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K BOITPOCY ITPOEKTUPOBAHUA AKCHAJIBHO-ITOPIHIHEBBIX
HACOCOB C KIIATAHHO-IIEJIEBBIM PACHIPEAEJIEHUEM

PaccMoTpeHBI BOIIPOCH! NPOEKTHPOBAHMS aKCHAIbHO-TIOpIIHEBBIX HacocoB (AITH). IIpemnoxkena mporpamma
JUIS pacueTa aKCHUaJIbHO-MOPIIHEBBIX HACOCOB C KIIAIIAHHO-LIENIEBBIM PACHpEeAeICHUEM B Cpee MPOrpaMMHOIO
obecrieuennst MathCad, koTopast 1o3BoJIsIeT Ha 3Tare IMPOSKTHPOBAHMUS IIPOBOIUTE HEOOX0IMMOE BapbUPOBAaHHUE
3aJaBaeMbIX IapaMETPOB, CYIIECTBEHHO COKPAaTHTh BPEMsI IPOEKTHPOBAHHMS M OOOCHOBAaHHO IPHHUMATH
MPOTPECCUBHBIE KOHCTPYKTHBHBIE W TEXHOJOTHUECKHE PELICHUs, TapaHTHPys TEM CaMbIM OITHMaJIbHbBIE
MoKa3aTeian HoBoM koHcTpykiuu AITH.

KiawueBble  clI0Ba:  aKCHANbHO-NIOPIIHEBOM  HACOC,  KJIAMAHHO-LIEIEBOE  paclpeiesieHUe,
MPOEKTUPOBAHKE, TPOTPaMMa, KHHEMATHUECKUN pacyer.

BBenenue

TexHuyeckud ypoBEHb BCEX OTpACi€dl HApOJHOrO XO3sKMCTBA TECHO CBA3aH U B
3HAQUMUTEJIbHOM CTENEHW ONpENesieTCs YpPOBHEM pa3BUTHsS MallMHOCTpoeHus. Ha ocHoBe
3TOr0 Pa3BUTHUS OCYILLIECTBIISIETCA KOMILJIEKCHAS MEXaHU3alMsl B IPOMBIIIIIEHHOCTH, CEJIbCKOM
XO3SIICTBE, CTPOUTENbCTBE, TpaHcnopTe. OTPOMHYIO POJIb 3[1eCh MrpaeT TuapoduKanus B
NPOMBIIIJICHHOCTH. Y JeNseTcsl 0co00€ BHHMMAHUE YCOBEPIIECHCTBOBAHHIO U PAa3BHUTHUIO
KOHCTPYKUHUH THAPaBINYECKUX MAIIUH, YKa3bIBAIOTCS HAIlPaBJICHUS U TPeOOBaHUs, KOTOPbHIE
HEOOXOMMO YYMTBIBaTh MpPHU TPOEKTUPOBAHMM HOBBIX MamuH. Ocoboe MmecTo 37aech
3aHUMalOT 00beMHbIe ruApaBandeckre MamuHbl (OI'M), KOTOpble MOKHO IO MPaBYy CUUTATh
HanOosiee ONTUMAIBHBIMM  CPEOU  psjAa aHAJOTHMYHBIX  MamuH. lIpoekTupyemsie
TUAPABIMYECKUE MAIlMHBl JOJDKHBI HMMETh Haubosiee BBICOKHME OSKCIUTyaTallMOHHbIE
nokazarenu (mpousBoauTenbHOCTh, KIIJ[), MUHMManbHbBIM pacxoi MaTepualoB NpU
HauMeHbIIed Macce W rabapuTax, BBICOKYIO HaJIeXKHOCTh. OHHM JOKHBI  OBITh
HYKOHOMHYHBIMH KaK B IPOIIECcCe MPOU3BOJICTBA, TaK U B MPOILIECCE IKCIUTyaTaIlH, YA0OHBIMU
u Oe3omacHBIMM B OOCIY>XKMBaHHMM, AOMYCKaTh CTAaHAAPTU3ALMIO JeTaled U COOPOYHBIX
€AVHHLL.

AxcuanbpHO-TIopiHeBble Hacochl (AITH) sBISrOTCS MIMPOKO pacnpOCTpaHEHHBIMU H
COBEPILIECHHBIMU THUIAMHU OOBEMHBIX HACOCOB, YaCTO NPUMEHSIEMBIX B THMIPABIMYECKUX
IpUBOJAX CaMOro pa3HOOOpa3HOro Ha3HA4YeHHs, B TOM 4HCIe B 0OOOpYyIOBaHUU
HeTerazoBbIX KOMIIEKCOB.

[To cpaBHEHHUIO C IPYTMMH TUIIAMU HACOCOB, KJIAIIAHHBIE HACOCHI JOITYCKAaIOT BBICOKHE
Harpy3k# (zo 1000 KIc/cM” ¥ BBIIIIE), CTOWKH K Pa3IMYHBIM 3arpsA3HUTEISAM, TEMIIEPATYPHBIM
nepernajgam, MOryT paboTaTh Ha pa3IUYHbIX KUAKOCTAX, BKIIOYAsi U HECMa3bIBaIOLIHE.

B cBs3u ¢ 3TMM U1 LIENOro psja oTpaciedl KialaHHbIE HACOChl B HACTOSIIEE BpeMs
paccMaTpuBalOTCS KaK OCHOBHOW BHJ| HATHETATEILHOTO 00OPYIOBAHMS BHICOKOTO JABJICHHUS.
[Ipu 3TOM KJIamaHHbIE HACOCHI, B CHJy CBOMX OCOOCHHOCTEH, pelaroT Kak pa3 Te 3aJaud,
KOTOPBIE NIPEICTABIISIIOT ONPEAEICHHbIE TPYIHOCTH JJI APYTUX TUIIOB HACOCOB.

Knamannoe pacnpeneneHue oTanyaeTcs OONbIION HAAEKHOCTBIO U JTOJITOBEYHOCTHIO,
a Taxke BICOKMM 00beMHBIM KIIJI. KpoMe Toro, Hacockl ¢ 3TUM pacnpeeiieHueM CBOOOTHbI
OT TUJPABJINYECKUX yIapOB U KOMIIPECCUM KUAKOCTU B LIMIUHAPAX, a TAKKE MPUTOAHBI [
paboTHI TP BHICOKUX TEMIIEpaTypax U JaBICHUX |[1].

Takum o6pa3zom, rpamotHoe mpoektupoBanne AIIH ¢ yuyeTom COBpeMEHHBIX
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TEHJACHIUMHA W TIEPCIEKTUB PA3BUTUS KOMMBIOTEPHBIX TEXHOJIOTHM SIBISAETCS, HECOMHEHHO,
AaKTyaJIbHOM 3aJ1aueu.

ITocTanoBka 3axa4yn

IIpu npoextupoBanun AIIH mpou3BoaAT KMHEMATHUYECKHUE PpACUEThbI, ONPEAEISIOT
CHJIBI, ICMCTBYIOIME HA IETAN U 3B€HbsI COOPOUYHBIX €MHMULI, BBIOIHSIIOT PACU€Thl U3/ENIUs
Ha IIPOYHOCTb, PELIAIOT BOIPOCHI, CBSA3aHHbIE C BBIOOPOM MaTepuaga W Haubosee
TEXHOJIOTUYECKUX (OpM JieTanieil, OCBEIAIOTCs BONPOCHl COOPKU U pa3pabOTKH cOOPOUYHBIX
equaul, AITH. Takum oOpazom, mpoextupoBanue AIIH — camocrositenbHas TBopueckas
paboTa MO pelIeHUI0 KOMIUIEKCHOW HH)KEeHepHOW 3aaayu. VICXOTHBIM JTOKYMEHTOM IIpH
IPOEKTUPOBAHUH SBIIAETCSA TEXHUUECKOE 3ajjaHue. /laHHbIe, IpeICTaBIEHHbIE B TEXHUYECKOM
3a/laHuy, ONPENEISIIOT KOHCTPYKTHBHBIE pa3Mepbl MPOEKTHPYEeMON MaminHbl. OCHOBHBIMU
3agadaMu paboThl SABJSIETCS NPENOCTABICHUE CHUCTEMATU3UPOBAHHOM IOCIEN0BATEIbHOCTH
pacueToB, O3BOJISIOIIMX cripoekTupoBaTs AITH.

OcHoBHast yacTh

HeonHo3HayHOCTh  cOYETaHMM TapaMeTpoOB  HACOCOB  OOBEMHOro  JAeMCTBUS,
o0ecrneynBarIiX HUX BBICOKHE TEXHMKO-DKOHOMMYECKHE IOKa3aTeld, LeJbIi psin
OTPAaHWYEHUN — M0 YCIOBUSM ITyJIbCALMM MOJAYM WIM KPYTALIErO MOMEHTA, MO YCJIOBHIM
BCAaChIBaHMsI WJIM KaBUTALMHM, 110 MHUHHMMAJIbHO JOMYCTUMBIM 3HAYEHUSIM OOBEMHOIO HU
mexannueckoro KIIJI, cBszanbl npu npoextupoBanuu AITH ¢ Gonbliol BBIYMCIUTENBHON
pabotoii [2].

W3 BblLEIpUBEAEHHOTO sICHO, uyTO mpoektupoBanue AlIIH sBnsercs cnoxHoOU
TEXHUYECKON 3anaueil. bnarogaps pa3sBUTHIO KOMIBIOTEPHOM TEXHMKM U IPUMEHEHUIO
IPOrPaMMHBIX CPEJICTB MOKHO CYLIECTBEHHO YNIPOCTUTH Nopsaaok pacuera AITH u cokpatuth
BpPEMS HA €TI0 BBINIOJHEHHE.

Pacuetsl npu npoexktupoBanuu AITH MoryT ObITh C yCIIEXOM BBIIOJHEHBI B Cpene
nporpaMMmHoro  obecrneuenuss MathCad. ABTopom mpemioxeHa mnporpamma  Juis
KOMILIEKCHOrO pacudera aroboro AITH ¢ knamaHHO-ILENEBBIM pPACHPENCIEHUEM IPU €ro
IIPOEKTUPOBAHUH.

Tak kak cambpIM CIIOKHBIM Ipu npoektupoBanuu AIIH sBrnsercs xuHematuueckuit
pacuer Hacoca [3], UCIoJIb3yeM €ro, Kak MpUMep NPUMEHEHUS IPOrPaMMBI.

Ilepememenue, CKOpPOCTb M YCKOPEHHME MOPIIHEM HACOCa ONPEHENAITCS U3
COOTBETCTBYIOIINX 3aBUCUMOCTEH:

x=r-tg7/'(1—cosy/);
X=r-o-tgy-siny;

x:r-a)z-tgy-cosy/,

I7ie ="t — TeKYIUI yrojl IOBOpOTa Bajla Hacoca,
w=27'n — yrioBas 9actoTa, [pan/c];
t — Bpemst; r=(Do-10 )/2 — paauyc OKpYXHOCTH pOTOpa, Ha KOTOPOM PAaCIOIOKEHbI IEHTPBI
MOpIIIHEN Hacoca, [M].

3amaBas 3HaueHusa yrama y ot 0° mo 360° ¢ unHTepBaioMm 10°, cTpouM 3aKOHBI
U3MEHEHUsl MEpPEMEILEHUs, CKOPOCTH U YCKOpeHus sl Kaxjaoro mnopuHs. Ilpumep
peanu3aluy IporpaMMsbl pUBeJIeH Ha puc. 1.
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Puc. 2 — Pacuer u rpaduk 3aBUCHMOCTH CYMMBI PacxoJI0B IIOPIIHEH OT yria HOBOPOTa Bajla Hacoca
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MrHoBeHHas 1mojiada OgHOrO MOPIIHSA, [M3/C]Z
g=w-r-f,-1gy-siny,

z-d>-107°
4
Jlnisi HACOCOB C HEUETHBIM YMCJIOM MOpPIIHEH npu u3MeHeHuu y ot 0 1o f/2 BenuunHa
m paBHa (z+1)/2, npu U3MEHEHUH  OT /2 BenuunHa m paBHa (z-1)/2.
Pacuer u rpaduk 3aBUCMMOCTH CyMMBI pacxoJIOB MOPIIHEH OT yrJjia MOBOPOTa Baja
Hacoca MpeJCTaBlIeH Ha puC. 2.

rne f, = — TUIOmAs TOpIHS, [M7].

BoiBOaBI

Ecnun momyueHHble pe3yibTaThl HE YIOBJIETBOPSIOT TEXHUYECKHUM YCIOBUSAM, TO
MPOU3BOJUTCS KOPPEKTUPOBKA HEOOXOAMMBIX MJaHHBIX. llpu 53TOM MOXKHO YyKa3aTh
ONTUMAJbHBIC BAPUAHTHI — 33 CUYET KAKUX JJIEMEHTOB M HACKOJBKO HEOOXOIUMO M3MEHUTh
UCXOAHbIE MapaMeTpbl (MaTepuajbl JUIsl MU3TOTOBJICHUS Y3JI0B, pab04yl0 >KUIKOCTb, YIOJ
HAKJIOHA, pa3Mephl U KOJIHMYECTBO COOPOYHBIX €AMHHMII U T.I1.).

Takum o00pazoM, MOXXHO MPOBOAUTH HEOOXOAMMOE BapbUPOBAHHME MapaMETPOB,
CYIIECTBEHHO  COKPATUTh BpeMsi NPOEKTUPOBaHUA W  OOOCHOBAHHO TMPUHUMATh
IIPOTPECCUBHBIE KOHCTPYKTHBHBIE M TEXHOJIOTMYECKUE PEIICHHs, FapaHTHPysS TEM CaMbIM
ONTUMAaJbHbIE NTOKa3aTenu HoBoM KoHcTpykuuu AITH (mpousBoaurensHocts, KIT).

Tak kak pazmuunbie AIIH B OOJBIIMHCTBE CBOEM COCTOSIT M3 OJHOTUITHBIX TIO
CITyeOHBIM (YHKIIMSIM JIeTaleid U COOPOUYHBIX €IMHHUII, TO OTCIO/IAa CIEAYET, YTO OJHU U TE
K€ METOJbl aHalIM3a, pacyeTa W MPOEKTHUPOBAHUS MOTYT OBITh NMPUMEHEHBI B Pa3IMYHBIX
OTpaCIsAX TEXHUKHU.

Takum obOpazom, mporpamma, HpeUIoKEHHass aBTOPOM, MOKET OBITh HCIOJIb30BaHA
npu npoektrupoBanun He Tonbko AIIH ¢ kimamanHo-1IeneBbIM pacnpefenieHueM, HO U ISt
AIIH ¢ npyrumMu KOHCTPYKTUBHBIMH OCOOCHHOCTSIMH.
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