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BBenenue

B pesynbTarte OypeHusi CKBaXXKMHBI Ha HE(PTETa30HOCHBIX THIOMIAJISIX
JIOJDKEH OBITh CO3/1aH JOJITOBEUHBIM, MPOYHBIA HM30JMPOBAHHBIN KaHAa,
CBSI3BIBAIOIINN TPOAYKTUBHBIM TOPU30HT C JHEBHOM ITOBEPXHOCTHIO.
Pemiaroniee 3HaueHHWe NpPU MPOBOJIKE CKBAXHWHBI UMEIOT OypOBBIE U
TaMIOHaXHbIE pacTBOpPbl. OT HUX CHOCOOHOCTH BBINOJHATH CBOU
GYHKIIMU B Pa3IMUHBIX TE0JOr0-TEXHUYECKUX YCIOBHUSX 3aBUCUT HE
TONBKO 3(P(PEeKTUBHOCTH OYpOBBIX paboOT, HO U CPOK CIYKObI
CKBaXXHUHBI.

Tsoxenble OCIOXKHEHHST B Tpollecce OypeHHus, a B HEKOTOPBIX
Clydasix W JIMKBUJALUS CKBAaXXWH, HAPYILICHUE PEKUMa SKCIUTyaTalluu
HEQTAHBIX U Ta30BBIX MECTOPOXKJICHUU, CBSI3aHHBIE CO 3HAUYUTEIHHBIM
yIiepooM HapOJHOMY XO3SIUCTBY, MOTYT OBITh OOYCIIOBJIEHBI HHU3KHUM
Ka4yeCTBOM OypOBBIX W TaMIOHaXHBIX PacCTBOPOB, OTCYTCTBHUEM
HAJIeKHBIX METOJIOB U CPEJACTB yIpaBieHUs uUMH. Bce »3T0 u
00yCIOBIMBAET 1€JIECOO0PA3HOCTh 3aTpaT Ha IMOBBIINIEHHE KAa4ecTBa
ATUX CUCTEM.

Ha3Banus 6yposgoii npomwvieounsiii pacmeop, 0yposoil pacmeop,
NPOMBIBOUHAS HCUOKOCMb WIN MAMNOHAJICHBIU pACMEop HE OTpa)XaetT
(GU3UKO-XUMUYECKON CYIIHOCTH 3THUX CHUCTEM, U HUCIOJb30BAHHE UX B
NalbHEWIIeM  CBSI3aHO JIMIIb €  TpagulUiAMU B  HeTIHOU
npoMblIeHHOCTU. [1o cOCTaBy 3TH CUCTEMBI JOIKHBI ObITh OTHECEHBI
K CJOXHBIM TMOJUMHHEPAIBHBIM JUCHEPCUSIM, CTaOMIU3UPOBAHHBIM
MOBEPXHOCTHO-aKTUBHBIMU BelecTBamu (ITAB).

TaMnoHa)kHbIe PACTBOPHI MPUMEHSIOTCA MPU KPEIJIEHUH 00CaTHBIX
KOJIOHH K CTEHKaM CKBa)KHHBI, a TAK)KE IIPU PEMOHTE CKBaXuH. B oTinumne
0T OypOBBIX TAMIIOHAKHBIE PACTBOPHI CLIOCOOHBI TIPEBPAIATHCS B TBEPAOE
Teno. B mNomaBisAOIIEM KOJIMYECTBE CIIy4a€B B KAayeCTBE BSDKYILETO
BEIIIECTBA B TAMIIOHAKHBIX PACTBOPAX HCIIOIB3YETCS MOPTIAH/IIEMEHT.
[ToaToMy B y4eOHBIX TIOCOOMSIX TEPMUH «KPEIUJICHUE CKBAKUH»
OTOXKJIECTBIISIETCSA C TEPMUHOM «IIEMEHTUPOBAHUE CKBAKHUHY.

[lemeHTHpOBaHNE CKBaXXWH - HanbOOJee OTBETCTBEHHBIM 3Tam WX
CTPOUTEIHCTBA. 3JHAUCHUE IIEMEHTUPOBOYHBIX PabOT OOyCIaBIMBACTCA
TE€M, YTO OHU SIBJISIIOTCS 3aKJIFOYMTEIbHBIM MPOLECCOM, U HEYAAUH MPH UX
BBITIOJIHEHUM MOTYT CBECTU K MUHHUMYMY YCHEXM MpeIbIAyleld padoThl,
BIIOTH JI0 TOTE€pU CKBaXMHBL. HemoOpokauecTBEHHOE LIEMEHTHPOBAHHE
CKBAKMH HEPENKO SBJISAECTCS €IUHCTBEHHOM IIPUYUMHOW Ta30IMPOSBICHUM,
rpu(OHO0OPA30BAHUN U OTKPBITHIX HEPTIHBIX U Ta30BbIX (POHTAHOB. OHO



NPUBOJUT K TMepeTokaM HepTu U ra3za B Jpyrue IUIACThl, UMEOIIUE
MEHbIIIEE AaBJICHUE, OOBOTHEHUIO MPOIYKTUBHBIX TOPU30HTOB.

Kak moka3piBaeT MpakTHWKa, KayeCTBO MPUTOTABIMBAEMbBIX U
3aKaYMBAEMbIX B CKBOXMHY OYPOBBIX M TaMIIOHAXXHBIX PAacCTBOPOB, YCIIEX
MPOBOAUMBIX OINEpPAIMN 3aBUCHUT B MIEPBYIO OUEpPEb OT YMEHHUS U 3HAHUUN
00CITy>KHMBAIOILIETO IepCoHAaa.

3HaHUE OCHOB (PU3MKO-XMMHUYECKHX IPOIIECCOB, MPOUCXOIAIIUX B
pacTBopax, oOpabaThIBa€MbIX pa3JIMUYHBIMU peareHTaMu, BO3JCHCTBUS
ATUX PEareéHTOB Ha PACTBOPHI, CTEHKUW CKBAXXWHBI M IUIACTHI, a TaKXKe
MacTepcTBO M YMEHUE  VYIOPaBIATh  CJIOXHBIM  OypOBBIM U
[IEMEHTUPOBOYHBIM OOOpPYJAOBaHUEM — 3aJOT YCHENIHOTO TMPOBEICHUS
omnepanui.

PerynupoBanue (QuU3NKO-MEXaHMUYECKUX CBOMCTB OYypOBBIX W
TaMIIOHAXXHBIX PAcTBOPOB JUIsl TMPEAYNPEKACHUS OCIOXKHEHUU TIpH
CTPOUTENIHCTBE HEDTAHBIX U TA30BBIX CKBAXKHUH, KAY€CTBEHHOT'O BCKPBITHUS
U pa3o0IIeHus MPOJYKTUBHBIX IUIACTOB - BaKHAs U CJIOXKHas IMpoobJiema.
bypoBble M TaMIOHA)XXHBIE PACTBOPHI HA caMOM Jielie SIBISIOTCA HeE
pacTBOpaMu, a JUCIIEPCHBIMU CUCTEMAMHU, Yallle CYCIEH3USIMU TJIMHBI WU
LIEMEHTAa B BOJIE, CBOMCTBA KOTOPBIX 3aBUCAT OT KA4€CTBA MCXOJHBIX
MaTepUalioB, COCTaBa M TEXHOJIOTMHA TMpUTroTOBIeHUsA. Ha cBolicTBa
OypOBBIX M TaMIIOHAXHBIX PACTBOPOB OOJIBIIOE BIUSHUE OKA3bIBAIOT
n00aBKH, MPUYEM HX BIUSHUE PA3IUYHO: OJHU HM3MEHSIIOT BSI3KOCTD,
JIPYTUE - PEOJIOTUYECKUE CBOMCTBA, TPEThU - CTPYKTYpPY U IMPOUYHOCTH U T.
1. BONbIIMHCTBO 100ABOK BIUSET Cpa3y Ha psii CBOMCTB, 4acTO YJIydIas
onHu U yxyamas apyrue. C HW3MEHEHHWEM KOHIIEHTpaluu J00aBOK UX
BIIUSIHUE M3MEHSETCS HE TOJbKO KOJHMYECTBEHHO, HO HWHOTJAa WU
Ka4E€CTBEHHO.

B Tedenue mocneaHMX necATUICTHN B o0iactu OypoOBBIX PacTBOPOB
IPOU30LLTH 3HAYUTEIbHBIC U3MEHEHUS. boun CO3/1aHbI
CHEIUATU3UPOBAHHBIC KOMITAHUM, KOTOPHIC BBITIOJHSIOT BECh KOMILIEKC
paboT 1o OYypOBBIM pacTBOpaM, HauyWHAs C MPOU3BOJCTBA PEArcHTOB,
MaTepUalioB, CIEIUAILHOI0 00OpYJ0BaHUS M MPUOOPOB A0 pa3pabOTKu
TEXHOJIOTUH MPUTOTOBJIEHUSI PACTBOPOB M OCYIIECTBICHUS HHXEHEPHOTO
cepBHca Ha OypOBBIX MPEANPHUATHUSX.

Opnoii 3 kommanuii B PbB, pabortatomeit B o0iacTu OypOBBIX H
TAaMIIOHAXHBIX  pacTBOpoB, sBisercss  PVYII  «lIpousBojcTBeHHOE
oovenunenne  «benopycuedtr». Hayunoe oOecriedeHre MNpOBOAUTCS
naboparopuedt mpombiBouHbIX kujakoctedt (JIIDK) wu  naboparopueit
kperienust ckBaxkuH (JIKC) benHUITHedTh.



1 Kpartko 0 cKkBaxuHe U ee CTPOUTEIbCTBE

CkBaxuHa - TOpHas BBIPA0OTKA, OTIWYAIOMIASICS OT JAPYTHX TOPHBIX
BBIPAOOTOK MAaJICHBKUM JHAMETPOM U oonpiioil rmyounoi. Ee
CTPOUTEIHLCTBO  MOXHO  TOJAPA3NENUTh HAa  HECKOJBKO  JTaIoOB:
IPOEKTUPOBaHUE, OypeHUEe U KPETUICHHUE.

CxeMaTUYHO COBPEMEHHBIN Crmoco0 mMpoBojku (OypeHus) CTBOJA
CKBaXXMHBI MOXKHO MIPEJCTABUTH CIEAYIOIUM o0pa3oMm (puc.1).

Puc. 1. Cxema OypeHUsI CKBaKUHBI:

I - gonoto; 2 - OypuiibHbIE TPYOBI; 3 - MEPEBOJHUK; 4 - POTODP; I -
nebeka; 6 - ABUTaTesId NpuBoa JeOe KU U poTopa; 7 - Beayllas Tpyoa; 8
- Bepmitor; 9 - kprok; /0 - TaneBod kaHat; /[ - TayneBoi Onok; [2 -
OypoBoil muranr; /3 - BblmKka; [4 - xemoba; [5 - €MKOCTh
HUPKYJAIMOHHON cucTteMbl;, /6 - OypoBO Hacoc; /7 - ABUTraTeNb HACOCA;
18 - HarmerarenpHBINM TpyOompoBod; /9 - oOcamnas kojoHHa; 20 -
TaMIIOHAKHBIN [IEMEHT; 2/ - 3a00HHBIN IBUTaTEb.

[Topomopa3pymiaroniee  yCTpOMCTBO - JIOJOTO,  OCHAILIEHHOE
PEXYIIMMU JIE3BUSIMU WM 3YObSMM, BpAaIaeTCd B TOPU3OHTAIBHOM
IJIOCKOCTH JMOO POTOPOM MpH TOMOIIM KOJIOHHBI TpyO (OypuiibHOM
KOJIOHHBI), MO0 TIYOMHHBIM JIBUTaTesneM (TypOoOypoMm, 3JeKTpoOypoMm,
BUHTOBBIM JIBUTATEJIEM), PEKYIIIUMHU dJIEMEHTAMHU BHEAPAETCS B 32001 1o
JIEMCTBUEM OCEBOM HArpy3KH, CO37aBaeMOM 4acThl0 OYypUIBLHON KOJIOHHBI,



CKAJIBIBAET YACTHUIIBI TOPOJIBI 32 CUET BpAIlaTEIbHOTO JABUXKECHUS U TEM Ca-
MbIM  oOecrmieyuBaeT yriyOjaeHue 3a00si U CTBOJA  CKBAXKUHBI.
[IpoMbIBOYHAS KUJKOCTH (WM OypOBOW pacTBOp) OYypOBBIM HACOCOM
MO/AETCs TMOJ] M30BITOYHBIM JIaBIICHHEM W3 €MKOCTEH IUPKYJISIIMOHHOM
CHUCTEMBI uepe3 OypoBOM MIJIAHT BBICOKOTO [aBJICHHS, BEPTIIOT C
BpallarolMMcsl CTBOJIOM, BeIyllylo pabouyio TpyOy (KBaJpaTHYIO
IITaHTy), BPAlllaeMyl0 pOTOPOM, OYPUIIBHYIO KOJOHHY U J0JOTO K 320010,
MOJXBATHIBAET OCKOJIKM Pa3pyIIEHHON JI0JOTOM TOPHOW MOpPOAbl U
BBIHOCUT KX MO KOJBIEBOMY KaHaly MEXAy OypWIbHOU KOJOHHOU M
CTEHKOU CTBOJIa CKBAXKMHBI HA MOBEPXHOCTh. [lomasas B MOBEPXHOCTHYIO
HUPKYJALUOHHYIO CHCTEMY, MIPOMBIBOYHBIM areHT MOCTYyMaeT Ha
BUOPHUPYIOIIYIO CETKYy BHUOPOCHUTA, TJI€ M3 HEro BBIAEISIOTCS OCKOJIKH
BBIOYpEHHOM MOpOJibI (IIJIaM) M BBIOPACHIBAIOTCSA B OTBAJ, & OUYUIICHHBIM
OypoBOIl pacTBOp MOCTYIAET Cpa3y B €MKOCTH M OTTyAa CHOBA IMOJAETCA
OYpOBBIM HACOCOM B CKBa)KUHY.

Kaxngass  ckBakMHAa  TPOEKTHPYETCSI B COOTBETCTBUM  C
reosiornyeckuMu ycioBusiMu. CornacHo npoekty paspadatsiBaercst I'TH -
reoJIOrO-TeXHUYEeCKHil Haps, B KOTOPOM MPUBOASTCA T€OJOTHUYECKUI
paspe3, KOHCTPYKIIUS, BCE MapaMeTpbl OypeHHs U KPEIJICHUSI CKBAKUHBI,
COCTaBBI OYPOBBIX M TAMIIOHAKHBIX PACTBOPOB.

Jnst OypeHuss CKBaXXWMHBI UCIOJIB3YyeTCsl OypoBOM pacTBOp, B
KOTOPBIA  OIyCKaeTcsl KOJOHHAa OypuiibHbIX TpyO ¢  OypOoBBIM
uHCcTpyMeHTOM. OOpa3Ho OypOBOM pacTBOp MOXHO CPAaBHUBATH C KPOBBIO
B OpraHu3Me, KOTOpasi BBIMOJIHSET Psijl BAXKHBIX (QYHKIUH, 0€3 KOTOPBIX HE
OyJleT  OCYHIECTBIISITBCA  €r0  JKU3HeAesATeNbHOCTh. (C  MOMOINIBIO
MOPOJIOPa3pyIIAOIIETO  MHCTPYMEHTa  (JI0J0Ta) HUJET  YriayOJieHue
CKB&)KHHBI JIO ONPEACICHHON ITyOHHBI.

Jlanee HEOOXOIMMO CO3/1aTh JIOJATOBEYHBIM YCTOWYMBBIM KaHAJ IS
U3BJICUCHUS] HEPTH, COCHMHSIONMNA MPOJYKTHUBHBIM TOPU3OHT C
pesepByapamu st cbopa. Jljist 3TOro Hajgo pazoOIIUTh MJIACTBI TOPHBIX
MOPOJT M 3aKPEMUTh CTEHKU CKBaXKUHBI. C 3TOW NEIbI0 U3 CKBAXKUHBI
U3BJIEKAIOTCSI OypHIIbHBIE TPYOBhl U OYPOBOM MHCTPYMEHT, 00bEM KOTOPBIX
3amoJIHsAeTCS OypPOBBIM PACTBOPOM JIsl MOJAEPKAHUS THIPOCTATUYECKOTO
nasnenus. [Ipu kpernneHny CKBaXUHbI MPUMEHSIOT METAJITNYECKUE TPYOHI,
KOTOpbIE, CBHHYMBAs B KOJIOHHY, CIIyCKalOT B OypoBOW pacTBOp Ha
ONpeJe]eHHY0 TIyOuHy B MpOOYpPEeHHYIO CKBAXKHUHY. OTH TpYyObl U
KOJIOHHBI Ha3bIBAIOTCS 00CAHBIMM.

B o0OcamHyto KOJOHHY 3aKauMBaIOT TaMIIOHAXKHBIA PacTBOP,
KOTOpPBI BBITECHAET OypOBOW pacTBOp, W MPOAABIMBAIOT B 3aTPyOHOE



NMPOCTPAHCTBO Ha pacyeTHYI BbICOTY. lIpoiiecc TpaHCOPTUPOBAHUS
(3aKkaumBaHMUsl) TaMIOHAXXHOTO pacTBOpa B 3aTpyOHOE MPOCTPAHCTBO
Ha3bIBACTCSI  MPOLECCOM  KperuieHusi (WIM  LHEeMEHTHUPOBAHUSA)
CKBa’KUHBI.

[lemeHTHpOBaHME CKBaXUH — HamOOJiee OTBETCTBEHHBIM 3Tam HX
CTPOUTEILCTBA, T.K. OHO SIBIISIETCS 3aKJIIOUUTENIbHBIM 3TAllOM, U HEyAauu
IPU €r0 BBINOJIHEHUU MOTYT CBECTH K MUHHUMYMY YCIeX Bcel paboThI
BIUIOTH JIO TOTEPU CKBAKUHBI.

KoHcTpyKIIMS CKBaXKMHBI — 3TO KOHIICHTPUYECKOE PACTIOJIOKEHHE
CIYIIEHHBIX B CKBaXHWHY OOCAQJHBIX KOJOHH C YyKa3aHHEM JIUaMeTpa,
[IyOUHBI CITyCKa, BBICOTHI MOJbEMa 3aKa4YaHHOTO 32 HUMH B CKBaXXUHY
TaMHOHaXHOTO pactBopa (puc.2). IlTtpuxom Ha cxeme yKa3aHbI

3alICMCHTHPOBAHHBIC YHACTKHU O6C&,I[HBIX KOJIOHH.
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Puc. 2. Ilpumep npodwiist (a) u paboueit cxemsbl (B) KOHCTPYKITUU
CKBaKHHBI

Ileppass  kosoHHa  HaWOOJBIIEr0  JUAMETpa  HA3BIBACTCS
HaIpaBJICHUEM, Jajee CIYCKACTCAd B CKBAXUHY M KPEMUTCS KOHIYKTOD,
3aTeéM — TEXHWYECKas WM TMPOMEXKYTOYHAs KOJOHHA (MX OBIBaeT
HecKkonbKo). Ilocneansis KOJMOHHA HaWMMEHBIIETO JUaMeTpa Ha3bIBAETCS
IKCILTyaTalMOHHOM.

HanpagBieHnue - nepBasi KoJJOHHa 00caHbIX TpyO win ojaHa TpyOa,
npeHa3HAYEHHAasl I 3aKpeIyIeHUs] MPUYCThEBOM YacTH CKBAXXHUH OT
pa3MbIBa OypPOBBIM PAaCTBOPOM U OOpYIIICHUS.

Konaykrop - konoHHa oOcaiHbIX TpyO, MNpeaHa3HAYCHHAs ISl
pa3zo0IIeHusT MHTepBalia pa3pe3a TOPHBIX MOPOJ, MU3OJSAIUN BOJOHOCHBIX
TOPU30HTOB OT 3arpsS3HECHMUS.



IpomeskyTounasi (Wjiam TexHuuyeckasi) oOcajHasi KOJOHHA CITY>KUT
JUIs.  pa3oOlIEHUs] HECOBMECTUMBIX IO YCJIOBHUSIM OypeHusl 30H IMpu
YIIIyOJI€HUU CKBAXKUHBI J10 TPOEKTHOTO 3a0041.

IKCIUIyaTAIIMOHHASI KOJIOHHA — TOCHEIHSA KOJOHHA OO0CaIHbIX
TpyO, KOTOpPOM KpemaAT CKBAKHUHY IJis pa3oOIIeHUs MPOIYKTUBHBIX
TOPU30HTOB OT OCTAJIbHBIX MOPOJI M U3BJICYEHUS U3 CKBAXKHUHBI HEDTU WIH
ra3a uim, Hao0OpOT, AJisi HATHETaHUSI B TUIACTHI KUIKOCTH.

OntumanbHOE YUCIO OOCATHBIX KOJOHH M TJIIYyOMHBI HX CIyCKa
OMPENEINSIIOTCSI  KOJMYECTBOM 30H C HECOBMECTUMBIMU  YCIOBUSIMU
MPOBOJAKUA CTBOJIa CKBaXHUHBI 10 TpajJUECHTaM IUIACTOBBIX JABJICHUH,
JNABJICHUW TUApOpa3pblBa IUIACTOB M YCTOMYMBOCTBIO IOPOA, T.€.
NPUHLNIOBL TTPOCKTUPOBAHUS KOHCTPYKLIHMM CKBa)XUH, MPEXIE BCErO,
TOJKHBI ONPENENATHCS TE€O0JIOTMYECKUMU YCIOBUSAMMU.

TexHudeckass KOJIOHHA, MEPEKPBIBaIOIIasi HEKOTOPBIM MHTEpBal 0e3
BBIXOJIa K YCThIO CKBaXKHHBI, Ha3bIBAE€TCS XBOCTOBHKOM. Ha cxeme
WHTEpBaJ OTCYTCTBUS KOJOHHBI O0O3HA4YaeTCs MNYHKTUPHOW JIMHUEH.
TexHuueckue M HKCIUTyaTallMOHHBIE KOJOHHBI B BHJIE XBOCTOBHUKOB
NpeHA3HAYEHBl I KPEIUICHUS TOJIbKO HEOOCaXKEHHOr0 WHTEpBaja
CKB)KHHBI C TIEPEKPHITHEM MPEABIYIIECH 00caHON KOJIOHHBI HEe MeHee 70
METPOB.

AOCOJIIOTHO BEPTUKAJIBHBIX CKBAXKUH HE ObIBaeT. B OCHOBHOM 3TO
HAKJIOHHO HAITPaBJICHHBIE CKBAYXKUHBI - CKBAXKUHBI, 1JIsI KOTOPBIX MPOEKTOM
NPEeayCMOTPEHO OTKJIIOHEHHE B 3aJJaHHOM HAIlPaBJICHUU OT BEPTHUKAJIH,
IPOXOJSIIEH Yepe3 UX yCThe, a CTBOJ MPOBOJUTCS IO 3apaHee 3aJaHHOU
KPUBOM.

HaknonHas ckBakuHa Xapakrtepusyercs UIMHOW cTBoJia L,
rIyOuHOM To BepTukaiu H, oTkioHeHHeM 3a00s OT BepTUKAIH A,
HarpaBJjeHHueM (a3MMYTOM) OTKJIOHEHHS 320051 ¥ KOH(GUTYpaIHEl OCH.

bonee CIOXKHOW TEXHOJIOTUEW CTPOUTEIIHCTBA OTJINYAKOTCS
TOPU30HTAJIbHBIE CKBAXKMUHBI U MHOTOCTBOJIBHBIE.

CKkBa)XXWHBI B 3aBUCUMOCTH OT yTJla OTKJIOHEHUS OT BEPTUKAIH
NO/Pa3IeIIAI0TCS Ha:

- BEpTUKAJIbHBIE — 10-20°;

- cyOBepTHKanbHbIe — 21-45";

- cy6ropusonTanbHeie — 45-75;

- ropu3OHTaNIbHbIE — 76-115".

CyluecTByeT TakK€ TEXHOJIOTHS BOCCTAHOBIIEHUSI CKBAXKUH BTOPBIM
CTBOJIOM M3  paHee  MNOpOOYpPEeHHBIX U  3aKOHCEPBUPOBAHHBIX.
BoccranoBneHnne CKkBaXvH U3 0€37€UCTBUS METOJIOM 3ape3Ku U OypeHHs



BTOPOTO CTBOJIA 32 TIOCIEAHHUE TOABI MPHUOOPETO UCKIIOYUTEIHHO BaXKHOE
3HAYEHUE JJIs1 Jopa3pabOTKH 3aJIe’Kel U UCTOIb30BaHUs OTPOMHOTO (hoHIa
0€3/IeUCTBYIOIINX CKBAXKHH.

2 [lupkyasiuMoHHas cucTeMa O0ypoBOM YCTAHOBKH

Hupkynsaunonueie cuctemsl (L{C) OypOBBIX YCTaHOBOK COCTOAT W3
B3aUMOCBSA3AHHBIX YCTPOMCTB U COOPYXEHUMW, MNPETHAZHAYCHHBIX IS
BBIIIOJIHEHUS CIEAYIOIINX OCHOBHBIX (DYHKIMH: MPUTOTOBICHHS OYpPOBBIX
pacTBOpPOB, OYUCTKH OypOBOrOo pacTBOpa OT BBIOYPEHHOM MOpPOABI U
OpPYTrUX  BPEAHBIX  IpUMECEd, NPOKAYMBAaHHWS W  OINEPAaTUBHOIO
peryinupoBaHusi (hU3MKO-MEXaHUYECKUX CBOMCTB OypoBOro pactsopa. B
COCTaB LMPKYJISLUOHHOM CHCTEMbl BXOJAT TaKK€ BCACHIBAIOIINE U
HallOpHbIE JIMHUM HAacOCOB, €MKOCTHM /Ui XpaHEHUsi pacTBopa H
HEOOXOAMMBIX ISl €r0 MPUTOTOBJIEHUSI MAaTEPUAJIOB, Kejl00a, OTCTONHUKH,
KOHTPOJIbHO-U3MEpPUTEIIbHbIE MPUOOpbl U Jip. (puc.3). LupkyiasuuoHHbIE
CUCTEMBl MOHTHUPYIOTCA W3 OTAEJIbHBIX OJIOKOB, BXOISIIMX B KOMILJIEKT
NOCTaBKM OYpOBBIX YCTAHOBOK. DbBJIOUYHBIM MNPUHUHWII HM3TOTOBJICHUS
o0ecreunBaeT KOMIAKTHOCTh LUPKYJISIIMOHHON CUCTEMBI M YINPOILAET €€
MOHTaX U TEXHUYECKOE O0CITyKUBAHUE.

Pl

2 1 — I—%
L HEBH =

7 7
3 4

Puc. 3. Yopouiennas cxema nupKyJsiinoHHOW cuctemsl LIC1003:
1 — TpyOomnpoBoj 10JIMBa; 2 — paCTBOPOIPOBO/I; 3 — OJIOK OYUCTKHU;
4 — npueMHbIil 0JI0K; 5 — mKad ynpaBleHHs JIEKTPOOOOPYA0BaHUEM

Paznuuarotr HaazemMHbld 1 moa3eMHbIi yuacTtku L[C.

DYHKIUUA HAA3€MHOI0 YYacTKa HUPKYJISALUMOHHON CHCTEMBbI:
MIPUTOTOBJICHUE PACTBOpa, PETyJHUPOBKA €ro CBOWCTB, HArHETAHHE B
CKBOXHMHY U TOIAECPKAHHE pPEKUMa MNPOMBIBKM CKBaKMHBI. (Cucrema
HAarHEeTaHWs BKJIIOYAaeT B C€O0sl MPUEMHYI0 E€MKOCTh, OJIOK HAacOCOB U
HarHeTaTenbHbIM MaHudoap] (Manudonapy — 3T0 35eMeHT HedTera3oBoit
apMaTypbl, KOTOpPBIA TMPEJCTABISIET COOOM HECKOJBKO OTIEIbHBIX
TpyOOINPOBOJIOB, Yallle BCErO 3aKPEIIEHHBIX HA OJJHOM OOIIIEM OCHOBAaHUH,
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pacCUMTaHHBIX Ha BBICOKOE JaBJICHWE), BpAIIAIONIUHCI MPEBEHTOP
(IpOTUBOBBIOPOCHOE 00OPY/I0BAHUE).

DOYHKIUM MOA3€MHOI0 YYacTKa: TI0JIBOJ TUIPABINICCKON SHEPTUU
K JIOJOTYy W TPAHCIOPTHPOBKA IUIaMa Ha IMOBEPXHOCTh. JTOT Yy4YacTOK
COCTOUT M3 KaHalla JiJIsi HUCXOJSIIETO MOTOKa (TMOJOCTh KOJOHHBI TPYO,
JBUTATEIb, JIOJIOTO) M KaHama JUIS BOCXOIAIIETO IIOTOKa OypoBOTO
pacTBopa, 00pa3zyeMoro BHEIIHEH MOBEPXHOCTHIO OYpHUIILHON KOJIOHHBI U
CTBOJIOM CKBaXXHHbI (MU 00CaaHON KOJTOHHOM).

Bce oamemMeHTBI TUPKYJISIIMOHHOW CHUCTEMBI B3aUMOCBS3aHBI U
B3aMMO3aBUCUMBI. Hemomaaku B 1r000M 3BE€HE TEXHOJIOTHIECKON IETIOUKH
HEMEJIJICHHO MPUBOJIAT K CHIDKEHUIO 3()(PEKTUBHOCTU MPOMBIBKH.

[upkynsiroHHas cucTeMa OYpOBBIX YCTAaHOBOK BKJFOUaeT B CeOs
Ha3eMHBIC YCTPOMCTBA W COOPYKCHHS, OOECIICUYMBAIOIINE TPOMBIBKY
CKB)KHH ITyTEM MHOTOKPAaTHOW NPHHYIUTEIHLHON MUPKYJISIHH OypOBOTO
pacTBOpa MO 3aMKHYTOMY KpPYTy: HAcoC — 3a00W CKBa)XMHBI — HacoC.
MHorokpaTtHas ~ 3aMKHyTas  IUPKYJISAIUS ~ JaeT  3HAYMTEIbHYIO
SKOHOMHUYECKYIO BBITOZy OJIaromapsi COKpPAIICHHIO Pacxo/la XUMHYECKUX
KOMIIOHEHTOB U JPYTHX IIEHHBIX MAaTepUajoB, BXOJANIUX B COCTaB
OypOBBIX pacTBOPOB. BaxHO Takke OTMETHUTH, UTO 3aMKHYyTasl IUPKYJISAIUS
MPEIOTBpAIAeT 3arpsA3HEHUE OKPYXKAIoled cpeapl CTOKaMu OypoBOTO
pacTBopa, COJCpP)KAIIEr0 XUMHUYECKH arpecCUBHBIE M  TOKCHYHBIE
KOMITOHEHTHI.

Baxneimme TpeOoBaHUS, NPEABABIIEMbIe K ITUPKYISITHOHHBIM
cucTeMaM OypOBBIX YCTaHOBOK,— Ka4eCTBEHHOE IPUTOTOBIICHHE,
KOHTPOJIb MW TOJJACp)KaHWEe HEOOXOAUMBIX I JaHHBIX TE€0JIOTO-
TEXHUYECKUX YCIOBHH cocTaBa # (U3UKO-MEXaHUYECKUX CBOWCTB
OoypoBoro pactBopa. [lpu BBINMOTHEHUU ATUX TPeOOBAHUN TOCTUTAOTCSA
BBICOKHE CKOPOCTH OYypEeHHS M B 3HAUUTEIBHOW Mepe MPeaoTBPaIalOTCs
MHOTHE aBapyH M OCJIOKHCHHS B CKBaKUHE.

B umcne TpeboBaHMl, TPEABSIBIAEMBIX K ITUPKYISITHOHHBIM
CUCTEMaM, BaXHOE 3HAYCHHUE HMMEIOT MEXaHW3alWs W aBTOMAaTH3aIlus
IIPOIIECCOB MPUTOTOBIICHHSI M OYUCTKH OypOBBIX pacTBOpPOB. VcKiroueHme
TSDKEJIOTO ¥ MAJIOKBATH(UITMPOBAHHOTO PYYHOTO TPyZAa MPHU BHITIOJTHCHUH
ITUX TPYJOEMKUX MPOIECCOB UMEET HE TOJBKO MPOU3BOJICTBEHHOE, HO U
BXXHOE COITMAJIbHOE 3HAUEHHE, TaK Kak MmpeodpasyeT paboTy OypOBHUKOB,
nenas ee 60s1ee MPOU3BOAUTEIIFHON U MTPUBIIEKATSIIBHOM.

Taxum oOpa3oM, ITUPKYISIITUOHHAS CUCTEMA TTpeAHa3HauCHA IS

-peryaupoBaHus (PU3NKO-MEXaHUUECKUX CBOMCTB PacTBOPA;

-TI0JIBOJIa THIPABINYECKON YHEPTHH K 3a00MHBIM IBUTATEIISM;
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-IT0JIBOJIa THIPABINYECKON MOIITHOCTH K JIOJIOTY;

-1ofa4u B OypoBYIO KOJIOHHY HEOOXOAMMOT0 KOJIMYECTBA PacTBOPa;
-CO3/TaHMS HEMPEPHIBHON MTUPKYJIISAIIAN KUTKOCTH;

-IPUTOTOBJICHUsI OYPOBOTO PacTBOPA;

-OYUCTKHA OypOBOTr0 pacTBOpa.

3 O0opyaoBaHue 115l O4MUCTKH OYPOBOIo pacTBopa

TexHomorust O4YMCTKHM  OYpOBBIX  pPAacTBOPOB OCHOBaHAa Ha
PEKOMEHIANMIX TMPOU3ZBOAUTENSI OYHUCTHOTO OOOPY/IOBaHWS, aHAJIHM3e
pPEe3yIABTATOB HUCHBITAHUN M DKCIUTyaTaliii OypoBOro 0oO0OpyIOBaHUsA, C
Y4E€TOM JIUTOJIOTHYECKOTO COCTaBa MOPOJ, MPOU3BOIUTEIFHOCTH HACOCOB,
TEXHOJIOTHUECKUX MapaMeTpoB OypOBOIo pacTBOpA.

TexHUKO-2PKOHOMUYECKHE TOKa3aTean OypeHuss HePTAHBIX WU
ra30BBIX CKB)XMH 3aBUCSAT OT COCTOSIHHS OypOBOTO pacTBOpa, B KOTOPOM
OCHOBHas pOJIb OTBEJEHA COCTaBy W KOJWYECTBY TBEpPIOH (hasbl.
KadecTBeHHass oOYMCTKAa pacTBOpa TMOBBIIIAET JOJTOBEYHOCTH Y3JIOB
OypoBoro o0opynoBanus u 3PGHeKTUBHOCTH Ipoiiecca OypeHusl.

OuncTHas cucTeMa BXOAUT B COCTAB MUPKYJSIUOHHON CUCTEMBI U
npeaHa3HaueHa il yajdeHus: BRIOypEeHHOW MOPO/IsI (11amMa) U3 pacTBOpa.
OuncTHast cucTeMa COCTOMT U3 jKejnoba U OJIoKa OYUCTKH OypOBOrO
pactBopa (BOBP).

biiok ouncTku OypoBOro pacTBOpa COCTOUT U3 4-X CTyIEHEH:

nepBasi CTylieHb OYMCTKH — BUOPOCUTO (MJIM BUOPOCUTA);

BTOpasi CTyNIeHb OYNCTKHA — FTMIPOLUMKJIOHBI eCKOOTAeJTUTeJIs;

TPeThA CTYNIEHb OYUCTKHU — THAPOUMKIOHBI HI00TAETUTEJIA;

YyeTBepPTas CTyNeHb OYUCTKHU — HeHTpudyra.

Ocenanve KpymHBIX dYacTHI[ OypoBOTO IlaMa B >Kelo0e Mo
JEUCTBUEM CHJIbI TSYKECTH OTHOCHUTCS K €CTECTBEHHOMY METOJY OYMCTKH.
Bubpocuta OTHOCATCS K MEXaHWYECKOMY METOAY OYHCTKH, a
MIECKOOT/ACIUTEIb, WJIOOTACIUTEIh U IEHTPU(YTAa - K THAPABINICCKOMY
METOIY OYHCTKH.

BypoBoii pacTBOp, BBIXOASIINN W3 CKBAaXXHWHBI, B 3aBUCHMOCTH OT
pa3OypuBaeMbIX IOPOJa, CKOpPOCTH OypeHus, cmocoba OypeHwus,
TUTIOpa3Mepa J0JIOTa U JIPYTUX XapaKTEPUCTUK, MOKET COJEpKaTh ILIaM
Pa3IMYHOTO I'PaHyJIOMETPUUYECKOTO COCTaBA.

TBepabie yacTuIbl B OYpOBOM pacTBOpE JAENATCS Ha KOJUIOWAbI
(menee 1 Mkm), masbl (1- 50 mxm) 1 mecku (0onee 50 MKM).

BOBP kommnekryercs:
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- pa3aenuTeneM MoToKa,

-OJTHUM WJIU ABYMSI TIOJTHOMTOTOYHBIMU BUOPOCHUTAMH,

-CUTOTHJIPOIIMKJIIOHHON  ycTaHoBKoW  (puc.4),  BKIIOUYaroLIen
BUOPOCHUTO, TECKOOTIACIUTENIb W WIOOTACIUTEIh C KPYTOBBIM  JIHOO
JUHEHHBIM  MaHU(OIBIOM (T€PMETHYHBIM TPYOONPOBOJAOM C CHCTEMOM
MOJIBOJISIINX KAHAJIOB, MPUMEHSIOIIUNUCS I OOBS3KM THIPOIMKIOHOB
wiootnenutens). Kpyrias dopma Manudoiapaa MO3BOJSET PaBHOMEPHO
pacipenenaTh TaBICHHE B HATHETAIOIICH JIMHUKM Ka)KJI0T0 THAPOILUKIIOHA.

Puc.4. CuroruaponukiionHas yctaHoBka ¢pupmsl Derrick

BriOypennass mopoja, BBbIIEIEHHAs CHCTEMOM OYUCTKH OypoBOTO
pacTBopa, TPaHCIOPTUPYETCS B amOap win npu Oe3zamOapHOM crocole
OypeHHs HampaBJseTCs B KOHTEHHED, MPH MOJTHOM 3aIOIHEHUH KOTOPOTO
IPOU3BOJUTCS 3aMEHa Ha CBOOOJHBIN OT HUIaMa KOHTEHHEpP C MOMOIIBIO
kpana KIIb-3M.

Jist ynanenust raza u3 OypoBOro pacTBOpa MCIOIb3yeTCs Jera3aTop.
B TexHomormyeckoi cxeme pasMelleHHss O0O0OpYJIOBaHUSI OYUCTKU
JIera3aTop yCTaHaBJIUBAETCS MTOCIIE BUOPOCHT.

OddeKkTuBHOCTH pabOTHI Jerazaropa 3aBUCUT OT CBOMCTB OypOBOToO
pacTBopa, MPOMYCKHOW CIMOCOOHOCTU (JI/CEK), BEIIMYMHBI Pa3psHKEHUS,
CO3/1aBa€MOT0 BaKyyMHBIM HacocoM. [Ipu 00beMHON KOHIIEHTpAllUK ra3a B
OypoBoM pacTBope Oosee 5% HeoOX0aMMO BKIIFOUUTH B paboTy Aera3arop.

Paznenurenr moroka Flo-Divider kommanum Derrick (puc.5)
CKOHCTPYMpPOBAaH  JJii  TOro, YTOOBl  MAaKCHUMAJIbHO  IOBBICUTH
NPOU3BOAUTENBHOCTh  BUOpocUT.  Pazpenurens  moToka — SIBISETCS
000pyI0BaHHEM, MPUHUMAIOIIMM TTOTOK OypOBOTO pacTBopa U3 kejaoda u
pacTlpeessIFoMM €ro 1Mo BHOpocHTaM, MpUYeM TakuM o0pa3oMm, 4TO B
Ka)XJ10€ BHOPOCUTO TOJAETCSI PaBHOE KOJUYECTBO PacTBOpa. YCTaHOBKA
pacrpeaenuTenss MOTOKa pPaJMKaIbHBIM 00pa3oM ymHpouiaeT MnpodieMy
110J1a4l pacTBOpa Ha BUOPOCHUTA.
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BypoBoil pacTBop u3 kenoba uepe3 OTBEpCTHE B 3aJHEHl CTEHKE
pa3fenuTeNns NMOTOKA ITONANaeT BHYTPb, TIE yAAPSIETCS O NEPErOpOAKY,
IIEPEIUBACTCA Yepe3 BOJOCIMB, pPA3AEISIETCS HAa pPAaBHBIE IIOTOKU U
HANpaBJIAETCA B MUTAIOLIME OPTHI, COENIUHEHHBIE C BHUOPOCUTAMU.

Kaxnaprii mutaronuid mopT CHa0XeH HAKHJIHOW IepeKpPBIBAIOIICH
3aCJIOHKOHM, KOTOpas II03BOJISIET OCTAHOBUTH IIOTOK B HallPaBJICHUU
COOTBETCTBYIOLIETO NIOPTA.

Puc.5.Pa3nenuresns moToka
l-oTBepcTHE; 2-nIEpEropoaKa; 3-BOIOCINB; 4-MIUTAOIIKE OPTHL; S-
HAKHJIHAsl 3aCJIOHKA

Buodpocuro (puc.6) KOMIUIEKTYETCS CUCTEMOW OBICTPOM CMEHBI
CETOK M OCHAIlEHO MEXaHWU3MOM pETyJIMPOBKH yria HaKJIOHAa CETOK,
KOTOPBIN TO3BOJISIET U3MEHATh HAKJIOH BUOpOpaMbl Ha yroi oT -1 mo +5
rpaa. OCHOBHOM XapaKTEPUCTUKOM BHOpOCHUTa SBISETCS MPOMYCKHAs
criocoOHOCTh B Ji/ceK. OHa 3aBHUCHUT OT BS3KOCTH OypOBOTO pacTBOpA,
pasMepa siueeK W IUIOIIAJM CUTOBBIX MaHENeH, yrila HaKJIoHa BUOPOpaMBl,
BUOPAIIMOHHOTO YCKOPEHHS.

Puc. 6. Bubpocuro ¢pupmsl Derrick
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VYBeIMYeHUE IUIOMAAN TMOKPBITUA CUTOBOM maHenu cBbime 80 %
MOKET MPUBECTH K IEPEIIMBY PACTBOPA MPU YBEIUYEHHUHM BSI3KOCTH WIIH
nojaud OypOBBIX HACOCOB.

YMeHbIlIeHHEe TUIOMIaAN TMOKPHITHS BHOPOCUTA CBUIETEIHCTBYET O
BBICOKOHM MPOMYCKHONW CIOCOOHOCTH BHUOpPOCHUTA B PE3yJIbTATE YCTAHOBKH
CETOK C OOJIBIIUM Pa3MEpPOM SIUEEK WIIM MOBPEKICHUS CUTOBOM MaHEH.

[IpoMbiBKa TaHene BOAOW MOJA  JIaBIEHUEM WM  [apoM
MPOU3BOJIUTCS MPU OCTAHOBKE ITUPKYJISLIMU OYpOBOrO pacTBOpa 0oJiee yemM
Ha 10 muH.

[locne oumcTKM mNaHened IMPOU3BOAUTCA  OCMOTP  CUTOBOM
ITIOBEPXHOCTHU HA MPEAMET MOBPEKICHUMN.

Ilecko- U WIOOTAEJUTEHN TIPEACTABISIIOT COO0M THAPOIMKIOHHBIC
yCTaHOBKU. B oCHOBY paOOThl THAPOUHUKJIOHOB (puC.7) TMOJI0XKEH
OPUHIUIT YAQJICHUS 4YacTHIl LJJaMa B T0Jie HEHTPOOESKHBIX CUJI, KOraa
pacTBOp MOJAETCS B IUKJIOH TAaHTCHIUAJIBHO C OOJIBIIONW CKOPOCTBHIO U
pUOOpeTaeT BpaliaTeIbHOE JIBHKEHUE.

Kopnyc  ruapouukiona COCTOMT U3  KOPOTKOM  BEpXHEH
HWINHAPUYECKON YacTH, K KOTOPOM NPUMBIKAECT IIMPOKHM OCHOBAHUEM
HIDKHSS 4acTh, UMEIOIIAsl BUJ YCEYEHHOTO KOHyca. PacTBop mocTtymaer
yepe3 MaTpyOOK TAaHTCHIIMAIBHO B BEPXHIOID 4YacTh KopIyca H
npuoOpeTaeT BpallaTesibHOE JBUKEHUE.

[Ipu >TOM BO3HMKAIOT 3HAYMUTENIbHBIE IIEHTPOOEKHBIE CHUJIIBI, IMOJ
JNEUCTBUEM KOTOPBIX 00Jie€ KpPYIHBIC YACTHUIhI YBJIEKAIOTCS K CTEHKaM
IMKJIOHA U JABWXKYTCS IO CHUPAJIBHON TPACKTOPUU BHU3 K MATPyOKy ISt
OTBOJa Iecka. bonee MenkuMe YacTUbl M OCHOBHAas 4YacThb pPacTBOpa
JIBUXKYTCA BO BHYTPEHHEM CIHMPAJIBLHOM MOTOKE, HAIMPABIECHHOM BBEPX K
naTpyOKy JiIsl OTBOJIa PacTBOpA.

Kontponp 3a paboTOll  THAPOIMKIOHOB  MPOU3BOAUTCS  TIO
CIIEAYIOUIUM ITapaMeTpaMm:

- JIaBJICHUIO HA BXOJE;

- TUIOTHOCTH ITYJIBIIBI;

- crnoco0y UCTEeUEHHUs MYJIbIbI (puUc.).

JlaBneHue Ha BXOJ€ THAPOIMKIOHA - OCHOBHOW TE€XHOJOTHMYECKHUM
rapameTrp, ONPEACHSAIIIMA CKOPOCTh JBWKEHUS pacTBOpa BHYTpHU
TUAPOIMKIIOHA, TPOU3BOAUTENHHOCTh ammapara u IOPEKTUBHOCTH
IPOIIECCA PA3/ICIICHUS.

OnTuManbHasi IUIOTHOCTh MYJBIBI W CHOCOO0 €€ HCTeUeHHUs
JIOCTUTAETCS MOJI00POM IMaMeTpa MEeCKOBBIX HACAJIOK.
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copoc
Puc. 7. Cxema ruipOLMKIOHA
1- KOHyCcOOOpa3HbI KOPMYyC; 2- HarHeTaTeJbHAsl JUHUS (BXOIHOM
naTpyook); 3-0TBOJI JIJIsi OUHUIIIEHHOT'O pacTBOPa (BBIXOJHON MAaTPyOOK);
4- meckoBasi HacaKa.

[Ipu OompIoM auMaMETpe IMECKOBOM HACAIKU ITyJIbIla COJEPKHUT
MHOTO OYypOBOTO pacTBopa. Pasrpy3ka MPOMCXOIUT PaCTBIIUTEIHHBIM
criocoboMm (B BUJIEC Beepa).

[Ipu manoM auamMeTpe MECKOBOH HacCaJK{d MyJbla pa3rpykKaeTcs
CTpyHHBIM crocoboM (B Buje mHypa). [Ipm 3TOM dYacTHIBI IIjlaMa He
MOTYT CBOOOJHO TMPOXOIUTh Yepe3 IIECKOBYI0 HAcaJKy M YacTh HX
BO3BpaIaeTcsi B OypoBoit pacTBop.

Ha puc.8 uzo0paxkeHO KayecTBO OYHUCTKM OYpOBOrO pacTBOpa
THAPOIMKIOHOM B 3aBHCHMOCTH OT BHAAQ pasTpy3Kd — BEEPOM WU
mHypoM. By pasrpy3ku peryaupyeTcs 1uaMeTpoM MECKOBOM HaCaIKH.

[Ipr yBenmnueHWMM BSI3KOCTH OYpOBOTO pacTBOpa yXYIIIAOTCS
KaueCTBCHHBIC TIOKa3aTelId THIPOIMKIOHA, T.K. YBEITUINBACTCS
COMPOTHUBJICHNE JKUIKOCTH, OKa3bIlBA€MOE TBEPABIM YacTHUIIAM IpH
JBIKEHUH B paJdajJbHOM HAMpPABJICHUH OT OCH ammapara k nepudepun. C
yBEIUYCHUEM BS3KOCTH OypoOBOrO pacTBOpa JaBJE€HHE Ha BXOJC
TUAPOIMKIIOHA TAK)KE YBEITMIUBACTCS.

IenTpoOekHbIE MIJIAMOBBIE HACOCHI BXOJAT B COCTaB OJloOKa
OUHUCTKU M CIYyXKaT JJIsA MoJauyd OypOBOTO pPacTBOpa B THAPOIIUKIOHHBIC
ammapaTtbl M CO3JaHHWS  HEOOXOJAWMMOTO  pabodero  JaBjiCHUS B
HarHETaTEIbHBIX JIMHUSAX MECKO- M HIIOOTICITUTEIIS.
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Puc.8. Pa3rpy3ka ruipOuKiIoHa BEepoM
A n mHypoMm b

Hentpudyra (puc.9) MPEICTaBISACT coboi cenaparop
JEKaHTATOPHOTO THIIA.

Puc.9. llenTpudyra

JlekantaTopHasi 1eHTpudyra — 5TO MalluHA JJIS HENPEPhIBHOTO
OCaXXJICHUS B3BEIICHHBIX B KUJKOCTSIX TBEPABIX (pakiuil moja JelCTBUEM
HEHTPOOEKHOM CUJIBI B yJIMHEHHOM BpalliatronieMcs obapadaHe.

Jlns  Oe3omacHOM — BKCIUTyaTalid  IeHTpudyra  obopyJoBaHa
BUOPAIMOHHBIM BBIKITIOYATEIEM U OTPAHUYUTENIEM KPYTSIIETO MOMEHTA.

Pexxum paboTel mogOupaeTcs TakuM o0pa3oM, YTOOBI BRIXOASIIAS U3
ueHTpudyru TBepaas ¢aza (kKek) MMela MUHUMAJIbHYIO BIQXHOCTh MpPU
YCJIOBUM  OECHPEnsSTCTBEHHOW TPAHCIMOPTUPOBKU U Pasrpy3kd U3
HEHTPUDYTH.

Lentpudyru mnosBuauMch B HEPTSIHOW NpOMBIIUIEHHOCTH B 50-X
rojiax MPOUUIOr0 BEeKa W Ha CETOJHAIIHWI JEHb SBISIOTCS HauOosee
JOPOTUM MEXaHMYECKUM YCTPOMCTBOM, MO3BOJISIONIUM yAQISITH TBEPAYIO
¢dasy MouTH KOJUTOMAHOTO pa3Mepa.

4 BypoBble pacTBOPHI
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Byposoii pactBop (auri. drilling fluid, drilling mud) — coxknan
MHOTOKOMIIOHEHTHAsI [UCHEPCHAsi CHCTeMa (CyCIeH3Hs, 3MYJIbCHUS
WIH AaIPUPOBAHHASl JKUJIKOCTH), NPHUMEHAeMas [UIsi TNPOMBIBKH
CKBA:KHH B Mpouecce OypeHHs, CBOMCTBA KOTOPOM BbLIOMPAKTCH B
3aBMCUMOCTH OT JIAHHBIX Ie0J10r0-TeXHMYECKUX YCJI0BHIl.

[Tonsitue «OypoOBbIE PACTBOPHI» OXBATHIBAET IIUPOKUN KPYT KUAKUX,
CYCIIEH3MOHHBIX, a3PUPOBAHHBIX CpEJl, UMEIOIIUX PA3JIUYHBIE COCTaBbI U
cBoiicTBa. TepMuH « OypoBOil pacTBOp» CTajdu MHPUMEHSATH BMECTO €r0
CUHOHMMOB — «IJIMHUCTBIM pacTBOp», «IPOMBIBOYHBIA PacTBOpY,
«IPOMBIBOYHAS )KUJIKOCTb.

C yBenunueHueM ITyOMHBI CKBaXKMH MOBBIIIAIOTCS TEMIIEPATYPhl U
NABJICHUS, CKBa)XMHA BCKPBIBAET TOPHU3O0HTHl C PA3JIUYHBIMU IO
XUMUYECKOU mnpupojae dawougamu (ra3, HedTh, IUIacToBas BojJa),
MUHEPAJTOTUYECKUI COCTaB MOPOJ TakKXke pa3HOoOOpas3eH, MO3TOMY
OypeHue Bce OOJbIIE CTAHOBUTCA (DUBMKO-XMMHYECKUM IIPOLECCOM.
OTOT mpolecc NpoTEKaeT B cpeae OypoBOro M IEMEHTHOIO PacTBOPOB,
NaKepHbIX, Oy(HEepHBIX U APYTUX CHELHATbHBIX KUJIKOCTEH.

3a0ypuBaHHE€  CKBaXXWMHbI  OCYLIECTBJISETCS NP  HAIWYUHU
HeoOXouMoro obbeMa OypoBOTO pacTBOpa, HA3bIBAEMOTO PadoumM,
OPUTOTOBJICHHBIM HWJIM  3aBE3€HHBIM JUI1  3alOJHEHUS IPUEMHBIX,
OYMCTHBIX M TEXHOJOTUYECKUX E€MKOCTEH Ha MOBEPXHOCTH OypPOBOM.
HarnoHseMOCTh CTaHIaPTHBIX EMKOCTEH Ha IIOBEPXHOCTH B 00beMe 30 M
KaXKJ1asl.

PabGounm pacTBopoM isl cO3AaHUSI HEOOXOAUMOM IUPKYIISIIIUU TIPU
3a0ypUBaHUU U OypEeHUU CKBAXKUH SIBISIETCSI OOBEM PACTBOpPA B CKBAXKUHE
mmoc 120 M (IpU BOCCTAHOBICHHM CKBAKHH OypeHHEM OOKOBBIX
CTBOJIOB - Imoc 60 M°). JlaHHbIH paGounii 06beM YUMTHIBAETCS BO BCEX
TEXHOJIOTMYECKUX PacueTax MpH MPOMBIBKE CKBAKHUHBI.

3anacHoil 00beM OypOBOro pacTBOpa COCTOMT U3 palboyero u
OMOTHUTEILHOT0 (IIpH 00beMe CKBaXHHBI Goixee 120 M) M IOIDKEH
ObITh OOecrieueH Ha ckBakuHE 3a 100 M 10 BCKPBITHS NMPOAYKTUBHOIO
TOpPU30HTA.

OKCIUTyaTalluOHHBIE HOPMBI pacxoJa pPEareHTOB M MaTepuasoB
pacCUMTHIBAIOTCA € YydyeToM pabouero oObeMa NpU MEPBUYHBIX H
nocyeAyonmx 00padoTkax OypoBOTro pacTBopa.

4.1 Texnosiornyeckue GyHkuuu OypoBoro pacreopa
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[Ton TexHosorn4ecKumMMu QPYHKUHAMH (CBOHMCTBAMH) OYypOBBIX
PACTBOPOB ClIeAyeT MOHUMATh WX BIUSHUE HA OyPUMOCTH TOPHBIX TIOPOI,
(GUIBTPAlIMOHHBIE TPOLECChl, OYUCTKY CTBOJIa W 32008 CKBAXKUHBI,
YCTOMYHUBOCTh CTEHOK CTBOJIA, CJIOKEHHBIMU HEYCTOWYUBBIMU TOPOJAAMH,
CHUKEHUE COMPOTHUBJICHUN NBIKEHHUIO OYPHILHOTO HHCTPYMEHTA MPHU €TO
KOHTaKT€ C TJIMHUCTOM KOPKOM M CTEHKAMH CKBa)XXHMHBI, PaCKpBITHE U
OCBOEHHE KOJUIEKTOPOB, COJIEPKAIIUX HEPTH U Tas3.

TexHomornyeckue CBOWCTBAa OYpPOBBIX PACTBOPOB CYILECTBEHHO
BIUSIIOT HAa  pabOTOCHOCOOHOCTh  OYpOBBIX  JOJOT,  3a00HHBIX
TUAPABIMYECKUX U DJIEKTPUUYECKHUX IBHUTATENeH, OypHIIBHBIX U 00CaTHBIX
TpyO U APYroro noa3eMHoro OypoBoro o6opynoBanus. TexHOIOTHYECKUA
IIPOIIECC TPOMBIBKH CKBaXKWH JIOJKEH OBITh CIIPOEKTHUPOBAH U PEATN30BaH
TakK, YTOObl JOCTHYL JYUYIIMX TEXHUKO-dIKOHOMHUYECKHX IOKa3aTesei
Oypenusa. Ilpm »>TOM THaBHOE BHUMaHUWE HEOOXOJUMO  YJIIETAThH
BBITIOJTHCHHIO OCHOBHBIX TEXHOJIOTHYECKUX (PYHKITHH.

BypoBoii pacTBop B mporiecce OypeHus OCyIIECTBISIET P QYHKIIUM,
KOTOpBhIE TEM pa3HOOOpa3Hee, YEM CIIOXKHEE Mpoliecc OypeHus: riayoxke
CKBaXMHA, HEYCTOWYMBEE €€ CTEHKH, BBIIIE JABJICHUE Ta3a U HEePTU B
pa30ypruBaeMbIX TOPHU30HTAX.

[Ipouiecc Oypenus mpencTaBisieT coOON COBOKYIMHOCTh Pa3IMYHBIX
OTepalnii, ONPEAEISIONUX TEXHOJOTUIO MPOXOAKU CKBaXKUHBI, TOITOMY
GyHKIMM Ha3bIBAIOTCS TeXHOJornyeckumu. OHU TojapasnensitoTcs Ha 4
TpyNmbl:  TUAPOJAMHAMUYECKHE,  THUAPOCTATHUYECKHUE, KOPKOOOpaso-
BaTeJbHbIE U QU3UKO-XUMHYCCKHUE.

Iuapoannamuyeckne  (DYHKIMM  OCYIIECTBISIOTCS  TTOTOKOM
pactBopa B ckBaxuHe. K HUM OoTHOCSTCS:

- BbiHOC BBIOYpeHHOH mOpPOAbI (LIaMa) W3 CKBAXKHHBI.
Baxueiiment ¢yHKIMe OypoBOTO pacTBOpa SBJISETCS yIajJeHUE YaCTHUIL
BBIOYpEHHOW M OOBaJIMBIIEICS TOPOABI U3 CKBAXXUHBI HA TOBEPXHOCTb.
Ecnu uX CBOEBpEMEHHO HE YJaluTh, OypeHue mnpekpatutcs. Jlaxe
HEOOJBIIOE KOJUYECTBO YAaCTHUI] BBIOYPEHHOW MOPOAbI, OCTaBIIEECS Ha
3a00€, CHIXKAET CKOPOCTh OypeHHsl. DTO OOBSICHSETCS TE€M, UTO SHEPIUs
JI0JIOTa 3aTPauyMBAaEeTCS HE TOJIBKO Ha pa3pylIeHHWE IOpOoJbl, HO U Ha
JOTIOJTHUTEIHHOE N3MENIbUCHUE YK€ BRIOYPEHHBIX YaCTHUIL TTOPOJIBI.

3HAYNUTETHHYI0 OMACHOCTh MPEICTaBIIAECT HAKOIUICHHE BBIOYPEHHOMN
nopojAbl B 3aTpyOHOM MPOCTPAHCTBE, KyJla OHA JOCTABIISIETCS MOTOKOM
OypoBoro pactBopa ¢ 3a0o0si. IIpocBer mexay OypuiIbHBIMH TpyOamMu U
CTCHKaMHU CKBaXWHBI TIPH 3TOM YMEHBIIACTCS, YTO MOXKET TPHUBECTH K
MPUXBaTy (3aKJIMHUBAHUIO) TPYO.
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BypoBoii pacTBOp MPOKAYMBAIOT YEpPE3 CKBAKMUHY IO OYpPUIbHBIM
TpyOam, a OT BBIOYpPEHHOUW MOPOJIbI PACTBOP OUMIIAIOT HA TTOBEPXHOCTH C
IIOMOIIBIO OYHUCTHOM CHUCTEMBI. bypOBOM pacTBOp BMECTE C YaCTUILIAMHU
[laMa JBIDKETCS BBEPX MEXAY OypWIbHBIMH TpyOaMU M CTEHKaMHU
CKBaXUHbI. JKUIKOCTh JABMXKETCS BBEPX, a YACTHIBI MOPOAbI O]
NEUCTBUEM CHJIbI TSDKECTH — BHU3. [l03TOMY mosiHOe ynajieHue 4acTHuil
o0ecrneuynBaeTcs NMPHU YCJIOBUH, €CJIM CKOPOCTH MAaJAeHUsl YacTULl Oyaer
3HAYMTEJIbHO HUKE CKOPOCTH MOAbeMa OypoBOro pactBopa.

Ha BbIHOC yacTuIl CyIIIECTBEHHO BJIMSET CIOCOO0 OypEeHUs] CKBAXKUHBI.
IIpn poropHOM croco0Oe Bpamaercsi BCS KOJIOHHA TpyO, €€ BpallleHue
nepenaercs OypoBOMY pacTBOPY, KOTOPBIM B 3TOM Ciiydae TOJHUMAETCS 10
cnupanu. [loaToMy mpu poTOpHOM OypeHHHU TMOJTHOTAa OYHCTKH PacTBOpa
BBIIIIE, YEM PU TYPOUHHOM.

KauecTBO 0OYMCTKM CKBaXXWHBI OT HuIaMa (CKOPOCTh WM CTEIICHD)
3aBUCUT OT CKOPOCTH BOCXOJSILEr0 TIOTOKA, KOTOpas OIpeaesaeTcs
MPOU3BOJIUTENILHOCThIO HacocoB. Ha 3¢ (deKTUBHOCTH BBIHOCA TOPO/IBI
BIIUSET IUIOTHOCTh, BSA3KOCTh MW JIMHAMUYECKOE HaNpsHKEHUE CABUTA
OypoBoro pactBopa. Jljisi yJaaneHus 4acTull MOPOJbI HEOOXOAUMO, YTOOBI
CKOPOCTbH BOCXO/IAIIETO MOTOKA ObLIa BBIIIIE CKOPOCTU UX OCAKICHUSI.

- PasmMbIB mopoabl Ha 3a00€e CKBAKMHBI. JTO OJIHA U3 OCHOBHBIX
GbyHKUMA pacTBOpa, CHOCOOCTBYIOMIAS JIOCTMDKEHHIO MaKCUMalbHOU
cCKopocTu OypeHus 3a cdeT 3((PEeKTUBHOM OUMCTKH 3a00s1 OT BHIOYPEHHOM
OPO/IbI.

[IpouHocTh pazdypHUBaEMbIX MOPOJ, MEHSIETCSl B MIUPOKUX IMpeJeax.
Cy11iecTBYIOT OUY€Hb TBEP/bIE U OYEHBb MSITKUE TTOPoibl. [Ipu pa3dypuBanuu
MATKMX  Topoj  (Hampumep, TJIMH)  NOPUMEHSAIOT  CHEIUaIbHBIC
«TUAPOMOHUTOPHBIE)» JI0JIOTA, CHAOXKEHHBIC HAacaJKaMH, C TOMOIIBIO
KOTOPBIX CO3/1a€TCs MOIIIHAsA CTpysi OypoBoro pactBopa. Ee yaap BbI3bIBaeT
JOTIOJTHUTENBHOE PAa3PYLICHUE TMOPOJIbI, YBEIMYMBAs CKOPOCTh OypeHHUs
CKBaXUHBI. ITO MEPONPUITUE TTOTYUUIIO HA3BAHUE
«THAPOMOHHUTOPHOIO 3P peKTar.

Hawnyumue ycioBusi paspylieHUs] CO3JAIOTCS MPU MUHUMAIbHOU
pa3HUIE TUAPOCTATUYECKOTO U TOPOBOrO JIaBJICHUN B pa30ypUBaeMbIX
nopoaax. MexaHudeckas CKOpPOCTh OypeHHs TIOBBINIACTCA MpU 00paboTKe
pacTBOpa MOBEPXHOCTHO-aKTUBHBIMU BenlecTBamu (ITAB), moHmxarommmu
MIOBEPXHOCTHOE HaTshKeHHE. CylECTBEHHOE BIUSHHUE OKa3bIBAET BEJIMUMHA
MTHOBEHHOM (UIBTpaIlMd pacTBOpa, 4YeM OHa OoJibllle, TEM BBIIIE
MEXaHUYECKasi CKOPOCTb.
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Onnako  He Bcerjga ynaercs MOJJIEPKUBAaTh BCE  YKa3aHHbBIE
napaMeTphl JJIsl YCTIEIIHOW paboThl 10J0Ta, MO0 CYIIECTBYET LEIbIM s U
JIPYTUX TEXHOJIOTHYECKUX TPeOOBaHUI K OypOBOMY PacTBOPY, CBSI3aHHBIX C
T€OJIOTUYECKUMU YCIOBUSIMU OypEHUSI.

- IlepeHoc 3HepruM OT HACOCOB K 3a00WHBLIM JABHIaTeJsIM
(Typ6oOypam).

[Ipu mpokauke OYpOBOrO pacTBOpa HAcOCAaMHU 3aTPavyuBaAETCS
OMpEe/ICJICHHAs] DHEPTUs — SJIEKTPUYECKasl WU TEIUIOBas. JTa SHEPTUs B
OCHOBHOM MpPEBpalIaeTCd B KWHETHUYECKYIO SHEPrUi0 MOTOKa OypOBOIo
pactBopa. YacThb »SHepruM 3aTpayvMBacTCd Ha BpalCHUE JIOMATOK
TypboOypa, B CBOIO O4Yepeab BPAIIAIOIIETO TOPOIOPA3PYIIAIOIIHNI
UHCTPYMEHT-JI0JI0TO.

- OxJaaxaeHue 10J0Ta B npoiecce oOypenusi. B mporecce Oypenus
MEXIy JIOJOTOM U pa3pyliaeMol TIMOpOAOM, a TakkKe MEeXIy
BpalalomMMcsl OypUJIbHBIM HUHCTPYMEHTOM U CTEHKaMH CKBaXXHUHBI
BO3HUKAIOT 3HAYMTENIbHBIE CWJIBl TpeHus. biarogapss mOpUCYTCTBUIO
OypoBOro pactBopa Ko3()(PUIMEHT TpeHUs 3HAYUTEIHLHO YMEHBIIIAETCS, a
TEIJIOTa, OOpa3yrolasics BCIEJICTBUE TPEHUS, PACCEMBAETCS MOTOKOM
KuAKocTH. Kpome TOro, Ha CTEHKaxX CKBaKHMHBI 00pazyeTcs CKOJIb3Kas
KOpKa, KOTOpasi YMEHBIIIAET CUJIBI TPEHUS TPyO MpH BpaIlleHUH U CITYCKO-
noabemMHubIX onepanusx (CI1O). CylecTBeHHO MOHWKAIT KO3 hUIIMEHT
TPEHHUs CMa3bIBaKOIIUE JOOABKHU.

OxnaxaeHue  J100Ta, OypuUIIbHBIX  TpyO, THUIPABIUYECKOIO
000pyI0BaHUs CIIOCOOCTBYET YBEIMYCHUIO UX JIOJTOBEYHOCTH M TOITOMY
SBJISICTCSI TaKKe BaXHOM (QyHKIMEH mnpoMbiBKUA. M3BecTHO, UTO
OXJIQXJICHUE OMBIBAEMBIX JIE€TAJIEN TEeM JIydllle, 4yeM OOJIbIlle CKOPOCTh
MUPKYJISIUK, HIDKE BSI3KOCTh OypOBOTO pacTBOpa U  BBIIMIE €ro
TEIUIOEMKOCTh M TEIUIONPOBOJHOCTh. OJHAKO PpETryJIUpOBAHHE ITUX
noKa3aresie ¢ MeNbI0 YIYYIIeHUs YCIOBUN OXJIaXJAeHUs OypOBOTO UHCT-
pyMeHTa U OOOpYJOBaHMUS OrPaAaHUYEHO HEOOXOJIUMOCTHIO BBIMOJHEHUS
NpebIAYIINUX, HHOT/Ia 00J1ee BaXKHBIX, DYHKIIUM MPOMBIBKA CKBAKHH.

I’'mapocrarnyeckne  (QYHKIUM OCYIIECTBISIOTCA  MOKOSIIIUMCS
OypoBbiM pactBopoMm (Hampumep, npu CIIO). K sroit rpynmne dyHkui
OTHOCSITCS:

- Co3maHue TUAPOCTATHYECKOT0 PAaBHOBECHSI B CHCTEME CTBOJI
CKBaKHHBI — IJIACT.

BypoBoii pacTBOp, HAXOSIIMICSA B CTBOJIE CKBAXXHWHBI, OKa3bIBACT Ha
€€ CTEHKHU JaBJICHHE, OOYCIIOBJICHHOE CWJIOW TSDKECTH. ODTO JIaBJICHUE
Ha3bIBACTCSI THAPOCTATHYECKUM.
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Kunkoctd WM rasbl, HaXOMSIIMECS B TPUPOJHBIX KOJUIEKTOpax,
TaKXe JIaBsIT HA CTEHKH CKBaXKMHBI TOJIBKO CO CTOPOHBI IlacTa. Tak Kak
CTEHKH CKBXKMHBI TOPUCTHIE, 00€ >KUIKOCTH COMPUKACAIOTCS JPYr C
IpyroM, TIO3TOMY IIJJaCT Y CKBAXKHMHA  TPEACTABISIIOT  COOOM
COOOIIAOIITUECS COCY/IBI.

Ecnu rugpocratuueckoe JaBlieHHEe OYypOBOTO pacTBopa Oyjer
OOJIBIIIE TUIACTOBOIO JIABJICHUSI, TO PACTBOp OYyJIeT MepeMeniaThCs B IIACT
(morJiomenue OypoBOro pacrBopa) u HaoOopoT. Takoe mnepemernieHue
HapyIIaeT HOpMaIbHOE OYpPEHUE CKBAXKUHBI.

[Ipu ObICTpOM mMEpPEMENIEHUN IEJIOCTHOCTh CTEHOK CKBAXKUHBI
HapyIlIaeTcs, YTO BbI3bIBaeT UX 00Bai. BeiTecHeHne OypoBOro pacteopa u3
CTBOJIA CKBa)KMHBI HapyIlIaeT PaBHOBECHE B COOOIIAIOMIMXCS COCyAax.
Bo3nukaroT BeIOpOCH HEPTH, Ta3a U MIACTOBOM BOJBI U3 CKBAKUHBI, YACTO
nepexojsuue B pontansl (HedTe-ra3o-Bogo-nposiBjieHue).

[Tortananue B OypoBOM pacTBOP HEOOJBIINX KOJIUYECTB Ta3a, HEQTH,
IJJACTOBOM BOJBI YXYJIIAIOT €ro KayecTBo. B pesyipTare pacTBOp HE
BBITIOJTHSIET CBOMX TEXHOJOTMYECKUX (PYHKIIUH.

Takum oOpa3zom, 1eJdb CO37aHus THAPOCTATHYECKOr0 PAaBHOBeCHS
B CHUCTEME CKBa)XXKMHA-IJIACT 3aKJIIOYACTCS B MPEAOTBPALICHUH IEPETOKa
KUJKOCTH M rasa M3 IUlacTa B CKBAXWHY M OypoOBOrO pacTBOpa U3
CKBa)KMHBI B ILJIACT.

I'uapoauHaMuyeckoe JaBjeHUe - 3TO JaBieHUe cTonba durouaa
pPaBHOE MPOU3BEICHUIO CPEJIHEN TNIOTHOCTH (JIIOH]Ia HAa €TO BBICOTY.

VYBenuueHue AaBlICHUS C YBEJIMYEHUEM TJIYOUHBI TPOUCXOJAUT
kaxxasie 10 M Ha 1 kre/em” (1 atm) mmu 0,1MIIa. B stoMm ciyuae pacuer
P rupocr- (krc/cm” i MITa) mpencTaBIIseTcst CleAyome (hopMyIoit:

P=pxgxH=px0,0008xH =0,lpxH (1)

[TosTomy Ha riyouHe 1000m naBnenuwe ctoiada BoAbl OyJIET paBHO
100 xre/em” (10MITa), Ha ray6uue 4000M — 400 kre/em” (40 MIa) u T.51.

JlaBlieHWEe, CO3/1aBa€MO€ BCECTOPOHHUM C)KaTUEM TOPHBIX TMOPOJ,
Ha3bIBACTCS IUIACTOBBIM (WM TOPOBbIM). BenuuwHa macToBOro
JABJIEHUS HAXOAUTCS B MPAMOW 3aBUCHUMOCTH C TIyOMHOW 3ajieraHus
mwiacta. HopmanbHoe Ppy; =Piyypocr. CTON0A MPECHOM BOJIBI ¢ TNIOTHOCTHIO 1
kre/cM’. OTKIOHEHHS OT JAHHOTO YCIOBUS XapaKTePH3YIOT aHOMAIbHOE
MJJACTOBOE JIaBJICHUE.

JlaBneHue ObIBa€T HOPMAJIBHBIM JIJIs1 TJAHHOMW TTYOUHBI, @ MOXKET OBIThH
aHOMAJIBHO BBICOKUM (ABIIL), T.C. 3HAYUTEIBHO BBIIIIC
rugpocrarudeckoro. IloatoMy B TOM M B Jpyrom ciiy4ae IUIOTHOCTh
OypoBOTO pacTBOpa JOJDKHA OBITh TaKOW, YTOOBI JaBJICHHE CTOJI0a
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pacTBopa OBUIO HECKOJIBKO BBIIIE TUIACTOBOTO JIABJICHUS U MPETSITCTBOBAJIO
MEPETOKY JKUJIKOCTH WM Ta3a W3 IlacTa B CKBAKHHY, KaK mMpu OypeHHH,
Tak U BO Bpems CIIO. TpeOyemass BeauM4MHA IUIOTHOCTH OypOBOTO
pacTBOpa, B 3aBUCUMOCTH OT IUIACTOBOTO JABJICHUS U TIyOUHBI 3aJeraHus
I1acTa, Y€TKO PEerIaMEHTUPYETCS B IPOSKTHON JOKYMEHTAIUH.

BennuMHa — IUIOTHOCTH —~ OypoBOoro  pactBopa  (p,  Kr/M),
oOecreurBarolas paBeHCTBO TUIPOCTATUYECKOTO JAaBJ€HUSI B CTBOJIC
CKBKHHBI U B IJIACTE, OMpeaesieTcst u3 GOopMYyJIbL:

— Praxk
g, 2)
rae  k - koaduimeHT npeBbillieHus] THAPOCTATUYECKOTO JTaBICHHUS
HaJ[ TUTACTOBBIM.

Jlnst ckBaxkuH rioyounoit go 2500 m k=1,05-1,10.

MaxkcumanbHO JOIyCTUMAs penpeccus (c y4eToM
TUAPOAUHAMUYECKUX  TOTEPh) JOJDKHA  HWCKIIOYAaTh  BO3MOYKHOCTH
TUAPOpa3phiBa WK MOTJIOIEHUSI OYpOBOrO pacTBOpa.

- Yaep:xkaHue 4acTHIl BHIOYPEHHOI MOPOABLI U YTSKEJIUTENs BO
B3BEIIIEHHOM COCTOSIHUM TPH TNMpPeKpalleHud UUPKYJISHUH OypoBOro
pacTBopa.

CKopocTh OCaXJACHHs YaCTUIl B HETOJABUKHOM PACTBOPE 3aBUCHUT OT
uX pa3sMepoB W (OpM, pPa3HUIIBI IIOTHOCTEH pacTBOpa W YaCTHIIBI,
BA3KOCTU pacTBOpa M OCOOEHHO €ro THUKCOTPOMHBIX (CTPYKTYPHBIX)
CBOMCTB.

B THKCOTpONMHBIX pacTBOpax TMpU NPEKPAMECHUHA ITUPKYJISIAH
oOpa3yeTcsi JOCTaTOYHO MPOYHAs CTPYKTypa, KOTOpas TMpEnsaTCTByeT
ocaxaeHuto yactull. CraTuueckoe HampsDKEHHE CABUTA  OypOBBIX
pPacTBOPOB MEHSIETCSI B ILIMPOKUX Mpeaenax U, B OOJBUIMHCTBE CHCTEM
PacTBOPOB JIETKO MOJMYYUTh CTPYKTYpYy TakOW BETUYHHBI, MPU KOTOPOIl
YacTuIIa JIFOOOH MIIOTHOCTH OCTA€TCSI BO B3BEIIIEHHOM COCTOSIHUU.

- Co3panue TIHAPOCTATHYECKOr0 JaBJIeHHSI HA  CTEHKH
CKBAaKMHBI, CJI0KEeHHbIEe c1200CIeMEHTUPOBAHHBIMHU W
IJIACTUYHBIMHU MOPOIAMMU.

[InoTHOCTh Takke SBISIETCS OJHUM W3 OCHOBHBIX (PAKTOPOB,
00€eCIeurBarOIIUX YCTOMYMBOCTh CTEHOK CKBaKMHBI. C ee yBelnyeHueM
MHTEHCUBHOCTh OCHITNIENl M OOBAJIOB CTBOJIA, KaK MPABHUIIO, YMEHbIIIAETCH,
OJTHAKO TIpU OTOM CTAHOBUTCS BCe OOJee OMacHbIM JIPYyrol BHJ
OCJIO’)KHEHUW — morjomieHus: 0ypoBoro pactBopa. [loatomy Ha mpakTHke
JUIsl  TIOBBIIICHWS yCTOMYMBOCTH CTEHOK CKBaXWHBI  PETYIUPYIOT
OJTHOBPEMEHHO IIJIOTHOCTb, MOKA3aTeNb (PUIBTPAIIUHU, COJIEHOCTh OYPOBOTO
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pacTBopa C II€JIbI0 YMEHBIIICHUS MPOHUKHOBEHUS (PuiibTpaTta OypoBOTO
pacTBOpa B OPHI NOPOABI 3a CUET (PHIIBTPALIUH, OCMOCA U JIp.

- YMeHbllIeHHE HATPY3KM Ha TajieByl cucremy. Harpyska Ha
TaJeByl0 CHUCTEMY (CHUCTEMY KaHAaTOB, VYAEPKHUBAIOIIUX KOJOHHY
OYpHJIBHBIX WM 00CAJHBIX TPYO B CKBAKHHE) CO3/1a€TCSI BECOM KOJOHHHBI.
Uewm riy0ke CKBaKHHA, TEM JJIMHHEE KOJIOHHA, TeM OOJIbIIE 3Ta HArpy3Ka.
YMEHbIIEHHE BECa KOJOHHBI 3a CYET TUAPOCTATUYECKOW IOTEpU Beca
UTPaeT 3HAYUTEILHYIO POJIb B CHIXKEHUHU W3HOCA MOJBEMHBIX COOPYKEHUI
OypOBOH.

DYHKINMH, CBA3aHHBIE C POLECCOM KOPKOOOPA30BaHMUS.

BypoBoii pacTBOp, mpeACTaBIAIOMUNA COOOM TOHKYIO B3BECH
KOJUIOUJHBIX dYacTHll (TBepAoi (as3pl) B JKHUIKOW Cpeae, B Tpoliecce
JIBIWKEHUS B IulacT oOpasyeT Ha €ero MOBEPXHOCTH M B MOpax
GUIBTPAIMOHHYIO  KOPKY, TMPEMSITCTBYIOUIYI0 WM  3aMEJJISIONIYIO
JNaJbHEWIIee MOCTYIUIEHUE PACTBOPA. DTOT MPOLECC Pa3AEIEHU )KUIKON U
TBepao (a3, B pe3yapTaTe YEro MNPOUCXOIUT KOAbMAMAUUA
(3aKyInoprBaHKUE) CTEHOK CKBa)KUHBI, Ha3bIBaeTCA gputbmpauyueit. K >1oit
rpynne (yHKIUNA OTHOCATCS:

- YMeHbllIeHHe MPOHUIAeMOCTH MOPUCTHIX CTEHOK CKBAKMHBI.

BypoBoii  pactBop  JODKEH ~— 00yiazaTh  3aKyMOPHUBAIOIIUMHU
CBOMCTBAaMH. JTO JOCTUTAETCS BBEIAEHHUEM H3MEJIbUCHHBIX BEIIECTB -
HanojHutene. OTnarasch B CyKEHHSX TPEIIWH, YaCTULbl HAMOJHHUTENS
CO3Jal0T KapKac, Ha KOTOPOM oOcaxkaaercs TBepaas ¢aza, dopmupys
U30JIAIIMOHHBIE TaMIOHbI. [loCTeneHHO TakWe TaMIIOHBI CMBIKAIOTCH,
oOpa3zys B MTOTJIOIIAOIIEM J1acTe BOKpPYT CKBaYKUHBI
BOJIOHCIPOHUIIAEMYIO  3aBeCy. YacTUUbl  HANOJIHUTENS  JOJKHBI
PAaBHOMEPHO PACHPENETATHCS B KUIKOCTH, TOITOMY HEOOXOIUMO, YTOOBI
KUJIKOCTh oO0Jajana ONpeaeieHHON CTPYKTYpOH, MPEensTCTBYIONICH
OCXJCHUIO HAIOJHUTENA. Pa3meppl 4YacTUI HANOJHUTENS M €ro
KOHIICHTpAIMs HE JOJDKHBI CYIIECTBEHHO YXYAIIaTh pPadoTy OYypOBBIX
HAaCOCOB.

-Coxpanenue WIn yCHJICHHE CBSI3HOCTH
cJ1a00CEeMEHTUPOBAHHBIX MOPOJ.
B BEpXHEHN 4acTu paspesa KOpKa KOHCOJIUIUPYET

HECIIEMEHTHPOBAaHHBIE TECKM U O00ECIEeUMBAeT WX YCTONYMBOCTS.
OAHOBPEMEHHO, KOpKa (PaKTUYECKH pa300IIaeT CKBAKUHY U MTPOHUIIAEMbIE
wiactel. OpHako mpu OONBIIOW BEIMYMHE BOJOOTIAYM Ha CTEHKE
CKBaXHUHBI ~ 00pa3yeTcsi  Tojctas  (GUIbTpallMOHHAs  KOpKa,  4TO
OTPUIIATEJIBHO BJIUSET HA COCTOSIHUE CKBaXXWHBI. Bo-MepBbIX, BeluKa
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BEPOSITHOCTh U PepeHITnaIbHOTO MPUXBaTa; BO-BTOPBIX, HA TOJICTYIO U
PBIXJIYI0O KOPKY, KaK MpaBWJIO, NPWIUMAET IIJIaM, MPOUCXOJIUT CYKEHHUE
CTBOJIa CKBaXKUHBI C MOCIEAYIONUMH OCJIOKHEHUSIMU (3aTKKHU, MPUXBATHI
OypoBOro WHCTpYMEHTa TpH mnoabeme). OTHOBPEMEHHO, MpU OOJBIION
BeMMYMHE (GUIBTPALMK B TMPOAYKTUBHBIM TUIACT TMOCTyHaeT OOJbIIOoe
KOJIM4YeCcTBO (uibTpara Ha OoOJblIyl0 TIyOMHYy. OTO MPUBOAUT K
CYILIECTBEHHOMY CHIKEHHUIO TMPOHMUIIAEMOCTH IUIacTa MpHU MOCIHEAYIOIIeH
AKCIUTyaTalliy CKBAXXUHBI, IOATOMY BEIMYMHA (QUILTpAIlUU JOJKHA OBITH
KaKk MOXHO MeHbie. [loaToMy KecTKoe perjiaMeHTUPOBAaHUE 3TOrO
MoKazaTessi B MporpaMMmax U IMPOEKTax BIOIHE o0ocHoBaHO. Haubonee
3G(dEeKTUBHBIMH ~ CHCTEeMaMH  JJI1  TPEAYNpEeXICHUs  YKa3aHHBIX
OCJIOKHEHUW SIBIIAIOTCSA MOJUMEPHBIE PACTBOPBI C HU3KHUM COJIEPHKAHUEM
TBEPJOM (hazbl.

- YMeHbllIleHHe TPeHusI OyPUJIbHBIX U 00CaHBIX TPYO O CTEHKH
CKBAaKMH.

BypoBoii pacTBop J0/KeH 00J1a/1aTh CMa3bIBAIOIIECH CITIOCOOHOCTBIO.
CmaszpiBasi TOBEPXHOCTh TpyO, OMOpHI  J0JIOTA, THUAPABINYECKOE
o0Opy/ioBaHKE, PACTBOP CHOCOOCTBYET YMEHBIIECHUIO HSHEPreTUUYECKUX
3aTpat Ha OypeHHe, COKpAIICHUIO aBapuil ¢ OypHUIHLHBIMU KOJOHHAMH, YTO
OCOOEHHO BaXHO TMpHU POTOpHOM Oypenuu. IlosTomy xemaTenbHO
YBEJIUYUBATh COJEPKAHUE CMA304YHBIX J100aBOK B OYypOBOM pacTBOpE.
OpHako mpu OOJBIIOM COAEPKAHUU ITHX J00ABOK 3aMETHO CHUXKAETCS
MEXaHMYECKasi CKOPOCTh MPOXOJIKH, OCOOCHHO MpH OYpEeHHH I0JIOTaMHU
uctuparoniero tuna. CienoBareyibHO, COJEPKAHUE CMA30UHbIX J0OABOK B
OypOBOM pacTBOPE JIOHKHO OBITh TAKKE ONTUMAIbHBIM.

DOu3uKo-xuMHYecKHe (QYHKIUM 3aKITI0YaroTcsl B JI00ABICHUSIX K
OypoBOMY pacTBOPY CHEHHAIbHBIX XUMHUYECKUX PEareHTOB B Mpollecce
OypeHuss CKBaXHUHBI, KOTOpPbIE€ TMPHUHATO HA3bIBATh XUMUYECKOI
oopadomkoit. K >TuM QyHKIMSIM OTHOCSATCS:

- CoxpaHeHue CBSAI3HOCTH TMOpPOJA, O00pPa3ylOIIUX CTEHKH
cKBa:KUHBbI. OCBINKU U 00BaJIbl HEYCTOWYMBBIX TJIMH SIBJSIOTCSI OCHOBHBIMU
BUJIaMH OCJIOKHEHWM, BO3HUKAIOIIUX MpU OypeHur. MHOTHEe CKBa)KUHbBI HE
ObLTM TIPOOYPEHBI 0 MPOEKTHBIX TIIYOWMH W3-3a 3TUX OCJIOXkHEHuu. Poib
OypOBBIX PACTBOPOB B 3THUX YCJIOBHSX TPYIHO MEPEOIEHUTH, BCE 3aBUCUT
OT COCTaBa U CBOMCTB OYpOBOT0 pacTBOpa.

- Ilpenoxpanenue OypoBOro 00OPYIOBAHUS OT KOPPO3UM U
a0pa3uBHOI0 M3HOCA.

YCTaHOBJIEHO, YTO KOPPO3Us SBJISETCS IJIABHOW  IIPUYMHOU
MOBPEXJCHU OYypUIbHBIX KOJOHH. K coxkaneHuto, B OTE€UECTBEHHOM
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MpaKkTUKE MpU OYpEeHUU MPAKTUUECKU HE YJNIENEeTCs] BHUMAHUE KOPPO3UHU.
B MupoBo#li npakTukKe 3a KOppo3uen OypuiIbHBIX TPYO CHAEAST MPU MOMOIIU
CTaJIbHBIX KOJICIl, YCTAHOBJIEHHBIX B CIEIUAIbHBIX MPOTOYKAaX B MydTe
OypwibHOro 3aMmka. YUepes ompeneneHHOE BpeMsi BO3JCUCTBHUS OypOBOTO
pacTBopa OMNpPENESIOT CHUXKEHHE MacChl 3TUX Kousell. YacTo BBISIBIEHUE
BUJa KOPPO3MOHHOTO BO3JCUCTBHS OKa3bIBacTCsi Oojiee BaXKHBIM, YEM
KOHTPOJIb IOTEPHU Beca KOJell.

Bot mouemy npu cocTaBieHUU NPOrpaMMm IO OYpOBBIM pPacTBOpaM
CJIeyeT YUYUTHIBATh MCTOUYHHKUA KOPPO3ZUPYIOIIUX BEHIECTB, UX COCTAB U
00s3aTENbHO BKJIIOYATh B COCTaB OypOBOTO pacTBOpa HHTUOUTOPHI
OKHMJIA€MbIX BHJIOB KOPPO3HH.

- CoxpaHeHHe MPOHULAEMOCTH MPOAYKTUBHBIX TOPHU30HTOB MPHU
UX BCKPBITHH.

Ota QyHKIMS OypOBOTO pacTBOpa BaKHA MpU OypEeHUM CKBaKUH Ha
KUJKUE W Tra3000pa3Hble IOJIE3HbIE HMCKOIMaeMble. B TakuX CKBaKMHAX
00s13aTeJIbHO MPOBOJIATCS UCCIEIOBAHUS IO OI[EHKE 3a1acoB U BO3MOXKHBIX
NEeOUTOB CKBaXXUH. YacTh CKBaKUH MOXET BIOCJIEACTBUM HCIOIb30BATHCS
B KauecTBE OKCIUTyaTallMOHHBIX. Tak Kak B mpolecce (uibTpanuu
OypOBOTO pacTBOpa Ha MOBEPXHOCTH FOPHBIX MOPOJ M B YCTHEBBIX YACTIX
nop M TPEUIMH OTKJIAJbIBA€TCd KOpPKa M3 YacTull TBepAou (dassl,
NPOAYKTUBHOCTh IUIACTa B MPUCKBAXKMHHOM 30HE YMEHBIIAETCA. ITO
MPUBOJIUT K CHIKEHUIO JIEOUTA CKBAXKUH, UCKAYKEHUIO MOJICYETOB 3aI1acoB,
HEMPAaBWIBLHON OIICHKE TMPOHUIIAEMOCTH TOpHBIX TmopoAa. [Ipuuem
YMEHBIIIEHUE MNPOHUIIAEMOCTH MPUCKBAXXUHHOW 30HBI MOXET OKa3aThbCs
HeoOpaTuMbIM. Bo n30ekaHue OTpHUIIATeIbHOTO BO3JCUCTBUS JKUIKOCTH
Ha MPOAYKTUBHBIA IUIACT KOpPKa JOJKHA JIETKO pa3pylIaThCs, a TBEPIbIC
YaCTHUIIbI BRIMBIBATHCS U3 KaHATIOB (PUIIBTPALIIH.

Kpome TOro, CcHmxeHHe MNPOHUIIAEMOCTH MPU3A00UHON 30HBI
MPOJAYKTUBHOTO IIJIaCTa BO3MOXHO BCIEJICTBUE JACHCTBUS (UIbTpaTa
OypoBOro pacTBOpa Ha TJIMHUCTBIM IIEMEHT MOPOJ KOJUIEKTOpoB. Jliis
NPEJOTBPALICHUS] BO3MOXKHBIX OCJIO)KHEHUH HEOOXOJAMMO HCMOJIb30BaTh
OypoBOM pacTBOp, HE OT(HWIBTPOBBIBAIOIINI JTUCIEPCUOHHYIO CpEAy B
TOPHBIE TOPOJIbI, CIAralplIMe CTEHKH CKBaXXHUHBL. JTO JIOCTUIaETCs
nox0opoM BuJa TBepAou ¢a3sl OypoOBOTO pacTBOpa M BBEJACHUEM
CIIEHUATBHBIX KOMITOHEHTOB.

3arpsi3HeHHe MPOAYKTUBHBIX IJIACTOB MpU OYPEHUH - 3TO PeabHBIN
Imporiecc, B pe3yjbTaTeé KOTOPOr0 YACTMYHO OOpaTUMO, a 4YacCTUYHO
HEOOpaTUMO, HO CYIIECTBEHHO CHWIKAETCS MPOHUIIAEMOCTh IIacTOB.
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MHorna npoucxoIuT MojHas 3aKyInopKa IIacTa, ¥ BbI3BaTh MIPUTOK yAA€TCs
TOJBKO C IOMOIIBIO CIEIHMAIBLHBIX METOJIOB MHTEHCU(pUKALMK. MHUPOBOM
HAyKOM M TIPAKTUKOM YCTAHOBJIIEHO, YTO BCE KOMIIOHEHTHI OypOBOIO
pactBopa (TBepAple W JKHJIKWHE) AaKTUBHO  B3aUMOJCHCTBYIOT C
MPOAYKTUBHBIM IJIACTOM.

- CoxpaHeHue He0OXOAUMBIX XapPaKTePUCTHUK OypoBOro
pacTBOpa B nmpouecce OypeHusi CKBAKUHbI.

B nporiecce OypeHust pacTBop Kak MOKHO Oojiee JIUTEIbHOE BpeMsl
JOHKEH COXPaHATh MPETYCMOTPEHHBIE TMPOEKTOM TEXHOJOTMYECKHUE
CBOMCTBa. B MpOTHBHOM cllydyae OH MEPECTAHET BBHIMOJHATH HEOOXOUMbIE
(GYHKITUH, 9TO MOXET MPUBECTH, C OJHOM CTOPOHBI, K BO3HUKHOBCHHIO
OCJIO)KHEHHMH M aBapuil, a ¢ APYrom, K HEOOXOJIUMOCTH JOMOJTHUTEIbHOMN
ero oOpabOTKM XMMHUYECKUMU pEareHTaMu, UYTO BBI3bIBACT YBEIWYCHUE
CTOMMOCTH OypOBBIX PadoT.

- YayuluieHue OypMMOCTH TBEPABIX MOPOJI.

OGnerdyenue mpoiiecca pa3pylieHusi TOPHBIX MOPOJ Ha 3a00€ MOXKET
OBITh OCYIIECTBJICHO 3a CUET MOHMXEHUS uX TBepAocTH. CylIHOCTH
mpolecca TMOHMIKEHHUS TBEPAOCTH TOPHBIX TOPOJ  3aKIYaeTrcs B
cienyromeM. ['opHbIE MOPOALI HE OJHOPOJHBI MO MPOYHOCTH, HUMEIOT
Oomee cmabble MecTa B KPUCTAUIMYECKOM PpEIIETKe, a TakKke
MUKPOTPEIINHBI, TPOHU3BIBAIOIINE KPUCTALIBI U PACHOJIOKEHHBIE 10 HX
rpanunaM. JKuJIKOCTh Kak BHEIIHSS Cpe/la aKTUBHO YYaCTBYET B IIPOIIECCE
MEXaHMYECKOTO pa3pylIeHUs] TOPHBIX TMOpOJ, MPOHUKAsE B TIyOUHY
neopMupyemMoro Tejia — B 30HY MpeIpa3pylICHHs, MPEICTABISIONIYIO
coboil e opMUpPOBAHHBIE CJIOM C TMOBBIIIEHHON TPEIIMHOBATOCTHIO.
AKTHBHOCTh  JKMIKOCTH  MOXKET OBITh  3HAYUTEJIBbHO  ITOBBIIICHA
HEOONBITUMU JTOOABKaMHM K HEHW CHCIUAIbHBIX BEIIECTB, ITOTYYHBIITUX
HAa3BaHUEC MOHM3UTEIed TBepAoCcTH. Bo3aelncTBue 5THUX BEIIECTB HaA
MPOIIECC Pa3pyILICHHUs] TOPHBIX TOPOJ OCHOBAaHO HA YCHJICHHH (DU3UKO-
XUMHYECKOTO B3aUMOJICHCTBUS JTACTIEPCUOHHOMN cpennl C
Pa3BUBAIOIIUMUCS B TIPOIECCE MEXAHMYECKOTO pa3pylICHUs] HOBBIMU
MOBEPXHOCTAMMU TOpHOW moponbl. JlucnepcuonHass cpena OypoBOro
pacTtBopa ¢ 100aBJICHHBIMU MMOHU3UTEISAMHU TBEPJIOCTH, MPOHUKAS B 30HY
npeapa3pylieHdss W paclpenelssiCh 10 MHUKPOTpElInHaM, oOpasyeT Ha
MOBEPXHOCTAX TOPHBIX TIOPOJ aJACOPOIMOHHBIE TUICHKH (COJIbBATHBIC
CJI0M). OTU IUICHKH MPOU3BOMIT PACKIMHHUBAIONIEE ACHCTBHE B 30HAX,
PAaCIONIOKEHHBIX BOJIM3M TOBEPXHOCTH OOHA)KA€MbIX TOPHBIX OO/,
BCJICJICTBUE YETO CO3JAI0TCS JIyYIIUE YCIOBHS HX pa3pylieHus. Yewm
CUJIbHEE TIPU 3TOM CBSI3b CMAUMBAIOIICH JKUIKOCTH C MOBEPXHOCTHIO Tela,
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TEM CHJIbHEE pPACKIMHUBAIONIEE JEHCTBHUE aJCOPOIMOHHO-CONbBATHBIX
CJIOEB.

B  kauectBe  OCHOBHBIX  IIOHHU3UTENEH  TBEPAOCTH  MOPOA
UCIIOJB3YIOTCS KaJIBIIMHUPOBAHHAs COJd, €IKUW HaTp, W3BECTh W
pa3JIMYHbIE MbLIA.

JloOaBiieHHe OMNpeeeHHbIX BEIIECTB B OypOBOM pacTBOP MOXKET
OpPUBECTH K aAcOpOIMM UMX B MHUKPOTPEIIMHAX TMOPOJbl U OHHU
pacHIMpSIIOTC W PacIpOCTPAHSIOTCS B MIyOb mopoAbl. Tem cambIM
MPOYHOCTh MOPOALl yMeHbINaeTca. CKOpOCTh OypeHHsi BO3pacTaeT. ITo
SIBJICHUE TTOTYy4YUiI0 Ha3BaHue «3¢¢exkra PeOungepay.

K npounm ¢yHKIMSIM OYpOBOTO PacTBOpa OTHOCSITCS:

- YcTaHOBJICHHME T€0JIOTMYECKOro paspe3a CKBa:KHHbI (110
cocraBy nuiama). [Ipu xopoiieil opraau3anu aHATUTHYECKOTO KOHTPOJIS
Ha CKBa)XHHE IUPKYJIUPYIONIMI OypOBOM pacTBOP HECET HEMAaJOBAKHYIO
uH(OpPMAIMI0O O TEOJOTHUYECKOM pa3pe3e CKBaXUHBL. VcTouHukamu
uH(pOpMALIMK SBJISIOTCS BBIHOCUMBIE PACTBOPOM IIIaM, Ta3 U (IIIOUIbI
(Boma, HedTh). N3ydeHwe nuiama, M3MEHUBIIETOCS COCTaBa PacTBOpPA
(pasronka) u ero (uiabTpaTa MO3BOJISET ONPEACIUTh MUHEPATIOTUYECKYIO
IpUPOAY pa3OypHUBAEMBIX MOPOI, THII >KUIAKOCTH WY ra3a, MOCTYNUBIINX B
COCTaB pacTBOpa.

WNurepnperanmst  Tekyuied — uHQOpManuM, — MOJIYYEHHOM 1O
pe3yibTaram UCCIIENOBAaHUN OypoBoOro pacTBopa MTO3BOJISIET
COOTBETCTBEHHO IPUHUMATh PEHIEHUE U COKpPaTUTh O0BEM M 3aTpaThl
BPEMEHU Ha MPOBEACHHUE JOPOTOCTOSIINUX re0hU3nIECKUX padoT.

- CoxpaHeHHe TeIJIOBOI0 Pe;KMMa MHOT0JIeTHEMEP3JbIX MOPO/I.

Tpebosanus, npedvasisiemvle K OYPOBbIM PACBOPAM.

- IKOJIOTMYECKAsl YUCTOTA.

[Ipu GypeHnn HaKJIOHHO-HAMPABICHHBIX CKBaXHUH OYypOBOM pacTBOp
MOXET MOMaAaTh B BOJIOHOCHBIE TOPU30HTHI, B PYCJIO PEK M Pa3IUBaTHCS
10 TOBEPXHOCTH B MpHUPYCIOBOM 30HE. [lo 3T0il mpuuuHe (HECMOTps Ha
MEPONPUATHS IO MPEIYyNPEXKICHUIO ITUX SIBJICHUN) pAacTBOpP HE JTOJKEH
OKa3bIBATh I'YOUTENBHOE BIUSHUE HA OKPYXKAIOILYIO CPEy — JIOJKEH ObITh
9KOJIOTUYECKH O€30IaCHBIM.

- IkoHOMUYeCKas 3P PEeKTUBHOCTD.

[Ipy  ycrmoBuM  BBITIOJIHEHHST  OypOBBIM  pPacTBOPOM  BCeX
BBIIIETIEPEUNCICHHBIX ~ (QYHKIIMH OH JODKEH HMETh MHUHHUMAJIbHO
BO3MOKHYIO CTOMMOCTb. JTO 00€CHEUYMBAETCS ONTUMAIbHBIM OJ00pPOM
peuenTypbl MPUTOTOBIEHHA OypoBOro pacTBOpa M NPUMEHEHUEM
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HauOoJsiee JENIEBBIX MaTEepUalioB JJii €ro Ipou3BojicTBa (0e3 yiepoa
Ka4eCTBY).

4.2 Ko/u10uJHO-XUMHUYeCKHe CBOMCTBA JUCIIEPCHBIX CUCTEM

BypoBbie pacTBOpHI MPEACTABIAIOT €000 (HUUKO-XUMUYECKUE
CUCTEMBI, COCTOSIIIUE U3 IBYX WK Ooiiee da3s.

OnHodazHble cUCTEMBbl U3 JIBYX WIM OOJiee BEIIECTB, HE UMEIOIINE
MEXKIY KOMIIOHEHTaMH MTOBEPXHOCTH pa3Jieiia, Ha3bIBAKOTCS 20MO2EHHbIMU
(uctuHHble pacTBOphI). CucTeMbl, MeX1y (hazaMu KOTOPBIX CYIIIECTBYIOT
peaibHbIE MOBEPXHOCTU pa3esia, Ha3bIBAKOTCS cemepozeHHbimu. K HUM
OTHOCHUTCS OypOBBIE€ U TAMIIOHAXXHBIE PACTBOPHI.

Jucnepcnoii  ¢pazoni  OUCTIEPCHOHHOW  CHUCTEMBI  HA3bIBAETCS
BEILIECTBO, MEJKO pPa3apo0JEeHHONM M pPaBHOMEPHO paclpeiesieHHOE B
IPYrOM BEIIECTBE, IOJYYUBIIEM Ha3BaHUE OUCHEPCUOHHOU cpedbl. U
daza, U cpena MOTyT OBITh TBEPABIMHU, KXUJIKUMU M Ta3000pa3HBIMH.
bypoBeie M TaMIOHaXHBIE PACTBOPHI OTHOCSATCS K HOJAUOUCHEPCHBIM
cucTeMam, T.€. HMEIOIIMM YacTUIIbl JUCHEPCHON (a3l  pa3aIuyHBIX
pa3MepoB.

CrterneHb TUCIEPCHOCTH YACTHUIl XapPAKTEPUIYETCS OUCHEPCHOCMbIO,
M - BenuM4rHOM, 0OpaTHOM MOMEPEYHOMY pa3Mepy JacTulibl, d (cm™). Yem
BBIIIIE IUCTIEPCHOCTD, TEM 0OJIbIIE 00111ast MOBEPXHOCTH pasjena (das.

ITo CTeIleHHU JIACTIEPCHOCTH CHUCTEMBI JeTIATCSA Ha

BBICOKOJIUCTIEPCHBIE  (KOJUIOMAHBIE) W  TpyoOoaucnepcHbie. Pasmep
5 -8

KOJUIOWJHBIX YacTHUI] Haxomutcss B mpegenax Ix10™ - 1x107 cwm

(1-0, 001 Mxm).

N3 rpyOoaucHepcHBIX CHCTEM B KadecTBE OypoBOrO pacTBOpa
MPUMEHSIOT CYCIIEH3UH, IMYJIbCUH U a3PUPOBAHHBIC JKUIKOCTH.

Cycnen3uu — MyTHBIE JXUIKOCTH C HaxOISAIIUMHUCS B HHUX BO
B3BEIIICHHOM COCTOSIHUHM YacCTUIIAMH TBEPJOTO BEIIECTBA. JTH YACTHIIBI
0] BIUSTHUEM CHJIBI TSDKECTU OCENIA0T, T.€. CeOUMEHMUPYIO.

Imyavcuu — MHOTO(DA3HBIE KUIKUE CUCTEMBI, B KOTOPBIX B OJHOM
KUIKOCTH HAXOMSTCS BO B3BEIICHHOM COCTOSIHHH MEIbYAMNINNe KareIbKH
OPYrol S>KUIKOCTU. OTH CHUCTEMbl HEYCTOWYMBBIE. OMYJIbCHUM MOTYT
CYIIECTBOBATh TOJBKO Npu Hanmnuuu IIAB - noeepxmocmuo-axmueHnwvix
seuwjecme (Imynvecamopog). OHU pa3pylIalOTCsS B pe3yjbTaTe Ipoliecca
Koanucyenyuu, T.c. yKPYIHEHUS YaCTUIl JUCTIEPCHON (ha3bl MPU CIUSHUA
MEXKTy COOOM.
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Ajpuposannoii HcudKocmplo Ha3bIBAIOT MHOTO(]A3HYIO CHCTEMY,
COJIEpIKAIYI0 JUCTIEPCHYIO (pa3y B BUJIE My3bIPbKOB BO3ayxa. Eciin Bo3ayx
UTPAET POJIb CPEJIbI, TO TAKUE KUJIKOCTU HA3BIBAIOTCS HEHAMU.

N3 Bcex MAUCHEpPCHBIX CHCTEM HauOOJiee TOJHO OTBEYAIoT
TpeOOBaHUSAM, MPEABIBISIEMBIM K OYpPOBBIM DPACTBOpaM, KOAIOUOHbLE
cucmemut. CBoeoOpazue (U3NKO-XUMHUUYECKUX CBOMCTB KOJUIOMIHBIX
pPacTBOPOB OIpEAENSIETCS WX Pa3BUTOM TMOBEPXHOCTBHIO pazjena Ha
rpaHulie TBepaas ¢aza - AUCIEPCUOHHAs Cpejia.

[To MOnEKyIIpPHO-KMHETUUECKON TEOPUU BHYTPEHHEE CIEIUICHUE TE
OOyCIIOBJIEHO CHWJIaMM  B3aWMOJICUCTBUSL  MOJIEKyJd. BHyTpu Tena
(KMAKOCTH) 3THU CWJIbl ypaBHOBEHIEHbl. CHIIbI MNPUTSIKEHUS MOJIEKYII,
PaCIOJIOKEHHBIX Ha MOBEPXHOCTH paszena AByX (a3, He YpaBHOBEIICHBI.
B pe3ynbpTaTe n30bITKa CUIT IPUTSKEHUS CO CTOPOHBI JKUJKOCTA MOJIEKYIIbI
C TPaHUILIbI pa3jiena CTPEMSTCS BTSIHYThCS BHYTPb, IO3TOMY MOBEPXHOCTH
paszenia CTPEMUTCS] K yMEHBIIEHUI0. B CBSI3U C 3TUM MOBEPXHOCTHBIE
MOJIEKYJIBI Ha pazjene ¢a3 00J1alaloT HEKOTOPOW HEKOMIIEHCHPOBAHHOM
M30BITOYHOM 2HEpruel, Ha3biBaeMou nogepxrHocmuoii. Ilosepxnocmuoe
Hamsajcenue MOXKHO IPEICTABUTL Kak pabory obpasoBammst 1w’
MOBEPXHOCTH (I[;K/Mz). Takum oOpazom, IIAB - 3T0 BemecTBa,
MOHUZKAION[HE MOBEPXHOCTHOE HATSIZKEHHUE.

bosibiioe 3HaueHUE B XapaKTEPUCTUKE NUCIEPCHBIX CUCTEM HMEET
Aenenue cmayueaemocmu. CMadyuBaHUE >KUAKOCTHIO TBEPIOrO Tela
MOXHO paccMaTpuBaTh KaK pe3yJbTaT JEUCTBUS CHJI TOBEPXHOCTHOIO
HaTsokeHud. OHa XapaKkTepHu3yeTcsl BeIMYMHOM KpaeBoro yria O (puc.10).
Ecnu oH oCcTpbIi-IOBEpXHOCTH TUIpodUiIbHAs, TyHOU - THAPOGOOHAS.

T

Puc. 10. 'uppodunshas u ruapodoOHast MOBEPXHOCTU

Ecin pucnepcruoHHOW Cpeloul  SIBASIETCA BOAA, TO CHCTEMBI
HA3bIBAIOTCS 2UOPOPUIbHBIMU, €CTTA MACIIO - 2UOpogdhoonvimu. 1lepBbie
OTHOCHUTEIBHO YCTOWYMBHI, T.€. CTAaOWJIIBHBI BO BPEMCHH, a BTOpHIC
XapaKTepHU3yIOTCS CJIa0bIM MOJICKYJISIPHBIM B3aWMOJICICTBHEM, ITOATOMY
HE CTAOMJIbHBI.

PaznuyaroT kunemuueckyro (CETUMEHTAIMOHHYIO) U AZpezamuHyo
ycTonuuBocTh. KuHeTnyeckass oO0ecrneunBaeTcs CeIuMEHTalue u
OpOYHOBCKMM JIBUKEHHEM, a arperaTUBHas ONpEAeNsieT CIOCOOHOCTh
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4acTull qucnepcHou (a3el He ciaunartbes. [1o arperaTUBHOMY COCTOSIHUIO U
MEXaHMYECKUM CBOMCTBaM pPa3uyalOT CBOOOJHO-AUCIIEPCHBIC (MM
OECCTPYKTYpPHBIE) U CBA3HO-AUCIEPCHBIE (CTPYKTYPUPOBAHHBIC) CUCTEMBI.
[lepBbie OTAMYAIOTCS MOJABHKHOCTBIO M HE OKAa3bIBAIOT COMPOTHUBIICHUS
caury. CBsi3HOAMCHEPCHAs CHUCTEMa IMOJy4YWia Ha3BaHUE «2eia» U
OTJIMYAETCS HAJIMYMUEM CIUIOIIHOW MPOCTPAHCTBEHHOW CTPYKTYyphbl. OHa
00Ja7aeT BA3KOCTHIO, MNIACTUYHOCTHIO, MPOYHOCTHIO, YIPYTOCTHIO U T.I1.

[IpocTpaHcTBeHHast  CTPyKTypa Tejlsl  IPU  MEXaHUYECKOM
BO3JICHCTBUM paspymaercs. ['enp mnpeBpamaercs B «3016» (KUAKYIO
JUCIIEPCHYIO CUCTEMY). B COCTOSTHUU MOKOSI CTPYKTypa
BoccTaHaBnuBaeTca. [Iporecc, CBA3aHHBIM C CO3JaHUEM U Pa3pylLICHUEM
MPOCTPAHCTBEHHON CTPYKTYphI, MOJYYUJI HA3BAaHUE MUKCOMPORUU.
TUKCOTPOMMHOCTh - OJHA U3 BAXHEHIIUX XapaKTepPUCTUK OYpPOBBIX
pacTBOPOB.

[Iponecchl, BBI3BIBAIOIME TOTEPID YCTOWYMBOCTU JIMCIEPCHBIX
CUCTEM,- CeIMMEHTALIMS, KOaryJisiius U koaucieHus (puc.11).

CeanmenTanns
(ocanaenne)

L] L] K 1
- oAryAsuHs ’ o
b * o .. (cnunanme)
. . [ “ '.
Koajecuenuna
{cnuAHKe )

Puc.11. IIponecchl, BhI3bIBAIOIIKE TOTEPIO YCTOMUHNBOCTH
JUCTIEPCHBIX CUCTEM

Ceoumenmanus (OCaXICHNE) — OCEJAHHE YaCTHI[ JMCIIEPCHOI
¢da3pl B KUIKOCTH WU ra3e MOJ JACUCTBHEM TPaBUTAIMOHHOTO TIOJS WA
HEHTPOOEHKHBIX CHJI.

CKOpOCTh CEIUMEHTAllUM 3aBUCHUT OT MAacChl, pa3mepa, GopMmbl U
IJIOTHOCTH BEIECTBA YaCTHUIIbI, BA3KOCTH M INIOTHOCTH CPEJIbI, a TaK¥Ke OT
YCKOPEHUS, CHJIbI TSHKECTH M JISHCTBYIOIIMX HAa YaCTHIIBI IIEHTPOOSIKHBIX
CHIL
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Koacynauyua - yxkpynHeHue (CIUINAHUE, CJIUSHUE) YacTHIL
aucrtiepcHo (a3l 1Moj MEeHCTBHEM MOJEKYJISPHBIX CHJI CIEIUICHUS WIIH
CHJT TSDKECTH.

Koanecuenyusa (ot nart. coalesco — cpacmaroco, coeOUHAIOCh) —
CIIMSTHUE YaCTHI] (HapUMep, Karelb UK My3bIpeil) BHYTPH MOABUKHOM
cpeabl (KUJIKOCTH, Ta3a).

KoanecrieHnusi conmpoBosk1aeTcsi YKpyIHEHHEM Kareib (ITy3bIpeii) u
oOyCJIOBJICHa JIEWCTBUEM CHJI MEKMOJICKYJIIPHOTO TPHUTSHIKEHUS. ITO
CaMOITPOMU3BOJIBHBIN MPOIIECC (COMPOBOXKAAETCA YMEHBIIIEHUEM CBOOOTHOM
SHEPIUU CUCTEMBI).

Dnokynayua — civnanve ruapo@oOHBIX MUHEpATBHBIX YacTHUI[ B
xyonbs.  ['mapodobHas  koarymsius  XapaKTepuU3yeTcs  MOJHBIM
pacCIOCHUEM AUCTIEPCHON CUCTEMBI Ha JKUAKYIO U TBEPAYIO (ha3bl.

JlucnepcHOCTh CKOAryJMpOBAaHHON KOJUIOUIHOM CHUCTEMBI MOYKHO
BOCCTAHOBUTD, OOABIISISI nenmu3amopbol.

Ilenmu3zayusn - pacnaj arperatoB (KOMKOB, XJIOIbEB, CTYCTKOB),
00pa30BaHHBIX CKOIUICHHUEM CIIUIMIINAXCA KOJUIOMIHBIX YacTHIl, Ha
arperaTbl MEHBIIMX pa3MEPOB WM OTACIbHBIC IEPBUYHBIE YACTHIIHL.
[lenTuzanus, UM caMOIPOU3BOJIbHAS Je3arperaius, - Mporiecc oOpaTHOM
KOAryJISAIHH.

Cmpykmypooobpa3zoeanue — 3T0 ClIOCOOHOCTb KOJIJIOMJIHBIX YaCTHI] B
HEMOJABUKHOM pAacTBOpE CIMMAThCS IO KpassM U 00pa3oBbIBATH
COTOOOPa3HYIO CTPYKTYPY, 3aMOIHSIOUIYI0 BECh 00BEM PACTBOPA.

Jlucnepzuposanue - ciocod NPUTrOTOBJICHUS AUCIEPCHBIX CUCTEM.

4.3 Peosiornyeckue CBOMCTBA JUCIIEPCHBIX CHCTEM

Bce sxuumkoctu (mucriepcHbIE CHCTEMBI) 00JIaal0T CIIOCOOHOCTH
Teub. Hayka o nmedopmanuu v TEYEHUM TeJ HA3BIBACTCS peosiocueit, a
CBOICTBA T€JI, CBA3aHHBIE C TEUEHUEM U JehopMalluel - peo10cuuecKumu.

B mmpokoMm cwmbiciie peosiorus MPEeACTaBisieT pa3fena (U3UKH,
u3yvarnmi aepopmaiiuio Ten, BKIOYas UX TeKydecTh. [IpakTudecku xe
pEOoJIOTHs U3YYaeT JIMIb T€ MaTepUalibl, KOTOPHIE MO CBOEMY MOBEJCHUIO
3aHUMAIOT MPOMEKYTOYHOE TIOJIOKEHUE MEXAY TBEPABIMU U KUIAKUMHU
TE€JIaMH;  CIIEJIOBATEIbHO, PEOJIOTUS - 3TO  pa3feldl  MEXaHUKHU
neopMHUpyeMBIX T, HAXOIAIIMKMCA Ha CTBIKE MEXAy TEOPUIMHU
IJIACTUYHOCTU U YIIPYTOCTH, C OJTHOM CTOPOHBI, U MEXaHUKH KUJIKOCTH - C
npyroi. Peosorusi onuceiBaeT ‘“‘oBe/ieHHE” HEKOTOPBIX BEIIECTB C OUYECHB
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CJIO)KHBIMM CBOWMCTBaMH. K TakuMm BelleCcTBaM OTHOCSTCS CYCIICH3UH,
AMYJIbCUHU, IOJTUMEPHI, OETOH, KEPAMUUECKUE MaTepHuabl U JIp.

Bypenne CKBaXXMHBI M TEXHOJOTHS €€ MPOBOJIKM OYEHb YacTo
3aBUCUT HE TOJIBKO OT (DU3UKO-XMMHUYECKHUX IPOIIECCOB, BO3ZHUKAIOIINX
MEXTy OypOBBIM pPacTBOPOM M TMPOXOJUMBIMH TOPOJAMHU, HO H
PEOJIOTMYECKUX  XapaKTepUCTUK OypoBoro pactBopa. HWMeHHO 0T
MOCJHEAHUX TTOKA3aTeIel 3aBUCUT CTENEHb OUYMCTKHU JOJIOTA U CKBAXKUHBI.

HecooTBeTcTBHE PpPEONOTMYECKUX XapPAKTEPUCTUK TPEeOOBAHUAM
OypeHHs TPUBOJUT K YMEHBIICHHUIO TEXHOJOTHYECKOM CKOPOCTH,
npuxBaTtaM OypoBOro HMHCTPYMEHTa, KaBEpHOOOpPAa30BaHUIO, IOTEPE
UPKYJISIUN PacTBOPA, He(PTEra3omposSBICHUSIM U IPYTUM OCJIOKHEHHSIM.

B peanpHON XMAKOCTH BCIEACTBUE B3aMMHOIO IPUTSKEHUS H
TEIUIOBOrO JBWKEHHUS MOJIEKYJ] UMEET MECTO BHYTPEHHEE TpPEHHUE, WU
BSAI3KOCTh. PaccMOTpuM 3TO siBJIEeHUE HA ClieayloleM onbIiTe (puc. 12).

X

Puc.12. TeueHnne BA3KOM KUJIKOCTA MEXKIY TJIACTUHAMU

[TomecTuM clIOW  KUAKOCTH MEXIYy JBYMS MapaJlIeIbHBIMU
TBEpABIMH TUTacTUHAMU. «HUxKHsIs» macTuHa 3akpervieHa. Ecnu nBurath
«BEPXHIOIO» IUIACTUHY C IOCTOSHHOM CKOPOCTBIO Vi, TO C TaKOW e
CKOPOCTBIO OYJIeT JBUTaThCA CaMbIM «BEPXHUN» 1-H CIOH KUIKOCTH,
KOTOPBIM CYUTAEM «IPHWIHMIIIUM» K BEPXHEU IUIACTUHE. DTOT CIOU BIIUSET
Ha HWKEIICKAIIUNA HEMOCPEACTBEHHO IMOJ HUM 2-U CIIOM, 3aCTaBIIAsl €ro
JIBUTAaTbCS CO CKOPOCTBIO V,, mpudyeM Vv, < vVvi. Kaxaeii ciou
(BBLACIHM K CIIOEB) TIEPEAACT JBHXKEHUE HIDKEIEXKAIIEMy CJIOK C
MEHBIIEH CKOpPOCThIO. (IO, HEMOCPEICTBEHHO «IPWIHMIIHI) K
CHWKHEW» TJIACTUHE, OCTAETCS HETIOIBUKHBIM.

Criou B3aMMOJACHCTBYIOT JPYT C APYroM: n-i ciior yckopset (ri+1)-i
cioif, HO 3amemisier (m-1)-it cimoi. Takum o00pazoMm, HaOIOgAETCS
U3MEHEHHE  CKOPOCTHM  TEYEHUs]  JKUJAKOCTA B  HalpaBJICHUH,
NEPHEHIUKYJISIPHOM MOBEpPXHOCTH cliosg (och X). Takoe wu3MeHeHuHe
XapakTepU3yIoT MPOU3BOAHON dVv/dx, KOTOPYIO HAa3bIBAIOT 2PAOUEHMOM
cKopocmu.

Cunbl, JeiicTByWIMEe MEXAY CJOSIMM W HANpaBJIeHHble IO
KACcaTeJbHOH K  NOBEPXHOCTH  CJIO€B,  HA3BIBAKTCH CUIAMU
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6HYMpEHHe20 mpeHus WIN 6A3KOCHmU. DTU CWIbl MPONOPUUOHAIBHBI
IUIOIIAM B3aUMOJICCTBYIOIIUX CJIOEB S U IPAJUEHTY CKOPOCTH.

OOBIYHO M3MEPSIOT AMHAMUYECKYIO (L «mu»), MIACTUYECKYIO (1
«etay) u ycnoBuyto (T) Bsazkoctu. JluHamuueckasi BI3KOCTh ONpeesieTcs
JUIsL PaCTBOPOB, HE 00pa3yroIUX CTPYKTYphI (IIpecHas U coJieHask BOJA),
macTuueckass —  JUIS  BSIBKOIUIACTHYHBIX  (CTPYKTYPUPOBAHHBIX)
KUJKOCTEN (TJIMHUCTBIE W Jpyrue OypOBbIE pPAaCTBOPBI), YCIOBHAs
BA3KOCTh - JJIs JIIOOBIX PacTBOPOB, IVIABHBIM 00pa3oM OINpeIeseTcs B
MOJIEBBIX YCIIOBHSIX.

Ycnoenan éazxocmo (T) - 3170 BpeMs HCTEUSHUS U3BECTHOTO 00BEMA
KUJKOCTH W3 CTAHJAPTHOTO Kamwuisipa (BUCKO3UMETpa), KOTOpas
BBIPAXKAETCS B €AMHUIIAX BPEMEHU (CEKyHIaxX).

IToBenenue OypoBOro pacTtBopa OOYCJIOBJIEHO PEXKUMOM €ro
TeueHus. VI3BECTHBI Ba peKUMa TEUECHUS: JIAMUHAPHBIN PEKUM, KOTOPBIN
npeo0JIalaeT MPU HUZKUX CKOPOCTSIX TE€UEHHUS (3aBUCHUMOCTH JIaBICHUE—
CKOPOCTb  OMNPEACNSIETCS BSI3KOCTHBIMU CBOWCTBAMH  >KUJIKOCTH), H
TypOyJEHTHBIA PEXUM, KOTOPBIA MPeoOIagaeT MPU BHICOKUX CKOPOCTSAX U
3aBUCHUT OT MHEPIIMOHHBIX CBOWCTB JKHAKOCTHU (BS3KOCTh HAa HErO BIIUSIET
JIUIIIb KOCBEHHO).

JlamuHapHoe TeueHue. JlamMuHapHOE TeUeHHE B KPyTJIoW TpyoOe
MOXHO HaIJISITHO MIPEACTABUTh B BUJIE CKOJIBKEHUS OJTHOTO OY€Hb TOHKOTO
UJIMH]Ipa BHYTpU Jpyroro (puc.13).

Puc. 13. CxematnuHoe n300paxeHue JJAMUHAPHOTO TEUEHUS
XKUJIKOCTH B TpyOe

CKopoCTh HUJIMHAPOB BO3PACTACT OT HYJS y CTEHKH TPYyOBI 0
MakcuMyma Ha ee och. OTHOIIeHHe Pa3sHOCTH B CKOPOCTAX COCEIHMX
cji0eB AV K PacCTOSHMIO MexKAy HUMH Ar (MM CKOPOCTb, C KOTOPOM
OAMH CJIOI pacTBOpa JABMKETCS OTHOCHTEJIbHO COCEIHEro CJI0s1)
HA3bIBAETCS CKOPOCTHIO CABMIA.
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AN (3)

Cuma B3aUMOJICHCTBHUS MEXKIYy JABYMS COCETHHUMH  CIIOSIMH,
NEePEMEIIAIOIIMMUCS  OTHOCUTEJIBHO JpYyr Jpyra ¢ ONpeaesIeHHOMN
CKOPOCTBIO, 3aBHCHT OT pOJa JXKHUJIKOCTH, ILIOMIAAN COINPUKOCHOBCHUS
TPYIIMXCS CJIOEB W CKOPOCTH CJBHUTA (3aKOH BHYTPEHHEro TpeHus
HN. Hbl0TOHA):

F=uSy, (4)
rac F — CHJ1a TpeHI/IH MG)KI[y ABYM:I COCCAHUMMU CJIOAMU KHNIKOCTH,
l,l — INHaMHW4YECKas BA3KOCTb, 3aBUCAIIAA OT HpI/IpOI[BI KHUAKOCTH,
S — mIom@aL CONPUKOCHOBEHHUS CIIOEB;
Y — CKOPOCTb CJIBHTA.

Peorpamma (rpaduk 3aBucuMoctd T = f(y) HbIOTOHOBCKMX (BSI3KHX)
KUJIKOCTEN TMpPEJICTABISIET COOOM MPSIMYIO JIMHUIO, MPOXOSIIYI0 4Yepe3
Hayayio koopauHat (puc. 14).

N3 rpaduka cnemyer, dYTO JJiS HBIOTOHOBCKUX JKHMJIKOCTEH
JUHAMUYECKasi BA3KOCTb OCTaeTCsd HEUM3MEHHOW Mpu Jt000H CKOPOCTH
cagura (B Tpy0ax, B 3aTpyOHOM MPOCTPAHCTBE, B HAcaJKax A0J0Ta) U
FEOMETPUYECKH  TPEACTaBIsIeT CcOOOM  TaHrMeHC  yIjla  HakJIoHa
PEOJIOTUYECKON KPUBOM K OCH CKOPOCTH CHBUTA.

n=tga
°

Puc.14.I'paduk 3aBUCUMOCTH HAMPsKEHUE CABUTA (T) OT CKOPOCTH
caBura (Y) HblOTOHOBCKUX KHJIKOCTEH
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K HBIOTOHOBCKUM KUJKOCTSIM MOKHO OTHECTH >KHUJKOCTH, KOTOPBIE
HE COJIepXKaT YacTUI] pa3MepoM OOJIbIIIE MOJIEKYJIbl, HAPUMEP PACTBOPHI
cosiei, He(pTH, TTIUIIEPUHA U T.].

Teduenue cycreH3ui, K KOTOPHIM OTHOCATCS OypOBBIE PacTBOPHI,
coJiepKariiue B OOJIBIIUX KOJWYECTBAX YAaCTHIBI, Oojiee KPYyMHBIC, YeM
MOJIEKYJIbI, HE TOoAuMHseTCcs 3akoHam HproToHa. Paznmuuaror nBa THna
HEHbIOTOHOBCKHUX OYypOBBIX pacTBOpoB: mnceBaomiaacTuunbie (ITIK) u
Bsiskoruiactuunbie (BIIJK). PeorpamMma mnceBAOMIACTUYHOM KUAKOCTH
MPOXOJUT Yepe3 Hayajao KOOpJUHAT M OOpallleHa BBIMYKIOCTbIO K OCH
KacaTelbHbIX HampsibkeHud casura (puc.l15). OtHoleHuWe TtT/y Takou
KUJKOCTHU IIPU YBEIUYEHNUH CKOPOCTH CIBUTA YMEHBILIAETCS.

dwfd;

Puc.15. Peorpammel skuakocTe:
- nunarantHOM (n<l); 2- HPTOHOBCKOM (N=1);
3- nceBaomiacTuyHoM (n >1); 4- BA3KOMIACTUYHOM;

K mmjiaTaHTHBIM XUIKOCTSM OTHOCATCS CYCHEH3MHM C OOJIBIIUM
cojiep>)kaHrueM TBep/iod (a3bl. B Takux JKUAKOCTAX, HAXOMASIIUXCS B
COCTOSIHUM TIOKOS, JKUIKOCTb VYAEPKUBACTCS B IPOCIONMKAX MEXKIY
yactuniamu. [lpu HeOONbIIMX CKOPOCTAX JAedopMallud OHA CIYXKUT
CMa3KOMU.

3aBUCUMOCTh  HAaNpsDKEHUsT  CIBUTA  OT  CKOPOCTHM  CIBHIa
HEHBIOTOHOBCKHUX JKUIKOCTEH OIPEHEISIETCS UX COCTaBOM. [ JIMHHCTBIE
OypOBBIE PACTBOPHI CO 3HAUUTENBLHOM JoJied TBepaod (asbl BeayT cels
NpUOJIU3UTENBHO B COOTBETCTBUM C TEOpPUEH IJIACTUYHOTO TEUCHUS
bunrama. CorjacHo 3TOW TEOpPUM, A TOrO 4YTOOBI HAYalIOCh TEUYEHUE
OMHTaMOBCKOM >KMJAKOCTH, K HEW MOHKHO OBITh MPHUIIOKEHO HEKOTOPOE
KOHEUHOE yCUJIue; pu 00Jee BHICOKUX 3HAYCHUSX MPUIOKEHHBIX YCUINI
OHa OyJIeT TeUb, KAK HhIOTOHOBCKAS! KUIKOCTb.
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Peorpamma BITXK (puc.16) He npoxoaut uyepe3 Hayajao KOOpJIUHAT, a
HAYMHAETCSl OT TOYKU Ha OCU KacaTEJIbHbIX HANPSXKEHUM CIBUTA U UMEET
IPSAMOJIMHEVUHBIN yYaCTOK.

TypOysienTHOe Teyenwe. B kauecTBe nmnpumepa mnepexojga OT
JAMUHAPHOTO TEYEHHUS K TypOYJEHTHOMY 4allle BCEro IPUBOIIT
CTPYWMKY JIbIMa TOpSIIEH CHUTapeThl B HEIMOJBH)XHOM BO3Ayxe. Brauane
4acTULBl  AbIMa  JABWXKYTCS  MPAKTUYECKM  MMApaUIEIbHO 1O
HEU3MEHSIEMBIM  BO  BpEMEHU  TpaekTopusiM.  JIpIM  KaxeTcs
HEMOJBIXKHBIM. [l0TOM B KakKOM-TO MeCT€ BJPYr BO3HUKAIOT KPYIHBIE
BUXPHU, KOTOPBIE JBUXKYTCS XAOTHUECKU. DTU BUXPHU pacHaJalOTCs Ha
OoJice MEJIKHE, T.€. Ha eIe 0ojee MeJKHWe W T.J., U, B KOHIIE KOHIIOB,
IbIM TPAKTHYECKH CMEIIMBAETCS C OKPY>KAIOIIUM BO31YXOM.

To |

CHC

Puc. 16. PeorpaMma BSI3KOIIJIACTUYHBIX )KUIKOCTEN

Ha »tom nmpumepe MOXHO  chOpPMYJIHpPOBaTH  OCHOBHBIE
XapakTepHbIE YEPThI TypOYICHTHOTO TCUCHHUS:

1) Ilepexom  OT  JIaMMHApHOIO  peXHMa  TEYEHUS K
TypOyJI€HTHOMY IPOUCXOJAMT HE B TOYHO 3aJlaHHOM MeECTe, a B
JIOCTAaTOYHO MPOU3BOJIBHOM, CIy4YalHOM MECTE, U HOCUT BEPOSTHOCTHBIM
XapaxkTep.

2) Camo TypOyJICHTHOE JBUXEHHE TaKXKe€ HOCHUT CIIyYalHbIN
XapakTep: TOT WM HWHOM BHUXPh MOXET OKa3aThbCs B COBEPIICHHO
IIPOU3BOJILHOM, HEMPEJICKa3yEMOM MECTE.

3) CHauvasia BO3HMKAKO KPYIHBIE BHUXPH, pa3Mep KOTOPBIX
Ooupllle, YeM
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pasmep CTpydku JabiMa. KpynHble BUXpH TEpSIOT YCTOWYUBOCTh U
pacmamarorcsi Ha Bce OoJsiee Menkue. TakuM 00pa3oM, BO3HUKAET
1eJiasi MepapxXusi BUXPEU. DHEpPrusl ABMXKEHUSI ATUX BUXPEU NEpenaeTcs
OT KpYIHBIX BHUXpeW K OoJee METKUM, WU B KOHIIE JTOro TMpolecca
ucyesaer.

4) CMmeleHue JbIMa C OKPYXKAIOIIUM BO3JYXOM MPAKTUYECKH HE
MPOUCXOAUT MPHU JIAMHUHAPHOM PEXHUME, a TPU TypOYyJIEHTHOM — HOCHUT
OYECHb UHTEHCUBHBIN XapaKTep.

5) Ectb u eme OJHO BaXXHOE CBOMCTBO TYpOYJIEHTHOCTHU: OHO
BCETa TpexMepHo. Jlaxxe ecnm MBI paccMaTpuBaeM OJHOMEPHOE
T€YEeHWEe B TpyOe WM JABYMEPHBIA TOTPAHUYHBIA CJIOM, BCE PaBHO
JIBIDKEHUE TYpPOYJEHTHBIX BUXPEW MPOUCXOAWT B HAMPABICHUSX BCEX
TpEX KOOPAHHATHBIX OCEM.

JlamMmyHaApHBIN MOTOK MOKHO CPaBHUThH C PEKOM, IIJIABHO TEKYILIEH MO
paBHUHE, a TypOYJEHTHBI — CO CTPEMHUHAMH, KOT/Ja B3aUMOJEHCTBUE
MIOTOKA C HEPOBHOCTSIMHU JIHA BBI3BIBAET 0Opa30BaHUE BUXPEH W MECTHBIX
TOKOB (puc. 17).

Puc. 17. TypOyneHTHBIN TOTOK B TpyOe

Teuenue B TpyOe mepeaeT U3 JaMUHAPHOTO B TypOYJIEHTHOE TOT/Ia,
KOTJJa CKOPOCTB IOTOKA MPEBBICUT ONPEAEICHHOE KPUTUIECKOE 3HAUEHUE.

Ha puc.18 npeacraBieHo ontuueckoe U300paxxeHne TEKYIIeH CTpyH
KUIKOCTH. XOpOWIO BHUAHO, 4YTO TEYEHUE OT JAMMHAPHOTO  4epe3
NEPEXOIHBI  pexxuM  TpaHchopmupyercs B TypOyJeHTHbIH.  lo
HAaCTOSIIEr0 BPEMEHU HET SICHOTO IIOHUMAHUS, [I0YEMY ITO IIPOUCXOIUT.

Puc.18. Ontuueckoe n300pakeHre TEKYIENH CTPYH KUJIKOCTH
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[Ipodunp  ocpeqHEHHOW  CKOPOCTU TYpOYJICHTHOTO  TEUYEHUS B
TpyOax WM KaHallax OTIMYAETCs OT mapadoJMYecKoro mpoduiis
COOTBETCTBYIOIIETO JJAMUHAPHOTO T€UEHHUs 00siee OBICTPHIM BO3paCTaHUEM
CKOPOCTH y CTEHOK M MEHbIIEH KPUBU3HOU B IEHTPAIBHOM YaCTU TCUEHHUS

—
vHaJ=I.23VCp—-."
i

F—— -

7]

(puc. 19).

Puc.19. [Ipodunb ocpeTHEHHONU CKOPOCTH: a — MPU JaAMHUHAPHOM, O —
pu TYpOYyJIEHTHOM TE€UCHUHU.

HenpepbiBHOCTh MOTOKA. MHOTHME THAPABINYECKUE PACUYEThI
TPeOYIOT HCIOJNIB30BaHUSI CKOPOCTH KUAKOCTU. BakHO mpencTaBisiTh
pazuure MeXay pacxogoM (0ObEMHON CKOPOCTbIO) U CKOPOCTBIO
KHUIKOCTH. PaccMOTpHM TMOTOK JXKHJIKOCTH B TpyO€ TpH MOCTOSTHHOM
pacxone Q, Kak 3TO nmokaszaHo Ha puc. 20.

Puc.20. HenpepbsIBHOCTh MOTOKA: CKOPOCTh KUJKOCTH OOPATHO
IIPOITOPLMOHAJIBHA IUIOLIAJU TIOIIEPEYHOr0 CEUEHUS B HAIIPABICHUN
IIOTOKA

[TockoapKky OYypOBbIE PpPAaCTBOpPHI MOYTH HECKUMAEMBbI, OOBEMHAs
CKOPOCTb MOTOKA JKUJIKOCTH, IOCTYyMAatOUIeH B TpyOy, TOJKHA OBITh paBHA
ee 00BEMHOW CKOPOCTHM Ha BBIXOJI€ M3 TPYObl. ITO OCHOBHOW MPHUHIIUI
HENPEPBIBHOCTH NTOTOKA. Ba>XKHBIM pe3yIbTaTOM 3TOTO NPUHLNIA ABJISECTCS
TO, 4YTO, NIpPHU TOCTOSSHHOM pacxojie, CKOPOCTb JKUJIKOCTH OOpaTHO
IIPONIOPLUHUOHAJIbHA TUIOLIAAN, Yepe3 KOTOPYH OHa HpoXoauT. pyrumu
CJIOBaMHU, €C/IU NA0uiadb YMEHbUIACMCA, MO CKOPOCHMb HCUOKOCHU
00J1)1CHA pacmu nPU NOCMOAHHOM Pacxooe.

WneanbHblil ¢ TOYKM 3peHHUS pPeojoruu OypoBOW pacTBOp B
HUCXOJSIIEM MOTOKE (B OypHIILHON KOJOHHE, THIPABINYECKOM 3a00iHOM
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JBUTATeNie, HacajJkax Jo0j0Ta), Ha 3a00€ U B OYHUCTHBIX YCTPOMCTBAX
JOJDKEH 00J1a/1aTh BA3KOCTHIO, OJTM3KOM K BSI3KOCTH BOJIBI, @ B BOCXOISIIIEM
MIOTOKE HWMETh BS3KOCTh, HEOOXOAUMYIO W  JIOCTATOYHYIO  JIIA
TPaHCIIOPTUPOBAHUS IIaMa Ha TOBEPXHOCTh 0€3 aKKyMyJISIIIUU €ro B
CKBa)KHHE.

4.4 Knaccupuxkanus 0ypoBbIX paCTBOPOB

OcHOBHAasl TEXHOJOTHYECKAs ONepanus MPOMBIBKU CKBaKUHbBI —
npokayrBaHue OypoBOro pactBopa mo ee ctBoiy. OpjHako s
BBIITOJIHEHU S 3TOM onepanuu HE00X0IUMO peann3oBaTth
BCIIOMOTAaTeJIbHbIE ONEpaLMK: MPUTOTOBIEHHE OypOBOIO pacTBOpa, €ro
yTsKeJIeHue, 00padoTKy XMMUUECKUMHU peareHTaMu, OYMCTKY OT IuIama
u raza u nap. Ha puc.2]1 npencraBieHa knaccupUKalMOHHAS cXeMma
IPOMBIBKH CKBa>KHHBI.

[ mpombiBka cxBasnR |
OcroBitbie Texionoriec- BCIOMOTATE/LHbIE TEXHOIOTHYECKHE ONEPALHH |
KHe OnepauHn
I | | | [~
HNpoxaunpanne Mpurotornenne O6patoTia Yramenenne O4nAcTKa Peresepalus 3amena
Gyposoro B Gypororo —| Gyposoro — fyposoro ~1 GypoBoto KOMIIOHEHTOB Gyposoro
pacTaopa pacTsopa pacTsopa pacTeopa pacTBOpa Gyposoro pactopa
(npsivioe H pacTBopa
obpaTroe) JlosupoBannas Joswposannas| | | dosuposannan Ounerica
|t ozaua | nonaua L nopaua Or nUiIAMA Perenepauus
Tepememusa- KOMIIOHEHTOR KOMIIOHEHTOB FIKETHTEAR (ceTkamu, YTRAKCIHTEN
HHE [~ B OTCTO#-
Cmetinpanne CwMelnBanue CumemuBanme HHKAX,
Tpurem | komnonentos ™| comnonenton YIRS THTEN B rHApO- KHKOH pazsi
"] c Gyporsim HUKNOHAY)
3akaunsaime | | | Ancnepriposa- | | fllepemenmea- PACTBOPOM
|| IlepemeinnBa-
Hepememnpa- HHE
HHE

Puc. 21. KnaccudukannonHas cxeMa IPOMBIBKH CKBaKUHBI

B oreuectBeHHOW U 3apyOexHON JHTEpaType MNPHUBOJUTCS
MHO>KECTBO Pa3IMYHBIX Kilaccu(UKanuii OypoBBIX pacTBOPOB, KaXKaas U3
KOTOPBIX HMMEET CBOM IIPEMMYILECTBA MW HENOCTATKUA. Omnpeaenstomum
MOMEHTOM IIpU 3TOM JIOJDKHBI CIYXXUTh XapaKTEpHBIE OCHOBHBIE
IpU3HAKU, MPUCYIIHE OOJBIIMHCTBY MPUMEHSEMbIX OYypOBBIX pacTBOPOB.
K TakuMm OTHOCSTCS: cOCTaB JUCHEPCUOHHOM Cpeibl U AUCTIEPCHON (pasbl,
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CTENIEHb M COCTaB MHUHEpaIU3alliy, COCTAaB HAIOJHUTEJEH, IIEIOUYHOCTD,
XuMHUecKast 00paboTKa U ciocoO MPUTOTOBJICHUS.

BypoBble pacTBOpbl Ha YIVIEBOJAOPOJHONM OCHOBE CO3JaBAJIUChH
ropasio mo3dHee, Korga ObUIO 3aMEYeHO, 4YTO MPU HCIOJIH30BAHHUU
KUIKOCTEH Ha BOJHOM OCHOBE 3HAYMTEIBHO HCKaXaeTcs (U3UKO-
XUMHUYECKash XapaKTEPUCTHUKA MPOAYKTUBHOTO IIJIACTa, CHMXKAETCS MPUTOK
baronaa ¥ 9acTo MPUXOIUTCS JTUKBUIAUPOBATh CKBAKUHY BBUJY TSIKEIBIX
aBapui U OCIIO)KHEHUM.

HaubGonee nenecoodpazHo omnpeacisTh HX KiIaCCU(PUKALMIO TI0
CJIEAYIOIUM MPU3HAKAM:

I1o 6udy oucnepcuorHol cpeowi:

- C BOJHOM TUCIIEPCUOHHOM cpejion (Ha BOJHOW OCHOBE);

- C YIJI€BOJOPOJHOW THUCIEPCUOHHON cpenor (Ha yrieBOJOPOIHON
OCHOBE);

- ra3000pa3HbIC areHTHI.

Ilo 6udy oucnepcnoti gpa3zvl:

- ¢ TBepAoi (azoil (Iuciepcuu, CyCreH3un);

- ¢ )uKoM (hazoit (3MyIIbCUN);

- ¢ Ta3000pa3HoO (adpUPOBAHHBIE PACTBOPHI, TIEHBI);

- KOMOMHUPOBAHHBIE.

1lo cocmagy oucnepcHoti ghazvl unu conei:

- TTIMHUCTBIE PACTBOPHI (CYCIICH3UN);

- CalpOIICJICBHIE;

- MEJIOBBIE PACTBOPHI;

- AJIIOMUHATHBIE PACTBOPBHI;

- TUTICOBBIE PACTBOPHI;

- XJIOPKAJIbIIUEBBIE PACTBOPHI;

- XJIOpPKaJIMEBbIE PACTBOPHI U T.]I.

B 3asucumocmu om obpabomxu:

- 00pa0oTaHHbIE XUMUYECKUMHU pEareHTamMu;

- HeoOpabOTaHHEIE.

1lo cmenenu munepanuzayuu NaCl:

- IpecHbIe U ciabomuHepanuzoBanHbie 10 0,5 % NaCl;

- cpeaneit munepanuzanuu 1-3,5 % NaCl;

- BRIcOKOMUHepain3oBanHbie cBbimie 10 % NaCl.

- cosieHachweHHsle - 30 % NaCl.

llo YCHO0B8UAM NPUMEHEHUA.
- JI1 HOPMAaJIbHBIX T'€OJIOTHYCCKHUX YCHOBHﬁ;
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- JUIs OCJIO’KHEHHBIX YCIIOBUM.

Ilo cnocoby npuecomoenenus:

- €CTECTBEHHBIE — U3 Pa30ypUBAEMBIX TOPHBIX MOPOI;
- ICKYCCTBEHHO MTPUTOTOBJIEHHBIE.

Ilo npusnaxy eenuuunvi pH:

- BBICOKOIIIEI0uHbIe (Oostee 11,5);

- cpenHemenoynbie (8,5- 11,5);

- cmabomenounsie (7,0- 8,5);

- HeuTpanbHbie (7,0);

- kucnele (menee 7,0).

4.5 ITapameTpsbl OypOBBIX PACTBOPOB

ILliioTHOCTH OypoBOIrO pacrBopa (p, Kr/M’)

[InoTHOCTH OYpPOBOTO pacTBOpa — 3TO OTHOLIEHHWE MacChl OypOBOTO
pacTBopa K €ero oobemy.

PaznuyaroT Kaxyilyrocs YW UCTUHHYK IUIOTHOCTU. [lepBas
XapaKTEepU3yeT PAacTBOP, BBIXOASAIIMN W3 CKBAKHHBI W COJSPIKAIIHA
razoo0pasnyo (azy, a BTopas — pacTBop 0e3 razo00pa3Hoi (a3bl.

JlomycTUMoO€e OTKJIOHEHHEe IUIOTHOCTHM OypoBOro pacTrBopa,
HAXOASIIEerocss B MMPKyJasauuu, ot JaHubix I'TH - mo 0,02 r/em’.

He nomyckaercss moBblllieHHEe IJIOTHOCTH OypPOBOrO pacrBopa,
HAXO/JSIIIEr0ocsl B CKBaKUHE, MyTeM 3aKAaYUBAHUS OTAEJbHbIX MOPUMA
YTSI2KeJIEHHOT0 PacTBOpA.

duiabTpanus (D, cv’/30Mun)

[lokazarenp ¢GuiIbTpall - BEJIWYMUHA, OMmpenaeisemMas 00bEeMOM
JTUCTIEPCUOHHOM  cpenpl, oTdunpTpoBanHoi 3a 30 MuUHYT 1IpH
IpoMycKaHuu  OypoOBOrO  pacTBOopa  uepe3  OyMakHBIA  (QUIBTP
OTIpEeICIICHHOM TUIOIIaH.

[TokazaTenb QuIbTpallMK KOCBEHHO XapaKTEpPU3yeT CIOCOOHOCTH
OypoBoOro pactBopa (GUILTPOBATHCS YEPE3 CTCHKU CTBOJIA CKBAKUHBI.

Tonmuua punbTpannonnou kopku (K, mm)

OunpTpallUOHHAST KOpPKa 00pa3yeTcs B pe3yibTaTe (QUIbTPAIMU KUJIKON
(a3l OypOBOIro pacTBOpa uepe3 NOPUCTYIO CPELY.

YciaoBHast BA3KOCTb (T,¢) - BEJINYMHA, KOCBCHHO

XapaKTEePU3YIOIasi TUAPABIMIECKOE COMPOTUBICHUE TEUCHUIO.
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MpenenbHoe cTaTHueckoe Hampstkenne casura (CHC, mrc/em’
(CI'C) nau alla (CH).

Cratnyeckoe HalpsOKEHUE CIOBUTAa — BEIWYMHA, ONpeaessieMast
MUHHAMAJIBHBIM ~KAacaTEJIbHBIM HAIPSOKEHWEM CIBHra, IpPH KOTOPOM
HA4YMHAETCA pa3pylleHue CTPYKTypbl OypOBOIro pacTBopa B IOKOE.

BenuunHa ~ CTaTUYECKOTO  HANpPSDKEHUS  CABUTA  ONPENEIISIET
BO3MOXXHOCTb YJIEPXaHHSI BO B3BEHIEHHOM COCTOSIHMM YacTHI IIamMa U
YTSOKEJUTENS PYU OCTAHOBKAX HUPKYJISIUU OYPOBOTO PacTBOPA.

CHC xapakrepu3ye€T NOPOYHOCTh THUKCOTPONHOW CTPYKTYpPbl H
WHTEHCUBHOCTH YIIPOYHEHHSI €€ BO BPEMEHH.

CTpyKTypHO-MEeXaHH4YeCKHEe CBOMCTBa OYpOBBIX pacTBOPOB
XapaKTepu3yT Ko3(pGuumueHToOM THKCOTPOIUH:

_ CHC 10ar

Km = CHC Lwnr (5)

IIpenennHoe nuHammn4veckoe Hanpsikenue casura (AHC, 1y, alla)

JJHC ycnoBHO xapakTepu3yeT IPOYHOCTHOE COMPOTUBIICHUE
OypOBOr0 pacTBOpa TEUECHHIO, OOYCJIOBICHHOE DJICKTPUUYECKUMU CUJIaMU
MPUTSHKCHUS-OTTATKUBAHUSI MEXIAY COJIbBATUPOBAHHBIMU YaCTUIIAMU, U
3aBUCUT OT KOHIEHTpAllMM M COCTaBa JUCHEPCHON ¢a3bl, HAIMYMS
AJIEKTPOIUTOB U CTAOMIM3ATOPOB, OTOOpAkKAET 3aBUCUMOCTh KacaTelIbHOTO
HaIpSKEHUSI OT CKOPOCTHU CIBHIA.

JIHC - 5T0 yclioBHasi BEJIWYMHA, XapaKTEPU3YIOIIas HPOYHOCTH
CTPYKTYPHOH CETKH, KOTOPYIO HEOOXOAMMO Pa3pyLIUTh AJiI OoOecreyeHus
TeUeHUs] OypOBOTO pPacTBOpPA; HE 3aBUCUT OT KacaTeJIbHBIX HaIPSHKEHUI
(1aBieHUsS TIPOKAYMBAHUSI) U YBEJIMYMBAETCS C POCTOM BSI3KOCTHOTO
COIIPOTHUBJICHUS.

Kos¢ppunuent Tpenus

Kosdpdunment tpenus (Ktp) — BenuuuHa, omnpenensemMas
OTHOIIEHWEM  CHJIBI  TPEHHS  MEXIYy  JBYMS  METALUIMYECKUMHU
MOBEPXHOCTAMHU B cpejie OypOoBOro pacTBOpa K IMpHiiaraéMoi Harpyske.

KoadduimeHT TpeHuss xapakTepu3yeT CMa3bIBAIOIIYI0 CIOCOOHOCTH
OypOBOI0 pacTBopa.

Koa(ppuuueHT NpuxBaToONnacHOCTH

Kospdummentr  npuxsaroonacHoctu  (Kmp) -  BenuuwuHa,
omnpezesnsiemMas OTHOIIEHHEM YCWIHS CIBUra METAJUIMYECKOTO JHCKa C
MOBEPXHOCTH (DUIBTPAIMOHHON KOPKM TIOJA TMEpernagoM JaBieHUs K
IJIOIIAN KOHTAKTA.
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Knp xapakrepusyer BepOsSTHOCTh TpUXBaTa HEMOABMKHOM 00CaIHOM
KOJIOHHBI WJIH KOJOHHBI OypWIbHBIX TpyO B 30HE KOHTAaKTa C
(UIBTPAIMOHHON KOPKOM MPOHMIIAEMOM TOpPOABI 32 CYET pPa3HMIIbI
IIJJACTOBOI'O U THAPOCTATUYECKOTO JABJICHUM.

Ko3ppuunent BcneHnBaHus

Koaddumuent BecnnenuBanus (KBcn) — 310 BenuurHa, onpeaeisieMast
OTHOIIIEHUEM O00BbEMa BCIIEHEHHOIO pacTBOpa K O0BEMY HCXOJHOIO
pactBopa. Koaddumuent xapakrepusyeTr CTENeHb BCIEHUBAEMOCTHU
OypOBOTO pacTBOpa U HEOOXOIUM JUIsl PEIICHUs] BOMPOCAa CBOEBPEMEHHOMU
00pabOTKH TICHOTACUTEIIEM.

KonuenTpanusi noCTOPOHHUX TBEPAbIX NMpuMece (B TOM 4MCJIe
necka)

KonrneHntpanus MoCTOPOHHUX TBEPABIX MpUMeceid (C TOM YHCIIe
necka) (I1,%) - BenuuuHa, onpenesieMas OTHOIIEHUEM KOJHWYECTBA BCEX
rpyOOIMCIIEPCHBIX YACTHUIl HE3aBUCUMO OT UX IPOUCXOXKJICHUS K 00IIeMy
KOJIMYECTBY OypOBOr0 pacTBOpa. XapakTEpU3yeT CTENEHb 3arps3HCHUS
OypoBOTo pacTBopa.

[lecok, sBHsAACH a0Opa3WBHBIM  MaTepuajioM, NPUBOAUT K
MHTEHCUBHOMY HM3HOCY JeTalieil OypOBBIX HAcCOCOB, OYpOBOTO CHapsijia u
JIpYroro rujpaBiudyeckoro obopynoBanus. HopmanbHbIM cuuTaercs
coaepxkanue necka 110 4 %.

Konuentpanusi Bogopoanbix uoHoB (pH) KonueHrpamus
BOJIOPOJIHBIX ~ MOHOB  (BOJOPOJAHBIMN  mMoOkKa3zaTtens). Benmumna pH
XapakTepu3yeT MEI0UYHOCTh OypoBbIX pacTBOpoB. IIpu pH > 7 xuakoctu
miesnouynsie, npu pH < 7 — kucneie. HeobpaboTanusie OypoBbI€ paCTBOPHI
umeroT pH = 6,5-7,5. YV xumuueckn 06padoTaHHbIX pacTBopoB pH = 12,5-
13,5. KoHueHTpauio BOAOPOAHBIX HOHOB OIPEACNAIOT B OYypOBBIX
pacTBopax U B ux (puwibTpaTtax. 3HaueHue pH ¢unbTpaToB Bcerja MEHbIIIE,
yem pH OypoBoro pactBopa. Jyis n3mepenusi BenuuuHbl pH mpuMeHs 0T
KOJIOPUMETPUUYECKUHN U 3JIEKTPOMETPUUECKUN CIOCOOHI.

Conep:xanue rasa

Conepxkanmne raza B pactBopax (I,%) HeoOXoammo 3HATH, YTOOBI
KOHTPOJIMPOBAaTh HAYMHAIOUIEECS Ta3ONpOsBICHUE B CKBaXUHE U
CIIOCOOHOCTh PacTBOpPa OKA3bIBATh JaBJIEHUE Ha 3a00M.

Ot6op mpoOBl pacTBOpa il ONpENeNieHUs COJAEpKaHUs rasa
MPOU3BOUTCS TIEPe]] BCACOM HACOCa, MOAAIOIIETO €ro B CKBaXKUHY.
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4.6 MaTtepuaJibl 1Jisi IPUTOTOBJICHUA OYPOBBIX PAaCTBOPOB

B xaudectBe ocHOBBI OypoBoro pactBopa B PYII «IIpousBoacTeeHHoe
o0wenunenue «beropycHedTh» B OCHOBHOM HCIOJB3YIOTCSI OPraHo-
MuHepaJbHOe chipbe (OMC, canpomenb), rjMHa (IJTMHONMOPOILOK) U
OuonosmMep.

[lepBbie OypOBbIE PACTBOPHI MPEACTABISUIM COOOM CMECh BOJBI U
a000r0 THUMA TIWHBI, TBEPJbIE YACTHUIIBI KOTOPOM 3HAYUTEIBHOE BpEMs
MOT'YT HaXOJIUThCSI BO B3BEIIICHHOM COCTOSTHUH.

Cy1iecTByeT MHOTO Pa3sHOBUIAHOCTEM TJIMH. XUMHYECKHUH COCTaB
pa3HOOOpa3eH, HO OOIIMM SBISIETCS COJEpKaHUE OKHCH KPEMHHS
(Kpemnesema) v OKUCU aMIOMUHHS (21UHO3eMaA), A TaKKE HEKOTOPOE
Koiau4yecTBO BOAbl. CocTaB TiUHBI (BOAHBIA QIIOMOCHIMKAT) YCJIOBHO
3anuceiBaercs: xA1,0; . ySiO, . zH,O. Munepanbl TIUHUCTBIX TOPOJI:
MOHTMOPWIJIOHUT, THAPOCJIIOAA, NAJBITOPCKUT, KAOJWMHUT U JP.

['muHUCTBIE  MUHEpAbl  COCTOSIT M3  MEJbUAMIIMX  IUJIOCKUX
KPUCTAUIUKOB-IIJIACTUHOK, MEXJYy KOTOPHIMU MPOHUKAIOT MOJEKYJIbI
BOJIbl. JTO U €CTh MPOIECC PACITYCKAHUS TJIUHBI.

Harpuii n kampuuid, He BXOISIIHE B COCTaB KPUCTALUIMYECKOU
pPELIETKU TJIWHHUCTBIX MHHEPAIOB, COJEPHKATCA B IMOBEPXHOCTHOM CIIOE
yacTull rauHbl.  [[OBEpXHOCTh  TJIMHUCTOM  YacTHIBI  3apshKEeHa
OTpHULIATENILHO, B TO BpeMsI KaK KaTHOHBI HAaTpUs M KaJlbIUs 00pa3yloT
«00JaK0» B HEKOTOPOM OTJAJICHUU OT MOBEPXHOCTH TJIMHBI. [losiBieHue
TaKOTO OTPHULIATEJILHOTO 3apsijia MPU PacyCKaHUU TJIUHBI B BOJIE SIBIISIETCS
ONHOM W3 NOPUYUH YCTOMYMBOCTM TJIHUHUCTBIX cycneHsuid. [lo
HAaUMEHOBAHUIO ATHUX KAaTHOHOB, OOECTEUYMBAIONIUX 3alUTYy YacTHUI[ OT
CJIIMTIAHUS, TJIMHBI HA3bIBAIOT HAMPUEELIMU U KATbUUECELIMU.

Paznuuue B coaepxkaHUM — KOJUIOMAHBIX 4YaCTHI[ CBOAUTCA K
pa3iMyui0 B pacxojie TJIWHBI Ha NPUrOTOBJIEHHE pacTBopa. Yem Oosee
BBICOKOJIUCTIEPCHA TJIMHA, TEM MEHbIle ee pacxoi. [[ns cpaBHeHUs TJIMH
(wm  Japyrux MmaTepuangoB ISl TPUTOTOBJIEHUS OYpPOBBIX PacTBOPOB)
NpPUHATA XapaKTepUCTUKA - BBIXOJ TIJIMHUCTOro (OypoBOro) pacTBOpa.
Bbixon - 310 00BEeM OypoBOro pacrtBopa BA3KOCTbIO 25-30c,
noayyaembiii u3 1 T riuuMHOmopomka (WJIH JAPYroro Marepuaa).
HanGonpmmii BEIXOJT TIMHUCTOTO PacTBOpa MOJYyYarOT U3 OCHTOHUTOBBIX
riiiH. K cOIecTONKUM OTHOCST MAJIBITOPCKUTOBBIE TJIUHBI.

['muHUMCTHI pacTBop XapaKTEPU3YETCS 2TUHOEMKOCHIBIO.
[ TMHOEMKOCTh  TIpEACTaBISIET COO0OM  MaKCHUMajdbHOE  COJIepIKaHHE
TJIMHUCTOW (pa3bl, TP KOTOPOM OypOBOM pacTBOp COXpPaHSET 3aIaHHYIO
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KOHCUCTEHIIMIO. OTOT I[OKa3aTellb XapaKTEepU3yeT KOJUIOUIATbHOCTh
mUHBL U 3G ()EKTUBHOCTh XUMUUYECKON 00pabOTKH, SIBISASICH OJIHUM W3
BAKHEHUIIUX KPUTEPUEB PAZKUKEHUS TIIMHUCTOTO PacTBOPA.

OCHOBHBIM MaTepuajIoM JJisi IPUTOTOBJIEHUS OypOBBIX PacTBOPOB B
PYIT «IIpousBoactBennoe obObenunenne «bemopycHedTs» sBIseTCA
opzano-munepanvuoe coipve (OMC) unu canponeny. IT0 NPUPOIHBIN
MaTepuai, MNPeICTaBIAIONIMI cOO0M MOHHBIE WJINCTHIE OPraHOTEHHBIE
OTJIO)KEHUs BOJOeMOB. Ha BHEIIHMI BUJ — 3TO pacChIIYaTblid MOPOLIOK
TEeMHO-KOPUYHEBOIO IIB€Ta C CoOJiep)KaHueM Biarm He Oojiee 60%,
30JIbHOCTEIO He Ooistee 50%. OMC He TOKCHYHO, HE 00JagaceT KOXKHO-
pE30pOTUBHBIMU U KOMMYJIATUBHBIMH CBOMCTBAMHM, HE OKa3bIBAET
pa3apa)xaroero JeUCTBHUS.

Ha ocnoBe OMC cHauana roToBHUTCSl camporneneBas macrta (oaa +
OMC + kaycTuueckas coja), 3aTeM pacTBop (MyTeM pa30aBieHUs BOAOU
Ha OypoOBOM 10 HEOOXOAUMOM TIOTHOCTH).

Tunber pactBopoB Ha ocHoBe OMC, npumensiembie B PVYII
«IIpousBosicTBeHHOE 00BbeAHEHHE «benopycHeDThY:

- camporesieBbie (Ha ocHoBe OMC) (mmotHocTsIO 1100KT/M);

- CaIpOIIeNIeBO-TIHHUCTBIE IpecHbIe (I0THOCTHIO 1100-1180Kr/M);

-CanpomneneBO-TIIMHUCTHIE COJICHACHIIIEHHBIE (IJIOTHOCTBEO
1310xr/7);

- coJieHachllleHHble Ha ocHOBE OMC NOHMKEHHOM IUIOTHOCTH
(utotHOCTBIO 1100-1500KT/M);

- OMC-KPK (ma ocnoBe OMC ¢ KHUCIOTOpPAaCTBOPUMBIMU
KoJIbMaTaHTaMu) (II0THOCTHI0 1050-1150 kr/nr’).

buonoaumep (kcanman unu Kcanmanogasn Kameos).

buononumep KCaHTaHOBAas KaMmeb SABJISIETCS
CTPYKTypooOpa3oBaresieM, MIPUMEHSAETCS KaK 3aryCTUTENIb U PeareHT s
IPUTOTOBJIEHUSI OypOBBIX pacTBOpPOB. OOpa3yeT TUKCOTPOMHBIE, TyCThIE
HEHBIOTOHOBCKUE PACTBOPHI MPU HU3KOM CKOPOCTH CIIBUTA, TEM CaMbIM
oOecrieunBasi JOCTATOYHYK) OYHUCTKY CKBXKHWHBI, W MPEIOTBPAIIACT
ocelaHue IulamMa B OYypOBOM pacTBOpE, HAXOMSIIEMCS B CTaTUYECKOM
COCTOSIHUMU.

VYHUKanbHbIE OMOJOTUYECKUE U PEOJOTUYECKHE CBOMCTBA KCAaHTaHa
BO MHOIOM OMPEAEINISIIOTCS CBOMCTBAMHU YHOPSIAOYEHHOTO CTPOECHUSI €ro
LIETIEN B paCTBOpax.

BypoBeie  pacTBOppl Ha OCHOBE OHOINOIMMEPOB  TPeOyIOT
MOBBIIIIEHHOT0 BHUMAHUS CO CTOPOHBI MPEIOTBPAICHUs] OUOAECTPYKIINH,
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T.K. B UX COCTaB BXOJAT pPEarcHTHI MOJUCAXapUIHON MPUPOIBI (Kpaxmal,
KMLII, ITAII, xcanTan).

YcTaHOBIEHO, YTO XHMHUYECKHE PEAreHThl, MNPUMEHSIEMBIC IS
pEryJIupoBaHus  CBOMCTB  OYpOBBIX  PacTBOPOB,  IOJBEPrarOTCs
OMONEeCTPYKIIMHA,  OOYCIOBJICHHONW  (DEpMEHTAaTUBHON  AKTUBHOCTHIO
OTIEABHBIX TPYIIl MHKPOOPTaHWU3MOB, HCITONB3YIOMIUX pEareHThl B
KaueCcTBe WMCTOYHWKA TNHUTaHUSA. PeareHThl MoJUCaxapHJIHOW IPUPOIHI,
MPOU3BOJHBIC IIEJUTFOJIO3BI M KpaxMmajga, OCOOCHHO IIOJBEPKEHBI
MUKPOOHOMY  pasliokeHWt0. [l TpurotroBieHus OWOMOJIMMEPHOTO
OypoBOTO pacTBOpa HCIOJB3YIOTCS Ppa3IMYHbIE THUITBI KCAHTaHOBBIX
ouononumepos (Flo-Vis, Xantan Gum, Xantan u nip.).

4.7 XumMH4ecKue peareHTbl 1J1s 00padoTKu O0ypoBbIX pACTBOPOB

PeareHTbl—cTa0MIM3AaTOPBI

PearenThi—cTabMIM3aTOpsl  TPEACTABISIIOT ~ COOOM  BBICOKO-
MOJIEKYJISIPHbIE OPTaHUYECKHE BEIIECTBA, BHICOKOTUIPOGUIIbHBIE, XOPOIIIO
pacTBOpUMBbIE B BOJIE€ C OOpa30BAHMEM BSI3KUX PACTBOPOB. MexaHU3M
JNEUCTBUS 3aKJIOYaeTcss B ajcopOlMu Ha MOBEPXHOCTH KOJUIOUIHBIX
YaCTUIl U TUAPODUITU3AMNH MTOCTETHUX.

Pearentei-ctabunuzatopbl  1-0M  Tpynmbl  UCHOJB3YIOT — Kak
NOHU3UTENW (UIbTpalMU, 2-0M TPYNIbl — TOHU3BUTENIU BSI3KOCTU
(pazxwmxutenu). Yem OoJibliie MOJIEKyJisipHass Macca, TeM 3bdexkTruBHEee
peareHT. Korma cTpykTypa MOJEKYJIbI MIPEICTABICHA MEPETICTAIOIUMHUCS
LEMOYKAMU, PEareHT SIBJISIETCS MOHU3UTENIEM (PUIbTpPAllUh, HO BA3KOCTb
npu 3TOM mMoBbIMIaeTca. [NoOynspHas ¢GopMa MOJEKYJbl MOpUCYIa
peareHTaM BTOPOM I'PYIIIBI.

Kpaxmanvnvii  peazenm «@umo-PK» - wonudunmpoBaHHbIN
BOJIOPACTBO-pUMBIM  peareHT. KpaxmaneHeii peareHT  «Duto-PK»
NoJIy4yaroT MyTeM MoJauduKaluu KyKypy3Horo kpaxmana. Kpaxman
«®duto-PK» oTHOCUTCS K HETOKCHYHBIM, HEJIETY4YUM, O€3BpEIHBIM
BemiecTBaM. Kpaxman SBISIETCS  3allUTHBIM, CTaOMITU3UPYIOIITUM
MUHEPAIM30BAHHBIE PACTBOPHI, PEAareHTOM — TMOHU3UTENEM (UIbTPALINU
npu temueparype 10 80°C. Kpaxman BBoasIT B OypOBOii pacTBOP B CYXOM
Bujie. JlobaBka kpaxmana B CHJIbHOMUHEPAJIN30BaHHBI OypOBOM pacTBOP
BbI3bIBAET pocT ero Bs3kocth 1 CHC, mosatoMy miisl pa3KMKEHUs TaKOro
pacTtBopa mnpumeHsitor cradunuzarop (peareHt M-20, JICT wnmm ux
aHaJjor).
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Penugon - TUIPOIM30BAHHBIM TOJMAKPUIIOHUTPUI, TPOIYKT
menounoro  rugponusza  [[AH  (monmmakpunonutpuna).  OCHOBHOE
Ha3zHaueHue PeHuBona — crabwimzanus, T.€. CHIKEHUE (QUIbTpALINU,
MIPECHBIX OYPOBBIX PACTBOPOB HAa BOJHOW OCHOBE.

Juznonon - TONUMEPHBIM PEAreHT, NPOAYKT TEPMHUUYECKON
conojauMepu3anuu akpuioporo noiaumepa ITAH c¢ aurnocynbshonatamu
(JICT). Ilpumensiercss Kak TMOHU3UTENb (QUIBTPALMH TPECHBIX U
COJICHACBIIIIEHHBIX OYPOBBIX PACTBOPOB.

Juznocynvgponamor  mexnuueckue (JICT) wunu  cyavpum-
cnupmosasn oapoa (CCH) sBisieTcss 0TXOJ0M NPU MOTYUYEHUH IEIUTH0I03bI
cyabdaTHeiM criocoboM. OddexTuBHO cHMKaeT BszkocTh u CHC
COJICHACHIIIIEHHBIX OypOBBIX pPacTBOpOB, CTaOMIIM3UPOBAHHBIX
KkpaxMalibHBIM peareHToM «Duto-PKy». JICT obmamaroT nmeHooOpasyroliei
CIIOCOOHOCTBIO, TOATOMY TIPH UX MCIIOIB30BAHUHN HEOOXOAMMO MTPUMEHSTh
peareHThI-IIEHOTaCUTEIIH.

PeareHTbl, CBA3bIBAIONINE IBYXBAJIEHTHbIC KATHOHBI

JIByXBaJICHTHbIE KATHOHBI  KaJblMsl W MarHus HaxoIsITCid B
IJIACTOBBIX BOJAX M pa30ypUBaeMbIX MOpoAax M, mocTtymass B OypoBOil
pacTBOp, YXYAIIAlOT ero kadectBo. Mctounmkom Ca'  Takxke sBIsSeTCS
eMeHT (mpu pa30ypuMBaHUM [IEMEHTHOTO CTakaHa IIOCJI€ YCTaHOBKH
LHEMEHTHOTO MocTa).  [Ins cBs3bIBaHWA HMOHOB KallbLIUSI W MAarHHs
MPUMEHSIOT KAJ1bUUHUPOGAHHYIO 00y - ynexucaviii Hampuii (Na,CO3)
unu cooy - zuopoxapoonam nampus (NaHCO3).

Ca SO4 + N32C03 = CaCO3 + Naz SO4

Bmecro momoB Ca’~ B pacTBOpe oOpasyeTcs HepacTBOPHMEIiA
YIJIEKUCIIBIN KAJIbIIAMN.

PeareHTbI — peryjsiTopbl eJJ04YHOCTH

[To Mepe yBennmyeHus MEeTOYHOCTH CKOPOCTh PacyCKaHUs TJIMHBI U
OMC chHayana BO3pacTaeT, a 3aT€éM YMEHbIIAETCS. bBOJNBIIMHCTBO
MPUMEHSIEMBIX peareHToB-cTadunmzaTopoB umeroT pH 9-13. Cycnensus
ruHbl umeeT pH 7-8. BenuuuHa onTuUManibHOM MIEJIOYHOCTU OYypOBOTO
pactBopa — 9-11.

PeareHTOM-peryasiTopoM  IIE€JIOYHOCTH SIBIIACTCS. €OKUU  Hamp
(cuopam oxucu Hampus, kaycmuueckasa cooa). Kak camoCTOSTEIbHBIN
peareHT  UCIHOJB3yeTCS Majlo, B OCHOBHOM IPUMEHSIETCS IS
IPUTOTOBJIEHUsT mnacThl (pactBopa) HA ocHoBe OMC u moBbimeHus: pH
pacrtBopa.

CMa3o4HbIe 100aBKH
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B ocHOBe cMaspIBaromero MEWCTBHUS, YMEHBIIAIOIIETO TPECHHE,
JKUAT aAcopOIMoHHBIN 3¢ dekT. JleiicTBue peareHTa Kak CMa3bIBarOIEH
M00aBKH 3aBUCUT OT €0 CIIOCOOHOCTH aJcOpOMpOBaThCA Ha METaie U
COTNPOTHUBIATHCS  BBIJIABIMBAHUIO  TPH  CONMDKEHUHW — TPYIIUXCS
MOBEpPXHOCTEH AeTaneit mHCTpyMeHTa. CMa3Ku MPUMEHSIOT JIJIsI CHUYKECHHS
TpEHUsI MEXIy OYpUIBHBIMH TPyOamMu U (PUIBTPAIMOHHOW KOPKOW IIpHU

BpAILCHUH.
Henoracuresn Ilenoracurenu otHocsarces k IIAB. CoctosT u3 aByx
KOMIOHEHTOB - co0ctBeHHO I[IAB u wHocutens, B kortopom IIAB

pactBopeHo. Hocurens -opraHudecKuil pacTBOPUTENb, O00JIaJarOITHMA
BBICOKON MOABMXKHOCTHIO. OCHOBHOM MPHUHIIMIT MEXaHW3Ma MEHOTallICHUS
ceoauTcs K ToMy, uTo IIAB o0mamaeT BBICOKOM aaCOpOIIMOHHOM
criocoOHOCThIO. ['paHurieit pasnmena ¢as, Ha KOTOpPoM ajcopOupyercs
MIEHOTACUTEIIb, SIBJISETCS TOBEPXHOCTh IMy3bIpbKa, 00pa3yloliero neHy, u
MMOBEPXHOCTh KOJUIOMAHOW 4YacTUlbl. [IeHoracuTenb BBITECHSET peareHT-
MeHO00pa3oBaTeb.

Ecnu mnena Haxonutrcss Ha TMOBEPXHOCTH, OHA cama OBICTPO
paspyliaercsi, €Clii OHa BHYTPU KUIKOCTH, TOJIBKO HauOOJee KPYIHBIE
y3BIPH CIIOCOOHBI BCILIBITH, MIPEOA0JICBAsI MPOYHOCTh CTPYKTYphl. Ho mipu
MepEeMEIIMBAaHUKM  TY3bIPbKM  BCTPEYAIOTCA B TIyOMHEe U  cliabas
MOBEPXHOCTHAs TJIeHKa, 3 KoTopoi [IAB BeITeCHMI MTEeHOOOpa30BaTENb,
HE MOXET MPOTUBOCTOATH CIUSHUIO MY3bIPhKOB. OHU YBEIWYMBAIOTCA B
pa3Mepax, BCIUIBIBAIOT U JIOMAIOTCH.

Bcnenennwiii  pactBOp  00jagaeT  BBICOKMMH — 3HAUYCHUSIMU
CTPYKTYPHO-MEXAaHUYECKUX  XapaKTEePUCTUK.  YXyjamaerca  padborta
HAaCOCOB.

Ilenozacumenu: AKC-20I1T', cunukonoeéwiii nenozacumensv Ilenma
491 PENTOSIL Freeze u op.

Bbuonuabl

T.x. coBpeMeHHBIE OypOBBIE PACTBOPHI COCTOST M3 KOMILIEKCA
MOJMMEPHBIX PEAreHTOB, TO CYIIECTBYET HEOOXOAUMOCTH NMPHUMEHEHHe
OuouuI0B 1Jis1 00padoTKHU OYpPOBBIX PACTBOPOB.

[TonumMepbl OTBEYArOT 3a peojorHYecKue, (UIBTPALIMOHHBIE U Psi
IpyruxX  CcBOMCTB. OT YCTOMYMBOCTH  MOJHUMEPOB K PpPa3pylICHUIO
(IeCTpyKIIMK) 3aBUCUT CTAOMIBHOCTH CBOMCTB OYypOBBIX PACTBOPOB.

Cpenu mNpUMEHSEMBIX PEareHTOB TMOJIBEPKEHBI OHOJIECTPYKITUU:
KpaxMaJlbl U HMX TMPOU3BOJHBIC; KCAaHTAHOBBIE CMOJIBI (OHMOIOIMMEPHI);
KMII 1 ux npou3BoHbIE; CAaPOIIeNb; JUTHOCYIb()OHATHI.
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Buooecmpyxkyusa nonumepos ¢ 0yposvix pacmeopax npoucxooum
ecezoa.

CHMXEHUIO CKOPOCTH OMOJIECTPYKIIMU CHOCOOCTBYET IMOBBIIIEHHOE
3HaueHne pH, yBenWueHWe MUHEpANIM3allMd BIUIOTH 1O [OJHOTO
3aCOJIOHEHUSI, TPUMEHEHUE CHEIUAIbHBIX PEareHTOB — HWHTUOUTOPOB
pocta opranuzMoB (OmonuaoB). buopasnoxkeHue CompoBOKAAETCS
BBIJICJICHEM OPTaHWYECKUX KUCIOT, IOATOMY YMEHbIIaeTcs 3HaueHne pH
U YBEIMYHUBAETCS (DUIBTpAIIUs pacTBOpA.

[Ipu 3apakeHnn pacTBOP IUIOXO MOITAETCS 00pabOTKe, B HEKOTOPHIX
ClIy4asix CTaOMIM3UPOBaTh PacTBOP He ynaetrcs. [1osBiseTcst XxapakTepHbBIN
3anax. Oco6o mpobiieMa OMOPa3IOKEHHSI CTOUT TMepe]] OMOMOTUMEPHBIMU
pacTBOpamMu, TaK KaK OHM TOJHOCTHIO COCTOAT M3 IMOJUMEPOB Kiacca
nosmcaxapugoB. OOpaboTka OMOMOJMMEPHOIO PACTBOPAa OCHOBaHa Ha
cuHepreTuuyeckoM d3ddekre JByX OHOLMIOB CTEPUIM3YIOIIETO U
KOHCEPBUPYIOLLETO IEUCTBUS.

Yr1sxkeaurtesn OypoBbIX PACTBOPOB

OCHOBHBIM  CPEJCTBOM  TIOBBIICHWUS]  IUIOTHOCTH  SIBJISIETCS
MPUMEHEHNUE YTSKETUTENIeH - W3MEIbYCHHBIX B IOPOIIOK TSHKEIBIX
MuHepaioB. OHako TpU HUX J00aBKE YBEIUYMBACTCS COJCpPKAHUE
TBepZON (ha3pl, BCIACACTBHE UETO MOJABUKHOCTH CHCTEMBbl YMEHBIIIAETCH,
T.€. BO3pPAcTaeT BA3KOCTb.

OcHOBHasi XapaKTepUCTUKA YTSHKEIUTENs - IJIOTHOCTh: Y€M OHa
BEIIIIE, TEM MEHBIIIE €T0 PacXo/l, TeM ciabee ero yXymraroliee BIUsIHIe Ha
MOJABMYKHOCTH pacTBOpa.

Pacuer kommuecTBa (pacxojia) YTSKEIUTENs, HEOOXOIWMOTO IS
MOBBILICHAS IUIOTHOCTH IM° GypoBOrO pacTBOpa, IPOM3BOAHTCA IO

bopmyie:
— P (Pp-pPop)

y=pPpr (6)
r1e m,— KOJUYECTBO YTHKEIUTENS, KT

3
Pop - TUIOTHOCTH MCXOJTHOTO PAacTBOpPA, KI/M
Pyp - INIOTHOCTB TPeOYEMOT0 YTSKEIEHHOrO0 OypOBOro pacTBopa,

ny

3
KI/M

Py - IIIOTHOCTB YTSXKEIIUTEINS, KI/M
CreneHb NHUCTIEPCHOCTU YTSHKEIUTENS Ha3bIBACTCS MOHKOCHIbIO
nomona. Ymaxycenumenu: Mmei, 0010Mum, Oapum, 2emamum,
Maznemum u op.
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He nomyckaercss MOBBIMIEHHE IUIOTHOCTH OYpOBOTO pacTBOpa,
HaXOJAILIErocsi B CKBaXXWHE, NMYTEM 3aKauyMBaHUS OTIECIbHBIX MOPLHIA
YTSKEJIEHHOTO pacTBOpa.

XJIOpHUCTBIN HATPHUH (COJIb TEXHHYECKAs, c0JIb «IKcTpa» NaCL)

Conp TexHHYecKass UMEET TEMHO-CEPBI, PO30BATO-IPSI3HBIN LBET U
MPEACTABIIEHA OTHOCHUTEIBHO KPYNHBbIMU KpucTauiamu. Conb «OKcTpay
uMeeT Oenbplii I[BET M  MPEACTABICHA MEJIKMMH  KPUCTAJIaMH.
Haceimennsiii pactBop coaepxkut okono 30 % xnopucroro Hatpus. 1lo
ME€p€ HarpeBaHus pacTBOPUMOCTh yBennuuBaercs. Boansiit pactBop NaCL
umeeT pH — 7. XJIopucTbli HAaTpUd NPUMEHSETCS U1 NPUTOTOBICHUS
PaccoJIOB U COJICHACHIIIEHHBIX OYPOBBIX PACTBOPOB.

Conp «IKCTpay MIPUMEHSIETCA TU1sL IIPUTOTOBJICHUS
COJICHACBHIIIIEHHBIX OYpOBBIX PACTBOPOB, HCMOJB3YEMbIX s OypeHus
COJICHOCHBIX OTJIO)KEHUU C LENBI0 NPEAYNPEKICHUS PACTBOPEHHS] CTEHOK
CKBa)XMHBI U 00pa30BaHuUs KaBEPH.

4.8 Bo10op THna 0ypoBOro pacreopa ajisi OypeHusi CKBaKuH

BuiGop TumoB OypoOBBIX pPacTBOPOB SBISIETCS OJHUM U3 TJIABHBIX
AJIEMEHTOB TEXHOJIOTUU MPOBOJIKA CKBAXKHUH.

bypoBoii pactBop i OypeHHST B KOHKPETHOM HWHTEpBaJie
BBIOMpAeTCsl MCXOJ M3 OCOOCHHOCTEM TeO0JOTHMYECKOIO0 CTPOCHHS
CKBAXMH, TEXHOJIOTUYECKON U YKOHOMUYECKON PALUOHAIBHOCTH.

B  3aBucHMMOCTM  OT  BCKpBIBAEMOI'O0  pa3pe3a  HEOO0XOAUMO
UCIIOJIB30BaTh HECKOJIBKO TUIIOB OYPOBBIX PACTBOPOB.

BriGop THma OypoBOro pacTBOpa OIpENeNseT HOMEHKIATYpY
pEareHTOB U MaTEPUAJIOB JJIsl €TO CO3/IaHUS Y SKCIUTyaTalvH.

B ocHoBe BrIOOpa OypoBOTO pacTBOpA JISKHUT MPUHIIAI 00eCTICUSHHUS
YCTOMYUBOCTH TIOPOJI, OCOOEHHO TJWHHCTBIX, CHUKEHHE WX aKTUBHOTO
MPOSIBJICHUS] TIPU B3aUMOJICUCTBUU C OYypOBBIM PAaCTBOPOM, COXPaHEHHE
MPOHUIIAEMOCTH TOPOJ B MPOAYKTHUBHBIX IIJJACTaX M CTAOWUIIBHOTO
COCTOSIHHS TTOKA3aTEJIE pacTBOpa MPH JJIUTEIILHON SKCILTyaTalluH.

Hanuune  CONEHOCHBIX TOPOJI B TEOJIOTMYECKOM  pa3pese
MecTopoxkaeHuld benapycu oOycCIoBHIIO YCIOBHOE TOApa3JeicHUE Ha
YacTHu: HAJICOJIEBYIO, BEPXHECOJICHOCHYO, MEKCOJIEBYIO,
HIDKHECOJIEHOCHYI0 W TOJICOJIEBYI0. B 3aBHCHMMOCTH OT BCKpPBIBAEMOTO
paspe3a HeoOX0MMO UCIIOIB30BaTh HECKOJIBKO TUIIOB OyPOBOTO pacTBopa.
Bribop Ttuna pactBOpa SBISE€TCS OJHUM M3 OCHOBHBIX 3JIEMEHTOB
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TEXHOJIOTUA TPOBOJKMA CKBaXWH. OH omnpenensier HOMEHKIATYpY
pPEAareHTOB U MaTEPHUAJIOB ISl €r0 CO3AAHUS U IKCIUTyaTalluu.

HajacoseBoil kKoMILIeKe

BypoBoii pactBop st OypeHHs HAACOJEBBIX OTJIOKEHHM IOJDKEH
oOecrieunTh TMPENOTBpAIICHUE THUApATalldd TJWH, WX HAKOIUICHHE B
OypOBOM pacTBOpPE, COXpaHss HU3KWE 3HAUYCHHS IUIOTHOCTH, (PUIBTPAILIUU
U ONTUMAJIBHOM BSI3KOCTH, MPEIOTBPATUTh Pa3MbIB YCTh CKBAaKUHBI U
3arpsi3HEHHE BOJI MMUThEBOIO 0acceiiHa, COXPaAaHUTh YCTOMYUBOCTh PHIXJIBIX
NMECKOB U TIECYAHUKOB, OOECHEYUTh BBHIHOC BBIOYPEHHON MOPO/IbI,
VIYUYlIUTh [OKa3aTtenau paboThl josora. llemecooOpa3HO NPUMEHSITh
UHruOupyouue OypoBbie pacTBOPbI (IIPEIOTBPAIAIONINE THAPATALINIO
TJIMH ¥ CHIDKAIOIHE HApa0oTKYy OypOBOTO pacTBOpa).

CoJ1eHOCHBIIT KOMILTEKC.

[IpenMy1IeCTBEHHYIO pPOJIb B HUKHEW COJEHOCHOM TOJIIE WUIPAET
KaMEHHasg COJib, KOTOPOM MOJYAHEHBI MPOCIOM U MAYKH TJIIMHUCTBIX
OpoJ, Mepresei, U3BECTHSIKOB, TUIICOB U aHTUJPUTOB, PEXKE TOJTOMUTOB U
aJIEBPUTO-TIECUYAHBIX MOPOJI. MOIIHOCTh OTJIOKEHUN HUKHEW COJICHOCHOU
TOJIIY U3MEHAETCA OT HyJid 10 1200 m.

IIpoagykTHBHBIE OTJIO0KEHHSA (MEKCOJIEBOM M  IOJCOJICBOH
KOMILIEKCHI)

[IponyKTUBHBIE  OTJIOKEHUSI  NPEACTABIECHBI B OCHOBHOM
KapOOHATHBIMM (JTOJIOMHUTBI, U3BECTHSIKHU), TEPPUTCHHBIMHU (IIECUAHUKH,
aJICBPOJIUTHI) TIOPOJIaMH, K KOTOPHIM NPUYPOUYEHBI 3ajexu HedTH.
OCOOEHHOCTBIO JITAHHBIX OTJIOKEHUH SBJISIOTCS HX KOJUJIEKTOPCKHUE
CBOMCTBA M HaXOXJeHHUE (DJIFOMJIOB B HUX MO/ Pa3IUYHBIMU JABJICHUSIMHU.

4.9 Uurudupyrommue 0ypoBbie pacTBOPbI

B GonblmIMHCTBE paliOHOB JIMTOJOTHMYECKUM pa3pe3 CKBaKUH B TOU
WM WHOM MEPE MNPEACTABIEH TJIIMHUCTBIMU NOpoJaMH. B orinnuume oT
JOPYTUX TOPHBIX TOpPOA, ciab0 B3aUMOJEHUCTBYIOIIMX C Pa3IUYHBIMU
IIPOMBIBOYHBIMU KUJKOCTSIMHA Ha BOJHOM OCHOBE, TJIMHHUCTBIE TOPOBI IPU
KOHTAaKTe€ C BOJHBIMM cCpeAamu, T.e. (uiabTpaTaMud pacTBOPOB,
PETEepHEBAIOT CYIIECTBEHHbIE (PU3UKO-XUMHUECKHE U3MEHEHUSI CO BCEMU
BBITCKAKOIIUMUA U3 OTOr0  OTPULIATEIbHBIMU  IOCIEACTBUAMU IS
YCTOMYHUBOCTH CTEHOK CKBAXKMHBI (OCHINH, KABEPHO- U 00BAI000pa30BaHUs
U T.J.)

[Ipn moBbilIeHHONW (UIBTPALMA PACTBOPA MPOUCXOIUT OBICTPOE
yBIQXHEHWE M Hal0yXaHWe TJIMHHUCTBIX Mopona. PacTBop  Jerko
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oOoraiaercsi TIMHUCTOM (pa30i, 4YTO BEOET K PE3KOMY IMOBBIIIEHUIO
BA3KOCTH, CTATUYECKOTO HANIPSDKEHUSI CIIBUTA, COJIEP KAHUS TBEPIOH (pa3bl.
PazbaBneHne pacTBopa BOJON O HEOOXOJUMBIX MapaMeTPOB MPUBOJIUT K
YBEJIMUEHUIO €ro o0beMa U JIONOJHUTEIbHOMY pacxoiy peareHTOB-
cTaOmiam3aTopoB. Takas TEXHOJIOTHSA HE CIOCOOCTBYeT OBICTpOMY
OypEeHHUI0 CKBAXXKHMHBI, XOpPOIIEMY COCTOSHHMIO CTBOJa W HE OTBEYaeT
TpeOOBaHUSAM OXpPaHbI OKPY>KAIOIIEH CpeIbl.

[ToaToMy (GUBHKO-XMMUYECKOMY B3aUMOJCUCTBHUIO  (UIIBTPATOB
OypOBBIX pAacTBOPOB C TOTEHLUAIHLHO HEYCTOWYUBBIMU TJIUHUCTHIMU
NOpOJIaMU  YAENSAETCS 3HAYUTENbHOE BHUMaHue. 3ydeHuwe mnpupoisl
OCIIO)KHEHUH, CBSI3aHHBIX C TOHWKEHWEM YCTOWYMBOCTH TJIMHUCTHIX
MOPOJI, YKa3bIBAa€T Ha MEPCIEKTUBHOCTh IPUMEHEHUS (PU3NKO-XUMUUECKUX
METO/ZIOB MX mpenaynpexiaeHus. OIHUM W3 TaKUX METOJOB SBISETCS
UCIIOJIb30BAaHUE B  COCTaBE  pPACTBOpAa  PpeareHTOB-MHIMOUTOPOB,
CIIOCOOHBIX  TPENOTBpAIlaTh  THUAPATAIMI0  BBICOKOKOJUIOMIATBHBIX
TJIMHUCTBIX TTOPO/I.

BypoBbie pacTBopbl, coaep:kaniue HHrHOUTOPHI TJIMH, MOJTYYHIH
Ha3BaHMe wuHruOupyrommux. B Hacrosimee Bpemsi Bce Oosbliee
pacrpocTpaHeHre Tpu OypeHWU HEYCTOWYUBBIX IOPOJ, TMOTYy4YaroT
pacTBOPBl, B KOTOPHIX B KauyeCTBE WHTHOWTOpPA HCIOJIB3YETCS peareHT
XJIOPUCTBIN KaJIni.

UccnenoBanusa  mokaszanu, 9Tto  HambOosiee  3(PheKTUBHOE
«rpeoOpa3zoBaHue) MPOUCXOIUT MPU B3aUMOACHCTBUY TJIMH C PaCTBOpaMU
coJiel Kanus, KaTHOHbl KOTOPOro Haubosee NpoyHO (MO CpPaBHEHUIO C
JIPYTUMU KaTHOHAMU) YIEPKUBAIOTCS TIIMHUCTHIMA MHUHEPAJIAMA W MOTYT
CUATAThCA TMOYTH HEOOMEHHBIMHM, €CJIM OHHU BOILIM B MEXKIIAKETHBIC
MyCTOTHI B KpHUCTAJJIaX MOHTMOpWJUTOHUTA. [Ipy 3TOM BHYTpH KpucTasia
TJIMHUCTOTO MHHepajia Ha0yXaHWs HE TMPOUCXOAMT, TaK KaK HOH KaJlus
NPENsTCTBYET NPOHUKHOBEHUIO BOJIBI MEXIYy €ro 3JIeMEHTapHbIMU
nakeTaMu.

K wuHruburopam ruapataiiid OTHOCSITCS ~ HEOpPraHWYeCKue U
OpPraHMYECKHE BEIIECTBA, TAKUE KaK: M3BECTh, XJIOPUIBI Kajusl, KaJbLIUS,
MarHusi, THUIIC, aMMOHUWHBIE COJIM, HATPUEBBIE U KaJIHEBBIE COJIU
MOJIMKPEMHUEBON KHUCJIOTHI (KUIKOE CTEKJIO), MOJHUTIUKOIU, HEKOTOPhIE
JUTHOCYIb(OHATHI, aHUOHOAaKTUBHbIE [IAB, koTopbie  sBISIOTCA
HOCHUTEJISIMU MOHOB KaJIbIUsl, KaJIUsl, aMMOHHUSI U IPYTHUX.

OcCHOBHBIE Pa3HOBHUJIHOCTH MHTHOUPYIOMINX OYpOBBIX PAacTBOPOB:
U3BECTKOBBIC, THIICOU3BECTKOBBIC, XJIOPKAJIUEBbIC, THUIICOKAIHEBBIC,
XJIOPKAJIBIIHEBBIC, MATOCUINKATHBIC, ATFOMOKATHEBBIE.
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NHTEHCUBHOCTh MHTUOMPOBAHMUS BO3pPACTAET C TMOBBIINICHUEM
TEMIIEPaTypHI.

4.10 bypoBbie pacTBOPbI J1Ji1 OyPeHUS COJIEHOCHBIX OTJIOKEHUM

[Ipu npoXoKIEeHUHU COJMSIHBIX MOPOJ MPOUCXOJUT UX PACTBOPEHHUE.
ConsiHple MOPOJIbI, Clararolue CTEHKHW CKBaXUHBI, PACTBOPSIOTCS O]
NEeUCTBUEM MOTOKAa OYpOBOI'O pacTBOpA.

VY cToWurBOCTH (110 OTHOUIEHHUIO K PACTBOPEHUIO) CTEHKU CKBAXKUHBI,
CJIO)KEHHOW  OJTHOPOJHBIMM  MOpPOJaMHU, HE3aBUCUMO OT CKOpPOCTHU
BOCXOJIAIIETO TOTOKA, MOXET OBITh JOCTUTHYTA JHIIb TMPU YCIOBUH
MIOJIHOTO HACBIIIEHUsI OYPOBOTO PacTBOpa COJIbIO (COJIb, COMEpIKaIasics B
pacTBope, N0HKHA ObITh TAKOM K€, KaK COJib, U3 KOTOPOU CIIOKEHBI CTEHKHU
CKBQ)KHHBI).

[Tpu HEOOJIBIIIONW MOIITHOCTH HEOTHOPOJAHBIX COJIE OCHOBHOM MEpoit
OpeaynpexXaeHUss  MX  PacTBOPEHUs]  SBJISETCS  MaKCUMaJIbHOE
dbopcupoBaHue pexxuma OypeHus C MOCIEAYIOUUM CITyCKOM KOJOHHBI U €€
[IEMEHTUPOBAHHUE.

[Ipu OonbIIONW MOIMHOCTH HEOJHOPOJHBIX coJel Haubosee
HAJIE)KHOE CPEICTBO MPEIOTBPALEHHUS] UX UHTEHCHUBHOI'O PACTBOPEHUS -
OypeHue ¢ MpUMEHEHHEM O€3BOJHBIX OypOBBIX PACTBOPOB. [NHMHHUCTHIE
coJieCTOlKHe OypOBbI€ PACTBOPHI TOTOBST U3 MAJIBITOPCKUTA.

4.11 BypoBbie pacTBOPbI AJIfl BCKPBITUHS NPOAYKTHBHBIX
OTJIOKEHU U

bypoBeie pacTBOpBI sl BCKPBITHS NMPOJYKTUBHBIX IUIACTOB — 3TO
CIEHHAIIBHO CHPOEKTUPOBAHHBIC, HE YXYAUAKOIME KOJUIEKTOPCKUE
CBOMCTBa IUIaCTOB OypoOBBIE JKHUJKOCTH, TMpeJHA3HAYCHHbIC IS
VCIIOJIb30BaHUsI B MHTEPBAIAX KOJUIEKTOPOB. Takme pacTBOpPBI IMPU3BAHBI
o0ecreunBaTb MAaKCUMAaJIbHbIE TEXHHMKO-3KOHOMHMYECKHE TOKa3aTenu
OypeHuss U OpPU 3TOM MHUHUMAJIBHO 3arpsA3HATH MPOAYKTHBHBIN IUIACT,
COXpaHsIs MOTEHIHAIBHYIO MPOAYKTUBHOCTH CKBAKHHBI.

bypoBo# pacTtBOp Myl BCKPBITHS NPOAYKTUBHOTO ILIACTA JIOJIKEH
OTBEYATh CIEAYIOUTUM TPEOOBAHUSIM:

® HE COJIepX,aTh B pELENType TJIMHY U KHUCIOTOHEPACTBOPUMBIE
YTSOKEISIONME MaTepralibl, KOTOPbIE MOTYT MUTPUPOBATh B KOJIJIEKTOPE U
3aKyIOPUBATH €0 MOPHI;
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® collepXaTh  pa3pyllalolldecss WIW  KUCIOTOPACTBOPUMBIE
peareHThl ISl PEryJupoBaHUSl BS3KOCTH M (PUIBTpAlUM U OCOOEHHO
3aKyITOPUBAIOIIME ar€HThl OMPENEIEHHOIO TPAHYJIOMETPHUUECKOIO COCTaBA
(kak  cBOJOOOpa3zyrolIMii  MaTepuana), KOTOpble  OTPaHUYUBAIOT
GUIbTpaIMIO B TUIACT U TAPAHTUPOBAHHO MOTYT OBITh U3 HETO Y1aJIeHbI;

e (QuibTpaT pacTBOpa JOJDKEH MPENOXpPaHATh HaXOISAIIUECS B
MPOJAYKTUBHOM ILUIACTE TJIMHUCTHIC OTJIOKEHUSI OT HaOyXaHUs, MUTPALIUU
WM 3aKYTIOPKU KOJUJIEKTOPA;

e (uibTpar pacTBOpa MOJKEH OBITh COBMECTHUM C IUIACTOBBIMU
KUIKOCTAMHU, YTOOBI HE 00PA30BBIBAIIUCH TBEP/IBIE OCAJIKH;

e HE U3MEHATh CMAa4YMBAIOUIYI0  XAPAKTEPUCTUKY  IOPOJbI
KOJUIEKTOPA B JIFOOYIO CTOPOHY;

e He 00pa3oBBIBaTh AMYJIBCUU C IUIACTOBBIMU KUJKOCTSIMU U
OJIOKMPOBATH ITOPOBOE MPOCTPAHCTBO KOJJIEKTOPA;

® YJOBJETBOPATH TPEOOBAHUSIM K TPAAUIIMOHHOMY OYpOBOMY
pacTBopy — oOecneyuBaTh XOPOIIYH) OYHUCTKY CTBOJIa CKBaKUHBI,
CMa3bIBAIONINE CBOMCTBA U MHTMOUPOBAHUE TTOPOJT U JIP.

st BCKpbITHS TPOAYKTUBHBIX I1acToB B PYII «lIponsBoacTtBenHoe
oowenunenue «benopycunedts» npumensiercsa BIIP u ero mogudukaum —
BPIIIT (OuomonuMepHbId pacTBOp TMOHM)KEHHOW IIOTHOCTH) U BOP
(OuonONMMEPHBIN IMYJILCUOHHBIA PACTBOD).

4.12 bypoBble pacTBOpbl sl OypeHHsi TOPH30HTAJIbHBIX
CKBAKMH

Metoa ropu30oHTaIBHOTO OYpeHHUs IO3BOJIIET CTPOUTH CKBAKUHBI
HAKJIOHHBIMH, KOTJIa UX CTBOJIBI OTKJIOHSIOTCS OT BEPTUKAIH, a OypoBas
BBIIIKA pacrojaraercs Ha 3HAYUTEIbHOU AUCTAHIIUU OT MECTOPOKICHHUS.
Ceroansi, HAapPUMEP, UCTOIB3YS 3TOT MPUHIIMUII, CTAllHOHAPHBIE OYPOBBIE,
HaxosImMecs Ha 6epery, 100bIBatOT HePTh U3 11eIb(HOBON 30HBI MOPHI.

Ilenu OypeHus  20pU3OHMANbHBIX U 20PU3OHMATIbHO-
PA36emME1eHHBIX CKEAMCUH:

- TIOBBIIIEHHWE MPOJYKTUBHOCTU IUIAaCTa 3a CYET YBEJIMYCHUS
iomaau GuIbTpaluy;

- TMpOJJICHUE Teproaa 0€3BOAHOM IKCIUTyaTallud CKBAYKUHBI;

- YBEJIMYEHHME  CTENEHW  W3BJICYEHUS  YIJIEBOJOPOJOB  HA
MECTOPOXKACHUSAX, HAXOASAIIUXCS HA MO3HEN CTa UM pa3pabOTKu;

- noBhIlIeHUE A(HPEKTUBHOCTU 3aKaYKU areHTOB B IJIACTHI;
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- BOBJICUEHHE B Pa3pabOTKy IUIACTOB C HU3KUMHU KOJUIEKTOPCKUMU
CBOMCTBAMU U C BEICOKOBS3KOM HE(PTHIO;

- OCBOEHHME TPYIHOJOCTYIHBIX HE(PTEra3oBbIX MECTOPOXKICHUH, B
TOM YHUCJIE U MOPCKHX.

Texunonorus pa3paboTKu MECTOPOXKACHUN HeTH
CyOrOpHU30HTAIbHBIMA M TOPU3OHTAIBHBIMU Y4YaCTKaMU CKBa)KUH Halllia
MOBCEMECTHOE HCMOJb30BaHUE BO MHOTHUX HEPTSIHBIX paiioHax. OHa
0co0eHHO 3 (PeKTUBHA HA MECTOPOKICHHUSX, BCTYNHUBIINX B MOCIEIHIOIO
CTaJANI0 pPa3padOTKH, K KOTOPbIM MOYXHO OTHECTH OOJIBIIYIO YacTb
MecTopoxaeHu Hetu bemapycu.

[IpaBunbHBIE ~ BBIOOpP cOCTaBa pPacTBOPOB C OMNPEICICHHBIMU
PEOJIOTUYECKUMH ~ XapaKTEPUCTUKAMU HWMEET YPE3BbIYANHO  BaXHOE
3HAYEHUE JUISl yCIEMTHOM MTPOBOAKH CTBOJIA CKBAYKUHBI.

OcHOBHBIE KpUTEpUU BBIOOpa PacTBOPOB I TOPU3OHTAIBHBIX H
BEPTUKAJBHBIX CKBAXHH coBnagaroT. K HUM OTHOCSTCS:

e o0ecreueHne XOpoIei OYNCTKH CTBOJIA OT BEIOYPEHHOM TOPOIBL;
TpedyemMast IIIOTHOCTh PacTBOPA;

XOpolliasi cMa3bIBaroIiasi COCOOHOCTh PacTBOPA;

HU3KKE QUIBTPAIMOHHBIE CBOMCTBA,;

COOJIIOJIEHHE PKOJIOTHUECKUX TPEOOBAHNUI;

3alKTa TPOIYKTUBHOIO TUIACTA;

o0ecrnieueHre BO3MOXKHOCTHU MTPOBEICHUS NCCIIeI0BaHUM T1acTa.

Opnako mpu OypeHMH  CyOrOpHU3OHTAIBHBIX M TOPU3OHTAIBHBIX
CTBOJIOB 3TU TpeOoBaHus elie Oojiee yxkectouaroTcs. Hampumep, uz-3a
TOPHOIO JABJIEHUS, CO3MAIOIIET0 PAIHAIBHYIO HArpy3Ky, TOPU3OHTAIbHBIE
YYaCTKH XapaKTEPU3YKOTCS MEHBIIIEH YCTOMUYUBOCTHIO, YEM BEPTUKAILHEIE,
a, B CBSI3U C OOJbIIEH MPOTSKEHHOCTHIO, MX CTEHKU TOpa3io J0JIblIe
NOJIBEPKEHBI BO3JIEUCTBUIO OypOBOIO pacTBOpA.

B Hacrtosiiee Bpemsi psigoM GupM OpeasiaratoTcs pa3iuyHbIEe THUIIBI
pPacTBOPOB [JIsi TOPU3OHTAIHHOTO OypEeHHS: Ha OCHOBE CHHTETHYECKUX
MOJINMEPOB, OHMOTIOJMMEPOB, WHTHOUPYIOIINUE, dSMYIHLCUOHHBIE, PACTBOPHI
Ha yrieBoopoiHoi ocHoBe (PYO) u 1.1. K HOBOMY MOKOJIEHHIO OYPOBBIX
PacTBOPOB JIJISI BCKPBITHUSI UCTOILEHHBIX TOPU30HTOB OTHOCUTCA A(DPOHUKC
— OE3IJIMHUCTBIA TOJMMEpPHBI OypoBOWM pacTBOp Ha BOAHOW OCHOBE, B
KOTOPOM HCIIOJIb3YETCSI YHUKAJIbHASI TEXHOJOTHS MOJy4YeHUs appoOHOB
(MHOTOCJIOMHBIX MUKPOIY3bIPbKOB BO3/lyXa KOJJIOUJIHOTO pa3Mepa).

4.13 OMyJabCHOHHBIE OYpOBBIE PACTBOPBI

55



Psan ITAB, kak ye yKa3blBajoCh, MPEACTABISIOT COOOM KOM-
NO3ULIMKM PA3JIMYHBIX BEHIECTB, OJHHM M3 KOMIIOHEHTOB KOTOPBIX $B-
asercss TUApo(POOHAs COCTaBISIONIAas — MHUHEpPAJIbHOE Macio WIH
opraHudeckue kupsl. [Ipu BBeJIleHUU B BOJly TAKMX COCTaBOB 00pa3yroTCs
BOJIOMACJISIHBIE 3MYJIbCHHM, KOTOpPbIE IIUPOKO HPUMEHSIOTCA IIpHU
anMa3zHoMm Oypenuu. [lo cpaBHeHUIO ¢ BOAHBIMU pacTBopamu [TAB 3tu
OMYJIbCUM  O0JIaal0T  MOBBIIEHHBIMH ~ CMa30YHbBIMH M aH-
TUBUOPALIMOHHBIMA CBOWCTBaMH, aKTHUBHO BO3AECHCTBYIOT Ha IIPOILIECC
pa3pylieHus TOPHBIX MOPOJ U 00ECIEUMBAIOT 00Jee BBICOKHE TEXHHUKO-
YKOHOMMYECKHE MOKa3aTeNH OypeHus.

B Oypenun npuMeHst0TCSl SMYJIbCUH ABYX TUIIOB:

ymyJbcud I poga tuna macio B BOAE, B KOTOPOM IUCIIEPCHAS
(BHeIIHsIs1) cpena — BoAa, a HePTh WM HEPTENPOAYKT — AUCHIEpPCHAS
daza;

smyabcuu Il poxa, Tak HaszpiBaeMble oOOpallleHHbIE (0OpaTHBIC)
TUIIa BOJIa B Macje, B KOTOPOW AMCHEpPCHOHHAs cpena — HedTh WiIH
HEQTENpPOIyKT, a BOJAa AUCIEPrUPOBaHA U PAaBHOMEPHO paclpeiesieHa
no o0beMy pacTBopa; 3MyJibcuu Il poga Ha3bIBAIOTCSA TaKKE HHBEPTHBIMU
AMYIBCUSIMU.

Omynecuu [ poja  1mo  MHOTMM  CBOMCTBaM, OCOOEHHO  TO
ruapoUIbHOCTH, HAIOMHUHAIOT BOAYy, 3Myibcuu Il poma — He]Ts,
MO3TOMY TMOCJIEAHIOK  JIHCIEPCHYK CHCTEMY Ha3bIBAOT TaKkKe
ruipodoOHOM IMYIIbCHEM.

OMynbcud O0pa3yroTCi MNpHU NEPEMEUIMBAHUM JBYX B3aMMHO He-
pacTBOpUMBIX KuAkocTe. IIpum sToM kuakoctu ¢ 0Oosiee BBICOKUM
NOBEPXHOCTHBIM HATS)KEHHEM JUCIIEPTUPYIOTCSA B IPYroM KUIKOCTH. JJis
CTaOUITU3ALMK SMYJIbCUU BBOASAT €Il€ OJIMH KOMIIOHEHT — 3MYJIbIaTop.

B OonpmMHCTBE clly4aeB 3MYJbrarop — 3TO MOBEPXHOCTHO-aK-
TUBHOE BellecTBO. KOHIIEHTpUPYACH Ha MOBEPXHOCTU pazzena (a3, oHO
YMEHBIIIAeT TTOBEPXHOCTHOE HATSKEHUE Ha 3TOM I'paHUIE, MPENSITCTBYET
CIUSHUIO 100y, Bokpyr kaxaoii ri100ynibl 00pa3yeTcs TOHKAs IIOTHAs
MJeHKa, cTabuinuzupytomas rinoodyny. Cradbunuzanus rio0yJs BO3MOXKHA
TaK»Xe 3a CUET aJIcCOpOLMU Ha UX MOBEPXHOCTU HOHOB U3 JUCIIEPCUOHHOM
CpEBbl.

[Ipocreitmmii SMyJIbCHOHHBIA OYpPOBOM PacTBOp — CMECh BOJIBI U
AMYJBTUPYIONIEr0 KOHILEHTpaTa, COAEpXkallero MacisHyo (da3sy.
[TonydyeHune Takux 3MYJIbCHOHHBIX OYpOBBIX PACTBOPOB B OOJIBIINHCTBE
CIy4yaeB CBOJUTCS K J00aBKE K BOJI€ AMYJbIHUPYIOIIErO0 COCTaBa C
MOCTEIYIOIIUM MEXaHUYECKUM MEPEMEIINBAHUEM.
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OCHOBHOM TOKa3aTellb KadyecTBa SMYJIbCHM — HUX YCTOMYUBOCTE.
[TocTymienne B 3MyJbCHOHHYIO IPOMBIBOYHYIO KHJIKOCTh B IHpOLECCE
OypeHHs BBICOKOJIUCTIEPTUPOBAHHOM TBEP 101 (ha3bl, 0COOCHHO IITUHUCTOM,
NOBBIIIAET YCTOMYMBOCTh SMYJbCHH. BBeleHHMEM ASMyJIbIUPYIOMINX
KOHILICHTPATOB MOXKHO JII0OYI0 MPOMBIBOYHYIO >KHMIKOCTh Ha BOJHOM
OCHOBE MEPEBECTU B KATETOPUIO IMYJIbCUOHHBIX.

4.14 bypoBble pacTBOPbI ¢ KOHJACHCUPOBAHHON TBepaAoil (pa3oii

BypoBble pacTBOpel C KOHACHCUPOBAaHHOW TBepAoll (azoi
NPEACTABIAIOT COOOWM KOJIJIOMAHBIE CHCTEMBI, KOTOpPbIE IMOIY4YaroTCs
OyTEM BBEJICHUS B MCTUHHBIA pacCTBOpP BJIEKTPOIUTOB (PaccoJioB)
pa3IMYHBIX iea04en, B pe3ynbTare 4ero oOpa3zyroTcs
TPYAHOPACTBOPUMBIE COCIMHEHMUS (ruaporesn). Nx
PEKOMEHyEeTCSl IPUMEHATh NPU OYpPEHUU COJIEH, COJEHOCHBIX MOPOJ, a
TaKX€ HEYCTOWYMBBIX TJIIMHUCTO-APTUIIUTOBBIX MOPOJ, HE COJEPHKAIIUX
TaJIOTEHHYO TOJIIY.

Haubonbuiee pacnpocTpaHeHUE MOJYyYUT THAPOTreb MATHHS.
JInd moJiydeHHus Takoro pacTBOpa B MUHEPAIM30BAHHYIO IJIACTOBYIO
BOAY, JIMOO pacTBOP XJOPUIHBIX OTXOJOB MPOMBIIIIEHHBIX MPEANPUATHH,
aubo (pexxe) pacTBOp TOBapHOro OumiopuTa C cojep’kaHUEM HOHOB
maruus 10 40 r/n1 no6aBasoT 2% MIeI04H UM U3BECTHU C MOCIEAYOIIUM
aKTUBHBIM I€peMelINBaHueM. B pesynbpTare mnojydaercss B3BECh B
pacTBOpe CcoJIell BechbMa aKTUBHOI'O BEHIECTBA — THUIPOOKHUCH
maruust Mg(OH),, obsagaromias CTPYKTYpOU 17|
BBICOKOMHTHOUPYIOIMUMHU CcBOMCTBaMHU. OOmias CoJICHOCTh TUAPOTeNs
Mar"Husg MokeT gocturath 350 r/im.

CBoiicTBa TakuX pacTBOPOB JIETKO PETYJIUPYIOTCS BBEIACHUEM
NOJMMEPOB, KpaxMayia W JUTHOCyJabpoHaTOB. Ha ocHOBe ruuporens
MarHusi MCHOJIb3YIOTCS «YHUCTBIE TUAPOTENHN)», TIUHUCTO-TUIPOTEIIEBbIE,
IMYJIbCUOHHBIE PACTBOPBI.

['uaporenn MOXHO HMCHOIB30BaTh TAKXKE B KA4ECTBE CTPYKTYpH-
POBaHHBIX OYpOBBIX PacTBOPOB IMpU OypEeHUHU B CEBEPHBIX pailoHax, a
TaK>K€ B 30HE MHOTOJIETHEMEP3JIbIX MOPO/I.

4.15 Ilennl
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IIpocTeitmast meHa TMpPeACTaBISCT COOON JAUCHEPCHIO BOJBI B
Bo3ayxe. OHa mojyyaeTcss MyTe€M HAarHeTaHuss B CKBaXXUHY CMECHU
BOJIBI U CXKATOTO BO3JyXa 4Yepe3 CHEHUaIbHBIA CMECUTENb WU
neHoreHeparop. Takas neHa rpyboaucnepcHa, HeyCToYuBa.

bonbiiee pacnpocTpaHeHHE TONYYMIM TaK Ha3blBaeMble CTa-
OowibHble TeHbl. JlucnepcHas (a3a Takol MPOMBIBOYHOW CHCTEMBI
npeacTaBisier coboil nubo cmech Boabl ¢ IIAB, nub0 HpPOMBIBOUYHYIO
KUIKOCTh C BBICOKOJAWCIIEPCHON TBepaod ¢a3oil (MOXeT OBITh C
no6askoii [TAB). Yamie Bcero mcmnonb3yercs OCHTOHUTOBBIM pPacTBOP.
[lersr c MeIKoaUCIIEPTUPOBAHHOW TBepaoil ¢da3zoil 3hPeKTUBHO
3aKPETUISIOT CTEHKU CKBAKUHBI.

[lena oGmnagaer Oosee BBICOKOW Hecylleld CIOCOOHOCTHIO, YEM
mo0asi Apyras NpPOMBIBOYHAsA cpena (CUMTAeTcs, YTO MO BBIHOCHOM
CIIOCOOHOCTH TI€Ha MpeBocxoauT Boay B 10 pa3), mmeeT XOpolliyio
OXJIXKJIAIOUIYI0 CIIOCOOHOCTb, CO3/Ja€T HEOOJIbIIOE THUIPOCTATHUYECKOE
JaBJICHUE, MPENATCTBYEeT OOpa30BaHUIO CAJbHUKOB, CHUXAET H3HOC
nopoJopa3pyliarniero MHcTpymeHTa. [leHa BpeMEHHO NPOHHMKAET B
TPEIINHBI U TOPHI TOPHBIX MOPOJI, CTAOMIM3UPYSI CTEHKU U MPEMATCTBYSI
yXOJIy TTPOMBIBOYHOM CpeJIbl B MOTJIONIAOIINE TUIacThl. Mcnonp30Banme ee
IPUBOAUT K POCTY TEXHUKO-dKOHOMHUYECKHX TOKa3aTesiell OypeHus, u B
NEPBYIO OYEPEb K MOBBIIICHUIO MEXaHUYECKON CKOPOCTH.

[IpuMeHsFOTCS TIeHBI MPU pa30ypuBaHWM HAHOCOB, IMyYalluX IIO-
PO/, YYBCTBUTEIBHBIX K BOJIC, MHOTOJICTHEMEP3JIBIX MOPOJ, a TaKXKe B
JIPYTUX CJIOKHBIX yCIOBUSX.

S5 OcioxHeHust npu OypeHNH CKBAKUH

Haunbonee pacnpocTpaHEHHBIMH OCJIOXXHEHUSIMU TIpU  OypeHUH
CKBQXXUH  SIBISIFOTCS:  TOTJIOMIEHUS  OYpOBBIX  IPOMBIBOYHBIX U
TAMIIOHAKHBIX PACTBOPOB; Pa3PYIIEHUE CTECHOK CKBAXXWHbBI, ILIACTOBBIC
GIOUAONPOSBICHUS, MPUXBATBl OypOBOTO HHCTPYMEHTAa U 0O0CaIHBIX
Tpy0. Takas knmaccudukanuss OCIOXKHEHUH, HE TPEeTeHAys Ha
3aKOHUYEHHOCTh, T03BOJIIeT  AuBPEepeHIIUPOBaTh  TEXHOJIOTHYECKHUE
nmpuemMbl OOPHOBI C HUMH.

Ha IJIOMIAJIAX PVII «IIpon3BoaCTBEHHOE 00BbEeINHEHUE
«benopycHedTh» reonorndeckre (pakTOpbl BO3HUKHOBEHHS OCIO0KHEHUM
MOTYT OTJIMYAaThCS HE TOJBKO MNpU OYpPEHUM CKBAXHH Ha Pa3HbIX
MECTOPOKICHUSX, HO U B MIPEJIeJIaX OJTHOTO.
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5.1 Ilornomenusi 6ypoBoro pacrsopa. Meroabl nmpeaynpexaeHust
U JINKBUAAUMHU MOTJI0LIEeHUit

[Ipu OypeHuu U peMOHTE CKBXKHH OJHUM M3 BUIOB OCJIOKHECHHIA
ABJISIETCSL TOIJIOLEHHe OypoBOoro pactBopa. IIpuunHamMu mOriIoONIEHUS
SBIISIIOTCS ~ €CTECTBEHHAs TMPOHUIIAEMOCTb IUIACTOB, OOYCIIOBJICHHAS
TPEIIMHOBATOCTHIO, KABEPHO3HOCTHIO, PA3yIUIOTHEHHOCTHIO TIOPOJ TMpH
HA3KOM  AHOMAJIBHOCTH  IUIACTOBOTO  JABJICHUS. [Tornomenus
ONPENEISAIOTCS WHTEHCUBHOCTBIO M TIEPENaoM JaBJIEHUSI CKBa)KMHAa-
m1acT. TEeXHOJIOTMH TMPEeAYyNpPEeKACHUS W JIMKBUIAAUWHU MOTJIOIECHUN
BBIOMPAIOTCS B 3aBUCMMOCTH OT UX KaTErOpvU U IEJIEBOTO Ha3HAYCHUS
IJIACTOB-KOJJIEKTOPOB. Kareropus MOTJIOUIEHUS ONpPENEIISIETCS
MHTEHCHUBHOCTHIO. Knaccudukanus nornouieHuii npuBeieHa B Ta0IuIE.

Tabnuya
Knaccnpukanus morsiomennii 0ypoBoro pacTtsopa npu OypeHuu
CKBAKUH
Kareropus NHTEHCUBHOCTH XapakTepucTuKa
TOTJIOMICHHUH | MOTTIONIeH i, M /4 HNOTJIOUIEHUS
1 102 YacTuuyHoe
(0e3 moTepu HUPKYJISLUN)
) 2.5 ITos1HoE
(moTepst HUPKYJISIIUN)
Karacrpoduueckoe
3 0oJiee 5 (cO 3HAYUTENBHBIM IaJICHUEM
YPOBHSI paCTBOpPA B CKBAKUHE)

B npaktuke Oypenusi PVYII «llpousBoacTBeHHOE 0O0BEIMHEHHE
«benopycHedTb» NOJTy4Ynsia pacrpoCcTpaHEHHE cieayronas
KJaccuuKanysi HTHTEHCUBHOCTHU TOTJIOIICHUI:

1 kamezopus — vactuunsie (1-2 M/4ac), 6e3 MOTEPH LUPKYIISLHHL
JlaHHbIE TOTJIONICHHUS TOAAAIOTCS MNPOMUIAKTUUECKUM MEPOIPUSTUSIM,
HaIpPaBJICHHBIM Ha PErYJUPOBAHUE COCTaBA U CBOMCTB OypOBOI0 pacTBoOpa.

2 kamezopua — nonHble (2-3 M3/qac) C MOTEepeu MUPKYISALUUA U
YCTAaHOBJICHHUEM YpOBHS OypoOBOrO pacTBOpa Ha YCTh€ CKBa)KUHBI.
W3menenne coctaBa (BBEACHUE OMNWIOK M JPYIUX MEJIKOAUCIEPCHBIX
HAIlOJIHUTEJIE) U MapaMEeTPOB PacTBOPA HE MPUBOAUT K 3HAUYUTEIBHOMY
CHIWKEHHIO HMHTEHCUBHOCTM moriomeHus. [lpu maHHOM KaTeropuu
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OCJIO)KHEHHMSI ~ BCKpPBITUE HHTEpBaja IMPOUZBOAUTCA 0€3  BbIXOJa
HUPKYJAIUU  OypoBOro  pacTBOpa C  TOCHEAYIOUIEH  3aKauKoil
TaMIIOHUPYIOIIHUX COCTABOB.

3 kamezopusn — xatacrpoduueckue (6omee 5 M /dac) - CoO
3HAYUTEIBLHBIM MMaJICHUEM YPOBHsI OYpOBOT'O pacTBOpa B CKBakuHE. B aTnx
CJTy4dasiX BCKPBITHE TOTJIONIAIOIIET0 HHTEPBaja Takke BeJeTcsl 0e3 BhIXoaa
HUPKYJSIIMM  C  TOCJEAYIONIUM  OINPEICIICHUEM  MEPONPHUATHH 110
JUKBUJAMK nioriomeHnii. K HuM B mepByro ouepesib OTHOCSTCS COCTaBHI,
BKJIIOUAIONIME  KPYMHOpPA3MEPHbIE  HAMOJHUTEIM U I[EMEHTHBIC
KOMMO3UIIMU. B OOJIBIIMHCTBE CIIy4yaeB MOTJIOMICHUSI JUKBUIUPYIOTCS
CITyCKOM 00CaJTHOW KOJIOHHBI.

IIpencraBieHHas XxapaKTEPUCTUKA MOTJIONICHUH JaeT BO3MOKHOCTD
NpeaynpeXJAeHUs W TMPaBUIBHOIO TOAXOJa K METoJaM H crocobam
JMKBUAAIUM UX B CKBQKUHHBIX YCIIOBUSX.

IHoraomaroimme IUIACTHI-KOJIJIEKTOPbI KJIACCU(DUITUPYIOTCS
HCXO/JIS M3 UX ILIEJIEBOr0 Ha3HAUYCHUS:

1 KJacc — MIACTHI-KOIEKTOPHI MPSMOIO I€JIEBOTO Ha3HAYCHUS IS
JTOOBIYM HE(PTH UIIM 3aKAYKHU BOJIBI;

2 KJacc — BOJIOHACHIIICHHBIC WM HE(TEHACHIIICHHBIE TLIACTHI-
KOJIJIEKTOPBI, KOTOPBhIE B JaJIbHEHIIIEM MOTYT OBITh HCIOJIB30BaHBI KakK
BO3BpaTHbIE 0OBEKTHI JUIsl JOOBIYM HE(PTH MIIM OpraHU3alUK 3aKauKH,

3 Kjacc — BOJIOHACHIIMIEHHBIE MEXKCOJEBBIE WM IOJCOJIEBBIC
OTJIOXKEHHUsI, KOTOPhIE€ B HACTOAIIEE BpeMs M B JajbHEWIeM He OyayT
ucnons3oBatbes mius [Tl (momaepaHust TIaCTOBOTO JABJICHUS) WU
COPOCOBBIX 1IEJICH;

4 KkJjacc — BOJIOHACKIIIIEHHBIE HAJICOJIEBBIE OTIIOKECHUS.

Knmaccudukanmuss  miacToOB-KOJJIEKTOPOB MO0 HMX  IIEJICBOMY
HAa3HAYEHUIO  IIO3BOJISIET  IMOAOMpaTh  TEXHOJOTHIO  JIMKBUJIAIIMH
MOTJIONIEHUSI C TOYKH 3peHUs A(OPEKTUBHOIO OCBOEHHUS IUIACTOB-
KOJIJIEKTOPOB JIJIsl TOOBIYM WJIM 3aKauKH MOCJIE JTUKBUIALMY TTOTJIONIEHUS U
KOJIbMaTalliy MPUCKBAXXUHHON 30HBI.

KoabMaTanmsi - 3T0O 3alojHEHUE TOP W KaHAJIOB MOPOJI, IIPOXOJIH-
MBIX CKB@KMHOH, TJIMHUCTHIMH M HWHBIMM TBEPJbIMH 4YacTUIIAMU WJIU
3aTBEPAEBAONIMMHM  YacTUIIaMH  KUAKOCTH. OHa  MOXeT  OBITh
MEXAHUYECKOM M XHMHUYECKOW. B mepBoM cilydae OHa IMPOUCXOAUT IIPHU
3alOJIHEHUU TIOP WM KaHAJIOB MOJ ACHCTBUEM CWJI TpaBUTALIMU, TPEHHS U
IEHTPOOESKHBIX. BO BTOpOM - KOT/1a 3aM0JHEeHHE TIOp U KaHAJIOB TBEPABIMU
YaCTUIIAMU COMPOBOXKAAETCA XUMUYECKUMHU PEAKIUIMH C TTOPOJIaMH, WU
UJET MPOLECC 3aKyNMOpKU TOp 0Opa3oBaHMEM TBEPAOrO BEIIECTBA U3
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KUJKOro. MexaHuueckass  KOJbMAaTamusi MOXET  COINPOBOXKIATHCS
XUMHUYECKOM.

Ha nponunaemocts (QopmupyeMoil Ha  CTEHKE  CKBa)KUHbI
GUIBTPAIlMOHHOM  KOPKM  3HAYMTENIbHOE  BIMSHUE  OKa3bIBAIOT
TPaHyJIOMETPHUYECKUN COCTaB M KOJUYECTBO KOJIbMATAaHTA, BXOISIIETO B
COCTaB pacTBopa. B cilywae ecnu KOJabMaTUPYHOLIas CMECh COCTOUT M3
YaCTHUII, 3HAYUTEIBHO MPEBBIMIAIONIAX IO Pa3MeEPY OTBEPCTHS MOP, TO OHU
HE cMOTYT chopMupoBaTh 3PHEKTUBHYIO QUIBTPAIIMOHHYIO KOPKY. YacTh
U3 HUX OyJE€T YHOCUTBHCS MTOTOKOM pacTBOpa, a MEXKJy 4YacTUIlaMu OyyT
00pa30BBIBATHCSI KAHAJIBI, YEPE3 KOTOPBIE CBOOOHO (PUIBTPYETCS pacTBOP
(puc. 22a). Yactuupl pasMepoM, 3HAYUTEIIBHO MEHBIIUM OTBEPCTUN TOP,
OECTHpEeTsITCTBEHHO MPOHUKAIOT B TIOPOBOE TMPOCTPAHCTBO IIIacTa U
3arpsi3HA0T ero (puc. 226). IlpaBunbHOEe pachpeesieHue 4YacTull IO
pa3MepaM B COCTaB€ KOJbMAaTaHTa CIOCOOCTBYET OOpa30BaHUIO
(GUIBTPAIIMOHHON KOPKY C MUHUMAJILHBIM MPOHUKHOBEHUEM (DuibTpaTa u
TBEPJIbIX YACTHII B II1acT (puc. 22B).

[IpeBbiienne Prugp. Hax Prul. npOMCXOIUT IO IPUYUHAM:

- OypoBO# PacTBOP C BBICOKOU IMIOTHOCTHIO;

- OypoBo#i pactBop umeeT 6ombiine 3nadenus CHC;

- CHOyCK OypwJIbHBIX TPYO CO CKOpPOCTHIO, TMPEBBIMIAOIIEH

Al ——— '\f}"'-l o YO E—
/L (CreHka o .CTeHKa ":;‘.'.CTeHKa
o[ CKBAXMHBI A ﬁcr(Ba)l(qul i BNCKBAXWHI
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8 g 8 g g iy
¥ ¥ TS
o \ o o T ~
EE I:E :E H o :
) T O T o pazg ]
ITc c I B)
JOIYCTHMYIO.

Puc. 22. Bnustaue GpakiinOHHOTO COcTaBa KoJIbMaTaHTa Ha
(bUIbTpalIMOHHBIE CBOMCTBA OYPOBOI'O pacTBOpa

MeToapl IpeaypeKICHUS:

- Prugp. causuth 1o Pron.;

- CHM3UTh CTPYKTYPHO-MEXaHUYECKHE MMOKA3aTeIN 10 MUHIMYMA,
- 00paboTaTh PacTBOpP CMA304YHON JOOABKOM.
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JInss  JUKBUJALMM  TIOTJIONIEHUS] ~ NMPUMEHSIOT  KOMITO3UIIUM
KOJIbMaTaHTOB B BHJIE HAMOJHUTENEH PA3HOTO TPaHyJIOMETPUUYECKOTO
cocTaBa v (POPMHBI.

AHanu3 00JBIIOT0 00beMa BHITIOJIHEHHBIX Pa0O0T MO3BOJIMII ClIETIATh
CJIEYIOIINE BHIBOIBI:

- HAIIOJIHUTEJIH JOJIKHBI OBITh Pa3HBIX TUIIOB U Pa3MEPOB;

- caMble KpYITHbIC M TIPOYHBIC YACTUIILI HEOOXOIUMBI VISl CO3/IaHUs
MIEPBUYHBIX MIEPErOPOJIOK (CBOI00OPA3YIONINE YACTHIIHI);

- OoJiee MEJIKHME YaCTHIIbl CIy>KaT IS 3alOJHEHHUS MEK3€pHOBOTO
MPOCTPAHCTBA CBOA000PA3YIOIINX YACTHII.

Hawmnyummue pe3ynbTaThl mojydaroTcs, Korja (GopMa 4acTHIl UMEET
OKpYTJyl0 WIM  KyOoBUIHYIO  ¢dopmy. MHOrue  IJIaCTUHYATHIC
HAIMOJHUTENIM  CO3JIal0T  CTPYKTYpPY C  OOJIBIIMM  MEX3EPHOBBIM
MPOCTPAHCTBOM, UYTO TPEOYET MOIMOJHUTEIBHOTO BBOJA 0O0jiee MEJIKUX
YaCTHIl WU MOBBIIICHUS 00I1IeH KOHIICHTPAIlMK HAIOJIHUTEIIS.

B  kauectBe  KOJIBMATaHTOB  HUCIOJB3YHOTCS [ (91 0% {1115 (S
HAIOJHUTEIN: PE3NHOBAS KPOIIKA pa3HOTO JUAMETPa; MyKa JI0JIOMUTOBAS;
HAIOJHUTEIb JIOJJIOMUTOBBIN; MEJI TPaHyJIUPOBAHHBIN; IPEBECHBIE OMMIIKU.

B npyrux permoHax NpUMEHSIOTCS Jy3ra OT CEeMedeK, KOpoOouek
XJIOTIKa, CJII0/1a, CKOPJIyIia OpexoBasi U T.II.

TexHosorus TUKBUALMY MTOTJIOMICHUHN 3aKIF0YaeTCsl B MOPIIMOHHON
3akauke (maukamu ot 10 mo 20 M3) 3aKyTOPHUBAIOIINX COCTABOB Ha OCHOBE
JKUJIKOCTU-HOCHUTEIS C HAIIOJIHUTEISIMHU B IOTJIOIIAIOIINHN IIJIACT.

B kauecTBe XKHUIKOCTU-HOCUTEIS UCHONIB3YETCS 8 %-blil TIIMHUCTBIN
MaJILITOPCKUTOBBIA pacTBOP WJIU JIpyTas BsA3Kas CIEIHKUIKOCTb.

5.2 Pa3pyuieHue CTEHOK CKBAaKMHBI (OCHINU M 00BAJIbI)

Pa3pyiieHre CTeHOK CKBaXXUHBI (OCHINHA M 00BaJIbl HE3AKPETIIEHHBIX
TOPHBIX TOPOJ]) MPUBOASAT K YPE3MEPHOMY 3arps3HEHHUIO CTBOJA
CKBaXKUHBI.

HaOyxaHue TOpHBIX TOPOJ NPUBOJAT K CYXXKEHHUIO CTBOJIA
CKBaXUHBI.

Onon3Hu NOPUBOIAT K YACTUYHOMY WJIM TOJHOMY IEPEKPBHITHIO
CTBOJIA CKBAYKHHBI.

XKenoboobpa3oBanue B MecTax pE3KOTO HWCKPHUBJICHHUS CTBOJA
NPUBOAUT K BO3HUKHOBEHHUIO 3aTSXKEK W TMOCAJOK IMPHU CIYCKE WIH
MoJAbEME KOJIOHHBI TPYO.
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PacTBopeHHE COJEHOCHBIX OTJIOKEHUM BeleT K OOpa30BaHUIO Ka-
BEPH.

Pactennenve MHOTrOJIETHEMEP3NIBIX MOPOJ HOPUBOAUT K  UX
Jerpajaluu U MoTepe yCTOMYMBOCTH.

[Ipormeccrl, CHOCOOCTBYIOIIUE TaKUM OCJIOKHEHUSM, B pa3HOU
CTENEHU TMPOUCXOJAT Tpu OypeHUH CKBaXWHBI B HMHTEpBajiax,
peICTaBICHHBIX PBIXJIBIMU OTJIOKEHUSIMU, ecYaHUKaMH,
YBIQXXHEHHBIMU TJIMHUCTBIMU OTJIOKEHUSIMU, TPEUTUHOBATBIMU MOPOIaAMU
C BBIPaKEHHON TPEUTMHOBATOCTHIO, CIOUCTOCTHIO.

B OonbmmHCTBE cilyyaeB yAaeTcs PEMIMTh MPOoOJeMy MpPOSIBICHUS
ochITied U 00BaJIOB OOOCHOBAHHOW TEXHOJIOTHEW MPOMBIBKH CKBAKHHBI,
BBIOOpOM THMa OYpOBOTO pacTBOpa WM PEareHTOB XHWMHYECKOU
00paboTKH.

[Ipu  pa3OypuBaHUM  TIAMHUCTBIX  OTJOXKEHUM  TMPUMEHEHHE
MHTUOUPYIOIKUX OYpOBBIX pPacTBOPOB MO3BOJSIET M30€kKaTh HApaOOTKU
OypOBOI0 pacTBOpa, OCHITIEH U OOBAJIOB.

KoMIutekCHBIM  pellieHueM  SBIACTCA IPEJaHUE HHTHOUPYIOIIUX
CBOMCTB BBOJIOM B OYypOBOM pacTBOp KajdueBou g00aBKU. MHTEHCHBHAas
TUApaTanusl TIWHUACTBIX MHUHEPAJIOB CHIDKACTCS TIPU  YBEJIMYCHUH
comepkaHus HMOHOB K yBeJIMUYEHHME  MUHEpANM3alMM  CHUKAET
OCMOTHUYECKOE JaBJEHUE B MPECHBIX OypOBBIX pacTtBopax. ONTUMalbHOU
KOHLIEHTpAIMEN K" seusercs 3%. Hcrounmkom K cnyxkutr KCl. B
KaueCcTBE JIOCTATOYHOM npuHsTa 7%-as koHueHTpaius KCl.

JIukBUaMsl OCJIO)KHEHUM, BBI3BAHHBIX OCBHIISIMU W OOBajaMu,
MPOU3BOJIUTCSL YCTAHOBKOW HE(MTSHBIX M BOJAHBIX BaHH. [Ipu oOBamax
KapOOHATHBIX MOPOJ] BO3MOKHA YCTAaHOBKA KHCJIOTHOW BaHHBI U3 12 %-
oro pactBopa cosistHoM kucioTel (HCIl). B uckIoUMTENbHBIX Chaydasx -
nepedypruBaHUEeM OCIIO)KHEHHOM YaCcTH CTBOJIA CKBAKHHBI.

5.3 Hedre-razo-sogonposiBjienusi. Ilpuznaxku, MeToabl JUKBUAAIUA

Hedre-razo-sogonpossnenuss (HI'BII) npoucxonsar, korma P,
dbmronaa npesbiaet Prump.

B pa30ypuBaeMbIxX IiacTax MOTYT HaxXOJIUThCS Ta3, BoJa U HE(Tb.
['a3 yepe3 TpelwMHBI U NOPHI MPOHUKAET B CKBaXXMHY. EciM 1uiacToBoe
JlaBJICHNE BBILLIE JaBJICHHsI OypOBOIrO pacTBOPA, 3aMOJHSIOIIETO CKBAKUHY,
ra3 ¢ OrpOMHOM CHUJION BbIOpAChIBAET KUJIKOCTh U3 CKBAKUHBI - BOZHUKAET
ra3oBblii, a HMHOrga W HEePTAHON (QOoHTaH. DTO ABJICHHE HApPyIIAET
HOPMAJIbHBIN TIpoLiecC OypeHus, BIEYET 3a cOO0W mopuy 00OpyAOBaHUs, a
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uHOT/Ia W Toxap. Boma win HedTh TOA OYEHHb OOJBIIMM IIIACTOBBIM
JABJICHUEM TaK)X€ MOXKET TMPOpPBaThCA B CKBaXWHY. B pesymnprate
MPOUCXOJIUT BBIOPOC OYpOBOrO pacTtBopa, a MOTOM BOJAbI WU HEDTH.
[Tomyuaetcst BoasiHOM Wi HePTAHONH  (GOHTaH.

BbIOpoCchl MOTYT BO3HUKAaTh U MPU TOHIKEHHH YPOBHS OYpOBOTO
pacTBopa B CKBaXMHE, KOTOPOE MPOUCXOAMUT WM BCIEJCTBUE IMOTEPU
HUPKYJISIUU, WK K€ BO BpeMsl MoabeMa TpyO B ciydae HEAOJIUBa
CKBQ)KHHBI.

[Ipu3Haky Hayana ra3onposiBICHUN CIEAYIOIIHE:

a) BBIXOJI HA TTIOBEPXHOCTh MIPH BOCCTAHOBIICHUH HMUPKYJSAIIUNA TTAYEK
OypOBOTO pacTBOpa, HACKIIIIEHHOTO Ta30M;

0) «KUNEHWEe» B CKBAXUHE MPU OTPAaHUYCHHOM IMOCTYIUICHUHM U3
IJIaCTOB Ta3a, 4YTO MOXKET HaOII0JaThCAd B Clydyae HE3HAUUTEIbHBIX
BEJIMYUH BS3KOCTM M CTAaTUYECKOTO HAMpsKEHUs CABUTa OypoBOTO
pacTBopa;

B) CJa0bIil IEpeIuB pacTBOpPa U3 CKBAYKUHBI;

I') TOBBIINICHUE YPOBHS KUIKOCTH B MPHEMHBIX eMKocTsIx (0e3
100aBJICHUS )KUIAKOCTH B IUPKYISIITUOHHYIO CUCTEMY );

1) TOSIBIEHWE Tra3a MO TOKa3aHUSM Ta30KapOTAXKHOW CTaHIUH.

YtoObl pe0TBPATUTh BBIOPOC, THAPOCTATUUECKOE TABJICHUE CTOJI0A
KUJKOCTU B CKBAXKHUHE JOJKHO OBITh Ha 5-15 % BbINIE IMJIACTOBOTO, B
3aBUCUMOCTH OT IJIyOMHBI CKBaXMHBI. M30BITOYHOE MaBJICHUE Ha IUIACT
JOCTHTAETCS] TPUMEHEHHEM YTSOHKEICHHBIX OYpPOBBIX pacTBOpoB. llpwm
yTsDKeNIEeHUu OypoBOTO pacTBopa oOOpaimialoT BHHMAaHHE Ha BSA3KOCTD,
COXpaHss €€ M0 BO3MOXHOCTH MUHUMATLHOM.

OpHako HeNb3s OrPAaHUYUBATHCSA TOJIBKO YTSDKEIEHHEM OypOBOTO
pacTBopa Kak Mepoi 60pbObI ¢ BEIOpOCcamMu Ta3a, HepTH Wi UHTEHCUBHBIM
MEPEIMBOM BOJBI, TaK KaK BBIOPOC MOXKET OBITh HEOXHUIAHHBIM WM
HAYaThCsl JOBOJBHO OYpPHO B YpE3BBIYANTHO KOPOTKUU OTPE30K BPEMEHH, a
yTsDKEJIEHUE PacTBOPOB - OTNEpaIs JITUTEIbHASL.

JUisi mpeloTBpalieHusl yXKe HayaBIIErocss BbIOpoca HEOOXOIUMO
HEMEJIEHHO 3aKPBITh CKBAXKMHY, YTO JIETKO OCYIIECTBUTH, €CIIU €€ YCThE
TEePMETU3UPOBAHO CTIEIUATBLHBIM TTPOTHBOBBIOPOCOBBIM 00OPYAOBAaHUEM
(OIpeBEHTOPOM).

Ilon rpudonamu, npoucxogsiluiMu B Mpouecce OypeHus,
OCBOEHHUS M IKCIIYaTAlMH CKBAKMH, cJieyeT MOHMMATh (pOHTAHHbIE
HedTe-, ra30- ¥ BOAONPOSIBJIEHUS] BCKPBITHIX MJIACTOB, BLIXOAMAIINE HA
3eMHYI0 MOBEPXHOCTH MO TPeMHAM, BHICOKONPOHUIIAEMBbIM ILIACTAM
WJIN 10 KOHTAKTY I[eMEHT — MOPOo/a, 3a NpeieiaMi YCThSl CKBAKMHBI.
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doHTaHHbBIE HEPTE-, Ta30- U BOJAONPOSIBICHUS B KOJBIIEBOM ITPOCTPAHCTBE,
MEX]ly AKCIUTYyaTal[MOHHONW M TEXHUYECKOW KOJIOHHAMH, a TAKXE MEXKITY
MPOMEKYTOUHOM KOJIOHHOM M  KOHAYKTOPOM OOBIYHO  HA3bIBAIOT
MEKKOJOHHBIMU  NpOsiBJeHUsIMU. [pudoHBI W  MEKKOJOHHBIC
MPOSIBIICHUST OOBIYHO B3aMMHO CBSI3aHBI M OOYCJIOBIMBAIOT APYT APYTa.

IHpuuunwot 6o3nuxknosenuna HI'BII:

- HU3KO€ 3HaUY€HHE TJIOTHOCTH OYpOBOT'O pacTBOPA;

- HEJIOJIMB MPH MO IbeME OYPOBOI0 MHCTPYMEHTA;

- MIOTJIOIIEHUE PACTBOPA;

- pazbaBneHne OypoBOIo pacTBOpa IJIaCTOBOUM BOJION;

- BBIAJCHUE YTSKEIUTES;

- IOJBEM OYPHUIIBHBIX TPYO ¢ OOJIBIIION CKOPOCTHIO.

Memoowt ruxeuoauuu HI'BII:

- TIOBBINICHUE TIFIOTHOCTH OYpOBOT'O PacTBOPA;

- camkenre CHC, BsA3KOCTH U QUIIbTpaIuy;

- UCTI0JIb30BaHUE JIEra3aTopa;

- 100aBJICHUE TIEHOTaCUTENEH.

HedrenposiBnenre HaOMOmaeTcss BU3YAJIbHO IO  PaayXHBIM
KOJIbLIAM.

[Ipy BOJOMPOSIBIECHUSIX CHMXKAETCA 3HAYEHUE IUIOTHOCTH H
yBeJIUuuBaeTcs (UIbTpalusl, BBITIAJIACT YTSOKEIUTENb, CHUXKaercs pH
pactBopa. PactBop HeoOxoammMo 00pabaThiBaTh KaJbLIMHUPOBAHHOMU
COJIOM, 3aIIIUTHBIMU PEareHTaMH U yTSKETUTEIIEM.

5.4 IlpuxBaTbl OypoBOro HHCTPYMEHTA U 00CAAHBIX TPYO.
Ipu4yuHBI U METOABI TUKBUIAIUH

Ilpuuunvl 603HUKHOBEHUA NPUXBAMOB:

- TUIIKOCTh (PMIIBTPALIMOHHON KOPKHU;

- 00pa3oBaHKe CaJbHUKOB U CY’KEHHE CTBOJIA CKBAKUHBI;

- 00pa3oBaHME TOJICTOM KOPKM MpPH YBEJIMYECHUH (PUIbTpaLUU U
nepenajae JaBJICHUM;

- OCeJJaHue YaCcTHI] MOCJIe MPEKPALIEHUS HUPKYJIISALNN;

- Cy’)KeHME CTBOJIa U3-3a HAOyXaHUs TJIMH;

- 3aTSITMBAaHME UHCTPYMEHTA B KeJ00;

- IIepenasj JaBJiIeHUs] MEXy CKBaXKUHOW U IJIACTOM;

- OCTaBJeHUE OypOBOr0 MHCTPYMEHTa 0O€3 JBM)KEHHUS MPHU IJIOXOM
KauecTBE pacTBOpa;

- IOTEPsl TEPMETUYHOCTU B OypUIIbHBIX TPYOaX;
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- 3aKJINHUBAHUE UHCTPYMEHTA KPYITHBIMU 00JIOMKaMH TTOPO/IbI;

- o0Opa3oBaHHE KPUCTAJUIM3AIMOHHON «IIIyOb» B BEPXHEH 4YacTu
KOJIOHHBI TpuU OypeHUM TIYyOOKHUX CKBAXXUH (XapakTepHO g OypeHHs
CKBaXHUH B benapycn).

JIns  OpeaynpexIeHuss NPUXBATOB  HEOOXOAUMO  MPOBOJUTH
o0paboTky pactBopa cornacHo ['TH, mo0aBnisTh 3alIUTHBIE pEareHTHI,
CMa3Ky, MPUMEHSITh HHTUOUPYIOIIHNE pacTBOPHL. JIMKBUIUPYIOT PUXBATHI
YCTAHOBKOM HEe(PTSHON BaHHBI M pacXa)KMBAaHUEM MHCTPYMEHTA.

IIpuxBaThl, 00YCJI0BJCHHbIE IIACTUYECKUM T€YeHHEM MOPOJI

[InacTuyeckoe TeueHHE MOPOJ NPOSIBISETCS NPU HAMPSIKEHUSX,
3HAYUTEJIbHO MEHBIIMX Impenena npouyHoctd. Ha mmomaasx PVYII
«IIpousBoacTBeHHoe oObenuHeHue «bemopycHedTh» Takoro pona
OCJIOKHEHUS ITPOUCXOIAT B COJIEHOCHBIX U TJIMHUCTBIX OTJIOKEHUSX.

OcHOBHBIE METOJbI  MPO(UIAKTUKH OCHOBBIBAIOTCS HA CO3JaHUU
JaBJEHUs CToN0a MKUIKOCTH, KOMIIEHCUPYIOLIETO TOPHOE JaBJICHUE, U
NOJ/ICP’)KAHUM HU3KUX 3HA4YeHUN (QuiabTpauuu OypoBOTO pacTBOpa.
HeoOxonumasi IMIOTHOCTH OypoOBOTO pacTBOpa B HEKOTOPBIX CIydasix
MoxkeT jocturate 1900 kr/m’. TIpu HEBO3MOXHOCTH MOIACPIKAHHS
BBICOKOM TUIOTHOCTH OypOBOrO pacTBOpa MPOU3ZBOASAT Pa3MbIB MOPOJ
OCJIO)KHEHHOT'O y4aCTKa THIPOMOHUTOPHBIMU HACAIKAMH.

JIukBUIaLMs OCIOKHEHUH TPOU3BOIUTCS TPOMBIBKON CKBAYKUHBI.

IlpuxBarbl _1nojA_nepenagoM JaaBjeHus (aud¢epeHunaabHbIe
MPUXBATHI)

Haunbonee 4acThiM TSDKENBIM BHJIOM OCJOXXKHEHUW  SIBISIOTCS
pUXBaThl OypHIHHOM, peke 00CagHOM KOJOHHBI, KOTOPbIE MOTYT OBITH
BBI3BAHBI IIEPENAOM [ABJICHUS B CHUCTEME «CKBaKMHA-IUIACT», TUIIOM M
BBICOKOH (uibTpaieit 0ypoBoro pactBopa ImpH BCKPHITHH MPOHUIIAEMBIX
IJIACTOB, aAT€3MOHHBIMU CBOMCTBAMU MOPO/] U TIIUHUCTHIX KOPOK.

[Ipu B3auMopelcTBUM MeTaia OypWIbHBIX TPYO € TJIMHUCTOM
KOpKO OypOBOrO pacTBOopa B cCilyyae MpUXBaTa MPOSIBISIOTCS CHJIIbI
Tpenus u aare3uu, cocrapisaromue 30-20 u 70-80% coOTBETCTBEHHO. JTO
3HAYUT, YTO OCHOBOW NPHUXBATa IMPU IEepenaye MaBICHUS ABISIOTCS CHIIbI
aare3uu, KOTOpbIC, KaK U CUJIbl TPEHHUs, HAXOIATCS B IPSAMOJMHEUHON
3aBUCUMOCTH OT YJEJIbHOW HArpy3kKd U YBEJIWYHUBAIOTCA C POCTOM
MOCJIE THEM.

[Ipy nuUKBMAAUMM  NPUXBATOB MOJ  MEPENagoM  JaBIICHUA
TPAAUIIMOHHO TNPUMEHAIOT HE(PTAHbIE BaHHBl WM BaHHBl U3
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AHTUIIPUXBATHBIX U JIp. 100aBOK B 00beMme 110 20 M BypoBoi1 UHCTpYMEHT
OCTaBJSIIOT TMOJ] HATSDKKOW, HEPTh NPOHUKAET MEXKIYy METALUIOM H
GUIBTPallMOHHON KOPKOM M OKa3bIBaeT CMasbIBarolliee jachcTBUe. Bpems
BBIJICPKKH BaHHbBI — 8-24 4.

IIpuxBaThl M3-32 KPUCTAJLIU3AUM COJIei

CrnenuduyeckuM BHIOM OCIOXHEHUN Tpu OypeHUU HEePTAHBIX
CKBAXUH B benapycu ssisgercsa kpucramusauus coieu. lIposBisercs
JAHHBIA BHUJl OCJIOXHEHUSI B BHUJIE COJIEBOTO IOKpOBa Ha OYPUIIBHBIX
TpyOax. ConeBoil TOKPOB YMEHBIIAET PACCTOSIHUE MEXK]Yy CTEHKaMU
CKB)XHHBI U OYPUIILHBIMU TPyOaMH, YTO MPUBOJUT K UX 3aKIMHUBAIO MPU
noabeEMe.

PactBopuMOCTb J11000#1 CONIM yBEIMYMBAETCS MO MEPE MOBBILICHUS
TEMIIEpaTypbl, TIO3TOMY TP  LHUPKYJIALHUHA OypoBoil  pacTBoOp,
HACBHIIIIEHHBIA Ha YCThE, OKAa3bIBACTCS HEHACBIIIEHHBIM Ha 3a00e, 4TO
BJICUET 3a COOOM JTIOMOJTHUTEILHOE PACTBOPEHUE COJICH.

IIpu momweme OypoBOro pactBopa IO 3aTpyOHOMY MPOCTPAHCTBY
K YCThIO CKBAOXKHHBI TEMIEpaTypa CHUXKAETCs, YTO CHOCOOCTBYET KpH-
CTAJUIM3alMU COJIM U3 MEPECHIIEHHOr0 pacTBopa. Takoil mpouecc nme-
€T MECTO B KaXJOM IMKJE IHUPKYJISIUU U, €CIi B CTPYKType OypoBOTO
pacTBopa He OyJeT HAaXOAMTHhCS YaCTh KPUCTAJUIM3ALUOHHOW COJH, TO
OpU KaXJOM LHKJIE OyAeT MPOUCXOJUTHh PACTBOPEHUE CTEHOK CKBaXKH-
Hbl U yBEJIUYUBATHCA €€ auamerp. lIpegoTBpaTuTh mpolecc HEBO3MOXK-
HO. OcraeTcss OAWH MYTh: MPUMEHSTH CTPYKTypPUPOBAHHBIE OYpOBBIE
pacTBOpBI, B COCTABE KOTOPBIX AOJHKHO HAXOIMUTHCS Topsanka 8 % Kpu-
CTAJUIMYECKON COJIA C OOJIBIIOW MOBEPXHOCTHIO0. DTO 3HAYUT, UTO PA3MEPHI
KPUCTAJUIOB COJIM JOJDKHBI OBITH ~ MEHBIIE pa3Mepa YacTHUIl IMOPOIbI,
BBIHOCUMOW  OYHMCTHBIMH Me€XaHW3MaMH. VIMEHHO Takue YacTHUIbI
CIIOCOOHBI, BO-TIEPBBIX, YACPKUBATHCS B CTPYKTYpe pacTBopa U, BO-
BTOPBIX, XOPOILIO PACTBOPATHCS MPHU YBEIUUYECHUU TEMIIEPATYPHI.

Takum o0pazoM, MEpONPUATHS 1O MPEIOTBPAIICHUIO 3aKITIOYAKOTCS
B MPEJIBAPUTEIILHOM BBEJEHUU B OYpOBOM pacTBOp HenoHoreHHoro [TAB,
KOTOPBIM  HCHOJIB3yeTCd B KayeCTBE HWHTUOUTOpa pOCTa U KOTE3UHU
KPUCTAJUIOB Ha TMOBEPXHOCTAX METATUYECKUX TPYO. A €Clii MHTUOUTOP
peABapUTEIbHO HE ObUT BBEJIEH B PacTBOpP, TO JIMKBUJALIUS TaKOTO THUIIA
puxBaTa OCYIIECTBIISETCS IMOKAYMBAHUEM IayKU MPECHOM BOABI HIIU
OoypoBoro pactBopa. [locne yero pactBop o0padaThiBaeTCs] XUMHUUYECKUMU
peareHTaM JjIsi BOCCTAHOBJICHHMS BCEX TEXHOJOTHYECKUX IMapamMeTpoB
corytacHo I TH.
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6 TamnoHa:KHbIE PACTBOPBI

st u3BiedeHus: HEPTU HAAO CO3AaTh JIOJTOBEYHBIN YCTONYMBBIN
KaHaJl, COCOUHSIOIIMN NPOAYKTUBHBIM TOPU3OHT C pe3epByapamu. s
TPaHCIOPTUPOBKK HE(TH WM raza HAAO0 pa300IIMTh IUIACTBI TOPHBIX
MIOPOJI U 3aKPENUTh CTEHKN CKBAYKHHBI.

[Ipu kpemjeHuH CKBaXXWUH MPUMEHSIOTCS METaJUIMYECKUE TPYOHI,
KOTOpbI€, CBUHYMBAsI B KOJIOHHY, CIIYCKAlOT B MPOOYPEHHYIO CKBaXKUHY Ha
OMpEeICNICHHYIO ITYOUHY. DTH TPYObI U KOJIOHHA HA3bIBAKOTCS 00CaIHBIMH.

C uenbpro pa3oOIeHus MIACTOB B 0OCAJHYIO KOJIOHHY 3aKa4MBaIOT
IIEMEHTHBIA PAacTBOP, KOTOPHIM BBHITECHAET HAXOJAIIUNCS B HEW OypoBOii
pacTBOp, M NPOJABIMBAIOT B 3aTPyOHOE MPOCTPAHCTBO HA PACUETHYIO
BbicoTy. [lpomecc TpaHcnopTupoBaHusl (3aKauMBaHUsA) IEMEHTHOIO
pacTBopa B 3aTpyOHO€ MPOCTPAHCTBO HA3bIBAECTCS npoueccom
UEeMEHMUPOBAHUA CKEANCUHDL.

TaMmnoHakxHbl€ PacTBOPHI — 3TO KOMOMHAIIMU CIIEIMATEPUATIOB HIIH
COCTaBOB, UCIIOJIb3YEMBIX JJII TAMIIOHUPOBAaHUs. TaMIIOHaXHbBIE CMECHU C
TEYEHUEM BPEMEHU MOTYT 3aTBEpJIeBaTh C 0Opa30BaHWEM TaMIIOHAKHOTO
KaMHsI WJIM 3arycTeBaTbh, YNPOUYHSTHCS, OCTABAsACh BSA3KOW WM BSI3KO-
IJJACTUYHOM CUCTEMOM.

[To BUAYy TAMIOHUPOBAHUE JIEIIAT Ha!

- TEXHOJIOTUYECKOE, BBIMOJHSIEMOE B TIPOIECCE COOPYKECHUS
CKBaKUHBI;

- TMKBUAALMOHHOE, TPOBOAUMOE JIJI JUKBUAAIIUN CKBAXKWHBI MTOCIIE
BBITIOJIHEHUS [IE€JIEBOTO HA3HAUYECHUS.

@OyHKIIMA TaMIIOHAKHOTO PacTBOpa W KaMHSA OOYCJIOBJIEHBI IEJIBIO
TaMIIOHUPOBAHHUS U B 3aBUCUMOCTH OT 3TOTO K UCXOJHOMY TaMIIOHAXHOMY
pacTBOPY NMPEABSABIAIOTCS Pa3TUYHbIC TPEOOBAHUS.

IHeab 1HEMEHTHPOBAHUS — BBITECHUTHL OYpoOBOH PpacTBOp
TAMIIOHAKHBIM U3 3aTPYOHOI0 NMPOCTPAHCTBA CKBAKMHBI M MOAHATH
NOCJAeAHUA  HA  3aJaHHYKW  BbICOTY. B  pesymprare  3TOrO
MPEJOTBPALIAETCS BO3MOKHOCTh JIBUKEHUSI 000U KUAKOCTH WIM rasa u3
ONHOrO IlacTa B  JPyrOM  4Yepe3  3aKOJOHHOE  IPOCTPAHCTBO,
o0OecreurBaeTcsl JIMTENbHAs W3O0JAIMS TPOIYKTUBHBIX OOBEKTOB OT
MOCTOPOHHUX BOJ, YKPEIUIAIOTCS HEYCTOMYMBBIE, CKIIOHHBIE K OOBajaM U
OCBHITIAM TOPOJIbI, OOcagHasi KOJOHHA MpPEJoXpaHseTca OT KOpPpO3UU
IJJACTOBBIMU BOJIAMU U TTOBBIIIAETCS €€ HeCyIIasi ClIOCOOHOCTb.
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[Ipouecc 1EeMEHTHPOBAHUS CKBAXXUH COCTOMT U3  CIEIYIOIIUX
OCHOBHBIX pa0oT:

- MPUTOTOBJICHUE TAMIIOHAYKHOTO (IIEMEHTHOI'0) pacTBOPA;

-3aKa4yKa TAMIIOHAXHOT'O PACTBOPA B CKBAXKUHY;

- MoJja4a TAMIOHAXKHOTO pacTBOpa B 3aTPyOHOE MPOCTPAHCTRBO;

-0KUJJaHUE 3aTBEPICHMS 3aKauaHHOTo MaTepuana (emenrta) — O311;

- MPOBEPKA KaueCcTBa IIEMEHTUPOBOYHBIX palOT.

BaxHOCTh KaueCTBEHHOTO IIEMEHTUPOBAaHUsI OOYCIJIOBJIEHA TE€M, YTO
ATO 3AKJIIOYUTEIBHBIM 3TAaIl CTPOUTENILCTBA CKBAXKHUH, MO3TOMY HEyAauyu
IpU €ro BBIMOJIHEHUH MOTYT CBECTH K MUHUMYMY OXHUAaeMbId 3(PQeKT,
CTaTh NPUYUHON HEIMPaBWIbHOMN OLICHKU IIEPCHEKTUBHOCTH
pa3BeAbIBAEMBIX IIIOIIA/ICH, TOSBICHUS «HOBBIX» 3alexel HedTH W,
0COOEHHO, Ta3a B KOJUIEKTOpaX, MEPETOKOB (hIIIOUJIOB, Fa30MPOSIBICHUN U
T.1.

OcHOBHBIE CIIOCOOBI IEMEHTHPOBAHUS:

1) Ilpsimoe OJIHOCTYIIEHYATOE IIEMEHTUPOBAHUE.

2) JByxcTyneH4daroe LIEMEHTUPOBAHUE— ITO pa3nesbHOE
MOCJIEIOBATEIbHOE I[IEMEHTUPOBAHUE JIBYX MHTEPBAJIOB B CKBaXXHHE
(cHayana HUKHETO, 3aTEM BEPXHETO).

Cnoco6 nozeonsem:

-CHU3UTH JABJICHHUE HA TUIACT IIPU BBICOKMX YPOBHAX moabemMa TP;

- YBEIMYUTH BbICOTY NoabeMa TP B 3aK0710HHOM TpocTpaHCcTBE 0O€3
3HAYUTEJIBHOTO POCTA NABJICHUSI HATHETAHMUS;

- ymeHbLINTh cMmenieHre TP ¢ bP B 3ak0JI0HHOM ITPOCTPaHCTBE;

- u3bexxaTh BO3JEUCTBUSI  BBICOKMX TemmepaTtyp Ha TP,
VCTIOJIb3YEMBbIN B BEPXHEM MHTEPBAJIC.

3) MankeTHOe 1IEMEHTUPOBAHME MTPUMEHSETCI, KOTJa IOIajJaHue
TP Hmxe uHTEpBana IEMEHTHUPOBaHUA HexenarenbHo. [ns storo OK
000pyayeTCsl MAaHKETOM WM CIEHUATIbHBIM MaKepoM Il MaH>KETHOTO
neMmeHTupoBanusi. TP Harneraercs uepe3 nepdopupoBaHHbiii yuactok OK
HaJl MaHXeTOM (IMMaKkepoM) U HE MONaJaeT B 3aTPyOHOE MPOCTPAHCTBO HUKE
MaHXeThl (TaKepa).

4) YcTaHOBKA 1IEMEHTHBIX MOCTOB.

Ilemenmnuwtit mocm - mpodHasi ra3zo-HedTe-BOIOHETPOHUIIAEMAS
IIEPEMBIUKA, YyCTAaHABIIMBacMas B CKBAXHUHE C LEJIbI0 IIEpexXoja Ha
BBIIICNICKAMNA OOBEKT, 3a0ypuBaHMs HOBOTO CTBOJA, JHMKBHUJAIMU
MPOSIBJIEHHUS] W TOTJIOLICHUS, YKPEIUIEHUS HEYCTOMYMBOM KaBEPHO3HOMN
YacTH CTBOJIA, KOHCEPBALIMM WJIW JIUKBUAAIIUN CKBAKUHBI.
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Jlnst ycraHOBKM MocTa 1ieMeHTHBIN pacTtBop (I[P) 3akauuBaroT uepes
bK wmm xonomny HKT, cnymenHyroo A0 HMKHEM OTMETKH WHTEpBasa
YCTaHOBKM MocTa. YToOwl mnpeaorBpatuth cmemuBanue I[P ¢ BP
UCHONB3YIOT Oy(depHyro KUIKOCTb, pa3denuTeiabHble Npodku u T.1. Ilo
Mepe BblgaBiuBaHus [[P B CTBON CKBaXHHBI KOJIOHHY NOJAHUMAIOT H,
KOrJa €€ HW)XKHUW KOHEI| OKa)XeTcs Bbllie ypoBHs L[P, mpombiBaroT 1o
METOy 0OpaTHOM LUPKYIISIUH.

UroOwl I[P He morpyxanca B BP Huxke Mecra ycTaHOBKM MOCTa
YCTaHABJIMBAIOT PA3AEIUTEINb (TAMIIOH, TAKEp U T.I1.).

5) OGpaTHOE IEMEHTUPOBAHKE

Cnoco0 3akmrouaeTcss B 3akaunmBaHuM [P ¢ MOBEpXHOCTH
HEMOCPEACTBEHHO B  3aTpyOHOe  (MEXTpyOHOE) TMPOCTPAHCTBO M
BBITECHEHUU HAXOJAIIerocsi TaMm OypoBoro pactsopa uepes 6ammak OK u
110 HEW Ha MMOBEPXHOCTb.

Cnoco6 npumensitor npu 1ementupoBanuu OK, mepekpbiBaroniux
I1acThl OOJIBIION MOIIHOCTH, KOTOPBIE MOJABEPKEHBI TMAPOPA3pPhIBY MpU
HEOOJIPIIMX Tepenanax MAaBiCHUs, a TakkKe IPU KOMOUHUPOBAHHOM
cnocooe yemeHmupoeanus, KOTJa HUJCHAA 9acTb CTBOJIA LIEMEHTUPYETCS
II0 TEXHOJOTHM NPSMOM LMPKYJSALNAW, a 6epXHAd - II0 TEXHOJIOTUHU
0oOpaTHOM HUPKYJIAIIHH.

PacueTr neMeHTHPOBAHUS CKBAKHH

Ilepenq HavyaJioM LEMEHTHUPOBAHMS CKBAXXUHBI MPOU3BOJUTCS
pacyeT LIeMEHTUPOBAaHUS, IPU KOTOPOM OINPEIEISIOTCS:

1) KoOJMYECTBO CYyXOro IIEMEHTA;

2) KOJIWUYECTBO BOJIbI, MOTPEOHON AJI MPUTOTOBJIEHUS LEMEHTHOIO
pacTBOpa WK HEPTEPOAYKTOB AJI IMYJIbCUOHHO-LIEMEHTHBIX PACTBOPOB;

3) KOJIMYECTBO JKMIKOCTH, MOTPEOHOM NJisi MPOJABKH pacTBOpa B
1acT;

4) TpOIOIKUTENIBHOCTD Mpoliecca IIEMEHTUPOBAHUS;

5) naBieHne B TpyOax M B 3aTpyOHOM NPOCTPAHCTBE B KOHIIE
IIPOJIaBKU PacTBOPA;

6) umcio U TUII [EMEHTUPOBOYHBIX arperaTtoB u
EMEHTOCMECUTEIbHBIX MAIIIHH.

6.1 TpeOGoBaHNsI K TAMIIOHA)KHOMY PaCTBOPY

PacTBOop, moJsyyaemMblii 1OCJI€ 3aTBOPEHHMS] TAMIIOHAKHOIO
eMeHTa BOAOW (WJM JAPYroil >KUIAKOCTHIO), O0OpadOTAHHON XMM.
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peareHTaMM /Jisi NOBBILIEHWSI Ka4YecTBA PacTBOPa W KaMH WJIH
o0JieryeHusi MPOBEAEHUS TEXHOJOTHYECKOro npouecca (uiam 0e3 HUX),
HA3bIBAOT mamnonaxsicuvim (TP).

TP npuMeHstoT a7ig pa30o0IIeHHs MJIACTOB B PA3IUYHBIX T€0JIOTO-
TEXHUYECKUX YCIOBUSIX.

B Takux ycrnoBusX, UCIONB3YSl LIEMEHTHBIA PAcCTBOP JIUIL OIHOTO
TUIAa HENb3s 00ECHeYUTh TE€PMETHYHOCTH 3aKOJOHHOTO IPOCTPAHCTBA.
HyxeH psg  pacTBOpoOB, H3TOTOBISEMBIX U3 pa3HbIX IEMEHTOB U
o0pabaTbiBa€MbIX XHUMUYECKUMU pEareHTaMu, TMpHU UCIOJIb30BaHUU
PA3JIMYHBIX CXEM NMPUTOTOBJICHUS.

TpeOoBanusi K TaMIIOHAXHOMY PAacTBOPY MOXHO IMPEIACTaBUTH
CJIEIYIOIIM 00pa3oM.

1 Tpeoosanua mexuuueckoz2o xapakmepa:

- XOpo1iasi TEKy4eCTh;

- CIOCOOHOCTh MPOHUKATH B JIFOOBIE TTOPHI U MUKPOTPEIIUHBI;

- OTCYTCTBUE CEIUMEHTAIIUH;

- Xopolasi CIEIISIEMOCTh C OOCaJHBIMU TpyOaMu U TOPHBIMU
OPOJIaMH;

- BOCTIPUUMYHUBOCTD K 00PAOOTKE C IENIbI0 PETYIUPOBAHUS CBONCTB;

- OTCYTCTBHE B3aMMOJICHCTBHS C TaMIOHUPYEMBIMU MNOPOJAMH U
IJIACTOBBIMH BOJIAMH;

- YCTOMYHMBOCTH K Pa3MbIBAIOIIEMY IEUCTBUIO MOJ3EMHBIX BOJ;

- CTaOWJIHLHOCTH TIPU TTOBBIIIIEHHBIX TEMIIEPATYPE U JABJIICHUU;

- OTCYTCTBHUE yCaJKH C 00pa30BaHUEM TPEIIUH IIPU TBEPJCHUH.

2 Tpebosanua mexnonozuueckozo xapakmepa:

- XOpoIlIasi IPOKAYUBAEMOCTh OypOBBIMU HACOCAMH;

- HEOOJIBIIINE COMTPOTUBIICHUS TP IBUKECHUU;

- MaJiasi YyBCTBUTEIBHOCTh K IIEPEMEIINBAHUIO;

- BO3MOXXHOCTh KOMOMHUPOBAHUS C APYTHUM PACTBOPOM;

- XOpOoIIIasi CMBIBAEMOCTh C TEXHOJIOTHUYECKOTO 000pYI0BAHMUS;

- JleTKkasi pa30ypuBaeMoOCTh KaMHSI.

3 Tpebosanusa IKOHOMUUECKO20 XapaKmepa:

- CBIPHE JIOJHKHO OBITh HEIE(UIIMTHBIM U HEJIOPOTUM;

- HE BJIUATH OTPULIATEIILHO HA OKPYKAIOIIYIO CPEy.

6.2 Kinaccupukanusi TAMIOHAKHBIX PACTBOPOB

B 3aBucumocTH ot Bsikylien ocHOBbI TP nensres:
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- pacTBOpbl Ha OCHOBE HEOPTaHUYECKHX BEHIECTB (IIEMEHT, THIIC,
U3BECTH);

- pacTBOpPhl Ha OCHOBE OPraHWYECKUX BEIIECTB (CHHTETUYECKUE
CMOJIbI, OUTYMBI, JIATEKCHI).

Kunkocte 3arBopeHust (kuukas ocHoBa TP) — Boma, pexe —
YTJIEBOJOPOAHAS KUAKOCTh (dMynbcus). Taxke mnpumensior TP, B
KOTOPBIX B KaYECTBE >KUAKOCTU 3aTBOPEHUS MPHUMEHSAIOT BOJAY C COJSAMHU
(1o wHaceiuenusi), TP Ha HedTsHON oOCHOBe, a’pupoBanHbie TP,
OBICTPOCXBATHIBAIOIIMECSI COCTaBbl JUIsi OOpHOBI C TOTJIONIEHUEM MpPHU
OypEeHHU CKBaXHUH U JIp.

B 3aBucumMocTH OT TeMnepaTypbl UCIIBITAHUS IPUMEHSFOT:

- UEMEHT ISl «XOJIOJIHBIX» CKBAXKHH C TEMIIEPATypOil MCHBITAHUS
(22+2)°C;

- LEMEHT ISl «TOpsSYMX» CKBAKHH C TEMIEPATypOl HCHBITAHUS
(75+3)°C.

IIo mmnotaoctu TP nenar Ha:

- nerkue — 10 1300 xr/m’ ;

- obneruennsie — 1300 — 1750 kr/m’;

- HOpMaibHbIe — 1750 -1950K r/M’;

- yTsokenennbie — 1950 -2200 kr/v’;

- TsDKenbIe — Gombire 2200 K/ .

ITo cpokam cxBaTbIBaHUS JEIAT HA:

- OBICTPO cxBaThbIBaroluecs — 10 40 MuH;

- YCKOpeHHO cxBartbiBatomuecs — 40 muH- 1yac 20 muH;

- HOpMaJIbHO CXBaThIBaromuecs - 1yac 20mMuH — 2 yac;

- MEJJICHHO CXBaThIBatoIIUeCs — OobIe 2 yac.

TammoHaxHbIE IIEMEHTHI TAK)Ke KIACCUDUIIMPYIOTCS TIO:

- BEHIECTBEHHOMY COCTaBy: ©0e3 100aBOK H C J00aBKaMu,
PETYJIMPYIOIIMMA  IUIOTHOCTh ~ PacTBOPOB, CPOKOB CXBAaThIBaHUS U
PEOJIOTUYECKUX XapaKTEPUCTUK, MPUIAHUS UM 3aKYIIOPUBAIOIINX CBOMCTB
(C HAMOJTHUTENSIMU ), CHDKEHUS CTOUMOCTH;

- YCTOMYHUBOCTH TAMIOHAXKHOTO KaMHSI K BO3/ICUCTBUIO arpeCCUBHBIX
MJIACTOBBIX BOJT (XJTOpKaIbIMEBO-HATPUEBBIM, YTJIEKUCIBIM,
CEPOBOJOPOIHBIM, MarHe3ualibHbIM),  JUHEHWHBIM  JedopMaiusiam
TaMIOHAXHOTO KaMHSI IPU TBEPICHUH.

6.3 TexHoJsioruueckue napaMmeTpbl TAMIIOHA’KHOT'O paCcTBOpPa 1 KaAMHHA
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TaMnoHaXXHbIE PACTBOPHI XaPAKTEPU3YIOTCS MHOTHMHU IapameT-
pamu, OJIHAKO ISt MPaKTUKHU HanOOJIbIINI UHTEpPEC
MPEJCTABISIOT CBOMCTBA, U3MEPEHUE KOTOPHIX OMEPATUBHO U HECIOXKHO.
K coxanenuro, CyIecTByIoIIre NpuOOpPsl 1 METOIbI OMPEICTICHUSI CBONCTB
TaMIIOHAXXHBIX PACTBOPOB HECOBEPILIEHHBI, U YAaCTO MPOCTOTA U3MEPEHHUS
UJIeT B ymiepd COOTBETCTBHIO TMOJIYYEHHBIX OIIGHOK peaIbHOM JIeUCT-
BUTEJIBHOCTH.

OCHOBHBIE TIapaMETpPbl TAMIOHAXHBIX PACTBOPOB: ILJIOTHOCTb,
MOJIBUKHOCTh, KOHCHUCTEHIIUS, BOJIOYJIEpKUBarolias CIOCOOHOCTb,
CPOKM CXBAaTbIBaHUS, MPOYHOCTh CTPYKTYPHI, CEIUMEHTAIIMOHHASA YC-
TOWYMBOCTh, BOJO-TBEPAOE OTHOLICHUE. Peojormyeckne CBOWCTBA
TaMIOHAXXHBIX PACTBOPOB XAPAKTEPUIYIOTCS BSI3KOCTHIO M JUHAMU-
YECKHUM HaIpsiKEHUEM CIABUTA.

llemenmubim mecmom Ha3bpIBaeTCd CMECh IIEMEHTa C BOJIOM.
[leMeHT nepen UCIIBITAHUEM ITPOCEUBAETCS Yepe3 CUTO 80 MKM.

1.Booo-uemenmnoe omnowenue — B/l — oTHOmEHNEe MaccoOBOTO
KOJIMYECTBA BOJBI (PKUJKOCTHA 3aTBOPEHUSI) K MAacCOBOMY KOJHUYECTBY
neMmeHTta. s 1EeMEHTUPOBAaHUSI CKBAaXXMH B OOJIBIIIMHCTBE CIIy4aeB
npumenstor TP ¢ B/I or 0,4 mo 0,5. Ecau B kKadecTBe BSIKYILIETO
MPUMEHSIETCA CMECh MAaTEpHAJIOB, TO OTHOIIIEHUE MAaCcCOBOI0 KOJIUYECTBA
BOJIbI K MAaCCOBOMY KOJIMYECTBY cMecu obo3Hauyaercst B/C unu B/T (Bomo-
TBEPJ10€ OTHOIIICHNE).

Booo-meepooe omnowenue npeactaBigeT co00i OTHOIIEHUE MacC
BOJIbI U TBEPJOU (pa3bl, HEOOXOAUMBIX JJIsl TTOJYUYCHUS €IUHUIIBI OOBEeMa
pactBopa. OHO BO MHOIOM OIPENEISAET CBOMCTBA TAMIOHAXKHBIX
pactBopoB. IIpu u3BECTHBIX cocTaBax BOJbBI U TBEPAOM (pa3bl MO BOAO-
TBEPJIOMY OTHOIICHHUIO OOBIYHO MPOTHO3UPYIOTCS CBOMCTBa pactBopa. U
HA00OpOT, >Kelas TOJYYWUTh OMpEACICHHbIE TMapaMeTpbl pacTBOpa,
HEPEJIKO H3MEHSIOT BOJIO-TBEpPAOEC OTHOIIEHHE. Il TaMIIOHAKHBIX
pactBopoB B/T =0,4+0,8.

TecTo roTOBUTCS BPYUHYIO B cheprUUECKO yalie B TeUeHUE 3 MUHYT
WJIU Ha CIEIUAIbHBIX MEIIaIKaX 5 MUHYT.

2.Mnomnocme, 2/cm’

[InotHocTh HM3MepsieTcs apeomerpoM ADBP-1 wim  peiyakHBIMU
BECaMU aHAJIOTUYHO H3MEPEHHIO INIOTHOCTU OypOBOTO pacTBOpA.

3. Pacmekaemocmu, cm

PactexaemocTb (MOIBMKHOCTB) pacTBOpa XapaKkTepu3yeT
BO3MOXXHOCTh €ro IPOKAYMBAHUS HACOCOM, ONpPEACIseT BEIUYUHY
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TUJPABINYECKUX COMPOTUBICHUN NP TaMIOHUPOBAHUM U OCOOEHHOCTHU
MOBEJACHUS PACTBOPA MPHU 3aNIOTHEHUU KAHAJIOB.

Ha npaktuke moABMIKHOCTH OILIEHHMBAIOT MO PACTEKAEMOCTH TaM-
MOHAXXHOTO pacTBOpa, KOTopas omnpeaensercs Ha konyce A3sHUN.

OT NOJBMIKHOCTH PacTBOpa B IMEPBYH OUYEPE]b 3aBUCUT BCAChI-
BaroIasi CIocoOHOCTh Hacoca. CuMTaeTcs, 4YTO YAOBJIETBOPUTEIBHOE
BCachblBaHHWE OOecleurBaeTCs MPU PACTEKaeMOCTH He MeHee 18 cM.
[ToABUXXHOCTh TAMIOHAXXHBIX COCTABOB OINPEJENsieTCs HE TOJIbKO
peuenTypor, HO U BPEMEHEM M WHTEHCUBHOCTBHIO MEPEMEIIMBAHUS MPU
npurotoBieHuu. OCOOEHHO 3TO aKTyaJbHO JJii PAaCTBOPOB HAa OCHOBE
BSDKYyIIMX  1go0aBok.  IloaToMy — pacTekaemMocTh  Kak KpUTEpUU
MOJIBUKHOCTU — OYEHB YCJIOBHBIA MapameTrp.

4. Bpema 3azycmesanus (wac-muH, Haua10-KOHEHU)

CnocoOHOCTh  TaMIIOHA)XXHOTO  pacTBOpa K IPOKAYMBAHUIO
ONPENICNISIOT C TOMOIIBI0O KOHCHCTOMETpPA. OTOT MpUOOp MO3BOJISIET
OLICHUTb  CONPOTHUBJIIEHHWE pacTBOpa MEPEMENIMBAHUIO  JIOMACTHOMU
Mermanko. NHTeHCUBHOCTh MEpPEeMEIINBAHUS MPU M3MEPEHUSX JO0JDKHA
COOTBETCTBOBATh HMHTEHCHBHOCTH I€pPEMEIIMBAHUS TIPU  JIBHXKEHHUHU
pacTBOpa B CKBOXHMHE BO BpeMs TaMIoHHpoBaHusA. C IOMOIIbIO
KOHCHCTOMETpA OMPEACAOT 3aryCTeéBaHue TaMIOHAa)XHOTO pacTBOpa B
MPOILIECCE NMEPEMENINBAHNS IPU BBICOKUX TEMIIEPATypE U TaBJICHUM.

PactBOp cumTaeTcss JOCTAaTOYHO MOJABUXHBIM, €CJIU €r0 KOHCHU-
creHnus He npesbimaet 20 yenoabix enuHull (YEK).

5. Cpoxu cxeamwvieanusa (TBepaeHMsl) (Yac-mMuH, HaA4aui0-KoHey)
— OJWMH M3 BaXHEUIIMX MapaMeTpoOB TaMIIOHA)XHOTO pacTBOpa —
OMPEICIISIIOTCS. B CTATUYECKUX YCIOBUSIX TpruOopoM uria Buka.

6. CeOumenmayuoHHan ycCmouuugoOCms YEMEHMHO20 Pacmeopa —
ONpEEsAeTCS BOJOOTACICHUEM, T.€. MAKCUMAJIbHBIM KOJMYECTBOM BOJIbI,
CITIOCOOHBIM BBIJICIIUTHCS U3 IIEMEHTHOTO PacTBOpa B pe3yJibTaTe Mmpoliecca
CEJIMMEHTAIUH.

CenuMeHTaIMOHHAsT yCTOMYMBOCTh TAMIIOHAXKHBIX PAaCTBOPOB  Xa-
pakTepuzyercsi Ko3h(PUIHUEHTOM BOJOOTACICHUS W U3MEPSAETCS B
npoueHrax. PacTtBop cuumTaeTca JO0OCTAaTOYHO YCTOWYHUBBIM, €CIHU
KO3 DUIMEHT BOJOOTACICHUS HE TIpeBbItaeT 2,5%.

6.4 TpeOoBaHMs K TAMIIOHA)KHOMY KAMHIO

CDVHKI_II/IH, BBITIOJIHACEMBIC HICMCHTHBIM KAMHEM::
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1. Pa3zobmienue miacToB, UX M3O0JSAIMU, T.€. 0Opa30BaHUE B CTBOJIC
0e3ycaJlIoYHOTO TaMIIOHA, BHYTPEHHIOK 4YacTh KOTOPOTO COCTAaBIISIET
KOJIOHHa 00cajHbiXx TpyO. BakHbIM yClOBUEM SBISE€TCS pPaBHOMEpPHAs
TOJIIIMHA IIEMEHTHOTO KaMHsS CO BCE€X CTOpOH. ToJlllMHA LEMEHTHOTO
KOJIbIIa HE OMpEIeIIeT KauecTBa Pa3o0IeHHsl TUIACTOB, OJTHAKO BIIUSICT Ha
dbopMUpOBaHKE IIEMEHTHOTO KaMHS WU MPEIONIpeessieT ero OTCYTCTBHE.

2. VYnepxanue o0camgHoi KojgoHHBI (OK) OT BCEBO3MOKHBIX
NepeMeIleHU; TpoceaaHus Toj JIeUCTBUEM COOCTBEHHOIO Beca,
TeMnepaTypHbix AedopMmanuii, gedopMainii BCIEICTBUE BOSHUKHOBEHHUS
NepErajioB JIaBJICHUS B KOJIOHHE, Y/IAPHBIX HATPY30K, BPAILICHUHN U T.1.

3. 3amuta OK 0T AeicTBUS KOPPO3UOHHOU CPEIBI.

4. TloBeimenue paborocnocoonoctu OK ¢ yBenuueHuem
COTMPOTUBRISIEMOCTH TTOBBIIIIEHHBIM BHEIIHEMY U BHYTPEHHEMY JIaBJICHUSIM.
EcrecTBeHHO, 1IEMEHTHOE KOJIBIIO JOJDKHO OBITH CIUIOIIHBIM U UMETh MPH
ATOM OMPEACIICHHYIO (PU3NKO-MEXaHUUECKYIO XapaKTEPUCTHUKY.

5. ChojomHoe IEMEHTHOE KOJbllo, MpUuoOpeTass B Ipoliecce
dbopMHUpOBaHMS KaMHS CIIOCOOHOCTh K aJre3uu (IIeMEHTHBIM KaMEHb
CIEIUIAETCS C METa/NIOM TpyO), co3/aeT MPEANOChUIKM K ele OOJbIIeMy
MOBBIIICHUIO COIMPOTUBISIEMOCTH BBICOKMM BHEIIHUM W BHYTPEHHUM
JIABJICHUSIM.

N3 nepeuncieHHBIX (YHKIIMN BBITEKAIOT CIEAYIOIMINE TPeOOBaHUS,
pEeabSBIISIEMbIE K IIEMEHTHOMY KaMHIO.

- JloctatouHast MexaHW4YecKasi MPOYHOCTh.

- Henponuniaemocts aJist 0ypoBOIro pacTBopa, IJIaCTOBBIX BOJI U ra3a.

- CTOMKOCTh K KOPPO3UOHHOMY BO3JEHUCTBUIO ILUIACTOBBIX BO/I.

- TemnepatypHast CTOMKOCTb.

- CoxpaHenre o0beMa MPU TBEPACHUN 1 YIIPOUHCHUH.

- MuHuManbHast 3K30TEPMHUSL.

6.5 IlapamMeTpbl TAMIIOHAKHOTO KAMHS

H3mepsieMble XapaKTEpPUCTUKH (TTapaMeTphl) TAMIIOHAXHOTO KaMHSI:

- BPOYHOCMb HA U32UD U cHcamue;

- NPOHUUAEMOCHMb;

- KOpPO3UOHHbLE CEOIICMEA;

- 00vbeMHble u3MeHeHus nPU meepoeHulU.

KauecTBO 1IEMEHTHOTO KaMHs OIICHHBAIOT B JIAOOPATOPHBIX YC-
JOBUSIX Ha oOpasmax CTaHAapTHBIX pa3MepoB, KOTOPHIE TOTOBST C
coOJII0/IeHHEM TpeOOBaHUM, 00ECIIEUNBAIOIINX OJHOPOJIHOCTh CBOMCTB IO
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BceMy 00beMy. CBOWCTBA LIEMEHTHOI'O KaMHsS 3aBUCAT OT PEKHMa €ro
TBEPIACHUSA, KOTOPBIA ONPEAECIAETCS BIAXKHOCTBIO, TEMIIEPATYPOU,
JABJICHUEM, COCTaBOM IUIACTOBBIX BOJA M TOPHBIX NopoA. JKemaTenbHO,
YTOOBl PEXUM TBEPACHUS SKCIEPUMEHTAIBHBIX 00Pa3lOB IIEMEHTHOTO
KaMHS ObLT MAKCUMAJIbHO MPUOJIMKEH K YCIOBUSIM CKBaXKUHBI.

1. Ilpounocmv mamnoHa’X@cHo20  KaAMHA  XapaKTepuU3yeTcs
BPEMEHHBIM  CONPOTUBICHUEM  CXKATHUIO, U3rU0y, pEXKe pas3pbiBY.
Hcnbitanusa npoBonar npu temneparypax 22 u 75°C no I'OCT.

[Ipo4HOCTH LIEMEHTHOI'O0 KaMHsI HENMOCTOsIHHA. [lepBoe BpeMs nocie
TBEpJICHUS OHA OBICTPO BO3PacTaeT, 3aTeM IMOCTENEHHO CTa0WIu-
3UPYETCs, @ Yepe3 HEKOTOPOE BpeMsl HAUMHAET MEAJIEHHO CHUXKATHCSI.

[IpoyHOCTh IpU CIXKATHHU ONPEACHAIOT MMYTEM pa3pylICHUS
00pa31oB Ha THUAPABINYECKOM IIpECCe.

[IpouHocth Ipu  U3THOE ONPEACHSIOT NpPU  pa3pylICHUH
00pa31oB-0am04YeKk Ha pa3pbIBHBIX MaliuHax. Pazmepsr 6anouek 4x4x16
cM. Cuwuraercd, YTO KOHEYHbIE NPOYHOCTHBIE XAPAKTEPUCTHUKU II€-
MEHTHBIN KaMeHb HaOupaer uyepe3 28 cyr TBepiaeHus. OgHako
yXKe yepe3 2 CyT NPOYHOCTh I[EMEHTHOIO KAaMHS MOKET JOCTUIaTh
90% u Oonee oT MakcuManbHOW. I[losTOMy omepaTuBHas OIlEHKA
IPOYHOCTH IPOBOJUTCS Yepe3 2CYT TBEPACHUS.

2.  Ilponuyaemocmv MAMROHAN}CHOZ0  KAMHA ONIPEICISAETCS
pasmMepaMu Mop M CTENEHbIO UX COOOIIEeHUs MEeX Ty coOoi. Paznuyuaror ab-
COJIIOTHYIO ((pu3n4ecKyt0) U 3()PEKTUBHYIO MPOHULIAEMOCTb.

AOCONIOTHON HA3bIBAIOT NPOHUIIAEMOCTh MOPUCTON CPEAbI AJIs
raza Wid OJHOPOJHOM XKUIKOCTU MPU OTCYTCTBUH (PU3UKO-XUMUUYECKOTO
BO3JICMCTBUS MEXAY XKUAKOCTHbIO U MOPUCTON cpenoil. [Ipu s3Tom Bech
00BeM TOp cpefbl JOJKEH OBITh 3amoJHEH (QUIBTPYIOIIUMCS Ta30M WU
AKUJKOCTBIO.

Db dekTuBHON HA3BIBAETCS MPOHUIAEMOCTH MOPUCTOU Cpeabl
IIpU HAJIMYKMU B MOPAX JPYroil Kakon-nmu0o Qassi.

3.Koppo3uonnasa cmoiukocms mamnoHadCHO20
Kamusa onpenensercs Kod3PhUIMeHTOM CTOMKOCTH, KOTOPBIA MpeacTaB-
Js€T CcoOOMl OTHOIICHHE IMpejaeia MPOYHOCTH MNpPH H3rude 00pasIoB,
TBEPJACBIIUX B arpeCCUBHOM CpeAe, K MpeAeay MPOYHOCTH KOHTPOJIbHBIX
oOpasnoB. CamMoOnpou3BOJbHOE pa3pylleHHE IEMEHTHOTrO KaMHS B
CKBaXWHE OOYCJIOBJIEHO KOpPpPO3UEN BBINIEIaYMBAHUS THUJpPAaTa OKUCU
Kb U CEPOBOJIOPOJIHOM  KOppo3uel ¢ oOpa3oBaHHEM  Ma-
JOPACTBOPUMBIX COEIMHEHUN, UTO COIMPOBOXKIAECTCA YBEIMYEHUEM
o0bema TBepaoil (a3pl. Meroa OIEHKHM KOPPO3MOHHOM CTOMKOCTH 3a-
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KJIIOYAEeTCsl B JUIUTEIHLHOM HAOIOJEHUHU 3a 00pa3iiaMu TaMIIOHaXXHOTO
KaMHsl, MOTPYy>KEHHBIMU B IUIACTOBYKO BOJYy WIH €€ HMUTAIUIO.
TeMnepaTypa arpeCCMBHON Cpelibl IPH 3TOM JIOJHKHA COOTBETCTBOBATH
TeMIIEpaType MIACTOBOM BOJIbI B €CTECTBEHHBIX YCIOBUSIX.

4.00vemnvle usmeHeHusa npu meepoeHUU MOXHO OIEHUTh C
MOMOIIIbI0 TTpHuOOpa i onpeaeiaeHus HaOyxanus rpyHToB (ITHID). [pu
ATOM HU3MEPSAIOTCS HM3MEHEHHS 00BheMa, MNPOUCXOJSAIINe Ha paHHEH
CTaJIuU TBEPJICHUS.

6.6 TaMmnoHaKHbI MOPTJIAHAIEMEHT

[leMeHTBI — OCHOBHOM MaTepHas IS IOJYYEHUS TaMIIOHAKHBIX
cMmeceil. B mpakTtuke OypeHus MPUMEHSIOT CIEIYIOIIUE BUIbI [IEMEHTOB:
a) TaMITOHa)KHBIC IIEMEHTBI Ha 0aze MOPTIAHAIEMEHTA;
0) TJIMHO3EMHUCTBIH I1IEMEHT, B) THUICOIJIMHO3EMUCTHIM IIEMEHT;
I') U3BECTKOBO-KPEMHE3EeMHUCThIN IIEMEHT; JI) TAMIIOHAXXHBIC IIEMEHTHI Ha
0aze MeTaNTypru4ecKux MUIaKoB. TaMMOHaXHBIE IIEMEHTHI BBIITYCKAIOT
110 TOCYAapCTBEHHBIM CTaHJapTaM M TEXHUYECKHUM yciaoBusM. Hanbonee
pacupoCTpaHEHbl PaCTBOPHI HA OCHOBE MOPTIAH/ILIEMEHTA.

TamMImoHaKHBIHN MOPTJIAHAEMEHT MIPEACTABIISAECT cobomn
Pa3HOBUIHOCTH TMOPTIAHIAIIEMEHTa — IMOPOIIKOOOPa3HOTO MHUHEPAIHHOTO
HEOPTaHMYECKOTO BSIKYILEr0 MaTepualia, COCTOSIIETO IJIaBHBIM 00pa3om
U3 CUJIMKATOB Kanblus. biaromaps ux ocoObIM CBOMCTBaM, a TakKXKe
CBOMCTBAM JIpyTMX MCKYCCTBEHHBIX MHUHEPAJIOB, BXOJAIIMX B COCTaB
NopTJIaHAIleMeHTa (aTIOMUHATOB, (EPPUTOB KAJbIUS U JIp.), MOPOIIOK
NOPTJIAH/AIIEMEHTA MPU CMEIIUBAHUU C BOJOW 00pa3yeT JIETKOMOABUKHYIO
U HEpacclauBaloOUIyIOCSd B OIPEICICHHOM JWalia30oHe KOHIICHTpAIUui
CYCIICH3MIO, KOTOpas C TEYEHHMEM BpPEMEHU IIpeBpaliaeTcs B TBEPIOE
KaMHEBHIHOE TEJIO.

OcCHOBHasi 4acTb TAMIIOHA)XHOT'O NOPTIAHALEMEHTAa — KAUHKep,
KOTOPBI TMOJY4YalOT W3 HW3BECTHAKA W TJIMHbI (ChIPbEBAasi CMECH).
Munepaisl MOPTJIAHALIEMEHTA BO3HUKAIOT B pe3yibrare

BBICOKOTEMIIEpaTypHOro obskura (mpu Temmeparype okomo 1450°C)
CBIPbEBOM CMECH, COJEp)Kallle B CTPOrO OMPEAEICHHOM COOTHOIIEHUU
okuch Kanbius (CaO), oxuch kpemHusi (SiO, - KpemHezem), OKHUCH
amomuHus (Al,Os - 2nunozem) n oxuch xenesa (Fe,03).

VcTOUHNKOM OKHMCH KAJIBIUSI TIPU TIPOU3BOJICTBE TOPTIAHIIIEMEHTA
CIIy’KaT, TJTaBHBIM 00pa30M, M3BECTHSAK W MeJI, HO MOTYT NMPUMEHSATHCS U
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JIpyTue TPUPOIHBIE MaTepHaNbl, HAIPUMEP THIIC, WA MPOMBIIIJICHHBIC
OTXOJIbI, TAFOITUE TTPU O0KUTE OKUCH KaATTBITHSL.

W cTOYHUKOM OKCHI0B KPEeMHUS, AJIOMHUHHS U JKejle3a SBIISIOTCS
Yaie BCEro TIMHBI. B 3aBUCMMOCTH OT MPUCYTCTBYIOIINX B HUX MIPUMECEH
(kBapi1r, KapOOHATHI U TIp.) OHM cojaepxkart, %: 40-60 Si0,; 10-20 ALOs; 5-7
Fe,05; 2-15 CaO.

Cy1iecTByeT JBa criocoba oOpadOTKU UCXOJAHOTO CBIPhS — CYXOul U
Mokputit. 1o cyxoMy croco0y ChIpbEBbIE MaTE€pPHAIbl BHICYIIMBAIOTCS 10
BIIAKHOCTH 1,5-2 %, 103upyrOTCsS M U3MENBYAIOTCA B MIAPOBBIX MEJTBbHULIAX
JI0 TIOpOINKa ¢ pa3MepaMu 4acTull He Oojsiee 100 MKM, KOTOpPBIM 3aTeM
MHEBMATUYECKUM ITyT€M TIIATEIbHO TEPEMENINBACTCS JO0 TMOIYyYCHUS
OJHOPOJHOUN CMECH.

Cmecy HarpeBaercs 1o temrmeparypbsl 900-1000°C, mocne uero
MOCTYIMaeT BO Bpamaromyocs Tmedb. OOXHT CHIPbEBOM CMECH BO
BpalalolUXcs Iedax npousBoauTcss mnpu temneparype 1400-1500 °C.
[TonydeHHsI B neun monygadpuKaT, Ha3bIBAEMbBIM MOPTIAHAIIEMEHTHBIM
KJIUHKEPOM, OXJaXJAeTCsd BO3JAYXOM B CIHEHHAIBHOM XOJOJWJIbHUKE.
[Tocne oxmaxkaeHUs KIMHKEP APOOAT, a 3aT€M pa3MallbIBAlOT B IIAPOBHIX
MEJBHUIIAX JO TOHKOTO IIOPOIIKa, KOTOPBIM W TPEACTaBIsAET COOOMU
IIEMEHT.

[Ipyn M3TOTOBJICHWM TaMIIOHAKHOTO IIEMEHTa B MPOIECCe MOMOJa
KJIIMHKEpa K HeMy J100aBsioT 3-6 % rurca (JUis peryJIupoBaHUs CKOPOCTH
cxBarbiBaHusi) U 10-15% Jpyrux NOpHPOIHBIX WM HCKYCCTBEHHBIX
MaTepuasioB (METaJUTypru4ecKoro Iijiaka, KBapIleBOro IecKa, Tperena,
OTOKHU M JIp.), Ha3bIBAEMbIX MUHEPAIbHBIMHU JoOaBKaMu. OHU yIIydIIalOT
HEKOTOPHIC CBOWCTBA MOPTJIAHJAIIEMEHTa U IO3BOJISIOT ASKOHOMHTH
JIOPOTOCTOSIIUN KIIMHKED.

[Ipy MoOKpoM cmoco0e MPOW3BOJCTBA CHIPHEBHIE MaTE€pUATBI
M3MENIbYAIOT ¢ OJTHOBPEMEHHBIM J00aBJIEHHEM K HUM BOABL. B pesynbrare
ChIpbEBasi CMECh TIOJIy4aeTcsi B BHUJE MYJbIBl CMETaHOOOpa3HOU
KOHCUCTEHLIMH  (comepkanue Boael  35-40 %), koTopas  MOXKET
nepeKaynmBaThCsl HACOCAMU M TEPEMEIIUBATHCS CKAThIM BO3AyXoM. [lpu
MOKPOM CIIOCO0€ MPOM3BOJICTBA CHIPhEBAs CMECh OOKUTAETCS B JJTMHHBIX
BpaIaloONIMXCsl  Te4aX, CHA0XKEHHBIX pPa3IUYHBIMH  BCTPOCHHBIMHU
TEMJI000MEHHBIMU YCTPOUCTBAMU.

VYkazaHHBIC BBINIE YETHIPE TJIABHBIX OKCHIA COACpXKaTCsi B
MOPTJIAHIIIEMEHTHOM KIWHKEpe OOBIYHO B CJCAYIOIIUX KOJIMYECTBax, %o:
60-75 CaO; 17-25 Si0O,; 3-8 AlLOs; 2-6 Fe,O;. B mponecce obxkura Bce
yKa3aHHbIE OKCHJbl BCTYMAIOT BO B3aUMOJICHCTBHE JpPYyr C APYroM,
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o0pazysi  uckKyccmeenHHvle  MUHEPAIbl  NOPMIAAHOUEMEHMA,  TaK
Ha3bIBa€MbIC KJIMHKEPHBbIE MUHEPAIbl. OCHOBHbIE KNTUHKEPHbIE MUHEPATIbL
nopmiaianoyemenma:

® ajuT — TpexkaiabiueBblil cuaukaT —3Ca0 - Si0;;

e 0enuT — AByXKaiablueBbid cunukat — 2Ca0- Si0»;

e TpexkanbiueBbli amromuHaT — 3Ca0- A1,0;;

® I[EIUT - YEThIPEXKaTbIINEBBIN amomModeppuT -
4CaO- A1203' F6203.

Cmeknosuonasn asza OOBIYHO TPHUCYTCTBYET B KIMHKEpE B
KOJINYECTBE 5-12 %. OHa  comepXut B CBOEM  COCTaBe
HEBBIKPUCTAJTU30BaBIIUECS (EepPUTHI, AITIOMHHATHI, JIBYXKaJIbIIUEBBII
CUJIMKAT, IIEJIOYHbIC COCAUHEHUSI U 3HAYUTEIbHYIO YacTh OKHUCHU MarHus,
HaXOIAIICUCA B KIMHKEPE.

6.7 CBolicTBA CYyX0r0 IEMEHTHOI'0 MOPOLIKA

1. TlnotaocTs — 3,0-3,3 r/em’.

2. Hacwimuas macca — 0,8-1,2 r/em’ B pbIxjiom coctosHuu u 1,7-1,9
r/CM - B YIUIOTHEHHOM.

3. YTou ecTecTBeHHOro oTKoca — 39-43 °.

4. I'panynoMeTpHUYECKUA COCTaB - 3aBUCUT OT CTEIEHHU
M3MEIbUCHUS.

5. YienbHasi NOBEPXHOCTH MOPOIIKA — 3TO CyMMapHas IIOBEPXHOCTh
YaCTHIl €UHUIIBI MACCHl WJIK 00beMa M 3aBUCHUT OT IPaHyJIOMETPUIECKOTO
COCTaBa.

6.8 MeToabl NPOEKTHPOBAHUS COCTABOB IIEMEHTHBIX PACTBOPOB
MOHMKEHHOH IJIOTHOCTH

[170THOCTH TaMIIOHAKHOT'O PACTBOPA MOKHO YMEHBIITHUTH:

- YBEJIMYCHUEM COJICPIKAHUS JKUIKOCTH 3aTBOPEHHUS 110 OTHOIICHUIO
K TBEpAOH a3e;

- BBEJCHHUEM JICTKOr0 HaIOJHHUTEsA (oOierdaromieii J00aBKU) WIIH
BSDKYIIIETO BEIIECTBA MEHBIIECH TUIOTHOCTH;

- TIOBBIIIEHWEM BOJOCOACPKAHMS TaMIIOHAXHOTO pacTBOpa TIpH
OJTHOBPEMEHHOM TOBBIIIICHUU BOJAOYACP>KUBAIOIIEH CITOCOOHOCTH;

- BBEJCHHEM OO0JbIIOr0 o0ObeMa Tra3000pa3HoO (a3el TpHU
OJTHOBPEMEHHOM €€ JHCIIEPTUPOBAHUM M CTAOWIM3AIMK 00pasyromencs
TICHBI;
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- 3aMEHOM YacTU BOJbI YIJIEBOAOPOJHOM KUIAKOCTBIO C MEHBIIEH
IJIOTHOCTEIO.

Bosniee BhicOKasi MPOYHOCTH MOIYYAETCS MPU CHUKEHHUM TUIOTHOCTH
myTeM BBeJeHHUs Bo3ayxa. CyIIECTBEHHBIM HEIOCTATOK a’3pUPOBAHHBIX
TaMIOHAXHBIX PACTBOPOB — UX CKUMaeMoCTh. Ha GobIioi rioyouHe uian
IPU  BBICOKOM THAPOCTATUUYECKOM JIABJICHUU OOBEM a’3pUPOBAHHOTO
TaMIOHAXHOTO pPAacTBOpa CYIIECTBEHHO YMEHBIIUTCS, a IJIOTHOCTh
MOBBICUTCSI. DTOT HEIOCTATOK MOYXHO YCTPaHUTh, 3aKJIIOYUB Iy3bIPHKU
BO3/IyXa B MPOYHBIE 00O0JOUKHU.

B mocnennee BpeMs NPUMEHSIOTCS IJIACTMACCOBBIC, CTEKJISHHBIE,
KepaMHUUYECKHE, KBapILEBble MHKPOOAUIOHBI (MHUKpOKamcymbl). s
() PEKTUBHOTO CHMYKEHHS TIJIOTHOCTH C COXPAaHEHHUEM BBICOKOH MTPOYHOCTH
HE0O0XO0IUMO, YTOOBI MHUKPOOAJIOHBI HMMEIH IUIOTHOCTH HE Ooiee
600 Kr/Mm.

Takum 00pa3oM, sl CHUKEHHUS TUIOTHOCTH:

o0 1650-1700 Kr/M° MOXHO WCIONB30BATh BCE HW3BECTHBIE
CIIOCOOHI;

o0 1400-1500 KT/M® MOYKHO MPUMEHSTH OO0JerJyaromniue 100aBKU
wioTHOCTEI0 Meree 2000 Kr/M’, TOBBIIIAT BOJIOCOJIEPKAHUE, A Ha
HEOONBIMX TUIYOWHAX Tak)Ke HCIIOJIB30BaTh a’pPHpPOBAHHE TaMITIOHAKHOTO
pacTBopa;

enmke 1400 Kr/M®  KeJaTeNbHO  WCHONB30BATH  MOJbIE WK
ra30HAMNOJIHEHHBIE MUKPOOAJITIOHBI.

I'eiblIeMEHTHBIMM  Ha3bIBAIOTCS  PACTBOPHI, COJEpXKAIIHE B
KayecTBe oOserdaroniei J00aBKM BBICOKOKOJUIOMJAJILHBIE, TJIAaBHBIM
0o0pa3oM MOHTMOPUJIJIOHUTOBBIE (OEHTOHUTOBBIC) TJUHBI. OTH TJIMHBI
MMEIOT TIOTHOCTD 2300-2600 Kr/M° 1 BBOIATCA OOBIYHO B KOJUYECTBE JI0
20 % ot maccel TBepao# (ha3bl. [loaTOMY CHUMXKEHUE IJIOTHOCTH 3a CUET
BBEJICHUS MEHEE IJIOTHOIO KOMIIOHEHTa TBEpJoH (ha3bl HEBEIUKO U
JIOCTUTAETCd B OCHOBHOM 3a CYET 3HAYUTEJIBHOTO YyBEJIUYCHUS
BOJIOCOJICP’)KAaHUS  TEIBLIEMEHTHBIX  PAacTBOPOB 110  CPaBHEHUIO C
OOBIYHBIMH. Jlob6aBka K TaMIIOHAXKHOMY LEMEHTY 5-6 %
BBICOKOKAYE€CTBEHHOT'O OCHTOHHUTA II03BOJISET MIPUTOTOBUTH
CeIMMEHTAIlMOHHOYCTOMYMBBIE pacTBOpbl ¢ B/T =0,7-0,75, umeromue
mwoTHOCTE  1600-1700 Kr/p. Beenenue 20-25 % OeHTOHUTA MO3BOJIET
npumenste B/T =1,3-1,5 u nonywyate mioTHOCTh pactBopoB 1300-
1400 kr/m’.

6.9 YTs:KesIeHHbIE TAMIIOHAKHbIE PACTBOPbI
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[IpenynpexaeHue OCI0XKHEHUN NPU HEMEHTHPOBAHUM JOCTUTAETCS
pEeryJupoBaHUEM MPOTUBOAABICHUS Ha IUIACTBI, YTO MOXKET OBITh
00ecIreuyeHo NTPUMEHEHNEM TaAMIIOHAKHBIX PACTBOPOB C YBEIMYEHHOMN
IVIOTHOCTBIO. ;11 3TOro  HEoOXOAuMO  MOBBIIIATH  IUIOTHOCTH
JTUCTIEPCUOHHOM cpeabl win TBepAor (as3el. PacmpocTpanen BToOpoit
CH0C00, TPU KOTOPOM YTSKEJIEHUE JOCTUTAETCS:

® BBCJCHUEM YTSLKCIUTENEH;

® COBMECTHBIM IIOMOJIOM KJIMHKEPA U YTSKEISAIONINX J00aBOK;

e YBEJIMYECHHEM OKHCH )KeJle3a B IOPTIAHILEMEHTE.

B nocnennee BpeMs i1 HEMEHTHUPOBAHUSI CKBaXXMH C aHOMAJIBHO
BBICOKUMHU JaBJICHUSMHU pa3padOTaHbl U HW3TOTOBIIAIOTCS 3aBOJCKUM
CIIOCOOOM YTSIKEJIEHHbIE LIEMEHTBI, IPEJCTABIAIONINE COOO0M TIIATEIBHO
IPUTOTOBJICHHYKD CMECh BSDKYILIErO0 MaTepuaja M YTsOKEIsouen
N00aBKH.

6.10 PearenTn! 1J1 peryJiMpoOBaHHs CBOMCTB TAMIIOHAKHBIX
pPacTBOpOB

Yckopumenu cpokoeé cxeamuvieanusa: 510 B OCHOBHOM 3JIEKTPOIIUTEI
U TaKWe BSDKYIIME, KakK THUIC M TJIMHO3EMUCTBIM 1eMeHT. Camblil
PacIpOCTPAHEHHBIA — XJIOPUCTBIM KAIbUUN. XJIOPUCTBIA KaJlMi, CHJIMKAT
HaTpWs, XJIOPUJ HATPpUs, KAJILIUHUPOBAHHAA COMA U JIp.

3ameodnumenu cpoKo8 cxXeamvléaHusn: VCNONIb3yIOT B pacTBOpax s
LHEMEHTUPOBAaHUA TJIYOOKMX M  BBICOKOTEMIEPATYPHBIX  CKBAXKHH.
[IpUMEHAIOT JJIEKTPOIUTEI U OPraHUYECKUE BEIIECTBA. DBOIBIIMHCTBO
3aMe[UIuTeNedl - 93T0 TuApoOoOU3UPYIOLINE TOBEPXHOCTHO-aKTHBHbBIE
BemectBa. Jlurnocynedonarsl paznmuunbix THHoB: CCBh, KCCb, ok3uin,
OXJIC u ap., bopHasg KUCI0Ta, BAHHOKAMEHHAas KUCJI0Ta U T.1.

Inacmugukamopsr — TPUMEHSAIOT I TOBBIIICHUS TEKY4YeCTH
pactBopoB. CCbh, I'KX, IIJIC, C-4 u np.
Hlonuzumenu  uavmpayuu  (600oomoauu) —  SABISIIOTCS

CTaOMIM3aTOpaMH  JUCIIEPCHBIX CHCTEM W TO3TOMY  CHHXKAIOT
bunprpanuto. benronuroBas riunHa, [1AA, nexcrpun, KMLI, [IBT-TP u

hiyol
Ilenozacumenu — HUK, AKC-20I1I" u ap.

6.11 O0pa3oBaHue IEMEHTHOI0 KAMHS

OnHo cBsi3aHO ¢ 00pa3oBaHUEM TPEXKAIBIIMEBOTO THUAPOATIOMHUHATA.
[Iporiecc yclIOBHO MOPOUCXOIWT B JiBa dTana. B HavyanbHBIA MOMEHT
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3aTBOPEHHUSI OH MHTEHCUBHO B3aUMOJIEMCTBYET C BOAOM. Menpuaiine
YaCTHUIIbI PACTBOPSIOTCS, 00Jiee KPYIHbBIE THAPATUPYIOTCS C PACTBOPEHUEM
BEIIECTBA MOBEPXHOCTU. 3aT€M MPOUCXOIAUT IEPHUOJ 3aMEIJICHUS 3TUX
peakuui. B 3T0 BpeMsi IEMEHTHBIN PacTBOP — 3TO ILUIACTUUYECKas Macca. Ha
MOBEPXHOCTU  YaCTUYEK  OOpa3yloTcsl  COJIbBaTHBIE  OOOJIOYKH |
MOJIOKUTENIbHBIE ANEKTPUUECKUE 3apsaapl. Mexay HUMUA BO3HHKAIOT CHJIIbI
ortraikuBaHua. Hapsigy ¢ 3ThMM 3epHa LEMEHTa B Macce pacTBopa
HACTOJIBKO CKOHILEHTPUPOBAHBI, YTO MEXKAY HHMHU BO3HHUKAKOT CHIIbI
B3aMHOIO TPUTSIKEHUSA. Tak Kak Ha OCTPBIX Kpasx LEMEHTHBIX 3€PEH
TOJIIMHA COJIbBATHBIX 00OJIOYEK MEHBIIE, YEM Ha OCTAJIBHBIX Y4YaCTKaX
IMOBEPXHOCTH, TO IUIOTHOCTH DJIEKTUPUYECKOTO 3apslia 37eChb MEHbIIE,
CJI€IOBAaTEIbHO, MEHbIIE CHiIa oOTTajdkuBaHus. OJHOBPEMEHHO, B
pe3yJIbTaTe XMMHUYECKOTO B3aMMOJICUCTBUA COCTABISIOMIMX LIEMEHTA,
NOSIBIISIIOTCSL TUApaTHble  HOBOOOpa3oBaHusa. B cucreme oOpasyercs
KOAryJISIIMOHHAs CTPYKTYpa. 3aBepiiaeTcs 10503807 sTan
(UHOYKUUOHHDLIL).

K »sromy BpemeHM IUIacTHYECKass MPOYHOCTh HH3KA, TEMII
HApaCTaHHUs €€ MEJICHHBIA M 3aBUCHT OT CBSA3BIBAHUS BOJ, CTCIICHU
OUACHEPCHOCTH I[EMEHTa B BOJE€ W  HAKAIUIMBAHUA  THUJPATHBIX
HOBOOOpa3zoBanuii. Takas cucrema TUKCOTPOITHA, CBS3H MEXKIAY YaCTUILIAMU
B Hell oOecreunBarOTCA uyepe3 TujipaTHbie OOOJOYKH M MOA3TOMY CIAOBI.
[Tocne MEXaHMYECKOTO pa3pylIEHUs CUCTEMBI CBSI3M BOCCTAHABIIMBAIOTCS.
Pazpymienne CTpyKTypsl TpU NEPEMEIIMBAHUMA HE MNPUBOAUT K
HEOOPATUMBIM IOCIIEJICTBUSIM.

Bropoit sTanm xapakTepu3yeTcs BO3HUKHOBEHHEM W Pa3BUTHEM
KPUCTAJUIM3AIUOHHON CTPYKTYpPbl TPEXKAJIBIMEBOTO THIPOATIOMUHATA.
[ToBepXHOCTH M 00BEM YACTHI] YBEIMUYUBAETCS HACTOIBKO, YTO BO3ZHUKAIOT
MOJIEKYJISIPHBIE CBSI3M MEXKIYy HHUMH. OTOT MPOLECC COMPOBOKIAECTCS
WHTCHCUBHBIM HApACTAHUEM IMPOYHOCTH CTPYKTYpbl. CBs3p MEXKITY
YaCTUIIAMU OYE€Hb MPOYHAs M XapakTep pa3pylleHUus HeoOpaTtum, T.e.
pa3pylIeHrue NPUBOAUT K YHUUTOKEHUIO KOHTAKTOB CPACTAHUS U PE3KOMY
CHIDKCHUIO TPOYHOCTU. Ecim mepememars pacTBOpP B MO3AHUAN HEPUOL
TBEPJICHUSI, TO TAMIIOHAXKHBI KAMEHb MOXXET HE 00pa30BaThCsl.

JIMUTENbHOCTh KaXKIOTO 3Tamna M CKOPOCTh MEpPEXoAa IEPBOTO BO
BTOpPOU 00yCIIOBJICHBI CKOPOCTBIO HaKOILJICHUS TUIPaTHBIX
HOBOOOpa3oBaHMi, KoTopas 3aBUcUT OT B/I], kauecTBa 11leMeHTa U BOJbI
3aTBOPEHHUSI, HaIM4Yusl JO0OABOK M PEAareHTOB, YCIOBUM MPUTOTOBIICHUS U
LEMEHTUPOBAHMUSL.
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[Ipy TOCTOSSHHOM TIEpEMEIIMBAHUM TPOUCXOAUT HEMPEPHIBHOE
paspylleHre o0pa3yrIIencs CTPYKTYPhl C YBEIUYECHHEM KOHIICHTpaIuu
MeNbYalIlINX YacTHUI[ TPOJYKTOB THUJpaTallMi. DTO HUHTEHCUDPUIUPYET
mpoiiecc  CTpykKTypooOpaszoBanusi. B pe3ynbprare  COmpOTHBIEHUE
NEPEMEIINBAHUIO BO3PACTAET W B HEKOTOPHII MOMEHT MPOUCXOAUT
JAaBUHOOOpa3HOE HapacCTaHUE COMPOTHUBIICHUS.

BpeMst oT 3aTBOpeHMSI 10 3TOr0 MOMEHTA Ha3bIBACTCS GpeMeHeM
3a2yCmesanus YeMeHmHo20 pacmeopa.

[IpeBpaliieHue 1EMEHTHOIO PAacTBOpa B KAaMEHb COMPOBOXKIACTCS
KOHmpakKyuei — COKpPAIlIEHUEM CyYMMapHOTO o0beMa IEMEHTa U BOJIbI B
nporecce rUApaTalyu. 210 00yCJIOBJIEHO MEepECTPONKON
KPUCTAJTMYECKUX PEIIETOK MUCXOJHBIX MUHEPAIOB KJIMHKEpa U3 aTOMHBIX
B MOJICKYJIAPHBIE MPU UX TUApaTalvu. BHEIIHE KOHTPAKIUS MPOSBISETCS
MOTJIOIIEHUEM BOJBI WUJIW Ta3a, HaXOJAIICHCS B KOHTAKTE C TBEPACIOIIUM
IIEMEHTHBIM pacTBOpoM. [lpu mONHOW TruapaTallu¥ LEMEHTHBIX 3€peH
MOTJIONIEHUE TNPEKpaTUTCs. MaKCUMaJIbHO KOJUYECTBO MOTJIOIMICHHOMN
BOAbI cocTaBiageT 7-9 mit Ha 100 r 1 3aBUCUT OT aKTUBHOCTH IIEMEHTA.

IIpu TBepAeHMH IIEMEHTHBIX PACTBOPOB HAXOJMSIIUMECS C HUMHU B
COTNIPUKOCHOBEHUN OYypOBBIE PAacCTBOPHl M WX (PUIBTpPAIMOHHBIE KOPKHU
00€3BOKMBAIOTCS, CTAHOBSTCS  TPEIIMHOBATHIMHU, MOPUCTBIMH. ITO
OOBSICHSICT SIBJICHHE HApPYIICHUs] TEPMETUYHOCTH KOJIOHHBI MPU yJAAYHOM,
Ka3aJIoCh Obl, IEMEHTUPOBAHUM.

He Bce peakiuu pazoo0pa3zoBaHusi COMPOBOKIAAIOTCS KOHTPAKIIUEH.
B ompeneneHHBIX YCIOBUSIX TBEPJACHHUE MOXKET MPOUCXOAUTH C
YBEIIMYECHUEM CYMMAapHOT0 00beéMa KOHEUHBIX MPOAYKTOB IO CPABHEHUIO C
WUCXOJHBIM, T.€. C «OTPULATEIBHON KOHTpAKIUEW». TUNUYHBIA Cllydyald —
TBEPJICHUE W3BECTKOBO-KPEMHE3EMHUCTOrO IIEMEHTa TMPU  BBICOKOM
TeMriepatype, korma obpasyercs kcoHoraut Ca(OH),-SiO,-H,O0 wu3
Ca(OH), u SiO,. B pngaHHOM ciydae BoJa HE MPUCOCIUHSETCS, a
BBIJICJISICTCSI, YeM U OOBSICHSETCS «OTPULIATEIIbHAS» KOHTPAKITHS.

OrtpunarenbHas KOHTPAKIMS MOXET OBITh TakKe MpPU TBEPIACHUU
IIEMEHTAa, 3aTBOPEHHOTO Ha pacTBOpax COJIeH, OJM3KUX K HACHIIMICHUIO. B
pe3yJibTaTe  pacxXoJOBaHUs BOJbI HAa  TUApATAllMI0  MPOUCXOMAST
MEPECHIIIEHUE TMOPOBOM KUJAKOCTH MO OTHONIEHUIO K COJIU U
BBIKPHUCTAJUIM3AIS TTOCIICTHEN.

J1s yMeHbIIEHUS] KOHTPAKIMU TIPU HEBBICOKHMX TeMIIepaTypax
TBEPACHUS B TAaMIOHA)XHOM IIEMEHTE€ YacThb AaKTUBHOTO BSDKYIIETO
BEIIIECTBA 3aMellaloT HWHEPTHbBIM MaTepuaioM. OaHAKO, MpU ITOM
CHUIKAIOTCS TPOYHOCTh U JIPYTHE CBOMCTBA. YMEHBIIAIOT KOHTPAKIIUIO
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JN00aBKH COJIeH — XJIOPHCTOTO KaJbIMS U CEPHOKHCIIOIO MarHus, HO OHH
YCKOPSIFOT CPOKH CXBaTHIBAHUSI.

[Ipu BBICOKHMX TeMIlepaTypax CHIM)KCHHE KOHTPAKIIMH MOXET OBITh
JOCTUTHYTO  BBEJCHUEM aKTUBHBIX ~ MHHEPAJIBHBIX  J100aBOK,
criocoOcTByromux odbpazoanuto kconornuta {Ca(OH), u Si0,}.

6.12 /ledpopManum HieMeHTHOT0 KAMHSA

[Ipu HeorpaHWYEHHOM TOCTYIUICHUHM BOJBI HW3BHE B TIOPOBOE
IIPOCTPAHCTBO IIEMEHTHOTO KaMHS B TIPOIECCE TBEPACHHS HAOIIOIAeTCS
HEKOTOPOE yBEIWYEHUE BHEITHETO0 00heMa, HA3bIBAEMOE HAOYXAHUEM.

OnopokHEeHHEe TOop LIEMEHTHOTO KaMHsS MPUBOIUT K YMEHBIIICHUIO
o0beMa KaMHsI, HA3bIBAEMOMY yCaAOKol. Y caaka CBsI3aHa ¢ KaWLISPHBIMU
SIBIICHUSIMU, C)KaTHEM CJIOMCTBIX MHHEPAJIOB MPH YAAJICHUU MEXKCIOCBOU
BOJIBI.

Camonpou3eonvHoe pacuiupenue — yBellnueHNE BHEIIHETO 00beMa
IIEMEHTHOTO KaMHsS, TIPEBBINIAIONIEE TI0 BEJIWYWHE E€CTECTBEHHOE
HaOyxaHue. JIJIsi TaMIIOHa)KHBIX IIEMEHTOB YycCaJka HeXejlaTelbHa, a
OTIpeJIe]ICHHOE YBEJIMUCHUE 00bheMa TP 3aTBEP/ICBAaHUM BEChbMa MOJIE3HO.
Jlns  monmydeHus  paclIupeHuss  HeoOXOAMMO  CO3[aTh  yCJIOBHS,
CTIIOCOOCTBYIOIIME BO3HUKHOBEHHIO JIE30PUEHTHUPOBAHHBIX HAIMPSHKCHHIH,
KOTOpPBI€ CIIOCOOHBI BBI3BaTh PABHOMEPHYIO Pa3lIBIKKY JJIEMEHTOB
CTPYKTYpPHBI IIeMEHTHOTO KaMHs. [[7151 co3manmsi COOCTBEHHBIX HAIPsKEHUN
B COCTaB IIEMEHTa BBOJAT paCHIUpSIONIE T0OaBKH, KOTOPBIE, YIaCTBYS B
XUMUYECKHX PEaKIHsIX C BOJOH, BEMIECTBOM IIEMEHTHOTO KaMHS WIIH
MEXJy €000, BBI3BIBAIOT OOpa30BaHME U POCT KPUCTAUIOB B MOpax
CTPYKTYphl ~KamHs. KpucramnuszanmoHHOE [aBJIEHHE pPOCTa 3THX
KPHCTAJUIOB U BBI3BIBAET PA3JBHKKY DJIEMEHTOB CTPYKTYpPHI IIEMEHTHOTO
KaMHSL.

MHorue pacmupsromnue MeMEHTBI CoAepKaT J00aBKH, U3 KOTOPHIX B
nopax IIEMEHTHOTO KaMHS 0O0pa3syercs mmpuneum. ITOT MUHEpa,
o0Opa3ysch B Mpoliecce KOPpO3WH, BBI3bIBAET paspylieHue kamus. Korma
KE ATy PEaKIMIO MCIMOJB3YIOT IS MOJTYYEHHUsS YIPaBIIIEMOro IMpoiiecca
pacIIupeHusi, TO PacUIupPSIONly0 H00aBKy AUCHEPTUPYIOT U PABHOMEPHO
pacrpeAeisiioT B IEMEHTHOM TopoIike. Pacmupsitonas n1o6aBka — CMecCh
cynb(dara KajbIus, allOMHHATa KalblUd W THUIPOKCHIA KaJbIUs
(ruapocyiib(oaTFOMUHAT KaJIbIUI) — 3TO U €CTh STTPUHTUT.

6.13 Koppo3uoHnHoe pa3pylieHne HeMeHTHOT0 KaMHS
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[ToHsiTHE KOPPO3UH TIOCTATOYHO IIUPOKO U B OOIIEM CIydae
noApa3yMeBaeT pa3pylieHue JIoO0oro marepuaia IMoJ[ JIeUCTBUEM
MHOTOYHUCJIEHHBIX (DaKTOPOB OKPYXKAIOIMIEH Cpeabl, MNpUueéM JTaHHBIN
OpOIECC  OTIMYAETCS  CTOJIb  IIMPOKMM  PACHPOCTPAHEHUEM U
pa3zHoOoOpa3ueM YyCIIOBUM M Cpel MPOTEKaHHUs, YTO MOKa He pa3paboTaHo
eAMHOM M BCeoObeMITIONIeH KiacCUu(PUKAMK BCTPEUAIOIIUXCS CITy4YaeB
Koppo3uu. B oTiaumume oOT MeTaaia, KOPPO3UWOHHBIE MPOIECCHhl B
TaMIOHA)XKHOM KaMHE TNPOTEKaloT B TmopoBoM o00bEMe. Koppozus
IIEMEHTHOTO KOJIbI]a U O0CaJHBIX TPYO MPHUBOJUT K MPEXKICBPEMEHHOMY
MPOPBIBY BOJIBI K CKBAXKUHE, 3aTPYJHECHHIO SKCIUTyaTallid CKBAKUHbBI, U B
UTOTe, K CHIDKCHHMIO M00buM HepTH u3 1wiactoB. [lo MexaHuszmy
KOPPO3HMOHHOT'O TMOPaXeHUs! IIEMEHTHOIO KaMHS KOPPO3Usl MOXKET ObITh
(bu3nIeCcKoi, XUMHUYECKOU, TEPMHUYECKOM, OMOJIOTHYECKOM u
AIIEKTPOXUMHUUYECKOM.

du3zuyeckass KOPpo3usi IIEMEHTHOTO KaMHsSI — 3TO MPOLECC €ro
pa3pyllieHusl 3a cueT BIUSHUSA (U3UYECKUX (AKTOPOB OKpYKaArOUIEH
Cpeabl, MPU KOTOPOM HE MNPOUCXOJUT XUMUUYECKOTO B3aWMOJICUCTBUS
MEXKIY LIEMEHTHBIM KAMHEM U OKPYKAFOLIEH CPEIOM.

Tepmnueckass koppo3usi oOycioBiieHa (Ha30BBIMH IE€PEXO0IaMHU
IPOJIyKTOB TBEPACHUS B O0Jiee YCTOMYMBBIE C TEPMOAMHAMUYECKON TOUKU
3peHus coequHeHUs Wiau (a30BbIMH IEPEXOJaMH, MPU KOTOPHIX HIET
YKPYITHEHUE KPUCTAIUIOB U YMEHBIIIEHUE UX MTOBEPXHOCTH.

XuMuYeckass KOPpPO3Wsi IIEMEHTHOrO KaMmHsI  0O0YCIJIOBJIEHA
MpOIECCaMU  XMMHUYECKOTO B3aUMOJICUCTBUSA OKPYKAIOIIEH Cpeabl C
COCTaBJIAIOIIMMHU KamHs. [l1acToBbie BOJIbI OOIBITMHCTBA MECTOPOKICHUM
COJIEp’KAaT B CBOEM COCTaBE PACTBOPEHHBIE COJM PA3JIUYHBIX KHCIOT H
miejo4e M SBJSIIOTCS BEChbMa arpecCUBHBIMU IO OTHOIICHUIO K
LEMEHTHOMY KaMHIO.

Buosiornyeckasi Koppo3usi I1[EMEHTHOIO KaMHSI — HauMEHeEe
W3YUYCHHBIM BUJI KOppo3uu. Pa3zpyiieHrue 1EMEHTHOTO KaMHs MPOUCXOAUT
noj, JEUCTBUEM MPOJYKTOB >KU3HEACSATEIbHOCTH MHUKPOOPTaHU3MOB U
OakTepuil. buonornueckast KOppo3us HEPA3phIBHO CBsI3aHA C XUMHUYECKOU
Koppo3ueil. buoxumuueckas KOppo3Hsi IIEMEHTHOTO KaMHS HMEET
TEXHOI€HHOE MPOUCXOXKJCHHE, TaK KaK HWCTOYHHUKAMH TMOCTYIUICHHS
MHUKPOOPraHW3MOB SIBIISIFOTCSI TEXHOJIOTMYECKHUE KUJIKOCTH M HarHeTaeMast
B ILIaCThI BOJIA.
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JJIeKTPOXMMHUYECKAsE KOPPO3US MPOTEKAET B  PE3YJIbTATe
BO3JCCTBUS  Onmyxparommx TOKoB. (Cucrema o0OcajaHas KOJIOHHA,
LIEMEHTHBIN KAMEHb U 3€MJIA SIBIIAKOTCS MTPOBOJIHUKAMU. B 3TOM cucteme
BCETAa BO3MOKEH IIEPEHOC VUOHOB, OTCrOJ1a BO3MOKHBI
AIEKTPOXUMHUYECKAS U BJIEKTPOOCMOTHYECKAST KOPPO3HUHU.

[{eMEHTHBIN KaMEHb CKJIOHEH K Pa3JIMYHBIM XUMUYECKUM PEAKIUSM
C OKpyxatomen cpenod. OH dBASETCS MIEIOYHBIM IO  XapaKTEPY.
BOoNBIIMHCTBO COEAMHEHNIN B LIEMEHTHOM KaMHE YCTOMYMBO CYILECTBYIOT
npu pH >11.

Jlaxxe OOHOBJIEHUS NPECHOW WM MSATKOM BOJOW Yy IOBEPXHOCTH
LEMEHTHOTO KaMHA JOCTAaTOYHO JUIsi MEIJICHHOTO pa3pylIeHHUs B
pe3ynbpTare IOCTENECHHOTO  BBIMBIBAHHWS THUJAPOKCHIA KAJIbLUUAS U
MOCHEAYIOLIET0 Pa3pyLICHUsI APYTUX COEAUHEHHU. DTOT BUJI HAa3bIBAE€TCS
Koppo3ueil ebluie1auueaHusl.

[Ipoucxonut kKucniomuas Koppo3usa, KOTIA TUAPOKCHI KaJbIUA
pearupyer ¢ CEpOBOJOPOIOM WM TOJ JEUCTBUEM KUCIBIX COJIEH:

CepoBomopon, coaepKaluuucsi B CKBaXXHMHAX, KOHTAKTUPYET C
TaMIOHAXHBIM KaMHEM, KaK B ra3000pa3HOM, TaK U B PaCTBOPEHHOM
cocrossHuu. Korjga  TaMmMIIOHaXHBIM  KaMEHb  B3aUMOJIEKUCTBYET  C
CEpOBOJIOPOAOM, PACTBOPEHHBIM B IUIACTOBOM BOJIE, MOPAXKEHHE KaMHs
npotekaeT nocioiHo. CepoBoaopol, AubdyHaupys BriyOb HEMEHTHOIO
KaMHs1, BCTYaeT B XUMHUUYECKYIO0 PEAKIUIO C PACTBOPEHHON THAPOOKHUCHIO
kaibitusgs Ca(OH),. B pe3ynbrate XUMHUYECKHUX pEaKIUMiA MOpoBast
KUJKOCTh OO0€dHSETCS IIEJIOYbl0, YTO TPUBOJUT K HAPYIICHUIO
TEPMOJIMHAMUYECKOTO PABHOBECHUSI MEXIY TBEpPION M KUJKOW (pazamu
HEMEHTHOTO KaMmHs. [IpoayKThl TBEpeHUS MPOAOJLKAIOT PACTBOPATHCA U
TUAPATUPOBATH C BBIACICHHEM CBOOOJHOMN THIPOOKHUCH Kanbliud. [Ipexme
BCET0, paspymiaercs TBepAas ¢aza, MpeICTaBICHHAS KPUCTALTUYECKUM
TUAPATOM  OKHCU  KajblHs, BBICOKOOCHOBHBIMH  aJIOMHHATaMH,
TUIPOCHIMKATOM U TUAPOGEPPUTOM KaJIbITHS.

Ca(OH), + 2H,S = Ca(HS), +2H,0

Yenekucnomnaa koppo3us TPOUCXOOUT TPU B3aUMOJCUCTBUU C
YTJIEKHACIIOTOM:

Ca(OH)z + H2C03 :CaCO3 + 2H20;
CaC03 + H2C03 = Ca(HCO3)2

VYriekucislid ra3, pacTBOPSSCh B IJIACTOBOM JKHMJIKOCTH, OOpasyer
yroapHyto kucinoty H,COs;, koTopas mnpu OOJBIIMX KOHIICHTPALMSX
SBJISIETCS CUJIBHBIM arpeccopoMm, CIIOCOOHBIM pa3pyliaTh M IEMEHTHBIN
KaMeHb, U 3alUIIaeMblii UM MEeTaJlJI 00CaIHOU KOJIOHHBI.
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Maczne3uanvnas Koppo3us BbI3BIBACTCS JEHCTBUEM MarHe3uaibHbIN
coJiel cyJsib(paTa UK XJIOpHUJIa MarHUsl Ha IEMEHTHBIA KaMEHb.

Xnopunsl u cyiasdarsl HoHa Mg, comepiKaluecs B IUIACTOBBIX
BOJaX, B3aWMMOJIEMCTBYS CO CBOOOJHOM  HM3BECThIO, O0OOpPa3yIOT
MajiopacTBOPUMBIE THAPOKCHU]T MATHUS U CYJb(aT KaabIvs, MO BIUSHUEM
KOTOPBIX [IEMEHTHBIN KaMEHb MOKET MOJTHOCTHIO Pa3pyIIUThCS:

Ca(OH), + MgCl, = Mg(OH),+CaCl, (marae3uanbHas KOppo3usi);
Ca(OH)z-I-MgSO4+2H20=Mg(OH)2+CaSO4°2H20 (MaFHGBI/IaJ'IBHO-
cysib(aTHast KOPPO3us).

ManopaCTBOpUMBIA THUIPOKCUJT MAarHHsl BBINAJAET B OCaJOK H
MOXET, HAKAIUIMBasCh B I0pPax, BBI3BATh €ro pa3pylIeHUE 3a CYUET
BHYTPEHHUX W BHEIIHUX HAIPSHKEHUN, TaK Kak MPEACTaBISIET COOOi
PBHIXJIYI0 Maccy, IPOHUIIAEMYIO ISl BOJBI U HE 00JIaJal0IIyI0 BSKYIIIUMHU
CBOMCTBaMH. YUMTBHIBAsl, YTO 0O0pa3yrouuica cyiabdar KaablUs MOMXKET
MPUBECTH K TMOSBJICHUIO ITTPUHIHUTA (TUIPOCYJIb(HOATIOMUHATA KAJbIIHS),
KOTOPBIN KPUCTATUIU3YETCSI ¢ YBEIMYEHUEM 00bEMA, MPOLIECC Pa3pyLICHUS
MOXET MPOTEKATH C OOJIbIIIEH HHTEHCUBHOCTHIO.

Cynvpumnana  koppo3us  TPOUCXOAUT  AHAIOTUYHO  TIPHU
B3aUMOJICHCTBUU C CYJIb(UTOM HATPHUS:

Ca(OH), + Na, S = CaS +2NaOH

Cynspamnasn Koppo3us 3aKIII0YAETCSA B TOM, 4TO CyibhaT-noH SOy~
(cynbdarbl HaTpusi, MarHusi, KajabllUsid M JpyTue), COAECp)KalUWCS B
IJIACTOBBIX BOJAaX, MPOHUKAasi B TMOPhI LIEMEHTHOT'O KaMHsI, pearupyer C
U3BECThIO W TUAPOATIOMHUHATAMU  KalbllUsi C  oOpa3oBaHUEM
MaJIOpaCTBOPUMBIX CyJib(aTa KaJbIUsl U HEYCTOMYMBOIO KOMIUIEKCOHA —
TUApOCYIbPoaitoMUHATa KajJbllUsl C OOJIBIIUM COJIEPKAHUEM  BOJIbI
(orTpunruta). B mepBoMm cimywae oOpasyercsa rumnc (CaSO42H,0),
KOTOpBIA, B CBOK OYe€pelb, BCTYIIAET BO B3aUMOJECUCTBUE C
BBICOKOOCHOBHBIMM ~ aJIIOMMHATaMU Kajbliusg B TBEpAOU ¢asze, dYTO
MPUBOJUT K 0OPa30BAHUIO ATTPUHTUTA!

Ca(OH)2+N32SO4+2H20=CaSO4°2H20+2NaOH;
3Ca0-ALO;-6H,0+3(CaS04-2H,0)
+19H,0=3Ca0-Al,0;-3CaS0O4-31H,0.

[Tpu 5TOM 00BEM KPUCTAIIIIOB YBEIUYMBAETCS MPUMEPHO B 2,5 pasa,
YTO MPUBOAUT K POCTY BHYTPEHHUX HANPSKEHUM, MPEBBIIMIAIOIIAX
peaesbl MPOYHOCTH I[EMEHTHOTO KaMHs, OOpa3oBaHUIO TPEUIMH U
MOJIHOMY €T0 pa3pylICHHUIO.

MeTtoa OlleHKH KOPPO3HOHHOM CTOMKOCTH TAMIIOHAKHOT0 KAMHS
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OOmEenpuHITEII ~ METOJT  OLIEHKU  KOPPO3UOHHOW  CTOMKOCTH
TaMIIOHAXKHBIX IIEMEHTOB 3aKJIOYaeTCs B JIUTEILHOM HAOIIOJCHUH 3a
oOpa3naMi IIEMEHTHOTO KaMHsl, MOMENIEHHBIMU B IUIACTOBYIO CpENy,
npudéM TeMIepaTypa arpeCCUBHON Cpelibl IIPH UCTIBITAHUHU JOJDKHA OBITH
TaKas )€, Kak B €CTECTBEHHBIX YCIIOBHUSIX.

Jmga cyxaeHnss 0 KOPPO3UOHHOW CTOMKOCTH IEMEHTHOIO KaMHs
onpeaensercs KOIQPPUIHUEHT CTOMKOCTH, NPeACTABJIAKIUI €000it
OTHOLIEHHE TipedeJa TMPOYHOCTH 00pa3sloB, TBepACKOIIMX B
arpecCMBHOM cpeae, K IpegeJy IPOYHOCTH  OJHOBPEMEHHO
HCNBITAHHBIX KOHTPOJbHBLIX 00pa3noB B mnuThbeBOoil Boae. OH
ob6o3znavaercs KC;, KCys u KCy,. [udpsl moka3siBalOT YHUCIO MECSIICB
BbIICPKWBAHU.

Ouacp .
Okoump . (7)
[lemeHT cuuTaeTcsi BBIAEPKABIIMM HCIBITAHUE HAa KOPPO3WOHHYIO
CTOMKOCTh, €CIM II0 HCTEYEHUU TrojJa C MOMEHTA IMOrPYKEHUS He
HaOII0/1aeTCsl BHEIIHUX MPU3HAKOB MOBPEXKICHUS 00pa3loB (PHIXJICHHE
MOBEPXHOCTH,  OTCIIAMBAaHUE, PACTPECKHBAHHE, HWCKPUBJIEHUE), a
ko3 ummeHT croikoctu ocraércs Boime 0,85. McnplTanue MOXKET OBITH
MPEKPAIIEHO 0 UCTeYeHUs 12 MecsieB, €CiIM MPU3HAKU HEJOCTATOYHOM
CTOMKOCTH IIEMEHTHOTO KaMHs OyayT 0OHapy>KEHBI paHee ATOTO CPOKa.

KC =

7 KayecTBO IeMEHTHPOBAHNSA U CIIOCOOBI €ro MOBBIILIEHUSI

[Tocne 3aTBEepAEBaHUS LIEMEHTHOTO PAaCTBOPA MIPOBEPSIIOT KAUECHIBO
UEeMEeHMUposanusa: @QaKmudeckyr) 6vicoOmy noovema UueMeHmHO20
pacmeopa 3a KOJIOHHOU, NOJHONY 6blmeCHeHUs 0ypoeozo pacmeopa
UEeMEHMHBIM PACHIBOPOM U 2EPMEMUUHOCHb 00CAOHOI KOJIOHHBL.

BepxHiolo rpaHmily mojgbemMa IIEMEHTHOTO PacTBOpa 3a KOJOHHOU
OMPENEINISIIOT C TOMOIIBIO deKkmpomepmomempa. llpu cxBaTbIBaHUU
MPOUCXOJAT PeaKIMu THApaTallukM C BbIAEICHHEM Teria. Haubomnbinee
KOJIMYECTBO TEIJIa BBIJACIACTCS TMPU CXBaTblBAaHMM W  TBEPJCHUU
IIEMEHTHOTO pacTBOpa B TeueHUe 5-10 yacoB mocie ero 3aTBOPEHHUS.

J{7151 OlleHKM KayecTBa CLEIUICHUS] [IEMEHTHOIO KaMHS C KOJIOHHOW U
CTEHKaMU CKBa)KWHBI, a TaK)Ke IMOJHOTHI 3aMeIleHUsT OypOBOr0 pacTBOpa
TaMIOHAXHBIM TIPUMEHSIETCS Memo0 aKycmuueckozo kapomasca (AKIJ).
OH 3akiaroyaeTcss B TOM, 4YTO aMIUIUTyAa KoJieOaHUW dYacTu oOCaaHOU
KOJIOHHBI, HE€ 3aKpEIJICHHOW I[EMEHTHbIM KaMHEM, IpU HCIBITAHUU
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aKyCTMUYECKUM 30HJOM 3HAUUTEJIIbHO OOJbIIE IO CPaBHEHUIO C
3allEMEHTUPOBAHHOW KOJIOHHOM.

Meton no3Bosser:

- YCTAaHOBUTH BBICOTY MOABEMA LIEMEHTA;

- BBISIBUTh HAJTUYUE UJIM OTCYTCTBHE [IEMEHTA 32 KOJIOHHOM;

- ONPEJETUTh HAIMYKNE KaHAJIOB, TPELIMH, KABEPH B KAMHE;

- U3YYUTh CTEIIEHb CLUEIUICHUS IEMEHTA C KOJIOHHOM U MTOPOIaMH.

ITIpoBogutrcs AKL[ dyepe3 HECKOIBKO CYTOK MOCIE€ HEMEHTUPOBAHUS
koJoOHHBI. KoaduimeHT kauecTBa EMEHTUPOBAHUSI PACCUUTHIBAETCS 1O
dhopmyie:

Rdwy = 1X+ 0,79+ 0,3 + 00, (8)

rae X — XOpollee CUEIUICHUE, M;

Y — yacTu4yHOE CLECIICHUE, M;
[1 — noxoe cuemienue, m;
O - OTCYTCTBUE CLEIUICHUS, M.

@axkTOopbI, NOBLINIAKIINE KAYeCTBO IEMEHTHPOBAHUS

1. Tun TaMnoHa)XHOTO MaTepuaia U apaMeTphl €ro pacTBopa.

2. TypOynuzanus MOTOKa >KUJIKOCTH B KOJBIIEBOM MPOCTPAHCTBE B
pe3yJbTaTe yIy4lIeHUs PeOoJIOTUYECKUX CBOMCTB I[P, mnoBbIIEHUA
CKOPOCTH TEUEHMS, CYKEHUS M 3aBUXPEHUS] [OTOKA C MOMOIIbIO
CHEIMATIbHBIX MPUCIOCOOJIEHUM, YCTaHABIMBAEMbIX Ha KOJIOHHE TIPU €€
cnycke. TypOyneHTHbI pexuMm HauOosiee 3bhQeKkTuBeH B IpoIecce
3aMelleHusi OypoBOro pacTBopa TaMmnoHaKHbIM. [Ipu npokaunBanuum [P
NOTOK NEPEXOAUT B TYpOYJEHTHBIM peXuM mpu ckopocTsax 3-6 mM/c, a
TUAPABIMYECKUE COMpPOTUBIECHUS Bo3pacTtatoT 10 30-50MIla u Oonee.
[IpeogosieTb WX HE BCErja BO3MOXHO, T.K. BBICOKHE JIaBJICHUS MOTYT
MPUBECTH K TUJIPOPA3PHIBY IJIACTA U YXOJIy PACTBOPA B TPEIIUHY.

CuuraeTcsi yIOBIETBOPUTEILHBIMUA CKOPOCTH LIEMEHTHOIO MOTOKA B
3aTpyOHOM MPOCTpaHCTBE, peBbImaroniue 1,8-2,0 m/c.

3. LlenTpupoBaHuE, pacxa)KMBaHWE M BPAIICHUE KOJOHHBI C LEIBIO
PaBHOMEPHOTO 3aMOJIHEHUS KOJBLEBOTO MPOCTPAHCTBA LEMEHTHBIM
pPacTBOPOM, JIMKBUJIAIIMHU 3aCTOMHBIX 30H, JIOMOJTHUTEILHON TYpOyIU3aiuu
MOTOKA >KUJIKOCTH.

4. Mexanuyeckuii cnoco0 OYHCTKM CTEHOK CKBaXHHBI OT
GUIBTPAITMOHHON KOPKH MPU UCTIOIH30BAaHUU CKPEOKOB.

5. Wcnonb3oBaHue pa3iuyuHbIX Oy(EepHBIX >KHAKOCTEH C IEJIbI0
pazneneHus OypoBOro U IEMEHTHOTO PacTBOPOB.
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DT TEXHOJOTMYeCcKHe  (paKTOpbl, TMOBBIIMIAIONIME  KAaYeCTBO
EMEHTUPOBAHMUSI, B3aMMOCBS3aHbI, B3aUMO3aMEHSIEMbl U OJHU B Mape C
JIPYTUMU yCUIMBAIOT MOJOKUTENbHBIN 3D (PEKT.

8 BbydepHbie KUAKOCTH

Byghepnont >cuokocmuvro Ha3pIBaeTCA MPOMEXKYTOUYHAS IKUJKOCTD,
paznenstomas OypoBOM M TaMIIOHAXXHBIA PpacTBOpbl B  IIpoliecce
EMEHTUPOBAHUSL.

Co cmenieHneM OypoOBOrO pacTBOpa C TaMIIOHAXKHBIM CBSI3aHBI
caMbl€ PacIpPOCTPAHEHHBIE U CEPHE3HBIE OCTI0KHEHUSI U TEXHOJIOTHUYECKUE
HapyILIEHUs  TNPU IEMEHTUPOBAHUM OOCAJHBIX KOJOHH: OCTaBJICHHE
CBEpXHOPMATHUBHBIX IIEMEHTHBIX CTAaKaHOB, pa3pbiBbl IUIACTOB W
HEJIONMOABEMBI  TAMIIOHAKHBIX PACTBOPOB JI0 IMPOEKTHBIX OTMETOK;
pa3pbiBbl U CMSTHUS OOCaJHBIX KOJOHH B JIOKQJIbHBIX MHTEpBaax
OTCYTCTBUS IIEMEHTHOTO KOJIbIIA; TOTJIOIIECHUS TAMITIOHAXKHBIX PACTBOPOB B
NPOAYKTUBHOW Touiie. BC€ 3TO MNPUBOAUT K YBEIWYECHHID BPEMEHHU
OCBOEHUS 00BEKTA, a MOAYAC U THOENIA CKBAXKUHBI.

st oOecriedeHUss TEPMETUYHOCTH 3aKOJIOHHOTO IMPOCTPAHCTBA
TpeOyeTcss TOJHOE BBITECHEHHE OypoBOTO pPAcTBOpa IIEMEHTHBIM,
oOecrieyeHre TIJIOTHOTO €ro KOHTakTa C (UIBTPAIIMOHHOM KOPKOM,
CTEHKOM CTBOJIa M 00CaTHON KOJIOHHOM, COXpaHEHHUE CBONCTB 1IEMEHTHOTO
KaMHs B TEYEHUE BCETO MEPUO/Ia SIKCIUTyaTallid CKBAKUHBI.

N3 MHoOroumcieHHbIX  (MEPEUMCICHHBIX B MPEIbIAYIICH TJiaBe)
(GakTOpOB, BIMSIONIMX HA MOBBIINICHUE KauyecTBa KPEIUJICHUS OO0CaIHBIX
KOJIOHH,  Haubojee BaXXHbIM SIBJISIETCA TMpUMEHEHUE 3(PPEKTUBHBIX
OydepHBIX >XUAKOCTEH. bosblioe 3HaueHHWEe TPU ATOM HIPaeT COCTaB
Ooydepa, ero GU3NKO-XMMHYECKHE CBOWCTBA, CIIOCOOHBIE YIOBJICTBOPHUTH
BCE MPEAbSIBISIEMbIC K HEMY TPEOOBaHMUS:

-  HQJAEXHO pa3fensaTh OypoBOM M IIEMEHTHBIM  pacTBOPBHI,
npeoTBpaIias ux CMEIICHUE;

- HE OKa3bIBaTh BJIMSHHE HA 3aryCTeBaHHE OYpOBOIO pacTBOpa U Ha
CPOKM CXBaThIBaHUS IIEMEHTHOTO pacTBOpa, Ha POCT CTPYKTYpHOU
BSI3KOCTH U JJUHAMHUYECKOT0 HANIPSIKEHUS CABUTA TPAHUYHBIX CIIOEB;

- MakKCHUMaJbHO BBITECHUTH OypOBOWM pacTBOp M3 HHTEpBaa
IIEMEHTHUPOBAHUSI KOJOHHBI 00CaIHBIX TPYO, B TOM UHCIIC U3 KaBEPH;

- 3()PeKTUBHO pa3pyIIUTh (3POAUPOBATH) U CMBIBATh PHIXJIYIO YacTh
GUIbTPalIMOHHOMN (TJIMHUCTOM) KOPKM Ha CTEHKAX CKBAXUHBI U ILJICHKY
MIPOMBIBOYHOM KUIKOCTU C 00CaTHON KOJIOHHBI;
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-  YKpeIUIATh OCTaBIIYIOCA 4YacTh (WIBTPAIIMOHHON KOPKU U
NpUJABaTh QJATr€3MOHHBIC CBOWCTBA TJIMHHUCTHIM MOpPOJAaM U OCTaBIICUCS
MJIOTHOM YacTu (PUIIBTPALIMOHHON KOPKH C IIEMEHTHBIM KaMHEM;

- KOJbMAaTUPOBaTh 30Hbl C HU3KHUMHU TPAJUECHTAMHU ILIACTOBOTO
JABJICHUS,

- HE CHIKATh THUJPOCTATHUYECKOE JaBJICHHE M, KakK CIIEJICTBUE,
YCTOMYHUBOCTh CTEHOK CKBa>KUHBI;

- TNPEIOXPaHUTh NPOJYKTUBHBIM KOJIJIEKTOp OT 3arpsi3HEHUs
TaMIOHAXHBIM PACTBOPOM UJIU €r0 (PUIBTPATOM;

- YMEHBIIUTh THUJPABINYECKUE COMPOTUBICHUS TMPU MPOKAUKE
OypOBOT0 pacTBOpa;

- CHU3UTH 3a001HYyI0 TeMrepatypy (mpu e€ 3HadeHusx o6omuee 75°C).

VYHuBepcanbHbIX 0y(hepHBbIX KUIAKOCTEH, MPUTOAHBIX I IITUPOKOTO
UCIIOJIb30BAaHUSI MPU BCEX YCJIOBUSAX OypeHHs, HET, IO3TOMY MPUMEHSIOT
pa3iInYHbIC BHJIbI OydepHbIX KUJIKOCTEN (YTsKETEHHBIE,
KOMOWHUPOBAHHbIC,  A’PUPOBAHHBIC,  JIPO3UOHHBIE,  BSBKOYIIPYTHE
pazaenuteny, HepTh U HeTENPOTYKThI, PACTBOPHI KUCIIOT).

BriOop Tuma OydepHOil KUIKOCTH Oazupyercss Ha J1abopaTOPHOU
MIPOBEPKE COBMECTUMOCTH €€ C KOHKPETHBIMHU OypOBBIM U TaMIIOHAKHBIM
pactBopamu. [Ipu cmemennn 6ypepHON KUIKOCTH C OYpOBBIM PaCTBOPOM
HE JIOJKHBI MOBBIIIATHCS PEOJIOTMUECKUE MapaMeTphl 30HbI CMEIICHUS, a
CMECh €€ C TaMIOHAKHBIM PACTBOPOM HE JOJKHA XapaKTepHU30BaTHCA
CHM)KEHHEM pACTEKAaeMOCTH M YMEHBIIIEHHEM BpPEMEHU 3aryCTeBaHUS
pacTBopa.

JInsi CHUXEHHUSI UHTEHCUBHOCTH YAaCTUYHOTO cMelleHus: OydepHoit
KUJIKOCTH C KOHTAKTUPYIOIIUMHU PpAacTBOpPaMHU B MPOLIECCE JABUKEHUS UX B
3aTpyOHOM TIPOCTPAHCTBE HEOOXOAMMO BBITIOJIHEHHE YCIOBUS, TIPH
KOTOPOM €€ BA3KOCTh M IUIOTHOCTh TMPEBBIIATH Obl aHAJIOTUYHBIC
MOKa3aTeNM BBITECHSIEMOU >KUJIKOCTU WU MPUOIUKAIUCH K UX CPEIHUM
3HAYEHUSIM JIJIs pa300111aeMbIX KUJIKOCTEH.

O(PPEeKTUBHOCT OYHUCTKU 3aTPyOHOTO MPOCTPAHCTBA OT OCTATKOB
OypoBOro pacTtBOopa U IUIaMa OOECIEYUBaETCs MIPUMEHEHUEM
KOMIUIEKCHBIX (MJIM KOMOMHUPOBAHHBIX) OydepHbix xuakocreit - KBX.
[lepBasgs uxX 9acTh MOXKET OBITH MPEACTaBICHA KUIKOCTHIO, OTBEUAOIICH
TpeOOBaHUSIM BBICOKOW CTENEHH BBITECHEHUS, BTOpash — IKUIKOCTHIO,
oOJajaronier BbICOKOW (hU3MKO-XUMHUYECKOM aKTUBHOCTBIO. J1J1s1 TOJIOBHOM
4acTH KOMOMHUPOBaHHOW Oy(depHON KHUAKOCTH JyUIIUMH SIBISIOTCS
Bs3koynpyrue pasgeaureaun (BYP). DOddexruBHocts OydepHoit
KUJIKOCTH MOXHO OIEHUBATH MO Pa3HOCTU €€ MJIOTHOCTH U KOHIIEHTPAIINHU
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TBEPION (a3bl 7O W MOCIE MPOKAYKU Yepe3 CKBAXKHMHY. BsA3ko-ynpyrue
paznenutenu (BYP) npegnasHaueHbl Jjis8 JOCTHXKEHUS MaKCHMAaJbHOIO
BbITeCHEHUSA. K HUM OTHOCATCS OJIMMEPHBIE KOMITO3UIIUH.

OnHolt W3 OCHOBHBIX  NPUYUH  HEYJOBIETBOPUTEIBHOIO
[IEMEHTUPOBAHUS SIBIIACTCS HATU4YMEe (PUIBTPALIMOHHONW KOPKU Ha CTEHKaX
CKBOXHHBI M TUICHKM Ha oOcaigHbix TpyOax. JlokazaHo, 4To Haxke Mpu
ckopoctu 3 M/c (QuibTpanMoHHas Kopka He ynansercs. Iloatomy
HE00XO0ANMMO NMpUMEHEHHUE 3P(HEKTUBHBIX MOIOIINX KUIKOCTEH.

JIsi IOBBINIEHUS CTETIEHU 3alOJIHEHUSI 3aKOJOHHOTO MPOCTPaHCTBA
TaMIOHAXHBIM PACTBOPOM BaXKE€H HE TOJBKO MPAaBUJIbHBINA BEIOOp TUIIA, HO
U 00beM OyepHO KUTKOCTH.

[Tockonpky »ddext oT mnpumeHeHUss Oy(PEepHBIX KHIAKOCTEH
BO3pacTaeT C YyBEIMYEHUEM BPEMEHM HUX BO3JECUCTBUS HA CTEHKHU
CKB@XHHBI, TO C YBEIWYEHHEM OObeMa 3aKauMBAEMBIX >KUJKOCTEU
KA4ueCTBO IIEMEHTUPOBAHUSI YITyUIIIACTCSI.

Takum 00pa3oM, Bpemsi KOHTaKTa UTPAET CYIIECTBEHHYIO pOJIb B
s dexktuBHOCTH 1IeMeHTUpoBaHus. [lo AaHHBIM uCcaegoBaTeNe MpU
BpeMEHH KOHTakta MeHee 7 MuH B S50 % cioyyaeB KadecTBO
[IEMEHTUPOBAHUS OyAECT HEYIOBJIECTBOPUTEIIHHBIM.

KomOunupoBanubie OydepHble JKUIKOCTU B 3aBUCUMOCTH OT
YCJIOBHM MPUMEHEHHUSI MOTYT COCTOSITh U3 JIBYX, TPEX WJIM YETHIPEX IMaueK,
KaXKJ1asl U3 KOTOPBIX JTOJKHA BBIOIHATE OMPEIETIEHHYIO (DYHKITHUIO.

O0bemM  BbIOMpAIOT C pacyeroM, YTOObI HE MPOUCXOIUIIO
nepememuBanne bP u TP. MuHumanbHbIi 00BEM JOCTATOYEH, €CIIU
BBICOTA CTOJ10a OyPepHOl KUJKOCTH B KOJBIIEBOM MPOCTPAHCTBE OYJIET HE
MeHee 250 m.

BbydepHble XHAKOCTH Ha yTIEBOJOPOAHOM OCHOBE MPUMEHSIOT
TOJIbKO TIpu OypeHun ckBaknH Ha PYO (pacTBopax Ha yTiieBOJOPOIHOM
OCHOBE).

9 OTxoabl OypeHHsi M CIOCOOBI UX YTHJIM3AIMH

bypsimasicas ckBaxumHa — OAWMH U3 OOBEKTOB 3arps3HCHUS
OKpy»Karo1en cpenbl. OCHOBHBIMU HCTOYHUKAMM 3arpsi3HEHMS SBIISFOTCS:
oyposoii muiam (BIII), orpadorannbie OypoBbie pacTtBopbl (OBP) un
OypoBbie ctounble Boabl (BCB) (puc.23).

Otxoabl OypeHHUs MPEACTABIAIOT COO0l OUEHb CIIOKHBIE B (PU3UKO-
XUMHUYECKOM OTHOIIEHUHN CMECHU PA3ITUUYHBIX BELIECTB.
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KonnyecTtBO M (PU3MKO-XMMUYECKHI COCTaB OTXOAOB OOYCJIOBIJICH
re0JIOr0-TEXHOJOTHUYECKUMU YCIOBUSIMU OYpPEHUS CKBaKUH.

Omxodbl BypeHus

v N

Xunaokune orxoabl

|

6ypoBOW pacTBOp) CTOYHbLI € BOAbI)

EEESO Teep aas da 3a 10“ETaepnas|dra3a

75-80% Bopa Y
90% Bopna |

Puc. 23. Otxoxapl OypeHus

[pu ray6une ckBaxuubl 3500 M B cpeaHeM obpasyercst 630
BBIOypeHHOTO 1ama, 650 M OBP u 1300 »° BCB. IIpu coBpeMeHHOI
TEXHOJIOTUM OypEeHUsI BCE 3arpsi3HUTEIN COOMpalOTCs B amOapax W IMocie
OKOHYaHMsSI OypeHusi 3axOopoHstoTca Ha Mecte. (Ocob0o OmacHbBIMU
3arpsI3HUTENISIMU  SIBIISIIOTCSL IJIaMbl, OoOpasyroliuecss npu pa3OypuBaHUU
COJICHOCHBIX TIOPOJ, YTO XapaKTepHO HJisi TEOJOTHYECKUX YCIOBUU
MECTOPOXKIeHUI benapycu.

AHanu3 COCTOSHMS OKPY’KAIOIIEH Cpebl Ha BCEX CTaausix OypeHHUs
CKkBaXMH B bemapycu mokazain, 4ro HanOosee MHTEHCUBHOE 3arpsi3HECHUE
MOYB Y MOJ3€MHBIX BOJ MPOUCXOJUT HA CTaJAUU JUKBUJAUUN amOapoB. B
TOM CIIy4ya€ MUTIPALUS COJICHBIX JKUJIKOCTEM MPOUCXOJUT Kak B
TOPU30HTAJIbHOM, TaK W B BEPTUKAIbHOM HampaBieHusx. lIporecchl
dbopMHUpOBaHUS M CTAOMIM3ALMK Opeojia 3aCOJICHUS TMPOUCXOIAT B
teuenue 3-10 er.

[Ipu OypeHuH B BOJOOXpaHHBIX 30HAX MPUMEHEHUE aMOapHO
TEXHOJIOTUM HE jomnyckaercs. [IpuHuUMas BO BHUMaHHUE YCTOWYUBOCTHh K
3arpsi3HEHUIO U CIOCOOHOCTh K CAMOOYMILIEHHIO YYACTKOB CTPOUTENIHCTBA
CKBa)XMH, CYHIECTBYIOT CIEAYIOIINE TEXHOJIOTUU:

1. Ambapnasa - cOop U 3aXOpPOHEHHE BCEX OTXOJOB OypeHUs
IPOU3BOAUTCS B aMOapax.

2. Manoambapnas - tnipecHble OTXOIbl OypeHHs coOOUparOTCs B
ambape M MOTYT 3aXOpPOHSThCA Ha OypOBOM IJIOIIAJKE, OTXOJbI OypeHus
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COJICHOCHBIX OTJIO)KEHHMU BBIBO3SITCS JJISI 3aXOPOHEHHS B CHEIHUAIBHO
000py/1I0BaHHBIE TTOJTUTOHBI.

3. Bezambapnasa — Bce oTXObl OypeHUs BBIBO3ATCS C TEPPUTOPUU
OypoOBOI JJIs1 yTHJIM3AIIMU Y 3aXOPOHEHHMS Ha CTIEIUATbHBIX MTOJIMTOHAX.

OueBHAHO, YTO MHHUMH3ALUS OTXOJOB © HX IOBTOPHOE
UCIIOJIb30BAHUE — OCHOBHBIE IyTH CHIDKEHHMS 3aTpaT W OOecreyeHus
IKOJIOTUYECKON OE30MaCHOCTH.

TexHonorus 0e3aMOapHOTO CTPOUTENBCTBA CKBaKMH OCHOBaHa Ha
pazenbHOM cOOpe OTXO0J0B OypeHUs U UX BBIBO3E C TEPPUTOPUU OYpOBOM
JUISL yTUIU3AIUY WU 3aXOPOHEHUS.

KonuyecTtBo 0TX070B, OOpasyromuxcs npu OypeHUH CKBaKHHBI,
3aBUCUT OT 3()PEKTUBHOCTH OYUCTKU OYpOBOTO PacTBOpPa OT BHIOYPEHHOM
NOpoAbl W OT TPUMEHEHUS PECypcocOEperammx TEeXHOJIOTHM
(060pOTHOTO BOAOCHAOXKEHMSI, MOBTOPHOTO MCIOJIb30BAHUA OypOBOIO
pacTBOpa, HCIOJIb30BaHUS TEXHOJIOTUU pa3feibHOrO0 cOopa OTXOJ0B
OypeHus).

B ocHOBy moaxoja K oOmnpeaeneHur0 00bEMOB OTXOJIOB OypeHus
MOJIO’KEHBI PACUETHBIE METO/IBI.

O6bem OBP (oTpaboranHOr0 OYpOBOrO PAacTBOpPA) PaCCUMUTHIBACTCSA
M0 WHTEepBaJaM OypeHHs, 3aJaHHbIM KOHCTPYKIMEH CKBaxuHbl. OH
CKJIQJBIBAETCSl U3 M30BITOYHBIX OOBEMOB PAaCTBOPOB, HAKAIUIMBAEMBIX MPHU
NOMHTEpBaIbHOM  OypeHuu. Ilpy 95TOM  OCHOBHBIMM  MNpPUYMHAMHU
o0pa3oBaHMs U HAKOIUICHUSI U30BITOYHBIX OOBEMOB PACTBOPOB SIBJISIFOTCSI:

- Hapa0OTKa pacTBopa IpuU OYpEeHHH HHTEPBAJIOB, CIIOKEHHBIX
TJIMHUCTBIMU TOPOJAaMU;

- 3aM€Ha OJIHOTO TUIla OypOBOT0 pacTBOpa Ha JIPYTOM.

O61bem (B %) nmoBTopHO Hcnoibdyemoro OBP B kak1o0M KOHKPETHOM
clly4yae yCTaHaBIUBAETCS MO (PAaKTUUECKUM JAHHBIM C YY€TOM KOHKPETHBIX
re0JIOTO-TEXHUUECKUX YCIOBUM MPOBOJIKM CKBaXKHH.

Jlist 3aXxopoHeHHs] OTpaOOTaHHBIX OYpPOBBIX PACTBOPOB M ILIAMOB,
oOpazyromuxcs Mpu OYpeHMH CKBOXMH Ha HEPTb Ha TEPPUTOPUU
nesarenbHocTH PYII «IIpousBoactBennoe o0beanHenue «benopycHedtoy,
B OTJIO)KEHUSAX TaJIUTa BEPXHEU COJIEHOCHOW TOJIIIU ITOCTPOEHO OIIBITHO-
npomblluieHHOe  noja3eMHoe  xpanwinume  (OIMIX). Ilpu  sToMm
MPECIeNOBAIMCh €N  YIYUYIIEHUsS JKOJIOTHYECKOW OOCTAaHOBKH W
HYKOHOMUU MAXOTHBIX U APYTUX 3€MEb.

C uenpl0 yMEHBIIEHUS 3arpsi3HEHUs]  OKpYXKarouled  Cpefbl
He(Terazo100bIBAOIINM KOMIIJIEKCOM BEAYTCS Pa3pabOTKU U BHEAPSIOTCS
HOBBIE MTPUPOA0CcOEpErarIIre TEXHOJIOTHH.

94



Vrummzamua BCB cBoguTcst K OYHCTKE OT KOJJIOMJHBIX YaCTHIL,
BBIPABHUBAHUIO PH M OCBETIECHHIO METOJIOM PEAr€HTHOM KOAryJisiiuu U
GIoKyISUIMM B KOAryJsiiuOHHO-(IOKYIsIMOHHOW ycTtaHoBke. [lociie
OYMCTKH BO3HHUKAET BOMPOC 00 MCIOJIb30BAHUU MOJTYyUYeHHOU BOJbI. M3-3a
MPUMEHEHUSI CEPHOKHUCIIOro amoMuHus mia ocsemieHuss bCB mocrne ero
JUCCOIIMAIMM B BOJIE OCTAlOTCsS CyJb(aTbl M HUCIOJB30BATH €€ IS
IIPUTOTOBJIEHUSI PacTBOpa HeNb3sl. [[03TOMy OCBETIEHHYIO BOIY OBTOPHO
UCIIOJIB3YIOT JUIsl OOMBIBa 00OPY/I0BaHMUS.

CylHOCTh MeTOAAa peazeHmHOU KOaZynayuu 3aKI0YACTCS B
pazaenenun (a3 moj JAeMcTBUEM J00aBJISIEMBIX B OUYMIIAEMYIO BOIY
KOAryJSHTOB  (MPEUMYILECTBEHHO COJIEM  aJlOMHUHUA UM JKelie3a),
TUAPOIU3UPYIONIUXCS B oOpabaTtbiBaeMoil BOJe C 0Opa3oBaHUEM
COpOIIMOHHO-aKTUBHBIX THAPOOKUCEH. DOopMHUpYIOIMIAsICS THAPOOKUCH
o0JafaeT BBICOKOPA3BUTOM YIEIHHOM MOBEPXHOCTHIO, KOTOpasi JIETKO
a7IcOpOUpyeT TUCTIEPCHBIE M KOJUIOUAHBIE (PaKIMU, a TAKKE YACTUYHO U
PaCTBOPEHHBIC 3arps3HAIONINE BEIIECTBA. B pe3ynbTare 3TOro BO3HUKAOT
XJONIbEBUJIHBIE ACCOLMATBI C JOBOJBHO BBICOKOM THAPABIAYECKOU
KPYITHOCTBIO, KOTOPBIE CEIMMEHTUPYIOT ¢ 00pa3zoBaHueM ocaaka. Kpome
TOTO, MPU OCAXKIACHUU XJIOMbS YUCTO MEXAaHWYECKH YBIIEKAIOT 3a COOOM
HEeaJICOPOMPOBAHHYIO YaCTh 3arpsA3HSIONINX WHTPEIUCHTOB, HAXOISIINXCS
B OYMIIAEMOU BOJIE.

B Hacrosmee BpeMsi MPOMBIIUIEHHOCTBIO BBITYCKA€TCSl TPU THIIA
(bIOKYJISIHTOB: KaTUOHHBIE, aHUOHHBIE 1 HEMOHOTECHHBIE, Pa3INYatoIIuXCs
M0 COCTaBy M CBOMCTBaM, M IO-pa3HOMY paOOTalIIMe B pPa3IUYHBIX
ycnoBusix. Tak kak BCB — 3TO ClI0XHBIE CUCTEMBI, TO YHHUBEPCAIBHOTO
(bIoKyISIHTAa HE CYIIECTBYET. B KaKJ10M KOHKPETHOM Ciiydyae He0OXOIUMO
noa0upaTh 1a00PaTOPHBIM MTyTEM COOTBETCTBYIOITUHN (hJIOKYJISHT.
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