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HIABUINEHHA JOBI'OBIYHOCTI POBOTH
BATATOCTYHIHYACTUX CBEPJIJIOBUHHUX BIZIHEHTPOBUX
HACOCIB TEXHOJIOIT'TYHUMU METOJAMMU OBPOBITKY
INIOBEPXHI

Buxnadeno eénnue mexuonoziunux ¢ghaxmopis 0opobimKy nogepxwi mopyeeux nap mepms
8 eIeKMPOBIOYEeHMPOBUX HACOCAX OJisi 000YBAHH NAACMOBUX PIOUH i Ma ONMUMI308AHO
ix napamempu.

Knrouogi cnoea: enexmpogioyenmpogi nacocu, 2iopo3axucmy enekmpoosucyHa, 6umik;
VWIIbHEHHS.

Beryn. ITpu BugoOyBaHHI PIAKUX KOPUCHHUX KOMAJIWH 13 CBEPJUIOBHH OJHUM 13 OCHOBHUX
arperariB, sIKi IIHPOKO BUKOPUCTOBYIOTHCS, € HACOCH 1 cepe]l HUX HaOLIbII NOIIMPEHUM TUTIOM
st TanouH noran 2000 M € enekTpuyHI BiAEHTPOBI. SIK TOKa3aB aHami3 poOOTH X HACOCIB
Ha MMPOMUCIIaX HATOBUX PETIOHIB, ONTUMAIBLHUHI TepMiHOM iX pobotu € 200...250 mi6 [1].

[TinBuIIEeHHS HAXIMHOCTI 1 JOBTOBIYHOCTI POOOTH ITUX HACOCIB JJa€ MOXKJIUBICTh 3MCHIIIUTH
co0iBapTICTh BUTPAT Ha 3aMiHYy 3aHYPEHHUX €JICKTPOBIIIEHTPOBUX HACOCIB Y CBEPJIOBUHAX, SIKI
cknanaroTh 50...60 % Big BapTOCTI cCaMOro 00JIaTHAHHS.

[IpoGnemam MiABHUINEHHS peCcypCy Ta MUTAHHIM CIPAIbOBYBAaHHS MOBEPXHI JETaJNICH ITi]T
ni€ero pisHUX (HaKTOpiB a 0COOIMBO il abpa3uBy MPUCBIUCHO OaraTo mparib, A€ pO3TISAAI0THCS
pi3HI acTeKTH AaHOi MPOOIEMH.

Jlns aHamizy MpUYWH BIIMOBJICHHS Ta PO3PaxXyHKY HAIIMHOCTI, 310paHO ¥ OIpaiboBaHO
matepianu i3 100 ycraHoBok enekTpoBiaieHTpoBux HacociB HI'BY «llonraBanadrorasy» [nuH-
CbKO-P030UIIEBCHKOTO POJOBHILIA.

Ha ocHOBI 1ux mMarepiaiiB yCTaHOBIICHO, 110 Y 73 BHIIAJAKaX BiIMOBJICHHS BUHUKJIH B elle-
KTPOBIIIIEHTPOBUX HACOCaX, IO CTaHOBUTH 41,42 % Bix 3arajibHOi CyMU BiIMOBJICHb.

Jlpyre Micue cepen yciX BiJJMOBICHb 3aiiMa€ TOIIKO/DKEHHS EJIEKTPHYHOro Kabemro —
32,33 %.

Ha tpeTboMy — MOMIKOKEHHS IPUCTPOIO T1IPO3aXHUCTy eNeKTpoaBUryna — 16,5 %.

OCHOBHMMHM NMPUYUHAMHU BIJIMOBJICHHS BiJl pOOOTH € MOMIKO/HKEHHS YIIIJILHEHHS MiX PO-
00YMMH KOJIECAaMH 1 CTPYMEHEHAMPABISIOUNM arapatamu (puc. 1), e MomKOoKeHHS BUKIIUKAE
0CaJIKy yciX poOOYHX KOJIC, 10 MPU3BOIUTH 10 3alleMJICHHS Baly Ta BUKJIMKA€E MepEeBaHTAXKCH-
HSl 3aHYPEHOTO EJIEKTPOJIBUTYHA, TIOTIPIIEHHIO HOTO OXOJOKCHHSI, TaK SIK BIH OXOJIOJKY€ETHCS
MPOTOYHOIO PIAMHOIO, IO MPOKAYy€eThes. BOHO MigaeThcsl HAMOUTBIT IHTCHCUBHIN Ai1 aOpa3uB-
HUX YaCTOK, SIKi IPOHUKAIOTH B HACOC 13 BYTJICBOJHEBOIO CUPOBUHOIO. Taki BiJIMOBJICHHS y PO-
60t 3ycTpivatotees B 30...35 Bumaakax, ujo cTaHOBUTH Mpubau3Ho 34,1 %.

3MaryBaHHS TTOBEPXOHb TOPIIEBOTO YIIUIBHEHHS, IO TPYThCS 3IIHCHIOETHCS PiIUHOIO,
10 NepeKavy€eThCs.

Orusig ocTa”HixX Jukepes i myOuaikaniii. B 3a1eHOCTI BiJl BETUUMHN BUTOKY Yepe3 YIIli-
JHLHEHHS MOXE YTBOPUTHUCS CYIIJIbHA TUTIBKA 10 BC1H TUIONI TOBEPXHI KOHTAKTY (PiAUHHE TEPTS)
TO 3HOIIIYBaHHA OyJie MiHIMaJIbHE.

[Ipu HassBHOCTI TapHOT PIAMHHOT TUTIBKK MIXK IMMOBEPXHSIMH KiJI€Ilb, III0 TPYThCS, YIIUIPHCH-
HS He OyJie HarpiBaTUCS 1 3HOILTYBATHCS, ajle MPU LbOMY BHUTIK PITUHHA MIX KUTbLIIMU Oy/ie 3Ha4-
Huil. [Ipy rpaHUYHOMY 3MallleHHI OBEPXOHb, IO TPYTHCS, BUTIK MOXKE Pi3KO 3MEHIyBaTHCH,
aJie TIpu [IbOMY MOXKe 301UTbIIyBaTUCS HarpiBaHus [2, 3].

[Tpu cyxomy TepTi i HE3HAYHOMY MTUTOMOMY THCKY Ha KUIBIISIX MOXHA I[IJIKOM YCYHYTH BH-
TiK, ajle B IbOMY BUIIQJIKy HArpiB 1 3HOIIYBaHHS KUICI[b MOXKYTh JOCSATTH HEOE3EeUHUX 3HAYCHb.
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Puc. 1. ITomkom:keHHs po6040ro Kojeca i CTpyMeHeHanpaBpJIsai04yoro anaparty BillleHTPOBHX
eJIEKTPOHACOCIB

BunisienHsi HeBUPilIeHUX paHillle YACTHH 3arajbHOI nNpodjemMu. OCHOBHUMU YMOBaMHU
npu BUOOPI 1 KOHCTPYIOBAaHHI YIIIJIBHEHHS € TUCK (TOYHIIIE, Mepernaj TUCKY) MK MOPOKHHUHA-
MH, 10 YIIUTHbHIOIOTHCS, BUTIK, 3HOITYBAaHHS KUJIEllb, TOOTO JOBTOBIYHICTh YIIIJbHEHHS, BHYT-
pIIIHE 1 30BHIIIHE CEPEeIOBHILE, CIIOKUBAHE MOTYKHICTh, TEMIIEpATypa HarpiBaHHA 1 T. 1.

HenocratHe 3manieHHs 1 NPUCYTHICTh aOpa3WBHUX YaCTOK IMPUCKOPIOIOTH iXHE 3HO-
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Puc. 2. Biunnii po3pi3 yminsHeHHs

IHocTanoBka 3aBaaHHA. B po60Ti NponoHyeThCs 32 paxXyHOK 0OpOOITKY MOBEPXHi 10CST-
TH ONITUMAJIbHI BETMYMHH 3HOIICHHS 3a0€3MEUNBIIH PETYIIIOBAHHS TOBIIMHHM IUTiBKM 3MallyBaH-
HS 1 OXOJIO/IKEHHS.

XapakTep pexuMy MOTOKY 1 KUJIbKICTh PIAMHM, L0 MPOTIKAE B 3a30pi TOPLEBOIO YIILIb-
HEHHsI, JUISl 11€albHOT0 BUMAJIKY MOKHA YSBUTH COOl, KOPUCTYIOUHCh PUC. 2 1 BBaXKAIOUU IPH
IBOMY, 1110 YaCTKU PIIMHHU, TPOHUKAIOYH Y BY3bKY IIUTMHY MK KUIBISIMH, YTBOPIOIOTH JIaMiHAa-
pHUM MOTIK.

KinpkicTp pimvHU, IO MPOTIKA€ MiX IUMH ABOMa HEPYXOMHMH KUIBLSIMH MOXE OyTH
OPIEHTOBHO BH3HAYCHO 3a JOMOMOTOK0 PIBHAHHS JIAMiHAPHOTO MOTOKY, CM/XB:

D’ p 1)
9=—"57 7 >
12ub
ne D — cepenHiit AiaMeTp Kilbllsl, MM; /1 — cepeHs BUCOTa 3a30pY, MM; L — JMHAMIiYHa B’ SI3KICTh,
k-cex/M”; b — IIMPHUHA KOB3KOI ITOBEPXHI Kb, MM; p — Iepenaj THCKy, KI'/cm?.
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[IpuBeneHe piBHSAHHS Aae jauile HAOIMKEHE TEOPETHUHE YSIBICHHS PO MOXIMBUI Xapak-
TEp BUTOKY 1 HOTO 3aJIe)KHICTh BiJ] ACIKMX OCHOBHHX NapaMeTpiB. JlaMiHapHHUN pyX piIuHHE MiX
MOBEPXHSAMHU KOB3aHHS YILIUIBHEHHS MOYKHA CKOpillle BiIHECTH JI0 YAaCTKOBOI'O MPUKIIAAY, YUM
710 3arajbHOTO SIBUIIA.

[Ipu pigkomy TepTi 3 BETUKUM BUTOKOM uepe3 IIITHHY 1 IEBHOMY CTaHi MOBEPXHI TEpPTH,
piBHsSHHS (1) MOXe JaTh MEHITY MOTPILIHICTh, YAM IPH TPAHUIHOMY TEPTi.

SIK MOKa3yroTh JOCHIKEHHS TOPLEBUX YUIUIbHEHb 13 TPAaHUYHUM TEPTSAM, Ha BEIUUYUHY
BUTOKY iICTOTHO BIUIMBA€ BIAIEHTPOBUI THUCK MK TOTHYHHMH TOBEPXHIMH. BUTIK 3MIHIOETBCS
psSMO MPOMOPLIHHO KBaJAPaTOBI 3a30py MK JOTUYHUMM MOBEPXHSIMHU 1 3BOPOTHO MPOIOPLIHHO
KBaJPaTOBI MUTOMOTO THCKY Ha Kinblg. CTaH TOBEPXOHb KOB3aHHS, TOOTO NPSMOJIHIHHICTH
1 MOPCTKICTb, My>Ke BIUTMBAE HA PO3MOALI TUCKY B 3a30p1i 1 BUTIK.

BinbIn TOYHO BETMYMHA BUTOKY BCTAHOBIIOETHCS JOCTIIHUM IUIIXOM JUISI KOXKHOTO BHIY
YIIUTBHEHHS] OKPEMO.

HIBuAKicTh (IHTEHCHBHICTH) 3HOLITYBAHHS JUISA PI3HUX Tap TEPTs KOJHMBAETHCS BiJ] COTUX
YaCTOK JI0 JECATKIB 1 COTCHb MIKPOHIB 3a TOAMHY.

IcHye nekiapka METOMIB BH3HAUYEHHS aHTHU(PUKLUIHHMX BIacTUBOCTEH map Teprsa. OmHuM
13 HAUMPOCTIIUX METOMIB, 110 HE MOTPeOye BUIPOOOBYBAIBHUX MAIIMH CKJIATHOI KOHCTPYKII €
3pa30K, KW ITiJ] 9ac BUMPOOYBAHHS MPUTHCKYETHCS 10 JUCKY IO 00EpTAEThCs. AJie TaKUd METOJ
HE MOXKE JJaTH MOBHOI OLIIHKHU MapH TEPTH, 1O NPALO€ Y eJIEKTPOBIALEHTPOBUX Hacocax Ajst J0O0y-
BaHHS HAQTH e BeIMIMHA TUCKY csirae 1o 30 MIla i temmeparypu pinuau qoxoauts 1o 150 °C.

BunpoOyBaHHs 1711 BU3HAYEHHS KOCQIIIEHTY TEPTsI MPOBOIWIMCH HA CTCHIII JIJISl BHIIPO-
OyBaHHS Ha IHTCHCHBHICTH TOPIIEBOTO 3HOIIYBAHHS TIap TEPTS, 32 YMOB BiJICYyTHOCTI abpa3uBy.

Bennuuny xoedimieHTy TepTsS BU3HAYAIH 3a (HOPMYJIIOHO:

F.
f=—, (2)
n-D-b-p,
ne Frp — cuna Teprs, sKa 3aJeKUTh BiJl KOHCTPYKLIT yIIiAbHEHHS; D — cepeHiil JiaMeTp yIuinb-
HIOIOUOTO KIJBI, CM; b — IIMPUHA KOHTAKTY YIIUILHIOIOYOTO KiIbIA, CM; py — Mepenaa TUCKY
B yminsHeHHi, MITa.
Cuna TepTs BU3HAYaIach 3a (HOPMYJIOH0:

FTp:Fp'pc/n_Ga (3)

1€ p. — TUCK PiUHH, Ky nepekauye Hacoc, MlIla; F), — mioia noBepxHi TepTs, cM?; 11 — Kistb-
KiCTh poOOUYHMX CTyIEHIB Hacocy; G — Maca poOoyoro koseca, Kl

KoedirmienT TepTst BuU3HaYaBCsl U Pi3HUX THITIB TOKPUTTS Ta YIIUTbHEHHS.

MojentoBaHHs MPOLECIB TOPLIEBOTO 3HOLTYBAHHS BUKOPUCTOBY€ETHCS JJIS1 BUPILLIEHHS MIPO-
OJ1eM 10 CTIMKOCTI Ta Ui OLIHKKM YMOB CIIpAIfOBaHHS TPy003’€JHAHb Y KOHKPETHHX yMOBaX
eKCIUTyaTallii i mpyu BUBYEHHI (pi3UYHUX OCHOB MPOTHO3YBAHHS iX IOBIOBIYHOCTI.

OcHoBHHUIT MaTepiaJ i pe3yabTaTH. MeXi npane3IaTHOCTI MOZAEI BU3HAYAIHMCS pO3pa-
XYHKOBO-EKCIIEPUMEHTAIbHUM IIISAXOM. JIJIi OLIHKM 1HTEHCHUBHOCTI 3HOLIYBAaHHS Map TepTs
HaBITh IS HAHOLIBII BXKMUBAHUX MaTepiajiB 1€ HE OJEPKAaHO MPOCTHX 3AJICKHOCTEH, 3AaTHUX
OTKCATH MPOLIECH 3HOIIYBAHHS.

VY mapax TepTs po3UMHOHACOCIB i1 TIPOIIEC CIPAIIOBaHHS 32 PaXyHOK IOIA aHHs abpa3u-
BY MIJK IOBEPXHAMH TepTs. Y poOoTi [2] 3anmpornoHoBaHo GopMyiy, iKa XapaKTepU3ye B 3arajib-
HOMY BHTJISAII 00’ €M 3HOITYBaHHS:

Vi =C .M’ 4)
HV
ne p — tuck, MIla; S — musax Tepts, M; d — aiamerp abpasuBy, MMm; HV — TBEpIiCTh MOBEPXHI
tepts, Mlla; ¢ — koedilieHT TPONOPILINHOCTI, SIKUHM 3aJIeKUTh BiJl BIaCTUBOCTEN MaTepiainy ma-
pu TepTs 1 oro 3HaYeHHS HAOIMKAETHCS 10 KOSPIIIEHTY TepTS.
3Haroy, Mo § = D¢, OTPUMAEMO CIIIBBIAHOUICHHS:

36ipnux Haykosux npays (2anyzese Mawiuno0yoyeanns, 0ydisnuymeo). — Bun. 2 (37). — 2013. — HonmHTY 43




‘u-b
Scep=12q = T (5)
PRz
ne Rz — mopcTKICTh MOBEPXHI, sika 3a0e3nedye MiHIMalnbHUN 3a30p B mapi TepTs /i (popmy-

na (1)), Ta macraBuBIyd Dep, Y pIBHAHHA (5) OTpEMAEMO:
cd ,q-ub
Vo =—"—-12 . 6
@ HY Rz’ ©)

[MosHauumo ¢ - d - g - 1w - b = @ Toxi Bupa3 (6) npuiiMe BUIIISL

¢
Vo =12————. (7)
“°HV-RZ
B cBoto "epry Bizomo, mo Rz = S*/(8+%) [7], ne S — moxaua, a r — pagiyc 3a0KpyIICHHS Pi3-
15 IPH BEPILIUHI, TO IHTEHCUBHICTh CIIPALIOBAHHS MPU TOPLIEBOMY TEepTi OyJie 3aJeKaTH TIIbKH
Bi/I TEXHOJIOTTYHHX (DaKTOpiB, OOYMOBJICHHX BJIACTUBOCTAMH MaTepialy Ta Horo oOpoOiTKOM,
MiCTaBUBIIN 3HaYCHHS Rz y popmyiy (7), OoepKUMO:

_6144-0-7°
- Hy.s¢
3 ypaxyBaHHIM BEJIMKOi KUIBKOCTI 3MIHHMX, 1110 BXOJATh 10 QYHKLIT ¢, TO 00’ €M crparito-

BaHHS P TOPLIEBOMY TEPTi Bil TEXHOJOTTYHUX (PAKTOPIB, B 3araliIbHOMY BHTJISIZII MOYKHA 3aITH-
caTu BHPa3oM:

®)

Ve =S (HV, 1, S). 9)

Jlis MaTeMaTUYHOTO MOJENIIOBaHHS IMPOLIECY 3HOLIYBAHHS Bl TEXHOJIOTTUHUX (DakTOpiB
BUKOPUCTAHO MOJIHOM JIPYTOTo MOPSIKY.

Y=a,+ax +...+a,x,+a, x2+...+a,,xn2+a,, x\x, +...+a,x, ,x,. (10)

KinpkicTh m1ocimiiiB mpu MIaHyBaHHI €KCTIEPUMEHTY BH3HAYaacs 3a GopMyJioro:
N=2n—-p+2n+1 (11)

3 KUIBKICTIO (haKTOpPIB IUTaHy 7 = 3 Ta reHepaTopom 1miany p = 0, 3Bigcu N = 15, 3 MiHIMaIIbHOIO
KIUJIBKICTIO TTIOBTOPEHB, 1110 JOPiBHIOE TPHOM (Y = 3), TO 3arajibHa KUIbKICTh €KCIIEPUMEHTIB A0Pi-
BHIOE 45.

3a ¢akTopH BapitoBaHHs NPUHHATO: V' — HMIBUIKICTH pi3aHHS, M/XB.; ¢ — TTTMOMHA pi3aHHS,
MM; S — mmoxada, MM/00.

OyHKIis BIATYKY (Y) — 3HOIIYBaHHS MOBEPXHI TEPTS.

JIyis mpoBeIeHHsT ONTHMI3aIlii MiHIMaJIBHOTO 3HOITYBAaHHS TEPTS poOOYOro Kojeca 3a pe-
KUMaMH pi3aHHA NMpHUiiManack QyHKIS BIATYKY BUAY:

_ 2 2 2
Y =ay+agX, +ayX, +a3x5 +auX; +asX; +agXy +a;x,x, + agX\ Xy + dgX, X5 . (12)

3HadeHHs GaKTOPiB Ta PiBHI iX BapilOBaHHS MpHUBECHI B TaOI. 1.

Ta6anns 1. 3navyenns paxrTopiB Ta piBHI iX BapiloBaHHSs

daxropn TBG?pI[iCTB Paniyc 330KPYTJICHHS Ilonaua,
marepiany, MIla BEPIINHU Pi3Ils, MKM MKM/00
HaitmeHnyBaHHs Kon X1 X2 X3
OcHogHutl pigeHb 0 4500 100 500
3ipxosa mouka 1,215 5470 122 610
Bepxniii pigens 1 4670 115 580
Huocniii pisenv -1 4330 85 420
3iprosa mouka —1,22 3530 78 390
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PesynbpTatit mocnipkeHb y BIAMOBIIHOCTI 3 MJIAHOM EKCIEPUMEHTIB 3aHeceHi B Tall. 2.
Opepxani pe3ynbraTté onpanboBaHi Ha [IEOM 3 BUKOpHCTaHHSM MPUKIAJHUAX Ta CIEIiaTbHO
PO3pOOIECHUX MPOTPaM.

Tabanuns 2. 3anexkHicTh iIHTEeHCHBHOCTI 3HOLIYBAHHS Bi/l TEXHOJIOTIYHUX (PAKTOPIB

Konosani
3Ha4YeHHs HaKTopiB y=fixly y=/x2) y=fx3)
1,215 0,62 2,185 1,252
1 0,81 1,963 1,122
0 1,09 1,09 1,09
-1 0,37 0,481 2,002
1,215 0,085 0,385 2,321

BusnaueHno koediiieHTH perpecii Ta oJiep:KaHo MOJEINb MPOLECY Y BUIIISL MTOJTIHOMY JIpY-
roi CTeleHi:

y =1,087+0,22x, +0,741x, — 0,44x, —0,50x; +0,132x; +

(13)
+0,472x3 +0,105x, - x, +0,66x, - x; — 0,39, - x;.

[epeBipka aziekBaTHOCTI MOJIENi POBeieHa Ha OCHOBI KpuTepito dimepa.

Ksanpar pizanni Bigxunens Sg = 1,342711, npu uucii cTyneHiB ceodoan y = 5.

Hucnepcis agexBatHocTi Sp = 1,342711/5 = 0,2685.

[Momwmika nocnigy (mucnepcis BigHOBIEHHS) Se = 16,275, 3 4ucIOM CTYIEHIB CBOOOIU
(2 = 30 Ta KITBKICTIO TOBTOPEHH Y = 3.

Jlucnepcist koedirientis $* = 16,275/(3 - 30) = 0,18083. ITepeBipka ageKBaTHOCTI BUKOHY-
Bajach 3a kpurepiem dimepa:

F=0,2685/0,18083 = 1,485 < F\, = 19,3 — oTxke, kputepiii Dimepa MoJeni MEHIINH KpHU-
THUYHOTO.

Ha ocHoBi piBHSHHS B KOJIOBaHMX 3HAU€HHSAX MOOymoBaHO Tpadiku, sKi JalOTh OCHOBHY
TEHJICHIIIIO BIUTUBY (DaKTOPIB BapirOBaHHS.

3aMIHUBIIM 3HAYEHHS X; HAa pealbHI BEJIMYMHU OJAEPIKAHO PO3PAXYHKOBY (HopMyiTy
B peasbHIl CHCTEMi KOOPIMHAT:

— 711 TBEPJIOCTI MMOBEPXHI TEPTS, M/XB

oV (X ois + X ns) /2 HV —(5470+3530)/2
1 (X125 =X 1215)/2 (5470-3530)/2

b

— TS pajiiyca 3a0KpyTIICHHS BEPIIUHH Pi3Is, MM

= r=(X,105 +X71’215)/2 _ r—(0,1+0,078)/2
2 - s

(X215 =X 1215)/2 (0,1-0,078)/2

— U1 moAadyi, MM/00
S—(Xyns+X25)/2  §-(0,5+0,39)/2

Xy = =

(X+1,215 - X—1,215)/2 (0’5 - 0739)/2

HiCJ‘IH HpOBeILeHI/IX Cl'IpOIIIeHI), OILep)KaHO OCTaTOqHy MaTeMaTI/I‘-IHy MOJICJIb.
1=7726-0,0016-HV —1162,65-r—2526-S—-5-10" - HV* +
+1090,91-7% +156,04-S*+0,11-HV -r—0,011- HV - S —646-r-S.

OpneprkaHa 3aJ1€KHICTh MaTEMaTUYHO MTPOaHai30BaHa Ha MiHIMaJIbHE 3HAYCHHS BEJTMUYUHH
3HOIIYBaHHS B 3aJIC)KHOCTI BiJl TEXHOJIOT1YHHUX (DaKTOPIB MPU BUTOTOBJICHH] YIITITHHEHHS.

(14)
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JanexHicme IHmercuBHocmi sHowybanna §id
mexHoAp2idHux gaxmapid (V. r; S)
3
¥ix3) = Q06497 - 05045x7 = 13901
R2 = 07787
25
2321
: 2 27 =402
-
3
; 5
g ! W
= (xZ) = § 163753 - [4606x2 = 37102
E 1252 2 = 09693
g 1122 % 1og— 109 —e— y=Fix{)
i
E 7 S —
y=fixz!
—— f&7 oaungmugannsy [r=fxil)
e ZAT / = o
yixfl|= Q0093 - Q2172 + [ 8408x . I, 7] 785 flonunomuaasssi (y=Ff(xZ)}
7= §RF7F fosunomudaansd (1p=Fixs))
; —e— (085
1215 ! 7 -1 -122
Frfiwi Bonippforna (xd)

Puc. 3. I'padiku 0ocCHOBHHUX 3aj1e;KHOCTel MpU oHil 3MiHHiN npu dikcanii inmux gpaxkropis
HA HYJLOBOMY piBHi

BcTranoBneno mo MiHiManbHe 3HOWYBAaHHS (Imin) AopiBHIOE [ = 0,567 mr/ron, mnpu
Ra = 2,88 MkM, sike MOXKHa MPUPIBHATU A0 Ra = 3,2 MKM, IO BIAMOBiJa€e CTaHAApTHINA Be-
JIMYUHI.

BucnoBku

1. Haii6inbm cnaOkuM MiCLieM Y €JIeKTPOBIALUEHTPOBUX HACOCAX € YIIUIBHEHHS MIX CTY-
NEHSIMH, SIK€ TaKOX CIIPUMMAaE 3yCHIIIS BiJl CTOBIA MPOKAYYBAHOI PiAUHU.

2. Ilpu mifBUILEHH] TeMIepaTypu B3aeMOJIii MOBEPXHI 3 aOpa3suBOM pI3KO 3pOCTa€ 1HTEH-
CHBHICTb CIPAI[bOBYBaHHs 1 KOeilieHT TepTs [5].

3. Jlnd ouiHku 00’€My CIpalbOBYBAHHS B 3aJIEKHOCTI Bl pi3HUX (AaKTOPIB TBEPIOCTI Me-
TaJICBUX MOBEPXOHb Ta BJIACTUBOCTEH abpa3uBy HaiOLIbII MpuaaTHOW € ¢opmyia XpylloBa-
babiueBa, ane BoHa He BpaxoBY€ (I3MUHUX XapAKTEPUCTHK IIAPY MOKPHUTTSL.

4. MaremMaTHUHYy MOJIeNb ITpoaHaizoBaHa Ha MiHIMaJbHE 3HAYEHHS BEJIMYMHH 3HOLITYBaH-
HS B 3aJIC)KHOCTI Bl TEXHOJOTTIYHHUX (PAKTOPIB MPU BUTOTOBIICHH] YIIIIbHEHHS.

5. BcTaHoBIIE€HO, 110 IHTEHCUBHICTh 3HOLTYBAaHHS 3aJIEKHUTh BiJl MIOPCTKOCTI MOBEPXHI TEP-
Ta. ONTUMalIbHOIO HIOPCTKICTIO MOBEPXHI TEPTSA NpPHU JaHUX BHUNPOOyBaHHAX € Ra = 3,2 MKM,
IIPU SIKI IHTEHCUBHICTh CIIPALIIOBaHHS MiHIMajJbHa Ta cTaHOBUTH / = 0,567 mr/rof.
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[TonTaBcKkuMii HAIMOHATBHBINA TeXHUYECKUW yHUBepcuTeT M. IOpusa Konapatioka

INOBBIINEHUE JOJII'OBEYHOCTHU PABOTHBI
MHOTI'OCTYHEHYATBIX CKBA’JKHHHBIX HEHTPOBEKHbBIX
HACOCOB TEXHOJIOTHYECKUMU METOJAMHU OBPABOTKHA
IHOBEPXHOCTH

H3nooiceno enuanue mexHono2uyeckux axmopos obpabomxu noeepxHoCcmu mopyesvix
nap mpenus 8 NeKMpOYeHMpPOOEeHCHbIX HACOCAX OJis1 000bIYU NAACMOBLIX HCUOKOCMEL U ONMU-
MUBUPOBAHO UX NAPAMEMPDI.

Knrwuesvie cnosa: snexmpoyeHmpodedxchvie HACOCHL, 2UOPO3aWUma 31eKmpoosucamers,
UCMOK, YNIOMHEHUe.

I.A. Kalashnikova, assistant, A.V. Kalashnikov, Ph.D., Associate Professor
Poltava National Technical Yuri Kondratyuk University

IMPROVING LIFE DURATION
OF THE MULTISTAGE CENTRIFUGAL
BOREHOLE PUMPS BY TECHNOLOGICAL METHODS
OF SURFACE TREATMENT

It examines the impact of technological factors of surface treatment of end friction pairs
in electric submersible pumps for the extraction of reservoir fluids and their parameters are op-
timized.

Keywords: electric centrifugal pumps, motor seal section, source, seal.
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