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BBEJAEHHUE

B IMUKJIC CTPOUTCIIBCTBA CKBAKMH BCKPLITUC IIPOAYKTUBHOI'O IINIACTA SABJIACTCA
OIHMM H3 OCHOBHBIX M CJIOKHBIX ITPOLCCCOB. Ot KadecTBa BBINTOJIHCHUS JaHHOTO
9Talla B Pa3BCAOYHBLIX CKBA)XMHAX BO MHOI'OM 3aBHCHT OLCHKA IICPCIICKTHUBHOCTHU

HOBBIX M€CTOpO>I(,H€HHﬁ, a B 3KCINNIYATaDUOHHBIX — I[C6I/IT.

[IoBrIlIcHUE I[€6I/ITOB OKCIUIyaTallUOHHBLIX CKBAXKUH H He(bTeFaBOOTIIaLIH
IPOAYKTUBHBIX IINIACTOB ABJISICTCAA Ba)KHEHUIIICH 3aﬂaq€ﬁ obOecIeyeHus pCHTa6€HBHOﬁ
I[O6BI‘-II/I YIJIIEBOAOPOAHOTO ChIPhA M BOBJICHCHUA B OKCILNIyaTallUIO MCCTOpO)KI[CHI/Iﬁ C

TPYOAHO HU3BJICKACMBIMHU 3allaCaMit He(i)TI/I H rasa.

Pa3paboTka HOBBIX MECTOPOKICHUM CTAHOBUTCS BCE OOJIee CIIOKHOM 3aaaydeid,
B CJIEACTBUU CJIOXHBIX TOPHO — T'€OJIOTHUECKUX YCIOBUW, AaHOMAJbHBIX IJIACTOBBIX

JABJICHUM, OTIAJIEHHOCTH OT KPYIHBIX HACEIEHHBIX ITYHKTOB.

Ha paznuusbix stanmax pa3BuUTHS HEPTSHONM M Ta30BOM MPOMBINIJICHHOCTH
Haleld CTpaHbl B  PEIICHUHM HAyYHO — TEXHMYECKUX  BOIPOCOB  OypeHwus,
3aKaHYMBaHUS M PEMOHTA CKBAXXKWH, ObUIO 3aJ€HCTBOBAHO OOJIBIIOE KOJIMYECTBO
POCCUNCKUX YUEHBIX U CrIeNUAIUCTOB. OIHAKO, PsI/T aKTYalbHBIX MPOOJIEM OCTAIOTCS

HepeﬂléHHBIMI/I B HACTOAIICC BPpEMA.

OCHOBHBIM HEJOCTAaTKOM TPATUIIMOHHOM TEXHOJOTHH OYpEeHHs Ha perpeccuu
ABJISACTCS  yXYJLICHUE (GUIBTPAIIMOHHBIX ~ XapPaKTEPUCTUK  KOJUJICKTOPOB,
0oOyCJIOBJIEHHOE TPOHUKHOBEHHWEM TBEPAONH (a3bl U uiIbTpaTa MPOMBIBOYHOMN
JKUJIKOCTU B MPHUCKBAXWHHYIO 30HY IJlacTa C MOCIECAYIOUMM WHUIIMUPOBAHUEM
HEOOpaTUMBIX (PUBUKO — XUMHUYECKUX TMPOIECCOB UX B3aMMOJICUCTBHUS C TIJIACTOBBIMU

barongamMu U opo1000pa3yOIUMUA MUHEPaTaMHU.



IIpoayKTUBHBIE OTJIOKEHMS, BCKPBIBAEMBIE TOPU30HTAJIBHBIMU CKBAaKMHAMM,
Haubosee ysA3BUMBI K TakOMy pOJy BO3JACHCTBUAM B CHIIy YBEIWYCHHS CpOKa

KOHTAaKTa C HpOMLIBOqHOﬁ KHUIAKOCTBIO.

Yxynmenue  (QUIBTPAIIMOHHO — EMKOCTHBIX ~ CBOWCTB  KOJUIEKTOPOB — TIPH
OypeHUU CKBaXXUH BPAJl JIU yAacTcsi U30€KaTh MOJHOCTHIO, OJHAKO OHO MOXKET ObITh

CHIDKEHO 32 CUET UCITOJIb30BAHUSI COBPEMEHHBIX TEXHOJIOTUH.

BcekpbeiTHe NpOAYKTUBHBIX OTJIOKEHUW B YCIOBUAX JAEHPECCUU  SIBIISETCS
BecbMa I(P(PEKTUBHBIM METOJOM MHUHHMMU3AIMU TakKuxX BO3JeucTBUi./[aHHas
TEXHOJIOTUSI MOXET OBITh peain30BaHa, KaK NMPUMEHEHUEM OOBIYHBIX OYpPHUIIbHBIX

Tp}I6, TaK U C UCIIOJIb30BAHHUECM PA3JIMIHBIX KOJTIOOMHTOBBIX YCTaHOBOK.

Takum 00pa3om, TOBBIINIEHHE KauyeCTBAa BCKPHITUS IMPOJYKTHBHBIX IUIACTOB
ABJIAETCSl AKTyaJIbHOW HAay4YHO — TEXHHMYECKOW MpoOJeMOil, HMMEIOMEH BaXKHOE

HapOJHO — XO03SMCTBEHHOE 3HAUCHHUE.

1. OBIIUE CBEJAEHUS O 3AKAHYNBAHUU HE®TEI'A30BbIX
CKBAXKHH

1.1 KoMmieKkc TeXHOJIO0THYeCKUX MmpoueccoB 3AaKAHIYUBAHUA CKBAYKHH

- [lepBuuHOE BCKPBITHE MPOAYKTHUBHOTO TIJIACTA,;
- OnpoObBIBaHKE U UCTIBITAHUE TIPOAYKTUBHOTO TTACTa B MEpHUOa OypEHHSI;
- Kperienue cTBoa CKBayKMHBI M pa300IIeHUE TIACTOB 00CaTHBIMU TPyOamu;

- YcranoBka puibTpa MEXKIYy TPOTYKTUBHBIMU TUTACTAMHU M CKBAXKUHOU (TIpH

HEO0OXOJIMMOCTH);
- BropuuHoe BCKpBITHE TTPOYKTUBHBIX TUIACTOB TIEpOpaIiueii;

- Br3oB nputoka uronga U3 miacTos;



1.2 IlepBu4HOE BCKPBITHE NPOAYKTHBHOIO IJIACTA

BcekpbpITre NpOAYKTUBHOTO IIAacTa (pa3BelbIBAEMOI0 MJIM 3KCIUTYyaTallMOHHOTO
00BEKTa) ATO ONEpaluH, CBSI3aHHbIE C OypEHHEM CTBOJIa CKBAKMHBI B MHTEpBAJIC
MPOIYKTUBHOIO IJIACTa Ha MOJHYI0 €r0 MOITHOCTh WM YacTu4yHO. [Iponecc Oypenus
B [IPOJYKTUBHOM IIJIACTE UMEET ONPEENICHHYI0 crelupuKky. OHa COCTOUT B TOM, YTO
IPU BCKPBITUM OOJIBIIOE 3HAUEHUE MPHOOPETAOT (PU3MKO-XMMHUUYECKUE IPOLECCHI,
KOTOpPbIE TPOUCXOJIAT B OKPECTHOCTSAX CTBOJIA CKBOXUHBI W MNPUBOIAT K
0o0pa30BaHMIO TNPUCKBAKMHHOW 30HBI Iacta. [IpuckBaXMHHONW 30HOW IUIacTa
Ha3bIBAIOT HEKOTOPBIA O0BEM MOCIETHETO, PACIIPOCTPAHSIOIIUNCS OT CTEHOK CTBOJIA
CKB&)XMHBI B ITyOb IJIACTa U MOJABEP>KEHHBIN NPHU BCKPBITUH JIEWCTBHUIO MPOLIECCOB,
HapyIIAIOIIKUX MEPBOHAYAJIBbHOE MEXaHMUYECKOE M (PU3UKO-XMUMHUYECKOE COCTOSHUE

KOJUIEKTOpA U COJIepKallleiicsi B HEM MOJIBUXKHOM (PKUKON MM ra3000pa3Hoil) (a3bl.

OcHoBHas 3aj/1a4a MPU BCKPBITUU TUIACTA COCTOUT B TOM, YTOOBI HE JOMYCTUTh
CYIIECTBEHHOTO HAPYIICHUS €CTECTBEHHBIX CBOMCTB M COCTOSHHUS TOPHOM IOPOIBI-
KOJUIGKTOpa W TPaBUJIBHO 3a]aTh BEIWYMHY 3ariyonenuss B 1oiacT. Ee
YCTaHABJIMBAIOT B 3aBUCUMOCTH OT TOJIOKEHUS BOJAOHE(PTIHOTO KOHTAKTa, OJIM30CTH
MOJIONIBEHHBIX BOJ W T.M. [Ipn OypeHWHM B MPOAYKTHBHOW TOJIIE TOJDKHA OBITH
oOecrieueHa Takas TJIyOMHA BCKPBITHS, KOTOpas TapaHTUpOBasia Obl JJIUTEIHHYIO
0€3BOAHYIO SKCIUTyaTallUI0 CKBAKWHBI M MHHUMAIbHBIC B JaHHBIX YCIIOBHUSX

IuapaBIMYCCKHUC COIIPOTHUBIICHUA IIPU ITIOCTYILICHHUU HC(I)TI/I HJIK I'a3a B CKBA)KUHY.

B pe3ynbrare PU3NKO-XUMHUYECKOTO U (PU3UKO-MEXAHUUYECKOTO BO3/IEHCTBHUS
IpU TEPBUYHOM BCKPBITUM HU3MEHSIOTCS (UIBTPAIIMOHHO-EMKOCTHBIE CBOWCTBA

MOPOA-KOJIJIEKTOPOB B MPUCKBAXXUHHOM 30HE.

DU3MKO-XMMHUYECKOE BO3JCHCTBUE HA MPUCKBAXUHHYIO 30HY OOYCJIOBJICHO
B3aMMOJICUCTBHEM TOpPOJ U (QUIIOMAOB IulacTa ¢ (uiIbTpaTaMu MPOMBIBOYHBIX
KUJKOCTEM, TOCPEACTBOM  JICUCTBUS  aJCOPOLIMOHHBIX,  KANWUIAPHBIX U

i Hy3MOHHO-OCMOTUYECKHUX CHUJI.



OU3UKO-XUMUYECKOE BO3JEHUCTBAE HA MNPOJYKTUBHBIM TOPHU30HT OKa3bIBAKOT
cieayronue GakTopsl:

- pasrpy3Ka TOpHOTO MacCHBa B Pe3ynbTare pa3OoypuBaHus (COOPYKEHUS
BBIPAOOTKH) MIPOTYKTUBHOTIO IJIACTA;

- U3MEHSIIOIIEECs] MPOTUBOIABICHUE CTOJI0A MPOMBIBOYHOM KUIAKOCTH;

- KOJIbMaTaIlHs TOPOBOT'0 MPOCTPAHCTBA TUCTIEPCHOM (ha30i MPOMBIBOYHBIX
XKUJKOCTEW U YacTUI[aMU BBIOYPEHHOUM OPO/IbI;

- I3MEHCHUE TEMIIEPATYPHOTO PEKUMA B MPUCKBAXKUHHOM 30HE;

- TUAPOAUHAMHUYECKOE U MEXaHUYECKOE BO3JCHCTBUE HA TTOPObI
pa30ypuBaeMoro miacta ABWKYIIUMCS OypPOBBIM HHCTPYMEHTOM.

I[Ipu »3TOM cCinenyeT OTMETHTb, YTO (DUIUKO-XMMHUUYECKUE IMPOIECCHI,
IIPOUCXOJAIINE B NPUCKBAKUHHOM 30HE IUIAcTa IPU IEPBUYHOM BCKPBITHH,
SBIIIIOTCA ~ CIEACTBUEM  (PUM3MKO-MEXaHMYeCKUX  Bo3zzaeictBuil.  Hampuwmep,
B3aMMOJIEUCTBUE TOPOJ-KOJUIEKTOPOB C (PUIBTPATOM HPOMBIBOYHOM >KHJIKOCTU
OOyCIIOBJIEGHO TPOHUKHOBEHUEM IIOCJIEIHEr0 BHYTPb IIOPOBOTO IPOCTPAHCTBA,
BBI3BAHHOIO penpeccuei. Mnu BelmageHue 0cakoB BHYTPHU OPOBOTO MPOCTPAHCTBA
U3 HaCBIAIOIIMX €ro >KUIKOCTEd W Ta30B MOXKET ObITh CIPOBOLUPOBAHO

W3MEHEHHEM TEMITEPATYPHOTO PEKUMa IPUCKBAKUHHON 30HBI.

bypenue HeQTAHBIX U Ta30BbIX CKBAXWH HEU30€KHO COMPOBOXKIAETCS
pa3aMuHbIMM  (PU3MKO-XMMUYECKMMH IpOLIECCaMU  B3aUMOJAEHUCTBUS  OypOBOro
pacTBoOpa co CllararolMMH CTEHKH TOPHON BbIpaboTKH nmopoaamu. K aTum mpormeccam
oTHOcATCA GuibTpanus, Auddy3us, TEIUIO0OMEH, KammuisspHas MPOMUTKA | p.
OnuH u3 Hanbosee CyIIECTBEHHBIX MPOLIECCOB B3aUMOJICHCTBUSL OYpOBOTO pacTBOpa
C OKpPYKalOIMMH CKBOXUHY TMOpPOJaMH - (QUIbTpamus, KOTOpas OMpeeseT
BO3HMKHOBEHHUE TIOTJIOMIEHUH OypoBOro pacTBopa M He(TEera3zoBOIOMPOSBICHHIA,
TJIMHU3ALNI0 CTEHOK CKBAKUHBI, KOJIBMATAIUIO TPUCTBOJIBHON 30HBI MPOTYKTUBHBIX
IacTOB B (PUIBTPOBOM 30HE CKBaXWHBI B TMPOIECCE BHI30BA IMPHUTOKA U

HOCJ'IGIIYIOHIeﬁ 9KCILTyaTallu1, Pa3yIJIOTHCHUC U Ha6yxaHI/Ie TJIMHUCTBIX OTJIOKECHUHN



U MHOTHE JPYTH€ SBICHHs, CYILIECTBEHHO BIMSAIONIME HA KA4YECTBO 3aKAHUYMBAHUS
CKBaXUH. JlJi1 co3/aHusi HAyYHO OOOCHOBAHHBIX MPHEMOB MPEIOTBPAIICHUS PSIOB
OCJIO’)KHEHUH, NOCTHKEHUs F(P(PEKTUBHBIX PE3YJIbTATOB IPU BCKPBITUM M OCBOECHUU
IJIACTOB, PeaIM3aluu MPOLECCOB OypeHHs ¢ MUHHMAJIbHBIMU IPOTUBOAABICHUSMU
Ha IUIACThl HEOOXOJUMO pacrojiaraTb KOJWYECTBEHHBIMU  3aBUCHMOCTSIMH,
ONMCBHIBAIOIIMMU JIBHKECHUE KUIAKOCTEH W Ta30B B IUIACTaX, U3y4YEHUE KOTOPBIX

COCTAaBJISIET MMPEAMET TEOPUHU (QUITBTPALIH.
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KAQUE€CTBCHHBIC ITOKAa3aTCJIN CBOUCTB 6ypOBOFO pacTBOpa

Pucynok 1.2 - KauecTBeHHast 3aBUCHMOCTh OTHOCUTEIBHON MEXaHUYECKOU
CKOPOCTHU MTPOXOJIKHU OT MOKa3aTesield CBOMCTB OypoBOro pactBopa: 1 - BA3KOCTb; 2 -
bunpTpanus; 3 - conepxanue TBepaoH ¢dasbl; 4 - MIOTHOCTh

Kotopeie cBUaeTenbCcTBYIOT O TOM, 4TO 3(h(PEKTUBHOCTH pabOTHI J1070Ta
YXYALIAETCs M0 MEpe YBEIUUYEHMsI IUIOTHOCTH, KOJIMYECTBA TBEPAON (a3bl, BA3KOCTU
pacTBOopa M yMmeHblleHus ¢unbTpauuu . Haubosnpliee BIusHUE Ha MEXaHHUYECKYIO
CKOPOCTb TMPOXOJKHU OKa3bIBAIOT IJIOTHOCTh W TBepAas (a3za OypoBOro pacraopa.
Bo3nelicTBie BSI3KOCTH MEHEE CyHIECTBEHHO. OTMEUEHO TaKKe CUIIbHOE BIIMSHUE

nokaszaresns GuibTparuu. [3]



1.3 MeToabl NepBHYHOI0 BCKPBITHS MPOAYKTHUBHBIX IIACTOB

OCHOBHBIM TOKa3aTeJleM KauecTBa BCKPBITHS IJIACTOB B Ipoiiecce OypeHus
ABJISIETCS MaKCHUMaJIbHOE COXPaHEHHUE KOJUIEKTOPCKHUX CBOMCTB MOPOJ MpHU3a00iHOI
30HBI, a IENbI0 OMPOOOBAHUSA M HWCIBITAHUA IUIACTOB B OYPSIIMXCS CKBaXHHAX -
OTpeJIeIeHHEe €CTECTBEHHBIX T'e0Joro-pu3nyeckux napamerpoB rmiacta. Mcxons us
3TOr0, HAMETWJINCh OCHOBHBIC HAINpPAaBICHUS B Pa3BUTHUU METOJOB BCKPBITHS,
ONMpoOOBaHMS M UCHBITAHUS TUIACTOB. TakK, COBEPIICHCTBOBAHUE METOJIOB BCKPBITHS
IUTACTOB TPOBOJUTCS MO JBYM OCHOBHBIM HAmpaBICHUSM: CO3JaHUE TEXHUKH U
TEXHOJOTHH BCKPBITUS TJIACTOB C aHOMAJIbHO OONBIIMMU IUTACTOBBIMU JIABJICHHUSIMH
U pa3paboTka METOJOB BCKPBHITHUSA ILJIACTOB, B KOTOPBIX JIABJICHHS MEHbIIIE
THUAPOCTATUIECKOTO JTABJICHHSI.

[lepBoe HampaBieHHE B OCHOBHOM OXBaThIBAET MPOOJIEMY BCKPBHITHS ILJIACTOB B
Pa3BEeIOYHBIX CKBAXKMHAX U HA BHOBH BBOJUMBIX B AKCILTYaTAIIMI0 MECTOPOXKICHHUSX,
a M0 BTOPOMY HaNpaBJIEHUIO MPOUCXOAUT COBEPIICHCTBOBAHNE METOAOB BCKPBITHS
MJIAaCTOB JUISI MCTOIIEHHBIX MECTOPOXACHUM C IIEJIbI0 M3BJICUYCHHS OCTATOUYHBIX
3anacoB He(PTH U3 3aJIeKEH, HE YUACTBYIOIIUX B pa3padOoTKe.

MHoroo0pa3ue reojJorMueckux, (U3HYECKUX, TEXHUYECKUX U JIPYTrux
O0COOCHHOCTEW NPOBOAKU CKBR)XMH HE IMO3BOJISIET CO3/1aTh YHUBEPCAJIbHBIM METO.
BCKPBITHS TPOMYKTUBHBIX IIJIACTOB, KOTOPBIA MOT OBl MaKCUMAaJbHO COXPAHHTH
€CTECTBEHHYIO XapaKTEPUCTUKY TOPHBIX MOPOJ, CJAraroluX MNpU3a00HHYI0 30HY.
[TooToMy coBepIIEHCTBOBaHHME BCKPBITUS [IpOAYKTHBHBIX TUIACTOB  BEAETCS
HECKOJbKHMH ITyTSAMH, & UMEHHO: M3bICKAaHWE HOBBIX BHUJIOB XUMHUYECKHX PEarcHTOB
TU1s1 00paboTKM OYPOBBIX PACTBOPOB M CHEIUATBHBIX J0OABOK K HUM JIsI BPEMEHHOM
3aKyMOPKU MapOBbIX KAHAJIOB IUIACTA; MOJy4YeHUE OYpPOBBIX PACTBOPOB, KUIKasd ¢aza
KOTOPBIX IO CBOMM CBOMCTBaM OJHOPOJIHA C IJIACTOBOM KUIKOCTBIO, M pa3paboTKa
METO/IOB BCKPBITUS TMPOAYKTUBHBIX TOPU30HTOB 0€3 M30BITOYHOTO JaBJICHUS Ha

IJ1acrt.



B KkaxaoM OTAENbHOM CiIy4a€ METOJ BCKpPBITUS MPOJYKTHBHOIO ILIACTA
BBIOHpAETCs B 3aBUCUMOCTH OT (PU3UKO-T€OJOTHIECKIX OCOOEHHOCTEH KOJUIEKTOpa U
(bUBUKO-XMMHUYECKOW XapaKTEPUCTUKU TUIACTOBOM KUAKOCTH, MPU 3TOM B IMEPBYIO
ouepelb YUYUTHIBAIOTCS BEJIWYMHBI IUIACTOBBIX JIABJICHHM, NPOHULIAEMOCTh U
BEIIIECTBEHHBIN COCTaB MPU3a00IHOM 30HBI, HATMYUE B pa3pe3e MmiacTa HadyXaronmx
TJIMH, CTENEHb TPEIIMHOBATOCTH.

CoBeplICHCTBOBaHUE METOAOB  BCKPBITHS  MPOJYKTUBHBIX IJJACTOB  C
JaBJICHUEM Ha 3a00€ BbIIIE TUAPOCTATUYECKOTO U C JIABJICHHEM, pPaBHBIM
TUAPOCTATUYECKOMY, MPOBOAUTCS U3MEHEHUEM IUIOTHOCTH OypoBOro pactBopa. Ilpu
ATOM K OYpOBBIM pacTBOpaM B OCHOBHOM MPEIBSBIISIIOTCS TPeOOBaHUS 00ECIICUCHUS
MUHUMAaJIBHOTO NMPOHUKHOBEHUS (DUIBTpaTa M TBEPHAbIX YACTUI[ B TOPHBIE MOPOJBI,
clIararoye npu3adoiHy0 30HY IUIACTa; HEJOMYLIEHUsI B3aUMOICUCTBHS (PUiIbTpaTa
C TJMHUCTBIM  MaTEpHAIOM, HaXOJAUIMMCA B  INPOAYKTHBHOM  ILUIACTE;
npeIoTBpalieHus] 00pa3oBaHMsl HEPACTBOPUMBIX OCAJKOB B IAapOBOM IPOCTPAHCTBE
miacta; OOecHedYeHHs] HEeOOXOAUMOW CTaOWIBHOCTH pPAacTBOpa MpPU  BBICOKUX
TEMIIepaTypax, JaBJICHUU U NPU KOHTAKTUPOBAHWM C IUIACTOBOM BOJOM, a TaKXKe
oOecrieyeHus: CPaBHUTENBHO JIETKOTO yAalleHUs MPOHMKIIMX B IUIACT (UIbTpaTa U

TBCPABIX YAaCTHUII ITPHU UCIIBITAHUH CKBAKHH.

1.4 MeToabl BCKPBITHSI HA TUIIPECCHU

Cy1miecTByeT Tpu OCHOBHBIX METOJia OypeHus Ha Jenpeccuu. Pemenue o Tom,
KAaKO METOJ UCII0JIb30BaTh, IPUHUMAETCS C YYETOM XapaKTEPUCTUK KOJUIEKTOpA U
nesneit npoekra. Huke o0cyxmaroTcst 3Ta Tpu criocoda:

- 3aKayka yepes3 CTOSK:

OTO HM3KOHANOPHBIA BHUJ OypeHHs, NPUMEHSEMBbI B TOM Ccily4yae, Korja
CKBa)XMHa HECNOCOOHa BbIJaBaTh HEPTh Ha MOBEPXHOCTH ((poHTaHUpOBaTh). CyTh
METO/Ia COCTOWT B TOM, YTO Kakoi-mnOo HeokucieHHbl ra3 (N2, CO2 wimm HC)

BBOJIUTCS B CTOSIK OypPOBOM YCTAaHOBKH, T/I€ OH COCTUHSIETCS C OYPOBBIM PACTBOPOM.



[Tocne Toro, kak 3TOT ABYyX(a3HBIA PaCTBOP MPOXOIUT depe3 OypoBOe 10I0TO, ra3
pacmmpsieTcsi, 4YTo O0JerdaeT CToJ0 JKUAKOCTA M CO3AaeT B  KOJIBIICBOM
IPOCTPAHCTBE JENPECcCHIO. BONBIIMHCTBO CKBaKUH Ha JICTIPECCUU B MUpPE OypsTCS
MMEHHO TaKHUM CHOCOOOM.

- 3akauka B MUKPOKOJIBLIEBYIO 30HY WJIM HAaTHETATEIbHYIO KOJIOHHY:

JlaHHBIN METON TakXe SBIIAETCS HU3KOHAMOPHBIM METo/0M. B 3TOM ciydae
MyTh HarHETaHUS OOPa3yIOT KOHIICHTPUYECKHE OOCaJHBIC KOJOHHBI WM KOJOHHA
Majoro guaMerpa, CIyCKaeMble C BHEIIHEW CTOPOHBI 00CAJHOM KOJIOHHBI, KyJa
MO>XHO HarHeTatb ra3 B KOJIbIIEBOE MPOCTPAHCTBO «A» dYepe3 HarHeTaTeJIbHBIN
KaHajl. OTO TO3BOJIIET ONEpaTopy MMOHU3UTh THAPOCTATHYECKOE [IaBJICHUE B
KOJIBIIEBOM IPOCTPAHCTBE MpPU OTCYTCTBUU B OYypuibHOU TpyOe aByX(dazHoro
OypoBoro areHta. [loaTomy B 3TOM ciiydyae BO3MOXHBI CTaHJIAPTHBIC CKBAKHMHHBIC
UCCJIeIOBaHUS B Mpoliecce OypeHus.

K HemocraTkamM 3TOro MeroAa OTHOCSATCA CTOMMOCTBH JIOMOJTHUTEIbHBIX
0o0caiHbIX TPYO, YBEIUUYEHHUE PAa3MEPOB CKBAXKUHBI U CPeAHss HapaOOTKa Ha OTKa3
HarHeTaTeJbHbIX OTBEPCTHUH.

DTO BBICOKOHANOPHBI CcHnoco0 OypeHuss Ha JENpeccuy; BO MHOTHUX
OTHOUIEHUSX 3TO Haubosee MpocToi il peanusanuu Meroa. Korma B ckBaxuHe
UMEETCsl JIOCTaTOYHOE JaBJIeHWE Ui (DOHTAHUPOBAHUS HA IOBEPXHOCTh, TO
cuctemMa OypoBOTO pacTBOpa JOJDKHA pa3padaThIBaThCS C PacyeTOM TOJBKO TOTO,
YTO COBMECTHOE JEHCTBHE 3aKauMBaeMoro U JoObIBaeMoro  (puirounmoB
oOecrieynBag0 OYUCTKY CTBOJA CKBWKHHBI W MOJJEpPNKAHUE B KOJIBIEBOM
MIPOCTPAHCTBE PEKUMA JICTIPECCUH.

[Ipy naHHOW TEXHOJOTHMH, OJHAKO, MOTYT BO3HHMKATh CaMbI€ BBICOKHE
YCThEBBIC JIaBJICHUSI W3 BCEX METOJOB OypeHHS Ha JEMPECCHUU, YTO HEOOXOAUMO
YYUTHIBATh TIPH pacueTe U BBHIOOpE THUIOPA3MEPOB OOOPYIAOBAHUS M COCTABJICHHUH
MeTOAMK. Jlpyro CyIIeCTBEHHbIM HENOCTATOK JAaHHOM TEXHOJOTMH — 3TO
MaTepUaIbHO-TEXHUYECKOe  oOecreueHue, Heooxoaumoe it 00paboTKH
noObiBaeMoro  (Quirouga, 4YTO TakkKe HEOOXOJWMO YYMTHIBaTH TMPU BBIOOPE

000pyZOBaHUS U COCTABIEHUH METOIUK PaOOTHI.
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[To0XKUTEIBHON CTOPOHOW 3TOr0 METOJAA SABJSETCS TO, YTO MPU HEM JIETUE
BCEro MOJJEPKUBATh PEXHUM ACNPECCHH M KOHTPOJIMPOBATH JABICHHE Ha 3a0o0e€.
DTOT METOJ| HauMEeHee TPYJIOEMOK B IUIaHe 00OpyJI0oBaHUs M HauOosiee OJHM30K K
METOJIMKaM OOBIYHOTO OYypeHHUs, MOATOMY oOyueHue OypoBBIX Opuraja ympomaeTcs.
OHn Taxke obOecrieunBaeT HauOoJIbllIee MPUOIMKEHUE K PEXKUMY YCTAaHOBUBIIETOCS
IPUTOKA CPeA BCEX TEXHOJOTUM OypeHHs Ha JENPEecCUH, U TOTOMY CIIOCOOCTBYET
OLICHKE NPOIYKTUBHOIO IJIaCTa B PEXUME PEATBHOIO BPEMEHU WJIM MPOBEACHUIO
UCTIBITAaHUM B Mponiecce OypeHusl.

Haubouiee pacnpocTpaHEHHOM TEXHOJIOTHEN OypeHHs Ha IETIPECCUU SIBIIAETCA
nogoop Tumna padouero (Grouga, UCHOJB3YEMOTO sl OCYIIECTBICHUS OINEpaIIUH.
OHM BKIJIIOYAIOT OypeHHE C IPOMBIBKOI OYpOBBIM pacTBOPOM, OypeHHE ¢ adparuen
OypoBOro pactBopa, OypeHUE C MPUMEHEHUEM II€HbI, OypeHUE C OpPOILICHHEM, U
OypeHue ¢ IpOAYBKOW BO3TyXOM HUJIU Ta30M.

- Bypenne c¢ mpombiBKOH OypoBbIM pacTBOpoM: bypeHue mnpoBoautcs c
MPOMBIBKOM ~ OypOBBIM  PacTBOpPOM, NPHYEM THUAPOCTATUYECKOE JIABJICHHE,
OKa3plBaeMoe CTOoJ00M OypoBOro pacTBOpa, MEHbIE IJIACTOBOIO MOPOBOIO
JABJICHUS, TaK YTO B Mpolecce paboT oOecreunBaeTcsi NPUTOK MIACTOBOTO (hironia
Ha TIOBEPXHOCT.

- bBypenue c¢ aspammeit OypoBoro pactBopa: bypenue, mnpu KoTopoM
UCIIONb3yeTcsl ABYX(a3Hblil OypoBOil pacTBOp, coAep KallMid TOT WM WHOW ras
(0OBIYHO BO3AYX, a30T WJIM TPUPOAHBIA Ta3), CMENIAHHBIA C >KUIKOW a3zoi
(oObluHO BOJA, TIMHUCTBIA OypoBOW pacTBOp WM OypoBOM pacTBOp Ha
YIJIEBOIOPOAHON OCHOBE). ['azudunimpoBaHHble OypOBBIE PACTBOPHI OOBIYHO HE
conepxat [TAB.

- bypenue ¢ npumeHneHuem mneHbl: bypeHue, mpu KOTOPOM HCIOJIb3YETCS
nByxda3HbIii OypOBOM pacTBOpP, COJEPKAIIUNA TOT WM MHOW Ta3 (OOBIYHO BO3IYX,
a30T WJIA TPHUPOAHBIA Ta3), CMEMIAHHBIA C >KUAKOW (ha3oii (OOBIYHO BOJA,
[JIMHUCTBIA OYypOBOM pacTBOp Wi OypOBOW pacTBOP Ha YIJIEBOJIOPOJHON OCHOBE) U

cBsi3aHHbIN ¢ momotibio [TAB. XXuakocts sBisieTCs TUCIEPCHUOHHOM CPEeaoi.
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- Bypeane c¢ opomenueM: bypenune ¢ ucCHoab30BaHUEM JIBYX(azHOTO
OypoBOro pacTBopa, B KOTOpOM ra3 (BO3AyX, a30T WM ApPYroi) sBIsSETCS
TUCTIEPCUOHHOU CPEJION.

- bypenue ¢ npoayBKoW BO3QyXOM: bypeHue ¢ HCIOJIb30BAHUEM B Ka4eCTBE
OypoBOro areHTa 4YUCTOro Trasza. TakuM Tra3oM MOXET ObITb BO31yX, a3oT,

HpHpO,HHBIfI ra3 Wi Jro0as KOM6I/IHaHHH Ia30B.
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2. AHAJIM3 COBPEMEHHOI'O COCTOSAHUMA BOITPOCA NTEPBUYHOI'O
BCKPBITHUA NTPOAYKTUBHBIX ITVIACTOB C AHOMAJIBHO HU3KUMMH
IIJIACTOBBIMUA JABJIEHUAMHA

2.1 AHau3 ¥ OlleHKA reoJIOTHH MPOAYKTUBHBIX TOPU30HTOB

AHann3 OypoBBIX padOT B pa3IMYHBIX pallOHAX MHUpaA MOKA3bIBAET, YTO, XOTS
aHOMaJIbHO Hu3kue 1actoBeie gaBienus (AHII) BcTpedaroTcss pexe, ueM
aHOMaJIbHO BbICOKME, TeM He MeHee, AHIIJ[ nmeroT mMecTo BO MHOIHMX pailoHax
He(dTeT00bIYH.

Anamu3 nganaeix o AHIIJL [5] B mpenenax Ilepmckoro kpas, 3amajaHol u
Boctounoit Cubupu mnokas3piBaeT, 4TO B OOJBIIMHCTBE ciydaeB (mopsaka 70%)
HaYaJIbHBIA KOA(P(GUIMEHT aHOMAJILHOCTH BBIpA)KaeTcsl BEJMYMHOM mopsiaka 0,94-
0,99 u muib B peakux ciaydasx cocrasiser 0,75 wim MeHee.

Ecnu obparutbesi Kk reorpaduu  paclpOCTpPAHEHHS TaKOTO SIBJICHHUSA, Kak
aHOMAaJIbHO HU3KHWE TUIACTOBBIC JABJIECHUS, TO HanOOJee YacTO OHM BCTPEUAIOTCS Ha
MectopoxxkaeHusix  Tumano-Iledopckoit  (25,4% ot ¢QoHma MecTOpOXKIECHUN
npoBuHIK) 1 Jleno-TyHrycckoit (25%) nedrerazonocHsix nposuniuii (HI'TT). B o
K€ BpeMsa IO aOCOJMIOTHBIM IMoKazaTensiMm Mectopoxaenuss ¢ AHII mwmpoko
pacrpocTpaHeHbl Ha MecTopoxaeHusx 3anagHo-Cubupckoit (44,5% ot donna
mecropoxaeHuit ¢ AHII/]) u Bonro-Ypanbckoit (34,5%) npoBunnmii. J{ns kaxmoin
He(TEera3oHOCHON MPOBUHIMK 3aJIeTaHHE IUIACTOB C aHOMAJIbHO HHU3KUMU
JIABJICHUSIMH TTPHYPOUEHO K pa3HbiM rinyouHam (Puc. 2.1).

AHaJIN3 JaHHBIX [S] MO MECTOPOKACHUAM C aHOMAaJIbHO HU3KUMU IJIACTOBBIMU
JaBJICHUsIMA B Tipeaenax 3amnagHo-Cubupckodt, JleHo-Tynrycckoir, Tumano-
[Tewopckoii u Bonro-Ypanbckoil TpOBHHIHMI TOKAa3bIBa€T, YTO B OOJBIIMHCTBE
cinyyaeB (mopsinka 60%) HauvanbHbIH KOY(P(OUIIMEHT aHOMAJIBHOCTHU BBIPAKACTCS
BenuunHOU nopsaka 0,95-0,99 u nmump B peakux ciydasx (B cpeaHeM 0kojo 6 %)
cocrasisier 0,79 wim menee. [Ipu 3TOM maxke Juisi TOPU30HTOB ¢ KOAhDUITHEHTOM

anomanpHocTH 0,99 mpu OypeHMM NpUMEHEHHE B KauyeCTBE OUUCTHBIX areHTOB
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pacTBOPOB Ha BOJHOW OCHOBE MpH OYpeHHMH HEBO3MOXKHO H3-3a OMACHOCTH HX

IMPOHNKHOBCHUA B IIJIACT.

KoaddunumeHTbl aHoManbHOCTH
70,00% -
60,00% -
50,00% -
40,00% -
30,00% -
20,00% -
10,00% -

000% - = ] ]

0,95-0,99 0,90-0,94 0,85-0,89 0,80-0,84 <0,79

Pucynoxk 2.1 - PacnipocTpaHeHue 1acToB ¢ aHOMaJIbHO HU3KUMU T1JIACTOBBIMU
JABJICHUSIMH B 3aBUCUMOCTH OT KO3(DPHUITMEHTOB aHOMAJIBHOCTH Ha

MCCTOPOKIACHHUAX.
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N3 pucynka 2.2 BHJIHO, 4YTO TMPHUBS3KH KOA(POUIMEHTOB AaHOMAJIBHOCTH K
OTpe/eNieHHbIM TTIyOMHAM HET, U MPOCJIEeKUBAETCA 00Ias TEHIACHIMS IJii BCEX
TJIyOMH, YTO COOTHOCUTCS ¢ OOIIMMH pe3ysbraTamu [6].

AHOManpHO HH3KHE JaBJICHUS B IUIACTE-KOJUIEKTOPE BCTPEYAKOTCS BO
MHOTHX HCTOIIECHHBIX 3ajexax. [IOBEepXHOCTHBIM MNpH3HAK TaKOro0 CHHYKEHHUS
naBleHuss - Tnpocenanue 3emHo moepxHocTH. AHIIJ] 3aduxcupoBansl B
Oaccerinax Can-Xyan, [Ipenammamauckom, JlenBep, Ceepo-Ilpeakapmarckom,

JlHenpoBcko-J{oHenkoM u aAp. HeTera3oHOCHBIX Oacceinax [7, 8].

20,00% - rnybuHa
3aneraHua
18,00% - KpoBaun
nnacra, m
16,00% -
14,00% -
12,00% - m<0,79
m 0,80-0,84
10,00% -
m 0,85-0,89
8,00% - m 0,90-0,94
™ 0,95-0,99
6,00%
4,00%
2,00%
0,00%

<1000 1000-1499 1500-1999 2000-2499 >2500

Pucynox 2.2 - PacnpocTpaHeHue 1iacToB 1Mo K03 huineHTam
aHOMaJIbHOCTH B 3aBUCUMOCTH OT TJIyOWH 3ajIeTaHusl KPOBIIHM TUIACTOB HA

MeCTOpOXkaeHUuAIX PO

Yacto ropuszontel ¢ AHIIJ sBIAOTCS CIEACTBUEM TE€OJOTHYECKUAX
ocobenHocteil. Kpome Toro, aHomMaiabHO HU3KHE JABJICHUS MOTYT OBITh BBI3BAHBI

UCKYCCTBEHHO Npu J00bYe He(dTH, Traza W BOIbI, €CIM HE HMEEeT MecTa
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BOCIIOJTHEHHUE OTOMpaeMbIX M3 Iuiacta QuirouaoB. J[oOblua OOJIBIIMX KOJIUYECTB
IJTACTOBBIX  (MIFOMIOB MOXET TMPUBECTH K PE3KOMY CHIDKEHHIO TUIACTOBOTO
napienus. Ilo cymecTBy, otbop GQIOUAOB B mpoliecce JAOObIYM  SBISCTCS
NPUYMHON YMEHBIIICHUS JaBJICHUS MOPOBBLIX (hIIIOUJIOB, €CIIM CUIIbHBINA HAIOP BOJIbI
HE MOXET KOMIICHCHPOBATh 3TO yMEHbIIeHUE [8].

[To pe3ynpTaTaM aHajin3a TaKOTO IMOKa3aTess pa3padOTKH, Kak IJIaCTOBOE
JaBJICHHE, MO Mepe OKcIulyaranuu (3a mnociaegHue 20 JieT) MEeCTOPOXKICHUI
Koraneimckoro pernona (3amannas Cubupb) HaOIIOAAETCS CHYDKEHHUE TJIACTOBBIX
napiennit ot 12 go 50% (Tabmuma 2.1) B cpaBHEHUU ¢ HadaJbHBIMH 3HAUYCHHSIMU
[9, 5, 10, 6].

CHWKEHHE IIJJACTOBBIX JIaBJICHWH 3aBHUCUT OT OOJBIIOrO KOJWYECTBA
($haKkTOpOB, TAKKUX KaK COCTOSIHUE MPOIYKTUBHOTO FTOPU30HTA JO Havalla U BO BpeMs
pa3palboTku (PU3HKO-MEXaHUUYECKOE COCTOSIHHUE, HAYalIbHbIC IJIACTOBBIC JTABJICHUS
U TeMIIepaTypbl U T.J.), IJIACTOBOrO (uironaa (€ro cocTaB M XapaKTEPHUCTHUKH),

PEXUMBI U CUCTEMBI pa3pabOTKHU.

Takum 00pa3oM, Ha KaxJAOM MECTOPOXKJICHHM CHWKCHHUE NaBJICHUU OyaeT
NpOTEKaTh C Pa3IMYHOM HMHTEHCUBHOCTHIO. C TOUYKM 3pEHHS CTPOUTEILCTBA
CKBXWH, TOBJIUATH HA 3TO BO3MOXHO MyTeM NpPUMEHEHHs OoJiee IMaIsimx
TEXHOJIOTUN BCKPBITUS MPOIYKTUBHOTO iacTa. [Ipu mepBUYHOM BCKPBHITHH TIJIaCTa
c AHIIJI BepoSTHOCTH 3arpsi3HEHUS MPOAYKTUBHOTO TOPU30HTA TMOBBIIICHA,
MOCKOJIbKY BO3MOKHBI CHUTYallUM, CBS3aHHBIE C TPOHUKHOBEHHUEM OYpOBOTO
pacTBopa B KOJUIEKTOpP, 4YTO MPUBOAUT K KOJIbMATAallMM TMOCJIEAHEr0 M, Kak

CJIICACTBUEC, CHUXKXCHHNIO I[G6I/ITa CKBa’>XUHBI.
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Tabnuma 2.1 - JluHaMuKa CHIDKEHUS TUIACTOBBIX JAaBICHUN Ha MECTOPOXKICHUSIX
Koranbimckoro pernona (3anaanas Cuoupsb)

MecTopo:knenue = ° o & =
B -] S =3 : ] g e
03pacT MPOAYKTHBHBIX S 2 g g S g 2 N
OTJIOKEeHHIT (CBHTA, = £ <« |E E S S < = S =
3 12 Qo = [™ < ] =
FOPH30HT), HHIEKC MJIacTa ¢$E [E= g EEX |EE< |5 E £
== |25 |22 |8g2% |28~ |E=E¢
<= |Eg /g2 |g3 |E3Z |22E |Zz8:
S |§4 |85 |52 (58 |E3Z |E5% |45
S (85 |22 |53 |52 |£53 |20 |E2E2
= |zE |2 (8% (£ |88Z |88 |EEg g
& |2 = |2 & (& = = 28 33 [O8Z =
Cesepo-IlokaueBckoe H [2822 27,7 (28,3 22,8 1,02 0,82 194
Komnogeii - okcdopa, FOM1
TToxaueBckoe H 1872 (18,4 19,14 16,8 1,04 0,91 12,2
Bbappem, AB,
Hour-Eranckoe HH 2247 (22,0 [22,728 17,4 1,03 0,79 23,3
T'orepus, BBy:Bepxuss ropa, 2805 27,5 18,6 1,02 0,68 33,6
IO\
Hugarasbckoe HH [1854 (18,2 [18.7 14 1,03 0,77 251
Anr, AB1.2 1857 18,2 188 15,4 1,03 0,85 18,1
AB»>
[Torounoe HH 2209 21,7 [23,223,6| 20,4 1,07 0,94 12,1
BanamwxuH - rorepus, bBg 2289 22,5 20,3 1,05 0,90 14,0
Banawxun, bBg
JlokocoBckoe H 2213 21,7 22,8 15,6 1,05 0,72 31,6
BananxuH - rorepus, bBg
T-Pycckunckoe H [2508 24,6 24,7 15,6 1,00 0,63 36,8
Banamxkun, bCro
Pasenckoe H [2631 (258 [26,1 22,5 1,01 0,87 13,8
beppuac, BC18
IToBxoBcKOE H [2909 285 [29,4 15,6 1,03 0,55 46,9
Kemmoseii - okcdopa, T'O |
CPEJIHEE: 1,03 0,79 23,9

[Ipu BCKPBITUY MPOIYKTUBHBIX TOPU3OHTOB MPOMBIBOYHAS KUIAKOCTh BJIUSIET
Ha (QuIbTpalMOHHO-eMKOCTHBIE cBoiicTBa (DEC), Takue Kak MOPHUCTOCTH H
MPOHUIIAEMOCTD, YXYAIIAs UX U TEM CaMbIM YMEHbBIIAs JEOUT CKBAKUHBI.

[TosToMy 111 IPaBMIILHOTO BBIOOpPA TEXHUUYECKUX CPEJCTB U TEXHOJOTHH
BCKPBITHSI TIPOJYKTUBHBIX W TEPCIEKTUBHBIX IJIACTOB, a TaKXKe paboyero areHra
JUIST OYMCTKM 32008 CKBaXHMHBI PEKOMEHIYETCS COCTaBIATh KJAcCU(UKAIUIO
MJIACTOB - KOJJIEKTOPOB M HACKIMIAIOMUX WX (DIIFOUA0B. sl KaK10r0 KOHKPETHOTO

MECTOPOXKJICHHSI HEOOXOJIMMO HMETh CBOJHBIA cTpaTturpaduuecKuii paspes.
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OcCHOBHOI 3a/1auell MpU COCTABIEHUU TAKOW KJacCU(DUKAIUU SIBISIETCS TUMTU3AIUS
IJIACTOB - KOJUICKTOPOB M HACBIMAIOMNX UX (DIFOUIOB, KOTOpPAsi CIY)KUT OCHOBOU
JUIsi oOecriedeHrs] MPUEMIIEMOr0 KauecTBa BCKPBITUSI MPOAYKTHBHBIX IUIACTOB U
BCEX ONepaluil Mo 3aKkaHYMBaHUIO CKBaXHH. Vcxomnas wunHpopManus as
COCTaBJICHUs KJIacCHU(pUKAIMU OEpeTcss Ha OCHOBE PE3yJbTaTOB OypeHHs OMOpPHO-
TEXHOJIOTUYECKUX Pa3BEJAOYHBIX CKBaXKUH, TI'C€OPU3NUYECKUX U MPOMBICIOBBIX
VCCIICIOBAHUM.

[TopucToCcTh TOPHBIX TOPOJ XapaKTEPHU3yeTCs HaJIU4YMeM IycToT (1Mop) B
TOPHBIX TOpoAax. brarojgapsi MOPUCTOCTH TOPHBIE TMOPOJ, 3a CUET BIUSHUS
KaMWUISIPHBIX CHJI, MOTYT BMEIIATh JKUJIKOCTH M Taspl. Pa3znmvaroT Tpu BHAa
MOPUCTOCTH: 00110 (PU3UUECKYIO), OTKPHITYIO U 3 (HEKTUBHYIO.

OO0masi MOPUCTOCTh - 00BEM COOOIIAIONIUXCS W U30JMPOBAHHBIX TOpP -
BKJIFOYAET MOPHI PA3TUIHBIX PAINyCOB, (POPMBI U CTETIEHH COOOIIAaEMOCTH.

[Toa OTKpBITON MOPUCTOCTHIO MOHUMAETCS OTHOIICHUE CYMMapHOTo o0ObemMa
COOOIIAIOIINXCS APYT C APYTOM MOp B 0Opasiie mMoposl, KO BceMy 00bemMy o0pasiia
nopoasl. KosdduimeHT OTKpHITOM MOPUCTOCTH  BCETla MEHbBINE, YeM
kodddureHT abcomroTHONM TOpUCTOCTH. [l TeppureHHbIX mnopoj (TIECOK)
pa3HMIIA MKy HUIMH MaJia 1 OOBIYHO He TIpeBbImaeT 5-6 %.

OddexTrBHAS TMOPUCTOCTH XapAKTEPHU3YEeT YacTh 00BEMA, KOTOpas 3aHsATa
NOABWXHBIM (pirorioM (HEPThIO, Ta30oM) MNpPU MOJHOM HACBIIIEHUH IOPOBOrO
MPOCTPAHCTBA ATUM (DITIOUIOM; OHA MEHBIIE OTKPHITOM MOPUCTOCTH HAa OO0BEM
CBSI3aHHBIX (OCTATOYHBIX) (PITFOUIOB.

Jlis cpaBHEHHUs TOPOI-KOJIJISKTOPOB MO CIHOCOOHOCTH MPOITyCKaTh dYepes
ce0st IIOUIBI TOIB3YIOTCS TMMOHATHEM MPOHUIAEMOCTh. Paznu4aroT aGCOMOTHYIO,
($a30BYyI0 1 OTHOCUTEIHHYIO TPOHUIIAEMOCTb.

AOCOJIFOTHOW  HA3bIBAIOT  MPOHUIAEMOCTh  MOPOJBI-KOJUIEKTOpa  MpH
bunbTpany Yepe3 Hee KaKOW-TU0O0 JKHIKOCTH, XMMHYECKH WHEPTHOW TIO

OTHOHICHHIO K IMOPOJC.
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B mpoayKkTUBHBIX MjacTax HEPTSHBIX M Ta30BbIX MECTOPOXKACHHUI Bcerna
conepkarcs Tpu Buja cmeced (HedTh + Boja, ra3 + Boja, He(TH + Ta3) WK JBE
(redT1h + ra3, HedPTh + Boga). [IpoHUIIAEMOCTH TTOPOIBI JIJIs JIFOOOM M3 CMecel Tpu
bunbTpaly MEHbIIIE €€ a0COIIOTHON MTPOHUIIAEMOCTH.

[Ton ¢a3oBoit mOHMMAETCS MPOHUIIAEMOCTh MOPOABI AJIsi JAHHOTO (IIronaa
IpY HAIMYUU B TOpax MHOTO(a3HOU CUCTEMBI.

OTHOCHUTENIBHOM MPOHULAEMOCTBIO KOJUIEKTOpA HA3bIBAIOT OTHOLIEHUE
($ha30BOM MPOHUIIAEMOCTH K a0COTIOTHOM.

I[Ipu  Tunuzanuu IJIACTOB-KOJUIEKTOPOB ~ JOJDKHBI  YYUTHIBATHCS
HEOJHOPOJIHOCTh KOJUIEKTOPCKHX CBOWCTB, M3MEHEHHUE HUX C TIIyOMHOM, a TaKkxke
TAN MeCcTOpoXaeHusl. OMHOM W3 NPUYUH HEOJHOPOJHOCTHU KOJUIEKTOPCKUX
CBOMCTB MPOJYKTUBHOI'O IIaCTa MOXET OBbITh HAIMYUME B HEM TPEIIHUH, KaBEpH,
MUKPOKApPCTOBBIX MycTOT. KaBepHbI U MHUKPOKAPCTOBBIE MYCTOThI, B OCHOBHOM,
XapaKTEePHBI I KApOOHATHBIX KOJIEKTOPOB.

KomnnekTtopckue CBOMCTBAa MOPOJ HM3MEHSIIOTCS C YBEJIWYEHUEM TIIyOUHBI
3ameranust miacta. C TioyOWHOW TOpHOE JHaBiieHHe Bo3pacTaeT. I[loaTomy
YBEIIMYMBAETCS YIUIOTHEHHOCTh MOPOJ, YMEHBIIAKOTCS, KAaK MpPaBUIIO, pPa3Mepbl
MOPOBBIX KAHAJIOB B TPAHYJISIPHBIX KOJUIEKTOPaX U KOJIMYECTBO KPYITHBIX MOPOBBIX
KaHasioB. BMecTe ¢ TeM, Ha 3HAYUTENHbHOM ITyOHMHE JIOBOJIBHO YacTO BCTPEUAIOTCS
TPEUIMHHBIE U TTIOPOBO-TPEUIUHHBIE TIJIACTHI-KOJUIEKTOPHI.

TeppureHHsle  KOJUIEKTOPbl, C TOYKH 3pEHUS HMX MNPOHUIIAEMOCTH,
MPE/ICTaBIICHbI ABYMS Kjaccamu (Tabnuiia 2.2), MpUBENCHBI pe3yJbTaThl o0cyeTa
MECTOPOXKJICHUN [5] ¢ aHOMaldbHO HHU3KUMHU IIJIACTOBBIMU JABJICHUSIMU TIO
KIaccu(uKaMyu TMOpoJl TEPPUTCHHBIX OTiIoxkeHUH (mo MycnmumoBy P.X.,
HomxenkoBy B.H. u 3unaryumny H.X. [11]) ¢ 1eibi0 OLIGHKH KOJUIEKTOPCKUX

CBOWCTB.
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AHII/I npenMyInecTBEHHO BCTpeyaroTcsl B mopojax-necuanukax (Puc. 2.3)
MIOATOMY II€JIECO00Pa3HO CY3HUTh 00JacTh JANFHEHIUX MCCICIOBAHUNA UMEHHO JI0

3THX 1opo [6].

Tabmuna 2.2 — HedrenpomsicnoBas kiaccuukamus MOPOJ MPOAYKTUBHBIX
TEPPUTEHHBIX OTJIO0KEHUHN Ha MecTopoxaeHusix ¢ AHIT/]
g Tun nopoas! (Mo Iopucrocts, % IIponunaemocrs, KoauyecTBo
g 2 KOJIVIEKTOPCKHMM CBOMicTBaM) MKM? MeCTOPOKAeHMIl 0T
g ‘E ob6uero ¢gonna
= = MeCTOPOKAeHMI
z
| Konnexktopsl 15-30 cebiue 0,1 52%
BBICOKOTPOYKTHBHBIC
Komnekrops! 12,6 -19,0 0,03-0,1 6%
MaJIOTIPOTyKTHBHEIE
| Hexkomnekropsr menee 12,6 menee 0,03 42%

70% -

60% -

50% -

40% -

30% -

20% -

10% -

0% - , __m
AnespuThl, Aprunnutol KapboHaTHble [lecku, necyaHMkn  PudoreHHble
aneBpoONUThI nopoabl KapboHaTHble
obpasoBaHuA

Pucynok 2.3 — Ilopoasl ciiararomuye npoayKTuBHbIe Topu3oHTh ¢ AHII/] Ha
MeCTOpOoXkaeHusax PD
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Ha pucynke 2.4. mpencrtaBieHa KiaccUpUKaIUs  MPOTYKTUBHBIX
TOPU30HTOB IO KOJUIEKTOPCKMM CBOMCTBaM, TJi¢ TPUBEACHBI JaHHBIC JIs
Mectopoxkaenuit ¢ AHIIJ [6], npeacTaBieHHbIMH TiecyaHukamu. OO0JacTh

JaJbHEHUIINX UCCIIeI0OBaHUM OIr'paHUYMM BBICOKOIIPOAYKTHBHBIMH KOJUICKTOPAMHU.

80% -

70% -

60% -

50% -

40% -

30% -

20% -

10% -

Konnektopbl Konnektopel HekonnekTtopbl
BbICOKONPOAYKTUBHbIE ManonpoayKTUBHbIE

0% -

Pucynox 2.4 - Tunbsl necyaHUKOB (110 KOJIJIEKTOPCKUM CBOMCTBaM), CJIararoIine
npoayktuBHbie ropu30oHTH ¢ AHIT/] Ha mecTopoxaeHusix PO

[To rmyOunam 3aneranust ropuzontsl ¢ AHII/, cnoskeHHble mecuaHukamu,
npeCTaBICHBI Ha pucyHKe 2.5 [6]. bonbinas yacTh MECTOPOXKACHHI MPUypOUCHa K
rryouHam 1500-1999 m. B Tabnuine 2.3 mpeactaBieHa XapaKTEPUCTHKA ATHX

3aJIeKell ¢ y4eTOM TTyOWHBI MX 3aJeTaHusl.
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40% -

35% -

30% -

25% -

20% -

15% -

10% -

5% -

0% -

<1000

1000-1499

1500-1999

2000-2499

['myOuna 3aneranus KpoBiH I1acTa, M

>2500

Pucynok 2.5 - Pacnpoctpanenue komuiekropos-necqyannkos ¢ AHIT/ mo

TIyOMHAM 3aJieTaHus KPOBJIH IJIACTOB HA MECTOPOKIECHUIX PD

Tabnuma 2.3 - XapakTepucTHKa MPOTYKTUBHBIX TOPU3OHTOB (ITECYAHUKH,

koJuiekTopel) ¢ AHII]] (cpennue 3HaueHust 11 UHTEPBAJIOB)

HNHurepBan Orkpeitas | Mpouunaemoctn, | Jasiaenue | Temneparypa [[a3oBbiii Ko3¢dunmnent
3ajieraHus OPHCTOCT, MKM® I1acToBoe, | miaacrosas, °C |paxkrop, AHOMAJIbHOCTTH,
KPOBJIH % MIla m/T Ka
miacra, M
<1000 19,0-20,0 7,50-15,70 7,3 20-37 63-80 0,79-0,94
1000 - 1499 16,5-25,0 0,94 - 35,60 10,7 24-27 19-28 0,80-0,99
15001999 14,0- 20,0 1,00 - 6,00 16,1 14-57 29-34 0,79-0,99
20002499 14,0-18,5 0,04 - 0,08 21,9 64-98 47-49 0,85-0,99
>2500 14,0-18,0 0,04 -1,20 25,2 79-94 48-90 0,90-0,99
Pacnpenenenne 3amacoB HepTH 1O IJlacTaM C MPHUBSI3KON IO

MECTOPOXKIACHHSM IMpeacTaBiieHo B Tadimuie 2.4 [5].
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Tabnuua 2.4 - CpojHas Tabiuila XapaKTepUCTUK MPOTYyKTUBHBIX TOPU3OHTOB

(MecyaHuKH, KOJJIEKTOPBI) C HU3KUMU JTABICHUSIMU MeCTOpOXKieHuid PD

BIT%)

MecTtopo:kneHue £
Bo3pacTt npoayKTUBHBIX OTJIOKEHHIA, "=
HHIEKC IJ1acTa QE c\i é "é%)h g- E é
PE |8 g2 | ¥
g 3 ol 2 = 2
=i < 2 e S 2
© 2 = ) E < 3
& | = 3 g 2 g
J 3 g
o
3anaaHo-VcKOChropHHCKOE 20,00 935,0 24,5 0,94
(Koitenckuti, I11)
Hwmxaeompurckoe ([Tammuiickmid, 1a) 19,00 785,0 20 63 0,91
Hwmxraeompurckoe ([ammiickuii, 16) 20,00 1570,0 20 70 0,87
Hwmxaeompurckoe (CTapoocKoNbCKuii, 1B) 19,50 785,0 22 70 0,78
Hmxueompunckoe (KoiiBenckui, 111) 21,00 3560,0 27 0,87
BepxueompuHckoe (CTapoockoibekuil, 1B) 20,00 750,0 37 80 0,91
Cpennecepueiitockoe (HmkHEeTpracoBbIit) 20,00 94,0 24 0,93
Cepadumonckoe (BoOpHKOBCKO- palacBCKUi, 16,50 274,0 19 0,91
CV1))
Cepadumonckoe (BoOpHKOBCKO- palacBCKUi, 18,50 466,0 19 0,91
CV1,)
HOxHo-Topasetickoe (Y pumckuii, Py0 25,00 783,0 27 22,4 0,93
CraxanoBckoe (BoOpHKOBCKO-paiaeBCKH, 18,30 734,0 25,3 27,8 0,82
CVY1)
Apxkruueckoe (Anr, TI1,,) 18,50 215,0 57 0,93
Cpenneboryobunckoe (HmkHuii keMOpwi, 14,00 600,0 14 0,78
00TyOOHMHCKHIT)
Tac-lOpsixckoe (BocTounstii 6;10K) 14,00 421,0 14 0,75
Kapramuackoe (ITammiickuit, JJO 20,00 149,0 36 34,2 0,89
Comnonnobckoe (KbrHOBCKHIA) 18,00 100,0 40 29,4 0,90
Ceepo-Cora-IOranckoe (HwkHss - cpemsist 16,00 40 87 0,94
topa, F0,-3)
Cesepo-Cora-tOranckoe ((Huxusst - 16,00 4,0 80 0,89
cpemusist ropa, Kom-m)
Barseranckoe (Kemoseii - okcdop, 14,00 4,0 86 48 0,97
TOH, IOxHas 3amexKb)
bpmakogckoe (Kemtoseit - okcdopa, IO, 14,30 7,0 98 0,99
BocTouHas 3aJ1eKb)
Tarpunckoe (Banawxus - rotepus, bBg) 18,50 8,1 64 0,91
HwxueTtabaranckoe (Aanen - 6ar, F03) 16,00 11,20 82 90 0,95
Ceepo-Kanunosoe (Bepxusist ropa, O\) 16,00 16,00 79 ’ 0,99
Iorounoe (Bananxun, BB-10) 18,00 24,15 94 0,96
3ananHo-TapkocannHckoe (Bananxus, 17,30 120,00 84 0,94
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[lo pesynpraTam anHanmu3a HedTera3oBbIX MecTopoxaeHuii Pd caemanb
CJIEAYIOIINE BBIBOJIBI:

1) MeCTOpOXJIECHUS C aHOMAJIbHO HU3KUMHU IJIACTOBBIMU JTABJICHUSMH ITUPOKO
pacnpocTpaHeHbl Ha MECTOPOXKIEHUSX 3anaaHo-CuOUpcKkoil HePTera3zoHOCHON
npoBuHIMH (44,5% ot dhonma mecropoxxaenuii ¢ AHII);

2) B OonpmmHCTBE ciy4yaeB (mopsaka 60%) HavanbHbI KO3 QUIIMEHT
aHOMAaJIbHOCTH BbIpaxkaeTcs BennunHou nopsaka 0,95-0,99 u nums B pekux ciydasx
(B cpeaneM okono 6 %) cocrasnsiet 0,79 wnu meHee;

3) HeT TpUBSA3KKM KOIDPUIMEHTOB aHOMAIBHOCTU K  OMNPEEICHHBIM
rIIyOuHaMm;

4)  AHIIJI mpeumyIilleCTBEHHO BCTpEYaroTCsl B Mopojax-necyanukax (61%),
TakKUM 00pa3oM, sl JAJbHEUMINUX HMCCIEIOBaHUN 1eIeCO00pa3Ho Cy3UTh O00JaCTh
MMEHHO JI0 ATUX TOPOJI;

5) wucxoas u3 Kiaccu(UKAIUU MO KOJUIEKTOPCKUM CBOMCTBAM MPOIYKTUBHBIX
ropu3zoHToB ¢ AHIIJI, cnoxxeHnHbix necuannkamu, 69% MeECTOPOKIEHUN OTHOCATCS K
BBICOKOIIPOAYKTUBHBIM  KOJUIEKTOpaM, UYTO TIO3BOJISIET OTPaHUYUTh  00JIacTh
TAJIBHEUIIIMX UCCIIE0BAaHUM JAaHHBIMH KOJJICKTOPAMU;

6) Oonbmass yactb MectopoxkaeHuin (34%) ¢ AHIIJ, croxeHHBIX
BBICOKOTIPOJYKTUBHBIMU KOJUIGKTOpAMU TEeCYaHUKaMH, M0 TIyOWHaM 3ajieraHus

npuypoueHsl K riyorHam 1500-1999 m.

2.2 AHaiM3 M OLEHKA CYUIECTBYIOIUMX TEXHOJOTHH M TEXHUYECKHUX CPeACTB
MEePBUYHOI0 BCKPBHITHA NPOAYKTHBHBIX IJIACTOB

IlepBu4HOE BCKpBITHE MPOAYKTUBHOIO IIIACTa SABJISETCA OLHUM W3
HamOoJiee  OTBETCTBEHHBIX  JTAlOB  CTPOUTEIBCTBA  CKBAXKHUHBI,  IOCKOJBKY
HEKAa4YEeCTBEHHOE IPOBEICHHUE [aHHOW OIlEpallMd MOXKET IIPUBECTH K YXYAUICHUIO
KOJUIEKTOPCKUX CBOMCTB HM3-32 CMBIKAHMSI TPEIIMH B KOJUIEKTOpE MpU OO0NbIION
JeNpeccuy; MPOHUKHOBEHUIO (uibTpaTa OypOBOrO pacTBOpa WM YCTOMYMBOM

AMYJbCUM B IIJIACT; KOJbMaTauu mpusaboitHoit 30ubl Twtacta (I1311) BrIOypeHHOM
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nopojoif; oOpazoBanuio achambrocmononapapuHoBeix omnoxeHuit (ACIIO) mpu
oxnaxaeHuu [1311 Bo BpeMs BCKpBITHA IUTACTa; OTCYTCTBUIO (PHIIBTPAIIHIOHHON KOPKHU
Ha CTEHKAaX CKBaYKUHBI.

OT kadecTBa 3aKaHYMBAHHUS BO MHOTOM 3aBHCHT JEOHUT SKCILTyaTallMOHHBIX
ckBakrH. OcOOEHHO aKTyasbHa JaHHas MpolJemMa Uil «CTaphix» HedTe100bIBAIOIINX
PETMOHOB, K KOTOPBIM OTHOCATCSI OCHOBHBIE MecTOopoxaeHus Poccum. [nsg stux
MECTOPOKICHUN XapaKTEPHO YBEIIMYECHUE B CTPYKTYPE 3aaCcOB TPYAHOU3BIIEKAEMBIX,
MIPUYPOUYEHHBIX K HU3KOIIPOHUIIAEMBIM KOJUIEKTOPAM, 3a4aCTyIO C IOHWKEHHBIM B HUX
IIJJACTOBBIM JABJICHUEM.

B sTOoM ciiydae riaBHBIM HampaBI€HHEM padOT IO MOBBILIEHUIO KadyecTBa
3aKaHYMBAHUS CKBAXKUH SIBJISIETCS PEIICHHE 3a7a4 M0 MAaKCUMAaJbHO BO3MOXHOMY
COXpaHEHUIO0 (UIBTPAIMOHHO-EMKOCTHBIX CBOWCTB MPOAYKTHBHBIX IUIACTOB B
pu3a0oiHOM 30HE.

Hu3koe ka4ecTBO BCKPBITHSI MPOAYKTHBHBIX IUIACTOB OTPHUILIATENIBHO BIMSET HA
MPOU3BOJAMUTEIIBHOCTh CKBAKMH M BEAET K CHUKEHUIO KOHEYHOW BEIIMYUHBI
koadurmenTa Hepreornauu.

B Hacrosimee BpeMsi OOBEKTHUBHBIM TIOKAa3aTeleM KauecTBAa 3aKaHYMBAHMS
CKBXXUH SBJIAETCA MPOAYKTUBHOCTh IIIacTa, KoOTOpas uid  OOJBIIMHCTBA
mectopoxaeHnit  Poccun  (Ypano-IloBomkbs, 3amagnoit Cubupu, pecnyOnIuk
bamkoproctan u TatapcTad u Ipyrux HE(QTSHBIX PETMOHOB) cOCTaBIsET 0koyio 50%
OT MOTeHIMaNbHO# [20].

Hcxona u3 uenell BCKPBITUS MPOAYKTHBHBIX ILIACTOB, MOXKHO BBIJIEIUTH TPH
croco0a NepBUYHOIO BCKPBITUS MPOAYKTUBHBIX 3ajexeit [7]:

- BCKPBITHE C COXpaHEHUEM ecTecTBeHHOro coctosuus [1311;

- co3gaHue HernpoHuraeMoro ydactka B I3[, mmeromero orpaHuyYeHHbBIC

pa3Mepsl;

- co3ganue BpemeHHou uzonsuuu B 11311, pa3pyiiaemoil npu BeI30BE MPUTOKA.

IlepBb1ii ciiydail UMEET MECTO IPU BCKPBITUU CKBAXKUH, DKCIUIyaTUPYEMBIX C
OTKpPBITBIM ~ 3a0oeM. OH  peaqusyeTcss C  HCIOJb30BAaHHEM  T'OMOTCHHBIX

VTJIEBOJIOPOJHBIX PACTBOPOB, COCTAaB KOTOPHIX HE CHIKAET (PUIbTPAIMOHHBIX
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XapaKTepUCTUK  MNPOHUI[AEMOr0  MPOCTPAHCTBa, JUOO C  TIPUMEHEHUEM
ra30’KUKOCTHBIX CUCTEM U OypEeHUHU Ha PEnpecCuu.

BTtopoii ciaydail npuMeHSETCs TP BCKPHITUU MTPOAYKTUBHBIX IIIIACTOB, KOTOPBIE
HE IJIaHUpPYyeTCcs OmpoOOBaTh B OTKPHITOM CTBOJE U KOTOPHIE IEPE] OCBOCHUEM
BCKpbIBaIOTCSl Tiepdoparmeid. B OypoBbIX pacTBOpax NPUMEHSETCS B ATOM Ccliydyae
TOHKOAMCIIEpCHAs] W aJAre3MOHHOAKTHBHas TBepaas (asza, KoTtopas HEOOpaTUMo
konbmarupyet [1311. Iucnepcuonnas cpena 3TUX OYypOBBIX pacTBOPOB JOJKHA OBITH
BS3KOM C BBICOKOM (PU3UKO-XMMUYECKON aKTUBHOCTBIO.

Tpertuit cnydail NOpPUMEHAETCS NPU BCKPBITUM CKBaXWH, B KOTOPBIX
IPOU3BOAMTCS  ONpPOOOBaHME MPOAYKTUBHBIX IacToB. OH oOecneynBaercs
(¢opMupoBaHHEM (QWIBTPALIMOHHOM KOPKM W 30HbI KojibmaTauuu B II3I1 w3
HEeaJIre3MOHHOAKTUBHOM U JIeTKOpa3pyliaeMoi TBep/ioi ¢asbl. JlucnepcuonHas cpena
OypOBBIX PacTBOPOB B 3TOM CJIy4ae HE JOJKHA OKa3blBaTh CYIIECTBEHHOTO BIMSHHUS
Ha (QUIBTPAIIMOHHBIE XapaKTEPUCTUKU KOJJIEKTOpA.

[Toaxox K COXpaHEHUIO €CTECTBEHHBIX KOJIJIEKTOPCKUX CBOMCTB MPH MEPBUYHOM
BCKPBITUM TNPOAYKTHUBHBIX IIJJACTOB HOCUT YacTO KayeCTBEHHBIM Xxapakrtep. llpum
OLICHKE KaueCTBA BCKPBITUA U 3aKAaHYMBAHUA ITyOOKUX CKBAKUH JIy4lI€ MOJIb30BaThCs
KOJIMYECTBEHHBIMU MOKa3aTenasiMu. s pemieHuss JaHHOW MpoOiaemMbl HEOOXOIUMO
CBA3aTh BOEAMHO KOJIMYECTBEHHBIE IapamMeTpbl W  MeroAsl KoHTposs. K
KOJIMYECTBEHHBIM TIOKA3aTeNsIM OTHOCSTCS (PUIBTPAlMOHHO-EMKOCTHBIE CBOMCTBA
(TOpUCTOCTh, TPOHUIIAEMOCTh), TJIyOMHA TPOHUKHOBEHHUS (uiibTpaTa OypOBOTO
pacTBOpa B IUIACT, CO3[]aBa€Mbl€ MEpenaabl JaBJIEHUS MPU BCKPBITUU MPOIYKTHUBHBIX
iactoB [16].

B pesynbrare aHanmmza HAy4YHO-TEXHUYECKOM JHTEpaTypbl IO Mpobieme
BCKpPBITUSL HE(PTEra3oBbIX IIJIACTOB BBIACICHBI CIEAYIONIME TPYIIbl  (PaKTOpoB,
BJIMSIOIIMX HA KQ4eCTBO BCKPBITHUSA miacToB [17]:

1. I'eonorunueckue:

- JINTOJIOTUYECKUE XAPAKTEPUCTUKHU BCKPHIBAEMBIX OTJIOKEHHUI (IOPUCTOCThH U

IMPOHHULIACMOCTb TOPHBIX IIOPOA, HAJIWMYIUC B IIJIACTOBBIX CI)JHOI/II[aX arp€CCHUBHBIX
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KOMIIOHEHTOB, HAQJIM4YME€ TPEIIUH, KaBEPH M KapCTOBBIX 30H IPOYHOCTh MOPOJ,
CJIArarolluX BCKPBIBAEMBIE TUIACTHI; TUI KOJUIEKTOPOB);

- (PUBUKO-XMMUYECKHE CBOMCTBA TOPHBIX MOPOJ, CJIATAIOIIUX MPOTYKTUBHBIN
TOPU30HT (TBEPAOCTh, ADPa3UBHOCTH U JIp.), UX YCTONYHBOCTb;

- TPaIMCHTHI JABJICHUHN U TeMIiepaTyp Ha 3a00€ CKBAKUHBI;

- He(Tera3oBOJOHOCHOCTh (HAJMYME MPOIJIACTKOBBIX W TOJIOIIBEHHBIX BOJI;
ra3oBbIi paKkTOp, XUMUYECKHM cocTaB (ironaa);

- BO3MOYKHBIE OCJIOKHEHUS (MTOTJIONIEHUS, Ta30HEPTEBOAOPOSIBICHHS, OCBIIN
1 00BaJIbI, MPUXBATHI) U Ap.;

2. TexHonoruyeckue:

- BBIOOP KOHCTPYKIIMH U TPACCHI CKBAXKUHBI;

- BBIOOp crioco0a u pexkuma OypeHus;

- BEJIMYMHA TPEBbIIICHUsT 3a00MHOTO JaBJIEHUS HaJ IUIACTOBBIM (OAMH U3
BAXHEHILINX MapaMeTpoB, ONPECISIIONINNA CTENEHb BO3JEUCTBUS Ipolecca OypeHus
Ha COCTOSIHUE OKOJIOCTBOJIBHOM 30HBI TPOYKTUBHBIX IJIACTOB);

- (PM3BUKO-XMMHYECKHE CBOICTBA MMPUMEHSIEMOIO0 OYUCTHOIO areHra (4To
onpeeNnsieT BbIOOp THUNA areHTa i TNPOMBIBKM, MPOAYBKM W OUYMCTKH 32005
CKBaXUHBI);

- TEMIEPATYPHBIN PEXUM OypeHMsI CKBaKUHBI (BJIMSIET HA XapaKTep JABHKECHUS
¢aronaa, CKOpOCTh MPOTEKAHUSI XMMUUECKUX PEaKIIHii);

- BBIOOD pexXrMa MPOBEACHUS CITyCKOMOAbEMHBIX Olepaiuii, 00ecIeynBaIoIETO
MUHHUMAaJIbHOE IPOHUKHOBEHHE KOMIIOHEHTOB OypOBOTO pacTBOpa B IJIACT U
Ap-,

3. TexHuyeckue (BHIOOpP TEXHHUUECKHUX CPEICTB, 00OPYIOBAHUS U MHCTPYMEHTA
B COOTBETCTBUU C YCJIOBUSMU OypeHUs).

[ToBBICUTH KauyeCTBO BCKPBITUS NPOAYKTUBHOIO IIJJaCTa BO3MOXHO JBYMs
NyTSIMU:  BBIOOPOM  COOTBETCTBYIOIIETO THUMA OypOBOTO PacTBOpa; BBIOOPOM
TEXHOJIOTUYECKOI0 PEXUMa BCKPBITHS, TPOMBIBKM U MPOBEACHUS CITYCKOMOIBEMHBIX

oneparuii [15].
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Takum o00Opa3om, TMpu TEPBUYHOM BCKPHITUM MPOJYKTHUBHBIX IUIATOB
IpeIbABISETCS psil TpeOOBAHUN K CITOCOOAM BCKPBITHS M KOHCTPYKIIMU 320051

- oOecrieyeHre ruIpoIMHaMUYECKON CBA3M MEKY CKBaXKUHOM U IJ1aCTOM;

- IOAICPKAHUE YCTOMYMBOCTH FOPHBIX MOPO/I, CIATAIOIINX Pa3pe3 CKBAKUHBL, U

IpeaynpexIeHue OOPYIIEHHsI CTEHOK CKBaYKUHBL;

- COXPaHEHHE KOJUIEKTOPCKUX CBOWCTB IPOAYKTHUBHOTO IUIACTA;

- pazoOIeHne MPOAYKTUBHBIX IJIACTOB U U3OJIALMS BOJO- U Ta30HACKHIIIEHHBIX

IIPOILJIACTKOB;

- oOecrieueHre BO3MOKHOCTHU IIPOBEJICHUS Fe0O(PU3NUECKUX UCCIIET0BAHMI;

- obecnieyeHre HEOOXOAMMBIM O0BEMOM HH(OpPMAUMUM Ha MOPOTIKECHUU
BPEMEHH JKCIUTyaTalluy CKBAYKHHBI;

- oOecrieueHre BO3MOXKHOCTH  CITycKa HEoOXOJMMOro oOOpyAOBaHUS U
WHCTPYMEHTA [UISl MCHBITAHMS, KpPEIUICHHs, BTOPUYHOIO BCKPBITHSA, OCBOCHUS U
DKCILTYaTALMH.

B 3aBUCMMOCTH OT TOPHO-T€OJIOTHYECKUX YCIOBUH M THAPOJIMHAMHYECKOTO
COCTOSIHMSI ~ KOJUIEKTOpa,  HMCXOAsl W3  BEJIMYMHBI  3a00MHOrO  JaBlieHUS,
MOAACPKUBAEMOI0 TIPU INEepBUYHOM BCKpbiTHM [I3I1, mpumensercs omavH W3 TpeX
CIIOCOOOB MEPBUYHOTO BCKPBITHS MPOTYKTUBHBIX 3amexeit [14]:

1) BCKpBITHE IUIACTOB MPU PENPECCUU - 33 CUET NPEBBIIICHHS JAaBICHUS B
CKBa)XKMHE HaJl I1acTOBBIM AaBjiacHueM (P, > P);

2) BCKpbITHE TIpH yciaoBuu paBHoBecus (P, ~ Pyy);

3)pu aenpeccun (P, < P,,).

Bce Tpu cnocoba BCKpBITHS OOBEAMHEHBI €IUHBIM MOIXO0J0M K pa3zpaboTkam
TEXHOJOTMYECKUX PELIEHUH - K KOHTPOJIO U PErylupoBaHUI0 AU(QepeHIInanbHbIX
JABJICHUM B YCIOBHUSX THAPOJAMHAMUYECKON CBA3M CKBaXXMHBI M BCKPBIBAEMBIX

I1J1aCTOB.

BcekpeiTne miactoB mipu  penpeccuu. IlepBwiii coco0d OypeHus: SBIsSETCS
OCHOBHBIM B OTEYECTBEHHON M MHUPOBOW MPAKTUKE CTPOUTEIHCTBA HEPTIHBIX U

ra3oBbIX CKBAXKMH, HO TpU BCKPHITMM Tpu3adoiiHoi 3ouHbl mminacta (I13I1) B
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OCJIOXKHEHHBIX  YCIOBUSIX (HEYCTOMYMBBIE TOPOAbI, AHOMAJIbHBIE IIACTOBBIC
JaBJICHHS ) KAYECTBO OYPOBBIX pa0dOT 3HAYMTEIILHO CHUXaeTcs [ 18].

Crnoco® oCHOBaH Ha TMPUHIIMIIE TPEBBIINICHUS JABJICHUS B CKBAXKUHE Haj
IJIACTOBBIM, 4TO MTO3BOJISIET MPEYIPEKIATh BO3HUKHOBEHHUE

razonedreBogonpospienuit (I'HBII). BckpeiTue 11acToB Ha penpeccuu
HauOosiee A(PQPEKTUBHO MPU CIEAYIONIMX YCIOBUAX OypEeHHsS] CKBXXKHH: MOPOJIbI,
CHAararfIIue pas3pe3 CKBAXWHBI OTIAYAKOTCS YCTOMYMBOCTBIO UM IMPOYHOCTHIO,
re0JIOTUYECKHI pa3pe3 He ocloxkHeH miactamu ¢ AHII/I.

B ocCnoXHEHHBIX YCIOBUAX OypeHHE Ha PENpecCud  COMPOBOKIACTCS
MOTJIONIEHUAMH  OypOBOTO  pacTBOpa, MpuXBaTaMd OypoBOro HHCTPYMEHTA,
ruapopazpeiBamu nopop (I'PII), 3arpsznennem I13I1, a Takke npyrumu sSIBICHUSMH,
CHIDKAIOIMMHU TEXHUKO-3KOHOMHUYECKHE ITOKA3aTEIu CTPOUTENILCTBA CKBAYKUHBI.
OCHOBHBIMM K€ HETAaTHUBHBIMU TMOCJEACTBUSMU MEPBUYHOIO U BTOPUYHOIO
(mepdoparusi) BCKpBITHS MNPOAYKTHUBHBIX IUIACTOB B CJIy4dae PENPECCUU SBIISIOTCS
[13]:

- YXYJLIEHUE KOJUIEKTOPCKUX CBOMCTB IUIACTA W, KAK CJIEACTBHUE, 3HAYUTEIILHOE
CHIYKEHHE MOTECHIIMATBHO BO3MOXKHBIX I6OUTOB CKBAXKUH;

- JUIUTEJbHBIE CPOKU OCBOCHHUS CKBAXKUH;

- HU3KUM Ko PuimeHT HedTerazooTauu NPpOAYKTUBHBIX IJIACTOB;

- 3aTPyIHEHUSI B BBISIBJIEHUM U OlLIGHKE HE(PTEra3oHOCHOCTH TIJIaCTOB B
pa3BEI0OYHOM OYpEHUHU.

Takxe ciienyer OTMETUTh, YTO TEXHOJOTHS BCKPBITHS MPOAYKTUBHBIX ILIACTOB
MPY HAJIMYKUM PENPECCUM U C IPUMEHEHUEM PACTBOPOB HA BOJIHOW OCHOBE C TBEPJIOU
¢dazoli TPUBOIUT K TOMY, UYTO HHU3KONMPOHUIIAEMBIC TIUIACTHI HauboJiee CHIBHO

3arpsi3HSIIOTCS TPU OYPEHHH, a BBICOKOIIPOHUIIAEMbIE — MIpH nepdopanuu.

BekpeiTe mactoB  npu  ycioBuu  paBHOBecus. (Croco0 mpenmnosaraer
peryaupoBaHie JaBJCHUS B CKBAKMHE Ha YPOBHE, OJM3KOM K IUIACTOBOMY, YTO
JOCTUIaeTcsd € NPUMEHEHUEM OYMCTHBIX areHTOB HH3KOM IUIOTHOCTH, HaIlpUMED,

oOJIeryeHHbIX OYypOBBIX pacTBOpOB. [IpuMeHeHue 3Toro cnocoda BO3MOKHO TOJBKO B
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OTIPEJICTICHHBIX YCIOBUSX OypeHHS CKBOKUH W B JOMYCTUMBIX TMPEAETax CHUKCHUS
JaBJICHUM B CKBWKWHE, TIOCKOJBbKY HeoOXoaumMo u30exaTh BBIOPOCOB U
razoHedreBofonposiBieHuid. Tak kak B mporecce OypeHHUs CIOXKHO BbIIEPKATh
PaBEHCTBO IIJJACTOBOrO M 3a00MHOr0 JaBJIECHHWM, TO YCTaHABIIMBAIOT JOIYCTUMOE
oTKJIOHeHUe auddepeHnanbHbIX JaBIEHUH, KOTOPhIe, KaK MPAaBWIIO, HE MPEBHIIAIOT
+3 MlIla [2, 14]. Crioco0 peanusyeTrcs Mpu repMETU3UPOBAHHOM YCThE CKBAXKUHBI.

OToT cmoco0 MOXeT OBIThb pealn30BaH M TpU OypeHHMH C MECTHOM
HUPKYJISIUEH, TaK KaK MpU MOHMKEHHOM THAPOCTATHUYECKOM YPOBHE KUIKOCTH B
CKBa)KMHE, LUPKYJSIUS CO3AETCsl MOTPYXKHBIMU HAacocaMmM, a paz0ypeHHas Mopoja
OCAKJAETCA B CIELHMAIBHBIX MIJAMOCOOPHUKAaX. MOJKHO BBIIEINUTH B OCHOBHBIX
METO/Ia BCKPBITHSA IUJIACTOB C MECTHOM HMPKYJsuen: OecTpyOHBI W TpyOHBIN
MeTo k. Kax il uMeeT cBou 0COOEHHOCTH U MTPEUMYIIIECTBA.

K OectpyOHOMY METOIy OTHOCHUTCS YyAapHO-KaHaTHOE OypeHue, OypeHue
rUApoOYypOM U THUAPOIICKTPOOypaMH  Pa3IUYHbIX  KOHCTPYKIUHA. OCHOBHBIM
PEUMYIIECTBOM OecTpyOHOro OypeHHs SBISETCS COKpAIleHHUE BPEMEHH CITYyCKO-
NOJIbeMHBIX onepanuidl. OHAaKO B HacTodAlIee BpeMs OecTpyOHbIM METO HE HaXOAUT
IIMPOKOIO PaCIpOCTPAHEHUS H3-32 HEOOXOJUMOCTH HM3TOTOBJIEHHUS CHELHAIBHOIO
HA3eMHOT0 O00OpYyJIOBaHMS, OTIMYAIOLIErOCs OT NPUMEHAEMOIo NpU TypOMHHOM U
pPOTOPHOM OypEHHH.

Bo BHUUBT pa3zpaboran MeTO BCKPBITHUS MJIACTOB IPH MOMOIIN HHCTPYMEHTA
poropHoro Oypenusi ¢ mectHoW mnpombiBkoi (BMII), cozmaBaemoro spaudToMm.
PaBeHCTBO rMAPOCTATUYECKOTO M IMJIACTOBOTO JABJIEHUMN JTOCTUTAETCS TEM, YTO MEPE]
BCKPBITUEM MPOJYKTUBHOI'O TOPU30HTA YPOBEHb B CKBOXKMHE CHUKAIOT JI0 BEIUYMHBI
OKUJAEMOr0 IUIacTOBOro JamieHus. JlanmpHeillnee OypeHHe BeOyT HHCTPYMEHTOM
BMII, xoTopblii TMO3BOJIIET OCYIIECTBISATh OOpPAaTHYIO MECTHYIO LMPKYJSIUI0 0e3
BbIXOJla €€ Ha TMOBEpPXHOCTh. [Ipu 3TOM BBIOOP MPOMBIBOUYHON KUIAKOCTH IS
BCKPBITHS TIJIACTOB MPU 3TOM METOJI€ 3aBUCUT HE CTOJIbKO OT BIUSHUS JKUJIKOCTH Ha
IJIacT, CKOJBKO OT YCTOMYMBOCTU CTEHOK CKBAXKMHBI M 3(PPEKTUBHOCTU Tpoliecca

I1aMOyJIaBJIMBaAHU .
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Cucrema MpOMBIBKY CKBAXXUH TIPH OYPEHUH C MECTHOM MUPKYIISAIUEH BKITFOYACT
B ceOs IENblii KOMIUIEKC B3aWMMOCBSI3aHHBIX IPOIECCOB. BBIHOC W ylIaBIWBaHUE
nuiaMa 3aBUCUT OT KPYIMHOCTH YacTHIl, 00pa30BaBIIUXCS B IMPOIECCE pa3pylICHUS
TOPHOM MOPOJIBI, Pacxoaa MPOMBIBOYHOM KUAKOCTH, KOHCTPYKITUHU IIJIAMOYJIOBUTEIS,
a pacxojJ MPOMBIBOYHON JKHJIKOCTH 3aBUCUT OT KOHCTPYKIMH Hacoca (Apiaudta Iis
uHctpymenta BMIT).

OrpaHnueHne HaKIJIQIbIBAETCS HA CITYCKO-TIOJBEMHBIC OTICPAIUU: TPU CITYCKE
OypHJILHOW KOJIOHHBI HAMPSHKEHHOE COCTOSHHWE TOPHBIX MOPOJ YMEHBIIACTCS, a MPH
MOBEME - YBEIMUYMBACTCS; TaKMM 00pa3oM, MpU OYpeHUH C MECTHOW MPOMBIBKON
oOpyIlieHne CTEHOK CKBAXKMHBI dYallle BCETO MOXKHO OXKHJATh ITOCJE IOIBEMHBIX
orepaiui, Mpu 3TOM, KakK CJEICTBHE, HEOOXOJUMO yMEHBIIATh CKOPOCTh MObEMa

OypuibHOTO UHCTpYyMeHTa [15].

Bcekpeitne mmacroB Ha - genpeccud. (Crnoco0 OCHOBaH Ha  MPUHIIMIE
nojjep>kaHnusi 3a00MHOTO JaBJICHUSI HWXKE IUIACTOBOrO; Haubojee MNPUMEHUM B
YCJIOBUSIX HU3KUX IUJIACTOBBIX JIABJIICHUI; MPEANOJIaracT NPUMEHEHHE MPOMBIBOYHBIX
KUJKOCTEH, XapaKTepU3YIOIIUXCS HU3KOM IUIOTHOCTHIO (23pUPOBAHHBIX PacTBOPOB,
neH, ra3oB). [Ipu BCKpBITUM TUIACTOB MPU HAIWYUHU JEMPECCHH YCThE CKBAKHHBI
TEPMETUUPYETCS, a 3aMKHyTas IUPKYJISIUOHHAS CUCTEMa TMO3BOJSET OTICISATH U
YTUJIN3UPOBAThH MOCTYIAIONIKE TJ1aCTOBbIE (DIroubl (HEPTH, ra3) [13].

bypeHue ¢ naBieHMEM OYMCTHOIO areHTa HMXKE IUIacToBoro (p. < pIu)
MO3BOJIIET TMOBBICUTh TEXHOJIOTMYECKHE TMoOKazaTeau OypeHUs ¢ YBEJIUYUTH
MPOYKTUBHOCTh CKBaXUHBI B 2-3 pasza [19]. OmHako AaHHBIA CIIOCOO BCKPBITHS
HEJI0OCTaTOYHO pa3paboTaH Il Ta305KUKOCTHBIX TPOMBIBOYHBIX CMECEH.

O0630p HccienoBaHUN OTEYECTBEHHON U 3apyOeKHON MPAKTUKU 3aKaHYMBAHUS
CKBaXUH I[IOKA3bIBAECT, YTO TEXHOJOTHS BCKPBITUS MPOJYKTUBHBIX IUIACTOB MpPHU
oTpuniaTeibHOM JudPepeHaIbHOM JIaBJICHUU B CHUCTEME «CKBAKMHA-TIIACT
MO3BOJISIET MOJy4aTh MOTEHIIUAIbHBIC IEOUTHI CKBAKHH.

B cBsi3u ¢ 3TUM B TmOCHeqHUE TOABI B 3apyOeKHON MPAKTUKE CTPOUTEIIHCTBA

CKBaXXMH Bce 00Jiee MUPOKOE PaCIPOCTPAHEHUE MPUOOPETAeT TEXHOJIOTUSI BCKPHITHS
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MPOJYKTUBHBIX IJIACTOB MpHU Aenpeccuu. Tak, TOJbKO Mo ABYM ImpoBUHLUSIM KaHabl
(AnsOepta u CackaTyeBaH) YUCIO CKBaXUH, MPOOYPEHHBIX B YCIOBUAX JIEIPECCUH C
1992 nio 1997 rr., yBenuuumnocsk ¢ 30 go 525.

Hedrsapie kommannu Poccuu nposBIAIOT OOJBIION HHTEPEC K 3TOMY CIOCO0Y
Oypenusi. B nepByto odepe/p, 3TO CBSI3aHO C MOCTOSTHHO BO3PACTAIONIMM BHUMaHUEM K
NPEAYNPEKICHUID HAPYIICHUS KOJUIEKTOPCKUX CBOMCTB IIACTa C BBICOKHUMH
MOTEHIUATIBHBIMK ~ BO3MOXXHOCTSIMHM,  TOBBIIICHUI0  MEXaHMYECKOH  CKOPOCTH
MPOXOJIKH, MPEAYIPEKICHUIO TPUXBATOB M TOTJIOMIEHUN MpU OYpeHHH CKBaXKUH B
UCTOILEHHBIX Iutactax. Hambonee oOmias 1enb NPUMEHEHHS] TEXHOJIOTUU BCKPBITUS
MPOJYKTUBHBIX TUIACTOB B YCJIOBHUSIX JCMPECCUU COCTOUT B CHUIKEHHH CTOUMOCTH
pa3pabOTKU MECTOPOXKICHHUS.

B 000 «JIYKOWUJI-BYPEHUE-TIEPMb» Ha MecTOpoxaeHHsAX IlepMcKoro
[Ipukambs, Pecnybmuku Tartapcran u 3anmagHoit CuOupu 1O COCTOSHHMIO Ha
01.01.2004 r. mpoOypeHo 70 CKBaXMH C HCIIOJIb30BAHHUEM TEXHOJOTUM BCKPBITHS
INPOAYKTUBHBIX IIJJACTOB MpH Hamuuuu jAenpeccud. OO0OHIEHHE pPe3yIbTaToOB
CTPOUTEIBCTBA ATUX CKBAXKWH IMOKA3bIBACT, YTO MPUMEHSEMBIA CIIOCOO IMO3BOJISET
MOBBICUTH J1eOUTHI B 2-5 pa3 [13].

Bmecte ¢ TeM BCKpBITHE TaKMX MPOAYKTHUBHBIX IUIACTOB COMPSHKEHO C
ONpE/ICICHHBIMU TEXHUYECKUMHU U TEXHOJOTHYECKUMH TPYJHOCTSMH, B YACTHOCTH, C
HEOOXOJIMMOCTBIO HCIOJIb30BAHUS CIENUATBHOTO O00O0pYIOBaHUSI YCThbSI CKBaXKHHBI,
npuMeHeHus:  TpéxdaszHoro cemapatopa, (akenbHOW  YCTAHOBKH, CHCTEMBI
MaHH(OJIBI0B, KOMIIPECCOPOB U APYTOro 000PYI0BAHHUS.

C TOukM 3peHHs COXpaHeHUs (UIBTPAIMOHHO-EMKOCTHBIX XapaKTEPUCTUK
MPOYKTUBHBIX TOPU3OHTOB, HanOosiee d(PPEKTUBHBIM SBISETCS BCKPBHITHE IUIACTOB
Npu JENpeccud WIM paBHOBecuM. HeraTMBHOW CTOpPOHOM NpUMEHEHHs crocobda C
JIETIPECCUEl SABJIIETCS OMACHOCTh BO3HUKHOBEHHSI Ta30HE(DTEBOIOMPOSBICHUNA TPH
BCKpHITUHM. bonee mmiandiieil sBISAETCS TEXHOJOTUS PABHOBECHOTO BCKPBITHS
ropuzoHTa. Oco0eHHO akTyanbHO 3TO i mactoB ¢ AHII. [Ipu aTom nogHuMaeTcs

BOIIPOC O CHMJKCHHMN THAPOCTATHYCCKOI'O JaBJICHHUA HpOMBIBO‘-IHOﬁ KHNIKOCTHU B
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CKBa’>XHHC. OI[HI/IM n3 HYTeﬁ CHW)KCHUA  OABJICHUS  SABJIACTCA  IIPUMCHCHUC

00JICTYCHHBIX PaCTBOPOB.

2.3 O030p wuccaenoBaHuili MO BCKPBITHI MNPOAYKTHBHBIX ILUIACTOB IIPH

OTPUIATEJIBbHOM IIepenmane HaBHeHHﬁ.

B nocnennue roapl B 3apy0eKHOM NPAaKTUKE CTPOUTEILCTBA CKBAKUH BCE OoJiee
IIMPOKOE PaCIpOCTpaHEHHE MPUOOpPETaeT NPUMEHEHHUE TEXHOJIOTUU OypeHHus B
YCIIOBUSIX JAECIPECCHH B CUCTEME CKBA)KMHA-IUIACT, TAK HA3blBaeMas TEXHOJOTHUS

OypeHnus npu oTpuaresbHoM nepenajae nasiaenus (OI1).

bypenne Ha  genmpeccHuH  SBISETCS  TEXHOJIOTHMEH, IIPU  KOTOPOWM
mudepeHnranbHoe AaBieHUE B MPU3a00MHON 30HE MOAIEPKUBACTCS HUXKE, YEM B

IIPOAYKTHUBHOM ILIACTC.

Hedrerazosie  kommanum  Poccum, Takme  kak, OAO «["aznpomy,
OAO «Taraedts», OAO «Jlykoin», HK «bamnedts», HK «PocHedts» u
OAO «CyprytHedTera3» MposiBISIOT OOJIBIION MHTEPEC K 3TOMY crocolOy OypeHwus.
[lepBbiMHM, KTO MNPUMEHWJI OSTOT METOJ B MPOMBIIUICHHBIX MaciiTabax Oblia
bK «EBpazusi». B mnepByro ouepeap 3TO CBSA3AHO C IOCTOSIHHO BO3pAaCTAaOIIUM
3HAYCHUEM, MPHUJABACMBIM TPEAYNPEKICHUIO HAPYIICHUN KOJIJIEKTOPCKUX CBOMCTB
IJIaCTa C BBICOKUMH MOTEHIUAIbHBIMUA BO3MOKHOCTSIMHU, MOBBIIIEHUIO MEXAHUYECKON
CKOPOCTH TPOXOAKUA U TPEAYNPEKICHUIO TMOTJIONICHUI Tpu OypeHUH B YCIOBHSIX
AHII/I. Haubosee xe oOmias 1eabp NPUMEHEHUs] JTaHHOW TEXHOJIOTHU COCTOUT B
CHI)KCHUM CTOUMOCTH pa3paboTku MecTopoxkaeHus. K HacrosiiemMy BpeMEHH
HAKOIUICH HAy4YHbIA WU TMPOMBICIOBBIM OMNBIT 3aKaHYMBAHUSI CKBAKUH B YCJIOBHUAX
JIETIPECCUN, KOTOPBIA TMOATBEPKIACT HECOMHEHHBIM TEXHHUKO-TEXHOJIOTUYECKUNA W

HAKOHOMHUYECKUH A((HEKT HOBOW TEXHOJIOTHH.

[ToarepxkaenueM 3tomy ciykut onbiT OAO «HITIO «bypenne» mo OypeHuto

CKBA’XXMH B YCJIOBHUAX JCHPCCCHU Ha PAIC MCCTOpO)KI[eHI/Iﬁ C pPa3IM4YHBIMH T'OPHO-
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reojoruueckumu  yciousamu: KyromOunckom Mectopoxkaenun (OAO «HI'K
«CnaBuedtp»), HoBo-Ilokypckom (OAO HI'K «CnaBuedTs»), baBnunckom (OAO
«Taruedtsy), Xapammypckom, TapacoBckom, Komcomonsckom (OAO «HK

«PocuedTs — [lypHedrerasy). [24]

B xauectBe OypoBoro pactBopa rpu 0ypenun Ha OIIJ] MoxkeT ObITh OOBIYHBIN
OypoBOil pacTBOp, BOJAA, pPACTBOPHl HA OCHOBE YIJIEBOAOPOIHBIX COCTUHEHHIA,

a’pupoBaHHbIe (QIrouIbI (OYpPOBOI pacTBOp MIIH TIEHBI), & TAKXKE CHKATBIA BO3AYX. [4]

ABpHUpPOBAHHBIE CUCTEMBI MOTYT MCIOJIB30BATh OOBIUHBINA aTMOC(EPHBIN BO3IYX,

HpHpO,Z[HBIﬁ ras, a3oT HJIN KOM6I/IHaI_[I/IIO ra3os.

B.1A. HudantoBsiM pa3zpaboTaHa METOJMKA MPOTHO3HOW OILICHKU MPUTOKA
riacToBoro (irouia npu OYpeHUU Ha JEIPECCHH, CYIIHOCTh KOTOPOU 3aKII0YaeTCs B

CIIETYOIIEM:

- Ilo pe3ynpTaTaMm HCCIEIOBAHUN COCENHUX CKBAXKHUH OIpEAEIsIeTCs
ko3duient npoaykruBHocTH Iwiacta K,,” , paBHBIM OTHOIICHHIO IOIyYCHHOTO

nebuTa K aenpeccuu (A1 )KUIKOCTH) WK K KBaJapaTy Aenpeccuu (Iuisi ra3a):

K Q)I(
Kpp™ = AP, (2.1)
s (2.2)

- OnpenensieTcst yeabHbI KO3(PGUIIUEHT MPOAYKTUBHOCTH HA METP BCKPBITOM

TOJIIIIHUHBI I1JIaCTa.

- OnpenensieTcss MAaKCUMAJIBHO JOITYCTUMAst JETPECCHsI Ha TUIACT 1o (opMyIie:
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APZﬂEH e = Oil(PFOP - PHJ]) ) (2.3)

KP
rae Prop=prn*xqxH;; — ropHoe nasnenue;
P 77— mi1acToBoe J1aBJICHHE;
g — CpemHssl TNIOTHOCTh MAaCCHBA BBINIEIICKAIINX TOPHBIX TTOPOI.

Ucnions3yst otHomieHust (2.1) u (2.2) paccUMThIBAETCS 0XKHUAAEMbBINA TEOUT rasza
Ipy  Pa3IMYHBIX 3HAYCHUSAX JCTIPECCHHM, W3MEHSIONMICHCS B  Mpeaenax oT
MaKCUMAaJIbHOTO JIOMYCTUMOI'O 3HA4YeHHs, BBIUMCIECHHOro mo Qopmyne (2.3), 1o

MaKCHUMaJIbHO BO3MOXKHOI'O:

Q}K = KHP)K x AP, (2.4)

Qr = KHPF x AP? (2.5)

- [Ipon3BoguTCcss OIlEHKa W3MEHEHUs IUIOTHOCTU OypOBOTO pacTBopa B

pPE3YIbTATC INOCTYIUICHUA B HCT'O IIJIACTOBOI'O (1).]1}01/1)18, aniaMa.

- B caywyae ymeHblIeHMS TUJIOTHOCTH OYpOBOrO pacTBOpa OMNpEesieTcs
3a00lHOE CTATMYECKOE JIaBJICHWE Ha KPOBIIIO IJIACTA M HOBOE 3HAYEHUE JICTIPECCHUMU.
Ecmu ata genpeccust Oynet npeBbimath 15 % 3¢ HEKTUBHBIX CKEETHBIX HAMPSIKEHUH,
TO TPOU3BOAAT TNEpPecuéT el MepBOHAyYalIbHOrO 3HayeHus no Qopmyne (2.3) Ha

MCHBIITYIO BCIIMYNHY.
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- B cnyuae yBenuueHHs IUIOTHOCTH OYypOBOTO pacTBOpa, IMEpBOHAYAIBHOE
3HaYCHHE [IEMPECCUU COOTBETCTBEHHO YBENWYHMBAaeTCs, HO He Oomee 15 % ot
BesmuuHbl (Prop-Pj7) M TpOM3BOAST KOPPEKTHPOBKY IMEPBOHAYAIBHOW TUIOTHOCTH

OypOBOI0 pacTBopa.

BaxxHBIM BOIIPOCOM  SIBJISIETCSL  PETYJMPOBAaHUE BEJIMYMHBI JIENIPECCUU  H
penpeccud Ha MNPOAYKTHUBHBIA IuiacT. JlaHHas mpoOsieMa BOEPBBIE peIIEHA
K. M. TarupoBeiM IyTéM pa3pabOTKHM METONa M KOHCTPYKLIHMH TI'€pMETHU3MPOBAHHOM
CUCTEMBI IMPKYJIALNAN U1 BCKPBITHS IUIAcTOB B ycnoBusax ABII/] ¢ perynmnpoBanuem

mu(dpepeHInanbHOTO AaBICHHS B CUCTEME «CKBa)XKMHA — IUIACT» B Mpouecce OypeHus

[21].

PazpabGoTtanusiii croco0 BCKPBITHS IJIACTOB c 3aIaHHBIMU
nudepeHnanbHBIMU JaBICHUSIMU B CUCTEME CKBa)KMHA-TLJIACT MO3BOJISIET BBI3BATH
KOHTPOJIMPYEMBI MPUTOK IIACTOBOrO (iironaa Ha 3a00M CKBaXXHUHBI, BHIMBITH €0 Ha
JTHEBHYIO TTOBEPXHOCTH C IIEJIbI0 YCTAHOBIIEHUS MIPUPObl (ironna (Boaa, HedTh, ra3)
U ONPENENIUTh BEJIMYMHY IJIACTOBOIO JIABJICHUS, a MPU HEOOXOJIUMOCTH MPOU3BECTU

3aJ1aBKY CKBAKHHBI.

Hcnonbs3oBanre HepTH B KaUeCTBE Cpelibl OypeHUsl MOKa3alo ceOsl YCIEIIHbIM,
OJIHAKO, ClIeAyeT 00OpaTUTh BHUMaHUE HA €€ CIIOCOOHOCTh BBIHOCUTH LIaM. BakHbIM
IPEUMYIIECTBOM HCIIOJIb30BAHUSA HEPTH SBJISETCS BO3MOXXHOCTh HE MPUMEHSTH
OypOBOI1 pacTBOpP, HECOBMECTUMBIH C MJIACTOBBIMU (DIIFOMIAMHU, B PE3YyJIbTAaTE YETO OHU

camxkaroT OPEC mracra.

Bbypenue npu OIIJ] MoXeT Tak k€ MUHUMHU3UPOBATH OOJIBIIOE YUCIO APYTHX
mpo0seM, TaKux, KaKk HeOJaronpusTHas peakius TJIWH, pa3aeieHue (a3, BbIlaJeHuE B
0CaJioK U 00pazoBaHUE IMYIBCUHU. DTU MPOOIEMBI UMEIOT MECTO TIPU MPOHUKHOBEHUU
dbunpTpata OypoBOro pacTBOpa B IUIACT TNpU OypeHUH C TOBBIIMICHHBIM
TMJIPOCTaTUYECKUM JIaBJICHUEM B CTBOJE CKBaXXUHBI. JlOMOJHUTENbHAs BbBITOJA
BKIIIOUAET COKpAIllEHUE BpPEMEHU OypeHus, YIydIllleHHE BpeMEHU paboOThl J0J0Ta,

MMpAMYIO HHAWKAIHUIO 30H ITPOAYKTUBHBIX IUIACTOB U PCIKC UX IMPOAYKTUBHOCTD.
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B OonpmIMHCTBE CUTyalMil NOHM)KEHHOE JABJIEHHE CO3/AaE€TCSI HCKYCCTBEHHO
IIPU MHXEKIHH Ta3a B HUPKYSILIUOHHYIO cucTeMmy. [ 3Tux neneil B OONbIIMHCTBE
Clly4aeB HUCIOJb3yeTcss a30T. OH JOCTYIIEH M €ro TPAaHCIOPTUPOBKA HE BBI3BIBACT

po6JieM MO CPaBHEHUIO C IPYTUMH ra3aMHu.

Nmeercs MHOro ¢QakropoB, wu3-3a dyero Oypenue Ha OII[ moxer

paccMaTpuBaThCS Kak BHICOKO3(DPEKTUBHBIN METOI.

MHorue H€(1)T€I’&30BI>I€ I1J1aCThI IMOABCPIraroTCA pa3iIndHOro poaa

MOBPCKACHUSAM ITPHU BCKPBITUH Ha PCIIPCCCUUA:

1. [lepemeniieHre MEJNKHUX YAaCTHI[ M TJIMHBI B TOyOb IUIacTa, BBI3LIBAEMOE
MTOTOKOM HUJKOCTHU MPH MOBBIIIIEHHOM JaBJICHUH.

2. [IpoHuKHOBEHUE TBEPIABIX YaCTHI], COJAEpXKAIIMXCA OYpOBOM pacTBOpE B
IJIACTHI.

3. OtcyTcTBUE HH(MOPMAIUH O paclpeieICHUU Pa3MepoB MOp IIIacTa.

4.30HBI C BBICOKOM MPOHMUIIAEMOCTHIO TPEJCTABIAIOT MOTEHIMAIBHYIO
BO3MOYKHOCTb JJIsl TOTEpU OYpOBOTO pacTBOpa.

5. BocnipuuMuuBOCTE K pa3feneHuio BOJHON U YTJIEBOJIOPOIHON (a3, KoTopas
MOXET TPUBECTH K YIEpkKaHUIO (uiIbTpaTa pacTBOpa, BEAYLIEMY K CHIDKCHUIO
HedTeoTAaYN.

6. [ToTeHIManbHO HEOIATONMPUATHAS PEAKIIUS MEXKY MPOHUKIIUM (PUIHTPATOM
W 1actoM (HaOyxaHuU€ TJIMH, pAcCTBOPEHHE TIOPOJl, XUMHUUECKas ajacopOnus,
M3MEHECHHE CMAauYMBAaCMOCTH ).

/. IToreHnmanbHO HEOJAronmpusTHAS PEaKIUs MEXKIy MNPOHUKIIUM B IIJIACT
bunbTpaTOM U HaxonglieMcs B HeM (IougoM (3MYyJIbIMPOBAHHUE, OCAXKACHHUE U
BBIJICJICHUE OCaJIKa).

['maBHBIE OTpaHUYCHMS WCIIOJIL30BaHUs OypeHUs MPU MOHMKEHHOM JaBJICHUU
OTHOCSITCSL K SKOHOMHKE. bojiee BbICOKAasi CTOMMOCTh U JPYTrM€ HETaTUBHBIE ACTIEKTHI
JIOJDKHBI OBITH TIPEOI0JICHBI MPY 3HAYUTEITLHOM YBEIIMYEHUN WIH IPYTUX TEXHUYECKHUX

uHTepecax. JlaHHbI crnoco® OypeHusi He SBIAETCA PEIIEHHEM BCeX MpooiieM,
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CBSI3aHHBIX C TPOIYKTUBHOCTHIO IUIACTOB. YMIEPO OT IJIOXOTO MPOCKTUPOBAHHS H
peanu3aruu nporpammbl Oypenust ipu OINJ], MoxxeT mpeBOCXOaUTh yiiepod, KOTOPHIi
MO>KHO TIOJYYUTh B XOPOULIO CIPOECKTUPOBAHHOW OOBIUHOM Mporpamme OypeHus npu
MTOBBILIEHHOM JIaBJICHUH.

Hannexaimiee mnoHMMaHue OSTUX TOTEHIMAIBHBIX MPOOJIEM HM3HAYalIbHO
MPEAIIECTBYET BBIMOJHEHUIO JIO00M MporpaMMbl Mo OYpPEHHUIO MPH TMOHUKEHHOM
JTaBJICHUH.

Bypenue npu NOHMKEHHOM AaBJICHHH OOBIYHO OoJiee JOpPOro, 4eM OObIYHas
nporpamma Oypenus. imeercs nuiib HEOOIBIIOE TPEUMYIIECTBO, €CIU CKBAaXXWHA HE
3aKAHYMBAECTCA TIPU TMOHWKCHHOM JIaBJICHHUHM. 3aKaHYMBAHUE IIPU TOHWKEHHOM
JTABJICHUU TPUBOJUT K JOMOIHUTEIBHBIM 3aTpaTaM Ha 000pya0BaHUE VIS CITyCKa 10T
naBieHueM [4].

Mmuorue onepanuu npu Oypenuu c OIIJl, mpoBoguMble B MPOILIOM, UMEIU
OTpHUIIATEIbHBIE PE3YJbTaThl, MOTOMY YTO YCJIOBHS OYypeHUs MpU IMOHUKECHHOM
JIABJICHUH HE COXPAHSJIMCh MOCTOSHHBIMHU BO BpeMs OypeHUs U 3aKaHUMBAHUS.

N3-3a Toro, 4TO MIIacToBOE JaBJICHUE OOJIBIIE, YeM JAaBJICHHUE MPHU HMUPKYISAIUN
OypoBOro pacTBopa Mpu OypeHUHU C MOHWKEHHBIM JaBJIEHUEM, IS TJIACTOB JIFOOOTO
THUIIA CYIIECTBYET BEPOATHOCTh OTCYTCTBHUS (DPUIBTPAIIMOHHON KOPKH Ha MOBEPXHOCTHU
nopoA. OrcyTcTBUE QUIBTPAIIMOHHON KOPKH HE BCETJa SIBJISETCS OJaromnpusTHBIM 110
OTHOIIICHHIO K IIacTy [2].

OubTpalliOHHAs KOPKa MOXKET JIeHCTBOBaTh, KaKk Oapbep OT MPOHUKHOBEHUS
JKUJIKOCTH W TBEPABIX 4YaCTHUI] B IUIACT. Ecnu mmact moaBepraercss MyJibCalusiM
MOBBIIIIEHHOTO JABJICHUSI, TO MOHO TMOJYyYUTh OYEHb OBICTPOE MPOHUKHOBEHHUE
dbunbTpara u TBEPABIX YacTull. HaHOoCHMBI muiacTy yiiep0O, MOKeT ObITh TOTIa, KOTAa
HE MCIOJIb30BaJIaCh COOTBETCTBYIOIIAS MTpOrpaMMa MPOMBIBKHU.

[IpakTrka mOKa3pIBAET, YTO HAJICKAIINM 00pa30M HCIIOTHEHHAS OTepalus mpu
MOHIKCHHOM TIepenasie AaBieHus OyAeT 1aBaTh XOPOIIUE PE3yIbTaThl OYTH B JTHO00M
cutyauur. HeoOXxonuMo mMOAy4yduTh A JIFOOOrO  KOJUIEKTOpa Mpexiae, dYeMm
MPOCKTUPOBATh TMPOTpaMMy OypeHHs, CIEIYIONyl0 HWH(POPMAIMIO: UaIa30H

U3MEHEHHUS] MPOHUIAEMOCTH, TMOPUCTOCTH W Pa3MEPOB MOP B KOJUIEKTOpPE, PaCUET
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3aKyMOPUBAaHUS W OIECHKH TMOTepPh OypoBOrO pacTBopa (aHamu3 KepHa).
[leTporpaduyeckuii aHanu3 KEpHAa MOXKET OMPEJCIUTh MPUCYTCTBUE UyBCTBUTEIBHBIX
K (puIbTpaTy OypOBOro pacTBOpa MUHEPAIOB B TIopoje [4].

Hannyumme tunsl koimiekTopoB, rae Oypenue c¢ OIIJ[ Obuto ycnemHbsiM B
MPOIIJIOM, BKJIIOYAIOT B C€0s CIEIYIOUTUE TUITBI:

1. Belcokass ~ NpOHMIAeMOCTs  (Gonbime 1 MKM?),  KOHCOJMIMPOBAHHbBIC
KPUCTAIUTMYECKHE MTECYaHUKH U KapOOHATHI.

2. Bbicokasg  mpoOHUIIAEMOCTh, CJ1ab0  KOHCOJMAMPOBAHHBIN  TECYaHUK.

HexkoTophkle onepaiiuu COMPOBOKIAIOTCS PUCKOM OOPYILICHUS! CKBAXKUHBI.

3. Konnekropsl ¢ MakpoTpemunamu. Ecnu pazmeps! TpeiuH npesbiiaoT 1000-
2000 MKM, TO CYWIECTBYET HEKOTOpas BO3MOXHOCTb TI'PaBUTAMOHHOIO
IPOHUKHOBEHUSI OYpOBOIO pacTBOpa M €ro KOMIIOHEHTOB B TpEIIMHBI Ha 3aboe

CKBa’KHUHBI IIpHU HU3KOM OABJICHHMH.

4. TlmacTel ¢ MOHMKEHHBIM JaBJICHHUCM HJIN I/ICTOIHéHHLIG, rac Ipu OOBIYHOM

Oypenuu coznaércs nasienue 6osee 7000 xlla.

5. Ilnmactel, coxmepkalue  3HAUMUTEIbHBIE  KOHILIEHTpAMM  MaTepHasioB,
YYBCTBUTEIBHBIX K (uinbTpaTy OypOBOro pacTtBopa Ha BOJHOM ocHoBe. Takue
MaTepuaabl BKJIIOYAIOT paCIIUpPSIOUIMECs TJWHBL, (IIOKYJIUPYIOIIUECS TJIMHBI,
aHTUJPUT, TAIUT W IUIACTBI CO 3HAUYMTEIbHBIM TOTEHIMAJIOM HECOBMECTUMOCTU C
OCHOBHBIMU  (puuibTpaTaMu  (3MYJIbCHM,  3allIaMJieHHWe, O0CaJKo00pa3oBaHuE),

ACTUIPUPOBAHHBIC IIACTHI C OCTaTOYHOU BOI[Oﬁ HJIN HACBIMICHHBIC YITICBOIOPOdaMMU.

OrpanuyeHussMH JJi Oomnepanuil nmpu OypeHUU C TMOHUKEHHBIM JaBJICHUEM

ABJIAIOTCA:

1.30HBI C BBICOKHM JIaBJICHHEM, IPEJICTABICHHBIC OOJBIIUM IMPUTOKOM U
TpeOyoIIre CPEJACTB KOHTPOJIS.
2. bonpliue myJbcaliu  JaBJICHHS, BO3HHUKAIONIUE H3-3a COCAUHCHHS TpYO,

MyJIbCUPYIOIIETO OYpOBOTO pacTBOpa, MOIBEM J0JI0Ta, dPdeKTa UCTeUeHus: CTPyU U3
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HacagoK A0J0Ta U HEAOCTATOYHBIX 3HAaHUN O HavyaJbHOM JAaBJICHUH B IIPOJAYKTUBHOM

IIacte.
3. MHOkecTBO 30H C Ppa3INIHBIMHA JTaBJICHUAMMU.

4. quSMepHO MCIJICHHOC TCUYCHHUC H 3aACpPKKa XHIKOCTH B BepTHKaHBHOﬁ

YaCTU CTBOJIa CKBAYKUHBI.
5. [IponykTUBHBIE MIACTHI, I/I€ BO3MOKHBI TPOOJIEMBI ¢ 000PYIOBAHUEM.

6. lcnonp30BaHue CUCTEM Ha BOI[HOﬁ OCHOBC B JACTUAPATHPOBAHHBIX IIJIOTHBIX

T'a30BbIX KOJIICKTOPAX.

7. BypeHHe C HCIIOJIb30BaAHHUCM BO31yXa, rasa B OJHOPOIHBIX

HHU3KOIIPOHUIACMBIX IICCUAHUKAX U Kap60HaTax.

bypenne npu NOHMKEHHOM JaBJICHUM, KaK W Jt00as TEXHOJIOTHUS, UMEET
ONpEIEIIEHHBIE OCHOBAHUS 11 IPUMEHEHHS. KOJUIEKTOPBI C OJHOPOJIHONW OCHOBHOM
IIOPOJIOM, CPEIHEW IPOHULIAEMOCTBIO, HOPMAaJbHBIM JABICHUEM M OTCYTCTBUEM
BO3MOXXKHOM HECOBMECTHMMOCTH MOPOJA WU KUAKOCTH, MOTYT OBITh NpPOOYpEeHbI U
3aKOHYEHBI YCIEITHO MPH HU3KUX 3aTpaTax MpU OOBIYHOW TE€XHOJIOTUU OypeHHs, €CIH

HMCIOTCA COOTBCTCTBYIOINMC 3HAYCHHUA XaPaKTCPUCTHUK KOJIJICKTOPA.

Tonpko yepe3 THIATENbHOE U3YyUYEHUE XapPAKTEPUCTUK KOJIJIEKTOPA MOXKET OBITh
ONPENENICHO, KAKUE KOJUIEKTOPBI SIBJISIFOTCA TJIABHBIMM  NPETEHICHTAMU  JUIS
BO3MOXHOTO TNPHUMEHEHUs JAHHOM TEXHOJOTMM [JI TOJYy4YEHUS MaKCUuMyMa
BO3BpAlllcHUs WHBECTHLMHA. BypoBble pacTBOpbl Takke TpeOyrT TIIATEIbHOTO

IPOCKTUPOBAHUS U TECTUPOBAHUS JUISI COXPAHEHHSI KOJUIEKTOPCKUX CBOMCTB [22].
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2.4 AHaiu3 NpUMeHsieMbIX OYpPOBBIX PAaCTBOPOB Il NMEPBHYHOIO BCKPBITHSA

NPOAYKTUBHBLIX ILJIACTOB

TpebGoBanust k OypoBOMY pacTBOPY MPHU BCKPHITUU MPOIYKTUBHOTO TOPU30HTA,
K mnpoMbIBOUHBIM areHTaM, C TMOMOIIBIO KOTOPBIX OCYIIECTBISETCS MEPBUYHOE
BCKPBITUE MPOAYKTUBHBIX IJIACTOB C aHOMAJIbHO HU3KUMHU IJIACTOBBIMH JIABJICHUSMU,
HEOOXOAMMO MPEIbSIBIATH TMOBBIIIEHHBIE TpPeOOBaHUsA, MOCKOJIbKY HETaTUBHOE
BJIMSTHUE PACTBOPOB MOXKET OBITH Cleayrontum [22]:

- HEeoOpaTUMOEe CHMYKEHUE €CTECTBEHHOM MPOHUIAEMOCTH TOPHBIX MOPOA
pU3a00HON 30HBI JIACTA;

- MOTEpPU UUPKYISAIUU TPOMBIBOYHOM IKHIKOCTH, KOTOpPHIE BBI3BIBAIOT
(G1roMI0NPOSBICHUS U3 BBILIEIESKAIINX POIUIACTKOB;

- OCIIO)KHEHHMsI  mpolecca  OypeHuss B pe3yJpTaTe  IOIJIOIICHHMI,
(GronI0NpOsBICHUM, OChINEH U APYTrUX BUAOB, KOTOPhIE MOTYT CO3JaTh aBapUHbIE
CUTYaIlNH;

- JIONOJTHUTENIbHBIE 3aTpaThl BPEMEHH, HSHEPTUH, XHUMHUYECKUX pEarcHTOB,
IPYTUuX MaTepuaibHbIX PECypcoB IS JIMKBUAALMK aBapHUil, OCIOXHEHUH W TpU
OCBOGHUU CKBAKUHBI.

OcHOBHasE 3ajaya 3aKJIOYaeTcsl B YCIEHNIHOM 3aBEepLICHUH OypeHus u
3aKaHUYMBAHWU CKB&KMHBI B KpaTdaiilliee BpeMs, MOATOMY MpU BbIOOpE OypoBOTro
pacTBOpa CIeAyeT UCXOIUTh U3 CIEAYIOMMX (PAKTOPOB:

- reosoruueckue (rpynmna (akTopoB, OIpenensionias Bce IOCIEAYIOLINe
HaTpaBIICHUS ICATEIHHOCTH);

- YKOHOMHYECKHUE (3aBUCUMOCTh «II€HAa — KAaYECTBO — CKOPOCThH MPOXOAKNY,
BO3MOXXKHOCTH OOECHEYeHHs TMpolecca HEOOXOAUMBIM - O00OpYyIOBaHHEM U
MaTepuaiaMHn);

- YenoBeYecKre (KOMIETEHTHOCTh U KBaTU(UKAIUS TIEpCcoHana);

- JKOJIOTUYECKHE (KOMIIOHEHTBHI PacTBOpa JOJDKHBI OTBEYaTh 3KOJOTHYECKUM
TpeOOBaHUSAM, T.€. TOJDKHO OBITHh UCKIIOYEHO HETATUBHOE BIUSHUE HA OKPYKAIOMIYIO

cpeny, KU3Hb U 3[I0POBBE JIOJIEH);
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- TEXHHUKO-TEXHOJOTHMYeCKre (BIUSHHE (AKTOpPOB, TPOSBISIONUXCS B
CKBa)KHHE-OIBIT TPOBOJKUA COCEIHUX CKBKWH, (QDYHKIMH OYpOBBIX pPacTBOPOB U
OrpaHUYEHUS TpoLiecca MPOMBIBKH; a Takke (PaKTOPOB, CBSI3aHHBIX C MCIIOJIB3YEMbIM
000pyIOBaHUEM - JOJDKHO OBITH 00ECIIEYEHO COOTBETCTBUE OYpOBOTO 00OPYIOBaHHUS
PEABABIIEMBIM TPEOOBAHUM ).

TpeboBanust Kk OypOBBIM pacTBOpaM TakKe OINPENENSIOTCS PsAAoM (YHKIUN
[80]:

1) I'uppoaunamudeckre (0OYCIIOBIEHBI BSA3KOCTHIO, HHEPIMEH M IpYTUMHU

CBOMCTBaMU JBIKYIIEHCS KUIKOCTH):

BBIHOC BBIOYPEHHON OPOABI € 320051 CKBaKUHBI M OUYMCTKA CTBOJIA CKBAYKUHBI;

nepcaada SHCPIrunu OT HacocCa K 3360ﬁHOMy JABUTATCIIIO,

TUAPOMOHUTOPHBIN 3D PeKT;

oXJaxJeHre OypoBOro MHCTPYMEHTA 3a CUET MEePEeHOCca TEeIIa.

2) I'mppocratuueckne  (0OycioBiIeHBI ~ BecoM  OypoBOro  pacTBOpa,
OKa3bIBAIOIIEM JABJICHUE HA CTCHKH CKBAXHHBI, POYHOCTHIO pacTBOPA Ha C/IBHT):

- npeaynpexaenne ['HBII;

- yAepKaHHE YacTUIl BHIOYpEHHOW TOPOJBI BO B3BEIICHHOM COCTOSHUW TIPHU
MPEKpaIICHUH [IUPKYJIISIUN;

- COXpaHEHUE IEeTOCTHOCTH CTEHOK CKBaYKUHBI,

- YMEHbILIEHNE Harpy3Ku Ha TaJEBYIO CUCTEMY.

3) KopkooOpa3oBanue (00YyCIOBIEHO CIOCOOHOCTHIO OYpOBBIX PacTBOPOB
00pa30BBIBaTh B TIOPOBOM MPOCTPAHCTBE CTEHOK CKBAXHHBI W Ha IMOBEPXHOCTHU
GUIBTPALIMOHHYI0  KOPKY, OOJIQJalollyl0 MOHM)KEHHOM TMpPOHMIIAEMOCTBIO U
HEKOTOPOM MPOYHOCTHIO):

- YMEHbIIICHNE IPOHUIIAEMOCTH CTEHOK CKBaKHHBI,

- CHWXXEHHUE TPEeHUsI OyPUIbHBIX U 00CATHBIX TPYO O CTEHKU CKBAYKUHBI.

4) POU3NKO-XUMUYECKUE (oOycIioBNEHBI (U3UKO-XUMHYECKUM
B3aMMOJICHCTBHEM KOMIIOHEHTOB OypOBOIO PacTBOpa C MOPOJAMH, COCTABIISIOIIUMU

CTCHKHU CKBA’KHWHBI, IIJIACTOBBIMH BOJaMH, 6ypOBBIM I/IHCTp}IMeHTOM)I
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- COXpaHEHWE YCTOMYMBOCTH CTEHOK CKBaXUHBI TIPU BO3JEUCTBHH (DUIBTpaTa
OypOBOTO pacTBOpa;

- mpenoxpaHeHue OypoBOTro OO0OpYAOBaHMS OT KOPPO3UM U aOpa3WBHOIO
pa3pyIieHus;

- COXpaHEHHUE €CTECTBEHHOM MPOHMIIAEMOCTU MPOAYKTUBHBIX TOPU30HTOB MPU
WX BCKPBITHH;

- COXpaHEHHWE HEOOXOAMMBIX TEXHOJOTUYECKHX CBOWCTB pacTBOpa TIpH
BO3JIEUCTBUM BBIOYPEHHOW TMOpPOJIbI, IUIACTOBBIX BOJ, BBICOKMX TEMIIEpaTyp H
JIaBJICHUIM;

- pa3ynpoyHEeHHE NOpOoJ Ha 3a00€ CKBAXKUHBI.

5) [Ipouune dhyHKIIUK:

COXpaHEHUE TEIUIOBOTO PeXXKUMa MpU OYPEHUH MHOTOJIETHEMEP3IBIX OPOI;

oOecrieueHrne BO3MOXHOCTH MPOBEIACHUS IEKTPOMETPUUECKUX padoT;

oOecricueHue IIOXKapo- u B3prB06630HaCHOCTI/I;

oOecrieueHre OXpaHbl HEJIP OKPYKAIOLIEH CpeIbl.

BypoBble pacTBOpBI JjIsi BCKPBITUS MPOAYKTUBHBIX TOPU30HTOB C AHOMAJIbHO
HU3KUMH TUIACTOBBIMHM JIaBJICHUSIMU. JIJIsI TMEPBUYHOTO BCKPBITUS IPOJTYKTHUBHBIX
IJJACTOB C aHOMAJIbHO HU3KUMU IJIACTOBBIMU AABJICHUSMU MPEIJIaratoTCsl pa3inyHbIe
TUIBI OYpOBBIX PAcTBOPOB. DTO PAaCTBOPHI HA YIJIEBOJOPOJHON OCHOBE, IEHHBIC
CUCTEMBI, OypOBbIE€ pPacTBOpPbl Ha BOJHOM OCHOBE C OOJErdarlmuMH J00aBKaMH,
MOJIMMEPHBIE, KOJUIOUI-TIOJIUMEPHBIE U OMOIOIMMEPHBIE PACTBOPHI, FA30°KUIKOCTHbBIE
CMECH.

PacTtBOpBI Ha yIIIeBOLOPOAHON OCHOBE.

- Hedtb, razupoBannas a30Tom.

HenmocratkamMmyn ImpUMEHEHMSI NAHHOTO areHTa SBISIOTCA BBICOKAs MOXKApO- U
B3PBIBOOIACHOCTh  IMOJIYyYaeMOM CMECH, a TaKXe HEraTuBHOE BIIMSIHUE Ha
OKPYKAIOLIYIO CpENy.

- bypoBoii pactBop Ha yrinesonopoaaou ocaobe — UKMHBEPT.
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C mnosBiaenneM S(O(YEKTUBHBIX M TEPMOCTOHMKHUX HSMYJIbraTOPOB BEIYIIUE
MO3ULIMU CPEAH PACTBOPOB HA YIIIEBOJOPOAHON OCHOBE 3aHSIM MHBEPTHBIE SMYJIbCUHU.

B kadecTBe OCHOBBI ISl MPUTOTOBIIEHUS HEDTAHON (ha3bl UCTIONIb3YeTCS HEPThH
WIA ClelnHagbHble OMOJIOTHYECKH pas3jaraeMble YIIIEBOAOPOIHbIE >XUIKOCTH. [lpu
OTCYTCTBUU HEOOXOJMMOTO KOJUYECTBA JIOMOJHUTEIbHBIX €MKOCTeH BOJa MOXKET
ObITh J00aBJIeHA B HEPTIHYIO (pa3y C MOCIEAYIOIMIUM BBOJAOM COJIM B SMYJIBCHIO.

PacTBOp OTNHMYAeTCS BHICOKOH BemmumHol Quusrpammn - 0,5-1 cm® API.
OuinbTpaT couepkUT HePTsAHyI a3y, KOTOpas HE BIHMAET Ha MPOHUIIAEMOCTb
OpOAYKTUBHOTO Ijacta. B cimydae BHeapeHus B HEPTSIHOW IUIACT SMYJIbCHUU
MOCTIAHSIS pa3KuKaeTcs He(ThIO U HE BIMSIET HA POHUIIAEMOCTb.

[Ipn npoHukHOBeHMH (UIbTpaTa WM 3MYJIBCUU B BOJOHACHIINICHHBIA ILIACT
UMEIOT MecTO 0OpaTHbIe sBieHUs. OunbTpaT (pacTBOp) B IJIACTE 3aryCTEBAET 3a CUET
IMYJIBIUPOBAHMS B YIJIEBOJOPOJHOMN KUJIKOCTH C 3MYJIbraToOpaMu JOMOJHUTEIBHOTO
KonuuecTBa Bonbl. [Ipm TakoM BO3JAEHCTBUM cCleAyeT OKUAAThb YAaCTHUYHOTO IUIU
MOJIHOTO  pa300LIEeHUs] HEPTEHACBHIIIEHHOIO M BOJOHACBIIIEHHOTO ILIACTOB W,
CIIEJIOBATENIbHO, CHIDKEHUS COJEp)KaHUsA BOJAbl B He()TH TMpU MoCHeAyrolei
IKCIUTyaTaI[il CKBaXHH.

- DMYJIbCHOHHBIE PAacTBOPHl Ha OCHOBE JAM3EJILHOTO TOIUIMBA, OTPaOOTaHHOTO
MOTOPHOI'O MacJia ¥ Ha He(pTAHOI OCHOBe.

P.A. TacymoBbiM [26] pa3paboTaHbl COCTaBbl CIEHHAIBHBIX >KHUJIKOCTEH,
KOTOpBIE PEKOMEHAYETCSl HCIIOJIb30BaTh JJIsi MEPBUYHOIO BCKPBITUS U BPEMEHHOTO
OJIOKUPOBaHUS TMPOIYKTHUBHBIX IJIACTOB. JKHUIKOCTH pa3NIUYHBIX THIOB, KOTOPHIE
00ecreunBalOT BpEMEHHOE OJIOKMPOBAaHWE MPOAYKTUBHBIX TOPH30OHTOB B YCIOBHUAX

aHOMAaJIbHO HU3KHUX TIJIACTOBBIX JIaBJICHUM, TPUBEICHBI B TabuIIe 2.5.

44



Tabnuma 2.5 - IIpoMBIBOYHBIE )KUIKOCTH JJIsI BCKPBITUS M BPEMEHHOTO
OJIOKMPOBAHUS HEYCTOMUYMBBIX TEPPUTCHHBIX MOPOJI C aHOMAIBHO HU3KUMU

IJTaCTOBBIMHA JaBJICHUAMHA

THun NpoMbIBOYHOM KUAKOCTH KomnoneHTHBIN ot
cocTaB HOCTB, KI/M>
OMyIBCHOHHEIE PAcCTBOPEI Ha OCHOBE AT + IIBC + KMI + +H 917-
nmusensHOTro TorunBa (OP/IT) DOXJIC + Boma 983
OMyIBCHOHHBIE PAcTBOPHI Ha OCHOBE OMM + KMI+ runmas 980-
otpaboTtaHHOTO MOTOpHOTO Macia (OPOMM) BO/IA 990
OMyIBCHOHHEIE PAacTBOPHI Ha HE(PTIHOH Hedpts + KIIDK+ NaOH + 950-
ocHose (OPH) DXJIC + KMII + riuna + Boga 1010

BypoBbie pacTBOpBI Ha BOJHOI OCHOBE C 00JIEryaroUMMu 100aBKaMu:

- C pnobGaBkamu miepiuTa (BYJIKAHUYECKOE CTEKJIO - CHITYYUd JIETKUH
NPUPOAHBIA MaTepuaj, 3KOJIOTMYECKHM YHCTBIA W HErOpIoYMid) WU IUIAMHIIOHA.
[Tnamunon (paspaborka «bamHUIIWHedTs») - mimacTtMaccoBble MHKPOOAUIOHBI,
HAITOJIHEHHBIE BO3JIyXOM WJIM JAPYTHM Tra3oM, KpOME€ TOTO 3TOT PEareHT o0Jagaer
BBICOKOM CBSI3BIBAIOIIEH CLIOCOOHOCTHIO: €IMHUIIA TNIAMUJIOHA coOupaet 10 80 euHuUIIL
HedrenponykroB. [IpuMeHeHHe HSTHUX PACTBOPOB OrPAHUYEHHO WX MHHHUMAIbHOU
MJIOTHOCTBIO.

- PacTBOpBI, 00erueHHBIE MUKpOC(EpaMH.

Muxkpocdepsl npeacTaBisioT cO00M 3aCTHIBIINI paciulaB aTFOMOCHIMKATHOTO,
HAaTPUEBOOOPOCUIIMKATHOTO CTEKJIAa B BHJIE€ MOJBIX IIAPUKOB JUAMETPOM CO
CIUIOIIHBIMA HETOPUCTBIMU CTEHKaMH, 3alOJIHEHHBIX a30TOM WJIM JIByOKHCHIO
yriepoaa. OTO JIETKUM ChIMYYUi MOPOIIOK Oeoro, CBETI0-Ceporo 1Bera. biaaromaps
WHEPTHBIM CBONCTBaM MUKpochep, Ha HUX HE BIMIIOT BOJA, PACTBOPUTEIH, KHUCIOTHI
U 1ienodn. Mukpocdeps! MpoyHbl U B cpeiHeM Ha 75 % jierde Apyrux MUHEPaTbHBIX
HAIOJIHUTENIEH, COBMECTUMBI C JIIOOBIMU MaTepHallaMH, YCTOMYMBBI K KHCJIOTaM,
PACTBOPUTEIISIM U LIEJI0YaM.

Muxkpocdepsl 0071a1al0T HU3KOM IJIOTHOCTHIO W MPEBOCXOJAT IO 3TOMY

MoKa3aTeqo Jpyrue MUHEpaibHble HamojHutenud. I[lpu 3ToM  coxpaHsiercs
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JI0CTAaTOYHAsl MPOYHOCTh, YTOOBI BBIAEPKATh HEOOXOAMMBIE MPOIECCH CMEUINBAHUS,
npucagkd U o0paboTku. Mukpocdepa ycToilunBa K 3pO3UM U HEMPOHHIIAEMA IS
XKUIKHAX BEUIECTB.

Hcnonb3oBanue mukpochep 3M cepun HBb B OypoBbIX pacTBopax MmO3BOJISET
CHIJKaTh IUIOTHOCTh MOCIEAHUX 10 660 KI/M , UTO JIETKO KOHTPOJIMPYETCS, TaK KaK
OHM COBMECTUMBI C OYUCTHBIM OOOpPYJOBaHMEM M JAPYTUM  CKBaXHMHHBIM
0o0OpylOBaHUEM. OTH JKUIKOCTH OTJIMYHO  BBIAEPKUBAIOT  TEMIEPATypHBIC
BO3JICHCTBHSI, BBICOKHE NIaBJICHUS U JIPYIHME€ arpecCHUBHBIC YCIIOBHs, KOTOPBIE MOTYT
UMETh MECTO B CKBaxkMHE. OHM 00€CIEeUnBAIOT JOCTAaTOUYHYIO YCTOMYMBOCTBH CTBOJIA,
XOpOIIMA BBIHOC TOPOABI M CHUKEHUE BUOpauuu. OHU MO3BOJSAIOT OypUTh Ha
cOaJaHCUPOBAaHHOM JABJICHWU, Ha JaBJIEHMM OJM3KOM K OanaHcy, a TakXe Ha
nenpeccur. OJTHAKO WX UCIOJIb30BAaHUE OCJIOKHEHO UX BCIUIBIBAHUEM HA MIOBEPXHOCTH
3a CYET HU3KOro KO3 (uLueHTa TpeHusl.

- BypoBbie pacTBOpBI, copepxaliue appoHsl.

A@dpOoHBI - 3TO BKIIFOUEHHBIE B COCTaB OYpOBOr0 pacTBOpa MUKPOCKOIUYECKUE
my3bIpbKU BO3ayXa AuameTpoM 20-200 MKM, 3alMIlEHHbIE IBYXCIOWHON 000JI0UKOM
MOBEPXHOCTHO-aKTUBHBIX BemlecTB (IIAB) ¢ mpocioiikoil 3arymeHHoil nmoauMepamu
BOJbl. B oTinunMe OT meH, rae OKpYKEHHbIE MOHOMOJEKYJSIpHbIM ciioeM [IAB
ra3oBble MY3bIPBKH UMEIOT THIPO(UIBHYIO IMOBEPXHOCTb, MOBEPXHOCTH a(pPOHOB
ruapopoOHa, Onaromapss uYeMy OTAeNbHbIE appoHbBl MOTYT OOBEOUHATHCS B
KOHIJIOMEpaThl, HE CIMBasCh. [Ipu 3TOM KOHrIOMEpaThl AeCSITKOB a)poOHOB 00IaAAI0T
TEMH K€ CBOWCTBAMH, YTO U OTAENbHbIE aQpoHbl. ['a30BoE s1p0 aPpOHOB HAXOAUTCS
1o/ M30BITOYHBIM JIaBJIICHUEM, MPEMSATCTBYIOUIUM UX CKATUIO U CXJIOMBIBAHUIO O]
JeiicTBMEM BHEUIHEero naBieHus. Takum o0pa3oM, appoHBI M UX KOHIJIOMEpAThI
COXpaHSIOT CBOIO CTPYKTYpy B 3a00MHBIX YCIOBHUSIX H, 00daaas YNpyrocThlo,
CHOCOOHBI KOJIBbMAaTUPOBAaTh MPAKTHUECKHU JIFOOBIE MPOAYKTUBHbIE WM MOTJIOIIAIONINE
IJIACTBhI — OT HU3KOIPOHUIAEMBIX INIMHU3UPOBAHHBIX MIECYUAHUKOB JI0 TPEILIMHOBATHIX

HN3BCCTHAKOB C IPOHUIIACMOCTBIO B HCCKOJIBKO I[apCI/I.
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Hcnonp3yronmii  adgponsl  OypoBOl  pacTBOp, TMOJYYMBILIMI  Ha3BaHHE
APHRONICS™ | o6namaeT MHOTUMH MPEUMYIIIECTBAMU TEpe] IPYTUMHU pPacTBOPaMH
JUTSL BCKPBITHS UCTOLEHHBIX TOPU30HTOB.

OOnagasi TJIOTHOCTHIO, PAaBHOM WJIM dYyTh OOJbIIE€ IJIOTHOCTH BOJBI,
APHRONICS™ n03B0ISI€T MOJHOCTHIO YCTPAHUTHh OTEPH U MOTJIONIEHUS PACTBOpA B
MPOHUIIAEMBIX TOPU30HTAX MPU KOIPPUILIMEHTE aHOMAJIBHOCTH IJIACTOBOTO JIABJICHUS
BILIOTH 110 0,15. @uibTpaTooTaada pacTBopa B 3a00MHBIX YCIOBHUSAX NMPAKTHYECKH HE
3aBUCHUT OT 3HAYEHUS PEMPECCUU U BPEMEHU KOHTAKTa pacTBOpa C KOJUIEKTOPOM, YTO
00yCJIOBIMBAET MUHUMAJIBHYIO BEJIMUYUHY CKUH-3((DEKTa.

Henponuiaemslii BO3AyIHbIA Oapsep GopMUpYyeTCsl BHYTPU KOJUIEKTOpA, a HE
Ha €ro MOBEPXHOCTH, KaK (PUIbTpallMOHHASI KOPKA OOBIYHBIX OYpOBBIX PACTBOPOB, YTO
MOJIHOCTBIO MCKJIIOYAET BO3MOXKHOCTh IU(PPEpeHIMaNIbHBIX TPUXBATOB OYypHIBHOIO
WHCTPYMEHTA.

APHRONICS™ He coaepxutr TBepaylo (a3zy wiM Apyrue KOMIIOHEHTHI,
CIIOCOOHBIE HEOOPAaTUMO HAPYIIUTHh KOJUIEKTOPCKHE CBOMCTBA IJlacTa, U HE TpeOyeT
KaKUX-JIMOO JOTIOJHUTEIBHBIX MEP MO0 OYUCTKE Mpu3aboitHoii 30HkI miacrta (I131T1). B
IpoLIECCE€ BBI30BA IMPUTOKA M OCBOEHUS CKBAXKMHBI KOJIbMATallMOHHBIA Oapeep H3
apOHOB JIETKO pa3pylIaeTcs U MOJHOCTBIO ylaiseTcs U3 miacta npu penpeccuu 0,5-
1 MITa.

bnaronapss Manomy pa3Mmepy U BBICOKOM HNPOYHOCTH, AQpPOHBI HE OKAa3bIBAIOT
BIUSHUA Ha pPaboTy OYpOBBIX U IIEHTPOOECKHBIX HACOCOB, a TAaKXKE TMOJHOCTHIO
COBMECTUMBI C TEIEMETPUUYECKHUMH CHCTEMaMH, HUCIOJIb3YIOIIMMU THAPABINYECKUN
KaHaJl Iepeiaun JaHHbIX.

Bce xommonenTst APHRONICS™ skonmornueckn 0€30mMacHbl U OMOPA3I0KUMBI
- 0e3 00paboTku OaKTepUlIUIaMHU MOJHOE OAaKTepUaIbHOE PA3JIOKEHUE CUCTEMbI MPU
TEeMIIepaType OKpy>Karoiero Bo3ayxa oosee +10°C HacTymaer B TeueHUE ABYX HEEb
[28].

ABpUpPOBaHHBIE PACTBOPHl 3aHUMAIOT MPOMEXKYTOUHOE TMOJOKEHUE MEXIY
KUJKUMH U ra3000pa3HbIMA OYMCTHBIMH areHtamu. B kadecTBe KHIKOCTH MOXKET

HCIIOJIB30BaThCA JII000M OypOBOM pacTBOp, B T.4. HA YIVIEBOJAOPOJAHOM OCHOBE, a MPU
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BCKPBITUM IPOAYKTUBHBIX IIacTOB — nponoyHutensHo ITAB. Peuenrtypa cocrout us
COOCTBEHHO JKHIKOM U Tra3000pa3HON 4YacTeil: KHUAKOCTh, MEHOOOpa30BaTelb
(ITOBEPXHOCTHO-aKTUBHOE BEILECTBO), CTPYKTYpoOoOpa3oBareib (KayCTHUECKasl WM
KaJIbLIUHUPOBAHHAs COAA WIIU Ap.).

[Tensl mpencTaBisioT cOOOM AUCIEPCHYIO CHUCTEMY, COCTOSLIYIO U3 SUEEK —
ny3bIpbKOB ra3a (mapa), pas3AeiieHHbIX IUIEHKaMH >KMJIKOCTH (WJIM TBEPAOIO
BemlecTBa). [IpuMenenue nexsl oOecrneynBaeT BBICOKYIO 3 (EKTUBHOCTh OypeHus B
CIIO)KHBIX YCJIOBHMSIX, KOTJa IPOMBIBOYHBIE JKMJIKOCTH WJIM BO3IyX HE JaloT
MOJIOKUTENBHOTO 3(dekra, Hanpumep NMpu OYpEeHUU TPEIIMHOABTHIX, MOPUCTBIX U
CHJIbHO OOBOJIHEHHBIX TOPOJ, JUIKHUX TJIMH W TAJICYHBIX OTJIOXKCHHH, a TaKXkKe Mpu
oOpa3oBaHMM KpynHoro mmama. Kpome Toro, B cocTaB peUENnTypbl BXOJIUT
nenooopasytoiiee [TAB.

[Tenoo6pa3ytolryro CITIOCOOHOCTH ITAB 3HAYUTEIIHHO YIIy4IIaoT
crabunusupyromue nodapku (KMII, ITAA, GuonoauMeps! U T.11.) 32 CYET MTOBBIIIECHUS
JUCTIEPCHOCTU U YCTOMYMBOCTH TICHBI, IPY STOM TMOBBIIIAETCS BA3KOCTH PACTBOPUTEIS
(CKkuakas cpeia) W 3aMelsIsieTcsl Ipouecc HcTeueHus e€ u3 IMiIEHoK. Takue mneHsl
SBIISIIOTCA IBYX(Da3HBIMHU.

[TpeumymiecTBa NpUMEHEHUS! Ta30’KUIKOCTHBIX TEXHOJIOTUH 3aKIH0YaroTCsl B
cienyromeM: [2KC ynydmator BeIHOC Iu1aMa Garojapst siBJI€HUIO (IIOTAIMK, CHUXKAs
TpeOOBaHUSI K BEJIUYMHE pacxoda KUIAKOW (¢a3bl; OHM 00JIaJal0T CBOMCTBOM
TaMIOHUPOBAHMSI KAHAJIOB IMOTJIOLEHUS], CIOCOOCTBYSI BOCCTAHOBJICHUIO LIUPKYJISALIUU
IPOMBIBOYHOTO areHTa; IMO3BOJISIIOT 3HAYUTENBHO CHHU3UTh THUIPOCTATHUECKOE
JIaBJICHUE B CKBYKWHE, TIPU STOM TICHBI TJI0X0 MPOHUKAIOT B MIOPUCTYIO CPENLy, B CHILY
Yero MOXKHO OCYIIECTBISITh OypeHHE W BCKPBITHE IUTACTOB Tpu KOOI UIIMEHTE
anomaneHoctn 0,1-0,9; mpu WCNONB30BaHWM TMEHBI BO3MOKHO PETYJUPOBAHHE
3a00MHOr0 JaBJIeHHWs B IIMPOKOM JUana3oHe W3MEHEHHEM CTElEHU al’pallui,
YCTBhEBOI'O JaBJICHUS U TUIOTHOCTH PAacTBOPA; MPU BCKPHITUM MPOAYKTUBHBIX IJIACTOB
C WCMOJBh30BAaHMEM TIEHBI B KayeCTBE IMPOMBIBOYHOTO areHTa 3HAYUTEIHHO
YMEHBILAIOTCSA WM MOJIHOCThIO OTCYTCTBYIOT 30HBI IPOHUKHOBEHUS TBEPAOH (a3bl U

bunbTpaTa NPOMBIBOYHOM XKUIKOCTH, YTO CIIOCOOCTBYET COXPAHEHHUIO €CTECTBEHHOM
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IPOHUIIAEMOCTH TPU3a00WHON 30HBI CKBAXXHHBI MPOJYKTUBHOTO ILIACTA; BBICOKAsS
yIep KUBAIOIIasi CIOCOOHOCTh MEH N0 OTHOIICHHUIO K BHIOYPEHHOM MOPOJIE MO3BOJISIET
BeCTU OypeHue MPpU HE3HAYUTEIBHBIX PacX0/1ax MeHO00pa3yrollel )KUIKOCTH U ra3a;

UCIIONb30BaHUE TE€H TNpU OypeHUH COKpallaeT BpeMsi OCBOCHHS U BBIXOJ
CKBAXXMH Ha 3aJaHHBId pexuM pabOThl, MpU OypeHUH B COMOCTABUMBIX TOPHO-
re0JIOTHYECKUX YCIOBUAX C UCIOJIB30BAHUEM IIIMHUCTOIO pacTBOPA, IPUMEHEHUE TIE€H
MPU BCKPBITUM NMPOAYKTUBHBIX MacToB ¢ AHIIJ[ mo3BoisieT mpoOMBbITh CKBAXKHUHY 0€3
MOTJIONIEHUI, TIOBBICUTh MEXaHUYECKYIO CKOPOCTH B 3,6-5 pa3, mpOXOAKY Ha JI0J0TO B
2,7-4,3 pa3a, COKpaTUTh CpPOKM OCBOCHHUS CKBXHWH, a TaKKe IOBBICUTD
IIPOM3BOIUTEIILHOCTh CKBKHH B 3-3,5 pasa [22].

Jlnst  TakMX OYHCTHBIX areHTOB XapaKTepH OTCYTCTBUE OOBEKTUBHOU
KJaccu(ukauMy M peKOMEHJAlui MO BbIOOPY pAacTBOPOB MOHMKEHHOM MIOTHOCTU
JUIS IEPBUYHOTO BCKPBITUSA IUIACTOB B KOHKPETHBIX FOPHO-TEOJIOTUYECKHUX YCIOBUSX;
HEJOCTaTOYHas  WM3YYEHHOCTh  IpPOLIECCOB  Ha  3a00€  CKBaXUHBI  (CBS3b
texHonornyeckux mnapamerpoB [KC c¢ mpomeccamu Ha rpanuie paszgena ¢das,
BJIMSIHUE  KOMIIOHEHTHOTO cOcTaBa Ha  3a0oOiHBIE  NPOLECCHl;  OTCYTCTBUE
KOHKpETU3aluu TexHosornueckux napaMmerpoB [KC n MX KOMIIOHEHTHOTO COCTaBa
Uil OypeHus pa3auvHbBIM IOPOJOPA3PYIIAIONIAM HWHCTPYMEHTOM; BO3HUKHOBEHHE
npobnembl Kperuienuss wuHTepBagoB ¢ AHI'T/l; HeoOXoauMoCTh NpUMEHEHUS
CHEUaIbHOTO 000PYAOBAHUS JIJIsl IOJIYUYEHHS U pa3pyIICHUS] COCTABOB).

[leHHBIE CHCTEMBl 3HAYUTEIBHO OrPAHWYMBAIOT IPOHUKHOBEHUE BOJBI B
MOPOBOE MPOCTPAHCTBO TJIMHUCTBIX OPOJA U TEM CAMbIM CHHIKAIOT HACBIIICHHUE TJINH;
JUIMTEIBHOE BO3JICUCTBUE ITUX IIEH HA TIIMHUCTBIE TOPOJbl HE3HAYNTEIIBHO CHUKAIOT
YCTOMYMBOCTH 00pa3IoB K pa3pylieHUto (sl TYJIbCKUX TJIMH MOYTH B 3 pasza, st
OOOpPUKOBCKMX - B 2 pa3a); CHWKEHHE YCTOMYMBOCTH K JEBOPMAalUU TJIUH B
pa3pabOTaHHBIX MEHAX MEHBIIE, YeM B BOJE (ISl TYIHCKUX TJIMH B cpeaHeM Ha 58,4
%, 7151 000pUKOBCKHX - 26,2 %).

[Ipu oOpazoBanuu TpExQaszHbIX MEH (adPUPOBAHHBIA TIIMHHUCTHIA pacTBOp +
ITAB) KMII uHorna He NOPUMEHSIIOTCA, TaK KaK TJIMHUCTBIC YaCTHUIbI SIBISIOTCS

XOpouIuMHu CTa6I/I.HI/I38,TOpaMI/I, OIHAKO IIpH 3TOM CYHECCTBYCT pAaA HCIOCTATKOB
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UCIIONb30BaHUsl TpexX(asHbIX TMEH: MPU BCKPHITUM NPOAYKTUBHBIX T'OPHU30HTOB

CymeCTBYCT BCPOATHOCTH 3arpsA3HCHUA ILIACTa TJIMHUCTBIMH 4YaCTUOAMH, IIPOHCCC

pa3pylIICHUs] CHCTEMbI CONPSDKEH C MOBBIIICHHBIMU 3HEpro3aTpaTamu [22].

B Ttabmnuie

2.6 1I0Ka3aHBI

UCIIOJIb3yeMbIX IIpH OypenuH B miiactax ¢ AHIT/L.

OCHOBHBIC THIIBI

IMIPOMBIBOYHBIX aICHTOB,

Tadbmuma 2.6 — Tumnsl 00JIerYeHHBIX OUUCTHBIX ar€HTOB

Tun MPOMBIBOYHOT'0 ar¢HTa,

Ipeumymecrsa

HenocraTkn

Hedrs, rasupoBanHas
a30TOM

MuHUMaNbHOE 3arps3HeHne He(TSHOTO
T1acTa.

Bricokast moxapo- U B3phIBOOMACHOCTb.
HeraTtuBHOe BIHMSIHUE HA OKPYKAIOIIYIO
cpeny. HeoO0xoauMocTh TpUMEHEHUS
obopynoBaHus s
MOJIYYCHUS M Pa3pyIICHHUsI COCTABOB.

CIICIUaJIbHOT'O

BypoBble pacTBOpEI Ha
YIJIEBOJIOPOIHOM
OCHOBE

MuHUMaNbHOE 3arps3HeHne He(TSHOTO
nacTa. Bo3aMOXHOCTE yJelIeBIECHUS
pacTBopa NPUMEHEHUEM «CBIPOi» HEPTH.

Bricokas noxapo- u
B3pPBIBOOIIACHOCTD. Heratusnoe
BIIMSIHUE HA OKPYXKAIOUIYIO CpENy.

Bypossie pacTBOpHI Ha
BOJIHOM OCHOBE C
obneryarormumu 100aBKamMu
(mepauT, MIaMIIoOH
MHUKpPOChEpHI U JIp.)

Bricokas npounocTs 106aBok. MHEpTHOCTD
J00aBOK MO OTHOIICHUIO K XUMUYECKUM
peareHTaM.

ComepxuT TBepayro a3y, CIIOCOOHYIO
CHU3HTh ITPOHUI[AEMOCTb

MPOJYKTUBHOTO TOPU30HTA (ILIAMUJIOH
cobupaetr HeTh, UTO CHIDKAET NEOUT).
O0seryaronyie 100aBKU «BCILIBIBAIOTY

Ha TIOBEPXHOCTb, UYTO CHHUXACT HX

A HEKTUBHOCTD.
BypoBebie pacTBOpHI, He comepxwur TBepmod (azpl wiu Apyrux|CpaBHUTENBHO  BBICOKAs  IIIOTHOCTH)
cozepskaiiie appoHbl  [KOMIIOHEHTOB,  CHOCOOHBIX — HeoOparmmo|(0nusKas K IJIOTHOCTH BOJBI), 4TO|
HAPYIIUTHh KOJUIGKTOPCKUE CBOMCTBA ILIACTA.OTPAHUYMBACT ux BO3MOXHOCTb
(DKOJIOTHYECKH 0e30macHEI HTPUMECHECHUS npu HU3KUX
OUOPA3IOKUMBI. Ko dumenTax QHOMAJIbHOCTH.
Bbicokasi CTOMMOCTh  KOMIIOHEHTOB
[pacTBoOpa.
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OxoHuanue Ta0IuEI 2.6

Tun npoMbBIBOYHOT0 areHTa Ipeumymecrea Hepocrarkn
T'a3, Bo3myx Bricokast axosorudeckast 0esomnacHocTh (mpulllpy  ocTaHOBKE — LMPKYISALIUH -
MCTIOTb30BaHUH HHEPTHBIX T'a30B). OocakJeHWEe muIaMa Ha 3a00#, dTO

BBI3BIBAET HEOOXOAMMOCTh IIOBTOPHOIO
pa3OypuBaHus ToOpoasl Ha 3aboe.
Yxynienue YCIIOBUH OYHCTKHY|
CKB)XMHBI OT BBIOYPEHHOH OPO/IBL.
Bo3moxHOCTB OypeHHs TOJIBKO B
«cyxux» paspesax. [Ipu
HCTIONIb30BAaHUHU BO3/yXa - BBICOKAs
MOXapo- U B3PBIBOOIIACHOCTb.

["a30)KHIKOCTHBIC CMECH Bo3MoxHOCTR BBIHOCA KpYymMHBIX dactunHenocraTodHas H3Y4YCHHOCTD
(I7KC, nByx- 1 Tpex(hasHbIe |gpiGypennoii MOPOIB! - AMAMETPOM A0 4-5IIPOIECCOB, MPOXOASMHX Ha  3a60e
eHEI) CM. YBEJIMUCHHE CKOPOCTH  OypeHUs|CKBRKHHBI. [Ipu HCIOJIb30BaHUY
CKBA >KUHBI. TpéxdaszHbIX HEeH (coAepikaT TBEPAYIO
[l10X0€e MPOHMKHOBEHHE B MOPUCTYIO Cpeay,[[NIMHUCTYIO dazy) - 3arps3HeHue
UTO TIO3BOJISIET OCYLIECTBIIATH 6ypeH14e UIPOAYKTUBHOI'O TOPU30OHTA.
BCKpbITHE IUIacToB npH  Kod(durmentelHeobxonnmocts IPUMEHEHUS

anomansHocTH  0,1-0,9. TIpu  BCKphITMHCTICHHATBHOTO  000OpYIOBaHMSA  1Uis
MPOAYKTUBHBIX  IJACTOB  3HAUUTENHHO[IOTYICHUA H PA3PYIIEHHA COCTABOB.

[YMEHBILAOTCS U MOJIHOCTBIO|
OTCYTCTBYIOT 30HBI IIPOHUKHOBEHUS
TBepAOH (a3bl U (HUIbTPAaTa MPOMBIBOYHOM
PKUJKOCTH.

B cpaBHeHWH C TIAMHHUCTBIM PACTBOPOM -
MOBBIIIICHIE MEXAaHUYECKON CKOPOCTH B 3,6-
S pa3, IpoxoAKu Ha Jojoto B 2,7-4,3 pa3sa,
COKpAIIlEHIE CPOKOB OCBOCHUS CKBaXKHH, a
Tak)Ke TOBBIIICHHE MPOW3BOJUTEIHHOCTH
CKBaKUH B 33,5 pasa.

[To pe3ynpTaram aHaian3a NPUMEHSEMBIX OYPOBBIX PACTBOPOB JJIsl IEPBUYHOTO
BCKPBITUSI TTPOAYKTUBHBIX IIJIACTOB, UX COCTABOB M PEUENTYP CACJIAaHbI CICIYIOIINE
BBIBOJIBI:

1) nmpu TIEPBUYHOM BCKPBITUM MPOAYKTHUBHBIX IIJIACTOB C aHOMAJIBHO
HU3KMMHU TIJJACTOBBIMH JIaBJICHUSAMH HEOOXOJIUMO JOOMBATHCA MPEIOTBPAIICHUS
CHW)KCHHUSI E€CTECTBEHHOW TPOHUIIAEMOCTH TOPHBIX TOPOJA MpU3ab0HHON 30HBI
macTa, Pa3jNYHbIX OCJIOKHEHUH (MOTIOMmEHUs], (IOUIOTPOSBICHUS, OCHIU U
oOBaJIM W JIp.) U aBapuid, YTO BO3MOXXHO TPH COOTBETCTBYIOIIEM BBHIOOpE THUIIA U

Kadyc€CTBa OYHUCTHBIX aICHTOB,
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2) TpUMEHEHHE Ta30’KUJKOCTHBIX CMECeH MO3BOJSET IMOBBICUTH KayeCTBO
NEPBUYHOTO BCKPBITHS MPOAYKTHBHBIX IUIACTOB 3a CYET YIYUIICHHs MOKa3zaTesen
OypeHHs ¥ POMBIBKH (POCT CKOPOCTH OypeHus, yIydllIeHUEe OYUCTKU 32005 U 1p.) U
COXpaHeHus (UIBTPAIMOHHO-EMKOCTHBIX CBOMCTB rOPU30HTA IyTEM CHIKEHUS

muddepeHIIMaTbHOTO JaBICHUs Ha 3a00i, YTO HEBO3MOXXHO IPHU HCIIOJIb30BAHUU

APYTUX TUIIOB OYUCTHBIX aI'CHTOB.

2.5 BuiBoabI

1. MecTOopoXaeHusl ¢ aHOMAJIbHO HU3KUMH IUIACTOBBIMM JIaBJICHUAMM ILHUPOKO
pacrpoCTpaHEHbl Ha MECTOPOXJIeHUSIX 3anagHo-Cubupckoit HedTera3oHOCHOU
npoBuHUMU (44,5% 0T (HoHIA MECTOPOXKACHUN C aHOMAJbHO HU3KUMHU IJIACTOBBIMU
nasnenusiMu), AHIIJ[ npenMylmecTBEHHO BCTpeyaloTCcs B MOpOJax-NecYaHUKax
(61%), u3 Hux 69% MECTOPOXKIEHUA OTHOCATCA K BBICOKONPOIYKTUBHBIM
KOJUIEKTOpaM, Oosblasi 4acTh KOTOphIX (34%) mo riiyOuHaM 3ajeranvs NpuypOoyYeHbI
K riryounam 1500-2000 wm.

2. DQ¢exkTuBHOE BCKPHITUE MPOJYKTUBHBIX IUIACTOB C AHOMAJIbHO HU3KUMHU
IUTACTOBBIMU  JTaBJICHUSIMU  11€J1€COO0pPa3HO MPOU3BOAUTH IPU PABHOBECHU WIIU
NOAJIEP>KaHUM MUHUMAJIBHO JOIMYCTUMOM JENPECCUH C YYETOM IITyOWMHBI CKBaXKUHBI,
YTO C TEXHOJOTUYECKOW TOUYKH 3peHusi sBisgeTcs Haubosnee >(PPeKTUBHBIM U
HIaISIIIAM CIIOCOOOM BCKPBITHSI TPOYKTUBHOIO TOPU30HTA.

3. T'a30UAKOCTHBIE MPOMBIBOYHBIE CMECH HAa OCHOBE IMOJIMMEPHBIX OYypOBBIX
pacTBOpPOB 00JIaJal0T YHUKAJIbHON CIOCOOHOCTHIO BIMSTH B IIMPOKOM JHara3oHe Ha
IJIOTHOCTH Ha 3a00€ U 3a CUET 3TOr0 U3MEHSTh THIPOCTATUYECKOE JaBJIeHUE Ha 32001,
yTo mo3BoyisieT pekoMeHaoBath [JKC B kauectBe 3((EKTHUBHOIO MPOMBIBOYHOTO
are’HTa IpHv BCKPBITUM MPOAYKTHUBHBIX IUIACTOB C aHOMAJbHO HU3KHMMH IUIACTOBBIMU

JaBJICHUAMM.
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