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BrAfyK
o$iqifiuoro oroHeHTa KaH4laqara rexHi.rHrax HayK faAqrcr,r Bo.noguvrupa

IpuropoBl{qa Ha Ar4ceprauiirruy po6ory ^fulenxa An4pin Ceprifionuva
<llilsuqeHH, ni6pona4ifinocri ni4qeurpoBux uacocin AEC Ha ocHoBi crnopeuua

4ocronipuax MareMarl{r{Hrrx ruoAereft 4raHarrai.uroi cHcreMr4 porop-Koprryc),
[oAaHy Ha sgo6yr"rx HayKoBoro cryrleH.rr Ka:r^p.tr1ara rexni.rHr4x HayK 3a

cneqiamnicuo 05.02.09 - 4rauauixa ra uiquicm uaruuu

Arcrya.nunicrr re Mu ra ii' siAnosiAuicrr rrJr a H aM HayKoBrrx goc.ni4xeur

Bi4qenrponi Hacocsi arperarr4 (BHA) rxr{poKo BrrKopr4croByrorbcq B

6ararsox rarry3.,rx rpoMlrcnonocri ra Ha AEC. Bi4laruryBaHHq Bxe Ha craAii
[poeKTyBaHHfl BJracHHx ra KparurrHux qacror KoJrHBaHb BHA ai4 pesoHaHcHr4x

pexulain e oAHHM ig ocHoeHr4x qrrHHr4xis ix rroAilnbruoi ualifinoi i 6esasapifiuoi
po6oru B yMoBax excunyaraqii.

-fx rpaBr4Jro, npr4 upoexrynanui BHA ocHoBHy yBary npra4ilxrorr
BI43HarreHHtO Kpr,rTr{rrHux qacToT 3|I4HHI4X KOJIrrBaHb, pO3paXyHKy BIIMyUeHVX
KoJII4BaHb ra Mex c'rifir<ocri ix poropin 3 ypaxyBaHH.sM BnnraBy 4rauarraiuur,tx
xoeSiqieurin oropHnx ni4ruvnuuxin ra rxnaprlHHr4x yuinruenr. Tarox
po3rJlrAalorbcfl simHi Korr,rBaHHq oKpeMr,rx ererraenrin BHA (xopnycin
ui4ruunuuxie, nix:rap t,, parvru)

Posrurg cuirurzx KoJII,IBaHI cl,IcreMr{ (porop-Kopnyc) 3 MoAenroBaHHrM

ri4po4zuarrai.IHzx ra npyxHlax 3s's3xin rr,rix Hr4Mr4 Ao3Bonfle Br43Har{aru r{acroru ra

3opy 3aBAaHHt 3MeHITIeHH{ ni6paqifi ra ri4nurqeHHf, ni6paqifiHoi ualifinocri
ei4qeHrpoBr,rx Hacocis

pe3oHaHcnzx pexnuin
AEC ni4naurryBaHH-rrM ix alacsux qacror rolznaur ni4

$opruu KoJII4BaHb s raiHiraarbHoro noxu6xoro i ynrzxuyrz MoxJrr4Br4x pe3oHaHcHux

peNwvrin po5orz.

OrNe, y Aucepraqii po:n'rsyemcx aKryulnbHe 3 HayKonoi i rexsiqHoi roqox

po6orz.
Po6ora eiAuoeiAae rrJraHaM HayKoBo-AocliAHzx po6ir AT dHAIAEH)

<Pospo6xa MeroArrKI4 po3paxyHKy BJracHHx r{acror Kpyrr4nbHlrx ra 3rr,rHHo-

KpyranbHHx KoJII,IBaHb nanoupono4ia eJreKTpoHacocHrrx arperarin, a r.r{. i
eacoxoo6eproBr4x)), 4oronip J\b 5964, Aepxpeecrpaqia Il! 0112U003121, ra
4oronip }lb 6174, <{ocni4xeHHq 4uuarraiuHux xapaKrepucrr4K HacocHux

arperaria>>.



OqiHrca crpyKTypu, oOcrry ra rruicry po6oru

[ncepraqifiua po6ora -fuleuxa A.C. iuicrzrr 152 cropiuxra 4pyKoBaHoro
TeKcry i cxraAaerbc, 3 auoraqii, Bcryrry, rr'flTH pos4inin, 3araJrbHr.rx ancuonxin,
cnl{cKy BI4KoprIcraHHx nireparypHnx AxepeJr, rqo BKJrroqae 123 safitvreHyBaHH{ Ha

13 cropinxax, ruicrur:l 65 pucyHxin,16 ra6rrr4rlb ra 3 AoAarxu Ha 7 cropinxax.
O6csr ocHoBHoro reKcry 131 cropiuxa, u1o ni4noni4ae Br.rMoraM .{o
KaHAHAarcbKr4x po6ir.

V ncryni posr<prara aKryaJlruicrr reMH Ar4cepraqifiHoi po6o:ru, rroKa3aHo

cyrr i cyuacuuir craH npo6reuz, rr{o po3rnf,Iaerbcfl, AaHo o6rpyuryBaHHf, po6orn,
uayxonoi HoBI43HI4 i npaxrraqHoro 3HaqeHHfl po6orz, c$opruylboBaHo Mery

AocniAxeHHr, BKa3aHo aupo6aqirc pe3ynbrarin 4ocni4Neur, oco6ucrufi BHecoK

-flu{esxa A.C. y po6ori si cuinasropaMrr.

y repuroMy pos4i.ni npoBeleHo ornf,A nireparypu s oco6rzeocrefi
KoHcrpyKqii BHA. Posrnxuyro ocHoBHi 4Nepena s6y,uNenr ni6paqii ra guHanaiqni

cvrvt, uo Bt4KJII4KaIorr pi:ui upocroponi KoJrrrBaHH, BanonpoBoAy i r<opuycy

ni4qen:rpoBoro Hacoca. Ouucani siaoNai 3axoAr4 rro 3Hr.rxeHHro Berr4rruHn

s6y4Nyrourax cvut a6o ik ycyHeHHro. flpone4eno geratrcuuir aHaris uero4in
po3paxyHKy 4I,Iuauivuux xoe$iqienrin unapuHHr4x yrqimueur, onopHr,tx

ui4rulanuuxis Kossauus i KorreHHfl. Bra6paua MeroAZKa o6.rracreHnx xoeQiqienris
xopcrKocri i leirau$ynannx Ans Koporxoi uruaphHtr. O6rpynroBaHa ar:ryalruicrr
AocniAxenr, cSopMyJIboBaHi uera ra 3aAaqi AocniAxeur. O6pani reoperuuni,
eKcrlepzMeuramui i xorrn'rorepni MeroAr,r AocriAxeHr. BzsHa.{eHi ocHonHi erauu
peanisaqii uocrasreuoi uayxoBo-flpaKru.{Hoi s aAa.ri .

B gpyroruy pos4i.ni npeAcraBreui ocHonui ueroAr4 po3paxyHKy AraHaMi.{uzx
xapaKrepplcruK (AX) ni4clacreu ra cl4creMr,r BHA n qinorray. ilrr BpaxyBaHHfl

no4auunocri ropnycin ni4rur,ruuzxin BrzKopkrcroByrorbc, 3D uo4eni B

rporpaMHoMy KoMnrleKci (nK) <Ansys Workbench>. 3rzuuo-r<pyrnnrui
KoJII4BaHHI Bano[poBoAa 4ocni4xylorbc.rr 3a AorroMororo po:po6neuoi aeropou
cneqianisosaHoi nporpaMl4, nlo pearisye MeroI rroqarKoBrrx napauerpin.
flpe4cran;leHa po3paxyHKoBa MoAenb poropa ropn3oHr€urbHoro Hacoca. Atrs
ananisy AX poropa BI43HarreHi xoe$iqieuru xopcrr<ocri ra 4enauSynaHH,
niAruunHraris KoB3aHH.rI Ta Ix[apHHHLrx yruimneus, orpkrMaHa exeisarenrHa
xopcrxicrb Kopnycy ui4urw[Hl,IKa. llpoanani3oBaHo BrrJrr4B rroAarnr4Bocri xopnycin
IIIAIIILITIHHKOBI,IX OnOp Ha 3HarreHHfl neplxux Tpbox BJracHrrx qacToT KoJrr,rBaHb

poropa.

B rperroMy po34i.ni 4nx ABoxKoprycHoro xrrBr,rJrbHoro BHA euxoHaHi

po3paxyHKl,I BJIacHHx rlacror 4uuauiuuoi HeKoHcepnarueHoi cr4creMr4

<XHnulruufi BHA ni6ponnarSoprvru. Ilpone4euo po3paxyHKr.r oKpeMr4x



ui4czcreu KoHcrpyKqii ropzsoHraJrbHoro BHA. Buxouauufi alraris crifixocri
poropa Hacoca Ha ocHoBi auanisy norapu$naiquoro .qeKpeMeHTa KoJrr4BaHb Anfl
[eprutax rpbox BJIacHHx rracror nprr cepeAuix:asopax B rx[apr,rHHrax yulilrueuuax.
llpe4crauleHo nopinuxrusuit aHanis eiAN,riHHocri .racror f,K cr4creMr4 B qilorvry, :
rlacroraMr4 KoJrrrBaHb oKpeMHx nigcucreu. llpe4cranrteui 3HaqeHH.s BJracHHx
rlacror BHA, u1o orprarvraui eKcrrepr4MeHTaJrbHo 3a AonoMororo inanylrcuoro
s6y4xeHux, a raKox Br4KoHaHo ix nopinHxnsrruit aHaris 3 pe3ynbraraMr{,

oAepxaHuMu po3paxyHKoBr4M rrrJr{xoM. Onuca:auir. y3aranbHe:r.uk anropr4TM

uo6y4onu po3paxyHxonoi uoAeni BHA n <Ansys Workbench>.

Y uerneproMy por4i.ni 3 BHKopr{craHHrM anfopuTMy, rrpeAcraBJreHoro B

rperboMy pos4ini, rpoBeAeHprit asati3 AX BeprrrKanbHzx BHA. BcranosreHa

sarexnicrr Hr4xrrux BJracHr4x qacror KoJrr.rBaHb poropa Hacoca ni4 rinmoc'ri
cryneuin fioro rpororlHoi uacruuu, Nopcrrocri rHyrpiurnboro Kopnycy ra
noAarnr4Bocri xpiuJreHHfl Hacocy go Syn4aMeHry.

y u'rroruy porgiri uaneAeui KoHcrpyKrrasHi ra rexuororiqHi MeroArr

ni4naruryBaHHfl BJracHHx qacror KoJrr,rBaHb pisnux runia BHA nig pesonaHcHux

peNlavrin. flpune4eHi uprarra4u icr:oruoro 3HHxenHx ni6paqii Hacocuux arperarin
B yMoBax eKcrnyaraqii sa paxyHoK :naiuu xopcrKocri pana, xopnycin ra nixrapx
BepTr,rKanbHofo Hacoca.

Bucuosr(u ro po6ori ni4cynaonyrcrb pe3ynbrarz 4ocniAxeHH.rr. BoHra y
rori.IHoN,ry [op.rAKy rroKa3yrorr pearis aqiro rocraBJreHr4x 3aAarr.

B qilovry, ro po6ori cniA ni4lrirurra nce6i.rHicm i pi:nonraHosicrs
[poBeAeHrax AocniAxeHb. O6pani aBTopoM MeroAH Aocri.qNeHb Br,rKoHyrorb cBoro

neo6xiAHy SyHxqio rppr posn't:auHi uocrasJreHLrx 3a4a.r..

B AoAarrcax npeAcraeneHi aKTLr BrrpoBaAxeHHq pe3ynbrarin 4rzcepraqifi noi
TeMoro 4racepraqii, ocHoeHi rexuiquipo6oru, crzcoK ny6niraqifi 3a

xapaKrep LrcrLrK:a ni6poanan i:aropa.

Hayrona HoBrr3Ha pe3yJrbrarin, orpuMaHrrx B AuceprarlifiHifi po6ori

- An, 4Iauaui.tu4x po3paxyHxin ni4qenrpoBrax sacocin po:po6neHo MeroAr4Ky
roe.{HaHH, tlporpaM pi:uoro pinHx Aeranisarlii (3D ra 6aro.rni nro4eni), qo Aarorb
uoNrunicrb orpl4Martfl, 4ocronipukrx [atvrx po3paxyHxy ninruux i nHnay[reHux
KoJII4BaHb HacocHr4x arperarin a qironry, ra ix ui4cracreutr (porop - Kop[yc
uiAurunuuKa));

- Bneprue orpI,IMaHo ga;rexuicrb BnJrr4By rroAarnzsocri xopnycin ui4urnnuzxis Ha

AuH aMi.rH i xaparrepr4crr,rKu poropa xr4Br4JrbHoro Hacoca;
Brleprue BI43HatIeHo sarexnicrr BJIacHHx r{aaror xuBr4JrbHoro Hacoca sia

noAarnllBocri pavu ra Syn4aMeHry Ha ocHoBi pospo6neuoi rraero AvrKt4 no6y4oar,r
MareMaru.rnoi vro4eli roprz3oHTaJrbHoro Hac ocHoro arp erara ;



- Bfieprrre orpnMaHo 3aJlexHicrb BrrJrzBy noAarnr4Bocri KpinneHHfl, Ha Ar*arai.rHi
xapaKTepucrvrKkr Beprl,rKaJrbHoro HacocHofo arperary, B ToMy uncli npu :naiui
cryninuacrocri poropa.

[Iparcru.rHe 3HarreHHfl pe3yrrraris po6oru

Hafi 6inrurafi inrepe c p.nfl, uapo6nuqrBa npeAcraBJrf, rorb :

aHaris 4IaHauiuuax xapaKrepr4crr4K r<oncrpyxqifi ropr43oHT€LrrbHoro ra
Beprl4KanbHoro HacocHl4x arperarin 3 ypaxyBaHHqM noAarnnBocri xopuycy, paMH

i Syn4anreHry;
- MeroAIaxa uo6yAoBr4 MareMarr4rrHux ruo4ereft ropr43oHTaJrbHnx i nepruxan}rm

HacocHr4x arperarin y rporpaMHoMy KoMrrJreKci <Ansys Workbench>;
MeroAH 3Hr,rxeHHx ni6paqii sacocin rur.f,xoM sN{iHz xopcrKocri oxpeuux fioro
ereueuriB.

O6rpynrosa Hicrs HayKoB rrx rr oJroxeHb, Br{ cHo n ri s i pe rcoruenaa qifi

O6rpynroeaHicrr i 4ocronipuicm perynrrarin po6oru sa6e:ne.reHi:

xoperruicrro rocraBJreHux 3aryaq i upnfinflrvx rrpunyrrleHb npr po:po6qi
MareMarHrIHLIx uo4enefi; BuKoprrcraHH.rrM uero4in [orrarKoBr4x rrapaMerpin ra
cxiH.IeHHIzx eJreMeH:rin, Br{KopHcraHHrM riqeHsosaHoro nporpaMHoro KoMrrneKcy

<Ansys Workbench>. Peaymara pospaxyuxin Ha IIK nigrnep4xyrorbcr
eKcrIepI,IMeHT€LTIbHHMI{ AaHr4MU, rt1o orpzrraani MeroAoM inauylrcuoro s6y,uxeHHt

KoJrr4BaHb KoHcrpyKrlifi BHA B yMoBax excnnyaraqii.

flonnora BlrKJraAy ocHoBHrrx pery.nrrarin 4ucepraqii B HayKoBrrx

Qaxonux BHAaHHflx

OcHoeHi uayxoni noJroxeHH, Ta pe3ynbrarr,r lr4ceprarlifinoi po6oru
ony6nixonaHi s 13 4pyronaHllx po6otax, 3 Hr,rx: 7 -s $axonux Br4AaHHflx YxpaiHu,
3 HI4x 1 sxoAurb Io uiNnapo4noi nayxoBo-Merpu.rHoi 6asu SCOPUS, 1 - B

iHoselaHoMy BI4AaHHK), Iqo BxoII{Tb 4o rvriNnapoAnoi HayKoBo-Merpr4rrHo\ 6azu

SCOPUS, 1 crarrfl B cxraAi s6ipuuxa, 1 craru n crna4i uonorpa$ii, 3 resu
gouoni4efi ua uayroBo-TexHi.rHux xon$epenqisx.

3aynaxteH Hfl rrloAo rruicry A rr ce prarlifi noi po6oru :

1. Bi4oui 3aJlexHocri 4na oAHoMaconoi uo4eni poropa ni4qenrpoBoro Hacoca

loqinrniure 6yno nprrBecrn B rrepruoMy po:4ini 4r,rcepraqii.
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2. He sposyuiro, B f,Kl,rx Br.rnaAKax npv po3paxyHKy KpyrrrJrbHlrx KoJrraBaHb

B€LnonpoBoAiB HacocHkrx arpera'rin Br4KopucroByrorbc.r 3aJrexHocri 2.17 ltrs
BpaxyBaHnr urapuipy ni4Hocuo oci o6eprauux.

3. B po6ori .qouinrno 6yno BI4KoHarrr uopinuxmnifi ananis nnruny Ha 3HaareHHfl

KpHTI4rIHI4x qacror poropa ue rirrxu Koprycy i pauu, a it r.tttun 4rauauirrHax
xoe$iqieuris n unaprrHHzx yqinrHeHH.rlx upu pisnax 3a3opax e yurilrseuui
(uorraiHamui, no4noeHi, i r.i.).

4. ExsisaneHTHy xopcrxicrb cl,rcreMrz (Koprryc niAruranHr{Ka - MacrnJrsHa urisKa))
(:anexnicrs 2.25) roqnirue MoAenroBarkr 1nHalai.rHoro Nopcrxicrro, qK [pyxHo-
MacoBy oropy.

5. 3 4racepraqii ra anrope$epary He3po3yMiro, xxurra qHHoM er-uepwueHraJrbHo

BI43HaqeHa Hanexnic'rr qacror, npeAcraBJreHr4x B ra6nuqi 3.2 (ra6twry 3

anrope$epary) Ao oKpeMrax ui4cucreM HacocHoro atperary.
6. Bucnis <xoucrpyxqia nuyrpiuruboro Koprycy Hacoca rex xopcrKa) e

HeBAanrrM , ilpv ananigi po3TalxyBaHHfl fioro BJTaoHHX rracror KoJrlrBaHb siAnocHo

po6ovzx qacror o6eprauru.
7. CropiHxa 110, u. 4.6.6, HeAocrarnro qirxo c$oprr,rynboBaHo, 3a paxyHoK flKr4x

Sarropin <sMiHa cryuiuuacrocri Hacoca Mae BrrJrr,rB Ha flepmy BnacHy qacrory).

3aynaxeHHfl Ao oQopru.neHHfl aBTopeQepary:

1. B rexcri anropeSepary He HaBeAeHo 3Har{eHH.s r{acroru o6eprannfl poropa
BeprHKaJIbHoro Hacoca, Ir1o ycKnaAHroe aHaJri: pesynrraris po3paxyHKy BnacHr,rx

qacror, nplrBeleHux e ra6ruui 4.

2. 3 rer<cry anrope$epary He3po3yMire noHsrrr <cyxi> sracHi r{acrorr{ KoJrr4BaHb.

3. He sposyvrina MeroApIKa Br43HarreHHfl Aiauasonie <<Pe:onancl, PesoHauc 2,

PesoHaHc 3>>, tpe4craBJreHrrx ua puc.4 anrope$epury.
4. Hen4anuirswcriB Ha cropinqi 5 <...raxi arperarr4 He 3aBxAr4 MoxHa BBaxarr4

xopcrKI4MH KoHcrpyxqixurz, ro3a.f,K qacrora o6eprauur ii poropin uoxe cfliarkr

4o 90, 150 i svrr1e fq).

3ayraxenHa, spo6neni Ao gracepraqii ra anrope$epary cni4.raru rpo
6ararorpasnicrr reMI4 4ucepraqii, Marorb s4e6inuuoro peKoMeHAauifi:nuir

xapaKTep i ue 3MeHluytorb uayronoi HoBr43Hr4, [paKTurrHoro 3HarreHHr,

4ocroaipnocri i o6rpynronasocri pe3ynbrarin, u1o Br,rHocflrbcfl [LrcepraHroM Ha

3axr{cT.

Taxu rvr rrr{HoM Ar4 ceprarlifi na po 6ora 3 acnyro Bye no3rrrr{BHoi oqiHrlr.
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3ara.nsuufi sllcHosorc

lracepraqifiHa po6ora flrqeuxa An4pix Ceprifioraua <IlircuueHHfl
ni6pona4ifiuocri ei4qeurpoBux Hacocis AEC Ha ocHoBi crnopeuHf, Iocronipnrax
MareMarl4t{Hrrx ruoAerefi AHHaMi.{Hoi cr4creMu porop-Kopnyc)) e gaxisqeuoro

po6ororo, n qxifi nupiureue aKTyanbHe HayKoBo-rrpaKTrrqHe 3aBAaHHf, no
sa6esne.IeHHro ni6paqifiuoi na4ifinocri HacocHoro o6la4uauux AEC, 3aBAf,Kr4

crBopeHHlo AocronipHzx MareMarrItIHI,Ix uo4erefi 4uuauiuru4x crrcrerrl pisunx
KoHcrpyKqifi BHA.

flzcepraqiirlr.uir, pyKoruc xapaKrepv3yerbafl rori.ruorc nnyrpiruurorc
crpyKTyporc nia [ocraHoBKr4 3aAarr Ao 3aKJrrorrHux uacuoerin, azxra4eqlafi
sposyuinoro rexsirlHoro MoBoro. [ocronipHicrr ra o6rpynronaHicrr sucHonxis i
peKoMeHAa1iir, HayKoBa ra [paKrr4r{Ha rlinnicrr AocliANeusx cni4uars rtpo

AocrarHro reani$iraqiro anropa.

3nricr anrope$epary noeuicrlo siAnosilae srraicry po6oru ra e i4eurr4rrHrzM

oeHoBHt4M ii nonoxeHH{M. Tercru Ar4ceprar{ii ra aerope$epary nuxra4eui Ha

HanexHoMy HayKoBoMy pinHi, ix o$opvrnenur sAificHeHo sriAHo niAuosiAHzx

BI4Mor. 3aranrni BlIcHoBKrr Alrceprauifinoi po6oru nosHicrro siAnoniAarorr ueri
npoBeAeHoro B uifi 4ocniAxeHHq.

fracepraqifina po6ora siAnoeiAae eur\doraM rr. 11 <IIopaAKy rrpzcyAxeHH,
HayKoBI4x cryneuin...) MOH Vrpaiuz Iqo crocyerbcfl KaHAr4AarcbKHx gzcepraqifi,
a raKox racnopry cueqiamuocri 05.02.09 - <[uuanaixa ra uiqnicrr iuauruu>>. Ha
ocHosi BHIrIeHaBeAeHoro BBaxaIo, qo aBrop Ar4ceprarlifinoi po6oru -fqeuxo A.C.
e xnani$iKoBaHl4M Saxiuqeu i sacnyroBye Ha nplrcyAxeHH.rr HayKoBoro cryrreH,
KaHrI4Aara rexniqrulx HayK sa cneqianruicrro 05.02.09 - <flnHavrixa ra laiqHicm
MAIIHH)),

O$iqifinuft ououeur:
Texui.rHzfi 4raperrop
TOB <ExorasiHxunipuHr>>,
KaHAI,I.qar rexHi.{HI,Ix HayK 

ru
B.f. fa4xxa

Ililnnc K.r.H., rexuiqnoro Ar{peKr f a[qxkr :acni4.ryro:

{pjffi9

fiapexrop TOB <<Ero drrg4-6;. rrlen.reHxo
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