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MNJIAHUPYEMBIE PE3YJIBTATBI OBYUYEHUS 110 OOII
13.04.02 «JqekTpoIHEPreTHKA U 3JIEKTPOTEXHUKAY

Kopa pe-
3yJbTaTa

Pe3yabTaT 00yueHus
(BBINYCKHUK /10JI7KeH ObITh I'OTOB)

yHI/IBepcaJ'[LHbIe KOMIICTCHIUHN

P1

Coseputerncmeosams 1 pa3BUBATh CBOU UHMELIEKMYANbHbIN U 0OWEK)TbMYPHYLI
YpOo8eHb, NOOUBATHCI HPABCMBEHHO20 U (DUULECKO20 COBEPUIEHCTNEO8AHUA CBOCH IMIHOCTH,
00y4YeHUI0 HOBBIM METO/aM UCCIIEOBaHNS, K HI3MEHEHHUIO HAyYHOTO U HAYIHO-
MIPOU3BOACTBEHHOT0 MPoduis CBoeH NpodhecCHOHALHOM ACSITEILHOCTH.

P2

C80000HO NOIBL306AMBCSL PYCCKUM U UHOCMPAHHBIM S3bIKAMU KaK CPEICTBOM JICTIOBOTO
0OIIIeHHSs, CIIOCOOHOCTBIO K aKTMBHOM COLIMAJILHOM MOOMIBLHOCTH.

P3

Hcnonv3o6amb Ha IPAKTUKE HABBIKU U YMEHUsS B OP2AHU3AYUY HAYITHO-
UCCJICIOBATEIBCKUX U MPOU3BOJICTBCHHBIX Pa0OT, B ynpasieHuu KOJICKTUBOM,
KCIIOJIb30BAaTh 3HAHUSA MTPABOBBIX U 3TUUECKUX HOPM IPU OIIEHKE MMOCIEICTBUM CBOCH
pohecCHOHATBHON IEeATEIFHOCTH.

P4

Hcnonvzoeams IpeACTaBICHAE O METOJOIOTHUECKUX OCHOBAX HAYYHO2O NOSHAHUA U
meopyecmea, pojld Hay4HO! HH(POpMALUY B Pa3BUTUHU HAYKH, TOTOBHOCTBIO BECTH PaboTy ¢
NPUBIICUYCHUEM COBPEMEHHBIX UHPOPMAYUOHHBIX MEXHON0UI, CAHTE3UPOBATh M KPUTHYECKU
PE3IOMHUPOBATH HHPOPMAIIHIO.

IIpodeccnonanbHbIe KOMIIETEHITUA

P5

Ipumenamy yenybnenuvie ecmecmeeHHOHAYUHbIE, MAMEMATNUYECKUE, COYUATbHO-
9KOHOMUYECKUE U NPOPECCUOHANbHBIE 3HAHUS B MEKIUCIUININHAPHOM KOHTEKCTE B
WHHOBAIIMOHHOW WH)KEHEPHOH JICTETLHOCTU B 0OJIACTH IEKTPOIHEPTETHKH U
JJIEKTPOTEXHUKH.

P6

CtaBUTh U pewams UHHOBAYUOHHbIE 3a0a4y UHKEHEPHOIO aHaIN3a B 00JIaCTH
3JIEKTPOIHEPIETUKU U IEKTPOTEXHUKHU C UCTIOIb30BaHUEM TITyOOKUX (DyHAAMEHTAIbHbIX U
CHEIMATbHBIX 3HAHUH, aHATUTUYECKHUX METOJIOB U CIIOKHBIX MOJIEJIeH B YCIOBHSX
HEONPEEICHHOCTH.

P7

Bemomasats UHOCEeHEPHble npoeKmbl C IPUMEHCHHUEM OPUT'MHAJIBHBIX METOI0B
TMPOCKTUPOBAHUA IJI JOCTUKCHUA HOBBIX PE3YJILTATOB, O6GCHC‘II/IBaIOHII/IX KOHKYPCHTHBIC
MPEeNMyHICCTBA IJICKTPOIHEPICTUICCKOTI'O U SJICKTPOTEXHUYCCKOI'O IPOU3BOACTBA B YCIIOBUAX
KECTKHUX OKOHOMHYCCKHUX U 3KOJIOTHYCCKUX OFpaHH‘IeHHfI.

P8

ITpoBOAUTE MHHOBALIMOHHBIC UHIICEHEPHbBLE UCCAEO068aHUs B 00IACTH
QJICKTPOIHEPIETUKU U DJICKTPOTCXHHUKHU, BKIIHOYasd KpI/ITI/I‘-IeCKI/Iﬁ AHAJIN3 JAaHHBIX U3 MUPOBBIX
WH(GOPMAITMOHHBIX PECYPCOB.

P9

TTpOBOIUTE MEXHUKO-IKOHOMUYECKOE 0OOCHOBaHUE TIPOSKTHBIX PEIICHHI; BBITOJHSTH
OpraHM3aIHOHHO-TUIAHOBBIC PACYETHI 110 CO3MAHUIO HITH PEOPraHM3aIliK IPOU3BOICTBCHHBIX
YYaCTKOB, IJIAHUPOBATh pabOTy NepcoHaa 1 (POHIOB OILIATHI TPY/Ia; OIPEICIIATh U 00ECIICUMBATh
3((EKTUBHBIE PEKUMBI TEXHOJIOTHYECKOTO MPOIIECcca.

P10

HpOBOILI/ITL MOHMAJNCHbBLE, pecyIupo6oUrble, UCnblmanmeilbrHble, HaJ1aJOYHbIC pa6OTBI
QJICKTPOIHEPIETHUYCCKOT0O U SJICKTPOTCXHUYCCKOT'O o6opyz[013aH1/m.

P11

Ocsausams HOB0€ INEKTPOIHEPTETHUECKOE U AIIEKTPOTEXHUIECKOE 000pydosanie;
MIPOBEPSITh TEXHUYECKOE COCTOSIHUE U OCTATOYHBII pecypc 000pyA0BaHUS M OPTaHU30BHIBAThH
PO UIAKTHYECKUH OCMOTP M TEKYIIUH PEMOHT.

P12

PazpabaTbiBaTh pabouyI0 nPOEKMHYIO U HAYYHO-MEXHUYECKYIO OOKYMEHMAayuio B
COOTBETCTBUH CO CTaHAapTaMH, TCXHUYCCKUMU YCIIOBUAMHA U IPYTYMH HOPMAaTHUBHBIMA
JOKYMEHTaMH; OPraHU30BBIBATH METPOJIOIMYECKOE 00ECTIeYEHHE EKTPOIHEPTETHIECKOTO U
AMEKTPOTEXHUUECKOTO 000PYI0BAHUS; COCTABIISITH ONEPAMUBHYIO OOKYMEHMAYLUIO,
HPEyCMOTPEHHYIO PABHIIAMH TEXHHYECKOH SKCILTyaTallly 000PyI0BaHHS M OPTraHU3ALH
PaboTBhL




MunucrepcrBo o0pazoBanusi 1 Hayku Poccuiickoii @enepannu
denepanbHOE rocy1apCTBEHHOE ABTOHOMHOE 00pa30BaTeIbHOE YUPEXKICHHE
BBICIIET0 00pa30BaHUs
«HAIIMOHAJIbHBIA UCCJIEJJOBATEJbCKHUI
TOMCKHWI NOJUTEXHUYECKWI YHUBEPCUTET»

Nucturyr _OHUH
Hanpagnenue noaroroBku (crenuanbHOcTh) 13.04.02 DnekTposHepreTuka U 3JAeKTPOTEXHUKA

I_Ca(be;[pa C)IIC]0)

YTBEPXAIO:
3aB. kadempoit

Jementnes 10.H.
(ITognucse) ([ata) (®.1.0.)

3AJAHUE
HA BBINOJIHEHNE BbINYCKHON KBAJIN(PUKAMOHHOH PadoThI
B dopwme:

Marucrepckoil 1ucceprannuu

(bakanaBpcKoil pabOTHI, TUIMTIOMHOTO MPOEKTa/PabOTHI, MATUCTEPCKOM AUCCEPTALINH)
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Tema paboThI:

DIEKTPONPHUBOJI CKBAKMHHOTO Hacoca

VYTBepxkaeHa MPUKA30M JUPEKTOpa (HaTa, HOMEP)

CpOK Cca4yu CTyJCHTOM BBIIIOJIHEHHOM pa6OTLIZ

TEXHUYECKOE 3AJIAHHUE:
Hcxonnbie nanubie k padore ACHHXPOHHBIN JIEKTPOIIPUBOJ, IOTPYKHOTO
(HaumenosaHue o0vEKma UCC1e006aHUs UNU CKBKHHHOTO HACOCA [IEHTPOOEKHOTO THIIA
NPOEeKMUPOSAHUsA, NPOU3BOOUMENLHOCTb UL
HazpysKka,; pexcum pabomol (HenpepvleHblil, [MTuraromas cets — Tpéxdaznas U=380B f= 5011

nepuooudecKull, YUKIUYeckutl u m. 0.),; euo

CoipbA wu Mamepuan usdenus; mpe6osanus x| NOMAHAIBHBIN HAIOP Hacoca H =100m

npoOyKmy, uz0enuio wiiu npoyeccy;, ocoovie

MakcuManbHEIH 1e0uT ckBakuab D = 180 M%/u
mpebo8aHus K 0COOEHHOCMAM

Gynryuonuposanua (dxcniyamayuu) 06vekma | \faycumansHbli OTpeIIEMbIi TOK (asbl 1o

U U30enus 6 niamne 6be3onacHocmu
YCIIOBUSIM JONTYCTAMOTO MaJICHUS HAITPSKECHUS
SKCNAYAMAUUU, BAUAHUSA HA OKDYAHCAIOWVIO .

4 % Py “hy . CETH OrpaHMYeHHON MolHOoCTH- 300 A
cpedy, aHepeo3ampamam,; IKOHOMUYECKULL

ananus u m. 0.).




l'[epeqeﬂb noaJiexkamux uccJieA10BaHMu1o,
NPOEKTHPOBAHHIO H Pa3padoTKe
BONPOCOB

(ananumuueckuii 0630p NO TUMEPAMYPHbIM
UCMOYHUKAM C YebIO 8bIACHEHUS OOCUNICEHUT
MUPOBOU HAYKU MEXHUKU 8 PACCMAMPUBAEMOT]
obnacmu; NOCMAHOBKA 3a0a4U UCCIe008aANUS,
NPOEKMUPOBAnUsl, KOHCTNPYUPOSAHUSL,
cooeparcanue npoyedypuvl UCCIe008AHU,
NPOEKMUPOBAHUsL, KOHCTNPYUPOBAHUSL,
obcyorcoenUe pe3yIbmamos 8blnOIHeHHOU pabombl,
HAUMEHOBAHUe OONOTHUMENTbHBIX PA30€08,
noonexcawux paspabomke; 3aKuoyeHue no
pabome).

- UzydeHue nureparypsl

COOTBETCTBYIOIICH TEMATHKH;

- Beibop Al u ITH

- COOp MpaKTHYECKUX JaHHBIX;

- [IpoBeaeHne HEOOXOIUMBIX PACUCTOB;

- [TocTpoeHne MoAeI HACOCHOTO JIEKTPOIIPHBOAA C
cucremoit [T4-AJ u [TY-A/] ¢ 3agaTunkom
HMHTEHCUBHOCTH ¢ rmoMouipio MatLab Simulink.

Ilepeuyenn rpapuueckoro MmaTepuajia
(C MOYHbIM YKA3AHUEeM 06s3ameNbHbIX

yepmeosiceli)

- MexaHu4ecKre U JIEKTPOMEXaHUUECKHE
XapaKTEPUCTUKU DIICKTPOIBUTATEIS

- Umuranmonnsie mogenu AJl, cuctemsl ITU-AJ u IT4-
AJI ¢ 3a1aTYNKOM HHTEHCUBHOCTH B cpeje MatLab
Simulink;

KOHch'[bTaHTbI o pasaejam Bbll'[yCKHOﬁ KBaJ’[I/I(l)I/IRaIII/IOHHOﬁ paﬁoTbI

(c yrasanuem pazoenos)

Pa3nen

KoncyabTant

duHaHCOBLIN MCHCIPKMCHT

Cr. npenoaasatens, Kyspmuna H.I'.

COL[I/IaJ'IbHaH OTBCTCTBCHHOCTDH

Houent, JamkoBckuii A.T.

WMHOCTpaHHBIN A3BIK

Hounent, [Itamkun A.C.

JaTa Bbl1a4u 3a1aHUS HA BBINIOJITHEHHE BBINIYCKHOM
KBATU(PUKAIMOHHOM PadoThI 10 JHHeHHOMY rpauky

3aganue BbIgAJ PYKOBOAUTEC/Ib:

JlokHOCTH (1% (0] ‘Y4enasi cTeneHs, Ioanucey JaTa
3BaHue
[Tpodeccop Kauun C. U. J.T.H.
3az[alme NMPUHAJ K HCIIOJTHEHUIO CTYAECHT:
I'pynna [0)7 (0] Moanuch Hara
SI'MSA JlomaeB Aptém CepreeBud




_ 3AJAHHE JUIS PA3JIEJIA
«®UHAHCOBBI MEHE/UKMEHT, PECYPCOY®®EKTUBHOCTH 1

PECYPCOCBEPEXEHUE)
Crygnenry:

I'pynna OUO

SI'MSA JlomaeBy Aprémy CepreeBuuy
HucTuryT Jueprerudeckuii | Kadenpa 120
YpoBeHns DNEeKTpOIHEPreTHKa U

Maructpant HanpasJ/ieHue/cnenuajbHOCTh

o0pa3oBaHus AIIEKTPOTEXHUKA

pecypcocOepekeHne»:

Hcxonubie naHHble K pasgeay «@POUHAHCOBbIH MeHEIKMEHT, pecypcod(p(PeKTHBHOCTL H

1.Cmoumocms 3ampam mexnuueckozo npoekma (T11): na
3aPRAAMbL, CMPAX08ble OMYUCTEHUSL, NPOYUe U HAKIAOHbIE
pacxoovl

3ampamul Ha mexnuuecKull nPoOeKm cocmasuiu
357245 pybaet

2. Hopmul u Hopmamuewl pacxo006anus pecypcos

B coomeemcemeuu ¢ TOCT 14.322-83
«Hopmuposanue pacxooa mamepuanosy

3. HUcnonvzyemas cucmema HAI0200010CEHUS CMABKU
HA0208, omuucaenutl, OUCKOHMUPOBAHUS u
KPeOUmoBaHus.

Omuucnenus 60 8HeOIO0ICEMHbIEe CIMPAXOGble
gonovt 30%

IMepeyens BONMPoCOB, MOIJIEKANIMX HCCIET0BAHNIO, TPOEKTHPOBAHMIO N pa3padoTKe:

1. IInanuposanue u opmuposanue epagura pabom no
peanuzayuu TI1

HJzaHupoeaHue pa60m U UX 6PEMEHHbLX OYEHOK

2. @opmuposanue cmemol

Cmema 3ampant Ha npoekmuposarue

3. Oyenka nomenyuana u NepcneKmMu8HOCIU peatu3ayuu
i c nozuyuu  pecypcodpghexmugnocmu u
pecypcocbepedicenus

Ananuz NOJIYYEHHRbIX pe3Y1bmamoe

\ JaTa Bbl1a4u 3a]aHus U1 Pa3/iesia no JHHeHHOMY rpaguky \

3agaHue BbI1aJ KOHCYJIbTAHT:

JosxkHOCTH (017 (0 Yuenan IMoamucen Jara
CTeleHb,
3BaHMeE
TapIIun
Crap Ky3pmuna H. I
MIPENO0BATEIb
3anaHue NPUHSAJ K MCIIOJHEHUIO CTY/IeHT:

I'pynna PHUO Hoanuck Hara
STMSA Jlomaes A.C.




3AJIAHUE JIJISI PA3JIEJIA
«COILIUAJILHASI OTBETCTBEHHOCTD IPEJNPUSITUS IPU PABOTE HA
YYACTKE IPOEKTUPYEMOTI'O DJIEKTPOIIPUBOJIA IOT'PYKHOI'O HACOCA»

Crygnenry:
Fpynna [0]7[e]
5TM5A Nomaes Aptém Cepreesuy
UHcTutyT SHWH Kadeppa 3M30
YposeHb oGpasoBaHm! MaI'MCTpaHT Hal'lpaBI'IeHVIE/CﬂeUMaIIbHOCTb 3neKTpon pM BOAb| n

CUCTEMbI ynpaBaeHnA

3N1EeKTPonpUBOA0B

UcxopgHble aaHHble K pasgeny «CoumanbHasa OTBETCTBEHHOCTbY:

1. OnucaHue paboyezo mecma (paboyeli 30Hsbl,
MexHo102U4eCK020 MPOoYECcca, MeXaHU4YecKo2o
060pydo6aHuUs) Ha NpedmMmem 803HUKHOBEHUA:

Teppumopusa HAcocHol CMAHYUU C 2/108HbIM
06beKMOoM PaccMompeHus uccedo8aHus —
peaynupyembili 31eKmponpueoo Mo2pyHHo20
Hacoca.

I'Iepequb BOMpPOCOB, noanexawux nccnegosaHuio, NPOEKTUPOBAHUIO U pa3pa60TKe:

npouzsodcmeeHHoli cpedsol 8 cnedyroujeli
nocnedosamesnoHOCMU:

1. AHanu3 eblAeeHHbIX 8pedHbIX pakmopos npoekmupyemoli

BpeOdHvbie pakmopsi:
1.lllym om pabomei:
2.Bubpayuu Ha paboyem mecme;
3.MUKpOKAUMAM nomMew,eHus;

npouszeoocmeeHHoli cpedsl 8 cnedyroujeli
nocnedosamesnbHoCMu

2. AHQ/1U3 8bIAB/EHHbIX OMACHbIX PAKMOPO8 npoekmupyemol

2.1.0nacHoCcmeo 31eKmponopaMeHus;

3. 3Konoau4veckaa 6e3onacHocMb:

OCHOBHbIM BO34CTBMEM HA OKPY»KatoLLyto cpeay
ABNATLCA BbITOBbIE OTXOAbI M OTXOAbI
BO3HMKalOLWMe Npu 06CAyKNBAHUN
060pyL0BaHMA, KOTOPbIE JOMKHbI NOABEPraTbCA
yTUAN3ALMM,

4. 3auuma 8 Ype3sbIvaliHbIX CUMYayusXx:

Pazpabomame meponpuamus rno
npedynpexoeHuto 3a2opaHuli u
anekmponopaxceHull U mep no AUK8UGAYUU UX
nocnedcmesudl.

b6e3zonacHocmu

5. lpasossie u opeaHU3aUUOHHbIE 8OMNPOCHI obecrieveHus

CoyuasnbHble 2apaHMUU Mo KOMIeHcayuu 01
pabomHuka.

MepeueHb rpadUUECKOro U UHCTPYKTUBHOTO
MaTepuanos:

0b6Aa3amenbHbie epaguyeckue mamepuassl K pac4émam fo
3a0aHu (06a3amesnbHO 0418 Creyuaaucmos U Mmasucmpos).

‘ [ara Bblgaum 3agaHMA gna pasgena no MHeHomy rpaduky

3anam/le BbIAAJ KOHCYJIBTAHT:




JonmKHOCTb (0170} YyeHas creneHb, Moanucob Aarta
3BaHue
DoueHT Kadeapbl IBXK Dawkoscku AT, K.T.H.,
AoueHT
3aua}me NMPUHAJ K UCIIOJTHEHUIO CTYACHT:
lpynna [ol7]e] Noanucb fata
5TM5A Nomaes Aptém Cepreesuy




PEDEPAT

Brinycknas kBanudukarmonHas padota conepxkut 90 ctpanuiy, 32
pucyHka, 10 ta6mun, 33 ncrounuka, 1 nmpuioxeHue.

Kiouessie copa: ACHHXPOHHBINU IBUT ATEJIb,
ITPEOBPA3OBATEJIb YACTOTEHI, ITIOI'PYXXHOM HACOC, 3AJTATUHNK
MHTEHCHBHOCTM.

Lens pa®oThl — MPOBECTH PACUET U UCCIIEIOBAHUE AIEKTPOIIPUBOAA
norpy>kHoro Hacoca no cucreme [TY-AJl, BEIOpaTh HEOOXOAMMOE
000pyI0BaHUE, OPTAaHN30BATh TUTABHBIN ITYCK 3JICKTPOIBUTATEIIS C
OTPaHUYCHHEM BEIMYMHBI TOKA 1 MOMEHTA.

B pabote npousBenieH BbIOOP acMHXpOHHOTO aBuraresns (Al) u
peoOpa3oBaTess YaCTOTHI.

CnenaH pacuer nmapaMeTpoB JBUraTelis, Mpeoopa3zoBaTelis,.

C nomopro umutanonHot mojaenu B MATLAB R2013a nposeneHo
uccienoBanue AJl, mosydeHsl NepexoaHbIe XapaKTEPUCTUKH, CO3/1aHa MOJIEIb
ACMHXPOHHOTO YaCTOTHO-PETYJIUPYEMOT0 JIEKTPONPUBOIA CO CKAIIPHBIM
YIPABJICHUEM.

Brinycknast kBanupukamorHas padoTa BBIINOJIHEHA B TEKCTOBOM
penakrope Microsoft Word 2013.
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BBEJAEHUE

CKBa)XMHBI — 3TO OJIMH U3 CaAMbIX YHUBEPCAIBHBIX B YOOHBIX HCTOUHUKOB
JUIsT TOOBIYM BOJBI HA y4acTKe. BOIBIIMHCTBO 3arOpOJHBIX JOMOB 00OPYIYIOTCS
UMEHHO CKBOKMHAMH, TaK KaK C UX MOMOIILI0 MOYKHO JJOBOJBHO JIETKO M OBICTPO
MOJTyYUTh BOJIY WJIM OPTaHU30BAaTh CUCTEMY BOJOCHAOKEHUS B JIF0O0M jome[1].

CyIecTByIOT TOBEPXHOCTHBIE M TOTPY)KHBIE HAcoChl. [lOBEpXHOCTHBIC
YCTaHABIMBAIOTCSA Ha TIOBEPXHOCTH 3€MJIM, a TMOTPYKHbIE paboTalT Tpu
3ariayOeHuH Mo Boay. BeIOOp TOTo M MHOTO BHJ1a 3aBUCUT HE TOJIBKO OT BAIIIMX
JIMYHBIX MPEANOYTCHUN, a ¥ OT BHEIIHUX (hakTopoB. K mpumepy, y MOBEpXHOCTHOTO
HAacoca HE XBATUT CHJIbI, YTOOBI TMOJHATH BOAY W3 TIIIyOOKOTO KOJOJLA WM
CKB&)KHHBI, Y TIOTPY>KHBIX MOJIENICH C 3TUM MTPOOJIEM HET U OTPAaHUYCHHE IO BHICOTE
NoJabeMa JIsl HUX MPaAKTUYECKHU HE CYIIECTBYET.

[Torpy>kHOM HAcOC ISl CKBRXKUHBI — 3TO 000PYIOBAHUE, YTO UCIIOIB3YETCS
JUIsT  TOOBIYM  KUAKOCTH ¢ ee¢ jgHa. [lorpykHble HACOCHl OTJIMYAIOTCS OT
MOBEPXHOCTHBIX CBOEM KOHCTpYKIMEH. BBIMIsSasST OHHM, Kak MpOAOJTOBaThIE
Karcyiasl W3 MeTawia. Jleno B TOM, YTO TOTPYXKHBIE HACOCHI IS CKBaKWH
HE00XO0IMMO MOHTUPOBATH HETIOCPEACTBEHHO 1101 Bo1y. [10/1 BO0M OHM HaXOASTCS
BCE BpeMs, MOKAa HMX HAI0 OJKCIUTyaTHPOBaTh. OJTO JOCTaBISET HEOOJbIINE
TPYAHOCTH, TaK Kak JJIsi OOCIy)XKMBaHUS HEOOXOJUMO J0CTaBaTh HACOC W3
CKBQ)KHMHBI, YTO 3aHUMAET OTpeieieHHOe BpeMsi. OJTHAKO €CTh 3/1eCh M CBOU ILITIOCHI.
TexHuYecKue XapaKTepUCTUKH IOTPY)KHBIX HACOCOB HAMHOTO BBINNIE, YEM Y
MOBEPXHOCTHBIX WJIM MOJTYTOTPYKHBIX MOJICIIEH.

CymiecTByeT 2 TuIa MOTPY>KHBIX HACOCOB: IITAHTOBBIE MOTPYKHBIE HACOCHI
1 OCCIITaHTOBBIC TOTPYXHBbIE HAcOCHl. IlITaHTOBBIE - TOTPY)KHBIE HACOCHI, B
KOTOPBIX MPUBOJ UCIIOJIHSIETCS OT HE3aBUCUMOTO JIBUTATEIsI, KOTOPHIA HAXOIUTCS
Ha TOBEPXHOCTH BOBI, Yepe3 MEXaHWYECKYIO CBS3b(INTAHTY). becmiTaHrosbie -
MOTPY>KHBIE HACOCHI BBIMIOJHSIOTCS B OJIHOM arperare ¢ JJIEKTpUUECKuM (JIMOo
THAPABINYECKUM) NBUTATeeM. [IuTaHue SJIeKTpoaBHUraTessi UCIONHIETCS 4Yepe3

norpy’kaemMblid  clJIOBOM  kaOenb. JlaHHble  HaAcochl  SBISIOTCS  OoJiee
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pacnpocTpaHEHHBIMU. K HUM OTHOCSTCSI CKBaXKUHHBIN HACOC, KOJIOJAE3HbIN HACOC U
JPEHAXKHBIN HACOC.

Ocobennas npojonroBatas ¢popma MOTPYKHOTO Hacoca HeoOxXoauma Jis
TOTO, YTOOBI MMETh BO3MOXXHOCTH YCTAaHOBUTH €r0o BHYTPHU 00CamHON TpyOBI
CKBXHUHBI. A TabapuThl 00CcaHBIX TPYO B OOJBIIMHCTBE CiIydaeB paBHAIOTCS 150-
200 mm. ITpruem BepxHsisi rpaHULA BCTPEUYAETCS TAJIEKO HE BCETAA.

[Torpy>kHbIE HaCOCHI OITYCKAIOTCA B KOJIOAEH, CKBRXKUHY WUJIA BOJIOEM HUKE
YPOBHSL BOJBI, Kaudasl >KHUJIKOCTh IOCPEICTBOM BBITAJIKUBAHHS €€ HaBepX. s
noAabeMa BOJbI MPUMEHSIETCS OOBIYHBIM PE3UHOBBIM NUIAHT WiIu TpyOa. Cambie
MPOCTHIE HACOCHI TTOTPYKHBIC JJIs1 JaYM MOTYT M0JIaBaTh BOJY BBEPX HA BBICOTY JO

40 M, Hy a 6osiee MoIIHBIE — Jaxe 10 80 M.

Bce morpyxHble HAcoChbl MO CBOEM KOHCTPYKUMH M (DYHKIHMOHAIBHBIM
OCOOECHHOCTSIM JeNATcs Ha ABe Ipyninbl. [lepBble ciOCOOHBI TepeKayrBaTh TOJBKO
YUCTYI0 BOJy 0€3 mpuMecei, BTOpbIe — JPEHaXHbIE — PAaCCUUTAaHbl HAa paboTy ¢

3arpsI3HEHHOMW KHUJIKOCTBIO.
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PucyHOK 1 — morpy»xHble CKBa>KUHHBIE HACOCHI.

[Torpy>kHbIE HACOCHI JIJIs1 YUCTON BOJIBI UCTIONB3YIOTCS JUIsl BOJIOCHA0KEHUS
JI0OMa, TaKKe /IS TIOJIMBA, €CJIA BoJla OepeTcsl U3 CKBaYKUH, KOJOIIEB UM YUCTHIX
BOJOEMOB. bBOJBIIMHCTBO TakuWx MPUOOPOB — MHOTrocTyrneH4ateie. Jlms
obecmeueHns 3PEKTUBHOTO BOIOCHAOKECHHSI OUEHB BaYKHA TaKash XapaKTePUCTHKA
HACOCOB, KaK Harop. YUUTHIBas TO, YTO MOTPY>KHBIE HACOCHI OITYCKAIOTCS B KOJIOIEIT
WM CKBOKHUHY Ha TIYOMHY HECKOJIBKO JIECSITKOB METPOB, IPUUEM Ha MOBEPXHOCTHU
TOKE HY)XHO CO3/IaTh CETEBOE JAaBJICHWE, TO PEaTu30BaTh CTOJb CUIBHBIA HATIOP
OJIHUM Pa0OYMM KOJIECOM MPAKTUYECKH HEBO3MOXXHO. [103TOMy B KOHCTpYyKIIUU
MOTPYKHBIX HACOCOB 4Yallle BCEro HaXOMSITCS HECKOIBKO CTYMEHEW, Kaxkaas U3
KOTOPBIX COCTOUT U3 pabouero kojeca u guddysopa.

MHoroctyneH4aTble HacOChl HE JKEJIaTeJbHO MCIONb30BaTh Uil MOJbeMa

rpSA3HOM BOJABI, B KOTOPOM MNPUCYTCTBYIOT MEXAaHUYECKUE BKIIOUCHUS. B ux
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KOHCTPYKITUU OT CTYNEHW K CTYNEHH PAacTeT BHYTPEHHEE NIaBJIICHUE W TBEPIbIC
YaCTHIlI, TIONIAB B ATOT BOJOBOPOT, HAYMHAIOT I1apararh MOBEPXHOCTh pabOuYmx
KOJIEC U BBIBOJISIT UX U3 CTPOSL.

[TorpyxHBIE HACOCHI, B 3aBHCUMOCTH OT MeECTa CBOCH D3KCIUTyaTalluH,
JIEJISITCS Ha KOJIOAE3HbIE U CKBAYKUHHBIE.

Konone3nsie HacOChI- 3TO CPaBHUTEIBLHO HEIOPOTHE MPUOOPHI, KOTOPHIE
YCTaHABIMBAIOTCS B MTECYAHBIX KOJIOMAIAX WM CKBakuHAX (TiryouHoi 10 S50 m). Tlo
NPUHIMIY JCHCTBUSL OHU dYallle BCEro OBbIBAIOT BUOPAIMOHHBIMHU. Y CTPOWMCTBO
MOTPY>KHOTO HAacoca BUOPAIMOHHOTO THIA HE CJIOXHO — BHYTPH IIUPOKOTO
HUJIMHIpAa HaXOAUTCS pe3uHOBas MeMOpaHa, C OJIHOM CTOPOHBI KOTOPOM
pacroyiaraeTcsi kamepa JJisi OTKauMBaeMOUW BOJBI, & C JAPYrod — BHOPUPYIOIIMIA
DJIEMEHT, 3acTaBIIOMMK MeMmOpaHy wu3ruOatecs. [ledopmarms wmemOpaHbI
OPUBOJUT K HM3MEHEHHIO paboyero oObema BOJSHOM Kamephl, a 3TO, B CBOIO
ouepesib, CKa3bIBACTCS HAa YMEHBIICHWU WM YBEIWYCHUM JaBJICHUS B KOpIIycCe.
Korma naBrmenne cHMKaeTCs, BITYCKHOHN KJIallaH OTKPBIBACTCS M BITyCKAeT B KaMepy
BOJIY, @ KOT/Ia YBEJIMYUBAETCS — JKUJIKOCTh Yepe3 BBITYCKHOM KJlamaH MoJl HallopoM

BBITAIKABACTCS HAPYKY.

PucyHok 2- kono1e3Hbl1i Hacoc.
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Hacoc morpyxHoit BHOpaIrimoOHHBIM UMEET JOCTATOYHO IMIUPOKUN THAMETD,
MOATOMY HE MPUMEHSETCS B Y3KUX CKBaXKUHAX.

['myOuHHBIE TOTPYXKHBIE HACOCHI JJISI BOABI MOTYT CIIPaBUTCS C MOJABbEMOM
BOJIBI M3 CaMbIX IIYOOKHX M Y3KHX apTe3MaHCKUX CKBa)KHH, TIOSTOMY OH U Ooiee
noporoi. ['myOMHHBIE HACOChI — 3TO ILIEHTPOOEKHBIE arperarbl, CHOCOOHBIC
paboTaTh Npu BO3HUKHOBEHUH BHYTPU MX KOpITyca IEHTpoOex)HOM cuibl. Pabouee
KOJIECO KOHCTPYKIMU MPEACTaBISET COOOMl IUCKH, CKPEIUIEHHBIE W30THYTHIMU
nonacTsMu. Bosia BHyTpH KOpIyca Hacoca 3arnoJHAET IyCTOE MPOCTPAHCTBO MEKIY
JOMACTMU W TIOMAJaeT MOJ JCHCTBUE IIEHTPOOEKHOW CHUIIBI BPAIIAIOIIETOCS
pabouero koseca. bnarogapst 3ToMy co3JaeTcsi pa3HUIA JABJICHUW: B IIEHTPE
KOpIlyca OHO HH3KOe€, a Ha nepudepuu, Ha000poT, BbICOKOE. M3-3a momgoOHOrO
HECOOTBETCTBUSl JABJIEHUM, BOAA M3 BOJOEMa BTATMBAETCA BHYTPh KOpIyca, a
3aTeM, 4yepe3 BhIXOHOM MaTpyOoK, C HATOPOM BBIKUJIBIBACTCS HAPYKY

KoHcTpyKIusi 1 0CHOBHBIE NApPaMeTPbI MOTPYKHOT0 HACOCA

UtoObl MOTpYXKHBIE CKBaXXMHHBIE HACOChl  BbIpabOTalld  CBOM,
3aJI0)KEHHBIA B HUX KOHCTPYKTOpPaMH pecypc, He0OX0AUMO COOII0aTh paBuia
UX DKCIUTyaTallid, WHA4Ye€ CKBAXXUHHBIM HAcoc MOXeT croperb. Haunem c
KOHCTPYKIIMU Hacoca JUIsl CKBaXUH[2].

[Torpy>xHO¥ Hacoc NSt BOJbI, H300paKEHHBIN HA PUCYHKE 3, COCTOUT U3
NOTPY’KHOTO  BOJO3AMOJIHEHHOTO  3JIEKTPOJBHUIATeNss MW LEHTPOOEKHOTro
CKBaQXKMHHOI'O HACOCa, KaK MPaBUJIO, UMEIOLIEr0 HECKOJIbKO cTyneHen. CTyneHu
MOHTHPYIOTCS Ha Baly Hacoca 11 1 ¢ mOMONIbIO CTSKEK 3 KpEensATCS K OCHOBAHUIO
16 macoca. C apyroi CTOPOHBI, K OCHOBaHHUIO KPEITUTCS JICKTPOIBUTATEITb.

CrymieHp IIEHTPOOSKHOTO MOTPY>KHOTO Hacoca COCTOUT U3 000MMEI 7, B
KOTOPOH 3aKperieHbl KOJbIo § U jonaTouHbli oTBoJ 6 (JIO), a Takxke padoyero
koseca 9 (PK), 3akperieHHOro Ha Bajly CKBRXXMHHOTO Hacoca C MOMOUIBIO
mmoHku 12. Mexay co6oit Ha Bairy PK ¢hukcupyroTcs mpocTaBOYHBIMU BTYJIKAMHU
10.

OnopamMu Bajla CIIyXaT BEPXHHM M HUKHUM pPE3NHOMETAIIMYECKHE

MOJIIMITHUKY. BepXHUi NMOAMIUIHUK 4 pacriojaraercs B KOpmyce 5, K KOTOpoOMy
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MPUKPEIUICHB TOJOBKAa Hacoca 1 ¢ oOpaTHeiM kimamanoM 2. ['oloBka wmmeeT
KOHHYECKYIO pe3b0y JIJIsi MPUCOETMHEHHS HACOCA K BOJIOMIOABEMHON KOJIOHHE.

[ToqmMNHUKN CMa3bIBAIOTCS IEPEKAYNBAEMON BOIOM.

Hwxnuit  xoHenm Bana Hacoca OJIB u  xBocToBUK  poTopa
AIIEKTPOJBUTATENS] COEAMHEHBI MEXTY CO00M C MOMOIIbI0 My(dThI 15 U MIMOHOK
13ul7.

Mexnay BaJloM ¥ XBOCTOBHKOM YCTaHOBJICHBI PETYJIUPOBOYHBIC MAHOBI
14, ns BeICTaBICHUS He0OXoauMoro 3azopa Mexay PK u JIO.

DNEKTPOABUTATENh CKBAXKMHHOTO HACOCa - Tpex(a3HbI aCHHXPOHHBIH ¢
KOPOTKO3aMKHYTHIM POTOPOM U U30JIUPOBAHHBIM HYJIEBBIM MPOBOIOM. OOMOTKH
¢dha3 coeTMHEHBI 3BE3/101.

Ha kopnyce craropa 20 3akpersieHbl BepxHuil 19 um HmwxHUU 24
MOAIINITHUKOBBIE IIUTHI, & TAKKE KOJIBIO 25 Kperienus qauia 30 ¢ 3eMeHTaMu
YIOOPHOTO OCEBOTO TMOJIIMIIHMKA K KOpHycy cratopa. B kaxaoM mure
PACITOJIOKEHO IO JBa MOAIMUIIHKMKA 2 1. BHyTpU KopIlyca cratopa 3ampeccOoBaH
MakKeT TUIACTHH MarHUTOMNpPoBoAa 22, o0pa3yroluX Masbl i YKIaJIKH 0OMOTKH
crtaTopa. OOMOTKa cTaTopa BBHIMIOJHEHA CIIEIHMATIBHBIM OOMOTOYHBIM ITPOBOIOM
turma [IBIl ¢ moausTuiaeHOBON HM30JSALHMEH, CIIOCOOHOM oOecreunuTh padboTy
AJIEKTPOJBUTATENSI TOJTHOCTBIO TMOTPYKEHHBIM B BOJy. KOHIIBI 00MOTOK
BBIBOJIATCS] HA TOBEPXHOCTH C TTOMOIIIBIO MOrpykKHOro Kadens 18 tuma BIITIL.

Potop 23 wumeer OOBIUHYIO KOHCTPYKIMIO "Oenuubed KIETKH" C
ATFOMUHUEBBIMU JIMOO MEIHBIMHU MPOBOAHUKAMHU. Ha HI>KHEM KOHIIE poTopa C
MOMOIIIbIO IIMOHKA M CTOMOPHOTO KOJIbIIA 3akpervieHa mnsta 26. Ildara u
noArsITHUK 27 BMecTe co cdepoii 29 00pa3yroT yIOpHbBIN MOAIIUITHUKOBBINA y3€T
JUISL BOCHPHUSITUSI THUAPABIMYECKHX OCEBBIX CHJI, a TakKe MacChl poTopa
AIEKTPOABUTATENSI U HACOCA JIJISl CKBAYKHH.

[lepen MOHTaKOM TOTPY>KHOTO HACOCA B CKBAXKHHE AJIEKTPOJBUTATEIb
3anojHseTcss Boj1oi. CiuB BOABI MPOU3BOJUTCS Yepe3 CHeUaNbHYI0 MTPOOKY 28

B AHHIIIC. Boaa CIIYKUT JId CMA3KW IMOAIIMITHUKOB M OXJIAKIACHHUA CTATOpaA.
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OcHOBaHUE 3aKPBITO CETKOW JJIsl MPEAOTBPALIEHUS MONAJaHUs B CKBAaKUHHBIN

HACOC KPYIIHBIX MCXAHUYCCKUX BKJIIOUCHMM.
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Pucynox 3 — KoHcTpykius morpyskaoro Hacoca DB



1. TEXHOJIOI'MYECKASA YACTb

1.1. AHaJu3 TEXHOJOTMYECKOro mpoiecca

[Ipu omucaHuu TEXHOJOTHYECKONW YCTAaHOBKH HCIOJB3YIOTCS HEKOTOpBIC
TE€PMUHBI, SBJIAIOIINAECS CIEHUPUIECKUMHU JIJIs JTaHHOTO TUIIa YCTaHOBOK:

Hacoc — rumpaBiuueckas MamimHa, MpeoOpasyromas MeXaHHYeCKYIo
SHEPrUI0 MPUBOJHOIO JBUTATENsl B SHEPTUIO MOTOKA UAKOCTH, CIyKamas i
NEpPEeMEIIEHHS U CO3JaHMsI Haropa >KUJIKOCTEH BCEX BUIOB, MEXaHMUYECKON cMecH
AKHUJKOCTHU C TBEPJABIMU U KOJJIOUTHBIMU BEILIECTBAMH WJIM COKMKEHHBIX T'a30B.

Hacochprit arperat (HA) — 3T0 COBOKYITHOCTh HAcoca, JICKTPONPUBOJA H
HepeIaTOYHOro MexaHu3Ma (Mydra, peyKTop, IIKUB).

Hacocnas ycranoBka (HY) —3To cucrema o6opyaoBanus 06ecrieunBaronini
HEOOXOJUMBIH PEKUM pabOThl HACOCOB OJHOTO WM HECKOJBKMX HACOCHBIX
arperaros.

Hacocnasa cranuus (HC) — 310 coopyxeHue, cocrosiiasi U3 OAHON WM
HECKOJIbKMX HACOCHBIX YCTaHOBOK, a TAK)K€ CoJieprKaliasi B ce0e BCIOMOraTe/IbHbIE
CUCTEMBI U 000PYJOBaHHUE.

HacocHble ycTaHOBKM AensTCS Ha:
—  BomompoBoaHbie
—  KananuzanuoHHbie
—  MenuopaTuBHbIe
—  TennogukanroHHbIe

TenmnodukanmoHHBIE  HACOCHBIC  CTaHIMHM  (TCIUIOBBIE  ITYHKTBI)
OpelHa3HayeHbl JJIi TOJayd TMOTPEeOUTENssM Topsiueid BOAbl TpedyeMbIX
napameTpoB.

HacocHbie ycTaHOBKH exeroqHo notpedsitor okono 20% snekTposHepruu,
BbIpabaThIBaeMOil dHeprocucremMamMu. B Hacrosiiee Bpemsi OOJbInas dYacTb
HACOCHBIX YCTAHOBOK paboTaloT HEIKOHOMHUYHO. [loTepu snekTpo3Hepruu
coctraBisitoT 10-25%, mnotpebnsiemoil anekTposHepruu. Jljis CHUXKEHUs NOTepb
AIIEKTPO’HEPTUH B  HACOCHBIX YCTAaHOBKAX  II€JIECOOOpa3HO MPUMEHEHHE
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HYKOHOMUYECKUX CIOCOO0B PETyIUpPOBaHMs], OCHOBAaHHBIX HAa M3MEHEHUU YaCTOTHI
BpallleHusi pabouyux Kojec Hacoca B COBpeMEHHBIX HACOCHBIX YCTaHOBKax
U3MEHEHUE 4YacTOThl BpAILlEHUS HACOCOB OCYILECTBISETCS C  IOMOIIBIO

aBTOMATU3UPOBAHHOIO 3JeKTpornpuBoaa (ADII).

2. BBIBOP OBOPYJIOBAHUSA

2.1 BbIOOp HacOCa U ABUTATEJIS

1o 3amanHBIM mapaMeTpaM BBIOMpPAEM MOrpykHOM Hacoc Tuna DB 12-
160-100

Pucynok 4 — IorpyxHoii Hacoc OB 12-160-100

Tabmuna 1 — TexHHUYecKre JaHHbBIC IEHTPoOekHOTO Hacoca DB 12-160-100 [1]

[Tomaua Q, m3/gac 160
Hamnop H, m 100
Yacrtora BparnieHus, 00/MuH 2700
Macca, kr 286
JlmuHa, MM 1800
KIIJ] Hacoca 0,75

Hacocsi Tuna «31 By - apTe3nanckuii morpy>kKHOM ri1yOUHHBIN CKBAKUHHBIH
IEHTPOOCKHBIM HACOC, MHOTOCTYNEHYAThIM, CEKIIMOHHBIM, BEPTUKAIBHBIN, C
3aKPBITHIM JIOMACTHBIM KOJIECOM OJIHOCTOPOHHEro Bxoja. [ myOunHbIil Hacoc DB
MpeIHa3Ha4YeH IS MOoAbeMa BOJbI oOIel MuHepanu3amueil ne 6omee 1500mr/m,
BOJIOpOAHBIM noka3aresneM pH ot 6.5 10 9.5, ¢ remnepatypoii 10 25 °C, ¢ maccoBoit
JoJer TBepAbIX MexaHmueckux mnpumeceir He Oonee 0,01%, comepxkanuem
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xjopuaoB He Oonee 350 mr/n, cynbdatoB He G6omee S00 Mr/m, cepoBomopoaa He
oonee 1,5 mr/n. Marepuan mpoTOYHOM YacTH MOrpykHoro Hacoca DB — uyryH,

noiudochoruTpuaxiopus (Hopui), HeprkaBerolas craib, Oponsa[3].

Hacoc norpysxHnoii 1B — 01HO - WJIK MHOTOCTYII€HYAThIN C BEPTUKAJIbHBIM
PacIoJIoKeHUEM Bajia, paboTaeT ¢ MOANOPOM (PACCTOSHUE OT MOBEPXHOCTH BOJIBI
JI0 HamopHOTO maTpyOka Hacoca — OOecne4YrBaeT CMayuBaHUE BEPXHETO
MOJIIMITHAKA TPH 3alycke W OeCKaBUTAIMOHHYIO paboTy Hacoca). Bemunumna
noanopa — 1 wmetp. CtyneHu riyouHHoro Hacoca OB — paguanbHOro u
MTOJIyOCEBOr0 TUIIOB.

[TorpyxHol ckBakuHHBIN Hacoc D1B onmyckaeTcs B CKBaXKMHY Ha KOJIOHHE
BOJIONIOIbEMHBIX TPYO M MOABELIMBACTCS HA yCThe CKBaxkuHBI. [lepexaunBaemas
KUJKOCTh TOCTyMaeT B MoOrpyxkHoi Hacoc OIIB dyepe3 duibTpyromyro cerky
Kopnyca Ha pabodee koisieco. IlommmmHuUKM Hacoca U AJIEKTPOJBUTATENS
CMa3bIBAIOTCS M OXJaXJIalTcs Bojaod. Pabouee mosoxkeHue arperata —
BepTuKaibHOE. [lorpykHON Hacoc HUKOTAa HE JOJKEH paboTaTh "BCyxyro'" - naxe
KPaTKOBPEMEHHOE BKJIIOUEHHE apTE3UaHCKOI0 Hacoca B paboTe 6e3 BOJIbI MPUBOJIUT
K TOBPEXICHUIO MOAIIUITHUKOB U 0OMOTKH JBUTaTels. [lorpyxHbie apTe3nanckue
Hacockl Mapku OIIB ocHamarmTcss oOpaTHBIM KIIamaHOM (TapesibuaToro WU
HIAPUKOBOr0 THUIA), KOTOPBIN, yAEepKUBasi B TPyOONPOBOJE CTOJIO BOJIBI BO BpeMs
OTKJIFOYEHHS] HACOCa, YTO 3HAYUTEIHHO 00JIETYaeT MOBTOPHBIN 3aITyCK HACOCHOTO
arperata ¥ 3aluiiaeT rTyOUHHBIA HAaCOC OT OOPATHOrO BpAIllEHUs KOJIEC Hacoca, a
CJIeIOBaTEIbHO W JIBUTATelis, B Cilydae OOpaTHOrO JBUKEHUS HAKaueHHOU B
TpyOOTIPOBO/I BOJIBI.

YcnoBHoe 0603HaueHHe apTe3nanckoro Hacoca: 1B 12-160-100 upo,
re:

. D — ¢ IPUBOJOM OT MOTPYKHOTO JIECKTPOABUTATEIS
* I - ueHTpOOEKHBIN
. B - g momauu BObI

* 12-MuHUMAaNBHO JOMYCTUMBI BHYTPEHHHH auameTp oOcaaHou
KOJIOHHBI, MM,
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*  160-momaua, m.xy0./4;

* 100- nanop,Mm.

Bp100op npuBOAHOIO0 ABUTaTEJIsl AJIS HEHTPOOEKHOT0 HACOCA

TpeOyemasi CKOPOCTb BpaIlleHUs ABUTATEI:
Nyexpin = Migent * Ipey = 2700-1=270006/mun;

Hac.H

T _ 314 5700=282,6 pawe.

(DMGXAHPI/IB = % ) MEX.IIPpUB 30

Tpebyemast MOIITHOCTh ABUTATEIS
10000-Q-H 10° = 10000-160-100

©73600-m,, M, 3600-0,75-1

MakcumalbHbIi MOMEHT Harpy3KH Ha BaJly ABUTATEII
= R -10°° :M: 209,696 H - m.
282,6

CIpUB
MEX.IIPUB !

MoMeHT OT cuil TpeHHsI Hacoca Ha Bajly JBUTaTeNs
AM_ . =01-M =0,1-209,696=20,9 H-™m.

CMEX

-107° =59, 26 xBm.

CIIpUB
CnpaBouHble IapaMeTpbl IBUTATEJIS

W3 ycnosmii:n, >N
M,.=M

> 2700 06/ mun ;P

JIB.H

> P >50,26 xBm;

MEX.[IPUB

> 209,696 H - m,

crpuB

Bribupaem  anexTpoaBUTATEND
MaCHOPTHBIMU JaHHBIMU:

Tabmuma 2 — Texaudeckue XxapakTeprucTuku dekrpoasurarens [19]IB 65-219.

[I9JIB  65-219 co cuenyrommumu

no, P ’ [Ipu HOMUHATBHOMI
Tumo- Ula, JIB.H
HII0 o6 /MHH . . Harpyske
pasMmep KBT Si, % COSQy Nu , %
I[15/1B
3000 380 65 0,04 0,85 0,86
65-219
pi%| yi%4
mycK Mwmaxc MUH k ycK
E— | 1B
mm = My Mk = My MM = My = Il n
1,2 2,2 1 5

DNEeKTPOABUTATENIM ACUHXPOHHbIE Tpex(a3Hble € KOPOTKO3aMKHYTHIM

potopoM tuma [I13/IB 65-219 npeanazHadeHs! 1J1s MPUBOJIa MEXAaHU3MOB,




TpeOYIOIMUX PETryJIUPOBAaHMSI YaCTOTHI BpalleHUs, a TaKkKe Ui TPUBOJA
MEXaHU3MOB C TSKEJIBIMU YCIOBHSIMU Mycka. J[Burarenu mnpegHa3HA4yeHbI JIs
paboThI OT ceTH NepeMeHHoro Toka yactoroi 50 I'ty Hanpsbkenunem 380 B.

Bua kmuMaTnueckoro uCnojgHeHus — Y 3.

HomunaneHe1i pesxkuM paboTh - MPOIOKUTENbHBIN S1.

Cnooco0 oxJakaeHus aABurareiiei - Bonoi.

Crenenb 3aniTel apurareneii — P44,

HoMunanbHasi MOIIHOCTh MPUBOJAHOTO JBUTATENsS I0KHA OBITh PaBHA WIIH

HECKOJIBKO OobIme MOHOIHOCTHM Ha BaJly HAaCOoCa BO BCCX €TI0 BO3MOKHBIX

TCXHOJOTHYCCKUX PCIKHUMaAX pa60TbI.

3. Pacuer 10MOJTHUTEJBLHBIX APAMETPOB JIBUTATEISI H CXeMbI 3aMellleHNsl B
nporpamme MathCAD

Haubonee mpoctoit u yaoOHOU Jisi pacye€TOB aCHHXPOHHOTO JIBUTATEJIS

ABJIACTCA T-06pa3Ha;1 cXCMa 3aMCIICHMA, IIPCACTABJIICHHAA Ha PUCYHKC.

O

Pucynok 5 - Cxema 3aMenieHus: aCHHXPOHHOTO JIBUTATEIIS

Ul — da3Hoe HanpspkeHre MOABOAUMOE K 0OMOTKE CTaTopa JABUTATENS,
I1 — Tox 0OMOTKHM cTaTOpA,;

R1 — akTUBHOE CONPOTUBIIEHHE OOMOTKH CTaTOPA,
X

2 — MPUBEJICHHBIN TOK OOMOTKU pOTOpa K 0OMOTKE CTAaTopa;

R, _ MPUBEACHHOE aKTUBHOE COIMPOTUBJICHUE IICITH OOMOTKH POTOpPa K IICITH
0OMOTKe cTaTopa,

X

lo — UHIYKTUBHOE CONPOTHUBIIEHUE paccestHUsl OOMOTKH CTaTopa;

20 — IPUBEACHHOE WHYKTUBHOE COTIPOTUBIICHUE PACCESTHUS 1IN
0OMOTKH poTOpa K ey 0OMOTKE CTaTopa,
10 — Tok X0MoCcTOTO X012 (HAMarHMYMBaHMS ),
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Xm - HHAYKTHBHOC COIIPOTUBJICHUEC KOHTYpa HaMarHH4ruBaHUs

CHHXpOHHaH YIJI0OBast 9aCTOTA BPAIICHUS JBHUTIAaTCIIA.

- 7N, _ 3,14-3000 _314 padl
30 30 c
HomunaneHas yriioBas 4acToTa BpallleHUST JBUTATENS:
Oy = snn, 3192080 _ 30 44 P20
" 30 30 c
HomMmuHanpHOE CKOJILKEHUE JIBUTATEIS.
SH :1_ n()G.HOM :l_ 2880 — 01 04
n, 3000
HoMmuHanbHBEIE MOMEHT ABUTATENS:
3 3
oy = L 108510 _ 515 635
- 0) 301,44

06.HOM

HomunanbsHOE (pa3HOE HANPSKEHUE M HOMUHAIBHBIN (pa3HbIN U JIMHEWHBIN TOK
craropa (AeicTByIoOlIee 3HAaUEHNE) IPU CXEME COETUHEHHUS] OOMOTOK 3BE3/10M!

_Ul,m :@:2203,

BB

U

— | — P{)e.no,u _ 65 103
1pn L 3'U1¢H .CoS Oy My 3. 220'0,85-0,86

Tox xosocToro xona ACHUHXPOHHOTO JBUIATECIIA.
|121 _( P~y '(1_SH)/(1_ P.-Sy ))2 _
1-(p.-(1-5,)/ (1= p.-s,))’

104,17% (0,75-134,726-(1-0,04)/(1-0,75-0,04))’
- g — 43,527 A,
1-(0,75-(1-0,04)/(1-0,75-0,04))

p. - P, _0,75-65000
3-U,,-cosg,.-77,. 3-220-0,825-0,86
YaCTUYHOMU 3arpysKe;

1,. =1, = 0,86 — KIIJ] mpu qacTu4HOM 3arpysKe;

I =134,726 A.

rae |, =

=104,17 A — TOK cTaTopa ABUTaTEIIs IPU

cosg,, =0,97-cosp, =0,97-0,85=0,825 — KO3()GUUMEHT MOIIHOCTH NPH YACTHYHOM
3arpyske,
D= ﬁ) =0,75 — K03 UIMEHT 3arpy3Ku JBUTATEIIS.

N3 popmynsl Kitocca onpenenuM COOTHOIIEHHUE AJI pacueTa KPUTHUYECKOTO
ckonmkenus. [Ipuaumaem B=1( ko3hGHUIMEHT, XapaKTePU3YIONIUIl COOTHOIIICHHE

AKTUBHBIX COTMPOTUBJICHUIN CTaTOpa M POTOPA):
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Ko + 3K = (128, - B+ (Kpy —1))
T 2, (kD)
2,2+\/2,22 —(1-2-0,041-(2,2-1))
1-2.0,04-1(2,2-1)

Jlanee onpenenseM psiji MPOMEKYTOYHBIX KO3(PHUITMEHTOBR:
C, =1+ lh  _q, 8521 43
2-k, -1y, 2-5-134,726
_m-Uy-(I-s,) _ 3-220°-(1-0,04) _0.472
2-C,-k...-P, 2:1,032.2,2-65000
AKTHBHOE COIPOTUBJIEHUE POTOPA, IPUBEACHHOE K OOMOTKE CTaTOpa:

R S 0.472 =0,071 Owm.

1 1
= . 1+ 1,032
(ﬁ’+s } “ [ 0,185j

K

=0,04 =0,185 o.e.

AKTHBHOE CONPOTHUBIIEHHE CTATOPHOU OOMOTKHU:
R =C,-R;-#=1032-0,071-1=0,074 Om.
Onpenenum mapameTp 7Y, KOTOPBIM TO3BOJISIET HAWUTH HHAYKTUBHOE

COIIPOTHUBJICHHUC KOPOTKOI'O 3aMbIKaHHA:

1 1 2
= o p = ~1? =5,308.
! \/ o \/ 0,185
TOFIIa COIMIPOTHUBJICHUC KOPOTKOI'O 3aMBbIKAHHMA
X, =7+C, R, =5,3081,032-0,071= 0,391 On.
HHH TOTO, YTOOBI BBIACIUTG U3 MHAYKTHBHOI'O COIIPOTHUBJICHUSA KOPOTKOI'O

3aMBbIKaHHUS COMPOTHUBIICHHUS paccessHus (a3 craropa U poTOpa, BOCIOJIb3yeMCs
COOTHOIICHUSIMU, KOTOpPbIC CIPABEIJIMBBI ISl CEPUMHBIX ACHHXPOHHBIX
JIBUTATEICH.

NHayKTUBHOE COMTPOTUBIIEHUE PACCESHUSI POTOPHON OOMOTKH, TPUBEJICHHOE

K CTaTOPHOM:

Ko 058 X _058:0301_ o,
C, 1,032
NHayKTUBHOE COTIPOTHUBIIEHUE PACCESHUS CTATOPHONH OOMOTKH:
X,, =0,42- X, =0,42-0,391=0,164 Om.

OJIC BeTBM HaMarHW4YMBAaHMS, HABEAEHHAs MOTOKOM BO3AYIIHOTO 3a30pa B

0OMOTKE CTaTOpa B HOMUHAJILHOM PEKUME:

2 2
Em=\/(U1¢-COS¢H—Rl-I1H) +(U1¢-«/1—COSZ§DH—X1H~|1H) -
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2
:\/(220-0,85—0, 074-134, 726)2 +(220- 1-0,85* —0,164-134, 726) = 200,346 B.

TOFI[a HHAYKTUBHOC COIIPOTUBJIICHUC HAMAIrHUYMUBAHUA OIIPCACIUTCS KaK:

L =En 200396 _ 603 0u.
w0, 43521

[lo wnaiinennsiM 3HaueHusM Ci, R} U Xyy ONpPENETUM KPUTHUUYECKOE

CKOJIBXXCHHC:

C R 10320071 _ o0

\/Ri +X2,  0,0747 10,397
NHayKTUBHOCTD paccesHus CTaTopHOﬁ 0OMOTKHU:
L, =-2w 0104 553000 I
2.7 le ©2:314-50

NHIyKTUBHOCTD paccesiHusl POTOPHO OOMOTKH, MPUBEIEHHON K CTaTOPHOM:
=t 022 5050104y
2.7-f, 2-314-50

I/IHI[yKTI/IBHOCTB BCTBU HAMArHM41MBaHU .

X
L = lm 4003 455y,
w2ty 2-3,14-50

3Ha‘-IeHI/Ie HOMHWHAJIBHOT O ITIOTOKOCUCIIJICHUA ABUT'ATCIISL
¥, =2-1,-L =+/2-43,527-0,015=0,902 B6 .

lIposepxa adexsamnocmu pacqemezx napamempoe ogueameisl

x 3
M. == 'z, vy
OM.H 2 L L 2H J_
_30. 005 4 902.2.\/134,7267 43,5277 = 232,806 Hn.
2 0,015+0,0007
M., _ 232,806 _ 1,08 — ycnosue M), =(1,05+11)-M,, BBIIONHSICTCS.
M()(f.no,u 2151 632 o
3HaueHre HOMUHAIBHOTO DJIEKTPOMArHUTHOIO MOMEHTA JBUTATENIS
3-.UZ R,
M OM.H (SH) = M OM.H = 1¢H 2 =
sH S, X#
2
_ 3220°-0,071 P
314.0,04-| 0,301 +{ 0,074+ 2071} [ ©.074-0,071
0,04 0,04-4,603
MOMEHT CONPOTUBIIEHHS OT CUJI TPEHHS HA BaJy:
M M31!H bs.H = 228’ 476_ 215; 632 :12,844 HM .

[TapameTpsl CXeMbl 3aMEIICHHs CBEAEM B TaOIuUILy 3.

Ta6nuna 3 — [TapameTpbl cCXeMbI 3aMEIIeHUS AICKTPOABUTATES
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R,Om| X, ,,Om| L, Iu | X,,Om| L, Iu|R,Ou| X, ,Ou| L, ,Iu | Xy, Om

201 20

0,074 | 0,164 | 5234-10*| 4,603 | 0,015| 0,071 | 0,22 | 7,002-10*| 0,391

4. PacyeT ecTecCTBEHHbIX MEXAaHNYECKON U 3JIEKTPOMEXaHU41eCKOM
xapakTepucTuk B mporpamme MathCAD

Pacuem ecmecmeennou mexanuueckou xapakmepucmuku

EcTtecTBeHHas MeXaHU4ecKas XapaKTepUCTHKA M(s) CUCTEMBI
npeoOpa3oBarelb YacTOThl — ACHHXPOHHBIA JBUTATEIb PAaCCUUTHIBACTCS MJIs

yacToThl f, = f,, =50/ MO BBEIPAKEHHUIO:

3.U% R,
M(S): 1pn 2

o8 {555

[lo pesynpraTaM pacyera CTPOMTCS  €CTECTBEHHAs  MEXaHWYecKas

XapakTepucTuka w(M) (pUCyHOK 6), T1e w=am,-(1-5).

pagc| w

300

200

1001

M
0 100 200 300 400 00 Hua
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Pucynok 6 — EctecTBeHHass MexaHHUECKas XapaKTEPUCTHKA 3JIEKTPOIBUTATENS
(M)

Pacuem ecmecmeennou aﬂekmpomexaHuueCKod xapakmepucmuxku

EctecTBeHHas sieKTpoMexaHHYecKash XapakTepUCTHKa |, (S) pa3sOMKHYTOU

CHCTCMBI HpGO6p&30BaTCJISI HJaCTOThI — aCHHXpOHHBIﬁ ABUI'aTCJIb pACCUHUTBIBACTCA

JUIs 3HaueHuM yactotsl f, = f,, =507y 10 BBIPAXKEHHUIO:

1,(8) =12+ 12(5) +2- 15 - 1,(5) -sin g, (5) ,

rae
' U hu .
IZ(S): = > > ]
(XKH)2+(R1+RZJ o Rk
S s-Xﬂ
XKH

sin ,(s) =

N2
2 R
(X,) +| R+—2
S
ITo pesynbraraM pacyera CTPOMM ECTECTBEHHYIO 3JIEKTPOMEXAHHUYECKYIO

XapaKTepUCTHKY w(l,) (pHUCYHOK 7).

panc |w

300

200

100/

I
0 200 400 600 A

Pucynok 7 — EctecTBeHHas 35IeKTpOMEXaHNYECKas XapakTepuctuka «o(l,)

5. Bbi0op npeoOpa3oBaTesisi 4aCTOTHI
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OCHOBHBIMM  HEJOCTaTKaMHU ACUHXPOHHBIX  3JEKTPOJABHUIATENEH 10
HEJJaBHETO BPEMEHM OCTABAJIMCH CIIOKHOCTh U HEAKOHOMHYHOCTB PETYJIMPOBAHUSA
UX YacTOThl BpalleHUs, a I[UIABHOE PEryJMpOBaHHE JBUTATENE ¢
KOPOTKO3aMKHYTBIM POTOPOM OBUIO MPaKTHUYECKH HEBO3MOXKHO. B TO ke Bpems
HEOOXOMMOCTh PETYJIUPOBAaHUS YaCTOTHI BpalleHMs Obljla OCOOCHHO BaXkHa JIs
IIPUBOJIA MEXAHU3MOB, IPUMEHSIEMBIX U1 U3MEHEHHS PAacX0J0B U pabOTaIOIIUX C
MIEpEMEHHON Harpy3Kou|[S].

C pa3BuTMEM CHJIOBOM NOJYIPOBOJHUKOBOM W MHKPOIPOLIECCOPHOM
TexHuku B mociemanue 15-20 meT cramo BO3MOXKHBIM CO3JaHUE YCTPOWCTB
YaCTOTHOTO PETYJIHMPOBAHUS SJIEKTPONPUBOJOB C ACUHXPOHHBIMM JIBUTATEIISIMHU.
OTH yCTpOWCTBa MO3BOJMIIMA 3KOHOMHUYHO M TOYHO YIPABISATH CKOPOCTBHIO U
MOMEHTOM JIBUTATelsl, U30aBUTHCS OT APOCCEIMPOBAHUSA IPOU3BOAUTEILHOCTH
HAacOCOB M BEHTWIATOPOB MPU MOMOIIM BEHTUJIEH W 3aCIOHOK, OT IMPUMEHEHUS
HEAIKOHOMHUYHBIX THAPOMY(PT, a Takke CJIOXKHBIX M JOPOTOCTOALIMX MPHUBOIOB
IIOCTOSIHHOT'O TOKaA.

YacrotHo-perynupyemslid  npuBoj (YPII) coctouT H3 acMHXpOHHOTO

3JIEKTPHUYECKOTO ABUraTesis M u npeobpaszoBarens dactotsl [TU (pucyHok 8):

io-p _______ ; PM

PoH I Siim

of |
L — —

Pucynok 8 - O6mias crpykrypa UPII
DNeKTpUYECKU IBUraTeab NPUBOAUT B ABMKEHUE padounii MmexanuzM PM
(Hacoc, BEHTUJISTOp, KOHBEHep, MUTaTeab U T.11.). [IpeobpazoBatens vyactorsl [TH
IpEeJCTaBIsIeT cOOON CTaTUYECKOE AIEKTPOHHOE YCTPOMCTBO, KOTOPOE YIPABIISET
ANIEKTpUUEeCKUM JBurareieM. Ha Bwixome mnpeoOpazoBatens Gopmupyercs

AIEKTPUYECKOE HANIPSHKEHUE C PETYIUPYEMBIMU YACTOTOW M AMIUIUTY IOU.

29



PerynupoBaHue 4acTOThl Bpall€HUs POTOpa ACUHXPOHHOIO JIBHraTess
OCHOBAHO HA W3MEHEHUM YaCTOThl BPAILAIOMIErOCS MAarHUTHOTO  MOJI,
CO3/1aBaEMOI'0 CTaTOPOM JBUTATENSL.

B Hamboisiee pacnpoCTpaHEHHOM 4YacCTOTHO-PETYJIMPYEMOM IIPHBOJE Ha
OCHOBE ACHMHXPOHHOT'O JBUTaTelsl ¢ KOPOTKO3AMKHYTBIM POTOPOM INPUMEHSIOTCA
7IBa BUJA YIPABJICHUS — CKAJIIPHOE U BEKTOPHOE.

[Ipn ckansipHOM YNpaBIEHUU OJHOBPEMEHHO U3MEHSIOT YacTOTy U
aMIUIUTYly MOABOJMMOTO K JIBUTATENI0 HAMIPSHKEHHUSL.

YacTtoTHbli  mpeoOpa3oBaTeiab COCTOMT W3  CUCTEMBI  YIpaBIEHU,
BBIIIPSIMUTEIS U IIIMHBI IOCTOSIHHOTO TOKa. BXOJHOE CHHYCOMIalbHOE HANPSKEHNE
C IIOCTOSIHHOW aMIUIMTYAOW M 4aCTOTOM BBIIPSAMIISETCS B 3B€HE IIOCTOSIHHOTO TOKA
B, criaxkuBaetcst puibTpoM COCTOSAIIUM U3 Apoccens LB 1 koHaeHcatopa puibTpa
Ca, a 3aTeM BHOBb IipeoOpa3zyercst uHBepTropoM AH B nepeMeHHOe HanpspKeHUe
U3MEHSEMOI 4acTOThl U aMIUIUTYAbl. PerynupoBanue BbIXOJAHON 4acTOTHI fBBIX. U
HanpspkeHus: UBBIX OCYIIECTBIIIETCS B MHBEPTOPE 3a CUET BBICOKOYACTOTHOIO
IIMPOTHO-UMITYJIbCHOTO  ympasiieHHs.  [IIUpOTHO-UMIYJIBCHOE  yIIpaBiIEHHE
XapaKTEpPHU3yeTcsl MEPUOJIOM MOAYJSLUMU, BHYTPH KOTOPOrO OOMOTKa CTaTopa
IEKTPOJABUTATENS]  MOJAKIIOYAETCS  MOOYEPENHO K  IOJOXKUTEIBbHOMY U

OTPHULATCIIBHOMY ITIOJIFOCAM BBIIIPAMHAUTCIIA.

B AHH
fc | Ls fBpIx

LKW\T | M
ZIS |

L3 — s

l‘]

Uynp —— CAP

Pucynok 9 - CtpykTypHas cxeMa 4acTOTHOI'O IIpeoOpa3oBaTes

JIMUTEIbHOCTh TOAKIIOUCHHS KaXKJI0H OOMOTKHM B Mpeaeliax Iepruoaa

CIIEIOBaHUS HMMIYJbCOB  MOJYJHUPYETCS IO CHUHYCOMJAIBHOMY  3aKOHY.
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HawnGosnbimas mupruHa UMITYJIbCOB 00ECTICUMBACTCSI B CEpeIMHE TOMyepruoa, a K
HAayaJly ¥ KOHIy TMIOJYyNepruoaa YyMEHbIIaeTcsa. Takum oOpa3oM, cucTeMa
ynpasienuss CYU oOecneunBaer MmMUpOTHO-UMIYIbCHYIO Moxayisinuio (LLIMM)
HAIPSHKCHUS, TMPUKIIATBIBAEMOTO K OOMOTKAaM JBUTATENA. AMIUIUTYa M 9acTOTa
HaIpsDKEHUST ONPENCIAIOTCA IMapaMeTpaMu MOIYJHUPYIOUIEH CHHYCOUIAIBHOU
bynkuuu. Takum oOpa3oMm, Ha BbIXOJE MpeoOpazoBaresisi 4acToOThl (HOpMHUpPYETCs

TpexdaszHoe NePeMEHHOE HAIPSKEHUE N3MEHICMOM YaCTOTHI M aMILTUTY/IbI.

[IpeoOpazoBarens BEIOMpAETCS 10 HOMUHATLHOMY (JUTUTEIHHO JOIMMYCTUMOMY)

TOKY |, TIO CJICAYIOIIEMY YCJIOBHIO:

209,696

1, > 1, e _134 726.
215,632

un — “lan

=131,017 4;

08.HOM

Bri6upaem npeobpazoBaTesib 4acTOTHI U3 [5].
Ta6nuna 4 — [lapameTpbl IpeoOpa3oBaTENsi YaCTOTHI

Iapamerpsl | Boixommoe |BBIXOmHAA | BprxonHoit | Pexomenmyemas
Tum MUTAIOIEH | ganpspkenne | ac101d TOK MOIIHOCTh
CceTH u,,B o T JBUIaTEIIs
U,.B | f.. 1y Al ...A P,,xBm
VLTS102 | 3x | 50 380 0+132 | 147 | 221 75
«Danfoss» | 380

Br100op 3ax0Ha peryiMpoBaHust

C y4eToM TOro, 4To Auana3oH peryJIMpOBaHus CKOPOCTH HACOCOB HEBEIIMK U
MEXaHU3Mbl TaKOTO Kjacca He TpeOyrT oOecnedyeHHs] BBICOKOM KpaTHOCTH

IMIyCKOBOTO M MAaKCHUMaJIbHOI'0O MOMCHTOB, B Ka4YCCTBC 3aKOHOB PCTYJIIHPOBAHUA

U,/ fi MOTyT OBITh IPUHATHI 3aKOHBI U] / Ji =constu U / f12 = const.

Tak Kkak HacoCHblE YCTAHOBKM HMEIOT HEJIMHEHHO BO3pPACTAIONIYIO

MCXaHMYCCKYIO XapaKTCPUCTUKY, 3aBUCAIYIO OT CKOPOCTHU ABUTATCIIA, TO IIPUMEM

B JAJIbHEHIINX pacyeTax B KaUeCTBE 3aKOHa perynupoBanus U / f12 = const
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OmnpenesieHne HHTEPBAJIA YACTOT HHBEPTOPA
MakcuManbHasi CKOPOCTh BpPAIIEHHUS 3JIEKTPOIPUBOJA paBHA HOMUHAIBHON

CKOpPOCTH ABUI'aTCIII.

—w _ g2 6 P40

OIL.MaKc MEX.IIPUB C

K HacocHbIM yCTaHOBKaM HE NPEIbSABISETCS TPEOOBaHUM K IIMPOKOMY
JMara3oHy peryIupoBaHMs CKOPOCTH, OOBIYHO 3TOT MTOKAa3aTeNb COCTaBIsAET 1:2 nu
1:3. HMcxoms w3 3TOro, NPUHUMAEM MHHHMAJIbHYIO CKOPOCTh BpalllCHUs
AIIEKTPOIIPUBOAA:

50311 = a)an.MaKc — 282’6 — 94, 2 %
‘ 3 3 C

YacToTbl H”HBEPTOPA, HEOOXOAUMBIE JIJIs1 00ECTICUCHHS TPEOYEMBIX CKOPOCTEH

BpaliCHUs, HAXOAUM, piaast COBMCCTHO YPaBHCHUA MEXaHUYECKOM XapaKTCPUCTUKHN

JABUTATCIISI M HATPY3KHU.

=M (@)

2

2 N2 .
o, s, (xm-“j {RﬁRZJ NELUE
5. X .1
Hof

=

1u
rIe
i

Ul(fl):Ulq)H ( f

2 2
f
] =220-(5—8 — BOJIBT-YaCTOTHasA XapaKTCpPUCTHUKA IIPHU 3aKOHE
1n

ynpasienus U / f12 = const;

M e (0) =AM

cMexX + 3

M
CIIpUB . 0)3 — 20,9 + 209, 6936 . 0)3 _
282,6

MEX.IIPUB

_209+ 209,6936
282

j -®°=20,9+9,291-10° - ®°~ MmexaHmdeckas XapaKTEpPUCTHKA

Hacoca.
Hcnons3yem mjisi onpenesneHrss 4acTOT WMHBEPTOpPAa NPOTPAMMHYIO CpPELY

MathCAD.

JI711 MUHAMaTbHOW CKOPOCTH
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16.924668152042313128 \

o 16.333333333333333333

3-{{:-5 E\:‘} R2 L3 16.333333333333333333
uf — = Mel - Mn| l\ solve,z — | 3.7972140760229205480 — 4.3224753826986163202i
(3uz w2 L ris R i RIR2 Y R 3.7972140760229205489 + 4.3224753826986163292
L 38 (23142 w) 23z w —1.7620769218264433504 + § 5092778440260934606i

—® 3 Xmi P 3 | ~1.7620769218264435904 — 8.50927784402609546067 )
2314z £ 2314z
2 J o\ » )

[Ipuanmaem yactory unusepropa: f, =17 T'q.

U.MUH

6. Pacuer cemeiicTBa MeXaHMYECKHUX M JIEKTPOMEXAHUYECKHUX
XapaKTePUCTHK NMPHU W3MEHEeHUN 4acToThl B nporpamme MathCAD

MexaHnueckue  XapakTEpUCTHKU (D(M ) PAa30MKHYTOM  CUCTEMBI
npeoOpazoBaTelb YaCTOThl — ACHHXPOHHBIN JBUTATENb MPU 3aKOHE PETYTUPOBAHUS
U; / f12 = const i psAa BHIOPaHHBIX 3HAYEHUI BBIXOJIHOM 4acTOTHl HHBEPTOPA B

uHTepBase oT 17 mo 50 I'y paccunThIBatOTCS O BBIPAKEHUSM:

M (S, fl) = = 5] ;
2 P \2 '
(DOLS XKHL + R1+& + w
flu i s L
n le
rac
2 2
N S f
Uilfi)=U,; . | =—— | =220-| = | ; o(s, f1)=wg - —(1-59).
MexaHnueckast XapaKTCPHUCTHKA HeHTp06e)KHOFO HaCocCa OIIPCACIIACTCA II0
BBIpa)KeHI/IIO:
M
M oo (@) =AM+ | -0’ =20,9+ m 0 =
MEX.IIPUB 282’ 6
=20,9+ M . ®°=20,9+9,291-10° . &°.
282,6
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Pucynok 10 — Mexanndeckue XapakTepuCTUKU ABUATATENS [1D/1B 65-219 nipu
BBIOpaHHOM 3aKoHe perymuposanus U/f? = const

A

300

Jarex=50 T'x

200

hanam— 17 1
100 Ju "

A

DD 200 400

Pucynox 11 — Dnexrpomexannyeckue xapakrepuctuku auratens [13/1B 65-219
MIpU BEIOPAHHOM 3aKOHE PETYIUPOBAHMUS U/f? = const
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7. MaTtemaTu4eckoe MOAeIMPOBaHNeE

I/IMI/ITa]_[I/IOHHaH MOI€Jb CHJIIOBOI'0 KaHaJia 3JICEKTPOoNpuBoaa

NMuTanimoHHas MOJIEIb CUJIOBOIO KaHaja 3JIEKTPOIPUBOAA MPEICTaBICHA

Ha pucyHke 12.

outL_r¥{mtw
50 » int o]
OUZ—) glinz  w

Constant Scope

Pregbraz

| simzut

To Workspace

Pucynok 12 — IMuTanronHas MOJ€Nb CUIIOBOTO KaHasa JIEKTPOIPUBOIA

Cxema HaboOpa MMHTALIMOHHOM MOJENM JBYX(azHOro mnpeoOpazoBaTeis

4acTOTBI, MPEACTABICHHOTO TMOJCUCTeMO «Preobrazy mpencraBieHa Ha PUCYHKE

13.

1
- > g > Ry
In1 0155 Trigonometric > - Cut1
Transfer F ut
ransfer Fen Functiond Producti Transport
/ Celay
gl t—L 1 _opooo2sc
Trigonometric _f B 3 -
Fundtiocn H 8'1“
+311.127
B! [0 1 Ot e = 1.41 -
e 1 O L Ll rl ks | D@(
0 Gain1 outz

Froduct Transport
Delayi

Pucynok 13 — Cxema Habopa UMHUTAITMOHHON MOJIeNIH IBYX(HA3HOTO
npeoOpazoBaTessi YaCTOTHI

Funktion

[Moncucrema «Funktiony peanu3yer MareMaTHUECKYHO (DYHKITUIO
2 2
f f ,
U, (f,)=Uy,, (#J = 220.[5—8j =0,088- f

npy 3aKoHe perynupoBanus U / f12 = const (pucynok 14).

Inl Ot

Math Zain
Function

Pucynok 14 — IToacuctema «Funktiony mpu 3akoHe peryiupoBaHus

Ul/f12 = const
35



[Toncucrema «AD» npezacTaBiser co00il MOeNb aCHHXPOHHOTO IBUTATEIS

B IByX(pa3HOI HETIOABM)KHOM CUCTEME KOOPAMHAT C HETUHEHHON «BEHTHIIATOPHOIN

Harpy3Kkoi Hacoca (pucyHok 15).

1/Ar

1/Re

1iArs+1

Le/Re.s+1

Transfer Fon2
Products

Transfer Fon

—s

—CD

e M

Produci
| Ini
Q’ | [nZOut1
| In2

Products

Gaink

_..

Reakthnaya nagruzka

| RreKr

1iArs+1

)

Le/Re.s+1

Transfer Fonl

Gainl Transfer Fon

Gaing

1/Re {>_|E>—b L

IZ}
’—’Pr:}ducﬂ

Scope

E;%

[~

Pucynok 15 — IToacucrema «ADy

sllapaMeTpsl OBUT'ATEJIS
£=50;

Rs=0.074;

Rr=0.071;

Ls =0.164/ (2*pi*f);
Lr =0.22/(2*pi*f);
Im=4.603/ (2*pi*f);
p=2;

J=0.25;

Ls=Ls_ +Lm;

Lr=Lr +Lm;

zp=p/2;

Kr=Lm/Lr;
Re=Rs+Rr*Kr"2;
Le=Ls-ILm"2/Lr;
Uamp=220*sqrt (2) ;
Ar=Rr/Lr;
Wref=2*pi*f;
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Ha pucynkax 16—19 npeacraBieHbl IEpeX0IHBIE TIPOIECCHI CKOPOCTH Bajia U

QJICKTPOMArHUTHOTO MOMCHTAa ACHHXPOHHOI'O JSJICKTPOIPUBOLAA IIPHU ITYCKC Ha

vyactothl =50 I'i; =40 I'm; =30 I'y; =17 I'm. 14(t) A

pa/c, | o),
Hwm | ALD
A | L

700 : : : : : : :
600
500 HH4-f-
400

300

200

100

-100

-200

200 | | | | | | | | |
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

PI/IC}/HOK 16 — HGPGXOI[HI)IC IMPOLCCCHI IIPHU ITYCKC 3JICKTPOIIPUBOAA C HAaCTOTHBIM

3aKOHOM peryanposanus ckopoctu U/f2=const npu 3navennn gactotsl f=50 'y
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Pucynok 17 — Ilepexoanple IPOIECCHl TIPU ITyCKE SJEKTPOIPUBO/IA C YACTOTHBIM
3aKOHOM peryauposanus ckopoctu U/f2=const npu 3nauenun uactorsr f=40 I'y

pan/c, | o(f),
Hwm | AL
A | L)
400 T T T T T T
SIDVENNS S SN ————
sl A AN A A I S — S
T AL A —— e —
S50 11 YR S S N S Y S
s M s — ;
o 8 L Y YOO PO S [l S S -
T I Y O Y A O A O 0 O S ot S =SS SO -
50 R e e O R EEEEEEEEEEEEEE R RECEEETEEEECEEEEEREED .
U s | | | a | r
AR | | a | c
JPL I 5 U AU RO SO SO :
" : : : : : :
0 0.1 0.2 0.3 0.4 05 0.6 0.7
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Pucynok 18 — Ilepexoanbie mporeccsl Ipu MycKe 3JIEKTPOIPUBOA C YACTOTHBIM
3aKOHOM peryauposanus ckopoctu U/f=const npu 3nauennu yactors =30 I'y

pam/c, | o),
Hwm | Af(D
A | L)

160 ) T T T
140
120

100

80

60

a0l

20

20 | | | |
0 0.5 1 15 2 25

Pucynok 19 — ITepexoaHble IPOIECCHl IPH IYCKE 3JCKTPOIIPUBO/IA C YACTOTHBIM
3aKOHOM peryauposanus ckopoctu U/f2=const npu 3nauenun wactorer f=17 I'y

[Ipsimoil myck SJEKTpoOJBUTATENSI B CHCTEME IMpeoOpa3oBaTesib YacTOTHI-

aCMHXPOHHBIM  JIBUTateiqb ¢ JIIOOBIM  3aKOHOM  peryiupoBanus U/ f;

XapaKTePU3YEeTCsl 3HAYUTEIBHBIMH KOJICOAHMSIMH 3JICKTPOMAarHUTHOTO MOMEHTA
JBUTATENS] U OOJBIIMMH 3HAYEHUSIMU ITyCKOBOI'O MOMEHTAa M TOKa cTaTtopa. Takue
MIEPETPY3KH 10 TOKY ¥ MOMEHTY C OJHOW CTOPOHBI MOTYT OBITh HEIOITYCTHUMBI JJIs
OTJIETLHBIX AJIEMEHTOB MpPHBOJIa (HampuMep, MO TOKY ISl MpeoOpazoBartenis), a ¢
JPYTOM CTOPOHBI B JTFOOOM CITydae HeOIaronpusTHO CKaXyTCs Ha AJIEKTPOJIBUTaTEIIE,
npeoOpa3oBarene W MEXaHM3ME Hacoca W TMPHUBEIYT K COKPAICHUIO CPOKa HUX
ciry>xOb1. DakTUUeCKue ePerpy3Ku PH MPSIMOM ITYCKE JIBUTATEIISI MOTYT OBITh €I1ie
00JIbIIIe U3-32 HETOYHOCTH MPUHATON B pacdeTax MOJACIN aCHHXPOHHOTO JIBUTATEIIS
u e¢ mapaMeTpoB B 00JacTH pPabOThI C OOJBIIUMU 3HAYCHUSMU CKOJIbKECHUS

JABUIaTCIIA.
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ITonydeHHble pe3ynbTaThl IPSMOIO IIyCKa 3JIEKTPOABUIATEINS ITOKA3BIBAIOT,
YTO MNpPSAMOW IyCK IPUBOJHOTO  JABUTATENsA HE  IO3BOJIMT  IOJIYYHUTH
YAOBJIIETBOPUTEIIBHOTO  KayecTBa IIEPEXOJHBIE IIPOLIECCHI U ONPEHEIAIOT
HEOOXOJMMOCTh OpTaHM3allMM TUIABHOTO IyCKa C OTPaHUYEHUEM BEIWYUHBI U
YIYUYLIEHUEM XapakTepa BPEMEHHOW 3aBUCUMOCTU JIMHAMUYECKOIO MOMEHTA W
TOKA DJIEKTPOIIPUBOJIA.

OrpaHnyeHue TOKa M MOMEHTA JBHUIaTelsl B IIYCKOBBIX pPEXHMax B
Pa30MKHYTBIX CUCTEMAX PETYINPYEMOTO AMEKTPOIPUBOAA MOKET OBITh TOCTUTHYTO
IIPUMEHEHUEM 3a1aTYMKA NHTEHCUBHOCTH CKOPOCTH BO BXOJHOM LIENN YIPABJICHUS

AIIEKTPOIPUBOJIA.

Cxema Ha0bopa HWMHTAIIMOHHOM MOJIENIM ACHHXPOHHOTO YacCTOTHO-
PEryJIMpyeMOTo 3JIEKTPONPHUBOJIa CO CKAJISPHBIM yIpaBJICHUEM NpPUBEJCHAa Ha

pucynke 21.

XY Graph

Int |
out |1 Outz |
Int Outt > Q Int ous =
ol -

Scope

(2]
g
g
n
&
[}
g
El
o
b4
¥y

Zadatchik Precbraz

e tng 01

OutZ To Workspace

102 0y

Precbraz tokov

Pucynok 21 - Cxema Habopa UMHUTAITMOHHOW MOJIENIM ACHHXPOHHOTO
AJIEKTPOIIPUBO/IA CO CKAJIAPHBIM YIIpaBICHUEM
CxeMa HaboOpa MMUTAIMOHHOW MOJENN 3aJaTYMKa WHTEHCHBHOCTH C S-
oOpa3HON XapaKTEepUCTUKOMW TpencTaBieHa Ha pucyHke 22. [Ipunsara S-o6pasnas

Xapaktepuctuka  3agatuuka U,y (¢) ¢ nmnapamerpamu (pucyHok  23):

t1:O.5C,Z2:IC,T’3H =2‘Zl +t2:2'0.5+1:2C.
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1 1
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0.5z 1.8 Cutt

Transfer Focn

Transfer Fon1

Pucynok 22 - Cxema HaOopa MIMUTAIMOHHOM MOJIETH 3a/IaTYNKa HHTCHCUBHOCTH

¢ s-00pa3Hoi XapakTepucTukoi (moacucrema «Zadatchiky»)
B U BBIX

10 +------- Fo==——=—-=--

t [5) t

Pucynok 23 - BpemeHHast XxapakTepuCTHUKa S-00pa3HOro 3a/1aT4YlKa UHTEHCUBHOCTH
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Pucynok 24 — IlepexoiHbI€ TPOILIECCHI PH MYCKE AIEKTPONPUBOIA C HACTOTHBIM
3aKOHOM PETYJUPOBAHUSA CKOPOCTH U 3aJaTYNKOM UHTEHCUBHOCTH IIPU 3HAYECHUU
gactotel f=50 'l u BpemeHeM 3amycka 1 cekyHaa
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Pucynok 25 — IlepexoiHbI€ TPOLIECCHI IPH MYCKE AIEKTPONPUBOAA C HACTOTHBIM
3aKOHOM PETYJIUPOBAHUS CKOPOCTH M 33JaTYNKOM MHTEHCUBHOCTH MPH 3HAYECHUU
gactothl =50 I'11 1 BpeMeHeM 3amycka 2 CeKyH/IbI
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Pucynok 26 — I[lepexoiHbI€ TPOLIECCHI IPH MYCKE AIEKTPONPUBOIA C HACTOTHBIM
3aKOHOM PETYJMPOBaHUs CKOPOCTH U 33JaTYNKOM MHTEHCUBHOCTH IIPU 3HAYECHUU
gyactoThl f=40 'l 1 BpemeHeM 3amycka 1 cekyHaa
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Pucynok 27 — IlepexoiHbI€ TPOLIECCHI IPH MYCKE AIEKTPONPUBOAA C HACTOTHBIM
3aKOHOM PETYJIUPOBAHUS CKOPOCTH U 33JaTYNKOM MHTEHCUBHOCTH MPH 3HAYECHUU
gyactoThl =40 I'11 1 BpeMeHeM 3amycka 2 CeKyH/IbI

pag/c, | o),
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Pucynok 28 — Ilepexoanble TpoLecChl MPU MyCKe 3JIEKTPONPUBOJIA C YACTOTHBIM
3aKOHOM PETYJIMPOBAHMS CKOPOCTH U 33JaTYMKOM UHTEHCUBHOCTH MPU 3HAYCHUH
gactotel =30 'l 1 Bpemenem 3amycka 1 cekyHaa
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PI/IC}/HOK 29 — HGPGXOI[HBIC IMPOLCCCHI IIPpHU ITYCKE JJICKTPOIIPUBOAA C HaCTOTHBIM

3aKOHOM PETYJIMPOBAHUS CKOPOCTH M 3aJaTYNKOM MHTEHCUBHOCTH NPH 3HAYECHHUH
gactothl =30 'l u BpemeHeM 3arycka 2 CeKyH/Ibl
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Pucynok 30 — IlepexonHble TpOLECCHI IPH ITYCKE 3JEKTPONPUBOJA C YACTOTHBIM
3aKOHOM PETYJIMPOBAHMS CKOPOCTHU U 33JaTYMKOM UHTEHCUBHOCTH MPU 3HAYEHHUH
gyactothl f=17 'l 1 BpemeneM 3amycka 1 cekyHma
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Pucynok 31 — IlepexoaHbIe TpOLECCH NPH ITYCKE IEKTPONPUBOAA C YACTOTHBIM

3aKOHOM PETYJIMPOBAHUS CKOPOCTH M 3aJaTYNKOM MHTEHCUBHOCTH NPH 3HAYECHHUH
gactothl f=17 'l u BpemeHeM 3arycka 2 CeKyH/Ibl

ITonydeHHble pe3yabTaThl UMUTALIMOHHBIX UCCIEAOBAHUN JOKA3bIBAIOT, YTO
YaCTOTHO-PETYNUPYEMBIA  ACUMHXPOHHBIM  DJIEKTPONPHUBOA NPU  CKALIPHOM
YIPaBJIECHUU C YACTOTHBIM 3AKOHOM YIIPABJICHUS U 3aaTYMKOM UHTEHCUBHOCTH HA
BXO0JI€ 00EeCreurBaeT IUIABHOCTh HApACTAHUSI CKOPOCTH, YMEHBIIEHUE MYCKOBBIX
TOKOB U MOMEHTOB. biiarogaps 3aaTdyMKy MHTEHCUBHOCTH M BPEMEHEM 3aIlyCKa
AJIEKTPOJIBUTATENsl B 2 CEKYHJbI, Mbl CMOIJIM JOOUTHCS JOMYCTHUMBIX ITYCKOBBIX

TokOB 300 A a1 Halei 3a1aHHON CETH, OTPAHUYEHHON MOIIIHOCTH.
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8. DPAHAHCOBBII MEHE[)KMEHT, PECYPCOD®®EKTUBHOCTH
PECYPCOCBEPEKEHUE

TennocHaOxeHNE TPOMBINIICHHBIX OOBEKTOB W HApPOJHOTO XO3sICTBA
HACEJICHUS SIBJISIETCS OJHOM W3 OCHOBHBIX IMOJCUCTEM JHEPTETHKU CTPAaHBL. JTa
OTpAacib C MOBBIILICHHON 3HEPTOEMKOCTBIO. B CBSI3U ¢ 3TUM, BHEIPEHUE HOBEUIIINX
HHEProcOeperarolux TEXHOJOTHM TMpPU MOJIEPHU3ALMM HACOCHBIX CTaHIUN
CTAHOBUTCS KpalHE aKTyaJIbHOM 3a1ayeH.

Lenpto maHHOrO paszzgena sBIsETCI OOOCHOBAHHE IEJIECO00PAa3HOTO
WCIIOJIB30BaHUsl TEXHUYECKOTO ITPOEKTA, BBIIOJHAEMOIO B PAMKAX MaruCTEPCKOU
JIVCCEPTALMM, IIPH TOM PACCMATPUBAIOTCS IUIAHOBO-BPEMEHHBIE U MATEPUAIIBHBIC

IIOKa3aTCJIN IPOoLCCCa IIPOCKTHUPOBAHUA].

8.1 IlnanupoBaHue HAYYHO-UCCJIEI0BATEIbCKOM PA0OTHI
[1nanupoBaHre KOMIUIEKCA MPEIoIaraeéMbIX paboT OCYIIECTBISETCS B

CJIEIYIOLIEM TTOPSIJIKE:

® OnpeaereHue CTPYKTYphl pad0T B paMKax HAYYHOTO MCCIIEIOBAHUS;

® OIpe/IeNICHUE YYaCTHUKOB KaXKI0W padoThl;

® YCTaHOBJICHUE MPOJAOJKUTEIBHOCTH padoT;

® I0CTpPOEHUE rpaduKka NPOBEACHHS HAYYHbBIX UCCIIEIOBAHUM.

JUJ1s1 BBIMOJTHEHUS! HAYYHBIX UCCIEA0BaHUI (popMUpyeTcst paboyast rpyIia,
B COCTaB KOTOPOM MOT'YT BXOJUTh HAYYHBIE COTPYIHHUKH, IPENIOAABATENM,
WH)KEHEPBI, TEXHUKH U JTa0OPaHThl, YUCIEHHOCTh I'PYII MOKET BapbUPOBATHCS.
[To xaxaoMy BUYy 3alUIAaHUPOBAHHBIX pa0OT yCTaHABIMBAETCA COOTBETCTBYIOIIAS
JIOJDKHOCTB UCIOJIHUTEIICH.

B nanHOM pa3zzene cocTaBieH NepeueHb 3TAaloB U padOT B paMKax
MIPOBEICHHS] HAYYHOT'O UCCIIEIOBAHUS U MTPOU3BEIEHO pacIipe/iesieHre
UCTIIOJTHUTENEH 1o Bugam padot. [lopsaok coctaBieHus 3TanoB U pador,

pacrpe/iesieHie UCTIOTHUTENEH 10 JaHHBIM BHUJIaM pa0OT MpUBE/IECH B TabuIIe S.
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Tabnuma 5 — [lepeuens 3TanoB, padoT U pacrpeneaeHre UCIIOIHUTENEH

Ne | OcHOBHbBIE Conep:xanue pador Josknocts | IIpogosukuTenb
pao. | dTansbl UCTIOJIHUTEJISA HOCTb,
JaHeH
1 | Pa3paboTka u CocraBnenue u Hayunsrii 2
BbIjIaua YTBEPXKICHUE PYKOBOJUTEIb,
TEXHUYECKOTO TEXHUUYECKOTO UHXEHEp
3aJaHHs 3a/laHus
2 | Beibop [Ton6op u u3ydeHnue Hnxenep 13
HaIpaBIICHUS MaTepHaJoB IO TeMe
TEXHHUYECKOTO
MIPOEKTUPOBAHHUS
Hacoca
3 | Pacuersr u [IpoekTupoBanue Hnxenep 15
MPOSKTUPOBAHUE | CHCTEMBI
CUCTEMBbI BHYTPH3aBOJICKOTO
AJIEKTPOCHAOKEHH | DIIEKTPOCHAOKEHUS
4 | 1 HacOCHOM [IpoektupoBanue WNuxenep 14
CTaHIINH CUCTEMBI
BHYTPHUIIEXOBOT'O
ANEKTPOCHAOKECHHS
5 [IpoBencHue HNuxenep 14
rpaduyecKux
TMIOCTPOEHUM U
000CHOBaHUM
6 | O0oOeHue n Oruenka Hayunsrii 3
OLIEHKa 3¢ (HEeKTHBHOCTH PYKOBOIHUTEIb,
pe3yNbTaToB MOJIy4E€HHBIX UHXEHEp
pe3yIbTaToB
7 | Obopmrnenue CocraBnenue Nuxenep 14
OTYETA MO MOSICHUTEIbHON
TEXHHUYECKOMY 3aMUCKU
8 | mpoektupoBanuto | [IpoBepka BEITYCKHOM Hayunsrii 2
KBaJTU(DUKAITIOHHOM PYKOBOJUTEND,
paboThI HHKEHEp
PYKOBOJHUTENEM
Hayunsrii 7
HUTOrO PYKOBOJHUTEINb
WNuxenep 77
[TpoaomKUTENHHOCTD BBIOJHEHUSI POEKTa COCTABUT 77 pabouux aeHb. 13
HHUX:

7 mHEN — MPOJAOKUTEILHOCTD BBITIONHEHUS Pa00T PYKOBOIUTEIIEM;

77 neHb — MPOJAOTKUTETHLHOCTD BBIMOJHEHUS pa0OT HHKEHEPOM.

Haubomee y,Z[O6HBIM " HariisiAHBIM B JAHHOM CJIy4dac SABJIACTCA IOCTPOCHUC

JIEHTOYHOTO rpaduka NpoBeIeHUs TEXHUYECKUX padoT B (hopme nuarpammsl ['aHTa.
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HNuarpamma ['aHTa — TOpU30OHTAIBHBIA JEHTOUYHBINA Ipaduk, HA KOTOPOM

pa60TBI mo TEMC IMPCACTABIAIOTCA IIPOTAKCHHBIMU BO BPEMCHH OTPC3KaAMU,

XAPAKTCPUIYIOIUMHUCA JaTaMU Hadajla U OKOHYAHMA BBIIIOJIHCHUA HAHHBIX pa60T

[16].

Fpa(i)I/IK CTPOUTCA IJIA OKHAACMOTI'0 110 JJIMTCIIBHOCTH UCIIOJTHCHUA pa60T B

pPaMKax TCXHHUYCCKOI'O IIPOCKTa, C p336HBKOﬁ 1o MECiaoaM M ACKadaM 3a IICPHOJ

BPEMEHU MOATOTOBKH MarucTepcKon nucceprauuu. Ha ocHOBe TaOauupl 5 CTpouM

nuarpammy ['anrta (Tab:muma 6).

Tabmuna 6 — luarpamma ["anTa

Ne T IIpoao/1KNTEeIbHOCTH BBINOJIHEHHUS padoT
Ki, =
pa Bua pador HUcnoanurenun <o J)I . DeB. Mapr Arp. Maii Hronb
00T U213 (112 (3|12 (312 |3]1]2
1 Cocrasienue T3 PykoBogutens 2
[Ton6op n
2 | u3ydeHue Wnxenep 13
MaTepuasioB
[IpoektupoBanue
CUCTEMBI
BHYTPH3aBOJICKOT
3 o ytb A Wnxenep 15
ANEKTPOCHAOKEHHU
s
[IpoexTnpoBanue
HCTEMBI
4 |cHeTe Nuxenep 14
BHYTPHIIEXOBOTO
ANEKTPOCHAOKEHHU
[IpoBenenue
rpaduyecKux
5) pag . Wnxenep 14
MMOCTPOCHHI 1
000CHOBaHUH
Ouenka
6 3¢ (HeKTUBHOCTU Nuxenep, 3
MOJTy4E€HHBIX PykoBonuTens
pe3yIbTaToOB
CocraBnenue
7 | MOSICHUTENbHOM WNuxenep 14
3aMUCKI
8 | [Ipoeepka BKP PykoBoguTenn 2
Hcxons w3 COCTaBICHHOM JuarpaMMbl, MOKHO CHEJIaTh BBIBOJ, 4YTO

MPOJIOIKUTEILHOCTh padOT 3aHUMAET 6,5 nekaj, HauyuHas CO BTOPOM JeKabl

deBpans, 3akaHYMBasi TPEThEH NeKaA0N Masi. YUUThIBask BEPOSITHOCTHBIN XapaKTep
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OLIEHKH TPYIOEMKOCTH, peaibHas MPOAOKUTEILHOCTh pabOT MOXKET OBITh Kak
MeHbIIe (Impu OJarompusiTHOM CTEYCHHH OOCTOSITENBCTB), TaK U HECKOJBKO
IPEBBICUTh YKA3aHHYIO MPOJOJDKUTENBHOCTh (IIPU HEOJIArONpHUsTHOM CTEUYEHUU

00CTOSITEIBCTR).

8.2 CMeTa 3aTpaT HA NPOEKTUPOBAHUE
CwMmeTa 3aTpatr Ha mpoekT ( K,,) BKJIIOUYAeT B ceOs MaTepUalIbHbIC 3aTPaTHI,

aMOpPTHU3alluI0, 3aTPaThbl HA 3apa60THy10 IUIaTy, Ha COOUAJIBHBIC HYXXIBI, ITIPOYHUC U

HaKJIaaHbIC 3aTPAaThI.
K, = Kmam + Kav + K3 [ nn+ Kc.o + Knp + Knaxn (6.1)

rae: Kmam — maTtepuanbHble 3aTpaThl;
Kam — amopTHu3aius KOMIbIOTEPHON TEXHUKH;
K3/nn — 3aTpartsl Ha 3apabOTHYIO ILIATY;
Kc.o. —3atpaTsl Ha cOMaJIbHbIE HYX/IbI;
Knp — npouwne 3arpartsr;

Knaxn — HaKJIAAHBIC 3aTPAaThI.

8.2.1 MaTepuaJjibHbIe 3aTPaThI

B nannoit pabote MarepuaibHbie 3aTpaThl npuHHMaeM B pazmepe 1000
pyOJseil Ha KaHUEISIPCKUE TOBaPHI.

8.2.2 3aTpaTbl HAa aMOPTHU3ALHIO

Tak kak nmns paOOThl HAJ MarucTepCKOM aHMcCCepTalyeld HCHOJIb3yeTCs
KOMITbIOTEPHAS] TEXHUKA, IOCYUTAEM aMOPTHU3ALMIO OT €€ UCIOJIb30BaHUS.

Tucn.xm

1
Kam = Lxm-— rne (6.2)
Tcn

Tkan
Tucn.xm — BpeMsi HICIIOJIb30BaHUsI KOMIIbIOTEPHOM TeXHUKH (90 nHel);
Tkan — xanengapHoe Bpems (365 11ei);
L[xm — nena komnbroTepHoil TexHukH (25000 pyo);

Tcn — cpok city>kObl KOMIIBIOTEPHON TEXHUKH (5 JI€T).
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Kan = =2 . 25000+ = = 12336
365 5

8.2.3 3aTpartbl Ha 3apaGoOTHYIO IJIATY

BOBHaI‘pa}KI[CHHe 3a Tpyad B 3aBUCUMOCTHU OT KBaJ'II/I(I)I/IKaHI/II/I pa60THHKa,
CJIOKHOCTH, KOJIMYCCTBA, Ka4ucCTBA U YCJIOBI/Iﬁ BBIIIOJTHSIEMOM pa6OTBI, a TaKXC
KOMIICHCAIMOHHBIC N CTUMYJIMPYIOIIKUC BBIIUIATBI, 3aTPAaThl HA 3apa60THy10 IJ1ary

(nnsa urxerepa u HP).

K3 | nn = 3lunoic + 3lnp (6.3)
3lImec =3llo- K1- K2, rne (6.4)
K1 — xoa¢pdunment, yuntsiBaromuii otmyck (1,1 = 10%);
K2 — paitonnsiit koaddunuent (1,3 =30%);

3llo — mecsunbii otkian (mas npodeccopa 30000 p., mIs UHXKEHeEpa

17000p.).

JI71s1 HAy4YHOTO PYKOBOIUTEINS:

3l Imec =30000-1,1-1,3=42900 pyo.

Jla naxkenepa:

3lImec =17000-1,1-1,3 = 24310 pyo.

3l Imec
‘1, e (6.5)

3llop =

21 — gucio paboyux JHEH B MECHIIT,
N — haKTHIECKOE YMCIIO THEH B IIPOCKTE.
JIns1 Hay4HOTO pyKOBOJMTES:

3llop = 42900 7=14300 pyo.
21
Jlna naxxenepa:
3llop = 24310 -1 =89137 pyo6.
21
K3/ nn=14300+89137 =103437 pyo6.
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8.2.4 3aTpaThl Ha cONMAJbHbIE HYK/bI

3arpaThl OpraHU3alUMA MO O0S3aTEBHBIM W JOOPOBOJIBHBIM B3HOCAM B
OpraHbl  TOCYJapCTBEHHOTO CTpaxOBaHHWs, IEHCHOHHOTO (QoHAa, GdoHIa
MEJIMIIMHCKOTO CTPAaXOBaHMS OT 3aTpaTr Ha OIUIATy TpyJa paOOTHUKOB, 3aHSATHIX B
MPOM3BOJICTBE TMPOAYKIIMH, pPaboT, yCIyr B HEMPOU3BOJCTBEHHOH cdepe B

COOTBCTCTBHH C ITOPAAKOM, YCTAHOBJICHHBIM 3dKOHOAATCIILCTBOM.

3arpaThl Ha conMaabHbie HY kbl O0epeM B pazmepe 30% ot K3/ni.

_ K3/ n1-30%

Kc.o.= 100% (6.6)

~103437-0,3

Kc.o. =31031py6

8.2.5 IIpoumne 3aTpaThl
[Ipouue 3aTparsl npuHuMaroTcs B pazmepe 10% ot (Kmam + Kam + K3/nn
+ Kc.0)
_ (Kmam+ Kam+ K3/ nn+ Kc.0.)-10%

Kn 0.7
P 100% (6.7)
Knp = (1000 +1233 +10i437 + 31031) -0,1 _ 13670py6.

8.2.6 HakyagHble 3aTpaThl

3arpatel, HE CBSI3aHHBIE MIPSIMO C MPOU3BOJCTBOM OTAEIBHOTO U3JEIUS WIH
BUJla pabOThl U OTHOCHUMBIE HAa BECh BBIMYCK NpOoAyKIuU. K HUM OTHOCSTCS:
pacxojpl Ha COIEpKaHUE, SIKCIUTyaTalUIO U TEKYIIIMHA PEMOHT 3aHUI, COOPYKEHUM
U 000pyIOBaHMS, OTYUCICHHS Ha COLMAJIbHOE CTPaXxOBaHWE U JIpyrHUe
oOs3aTeNbHbIEC TUIATEXKU; COJEpPKaHUE W 3apabOTHYIO IUIATy aJIMUHHUCTPATHUBHO-
yIPaBJICHUYECKOIO MEPCOHANa; pacxXoibl, CBSI3aHHbIE C MOTEPsIMH OT Opaka u

IPOCTOEB H JIp.

Haknanneie pacxonabl npunumarotcst B pazmepe 200% ot Kz/na.

% _ K3/ nn-200%
T (6.8)
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103437-2

Kuaxn = 206874 py6o

[Toy4yeHHbIe pe3ynbTaThl CBEICHBI B TaOuUIy 5.

Tabnuua 7 — CmeTa 3aTpaT Ha MPOEKT

No DJIEeMEHTHI 3aTpat CroumocTs, pyo.

1 | MarepuanbHbI€ 3aTpaThl 1000

2 | AMopTu3anus KOMIBIOTEPHON TEXHUKU 1233

3 | 3arpaTsl Ha 3apabOTHYIO TIATY 103437

4 | 3arpaThl Ha COIIMATIBHBIC HYX/IbI 31031

5 | IIpoune 3arpatsbr 13670

6 | Haknamable pacxosl 206874
Utoro: 357245

Cwmera 3aTpar Ha IPOEKT:

K, =1000+1233+103437 + 31031+13670+ 206874 = 357245 pyo.

B pesynabrare pa3pabOTKM JUIUIOMHOTO IIPOEKTAa  PEryIHpyeMoro
3JIEKTPONPUBO/IA LIEHTPOOEIKHOTO Hacoca IO CUcTeEME IpeoOpa30BaTENb YaCTOThI —
ACUHXPOHHBIM JBUraTeNb MPOM3BEIECH pacyeT MapaMeTpoB U BHIOOP OCHOBHBIX
CIWJIOBBIX  JJIEMEHTOB, pacdeT M TIpoBepKa O0JIaCTH  CYLIECTBOBAHMS
IIEKTPOMEXAHUYECKUX XapaKTEPUCTHUK AJIEKTPOIPUBOAA, IIOCTPOEHUE
XapaKTEePUCTHUK  TAaKUX  KaK:  DJIEKTPOMEXaHUYECKHME  XapaKTEPUCTHUKH,
pEeryJMpoBOYHbIE  XapakTepUCTUKHU.  Paszpaboranbl  (QyHKIMOHAJIbHas U
NPUHIMIHAIBHAS CXEMbl PETYJIMPYEMOro 3JeKTponpuBoja. J[aHo omucaHue HX
pabotel. Takke MOXHO cHelaTh BBIBOJA, YTO NPUMEHEHHE IpeoOpa3oBaTesen

HaCTOThI HA HACOCHBIX CTAaHIHMAX IIO3BOJISACT:

- JKOHOMHTH OJJICKTPOIHEPTHUIO, 3a CUET OpraHu3aiud  padoThI
AJIEKTPOIIPUBOAA B 3aBHCHUMOCTH OT pPEabHOTO MoTpedsieHns Boabl (dddexT

sxoHomuu 20-50%);
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- YMEHBIIUTD 3aTPaThl HA IUIAHOBBIA M KAIIUTAIBHBIM PEMOHT COOPYKEHUN
U 00opynoBaHus (Bcelt ”HGPACTPYKTYPHI MOJa4U BOJIBI), B PE3YyIbTATE MPECEUCHUS
aBapUIHBIX CUTyalludi, BBI3BAHHBIX B YAaCTHOCTH THJIPABIMYECKUM yIApOM,
KOTOPBIM HEPEOKO MNPOUCXOAUT B CJIydae MCIIOIb30BaHUS HEPETYIUPYEMOTO

ANEKTPOIPUBOA (pecypc CiykO0bl 000pyAOBaHMS MOBBIINIAETCI MUHUMYM B 1,5

paza);

-  JOCTHYb OHpGIIGJIGHHOﬁ 9KOHOMHH TCINIa B CHCTCMaxX TIOpAYCTrO

BOI[OCHa6)KeHI/I$I 3a CUCT CHUIKCHU IMOTCPb BOJbI, Hecymeﬁ TCILIO,
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9. COIMAJIBHASI OTBETCTBEHHOCTD
[lenpro pa3pabOTKH HACTOSIIETO pa3zeia SBISETCS MPUHIATHE TMPOCKTHBIX
peIICHUH, HCKITFOYAIONTNX HeCYaCTHBIC ClIydan U podeccruoHaIbHbIC 3a001CBaHUS
B TPOUW3BOJCTBE, CHWKEHHUE BPEAHBIX BO3JCUCTBHI Ha OKPYXKAIOUIYI0 Cpendy,
oOecrieueHne O€30MACHOCTH B YPE3BBIUAWHBIX CHUTYyaIMsIX. JTO COOTBETCTBYET
TpeboBaHusIM MexayHapoaHoro crangapta ICCSR-26000:2011 k mesTenpbHOCTH
opraHu3anuii B 00JIACTH COIMAIBHOW OTBETCTBEHHOCTH MO TEM pa3jieliaM €ro

MOI[YJ'ICﬁ, IO KOTOPBIM OOJIZKHBI OBITH IMPUHATBI YKA3aHHBIC ITPOCKTHLIC PCIICHUA

[17].

BBenenne

JlaHHBIN pa3/en MOCBSIIEH BOMpocaM 00ecrieueHUst HEOOXOIUMbIX YCIOBUM
Tpyda  (CaHUTApHO-TUTMEHHYECKHE  YCIOBUSA, 3allluTa OT  HEraTUBHBIX
MPOU3BOJICTBEHHBIX (PAKTOpPOB, oOecleueHne TMoXKapHO Oe30macHOCTH) B
COOTBETCTBHH C JICHCTBYIONUMHA HOPMAaTHBHBIMHU IOKYMEHTaMH, a TAK)KE BOIIPOCaM
IKOJIOTHYECKOM Oe3omacHOCTH U obecnieueHne oezonacHoctu B YC.

B nacTosielt BhITyCKHOM KBaAIM(UKAIMOHHOM paboTe BeAeTCs pa3paboTKa

CHUCTEMBI aBTOMAaTUUYECKOI0 PETYJIMPOBAHUS YPOBHS BOJbI B pE3€pBYyape.

9.1 Onucanue ¥ aHAJIU3 ONMACHBIX U BPeIHbIX (PAKTOPOB
I[Ipy  sKcrulyaTanMm  COOPYXEHMHM M CETed  BOJOIPOBOJHO-

KaHAJIM3AI[MOHHOTO X034icTBa HEOOXOIUMO YYHUTHIBATh HAIIMYUE U BO3MOKHOCTH
BO3JICHCTBHS CIIEAYIOIINX BPEIHBIX TPOU3BOACTBEHHBIX (hakTOpoB [17]:
® IIOHWKECHHOW TEMIIepaTypbl BO34yXa B IIPOU3BOJCTBEHHBIX
IIOMELIEHUSX U COOPYKEHHUSIX;
®  MOBBIIICHHOW BJIAXKHOCTH BO3yXa U MOBBIIIEHHONW CKOPOCTH €T0

JBIDKEHUS (B HACOCHBIX CTAHIIUSX, B MIOMEIIEHUAX (PHIBTPOB, OTCTOMHUKOB

v JIp.);
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®  TIOBBIIICHHOTO YPOBHSA YyIbTpaduoIeTOBOrO (OaKTepUITUIHBIC
YCTaHOBKH) U UH(PpaKpacHOTO (AETeIbMUHTHU3ATOPHI) U3ITyYCHUS;

e  BpeAHBbIX (AKTOPOB IMpU paboTe Ha BHUIACOAUCIICHHBIX
TepMUHAIaX U EPCOHATBHBIX AIEKTPOHHO-BBIYUCIUTEIBHBIX MAITUHAX;

®  TIOBBIIICHHOTO YPOBHA ITyMa W BUOpaiuii (B MaIIMHHBIX 3ajax
HACOCHBIX W BO3IYyXOAYBHBIX CTAaHIMA W B JPYTHUX IOMEUIEHUAX U
COOPYKEHUSX, TJIe YCTAHOBIIEHO TEXHOJIOTMYECKOE 000PYI0BAHUE);

®  HEJOCTATOYHOW OCBEIICHHOCTH pabodeil 30HBI (B KOJOMIIAX,
KaMmepax, KaHajax ! T.11.);

e ra3o00pa3HBIX BELIECTB OOIIETOKCHMYECKOIO U  JIPYroro
BPEIHOTO BO3JCHUCTBUS B KOJIOANAX, KaMepax, KaHallaX, OYHCTHBIX
COOpYKEHUSAX (CEepOBOJOPO, METaH, Taphl OCH3UHA, Y(Upa, YIIICKUCIIbIHN ra3,
030H U Jp.);

® TOPIOYHX NPHMECEH, TOMABIIMX B CTOYHBIE BOABI (OCH3WH,
HEe(PTh W ZIp.), @ TaKKE€ PACTBOPEHHBIX ra3000pa3HbIX BEIIECTB, KOTOPHIE
MOTYT O0Opa30BBIBaTh B KAHAJIU3AIMOHHBIX CETAX U  COOPYKEHUSIX
B3PBIBOIOKAPOOIIACHBIE U OTPABIISIOIINE CMECH;

®  TIOBBIIICHHOM 3albUICHHOCTH BO3JyXa B paboueld 30HE
MBUICOOPA3YIOIIMMHU  peareHTaMu  (CEpHOKHCIBINA  aTIOMUHHM, XJIOPHOE
JKeJe30, HeralleHas ¥ XJIOpHasi U3BECTh, COJIa, KU HATpP, AKTUBUPOBAHHBIN
yroib, PTOpoCcoaepKAILUE PEAreHThl U JIp.);

e mapoB prytu (mpu paboTe C TpuOOpaMU C PTYTHBIM
HAIOJIHEHUEM );

®  TIATOTCHHBIX MHUKPOOPTAHW3MOB B CTOYHBIX M MPHUPOIHBIX BOJAX
(OaxTepun, BUPYCHI, TPOCTEUIITHE);

®  SUIl TEJIBMUHTOB B CTOYHBIX BOJAX.

OnacHble (paKkTOpBbI:

55



e  00pa3oBaHMSl MOXKAPOOIMACHBIX CMecCEd Tra3oB (B KOJOAIAX,
KaMepax Ha CEeTAX, HACOCHBIX CTAaHUUAX M B JAPYIMX HOMEIICHHSIX U
COOPY>KEHUSX ), OTTACHOCTh 3aropanus (moxkapa);

®  OMNAacHOCTb DJIEKTPOMOPAXKEHHUSI pabOTAIOIIETO B JIEKTPUUECKON
LEIU, 3aMbIKAHHE KOTOPO MOXKET MPOU30MTH Yepe3 TEJIO YEJIOBEKA;

®  JIBMXKYIIUXCS AJIEMEHTOB 000pyA0BaHMs (HACOCHOTO, CUIIOBOTIO,
MEXaHU3UPOBAHHBIX  PEIIETOK,  JIeOelIOK,  CKpeOKOB,  OpOCHUTENEH,
MEXaHUYECKUX MEIIAJIOK U APYTHX MEXAaHU3MOB);

®  OTJETAOIIUX MpeaMeToB (Ipu JpoOJeHUM B APOOMIIKAX
0TOPOCOB, CHUMAEMBIX C PEIIETOK), OTJIETAIOIUX YacTell (Mpu BbIOMBAHUU
3aryliek B MCHOBITBIBAEMBIX TpyOOmpoBoJax; mpu o00paboTke U
OOKaJIbIBaHUU OETOHHBIX TPYO U (PACOHHBIX U3/AEIUN U Ap.);

®  [AJAIOLUX [pPEIMETOB U HMHCTPYMEHTOB (Ipu padoTax B
BOJONPOBOJHBIX M  KaHAJIU3ALMOHHBIX  KOJIOAIAX, Ha  OYHCTHBIX
COOPYKEHHUAX U CETIX, B IOMEUIEHUSAX U JIp.);

Huxe npencraBieHbl pe3yibTaThl aHalu3a psa BPEAHBIX (AKTOPOB

IIPOEKTUPYEMOM ITPOU3BOJICTBEHHOM CPEBI.

9.2 IIpou3BOACTBEHHAS] CAHUTAPHUSA

9.2.1 MukpokIUMAT
[TomernieHre HACOCHOTO LEXa XapaKTePU3yeTCH:

®  [IOBBLIIICHHOM BJIAYKHOCTBIO;

e  HaIU4YHUEM 00JIBIIIOrO KOJIMYECTBA METaJJTHYECKOTO
000pyIOBaHUS;

®  CKOPOCTBIO JIBUKEHHS BO3/IYXa;
®  [OHWKEHHOW TEMIIEPATYPOU.
OntumanbHble W JOMYCTHUMBbIE HOPMBI MHKPOKJIHMMATa B paboueil 30HE

MIPOU3BOJICTBEHHBIX MIOMEIICHUH TPECTABICHBI B Ta0IHIIE 8.
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Tabmauma 8

CxkopocTb
Temneparypa, | OTHOcHUTENIbHAS YOOI
C BJIAXKHOCTB, %o A
Kareropu BO3/TyXa, M/C
Ce3oH roga 4 0aGoT Ilo dunest IIo duner IIo dunet
P I'OCT | poBanb | I'OCT | poBans | 'OCT | poBanb
12.1.00 | wemi |12.1.00 | wem |12.1.00 | HbI1
5— 88 3a11 5— 88 3a11 5— 88 3a1
Xorommerit | PR |17 19115 21 140-60(70-30| 03 | 02
TSKECTHU
Témnsrit co
3HauuTeNbHbl | CpenHen 20-22116-27140-601 60— 30 0,2 — 0.5
M HU30BITKOM | TSIKECTH 0,5
TeIuia

Jlns oOecriedyeHuss HOPMAJIBHOTO MHUKPOKJIMMATa TMPEAyCMaTpUBAETCs, B
cootBercTBuM ¢ Can [1uH 2.2.4.548 — 96(1), cnenyromiee:

¢  BEHTWIILMS OpUTOYHO-BhITsDKHas no CHull 2.04.05 — 91*

(28.11.91) ycraHoBka UEHTPOOEKHBIX  BEHTWIATOpPOB. KpaTtHocTh

BO31yX000MeHa 1 [18];

®  yCTaHOBKa cHUCTeM MecCTHhIX oTcocoB mo CHulII 2.04.05 — 91*
JUISL yOajeHus BPEAHBIX, MOXXKapOOIMACHBIX W B3PBIBOOMACHBIX BEIIECTB OT

MECT UX 00pa3oBaHus U BbiaeacHus [18];

L4 YCTAaHOBKAa CHCTCM BO3AYIIHOI'O OTOIIIICHMA, COBMeHléHHbIX C

BCHTUJISLIMEH;
e  TepMeTH3alUs TEXHOJIOTHUYECKOTO 000pyI0BaHHUS.

[IpenycmoTpeHHbIE MEPOTPUSATHS 00eCIeYnBaoT napamMeTphbl
MUKPOKJIMMATa B COOTBETCTBHU C HOPMaMH, IPEACTABICHHBIMH B Tabiuiie 22.

B coorBerctBumn ¢ Can [MuH 2.2.4.548 — 96 3nauenus temneparypsi, [19]
OTHOCHTEIIEHOM BIXKHOCTH M CKOPOCTH JBMYKEHUS BO3YyXa YCTAHABIUBAIOTCS, IS

pa60qu?I 30HBI IIPOU3BOACTBCHHBIX HOMemeHHﬁ, B 3aBUCHMOCTH OT KaTCrOpHH
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TSKECTH BBIMOJIHIEMON paOOThI, BEIMYUHBI SIBHOTO U30BITKA TEIJIA, BHIACIIIEMOTO B
IIOMELIEHNH U IIEpUOA roJa.

HeoOxonumbiM ycinoBueM Ui KOM(OPTHOTO M 0€301acHOTO MpeObIBaHUS
JIOE B TOMEIIECHUAX SBISETCA peryaupoBaHue Temmeparypbl. Croga MOXHO
OTHECTH OTOIUICHME W KOHJIWLIHMOHUPOBaHMWE. JUIsI 3TUX LENEH HCIOIb3yeTCs
HECKOJIbKO CUCTEM, KOTOPBIE MTO3BOJISIIOT 00eCIeunTh KOM(DOPTHBIN MUKPOKIMMAT B
3MQHUSAX U B XOJIOJHOE, U B JKapKO€ BpEMs roja. JDTO OpPraHHU3alusl BBITSKEK U3
BEHTUJISILINOHHBIX KAHAJIOB, OTONUTEIBHBIX M KOHIUIIHOHUPYIOIINX YCTPOUCTB. [l
KoM(popTHOTO TpeObIBaHUs JIIOACH B KWIBIX JOMax M oducax HeoOxomuma u
O4YMCTKa BOAbL. [y ynoOCTBa ynpaBieHHs U MOHMTOPHHIA 3THX CHUCTEM Jy4lle,
4TOOBI BCE 000PYI0BAHKE PACIIONarajioch Ha OHOM LIUTKE. B kaxxoM ropone ecthb
pa3nuyHbIe MPEANPUATUS U OPTraHU3ALMH, KOTOPBIE MPENOCTABISIOT KaKy0-HUOY b
U3 9TUX yCIyr. ECTh KOMIIaHUU, KOTOPBIE 3aHUMAIOTCS yCTaHOBKOM KOHIULIMOHEPOB,
€CTh (PUPMBI, peanu3yoire 000pyI0BaHUE sl OTOIUIEHUS. Y BCEX pa3HbIE LIEHBI U

CPOKH BBITIOJIHEHUS padoT.

9.2.2 lllym u BuOpauust
[ym — oaun u3 Hauboiee paclpOCTPAHEHHBIX HEOIATONPHUSTHBIX

(dbakTOopoB TPOU3BOJACTBEHHON cpeanl [21]. McTouHMkamMmu 3BYKOB M IIYMOB
ABIAIOTCS BUOpupytonue Tena. OCHOBHBIE TMPOU3BOJCTBEHHBIE MPOIIECCHI,
COTIPOBOK/IAFOIIUECS IITYMOM, — 3TO pad0Ta TEXHOJIOTHYECKOr0 000pYyI0BaHUS B
MAaIlIMHHBIX 3aJ1aX HACOCHBIX, BO3AYXOAYBHBIX CTAHIIMN U B APYIUX MOMEIICHUIX
BOJIONPOBOIHO-KAHAJIU3ALIMOHHOIO XO035iMCcTBA. ['OBOps O [E€UCTBUM IIyma Ha
OpraHu3M, CJIeAyeT UMETh B BHUJY, YTO OH OKa3bIBa€T KaK MECTHOE, TaK U 00IIee
Bo3aeiicTBue. [Ipu 3TOM yuaiaercs myjiabc, AbIXaHUE, MOBBIIIAETCS apTEPUATIBHOE
JIaBJICHUE, U3MEHSIOTCS IBUTATEIbHAS U CEKPETOpHAs GYHKIIMU JKEeTyJIKa U IPYTHUX
opranoB. HeOmaronpusiTHo OTpa)kaeTCsi IIyM Ha HEPBHOW CHCTEME, BbI3bIBas
rOJIOBHBIE 00JM, OECCOHHMUITY, OCTa0JIeHUE BHUMAHUS, 3aMEJICHUE TICHXUYECKUX

peakIuii, YT0 B KOHEYHOM CUEeTe MIPUBOJIUT K MOHMKEHUIO pab0TOCTIOCOOHOCTH.
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Hctounnkom IMPOU3BOJACTBCHHOIO IymMa Hu BI/I6paI_[I/II/I ABJIAKOTCA HACOCHI,

BEHTUJISITOPBI, PUIBTPHI [22].

Jns 3amuthel oT myma o CanlluH 2.2.4/2.1.8.562 — 96 u BuGpaiuu 1o

CanlluH 2.2.4/2.1.8.566 — 96 npenycmarpuBarorcs [19];

L oOecneycHne IIepCcoHalla HWHAUBUAYAJIbBHBIMU  CPCACTBAMU

3aIlIUTHI

I'OCT 12.4.011 — 89;
®  YCTAaHOBKAa 3BYKOM3OJIUPYIOIIMX KaOWH;

®  3BYKOM3OJIMPYIOIINE KOXKYXU U SKPaHbI;

I10

e  BUOPOM3OIMPYIOIINE MaTEePHUAIIbI 1O 000pyI0BaHUE (TPY>KUHBI,

PCE3UHBI U APYI'UC IIPOKIIAJOYHEBIC MaTepI/IaJIBI).

[IpenenbHO AOMYCTUMBIE YPOBHH LIyMa MPEACTABICHBI B TaOnHIIE 9.

Tabnuma 9
PaGouee YpOBHM 3BYKOBOTO AaBjieHUs, 1b ITo
MECTO 31,5 | 63 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000 | mkame
Hacocrai | 107 | o5 | 87 | 82 | 78 | 75 | 73 | 71 | 69 | 80
CTaHIIMS
[uT
yopasieH | 96 83 74 68 63 60 57 55 54 65
usi
TexHuyeckre HOpMbI BUOpauu npeacTapieHsl B Tadbaune 10.
Tabnuma 10
Bun CpenHekBagpaTUyHas yacTora, I 11
BUOpaIuu Jlorapudmuyecknii ypoBeHb BUOPOCKOPOCTH
1 2 4 8 16 | 31,5 63 | 125 | 250 | 500

Hacocnag
CTaHIIUA

- 103 | 100 | 101 | 106 | 112 | 118 - -
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9.3 3amuTa okpy:KawIel cpeabl

PaboTta Ha y4yacTke CHCTEMBI aBTOMATHYECKOTO PEryJIHpPOBAaHUS YPOBHS
BOJIBI B BOJI03a00pHOM y3JI€ HAaCOCHOM CTaHIMM CONpPsDKEHAa ¢ 00pa3oBaHUEM U
BBIJIETICHUEM Tra3000pa3HbIX, KUAKUX U TBEPIBIX OTXOJIOB.

["a3000pa3Hbie OTXOBI, 3aTPA3HSIONINE BO3TyX TOMELICHHS: €CTECTBEHHBIE
BBIJIEJICHUS - YTJIEKUCIBIN ra3, napbl BOJbL, JIETyYle OPraHUYECKUE COCTUHEHUS -
JIOC (anbneruapl, KETOHBI), a30TUCTBIE COEAUHEHUS M JAp. OPraHOB JbIXaHUs
yenoBeka; OblToBas mbuib; JIOC, BblAensomMecs B MPOLECCE OSKCILTyaTaluu
OTJEJIOYHBIX MaTepHUaiOB, JIAKOKPAaCOYHBIX MOKpbITMM Mebenu u ap. llepen
BBIOPDOCOM  BO31yX TMOMEIICHUN TOABEpPraeTcss 00s3aTeIbHOM OYUCTKE B
(GUIBTPOBEHTUIIAUMOHHBIX ~ CUCTEMax, 4YTO MpEeAOoTBpaliaeT arMocdepy OT
3arpsi3HEHHUS.

XKuzakue oTxob! - OBITOBBIE OTXO/IbI, 00pa3yIOLIUECS B IPOLECCAX BIAXKHOU
yOOpKM TIOMEIIEHUM, MpU MOJb30BaHUU BOAONPOBOAOM, TyajieToM MU T.II.,
cOpachIBalOTCSI B TOPOJCKYIO KaHAIM3ALMIO M Jajiee MOCTyHaloT B CHUCTEMBI
LEHTPAIN30BAaHHOW OYMCTKH HAa TOPOJCKHX OYHMCTHBIX COOPYKECHHSIX. IIpun
oOpalieHMM C TBEPAbIMM OTXOJaMU: OBITOBOM Mycop (oTxoabl Oymarw,
OTpa0OTaHHbBIE CMELHAIbHBIE TKAHU MJIs1 MPOTHUPKU O(GHUCHOTO O0OpYIAOBaHUS H
HKpPaHOB MOHUTOPOB, MUILEBbIE OTXO/bI); 0OTPAOOTaHHBIE TIOMUHECIICHTHBIE JIAMITBI;
oduCcHas TEXHUKA, KOMIUIEKTYIOLME U 3aIM4acTy, yTPaTUBIINE B Pe3yJIbTaTe U3HOCA
NOTPEOUTEIbCKUE CBOMCTBA — HAUIEKHUT PYKOBOJCTBOBaThCs llocTaHoBiIeHHEM
Anmunuctpanuu 1. Tomcka ot 11.11.2009 r. Nelll0 (c wu3MeHeHUSIMU OT
24.12.2014) [30]: mycop mociie NpeABAPUTENbHON COPTHUPOBKH CKIAAUPYIOT B
CHelMalibHble KOHTEHHephl JIsi ObITOBOTO Mycopa (3aTeM ClelHaIn3upOBAHHbIE
CIIy’KObl BBIBO3AT MYCOp Ha TOPOACKYIO CBajKy); YTpaTUBIIEE MOTPEOUTEIIbCKUE
cBOiiCTBa oducHOE O0OpyJOBaHHE TMEpPENAIOT  CICNHUATBLHBIM  CIIyX)0am
(npennpusATUAM) U1 COPTHUPOBKHM, BTOPUYHOTO  HCIOJB30BAHHUS WM

CKIIaAUpPOBaHHA HA TOPOACKHNX MYCOPHBIX ITOJIMTI'OHAX.
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OTtpaboTaHHBIC IFIOMUHECIIEHTHBIC JIAMITHI YTUIU3UPYIOTCS B COOTBETCTBUH
c IlocranoBnenuem IlIpaButensctBa P® ot 03.09.2010 Ne681 [31].
JIIOMUHECLIEHTHBIE JIaMIIbl, TPUMEHSIEMbIE JJIsi HMCKYCCTBEHHOTO OCBEIICHHS,
SIBJITFOTCSI PTYTHCOIEPKAIIMMHE U OTHOCATCS K 1 Kmaccy omacHoctu. OTpaboTaHHBIC
razopaspsiiHple JIaMIIbl TTOMEIIAIOT B 3alUTHYIO YHAKOBKY, MPEAOTBPALIAIOIYIO
MOBPEXKICHNE CTEKIITHHON KOJIOBI, U IepeIatoT CIICIMAIM3UPOBAHHON OpraHu3aIuu
TUTs1 00€3BPEKUBAHKS U TIEPEPAOOTKH.

K cdepe zammrer OC u panuoHaIbHOTO HCIIONB30BAHUS MPHUPOIHBIX
PECYPCOB OTHOCUTCA M 3KOHOMHSI PECYPCOB, B YACTHOCTH, SHEPrETUUYECKUX.
PeanbHbIM BKJIAOM 37€Ch MOKET CTAaTh SKOHOMHS BJIEKTPUYECKOM M TEILIOBOU
SHEPTUU Ha TEPPUTOPHUH MPEANPUITHS. IKOHOMHUS SHEPTUU O3HAYAET YMEHBIIICHUE
rasa, masyra, YIJs, CKWIraemMoro B TOIKax KOTJIOB TOC M OJHOBPEMEHHOE
YMEHBIIICHUE BBIOPOCOB 3arps3HSIONIMX BEIIECTB B aTMOC(HEpPHBIH BO3IYyX.
MaccoBoe ABHXKEHHE B 3TOM HaIpaBJI€HWM, B TOM YHCIIe, B OBITY, IpPHHECET

3HAYUMBIN 3P (DEKT.

9.4 IIpexorBpanieHue Ype3BbIYaNHbIX CUTYAIU U YCTPAHEHHE UX
nocJjeacTBUM

Haubonee BeposiTHbIe 4pe3BbIYAWHBIC CUTyalldd HA HACOCHOM CTAHIUU:
BO3HMKHOBEHHE TOKapa (3aropaHus) u anekTponopaxenue. OO0 >ToM
CBUJETENBCTBYIOT PE3YJIHTATHI aHAJM3a ONMACHBIX (PAKTOPOB “NIOKapHasi OMACHOCTh

U “ONacHOCTb AJIEKTPOIIOPaKEHUS , IPUBEICHHBIE HUXKE.

9.4.1 Ioxkap (3aropanue)

OCHOBHBIMM TPUYMHAMHU TOXKapa MOTYT OBITh: TEpEerpy3Ka MpPOBOJIOB,
KOPOTKOE 3aMbIKaHWE, OOJBIIHE MEPEXOIHBIC COMPOTHBJICHUS B JJICKTPHUYCCKHX
EIsX, DJIEKTPUYECKas Tyra, UCKPEHHUEe U HEUCITPABHOCTH 000PYI0BAHMSI.

Cornacno [26], [28], [32], k MepaM OpeAOTBpAILCHUS MOKapa OTHOCSATCS:
MIPYMEHEHHE CPEJICTB 3AIIUTHOTO OTKJIFOUECHHS BO3MOKHBIX HCTOUHUKOB 3aropaHus

(3alIMTHOTO  3aHyJIEHHUS), TMPUMEHEHHE MCKPOOE30macHOro 00OpYI0BaHMS,
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YCTPOMCTBA MOJHHUE3AIIUTHl 3JaHUS, BBINOJHEHUA MPaBWI (MHCTPYKLHI) IO
MOKapHOH O€30MaCHOCTH.

K MepaM npoTHBONOXKapHOU 3aIMTHI OTHOCATCA: NPUMEHEHHE ITOXKAPHBIX
U3BeIATeNeH, CPEACTB KOJJICKTUBHON M MHIUBUAYATbHON 3alIUTHI OT (haKTOPOB
I10’Kapa, CUCTEMbl aBTOMAaTUYECKON IMOXKAaPHOW CUTHAJIW3ALMH, IIOPOIIKOBBIX WIIN
YIJIEKUCIIOTHBIX OTHETYIIHUTENEH, IBa siuka ¢ meckom 0,5 M. [32]

OpraHn3alMOHHO-TEXHUYECKUE MEPOINPUATHA: HArjsgHas arutauus Hu
MHCTPYKTaX paboTaoluX IO MOXapHOM O0€30MacHOCTH, pa3paboTKa CXEMbI
JNEUCTBUM aIMHUHHUCTpPAIMM U paboTalomuX B CiIydae MoXKapa W OpraHu3anus
HBAKYyAalMU JIIOJIEH, OPTAHU3ALMS BHEIITATHON MMOXKAPHON APYKUHBI.

[Ipu oOHapykeHUHM 3aropaHus paOOTArOMIMUKA HEMEAJEHHO COOOILaeT Mo
tenedony 0l B moxapHyr OXpaHy, COOOLIAET PYKOBOIAUTEINO, MPUCTYIAKOT K
IBAKyalllH JIOJEH U MaTleHHOCTeN. Tylmenue noxxapa Opranu3yercs IepBUYHBIMU
CpeICTBaMH C MOMEHTa OOHapyXeHus moxkapa. [locTpagaBmiMMm npu moxape

obecrieunBaeTCs CKOpasd MCIULIMHCKAas IIOMOIIb.

9.4.2 DieKkTponopaKeHne

CoBpeMeHHas cucTema 3JeKTpoOe30MacHOCTH O0ECHeunBaeT 3allUTy OT
MOpPaKEHUA B IByX HanOosiee BEPOSATHBIX U OMACHBIX CIIydasiX:
- IPY IPSIMOM MPUKOCHOBEHHUH K TOKOBEAYIIMM YaCTAM 3JEKTPOOOOPYAOBaAHUS;
- IPY4 KOCBEHHOM IPUKOCHOBEHHH.

ITox KOCBEHHBIM NMPUKOCHOBEHUEM IOHUMAETCS TPUKOCHOBEHUE YEJIOBEKA
K OTKPBITHBIM TPOBOJAIIUM YaCTAM OOOpPYIOBaHUS, Ha KOTOPHIX B HOPMAJIbHOM
pexxrMe (UCIIPaBHOM COCTOSIHMM) 3JIEKTPOYCTAHOBKHM OTCYTCTBYET 3JIEKTPHUECKUNA
NOTEHIMAJI, HO NpPH KAaKUX-TUOO HEHUCNPABHOCTAX, BBI3BABIIMX HapyIICHUE
U30JSIIMA WM ee MpoOOoil Ha KOpIyC, Ha 3TUX YacTAX BO3MOXKHO IOSIBIICHHE
OMAacCHOTO U1l ’KU3HM YEJIOBEKA OTEHIIAANIA.

JInsg 3ammThl OT MPSAMOrO0 NPUKOCHOBEHUS K TOKOBEAYIIMM YacTsM,

cormacHo [33] m.412. ciayxar H30JSIUS TOKOBEIYIIUX 4YacTeil, MPUMEHEHUE
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OrpaKAeHU U 000JI0YEeK, YyCTaHOBKAa OaphepoB, pa3MeEUICHHE BHE 30HBI
JOCSITAEMOCTH, YCTPOUCTBA 3allIUTHOrO OoTKItoueHus (Y30).

JUist 3alMTBhl OT KOCBEHHOTO MPHUKOCHOBEHUS Npumenstorcs: Y30 u
3alUTHOE 3a3eMiIeHUE U 3aHyJieHue [33] m.413.

Jlaxke ecnu TMpu DIIEKTPONOPAXKEHUU pabOTAIONIMI BHEIIHE COXPaHUII
dbopMar HOPMAIBHOIO CAMOYYBCTBHUSA, OH JOJDKEH OBITh OCMOTPEH BpauoOM C
3aKJIIOYEHUEM O COCTOSIHUM 3JI0pOBbs, T.€. MOCTPaJaBIIEMy JOJDKHA OBITh
oOecrieyeHa CKOpas MEIMIMHCKas momollb. [IpenBapurensHO MNOCTpaaaBIIMi
JIOJKeH OBITh OCBOOOKIEH OT JACWCTBUA IJIEKTPUUYECKOTO TOoka. Ecnmu mpu sToM
OTKJIFOYUTh HANPSKEHHE ObICTPO HEBO3MOXHO, OCBOOOXKIAEHUE OT 3JEKTPUUYECTBA
NOCTPa/IaBILEro HEOOXOAUMO MPOU3BOJIUTE, U30JIUPOBAB CE0sl TUIIEKTPUUECKUMU
nepyatkamu wid rajnomamu. [Ipu HeoOX0IMMOCTH nepepe3ath TpoBoa (Kax bl B
OTJICJIbHOCTH) WHCTPYMEHTOM C H30JUPOBaHHBIMM pydkamu. Ecimu ectb
HE00XO0MMOCTb (IIPU OTEPE CO3HAHUSL, OCTAHOBKE CEp/ILia U T.I1.) OKa3aHUs [EpBOU
MOMOILY, TO 10 TPUOBITUS MeAPaOOTHUKA HEOOXOJUMO HAYaTh JI€TaTh: HAPYKHBII
Maccax Cep/la, UCKYCCTBEHHOE JbIXaHUE.

JUiss mpenoTBpalieHUs: OT MOPAXKEHHUS BJIEKTPUYECKUM TOKOM IpH
MPUKOCHOBEHUU K KOPITYCaM 3JIEKTPOYCTAHOBOK, HAXOASIINXCS MOl HAMPSHKEHUEM
npu mpoOoe H3OJSAIMKA WIA B JIPYTUX CIy4dasx, HEOOXOAMMO paccuuTaTh H
YCTaHOBUTH 3aLIUTHOE 3a3€MJICHUE.

JlaHHBIE JU1s pacu€Ta 3a3eMJICHUS:

1. 3a3zemiieHrie HEOOXOMMO BBITIOJHUTH ISl YCTAHOBKH, paboTaroen Mo
HanpspkeHnem 380 B.

2. Jlnst 3a3eMJIeHUS UCTIONIB3YEeM TPYObl TUaMeTpoM 4 MM U JITTUHOU 2,5 M |
CTajb NOJIOCOBYIO 18x4 Mm.

3. 3a3eMIuTENN PACIOJIOKEHBI B PSI.

4. XapakTep rpyHTa B MECTE YCTAHOBKH 3a3€MJICHUS] — [JIMHA. 3a3€MIIUTENN
YCTaHOBJICHBI Ha IITyOMHY (OT BEPXHEro KOHIIA TpYObI) 17 cM, a pacCTOSTHUE MEXKIY

TpyOaMu MpUHUMAEM PaBHOUM TPEM JTMHAM 3a3€MIIMTENIEH, T.€. a=2 M.
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BepxHue KOHIIbI COEIMHEHBI C MOMOIIBIO MOJO0COBOM cTanu. Onpenenum,
YTO JIJISl JAHHOTO CITy4asi TI0 HOpMaM JIOITyCKaeTcs CONpoTuBieHUE He 6omee 4 Om.
V 1eabH0€e COPOTUBIIEHHE TIMHEI cocTaBisieT pr= 0,6-10*Om-cm.

VYuuTeiBas NpyUMEHEHHE TPYHTA 3UMOM M MPOCBIXaHUSI €ro JIETOM, Ompe-
JeisieM  pacyéTHble 3HAYEHUS P, U P, NPU  HUCHOJB30BAaHUU  TPyOUaTHIX
3a3eMJIMTENIeH COEAMHUTEIBHON MOJIOCHI U COEAMHUTEIBHON MOJIOCHI:

p, = prk,~0,6-10% - 1,9 =1,14-10* (Om-cm),
riae x, = 1,9 - koadpuimeHT 1151 BepTUKATBHBIX 3JIEKTPOJIOB;
pn=prx,=0,6-10*- 5=3-10*(Om-cm),
r7i€ K,= O - KO3 (UUUEHT ISl TOPU30HTAIIBHBIX 3JIEKTPOJIOB.

OnpenenuM BEJIMYMHY COMPOTUBIICHUN OJHOM 3a0UTOM B 36MITIO TPYOBI TIO

BBIPAKEHUIO:
R=—" (2l o5 pndMhth]
2.7l d 4-h -1
riae hy - Tiryouna 3a3zemutenus, hn= 750 cwm;
Im- mmHa 3a3emienus, |l =250 cm;
d- nmametp 3azemiucuus, 0=0,4 cm.
4
- 114-10° In 2 250+O,5-In 750+ 250 _54.4 0w
6,28- 250 0,4 750-250
OnpeaenuM YUCIIO 3a3eMIUTENCH:
Ry 544
n=—-=——=9mr.
z 6

VYuuteiBas, 4TOo TPyObl COEJUHEHBI 3a3€MJIMTENIBHOM IOJOCOM, KOTOpas
BBITNIOJIHAET POJIb 3a3€MJIMTEINSI, YMEHbIIaeM 4HuCciIo TpyO 10 6 mryk. Onpenenum
JUIMHY COE€IMHUTEIBHOM MOJIOCHI:

In=1,05-a:(n-1)=1,05-2-(6-1) = 10,5 m,
1€ 71 - YUCJIO 3a3E€MJIIUTEINEH;
@ - PACCTOSIHUE MEXAY 3a3EMIIMTEISIMU.
Pa3zmep pesepByapa 5x5 M, JUIMHA COEIUHUTEIBHOW ITOJIOCHI BIIUCHIBAETCS

B €T0 pasMmep.
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Pesynbrupyromee conpotuBieHue (MOJIOCH U TPyObl) ¢ yu€ToMm ko3 du-
IMEHTa UCTOb30Banus Tpyo J»=0,85 u monocwer J;=0,86 ompenensiercst mo dop-
MyJI€:

Ry Rp 54,4-7,26

= = = 3,85 Om.
Ry Ju+Ry-Js'n 544-086+7260,85-9 M

R¢

JlaHHasi BeMUYMHA YJIOBJIETBOPSIET TPeOOBAaHUSAM 3aAIMTHOTO 3a3E€MJICHHUS.
KoHnTponp 3a3eMieHMs] NPOU3BOAUTCA INMpPU NpUEME B OIKCIUTyaTallMio, a TaKkKe
NEPUOANYECKHA, B CPOKH, YCTAHOBJCHHBIC MpaBUJIAMH, MpPU MNEPEKOMIIOHOBKE
000pyIOBaHUS M PEMOHTE 3a3€MIIUTETICH.

Cxema pacrnosioKeHUsl yCTPOMCTBA 3alUTHOTO 3a3€MJIEHUS 110 OTHOLLIEHUIO

K pe3epByapy ITOKa3aHa Ha pUCYHKe 32.

hm

1
b
4|m »

d>

»
>

A

Pucynok 32 — Cxema 3alidTHOTO 3a3€MJICHUS

B naHHOM ciydae BBINIOJHSIEM BBIHOCHOE 3a3€MJICHHE. 3a3€MIIMTENIA pac-
MOJIaratoTCA Ha HEKOTOPOM YJaJI€HUHU OT pe3epByapa. [loaTomy 3a3emieHue Kopmy-
ca HaXOJIUTCSI BHE MOJIsl paCTEKaHUs U YEJIOBEK, KacasiCh KOPIyca, OKa3bIBACTCS MO/
MOJIHBIM HAMPSXKEHUEM OTHOCHUTENIBHO 3eMJIM. BRIHOCHOE 3a3eMIICHHE 3alIUIIAET 32

CYET MAJIOTO COIIPOTUBIICHUS 3a3EMIIUTEIIEH.

9.5 ConuaJjibHbIC TAPAHTHH VIS PA0OTHUKA
CouunanpHple TapaHTUA - 3TO COLMUAIBHO-3KOHOMUYECKHE HOPMATUBHI,

rapaHTUPYIOIINE HACEICHUIO TIPU3HAHHBIN OOIIECTBOM YPOBEHb MOTPEOJIEHUS, TO
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€CThb 06CCH6‘-II/IB3IOH_[I/IG MUHUMAaIbHBIN CTaHAapT YPOBHA KU3HU B COOTBCTCTBUU C

BO3MOXHOCTAMH 5 KOHOMMKH.

Cucrema COIMaNbHBIX TAPAHTUH JTOJDKHA YIOBICTBOPSITH CIICAYIOIIIM
TpeOOBaAHUSM:

HEO0OXOIUMBIN U JOCTaTOUYHBIA 00BEM;

00eCne4eHHOCTh (PMHAHCOBBIMH U MaTepUaIbHBIMU PECYPCAMU;

aJpECHOCT;

Y4ET TEPPUTOPHUATBHBIX OCOOEHHOCTEN;

MEXaHHU3M JOBEJICHHUS 10 ITOITyYaTelIsl.

CounanbHbie rapaHTuu MOTYT OBITDH OOIIeHAITMOHAIBHBIMH,
pErHOHABHBIMHU, OTpacieBbIMU, a WCTOYHUKAMU UX (UHAHCUPOBAHUS —
denepanbHbIil O10/KET, OrOKEeTHAs cucTemMa cyobekTa Poccuiickoit deaepanuu u
BHEOWKeTHbIE (oHABL. CoLMAIbHBIE TapaHTUH OOECHEYUBAIOTCS TpakaaHam
CTpaHbl B COOTBETCTBMU ¢ KOHCTUTYLIHEM.

B oTHomeHuu TpynoCOCOOHOTO HAceleHHUsl COIUaIbHbIE TapaHTHH
JIOJKHBI 00€CIIEYnBATh YCIOBUSI TPYJOBOM U AEIOBOM aKTUBHOCTH, 3alIUTY MpaB 1
CcB0O0OJT HAEMHOTO paOOTHUKA, HAHUMATEJIS.

JInss OCHOBHOM YAaCTHM HACEJEHUs] HAEMHBIA TPYH SBJISETCA TJIABHBIM
MCTOYHUKOM CPEJICTB CYIIECTBOBAHUS, MOITOMY CHUCTEMA COLMAIBHOM 3allUThI
TPYJIOCIIOCOOHOTO HACEJICHHS JOHKHA 00eCIIeYnBaTh rapaHTHH B chepe 3aHATOCTH
Y OIUIaThI Tpyaa. JlJIst 3TOro rocy1apcTBOM yCTAHABIMBAETCSI MUHUMAJIbHAS OILJIATa
TpyJa. B O0JIbIIMHCTBE CTpaH yCTaHABIMBAETCSI MUHUMAJIbHAs YyacoBas 3apIuiara.

ConnanpHble TapaHTUM B OTHOIIEHUU HETPYAOCIIOCOOHOTO HACEJICHUS
JOJDKHBI  CO3[1aBaTh YCIOBHUSL I €ro MOTpPeOJIeHHs, YYUThIBas OCOOEHHOCTU

KaXJ O TPYIIIBI.

HOCTYHJIGHI/IH U3 CUCTCMbI COHHaHBHOﬁ 3alIUTHI ACJIAT HA TPU I'PYIIbI:

JICHEKHBIE BBITIIATHI (IIEHCUU, TTOCOOUS);
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JBTOTHI, TPOSBISIONMIMECS B TMPaBe Ha CHUKEHUE HAJIOTOB, IMOIYYEHUE
TpaHchepTOB B HATYpaIbHOU (popme;

COLlMaJbHBIC YCIyTH, TOTpeOnsieMble OECIIaTHO WM IO IIeHaM, He
UMEIOIINM SKOHOMUYECKOTO 3HAYCHHSI.

CornasibHbIC TaPAHTUH BBITIOTHSIOT PA3TUIHbIE (PYHKIIHH:

ATMMEHTapPHO-KOMIICHCAIIMOHHYI0, KOTOpasi 00ECIeuMBacT IMOIep KaHNe
noTpebIeHUs Ha ONPEICIICHHOM YPOBHE;

3alIUTHYI0, KOTOpas OOECIeYynBaeT COXpaHEHHWE YCIOBUH Tpyaa u
MIPOKMBAHMS;

CTUMYJIAPYIOIIYI0, KOTOpasi CTAMYJIUPYET MOTydaTess Ha POCT TPYAOBOU H

I[GJ]OBOﬁ AKTHNBHOCTH.
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3akJIroueHue

B nanHOl BBIMycKHOM KBamM(UKAIIMOHHOW paboTe cTosuta 3ajada
pa3paboTaTh aCHHXPOHHBIN JIEKTPOTIPUBO]T CKBAXKHHHOTO HACcOCA, C OTPAaHUYECHUEM
0 TyCKOBOMY TOKY. B Xome uyero OBLI CHPOEKTUPOBAH pETyJIUPYyEMbIH
AJIEKTPONPUBOJ, MOTpyKHOro Hacoca mno cucreme IIHY-AJl € 3agaTyukom
WHTEHCUBHOCTU. [Ipoms3BeneH BBIOOp JBUTATENsI, Hacoca, IpeoOpa3oBaTems
YaCTOTHIL.

[Tomydgensr  Tpadukd  MEXaHUYECKOM W DIIEKTPOMEXaHUYECKOMN

XApPAaKTCPUCTHUK, a TaKKC Fpa(i)I/IKI/I MEXaHUYECKOU U BHGKTpOMexaHquCKOﬁ

U
XapaKTEPUCTHUK MPH PA3JTUYHBIX YACTOTAX 3aKOHA PETYJIUPOBAHUSA flg’ .

Pa3zpaborana mmuranmonHass monenb B cpeae Matlab, orpaxkaromas mpomeccsr
perynMpoBaHus 3amycka sJekTpojaBuratens. llomydeHsl rpaduku MepexoIHBIX
IPOLIECCOB MPH MPSIMOM ITYCKE IBUTATENS U [IPU YaCTOTHOM PETyJIMPOBAHUU. Takxke
Obuta pa3paboTaHa cxemMa HabOoOpa WMUTALMOHHOW MOJCIM ACHHXPOHHOTO
AJIEKTPONPUBO/IA CO CKAJSPHBIM YIpaBI€HUEM U J100aBIEHUEM 3aJaTyhKa
MHTEHCUBHOCTU. YTO MO3BOJIMJIO HaM JOOMTbCA NOCTaBJICHHBIX 3aJady IpU
POAOHKUTEIHFHOCTH 3aITyCcKa IBUTATENS 2 CEKYHI.

B oskxoHOMHMuEcKOW YacTW BBITYCKHOM KBAIH(PUKAIIMOHHONW pPabOTHI
pPaccMOTpPEHBI BOMIPOCHI TNIAHUPOBAHUS 3aTpaT Ha TEXHUYECKUH MPOEKT U IOKa3aHa
ODKOHOMHUYECKasi  Ie1ecoo0pa3HOCTh  OT  BHEAPEHHUS  CIPOSKTUPOBAHHOTO
3JIEKTPONPUBO/IA.

[IponsBeneH aHanu3 BpEIHBIX M OMACHBIX (DAKTOPOB, aHAIM3 BO3JACUCTBUSA
00BEKTa Ha OKPYXAIOUIYI0 Cpely, a TaKkKe pa3padoTKa MPEBEHTHBHBIX MEp IO

npenynpexaennto YC. [IpousBeaeH pacyer 3alUTHOTO 3a3€MIICHUS.

68



CIIMCOK UCITOJIb30BAHHOM JIUTEPATYPHI

1. URL.: http://prommaterials.narod.ru/new_stat/konstrukcija-nasosa- ecv.htm (gata
obpamenus: 20.02.2015)

2. IlacnmopT rapaHTHUHHBIA Pa3BEAOYHO-IKCIUTYaTalMOHHOW CKBakUHbI No T-
01668/3 — BocTokOypBox. HoBocubupcek, 1971. — 11c.

3. URL: http://msv-nasko.ru/msv/catalogue/item/ecv/ecv6-65-125.html  (mara
obpamenus: 20.02.2015)

5. Tlpeobpa3zoBaTenb 4acTOTHI AJisI HAarpy3kd HacocHOro Ttumna. PykoBozcTBO 1o
skcruryararun Danfoss. — 2014, — 97 c.

6. Mensenes I'.I'., JopoxoB A.P. Beemenume B Kypc Hacocsel, BEHTHISATOpHI,
kommnpeccopbl. — Koncnekt nekuuid. Tomck: U3a. TITY, 1998. — 64 c.

7. Kmoues B. HU., TepexoB B. M. OnexrponpuBog H aBTOMAaTH3ALMS
OOIIETPOMBITIIUICHHBIX MEXaHU3MOB: YUYeOHUK JJisi By30B. — M.: DHeprus, 1980. —
360 c., .

8. Yayrt JI. C., Mansnesa O.I1., Kosaun H.B. IIpoextnpoBanne u nccieroBaHue
anexkTponpuBoAoB. Yacte 1. — BBeneHue B TEXHUKY pErylIHpOBaHUsS JIMHEMHBIX
cucteM. Yacth 2. — OnTuMuzaiys KOHTypa peryaupoBaHus: YueOHoe mocooue. —
Tomck: U3a. TITY, 2000. — 144 c.

9. YepnsbiieB A.JO., YepnbieB M. A. Pacu€T xapakTepucTuK 31€KTPOIPUBOIOB
nepemMeHHoro Toka. Y.1. ACMHXpOHHBIA JBUraTeNb: Y4eOHoe nocodue. — Tomck:
N3n-so TITY, 2005. — 136 c.

10. bBynrakos A. A. HacToTHOE yIIpaBi€eHUE ACUHXPOHHBIMH 3JIEKTPOABUTATEISIMH.
— M.: Hayka, 1966. — 300 c.

11. Hacocel. Beatunaropsi. Konaummonepsr: CrpaBounnuk/E.M. Pocnsikos, H.B.
KouenkoB, U.B. 3onoryxun np., Ilox penakuueit E.M. PocnsikoB — CIIO.:
ITomurexunka, 2006. — 822c.

12. B.. KntoueB «Teopus snekrporpuBoja», M: Dueprousaar, 1998.

13. Karanor npoaykuuu OAO «Cubanexrpomorop», 2010.

69



14. M.I'. Yniukud, M.M. Coxkoinos, B. M. Tepexos, A.B. lllunsackuii OCHOBBI
aBTOMATHU3UPOBAHHOTO 3JekTporpuBoga. Yuebd. IlocoOume mms By3oB. M.,
«Queprus», 1974. — 568 c.

15. Onumenko I'.b., FOupkoB M.I'. OnextponpuBoa TypOOMexaHH3MOB. M.,
«OHeprus», 1972. — 240 c.

16. Maiicak O. C. SWOT-ananu3: o0bekT, paktopsl, ctpareruu. [Ipodiema noucka
cBsizeil Mexay ¢akropamu // [Ipukacnuiickuil KypHall: yrnpaBiI€HHE U BBHICOKHE
texHosoruu. — 2013. — Ne 1 (21). — C. 151—157

17. TOCT 12.0.003-74 (CT C3B 790-77). “OnacHble ¥ BpEIHbIC
npou3BoAcTBeHHbIE (pakTopbl. Knaccudpukanms.”

18.TOCT 12.1.005-88 “O061ue caHTurueHnIecKrue TpeOoBaHMs K BO3IyXy pabodeit
30HBL.”

19. CHull 23-05-95* “Ctpoutensubie HOpMbI U TpaBuia P®. EctecTtBeHHOE n
HCKYCCTBEHHOE OCBEILICHUE.”

20. CanlluH 2.2.1/2.1.1.1278-03 “I'urnennyeckue TpeOOBaHUS K €CTECTBEHHOMY,
UCKYCCTBEHHOMY M COBMEILIEHHOMY OCBEIICHHUIO )KUJIBIX U OOLIECTBEHHBIX 3aHU.”
21.TOCT 12.1.003-83 “IlIym. O0mue TpedoBanus 6€30MacHOCTH.”

22.TOCT 12.1.012-90 “Bubpannonnas 6e3onacHoctsb. O01ue TpedoBanus.”

23. CanlluH 2.2.4.1191-03 “OnexkTpoMarHuTHBIE MOJsS B MNPOU3BOACTBEHHBIX
YCIOBHSX.”

24. CanlluH 2.2.2/2.4.1340-03 “T'uruenunueckue TpeOoBanus k I[IOBM wu
opraHuzainuu padoTsl.”

25. IlpaBuna  ycTpoOWCTBA  JJEKTPOYCTAaHOBOK, IIYD,  yTBepkICHHbIC
MununctepctBoM sHepreTrku Poccun ot 08.07.2002, No204, I'naBa 1.7.

26. Ne123-03 “TexHHUECKUI perjiaMeHT 0 TpeOOBaHUSX MOKApPHON 0€30MacCHOCTH
ot 22.07.2008 (c u”3BMEHEHUSAMHU U JTOMOTHEHUSIMHU ).

27. Homun II.A. CnopaBoyHWUK TI0 TEXHHUKE Oe3omacHocTd. — 6e w37,

nepepadboTanHoe u fomn. — M.: Dueproaromusaart, 1984. — 824 c.

70



28. CII 5.13130.2009 “Cuctembl NpPOTHBONOXAPHOW 3aIUTHI. Y CTaHOBKHU
MO’KAPHOM CUTHAJIM3ALMU U MOXKApOTYILIEHHUs aBToMaTuiyeckue. Hopmsl 1 npasuina
MPOEKTUPOBAHUS.”

29. CIT 9.13130.2009 “Texnuka Iloxapnas. Ornerymurenu. TpeOoBaHus K
AKCILTyaTaluu.”

30. IlocranoBnenne Aamunuctpanuu T. Tomcka ot 11.11.2009, Nelll6 (c
u3MeHeHusiMu ot 24.12.2014) “O6 opranmzanuu cOopa, BbIBO3a, YTUIU3ALUU U
nepepabOTKM  OBITOBBIX M IPOMBIIUICEHHBIX  OTXOJOB HA  TEPPUTOPUU
MyHUIMNaIbHOro o0pa3oBanus "['opoxg Tomck".”

31. Ilocranosnenue [IpaBurensctea PO ot 03.09.2010 Ne681 “O0 yTBepkaeHuH
[TpaBus oOpamieHus ¢ OTXOAaMHM IPOM3BOJACTBA M MOTPEOJIEHHS B YacCTU
OCBETUTEIIbHBIX YCTPOUCTB.”

32.TOCT 12.1.004-91, CCS5T “Iloxapnas 6e3omacHocTb. O01IHe TpeboBaHus.”
33. TOCT P 50571.3-94 “OnexrpoycranoBku 3nanuii. Yacte 4. TpeOoBaHus 1o

obOecrnieueHu o0 0€30MacHOCTH. 3aIIUThI OT TOPAKEHUS HIEKTPUUECKUM TOKOM.”

71



IIpuioxkenune A

Paznen 10.1
Electric drive of downhole pump

CryneHr:
I'pynna [g7(0] Hoanuch Jarta
STMSA JlomaeB A.C.
KoncynpranT kadeapsl 21190
JlonKHOCTH (0115 (0] Y4enasi cTeneHs, Moanucy JaTa
3BaHNe
3aB.xadeapoit Hementren 10.H. K.1.H
KOHchIbTaHT — JIMUHI'BUCT Ka(l)eﬂpbl HWHOCTPAHHBIX SA3BIKOB Hi:
JloJzKHOCTH [01% (0] Yu4enas crenenb, IMoanucs Jlata
3BaHNe
JloueHT ITramxkun A.C. K.b.H
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1 Introduction

Downhole pumps (also known as bore pumps, well pumps or bore water
pumps) are a type of submersible pumps that are used to control water and liquid
supply in various mining, farming, deep wells, rain water reticulation and petroleum
capture applications. Most borehole pumps are designed for borehole and
submersible pressure systems, varying with the hole depth and operating flow rate
required. Popular multistage bore pumps can be powered by Vasco variable speed
drive controllers to sustain their set pressure and operate only when needed, saving
energy and extending the life of the pump.

Pump components

There are seven major components for downhole rod pumps: standing and
traveling valves, plunger, barrel, seating assembly, pull tube or valve rod (for insert
pump), and the fittings that hold the assembled pump together. The most common
of these components and the final types of assembled pumps are covered by

American Petroleum Institute (API) Specification 11AX.

1.1 Types of pumps

API recognizes two main types of pumps: rod and tubing. Rod pumps are
also called insert pumps because they are run (inserted) in the production tubing.
Tubing pumps are so named because the working barrel of this pump is coupled with
the production-tubing string.

There is a wide range of plunger (or pump-bore) sizes standardized by the
industry. The APl pump-bore sizes that are currently available range from 1 1/16 to
3 3/4in. in diameter. This 1 1/16-in. size has been added back in the latest edition of
the standard. Additionally, a new barrel type has been accepted in the latest
API Spec. 11AX. This is the "X-type" barrel. It has a thin-walled barrel
configuration for threads on either end of the heavy-walled barrel and is available

for metal plungers only. This type of pump does not require the extension couplings
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normally needed for heavy-walled barrel pumps. Thus, this pump reduces the burst
or collapse concerns of the thin-walled extension couplings and allows deeper

producing depths to be attained.

2.1 APl pumps and nomenclature

While there are only two main types of pumps standardized by API, there
are four different types of rod pumps. These are classified by the type of barrel
(standing or traveling) and where the pump is anchored (top or bottom). APl Spec.
11AX. shows the letter designations for the various types of rod and tubing pumps
that are available for different barrel thicknesses and either metal or soft-packed
plungers.

The complete pump designation of an APl pump adds dimensional diameters
and lengths to the letter designations. This has been modified in the latest revision
to incorporate all approved sizes and barrel types along with separating the
extensions into the top and bottom lengths, if required. The complete API
designation includes the following:

—  Nominal tubing size (from 1.9- to 4.5-in. OD) - represented with 2 digits

—  Basic bore diameter (from 1.0625 to 3.75 in.) - represented with 3 digits

—  Type of pump (rod or tubing) - R or T to indicate type

—  Type of barrel (heavy, thin, or X type) - single alpha character to
represent the barrel type

—  Seating-assembly location (top or bottom) - A (for top), B (for bottom),
or T (for bottom, traveling barel)

—  Type of seating assembly (cup or mechanical) - C or M to indicate type

—  Barrel length (ft) - single digit length

—  Nominal plunger length (ft.) - single digit length

—  Length (in.) of upper extension (if required)- single digit length

— Length (in.) of lower extension (if required)- single digit length
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API Spec. 11AX. shows that, for example, a 1%-in. bore-rod-type pump with
a 10-ft heavy-walled barrel, a 2-ft upper extension, a 2-ft lower extension, a 4-ft
plunger, and a bottom-cup-type seating assembly that will be used in 2 3/8-in. tubing
would be designated as 20-125-RHBC-10-4-2-2.

It is important to know that the users of APl pumps need to provide, along
with the pump nomenclature, the following ordering information: barrel and plunger
material, plunger clearance (or fit tolerance), and valve (ball and seat) and fittings
material. The materials normally available for each of these components also are
now included in the latest edition of API Spec. 11AX.

2.3 Non-API and specialty pumps

The types of pumps, sizes, and component materials that are included in the
API standards are based on the best industry practices that meet widespread industry
needs. While API standardizes the majority of pumps and components that are used
in sucker-rod lift, there are special parts and pumps that have been developed by
manufacturers to try to solve specific pumping problems. This specialty equipment
should be considered when best industry practices and standardized components
have proved unacceptable. However, the manufacturer of these components should
create all parts to the same quality level required in APl Spec. 11AX. Useful
specialty pumps include the following:

= Casing pump for production without tubing

= Pumps with two plungers that act in series to increase displacement

=  High-compression plunger assembly or pump for handling gas-
interference problems

=  Three-tube pump for handling fines or solids

= Pumps with a shorter barrel than normally recommended, so that the
plunger completely wipes solids free of the barrel and prevents sticking.

Additionally, there are special pump components, such as valve rods, valves,

and tubing drains, that are sometimes beneficial in situations in which the
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capabilities of normal APl pumps and components have been exceeded. The
manufacturer of special, non-API pumps and components should be contacted to
determine the working capabilities and limitations of any of these specialty
components. However, these items should be selected with care and used only after

the best production effort has been thoroughly tested with standard components.

2.4 Materials selection

API Spec. 11AX was modified to add not only new sizes and types of pumps
with new quality, inspection, and tolerance requirements, but also standardized,
widely used pump-component materials. VVarious material descriptions, their API
identification symbol, surface condition, base core hardness, base material, and
base-material minimum yield strength for plated barrels, are shown in Table A of
Spec. 11AX. Similar tables in Spec. 11AX (B through I) are incorporated for case-
hardened barrels, nonhardened barrels, balls and seats, cages, pull tubes, valve rods,
fittings, seating cups, spray-metal plungers, and plated plungers. These changes have
incorporated the prior information in API RP 11ARand the NACE International MR

01-76 for materials to be used in most production environments.

2.5 Allowable setting depth

In the early 1990s, an industry task group analyzed the stresses that react on
a downhole rod pump. This was required to determine if there were recommended
allowable loads that could be subjected to rod pumps of different types, sizes, and
metallurgy. This group developed the burst, collapse, and axial-loading equations to
determine these limits and the associated maximum recommended setting depth for
sucker-rod lift pumps, published in APl RP 11AR.The depth limitation and stresses
on the downhole pump barrel and components should be considered when selecting

the size, type, and metallurgy for a downhole pump.
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2.6 Slippage past plungers

The slippage or leakage past a plunger on a closely fitted sucker-rod pump
Is an important factor in properly designing and operating a well. Slippage or leakage
can be calculated using the following equation, adapted from the 1987 edition of

the Petroleum Engineering Handbook.

0=(1540000%xDxpxL_ xC)/ (u*).
= ( 2 p p ] (H ) (1)

in which Q =slippage or leakage loss, in.3/min; D = plunger diameter, in.; P =
differential pressure across plunger, psi; C = diametrical clearance between plunger
and barrel, in.; u = absolute viscosity of fluid, cp; and Lp = plunger length, in.

Tight clearances (less than 0.003 in.) may cause producing problems,
whereas loose clearances (greater than 0.008 in.) may result in excessive leakage by
the pump. Good field-pump records are essential to make good pump
recommendations.

Slippage in sucker-rod pumps takes two forms: static and dynamic slippage.
« Static slippage is the dominant factor and occurs only during the upstroke of the
pump; it is caused by the pressure differential across the plunger-barrel fit. The high
hydrostatic pressure present in the tubing string, acting on top of the plunger with
the traveling valve closed, forces liquid to slip past the plunger into the pump
chamber between the traveling and the standing valves.

» Dynamic slippage, on the other hand, takes place both on the up-, and the
downstroke of the pump and is caused by the plunger’s movement; its magnitude
being proportional to the plunger velocity i.e. the pumping speed used. The direction
of liquid slippage is different for the up-, and downstroke: during upstroke liquid
falls below the traveling valve while during the downstroke liquid flows upwards
and decreases the amount of liquid passing through the traveling valve. An extensive
series of theoretical and experimental investigations on pump slippage resulted in

the following main conclusions.
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* Early formulas greatly overestimate the amount of liquid slippage. Typical
values, based on experimental data are about two times greater for plunger fits less
than 0.006”” and more than three times greater for fits larger than 0.006. This implies
that pumps with fits larger than those selected on the basis of earlier predictions can
be used without experiencing too high pump leakages.

» The eccentricity of the plunger’s lateral position in the barrel has a great
effect on liquid slippage also proved by, a fact that most previous formulas
disregarded. For a completely eccentric position leakage rates 2.5 times greater than
for concentric cases can be expected.

* Most previous correlations disregarded the effect of dynamic leakage in the

pump.

2.7 Compression ratio

Increasing the "compression ratio™ of a plunger pump may reduce the effects
of free gas and help prevent gas locking. The compression ratio is the volume of the
pump chamber at the start of the downstroke divided by the volume at the end of the
stroke. This ratio is fixed by the manufacturer on the basis of the design of the rod
pump's components and the fit of the plunger to the pump barrel. Varying the sucker-
rod pump components and close spacing will alter the compression ratio; however,
some of these components are not standardized by the APl Spec. 11AX. This can
increase waste space in the pump, resulting in a decreased compression ratio. The
importance of the compression ratio and associated waste space may prevent a new
pump from being able to pump down a well. This work by McCafferty is further
discussed in Hein , which also presents different pump manufacturers’ normal
compression ratios for similar pump types.

Selection of subsurface rod pumps

Pumps for sucker-rod lifted wells numerous variables that are provided by
the well, the operating conditions, and the life of the pump. The main variables to

consider are as follows:
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= Well depth

=  Bottomhole temperature

=  Fluid viscosity

=  Amount and size of particulates in the produced fluids
»  Produced-fluids corrosivity

=  Required production rate vs. pump capacity
»  Fluid-specific gravity

= Casing/tubing size

=  Well-completion type

»  Gag/liquid ratio (GLR)

=  Pump-intake pressure vs. fluid bubblepoint
= Spare/surplus pumps and components

=  New purchase and repair costs
These variables influence:

= Stresses on the pump

=  Type of pump used

=  Component metallurgy

=  Pump size

= Internal-fit tolerance

=  Ability to handle solids/gas

Discussing these parameters with the pump manufacturer and local pump
shop should help determine the proper pump to ensure acceptable pump life.

Pump sizing

There are two aspects to consider when sizing the downhole pump for an
installation. The first is that the pump capacity should be related to the well capacity.
The pump displacement is determined on the basis of the pumping speed, unit stroke
length, and plunger diameter. This general equation is

_ Y
Pr=01166 x5 = N = D", (2)
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in which PD = pump displacement, BFPD; 0.1166 = a volumetric
conversion; S = stroke length, in.; N = pumping speed, spm; and D = diameter of the
pump plunger, in.

The stroke length should be the expected downhole stroke or plunger stroke
(Sp) that is calculated from a sucker-rod string calculation or sizing computer
program. However, the surface stroke length may be considered an approximation
of the maximum capacity for a given pumping situation.

The recommended relationship of pump displacement to well capacity
(WC), as discussed in Hein, is as follows:

(W/0.85) < Py = (W-/0.65) . 3)

Thus, for a well that produces 100 BFPD, the various pumping parameters
should be selected to provide a pump displacement of between 118 and 154 BFPD.
Because the pump displacement is greater than the well capacity, the system will
require some type of well control to prevent constant operation and overpumping of
the well. This increased capacity accommodates pump wear and loss of efficiency
with time. As this occurs, system control should be adjusted to continue producing
as required, without overpumping by running the pump more often. It should be
considered that as the pump diameter increases, the efficiency of the system
increases. However, this also increases the load on the rod string and the peak torque
for the pumping unit. Thus, reasonable selection of these pumping parameters should
be considered that results in extended run time.

The second aspect of pump sizing, once the pump diameter is selected, is
ensuring that the downhole pump is properly built. The main component that needs
to be sized is the barrel length, which should be long enough to accommodate the
plunger length, the downhole stroke length, all fittings, and a rounding factor.

The minimum plunger length recommended is normally 3 ft. It is
recommended that the length of the plunger is increased 1 ft/1,000 ft of well depth,
up to a 6-ft maximum length. Plunger lengths longer than 6 ft have not shown to be
an advantageous, while specialty pumps may have a plunger shorter than 3 ft.
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When determining the barrel length, normally the maximum pumping-unit
stroke length is considered to allow pump displacement to be increased with the
existing downhole pump without pulling the downhole pumping equipment to
change the capacity. However, this extra length and the pump-displacement option
increase the price of the pump. Thus, the downhole Sp length should be considered
the stroke measurement to use in the barrel-length calculation.

The types of fittings and their respective lengths depend on the type of pump
being used. Normally, 12 to 18 in. covers the length range for various pump types.

The final factor in determining the barrel length is a rounding factor. Once
the previous factors are added together, the length-of-barrel calculation is normally
increased to the next available whole-foot standard length for a pump according to
APl Spec. 11AX. Using the surface stroke length vs. the downhole Splength, and
designating this length as the rounding factor, may provide sufficient barrel length
to accommodate the spacing length some operators or pump shops suggest.

This spacing factor is normally a minimum of 24 in. for wells up to 4,000 ft
deep, then increases 6 in. in length per 1,000 ft of increased well depth. These rules
are recommended for all steel sucker-rod strings. When fiber-reinforced plastic
(FRP) rods are used, additional increased spacing may be required because of the
increased "stretch™ or elongation of the rod string under the load. The FRP-rod
manufacturer should have, or have access to, a sucker-rod-string design program that
will estimate the increased plunger travel. This length then should be used in the
barrel-length determination. Thus, for a 5,000-ft-deep well, with a required 74-in.
surface stroke, a 48-in.-long plunger with a steel rod string and a designated 2 7/8 x
1%-in. RHB pump, the displacement length must be greater than 152 in. to permit
adequate spacing. A standard 12-ft barrel with 1-ft top and bottom extension

couplings should be considered.

2.8 Pump operating problems and solutions
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There are four common ways subsurface rod pumps are abused. These
problems may also be applicable to other downhole pumps, and thus, these related
solutions probably are applicable to other artificial-lift techniques. The four common
abuses follow:

= Overpumping the well

= (Gas interference

=  Pump hitting up or down

=  Trash entering the pump

Because the recommended pump-displacement design is for the pump to
have greater capacity than the well, an overpumping condition may occur if the well
is not properly controlled. An overpumping condition is indicated when there is a
fluid pound more than one-quarter of the way down on the downstroke because of
insufficient fluid in the well to charge or fill the downhole pump. This condition may
be seen on the surface if the pound is very severe, but the best way to detect this is
with the use of a dynamometer. Other indications of overpumping are if the pump
volumetric efficiency is less than 70% or if a downhole fluid-level survey shows that
the normal operating fluid level is at or very near the pump intake. Overpumping
may cause mechanical damage to the pump or cause damage uphole to the rod/tubing
because of increased buckling and wear. Properly setting a well controller will help
reduce severe overpumping.

Indications of gas interference include low volumetric efficiency, while the
fluid-level survey shows apparent, adequate pump submergence and a polish rod
that is excessively hot to the touch. A dynamometer survey, when combined with
the precalculated well loads for the applicable design conditions, may indicate gas
pound, gas lock, or inconsistency with the assumed conditions. The gas-interference
condition may be remedied by increasing the pump compression ratio, if possible.
This may be as simple as respacing the pump as the fluid level decreases in the well
annuli or changing the stroke length for the pump downhole, or it may require
pulling the pump and altering its design. The compression ratio of the replacement

pump should be determined to ensure adequate lift capabilities. Additionally, a pump
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with tighter fit tolerance/waste space, smaller pump diameter, increased stroke
length, adequate downhole separation, and properly designed pump gas anchor
should be considered along with properly placing the pump intake above or below
the perforations as discussed in Sucker-rod lift.

Finally, if these normal solutions do not resolve the problem, then special
pumps or specialty components may be considered.

A pump component hitting on the up- or downstroke is indicated by an
instantaneous load change and can be shown with a load-capable dynamometer. This
condition normally occurs because of inadequate pump spacing as the fluid level
pumps down or because the pump has inadequate compression ratio/excessive waste
space for the seating depth for the designed pumping parameters. While severely
“tapping,” or “tagging,” the pump may be heard, felt, or seen, the smashed pump
components obtained during a pump teardown will show the damage this condition
causes. This condition may also be magnified for tubing that does not have an
anchor, or if the anchor is not properly set. Other conditions that may cause this
problem include if the pump-intake piping is plugged or not properly designed, if
the pump has inadequate compression ratio, if the polished-rod clamp is not
sufficiently tightened, and/or if the pump barrel is not properly sized.

The last normal operating problem is caused by solids entering the pump.
There are many reasons for these particulates. The particulates may be caused by
well conditions such as producing the fracturing sand back into the wellbore, very
fine powder from the formation, iron sulfide scale from the downhole equipment
because of inadequate corrosion inhibition, iron sulfide or other scales from the
formation because of incompatible fluids, or from overpumping the well. Solutions
include using different types of pumps designed to handle fines and solids, such as
three-tube pumps or soft-packed plungers, and using harder materials or coatings for
the pump components. Filters or downhole, wire-wrapped screens have been used
with limited success until they plug. In the past, tighter fit tolerances (< 0.003 in.)
for the plunger-barrel annuli have been considered; however, recent work done in

both the laboratory and the field, has shown the benefit of increasing these tolerances
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to greater than 0.005 in. when solids are a problem. This work has resulted in the
variable-slippage pump that would be useful for conditions in which solids are

present in the produced fluids and gas interference is also a problem.

2.9 Pump shop, repair, and audit

The pump manufacturer typically machines or obtains subcontract pump
components for future assembly of the pump by a pump shop. The shop, the
knowledge of the design, selection of pump types, and associated component
metallurgies become critical to long well life and a decreased failure frequency. API
RP 11AR provides useful information on pump types, component and metallurgy
selection, pump-setting-depth calculation, and pump assembly/teardown.

While the pump manufacturers usually produce their pump components with
an acceptable quality program (such as ISO 9001or API Spec. Q1), most pump shops
are not covered under these rigorous plans. Thus, it becomes critical to have the
pump shop and its employees audited by qualified personnel to ensure that training,
workmanship, safety, and environmental considerations are adequate. On the basis
of many shop audits, assembly and teardown observations, requirements and
recommendations in API standards, and performance quality requirements, a
checklist that should be used as a first step in obtaining an acceptable pump shop
has been developed and published. Once the audit is performed and the checklist
completed, the findings should be discussed with the appropriate pump-shop
personnel and a time line developed detailing when changes to resolve any problem

areas will be made.

Nomenclature

@)
I

diametrical clearance between plunger and barrel, in.

)
I

plunger diameter, in.
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L, = plunger length, in.

N = pumping-unit speed, spm

P = differential pressure across plunger, psi
Po = pump displacement, BLPD

Q = slippage or leakage loss, in.3/min

S = surface stroke length, in.

Wc = well production capacity, BFPD

3 Relative advantages and disadvantages of artificial lift systems

The discussion of each major artificial lift system includes advantages and

disadvantages, more detailed listings are available from various sources.

3.1 Advantages

Rod Pumping

Relatively simple system design, Applicable to slimholes and multiple
completions, Can pump a well down to very low pressure (depth and rate
dependent),Analyzable, Corrosion and scale treatments easy to perform, Applicable

to pumpoff control if electrified.

Hydraulic piston pumping

Can lift from as deep as 18,000 feet (5486 m), can produce 500 B/D (79.49
m3/d) from 15,000 feet (4572 m), crooked holes present minimal problems
depending on the model of pump being used, installations can be analyzed, Flexible.

Normally able to match output to delivery of well, can use diesel, downhole pumps
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can be installed /retrieved using the power fluid, capable of producing a well to low
formation pressures (pumped off), can be used on offshore platforms, can use any
liquid for power fluid. Typically a liquid being produced from the well is used (water
or oil), easy to pump in cycles depending on the model of pump being used, power
fluid can be heated to reduce viscosity of produced fluid, additional liquids can be
mixed with the power fluid (such as diesel) for this purpose also, inhibitors can be
mixed with the power fluid for the purposes of controlling corrosion, scale,

emulsions, etc.

Electric submersible pumping
Can lift a wide range of volumes fromlow volumes 750 B/D, to extremely
high volumes; 20,000 B/D (19 078 m3/d) in shallow wells with large casing.
Currently lifting+ 120,000 B/D (19 068 m3/d) from water supply wells in Middle
East with 600 hp (448 kW) units; 720 hp (537 kW) available; 1,000 hp (746 kW)
under development. Crooked holes present no problem. Applicable offshore.

Corrosion and scale treatment easy to perform. Availability of different sizes.

Gas Lift

Can handle large volume of solids with minor problems. Handles large
volume in high-PI wells (continuous lift}; 50,000 B/D (7949.37 m /d). Fairly
flexible-convertible from continuous to intermittent to chamber or plunger Ilift.
Crooked holes present no problem. Corrosion is not usually as adverse. Applicable

offshore.

Hydraulic jet pump
Can lift from as deep as 20,000 feet (5486 m). Can produce 25,000 B/D (3975
m3/d) from 5,000 feet (1520 m),Crooked holes present no problems. Installations
can be analyzed. Flexible. Normally able to match output to delivery of well. Can
use diesel. Downhole pumps can be installed /retrieved using the power fluid. No
record of plugging due to producing sand. Can be used on offshore platforms. Can

use any liquid for power fluid. Typically a liquid being produced from the well is
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used (water or oil). Easy to pump in cycles by qualified personnel. Power fluid can
be heated to reduce viscosity of produced fluid. Additional liquids can be mixed with
the power fluid (such as diesel) for this purpose also. Inhibitors can be mixed with
the power fluid for the purposes of controlling corrosion, scale, emulsions from

reservoir, etc. No record that a jet pump has ever created an emulsion

Progressive cavity pumps

Some types are retrievable with rods. Moderate cost. Low profile.

Continuous belt transportation
Very low cost of operation. Low cost of installation. Oleophilic belt collects
only heavy oil. Optimal application for high GOR, high viscosity, high sand and
paraffin wells. Increased production of stripper, marginal, and orphaned wells.
Lower environmental impact, no disposal of radiactive rods or hazardous fluids.

Minimal water reclamation. Unobtrusive in urban locations.

3.1Disadvantages

Rod Pumping

Crooked holes present a friction problem. High solids production is
troublesome. Gassy wells usually lower volumetric efficiency. Is depth limited,
primarily because of rod capability. Obtrusive in urban locations. Heavy and bulky

in offshore operations. Susceptible to paraffin problems.

Hydraulic piston pumping
Power oil systems are possible fire issue. Production end has same problems
with sand as does a rod pump. Production end has same problems with gas as does
a rod pump. Can install a vented system so gas can by-pass pump but such systems
are more expensive. Qualified personnel needed for trouble shooting in field, as with
other A/L systems. Qualified personnel needed to obtain valid well tests, as with

other A/L systems. Surfactant needed for lubrication of engine end when using water
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for power fluid. Any leaks when using power oil pose an environmental issue. The

issues of a leak when using a power water system are much less.

Electric submersible pumping
High voltages (1,000 V) are necessary. Impractical in shallow, low volume

wells. Lack of production rate flexibility. Casing size limitation.

Gas Lift
= Safety problem with high pressure gas.

Hydraulic jet pump

Uses momentum transfer as method for operation. A very inefficient form of
energy transfer. Total system efficiency approximately 10-30%. Requires
approximately 10% submergence to prevent cavitation damage at low production
rates. Pump will cavitate if more production than planned is forced through the
pump. As with other A/L systems, the less the back pressure the better. Producing
more free gas for a given nozzle/throat combination than intended will reduce the
amount of produced liquids and may cause cavitation damage. Pump must be
retrieved and a larger throat installed. Power oil systems are a possible fire issue.
High surface power fluid lines are required. Any leaks when using power oil pose
an environmental issue. The issues of a leak when using a power water system are
much less. Can install a vented system so gas can by-pass pump but such systems
are more expensive. Qualified personnel needed for trouble shooting in field, as with
other A/L systems. Qualified personnel needed to obtain valid well tests, as with

other A/L systems.

Plunger lift
May not take well to depletion; therefore, eventually requires another lift

method.
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Progressive cavity pumps
Elastomers in stator swell in some well fluids. Pump off control is difficult. Sand

and solids quickly wear chrome off of rotor.

Continuous belt transportation
Limited to 500B/D (79.2 m3/d) from 12123 feet (4000 m). Not suitable for high
volume production wells. Cannot be used on offshore platforms. Optimal only for
medium, heavy and very heavy oil. Limited to wells deviated less than 5 deg.

depending on well bore configuration.
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