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Tema paboThI:

YacToTHO-peryJMpyeMblil aCHHXPOHHBIN 3JIEKTPONPUBO/ 3JIEKTPOLEHTPOOEKHOI0 Hacoca
9IH 3-80-2000

YTBepkeHa NpUKa30M JUPEKTOpa (JaTta, HOMep) 20.02.2017, Ne1109/c

CpOK cavyu CTyA€HTOM BBIIIOJIHEHHOM pa6OTBIZ

TEXHUYECKOE 3AJIAHUE:

Hcxoanbie 1aHHbIE K padoTe

(HaumeHosaHue 00BeKma ucciedosanus uiu NpOeKmupoeanusi,

NPOU3BOOUMENLHOCHTL UNU HASPY3KA, PECUM PAOONbL
(Henpepblgnbiil, nepuoOUdecKuil, YUKIUYeckuil u m. 0.); 6uo
CIPbS UTU MAMEPUAT U30enUs;, Mpebo8anusi K npooyKmy,
U30eUIo UL NPoYeccy; 0cobvle mpebosanus K 0COOEHHOCHAM
@ynryuonuposanus (IKcnayamayuu) 06veKma unu u30eus 6
naane 6€30NACHOCMU IKCRIYAMAYUY, 6IUSHUS HA
OKPYIHCAIOUYIO CPedy, IHEP203AMPAMAM, IKOHOMUHECKUIL
ananuz u m. 0.).

- TTo1ava Hacoca — 25 M3/cyT;

- Harop — 5700 m;

- Mama3oH PeryJnpoBaHMs YacTOThI BpalleHus He MeHee D, =
2;

HAa OCHOBAHHHU pacyieTra BEIOPATh HJIEKTPOIPUBO/I.

[Mapamerpsr nuraromeii cetu: 3-x ¢asnas cers 380/220 B, 50 I'm.




IlepevyeHsb MoAIEKANMX HCCTETOBAHMIO,
NMPOEKTHPOBAHMIO M Pa3padoTKe
BOIIPOCOB

(aHarumuyeckuti 0630p NO IUMEPAMYPHBIM UCMOYHUKAM C
Yelbio BbIACHEHUs. OO CIMUICEHUL MUPOBOLL HAYKU MEXHUKU 6
paccmampugaemotl 0b1acmu, NOCMAaHOBKA 3a0ayu
UCCIe008AHUS, NPOESKMUPOBAHUSL, KOHCIPYUPOBAHUS,
codepaicanue npoyedypul UCCIe008AHUS, NPOESKMUPOBAHUS,
KOHCIPYUpo8anusi; 06CysicoeHue pe3yibmamos 6blnoIHEHHOU
pabomvl; HAUMEHOBAHUE OONOIHUMETLHBIX PA30EN08,
noonesicawux paspabomxe, 3aKuioyeHue no pabome).

- O030p yCTaHOBKH 3JIEKTPOLIEHTPOOESIKHOTO HACOCa;

- Pacuer n Be160p norpyxuoro asuraresst st YOIH n
oImpeesieHne mapaMeTpoB ero T oOpa3Hoil cxeMbl
3aMeIIeHHUS;

- MopenupoBanue B cpene MatLab.

- DKOHOMHUECKAsT JacTh

- HpOI/ISBOZ[CTBeHHaﬂ M DKOJIOTHYECKask O€30MacHOCTb.

Ilepedyensb rpaguyeckoro Marepuasia

(C mouHbBIM YKazaHuem 0653amenvHbIX yepmedicell)

- EcTecTBeHHbIE MEXaHHUECKHUE U DJICKTPOMEXaHNUECKUE
XapaKTEPUCTUKH HOTPY>KHOT'O 3JIEKTPOIBUTATEIs

- Wwmwuranmonnsie momenu cuctemsr [IY-AJ[ B cpene Matlab
Simulink;

- XapaKTCpHCTHKI/I CKOPOCTH U DJIEKTPOMAarHuTHOIO MOMEHTa AH

KOHchIbTaHTbI 1o pasaejgam BbIHyCKHOﬁ KBaJII/I(l)I/IKaIII/IOHHOﬁ paﬁoTLI

(c ykasaHuem pazoenos)

Pazgen

KoncyabTant

DduHAHCOBLIN MEHEHKMEHT

Cr. npenonasarens, Kyspmuna H.I'.

ConmanpHas OTBETCTBEHHOCTD

Homnent, JamkoBckmit A.I'.

JlaTa BbI1a4M 32/JaHUS HA BBINOJTHEHHE BBIIYCKHOM
KBAJIM(UKAIUOHHOH padoThl 10 JIMHeHHOMY rpaduky

3ananue BbIIAT PYKOBOAUTE/Ib:

JloKHOCTD (% (0] YueHnasi cTenenb, Moamuch Jlata
3BaHHe
3aB. xadeapoi Hementses H0.H. K.T.H.
3az[alme NMPUHAJ K UICIIOJTHEHUIO CTYAECHT:
I'pynna ®UO Hoamucs Jara
STMSA PaxoB Ban BuranneBuu




3AJJAHUE JJIS1 PA3JIEJTA
«COIUAJIBHASA OTBETCTBEHHOCTDb»

Crygnenry:
I'pynna D®UO
SI'MSA PakoBy MBany BuranbeBuuy
HucTuryT JHepreTu4yecKui Kadenpa 3120
YpoBeHnb o6pazoBanus Maructp HanpasJienne/cnenuuajbHOCTh DIIEeKTpOIHEPTreTUKa 1
JNEKTPOTEXHHUKA

Hcxoanble JaHHbIE K pasaeny «CounmnanbHast 0TBETCTBEHHOCTDHY

1. Onucanue pabouezo mecma (paboueil 301w,
MEXHON02UHECKO20 NPOYECcd, MEXAHULECKO20 000py008aHUsL)
Ha npeomem 603HUKHOBEHUSA:

—  8PEOHbIX NPOAGIEHUI PaKMOPOs NPOU3BOOCHEEHHOU CPeObl
—  ONACHBIX NPOSIGIEHUL PAKMOPO8 NPOU3E00CNEEHHO
cpeovl

IlepeyeHs BONPOCOB, MOJIEKAUINX HCCIAET0BAHMIO, MPOEKTHPOBAHMIO U pa3padoTKe:

1. Ananus svisisnerHblx 8PeOHbIX (PAKMOPOE NPOECKMUPYEMOU
npou3600CMEEHHOU CPeodbl 8 CledyIouell
nOCe008AMENbHOCIIL:

— npuseoeHue 0ONYCMUMbIX HOPM € He0OX00UMOU
PA3MEPHOCHIBIO (CO CCHLIKOU HA COOMBEMCMEYIOUUL
HOPMAMUGHO-MEXHUYECKUTL OOKYMEHN);

— npeodnazaemvle cpedCmed 3aujumbyl

(CHauana KONNeKMUBHOU 3auumol, 3amem —
UHOUBUOYATIbHBIE 3AUUMHbLE CPeOCmEa)

2. Ananu3 6vIAIEHHBIX ONACHLIX PAKMOPO8 NPOEKMUPYeMOoil
npou36e0EHHOI Cpedbl 8 credyiouell Noc1e008amenrbHOCU
—  21eKmpPo6E30NaAcHOCHb (8 m.4. CmamuiecKoe
INEKMPUYECME0, MOTHUEIAUUMA — UCTIOYHUKU, CDeOCmea
3awumel),;
—  nO2HCApo83pPbI806E30NACHOCHb (NPUYUHDL,
npogunaxm.meponpusmus, cpedcmsd NONCApoOmyuieHus)

MexaHuyecKue onacHocmu (UCMoOYHUKU,
cpedcmea 3aujumal;

anexmpobe3onacnocms (6 m.u. cmamuieckoe
2NeKMpUYecmeo, cpeocmsa 3auumsl);
noXHCaApo83pbI806E30NACHOCHb (NPUUUHDL,
npoghuiakmuyecKue Meponpusimusl,
nepsuunble Cpeocmaa NOHCAPOMYUEeHUsL).

3. Oxpana oxpyosicaroweii cpeovl:

— 9Kon02uyeckas bezonacHocms

paspabomka u npuHAmMue peueHul no
obecneyenuro IKOI0UNEeCKOU 6e30nacHocmiL
npeonpusmus.

4. 3awuma 6 upe38bIYAlIHbLIX CUMYAYUSIX.
— nepeuenv 603modcHvix YC na ob6vexme;
— ebi00op Haubonee munuuno YC;

nepe4eHb 603MONCHBIX YC na 06'bei<me,'

| laTa BbIIaum 3a1aHust IS Pasieia 1o JMHeiHHoMy rpaduKy |

33}13HI/IC BbIJIAJ KOHCYJbTAHT:

JL0JIKHOCTh DPUO Hoanucp Jara
JlouieHT JamkoBckuit A.T'.
3aganue NPUHAJT K HCIOJHCHUIO CTYAECHT:
I'pynna DPUO Hoanuch Jara
STMSA Paxos I.B.




_ 3AJIAHME JISl PA3JIEJIA
«®UHAHCOBBIII MEHEUKMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPEXEHUE)
CTynieHTy:
I'pynna ouo
STMSA PakoBy MBany BuraibeBuuy
HucturyT JHepreTuyecKui Kadenpa 320
Yy 0
pOBeHb 00pa3oBaHMs Marwcrp HanpasJienue/cnenuanbHocTs DIEeKTPOIHEPTeTHKA U
QJICKTPOTCXHUKA

pecypcochepekeHue»:

Hcxonnbie 1anHble K pa3aenay « DHHAHCOBbIA MEHEIKMEHT, pecypcodPPeKTUBHOCTDH U

1.Cmoumocme 3ampam mexnuueckozo npoexma (TI1): Ha
cneyuanvhoe — 0bopydosanue,  3apuaaAmbl,  CHPAXOGble
OMUUCIEHUA, NPOYUE U HAKIAOHbIE PACXOObL

3ampamul Ha cheyuanvroe 060pydosanue
ONpeoesomcst CO2NACHO CMOUMOCIU 000PYO08aHUs NO
nPelcKypanmam unu no 002060pHoOI yene.

3apabomnas nrama onpedensemcs ucxoos u3
mapughHotl cmasku u Kosppuyuenmos, 3a8Ucauux om
PA3TUYHBIX YCAOBUL: OP2AHU3AYUSL, PESUOH.

Cmpaxosvie omuucienus: onpeoenaomcs Co2NACHO
Dedepanvromy 3axony om 24.07.2009 Ne212-D3
Ipouue u HakradHble pacxodbl ONPedenamcs UCx00s
U3 CYMMbl OCATLHLIX CIamell pacxo0os.

2. IIpoodonocumenvrocmo guinoanenus TIT

TpubnusumenvHas oyeHka nPoOOIAICUMENbHOCIU
svinoanenus TI1 cocmasnaem 120 kanenoapmwix OHetl

IlepeyeHsb BONPOCOB, MO/JIEKANMX UCCTETOBAHUIO, TPOEKTHPOBAHMUIO U Pa3padoTke:

1. IInanuposanue u opmuposanue epaguxa pabom no

peanuzayuu TI1

Onpeoenenue 3ampam Ha npoexm

2. @opmuposanue cmemul

Cmema 3ampam na 060pyodosanue

3. Oyenxa nomenyuana u nepcnekmusrocmu pearusayuu TIT
¢ nozuyuu pecypcospghexmuenocmu u pecypcocoepesicenus

Oyenra mexHu4ecKo2o yposHs 1eKmponpueooa

| laTa BpIgaun 3a1aHusi AJ1si pa3iea no JHHeHOMY rpaguky \

33}13HI/I€ BbIJIAJ KOHCYJbTAHT:

JokHoCcTH [5(0] Yuenas crenent, Iloanucs Hara
3BaHHE
Cr. npenonasarens Ky3pmuna H.I'.
33}18}[1/16 NMPUHAJ K UCITIOJITHEHHUIO CTYACHT
I'pynna [037(0] Hoanuck Jara
SI'MSA Pakos I1.B.
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Pedepar

Breimmycknas kBanmudukarmonHas pabdora 133 c., 41 pucynkos, 15 taGmmi,
38 HCTOYHHUKOB.

KitoueBbie ci0Ba: 4YacTOTHO-PETYIMPYEMBINH JIICKTPONPHBOJ, CKAIIPHOE
yIPaBJICHHUE, YCTAHOBKA AJICKTPOIIEHTPOOEIKHOTO HACOCA, ACHHXPOHHBIN JBUTATEID C
KOPOTKO3aMKHYTBIM ~ POTOpOM,  TIpeoOpa3oBaTeib  YacTOThI,  PETyJIMPOBAHHE
JABJICHUS.

O06BbexkTOM WCCIICJIOBAHHUS SIBIISIETCS JaCTOTHO-PETYIUPYEMBIH
AJIEKTPOIIPUBOJ YCTAHOBKH dJIEKTpOorieHTpoOexkHoro Hacoca DIH 3-80-2000 .

Ilens paboTel — Pa3paboTka YaCTOTHO-PETYIUPYEMOTO JIICKTPOIPHBOIA
YCTaHOBKH 3JeKTpoleHTpobexkHoro Hacoca S1[H 3-80-2000 .

B pesynbrare wuccienoBaHus Obul pa3pabOTaH YacTOTHO-PETYIHPYEMBIH
AIIEKTPOIIPUBOJ] YCTAaHOBKH 3JIeKTpoleHTpoOexHoro Hacoca I1[H 3-80-2000.

JloCTUTHYTBIE ~ TEXHHMKO-IKCIUTyaTallMOHHBIE  TOKAa3aTeld:  IMOJIHOCTHIO
COOTBETCTBYIOIINE 3/ TAHHIO.

BreimyckHas KBanu@UKaMOHHAass padOTa  BBIMOJHEHa B TEKCTOBOM
penakrope Microsoft Word 2010 wa yimctax Oemnoii Oymaru popmara A4 ¢ MOMOIIBIO

nporpamMMHBIX cpeacts Matlab, Mathcad.



Beenenue

Coznanue OecIITaHTOBBIX HACOCOB B HAllleM TOCYAAapCTBE HAYaloCh €II€ Tepen
pesomonieii. Korga A.C. AptionoB, coBmectHOo ¢ B.K. Bapabammum coznamu
rTyOMHHBIA ammapar, B KOEM IIEHTPOOeKHBIH HAcOC TPHUBOIWICA B JCHCTBHE
MOTPYKHBIM AJIEKTPOABUTaTENIeM. Pycckue MHXEHEpHI, BKIII0Yas C ABAANATHIX TOJOB,
MIPEJIOKIIIA UCCIICIOBAHNE TTOPIITHEBHIX HACOCOB C TOPIITHEBHIM IMTHEBMATHYCCKAM
MoTopoM. OnuH H3 TMEpBBIX, KTO co3dal Toa00HBIe Hacochl, Obul M.U.

MapuumeBckuil.

UccnenoBanue riryOMHHOTO Hacoca ¢ IMHEBMOJIBUTATEIEM ObLIO MPOJOJIKEHO B
Asunamamie B.M. JlokyMeHTOBbIM. [JyOMHHBIE LIEHTPOOEKHBIE HACOCHI C
AIIEKTPOIIPUBOJOM pa3padaThIBAINCh B JTOBOCHHBIN MPOMEXKYTOK A.A.bornaHoBbiM,
A.B. KpsossiM, JL.U. Tlonmrypman. UHaycTpuanbHbie MPUMEPHl LEHTPOOEKHBIX
HACOCOB C JJIGKTPOIIPUBOAOM OBUIA H300PETEHBl B OCOOCHHOM KOHCTPYKTOPCKOM
O0ropo B 00JacTH OECHITAHTOBBIX HacocoB. [laHHOE mpeanpusaTue MpoBOAMUT Bce 0e3
UCKJIIOYEHUS UCCIIEIOBaHUs B 00JIACTH TIIyOMHHBIX OECIITAHTOBBIX HACOCOB, B TOM
4KCJIe U B 00JIaCTH BUHTOOOPA3HBIX, THa(parMeHHbIX U Jp.

HedrerazonobsiBatoias HHIYCTpUsI, C pa3BEIKON HOBEUIIIUX MECTOPOKIACHUH,
uMella HEOOXOJMMOCTh B HAcocax C IIelbl0 OTOOpa ¢ 32005 CKBa)KUHBI
3HAUUTEJLHOTO YHWCIa BOJBI. be3ycinoBHO, TO 4To Oojiee pa3yMeH JIOMacCTHBIN
AIIEKTPOBOJOHACOC, aIANITUPOBAHHBIN C IEJIbI0 yBEeIUUYCHHS Toaad. M3 jomacTHbIX
HACOCOB  MPHOOpENM  PacHpOCTPaHEHHE HACOChl C  paboyuMu  KOJIECAMH
[EHTPOOEKHOTO BHJA, TaK KaKk OHHM BbIJaBaJIM OTPOMHOE JaBJICHUE TIPH
YCTAHOBJICHHBIX TOJa4axX BOJAbI W rabapurtax Hacoca. OOImIMpPHOE HUCIOIH30BAHUE
TIIyOMHHBIX I[EHTPOOEKHBIX HACOCOB C  BJEKTPONPHUBOJIOM 00YyCIaBIUBACTCS
MHOTOYMCJICHHBIMU  YCJIOBUSIMHU. [IpuUCYyTCTBHE Takoro YCIOBUSI Kak OOJIbIIOE
KOJIMYECTBO BOJBI Ha 3a00¢ CkBakwHbI ycTaHoBka JI[H Gonee skoHOMHA U MeHee
CIOXHAa B OOCTY)KMBaHWUM JUIsl CEPBUCHBIX KOMIIAHWH, TI0 CpPaBHEHUIO C

KOMIIPECCUOHHOM T00BIYEH 1 OAbEMOM BOJIbI € 320051, HACOCAMU UHBIX BUIOB.



[Ipy KpynHBIX MOJaYax dHEPro3arpaTbl HA MOHTAX CPABHUTEIBHO HE CIMILKOM
BeluKU. PeMOHT u oOciyxuBanue yctaHoBok DIIH sBnsiercss mpocToit mporenypoii,
TaK Kak Ha IOBEPXHOCTH PACMOJIArarOTCs TOJBKO JIMIIb CTAaHLHS YIPaBICHUS U
TpaHcpopMaTop, HUKAK He TPeOyIOIIIe HEMPEPhIBHOTO 00CTYKUBaHUS.

Montax ocHamenns OIH mnpocrod, Tak Kak CTaHUWS YIPaBICHHUS U
TpaHchOpMaTOp HHUKAK HE HYXKJAIOTCS B OpraHu3aldd OCHOBaHUU. [laHHBIE

ycrporctea D1[H pacnonararoT, Kak MpaBUiIo, B MPOCTOM OyIKe.



O0o3HaueHNs U COKpalleHUS

AJl — aCUHXPOHHBIN JBUTATEND;

AWH — aBTOHOMHBII HHBEPTOP HANIPSKEHUS;

'] — rugpo3zamura;

I"KC — ra3o-kuJIKOCTHasl CMECh;

3UC - 3agaTYMK UHTEHCUBHOCTU CKOPOCTH;

311 — 3apaboTHas 1j1aTa;

HUWP — nayuHo-uccnenoBarenbckas padora;

HKT — HacoCHO-KOMITpECCOpPHBIE TPYOBI;

KIIJI — ko3¢ dunueHT moie3Horo 1eicTBUS;
JIDTCAP — neHTa CHIIMKOHOBAs CaMOCJIMNAIOIIASCS;
OK — o0canHas KOJIOHHA;

[T4 — npeobpazoBateb 4aCTOTHI;

[TYH — npeoOpa3oBaTenb «4aCTOTA-HAMPSKEHUEN;
[13]] — morpy>KHOM 3JIEKTOJIBUTATENb;

CYOII — cucremsl ynpaBiI€HHs JIEKTPOIPUBOIOM;

TMIIH — tpancdopmaTop MaciIOHANOTHEHHBINH C €CTECTBEHHON IUPKYJISIIIMEH Maciia

JUTSl CKB&KUHHBIX HE(PTSHBIX HACOCOB;

VYOIIH — ycTaHoBKa 3JI€KTPOLIEHTPOOEHKHOTO HACOCa;
®HY - dbopmupoBarens HaPsHKEHUH YIIpaBiICHUS;
D]l — 2JIEKTPOABUTATEb;

OIIH — snexTpoueHTpoOeKHbII HAcOC;

[TNM — mupOTHO-UMITYJILCHAST MOLYJISILASL.
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1 31IH 3 — 80 — 2000. Ha3znaueHnue, yCTPOCTBO, MPUHIIUI JeiCTBHS,
TeXHHYECKHe M IKCILIYATAIIHOHHBbIE XapaKTePHCTHKH

1.1 Haznauenue

doHTaHHBIN U Ta3MU(PTHBIN (KOMIPECCOPHBIN M OECKOMITPECCOPHBII) METO/IbI
10069 HE(TH PE3yIBbTATUBHBI MPU BHICOKOM U yJIBTPA BEICOKOM JAaBJICHUH Ha 3a00¢
CKBOXMHBl U 3HAYUTEILHOM Tra3oBoM (dakTope noObiBaemoro dutonna. Ilocne
W3BJICUCHUS OOJBINCH YacTH KOoJW4ecTBa (HIIroWaa M3 MECTOPOXKICHHUS, TIACTOBAsI
DHEPTUS YMEHBINAETCS, YBEIMYMBACTCS OOBOJHEHHOCTH JOOBIBaEMOTO (IIIOWIA,
YMEHBIIIAETCS OTHOCUTENIBHOE COJIEp)KaHME Ta3a B OTOMpaeMod cMecH. YPOBEHb
OoTOMpaeMON KUIAKOCTU B CKBaXKMHE CHIDKAaeTCs. DOHTAHHBIA METOJA W3BJICUCHUS
Gbarona CTaHOBUTCS HEBO3MOXKHBIM, & KOMIIPECCOPHBIN — HE CTOJIb 3(PPEKTUBHBIM, U
U3-3a 3TOTO OHM 3aMEHSIOTCS MEXaHHMUECKUM CITIOCOO0M Hu3BjieucHus (irounaa. [6]

Jlns u3BnedeHus Guroua MPUMEHSIOTCS IITAHTOBbIE W OECIITAHTOBBIC
Hacochl. IIITaHroBBIE HACOChI KOMIUICKTYHOTCS HA3eMHBIM  (TIOBEPXHOCTHBIM)
MPUBOJIOM, CKB@XUHHBIM HACOCOM M [IJIMHHOW CBSI3b MEXJYy HHUMH, KOTOpas
MPEICTABIISIECT COOOI0 IITUMHHYIO TPYOKY, COCTABIIEHHYIO U3 METAITMYECKUX CBEUCH.

becmranroBeie HaCOCHl UMEIOT CKBaXKUHHBIM HACOC M CKBAKUHHBIN MPUBOL
Hacoca, HaMpSIMYI0 COCIMHEHHBIE MEXy COO0M. DIEKTPOIHEPTHS K IPUBOY Hacoca
MOJBOJUTCA MO Kabemto (TpH JJIEKTPONPHUBOAE) WIM 1O TpyodompoBoay (mpu
TUAPOIIPUBOJIC WM MHEBMONpPUBOJE). biarogapss OTCyTCTBUIO JJIMHHOM MEXCBSI3U
MEXJly MPUBOJIOM M HACOCOM OECIITAHTOBBIE HACOCHI MMEIOT 3HAYUTEIBHO Oojee
BBICOKYIO MOILHOCTBH, YEM IITAaHroOBbIC. /[aHHOE MPEUMYyILIECTBO JAET BO3MOKHOCTH
COXpaHSTh OOJIbIINE OTOOPHl KUIKOCTH HEKOTOPHIMU BHUIAMU OECIITAHTOBBIX
HacocoB. K aTum Hacocam, mpexae BCEro, OTHOCSTCS MOTPY>KHBIE IIEHTPOOESKHBIC
HACOCBhI C DJIEKTPONPUBOJOM. JIaHHBIMH HAcCOCaMH TPOU3BOJIUTCS HAMOOIBIIIHIA
orbop ¢urouga ¢ 3a00s CKBAXHH MPU MeXaHUueckol no0bun HedptH. B PO
YCTAaHOBKaMH TIOTPYKHBIX IIEHTPOOEKHBIX HACOCOB, HMEIOIIMX abOpeBHATYpPY

VYOIIH (ycTaHOBKHM 3JIEKTPONPHUBOIHBIX LIEHTPOOEKHBIX HACOCOB), 00OOPYIOBAHHO
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6onee 35% Bcex HEPTIHBIX CKBAXXUH M BhIKaunBaeTcs mpuoan3utenbHo /0% ot Beei
n00bIBaeMON HEPTH.

['maBHBIA THO SHEpruM st OECHITAHTOBBIX HACOCHBIX YCTAHOBOK -
AIIEKTPOIHEPTUA JMO0, CWIa >KUAKOCTH WM Ta3a, IOJAaBAEMbIX IMPU TMOMOIIH
Pa3HOOOpa3HBIX THUIMOB KOMMYHHMKAIMA K MOTPY>KHOMY 3JieKTpojBuratento. [lpu
MOMOIIM TPAaHCMUCCUM BpallalOIIMii MOMEHT OT JBHUraTelsl MepeXOoJuT K
rIIyOMHHOMY HAacoCy, KOTOPBIM B 3aBHCHUMOCTH OT YCIOBUN MPUMEHEHHUS MOXKET
UMETh (M UMEET) pa3HOOOPa3HYI0 KOHCTPYKIIMIO TJIABHBIX pabOyYUX y3JI0B Hacoca.

bonpiioe MHOrooOpaszue cXeM M KOHCTPYKIMI JIOMACTHBIX, OOBEMHBIX M
WH)XEKIIMOHHBIX (CTPYWHBIX) HACOCOB OOBSCHSIET MHOKECTBO JOMYCTUMBIX BHIOB
HOTPYKHBIX MEXaHU3MOB OECILITAHTOBBIX HACOCOB.

B ceromssimiHMii  JeHb  OOLIMPHO  HMCIHOJB3YIOTCA  JMOO  IPOXOIAT
UHAYCTPUAJIBbHYIO IPOBEPKY OECIITAaHIOBBIE HACOCHI OKOJIO JIECATH Pa3HOBUAHOCTEH.
['maBHBIE W3 HUX - ILEHTPOOEXKHBIC, BUHTOBBbIE U JuadparMeHHbIE HACOCHI C
AIIEKTPOTIPUBOIOM, TUAPOTIOPIIHEBBIE, CTPYWHBIE C THAPOTPUBOIOM.

VYcTaHOBKHM O€CIITAaHrOBBIX HACOCOB 00JIafatoT, IOMHUMO Hacoca U MPHUBOJA,
CEpBHUCHBIM 000PYIOBaHUEM JIJIs YIIPABICHUS, TPAHCIIOPTUPOBKH SHEPTUU H T. TI.

HedrenobniBaromas mHAYCTpUS PETYJISIPHO HYKJAETCsl B Hacocax Jijisi 0To0opa
c 3a00s1 CKBaXXMHBI elie Oojee 3HAUUTETBLHOTO 0o0bema Gmtouna. bombine Bcero
OPUTOIHBI ISl 9TUX MeJel JUHAMUYECKHe JIOMAacTHhIE HAcochl. M3 JomacTHBIX
HAaCOCOB MaKCHUMaJIbHOE PacCHpOCTpPaHEHHWE HMMENU HAcOChl C pabo4YMMM KOJecamu
HEHTPOOESKHOTO THUIMA, U3-3a TOTO YTO OHU (POPMUPYIOT JOCTATOYHO 00JIE€ BHICOKHUI
HaIop MpH ONpENETIeHHBIX Mojavyax (Qurouaa U pasMepax Hacoca, 00nanas Ipu 3TOM
JIOBOJIBHO  BBICOKMM  KO3(QQUIMEHTOM  IOJIE3HOTO  JAEWCTBUS UM BBICOKOM
0€30TKa3HOCTHIO.

[TorpyxHOU 1EHTPOOEKHBIM HACOC TPHUBOJIUTCA B JEHCTBHUE MOTPYKHBIM
AIIEKTPOJIBUTaTENIEM. DJIEKTPOIHEPTUs MOJBOAUTCA K MOTOPY MO 0coOOMy Kaledto,
pasMmeniaeMoMy B ckBaxkuHe Ha mnoBepxHocTH HKT. OOmupHOE HCMONb30BaHUE

MOTPYKHBIX  JJICKTPOIIPHUBOIHBIX HGHTpO6e)KHBIX HaCoCOB O6YCJ'IaBJ'II/IBaeTC$I
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MHOTOUYHCJICHHBIMU ycloBusMU. [Ipu 60mbimnx ordopax dmaonaa ¢ 340051 CKBaXKUHBI
ycranoBku OI[H Oonee HSKOHOMUYHBI M MEHEE CIIOKHBI TpHU OOCTY>KUBAHUHM HX
CEpPBUCHBIMH KOMITAHUSIMH, 110 CPABHEHHUIO C KOMIIPECCOPHOM J100bIYEH U MOIBEMOM
dronga HacocaM# WHBIX BHIIOB. [Ipy BBICOKMX Mojadax, SHEPTETUICCKUE PACXOIbI
HA MOHTaX OTHOCUTENHHO JemieBbl. Ilpu naHHOM cdepe HCHOIB30BaHMS,
KO3 PHIMEHT TOJE3HOTO ACUCTBUS ee¢ JOBOJbHO Oosbmoi (mo 0.35). Cepuc
ycranoBoK OIIH nerox, m3-3a TOro 4Tto Ha MOBEPXHOCTH PA3MEIIAIOTCS TOJIBKO
CTaHIMSl  YIpaBJeHUS U  TpaHcPopMarop, HE TpeOyIolUe PEryIsIPHOro
oOcnyxkuBanus. Ilpm wcmons3oBanmm ycraHoBok OIIH  mocrarouno jerko
MOJBEPTHYTh WX AaBTOMATH3allMd MW  TEJAEMETPUHM. YCTAaHOBKA HA3eMHOTO
obopynoBanuss YOJIIH mpocroe, wu3-3a TOro 4YTO CTaHUMS YHOPABICHUA W
TpaHchOpMaTOp HE HYKIAIOTCS B OCHOBAaHWH. MEXKPEMOHTHBIN MEPUOI CITYKOBI —
MPUOJIU3UTENIBHO TOJ (B OCHOBHOM 3TO 3aBHUCUT OT KOJUYECTBA MEXaHUYECKHUX

npuMeceit B foosiBaemoM Y DIIH daronse).

1.2 YcTpoiicTBO

1.2.1 Yerpoiicteo YILH
['yOuHHBIN HAacOC ABJISIETCS MHOTOCEKITMOHHBIM U uMeeT OT 80 10 500 cexiuii.

4 'I vy "I: I Tpy6bi HKT ]
( Cranuma ynpasnexus J

/[ Cnuewxoi knanax ]
[ Tpanccpopmarop J = /( OBpaTHbIi knana J
b1l H

= /{ Muorocekumonmbit Hacoc IUH )
= /( lasocenaparop ]
|55
3

T
| (( MorpyXHoi 3neKTpoABMraTent (n:m)J

( Komnewcarop )\1 =
Qs

Nporextop

Pucynok 1.1 — Yerpoiictso YOIIH
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VceranoBka DIIH cunrtaeTcss HEMpPOCTOW TEXHUYECKOW CHUCTEMOW, TO €CTh
MPEACTABIAET U3 €05 COBOKYMHOCTh YHUKAJIBHBIX MO KOHCTPYKIIMH KOMIIOHEHTOB.
YcTaHOBKa COCTOUT U3 JIBYX YaCTEH: HA3EMHOM U MOTPYKHOM.

Qdnrona TPUHUMAETCS HACOCOM  CKBO3b  (WIBTPYIONIYIO CETKYy TpyoOou
OYHCTKH, KOTOpas pacmojiaraeTcs B €ro HikHell yacTtu. CeTka MCIOJb3yeTcs IS
dbunpTpanuu mwiactoBoro ¢uronaa. Hacoc nonaer ¢urona ¢ 3a00s ckBaxuusl B HKT.
[TorpyxHoit anekrpoasurarens (I19]1) — MacioHanoIHEHHBIN, TepMETU3UPOBAHHBIN.
JI1st uckItoueHUsT BO3MOXKHOCTH TMPOHUKHOBEHUSI B HErO IJIACTOBOTO (pironaa, oH
UMeeT Yy3el TuaApo3amuTel. PoTop anekTponBurartenss OOBEIWHEH C BajoM
TUAPO3AIIUTE U Yepe3 Hero ¢ BajoM Hacoca. [Ipu Hcrnonab30BaHMM aCMHXPOHHBIX
AIIEKTPOJBUTATENEH POTOP UMeeT CKOpocTh BpartieHust 2800 — 2950 06/muH.

Jlnst Toro 4ToObl YBEIUMYUT PE3yJbTaTUBHOCTh MPUMEHEHHUS BHYTPEHHEIO
nuaMerpa 00CaJHOM KOJIOHHBI, OOsA3aTENbHBIM YCIOBHUEM SIBJISIETCS TO UTO
HEOOXOJMMO JI0 MHHHUMYMa COKpaTHTh 3a30p MEXAy OOCagHOM KOJOHHOW H
NOTPY’KHBIM LIEHTPOOEKHBIM HAacOCOM. MUHUMAJBHBIN 3a30p KOTOPBIA JOMYCTHM,
oOecrieynBaOIMi  Oe3aBapuiiHBIA CIOYCK HM  MOABEM  O0OpYJOBaHMS, Kak
JIEMOHCTPUPYET NpaKTUUECKas JeSITeIbHOCTh, paBeH InecTd MuumuMmerpam. Ilo
BHYTPEHHEMY JMaMeTpPy OOCaTHOM KOJIOHHBI M TPHUHITOMY 3a30py BBIOMPAIOT
rabapuThl MOTPYKHOTO IIEHTPOOESKHOTO HAcOCa.

Tpanchopmarop 5 ucnonbzyercss JJjisi TOTO YTOOBI MOBBICUTH HANpPsHKEHUE
TOKa, MOJIydaeMoro oT mnpombinuieHHoN cetu (380 B), T.k. y snexkTtpoaBuraresns
HaNpsOKCHUE 3HAYUTENIBHO Oojibiie gaHHoro 3HadeHus (400-2000 B u Ooutee).
[TomMumo 3TOTO, TpaHC(HOPMATOP HYKEH JIJII KOMIICHCAIIUU MaJCHUSI HANpPsHKEHUS B
JUTHHHOM KaoOele.

Crannus ynpaBiieHHs JAaeT BO3MOXKHOCTb BKJIIOYaTh M OTKiIo4aTe Y OILIH
BPYUHYIO WJIM aBTOMATHYECKH IMPU aBapuUilHOM pexume paboTel. [Tomumo srtoro,
CTAHUMSI COJAEPKUT  JIaTUYMKH, TOKA3bIBAIOIIME CUJy TOKAa, HaINpsKEHUE,

CONMPOTHUBJICHUE H30JSLUU Kabens W Ipyrue mapamerphl, T.€. HOBEWIIUE CTAHIIUU
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yIpaBiIeHUs, JAIOT BO3MOXKHOCTh OCYHIECTBIISATh JAMATHOCTUKY PabOTOCTIOCOOHOCTH
YOIIH.

Komonna HKT cHabxkaercss oOpatHbiIM 6 W CcHoyckHbIM 11 KiamaHamu.
OOpatHbIl KJIanaH pacloJIOKeH B BEPXHEH dyacTu (TOJIOBKE) Hacoca B 0c000i MmydTe,
B KOTOPOW HaXOAUTCS CEMJIO0, IIap U OTPaHUYUTENb MOoAbeMa 1apa. B onpeneneHHbIx
KOHCTPYKIUSIX OOpATHBIX KIIAllaHOB HCIOJIB3YIOTCS  JPYTHME€ THUIIBI 3alUparolux
AJIEMEHTOB (Tapeib, KOHYC).

OOparubit  knanaH 11 fgaeTr BO3MOXKHOCTH IPU  OCTAHOBKAX —Hacoca
(OCTaHOBKM MOTYT TPOUCXOAWTh, K TMPUMEPY, H3-3a TOTO YTO MPOU3OILIO
OTKIIFOUEHUE DJICKTPUUECKOIN SHEPTrUu MPU aBapuu Ha CHUJIOBOM JTMHUHM) COXPAHHUTH B
KOJIOHHE HAacCOCHO-KOMIIpeCCOpHbIX TpyO ¢mtonsa. Takum oOpazoMm, mpu OCTaHOBKE
MOTPYKHOTO Hacoca (IIIONI HE CITUBACTCS U3 TPYO B CKBOXKUHY U HE 3aTpadHBaCTCS
BpEMs Ha 3aIl0JIHEHUE HACOCHO-KOMIIPECCOPHBIX TPYO, a Takxke 00Jieryaercs 3amycK
YCTaHOBKHM, OCOOCHHO NpU OOJBIIMX TIyOMHAX HACOCHO-KOMIIPECCOPHBIX TPYO
(3amOJIHEHHOM KOJIOHHE TpyO COOTBETCTBYET OoJbpmioi Hamop). Ilpu BbicOkux
Haropax Jjisl HEHTPOOEKHOTro Hacoca (B CpaBHEHUM C HU3KHM HAIlOPOM M OOJIBIIONHN
nojayeil) Heo0X0/IMMa MEHbIIast MPUBOAHAS MOIIIHOCTb.

CnyckHoil kjamaH 6 1gaeT BO3MOXHOCTh OYHMCTUTH KOJIOHHY HAaCOCHO-
KOMIIPECCOPHBIX TpyO OoT (pirrouaa, mepea MmoapeMoOM arperara ¢ 3a00s CKBaKHUHBI.
CryckHOHM KjamaH aHajJOTM4YHO pa3MelieH B 0co0oil MydTe (CoenuHsrouel MexmIy
co00#1 HACOCHO-KOMITPECCOPHBIE TPYOBI) U MPEACTABIISIET U3 ce€0s1 OPOH30BYIO TPYOKY
(HMIIIENh ), OIMH KOHEI] KOTOPOH 3amasiH, a MPOTUBOIOJIOKHBIN, OTKPBITHIA KOHEII, Ha

pe3b0e kpenutcst B MyQpTy u3HyTpu. CnyckHou Kianax HaX0JAUTCS TOPU3OHTAIIBHO 1O

OTHOIIEHUIO K BEPTUKAIBHOW KOJOHHE HACOCHO-KOMIpPECCOpHBIX TpyO. Ilpu
MOSIBJICHUU HEOOXOJAMMOCTH TOJbhEMa YCTAHOBKH C 3a00S CKBAXKHWHBI B KOJIOHHY
HACOCHO-KOMITPECCOPHBIX TPYO cOpachIBaeTCs JIOM, KOTOPBIA pa3pyliacT OPOH30BYIO
TpyOKYy CIMBHOTO KianaHa, W (Ioua W3 HACOCHO-KOMITPECCOPHBIX TpyO mpu
MOJbEME CIMBACTCA B 3aTpyOHOE MPOCTPAaHCTBO. Vcmonp3oBaHWe MOJ00HOTO

CIITYCKHOI'O KJIallaHa HC€ PCKOMCHIOBAHO, €CJIM B YCTAHOBKC IMIPHUMCHACTCA Cer6OK
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JUISL OYMCTKA HACOCHO-KOMIIPECCOPHBIX TPyO OT mapaduHa W THAPATOB, T.K. MPH
0OpbIBE MPOBOJA, HA KOTOPOM OIYCKAaIOT JaHHBIA CKpPeOOK, OH MajlaeT U pa3pyliaer
HUIIEIb, IPOMCXOJUT BHEIUIAHOBBIM NEpenycK (uironaa B 3aTpyOHOE MPOCTPAHCTBO
CKBOXHMHBI, M MPUXOJUTCA TNOJHMMATH arperar. M3-3a 3TOro HCMHOIB3yIOTCA
CIIyCKHbIE KJallaHbl HMHBIX BHJIOB, NPUBOJAMMBIE B paboTy 0e3 cmycka Jioma, K
IpUMEpY, 3a CUET YBEIMUEHUS JABJICHUS B HACOCHO-KOMIIPECCOPHBIX TpyOax.
Knemmuass kopoOka (BBIHOCHOW MYyHKT MOAKIIOYeHHs KaOems) 10

HCIIOJIB3YCTCA IJIA O6pI>IBa KaOeJs.

Hacocor nnst no6srun Hedtu npousBoacTBa Gpupmbl «BPTIO», ucnons3yrorcs
JUISl OTKAUKH TJIACTOBOM MKUAKOCTH (CMECH HE(TH, MOIYyTHOM BOJBI U Ta3a) ¢ 3a00s

HG(bT}IHBIX CKBa)XHUH, BOAOIIOABCMA N3 CKBAXKHH.

B kauecTBe mnpuBO/ia MOTPYXKHBIX HACOCOB MCIOJIB3YIOTCS MOTPYKHBIE W
OOIIIETTPOMBIIIUICHHBIE ACHHXPOHHBIC 3JIeKTpoaBurareinu. llorpykHple Hacochl B
coortBerctBun ¢ T'OCT  27.003 orHocATcs K  w3geausaM  tuama |,

HEBOCCTAHABIIMBAEMBIM PEMOHTUPYEMBIM.

1.2.2 CkBa:knHHbIe HeHTpoOexubie Hacochl (ILH)

['myOuHHBIE 1IEHTPOOEKHBIE HACOCHI CUUTAIOTCS MHOTOCTYNEHYATHIMU MAalllMHAMU.
Bo-niepBbiX, 3TO O0OYCJIOBJICHO OYEHb MaJIBIMU BEIMYUHAMH HAmopa, KOTOPOe
CO3/1a€TCsI OJTHOM CTYyNEHbIO (paboyuM KOJIECOM Y HAMPABJISIIOIIMM arnapaToMm).

KoHCTpyKITHs MOTpy>KHOT'O HEHTPOOSKHOTO HacOCca MOXKET ObITh OOBIYHOM U
M3HOCOCTOMKOM, a IIOMHMO 3TOr0 YBEJIMYEHHOM KOPPO3HMOHHOW CTOMKOCTBIO.
JlnameTpbl U KOHCTPYKIIMS Y3J0B HAcOCa, B OOJIBIIUHCTBE CBOEM, OJWHAKOBBI JIJIS
BCEX MCIIOJHEHUH Hacoca.

[Torpy>kHOM 3JEKTPOIEHTPOOCKHBIM HACOC CTaHAAPTHOTO HCIOJHEHUS
paccumTaH Uil oAbeMa ¢ 320051 CKBaXWHBI (purronaa ¢ 00BOAHEHHOCTHIO 10 99%.

Mexnpumeceit B mogHuMaeMoM ¢irouse A0KHO ObiTh HEe Oomee — 0,1 1/m,
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cepoBozopomga — He Oosee 0,01 1/, KOHIEHTpanus ra3a Ha Bcace Hacoca — HE
JOJDKHO OBITH O0mbITie 25%.

DJIEKTPOIEHTPOOCIKHBI HACOC U3 HEPIKABCIOIICH CTaIM CIIPOSKTUPOBAH JIJISI
paboOThl MpH KOHIICHTpAIMM B TOJHMMacMOM (QUIFOMAEC CEpoBOAOpOIa He Oojee
1,251/7.

W3HOCOCTOIKOE HWCIOMHEHHE IaeT BO3MOXXHOCTh TOJAHMMATH (QUIFOUI C
KOHIIEHTpaIuel MexaHu4eckux npumecet He 6onee 0.5 /1.

PaGouum opraHoM MOTPYKHOTO IIEHTPOOEKHOTO Hacoca SIBISETCS CTYIEHBb
HacocHass (CH) ¢ uunungpuyeckum (I[JI) wiM HaKIOHHO-UMIWHIPUYECKUMU
nonatkamu (HIJI) , xoTopast coctoutr u3 pabouero kosieca M HaIMpPaBIISIOLIETO

ammapara. (cM. puc. 1.2)

A

|

Pucynok 1.2 — Ctynens DI[H: 1-nanpasnsrommii anmapar, 2,4 — KOJIbLIEBbIE
0e3s10MmaToYHbIe KaMephl, 3 — paboydee KOJeco, S — HWKHSS ONopHas maioa, 6 —

3allUTHAs BTYJIKA, 7 — BEpXHss OMOpHas 1maioda, 8 — Bai

Crynenu ¢ HIIJI ucnonb3yroTcss B HACOCax C BBICOKOM BEIMYMHOMN IOJIAYH.
NmeroT 6oiiee BHICOKUI KO3 (ULMEHT MOJE3HOro ACHCTBUSA U 0oJiee YeM B MOJITOpa

pasa yBEIIMUYECHHYIO 1101avy, €CJii cpaBHUBATH ¢ LJI.

PagualibHBIl  MOIIIMITHUK — 3JIEKTPOLIEHTPOOSKHOro Hacoca (puc. 1.3)

BOCIIPUHUMACT pAJUAJIBHBIC HAI'PY3KH, MOABJIAIOMIUCCS IIPU UCIIOJIb30BAHHWHU HACOCA.
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OH cOCTOMT W3 OMNOPHOM BTYJKH C BKIAJBIIIEM, OMOpPHAasi BTYJKA W BKJIAJbIII
SIBJISIFOTCSl HEMOJABMKHBIMU JETAISIMUA U BTYJIKH, BPAIIAIOICHCsl COBMECTHO C BaJIOM.
B kaxmaoll MOIynb-CEeKIIMM €CTh JiBa paayajbHBIX IOJIIUIIHUKA — BEPXHUM U
HIDKHUM, a B MOJYJIb-CEKIHUSIX HACOCOB M3HOCOCTOMKOTO MCIIOIHEHUS MPUMEHSIOTCS

TaK X€ U IIPOMCKYTOYHBIC paJHuaJIbHBIC OIIOPHI.

Pe3uroasitl Cunnbg oM

#
5 pyxuna

Bpawawwas kepamMuveckas wauba

lNosepxHocme Npune2anus
epawanwel u nenodeuxHol
KepamMuyeckux waob

/ Henodeuxyas xepamusecxas wanba

\
N\

HenooeuxHan Yacime ynnomHeHus

Hunnens

Pucynox 1.3 — Paguanbnsiit noamunuauk S1H

1.2.3 Iorpy:xHoii iexkTpoasurartesinb (I1I )

[TorpyxHble MacJIOHAIMOJIHEHHbIE Tpex(a3Hble aCUHXPOHHBIE C KOPOTKO3AMKHYTHIM
POTOPOM (JIBYX- WJIM YETHIPEX-) MOJIOCHBIC DJIEKTPOABUTATENHN UCIIOIB3YIOTCS B POJIH
NpUBOAA JUIsI TIOTPY)XHBIX IIEHTPOOESKHBIX HACOCOB JJII OTKAYKUA IIJIACTOBOTO
dronga ¢ 32005 HEPTAHBIX CKBOXKHUH C YIJIOM OTKJIIOHEHHUS OT BEPTHKAIU B MECTE
3aKperieHuss He Oosee 60°. DJIEKTpOABUTATENH, TaK k€ KaK W HACOCHI, 0OsI3aHHBI
UMETh JIOCTATOYHO MaJible JTUAMETPhl, pa3IudHble Il HEMTAHBIX CKBOKHUH C
pa3HbIMU  00CaJHBIMU  KOJIOHHAaMHU. MOIIHOCTh  AJIEKTPOJBUTATENEH  MOMKET
npubmmkaThes kK 500 kBT.

Manbie auamMeTpbl U BBICOKHE MOITHOCTH BBI3BIBAIOT HEOOXOIMMOCTH
YBEIMYMUBATH JJIMHY 3JIEKTPOABUTATENEH, KOTOPAsi HHOT/IA MPEBOCXOIUT 8 M.

DNEeKTPOABUTATEH C HACOCOM COEIUHSIETCS C MOMOIIBIO HUIULEBON My(THI.
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CeKLUMOHHBIE 3JIEKTPOJBUTATENN COCTOSIT U3 BEPXHEW M HUKHEW CEKIUH,
KOTOPBIE COCIUHSIOTCS TMpU COOpPKE SIEKTPOABHUTATENss Ha TMOBepxXHOCTH. Kakmas
CEKIIMsI COCTOMT W3 CTaropa U pOTOpa, YCTPOMCTBO KOTOPBIX TAKOE K€ KaK U Y

OIHOCCKIMOHHOTIO JICKTPOJABUIATCIIA.

nmydbTa

KpblWKa
wauuesan

BEepPXHAA
nAarta

NoONATHUK

KnanaH

o6paTHbIMA
ronoska

KpbIWKa
kaBenbHoro

KonoaKa
BTYIKA

o6moTka
cTaTopa
poTop
cratop

Pucynok 1.4 — Ilorpy»Hoil 371€KTPOABUTATEb
[IpousBoauTCcs HEe MEHEe cTa MOAU(PHUKALUN IIEKTPOABUTATENICH PA3IUYHON
MOIIHOCTH, YTO MOXET IOMOYb M0J00paTh HambOOJee ONTHUMAIbHOE COYETaHHE
AIIEKTPOJBUTATENb — HAcOC il o0OecreueHuss paboThl YCTAHOBKH C MAaKCUMAJIbHO
BO3MOYHBIM KO3 (UIIUEHT MOJIE3HOTO JCUCTBUS.

Hcnonp3oBaHne OCOOBIX DJIEKTPOTEXHHUYECKMX MaTEepHaOB  JaeT
BO3MOXXHOCTh HCIIOJI30BAaTh MOTPYXKHBIE SJICKTPOABUTATEIM TPH TEMIIEpPaType
riactoBoro ¢utouna He 6omnee 120°C, a B TEPMOCTONKOM HCTIOJHEHUU — HE OoJee
150°C.

[Tocne TOro Kak AJEKTPOJBHUTaTeIh COOpald Ha CHEIMATBHOM CTEHJE, Ha
KOTOPOM  KOHTPOJIUPYETCS KA4eCTBO OTACIBHBIX  Y3JIOB, DJICKTPOJBUTATENb
MTO/IBEPTaeTCs UCIIBITAHUAM Ha CTAHIIUU B YCIOBHSAX, KOTOPBIC OJIM3KH K pealbHbIM, B

TOM YHUCJIE C HarpeBoM JI0 pabouux Temmeparyp. McmbpiTanus mpoBOASITCS HAa BCEX
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AIIEKTPOJBUTATENSIX, TIOCJIE TOTO KaK MPOLUIA UCIBITAaHUS BCE OHU PA30MPAIOTCS H
TIIATENBHO MPOBEPSIOTCA. [IpOBOAUTCS KOHTPOJIb COMPOTUBIICHUA H30JSALUA 1O
WHJIEKCY MOJIAPU3aLUU.

Porop IIOTPYKHOTO AIEKTPOABUTATEIS KOPOTKO3aMKHYTBIH,
MHOTOCEKIIMOHHBIM. POTOp cocTouT W3 Bana, Makera poTopa, paJualibHOW OIOpbI
(MOAIIUITHUK CKOJIBKECHUS ), BTYJIKH.

[TakeThl poTOpa ycTaHABIMBAIOTCS Ha Ball rpynnamu o 3—4 nakera. [ pynma
MakeToB (DUKCUPYETCs Ha Baly CTONOPHBIMU KOJbI[AMH TaK, YTOOBI ObLI
rapaHTUPOBaH 3a30p 2-3 MM, KOMIIEHCHUPYIOIIUKA TEILIOBBIE PACIIMPEHHS BO BPEMS
paboTHI.

[ToouepenHoO ¢ makeTaMy Ha BaJl yCTAHABIIMBAIOT PaJMalibHbIC NApbl TPECHHUS:
MOAIIUITHUKY U BTYJIKW MOAIIUITHUKOB.

BTynky TNOAIIMIHUKOB MPOWM3BENEHBI W3 OpoH30-rpaduTa METOIOM
MOPOILLIKOBOW METaJUTypPIHH.

VY3em TOKOBOro BBOJA UCIOJB3YETCS JUIsl TUTaHUS OOMOTKHM CTaTopa
AIEKTPUUYECKON dHEPrued M COCTOUT U3 KaOeIbHONW MY(ThI U AJICKTPOU3OIAIIUMOHHON
KOJIOAKHA. B KOJOIKE paclojoKEHHbl COCTAaBHBIE JJIEKTPUYECKUE KOHTAKTHI,
COCIMHEHHBIE C BBIBOJAMH OOMOTKU cratopa. CoenuHeHue kabenbHONM My(ThI C
TOJIOBKOW TOTPYKHOT'O JJIEKTPOABUIATENS] T€PMETUYHO, IPU ITOM DIJIEKTPUUECKUE
KOHTAKThI y3JIa TOKOBOTO BBOJA Pa3MELIAIOTCS BHYTPHU JIEKTPOABUTATENS, KOTOPHIN

3aIlOJIHCH JUDJICKTPUYCCKHUM MacCJIOM.
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Pucynok 1.5 — TokoBBO TOTPY>KHOTO AJIEKTPOABUTATESA
DIIEKTPOBUTATENb 3aII0JIHSICTCS 0COOBIM JTADJICKTPUYECKUM
HarpeBOCTOMKMM  MacjoM, KOTopoe o00JjiajjaeT BBICOKMMH  CMa3bIBAIOIIMMU
CBOMCTBAMU U JIUDJICKTPUUECKOM NMPOYHOCThIO HE MeHee 30 kB.
[Hupkynsamust Maciaa BHYTPHU JBUTATENsl MPOU3BOAUTCS U3 MOJIOCTH (DUIIBTpa
13 BHYTPEHHETO0 OTBEPCTHS B Bajy uepe3 ISTY - TypOUHY, TOTOM MAaciiO MOCTYyMHaeT
JUIS. CMa3bIBaHUS PaJualbHBIX MOJIIUIIHUKOB, U OTTYAa IMOMAJaeT B 3a30p MEXIY

CTaTOPOM M POTOPOM M HAIpaBIIsi€TCA Ha3aa K QUIbTPY.

1.2.4 T'uapaBanyecKas 3aluTa YJIeKTPOABUraTe sl (IPOTEKTOP M KOMIIEHCATOP)

['unpaBnuyeckas 3amuTa TPUMEHSETCS JJIS WCIIOJIB30BAHUS B TOTPYKHBIX
MAacCJIOHAMOJIHEHHBIX 3JIEKTpOJBHUraressix quamerpoM kopryca 103, 117 u 130 mwm,
KOTOpBIE HCIIOJNB3YIOT B POJM TPUBOAA IIEHTPOOEKHBIX HACOCOB Ui TOIBEMa
donna ¢ 32005 HePTIHBIX CKBAaXXWH, U MPEIHA3HAYEH JJISI TOTO YTOOBI 3allUTUTH
BHYTPEHHIOIO TIOJIOCTh JIEKTPOJBUTATENS OT TMOMAIaHusl B HEE MIacTOBOTO (ironna,
B TOM YHCJIe HUBEITUPOBAHKUE TEMIIEPATYPHBIX H3MEHEHU 00beMa Maciia.

[TnacToBeiii (rona, KOTIa TOMaaaeT B AJICKTPOJBUTATENb, CYIIECTBEHHO

IIOHMXXACT HU30JIAIHOHHBIC CBOMCTBA AUDJICKTPUYCCKOI0 Macja, a Iolaaasa 11014
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U30JSIIMI0 OOMOTOYHBIX MPOBOJAOB, 3TO MOXKET CIYXHTb HPUYUHOU KOPOTKOTO
3aMbIKaHusi 0OMOTKU. [TomMHMO 3TOrO, Tak k€ yXyAIIaeTcss cMa3Ka MOJIIUITHUKOB
BaJIa 3JIEKTPOJBUTATETIS.

B nanneiii MOMEHT BpeMeHH Ha npomeiciax Poccniickon denepanny mMUpoOKO
pactpoctpanensl ruapo3amutel Thuna I, IT u T1/1.

['unpaBnuyeckas 3ammra Tuna [' mpou3BoaUTCS U3 2-X TIaBHBIX COOPOYHBIX
€AUHULL: TPOTEKTOPA, KOTOPBIM CTAaBUTCA MEXAY HACOCOM U JIBUTATEIEM W
KOMIIEHCATOPAa, pPa3MELICHHOTO B HUKHEW YaCTH IBUTATEIIS.

[IpoTexkTop mpenHazHadeH JUIsl THAPABIAYECKOM 3aLIUTHI JEKTPOIABUTATEISA
OT IUIACTOBOTO (IIOMJAa M CMa3blBaHUS PaJUaIbHO-YIOPHOIO MOAIIMITHUKA (IIpH
HeoOxoaumoctu) — puc. 1.9. Bonpmuit 00beM MpPOTEKTOpa, KOTOPHIA COCTOUT W3
AJACTUYHOTO MEIIKa S, 3allOJHEH KUJKAM JHAJIEKTpUYeCKHUM MaciioM. CKBO3b
oOpaTHBIM KJanaH 7 BHEIIHSS TOBEPXHOCTh MEIIKa BOCIPUHHUMACT JaBJICHHE
¢rona cKBaXkKMHBI Ha TIIyOWHE CIycKa IMOA3€MHOT0 HACOCHOTO arperara.

Bepxusis wacte Basma | mpucoenuHsieTcs LUIMIEBONM My(PTO € HHKHHUM
KOHILIOM Baja Hacoca. TopLoBo€ YIIOTHEHHE 2 pa3AeisieT BEPXHIOK IOJOCTh, B
KOTOPOM MOXKET HaXOAUThCS CKBAXUHHBIM (IIOMJ, OT TMOJOCTH YyTh HUXKE
YIUIOTHEHUSA, KOTOpasi 3amoJiHeHa TpaHC(HOPMATOPHBIM JUAIICKTPUUYECKUM MAacIioM,
HAXOJSAIUMCS, KaK M CKBAXUHHBIM (IIIOUI, TMOJ BBICOKMM JIaBIICHUEM, KOTOPOE

paBHO JABJICHUIO Ha riyouHe NOTPYKEHUS.

Pucynok 1.6 — KoHCTpyKIIHs TPOTEKTOpa THAPO3AIUTE T [
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Huxe TOpLIOBOro YIUIOTHEHUS 2 PaCMOIO0XKEH MOAIIMIHUK CKOJB3SIIErO
TPEHUS, a €IIe HWKE — y3e€a 3 — ONOpHAas IATa, KOTOpas BOCHPUHHMAET OCEBOE
ycwiIHMe Baja Hacoca (Takxke paboTaeT B >KHJIKOM JudJieKTpuueckoMm Mmacie). Emne
HID)KE PACIIONIOKEHO BTOPOE TOPLIOBOE YIUIOTHEHUE 4 11l GoJjiee BBICOKOM CTEMEHH
repMeTh3aluu dJeKkTpoaBuraresns. [lon HUM pacroysiokeH pe3rHOBBIA MEMIOK 5 B
Koprnyce 6, OH TepMETUYHO pa3zeiseT 2 MOJOCTU: BHYTPEHHIOK MOJOCTh MEIIKa,
3aMOJHEHHYIO TPaHC(HOPMATOPHBIM JUAICKTPUYECKUM MACJIOM, W TIOJIOCTh MEXITY
KOpPIycoM 6 U CaMHMM MEIIKOM, B KOTOPBIA MOXET MPOHUKATh CKBAXUHHBIN (uirona
yepe3 oOpatHbld kiamad 7. Dmoup, momnagas B MOJOCTh, CKHUMAET MEIIOK C
JTUPJIEKTPUUECKUM MacjoM JI0 JIaBJICHUs, KOTOpPOE€ paBHO BHemHemy. JKujkoe
JIURJIEKTPUYECKOE MAaclio CKBO3b 3a30pbl BJOJIb Bajla IOCTYNMAaeT K TOPLOBBIM
VIUIOTHEHUSIM W BHHU3 K TOTPY)XHOMY djeKTpoaBurarento. CopoeKkTupoBaHa
KOHCTPYKIIMS THApaBIndeckoil 3amuThl I'J], B KOTOpO# Ha Bally UMEETCsl MaJeHbKas

Typ61/IHa, co3aaromiast 0oJ1ee BHICOKOS JaBJICHHUC BO BHYTpeHHeﬁ MOJIOCTH MEIIKa 3.

[onoska

rg

Knanan
nepenycKHoi

o Kopnyc

Awvadcparma

Kapkac

OcHosaHve

Pucynok 1.7 — KoHCTpyKIIUsI KOMITEHCATOpa TUAPO3AIIUTHI TUNa [’
B xopnyc kommeHcaTopa €CTb OTBEPCTHS, CBS3bIBAIOIIME HAPYKHYIO
MOBEPXHOCTh MEIIIKAa CO CKBaXWHOW. BHYTpEeHHSsI MOJOCTh MEIIKa CBsi3aHa C

QJICKTPOABUIAaTCIICM, 4 BHCHIHAA IIOJIOCTDb — CO CKBaKUHOM.
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[Ipu oxnakeHUuu IUANEKTPUUYECKOTO Maciaa 00beM MEIIKa YMEHBIIAIOTCS, U
CKBaKUHHBIN (DITFOU]] CKBO3b OTBEPCTHUS B KOPITyCce KOMIIEHCATOPa MOCTYMAET B 3a30p
MEXKJy Hapy>KHOM IIOBEPXHOCTHIO MEIIKA W BHYTPEHHEH CTEHKOW KOpmyca
KOMIIEHCATOpa, CO3JaBas H3-3a 3TOr0 YCIIOBHS IOJHOIO 3alOJHEHUS BHYTPEHHEU
MOJIOCTH  TMOTPYKHOTO  DJIEKTPOJBUTATENSI  OUAJIEKTpUYECKUM  Maciom. [lpu
YBEIMYECHUH TEeMIEPaTyphbl AUIICKTPUUECKOTO Macia B 3JIEKTPOABUTATENIe 00bEM €T0
YBEIUYMUBAECTCS, U JUAIEKTPHUUECKOE MAcCjiO MOMNAJAaeT BO BHYTPEHHIOK IOJOCTb
MEIIKa KOMIIEHCATOpa; MPU H3TOM CKBAXUHHBIM (DIIOWA CKBO3b 3a30p MEXIY
Hapy’KHOM TIOBEPXHOCTBIO MeEIIKAa M BHYTPEHHEW IOBEPXHOCTBHIO KOpIyca

BbIIABJIMBACTCSA 4CPE3 OTBCPCTUA B CKBAXKUHY.

1.2.5 T'a3ocenapaTop

[locTosiHHass WHTEHCHU(pUKALMS J00OBIYM HePTH W IMHMPOKUNA JUana3zoH
W3MEHEHHsSI Ta30BOro (akrtopa [100bIBaeMOM HePTH NPUBOAAT K TOMY, UTO
IPEBBILIAIOTCS AOMYCTUMbIE 3HA4YEHHs] CBOOOJHOIO ra3ocojepaHusi Ha BXOJE B
Hacoc. DTO MPUBOAUT K YXYALICHHUIO YCIOBUM paboThl Hacoca u I[lorpyxkHoro
AIIEKTPOJIBUraTelNs, YBEJIMUYEHUIO BUOpalMM yCTAaHOBKU M  CHIDKEHUIO €€
PaboTOCIIOCOOHOCTH.

Jiist 60pBOBI ¢ Ta30M B CKBaXKMHAX, 3KCIuTyatupyembix Y O1IH, npumenstoTcs
pa3auyHble KOHCTPYKLMU T'a30CENapaTopoB U JUCIIEPTUPYIOIINX YCTPONCTB.

Hcnonbs3oBaHne  ra3ocenaparopoB WM JUCIEPraTOpoB  MO3BOJIAET
NPEIOTBPAaTUTh KABUTALMIO, 3alMpaHue padoyuMx OpraHoB Hacoca, 00ecneurTb
HEOOXOJIUMYIO TPOU3BOJIUTEILHOCTh HACOCA, MOBBICUTH KOA(D(HUIIMEHT MOJIE3HOTO
JICUCTBUS.

Hcrnonbs3oBaHue cenapaTopoB MOApa3yMEBAaET YCTAHOBKY Ha IPHUEME Hacoca
OCOOBIX YCTPOWCTB, PA3AENSIIONIMX >KUAKOCTh W Ta3, U BBIOPOC Tra3a B 3aTpyOHOE

IIPOCTPAHCTBO.
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[IpuMeHeHne aucrnepraTopoB JAeT BO3MOYKHOCTH IMOBBICUTH MaKCHUMAalIbHO
JIOTyCKaeMoe 3HaueHrne 00bEMHOTO ra30CoAepKaHus Ha MMpUeMe MOTrpyKHOTO Hacoca
ot 0,10 mo 0,25 3a cuetr 0Opa30BaHUS TOHKOAUCIEPCHON CTPYKTYPhI ITOJHUMAEMOTO
¢dmronna. lucnepraTtopsl UMEIOT BBICOKMH KOA(G(UIMEHT MOJE3HOTO ICHCTBHUS B
OOBOJTHEHHBIX CKBXKMHAX, 00PA3yIOMINX BA3KYIO AMYJIbCUIO, TaK KaK CIIOCOOCTBYIOT
Pa3pyLICHUIO €€ CTPYKTYPHI.

Juciepratop — 3TO CUJIBHBIA TypOylnu3aTop TMOTOKAa H  TO3BOJISIET
3G ()EKTUBHO BBIPAaBHUBATH CTPYKTYPhI Ta303KUIKOCTHOTO Quronaa. JucmepraTopsl
MOTYT MOHTHPOBAThCSI KaK BHE KOPIyca HAacoca, TaKk U BHYTPU HAcoca, OJHAKO IS
ATOTO U3 KOPIyca Hacoca HY>KHO yOpaTh HECKOJIBKO paboyux CTYIEHEH.

MupoBbIMM NPOU3BOAUTEISAMU BBIITYCKAE€TCd TPU BHUAA Ta30CENAPATOPOB:
IrpaBUTALMOHHBIE, BUXPEBBIE, HIEHTPOOEKHBIE.

Hcnonp30BaHnEe LEHTPOOESKHBIX TIa30CENaparopoB MPU3HAETCA CAMbBIM
HAJIC)KHBIM CPEJICTBOM 3alllUThl 3JIEKTPOLEHTPOOEKHBIX HACOCOB OT MaryOHOTro
BO3JIEHCTBHUSL CBOOOAHOrO Traza. OT 3(p(deKTUBHOCTH pabOThl LEHTPOOEIKHBIX
cenapaTopoB BO MHOI'OM 3aBHUCST YCJIOBMsI MCIOJNb30BaHUS M HapaOOTKa Ha OTKa3
MOTPY’KHOT'O LEHTPOOEKHOT0 HACOCA B CKBAYKUHE.

Jlis Toro 4toOBl OTAENUTH Ta3 OT KUAKOCTH B JAHHBIX Ta3ocenaparopax
MO>XHO HCIIOJIb30BaTh IUIABYYECTh TA30BBIX IIy3bIPKOB II0J BO3JEHCTBHEM
I'PaBUTALIMOHHBIX, TUOO HEHTPOOEKHBIX CHUII.

I'paBUTaLIMOHHBIN Tra3ocenaparop SBISETCA CENapaTopoM C CaMbIM HHU3KHM
kod(pduLMeHTOM cenapaluu, EeHTPOOESKHBIA — caMbIM OOJIBIIUM KO3 (HUIIMEHTOM
cemapaluu, a BUXPEBOW rasocemnapaTop no Ko3Q@UIMEHTY cenapaludyd 3aHUMAET
CpEIIHEE ITOJIOKEHUE.

["azocenaparop paboTaeT TakuM 00Opa30oM: Ta305KHUJIKOCTHAsE CMECh MOMaJaeT
Yyepe3 CeTKy M OTBEPCTHSI BXOJHOTO MOJYJIS Ha LIHEK W Jaiee K paboyuM opraHam
razocenaparopa. 3a C4eT CO3JaHHOI0 HAropa ra30KHUJIKOCTHAs CMECh MOCTYNAET BO
BpalIAOUIyIOCsl KaMepy Cernaparopa, CHaOXKEHHYIO0 pagualbHbIMU pedpamMu, Tlie o

I[CﬁCTBHeM I_ICHTpO6e)I(HBIX CHJI ra3 OTACIACTCA OT KHIAKOCTH. I[anee KHUIKOCTH C
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HapY’KHOTO [EpUMETpa KaMephI cerapaTopa MOCTyNaeT Mo KaHajaaM MEepeBOJHNKA Ha
IpUEM IIOIPYKHOTO HAcOCa, a ra3 4Yepe3 HAKIOHHBIE OTBEPCTHUSI OTBOAMTCS B

3aTpyOHOE MPOCTPAHCTBO.

i ey

Pucynox 1.8 — I'azocenapatop: 1 — TpyOHBII KOpITyC; 2 — TOJIOBKA; 3 — OCHOBaHUE; 4
— BaJL; 5, 6 — mepekpectHble KaHambl; 7, 10, 15 — BTyJIKM paguanbHbIX MOJIIUITHUKOB;
8 — mosocTh ¢ kaHanamu; 9 — moanaTHUK; 11 — msaTa; 12 — mHek; 13 — pabouee

KoJieco; 14 - cemapaTopsbl.

1.2.6 KabGeabHble TuHUN ycTaHOBOK JIH

KabGenbHble JWHUM HCHOJB3YIOTCS JUIsl TEpeJadyd AJIEKTPOSHEPTHH K
CKBOKMHHBIM JIBUTaTENIIM YCTAaHOBOK HACOCOB JIOOBIYM HEPTH U TMepeKayku
AKUIKOCTH.

KabenbHble TMHUY U3rOTABIMBAIOTCA B JOCTATOYHO JKECTKUX TPEOOBAHMSIX K
KAaueCTBY M3TOTOBJIEHUS — HHU3KHE DJIEKTPUYECKHE NOTEPH, HU3KHUE JTHAMETPAJIbHBIC
rabapuThl, BBICOKME  JIMAJIEKTPUYECKHE  MMapaMeTpbl  M30JSIIUM  Kalenew,
TEPMOCTOMKOCTh K BO3JICUCTBUI0 HHU3KMX U BBICOKMX TEMIEpaTyp, BBICOKAsS
CONPOTHUBISEMOCTh BO3JAEHCTBUIO IJIACTOBOM KUIKOCTH U Ta3a U Ip.

KabGenbHas nMHUS M3roTaBIMBAEeTCs W3 TJIABHOTO MHUTAIOUIETO Kadens

(Kpyraioro Wi IUIOCKOTO) CEYEHUs, KOTOPBIA pacroiaraeTcsi Ha CTEHKaX KOJIOHHBI
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HAaCOCHO-KOMIIPECCOPHBIX TPyO0 OT CTaHIMM YNpaBieHUs A0 CKBAXXUHHOTO
AIIEKTPOJIBUTATENS, COEIMHEHHOTO C HUM KaOems-yUIMHUTENS ¢ MyPTOi KabeabHOTo

BBOJA.

Konoya HAKOHEVHUXY
NODOYT YANOMNUME MO WMeNCeNbMBG
4 |
28DMEMUX
COUHUOBAN O60NINKS ®
emynxu
anexmMpouIcnRyuokHse .~ L ] e
WadGeipadmon) )
200%a
uaonauyus 3OM

Pucynok 1.9 — KaGenbnas mydra

CoenuHenue TJIaBHOTO Kabenst ¢ KaOenem-yUIMHUTENIEM MPOU3BOIUTCS
HEpPa3beMHON COEOUHUTENbHOU My(pTOoil (KaOenbHbIM cpocTkoM). Ilpum momomm
CpPOCTKAa MOTYT OBITh COEAMHEHBI TaK)KE YYaCTKU TJIABHOTO KaOeJsi NJisi MOJy4eHUS
TpeOyeMol JJIMHBI.

KabGenpHas nuHUA Ha TJIaBHOW JIMHUU 4Yalle BCErO MMEET KPYIJIoe CeYEHHUe
(kpyryblii  Kabenb). [l BO3MOXKHOCTM YMEHBIIICHUS JHAMETpa CKBOKHUHHOTO
arperara (ka0eiab + TOTrPYXKHOU IIEHTPOOEKHBI HACOC) HIDKHSSA 4YacTh KaOeus
W3TOTaBJIMBAETCS B TNIOCKOM CEUYEHUHU.

Kabenp n3roraBnmBaeTcs ¢ MOJIMMEPHON U3OJISIMEH, KOTOpas HAHOCUTCSA Ha
JKUJTBI KaOesst B 1Ba ci0s. Tpu M30IMPOBaHHBIE KUJTbI KAOENsl COSTMHSIOTCS BMECTE,
00MaTBIBAIOTCS TPEIOXPAHSIONICH MOJIOKKON T0JT OpOHIO, a 3aTeM IMOKPBHIBAIOTCS
MeTaJTHYeCKOM OpoHel. MeTaumiaeckas JIeHTa OpOHM SBISETCS 3alIUTON H30JISIIUN
KU Kabesss OT MEXaHMYECKUX BO3JICUCTBUN NPU XpPaHEHUM, TPAHCIIOPTUPOBKU W

pabote, B IEPBYIO OUepeb — MPHU CIYCKE U MoIbeMe 000PyI0BaHUS.

27



Y CKB@XHMHHOTO JJIEKTPOABHUraTesisl KaOenbHas JIMHUS OKAHYUBAETCS
HITETICEIbHON MYy(TON, KOTOpash MO3BOJIAET CAENaTh T'€PMETHYHOE COCTUHEHHE C
00OMOTKOM cTaTopa JBUTATENS.

KaGenbHast MMHUS TIPU TPAHCIIOPTUPOBAHUU U XPAHEHHUH PACIIONOKEHHA Ha
crienuagbHOM OapabaHe, UCIOIb3YEMOM TaKKe MPU CIYCKaX U MOAbeMaX YCTaHOBOK
Ha HEQTSIHHBIX CKBAKMHAX, MPOPUIAKTUIECKUX U PEMOHTHBIX paboTax ¢ KaOelbHOU
JIMHUEN.

Texnuueckue ycnoBus Ha KaOenbHble NUHUU Tuna K43 npegycMmarpuBaroT
120 TtumopasmepoB kaOenbHBIX JHHUNA JIHHONW OT 515 nmo 2450 M u ceueHuem

OCHOBHBIX Ka0enei ot 10 1o 50 mm2.

MEPKAPOBOYHES Ne-Ta AN

CBMHLIOBASA 060NCHKE . SN
TKANeBas NOayWKa At
NOM3CTEPHAR NeHTa —— AN
OUMHKDBAHHARA NeHTa W BN —

Pucynok 1.10 — Koncrpykiun kabemneit 111 yCTaHOBOK MOTPY>KHBIX AJIEKTPOHACOCOB

KonctpyktuBnbie ucnonHenus kaodeneit KIIIIBK u KIIIIBII anamoruydHb
KOHCTPYKTUBHBIM HcrionHenusM kabeneit KIIBK u KIIBII.

Mennsie onnomnpoBosounbie kuiabl kabeneit KIIIIBK u KIIIIBIT mokpeITs
OJIOBSTHHO-CBUHIIOBBIM MIPUTIOEM WJIM MOJUATUIICHTEpEePTATaTHOMN TIICHKOM.

[IepBbIi CIIOW W30JSIUMUA KWUJT BBINIOJHEH W3 IOJMUIIPOIIAIIEHA, BTOPOU - U3

MOJUITPOINIICHA UJIN ITOJIUOTHUIICHA BBICOKOM MJIOTHOCTH.
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Jlonyctrmas Harpyska, A

35 40 50 60 70 80 90 100
Temniepatypa cpeast, °C

Pucynox 1.11 — 3aBUCHMOCTb AOMYCTUMBIX TOKOBBIX Harpy3ok kadesnst KIIBK u
KIIBII ot TeMnepaTypsl CKBaKUHHOM cpebl (mudpaMu 0003HaYEHBI ceueHns (MM?):
1-10; 2-16; 3—25; 4 —35)

My¢dra xabenbHOrOo BBOJAA MOHTHUpyEMas Ha KOHLE IIJIOCKOrO KabOess-
YATUHUTEIS, COSTUHIEMBIM C TIOTPYKHBIM dJIeKTpoaBuraTeneM. Kabenp HaxoauTcs B
METAJJIMYECKOM KOpIyce, NPUIAsSHHBIM K OpOHE IIOCKOro KaOems-yIMHUTES,
U30JIMPOBAHHBIE JKUJIBI 3TOTO KaOesisi FTepMETUYHO YIIaKOBAHbI B KOPITYCE C TOMOILBIO
PE3UHOBOTO YIUIOTHUTENS, 3a)KaToro Mexay Iaiboi u raiikoil. Ha koHmax
TOKOMPOBOSALINX KU Kabessi CMOHTHPOBAaHbI ITPU IOMOIIN pe3b0OBBIX COCTUHEHUI
HITeTICeTIbHbIE HAKOHEUYHUKH, TaK K€ Ha pe3h0OBbIC MOBEPXHOCTH TOKOMPOBOISIINX
KWJI HaHECEH NPUIION /I TapaHTUU HAJAEKHOTO DJICKTPHUUYECKOTO KOHTAKTa.
Pe3b00BBIE COEIUMHEHUS [al0T BO3MOXKHOCTh BOCCTaHAaBJIMBATh YCTaHOBOYHBIE
pazMepsl My(pT TIpH ycaakax W3OJSIHMUA KU KaOelst U OCEBBIX CMEIICHHSIX CaMHUX
KU 0€3 TepeIeTKH My (PTHI.

Jlns  coxpaHeHUs MEIOCTHOCTH Kabenms u ero wu3omsiuuu npu  CIIO
HE00X0IMMO Kabenb PUKCUPOBATh Ha KOJOHHE HACOCHO-KOMIPECCOPHBIX TpyO. Jlis
3TOr0 HEOOXOAMMO HCHOJIb30BaTh (PUKCHUPYIOIIME YCTPOMCTBA PSIOM C YYacCTKOM
YBEJIMYCHHUSI BHEIIHETO IUaMeTpa KOJOHHBI HAaCOCHO-KOMIPECCOPHBIX TpyO, T.e.
psaoM ¢ My(QTOM WM pacupeHus moja pe3roy. Bo Bpems kperieHus: kabest Hy»KHO
OPOBOAUTH KOHTPOJIb HaJ TEM, 4YTOObI Kabellb IUIOTHO Mpujeral K HacOCHO-
KOMIIPECCOPHBIM TpyOaM, a €CJIM HUCIOJIb3YETCs TUIOCKUN Kabellb HY)KHO CIEANTH 3a
TeM, YTOOBI KaOellb He MePEKPyIUBAIICS.

[IpocreiiinMu yCTpOHCTBOM JUIsl TOTO YTOOBI 3aKpENUTh Kabelb K HACOCHO-

koMmripeccopubiM Tpybam (HKT) u y3nam morpyxHoro HacocHoro arperara YOIH
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SIBIISIIOTCS] METAJUTHYECKHE TI0sICa C TPsDKKaMU WU KisiMehl (0T anrin.Clamp — 3axum,
cKko0a).

3akperieHre KaOemsi-yJIMHUTENS K y3J1aM MOIPY>KHOT'O HAaCOCHOTO arperara
(mOrpy»>HOro Hacoca, MPOTEKTOPA U JIBUraTessl) MPOU3BOJAUTCS B MECTAX, YKa3aHHBIX
B PYKOBOJCTBaX IO OJKCIUTyaTallMM »3TOTO0 THUIA HACOCHOTO 00O0pYyJIOBaHMS.
3akperieHue kabens yJUIMHUTENS U OCHOBHOTO KaOessl K HaCOCHO-KOMIIPECCOPHBIM
TpyOaMm MPOU3BOAUTCS MO 00€ CTOPOHBI Kaxa0H My()ThI HACOCHO-KOMIIPECCOPHBIX
TpyO Ha paccrosiHuu apyr ot Apyra 200-250 MM OT BEpXHEro M HMYKHEIO TOPLOB
My(]THIL.

Hcnonb3oBaHrEe YCTAaHOBOK 3JEKTPOLIEHTPOOEKHBIX HACOCOB B HAKJIOHHBIX,
TOPU30HTAJBHBIX M KPUBOJIMHEWHBIX CKBa)KMHAX IOTpeOoBajia MPOECKTUPOBAHMS
INPUCHIOCOOJICHUI ISl 3aKpeIluieHus KaOened W 3aluThl UX OT MEXaHUYECKUX
IIOBPEXKICHUN.

Poccuiickumu nipeanpustusimu 3A0 «bkeneurexuonorusi» (r. VbkeBck) u
«Mapc-Texnonorus» (r. MockBa) CIpOEKTUPOBaHbl U U3TOTABIMBAIOTCS 3aIUTHBIE

HPUCIIOCOOJICHHUS, COCTOAIIME U3 KOPITyca U MEXaHMUYECKUX 3aMKOB (puc. 1.12).

,3amox kpenacHua 3Y

lll g
I ,Kopnyc (nomxcpon) 3
/
/

HacocHo-koMnpeccopHan Tpyos:
c mydrof

Pucynoxk 1.12 — KoHCTpyKTHBHAs cCXe€Ma 3alllUTHOTO YCTPONUCTBA

JlaHHbBIE YCTpPOICTBA yCTaHABIUBAIOTCA HA My(pT€ HACOCHO-KOMIIPECCOPHBIX
TpyO 1 00J1aAAI0T CAEAYIOUMMHI TEXHUYECKUMH OCOOEHHOCTSAMU:
- o0ecne4ywBalOT TMPOCTYIO M HaASKHYI (Qukcanuio (OCeByl0 H

paJralibHYI0) Ha HACOCHO-KOMITPECCOPHBIX TPyOax;
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- HAJeKHO YACPKUBAIOT W 3alUIIAIOT Kabelb, B T.4. B aBapPUIHBIX
CUTYyalusX;

- B CBOEH KOHCTPYKIMH HE HMEIOT COOpHO-pa30OPHBIX 3SJIEMEHTOB
(BUHTOB, Ta€K, MIIIJIMHTOB U JAp.), YTO UCKIIOYAET UX MOMAJaHUE B CKBAXKUHY MPU
MOHTa)XE U CITYCKOIOAbEMHBIX ONEpalUsX;

- KOHCTPYKLHMS 3alllUTHOTO YCTPOMCTBAa TMPEANOojaraéT MHOTOKPAaTHOE
UCITIOJIb30BaHUE;

- yCTaHOBKAa  yCTpoilcTBa  He  TpedyeT  clieCapHO-MOHTa)KHOTO

WHCTPYMEHTA.

1.2.7 Ob6opynoBaHue yCThsl CKBaKUHBI IS KcIuryatanuu YL H

Yerbe ckBaxkuH 151 dKcIutyatanuu yctaHoBkamu JIH oGopynyercs nubo
CTaHJApTHOM (POHTAHHOUM apMaTypou co crenHaIbHOM TIaHIIaioo0M A1l TpOomycKa U
repMeTuzanuu  kabenpHoM  ymHMM  (TMma  A®KI13), nubo cnenuanbHbIM
000pyI0BaHUEM.

Tax mHOrMe poccuiickue (pUPMBI BBITYCKAIOT 000PYJOBAaHUE YCThsI CKBAXHUH
tunia OY3OH (puc. 1.13).

KpectoBuk 1 kotopeiii coemunsierca ¢ OK, mMmeeTr B CBOEW KOHCTPYKLUHU
pa3beMHBIE KOHYC 2, 3a KOTOPBI KpemsiTcs HAacOCHO-KOMIIPECCOPHBIE TPYOBI.
[ToBepx KOHYyca pacnoJiaraeTcsi pe3MHOBOE YIJIOTHEHHUE 3, TEPMETU3UPYIOILEE MECTO
BbIBOZAa TpyO M Kabens 4. YIUIOTHEHHE MOJKUMAETCS pa3beMHBIM (praHueMm 3.
3arpyOHOE TPOCTPAHCTBO HE(PTAHON CKBa)XXKMHBI COEIMHAEMCA C BBIKUJIOM U3
HACOCHO-KOMITPECCOPHOM TpyOBI uepe3 KoyieHo 6 u oOpaTHbIi kinanaH 7. KpecTtoBuk
1 umeer ocoboe OTBEpCTUE ISl MCIOJIB30BAHUS 3XO0J0TAa WM WHBIX MPUOOPOB AJIs

OMpCACICHNA THHAMHWYCCKOTO YPOBH.
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Pucynok 1.13 — Cxema 000py10BaHHS YCThSI CKBaXKUHBI IIPH SKCILTyaTaIluu €€
OIIH:1 — kpecToBUHA, 2 — pa3beMHBIN BKJIabIII, 3 — YIJIOTHEHHUE, 4 — Kabenb, 5 —

pazbeMHbIl (aanel, 6 — Tpyda, 7 — oOpaTHBIN Ki1anaH

1.2.8 Cranuus ynpasJjieHusi, Tpancgopmartop

CraHmmsi  ympaBjiCHHS  HCHOJB3YeTCS  JUIsl  yOpaBieHUS  paboTou
(ycK/OCTaHOBKA) M 3alllUThl YCTAHOBKHU JJIEKTPOIEHTPOOEkKHOTro Hacoca. Bce
CTaHIIUU YIPaBIEHUs 000PYy/I0BaHbI HEOOXOIUMBIMU KOHTPOJIbHO-U3MEPUTEIHHBIMU
npubopaMu W CHCTEMaMH, aBTOMATHYECKUMHU BBIKITFOYATEIISIMH, Pa3sHOOOpPa3HBIMH
pene (MakcMMalibHbIE, MUHUMAaJbHBIC, MPOMEXKYTOUHBIC, peie BpemeHu). Ecnu
MPOM30IJIa HEITaTHAs CHUTyalus CpadaThIBAlOT COOTBETCTBYIOIIHE CHUCTEMBI

3alllUThI, 1 YCTAHOBKA OTKJIFOYACTCA.

Pucynok 1.14 — Cranuuu ynpasinenust «9JIEKTOH»
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Cranmmu ynpaenerus DJIEKTOH (BAO «DnekToH») HCHONB3YIOTCS JUIS
PYYHOTO, aBTOMAaTHYECKOTO U JUCTAHIMOHHOTO YIPABJICHUS W 3aIIUTHI MOTPYKHBIX
HACOCHBIX  YCTAHOBOK, OCHAILEHHBIX ACHUHXPOHHBIMH WJIM  BEHTWJIbHBIMU
ANEKTPOABUTATEISIMA HOMUHAIBHON MOoIIHOCTHIO 710 1100 kBA.

Tpancpopmarop yBeIMYHMBAET HAMNPSHKEHUE, YTOOBI AJIEKTPOJBUTATENbh HA
BBOJIc B OOMOTKY CTaTopa HMeEN 3aJJaHHO€ HOMHHalIbHOE HampsbkeHue. Kak
OOBSCHSJIOCH BBIIIIE, HOMHHAJIBHOE HAIPSIKEHUE DJICKTPOJBUTATEICH COCTABIISCT
470-2300 B. IlomuMo 3TOro, HEOOXOJAMMO IPUHMMATh BO BHHUMAaHHUE TNaJcHUE

HaIpsHKEHUS B JUIMHHOM Kabene (3G deKT IIMHHON JTUHUH ).

Pucynox 1.15 — O6uwmii Bug tpancopmatopoB TMIIH: 1 — canazku; 2 —
3a3emiieHue; 3 — Tabauuka; 4 — KpIoK JUIs mogbeMa Tpanchopmaropa; S5 —
BO3/[yXOOCYIIUTEIb; 6 — MaclIopacIIupeTenb; 7 — MaciaoyKasareib; 8 — kopoO; 9 —
Kpblika kopoba; 10 — BBoasl; 11 — Tepmomerp; 12 — paguatop; 13 — ckoba; 14 — Gak;

15 — npoOka cimBHas
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1.3 TpeGoBaHus K 31eKTPONPUBOAY AJs o0ecnieueHns Oecnepedoiinoi padoThI
YCTAHOBKH

ONIEKTPONPUBOJT  YCTAHOBKH  JOJDKEH  YJOBJIETBOPATH  CIECAYIOIIUM
TEXHUYECKUM TPEOOBAHUSIM M YCIOBHSIM IKCILTyaTAIUH.

YcranoBka padoraet Ha noabeM [JKC B IByX TEXHOJIOTHYECKUX PEKUMAX:

- PperyJupoBaHUE MPOU3ZBOJAUTEIHBHOCTH MPU HOPMAIbHBIX YCIOBUSX B
npezenax 30Hbl pEryJIMpOBAaHNS TapaMETPOB YCTAHOBKH;

- MoJIepKaHke MPOM3BOMUTENBHOCTH Q =30 M°/cyr IpW Hammope He MeHee
H=2550M B yCIIOBUSIX U3MEHEHUS IUIACTOBOM TEMIIEPATYPhl HA YPOBHE MPUEMHOU
ceTku B npezenax 87°C-97°C.

Pexxum paboThl — MIPOIOIKUTETBHBIH.

Crannusa ynpaBiieHUsT UM TpaHchHOpPMATOp YCTAHABIMBAIOTCS HAOTKPBITON
IUIOMIAJKEeC TeMIepaTypolt okpyxatomero Bo3ayxa oT -40°C nmo 45°C wu
OTHOCHUTEJILHOU BIaXHOCTHIO HE Oosee 80% .

Cetb Tpé€xdasnas: 380+ 10% B, 50 £1 I'm.

CraHuusi ymnpaBiieHHs] JOJDKHA 00JaJaTh HEOOXOJAMMBIMU TEXHUYECKUMU
BO3MOXXHOCTSIMU JIJISI pean3ai peBepcuBHON paboThl [19]1, 6€3 10mOJIHUTEIBHBIX

KOMMYTAallMUOHHBIX Y3JIOB.

2 Pacuer u Bb10Op norpy:kHoro aApurartens aiast JIUH 3-80-2000 wn
omnpejesieHue napamMeTpoB ero T-o0pa3Hoii cxeMbl 3aMelleHUsA

2.1 Meroauka mnoadopa YIIH k ckBaxuHe

IIpu mombope THUMOpa3Mepa Hacoca JOJIKHBI O0A3aTENbHO YUYHUTHIBATHCS
o0beMHbIN Kod(durmenT HedTu U razocoiepkaHre Ha MPUEMe Hacoca. Y Ka3aHHbIE
(bakTOpbl NPUBOAST K CYHIECTBEHHBIM OTJIUYHSIM B 00beMaX ra30kKuIKOCTHON CMECH

Ha MpHUEME HACOCa U )IC6I/ITG KUAKOCTHU HA ITOBEPXHOCTH.
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KonudecTBo cryneHelr B Hacoce MOAOUPAETCS UCXOI U3 YCIOBUS MOAbEMA
KUJKOCTH HA TIOBEPXHOCTh C Y4YeTOM JaBieHHs Ha Oydepe, B 3aTpyOHOM
MPOCTPAHCTBE M Ha IMPUEME HACOCA, TAKXKE YUYUTHIBAeTCs raznudTHelii 3ddext B
HKT u HeratuBHOE BO3/IECTBUE CBOOOJHOIO ra3da Ha HKCIUTyaTalMIO MOTPY>KHOTO
neHTpobexHoro Hacoca. [Ipu moabope Tumopasmepa M KOJUYECTBA CTYNEHEH B
Hacoce HY’KHO YYUTBHIBATh, YTO HA HANIOPHYIO Xapakrepuctuky Y II[H 3HauntenbHO
BIIUSICT BSI3KOCTH TEPEKAYMBACMON JKUIKOCTH. Takyke BBIOMpaeTcs HEoO0Xoaumas
riyOrHa CIycKa, MO JIOBUJILHOM TOJIOBKE HAacoca, 3aBHUCSIIAS OT MHKIMHOMETPUH,
JUIMHBI W AuaMerpa yctaHoBkU. I[lo pe3yinbratam mnogdopa MOTYT J1aBaThCS
PEKOMEHJIAIMKA 10 JIOMOJHUTEIbHOW KOMIUICKTAIIMM YCTAHOBKM W CKOPOCTH

CHYCKa/ NoJabEMa B HCKOTOPBIX HHTCPBAJIaX FJIY6I/IH CKBa’XUHBI.

2.1.1 Bp10op HACOCHOW YCTAHOBKHU M0 BeJIMYMHE MJIAHUPYEMOro 1e0uTa M
Hamopa

Br100p HacOCHOM yCTaHOBKH MPOU3BOJUTCS C YYETOM HEOOXOIUMOTO AeOHTa,
Hanopa, rabapura, 1o KaTaJlo>KHbIM JIaHHBIM NPUBEACHHBIM B [Ipunoxenun 1
B cooTBeTrcTBHM C TEXHHUYECKMMHU TPEOOBAHUSIMH, BBHIOMPAEM YCTAHOBKY

OIIH 3 — 80 - 2000 ee mapameTpsl 3aHeceM B TadmuIry 2.1.

Tabnuua 2.1 — Ilapamerpsl BeiOpanHoM yctanoBku 1[H3-80-2000

QoB m¥/cyT 80
KonnuectBo cekuuii 3
JnunHa cexuii M 5+6+6
KonuuecTBo crynenei 758
Harmop m 2000
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W3 TaGauipl BUAHO, YTO BHIOpAHHAS YCTaHOBKA MOJHOCTBIO COOTBETCTBYET

TCXHUYCCKUM TpCGOBaHI/IHM

2.1.2 MeToauka noadopa I13/1 u rugpo3amursl

B o6miem cirydae 1o MakCUMaJIbHOM OTPEOIIsIEMO MOIITHOCTH HAcOCa, TUAMETPY
AKCIUTyaTallMOHHON KOJIOHHBI, TEMIIEPATYPE MIIACTOBOM KUIKOCTH MOAOUpaeTCs
JIBUTATENIb HEOOXOUMOT0 UCIIOJHEHHS, MOIIIHOCTH U rabapuTa.

B cnydae ecnu npenmnonaraerca pabora yctaHoBku mpu 6001, To nBUrarenb
noa0MpaeTcss ¢ y4eToM pocTa moTpedisseMold MolHocTH Hacoca. [lorpedisemast
MOIIIHOCTh HAacOCa MPU YBEIMYEHUH YaCTOThl PAaCTET B KyOMYECKOW 3aBUCMMOCTH, a
MOIIHOCTh JABUTATEIS - B JUHEUHOM.

Hampumep: mpu 50I'm macoc motpebmsier 28,6 kBT, ecnu mpeamosiaraercs
pabota Tosbko npu S0’ moxdupaercs npurarens 32 kBT.

[Tpu npenmonoxkeHnun pabotel Hacoca npu 60I'm Oynyr crenyromue
pe3yabTathl: ecnu ripu S0I' Hacoc moTpedsseT 31,6 kBT To npu 601'1:

[Tpu monbope ABUTarTenss Tak K€ YYUTHIBAETCS IMOTpeOisieMas MOIIHOCTb
UAPO3alIUTel M razocenaparopa, HOpPUHUMAeM MNOTPeOIsIeMyl0  MOIIHOCTb
TUAPO3alIUThI U razocenaparopa mnpu yactore S0I'n, P,y = 3xBm

Haxonum notpebisieMyto MOIIIHOCTh Hacoca nipu 601:

F\3 60\3
Py = (F—Z) Puact = (55) 28,6 = 49,42 KBT (2.1)
Jlanee Haxo UM MOTPEOIIEMYI0 MOIIIHOCTh THIPO3aIUTHI U Ta30cernaparopa:
F\3 60\3
Po=(2) Pu=(5) 3=5184xBr (22)

[ToTpebnsieMas MOIITHOCTh YCTAHOBKH:
Puacz = Py + Pyacz = 5,184 + 49,42 = 54,6xBT (2.3)
W3 kaTtanoXHbIX JaHHBIX ,IpUBeNeHHBIX B [Ipunoskennu 2, BeiOMpaem
norpyxxnoit asurarens IJ[CT 56 — 96M

3anecem ero napamertpsl B Tabmuiy 2.2:
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Tabnuma 2.2 — [Tapametpsl norpyskHoro snexrpoasurarens IACT 56 — 96M

Tun snexTpoaBUTaTeNs S/CT 56 — 96M
HomunansHasg MOIHOCTE, KBT 56
HomunanpHOe HanpsbkeHue, B 1560

HomunanbHBIN TOK, A 335
KOSOOUIHMEHT ITOJIE3HOI'O
JIEVICTBUS, % 95
Cos ¢, o.e. 0,8
Cxounbxenue, % 6
MuHuUM. TUamMeTp CKBAXKUH, MM 112
CKOpoCTh OXJIaXK. )KHJIKOCTH HE MEHEe, 0,09
M/C
Koin-Bo ceknuii 2
VY cranoBodHast JJIMHA, MM 10620
Macca, kr 563
CHUHXpOHHAs YacToTa BpallleHus, 00/MuH 3000
Max. TeMI1. OXJI. )Kuja- koctu, °C 120
Max.temn. oOMoTku asurarens, °C 170

B cnyuae, korma W3BECTHbI BCE XAapaKTEPUCTUKHU IJIACTa, CKBAaKHUHBI,
CBOWMCTBA  JKMAKOCTH  TJIyUIEHHS,  coIylacOBaHa  komruiektauus — YOI[H
(HAIMYMe/OTCYTCTBHE OOpAaTHOTO KJIalaHa, CTaHIMU YIPaBIEHUS C YaCTOTHO-
peryiaupyeMbiM TPUBOAOM), BBIICHEHAa MOTpediiieMas MOIIHOCTh Hacoca st
JIAHHBIX YCJIOBU, BO3MOXEH 0oJiee KOppekTHBIN noadop [13/]a.

Ha npumepe BHHS5-30 paccmoTpum, mpu Kakux Mojadye W Hamope Hacoc

OyzeT noTpedIsiTh MAKCUMAJIBHYIO MOIIIHOCTD:
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XapaKTepUCTHKM CTYNEeHH
6 — Q, mlcyT H, m KnA, % N, kBT
] [ 6.17 0 0.032
10 5.86 22 0.030
5 20 5.40 38 0.032
0 B 30 4.78 44 0.037
n. % 40 3.55 39 0.041
45 2.68 32 0.043
NS 50 173 22 0.045
€0 4 N N, kBT 58 0.0 0 0.051
N
45 4+ 3 e N 0.06
P
N N
1 L~
304+ 2 = —TSN, 0.04
A 1 N
i n RN
I A\
154+  1HH N 0.02
A
0+~ o0 0
0 10 20 30 40 50 60

Q, mM¥cyT

Pucynok 2.1 — Xapakrepuctuku ctynenu J1H 5-30 Ha BoJe IIIOTHOCTBIO
1000 kr/m® mpu 2910 06/Mun
B nanHOM cnydae mojayda, Mpu KOTOPOM HAcOC MOTPEOIISIET MAaKCUMAJIbHYIO
MOIIHOCTb, HAXOJIUTCS JAJIEKO 3a MpejenaMu padoyero quamna3oHa, yTo siBIseTcs He
nomycTuMbIM. Takas cuTyauuss MOXKET BO3HHMKHYTb, HallpuMep, IIPU 3alycKe
YCTaHOBKHM 0e3 oOpaTHoro kiamana. M30exars neperpysku [19]la npu 3TOoM, Ham
NIO3BOJIMT MCIOJIb30BAHUE CTAaHIMU YINPABICHHA C YacTOTHO-PEryJUPYEMbIM

MIPUBOJIOM.

Hcxons u3 BbIIIECKAa3aHHOTO, cienyeT BbiOMparh [13]/] mo mMakcumanbHOU
noTpebsieMO MOLITHOCTH Hacoca B €ro pabodyeM Juana3oHe, ¢ Y4eTOM CIeAyHOIINX
(bakTOpOB.

®dakTophl, BIUSIONIME HA TTOBBIIIIEHNE TOTPEOISIEMOI HACOCOM MOIIIHOCTH:

BeIcOKas Bs13KoCTh I JKC;

- BBICOKas IJIOTHOCTh NIEpEKaunBaEMOM Cpeibl (KUJIKOCTh TIYIICHUS,
[7KC);

- OTCYTCTBHME B KOMIIOHOBKE OOpaTHOTO KJIallaHa;

- Mmporud yCTaHOBKHU B MECTE TOIBECKH;

- OTJIOXXCHHE MEX IIpUMeceH B Hacoce 0e3 M3MEHEHHMS 110/1a4H,

- YBCIIMYCHUC YaCTOTEI,
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- yBeNIMYCHHE OOBOJHEHHOCTH B MIPOTYKIIUHA CKBAKUHBI,

- YBEITMYEHHE MOJIayM Hacoca.

dakTopbl, BAUSIONINE HA CHUKEHUE TOTPEOIIEMO HACOCOM MOITHOCTH:

- coJepKaHue CBOOOJIHOTO rasa B MPOIYKIIUH CKBAKHHBI;

- HHU3Kas IUIOTHOCTh NEPEKAYMBAEMOM CPEIbI,

- pomuB HKT nepen 3amyckoM (Iipu HaTMYUU 0OpaTHOTO KjlarnaHa);

- CHW)KCHHE TI0JIaYl HACcOCa;

- CHHXEHHUE YaCTOTHI,

- CHWXeHHUEe 0OBOJHEHHOCTH MPOAYKITUH (B T.4. IIPU BBIBOJE HA PEKUM).

Ncnons3ys mporpammy Novomet ESP Calculator, mpoBepum MakcHManbHYIO

HOTpe6J'I$I€MYIO MOIIHOCTDb YCTAHOBKHU B pa60qu JHUaIla30HC:

« Kanokynarop 3UH E@g
®aiin  Mpaeka Crynenn  Jswratene  fsec (Language) 7
HXa=® |2 @
YapaKTEpMCTHIM HBCOEE | YaeToTHBIA Fpaduk Hacoc
Yactora 600 ru 310815 06/ mm fioeones IS E0S v]
YenosHbIR rabapuT 3(319)
XapaKkTepucTUKK Hacoca HoeomeT 3LH 3-80.3-2900 (758) [uameTp Hacoca, MM 81
3108 06./MHH — 60,0 My - NNOTHOCTE paGoyeil KnakocTh: 1000,0 Krim3 O 75812
pasEMBaeMoe gaEneHue: 28.23 MMa
100 ~ 4000 MNopava
p Homunanenan, m3/cyt 80
90 100 Ha vacTote 60,0 Ty 96
Hanop Hacoca
30 - Homunan, m 1998.09
s N ., Ha vacTore 60,0 T 287125
70 MowHocTs Hacoca
Mpw nogaue 96 m3/cyr HomuransHan, kBT 28,59
60 Hanop: 2865,6 m | Ha vactote 60.0 Tu 49.40
B MowHocTe: 49,409 kBT : 3
- 1= KM 63% - e Pafiouan xuaocTs
= 50 E 000 e oo cassans S R e NN T g MnoTHoETs, K3 100005
= 1z : : El
] 2 Ban
40 1 OwameTp, MM 14,00
] - 40 ™ :
] Twn wnuua MpAMoGoYHEE WNKLEl — *
307 1 : : : : : ] : - o_ . MMa 780 -
1000 £ oY S e .. %coooao o 8000000004 ‘SO, W Ao Booaod T
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Pucynok 2.2 — Buemnuit Bua nporpammsr Novomet ESP Calculator

39



U3 pucynka 2.2 BMAHO, 4TO mpu mogade 96 m%/cyr. m mpu yactore 600,
noTpebisiemMass MOIMHOCTh, Hacoca coctaBisieT 49,409 kBt, uro moarBepkmaeT

npaBuibHOCTH BbIOOpa DJICT 56 — 96M

2.1.3 Meroauka noadoopa kadeJbHOM JUHUU

[Ipu BBIOOpE KAOEINS CleayeT ONpeneIuTh:

1)  TUIOUIAJb CEYCHUS KUJIBI KaOes;

2) TUn Kabenus,

3) MHY KaOes.

BeiOop miiomanu cedeHus KWIBI M THHA KalOens oO0yclaBIuBaeTcCs
COBMECTHBIM BJIMSIHUEM (PAKTOPOB: AOMYCTUMBIX TOKOBBIX Harpy30K U TEMIIEpaTypbl
CKBOXXMHHOW CpeJibl, MMapaMeTpoB (JIIoMAa W MPOCTPAHCTBEHHBIX OTPAaHUYECHUI B
kosbie Mexay HKT u ob6cannoit TpyOoii.

JlnnHa xaOenbHOW JMHUU MOAOUpaeTCss UCXod U3 IIyOuHsbl ciycka [19]] B
CKBOXHMHY C Y4Y€TOM paccTtosiHug oT ycTba no TMIIH (razooraenurensHOR
KOPOOKH).

JInuHa  yIJUHUTENST TMOA0UpaeTcs TakuM 00pa3oM, UTOOBI CPOCTOK
YIJIMHUTENSE C OCHOBHBIM KaOesieM HaXOAWJICS MUHUMYM Ha 2-3 M BbILIE JOBUJIbHOU
TOJIOBKM HAacoca, a TaKKe IO JOIMYCTHUMBIM TOKOBBIM HAarpy3kaM W TeMIEpaType
CKBaKUHHOM CPEIBI.

VYanuHuTeNh WM TEPMOCTOMKAas BCTaBKa MOJIOMpaeTcs IO TeMmIeparype
CKBaXMHHOM XUAKOCTH, npoxonsmeit mo HKT u nomyctumeiM TOKOBBIM Harpy3kam

(puc. 2.3, puc. 2.4).
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Jlonyctumast Harpyska, A

35 40 50 60 70 80 90 100
Temneparypa cpeast, °C

Pucynok 2.3 — 3aBUCUMOCTD JOMMYCTHUMBIX TOKOBBIX Harpy3ok kabdemnst KIIBII ot
TEMIEPATYPbI CKBAKMHHOMN Cpe/Ibl (CMECH KUIKOCTH U ras3a).

[udpamu 0603Ha4eHEBI ceuenns kadens, Mm% 1 -10,2-16,3-25,4-35,5-50

160
140

3%}

120
100
80

JlomycThmast Harpyska, A

35 40 50 60 70 80 90 100 110 120 125
Temneparypa cpespl, °C

Pucynok 2.4 — 3aBUCUMOCTb JOITYCTUMBIX TOKOBBIX Harpy3ok kadenst KIIBIIT ot
TeMIEepaTypbl CKBAKUHHOMN Cpebl (CMECH JKUIKOCTH U Tra3a).

udpamu 0603Ha4eHbI ceuenus kabens, mm% 1 - 10, 2 — 16

2.2 Onpenenenne napameTpoB T 00pa3Hoil cXeMbl 3aMellleHNUsI IOTPYKHOTO
jaekrpoasurarens IACT 56 — 96M

Texnuueckue naHHble morpyxHoro osnektpoasurarens OIJCT 56 — 96M
HEOOXOJMMBIC IS OmpeaeiacHus mapaMeTpoB T 00pa3HOW CXEMbI 3aMEIICHHS,

npuBeaeHbl B Ta0muie 2.3.
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Tabnuma 2.3 — Texauueckue gannbie dnexkrpoasurarens IACT 56 — 96M:

Hanpsokenue asuratens ¢asnoe, B 1560
Uldn

CuHXpOHHAas YacTOTa BpallleHus, 3000
00/mMuH n0

MortHocTh ABUrarensa, KBt PnsH 56
CKonbXeHHEe TTPH HOMUHATbHOM 6
Harpyske, % sH

KoaddutmenT noneznoro neicTBus 79,5
IIpM HOMHUHAJIBHOM Harpyske, % nH

COSQIPY HOMUHAIBHOU Harpy3ke coseH | 0,8
KpaTHOCTh MakCHMaIbHOTO MOMEHTA 1,9
mk

KpaTtHoCTh MyCKOBOrO MOMEHTA MII 1,0
KpaTtHOCTP MUHUMAILHOTO MOMEHTA 0,9
mm

KpartHocTh myckoBoro Toka kins 7,0
Yucno nmap nonocos Zp 1
MOMEHT MHEPIMH IBUTATENS, KT * M 0,9

Haunbonee npocTtoil u yqoOHOM JUIsi MHKEHEPHBIX PACUETOB ACUHXPOHHOIO

JBUTATENIA sBsieTcs T-o0pa3Has cxema 3aMelleHusI, TpeIcTaBlieHHas Ha puc. 2.5.[8],

[17]
1 P
S o, BRGNS Vo VNP SIE Vo Vo
Ry X16 l, 2o
R \
Ugg g Ra

X

o |

)

Pucynok 2.5 — CxeMa 3amenieHusi aCHHXPOHHOTO JIBUTATEIIs

Ha pucyHke cxeMbl 3aMEIIEHNsI UMEIOTCS CIIEAYIOIINE TapaMeTph:

l1 — Tox 0OMOTKHM cTaTOpa;

U, — da3zHoe HampsikeHHe MoABOAMMOE K 0OMOTKE CTaTopa JBUTATEIIS;
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] R1 — akTUBHOE COMPOTHUBIIEHNE OOMOTKH CTAaTOPA;
- X,, — MHAYKTHBHOE COMPOTUBIICHUE PACCESHHUS OOMOTKH CTaTopa;

- 1/ — npuBeneHHBIT TOK 06MOTKH POTOPA K OOMOTKE CTATOPA;

; R,/ — npuBeneHHOE aKTHBHOE CONMPOTUBJIECHUE LENM OOMOTKH POTOpa K

OCIIn 00MOTKE cTaTropa,

X,,— TpHUBEIECHHOE WHAYKTUBHOE CONPOTUBICHUE DPACCESHUS LENH
O0OMOTKH pOTOpa K IIeNu OOMOTKE CTaTopa;

- lo — TOK X0JI0CTOrO X0/1a (HaMarHUYMBaHUS );

- X m - MHAYKTUBHOC COIIPOTHBJICHUC KOHTYpa HAMaIrHUYNBaHUWA.

OcHOBHBIC YPaBHCHUA aCHHXPOHHOI'O ABHUIATCIIA, COOTBCTCTBYIOIINC I[&HHOIZ

cXeMme.

Uio —Em—j-X,-11—R - 1:=0

(2.4)
Enm+j- X, 12+R,-12/5=0 (2.5)
4T2-To=0 (2.6)

Bekropnas quarpamma TokoB, DJIC u HanpsokeHUH M300pakeHa Ha PUCYHKE
2.6.

E1R1 (1

JNx Ut

Pucynok 2.6 — BekropHas auarpamMmma aCHHXPOHHOM MalllMHbI

OHpCI[eJ'H/IM AOIIOJIHUTCIIBHBIC IIapaMCTPbl ACHMHXPOHHOI'O JAIBHUIATCIIA IIO

KaTaJIOXXHBIM JaHHBIM.
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CuHXpOHHAs! yIiIoBasi 4aCTOTa BPAIICHUS JBUTATENS, pajl/c

. = XN _ 3143000
0 30 30

we = 314,159
2.7)
HomunansHag yactora BpalllCHHA IBHUI'ATCIIA, 06/MHH
n, = (1 - s,)xno = (1 — =) x3000 n, = 2820 (2.8)
HoMmuHanbHas 4acToTa BPAICHUS IBUTATENS, Pajl/c
w, = (1= 5,)Xw, = (1 - %) x314,159 w, = 295,31 (2.9)

HomunansHBIN TOK IBHUTATEIIS, A

P, 56000
IlH = = = IlH = 133,779 (2.10)
3XUqu X COS XNy 3X1560%0,8%x0,795

HomMuHnansHbIN MOMEHT ABurareis, H - m

P, 56000
MH = MABH =—=
wy 29531

M, = 189,631 (2.11)

Koadduiment 3arpysku asuraress, npuaumaem p,= 0,75

Kosdpduuument none3Horo AeWCTBUS — DIEKTPOJABUTATENs HMPU YACTHUHOM
3arpyske, mpuHuMaeMm 1; = 0,795 + An,=0,82

Koaddurment MomHoCTH npu 4aCTUIHOMN 3arpy3Ke, IpUHUMAEM

cosp; = 0,8 + Acosop,= 0,729 (2.12)

Toxk craropa aBUTraTeNs NPy YACTUYHOM 3arpyske, A

Dz XPy _ DzXPrpyxX1000

111 = = 111 = 106,7
3XU1gX COS P XN, 3XU1¢puX €COS @z X1z

(2.13)

[TapameTpbl cxeMbl 3aMEIICHUS OIpeesieM IO METOJIUKE, TTPEITIOAKEHHON B
[5].

OmnpenensieM  mpeaBapUTEIbHOEC  3HAYEHHE  TOKA  XOJIOCTOTO  XOja

ACHMHXPOHHOTI'O ABUI'AaTCJIA IO BBIPAKCHUIO
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Tok xoJiocTOro Xoja ABUratTens, A

SH
12 _[sz’lHX(l‘m

2
11 )l
I, = 106,749 (2.14)

1 pleoo

~
o
Il

[pzx 100 ]

1= pzx100

i

B — xo3duiment, xapakTepU3yIOUINil COOTHOIIEHUE AaKTUBHBIX CONPOTHUBICHUMN
CTaTop M poTOpa, 3HAYCHHE KOTOPOTro HaxoauTcs B Auamnazone 0,6-2,5.

Jlnis ABurartenei ¢ mMajiblM HOMHHAJIBHBIM 3HAUYEHUEM CKOJBKECHHS CIEIyeT
BbIOMpaTh B> 1, a [u1st IBUraTENEH C MOBBIILIEHHBIM CKOJIbXeHUEM f3 < 1

[Tpuaumaem B = 2,5.

Iy

Pacuernsriit ko3 dunment ¢; = 1 + ———c; = 1,057 (2.15)
2XKingXI1y
Kputrnueckoe cKoIbKCHHUE
myg+ |mgx|1— 2><—><ﬁ><(mk 1)
S, =~ x Jrio| ]Sk = 0,29 (2.16)

100 —2x—H -
1 2x100xﬁx(mk 1)

[IpuBeneHHOE K OOMOTKE CTaTOpa aKTUBHOE CONMPOTUBIIEHHE OOMOTKHU POTOpa
B HOMHHAJIBHOM pexkume, OM

3xuf¢ﬂx(1—%)

2xmK><Pmm><1000><c1 (B+ )

RZHp = RZI’Ip = 4‘,84‘9 (2.17)

AKTHBHOE COIPOTHUBIIEHHE 0OMOTKH cTaTopa, Om

Ry = ¢1XRypp X Ry = 12,813 (2.18)

Koaddurmenr, XapaKTepU3yrIun COOTHOILICHHE WHIYKTUBHOI'O
CONPOTHUBJIEHUSI KOPOTKOI'O 3aMbIKaHUS U NPUBEIECHHOTO aKTHUBHOT'O CONPOTUBIICHUS

poTtopa

2
1
y = (s—) — B2 y=2382 (2.19)
k
HHIIYKTHBHOC COHpOTHBHeHI/Ie KOpOTKOFO 3aMBbIKAHHS B HOMHWHAJIBHOM pe)KI/IMe, OM

XKH = yXC1XR21'[pXKH = 12,208 (220)

45



NHayKkTUBHOE COMPOTHBIICHHE paccessHUs OOMOTKM cCTaropa B HOMMHAJIbHOM
pexume, Om

X1 = 0,42%x X, X1, = 5,128 (2.21)
NHOyKTUBHOCTE OOMOTKM CTaTopa, OOYCJIOBJIEHHAas IIOTOKOM paccesHds B

HOMHWHAJIbBHOM PCKUMC, I'm

Ly, =—39 [ =16x10"3 (2.22)

T 2xmx fiu
HpI/IBG,Z[eHHOG K 0OMOTKeE craTopa MHAYKTHBHOC COIIPOTHUBJIICHUEC paCCCAHUA 0OMOTKH

pOTOpa B HOMUHAIBHOM pexkume, OM
Xpgmp = 0,58X 22 X, = 6,699 (2.23)
C1

[IpuBeneHHass WHIYKTUBHOCTH OOMOTKM pPOTOpa, OOYCJOBJIEHHAas MOTOKOM

pacCCiHusd, B HOMHUHAJIbHOM PCKUMC, I'n

Logup = 228 [y = 0,021 (2.24)

2XTTX fiy

O/1C uenu HaMarHWYMBaHUsS, HAaBEJEHHAs MOTOKOM BO3JYIIHOIO 3a30pa (TJIaBHBIM

10JIEM), B HOMUHAIBHOM pexume, B

E1 = \/(UlCI)HX COS @y — IlHXRl)Z + (UlchX sin Yy — IlHXXlo')Z (225)

E; = 1643
NHIyKTUBHOE CONPOTHUBIIEHUE KOHTYpa HaMarHuunBanus, Om
E
X, = T:X” = 15,396 (2.26)

PesynbTupyromass HUHIYKTUBHOCTb, OOYCJIOBJICHHass MAarHUTHBIM TIOTOKOM B
BO3AYIIHOM 3a3ope, ['H

X
L,=-—k—
2XTTX fiy

L, = 0,049 (2.27)

[Tomydyennsie pacuy€THble mapamMeTpbl T-00pa3HON CXeMbl 3aMeIIeHUs

AIIEKTPOABUTATENISI CBE/ICHBI B Tabnuiie 2.4.
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Tabnuna 2.4 — ITapameTpsl cxemsbl 3amerieHus snexkrpoasurarens CT 56 — 96M

Ry, Om | Xg5,Om| Lyg, T | Xy, OM| L, TH| Ry Om | Xy, OM| Lyg, Tl | X OM

KH'

12,81 |5,128 0,016 |15,39 |0,049 | 4,849 | 6,699 |0,021 12,208

2.3 IlpoBepka aIeKBATHOCTH PacYeTHBIX MApaMeTPOB JABUIraTeJIsl

HomunanbsHbIN C-)JI@KTpOMaFHI/ITHBIﬁ MOMCHT ABHI'aTCJIA

[Ipy  HaWAEHHBIX  ITAPAMETPax  pPACCUMTBIBAIOTCA  3HAYEHHW  HOMMHAIBHOIO

QJICKTPOMAIrHUTHOI'O MOMCHTA ABUI'ATCIIA

s = X 2 (2.28)
o)\ S
My = Moyui
Wynz = V2xIgXL, Yop, = 1,848 (2.29)
M,y = gxsz#x%mxﬁxm (2.30)
IIpoBepsieMbie yCIIOBUS
Mgy < Myyur < LIXM s Moyur = Moy (2.31)
My = 189,631 My, = 193,885 1.1M,,, = 208,595 M,,,, = 193,573
Ay = (Mypuy — Myyuz) Ay = 0.312 (2.32)

[lo pesynbraram pacuera 3TH YCJIOBHS BBIMOJHSIOTCSA, YTO TOBOPHUT 00

AICKBATHOCTHU PACUYCTHBIX ITapaMCTPOB JABUT'ATCIIA.

2.4 Pacuer ecTeCTBEHHBIX XapPAKTEPUCTHK JJIEKTPOABUIATEJIs

PacueTt ecTecTBEeHHBIX XApaKTCPUCTUK IMPOBOJAUTCA C HOCIbIO OOCHKH CTCIICHU
COBIMAACHUA ITApaMCTPOB OCHOBHBIX XAPAKTCPHBIX TOYCK PACUYCTHBIX CCTCCTBCHHBLIX
XApaKTCPUCTUK OJJICKTPOABUTATCIIA C IMapaMCTpaMH JABUIaTCiisl OMPCACICHHBIMU I10

CMPaBOYHBIM TEXHHUCCKUM JTaHHBIM BBIOPAHHOTO 3JieKTpoaBuraTens [8].
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2.4.1 Pacuert ecTeCTBEHHOI MeXaHMYECKOI XapaKTepPUCTHKH

EcrectBeHHass ~ MexaHmueckas — xapakrepuctuka (M) acurxponnoro
BJICKTPOABUTATEIII PACCUUTHIBACTCS 71 4acTOThI f, =f;,, =50 I'1y 11O BRIPAKCHUIO
3-UZ, R

1pu " ™2
R

M (s) = (2.33)

24 (L 22
S°XH

®g -S| Xiw)® + R+

3amaemcs ckoimxkernueM B mpenenax S=0.01,0.02.....0.5 u paccunTtsiBaeM 1mo
nporpamme Mathcad ecrectBennyro Mexanmueckyro xapaxrepuctuxy (M) (puc.
2.7),
rme o=og-(1-9). (2.34)
Taxke pacCYMTHIBACM HOMHHAIBHOE 3HAYEHHE DJIEKTPOMATHUTHOIO MOMEHTA

asurarens M, .

2 '
3-Uipu - Ry

MaM.H (SH) = M3M.H = =193,885H - m

2 R. 2 R R 2
@ - Sy - (XKH) +(Rl+72) +( L 2)
Sy H-XM

KPUTHUYICCKOI'O CKOJILXKCHHA

(2.35)

" SJICKTPOMAIroHuTHOI'O KPUTHYICCKOI'O MOMCHTA

2 '
3-Uipu - Ro

M w5 ) =My = m — —439,186H - M
@0 - S | Kye)® + (Ry+—2)% + <12>2}
S, SHEDSH
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400

300

w(=) 200

100

0 10:0 200 300 A0 300
Miemi=)

PI/ICYHOK 2.7 — EctecTBeHHass MEXaHHUYECKas XApaKTCPUCTHUKA

ACHHXPOHHOTI'O 3JICKTPOABUTATCIIA

n, = 2820-—w, = =% @, = 2953124 (2.36)
M, =M, = 189,631H * m (2.37)

2.4.2 Pacyer eCTECTBEHHOM 3JICKTPOMEXAHUYECKON XapaKTEePUCTUKHU

EcrectBeHHas 3JIEKTPOMEXaHUYeCKas XapakTepucTuka l, ()

AJIEKTPOJBUraTeNsl paccuuThiBaeTcsd s 3HaueHus uactorel f, =f;, =50 I'mno

BBIPKECHHUIO
11(@) =12 + 1, 2() +2- 19 - 15() -sin g, (2.38)
rIe
. u
l5(s)= = ; (2.39)

R' '
iJ(R1+52)2 + (X + X3)
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- 3HaYEHUE NMPUBEAECHHOTO TOKA POTOPA OT CKOJBXKEHUS,;
[To pe3ynbraTam pacuera CTPOMM €CTECTBEHHBIE 3JIEKTPOMEXAHUUECKUE

XapaKTEepPUCTUKHU TOKa CTaTopa MpUBEJICHHbIC HA pUCYHKE 2.8.

400

wi(=) 200

100

e

30 40 30 60 0
I1(=)
Pucynok 2.8 — EcTecTBeHHBIE 2JICKTPOMEXaHHUECKUE XapaKTEPUCTUKU

ACMHXPOHHOT'O 3JICKTPOABUT ATCIIA

OHCHKa AOCTOBCPHOCTH PACUCTHBIX XaPaKTCPUCTHUK ABHUTaTCIIA
B PE3YILTATC PaCUCTa CCTCCTBCHHLIX XAPAKTCPUCTHUK IABHUIATCIIA ITOJYUCHBI

CJIEAYIONINE TapaMeTPhl IJI UX XapaKTePHBIX TOUYEK:

5, =6%; S =28.7%; Iy, =32587A; I .=22811A;
| 1vaxe 5 =7: (2.40)

M, =193885H M; M, ue=439.186 H M

M aM-MaKc/ 2,26 2.41
MSM.H ’ ’ ( . )

M
Mo,y =189.631H - u; 3M-“Y%3M =1
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CHpaBO‘-IHbIe M PACUHCTHBIC TapaMCTPhI JIBUT'ATCIIA:

Sy =6%; 5,=29%; |,,,=32387A; [HB-MaKCI =7:
AB.H

- M - M B.ITYCK
M, =189.631H u; %4 —19; Mun %4 _1.

[Ipu cpaBHeHMs 3HAYEHUN PACCUMTAHHBIX XaPAKTEPUCTHUK CO CIPABOUYHBIMU
XapaKTEPUCTUKAMK JJICKTPOJBUTATENSI 03HAYAET, YTO COBIIAJICHUE JTAHHBIX 3HAYCHUM
o0OecrieunBaeTcs TOJBKO Ha pabOYMX ydacTKaxX pPaCUETHBIX XapaKTePUCTHK (Ipu

U3MEHECHUM CKOJIbXKEHHUS 0TS =0 J0 § = SK). 210 JacT BO3MOKHOCTH HCIIOJIB30BAaTh

VOPOIICHHYKDO  METOJAMKY  pacyeTa XapaKTEPUCTUK  YaCTOTHO-PETYIUPYEMOrO
ACMHXPOHHOTO JJICKTPONPUBOJA B PEXKMMAX IUJIABHOTO U3MEHEHUS YacTOThI, KOT/a
pabora naBuratens BCcE€ BpeMsl MPOUCXOAUT Ha paboyMX Yy4yacTKaX MEXaHUYECKHX

XapaKTEPUCTHK.

2.4.3 MexaHHYeCKasi XapaKTEePUCTUKA HACOCA

HOCKOHBKy MCXaHHMUYCCKAA XapaKTCPUCTHUKA ABUIaTCId paCCUHUTAHbl JIsA
QJICKTPOMAIrHUTHOI'O MOMCHTA, TO IIOJHAA HaArpy3kKa Ha Bally 3JICKTPOABUIATCILA
A0JDKHA YYMTLIBATb COOCTBECHHBII MOMEHT TPCHHUA JABUTATCIIA. MOMEHT OT cul
TPCHHA Ha Baly 3JICKTPOABUIATCIIAA MOKHO ITPUHATH ITIOCTOAHHBIM U PaBHBIM

AM_ 5 =M,y —M 5, =193.885-189.631=4.254 Hwm. (2.42)
JIisi MexaHu3Ma ¢ BEHTHWJISATOPHBIM THIIOM Harpy3KH, YTO XapaKTEpHO IS
Hacoca, CTaTUYECKUH MOMEHT CONpOTUBJICHHMS Ha Bainy jasurarens M (o)

HU3MCHACTCA B 3aBHCHMOCTH OT CKOPOCTH BpalllCHHUA ABUTATCIIA B COOTBCTCTBHH C

BBIPAKEHUEM [0]

MC(O‘)):AMCHB+(MC.MaKC_AMCHB). = =
(DL[B.H
2
2.43
—4.254 + (193.885— 4.254) .| — 2| | (24)
295.31
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rne M =M,  =193.885HM - MOMEHT Harpy3ku IpH CKOPOCTH BpallCHUS

C.MaKkc

©4, =299.31 papn/c, PaBHBIH ~ HOMHHAIBHOMY 3ICKTPOMAarHUTHOMY MOMCHTY

JABHUI'aTCJIIA.
MexaHu4ecKue XAPAKTCPHUCTHUK IIOJIHOIO MOMCHTA COIIPOTHUBJICHHUA HA Bally
JABHUIaTCIIA, COOTBCTCTBYIOIINX MCXaHHNYCCKUM XapaKTCPHUCTUKAM HacocCa,

MpUBEICHBI Ha puc. 2.9.

400,

200

1001

0 100 200 300 400 500
Pucynox 2.9 - EcrecTBeHHas MeXaHMYECKash XapaKTEPUCTHUKA IBUTATEIIS co(M )
Y XapaKTePUCTUKH MOJTHOTO MOMEHTA COMTPOTUBIICHUS HA BTy IBUTATEIS
M (o)
N3 anamm3a mnpuBen€HHBIX Ha puc. 2.9 XapaKTEepPUCTHK CIEAyeT, YTO
anektpoasuratens IJCT 56 — 96M olbecreunmBaer TpedyemMoe 3HAYCHHE

MaKCHMalbHOH ckopoctm Hacoca OIH3 — 80 — 2000 w,, =295.31pan/c,

JUINTEIbHYI0 padoTy NpU MAaKCUMaJIbHOM MOMEHTE Harpy3ku M 0Oojee ueM
JBYKPATHYIO NIEPErPY3KY IO MOMEHTY.

[IprHMMaeM SKBUBAJIECHTHBIM MOMEHT MHEPLIMHU JIEKTPONIPUBOAA [ 5]

J,=12-3,,=12-09=1.08xr -m".
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3 O030p cucTeM ynpaBJjieHUsI M CIIOCO00B pPeryJIMpoOBaHus 3JIEKTPONPUBOIA

3.1 CucreMbl ynpaBjeHHs 3JeKTPONPUBOAOM

BoBIIMHCTBO BEAyHMIMX 3JIEKTPOTEXHUYECKUX KOMIIAHMM MHMpPA HA JaHHBIA
MOMEHT MPOU3BOJIAT PETYIUPYyEMbI€ aBTOMATU3UPOBAHHBIE 3JeKTponpuBo bl (ADIT)
B KOMIUIEKTE C MHUKPONPOLECCOPHBIMU CPEACTBAMU aBTOMATU3allMM B BUIE THMOKO
POTPAMMHUPYEMBIX CUCTEM, UCTIOIB3YEMBIX JIJIS IIUPOKOTO UCTOJIb30BaHus.[2] U3-3a
ATOTO BAXHOCTh HUCCIEOOBAHHUS UM MPOEKTHUPOBAHUS  aBTOMATU3HUPOBAHHOTO
ANEKTPONPUBOAA IOTPYKHOTO HACOCHOTO arperara, MCHOJHEHHOTO B  BHJE
OOIIETIPOMBIIIVIEHHOTO  BBITIOJHEHMSI 3aKJIIOUAeTCsl B PELIEHUM 3aJaud BbIOOpa
cucTeMbl ympasieHus 3JekTponpuBogoM (CYIII) nig MakcuManbHOTO MOBBIIIECHUS
Ko3(puIueHTa  MOJE3HOro  JAEeWCTBUA  pabOTbl M IPOU3BOJUTEIBHOCTU
TEXHOJOTUYECKOTO 000pyaoBaHusL. [4]

Cnenys TpeOOBaHUSM K CHCTEME YIPABIEHHUS BJIEKTPONPUBOIOM, MpHU
KOHCTPYMPOBAaHUM MPEAOCTABISIOTCS K BBIOOPY JIBE CXEMBI YIPABJICHUS: CXEMa
BEKTOPHOI'O PETYJIMPOBAHUSA, U B CBOI OYEPEAb, CXEMa CKAISIPHOTO YIIPABICHUS
AIEKTPONPUBOAOM MOTPYKHOW HACOCHOW YCTAHOBKH, HCIIOJHEHOM IO CHUCTEME
npeoOpazoBareib YacTOThl - KOPOTKO3aMKHYTBI aCHHXPOHHBIN 3JIEKTPOABUIaTENb
(IT9-AJD).[3]

YacToTHOE YIIpaBJIIEHUE IOIPYXKHBIMU DJIEKTPOJABUIATENISIMU BBIIIOIHACTCA
JIBYMSI TJIAaBHBIMH CITIOCOOAMH.

CkanspHpli  NPUHIMI  YAaCTOTHOTO  YHOPABJIEHUA  SBIIETCA  CaMbIM
pacnpoCTpaHEHHBIM B 3JIeKTponpuBoie. CKAIAPHOMY 3JIEKTPOIIPUBOAY CBOMCTBEHHA
TEXHUYECKasi MPOCTOTa H3MEPEHHS U PEryJHpOBaHUA aOCONIOTHBIX 3HAYCHMI
nepemeHHbIX AJl. YnipaBieHue BbINOIHSAETCSA O (YHKIUOHATBHOM XapaKTepUCTHUKE,
CBSI3BIBAIONICH HANpsHKCHWE M 4YacToTy cratopa odnektponsurarens (U/f -
XapaKTEPUCTHUKE), C MCHOJb30BaHeM Monayis IR-koMmeHcauuu s moaaep:KaHus
IIOCTOSTHHOI'O MOTOKOCILIEIUIEHUSI CTATOPa B COOTBETCTBUM C 3TOM XapaKTEPUCTUKOM.
B cratmyeckux pekMMax MO3BOJISIET MOJIYYUTh 332 CUET OTPUILIATENIbHBIX OOPATHBIX
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CBS3EH JKEJIaeMble CBOMCTBA JJIEKTPOINpUBOAa. Vcrons3yercs aist 31eKTpOnpruBOIOB,
JUIS  KOTOPBIX HE TMPEABSBIAIOTCS BBICOKME TpeOOBaHHMA K JUHAMHUYECKUM
noka3zaressim.[9]

BexkTopHBI NpUHIMI YIPaBICHHWS OCHOBBIBAETCS HA MNPUHYIUTEIBHOU
COBMECTHOW OpPHEHTALIMHM BEKTOPOB IOTOKOCUEIUIEHUM U TOKOB A/l B MOJISIpHON WiIn
JEKAPTOBOM CHCTEMax KOOpPAMHAT B COOTBETCTBMM C HYXHBIM HaM 3aKOHOM
perynupoBanus. lIpu perynupoBaHuyr MOAyJIeW NEPEMEHHBIX M YIVIOB MEXAY HX
BEKTOPAaMHU BBINIOJIHACTCS YNPABJICHUE ACUHXPOHHBIM JJIEKTPOJABHUIATENIEM Kak B
CTaTUYHOM pEXKHME, TaK M B JUHAMUYECKOM pPEXHUME, BBINOJHSISA TEM CaMbIM
3aMETHOE YJIYYIIEHHE KAadecTBa IIEPEXOJHBIX IPOLECCOB B IJIEKTPOIPHUBOLIE.
HenocpencTBeHHO JaHHOE 00CTOSTENBCTBO CUUTAETCS ONPEAEIIAIONIUM IIPU MOA00pe
CUCTEMBI C BEKTOPHBIM YIPABICHUEM M HAXOJIUT MCIOJIB30BAHUE B AIEKTPOIIPUBOIAX
CO cpelHel U BbICOKOW AuHaMHKOU. [IpruBObI MOTOOHBIX MEXaHM3MOB KaK HACOCHI
3aHUMAIOT  I[POMEXYTOYHOE  COCTOSHME  MEXKIY  BBICOKOJMHAMUYHBIMU,

JUHAMHWYHBIMHU U HU3KOAWMHAMWYHBIMU.

3.2 Bb10op 3aKOHA YACTOTHOI'0 PeryJIUPOBAHUS

C y4eTtoM TOro, 4To AUAra3oH PEryJupoOBaHUs CKOPOCTU HACOCOB HEBEIIUK U
MEXaHM3Mbl TaKOrO Kjacca He TpeOyroT oOecredeHuss BBICOKOM KpaTHOCTH

MyCKOBOTO U MAaKCHMaJbHOTO MOMEHTOB, B KAU€CTBE 3aKOHOB peryiupoBanus U,/ f;

MOTYT OBITh IPUHSITHI 3aKOHBI U} / f; =const u U, / f12 = const [3].

[Tocnequuii  sBsgercss Oojee CIOXKHBIM B pealu3alldd, HO 3a CYer
JIOTIOJITHUTEJILHOTO CHUKEHUS HAIIPSHKEHUSI TI03BOJISIET YMEHBIIUTh MOTPEOIISIEMYTO 13
CeTH SHEpruro. s MOBBIIEHHS NYCKOBOTO MOMEHTA HAa MAJbIX CKOPOCTSX 10
TpeOyeMbIX 3HAYEHUW JOHKHA OBITh NPEIYCMOTPEHA BO3MOXXHOCTh HACTPOWKHU
BOJIbT-YACTOTHOM  XapakTepucTuku. Omnpenenssi napaMeTpbl BOJBT-YACTOTHOU
XapAKTEPUCTUKHU, HIXKHAM 4aCTOTaM CTaBSIT B COOTBETCTBHUE 3HAYCHUS HAIPSIKCHUN

BBIIIIE, YEM IIPU BEIOPAHHOM 3aKOHE PETyJIMPOBAHUS.

54



3.3 MeToanka noaoopa Ha3eMHOT0 000pPyA0BaAHMSA

3.3.1. Ioadop TMIIH

I[lo HOMHMHaIBLHON MOIIHOCTH BBIOPAHHOTO JBUTATENsd BBIYUCIISACTCS
HeoO0XxouMasi MOITHOCTh TpaHchopmaropa cepun TMITH.
MuHumanbHO ponmyctumas MomHocTh TMIIH paccuursiBaeTcss 1o
dbopmye:
P,.. =N,,%x1,6= 89,6 kBa, (3.1)

A€ Prym - MOITHOCTH TpaHchopMaTopa, kBa
Nuow - HOMMHAJIbHAS! MOLITHOCTD ABUTaTeNsl, KBT
1,6 - mocTostHHBIN KO PHUIMEHT TIepecueTa

Breioupaem TMITH u3 tabnumus (ITpunoxxenue 3) TMITH — 100/3 —
YXII 1.

BoiOupaeTcst  HyXHasi  CTylneHb  HampsDKeHHsl Ha  TpaHcopmarope
(HeoOxoaumas otmaiika TMIIH nomkHa HaxXOAUTBCS B CEpPeAMHE UAaIa3oHa
MEePEKIIFOYCHUM, JIJI1 TOro 4ToObl OblJla BO3MOXKHOCTH IOJHSATH HAIPsOKCHHE IIPH
BO3HUKHOBEHUSAX HECTAHJIAPTHBIX CUTYAILIUM, HAPUMEDP: «3aKJIUHUBAHUEY), JIJIST 4ETO
OPUEHTHUPOBOYHO  OMpeAesieTcs  HeoOXOAWMOE  HampshKEHHEe Ha  BBIXOJC

TpaHchopmaTopa ¢ y4ETOM MOTEPh HANPSKEHUS B KAOEIbHOW JTMHUU O (popmyJie:

F
UOTI'I.TMI'IH = 50 ><UHOM + AU, (32)

rae:

Uiow - HoMHHaNbHOE Hanpsukenue [13/] (u3 nacnopra [19/]), B.

AU - MOTEpU HAIpsDKEHUs B Kabese, KOTOpbIe 3aBHCIT OT JJIMHBI

Ka0eJsi, TeMIEePaTyphl IMIIACTOBOM XKUIAKOCTH HOMUHAIBHOTO Toka [19/].
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F - npenmnosiaraemMasi pabodasi 4acToTa MUTAIOIIEro HanpsbkeHus .

3HaueHuss motepb HampsbkeHus Ha 1000 meTpoB KaOenbHOW JIMHUU

npuBeneHsl B [Ipunoxennu 4.

[Ipu  ompenenreHuH  TOTEpb  HANPSHKEHUS (4U)  HeobOXxomaumo

COOTBETCTBYIOIIIEE 3HAUCHHUE U3 TaOIUIBI IPUBECTU K OOLIEH JIMHE Ka0ess:

3Ha4YeHHUe U3 TabJ1.X Lya.06m 74%2100

AU = = = 155,4 B, (3.3)
1000 1000

rIe:
Lxa6. 06w — OOIIAsT MIMHA KaOes

Tornma HanpsikeHue ctynenu mpu 601

60
Usrirnn = g 1560 + 155,4 = 2027,4 B

T.x. mva TMIIH 100/3 — VYXJI 1 camas BbICOKas CTYNEHb PETYJIUPOBKU
Uomavmaioo =1690 B, mpu BO3HMKHOBEHUM HECTaHIAPTHBIX CHUTYyalHi, HE OyneT
BO3MO>KHOCTH PETYJIMPOBKHU B OOJIBIIYIO CTOPOHY, IO3TOMY OTKa3bIBae€McCsl OT BbIOOpa

TMIIH 100/3 — YXJI 1 u BeiOupaem TMIIH 125/3 — VXJI 1, nanee BbiOupaem

OJVKANTITYT0, TOJXOSIIYIO CTYIIEHb PeryaupoBku u3 Tadbsmiibl (IIpunoxenue 3):

Uornrunuizs = 2080 B.

3.3.2. Ilog0op cTaHUMHU yIPpABJICHUS

Uepe3 HOMUHANBHBIA TOK JBUTATeNsl WM KOA(DPUIMEHT TpaHchopMalUU
TMIIH BbruncseTcss MAaKCUMAaJIbHBIA TOK Ha TIEPBUYHON 0OMOTKE TpaHCchopMaTopa.
[lo makcuManbHOMY TOKY Ha TMEpBHUYHONM OOMOTKE TOAOUpAETCS CTaHIMUS
ynpasienus. B 3aBucumoctu ot norpedisiemoit momHoct [13]1 nondupaercs CVY,
npeanosiaraercs padora yctaHoBku otiauyHou ot 50 I'm mostomy momOupaetcs

CTaHLUA YIIPaBJICHHA C YaCTOTHBIM Hpeo6pa30BaTeneM.
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Hms DACT 56 — 96M BeiOupaem CY ¢ YacCTOTHBIM DPETYJIHPOBAHUEM
«9nexton-05-100»

Onucanue craniuu ynpasienus cepun « JIEKTOH-05-100»

CraHnus yTIPaBJICHUS «39nextoH-05-100» MpeaHa3HaYCHA TS
pPEeryJIupoOBaHusl YacTOThl BpAICHUS, ONTUMHU3AIMH pPadOThl M 3alUThl CEPUNHO
BBIITYCKaEMBbIX ANEKTPOIBUTATECH.
OO0macTb TpPUMEHEHUST — TOTPYXHBIE ACHHXPOHHBIE WU  BEHTHJIHHBIC
AIEKTPOJBUTATEM  JUIsl  JTOOBIYM  HEPTH, ACHUHXPOHHBIE JIJIEKTPOIBUTATENN
OOIIETPOMBITINICHHOTO ~ WCTIOJHEHUS, TMPUMEHsAEeMble I  BOJ03a00pOB U
BOJIOCHA0KEHUS, IPUBOJIOB BUHTOBBIX HACOCOB, IS IHIMOCOCOB M IIPOMBEHTHJISAIINH.

OCHOBHBIE XapaKTEPUCTUKU CTAHIMM yrpaBieHus «naektoH-05» 100

npuBeAeHbl B Tadnuie 3.1.

Tabnuua 3.1 — OcHoBHbie xapakTepucTuku CY «nektoH-05» 630

HomuHaneHBIN TOK IEPBUYHOMN CHUIIOBOM memu, A 160
Homunanenas momHoCTh ipeoOpazoBarens (mpu 380 B), kBA 100
HomuHansHOE HanpsikeHue nuTanus, B 380 (50+1T)
JInana3oH OTKIIOHEHHUs IUTAKOLIETO HANPSKEHUS OT HOM. 3Ha4YeHUsI, Yo -50...+25
Temnepatypublii quamnasos, °C -60...+40
Jnana3zoH u3MeHeHus 4acToThl, [ 11 3,5...70£1%
1925x1205x112
["aGaputHble pa3mepbl, MM 3
Macca, kr 750
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Pucynox 3.1 — Cranuuu ynpasnenust [13]] npoussoyctea 3A0 «I7AEKTOH

4 PacyeT cTaTHYECKMX XapPAKTEPUCTUK CHCTEMbI NMpeodpa3oBaTeb — IBUraTe/b
NPY YACTOTHOM PeryJupoOBaHUHN

Bonpr-yacToTHasT =~ XapaKTepUCTHKa  IpeoOpa3oBareis TpH  3aKOHE

perynaupoBanus U, / f12 = const, paccunuTanHas 1o BeipakeHuto [10]

f 2
Ui(/1)=Uign [#) , (4.1)

npuBesieHa Ha puc. 4.1
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Pucynok 4.1 - BonbT-4yacTOTHas XapakTepuCTHKa rpeoOpa3zoBarens: | - mpu 3akoHe

peryaupoBanus U, / f12 = const B cootBetcTBUH C (4.1);

MakCcUMaJIBHYI0 4YacTOTY KOMMYTAalMWd HWHBEPTOpPA, IPUPABHEHHOTO K
HOMMHAJIBHOMY pEXUMY pabOThl Hacoca OINpEeNsieM U3 YCIOBUS OOecCHedeHus

HOMMHAIILHOH pabodell CKOpPOCTH IBHTaTeNs o, =295.31pan/c. IlpuHumaem
MaKCHMaJbHOE 3HAYEHHE YacTOThl KOMMYTAllUU HHBEPTOPA [y yaxe = fiu =0 111,

st Toro 4ro0bl 00eCneunTh MYCKOBBIE XapaKTEPUCTUKHU JBUTATENS OTTAJIKUBAsICh
OT 3aJJaHHOI0 JMAalla30Ha PEryJUpPOBaHUS CKOPOCTH, IMPUHMUMAEM MHUHUMAIIBHYIO

4acTOTy KOMMyTanuu naBeptTopa f =25T11.

U MUH

4.1 MexaHn4YeCKHe XapaKTePUCTUKH CUCTEMbI MPe00pa3oBaTe/ib-1BUraTe/lb

2 _
npu sakone perymmposanus U 1/ f2 = const

Mexannueckue XapaKTEPUCTUKU a)(M ) Pa30OMKHYTOM CHUCTEMBI

npeoOpa3oBaTeilb YacTOThl — ACHHXPOHHBIA ABUTATENlb MPU 3aKOHE YIMPaBIICHUS

U / f12 =const Ui psia BbIOPAHHBIX 3HAUYEHUI BBIXOAHOM 4YacTOTBl KOMMYTAaIUH
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WHBEpPTOpA:

nomonibio porpammel Mathcad mo BeipakeHHSIM:

M(S,fl): —
2 ' \2 :
o fs. [XKH.nJ (RRJ Ry
fla fin S s X, f71
1
I'ne:
2 2
N Ny
Ul(fl)zulqm(ﬁ =220 % ,

ofs. 1) :314,16-%-(1—5).

f1:i=50 TI'm; ,,,=40 T'm ; £,,3=30 I'm; f,,4=25 'm paccunThIBarOTCIC

, (4.2)

Ucxons u3 pesynbrata paccueToB Ha puc. 4.2 0TOOpaKEHHO CEMEMCTBO

MEXAHUYECKUX XAPAKTEPUCTUK co(l\/l) CUCTEMBI TIpeoOpa3oBatTeb — JBUTATENb MPU

HU3MCHCHHUHN 4YaCTOTbI HHT&IOHICﬁ CCTU.
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Puc. 4.2- MexaHn4ecKue XapakKTepUCTUKU co(M ) CHCTEMBI ITpeoOpa3oBaTesb —

IBUraTellb IIPU 3aKOHE peryinpoBanus U / flz =const: AM ;, =4.254H-™m;

M M, =189.631H m

cMakc —

5 YacToTHO-peryupyemMblii aCHHXPOHHBIN 3J1eKTPONPHUBOJ co
CKAJISIPHBIM yIIpaBJIeHUEM

CuitoBast 1eMb 3JIEKTPOIIPUBO/IA COCTOUT U3:
- npeoOpa3oBaresis YacTOThl, BBIMOJHSIONIETO (DYHKIUIO 3JIEKTPUUYECKOTO
npeoOpazoBaTes;
- AIEKTPUUECKUI JIBUTaTEIb, KOTOPBIii BBITIOJTHSIET byHKIIHIO
AIIEKTPOMEXAHUUYECKOT0 TTpeoOpa3oBaTers;
- MEXaHUYeCKass CHUCTEeMa, KOTOpas BBIMOJIHSAET (YHKIUIO MEXaHHYECKOTO
npeoOpasoBares.[19]

[TapameTpsbl 3BEHBEB CTPYKTYPHON CXEMBI JBUTATEINS.

OKBHUBaJICHTHbBIC HHAYKTUBHOCTHU 0OMOTOK:

— cTaTopa
L =L, +L,=0,016+0,049=0,065TH, (5.1)
— poTopa

L, =L,; + L, =0,021+0,049 =0,07 ['. (5.2)
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Koaddunuent paccessaus

L2 . 0,0492

c=1-—L_=1- =0,472. (5.3)
L-L, ~ 0,065-0,07
DKBUBAJIEHTHOE COIIPOTHUBJICHHUC
N ’
R =R +R, > =12,81+4,849. 0(;00492 =15,186 Om. (5.4)
2 )

BJIGKTpOMaFHHTHHe IMIOCTOSAHHBIC BpCMCHHU

T326.|_1:0,472.0,065:0’0020; Tzzi:ﬂ:o,omm, (5.5)
R, 15186 R, 4849

&

~ Uy %2 I, - / Yy, 3 L, !
—{)— L2 Ry-Ly=0— /R E%'OJ" Sz

I,p+l ’L(_) Lp+l 3 pal
—+ (-) €
L, '
0 8
_ Sy |Z_p|
5 X
L\

s
Ly
=
—
R
&
=]
s
g
b
Ed
<=
[} \
—
I:;ju -
i
s
=
<t

Lptl| Ly — L+l

Pucynok 5.1 - CtpykTypHas cxema criioBoro kanana cucremsl [TH-A/] B
HEMOABM)XKHOU ABYX(a3HOM cUCTEME KOOpJAUHAT o, 3
B makere Simulink cucremsr Matlab paspaGorana wmwurTanmonHass MoJenb
CHJIOBOTO KaHalla CUCTeMbI MpeoOpa3oBaTellb - aCUMHXPOHHBIA AJIEKTPOJIBUTaTeNb B

HETIOABIDKHOM cucTeMe koopauHar [ 11].
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Pucynok 5.2 — IMuTaninoHHas MOJI€NIb CUJIIOBOTO KaHana cuctemsbl [TH-A /]

CocraBnsiem HUMUTAOIUOHHYTO MOACIIb ACHUHXPOHHOI'O ABUTI'aTCJIA

HETOIBMXHOU CHCTEMEe KOOPIWHAT, KOTOpas MPUBEICHA HAa PUCYHKE 5.3.

p  simout

To'Workspace
—
y T
I—b- Ini |_>
us_3 W Speed
i=_afy
us_b — plinz
Sowce = bp
AD | simout2
To Workspace2
B simouti

To Workspacel

Pucynok 5.3 - IMuTannoHHas MOAENb NPSIMOTO ITyCKa aCUHXPOHHOTO JIBUTATENS

63



600 T T T T T T T
s00 M s AAAAAAAAAAAAAAAA PR AAAAAAAAAAAAAAA ................ AAAAAAAAAAAAAAAA ................ T =
400 H-h-

300

200

100

Pucynok 5.4 - [lepexonHble XapaKTEpUCTUKUA CKOPOCTH POTOpa U
ANEKTPOMAarHuTHOro MomeHTa A/l mpu npsiMoM Iycke, ¢ HaCOCHOM

XapaKTEPUCTHKON M yac=193,885H*Mm

51 (I)yHKHI/IOHaJIl)HaSl CXeMa CUCTEMBI CKAJAPHOI0 YaCTOTHOI'O YIIPaBJICHUSA

B snexTpuyeckux mnpuBOJaX € JUIMTENBHBIM PEXUMOM pabOThl C
ONPENEICHHOW CKOPOCTBIO BpalEHUs, JWAIla30H pEryJUpOBaHUS CKOPOCTU HE
JIOJKEH TPEBBINIATh 3HAUeHUA 1:2 U Tak e He MPEeabsABIAIOTCA 0co0ble TpeOOBaHMS
K IMHAMUKE 3JIEKTPUUECKOT0 MPUBOJIA, @ 3TO 3HAUUT YTO LIEJIeCO00pa3HO MPUMEHSTh

MPOCTEHINNE CTPYKTYPhI M 3aKOHBI YaCTOTHOTO yIipaBieHus [ 14].
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Pucynok 5.5 - @yHKIIMOHANIBHAS CXE€Ma YaCTOTHO-PETYJIIMPYEMOTO

ACHMHXPOHHOTI'O 3JICKTPOIIPHUBOAA CO CKAJISIPHBIM YIIPABJICHHUCM

B pa3oMkHYyTOM CHCTEME DIEKTPHYECKOTO IIPUBOJA C BOJIBT-YaCTOTHBIM
PEryJIupoOBaHUEM TP YMEHBIIEHUH YaCTOTHl MAKCUMAJIbHBII MOMEHT JIBUTATENS TaK
K€ YMEHbIIIAETCS.

OcHOBHasi MPUYMHA YMEHBIIECHHUS] MAaKCUMaJIbHOTO MOMEHTa — BO3PACTaEeT BIIHSHHE

AKTHUBHOI'O  COIIPOTHUBJICHHUA OOMOTKH crartopa IIpx YMCHBIICHHH  YaCTOThBI

nuTapmero Hanpsokenus. Ilpu ckansgpHoM 3akoHe ynpasneHus U / f12 = const, Kak

OBIJIO CKa3aHO BBINIE, [JII TOTO YTOOBI O0ECHEYUTh MYCKOBOM MOMEHT
AIIEKTPUYECKOTO JABUTATENsI HA MaJIbIX CKOPOCTAX B MpeoOpa3zoBaTelie N0KHA OBITh
MPEIyCMOTpEeHAa Takas (PYHKIMS KaK KOPPEKTHUPOBKa (TIOBBINICHWE HAYaIBHOTO
3HAUCHUS HAMPSDKEHUSI) BOJIBT-YACTOTHOM XapaKTEPUCTUKU B 0OJACTU MaJIbIX YaCTOT
BBIXOJTHOTO HANPsDKCHUS MHBEPTOPA.

OyYHKIIMOHAIbHASL CXeMa CHUCTEMbI CKaJIIPHOTO YaCTOTHOTO YIIPaBJICHUS

puBEcHA Ha pUCYHKE 5.6.
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PI/ICYHOK 5.6 - CDYHKHI/IOHaJILHaH CXCMa CUCTCMBI CKAJLIPHOI'O YaCTOTHOI'O

YIPABJICHUS

bimox  “mpeobOpaszoBarens  yacroTta-Hanpsbkenue”  ITYH  gopmupyer
TpeOyeMyl0 3aBUCHUMOCTh CKAJIIPHOIO PETYJIUPOBAHUSA MEXIYy YacTOTOW W

HalpsDKEHUEM  MpeoOpa3oBaTens, YeM M YCTAaHABIMBAETCS NPHUHATBHIA 3aKOH

4acTOTHOIO perynupoBanus U, / f12 =const. brox IIKII - 0610k mnpsmoro

KOOPAMHATHOTO MpeoOpazoBaTesss GopMHUpYyeET TpeX(a3Hyl0 CUCTEMY YNPaBIISIOLIINX
HaIpsHDKEHUH JUIsl  yOpaBJICHWS ABTOHOMHBIM HMHBepTOpoM HampsbkeHust (AMH)
npeoOpaszoBarenst yacToThl. (CucreMa CHIOBBIX  Tpex(asHbIX  HANpsSHKEHUN

U,.,U;5,U . ¢ Beixona ITY 3atem nonaercs va A/l

B cootBeTcTBUUM € (DYyHKIMOHAJIBHON CXEMOM, MPEACTABICHHON Ha PUCYHKE
5.6, cocTaBMM MMHTAIMOHHYIO MOIeNb IpuBoaa B cpeae Simulink cucremsr MatLab.
NMuTalIMOHHBIE MOJIEHN BXOIALIMX B HEE OJIOKOB MPE/ICTaBIIEHbI HA

pucynkax 5.7 -5.12.

smoutl

To Workspace1
smout2

To Workspace2

% =
In1
outt f—— ¥ —>|
wif————Gaind, >l >
In10ut1 In1 ! I
Out2 is_a
Constant Gain1 »linz Scope

Zadatchik Preobraz is_bv Gains - Out1

AD Outz

Step2 20 ut3

Gain3

Step Subsystem To Workspace

PucyHok 5.7-IMutaiinonHas MoJieiab pa3oMKHyTOM cucteMbl [TH-AJ]
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Uamp|
Wref
Constant2
Constant
x [ > X
Clock Product1 Trigonometric Product
Function
> )
\]_ij L sin
Trigonometric
Function1
}J/,;_:\ —» sn >
Trigonometric Product3
Function2
2*pif3
Constant1

Pucynok 5.8 - Imutarmonnast mojieinb ¢hopMupoBatTeis ha3HbIX HAMPSKEHUN

CTaTOPHBIX 0OMOTOK IIByX(i)a?)HOFO ABUIaTCIIs1 B HCHOI[BH)KHOﬁ CUCTCMC KOOPpANHAT

o,B

1A
1/Ars+1
Transfer Fen2
Product5

Producté

To Workspace

s &)

w
Transfer Fcnd

R
Js

Scopel

-

PucyHok 5.9 - UmuTaronHas mosienb AJl B HENOJABMKHOM cucteme koopauHat & p
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Subtract

In2

Lookup Table

Product Saturation

Product1

Divide

Integrator Saturation1

Lookup Table1

In3

Add Products

*
:

Lookup Table2

Divide1 Integrator!  Saturation2

Lookup Table3

Pucynok 5.10. — UMuTanmonHast MoJieJib OJJHOMACCOBOM MEXaHHUYECKON CHCTEMBI C

MOMCHTOM HArpy3KH pCAKTHBHOI'O XapaKTCpa

I/IMI/ITaIIHOHHaH MOICIIb, IIPCACTABIIAIONIAA HACOCHYIO HAI'PY3KY, COITIACHO

BbIpaxkeHU0(2.5)

a3

Y

in

183

I

Constant2

Constant3

Product

Constantd

Out1

Pucynok 5.11 — UMutannonHas Mojesib HACOCHOM Harpy3Ku
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[ ] [ 1] S
= | L= | o
Transfer Fenl 2

Pucynok 5.12 — UMutanimonHas MOI€Ib 3a1aTYNKa MHTCHCUBHOCTH C JIMHEHHOM
BBIXOJIHOM XapaKTEPUCTUKOU

Ha pucyake 5.13 mpeacTtaBieHpl MaTeMAaTHUECKH pacCUYUTaHHAS U

anIpOKCUMUPOBAHHAS JIOMaHBIMH JTUHUAMM KpHUBas 3aBUcUMOCTU U / f12 = const.

1.4x10°—
L2s30’ Y28 y
RIS T T TR T T T W We- w—— :,/
1.05x10° 2 IR T S B B G5 ate ESe /.,/
933.333 000 B
816.667 — bt
700 L //
583.333 376 B L : | i
466.667 L - //
350 324-8» ! /‘. M
233.333 223 B | -
116,667—————— | | ;
T ‘ i, I'y

00 5 10 15 20 25 30 35 40 45 50 55 60

Pucynok 5.13 - Kpusas 3asucumoctuU, ( f,)

KpuBas 3amaercs B Omoke I[TYH ueThippMsi ToukamMu W TIpeICTaBlICHA B

tabmure 5.1.
fii 2

U1j(f1j) =U,+ Uy —Uy)- (f—lj) ) (5.6)
502

Uy, (fi1) = 50 + (900 — 50) - (5) =900 B, (5.7)
40\ 2

Upr(fiy) = 50 + (576 — 50) - (—0) = 386,64 B, (5.8)
302

Ups(fi3) = 50 + (324 — 50) - (—0) = 148,64B, (5.9)
25\ 2

Upa(fia) = 50 + (225 — 50) - (—0) — 93,75 B, (5.10)
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Tabnuna 5.1 — [TapameTpbl BOJBT-4aCTOTHOM XapaKTepUCTUKU IPeoOpa3oBaTes

f, T 25 30 40 50

U,B 93,75 148,64 386,64 900

NMutanuio KBaHTOBaHUS MO BpeMEHU (a3HBIX HAIPSHKEHUN Ha BBIXOJIE
ABTOHOMHOTO HMHBEpPTOpa HANpsDKeHUs mpeoOpasoBarenas 4vactorel (puc. 5.10),
MPOUCXOJIAIIEE B TMPOIECCEe €ro IMUPOKO-UMIynbcHON Moxyanuu (LIMM)
MIPOU3BOJIUTCS c IOMOIIIBIO CTaHJapTHBIX 0JIOKOB OubIMoTeKN
Simulink:PulseGeneratoru EnabledSubsystem[11].

Ilepron KBaHTOBaHUSA MO BPEMEHM HampspkeHHs: mHBeptopa 1Y nprHumaem

PaBHBIM BEJIMYMHE [IOCTOSTHHOW BPEMEHHU 3anasasiBanus pu [HINM

1 1
T, = 7 = 555 = 0,0001 ¢, (5.11)

rae f;, = 10000 - Hecymas yacToTa HHBEPTOPA.

5.2 AMUTALIMOHHBIE HCCJIeI0BaAHNS YaCTOTHO-PEryJupyemMoro
ACMHXPOHHOT0 JIEKTPONPHUBOAA HACOCA CO CKAJSAPHBIM yIIPpaBJIeHUEeM

K snextpuueckomMy MpUBOY LEHTPOOEKHOIO HACOCa HE MPEIBSIBISIETCS >KECTKHUX
TpeOOBaHMI K JIMHAMHYECKHUM XapakTepucTtukam. H3-3a »TOoro mnpu BbIOOpE
MapaMeTpoOB HACTPOMKM 3aJaTYUKAa HWHTEHCUBHOCTHM CKOPOCTH, NPEXIAE BCETO,
CleAyeT HUCXOAUTh W3 YCIOBUS OOECIEUEeHHS MATKOr0 TMYyCKa MOrPYy>KHOrO
ANEKTPUYECKOr0 JIBUTaTeNsl. B X0[€ UMUTAIIMOHHBIX MCCIIEIOBAHUI BBISIBIIEHHO, YTO
JUIsi 00ecreYeHusT MSTKOTO IMycka  Hacoca JOCTaTOYHO MPHUHSATH MOCTOSHHYIO

BpeMeHHM 3anartyuka T, =1c.

B xauecTtBe mpumepa cMojenMpoBaHa OTPaOOTKa AJIEKTPUUECKUM MPUBOJOM
Hacoca CIIeIYIOIIero uKIIa:

— MyCK Ha MUHUMAJIbHYIO CKOpOCTh Bpatenus (f  =25T1"1)

HU. MUH

— [I€PEX0/l Ha MAaKCUMaJbHYI0 pabouyyl0 CKOPOCTh Hacoca ( Somaxe =50 Fu)

— MepexoJl Ha MUHUMaJTbHYI0 ckopocTh BpameHust ( f  =25T'r).

H. MUH
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— OCTAHOB 3JICKTPONPUBO/A.
Ha puc. 5.14 oroOpaxkeHbl BpEeMEHHBIE XapaKTEPUCTUKH OTPaOOTKH
3JIEKTPOIPUBOJIOM HAacoca ¢ 3aKOHOM peryiaupoBanus U / f12 = const ¥ HaCTPOUKOMN

BOJIbT-4YaCTOTHOM XapaKTEPUCTUKH B COOTBETCTBUHU C (Ta0.5.1) mpUHATOTO HMKIIA

paboThI.

% ool =426 2= 14c__ w3 =2de i i i
0 5 10 156 20 25 30 35 40 45

Pucynok 5.14 — Pe3ynbTaThl UMUTAIIMOHHBIX UCCIEAOBAHUN OTPaOOTKH
AIEKTPONPUBOAOM HACOCA 33IaHHOTO IIUKJIA [P HACTPOMKE BOJIBT-4YACTOTHOU
XapaKTEPUCTUKU B COOTBETCTBHHU C (Ta0.5.1): rpadmku mepexoIHBIX MPOIIECCOB

M(t) -MoMeHTa, w(t) - CKOPOCTH AJIEKTPOIIPUBO/IA

BeiBog  IlomyuenHsle  pe3yibTaTbl  UMUTALNMOHHBIX  HMCCJIEAOBAHUU
JIOKa3bIBAIOT, YTO YaCTOTHO-PETYJIMPYEMbI aCHUHXPOHHBIM 3JIEKTPONPHUBOJI Hacoca

10/ BEHTWJISITOPHOM HArpy3KOU MPHU CKAJISIPHOM YIPABJIEHUU C 3aKOHOM yIIPaBJIEHUS
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U / f12 =const W KOPPEKTUPOBKOW  BOJbT-YACTOTHOM  XapaKTEPUCTHKHA B

cooTBeTCcTBUM C (4.3) obecneynBaeT MycK 3JIEKTPONPUBOJA C HAYAIBHOW YaCTOTHI

f =25Tm wu TpebOyemplli nMAMMAa30H PETYJIUPOBAHUS CKOPOCTH HAcoca.

. M
[lepexoaHbie MpPOIECCHl B AJIEKTPONPHUBOJE MPOTEKAIOT IUJIABHO C OrPaHUYEHUEM
JTMHAMUYECKOI0O MOMEHTa, TOKOB JIBUTaTeliss U MpeoOpazoBarens. Bpems mycka u
ANEKTPUUYECKOTO TOPMOMKEHHUSI BJIEKTPONPUBOJA OMPEACISIETCI W MOXKET OBITh

N3MCHCHO HYTéM BBI60pa 3HAYCHUSI TOCTOSHHOU BPCMCHHU 3adaTYNKa CKOPOCTH.

6 IIpou3BoacTBeHHAS U IKOJIOTHYeCcKasi 0€30I1aCHOCTh NPU BbINIOJIHEHUH padoT,
CBSI3AHHBIX C 00CIY)KMBAHHEM CKBAKUH, 000pyaoBaHHbIX YIIH

6.1 BBenenue

['1aBHBIMH  3aKOHOJATENBHBIMM AKTAMM 110 OXpaHe Tpylda B Poccuiickoi
@enepannn asisitores: Korncturynusa Poccnn, OCHOBBI 3aKOHOJATENBCTBA U JAp. B
JAHHBIX JIOKYMEHTax IPUBOJIATCSA MPABOBBIE BOMPOCHI OXPaHbl TPyJda U 30POBbA
TpyIsAIuXxcsi. B OCHOBE IEpEUYUCIICHHBIX BBIIIE HCTOYHHUKOB, a KpOME TOIrO
OTTAJIKUBASICh OT OMNPEIEICHHBIX OCHOB 0€30MaCHOCTH W OOLIENPU3HAHHBIX HOPM
WHIYCTPUAIBHON CAHUTAPUU B STOM BBIMYCKHOW paboTe MHOM pa3paldaThIBalOTCS
rJIaBHBIE MEpONpUATUS 1O (HOPMUPOBAHHMIO OE30MACHBIX YCIOBUN  PabOTHI
OMEepaTOPOB MpHU SKCIUTyaTallMhd HEPTAHBIX CKBa)XKMH, OCHAIICHHBIX YCTAHOBKAMH
SJIEKTPOICHTPOOCIKHBIX HACOCOB. [21]

JIto6as paboTa MPOUCXOIUT U3 YETKO ONPENETEHHBIX 33a/1ad U OPUEHTHPOBaHA
Ha JIOCTUKEHHE KOHKPETHBIX I1esie. JKU3HEHHBIM MpoLecC — MWHTEHCUBHOE
OTHOILIEHUE YEJIOBEKa K HaXOAIIEMYCsl BOKPYT 00ILECTBY IJIs 11€1€CO00pa3HOro ero
nepeycrpoiictBa. CoBepiieHO He OmacHoW paboTbl He cymiecTByeT. CorjacHo
cBeeHUsAM [ockomMcraTa, M3-3a pa3HOOOpa3HbIX MPUYMH B Halled cTpaHe Ha
IPOM3BOJCTBE KaX/Iblil rox mosrydaroT TpaBmbl 650-700 Thicsay yenoBek, 15-16 Teicsu

YCJIIOBCK CO CMCPTCIIbHBIM (1)I/IH8.J'IOM, 6 MUJUIMOHOB YEJIOBEK pa60Ta}0T BO BpCIHOM
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IPOM3BOJCTBE, HE MEHEE CEMUCOT ThICSY eAuHMI] 000opyAoBaHus U 61 ThIcsS4a
MIOCTPOEK U COOPYKEHHMI HUKAaK HE OTBEYaeT ycloBUsM Oe3omacHocTd. OOBIYHO,
KaXKAbIH O/l IPOUCXOJUT OKOJIO MATHCOT ThICAY BO3TOPAHUH, TJIaBHBIMU NPUYMHAMHU
ATHX NaryOHbIX SBJICHUHN SBISIOTCS:

- HEYJIOBJIETBOPUTEIbHBIN YPOBEHb OOYyUEHUS U KBaTU(PUKALMU [IEPCOHANIA;

- pacxXoXkJIE€HHE HAyYHO-TEXHUYECKHX JIEHCTBUM NPOTrPECCUBHBIM YCIOBUSM
3alUIIEHHOCTH;

- Majioe 00ecre4eHne N3rOTOBJIEHHSI KOHLIETIUSMU OYHUILIEHNS BBIOPOCOB;

- ycTapesoe Crenooopy10BaHueE;

B »TOoM ciywae, omuchIBaeTcsi psAl COOBITHUA MO YJIY4YIIEHUIO OXpaHbl U
YCIOBUM TpyJAa, 3allluThl OKPY’KAIOLIEH Cpelbl, MPEAOCTaBIECHbl Pa3HOOOpAa3HbIE

I-IpC3BBI‘IaI\/’IHI->Ie CUTyalluu U UX IMPCAOTBPAICHHAC.

6.2 Ilpou3BojacTBeHHAs] H€30MIACHOCTD

6.2.1 AHaJIu3 ONAaCHBIX U BPeHbIX MPOU3BOICTBEHHBIX ()aKTOPOB

OnHOM M3 OCHOBHBIX OTJIMUYUTENBHBIX YEPT YCIOBHM pabOThl ONEpaTOPOB IO
noObplue HeTH — 3TO paboTa, B CBOEH OCHOBE, Ha OTKPBHITOM BO3JyXe (Ha KycTax
CKB&)XMH), @ KpDOME TOTO TPYJ CBA3aHHBIM C MEpexojaMu Ha TEPPUTOPUU OOBEKTA U
MEXIy oObekTaMu (KycTamH), HEPEJAKMMH TOJbeMaMHd Ha OCOOBIC IIIOIIAIKH,
pacrnionararomuecs Ha BbIcOTe. [1o 3TOM mpUuYMHE B YCIIOBHSX CypOBOTO KJIMMAara
3anagnoit Cubupu u Kpaiinero CeBepa ¢ KpaliHe HU3KUMH TeMIIEpaTypamu (3UMOM
10 —50°C) u mOCTaTOYHO BBICOKOM BIAXKHOCTBIO (1eToM 10 100%) Gomblryro
3HAYMMOCTb UTPAIOT MeTeoposiornueckue ¢pakTopsl. [Ipyn HU3KOM (CBEPXIOMYCTUMBIX
HOpM) TeMIepaType OKpY’Kalolled cpenbl TepMHUECKHi OajlaHC HapyIIaeTcs, 4YTo
BBI3bIBACT IEPEOXJAKICHUE OpraHuM3Ma, BIIEKyllee 3a Cco0Oil  cepbe3HbIe
3a0oneBanusi. B ciyuae KkpailHe HHU3KOM TeMmepaTypbl OKpPYXKAIOIIEH CpeJibl

CTAaHOBUTCS MHHHUMAJIbLHOU IMOABMKHOCTL PYK M HOI' U3-3a aKTUBHOM TCIIOOTAAa4H
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OpraHu3mMa, 9YTO CKOBBIBA€T ABM)KEHUA. JlaHHOE 0OCTOATENBCTBO CIIOCOOHO CIIY>KUTh
INPUYUHON HECYACTHBIX CIIy4aeB U aBapuil.[22]

[Ipy NpOJOIKUTENBHOM HAXOXKACHUU TPYASLIETOCs B YCIOBUSX KpalHe
HU3KOM TEMIIEpAaTypbl U, KaK CJIEACTBHE, NEPEOXJIAKICHUH OPraHU3Ma BO3MOXKHO
BO3HMKHOBEHUE pPA3JIMYHBIX OCTPHIX M XPOHUYECKUX 3a00J€BaHUI: BOCHAJICHHE
BEPXHUX [IbIXaTEJNbHBIX MYyTEH, peBMAaTU3M M Jpyrue. MtoramMmm HEOTHOKPATHOTO
BIIMSIHUSA KpalHE HU3KUX TEMIEPATyp SBISAIOTCA NOSICHUYHO-KPECTIOBBIM PAIUKYIUT
U XPOHUYECKOE MOBPEKIACHUE XOJI00M (03HOOJICHHE).

[Ipr HOCTATOYHO BBICOKOM TEMIIEPATYPE OKPYKAIOWIEH CPeabl MOHUKAECTCS
BHUMAHHE U CKOPOCTh PEAKUUU TPYISLIETOCS, YTO KPOME TOTO MOXKET SIBJISITHCA
OPUYMHOW HecuacTHOro ciydas u aBapuu. [Ipm paGoTe B JeTHee Bpemsl Npu
JIOCTAaTOYHO BbICOKOU TemrmepaType (10 +50 C) BeposTHBI eperpeBaHusl OpraHu3Ma,
COJIHEYHBIE U TEIJIOBBIE yIAPBI.

KycTbl, B OCHOBE CBOEH, OTCHINAIOTCA MECKOM, M3-3a ITOrO IPU CHIIBHBIX
BETPAx YaCTHULBI MIECKA U MbUIM MMOJHUMAIOTCSA, UMOTYT IOINACTh B IJIa3a U BEPXHUE
JbIXaTEJIbHbIE  IIYTH. HopMmupoBanue  METEOPOJOTMYECKUX  I1apaMETpPOB
ycranaBnuBaeT ['OCT 12.1.005-76.

B mpouecce mpon3BOJICTBEHHBIX JEHCTBUN pabodMe MMEIOT BCE IIAHCHI
MOJIBEPTaThCsA BIUSHUIO BPEIHBIX Ta30B W MapoB HE(THU, UCTOUYHUKOM KOTOPBIX
MOTYT CIY>)KHTb TOBPEXACHUS (IIAHLIEBBIX COCOUHEHUH WIM HAPYIICHHS
TePMETUYHOCTH (DJIAHIICBBIX COCAMHEHUM, MEXaHMYECKOHN I1eTOCTHOCTH (hOHTAHHOM
apMaTypsl (CBHUILM, IIEIW MO IIBY) M3-32 BO3JACUCTBUS BHYTPEHHEW KOPPO3UU WU
M3HOCA, MPEBBIIICHUS MPEACIBHO BO3MOXKHOIO JABJICHHSI, OTKa3bl JUOO BBIXOJBI U3
OKCIUTyaTallMi PETYIUPYIOMIUX U TMPEAOXPAHUTENbHBIX KianaHoB. [lapbl HegTu u
ra3za npH ONpe/ieIEHHON KOHIIEHTPALUU UX B aTMOoc(epe MOTYT CIy>KUTh MPUUUHOM
oTpaBlieHus U 3aboneBanus. [Ipu perynspHoM momnagaHuu HEPTIHOTO Ta3a U MapoOB
HeTH B JIETKHE TIOJABEPraeTCs TMMOPAKECHHUIO IIEHTpajdbHAs HEpPBHAs CHCTEMA,
CHIKAETCsl apTEpUAIIbHOE JABJICHHE, MMYJIbC CTAHOBATCSA PEXKE, a4 TaK )K€ U JIbIXaHUE,

IMOHWIKACTCA TCMIICpATypa TCJIa. Oco060 omaceH L 4CJIOBCKa CCpoOBOAOPOA —
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CWIbHBIA A, ACHCTBYIOIIMI Ha HEpBHYI cucremy. CepoBOAOpOA HapyllaeT
JIOCTAaBKy TKaHSIM KHCIIOpOJa, pa3apakarolle ACHCTBYeT Ha CIM3UCTYIO 00O0JIOUKY
IJ1a3 ¥ JbIXaTEeNIbHBIX MyTEH,BBI3BIBAECT OCTpbIE U XpOHMUecKue 3adoneBanus, [1/IK
H, S— 0,1 mr/m® (TOCT 12.1.005-76.)

Crenugurueckass OTIMYMTENbHAST OCOOCHHOCTh YCIOBHM AKCILIyaTaluH
HE(QTSAHBIX CKBAYKUH C BBICOKUM J1€0€TOM — 3TO BBICOKOE JIaBJICHUE HA YCThE, KOTOPOE
noxonuT 10 30 MIla. B cBsi3u ¢ naHHBIM YCIOBHEM JI000€ HEBEPHOE JEHCTBHUE
orepaTopa HpH HUCHOJIHEHMH pPabOT Ha YCTbE€ CKBAaXXUHBI CIOCOOHO MPHUBECTH K
OIacHo katactpode.

Bricokoe naBieHue M 3ara3oBaHHOCTh O3HAYAIOT MOBBIMICHHYIO TMOKapO — H
B3pPBIBOONIACHOCTh OOBEKTA.

OKcIutyaTaluus CKBaXMH C YCTAHOBKOM 3JIEKTPOLEHTPOOEKHOro Hacoca
XapaKTepU3yeTcs MPUCYTCTBUEM OUEHBb BBICOKOI'O HAIIPsDKEHHUS B CUJIOBOM Kalele.
[Tpn 3TOM CTaHIUA YIPABJICHUS " CKBa)XKMHA o0opynoBaHHas
AIEKTPOLEHTPOOEKHBIM HACOCOM KaK MPaBWIO HE HAXOJATCA B OYEHb OJU3KOM
paccTOsiHUM JIpyr OT JApYyra, W 4acTh KaOems pacnojio’keHa Ha MOBEPXHOCTH, 4YTO
YBEJIMYMBACT 30HY NOPAXKEHUS SJIEKTPUUYECKUM TOKOM, a 3HAYUT U BEPOSTHOCTD
HECYaCTHOTO CITy4as.

[TpuunnHOMN HECYACTHOTO ciyyas MOKET CIIyKUTh TAK¥XKE
HEYJIOBJIETBOPUTEIILHOE COCTOSIHUE OOBEKTa C MO3UIUU CAaHUTAPHUH, €r0 HU3JIUILIHSAS
3aXJIAaMJIEHHOCTh U 3aMa3yye€HHOCTb, HEKAueCTBEHHAas IMOJATOTOBKA HE(TIHBIX
CKB&)XMH K 3aMepaM IUIaCTOBOIO JaBJICHUS.

Takum 00pa3om, s IpOaHaTU3UPOBAN IJIaBHbIE (DAaKTOPBI MPOU3BOJICTBEHHON
Cpelbl, OKa3bIBalolIMe OOJbIIOE BIMSHME Ha 3J0POBbE M TPYIAOCIOCOOHOCTH

OIIEpPaTOPOB B MpoIecce TPy Ia.

75



Tabnuna 6.1 OcHOBHBIE 3JIEMEHTHI MPOU3BOACTBEHHOIO Mpoliecca,

dbopmupyromme

HaumenoBanne BHI0OB

paboT u mapaMeTpoB

DakTOpH

(F'OCT 12.0.003-74 CCBT) HopmatusHbIE
MPOU3BOJICTBEHHOTO
JOKYMEHTEI
nporecca
Bpennsie OnacHele
1 2 3 4
IToBsleHHOE TOKCUYECKHH (XUMHUECKUil) I'OCT 12.1.005-88

COACPIKAaHUE ITapOB

HeTH 1 rasa B BO3ayXxe

Pa0oThI Ha BeICOTE

PpacmIoIOKCHUC pa60qer0 MECTa

Ha 3HAYUTCIHLHON BBICOTE
OTHOCHUTECJIBHO IMTOBEPXHOCTHU

3emuu (nosna) (pusudeckuii)

[IOT P M-012-2000

PaboThl Ha OTKPBITOM
BO3JyXe B HOYHOE

BpEMSI CyTOK

OTCYTCTBHC HUJIKM HEAOCTATOK
€CTCCTBCHHOT'O

cBeTa((pU3NICCKUI)

CanlluH

2.2.1/2.1.1.1278-03

Pabotsl B ycioBusx

HHU3KOH TeMIIepaTyphl

MOBBIIIICHHAS UITH
MOHIKEHHASI TeMIlepaTypa
BO3/lyXa paboueil 30HbI

(puznueckwmii)

I'OCT 12.1.005-88

PaboTs! B ycrnoBmsIx

BBICOKOH BIIAXKHOCTH

IOBBIIICHHAA HUJIH
IIOHM>KCHHAas BJIA)KHOCTH

BO3JlyXa

(pusmueckuii)

I'OCT 12.1.005-88

PaboTsI ¢ BEICOKMM

HaIlpsHKECHUEM

IIOBBIIICHHOC 3HAYCHUC

Halps>KCHUA B BHCKTpI/I‘IeCKOﬁ

I1yo

I'OCT 12.1.019 -79
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1IeTIH, 3aMbIKaHUE KOTOPOU
MOXET MPOU3OUTH Yepe3 TeJo

yeJioBeKa ((pu3ndeckuii)

Pabora BaxXTOBEIM

METOIOM

- (hu3MYecKue Ieperpy3KH;
- HEPBHO-TICUXMYECKUE
neperpys3Ku.
(TIcnx0(U3NOIOTHYECKHUE)

P 2.2.2006-05

PaGoTsr npu
HOBBIICHHOM YPOBHE

ryma

HOBBILICHHBIH YPOBEHb
nryma Ha pabodeM MecTe

(puznueckmii)

I'OCT 12.1.003-83

He3amuienarie yactu MOIBHKHEBIE YaCTH T'OCT 12.4.011-89

MOABHMKHBIX JIEMEHTOB HPOU3BOJICTBEHHOTO
TPOU3BOJCTBEHHOTO 00opynoBaHHs
00opynoBaHUs

6.2.2. Texuuka 0e30IMACHOCTH

Jlist oOecrieueHusi O€30MACHOCTH JIS BBISIBJICHHBIX ONACHBIX (PAKTOPOB
CYIIECTBYIOT CpeACTBa 3antuThl, ipeactaBierdsie B [OCT 12.4.011-89.

OTOT CTaHAapT paclIUpsieTcsl B PECypChl, UCIOIb3yEMbIE C LENbI0 M30ekKaHUs
arn00 CHIDKEHUS BIMSHHUS Ha TPYASIIUXCS B HEOE30MacHBIX M BPEIOHOCHBIX
IPOU3BOJICTBEHHBIX YCIIOBUSX, U OMPEIENsAeT CUCTEMATU3AlMI0 U €AUHbIE YCIOBHS K
CpEICTBaM 3aIIUThI TPYIALUIUXCS.

OO01ue yciaoBHsl K CpeACTBaM 3aIIUTHI:

CpenctBa 3amuThl TPYASIIMUXCS OOS3aHBI TapaHTUPOBATh YCTpaHEHHUE JIMOO
CHIDKCHHE BO3JCHCTBUS HEOE30MacCHBIX W BPEIOHOCHBIX TPOW3BOJICTBEHHBIX
YCIIOBUU.

CpenctBa 3alUThl HUKaK HE O0S3aHbI SBISATHCS UCTOYHUKOM HEOE30MacHbBIX

N BpCAOHOCHBIX ITPON3BOACTBCHHBIX YCJIOBI/If/'I.
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CpenctBa 3amuThl 00s13aHBl COOTBETCTBOBATH YCJIOBHUSM TPOMBIIIICHHON
ACTETUKU U IPTOHOMHUKHU.

[TogOop ompeneneHHOTO BHUAA CPEACTBA OXpPaHbl TPYIAIIUXCS O0S3aHO
peanu30BaThCA C YYETOM YCJIOBHH 3alIMIIEHHOCTH C LEJNbI 3TOr0 mpouecca Judo
THUIIA TPYAOB.

CpencTBa nepcoHaIbHON 3alIUTHl HEOOXOUMO UCIIOJIB30BaTh B T€X CIydasX,
€CJIM 3al[UIICHHOCTh pa00T HUKAaK HE MOXKET SABIISTHCS TapaHTUPOBAHO OE30MacHOU
CUCTEMOW OCHAIIEHUsl, CUCTEMOW NPOU3BOJCTBEHHBIX JACHCTBUM, apXUTEKTYpPHO-
IUTAHUPOBOYHBIMHU PEIICHUSIMU U OPYAUSIMHU OOIIECTBEHHON OXpaHHBI.

CpenctBa NmepCOHANIBHOM 3alIUThl HUKAK HE 00s3aHbI MEHSTH COOCTBEHHBIX
KayeCTB MPU HAXOXKJIEHUHU UX B CTUPKE, XUMUUCTKE U 00€33apa’KuBaHUU.

Pecypchbl mepcoHabHOM 3alliUThl 00sI3aHBI CTAHOBUTHCS OOBEKTOM OLICHKHU
COIJIACHO 3aIIUTHBIM, (PU3HOJIOTO-TUTHEHUYHBIM U pa0OYUM MpPU3HAKAM.

VYcnoBus K MapKUpOBKE CPEJCTB MEPCOHAIBHOMN 3alUThl 00513aHbl OTBEYATh
['OCT 12.4.115 n cranmapraM Ha MapKUpPOBKY B OIPEIACICHHBIE THIBI CPEICTB
IIEPCOHAIIHOM 3alUTHI.

CpencTBa mnepcoHaIbHOW 3alIUThl 00s3aHBl 00JaJaTh PYKOBOJICTBOM C
OpeInucaHeM HalpaBJIEHUss M BPEMEHM CIYKObl U3JENUs, 3aKOHOB €ro
DKCILTYyaTAllMM U COXPAHEHHUS.

CpencrtBa O0OILIECTBEHHOM OXpaHbl TPYASIIUXCA KOHCTPYKTHBHO OOSI3aHbI
ObITh COEAMHEHBI C IPOU3BOJCTBEHHBIM OCHAILlEHUEM JHOO €ro KOMIIOHEHTaMHu
YIOPABJICHUS] TAKUM CIIOCOOOM, Jii TOrO 4YTOOBI, B Cly4yae MOTPEOHOCTH, BO3HHMKAI
NPUHYIUTEIbHBIN MPOIECC AKTUBALIMK CPEACTBA 3AILUTHI.

JlommyckaeTcsi IPUMEHSTh CpeJcTBa OOIIEH 3alllUThl B CBOWCTBE DJIEMEHTOB
YIPABJICHHUS C LIEJIbIO BBEJAEHUS U BBIKIIOUEHUS TPOU3BOACTBEHHOTO OCHAILEHUS.

Pecypcel 00mieit 3amuThl TPYOAIIUXCS O00s3aHBI OBITh pa3MEIICHB B
IPOM3BOJCTBEHHOM OCHAIIEHUU JUOO B TPYJOBOM YYacTKe MOJOOHBIM CIIOCOOOM,
JUISL TOTO 4TOOBI PEryJsipHO MPOU3BOJUIICS KOHTPOJb €ro JEATeNbHOCTH, a KpOMe

TOTO HE OMACHOTO 00CITYKMBAaHUSI U PEMOHTHBIX PadoT.
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OpynusMu peoXpaHeHUs OT NAOeHUs C 8blCOMbL SIBISIIOTCS
- OTPaHUYNTEIH IBIKCHHUS,
- IPEIOXPAHUTEIBHBIC CETKH,
- 3HaKH 0€30I1aCHOCTH.
OpynusiMu IPEIOXPAHEHUS OT NOPANCEHUS INEKMPUUECKUM MOKOM SIBIISTFOTCS.
- orpaauTeIbHbIC IPUOOPHI,
- MPUOOPHI ABTOMATH3UPOBAHHOTO KOHTPOJIMPOBAHUS W CUTHAIN3AIINN;
- U30JIUPYIOIINE TPUOOPHI U AUIICKTPUUECKHUE TTOKPBITHS,
- MPUOOPHI MPETOXPAHUTEITHHOTO 3236 MIICHUS U 3aHYJICHUS;
- MPUOOPHI ABTOMATHYECKOTO OTKITFOUCHHSI;
- mpuOOPHI BRIPABHUBAHUS ITOTEHIIMAJIOB U CHMYKEHHUS PA3HOCTH MOTCHITUATIOB,;
- MPUOOPHI YIATICHHOTO YIIPABICHHUS;
- MPEIOXPAHUTEIBHBIC TTPUOOPHI,
- MOJIHME€OTBO/IBI U PA3PsTHUKU;
- 3HaKH O€30IMaCHOCTH.
OpynusiMd  TIpeAOXpPaHEHHUs] OT BO3JCUCTBUA MeXAHUYECKUX (hakmopos
OTHOCATCS MPUOOPHI:
- OTpaHUYUTEIIN IBKCHHUS,
- mpuOOPHI ABTOMATHU3UPOBAHHOTO KOHTPOIMPOBAHHUS U CUTHAIIU3AIINH;
- IPEOXPAHUTEIIbHBIC CETKH;
- YIAJICHHOTO YIIPaBJICHHS;
- TOPMO3HBIE PUOOPHI;

- 3HAK1 OE€30IT1aCHOCTH.

6.2.3. IIpousBoacTBeHHAas1 CAHUTAPHUSA

ConepxaHue BpEIOHOCHBIX JJIIEMEHTOB B aTMocdepe paboueii obiactu
HUKaK He o00s3aHO OBITh BBIINIE MaKCUMaJIbHO BO3MOXKHBIX KOHIICHTPAIIHH,

MIPUMEHSAEMBIX TPH KOHCTPYUPOBAHUU ITPOU3BOACTBEHHBIX CTPOECHUW, HAYYHO-
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TEXHUYECKUX JICUCTBHM, OCHAICHUS, MPOBETPUBAHUSA, C IIEJIBI0 KOHTPOJIMPOBAHHUS
10 Ka4eCTBY MPOU3BOJICTBEHHON Cephl M MPOQPIITAKTUKA HETATUBHOTO BIIMSHUS Ha
COCTOSIHUE 3/10POBbS TPYASIIUXCA.

ConepxaHue BpEAOHOCHBIX JJIEMEHTOB B aTMocdepe paboueid obiactu
NOMJICKUT  PETYIIPHOMY  KOHTPOJIMPOBAHUIO C  IEJIbI0  MNpPeIOTBpAIllCHUS
BO3MOYKHOCTH IMPEBBIIICHUS] MAKCUMAJIbHO BO3MOKHBIX KOHIEHTpPAIMI - TIPeIeTbHO
eIMHOBPEMEHHBIX paboueii 00J1aCTH U CPETHECMEHHBIX pabOUeH.

MOBBIIICHHBI YpOBEHb IIyMa Ha pabodyeM MeCTe€ COIIaCHO MCTOYHUKY
[8]BbImONMHEHNE BceX BHIOB pabOT Ha peryJsipHbIX MecTaX paboThl B
MPOU3BOJCTBEHHBIX 3MaHUSIX W Ha TEPPUTOPHH PACIIOIOKEHUS TMPEATPHITHHA
YPOBHH 3ByKa M SKBHUBAJICHTHBIE YPOBHH 3BYKa, HE JNOJDKHBI npeBbimaTh 80 nbA.
3ammTa OT IIyMa OCYIIECTBIISIETCS HCIOJIb30BAaHUEM YCTPOMCTB U METOJIOB
OOIIIECTBEHHOM OXpaHbl U UCIIOJIb30BAHUEM CPEJICTB MHAUBUAYATHLHOMN 3aIUTHI.

OreHKa OCBEIICHHOCTH padodeii 30HbI He0OX0oauMa JIjIsi 00eCIIeUeHUs
HOPMATHBHBIX YCIIOBUI PaOOTHI B IOMEIIEHUSX W TIPOBOJAUTCS B COOTBETCTBHH C
CanlluH 2.2.1/2.1.1.1278-03. HopMmupyemblii moka3aTeiab UICKyCCTBEHHOTO U
ecTecTBEHHOTO ocBeleHus 1o n.191 cocrasnser 30 JIk. [[nsg ymeHbIIEHUS BIUSHUS
ATOTO BPEIHOTO (hakTOpa MPUMEHSIOT CPEACTBA U METO/IbI KOJJIEKTUBHOM 3aIUTHI U
CpeACTBa MHIWBUAYAJIBHOW 3aIIUTHI . [28]

Boznymnoe MPOCTPAHCTBO pabouei obsactu (MUKpOKJIUMAT)
MPOU3BOJICTBEHHBIX KOMHAT YCTAHABJIMBAIOT COOTBETCTBYIOIIME XapaKTEPUCTUKHU:
TeMIiepaTypa arMochepbl B MMOMEIIEHUH, OTHOCHUTEIbHAS Bjara arMocdepsl, Temn
MEPEMEIICHHUS BO3/yXa, HACBHIIICHHOCTH TEPMUYECKOTO OOJTYyUEHHUS TPYISAIIUXCS B
pabouyux ydacTKax C MPOU3BOJICTBEHHBIX MCTOYHUKOB. JlaHHBIE XapaKTEPUCTUKU B
aHcamMOJie M MO Pa3JeIbHOCTH OKAa3bIBAIOT OOJIBIIOE BIUSHUE HA TEJIO 4YeloBeka. B
BEHTWJIITOPHON KaMepe BO Bce 0€3 MCKITIOYSHUS MepUOobl Toa YACPKUBACTCS O/THA
u Ta xe Temreparypa (IIpunoxenune 6). [26]

JlommyCcTUMBbIE  BEIMYMHBI  HACBIIEHHOCTH  TEPMHUYECKOTO  OOJIydYeHUS

MOBEPXHOCTU TeJla TPYISAIIUMXCA C MPOU3BOJCTBEHHBIX HUCTOYHUKOB: 21°C - mpu
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rpynne pabor II 6. Ilepmom mnpucyrcTBus MIOA€ld NpU JAHHBIX IapameTpax
JIOKAJIBHOTO KJIMMaTa CiocoOeH OBITh paBeH 8 yacam.
Jlist oOecrieueHusi 0G€30MACHOCTH JJISI BBISIBJICHHBIX BpPEIHBIX (PAKTOPOB
CYIIECTBYIOT CpeJicTBa 3amuThl ipeactasicHabie B [OCT 12.4.011-89.[27]
Pecypchl oxpaHbl TpyIOAIIUMXCS B 3aBUCUMOCTH OT Xapakrepa uX
WCITIOJIb30BAHUS MOIPA3JIECTISIOT HA 2 TPYTIIbL:
- pecypchl OOIIECTBEHHON OXPaHbI;
- pecypchl IEPCOHATIBLHOM OXpaHBI.
CpencTBa 00IIECTBEHHON OXPaHBI:
K opyaussm oxpaHbl OT BO3JAEUCTBHS XMMHUYECKHX YCIOBUU ITPUHAIIIEKAT
pUOOPHI:
- OIpaJIUTEIbHBIE;
- aBTOMATHYECKOT0 KOHTPOJIMPOBAHUS U CUTHAIM3ALUN;
- TEPMETU3HUPYIOLIUE;
- C LIEJIBIO MPOBETPUBAHUS U OUUIIEHUS aTMOC(EPHL;
- C LIEJIBIO U3BJICUYCHMS SIIOBUTHIX 3JIEMEHTOB;
- TMUCTaHLIMOHHOTO YIIPABJICHUS;
- 3HaKu 0€3011aCHOCTH.
K opyausM oxpaHbl OT BEICOKOTO CTETICHH IITyMa MpUHAIC)KAT MPpUOOPHI:[24]
- OrpaJuTEIbHBIE;
- 3ByKOU30JISIHMOHHBIE, 3BYKOIIOIIOLIAIOLIHE;
- TIIYUIUTENH 1yMa;
- aBTOMAaTHU4YECKOr0 KOHTPOJIMPOBAHUS U CUTHAIU3ALUY;
- TMUCTaHLOHHOTO YIIPABJICHUS.
CpencTBa nepcoHaIbHOW OXpaHbl:[S55]
Pecypcel oxpaHbl OpraHoB JbIXaHUs: NPOTHUBOrasbl, PECHUPATOPHI,
camocnacaresid, THEBMOLUIEMbI, THEBMOMACKH, THEBMOKYPTKH.
Opexna cnenuanu3upoBaHHas MPEAOXpPaHUTENIbHAS: TYIYbL A, HalbTo,

MOJIYITYOKH, HAaKWAKH, TUTAIIM, TOJIYIUIAIIH, XayiaT, KOCTIOMBI, KYpTKH, pyOaxw,
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IITaHbl, MIOPTHI, KOMOWHE30HBI, MOJYKOMOWHE30HBI, JKUJIETHI, TJIaThs, capadaHsbl,
O11y3bl, 100KH, GapTyKu, HATVICIHUKH.

CpezncTBa oxpaHbl HOT: Calory, Carlord C BHITAHYTHIM TOJICHUILEM, CAIllOTH C
Kypry3pIM TOJICHHUILEM, TIOJycanord, OaliMaku, MOXyOOTHHKH, Ty(diau, oO0yBb,
KaJoly, OOThl, Tanku (caHAalduu), BaJCHKH, Ty(au, MUTKH, OOTQPOPTHI,
HAKOJICHHUKHU, TOPTSIHKHU.

CpenctBa oxpaHbl pyK: BapeKKH, MEpyUaTKH, MOJTYNEepUYaTKH, HaralbuHUKH,
HaJaJI0OHHUKH, HAITyJIbCHUKU, MAHKEThI, HAJIOKOTHUKH.

CpenctBa  oxpaHbl TOJIOBBI: KAackKd  MPEAOXPAaHUTENbHBIE,  [UIEMBI,
TOINIJIEMHUKH, TIANTKA, OEPETHI, MIISATKH, KOJTAKH, KOCBIHKH, HAKOMAapHUKH.

Pecypchl oxpaHbl ri1a3: 04KH MPeI0XpaHUTEIbHBIE.

CpenctBa oxXpaHbl JIMIIA: HIUTKU TMPEJOXPAHUTEIbHBIC BHEIIHNUE.

CpencTtBa  oxpaHbl — opraHa  ciyxXa:  IPOTHUBOIIYMOBBIE  HIIEMBI,
MPOTUBOILITYMOBBIE BKJIAJIBIIIH, IPOTUBOIIYMOBBIE HAYIITHUKH.

K opyausim oxpaHbl OT BBICOKHX JHOO OHMKEHHBIX TEMIIEPATYp aTMOCQEpHI
U TEMIIEPaTYPHBIX CKAYKOB MPUHAJJIEKAT MPUOOpPHI:[30]

- OTpaIUTEIIHHbIC;

- aBTOMAaTUY€CKOT0 KOHTPOJIMPOBAHUS U CUTHAIU3AIUY;
- TEPMOU30IUPYIOIINE;

- T0Opa)KMBAIOIIETO YIPABICHUS;

- C LEJIbIO M3JIy4aTeIbHOTO MOA0TPEBA U OCTHIBAHMUSL.

K opynusm HopManu3zaiuy BO3ayITHOM CPEJIbI

MPOM3BOJCTBEHHBIX KOMHAT U PaOOTHUKOB 30H MPUHAAIEKAT MPHOOPHI C
1eNbi0:[25]

- MPOBETPUBAHUS U OUUIIEHUS aTMOC(EPHI;
- KOHIUIIMOHUPOBAHUS aTMOC(EPHI;

- TIOKaJIM3alluH BPEIOHOCHBIX YCIIOBHIA;

- OTOIJICHHS,;

- ABTOMATHYCCKOI'0 KOHTPOJIHUPOBAHWA U CUT'HAJIN3allvH,
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6.3. DKoJornuyeckas 0€30MacHOCTh

[Ipu HenpegHAMEPEHHOM BO3JIEUCTBUM Ha OKPYXAIOLIYIO Cpely MpHU J100bIYe
He(pTH TPOUCXOAMUT 3arps3HEHUE aTMoc(epbl, MOBEPXHOCTHBIX BOJOTOKOB,
MOJI3eMHBIX BOJ, Heap. Cpean 3arps3HUTENe BOJHBIX O0OBEKTOB, MOYBOTPYHTOBBIX
HEJp OJIHO U3 MEPBBIX MECT 3aHUMAaeT He(Terazoao0bIBatoNasi MPOMBIIIIIEHHOCTD.
[lepedenb 3arps3HSAIONIMX BEUIECTB, BEIOpAChIBAEMBIX B arMoc(epy MpeICTaBIEH B

MIPUIIOKEHUH 7.

MHorue XUMHYECKHE peareHTbl, HCHOJb3yeMble B HepTeno0bIYe, Ipu
HOMaJaHUK B IPUPOIHBIE BOJbI OKA3bIBAIOT OTPULIATENBHOE BIAMSIHUE HA UX (PU3BHUKO-
XUMUYECKUN COCTaB, CAMOOYHMILAIOIIYIO CIIOCOOHOCTh, a TAKXKE MOTYT OKa3bIBaTh
TOKCUYECKOE BO3JECUCTBUE HaA >KMBOM OpraHuM3M, B TOM YHUCIE U Ha YEJIOBEKA.
[lonaganue HEPTH B MOYBY, IOBEPXHOCTHBIE TPYHTHl MPUBOAUT K Pa3pyLICHUIO
UX CTPYKTYp, CHWKCHHIO BOJONPOHHUIIAEMOCTH, YXYAIIAET KOPHEBOE IHUTAHUE
pacTeHU, CHIKAET KOJIMYECTBO MHUKPOOPraHM3MOB B IIOYBE, CIIOCOOCTBYET

00pa30BaHUIO B HEH YTIIEKUCIIOTO Ta3a.

OxpaHa BO3AYyHIIHOW cpefpl B HEPTAHONM NPOMBIIUIEHHOCTH MPOBOIUTCH,
TJIaBHBIM 00pa3oM, B HAIPaBJICHUH OOPHOBI C TOTEPSIMU HEPTH 32 CUET YMEHBIIICHUS
UcIapeHus ee npu coope, TPaHCIOPTUPOBKE, MOATOTOBKE U XpaHeHuu. UTo kacaeTcs
skcrutyatarun YOIIH, nns ymeHbIeHUST WCHapeHuss MpU Tepekadke HePTH
HacocoM, IMPOEKTUPYIOTCS TepPMETU3HpPOBAaHHBIE CHCTEMbl cOopa HePTH U
AHTUKOPPO3HOHHBIE HApPY)XHBbIE M BHYTPEHHHE NOKphITUS Hacoca (YOLH) wu
€MKOCTEH, YCTAHABIMBAIOTCSI  HENPUMEP3aloluMe  KIalaHbl,  pacIIApAETCs
IIPUMEHEHUE PE3EPBYapOB C NMOHTOHAMH WJIM IUIABAIOIIMMM KPBIIIAMU U JPYTrUe

TCXHUYCCKNC PCIICHUS.
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6.4 be3onacHOCTH B Ype3BbIYAMHBIX CHTYAMAX

6.4.1 IloxapHas 0e30NMaCHOCTH

6.4.1.1 Kateropusi 00beKTa 10 MOKAPHOM ONACHOCTH

[TomemnieHuss ¥ Hapy>KHbIE YCTAaHOBKM B 3aBHCUMOCTH OT CIOCOOHOCTH K
00pa30BaHUIO B3PBIBOOMACHBIX CMECEH WM BO3TOPAHUIO HAXOASAIIMXCA B HHUX
MaTEpPUAaJIOB U BEIIECTB JICIATCS Ha B3PBIBOOIIACHBIC U IOXapooIacHbie.[26]

A —B3psiBonioxkapoomnachslie; b- BapreiBonoxapoonacHsie; B1-B4 noxapoonacHsie;
.

Y cTaHOBKY 3JIEKTPOLIEHTPOOEKHOI0 Hacoca OTHECEM K Kareropuu «b» 1o
cleayroliemMy Kputeputo: B aBapuiiHoil cuTyaruu Ha padoTaroiieM 000py10BaHUU

MOT'YT BBLACIIATBHCS B3PBIBOIIOKAPOOITIACHBIC ITAPBI HG(i)TI/I H rasa.

6.4.1.2 OcHOBHBbIE NPUYNHBI N0KAPOB U B3PHIBOB

K rtrmaBHRIM mnpuymHaM TMOXapa W 3aropaHuss B HEPTIHOW WHAYCTPUU

MPUHAJJICKAT CIICAYIOIIHE:

- HeCOOJTI0ICHNE HAYyYHO-TEXHUYECKOTO X0/1a U JIe(PEKT OCHAIIICHHS;

- HeoOyMaHHOE oOpaIieHue ¢ IIaMEHEeM U JJOMAITHAMHU JIEKTPOTpHOOpamu;

- KOPOTKOE 3aMBbIKaHUE AJICKTPOIIPOBOJIOB U MEPETPEBAHUE MICKTPOOOOPYIOBAHHS;

- HecoOJIIOJICHHWE 3aKOHOB  TMOXapHOM  O€30MacHOCTH TMpPU  H3TOTOBJICHUU
AJIEKTPOTa30CBAPOYHBIX W WHBIX OTHEBBIX TPYOB.

Hapymenne HaydyHO-TEXHHYECKOTO XOJa - MPUMEHEHHE IIPU BCKPBITHH U
pa30ypHUBaHUM Pe3yJIbTATUBHOTO CJI0SI OYPHIIBHOTO PACTBOPA, XapaKTEPUCTUKHA KOETO
(BA3KOCTh M IUJIOTHOCTh) HUKAK HE OTBEYAIOT TI'€0JIOTO-TIPOMBINIJIEHHOMY HapsIy,
pocT OYpWIBHOTO HWHCTPYMEHTA B OTCYTCTBHHM JOJIMBA CKBA)KHHBI, ITOBBHIIICHHC
TABJICHUS B Ta30IMPOBOJIC, HECOONIOJCHHE HAyYHO-TEXHHUYECKOTO IIpoIecca IpH

MOATOTOBKE HE(MTHU K aBTOTPAHCIIOPTY, T.€. HETOJHOIICHHBIM OTIAEH HEPTH W Ta3a,
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CHOCOOEH TMOCIY)XUTh NPUYMHOM K CKOIUIGHHIO TOPIOUEro raza B MECTHOCTH
pe3epepByapHOTro napka u copMUPOBATH OMACHYIO OOCTAHOBKY.

HeucnpaBHOCTh OCHaIlCHWST - pPE3yJabTaT HECBOEBPEMEHHBIX ILIAHOBO-
IpeaynpeANTEeNbHBIX PEMOHTHBIX paboT, pXKaBYMHBI U HHBIX (pakTopoB. Bce 06e3
UCKJTIOYCHHSI OTO B CHJIAX TOCITYXHUTh MPUYUHON K HETEPMETUIHOCTH OCHAIICHUS, B
3aBHCHMOCTH OT €ro Ha3Ha4YeHHs, K yTeuke HeTH, e€ mapoB aubo HeTIHOTO rasa, a
Takoe, B CBOIO OYEPEIHOCTh, — K MOSIBICHUIO B3PHIBOOMACHON COCPEIOTOUYCHHUS
ra3o-BO3IyIIHOW CMECH M, PaBHO KakK pe3yJabTaT, K B3pbIBy b0 moxapy. K
NoOOHBIM pe3ylibTaTaM MPUBOAAT, K NPUMEPY: HErepMETHYHOCTH 3aJIBHIKKH,
MEepEKphIBAIONIEH PEMOHTUPYEMBIN ydacTok HedtenpoBoga ¢ HedTecOOpHOM
€MKOCTH, HETEPMETUYHOCTh (POHTAHHOU JINOO KOMIPECCHMOHHOW apMaTyphbl, pacnaj
anb0 oTOMBaHME HAOWMBOK JIMOO NPOKIAJOYHBIX HCIOJb30BAHHBIX MaTEpPUAJIOB
COCMHEHUHM OCHAILlEHUS M 3alOpHOM apMaTrypbl, KpBIILIEK JIOKOB M IpPOYUe
HEMOJaIKH.

Kopotkoe 3aMbIKaHUE AIIEKTPOTIPOBOJIOB u neperpeBaHme
3JIEKTPOOOOPYIOBaHUSl TMpU HAIWYUM Ta3a W [apo-BO3AYUIHBIX TOPIOYUX
KOHCUCTCHIINM,  TaJIbBAHUYECKOE  HUCKPEHHE,  COMYTCTBYIOIIEE  KOPOTKOMY
3aMbIKaHUIO,  CYIIECTBEHHOE YBEJIMYEHHE  TEMIlepaTypbl, I@pH  IEperpene
AJIEKTPOOOOPYIOBAaHUSI ~ HEMUHYEMO  CTUMYJMPYIOT  3aXUT'aHHE  JIaHHBIX
KOHCUCTEHIINW, K TMpPHUMEpPYy: BOCIUIAMEHEHHE TMPOJIUTOM HEPTH C HCKPHI MpH
CXJIECTBIBAHUHU 3JIEKTPOIIPOBOJIOB, BOCIUIAMEHEHHE HE(PTH B pe3epByape C HCKpPbI
KOPOTKOTO 3aMbIKaHWsl TpH OOpbIBe Kabens ToaorpeBaTelis, BOCIJIAMEHEHHE
U30JIMPYIOIINX HWCIOJIB30BAaHHBIX MAaTEpPHAOB MU3-3a KOPOTKOTO 3aMBIKAHUS B
CJIEICTBUM MPOOO0s JTUOO0 MEPEKPHITUSI M3OJAIMH. YUaleHHON (PaKTOpOM IMOXKapoB
KpOME€ TOTO CUMTAETCS CHWKCHHE KOHTaKTa B y4YyacTKax MPHCOSAMHEHUS
TOKOBEAYIINX HJIEMEHTOB.

Hapymienne 3akoHOB MOXKapHOM 3aIIUIIEHHOCTH MPH 3JIEKTPOra30CBapOYHbIX
M WHBIX  OTHEBBIX  TpyJaXx - TPOrPEeB  OCHAIIEHHUS,  BKIIOYAIOIIETO

JICTKOBOCINIAMCHAIOIMUECA KUIKOCTH, TI'OPIHOYMC TI'a3bl, HC 3aKPLITBIM IINIAMCHCM,
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OpOLIEHHbIE MOJI HANPSHKEHUEM SHEPTOCUIIOBOM M OCBETUTENLHOW JIMHUU B MEPUOJ
dboHTaHUPOBAHMS CKBXXHUHBI U Ip. OOCTOSITEIHCTBA TOSIBJICHUS TTOKapa M 3arOpaHus
— TPUCYTCTBUE TOPIOYEH Cpelbl, OKUCIUTENS] M HWCTOYHMKOB 3a)KUTAHUS.
[TogoOGHBIME HCTOYHWMKAMHU B (pupmax HePTIHOW WHIYCTPUM HMEIOT BCE IITAHCHI
SBJIATHCSI MAIIMHHBIE U TaJbBAHUYECKHE HCKPBI, MUPOPOPHBIE OTIOXKECHHUS, TOPSUNE
MJIOCKOCTH, OTKpBITOE Iams u Jip. Mckpenue, oOpasyroiieecs npyu BO3SHUKHOBEHUU
CTATUYECKON HJIEKTPOIHEPTUH, CHOCOOHO MOCHYXUTh NMPUUYUHOW K MOXKaApy HU3-3a
HapyIlIeHUsT OOCTOSITENIbCTB, KOTOpPbIE 00ECHeunBaIOT 3alIUIIEHHOCTh MPU CIIUBE,

HanuBe, nepekauke u coxpanenuu JIBX u I7K.

6.4.1.3 CTaumoHapHbIe YCTAHOBKH MOKAPOTYLIEHUSA

Kommanuu  (00beKTbl) HEPTAHONM  HUHIYCTPUM  OOSI3aHBI  SIBJISTHCS
000pyZI0BaHbl HEMOJBUKHBIMU (CaMOJICUCTBYIOIIUMA M PYYHBIMHU) YCTAaHOBKAMHU
MOKAPOTYIIEeHNsA. B yCTaHOBKM TOXKApOTYIIEHUS (aBTOMATHU3UPOBAHHBIA JTHOO
HEABTOMATU3UPOBAHHBIN) €  IEJbI0  OXpaHbl  00BEKTa  O0YyCIOBIMBAETCSA
TEXHOJIOTHUECKUM 3aJjaHueM B IUIAaHUPOBAHWE, BBIJABACMBIM aJMUHUCTPAIHCH

00BbEKTa IMIPOCKTHOM KOMITAaHUH.

6.4.1.4 IlopTaTUBHBIE YCTAHOBKHU MOKAPOTYIIECHHUS

B pe3epByapHbIX napkax, B 00bekTax cOopa, MOJrOTOBKM M aBTOTPaHCIOPTa
He(dTH 00513aHbI OBITH CPOPMUPOBAHBI OCHOBHBIE TYHKThHI MOPTATUBHBIX YCTAHOBOK U
CPEICTB MEHHOI0 TYLIEHUs C pacuera: | OMOpHBIA MYHKT B y4acTKa OObEKTa HUKaK
He HaubOosiee 150 ra. OCHOBHBIE MYHKTBI (POPMHUPYIOTCS BHE 3aBUCUMOCTH OT
OPUCYTCTBUSI Ha OOBEKTax HEMOJABWKHBIX CHCTeM moxapoTryumeHus. [lpu
MECTOPACTIOIOKEHNU 2-yX U OOJIbIIe TPEIMETOB Ha MeCTe HUKaK He Hanbonee 150

ra MOXeT ObITb OCHOBaH | OMOpHBIA MYyHKT. UKCIO TOPTATUBHBIX YCTAHOBOK

86



MIEHHOTO TYIIEHUs OOYCIOBIMBAeTCS Ha | mams Mo OOBEKTy, KakoW moTpedyer

MAaKCUMAaJIbHOI'O pacxXxo/Ja OTHCTyIamunux CpcacTB.
K YKa3aHHuAM U OpyAUAM IICHHOTI'O TYHICHUA IIPUHAIJICIKAT:

- IEHONPOU3BOJAIINE YCTAHOBKH - T€HEPATOPBI IIEHBI CPEIHEN KPaTHOCTH,
BO3/YILIHOIICHHBIE CTBOJIbI, IICHONOABEMHUKM C TEHEPATOPAaMH II€HBI CpPEIHEU

KpaTHOCTH,

- meHooOpasyromue 31eMeHTa - mneHooOpazosarenu [10-1, TIO-

OJIMHHAIIIATD, [TO-TC, TIO-2A, TIO-3A, TIO-6A u T1O-6.

- BO3IYLIHBIE CTBOJIBI, TE€HEPATOPHl IIEHBl CpPEOHENW  KPaTHOCTH,
IICHOITIOABEMHHUKH CIEAYET OCMAaTPUBAaTh HUKAK He mopexe 1-ro paza B mecsau. [lpu
TOM KOHTPOJMPYIOT IOJIOKEHUE YCTAHOBOK M arperaroB B LIE€JIOM U €JUHUYHBIX

AJIIEMEHTOB X, YACTAT YCTPOMUCTBA) U CMA3bIBAIOT TPYILIHECS JIOJIH.

6.4.1.5 IlepBuyHbIEe CPeACTBA MOKAPOTYIIEHUSA

Ha pabGouem Mmecte omepatopa YOIIH momkHbl ObITh OO€cnedeHbl NEPBUYHBIMU
CpelICTBaMH MOKAPOTYIICHHUS.

-IlepeHOCHBIE OTHETYIIUTENN.

-AcOecToBast TKaHb (BOMIIOK, KOLIMY).

-y o mecka.

-boukn IJIA XpaHCHUA BOIBI.

6.4.2. Bo3moskHbIe Ype3BbIYaiiHbIe CUTYAIlUH

Ha mecre skcrmyatanmn YOIIH yuuThiBasg KIMMaTHYECKHE YCIIOBHS
MO>KHO CITpOrHo3upoBaTh BuAbl UC:
IIpupoaHoro xapakrepa:
1. cunbHbIe MOPO3bI (HIKE — 40 C°);
2. METeIIl ¥ CHEYKHBIE 3aHOCHI.
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TexHOreHHOro xapakrepa:
. TIOYKapFI;
. OTKJTFOUCHHE JIEKTPOIHEPTUH;
. B3pBIBBI 1 MHOT'O€ JIPyTOE.
. TIPOPBIB TPYOBI

. pa3nuBBI HEPTH

o o1 A WN B

. B3pPbIB EMKOCTH

Crenuguyeckoif 0coOEHHOCTHIO OOJBIIMHCTBA OOBEKTOB He(TerazoBoi
NPOMBIIIICHHOCTH SIBJISICTCS HaJIWMYUE 3HAYMTEIBHOTO 00BbeMa HeTH W Ta3a, uTo
00yciaBIMBaeT BOZHUKHOBEHHE aBapui, MOKapOB, B3PHIBOB, 3aTOIUICHHI, OTTACHOTO
MOPKEHUSI MECTHOCTH H  aTMOC(epbl  CHJIBHOACHCTBYIOIIUMHU  SITTOBUTHIMH

BCIIICCTBaAMM.

6.4.3. MeponpusTusi N0 MOBBHINIEHUIO YCTOWYMBOCTH PadoThl NMpeANpUATHI B

4cC

[ToBbllieHUe ycTroWuumBOoCcTH mpeanpusitTiii k YC mnpu >SKCIulyatanuu
YOIH ocymiecTBisieTcs 3a CUET BBINOJIHEHUS PsAJia MEPOIIPUSTHIA:

a) oOBaJIOBKa EMKOCTEN C TOPIOYMMH U XUMUYECKU OMACHBIMU BEILIECTBAMU B
pacyere Ha yjepKaHue MOJIHOTO 00beMa XPAHSIIUXCS B HUX KUJIKOCTEH;

0) TOKpBITHS OTHE3AIIUTHOM KpackoM WIM OOMa3Koil JIEepEeBSIHHBIX
KOHCTPYKIIMH; OCHAILEHHUS] CPEACTBAMU MOXKAPOTYIIEHUS B COOTBETCTBUU C
HOPMaMU,;

B) oOydenue omepatopoB YOIIIH nelictBusM mno 0€30macHON OCTaHOBKE
00OpyZIOBaHUSI, CBOCBPEMEHHBIM W PETYJISAPHBIA HMHCTPYKTAXK TIO0 TOXApPHOU
0€30IacHOCTH;

I') YKOMILJIEKTOBAHUE UHCTPYMEHTOB U 3alTaCHBIMH YaCTAMH.
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6.5. Pacuer 3a3emi1eHHs 3JIEKTPO0OOPY10BAHUS

Pacyer nmpomsBomuTCs B COOTBETCTBUU  «THIOBBIX  pacyeToB IO
AIEKTPOOOOPYIOBAHUION.
ConpoTHBJICHHE PACTEKAaHWIO TOKA OJUHOYHBIX CTEP)KHEBBIX 3a3eMIIUTEICH

omnpenensercs no Gopmyre:

1 ) 1 )
—In4t+1 4 ~In4-570+500
R :Zp K .{InZI 2 J_ 1-10*-1,65 {Inz 500 , 2 _375 Om (6.1.)

+ = .
d 4t -1 2-3,148-500 12 4.570-500

7€ p — YAEIbHOE conpoTHBIeHUe TpyHTa, 1x10™ OM*cM;

K. -koaddunment cesonnoctu, 1 | kmumartuyeckoit 30ub1 K, =1,65;
| — nmuHa crepikus, 500 cM;

d - nuametp crepxkus, 1,2 cM;

t — rmyOuna 3aneranus, 570 cwm;

Heobxoammoe KOJIMYECTBO CTEPIKHEM:

n=—e 315 _ 45370, (6.2.)
7.-R, 0614

r7ae, N — Kod(pPUIIMEHT UCII0JIb30BaHMS CTEP)KHEBBIX 3a3emiuTenci, 0,61;
Rs3 - compoTuBiieHHE, OKa3blBaEMOE 3a3eMJISIIOIIUM YCTPOHMCTBOM PACTEKAHUIO

ToKa, 4 OwMm;

ConpoTHBIIEHHE BCEX CTEPIKHEN:

R, 375 _
*n.p, 1537-061

3,80m

ComnpoTuBIIeHHE PACTEKAHUSI TOPU3OHTAIBHOTO (TIPOTSHKHOTO) 3a3€MIIUTENS

omnpenaensieTcs mo ¢hopmyiie:
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1)
2)
3)
4)

n 03360, I’ 0336510° 100000°
" | d-t, 100000  1,2-70

n

= 14,30m (6.3)

riae, Iy — o0Ias JyIMHa TOPU30HTAIILHOTO 3a3eMITHTENS (TTOI0Ckl 40Xx4 MM),
100000 cwMm;
Pouee =P K, =10*-50m-cm
K. =5 - mnsg | kmmMaTHdecKol 30HbI;
t; — rmyOnHa 3aeraHus IPOTSHKHOTO 3a3eMInTeNs;, 70 cM;
JIeCTBUTENTLHOE COMPOTUBIIECHUE PACTEKAHHIO MPOTSIKHOTO 3a3EMITUTENS C

ydeToM ko3 uirenTa ucnoiap3oBanus 1, =0,32

n

n, 0,32

rr R 143 147 om (6.4)

n

OO61iee conpOTUBIICHUE 3a3EMIISIOIIETO YCTPOMCTBA:

_R-RA 38447
7 R +RY 38+44,7

=3,50M (6.5.)

U3 pacucra CIacAyCT, 4YTO IIOJYYCHHOC 3HAUYCHHC COIIPOTHBIICHHUA HC
MMPCBbINACT AOIMYCTHUMOTIO, a CJICA0BATCIbHO 6YI[GT oOecreueHo ITOJIHOLICHHOC

3a3eMiieHue 00bekTa, coorBeTcTBytomiee 'OCTy 12.1.006-84.

7 TexHUKO-IKOHOMHYECKOe 000CHOBAHHE NPOEKTA

JUIs  TeXHUKO-DKOHOMHYECKOTO0  OOOCHOBaHUS TPOeKTa  HE0OXOIMMO
BBITIOJIHUTD CIEAYIONIYIO padoty: [1]
CrmaHupoBaTh MPOEKTHBIE PaOOTHI.
PaccuuTaTh 3aTpaThl Ha MPOCKTUPOBAHHE.
PaccuuTaTh KanuTagbHbIE BIOXKEHHUS B 000PYI0BaHUE.

OuLeHNTh TEXHUYECKUI YPOBEHb 3JIEKTPOIPUBOIA
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7.1 IlianupoBaHMe NMPOEKTHBIX padoT

B nmanHOM mompa3ziene MPOW3BOAMM pacdyeT BpPEMEHH Ha BBITIOJHEHHUE
IpoeKkTa OTBENEHHOTO Ha €ro peanu3anuio. Bpemsi ompexaensieTcs, HMCXons U3
TPYAOEMKOCTH padoT.

OO0BeM BBITIOTHAEMBIX paboT NMpuBeAcH B TabuIe 7.1.

Tabmuua 7.1 — O0beM BBIIONHIEMBIX pabOT

Ne [IponomKUTENBHOCTD
HauMeHnoBaHue 3TanoB MPOSKTUPOBAHUS

JTaroB 3TanoB B %

1 [Tony4yeHnue 3a1aHus Ha TPOSKTUPOBAHHE 2

2 C60op HEeoOXoanMMOii nH(pOpMaTUN 20

3 [Ton6op YOIIH k ckBakuHe 5

4 [TonGop nBuUraresns u THAPO3AITUTHI 5

5 Pacuer cxembl 3amernieHus 5

6 Pacuer xapakrepuctuxk A/l 5

7 MoaenupoBanue XapakTepucTuk AJl 10

8 [TonGop xKabenbpHOM THHUN 7

9 [TonGop Ha3eMHOTO 0OOPYAOBAHHUS 11

10 [IpoekTupoBaHUE CXEM: IEKTPUIECCKOM, THApaBiIndecKko, | 20
MIPOSKTUPOBAHUE CTPYKTYPHI AJITOPHTMA

11 3aBepruaromuii sTan (nposepka,ohpopMIIeHUE TPOEKTA) 10
Bcero 100%

[TocTpouM kanengapusiii rpaduk (Tadbmuma 7.2).
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Tabnuna 7.2 - Uadopmarus 11 HOCTpOSHUS KaleHIapHoro rpaduka

KonuuecTtso
. JnurensHOCTh
UCTIOJIHUTEIEH
No JUINTeNnbHOCTh | BBIIOJIHEHUS
i [lepeuens paboT é“ % BBITTOJIHEHHUS BCEX BUJIOB
n/m ~ E
§ CO paboT, qHH pabor 1o
g é § IpOeKTaM, AHU
= > &
~ & E
[lonyyenue 3amaHus Ha
1 1 1 1 1
MIPOEKTHPOBAHNE
Co6op HE00X0UMOMU
2 1 31 32
nHpopmauu
[Ton60 VOIH K
3 P 1 10 42
CKBa)XKHHE
[lonGop  nBurarens u
4 1 8 50
T'MJIPO3aIIUTHI
3) Pacuer cxembl 3aMenieHUs 1 1 5 95
6 Pacuer XapaKTePUCTHUK 1 15 70
ALl
7 MonenupoBanue 1 10 80
XxapakTepucTuk AJl
8 ITon6op kabGenbHOM TMHUU 1 10 90
9 [TonGop HA3eMHOTO 1 10 100
o0opyIoBaHUs
10 [IpoekTupoBanue  cxem: 1 15 115
JIIEKTPUYECKOH,
TUAPABINYECKOH,
MIPOEKTHPOBAHNE
CTPYKTYpHI aITOPUTMa
11 3aBepIaromui JTan 1 1 5 120
(npoBepka,ohopmiieHHE
MIPOEKTA)
12 Bcero nneit paboTbl 120 11
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7.2 Pac4er 3aTpaT Ha HAYYHO-TeXHUYECKOE NNPOEKTHPOBAHHE

Tabnuna 7.3 — Mecsunblii ok1aa paOOTHUKOB

Ne [IpoekTHas rpynna Oxutan
1 Nnxenep 10 pazpsin 17000
2 PykoBoauTens MPOEKTA
. P 26300
(o11eHT)

Paitonnslit ko3¢ durment Tomckoit o6nactu Kp = 1,3

311 ucnonnumeneii 8 mecay ¢ Yy4émom patioHHo20 KoIpduyuenma:
3Iucno = Kp * ( 3[1T+3[1 101 )

3lIucn (HP) = 1,3*(26300+2630) = 37609 py0./mec.

3Mucn (umx) = 1,3*(17000+1700) = 24310 py0./mec.

3anoyHUM TadHIy 7.4:

Tabnuua 7.4 — 3apriatel IPOEKTHOW TPYIIIBI

No [IpoekTHas rpynna 311; 311, 31 311
1 Nnxenep 17000 1700 5610 24310
2 PykoBoauTens mpoekTa 26300 2630 8679 37609

CuuraeM, 4To B Mecsile B cpeaHeM 21 pabouwnii 1eHb.
PaccunTbiBaeM 3apabOTHYIO MJIATy 3@ OJUH JAEHb JAJI KaXKI0I0 COTPYIHHKA!
3IMucn (HP) =37609/21=1790,9 py6./nexp
3lMucn (umx) = 24310/21=1157,6 py6./nenp
PaccuuThiBaeM 3apabOTHYIO IJIaTy B COOTBETCTBUH IJIaH-TpapUKOM:
3IIucn (HP) = 1790,9*11=19699,9 pyO.
3lTucno (umx) = 1157,6%120= 138912 pyO.
OcHosHas 3apabomuas naiama UcnoaHumenet 3a 6ecb nepuoo padomvl COCMAaBUN.
3IlocH = 19699,9 + 138912= 158611,9 pyO.
LononnumenvHnas 3apabomuas niama 3a HeOmpabomaHHoe epems (OmnycK):
31l =0,1* 3Ilocu = 0,1*158611,9= 15861,19 py0.
Dono 3apabommuoil niamol.:

93



@311 = 3MMocn + 31Tx = 158611,9+ 15861,19= 174473,09 py6.
Om"lI/lCJleHu}l Ha coyuajlbHsvle Hy.?fC()bl.’

OCH= ®311*0,3=174473,09*0,3=52342

7.3 PacyeTr aMOPTHU3ALMOHHBIX OTYUCIECHUI OCHOBHBIX (DOHI0B

Bce ocHOBHble (OHIIBI YUUTHIBAIOTCS B HATYPAIbHBIX U  JIEHEKHBIX
MOKa3aTelsx.

VY4eT B JCHEXKHBIX €IUHUIIAX HEOOXOAUM JIJIsl HAUMCIIEHUS €KETOTHBIX CYMM

amMopTH3allMi W ompenereHuss (UHAHCOBBIX TOKaszarenel (ceOecTOMMOCTH U
npuObsU). OCHOBHBIE ()OHIBI IEPEHOCIT CBOIO CTOMMOCThH Ha BHOBb M3TOTOBJICHHYIO
MPOAYKIIUIO B BUJIE aMOPTU3AIMOHHBIX OTYUCIEHUM.
AMopTH3aIUs — 3TO BO3MEIIEHUE CTOMMOCTH OCHOBHBIX (DOHJIOB B TEUCHHUE CPOKA UX
skcruryaraiui. OTUMCIEHUsT MPOU3BOAATCS PETYISIPHO 32 CUET CEeOECTOMMOCTU B
amoptuzaionnbii Goua. Ilpennpustue, Mo Mepe HEOOXOIUMOCTH, CHHUMAET 3TU
Cpe/ICTBa Ha MPUOOPETEHUE HOBBIX OCHOBHBIX (DOHJIOB — pEHOBALIMSL.

IIpyu OTCYTCTBUM YTBEPKIEHHOW HOPMBI aMOPTHU3ALMHU, €€ MOXXHO NPUHSTh
PaBHOM BEJIMYMHE, OOPATHOM CPOKY CIIy)Obl. CpoK CTy>KObl KOMITBIOTEPHON TEXHUKHU

MPUHUMAEM PaBHOM 5 rogam, Torjaa Hopma amopTuzanuu coctaBut 20% B roa.

BriGepem nuHeitHbI cioco6 amoptuzaiuu. [IpoexkTupoBanuemM 3aHUMaeMCs

C UCIOJIb30BaHUEM KOMIIBIOTEPOB, MPUHTEPOB, CKaHEpa U TJIOTTEpa.

JlanHbIe cBeeM B TaOIMILy 7.5:
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Tabnuma 7.5 — AMOpPTHU3aIMOHHBIE OTYUCICHUS

n -
: s | EC :
< o = S ® o
B = S X 5 = o
S 3 QA4 S =2 )
£ > S <sEES| EZ 2
5 e = 55| 2¢4 g
<! S e g == Sz 9 =
g S O TS| LEF
1 2 3 4 5 6
) Kommsrorep 1 komnbrOTEP O
22 20 4,4 22000 p.
[TpunTe 1 mazepHsbIii
3 P P 8 20 1,6
npuHTep 1o 8000 p.
4 Ckanep 3 20 0,6 Cxkanep 3000p.
—|  Hroro: 33 — 6,6 —

N3 tabaunel 7.5 (KonoHKa 5) BUAHO, YTO CyMMapHbIE aMOpPTHU3AllMOHHbIE
OTYMCIIEHUST Ha O0OpylOBaHME 3a TOJA, 3aJCHCTBOBAHHBIX B  IpoLEcce
MPOEKTUPOBAHUS, cocTaBisieT: Az=6600 pyOnei.

IIpoussedem pacuem amopmu3ayUOHHbIX OMUUCIEHUTI OCHOBHBIX (POHO08 30 Nepuoo

NPOEKMUPOBAHUS U 3aNOTHUM madauyy 7.6

g _Tw, 1 _120
= — % ¥ — =
am = p T VKT T 365

* 6600 * 0,1 = 216 py6

Mamepuanvrvie sampamol:

B MmarepuanbHbie 3aTpaThl BHOCUM KaHLTOBaphl 1 OHU paBHbl M3=1000 py0
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IIpouue 3ampamoi:

Hanoru, coopsl, maTexxu (BKIIOYas 0 00s13aTEILHBIM BUIaM CTPAXOBaHUS),
OTUYHUCJICHUS B CTPaxoBble (GOHIBI (pe3epBbl) U Ipyrre 00s13aTeIbHbIE OTYUCICHHUS,
MPOU3BOJAMMBIE B COOTBETCTBUU C YCTAHOBJIICHHBIM 3aKOHOAATEIBLCTBOM MOPSIKOM
I13 = 0,1*(M3 + ®3I1 + OCH + U,,,) = 0,1*(1000+174473,09+52342+216)=22803,1 py6
Haxnaonwvie 3ampamur:

CesizaHbl ¢ OOCHYKMBAaHMEM OTJAEJbHBIX MOJpa3eiacHuil (1IeX0B, YYacTKOB) HIIU
OpraHu3zalid B  LeJIOM U ympaBieHueM umu. OHH  COCTOST U3
OOLIETPOU3BOICTBEHHBIX U OOIIEX035ICTBEHHBIX PACXO/I0B.
HAK=2*®3[1=2*174473,09=348946,18 py0

Hmoezo:

UTOI'O = M3 + ®3I1 + OCH + U,, + II3 + HAK = 1000 + 174473,09 + 52342 +
216 +22803,1 + 348946,18 = 599780,37 py0

Tabmuua 7.6 — Cmera 3atpar

Ne Cymma Tekymmx
DJeMeHTHI TeKYIUX 3aTpat

n/m 3arpart, pyo.

1 MarepuanbHble 3aTpaThl M3 1000

2 3arpaTsl Ha OIUIATy Tpya D311 174473,09

3 OTumCleHNs HAa COLUATIbHBIE HYK/IbI OCH 52342

AMopTu3anusi OCHOBHBIX (DOHIOB U
4 U, 216

HEMATCPHAJIBHBIX AKTHBOB

5 IIpoune 3aTpatsl I13 22803,1
6 Haknannawie HAK 348946,18
7 HToro cebecTonMoCTh pa3padoTKu z n.(1-5) 599780,37
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7.4 Pacuyer cTOMMOCTH 000py10BaHMs (KANIUTANbHbIE BJIOKEHUS)

PaccuntaeM OKymaemMocTh HOBOW CHCTEMBI U CpaBHUM 3(PQPEKTHUBHOCTH €€
HCIIOJIb30BaHUs 110 OTHOIICHHIO K 6a30BOMYy 000pynoBaHuto (Tabiauna 7.7):

Tabmuua 7.7 — PacdueT KanuTaJIbHBIX BIOKEHUN HA pEATM3ALNIO IPOEKTa

Ne | Haumenosanue CrouMoCTb, pyo
1 | Ycranoska 60 OIIH 5 — 30 2550 500000
2 | [lorpyxHoi anexrpoasuratens [ID1H —

40 - 117 320000

3

Ka6enbnas nmunus KIIBIT 3x16 - 2600 800000
Tpancdopmarop TMITH — 125/3 — VXJI1 | 450000
Cranmus Ynpapnerus «aekToH — 05- 500000
400»

6 | 3aTparsl Ha yciyru 6Gpuramst KPC 1000000
Uroro 3570000
HAC 13% 464100
Hroro ¢ HIC 4034100

7.5 OueHka TeXHUYECKOI0 YPOBHH 3JIEKTPOINPUBOAA

B o0miem ciyuae pe3ynbTaToM peajiu3allii MPOEKTA SBISIETCS JOCTHXKEHUE
HAay4YHOTO, HAY9HO-TEXHUYECKOT0, YKOHOMHUUYECKOTO 1 COIMaabHOr0 3 dekTa.

JIist  olleHKM HAy4yHO-TEXHHMUYECKoro »¢@dexrta MOXKXHO HCIOIb30BaAThH
KOJIMYECTBEHHBIN U KAU€CTBEHHBIN aHaN3. KOMMUYeCTBEHHBIN aHaIU3 MPOU3BOIUTCS
MyTEeM pacyeTa U CpaBHEHHUS KOJWYECTBEHHBIX PE3yJIbTATOB HAYUYHOU JEATEIHLHOCTU
U TEXHUYECKUX TapaMeTpoB pa3pabaThiBaeMON TEXHUKH, MPUOOPOB, METOIOB.
KauecTBeHHBII aHAJIM3 COCTOMT B CONOCTABJICHUM MPEUMYIIECTB U HEIOCTATKOB
WHKCHEPHBIX PEHICHUN HA OCHOBE JKCIIEPTHBIX OIEHOK «XYXKE-IydIley», «OOJIbIIe-
MEHBIIIEe», «BhINIC-HIKE» U T.I1. OlieHKa AaeTcs B Oaiax, HapuMep, Mo mkaie oT 1
q0 10 uim 100 GamtoB

OneHka HAyYHO-TEXHUYECKOTO YPOBHS PACCUUTHIBAETCS 1O (hOpMyJIE:
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K . =K_ K

HTY Ty Hy?

rie Ky — k03 huImeHT TeXHNUeCKOro YpoBHs SHEPreTUYECKOT0 00BEKTa;
K.y — ko3¢ punment pesynpsratusHocta HUP

BbluuciuTh eIMHUYHBIN TapaMeTPUUYECKU MOKa3aTeslb MOXKHO 10 (hopMmyJie:

rae (— mapaMeTpUdYeCKHuid MoKa3aTeb;

P — BennunHa mapameTpa peaabHOr0 00BEKTa;

Pioo — BenuuMHa mMapaMeTpa THIOTETUYECKOro (MACalbHOr0) OOBEKTa,
YAOBJIETBOPSIONIET0 NOTpeOHOCTh Ha 100%;

P — BEpOSTHOCTh JIOCTHKCHHSI BEJIMYMHBI [apaMeTpa; BBOAUTCS IS
MoJIydeHus: 0oJjiee TOYHOTO pe3ysbTara C y4eTOM »dJEMEHTa CIy4alHOCTH, YTO
MO3BOJISIET CHU3UTH PUCK OCYIIECTBIICHUS MTPOCKTA.

Kaxnomy mapamerpruueckoMy MOKa3aTelio IO OTHOIICHHI0 K OOBEKTY B
nenaoM (T.e. 000OIIEHHOMY YAOBJIETBOPEHUIO MOTPEOHOCTH) COOTBETCTBYET HEKH
Bec O, pasHBId JUIA Kaaoro mokasarens. [lociae BBIYMCICHHS BCEX €IUHUYHBIX
MoKa3arejied CTaHOBUTCS PEalbHOCTBIO BBIYMCIEHHE OO0OOIIEHHOTO (TPYIIIIOBOrO
MOKa3aTels), XapaKTePHU3YIOIIET0 COOTBETCTBHE OOBEKTAa IOTPEOHOCTH B HEM

(mone3HbIit A (HEKT WM Ka4eCTBO 00bEKTA):

n
Q= Zqidi’
i1
rae Q — TIpynmoBoM TEXHUUYECKMH TOKasarenb (0 TEXHUYECKUM

napameTpam);
i — €AMHUYHBIN MTapaMeTPUUYCSCKUI TOKA3aTelb 110 I-My IapameTpy;
di — Bec i-ro mapamerpa;
1 — 9UCJIO TAPAMETPOB, MOJIEKAIIUX PACCMOTPEHUIO.
[TokazaTrenb KOHKYPEHTOCHIOCOOHOCTH HOBIIECTBA IO OTHOIICHHUIO K

0a30BOMY 00BEKTY Oy/EeT paBeH
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c _9,

Ty Q’
K

rie K,y — mokasarenb KOHKYpEHTOCHOCOOHOCTH HOBOTO OOBEKTa IO
OTHOIICHUIO K KOHKYPHPYIONIEMY TI0 TEXHHUYECKHM TapaMmerpaM (IoKa3aTelb
TEXHUYECKOTO YPOBHS);

Qu, Qx — COOTBETCTBYIOIIHME TPYNIIOBBIC TEXHUYSCKUE MMOKA3ATEIN HOBOTO H
0a30BOro 0OBEKTA.

JlaHHBIE  JUISI  OLIGHKH  KOHKYPEHTOCIIOCOOHOCTH  pa3pabaThiBaeMOTO
HOBIIIECTBA IPUBOJATCS B Ta0d. 7.8.

Tabnuua 7.8 — O1ieHKa TEXHUYECKOTO YPOBHS HOBIIIECTBA

Bec I'nnorernueckuit
XapakTepuCTHKH HosmectBo Konkypent

noKazaTeJien 00BEKT

d; P; i P; qi P1g0 4100

[Tone3nbrit addexr
HOBIIECTBA(MHTETPATBLHBIN | 1 Q,=0,975 Q,=0,802 Q100 =1
MOKa3aTellb KaueCTBa)
Hamop nacoca 0,2 2550 0,996 | 2549 | 0,995 | 2560
BepositHOCTh G€30TKa3HOM

0,15 0,996 |0,997 |0,937 |0,937 | 0,999
paboThI
Pacxon xunkoctu (o0meM
nepeKaYnBaeMoit 0,1 29 0,966 | 26 0,866 | 30
JKUIKOCTH)
KOA(p(UIUEHT TOJIE3HOrO

0,16 85 0,944 |81 0,9 90
neicTBus (MpUBOAA)
Toxk (mpuBoIa) 0,14 26 0,981 | 275 0,927 | 25,5
Y 100cTBO dKCIUTyaTaluu 0,03 9 0,9 6 0,6 10
TpaHcropTabenbHOCTh 0,02 8 0,8 2 0,2 10
MotHOCTb JIBUTATEIIS,

B 0,2 40 0,975 | 100 0,4 39

kBT

Ipoussenem pacu€r 3HadeHuit q;,Qy, Oy, Kqy:
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P, 2550 P, 2549
d1(uoB) = P100 = 2560 = 0,996; q1(xon) = P100 = 2560 = 0,995;
P, 0,996 P, 0937
q2(uoB) — P100 = 0,999 = 0,997; d2(xon) = PlOO = 0,999 = 0,937;
P, 29 P, 26
qg(HOB) = % = % = 0,966; CI3(K0H) = m = % = 0,866;
P, 85 P, 81
q4(HOB) = Ploo = % = 0;944; q4(KOH) = m = % == 0,9;
P, 2 P, 275
d5(uoB) = P_oo = ﬁ = 0,981, q5(kon) = a = 755 = 0,927;
P]_ 9 P1 6
46 (uoB) ?00 = 1—0 =09 6(xon) = _P100 = 1—0 = 0,6;
Pl 8 P1 2
q7(nos) PLoo = E =0,8; q7(xon) = a = E =0,2;
P, 39 P, 40
98iom) =5~ =70 = 0,975; Gaon) = - —= Tg0 ~ O

= (0,996 - 0,2) + (0,997 - 0,15) + (0,996 - 0,1) + (0,944 - 0,16)
+(0,981-0,14) + (0,9 - 0,03) + (0,8 0,02) + (0,2 * 0,975) = 0,975

7
Qx = Z di(kon) d;
i=1

= (0,995 0,2) + (0,937 - 0,15) + (0,866 - 0,1) + (0,9 - 0,16)
+ (0,927 -0,14) + (0,6 - 0,03) + (0,2 - 0,02) + (0,4 x 0,2) = 0,802

Q, 0,975
K, =—=""-=121
YT Q. 0802
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3akiloueHue
B nanHO# BhIMycKHOW KBaM(UKAIMOHHOW pabore Oblna paspaboTaHa u

UCClIeIoBaHa ¢ IOMOIII0 TiporpamMMbl Matlab maTtemaTtuueckas Mojenb HorpykHOTo
ACHHXPOHHOTO JJICKTPOABUTATEIIS, AIMUTAIIIOHHAS] MOJIETh PA30MKHYTOW CHCTEMBI
ITY-AJl cockansipHBIM ympaBieHHeM. B Xoje pa3paboTKu W BBIMOTHEHHS MPOCKTa
OBLJT OCYIIIECTBIICH BBIOOp 000pYyIOBaHUS. BeiGop u pacder mapaMeTpoB
MOTPY>KHOTO  JJIEKTpoABUTaTeNs  [Ipemnio’keHO  HWCMOJb30BaTh  COBPEMEHHBIN
ACHXPOHHBIH JaCTOTHO-PETYIUPYEMBIH AIIEKTPOTIPUBO/I. Bri6pan
anextpoasuratens cepur IJICT 56 — 96M, npeobpazoBaTenb 9acToThl IeKToH-05-
100.

[Tonmy4yeHbl MEXaHWYECKUE U  IJICKTPOMEXAHWYECKUE  XaPAKTEPUCTHKHU
BBEIOPAHHOTO ACHHXPOHHOTO JIBUTATENS, TIOCTPOCHHBIC IT0 PACUCTHBIM U KaTaJIOKHBIM

3HauCHUSAM. B KadyecTBe 3aKOHa YIIpaBJICHUA, TJIA HpGO6p330BaTeHH HJaCTOThbI BI)I6paH

3aKOH perynuposanus U / flz = const.

Takxe NpOU3BEAECHO MOJCIMPOBAHMUE IEPEXOJHBIX MPOILIECCOB IPU MYCKE
aBurarenass B mporpammuHoi cpeae Matlab. C wucmonb3oBaHreM HMHTAMOHHBIX
MOJiesIel TOCTPOEHBI JUHAMUYECKUE XapaKTePUCTHUKHU.

brina BbIOpaHa cucTteMa €O CKaJIspHBIM YIpaBICHUEM U 3aKOHOM

U / f12 = const, ¢ 1enbl0 00ecreYeH sl IyCKOBOIO MOMEHTA Ha MAJIbIX CKOPOCTAX B

npeoOpazoBaTeIenpelyCMOTpEHa byHKIMS KOPPEKTUPOBKU (MOBBILLIEHUE
Ha4yaJbHOTO 3HAYEHUSI HAIPSHKEHUs) BOJBT-YACTOTHOM XapaKTEPUCTUKU B 0OJACTH
MaJIBIX YaCTOT BBIXOJHOTO HampsiKeHUs nHBepTopa. [lo pesynbraTtam, MOJTy4YEeHHBIM
B X0/JI€ MOJICIMPOBAHUS, ObUTH ClI€TIaHbI BHIBOIBI.

CnpoekTupoBaHHasi CHUCTEMa YIOBJIETBOPSET TPeOOBAHUSM TEXHUYECKOTO
3a7aHu.

B skoHOMMYECKOW YaCTH MPOU3BEICHA OLICHKA 3aTPaT Ha MPOEKTUPOBAHUE.

B paznene 6e30macHOCTH M 3KOJOTUYHOCTH MPOAHATM3UPOBAHBI ONACHBIE U
BpEHBIC TPOW3BOJICTBEHHBIC (PAKTOPHI, JTaHBI TPAKTUYECKAE PEKOMEHIAIUU TIO0

TEXHHKE 0€30MaCHOCTH U HpOHSBO)ICTBeHHOfI CaHUTapuu.
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[Tpunoxxenne 1 Tabmuma n.1 Katanor cryneneit u HacocoB 3A0 «HoBomer —

Ilepmb»

*XAPAKTEPUCTUKW HACOCOB 2BHHMN5-30I3 BHHS5-30-XXXX/00-00X
2BHHMK5-30r3 BHHS5-30-X300X/01-00X
2BHHIMKH5-30I3 BHH5-30-XXXX/02-00X,ana paboTel B cpegax ¢ KBY no200mr/in
Q H Kna N [InuHa cekymu, M / KONWYECTBO CTYNEHEN, WT.
wicyr| m | ¢ | wBr [3107 | 41146 [4.5M165] 5184 | 6/223 | 3+4 | 4+4 | 4+5 | 5+5 | 5+6 | 6+6 | 4+4+5 ] 4+5+5 | 5+5+5 [ 5+5+6
Yo Hanop Hacoca, m
0 [6.2] 0 [0.032] 660 900 | 1020 [ 1135 | 1375 | 1560 | 1800 | 2035 | 2270 | 2510 [ 2750 | 2935 | 3170 | 3405 | 3645
10 [5.9] 22 [0.030] 625 855 965 | 1080 | 1305 | 1480 | 1710 | 1935 | 2155 | 2385 | 2610 | 2790 | 3010 | 3235 | 3460
20 |5.4| 38 |0.032| 580 790 890 995 | 1205 | 1365 | 1580 | 1785 | 1990 | 2200 | 2410 | 2570 | 2780 | 2985 | 3195
30 |4.8| 44 |0.037 510 695 790 880 | 1065 | 1210 | 1395 | 1575 | 1760 | 1945 | 2130 | 2275 | 2455 | 2635 | 2825
45 |2.7| 32 |0.043| 285 390 440 495 600 680 785 885 | 985 | 1090 | 1195 | 1275 | 1375 | 1480 | 1585
50 [1.7] 22 [0.045] 185 255 285 320 385 440 505 570 635 705 770 825 890 955 | 1025
Nuom, kBT 3.9 5.4 6.1 6.8 8.2 9.3 107 | 121 | 135 | 149 | 164 | 175 | 189 | 203 | 217
Nmax, kBt 5.1 7.0 7.9 8.8 107 | 105 | 124 [ 138 | 156 | 17.0 | 189 | 229 | 247 | 265 | 284
Hanop sacoca, m 500 700 800 900 | 1050 | 1200 [ 1400 [ 1600 [ 1750 [ 1950 | 2150 | 2250 | 2450 [ 2650 | 2800

“XAPAKTEPUCTUKW HACOCOB

2BHHMNW5-30T3
2BHHMUKS-30r3
2BHHMWKHS5-303

BHHS5-30-XXXX/03-00X
BHH5-30-XXXX/04-00X

BHHS5-30-XXXX/05-00X,.ans paboTel B cpegax ¢ KBY no500mrin

KN, [nuHa cexumMmM, M | KONWYeCTBO CTYNeHe!, IWiT.
swm.ﬁ s R | 31916 (4112418 AR0A0N NI\ BT20] 344 | 444 | 445 | 5+5 | 5+6 | 6+6 |4+4+5|4+5+5 | 54545 | 54546 | 5+6+6 | 6+6+6
- Hanop Hacoca, m
0 |[6.2] 0 (0.032| 560 765 865 970 | 1175 | 1325 | 1530 | 1735 | 1940 | 2140 | 2345 | 2500 | 2705 | 2905 | 3110 | 3315 | 3520
10 [5.9] 22 |0.030| 535 725 820 920 | 1115 | 1260 | 1450 | 1645 | 1840 | 2030 | 2225 | 2370 | 2565 | 2760 | 2950 | 3145 | 3340
20 |5.4( 38 |0.032| 490 670 755 850 | 1025 | 1160 | 1340 | 1520 | 1695 | 1875 | 2055 | 2190 | 2365 | 2545 | 2725 | 2900 | 3080
30 |4.8( 44 |0.037| 435 590 670 750 910 | 1025 | 1185 | 1340 | 1500 | 1660 | 1815 | 1935 | 2090 | 2250 | 2410 | 2565 | 2725
45 |2.7| 32 [0.043| 245 330 375 420 510 575 665 755 840 930 | 1020 | 1085 | 1175 | 1260 | 1350 | 1440 | 1530
50 |1.7| 22 [0.045| 160 215 240 270 330 370 430 485 545 600 660 700 760 815 875 930 985
Nuom, kBT 33 4.5 5.1 5.8 7.0 7.9 91 103 | 115 | 127 | 139 | 149 [ 161 17.3 | 185 | 19.71 | 209
Nmax, kBT 4.4 6.0 6.7 1.5 5:1 8.9 105 [ 11.7 | 133 [ 145 | 1641 194 | 21.0 | 226 | 242 | 258 | 274
Hanop Hacoca, m 450 600 650 750 900 | 1050 | 1200 | 1350 | 1500 | 1650 | 1800 | 1950 | 2100 | 2250 | 2400 | 2550 | 2700

=

-XapPaKTEPUCTHUKH MOTYT YTOYHATLCH.

MpumeyaHue: bm_sxo—..._ BblAeneHbl HacoChl, B KOTOPLIX MCNONbL3YeTCA Ban NOBLILEHHON NPOYHOCTH, CEPbLIM LUBETOM — HACOCbI C NNAaBHBIM MYCKOM
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[Tpunoxenue 2 Tabmuna m.2 TexHudeckne XapakTEPUCTUKH TPAHCPOPMATOPOB

cepun TMITH

106

Tun

Tpancdopmaropa

Hommn.
MOUIHOCT,
kB-A

Cxema
H -.—HUJ.-H-M
COCIHHCHHHA
0DMOTOK

Kon-go
cTymeHei
peryJiMpo=
BAHHNA

Homm-
HAITRHOC®
HANPHAKE=
lnue BH, B

Hanpswenue, B (Tox, A)
crynenel peryJHpoBanns

[MoTepn,
Br

X.X.

K.3.

Hanps-
HCHHE
K.3., %,

ne dojee

Pasmepsr, mm

Macca, kr

B|H]|A

Ay

Macaa

moJTHAs

TMITH=63/1=-
¥Xn

TMIIH=63/3-
¥X.I1

VY0

10

611

675(53,9)-643(56,6)-611(59,5)-384(59,5)-
549(59.5)-517(59,5)-483(59,5)-455(59,5)-
423(59,5)-391(59,5)

10

856

1023(35,6)=982(37)-94 1 (38, 71-900(40,4)=
B56(42,5)-824(42.5)-T81(42,5)-739(42,5)-
698(42,5)-657(42,5)

20

921

1143(31,8)-1 106(32,9)-1069(34)-1032(35.3)-
995(36,0)-058(38)=921(39,5)-B84(39,5)-
B4T(39.5)=81(139,5)-773(39,5)-736(39,5)-
GO9(39.5)-662(39,5)-625(39,5)-588(39,5)-
551(39,5)-514(39,5)-477(39,5)-440(39,5)

200

1280

1140

570 113701500

480

153

500

TMITH=100/3-
¥XJI1

100

¥,/¥-0

10

736

T36(78,4)-T08(78,4)-681(78,4)-649(78,4)-
620(78,4)-5392(78,4)-562(78,4)-530(T8,4)-
302(78.4)-475(78.4)

10

844

938(60,3)-92((62,8)-882(65,5)-844(68.4)-
B10(68,4)-782(68.,4)-747(68,4)-709(68.4)-
671(68.4)-633(68.4)

1170

1170(49,4)-1108(49,4)-1045(49,4)-983(49,4)-
920(49.4)

25

1250

1690(34,2)-1646(35,1)-1602(36)-1558(37,1)-
1514(38,1)-1470(39,3)-1426(40,5)-1382(41,8)-
1338(43,2)-1294(44,6)-1250(46,2)-1206{46,2)-
1162(46,2)-1118(46,2)-1074{46,2)-1030({46,2)-
986(46,2)-942(46,2)-898(46,2)-854(46,2)-
B10(46,2)-766(46,2)-722(46,2)-678(46,2)-
634(46,2)

1610

1610(35,9)-1525(35,9)-1440(35,9)-1355(35,9)-
1270(35,9)

1980

2210(29,2)-2095(29,2)-1980(29,2)-1865(29,2)-
1750(29,2)

290

1970

55

1200

800 | 1400|550

480

190

660

TMITH=125/3=
¥X1

125

1540

2500(28,9)-2440{29,6)-2380(30,3)-2320(31,1)-
2260(31.9)=2200(32,8)-2140(33,7)-2080(34,7)-
2020(35.7)-1960(36,8)-1900(38)-1 84039,2)-
1780(40,5)-1720(42)-1660(43,5)=1600(45,1)-
1540(46,9)=1480(46,9)-1420(46,9)-1360(46,9)-
1300(46.9)=1240(46,9)-1 180(46,91-1120{46,9)-
1060(46,9)=1000{46.9-940(46,9)-880(46,9)-
B20(46,9)=760(46,9)-700(46,9)-640(46,9)-
580(46,9)-520(46,9)1-460(46,9)=-400(46.9)

440

2100

1250

[
tn
=]

820




[Tpunoxenue 3. Tabnuna n.3 [lorepu Hanpspkenus Ha 1000M kabenbHOM TUHUH

IMotepu HanpsbkeHus B Kaberne ¢
MEIHBIMH JKIUJIAMH CECYCHHEM

3x16 mm., B (1a 1000 meTpoB)

IMotepn HanpsbkeHus B Kabene ¢
MEIHBIMH JKWJIAMH CEICHHEM

3x21 mMm., B (1a 1000 meTpoB)

IMotepn HanpsbkeHus B Kabene ¢
MEIHBIMH JKUJIAMH CCICHHEM

3x25 mMm., B (1a 1000 meTpoB)

IMotepu HanpsbkeHus B Kabee ¢
MEIHBIMM JKUJIAMH Ce4eHreM 3x33

MM., B (Ha 1000 meTpoB)

J nom| IlnacroBas Juom moa,| Ilmacrosas J Hom mox,| Ilnacrosas J HOM 1mop, IlmacroBas
mox, A TeMIepaTypa, A Temmneparypa,’ A TemIeparypa, A TemIeparypa,
°C C °C °C
40-60( 70-90| > 100 40- | 70-90| > 100 40-60| 70-90| >10( 40-60| 70-90 | >100
60
1 2 3 4 5 6 7 8 9 10 11 12 |13 14 15 16
4,6 28 32 35 |14,6 21 24 27 14,6 18 20 23 (14,6 13 16 17
18 34 39 44 |18 26 30 33 18 22 25 28 (18 17 19 21
21 40 46 51 21 31 35 39 21 26 29 33 21 19 22 25
22 42 48 53 |22 32 37 41 22 27 31 34 (22 20 23 26
24 46 53 58 |24 35 40 45 24 29 34 37 |24 22 26 28
25 48 55 61 25 37 42 46 25 31 35 39 25 23 27 29
26 50 57 63 |26 38 43 48 26 32 36 40 |26 24 28 31
27 51 59 66 |27 39 45 50 27 33 38 42 127 25 29 32
28 53 61 68 28 41 47 52 28 34 39 44 28 26 30 33
29 55 64 70 29 42 48 54 29 35 41 45 29 27 31 34
30 57 66 73 30 44 50 56 30 37 42 47 30 28 32 35
32 61 70 78 32 47 53 59 32 39 45 50 32 29 34 38
33 63 72 80 33 48 55 61 33 40 46 51 33 30 35 39
34 65 74 83 34 50 57 63 34 42 47 53 34 31 36 40
35 67 77 85 35 51 58 65 35 43 49 54 35 32 37 41
36 69 79 87 36 53 60 67 36 44 50 56 36 33 38 42
37 70 81 90 37 54 62 69 37 45 52 58 37 34 39 43
38 72 83 92 38 55 63 71 38 46 53 59 38 35 40 45
39 74 85 95 39 57 65 72 39 48 54 61 39 36 41 46
40 76 88 97 40 58 67 74 40 49 56 62 40 37 43 47
41 78 90 100 41 60 68 76 41 50 57 64 41 38 44 48
42 80 92 102 42 61 70 78 42 51 59 65 42 39 45 49
43 82 94 104 43 63 72 80 43 53 60 67 43 40 46 51
44 84 96 107 44 64 73 82 44 54 61 68 44 41 47 52
47 90 103 | 114 47 69 78 87 47 57 66 73 47 43 50 55
48 91 105 | 117 48 70 80 89 48 59 67 75 48 44 51 56
49 93 107 | 119 49 72 82 91 49 60 68 76 49 45 52 58
51 97 112 | 124 51 74 85 95 51 62 71 79 51 47 54 60
53 101 | 116 | 129 53 77 88 98 53 65 74 82 53 49 56 62
55 105 | 120 | 134 55 80 92 102 55 67 77 86 55 51 58 65
56 107 | 123 | 136 56 82 93 104 56 68 78 87 56 52 60 66
57 109 | 125 | 138 57 83 95 106 57 70 80 89 57 52 61 67
58 110 | 127 | 141 58 85 97 108 58 71 81 90 58 53 62 68
59 112 | 129 | 143 59 86 98 110 59 72 82 92 59 54 63 69
60 114 | 131 | 146 60 88 100 | 111 60 73 84 93 60 55 64 70
61 116 | 134 | 148 61 89 102 | 113 61 75 85 95 61 56 65 72
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[Tpogomxenne TabauIbI 1.3

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
62 118 | 136 | 151 62 91 103 | 115 62 76 87 96 62 57 66 73
63 120 | 138 | 153 63 92 105 | 117 63 77 88 98 63 58 67 74
64 122 | 140 | 155 64 93 107 | 119 64 78 89 100 | 64 59 68 75
65 124 | 142 | 158 65 95 108 | 121 65 79 91 101 | 65 60 69 76
67 128 | 147 | 163 67 98 112 | 124 67 82 94 104 | 67 62 71 79
69 131 | 151 | 168 69 101 | 115 | 128 69 84 96 107 | 69 64 73 81
72 137 | 158 | 175 72 105 | 120 | 134 72 88 101 | 112 | 72 66 7 85
73,5 140 | 161 | 179 73,5 107 | 123 | 137 73,5 90 103 | 114 | 73,5 68 78 86
77,5 148 | 170 | 188 775 113 | 129 | 144 775 95 108 | 121 | 77,5 71 82 91
78,5 150 | 172 | 191 78,5 115 | 131 | 146 78,5 96 110 | 122 | 78,5 72 83 92
81 154 | 177 | 197 81 118 | 135 | 150 81 99 113 | 126 | 81 75 86 95
82 156 | 180 | 199 82 120 | 137 | 152 82 100 115 | 128 | 82 75 87 96
86,5 165 | 189 | 210 86,5 126 | 144 | 161 86,5 106 121 | 135 | 86,5 80 92 102
88 168 | 193 | 214 88 129 | 147 | 163 88 108 123 | 137 | 88 81 94 103
90,5 172 | 198 | 220 90,5 132 | 151 | 168 90,5 111 126 | 141 | 90,5 83 96 106
98 187 | 215 | 238 98 143 | 163 | 182 98 120 137 | 152 | 98 90 104 115
99 189 | 217 | 240 99 145 | 165 | 184 99 121 138 | 154 | 99 91 105 116
104 198 | 228 | 253 104 152 | 173 | 193 104 127 145 | 162 | 104 96 111 122
131 250 | 287 | 318 131 191 | 218 | 243 131 160 183 | 204 | 131 121 139 154
178 339 | 390 | 432 178 260 | 297 | 331 178 218 249 | 277 | 178 164 189 209
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[Tpunoxenue 4. Tabmuma m.4 [Ton6op CY ¢ 4aCTOTHBIM PETYTHPOBAHUEM B

3aBUCUMOCTH OT HOMUHAJIbHOM MottHocTH [1D]]

Monens CV ¢ |[[lonHas HomunanpHas Homunanesnas | Homunansuas
YAaCTOTHBIM  |[BBIXOJIHASI |MOIIHOCTD MOITHOCTh MOIITHOCTh
pEryJMpPOBaHU [MOIIIHOCTh |OJKJIIOYAEMOI0 MOJKII0YAEMO | TOAKI0YAEMO
eM «2nekton- (CY, kBA. |aBurarens ro [I3 mpu |ro 11D/ npu
05» obmenpombinuieHHor |50 I'm, kBt. |70 ['m, kBrT.
O UCHOJIHEHUS, KBT
32 20 mo 15 - -
63 40 1o 30 - -
160 100 no 75 1o 32 -
250 160 no 110 no 70 1o 25
400 260 10 200 1o 125 1o 45
630 410 1o 315 10 180 1o 63
800 520 1o 400 1o 250 110 90
1000 650 10 500 10 320 no 110
1200 780 1o 625 10 400 1o 140
1800 1150 1o 800 1o 500 1o 180
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[Tpunoxxenue 5. Tabmuua .5

JlomycTiMble ¥ ONTHUMAaJbHBIC MapaMeTPbhl MUKPOKJIMMATa B BEHTUJISIIMOHHON
kamepe 116 (233-290)

ITepuo | Karer | Temmneparypa Temnepar | OrHocut | CkOpOCTh
aroxa | opus | Bo3ayxa, °C ypa eJIbHas JIBVKECHUS
pabot MOBEPXHOC | BIAXHOC | BO3ayxa, M/c
1o JiMarnaso | Juariaso Teid, °C b JIS JIS
YPOBH BO3/1yXa,
o H HHWXE | H BBIIIC % Juaral3o | guamnaso
onTHUMa | ONTHMAa Ha Ha
3HEpr
o JILHBIX JIbHBIX TEMIIEpA | TEMIIEpA
satpat BCJIMUYMH | BEJIUYUH TYp TYp
BO3/lyXa | BO3JyXa
, BT HIKE BBIIIIC
OITHMa | ONTHMA
JIbHBIX JIbHBIX
BEJIMYMH | BEJIMUMH
L] He L] He
0osee Oomee**
Xomon | 116 (2 | 15,0- 19,1- 14,0-23,0 | 15-75 0,2 0,4
HBIN 33- 16019 22,0
290)
Temnsr | 116 (2 | 16,0- 21,1- 15,0-28,0 | 15-75* 0,2 0,5
u 33- 18,9 27,0
290)
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[Tpunoxxenue 6. Tabmuna 1. 6

[lepedenn 3arps3HAIOMNUX BEIIECTB, BEIOPACKIBAEMBIX B aTMOC(hepy

Kon HaumenoBanuel  HammeHnoBaHue Ucnonss. [3nauenrKnacc|Briopock
SATPASHAIOMELY 4 opMupyemoro B-{  kpuTepwit OTACHY, Ba, T/r

B-BA pPMUPY puUTep - )

0123 Hbure Kenesa okcu MIKce | 004 3| 032
MeTaJJTNIeCcKast

0143 Mapranen u er{  Maprasen u ero TTJTK m.p 001 2 0011
coeJI-si coeJi-st

0203 Oxcuasl Xxpoma Xpom . ITAK m.p 0.00 1 0.00¢

IIECTUBAJICHTHBIN
0301 A3zora nuokcua|  A30Ta JIBYOKHCH ITAK m.p 0.08 2 0.24¢
CepHUCTBIN

0330 Cepbl IHOKCH]T AHHAPUT ITAK m.p 0.5 3 0.784

0342 Propul Propusl MIKwp | 002 2| 0011
ra3o00pa3HbIe ra3000pa3HbIe

2963 [Ib116 IpeBeCcHS [Ib116 IpeBecHast OBYB 0.1 - 2.597

2754 YrieBogopo bl YrineBogopoibl TTJTK m.p 1 4 0.04
peJien. rpeJier.

0344 PropHiEI PropueI MKmp | 02| 2| 001
TJIOXOPACTB. TJIOXOPAcCTB.

2904 MasyTtHas 3071a Bananuii ITJIK c.c 0.00 2 0.004
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[Tpunosxxenue 7 Tabnuna . 7

Pacnpenenenrie HEKOTOPBIX B3PBIBOOIIACHBIX CMECEU MO KaTErOpUsM U TPyIIIaM

Kareropus I'pynna B3pbIBOONIACHBIX CMECEN
B3PBIBOOIIACHE
Prist T1 T2 T3 T4 TS
cMeceit
AmMmuak, | AMuianerar,
METaH, OyTuianerar,
JTUXJIOPITaH, | BUHUJIAIETAT,
M300yTHUIICH, | U30IPOIIEH, Ckunmaap, yait-crup]
1 METHJICTUPOJT| METHJIMETAKPHIIAT, | IIUKJIOTEKCaH,
METHJI CIIUPTHI: CIIUPT aMUJIOBBIH,
XJIOPUCTBIA, | OYTHUIIOBBIH, nomdup TI'M-3 u nj
METHII H30aMUJIOBBIM,
XJIOPUCTBIN, | U30MPOIUIIOBBIN
MeTUJIaleTaT.| u JIp.
ArtietoH,
o0en3nn-100, Aneranbag
OeH3011 bensun b-95/130
TOJ on’ OyTaH, TMBUHHII | bensun: A-66, g;nneHer
CTI/IyOJI’ III}/IIOKC;J.H ’ A-72, A-T6, b
2 oL, > b-70, rekcan, TonauBo -
[poIaH, METHJIAMHH, T-1 JIUATHIIOBH]
bTaH, MeTII(QypaH, IEHT] TC ’1 " a¢wup,
PTUIOCH30JI, | IPOMMIICH U JIp. p- TUOYTHIIOH
OKHCH yTaepo/i i adup.
U p.
KokcoBriit
ra3 (MeTaHa
40%, OKHCE dTHIIEHA, JIusTHIIOBY
IBUHUITpUXIOpMUIIAH, N
3 BOJOpOAA OKHCH MPOMUIIECHA, (cepHbIii) -
0 PTUIIUXXJIOPCHIIAH.
60%), STHATPUXIOPCHIIAH a¢up.
CBETHJIbHBIN
ras, STHJICH.
- Cepoyriie
Bonopon, CepoBojaopon - pOYLIC)
4 o Anetnies, T
BOJISTHOM Ta3. Tpuxnopcunan -
METHOIUXJIOPCUIIaH -
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[Ipunoxenue 8

Pasznen BKP BbIOJTHEHHBIN HA AaHTJIMHCKOM SI3BIKE

CryneHr:
I'pynna DPUO Hoanuch Harta
STMSA Pakos 1.B.
KoncynbpTant kadeapsl D120 :
J0KHOCTH [5(0] Yuenas creneHb, Moanucey Jara
3BaHHe
3aB. kadenpoii Hementren 1O .H. K.T.H.
KOHCYIIbTaHT — TMHTBUCT KadeIpbl i
J0/KHOCTH [(%(0] Yuenas cTenens, Moanucey JlaTa
3BaHHE
Jouent [Itamxun A.C. K.Q.H
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Introduction

The creation of the free-pump pumps in our state began even before the revolution.
It was when A.S. Artjunov, together with V.K. Barabashim created a deep apparatus
in which a centrifugal pump was driven by a submersible electric motor. Including
since the twenties Russian engineers have proposed the study of piston pumps with a
piston air motor. It was M.l. Marcishevsky who one of the first created such pumps.

Investigation of a deep pump with an air motor was continued in Azinmash VI.
Documented. Deep centrifugal pumps with electric drive were developed in the pre-
war period by AA Bogdanov, A.V. Krylov, L.I.

Industrial examples of centrifugal pumps with electric drive were invented in a
special design office in the field of bar-free pumps. This enterprise conducts all
research in the field of deep-free and bar-free pumps, including in the field of helical
pumps, diaphragmatic pumps, etc.

The oil and gas industry, with exploration of the newest fields, needed pumps in
order to select a significant amount of water from the bottom of the well. Of course
the blade electric water pump, adapted to increase the feeds is more reasonable.
Pumps with centrifugal impellers have gained traction with the vane pumps, since
they produced enormous pressure when the water supply and the pump dimensions
were set. The extensive using of deep centrifugal pumps with an electric drive is
conditioned by numerous conditions. The presence of such condition as a large
amount of water at the bottom of the well ESP installation is more economical and
less difficult to maintain for service companies, in comparison with compression
mining and lifting of water from the face, pumps of other types.

With large feeds, the energy consumption for installation is relatively small.
Repair and maintenance of ESP units is a simple procedure, since only the control
station and the transformer, which do not require continuous maintenance, are located

on the surface.
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The installation of the ESP equipment is simple, because the control station and the
transformer do not need to organize the bases in any way. As a rule these ESP

devices there are in a simple booth.

1 ESP 3 - 80 - 2000. Purpose, device, principle of operation, technical and

operational characteristics

1.1 Purpose

Fountain and gas lift (compressor and noncompressor) methods of oil production
are effective at high and ultra-high pressure at the bottom of the well and a significant
gas factor of the produced fluid. After extracting most of the fluid from the deposit,
the reservoir energy decreases, the water cut increases in the produced fluid, and the
relative gas content decreases of the withdrawn mixture. The level of the bleed liquid
iIs reduced in the borehole. The fountain method of fluid extraction becomes
impossible, and the compressor method is not so effective, and because of this they
are replaced by a mechanical method of fluid extraction. [6]

Rod and rodless pumps are used to extract the fluid. The rod pumps are equipped
with a surface drive, a downhole pump and a long connection between them, which
represents a long tube made of metal candles.

Bottom pumps have a downhole pump and a downhole pump drive, directly
connected to each other. Electricity is supplied to the pump drive by cable (with
electric drive) or by pipeline (with hydraulic drive or pneumatic drive). Due to the
lack of a long connection between the drive and the pump, the rodless pumps have
much higher power than the rod pumps. This advantage makes it possible to maintain
large fluid withdrawals by some types of scraper pumps. These pumps are
submersible centrifugal pumps with electric drive. These pumps produce the largest
selection of fluid from the bottom of the wells during mechanical oil recovery. In

Russia, installations of submersible centrifugal pumps with the abbreviation ESP
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(electric drive centrifugal pump installations) have equipped more than 35% of all oil
wells and pumped out about 70% of all produced oil.

The main type of energy for rodless pumping units is electricity, or the power of a
fluid or gas supplied by a variety of types of communications to the submersible
motor. The torque from the engine goes to the deep pump with the help of the
transmission, which, depending on the application, can (and has) a diverse design of
the main working units of the pump.

A great variety of schemes and designs of blade, volumetric and injection (jet)
pumps explains the many permissible types of submersible mechanisms of rodless
pumps.

Today, there are about ten varieties of widely used or undergoing industrial testing.
The main of them - centrifugal, screw and diaphragm pumps with electric drive,
hydro-piston, jet with a hydraulic drive.

In addition to the pump and drive, the units of the rodless pumps have service
equipment for controlling, transporting energy, etc.

The oil industry regularly needs pumps to extract even more fluid from the bottom
of the well. The most suitable for these purposes are dynamic vane pumps. Of the
vane pumps, the pumps with centrifugal impellers had the maximum distribution,
because they form a sufficiently high head with certain fluid feeds and pump
dimensions, while possessing a rather high efficiency and high failure-free
performance.

The submersible centrifugal pump is driven by an immersion motor. Electric
power is supplied to the motor by a special cable placed in the well on the surface of
the tubing. The extensive use of submersible electric drive centrifugal pumps is
conditioned by numerous conditions. With large downhole fluid samplings, ESP units
are more economical and less complex when serviced by service companies,
compared to compressor mining and fluid lifting by other types of pumps. At high
feed rates, the energy costs for installation are relatively cheap. With this sphere of

use, its efficiency is quite high (up to 0.35). The service of the ESP units is easy, due
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to the fact that only the control station and the transformer, which do not require
regular maintenance, are located on the surface. With the use of ESP devices it is
easy enough to subject them to automation and telemetry. Installation of ESP ground
equipment is simple, due to the fact that the control station and the transformer do not
need a base. Overhaul period of service - about a year (basically it depends on the

amount of mechanical impurities in the produced ESP fluid).

1.2 Device
1.2.1 ESP Device

The depth pump is multi-sectional and has 80 to 500 sections.

The ESP installation is a difficult technical system, it is a set of components unique
in design. The installation consists of two parts: ground part and submerged part.

The fluid is taken by the pump through the coarse filter screen, which is located in
its lower part. The grid is used to filter the formation fluid. The pump supplies the
fluid from the bottom of the well to the tubing. Submersible electric motor (SED) — is
oil-filled and sealed. It has a hydro-protection unit to exclude the possibility of
penetration into the formation fluid. The rotor of the electric motor is integrated with
the hydroprotection shaft and through it with the pump shaft. During using
asynchronous motors, the rotor has a rotational speed of 2800 - 2950 rpm.

It is nessesary that the gap between the casing and the submersible centrifugal
pump be minimized to increase the effectiveness of the internal diameter of the
casing. The minimum clearance that is permissible, ensuring trouble-free descent and
lifting equipment is six millimeters as demonstrated by practical activities. The
dimensions of the submersible centrifugal pump are chosen from the inside diameter
of the casing and the assumed clearance.

The transformer 5 is used to increase the voltage of the current received from the
industrial network (380 V). The motor voltage is much higher than this value (400-
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2000 V and more). In addition, the transformer is needed to compensate the voltage
drop in the long cable.

The control station enables to turn on and off the ESP manually or automatically
during emergency operation. In addition, the station contains sensors showing the
current strength, voltage, insulation resistance of the cable and other parameters. This
equipment makes it possible to perform diagnostics of the ESP performance.

The tubing column is provided with a return 6 and a drain 11 valves. The non-
return valve is located in the upper part (head) of the pump in a special coupling,
where there is a seat, ball and ball-lift limiter. In some varieties of non-return valves,
other types of locking elements (a tare, a cone) are used.

The check valve 11 makes it possible to stop the pump (stops may occur, for
example, due to the fact that the electrical power was cut off in the event of an
accident on the power line) to store the fluid in the tubing string. Thus, when the
submersible pump stops, the fluid does not drain from the pipes into the well, and the
time to fill the tubing is not wasted, and the start-up of the plant is facilitated,
especially at large tubing depths (a large column of pipes corresponds to a large
head). A smaller drive power is required using high headers for a centrifugal pump
(in comparison with low head and large feed),.

The drain valve 6 makes it possible to clean the tubing string from the fluid, before
lifting the unit from the bottom of the well. The drain valve is similarly located in a
special coupling (connecting tubing) and represents a bronze tube (nipple), one end of
which is sealed, and the opposite, open end, on the thread is fixed to the coupling
from the inside. The drain valve is horizontal with respect to the vertical string of
tubing. When it is necessary to lift the installation from the bottom of the well, a
scrap is dumped into the tubing string, which destroys the bronze tube of the drain
valve, and the fluid is merged during the ascent from the tubing. The using of such
drain valve is not recommended if a scraper is used in the installation to clean the
tubing from paraffin and hydrates, because when the wire on which scraper is

lowered falls, it collapses and destroys the nipple, an unplanned fluid flows into the
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near-pipe of the well occurs, and the unit must be lifted. Because of this, drain valves
of other types are used, brought into operation without scrapping, for example, by
increasing the pressure in the tubing.

The terminal box (remote connection point of the cable) 10 is used to break the
cable.

Pumps for oil production produced by the company "BRPQO", are used for pumping
out formation fluid (a mixture of oil, associated water and gas) from the slaughter of
oil wells, water lifting from wells.

As a submersible pump drive, submersible and general industrial asynchronous
motors are used. Submersible pumps in accordance with GOST 27.003 apply to

products of type I, non-repairable repairable.

1.2.2 Downhole centrifugal pumps (ESP)

Deep centrifugal pumps are considered multi-stage machines. Firstly, this is due to
the very small values of the head, which is created by one stage (impeller and
directing device).

The design of the submersible centrifugal pump can be normal and wear-resistant,
in addition it increases corrosion resistance. The diameters and design of the pump
units are the same for all pump designs in most cases.

Submersible electric centrifugal pump of standard design is designed for lifting
from the bottom of the well fluid with water cut to 99%. Mechanical impurities in the
fluid to be lifted should not be more than 0.1 g / I, hydrogen sulphide - not more than
0.01 g/ I, the concentration of gas should not be more than 25% at the pump suction.

The stainless steel electric centrifugal pump is designed to operate at a
concentration of not more than 1.25 g/ | in the elevated sulphide fluid.

Wear-resistant design makes it possible to raise the fluid with a concentration of

mechanical impurities no more than 0.5g/ 1.
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The working body of the submersible centrifugal pump is a pump stage (SN) with
a cylindrical (CL) or oblique-cylindrical blades (NCL), which consists of an impeller
and a guiding device. (See Figure 1.2)

Steps with NCL are used in pumps with a high feed rate. They have a higher
efficiency and more than one and a half times the increased feed rate, when compared
with CF.

The radial bearing of the electric centrifugal pump (figure 1.3) senses the radial
loads that appear when the pump is used. It consists of a bearing sleeve with a liner,
the support sleeve and the liner are fixed parts and a sleeve rotating together with the
shaft. In each module-section there are two radial bearings - upper and lower, and in
the module-sections of pumps of wear-resistant design, intermediate radial supports

are also used.

1.2.3 Submersible motor (SEM)

Submersible oil-filled three-phase asynchronous squirrel-cage rotors (two- or four-
) pole motors are used as a drive for submersible centrifugal pumps for pumping out
formation fluid from the bottom of oil wells with an angle of deviation from the
vertical at the fixing point of no more than 60 °. Electric motors, as well as pumps,
are required to have sufficiently small diameters, different for oil wells with different
casing columns. The power of electric motors can approach 500 kW.

Small diameters and high power make it necessary to increase the length of electric
motors, which sometimes exceeds 8 m.

With the pump the motor is connected with a splined coupling.

Sectional electric motors consist of the upper and lower sections, which are
connected when assembling the electric motor on the surface. Each section consists
of a stator and a rotor, the arrangement of which is the same as that of a single-

section electric motor.
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At least 100 modifications of electric motors of different capacities are made,
which can help to choose the most optimal combination of electric motor - pump to
ensure the operation of the unit with the maximum possible efficiency.

The use of special electrotechnical materials makes it possible to use submersible
electric motors at a reservoir fluid temperature of not more than 120 ° C, and in a
heat-resistant version - no more than 150 ° C.

After the electric motor is assembled on a special stand, on which the quality of
individual components is controlled, the electric motor is subjected to testing at the
station in conditions that are close to real, including with heating up to operating
temperatures. Tests are carried out on all electric motors, after all the tests have been
tested and thoroughly checked. The insulation resistance is monitored by the
polarization index.

Submersible electric motor rotor is short-circuited and multi-section. The rotor
consists of a shaft, a rotor package, a radial support (sliding bearing), bushings.

The rotor packages are mounted on the shaft in groups of 3-4 packs. The group of
packages is fixed to the shaft by locking rings so that a 2-3 mm gap is guaranteed,
compensating for thermal expansion during operation.

Alternately, with the packages on the shaft, radial friction pairs are installed:
bearings and bearing bushings.

Bearing bushes are made of bronze-graphite powder metallurgy.

The current input unit is used to supply the stator winding with electrical energy
and consists of a cable clutch and an electrical insulating pad. In the shoe, there are
composite electrical contacts which are connected to the terminals of the stator
winding. The connection of the cable coupling to the head of the submersible motor
is hermetically, and the electrical contacts of the current input unit are located inside
the electric motor, which is filled with dielectric oil.

The electric motor is filled with a special dielectric heat-resistant oil, which has
high lubricating properties and a dielectric strength of at least 30 kV.
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The oil circulation inside the engine is made from the filter cavity from the inner
hole in the shaft through the heel-turbine, then the oil comes in to lubricate the radial
bearings, and from there it enters the gap between the stator and the rotor and is
directed back to the filter.

1.2.4. Hydraulic motor protection (protector and compensator)

Hydraulic protection is used for use in submersible oil-filled electric motors with a
body diameter of 103, 117 and 130 mm, which are used as a drive for centrifugal
pumps to lift fluids from the bottom of oil wells, and is designed to protect the
internal cavity of the electric motor from penetration of the formation fluid into it
Including the leveling of temperature changes in the oil volume.

The reservoir fluid, when it enters the electric motor, significantly reduces the
insulating properties of the dielectric oil, and, falling under the insulation of the
winding wires, this can cause a short circuit of the winding. In addition, the
lubrication of the bearings of the motor shaft also decreases.

At this point in time, the Russian Federation's fisheries are very popular for
waterproofing types G, P and PD.

Hydraulic protection type G is made of 2 main assembly units: a protector, which
is placed between the pump and the engine and the compensator located at the bottom
of the engine.

The protector is designed for hydraulic protection of the motor from the formation
fluid and lubrication of the radial-thrust bearing (if necessary) - Fig. 1.9. A larger
tread volume, which consists of an elastic bag 5, is filled with a liquid dielectric oil.
Through the check valve 7, the outer surface of the bag senses the pressure of the
well fluid at the depth of the descent of the underground pump set.

The upper part of the shaft 1 is connected by a splined coupling with the lower end
of the pump shaft. The mechanical seal 2 separates the upper cavity, in which the

well fluid may be located, from the cavity just below the seal, which is filled with a
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transformer dielectric oil, like a wellbore fluid, at a high pressure that is equal to the

pressure at the depth of immersion.

Below the face seal 2 there is a sliding friction bearing, and even lower there is the
knot 3 - the supporting heel, which perceives the axial force of the pump shaft (also
works in liquid dielectric oil). Still further, the second mechanical seal 4 is provided
for a higher degree of sealing of the motor. Underneath is a rubber bag 5 in the
housing 6, it seals the 2 cavities: an inner cavity of the bag filled with a transformer
dielectric oil and a cavity between the housing 6 and the bag itself, into which the
well fluid can flow through the check valve 7. The fluid entering the cavity,
compresses the bag with dielectric oil to a pressure that is equal to the external one.
Liquid dielectric oil through the gaps along the shaft comes to the end seals and down
to the submersible motor. It was designed the construction of the hydraulic protection
of the diesel locomotive in which there is a small turbine on the shaft, which creates a

higher pressure in the inner cavity of the bag 5.

In the body of the compensator there are holes connecting the outer surface of the
bag with the borehole. The inner cavity of the bag is connected to the electric motor,
and the outer cavity is connected to the borehole.

When the dielectric oil cools down, the volume of the bag decreases and the
wellbore fluid passes through the holes in the compensator housing into the gap
between the outer surface of the bag and the inner wall of the compensator housing,
thereby creating the condition for full filling of the internal cavity of the submerged
electric motor with dielectric oil. As the temperature of the dielectric oil increases in
the electric motor, its volume increases, and the dielectric oil enters the inner cavity
of the compensator bag where fluid through the gap between the outer surface of the
bag and the inner surface of the body is forced through holes in the well.
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1.2.5 Gas separator

The constant intensification of oil production and a wide range of changes in the
gas factor of the oil produced lead to the fact that the permissible values of the free
gas content at the pump inlet are exceeded. This leads to a deterioration in the
operating conditions of the pump and submersible motor, increasing the vibration of
the installation and reducing its performance.

To combat gas in the wells operated by the ESP, various designs of gas separators
and dispersing devices are used.

The use of gas separators or dispersants can prevent cavitation, locking the pump's
working parts, provide the required pump capacity, and increase the efficiency.

The use of separators implies the installation of special devices separating liquid
and gas from the pump and the release of gas into the annulus.

The use of dispersants makes it possible to increase the maximum allowable value
of the volumetric gas content at the reception of a submersible pump from 0.10 to
0.25 due to the formation of a finely dispersed structure of the lifted fluid. Dispersers
have a high coefficient of efficiency in the watered wells forming a viscous emulsion,
since they contribute to the destruction of its structure.

The dispersant is a strong flow turbulator and allows to effectively equalize the
structures of the gas-liquid fluid. Dispersers can be mounted both outside the pump
housing and inside the pump, however, several operating stages must be removed
from the pump casing for this purpose.

World companies produce three types of gas separators: gravity, vortex,
centrifugal.

The use of centrifugal gas separators is recognized as the most reliable means of
protecting electric centrifugal pumps from the harmful effects of free gas. The
operating conditions of centrifugal separators largely depend on the conditions of use

and the operating time for failure of a submersible centrifugal pump in a well.
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In order to separate the gas from the liquid in these gas separators, it is possible to
use the buoyancy of gas bubbles under the influence of gravitational or centrifugal
forces.

The gravitational gas separator is the separator with the lowest separation
coefficient, the centrifugal separator is the largest separation coefficient, and the
vortex gas separator occupies the middle position by the separation coefficient.

The gas separator works in this way: the gas-liquid mixture enters through the grid
and the openings of the input module onto the screw and further to the working parts
of the gas separator. Due to the created pressure, the gas-liquid mixture enters the
rotating chamber of the separator equipped with radial ribs, where, under the action
of centrifugal forces, the gas separates from the liquid. Further, the liquid from the
outer perimeter of the separator chamber is fed through the channels of the sub-
device to the submersible pump, and the gas through the inclined openings is

retracted into the annular space.

1.2.6 Cable lines of ESP units

Cable lines are used to transfer electricity to downhole motors of oil pump
installations and pumping liquids.

Cable lines are manufactured in sufficiently stringent requirements to the quality of
production - low electrical losses, low diametrical dimensions, high dielectric
parameters of cable insulation, heat resistance to low and high temperatures, high
resistance to formation fluid and gas, etc.

The cable line is made from the main supply cable (round or flat), which is located
on the walls of the tubing string from the control station to the downhole electric

motor, the extension cable connected to it with the cable entry clutch.
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The main cable is connected to the extension cable by an integral coupling (cable
splice). With the help of a splice, the sections of the main cable can also be connected
to obtain the required length.

The cable line on the main line usually has a circular cross-section (round cable).
To reduce the diameter of the downhole unit (cable + submerged centrifugal pump),
the lower part of the cable is manufactured in a flat section.

The cable is manufactured with polymer insulation, which is applied to the cable
core in two layers. Three insulated cores of the cable are connected together, wrapped
with a protective substrate under the armor, and then covered with metal armor.
Metal armor tape is the protection of the insulation of the cable veins from
mechanical influences during storage, transportation and operation, primarily in the
descent and lifting of equipment.

At the downhole electric motor, the cable line ends with a plug-in coupling, which
allows a tight connection with the stator winding of the motor.

The cable line during transportation and storage is located on a special drum used
also for descents and lifts of installations on oil wells, preventive and repair work
with a cable line.

Specifications for cable lines type K43 include 120 standard cable lines with a

length of 515 to 2450 m and a cross section of main cables from 10 to 50 mm2.

The design of the cables KPPBK and KPPBP are similar to the design of the cables
PKBK and KPPP.

Copper single-wire cores of cables KPPBK and KPPBP are covered with tin-lead
solder or polyethylene terephthalate film.

The first layer of insulation is made of polypropylene, the second - from

polypropylene or high-density polyethylene.

A cable entry clutch is mounted on the end of a flat extension cable that connects

to an immersion motor. The cable is in a metal casing, soldered to the armor of a flat
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extension cable, the insulated conductors of this cable are hermetically packed in the
casing with a rubber seal clamped between the washer and the nut. At the ends of the
conductor cores of the cable, screw terminals are mounted with threaded connections,
as well as soldering is applied to the threaded surfaces of the conductors to guarantee
a reliable electrical contact. Threaded joints make it possible to restore the installation
dimensions of the couplings in the shrinkage of the insulation of the cable veins and
the axial displacements of the cores themselves without the coupling being reworked.

In order to maintain the integrity of the cable and its insulation in the SPO, it is
necessary to fix the cable on the tubing string. For this, it is necessary to use fixing
devices near the site of increasing the external diameter of the tubing string, i. Next to
the coupling or the expansion under the thread. When fixing the cable, you need to
make sure that the cable fits snugly against the tubing, and if a flat cable is used,
make sure that the cable does not twist.

The simplest device for fixing the cable to the tubing and tubing of the submersible
pumping unit of the ESP are metal belts with buckles or clamps (from the English
clamp - clamp, clamp).

Fixing the extension cable to the components of the submersible pump unit
(submersible pump, tread and motor) is carried out in the places indicated in the
operating manuals of this type of pumping equipment. The extension cable and the
main cable are fixed to the tubing on either side of each tubing coupler, at a distance
of 200-250 mm from the top and bottom ends of the coupling.

Using the installation of electric centrifugal pumps in inclined, horizontal and
curved wells required the design of devices to secure the cables and protect them
from mechanical damage.

Russian enterprises CJSC "lzhspetstehnologiya” (I1zhevsk) and "Mars-Technology"
(Moscow) designed and manufactured protective devices consisting of a body and
mechanical locks.
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1.2.7 Wellhead equipment for operation of the ESP

The wellhead for operation with ESP facilities is equipped with either standard
fountain fittings with a special faceplate for skipping and sealing the cable line (type
AFK1E), or with special equipment.

So many Russian firms produce wellhead equipment such as OWEN (Figure 1.13).

The crosspiece 1 which connects to the OK, has in its design a split cone 2, behind
which the tubing is attached. On the top of the cone there is a rubber seal 3 sealing
the place of withdrawal of pipes and cable 4. The seal is urged by a detachable flange
5. The annulus of the oil well is connected to the tubing from the tubing through the
elbow 6 and the check valve 7. The crosspiece 1 has a special hole for using the echo

sounder or Other devices for determining the dynamic level.

1.2.8 Control station, transformer

The control station is used to control the operation (start / stop) and to protect the
installation of the electric centrifugal pump. All control stations are equipped with the
necessary instrumentation and systems, circuit breakers, various relays (maximum,
minimum, intermediate, time relay). If an abnormal situation occurs, the appropriate

protection systems are triggered and the installation is disabled.

The ELECTRON control stations (ZAO "Elekton™) are used for manual, automatic
and remote control and protection of submersible pumping units equipped with
asynchronous or ventilated electric motors rated up to 1100 kVA.

The transformer increases the voltage so that the motor at the input to the stator
winding has a specified nominal voltage. As explained above, the rated voltage of the
motors is 470-2300 V. In addition, it is necessary to take into account the voltage

drop in the long cable (long line effect).
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1.3. Requirements for the electric drive to ensure the uninterrupted operation
of the installation

Electric drive installations must meet the following requirements and operating
conditions.

The plant works on the rise of the GLM in two technological modes:

- capacity control under normal conditions in the zone of the adjustment zone of
the plant parameters;

- maintenance of productivity at a pressure not less in conditions of reservoir
temperature at the level of the receiving grid within 87 © C-97 ° C.

The mode of operation is continuous.

The control station and the transformer establish a open area with an ambient
temperature of -40 ° C to 45 ° C and a relative humidity of not more than 80%.

Three-phase network: 380 10% V, Hz.

The control station must have the necessary technical capabilities to implement the

reverse operation of the SEM without additional switching nodes.

2 Procedure of ESP selection to the well

When selecting the pump size, the volume factor of oil and the gas content at the
pump intake must be taken into account. These factors lead to significant differences
in the volumes of the gas-liquid mixture at the pump intake and the flow rate of the
liquid on the surface.

The number of stages in the pump is selected based on the conditions for lifting the
liquid to the surface, taking into account the pressure on the buffer, in the annulus and
on receiving the pump, the gas lift effect in the tubing and the negative effect of free
gas on the operation of the submersible centrifugal pump are also taken into account.
When selecting the size and number of stages in the pump, it should be taken into

account that the pressure characteristic of the ESP is significantly affected by the
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viscosity of the pumped liquid. Also, the required depth of descent, along the fishing
head of the pump, depends on the inclinometer, length and diameter of the
installation. Based on the results of the selection, recommendations can be given for
additional equipment of the installation and the rate of descent / recovery in some

intervals of the depths of the well.

2.1. Control systems of the electric drive

Most of the world's leading electrotechnical companies currently produce
adjustable automated electric drives (AEP) complete with microprocessor automation
in the form of flexibly programmable systems used for widespread use. [2] Because
of this, the importance of researching and designing an automated electric drive of a
submersible pump aggregate executed in the form of a general industrial
implementation consists in solving the problem of selecting an electric drive control
system (SUEV) to maximize the efficiency and productivity of process equipment.
[4]

Following the requirements for the electric drive control system, two control
schemes are provided for the design: a vector control circuit, and in turn a Scalar
control circuit for the electric drive of a submersible pumping unit executed by a
frequency converter system - a short-circuited asynchronous motor (IF-AD). ]

Frequency control of submersible motors is performed in two main ways.

Scalar principle of frequency control is the most common in the electric drive. The
scalar electric drive is characterized by the technical simplicity of measuring and
controlling the absolute values of the variables of the blood pressure. The control is
performed according to the functional characteristic connecting the voltage and
frequency of the stator of the motor (U / f characteristic), using the IR compensation
module to maintain the constant stator flux coupling in accordance with this

characteristic. In static modes it is possible to obtain the desired properties of an
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electric drive due to negative feedback. Used for electric drives, for which high
demands are not made on dynamic indicators. [9]

The vector control principle is based on the forced co-orientation of the vectors of
flux linkages and the currents of the AD in the polar or Cartesian coordinate systems
in accordance with the regulatory law we need. When controlling the modules of
variables and angles between their vectors, the induction motor is controlled both in
static mode and in dynamic mode, thereby performing a noticeable improvement in
the quality of transients in the electric drive. This circumstance is directly considered
determinative in the selection of a vector control system and finds use in electric
drives with medium and high dynamics. Drives of such mechanisms as pumps

occupy an intermediate state between highly dynamic, dynamic and low-dynamic.

2.2 Choice of the law of frequency regulation

Given that the range of speed control of pumps is small and the mechanisms of this
class do not require a high multiplicity of the starting and maximum moments, laws
can be adopted as laws of regulation and [3].

The latter is more difficult to implement, but due to an additional reduction in
voltage, it makes it possible to reduce the energy consumed from the network. To
increase the starting torque at low speeds to the required values, it shall be possible to
adjust the volt-frequency characteristic. By determining the parameters of the volt-
frequency characteristic, the lower frequencies are associated with the values of the

voltages higher than with the chosen regulation law.

Conclusion

In this graduate qualification work, a mathematical model of a submersible
asynchronous electric motor was developed and studied with the help of the Matlab

program, a simulated model of the open-loop IF-AD system by syscalar control.
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During the development and implementation of the project, equipment was selected.
Selection and calculation of submersible motor parameters It is proposed to use a
modern asynchronous frequency-controlled electric drive. The electric motor of
EDST 56 - 96M series, frequency converter Elekton-05-100 is selected.

The mechanical and electromechanical characteristics of the selected asynchronous
motor are obtained, constructed according to design and catalog values. As a control
law, a regulation law is chosen for the frequency converter.

Also, a simulation of transient processes was performed when the engine was
started in the Matlab software environment. With the use of simulation models,
dynamic characteristics are constructed.

A system with a scalar control and a law was chosen to provide a starting torque at
low speeds in the converter. The correction function (increasing the initial voltage
value) of the volt-frequency characteristic in the region of low frequencies of the
inverter output voltage is provided. Based on the results obtained during the
simulation, conclusions were drawn.

The designed system meets the requirements of the technical task.

In the economic part, the design costs are estimated.

In the section of safety and ecology, hazardous and harmful production factors are

analyzed, practical recommendations on safety and industrial sanitation are given.
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