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HWOHHBIN HATPEBATEJIb JIJII HE®TEJOBBIBAIOIIAX CKBAXKWH

Kmouesvie cnosa: uonnwiii Hazpeeameib, 0obblua Hequu, noevluuerue oebuma CKBAIJICUHBL, 8bICOKOBA3KUE He(j)mu, JJIEKMPOIUMbL ons
UOHHO20 Hazpesameli.

Onucanwi
NPUMEHsIEMO20

npeumywiecmed UOHHO2O0 Hazpeeamelis,

npueeden 6apuanm KOHCMPYKYUU UOHHO20 Hazpesamens,
npu 0o0vlue BbICOKOBA3KUX Hegmel. H3n00cenvl mpebosanus K 2AeKmponumam O UOHHO2O
Hazpesamens na npumepe paoa snekmpoaumos TOIIHOH.

Keywords: ion heater, oil, increase well flow, high viscosity oil, electrolytes for ion heater.

The advantages of ion heater, a variant of the ion heater design, used in the extraction of high-viscosity oil.
Requirements to electrolytes for ion heater on the example of several electrolytes TEPION.

Jlo6pIya TpyIHOM3BIEKAaEMbIX 3aIIacoB HEPTH
CeTrOAHSA SIBIISIETCS OJHOM W3 aKTyalbHBIX 3a/ad
He(dTeno0kIBarOIIEH TIPOMBIIIIJIEHHOCTH. K
TPYAHOU3BJICKACMBIM OTHOCATCSA, B OCHOBHOM, TSKEJIBIC
U BBICOKOBsI3KHE HeTH (Bsi3kocTbh BbIie 50 mIla-c). Ux
3amachl 3HAYMTENIBHO NPEBBIIIAIOT 3arachl JIETKOH U
MaJOBS3KOH  He(TH. 3amacel  TPYTHOU3BICKACMOM
Heptn - 310 55 % oOT obmero obobemMa HEPTSHBIX
3anacoB Poccun. Hedru mectoposxnenuii IToBOKbs 110
CBOMM CBOMCTBaM HEOAWHAKOBBI, HE MAIYI0 HX JOJIO
MOXHO  OXapakTepH30BaThb  KaK  BBICOKOBSI3KHE,
TSDKEIbIC, BBICOKOCEPHHUCTBHIE. Cpenn
aJIMUHHCTPATUBHBIX paiioHOB MPEICTABIISIIOLINX
JaHHBIN pEeruoH, HanOOJIBIITNHA TPOLEHT
TPYZHOU3BIEKAEMbIX  3allacOB  MPHUXOIWTCS  Ha
pecnyonuky Tarapcran. B Tarapcrane crpykrypa
OCTAaTOYHBIX HU3BJEKAEMbIX 3allacoB IIpPEACTaBJIEHA
cienyromuM  obpazom: gons  akTHBHBIX  —20,4%;
TpyAHOU3BIEKaeMbIMX —79,6%, B TOM uucie Ha
BbICOKOBsi3kMe — mpuxomutrca  39,5%.  OrnenbHble
MECTOpPOXIEeHUSI TarapcTaHa MOXHO  IOJHOCTHIO
OTHECTH  TOJIHOCTBIO K  3aiexam  Hedtm  c
TPYZHON3BIEKAEMbIMH 3aIIacaMu.

Tepmuueckue METOJIBI MOBBILICHUS
He(TEeoTAa4YM IJIACTOB HE MMEIOT B HACTOSIIEE BPEMs
aJIbTEPHATHBbI npu pa3paboTke He(TIHBIX
MECTOPOXKICHUI, COEPIKAILUX BBICOKOBSI3KUE HEPTH, U
SABJIAKOTCA TPUOPUTCTHBIMU CpCIU ApYyTux METOHA0B
[1,2]. TennoBoe BO3AEHCTBUE SIBISAETCS KOMIUIEKCHBIM
yYMEHbIIAeTCs BSI3KOCTh HepTH (puc.l), yBelnuuBaeTcs
ee MOJIBUXKHOCTb, ociabeBaroT CTPYKTYPHO-
MEXaHW4YeCKHUE CBOWCTBA, YIIYYINAIOTCS YCJIOBHS JUIA
KalMUIIpHOU MPOTIUTKH n CMayMBaeMOCTH
BEITECHSIONIETO areHTa (Tabi.), 4Yro MPHBOIWT K
YBEIMUYECHNIO KOA((UIIEHTa BBITECHEHNS! U KOHEYHOH
HedTeoTHaYN

TernoBble METOABI MOXHO Pa3JIEIUTh HA TPU
IpylIbl B 3aBUCUMOCTH OT MeCTa IeHepauuu tema. B
[IEPBOM I'PyIIIE TEIJIO TEHEPUPYETCs HA IIOBEPXHOCTU U
JIOCTABJIAETCS B IIACT TEIJIOHOCUTENSIMH: BOJOW HIIU
napoM . K rpynme temoHocureneit OTHOCSTCS: ropsiyas
BOJa; Iap; TMaporas; - BOJa C  BBICOKUMH
TEPMOJMHAMHYECKUMH  T1apaMeTpaMu  (TepMOpacTBO
purens). MeTonpl TEpBOH TPYMIEI yXKE MOIYUIITH
JIOCTaTOYHO INHPOKOE pACIpOCTpaHeHHE Onaromaps
OTHOCHTENBHO MaJbIM 3aTpaTaM B TEXHHYECKOM
obecriedeHnn.
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Puc. 1 - 3aBucuMOCTb BSI3KOCTH He()TH OT AaBJIEHHSA
U TeMnepartypsl [3]

Tabauna 1 - 3aBucUMOCTH BA3KOYNPYIHX CBOWCTB
He(TH OoT TemnepaTyphl [4]

Temmepatypa, °C Kommnnekchas Bszkas
BSI3KOCTh, MIIa*c KOMIIOHEHTA,
mlla*c
10 11724 11700
15 7060 7030
20 4041 4020
25 2760 2720
30 2159 2120
40 1201 1100
50 885 790
60 776 624
70 780 620

Bo Bropoii rpymnme Temno reHepupyercs
HEMOCPEJCTBEHHO B IUIACTE MpPU CXKHUIAHUM YacTH
HeTH, a TOpeHWe  MOJJIEP)KUBACTCS IIOCPEICTBOM
3aKauykd B IUIACT OKHUCIHUTENs (HampuMmep, BO3AyXa,
KHCIIOpOoJia WM uX coueraHus). OHO monpasziesnsieTcs
Ha CyXOe; BJI&XKHOE U CBEPXBJIAKHOE BHYTPHUILIACTOBOE
ropeHue. CriocoObl BTOPOH IpyMIIbl TOKa HAXOIATCS B
CTaguu pa3pabOTKH, TOCKONBKY €IIe HE CHATHI BCE
3aTpyIHEHUs] B WX pealu3alnH, KOHTPOJE Haj
MPOABIDKEHHEM (DPOHTA U 00ECIIEYCHNH IKOIOTHIECCKUX




OrpaHUYCHUM.

B tpetneii rpymnme Temio reHepupyeTcs 3a cueT
MpPOTEKaHUS  JJIEKTpUYecKoro Toka. llpu »ToMm
WCTIONIB3YIOT Pa3UYHbIE JJIEKTPUYECKHE YCTPOWCTBA!
HarpeBaresbHbIe kabenu, WHAYKIIMOHHbBIE
IO OrpEBATENN [51, OOBIYHBIC CTaHJIapTHBIE
crpaibHbie  TertodnekTponarpesatenu (TOHbBI) u
HOHHBbIE HarpeBarend. Ha Ham B3riAn, NoOciHeAHUE
SIBIISIIOTCSL HAHOOJIee MEepCIIEKTUBHBIMU, OCOOCHHO IS
CKBaXIH C OTHOCUTEIIHFHO HEBBHICOKAM JICOUTOM.

B wmonmHOM HarpeBarene TeIUIOBash SHEPTHUA
TeHEePHUPYETCs 3a CUET MPOTEKAHHUS MEPEMEHHOTO TOKa
MPOMBIINIICHHOM YacTOTBI 4epe3  AIIEKTPOJIUT, C
KOTOPBIM  COMPHUKACAIOTCS, KaK MHUHUMYM, JIBa
anekrpona. I[lpuHIUI pabOTHl HMOHHOTO HarpeBaTelIs
OCHOBaH Ha MPSIMOM B3aWMOJIEUCTBUU TETLIOHOCUTEIS,
3aHMMAIOILIETO MPOCTPAHCTBO MEXAY 3JIEKTPOAAMH, C
JNEKTPUYECKUM TOKOM. [IpoXokIieHne 3JeKTpUIecKOro
TOKa 4Yepe3 TEIUIOHOCUTENb BbI3BIBAET XAOTHYHOE
JIBIDKCHUE TIOJOKUTEIBHBIX M OTPUIATEIHHBIX HOHOB!
MepBhIE IBIDKYTCA K OTPHUIATENHEHO 3apsHKEHHOMY
ANIEKTPOY; BTOPBIE — K 3apsHKCHHOMY ITOJIOKUTEIBHO.
[TocrostHHEOE repeMerieHne HOHOB B
COTIPOTHUBIIIONIEHCS STOMY IBIKEHHIO CPE/IE BBI3BIBACT
OBICTPBII HArpeB TEIJIOHOCUTENS, YeMy OCOOCHHO
CIOCOOCTBYET TIEpeMEHa poJieH Yy 3JIEKTPOIOB —
KOKIYI0 CeKyHIy MX MOJSPHOCTh MeHseTcs S0 pas, T.e.
KaXJbli W3 D3JEKTPOJAOB B TEYEHUE OJHOM CEKYH[IbI
50 pa3 Oynmet aHomoM U 50— KaToIOM, IOCKOJIBKY OHH
MOAKIIOUYEHbl K HMCTOYHHUKY IIEPEMEHHOTO  TOKa
gacroroil 50 I'. Caexyer OTMETHUTh, YTO UIMEHHO CTOJb
gacTasi CMEHA IOJIIPHOCTH y BIIEKTPOAOB HE TO3BOJISIET

BOJIC pAa3lOXHTBCS HA KHCIOPOA ®  BOJOPOI B
3HAYMMBIX KOJIMYECTBaX. C BO3pacTaHHEM
TeMIepaTypbl B TepPMETHYHOM HarpeBareye

MOBBILIAETCS AABJICHHE, YTO MPHUBOAUT K YBEIHYCHHIO
TEMIIEpaTypbl KHUIEHHS >KUAKOCTH. Takum oOpasom,
ANEKTPOIbI, YCTAHOBICHHBIE B E€MKOCTH HOHHOTO
HarpeBarcisd, HalnpsaMyr0 Majlo Y4YaCTBYIOT B HarpeBe
JKHIKOCTH U HE IEPErPEBAIOTCSI CaAMHU.

VouHplii  HarpeBaTenp  oOOnamaer  psaoM
HEOCHOPUMBIX NPEUMYLIECTB, CPEOH KOTOPHIX ClIEIyeT
OTMETHUTh:

¢ MPOCTOTY KOHCTPYKIMH U TEXHUYECKOTO
o0ciTy)XKnBaHUS;

¥ OTCYTCTBHE IEpErpeBa;

BBICOKYIO ITPOM3BOANUTEIHHOCTD;
OTCYTCTBHE IIEPErOPAOIIETO 3JIEMEHTA;

* JOJITOBEYHOCTh — TOJABl HENpPEephIBHON
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paboThl;

¢ KpailHe Manas HWHEPTHOCTh IO3BOJISICT
3 (EKTUBHO YNPaBISATh TEMICPATYPHBIMH PEKUMAMH
BO BpeMs pabOThl NpH [OMOIIM aBTOMATHUKH, B
pesynbTare IOCTHraeTcss HauMEHee OSHepro3arpaTHas
paboTa — Temreparypa B Bceraa OyIeT Ha TOM ypOBHE,
KOTOPBIH 3a]JaH aBTOMaTHYECKOMY KOHTPOJLIEpY;

% nepenaipl HAIPSDKEHUS B JIEKTPOCETH HE
HAaHOCAT BpeAa HOHHOMY THIPEBATENI0 — MEHSIETCS
JIMIIb €r0 MOIIHOCTh, pPaboTa He IPEeKPaIaeTcsl.

K QJICKTPOJIUTY [JIsI HOHHOT'O HarpeBaTeiid IJid
obecrieueHus ero OecrniepeOoitHO paboTsI
MMPEABABIIACTCA pan B3aNMOCBA3aHHBIX )44
NPOTHBOPEYMBBIX TpeOOBaHMWiA. BaxkHeHnM ycioBrem
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3¢ dexTUBHON pabOThl HOHHOTO HArpeBaTelIs SBIISCTCS
HaJIMYUE OMPEJICIIEHHOT0 OMHYECKOTO COMPOTHUBIICHHS
anmekTponuta. Ilpu 3TOM He ciiemyeT 3abbIBaTh, YTO
3JIEKTPOIIPOBOAUMOCTD KUJKOCTEN c MOHHOM
MMpOBOAUMOCTE 3HAYUTEIIbHO 3aBUCHUT OT TEMIICPATYPhI

— Opu NOBblIIeHMH  Temmepatypel Ha  50°C
JIEKTPOIIPOBOANMOCTh BO3pACTa€T NPUMEPHO B [Ba
pasa.

Bropoii Cepbe3HOM po6IeMoit TUTS

TepMETHYHBIX HOHHBIX HarpeBaTelield SBIISETCS TaKoe
00s13aTeNbHOE COYETaHWEe Marepuaja 3JEKTPOJOB |
COCTaBa JJIEKTPOJINTA, NMPH KOTOPOM HE HPOUCXOIUT
CYMMAapHOTO BBIAEIECHHUSI BOJOPOAa M KHUCIOpPOAa Ha
ANEKTPOJAaX npu MPOTEKAaHUU MepeMEHHOT0
3EKTPUUECKOTO TOKa OojblIoro HampspkeHus (220 -
380 B).

Crnenyromeli  ceppe3HOW  MPOOIEMON st
HWOHHOTO HarpeBarens, paboTalomux B HeDTIHOH
CKBO)XHHE SIBIISIETCS. WHEPTHOCTb DJIEKTPOAA IIPH
MIPOTEKAaHUH  IEPEMEHHOTO  BJIEKTPHUYECKOTO  TOKa
OOJIBIIOTO  HANpsDKEHHS B TEYCHHUH  JUINTEIHHOTO
BpeMeHH (rofa u Ooiee HempepsIBHONW paboThl). Ciryck
Y TIOABEM HarpeBaTellss Ha OONBIIYI0 TIyOMHY BechMa
Joporocrosias Ipoleaypa, MOITOMY pPEHTaOeIbHBIM
BAPUAHTOM €r0 MOHTaXka ABJSIETCS IUIAHOBBIM HIIH
BHEIUIAHOBBI  PEMOHT HACcOCHOro 00OpyZOBaHUS,
CBSI3aHHBIH C JIEMOHT&)KEM — MOHTaXEM HAaCOCHO-
KOMITPECCOPHOM TPYOBI.

B omHOM 13 31€KTpo0Oe30IacHBIX MCIOIHEHNUH
WOHHBIH HarpeBaTeb MIpeACTaBIIseT coboii
METAUIMYECKUH LWIMHIAP C IOMEIIEHHBIM B HETO
METAJUTHYECKIM 3IIEKTPOAOM (pHc.2).
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Puc. 2 - CkBakMHHBII HOHHBIH HarpeBartesb: 1 -
MeTAIMYeCKHi  KOpmyc; 2 - IeHTPAJbHBINH
3J1eKTPOA; 3 - H30JATOP; 4 - yHop; S - 1eKTPOJTUT

SHGKTpOﬂ H30JIMPOBAaH OTHOCHUTCJIBHO
BHYTPCHHHUX CTCHOK nujimHapa HacagKkaMu us3
JAUBJICKTPUYICCKOTO Marepuajia U IOJKIOYCH K

(a3oBOMy NPOBOAY, a IMIMHAP - K HYJIEBOMY IIPOBOIY
[6,7]. HumuaIp repMeTH3UpOBaH, YacTh €ro 3aloJHEeHA
JKUAKOCTBIO € HMOHHOM NPOBOAMMOCTBIO.  Takas
KOHCTPYKIIMSI ~ HarpeBarellsl  IO03BOJSIET  YCIIEIIHO



MCIIOJIb30BATh €ro MpH J00bIUYe BHICOKOBSI3KHX He(TEH,
MOCKOJIBKY OH BBITOJHO OTIMYAeTCs OT JPYTUX
NIEKTPUUYCSCKUX YCTPOWCTB: HArpeBaTEIbHBIX KabeleH,
HHAYKIMOHHBIX ~ TOAOIpeBaTeied,  MEeTaUINYeCKUX
cimpaied u  T.1.  HarpeBarenb  pacmoiioskeH
HETNOCPEJCTBEHHO B CKBAXKHHE OKOJIO Hacoca U
OKOHYaHHUs HACOCHO-KOMITpeccopHOH TpyOsI (puc.3). B
3aBUCUMOCTH OT IIOCTABJICHHBIX 3aJa4, TeMIeparypa
CTEHKH Harpesarels Bapsupyercst ot 40 mo 250°C.

Puc. 3 - PacnmoJiokeHHe HMOHHOrO0 HarpeBaTesisi B
ckBaxkuHe: 1- OJOK ymnpaBieHusi, 2 - KJIHICHI
KpemnJienust kabessi, 3 - nacoc IIT'H, 4 — puawTp, 5
— HOHHBINH HarpeBaTejb, 6 - HedTsAIHON miacT, 7 -
ka6eab KPBK, 8 — HacocHo-kommpeccopHas Tpy0a

Ipu pa3paboTke KOHCTPYKIIUU
3JIEKTpOHArpeBaTelisd U JaJbHEHIIEN ero sKCIulyaTauuu
ClleyeT y4YUTHIBATh BIMSHHUE PA3IHUYHBIX [AapaMETPOB
Ha ero MOIIHOCTbH U JIOJITOBEYHOCTh paboThl. Cpeny HUX
MOXHO BBIJICNIUTh: TeOMETpHIecKue (hakTopsl (III0Maab
3IEKTPOJIOB, 00BEM JIIEKTPOIHUTA, MEXIIEKTPOLHOE
paccTosiHHE), Marepuan 3JIEKTPOJIOB, COCTaB
QIIEKTPOJINTA. DJIEKTPOJIUT B JIAHHOW CHUCTEME Hrpaer
pelIanyo poIb, MOCKOJIBKY ero
JIEKTPOIIPOBOANMOCTD orpenessieT MOIITHOCTh
TEIUIOOTAAYH, a COCTaB - KOPPO3HOHHO-
JNEKTPOXUMHUYECKYIO CTOUKOCTB 3JIEKTpo10B. [Ipu sTOM
HEOOXOANMO YYMTHIBATh, YTO CBOMCTBA 3JEKTPOJINTA
CYIIECTBEHHO 3aBHUCST OT TEMIEPATYPHI U IABJICHHUS.

Hamu co3naH psin 371€KTPOIUTOB AJIsl HOHHOTO
HarpeBaresst, mox obmeir  mapkoit  «TOITHMOHY,
KOTOPBIC YIOBJICTBOPSAIOT BCEM O3KCIUTYTAallUOHHBIM
TpeOOBaHUSAM.  DJIEKTPOJHUT  IIPEICTaBIsET  COOOM
NpO3pavyHyl0 KHIKOCTH - BOIHBI pacTBOp C
J00aBICHNEM Pa3JIMYHBIX BCIIOMOTATENBHBIX BEILECTB.
IIponsBoauTCsl CEpUMHBIM psAj  AIIEKTPOIUTOB TS
HarpeBaTeled  pasiMyHOM  MOIIHOCTH M THIIA.

DNEeKTPOIUT MO’KapoB3PHIBOOE30IIaCEeH, pu
COOIOZICHNH DJIEMEHTAPHBIX TPEOOBAHMA TEXHUKH
0€301acHOCTH, DJIEKTPOJIHUT HE OKAa3bIBA€T BPEIHOTO
BO3/ICMCTBUS Ha 3J0pPOBbE JIMI[ CBA3AHHBIA C €ro
HCHBITAHUECM U IPUMCHCHUEM.

Pazpaborana u anpoOnpoBaHa B
MPOMBINUICHHBIX ~ YCIOBHSIX ~ METOAWKa  moabopa
QNIEKTPOJINTA JJIS KOHKPETHBIX YCJIOBUH  pabOTHI
KaKOOH  HedTenoOBIBalOMIel  CKBaXHWHEBL.  Takke
pa3paboTaH TPOCTOM ¥ YIOOOHBI METOJ KOHTPOIIS
Ka4deCcTBa JJIEKTPOJINTA, OCHOBAHHBIA HA U3MEPEHUH €T0
3JIEKTPOMPOBOANMOCTH [8], ¢ TOMOIIBIO H3BECTHOTO
YpaBHEHHUS

X2 = Xu (1Fa(ta-ty)).

[Ipu 3TOM yYUTHIBAJIOCH, YTO B MOJIEBBIX YCIOBUSIX MPHU
U3MEPEHNH DIIEKTPOIIPOBOANMOCTH TOAJNCPKUBATh U
U3MEpATh  TeMIeparypy  DJIEeKTpOJUTa  KpailHe
3aTpyIHHUTENBHO, HOATOMY UCIIOIb30BAIN
ONpENCIICHHBIA paHee B Ja0OPaTOPHBIX YCIOBHUSX
TEeMIepaTypHbld  KO3((OUIMEHT o, COCTaBJISIFOIIUI
BenuuuHy okoso 0.03.

Cucremaruieckue nabopaToOpHEIC
WCCIIEZIOBAaHUSI W MHOTOJICTHSS  OKCIUTyaTaIus
HECKONIBKUX [IECSATKOB HOHHBIX HarpeBareled, B
KOTOPBIX HCIONB3yIoTCca 3nekTponutsl TOIIMOH, Ha
psane mectopoxaeHuid Hedptu TaTapcraHa MoKazamd UX
BBICOKYI0  3(pdextuBHOCTE. Ilpm 3TOM  ciexyer
0COOEHHO OTMETHTH TOT (PAKT, YTO KPOME YBEIHMUCHHS
no0bun  HedTH (cyrounblid mpupoct 10 30%),
CYIIECTBEHHO o0Jseryaercst pabota HACOCHO-
KOMITPECCOPHOTO 00OpY/IOBaHMs, HYTO BBHIPAXKAETCS B
PE3KOM  CHIDKEHMHM KOJIMYEeCTBA €ro OTKa3oB U
HETIOCPEJICTBEHHO CBS3aHHBIX C 3TUM 3aTpaT Ha PEMOHT.
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