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Pazsumue Heghbmedobbigatowezo rnpoussodcmea mpebyem aghgheKmueHbIX Memodoe rnosbi-
weHus1 HegpmeomaOayu Ha no3dHeli cmaduu pa3pabomku mecmopox0eHul, 0COBEeHHO 8 ycrosu-
SIX CIIOXHbIX 2€071020-MPOMbIC08bIX Xapakmepucmuk. OOHOU u3 akmyarbHbIX 3adady saensemcs
onmumu3ayusi obpabomku rnpu3aboliHOl 30HbI CK8a)KUH Or1s B0CCMaHO8IeHUs U y8erudyeHust
MPOHUYaeMocmu niacmos, 8KIo4Yasi FopCKUe KOIeKmopbl ¢ HU3KOU MpoHuUyaemMocmsto. B cma-
mbe paccMompeHbl meopemuyeckue U npakmuyeckue acrnekmsl 8o30elicmeusi Ha rnpu3aboliHyto
30HY CK8aXXUH C UErIbIo YITy4WweHUs1 (huribmpayuUuoOHHbIX c80UCME Yepe3 MpUMEeHEeHUEe Pas3nuyHbIX
XUMUYECKUX COCMaeos, maKkux Kak KUcsiomsl U rnosiuMepbi.

Ocoboe sHumaHue ydernssemcsi hu3uko-xumu4eckum memoodam obpabomku, aHanusy ach-
ghekmusHOCMU KUC/TIOMHbIX COCMAaesos, a makxe saxxHocmu u3bupamernsHocmu eo3delicmeusi Ha
enuHy u muHeparnsi niacma. lpedcmaeneHs pesyibmambi oUnbmMpayUoHHbIX IKCIePUMEHMO8 U
ronesbie 0aHHbIe, MOOMeepx0aruue 8bICOKYH 3¢(hgheKmuUBHOCMb KUCIOMHOU Komnozuyuu "Xu-
meko-TK-2" 011 06pabomku HU3KOMPOHUUAEMbIX MepPUSEHHbIX KO/IIEKMOopos, obecrneyusarowiel
3Ha4YUMesTIbHO Jyqwiue pe3ysbmamal o CpasHeHUo ¢ mpaduyUuoOHHbIMU Memodamu.

KITIOYEBBIE CJIOBA: Hegpmedobhiya, rpusaboliHasi 30Ha CK8aXUHbI, MPOHUUaeMOCMb,
KucrnomHasi obpabomka, ghu3UKO-XuMu4eckKue MemoOhbl, KOPCKUE rnnacmai, oubmpayUoHHbIe
ceolicmea, uHmMeHcugukayusi 0obbI4u, xumudeckue peaceHmsl, "Xumeko-TK-2", KucriomHbie co-
cmashbl, rMofiuMepHoe 3a800HEHUE, 2e0/1020-MPOMbICIIO8bIE YCII08US.
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MyHalti eHdipiciH Oambimy KeH opbiHOapbiH u2epydiH Kew cambicbiHOa, acipece Kypoeni ee-
OJ102USbIK XX8HE Kacinmik cunammamanap xardalibiH0a MyHal eHOipydi apmmabipydbiH muimoi
adicmepiH Kaxxem emedi. ©3ekmi miHoemmepdiH bipi-memeH emkizzilumiai 6ap topa KorneKkmop-
napblH Koca anfaHO0a, kabammapObiH emkisgiuumiziH KanmnbiHa Kermipy XeHe apmmbIpy YWiH
YHFbIManapObiH memMeHeai kKabammapbiH eHOeydi oHmaunaHObipy. Makanada KbiwKbindap MeH
rnonumepnep Cusikmel 8pmypIii XUMUSINbIK KypamOapOobl KordaHy apKbirbl Cy3y KacuemmepiH Xak-
capmy makcambiHOa ©CepiHiH MeOopUSIIbIK XoHe rnpakmuKkarbiK acriekminepi Kapacmbipbliaokbl.

OHOeydiH chusuka-xumusinbIK adicmepiHe, KbIWKbL KypamoapbiHbiH muiMdirniaiH mandayra, COH-
Oali-ak KabammbIH ca3bl MeH MuHepandapbiHa acep emy0iH cenekmusminieiHiH MaHbI30bIbIFbIHa
epekwe Hasap aydapblnadbl. Cy3y akcriepuMeHmmepiHiH Homuxernepi xxoHe dacmyprii 9dicmep-
MeH carnbicmblpraHOa alimapribikmadl Xakcbl Homuxenepoi Kammamachi3 ememiH meMeH emkis-
eiw meppuzeHdi Kornekmopnapdbi eHOey ywiH "Xumeko-TK-2" KbiwKbInObIK KypaMbIHbIH XOfapbl
muimdiniaiH pacmatmbiH OanasnbiKk 0epekmep YCbIHbIFaH.

TYWUIH CO3EP: myHali OHOIpY, YHFbIMaHbIH OUbIK aliMarbl, ©MKi32ilumiK, KbIWKbLI0bl OH-
Oey, husuka-xumusinbiK 8dicmep, ropa kabammapbi, cy3y kacuemmepi, 6HOIpydi KapKbiHOamy,
XUMusinblK peaceHmmep, "Xumeko-TK-2", KbiWwKbI KypamOapsbl, rnoaumepi cy bacy, eseonoau-
ANbIK-KaCinmik xardalnap.
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The development of oil production requires effective methods to increase oil recovery at a late
stage of field development, especially in conditions of complex geological and field characteristics.
One of the urgent tasks is to optimize the treatment of the bottomhole zone of wells to restore
and increase the permeability of reservoirs, including Jurassic reservoirs with low permeability.
The article discusses the theoretical and practical aspects of exposure to in order to improve
filtration properties through the use of various chemical compositions such as acids and polymers.
Special attention is paid to physico-chemical processing methods, analysis of the effectiveness
of acid compositions, as well as the importance of selectivity of exposure to clay and minerals of
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the formation. The results of filtration experiments and field data confirming the high efficiency of
the Himeko-TK-2 acid composition for the treatment of low-permeability terrigenous reservoirs,
which provides significantly better results compared to traditional methods, are presented.

KEY WORDS: oil production, bottom-hole zone of the well, permeability, acid treatment,
physico-chemical methods, jurassic formations, filtration properties, intensification of production,
chemical reagents, Himeko-TK-2, acid compositions, polymer flooding, geological and field
conditions.

BeieHHe. Pa3BuTre HedTe100bIBAOIIETO TPOU3BOACTBA B COBPEMEHHBIX YCIIOBU-
X CBSI3aHO C PEILICHUEM IIPO0JIEM MOBBIICHUS 3P (HEKTUBHOCTH Pa3pabOTKH U J10-
Pa3paboTKH He(PTAHBIX MECTOPOKICHUH, OCBOCHHSI TPYAHOU3BICKAEMBIX 3aI1acoB,
BHE/IPEHHS TIEPEIOBBIX TEXHOIOTHH 1O HanOoIiee MOITHOMY M3BJICUEHHIO 3aIacoB YIIICBOIO-
POHOTO CBIPBS U JIPYTHX MEPOIPHUATHI MO COBEPILIEHCTBOBAHUIO TIPOIIECCa TPOU3BO/ICTBA.

OCoOEHHOCTH Te0JIOTUYECKOTO CTPOCHUS TEPPUTOPHH MECTOPOXKICHUH DMOECHCKOTO
PEeruoHa U CUCTEMBI UX Pa3pabOTKH, MHOT00Opa3ue reojoro-npoMbICIIOBBIX YCIOBUH U
XapaKTEPUCTUK MPOLYKTUBHBIX MJIACTOB TPEOYIOT B KOHKPETHBIX YCIOBHUSIX COBEPILECH-
CTBOBaTh U pa3pabarbiBaTh 3((EKTHBHBIC METOBI BO3ACHCTBHS Ha TPU3a00HHYIO 30HY
ckBaxxuH (I13C).

Uccnenopanne npobiaembl MoaenupoBaHust 3G ()EeKTHBHOCTH OpraHu3auu pador,
CBSI3aHHBIX ¢ 00pabOTKOW CKBaXXHH, TPeOyeT MPUHIIUIHAIHLHO HOBOM MMOCTAHOBKH 33124
Y HOBBIX METOIMUYECKUX perieHuil. OHO JOKHO IPOBOJAUTHCS C YUETOM 3KOHOMHUYECKON
1es1eco00pa3HOCTH IPUMEHEHUS Pa3InuHbIX (POPM U CIOCOOOB OPraHU3aLUN MEPOIIPH-
ATHH, TIpelycMaTpUBAIOLINX [IPOBEICHNE TEXHUUECKOTr0 00CITy>KUBAHUS HA OCHOBE aHa-
JM3a TeoJoro-NMpPOMBICIOBOTO MaTepHasa ¢ MPUMEHEHUEM MaTeMaTHYeCKIX METO/I0B U
BBIYMCIUTEIBHON TEXHUKH.

[IprMeHeHre MeTOI0JIOTHH CHCTEMHOTO TTOAX0Aa IJIsl aHAJIN3a U PETYINPOBaHUS
3 dexTBHOCTH PU3NKO-XUMHIECKUX METOIOB YBEIUUCHUS He(DTEOTHauN Ha TIO3THEH
CTauu pa3paboTKN HEPTAHBIX MECTOPOXKICHUN SIBIISICTCS aKTyallbHOM 3a1a4eil ¥ mpea-
1ojaraeT CO3aHne MOJIeIeH, MO3BOJIIOLINX 3HAYUTEIIBHO TOBBICUTE CTEINIEHD 10CTOBEP-
HOCTH M HaJICXKHOCTH IPOLIEAYPbl 000CHOBaHMS U MPOBEACHHUS OpraHU3aluy padoT Ha
CKBaKMHAX C MCIIOJIB30BAaHUEM MPOTPECCUBHBIX TEXHOJIOTUI BO3AEHCTBHSI Ha TUIACTHI.

Perrenue 3a1a4 pa3padotku 3HEeKTUBHBIX METOI0B BOCCTAHOBJICHUS U YBEIIMUYCHUS
IPOLYKTUBHOCTH CKB)XUH B IOPCKUX ILTacTax TpeOyeT u3yueHus (HakTopoB CHUKECHUS
IPOHHULIAEMOCTH NPU3a00HHON 30HbBI IPU OypEeHUH, DIYLIEHUN U Pa3IMYHbIX TEXHOJIO-
THYECKUX 00paboTKax.

W3BecTHO, 4TO B IpoIlecce CTPOUTENBCTBA U IKCIITyaTallul CKBaYKHH B MTPHU3a00H-
HOHM YacTH ruiacta OpMHUPYETCsl CUCTEMa OKOJIOCKBaKMHHBIX MPU3a00HHBIX 30H I1acTa
(TT3I1) ¢ u3MEeHEeHHBIMU 3HAUCHHUSMU (DHUITBTPAIIMOHHBIX CBOWCTB. B 30HaX yXy/aeHHOH
HMPOHUIIAEMOCTH TEPSIETCs 3HAUUTEIIbHASL YaCTh S3HEPIUH (GUIBTPUPYIOIINXCS (PIFOUIOB.

Teopernueckn a0Ka3aHO, YTO CHUKEHHUE IPOHUIIAEMOCTH B OKOJIOCKBaKMHHOM 30HE
MoxeT gocturars 100- kpatHO# Besimuunbl U Oosee. [ToaTomMy Ui mpaBUIBLHOTO BEIOOPa
TEXHOJIOTUH BO3JCHCTBHS Ha MPH3a00HHYIO 30HY CKBayKMH HEOOXOIMMO BBISIBUTH pajiu-
yC 30HBI YXYIIIEHHON MPOHUI[AEMOCTH U CTENEHb YXYALICHUs IPOHULIAEMOCTH B 3TOM
30He. MHOTOYMCIIEHHBIMH UCCIIEIOBAHUAMH YCTAHOBJICHO JOCTATOYHO MHOTO TIPUYHH,
OOBSCHSIOMNX YXYIIICHHE COCTOSTHIS OKOJIOCKBaKMHHOM 30HBI Tacta [1].
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MarepuaJjbl 1 MeTOAbI HccaeqoBaHus. [Ipr3a0boiiHas 30Ha CKBaXKUHBI — Y4aCTOK
1acTa, HermoCPeACTBEHHO MPUIIETaoINK K 340010 CKBaXKMHBI. 3/1€Ch CKOPOCTh JBHKE-
HUSI KHUIKOCTH, TI€PEaibl IaBJICHUS, IIOTEPU SHEPTHUH, (PUIIBTPAIIMOHHBIC COMPOTUBIICHUS
MakcuMabHbI. J{axxe Hebompmoe 3arpsasuenue 1311 cymecTBeHHO CHIDKAST MPOW3BOIH-
TEIBHOCTh CKBaXXKUHBL. Bo3nelicTBue Ha [1311 ¢ 1esbro BOCCTaHOBIEHUS MU YBEIUUCHUS
MIPOHUIIAEMOCTH OCHOBAaHO Ha PACTBOPEHUU NMPUBHECEHHBIX B TUIACT U3BHE WA 00Pa30-
BAaBILUXCS B IJIACTE KOJIbMATaHTOB.

CHmKeHne IpoHUIIaeMOCTH Tpu3aboiiHoi 30ub! acta (I1311) mpoucxoaut u B
MIPOIIECCE IKCIUTYyaTANK CKBKHH 10 Pa3IMIHBIM MpuIruHaM. K HIM MOXXHO OTHECTH:

- ITyIIEHHE CKBKUH Mepe]l TIOI3eMHBIM PEMOHTOM HEKOHAWITMOHHBIMHA PACTBOPAMHU
WJIH BOJIOW C TIOBBIIIEHHBIM COJIEpKaHUEM MEXITPUMECEH;

* HECOOJIIO/IEHNE TEXHOJIOTHH ITPOBENICHUS PA3IMYHBIX T€0J0T0-TEXHUYECKIX Me-
ponpusituii (I'TM);

- HECBOEBPEMEHHOE U HEKa4eCTBEHHOE OCBOECHUE CKBAYKMH T1OCIIE TIPOBEJICHUS I'e0-
JIOTO-TEXHHUYECKUX MEPOTPHUITUH (KucioTHble 00padoTku, o0padorku 1311 okcnmaTom,
IesieBasi pa3rpyska ¢ KHCIOTHOM 00paboTKOH U Tak gaee);

* OTJIOKEHHS CMOJIOTIapa()MHOBBIX COEAMHEHUH;

* XHMUYECKYIO U OMOJIOTUYECKYIO KabMaTaIluIo;

* 3aKaUKy B IUIACT BOJIbI IIPU 3aBOJHEHUU C MPEBBIICHUEM JOMYCTUMBIX HOPM IO
MEeXaHU4YeCKUM rpumecsm (30 Mr/i) u T.1.

3HAYNTETFHBIM HCTOYHIUKOM CHIDKEHUS poHuaeMoctu 1311 B mepuox skcruryara-
[IUU CKBKWHBI SBIAETCS 3arpsi3HEeHUe MPpU3a00HOI 30HBI BO BPEMSI «TITYIIEHUS» CKBa-
YKUH TIepe]] IPOBEIEHUEM MTO[3EMHOTO PEMOHTA.

IIpoueccy 3arpsi3HEHHS J1aCTa CIOCOOCTBYIOT:

- CHWIKEHUE TIACTOBOTO JAaBJICHUS, 32 CUCT Yero CO3/Ial0TCs yCIOBHS JJist Oosee
[TyOOKOTO MPOHUKHOBCHHUS B TUIACT MEXaHUYECKHX MPUMECEH C KUKOCThIO DITYIICHHUS,

- YaCTUYHAS ACKaIbMaTaIwsl MPUQPUIETPOBOH YaCTH IJIACTa MMOTOKOM 3aKauuBaCMOM
KUIKOCTH Y TIEPEHOC KOJIbMaTaHTa BIIyOb I1acTa;

- o0pa3oBaHHUE OCA/IKOB COJICH MTPU CMEIICHUH TPECHOMN U TUTACTOBOM BOJBI «TITY-
IICHHS» W3-32 HEOJIMHAKOBOTO HOHHO-KATHOHHOTO COCTaBa U MEXaHUUYECKUX BEIECTB B
MIPECHBIX BOJAX MPU «IIIYHICHUI CKBAKUH MEpe]l MOI3EeMHBIM PEMOHTOM;

-3aXBaT IIJIAMOBBIX HAKOTUICHUH U MIPOYKTOB KOPPO3UH C 320051 CKBAIKUHBI.

W3-3a BBICOKHX CKOPOCTEH MPOABMIKCHHUS KHUIKOCTH TPH [IYIICHUN B MPEPUIIBTPO-
BOH 30HE IIJIacTa HAOJFOMASTCsT TaK Ha3bIBAEMBIN PEKUM BRITeCHEHUS. [lom nefictBuemM
BBICOKHX I'PaJIIEHTOB JaBICHIH BEITECHEHUS W CKOPOCTH MTPOJIBIKEHHUS YKUKOCTH TIPO-
MCXO/HMT JIOKAJIbHOE Pa3pyIIeHHEe CIUIONTHOCTH CMadnBaromie Gpa3bl B HanOosee MpoHH-
naemMoii yactu 1iacta. ['uapodoOHast Mo oTHOIIEHUIO K TIopoze (a3a (HedTh) ocTaeTcs
3aKyIMOPEHHOH B CPEIHUX M MEJIKUX Mopax. TakuM 00pa3om, MOCye IyIICHHS CKBAKUHBI
npr3aboiiHas 30Ha IJIacTa MpeCcTaBiIsieT cO00H CIIONCTO-HEOAHOPOIHYIO 110 (ITIOUHO-
My HACHIIIEHUIO CTPYKTYpy. [IpoHuIIaemMple yuacTku, Kak IPaBUII0, OTMBITHI OT HE(TH,
a MEeHee TIPOHHIIaeMbIe UMEIOT IJICHOYHYIO ¥ 3alleMJICHHYIO He(Th.

MHoTrouYuCIIeHHbIE pa0OTHI 10 GU3UYECKOMY MOJICIIMPOBAHUIO U THAPOUHAMUYC-
CKUM HCCIIEIOBAaHHUSIM CBHJICTEILCTBYIOT O BECbMa CHIILHOM CHIDKCHUU (DUITBTPAIIMOHHBIX
CBOWCTB HU3KONPOHHUIIAEMbIX KOJUIEKTOPOB CO CIOKHON reoMeTpreil MopoBOro mpocTpaH-
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CTBa MPH MEPBUYHOM BCKPBITHH, TIYIICHUH, & TAK)Ke BO MHOTUX CIIy4asx, IPH MPOBE-
JICHUU KHCIIOTHBIX 00pab0TOK HEQTSIHBIX CKBaXXHH [2]. [Ipr 3TOM OCHOBHBIM (hakTOpOM
CHIDKCHHUS IPOYKTUBHOCTH SIBIIsieTCs (POPMHUPOBAHUE YCTOMYMBOM 30HBI IPOHUKHOBE-
HUS B TUIACT BOAHBIX PACTBOPOB, IPUBOSIINX K CHIDKEHHUIO (Pa30BOM MPOHUIIAEMOCTH U
npuToka He(TH K 3a00sM ckBaknH. B padote Muxaiinosa H.H. (Muxaiinos, 1987) otme-
YaeTcsl, YTO 10 JaHHBIM THAPOANHAMUYECKUX UCCIIEOBAaHUN B ITPOLECCE IKCILTyaTalluH
CKBa)KMH IIJIaCTOB HIKHETro Mena u 1opbl (AB, BB, FOB), nponnnaemocts npuzaboiiHoii
30HBI IOOBIBAIOIINX CKBAKUH MOXET OBbITh B 1,6 — 2,2 pa3a HIKe, YeM B YJIaJIEHHON 30HE
miacTa. YMciio CKBaKHUH ¢ TTIOHMKCHHON MTPOHUIIAEMOCTHIO TPpU3ab0iHOM 30HBI 0 pa3-
JUYHBIM MECTOPOXACHUIM MOXKeT gocturarb 60%. [Ipomecc BoccTraHOBIEHHS TPOHU-
ITAEMOCTH TUIACTA TTOCIe OypEeHUsT MOXKET 3aTSITUBAThCA HA OYCHB JITUTENbHBIA TIEPUO]T.
Bo MHOruX ciy4asix npoBeACHHE KUCIOTHBIX 00pabOTOK MPUBOIUT K CHIKCHHUIO
NPOHHULIAEMOCTH B OKPECTHOCTH CKBaYKMHBI U TTOTEPE MPOLYKTHBHOCTH B HU3KOIIPOHHIIAE-
MBIX TUIACTax CO CJIOKHOI reoMeTpreil MopoBOro MpocTpaHcTBa. bblio ycTaHOBIEHO, YTO
10 TaHHBIM CKBaKHHAM OTMEYACTCs HI3Kasl YCIENIHOCTh 00paboToK — B cpenaeM 45%.
IIpu 3TOM 110 TIEpBOIt KaTeTOPHH 00PadOTOK, KOTOPBIE OKa3aauCh 3(PPEKTUBHBIMHE, OBIIA
JIOCTUTHYTA BBICOKasi CPEIHsISI KpaTHOCTh MpupocTa nedurta HedTH B 2,4 paza. OqHaxo,
cpean Hed((HEeKTUBHBIX 00Pa0OTOK OTMEUYAIOCH IOCTaTOUHOE KonmndecTBO (32% oT 00-
mtero yncia CKO) ¢ yMeHbIIEHHBIM A€0MTOM HE(TH MOCIEe COMSTHOKUCIOTHOTO BO3IEH-
ctBusl. CpenHsisi KpaTHOCTh CHIDKEHHUs AeOuTa He(hTH mociie o0padoTok cocTaBuia 2,2
pasza. CHWKeHHEe POHUIIAEMOCTH OBLIO BBI3BAHO, B MIEPBYIO o4Yepellb, popMUpoBaHUEM
MOCJIe KACIOTHBIX 00pabOTOK BOAHOM O10KaIbI 00YCIOBICHHON BRICOKUMH 3HAYCHHUSIMH
TIOBEPXHOCTHOTO HATSHKEHUSI IPOYKTOB PEAKIINU COJISTHOM KMUCIIOTHI Ha TpaHuIle ¢ HedTs-
MM, BBIIIAJICHUEM B 0CaJI0OK COJICH XkKeJie3a, a TaKkKe, BO3MOXKHO, U APYTUMH (hakTopaMu
[3]. Ans onpenenenus ¢pakToB OJOKHPOBAHUS MJIacTa MPOAYKTAMH PEaKLUH KUCIOTHBIX
PacTBOpPOB B YCIOBUSX HU3KOIIPOHHUIIAEMBIX KOJJIEKTOPOB OBIIIM ITPOBEICHBI CIICIIUAITb-
HBIE UCCIIEIOBAHUS C TPUMEHEHHEM HHANKATOPHOTO METO/1a KOHTPOJIS BBIHOCA U3 TIACTa
XUMHYECKHX peareHToB. [Ipu mposeneHn 00pabOTOK B KMCIOTHBIA PACTBOP BBOAMIICS
CIIeUUaIbHBIA BOAOPACTBOPUMBII MHIUKATOP, COBMECTUMBIN ¢ cOIsIHON KuciaoToi. [1o-
CJIe 3aIlyCKa CKBaYKMH B DKCILTYaTallMI0 MEXaHU3UPOBAHHBIM CIIOCOOOM ITPOM3BOIMIICS
PEryIApHBIA 0TOOP YCThEBBIX MPOO KUAKOCTU. B mpobax KUAKOCTH ONPenensiioch co-
JieprKaHKie WHANKATOPa, BOAHON (a3bl (BBIHOCHMBIC M3 TUIACTa MPOYKTa PEaKIUH B BUC
pacTBOpa XJIOPUCTOTO KAJIBIIH MarHus), a TAK)K€ 0OCTaTOYHAs! KOHIEHTPAINS KHCIIOTHI
(Cepruenko u np., 2001). B mabnuye I mpuBeneHsl Teoa0ro-GU3NIecKre JaHHBIE 110 CKBa-
skuHaM 74 u 77 u mectopoxaeHue KokapHa — pe3ynbTarhl IPOBEICHHBIX UCCIIEAOBAHUM.
W3 mabauywu 1 cnenyer, 4To NPOLYKTHI PEAKLMU KUCIIOTHI C TOPOJOH BBIHOCHIIHCH 12
CYTOK, [TOCJI€ YeTro UX MOCTYIJICHNE MpeKpaTuiaock. [Ipu sTom ob1iee KoMM4ecTBO BHIHE-
CEHHOTO UHIUKATOPA, a, 3HAYHT, U MMPOIYKTOB peakiuu, coctaBuio 49,5%. 1o ckBaxune
74 06beM BBIHOCA U3 IUIACTA MIPOAYKTOB PEAKITUN COCTaBUI TObKO 25,8%. Ha nanHom
JTane CKBXUHBI 74 1 77 BRIIUTA Ha O€3BOIHYIO MPOAYKIHMIO, TIPY 3TOM OOJIbIIAs 9acTh
MpopearupoBaBIIel KNCIOTH He BRIHECIACh TP AeTpeccHsxX Ha rmiact 10 6 Mlla.
[IpuBeneHHbIH TPUMEP CBUACTEIBCTBYET O BAXKHOCTH U HEOOXOIMMOCTH TIPOBEICHUS
AHAJIOTHYHBIX MCCIIEIOBAHUM PY BHEAPSHUH PA3TUUHBIX KUCIOTHBIX PACTBOPOB U Y-
T'UX HHTCHCU(QHIIUPYIONINX PEarcHTOB B HU3KOMIPOHHUIIAEMBIX KOJUIEKTOpaX HE3aBHCUMO
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Tabnuua 1 — Pe3ynsTaThl UHAUKATOPHbIX UCCIEAOBAaHMIA BLIHOCA U3 MilacTa NPOAYKTOB peakLuum
nocne ConAHOKNCIOTHbLIX 00PaboTOK CKBaXWUH

MokasaTenm EpmHmua CKBaXKMHa CKBaXKMHa
n3mepeHuns Ne 74 Ne 77
[OpU30HT D.,?zd D.,?zd
MwHepanormnyeckuin coctaBs Lonomutbl LonomuTbl
Tvn KonnekTopa MopoBbiii MopoBbiii
MpoHULaemMocTb MKM? 8 8
[ebut HedpTn Nocne KMCIOTHOWM 06PaboTKM T/cyT 24 2,0
KoapdpurumeHT npogyKTMBHOCTM m*/cyT-MIla 0,26 0,23
0O6BOAHEHHOCTD % 0 0
[nacTtoBoe naBneHue Mlla 24,6 19,6
O6bEM 3aKaukuy 12% CONSAHOM KUCNOTbI ™3 15 8
KoHLeHTpaumsa nHaMKaTopa B KUCJIOTHOM pacTBope r/n 8,0 4,2
Konnyectso BbIHECEHHOrO MHAMKATOPa U NPOAYKTOB peakLmm % 49,5 25,8
O6BEM pacTBOPEHHON Nopogabl w3 0,84 0,46

OT UX MUHEPAIOTUYECKOTO COCTaBa. ITO OCOOCHHO OTHOCUTCSI K FOPCKHUM TIIACTaM, KOTO-
pBI€ XapaKTePU3YIOTCSI HU3KOM MPOHUIIAEMOCTBIO U BEICOKOHM BOJIOHACKIIIIEHHOCTHIO [5].

J1y1s noBbIIIeHUS] He(DTEOTAAYN UCTIONIB3YIOT B PA3HBIX YCIOBUSX MHOTO Pa3IUYHBIX
TIOJIMMEPOB, HO OTIpeIeNIeHHOHN 3 (PEKTHBHOCTHIO 00Ia/IAf0T peareHThl: TPaHyINpOBaHHEIE,
MOpOIIKOOOpa3HbIe U renieodpasHbie. B HacTosmee BpeMsi B COOTBETCTBUH C HOPMATHB-
HBIMH JJOKyMEHTaMH OTPACIIH TIPU TPOSKTHPOBAHUH TIPOIIECCOB 3aBOAHEHUS TIPEAYCMO-
TPEHO UCTIOB30BaHUE MTOPOIIKOOOPA3HBIX MoMHaKpuiaMuioB [TAA.

Baxnast sxcmutyaTalinoHHAas XapakTEPUCTHKA IMOJUMEpPa — €r0 PaCTBOPUMOCTDH B
BOJI€, TOCKOJBKY OT TOJHOTHI M CKOPOCTH PACTBOPEHUS 3aBUCHUT IpoLiecca MOIMMEpPHO-
TO 3aBOJTHCHMS.

VBenmueHne npoHuaeMocTr Hu3konporuiaembix miactoB (HIIK) ocymectsisercs 3a
cuet mpeo0pa3oBaHus CTPYKTYPBI IIOPOBOTO MPOCTPAHCTBA C CYIIECTBEHHBIM yBEITNYEHHEM
ero 3(exTHBHOM THAPOPOBO ISk mopucTocTH. [IpemmaraeTcst coueTaTb XUMHUECKHUIA
croco0 BO3ACHCTBUSI C ACTIPECCUE Ha IJIACT, IIOCKOJIBKY APYTUe CIIOCOObI He 00ecteydn-
BalOT CTOJIb CYIIECTBEHHOTO M3MEeHEHUs ruporpoBogaocta B [1311 6e3 Hapymienus 1e-
JIOCTHOCTH TeJa nmopozpl. Hanbomplmee pactipocTpaHeHHe Ha MPAKTHKE MOYYnIia KHCITOTHAS
00paboTKa HU3KOIPOHHUIIAEMBIX TEPPUTEHHBIX KOJUIEKTOPOB (hTOPOCOAEPIKAIUMH KHUCIOT-
HBIMH COCTaBaMH Ha OCHOBE Ipsi3eBoil kuciothl (PadbunoBuy, 1978), (PakoBckuid, 1977).

Pesyabrars! u 00cyxnenne. OqHol 13 HanOoIee BaKHBIX XapaKTEPUCTHUK KHCIIOTHBIX
COCTaBOB JIJIsl 00pa0OTKH MpUCKBaKMHHBIX 30H miacta (I13I1) siBisercst ckopocThb peakiun
¢ opoyoi. JI7ist HU3KOIIPOHHIIAEMOTO KOJUIEKTOpa HanboJsiee CyIeCTBEHHO, YTOOBI 3Ta CKO-
POCTh OBLITAa MUHUMAJIFHOM, 0COOCHHO MPH TIOBBIIIICHHBIX TEMITEpaTypax, Tak Kak B TPOTHUB-
HOM CJTydae n3-3a OOJBIIIONH YAeFHOW TOBEPXHOCTH IIMHBI BCs Kuciota pacxomyercs B [1311.

Jli1s ipaBMITBHOTO BEIOOpA COCTaBa PEareHTOB CIIEIYET, B IEPBYIO OYepe/ib, OIpee-
JIUTh CTENEHb TNIMHU3AIUHN KOJJIEKTOPA U BIUSHUS €€ Ha BEIMYMHY NpoHUIaeMocTh. C
9TOM 1IeJIBI0 B pa0OTE MPUBOIUTCS aHAIM3 UMEIOIIUXCS B JIMTEPATYPEe JaHHBIX Ha MPeJi-
MET OIIEHKH 00pa0OTKK Ha TIIMHU3AIMY TIeCYaHNKa. B 4acTHOCTH, YCTAaHOBJICHO, YTO MPH
KHUCJIOTHOHM 00pabOTKe TPOUCXOANUT PAa3pPHIXJICHHUE U TICPEHOC YaCTHIl KBAPIla U TIIUHEI,
YTO 3aKyNOPUBAET KOJUIEKTOP €ro e yacThlaMu. B3anMoneicTBre KUCIOTHON KOMIIO-
3UIMH C TNIMHUCTBIMU TIeCYaHUKAMU HOCHUT CIOXKHBINA XapakTep, TpeOyeT MpoBeACHUS
JIOTIOJIHUTENIBHBIX UCCIIeIOBAaHUM [5,6].
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PexoMennyeTcs mpoBeCTH KOMILIEKC ITOATOTOBUTENIBLHBIX paboT B ckBaxkuHax u 11311
NpH IPUMEHEHNH (PUZUKO-XUMHUYECKUX METONOB. [Ipr 9TOM TEXHOJIOTHH 3aKauKH B CKBa-
JKUHBI (0cako-Treneodpasytonme kommnosuiun ('OK), 601bme00beMHBIX TeIeBhIX CH-
cteM (BI'C), cTpykTypooOpasyrolie KOMITO3UITIH 1 JIp.) CIIOCOOCTBYIOT BBIPABHHUBAHUIO
HEOJTHOPOJHOCTH TIIacTa MO MPOHHUIIAEMOCTH, ITepEPaCIIPEISICHHIO (PUITBTPAIMOHHBIX
MOTOKOB, COKPALICHNIO KOJMYECTBA BOJbI, MOAKIIOYCHUIO B Pa3pabOTKy y4acTKOB MU
30H C TPYIHOM3BEJICKaEMbIMH 3allacaMu, CTA0MIN3alUuU U JOObIYU He(TH.

BaxxHbIM (pakTopoM sBrsieTcst i30MpaTellbHOCTh BO3ACHCTBHS KMCJIOTHOTO COCTaBa Ha KOM-
NIOHEHTHI IIHHBI [IperMyIiiecTBEHHOE BO3/ICHCTBIE KMCIIOTHBIX COCTABOB Ha IIIMHY M MHHEPAIIBI
MEK3EpHOBOTO TIEMEHTA SBJISICTCS TIPHYMHON HU3KOH d(PEKTHBHOCTH KUCTIOTHBIX 00pab0TOK
B ITOJIMMHUKTOBOM TJIMHIU3UPOBAHHOM TleCYaHHKe. Takoe BO3IeHCTBIE MPUBOINT K pa3phIxie-
HUIO ¥ TIEPEHOCY YaCTHI] KBapIa U IIMHBIL, YTO 3aKYTIOPUBAET KOJLIEKTOP €ro JKe YaCTHUIIAMH.

Baknoe 3HaueHue B IpoLecce KUCIOTHOH 00padoTKe MMEIOT HU3KOe Ha0yXaHHe IJH-
HBI ¥ HeOObII0e MeX(azHoe HATSDKEHUE Ha IpaHulle yriaeBogopoaa. [Ipu npumeneHnn
KHCJIOTHOTO COCTaBa, TaK WM WHAYe, BOSHUKAIOT TMPOOIEMBI MPH 3aKa4Ke KUCIOTHOTO
COCTaBa B TJIACT U BBI30BE MIPUTOKA U3 CKBAKUHBI [8].

B Uncturyte mpomeicnoBoit xumuu ipu PI'Y Hed T n raza um. .M. 'yOkuna paz-
paboTaHa KMCIOTHAS! KOMIO3UIHS AJIsl TEPPUTEHHBIX KOJUIEKTOPOB, 00Jagaromas 3ame1-
JICHHOH peakiuel, TOCKOJbKY B Pe3ylbTare peaklui My KOMIOHEHTaMH [TPOUCXOIUT
MOCTENEHHOE BhIJeNIeHNne (PTOPUCTOBOIOPOAHON KHCIOTHI M OPraHMUYeCKHX coJiel-Oyde-
poB. [lociennue, rTHAPOIU3YSICh, IOCTEIICHHO BBIICISIOT HOHBI BOJIOPOJIA M TOCTOSTHHO
MOJIICPKUBAIOT HU3KOE 3HaUeHHE pH 10 MOTHOM HeUTpamu3auu GTOPHUCTOBOIOPOTHOM
KHCJIOTBI, TIPEMSTCTBYS BBITIJICHUIO OCAJIKOB.

Pexomenryercst HCIoIh30BaTh KACIOTHYEO KOMITO3HIHIO «XuMeKko-TK-2y» (TY-025-
0-17197708-01), Beimyckaemyto B 3AO Xwumexo-I'anr B Buae konuenrpara (Cadum,
2003). [Ipu npuMeHEeHUU KOHIIEHTpAT pa30daBisieTcs B 6 pa3 (1:5) npecHoii Bonoit. Dta
KOMITO3UIIHS 00J1a]]aeT HEBBICOKMM MEX(a3HbIM HATSDKEHUEM Ha FPAHHMIIE C KEPOCHHOM,
paBabiM (.45 MH/M, 9TO 3HAUNTENBHO HIDKE, YEM Y TPSI3€BOM KHCIIOTHI ¢ 100aBKoi [1AB,
a TaK)ke HU3KOW KOPPO3NOHHOM aKTHBHOCTHIO.

D¢ddexkTuBHOCTE COCTaBa JIJIsl TEPPUTEHHOTO KOJUIEKTOpA 3aBUCHT OT CKOPOCTH pac-
TBOpeHHs KBapua. [Ipy 3ToM cKOpoCTh pacTBOPEHHUS IIMHBI JOJKHA OBITH MUHUMAIIBHOM.
['psi3eBast KUCIOTa XOPOIIO PACTBOPSIET U KBApI M IVIMHBI, YTO MOKET TIPUBECTH K BHIHOCY
MEeCKa, a MPU HEKOTOPBIX YCIOBHUSIX K 00pa3oBaHUIO OOJIBIIOTO KOJHUECTBA reyieoopas-
HBIX ocaakoB. CotaB «XuMmeko TK-2» umeeT HEBBICOKYIO, HO HE3aTyXaIONTyI0 CKOPOCTh
pacTBOpEHMs KBapiia 1 MUHUMAIIbHYIO CKOPOCTh PACTBOPEHUS TIIMHBI. DTO HEOOXOANMO
U1l 00pabOTKM IIMHU3UPOBAHHOTO MIECUAHUKA HU3KOM MPOHULIAEMOCTH.

Ha ocHoBe ¢unbrpannoHHbIX skcriepuMeHToB yrBepxaaercs (Cadun, 2003), uro co-
CTaBBl Ha OCHOBE Tps3eBOi KUcIoThI ¢ copepxkanneM HCl ot 3 o 14% n HF o1 0.5 10 3 %
YXYALIAIOT TIPOHHUIIAEMOCTh 00pa3iia KepHa U3 IuiacTa NIMHU3UPOBAHHOTO ITECYaHUKa MPO-
annaeMocthio Meree 0.02-0.04 MkM?, TOCKOITBKY pabouast JKUAKOCTh, BCTYIIas B PEAKIIHIO
C TNIMHHUCTON COCTABIISIONIEH KOJIEKTOpa, pa3pyliaeT MeK3EPHOBBIE CBS3H, B PE3yiIbTaTe
Yero MOpHI TUIaTa 3a0MBalOTCs MPOAYKTAMH paspyileHus. B mabiuye 3 npeacraBieHsl pe-
3yJBTaThl 3TUX IKCIIEPUMEHTOB, T/I€ BBISBICHBI CPABHEHHS JaHHBIX IO IPUMEHEHHUIO pe-
KoMeHryeMo# kucaoThl (XuMeko TK-2) u apyrux BUOB IIETOYHBIX pacTBOPOB (KHUCIIOT).
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Tabnuya 3 — Pe3ynbraTbl 3KCNEePUMEHTOB

MpoHuLaemocTb 0bpasua MKM?
CocTaB XungKocTun Konunuectso . .
. o Bo3pencrauma [Mocne Bo3gencreus
BosnelictBuA KOMMOHEHTOB
HCI 12
HF 3 0.0146 0.0093
HeoHon 0.5
HCI 3
HF 0.5
0310 1 0.0139 0.0092
3akauvBaemblin 3% HbIl
HF 3
0300 0.5 0.0226 0.0125
Mpogaaska 6%- Hon HCI 1
HCI 14
HE 3 0.0071 0.0044
3akauvBaemblin 3% HbIl
Pacteop NH,Cl
«Xnmeko TK-2» Pasz6aBneHve B 0.0087
MNpopaBKa 3%- HbIM Boge 1:5 : 0.0195
Pactsopom NH,Cl
3akauvBaemblin 3% HbIl
PSR N Paz6aBneHue B
«Xnmeko TK-2» sone 1:5
Mpogaaska 3%- HbiM Ae 1: 0.0021 0.0047
Pacteopom NH,Cl

Kak BHJTHO M3 TaOMUYHBIX JaHHBIX, IPUMEHEHHE TIPEATIaraéMoro KHCIOTHOTO CO-
craBa Jiyisi 00pabOTKM KepHa B 3aBUCHMOCTH OT Ha4aJIbHOTO 3HAYCHUS IIPOHUIIAEMOCTH
KOJUIEKTOPA U IPYyI'UX apaMeTpoB IIACTa MOXKET YBEIMUUTh IPOHULIAEMOCTh Oosiee
YeM B JIBa pasa.

CkBakMHBI 00pa0aTHIBAIOTCA [0 TEXHOJOTHUECKON CXeMe, COCTAaBICHHOH Ha Oase
MMEIOLIETOCS CTaHAaPTHOTO 000PYAOBaHUS HEPTIHOTO Psijia, MPUMEHSIEMOTrO P 00bIY-
HBIX KHCJIOTHBIX 00paboTKax

Paboure pacTBOphI B CKBOKUHY TOJIAIOTCS B CICYIOIIEH TTOCIIEIOBATEIbHOCTH: CHa-
yaJia 3aKauyMBaeTCsl KUCIOTHBIA PacTBOP, 3aTeM Oy(pepHBbIN pacTBOP WM OpraHnYecKast
KHUIIKOCTh (HEPTh, TU3EITBHOE TOIUIUBO U 1Ip.). O0BEM KHUCIIOTHOTO pacTBOpa Ha OJIHY 00-
pabotky coctasiser 1...1,5 M*/M nepdoprpoBaHHOIT TOMIIMHEI T1acTa, a OydepHoro pac-
tBOpa — 0,5...1 M*. Beliepikka Ha peakiiio pacTBopa B IUIACT OJDKHA COCTABIIATH 110 8
9acoB, U MOCIIE ATOTO YNAISIOTCS TIPOIYKThI PEaKIIUH

[To pesynbraram 00pabOTKH TUTACTOB PACTBOPOM KHUCIOTHON KOMIIO3HUIIUN « XUMEKO
TK-2» ycnenrHocTs 0 BCeM MPOoBeAeHHBIM 00paboTkam coctasisieT 80%. B To ke Bpe-
M ITpY 0OPaOOTKM 3THX IIACTOB IPSI3EBOM KUCIOTON YCIEeHOCTh He npeBbimaet 40%.

[pu peanuzarum nrodoro merona Bo3neiicTeus Ha [1311 myist moBkImeHns neduTa cKBa-

KHH (MHTEHCU(HKAMY TIPUTOKA) UCIONB3YIOT peareHThl OCHOBHOTO M BCIIOMOTaTeIbHO-
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ro HazHaueHus. Haubomblee KoMMuecTBO XMMHUUECKUX BellecTB uenonb3ytoT mpu CKO.
Hanpumep, npu B3anMoAEHCTBUN COJITHON KHCTIOTHI C U3BECTHSAKOM 00pa3yloTcs XOPOIIo
pacTBOpHUMBIE B BOJIE COJIH, a TAKXKE YIIIEKUCIIBIN I'a3 ¥ BOJA, KOTOPbIE IIPH OCBOCHUH CKBa-
JKUHBI JIETKO yIaJISIFOTCA U3 TUiacTa. B pesynbrare B mopojie 00pas3yroTcst KaHaJIbl pacTBO-
perns. Beipenstromuiics CO, OKa3bIBaeT TakKe MOJIOKUTEIbHBIE BO3/ICHCTBIE, 0COOEHHO
IpH CBEPXKpUTHYECKHX Temneparypax (6onee 32°C), korna CO, He3aBUCHMO OT JIaBJICHHUS
HaXOIUTCs B cocTaBe rasa. [Ipu onpeneneHHbIX yCIoBUIX B IJIaCTE MOTYT 00pa30BaThes
CTyAHE0Opa3HbIe TeIN WM BBINAJaTh HEPACTBOPUMBIE OCAIKH, KOTOPBIE CYKatoT, a IOPOii
U 3aIe4aThIBAlOT KaHAJIbI, YTO CHIDKAET 9(PPEKTHBHOCTH KHCIIOTHBIX 00Pa0OTOK.

[Ipu BO3€HICTBUM CONSTHON KHCIOTHI Ha TTIMHUCTHIE KOMITOHEHTHI CKEJeTa IiacTa
TTOMHUMO PacTBOPEHUS OKHCIIOB MIETIOYHBIX U MEIIOYHO3EMETHHBIX METAIJIOB IIPOUCXOIUT
HEXeNaTeJIbHbIN IpoLece reaeo0pa3oBaHus, KOTOPBIH YCHIMBAETCS C POCTOM COACPKAHHS
HCI B pabouem pactBope [9].

YKCycHast KHCIIOTa MPAKTUUECKU HE BCTYIAET B PEAKIIMIO C NIMHUCTBIMU COCTABIISIO-
UMMM TUIaCTa, HO IIPU B3aUMOJICMCTBUH C BBICOKOKOHIIEHTPUPOBAHHON YKCYCHOW KHUCJIOTOM
(6omnee 60%) ¢ BEICOKOMHUHEPATN30BAaHHON TIJIACTOBON BOJION XJIOPKAIBITMEBOTO THIIA ITPO-
WCXO/IUT BBITIJIEHUE colier B ocaiok. Cyab(aMUHOBAsT KHCIIOTA HE BCTYIIAET B PEAKITHIO
¢ mmHaMu. He npoucxoaut oOpa3oBaHust 0CaaKOB IPH B3aUMOJCHCTBUHU 9TOM KUCIIOTHI €
TTaCTOBBIMHU BOJIAMH XJIOPKAJIBIIEBOIO THIIA.

[Tpu BIOOPE cocTaBa paboueH KUKOCTH, UCIIOB3YEeMOH JIJIsl KUCIOTHOTO BO3/ICH-
crBust Ha [13[1, a Takke pu MPOSKTUPOBAHUN TEXHOJIIOTHYCCKUX U (PU3UYECKUX Mapame-
TPOB 3aKaYKH BCE YKA3aHHBIE BOSMO)KHBIE OTPHIATENbHBIE YPPEKTHI JOIKHBI YU THIBATHCS.

[Ipu TepMOXUMHYECKOH ¥ TEPMOKHUCIOTHOW 00pabOTKaX KUCIIOTY, OOBIYHO COJISTHYIO,
TIO/IAOT B ILIACT ITPU BBICOKOM TeMIIEpaType. JTO, BO-IIEPBBIX, YBEIUUNUBAET CKOPOCTH Te-
YeHHs PeaKkii B3auMOIEHCTBHS C KapOOHATHBIMHU COCTABIISIOIIMMHU I1J1ACTa, BO-BTOPBIX,
crocoOcTByeT paciuiasiieHuio 1 BeiHOCY ACIIO u3 npr3aboiiHoii 30HbI TUTaCTA.

[Iprmeps! TEXHOIOTUYECKOTO pacueTa JaBJIeHUs P 3aKavKe KHUIKOCTH B HECKOIBKIX
CKB)XMHAX B 00BEKTaxX MecTopokaeHnn BocTounas Kokapra (Murerko u ap.), (AHape-
eB u 1ap., 2000).

[IpoBenem TexHOMOrHUecKuid pacuer 1o ckBaxkuHe Ne 941, Onpenenum HeoOxoauMoe
JIaBJICHUE Ha BBIKHJIE HAacOCa MPH 3aKauyKu B CKBAXXHUHY 941 sxuaxocTu:

PBH. :anﬁ_ch+Pm:
rae P ,,; — MakcuMalibHOE 3a00HHOE JJaBJICHUE TP MPOJIaBKe, TPHHAMAEM PaBHBIM 3a00ii-
HOMY JIaBJICHUIO ITPH pabOTe HarHEeTaTeIbHOW CKBaXHHEI (10 00padoTku), mlla, P . — -
JIPOCTAaTHUYECKOE JIABJICHUE MPOAABOYHOM KUIKOCTH, Ml la

P,=p-g-H 10° ulla

IJie p — IVIOTHOCTB XUJIKOCTH IIPHU HPOJABKE, Ko/M’, g — YCKOPEHHUE CBOOOIHOTO MaCHUS,
paBuo 9,81 m/c?, H— cepenyiHa uHTepBaa nephoparyu, M

P ,.=1000-9.81-2770 - 10°=27,17 mIla
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P, —norepu gaBnenus Ha Tpenue, Mlla

P,=41V-L-p-107/(2d), mlla

L=L,+L,=702+2037=2739 m — timyouna cirycka HKT, u

V — CKOPOCTh JIBUKCHHUSI XKHUJIKOCTH T10 TpyOam, m/c

v=q-10°/(0,785 - &),

d — cpenHuli BHYTpeHHHN 1uameTtp TpyO 1o Beel mmHe konoHHsl HKT.

ITpu nnune xomonusl HKT — 2739 m:

702 M 3aHUMAIOT TPYOBI BHYTPEHHUM JuaMeTpoM 76 MM (88,9x6,45MM), 4TO COCTaB-
mser 702/2739 = 25,63% oT Beeli ITHHEBI KOJIOHHEL.

2037 M 3aHUMAIOT TpyOBI BHyTpeHHNM quameTpoM 58,98 mwm (73x7,01mmMm), 9To co-
crasisieT 2037/2739 = 74,37% oT Bcell JUIMHBI KOJOHHBL.

ITocunraem cpenuuii BHyTpenuuii nuamerp HKT:

d=10,2563 - 76 +0,7437 - 58,98 = 19,48 + 43,86 = 63,34 mm = 0,06334 M.

v=3,16 - 107/(0,785 - 0,06334%) = 1,0 m/c.

A - KO3 GUIHUEHT THIPABINYCSCKOTO COIIPOTHBIICHHUS, JTOTH €I

1=0,3164 / Re*®.
rne Re —uwncno PeitHonbaca.

Re=v-d-p/u

[ — TAHAMUYECKAst BA3KOCTh MPOJABOYHOM JKUIKOCTH (I TEXHUYECKOU BOJIBI TPU
cpenHell Temmeparype B cTBone ckBaxuuel uist KT-1: T, = (T, + T )/ 2=(60 + 20) / 2
=40 °C) £ = 0,576 cII3 = 0,576 mITa Re = 1,0 - 0,06334 - 1000/ 0,576 - 103 =109965,27

1=0,3164/(109965,27)** = 0,0173749

P,=0,0173749 - 1,0*> - 2739 - 1000 - 10°/ (2 - 0,06334) = 0,38 mI]Ia.

P,,=P.;—P,+P, =3991-27,17+0,38=13,12 mlla

dakTHyeCcKoe JaBlIeHne NpoaaBku coctaBmio P .. = 15,29 mlla.

2 Texuomormdeckuii pacder 1Mo ckBakuae Ne2126. Omnpenenum HEOOXOIUMOE J1aB-
JIEHUE Ha BBIKHJIC HACOCA PU 3aKaYKe B CKBKUHY 2126 KUIKOCTU:

P(m :P3a6_P‘7/c+Pm, mlla
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rae P ,,; — MakcCUMaJIbHOE 3a00iHOE JTaBJIeHHE MIPU MPOIaBKe, IPUHUMAEM paBHBIM 3a00H-
HOMY JIaBJICHHUIO MIPU padOTe HarHeTaTeIbHON CKBAXKUHBI (10 00paboTkm), mI1a
P ,. —ruapocraTuyeckoe AaBlIeHHEe MPOoAaBOYHOM xKuakoctu, Ml ]a.

P,.=p-g -H-10° ulla,

I7e p — IIOTHOCTH XUIKOCTH TPH TPOAABKeE, KI/M>, g — YCKOPEHHE CBOOOIHOTO TMa-
nenus, paBao 9,81 M/c?, H — cepeanHa HHTEpBaia nepoparvu, M.

P,. =1000-9.81-3616 - 10 °=3547 mlla.

P ,, —notepu naBneHus Ha TpeHue, Mlla

P, =AVv-L-p-10-6/(2d), mIla

L=L,+L,=717+ 2853 = 3570 m — tmyomna cirycka HKT, m.

V — CKOPOCTh JIBUKEHUSI )KHJIKOCTH T10 TpyOam, m/c.

v=q-10°/(0,785 - &°),

d — cpenHAll BHYTPESHHUN AHaMeTp TPYO 1Mo Beel aimmnHe komoHHb HKT.

IIpu nnune xononust HKT —3781,4 m:

717 M. 3aHUMAIOT TPYOBI BHYTPSHHUM JuameTpoM 76 MM (88,9x6,45MM), uTO cocTaB-
qster 717/3570 = 20,08% oT BCei IITHHEI KOJIOHHEL.

2853 M. 3aHUMArOT TPYOBI BHYTPeHHUM IrameTpoM 58,98 mwm (73-7,01mm), aTo co-
crasisteT 2853/3570 = 79,92% ot Bceli JUIMHBI KOJIOHHBL.

[Tocunraem cpenuuii BHyTpeHHuit tuamerp HKT:

d=02008"76+0,7992- 58,98 = 15,26 + 47,14 = 62,4 mum = 0,0624 m

v=23,16 - 10°/(0,785- 0,0624%) = 1,03 m/c.

A - K03 HUIHMEHT TUIPABINYECKOTO COMPOTUBIICHHUS, AOH €11,

A=0,3164 / Re®>,
rne Re — gucino Peitnonbaca

Re=v-d-p/u

e 4 — IMHAMHYECKast BA3KOCTh MTPOIABOYHOM KUIKOCTH (111 TEXHHYECKOM BOJIBI TPU
cpefiHel Temmeparype B cTBoiie ckBakunsl juist KT-2: 7', = (T, + T,) / 2 =(75 + 20) /
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2=47,5°C) u= 0,656 cII3 = 0,656 mlla-c (Kparkuii XAMUYECKHIA CIPABOYHUK TOJ. PEI.
Pabunosuya B.A. Jlenunrpan : Xumus 1978 1)

Re =1,03- 0,0624 - 1000/ 0,656 - 10* =97975,6
1=0,3164/(97975,6)** =0,0178836

Pt.=0,0178836 - 1,032 - 3570 - 1000 - 10 */(2 - 0,0624) = 0,54 mI]a.
PB.H. = P3a6. — Pk. +P1. = 55,61 — 35,47 + 0,54 = 20,68 mlla.
DakTHYeCKOe JaBIEHNE NpoaaBku coctaBuio P ., =20,39 mlla

3 Texnonornueckuii pacuer o ckBakuHe Ne 429. OnpenenuM HeoOX0AUMOe IaBJIeHHE
Ha BBIKHJIE HACOCA TP 3aKa4YKH B CKBKUHY 429 KUIKOCTH:

PGH :P3a6 _Pm+Pm;MHa

rae P ,,; — MakcUMalibHOE 3a00iHOE JaBIeHHe P NPOJIaBKe, IPHHUMAEM PaBHBIM 32001~
HOMY JIaBJICHUIO [IPY paboTe HarHeTaTeIbHON CKBXKUHBI (10 00paboTku), ml1a.

P . — ruapocrarnyeckoe JaBjieHUe MPOIaBOYHOM KUIKOCTH, Ml la

P,=p-g-H- 1075 mlla
I7Ie p - IIIOTHOCT UJKOCTH MPHU MPOaBKe, KI/M?

g — YCKOpeHHe CBOOOIHOTO MajieHuns, paBHo 9,81 w/c?

H — cepeanHa uHTepBaia nepdopannu, M

P,.=1000-9,81 - 3722 - 10 *=36,51 mlla

P, — norepu naBnenust Ha TpeHue, mlla
P,=AV-L-p-10-6/(2d), mlla

L=L,+L,=1488 + 2160 = 3648 m — ryouna criycka HKT, m
V — CKOPOCTH JIBMYKEHHSI KHUIKOCTH 10 TpyOam, m/c
v=gq-10-3/(0,785 - d&),

d — cpenHuii BHyTpeHHHH quameTp TpyO no Beelt aiune koiaoHHsl HKT.
IIpu nmune xomonusl HKT — 3648 m:
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1488 M 3aHMMarOT TpyOBI BHYTPEHHUM JTUaMeTpoM 76 MM (88,9x6,45MM), uTo cocTas-
nser 1488/3648 = 40,79% ot BCe IIMHBI KOJTOHHEI.

2160 M 3aHMMarOT TpyOBI BHyTpEHHUM nuameTpoM 58,98 mwm (73-7,01Mm), 9TO co-
crapisieT 2160/3648 = 59,21% ot Bcel UTHHBI KOJIOHHEL.

[Tocuuraem cpennuit BHyTpennuit nuamerp HKT:

d=04079-76 + 0,5921 - 58,98 = 30,98 + 34,92 = 65,9 mm = 0,0659 m.
v=2316-10°/(0,785-0,0659°) = 0,93 m/c.

A - K03 PUIMEHT THAPABIMYECKOTO COMPOTHUBIICHUS, TOJH €]1.
2=0,3164 / Re**

rne Re — uucino Pelinonpaca

Re=v-d-p/u
r1e 4 — IMHAMHUYeCKasl BA3KOCTb MTPOIABOYHOM KHUIKOCTH (111 TEXHMYECKOM BOIIBI IPU
cpenHell Temmneparype B cTBose ckBaxunbl 11 KT-1: 7, = (T ,, + T ,)/2 =(60 + 20)/2 =
40 0C) = 0,576 cll3 = 0,576 mlla (Mutienko u ap., 1984).

Re =0,93-0,0659 - 1000/ 0,656 - 107° = 93425,3

A =10,3164/(93425,3)"% = 0,0180975

P, =0,0180975 - 0,937 - 3648 - 1000 - 10/ (2- 0,0659) = 0,43 mlla.
P,.,=P.;—P,+tP,=5744-36,51 + 0,43 = 21,36 mlla.

DaxTHYECKOE JAaBIECHNE IPOJABKU COCTaBMIIO P .,y = 20,39 mlla.

3akJi0ueHne U BLIBOAbI

1. Ha coBpeMeHHOM dTare pa3BUTHSI KOMITBIOTEPHBIX TEXHOJIOTUN U MaTEMaTHIeCKIX
MOJICJICH, OIUCHIBAFOIIMX 10 JaHHBIM (PHU3UUECKOI0 MOJICITUPOBAHUS M CICIIUATBHBIX HC-
CIIETOBAHUH pa3IMYHbIE MAKPO- M MUKPOIPOIIECCHI, PEIIeHHE 3a/1a9 ONpeIeIeHHs TOTeHIH-
ATFHOM MPOYKTUBHOCTH CKBKUH M pa3paboTKh 3(h(PEKTHBHBIX METOJIOB WHTEHCHU(PUKAIIAH
MIPUTOKA JOKHBI PELIATHCSI IyTEM MOCTPOCHUS MOZEIIEH CUCTEMbI «CKBaKUHA - IIPU3a-
0oliHast 30Ha-TUTACTY, OMMCHIBAIOIIUX TEOMETPUIO (PUIIBTPAIIMH KHUIKOCTEH B OKPECTHOCTH
CKBQ)KMHbBI M YUUTBIBAIOIINX PA3IHMYHBIC TUIACTOBBIC U TEXHOT'CHHbBIC (DAKTOPHI N3MEHEHUS
MIPOHUIIAEMOCTH KOJIIEKTOPA.

2. Namenenne croiictra 1311 omeHrBaeTCs cpaBHEHIEM OTHOCHTENILHO CKHH- (pakTopa,
OTIPEJIETICHHOTO Ha CTa/IMH OCBOSHHMS TI0 KaXK/IO CKBKMHE C UCIIOIH30BAHUEM JTHArPaMM
Ko2(GUIMEHTA TPOYKTUBHOCTH, THIIPOIPOBOHOCTH.

3. BBISBIICHO BAMSHUE PEOJIOTHH (BSI3KOCTH) HACBIIIAIOICH KHUIKOCTH ((pronia) Ha
(unbrparmonnsie crorictea [1311, rae onpezeneH nokasareinb CKUH-3QQeKTa, B JaibHEH-
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IIIEM MCIIOJIb3YEMBbI [Tl BBIYHCIICHHS 1eOnTa CKBOKUH, 00pa0OTaHHBIX paCTBOPAMH KHC-
JIOTHBIX KOMIIO3ULIMI TPU PA3IMYHBIX TEMIIEpaTypax.

4. BeICOKast KOHIICHTPAITHSI J0OABOK XMMHUYIECKOTO PEareHTa MOXKET CYIIESCTBEHHO yBe-

JIMYUTH BI3KOCTH HArHETAEMOM B IIJIACT KHUJIKOCTH, YTO IPUBOAUT K YMCHBIICHUIO TEMIIA
3aKa4yKH. I[J'I?I TOAACPIKKH TEMIIA 3aKa4YKH IIPU SaHaHHOﬁ BEJIMYNHE pENPECCUN, PEKOMEH-
AYCTCA NOBBICUTDH TEMIICPATYPY HarHeracMoi KHUIKOCTH.

5. B pesynbrare TeruooOMeHa 3aKaurBaeMO KUAKOCTH € TIOPOAHON Cpesioi U yBe-

JIMYCHUEM TITyOMHBI IIPOHUKAHUSI PACTBOpa TEMIIepaTypa IiacTa MmajaeT MPUMEPHO Yepe3

10-1

2 4acoB C MOMEHTa 3aKa4yKW, HauOOJbIIas TEMIIEpaTypa COXPaHIETCs Ha PACCTOSHUH,

paBHBIM 2 pajiilycaM CKBaXXUHBL J[J11 cOXpaHEeH!s BEICOKHX TEMIIEPaTyp Ha OOJBIINX TITy-
OnHax 00pabOTKH HEOOXOIUMO YBEITHMUNTh HAUuaIbHYIO TEMITEpaTypy pacTBopa JIM0o u3-
MEHHUTb COCTaB PACTBOPA TAKUM 00pa3oM, YTOOBI MOKHO OBIIIO yMEHBIIUTD KOI(MPUIIECHT
TEemIoo0MeHa.

6. YMeHBbIIICHHE BI3KOCTH HArHETaeMOU B ILIACT JKUAKOCTHU MOXKCT IMMPUBECTU K YBCJIN-

YEHHIO JUTMHBI TpOHUKaHus B 1,2-1,5 pa3a. 910 yKa3pIBaeT Ha HEOOXOAUMOCTD MPABUIILHOTO
BBIOOPA BA3KOCTH 3aKaUMBaEMOTIO PACTBOPA, IJIE CIIELYET UCIIONb30BaTh COCTABbI C HU3KUMHU
3HAYEHUSIMHU BA3KOCTHU. IIpH 3TOM MOJIOKUTENBHYIO POJIb MOKET ChITPaTh AONOJTHUTEIBHOE
TeMIlepaTypHOe BO3ACHCTBHE Ha IUIACT, HOCKOJBKY TEIIOBOE BO3ICHCTBUE MOXKET PACIIPO-
CTpaHATHCS 1O Beel 00pabaTbiBaeMOl 30HE IIACTa U TAaKMM 00pa3oM yBEJIMYUBATh [TyOH-
Hy OPOHUKaHUS pacTBopa. @
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