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GoK. BHKOHARHX y HACTVITHMX HANpPAMAX: CTBOPEHHS BHCOKONPOAVKTHBAHX TEXHOMCI, MalAn i
3acobiB BeJeHHS ripHHMHX pofiT B CKIATHIX YMOBAX BCAMKHX rNHOWMH, mo 3a5earneviors MKBiLa-
it py9HOI npam, pecypcosbepiranns, NOBHOTY BAPOONCHAA 3aMacis | OXOPOHY HABKOTHLIHEOTO
cepeforma; pozpobka reopii pofors kombaiime ans ergoby Ty BYTLIIA 3 TOHKAX MIJOTHX IT1ac
TIB 3 BMKOHABYHMH OPraHaMA HOBOMO TEXHIMHOrO PIBHA, MPOCKTVBANHA | KOHCTPYROBASHS TipHH-
4MX MallHH | KOMIickcis; pozpolka TexHoxorii Ta 3acobiB rAPOIMIY.IBCHOrO 1 TIAPIYAAPHOTO
pvitHyBaHHA BY 1S | MOPIA; BADCKOHANEHHS CXEM 1 3acobiB IWAKTHOMD BOXOBIANHEY , 1T THOM HEX
VETAHOBOK, ABTOMATHIALIA TEXHONOTITHUX MPOLECB | YCTAHOBOK MAXT. MiAPOMEAXT T4 IHIIHX mij-
APHEMCTS, IHHAMIKA TA30pIAAHHEEX copel.

V sbipumk sxmodeH] Takox nyOmKami iMmux opramizanii, SKi € HAYKOBHMH NAPTHEPAMH
JouHTY no cmunsamy Jocnpkersamd, Martepiany 30ipHnEa NpHIHANEH] ANS BHIKIAIA'E, HAVEO-
niux cspobiTiikie, acmpasrie, [TP, eryaerne.
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CymMebkMil iepaaBHRiT VHIBEpCHTE]

HOPIBHAILHUH AHAJISZ METOJUK MIPOEKTYBAHHS
HPOTOYHHX YACTHH OCBOBHX HACOCIB

B cmammi anauisyemsea MOKANGICME SUKOPUCIGIHS TCHVIOHIY AeMOOuK PO
AVHEY O3 HPOCKMYBUHNA OCBOGHY RPOMIYHIX Yacnun nissrol weuoroxionocmi, fo-
CAHONEEH IS HFEJ{{O{EH'FHL'H 1A DONOMOPOK) WHCETbHOSD MO e Noacr s HOMORY 6 Kand
Aax pofoyux Komc, pospaxosanux pisuu vemoouxains. ( IMPUNMGHO Haipri
eHEPSeMUNHL XAPARKMEPUCIUKY, POSNOOLTH MEUOROCMET Ma MUcKis & poboviis Koie
cax

0CLOBI HACOCH. APTeliaHCHKe BOAOTIOCTAYAHHY, 3arTMOHI cBepAIOBIIIHI Hacoc,
YACENBHE MONCTIOBAHHSN, HANIPHI XAPAKTEPHCTHKH, CHEPreTHYHI Xapairep
CTHKH

Hpoonema i iv 36'A30K 3 nayKosuMu i mexHitHUMI 3aoauami.

B ocTanni pokn B YKpaiHl pi3ko 3arocTpriacs npobrema rnocradan
HA HACCIICHHSA AKICHOIO MUTHOW Bo1oI0 [|]. OAHICIO 5 IPHIMH HE30BI-
JILHOT AKOCTI IHTHOI BOAM € 3HauHe 3a6pyTHeHHS TOBEPXHEBHX 3010HM -
OCHOBHHX JDKCPCIT MATHOTO BOAOMOCTa4YaHHsA. B takmx vMmonax sez Bineal
NEPCTICKTHBHIAM CTAE BUKOPUCTAHHA IMII3EMHNX BOJ 3 apTe3iaHChENX Che-
PAUIOBUH 3aBAAKN 1X MAKCHMAUILHINA HAOIWKEHOCT [0 CriokMBaYa, HHCTOTL
RHA00YTOI BOIUM, 3PYMHOCTI ODJATYBAHHA Ta EKOHOMITHOCTI EKCTUTyaTa-
i Boso3abopIB Ha X OCHORI. 3a jeskumu ominkamu [2] B saraiLHOMY
0b'cM1 BoZlONOCTavaHHs B YKpaiHi BOJa 13 CBEpAIOBHH 3apas 3afinvac G-
36K0 32%. 1 B MalibyTHROMY, Us JacTka, ONEBUIHO, BYNE TiTbKK 30L1BLTY -
BATHCA.

st BuaoDyTKY apTesianchkol BOM B YKpaiHi WMPOKO BAKOPHCTO-
BYIOTHCH 3arfindni CBepUIOBHHHI HacocHi arperati Tuny ELB (E — enek-
TponpueiaHl, LT — BiauenTposi (pocifickkoro nerrpodexnsie), B — i ro-
au). Excruryarauis JanMX HAcoCIE CYNPOBODKYCTBCS HHIKOK TPobiem
(HA3BKHIT pecype, HU3BKE 3HAYEHHS CepeHBOr0 excruvataiiiinoro KKJI
Ta 1H.), NOB'A3AHNUX HEPEIYCIM 3 THM, 1[0 NICPEBAICHA BiNbLUICTL iX KOHC-
TPYKUiK Oyna pospobacHa we y Apyril MONOBMII MUHY.IOTO CTONITTH, |
AKICTb NPOCKTHUX PillieHb Ta 3aKNaieHi B KOHCTPY KU Varapiaii Hepi-
KO BIKE HE 33/10BOJILHAKOTE NMOTPEeOH CYHAcHHUX CHOKUEAYIEB 1 HE 3aBAKII
BIATOBIAQIOTE CYHACHOMY HAYKOBO-TEXHIMHOMY PIEHIO.

T ]




ISSN 2073-7920 Hayxoai npayi lon HTYV

s A — v coar

Brazanl npotaemu 100pe VCBINOMIIOWOTHCA OCHOBHUMM BHPOOHM-
| ML HACOCIE paHoro tumy [3, 4], 1 O1L1bIIICTE 3 HUX AKTUBHO peam3sye
HporpasMu 3 po3podKM T4 OCBOEHHS MOAEPHIZ0BAHMX 3PasKiB HACOCHUX
| PCTATIH 3 FEPMETHYHUM NPUBLIHUM TBUTYHOM, IIPOTOMHHMH Yac THHAMH

nokpanenus ripasmyaaM KK viockoHaneHuMy onopaMu KOB3aHHS
don. Mas: Mogepnizani 403BONAIOTE 3 OHICT CTOPOHM, CYTTEBO TTiABH-
HNTH SKICTh HACOCHMX arperatie Ta NOAOBKHTH CTPOK IX cayxOu, 1a 3
HOOT € JTMIEE TAMYACOBHM putedHaM, TunoposmipHuii psas cBep/UioBHH-
i Hacoeis Tany ELLB Sasyersen va papsacskomy I'OCT 10428-89 i opi-
CHTCBANMH M BHKOPHCTAHHAA NEpeiyciM HHILKOAEDEeTHHX CBEepLIOBUH, YV
1 e Mac @Hani3 dMIN 3a OCTAHHI POKH Y NAapaMeTpax CBep/UIOBHHHUX
ILICOCHAX arperatis cBirosux (Gipm - minepie [5, 6] BKa3ve Ha CTIiKY TeH-
o 10 30UTRIIEHHA 110134 HACOCIR OPH OJIHOHACHOMY IMEHINEHHIO TX
IVICTRETOL) .gllli'l‘l'llf."'l']]ﬂ.?lhl'lﬂrﬂ l“aﬁapu'ry. ,ﬂ.&H& 'I'EH,-'I,E'HII,iH BOYMCBHE MOB's3a-
) PIKHMM TILABULISHHAM BapTocTi Oy MIBHHUTEA Ta oD@y BaHHA CBEp-
IOBKHA % POCTOM 11 AlameTpy. KpiM TOro BHKOPHCTAHHS HACOCIB 3 BHCO-
b oo 10 1a4er0 J03B0E SMeHIuTr Ha 10-12% no siaHomen o 70 00'emy
oGy TOl BOIH @KCTIUTYATAIIAHI 3aTPATH, BUTPATH HA TPYOHY Mepexy Ta
aaopTusanio [7].

B ymoBax 30epemenns BHINEBKA3aHO! TEH/1eHIT 3HauH] NepCneKTH-
i Hd Haln noraigal MaTHase BHE{IPHC'I'HI]HFI B CBEPIINOBHHHHX Hacocax 3
COKOIO TIOJJAMEID OCKOBUX CTYIIEHIE HM3BKOT HIBHIAKOXITHOCTI, SKI Ma-
1L P31 NepeRar:

~ FHCOKMA riapasiiaani KKJ1;

- MPOCTY T4 KOMMAKTHY KOHCTPYKLIK, 110 OCOOIMBO aKTYaIbHO B
COMESKENHY YMOBAX CBRPIOBHHM;

- IPA 3HOCT DCBOBHX PODOUHMX KOMIC Y 1ponect exkcryvaraiii 0choBe
VCILHTE (AKE € OJIHMM 3 OCHOBHHX pyHHVIOUHX JaKkTOpPIB /Ui HACOCIR TH-
iy FIIB) ne zpocrae, 4K y BUILEHTPOBHX MALIMHAX, @ 3MEHIUYCTLCH, 110
(0 HHOIIYE 3HAYHO MABHLLMTY PECYPC OLIOPHUTO BY31d Ta HACOCY B IILJIOMY
1Y HNKBYTH BLBHLIEHO MO CHOKHBAHHA /e KIPOeHepIil,

T¢ BHPHUANLHOK NEPEBArol0 BUKOPHCTAHHA OCHOBUX PODOYMX Op-
LS Y CBEPIVIOBMHHHX HACOCAX /1A BOAONOCTAYAHNSA € T€, L0 BOHH Ha-
LU0 T MOBITMBIC TR MPH HESMIHHMX I1aMeTPaibHUX PO3MIPAX HACOCY ¥ Ki-
LW PA3IE OLIBMUGHTH [IOAYY Y MOPIBHSIHHI 3 ICHYIOUHMMH KOHCTPYKLIis-
111

[epenonoio Ha NUIEXY LIMPOKOr0 BHKOPHUCTAHHA TAKMX CTYNCHIB €
HCVTHICTR JI0CBIAY 1X pO3pobK1 Ta BIANPALBLOBAHOIO PAJY NPOTOMHHX
LT FAKOTO THIY HA P13 HapaMeTpH.

S T . S e—
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Mopma poGouoro Komeca 0ChOBOIO HACOCY B FATAITBLHOMY Pyl JIONa-
TEBUX Kolic ¢ rparuynoro [R]. Tpuitasto sRamarn [9], nio Koepitgenr
MBHAKOXIAHOCT] TAKMX pobOMUX OPIaHiB 3a3BHYAIl TOBHHEH IHAKOMWTHCA
y Aianasoni Mk ns=700+1000. V npawsx A.H. Tlanipa [10. 1 I] naseeni
AaH! HL0J0 CTBOPSHHE OCLOBHX MPOTOYHUX HacTHH 3 ns>1000. [Tp1r pos3-
podIll X JonareBux CMCTEM 3a ocHoBy Oya NpHITHATA METOANEA TIPOCK-
TYBaHHA OCLOHMX HACOCIB JINJ BKA3AHOTO BHILE IialasoHy KoeqiiienTa
MBHIKOXUIHOCTL. AJIE HIpY BUIPOOYBAHHAX CIPOCKTOEAHNY 34 HEl0 HACOH-
CIB Aiffcrnit Hamip, sSIKAI CTBOPIOBABCA JONATEBOIO CHOTEMOMO npu pozpa-
XYHKOBOMY MONOKEHHI jonated, OyB CyTTeRO MeHmINM Bij MPHITHATOrD
LIPH MTPOEKTY BAHHI. [14 pisHuIE 3 pocTOM WBHAKONI ZIHOCT 3POCTIIA, | NPH
ns=>2000 crasana pisHOW npubnusso 30-40% Bin pPO3Paxy HKOBOIO 3HA~
HeHHsA Harnopy. Astopamu [11] Oyno saupononosano koMnencysary naHe.
HECTIBITAZIHHS JIOBOPOTOM JONaTeil Ha HeoBXUHMA Ky, 1o TIPU3BOINTE
/10 NOPYWEHHA ONTHMAILHAX YMOB O0TIKAHHA BXINHUX KPOMOK i, BLINO~
BIZIHO, JIO NOTIPTIEHHS CHEPreTHYHMX NOKA3HAKIB, 13 1K0CT] WIBTCPHATHEN
IPOTIOHYETLCA IPOCKTYRATH ITPOTOUHY HMACTHHY HA WMPKYISLINO [IRHIKO-
CT1 OLbLIY, HiX HeobXiaHa, OYEeBHIIMM HEIOMIKOM Takoro CIIOCDDY € He-
OOXITHICTE [MOCTIAOBHUX HAOAMAKECHE, 10 BUMATAE Ha KOGKHOMY eTari
CKCHEPMMEHTABHOI b0 pospaxyHKOBOI epeRipkH

MeToto cTarTi € aHams MOKIMBOCTI 3aCTOCYBAHIS KIACHTHEY Me-
FOMIB TIPOCKTYBaHHS [POTOYHMX YACTHH OChOBHX HACOCIR PR APOEKTY -
BAHHI OCLOBAX HACOCIB HH3BKOI LUBWIKOXITHOCTI.

Armaniz docaioncens i nyorixayii.

JUnst ana sy 3 BIMOMHX BITUM3HSHUX METOUUK TPOCKTVBAHES OChD-
BUN npoTouHNX nactad [8, 9, 11, 12, 13, 14], samu Gyno obpano TPH Haii-
OLIBIT HaCTO BMHKOPUCTOBYBAHI Ha Mpakiuli: MeTon Bojieceiebkoro -
[Mexina [8], meron nmimioMuux cun [9] Ta MeTON, OCHOBHI MONOKEHHA
akoro Buknaleso y poborax JI A Cyxanosa, B, bornanorcskoro,
A C. EpboMinoi Ta iX yunis [ 13].

Memoo Bosnecencorkozo - Hewina

MeTon GasyeThes Ha J10JaBalii TUIOCKOMAPATISIEHOTO MTOTOEY M-
HH J10 TTIOTOKY, AKHH CTBOPIOETRCA OCOOIHMBOCTSMH (RUXpaVK, CTOKaMHu,
BUTOKAMM), AKL PO3TAIIOBYIOTLCH HA CKENETi rpatiki. Crener DO3PEX0ORY -
HOTb, BUIPIIYIOUKM IHTErpanbii piBuanus [8]. Cnouarky PO3PAX0BY CThCA
MPAMONIHIAHA TPaTKa HECKIHYEHHO TOHKMX JLyIKOK Koja. CKeneTH npoii-
JK Yy BHTIAI JIy&OK KOJA 3aMIHAIOTBCA PAJOM TOUKOBHX BUXOPIB, PO3-
TAIOBAKMX 10 JIHIT YKKHM 13 minsaicTio v (S) (puc. 1).

Ememenrapna uupkyasiig na Quisaul ckestery d:
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‘mm

dl' = (o, - o ,)dS

[MPKVAAIIA 10 KOHTYPY J101aT!;
/ / /
Iy=[dr=[(o,-0,)ds = [v(s)s
0 0 0

SHNONAYM 3 HOHATS GYHKIWA Te'wll CKIaaoTh IHTErpanbii PiBHSH-
e LRener npoguI pO3IIAAAKTL AK JATHIK TEHil, TOMY yvHkLIA Teuli B
o I0BLILHTE ToMIE M 130.1b0BAHOT [IYKKH RH3HAYAETHCA K cyma y-
WL TEHIT He30Y PEHOTO TIOTOKY \fr Ta GyHKUIT Teuii noToky B npuen-
AN EHXOPIB !

5
Wi} =y 1)+ LJ-v{ﬂ']ln (S, T)VdS = const (1)
2 5

LS T} - BLICTANDS BI POSHSHYTOT TOYKM NpOMILILIO /10 DOTOYHOI TOYKH
s enemenTapiaM Buxopom di

Puc. . Cxesa dus pospaxynky ipamsu npoginia semoodomu
.M. Bosuecencrwoco ~ B.@. Mexina [9]

[py posiisinansl oOTIKAHHA MY5KKM B rpati Qyukuin Teqii yo(7T)
NHHAMAETECH WEBNAKICTIO 0),,, 3aMICTh QyHxuii In(r) y Bupasi (1) nosun-

i OyTE Dieul cknamia GyHKIIS TOTOKY, AKa BPaxorygana o npueaHaHi
nxopy Ha enementax dS yeix npodimis

S
, I
W) =wo(T) +—— [V(S)InK(S.T)dS = consi
2
Je IHTErpasibHe PIBHAHHA CIYKHTL 15 BU3HAYCHHS HeodXigHO! dy-
ngui V(). s pospaxyHKy IPATOK JaHMM METONOM HEOOXIIHO [ome-

o S i T R s S T R 1 e e S . s B e e i e
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PEAHBO BASHATHTI OCHOBHI KOHCTPYKTHBHI PO3MIPH ¥ TPUKYTHICKH 11|
KOCTEIH.

[lepen ocratownoro TOOYIOBOK CcKeneTa BBOJHTLCH NOTpaBki
KPHEBH3HY JIY’KKH 6 Ha TilecHICTs npodito s Toro, uiof CYMUPHI X
PAKTEPHCTHKM IPATOK TLIECHUX MPpodinis Gy 1m 6auseki 10 XdPAKTEPULTH
PO3PAXOBAHUX TPATOK. 3aMIHA TOHKUX HAYKOK CHMETPUUHAMHE TpohLimi
KIHLUEBOI TOBLLUWHH BUKOHY€THCH TAKHM YHHOM, 100 PO3paxy HKOBL Ty Al
CHIBIAJANA 3 CEPEHBOO TIHICIO 1podiTio.

Memaoo nidiiomurx cun

Pozpaxyrok ocboBOT0 poGouoro Koleca MeTONOM TiIHOMEHUX CH
nojsirae y BHOOpI KPHIORHX upmbuun A JEKUTBKOX pajliycis tonari p
0O40ro KoJec Ta y BUSHAUEHIT KYTIB YCTAHOBKM TONMATEH HA BLIUTORI M

pamiycax [9]. I'pu LsOMY METO/I1l 3BUAHHO MPHHMAIOTE HOCTIAHE 3HAMUN.
HA HAMOPY U151 PISHUX JHIH Teuii.

Puc. 2. Hapamempu ipamu npoghinie ocencozo xoreca Y]

Koegiuient mgiiomnoi cunm rparkn npodinis PO3PAXOBYETLCH I
(hopmynoto:
ct.2eHp V. cosh
yp 2 :
/ W, u sin(pB,, +2)
e !~ KpOK rpaTkiu, M; -
! — xopma npoginio, Mm;
V,— ocboBa MIBHAKICTE, M/C;
W, — cepenns MBHAKICTE HATIKAHHS, M/C:

%ﬂw
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i~ KONOBa MIBAIKICTL, M/C;

A~ KYT MIZK BEKTOPOM AUIHOMHO! CHIIH T2 HepHeHINKY/POM 0 XO-
| 1 ripodaro. Budupaemo abo 1o xapakrepucTaui npodimne, abo npuiima-
s pireEM 3. 50,

3a arnacom o6HpaOTh Npodiib Ui AKoro oTpumane iHauenns Cyp
ceadac npuommsio (0,8...0.85) Cy Ta 3a XapakTepuCTHKO 3HAXO/ATH
HIOBIAHS 3HAYEHHA KY1a aTAKH.

UCHOBHMM HEJ001KO0M METOIY MIAHOMHHX CHIT € BILICYTHICTD YiTKHX
l31BOK 00710 BrOopy koedimentis Cy, Cx Ta kyra A. 3Bakaloun Ha Te,
I METOT DASYCThCA HA pesynbTaTax NpoOAyBOK OKpPeMHX mpodiiiis abo
patog [15], posxojpkenns iX po3paxyHKOBUMX Ta OTPUMAHKX pobouux xa-
|INTEPHOCTHR. AK NPABMIO JIOCUTH 3Ha4H1 1 HeoOXIAHA BIINOBIIHA eKCIe-
["IMEHTAIBHA JOBOIKA HOBHX NpOTOMHUX vacTuH. Kpim Toro, mukopu-

AHHA METOUY HIIROMHHAX CHIT OOMEKEHE HASBHICTIO RIANOBIAHONO atia-
L HPOJIY BOK podiis,

Mezmoo pospaxywxy pospobnena y pobomax /. A. Cyxanosa, B. I
pocdanoscekozo, 4. C. €peminoi

Meronowm pospaxyaky nonari, pospobaenum y poborax JI. 5. Cyxa-
nosa, B L Borparnoscskoro, A, C. €peminoi ra X yunie, po3paxopana 6i-
HICTL OCRORUX HACOCIB THmB OIIB, OB 1a OI,

Jdorare posGuraiTh Ha 5—8 nuAiHAPHUHKMX NepepisiB | 0BHPaIOTE
opay BTYIIKH Ta THI KaMepu (Chepuyna, WMIHapMYHa). 3a1a10Th HepiB-
HOMLPHIE POSMOILT N0 PAAIYCY OCLOBMX IBUAKOCTEN | LMPKY ALl (Ta-
v 1) [B].

Tebnnna |

ro=rire | 100 | 092 | 083074] 066! 058 | 050
i — T T T e —————— - ——— —l—— —]= —— N
Uit = Uy Ve | 112 | 1,04 | 1,00 | 1,00 | 1,00 |

‘ 1,00 1,00
s =y, i3, .20 | 1,08 [ 1,01 | 1,00 1,00 | 1,04 | 1,12
i 0.70 | 087 | 099 LUUI 1,00 | 096 | 088 |

I =g, fro

I
HIes 9010 BUSHAMAIOTE BITHOCHUE KPOK 12 BiIHOCHY KPHUBH3HY Ce-
P HBOI SHHI apodiiio 3a dopmysiamn:
t/L=0591-10"ng, —625-10 " ng, +0,705r, +1,74
S /L =0,049H, —0,0466H p, - r, —0,044- 1, + 0,062
I Do — KORQUIEeRT WBHIKOXIIHOCTI B ONTUMAILH LI TOYLL.

- -mm“
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[TOTIM 3HAXOMATE KYT yCTaHOBKY Jionari. Yucio nonareif i 1osxks
IX XOpA peKOMEHIYETHCA ODHPATH 13 KOHCTPYKTHRAMX MiPKYBAHE,

BH3HauWBIM MEPHIIIOHATLHY IIAHOBY TPOCKLII XOPJA Ha KOKH
MY pajiyci, Oyay1oTh mian | MepuioHaANLHY NpoeKLi Jonati i mpoBoL
KOMITOHYBaHH3 JIONATI.

Burnaoennn mamepiany ma pesyromamu.

AHAM3 MOUINBHOCTI BUKOPHCTAHHS POSMIAHYTUX BHIUIE METOAM
NIPOCKTYBAHHSA [UIA OCBOBHX POOOMIX KOJIC HHALKOI IMBHIKOXUIHOCT] BH
KOHY BaBCH 34 TOIMOMOTIOK) “IHCEIbHOIO MOIeNOBAHHY . ,ﬂ..[lﬂ LBOTO CTIOYE
Ky OVI10 BHKOHAHO TIPOCKTYBAHHA POOOUKX KOJIC Ha TAPAMETPH BKA3AHI
Tabi. 2, a noTiM NPOBEACHNK YHCEABHUI EKCIEPHMENT.

[Ipn npoekTyBaHHI OCHOBOrO POBOHOTO KONECa TPETIM METO,10M BY
JI0 OTPUMAHO rEOMETPIIO CKIHOT YOPMH, 3 PI3KIM IPaiCHTOM KYTiB VC-
TAHOBKM JIONATI Ta JOBKUH MEPUIIOHANLHOI MPOCKLIT B3A0BIAK paniyca.
Taky npoTouny 9wacTHHY BKpaii CKJIaIHO BUTOTOBMTH, KDIM TOCO JUIsS JI0-
nari oTpuMatol PopMy He BHKOHYETLCS VYMOBA MILIHOCTT.

Tabmans 2
= P e e il
" g Koeduuienr YM?E”H"
KUEdHlIIFHT Koediwienr ———— YacTora rabapur
nojaadl., Hanopy. TJ.HGCT{ uﬁﬂp:fatmm cBepil-
KQ KH ! o ’ 00/XE JIOBHHHU,
B : ] JOEMIB g
| 0,185 0,249 267 B N [ S

MIMOBIPHOIO TIPHYUHOIO TAKUX PE3VILTATIR € Te, (L0 R OCHORY J(aHO-
ro METOLY 3aKIAJACH! eMIIPHYHI KOSMIUEHTH po3NOUTY UHPKYIALT Ta
BUTPATHOI CKJIAHOBOL aDCOMOTHOT LIBHAKOCTI 110 PajiiyCy, BREIEHI JUIH KO~
eiuienTip whuaKoXigHocTi 3 aianasony 700..1000. Byno npuiingro pi-
LIEHHA YUCEIbHE MOJCTIOBAHHA JLUIA JIAHOTO poBOYOTG KONECA HEe NIPOBO-
JIHTH,

MeTonka 1 MOpPsIOK NPOBEJIEHHA YHCENBLHOIO CKCICPUMEHTY HE
BUIPISHAIIMCA B1JL ONHCaHUX y poborax [16]

Pospaxynkosa citka (puc. 3) Oyna cTBOpeHa y KOMIIOHEHTI MpPO-
rpamuoro komiuiekey ANSYS yuisepeuTercekoi Bepell, 1 HapaxoByBajia
647 THC. TIPHIMATHYHAX KOMIpoK. JInf HalekHOID Ofucy morpadMaHuy
mapis no61Iu3y TBEPANX CTIHOK MYCTHHY CiTKHI Oy/10 36inbieHO,




N 0T3-T7920

Hayroei npaui JonHTY

HennamHa sminnol Y4 sHaxoamnacs B mexkax eit 10 no 100 ogu-
Wb, LI BLIMOBIAAE PEKOMEHAALIAM, TPHUBE/CHUM B MOCIOHMKY KOPH-
veayva [17],

e

F'uc. 3. Hpuxnad pospaxynkoeoi cimiu & pobouomy xoneci

HucebHe MOICNOBAHHA Y KaHaTax AOCALPKY BaHUX pobounx Kounic
110 BHKOHANO 33 J1010MOT 0K nporpaMuoro ripoaykty ANSYS CFX mis
nodry manasodt nogay Bt 0.7 Qposp po 1,2 Qposp. PospaxyHok y BKa-
AHOMY  [POCPaMHOMY  MPOAYKII BMKOHVBABCA OUIAXOM YHCENBHOIO
|48 HIAUAS CACTEMM PIBHAHB (2), KOTPL ONHCYIOTH HAROLIBII 3araibHuil
WIHTALOK PYXY PLIKOTO cepeaoemiua - pisuanb, Hap'e-Crokca Ta Hepospu-
fill"-Li']'i.

[ 1 dv

Jeeo: . - S L
F——grad(p)+vVvo=—

P dt

; )
d o

. i +divipu) =10

Lt

I'yernHa putnnu npu pospaxyuky Oyna npuiiHATO0 32 nOCTIHHY Be-
anay. Mopenosanus Ty pOyaeHTHIX Teulil 3ificHioBanocs 3a 40MoMo-
LOI0 CHCTEMM PIBUAHB PelHONBICA, U4 3aMUKAHHA KOTPHX BHKOPUCTOBY-
HLTACH CraHaapToa k- Mogens TypOyaeHTHOCTI.

Hio puc. 4 naseIeHO OTPUMAHI B PE3YNBTATI YMCEABHOIO MOJEITIO-
A XapaxTepucTHkl pobounx konic. Tyt i pani poboue xoneco (PK)
Nel - cupoektoBane Me10a0M BosHeceHCBKOTO — Ilexina, PK No2 - meto-
oM Tgiomux cun, Hk 1 nepenbayanocs, HasBHI IHAYHI PO3XO/GKEHHS
VK [APAMETPAMH KOJIC TIPH PO3PAXYHKOBI 10aaul NPHHHATHMM LPH

- lmmw
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PO3paxyHKy T4 OTPHMAHKWMK B pe3y/IbTaTl YHCeNBLHOro ekcnepumenty. Ki
TBKICHI OLIHKH PO3XO[KeHb HaBeaeHl B Tab. 3.

OduiBa Koneca MalOTh ONTUMAIBHY MOZAYY, IO MEHIIA 34 PO3pa
XyHkoBy. KpiM Toro, kpusa HamipHoi xapaktepuctiukn PK No 2 wae Gins
KPYTHI Haxui,

Kl‘ .],I%
4 B i e :
03 4Bl
005
g &
615 i .30

' 450
01

0.40
005 -~ I "rlﬂ
013 2,155 G186 25 Kg o

AP Nel  dE PR NG @K P ey Al P el

Puc, 4. Hanipua ma enepeemuina xapakmepucmusu ocwosux
podoqux koatc PK Nel ma PR N2,

Tatiuus 3

N PK No | PKNe2
Koo Koo % 168 | -8, i_"_ﬂ
Kitexen "Kiipop %0 345 | <719
_E‘L'E’"I‘L’llq”‘l“f‘_'.ﬂ_"ﬁ_ +4,4 '2-?7 _'-—'

Ha puc. 5 HaBe/eHO PO3MOALT BHTPATHOI CKIaIoRol abcomoTHOI
IIBMAKOCTI Ha BXO/I Ta Ha BIX0;1 3 PK R3MoBRKk posmaxy nomati va onru-
MaJIbHOMY pekuMI. 3Beprac Ha ceOe yBary cyTreBa pisHuus B rpadikax
wBujakocT Ha Baxoal 3 PK Nel ra N2 npu npaktiuno igewraunax rpadi-
Kax Ha Bxoal B koneco. Jlng FK Ne2 rpadix Mae 35auny HepiBHOMIPHICTD B
NpUBYTIOYHIA obnacti. KUlbKICHO HepiBHOMIPHICTH rpadiky LB, IKOCTEI
MOZKITHBO OLIHATH 33 JIONOMOTOK HACTYITHOTO KoediuienTa:

V,

[l

KVm = V_
m

)
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I« 3HAYSHUN BUTPATHOI CKIAA0ROI abCOMOTHOI IBUAKOCTI HA TIEB-
HOMY PAZIVEL, M/C;

r',; = OCEpe/IHENe O MACOBIH N0/1a4! 3HAYEHHA BMTPATHOl CKIAI0BOT
JhOJTIO THOT TIBHIKOCTL, M/C.

/Lt PK No2 y npustynouniit obnacri ganmii koedinienr cxmanae 1,17
npore 1,04 y PK Nel,

B ofox koaecax Ha nepudeplitHii AUIAHLI JONATeH HASBHA 3HAYHA 3a
jomipone (0ruasbio 30% BHCOTH NMONATI) 30HA 31 3HUKEHOIO BUTPATHOLO
CI 108010 a0COTIOTHOL IBKAKOCT. [TpHinHOIO ii IOSBYM € KiHLEeBuii BU-
T 0O BHHUKAE B PE3YJIBTAT] B32€MOMIT 3 OCHOBHHUM TIOTOKOM DIJIHHH,
I epeTikac Hepes pajianbiiil 3a30p Mik TOPLEM JIONATI KoJieca 1 HOTo
| IMEEOIO,

I T h
B~ — = B o = ,
: = ] 0.8: ﬁ‘*—-—._
I 4 08 | ! 1\
I 87 II | |
_| 0E — | - | 1
g T T
I [ 1 | | —|
{
3a | {
i — . et [
a2 ¢ I
il = | wrd l l :
f - ' - ! ! | a | i
i.14 0 018 12 22 024 Vm 026 s 1 f.15
BV P —B V1 PR R B Vi BY Ml A Wl FH w2
) B}

Puc. 5. I'paghixu eumpamuor exnadosol abeonwomuol weudroemi na
ORMUAZIbHONMY peycusi. a) na exool & PK Nol ma PK Ne2,
i) na euxooi PK Nol ma PK o2,

B ortumansuiit Toutd y PK Nel koedinicnt HAMOPY plBHMIA TpubIH3-
o KH=0,26 npn 1=84%, s PK No2 - KH=0,18 npu n=81%.
Ha pue. 6 HageneHo po3noaiN KOAOBOI CKNAZOBOT IUBHAKOCT] HA BH-
L0 3 poBOYHX KOJIC B OITHMANBHOMY pexkuml. Jlanl rpaiky geMoHCT-
[V 10Th SBOPOTHY TeHACHUIO - Juist PK No2 rpadix npakruyno ainiiinwii no
HPUONN3HO NOJOBMHM BMCOTH JIONATI, | MMINE HA nepudepiiimi sy
nByBaeTaca il jledopmanis i3 3pocTAHHAM KOJOBOT CKAANOBOT 1IBH]L-
Loetl, a s PK Nel rpadik mae 6umsiu HepIBHOMIpHMI Xapakrep. Oue-
WHAHO, WO nepepisy, OM3LKI 10 CCpeaMHH BHCOTH JONATI mﬁemet{y I0Th
v PRCNel smeutennii nanip.
Ha puc. 7 npoimocTpoBaHo poznonut koedilgenty HANOPY B3MOBX
POIMAXY 02T HA ONTUMaNbHOMY pexcumi. Jlia PK Nol nanmi po3rnoain
DIMSEKMIT 10 MHIEHOTO, TOOTO yei nepepisu nonareii poBoyoro kosneca

l“m-m
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3a0e3MeUyOTh Nepefaqy PpiriuHl TPAKTHYHO ojakosoi eweprii, H
BiIMIAY B PK Nol y PK Ne2 niepudiepiitni nepepisu Jonareii pozensaio
Ha 12,7% OLIsmmii nanip, Hixk cepe/iHi aGo NPHBTYIOUHI,
h
1
0.9 |
o.e
0,7
0.6
05 |
04
03

+ ——-!—.—

014 019 024 029 034 039 044 yy049
-8 Vi P Me1 —A VU PK Nez

Pue. 6. T'paghicu korosor craaooeol abicomomuol weticcocimi ue
QREAIALHOMY pPescin id suxoor 3 PR AN ] ma PR N2,

h h
| 1 | : T . |
o8 | | wlo \ !.
LER 1 08 | A
n?. I l”,- _.I..__. ! ‘1 .
OE T t L ' | i
(11— os i | - | \ I
0.4 + 1 04 | | i L
63 Ba I | ‘
0,2 FR —— 1
61+ oi 4 | — =
) L ]
UFR | 014 a2 oy a1 1L 1.1 e |
B K+ K i -2l B PF ey =Faial W Wi =l PR NG
a) o)

Puc. 7.a) padux posnodity koeghiylcnma nanopy 83008 6ucomy 0mecmi na
enmurMaisnomy pexcum dan PKNel ma PR Ne2:6) 1 padhix posnooiny: kyma
ROMOKY HA ORMEMATBHOMY peXciivl Ha seuxoodi 3 PR Ne] ma PR No2

Posmonir kyTiB notoky Ha Buxomi 13 PK Nel ta PK Nu2, nasegeHuii
Ha puc. 8 Mae 3HaYHy HEPIBHOMIPHICTL eMOPH B repudepiiiiiux nepepisax
(pi3uuuA 3 ocHOBHMM moTokoM mocarae 30 %), mo BuMarae ocobnuBoi
yBaru Mpu CTBOPCHHI Y TNMONAIBLIOMY JOMATEBOI CACTEMIU CTATOPHOTIO
anapary. Jig 3MeHUICHHA YAapHUX BTpPAT NMpH BXOJI NOTOKY HA NONATi
CTATOPHOrO altapaTty Heodx1aHo 3abe3neyntn oOTiKAHHA BXIIHIY KPOMOK
Jonareil y JOCTATHLO BY3bKOMY [l4ld30HI ONTHMANLHUX KYTIE aTakH.
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I IHOBINHO JIONATEH CTATOPHOTO anapaTy Oyie BAMYIIEHO MATH CKJIAIHY
MIBEMMIPHY (OPMY 3 BeJMKHM IPAJli€ HTOM KYTIE JIONATI HA BXO/L.

AHALIZY 0N PO3NOAL CTATHYHOIO THCKY (puc. 8 a Ta 6) Ha nosepx-

AN BTVIKH TA AOTIATEH HOCILLKY BAHUX POBOYHX KOTIC, MOMKIHEO 3podn-
'l BHUHOBOK, w0 BXianl nepepisn PK Nel ta PK No2 neposantanent. J1as
(VESTHCHHA OIMHMATBHOTO PO3NOALY HABAHTAMKEHHS HA JIOTIATH B3TORK
NOpIH Heob X11H0 MPOREICHAS MO b LIOTO MOIMIVKY, Y TOMY YK 1 O6-
ILHAX KYTIB aTAKH 1IPK 3a1aHuX napamerpax PK.

Si3vamsaima Jinii TOKY B PO3roprkax HHITHIPUIHUX Nepepi3iB po-
KX Komic (puc. & B, T, A, €, i, 3) BKa3y€ Ha BLICYTHICTh BIIPMBHUX 30H
' BPOTONHIH acTn] gocaupKyBanux PK.

3 LLIOMY YHCENLHE MOICIOBAHNA MATBEPAMIO NOYATKOBE NPHITY-
HICHHA WHOAO HEODXIQHOCT] YTOYHE HHH ICHYIOUHX METOJIMK NPH NPOeKTy-
wiiHl ocsoBmrx PR nusekol menakoxiasocti, 3a pesynbTaramMu 4McenbHo-
' MOMWIKBAHHA NEPeBary CKOpIILE 3a BCE CLA HAAATH Metogy Bose-
CelesRON0 — Hekina, Ak rakoMy, wo sabeineuye 6iabi 61136k 110 po3pa-

HECEAX SHAYCHHA HAnopy Ta suviie snavenns KKJ1. YV 1oii ke gac ne
WITKIIONEHO, (1O IPUMHHOI0 BUIBIUNX PO3XOIPKEHL Y Pely hTaTax. 0TpH-
THEX oo PEK N2, ¢ HeBUIOBLIHICTb PANY BEAMYMH, 10 BU3HAYAIOTECSH

A EMITPIMHE MY S HOCTAMH, YMOBAM poboTi koseca.

3 oraapy Ha OTPHMaHI Pe3VALTATH AOLITHHEM BHITI4/1a€ BREICHHA
[ISITOY OCLOBMX NPOTOYHMX YACTHH HA HACTYHI TPy u;

L} = miasawmenum koeitientom mBHAKOXIHOCTI ns = 1000: 3000;

2) 13 cepesHim ns = 700-1000.

3) 3 HmM3bkiy ns = 400700,

4) nannusekum ns = 200400,

HesBKaK0YM HA JI2AKY VMOBHICTE TAXOTO OJILY, MOMAMBO NpH-
VCTHTH, IO 118 KOKHOT 3 BKA3AHUX IPYN HASBHI OKPEMI /[iana3onu orn-

IVIUIBHHN CLUBBIIHOMIEHD OCHOBHIX CEOMEIPHIHHX PO3MIPIB IPOTOYHOI
WIETHHE Ta TOTNXTEBOT CHCTEMM, A TaK0XK KOCPIIIEHTIB BAnopy Ta 11onayi.
| IKLULO JUls HACOCLS APYTOl, HACTKOBO nepuoi Ta TPETLOL I'PYN BOHH BH-

HAYEH], 1O T8 9eTBEPTOL 1X IHE HANEHUTH BH3HAYHTH.

Tomy wia npaitnarra o6rpyHrosaroro plieHHs 11040 sBubopy Haszo-
1 METOLAKH T 110/1b1UO0T aamTanii A BKAa3aHOro 1ianazoHy Koedi-
WCHTIE LUBHAKOXIIHOCT] OCBOBHMX POGOUMX KOG poboTu y BKaszaHOMY
CIOPAMEKY THAHYETBCA TPOI0BKHTH.

Bucnoeru

| Ilpn 30epeikennl CyuacHux Tenaeniii PO3BHTKY nacocoly iy Bail-
14 Y 00.IACTI CBEP/IORMHHMX HACOCIE 3HAYHI NEPCMNEeKTHBH Ma€ CTROPEHHA
CHOBHX TTPOTOYHHX HACTHH HAHK3BKOT HIBMIKOXIAHOCTI, 4Ki MAIOTh BU-
Coxui riipassidenii KK ta moskyTs 3abe3neqyBaTu BUCOKI 3HAYIEHIS

nhm_“w
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3)

Puc. 8. a) Posnooin emamiriozo mucky na nosepxui PR No1: 6) Fosnooia
cmamuttioso mucky na nogepxni 'K Ne2: g) ainii moky giconocnoi wisokocmi
& yumiHOpuHoMy nepepisi PK Nel na 0,1 aucomu ionami h (sidpaxosvempcs @

BIMYAKN); 2) T Moy éionocnol weudrkocmi W e WHROPUSTHOMY Aepepisi

PK Ne2 na 0,1 eucomu acnami h (giopaxosycmecst 610 smyaxu); o) ainii moxy
slonocHol uisnokocmi W a yuaindpuirody nepepisi PR Nal wa 00,5 epcomnu
aonami i (glopaxosyemee 410 emvaxu): e) ninii MGKY S10HGCHOT ks OBocm]
6 Yutinopuanosy nepepisi PKN02 wa 0.5 sucomu sonami (BIOpAXOR VEMbEs ol
BMYARW), ) ATHIT MoKy sionocnol weuokocmi W e yumnopuasony nepepis:
PKNel wa 00,9 sucomu sonami h (sidpaxeeyemsei sio emyaru); sic) xirit MoKy
RIONOCHOL WRUOKOCHE W 6 ywitnopuunomy nepepizi FK No2 na 0,9 evcomu
Jonami h (&idpaxoeyemucs 810 emyiKy).
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HOUY TIPH MIRIMAUTBHEY. pafiansHux rabapurax, mo BKpail BaXIIMBO [Uis
| PATTIOREH,

2. B pesyabrari NpOBEACHHS YHCEILHOIO MOACIIOBAHHA Teuli pian-
iy pebomHx Konecax, CrpoeKTOBAHHX PISHUMM MeTOAaMu, 6yj10 oTpH-
(110 HAOIPHI T4 €HEPreTHYHI XapakTePUCTUKH, PO3NONUIN LIBHAKOCTEI

| [MCKIB, PO3NOAUIH KOe]ILIEHTY HAIIOPY TA KYTIR BHXOLY NOTOKY 3 Po-
(00T0 KOJIECR 110 pamiycy.

3. Buseneno, wo, sk i nepe1davanocs, iICHYI0491 MeTONHKK [POEKTY-
N HE JAK0Th JOCTATHRO TOYHMX PE3yNbTATIB NPH PO3PAXYHKY OCBOBHX
HPOTOSHHX YaCTHH HAIHM3BKOI lwiBKAKoX1IHocTl. byno BCcTanogneno, o
0 MarbKe LIeHTHYHKMX emopax Ha Bxoai B PK, emopu na suxom 8 PK
CIPOCKTOBAHMX PI3HUMM METOZAMH 3HAYHO BlIPI3HAIOTLCA.

4. 3a pesyasrarami MHCENLHOO MOJICHIOBAHHS NEPEBary cKopile 3a
weeeail nanartu Merony Bosnecencbxoro — Ilekina, sk Takomy, 1o 3a-
besnenye OulbIn DJIM3EKL 10 PO3PaxXyHKOBHX 3HAYEHHS HATIODY Ta BHLLE

manenns KK/

5. B uuiomy umcensHe MogenoBaHHs NUITBEPANIIO MOUATKOBE TIPH-
I IEHES 10440 HeOOX)IHOCTI YTOMHEHHS ICHYI0UHX MeToauk. JUis npuii-
(s OOIpY HTORANOTO pleHHA 1W0/10 BUOOPY DA30BOI METOAHKH W
HOABINOT ajanTaul A odpatoro alanaszony koediuicHTIB [BUAKOXI-
nocTl DeLoBX podouMX KONic poBoTi Y BKA3AHOMY HAMpsMKy noTpibHo
HOOVICOBKHTH,
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Peyenseum: o-p mexn. wayx, npogh. ragh. «l IOPQEIIHI | RIES UM At »
HTY sXapeitocuri noymexuranuic incmumymy — TTM. Audpenro

AL Tycax, O.A. [Jemueuko, H.I1. Kannyu. Cpasuumensistiic anamus Aemoouic
RPOCKMUPOGARE NPOMOYRLIX SACMER OCEBLLX HACoCos. B cnambe QRGN INpIVE N -
CH GOSMONCROCTHE NPUMEHCHIR CYUECMEVIOUIX MEMOOUR Pacuema oas HPOCK IO
BANIA DCEEBIX APOMOYHBIX Hacmell Huzkoll Osicmpoxodnocmuy. Hecaedosaive nPogo-
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PACCRUMCHHBIX PASHBIMU Memoouzamu. TToayienn nanopuste u snepremuieciue xa-
PAKMEPUCIRUKY, PACHPEDENEHUS CKOPOCMEN 1 OAGTCNHUA § PADOYUX KOTECCLL,

OCEBBIC HACOCKI, APTEINAHCKOE BUAOCHADKEHHE, TOTPYKHBIE CKBAMKHHHbLIE Hi-

COCLL, THCACHHUE MOACANPOBANHE, HANOPHLIE XAPAKTEPHCTHKY, IHEPreTHye-
CKHE XapaKTepHCTHKN

O. Gusak, (. Demchenko, I. Kaplun. Comparative analysis of design of axial
pumps. The article analyzes possibility of application of known methods af calcufa-
tion axial flow parts low type characteristic in the submersible horehole pumps. In-
vestigations have been performed by numerical simulation of flow in the rotor, which
was calculation with different methods. Head and efficiency chavacteristic, distribui-
ing of speeds and pressure in rotor were got in this research.

axial flow pumps, artesian supply, borehole submersible pumps, numerical
simulation, head characteristic, efficiency characteristic
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