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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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METHODS FOR CALCULATING CAVITATORS
FOR DEVICES DESIGNED BY SATBAYEYV UNIVERSITY
FOR CLEANING OIL AND GAS WELLS

Abstract. The article says that with long-term exploitation of oil and gas wells, production wells lose design
capacity over time, and injection wells lose injectivity. After a certain period of time, these wells undergo repair and
restoration work in order to restore the project flow rate and injectivity. One of the reasons for the failure of the wells
is the overfilling of the filter zone with products of chemical and mechanical mudding and the deposition of
mechanical suspensions in the well sump, as a result of which the productivity of the wells decreases below the
permissible limits required by the production regulations.

It is proposed to use special shells designed by Satbayev University for cleaning oil and gas wells using
cavitated liquid as a cleaning agent.

A technique is proposed for calculating the cavitators of these devices for oil and gas wells depending on the
number of cavitation, the flow rate of the flushing fluid, the hydrostatic pressure of the fluid in the well, and the
working pressure of the flushing pump. An example of the calculation of cavitators for the wells of the fields of
JSC "Ozenmunaygas" is given.

Key words: Well productivity, throttle response, repair work, cavitation, hydrostatic pressure.

With long-term exploitation of oil and gas wells, production wells lose design capacity over time, and
injection wells lose injectivity. After a certain period of time, these wells undergo repair and restoration
work in order to restore the project flow rate and injectivity. One of the reasons for the failure of the wells
is the overfilling of the filter zone with products of chemical and mechanical mudding and the deposition
of mechanical suspensions in the well sump, as a result of which the productivity of the wells decreases
below the permissible limits required by the production regulations.

At the Department of Petroleum Engineering, Satbayev University, in the course of research work,
shells were developed for cleaning geotechnological wells that are used for underground leaching of
uranium ores [1,2]. As a cleaning agent, cavitated process water was used. Production tests of these
devices have shown their high efficiency [3,4].

Given the positive effect of the use of these shells, the authors recommend the use of these shells for
cleaning oil and gas wells.

However, due to the fact that the geological and technical conditions of oil wells are fundamentally
different from geotechnological wells (large depths, diameters, used equipment, etc.), there is a need for
theoretical studies to calculate certain units of the device for oil and gas wells.

Special devices create cavitation using sound waves in a fluid. Cavitation bubbles, collapsing, give
rise to shock waves, which destroy particles of contaminants or separate them from the surface. Thus, the
need for hazardous and unhealthy cleaning substances is reduced in many industrial and commercial
processes where cleaning is required as a stage of production.




N E W S of the Academy of Sciences of the Republic of Kazakhstan

Cavitation number. The cavitation flow is characterized by a dimensionless parameter (cavitation
number) [5]:

2

where Py is hydrostatic pressure of the oncoming flow, Pa; P, is pressure of saturated vapor of a liquid at a
certain ambient temperature, Pa; p is the density of the medium, kg/m?; v, is flow rate at the system inlet,
m/s.

The cavitation number can take different values, but cavitation occurs only in the range K = 0.1 - 0.6.
It is known that cavitation occurs when the flow reaches the boundary velocity, when the pressure in the
flow becomes equal to the vaporization pressure (saturated vapor). The boundary value of the cavitation
criterion corresponds to this speed.

For well conditions, the flow pressure depends on the operating pressure of the pump P,, the
hydrostatic pressure of the fluid P located in the well, and the pressure loss in the pipelines P;, through
which the working fluid is transported to the working body, that is:

Py =PB—(P,+P) (2)

Naturally, the magnitude of the hydrostatic pressure of the fluid P located in the well should be less
than the value of the working pressure of the pump and it is determined:

Py, = pgH 3)

where, p is the density of the fluid in the well, kg/m®; g is the acceleration of gravity, m/s*; H is the depth
of the well at which hydrostatic pressure is measured, m.

The magnitude of the pressure loss in the pipelines through which the working fluid is transported to
the working body can be determined by the method described in [5] and the program developed at the
former Department of Technology and Technique for Drilling Wells of KazNRTU named after K.
Satbayev [7].

Due to the fact that process water is used as a cleaning agent (possibly heated to clean tar and paraffin
deposits), the pressure values of saturated vapor of a liquid at a certain ambient temperature are given in
the table below [8].

With an interval of one degree, the pressure (P) of water vapor from the melting point to critical is
given. Up to 100 ° C, the table contains the value of P, expressed in kPa and mmHg, above 100 ° C, the
P value is indicated only in kPa.

Table 1 — Saturated vapor pressure of water from 0 ° C to 374 ° C

t,°C P t, °C P t,°C P
kPa mmHg kPa mmHg kPa mmHg
0 0.61129 4.585 34 5.3229 39.93 68 28.576 2143
1 0.65716 4.929 35 5.6267 42.20 69 29.852 223.9
2 0.70605 5.296 36 5.9453 44.59 70 31.176 233.8
3 0.75813 5.686 37 6.2795 47.10 71 32.549 244.1
4 0.81359 6.102 38 6.6298 49.73 72 33.972 254.8
5 0.87260 6.545 39 6.9969 52.48 73 35.448 265.9
6 0.93537 7.016 40 7.3814 55.37 74 36.978 2774
7 1.0021 7.516 41 7.7840 58.38 75 38.563 289.2
8 1.0730 8.048 42 8.2054 61.55 76 40.205 301.6
9 1.1482 8.612 43 8.6463 64.85 77 41.905 314.3
10 1.2281 9.212 44 9.1075 68.31 78 43.665 327.5
11 1.3129 9.848 45 9.5898 71.93 79 45.487 341.2
12 1.4027 10.52 46 10.094 75.71 80 47.373 355.3
13 1.4979 11.24 47 10.620 79.66 81 49.324 370.0
14 1.5988 11.99 48 11.171 83.79 82 51.342 385.1
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15 1.7056 12.79 49 11.745 88.09 83 53.428 400.7
16 1.8185 13.64 50 12.344 92.59 84 55.585 416.9
17 1.9380 14.54 51 12.970 97.28 85 57.815 433.6
18 2.0644 15.48 52 13.623 102.2 86 60.119 450.9
19 2.1978 16.48 53 14.303 107.3 87 62.499 468.8
20 2.3388 17.54 54 15.012 112.6 88 64.958 487.2
21 2.4877 18.66 55 15.752 118.1 89 67.496 506.3
22 2.6447 19.84 56 16.522 123.9 90 70.117 525.9
23 2.8104 21.08 57 17.324 129.9 91 72.823 546.2
24 2.9850 22.39 58 18.159 136.2 92 75.614 567.2
25 3.1690 23.77 59 19.028 142.7 93 78.494 588.8
26 3.3629 25.22 60 19.932 149.5 94 81.465 611.0
27 3.5670 26.75 61 20.873 156.6 95 84.529 634.0
28 3.7818 28.37 62 21.851 163.9 96 87.688 657.7
29 4.0078 30.06 63 22.868 171.5 97 90.945 682.1
30 4.2455 31.84 64 23.925 179.5 98 94.301 707.3
31 4.4953 33.72 65 25.022 187.7 99 97.759 733.3
32 4.7578 35.69 66 26.163 196.2 100 101.32 760.0
33 5.0335 37.75 67 27.347 205.1
t, °c P, kPa t, °c P, kPa t, °c P, kPa t, °c P, kPa
100 101.32 147 438.67 194 1368.0 241 3403.9
101 104.99 148 450.75 195 1397.6 242 3463.9
102 108.77 149 463.10 196 1427.8 243 3524.7
103 112.66 150 475.72 197 1458.5 244 3586.3
104 116.67 151 488.61 198 1489.7 245 3648.8
105 120.79 152 501.78 199 1521.4 246 3712.1
106 125.03 153 515.23 200 1553.6 247 3776.2
107 129.39 154 528.96 201 1586.4 248 3841.2
108 133.88 155 542.99 202 1619.7 249 3907.0
109 138.50 156 557.32 203 1653.6 250 3973.6
110 143.24 157 571.94 204 1688.0 251 4041.2
111 148.12 158 586.87 205 1722.9 252 4109.6
112 153.13 159 602.11 206 1758.4 253 4178.9
113 158.29 160 617.66 207 1794.5 254 4249.1
114 163.58 161 633.53 208 1831.1 255 4320.2
115 169.02 162 649.73 209 1868.4 256 4392.2
116 174.61 163 666.25 210 1906.2 257 4465.1
117 180.34 164 683.10 211 1944.6 258 4539.0
118 186.23 165 700.29 212 1983.6 259 4613.7
119 192.28 166 717.83 213 2023.2 260 4689.4
120 198.48 167 735.70 214 2063.4 261 4766.1
121 204.85 168 753.94 215 2104.2 262 4843.7
122 211.38 169 772.52 216 2145.7 263 4922.3
123 218.09 170 791.47 217 2187.8 264 5001.8
124 224.96 171 810.78 218 2230.5 265 5082.3
125 232.01 172 830.47 219 2273.8 266 5163.8
126 239.24 173 850.53 220 2317.8 267 5246.3
127 246.66 174 870.98 221 2362.5 268 5329.8
128 254.25 175 891.80 222 2407.8 269 5414.3
129 262.04 176 913.03 223 2453.8 270 5499.9
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130 270.02 177 934.64 224 2500.5 271 5586.4
131 278.20 178 956.66 225 25479 272 5674.0
132 286.57 179 979.09 226 2595.9 273 5762.7
133 295.15 180 1001.9 227 2644.6 274 5852.4
134 303.93 181 1025.2 228 2694.1 275 5943.1
135 312.93 182 1048.9 229 2744.2 276 6035.0
136 322.14 183 1073.0 230 2795.1 277 6127.9
137 331.57 184 1097.5 231 2846.7 278 6221.9
138 341.22 185 1122.5 232 2899.0 279 6317.0
139 351.09 186 1147.9 233 2952.1 280 6413.2
140 361.19 187 1173.8 234 3005.9 281 6510.5
141 371.53 188 1200.1 235 3060.4 282 6608.9
142 382.11 189 1226.9 236 3115.7 283 6708.5
143 392.92 190 1254.2 237 3171.8 284 6809.2
144 403.98 191 1281.9 238 3228.6 285 6911.1
145 415.29 192 1310.1 239 3286.3 286 7014.1
146 426.85 193 1338.8 240 3344.7 287 7118.3
288 7223.7 310 9860.5 332 13187 354 17348
289 7330.2 311 9995.8 333 13357 355 17561
290 7438.0 312 10133 334 13528 356 17775
291 7547.0 313 10271 335 13701 357 17992
292 7657.2 314 10410 336 13876 358 18211
293 7768.6 315 10551 337 14053 359 18432
294 7881.3 316 10694 338 14232 360 18655
295 7995.2 317 10838 339 14412 361 18881
296 8110.3 318 10984 340 14594 362 19110
297 8226.8 319 11131 341 14778 363 19340
298 8344.5 320 11279 342 14964 364 19574
299 8463.5 321 11429 343 15152 365 19809
300 8583.8 322 11581 344 15342 366 20048
301 8705.4 323 11734 345 15533 367 20289
302 8828.3 324 11889 346 15727 368 20533
303 8952.6 325 12046 347 15922 369 20780
304 9078.2 326 12204 348 16120 370 21030
305 9205.1 327 12364 349 16320 371 21283
306 9333.4 328 12525 350 16521 372 21539
307 9463.1 329 12688 351 16725 373 21799
308 9594.2 330 12852 352 16931 373.98 22055
309 9726.7 331 13019 353 17138

To determine the flow rate at the system inlet, we proceed from the following considerations.
It is known that the flow rate depends on the fluid flow rate and the cross-sectional area along which
the flow moves and is determined from the known expression

Q=FV, “4)
where Q is the fluid flow rate (pump capacity), m*/h; F is the cross-sectional area along which the flow
moves (F = 0.785D2), m?; V is the fluid velocity, m/h; D is the diameter of the input section of the
cavitator, m.

Moreover, given that the fluid moves in a circular section (cavitators have a cylindrical shape), the
speed will be equal to

V=% )

D2

— g4 ——
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Substituting expressions (5) and (2) in (1), and solving with respect to D, we obtain the required
diameter of the inlet of the cavitator system

(6)

Based on the foregoing theoretical calculations, a calculation was made to determine the diameter of
the cavitator for a projectile for cleaning oil and gas wells for the conditions of Ozenmunaygas JSC fields.
In order to reduce the time for hoisting operations for cleaning, it is recommended to use a coiled tubing
installation, and for supplying a cleaning agent, it is recommended to use a cementing unit CA - 320
(ANTs-320), with a maximum discharge pressure of 40 MPa and a maximum ideal flow rate of
26 dm® /from.

The calculation of the input diameter for the cavitation number 0.1 is 6.6 mm, and for the cavitation
number 0.6 is 10.5 mm. Thus, the input diameter of the cavitator system for the conditions of the deposits
of Ozenmunaygas JSC should be in the range of 6.6 to 10.5 mm.

Conclusions. 1. Based on the foregoing, a methodology has been proposed for determining the
geometric dimensions of cavitators depending on the pressure of the pump, hydrostatic pressure of the
fluid, the wells located, and the number of cavitation.

2. The input diameter of the cavitator system for the conditions of the deposits of Ozenmunaygas JSC
was determined.
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MYHAWI'A3 YHFBLUJIAPBIH TA3AJIAYFA APHAJIFAH
SATBAYEYV UNIVERSITY K¥PBUIFBICHI YIIIH
KABUTATOPJIAPJBI ECEIITEY 9JJICTEMECI

AnHoTanmusi. Makanajga MyHai-ra3 YHFBUIADBIH V33K KOJJaHy OapbhIChlHAa TMaijagaHy YHFbUIAPBIHBIH
KO0AJTBIK OHIMJIIIITI, all aiijay YHFbUIAPBIHBIH KaObUIIaybl TOMCHICHTIHI JKOHIHAC alThUTabI. JKOOAIBIK OHIMILTIK
NeH KaObUIIayblH KalllblHA KENTIpy MakcaTblHIa Oyl yHFbulapAa Oipiiama yakbITTaH KeHiH jKeHJey-KajllblHa
KENTIpY JKYMBICTApbI XKYpri3iieai. ¥ HFbUIApAbIH ICTEH IIBIFY ceOenTepiniH 0ipi — cy3ri MaHbl aliMarbIHBIH XUMHUSIIBIK
JKOHE MEXaHMKAJIBIK KOJIbMaTalysl OHIM/IEPIMEH TYTAaChINl KATybl )KOHE YHFBI TYOiIHZE MEXaHMKAaJBIK TYHOaIapablH
meryi OOJBIN TaObUTABI, OHBIH HOTHKECIHIEC YHFBI OHIMILIITT OHIIpY perilaMeHTIMEeH Talall eTUIETIH MEeKTI MOHHEH
a3aibIIl KETEl.

MymHaii-ra3 YHFBUTApBIH Ta3zanayra Satbayev University KYpbUIBIMBIMEH Ta3aay arcHTI peTiHAe KaBUTAIHs-
JIAHFaH CYHBIKIICH KYMBIC ICTEHTIH apHaibl CHAPSIITAP/IbI KOJIJIAHY YCBIHBLIA B

By cHapsiarap «Kazatromnpom» KEAK HbicangapsiHia ypaH pylajapbiH JKepacThl CUITUICHAIPY MaKcaThIHIA
OyprbUIaHFaH T'COTEXHOJIOTHMSJIBIK YHFBUIAPBI asKTay KE3CHIHJE, COHIAi-aK KOJIAHBICTAFbl IBIFAPY JKOHE aijay
YHFBUIAPbIHIA )KOHIeY-KajIblHa KenTipy skyMbicTapbid (JKKKIK) xyprisyae eHaipicTiK ChIHAKTaH ©TKI3UII.

OHJIPICTIK CHIHAKTAP OJIAPJBIH JKYMBICKA JXKapaM/bUIBIFbIH JKOHE T'€O0TEXHOJIOTHSUIBIK YHFBUIAp/AbI Ta3aiay
Ke3iHJIe TUIMAUTITiHIH )KOFaphl €KCHIiH KOPCETTI.

MyHaii-ra3 YHFBIIAPBIHBIH T'€0JIOTHsA-TEXHUKAIBIK IIApTTaphl TEOTEXHOJOTHSUIBIK YHFBUIAPIAH KYPBUIBICHI
OoiibIHIa, KabaT KbICBIMBIHBIH MOHI, YHFBI TE€PEHJIrl, KOJIIAHBUIATHIH >KaOJbIK OOMBIHINIA epeKIIeNeHETIHIIKTeH
MYHal-Ta3 YHFBUTAPHI JKaFIaiiblHa apHaJIFaH CHAPS] JIEMEHTTEPIH ecenTey KaKeTTUIITi TYbIHIANIBL.

MyHaii-ra3 YHFbIMANapbl JKaF[IalblHAa OChl KYPBUIFbLIAP/BIH KABUTATOPIAPHIH KABHTAIMS CAHBIHAH, KYY
CYUBIFBIHBIH UIBIFBIHBIHAH, YHFBIIAFbl CYHMBIKTHIH THAPOCTATHKAIBIK KbICBIMBIHAH, JKYY COPAOBIHBIH JKYMBICTBIK
KbICBIMBIHAH TOYEI/II €cenTey o[icTeMeci YChIHBbUIFaH. «O3eHMyHairaz» AK KeH OpHBIHBIH YHFbUIAPbI YIIiH
KaBUTATOPJIAP/IbI €CEIITEeY MBICAIIbI OEpiIreH.

Tyiifin ce3mep: YHFBIHBIH OHIMIIIIT, KaObUIAAYbl, KOHICY-KAJIbIHA KENTIPY >KYMBICTaphl, KaBUTAIMS,
TUAPOCTATUKAJIBIK KBICBIM.
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METO/IMKA PACUETA KABUTATOPOB JIJIsI YCTPONUCTB KOHCTPYKIIUM
SATBAYEYV UNIVERSITY IO OYUCTKE HE®TET'A30BbIX CKBA’KVNH

AHHOTanusi. B crarbe roBOpUTCS, YTO NPU JUTUTENBHON AKCILTyaTalid HETEra3oBbIX CKBaXXHH CO BPEMEHEM
OKCIUTYaTalMOHHBIC CKBAXXWHBI TCPAKOT NPOCKTHYIO IMMPOU3BOAUTCIIBHOCTD, a4 3aKAYHBIC CKBAXKWHBI — MPUEMHCTOCTD.
OTH CKBOXWHBI Yepe3 OINpEeJNeSICHHBIH MPOMEKYTOK BPEMEHH IIOJBEPIaloTCs IPOBEACHHIO PEMOHTHO-BOCCTaHO-
BUTEJBHBIX paboT C LENbl0 BOCCTAHOBJIEHHS INPOEKTHOrO JeOuTa M mpueMucroctdH. OZHOW W3 NMPUYMH BBIXOJA
CKBRXXHH M3 CTPOS ABJICTCS 3apacTaHue MPU(QUIBTPOBOI 30HKI MPOJYKTAMH XUMHUECKOW U MEXaHUIECKOW KOJIbMa-
TallUi U OCAXKICHHUEM MEXaHWYECKUX B3BeCeld B OTCTOMHUK CKBa)XKHHBI, B PE3yJbTaTe YEro MPOU3BOAUTEIHLHOCTH
CKBQ)XMH CHIIKAETCS HIDKE JOMYCTUMBIX TPEENIOB, TPEOYEMBIX PEriIaMeHTOM JOOBIYH.

[peanaraercst Uil YUCTKH HE(PTEra3oBbIX CKBXHH HCIOJb30BaTh CIEIHANbHBIE CHAPSIbI KOHCTPYKIUH
Satbayev University ¢ HCITOTF30BaHHEM B KQU€CTBE OUYUCTHOTO areHTa KaBUTHPOBAHHYIO KUAKOCTb.

OTH CHapsIIBI MPOILIA MPOMBIIIICHHBIE UCTIBITaHUs Ha 00bekTax HAO «KazaTtommpom» Ha cTaum 3aKaHIMBaHUS
TeOTEXHOJIOTUUECKHX CKBAXKUH, MPOOYPEHHBIX C IEJIbI0 TOJ3EMHOTO BBIIICIAYMBAHHUS YPAHOBBIX PYH, a TaKXKe IpU
MPOBEICHUH PEMOHTHO-BOCCTAHOBUTENBHBIX padoT (PBP) akcIutyaTpyeMbIX OTKaYHBIX 1 3aKaYHBIX CKBa)KHH.

[IpoMbIlIIEeHHBIC HCTBITAHUS TMOKa3aJd UX PabOTOCIOCOOHOCTh M BBICOKYIO 3(P(PEKTHBHOCTh NMPH YHUCTKE
T€0TEXHOJIOTMYECKUX CKBAXKHH.

B cBsi3u ¢ TeM, YTO reosoro-TeXHUYECKHE YCIIOBUSI HE()TEra3oBbIX CKBRKWH OTIMYAIOTCS OT I'€OTEXHOJIOTH-
YECKHX CKBAXKHH 10 MX KOHCTPYKIIMHU, BEJIMYUH TUIACTOBOTO JABJICHHS, MIIYOWH CKBAXKWH, IPUMEHIEMOT0 000pYI0-
BaHMS MOSBISIETCS HEOOXOANMOCTD MPOBEICHHUSI PAaCUETOB JIEMEHTOB CHaps/a C LEJbl0 MOJy4YeHHsS KaBUTHPOBaH-
HOM JKUJIKOCTH JIJIsl YCIIOBUiT He)Tera30BbIX CKBAXKHH.

[peanoxkeHa METOIMKA pacueTa KaBUTATOPOB 3THUX YCTPOMCTB Ui YCIOBHI He(Tera3oBbIX CKBaXHH B
3aBUCHMOCTH OT YHMCIIAa KaBUTAIL[UH, PACXOa MPOMBIBOYHOM MKHUIKOCTH, THIAPOCTATUYECKOTO JABJICHHS KUAKOCTH
HaXO/SIIIErocsl B CKBaXKMHE, pabouero JaBieHus MPOMBIBOYHOrO Hacoca. [IpuBeneH npumep pacuera KaBUTATOPOB
JUTs CKBaXXHH MecTopokaeHnit AO «O3eHMyHanTas».

KioueBble c10Ba: NpoM3BOIUTENBHOCTh CKBAXKHHBI, IPUEMUCTOCTh, PEMOHTHO-BOCCTAHOBUTEJIBHBIE PA0OTHI,
KaBUTAIMs, THAPOCTaTHYECKOE AaBJICHHE.
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