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Beeoenue
[Ipu OypeHnu HePTAHBIX U TA30BBIX CKBAXKHMH K CBOMCTBAM M IapaMeTpam
OypOBBIX PAacTBOPOB TMPEIBABISIOTCA BBICOKHE TpeOoBaHus. HempaBuiIbHBIN
MoJ00p CBOMCTB M MapaMeTPOB pacTBOpa MPH BCKPBITUHU IJIACTOB C aHOMAJIBHO
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HU3KHUM TIJIACTOBBIM JIaBJICHMEM OCHOBAH Ha TOM, YTO 3TO BBI3bIBAE€T OOJBIINE
OCJIOKHEHUS.

AdpupOoBaHHbBIE TPOMBIBOYHBIC PACTBOPHI TMOJYYAIOT MYTeM I0J1auu
HEO0OXOJMMOI0 KOJIMYECTBA BO3/lyXa B CTPYIO BOJABI UJIM B BOJIOAMYJILCUOHHYIO
cMmech. CTemeHb a’palvil MO OTHOIIEHUIO K pacxXoay BO3JlyXa TaKOBa, 4UTO
JaBJIEHUE, TPUKIAIBIBAEMOE K CTEHKE CKBaXKUHBI NMPU OYpPeHUH, TOJKHO OBITh
MEHBIIIE JaBJieHUs aOcopOIMUu U HE JO/DKHO OBITh MEHBINE IIJIaCTOBOTO
JTaBJICHUSI.

JlaBneHue, OKa3blBAEMOE Ha CTEHKY CKBXKHHBI  a’pUpPyEeMbIMU
IIPOMBIBOUYHBIMU PACTBOPAMHM, 3aBHCUT OT peXuUMa OypeHus, €ro pacxoja u
CTEIEHHU adpallvu.

[To mepe yBenmuueHUs] CKOPOCTH MOTOKA JIABJICHUE YBEJIMYMBACTCS, a I10
Mepe YMEHBIIEHUSI CKOPOCTH a’palliMl BIIMSHUE AaBieHUs ymeHbinaercs. [lo
Mepe YBEJIIMYCHHS CKOPOCTH a’dpalli¥l YMEHbIIACTCS TUIOTHOCTh, YMEHBIIAECTCS
BSA3KOCTB ITPOMBIBOYHOI'O pacTBOpa M U3MEHSIIOTCS Ipyrue cBoicTaa [1].

N3-3a HUBKOW TJIOTHOCTH TY3bIPHKOB BO3/yXa BO BXOJHOM IIOTOKE
OypoBOH pacTBOpP OTHOCUTENIBHO MEJJICHHO IEPEMEIIAeTCsI B OKPYXKAIOIIYIO
cpeny. Ilo Mepe npubnmKeHHs IMOTOKA pacTBOpa K BEPXY CKBAKHHBI HX
CKOPOCTh YBEJIMUYUBACTCS, JABJICHHE a’pPUPOBAHHOTO pacTBOpa CHIDKAETCH,
My3bIpbKU paciupsAroTcs. [IpbDKOK My3bIPHKOB B BOJIE HE CTOJIb BEIUK, a B
TJIMHUCTBIX CMECSX BOOOIIE MaJl.

Jns 3ameieHust oOpa3oBaHMsI TY3BIPHKOB BO3JyXa B pPAacTBOpPE B
a’PUPOBAHHBIN PACTBOP JOOABIISIOT IEHOOOPA3yIOIee MOBEPXHOCTHO-aKTHBHOE
BemectBo (ITAB), koTopoe o00pa3yeT B a’puUpOBaHHOM pPAacCTBOPE MEIKHE
mIo0yJIbl M CO BpeMeHeM mpeBpamiaeTcs B meHy. I[IAB mpemorBpamaet
nonajaHue 00y B BO3AyX B BUJIE KPYIHBIX ITY3bIPHKOB, KOTOPBIC TPOHUKAIOT
Yyepe3 NOBEPXHOCTh OTCEKA M MOBBIIIAIOT YCTOWYUBOCTH MY3bIPHKOB.

OddexTuBHOCT TeHOOOpazoBanus IIAB 3aBucur oOT creneHu
MUHEpAIM3allMd  BOJBl M COCTaBa YaCTHUI[ PA3JIOKUBIIECHCS  IOPOJbI
[2,3].HanbGonee »>ddexTuBHOEC nelicTBHE Ha TMPECHYID M COJCHYIO BOAY
OKa3bIBAET CMECh CYIb(MATHBIX U ITHIOKCUIHBIX TTomudenonoB OI1-10. Moxer
MCITIOJIb30BAThCS IS OypEeHUS TIIMHUCTHIX U CYTJIMHUCTHIX TIOPOJI.

CrabunpHble  TEeHBI  O0MaNalOT  THUKCOTPOIHBIMH  CBOWCTBAaMH.
[Ipumenenne TeH yIydliaeT BBIHOC Pa3ApOOJICHHBIX TIOPOJ, CHIDKAET
3arps3HEHUE NPOAYKTUBHBIX IUIACTOB, 3HAUYUTEIBHO CHHUXAET MOTPEOHYIO
MONIHOCTh KOMIIpECcopa.

MuHepanpHbId BOJHBIM a3PUPOBAHHBIA PACTBOP WJIM NIE€HA YCKOPSIOT
KOppPO3UI0  000pyAOBaHUST NOpU OYpEeHHH CKBaXXWUH, MPOMBIBKE WIIH
AKCIUTYaTalluH HX.

JIyist Tpe1oTBpaIIeHus] KOPPO3HH B PACTBOP TOOABISIIOT HHTUOUTOPHI WITH
TUIPOKCHI KaJIbIIHs, YTOOBI €T0 3HaueHue Obl1o He MeHee 10 B cpeie pacTBopa.

Qunbmpayuonusvle U  KoabMamu3ayuoHHvle  ceoiicmea.  Kak
o0cyx1anoch Bbllie, OypoBOil pacTBOpP MPEHSATCTBYET MPOHUKHOBEHUIO TOTOKOB
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IJIacTOBOTO (pyrouaa 4epe3 CTBOJ CKBaXXUHBL. B CBOI0O ouepeanb, pacTBOp
MIPOHUKAET B MIPOHUIIAEMBIE CJIOU, a TBepJiasi paza pacTBOpa MPOHUKAET B TOPHI
U TPEIUIUHBl CTEHKH CTBOJIAa M 00pa3yeT wuiuctbie o0oiouku. [lockonbky 3Ta
000J04Ka WMEET HH3KYI IMPOHUIIAEMOCTh, Yepe3 Hee MPOXOAAT TOJIBKO
bunpTpaThl. OUAbTpalU JESTUTCA HA JBa TUIA: CTaTUYECKas U JUHAMUYECcKasl.
[lepBbIii BOBHUKAET MPU OTCYTCTBUU LUPKYJSIIIUU, T. €. OypoBOW pacTBOp HE
TOPMO3UT POCT (UIBTPAIMOHHBIX pakoBUH. OmnucaHWe BTOPOro THMA, IPU
KOTOPOM  MPOUCXOJMT  UUPKYJALMSA,  OrpaHUYMBACTCS  pa3pacTaHUEM
bunpTpaliuoHHONW 000JOYKM 3a CYET DPO3MOHHOTO BO3JACHCTBHS TOTOKA
OypoBOIo pacTBopa.

Bce rumpokcuasl pearupyroT ¢ TVIMHHUCTBIMM ~MHHEpaJIaMH  TpU
temneparype Bbime 95°C. Cnabo BiMsSeT HAa PEOJOTHMYECKHE CBOMCTBA
C1a0O0IIEeIOYHBIX PACTBOPOB, OJIHAKO MPHU CHIDKCHUHU IIEJIOYHOCTH CHHKAETCS
3 PEKTUBHOCTH MOHU3UTENS BSI3KOCTH W TaKXke HaOItoaeTcss oOpaTHas CBS3b.
B 3aBucuMocTH OT MOHHOTO THUIMA METaljla B THAPOKCHUIE ITO SBJIICHHE MOXET
UMETb OOJIBIIIOE BIMSHUE Ha CHJIBHOIIEIOYHBIC PACTBOPHI.

[Tpu noBbIlIeHUH TEeMIIEPATYPhl MPOUCXOIUT HOHHASI AKTUBHOCTH JTI000TO
AJIEKTPOJIUTA ¥ POCT HOHOB PACTBOPUMBIX COJICH B JIFDOOM pacTBOpUTEIIC.

CocrosiHME pa3IUYHBIX THUIOB OYPOBBIX PACTBOPOB CHJIBHO Pa3IHMYaACTCs
npu BBICOKMX  TeMmIepaTypax. PacTtBopbI, IPUTOTOBJICHHBIE Ha
MUHEPAIU30BAaHHOW BOJE, OTHOCHUTEIBbHO CTaOWJIbHBI, T. €. BBICOKOE
COJIEp’KaHHE AIEKTPOJIUTOB B HUX MPEMATCTBYET paccenBaHuio nuiama. CriiaBbl
U3 U3BECTHSKA MMEIOT BBICOKOE MPEAEIBHOE CTATUYECKOE HANPSKEHUE CIBUTA
U3-32 pEaKUUu MEXIy TUAPOKCUAOM M TIMHUCTBIMA MUHEpajaMH, HO
KaJlblIUeBbIe  cIuiaBel, oOpabGoTtanueie [IAB, ocrarorcs  MONTHOCTHIO
crabunpubiMu Tipu 180°C.

B ckBaxknHax ¢ OOJBIIUM OTKJIOHEHHEM OT CTBOJIA KOJIeOaHUs TUIOTHOCTH
B MpOIIECCe MUPKYISAIUU UMEIOT 0osiee OBICTphIE CBOMCTBA, YEM B CKBaKUHAX C
KPYTbIM OKOHYaHHUEM.

WNuxenepsl OOHApYX WIM, UYTO BeJIMYMHA KOJ€OaHWN SKBUBAJICHTHOMN
mwiotHoctd  (BKOII) B  oOpamennn CuiapbHO OTIWYalach OT  paHee
3aIJIJaHUPOBAHHBIX 3HAYECHUM. YUUTHIBAs, 4TO KOHIenuus npuMmeHenuss BKOII B
OypoBBIX paboTax BIWSAET Ha JOMOJIHUTEIHLHOE JJAaBJICHHE, BO3HHUKHOBEHHE
[MUPKYJIAIHN OypoOBOTO pacTBOpa B JIOOOM cCllydae BO BPEMEHH CBSI3aHO C
HaJIMYUEM JIaBJICHHS HA CKBaXKUHE.

[Hupkymsiiist ¢ SKBUBAJCHTHOW IJIOTHOCTHIO TPEACTABISIET OOJBIION
PUCK B CKBaXXHMHAX C OOJBIIMM OTKJIOHEHHEM OT YKJIOHA, MO3TOMY 3HAUEHHUE
BUOpaIMy BEJIMKO, a JOMYCTUMOE OTKIOHEHHWE OT MAajoro g0 OOJBIIOro
3HAYCHMUS.

[Tpu GonpIIOM 3HAYEHUW BUOPAIIMH PACCTOSTHUE TIPOXOKICHUS KUIKOCTH
TaK)Xe BEJIMKO, a TJIyOMHA MO BEPTUKAJIM 3HAUYUTENbHO MeHblle. B "acTHoCTH,
napaMeTpbl OypOBBIX PACTBOPOB CHJIBHO YCKOPSIFOTCS [UJIsl  TMOJJEp KaHUs
KaueCTBEHHOI'0 IMpPOIECCa OYMUCTKU CTBOJIAa CKBaXKUHBI, MPU ATOM CHCTEMA
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OypOBBIX pPAacTBOPOB HMEET HEOONBIIYI0 CHOCOOHOCTh KOHTPOJIMPOBATH
napameTpbl. B ckBaknHax ¢ OOJIBIIMM YKJIOHOM TpaHIIEen OOJIbIIOE BIUSHUE Ha
napameTpbl OypOBOro pacTBOpa OKa3bIBAIOT TEMIIEpATypa U J1aBJICHUE.

KauecTBeHHOE TUIaHMpPOBAaHWE TUAPONPOMBIBKM OYEHb BAXKHO B
CKBOXMHAaX C OOJBIIMM OTKJIOHEHHWEM OT YKJIOHa, JAe0uTa W HaIUu4ueM
OrpaHUYEHHUs MO HAMOPy Hacoca. DTO KACAETCS M CKBAXKUH OOJIBIION JJIMHBI C
OOJBIIMMHU OTKJIOHEHUSMH OT BEpPTUKAJIM, W CKBOXHH MaJOM JUIMHBI B
3aBUCUMOCTH OT MOIIHOCTH OYpOBOW YCTaHOBKH.

Ouucmika OHa cK8a}CUHBL 6030yXOM WU 2a30M. B MUPOBBIX onepanusax
MIMPOKO MPUMEHSAETCS] BO3AYIIHAS WM T'a30Bas OYMCTKA CTBOJA CKBAXXUHBI, a
OypoBOWl pacTBOp 3aMeHsieTCs ra3000pa3HbIM LUPKYIUPYIOIUM areHToMm. O
TEXHOJOTUU OYHMCTKU 32005 CKBaXKMHBI OT JAPOOJIEHBIX YaCTUI[ C MOMOIIBIO
NOTOKa pacTBOPa BBICKA3aHO MHOT'O MHEHHM, a TAKXKE O TOM, YTO OHA UMEET Psijl
IPEUMYIIECTB B MPEIBIAYIINX TeMaX [4].

JlymaeMm, Kak OUYMCTUTH JHO CKBa)XMHBI C TOMOIIbIO Tra3a, €CTh JIH
nedeKThl WK HeAoCTaTKU. ['a3 He OKa3bIBaeT OOJIBIIOTO COMPOTUBICHUS CTEHKE
CKBOXUHBI. [IpM MX UCHOIB30BaHUM TPYIHO OCTAHOBUTH MOTOK >KUIAKOCTH B
TUIacTax ¥ NpeloTBPATUTh U3rHM0O UM MIPOCAYMBAHUE HEYCTOMUMBBIX MOPO/I.

[Ipu moxoe rasza TpeugHoBaTasi MOpoOja HE MMEET CBOMCTBA BUCETh BO
B3BCUICHHOM COCTOSIHUM M HE MPOSBIIAET BIMAHUS CMa3KU Ha IOBEPXHOCTH
tperust [5]. [Na3oareHThl Takke I1e1eco00pa3HO TPUMEHSATh MpU OypeHHH
MHOTOJIETHUX JBAUCTBIX U XOPOILIO YKPEIUIEHHBIX IMOPOJA, a TAKXKE IMOPOL C
MabIMUA KO3 PUITMEHTaMU aHOMAJIBHOCTH M HU3KUM COJIEP>KaHUEM TIIMHBI.

[ToTok mocTymaromiero ra3a UMEET BBICOKYIO CKOPOCTbh MpPH W3BJICYEHUU
YJacTHIl APOOJICHON MOpoIbl U3 CKBaXXUHBI. [1o Mepe moabpemMa ra3 pacumpsercs
U CKOPOCTh IMOTOKA K BEpIIMHE CKBaXUHBI gocturaet 10+20 m/c. [Toatomy mist
OYHUCTKM  BO3AyXa  MCHOJIb3YIOTCA BBICOKOCKOPOCTHBIE ~ MPOTOYHBIE
KOMITPECCOPHI, a TTOBEPXHOCTh CKBXXKHHBI T€PMETUIUPYETCA 10 HEOOXOIUMOTO
YPOBHSL.

[Ipu nomaganuu B mpouecc OypeHuss C 3aKaylMBaeMbIM TOTOKOM
HEOOJBIIOTO KOJMYECTBA BOABI YAaCTULBI TJIMHBI B JApoOJeHON mopoje
HaMOKalOT, CJIUMAIOTCS, IPOUCXOJUT yCaJKa CTBOJIa CKBAaXKUHBI [6].

IToTok ra3za He B cuilax YCTpaHUTh Takue Nperpaasl. BogHsle pacTBOpPHI C
nobasinenueM BcrneHeHHOTo [IAB  mpokaumBaroTcss TMOTOKOM rasza  JUIs
penoTBpalleHuss  obpazoBaHust  ycaaku.  [Ipm  oumcTke  CKBaKuH
ITHEBMOIIPUBOJIOM CYLIECTBYET BEPOSITHOCTD B3pbIBA IIPU HAKOIUIEHUH OT 6,5 110
12,8%  yrnepoAuCThIX  KOHILIEHTPATOB M3  CJIOUCTBIX MOPOJ  BOKpPYT
nepekaunBaeMoro notoka. Boanslil pactBop neHooOpasopatens [TAB nogaercs
BMECTE C ITOTOKOM BO3]lyXa JUIsl IPEeIOTBpalleH s B3ppIBOB. Ecinu npu 3akauke
IIPUPOAHOrO ra3a BO3ZHUKAET IOXKAp, 3aKayka ra3a NpeKpamaercs U JUisl ero
JUKBUJAIMU B CKBOXKHHY 3aKaulBa€TCs BOJHBIN pacTBOp.

[Ipu abGpa3uBHOM BO3JIEUCTBUU Pa3IOKHUBIIUXCS MOPOJA B Ta3e 3po3us
NpOOYPEHHBIX CKBaXXUH YCKOPSIETCS, a B PE3yJIbTaTe CyXOro TpeHHs TpyO o
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CTEHKY CKBaXXMHBI OBICTPO TMPOUCXOAUT 3po3usi CHapyxu. M3-3a OOJBIIOTO
KOJIMYECTBA BOJBI B  MEpPEKAYMBAEMOM Ta3e YBEJIUYUBAECTCS  Pacxoll
KOMIIpeccopa.
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