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MATEPWAJTOBEAEHWUE W 3AWWNTA OT KOPPO3UK

Mapaammnn B.P., 3arnaynnn P.B., 3arnayaun T.P., Baknes T.A.

MOJEJIb ®OPMUPOBAHMA ITOJISI OCTATOYHON HAMATHUYEHHOCTU METAJUIA
HAJ1 KOHITEHTPATOPOM MEXAHUYECKUX HATIPSIKEHUY B CTAJIBHOU TPYBE

Illepmaros JI.H., Haymxun E.A., Ky3ees I1.P., Pyonos A.B.

W3MEHEHHE CKOPOCTH PACITPOCTPAHEHUS VIIETPA3BYKOBBIX BOJTH B MATEPHAJTE
3MEEBHUKA PEAKIIMOHHOM ITEYU B IIPOLIECCE DKCIUIVATALIMU

I'ymepos AK., Xacanosa A.P, I'ymepos A.L, Hlammases A.M.
[TPUMEHSEMOCTD BEKTOPA TTOTOKA DHEPI'MU B MEXAHUKE PA3PYILIEHVISA
MALLUMHBI, ATPETATbI U NPOLECCHI HEGTETA30BOW OTPACITI

Xaonbynnun M.A., Cyneiimanos P.H.

TMTOBBIIUEHWE HAJTEXXHOCTHY CBAPHBIX COETMHEHWN TPYBOTIPOBO/IOB B CUCTEME
TOAAEPXKAHUA IINIACTOBOT'O JABJIEHUA

Surupos H.®., Cadpuyramn PA.
WHXEHEPHBIN PACUET CITUPAJIBHOTO CBY-HAT PEBATEJIS 3ABOSI HEGTSIHOU CKBAXKWHBI
VYpazaxos K.P., Xaouoywmmn M.S.

COBEPIIEHCTBOBAHUE KOHCTPYKIIMU CKBAXWHHOTO LIITAHTOBOTO HACOCA JIUTS JTJOBBIUU
JKUJKOCTH C TIOBBIIEHHON KOHLEHTPALIMEN B3BEILIEHHBIX YACTHUILL

Bosioxun A.B., Bostoxun E.A., Apenbexos /I.B.
YCOBEPIIEHCTBOBAHUE BAJTAHCUPHOI O ITPUBOJIA YCTAHOBKHU IHTAHI'OBBIX HACOCOB
T'ymepor A.L, lllammazos A.M., beixos /LI, Toxapes A1l

CHWKEHUE KOJIEBAHUM OBBSI3KY HACOCHBIX AI'PETATOB BUBPOU3OJIATOPAMU
C 3AJIAHHBIMHY CHJIOBBIMU XAPAKTEPUCTHKAMHA
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Y[K 622.276.53-886 DOI: 10.17122/ngdelo-2019-5-114-122

YCOBEPLUEHCTBOBAHUE BAJIAHCUPHOIO NPUBOAA
YCTAHOBKMU LLITAHFOBbIX HACOCOB oGt

IMPROVING THE BEAM-BALANCED PUMPING UNIT

A. B. BonoxuH E. A. BonoxuH A. B. Apcubekos
Arkady V. Volokhin Evgenii A. Volokhin Dmitry V. Arsibekov
AMNOY YP «TonnueHo- YU TIOO «HedTaHOM TeXHUKyMD, AO «benkamHedTb»
SHEPreTUYECKU KONNEemK», . r.WhxeBck, Poccunickas Qepepauua  um AA. Bonkosa,
VbKeBCKUI rocyapCTBEHHbIA r. kesck,

TEXHUUECKUI YHUBEpCUTET Poccuinckan Qegepauns

vmeHu M.T. KanawHvikosa, .
r. VbkeBck, Poccninckas Qepepauus

APEI UR «Fuel and Energy College»,  IP PEO «Oil College», AO Belkamneft named
Kalashnikov ISTU, 1zhevsk, Russian Federation for A.A. Volkov,
izhevsk, Russian Federation Izhevsk, Russian Federation

Cornacio DHepreTHyeckoii crpareruu Poccnn Ha epuont 10 2030 Toma,  KnjoueBbie clnoBa
Ha nipeanpustasx ITAO HK «PocredTs», Statoil, Rockwell Automation

OCHOBHOM LIENBIO ABNSAETCA IMOBBIIIEHNE 0€30MaCHOCTH, SKOHOMHYECKOH rocker head;
5} ¢heKTMBHOCTH, aBTOMATH3aUMM TEXHONOrMYECKUX - POUECCOB. B telescopic balancer design;
pEe3yJabTAaTe MCCNIEOBAHHS Ha OCHOBE IIaTEHTHOTO IOWCKA M aHau3a balancer shoulder;
CYUIECTBYIOUIMX KOHCTPYKUHHE IPUBOIOB CTAHKOB-KaYaJlOK OTNPENETeHbI pumping unit; ladder

HENOCTATKH MX 3KCTLTYyaTallMOHHOTO 00CTy ) uBaHuA. B cTaThe ormuicsiBa-
€TCs YCOBEPLISHCTBOBAHHANA TENECKONMMUECKas KOHCTPYKIHS TOMOBKU C
OanancupoM, >MEKTPOABUraTeseM, AWUCTAHLMOHHBLIM YTIPABIEHHEM, C
BO3MOXKHOCTBIO MEHATH [UIMHY Mjeda OamaHcupa Ui ONEeparuBHOTO
NPOBEJEHUA PEMOHTA CKBAXKHH C MUHUMANEHBIM yYaCTHEM HeJI0BEKa.
Texnuuecknii pe3ynsTaT ycOBEpIIEHCTBOBAHHOIO y3ila CTAHKA-KaYailKu
HanpagJieH Ha NOBbILIEHHE aBTOMATH3aUMK padoThl, yMEHbLIEHHe 3aTpar
BPEMEHHU H TPYAOEMKOCTH, MOBBILIEHHE DE30MacHOCTH TNPH MOATOTOBKE
[pUBOAA CTAHKA-Ka4yalkd K TI0A3EMHOMY PEMOHTY CKBAXKIUH.
[lpencrapiiena MeTOIUKA pacyeTa Ha MPOYHOCTH TOABIKHONW W HENO-
BIOKHOM HacTel TENEeCKONMYECKOH KOHCTPYKUMM TO0BKM ¢ OanaHcu-
pOM: OMpeaeneHbl MakCUMabHOE Hanpsskenue ot uaruda, koddduum-
€HT 3anaca npu XPYNKOM paspylleHHH U TIIACTHYeCKON medopmaui,
KO ULIMEHT 3ar1aca NPOYHOCTH HA MKITHYECKKE HArpy3Ku. Pesysibraro
pacdera COOTBETCTBYIOT MHHMMAIbHO HOMYCTUMBIM KOd(h¢uLMeHTaMm
UL HAJIEXKHOTO  MCII0/b30BAaHUA COBEPUICEHCTBOBAHHOIO [PUBO/A
cTaHka-kavanku. [TpopeseHa MeToaKa Moadopa INEeKTPOABUTATES U
nepeaBKEeH NS POI0IBHO OABWKHOMN YacTH miteya dallaHcHpa, B KOTO-
pOi onpeneneHa MOIIHOCTb ABWraTesis C YYeTOM AMHAMHKH Pa3roHa,
pasHas 80 Bt.

[Tokazano TexHHYECKOE pelleHHe JECTHUIBI C [PEeIOXPAHUTENLHO-
aBTOMAaTHYECKUM OTKITFOUEHUEM 3JIEKTPOJBUTATEN CTaHKa-KaTalIKU MPH
HECAHKUMOHHPOBAHHOM TOOHATHH TO Hel TMOCTOPOHHEro HernoBeka.
IMpoBeeHo dKoHOMMYECKOE ODOCHOBAHHE HUCCIEIOBAHMS: ONpPEIENEHbI
3arparbl Ha [OATOTOBUTENbLHO-3aK/IIOUUTENbHBIE PadoThl MPUBOAA
CTaHKa-Ka4alK¥ K PEMOHTY CKBAKMHBI; 3aTPaThl HAa 3apaboTHYIO Tiary
yjeHaM OpHrafbl; 3aTpaTel, CBA3aHHBIE C TIPOCTOEM OOOpYHIOBAHMS;
3aTPaThl OT HECYACTHBIX ciydaeB. OnpeseneH o6mmiA SKOHOMUHECKHt
3¢ QeKT OT BHEAPEHUS COBEPLIEHCTBOBAHHOIO NPUBO/A CTaHKA-KaYaKy
C 311EMEHTaMM ABTOMATHU3aLMH.

Matuvissy, arperaTsl ¥ NpoLeccs HedTerasoson OTPacny 2019, 7.17,N°5
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According to the Energy Strategy of Russia for the period until 2030, at Key words
the enterprises of Rosneft PJSC, Statoil, Rockwell Automation, the main

goal is to increase safety, economic efficiency, and process automation. ronoska 6anaHcpa;
As a result of a study based on a patent search and analysis of existing TENeCcKONMYeCcKas KOHCTPYKLMA
drive designs of rocking-machines, the shortcomings-of their operational- GanaHcvpa; nneyo GanaHcmpa;
maintenance are identified. The article describes the improved telescopic HACOCHARA YCTaHOBKa; NIECTHIAL

design of the head with a balancer, electric motor, remote control, with
the ability to change the length of the arm of the balancer for the opera-
tional repair of wells with minimal human involvement. The technical
result of the improved ultrasonic rocking machine is aimed at increasing
the automation of work, reducing the time and labor costs, increasing
safety in the preparation of the drive of the rocking machine for under-
ground well repair. The method for calculating the strength of the mov-
able and stationary parts of the telescopic design of the head with a bal-
ancer is presented: the maximum bending stress, the safety factor for
brittle fracture and plastic deformation, the safety factor for cyclic loads
are determined. The results of the calculation correspond to the minimum
permissible for reliable use of the improved drive of the rocking
machine. The technique of selecting an electric motor for moving the
longitudinally moving part of the shoulder of the balancer, in which the
engine power is determined taking into account the acceleration dynam-
ics, is equal to 80 watts.

The technical solution of the ladder is shown with a safety-automatic :
shutdown of the electric motor of the rocking machine when an unau-
thorized person is lifted by it. The economic feasibility study was carried
out: the costs of the preparatory and final work of the rocking machine
drive to the well repair were determined; salary costs to team members;
costs associated with equipment downtime; accident costs. The overall
economic effect of introducing an improved drive of a rocking machine
with automation elements is determined.

Bseoenue HUK 1 paloTonarens SKOHOMUYECKHM 3aUHTEPECO-
DHepreTuyeckas crparerus Poccun Ha re- BaHbI B MPUMEHEHNY 000CHOBAHHEBIX HOPM TpY-
puosa 10 2030 roja CTaBUT LElb MO MOBBILIEHUIO JIOBBIX 3aTpaT, pallMOHaIbHOM UCTOIb30BaHUM
COKpalleHUs U3AEePKeK B MpoLeccax NpoUu3BoOa- paboyero BpeMeHU Kak I10 MPONOKUTENbHOCTH,
CTBa M IKCTITyaTaunn 000py10BaHus, a TAKKE MO TaK U 0 CTeTNeHH UHTEHCUBHOCTY Tpyna [3].
TIOBBILIIEHUIO YPOBHS €r0 TEXHHYECKOTO 00CTy- CHwKeHue 3aTpaT Ha TEXHHYeCcKoe 00CTyKu-
JKHBAHUS. BaHME W TIOBBILIEHNE YPOBHS HAeKHOCTH TeX-
Jlms mocTiokeHHs cTpaTernueckol neiamn uu- HOJIOTHYECKOT0 000PYI0BaHUS SBIISHOTCS OCHOB-
HOBAIIMOHHOW W HAYYHO-TEXHUYECKON MOJMUTHKH HBIMU U [IPUOPUTETHBIMU 3aa4aMu JIFOOOTO Mpo-
B IHEpreTHKe HEOOX0ANMO PeLieHHe CAedyOLUX U3BOACTBEHHOTO npeanpusitus [4].
3aj1a4: co3jaHue 6IaronpUATHLIX YCAOBMIl 11s PesysbTarhl KOMMAHUH 10 CePTURUKALNN U
pa3BUTHS MHHOBAUHOHHON AEATENBHOCTH, Ha- yripaBienuto puckamu DNV GL. nonyvenHsie oT
NpaBleHHON Ha KOpeHHOe OOHOBIEHUE NTPON3- pykoBoauTenel HeTerazoBol OTpaciu, yKasbl-
BOJICTBEHHO-TEXHOJOTHYECKOIT a3kl TOMANBHO- BalOT Ha CBA3b MEXY ycriexoMm OM3Heca 1 WHBE-
IHEPreTHHECKOro KOMILIeKea, pecypcocdepexke- CTHLMAME B 6E30TIACHOCT [5]. Crapwuuii Buite-
HHe, MOBbILIEHNE IKOHOMUUHOCTHU, HAZIeXHOCTH, Npe3uACHT U [MaBHbIH 3KOHOMHUCT HedTaHOI
6e30MacHOCTH ¥ 3KOJOMMYHOCTH YCTAHOBOK U xomMranuy Statoil Oiiprik Yophece B roBoput: «51
cuctem [1]. + AyMaro; 4TO MO-TIPEKHEMY B OTpaciy B LEIOM
AKTyaTbHBIMHU CTAHOBATCS TEXHOJIOTUH, Tpe- OrpOMHOE BHUMaHFie yaensiercs: 0e30MacHOCTHY
Oyromme MUHUMATBHOTO yHacTHs HeIoBeKa. [5]. CnieranucT KOMIaHUHM 10 CHCTEMaM YITpagR-
CrerieHu CJIMKHOCTH 1 OTIACHOCTH MPH IKCILTya- JEHUsI, aBTOMATU3alUK U TIPOMBILIIICHHON Oe3-
TalHH BO3PACTAIOT, YTO TpedyeT COKpalleHUus omacHoctu Rockwell Automation J[xxopax
BpeMEHU Ha MpUHATUE peuleHuil, aeTalibHOE [ycrep roBoput: «MoIHbIE MAILXHbL, yIpaBis-
MPOTHO3WPOBAHNE U OLIEHKY PHUCKOB. Temrbl na- TOIIHE TIPOLIeCCaMU, TIPEACTABISIOT BCe OOMIBILINH
nenus 1o6buy TpebyloT B KpaTyailliie cpoku PUCK AT JIHOEH, KOTOPBIE UX 3KCIUTYaTUPYHOT U
BOCTIOTHEHUS PecypcoB no nobwrue [2]. . obcayxwuBaroT. Ho MHOTrONeTHee npe/icTaBieHNE
HeoBXonmMoCcTs HOPMUPOBAHNS TPYAa B 3Ha- 0 TOM, UTO TIOBBIIIEHME BE30MTaCHOCTH MTPOUCXO-
YHTENLHON Mepe 00bsCHIeT s TeM, 4To paboT- JUT 33 CYET CHMKEHUS NMPOU3BOAUTENLHOCTH,
2019, 1. 17, N5 MalyHbl, arperatbl ¥ Npouecest HedTerasoBon oTpacin
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HauyMHaeT Tpewmars. [ Ipy MpaBuIIbHBIX METOAaxX W
ITOHUMaHNUU CTAHAAPTOB MBI MOXKEM TOBBICUTE
NPOU3BOAUTENILHOCTD U OJHOBPEMEHHO MOBBI-
cuth GesonacHocTb) [6].

OnHNMY U3 OCHOBHBIX LieJiei MporpaMMbl HH-
HopauunonHoro passutud [TAO HK «PocuedTby
ABJIAIOTCA: TOBBIIEHUE SHEPTOAPPEKTUBHOCTH
MIPOU3BOACTBA A0 JOCTHKEHUS JIyUILIEro MAPO-
BOTO YPOBHS, COOMIOAEHNE BLICOKHX MEKlyHa-
POAHBIX CTaHAAPTOB MPOMBILLIEHHOH Ge3onac-
HOCTH, TIO/IepKaHue YAETbHBIX KAHTATEHbIX 1
OMEPAUMOHHEIX 3aTPaT Ha yPOBHE JTyqIINX MUAPO-
BBIX OTpacliieBbIX Mokazarenei [7].

Pos MHXKEHEpHOTO Tpyla 3aKIovaeTcs B
MaKCHMajdbHOM YBEJIMYEHUN PEeHTabeNnbHOCTH
Jo6b14M HeTH U raza. [IpoekTHpoBaHKE U BbI-
60p HafeXKHOTO 000PYHOBaHUS [T TTPOU3BOJI-
CTBEHHBIX CUCTEM MMEIOT BaXKHOE 3HAUYEHUE IS
paboTh MHXKeHepa-TeXHomora [8].

Jlas GecniepeboiiHoit paGoTh 000PYAOBAHUS
C 3a1aHHbIMK TOYHOCTHBIMU XapaKTePUCTHKAMU
TpebyroTCs CUCTEMATHIEeCKOEe TEXHUYIECKOE 00-
CITy’)KMBaHUe, TEKYILUE U KallUTallbHbIE PEMOHTbI
[9, c. 64]. Bce paGoThl N0 KanuTalbLHOMY pe-
MOHTY CKBaXXWH CONPOBOKIAFOTCS CITYCKOM B
CKBaXKMHY M TIOABEMOM U3 Hee TpyO, 1TaHr, Ha-
€ocoB. /17151 NO36MHOr0O PEMOHTA CKBaXUH NP~
MEHSIOTCS TOABEMHbIE arperarhl, TIPeCTaBIsfo-
1ue co00it CMOHTUPOBAHHbIE HA TPAHCTIOPTHOM
Oaze nebenKy, BHIIKY C TaaeBoil cucreMoit u
MPoYUM 00OpYAOBAHWEM H WHCTPYMEHTOM
[10. c. 86]. Hnst ycTaHOBKM MauThl MOIBLEMHOTO
arperara HaJ yCTbeM CKBAKUHbI BbIMOJIHAETCS
JEMOHTaX rojloBKH Oastlancupa. Ecnu ronoska
Oanancypa MOBOPOTHAS, TO €€ MOBOPAYNBAIOT B
CTOPOHBI; €CU OTKMAHAS. TO OTKUABIBAIOT Thillb-
HOM CTOPOHOI Ha Tento Oanancnupa. Onepaumn 1o
JEMOHTAXKY, MOHTAXKY IOJI0BKH OajaHcupa j10-
BOJILHO TPYAOEMKU, NPOAOMKUTENbHbI 110 Bpe-
MEHM, UMEIOT [OBBILLIEHHbIE PUCKH TpaBMaTH3Ma
Ha npousBoacTBe. [Ipoucxoanan HecuacTHblie
CITy4Yan Npu HEMPOU3BOILHOM BKIIOYECHUH MPH-
BOJIa WITAHTOBOW CKBaXXWHHOM HAacOCHOW ycTa-
HoBky (ILICHY) 1 xauanun Oanancupa: oTkuji-
Hasi TOJIOBKa OajlaHCcHpa ONPOKUABIBANIACH BHU3,
HAHOCs TPaBMY CTOSILEMY TMOA Hell uileHy Gpu-
rajibl; B Apyrom ciydae 4ieH Opuraibl noaHu-
MaJsics Ha CTaHOK-KauaiKy, 4ToObl TOBEPHYTh WIH
OTKHHYTL TOJIOBKY Oanancupa, ¥ 1pu He-
NPOM3BONILHOM KayaHMU OajlaHcHpa majian co
CTaHKa-Ka4ajIky, 1osyya Tpaemy. CTOMT BCIIOM-
HUTb HECYACTHBIN cityvail, KOTOpBIi Mpou3owén
24.08.2003 rona Ha He()TITHOM MECTOPOXKIEHUH

MatuunHsl, arperathl ¥ npoLeccs HedTerasoBou oTpacnn
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B CHIA (Oxnaxoma), xorna paboTHUK He(Tera-
30IIPOMBICIIOBOM KOMITAHUM TOTUO OT yaapa ma-
Jlaroleit rooBKY NpUBOJa Hacoca (OTUET HCciie-
nosanns OKFACE Ne 03-OK-060-01).

OCHOBHBIE HarpaBIeHHsT COBEPIIEHCTBOBA-
HUs CTaHKOB-Ka4yaJloK MMEIOT CBOEH Uebio
YMEHBIIEHUE 3aTPaT BpEMEHW U TpyIa Ha TeXHH-
yeckoe oOCIyKMBaHWe, PeMOHT W U3MeHEeHUe
pexuma paboTsl ycranosku [11, ¢. 138].

Hensmu paboThl SBISAIOTCS CO3AaHUE YCIO-
BUI ©6€30MacHOCTH, COKpaleHNe BPEMEHH HKC-
MIyaTaiOHHOTO 0OCIy>XKHBaHNs, MOBBIUICHNE
SKOHOMMYECKHX TOKazarenel 1o0srn HeTH
rasa, aBToMarusanys pabouyero npoiecca, yMeHb-
LIEHUE TPYAOBBIX 3aTPaT U MUHUMU3ALUS yYa-
CTHS HeJIOBEKA MPY MOATOTOBKH HA3EMHOI'O IIPU-
Boga LLICHY x TexandeckoMy 00CTyKUBAHHIO 1
MOA3€MHOMY PEMOHTY CKBa)KUHEI. J[aHHBIE 3a-
Jla9M pelaroTcs 3a CHET COBEPILIEHCTBOBAHNS Ha-
3emHoro npusozna LLICHY.

3ajauamMy UCCIIEIOBAHUS SBIASIOTCS pa3pa-
00TKa TeNECKOIMYECKOI Pa3ABIKHON KOHCTPYK-
1K OamaHCUpa ¢ YIEKTPHYECKIM ABUIaTENEM
aBTOMAaTHYECKOW CHCTEMOM IUCTaHIIMOHHOTO
yTIpaBJIeHns, pa3paboTKa yCOBEPIIEHCTBOBAHHON
KOHCTPYKLIAHM JIECTHULIBI CTOMKH HA3eMHOTO TIpH-
soaa [IICHY.

Asropamu ctatsi B DefiepallbHOM MHCTUTYTE
MIPOMBILIJIEHHONH COOCTBEHHOCTH TONTyUeH Ta-
TEHT Ha U300peTeHne TeNeCKOMIecKOW KOoH-
CTPYKLUHM TONOBKH ¢ DalaHCHPOM Ha3zeMHOTO
0aJaHCHPHOrO TPUBO/IA ITAHIOBBIX CKBAKMH-
HbIX HacocoB [12].

B pesynsrare anainza narentos [13, 14] Bei-
SBIEHO, 4YTO y MPEACTaBIEHHbLIX KOHCTPYKUMH
MMEIOTCS HENOCTAaTKU: HU3Kas YCTOWYHBOCTH
000pyI0BaHUS HA3eMHOTO TIPHBOAA, TPOMO3I-
KOCTh KMHEMAaTUYeCKUX Tap B3auMONeHCTBuS,
OTCYTCTBHUE CPEACTB aBTOMATU3aLUK Tpoliecca
00CIyKVBaHUsl CTaHKa, YTO, B LIEJIOM, CHIDKAET
HaeXHOCTh 000PYN0BaHNs 1 6€30MacHOCTD pa-
00TBI 00CITYKHBAIOLIETO TepcoHana.

Texnuueckuil pesyibmam Yco8eputencmeo-
BAHHOU KOHCMPYKYUU OATAHCUPHOZ0 NPUBOOA
LHICHY

[TpuMeHUTeIBHO K MOUCKY HOBBIX TEXHUYE-
CKMX pelieHuit ocodoe BHUMaHUE JOTKHO yie-
JATHCA 3aKOHAM, OTPAKAIOLIVM ITIaBHBIE TEHIEH-
UMW WX MEPCHEKTUBHOTO pazsuTtus [15, c¢. 4].
TexHuueckuM pesyNbTaToM YCOBepLIEHCTBOBaA-
HUSl KOHCTPYKLMM OajaHCHPHOTO INPHBOJIA
ICHY saBasercs obecrieueHue aBTOMaTH3aLUK
npouecca NOArotoBku npusoga HICHY
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