCo0epIcaniue PA3HOBUOHOCHU, G MAKMCEe 6 30HAX MEKMOHUYECKUX
HapyuweHuu.

[TonmumepriauHUCTBIE (MOAUMEPOSHTOHUTOBBIC) PACTBOPHI COACPIKAT: TIUHY
(6entonut) 2-5 %, nomumep 0,1-0,5 % W XUMUYECKHE pEareHTbl, BBOJUMBIC
HN30UpaTEIIbHO.

B kayecTBe peareHTOB CTaOMJIM3aTOPOB MPUMEHSIOTCS  BELIECTBA:
kapOokcumetuieuono3ubie (KML]) pa3Hoil crenenu mnoinMMepusaluu, pexe
KpaxMaJbHBIC PEAreHThL,U KaK OBLIO HA3BaHO BHINIC — TOJUAKPHUIAMUIBI,
TUJPOJIM30BAHHBIN MTOTUAKPUIIOHUTPUII U JIP.

r) Ecmecmeennvie (cnunucmoie) pacmeopwvi. O0pa3yroTca npu OypeHUU
TJIMHOCOJIEPKAIIUX, apTUILTUT-aJIEBPOIUTOBBIX MOPOJ 3a c4eT noctymieHus: B [1DK
TOHKOJIUCTIIEPCHOTO IIJIaMa TJIMH.

NmMeroT 1o CpaBHEHUI0O C «HOPMAaJbHBIMUY» TJIMHUCTBHIMU PacTBOpaMHU
MOBBINICHHYIO TUIOTHOCTH, BOJIOOTa4y, a0pa3suBHOCTh. OOpabOTKON XUMHUYECKUMU
peareHTamMu U CTa0MIN3aTOPaMHU, a TAaK)KE MEXaHUYECKON OUMCTKON MPUBOJAATCS K
nmapaMeTpaM «HOPMAJBHBIX» M YTSKEJIEHHBIX 10 IutotHoctd 1,3+1,35 r/em®
TJIMHUCTBIX pacTBOpPOB. Pacxoy peareHToB Ha cradunu3anuio Takux [DK Beiie, uem
IpU TMPUTOTOBICHUH «HOPMalbHbIX» TIMHHUCTBIX I[[K W3 KayecTBEHHBIX
TJIMHOTIOPOIIKOB.

Bbesramunucreie 1K

[IpoMbIBOYHBIE KUAKOCTH, COJEpKaIIMe B KauecTBE TBEpAOH (asbl
HETJIMHUCTHIE BEIIECTBA U MaTepHaiibl, HANOOJIee MPUMEHUMBI ITPU BCKPBITUU BOJIO-
, HedTe-, ra30HOCHBIX TOPU30HTOB, TIJE OHU OOECIEUUBAIOT BOCCTAHOBJICHHE
MPOHUIIAEMOCTU TMPOAYKTUBHBIX IUIACTOB MPU OCBOEHUM CKBaxkuH. [lo cocTtaBy
TBepaoi (a3l IDK MoryT Ha3bpIBaThCS, HApUMeEp:

a) menosvie IDK (TBepnas gaza — men);

0) uzeecmrosvle, u38ecmrko8o-oumymHule (I3BECTh, OUTYM);

8) eymammule.

OCHOBHBIM OTIMYUTENBHBIM ITpU3HAKOM rymaTHbIX IDK siBisieTcst Hanuune B
HUX TOopda, Oyporo yrois, camporess, MOCTaBIUIMKOB IMPUPOJHOTO peareHTa-
cTabuin3aTopa: TYMHHOBBIX BEIIECTB (KHCJIOT), HATPHUEBBIE COJU KOTOPBIX
MO3BOJISIFOT YJIy4IIaTh TEXHOJIOTHYECKUE nTapameTpsl [ DK.

[To cpaBuenuto ¢ rimaucThIMU [DK, opranorenHsie (ryMaTHbIE) KUAKOCTH
o0naar0T MEHbIIEH IJIOTHOCTBIO M MEHee CTOMKOM KOJbMaTHUPYIOIIEH
crnocoOHoCcThi0  (OTNOXEHUE  MUHUCTBIX  WUAW  UAUCTBbIX YacTul Ha
NMOBEPXHOCTU U B NMopax BOAOMPOHULAEMOW NOpoAbl, B pe3ynbTate 4ero
CHWXaeTcHa ee BOAOMNPONYCKHaA CNOCOBHOCTb) MO OTHOIICHUIO K KOJIJICKTOpaM
BoAbl u HedTu. ['ymaTHele peareHTol: yriemenounou pearednTt (YIIIP),
topdomenounoit pearent (TILIP) maBHO W ycHEemIHO WCMOIB3YIOTCA IS
CTAOMIM3AIMKN TJIMHUCTBIX AUCHEpcui, T.e. s oOpabotku riauHuCTBIX DK ¢
HEJBIO0 YIYUIICHUS X TEXHOJOTMYECKUX CBOMCTRB (MapaMeTPOB).

Crabunmzanusi JOCTUTaeTcsl OOBIYHO IIEJIOYHOM aKTHUBAIlMed T'yMHUHOBBIX
KHUCJIOT TTyTeM o0paboTKu aucrepcun cyxuM eakum HatpoM NaOH B cpennem 1o
0,4 %, COOTHONIIEHHE WIECTOYb-CAMPOIENECBasi KPOIIKAa HAXOAUTCS B JUAra3oHE
oKko0J10 1:15 B 3aBUCMMOCTH OT COAECPKAHUS B CANPOIETE TYMUHOBBIX KUCIIOT.



Couaecroiikue 17K

Conecroiikue [1K npuMeHstoT ripu pa30ypruBaHUK COJIEHOCHBIX OTJIOXKEHUHN
WU TIPY YEPENOBAHUU IUIACTOB COJIM C MPOIUIACTKAMHU TEPPUTECHHBIX OTJIOKEHUHN
(06/10MO4YHBIE OMITOXEHUs, cocmosiujue u3 06JIOMKO8 20PHbIX MOPOad
U MUHepasiog). DTU PacTBOPHI MO3BOJIIOT MPEAOTBPATHTH (TIOJTHOCTHIO HIIH
YaCTMYHO) OOpa30BaHHE OCHIIM TEPPUTCHHBIX MPOCIOEB, OCAKICHHE COJIU B
XKenobax, CHIKEHUE BBIX0/1a KepHa U Jp.

a) Conecmotuxue 2iuHucmole pacmeopvl TOTOBIT HA OCHOBE HOPMAJIbHBIX
TJIMHUCTBIX PAacTBOPOB, 00paOOTAHHBIX XMMHYECKUMHU peareHTamu. [lo crenenu
MUHEPAJIN3ALUN [ITMHUCTBIE PACTBOPBI MOAPA3ACISAIOTCS Ha:

-cnabomuHepanuizoBanubie (1-3 % XyopucToro HaTpus),

- MuHepanu3oBanHbie (3—10 % xnopucToro HaTpus);

- BBICOKOMUHEepanu3oBaHHble (> 10 % XjopucToro HaTpus).

[Ipu conepxkanuu comnet 10 1-1,5 % ramHHUCTBIE pacTBOPHI 00padATHIBAIOT
JHOOBIMM peareHTaMu — MOHM3UTEISIMU BOJAOOTAAUU U MOHU3ATEISIMU BSI3KOCTH.
[Ipn Oonbpuiel CTENEHW MHUHEPATU3ALMKN CIEAYeT MNPUMEHATh COJECTOMKHUE
CTaOMJIN3aTOPBI.

BricokoMUHEepann30BaHHbIE TJIMHUCTBIE PACTBOPHI HEOOXOAUMO MOJBEPraTh
KOMOMHUpPOBaHHOM 00paboTKe: KpaxManbHbIMU peareHTamMmu u KMI. Ilpu
nojauMuHepanbHOM HachiieHnn DK kanuiiHO-HATpHMEeBO- MarHMEBBIMH COJISIMH
conepxkanue B [IDK crabmimsaropoB Moxer nocturath 2 % u 6ozee. [lmoTHOCTH
IDK 1,3 r/cm® u 6oree.

0) Buvicokomunepanuzosanmvili 6e32MUHUCIBIU  KPAXMAIbHBIL  PACMBOD
(BMBKP) wucnonb3yercss ¢ 1elbl0 NPEIOTBpAIICHHUS BCIYyYHMBAHUS CTEHOK
CKBa)KMHBI M1 00pa30BaHUs Ha HUX TOJCTBIX PBIXJIBIX KOPOK, KABEPHOOOPa30BaHUs U
pacTBOpeHHsI KepHa cojed. IDIOTHOCT B 3aBUCMMOCTH OT MHHEpAIM3aTopa
(moBapeHHas COJib, XJIOPUCTBIA KalIWi M MarHuii) MOKe€T UMETh 3HayeHue 1o 1,3
r/cM®, ycIoBHas BA3KOCTh 0K0JI0 18 — 20 cek.

Imyabcuonnblie 1K

IK, coneprxaiue kpome BOJHOU (ha3bl 0OBIYHO YTIEBOJAOPOIHYIO )KUIKOCTh
(wegTp, au3TOINIMBO MW T.M.). Kak mpaBUIIO 3TO  CTPYKTYpUPOBAHHBIE
(crabunuzupoBanHbie) rnuHUcThie DK, conmepxkamine sMynbrupoBaHHbIE B HEM
He(Th unu apyrue Ao0aBku. Pexe MpUMEHSIOT «MHBEpTHBIE» dMynbeun — [DK, B
KOTOPBIX JUCIEPCUOHHOM CpENOM SBISIETCS YIVIEBOJOPOAHAs >KHIKOCTh, a
aucrniepcHoi (a3oit — Boja.

TBepmoit nmucnepcHor (a3oli B HMHBEPTHBIX OMYJIbCHUSX  SBISICTCS
ru1pohoOU3UPOBAHHBIN TIIMHOMATEPHAI, U3BECTh.

Aspuposannsbie 17K

IDK, xoTOpBIE a3pUpPYIOT, B OCHOBHOM, JJI CHUYKEHUS UX IJIOTHOCTH B 30HAaX
nornoimenui. [Ipu OypeHun Ha HedTh MOKET OCYyHIECTBIATHCS razupoBanue 110K
HEUTpaJIbHBIMU HEB3PBIBOONIACHBIMU Ta3aMM: a30T, BBIXJIONHBIE Ta3bl JABUTaTeNe
BHYTPEHHETO CrOpaHus u T.JI.

CoJsieBbie pacTBOpHI

[IpumeHsAOT npu OypeHUHM B MHOTOJIETHEMEP3JIbIX MOPOAaX, TEPSIOLIUX

YCTOMYMBOCTD MPU OTTAUBAHUU, B OTIIOKEHUSIX COJIEHN U CUIIbHO 3aUJIEHHBIX TIIMHAX.



DTH pacTBOPHI MPEJCTABISAIOT COOOM TEXHUYECKYIO BOAY C J00aBIICHUEM COJICH
XJIOPUCTOTO HATPUS, XJOPUCTOTO KAIBIUSA U XJIOPUCTOTO MarHusi B KOHUEHTPALUIX,
NOJ00pPAaHHBIX B COOTBETCTBUU C TEMIIEPATypOH MOPOJ, CIIaralolluX CTEHKHU
CKBAYKUH WJIU COJIEP’KaHUS B Pa3pe3e COJICH.

B npaktuke OypeHHs CKBaXMH B CEBEpPHBIX MIUPOTAX BCTPEYAIOTCS JIBa
OCHOBHBIX THIA MEP3JBIX IMOPOJA: MEP3JbIE CYXHE IMOPOJbI, HE COAEPIKAIIHUE B
CBOOOJTHOM COCTOSIHMM BOJbBI U JIbJa, U JBAUCTBIC MEP3JIbIE MOPOJIbI, COACPKAIIIHE
B TIOpax, TPEIIMHAX W KaBepHaX CBOOOJHYIO Boay wid Jjea. OCHOBHOE YCIIOBUE
aheKTHBHOTO OypeHUs CKBAXHH B TAaKWX YCJIOBUSX — HCIIOJIh30BaHUC
MIPOMBIBOYHOM JKHJIKOCTH, HWMEIOMIEH TeMIepaTypy 3aMep3aHus, OJM3KyI K
TeMIIepaType Mep3IIbIX opoJ, HO Beeraa Ha 2—3 °C Bee.

[Ipu OypeHuu ¢ MPOMBIBKOW BOJHBIM PACTBOPAMU COJIEH PEKOMEHIYETCS
BBOJIUTH B TPOMBIBOYHYIO JKUJKOCTh WHTHOMTOPBI KOPPO3HWH (IBYy3aMEIICHHBIN
dbocdar ammonusi, karanua KU1-1 u ap.).

OcHOBHOI1 00J1aCTHIO TPUMEHEHUS COJIEBBIX PACTBOPOB SIBIISIETCS MOI3E6MHBIN
PEMOHT IKCIUTyaTAIllMOHHBIX HE(TAHBIX U FA30BbIX CKBAXKHH, TJI€ OHU Ha3bIBAIOTCS
(OGKHJIKOCTSIMA ~ DJIYIICHUS» M CIyXaT IS CO3JaHUsl THAPOCTATUYECKOTO
MPOTUBOAABIICHUS HA IUJIACT HA MEPUO/] MOJI3EMHOIO0 PEMOHTA, T.€. AJIsl OCTAHOBKHU
paboThI CKBaKUHBI.

TexHomorn4eckue napaMmeTpbl OYpOBbIX MPOMBIBOYHBIX KHAKOCTEH

KauwectBo IDK m0omKHO mpOBEPATHCS TMEped €€ HCIOJIb30BAHHEM B
TEXHOJIOTUYECKOM TMpoliecce, B XOJe OYypeHHs CKBaXMHbI B HOPMaJbHBIX U
OCJIO)KHEHHBIX YCJIOBHUAX, TMPU HAYABIIMXCSA OCJIOXKHEHUSIX M BBIPAaBHUBAHUU
nokaszareneil. Kontponaupyembie mapamMmeTpbl MOXKHO Pa3ieJIuTh HA FPYIIbI.

K nepsoti oTHOCSTCS TapaMeTpbl, KOHTPOJIb KOTOPBIX 00s3aTEIEH ISl BCEX
CKB&XKHH: HIOMHOCHb, 843KOCHb, cmamuyeckoe HanpsasjceHue coguea depes 1 u 10
MHH., 80000MOa4a, MOIWUHA DUIbMPAYUOHHOU KOPKU, KOHYEHMPAYUs meepovlx
npumecell (necka), KOHYEeHMpayus 6000POOHbIX UOHOS.

Ko emopou rpynne otHocarcs crnenuanbhble napamerpsl [DK, kKoHTpoJib
KOTOPBIX HEOOXOJIMM il CKBAaXXUH C OCJIOKHEHHBIMH T'€OJIOTUUECKHUMHU U
THAPOTEO0IOTHYECKUMHU YCIOBUSMH (TIOTJIONIEHUE TPOMBIBOYHOM KUIAKOCTH, OCHITN
U oOBaJibl, HEPTEra30- U BOJOMPOSBICHUS, BBICOKAs MUHEpAIU3alldsd HAMOPHBIX
IJIACTOBBIX BOJA M Jp.). OTa TpyIIa BKIOYACT: noxasamenu @uibmpayuu,
cooeparcanue 2aza, Cmenenb MUHEPAIU3aAYUU 800, COOEPIHCAHUe U COCMA8 MEepooti
Gas3zvl, HanpsidiceHue npooos (015 IMYIbCUOHHBIX PACMBOPO8).

K mpemveu rpynme oOTHOCATCS mnapaMeTpbl, AAIOIIME IOMOJHUTEIbHbBIC
ceenenus o [DK, KOHTPOJIb KOTOPBIX OCYIIECTBIIACTCS TEXHOJIOTUYECKOU CITY>KOO0M
NPEANPUSATHS, BKJIIOUasl CIY»X)Oy MPOMBIBOYHBIX JKHAKOCTeH. Yactora U 00beM
KOHTPOJISL ONpPENEsIOTCS B 3aBUCUMOCTH OT OCOOCHHOCTEH MpoTeKaHUs
TEXHOJIOTUYECKOTO MPOIECCa, KAYECTBA MCXOJIHOTO CBIPbS, APYTUX KOHKPETHBIX
MECTHBIX YCIIOBUM, KOTOPBIE BIUAIOT Ha rokasarenu [1DK.

[TpoOy DK pexomenayercs OTOMpATh Kak MPHU BBIXOJE €€ U3 CKBAKUHBI, TaK
U TIpU BXoJle B Hee. B mepBom cirydae oHa OepeTcsi HEMOCPEJICTBEHHO Y YCThS
CKBO)XWHBI, BO BTOPOM — W3 MPHEMHOM €MKOCTH «Ha BCOCE» OypoBOIro Hacoca.
O0s3aTenpHbIE MapaMeTPhI OMPEACIISIOT Ha OypOBOH cpa3y mocie oToopa mpooskI.



XuMuYecKue peakTUBbl M MATEPHAJbI IJisi MPUTOTOBJIEHUSA OyPOBBIX
pacTBopoB

XUMHUUYECKUE peareHThl UCMOIb3YIOTCS IS
npuganus bXX HeoOX0IUMBIX TEXHOJIOTMYECKUX CBOUCTB,;
3alUTHl HMCHOJIb3YEMBIX PACTBOPOB OT OKPY’KAIOIIEro BO3JACUCTBUA (ILLJIaMa,
TeMnepaTyp, AaBJICHUN U T.11.)
BOCCTAHOBJICHUS WJIH MOJJICPKaHUS B JOIYCTUMBIX Ipejenax cBoicTB bK.
XHUMHUYECKHUE PeareHThl KIACCU(MUIIMPYIOT MO CIASTYIONTAM MMPpU3HAKaM:
- COCTaBy;
- XUMHWY€ECKOW MPUPO/IE;
- Ha3HAYCHUIO;
- COJIECTOMKOCTH;
- TEPMOCTOMKOCTH.
Jlanee pacMOTpUM XapaKTEPUCTUKU OCHOBHBIX IPYII KOMIIOHEHTOB.

Honumepsi

B kadectBe monmmepHbIX KOMIOHEHTOB BXX MoXeT ObITh HCIOJIb30BaHbI
NPUPOJIHBIC TOJIUMEPHI, HANpUMEpP, Kpaxmal M €ro mpousBojHble. Kpaxman
MPUMEHSIETCS B BHJI€ MIEJIOYHOro Kieidcrepa. KonaudecTBo 1ieoyn B HEM
noa0upaeTcsl ONbITHBIM ITyTeM. B cpeanem tpeOyetcs 1-1,5% kayctuueckoi cofbl
(Ha cyxoe BemecTBO). B CHIbHOMHUHEPATU3UPOBAHHBIX BOAAX KOHIIEHTPAIIUIO
yBenuuuBaroT 10 2-4%. KpaxMaibHBIM KJICHCTp Ie1eco00pa3HO MPUMEHSTh JIJIs
CHIDKEHHS BOJOOT/AA4YM CUIIbHO3ACOJECHHBIX MOPOI.
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CrpoeHue kpaxmana

Henocratku:

- HU3Kas TepMOCTOUKOCTH (710 100)

- KpaxMaJ noJiBepxeH GhepMeHTaIuu

[TomaBuTh paznoxeHue Kpaxmayia MOKHO ToBbimas PH pactsopa no 11-12,
BBO/Is1 OakTepuiuas! (hopmaiuH, GeHom).

NmeroTcst paznudHble METOBI MOIU(DUKAIIMN KpaxMaja IMyTeM OKHUCIICHHUS,
dbocdarupoBanusi, 00padoTKON PepMeHTaMu, aMUHAMU, adbJIeTUAaMHU U Jp.

Haubonee pacnpoctpaneHHbiMH KoMmmoHeHTaMu bXK sBisitorest adupsl
[EJUTIONI03bl. B 3aBUCHMOCTH OT YCJIOBUM MCMOJIb30BAHUSI UCTOJIB3YIOTCS d(PUpPHI
Pa3IMYHON CTETIEHU MOJIMMEPHU3AINN U MOAUDUKAIUH.



KapOokcumetumnemnono3a — HaTpUeBas COJIb IEJUTIOJI030TINKOICBOM
KUCIOTHI. [lonmydaroT neicTBMEM Ha MIEJIOYHYIO LEJUII0JI03Y MOHOXJIOPYKCYCHOM
KHUCJIOTBI WJIK €€ HATPUEBOU COJIU.
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OKCI/IBTI/IJIHGJIJIIOJIOBa ABJACTCS HCHUOHOT'CHHBIM BOOAOPACTBOPUMBIM
IMOJIMMCPOB, YCTOI‘/’I‘II/IBa B OTJIMYHC OT HpGI[BII[YHIGﬁ B IIPUCYTCTBHUH NOHOB KaJIbIIHA
n Martausi.

n

n = polimer degree, R = -H, or +CH; — CH(CH3)O3-xH
Puc. 2.9. Crpoenne oKeHITHINELTION03bI

Kap6okcumerunokcoatuinuemionoza (KMOJIl) —  BomopacTBopuMBIi
MOJIMMEP CO CMEUICHHBIMU (PYHKIIMOHANbHBIMU TpynnamMu. Llenb e€ co3ganus —

yIy4dmuTh pactBopuMocth OD1] 3a cueT BBeieHUST KApOOKCUMETUIIBHBIX TPYIII

6 6 6
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¥y z
Puic. 2.10. Crpoenne KMO3I]

I'yap— monmcaxapun npupoaHOro npoucxoxzacHus. [Ipu B3anmonencTBuu
ryapa C MPONWICHOKCHJOM TOJy4aroT OoJjiee TEPMOCTAOWIbHBIA TMOJIUMEpP—
ruapokcurnponwiryap. ['yap mnpuMeHsercs B KadecTBE CraOuiau3aropa W
3arycrutens bXK.

JIoCTOMHCTBA: MPUMEHEHNE B HEOOJIBIINX KOHIICHTPAIUSIX

Henocratku: HU3KME TEXHOJOTUUECKHE CBONCTBA, TPEOYETCsI CIOIB30BaHUE
B KOMILIEKCE C IPYTMMH OJTUMEPAMU.
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Puc. 2.11. Crpoenne ryapoBoro nojnmepa Puic. 2.12. Crpoenne rujipokcunponiiaryapa

KcanTanoBas cmoia (6uononumep) NpuMeEHsETCs JUIsl 3aryleHus OypoBbIX
PacTBOPOB C MaJIbIM COJIEpP’KaHUEM TUCIEPCHOM (ha3bl, a TakKe A yIyUIICHHS
(UIBTPAIIMOHHBIX CBOMCTB.
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Piuic. 2.13. Crpoennie kcantaHoBoro 6uono.nMepa

JlocTomHCTBa:  BBICOKAsl — 3arymialpoiias  CHOCOOHOCTb  NpPH  MalbIX
KOHIICHTPALUAX; YCTOMYUBOCTD K IEUCTBUIO COJIEH.

Henocrarku: orpanmdyeHHass TepMocToikocTh (10 120); moaBep EeHHOCTb
(epMEHTAaTUBHOMY Pa3JI0KEHHUIO.

AKpHUIIOBBIE TOJMMEPBI — CHHTETHUYECKHE MOJUMEPBI, MOIYyYaeMbIE IIyTEM
IIOJIMMEPU3ALMN  COOTBETCTBYIOIIMX MOHOMEPOB, COAEPKAILMX aMHUIHYIO U
KapOOKcuipHyt0 TIpynny. OHHM HCHOJB3YIOTCS B KauyecTBE IOHMU3UTENEH
bunbTpanmu, GIOKYISIHTOB, CTPYKTypooOpa3zoBarTeneil, ”HTHOUTOPOB TJIMHUCTHIX
nopoJ1. Takke sIBJISIOTCS CMa309HOM T0OaBKOM.

OCHOBHBIMM p€areHTamMHM 3TOM TPYIIIbl SBISIOTCS: IMOJIHMAKPUIOHUTPHII
(rumaH), a TaKXe €ro aHaJord MOPOIIKOOOpa3HbI akpwioBbIM mosnumep AllA,
runad-H u 1.1.
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Puc. 2.14. Crpoenne akpiiaoBbixX noanMepos

PearenTsl Ha OCHOBE THUJIPOJIM3HOTO JIMTHUHA, KOTOPBIA SIBISAETCS OTXOJIOM
MpU MPOU3BOJICTBE CIIUPTA U3 JAPEBECUHBI, MOJCOJTHEUHOW JIy3TW U T.I. CIYKUT
ChIpbEM JJIsI MOJIy4eHUs psijia peareHToB it bJK, B TOM 4nciie 371€KTpOIUTOB.

K 3j1ekTposiuramMm MOKHO OTHECTH:

- PeareHThl HATPUEBOU IPYIIIIBI:
NaOH — runpokcua HaTpus, €IKUH HATP

. MOBBIUICHHUE LIEJIOYHOCTH IIIMHUCTBIX OYPOBBIX PaCTBOPOB;

. o0ecrnieueHrne pacCTBOPUMOCTH OPTaHUYECKUX PEAreHTOB, CONEPIKALUX
KapOOKCUJIbHBIE TPYTIIbI;

. CBSI3bIBAHUE JIBYX BAJICHTHBIX KaTHOHOB ITyTeM 00pa30BaHUs Cl1ab0—
PaCTBOPUMBIX COCIMHEHU;

. HeWTpanu3alus cepoBogopoaa, nomnaaaromuiero npu Oypenuu B bITK.

. Na2CO3 — kap0OoHar HaTpusi, KaJIbLUHUPOBAaHHAs CO/IA
. 00paboTKa OypOBBIX PACTBOPOB C LI€JIbIO CBSI3bIBAHUS JIBYXBaJICHTHBIX

katnoHoB (Ca, Mg), nonanaromux B bP npu OypeHun rurncoBbix TOPOA, a TAKKE C
IUIACTOBOM BOJIOM.

. TIOBBIIIICHUE MIEITOYHOCTH PACTBOPA U YIIYUIICHHS Ka4eCTBA TIIMH.
NaCl — xyopus HaTpwsl, TOBapEHHAs COJIb

. HACBIIIIEHUE PACTBOPOB NP OYPEHUH C TIEJIbIO TTOBBIIICHUS TIJIOTHOCTH
pacTBopa (11 MPeOTBPAIEHUs BOJ0—, Ta30— U He(PTENpOosSBICHUH);

. HACBIIIIEHUE PACTBOPOB IMPU OypEHUH COJEHOCHBIX TOPU3OHTOB JIJIS
MPEIOTBPAIICHUS PACTBOPEHUS TTOPOJIBL;

. YCWICHHE CTPYKTYpOoOOpa3oBaHUs B pacTBOpax IO CPaBHEHUIO C

MPECHBIMHU PACTBOPAMH.
CUJIMKAT HaTPHsl, )KUJKOE CTEKIIO

. MOBbINIeHUE PH IMUHUCTBIX pacTBOPOB;

. perynmupoBanre 1ioTHoctd  BHXK  (pazximkeHue  IIIMHUCTBIX
pacTBOpPOB);

. MOBBIIICHUE TEPMOCTOMKOCTH PAaCTBOPOB, B COCTAaB KOTOPBIX BXOJST
MTOJIMMEDBI;

. MOAU(UKAINS TTIMHUCTBIX TTOPOJI C LEIBIO MOBHIIICHUS UX MPOYHOCTH

Na;B4O7; — Tetpabopar Hatpus, Oypa

. WHTUOMPOBAHWE TEPMOOKHUCIUTEILHON ACCTPYKIIMM PEareHTOB Ha

0C— HOBE 3(DHPOB HEILTIOJIO3HI.



- PeareHnTsl KaJiueBOU IpyIIIbI:
KOH, KC1, K2CO3
[IIupokoe mpUMeHEHNE JaHHbIE COJM MOMYYHUIH B MOCIETHUE NECATUICTHS, TaK
KaKk ObUIO TOKa3aHO, 4YTO TMPUCYTCTBUE KATHOHOB Kallusig MPEMsTCTBYET
JIUCTICPTUPOBAHUIO W HaOyxaHuio ThHH. KanueBble peareHThl BBIMOJIHSIOT TE K€
(GyHKUIMU, KOTOpPbIE OBUIN MEPEYUCIICHBI ISl HATPUEBBIX PEareHTOB.
- PeareHTsl KaJbIIME€BOW TPYIIIIBIL:
CaS0O4x2H,0 — cynbhuT KaIbus, TUIIC
[TpumenseTcs 111 TOAABICHUS THAPATAIHH (AUCTICPTUPOBAHMS, HAOyXaHUS
pa30ypUBaEMBbIX TJIHH).
CayCO3 — kapOoHAT KaybLMs, YIJIEKUCIIBIA KalbLUAN
MIPUMEHSETCS B KAUECTBE YTSHKEITUTEIS U HAITOJTHUTEIS OyPOBBIX PaCTBOPOB
- Cosv alIOMUHUSA U XKene3a®
Al;SO4 — cynbdar amoMuHus
IPUMEHSIETCS B KAU€CTBE KOMIIOHEHTA BSI3KOYIIPYTHUX CMECe
FeSO, — cynbdar xenesza (1), sxene3Hblii Kyrnopoc

. UCIIOJIB3YETCsl JJIsi TIPUTOTOBJICHUS (HeppOXpOMIIUTHOCYIbPOoHATa —
peareHTa—CcTadmim3aTopa OypOBBIX PACTBOPOB;
. MPUMEHSETCS KaK KOMIIOHEHT AMYJIbCHOHHBIX OypOBBIX pacTBopoB [la

YIJIEBOAOPOJIHON OCHOBE.
FeCl3 — xnopun xene3a (III)

. B coderanmum co MIETOYBI0 HCHOJIB3YeTCS JJII OYMCTKH BOJBI OT
CEpOBOIOPO/Ia MPpU OYPEHUU CKBAXKUH BOJIOM.
. Hcnone3yeTcst nsi 3aKauykd B CEPOBOAOPOJCOCPIKAIIHE IJIACTHI C

LEJIBIO CHUKEHHUS UX TPOHUIIAEMOCTH.
KpemHuiioprannieckue »KuIKOCTH

KpeMHuitopranmueckue )XUIKOCTH — 3TO CUHTETUUYECKUE OJIMTOMEPHI WUJIU
MOJIMMEPBI, COAEpXKAIMe B MAaKpPOMOJIEKYJE aTOMbl KpPEMHHUS U yIJepoja.
Hcnonb3yrorcss  kak  ruapodoOusupytonme  100aBKM, MPeA0TBpPANAONINe
JTUCTIEpTUPOBaHUE, THApaTanuio m nepexon BeiOypeHHbIX ruH B BIDK. Taxxke
IIPUMEHSIOTCS KAK PErYJISITOP IIEJIOYHOCTH TJIMHUCTBIX PACTBOPOB.

ITAB

ITpu cTtpoutenbcTBe CKBaXXUHBI [TAB nmpuMeHSIOTCS U1 CIEIYIONIUX 1eJIeH:
MOHWYKEHUE TBEPAOCTU MOPOJ MpU OypeHUU;
MTOBBIIEHNE CMA304YHBIX CBOWCTB 6YPOBBIX PaCTBOPOB;
noBeilieHne Tepmoctorikoctu BIDK; amynerupoBanue HeTH B pacTBopax;
a’3puUpoBaHuE OYPOBBIX PACTBOPOB.
Bune! (Mapkn) npumensemsix [1AB:

» anuoHakTuBHbIe [IAB — cynbdoHnaThl, cynbpoHOI;

* HewoHoreHHole ITAB - OKCHATWIMpOBaHHBIE MOHO— U JH—
AMKUI(PEHOIIBI, CYTbhaMuU/;

* karnoHakTuBHble [TAB — kataMun—AD (4eTBepTUUHOE AMMOHUEBOE
COEIMHEHUE, TOydyaeMoe KOHJCHCAIMEeW TPETHYHOTO aMHHA U OCH30XJIOpHUna),
kap6o3anua—C, amun C.

Cunretrnueckue [TAB 10MKHBI yAOBIETBOPSATH CIEAYIONUM TPEOOBAHUSIM:



. IIOJTHOCTBIO PACTBOPATHCS B IIJJACTOBOM M TEXHUYECKOU BOJIE;

. cHUMaTh Mex(a3HOe HATSHKEHUE Ha TpaHuile pasjena «GuiabTpar
OypoBOro pactBopa—He(Tb» MPU BO3MOKHO MaJIbIX KOHIIEHTPAIIHUIX;

. MOBBIIIATh CMAYMBAEMOCTh IMOBEPXHOCTU KOJUIEKTOpa He(dThIO, T.€.
o0Jsanath ruapoPoOU3NPYIOIITUMH CBOMCTBAMU;

. HE3HAUUTEILHO aJcoOpOMpOBaThCS Ha TOBEPXHOCTU KBapIIEBBIX,
KapOOHATHBIX U TJIMHUCTHIX MOPOJ;

. npenynpexnaars obpazoBanue B IIAIl smynscum, a eciu oOHa
oOpa3zyercs, TO CHUKATh €€ CTOUKOCTB;

. NpeAyNpexkIaTh KOAryasiuio TBEpAou (a3l OypoBOro pactBopa u
1iaMa ¥ He JJOMYCKaTh BBIMACHUS UX B 0CAJIOK;

. C0COOCTBOBATh BCKPBHITHIO TJIacTa MPH MUHUMANBHBIX 3aTpaTax; He

OKAa3bIBATh BIIUSIHUSI HA OCHOBHBIE TAPaMETPhI PacTBOPA.

Tema 7 OCHOBHBIE KOMIIOHEHTBI HE®TEITPOMBICJIOBOH
XUMHUUA JJIs1 TIOAT'OTOBKA HE®THU U BOAbI
IInan nexuuu
DU3NKO-XUMUYECKHE CBONCTBA MOBEPXHOCTHO-aKTUBHBIX BellecTB (IIABHI).
TexHOa0rnM MpOMBICIOBOM MOATOTOBKU HEPTH
Bononedtsinbie sMynbcuu.
JleamynbraTopsbl, «00paTHBIE» JEIMYIbraTOpPHI,
[Tenoracurenmu.
OuncTka HedTecoaep aIuX CTOYHBIX BOJT

DuU3NKO-XMMUYECKHE CBOIICTBA MOBEPXHOCTHO-AaKTUBHBIX BelecTB (ITABbI).

JoObrya HedTHM HA MECTOPOXKIECHUM TPEJCTaBiIsAeT CcoO0OM HENpepbhIBHOE
MHOTOTOHa)KHOE TIPOM3BOACTBO, KOTOPOE BKJIIOUYAET CIAEAYIOLIUE ITAIIbI:

W3BneueHne U3 HEAp IMIIACTOBOM HE(TH C COMYTCTBYIOIIMMH BOJOW U razoM, a
TaKXe MOJAbEM MPOTYKIIMU HA TOBEPXHOCTH;
Komnencanust 1o0bIToi HeTH 0OpaTHOM 3aKayKOM B 3aJIeKb JIOOBITOM BOJBI U
BOJIbI U3 JPYTUX UCTOYHUKOB.
COop U BHYTPHUIIPOMBICIOBBIM TPAHCTIOPT JTOOBIBAIOIINX CKBAXKUH OT UX YCTHEB 110
3aMEPHBIX YCTAHOBOK, a TAKXE IEHTPAJIbHBIX MYHKTOB cOOpa.

PasnmuyaroT mousTus ceipast u ToBapHas HedTh ('OCT 3.51858-2002):

Coipas neghpmop - 570 He(PTh, U3BJICKaEMasi Ha TTOBEPXHOCTh, U COJIepKaIas
CMECh YTJIEBOJIOPOJIOB HIUPOKOTO (PU3UKO-XUMHYECKOTO COCTaB, TIACTOBYIO BOAY C
PacTBOPEHHBIMU B HEM COJISIMU; MOy THBIE yriieBogopoAHbIe Ta3bl (C1-C4), kucmbie
ra3bl (CEpOBOJIOPO/I, YIJICKUCIBIN ra3), a TAKKe MEXaHUYECKUE TPUMECH, KOTOPbhIC
MPECTABIICHBI B BUE TBEPABIX YACTHI (IIECOK, IJIMHA U T.1.).

Toeapnas negpmov — 510 HEDThH, TOATOTOBICHHAS K IIOCTABKE IMTOTPEOUTEITIO B
COOTBETCTBHUH C TPEOOBAaHMEM HOPMATHUBHBIX JIOKYMEHTOB.

OOBOHEHHOCTh CKBXWHHOW Tmpoaykuuu B Poccunm ¢ KaXIpIM TOIOM
yBenuuuBaeTcs. Ho mpexkie, yem 3akadath 3Ty BOJy 0OpaTHO B TUIACT HEOOXOAMMO



MPOBECTH TMOATOTOBKY. OJHaKO HE TOJBKO BOJABI TpeOyeT MOATOTOBKH, HO H
TOBapHbIe HE(PTH U ras3.

J171s1 mosty4yeHust TOBapHOM HEPTH U MIOIMYTHOTO rasa, a TakKe BOJIbI, KOTOPYIO
MOKHO 3aKayaThb OOpaTHO B IUIACT MPUMEHSIOT CIELUAJIbHBIE TEXHOJIOTHYECKUE
YCTaHOBKHU, Ha KOTOPBIX MIPOUCXOJAT MPOIECCHl 00E3BOKUBAHMS M 00E€CCOTMBAHUS
He(TH, OYMCTKU ra3a OT KHUCIbIX KOMIOHEHTOB M €ro OCYIIKa, a TAKXKE OYHMCTKA
IJIACTOBOM BOIBI OT Kareiab He)TH, MEXaHUUECKUX MPUMeEced U coJieil MeTasllIoB.

BoaonedrsiHbie 3MYJIbCHH.

TepMuH «OMyNIBbCHS» MPOUCXOAUT OT JATHHCKOTO emulgeo — «IouTh»,
MIOCKOJIBKY OJHOW W3 IMEPBBIX WM3YYEHHBIX 3MYJbCUU OBLJIO MOJIOKO, TAE€ Karlld
YKMBOTHOT'O >KHMpa paclpeleleHbl B 00beMe BOAbl. B crnenuanbsHON JHTepaType
MOXHO HaWTHU pa3IUYHbIC OMNPEICICHUS TMOHATUS SMYJIbCUM. MBI OpuMeM
CJIEIYIOLIEE OINPEACIICHHUE: AIMYJIbCHS — 3TO I€TEPOre€HHasl CUCTEMA, COCTOSIIAS U3
JIBYX HECMEIIIMBAIOIINXCS KUIKOCTEH, OJTHA U3 KOTOPBIX (Ha3bIBaeMasi BHyTpEHHEN
Wi aucnepcHor (aszoil) pacnpenenena B Jpyroil (BHemiHed (daze uim
JUCTIEPCUOHHOM CpeJie) B BUJIE MEIKUX Karelb (T00y).

Jlunennsiil pazmep riao0yn MmoxeT 66T 0T 0,001 MM 110 1 Mmm34. Hedranbie
AMYJIbCUHU SIBIISFOTCS MOJIUAUCIIEPCHBIMHU, T.€. TAKUMH, KOTOPBIE COJIEPKAT TII00YIIbI
Pa3IMYHbBIX Pa3MEPOB.

Knaccuduxanus smynbcuii

B KoJIoMIHOM XMMHH MPUHSATA CIEAYIOIAs KIacCU(PUKaLUs SMYIIbCHI:

— 3MYJIBCHH IEPBOT'O POJIA, UITU MPSIMBIE (THUI «MAacJo B BOJE) ), — HEMOJISIPHAS
XKUIKOCTH (Harpumep, HeTh), pacnpeieieHHas B MOJSIPHOM )KUJIKOCTH (HaIIpuMep,
B BOJIE);

— 3MYJIbCUHU BTOPOTO POJia, UM OOpaTHBIE (TUIT «BOAA B MacJie»), — MoJspHas
KUJKOCTbh, paclpe/IeJICHHAs B HEMOISPHOM JKUIKOCTH.

CymectByer kiaccupuUKaus OHSMYJIbCHM 10 HMX TEPMOAMHAMUYECKOM
YCTOMYUBOCTH:

—  Juo(uIbHBIE  AMYJIbCHUM  OOpa3yrOTCSs  CaMOINPOU3BOJIBHO  TIPH
TeMIlepaTypax, ONMM3KUX K KPUTHUYECKOW TeMmIepaType CMEIICHUS KUAKUX (as;
TEPMOJIMHAMHYECKH YCTOWYHMBBIE OOpaTHUMble CHUCTEMBI. B TakuxX 3SMyJIbCHIX
pasmep o0y nucriepcHoi das3sl He mpeBbimaeT 0,001 MM, 4TO MO3BOJISIET OTHECTU
UX K BBICOKOJIUCTIEPCHBIM CUCTEMAM,;

— TUOo(QOOHBIE AMYJIbCUM BO3HUKAIOT MPU NPUHYIUTEIBHOM, HampUMEp
MEXaHUYECKOM, JucIeprupoBaHud. OHU TEPMOIUHAMUYECKH HECTAOWIbHBI U
CIIOCOOHBI CYHIECTBOBATH TOJIBKO B MPUCYTCTBUU AMYJIBraTOPOB (CM. HUXKE). DTO
rpy0oaucIepCHBIE CUCTEMBI ¢ pasmepamu oOyn 6osiee 0,001 mm. DOMynbcuu
HEe(PTIHBIX MPOMBICIOB OTHOCSITCSI UMEHHO K 3TOMY THITY.

Eme ongna kmaccudukainus pasnenseT 3MYyJbCUM B 3aBHCHMOCTH OT
COOTHOIIICHUS (a3:

— pa30aBiIeHHbIE AMYJIbCUH — IMYJIbCUH, coaepkaiue mMeHee 1 % oObema
nucniepcHoi ¢aspl. HedtsiHbIe SMyIbcuu ¢ TaKUM coniepkaHrueM HeTu MOTyT OBITh
KaK TIPSIMBIMH, TaK ¥ OOpPaTHBIMU;



— KOHUEHTPUPOBAHHBIE IMYJILCUU — 3MYJIbCUU, conepxkamue oT 1 1o 70 %
ob0bema nucnepcHor (azpl. Takue sMysabcun Hanbosee XapakTEepHBI MpU J00bIYE,
TpPaHCIOPTE U MOJTOTOBKE HEPTH;

— BBICOKOKOHIIEHTPUPOBAHHBIE AMYIJIbCUH — 3MYJIbCUH, Colepxkaliue Oomee
70 % obObema mucnepcHod ¢aspl. Takue SMyJIbCHUM UMEIOT CBOMCTBa Tels U
MPAKTUYECKU HE CITIOCOOHBI K CAMOTIPOU3BOJILHOMY Pa3pyIICHHUIO.

Mpg1 OyzieM paccMaTpuBaTh TOJIBKO AMYJIbCUH, OOpa3yroIIUecs MpU A00bIYE,
TPaHCIIOPTE U MOATOTOBKE HE(PTH. YTIOMSIHEM, YTO B aHTJIOSI3BIYHON JTUTEPATYPE,
MOCBSIIIEHHOW TOATOTOBKE HE(PTH, AIMYJIbCHH TIEPBOTO POJia MPUHATO HA3BIBATH
oOpaTHBIMHE (Teverse), a SMYJIbCHU BTOPOTO poaa — oObraabIMU (normal). C Touku
3pEHUS TPOIECCOB MOATOTOBKHA HEPTH 3TO MHTYUTHBHO MTOHATHO, HO IIPOTHBOPEUUT
BBIIICTIPUBEACHHON  Kiaccudukamuu. [loaTomy MBI OyaeM  HCHOIB30BaTh
CJICTYIONTUE TEPMHUHBI: «IMYJIbCHSI “BoJia B Macyie”» («Bojia B HEPTH») WU TIPOCTO

«Mynbcus» (paza. 4.2—4.4), u «amynbeus “macio B Boje”» («HedTh B Boae») (pasi.
4.6).

Pa3pymenue amyabcui

[Iporiecc paspyiieHus: BOAOHEPTSIHBIX SMYJIbCHH T.e. UX pa3JeicHUs Ha
HedTh M BOJYy, HauuHaeTcs ¢ (uokymsiuu. DIOKyIsuus — 3TO0 oOpa3oBaHUE
CKOIUICHUH Kamenb (ro0yin) aucnepcHod ¢asbl (Boabl). CKOMIICHUS Karllenb,
oOpa30BaHHbBIE B PE3yJIbTaTe (DIOKYISIUU, NEPEXOAIT U3 O0bEMa AMYJIbCUH K
MexkdazHol rpaHuiie. BusyaibHO XOpomryro (DIOKYJIALMI0  XapaKTepU3yeT
npo3payHasi, 0€3 BUAMMBIX Kalelib BOAbl, HE()Th B BEPXHEH 4YacTu ammapara Wiu
OyTbuTkn3S. Creayromui Imar paspyluieHus SMYJIbCUU —KOAJIECUEHIMS. IOTO
yKpymnHeHue (ciausinue) GIoKyIMpOBaHHBIX Kameyb MPU UX CTOJI-KHOBEHHUH JIPYT C
npyroM. Jlajee KpynHbIe Karuld BOJBI BBIJCISIOTCS (CeNapUpyroTcs)u3 oObema
AMYJILCUU MO IEUCTBUEM CHUJIBI TSKECTH.

CkopocTh BbIIIETICHUS (cemapanuu) AUCHEPCHON (a3l U3 AMYIbCUU O]
JEWCTBUEM CUJIBI TSIKECTU ONUChIBaeTcs 3akoHoM CTokca

v, = 2.8 Ca ) @.1)
o n

e V. — YCTaHOBHBINASCS CKOPOCTh BBINETEHHS MHCIEPCHOM (asbl, M/C; I — paauyc
IIO0YIEL IHCTIEPCHOM (hassl (pammyc CTOKca), M; p, — IIOTHOCTD AHCIEPCHOI (assL,
KI/M’; p, — ILIOTHOCTh BHENIHEN (assl, KI/M; || — THHAMHYECKAsd BA3KOCTh BHEIIHE!
[l]a'BBI. ITac: g — YCKOpEHHE CBOGOIHOIO ITaJeHHs, M/C2.

Jns MOAMAMCIEPCHBIX CHUCTEM, K KOTOPHIM OTHOCSTCS BOJOHE(TSHBIC
AMYJIbCHH, TPAKTUYECKHM HEBO3MOXXHO TOYHO omnpenenuTs paauyc Crokca. Kpome
Toro, 3akoH CTOKCa HE YYHUTBHIBACT BaXXHOTO (haKTOpa, BIHUSIONIETO Ha CKOPOCTH
paspylieHus SMYJIbCUH, — IJIONIab TOBEPXHOCTH cenapaliuu. TeM He MeHee 3aKOH
Crokca ynmoOeH IJisi TPaKTHUECKUX IIeJIeH, IMOCKOJIbKY YKa3bIBa€T OCHOBHBIC
(hakTophl, CIOCOOCTBYIOITUE PA3PYIICHUIO IMYJIbCHIA:

— Pa3HOCTH IJIOTHOCTH HE(TU U BOJIBI: SBIISCTCS IBUXKYILEH CUIION TIpoliecca
pazzieneHus: BOAOHE(DTSIHBIX IMYILCUHN MO/ IEHCTBUEM CUJTBI TSDKECTH;

— BA3KOCTh HE()TH — YeM OHA HUKE, TEM BBIIIIE CKOPOCTh BBIJICIICHUS BOIbI;



— pasmep r00yn (Kamenb) BOABI — CKOPOCTh BBIJICIICHUS Karlellb BOIbI
BO3PACTAET NPOMOPLUUOHATIBHO UX PaInyCy BO BTOPOU CTEIEHHU.

Boi6op cnocoba u ammaparypHoro o¢opMIIeHHs Tpolecca pa3pylIeHUs
BOJIOHE(DTSIHOM  AMynbcuu  (00e3BOKMBaHUS HEDTH, TMOJATOTOBKU HEDTH)
ONPEAEIACTCS KOJIMYECTBOM M CBOMCTBAMHU 3MYJIbCUHU, nocTynaromerd Ha YIIH, B
NEpPBYI0 Ouepelb €€ OOBOJHEHHOCTHIO, TEMIIEpaTypol U CTaOUIILHOCTHIO
(ycroriunBocTthio). Ilpu mpoektupoBanun YIIH HaydHO-MCclegoBaTeIbCKUE U
IIPOEKTHBIE OPraHHU3aLMU BBIIOIHIIOT HUCCIEIOBAHUE AMYJBCHM M Ipeaararor
COOTBETCTBYIOILYIO TEXHOJIOTHIO MTOATOTOBKHU He(TH. B nedrsnoi
MIPOMBITIUICHHOCTH TIPUHSTO Pa3eisaTh TEXHOJIOTUU 00€3BOKMBaHUS HE()TH Ha:

— MEXaHUYECKUE;

— TEPMUYECKUE;

— XUMUYECKHUE;

— TEPMOXUMUYECKHUE;

— DIIEKTPUYECKHE.

MexaHudeckue TEXHOJIOTMM O00€3BOXKMBaHUS HepTH — OTCTauBaHUE,
TUAPOIMKIOHUpOBaHHe U (uibTpanus. OTcrauBaHue, Kak NPaBMIIoO,
NPUMEHAT JJIS OT/AeJeHHsI CBOOOMHON (JIerKO OTAeJAI0LIecs) BObI.
CKOpOCTh  pa3jielieHHus OSMYJIbCHUM 34EChb ONUChbIBaeTcsd 3akoHOM  (CTokca.
[IpUMEHSIOT HENPEPBIBHBIA WIM PEXKE MNEPUOJUYECKUN PEKUMBbI OTCTAWBAHUSI.
B orcTOoMiHHKax HENPEPHIBHOIO JCWCTBUS OTCTAUBAHHUE OCYIIECTBISIETCS B
YCIIOBUSIX TIOCTOSIHHOTO JIBIJKEHMSI AMYJbCHUM 4epe3 amnmapar. Pasnnyaior
TOpU3OHTaJIbHBIE (pUC. 4.4) U BEpTUKAIbHBIE OTCTOMHUKH HEMPEPHIBHOTO AEHCTBUS.
[locnennue (3a pyOexoM MX 0003HA4YalOT TepMUHAMU «gun barrel» mmm «wash
tank») MCTIONB30BAIMCH HA PAHHEM 3Tare pa3BUTHS HEQTIHOU MIPOMBIILICHHOCTH U
CerofHsl NpPaKTUYECKU HE BCTpeyaroTca. B HacTodiiee BpeMs B KayecTBE
BEPTUKAJIBHBIX  OTCTOMHUKOB HETMPEPBIBHOTO NEUCTBUSL  HCIOJIB3YIOT
TEXHOJIOTUUECKHE pPe3epByaphl — BEPTUKAIBHBIE pe3epByaphbl OOJBIIOTO 00beMa,
pa3MeraeMble B KOHIIE TEXHOJIOTMUECKOW CXEeMbl MOATOTOBKM HedTu (puc. 4.5).
B kadecTBe OTCTOWHUKOB MEPUOAMYECKOTO JEUCTBHS OOBIYHO MCIIOJB3YIOT TE K€
TEXHOJIOTUYECKUE BEPTUKAIbHBIE PE3EpBYyapbl: OTCTAMBAHUE MPOUCXOAUT MPH
HEMOJBM)KHOM COCTOSIHUM 3MYyJbCUH. CTOWKHE MEJIKOAUCIEPCHBIE AMYJIbCUU
IJI0XO PAa3ACNAIOTCS TpPU OTCTAaMBAHUU: [UII WX pPa3pylIeHUss TPeOYyrTCs
JOTIOJTHUTENbHBIE TEXHOJIOTUYECKHE OTepaIuu.

TepMudeckue TEXHOJIOTUU OOE3BOKMBAHMS HE(PTH HCMOJIB3YIOT TEILIOBYIO
00paboTKy 3MyJbCcUU A ee paspylieHus. Kak mokazaHo Bblllie, MpU Harpese
BOJOHE(PTSIHON SMYJIbCUM YMEHBILIAIOTCS BA3KOCTh U INIOTHOCTh HEPTSIHOMU (ha3bl, a
Takke ocjabeBaloT OpoHUpyrOHIMe OOOJOYKA BOKPYr TJ00yd BOJABI, YTO
CIIOCOOCTBYET pa3/ielIeHUIO SMYJIbCUU HAa HEDTH U BOAY.

Harpes 3myJibcuu OCYIIECTBISIOT B CIIEHIMAIBHBIX YCTAHOBKAX; TEMITEpaTypa
Harpesa g0 70 °C. Pa3zpaboran 00JbII0i acCCOPTUMEHT TaKUX YCTAHOBOK, CAMBIMU
pacnpoCTpaHEHHBIMH WX KOTOPBIX SIBISIOTCA TPyOHBIEC Meuu. B HuX o0muii moTok
MOCTYMAINMIEH HMYIbCUH pa3feisieTcs TpyOaMHu-3MEeeBUKaMU Ha HECKOJIBKO
napajieIbHbIX, 4TO 00€CIeUnBaeT yBEIMYCHHE IUIOMIAJN KOHTAKTa dMYJIbCUU C
HarpeBaTeIbHBIMU AJIEMEHTaMU U €€ OBICTPBIN pa3orpes.



OgHuM W3 BHJOB TEPMUYECKUX alapaToB SBJISIIOTCS  CEMapaTophbl-
nogorpeBarenn (heater treater). AmnmapaTel TakKoro THMAa BIIEPBbIC ObLIU
MCITIOJIb30BaHbl HA MOPCKUX JTOOBIBAIOMIMX IIaTdhopMax, 6aroaaps ToMy, 4TO OHH
KOHCTPYKTUBHO (B OJIHOM cocyne (puc. 4.6)) COBMEIIaOT MPOLIECChl Harpena
BXOJISIIEH JKUJIKOCTH, Cerapaluu raza, 00e3BoKuBaHusi HE)TU U OYUCTKU BOJIBI,
T.€. 3aMEHSIOT HECKOJbKO armapaToB. CemnapaTop-mojorpeBarelib, Kak MPaBUio,
COCTOMT M3 JBYX CEKIMM — CEKIMM HarpeBa BXOJMSIIEH >KUJIKOCTU M CEKIUH
KoasecueHiuu (puc. 4.7).

XWMHYECKHE TEXHOJOTUH OOE3BOKMBAaHUS HEPTH — TNPUMCHCHHE
CHEHUAIIBHBIX XUMHUYECKUX PEareHTOB — JAE3MYJIbraTopoB Uil pa3pylleHUs
AMyJbCUH. JleaMyNbratopsl, Kak IpaBUiio, MOJAIOT HAa BXOJ CUCTEMbI MOJATOTOBKHU
He(dtu. [Togada neamynpraTopa B CHCTEMY MOXKET OBITh KaK MEPUOIUIECKON, TaK U
HEMpephIiBHOM. B HacTosiiiee  BpemMsi  MOYTH  MOBCEMECTHO  MPUMEHSIOT
HEMPEPBIBHYIO NOAA4y AE€3MYJIbratopoB. [IpremMieMbIMU CUHMTAIOTCS TO3UPOBKU
nesmyneratopoB 10-30 r Ha TOHHY MOATOTOBJICHHOW HE(DTH, OJHAKO IS
pa3pylieHusl CTaOMJIBHBIX SMYJIbCHM MOXeT moTpeboBathcss 10 100—150 r
JIeAIMYJIbraTopa Ha TOHHY TOJATOTOBJIEHHON HE(TH.

TepMoxuMUYecKre TEXHOJOTUM 00€3BOXKMBAHUSI HE(TH, KaK IMOHSATHO W3
HA3BaHUS, SBISIOTCS KOMOMHAIIMEH IBYX MPEIbIIYIIINX METOJIOB.

DneKTpuYecKue TEXHOJOTUM O00e3BOKMBaHUS HePTH. Amnmaparbl s
pa3pylieHus SMYJIbCUNA MOCPEACTBOM BO3JACHCTBUS HAa HUX 3JIEKTPUUYECKOTO TOJIS,
Ha3bIBaeMble 3jekTpoaeruaparopamu (D17 ), paboTarOT Ha MEPEMEHHOM TOKE
MPOMBIIIJIECHHOW 4YacTOThI, peXe Ha NocToSHHOM Toke. Ilox nmeicTBuem
AIIEKTPUUYECKOTO MOJI U3HAYAIBHO ceprudecKast Karsi BOAbl TpaHC(HOpMUPYETCS B
JIATIONG AJUTUNTHYECKOU ¢hopmbl. Hanmuue BoIpaXXEHHBIX JEKTPUUECKUX MOJIOCOB
oOJeryaer cONMKEHUE U KOAJIECLICHIINIO Karnenb BoAbl. Ha a3 dekTHBHOCTH paboThI
OI" BAMSAIOT CBOWCTBA YMYJIBCUU U €€ OOBOJHEHHOCTH, OJTHAKO OCHOBHOM (haKkTOp
7 ()EKTUBHOCTH — HAINPSHKEHHOCTh dJIeKTpuyeckoro mosst. Hampsbkenue Ha
anekTpoaax koneonercs ot 104 no 4,5 - 104 B.

Heamynerupytomee aeiicteue [IAB Obuto sMmupuyecku oOHapyKEHO B
CcepeIMHE MPONUIOTo Beka. McuepnbiBatoenn MOJIeJ I BO3ICHCTBUS IEAMYJIbraTopa
Ha TPOLIECC pa3pylI€HUs SMYJIbCUU TOKA HE CYIIECTBYET, YTO CBS3aHO C
MHOTO00pa3reM MPOTEKAIOIUX MPH OSTOM IMPOIECCOB. B ympoleHHOM BHIIE
COBPEMEHHOE MPEJCTABICHUE O MEXaHU3ME JCHCTBUS JEIMYJIbraropa, COTJIaCHO
teopun akanemuka I1.A. PeOunnepa, cBoauTcs K cieaywomiemy. leamymnbsratop
oOnagaer  Oousibllled  MOBEPXHOCTHOM  AaKTUBHOCTBIO, 4YE€M  IMPUPOJHBIE
SMyJIBTHpYIOIIKE BemiecTBa. [lpu BBeAEHMH B OMYJIBCUIO  JI€IMYJIBraToOp
a7IcOpOMpyeTCsl Ha TIOBEPXHOCTHOM CJIO€ TJI00YJ BObI, IENTU3UPYET U BHITECHSET
C HEro 5SMYJbIHPYIOIIUE BEIIeCTBa, 3aMEHSSI HX aJCOPOILMOHHBIM CJIOEM U
CYIIECTBEHHO CHHUXasi TIOBEPXHOCTHOE HaTsHKEHWE, Onarogaps YeMy OHH
OTHOCHUTEJIBHO JIETKO (JIOKYIUPYIOT U KoanecuupyroT [11, 15, 16].

Takum oOpa3zom, 3bGEKTUBHBIN  AEIMYIbraTop JOJKEH 0051anath
BBIPDOKEHHBIM CPOJICTBOM K MexX(}a3HOW TpaHHIE SMYJIbCUH, OOECIECYHBATH
WHTEHCUBHYIO (DIIOKYJSIIIMI0O W KOAJECIHEHIMI0 TJIO0yT BOABL, a TaKkKe
ruApoUITN3aIIMIO0 B3BEIICHHBIX YACTHUI] U TIEpepaciipe/iesieHre X B BOJHYIO (a3y.



CoBpeMEHHBIN JeIMYJIbraTop MPEACTaBISET COOOW CMECh CIEIHATbHO
NOJ0OPAHHBIX AaKTUBHBIX OCHOB (0a3) B COOTBETCTBYIOIIEM PAaCTBOPHUTEIIE.
KonuuectBo 6a3 B hopmysie pa3auvHO, HO B OOJBIIMHCTBE JI€IMYJIBraTOPOB UX OT
JBYX JI0 YETBIPEX.

B 3aBuCHMOCTH OT XMMUYECKON MPUPOBI OJJHU 0a3bl YCKOPSIOT BBIJICTICHUE
OCHOBHOM YacTH BOJIbI, APYTrHe rTyOOKO 00€3BOKUBAIOT HEDTh, TPEThU SBIISAIOTCS
CMaYMBAIOIIMMHU BEIIECTBAMU JIJISl MEXaHUYECKUX ITpuMecei U T.11. B adpextuBHOM
peareHTe 0a3pl HE TOJBKO BBHITIONHSIOT WHAWNBUAYadbHbIC (QYHKIUHA, HO U
nposiBIsAtOT cuHepru3M. OOmiasi [0dsi aKTHBHBIX OCHOB B TOBapHOM ¢opme
nesMynbratopa peako mnpesbimaeT 40 % macc., OCTAIbHOE — PACTBOPUTEIb, YTO
00yCNIOBJIIEHO HEOOXOJUMOCTBIO O00ECMeUUTh NpPUEMIIEMbIE TEXHOJIOTUYECKHUE
CBOICTBA peareHTa (HU3KYI0 BA3KOCTh, HU3KYIO TEMIIEPATypy 3aCTHIBAHUA U . ).

Knaccuduxanus 1eamyabraropos

PBIHOK 1€3MYBraTOpPOB YPE3BBIYATHO TPUBJIEKATEEH AJISI IPOU3BOAUTENEH
peareHToB He(TENMPOMBICIOBON XUMHUU B CHUITy YIOMSHYTOHN BbIlIE (haKTUUECKOU
«0e3aIbTEpHATUBHOCTUY JI€IMYJIbraTopa Mpu MOATOTOBKE HEPTH (MIOBTOPUM, UTO
aBTOpaMm He u3BectHa HU onHa YIIH, kotopas yHkimonupoBaia 0wl ceroaus 6e3
MPUMEHEHUS 1eIMYIBIaTopoB). KonruecTBO N3BECTHBIX JEAIMYJILraTOPOB BEIUKO U
MPOJIOJKAET CTPEMUTENILHO HApacTaTh, YTO MPUBEJIO K HEOOXOIUMOCTH MPOBECTH
ux knaccudukammio. [IpuBeneM Tpu HamboJiee pacHpOCTpaHEHHBIX MOAXOAa K
KJ1acCu(pUKaMU AE3MYIIbraTOpPOB.

HMoHoreHHbple aKTHBHBIE OCHOBBI MOAPA3ACIAIOTCS HAa AHHMOHOAKTHUBHBIE,
KaTUOHOAKTHMBHBIE U aMdorepHble. K aHMOHOAKTHBHBIM OTHOCST BEIIECTBA,
MOJIEKYJIbI KOTOPBIX JTUCCOUMUPYIOT B BOJE HAa KaTHOH METaJUla WM BOJIOPOJA U
ruapodoOHsIi annoH [TAB, B cocTaB KOTOPOro BXOJUT OCHOBHAS YTIJI€BOIOPOIHAS
4acTh MOJICKYJbl. TUNMYHBIM NpPEACTABUTENEM SIBJSUICSA onucaHHbi Bbilie HUK.
KatnonoaktuBHbie [TAB — BemiecTBa, TUCCOIMUPYIONIME B BOJIE HA IOBEPXHOCTHO-
AKTUBHBIN KaTHUOH U HEAKTUBHBIN (MAJIOAKTUBHBIN ) aHUOH. JTa HEMHOTOUHCIICHHAS
IpyIIa BKJIOYAET B OCHOBHOM COJIA aJTKWJIAMHHOB U MMUPUIMHOBBIX coenHEHUN. K
ampotepasiM [IAB oTHOCSAT BemiecTBa, B MOJIEKYJE KOTOPBIX OJHOBPEMEHHO
MPUCYTCTBYIOT OCHOBHBIE M KHUCJIOTHBIE rpynmbl. [uccounupys, 3TH BellecTBa
00pa30BbIBAIOT AaHMOHOAKTUBHBIE UM KATUOHOAKTUBHBIE UOHBI B 3aBUCUMOCTH OT
pH cpensr.

HenoHoreHHble aKTUBHBIE OCHOBBI MOTYT OBITh Kak BOJO-, TakK U
He(TepacTBOPUMBIMU. DTOT TUMN COEAUHEHUN MO3BOJISIET IUUPOKO BAPbUPOBATH
croiictBa I[IAB mnyremM wW3MEHEHUS MOJIEKYJIAPHOTO Beca TUAPODUIBHON H
rupooOHON YacTel 3a cueT KOMOMHUPOBAHUS 0a3 € pa3IMYHBIM THIPOPUIBHO-
JUNO(PUIBHBIM OaTaHCOM.

IM'uapodunbHO-munodmibHbe O6amanc39 (I'JI b) xapakrtepusyeT cTeneHb
B3aMMOJICHCTBUSL C BOJOW OTAENBHBIX TPYIIN, BXOASIIUX B COCTAB MOJIEKYJIbI
BemecrBa. KosmuectBenHo ['JI b ectb OTHOIIEHME MOJEKYISPHBIX Mace
ruAPOGUIBHBIX U TUMIOPMIBHBIX (T.€. THAPOGOOHBIX) TPYII MOJIEKYJIBI BEIIECTBA
U MOXeT UMeTh 3HaueHust oT 1 no 20 (mo gpyrum uctounukam, 10 40). I[TAB,
umeromue [JI b menpme 10, mpeumyrectBeHHo iunoduiabHbl, O6ombie 10 —
MPEUMYIIEeCTBEHHO THaApoGmiIbHbL. UeM Oombine 3nadenue ['JI b (ot 10 u Beime),



TEM CHJIbHEE MPOSBISETCS TUAPOPUIbHBIE CBOWCTBAa MOJIEKYNbl. HernoHorenHsie
AKTHUBHBIE OCHOBBl HMEIOT OTHOCHUTEIIBHO BBICOKYIO CTOMMOCTb, HO HX
3 peKTUBHBIE TO3UPOBKM 3HAUMTEILHO MEHbBIIE, YeM Yy HOHOTCHHBIX 0as3.
BONBIIMHCTBO  COBPEMEHHBIX ~ JIEOMYJIBIATOPOB COCTOAT U3 HEHMOHOTCHHBIX
AKTHUBHBIX OCHOB.

K nepBoii rpymmne OTHOCAT A€IMYJIbraToOphl, IPUMEHSIEMbIE TS pa3pyLIeHUS
BOJIOHE(PTAHOM dSMynbcuu «Boja B HepTw». basammu 11 3TOil  Tpymisl
J€AIMYJIbraTOpOB SABJISIFOTCS ankmidenonpopmaibaeruIHbIe CMOJIBI,
OKCHAJIKUJIUPOBAHHBIC TOJHMAMHUHBI, MOIU(MUIIMPOBAHHBIE SMOKCHUIHBIE CMOJIBI,
KPEMHUNOPTraHUYECKUE COSTUHEHUS U JIP.

Bropas rpynmna — peareHTsl, IpUMEHSIEMbIE JIJIsl pa3pyLICHUS BOJOHEPTIHBIX
IMYJIbCHUI «HE(PTH B BOJE», T.€. COTIACHO MOAXOAY, IPUHATOMY HaMU, 3TH PeareHThI
MBI HE Ha3bIBAEM JI€IMYJIBraTopaMu. IDTO «OOpaTHBIE» AEIMYIBIaTOPbl, KOTOPHIE
MBI PaCCMOTpPHM B pasl. 4.6.

K tpeTheil rpymnine OTHOCSAT peareHThl KOMIUIEKCHOTO IEHCTBUS, paboTaromiue
OJTHOBPEMEHHO KaK J1€IMYJbraTopbl U MHIMOUTOPBI KOPPO3UU. DTO B OCHOBHOM

PCarcHThI, IIOJIy4aCcMBIC Ha OCHOBC OKCHAJIKUJINPOBAHHBIX
MMOJIMAJIKUJICHIIOJIMAMHWHOB Y THA3MHOBLIC YCTBIPCX3aMCIICHHBIC aMMOHHUCBLIC COJIN
IMOJIN3IINT AJIOTHAPHUHA.

UYerBepTass rpymnma — JIe3MyJIbraTopbl, NPUMEHSEMBIE IS pa3pyLICHUS
AMYJIbCUI C MOBBIIICHHBIM COJEPKAHHEM B3BELICHHBIX YacTUL. Takue peareHTbl
UMEIOT B CBOEM COCTaBE BEIIECTBA, CIIOCOOCTBYIOIINE CMAYMBAHUIO B3BEILIEHHBIX
YacTUI[ M MEPEeBOAY HMX B BOAHYIO (azy — CMECh AIKWICYJIb()OCYKIMHATOB H
TOKCUJIMPOBAHHOIO AJIKWI(PEHOJa WM AJKOKCHJIMPOBAaHHBIN 3dup copbura u
YKAPHOM KUCJIOTBI, CMEIIAHHBIN C OPraHOCEPHOU KUCJIOTOM U 3aMEIIEHHBIM HOHOM
aMMOHMUSI, a TakXKe CyJb(QUPOBAHHBIE COEAMHEHMS, AOAEHUIOCH30JCyIb(POHOBAS
KHCJIOTA.

B mAryro rpynmy BBIIEISIOT JE€3MYJBraTOpbl, INPEJHA3HAYEHHBIE JUIS
obOecconuBaHusi He(PTH.

Tpernii moaxox moApa3ieNseT JAEe3MYJIbraTopsl Ha TpU TPYNNbl B
3aBUCUMOCTH OT PUMEHSIEMOI0 PACTBOPUTENS U, CIEAOBATEIBHO, PACTBOPUMOCTH
B BOJHOU nii He(DTAHOH (ha3e IMYIIbCUU:

— METaHOJI;

— CMECh apOMATHYECKUX YTIEBOAOPOA0B U HU3IINX CIIUPTOB;

— BOJHBIN paCTBOP METAHOJIA.

JleoMynbraTopbl, Kak M JApPyTrH€ peareHTbl HEPTEIpPOMBICIOBONH XUMUH,
BCErJla BBHIOMPAIOT M0 QJITOPUTMY J1Ia0OpaTOpPHBIE UCHBITaHUS (BBIOOP)—OMBITHO-
MPOMBIIIUIEHHBIE UCTTBITAHUS—TIPOMBIIIJIEHHOE PUMEHEHHUE.

CranpmapTHOrO MeToaa 1ab0paTOPHBIX VCIIBITAHUN (BBIOOPA)
neamyseratopoB (I'OCT , ASTM u ap.) HE CyHIECTBYET, KaKk HE CYLIECTBYET U
CHELMAILHOTO Ha3BaHMs AJIs JIaDOPATOPHOIO METOJAa BBIOOpa JE€3MYJbraTOpPOB.
JlaGopaTopHbIii METOJ MCHBITaHUs (BBIOOpA) JEIMYIBIaTOPOB B AHTIIOS3BITHOM
JUTEpaType nMeeT HeopunranbHoe HazBaHue «00Ti-TecT» (bottle test), mocaoBHBIN
nepeBoj] — OYTBUIOUHBIM TECT. DTO Ha3BaHHWE YKa3bIBA€T Ha OTHOCUTEIIbHYIO
IPOCTOTY KaK caMOro METoJa, Tak U MCIOJIb3yeMoro obopynoBanus. Poccuiickue



aBTOpPHl HMHOT/A UCHOJB3YIOT TEpMHUHBI «bottle test», «OyThUTIOUHBI TECTY,
«HUCTBITAaHUS B OYTHUIKE.

OT60p P06 dMyIBCHUU. 30JI0TOEC MPABUIIO MPHU JTa0OPATOPHBIX UCITBITAHUSIX
JIeAMYJIBIaTOPOB — MCIOJIb30BAHUE CBEKUX IMPOO IMYJIbCHH TaK YacToO, KaK 3TO
BO3MOXKHO. DMYJIbCHH JIETKOU He(PTH OBICTPO CTApPEIOT U U3MEHSIOT CBOM CBOMCTBA,
U poba, oToOpaHHAasi BCETO HECKOJIBKO YacOB Ha3ajl, TEPSCT PEIPE3CHTATUBHOCTb.
DMyJIbCUH TSKETT0N HeTH cTaperoT He TaK OBICTPO, U MOTYT OBITh UCTOJIb30BaHbI
B TeUCHHUE 24 4 WM J0JIbIIIE.

Jlo Hawyama 7a0OpaTOPHBIX MCHBITAHUN JEAIMYJIraTOPOB OMPEIACISIIOT
colepkaHUEe BOABI B OMYJIbCUU (OOBOJHEHHOCTH OMYJBCHH) METOJIOM
HeHTpU(yrupoBaHusl.

Beibop HadanmpHOW  JO3WPOBKM TpU  JIAOOPATOPHBIX  HCIBITAHUSIX
JIEAIMYJIEraTOPOB U TIOCTEAYIOINIEE CpaBHEHHUE AeAMYIbraTopoB. [Ipu mabopaTopHbIX
UCIIBITAHUSIX ~HEBO3MOXKHO JIOCTMYb TOW HHTEHCHUBHOCTU TEPEMEIIUBAHUS
JIeAIMYJIbraTopa ¢ AMYJIbCUEH, KOTOpas CYIIECTBYET B peaIbHOU CUCTEME, — 3TO OJHO
U3 OrpaHUYEHUN MeToJa Ja0OpPaTOPHBIX HCHbITAaHUKH. Ero KOMIEHCHPYIOT
MPEBBIICHUEM JTA0OPATOPHBIX JTO3UPOBOK JEAIMYJIraTOPOB HAJl MPOMBICIOBBIMH,
KakK MpaBuiio, B 2—3 pasa.

Ilenoracurenun

[lenooOpazoBanne B He(TEra3oBbIX CHUCTEMax MOXKET HUMETh MECTO
MIPAKTUIECKH HA JTIOOOM YJaCTKE TEXHOJOTHUECKON IETTOYKH, TTIOCKOJIBKY (PaKTOphI
BO3HMKHOBEHUS TTeHbI HecerupuaHbl. K HUM OTHOCSTCS:

— MaJICHUE JIaBJICHUS B CUCTEME, TPAHCIIOPTUPYIOIIEH CMECh YTIIIE€BOJOPOI0B
C pa3HBIMHA TOYKAMU KHUTICHHUS;

— TaJCHWE JaBJIEHWS B CHCTEME, TPAHCIOPTHPYIOMIEH JKHIKOCTD,
COJIEpIKalIIlyI0 PACTBOPECHHBIN ra3 (ra3 BBIACISETCA U3 KUIKOCTU ¢ 00pa3oBaHUEM
My3bIPHKOB);

— MPUCYTCTBUE B CUCTEME B3BEIICHHBIX YaCTHI] (MEXaHHMUECKUX MPUMECEH ),
KOTOPBIE CTAHOBSITCS IIEHTPAMHU 3aPOXKICHUS My3bIPHKOB Ta3a.

[TenooOpa3zoBaHue OTPUIIATEILHO BJIMSET HA MPOIECC MOJITOTOBKU HE(TH,
OUYUCTKH M OCYIIKH Ta3a, MOCKOJIbKY MPUBOJUT K YMEHBIIICHUIO TIOJIE3HOTO 00bemMa
TEXHOJIOTHYECKHUX allllapaToB, MOMaJaHUI0 XKUIAKON (a3l B ra30BbIC JUHUU U Ha
dakenbl, 00pa30BaHUIO Ta30BBIX MPOOOK M KABUTAIIMM B HACOCAX, YCHUJICHHOMY
KOKCOBAHHIO B TPYOHBIX T€YaX M CElmapaTopax-MoJaorpeBaTessax, cOosiM B padboTe
HU3MEPUTEIHLHOTO 000pYA0BAHUSI.

Kunkue mensl, oOpasyroniuecs B HeTera3oBeIX CUCTEMaX, Kak U OMYJIbCHH,
ABJSIOTCS TUINUYHBIMHA JIHO(POOHBIMU JMCHEPCHBIMU CHCTEMaMH C TOM
pa3HuIleid, YTO B eHAX AucnepcHoi ¢a3oii siBas0TCcs ra3bl. CBOOOIHAS OT rasa
HeTh WM BOAOHEPTAHAS CMECh HE UMEET TEHICHIIMH K TTIEHOOOPa30BaHHUIO.

Ilenvl popmupyromes koHoeHcayuell uiu Oucnepcuetl.

[Tpy KOHIEHCAIIMM MOJICKYJIBI Ta3a YK€ HAXOIATCS B 00BEME KHUIKOCTH U
BBIZICJISIFOTCS M3 HEE B BHJIE MAJICHBKUX MYy3BIPHKOB, KOTOpPHIE B JajbHEHIIEM
YKPYITHSIIOTCA.

[Tpu aucnepcuu ras momnajgaeT B )KUAKOCTh U3BHE.




B 00oux ciy4asix my3bIpbKH ra3a He JOCTUTAOT MOBEPXHOCTU KUJKOCTU U3-
3a BozueinictBusa I[IAB, aacopOupyromuxcs Ha wmexdasHoit rpanuie. I1AB
MOHIKAIOT MOBEPXHOCTHOE HATSKEHHUE, oOecrieurBasi BO3MOKHOCTb PaCTSKEHUS
KUJKOCTHBIX TUJICHOK, SIBJSIOIIMXCS CTEHKaMM II€HHBIX SY€EK, MPU MEHbIIEM
ycwun. Kpome Ttoro, [TAB mpumaroT OOJNBIIYIO 3IaCTUYHOCTH KUAKOCTHBIM
IJICHKaM, YTO CIOCOOCTBYET IMOBBIIICHUIO YCTOMYMBOCTU KUJKOCTHBIX TUIEHOK K
BHEIIIHEMY BO3JICHCTBUIO (dTO SBJIGHHE W3BECTHO Kak 3ddekrt Maparonn).
B pe3ynbrare my3bIpbKH Ta3a CTaOWUIM3UPYIOTCS B 00bEME, UYTO U MPUBOAUT K
BCIICHUBAHUIO.

CTOpOHBI XKUJKOCTHBIX IUICHOK HA3bIBAIOT JiamessiMu. Jlamenu oOpasyroT
KAaHAJIOBYIO CTpYyKTypy. Ha yuwacTkax, rae Tpu u 0Oojee siueeK CONpPUKACAKOTCS
KpasiMH, JIaMEJIM U30THYThI CUJIbHEE U JABJICHUE >KUIAKOCTHU 37I€Ch HUXKE, YEM Ha
OoJiee MpAMBIX ydacTkax. ['paueHT JaBiIeHUM NPUBOJAMUT K TaK HA3bIBAEMOMY
OTEKAHUIO KUJKOCTU B HAIpaBJICHUHU 00Jie€ M30THYTHIX KaHAJIOB U CIIOCOOCTBYET
YTOHEHUIO IJICHKU B MPSAMBIX KaHalax. JKUIKOCTh B INICHKE OTEKAET U B PE3YJIbTaTe
TUAPOCTATUYECKOTO IaBJICHUS, YTO TAKXKE IPUBOIUT K YTOHEHUIO TUIEHKU. [loaToMy
CTOJIO TEeHBI UMEET 00Jiee TOHKHE KUIKOCTHBIC TUICHKH B BEpPXHEU 4acTH U Oojee
TOJICTBIE B HUKHEH.

[leHnbl TEepMOAMHAMUYECKH HEYCTOMYUBBI, UX CTAOMIIBHOCTD 3aBUCHUT OT TPEX
OCHOBHBIX (JaKTOPOB:

— UHTEHCHUBHOCTh OTEKaHUA KUAKOU (a3bl — CUHEPE3UC — MO JEHCTBUEM
CUJIbl TSKECTHU U PA3HUIIBI B CUJIE TIOBEPXHOCTHOTO HATSXKEHUS B TIJICHKE;

— MHTEHCUBHOCTH IU(P(y3un ra3za U3 MaJICHbKUX sU€EK B Oosiee KpyIHBIE C
MOCJEAYIOIIUM pa3pyIICHUEM KPYITHBIX SYEEK;

— BA3KOCTh JKUJIKOCTHBIX IUICHOK: TJICHKH, COCTOSIIME U3 BBICOKOBSI3KUX
KUJKOCTEH, OTEKAIOT MEJICHHEE, YeM TUICHKH U3 HU3KOBSI3KUX JKUIKOCTEH.

HauGonee pacrpocTpaHeHHBIM CIIOCOOOM YCTpaHEHHs NEHOOOpa30oBaHUS B
HE(TETPOMBICIIOBBIX CUCTEMAX SIBIISIETCS MPUMEHEHHE CICIMAIbHBIX PEareHTOB —
IIEHOTACUTETIEN.

CoBpeMeHHbIE IEHOTaCUTEINH SBIISIOTCS BEIIeCTBAMU JIMOO HA CHIIMKOHOBOM,
7100 Ha OPraHUYECKOI OCHOBE.

CHIMKOHOBBIE NIEHOraCUTEIN M3TrOTaBIMBAIOT Ha OCHOBE
noJuauMeTuiIcHuiIokcana. Mx  mupoko TNpUMEHSIOT B HedTerazoBoi
MPOMBIIJICHHOCTH, TIOCKOJIbKY 3a4acTyl0 OHHU  SIBJIIIOTCA  €IWHCTBEHHBIM
JIEWCTBEHHBIM CPEACTBOM IMOJaBJICHUsI IEHOOOPA30BaHUs B HEBOJAHBIX CpeiaXx.

Opranuyeckre TMEHOTACUTEIU  HW3TOTABJIMBAIOT U3  MOJUIJIHKOJIEN,
NOJIUTJIUKOJBHBIX 3()UPOB, 3QUPOB KUPHBIX KHCJOT, *KUPHBIX CHHUPTOB M
noJiuMepoB. VX ucrnoas3yloT TOJBKO B BOJIHBIX Cpe/iax.

Ilenoracurennb a0/ukeH cHuKATh AeiictBue IMAB, craGunusupyroiiero
NeHY, ¥ yCHJIUBATh (DaKTOPHI, CIOCOOCTBYIOIIHUE €€ TecTabmin3anuu. bombImmHCTBO
neHoracurenen BoITecHS 0T [TAB ¢ MOBepXHOCTH KUJIKOCTHBIX IJIEHOK, 3aHUMAIOT
WX MECTO | Jiajiee IEHCTBYIOT Pa3HBIMU CTIOCO0aMu: (POPMHUPYIOT YIACTKU C OYCHB
HU3KUM MMOBEPXHOCTHBIM HATSHDKEHUEM, UTO MPUBOJUT K UCTOHUYEHUIO U Pa3phIBY
IJIEHKH, YCWJIMBAIOT OTEKaHUE >KUIKOCTH, YMEHbINAsl CPOK >KU3HHU KUIKOCTHOU



MJIEHKW, U YMEHBIIAIOT MOBEPXHOCTHYIO 3JAaCTUYHOCTD KUAKOCTH, SIBISIOIIYIOCS
HEO0OXOJAMMBIM YCIIOBUEM CYIIECTBOBAHUS MEHBI.

D@ deKTUBHBIN TEHOTaCUTENb JTOJKEH 00J1a7aTh CIETYIOIIMMU CBOMCTBAMMU:

— OBICTPO JUCTIEPTUPOBATH B IICHE;

— UMETh OTPAaHUYEHHYIO PACTBOPUMOCTH B KHUAKOW (Da3e MEeHbl CUCTEMBI
(xopor1iasi paCTBOPUMOCTh IEHOTACUTENSI TPUBEACT K CTAOUIIU3AINY TIEHbI );

— ObITh CTAaOMJIBHBIM M COBMECTHUMBIM C JIDyTUMHU peareHTamu
HE()TETTPOMBICIIOBOW XUMUHU, TPUMEHSIEMBIMHU B CUCTEME.

OOparHbIe 1eIMYJIBIaTOPbI

Okcrutyatanys HEPTSIHBIX MECTOPOXKACHUN B CpelHEN U MO3IHEH CTaausix
pa3pabOTKu COMPOBOXKAACTCS H3BICUCHUEM 3HAYUTENIBHOTO OOBeMa IMOITyTHO-
N00BIBa€MOM BOJIBI - MJIACTOBOM BOJBI. JTa BOAA, OTAENEeHHAsA oT HepTH Ha YIIH,
3arpsi3HeHa yriaeBopopoaamu (HedThio). HedThp aucmeprupoBana B Boje, T.€.
3arpsi3HeHHast BoJla (PaKTUYECKHU MPEJICTABIISIET COO0M AIMYIIbCHIO «HEPTH B BOJACH.

[TnactoBsie crounbie Bojbl (IICB) Bkitouaror:

- TU1acToBBIE BOJIBI (10 85 %);

- ipecHbIe BOJIbI (110 12 %), noOaBiisieMble Ha YCTAaHOBKE IMOJATOTOBKH HEPTH;

- MPOMJIMBHEBBIE BOJBI (710 3 %).

[ICB umeroT 6ojiee BBHICOKYIO MHUHEpAIU3alMI0 U BSI3KOCTh, YEM IpecHas
Boja, coaepxkar B cebe IIAB, BcrmeactBue dero oOnagaroT —JIydinen
He(TEeBBIMBIBAIOIIEH CIIOCOOHOCTBIO, a TaK)Ke€ MHTMOUPYIOIIEH CIIOCOOHOCTHIO IO
OTHOILICHHIO K TJIMHUCTHIM MOPOJIaM.

Opnako OonbmiHCTBO [ICB MMEIOT HU3KYIO CTA0OMIBHOCTH XUMHYECKOTO
COCTaBa; B pe3yjbTaTe MPOTEKAIOIINX PEAKIUN 00pa3yrOTCs TBEPAbIE B3BEILICHHbBIE
yactuisl (TBY), 3acopstomue npu3aboilHyo 30Hy HarHEeTaTEIbHbIX CKBAKHH.

[1pu 3akauke MJIaCTOBBIX CTOYHBIX BOJI B HATHETATEIbHBIE CKBAXKUHBI CIIETYET
YUYUTBHIBATh UX COBMECTMMOCTH C IUIACTOBBIMU BoAamu. [Ipu HecOBMECTHMOCTHU
MPOIIECC BHIMAJICHUS COJIEH U3 CMECU BOJ MOXKET MPUBECTU HE TOJIBKO K CHH)KEHUIO
MPUEMHUCTOCTH HATHETATENIbHBIX CKBAXHH, HO U K MHTEHCUBHOMY OOpa30BaHUIO U
OTJIOKEHHIO COJICH, YTO MOBJICYET OCIOKHEHUS B IKCIUTyaTallid CUCTEMbI cOOpa U
MOATOTOBKHU HE(DTH.

[Tnenka HedTH cobupaercs cBepxy uepes 4—20 mun mocie otoopa mpoosl. Ha
MOAABJISIOIIEM OOJIBIIMHCTBE HEPTSIHBIX MECTOPOXKICHUIN J0OBIBAEMYIO BMECTE C
HePThI0O BOJY YTWIM3HPYIOT METOJIOM 3aKaykd B TOA3EMHbIC TOPU3OHTHI: B
MPOAYKTUBHBIC TIJIACTHI JJIs1 ”HTEHCU(PUKAIIMU T00BIYM HEPTHU MMyTEM MOJAepP KaHus
IJIACTOBOIO JaBJEHUS JIMOO (pexe) B MOTIOLIAKOIINE TOPUZOHTHI AJI 3aXOPOHEHUS.
[IpucyrctBue HedTH B 3aKauMBaeMoill B IUIACT BOJIE€ HEXKENATEIbHO KaK I10
TEXHOJIOTUYECKUM, TaK M TI0 IKOHOMHUYECKHMM IMpuuyuHaMm. Bo-mepBbix, HedTh
CHI)KAeT MPUEMUCTOCTh IJIacTa, Ocelasl Ha MOpoJe U 3aKylNmopuBas MOpbI, U IS
BOCCTAHOBJICHUS] TIPUEMHCTOCTH TPEOYETCSl MIPOBEACHNUE CIICIIHAIBHBIX OIEpaIuii.
Bo-BTOpBIX, yXe AOOBITYI0 HE(PTh BMECTO peail3allii BHOBb 3aKaYyMBAIOT B
MPOAYKTUBHBIN IIACT.

MakcumanbHasi KOHIICHTpalusg He(TENpPOAYKTOB B BOJAE [JIS 3aBOJHEHUS
HE(TSIHBIX TIACTOB HOPMHUPYETCS OTPACTIEBBIM CTAaHAAPTOM B Auana3zoHe 5—50 mr/im,
B 3aBUCUMOCTH OT HIPOHUIIAEMOCTHU U OTHOCUTEIIbHOM TPEIIIMHOBATOCTH IL1acTa. /{4



OonbuuHCcmea He@manvIX Mmecmopodxcoenuil 3anaonot Cubupu MaxcuManibHas
KOHYeHmpayus Hegpmenpoodykmos 6 8oode cocmasnsiem 40 me/n, onra Teounckoeo
mecmopodcoenusi (Tumano-Ilewopckas nepmsane2az3oHoCHAsL NPOBUHYUS) — 5 Mme/T,
ons Ilunemyn Acmoxckoeo mecmopoxcoenus 6 Oxomckom mope (npoexm
«Caxanun-2») — 10 me/n.

Oobpa3oBanue, cTAOWIBHOCTH U Pa3pyllieHHe IMYJIbCHI «HePTh B BOJe».
CocTaBbl M CBOMCTBA O0PATHBIX 1€IMYJILIATOPOB.

CoBpemeHHass Teopus OO0pa30oBaHHUA OSMYyIbCUH «HEPTH B  BOJEH
MIPEAIOoJaraeT, 4YTo OTPUIIATEIHLHO 3apsHKEHHBIC YaCTHUIIHI HE(YTH MPUTATHBAIOT CIION
MOJIOKUTEIIBHO 3apsSKEHHBIX HOHOB, KOTOPBIM Ha3bIBalOT cinoeM LlltepHa. [loBepx
Hero dopmupyercst TpeTui, AudQPy3HbIH, CION MOTOKHUTEIFHO U OTPHUIATEIHHO
3apsHKEHHBIX MOHOB € OOLIMM OTpHILIATEIbHBIM 3apsaoM. Hapysxubiit nuddy3nbrit
CIION CO3[1aeT B3aMMHOE OTTAJKMBAHME MEXAY YacTUIAMU HEPTH, YTO JAeNacT
JUCIIEPCHYIO CUCTEMY CTaOMIIBHOM.

CtaOuiabHOCTh U CIOCOOHOCTH K Pa3pylICHUIO dMYJIbCUN «HEPTH B BOJE»
nomuuHsaeTcs 3akoHy CTokca, T.e. 3aBHCHT OT pa3Mepa M IUIOTHOCTH YacCTHIL
nucriepcHon (aszbl (HedTH).

Hpyrumu dhakTopamu CTaOMIBHOCTH SIBIISIIOTCSL:

— 3apsi]l 4YacTHIl M [3eTa-moTeHHuad. B cooTBeTCTBUM CO CTpOCHHEM
YaCTHI] JUCTIEPCHOM (ha3bl, CTAOMILHOCTE SMYJIBCUU «HE(PTH B BOJIE» OMpEIeseTCs
BEMYMHOW 3apsaa Jud@y3HOro ciod. IDJIEKTPOKMHETUYECKUW MOTEHLHAI,
KOTOPBIH BO3HHUKAET MEXIY YACTHUIIAMU TUCIIEPCHOW CHCTEMBI B pe3yJbTaTe WX
B3aMMHOTO TIEPEMEIICHUS, HA3bIBAIOT J3€Ta-MOTeHIHMAIoM. Jl3eTa-moTeHuan
(u3mepsiercst B MB) xapakTepusyer B3auMHOE BIIMSIHUE JIPYT Ha Apyra JUCIIEPCHON
CpeIbl ¥ TUCTICPTUPOBAHHON YaCTHIIBI.

Ilpu 03ema-nomenyuane —81...—100 mB smynvcus «negpmo 6 600e» ssnaemcs
cmabunvrou, npu —16...—40 mB — munumanvro cmabunvHou, a npu —5...+5 uB
APOUCXO0UM UHMEHCUBHASL A2IOMepayus dyacmuy u paszoeleHue IMYIbCUuu Ha
He@mob u 800y,

— paauyc yactuil HepTu. Pazmep yactuil HeQTH B SMYIIbCUU «HEDTH B BOJIE»
Bapbupyerca B cpeaHeM ot 0,001 mo 1,0 Mm. Dmynbcun, comepkaliue 4aCcTULIbI
MEHBIIIUX pa3MepoB, Oojiee CTAOUIBHBI W TPEOYIOT OOJIBIIErO0 BPEMEHU ISt
paznieseHust Ha HeTh U BOAY;

— pH u nonHasi cuiia pacreopa (Boasbl). Mzmenenne pH u MOHHON CHITBI
pacTtBopa (BOJbI) BIUAIOT HA [A3€Ta-MOTEHIHMAN. YBEIUYEHHUE HOHHOU CHUJIBI
pacTBopa 00BIYHO JAECTAOMIN3UPYET IMYJIbCUIO «HE(PTH B BOJIEY;

— Temnepartypa. M3MeHeHre TeMnepatypsl MPUBOAUT K U3MCHECHHIO 3apsiia
gactur] Heptn u pH cucremsl. IloBbIieHWe TemmepaTypbl IeCTAOMIM3UPYET
IMYJIBCHUIO «HE(PTH B BOJEY.

CymiecTByeT MHOTO METOJIOB yAaJIeHHs] He(DTEPOAYKTOB U3 BOA HEDTIHBIX
MECTOPOKICHUM:

— MeXaHW4yeckue (OTCTauBaHHE, TUIPOIMKIOHUPOBAHUE, (DUILTPOBAHHUE C
WCIIOJIb30BAHUEM PAa3HOOOPA3HBIX MO TMPUHIUIY JEHCTBUS U KOHCTPYKIIUU
buIbTPOB);



— (pusnko-xuMUYEeCKre (B TOM YHCIIC peareHTHBIC: KOAryJsius, QIOKYISAINS,
ocakJIeHUE TIpuMeceit, dhoTarus, afcopOIus, MIOHHBIH 00OMEH, 0OpaTHBIM OCMOC U
zp.);

— OHoJIOTHYecKast OYHCTKA;

— DKCTPaKIIHS;

— 030HHPOBaHUE.

Tema 8 IPOMBICJIOBAS ITIOJII'OTOBKA I'A3A
IIman nexuun
TpeboBanus, NMpeabIBIIEMbIE K KAUECTBY Ta3a.
[TpoGnema ruipaTo0Opa30BaHUsI U METOBI €€ PeIIeCHUS.
Ocy1ika U 0YUCTKa IPUPOTHOTO U MOMYTHOTO ra3oB

TpeOoBanus, npeabsiBisieMble K KAaUeCTBY raza

[Ipu ycTaHOBIEHMM T[OKa3aTeleil KadyecTBa Ta30B 3a OCHOBY B3SITHI
CJIENYIOINE YCIOBUSL:

® ra3 MpU TPAHCHOPTUPOBAHMM HE [IOJDKEH BBI3BIBATh KOPPO3UIO
TpyOOIPOBOIOB, apMaTyphl, MPUOOPOB U T.I1.;

® KayecTBO ra3a JIOJDKHO OOecleurBaTh €ro TPaHCIOPTUPOBAHUE B
0IHO(a3HOM COCTOSIHMM, T.€. B Ta30MpOBOJE HE JOJDKHBI OOpPa30BBIBATHCS
YTJIEBOJIOPOIHAS KUIKOCTh, BOJSSHOW KOHICHCAT U Ta30BbI€ TUAPATHI;

® TOBApHBIN r'a3 HE JIOJDKEH BBI3BIBATH OCJIONKHEHUN Yy TOTPEOUTEINS TIPU
€ro0 UCIMOJIb30BaHUMU.

ITo T'OCT 5542 u OCT 51.40-93 x CEepHHCTBIM Ta3aM OTHOCSATCS Ta3bl C
cozepkanreM cepoBoioposia 6omaee 0,0014 % o06. (uum 0,02 r/m3). 3anpeniaercs ux
UCIIOJIb30BAaHUE B KAYE€CTBE OBITOBBIX, TEXHOJOTMYECKUX M TOIUIMBHBIX Ia30B IO
CaHUTApHBIM TPeOOBaHUSM M TeXHUKE Oe3zomacHOCTU. OHM TPEOYIOT OUHUCTKH OT
CEPHHUCTBIX COCIMHEHUI.

Yucino Bo066e: 3HaueHue BbicIe OOBEMHOM TEIJIOTHI CrOpaHUs MpH
ONPEJEICHHBIX CTaHAAPTHBIX YCJIOBMSX, JEJIEHHOE Ha KBAaJpPaTHBIM KOpPEHb
OTHOCUTEIBHON IJIOTHOCTHU IIPU TEX K€ CTAHIAPTHBIX YCIOBUAX U3MEPEHUN.

Yucno Bob6e - XxapakTepucTHKa TOpIOYEro Tasza, ONpeessomas
B3aMMO3aMEHIEMOCTh TOPIOYMX Ta30B TNPU CHKUTAHUM B  OBITOBBIX U
IIPOMBILIUICHHBIX TOPEJIOYHBIX YCTPOMCTBAax, HM3MEpSETCd B METaKOYyJIsiX Ha
KyOMUYecKui MeTp.

bopn0a ¢ rugpaToodpazoBanuemM

TexHOoreHHbIe Ta30BbI€ THAPATHI MOTYT 00OPa30BbIBATHCA B CUCTEMAX JOOBIYH
HepTM W raza: B mNpu3abOMHOM 30HE, B CTBOJAX CKBa)XXWH, B IUICH(POBBIX
TpyOONpPOBOJaX U BHYTPUIIPOMBICIOBBIX KOJJIEKTOPaX, B CHCTEMaX MPOMBICIOBOM
M 3aBOJICKOM TMOATOTOBKM HePTH M Traza, a TakkKe B MarucTpajbHBIX
ra3oTpPaHCIOPTHBIX CUCTEMaXx. B  TEXHOJOrM4yeckux Tmpoueccax JA00bIuH,



MOATOTOBKY M TPAHCIIOPTA Ta3a TBEPJIbIE TA30BbIE€ THAPATHI BHI3BIBAIOT CEPHE3HBIC
po0JIeMbl, CBSI3aHHbIE C HAPYIICHUEM MPOTEKAHUS 3TUX MPOLECCOB.

l'azoeuopamer  (kpucmannoeuopamsi) - TBEpHble Teaa, OOpa30BaHHBIC
bU3MYECKUM COEAMHEHUEM MOJEKYJ BOJABI C HEKOTOPHIM YHCIOM MOJEKYI
IPUPOIHOTO ra3a Mpy ONpeIeJICHHBIX TEMIIEpATypax U JaBJICHUSIX.

Monekynbl Tspkenee ...-OyTaHa CIMIIKOM BEJIMKH, YTOObl NMPOHUKHYTH B
MOJIOCTU KPUCTAIUTMYECKOU PEIIeTKH, TO3TOMY OHU HE 00pa3yroT MHIUBHUIYaTbHBIX
TUAPATOB WM 00Pa3yIOT TOJIBKO CMEIIAHHBIC THPATHI.

Vcnosus, neobxooumvie 015 00pazo8anus 2uoOpamos:

® TIPUCYTCTBHUE CBOOOJHOW BOJBI M Ta3a HWKE MX TOYKH POCHI; OIHMH
00BeM BoJibI cBsa3biBacT oT 70 10 210 00beMOB rasa;

® BBINOJHEHUE YCIOBUH MO TEMIIEPATYPE U JaBICHUIO B 3aBUCUMOCTH OT
coctaBa ra3a. CHIDKEHHE TeMIEepaTyphl ra3a MPUBOJUT K KOHJIEHCAIUU BOJISHBIX
MapoB, YTO MOXKET MPUBECTH K oOpa3zoBaHUIO TujpaToB. OOpa3oBaHUE Ta30BBIX
THIPATOB B cHCTeMax J00bIYM, cOOpa, MPOMBICIOBON MOATOTOBKU (YCTaHOBKH
HTC) wu  TpaHCnopTHpOBKM  Ta3a  SIBISETCS  JOCTATOYHO  TUIHWYHBIM
TEXHOJIOTHYECKHM OCIIO)KHEHUEM, TPUBOISIIMIAM K 3a0MBKE TpyOOIPOBOJIOB,
TEMJI000MEHHUKOB H T.II., YTO TIPUBOJIUT K aBApUMHON OCTAHOBKE OOBEKTOB.

Ooun obvem 600bl npu obpazosanuu cuopama cesazvieaem 207 006vemos
memana, a 00uH Kyouueckuii memp 2uopama memana cooepyrcum 164,6 m° 2aza npu
HOpMANbHLIX ycaosusx. Ilpu smom obvem, 3aHumaeMvlil 2a30M 6 2uopa me, He
npesviuiaem 20 %, m.e. 164,6 M2 2aza zanumarom obwvem 0,2 M°. Dmo 3navum, umo
ons 1 m® 2udpammoii npobxu 06pabomra MEMaHoLOM MOACEM NPUEECMIL K PA3DLIEY
mpyouoi.

Ji1st 60pBOBI ¢ Ta30BBIMU THUAPATAMH pa3padOTaH Psii METOJIOB, B TOM YHUCIIE
¥ METOJIbl, UCTIOJIb3YIOIINE XUMUYECKHE peareHThl. Takue peareHThl Ha3bIBAIOTCSA
HHTHOUTOPAMM Ta30BbIX THAPATOB.

Meroznpt Gopsdsl ¢
ruapaTo0GpazoBaHHeEM

I |

Xummnveckne dusHueckue
(MHTHOHTOPHBIE) Texnonoruueckne (Be3uHrHduTOpHEIC)
Huruduropnr HHruéuTops
obpa OTIIOKEHH I Ge3rMIPATHBIX
|—\ Pe:KUMOB —
Tepsommna- Kunern- || Mexanuueckue
MHYeCKHe YecKHe
Muorodasuerit Tpancnopr @uzirieckue noas
MPOAYKUMH Fa30KoHJeHCATHBIX (axycriyeckue)
o ra3oHeITAHBIX CKBAKHH
NHrubuTopsl TUIPaTOB MOJIPa3JIEISIOTCS Ha UHTUOUTOPBI

2UOpamooopaz06amiss i AHTUOUTOPHI 2UOPAMOONMIO0NCEHUS.

[Tox uHrHOUTOpPAMU TUIPATOOOPA3OBAHUS TIO CIOKUBIIEHCS (HO HE BITOJIHE
TOYHOW) TEPMUHOJOTUU TIOHMMAIOT BEIIECTBA, KOTOPBhIE JHMOO W3MEHSIOT
TepMoOapudecKue YCIOBUsS 00pa3oBaHHWS TUAPATOB (3TO UWHTHUOWTOPHI B
TEPMOJIMHAMHYECKOM CMBICIIE), JIMOO BIUSIOT HA CKOPOCTh 00pa30BaHUs TUAPATOB



B ra30KUIKOCTHOM TIOTOKE (3TO MHTHOUTOPHI B IPSIMOM CMBICIIE 3TOTO TEPMUHA UITH
KMHETUYECKUE UHTUOUTOPHI).

Jlnis mpeoTBpaIieHrs THAPATOO0pa30BaHUs, KOTJAa MapaMeTpbl YCTaHOBKHU
HaXOMATCSI B TEPMOOAPHUECKUX YCIOBHSIX THIpPaTo0Opa3oBaHUs, CYIIECTBYET TPH
crioco0a pemreHus mpoOIeMbI:

® TIEpPEeMCICHUE KPHUBOW OOpa30oBaHUS THAPATOB: BBOJ WHTHOHWTOpA,
KOTOPBIN CHUMCaem memnepamypy oopa3o8anus 2uopamos;

® [IEpEMEICHHE KPUBOM TOUEK POCHL: abcopbyus napos 600bl ¢
NOMOWbBIO  JAHCUOKO20 copbenma (unu  aocopoyus napos 600vl MEepPObIM
ocywumenem);

e 1iepeMelieHre 001acTu (QYHKIIMOHUPOBAHUS: YOd/leHUue 800bl nymem
OXTAANCOEHUS U PACUUUPEHUSL.

NHrudéuTopsl ruapaToodpazoBaHus

NHruburopsl rugpatooOpa3oBaHusi MOXKHO pa3leluTh Ha TPH TPYIIbI,
COOTBETCTBEHHO MEXaHU3MY MHTHOUPOBAHUS:

- KHHETUYECKME MHTUOUTOPBI ruapaTooopazoBanus (KUI);
- aHTUArJIOMEpaHThl (AA);
- repMmoanHamMuueckue nHruoutopsl(THN).

K kareropun TJIM oTHOcATCS TpaguuuoHHble mMeTaHon u MOI. B cBoro
ouepenb, KUI' u AA mnoamagaroT moj ONpeNeeHUE WHTHOUTOPOB HHU3KOM
no3upoBku - UI'H/T. 11pu stom yame Bcero MI'H/I npuMeHstOTCA B KOHLIEHTPAaUKU
or 0,25 10 5 % 006. oT coaepaHus BOJAbI B raze - T.€. B HAMHOTO MEHBIIHNX
nosupoBkax, yeM T/IW. bonee Toro, Toraa kak T/IM cMemaroT TepMOIMHAMUYECKOE
paBHOBecue ruapatHord cucrtembl, UI'HJ] BO3ME€MCTBYIOT HEMOCPEICTBEHHO Ha
nporiecc (popMupoBaHUs THAPATHBIX KpucTawioB. B orauume ot KUIT AA
UHTUOUPYIOT THUApaToOOpa3oBaHUE, IUCIEPTUPYs KPUCTALIBI 1O Mepe HuX
(dbopMHUpOBaHUSL.

O} pekTUBHBIMH HHTUOUTOPAMU THAPATOOOPA30BAHUS SBIISIFOTCA:

- CIIUPTHI:

(O meranou;

(O sTanoum;

(O usonpomnano;
- TJINKOJIN:

O MOHOOTHUJICHI'TIMKOJIb,
Q JUITHUIICHTJIMKOJIb,

(O TtpwdsTHReHrMTHKOMM (cooTBeTcTBeHHO: DI (MDI), AT, TII),

TTOJTUTJIUKOJIH.
- aMMmuak, (QopMalbIeTHu/l, BOJHBIC PACTBOPHI JJICKTPOJIUTOB (XJIOPHT
KaJbIU U Jp.).



OTH  COEOUMHEHUA  OTHOCATCA K  paspsly Tak  Ha3bIBa€MbIX
TEPMOJIUHAMHYECKUX MHTUOUTOPOB TUApaTooOpa3oBaHusi. MexaHu3M UX AEHCTBUS
3aKJII0YAETCs B CHIDKEHUH aKTUBHOCTH BOJIbI B BOJJTHOM PAaCcTBOPE U, KaK CIIEJICTBUE,
M3MEHEHUH PaBHOBECHBIX YCIOBUN 00pa30BaHUs TUAPATOB.

KoHueHTpupoBaHHBI ~ peareHT  MoJaeTcsi B~ HEOOXOAMMBIE  TIO
TEXHOJIOTUYECKUM YCIIOBHSIM TOUYKH BBOJA. [IpedynpesicOoenue o0bpazosanus
2UOpamo8 8 CKBANCUHAX U 2a30NP0o8o0ax 00X00UmMcs O00CMAMOYHO O00pPO2o.
OtmeuaeTcst TEHACHIMS 3aMEHBI JOPOTrOro JUATUIIEHIIIMKOJSA Ha 0oJiee IEenIeBbIi
UHTUOUTOP THAPATO000a30BaHUS METAHOJ HAa MHOTHUX MECTOPOXKACHMSIX
IPUPOAHOTO rasa.

Hepnocraroxk T/IU 3akitodaeTcst B O0NBIIMX pacxojax 3TUX BEIIECTB.

Tax, nanpumep, o0bruHO TpeOyeTcsa n06asnaAth oT 10 1o 40 % MeraHomna 1o
OTHOIIIEHUIO K 00beMy T0OBIBAEMOI BOJBI.

Haubonee yacTo ncnosib3yeMble HHTUOUTOPBI - MeTaHOI U riukoau (MO u
JOTI'). Boanble pacTBOPHI XJIOpUIA KaJbIUsl UCHOIb30BAINCH HA HAYAJIBHOM JTare
Pa3BUTHSA Ta30BOU MPOMBIILIIIEHHOCTH.

JIOCTOMHCTBO 3TOr0 MHrMOMTOPA - BHICOKAs aHTUTHWJpaTHAas aAKTUBHOCTD,
JIeIIeBU3HA TEXHUYECKUX COPTOB 3TOM coiu (Kak MOOOYHOro MPOIyKTa COAOBOIO
IPOU3BOICTBA), AOCTATOYHAS POCTOTA IPUTOTOBIIEHUS paCTBOPA, HETOKCUYHOCTb.

Henocrarkm - oueHb BBICOKAas KOPPO3HMOHHASI aKTHMBHOCTb, BO3MOXHOCTb
BBINIAJICHUSI OCaJKa MPU CMEIIEHUU C IUIACTOBOM MUHEPAIM30BAaHHOW BOJIOM,
HEO0OXOAMMOCTh HAJIMYUS CIIEHUATIBHOTO y3J1a TPUTrOTOBIECHHS pacTBopa. [loaTomy
IpU MPAKTUYECKOM MCIOJb30BaHUM PACTBOPOB XJIOPHUAA KalbLUA CJEIYEeT
oOpamarb BHUMaHUE Ha COOJIOJIEHUE TEXHOJIOTMU NPHUTOTOBICHHSI pacTBOpa B
IPOMBICIOBBIX YCJIOBUSIX M CHUYKEHHUE €ro KOPPO3MOHHON AaKTUBHOCTH. /[[is
YMEHBUIEHUSI KOPPO3UOHHOM aKTUBHOCTH pa3paboTaHa 3(PQpeKTUBHAS TEXHOJIOTHUS
YIAJIEHNST PACTBOPEHHOIO KHUCJIOPOJA M3 PAcTBOpPa XJIOPHAA KaJIbLMs, a TaKKe
UCIIOJIb30BaHUs CHEIHAIbHBIX aHTUKOPPO3HUOHHBIX JOOaBOK.

B npomvicnosou npakmuxe uHo20a UCnOIb3YIOM CMEUAHHble UHUOUMOPbL:
memanon - CaCl2, memanon - ayemou, Memamol - i-nponamoil.

PacTBOpBl 3JEKTPOJUTOB M ceWyac BIOJHE MOTYT HCIIOJIb30BAaTHCS Ha
HEOOJIBIINX MECTOPOXKICHUSIX, IPEUMYILIECTBEHHO B PETUOHAX CPEAHEN U H0KHOU
niosiockl Poccun u B ctpanax CHI'. B cBsi3u ¢ pa3paboTKO# KOMILIEKCHBIX TPOTpamMM
OCBOEHHMSI MaJIbIX Ta30BbIX MECTOPOXKAEHUI Poccuu B psifie ciydaeB Lenecooopa3Ho
OPUMEHSATh B KA4eCTBE AHTUTHAPATHBIX PEAreHTOB HMEHHO PacTBOPHI
AIEKTPOJIUTOB (OCOOEHHO pacTBOPHI OMIIO(pUTA ¢ JOOABKAMU aHTUKOPPO3UOHHBIX
peareHToB). OIHAKO MPUMEHEHUE MOJOOHBIX PEAreHTOB B CEBEPHBIX PETMOHAX Ha
KPYIHBIX Ta30BbIX MECTOPOXKICHUSIX SBIIACTCS HETEXHOJIOTHYHBIM.

HUcnoab3oBanue METaHOoJIa B KayecTBe HHIUOUTOpa
THAPATO0OpPa30BaAHMS

Ha neiictByromux mectopoxaeHusx Kpaitnero Cesepa PD B Hacrosiee
BpeMsl B KauecTBE HMHTHOMTOpa T'HAPATOOOpA30BaHUSI HCIONB3YETCS TOJIBKO
MeTaHos. Ero pexkoMeHAyrT MHCHOJb30BaTh M HAa BHOBb HPOEKTHPYEMBIX
MECTOPOKICHUSIX.



MeTtaHoa uHOTAa UCIOB3yeTCsa O0e3 pereHepanuu (MOTePSHHHBIA METaHO),
XOTS 4YaCTO OH MOJKET ObITh PEKYNEPUPOBAH U3 KUAKON (Pa3bl U pereHepUPOBaH C
MOMOIIBIO MIEPETOHKH.

OO6nacTu MpUMEHEHUsI METaHOoIA:

® YCTaHOBKH, I[JI€ OXJaXKJICHUE ITPOUCXOINT 3a CUET PACIIUPEHNUs ra3a;

® TMepuoauYeckoe (CE30HHOE) BIPBICKUBAHHE B  TPYOONMPOBOIBL,
OXJIaXJJaeMbI€ OKPY>Kalollle cpesloi, TaKk Ha3bIBaeMbI€ «ILICH(BI»;

® TOYEYHBIC BIIPBHICKUBAHUS B 30HBI YCTAHOBOK pa3J/ieJI€HUs raza Jyis
O00pbOBI ¢ TUApaTOOOpa3oBaHUEM (TIpH cOpOCE JIaBJICHUS, OXJIKICHUN TTOTOKOB U
T.J.).

IIpenmyiecTBa UCIOIB30BaHUS METAHOJIA!

- OTHOCHUTEJIbHO HU3Kasi CTOUMOCTb U JOCTYITHOCTh MPOAYKTA;

- BBICOKAsi TEXHOJIOTMYHOCTh BBOJIa M pacTIpeIeICHHs] METaHOoJIa B TpeOyeMble
YYaCTKHU TEXHOJOTUYECKOH 1IEMIOYKH;

- MakCHUMallbHas CpeAM W3BECTHBIX HMHTUOMTOPOB  aHTUTHIpaTHas
aKTUBHOCTb, T.€. HAJEKHOCTh 3aIUTHl OOOPYJAOBAHMS JaKE€ TMpPU HUBKHUX
TeMIlepaTypax;

- HU3Kasg TeMIeparypa 3acTbIBaHHUA KOHUEHTPUPOBAHHBIX pPACTBOPOB
METaHOJIa U UX UCKIIOYUTEIBHO HU3KAs BS3KOCTH JIayKe MPHU TEMIEPATypax HUKE
150 [IC;

- CMEUIMBAeMOCTh CO cJ1ab0 MHHEpaJIM30BAaHHOM IUIACTOBOW BOAOM 0€3
BBINIAJICHUS OCAJIKa;

- HAKOILJIEHUE COJIEH B paCTBOPE METAHOJIE CO3J]a€T MEHEE OCTPhIE TPOOIIEMBI,
YeM IIPU HAJTUYUU COJIEHN B TJIMKOJISIX;

- CpaBHUTEJIBHO Majlasi pacTBOPUMOCTh METAaHOJA B HECTAOMIBLHOM
yTI€BOAOPOIHOM KOHJIEHCATE;

- HaJM4Mhe AOCTATOYHO MPOCTHIX TEXHOJOIMYECKUX CXEM pereHeparuu
OTpabOTAaHHBIX PACTBOPOB U MEHBIINE SHEPrETUYECKHUE 3aTPAThl IO CPABHEHHIO C
TJIMKOJISIMU.

HepocraTku npuMeHeHUs: MeTaHOJa 1151 00pBOBI C THPATOOOPA30BAHUEM:

- HKCIUTYaTallMOHHbIE PACXO/Ibl, B CBS3U C OOJIBIIUMU MOTEPSMHU, MOTYT
OBITh 3HAUUTEITLHBIMU;

- npo0OsieMbl C XpaHEHUEM MpPOJYKTa (JIETy4yeCThb, B3PHIBOONACHOCTH,
BOCIIAMEHSIEMOCTb);

— NPUCYTCTBHE CJIEIOB METAHOJIa B ra30BOM (pa3ze MOKET HAHOCUTD BPET
HEKOTOPBIM crioco0aM nalibHeIIel nepepaboTku rasa;

- B Clly4ae pEreHepalydyd METaHOJIa - 3HAYUTEIBbHOE KOHCTPYKTHUBHOE
YCIIO)KHEHUE YCTaHOBKH;

— BbIcOKast TokcuyHocTh pearenrta (III xi. omacnocTu; ITJIK paszoas -1
r/M3;

- BO3MOKHOCTh BBINIAJICHUS coJie npu CMEUICHUU C
CHJIbHOMUHEPAIU30BaHHOM BOJOM.

Hcnonb3oBanue riaukoJiei Ajasi 00pb0bI ¢ THAPATOO00OPA30OBaAHHEM



[mukonu  9acto  HMCHONB3YIOT  JUIsl  CHIDKEHUST — TeMIepaTyphl
T'UIpaTooOpa30BaHUA B yCTAHOBKAX MOATOTOBKY I'a3a METOAAMU, CBS3aHHBIMU C €TO
oxJNaxaeHueM (HuzkoremreparypHoi cenapauueir - HTC) u B TpybompoBoaax,
TPAHCHOPTHUPYIOLINX BIAXKHBIN Ta3.

['muKonu Mano JeTy4d, JIETKO OTCTauBaIOTCSA B KUJAKHX YTJIEBOIOPOJAX M
JIETKO pereHepupyroTcs. BoaHbIe pacTBOPHI IIIMKOJIEH HMEIOT HU3KHE TEMIIEPATyPhI
3acThiBaHUS. VCmonp3yloTcs BOJIHBIE PACcTBOPHI TJIHMKOJEH B JAMAanazoHe
KoHUeHTpauui 60-80 % macc. 3aBUCHMOCTb TEMIIEpaTypbl 3aCThIBAHUS BOJHBIX
pPAcTBOPOB STWJIEHIJTIMKOJSA OT KOHLEHTpAIMKU peareHTa B pacTBOpE IMpe/CTaBlIeHa
Ha PUCYHKE.

Towmeparypa 10
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20 40 60 80 100
Conepaanue yruaenrankons, %

100 80 60 40 20 0
Conepmannc Boasl, %

IIpenmyiecTBa MCIOIB30BaHUS TJIUKOJIECH:
HE3HAUUTEIbHBIC MTOTEPU U3-3a HU3KOU JIETy4yeCcTH (B OCHOBHOM IMOTEPU TIIUKOJIEH
ONPEENIAITCA MEXaHUUECKUM YHOCOM B KarleJIbHOM BUJie, Hanpumep, 11 191 10-
40 /1000 M3 raza);
MPOCTOTA pereHepaluu U oTpaboTaHHAs CUCTEMa PEreHepalluu pacTBOpa;
Majasi paCTBOPMMOCTh B Ta30BOM (ase;
0€30MacHOCTh XpaHEHUSI.
HenocraTku MCoab30BaHUS TIMKOJICH:
TPYAHOCTh PEreHepalluK B IPUCYTCTBUU MUHEPATM30BAHHOU BOJIBL;
Koppo3us apMarypsl B mpucyrctBuu CO2 u H2S;
OoJee BbICOKAs II€Ha MO0 CPAaBHEHHUIO C METAHOJIOM;
3aTpyHEHUS TIPU pa3ACICHUU SMYIbCUM TJIMKOJIEH ¢ HECTaOUIbHBIM KOHIEHCATOM.

Kunernuyeckune uHrnoOuTopsl ruparoodpaszosanus (KHUI')

belmn  HalimeHbl TPWHIIMIHAIHPHO HOBBIE SKOHOMHYECKH PEHTAOCThHBIC
AHTUTHIIPATHBIC pEarcHThl - TaK Ha3bIBACMbIC KHHETHYCCKHUE WHTHOUTOPHI
rUApaTo00pa30BaHUA.

KuneTtndeckne HHTHOUTOPHI BIUSIOT HA CKOPOCTh 00pa30BaHUs THIPATOB B
ra30’)KUAKOCTHOM TIOTOKE, T.€. CIOCOOCTBYIOT YBEIHYEHHIO HWHAYKLHOHHOTO
nepuojia Tmepes; HayajioM TuapaTooOpa3oBaHus. Takue peareHTbl Mpu
KOHIICHTpAIu B BOJHOM (pa3e mpumepho 0,25-5 % macc., 3aMeIsitoT oOpa3oBaHue
THIPATOB OT HECKOJIBKUX YacoB JIO CYTOK H 0oJjiee TpU «BTOPKEHUW» B
rUApaTHy0 001acTh (a3oBoil auarpammel Ha 7-8 °C, 4TO OKa3bIBAETCS BIIOIHE
JIOCTAaTOYHBIM JIJIsI YCIIENTHOTO WHTUOMPOBAHHUS MPOMBICIIOBBIX CUCTEM cOOpa rasa,



MIOCKOJIBKY BPEMsI B MYTH CHIPOTO Ta3a MO BHYTPUIIPOMBICIOBBIM TPYOOTIpOBOAAM
00b1yHO He TpeBbImaeT 10 -20 MuH.

B xkauwectBe KHWI' mepBoro mokoyieHHs OBIIM HaWJIEHBI JOCTATOYHO
b (deKTUBHBIE  BOJOPACTBOPUMBIE  MMOJMMEPHBIE  COEOUHEHUs  (Hampumep,
NOJIUBUHWIMUPPOIUIOH-PVP) 1 eme Oonee addexTuBHBIE MNOTUMEPHI
(cononmMmepbl MOJUBUHUIITIUPPOIUIOHA U KarpoiakTama), Tuna VC-713.

[loTeHnuanbHple  NPEeMMYHIECTBA  HUCIIOJIB30BAHUS  KUHETHYECKHUX
UHTUOUTOPOB rujipaToodpazoBanus (tuna VC-713):

® KaKk MHUHUMYM B HECKOJBKO pPa3 COKpPAILAIOTCS 3KCILUTyaTallHOHHBIE
pacxo/pl Ha NPEeayNpeKIeHUE 00pa30BaHus THIPATOB (M3-32 MEHBIINX YJIEIbHBIX
JIO3UPOBOK);

® OTCYTCTBYeT HEOOXOJUMOCTh B  pereHepaluud OTpabOTaHHBIX
pacTBOPOB (OHM MOTYT 3aKaYMBATHCSI B TIOTJIOLIAIOIINE TOPU3OHTHI, 0€3 KaKUX-JIH00
CaHKIIMM CO CTOPOHBI MPHUPOJOOXPAaHHBIX opranuzamuii), T.6. KU 0Oonee
HKOJIOTHYHBI;

e 0e3 cepbe3HBIX 3aTpaT MPUHLUIHAIIBEHO BO3MOKHO IEPEO0OPYAOBaHHUE
CYILLECTBYIOILIMX CHCTEM pacIpelesieHus W BBOJA METaHOJa MJisi NPUMEHEHUs
KUHETUYECKUX UHTHOUTOPOB;

® CYIIECTBEHHO COKpAIAIOTCS 3aTpaTbl HA TPAHCHOPT U XPAHEHUE
UHTHOUTOPOB (M3-32 PE3KOr0 YMEHBIIEHUS YJEIBHOTO pacxoja aHTUTHIIPATHBIX
peareHToB).

B Hacrosimiee Bpemsi HMCHOJIb30BaHUE TMOJOOHBIX HMHTUOUTOPOB IS
IpeayNnpexXICHUs THAPATO0OPA30BAHUS OTPAHUYCHO CIEAYIOMUMHU (PaKTOpaMHu:

® HEJO0CTATOYHO OOJIBLION MO TEMIEpaType «3axo/» B Ta30THIPATHYIO
o6macth, (paxrmuecku Ha IS mpumepro 7018 [IC), 4TO OrpaHMYMBAET KPYT
BO3MOXXHBIX IPOMBICIIOBBIX CHUTyalli, OJaronpusITCTBYIOMIMX MPUMEHEHUIO
MOAOOHBIX MHTMOUTOPOB, T.€. OHU HE TOASTCSA JJIsI CUTYyallMi, COMPSKEHHBIX C
nepeoxnaxaenreM Ha 20 [1C u 6oree;

® KOHIIEHTpPAIMS KMHETMYECKOTO WHTHOMTOpa B BOJHOM DPAacTBOpE HE
JOJDKHA TIpeBBIATh 2 % (MHAYe pe3Ko BO3pacTaeT BA3KOCTh UCXOHOTO PAcTBOPA),
YTO TPUBOAUT K HEOOXOAMMOCTH BBOJA B Ta30MPOMBICIOBYIO CHCTEMY
JOTIOJTHUTENBHOTO ~ KOJIMYECTBA  BOJbI, MO OOBEMY  COMOCTaBUMOIO €
KOHICHCAIIMOHHOM BOJIOM;

e TeMmIeparypa 3aMep3aHus pacTBopa uHruomtopa omauska k 0 [1C; 30
O00CTOSITENILCTBO OTPAHMUYMBAET (WJIM CO3/Aa€T JOIMNOJHHUTENbHBIE TPYIHOCTH)
MpUMEHEHUE TT0JIOOHBIX COCTABOB B CEBEPHBIX YCIIOBUSX;

® TPUMEHEHHUIO KHHETUYECKUX MHTUOUTOPOB CIIOCOOCTBYET CTAOUITBHBIM
TepMOOAPUYECKUN PEXKUM PadOTHI Ta30MPOMBICIIOBON CHCTEMBI, MO3TOMY IpHU
MEePEXOAHBIX Tpolleccax TPeOyeTCsl UCIOIb30BAHNE TPAJAUIIMOHHOTO UHTHOUTOPA,
T.€. MHTUOUTOPHASI MOJCUCTEMA AOJKHA OBITh ABYXPEareHTHOM;

® JI0JDKEH OBITh 00s3aTeNbHO O0ecreyeH pexxXuM padboThl TpyOomnpoBoaa
C TIOCTOSTHHBIM BBIHOCOM KUJKOU (pa3br;

® BO3HHMKAeT BONPOC O COBMECTUMOCTH HOBBIX WHIHOUTOPOB C
MJIaCTOBOM MUHEPATN30BAHHOMN BOION M HECTAOMIILHBIM KOHIECHCATOM.



AHTHATJIOMEPAHTHI

AnTnarnomepanTsl (AA) MO3BOJAIOT rujpataM (OpPMHUPOBATHCS, HO
OTPaHUYMBAIOT HUX pa3Mepbl U HE JONYCKAIOT UX MPWINUNAHUSA K CTCHKaM.
Kpucrtamiasl rugpatoB pasmMepaMyd MEHbBIIE MUJUIMMETpa YAECPKHUBAIOTCA B
JI€3arpETUPOBAaHHOM COCTOSIHUM B JKUJKOM (as3e yrieBoAOpPOJHOrO IOTOKA, B
KOTOPOM M TPaHCHOPTUPYIOTCS, Ojaroaapsi HEBBICOKOM 0OILEH BSA3KOCTU CpPEIb.
CoOTBETCTBEHHO, MEXaHW3M JAeHCTBUS AA TpeOyeT Hamuuus KHUIKOW (a3bl
(koHJIeHCaTa Wi He()TH) B JOCTATOUYHBIX 00beMax. ITO TpeOOBaHUE OTPAHUYUBACT
MPUMEHUMOCTh AA 00BOIHEHHOCTHIO B TipeAenax oT 50 1o 75 % u ra3zoBbIM
daktopom 18 000 m3/M3. IIpu cobmroAeHUM 3THX YCIOBUN A A TOKa3bIBAIOT OYCHD
BBICOKYIO 3 (deKTUBHOCTE. [IprueM, TemnepaTypHbIi peXUM HE UMEET OOJBIIOTO
3HaueHus. AA coxpausioT 3pdextuBHOCTy Aaxke npu 22,2 [1C u qiuureabHOM
HAXO0XJIEHUU CUCTEMBI B 30HE (POPMUPOBAHMSI THJIPATOB, KaK HallpUMEp, B Cilydae
JUINTEIBHBIX OCTAHOBOK TpyOompoBoJoB [ 10 AByX Henenb U Oonee. [lepexon ot
3aKauK{ METaHOoJa K UCIIO0Ib30BaHUIO aHTHATJIOMEPAHTOB MPUBET K 3HAYUTEILHOMY
cokpatienuo 00beMoB peareHTa (okoiio 0,8 % 00. Ha 00beM BOJBI), T.€. MOKHO
roBopuTh 0 20-KpaTHOM CHM>KE€HHUU 00beMOB. Kpome TOro, oqHUM M3 OCHOBHBIX
IPEUMYIIECTB CTAJIO TO, YTO ONEPATOP MOT MPOAOJIKUTH J0ObIYY HAa CKBAa)KUHE,
KOTOpasi ObLIa 3aKpbITa B CBSI3U C BBICOKOW 0OBOJJHEHHOCTBIO.

Baarocoaep:xanue raza u crnoco0bl ero OCylmKn

KonuuectBo Biarm B raze 3aBUCUT OT €ro JaBJEHUA, TeMIEpaTypbl U
KOMIIOHEHTHOTO cocTaBa. UeM BhIlIe TeMIlepaTypa KOHTaKTa ra3a ¢ BOJOH, TeM
OoJiblllee KOJIMYECTBO IMApOB BOJBI MEPEXOAUT B ra3oByio ¢asy. [laBieHue
OKa3bIBaeT oOpaTHOe AelcTBuE. TspKeble YIJIEBOJOPOJIHBIE Ta3bl COJAEpIKAT
MEHbIIIEE KOJIMYECTBO BOAbI, ueM Jierkue. Hammume CO2 u H2S yBennunBaer
CoJiepKaHKe BOJbI, @ TPUCYTCTBHE N2 YMEHBIIIAECT.

Bnarocogepxanne raza - 3TO MAaKCUMAJIbHOE€ KOJMYECTBO BJIArH,
HE00XO0MMOE sl HACHIIIICHUS Ta3a NIPU 3aIaHHBIX TEMIIEpaType U JaBJICHUU.

OOBIYHO BIArocoJIepKaHUE Ta3a ONPEACIISIETCS MO CIIeNUaIbHBIM rpaduKam.

AOCOJIIOTHASI BJAXKHOCTHL - OTO (DAKTUUECKOE KOJUYECTBO BJArd,
conepkaieecs B 1 M3 raza (r/m3).

OTHOCUTEJIbHAS BJIAXKHOCTD - 3TO OTHOIIEHHE a0COIIOTHON BJIAXKHOCTH K
€ro BJIArOCOJICP’KaHUIO, T.€. 9TO OTHOILIEHHE MaccChl BOAsHOrO mapa (B % wuiu
JIOJIs1X ), (DaKTUYECKHU HaXOJISAIIErocsl B Ta30BOM CMECH, K Macce HaChIIIEHHOTO Tapa,
KOTOpBI MOT OBl HaxXOAWTCS B JAaHHOM OObEeME MpU TEeX K€ AaBICHUU U
TeMmImeparype.

Ocyuika ra3za - 5To mpoIiecc U3BICYEHUS Tapoodpa3Hoii Biaru. OcTaTouyHOe
COJIep>KaHKE BJIArv perjiaMeHTHPYETCS TOYKOW POCHI IO BOJIE OCYIIEHHOTO Ta3a.

Touka pocshl - 3TO HauBbICHIAs TEMIIEPATYpPA, NMPU KOTOPOM IMPU JAHHBIX
JIABJICHUH U COCTABE ra3a MOTYT KOHJEHCHUPOBATHCS KAILIA BOJIBI.

Jlenpeccusi TOUKH POCHI - 3TO PA3HOCTh MEXIAY TOUKAMU POCHI BJIAXKHOTO U
OCYILIEHHOTO Ta3a.



[IpucyTcTBUE BIaru B ra3e OCJIOXKHSET MPOIECCHI €r0 TPAHCIOPTUPOBKH U
nepepaboTku. IloaToMy mapsl BOJABI M3 Ta3a PEKOMEHIYETCS H3BJICKaTh Ha
BO3MOXKHO 00JIee paHHUX CTaausAX ero rnepepadboTku. Yem Hmke Temmeparypa, 110
KOTOPOH OXJIAKIACTCS Tra3 IPH TPAHCIOPTUPOBKE M IepepabOTKe, TeM OoJjce
YKECTKHE TPECOOBAHUS MPEIBABIIIIOTCS K €r0 TOUYKE POCHI.

B 3aBucumMocTH OT TpeOyeMOH TOYKHM POCHI JUISI OCYIIKH Ta3a MOTYT
MPUMEHSTBHCS CIACAYIOIINE METOBI:

OXJIaXKJICHHE;
abcopOrus;
azcopOIus;
KOMOHMHAIIUSI METOHOB.

Yame Bcero ocymika MPUPOIHBIX Ta30B OCYIIECTBISIETCS abcopOmmei miam
aacopomueit. Ilpeumywiecmea ncuokux noziomumeneil no CPAGHEHUI) C
meepovimu CopOeHmamu 3aKaouarmcsa 6 ciedyruiem: HUBKHC Tepernabl
JABJICHUS B CHCTEME, BO3MOXKHOCTH OCYIIKH Ta30B, COICPKAIIUX BEIIECTBA,
OTPABIISAIONINAE TBEPABbIC COPOCHTHI; MCHBIIINE KAaUTAIBHBIC U DKCILTyaTallHOHHBIC
pacxoasl. OTHAKO CTETCHBb OCYIIKH, a CJIEIOBATEILHO M JACTPECCHs] TOUYKH POCHI,
P NMPUMEHEHUH >KUAKUX TOTJOTHTEICH MEHbBIINE, YeM INpPH HCIIOJIb30BaHUN
TBEPJBIX COPOCHTOB. AGCOPOIIMOHHBIE METOABI OCYIIIKH TPEOYIOT MEHBIIINX 3aTpar,
SHEPI'HH U CPEJICTB U HauboJsiee pacpoCTPaHCHBI.

Beibop abGcopbeHTa 111  YCTAaHOBOK  OCYIIKM  Traza  periaeTcs
TEXHUKO?KOHOMHUYECKHUM CpaBHEHHEM IIOKa3aTeliel ¢ Y4eTOM pa3HOOOpa3HBIX
(haKTOpOB: CTOMMOCTH, OCYIIAIOIIEH CIOCOOHOCTH, MApPOBBIX IOTEPh, YHOCA B
KaIreJIbHOM BH/JIE, TEPMOCTAOMITBHOCTH, (PU3UIECKUX CBOWCTB H JIP.

OCHOBHBIM TIPOIIECCOM OCYIIIKHA TMPUPOTHBIX Ta30B SIBISETCS TIUKOJIEBAS
OCYIIIKA.

Ocyuika ra3os ¢ NOMOIbI0 A0cOPOEHTOB

AOGcopOumoHHass ocymka sBJIseTCs  HaumOoJjiee  pacnpoCTpaHEHHBIM
IOPOLECCOM IMpH MOATOTOBKE rasa K TpPaHCHOPTy mnoTpedutensiM. B kauecTe
a0COpPOEHTOB UCTIOIB3YIOT KUIKUAE MTOTIOTUTEIIH.

TpeboBanus k ocymutensm. OCyIUTENN JOHKHBI UMETh:

» BBICOKYIO TOTJIOTHTEIBHYIO CIIOCOOHOCTh B IIMPOKOM HMHTEpPBAJe
KOHIIEHTpALUH, TaBJICHUs U TEMIIEPATYP;

» HH3KUE JIaBIICHHUS HACBHIIEHHBIX TapOB, YTOOBI IOTEPH, CBA3AHHBIE C UX
ucrapeHueM, ObUTM He3HAYUTEITbHBIMU;

» TeMmImeparypy KHUICHHs, OTIWYAIONIYIOCS OT TeMIepaTypbl KUTICHUS
BOJIBI HACTOJIBKO, YTO OT/AEJICHHE MOTJIOMIEHHONW BOJBI OT OCYIIUTENs MOTJO Obl
OCYIIECTBISTHCS IPOCTHIMU METOIAMU;

» HU3KYI0 BS3KOCTh B YCIOBHUSX JKCIUTyaTallid, OOECTICUHBAIOIIYIO
XOpOIIMA KOHTAaKT ¢ Ta3oM B abcopbepe, TEMIOOOMEHHUKAX U JAPYroM
MaccoOOMEHHOM 000pyI0BaHUY;

» BBICOKYIO CEJIIEKTUBHOCTh B OTHOIICHHM KOMIIOHEHTOB ras3a, T.e.
HU3KYIO B3aUMOPacTBOPUMOCTD C HUMU;



» Manyr KOPPO3UOHHYIO aKTUBHOCTB;

» HU3KYIO BCTICHHBA€MOCTh B YCIIOBUSAX KOHTAKTa C TA30BOM CMECHIO;

» BBICOKYIO YCTOWYMBOCTH TPOTUB OKHCICHUS U TEPMUUYECKOTO
pa3ioKeHUsI.

Ha ycraHnoBKkax KOMILJIEKCHOM MTOJAITOTOBKY ra3a HEKOTOPAasi 4aCTh OCYIIUTEIS
MOMajaeT B BOJAOEMbl U Ha MOYBY, MOITOMY OH JIOJDKEH OBITh HETOKCUYHBIM U
CIIOCOOHBIM K TIOJIHOMY OMOJIOTHYECKOMY pasiiokeHuto. Kpome Toro, ocymmrenu
JOJDKHBI OBITH ICTIEBBIMU U JOCTYITHBIMH.

O} hekTUBHOCTH OCYIIKH Ta3a aOCOPOIMOHHBIM CIIOCOOOM 3aBUCHT OT:
PUPOJIbI A0COPOEHTA;

KOHIICHTpaIuu abcopOeHTa Mpu BXojie B abcopbep;

CKOPOCTHU UPKYJISALUHN a0COpOEHTa;

TEPMOJMHAMHUYECKUX TapaMeTpoB abcopOiuu;

OpraHu3alliy MOBEPXHOCTH KOHTAKTa MacCOOOMeHUBaromuxcs has;
COCTaBa UCXOJHOTO rasza (HaJu4us mpuMecei).

Ocymiaromasi crnocoOHOCTh TOKAa3bIBACT MOTEHIUAIBHYIO (MIPEACIIbHYIO)
BO3MOXKHOCTb IPOLIECCa OCYUIKHU, peallu3yeMy0 IpU OECKOHEYHO OOJIBILIOM YHCIIe
TEOPETUUYECKUX CTyNEHEeW KOHTAKTa W/WIU OECKOHEYHO OOJIBIIOM YACIbHOM
pacxozne (Ha 1000 M3 raza) abcopOeHTa 3aJJaHHON MacCOBOM KOHIIEHTPAIIUH.

AOGCOpOEHTHI, UCTIONB3YEMBIE JIJI1 OCYIIKU MPUPOJTHOTO Ta3a:

o mimkonu (TOI, A2, OI', mponuiIeHTIUKOIIb);
e pactBopsl CaCl2 u LiCl;

® KOMOMHUPOBAHHBIC PACTBOPHI,

® XOJIOAHBI METAHOJI.

PactBopel CaCl2 u LiCl npumeHstOTCS JOBOJIBHO PEIKO, TaK Kak OHH
BBI3BIBAIOT AJICKTPOJUTUYECKYIO KOPPO3WI0 M 00eCIeUYnBaIOT JCTPECCUI0 TOUYKHU
pocsl rasa He 6onee 10-20 °C.

KomOuHupoBanHbie pacTBOpbl, HanpuMmep, 10-30 % moHodTaHONaMuHa, 60-
85 % 3T u 5-10 % BOBI, MPUMEHSIOTCS JIJIsi OJTHOBPEMEHHOM OCYIIKH U OUYUCTKH
raza ot kKuciblx komnoHeHToB (CO2 u H2S) npu Maneix ux coaep>kaHusx.

Ocyuika ra3oB ¢ IOMOIIbIO a1COPOEHTOB

AncopOlMoHHasl OCyIIKa ra3a MPOU3BOAUTCS C UCIOJIb30BAHUEM TBEPIBIX
COpOCHTOB - CHJIMKarejaeh, OKCuaa aatoOMUHUS, 11eoauToB. [lomHbIi UK paboThl
OJIHOTO alIapara BKJII0YAeT TPH CTaluu: afcopOuuio npu temmneparype 35-50 °C,
Harpes agcopoenTa 1o Temmeparyp 160-180 °C qna cunmkareneii u 280-350 0C ms
IICOJTUTOB M OXJIaXxAeHue azcopOeHta. Ha ycraHoBke MCHonb3yeTcs ABa, TPU U
KpaTHOE WM YHCIIO ammaparoB. AJCOpOLMOHHAs OCYIIKAa IMO3BOJSIET JOCTHYH
nenpeccuu Touku pockl g0 100 °C (touka pocer 1o 90 °C), mostomy meron
UCTIONIB3YETCsI, KOT/1a TpeOyeTcs BBICOKAs TTyOWHA OCYIIKH.

[IpeumyiiecTBOM MeETOMA - SIBJISICTCS KOMITAKTHOCTh YCTAaHOBKH, HH3KHE
KanmuTajdbHbIe 3aTpaThl. HemocTaTku: BICOKasi CTOUMOCTh aJcOpPOCHTOB (0COOEHHO
LIEOJIUTOB), OOJIBILION pacxo raza Ha pereHepanuio aacopOeHTa.

ACOpOEHTHI-OCYIIUTENU AOHKHBI 00J1a1aTh CICTYIONTUMU CBONCTBAMU:
JIOCTaTOYHOM MOTJIOTUTENHHON CIIOCOOHOCTBIO (a1COPOIIMOHHON EMKOCTBIO)



rJIyOMHOM MOTJIONICHUS BJIary;

IIOJIHOTOW U IMPOCTOTOW pEreHepanny;

MEXaHUYECKON MPOYHOCTHIO M POYHOCTHIO OT UCTUPAHHUS;
CTaOMJIBHOCTBIO YIIOMSIHYTBIX TIOKa3aTeliel Ipu MHOTOIIMKIIOBOM padoTe.

Br16op ocymuTens onpeaensercs ero CTOMMOCTbI0, HaJIG)KHOCTBIO PaOOThI U
TpeOyeMbIM KaueCTBOM OCYIIKHU rasa.

JUiss oCcymKM Tra3a B MPOMBIIUICHHBIX YCTAaHOBKAaX OOJIbIIE BCETO
MPUMEHSIOTCS CUJTMKAresIu: HU3Kas TeMIeparypa, Tpedyemas 1Jid perenepanuu (10
200 [JC) u, xak ciencTpue, 60jee HU3KUE dHEPro3arpaThl, UeM MPU pereHeparuu
JPYTUX MPOMBIIUICHHBIX MUHEPATBHBIX COPOEHTOB (OKHCh aIFOMUHUS, [ICOJTUTHI),
HU3Kasl ce0ECTOMMOCTD MPU KPYMMHOTOHHA)KHOM IPOMBIIIJIEHHOM IPOU3BOJICTBE.

JI7isg OCyIIKH Ta3a Ha MPOMBIIICHHBIX YCTaHOBKAaxX HamOoiee 3(h(PeKTHBHO
npuMeHeHue Menkonopucroro cuiukarenss wmapku KCM. Onx  obOmanmaer
HanmOoJbIIEH aICOPOLMOHHON €MKOCTBhIO MO CpPaBHEHUIO C JAPYTMMH MapKaMu
CUWJIMKAress, AaeT 0ojiee BBICOKYIO CTENEHb OCYIIKH, HMEEeT 00Jiee BBICOKYIO
MEXaHUYECKYIO TPOYHOCTh KaK OT UCTUPAHMS, TAK U OT Pa3JaBIUBaHHUS.

OpHako cienyeT Y4YWThIBaTh, YTO MEJIKOIOPHUCTBIA CHUJIIMKAreiab OBICTPO
U3MENbYaeTCs MpU HaJM4YuM B ra3e KameiabHoW Biaru. Ilostromy o0ObIYHO
IIPELYCMAaTPUBAIOT 3AIIUTY CJIOS MEJIKOIIOPUCTOIO CHIIMKArEs CIIOEM MHEPTHOTO K
KaleJbHOU Biare ajcopOeHTa.

AncopOupoBaHHbIE YITIEBOAOPOIbl, HAUMHAS ¢ OyTaHOB, JIETKO COPOMPYIOTCS
CWJIMKAareJleM, HO HMX YaCTUYHO BBITECHAET Boja. JIerkue yrieBomoponsl (10
OyTaHOB) MOJHOCTBIO BBIACISAIOTCS MPU PEr€HEpALlMK CUJIUKArelis U He BIUSIOT Ha
a7ICOpPOIIMOHHYIO CITOCOOHOCTh CUJIMKArelsisi B MOCIenyomux nukiax. Jecopomus
BIIATH M3 CHIMKaress 3akaHdmpaerca K 150-160 °C, HO mpucyTcTBHE TSKENBIX
YTJIEBOJIOPOJIOB TpeOyeT 0oJiee BBICOKOW TeMIIepaTyphl HarpeBa cjiosi copOeHTa.
Tsoxensle yrneBonopoasl CS u Bbilie 00siee MPOYHO YAECPKUBAIOTCS CHIIMKAreieM
U TMIpU pPEereHepaluu yAISITCs He MOJHOCThIO. [Ipy 3TOM HE0OX0AMMO MMETH B
BHJIy, 4TO Harpes cuimkarens soime 220 °C BeneT K 1eCTpyKTHBHBIM H3MEHEHUSM
MOBEPXHOCTU CUJIMKAresi, 4YTO CHUXKAET €ro aJCOpPOLMOHHYI0 €MKOCTh, a HarpeB
Beime 250 °C BemeT Kk pe3koMy NaJIeHUI0 aKTUBHOCTH CHJIMKATENS.

Henonnas necopOuust TsSKeNbIX yriIeBOJOPOI0B, TOCTENIEHHOE U3METbUECHUE
rpaHysl CHJIMKaredass W JApyrue HeOmaronpusTtHble (QakTopbl MPUBOIAT K
MMOCTOSTHHOMY CHIDKCHHIO aJICOPOIIMOHHOM aKTMBHOCTH copOeHTa. B HauanbHBIN
NepUOoJ 3arpy3Kd CUJIMKArejs OH OyJeT MMETh BBICOKYIO aKTHBHOCTH - 15-20 %
Mmacc. B aToT nmepuoz aacopOepsl MOKHO 3KCIUTyaTHPOBaTh B 0oJiee AJIUTEIbHOM
LUKJIe, €CJIIM CTAaBUTCS 3aJaya H3BJICUYECHHS TOJBKO BOJABI U3 Ta3a, INpU 3TOM
NoTJIollaeMasi BoJla TMOCTENEHHO BBITECHAET W3 CJIOS APYyrue COpOMpOBAaHHBIE
KOMIIOHEHTBI, HamnmpuMep, METAHOJI U YIJIEBOJAOPOAIbI, oO0jeryas YCIOBUS
NOCJIEYIONIEH pereHepauy CUIINKareis.

B mporecce skcrutyaTalilid akKTUBHOCTh COPOEHTA MOHMXKAETCS U K KOHILY
HKCILTyaTalMOHHOTO CpPOKAa €€ MOXXHO TMpUHATh, paBHOW 7 % Macc. (1o
MPAKTUYECKUM TAHHBIM).



XuMHUYeCKHEe peareHThl U MATEPHAJIbl B IPOIECCAX OYUCTKHU
NPHPOJTHOI0 M MOMYTHOIO ra3a 0T KUCJIbIX POAYKTOB

Cniocodbl O4HCTKH ra3a

|

AGcopoumoHHbIe Ancopéumonnsie Karannruyeckne
i i t !
Duzn- Xumuueckas duzn- Xumnueckas
yeckas abdcopounsa JecKad adcopouusa
abcopouma adcopOums

Boccranosurenshbie| | OkucanTensHble

Duznko-xummnyeckas
abcopOums

Ounctka KUIKUMH COpOEHTaMu HauOojiee pachpocTpaHeHa (MOKpBIE
METO/Ibl OYUCTKM) U ucnoab3yercs s yaanenus CO2, H2S u npyrux cepHUCTBIX
COCIMHEHUN. ITO KIaccuyeckue abCcopOIMOHHO-IECOPOIIMOHHbIE METO/bl. B
craiuu abcopOUuU MPOMCXOAUT TMOMJIOMIEHHE OJHOTO M3 KOMIIOHEHTOB
OYMIIIAEMOT0 Ta3a >KUJIKOCThIO. B cTaauu necopOumy NpoUCXOIUT BBIJIEICHUE U3
XKUJKOCTU MOTJIOUIEHHOIO €10 ra3a BCJEICTBUE HarpeBa XHJAKOCTU B  IOTOKE
WHEPTHOTO Ta3a WM BOJSHOTO Tapa, NMPU CHIKEHUU JaBJICHUS U T.II.

AOGcopOImoHHas OUMCTKA OOBIYHO ITPOBOAMUTCS MO naBieHueM 1,5-3,0 MlTa.
Tunuynas cxema aOCOPOIMOHHBIX MPOLECCOB MPEIyCMATPUBAET HEMPEPHIBHYIO
HUPKYJSLHI0 abcopOeHTa Mex 1y abcopdbepoM u necopoepom. [IpenmyiecTBa 3TUx
MPOIIECCOB MPOSBIISIIOTCS TPU 00pa0OTKE Ta30B, COJEPKAITUX OOJBIINE KOTUYECTBA
KHUCJIBIX KOMIIOHEHTOB, TaK KakK IMOIVIOTUTENIbHAsI CIOCOOHOCTh abCOpPOEHTOB
INPaKTUYECKH TMPSMO MPOMOPIUOHATIbHA MMAPUUATIBHOMY JIaBJIEHUIO KHCIIBIX
KOMIIOHEHTOB B 00pabaThIBa€MOM rase.

[Ipoueccsl  XuMUYECKOM  abcopOUMM  OCHOBaHbl HAa  XMMHYECKOM
B3aMMOJICUCTBUM KHUCIBIX KOMIOHEHTOB raza (CO2, H2S) c¢ akTuBHOW rpyrimoi
xeMocopOeHTa. B mpOMBIIIIEHHBIX TIPOIieccax MUPOKOE MPUMEHEHUE HAIIUTH TaKHUe
XEMOCOPOEHTHI KaK aJIKaHOJIAMHUHBI: TEpBUYHBIE [| MoOHO3TaHONMamMuH (MDA),
BTOpUYHbIE [ ] nusTanosamuH ([DA), auuzonponanonamus (JJUITA) u TpeTnuHbie
(1 mertunaudTanonamud (MJIDA). Kpome HHUX B KadecTBe XEMOCOPOEHTOB
UCIIOJIB3YIOTCSl PACTBOPHI IIETIOYU, COJEH IICNIOYHBIX METaUIOB, THUIPOKCHJIbI
xKenesa.

[Ipoueccsl ~ XUMUYECKOM  aOcopOUMU  XapaKTEpU3YIOTCSd  BBICOKOM
M30UpaTENbHOCTBI0 O OTHOIIEHHIO K KHUCIBIM KOMIIOHEHTaM M TO3BOJISIOT
JIOCTUTaTh BBICOKOW creneHu ouncTku raza ot CO2 u H2S. Cepooprannueckue
COEJIMHEHHUS IPU UCII0JIb30BAHUU PACTBOPOB AMHUHOB M3BJIEKAIOTCS B OTHOCUTEIBHO
HEOOJIbIINX KOJMYECTBaX. TOHKAas OYMCTKAa OT CEPOOPTaHUMYECKUX COEIUHEHUUN
JIOCTUTAETCS MPH UCTIOIB30BAaHUH PACTBOPOB IIETIOYH.

B mpomneccax ¢usnueckoit abcopOIuu W3BICUSHHE KHCIIBIX KOMIIOHEHTOB
OCHOBAaHO Ha a3 IMYHOM PAcCTBOPUMOCTH KOMIIOHEHTOB Ta3a B abOcopOente. B
KayecTBE aOCOPOEHTOB B OTUX IpOIeccax HCIHOJB3YIOT METaHOJ, CMECH
JTUMETUJIOBBIX  WJIM ~ METWJIM3OMPONUIIOBBIX  3(GUPOB  MOIUAITHIICHTIINKOIS,
nponuiieHKapOoHat, N-MeTUITUPPOIUI0H, TpulyTridocdar.




Metonamu pusuueckoii abcopOrmu MmoxHO Hapsaxy ¢ CO2, u H2S uzBnekats
takxke COS, RSH, a B psije cimyyaeB npOU3BOAUTH U OCYIIKY rasa.

[IperMyIiecCTBOM HCIIOJIB30BAaHUSA (PU3UUECKUX aO0COPOEHTOB SBISIOTCSA
Oojee HU3KUE 3aTpaThl Ha HUX pEreHepaluio, a HEJOCTaTKOM - HEBBICOKAs
CEJICKTUBHOCTh IO YIJIEBOJOPOJAM, 4YTO CHIKAeT KadecTBO KHCJIOro rasa,
HAIpaBJIIEMOT0 HA JAJIBHEUIIYIO IEPEpadboTKYy.

B mpoueccax ¢dusuko-xummuuecko abcopOLUMM  HCMONB3YIOT CMECU
buznyeckux M XUMHYECKUX aOcopOeHTOB. [l Takux KOMOMHHPOBAHHBIX
COPOCHTOB XapaKTepHbI MPOMEXKYTOUHbIE 3HAUEHUS PACTBOPUMOCTH KHUCIBIX
KOMITOHEHTOB T'a3a, a TAK’KE BBICOKAsl CTEIIEHb OYMCTKHU raza OT CEPOOPraHnYECKUX
COCTMHEHU .

AAcopOLMOHHBIE METOABl OYHCTKH Ta3a OCHOBAaHBI Ha CEJNEKTHBHOM
U3BJICUEHUU KHUCIIBIX KOMIIOHEHTOB TBEPABIMHU cOpOeHTamMu. B cityyae XxuMuueckon
azcopOLUH 3TO IPOUCXOIUT B PE3YIbTaTE XUMUUYECKOTO B3aUMOICHCTBUS IPUMECH
c copbentoM. B ciyuae Qusnueckoil ancopOuuu - BCIEACTBHE YIEP>KUBAHUS
IPUMECH TOBEPXHOCTBIO COPOEHTA 3a CUET CUJT (PU3NYECKOTO B3aUMOJICHCTBUSI.

dusznueckas acopOIUs MIUPOKO UCIOIb3YETCs Uil TOHKOM OUYHMCTKU ra3oB
OT CEPOBOJOPOAA, CEPOOPTAHUUECKUX COCTMHEHUI, AMOKCUA YIIepoaa v Biiaru. B
KayecTBE aJICOPOCHTOB HAaMOOJIbIlIEE PAcCIPOCTPAHEHUE MOMYUNIN aKTUBHbBIE YIUIU
Y LCOJINUTHI.

XuMmuueckass ancopOuusl HCMONb3YeTCS I TOHKOM OYUCTKH  OT
CEpPOBOJIOPO/Ia W CEPOOPraHMYECKUX COeAuHeHUuH. B kauecTtBe ancopOEHTOB
UCITIOJIb3YIOTCSl OKCUJI LIMHKA U JP.

[IpeumymiectBamMmu  afcOpOLIMOHHONM ~ OYMCTKHA  SIBJIIIOTCSL  BBICOKAs
NOTJIOTUTEIIbHAS CTOCOOHOCTH J1aXKe MPU HUZKUX MapIUaIbHBIX TaBICHUAX KACIBIX
KOMITOHEHTOB ¥ BO3MOKHOCTbh COYETaTh TOHKYIO OYHMCTKY Ta3a C €ro riyOooKoi
ocymkod. Hepgocratrok 3TMX  mpomeccoB  [] OTHOCHTENBHO  BBICOKHE
HKCIUTyaTallMOHHBIE 3aTPaThl U EPUOIUYHOCTb.

[Ipouecc agcopbumu NpoBOJAT MPU OOBIUHBIX UM HU3KUX TEMIIepaTypax, a
XeMOCOPOIIMOHHBIE MPOLIECCHI BEYT MPU 00Jiee BBICOKUX TEMIEpaTypax.

Karanutnuecknue MeTobl OUUCTKH Ia30B MPUMEHSIOTCS PU HAJIMYUU B Ta3ax
COCMHEHMM, HEJAOCTATOYHO TIOJHO  yJaldseMblX aOCOPOIMOHHBIMH  WJIH
a7cOpOLMOHHBIMU METOJlaMU. B MpOMBINUIEHHOCTH HAllIM NPUMEHEHUE METO]IbI
KATAJIMTUYECKOTO TUIAPUPOBAHUS - TIEPEBOJ BCEX COJEpXKAIIMXCi B Trase
CEPOOPraHMYECKUX  COeAMHEHMH B cepoBojgopond. Ilpm  mpumMeHeHUM
OKHUCJIUTENIbHBIX METOJOB MPOTEKAIOT PEaKUUU KaTaJTUTUYECKOTO OKHUCICHHUS
CEpOBOJIOPO/IA B CEpPy HA AKTHMBHOM OKCHUJIE QJIOMUHUS WJIA AKTUBHOM YTJ€,
KATAJIMTUYECKOE OKUCIIEHUE MEPKANTAaHOB /10 CYJIb(PUAO0B U Jp.

IpuHIMNbI MOA0OPA MOTJIOTUTEJISI IPH OYHMCTKE Ta30B

Br16op normoTuTens SABISETCS OCHOBHOM 3a/1aueil TEXHOJIOTHH OYMCTKH Ta3a
OT CEpPOBOAOPOJA, MMOKCHAA YIJIEpOAa, CEPOOKCHAA YIriepoJa, Cepoyriepoa,
THOJIOB U T.J. OT NMPaBUILHOTO BHIOOPA MOTJIOTUTENIS 3aBUCUT HE TOJIBKO Ka4eCTBO
TOBapHOTO Ta3a, HO U METAJUIO- U SHEPrOEMKOCTh YCTAaHOBOK, a TAK)KE PEIICHUE
po0JIeM OXpaHbl OKPYXKAIOIIEH CpeIbl Ha 00BEKTaX ra30BOM IPOMBITINICHHOCTH. B



psile cliy4aeB OT HAIMYUSI OCTATKOB MOTJIOTUTENSI B TOBAPHOM ra3e 3aBUCUT TaKkKe
3G ()EKTUBHOCTh JaNbHEWINEr0 UCIHOJIb30BaHUSI Ta3a B JIPYTUX  OTpaciisx
MPOMBIIIIEHHOCTH.

Ha ycranoBkax nepepaOOTKu rasza morajJiaHue MOTJIOTUTENeH B BOJOEMBI U
MOYBBI B TOM WJIM MHOM KOJIH4YeCTBE HEM30exkHO. [109TOMYy OHM TOKHBI OBITH Kak
MOXHO MEHEe TOKCHYHBIMU M TOJIBEpraThCsi IMOJHOMY OHOJIOTMYECKOMY
paznoxxenuto. Kpome TOro, morjioTUTENH KHUCIBIX KOMIIOHEHTOB JOJHBI OBITH
JICMIEBBIMA W JIOCTAaTOYHO JOCTYNHbIMU. OJHAKO Ha MPAKTUKE TPYIHO HAUTH
XUMHUUYECKUE PEAreHThl, MOJTHOCTHIO OTBEYAIOIIME BCEM YKAa3aHHBIM TPEOOBAHUSM.



