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ABSTRACT 

 

Field exploitation intensification, stability in hydrocarbon production 

capacity and oil recovery factor increase are main challenges of the current 

Oil&Gas industry, including Oil&Gas industry in Kazakhstan. 

An oil-recovery method, which involves injection of sodium silicate so-

lution with the addition of carboxymethyl cellulose (CMC) is proposed in the 

thesis. The concentration of sodium silicate and CMC in the aqueous solution 

is regulated depending on the temperature at a given reservoir depth and the 

time required for gellation. The results of experimental studies showed that 

isolation of highly permeable zones and increasing the formation's coverage 

enables to increase the final oil displacement efficiency up to 19.7% 

Based on the results of investigation, a method for water zone isolation 

has been developed, including injection of sodium silicate solution contain-

ing whey. The concentration of sodium silicate and whey is regulated de-

pending on the temperature at there servoir depth required for insulation. In 

case of stiff formation medium, fresh or softened water is injected prior to 

the gel-forming compound. 

Acidizing technique has been developed for an inhomogeneous for-

mation with preliminary water zone isolation using a foaming system con-

sisting of an aqueous solution of sodium bicarbonate and a foaming surfac-

tant. An organic acid is injected into the formation prior to the acid solu-

tion, while a mixture of ammonium bifluoride, inhibited hydrochloric acid, 

organic acids and water is used as the acid solution. 

The proposed acid treatment technology with preliminary water zone 

isolation using a foaming system was tested at two injection wells No. 1299 

and No. 1410 at Zhetybai deposit. As a result of field trials, well injectivity 

has increased significantly, as well as oil production rate and the products 

water cut in the observation wells has decreased. In total, 1654 tons of oil 

was produced from 9 observation wells within 6 months. 
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Oli~ XAPAKTEPHCTBKA PAliOTLI 

AKTya.JILHOCTL TeMLI. OcHOBHbIMH 3a,n,aqaMH Hec}rrera3o,n;o6bIBaIO­

m,e.H 01paCJIH Ha COBpeMeHHOM narre ee pa3BHTIDI, B TOM -cmcne H HeitiTe­

ra30)l;06.blB8lOllJ,eH mpacnH Ka3axCTaua, BBIDIIOTCJI noablllleHJie aj>ilteK­

THBHocrn 3KcrmyaTau;HH MecTOpO)l(,ll,eHBii, ,Ll;OCTIDKeHHe CTa6HJThHOCTli 

ypOBHJI ,n;o6bl'IH yrneao.n;opo.n;os H yaeJrnqeim:e KHH. B Heqm~.n;o6bIBaIO­
llJ,HX ClpaHax no BCeMy MHpy, Hapg;zy c BHOBb OTKphlThIMH, 3HatmreJibHhl­

MH no 3aIIaCaM MeCTOpo)l()J;emunm, HMeeTCll OrpOMHOe KO.IIlPleCTBO Me­

CTOpo)l()J;eHirit:, Haxoron:ruixcx Ha IIOCJie,n;Heii CTa,!:\HH pa3pa60TICH H Ka3ax­

CTaH He XBIDieTCll HCKJIIOqeHHeM. 

B Mero,n;ax HHTeHcHiltHKamm He4>Te.n;o6LAH mm6onee HY)l()J;aIOTCll 

MeCTopO)l()J;eHIDI, HaXOMmHeCll Ha 3aBeplillllOm,eli CTa,ZJ;HH 3KcrmyaTru:um, 

xaprucrepH3yrollJ,HeC.H OTHOCHTem.HO 60JThllIOH Bhlpa60TICOH 3aII3COB H 3Ha­

qffTeJibHOH o6so,n;HeHHocThIO .n;o6LIBaeMo.H npo.n;yKUim. Ha 3TBX MeCTOpo­

)l()J;eHIDIX, B COOTBeTCTBHH c npoeKTHhlMH pemeHIDIMH, ocym,eCTBIDllOTC.'1 

,ll,OBOJibHO aj>ilteKTIIBHhle MeponpID.ITIDI no B03,ll,eHCT~HIO Ha npo.n;yKTHB­

HYIO 3aJie)Kb A.JUI IDBJieqeHHJI H3 Hee yrneao,n;opo.n;oa, a T3.IOKe MeponpIDI­

THH c u:eJibIO no,lI,,ll,ep)l(amra rmaCToaoro .n;aaneHBH (IIII,lQ, peaJIH3YeMhle, 

KaK npaaHJio, c npHMeHeHHeM pa3nHlffihlX CHCTeM (3aKOHTypHOe, rmom,a,n,­

HOe, H36HpaTeJibHOe H .l\pyrne BH)l;bl 3aBO,n;HeHIDI) H pa60'!HX peareHTOB: 

IIJIRCTOBOH, MOpCKOH BO,!:t;hl; KOMil03m.utii IIOBepXHOCTHO-aKTHBHhIX Be­

m,eCTB (IIAB); pa3.JIH'IllbIX noJIHMepos (IIAA); KHCJIOT; m;enoqeif; ra3oB 

(yrneao.n;opo,n;Hhle ra3hl, C02, 1rnePTHhle ra3bI H ,1.1,p. ); ao,n;ora30BhlX CMeceii 

(BIB) H ;iq>. 0)lHaKO 3TH MepOIIpHJITH.'1 npHMeHHMhl He A.JUI scex reOJIOro­

npOMLICJIOBhIX ycnOBHH MeCTOpo)l()J;eHHH H He Bcer.n;a OKa3bIBaIOTCll )l;OCTa­

mqHo 3q,q,eKI'HBHhlMH. 

B 3TOH CWI3H reMa MCcepTau;HoHHoli pa6oThI, noc~eHHoii Ba)l(­

Heiirueii npo6neMe - pa3pa60TI<e H BHe,npeHHIO HOBhIX MeTOl(OB HHTeHCH­

iltHKau;HH ,!:t;OOhl'lli HeQITH O)l;HOI'O H3 CJIO)l(HeHruHX HeitiTera30BhlX Mecro­

po)l()J;eHHii, BClpe'laIOllJ,HXC.B. B MHpOBOH npaKTHKe - MeCTOpO)l()J;eHIDI 

)J{C'Thl6ai1:, .llBIDleTCJI BR)l(HOH H 3KTYaJILHOH. 

l.J,eJIL patiOTLI pa3pa60TKa H npHMeHeHHe HOBhlX MeTO,nOB HHTeH-

CHiltHiran:HH .n;o6blq.H HeiltTH Ha Mecropo)l()J;emrn: )J{eThl6aii. 

Ocuosuwe 3~a'IH ecCJie.i.osau11H 
Pa3pa60TKa: 

- HOBoro cnoco6a noablillemm Heq,reoT.n;a'IH o6so,lUieHHoro IIJiacTa 

Ha OCHOBe npHMeHeHIDI TepMOaKTHBHhlX CHCTeM; 

- HOBOro cnoco6a H30IDIQHH BO,Ll;OIIpHTOKa B CKBaicHHe c HCIIOJTh30-
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BaHHeM OTXO;:J;OB npOH3BO;:J;CTBa; 
- HOBOro cerreKTHBHOro cnoco6a KHCJIOTHOH o6pa60TICH HeO,n;Ho­

poromro IIJiacTa. 
Mero,11;L1 pemeHHJI nocTaBJieHHblX l~a11 

IlocraarreHHhle 3Ma'IH pemaJIHCb nyreM npHMeHeHIDI TeOpeTH'ieCKHX, 
Jia6oparopHbIX, 3KCIIepHMeHTa.JibHblX H IIpOMbICJIOBblX HCCJie,n;oBaHHii. 

Ha)'11HaJI HOBH3Ha 

- Ilpe.n;rro1KeH cnoco6 pa3pa6oTKH o6ao,n;HeHHoro rrrracra Ha ocHoae 
TepMOaKTHBHhIX CHCTeM c peryJIHpyeMhIM MeXaHH3MOM rerreo6pa30BaHHJI; 

- Pa3pa60TaH cnoco6 H30mnurn BO,ll;OIIpHTOKOB B CKBa1KHHe c HCIIOJib-
30BaHHeM TepMOa.KTHBHblX CHCTeM, BKJIJOqaJO~ OTXO,n;hl IIpOH3BO,n;CTBa; 

- Ilpe,n;rro1KeH cerreKTHBHbrn cnoco6 KHCJIOTHOH o6pa6oTKH Heorom­
po,n;Horo IIJiaCTa. 

3am,umaeMble noJio~eHHB 

- Hoab1e TepMOaKTHBHbie CHCTeMhl c perynHpyeMhIM MexaHH3MOM 
rerreo6pa30BaHIDI )lJUI rroebIIlleHIDI HecpreoT,n;a'IH 0600.n;HeHHoro rmacTa; 

1KHHe; 
- HOBhle TepMOaKTHBHhle CHCTeMbl H30JUIIUlli BO,n;onpHTOKa B CKBa-

- Cnoco6 cerreKTHBHOH KHcrrornoii o6pa6oTKH Heo,n;Hopo,n;Horo rmacra. 
IlpaKT1111ecKaJ1 3H811.BMOCTb pe1yJ1hT8TOB pa60Tbl 

Pa3pa6oTaHHbrn cerreKTHBHhIH cnoco6 KHCJIOTHoii o6pa6oTKH Heo.n;-
Hopo.n;Horo rmacTa arrpo6HpoaaH Ha ,n;Byx HarHeTaTeJibHhIX CKBa1KHHax 
N!!l299 H N!! 1410 Mecropo1K,n;eHIDI )l{eThl6aii. B pe3yJihTaTe rrpoMbICJIOBbIX 
HCilhITaHHH 3Ha'IHTeJibHO yeeJIHqHJiaCb npHeMHCTOCTb CKBa1KHH, TaK1Ke 
yeeJIHqHJicg .n;e6HT HecpTH H CHH3HJiaCb o6BO.n;HeHHOCTb npo~H no 
pearHpyIOII.J,HM CKBa1KHHaM. B QeJIOM, 3a 6 MecgQeB no 9 pearnpyIOII.J,HM 
CKBa1KHHaM .n;onOJIHHTeJibHO nonyqeHO 1654 TOHHbl HecpTH. 

Ha cnoco6 KHCJIOTHOH o6pa6oTKH npH3a6oiiHoii 30Hhl Heo,n;Hopo.n;­
Horo rrrracrn nonyqeH EBpa3HHCKHH nareHT N!! 030395. Ha crroco6 pa3pa-
6oTKH o6Bo.n;HeHHoro rmacTa H cnoco6 H30mIQHH ao.n;onpHToKa a CKBa1KH­
He no,n;aHhl 3MBKH Ha nonyqeHHe eBpa3HHCKoro naTeHTa H rronyqeHbI yee­
,n;oMJieHIDI 0 IlOJl01KHTeJibHOM pe3yJlbTaTe cpopMarrbHOH 3KCrrepTH3bl OT 
20.07.2018 r. 

Anpo6an;HJI pa60Tbl 

MaTepHaJlbI .n;HCCePTaQHH .n;oKJia.n;hIBaJIHCb H o6Cy)K;:J;aJIHCh Ha: 
- Me)K;:J;yHapO.n;HOH Hayqtto-npaKTffqeCKOH KOHcpepeH@H <illHHOBa­

QHOHHbie npo6neMbI Hecprera3oeoro KOMIIJieKca Ka3axCTaHID>, r. AKTay, 
2013r.; 
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- Hayimo-rrpaICTH'leCKOH KOH$epeHUHH «AJCIYaJILHI.Ie BOIIpOCbl 

Heq>TeraJoBoii OTpacJIID>, r. Aicray, 2016 r; 

- Ha)"IHOH KOH<}>epeHUHH «Alayam.m1e npo611eML1 p33pa6oTKH 

MOpCKHX Heqrrer330BLIX MecropoxmeHHH>>, IIOCB.llIIJ;eHHOH 100-JierHeMy 
ro6HJieIO 11.II.KynHeBa, r. Eaicy, 2017 r. 

- KacIIHiicmii TeXHINecKoH: KOH$epeHQHH H BLICTaBKe SPE, r. Eaicy 

A3ep6aii,wKaH, 2017 r. 
- II M~o;nmii HayqHo-rrpaKTWiecKoii KOH$epeHQHH «Eyna­

TOBcme 1ITeHHID>, r. KpacHo,n;ap, 2018 r. 

fiy6JIBKaQBB 

Ilo MaTepB3.1raM .n:uccepramm orry6JIHKOBaHO 14 Tpy.n;oB, H3 KOTOpLIX 
6 cTare:ii, 5 Te3HCOB, 2 3WIBKH Ha nonyqeHHe EBp33H:iicKoro rraTeHTa H 

1 EBp33H:iicKH:ii nareHT. 

CTpyiaypa u o6'L&l pa60TL1 
,llHccePTaI{HOHHa.11 pa6oTa COCTOHT H3 BBe,n;eHIDI, TpeX rnaB, CIIHCKa 

JIHTeparyp1>1, sKJJI011arom;ero 129 HaHMeHOBaHHH H I npHJio:>KeHHSI. Pa60Ta 
H3JIO:JKCHa Ha 169 CTpaHHI.{ax, co,n;ep)IGIT 45 Ta6.JIHIJ; H, 19 pHCYJIKOB. 

KPATKOECO,ll;EMKAHBEPAliOTLI 

Bo eeei.euBB o6ocHOBaHa arcryaJILHOCTL rrpe,n:cTimJieHHoii ,n:nccep­

Tan;HoHHoii pa60TL1, c$opMym1pOBaHhI ee qem., ocHOBHLie 3a,n:a"l!H H YKa-
3aHa rrpaICTINeCKa.11 QeHHOCTL. 

B uepeoii rJiaee ,n;HccePTaqHH rrpHBe,n;eH aH8JIH3 3$$eKTHBHOCTH 

rrpHMeIDieMblX MeTO]lOB yseJIWfeHH.11 He$TeOT.n;a11H IIJiacTOB H pe3yJILTaTbl 

HCcJie,n;osamrli rro p33pa6oTKe Hosoro cnoco6a so3.n;eiicTBH.11 Ha 06Bo,n;HeH­

m1ii IIJiacT ,WIH ycJIOBHH MeCTOpO)K)leHIDI )J(eT1>16aii. 

Mecropo)K)leHHe )J(eTL16aii HaxoJJ;HTc»: Ha 1103.n;Heii CTa,D;HH 3Kcrmya­
Tan;HH, onpe.n;eJI.lleTC.11 BLICOKOH CTeIIeHbIO HCTom;eHHOCTH 3anacoB H o6-
BOJJ;HeHHOCTH .n:o61>1BaeMoii npoJzyKl.lHH. HerrpoCTL1e reonoro-$mH11eCKHe 

ycJIOBH.11 o6yCJraBJIHBaIOT CJIO:iKHOCTb npH 3KcrrnyaTawm MeCTOpo)l()J,emra. 

IIpose,n;eHHblii aHaJIH3 rroK33aJI, 1ITO AJIH ycJioBHii MecTopo)K)leHIDI )J(eTL1-

6aii rrpaBHJILHOCTh BbI6opa CIIOCOOOB B03JJ;eHCTBH.ll Ha IIJiacT H npH3a6oii­

HYIO 3oey CKB3.)I(HH (113C) B 3HalfHTeJibHOH crerreHH orrpe.n:eIDieT ycrrem­
HOCTh IIpOBO,D;HMblX 3,n;ecb MeporrpIDfl'HH no mrreHCH$HKaD;IDI. 

CncTeMa IIIIJJ: Ha Mecropo)K)leHHH )J(eT1>16aii Ha11aJia ocBaHBaTLCJI c 

1973 ro,n;a nyreM opraHH3al{HH 6noKOBOH CHCTeMbI 33BO,n:HeHIDI Ha ropH-

30HTe 10-12. H3BeCTHO, 'ITO rrpH pea.IlH3runrn TeXHononrn 3aso.n;HeHIDI B 
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ITepByro oqepe,ru. HecpTI, H3BJieKaeTCH H3 Bl.ICOKOrrpo~eMbIX mrrepBaJIOB 

ITpo)l}'KTHBttoro rrrraCTa. Heo,zumpo,ll;HoCTb ITopHcrnii cpe,11;1>1 ycyry6AAeT 

HepaBHOMepHOCTb llpO,l(BIDKeHHH cppoHTa BbITeCHeHHH. IlOOTOMy cym;eCT­

BYeT ITOTpe6HOCTL B HOBblX Tex~ecKHX pemeHHHX ,z:i;m1 yeeJIHqeHHH ,z:i;o-

6bJIIH yrrreBo,z:i;opo,z:i;OB Ha MeCTOpO:>I<,1l;eIDUIX, HaxO,[{j{II(HXCil Ha ITOCJie,ll;HeH 

CTa,[{HH pa3pa6oTKH co CJIO)l(HblMH reonoro-npOMLICJIOBbIMH ycJIOBHilMH H 

<PmHKO-XHMMeCKHMH CBOHCTBaMH He<l>TeH. 

3a ITepHo,z:i; pa3pa6oTKH Ha ,z:i;Byx OITLITHbIX yqacTKaX 5a6 ropmoHTa 

MecropoxmeHHH )l(eTJ>16aii B 1989 r. H 1991 r. npoBeJIH HCITbITaHIDI TeXHO­

JIOrHH 3aKa'IKH HH3KOKOHI(eHTpHpOBaHHoro Bo,z:i;Horo paCTBopa IIAB 
(A<l>-42+ ,ll;C-PAC). 3a cqeT 3aKaqKH KOMIT03H~ l1AB ITO ,IJ;BYM yqacTKaM 

,nonOJIHHTeJibHO ,z:i;o6bITO 56.3 TbIC.T. Heq,TH. 

IloTOKOOTKJIOIDIIOII(aj{ TeXHOJIOrHH, npe.zzycMaTpHBalOII(WI 3aKaqKY B 

HaI'HeTaTeJibHbie CKBIDKHHbl 6HOITOJIHMepa, COCT01lll(ero H3 uemnoJI030CO­

,z:i;ep)Kall(HX MaTepHa.TIOB, 6i,ma npHMeHeHa B 2010-2011 rr. B 34 HaI'HeTa­

TeJibHbIX CKBIDKHHax. HaKorrrreHHbm npHpOCT tte<i>Te,11;06},lqH no pearH­

pyiolI(HM CKBIDICHHa.M ,l(OCTHr - 14.686 TbIC. T, o6BO,ll;HeHHOCTb npo.zzynum 

CHH3HJiaCb Ha 7 %. 
Ha MecrnpoxmeHHH c HOH6p11 2015r. ITO cpeBpaJib 2016r. npoBe)leHLI 

OIILITHO-llpOMbIIlIJieHHbie HcmrraHHH (OIIH) ITOTOKOOTKJIOH.RIOII(eH Tex­

HOJIOrHH, npe.zzycMaTpHBalOII(eH 3aKaqicy reneo6pa3yroll(HX KOMIT03HQHH 

Ha ocHoBe ITOJIHMepa aiqmrraMH)la DKS -ORP-F40NT H cIIIHBaTeAA aQeTa­

Ta xpoMa ,[{J11l qerreii BblpaBHHBaHIDI npo<l>HAA ITpHeMHCTOCTH CKBIDKHH H 

yeeJIHqeHHH OXBaTa rrrracTa 3aBO,ll;HeHHeM B fij{Tff HarHeTaTeJn.HbIX CKBa­

)l(HHax. B pe3ym.TaTe BHe,llpeHHH TeXHoJiorHH ITonyqeHo 1653,9 TOHH )lO­

ITOJIHHTeJibHOH Heljlm, IIpO)lOJDKHTeJThHOCTh 3q,q,eKTa COCTaBHJia 126 CYTOK. 

AHa.JIH3 ITpoBe)leHHbIX MYH Ha paccMaTpHBaeMoM MecTopo:>I<,1l;emm 

}l(eTJ>16aii BbraBHJI, ~o o61I(WI pe3yJlbTaTHBHocn, MepoITpmrrHii HH3KWI. B 
3TOH CBH3H pa3pa6oTKa H rrpHMeHeHHe HOBbIX MeTO,l(OB HIITeHCH<i>~ 
He<l>Te)l06J>JqH BeCbMa Ba>KHWI H aKTYaJibHWI 3a,l(aqa. 

,llJnl H30JI1l~ o6BO,l(HeHHbIX yqacTKOB H o6ecITeqeHHH Heo6XO,l(H­

MOH ITOJIHOTbI oXBaTa ITJiaCTOB 3aBO,ll;HeHHeM ITpHMeHHeTCH PAA ITporpec­

CHBHbIX TeXHOJIOrHH ITOBblllleHHj{ He<l>TeOT,l(aqff rmaCTOB Ha 6a3e HCITOJib-

30BaffHj{ CBOHCTB TepMOaKTHBHbIX CHCTeM Ha OCHOBe CHJIHKaTa HaTpHH. 

3-TH TeXHOJIOfHH OCHOBaHbl Ha CITOC06HOCTH pacTBOpa IIpO)lBHraTbCH rrry-

6oKO B IUiaCT H MO,l(H<l>Hl\HPOBaTbCil B reJieBbIH 3KpaH, 6rroKHpyrolI(Hif: 

,l(BIDKeHHe rrrracTOBOH BO)lbl B BblCOKOIIpOHHqaeMblX 30Hax B)laJIH OT CTBO­

Jia CKBIDKHHbI. OcHOBHbIM He)locTaTKOM msecTHbIX reneo6pa3yroll(HX co-
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CTaBOB '1BIDieTC'1 He B03MO)KHOCTh pery.lilipOBa.HIDI rrpm~ecca reJieo6pa30-

BafilUI B nrracre. Ilo3TOMY ,L\lliI IIOBhillleHJUI HHTeHCHBHOCTif. HeqrreH3BJie­

qemuI Heo6xo,1U1Ma p83pa6on:a KOMII03HUHH c peryJIHpyeMhIM Mexami3-

MOM reneo6pa30BaHIDI. 
B 11pe.n.rrmKeHHOM Ha.MH cnoco6e pa3pa6oTKH. Hecj>T'1Horo IlJiacTa, 

BKJIIOqaromeM HaI'HeTaHHe B IlJiaCT reneo6pa3)'IOI.Qero peareHTa - BO,lJ.Horo 

pacmopa CIDillKaTa Ha1JlIDI, rrepe.n. 3aICaqKoii B Hero .no6aamnoT Kap6oK­
CHJIMeTHnn;emnorrooy (KMIQ. IlpH 3TOM KOHQelITpa.QHIO CHJIHKaTa HalpIDI 

H KMU B BO.L\HOM paCTBope pery.llliJlyIDT B 3aBHCHMOcrn OT TeMrreparypM 
Ha ,l(ammii rJiy6HHe rrrraCTa H BpeMeHH, Heo6xo,a;HMLIX ~ reneo6pa3oBa­
HIDI, a rrocrre 3aKaql(H reJieo6pa3yromero peareHTa ero rrpoTa.JIKHBalOT 

ompoqKOH ~eHHOH MOpcKOH H.lIH IIJiaCTOBOH BO,lJ;bl. 

Pacmop CHJIHKaTa HalpIDI c ,lJ;OOaBKoii KMU - HalpHeBoii coJIH .Qen­

JIJOJI030r.!lHKoneBoii: KHCJIOThl o6pa30BLIBaeT reJIH rrpu IIJiaCTOBhIX reMIIepa­

TYPax. CIIHpTOBM rn,zqJOKCIDThHM rpynna KMU CTHMy.llliJlYeT npou.ecc re­
neo6pa30BaHIDI. Ilpn CMellllIBamrn: KMU c CHJIHKaTOM Ha'IpH'1 pH paCToopa 
C,ll,BHraerc'1 B CTOpoHy merroqfioff: cpe)lhl. B cB&3H c 3TliM H yaemPmBaeTC'1 

apeM'1 reneo6pa30B8.HIDI. IlpH ,a;o6a.BKe KMU H36hITOqfloe KOJIHqeCTBo u:o­

HOB Na
2
+ II}'TeM HOH006MeHHoro rrpou.ecca npeapamaror TPY.lJ.HOpaCTBOpH­

Mhie COJIH B nernopaCTBOpHMoe COCTO.HHHe. 0CTaBIIIHeCJI B IIJiacTOBOH BO,lJ;e 
CB060,nm,1e HOHhl Ca2

+ HMeJOT cpo,a;CTBO c MalpH.Qeii KMIJ,, IlOOTOMY HC­
KJIIOqaeTC-'1 o6pa3oBrurne 'Ipy.l(HopacmopHMI>IX correii IGUib.QH&. 

3Ha& BpeMX H IIJiaCTOByJO TeMTiepaTYPY Ha Heo6xO,L\liMOH ~ H30-

.illll{HH rny6HHe, orrpe,a;eIDieM KOHQeH'Ipa.QHH COCTa.BlliIIOfilHX reneo6pa-

3)'IOI.Qero pacrnopa: CHJIHKaTa HalpHJI H I<MU. H3MeHeHHe KOHQeHlpa.QHii 

CHJIHKaTa Ha'IpIDI H KMU. n03BOlliieT pery.lilipoBaTh rrpon.ecc reneo6pa3o­

aaHIDI. B crryqae, ecrrH IL'IaCTOBa'1 Bo.na )KeCTKa'1 ,lJ;lliI rrpe.n.oTBpaI.QeHIUl 
rrpon.ecca xoary.illIU,HH nepe.a; HarHeTaHHeM BO,a;Horo pacmopa CHJIHKaTa 

tta'IpIDI c .n.o6aaKoii KMU B nJiacT 3aKaqimaroT ~eHHyJO MopcKJIO .HJIH 

IIJiaCTOB)'lO BO.n.y. 

Cnoco6 HCIIhITaH B rra6opaTOpHhIX ycrroBIDIX Ha nHHeiiHoii: MO,lJ;eJIH 

IIJiaCTa. Y crrumarreHo, 'ITO rerreo6pa3yroIIJ,Hli peareHT no3BOIDieT 3Haq}i­

TeJihHO IlOBbICHTh $rucrop OCTaTQqHoro COIIpOTKBJielilill IIOpHCTOH cpe,Ubl. 

B 3KcnepHMeHTaJihHMX HCCJie.n.oBa.HIDIX Bhl&BJieHo, 'ITO rrpn B03,a;eiiCTBHH 
npe.n.rrmKeHIILIM reneo6pa3yJOI.QHM pacrnopoM H3 CJIOHCTO~HeO,a;HOpo.l(HOH 

rropHCTOH cpe)J;hl MO)J(HO BhlTeCHHTb .n.o 19,7 % OCTaTO'IHOH He$n1 (Ta6-

JIHQa 1). 0Tc10.n;a MO)KHO c.n.eJiaTh BLIBO.D:, ~o .n;o6ainca K CHHHKaTy Ha'IpH'1 

KMD,, cnoco6cTByeT K 6onee rny6oKOMY rrpoHHKHo:semno B rropHCTyIO 
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cpe.zzy KOMII03HWfil H o6pa30BaHHIO reJUI. HarHeTaeMWI IIOCJie OTOpoqKH 

rmaCTOBaJI so.n:a no.ll:K.JllOqaeT HH3KOIIpmrnu;aeMhle Heqm1Hble 30Hbl K pa3-

pa6oTKe. 

Ta6JJana 1 
3KCIIepHMeHTaJibHhle HCCJie.n:osaHIDI BJIIDIHIDI TepMOaICTHBHbIX CHCTeM 

Ha K03$$HIJ;HeHT BhlTecHeHIDI 

06'.beM 

Krocl>cl>HUH-
pa6011ero 

is Ko3cpcl>~eHT eHTHecpre- IlpHpOCT KO-
areHTa, He-

:a uert>reB&ITecue-
Pa6011He areu-

3rl>cl>~eHTa 
o6xo,llHMhIH 

= BLITecHeHHJI 
0 

HWI .ll;O 38.Ka'IKH 
n.1, 38Ka'laHHble 

noCJie 3aICa11- ueqrreBhl-
~BhlTeC-

B MO,!J;eJIL HeHHJI OCTa-~ peareHToB, .n. e.n. KHpeareu- TeCHeHHJI, % 
TO'IHOH Heep-

TOB,.n;. e.n;. 
TH, B 06'.be-

Max IIOP 

Y MSII"'leHHaJI 

1 0,57 
BO,!J;a, 6 % 

0,749 17,9 1,80 
Na2Si03+o,3 % 

KMII 
Y MSII"'leHHaJI 

2 0,57 
BO.n;a, 6 % 

0,767 19,7 1,70 
Na2Si03+0,5 % 

KMII 
Y MSII"'leHHaJI 

3 0,56 
BOila, 6 % 

0,756 19,6 1,75 
Na2Si03+0,7 % 

KMll 
Y MSII"'leHHaJI 

4 0,56 
BO.n;a, 6 % 

0,755 19,5 1,80 
Na2Si03+1 % 

KMU 

Bo ·BTopoi rnaee IIpHBe.n:eH&I pe3yJILTaThl aHaJIH3a IIpHMeIDieMhlX 

Ha paccMaTPHBaeMOM MeCTOpo:xc.n:eHHH Mero.n:os s03.n:eikTBID1 Ha II3II H 

3KCIIepHMeHTaJibHble HCCJie.n:OBaHIDJ. no H3bICKaHHIO H pa3pa6oTKe HOBbIX 

3<l><l>eKTHBHbIX cnoco6oB HHTeHcH<t>HKau;HH He<t>Te.n:o6~ .n:rui: ycJIOBHH 

MeCTOpo:xc.n:eHIDI )l(eThl6aH. 

Ha MecTopoxc,n;eHHH )l(eTu16aH: c Haqana pa3pa60TKH BhlITOJIIDIJIHCb c 

TOH HJIH HHoii 3<l><l>eKTHBHOCThlO pa3Hhle cnoco6hl Bo3.n:e:iicTBIDI ua II3C: 
rn.n:popa3phlB rmacTa (rPII); COJUIHOKHCJIOTHhle o6pa6oTKH (CKO); 3aKaq­

Ka MHOroKOMIIOHeHTHOro KHCJIOTHOro COCTaBa (MKC); KHCJIOTHOro IIO­

BepXHOCTHO-aKTHBHOro COCTaBa (KIIAC); 3JieKTPOB03.n:eiicmHe (3B); 
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KOMIUieKCHOe o6opy.noBaHHe peaHHM~ CKBIDKBH (KOPC) H .npyrue. 

Ha Mec-ropo)l()leHHH reoJioro-TeXIDNecKHe MeponpIDITHH no rll):{­
pasnWiecKOMy pa3p1.my UJiacTa 3a nepuo.n 2000-2016 rr. 6MJIH npomBe­

,1:1em.1 Ha 852 CKBIDKHHaX, B TOM qffCJie Ha 659 CKBIDKHHax 3TH pa60TI.I OKa-

3aJIHCb ycnemm.IMH. B pe3yJILTilTe npoBe){eIDUl rPil rrpnpocT .ne6ma 

He<}>TH Ha CKBIDKHHY COCTaBIDleT B cpe.ll,HeM 10,8 T/cyr, CHIDKeHHe o6BOJ:(­
HeHHOCTH - 5;7 %, ycnelllHOCTb npoBe){eHIDI pa6oT COCTaBHJia 75%. 3cp­
$eicr OT rn.n.popa3pMBa rmaCTa OTCYfCTBYeT ITO pa.3JIHlIHoro po.na npwm:­
HaMH, TaKHM KaK npop1.m ra3a HJlH BO.D.LI H3 HIDKe HJlli BJ.IIIlCJIIDI<amHX 3a­

Jie)JCeH, HerrpasHJIJ.HJ.Ie KpwrepHH ITo.zi:6opa CKBIDKHH, a TaK)J{e He o6ecITe­

qeHHe OIITHMaJibHOro IIJiaHHpOBaHIDI npoeicrHpyeMoro MeTO,l{a. 

Ilpoa.HaJIH3HpOBaH npoMJ.ICJIOBLIH MaTepHaJI no KHCJIOTHbIM o6pa-
60TKaM, npoBe)J;eHHbIM Ha 45 CKBIDICHHax MeCTopo)J{,[{eHHH, B TOM qHcJie 37 
CKBIDKHHO-oneparurn no COIDIHOKHCJIOTHLIM o6pa6oTKaM (CKO); 5 CKBa­
)l(HHO-Oilepruurn no 803,l{eHCTBHIO MHOroKOMilOHelITHl>IM KHCJIOTHl>IM co­

CTilBOM (MKC); 3 CKBIDKHHO-OilepallHH ITO npHMeHeHHIO KHCJIOTHOro no­

BepXHOCTHO-aicrmmoro COCTilBa (KilAC). 

CKO nposeJ:(eHJ.1Ha37 HarHeTaTe.IILIThIX CKBIDKHHax, no 22 no~eH 

3cp$eKT - nosi.nneHHe npueMHCTOCTH. CneeyeT oTMenrri., q'fQ m o6rrtero 

KOJIWieCTBa ,1:1061.maroIWIX CKBaJKBH, Ha CKO, npHMeHeHHb1e B HarHera­

TeJJJ.HLIX CKBIDKHHax, <YrpearHpOBaJIO 66 %. IlpH'IHHhl Toro, 'ITO He see 

L(o6MBaronnt:e CKBIDKHHJ.I OTPearnpoBaJIH Ha CKO, npoBe.D.eHHJ.Ie B HarHe­

TaTeJIJ.HLIX CKBR)JCHHax, B03MO)l(ff0, CBJl3aHLI: Bo-nepBbIX, c HapymeHHeM 

rH.npO)lHHaM111IeCKOH CBJl3H HarHeTaTeJThHLIX H A06bIBaIOIWIX CKBIDKHH; 
BO-BTOpbIX, KaK IlOK83LJBaIOT pe3yJibTaThl HCCJie)J;OBaHHH, Ha 3a6oJIX HeKo­

TOpbIX HameTaTeJILHLIX CKBIDKHH OTMeqarrocb HaKOIJJieHHe OCa)l,Ka, KOTO­

pLrn, BH):{HMO, TPY.D.HO paCTBopHM B coIDIHO-KHCJiomoM pacTBope, B cBJI3H 
c qeM B 3THX CKBIDKHHax CJieeyer npHMeIDITb TCXHOJIOrmo KHCJIOTHLIX o6-

pa6oTOK B BH,D;e ycTaHOBKH KHCJIOTHbIX saHH c IlAB. B :QeJIOM 3a c•urr 

ITpoBe.D.eHIDI CKO Ha HarHeTaTe.lThm.IX CKBIDKHHax AOITOJIHHTeJII,HasJ .D.06LI­

qa He4rm, IIpHXOAAIItIDICJI Ha pearnpyionzyro .D.06I.maronzyro CKBIDKHHY, 
coCTaBHJia B cpeJ:(HeM 1,4 Tlcyr, ycITemHOCTL - 25 %. 

TeXHonormi: c HCITOJib30BaHHeM "MKC rrpe.zzycMalpHBaeT 3aKa1IKY B 

3KcrmyaTal\HOHHLie CKBIDKHHbl KHCJIOTHoro COCTaBa, BKJIIOqaromero HHl'H­

fo1poBaHHYJO COIDIHYJO KHCmrry, ITOBepXHOCTIIO-aKTHBHOe BerrteCTBo, CTa-

6H.Jm3aTop BTOpwrnoro ocMKoo6pa30BaHIDI. TeXHoJJorIDI MKC rrpBMeHe­
Ha Ha 4 J:(061.mruoIIUfX CKBIDICHHax (.N!?N!!l217, 1484, 2519 H 3206), ITOJIO­

)IQITeJIJ.HbIH 3<}>$eKT nonyqeH Ha TJ>CX CKBIDKHHax. IlpHpOCT .D.Ofihl'IH Heep-
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TH Ha CKBIDKHHy no.rryqeH OKOJIO 2,4 T/cyr, yseJ1H1IeHHe .n;e6HTa He<t>TH co­

CTaBHJIO 6oJiee 30%. Ilpo,[(OJDKHTeJibHOCTh nonyqeHHoro 3<P<t>eKTa COCTaB­

IDleT OT 40 .n;o 85 cyroK. 

Ilo.n; KHCJIOTHbIM IIOBepXHOCTHO-aKillBHbIM COCTaBOM (KIIAC) IIO,[(­

pa3yMeBaeTC}J BO,[(HblH pacTBop KOMII03HUHH, COCTO.SIIIJ,eH H3 MHHeparrbHbIX 

KHCJIOT, a TaIOKe ICHCJIOTHOro MO,[(H<t>llKaTopa, BKJIIOqruomeli IlOBepXHOCT­

HO-aKTHBHbie semeCTBa s qeTKo ycTa.HoBJieHHOM cooTHomeHHH. Mexa­

HH3M .n;elicTBH}I KIIAC 6a3HpyeTc» Ha yserrH"lleHHH ICHCJiornoro .n;eiicTBH}I 

c u:en1>10 YMCllbIIIeHIDI IIOBepXHOCTHOro HaTSDKeHHH Ha rpamm;e He<t>TH H 

BO,[(bl, CMeHe xapaKTepa CMa"CJHBaeMOCTH IlOBepXHOCTH qacTHU nopo,!l;bI, 

pOCTa rJiy6HllbI IIpO,[(BIDKeHH}J COCTaBa 3a cqeT CHIDKeHH}I CKOpOCTH peaK­

UHH, MaKCHManbHO B03MO:>ICHOro y.n;arreHH}I IIpO.[(yKTOB peaKUHH H3 KOJI­

JieKTopa BO speM}J OCBOeHHH. 

0IIHC8HHaH TeXHOJIOrH}I B03,[(eHCTBHH Ha npma6off:Hyro 30Hy rmacTa 

Ha ocHose KIIAC 6LJJia IIpHMeHeHa Ha 3 .n;o61>1BaIOI1lHX CKBa>KHHax 

(N!!N!!8l8, 1089 H 1453), IIOJIO)IGffeJILHl>IH 3<P<PeKT nonyqeH no 2-M CKBa­

)f(HHaM. ,l{onOJIHHTeJlbHaH .n;o61>Na He<t>TH Ha CKBa>KHHy ~CTaBHJia OKOJIO 

2,8 T/cyr, ysenH"CJeHHe .n;e6HTa He<t>n1 coCTasHJio 32 %. IIpo.n;o.JDKHTem­

Hocn. 3<P<t>eKTa OT MeponpIDITIDI COCTaBIDleT B cpe.n;HeM 178 cyroK. 

PaccMO'fPCB npaKTH"lleCKH BCe cymecTByroIIU1e MeTO,[(bl HHTeHcH<t>H­

Ka.u:Hlf He<t>Te.n;o6:wrn, npHMeIDIJOII(Kecs Ha MecTOpo)J(,[(emm )J{eThl6aH, 

cJieeyeT OTMeTHTI>, "tJTO Bee OHH B TOH HJIH HHOH cTeneHH }JBJI}JI()TC» 34>­

<PeKTHBHbIMH. Ba>KHo onpe.n;errHTI>cs c KpHTepH}IMH HX npHMeHHMOCTH H 

C'fPOro npH.n;ep)l(lfBaTbC}J 3THX peKOMeH,[(aJUrii. He.JIJ.3» He yqHTI>IBan. Te 

o6CToneJibcTBa, "CJTO Ha Mecropo)J(,[(eHHH B npoQecce pa3pa6oTKH MeIDnOT­

cs reonoro-npOMbICJIOBble ycJIOBHH, 'ITO, HeCOMHeHHo, IIpHBO,[(HT K H3Me­

HeHHJO KpHTepHeB 3<l><f>eKTHBHOCTH rrpHMeHeHH}I Tex HJIH HHblX MeTO,[(OB 

HHTeHCH<i>HKao:HH, TaK "lJTO OHH Hy)J(,[(aIOTCH B IlOCTOHHHOH KoppeKTHpOBKe. 

B HaCTosmee BpeMs Ha MecTopo)J(,[(eHllH )J{en.16aH: »BIDllOTC» 34>­

<PeKTHBllbIMH rPII H pa3JilfllHb1e MO,[(H<l>HKaUHH CKO. 0,[(HaKO Heo6xo,n;HM 

IlOHCK H cospeMeHHl>IX TeXHOJIOrHH • 

.lVm H30JISIIlHH 30H BbICOKOH npomuuieMOCTH H BOBJieqeHH}J B pa3pa-

6oncy HH3KOIIpmmu:aeMblX HeQrr}JffblX 30H IlJiacTa nyreM npHMeHeHHH opra­

HWieCKHX OTXO,[(OB npoH3BO,[(CTBa, npoBe,[(eHbI ,[(aJThHeiimHe HCCJle,[(OBaHHH. 

B npe,WIO)l(eHHOM HaMH cnoco6e orpaHH"CJeHH}I Bo.n;onpHToKa B 

CKBIDKHHy 3aKa"CJHB8.IOT BO,[(HblH pacTBOp CHJIHKaTa Ha'fPHH, ,[(OIIOJIHHTCJib­

HO co.n;ep)l(3IllHH MOJIO"IJH)'IO CbIBOpOTKy (MC). IlpH 3TOM KOHQeHT}1aiuno 

cHJIHKaTa H8TPH}I H MC peryJIHpyroT B 3aBHCHMOCTH OT TeMIIeparyp1>1 Ha 
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.n:aimoii rny6HHe 1macTa H epeMeHH, Heo6xo,lJ.HMbIX .nmi ren:eo6pa30BaHWI. 
MC jIBJUJC'fCX OTXO.ll:OM MOJIO'IHoro npoH3eo.n:CTBa. MC e ceoeM co­

cTaBe o.n:HoepeMeHHO CO,D;epJKHT OCTaTKH pa3JIWIHbIX opraHH'leCKHX KH­
CJIOT H CIIHJJTOB, KOTOpble npH B3aHMO,lJ;CHCTBHH c CHJIHKaTOM Ha'I'pIDI cno­
co6cTByroT o6pa30Bamno ycToiRHBhlX ren:eii. IloMHMo 3TOro MC B ceoeM 
COCTaBe co.n:epEHT ,ZJ;O 5 % Jla:KT03hl, KOTOpax B CBOIO O':Iepe,D;b CTHMyJIH­
PYIOT npon;ecc reJieo6pa30BaHIDI. 

B CJIY':Jae, Kor,n.a rmacroeax eo.n:a )J(eCTKax WJJI npe,D;ompain;eHIDI 
rrpou,ecca Koarymnurn np:u CMemeHHH reJieo6pa3YffiIIIero pacTBopa c )Ke­
cTKoii IIJiaCTOBOH BO,ZJ;OH B Bb16paIJHYID CKBa.JKHHy npe,D;eapHTeJibHO 3aICa­
'llBaioT OTOpO'iK)' npeCHOH HJ1H YMJII"IeHHOH MOpCKOH HJIH IIJiaCTOBOH BO­

.,ZJ;hl. BoAHJ>lli pacrnop c.HJIHKara HaTPIDI c .n:o6aeKoii: MC npo.n:aBJIHBaIOT B 
CKBIDKHHY npeCHOH BOJJ.OH IDIH nerKOH He<i>TblO. 3aKa':IaHHhlH reneo6pa-
3yro.uvlli paCTBOp IIpO,ZJ;BHraeTCll B BhlCOKOIIpOHHIJ,aeMMe BO,ZJ;OHOCHhle Ka­
HaJibI H H3omipyer HX, o6pa3yx TaM reJTu. B pe3yJibTaTe 3TOro B pa3pa60T­
KY nO.n:KJIIO':IaIOTCH paHee He pa6orruoll(He He$TeHac~eHHhle 30HhI. 

c I.\eJThlO HCCJie,UOBaIIIDI BJIIDIHIDI o6pa3yroIIIeroc.H reJUI Ha npomt:­
u,aeMOCTh rropHCTOH cpe,l1;hl 6blJIH npoee.n:eHbl 3KCIIepHMeHThI Ha mrneii:HblX 
MO,UemtX IIJiaCTa. y CTaHOBJieHO, ':ITO npH 3aICa'lKe B Mo.n:eJib npe.n:no)J(eHHO­
ro reneo6pa3yromero COCTaBa npOHHUaeMOCTl> CHH)KaeTC.H B HeCKOJibKO 
pa3, a tl>aKTop ocraTO'IHOro conpOTHBneHIDI .n:ocr:uraer 3Ha'leHHH 3,73 H 
3,88 (Ta6mru;a 2). B cne.uyroIIIeM :uccne,uoeaIDIH 3KcrrepHMeHTaJlbHO onpe­
.n:erurnacb HaJJ;e)J(HOCTh C03.ll,aHHOro reneBoro 3.KpaHa. Pe3yJibTaTbl aHaJIH3a 
IIOKa3a.JIH, 'ITO npH 3aKa'lKe B MO.ll,eJTh npe.n:no)J(CHHOrO reneo6pa3yroIIIero 
COCTaBa, a CJIC)J;OM meJIO'IHOro pacrnopa npOHHIJ,aeMOCTb yeeJIH'IHBaeTC.H 
MaKCHM)'M Ha 5 %. 

Cnoco6 TaK)J(e HCIIhlTaH B na6oparop.HhlX ycJIOBHXX Ha .n:eyxnnacro­
eoii MO.ll,eJIH. B 3KcnepHMCHnlX MO,ll;eJIH HaChlIIIaJIHCb IIJI3CTOBOH BO,UOH H 
onpe.n:em1JIOCI> pacnpe.n:eJieHHe cpHJih'I'p~OHHOro IIOTOKa Ri, r.n:e 
R1=Qa/QH, Qe, QH - pacxo,ZJ;hl lKH,l:\KOCTH B nopHCTbIX cpe.n;ax c BhlCOKOH H 
HH3KOH npomIIJ,aeMOCTbIO, COOTBCTCTBCHHO. 3areM Ha BbIXO)J; MO,ZJ;eneii 
(npoTHB HanpaeJ1eHH.H <i>HJlbTPaIUfH BO)J;hl), npH repMOCTarHpOBamm 80°C, 
33Ka'IHBaJIH BO,ll;Hhlli pacmop cHJIHKaTa H3TIJIDI H MC, B o6neMe 15 % OT 
o6neMa nop n 3aKphlBa.JIH MO,neJIB c o6oHX KOHIJ,OB Ha speM.H reneo6pa3o­
saHIDI. Bo BTopyro MO,neJII>, HaCI>IIIICHHYIO )KeCTKoii: IlJiaCTOBOii ao,noii, .nmi 

npe.n:oTBpameIDUI: ee CMeIIIeHIDI c reneo6pa3yroIIIeH KOMil03m.urnii npe.n:sa­
p:ureJihHO 3aKa'IHBaJIH OTOpO'IK)' YMJII"IeHHOH rmaCTOBOH BO,D;bI B o6'beMe 2 
% or o6neMa nop. IIo HCTeqemm BpeMeHH reJieo6pa3oBaHIDI BXO.ZJ: Mo.n;enu. 
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coe,IUfIDIJICH c BO,n:oii, KOTopoH: npOH3BO,n:H.llll HaChllIJ,eHHe H BHOBb ycTa­
HaBJIHBaJIOCb pacnpe,n:eneHHe q>HJihTPa.I.UiOHHOro noToKa R2. Ifa pe3ynhTa­
TOB 3KcnepHMeHTa.JibHhlX HCCJie,n:OBaHHH B~O, qTO 6noKKpOBaIIHe BhlCO­
KOilpOHHu;aeMhIX 30H cnoco6cTByeT cymecTBeHHOMY ynyqmemno Heo~o­
po,n:Hocrn cpIDihTPau;HH. Ilp:u 3aKa11Ke npe,n:rro)l(eHHOro reneo6pa3yroiu;ero 
pacTBopa HeO,n:Hopo~ocT1> cpIDI1>TPau;:u:u ynyqwaeTc11 6onee qeM Ha 93 %. 

Bmuume rerreo6pa3yroiu;eii KOMII03Hu;H.H 
Ha <}>IDlhTPau;HOHHble CBOHCTBa nopHCTOH cpe,n:hl 

Il(eJIO'illaJI 

IIJiaCTOB!IJI 

BO,l(a 

)l(ecTKaJ1 

1,38 

2 rmaCTOBaJI 1,28 
BO,l(a 

PacTBop 

Na2Si03+MC 

YMn"lellll3JI 

MOpCKaJI BO.Dia, 

paCTBOp 

Na2Si03+MC 

0,37 3,73 0,39 

0,33 3,88 0,34 

TafiJUm,a 2 

1,05 

1,03 

B ycnoBHHX nporpeccHpyroiu;ero o6Bo.n:HeHIDI ,n:o6.hlBaeMoH: npo.n:YK­
D;HH npe,n:no'ITHTe.lThHhlMH HBJIH10TC11 MeTOJl:hl, o6na.n:aroiu;He cerreKTHBHhlM 
.n:eiicTB:ueM. KHcnoTHaa o6pa6oTKa Il3C HBIDieTca o~HM H3 Ha:u6onee 
pacnpOCTPRHeHHblX MeTO,ll:OB HHTeHCHcpHKau;HH rrpHTOKa HeiiiTH K .n:o6bl­
Ba.I0ru;HM CKBR)l(H.HaM H BOCCTaHOBJieHHH npHeMHCTOCTH HarHeTaTeJil>HhlX 
CKBIDKHH. 

B u;eIDix noBhlllleHHH 3cpcpeKTHBHOCTH npou;ecca pa3pa6onm cnoco6 
KHCJIOTHOH o6pa60TKH c npe,ll:BapHTe.lThHOH H30.IDID;HeH 30H BhlCOKOH npo­
HHu;aeMOCTH nonyqeHHhlM B nnacTe rreHHhlM pacTBopoM. Ilocne 6rrompo­
BRHHH BhICOKOnpoHHu;aeMbIX yqaCTKOB KHCJIOTHhlH pacTBop 6y.n:eT npo­
.D:BHraTbCH B HarrpaBJieHHH K HH3KOnpoHHu;aeMbIM 30HaM, qTO o6ecrreqH.T 
IlOBblIIIeHHe OXBaTa nnacTa B03,ll:eHCTBHeM. Ilpe,n:Bap:uTeJThHO nepe,n: KH-
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CJIOTHI>IM pacTBOpOM B CKBIDJCHBY 3aICaIIHBaIOT opraHWieCK)'lO KHCJJOl)'. 

Bi>16paHHbie COOTHomeHIDI KOMIIOHeHTOB npeMOJKeHHoro KHCJIOTHOrO 

pacTBopa o6ecne"llHBaroT YMemmeHHe cKopoCTH pea.Kl(HH pacTBOpa c no­

po,n:a.MH IDiacTa B Hal'.faJThHOH CTa;:uDI B03,n:eiiCTBIDI, H B pe3yJII.TaTe nponc­

XO,llJIT 6onee rny6oKoe npomnrnoBeHHe paCTBopa B nopo)lbl. 

,IVu1 aH3.JIH3a 3<fJ<l>eKTimHOCTH npou;ecca npoBO,llHTIHCJ> 3KcnepHMeH­

TaJII.HJ>Ie HCCJie,n:oBamuI Ha CJIOHCTO-Heo.znmpoJJ,HLIX JIHHeiim .. IX Mo,n:e.IDIX 

rmacra. Ilpo~MOCTh nepBoro CJIOR, COCTOJllil;ero TOJII.KO H3 KBapu:eBo­

ro necKa, 6J.ma Ha nopR,n:OK BJ>IIlle npo~MOCTH BTOporo CJIOJI, COCTOR­

Il\ero H3 KBapu:eBoro rrecKa c .n:o6aBKOH 10 % 6eHTOIDITOBOH rJIHHJ>I. C qe­
JIMO H30M14HH BJ>ICOKOIIpOHHu;aeMOro CJIOj[ Ha BJ>IXO,ll MO,n:eJIH, HMHTil­

PYIOII.\ei-1 npH3a6oit:HyIO 30HY .n:o6J>IBmoII(eH: CKBaJKHHJ>I, no,n:aBancR neHo­

o6pa3YfOII.\HB pacTBop. ,IVIR yBeJiffT.leffHj[ rrpOHHu;aeMOCTH HH3KOIIpOHH­

uaeMOH 30Hbl cne,n:oM 33 IIeHHOH CHCTeMOH Ha BblXOJl: MO,n:eim 3aKaxmBaeT­

CR npeMO>KCHHhIH COCTIIB KHCJIOTHoro pacTBOpa. Ilocne 3aKa'IKH yKa3aH­

HJ>IX peareHTOB MO,n:em. C o6eHX CTOpOH 3aKp1>1BaeTCR Ha 24 Tiaca. fio HCTe­

qemm BpeMeHH Ha BXOJJ; MO}leJIB IIO,llaBaJiaCL IIJiacTOBrul BO,n:a. B ,n:aHHOM 

cnyqae H3 MO,lleJIH MO>KHO ,n;onOJIHHTeJIJ>HO IlO.nyqHTJ> 9% He$TH. ,l{am,­

Heiinrne Hccne,n:oBaffHj[ npoBo.n:HJIHCJ> npu: Tex >Ke ycnOBHj[X c TOH pa3HH­

u:eH:, TITO BTOpoH: CJIOH MO,n;eJIH COCTOjfJJ H3 KBapu:esoro necKa c .n:o6aBKOH 

10 % Kap6oHaTHOH nopO,llbl. B ,Z(aHHOM cnyqae KOHCTIHbIH K03$<l>HqHelIT 

BhlTeCHCHHR, T.e • .n:o6J>111a He<l>TH yseJiw.IHJiaCJ> Ha 13, 1 % (CM. pHC ). 

MexaHH3M rrpon;ecca 3aK.JDOTiaeTCR B CJieJJ.YIOII(eM: 3aKaTiaHHaJI Ha 

BJ>IXO)l MO,Z(eJIH neHHaJI CHCTeMa H30JIHpyeT BbICOKOnpomm;aeMJ>Iii CJIOH, a 

3aICal'.faHHbIH CJieJJ;OM KHCJIOTHl>IH pacTBop BCTyIIaeT B pea:rmmo c nopo,n:oii:, 

BXO,l{jIII{eH B COCTaB HH3IconpoHHqaeMoro CJIOR. B pe3yJIJ>TaTe nnacTOBaJI 

BO.Qa, IIpO,[(BHraeTCR B HH3KOilpOHHu;aeM}'IO He$TJIH)'IO 30ffY, BJ>ITeCHj[j[ 

He<}>TJ>. 

B .n:am.Heiinrnx 3KcnepHMemam.mIX HCCJie.n;oBaHIDIX npn Tex )l(e 

ycJIOB.Hj[X pa6011He areHTLI 33Ka11HBaJIHCL Ha BXO,n: MO,n:eJIH, HMfilHPYR npH-

3a6oii:HYfO 30ffY HarHeTaTeJIJ>HOH CKBIDKHHLI. IlpH 3aKa'lKe pa6oTIHX areH­

TOB Ha BXO,!l MO,QCJIH o6BOJUICHHOH nopHCTOH cpe,llbI npHpoCT KOHeTIHoro 

K03$<l>~ema BLJTecHeHIDI 60J1Lme, 'IeM rrpH 3aI<aTIKe Ha BI.IXO,ll H co­

CTaBIDieT MR rropHCTOH cpe,llbl c rJIHHOH 13 %, c Kap60Ha'f3MH 17, 3 %. 
3TOT pe3yJILTaT yKa3LIBaer Ha TO, q'l'Q npH 3aICa'IKe pa6011HX areHTOB co 
BXO}:la Mo,neJIH oCTaTO'IllaJI He<t>TL B nopax o6Bo.InieHHoro ruracra Jiy1lllle 

OXBaTieHa B03}:leHCTBHCM 3aI<aTiaHHOH BOJJ:OH. 
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Puc. 3aBHCHMOCTL xo3<}>qnm;11eHTa BLITecHemm OT o6'LeMa 3axaqaHHoro pa6oqero 
areHTa: 1-npH Ha.IIH'IHH rnHHLI; 2- npH Ha.JIH'IHH Kap6oHamoii: rropO.a;LI; a-BLITeC­
HeHHe He<}>TH BO,n:oit; 6-BLITeCHemt:e OCTaToqHoti He<}>TH IIOCJie 3axaqKH peareHTOB 

Ta.KHM o6pa.3oM, ,l{IDI rroBLIIIIemrn 3ct><Pe1crmmocm cnoco6a KHCJIOT­
HOH o6pa6oTKH nyreM )'Be.mflleHIDI Kmcpqnmuema mrnaTa IUiacTa rrpm~ec­
coM no rny6HHe H TOJIII{HHe IUiacTa pa.3pa60TaH ycoBepmeHcTB0Brunn.1H: 
cnoco6. Cyn. rrpe}J)ImKeHHoH TeXHOJiorHH 3a.KTII011aeTCJI B TOM,~ B nnacT 
npe.n;sapHTeJILHO 3aKa11HBaIOT neHoo6pa.3yronulli COCTaB, BKmO'laronulli 
Bo.zun,rn pacTBop 6mcap6orurra HaTPl{g H nepe.n; 3aKa11KOH B Hero .n;onomrn­
TeJILHO BBO.n;gT neHoo6p83yroll(ee IIAB B Ko.JIH11ecTBe 0,05 Mac. %. IIpe.lJ;Ba­
pme.m.Ho ,l{O HarHeraIDISI KHCJIOTHOro pacTBopa B IIJiaCT 3aKa11HB3lOT opra­
HH11eCK)'IO KHcrrmy. B Ka11ecTBe KHCJIOTHoro pacTBopa rrpHMeIDllOT CMecb 
HHrH6HpOBaHHOH COIDIHOH KHCJIOThl, 6HcpmpH,IUi aMMOHIDI, opraHH'leCKOH 
KHCJIOThl H BO,l{bl. B cnoco6e B Ka'lecTBe opra.HH11eCKOH KHCJIOThl HCIIOJTh3y­
JOT YKcyceyro, MYPaBbHHYJO, npoIIHOHOBYJO KJIH JIHMOHH}'IO KHcrrmy, a B 
Ka11ecTBe neHoo6p83yro~ero IIAB HCTIOJib3yiOT cyJI1>cpaHorr HJIH OII-10. 

IIocrre 3aKa~ Bo,l{Horo pacTBopa 6HKap6oHaTa HaTPHJ1 c .no6aBKOH 
IlAB B CKBIDKHHy BBO,Il;JIT rrerKyro HecpTh, KOTOpaJI C.II)'XCHT pa.3):leJlHTeJieM H 
npeIDITCTBYeT rrpe)K)leBpeMeHHOMY nepeMeIDHBaHHIO pacTBOpOB B CTBOJie 
CKBa.>KHHbI. Bcne.n 3a rrerKoH HecpTbIO B IUiacT 3aKa11HBaIOT opraHH11ecKyro 
KHCJI01y, KOTOpaJI JIBJIJleTCJI MeHee arpeCCHBHOH H Kopp03HOaKTHBHOH, 11eM 
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comma.a KHCJIOTa. Bo,nJn.Ie pacTBop1>1 6mcap6oHaTa HaTJ>IDI H opraHH'Ie­

cKoii KHCJlOTl>I, jJ:BJIJllOIIl,Hec.sI HbJOTOHOBCKHMH xra,u;KOCT.sIMB, rrpO)J;BHraJOT­

CSI B BhlCOKOIIpOHH~Mble 30Hbl, r.n;e B pe3yJibTaTe rrpOHCXO.lVIIlleii Mexc.n;y 

HHMH XHMWiecKoii pemanm BLJAeAAeTCSI yrJieKHCJlblii rm C02 . 

B pe3y.m.TaTe 3aKaqf(}f paCTBopoB H o6pa30Ba.HIDI yrJieKHcJioro raJa 

reHepHpyeTC.sI rreHa, Koropu 6y.n;er H30JIHpOBaTh o6BO}:\HeHHL1e mrrepBa­

Jlhl. Ilocne 6JIOKHpOBaHIDI BJ.ICOKOIIpOmtQaeMbJX ytlacTKOB KHCJIOTin.m 

pacTBop 6y.n;eT IIpO,l:\BHraThCH B HarrpaBJiemra K HmKOnpomu:~aeMbIM 30-

HaM, xrro o6ecrreqirr yseJIH'leHHe mrnaTa nnacTa B03AeHCTBHeM. Bb16pau­

m1e COOTHOIDeHHSI KOMIIOHeHTOB npe,WIO)l(eHJioro ICHCJIOTHOro pacTBopa 

06ecrre'IHBaIOT yMem.meim:e cKopOCTH peaKllIDI pacTBopa c rropo,n;aMH 

ruraCTa B Haqa.m.Hoii CTa,znm B03,l(eHCTBIDI, H B PeJYJibTaTe npOHCXOJUIT 

6onee rny6oKoe npoHHKHOBeHHe pacTBOpa B rropo.l{bl. 

Ilpe;:vraraeMLm cnoco6 fo:.m IIOABeprffYT na6opaTopHbIM HCIThITaHH­

HM Ha ,n;ByxrrnacToBoii MO.IJ.emI. Onpe,1J.eJIHJIOCb pacrrpe,1J.eJieime qmJILTJ>a­

IUfOHHoro IIOTOKa )J,O H IIOCJie B03,n;eii:CTBIDI R1 H R2 (Ta6JIHl\a 3 ). lfa pe-

3YJibTaTOB 3KcrrepHMeHTarn.m.1x Hccne.n;oBrumii: BHAHO, ..£ro 6.rioKHpoBaune 

BbICOKOilpOmtQaeMbIX 30H Il03BOAAeT 3HaqHTem.Ho ysenH'IHTb noczynne­

HHe 3ruraqaHHoii )IGUJ,KOCTH B HH3KonpoHHQaeMLm nnacT. Bi,DIBJieHo, xrro 

npH yBeJIHqeHHH KoHQeHrpaQHH IIAB B BOJUIOM pacTBope 6HKap6oHaTa 

HaTPHSI H IIOCJie,l{OBaTem.HOH no.n:aqe JierKOH He¢m, opraHHqeCKOH KHCJIO­

Thl H npe,WIO)l(eHHoro KHCJIOTHOro paCTBopa HeO,IJ.HOpO,l{HOCTb ¢HJibTPaQHH 

ynyqmaeTCH H rrpH 0,05 %-HOH KOHQeHrpaIJ,ml COCTa.BJI11eT 82,2 %. IlpH 

,1J.aJI1>HeiimeM yseJii{qeHHH KOHU:e~ IIAB 3¢¢eKTHBHOCTb npou:ecca 

CHIDKaeTC.sI. Ans ou:eHKH 3¢¢eKTHBHOCTH KHCJIOTHbIX o6pa60TOK B lUIJib­
HeiimeM onpe.n:emm:acb npoHHQaeMOCTb HH3KOnpOHffl\aeMOH MO,IJ.eJIH rma­

CTa H ee OTHOIIIeHHe K nepBOHaqa]ThHOH npoHHQaeMoCTH (I<). B1>IJIBJieHo, 

'ITO B IIpe,IlJIO)l(eHHOM cnoco6e 3HaqH'I'eJibHO H3MeHHJiacb npOHHQaeMOCTb 

HB3KonpoHHQaeMoii 30H1>1H3HaqeHHe K coCTaBHJio 1,74. 
CKopOCTh peaKl(HH KHCJIOTHOro paCTBopa c rropO)lOH B npe,WIO)l(eH­

HOM cnoco6e 6hl.Jla onpeAeneHa no H3MeHeHIDIM Macci,1 qacrHU o6pa3U:OB 

rropOAJ>I. Jia6opaTOpHLie HCIThITaHIDI IIOKa3aJIH, 'ITO rrpH HCIIOJlb30BaHHH 

IIperoiaraeMoro COCTaea KHCJIOTHOH CMeCH B Ha'IaJILHOH CTa,IJ.HH npoqecca 

B TeqeHHe 2-x >racoB OH cna6o pacrnop11eT (oKoJio 5,9 %) rropo.zzy. fu-3a 

HH3KOH CKOpoCTH PeaKIJ.IDI KHCHOTHWI CMeci; rny6)1(e npoHHKaeT B IIopo.zzy. 

IlpH 6-TH qacoBOM B03):teHCTBHH IIpe,lVIOiKeHHblH KHCJIOTllbm pacTBop pac­

TBOpB:eT .IJ.O 16 % rropo.l{bl. 
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Ta6JIBQa3 
li3MeHeHHe <PIDibTpa1umHHLIX cBOHCTB nopucToH: cpe.z:n,1 

H: B pe3yJibTaTe B03)1;e CTBIDI 

KoHQeHrpll.QIDI 
Heo.zumpo.IUiocT& 

IlAB cpIDibTJ>aIVm y JIY'lllleuBe 

B BO,IUIOM L{o Ilocne HeOmrop<>,!UIOCill 

N!! 
3axa•nca KHcnon.1 B03- BOO- lj>HJJL'I'p8llHH 

K pacTBope 
((RrR2)/R1)* 100 6mrap(iomrra .Ile ii- ,neii-

HlnpIDI,% CTBIDI CTBIDI % 

R1 Ri 
yKcycHllJI KHCJIOTa, 

l 
0,05 npe,nno)f(eHHbm 

5,5.7 1,02 81,7 1,73 
(cymcprumn) KHCJIOTHbIH pac-

TBOP 

JIHMOHHWI KHCJIO-

2 
0,05 Ta, npe,llJIO)f(eHHblH 

5,73 1,05 81,7 1,74 
( cyni.4>aHon) KHCJIOTHbdi pac-

TBOD 

M)'pllBbHHllJI KH-

3 
0,05 cJIOTa, npe,nno-

5,69 1,03 81,9 1,72 
(OII-10) )f(eHHLIH KHCJIOT-

Hbiit pacTBOP 

nponHOHOBWl KH-

4 
0,05 cnOTa, npe,nno- 5,66 1,01 82,2 1,75 

(OII-10) )f(eHHbm KHCJIOT-
HbIB pacTBOP 

B TpeTbeii: rJJaee ro1ccePT~OHHOH pa6oTbI npHBO,wlTCR pe3ynLTa­
T1>1 aH3JIH3a KHCJIOTHOH o6pa6oTKH CKBIDKHH H BHe.z:i;peHIDI HOBoro yco­
BepmeHCTBOBaHHoro cnoco6a KHCJIOTHOrO B03)leHCTBIDl Ha ffiC MeCTOpo­
)K)leHHR )l(eTLI6aii. 

Ha Mecropo)K)l;eHHH )l(enroaii B re11eHHe onpe.n;eneHHoro BpeMeHHoro 
nepuo.n;a 6Lma npoBe.z:i;eHa nocne,n;oBaTeJibHM corrmoKHCJIOTHaR o6pa6onra 5 
HarmrrareJ1bHblX cKBIDKHH. OrMeTHM, 1ITO .lVDI oa;eHKH 3<P4'eKTHBHOCTH KH­
CJIOTHLIX o6pa60TOK Ha BCeX CKBIDICHHaX .n;o H IlOCJie npoBe,n;eHIDI MeponpHR­
TIDI 6LJJIH rrpoBe.n;eHLI reO<j>mHLJecKHe uccrre,n;OBaHIDI (rHC). EIJJia npoBe,n;eHa 
KOMIIJieKCHWI HHTepnpeT8llIDI rro.nyqeHHblX .z:i;aHHblX. IlpO<j>H.JIH npHeMHCTO­
CTH CKBIDKHH Il03BO.ITH.JlH onpe,n;emITb, KaK H3MeHHJIOCb pacrrpe.n;eneHHe 3aKa­
'IHBaeMOH )J{B)];KOCTH B.D;OJib 30Hbl <PHJib'fPa CKBWKHHLI. 

Ilocne npoBe,n;eHHLIX MeporrprurrHil noKaJaTeJIH pa60TL1 HarHeTa­
TeJibHLIX H .n;o6bIB8IOm;HX CKBIDICHH Ha paccMaTpHBaeMOM yqacTKe MeCTO-
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po)l(')J.eHIDI H3MeHIDIHC.b. Ha6mo.a:arroc1:i )'BeJIHqeHHe ,a:o6hlqH Heqrra 60JI.1>­

IIIBHcma CKBIDKHH Ha yqaCTICe. B npo~IDI HeKOTOphIX CKBIDKHH }'MeH.b­

IIIHJIOC.b KOJifflieCTBO .n:o6hIBaeMOH BO,n:l>I. 

EcnH paccMa'I'pHBan. npoae.n:eHll)'IO KHCJIOTHyIO o6pa6oTI<y Harne­

raren.1>HhlX CKBIDKHH KaK npou.ecc oqfil'osoro B03,n:eiiCTBIDI Ha rmaCT, MOlK­

ao npe,n:nOJIO:>KHTh, 'ITO B pe3JJibTaTe HHTepcpepeH.QIDI CKBIDKHH IIpOHCXO­

;::uu nepepacnpe,D,eneHHe cl>HJibTPfillHOHHOro IIOJUI B Mell<CKBalKHHHOM npo­

C'I'paHCTBe rmacTa. Cne,n:oBaTeJILHO, npeJ.VIOlKeHll)'IO reXHonormo MOlKHO 

HCIIO.lTh30BaT1:i He TOJThKO WDI yJiyqmemui npHeMHCTOCTH Ha.rHeTaTeJI.bHhIX 

CKBIDKHH, HO H WDI y:senlfqemm Hecl>reoT,n;a'IH nnacTa. 

EcJllI 6w npH IIJifilIHPOBaHHH KHCJiorno.H o6pa6onrn Hfil'HCTilTeJib­

HhIX CKBIDKHH 6LIJI npoBe,D,eH npe,n:sap1ueJibHbIH aHa.Jlli3 rH,n;pO,ll;JlliaMHqe­

cKoro COCTOXHIDI yqaCTKa, TO yxce JlO B03,D,eHCTBWI BhUIBHJiaCb 6bI Heo6xo­

,l1,HMOCT.b B npose,n:emrn: COOTBeTCTB)'lO~HX pa60T no ceneKTHBHOH H30IDI-

1um: BOJJ;OIIpHTOKa. 

0,AHHM H3 OCHOBHhIX IIOKa3aTeJieii 3cl>cl>eKTHBHOCTH CHCTeM pa3pa-

60TKH Hecl>rnHhIX Mecropo)l(')J.emrn llBIDleTCJI K03cl>cl>H.QHeHT oxsara B03,D,eii­

crBHeM. Ko3cl>cI>mweHT BbUIBJUJ.eT IIOJIHOTY Bhlpa6oTKH 3allaCOB WllI IIpH­

ffj{TQff CHCTeM,bl pa3pa60TKH. no 3HaqeHHIO K03cl>cI>mweHTa MOXCHO OU,e­

HHT.b 3q,q,eKTHBHOCT.b B03,ll;eHCTBIDI Ha IIpO.n:YKTHBHhlH IIJiaCT H Bw6pan. 

JI)"llilliB BapHaHT CHCTeMbl pa3pa6oTICH. 

Ko3<)>tl>Hm1eHT oxsara BOO,n:eifCTBHeM npe.n:onpe,n:eJij{eT coomomeHHe 

HecI>TeHachII.QeHHoro ofu.eMa npo,D,yKTHBHOro IIJiaCTa, no,n:KJIIO'!eHHoro K npo­
u;eccy BhITeCHeHlfj{, K IIOJJHOMY HecI>TeHachII.QeHHOMY ofu.eMY )J,aHHOro ropH-

30Hra B sw6paHHoM ycnoBHOM pacqern:oM Komype. B 3aBHCHMOCTH or npH­

Melij{eMoif CHCTeMhl pa3pa60TKH H rrepeMeH'IHBOCrn reoJioro-reocI>IDwiecKHX 

CBOHCTB B ofu.eMe IDiaCTa OH MO)KeT C~eCTBeHHO Meflj{T.bCJI. 

B pesyJI.bTare COJUIHOKHCJIOTHOH o6pa6oTKH cKBaXCIDI H3MeHH.llHC.b 

HHTepBaJihl rrorno~e.HIDI. no qeThlpeM CKB3lKHHaM H3 IDITH K03cpcpmm.eHT 

OXBara yMeHhIIIHJICB. B CKB. .N'!! 942 3Ha'fem1e K03tl>cpHIUt:eHTa oxsaTa c 

0,28 }'MeHbIIIHJIOCh ,LIO 0,17, B CKB . .N'!!1246- C 0,11 ,ll,O 0,04, B CKB • .N'!!l299 
- c 0,13 ,ll,O 0,1, B CKB . .N'!!l410 - c 0,12 .n:o 0,03. Jhillib no HarHeTaTe.JlhHOH 

CKBaX<HHe .N'!! 1184 Ha6JIIO,n:aerc11. )'BeJIH:qeHHe 3HaqeHIDI K03tl>cpHIUieHTa 

oxsarn c 0,04 JlO 0,36. HH3KWI 3cpcpeKTHBHOCTh npose;:i:eHHLIX MeponpIDI­

rnii ofu.Bcffj{eTCB CH.llbHOH Heo.n:aopo,n:HOCTLIO KOJJJieKTopoB H HeIIpaBHJlb­

HhlM B.blfiOpOM TeXHOJIOnm B03,n;eiicTBIDI 

npeJ.VIO.XCeHHaB. TeXHOJIOrIDI ceneKTHBHOH KHCJIOTHOH o6pa60TI<H c 

npe~apHTellhHOH H30JUIWieH BO}lOilpHTOKOB neHHhIM paCTBopoM anpo6H-
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posaHa Ha .usyx Ha:rneraTeJihHLIX CKBIDKHHax NH 299 H N!! 1410 Mecmpo­
)l()J;eHIDI JKerI.16aii. AHa.im.3 npoq>Hneii npneMHCTOCTH 3THX CKBa:JKHH noKa-

3aJI, qTo $poHT nornomeHIDI y HHX HepaBHOMepHblii. B CBJI3H c 3THM AJUI 

B03,!J.eHCTBIDI Ha II3C npe.usapHTe.llhHO Heo6XO,ll.HMO H30llll.pOBaTh BbICO­

KOnpomrn,aeMhle yqacTKH, a 3aTeM 3aKa'Ian. npeAJIO.iKeHHblH cocras KH­

CJIOTHoro paCToopa. B pe3yJihTaTe BHe.zq>eHIDI npeAJIO.iKeHHoro cnoco6a 

07.02.2017 I'OJJ.Y rrpHeMHCTOCTb CKBIDKHH N!!l299 H N!!l410 }'BeJIH'ilf.llaCh B 
HeCKOJibKO pa3. IlpoBe,ll;eHhl re01pH3WiecKHe HCCJie)J.OBaHIDI Ha CKBIDKHHax 

,lJ,0 H IIOCJie MeponpIDITIDI. BhlllBJieHO, 'ITO npou,ecc ceJieKTHBHOH KHCJIOT­

HOH o6pa60TKH npornen ycnellIHo, a K03$qmIJ,HeHT oxsaTa }'BeJlll'IHJICH: B 

HeC.{{OJibKO pas: no CKB.N!!1299 c 0,1 )lO 0,44, a B CKB.N!! 1410 c 0,03 .ZJ;O 

0,42, 'ITO CBH)leTeJII.CTByeT 0 BbICOKOH 3$$eKTHBHOCTH npou,ecca. 

IIocne npoBeJJ.eHHhlX MeponpIDITHii noKasaTeJIH pa60T1>1 peam:pyio­
mHX ,lJ,OOhIBaIDIUHX CKBIDKHH (9 CKBWKHH) Ha paccMarpHBaeMOM yqacTKe 

Mecropo)l()J;eHIDI H3MeHIDIHC.b. Ha6mo~oc1> }'BeJIH'IeHue ,IJ,06hl'IH He$TH 

no CKBIDKHHaM, B npo.nyKIJ,HH 60.llbIII.HHCTBa CKBIDKHH YMeHbmHJIOC.b KOJIH­
qecrno ,no6hlTOH: BO,l{bl. 

TaKHM o6pa30M, B pe3yJibrare npoMbICJIOB.blX ncm.rraH.Hii. npeAJIO)l(eH­

HOro cnoco6a Ha .usyx HaI'HeTaTeJibHbIX c.KBIDKHHax N!!l299 .H N!!1410 Mecro­
po)l{,l\eHIDI JKen.i6aii 3Ha'IHTe.!ThHO }'Be.JIWIH.Jiach np.HeMHCTOCTh CKBIDKHH, 

TaIOKe yse.JIH'IIDICJI JJ.e6HT He$TH H CHH3RJiach o6BOJJ.HeHHOCTb npo.nyKIJ,HH no 

pearnpYJOIUHM CKBa)l(H:HaM. B u;enoM, 3a 6 MecHQeB no 9 peampyroIUHM 
CKBIDKHHaM JJ.OIIOJIHHTeJibHO no.rryqeHO 1654 TOHHbl He$TH. 

OCHOBHblE BLIBO.lf.hl H PEKOMEH,ZI.AIUIH 

1. IIpeAJIO.iKeH cnoco6 paspa6oTKH He$nrnoro IIJiacra, 3aI<.JIIO'Ia10-

ID;Hiic11 B HarHeTaHHH B 3a.rre)l(b so;:uioro pacrnopa CIDIHK.aTa HarpIDI c ,11.o-

6aBKOH KMIJ;, npu: 3TOM KOHIJ,eHrpaD,HIO CHJIHKaTa HarpIDI H KMIJ; B B0,11.­

HOM pacrnope perymt.pyIOT B 3aBHCHMOCTH OT TeMnepaTyphl Ha ,lJ,aHHOH 

rJIY6HHe 1IJiaCTa .H speMeHH, Heo6xOJJ.HMblX WU! reJieo6pasoeaHIDI. B CJIY­
qae, ecm:1 IIJiacroeaJI so.n.a xcecTKaX nepeJJ. HarHeraHHeM reneo6p33YJ0mero 
COCTasa B IIJiaCT 3aKa'IHBaIOT )'M'II"IeHHYIO MOpCK)'IO HJIH IIJiacTOByID BO,ny. 

y CTaHOBJieHO, 'ITO 3a C'IeT H30~HH 30H BhlCOKOH npoHHIJ,aeMOCTH H poc­

Ta oxsaTa nnacTa B03,lJ,encm.HeM cnoco6 ,lJ,aer B03MOXCHocn. }'BeJIHqnn. 

KOHe'IHhlii K03$$nIJ,HeHT He$TeBhITeCHeIDUI ,!J.O 19,7 % 
2. Pa3pa6oTa.H cnoco6 H30IDIIJ,HH BO.L{OIIpHTOKOB B CKBIDKHHe, BI<JIIO­

qmo~ HarHeTaHHe BO;:uIOro pacrnopa CH.JIHKaTa HarpIDI H MOJIO'IHOH 
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ChIBoponrn:, npH 3TOM KOIIUeHrpanm<> CHJIBKaTa HaTPIDI H MOJIOIJHOH Cbl­
BOpOTKH pery.1lllpyIOT B 3aBHCHMOCTH OT TeMnepaTYPLI Ha onpe,l:{eneHHOH 
rny6HHe nnacTa, tteo6xo}U{MOH ,!VIjJ H30JIJIIlHH. B cnyqae, eCJJH nnacToeasi: 
cpe):{a )l(eCTICruI nepe.n: reneo6paJy1mnHM cocTaBOM 3aJCa11HBaIOT rrpecttyro 
rum yw1rqemzyro eoizy. 3KcnepHMeHTanLHO yCTrumenetto, IITO npn 3TOH 
TeXHOJIOrHH $aKTop OCTaTOqHOrO conponraneHIDI .U:OCTiffHeT 3,88 H .n;o-
61>11Ia tte$TH )'BeJIH'DITCjJ Ha 18,5 %. 

3. Pa:ipa6oTaH cnoco6 ceneKTHBHOH mcnoumif o6pa.6onrn Heo}J.Ho­
po}J.Horo IDiacTa c npeABa()HTeJILHOH mo.rumHeH BO,llOHpHfOKOB nettoo6pa-
3yrom;eif CHCTeMOH, cocTmnneH: m BO}J.Horo pacmopa 6mrap6omna mrrpmi: H 
11ettoo6pa3yI0mero TIAB. Tiepe.n: HarHeTa.HHeM KHCJIOTHoro pacraopa B nnacr 
npe,ll,Bapmem.Ho 3aIGt1IHBaIOT opraHHllecK)llO KHCJimy. B crroco6e B Ka11ecTBe 
KHCJIO'fHOro pacrnopa HCilOJib3yIOT CMeCI> 6nqrropH.D;a 3.MMOHIDI, HHm6Hpo­
BaHHOH comrnoH, opra.HH'IecKoii: KHCJiar H BO]U.I. 3KcnepHMeHTallbHo ycra­
HOBJieHo, qro ceneICTHBHOCTb sameHCTBHjl, T.e. creneHL H30JDlqHH BhICOKO­
npomm.aeMoro nponnacnca B npe,lllIO)l(eHHOM HaMH cnoco6e 3Ha11HTe1ILHO 
BLIIIIe no cpaeHemno c mBeCTHbIMH Me-rc>A8MJ1. B pe3y.JibTaTe mo~ Bbl­
coKonpomm.aeMoro rrpoIUiacTKa, yJl)"IlilaeTCH noC1)'II11eHHe KHCJIOTHoro co­
craea B HH3KOIIpomm.aeMLiii rrponnacroK H ero npomm;aeMOCTI> yBe.lIWIHBa­

eTCH Ha 75 %. TaJOKe 3KcnepHMeIITan:bHo BLUIBJieHo, 11TO :m-33. HmKOH CKopo­
cm peairu;mt: ICHCJIOTHasl CMCCh rny6)1(e npoHHKaeT B nopO):{y. 

4. Ilpe,wIO)l(eHHaH TeXHOJIOIWI ceneKTHBHOH KHCJIOTHOH o6pa6oTirn: 
anpo6npoBatta Ha .ZJ;Byx HarHeTaTeJILHbIX CKBIDKHHax N!?l299 H N!! 1410 
MeCTopo)l(,!J;eHIDl )J{eTLI6aii. B pe3yJII.TaTe npoML1cnoBbJX HCilbrra.mlli 3Ha­
IJHTeJThHO yBe.rrwmnacL npHeMHCTOCTh CKBIDKHH, TaIOKe YBeJlllifH.IICH ,qe6HT 
He<l>TH H CHH3IDiach o6BO,l(HeHHOCTh IIpO.n:yIGJ.IDI no pean1pyroID;HM CKBa­
)l(HHaM. B u:enoM, 3a 6 Mecxu;eB no 9 peampyroID;HM cKBIDKHHaM .n;onomm­
TeJILHO nonyqeHO 1654 TOHHJ>J He$TH. 
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