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KOHCTPYKTUBHI PILIEHHA ITO 3HM)XEHHIO Ob’€EMHUX BTPAT
POBOYOI PIIVUHU B IIECTEPEHHUX HACOCAX IIJXVUBJIEHHS
AKCIAJIbHO-TIOPUTHEBUX I'ITPOMAIIINH

AHomauis. Po3znadarnmoscs KOHCMPYKMUBHI pillleHHS. NO 3HUMNEHHI0 00°€MHUX 8mpam pobouoi
piduHu 8 WecmepeHHUX HACOCAX NIOMCUBJIEHHS  AKCIANbHO-NOPUIHEBUX — 2i0pOMAUIUH.
3anponoHosaHo choci6 KomneHcayii mopyesozo 3a3opy 3 3ACMOCYBAHHAM NAACMUHU
KOMNeHcayii mopyesozo 3a3opy, Wo ckaadacmscs 3 pobouoi nosepxHi i npymHodemngyouozo
enleMenma, y skomy 000amko8o po3mauloéai KaHanu i kamepu 2i0pocmamuuHozo nioxumy.
IIposedero anania cun, wo ditoms HA NIACMUHY KOMNeHcayii mopyesozo 3a3opy i 00TpyHIM0B8AHO
ix onmumansHe chiggiOHOUlEH s, siKe 3abe3neuye eeUUUHY Mopyesozo 3a3opy, ujo 006YMOBI0E
MiHimManeHi 06°eMHi empamu pob6ouoi piduHu 6 Kauaw4omy 8y3ai HAcocy nioHcueneHHs i
3abe3neuye 30inbleHHS [i020 eKcnayamauiiinoi doezoeiuHocmi.

Knrouoei cnoea: 06’emHi mpamu, HACOC NiOx#UBAeHHS, J08208iUHICMb.

Annotation. Design solutions for reduction of volumetric loss of operating fluid in gear-type fluid
makeup pump of swash plate type fluid machines are considered. A method is proposed for
compensation of the end clearance using an end clearance compensation plate, which consists of
a functional surface and an elastic-damping element, in which channels and chambers of
hydrostatic lift are additionally located. The analysis of the forces that act on the end clearance
compensation plate is made and their optimal ratio is substantiated, which ensures the value of
the end clearance, that causes the minimum volumetric loss of the operating fluid in the pumping
unit of the fluid makeup pump and increases its operational durability.

Keywords: volumetric loss, fluid makeup pump, durability
IToctraHOBKa MpooIeMU

OmHUM i3 KOHCTPYKTMBHMX 3aXO[IiB, SIKMI1 IIMPOKO peai3yeThCsI B MOOITbHUX
MalllMHaX, 110 BMKOPUCTOBYIOTbCS B TipHMUYO-METIYPriiHOMY KOMILIEKCI,
SIBJISETHCS 3aCTOCYBAHHSI 00’€MHUX TiIpaBaiuHMX TPAHCMICiii, [0 3HAYHO MOKPAIIlye
iX KepoBaHiCTh Ta MODOIIbHICTH B IIpoLieci poboTH.

OCHOBHMMM CKJIaAOBMMU TigpodiKOoBaHMX TPAHCMICiil SBISIOTHCS aKCiaJbHO-
TOpPILIHEBI TiApoMaliMHKU (PeryJbOBaHUIl aKCiaJbHO-TIOPIIHEBMIT TiApoHAacoC i He
peryibOoBaHMIA  aKCiaJIbHO-MIOPIIHEBUIA  TipoMOTOp). B cBOw  uepry, 1o
KOHCTPYKTUBHMX 0COOIMBOCTEH aKCiaJbHO-TIOPITHEBUX TiIPOHACOCIB CJTiJT BiHECT
3aCTOCYBaHHS Hacoca ITi/KMBJIEHHS IIeCTePeH4YacTOro TUITY, SIKUI CIY>KUTb [JIsT

3aITyCKy TiIpONpUBOIY, 3a0e3leueHHI TUCKY poOouoi pigvHM B Marictpati

© Menpsiauos I1.T., JlocikoB O.M., MoBuas B.®., 2019

52 ISSN 1991-7848



“Cyuacni npo6iemu meranyprii”, N2 22 — 2019

KepyBaHHSI pobouMM 00’€MOM OCHOBHOTO Hacoca i KomIleHcallii BTpaT pobouoi
pimvHM B 06’€MHUX TiZpoMalIMHax.

€ oueBMIHMM, 1[0 3MiHA TEXHIUHOTO CTaHy HAacoca ITiIKMBIEeHHS Oyie CyTTEBO
BIUIMBATM Ha pOOOTO3MaTHMIL CTaH, SIK aKCiaJIbHO-ITOPIIIHEBOrO TijpoHacoca Tak i Ha
riIpaBJliuHy TPAHCMICIIO B LIIOMY.

PesysnbTaTyt gOCIiIKeHb eKCIUTyaTaliiHOl HaAiliHOCTI HACOCIB ITiIKVBJIEHHS B
poborax [1,2], mokasanau, IO A0 OCHOBHMUX IMPUUMH, SIKi 0OYMOBJIOIOTh BTpaTy iX
poOOTO3aTHOCTI, CJIii BigHECTM Trigpoabpa3MBHe 3HOIIEHHSI JeTajieil B
CIIPSDKEHHSIX: «TOpellb IIeCTepHi-BepXHS KPUIIKa», <«TOpellb IIeCTepHi-HMKHS
KpUIIIKa», «KOJOAS3b KOPIYCy-3y0 IIecTepHi». 3MiHa CTPYKTYpHUX IlapaMeTpiB
JeTaseii B MepuIMx ABOX CIIPSKEHHSIX O0YMOBJIIOE 3pOCTAHHSI TOPLIEBOTO 3a30pY B
KayalouoMy BY3Jii Hacoca, a B CIPSDKEHHI «KOJIOAsA3b KOpPHyCy-3y0 IIiecTepHi» -
pamiaJbHOrO 3a30py. 30iJbIIeHHSI 3a30piB B [OAaHMX 3’€IHAHHSIX OOYMOBIIIOE
3pOCTaHHs 06’€MHUX BTPAT poboyoi pimvHM, a 3HAUUTh MIPUBOAUTD IO 3MEHIIEHHS
rogadvi Hacoca (Q) J1/xB i 06’eMHOro KoedilieHTa KOPUCHOI 1ii 7.

[Ipu ubomy B poborti [3], aBTOp Bimmiuae, mo 6aM3bko 40...65 % 006’eMHUX
BTpaT poboYoi piAvHM B Kayaloyomy BY3JIi IIeCTEPEeHHOro Hacoca IPUIlafia€ Ha
TOpLeBMit 3a30p, i 6;mnu3bKo 22...30 % Ha pamiaabHMIT 3a30p, BiJ 3araJbHOr0 00’eMy
BTpaT PiIHU B 3aJIeXKHOCTI Bif, 3a30py.

BomHouac, IpoOBeNeHMII aHajdi3 KOHCTPYKTUMBHMX OCOOJMBOCTEI Hacoca
IiKUBAEHHST aKCiaJIbHO-TIOPIIHEBMX TiApoManiMH B poborax [4,5], mokasas, 110 B
JIOTO KauaruoMy By3JIi BiICYyTHI KOHCTPYKTUBHI pillleHHSI 3 KOMIIeHCallil TOPL,eBOro
i pagmianbHOro 3a30piB, IO CYTTEBO BIUIMBAE Ha JOTO eKCIUIyaTalliliHy
JIOBrOBIYHICTb.

B 3B’43Ky 3 LMM IMUTAaHHS 3a0e3MeyeHHs 3POCTAHHS JOBrOBIYHOCTI HACOCIB
MiJIKMBIEHHSI aKCiaJIbHO-TIOPIIHEBMX TifipOMAalllMH, 3@ paxyHOK cTabimizaiii
TOPLIEBOTO i paZiaIbHOTO 3a30pPY B JIOTO KaualOuoOMY BY3JIi, SIBJASIOTbCS aKTYyJIbHUMU
Ta MOTPEOYIOTh AeTAJBHOTO JOC/iIKEHHS.

AHaJti3 OCTaHHiX JOCTiIKeHb Ta ITy0JTiKaIiin

CucremMu KoOMIMeEHcAllii TOPLEBOro i paJialbHOrO 3a30py peani3oBaHi B
KayalouoMy BYy3Ji IiecTepeHHOro Hacocy moaudikaiiii HII-K [6]. I KomrmeHcalii
«TOPLIEBOTO 3a30py», B KayalUOMY BY3J/i 3aCTOCOBYIOTbCS «IIJIATMKU-3aMMKadi» 3
MaHKeTaMM, a JJIS «pafiaJbHOTO 3a30py» - IATUCKHA 0060i/iMa 3 MaHKETOH
pazialbHOrO MiIKMMY, SIKa pO3MIIIYEThCS B KOPITYCi Hacoca.
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BripoBai;>keHHST aHAJIOTIYHMX KOHCTPYKTUBHMX PillleHb B HACOCI IiIKMBJIEHHS
He MOXJIMBE, TaK SIK 3d KOHCTPYKTMBHMM PillIEHHSIM JOTO Ka4yalouuii By30J CYyTTEBO
BiIpi3HSIETHCS BiJl Kaualouoro By3Ja Hacoca moamdikairii HIII-K.

bisibi1 mporpecMBHO KOHCTPYKIIIE€K HIECTEPEHHOI TiApOMAIIVHU, SIBJISIETHCS
KOHCTpyKIIist Hacocy HIII-50B, ska 3ampornoHoBaHa B Po6OTi [6] i cTBopeHa Ha 6asi
Hacoca HIII-46Y. IlepeBarow ii B IMOpiBHSHHI 3 KOHCTpPYyKIiero Hacoca HII-50K,
SIBJIIETHCS MEHILAa Bara i MpoCTOTa B BUIOTOBJIEHHI, TaK SIK BeJeHa i Beaydya
HecTepHi 06epTalOTbCS B YOTUPHOX ITIJUIMITHMKAX KOB3aHHS, a IJIsi KOMITeHcallii
TOPLIEBOI'O 3a30PY 3aCTOCOBYEThCS [I-momibHa enacTMuHA MaHKeTa, SIKa IiJTHUCKAE
IUVIACTMHU — KOMIIEHCATOPU A0 TOPLEBMX IMOBEPXOHb LiecTepeHb. [0 HenoiKiB
3aITPOIIOHOBAHOI KOHCTPYKIIii CJIiji BimHecTu Te, mo [I-1moaibHa eacTMyHa MaHXXeTa
oOMeXye Jmuile 30HY BMCOKOTO TUCKy, II0 B Mpoieci poboTM Hacoca MOxKe
BUKJIMKATM  TEePEeKOIIeHHS  IUIaCTMH-KOMIIEHCATOPiB i  3HMKEHHSI  Jioro
JOBTOBiUHOCTI.

[lpoBegeHMii aHajdi3 ICHYHOUMX KOHCTPYKTMBHMX pillleHb KOMII€Hcallii
«TOPLIEBOTO 3a30py» B KayaluYOMy BY3JIi LIECTEPEeHHOI0 HAcoCy, ITOKa3as, L0 [JI
Hacocy MiJKMBIeHHST HeoOxifHe iHIle pimeHHSs. [le TaKoX 00YMOBJIIOETHCS TUM, IO
3a KOHCTPYKTMBHMM PillIeHHSIM, Y Hacoca ITiI;KMBJIEHHS MOTiK PoO0YOi pimyiHu Bif
3a6ipHOr0 OTBOPY IO HATrHITAIOUOIO BipPi3HSETHCS Bif MOTOKY pob6o4oi pimyHu y
TUIIOBUX IIECTePEeHHUX HACOCiB, Jie BiH IepIeHAUKYJISIPHUIA IO BigHOILIEHHIO A0
Biceii lIecTepeHb Kauyauoro Bys3Ja.

MexaHi3MKu KOMIIeHCallil pafiaJbHOTO 3a30py B IIeCTePEeHHMX HAaCOCiB
momudikauii HII-VY, mo SKMX MaKCUMMAaJIbHO HAOJVMKAETbCSI KOHCTPYKIIS Hacocy
MiJKUBJIEHHS, B OCHOBHOMY 3BOJOMTBCSI [0 3a0e3MedyeHHSI SKOPCTKOCTi B
MiJIIUITHMKOBUX BY3J1aX KOB3aHHS, )i 3al00iraHHS mHepeMillleHHS IIeCcTepeHb i
Biceli Kavalouoro By3Ja, ITi, TMCKOM pOO0YOi pPiAMHM 30HM BMCOKOIO TUCKY, OO
OTBOPY 3abipHOi MaricTpauti.

Ha cboropaHimiHi ngeHb JaHe MUTAHHS BUPINIYETHCS 32 PaXyHOK 3aCTOCYBaHHS
B SKOCTi [MAIIMITHUKIB KOB3aHHSI OPOH30BMX BTYJIOK, SKi 06e3rocepesHbo
BCTAHOBJIIOIOTHCS B KOPITYC TifpoHacoca. [Tpu 1ibomy ix peasisaiiis edhekTuBHa Tpu
poboTi Hacoca B peskuMi piBHOMipHMX KYTOBUX HaBaHTa)XeHb Ha BeAyuy IIeCTepHIO
Mpyu 3amycky Hacocy. 3a YMOBM BMHMKHEHHSI CTaTOAMHAMIYHOTO PeXUMY
HaBaHTaKeHHS Ha Beyyy IIeCTepHI0, Pi3KO 3pPOCTAIOTh MUTOMi HaBaHTaK€HHS B
CTIpsDKeHHi «1arnda IecTepHi-BTY/AKa», 10 MPUBOAUTH OO 3HAYHOrO 3HOIIEHHS
JleTtasieli i BIATIOBIOHO 1O 3pOCTaHHS pafiaibHOTO 3a30DYy.
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MerTta mociIigKeHHs

MeTta mocmimkeHHSI - 306iJblIeHHS €KCILTyaTalliliHOi JTOBTOBIiUYHOCTI HACOCiB
ITiIKMBJIEHHST aKCia/IbHO-TIOPIIHEBMX TilpOMalllH PO3PO0OJIEHHSIM KOHCTPYKTUBHUX
3aXO0/IiB IO 3HMXKEHHIO 00’€MHMX BTPAT B 1IOT0 KaUuarouoMy BY3JIi.

BuxknageHHsI OCHOBHOTO MaTepialy JOCHiIyKeHHS

Panimie B po6ori [3], Bimmiuasoch, 110 BUTOKM poO0OYOI pinyiHM yepes ToplieBi
3a30pM SIBJISIIOTHCSI HAMOiMbIN Baromumuy i mpu 36inbineHHi 3a3opy Ha 0,1 MM B
TUIIOBOMY Hacoci 06’eMHMIT KoeditieHT KopucHoi (KK/I) mii 3meHIyeTbcs Ha 25 %.

3 MeTO0 3MeHIIIeHHSI 00’eMHMX BTPAT PoO0OYOi PiiuH i OJHOYACHO MeXaHiUHMUX
BTpaT Ha TepTS, MIPOIIOHYETHCS HOBa KOHCTPYKILisI TOpLIEBUX
yUIibHEHb  ILIECTEPEeHHOT0  Hacoca  MiIKMBJIEHHS  aKCiaJIbHO-IOPIIHEBOIO
rigponacoca (puc.1, puc.2).

Pucynok 1 — Hacoc mifiskMBeHHS 3 TOPLLEBUM YILJIbHEHHSIM

[llecTepeHHMII HACOC MiIKMBIEHHSI aKCiaJibHO-MOPIIHEBOI TiApOMallMHA
BKJIIOUa€ B cebe KOpmyc 1, BepxXHIO 2 Ta HIWKHIO 3 KPUIIKM B PO3TOUKAX SIKMX
po3MilleHi BemeHa 4 ¥i Bemyda 5 miecTipHi. Bemyda miecTipHSI 5 cripsbkeHa uepes
IITIOHKY 6 3 BaJIOM 7, BefleHa 4 BCTaHOBJIEHA BUIbHO Ha OcCi 8. Y BepxHiil Kpulili 2,
BCTAHOBJIEHA IUIaCTMHA 9 KOMIIEHCAllil TOpPIEBOro 3a30py, SIKa CKIQJA€ThCS 3
pobouoi moBepxHi 10, onmopHoi moBepxHi 11 Ta npykHOAeMIIDyoUuoro ejeMeHTa 12,
y SKOMY poO3TalioBaHi KaHaiu 13 7 kKamepu 14 TigpOoCTaTUYHOTO MiIKUMY.
Kamepn 14 rizpocTaTUUHOTO MiI)KMMY PO3TAIlOBaHi 31 CTOPOHU BEPXHili KPUILKU 2
i Kyrom 90° Ta crionyyeHi Mixk cob6o1o kaHasamu 13, gKki 3’eqHaHi oTBopaMu 15 3
KaMepom HarHiTaHHs 16.
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PucyHok 2 — KOHCTpYKIIiS IVIaCTMHM KOMIEHcallil TOp1lieBoro 3a30py

[Ipu poboTi Hacoca MigKMBIEHHS poOoua pimyuHa i3 Kamepy HarHiTaHHS 16,
TOCTYIIA€ 1O OCHOBHOI'O HACOCY aKCiaJIbHO-TIOPIIHEBOI IiApOMallvHMU i OLHOYAaCHO
0 OoTBOpiB 15 mpyxkHomemndywouoro eneMenTa 12 mactuam 9 i mo KaHamax 13
HAIXOOUTh A0 Kamep 14 rigpoCcTaTMUYHOro mimkumy. [locTymawoum B 3aMKHYTUI
MPOCTip KaMep TiipOCTaTUUHOrO MiIKMMY ITiJl TUCKOM, poboya pigyHa 00yMOBIIIOE
repeMilleHHsI OIIOPHOI IMOBepxHi 11 IUIACTMHM TiAPOCTATUYHOIO MiIKUMY OO
KpUIIKY 2, a pobouoi moBepxHi 10 g0 TOPIIiB 1mecTepeHb 4 Ta 5, 38 PaXyHOK TUCKY
poboyYoi pigVMHM Ta MPYKHUX BJIACTUBOCTEN IMPYKHOAEMII(PYIOUOro ejieMeHTa,
KOMITEHCYIOUM TaKMM UMHOM TOPLIEBMIT 3a30p MiXX TOPISIMM IIECTEPEHb Ta POOOUOI0
rnoBepxHero 10 ractuHMu 9. BpaxoBywouy Te, IO LIECTEPHiI PYXJMBiIi B OCbOBOMY
HAIIPSIMKY, BOHM IEePEMIIITYIOThCS IIiJI Ai€0 TUCKY pobouoi moBepxHi 10 mmacTuaM 9
0 HIDKHBOI KPUIIKM 3, MO 3abe3redyye KOMIIEHCAI[il0 TOPILIEBOrO 3a30py MiXK
HIKHBOIO KPMIIIKOIO 3 Ta TOPIEM IlecTepeHb 4 i 5, i 36inbirye KoedilieHT momaui
Hacoca Ta 10ro JOBIOBIiYHICTb.

OTxke mepemillleHHSI [UIAaCTMHM KOMIIEHCAllii TOPIEBOro 3a30py A0 TOPIIiB
nmecTepeHb 3a0e3IeuyeThbCs 32 PaxyHOK TiIpOCTaTUUHOTO ITiKMMY 3a JIOTIOMOTOI0
piIMHY, SKa TOJAETHCS 3 KaMepy BUCOKOTO TUCKY. B maHOMY BUIAAKy BaXKJIMBUM
oyme 3ycusIs 3 SKMM TUTacTUMHA Oye MiATUCKATACH IO TOPIIeBOi YaCTVHM IIeCTePHi.

[Ipy HemOCTaTHLOMY 3YCHJUII MPUTUCKAHHSI OymemMo MaTy 3HayHiI 00’€MHi

BTpaTy poOOUOi pigmMHM, a MPM 3HAUYHUX 3YCUMJUIIX MOXYTb BUHUKHYTU YMOBU
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IPAaHUYHOTO TEePTS MK POOOUYOI0 MOBEPXHEIO IIACTMHU Ta TOPLIEM IIECTEePEeHb, IO
Ooyme 00yMOBJIIOBATY MeXaHiuHi BTpaTHu.
Po6oTa cut TepTsl MiK TOpPIIeM IIecTepeHb i po60UO0I0 ITOBEePXHEI0 IIaCTUHU
KOMIIeHCallii TOp1eBOro 3a30py BM3HAUYAETHCS 38 BYPA30M:
Aver =Frep Liep s (1)
mne F  -cunaTteprtd, H;

mep

L - LIgX TepTs, M.

'mep

Anani3z Bupasy (1) mokasye, 1mo pobGOTa CUI TepTS (A,,) 3HAXOOWUTBCS B

IIPSIMOIIPOIIOPLIiFHIN 3a/1ekHOCTI Bif cyim tepts (F ) 1 muiaxy reprts (L

o mep )*

B cBoio dyepry, Huisix TepTs OOYMOBJIIOETHCS TEOMETPUYHMMM PO3MipamMu
TOpPLIEBOi IIOBEpPXHi IIeCTepHi, SKa KOHTAKTy€ 3 MPUTUCKHOK IUIACTUHOW. 3
BpaxyBaHHSM TOrO, 10 Y HACOCIB ITiAKMBJIEHHS B IPOLIECi eKCITyaTallii BUHMKAE B
OCHOBHOMY ITapaMeTpMuYHa BiIMOBA, SIKa XapaKTePU3YEThCS IOCTYIIOBOKI 3MiHOIO
CTPYKTYPHMX ITapaMeTpiB T€XHIYHOrO CTaHy poO0YMX MOBEPXOHb JAeTajel, OyaemMo
BBXKaTH, L0 LIJISIX TEPTS SIBJSETHCS MOCTiIHOKO BEJIMUMHOIO.

3Bigcy BUIUIMBAE, IO HAa POOGOTY CWI TepTS B CIPSDKEHHI «IOBEpPXHS
MIPUTHUCKHOI IUIACTUHM — TOPELlb IIeCTEePHi» B CBOil OiJIbIIOCTi Oye BIUIMBATH CUIa
Tepts (F,,, ).

Cuna TepTs BU3HAYAETHCS 32 BUPA30OM:

Froy =Ny f> (2)
me N, - cuia NPUTVCKAHHS IUTACTMHM KOMIIEHCALIT TOPLIEBOrO 3a30Py 0 TOPLIEBOI
TOBEepXHi 1ecTepHi, H;

f - KoedillieHT TepTs, SIKMIT 3aJIEKUTh BiJ BUAY TepPTS MiK poboUMMM
TIOBEPXHSIMU.

€ oueBUIHMM, IO [Jig 3MEHILEeHHS CWIM TepTs B CIPSKeHHI HeOOXiJHO B
Tepury 4epry repeadbaunTy PiaAMHHUIA BUA, TepTs, SKuii Oyme xapaKTepusyBaTUCS
HasIBHICTIO MAC/ISTHOI IJTIiBKM MiX MMoBepxHSIMM TepTs. OTke 3HaueHHS KoedilieHTa
TepTs (f ) Oyme BigmoBigaT pigMHHOMY BUIY TEPTS.

B gkocTi KpuTepiwo, O BU3HAYEHHS MiHIMaJbHOTO 3HAUE€HHS TOPIIEBOTO
3a30py B CHOPSDKEHHI «IOBEpPXHS MNPUTUCKHOI IUIACTUHU — TOpPeLb IIeCTePHi»,
Bi3bMEMO reoMeTpUUHMI po3Mip abpasuBHMUX uvacTuilb (50 MKM), KiJbKiCTb SIKUX
MaKcuMMaJbHa [JiSI JeCATOTO KjIacy UYMCTOTM pobouoi pigvHu [7], Ha €Kit B
BiMOBIAHOCTI MO TEXHIYHUX BUMOT, EKCIUTYaTyIOTbCS aKCiaJbHO-MOPIIHEBI

arperaTu rigpaBjaiyHUX TPAHCMICIVA.
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TakuMm uMHOM MiHiMaJibHe 3HAUEHHSI TOPIIEBOTO 3a30py OyAe 3ajieskaTu Bif

CIIBBIJHOIIEHHSI CM/IM MPUTKUCKAHHS (N, ) IUIACTUHN IO TOPLIEBOI YaCTUHMU, i CUII
BiaTMckaHHs (N_,;), fIKi OyAyTb BiATMCKAaTM IUIACTMHY BiJ, TOpLEBOi IOBepXHi

IIecTepeHb.

Cuna mnputuckanHg (N, )IUIaCTMHM KOMIIEHCAIlil TOPIIEBOrO  3a30py

np.
BM3HAUYNTHCA 3a BUPA30M:
anz(n 'Sxa.M+SxaH)'PHM’ (3)

e N - KiJIbKICTb KaMep TiApOCTaTUYHOrO IIiAKMMYy B IJIaCTMHI KOMIT€HCAIlil

Kam

TOPLIEBOTO 3a30py, Of,;
S - IUIOL@ OJHi€i KaMmepy TiApOCTaTUYHOTO IiJKMMYy B TUIACTUHI

Kam

KOMIIeHcallii TOpIeBoro 3a3opy, M?;
S - IUIolja KaHajiB, 1[0 PO3MIlIYIOThCS B MPY>KHOAEMIIPYIOUOMY ejieMeHTi

KaH

IJIACTVIHM, JIJISI ITiABOY POOOYOi piivHM 10 KaMep rigpoCTaTUUYHOrO ITiIKUMY, M?;
P - 3HavyeHHd TMCKY B HarHiTaroouii maricTpasi Hacoca mifkusieHHs, MIla.

BpaxoBytoun Te, 110 MakKCMMaJbHMII TUCK B HArHiTar4diii maricTpasi Hacoca
00MEeXy€EThCS 3aIT00DKHMM KJIallaHOM, SIKUii 6e31ocepeiHbO PO3MillleHMit B HACOCi, i
Bignosigae 3HayeHH P =1,40MIla, To B BiAmosimHOCTI 3 Bupasom (3), cuia

npuTtucKaHHg (N, ) Oyde 3ajieskaT BiJi CyMapHOi ILIOINII TOBEPXOHb KaHAJIB i

np
CyMapHOI MJI0I1i KaMep IiApOCTaTUUYHOrO MiIKUMY.

TakuM 4MHOM, KOHCTPYKTMBHO 3aKjajalouy CyMapHi IUIONIi KaHaTiB i kamep
TiIPOCTATUYHOTO MiIKMMY B  MPYKHOAEMIIPYIOUOMY €JeMEeHTi IUIaCTUHU
KOMIIeHCallii TOpLEeBOro 3a30py, MM MOXKEMO 3aJaBaTy 3HA4YeHHS CUIU

npuTUCKaHHus (N, ).

B cBo1o yepry cuia BigTucKaHHA (N,;,) BU3HAUUTHCS 32 BMPa30M:
N3i0=an+Sn/1'PHM’ (4)
ne F_ - cula HeCy4uoi 3[IaTHOCTI Mac/ISIHOI IUTiBKM POOOYOi piiviHM B TOPLIEBOMY

mn
3a30pi, H;
S - IUIoma JiITHOK Po0O0YO0i MOBepXHi IJIACTMHM KOMIIEHCallii TOpIleBOro

nn

3a30py, Ha SIKi Jli€ poboya piuHa 3 Kamepy BUCOKOTO TUCKY Hacoca, M?;
P, - 3HaueHHS TUCKY B 30Hi BMCOKOTO TUCKY Hacoca migKusaeHHs, MIla.
Anani3s Bupasy (4) rmokasye, o 3Ha4eHHsI Qi3MUHUX BEJIUYMH, IKi BXOASTH JI0
HbOTO B OCHOBHOMY MalOTh MOCTiliHi 3HaUeHHSI, SIKi JIErKO MOKYTb OyTM BM3HAUEHi 3
BpaxyBaHHIM (i3MUHMX BIACTUBOCTEN PoOOYOi PiAMHM Ta reOMETPUIHMUX PO3MipiB
IiISTHOK poO0YO0i MOBEpPXHi MIaCTUMHM KOMITeHcallii TOpieBOro 3a3opy, Ha sKi Jie
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poboua pigMHa 3 KamMepyu BMCOKOTO THUCKY HAcoca, 3a YMOBM, IO arperatu
eKCITyaTYIOThCSI B BiITIOBITHOCTI A0 TeXHIUHMX BUMOT, SIKi BUCYBAIOTbCSI IJISI HUX.
Takum 4MHOM, BM3HAUMBLIM 3HAUEHHs] CUIM BiaTuckaHHs (N, ), fKa i€ Ha

IUTACTVHY, MM MOXKEMO 33JaTV 3HAYeHHs CWIM NPUTHCKaHHS (N, ) Ha [UIACTUHY,
sike 6 Bimmosinano sinHomenwwo N, /N, <1,0. IIpu aHOMY CTiBBiHOMIEHHIO CUT,

MiHiMa/ibHe 3HAueHHS TOpPIEBOro 3aszopy Oyme dopmyBaTuCS CWIOK HeCcydoi
3IATHOCTi MacCJITHOI ITiBKM i CMJIOI0 BiATMCKAaHHS IIacTUHM. [Ipy 11bOMYy HEOOXiTHO
CTBOPUTM TaKi YMOBM, IIOO mepeBara CWJI BiATMCKAHHS HaJ CUIaMU IIPUTHCKAHHS
O0yna MiHiMagbHOIO. 3a TaKMX YMOB MiX IIOBEPXHSIMM TepTsi B TOPLIEBOMY 3a30pi
OyImyTh CTBOPIOBATMCSI YMOBM PiIMHHOIO TEPTS, IO 3HAYHO 3MEHIIUTb MeXaHidHi
BTpaTu. [l 3MeHIIeHHSI 00’€MHMX BTpaT pobOodYoi pimuHM HeOoOXimgHO, 00
MiHiMaJIbHMIT 3a30p (OpMyBaBCSI 3 BpaxyBaHHSIM TeOMETPUUYHOTO PO3Mipy
abpasyBHMUX YacTUIb (50 MKM), KiIIBKICTh SIKMX MaKCUMMaJIbHA JJISI IECSITOrO Kjacy
YUCTOTH poO0YOi pimmHM, Ha SKifi B BiANOBIZHOCTI OO0 TEXHIYHMX BUMOT,
eKCIUTyaTYIOTbCSI HACOCH MiJIKMBIEHHS aKCia/IbHO-TTOPIIHEBMX T'iIpOMalIH.

3a yMOBM, KOIM CIiBBiZHOWIEHHS ckmage N, /NBI,a =1,0, BemnumuHa

MiHiMaJIbHOTO TOPIIEBOTO 3a30py Oyne ¢GhOopMyBaTHUCSI CUJIOK HeCydyoi 3H4aTHOCTI
MaC/ISTHOI TUTiBKY Po0O0UOi pigyHu B 3a30pi. 151 JaHOi yMOBM Oye XapaKTepHUM Te,
IO 33 YMOBM, KOJM HACcOCU ITi/IKUBJIEHHS €KCILIyaTylOTbCS Ha 3a0pyJHEeHUX
pimuHax, B SIKUX TeOMETPUYHi pO3Mipy abpasuBHMX YACTUIL OilbIle Po3Mipy
TOPLIEBOI'O 3a30PY, CPOPMOBAHOIO TOBIIMHOIO MAC/SIHOI IUTiBKM, Oye iHTeHCUBHO
MIPOXOAUTU Tifpoabpa3MBHE CIIPAIIOBaHHSI pOOOYMX I[IOBEPXOHb JeTaneil B
TOPLIEBOMY 3a30pi, 0OYMOBJIIOIOUM IIPY LIbOMY 3POCTAaHHS MeXaHiuHMX i 00’€MHUX
BTpaT B HACOCi.

[Mpu peanisaiiii, Ajs KOMIIeHcallil TOPLEBOrO 3a30pYy, CIIiBBiJHOIIEHHS CUJI,
Kot N, /Nm.a >1,0, BeimurHa 3a30py Oyzae 3ajeskaTy Bif TOTro, Ha SIKy BeJIMUYMHY

CUJIM TIPUTUCKAHHS OYAYTh IEPEeBUINYBATY CUJIM BiITUCKAHHS. 32 YMOBU, KOJIU CUJIN
TIPUTUCKAHHS OYOyTh CYTTEBO MEPeOiIbIIYBATY CUIM BiATMCKAHHS, Ha GOpMYBaHHS
3a30py ITOYHE OiJIbIII CYTTEBO BILIMBATM CUJIA HECYUYOi 3/IaTHOCTI MacC/ASHOI TUTiBKU.
[Mopanbiiie 3pOCTaHHS CUJI TPUTUCKAHHS MOKe CyTTPOBOIKYBATHUCS BUAABIIOBAHHSIM
MacJIsTHOI TJTIiBKM i3 TOPIIeBOTO 3a30DpYy, IO MpuBeie A0 MOSIBY MeTaleBOro KOHTaKTy
B CIIpsDKeHHi, iHTEHCMBHOTO 3HOIIIEHHS pOO0OYMX TMOBEPXOHbB JIeTajieil i 3poCTaHHS
MeXaHiYHUX BTparT.

3a YMOBM, KOJIV CMJTU TIPUTKUCKAHHS OyAyTh MiHIMaJIbHO BiIpi3HSTHCS Bim cuimn

BigTuckauHsg, To6To N, /N . >1,0, Ha (opMyBaHHS TOPIEBOrO 3a30Py TaKOX B
np 8id
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nepiury yepry 6yjie BIUIMBATHU CUJIa HECy4Oi 3[aTHOCTI Mac/sIHOI ITiBKK. 111 JTaHOTO
BUIIAJKY BeJIMUYMHA TOPILIEBOTO 3a30py Oy/e 3ayeskaTu BiJ memridipyouoi 34aTHOCTI
MacTuiIa.

3ampoIlOHOBaHAa KOHCTPYKI[iSI CUCTEMM KOMIIEHCAllil TOpLIEBOTO 3a30py B
KaualyoMy BY3Ji Hacoca MiIKMBAEHHSI BUTIAHO BiApPi3HSIETHCS BifA, iCHYHOUMX
KOHCTPYKTMBHMX pillleHb TUM, 110 3aCTOCYBaHHS MPYXKHOAEMIIPYIOUOro eJleMeHTY B
TJIaCTMHI KOMITeHcallii TOPIeBOTO 3a30py AA€ MOKIMBICTb IMOTJIMHATK BibpalliliHi
HaBaHTa>KeHHS, SIKi BUHMKAIOTh TPV CTATOAMHAMIUHOMY peKMMi poOOTM Kayaruoro
By3J/la, IO 3MeHIIy€ iHTEHCUBHICTb 3HOIIEHHS pOOOUYMX ITOBEpPXOHb JeTaseii i
36ispIye pecypc Hacoca. Kpim Toro, BiH KOPOTKOYACHO pPO3BAHTaXKye pOOOTY
JeTaseii CIpssKeHHs, IKi GOpMYyIOTh TOpLIEBMIt 3a30p, P MOTPAIUISIHHI 70 HHOTO
abpasyBHOI YaCTUIli, TeOMETPUYHI PO3Mipy SKOi GijblIi 3a 3HAUYEHHS JIOro 3a30py,
1110 3MEHIIY€E rigpoabpasuBHe CIIPALIIOBAHHS i MiABUIIYE JOBrOBIUHICTb HACOCY.

BucHoBxu

1. 3amporioHOBaHa KOHCTPYKILiSI KOMIIEHcallii TOpILeBOro 3a3opy, L0
CKJIQJIAa€TbCS 3 poOOUYOi ITOBEpXHi i MpPykKHOAEMIIPYIOUOro ejeMeHTa, y SIKOMY
JOJAaTKOBO pO3TalllOBaHi KaHaAM ¥ Kamepy TifpOCTaTUUYHOrO MiIKUMY, IIPpU LIbOMY
KaMepy TiAPOCTaTMUHOTO MiIKMMY po3MilleHi 1Mo koiy depe3 90° i 3’emHaHi Mix
co6010 KaHa/IaMM, OTBOPU SIKMX CIIOJIyU€eHi 3 KaMepOoIo HarHiTaHHS.

2. [IpoBeneHuit aHasli3 cuj, SIKi BIVIMBAIOThb Ha BEJMUMHY TOPIIEBOrO 3a30pY,
ToKasap, IO A1 3abe3meueHHS e(heKTUBHOI pOOOTM 3aIlpOIIOHOBAHOI CUCTEMMU
KOMIIeHcallii 06’eMHMX BTPAT CITiBBiHOIIEHHS CUJI IPUTUCKAHHS i BiITMCKaHHS, SIKi
Iil0OTb Ha TIJIACTMHY KOMII€HCAllil TOpIeBOr0 3a30py, ITOBMHHO BiAIIOBiZaTU

. . N,
HaCTyIHiln ymoBi —— <1,0.
8id

3. [Ins 3MeHIIeHHS 00’€MHUX BTpaT poOO0YOi pimMHM depe3 TOPIEBMUII 3a30p
HeoOXifgHO, 06 MiHiMasbHMII 3a30p (OpMyBaBCs 3 BpaxyBaHHSIM reOMeTPUYHOTO
po3Mipy abpasuBHMUX YacTHULb (50 MKM), KiJIbKiCTh SKMX MaKCUMMaJbHa JIJISI AeCSITOTO
KJIacy YMCTOTM POOOYOi pimuHM, Ha SKiii B BiAIMOBIZHOCTI IO TEeXHiYHMX BUMOT,
eKCITyaTYIOThCSI HACOCH TTiIXKMBJIEHHS aKCiaJIbHO-MOPIIHEBUX TiIpOMaIlnH.

4. 3acTocyBaHHSI TPY)XHOAeMII(PYIOUOro ejieMeHTy B IIJIaCTMHI KOMIeHcallii
TOPLIEBOTO 3a30py 3MEHIIYE€ IMOBIPHICTh TIOSIBU METaJieBOTO KOHTAKTy MiX
pobourMM TIOBEpPXHSIMM JieTajieii TpU HeBPiBHOBa)KeHMX HaBaHTaKeHHSX Ha
BeJIeHMi1 BaJl Hacoca, 110 3a6e3MneunTh 30iabIIeHHS Ji0r0 JOBrOBiYHOCTI.
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