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Pob6ota mictuth 53 cropinku, 18 imoctpamiii, 1 Tabmuus, 20 BUKOPHUCTaHUX
TDKEped.

KirodoBi cnoBa: THPUCTOpPHUHN TepeTBOproBad, OypOBUN HAcOC, CHHXPOHHUMN
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O06'ekToM po3pobseHHs KBali(ikaiiitHoi poOOTH € eNeKTPONpPHUBO OypOBOTO
Hacoca tumy ,,Y Hb-600".

B poboti mpoBeneHa mojepHizallisi €JIeKTPONpUBOAY OypOBOrOo Hacoca, IpH
[bOMY €JICKTPUYHO HEPEryjhbOBaHa CHUCTEMa EJIEKTPOIPHUBOJY 3aMiHEHA Ha OUIBII
cy4dacHy cucreMmy «TUpHCTOpHUI NEpeTBOPIOBAY — CHUHXPOHHHMM JBUTYH», SIKa Ja€
MOJKJIMBICTh 3[IMCHIOBATH PETYJIOBAaHHS IIBHIKOCTI HE BHUMHUKAIOYM JBUTYH, IO
3HAYHO MOKPAILly€ €HEPreTUYHI Ta TEXHOJIOT14HI MOKa3HUKH pOOOTH Hacoca.

[TpoBeneHe MaTemMaTHYHE MOJEIIOBaHHS POOOTH  ENEKTPOIPUBOAY, 32
JOTIOMOTOI0  SIKOTO OyJIM JOCIIKEH] XApaKTEPUCTUKU CHUCTEMH MiJ 4ac IYyCKY.
Takox TIPOBENEHI MOCHIKEHHS CUCTEMM IIiJI 4ac PETYJIIOBAHHS IIBUAKOCTI, SIKI
JIOBEJIM, LIOCTBOPEHA CHUCTEMa Mpale3/laTHa, BCl XapaKTEPUCTUKH JIEKATh Y MExKax
HOPMH, B MEPEXITHUX PEKUMAaX MPHU PETYITIOBaHHI MIBUIKOCTI BiJOYBA€ThCS IIBUIKE
BCTAHOBJICHHSI OCHOBHHUX IapaMeTpiB poOOTH OypoBOro Hacoca, IO BIAMOBIga€
3aBJIAHHIO.

PoboTra Mae mnpakTHYHYy WIHHICTH 1 ii Pe3yJbTaTH MICAS OUIBLI JeTanbHOL

JIOPOOKH MOXKYTh OYTH PO3TJIAHYTI JJIsl BAKOPUCTAHHS Ha JIaHii OypoBiil yCTaHOBIII.



Report
qualification work of the bachelor
"Modernization of the electric drive of the drilling pump like UNB-600"

The work contains 53 pages, 18 illustrations, 1 table, 20 sources used.

Key words: thyristor converter, drilling pump, synchronous motor, electric drive.
The object of development of qualification work is the electric drive of the drilling
pump type "UNB-600".

The modernization of the electric drive of the drilling pump is carried out in the
work, at the same time the electrically unregulated system of the electric drive is
replaced by more modern system "Thyristor converter - synchronous motor™ which
gives the chance to carry out speed regulation without switching off the engine that
considerably improves power and technological indicators.

Mathematical modeling of the electric drive operation was carried out, with the help
of which the characteristics of the system during start-up were investigated. Also,
studies of the system during speed control, which proved that the created system is
operational, all characteristics are within normal limits, in transient modes when
speed control is a rapid establishment of the basic parameters of the drilling pump
that meets the task.

The work has practical value and its results after more detailed processing can be
considered for use on this drilling rig.
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Beryn

BbypoBa ycTaHoBKa — KOMIUIEKC OypoBOTO  OOJagHaHHS Ta CIOPYH, SKi
npu3HayeHi nans OypiHHsS cBepayioBUH. Ckiianl By3imiB OypoBOi YCTaHOBKH, iX
KOHCTPYKIIII BHU3HAYAETHCS MPU3HAYCHHSIM CBEPJUIOBUHU, YMOBAMH 1 CIIOCOOOM
Oypinus. Ilponec cnopyKeHHsI CBEPAJIOBUH CKIIAJAETHCS 13 TOBTOPIOBAHUX OIeEpa-
miii: cnycky OypuinbHUX TpyO 3 A0M0TOM (IHCTPYMEHTY) Y CBEpAJIOBUHY;
pyHHYBaHHS TOpOAM Ha 3a00i — OypiHHS; HApOIIYBaHHS KOJIOHH TpyO Mo Mipi
3ariau0JIeHHs CBEP/JIOBUHM; MIAMOMY TpyO JIJisi 3aMiHHM 3HOIIEHOTO JI0JIOTA.

J{ns 3A1fiCHEHHS IUX Omepalliidf, a TaKoXK poOIT MO KPIIUICHHIO CTOBOYpa CBEp-
JUIOBUHU BHUKOPUCTOBYIOTH OYpOBI YCTaHOBKH, SIKI MPEACTABIISAIOTH COOOI0 CKIIATHUIMA
KOMIUIEKC BUPOOHMYMX MEXaHi3MIB. Y CKJIaJ LbOTO KOMIUIEKCY BXOAATH IiAHOMHA
cUCTEMa 3 IHAWBIIyaJlbHUMH TPHUBOJAMHU [UIsl MIAMOMY, CIOYCKy Ta Iojaul
IHCTpyMEHTa, OypOBl HacOCH, pOTOp, MEXaHI3MHU AJIi NPUTOTYBAaHHS Ta OYHILCHHS
OypOBOTO PO34YMHY, BAHTAXKHO-PO3BAHTAXKYBAIBHUX POOIT, 3a0€3MC€UCHHSI YCTaHOBKHU
CTUCHEHHMM TOBITPsM Ta iH. OcHOBHI (poTop, OypoBa JiebiKa 3 TaJeBOO CUCTEMOIO
Ta OypOBI HACOCH) 1 IOMOMDKHI MEXaHi3MU OypOBO1 YCTAHOBKU MPUBOISTHCS B JIIIO
BIJl CHJIOBOIO NMPHUBOJA, TUI SIKOrO BHUOMPAOTh B 3aJE€XKHOCTI Bl YMOB OypiHHS,
KOHCTPYKIII MEXaH13MiB Ta 1HIINX (DaKTOPIB.

Konmeniiis MakcuMmanbHOI aBTOMaTH3allli OypOBHX YCTaHOBOK J0O3BOJISE
3M1MCHIOBATH OLIBIIICTh pOOOUMX Omepalliii npouecy OypiHHS, BKJIIOYAIOUU CITYyCKO-
nigiomui omepariii (CIIO) konoH OypoBHX W HaCOCHO-KOMIPECOPHUX TpPyO, 3
HalKpaluMH eKCIUTyaTal[liHUMHU MTOKa3HUKAMHU.

[ToBHICTIO aBTOMATH30BaHWUW TPYOHHI MaHIMYJSATOpP, IO KEPYEThbCs 3 KaOiHU
OypwibHUKa, no3BoJisie BukoHyBath CIIO 06e3 BTpyuanHs omeparopa. DyHKIil
poOOUYMX OOMEXKYIOThCS JIMIIE 3MAalllyBaHHAM pi3b0OBUX 3’€IHaHb TPYO il 3MIHOIO
KOMIIOHOBOK HHU3y OypWipbHUX KOJOH. TakuM 4YMHOM, JJs eKCIUTyaTallii
aBTOMAaTU30BaHUX OypOBHX YCTaHOBOK TNOTpiOHAa OypoBa Opuraga MEHIIOl
YUCENBbHOCTI, HIK Jis TpaauliiHux OypoBux. Taka cucremMa (QYHKIIOHYE

aBTOMAaTHYHO B TIIOCIIJIOBHOCTI, IO 3aJa€ThCSl IMPOTPAMOBAHUM  JIOTIYHUM
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KOHTPOJIEPOM, TPH I[OMY B oOIepaTopa-OypuibHUKAa 30€pIracThCsi MOKIUBICTH
KepyBaTH yciMa cucteMaMu OypoBOi 31 CBOTO IMyJIbTa YIPaBIiHHS B KaOiHI.

BaxxnuBuM eneMEeHTOM, W0 J03BOJISIE EKCIUTyaTyBaTh OypoOBi YCTaHOBKH B
aBTOMATUYHOMY PEXHMI, € T1IPaBIIYHUN CUJIOBUI TPYOHUH KITFOY 3 aBTOMAaTUIHUMU
3aXBaTaMH, SIKHA PO3MIIIYEThCS 0337y 3aKpIIUIEHOT YacTMHM OCHOBH MAauTH,
PETYJIIOEThCA TI0 BUCOTI 1 KEPYEThCS 3 IyJbTa OypHiIbHUKA, 00€pTalOYUCh BIEpes 1
Ha3aJ BIJHOCHO ILIEHTPY CBEPIJIOBUHHU [Js 3TBUHUYYBAHHS Ta pPO3TBUHUYYBaHHS
TpyOHUX 3’€IHaHb 0€3 BUKOPHUCTAHHS PYYHOI Mparll. [HIIMM Ba)XJIMBUM €JIEeMEHTOM
TaKuX OYpOBHX YCTaHOBOK € MOXKJIUBICTh 3a0€3MEYCHHS aBTOMAaTUYHOTO OypiHHSI 3
MOCTITHUM HAaBaHTaKEHHSIM Ha JI0JI0TO 200 3 MOCTIMHOIO MIBUAKICTIO OypiHHS, KOTPI
BUOUPAIOTHCS  OMEPaTOpOM OYpPWIBHHUKOM 31 CBOTO IMyJbTY. TaKoXX MOKHA
BCTaHOBJIIOBAaTH MaKCHMAaJIbHO MOKJIMBE 3HAUYCHHS HAaBaHTA)KEHHS Ha TaKy.

[IpuBii OCHOBHHUX BHPOOHMYMX MEXaHI3MIB MOXXe OyTH  aBTOHOMHHM —
HE3aJIeKHUM BiJl €HEPrOCUCTEMHU (IU3ENbHUM, NU3ENb — ECJICKTPUYHUM, Ta30Typ-
OOCTEKTPUYHMIT) Ta HCABTOHOMHHUM — 3 JKUBJICHHSM BiJl TPOMHUCIIOBUX CIEKTPUIHUX
MepexX (eJIEKTpUYHUN HAa 3MIHHOMY YU MOCTIHHOMY CTPyMi), TAKOX PETyIbOBAaHUM I
MIBUIKOCTI 00€pTaHHs Ta HEPETYIbOBAHUM. AKTYaJIbHICTh TEMH MOJSITAE B TOMY, IO
HACTa€ 4dYac, KOJM HEoOXIJHO MaKCUMaJlbHO aBTOMAaTHM3yBaTH Jit04yl OypoBi
YCTaHOBKHU Ta MOJIEPHI3YBATH iX €JIEKTPONPUBOIM JJIS MOJIMIIECHHS YMOB OypiHHSA Ta
MOKPAIEHHS] EKOHOMIYHUX Ta €KCIUTyaTallifHUX TTOKa3HUKIB IIbOTO MPOIIECY.

MeTtoro naHOi pobOTH € MoJAepHI3aIlisl eNeKTPONPUBOYy OypoOBOro Hacoca 13
3aMIHOI0 HEPETyJIbOBAHOTO EJIEKTPONPUBOAY Ha PErylbOBaHUM, IO 3a0e3MeunTh
JOTPUMYBaHHSI HOMIHATbHUX KOJIMBaHb THCKY Ta BUTPAT HA BHUXOJl HAacoca Ta HAMOLTbLI
E€KOHOMIYHY #oro po6oTy. BiamoBimHO A0 TMOCTaBIE€HOT METH, HEOOXITHUM €
BUPILIEHHS Psiy 3aBJAaHb pOOOTH, 30KpeMa HACTYIIHI:

— MPOBECTHU NIEPEPAXYHOK MOTYKHOCTI €JICKTPOJIBUTYHA;

— 3aMIHUTH JBUTYH Ha OLJIbII Cy4YaCHUH, MPOBECTH MEPEBIPKY BUOOPY IBUTYHA

Ha MepEeBaHTAXKCHHS;
— MOJIEPHI3YBaTH CXeMY KepyBaHHS €JIEKTPOIPUBOIOM OYpPOBOTO HACOCA;

— JIOCTIIUTHU TTapaMeTPpU MPOEKTOBAHOT CUCTEMH Ha SIKICTh Ta CTIHKICTb.



1. TEXHOJIOTTYHA YACTHUHA
1.1 3acTtocyBanHs Ta Kiaacudikaiiss 0ypoBUX YCTAHOBOK

BypoBi ycTaHOBKH 3aCTOCOBYIOTHCS JJIsi OypiHHS HErNIMOOKHUX (10 25 METpiB)
CBEP/IJIOBUH HEBEIMKOTO faiameTpa (76-219 MM) mpu ceiicMOpo3BiaLi Ta 1HXKEHEPHUX
BUIITYKYBAaHHAX a TAKOX:

- OypiHHS CBEpUIOBHHHU cepenHboi TrmubuHu (1o 600 M) — CTPYKTypHHX Ta

MOIIYKOBUX CBEPJJIOBHH Ha TBEP/Ii KOPUCHI KOTIATHHH;

- OypinHga 1imbOokux (1o 6000 M) po3BiAyBaJbHUX Ta EKCIUTyaTallliHUX

CBEp/JIOBMH Ha Ha(Ty 1 ras;

- KamiTaJdbHUI PEMOHT Ta BUIPOOOBYBAHHS CBEPJIOBUH Ha Ha(PTYy 1 ras;
- OypiHHS CBEP/JIOBUH Ha BOJY;
- OypiHHS BHOYXOBMX CBEpPIJIOBUH Ha BIJKPUTUX TIPHHUYHUX BHUPOOKAX 1 B
nraxrax.
3a BUI0M poOIT OypOB1 YCTAHOBKHU PO3MOIIISIOTHCS:
- IS eKCILTyaTaliitHuX pooiT;
- IS pO3BIAYBAJILHUX POOIT;
- U TeXHIYHUX CBEPJIOBHUH.

3a cnocoOoM OypiHHS PO3PI3HAIOTH TaKi OypOB1 YCTAHOBKH:

o0epTanbHOTO OypiHHS;

- 00epTanbHOTO - YJapHOTO OYypIHHS;
- yaapHoro OypiHHS;

- BOTHECTPYMEHEBOTO OypiHHS;

- pO3PSIHO—IMITYJILCHOTO OYypiHHS;

3a Tunom npuBoy OypoBi YCTAaHOBKHU AUIATHCS Ha:

enektpuudi (AC/DC) 6ypoBi yCTaHOBKU;

eJIEKTPOT1IpaBIliyH1 OypOBl yCTaHOBKH;

NU3eb-eNIEKTPUUH1 OypOB1 YCTAHOBKH;

J3eNbHI OYpOB1 YCTaHOBKH.
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Hadrorazosa mpomuciioBicth, a 0COOIUBO €IEKTPOOYPIHHS, € Ty’KE CHEPrOEM-
HUMH Tady3siMH, MPUYOMY OCHOBHHI 00'€M €JIEKTPOCHEPTii CIOXHBAIOTh MPUBIJ
OypoBUX HacociB 1 JeOiOK. 3HayHE 3POCTAHHS BapPTOCTI EJIEKTPOCHEprii, IO
OTPUMYETHCS BiJ JUKEpE IMEHTPATi30BaHOTO €JIEKTPOIOCTaYaHHs, 1 BapTOCTI JIHIN
eJIEKTpoIiepeaayl, a TaKoXK TEHJCHIIT Mepexoy, M0 HAMITUIIUCS, 10 aBTOHOMHOIO
€HEPronocTayaHHs 3 JykepeaaMu 0OMEKEeHOT BCTAHOBJIEHOT OTYKHOCT1 BUBOJSTH Ha
nepmuil miaH 3aBaaHHs eHeprozOepekeHHs. I[lpu OypinHi B HadTOBIM 1 ra3zoBii
MIPOMMCIIOBOCTI 111 3aBJaHHS YCIIIIHO BUPIIIYIOTHCS 3aCTOCYBaHHSM PETYJIHOBAHOTO
CJIEKTPOTIPUBO/LY.

HaiiOmmkuruMu  pokamMu OCHOBHHMM 00'€eM BIPOBAJKEHHS PEryJbOBAaHUX
CJICKTPOIIPUBOAIB Ha MiANpUEMCTBaX HadTO- 1 Ta30100yBaHHS HAIIOi KpaiHu Oyne
NOB'sAI3aHUM 3 1X peKoHCTpyKLi€to. [Ipy oMy pa3oMm 13 3aMIHOIO 3HOILLIEHOTO 200 MO-
pajbHO 3acCTaplioro yCTaTKyBaHHS MOXJIMBA 1 MOJEpHI3allisl eJIeKTPONPHUBO/IIB
[UIIXOM JOYKOMIUIEKTOBYBAHHS ICHYIOUHX EJICKTPUYHHUX MAIIWH 1 CUCTEM YIpaB-
JIHHS TUPUCTOPHUMH TEPETBOPIOBAYaMHU 1 IHIIMMU KOMIIOHEHTAMHU PETYIHOBAaHOTO
enekTponpuBoay. llpu 1pomMy odiKyBaHa €KOHOMISL EJIEKTPOEHEPrii 3a paxyHOK
BIIPOBA/PKCHHS PETYJIbOBAHOTO EJIEKTPONPUBOAY MoXe ckiactu a0 40% Big odi-
KyBaHOi €KOHOMII 0 YC1i CYKYITHOCTI 3aXO/I1B.

[IpakTiuHa Oe3aJbTEPHATUBHICTD PEryJIbOBAHOIO EJIEKTPONPUBOIY IJsl Ba-
KKHX 1 EKCTpeMaJlbHHMX YMOB eKCIUTyaTalii OOyMOBIIOE OCOOJUBY BaKJIMBICTh
CTBOPEHHSI TaKUX EJNEKTPONPUBOJIIB JIJIi TEXHIYHUX 3aCO0IB OCBOEHHS KOHTHHEH-
TaJILHOTO MIETb(Y.

OCHOBHI HampsIMH PO3BUTKY E€IEKTPOIPHUBOIY TEXHOJOTIYHUX YCTaHOBOK
Ha(TOBOI 1 ra30BOi MPOMMCIOBOCTI CHIBMAJAIOTh 13 3arajibHOI0 TEHICHIIEID PO3-
BUTKY €JIEKTPONIPUBOAY 1 Ha CyYaCHOMY €Talll XapaKTepU3yeThCs yce OUIbII HIHPO-
KUM 3aCTOCYBAaHHSIM PETryJhOBAHOTO EJIEKTPOIPUBOAY 1 KOMI'IOTEPHUX 3acO0IB aB-
TOMATH3aIlli TPU CTBOPEHHI HOBOTO 1 MOJEpHI3aIii JiI0Y0TO TEXHOJIOTTYHOTO
ycratkyBaHHA. CliJl TakoX BIAMITUTH crieuudiunuii 1i1s HadTOBOI 1 Ta30BOi Mpo-
MUCJIOBOCTI HamlpsM MOJANbIIOTO0 BIOCKOHAJEHHS €JIEKTPONPUBOAY - IiJBULICHHS

HAJIIAHOCTI 1 BUOYXO03aXUILEHOCTI.



1.2 TexHiuHi XapakTepuCTHKH 0ypOBOI
ycTaHOBKUTHIY Ypaamam-4E
BypoBa ycranoBka «¥Ypanmami-4E» npusHaueHa it OypiHHA HapTOBUX Ta ra-

30BUX CBEPIIOBUH B eNIeKTpU(IKOBaHUX palioHax Ha raubuny 10 5000 metpis.

YMoBHa rubuHa OypiHHS CBEPIJIOBUHM MIPH Maci OJTHOT0 MeTpa OypUIIbHOI KO-
aonu 30 xinorpamiB ckiagae 5000 meTpiB. JlomyckaeTbcsl HaBaHTA)XEHHS Ha raill B
mpolieci TPOBENEHHS Ta KpimieHHs cBepmioBuan B 2250 xkH. MakcumanbpHa
IIBUJIKICTh TIAHOMY raka ckjamgae 5,8 MeTpiB 3a cekyHay, MiHimanpHa — 0,19.
MaxkcumanbHa dYacToTa OOEpTaHHsA CToNa poTopy — 232 o00epTiB 3a XBHIUHY,
MmiHiMasibHa — 20. TloctauanHsi OypoBOi YCTAHOBKU €JIEKTPOCHEPTIEI0 3A1MCHIOETHCS
BiJl Mepexi 3MiHHOTO cTpymy 6000 B, 50 I'm.

EnexktpoycraTkyBaHHs OypOBOi YCTAaHOBKM CKJIAJAETHCS 3 PALY CaAMOCTIHHHX
CUCTEM YIIPABIiHHSA TPHUBOJAMHM TOJIOBHUX Ta JOMOMDKHHUX MEXaHi3MIB OypOBOi
YCTaHOBKH:

- €JIEKTPOYCTAaTKyBaHHS 3a0€3ME€UEHHS KUBJICHHS Ta PO3MOIUTY €JIEKTPOCHEprii

Harnpyror 6000 B;

- €JIEKTPOYCTAaTKyBaHHS 3a0€3MEeUEHHS KUBJICHHS Ta PO3NOALITY €JIEKTPOCHEPrii

Harpyroto 380/220 B;

CJIEKTPOYCTaTKyBaHHS OypOBO1 JIEO1IKH;
- €JIEKTPOYCTaTKyBaHHSI OYpOBHUX HACOCIB,;
- CJIEKTPOYCTATKyBAaHHS KOMIIPECOPIB HU3bKOTO THUCKY;

- €JIEKTPOYCTAaTKYBAaHHS KOMIPECOPIB BUCOKOI'O TUCKY;
- CJIEKTPOYCTATKyBaHHS TOTIOMXKHOI JI€01/1KH;
- eJIEKTPOYCTAaTKyBaHHS OCBITJICHHS;
- €JIEKTPOYCTATKYBAHHS IUPKYJISALINHOT CUCTEMH.
1.3 XapakTepucTuKH Ta 00/1aJHAHHS OYPOBHX HACOCIB
BypoBuii Hacoc mpu3HaYeHUI N7 HarHITaHHS OypOBOTO PO3YMHY B OypUIIBHY
KOJIOHY 1 CTBOPEHHSI LMPKYJsALIi OypoBOro pO34YMHY B CBEpJUIOBHHI Y TMpolLEeci

OypinHs.  BypoBi HacOCH — OCHOBHI CIIOKHMBA4i €JIEKTPOCHEPTii, Ha HUX MPHITa/Iae
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70-80% ycTaHOBIIEHOT MOTYXHOCTI ABUTYHIB yci€i OypoBOi ycTaHOBKHU. [IOTYKHICTB
cydacHuX OypoBux HacociB koiuBaeThbes Bif 300 mo 3000 kBT. s KoxKHOTO Kiacy
OypOBO1 YCTaHOBKM HacOC IOBUHEH MaTH BU3HAYEHY IOTY>KHICTb, IOJIa4y i THUCK.

Hacocu MoXyTh mpairoBaTH MPU TEMIIEPATypi HABKOJHUIIHBOTO CEpPEIOBHUIIA
+50°C. Ilpu oMy Temmeparypa OypoBoro po3umHy KojuBaeTbes Big —1 go 80°C.
BypoBuii Hacoc Mae OyTH MPHUCTOCOBAHMA O CTYMIHYACTOI 3MIHM MOJa4l B MpoILeci
OypiHHsS B 2-3 pasu. Jlo Toro * BIH MOBHHEH MAaTH 3JaTHICTh KOPOTKOYACHO
pPO3BUBATU HEOOXIMHUU THUCK JAJSl MPOJABICHHS YaCTUHOK BUOYPEHOI MOPOIH, SIKi
OC11af0Th B 3aTpyOHOMY MPOCTOPI.

Yac po6otu Hacoca — Bia 30 xBumuH 10 200 roawH 1 OUIbIIE 3aJCKHO Bif
TepMiHy poOOTH J0510Ta. TepMiH NEPIOJUYHUX TEXHOJOTIYHUX 3YIHUHOK MOXE
ckianaty 3—15 XBWIMH A1 HapoIlyBaHHS OYpHJIbHOI KOJIOHM, Onn3bko 10 roaux
IPU CIYCKY U MIAHOMI A0J0TA 3 BEJIHUKOI IITUOUHH.

AHani3 KOHCTPYKTUBHUX OCOOJMBOCTEH PI3HMX THUIIB HACOCIB MOKAa3ye, IO
BUMOTM  TEXHOJIOTHi  MPOJABICHHS  HaWOUIbLIE  3aJ0BOJIBHSIOTH  IOPILHEBI
ropu3oHTaIbH1 Hacocu. [lopiiHeBi Hacocu MaroTh MOTYkHICcTh 32, 50, 80, 125, 190,
235, 300, 345, 475, 600, 750, 950, 1180, 1840 kBt mnpm  MakcuMaJIbHIN Togadyl
40-50 n/c OypoBOrO pO34MHY i PO3BUBAIOTHL MakcuMaibHull TUCK 90—105 MIla mpu
MIHIMQJIbHUX Tojayax. Ha moudatky OypiHHS CBEpUIOBHHHM THCK, IO CTBOPIOETHCA
HacocoM, HeBenukuil. [To Mipi 3ariaubieHHs CBEpJIOBUHH, BHACIHIIOK 301JIbIICHHS
TiIPaBIIYHOTO OMOpPY TpyO 30UIBIIYETHCA 1 TUCK Ha BHUXOAl Hacoca. Tomy,
NMOYMHAIOYM 3 TMEBHOI TNMOWHU, MoJadyy Hacoca HeoOxigHo oOmexyBatu. Ilpu
HEPETyJIbOBAaHOMY €JIEKTPOIPHUBOJII PETYIIOBAaHHS Mojayl Hacoca Big 5-20 n/c mo
MaKCUMAaJIbHOI 3A1MCHIOETHCS CTYMIHYACTO 3aMIHOKO TMOPIIHIB 1 BTYJOK pI3HUX
niameTpiB. B cydacHMX cxemax IUIaBHE pEryjiioBaHHS Mojayl 3A1HCHIOIOTH
pPEeryJIOBaHHSM IIBUIKOCTI 0OepTaHHS JBUTYHIB 3a JIOOMOIOK TMOTYXHUX
YaCTOTHUX NEPETBOPIOBAYiB. Y SKOCTI MPUBIIHUX ABUTYHIB BUKOPUCTOBYIOTHCS
MOTYXXHI CHHXPOHHI Ta ACHHXPOHHI JBUTYHH 3 KOPOTKO3aMKHEHMM Ta (ha3HUM

POTOPOM, SK1 )KUBJIATHCS Hanpyroto 6000 B.
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[Ipu oGeproBomMy OypiHHI 3 O€3MEPEPBHOIO IUPKYJSAIIEID PO3UUHY
3aCTOCOBYIOTHCS TIOPIITHEB] HACOCH 3 PI3HUMH CTPYKTYPHUMH CXEMaMHU:

- IPSIMOJT110Y1,

- IPUBIHI.

He3Bakaroun Ha OUIBII CKJIAAHY KOHCTPYKIIO 1 HEPIBHOMIPHY I0Jayvy,
HaWOLIbIIIEe PO3MOBCIOKEHHS y OYpOBHX yCTaHOBKAX OTPUMAJIH MOPIITHEB] MPUBIIHI
HACOCH, OCKUIBKH BOHU 3HAYHO €KOHOMIYHIIII, HI’)K TIOPIITHEB1 MPSMO/I1t041 HACOCH.

Cepen nopiIHEBUX NPUBIIHUX HACOCIB MIEPEBAKHO 3aCTOCOBYIOTH JIBOIOPIIIHEBI
HACOCH JBOCTOPOHHBOI il 1 TPUIIOPIITHEBI HACOCH OJHOCTOPOHHBOI 1ii. Sk moka3zana
IpaKTUKa, MoAaiblile 30UTbIIEHHSI KUIBKOCTI MOPIIHIB HEPALIOHAIbHE Y 3B S3KYy 31
30UTBIICHHSIM IIBUAKO3HOIITYBAHUX JI€TAJIeH 1 CKJIATHICTIO B €KCIUTyaTallli. 3HauHa
IyJibCallisi MUTTEBOI MOAA4Yl Yy MOPIIHEBUX MPUBIAHUX HACOCAX € PE3yJIbTaTOM
NEPETBOPEHHA O0EPTOBOrO PyXy Yy 3BOPOTHO-IMOCTYHAJIbHUN, IO 3A1HCHIOETHCS
KPUBOILUITHO-IIATYHHUM MeXaHI3MOM. /[Insi 3MEHIIEHHS WIKIJJIMBOrO BIUIMBY
nyJibcalii Mojadyi B KOHCTPYKLIKO I[HMX HACOCIB YBEJEHI KOMIIEHCATOPH, KOTpI1
aMOPTU3YIOTh KOJIMBaHHSA mojadi OypoBoro po3uuHy. Copobu 3acTtocyBatu
TPUIOPLIHEBI HACOCH ABOCTOPOHHBOI Ali, Y KOTPUX MoAa4ya Habarato piBHOMIpHILIA,
HDK y JBOMOPIIHEBUX, HE Jaly 3aJ0BUIBHUX PE3YJbTATIB. 3 TOSBOIO OUIBII
JTOCKOHAIMX  JladparMOBUX  KOMIIEHCATOpIB,  SIKI  3a0€3MeUYyloTh  BHCOKY
PIBHOMIPHICTh MOJ1ayl, CKJaJHI TPUIOPUIHEBI HACOCH JBOCTOPOHHBOI JIi BTPATHIM
CBOI IIepeBaru.

JInst moJnIueHHs pIBHOMIPHOCTI Mojayl poOusmcs cnpoOu BUKOPUCTOBYBATH
OaraToruTyHXEpHI HAcCOCH, ajie MiJl 4Yac MNepeKayyBaHHsS OypOBHUX PO3YMHIB BOHU
TaKOXX HE Jlaji MO3UTHUBHUX PE3YyJbTaTiB, TOMY IO IUIYHXXEPH 1 CAIbHUKH MOTAHO
MpaloBajivd IPU BUCOKUX TUCKAX, a 3aMiHa iX JOCUTh ckiajaHa. CripoOu 3aMiHUTH Y
MIECTUTUTYHKEPHOMY OTIO3UTHOMY OYpOBOMY HACOCI OJTHOCTOPOHHBOI il IUTyH)KepH
Ha TIOPIIHI BUSABUIUCS OUThin edexTuBHUMU. [lepeBarn 1mporo Hacoca — BIJHOCHO
BHUCOKA PIBHOMIPHICTh MOAaul (KOJMBAHHS MUTTEBOI mojadi — 15%), MOXIIMBICTb
JIETKOI 3aMiHM TOPILIHIB, KJIANaHiB Ta BTYJOK 1 BIACYTHICTh CaJbHMKOBHMX IITOKIB.

HeoOxigHicTh MaTh Ha OypoBiil JiIBa TaKWX HACOCH 3 BEJIUKOK KUIBKICTIO



12

IIBUKO3HOITYBAaHUX JETAJIel CTaja MPUYMHOI0 TOTO, IO IIi HACOCH HE 3HAWILIH
3acTocyBaHHA. HuHI BUKOPHCTOBYIOTHCS 37€OUIBIIOIO JBOMOPIIHEBI HACOCU
JIBOCTOPOHHBOT il 3 KUIBKICTIO MOJABIMHUX XOMIB 3a XBWJIMHY 35-90 1 JTOBXHHOIO
xomy a0 0,5 M , a TakoXX TPHUIIOPIITHEBI HACOCH OJHOCTOPOHHBOI il 3 KUIBKICTIO
MOABIMHUX XOJIB 3a XBUIMHY 35—180 1 momxkuHOO xoay a0 0,3 M mpu aiameTpi
HUATTHAPOBUX BTYJIOK 120—200MM.

Buxinni mynbcaiii TPUTOPITHEBOTO HACOCA OJHOCTOPOHHBOI il MEHII, HIXK
myJibcallii JBOMOPIIHEBOTO Hacoca JBOCTOPOHHBOI Mii.  EdeKTUBHICTh pi3HHUX
CTPYKTYPHHMX  CXE€M  HAacOCIiB  BH3HAYAE€ThCS  MPOCTOTOIO  KOHCTPYKIIIi,
TEXHOJIOTIYHICTIO,  KUIBKICTIO  IIBHAKO3HOLIYBAHMX  JI€Talield,  BIPOTIIHICTIO
0e3B1AMOBHOI poO0TH, Macoro, BeanunHoo KK/ 1 T. 1H.

B Oyposiii yctanoBui «Ypaimam-4E» 3acTOCOBaHMI ABOMOPIIHEBUN HACOC
nBocTopoHHKOI aii Tuiy YHB-600. Bin npu3naueHuii 1u1st mojjaqi MpOMUBHOI PIAMHU
Ha 3201 pu OypiHHI cBepasioBuH riaubuHoo0 10 5000 M. Ilpu poropHOMY OypiHHI
IIPOMHBHA piauHa noaaeTbesi 0ypoBuM HacocoM Y HB-600 uepe3 konoHy OypuiIbHUX
TpyO Ha 3a01ii JUIsl OXOJIOKEHHSI I BHHOCY 3pyHHOBAHOI JI0OJIOTOM TipChKOi MOPOJIH, a
TaKOX JJIs TMepefayl eHeprii MoToKy TypOoOypy ¥ MOB'S3aHOMY 3 HUM J0JIOTY. Y
SKOCT1 IPOMHUBHOI PITMHU 3aCTOCOBYETHCS BOJIa 200 TIIMHUCTUN PO3YUH 3 HASIBHICTIO
HaTH, JTYTH, COU 1 THIIUX KOMITOHEHTIB.

Jly’xe BaXJIMBOIO BUMOTOIO JI0 MPUBOAY OypOBOro HACOCy € HEOOXIAHICTh MaTH
pEryiIbOBaHy MIBUAKICTh OOCPTAaHHS EJIEKTPOABUTYHA, Ky HEOOXIAHO PErysroBaTH
npu OypiHHi He MeHml, HK Ha 20-30% BHU3 Big HOMiHANBHOI 1 10 50-60% - mpwu
BIJIHOBJIEHH1 LUPKYJSLIi po3unHy. Kpim TOoro, Heo0XilHO BpaxoByBaTH 1 TOM (akT,
0 TPH TEePEXOJi 3 OJHOTO IMIApy TPYHTY MO IHIIOTO, MOXJIMBE BUHUKHECHHS
yIapHUX HaBaHTaXXEHb, KI MOXKYTh MPU3BECTH K J0 CTOIOPIHHS MPUBOAY, TAK 1 10
BUXOJy WOTO 3 Jany.

Jlpyra BuMoOra TOB's3aHa 3 OCOOJIMBOCTSIMH HaBaHTAKYBAIBHOTO PEXKUMY
MPUBOJHOTO JBUTYHA. BiomMo, 1110 HaBaHTa)XXE€HHSI HA JBUTYHI MOCTIMHO 3MIHIOETHCS:
1o Mipi 3aryIMOICHHS CBEPJIOBUHU — 3pOCTAE, a TIPH 3HMKCHHI IBUAKOCTI IBUTYHA —

3MEHILYEThCS, ajle Y BCIX BUMAJAKaX BOHO 3MIHIOETHCS OCTYIIOBO. KpiM ToTO, SIK MpU
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3MiHI BTYJIOK, TaK 1 MpU HApOIIyBaHHI KOJOHM B MpoOIeci OypiHHS €NeKTPOJBUTYH
MMOBMHEH BHUMHKATHCS 3 MEpEXi, a00 Bajl HACOCY MOBUHEH BiA'€IHYBAaTHCS Bij Baly
nBUryHa. TakuM YMHOM, Jpyra BUMOra HOJisira€ B TOMY, IO JBUTYH OypOBOIO
HACOCYy TIOBMHEH TMpAIlOBaTH B TPUBAJIOMY pPEXHMI 3 BIJIHOCHO CIOKIHHUM
HAaBAaHTA)XCHHSAM, ajlé 3 YaCTUMH IIyCKaMU Ta 3yNMHKaMU 1 TOMY JJsl NPUBOJAA
OypOBOIr0 Hacocy 3acTOCOBYIOThCSI a00 aCMHXPOHHUH ABUTYH 3 (Da3HMM pOTOPOM,
KU Ma€ TIOHMXEHI IyCKOBI CTPyMH Ta BHUTPUMY€ 4YacTi MyCKH, abo JIs
ONEpPaTHUBHOIO KEPYBAHHS MDK JIBUTYHOM Ta HacoOCOM  BCTaHOBIIIOETHCS
elleKTpoMarHiTHa My¢dTa. B 11boMy BUNaJKy MOKHA 3aCTOCOBYBATH M 1HIII THIH
JBUTYHIB, TPUUOMY HANIIKPIIE PO3MOBCIOKEHHS OTPUMAIN CHHXPOHHI IBUTYHH.

VY Bumagkax 3a0MBaHHsS [0JI0Ta BUOYPEHOIO MOPOAOI0 JUIsl BIJHOBIICHHS
LHUPKYJISLIT TPOMHUBOYHOI PIIMHA Ha BHXOJA1 HAcoca KOPOTKOYACHO CTBOPIOETHCS
niABUIIEHUN TUCK. TOMy IBUTYH OypOBOT0O HaCOCY MOBUHEH MATHU JOCTaTHBO BUCOKY
NepeBaHTAXyBAJIbHY 3/1aTHICTh, OCOOJIUBO MPU OYypIHHI B BAKKUX YMOBAX.

B cepiitnux enektpodikoBaHux OypoBux ycraHoBkax tuny bY-80 BpE, BY-
2500 bpE, Ypanmam 125 BE, Ypanmam 4E, Ypanmam 4000 BE, Ypanmam 125E Ta
VYpanmam 160E s npuBoja OypoBHUX HACOCIB 3aCTOCOBYIOTh CUHXPOHHI JIBUTYHH 3
TIIYXOMAKIIOUCHUM 30y 1KyBadyeM.

CUHXpOHHI €JIEKTPONPUBOAM HE MPUITYCKAIOTh YACTUX BMHKAaHb Ta BUMHKaHb,
TOMY JUIS OTIEPAaTUBHOTO BiJl'€IHAHHA Bajla €JICKTPOABUTYHA BiJ Baldy OypOBOTO
HAcOCy MI)K HUMH BCTAHOBJIOIOTH ILIKIB, B IKii BMOHTOBaHa IIMHHO-ITHEBMAaTUYHA
mydra. ['010BHUMHU TIepeBaraMu TakuX JIBUTYHIB €:

— 3natHicTh C/] BingaBaTu B MepexXy PEaKTHBHY MOTY)KHICTh, IO € HAMOLIbII
MPOCTUM 1 €(PEKTUBHUM CIIOCOOOM IMiIBHINCHHS KOe(DIIieHTa MOTYXHOCTI. Y IUX
yMOBaxX  €JIEKTPUYHI  MEpexl  PO3BAHTAXYIOThCSA BIJl PEAKTUBHUX CTPYMIB,
CHOXXUBAaHUX ACMHXPOHHMMHU EJEKTPOABUTYHAMHM, TpaHc(opmaTtopamMu Ta 1HIIUMHU
IPUCTPOSMHU, B PE3YJIbTATI YOTO 3MEHIIIYIOTHCSI BTPATU B MEPEkKax;

— CTaTUYHA NEPEeBaHTAKYBAJIbHA 3/IATHICTh CUHXPOHHUX €JIEKTPOJABUTYHIB 0€3
ypaxyBaHHs SIBHOTOJIOCHOCTI 3aJ€KUTh BiJ Hampyrd Mepexi JiHIHHO, a He

KBaIPaTUYHO, K Y aCHHXPOHHUX JIBUTYHIB;
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— (dopcyBanHa 30ymKeHHS TpU 3HWXKEHHSIX Hampyru HWwk4de 0,8 Bifg
HOoMiHanbHOI. OTXe, NpU BEIUKUX 3HUKEHHSAX HANpyru Mepexi, pobora
HaBaHTAKEHOTO CUHXPOHHOTO €JEKTPOJBUTYHA CTIHKIIIA, HI)K ACHHXPOHHOTO.

— MOXJIMBICTh 3aCTOCYBaHHS cucTteM 30ypkeHHs 3 APB, mo 3a0e3medyroTh
CTaJICTh CTATUYHOTO Ta JTUHAMIYHOTO MEePEeBAaHTAKECHHS TIPH 3MiHI PEKUMIB POOOTH.

AJte € 1 3Ha4YH1 HETOIIKH:

- CHHXPOHHI JIBUTYHU HE TIPHUITYCKAIOTh YaCTUX BMUKAaHb Ta BUMUKaHb, X04a 11¢
KOMIIGHCYETBCS ~ 3aCTOCYBaHHSIM  MarHiTomopomkoBux — mydr.  IlpakTuka
mokasajga, IO 3aCTOCYBaHHA MAarHITOMOPOIIKOBUX  MYy(T BHUIPaBIOBYE ceOe
TIJIBKH NP NI€peIayl BIIHOCHO HEBEJIMKUX MOMEHTIB;

- JUIs 3aCTOCYBaHHSI LIbOTO IPUBOAY HEOOX1ITHO PEryiioBaTH Mojady Hacocy 3a
JIOTIOMOTOI0 3MIHM LWJIIHAPOBUX BTYJIOK, TOMY Jsi OTPHUMAaHHS BHCOKOI SIKOCTI
peryiioBaHHsT HEOOXIAHO MaTH BEJIMKY KUIBKICTh BTYJOK IO, B CBOIO 4Yepry,
MPU3BOJUTH /10 MJABUIICHHS BapTOCTI YCTAHOBKH 1 3MeHIIEHHS edeKTUBHOCTI. Kpim
TOTO, IOCUTh 0araTo yacy OyJie BUTpadyaTUCs Ha 3aMiHY BTYJIOK (IIpU IbOMY JBUTYH
HE BUMUKAETHCH).

- e(pEeKTUBHICTh BUKOPUCTAHHS JIBUTYHA MTPU TaKOMY crioco01 He nepeBuurye 60-

80% (3a3Ha4YeHMI BIICOTOK 3QJICKUTH BiJl KUTBKOCTI 3MIHHUX BTYJIOK).

1.4 IlocranoBka 3aaa4 Ha KBaJjiikaumiiHy podooTy
B nmaniéi poGoTi HEOOXITHO MOJEPHI3YBaTH €JIEKTPONPUBOJ OypOBOro Hacoca, a
came:

— MPOBECTU MEPEPaXyHOK MOTYKHOCTI €JIEKTPOJBUTYHA,;

— 3aMIHWUTHU JIBUTYH Ha OLIbII Cy4aCHUM, MPOBECTU MEPEBIPKY BUOOPY IBUTYHA
Ha NIepeBaHTAKEHHS;

— 3aMIHUTH HEperyJlbOBaHWW MPHUBOJ JABUTYHAa Ha PpEryjlbOBaHUN, TOOTO
PO3pOOUTH TaKy CUCTEMY aBTOMaTUYHOIO KEPYBaHHSI ~ €JIEKTPONPHUBOJIOM — HACOCY,
mo 3Moke  3a0e3nevyBaTv JOTPUMYBAaHHS HOMIHAIBHUX KOJMBAaHb THUCKY Ta
BUTpaT Ha BHUXOJAl Hacoca, siKi OOYMOBJIEHI KOHCTPYKTMBHUMH OCOOJIMBOCTAMHU

MOPIIHHOBUX HACOCIB, & TAKOXK HAUOLIbIII EKOHOMIYHY HOT0 poOoTY.
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2. MOAEPHI3ALIA EJEKTPOITPUBOAY BYPOBOI'O HACOCA
2.1. IlepepaxyHOK NMOTY>KHOCTI IPUBOY O0YPOBOI0 HACOCY
[Ipu mpoekTyBaHHI HAacOC PO3PAXOBYETHCA 32 HOMIHAJBHUMHU TapamMeTPaMM:

rigpaBmivHid MOTYKHOCTI N;, HAHOUTBIIIOMY MTOCTIHHOMY THCKY Pmax Ta HaWO1IBIIIIHI
MOCTIMHINA mogadi Q max, IO 3aJAF0THCS SK BUX1IHI BEIMYHHHU.
Buxonsun 3 mnpu3HaueHHS Ta YMOB eKCIUIyartallii OypoBOi yCTaHOBKH
«Ypanmam —4E» Oyposuit Hacoc Tuiry Y Hb-600 moBuHeH mMatu:
— TiapaBmiyuHy noTyXHIcTh Ny = 600 kBT;
— THCK Ha BXO1 Pmax= 20MlIla;
— Haibinemy noctiiiny nogauy Q max= 75-107° m’/c.
Po3paxoByeMo MexaHiuHI TapaMeTpd HEOOXIAHOro Hacocy 3  (QopMyiH
TIAPaBIIYHOT TOTYXHOCTI [15]:
N, =P-Q, (2.1)
ne N:— rizpaBiiuHa NOTYXHICTb Hacocy, BT;
P - Tuck Ha Buxoni Hacocy, Ila;
Q - nozmaua Hacoca, M°/c.

Buznagaemo npoayktuBHicTh Q TIpy HAMOLTBIIIOMY THCKOBI 3a (hOPMYIIOK0:

N I
Qmin Pmax ' (22)
TeopeTruHy MPOIYKTUBHICTH HACOCY BU3HAYaeMO 3a Gopmysioro [15]:
_Q
Qr S (2.3)

ne a — kKoedilieHT nogadi, JUisl po3paxyHKiB npuitmaemo a = 0,9 BUXOAs4M 3
pexkomenarii [15].

Buxomsum 3 1mporo, MiHIMagbHAa ~TEOPETHYHA MPOAYKTHUBHICTH  Oye

JIOPIBHIOBATH:
Q. .
QT min — o ' (24)
a
MakcumaiibHa T€OpETHUYHA MTPOIYKTUBHICTH Oy/i€ 10PIBHIOBATH:
Q
QT max - ' (25)

a
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3amaouuch A1aMEeTpOM INTOKY TOPIIHS Ta MIAPaxOBYIOUM IUIOHLY HOTO

nepepizy f 3 hopmynu mo [15]:

'gcep
Qr=z-(2-F-1)—=r, (2.6)

7€ Z - YMACTI0 MMTIH/PIB, AT pO3paxyHKiB MPUIMAEMO Z = 2;

Ucep - CEPEIHS MIBUAKICTH MOPIIHA, M/C, (3a3Buuail B Mexax 0,85+0,95 m/c ) nns
PO3paxyHKIB IPUUMAEMO V¢ep = 0,9;

F - mioma nmopuns, M2,
f - mmoma mrToka, M2.
Po3paxoByeMo HalO1IbITy Ta HAWMEHIITY ILJIOITY TIepepi3y MOPIIHS.

[Tpuwitmemo aiamerp mmroka Oy, =70 MM=0,07 M Ta BuUpaxyeMo ¥oro Imiomry 3a

dhopmyIioro:
f=>-7.d,° (2.7)
Bu3HaunMo HaliMEHIITY TUTIOITY ITepepi3y HOPIIHS:

Qrmin , f
F - _<Tmn , ' .
g (2.8)

Haii6inpra moma nepepizy nopirHs Oyae T10piBHIOBATH:

QTmax f
F o= Tmac ,
™oz-9, "2 (29)

Busnagaemo HalO1IbIINN Ta HAMMEHIIIUN JiaMeTPH TOPIITHS:

Dy = 2-,| Fin. (2.10)

T

F
Do =2, —=.
=21y CXED

OTpumani po3Mipu OKPYTIIOIOTHCS O HAHOIMKYOTO MEHIIIOTO JAlaMeTpy 3a
OPUIUHATUM PSIIOM JAiaMeTpiB MOPIIHIB. JlOBXKMHA X0y MOpIIHA S s OypOBHUX
HAcOCIB 3HaxoAuThcsa y Mexkax 350+450 mMm [15]. s po3paxyHKIB NMpUHNMAEMO

yCEepeHEeHY JOBXKUHY X0y nopirHs S = 400mMm = 0,4 m.
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HowminanbHy KUIBKICTh MOJBIMHMX XOJIB MOPIIHS 3a CEKYyHAYy BH3HA4YaeMO 3
dbopMynu cepenHboi mBUAKOCTI [15]:

9. =2-S-n, (2.12)

cep
1e S - JOBXKWHA X0y TIOPIIIHS, M;
N - 9UCITIO MTOABIMHMUX XOIiB MOPIIIHS 32 CEKYHITY.

9

n= 2; : (2.13)

BuszHnagaemo 4ucio moABIMHUX XO/I1B MOPITHS 32 XBUJIUHY:
n, =n-60, (2.14)
3a oJIuH 00epT KOPIHHOTO Baly MOPIIECHDb 31HCHIOE OJIUH MTOABIMHUHN X1, TOOTO
HMIBUIKICT OOEpTaHHS KOPIHHOIO Bally JOPIBHIOE YHUCIY IOABIMHUX XOAIB 3a
XBUJIUHY:
n.=n,, (2.15)
[IBuaKicT, 06€pTaHHS TPAHCMICIHHOTO Bally BUZHAYAETHCA 32 (POPMYIIOLO:
N =n, -1, (2.16)
7€ i - IepeaBaibHe YUCIIO PEAYKTOpa HAcoca.
[lepenaBanbHi yucia penykTopiB OypOBHX HACOCIB 3HAXOIATHCS y Mexax 4-+5
[16]. TIpuitmaemo i= 5.
HoMinanpHa puBeieHa MoTy>KHICTh HacOCca BUZHAYAETHCS 32 OPMYJIOIO:
N
r
N, =—, (2.17)
up
1€ My - KoedilieHT KOPUCHOT 1ii Hacocy, mpuitmaemo My, = 0,85 [ 17 ].

[ToTpiOHa MOTYKHICTh MPUBOAHOTO JIBUTYHA BU3HAYAETHCA 32 (POPMYIIOIO:

Nom = — (2.18)

JI€ M - KOSPIIIEHT KOPUCHOT 1T KIMHOMACOBO1 Mepeayl, NpUuiMaemMo 1My=0,95

[15].
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Yci po3paxyHku mpoBoauMo 3a gonomororo nporpamu MathCad na IIEOM. 3a
pe3yiapTaTaMH  PO3paxyHKIB TPOBOAUMO BUOIp Ta mMepeBipKy BHOOPY JBHUTYHA
OypOBOT0O HAcoCy, 110 CEPIITHO BUITYCKAETHCS TPOMHCIIOBICTIO.

BxigHi qaHH1 1719 pO3paxyHKY:

['paBniuHa NOTYKHICTh Hacocy, KBT 600
HaiiG1ab1mmii mocTiiHui THCK ea BXoal, MIla 20
Haii6inpma nocriiina nogaua 10 exp-3, m%/c 75
Koedirient nmogaui 0,9
Yucno mumiHAPIB HACOCY 2
Cepenns MBUAKICTD MTOPIITHS, M/C 0,9
JliamMeTp 1mToka, MM 70
JloBkrHA XOAY TOPIIHS, MM 400
[lepenatoune uncio peayKTopa Hacoca 5
KK]I Hacoca 0,85
KK]I x1uHOMacoBoi mepemaadi 0,95

OtpumaHi1 pe3yJbTaTd PO3PAXYHKY:

[IpoLyKTHBHICTH HACOCY IIPU THCKOBI Py, M%/c 0,0300
TeopeTruHa MPOAYKTHBHICTH HACOCY, M/C 0,0270
MiHimManbHa TEOPETUYHA TPOLYKTUBHICTE, M3/C 0,0333
MakcumManbHa TeOpeTHIHA IPOAYKTHBHICTE, MY/C 0,0556
[Tnoma mWroky, M 0,0038
HaiiMeH1Ia noia nepepisy nopids, M 0,0204
Haii6inpma mioma nepepizy HOpIIHS, M2 0,0328
HaliMeHiuii qiaMmeTp nopiiHs, M 0,1613
HaiiGinpmmii niaMeTp mopIHs, M 0,2043
Yucnio noABIMHUX XO/I1B MOPILIHS B CEKYHIY 1,1250
Yucno noaBitHUMN X0/11B TOPIIHS 33 XBUJIUHY 67,5000
[IIBuaKiCT, 06€pTaHHS TPAHCMICIHHOTO Bally 337,5000
HominanpHa npuBOIHA MOTYX HICTh Hacocy, Bt 605882,3529
HeoOxiaHa noTyXHICTh MPUBOIHOTO JABUTYHA, BT 623034,0557
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2.2 Bu0ip Ta nepeBipka BUOOPY NPUBOJIHOI0 ABUT'YHA
[pyHTYIOUMCh Ha NPOBEIEHHX PO3PAXYHKAX, BUKOHYEMO BHUOIp IIPUBOIHOIO
JIBUTYHA 32 CITIBBITHOIIICHHSIM:
P> Nior, (2.19)
ne Py, - HOMIHaNbHA MOTYXHICTh IPUBOJIHOTO JIBUT'YHA, KBT,
Npor — PO3paxoBaHa MOTYXHICTh IPUBOIHOTO BUTYHA (Maemo 623,034 kBT).
Panime Ha OypoBiit ycranoBii”Ypanmain — 4E” i1 nmpuBoy OypoBHX HacoCIiB
Oynu BCTAaHOBIIEHI [JIBa CHHXPOHHI JBUTYHH tuny CMBO-15-49-89Y XJI2
noTyxHicTi0O 630 kBT kokeH. Po3paxyHok moka3aB, 110 3a BETMYHHOIO MOTY>KHOCTI
BOHM Hac 3aJJ0BOJIBHSIOTH, @€ HAa TaKy X MOTYXHICTb PO3pOOJIEHHMH 1 IIUPOKO
BIIPOBAKYETHCA B HAPTOBY IMPOMHUCIOBICTh OUIbII Cy4aCHUN CHUHXPOHHHUUA ABUTYH
cepii C/IBM. Jlauuit tun nBuryna mae Outbin Bucokuit KK, cryminp 3axucty
nBUryHIB - [P24, kopoOku BuUBOIB - P44, k0oXyxa 30BHIIIHBOIO BEHTHJISTOpA -
IP20, madu ynpasninus - IP44. Tomy oOupaemo nBuryH cepii CZIBM.
Tun Ta TeXHIYHI apaMeTpy MPUBOJHOTO JBUTYHA HaBEACHI HUXKYE.

Tabmuug 2.1 — Xapakrepuctuku Asuryna tuny C/IbM 9

IMoxka3Huk 3HaYeHHS MOKA3HUKA
Mapka nBuryHa CIBM 99/46-8Y XJI2
Tun nBuryna CHUHXpOHHHUI
HowminanbHa noTyxHicTh, KBT 630

Howminanena Hanpyra ctatopa, B 6000

Howminansuuii ctpyMm craTtopa, A 72

Koedimient kopucHoi aii, % 94,7

Misaxe/Miom 2,2

Lyaxe/Tom 6

COS ¢ 0,88

CrtpyM 30yKxeHHs 30yIHUKa, A 163

Hamnpyra 30yanuka, B 47 (39)
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[lepeBipky aABUTyHa Ha TMepeBAaHTAXYBAJIbHY 3JaTHICTh MPOBOAUMO IIO
METOJMIII, BUKJIAJCHIN B [4].

Bu3HagaeMo HOMiHAJIbHUM MOMEHT ABHTYHa M, uepe3 HOMiHAJIbHY MOTYXHICTb
P, Ta HOMIHANIBHY KYTOBY YacTOTY 0O€pTaHHS My

_1000-P,, _ 1000-630

=802241H - u, 2.20
T e, 7853 2 (2:20)
n, 750
Je o, 955 955 03 padl cex
MaxkcumanbHU MOMEHT JBUTYHA
M. =kM, =22-802241=1764930H - m , (2.21)

ne  k, - Koedlli€eHT KpaTHOCTI MaKCUMAaJIbHOTO 1 HOMIHAJIHHOTO MOMEHTIB
JIBUT'YHA, III0 00paHo.
Jlns mepeBipKUd JABUTYHA PO3PAXOBYEMO MAaKCUMAaJIbHUM CTATUYHUUA MOMEHT,
TOOTO MOMEHT, KOJIM CTaTUYHA MOTY>KHICTh Ha BaTy OUIbINIA 32 HOMIHAJIbHY.

3 NpOBEICHOTO paHillie po3paxyHKy BiIOMO, 10 HalOLIbIIa TEOPETUUHA 0Ja4a
nacocy ckiaagae Qua =0,05 M¥/c, HaiGLbIIMIA TOCTIHHMI THCK Prax = 20 Mra.

Tomi MoXHa  po3paxyBaTH  MAaKCUMajbHy  CTaTUYHY THOTYXHICTh U

MaKCHUMAaJIbHUM CTaTUYHUM MOMCHT, IO CTBOPIOE€ HABAHTAKCHHA:

6 -3
P =kM:L02-O’05 20-10°-10 130268 xBm, (2.22)
n 0,783
3
M, max = Ponmo 107 =10001302’68 =1658834 H - u, (2.23)
@, 785

TyT K - KoedilieHT, 10 BpaxOBYE MOXIIMBICTh TPHBAJIOTO TIEPEHABAHTAXKCHHS
Hacoca, i1l OypoBUX HacociB 3BuuaiiHo mpuitmairoth K= 1,02 —1,05. bepemo cepenne
3HaueHHsa K= 1,04;

TN - 3araJbHUM KOe(IlIEHT KOPHUCHOI Jii TEXHIYHOI CHUCTEMHU, SKUU
cKiIagaeThes 3 aekiabkox KK/I:

N=NoNrNwN«=0,99-0,98.0,85-0,95=0,783 (2.24)
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TyT mMo- 00’emuuii  KKJ[ OypoBoro Hacoca , SIKMil BpaxoBye BHUTpaTH
MOTYXXKHOCTI Ha TMPOKayyBaHHS MiJ] TUCKOM YAaCTHUHHU PO3YMHY Yepe3 YIILIbHEHHS
MOPIIIHIB, IITOKIB KJalaHiB, 3BUYaHO MpuiiMaroTh Mo =0,95-0,99, 6epemo 1 =0,99;

Nr — rigpaBaiuyauii KKJI 6ypoBoro Hacoca, 3a JOMIOMOT0I0 KOTPOTO OIIIHIOIOTH
BUTPATH TMOTY)KHOCTI B KJIalaHaX BXIJHOTO 1 BUXIJHOTO KOJEKTOPIB Yy TiJIpaBiiuHIM
KopoO11i, 3BM4aitHo npuitmarots N =0,97-0,98, 6epemo 1, =0,98;

Nw — Mexaniuanii KKJI HacocHoro arperaty, skuii BpaxoBy€ BUTpaTH €HEprii Ha
TEPTS y MEXaHi3Mi MepeTBOPEHHS 00€PTOBOTO PyXy MOB3YHA, B HAIIIOMY BHUIIAIKY Ty
=0,85;

Nn — KKJI mepenayi mixk 1BUTYHOM 1 HacocoMm, Ny = 0,95.

[lepeBanTaxKyBabHii 31aTHOCTI JBUTYH OYpOBOTO HAcoca 3aJ0BOJIbHSIE, SIKIIO

BI/IKOHyCTBCH YMOBa:
Miax 2 M max (2.24)
B Hammomy BuUnaaxy

17649,3 Hm> 16588,3 Hw™m .

[lepeBipka 3iiinuiacs, JBUTYH BUTPUMY€E MIEPEHABAHTAXKCHHS.

2.3 Po3po0JieHHsI eJIeKTPONPUBOAY OYPOBOIr0 HAcOCa

2.3.1 PerymnroBaHHSI MBUJIKOCTI 00EPTaHHA CUHXPOHHUX €JIEKTPOJIBUTYHIB

B npaniit poboti mns mpuBoay OypoBOro Hacoca 00paHO CHHXPOHHUM
enextpoasuryH tumy CJIBM 99/46-8Y XJI2.

CHUHXPOHHI €JIEKTPUYHI MAIIMHU XapaKTEPHI THM, 110 Y HUX POTOP B CTAJIOMY
pexuMi 00EepTaEThCS 3 KYTOBOK IIBUAKICTIO OOEPTOBOrO MAarHITHOTO IOJS,
CTBOPIOBAHOTO cTpymMamMu B (a3Hux OOMOTKax craropa, MOAIOHOTO CTaTopy
ACHUHXPOHHOI MalWHU. Lle mocaraeTscs TUM, IO POTOP CUHXPOHHOI MAaIlIMHU SBJISE
co00I0 3BHYAHHO EJIEKTPOMArHiT abo pijlle MOCTIMHUNA MAarHiT 3 YHUCIOM Map
MOJIFOCIB, MO JOPIBHIOE KUIBKOCTI Map TMOJIOCIB 0OEPTOBOTO MArHITHOTO TIOJIS.
B3aeMois momitociB 00epTarouoro MarHiTHOTO MOJis 1 TOJIFOCIB poTopa 3abe3rneuye

MOCTIHY KyTOBY IIBHAKICTb OCTAaHHBOTO HE3aJEKHOTO MOMEHTYy Ha Baimy. [ls
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BJIACTUBICTh CHHXPOHHHUX MAIIIMH JIO3BOJISIE BUKOPUCTOBYBATH iX B SKOCTI JIBUTYHIB
JUTSL IPUBOJTY MEXaH13MiB 3 TIOCTIHHOIO KyTOBOIO IIBHUJIKICTIO.

Byno BupileHO 3aMiHUTH MEXaHIYHO-PETYJIbOBAaHUN MPUBOJ CUHXPOHHOTO
JBUTYHA HA EJIEKTPUYHO-PETyIbOBaHUM, TOOTO pO3pOOUTH TaKy CHCTEMY
ABTOMAaTUYHOI'O KEPYBaHHS  €JIEKTPOIPUBOIOM HACOCY, KOTpa 3MOXKe 3a0e3nedyBarH
JOTPUMYBaHHSI HOMIHATBHUX KOJIMBaHb TUCKY Ta BUTpAT Ha BUXOZl OypOBOTrO Hacoca, siKi
00YMOBJIICHI KOHCTPYKTHBHIMH OCOOJIMBOCTSIMU TTOPIITHHOBUX HACOCIB.

YacToTHE peryiaioBaHHSI IIBUIKOCTI OOepTaHHS CUHXpOHHUX ABUTYHIB (C/I)
XapaKTepU3yeTbc B OCHOBHOMY TaKHMMH K TOKa3HHKaMH, IO 1 YacTOTHE
peryItoBaHHs aCHHXPOHHUX JABUTYHIB 3 KOPOTKO3aMKHEHUM pOTOpOoM. PerymtoBanHs
mBUAKOCTI obepranHss CJl MOBHHHE NPOBOAUTHCS 3 BUCOKUMHU EHEPIeTUYHUMU
NOKa3HUKaMU: [0 TapMOHIMHOMY CKJIaay, KOe(]illeHTYy MOTYXHOCTI 1 T.J. Takox
MOBUHHI OyTH BUCOKMMH IUIABHICTh 1 CTAOUIBHICTH PEryJIIOBaHHS, MPHU LIBOMY HE
noTpiOHO 3a0yBaTH, IO PErYJIIOBAaHHS MOBHHHO MPOBOJUTHCS MPH MOCTIHHOMY
MOMEHTI, JUIS I[bOTO TIPH 3aKOHI PEeryjioBaHHS BiIMOBIAHOTO Uyow/froy=CONSt
HEOOX1JTHO PEeryJitoBaTH CTPyM 30y/DKEHHS IpHU 3MIHI MOMEHTY Ha Bajly JIBUTYHa 3a

3aKOHOM:

= M (2.25)

HOM M

2.3.2 PerymoBanus ctpymy 30ymkeHHst CJ1

JlocaiiHUKaMy eNeKTPUYHUX MAalIWH MPOBe/ieHa 3HauHa poOoTa MO CTBOPEHHIO,
JOCII/DKEHHIO 1 BIPOBA/DKEHHIO PI3HUX CUCTEM 30y KeHHs Ta perymoBaHHs C/I.
Opnak 3 TpUBaJIUM YacoM Oynu aOCONIOTHO PI3HI TOYKH 30py y BHOOpP1 3aKOHIB
aBTOMATHYHOTO PETYJIOBAHHS 1 TUITIB CUCTEM 30Y/DKCHHSI.

B ocraHHi poku y 3B'A3Ky 3 PO3BUTKOM HaIlIBIPOBIIHUKOBOI TEXHIKU 1
CTBOPEHHSIM CIICIlaJIbHUX THUIIIB KPEMHIEBUX JIOMIB 1 THUPHUCTOPIB TOYAIOCA
IHTEHCUBHE BIIPOBA/KEHHS B TIPOMHUCIIOBICTh CHHXPOHHUX €JICKTPOJABUTYHIB 3
HOBHMH CUCTEMaMHU 30y IKCHHS.

C/I 3HaxoAsTh MUPOKE 3aCTOCYBAHHS JIJIs1 €JICKTPOIPUBOJTY PI3HUX MEXaHI3MiB.

3a IMX YMOB € BaXXJIUBUM palllOHAJIbHE BUKOPUCTAHHS OCOOIMBOCTI CHHXPOHHOIO
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eJIEKTPOABUTYHA — MOXKJIMBICTh 3MIHU BEJIMYMHU 1 HAPYTU PEAKTUBHOI MOTY>KHOCTI
1 TUM caMHM 3IIHCHEHHS pETryJIIOBaHHS HANpyrn Yy By3JaX HaBaHTAXCHHS.
®dopcyBaHHs 30yMK€HHS NpPHU 3HWKEHHI HAIpyrd 1O IEBHOI BEJIWYMHU 3HAYHO
HiBUIILYE CTIHKICTh POOOTH CHHXPOHHUX €JIEKTPOIBUTYHIB.

VY 3B'3Ky 3 THM, 1110 3aCTOCYBAaHHSI HOBUX THIIIB CUCTEM 30Y/UKEHHS J1O3BOJISE
ICTOTHO MIABUIIUTH CTATUYHY 1 IMHAMIYHY CTIMKICTh POOOTH MaIllMH MPOEKTYBAHHSI
CUHXPOHHHUX €JEKTPOJABUTYHIB CIIiJI TPOBOAUTH 13 3HUKCHUMHU TMOBITPIHUMHU
3a30paMHd 1 3MEHIIEHMMHM 3alacaMy CTaTHU4YHOI IepeBaHTaxeHocTi. Take
KOMIIJIEKCHE TMPOEKTYBaHHS CHHXPOHHOTO E€JEKTPOJABUTYHA pPa3oM 3 CHCTEMOIO
30y/UKEHHST 1 AaBTOMATHYHHMM DPETYJIIOBaHHAM 30y/DKEHHS Jla€  MOJXKJIMBICTh
3MEHILUTHU Bary, rabaputu 1 BapTICTh €JIEKTPOJBUTYHA.

2.3.3 Bubip tupucTopHOTro 30yIKyBada

Jlo cuctem 30yaKEeHHS IPe'ABISAI0ThCSA TaKli OCHOBHI BUMOTH:

a) BUCOKA HAAIMHICTh y poOOTI;

0) MOKJTUBA TIPOCTOTA,;

B) HEBUCOKA BapTICTb.

KpiMm TOro, HeoOXiJHICTb PETyJIOBaHHS Halpyrd Ta 3a0€3ME4YeHHsS CTIMKOI
poOOTH CHHXPOHHMX MAIIMH HAaKJIaJa€e Ha CUCTEMM 30YIKEHHS psii J0JAaTKOBUX
BUMOT.

OOpanmii Hamu 30ymkyBad cepii BTE-315-11 nmpusHavueHwid A1 JKUBJICHHS
O0OMOTKHM 30Yy/I’K€HHS, YIPABIIIHHS 1 PETYIIOBAHHS CTPyMY 30Y/DKEHHS MPU MPIMOMY
1 peakTOpHOMY NYCKYy, CHHXPOHHIH poOOTI Ta aBapiiHUX pPEXKHMaX CHUHXPOHHUX
JBUTYHIB OTY>XHICTIO 10 12500 kBT 3 ctpyMamu 30ymkeHHs 10 320 A

Tupucropre 30ymKeHHS 1 yNpaBliHHSA MaHOTO 30y/pKyBaua 3AIMCHIOE Taki
GyHKIII:

- 30y/DKEHHS €JIEKTPOJIBUTYHA Y BCIX HOPMAIILHUX PEKUMaX POOOTH 3 PYUYHUM
1 aBTOMATHMYHHMM PETYIIOBAHHIM CTpyMy 30yIKE€HHs, MpHUCTpiil 3abe3nedye
nepexija 3 aBTOMAaTHYHOTO PEryIOBaHHS Ha PyYHE;

- apromatnuHuii myck C/I 3 nogauero 30yxenHs y ¢pyukuii EPC (manpyru) B

oOMOTIIi 30yKEHHS,
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- 0OMEXeHHs KyTa 3aTPUMKH CHJIOBHX THPHUCTOPIB MO MIHIMYMY 1 MO
MaKCUMYMY, OOMEXEHHS CTpyMy 30y KEHHS 10 HOMIHAJIbHOTO 3 BUTPUMKOIO
qacy, a TaK0X oOMexeHHs cTpymy dopcyBanHs a0 1,4 T, 6e3 BUTpUMKH yacy;

- aBTOMATHUYHHUI peryisTop 30ymKeHHs 3a0e3nedye peryiioBaHHS CTPyMY

30yKEHHS TP MIATPUMII HAIPYTU Mepexi 31 ctatuzmom + 10% abo kytoM .

Takox y 30ymkyBaui BTE-315 - 11 nepen6aueHo:

- aBTOMATUYHE TMEPEeMHUKaHHS 3 BUTPUMKOIO Yacy Ha aBapiiHUN PEXUM IPHU
BTpati 30y1>KEeHHS;

- aBTOMAaTUYHE PEe3epPBYBAHHS ONIEPATUBHOI HANPYTH;

- CUTHaJTI3allisl 3aMUKaHHS Ha "3eMJ1I0" pOTOPHOTO JIaHIora 30y/1)KyBaya;

- CUTHAJIi3allisl BKJIIOUYECHHS CXEMH aBTOMAaTHYHOTO MEPEMHUKAHHS Ha aBapiiHUIA
pPEXUM MpHU BTPaTI 30y1KEHHS.

VY 30yKyBau BCTAaHOBJIEHI MPWIAAM JIi BUMIPIOBAHHS MapaMeTpiB CHCTEMH
yIpaBIiHHS.

3acTocyBaHHS KEPOBAHMX BEHTHJIB - THPHUCTOPIB JJ03BOJISIE BUKOHYBATH
MIBUAKOIIOY] 1 HaA1HHI CUCTEMH 3 BUCOKHMHU TEXHIKO-€EKOHOMIYHUMHU MOKAa3HUKAMHU.
PeryntoBaHHS TOTY>KHOCTI B JIECATKHM 1 COTHI KIJIOBAaT MOXK€ OYyTH 31MCHEHO
KEPYIOUOK TOTYXHICTIO B oiuHuill BT 1 vacTtku Bta, 1mo poOUTh MOXKIMBUM
3HM3UTU Bary i rabapuTu MPUCTPOIO YMPABIIHHSI TUPUCTOPHOTO 30YKYBaJIbLHOTO
NPUCTPOIO CUHXpPOHHOro JABUryHa CJI, SKUH MICTUTh €JIIEMEHTH >KUBJICHHS,
YIOpPaBIIHHS, PETYIIOBAHHS Ta X PYHKI10HAJIBHI 3B'S3KH.

Ha cyuacHux OypoBHX yCTaHOBKAaxX Ui YIpPaBIiHHS OypOBUMH HacocaMu
NOBUHHI OyTH nepeadayeHi: MycK 1 3yNHMHKAa B aBTOMAaTUYHOMY PEXHMI 32 33/aHOI0
Iporpamor0, Mpu OTPUMaHHI KOMaHIM 3 MyJbTa OypHIIbHHKA; MICLEBE YIPaBIiHHA
HACOCAMHM BPY4YHY 0€3MocepeIHhO Ha MICIII iX YCTaHOBKHU.

2.3.4 MoxIuBICTb pPOOOTH CHUHXPOHHOTO JBUTYHAa Yy CKJIaJl YacTOTHO-
PETYIHOBAHOTO EJIEKTPOIIPUBOITY OYPOBHX HACOCIB

PobGounii miama3zoH peryiroBaHHS 4aCTOTH OOEpTaHHS CUHXPOHHUX JBUTYHIB
IIPU CIUIBHIN pOOOTI 3 MEPETBOPIOBAUEM YAaCTOTH B OUTBIIOCTI BUTIAJIKIB cKiIagae S0

(60) - 100% Big HOMIHAIBHOI YACTOTH OOEPTAHHS.
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Ha puc. 2.1 HaBenmeHi pe3yJabTaTH pPO3PAaXyHKOBOi OIIHKH JOMYCTHMOI
NOTY)XHOCTI Ha Baiy enekTtpoasBuryHa tuny CIHBM 99/46-8YXJI2 y BkazaHomy
pobodoMy Jiama3oHi 4acTOT OOEpTaHHS IPH CIUIBHIA poOOTI 3 TMepeTBOprOBaYEM
gactotr. OIiHKa MPOBOAMIACS 32 YMOBOIO JOITYCTUMOTO HarpiBy 0OMOTOK cTaTopa 1
poTopa €NeKTPOABUIYHA 3 YypaxXyBaHHSIM TMOTIPIICHHS YMOB OXOJIOJKEHHS
€JICKTPOJIBUTYHA MPHU 3HUKEHHI YaCTOTH OOEpTaHHS, a TaKOX JOJAaTKOBUX BTpAT B
CJIEKTPOABUTYHI BiJ] BHUIIMX TapMOHIK HECHHYCOIJAJIbHOTO CTPYMy Ha BHXOJI
nepeTBoproBaya 4actotu. OOIIK BIUIMBY TOJATKOBUX BTPAT, 3yMOBJICHUX CHIIBHOIO
po0OOTOI0 3 TEpPEeTBOPIOBAYEM YACTOTH, OUYEBHJIHHMMA JJII HOMIHAIBHOI YacCTOTH
oOepTaHHs E€JEeKTPOJBUTYHA, JJIs SKOi JOMYyCTHMa TpUBajia MOTYXHICTh Ha Bally
€JIEKTPOJIBUTYHA CTaHOBUTH Onu3bk0 70-80% HOMIHamBHOT MOTYXHOCTI. KputHuHi
YacTOTH OOEpTAHHS €JIEKTPOJBUTYHA CKIaAaroTh: 265 1 294 pan/c. Tpusana podora
€JIEKTPOJIBUIYHA INOOIM3y BKAa3aHMX 4YacTOT o0OepTaHHsa (B Mexax =50 xB7?)
HEJOIMyCTUMA.

YTpaBiiHHA YCTaHOBKOIO CTPyMy 3pYLICHHS EJIEKTPOABUTYHIB B peXHMax
YaCTOTHOTO MYCKY 1 pEryjloBaHHsS YacTOTH OOepTaHHS IOBUHEH 3/1MCHIOBATH
MepeTBOPIOBAaY YacTOTH, JJII YOro MOTPiOHE MOOMpaIfOBaHHS ICHYHOUMX 0a30BUX
cTaTUYHUX TUpUcTOpHUX 30ynuukiB tuny BTE - 315 (BTE - 320) B wactuni

KopuryBaHHs iX AP3 (aBTOMaTH4HOTO perytoBaHHs 30yKEHHS).
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Pucynok 2.1- 3anexxHicTh NOTYKHOCTI Ha Bajly eyiektpojaBuryna tuny CJIbM

99/46-8YXJI2 Big yacTOTH OOEPTAHHS
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Ha pucynky 1 - xpuBa OOMEXKEHHS TMOTY>XHOCTI Ha Bally €JIEKTPOJBUTYHA
3MiHI HaBaHT@XEHHS (MPW  KBAaJAPATUYHIN  3aJ€KHOCTI MOMEHTY  OTOpYy
MIPUBEJICHOTO MEXaHI3MY BiJ 4aCTOTHU O0CpTaHHSA);

2 - KpuBa OOMEKEHHSI MOTYXKHOCTI Ha BaJly €JICKTPOABUTYHA MPU CHIIbHIN
po0OOTI 3 MEpPeTBOPIOBAYEM YacCTOTH 3a YMOBHU JIONMYCTUMOTO HarpiBy OOMOTOK
cTaTopa i poTopa eleKTpoABUryHa B aiama3oHi yactot ooepTanus (0,5 - 1,0) My you.

3 ypaxyBaHHSIM TOTO, III0 TPY HOMIHANbHIN pOOOTI €NEKTPOJIBUTYH TUIY THUITY
CJIIBM 99/46-8YXJI2 3aBaHTaX€HMM HE MOBHICTIO, a Jjume Ha 75-80% Bix
MaKCHMaJbHOI IPOAYKTUBHOCTI Hacoca, MOYKHA 3pOOUTH BUCHOBOK MPO MOXKIIUBICTD
po0OOTH HOTO B CKJIAJIl YACTOTHO-PETYIHOBAHOTO €JIEKTPOIPUBO/IA.

JInst  Kpaioro BUKOPUCTaHHS €JIEKTPOABUTYHA Ta OTPUMAaHHS BUCOKUX
€HEPreTHYHUX MOKAa3HUKIB MOro poOOTH - KOe(DILIEHTIB MOTYKHOCTI, KOPUCHOI Jii,
NepeBaHTAXyBAJIBHOI 3aTHOCTI - OJHOYACHO 3 YAaCTOTOI0 HEOOXITHO 3MIHIOBATHU 1
HaIpyry, M0 MiABOJUTHCA 10 IBUTYHA.

2.4 BuOip o0J1aqHAHHSA

B npaniit poOOTi B SKOCTI MOXIJIMBOIO BapiaHTy perymtoBaHHa 4dactotu CJI
OypoBOTO Hacoca po3rJIAIal0ThCA:

- neperBoptoBau 4dactotu Gipmu 3AT «Eneproxommnexkt» tunmy EK-AV6,
peamizoBanuii Ha cunoBux IGBT-Tpan3ucropax 3 06araTopiBHEBOI IIUPOTHO-
icnyabcHO Moayssiiero (ILIM);

- BUCOKOBOJIFTHHI TUPUCTOPHUI nepeTBoproBay yactotu [TUCB.

[lepeTBOproBaul 4acTOTU Ha TUPUCTOpPaX B JIaHWM Yac 3aliMarOTh JTOMIHYIOUYE
MOJIOXKEHHS! Y BHUCOKOBOJBTHOMY MPUBOJI B Jlama3oHl MOTY>KHOCTEH BiJI COTEHb
KUJIOBATIB 1 JI0 IECATKIB MeraBaT 3 BUXIHOIO Hampyrow 3 - 10 kB 1 Bume. OgHak ix
BapTICTh HA OJMH KBT BUXIJIHOT MOTY>KHOCT1 JJOCUTh BEJIUKA B KJIaCl BUCOKOBOJIBTHUX
MEePETBOPIOBAYIB.

Jlo HemaBHBOTO MUHYJOTO mneperBopioBadi 4actoth Ha GTO cranoBwIH
OCHOBHY YacTKy ¥ Y HHU3bKOBOJIbTHOMY YaCTOTHO-PETYJIbOBAHOMY TPHBOJI. AJie 3

nosieoto  IGBT  TpansuctopiB BimOyBcs "mpupomHuid  BigOip" 1 ChOTOJHI
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MepeTBOPIOBayl Ha iX 0a3l — 3araJilbHOBH3HAHI JIJEPH B 00J7aCTi HU3HKOBOJIBTHOTO
YaCTOTHO-PETyJIbOBAHOTO MPUBOY.

TupucTop € HamiBKEPOBAHUM MPHIIAJIOM: JJI KOTO BKJIIOYEHHS JOCUTH MOJATH
KOPOTKHUN IMIyJIbC Ha KEpyIOUud BHBIL, aje JUid BUMHUKAHHA HEOOXimHO abo
MPUKIIACTH O HHOTO 3BOPOTHY HAMpPyry, ab0 3HU3UTH KOMYTOBAHHUM CTPYM 10 HYJISL.
JI1s IbOTO B TUPUCTOPHOMY IEPETBOPIOBAUl YAaCTOTH MOTPIOHA CKJIQHA 1 TpoMi3IKa
CHCTEMa yIpaBIiHHS.

binonsipui TpaH3uctopu 3 130iap0BaHUM 3aTBOpoM IGBT Biapi3HsOTH Bif
TUPHUCTOPIB TIOBHA KEPOBaHICTh, MPOCTAa HECHEProeMHA CHCTEMa YIPaBIiHHS,
HaliBHIlla poOOYa YacToTa.

Baacninok nporo neperBoproBaul yactotd Ha IGBT no3BoiisitoTh po3mupuTH
Jlana3oH KepyBaHHS IIBUAKOCTI OOEpTaHHA JABWUTYHA, MIABUIIUTH IIBUIKOIIIO
MPUBOY B IIIJIOMY.

3acrocyBanHs IGBT 3 OibI1 BUCOKOIO YaCTOTOIO NEPEMUKAHHS B CYKYITHOCTI 3
MIKpPOTIPOIIECOPHOIO CHUCTEMOIO YTMPAaBIiHHSI B MEPETBOPIOBAYaX YaCTOTH 3HUKYE
piBEHb BHIIUX TapMOHIK, XapaKTEpHUX Js TUPUCTOPHUX IIE€pEeTBOpPIOBauiB. Sk
HACIIJIOK MEHII JOJAaTKOBI BTpaTH B OOMOTKaxX 1 MarHiTOIMPOBO/I €JIEKTPOJABUTYHA,
3MEHIIEHHS HAarpiBaHHs EJEKTPUYHOI MAIllMHU, 3HM)KEHHS MyJbCallli MOMEHTY W
BUKJIIOUEHHS TaK 3BaHOIO0 «KPOKYBaHHS» poTopa B 00JacTi MaluMX YacToT.
3HIKYIOTBCSI BTpaTH B TpaHC(POPMATOpPaX, KOHAEHCATOPHUX OaTapesx, 301IbIIY€EThCS
iX TepMiH CIY»XOM Ta 130J11i MPOBOJIB, 3MEHIIYIOTHCS KUIBKICTh MOMMJIKOBUX
CHpPAllbOBYBAHb MPUCTPOIB 3aXUCTy M MOTPIMIHOCTI THAYKIIHHUX BUMIPIOBAIBHHUX
NPUIIAJIIB.

[lepetBoproBaui Ha Tpansucropax IGBT B mMOpiBHSHHI 3 TUPUCTOPHUMH
NepeTBOPIOBaYaMHU TIPU OJIHAKOBIM BUXIJHOI MOTY>KHOCTI1 BIJIPI3HSAIOTHCS MEHIIUMHU
rabapuTamMy, Macorw, MiABUIIEHOK HAIIWHICTIO B CHJIy MOJIYJIbHOTO BHKOHAHHS
CJICKTPOHHUX KIIFOUIB, KPAIOro TETUIOBIJBEICHHS 3 IMOBEPXHI MOMYJS 1 MEHIIO1

KUJIBKOCT1 KOHCTPYKTUBHHUX €JIEMEHTIB.
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Bonu 103BONSAIOTH peani3yBaTy OUIBII MOBHUMN 3aXHCT BiJ KUAKIB CTPyMY 1 Bif
NMepeHanpyru, IO ICTOTHO 3HW)KYE WMOBIPHICTh BIJIMOB 1 TONIKOIKCHb
CJIEKTPOIIPUBO/LY.

['0710BHOIO TEPENIKOAOI0 Ha MIISAXY IX BHUKOPUCTAHHS Y BUCOKOBOJBTHOMY
MPUBO/II 13 MPSMUM NIEPETBOPEHHAM YaCTOTU MPU MOTYXKHOCTAX Buie 1 - 2 MBT Ha
JAHUW MOMEHT € TEXHOJOT1YHI OOMexeHHsS. 30UIbIIeHHS] KOMYTOBaHOI HaIpyru i
po6OUYOro CTpyMy MPUBOAMUTH A0 30UIBIICHHS PO3MIpPIB TPAH3UCTOPHOTO MOIYJIA, a
TaKOXK BUMarae Oubil e()eKTUBHOTO BIJIBE/ICHHS TEILIa BlJl KDEMHIEBOTO KpUCTaa.

HoBi TexHonorii BUpPOOHUIITBA OINOJSPHUX TPAH3UCTOPIB CIPSIMOBaHI Ha
NOJ0JaHHs UMX OOMEXEHb, 1 MepcrneKTUBHICTh 3acTtocyBaHHs IGBT nmyxe BHcOka
TaKOXX 1 Yy BHCOKOBOJbTHOMY TmipuBoAi. B manmit uwac IGBT Tpansucropu
3aCTOCOBYIOTBCSI Y BHCOKOBOJIbTHHUX TIEPETBOPIOBAYAX y BHUTIIAII TOCIHIIOBHO
3'€THAHUX JEKUTBKOX OJMHUYHUX MOTYJIIB.

VY 3B'I3Ky 3 BHUIIEBKa3aHUM B KBaiikaliifHiii poOOTI mepeBara BiIJA€ThCS

neperBoproBauy yactotu tuiy EK-AV6, saxuii 3a0e3neunTs:

IIJIaBHC PCTYJIIFTOBAHHA I]lBHI[KOCTi B IIUPOKOMY IIiaHaBOHi;

MJIaBHUM MYCK 1 3YNUHKY JBUTYHA;

BHUCOKY TOYHICTb MITPUMKH TEXHOJIOTTYHOTO TTapamMeTpa;

JIETKICTh MePEHACTPOIOBAHHS TTapaMeTPIB IMi1 KOHKPETHI YMOBU €KCILTyaTaIlii;

3HAYHE 3HW)KEHHSI 1IyMYy 1 BIOpallii IBUTyHa;

MOXJIUBICTH poOoTu min ynpaBmiHHIM ACYTII BepxHbOTrO piBHS TpH
BUKOpHUcTaHHI poTokoiaiB ModBus RTU, Profibus DP.

[Tpu Buxopuctanui neperBoproBaua yactotn EK-AV6-1.6-SF-YXJI4:

B1JICYTH1 3HaYHI TAPMOHIIHI MEPENTKOAN B MEPEKI KUBIICHHS;

HE TOTp10H1 cUiIoB1 QiabTpU B NaHwo31 [14;

noBxuHa kadems Big [TY 10 qBuryHa Moxe gocaratv 2 Ku;

Koe(irieHT KOpUCHOI il cTaHOBUTH HE MeHIe 0,97 mpu yacToTi oOepTaHHS
OIM3bKOT O HOMIHAJIBHOI
- MOXXJIUBE JUHAMIYHE TajbMyBaHHS JBUTYyHa (I0Jada MOCTIMHOTO CTPyMy Ha

O0OMOTKY CTaTopa) 1 ralbMyBaHHS BUIbHUM BHUOITOM;
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- HE BUMAraeThCsl miadip CrerialbHUX JBUTYHIB 3 MiIBUIICHUM KJIACOM 130JIA11i1,
HarpiBaHHS ABUTYHA HE BUXOJUTH 32 PAMKH 3BHYAWHOTO;

- MOXJIMBE BIJIHOBJICHHS mparne3aatHocti [IY B KopoTkuii TepMiH 0Oe3
BUKOPHUCTAHHS CIEIaJIbHOTO THCTPYMEHTY (3aMiHa KOMIPKH MOKJIMBAa MEHIII HIXK 3a
30 XBUJIKH).

Jns mominmenHs skocti BuxigHoi Hampyru [IY EK-AV6 wMictute psin
MIMPOTHO-IMIYJIBCHUX TEPETBOPIOBaviB (KOMIpPOK) Mayioi moTyxHocTi. KokHa
CWJIOBA KOMipKa Mae€ BJIIACHUM Tpu(a3HUI BUIPSAMIISY, MPUEAHAHUN 10 BTOPUHHOI
OOMOTKHM BXiZHOTO TpaHchopmaropa 3 Hampyroro 690 B. Ilpu Hampy3si >kuBieHHS
oypoBoro Hacoca 6 kB y IT4 BukopuctoByeTbes 15 koMipok o 690 B, 3'ennanux mno
'STh y (a3i MociaiAoBHO, (ha3u 3'€ IHYIOTHCS B 31PKY.

KoxHa KoMmipka po3paxoBaHa Ha MOBHUM BUXIIHHUNA CTPYM, aje MPALIOE TIIbKH
Ha 1/5 BuxigHoi wHampyru. IleperBoproBaui yactotu Ha 3 Ta 10 kB wMmictarh
BIJIOBIJTHO TPH 1 BiCiM KOMIpOK y (a3i. Takum 4MHOM MO>KHA HaJAINTYBAaTH JTaHUN
[TY npaktuuHO Ha OyAb-sKYy HaIpyry.

Koncrpyktuao EK-AV6-1.6-SF-YXJI4 cknagaerbes 3 okpeMux mad, KokHa 3
AKUX BKJIOYae B ce0e¢ MO M'ATh CHUJIOBUX KOMIPOK, OXOJIOJKCHHS TMOBITpsSIHE
npumycoBe abo BojsHe. Cuctema ynpasiiaas (CY) neperBoproBaya vactotu (ITH)
BCTAHOBJICHA B OKpeMii 1madi yrnpaBiiiHHS 1 MOB'I3aHa 3 KOMIPKaMH MO BOJIOKOHHO-
ONTUYHOMY KaHAIy.
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Pucynok 2.2 — CtpykTypHa cxema neperBoproBaya yactotu cepii EK-AV6

OIToBENOHNO

[lepetBoproBay yactotn EK-AV6-1.6-SF-YXJI4 mae mNOBHICTIO MOAYJBHY

cTpykTypy. IlomxkomxeHnii Moaynp Moke OyTH JIETKO 1 HIBHAKO 3aMIHEHHIA.
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BuiimoBmm 3 nagy, KOMipKa aBTOMAaTHYHO BIJKIIOYA€ThCA O€3 BTpydYaHHs
orepaTopa, pH bOMY BijJIaHa MOTYKHICTh NpuBoay magae Ha 10% (mist [T4 na 6xB
— Y HallIOMY BHIIAJKY).

CuioBi MOyJTl MArOTh MiIBUINCHY HAIHHICTh, OCKUIBKY B JIAHITIO31 TIOCTIMHOTO
CTPYMY BUKOPHCTOBYIOThHCS MOJIIPOIIJIEHOBI KOHJAEHCATOpH, siki MaroTh j0 100000
rOJIMH HampaioBaHHs Ha BiamoBy (10-12 pokiB, mpu MbOMY €JIEKTPOTITHYHI
KOH/ICHCATOpHU pO3paxoBaHi Ha 5-7 pokiB poOOTH).

KoxHa cwioBa KoMipka Mae€ TpU JaT4MKa TEMIEPATypH, SIKI BHUBOJISATH
iHpopMaIlil0o TPO TeMmImepaTypy BCIX MOJIYJiB B peajbHOMY MacmTabi yacy i
BIIKJTIOUAIOTh OyJb-KUWA 3 HUX TMPU TNEPEBUILCHHI pOOOUOi TeMIepaTypH BHIIIE
BCTAHOBJICHOI, @ TAKOX ONTUMI3YIOTh pOOOTY CUCTEMM OXOJIOJKEHHS, TUM CaMHM,
IPOJOBKYIOUH PECYPC BEHTWIATOPIB. TakuM YMHOM, OyAb-SKHI 3 MOJIYJIIB MOXKE
OyTH BUKIIIOUEHUH 13 3araJIbHOTO psiny (opMyBaHHs (a3HOI HANPYTH 3 MOHUKEHHAM
HaBaHTaKEHHA mpuBoay He Oumbme 10%. Indopmaiis npo cTpymu, HaNpyTw,
(GopMOBaHY MOTY)XHICTh KOMIPKM 1 JaHl Mpo TeMIepaTypy NepeaaroThCs
KOHTPOJIEPOM  YIpPaBJIIHHA MOJYJsl IO OINTOBOJIOKOHHOMY Ka0emo B mady
YIPABIIHHS.

VY KOXXHOMY CHJIOBOMY MOJYJl € BCl HEOOXIJIHI 3aXHCTH, IO (PYHKITIOHYIOThH
HE3aJIeKHO BIJl OCHOBHOI CHUCTEMHM  YIpPaBIIHHS  YaCTOTHO-PETYJIbOBAHOTO
enexrponpuBoay (UPEIT), HaBiTh pu 0OpUBI ONITOBOJIOKOHHOTO 3B'SI3KY.

Cucrema ympasiinus EK-AV6 poswminyerscs B okpemiil madi 1 Ha miacTaBi
CUTHAJIIB, OJIEP’)KYBAaHHUX BIJl CHUJIOBUX KOMIPOK, peaji3y€e ajropuT™ YIpaBIiHHS
JIBUTYHOM, aJITOPUTM KEPYBAHHS CHJIOBUMU KOMIpKamH (BKJIIOYAIOUM PIBHOMIPHHIA
pPO3MOMLT MOTYXKHOCTI) 1 HEOOXiTHWI 3axuCT cuioBoro tpancpopmaropa i UP B
1JIOMY.

Curnanom, 10 KOHTPOJIIOE poOOTy OYypOBOrO Hacoca, € CUTHAJ BijJ JAaTUUKY
TUCKY. B sIKOCT1 Takoro gatumky Oyjo oOpaHO 1HTEIEKTyaJbHUI JaTUYUK THCKY cepii
415 (Mmomens 5XX7).

OCHOBHI XapaKTepUCTUKU AATYUKY:

— HaAuMIIKoBUM TUcK BuMiptoBanHs 0,1 kIla — 250 MlIla;
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— abcomoTHMI THCK BuMiptoBaHHs 25 klla — 16 Mma (0,25 — 160 TA);

— ocHoBHa 1moxuoka 0,5 %:;

— BUX1IHUN aHanoroBuii curHai — 0- 20 mA;

— BUX1JIHUH IIUpoBUi curHai Ha 6a3i inTepderica RS —485.

Curnan Biji AaTYMKY TOJAE€THCA B MIKPOMPOLECOPHY CUCTEMY YIPABIIHHS, €
00poOMsieEThCS 'y BIAMOBIAHOCTI 13 3aKJIaeHOI0 TMporpamoro. Y madi ympaBiiHHS
OJTHOYACHO (opMyIOThCs Kepyrodi curHanmu Ha Bci IGBT-xmroui Bcix 15 cumoBux
MOJYJIIB, 1 00poOIseThCs 1H(POpMAIIS BiJ KOXKHOI KOMIPKH B 00cs31 Oiabiie 120
CUTHAIIB ofHOYacHO. Bces iHGopMarlis JOKIaqHO BUBOJUTHCS Ha CEHCOPHY IaHElb,
OpyU IbOMY B CHCTEMI YIpPAaBIIHHS IIOBHICTIO BIJICYTHI HEAKICHI PE3UCTOPH 1
KOHJICHCATOPH, IO MIJBUIIYE i1 HA/IIHHICTD.

3acTOCYyBaHHSI CEHCOPHOI MaHEIl J03BOJIAE€ ICTOTHO 3MEHIIUTH KUIBKICTh
OpraHiB ympaBiiHHS Ha madi ynpaBiIiHHS 1 3pOOUTH POOOTY 3 HACOCOM 3PYUHOIO 1
noctynHor. CeHCOpHa MaHesb J03BOJII€ 3A1HCHIOBaTH 0araTopiBHEBUN TOCTYM JJIS
OMEPATUBHUX CIIYk O Ta I1HXEHEPHOTO CKJIady, TaKUM YUHOM, 3a0€3MeuyeThes
HaJIMHICTE B poOOTI 1 3pyuHicTh B oOcimyroByBanHi YPEIl, mo icToTHO 3HMXKYE
BUMOTH JI0 KBamidikallii 00CIyroByrouoro nepcoHay.

3acTocyBaHHS MIKPOIPOIIECOPHOT CUCTEMH YIIPABIIHHS 3 CEHCOPHOIO MaHEILTIO
Ta ONTOBOJIOKOHHOTO 3B'A3KY, & TaK CaMO 3aCTOCYBaHHSI CUJIOBUX MOMYJIIB HU3bKOI
Hanpyru nao3BoJisie BuroroButd YPII BiANOBIAHO BHCOKOMY TEXHIYHOMY PIBHIO,

3a0€3MeUnTH MiJIBUIIICHY HAAIHMHICTD 1 3py4HE 00CIyTOBYBaHHSI.
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Pucynok 2.3 — Cxema kepyBaHHS €JIEKTPOIIPHUBOIOM OYpOBOI0O Hacoca



33

Tyt MS — cunxponnuii 1euryH; QF — aBTOMaTH4YHUN BUMHUKAY;

TAl, TAZ2 — tpanchopmMaTopu CTpyMy, BOHU CIyXaThb AJI MiJKIIOUYCHHS
BUMIPIOBAJILHUX MPHUIIAJIIB 1 0OMOTOK pelie CTpyMy;

KA — pene ctpymy; KM — cunoBuii KOHTakTop;

SM1 — yHiBepcanpHU MepeMUKay, SKUH 3HaXOUThCS O1JIs1 HACOCHOTO OJIOKY;

SM2 — yHiBepcallbHHI MepeMHUKay, SIKMK PO3MIIICHUN JUCTAHIIIWHO, 32 HOTO
JIOTIOMOT'OF0 MOKHA BUMKHYTH JIBUTYH;

KT — pene vacy; KM1 - koHTakTOp YBIMKHEHHS 30y/KyBaya;

KMy — koHtaktop ¢opcyBanns 30ymxenHs; KVy — pene dopcyBanHs
30yIKEHHS;

BC —30ymxkyBau; 033 — o6MoTKa 30y KeHHS 30y)KyBaya;

O3/] — o6MoTKa 30y TIKEHHS] CHHXPOHHOTO JIBUTYHA.

CxeMma mparroe HacTYNHUM 4UHOM. KepyBaHHSI TyCKOM 1 3YIHMHKOIO JBUTYHA
MS moxe 3aiiicHIOBaTHCS K Oe3MOCepeHhO — 3a JOMOMOror mepeMukada SMI,
BCTAHOBJIEHOTO O1/I1 Hacoca, Tak 1 AUCTaHIINHO — mepemukadeM SM2. [ToBopor
pyuku SM1 B mpaBe noJiokeHHsI BUKJIMKae BBIMKHEHHs pene yacy KT 1 konTakropa
KM1. KonTaktop 3amukae janitor oomMmotku 30yxeHHs O33 30ymkyBaua BC Ha
roro skip 1 BMuKae cBoro kotymky KM1 Ha camoOnokyBanHs, a pene KT 3amukae
JIAHLIIOT YKUBJIEHHSI KOHTAKTOpa BUCOKOI Hanpyru KM.

[{e#t KOHTaKTOp CBOIMM TOJIOBHUMH KOHTAKTaMH IIOJA€ JKUBJICHHS HA OOMOTKY
cTaTopa JBUTYHA, a JIOMIOMDKHMMH KOHTakTamMu KM 3pilficHIO€ caMOOJIOKYBaHHSI.
[TounHaeTbCst aCHHXPOHHUM MyCK CHHXPOHHOTO JIBUTYHA; Hanpyra 30ykyBada BC y
MIpy pO3TOHY JBUTYHa 3pOCTa€, 1, K CIIAY€E, 3pOocTae CTpyMm 30ymkeHHs. [Ipu
JIOCSITHEHH1 TJCUHXPOHHOT YacCTOTU OOepTaHHS POTOP JABUTYHA Tij JI€I0 BX1JTHOTO
MOMEHTY BTATYEThCS B CHHXPOHI3M. PerymroBaHHS cTpymy 30y/DKEHHS JIBUTYHA
BiI0YBAETHCS NIUIIXOM 3MIHH ONOpPY peoctata R1, BCTaHOBIEHOTO HA MYJIBTI.

JIyist mABUINIEHHS CTIMKOCT1 ABUTYHA HAacoca MPH 3HIDKEHHI HANPYTH KUBJICHHS

nependayeHo (GpopcyBaHHA 30y KeHHS ABUTYHA. KOHTpOJIb Hampyru 3A1MCHIOE pere

KV, sxe npu 3umxenni Hanpyru Ha 15% i Oinblue Bigmyckae sKip i 3aMUKae CBiil
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KOHTAaKT y JIAHLIOry KouTaktopa dopcysanns KM p- OCTaHHIN CBOIM KOHTaKTOM

3aKOpOYye YacTHHY peoctara R1, Hampyra 30ymKyBada migHIMAETCS, 3pOCTAE CTPYM
B oOmotui 30ymkeHHs O3] naBuryHa, a 3HauduTh, 30UIBIIYEThCS Ta MOTO

MakcUMaJbHUI MoOMeHT. [licnsi BiTHOBJIEHHS HANpyrd MeEpeXi 10 HOMIHAJIBHOTO

3HAYEHHS pelie Kqu 3HOBY BIIKJTIOYA€THCS 1 POPCYBAHHS aBTOMATHYHO 3HIMAETHCS.

Jlis 3ynmuHKM JBUTYHAa HEOOXIHO TOBEpHYTH abo pykoaTrky SM1 B miBe
noJIoKeHHs1, a00 SM2 B niBe UM mpaBe MojokeHHs. [{e mpu3BOUTh 10 OJTHOYACHOTO
po3puBy naHirorie koHtakropa KM1 1 pene wacy KT. KMI1 pospuBae mnanIor
oOMOTKH 30ymkeHHs 30yxyBaua O33, 3a0e3meuyroun raciiis noss aBuryHa. Perne
KT 13 Butpumkoro vacy 6uist 1,5 ¢ po3puBae JaHIIOr KOTYIIKH KoHTakTopa KM 1
BUMHKA€E OOMOTKY cTaropa BiJl >KMBJIEHHA. Taka MOCHiJIOBHICTb OIEpaiii 3HUKYE
nepeHanpyry B OOMOTIIl cTaTopa ¥ Ha KOHTakTaXx KoHTakTopa KM mpu #oro
BIJIKJIFOUEHHI.

3axycT JBUTYHA BiJ] IEPEBAHTAKEHD 1 B1Jl ACHHXPOHHOTO PEXUMY 3A1HCHIOETHCS
3a gonomororo pene ctpymy KA1 Tta KA2, ki 3 BATPUMKOIO Yacy pO3MHKAIOTh CBO1
KOHTaKTH B JIAHI[IO31 KOTYIIKH pelnie 3axucty K2, sike Bigkimtouae koHTakTop KM.
Pene K1 (#ioro koTymika Ha cxemi He MOKa3aHa) CIpalbOBY€E, SIKIIO BIACYTHS HANpyTa
6 kB y naHI11031 )KUBJIEHHS JIBUTYHA.

V cxemi nepenbaueni Bumiproaneui npunagu PA, PA,, pV,, pV,, a rakox
kpemHieBuit 1o VDS s BUKITIOUEHHS TIepeMarHiuyBaHHs 30y/)KyBaua MpU MyCKy
neuryHa. Onopu R3-R6 BcTaHoBneHi Ansi y3ro/pKEHHS IO Hampy3i MapameTpiB
BIJIMOBIHUX peJie Ta CUTHAJIbHOI Jamru HL.

2.6 Budip anaparypu

ABTOMaTUYHUN BHUMHKAY, 110 BUKOPUCTOBYETHCS MJISI 3aXUCTy CHHXPOHHOTO

JIBUTYHA 32 HOMIHAJILHUM CTPYMOM TakK, 1100 BUKOHYBaJIacsl yMOBA:
Losom=1o6.nom,
ne e non — HOMIHATBHUN CTPYM JBUTYHA, A.

HoMinanbHU#M cTpyM ABUTYHA OypOBOTO HAcOCa Po3paxoByro 3a (PopMyIioro:
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_ P,-1000 630-1000 ~
J3U,,7, cosg,,  /3-6000-0,947-0,88

I 72,754,

08.HOM

ne P,,U,,n,,C0Sp, - HOMIHambHa NOTYyxkHicTh, Hampyra, KKJ[ Ta cos¢e

oOpaHOT0 JIBUTYHA.

Bubupaemo Bumukadi tuiry BA 88-32 ma 80A, 3 mostocHE BUKOHAHHS.

Jns  mOKIIOYeHHS CTPYMOBHUX pejie HeoOXiMHO o0patu TpaHcpopMaTopu
ctpymy. Bubupaemo tpancopmaropu tumy TTU-A 100/5A motyxkuictio 10BA,
knacc 0,5 IEK.

CtpyMOBI pelie 3aCTOCOBYIOTH JJIS ABUTYHIB TPUBAJIOTO PEXUMY POOOTH, 11100
3aXUCTUTH iX BiJ JOBrOYaCHUX MEPEBAHTAXEHb. B SIKOCTI pene KOHTPOIIO CTPyMy
(TA1 1 TA2) Bubupaemo pene tuny IEK ORI 0,5-5A 24-240B AC.

Jlnst mojayl 3HMKEHOI Halpyrd y CXeMy KEpyBaHHS HEOOXIJHO BCTaHOBUTHU
NOHWXKYBaJIbHUN onHO(a3Huil TpaHchopmarop (TV1). Bubupaemo Tpanchopmarop
turmy OMII-2,5 kBA 6/0,23kB.

[Tpomixkni pene (KV2 ta KV¢) Bubupaemo tumy PII-311 Ha HOMiHambHI
Hanpyru 220 Ta 100 B.

Jns opranizaimii 4acoBoi 3aTpuMKH  HeoOxigHO oOparm pene yacy (KT).
Bubupaemo pene tuny PB-4 na nanpyry 127 B 3 nianazonom BuTpumku yacy 0,1-
20 c.

Konraktop (KM) Bubupaemo Ha HoMiHaJIbHY Hanpyry korymku 220 B. Bubupaemo

MoyapHUE KoHTakTop THIy A9C20884 iCT, 100 A, 4NO (4 HOpMaJIbHO

PO3IMKHEHUX KOHTaKTa), Harpyra KoTymku 220-240B.
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3. MOAEJKOBAHHSA TA JOCIII)KEHHA CUCTEMMU IMTY-CJ
3.1 llepeTBOpEeHHS CHHXPOHHOI MAILIMHHA

[Ipu BUBYEHHI CTATMX CUMETPUUHUX PEXKUMIB PO3TISIAETHCS HE BCA MAIllMHA B
IIJIOMY, a JIUIIEe Tpolec B OnHIA ¢a3i mpu mii pe3yabTyHouOoro MarHiTHOTO IIOJI,
CTBOpIOBaHOTO Bcima ¢azamu. Llel mpuiioM 3BHYAHHUN 1 B TpagullifHOMY Kypci
CJIEKTPUYHUX MAIINH, KOJIU PO3TIISAI0THCS CXEMHU 3aMIeHHS 1 Oy yI0ThCSl BEKTOPHI
Jiarpamu s OJHi€l a3u mepeTBOPIOBaYiB.

ko yucno ¢gaz MamHU m JOPIBHIOE JBOM ab0 OUIBIIE IBOX, TO CTPYMHU B
¢dazax cTBOpIOIOTH 00epTOoBi MarHiTHI moms. [lpum uymeni a3 m = 2 yucno
€JIEKTPUYHUX KOHTYPIB MAIIMHU MEHUIE, HK MpH Yuciai ¢pa3 m > 2, 1 0TKe, 3pyUHO
CKOPHUCTATHCS MOJICIUTIO JABUTYHA, Ji¢ TpudazHa oOMOTKa cTaTopa 3aMiHEHa JIBOMA,
HEPYXOMHUMH BiJTHOCHO 00epTOBOI cucTeMHu KoopauHat d-g.

YV 1IbOMy BHIIQJKY BEKTOP IIOTOKO3YEIUICHHS ¥ BH3HAYACTHCSA CKIIAJOBUMU
(mpoekwisiMi) Ha B3a€EMHO MNEPHNEHAUKYISIPHI Ocl (pa3 eKBiBaJ€HTHOI ABO(a3HOI
MaIuHH. BekTop, 110 300paxye reoOMeTpUUHy CyMy KOCHHYCOinanbHO1 (hyHKITT (200

CHHYCOII[&JIBHOI) 3 OJHAKOBHUM HCpiOIIOM, Ha3nMBa€TbHCsA 306pa}1(y1-O‘-II/IM BCKTOPOM.

(V) —_S
Matouun 300paxyrounii BEKTOp MOTOKO3YEIVIEHHS cTaropa W , MOXKHA TOBOPUTH PO

eKBiBaJeHTHI (a3u ABOQa3HOT MAIIUHH a® y b®. sk MpaBUJIO, B SIKOCTI OC1 OJIHI€T 3
(a3 exkBIBAJICHTHOI MAIlTMHU IPUMUMAETHCS BICh OJIHIET 3 (a3 peabHOI MAIlIUH.

VY Oararoda3zHux MallMHAaX OpH TMEPETBOPEHHSX 30epiraloTbCsi MOCTIMHUMHU
MOBHA MOTYXHICTh 200 MOTYKHICTh KOKHOI (a3u. Y KIacuuHii Teopii npu aHamisi,
HAIpPUKJIAJ, ACHHXPOHHMX MAIWH TMPUHHATO PO3MIANaTh TUIbKM onaHy ¢azy. Lle
MO>ke OyTH 3p00JIeHO 1 B MaTeMaTuyH1i Mozeli. TomMy 3py4HO 30epiratu moTy>KHICTb
KOKHOi (pa3u iHBapiaHTHOO. OJHAK, IS TUX BHUIIAJIKIB, KOJU B PIBHSHHS BXOJSATH
MOMEHTH 1HepIIii 1 00epTaroul MOMEHTH, 110 BIIHOCITHCS /10 BCi€T MAIIMHI, JOI1JIEHO
30eperTy iHBapiaHTHY MOTYXKHICTh BCI€T MAILIMHU.

[Ipu nepeTBOpeHH1 MOBUHHI OyTH 1HBap1aHTHUMMU:

- MJIC ¢a3u 06mMoTkH; moToKkH P 1 MOTOKO3YEIIEHHS W |

- YUCJIO TIOJTFOCIB 1 CHHXPOHHA 4acTOTa 00epTaHHS;

- BTpaTH;
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- MOMEHT;

- eNeKTPOMarHiTHa MOTYXKHICTh, TOTY)KHICTb Ha Bally 1 IHIII EHEPreTUYHi

ITIOKA3HUKH.

PosrissHeMo npoctopoBi Tpudaszny i aBodasny oomorku (puc. 3.1, 3.2)

A
iA1§
C Lig=Lga
s Nl
LBC':LCB\B
C B

Pucynox 3.1 — Tpudaszna cxema 3amileHHs] 0OMOTOK JIBUTYHA

a
iy T§
b
L~
T

Pucynok 3.2 — JIBodazna cxema 3aMillieHHs] OOMOTOK ABUTYHA
CumerpuyHa cuctema cTpyMiB Tpua3HOi 0OMOTKH

i, =1_-cosmt,

ig =1, -cos(wt—2n/3), (3.1)
ic =1,-cos(wt—4n/3),

CTBOPIOE TIOTOKO3YEIJICHHSI B3a€EMHOI 1HAYKIIT Tpbox (a3, sSKi MOXyTh OyTH
300paK€eHl y BUTJISAJIl BEKTOPIB ¥a, ¥s, Pe y HampsiIMKax oceu (as.

[Tpu 3amini Tpuda3zHOi MaIIMHA €KBIBAJCHTHOI ABO(Da3HOI HEOOX1IHO, 00 JBi
¢a3u a 1 b cTBOprOBaK T caMe pe3yIbTyI0ue MOTOKOIIEIIIICHHS B3aEMOIHIYKIIIT, 110
1 AiiicHa TpugazHa MalnHa.

MosxHa BHM3HAUUTH CTPYyMH B OOMOTKax a M b JBo¢a3zHOI MalIMHH, IO

CTBOPIOIOTH 00E€pPTOBE MArHiTHE IMOJi€é 3 TMOCTIHHOI IIBHJAKICTIO Ta TMOCTIMHOIO

aMILTITY01O:
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i,=1_-cosmt;
i, =1,-cos(wt—n/2). (3.2)
[TpocTi reoMeTpuyHi MIpKyBaHHS J03BOJISIOTH OTPUMATH (POPMYIU MEPEXOIY

B1J1 Tpr(]a3HOi cUCTEeMU J0 €KBIBaJEHTHOI ABO(DA3HOI: CKJIaJ0B1 BEKTOpa ¥ 110 HOBUX

0CsIX @ U D MPHUPIBHIOIOTHCS IO CYMH MPOEKITIH CKIaJ0BUX IIBOTO BEKTOPA 3a CTapUX

ocei, To0TO:

2 : : )= 2
‘I’azg(‘PA-COSO —P, -c0s60° — . -cos60 ):g[‘PA—(‘PBP{’C)/Z], (3.3)

23

v, =§(‘PA :€0590" — W, - 030" — ¥, -€0s30" ) = 57(‘1’5 +¥.).

(3.5
Jlo 1ux ABOX PIBHSHHSIX HEOOXIAHO JIOAATH 1€ OJIHE ISl MOTOKO3YETUICHHS
HYJIbOBOI MTOCJI1I0BHOCTI:
Yo=(Pa+VPe+ V)3 (3.6)
CtpyMu eKBIBAJICHTHOI JBO(a3HOI MalllMHU, BUpPa)XEHI dYepe3 cTpymu (a3

BUX1JTHOT TpU(Da3HOT CUCTEMU:

. 2(. g+

|a:§(|A— , j (3.7)

g:jgay4g, (3.8)
3

g:%UA+g+Qy (3.9)

[lepetBopennss ABC—ab0 mnga crtpymiB B MaTpuuHid (opmi Moxe OyTu

3aIIMCaHO TaKNM YHMHOM:

I, 5 cos0® —cos60° —cos60°| i,
Iy =3 cos90° cos30° —cos30°|-|ig]. (3.10)
iy 1/2 1/2 1/2 i

[ToToko3ueruiennss abo crpymu TpudaszHoi MaIlIMHHW, BHpPaXEHI dYepes

MOTOKO3YEIUIEHH a00 CTPyMHM €KBIBaJIEHTHOI JBO(A3HOI MAIMHU, MOXYTh OYyTH

OoTpUMaHi ab0 MpH 3HAXOKEHHI NMpOoeKIiil BignoBigaux Bekropis ¥,, ¥, (ia, ib) Ha



39

Bici ABC, a0o 3a piBasaHHaAM (3.10). B 060X Bumajgkax mpu BiICYTHOCTI CTpyMy |
cTpyM a3y a piBHMH CTpyMy i,. PillleHHd 3aBOaHHS, IOB'I3aHOrO 3 aHAII30M

eJICKTPOMEXaHIYHHUX TPOIIECIB, BUKOHAHE OJWH pa3 AJs MBO(GA3HOT MAIIUHHU, MOXKE
OyTH mommpeHe Ha Oy1b-sKy 6araToasHy MaluHy.

[IpencraBiieHi piBHSHHS 1 TOSICHEHHS JI0 HUX CITPaBEIJIMBI IIPHU MIEPETBOPEHHI 70
BO(a3HOI CHCTEMI SIK CTATOPHUX, TaK 1 POTOPHUX BETUUHH.

3.2 PiBHAAHHSI CHHXPOHHOI MaIIMHK B ocsax d(Q

[Ipu po3poOiri MareMaTUIHOI MOJIEl JJIS YHUKHEHHS 3aHAJTO T'POMI3JIKHX 1
CKJIQJHUX ONUCIB 3aCTOCOBAHI HACTYITHI MPUIYIIECHHS:

- BIJICYTHI BTpaTH B CTaJIi;

- TIOBITPSIHUI 3a30p PIBHOMIPHUM, MarHiTHa MPOBIAHICTh OJHAKOBA 1 PO3MOLI
MarHiTHOTO TOJIS B OBITPSIHOMY 3a30p1 CUHYCOiTaJIbHO;

- BIJICYTHI{ BIUIMB €MHOCTEH BCEPEIMHI Ta M1’)K 0OMOTKaMH;

- aKTUBHUU OMIpP HE 3aJIKUTH BiJl TEMIIEPATypH;

- CTaTop 1 pOTOp MalOTh TpUda3Hi CUMETPUYHI OOMOTKH.

3a3BUuail B KaTajorax Ha CHHXpPOHHI MalllMHU MMapaMeTpH JAt0ThCS Y BITHOCHUX
ofuHUIIX. TOMy TOMIIBHO MPHU PO3TIISLAlI MATEMAaTUYHOTO OIMKUCY €JIEKTPOMArHiTHUX
MPOIIECIB B CHHXPOHHOMY JBUTYHI TaKOX MEPEUTH O BIAHOCHUX OJUHHUIb, TOOTO
YHOPMYBAaTH pIBHSHHA, IO BXOASATh JO HOTO MaTEeMaTHYHOTO omnucy. ba3osi
3HAUEHHA, JI0 SIKUX BUKOHYETHhCS HOPMYBaHHSA, MOBMHHI OyTH BUOpaHi Tak, 1100
MaKCUMaJIbHO CHPOCTUTH BUXIJAHI PIBHSHHS MpU 30EpEeKEHHI iX BIAMOBIIHOCTI
(G13MYHUM MpolecaMm, 110 BIAOYBAIOThCS B IBUTYHI.

B sikocTi 6a3ucHOi HanpyTry MPUAMAETHCsl HOMIHANIbHA (Da3Ha Hampyra

Us =Unom.; (3.11)
0a3ucHUI CTpyM

l6 = Inom. (3.12)
0a3rcHa NOTYXHICTh

Ps = Snom. (3.13)

OasucHwMIA OrTip
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Rg = X5 = Zg :‘IJ—:; (3.14)

0a3ucHa yacToTa 00epTaHHS
wg =mg =2-1n-f =314 pan/c; (3.15)

ne f=50 I' — yacToTa KMBUIBHOI MEPEXKI;

CHHXPOHHA YacToTa 00epTaHHs, (B.0.): @, =1;

0a3ucHui yac
™o
Yac y BIJIHOCHUX OJUHMIIIX (B.O.)

t(ﬁ)
t:—:t(c)‘a)02314't, (C),
té
T00TO 1¢ BimmoRimae 314 B.o. yacy;
0a3ucHA OJMHMIIS JJ1s1 THAYKTUBHOCTI:
Xs __Ys

L- = = .
0 0s lg-mp

(3.17)

Sk BumHo 3 (3.17) mpum cuHXpoHHIN mBHAKOCTI (®p=1) IHIYKTHBHICTH i
1HIyKTHBHU OMIp y BITHOCHUX OJMHUIISIX YUCEIBHO PiBHI.
ba3zucHa oTMHHULIA JU1S TOTOKO3YEIICHHS:
_Ys.
= o0

Ve (3.18)

0a3ucHa OJMHMULIA J1JI1 MOMEHTY:
Mg = P6 i
20
[Tpu anami3i pexxuMiB poOOTH 1 MEPEXiMHUX TPOIleCiB, mo BimOyBatoThes B CJI,
3aMiCTh HAIPYT, CTPYMIB 1 TOTOKO3YEIJICHb OKpeMUX (pa3 po3IIIsAacThesl y3araabHEHHUM
BEKTOP HANpyTrH, CTPyMy 1 ITOTOKO3YCIUICHHS, IO XapaKTepU3ye PE3YNbTYIOUy JIit0

cuMeTpudHOi TpHudasHoi cuctemu. [Ipm oOepraHHI y3aralbHEHOrO BEKTOpa B Ty X
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CTOPOHY, IO 1 CUCTEMH TPHOX BEKTOPIB YePryBaHHs Ocel yacy (a3 HeOOX1IHO MPUIHATH
NPOTHJIEKHUM YEpIyBaHHIO BEKTOPIB (Pa3HUX BEJIMUMH.
V3arajgbHeHU BEKTOp HAPYTH CUMETPUYHOT TpU(a3HOi CUCTEMH MO>KHA BUPA3UTH

yepe3 (pa3Hi 3HAUCHHS:
. 2 2
U:§(ua+ocub +oUe), (3.19)

eJlZO — MHOYKHUK; Uy, Up, Uc — (ha3Hi HAMPYTH.

e o=

Jns Toro, mo0 YHUKHYTH MEpIOAWYHUX KOEQIIIEHTIB, SKI 3alexarbh BiJ
KyTOBOT'O TOJIOXKCHHS pOTOpa, MudepeHIriagbHi PiBHAHHS CHHXPOHHOTO TeHepaTropa
3aIACYIOThCS B 0CsX 0, , )KOPCTKO MOB'AI3aHUX 3 HOTO POTOPOM.

EnextpomaruitHi npornecy, mo BigOyBaroThcsi B Cl OMUCYIOTHCS PIBHSHHAMHU
[Tapka-I'opeBa. Takum unHOM, MudEpPEHIIHI PIBHSIHHS, IO OMUCYIOTH MOBEIIHKY
CI 3 OararokonTypHuM potopoM (i=1,2,...,K), crmuparounce Ha [20], MoxHa
MPEICTaBUTH TAKUM YHHOM:

PWsd =Ugd —0s - Wsgd T Os-Wad + @ P-Wsgg

PWgq =Usqg —0s-Wsq +0s Wag —®-P-Ygq

pwgé=—agﬁwwgé—u@d)

pwgé :—Oﬁgé (\V(r\% —Waq)

: (3.20)

Py =Us —af - (Vf —Vad)

1

o=—"M—Mm

p T (me c)
py=o
Me =Yg XIg

d :
e p= i onepatop AuepeHIIiFOBaHHS;
Usg,Usq — Hanpyra Ha Busoaax CJl mo ocsix d i Q;
Wsd, ‘ngj WUsq \p% ,Wf — TIOTOKO3YCIUICHHS CTaTopa, I-0ro pPOTOPHOTO

koHTypy C/I 1o ocsix d, q 1 moToko34erieHHs: 0OMOTKHY 30yIKEHHSI BiATIOBIIHO;
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(i) (i)

PWsds PVRg: PWsqs PYRy PWF  — MOXIiJTHI TIOTOKO3YEIUIEHb CTaTopa, 1-0ro

potopHoro koHtypy CJI mo ocsx d, q 1 moxigHa MOTOKO3YEIUIEHHS OOMOTKH
30y/KEHHS CHHXPOHHOT'O JIBUTYHA B1ITIOBITHO;

Us — Hammpyra oOMOTKH 30y KEHHS;

® — gacTtoTta obeptanus poropa C/I;

J (1)6
Tm = —— — MeXaHIYHa [TOCTIiHa Yacy,
Mg

J — cymapHuii MOMEHT 1HEPIIii;

M., M — MOMEHT OIIOPY MEXaHi3My 1 KDyTHMM MOMEHT JBHIYH4;

—

IS, Wg — PE3ybTYIOUl BEKTOPU CTPYMY CTaTOPa i HOro MOTOKO3YEILICHHS;

Y — KyT HOBOPOTY pOTOpa, TOOTO KYT MK Bicclo d Ta €JIEKTPUYHOIO BICCIO

oOMoOTKH a3y a,

(i) @

0g, ORs 0RO — KO€(ILIEHTH 3aTyXaHHSI KOHTYpPY CTaTopa, i-Ooro pOTOPHOTO

KOHTYpY 10 oci d, 1-0ro poTOPHOT0 KOHTYPY IO 0Ci ¢ 1 00MOTKHU 30yI>KEHHS:

N0) (l)

_Rs () _ Rd (i) _ _ R¢
e RS,R(F\%, (F%’ — aKTMBHUM OmIp OOMOTKH CTaTopa, 1-Oro POTOPHOTO

KOHTYpY 10 oci d, i-0ro poTOpHOT0 KOHTYPY 1O 0Ci q i 00MOTKH 30y/KCHHS;
(|) (|) . . . .
Lg Rd’ Rq,l_f — 1HAYKTUBHICTH PO3CiIOBaHHS OOMOTKH CTaTropa, 1i-0ro
POTOPHOTO KOHTYpYy mo oci d, 1-Oro pOTOPHOrO KOHTYpYy IO oci q 1 OOMOTKH

30y IKEHHSI.

[ToTOoKO34enIeHHs TJIKA HaMarHiyyBaHHs 1O MO3/I0BXKHIM 1 MONEepeyHii oci:

Wad =@sd - Wsd +af - \Vf+za(% os

| |
Waq =8sq " Vsq + Za% \l’%’
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(i) L0

zie agg,asg ,aRq, Rgaf — KOoe(IIEATH PO3MOAUTY MOTOKO3YEIUIeHb CTaTopa,

I-Oro0 POTOPHOrO0 KOHTYpPY 1O ocsiX d, g, Ta OOMOTKH 30YyI)KEHHS BiAMOBIAHO, SIKi

BHU3HAYaIOTHCA SK:

ey — LSRA o _ Lsrg N0 _ Lsra a(0) :LSRQ 2 — SSRd (3.22)
SUTT ST R W) R TG T
S cS LGRd LGRq of
-1
e lee | b1 k1
=Ra Lss I—aq i:lL(ciS)Rq ,
-1

1 1 1 k 1
Lsrg = + + +ZT ,
LGS L ad Lcsf i=1LGRd

ne Lag, Lag — IHOYyKTHBHICTb I'iIKM HAMArHi4yBaHHs 10 ocsix d i q.

Onopu cxemMH 3aMillleHHs, TOCTIMHI dYacy OOMOTOK IO MO3J0BXHBOI 1
MOMNEPEYHO1 OC1 JJIs1 HESIBHOIIOJIFOCHOTO JIBUTYHA P1BHI.
Ctpymn craropa, OOMOTKM 30yIKEHHS 1 1-OTO POTOPHOTO KOHTYpPY

BU3HAYAIOTHCS 3 HACTYIHUX CIT1BBIHOIICHB:

i
joq = V/sd ~Vad _Vsq ~Vag i(ié _ "’% —Vad
Lo | Los R L(c?Rd
_ (3.23)
0 _
@) YRa Ve g W~ Vad
g (i) ! '

PiBHSIHHS [I711 BU3HAYSHHS HAINIPYTH 30Y/HKEHHS, 110 BPaXOBYIOTh THUIT 30y THUKA
1 APB, € uvactunoro maremarnyHoi mozem CJI. 3 ypaxyBanHsaMm 1ii (hopcyBaHHs
30y KEHHS, PIBHSAHHS JUIsl BU3HAYCHHS HANpyTHw 30y/KEHHS ABUTYHA 3 CHCTEMOIO
camM030y/I>)KEHHS IPEICTaBJICHO SIK:
Up = kg —fom IS (3.24)
UShom

1€ Ufyon — HOMIHANBHE 3HAYEHHS HAIPYTH 30y KCHHS;

USpon — HOMIHAJIBHA HAmpyra CTaTopa;
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Ug — All0Ye 3HaYEHHs HAIpyTrH CTaTopa;

K¢ — kpaTHICTb (hopCyBaHHS 30yPKEHHS.

3.3 Moae/il0OBaHHSI CHCTEMH
Jns  MomentoBaHHS TakKoi CHUCTEMM HaWKpalle MHiAXOAuTh MaTeMaTHYHHM
komruiekec MatLab (Matrix Laboratory), a came iioro posmmpenns Simulink, B skomy
BXKE € Maiike BCl HEOOX1IHI Id MOJEIIOBAHHS OJIOKHM. MareMaThuyHa MOJIEJb

(cuctema piBHSIHB), IO XapaKTepU3ye poOOTY CHHXPOHHOTO JIBUTYHA, CKJIAJcHA 3

osokiB Simulink, npuBenena Ha puc. 3.3 .

o
™ Me
STATOR
Obratnaja - w2 )
Rs induktimost if
" |= D)
is
i
Yozhujdenie R
D:lx : -

T
7-1 Tk

Dempfer

Pucynox 3.3 — Marematuyna Mo/iesib CHHXPOHHOTO ABUTYHA 3 070KiB Simulink

JlomaeMo B MOJEIIOBAaHHS €JIEMCHTH MEXaHIYHOI CcHCTeMH. Mopjeib
CUHXPOHHOTO JIBUTYHA pa3oM 3 MEXaHIYHOI0 CHUCTEMOIO EJIEKTPOIPHBOJIA

npejcTaBiieHa Ha puc. 3.4.
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N isf— ()
Usdq lsdq
uf
Ut sSD if
- it
(F—»Rd Me | —r»(3 )
Rd h
= gl hrm  HEN]
e
Mech
Sistema
M= e
hiz di

Pucynox 3.4 — Mogens CJ] 3 MEXaHIYHOIO CHCTEMOIO EJICKTPOIPHUBOIA
Heo0xi1HOo TakoX 101aTH B MOJIEb PIBHSHHS PYXY €IEKTPOIPUBOIY:

199 _Mom,.
dt

Bigrenep mnigkmounmo 10 BXOAIB Mojeini 0yoku neperBopenHst ABC — dq

(3.25)

(cuctema dq noB's3anHa 3 potopoM) (puc. 3.5).

z ABC
. dg [ Usdg = 1 P
the -’.-
—Mith
ABC-*ab->dg 0 s Is
D ol dq->ab-=ABC
|
it
5D M D]
[
! |t
™ i LD
i'm
3 i i
Rdob
P ——»{Z )
If
SIS
Fe
o LR
Qe
hloshnost

Pucynox 3.5 — IleperBopenns ABC—d(q

Jlnst Toro, mo0 ckopucTatucs Bxke HasBHUMHU B Simulink enekTpoTexHIYHUMH
0JIokaMH, HEOOXITHO TMIIKJIIYUTH 1O BXOAIB MOJEN BOJBTMETPU 1 KEpOBaHi
JDKEpella CTPyMy 3a 3alpONOHOBAaHOK cxemor. lle m03BoNMTH 3MoOnEItoBaTH
CUHXPOHHY MAIIMHY SIK €JIEeKTPUYHY MOJeNIb — TMOTYXKHICTh Yy HIH MOXe
nepesaBaTUCss B OOWABI CTOpOHM (TYyT 3BHYAlHI, HeeaekTpuuHi Onokm Simulink

oaHOCTpsiMoBaHi) (puc. 3.6).
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PucyHok 3.6 — EnlekTpuuHa MOJENIb CHHXPOHHOIO JIBUTYHA
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JI71st MoJIeTIOBaHHS IEPETBOPIOBAYA YACTOTH JTOLIIbHIIIE BUKOPUCTOBYBATH BiKE

HasBHI B Simulink miogni moctr i moctu 3 IGBT tpansucropamu. Ha BXim OJoKy

IIIIM iHBepTOpa MOMAETHCSA 3aBAAHHS IIBUAKOCTI 1 TJIMOMHA MOMYJIAIII, SKi

NEPETBOPIOIOTECA B TpU(aA3HY CHCTEMY HANpyrd 1 MOAAIOTHCA HA HYJIb OpraH

(Discrete PWM Generator), sikuif, y CBOIO 4epry, reHepye Kepyrodi IMIOYJIbCH IS

IGBT inBepropa (puc. 3.7).
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[Migxmouaemo OypoBuit Hacoc (NasoS), Momenp SKOTO MpencTaBieHa HOro
HABAHTAXKYBAJIbHOI XapaKTEPUCTUKOI. TakuMm 4ynHOM, Oyna orpumana mojnens [14-

CJI (puc. 3.8).
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Pucynok 3.8 — Moaenb e1eKTponpuBoy

XapakTepucTUKH, OTPUMaH1 Ha OCHOBI HaBEJIEHOI BUIIE MOJIEJI, TPUBEICH] Ha

puc. 3.9 — 3.15.

Pucynok 3.9 — KpuBa po3rony eneKTpoJIBUTYHa
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Pucynox 3.11 — Ctpym 30y/UKEHHST €IEKTPOJBUTYHA IT1JT Yac MyCKY

Jani xapakrepuctuku (puc. 3.9 —3.11) noka3ytoTh, IO MiJ Yac MyCKy JIBUTYH
BUXOJUTh Ha HOMIHAJIBHUN pEXUM 3a dYac OJU3BKO 2 CEeKyHJA, M0 ILIKOM
3aJJOBOJIbHSIE YMOBI HAIIHOro MycKy OypoBOTO Hacoca Ta TEXHOJIOTITYHOMY

nporecoBi [15].
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Jlami 3a momoOMOror po3pobiieHoi Mozeni Oyino TMPOBEACHE MOCTIKECHHS

JUHAMIKU CUCTEMH TPHU PETYJIIOBAHHS IIBUIKOCTI 0OEpTaHHS IBUTYHA.
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Pucynox 3.13 — EnexTpuuHuii MOMEHT ABUTYHA TP PETYIOBAHHI IIIBUIKOCTI

oOepTaHHs
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Pucynok 3.14 — Ctpym craropa (pa3a A) npu peryiroBaHHI MIBUIKOCTI

(¢azu B, C — ananoriuno)
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Pucynox 3.15 — Ctpym 30yKE€HHS TIPU PETyII0OBAaHHI MIBUIKOCTI 00epTaHHS

Ha migcraBi manux pesynbTariB gociimkedb (puc. 3.12 — 3.15) moxHa
CTBEp/DKYBAaTH HACTYITHE: CTBOPEHA CHCTeMa IIpare3faTHa, BCi XapaKTEPUCTHUKH
JeXaTh y MeXaxX HOPMH, B MEPEXITHUX PEKUMax MPH PETyJIOBaHHI IIBHIKOCTI
B1IOYBa€ThCS IIBUAKE BCTAHOBJIICHHS OCHOBHUX IapaMeTpiB poOOTH OypoBOTro

Hacoca, 110 BIJINIOBIJIAa€ 3aBIaHHIO.



o1

BUCHOBKU

B naniit po6oti Oyna mpoBeaeHa MOJIEpHI3allisl €JIEKTPOIPUBOIY OYpPOBOIO
Hacoca tutny ,,YHB-600". IIpoananizoBani nepeBaru Ta HEJOJIKU €IEKTPONPHUBOIY,
10 i1CHYE€, 3p00JI€HO BUCHOBOK PO HEOOX1AHICTh BAOCKOHAJICHHS IMPUBOTY.

[IpoBenenuii nmepepaxyHOK MOTY>KHOCTI JABUTYHA, CTapUil JBUTYH 3aMiHEHH
Ha OUTBII Cy4acHHMM 3 KpalllUM{ XapaKTepUCTHKaMU, TaKOXK IMPOBEJEHA MepeBipKa
00paHoro JBUT'yHa Ha MepeBaHTAKECHHSI.

[IpoBenena momepHizaiis €JIEKTPONPUBOAY OypoOBOTO Hacoca, MPU IOMY
€JIEKTPUYHO HEPEryJbOBaHa CUCTEMA €JIEKTPONPUBOAY 3aMIHEHA Ha OUIbLI CydacHY
cucteMy «TUpPUCTOpHUN TIEpPEeTBOpPIOBAY — CUHXPOHHUN JBUTYH», fKa Ja€
MO>KJIMBICTh 3MIIMCHIOBATH PETYJIIOBAHHS IIBUAKOCTI HE BUMHUKAIOYH JBUTYH, IO
3HAYHO MOKpAIIly€ €eHEPTreTUYHI Ta TEXHOJIOT1UHI MOKa3HUKHU POOOTH Hacoca.

[IpoBenene MareMaTuyHE MOJICTIOBAHHS pOOOTH  EJIEKTPONPHUBOAY, 3a
JOTIOMOTOI0  SIKOTO OyJM JOCIIKEH] XApaKTEePUCTUKU CUCTEMHU I Yac IyCKY.
JlocnmikeHHsT ToKa3ainy, IO MiJl Yac MYyCKy JBUTYH BHUXOJWTh HAa HOMIHAJIbHHM
peXUM 3a 4yac OJIM3bKO 2 CEKYH], IO IIJIKOM 3aJI0BOJIbHSIE YMOBI HaJIHHOTO MYCKY
OypoBOro Hacoca Ta TEXHOJIOTIYHOMY ITPOIIECOBI.

Takoxx Oynmm  mpoBeACHI JOCHIDKCHHS CHCTEMH  TIJ Yac PEryJIIOBaHHS
IIBUJIKOCTI, SIK1 JIOBEJIM, 110 CTBOPEHA CHCTEMa IMpale3faTHa, BC1 XapaKTEPUCTUKHU
JeXaTh y MeXaxX HOPMH, B MEPEXIAHUX PEKUMax MPH PEryJIOBaHHI IIBHIKOCTI
B1IOYBAa€ThCS IIBUAKE BCTAHOBJICHHS OCHOBHUX IMapaMeTpiB poOOTH OypoBOTro

Hacoca, 110 BIJINIOBIJIa€ 3aBJaHHIO.
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JlopaTok A
1. TECHNOLOGICAL PART
1.1 Application and classification of drilling rigs

Drilling rigs are used for drilling shallow (up to 25 meters) ditches of small

diameter (76-219 mm) in seismic exploration and engineering surveys, as well as:

- drilling of wells of medium depth (up to 600 m) - structural and exploratory

wells for solid minerals;

- drilling of deep (up to 6000 m) exploration and production wells for oil and

gas;
- overhaul and testing of oil and gas wells;
- drilling of wells for water;
- drilling of explosive wells in open pit workings and in mines.
By type of work drilling rigs are distributed:
- for operational works;
- for reconnaissance work;
- for technical wells.
According to the method of drilling, the following drilling rigs are distinguished:
- rotary drilling;
- rotary - impact drilling;
- impact drilling;
- fire jet drilling;
- discharge-pulse drilling;

By type of drive drilling rigs are divided into:



- electric (AC / DC) drilling rigs;
- electrohydraulic drilling rigs;

- diesel-electric drilling rigs;

- diesel drilling rigs.

The oil and gas industry, and especially electric drilling, are very energy-
intensive industries, with the bulk of electricity consumed by the drive of drilling
pumps and winches. Significant increases in the cost of electricity from centralized
power sources and the cost of transmission lines, as well as the emerging trend
towards autonomous energy supply with limited installed capacity sources, bring
energy saving tasks to the fore. When drilling in the oil and gas industry, these

problems are successfully solved by using an adjustable electric drive.

In the coming years, the main volume of implementation of regulated electric
drives at oil and gas companies of our country will be associated with their
reconstruction. At the same time, together with the replacement of worn-out or
obsolete equipment, it is possible to modernize electric drives by completing existing
electric machines and control systems with thyristor converters and other components
of the regulated electric drive. At the same time, the expected energy savings due to
the introduction of an adjustable electric drive can be up to 40% of the expected

savings for the whole set of measures.

The practical non-alternative nature of the adjustable electric drive for heavy
and extreme operating conditions makes it especially important to create such electric

drives for technical means of development of the continental shelf.

The main directions of electric drive development of technological installations
of oil and gas industry coincide with the general trend of electric drive development
and at the present stage is characterized by increasing use of adjustable electric drive
and computer automation in creating new and upgrading existing technological

equipment. It should also be noted the specific for the oil and gas industry direction



of further improvement of the electric drive - increasing the reliability and explosion

protection.
1.2 Technical characteristics of the drilling rig
type Uralmash-4E

The Uralmash-4E drilling rig is designed for drilling oil and gas wells in
electrified areas to a depth of 5,000 meters.

The conditional drilling depth of a well with a mass of one meter of a drill
string of 30 kilograms is 5000 meters. The load on the hook in the process of
conducting and fastening the well in 2250 kN is allowed. The maximum speed of
lifting the hook is 5.8 meters per second, the minimum - 0.19. The maximum speed
of the rotor table is 232 revolutions per minute, the minimum is 20. The power supply
of the drilling rig is carried out from the AC network of 6000 V, 50 Hz.

The electrical equipment of the drilling rig consists of a number of independent
control systems for the drives of the main and auxiliary mechanisms of the drilling

rig:

- electrical equipment for power supply and distribution of electricity with a
voltage of 6000 V;

- electrical equipment for power supply and distribution of electricity with a
voltage of 380/220 V;

- electrical equipment of the drilling winch;
- electrical equipment of drilling pumps;
- electrical equipment of low pressure compressors;
- electrical equipment of high pressure compressors;
- electrical equipment of the auxiliary winch;
- electrical lighting equipment;
- electrical equipment of the circulation system.
1.3 Characteristics and equipment of drilling pumps

The drilling pump is designed to inject drilling mud into the drill string and
create circulation of drilling mud in the well during drilling. Drilling pumps are the
main consumers of electricity, they account for 70-80% of the installed power of the
engines of the entire drilling rig. The power of modern drilling pumps ranges from



300 to 3000 kW. For each class of rig, the pump must have a certain power, supply
and pressure.

The pumps can operate at an ambient temperature of £50°C. The temperature
of the drilling mud varies from -1 to 80 ° C. The drilling pump must be adapted to a
step change of feed during drilling 2-3 times. In addition, it must be able to briefly
develop the necessary pressure to push the particles of drilled rock, which settle in the
annulus.

Pump operating time - from 30 minutes to 200 hours and more depending on
the term of operation of a bit. The period of periodic technological stops can be 3-15
minutes to build a drill string, about 10 hours when lowering and lifting the bit from
great depths.

Analysis of the design features of different types of pumps shows that the
requirements of the pressure technology are most satisfied by reciprocating horizontal
pumps. Piston pumps have a capacity of 32, 50, 80, 125, 190, 235, 300, 345, 475,
600, 750, 950, 1180, 1840 kW at a maximum supply of 40-50 | / s of drilling mud
and develop a maximum pressure of 90-105 MPa at minimum feeds. At the
beginning of well drilling, the pressure created by the pump is small. As the well
deepens, due to the increase in hydraulic resistance of the pipes increases and the
pressure at the pump outlet. Therefore, starting from a certain depth, the pump supply
must be limited. With an unregulated electric drive, the pump flow control from 5-20
| /s to the maximum is regulated by step-by-step replacement of pistons and bushings
of different diameters. In modern circuits, smooth flow control is carried out by
adjusting the speed of the motors using powerful frequency converters. Powerful
synchronous and asynchronous motors with short-circuited and phase rotor, which
are powered by 6000 V, are used as drive motors.

At rotary drilling with continuous circulation of solution piston pumps with
various structural schemes are applied:

- direct,
- drive.

Despite the more complex design and uneven flow, reciprocating drive pumps
are the most common in drilling rigs because they are much more economical than
reciprocating direct-acting pumps.

Among reciprocating drive pumps, two-piston double-acting pumps and three-
piston single-acting pumps are mainly used. As practice has shown, a further increase
in the number of pistons is irrational due to the increase in wear parts and complexity
in operation. Significant pulsation of the instantaneous supply in reciprocating drive



pumps is the result of the conversion of rotational motion into reciprocating motion,
which is carried out by the crank mechanism. To reduce the harmful effects of the
supply pulsation, compensators have been introduced into the design of these pumps,
which dampen the fluctuations of the drilling fluid supply. Attempts to use two-piston
double-acting pumps, in which the supply is much more uniform than in two-piston,
did not give satisfactory results. With the advent of more advanced diaphragm
compensators, which provide high uniformity of supply, complex three-piston pumps
of double action have lost their advantages.

Attempts have been made to use multi-plunger pumps to improve feed
uniformity, but they have also not yielded positive results when pumping drilling
fluids, as the plungers and seals did not work well at high pressures and were difficult
to replace. Attempts to replace the plunger on the piston in the six-plunger
reciprocating drilling pump proved to be more effective. Advantages of this pump -
rather high uniformity of giving (fluctuations of instant giving - 15%), possibility of
easy replacement of pistons, valves and plugs and absence of epiploon rods. The need
to have two such pumps on the rig with a large number of wear parts has led to the
fact that these pumps are not used. Currently, two-piston double-acting pumps with a
double stroke per minute of 35-90 and a stroke length of up to 0.5 m, as well as
single-piston pumps with a double stroke per minute of 35-180 and a stroke length of
up to 0.3 m in diameter are mostly used. cylinder bushings 120-200 mm.

The output pulsations of the three-piston pump of unilateral action are smaller,
than pulsations of the two-piston pump of bilateral action. The efficiency of various
structural schemes of pumps is determined by the simplicity of construction,
manufacturability, the number of wear parts, the probability of trouble-free operation,
weight, efficiency, etc.

In the drilling rig "Uralmash-4E" the two-piston pump of bilateral action like
UNB-600 is applied. It is intended for giving of washing liquid on a face at drilling of
wells up to 5000 m deep. At rotary drilling the washing liquid moves by the drilling
pump UNB-600 through a column of drill pipes on a face for cooling and removal of
the rock destroyed by a bit, and also for energy transfer of a turbodrill and associated
bit. Water or clay solution with the presence of oil, alkali, soda and other components
Is used as a washing liquid.

A very important requirement for the drive of the drilling pump is the need to
have an adjustable speed of the motor, which must be adjusted when drilling at least
20-30% down from the nominal and up to 50-60% - when restoring the circulation of
the solution. In addition, it is necessary to take into account the fact that when
moving from one layer of soil to another, there may be shock loads, which can lead to
both locking the drive and its failure.



The second requirement is related to the peculiarities of the loading mode of
the drive motor. It is known that the load on the engine is constantly changing: as the
well deepens - increases, and with decreasing engine speed - decreases, but in all
cases it changes gradually. In addition, both when changing the bushings and when
building a column during drilling, the motor must be disconnected from the mains, or
the pump shaft must be disconnected from the motor shaft. Thus, the second
requirement is that the drilling pump motor must operate for a long time with a
relatively quiet load, but with frequent starts and stops, and therefore to drive the
drilling pump are used or asynchronous motor with a phase rotor, which has low
starting currents and withstands frequent starts, or an electromagnetic clutch is
installed between the motor and the pump for quick control. In this case, you can use
other types of motors, and the most common are synchronous motors.

In the case of clogging the bit with drilled rock to restore the circulation of the
flushing fluid at the pump outlet for a short time creates increased pressure.
Therefore, the motor of the drilling pump must have a sufficiently high overload
capacity, especially when drilling in difficult conditions.

In serial electrified drilling rigs such as BU-80 BrE, BU-2500 BrE, Uralmash
125 BE, Uralmash 4E, Uralmash 4000 BE, Uralmash 125E and Uralmash 160E,
synchronous motors with plug-in excitation are used to drive drilling pumps.

Synchronous electric drives do not involve frequent switching on and off, so to
quickly disconnect the motor shaft from the drill pump shaft, a pulley is installed
between them, in which a tire-pneumatic coupling is mounted. The main advantages
of such engines are:

- the ability of the SD to give reactive power to the network, which is the
simplest and most effective way to increase the power factor. Under these conditions,
electrical networks are discharged from reactive currents consumed by induction
motors, transformers and other devices, resulting in reduced losses in the networks;

- static overload capacity of synchronous electric motors without

the consideration of the open polarity depends on the mains voltage linearly,
not

quadratically, as in induction motors;

- forcing the excitation at voltage drops below 0.8 of the nominal. Therefore,
with large reductions in mains voltage, the operation of a loaded synchronous motor
IS more stable than an asynchronous one.

- the possibility of using excitation systems with ARV, ensuring the stability of
static and dynamic overload when changing modes of operation.



But there are significant drawbacks:

- Synchronous motors do not involve frequent switching on and off, although
this is compensated by the use of magnetic powder couplings. Practice has shown
that the use of magnetic powder couplings justifies itself only in the transmission of
relatively small moments;

- to use this drive it is necessary to adjust the pump flow by changing the
cylinder liners, so to obtain high quality control it is necessary to have a large number
of bushings, which, in turn, leads to increased installation costs and reduced
efficiency. In addition, a lot of time will be spent on replacing the bushings (while the
engine does not turn off).

- the efficiency of the engine in this way does not exceed 60-80% (the specified
percentage depends on the number of replaceable bushings).

1.4 Setting tasks for qualifying work

In this work it is necessary to upgrade the electric drive of the drilling pump,
namely:

- to recalculate the power of the electric motor;

- replace the engine with a more modern one, check the choice of engine for
overload;

- replace unregulated motor drive with adjustable, ie develop a system of
automatic control of the electric drive of the pump that can ensure compliance with
the nominal pressure fluctuations and pump output costs, which are due to the design
features of piston pumps, as well as its most economical operation.
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