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UccnepoBaHune adpcekTuBHocTH anddepeHunanbHbIX WTAHIOBbIX
HAacoCOB ANA f00bIYM BbICOKOBA3KOMN He(pTH

Bonbwas YacTb HeTAHBIX MecTopoXaeHun Poccunitckon dPeaepaunn HaxoaUTCA Ha NO3AHEN CTaAMN IKCNAYATaLUM, NP
KOTOPOI peannsyeTca KOMNIEKC TeXHONIOrMYECKUX U FeosIormyecKux MeponpuaTuin ANs noaaepxavua aebura. Hanéono-
Wwee pacnpocTpaHeHUe NONYYUN METOA AOGLIYM C NPUMEHeHUeM WUTAHTOBbIX HACOCHbIX YCTAHOBOK. OfHAKO KOMMJIEKC
npo6nem, pewaemblil KaK NMPU NYCKe YCTAHOBOK B IKCMJyaTaLuuio, TaK U B npouecce ux GyHKLUOHUPOBAHUA, TpebyeT
pPa3sBUTUA TEXHONOTUU. ITO MO3BOJIUT YYECTb 6ONblIee KONUYECTBO (haKTOPOB, BAUAIOLUX HA IKCNIYATaLMOHHbIE XapaK-
TEPUCTUKN HACOCHbIX YCTAaHOBOK, YBEJIMYMTb MEKPEMOHTHbIV MEepP1oA, a TaKKe Nofo6paTb ONTMManbHble NapameTpbl
3KCnJIyaTUpyemoro o6opyaoBaHus.

B cTaTbe ONMCHIBAIOTCA KOHCTPYKLMA U NPUHLUN AeACTBUA pa3paboTaHHoro auddepeHLManbHOro WTAHrOBOro Hacoca
ANA fo6bIYM BbICOKOBA3KOW Hed)TU M3 ManoAebUTHbIX CKBaXKUH. ina oueHku 3dpdeKTUBHOCTU AuddepeHLManbHOro
WITAaHFOBOr0 HAacoca Co3AaHa MaTeMaTU4YeCcKas Mojiesib COBMECTHOIO ABUMKEHMUA KOJIOHHbI HACOCHBIX WTAHT U NAYHKEPOB
B uuauHApax auddepeHLmanbHOro CKBaXKWHHOIO LUTAaHFOBOrO HACOCA NPY f00bIYe BbICOKOBA3KOIW HedTH U3 ManoaeouTHOI
HaKNOHHO-HanpaBJieHHON He(TAHOW CKBaXKUHbI. C NOMOLLbIO NPefJIOKEHHOIN MOJeNIN NPOTrHO3MPYIOTCA AUHAMUYECKUE
Harpy3Ku Ha NOJIMPOBaHHbIN WTOK. [IpuBeAeHbI pacyeTbl ANA YCNOBUIA peanbHO CKBaXKWHbI, 0CYLLECTBIEHO CPaBHEHUE
C NPOMbICJIOBbIMM faHHbIMU. PacyeTHble guHamorpammol gugdepeHLUanbHOro CKBaXUHHONO LUITAHFOBOF0 HAacoCa CPaBHU-
BAlOTCA C AMHAMOrpaMMaMm CTaHAAPTHOIO CKBAXXKUHHOIO LWUTAHIOBOFO HAc0Ca, CAENaH BbIBOA 0 60Jibliei 3(heKTUBHOCTU
npuMeHeHus auddepeHLanbHbIX CKBaXKMHHbIX WTAHFOBbIX HACOCOB NPU A06bIYe BbICOKOBA3KOM HedTU. PaccmoTpeHo
BAMAHUE BA3KOCTU L06bIBaEMOM NPOAYKLUM U3 MAJIOJEOUTHON CKBAXKUHbI Ha 3P (heKTUBHOCTb padoTbl auddepeHymans-
HOrO U CTAaHAAPTHOr0 CKBAXKMHHOIO WITAHIOBOr0 HACOCa, a TaK}Ke Ha BO3MOXHbIe 0CJIOKHEHMA Npu ux pabote.
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Research of Efficiency of Differential Rod Pumps for Extraction
of High-Viscosity 0il

Most part of oil fields in the Russian Federation are in the late stage of exploitation that necessitates a complex of
technological and geological methods to oil production maintenance. When a flowing well is stopped, the extraction
of the product with the mechanical ways starts. The most commonly accepted method with application of sucker-rod
pumping units. However, the complex problems to be solved in the process of commissioning a pumping units, and in
the course of operation, requires the development of technologies that will allow taking into account more factors
affecting the performance, increase mean time between repairs, and also correctly pick the parameters of operating
equipment. The article consider a description of the design and operation principle of the developed differential sucker
rod pump for extracting high-viscosity oil from low-yield wells. A mathematical model of the joint motion of a sucker
rods and plungers in cylinders of a differential downhole sucker rod pump for the production of high-viscosity oil from
a low-yield directional oil well is presented. Using the proposed model, the behavior of dynamic loads on the polished
rod is predicted in the extraction of high-viscosity oil by a differential well rod pump. Calculations are made for the
conditions of a real well. The calculated dynamometer card of the differential downhole sucker pump are compared with
the dynamometers of a standard downhole sucker rod pump. The calculations are used to explain the effectiveness of
the application of differential borehole rod pumps in the production of high viscosity oil in comparison with standard
borehole sucker pumps. The influence of the viscosity of the produced product from the low-yield well on the efficiency
of the differential and standard borehole rod pump, as well as possible complications in their operation, is shown.
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lmpoko pacnpocTpaHeHHblil cnocob
L06bIYN BbICOKOBA3KOW HEDTH C npuMe-
HEHWEM YCTAHOBOK CKBAXMWHHbIX WTAH-
roebix Hacocos (YCLWH) ocnoxHeH po-
NONHUTENbHO HArpy3Kon Ha KONOHHY
WTAHT, BbI3BAHHO FMAPOANHAMUYECKUM
1 TPAHUYHBIM TPeHMeM. [pu Xofe roNoBKH
6anaHcupa BHU3 KOJIOHHA WTAHT B CUJTY
BCTPEUYHOTO ABUXXEHUS MO OTHOWEHWIO K
KMAKOCTU UCNBITHIBAET rMAPOANHAMUYE-
CKMe CONPOTUB/EHUS, CNOCOBHbIE CHU3UTD
ee BEC BMJIOTb 10 HYNeBOro 3HaveHus [1].
Mpu OBUKEHWUU WTAHT BBEPX HATPY3KK,
BO3HMKaloWMe BCIEACTBME NPOABIEHNS
CUA TMAPOSMHAMUYECKOTO TPEHUSA, BO3-
pacTatoT. CHUXKeHUe MUHUMANBHOW U pocT
MaKCMMasIbHOM Harpy30K Ha WTaHroBYIO
KOJIOHHY Npu nofbeMe BblCOKOBA3KOI
HedTU U3 HAKNOHHbLIX CKBAXWH Bbl3blBa-
10T YBENMYEHUE aMNAUTYAbI HANPSKEHWIA
B MEeTanjie WTaHT NPU aCUMMETPUYHOM
LMKJIe HAarpyKeHUs U NPUBOAAT K YBEJIU-
YeHWI0 aBapPMUHOCTM KONOHH. cnonb3o-
BaHME HACOCOB C BLIHOCHbIM TSXKEJbIM HU-
30M MO3BO/IAET YBEANUYNUTb MUHUMANbHYIO
Harpy3Ky Ha KOJIOHHY, CHU3UTb aMNInTyay
Harpy3oK v n36exaTb 0NacHOCTU «3aBuCa-
HUAY KOJIOHHbI WUTAHT NPY ABUKEHWN BHU3
[2,3]. OTAMymuTenbHOM 0COGEHHOCTbIO pa-
60Tbl HACOCA C BLIHOCHBIM YTAXKEIUTENEM
KOJIOHHbI WITAHT ABNAETCA COBNAaAeHWe No
3HaKy HanpaBfeHUN ABUKEHUS KUAKOCTH
U WTaHr. NoCKoNbKY rMapoANHAMUYECKOE
TPEHWe LWTAHT B XUKOCTU ONnpeaenseTcs
rPagMeHTOM CKOPOCTU HAa MOBEPXHOCTU
LITAHT, KOJIOHHA WTAHT NPU AiBUKEHUMN BHU3
He GYAET UCNbITbIBATH BA3KUX CONPOTUB-
JIeHunit. HanpoTuB, XUAKOCTb, CTEKAS BHU3,
OyaeT «yBIeKaTb» KOJOHHY WTAHT U CMo-
co6cTBOBaTHL ee cBOGoAHOMY XoAy. ITa
0COBEHHOCTb HACOCa BLIFOAHO OTAUYAET
€ro OT CTAaHAAPTHLIX TUMOB HACOCOB [4, 5].
OAHAKO B KOHCTPYKLMU NOTEHLMUANBHO
LeNCTBYIOT CUJIbl, CNOCOBHbIE NPU NOAB-
eme BbICOKOBA3KO HethTW CMeCcTUTb C No-
CaA0Y4HOro Mecta AnddepeHumanbHbIi
LMAVHAP BBEPX, B PE3Y/IbTaTe Yero Hacoc
notepsieT paboTocnocobHocTs. na yaep-
KaHUsA LMANHADPA B paboyeM nonoxeHUu
npefyCMOTPEHbI TOPOUAANbHbIE TPY3bl
(puc. 1) [6-8].

NPUHLIUN PABOTbl HACOCA

C BbIHOCHbIM YTAXENUTEJIEM
KOJIOHHbI WTAHT

LUtaHroBas HacocHas ycTaHoBKa paboTtaeTt
cnepyowum obpasom. Mpu xopne BBEPX
KOJIOHHbI WITAHF 2 BCACbIBAIOW Ml KNnanaH
11 3aKpblBaeTcs nog AeiACTBUEM U36bI-
TOYHOrO AaB/IeHMA B NONOCTU NJIYHKepa
bonblero auameTpa 9 BcnefcTBue ne-
peTeKaHua ra3oXunaKoCTHON CMecu u3
nosocTu, 06pa3oBaHHON LUAUHAPOM 3
M pacnoNoXeHHbIMU ApYr Haf APYrom
nayHxepamu 60NbWEro U MeHbLIEro
puameTpos 9 u 5, yepe3 oTBepcTua 8
B YKa3aHHyto nonoctb. lpn 3ToM HarHe-
TaTeNbHbIA KNanaH 7 OTKpbIBaeTCs U ra-
30XMAKOCTHAA CMeCb [BUKETCA BBEpX
NO XOAY KOJIOHHBI WTAHr 2 CO CKOPOCTbIO,
obecneynBaemoit fOOLIBaEMbIM 06BEMOM
HedTU. BbiNoNHeHHbI B M0N0 BEpPXHEN
yacTu dunbTpoBoro rpysa 12 ¢unetp 16
0YMLLAETCA, NPOXOAA BTYAKY-CKpeboK 15,
YTO COKpALLAET YNC0 NOJ3EMHBIX PEMOH-
TOB M0 NPUYMHE 3acopeHuns GuasTpa 16.
TopoupanbHele rpy3bl 4, pa3MelleHHble B
BEpXHeil YacTu UManMHApa 3 yaepxusaioT
ero, NpenATCTBYA CTParuBaHUIO Npu xXofe
KONOHHbI WTaHr 2 BBepx. [pu xoae BHU3
HarHeTaTesbHbINM KnanaH 7 3aKpbiBaeTcs
13-33 CHUXEHUA AaBieHna B NONOCTH,
00pa30BaHHOI LMAUHAPOM 3 U pacnono-
EHHbIMU APYr HaJ APYrOM MyHXKepamu
60/bWEro U MeHbLEro [UaMeTpos 9 1 5,
BCacbiBaloWMit KnanaH 11 oTKpbiBaeTCS
3a CyeT AaBjieHUs Ha NpuUeMme Hacoca, B
nayHxep 60Mbluero gnameTpa 9 noctynaer
ra3oXuAKoCTHaA cmech Yepes punbtp 16.
OunbTpoBLIN rpy3 12, HAXOAALWMIACA BHE
MONOCTU HACOCHO-KOMMPECCOPHbIX TPY6O
1, o6neryaet BUKEHUE NIYHKEPOB 51 9
W KOJIOHHbI WTAHT 2 BHU3 B BA3KNUX Cpefax,
npu 3TOM ra3oXMAKOCTHAA CMeCb, HaXo-
AAWAACA B HACOCHO-KOMNPECCOPHBIX TPy-
6ax 1, BceM 06bEMOM NepeMeLLaeTcs BHU3
No XOAY ABMXEHUA KONOHHbI WTAHT 2.

PACYET HATPY30K

HA WUTAHTOBYIO KOJIOHHY

B paborte [7] 6bina npeacTaBfieHa auHa-
MUYECKas MOLEsb OAHOOCHOrO pacTs-
KEHUA-CIKATUSA WTAHFOBON KONOHHBI.

Puc. 1. Cxema YWICH-Y [8]:

1 - KOJIOHHA HaCOCHO-KOMNPECCOpHbIX TpyO;

2 — KONIOHHA WTaHr; 3 — UWANHAP;

4 — TopoMAanbHble rpy3bl; 5 — NAYHXKEp
MeHbLIEro AMamMeTpa; 6 — HarHeTaTeNbHas
KnanaHHas KOpoOKa; 7 — HarHeTaTebHbli
KnanaH; 8 — oTBepCTUA; 9 — NAYHXKep Gonblero
AvameTpa; 10 — nepenyckHOM Knanak;

11 - BcacblBaloWmi knanau; 12 — GuUALTPOBbIi
rpy3; 13 — pe3anHoBble KONbLa; 14 — nocagoyHoe
MecTo; 15 — BTyNKa-ckpebok; 16 — hunstp

Fig. 1. Structure of UShSN-U [8]:

1 - tubing string; 2 — rod string; 3 - cylinder;
4 - toroidal goods; 5 - smaller diameter
plunger; 6 — injection valve box; 7 - injection
valve; 8 - holes; 9 - larger diameter plunger;
10 -relief pump; 11 - sucker valve; 12 - filter
weight; 13 — packer rubber; 14 - seat;

15 - scraper plug; 16 - filter
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Tabnuua 1. XapaKTepucTuKa CKBaXXMHHbIX YCIIO0BUIA

Table 1. Description of borehole environments

cKB. 13 cKB. 18 CKB. 41
well No. 13 well No. 18 well No. 41
[nnHa wTaHroBo KONOHHBI, M
Rod string length, m 176 192 104/104
[lnameTp HAaCOCHBIX WTAHT, MM
Sucker-rod diameter, mm 19 19 19/22
Inametp nAyHKepa Hacoca, MM 38 27 27
Pump plunger diameter, mm
BHYTpeHHMI AUamMeTp HaCOCHO-KOMNPECCOPHON TPy6bl, MM
. 62 62 62
Tubing bore, mm
3a30p MexAy NAYHXepoM U LUAUHAPOM, MM (€CTM HEM3BECTHO, TO FPynna NoCcajKu) . . .
: R . K Fit 2 Fit 2 Fit 2
Plunger-cylinder clearance, mm (if unknown, then slacking-off series)
Aauna xopa, m. 11 0,9 1,2
Plunger stripping, m
Yucno KayaHui B MUH
Number of pumping/min 6 %5 4
Anura nayrwepa, u 1,295 1,295 1,295
Plunger length, m
NnoTHOCTL BOAbI NPU HOPMaNbHbIX YCNOBUAX, KI/M3
Water density at standard conditions, kg/m? 1009 101 101
MNoTHOCTb HE(TU NPU HOPMANBHBIX YCNOBUSAX, KI/M3
0Oil density at standard conditions, kg/m? o 894 907,4
MNOTHOCTb rasa npu HOpPMasbHbIX YCAOBUAX, KI/M?
Gas density at standard conditions, kg/m?* 0.7 0.77 0.77
06B0aHEHHOCTb, %
Water cut, % 89 86 65
BA3KoCTb BOAbl NpU HOPMasbHbIX ycnoBuax, mMa-c _ _ _
Oil viscosity at standard conditions, MPa-s
BA3kocTb HedTH NpU HOpPManbHbIX ycaoBusx, mMa-c
0Oil viscosity at standard conditions, MPa-s 39,6 25,67 30,46
BszkocTb 06BoaHeHHOM HedTH, MMa-c
Water-cut oil viscosity, MPa-s 146 98 213
Mapka Hacoca 25-150 RHAM 20-106 RHAM 20-106 RHAM
Pump type 10-4-1.5-1.5-HN-SS | 10-4-1.5-1.5-HN-SS | 10-4-1.5-1.5-HN-SS
Debur, m3/cyT
Production rate, m*/day 272 231 588
P,H P =5698H P,H P =5980H
6000 6000
4500 4500
3000 3000
1500 1500
S, MM (mm) S, Mm (mm)
0 300 600 900 0 300 600 900
a) a) 6) b)

Puc. 2. InHamorpammbl CTaHAAPTHOrO (a) M yCOBepLEHCTBOBAHHOTO (6) WTAHrOBbIX HACOCOB Ha CKB. 18
Fig. 2. Dynanometer cards of standard (on top) and advanced (on bottom) sucker-rod pumps in well No. 18
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Tabnuua 2. XapakTepucTuKM 3KkcnayaTauum anddepeHLnanbHblx WTAHTOBbIX HACOCOB

Table 2. Specifications performance of differential sucker-rod pumps

3HayeHue nokasartens
NcxopHble faHHbIe, pa3MepHOCTb Index value
Initial data, dimensionality cKB. 13 cKB. 18 CKB. 41
well No. 13 | well No. 18 | well No. 41
[lnvHa wTaHroBon KONOHHBI, M
Rod string length, m 176 192 104/104
[lnameTp HaCOCHBIX WTAHT, MM
Sucker-rod diameter, mm 19 19 19/22
[nameTp Manoro nayHxepa Hacoca, MM
. 27 27 27
Small pump plunger diameter, mm
[lnametp Gonblero MIyHIKepa Hacoca, MM 44 38 33
Large pump plunger diameter, mm
BHYTpeHHUI fuamMeTp HACOCHO-KOMNPECCOPHOI TPY6bI, MM
. 62 62 62
Tubing bore, mm
3a30p MeXay NAYHXEPOM U LUAUHAPOM, MM
(ecnu He W3BeCTHO, TO rpynna noc.a,qu) Fit 2 Fit 2 Fit 2
Plunger-cylinder clearance, mm (if unknown,
then slacking-off series)
fanna XO'U'%' M. 11 0,9 1,2
Plunger stripping, m
Yucno KavaHuit B MUH
Number of pumpings/min 6 55 4
finuka nayokepos, m 1,295 1,295 1,295
Plungers length, m
[le6ur, m3/cyT
Production rate, m*/day 333 378 7.84
7000
P =5880H
P ..=5324H
4000
T
2 3000
2,
&
3+
T 2000
1000
0
-050 -040 -030 -0,20 -0,10 0,00 0,10 0,20 030 040 0,50
MNepemelweHne, M
— YCWH-Y CraHpapTHbli

Puc. 3. IuHamorpammbl CTaHAAPTHOTO M YCOBEPLIEHCTBOBAHHOTO WTAHIOBbIX HACOCOB MO PACYETHOI

MOZENW ANs ycnosui cke. 18

Fig. 3. Dynamometer cards of standard and advanced sucker-rod pumps according to the design model

for the environments in well No. 18

B 37T0it MOAEIM NPUHATO AONYLLEHME, YTO
WTAHrOBas KOJIOHHA NpeacTaenser co6oi
ANVHHBIA CTEPXEHb OAHOTO AMameTpa.
Mpu 3TOM B pacyeTte ruapoaMHaMmUYecKo-
o TPEHMs WTAHT 0 TpyObl YYUTLIBANOCH
CONPOTUB/EHME, BO3HUMKAKOLEE B My(TaX.
Bce Teopetuyeckue u amnupuyeckue
3aBUCUMOCTH, HeobXoguMble fis onpe-
[eNeHns Harpy30K Ha WTAHrOBYIO KOJIOH-
HY, 06LEeNpPUHATLI B HE(TENPOMBICIOBOM
NpaKTUKe, NO3TOMY B 3TON CTaTbe Npu-
BefeHbl TOJIbKO ypaBHeHWe KonebaHus
WTAHT ¥ BO3MYLLAIOWASR CUNa.

YpaBHeHuWe KoNlebaHWs WTaHr OnuchiBa-
€TCA BOJIHOBbIM YPaBHEHWUEM NPOLONbHBIX
yNpYrux KonebaHui cTepiKHs:

%u

T 8U.F, (1)

ox?

rne t — Bpems, ¢; X — KoopanHaTa Jla-
rpaHXa no LJWHE WTAHTOBOMN KOJOHHbI,
M; u(x,t) — nepemelyeHne GUKCUPOBAHHOIA
TOYKM LITAHTOBOM KONOHHBI, M; F — yaesb-
Has BHEWHAA CUNa Ha efUHULY MacChbl
WTaHrK, 0ObEeMHas UM NOBEPXHOCTHaH,
H/kr; c= \/%— CKOPOCTb PacnpoCTpaHeHus
ynpyrux gedopmauui,, m/c; E — mopynb
tOHra ctanu, Ma; p, — NNOTHOCTL CTany,
Kr/m3.

YpenbHas BHelWHAR cuna, feicTeyowas
Ha LWITaHr 1, ONpefenseTcs 3aBUCUMOCTbIO:

_(p,—p) 16

e e G- dys
POy - SN
ytp(at+w) PS'S,, (2)

rae p — cpeaHsas nnoTHocTb cmecw B HKT,
Kr/M%; g — ycKopeHue cBoOOAHOro naje-
HUS, M/C?; o — Yro/l HAKJIOHA CKBAXMUHbI
K BEPTUKanu, paauad; S — niowagb no-
MepeyHOro CeYeHUs HaCOCHOM WTaHr K, M2;
d — pnameTp WTaHry, M; d, — BHyTPEHHMI An-
aMeTp HaCOCHO-KOMNPECCOPHON Tpy6bl, M;
H, — AMHAMUYECKaA BA3KOCTb XUAKOCTH,
Ma-c; w(x,t) —CKOpOCTb ABMKEHUA CMECH
B HACOCHO-KOMMNpeCcopHoii Tpybe, M/c;
f - KO3 DULUNEHT TPEHUA WTAHT O HAco-
CHO-KoMnpeccopHyto Tpy6y; N — yoenbHas
npuxumarowas cuna, H/m.

Bce 3aBucumocTu ans onpepeneHus
BHELWHeN cunbl NpuBeaeHsl B pabote [9].
[ins oueHKM 3pPeKTUBHOCTU NPUMEHEHNUSA
AnddepeHLManbHOro WTaHroBoro Hacoca
ANs B06bIYM BbICOKOBA3KOI HehTU Npes-
Nlaraetcs pewuTs 3aAavy onTUMU3auum.

38

TEPPUTOPUA HEDTEIA3




PH P =6079H
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PH P =6480 H
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a)a)

6) b)

Puc. 4. AnHamorpammbl CTaHRAPTHOTO (@) U yCOBEPIIEHCTBOBAHHOTO (6) WTAHrOBbIX HACOCOB CKB. 41

Fig. 4. Dynanometer cards of standard (on top) and advanced (on bottom) sucker-rod pumps in well No. 41

Mpu 3TOM BO3MOXKHA peann3auus aByx
cueHapues:

1) obecneyeHne MUHUMANbHbIX TPUBEJEH-
HbIX HaNPAXEHWI B KONOHHE WTAHT Npu
3alaHHOi MMHUMANbHOW NOfaye Hacoca;
2) obecneyeHue MaKCMManbHOM Nogayu
Hacoca npu 3aaHHOM MaKCUMabHOM
3HAYEHUM NPUBEAEHHbBIX HANPAKEHWIA.
Ina cpaBHeHna 3 deKTUBHOCTU AND-
thepeHLManbLHOTo WTAHTOBOrO Hacoca U
CTaHJapTHOTO WTAHIOBOrO HAacoca Heoob-
XOAMUMO PEeWnTh 3a8a4y ONTUMU3ALUMN ANS
ABYX CJly4YaeB W BbIOPATb ONTUMANbHbIN
BapuaHT.

[ins Bepudukayum mopeneit us pabotol [9]
W pelweHuns 3a4ayu onTUMU3aLnUmM Gbinu
BblOpaHbl CKBAXMWHbI, B KOTOPbIX ObiN
NPOBefEeHbl OMbITHLIE UCTBITAHWUA AUd-
thepeHLManbHOro WTAHrOBOrO Hacoca.

PE3V/IbTATbI OMbITHbIX UCNbITAHUIA
ANOOEPEHLMANBHOIO
LITAHFOBOI0 HACOCA

B ckB. 13, 18 1 41 6bINM cONOCTaBAEHbI
LaHHbIE M0 IKCMJIyaTaLum WTAHrOBbIX Ha-
COCOB C YTAXKENEHHbIM HU30M 1 anudde-
PEHLMaNbHLIMM WITAHFOBbIMM HACOCAMMU.
B Tabn. 1 npuBefeHbl XapaKTepUCTUKL
CKBAXWHHbIX YCNOBUIA O UCMBITAHUSA
AnddepeHunanbHbIX WTAHFOBBIX Ha-
COCOB.

Bbicokas 06BogHEHHOCTb HedTW NpuBO-
LWT K 3HAYUTENbHOMY YBENYEHMIO BA3-
KOCTM 0TKAYMBAEMOI XUAKOCTH, NO3TOMY
CTaH[apTHbIE WITAHTOBbIE HACOChl 060pY-
LOBANUCh YTAXKENEHHbIM HU30M BECOM
40-60 Kr.

XapaKkTepuCcTUKN UCNbITbIBAEMbIX JU-
(hepeHUManbHbIX WTAHFOBLIX HACOCOB
npencTaBeHsl B TabA. 2.
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Puc. 5. luHamorpamMmbl CTaHAAPTHOTO M YCOBEPLIEHCTBOBAHHOTO LWITAHTOBbIX HACOCOB MO PacyeTHOM

MOAENN ANA yCNoBuid ckB. 41

Fig. 5. Dynamometer cards of standard and advanced sucker-rod pumps according to the design model

for the environments in well No. 41

Bce ckBaMHbI NOKa3anu npupocT AebuTta
no HedTu. MpupocT febuta obbACHAETCS
MEHbLWUM BAUSHUEM YANMHEHUA KONOHHbI
WTaHr Ha 3¢ deKTUBHOCTL paboThl ycTa-
HOBKM.

JnHamorpammel, noayYeHHble B NPOMbIC-
JIOBbIX YCNIOBUAX Ha CKB. 18, npeacTaBne-
Hbl Ha puc. 2-3.

MakcumanbHas Harpy3ka Ha KONOHHY
MPaKTUYECKN HE U3MEeHUNAcb NpU CHU-
KEHUU NPUBELEHHBIX HANPSAXKEHNN Ha
8 % — ¢ 13,8 po 12,8 MMa.

[lnHamorpammsl co cKB. 41 npuBepeHsl
Ha puc. 4-5.

B ckB. 41 npuBeAeHHbIe HaNpsAXeHUs
HACOCHbIX WTAHT CHU3UAUCL Ha 22 %.
CywecTBeHHOE CHUXEHWe NpUBEAEHHbIX
HanpaXeHWn B CpaBHeHUU CO CKB. 18
06yCNOBNIEHO BO3pACTaHUEM CUJT TUAPO-
AMHAMUYECKOro TPEHMA 33 CHeT BbICOKOM
BA3KOCTM 06BOfHEHHOMN HedTH (NOpsAKa
200 mlMa-c) B gaHHOM ckBaxuHe. CpaBHe-
HUe NPOMbIC/IOBbIX AAHHBIX C pacYeTHbIMU
npuBeAeHo B Tab. 3.
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Ta6n|/|ua 3. CpaBHeHme NPOMBbIC/IOBbIX U PACHETHBIX AdHHBIX MO CTAHAAPTHOMY U JJ,I/ICbeEpEHLI,MaJ'IbHOMy WTAaHroBbiM HacoCcam

Table 3. Comparison of field and design data for standard and differential sucker-rod pumps

Cks. 13 Cks. 18 Cks. 41
Well No. 13 Well No. 18 Well No. 41
NapameTtp Mopenb Hacoca
Parameter Pump model Mpombicnosble | PacyeTHble lpombicnoBbie | PacyeTHble Mpombicnosble | PacyeTHble
AaHHble AaHHble AaHHble AaHHble AaHHble faHHble
Field data Design data Field data Design data Field data Design data
MaKcumMansHas gz:gjfg“b'” 6017 5860 5698 5324 6079 5292
Harpyska -
Peak load ﬁ?f?e‘*r’:ﬁ;:t‘”a”"”b'” 6017 6164 5980 5880 6480 6294
CTaHpapTHbIN
NpBeaenHbie Standard 17,2 16,5 13,8 12,6 11,5 10,5
HanpsxeHus, MMa .
Reduced stresses, MPa ﬁ;?;?;?;:tmanblﬁm 15,9 15,3 12,8 11,6 9,0 8,2

PacxoxaeHue MeXay pacyeTHbIMU 1 Npo-
MbIC/IOBbIMU 3HAYEHUAMU NPUBELEHHbIX
HaNpsHKEHW B HACOCHBIX WTAHTaX CoCTa-
BUNO He Gonee 8 %.

MonyyeHHble faHHbIE CBUAETENLCTBYIOT 06
V[I0BIETBOPUTENIbHOM CXOAMMOCTH Npo-

MbICJIOBbIX U PaCHYETHbIX AaHHbIX, NOJIy4EH-
HbIX C MOMOLLbI0 MAaTEMATUYECKON MOZENN.

3AKJIOYEHUE
Pa3paboTaHa MeTofMKa OLeHKM 3 dek-
TUBHOCTM PaboTbl WTAHTOBLIX HACOCHBIX

YCTaHOBOK MpK OTKa4yKe BbICOKOBA3KOW
HedTH.

OnbITHbIE MCNBITAaHUA NOKA3anu yfoBne-
TBOPUTENbHYIO CXOAUMOCTb pa3paboTaH-
HbIX MaTEMAaTUYECKUX MOAeNelt C NpoMbIC-
NOBbIMU LAHHbLIMW.
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