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OLEHKA 'HIPOJUMHAMHUYECKUX TAPAMETPOB BOCXOJSLIEIO
MMOTOKA ITPA IN®TUPOBAHUMU BA3ZKOU KNJKOCTH

Pazpaborana maTemaTu4yeckasi MoaeJb U3BJIeYeHHUS BA3KOMIACTHYHOM KU/~
KOCTH ¢ moMouibio 3pjudra. Ha ee ocHOBe ycTaHOBJ/IEHO U3MeHeHHE CBOICTB
ra3o:kKHIKOCTHOH CMeCH BI0JIb CTBOJIA CKBAYKHHBI, YTO I03BOJINJI0 MUHUMH-
3UPOBATh PAacXo/l IHEPTrUH 3aTPAUYMBaeMOil HA MOAbEM KUJIKOCTH.

With the help of airlift the mathematical model of viscoplastic fluid extraction
is developed. As a result the liquid-gas mixture properties changing along a
borehole, that has allowed to minimize power consumption on liquid lifting is
assigned.

Beenenue. [1Inpoko mpuMeHsIEMBIi B IPaKTHKE pa3pabOTKA HEPTSIHBIX U Ta30-
BBIX MECTOPOXKIECHUN HACOCHBIN MOABEM KUAKOCTEH U3 3eMHBIX HEJp Ha JHEBHYIO
MOBEPXHOCTH COMPSDKCH ¢ OONBIIUMHE 3aTpaTaMu dHeprun. KpoMe Toro, ycTaHoBKa
HACOCOB B CKB)XHHAX MAJOTO AMaMeETpa, MCIIOIB3yEMbIX IIPH OCBOCHHUH JIOKAJb-
HBIX MECTOPOXKICHUHN JKUIKHUX MOJIC3HBIX UCKOMACMBIX, IIPUBOJHUT K UX OBICTPOMY
W3HOCY W CTaHOBHUTCS HEIPPEKTUBHOHN. ANBTEPHATHBHBIM CIOCOOOM TOOBIYH
BSI3KUX JKUIKOCTEH SIBIIICTCS KOMIIPECCOPHAS AKCIUTyaTaIlisl CKBAXXHH C TIPUMCHE-
HHEM BO3IYIIHBIX MMOABEMHHUKOB — pIH(TOB. IIpr 3TOM MOIBEM KHUAKOCTH IIPOU-
CXOJIUT TIOCPEJICTBOM IOJIAIOIIETOCS B CKATOM BHUJIC M CMEIIMBAEMOI0 C HEH Ta3o0-
obpa3Horo pabodero areHra (rasa, BO3ayxa WM 1mapa).

[ToBrImeHne peHTa0eIFHOCTH JOOBIYM BSA3KHX JKUIKOCTEH BO3MOXKHO ITyTEM
COKpAIIICHUSI HETPOMU3BOAUTEIBFHBIX YHEPIeTUIECKUX 3aTPaAT, BO3HUKAIOMIUX ITIPHU
HeaJleKBaTHOM y4YeTe M3MEHEHHUS THIPOANHAMIYECKUX MMapaMeTpoB THQTHPYEMOit
CMECH IO BBICOTE MOABEMHBIX Tpy0. [ToaToMy ompenencHie ocoOeHHOCTEH BOCXO-
JIIIIETO MTOTOKA, BHI3BAHHBIX HEPABHOMEPHBIM paCIpElCIICHUCM JaBICHUS BJOJb
CTBOJIa CKBXXHHBI, IBJSICTCS aKTYAIbHOW HAYYHO-TIPAKTHYCCKON 3a/1aUci.

du3nyeckue 0CHOBBI Mofean. Cxema pabOThl BO3AYIIHOTO MOJbEMHUKA IS
OTKAYKH BSI3KOIUIACTHYHOMN >KUAKOCTH, MpUBEJCHA Ha puc. 1. B ckBaxkuHBI, yepe3
KOTOPBIC IUIAHUPYETCS MPOU3BOAUTH €€ OTOOp, CIyCKAIOTCS IBa psijia HACOCHO-
kommpeccopubix Tpyo (HKT). Bayrpennue TpyOsI 1 cirykat amis mojadd Bo3ayxa
gepe3 Oammak spiaudTa 2 K 320010 CKBaXHWHBI 3, BHEIIHUE 4 — 7S TTOJHATHS Ta-
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30KHIKOCTHOW CMECH Ha MOBEPXHOCTE.

IIpu otcyTcTBUU 0TOOpa M3 CKBaXKUHBI )KUIKOCTh B HKT 1 06canHOl KOIOHHE
OyneT HaxoIWThCSA Ha ogHOM ypoBHe. [Ipm 3TOoM maBieHue ee croyiba Ha 3ab0e
CKB)XMHBI OYJIET paBHO IJIaCTOBOMY. HarHeTaemplil 10 BO3IYITHOW TpyOe BO3AYX
BBITCCHHUT M3 HEE KHIKOCTh 0 Oammaka 3piudra, a 3aTeM HAYHET IOCTYIaTh B
MOJTBEMHYI0 TPYOY, CHIDKAsl TEM CaMbIM IUIOTHOCTh HAXOMSIICHCS B HEH JKUAKOC-
TH, 4TO IIPUBEJIET K ee noabeMy. [Ipu HenpephIBHON Mojadye BO3AyXa ra30kKHIKOC-
THasl CMECh IMOJTHUMETCS IO YCThSI CKBaXKHHBI M TIOCTYITUT B TPYOOIPOBOIEI.
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Puc. 1. Cxema spmudra it JoObIMH BI3KOIUIACTUYIHON KUAKOCTH: 5 —00caHast KOJIOHHA;
6 — TMHAMUYECKHUI YPOBEHb; 7 — QWIBTP; 8 — HANIPaBJICHUE TCUCHUS KUIKOCTH

B mecre BXona rasa B MOABEMHYIO TPyOy B COOTBETCTBHH C €T0 PacxXolIOM
yCTaHaBJIMBaeTCs HadabHOE maBieHue (P;). [Ipu aToM naBienue Ha 3a00e CKBa-
JKMHBI OyZIeT NMPOIOPIHOHAIBHO BBICOTE CTOJI0A YKUAKOCTU OT 32005 10 AWHAMU-
YeCcKOro ypoBHS. B ycTbe HAacCOCHO-KOMITPECCOPHBIX TpyO, IpH BBIXOJE U3 Hee
CMECH, TaK)K€ YCTAaHOBHUTCS JAaBJE€HUE, PABHOE JABJICHUIO CPEAbl, B KOTOPOH pabo-
taet 3paudT (P,). Takum 00pa3zoM, Ha HAXOASIIYIOCS B IOJBEMHHUKE CMECh OyaeT
TIOCTOSIHHO JICHCTBOBATh I'PAJMECHT JaBIICHUS, OOYCIIOBIMBAIOIINI N3MEHEHHE €e
THUIPOAVMHAMHUUECKUX MapaMeTpPOB.

IIpu cocTaBieHNN MaTEeMAaTHIECKOW MOJETH JTUPTHPOBAHUS BI3KOIUIACTUIHOM
JKUJKOCTH OBIIM TIPHHSATHI CJIEAYIONIME NOMYIIEHH: 1) pacuMpeHue rasza mpowuc-
XOIHT B U30TCPMHUUECKOM PEXKHIME BCICACTBHE 3HAYUTEIHHOTO MPEBBIMICHIS TETI-
JIOEMKOCTH KHUIKOCTH HaJ TEIUIOEMKOCTBIO Ta3a; 2) Ta30’KUAKOCTHASI CMECh IMEET
YETOYHBIM THUI TOTOKa BO BCEM J[MANa30HE M3MEHEHHs pPACXOIO0B BO31yXa;
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3) motepu naBneHus B 3piu()Te, BHI3BAHHBIC MECTHBIM COMPOTHUBICHUEM U YCKO-
PCHHEM, HE YUUTBHIBAIOTCS, BBUAY JOMHHHUPYIOIIETO BO3ACHCTBUS OTEPDh, 00YCIIO-
BJICHHBIX THAPOCTATHYCCKIM CTOJIOOM cMecH U TperueM (98%) [1].

MeTtoauka MoaeupoBanus. /s onpeaeaeHus MPOU3BOIUTEILHOCTH IPIIUd-
Ta TMPHU OTKAYKE BS3KOW JKUIKOCTH HEOOXOIAMMO HAWTH TIyOWHY MOTPYKCHHS €ro
OamMaka moa AUHAMHYECKHH ypoBeHb (A, puc. 1), a Takke pacxolx W JaBlIcHHE
3aKauMBACMOT0 Ta3a. DTOT PacyeT CBOAMUTCS K aHANM3y pPa3INYHBIX BapHUAHTOB
3HAYCHHH, [TOJICIKANIUX OMPEICIICHHIO BEJIMYNH, U MOCTPOCHUIO KPUBBIX PacIipe-
JICIICHYSI JABJICHUS C ICNIBI0 YCTAHOBJICHUS ONITUMAIFHOTO pekKUMa PabOThI TOb-
emHuKa. [Ipr 9TOM CyMMapHBIN TPagUCHT MOTEPh JABICHUS B HEM MOJKHO OIpeje-
JINTH U3 BBIPAKCHHUS:

oP (0P, opP,,
= e |4 ___mp
dz dz dz

rae OP — o6uas noTeps AaBICHUS B MOABEMHHKE; OP

) ey

oP,, — noTepH 1abie-

s
HUS, O0YCJIOBJICHHBIC THIPOCTATUICCKAM CTOJIOOM CMECH M TPCHHEM COOTBETCT-
BEHHO.

IToTepst maBieHus, BRI3BaHHASI CHJION TSHXKECTU HA YYaCTKE TOIBEMHON TPYOBI
JUTHHOM z; (puc. 2), OyneT paBHA

APCMi = Azipc,uig ’ (2)
Tac pc.w — IINIOTHOCTH FaSO)KPIZ[KOCTHOﬁ CMECH; & — YCKOPCHHE CBO60,Z[HOFO nmage-

HHA.
3aBUCHMOCTD INIOTHOCTH CMECH OT Tras’ocoACpKaHusd IMOTOKA UMEECT BU

pc,ui :pm_%(lomc_peos)’ (3)

B KOTOPOH MCTHHHOE 00BEMHOE Ta30CoJepiKaHNe IMOTOKA OMPEAEAETCS TI0 COOT-
HOIICHUIO [2]

¢, =0,8334,, 4)
a 00bEMHOE PacXOAHOE ra30CoAepIKaHNe:
V.
R &)
o+V,
rne 0,.,,Vn P,., Q—IOTHOCTb, PACXOA BO3AyXa H JKHIKOCTH COOTBETCT-
BEHHO.
[Ipu aTOM pacxon Bo3myxa ONPENEIsIeTCs U3 BBIPAKEHHSA
V=R_0, ©)
a ero o0beM Ha yJacTke z; 1o 3akoHy boitns-Mapuotra:
PV, = const, @)

rae R, — yAeTbHBIA pacxoi BO3AyXa Ha OAWH KyO. METp TUPTHPYEMOU XKHUIKOC-
TH.
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— ——>/ P, OTirune MEeXIy UCTUHHBIM W PacXOJIHBIM

ra30co/ep>KaHueM TOTOKa OOBACHSETCS Ipe-
BBILIICHUEM JIMHEWHONW CKOPOCTH BO3yXa Hal
CKOPOCTBIO CMeCH B ToabeMHOU Tpyoe. [Ipu
' Az 9TOM CKOpPOCTb CMECH ONPEIEINETCS U3 BHI-
paxeHust

P % w, = @, ®)

P ! : a TIPEBBIIICHUE JIMHEWHOW CKOPOCTH BO3IyXa
' ' ! MIPUHUMAETCS PaBHBIM
| |
b @ =02aq,, 9
E | rae S — IIomaab NOMePEeYHOTO CEYCHUS IO/~
I o
! ! 'BEMHOU TPYOBHI.
! ! Jlna ompeneneHus TpaJueHTa HOTEPh Ha
P TpEHHE MOTOKOM YETOYHOW CTPYKTYpHl B
MOJBEMHOW TpyOe HCIONIb3yeTcs ypaBHe-
P, nue [3]
925107 _,
Puc. 2. Cxema 11 pacueTa AaBJIeHUS B AEnpi =p, 80, WV
HACOCHO-KOMIIPECCOPHBIX TPyOax (10)
spimdTa: D u d — BHEIIHUI U BHYT- 3 ’
. . 081107 -3 u
pennuii muamerp HKT; + e Q1,75 +m (V- Q)K
H — nnvHa BO3YLIHOTO MOABEMHHKA D' np

rac mmp - K03(1)(1)I/IIII/I€HT TpCHUA, OHpe,HCHﬂeMLIi;I 13 BbIpAXXCHUA

m,, =11-10° D73/ Q- 1y (1

M, — BA3KOCTb KHUAKOCTH; K — KO3 DHUIMEHT, 3aBUCAIIUK OT AUaMeTPa MOABbEM-

HOM TpyO®I [3].

PemeHne npuBeICHHBIX YPaBHEHUH OBLIO MPOU3BEICHO B MPOIPaMMHON Cpee
MathCad. Tlo pexomeHnmanusM [4] ycTaHaBIWBAINCh BHEIIHWE W BHYTPECHHHE
nuametpbl HKT u 3amaBancs ynenbHbI pacxon Bozayxa. [locie yero ompenens-
JIOCh paclpeeliCHHEe JaBIICHHS B TIOABEMHBIX TPYOaxX C YYETOM €ro 3aKayKu. ITOT
pacdeT MpOU3BOIUIICS ITyTEM YHCICHHOTO CYMMHPOBaHUS BCEX NMPUPAIICHUH TaB-
neHus AP Ha KaXIOM ydacTke Az; MOIBEeMHBIX TPyO, HAUWMHAS OT JAaBJICHUS P,
(puc. 2). 3amaBmuCh OIaroM W3MCHEHUS JABICHHS, ONPEACIUIOCH JaBICHUC Ha
KOHIIE TIEpBOTO I1Iara, a TaKXKe €ro cpeaHee 3HadeHwe. [Ipu paccYUTaHHOM Cpe-
HEM JaBJICHWH TI0 YpaBHEHHUIO (7) ompenessuics oObeM BO3JyXa Ha 3TOM IIare.
3arem 1o BeIpakeHUsM (4), (5), (8), (9) HaXoaMIIOCh UCTUHHOE U PacX0IHOE ra3o-
coJiep)kaHre TIOTOKA, a TAKXKE CKOPOCTh CMECH W ra3oBoil (as3el. [LIoTHOCTH razo-
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JKUJIKOCTHOM CMeCH OIpeelisiiiach u3 ypaBHeHus (3), a MOTEpH JaBIICHUS HA Tpe-
Hue — mo 3aBucumoctu (10). 3Has obmuit nepenay maBneHus AP, a Takke Hanms
AP,, v p . Ha 3ToM mare, o gopmynam (1), (2) onpenensnack ero JumHa Az;.

AHaJIOTUYHO BBITIOJHSJICS pacdeT A IPYTHX HHTEPBAJOB MPUPALICHUS THHBI
Mexay cocennumu ceuennsimu HKT.

Anpodanus Meroauku. Ha puc. 3 nmpuBeaeHsI pe3yabTaThl pacueTa pacripese-
JICHWs TaBJICHUS B MOABEMHOMN TpyOe apiaudTa ¢ y4eTOM 3aKaunBacMOro BO3IyXa
UL crienyromux  yenosuit: P, = 101325Tla; Q=10 M3/CyT; R,.,. =50 M ;
D=0,15m; d=005M; H=60M  Puos nopm yer= L1 KOM; 11, =107 Tla-c;
Poe = 840 /. Tlonydennas kpuBast (prc. 3; 4) COBMEIIATach Ha OJHOM Tpaduke
C KpUBOH, OTNIpeIeICHHOM 10 JIMHEHHOMY 3aKOHY pacrpe/e/ieHUs JaBJICHUsS B TPY-
0ax o MOMEHTa 3aKavku Bo3ayxa (puc. 3; 1). Touka ux mepecedeHus: COOTBETCT-
BYET JABJICHUIO y Oamimaka 3piudra P; u TIyOHHE ero MOTrpyKEeHUs Mo TUHAMU-
YECKHI YPOBCHB /1. 3a/1aBasCh AUATIA30HOM 3HAUCHHI yJIEIBHOTO pacxojia Bo3ayxa
ot 50 10 300 M’/M° GbLIM ONpeeTeHbl COOTBETCTBYIONIME AHANA30HBI i U P,
(puc. 3; 2, 3).

P, 1,2 14 1,6 P,1.8 P,10° [Ta
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Puc. 3. AHanu3 KpUBEIX pacnpe/ieeHus JaBJICHUs BIOJIb CTBOJIA
HOABEMHBIX TPYO 3paudra:

1 — mo mogaun Bo3myxa; 2, 3, 4 — mocie nozxayuu ¢ yaensHsM pacxogom 300, 100 u 50 MM

Jlnst BBIOOpa parroHaNbHBIX TEXHOJOTHYECKUX IMapameTpoB spiudta (h, P,
R,.), XapakTepu3ylomuxcss MUHMUMYMOM IIOJaBaeMOM B CKBaXXWHY JHEPTrUHU Ha
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CANHUIY pacxoJa )KUAKOCTH, UCITIOJIb30BaJIOCH COOTHOILICHUEC [1]

E_-R, P Inil. (12)

3ak 0~ amm P2

Bapwuanus 3agaBaeMbIX TapaMeTpOB TOKa3ana, YTO palliOHAILHBIA PEXKUM pa-
0O0THI BO3AYITHOTO MOAbeMHUKA (E,, = 2,8 M]JIX) B TaHHBIX YCJIOBHUAX JOCTUTAET-
sl TIPH YACIBHOM PacXoje 3aKauMBacMOTO BO3LYXa Ry, o= 50 M° H COOTBETCTBY-
IOIIeMy eMy JaBiieHuIo y Oammaka P;= 1,75 -10° Ila -

Ha puc. 4 mpuBeneHa 6e3pa3MepHas [eOUTHAS XapaKTEPUCTHKA 3TOTO IpIUdTa
B JMana30He OTHOCHTEIbHBIX MOJaY OT Q = () Ha BOCXOJIAIICH BETBU XapaKTCPHUC-

THKH [0 Qz 0 Ha HUCXOAAIIEH BETBH, YTO COOTBETCTBYET pacxojaM BO3IyXa OT

6apOoTaskHOTO 110 MpernenabHoro. IIpy ee MOCTpoeHNH B KauecTBe OA3WUCHBIX 3Ha-

YeHUI OBUIM MPHHSATHI CIEYIOIUE PACXOIbl BO3IyXa U MPOAYKTUBHOCTH 3pIUd-
3 3

ta: V=553 m/au Q,=20m"/cyT.

0, 1

\
0,8 /
0,6 N
y \
0,2
0 _
0,5 1 1,5 2 2,5 3 35V

Puc. 4. be3pa3zmepHnast nebuTHas XapakTepucTuka spiudra (Q,) IpH IMorbeMe BSI3KOH KHUI-
KOCTH nojayeit Bozayxa (V)

Juis maHHOTO SpiHdTa B ONTUMAIFHOM PEXUME PabOTHI XapaKTEPHO yBEIHUe-
HHE OOBEMHOIO PACXOJHOTO Tra30COAEPKaHMA MOTOKAa OT [ =0,61 Ha ypoBHE

6ammaka 10 S =0,82 Ha usnuse (puc. 5). VIcTHHHOE ra3ocoziepsKaHHe BCIIEACT-

BUE TPEBBINICHNS JIMHCHHON CKOPOCTH Ta3a HaJll CKOPOCTHIO CMECH OYIEeT MMETh
MEHBIINE 3HaYeHus, paBHbIEe @ =(,51 U ¢ = (0,68 COOTBETCTBEHHO.

[I70THOCTD Ta30)KUIKOCTHON CMECH TI0 Mepe ee MoabeMa B TpyOaxX BO3IYITHO-
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TO IIOJbEMHHUKA YMEHBIIUTCS oT p_. =3995 Kr/M°> npu z=5T™m pi (o)
p., = 2487 kr/m> 1mpu z=0. IIpu 5TOM CKOPOCTH BO3AyXa, IMOAABAEMOTO UYepe3

bammMak spimudrta B HKT, Oymer yBenmmuuBathes ¢ 1,15 m/c Ha Oammake [0
2,55 m/c Ha u3nuBe. [IpuBegeHHass CKOPOCTh Ta30KUAKOCTHON CMECH YBEIHYUTCS
¢ 0,9 no 2,3 M/c cooTBeTCTBEHHO (pUC. 6).

zzM 60 / 7
I
50 /
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/ /
40 7 )
A 1 ,’/
30

20 ;
/ ‘
10 V2
/ ’
/7

0,5 0,6 0,7 0.8 09 @5
Puc. 5. I3meHeHue razocoiepkaHust IOTOKA MO BBICOTE MOIBEMHOM TpyOBI apiudTa:
1 — ucTuHHOrO (¢) ; 2 — pacxoHOro (,5)

Z, M 60 / ’¢
yaiitad
50 7

//"/ 2
40 —

/
//
V4
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ya=
20 4
/
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7
[/
0 /

0,5 1,0 1,5 2,0 2,5 3,0 o, Mc

0

Puc. 6. VI3meHeHHe CKOPOCTH ra30)KUAKOCTHOM CMECH U €€ BO3AYLIHOW (a3bl MO BBICOTE
12— @

noaseMHoit TpyOs! spiudra: 1 — A ) 03

cm
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BoiBoabl. C oMoIipi0 000CHOBaHHOM MaTeMaTHYeCKOH Monaenw JI(THpoBa-
HUS BSI3KOIUIACTHYHOM SKHAKOCTU TOJYYEHBI KOJUYECTBEHHBIC DPaCIpeIelieHHs
PacxoHOTO ¥ MCTHHHOTO T'a30CO/EPKAHUS IIOTOKA, IUIOTHOCTH Ta30)KUAKOCTHOU
CMECH U CKOpPOCTEH €e KOMIOHEHTOB BJIOJb CTBOJIA CKBaXKHHBI. JTO TO3BOJIHJIO
YCTaHOBHUTH TEXHOJIOTUYCCKHE TapaMeTphl 3piudTa U cernaparopa, o0ecIednBaro-
IIKe TMOJHATHE CMECH U €€ Pa3JIeICHUE Ha KHUIKYIO U ra30BYI0 a3y Ha palyoHa-
JBHOM PEXHME UX paboThl. JJaHHBIN peXXUM CYIIECTBEHHO COKPATUT SHEPreTHICC-
KHE 3aTpaThl Ha MOJBEM U MEePepabOTKy BS3KOH JKHUIKOCTH, YTO MPUBEACT K CHU-
JKEHUIO ee ce0eCTOMMOCTH.

[IpencraBneHHbIC NCCIIEAOBAHIS BHIIIOIHEHBI TIPH MOIICPKKH (HOHIA Tpaxaa-
Hekux uccaenoBanuii u pazsutusi CRDF CIIA (rpant Ne USB1-021-DP-07 Hay-
9HO-00pa3oBaTenbHoTO 1eHTpa HI'Y).
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