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ROCHNMXEHHA )
MEMBPAHHOIO HACOCA 3
rIAPABRAIYHUAM

ABTOMATOM PEBEPCA

Paccmompena MameMamudecKas modent OuHaMuky paéoyezo npoyecca
MEMBPaHHO2O HACOCa C YCmpOIICMeoM agmoMamuyeckoeo PesepcUposanus
Hanpasnenus JeuXeHUs MOPWHR cunosozo eudpoyunundpa e20 npusoda
2UOPasNUYECcKUM — 38MOMAMoM  Peeepca —  KNanaHoM-TyfibCamopom.
lMpusedena cucmeMa HenuxelHelx Jucbgheperyuanshbix  ypasHeHud,
onucsigaiowan deLXeHUe NOOBLKHBIX INGMEHIMO8 CUNosoeo audpoyuuHOpa
npueoda, usMenenue pacxo0oe 6 paboyux nosfiocmax. Pewenue
NpeOnOXeRHbIX YpasHeHUll ClCMmeMb! NO3SONSem OCYwecmensmy exibop
OMMUMAaNLHLIX KOHCMPYKMUSHBIX Pa3Mepos U N1apamempos MeMOPaHHbIX
Hacocos. [Tpusedenbl OCYUNIOZPaMMbl  IKCMEPUMEHMAnNsHOU  MDOBEPKU
pesynsmamos uccnedosaruil.

Mathematical model of dynamics of working process of membrane pump
with a device for automatic reversing of the direction of the movement of piston
of its drive by hydraulic automatic machine of reverse — valve-puisator, is
considered The system of nonlinear differential equalizations, describing a
mation of moving elements of hydrocylinder’s drive, change of consumption in
- working chambers is given. It is shown, that the solving of this system aliows
carrying out the choice "of optimum constructive sizes and parameters of
membrane pumps. The osczllograms of experimental check of results of
o 3 researches are given - . R - -
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TMocmanoska  npobnemu. Barato
TEXHi4HMX 3aday € nop'a3ani 3 BiKauyBaHHAM
Ta nepekaqyBaHHAM BUCOKOB'ASKUX, arPeCUBHUX

i saGpygrennx piaun, Hanpuknag, npu
GyaisRuutel i ekconyarauii  HadTo- i
rasonpoBoais, TENOBAX  Mepex,  Mepex

BOAOMOCTaYaHHs | BOAOBIABEAEHHA. YacTo Taki
poBoTM  HeobXigHO MpPOBOAMTH B  NONBOBMX
ymoBax 3a BiacyTHOCT MEpexeBoro
GIISKTPOXWBMEHHS. IHKONM TakoX  BUHWKAE
HeoOXiRHICTE  OCYWIEHHA  KOTNOBaHiB  Big
FPYHTOBUX BOZ i Big poanuBy HadTONPOAYKTIB
npu AoTpumandi Bumor | npaevn Gesneku.
Binomi caMOBCMOKTYIOUI HACOCH Ha NepecyBHUX
TPaHCMOpTHUX  3acoBax  abo  enekTpuuHi
TMUBMHHE  HAacoCW He 38BXAM MOXNMBO |
GesnevHo 3acTocoByBaTu, a ToMmy HeobxinHe
NoAanbILe BAOCKOHaNEHHS ICHYIouNX i poapobka
HOBUX HACOCHWX arperaris, ocobnuee Micle
cepen  Akux salimarote  Aiapparmosi  aSo
memOpaHHi  Hacocw, Wo  NPUBOASTECA Y
3BOPOTHO-NOCTYNANLHMA  PYX 38  AONOMOIOK
npueoAis pisHoro Bsugy. Hacocn nopibHoro
NpU3HAYEHHA MOBNHHI MATW NEBHI rapanToBaHi
XapakTepucTUkM 3 TOYKM 30pYy enekTpo- i
noxexoBesnekn npu ix ekcnnyatauii 8
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0coGNNBO HECTIPUATIMBUX YMOBaX (Hanpuknas,
B8 Xximiudiii, ripHuuil  Ta  iHwmx  ranysax
npoMUcRoBocTi). Baxnueoio € Takox pospobka
Takux npuBoAiB Hacocis, siki  aaann  ©
MOMUIMBICTE  NnaBHOT AMCTAHUIMHOT 3MiHK IX
KIHEMATUMHNX | AMHAMIMHUX NapamMeTpiB.

AHaniz ocmaunix docnidweHs. Ak
nokasanu nposefieHi Rocnifxerns  ceped
BiAOMUX NpUBOAIE HaWBiNbW edexTUBHUMU €
rigpaBnivHi | nNHeBMaTMu4Hi  npusoan 3
AVCTAHLIAHAM  ABTOMATUMHAM  KEPYBAHHAM,
0COGNNBO B TUX BUNAAKAX, KONM BUKOPUCTAHHS
TPAAVUIAHUX  eneKTpoMexaHiuHux  npusogis
HErpunycTuUME 3  MIpKyBaHb  enekTpo- i
noxexotesneky. Kpim TOrO, Binomi
eneKTpOMexaHiuHi - NPUBOAM  MaloTb  3HauHi
rabaputu i Macy, He A03BONAIOTL 3aificHIoBaTH
nnasHe peryniosaHHs amnnityau i 4actoth
POBOHMX XOAIB BIUKOHABYOTO OpraHy.

B poSotax {1, 2] sigmivatotscs cyvTesi
nepesarn  3acTOCYBAHHA  MiAPaBNiMHMX  4M
MHEBMATUMHIX MPUBOAIB ANS NOMNYIOYUX BY3Nis
HACOCHWX arperatie, fKi HaAaKTb MOXIMBICTL
fNaBHOrG  BE3CTYNIHUATOMO  PEryrioBaHHA
aMNAITYAN | HacToTn poBouux Xoais NOPWHS Yu
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Tehytounin craH yHAaMeHTaNbHIX
[ocnimkeHs ¥y ofnacti  Teopil  HAacOCHWUX
arperatis 3 rAPaBMIMHUMU Ta MHEBMATUYHAMYI
NPUBOAAMM, @ TaKOXK CTaH MATEeMaTuiHore
MOAESIoBaHHA iX pexvMiB poGotw € uie He
AocUTL  33A0BINbHAM. Ha choropHi we He
£TBOpeHa Taka MaTeMaTiuHa MOAENb HACOCHNX
arperatis 3 rigpasniuKumM NPUBOAOM NOMTYIONNX
Byanis, Aka 6 AaBana MOXUMBICTE HA OCHOBI
KOHCTPYKTMBHUX AAHWX MalUMhu aHamnisysatu T
PEXUMHI | EKOHOMIYHI NapaMeTpu Yy BCHOMY
eKcnnyatauiiHoMy fianasoHi 3 BPaxyBaHHAM
OCHOBHMUX  BRacTMBocTell poBouoi  pigunu,
3okpema, 1T B'A3KOCTI, CTMCHMBOCTI  TOWO.
OcobnusocTi ykasaxol npoBremu NORAraloTh
TakOX B TOMY, WO NPU  MaTEMaTHYHOMY
MOAEIOBAHHI e HeAOCTATHLO BPAXOBYKTLCA
0COBNKBOCTI CNPaLbOBYBARHA Ta KiHeMaTiuHi |
AVHAMIYH] XapaKTepucTuki anaparypu
AMCTarUiAroro KEpYBaHHA BUKOHABYMMU
opralamv  fOMAYIOYAX  BY3AliB  MEeMGPaHHiX
Hacocis. Lle  3HauHOO  MIpOI0  YCKNapHioe
PO3B'A38HHR 33/aM NIABUENHA ePEKTUBHOCTI
HYHKUIOHYBAHHS NOAICHUX HACOCB i He BUpiLIYe
MOBHOK MIPOX  MNTAHHS CUHTE3Y ONTUMANLHUX

_KOHCTpyKUil Hacocie 3a 3aAaHUMN
TEXHONOTINHUMY BUMOTaMM. E
' vonR
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PopmymosanHs memu | 3aday. 3
MeTOH0 PO3POBKA AOCKOHANOTO KOHCTPYKTUBHOTO
BUKOHAHHA rigponpusoay memBpaHHoro
HBCOCHOTO arperaty Gyno nocTaeneHo 3agauy
CTBOPEHHA MaTemaTuuHol mogeni poBouoro
npoLecy #Oro nomnyioNoro Byana. B ocHosy
pocniaxkeHs Gync noxnageHo npuHuunose |
KOHCTPYKTUBHE BUKOHAHHR MOMAYIOHOTQ BY3na,
iponpUBOA AKOTO Mae AWCTaHUiliHe nnasHe
KepyBaHHs$ 33  ONOMOFOI0  TiAPaBAiHOM
aBTOMara pesepey —~ KnanaHa-nynbearopa, Wwo
3MIHIOE HaNPSM MOTOKY NPY AOCATHENH! AEAKOTO
33A3HOTO TUCKY B rigpocucTemi, signosiaHo Ao

Hawmx  pospoBok 1, 3] Matemarudue
MOeMoBaHHs HanacTe MOXTUBICTD
BH3HAMEHHA Halbinbiy paLlioHanLHoro
MOGAHBHHA  KOWCTPYKTUBHMX  §  CANOBMX
napameTpie  npueBogy, Ak 3abesreqarb

onTUMartbHi poBodi pexnMM Hacoca B Liomy.

Buknad OCHogHO20 Mamepiasny. Ha
puc.1  NoKasaHa  poO3paxyHKoBa  CxeMma
FAPONPUBOAY NOMNYIONOTO By3Na MeMOpPaHHOTO
Hacoca i3 3BOPOTHO-MOCTYMANbHUM  XOAOM
NiARPY)KMHEHOTO MOPWHA 8, AW wTokom 6
3'egHanull 3 enacTuuHol  MemBpakoilo 3
HacoCa, YRPaBniHHs pPofOouMM LAKNOM SKOTO
3AICHIOETECA 33 AONIOMOrOI0  [iAPasRiHOro
asTomaTa pesepcy — knanada-mynbcatopa 14,
AKMI BCTaHOBMNEHWH GéanocepeaHbo Ha xopnym
CUnoBOoro rigpoumnidapa 123 ]
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Puc. 1. PospaxyHkoea cxema 2idponpueody roMIyio 4020 ey3na Mem6paHHO20

Hacoca

Mpu BKAIYEHHT APUBOAHONO riAPOHaCcOCa
20 nigBUWYETBCA THUCK B HanipHivt maricTpari 13
i nopwens 8 cunosoro rigpouuniapa 12 ai
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wrokom 6 i enactiuHow  memGpanoio 3
nepemitlyeTbcA BBEPX, CTUCKAaYM NpU UbCMY
APYKHNI  @NEMEHT  NOBEPHEHHA cunosy
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npykudy 11, Bin6GyBaeTbCA  BCMOKTYBAHHS
nepekavysaHol  piguHn 3 pesepsyapy Yy
BHYTPItWHIO poGovy kamepy 2 MeMOpaHHoro
Hacocy depes ecmokTylouuit knanaH 22. Mpu
AocardenHi MemGpaHolo 3 CBOrO  KpaiHboro

BEPXHLOrO  RONOXEHHA TUCK B HanipHid
marictpani 13 npogoexye 3poctatd. Tuck
pofouoi  pimuHM Ha ernemMeHTn kepyBaHHs

rigpasniyHoro aeTomarta pesepcy — Knanawa-
nynecatopa 14 3pocTae 40 BEAUUMHW
PO3paxyHKOBOFO TUCKY, Ha SIkUi HanawTosaHa
foro perynsoeaHa npyxwuHa, i einbyeaeTbes
'€RHaHHA HamipHOi maricTpani 3 NpOMiKHOK
NOPOXHWHOIO 4 Ta 3i 3NUBOM 4epes 3BOPOTHIR
knanan 17 i peryncosaHuii Apocene 16, wWo
BCTaHoBneHi y 3nueHomy TpyBonposopi 15.
Tuck poGodol piguHu B HanipHik maricrpani 13 i
BCiX 38'A33HUX 3 HElO MOPOXHUHAX Najac Ao
3NMBHOrO. TUCK B LUTOKOBIl MOPOXHUHI 7 TaKoM
najae A0 3MMBHOFO i N AIEI0 CUNOBOT NPYXAKKM
11 nopweHb 8 cunosoro rigpouuniHapa 12
NOBEPTAETbCA B MOYATKOBE NOMOKEHHA |
BUTICHAE NpU UBOMY MNepekauysaHy piamy 3
poGouol kamepn 2 MeMOPaHHOTO Hacocy A0
HanipHoro  TpyGonposody “epes  BUIYCKHWA
knanad 21, Tlicna saBeplieHHR 3BOPOTHOrO
xogy nignpyxuHexroro nopluHa 8. 3amiphi
efieMeHTy FiAPaBNIYHOrO aBTOMata pesepcy —
KnanaHa-nynscatopa 14 nOBepTaloTECA B
_MOYaTKOBE . NOMOKEHHA | LIMKN MOBTOPHETLCA.
HasBHicTb 3BOpOTHOMO KNanaky 17 y anveHomy
TpyGonposoai 15, a TakoX ~MOXMeiCTs

Ne 2 (44) 2006

nepeToky PiaMHM  npy  BiAKPUTTI  3anipHoro
opraHy fifpaBniyHOro aBToMaTa peBepcy
Knanasa-nynscatopa 14 y FPOMIKHY
TIOPOXHUHY 4 CYTTEBO CNPUSIOTH NIABMLLEHHIO
koediLieHTa kopucHot Al Hacoca | crabinbHocTi
foro poBoTu.

Ha puc. 2  npusepesi  Tunosi
OCLMNOTPaMN 3MIHU NIOTOYHOTO TUGKY p(t) 8
poBouiii  kamepi cunosoro riapounningpa i
nepemillienHn S(t) NOPWHA B HaNPRMKY Pyxy
MeMGpaHu MoMnylo4oro Bysna Hacoca, Ha
Ainskkax 0-1-2-3 i a-6-8 ocuymnorpam S(Y) i p(t)
BigoGpaxeHuit NpamMuWi XiA — BCMOKTYBaHHA
nepekadysanol piavku B poBody kamepy 2
Yepes BCMOKTyIOuMl knanad 22. Mpu ubomy
noplwerb 8  nepemilyeTscs  BBEPX NpU
3aKpUTOMY 3anipHOMy OpfaHi  rigpasniyHoro
aBToMaTa peBepcy — knanada-nynecatopa 14.
Ha ginfankax 3-0 i B-r-g-e-a nokasaHo 3BOPOTHINA
Xifi — HarHiTaHHs nepekauyBaHoi pigunn i3
poBosol kamepyn 2 4o HanipHoro TpyGonposoay
yepes Harxitanbruit knanaw 21. Nig vac aaHoro
nepiogy poGo4oro LMKNy knanal-nynecatop 14
3'efHY€ riAPOCHCTEMY 3i SrIMBOM.

HabniwkeHo Becb Yac pobovoro Lukny T
MOXHa po3buTh Ha &, i ¢ 5 — BiANOBIAHO, Yac
npAMOro i 3BOPOTHOTO X0AiB. flyKe BaXnMBO, AK
nokasanu SKCREpUMEHTY, YITOMKEHHA
TpUBaNoCTi  NPAMOro i 3BOPOTHOFO . XOAY
poGodoro oprasa NianNPyXuHEHOro nopHs 8.

_fina ediexTuarol Noaavi nepekadysaHol pu:unHw

HeoBXigHa YMOBa & = fi. R
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Puc, 2. Tunoei ocyunozpamu 3MIHU NOMOYHO20 MUCKY p(t) 8 po6oviid
kamepl euxoHae w020 nAyHXEPHO20 2idpoyunindpa | nepeminienna S(t) sukoHag4020
opzaaHa —~ MeMEPaHU NOMITYI0H020 ey3ana
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Maibke ropusoHTanbHa Ainauka 1-2 Ha
ocuunorpami Sy (puc.2) Bigobpakae MOMEHT
3MEHLUEHHA WBMAKOCTE PoBOYOro opraHa Ha
novaTky AeOpMalii  MPYKHOrO  enemeHTa
noBepHeHHA — cunoeot npyxuHu 11. Awnanis
ocuunorpamu p(t) Nokasye, o TUCK, IPU AKOMY
chpaubosye  knanaM-ynscatop  HeoBxiaHo
BiAPeryniopaTin Tak, Wob BiH He cnpauboByBas
nepepyacHo. Hanpuknag, 8 Touli 2, Konu e He
siabynocs 3apaHe mnepemiwenHs  poSouoro
oprama. Ana niasuyerns WBNAKOCTI
3BOPOTHOTO XOAY NOTPIGHO CYTTEBO 3MEHLNTH
nignip TUGKY Pa, B 3NMBHIK MaricTpani (ainaHka
A - & ocuunorpamy p(t).

[ns avaniiwgnoro  omucy  poBodoro
npoUecy pospobneKa MaTemaTuuHa MOAeNb,
fAKa BU3HA4Yae OCHOBHI pofodi napameTpn
MeMBPaHHOTO Hacoca 3 FAponpuBodoM, Lo
BUKOPACTOBYIOTECA AN TPAHCNOPTYBAHHA
B'A3KUX Ta 3a0pygHeHux piaun. Mpu cknaganti
ANPEPeHUiitNX  piBHAHL  NPWARATI  TaKi
npunyweHHa [1, 4] Temnepatypa i B'A3KicTb
poBoNol  PigMHM  3MIHICIOTEEA  HE3HAYHO;
XBUNBOBI Mpoueck BiACYTHI 338  HamRBHOCTI
HEeBEenuKo! A0BXWHY TPYOONPOBOAIB; MeXaHiuHa
XapaKTepucTvka NPUBOAKOMO ENEKTPOARUrYHa
NiHifiHa; koediLieHT CTUCHEHHA POBOYOT pianHN i
Aedopmauii  3'egnyBaneHux  TpyGonposoaiB
AOCTIHHUIA, cnpaLloBaHHs KnanaHa-nyriscaropa
peneliHe, WO NATBEPAXYETbCA OCLMIOTPaMOIo
p(t); npyu BidKpUTI KNanaHa-nynscaropa nnola
A0ro NpoXIAHOTC Nepepisy SMIHIETLCS peneitHo
Bia O A0 fi,; TUCK Ha 2MMBI NOCTIARNA Por=
= 0,2...0,3 MMa; TpuBanictb ranbmyBaHHs B
KiHUI  ApAMOrO |  3BOPOTHOTO  XOAB  He
BPAXOBYEMO; MNPOAYKTUBHICTL Q, npusigHore
rinpoHacoca NPUitMacTCA  cTanow, TobTo
TaKkolo, WO He 3anexuTb BiA TUCKY B
rigpocycTemi; BTpaT B rigpocucTemi Mani i He

BPaxoBYKTLCS, nepemiltysaHy piauHy
APUAHSTO posrnaaaTi fIK cyuinbHe
cepeqoBulLe.

AN aHaniTuuHOrO  OnMcy  AMHaMikn
AOCRIMKYBAHOTO  TipaBfiiudoro  npusogy
NPMAMEMO HACTYNHI NPUYLISHHA:

pigHa B rigpocuctemi  CTWCIWBA,

koediuieHT cTucnusocTi npu Tucky 0,3 MMa
PIBHUIA CepeaHbOIHTErPaNbHOMY SHaHEHHK ey,

a nMpu TUCKY noHaa 3 MMa — pgesakomy
NOCTINHOMY 3HadekHIo 8;
CrpaLbOBYBaHHS rigpaBridxoro

2BTOMATa pPesepcy — KnanaHa-iynbcatopa 14
BinBGysaeTbes peneiito, TO6TO 3a Yac, Akuit, sk
noxasann naGopatopHi EKCTIePUMEHTU
(ocuustorpama Ha puc.2, kpuea 1), cknagae 2,5
% Bif Yacy NOBHOTO BIRKPUTTR;

TUCK 3NWBY B 3NUBHIA MaricTpani 3a
rigpasniviuM aeTOMaTOM pesepcy — KNanaHoM-

31

nynbCaTOPOM AN AaHoi  rigpocucTemi
NpUiAMaEMO  PIBHUM ASAKOMY PO3PAXYHKOBOMY
SHAYGHHIO Py = Pmin = CONSE, AKE BUIHAYAETHCA
YMOBHMM  MPOXiAHAM  NepepisoMm  3ruBHOFO
TpyGonposogy 15;

HECYMa KOHCTPYKUIA npuBoaYy abConioTHO
XOPCTKa, OCKiNbky il NpyxHa aedopmalia Ha 2
~ 3 nopsakv MeRwe npyxHoi Aechopmauil
piauHY;

3aMHyTUH o6'eM fiepekauysaHol piauHu
B poboHin kamepi 7 W, YMOBHO 3aMiHI0EMO

MEXaHi4HOI TPYHKAHOW KOPCTKICTIO
Fros

¢, =—"—". B2 Fueusp — egekruBra poboua
w.B,

nnoWa enacT4HoT MeMGpanm; B, — xoedilienT
CTUCHNBOCTI NepeKadyBaHoT PianHW;
aABCOMIOTHE IHAYEHHSA YaCy TanbMyBaHHs,
SIK IPABANG, HA NOPAAOK MEHLIE Yacy NPAMOro
afo  3BOPOTHOTO  XOAY,  BIANOBIAHO  Npu
BCMOKTYBAHH | HarHITaHHi, TOMY HUM HEXTYEMO;
NPOAYKTUBHICTE  Hacoca 20 nocrifina,
TOBTO HE 3aneXuTb BIA BENMYMHM TUCKY B
HanipHii MaricTpani NPUBOAHOT FiAPOCUCTEMH,
Uuin poGotn rigpoMexariama,
306paXeHoro Ha puc. 1, MOXHa yMOBHO
PO3QINUTH, SK BUAHO Ha PUC. 2, HE OCHOBHI

-hasu: NigBULIGHHR TMCKY © finpocucTemi i

CTUCHEHHS 3aMKHYTOrO of'eMy piguHu (npu
oMy pobouniA opran — nopleHs -8 3
enactuuHolo MemBparoto 3, a Takox sanipHui
opraH Knanana-nynscaropa 14 Hepyxomi);, pyx
pOGOYOTO  OpraHy NOPWHA 8 3 enacTUYHO
MeMBPaHOK 3 | CTUCHEHHA MPYKHOTO eNeMeHTY
MOBEPHEHHA — NpyXuHM 11 Npu  3aKpUTOMY
3anipHOMy EneMmeHTi rigpaenivHoro asTomara
peBepcy — Knanada-nynkcatopa 14, penefne
BIAXPWTTA MEpenycky PiGuHA Yepes Khanad-
nyneCatop i BIAKPUTTA Yepe3 Hboro anuey 3
HanipHoT MaricTpani, pyx pofo4ore oprany —
nopwHs 8 3 enacTuyHow MembpaHow 3 y
3BOPOTHOMY HanpsmMi nig Aiclo CTUCHYTO! Npn
npsmoMy  xoai  npyxuHn  10;  peneliHe
CNpaLoBaHs  Knanada-fiynecatopa 14 i
3aKPUTTA 3NMBY 3 HanipHOi MaricTpani.

fMepwa dasa kokHoro pofouoro uukny
8in6yBacTsCA B fEpiOf 4acy, NPOTArOM AKOFO
TUCK B rigpocuctemi 3poctae BiA Py, A0
Pe2(PotRup)/Fan, OPU AKOMY NOMUHAETLCH PYX
poBoYore opraHy — nopwHA 8 3 enacTudHoK
memBpanolo 3 (TyT Py=cy, - sycunns
nonepeaHsol 3aTaxku NpyxuHu 11, ¢ i yn -
KOPCTKICTL | nonepeanst aedopmallia APYXUHK
11); R,,,,,=amp~P - cuna cyxoro Teprs;

P,

a,,- NOCTIAKUA

- koedyiLieHT

TepTA;

P, =c(y,/2+y,) - makcumanbHe aycuins

MPrmax
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pedopmauii  canosol  npyxkuHM 11y, -
MakcuManbHuid  poBounii  xin  nopwHs 8
poBoyoro rigpounningpa 12. MaTemaTUyHUM
OMKCOM  LiiET 4aCTUHN nepexiHoro npouecy
{0ststy) € HacTyNHe PIBHAHHS BUTPaT

d
0=

W,
B,

Q]

Ae Q, - NPoAYKTUBKICTL Hacoca 14, Z,—pWrﬂW -
T

BUTPaTa PigUHY Ha Ti CTUCHEHHS B rigpocucTeMi;
P, t - nOTOuNMIA Tuek i vac; W, - nosHuii 06'em
POBO4MX  MOPOKHMH, BKAIOYAIONN MOPOKHMHA

Knanana-nynscatopa 14, NOPOXHUHKA NiABIAHNX
TpyBonposoaie i poSoyoro riapouuniHapa 12;

B, - cpemuboinTerpanbhe  sHaveHHs
xoediljienTa CTUCNMBOCTI pianHW B iHTepeani
TUCKY Bifl P BO P1.

Poss'asasium PiBHSHHSA M npu

NOMaTKOBIX YMOBAX =0, Pp = P;,,, OTPUMEEMO

or
W,

P =py+ 2

rPe .
3 piBHARKHSA (2) 3HalARMO yac ¢y, 33 AKe B
- figpogucTemi sinbysaeTben Habip TUCKY AC Py

_ Wfﬁcp (Pl - Po)
Q,

Dpyra dasa pobovoro npouecy, npu Akin
MOYMHAETLEA PYX POBOUOro opraHy — nopiuHn 8
3 enacTuuHO MemOpaHol 3, onucyeTbea
PIBHAHHAMM, BIANOBIAHO:

pyxy poBouoro opraHy 3 mpw npsiMoMy
XOAi ~ 3niCHEHHI BCMOKTYBAHHR PigvHK Yepes
KranaH 22; BATPAT B OCHOBHIA NPWUBOAHIN
rigpocucTemi

4 . @3

&y, dy
M ) +a dt+c(y,, +y)+ "
. abl]
2= pF
+R¢pStgn[dt s
dp dy
=w.pLr 2
Q. rﬂdt+ g &)
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-pesepey. . = 2
_rigpocuctemy. is* afmsHol. MaricTpannto 15. B..
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dy d’y
P
WBUAKICTD | NPUCKOPEHHA PYXOMUX ENEMEHTIB
nomMnylo4oro Bysna, o - koedilieHT B'A3KOro
TepTs; B - koedilieHT cTUCIMBOCTI PigMHN npu
Tucky Ginbiue 3 MMa.

Po3e'Asyloun cninbHo pisHaHHA {4) i (5),
BU3HAYAMO Xapaktep 3MiHM Tucky p(f) B
rigpocuctemi  npu  nepemitdenHi  poGouoro
oprany — enacTiuHol MemGpann 3

ae cninbHe  nepemieHHA,

P(t)= At + Ae™ sin(Ar +0) + 4,, (6)

fe A, A, A,n A0 - crani, wo

3anexatb Bifl Mack, Aka MpUBOAUTLCH B PyX,
XapakTepucTK  NpyxuHn i rigpocuctemn,
MPORYKTUBHOCTI Hacoca, Gl TEepTR Ta IHLUKX
napameTpis.

Moxe BigSyTMCh Take, WO TUCK pft) B
nepiod pyxy po3aroHy poBodoro opravy 3 Ao

v,=Q,/F,, po sxol eKcnoHeHwianbHo
&

HabawKaeTLC o & Mowewr nepea
it

CNpatboBYBAHHAM  TiApaBni4Horo  asTomara

peBépcy - KnanaHa-nyribcatopa 14, Ginbwe
TACKY Py, MPU AKOMY TiApasnivHuit asTomart
KNANAH-MYNbCaTop  CnonyHac

ULOMY BUNAAKY FAPONPUBOA MPAKTUNHO He
npatgosaTume B pobovoMy peskumi HeoBxiaHoro
nepemilieHts MemBpaHu Hacoca, a OCTaHHs
3AikCHIOBATUME AEAKWA KOMWMBaNbHWA pyx 3
HEBENUKOIO  aMNNiTYaol. Takwid  pexuMm €

HeedekTUBHAM,  TOMY NP4 poapaxyHKax
noAIGHUX TifPONPUBOAIE ACUINEHO NPOBOANTH
nepesipky CNiBBIGHOLLEHHA TUCKY

HanarofkyBaHHs P, i MakCUMAanNsHO MOXNMBOTO
NOTOYHOrO TUCKY P(t), O Mae B NEPioA PO3roHy
poBouoro oprady (puc.2, xpusa 1).

Tpu pocsrHeHHi 8 rigpocucTem TUcky Py, ,
Ha SKWA HanaroKeHui rigpaeniuHvi asTomar
pesepcy — knanax-nynscatop 14, sik Le BuaHO 3
ocuunorpamu  (puc.2), eigGyeaeTbea  iioro
peneitHe BigkpuTTA. PoGouuit opraH nounHae
3BOPOTHWI xip, TO6TO BUTICHEHHA
nepekauyBaHoi  PIAUHM  Yepes  3BOPOTHUIA
knanaH 17 y anusHy MmaricTpanb, nig pieto
cunosoi  npyxuHs 11, Ledt nepiop poBotit
rigpocucTeMu Moxe GyTU ONMCaHWA CUCTEMOID
HACTYRHUX gudepeHLianbHuX piBHSHD

PIBHAHHAM  NEPEMILIEHHA  enacTUiHOT
memBpann 3 i 3e'Alannx 3 Helo geTaned B8
novaTkoBe MOMOXEHHs nig piclo  cunosol
npyxunmn 11
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BUKAACTLCH Ha 3NKB Yepes BIAKpUTY LiNuHY
3anipHoro opray, wWo BiakpuBacTLes; Dy i Ay —
BIANOBIAHO, AlamMeTp | BenuyuHa PenenHoro
BiAKPUTTA  WinWMHK  3afipWoro  oprary y
rippaBnivHOMy aBTOMaTi peBepcy — KnanaHi-

dj
nynscaropi 14} FM;; - 306inbluenHs ob'eMy

PiBMHIA 33 -PaXyHOK 3MEHLLEHHS 3aiMaHOTO Helo
of'eMy Npu- 3BOPOTHOMY XOAi NOPLWHR 8 y
cunosomy rinpouuningpt 12. -

B MOMEHT 'Hacy, KoM SHWKEHHS TUCKY B
rigpocucTemi Aocsrae 3afaHot mexi,
rigpasnivkuil  asToMaT pesepcy — KnanaH-
nynecarop 14 pereiHO  3aKpUBaETLe |
nopasbmii  poGoYMin  LUKA  MOBRTOPIOETLCR
2BTOMATHYHO.

OTpumana cuctema pisHsHb (1) - (8) €
iCTOTHO HeniHiHOW | BIGOMUMYU METOAAMU HE
moxe Gyt supitbera. Halibinbw pouinbHUM €
PO3B'A30K PIBHAHD YUCENBHUMKA METORAMA Ha
EOM. fins usoro 6ye pospobrienwii BianosigHmnit
anropuTM  IX  UKCNOBOrO noeTanHoro
PO3B'A3aHHA MeTonoM XemmiHra i3
33CTOCYBAHHAM CTaHABPTHUX nporpam.
Po3p’n3aHHA piBHAHL BUPILLYBANOCA NOETANHO,
NPUYOMY  Pe3YNbTaTh  PO3B'SI3KY  KOXHOro
fonepegHsoro  evany Oynu  BUXiAHUMM  Ans
Hactynioro.  Mpu  BuGOpi  pallioHanbHux
napamerpis B32EMOAI04UX enemeHTiB
BOCNiMKYBAHOrO FiAPONPUBOAY ANA MALUMHHOTO
BUPIIEHH  HaBEABHMX  DiBHAKL  aBTOPM
BUXORWIM 3 [BOX OCHOBHUX  NPWHLMNIB:
BUKMIOYSHHA NEPEAMACHOrO  CPALbOBYBAKHS
rigpaeniuHoro aeTomata peBepcy — KnanaHa-
nynbcatopa 14 npu npamomMy xogdi poSoucro

33

oprany i sabesneueHHs 3aKPUTTA OCHOBHOrD

3MBY  Yepes  knanaw-nynecarop  nicns
floBepHeHHs PoBovOro OpraHy B fovaTkope
NIONOKEHHS. MopiBHAHKA pesynbTatis
TEOpeTUYHOro i EKCNEPUMEHTRIEHOTO
AOCTMKEHHA Rano O6nusbki pesynsTaT, Wwo
AO3BOMSIE  PEKOMEHAYBATU  3aNPOMOHOBAHY
MaTeMaTUuHy — MORENL  ANA  PO3PaxyHKy
NoAIGHWX rigponpueoaiB.

BucHOBKU

Poapobka i AOCTMKEHHA
3aNPONOHOBAHOT MaTEMAaTUYHOT Moaeni
B33EMOAIT TIAPONPUBOAY NMOMNYIONOrO BysNa 3
riAPaBNIHHUM ABTOMATOM PEBEPCY. — KIanaHom-
MyrbCaTOPOM, HAfAE MOXIUBICTB BH3HE4aTH
KOHCTPYKTMBHI ~ pO3MipM  Ta  napametpu
npucTpoia 3BOPOTHO-NOCTYNANLHOT Al
nNpaswuiLHIA Bubip AKX cApuATAME
NOKPALLEHHI0  AMHAMIMHUX  XapakTepucTuk i
MABVWMTE LWBMAKORIO NOAIBHUX Mexaniamis
ANR TIAPONPUBOAHMX  MOMAYIOMUX  BY3Nia
HAcOCHUX arperatis  membpaxHoro Tuny Ta
[HLLIMX TEXHONOTIYHNX MALLNH,

MeMBPaHHAM HacOCaM ONMCAHOro TURY
npaTamMaHHi - Taki  nepeBar, 8K Mana
ESHEPTOEMHICTb, HEBENMKI rabapuTu, MOXNUBICTS
npuBoAy K BiA NPUBOAY ENeKTPOABNTYHA TaK
BiA rigpocicreMy 6230807 MaLLMHW, Hanpyknag,
TpakTopa, MnaBHe PEryNIoBaHHA aMmmiTyau,
4actotn | 36ymwylouoi cunu kommeads. Lle
[O3BONAE  PEKOMEHAYBATU iX - ANA . LIMPOKOTO
33CTOCYBAHHSA Ha MaLLMHAX, WO MalOTb BIACHUN
rigponpvsig.

Jlimepamypa
1. Mareee U.B. MawwHbl yaapHoro #
BUBPALIMOHHOTO BeicTaus. - M.

MalumHocTpoehye, 1974, — 184 ¢.

2. Owuuyenko AT, Bacunbes A.B.
QbocHoBanne suifopa RULEY npuecaa
avddepeHumansroro  pacTsopokacoca  /f
KOHGTpYKUMW ~ 3aaHMi W CTpouTensHoe
npoussogcTeo; C6. HayyH. Tpyaos. — K. 1996. —
C.12-15.

3. NateHT Ne 17949A Ykpaina MMK; E 04
B 43/06. MemBparhuit rigponpuseaHuit Hacoc /
Koy IB., Bonowws O.B. (Ykpaina) — Ne
94052928, 3asen.  11.05.1994;,  OnyGn.
31.10.1997, Bron. Ne5.

4. TwaponpuscA CBRENOTPYXaloWmMX U
rpyHTOyNNOTHAOWNX MawwH [ M.E. Weanos,
W.B. Mareees, P.[l. Wckosny-NloToukuii, B.A.
Muwenun, W.B. Kou. - M.: MawmdocTtpoenne,
1977.




[image: image7.png]wwwvtt m.ua

“B|6pau|| B TeXHIL |

. K. Parynbckic




[image: image8.png]BceykpaiHChbKkuiA HayKOBO-TEXHIUHUI XXypHan

“BIBPALII B TEXHILI TA TEXHONOTISIX”

ISBN 5-7763-9123 Mowrosui inaekc 40229

MIHICTEPCTBO AFPAPHOI NONITUKY YKPATHU
CeigouTBo npo pepxaBRy peectpauiio Ne 611cepin KB sin 04.05.1994 p.
HaHe nepioguuxe BURAHKA BKMKMERO A0 NEPenixy HayKOBHX BUAAH,
3arsepmkenvx BAK Ykpaiuw (Bloneterb BAK Ykpainu Ne 4, 1999 p.).
Homep ApyKy€ETLEA 3riaHo 3 piltesnsm BueHoi pagu BIAY (npotokon Ne 1 sia 28 Bepecun 2006 p.).

3ACHOBHUK Binnuubkuli GepxaeHull aepapHull yHieepcumem

3a cApusing Hauionanknoi padu Yrpainu 3 MauuHo3Haecmea — yxpaincexuii xomimem IFToM
Incmumymy npo6nem miynocmi HAH Ykpainu
Haulonanshof 2iprudol akademit Yipainu
Binnuytkoz20 HauloHansHo2o mexuitHoze yHlsepcumemy

HauionanbHoeo mexnivHozo yrisepcumemy Yxpainu
“Kulecrkuii nonimexniynuid incmumym”

HayionansHozo yrieepcumemy “flseiecuka nonimexsika”
Monmascskoece HayionansHozo yHieepcumemy M. IOpia Kondpamioxa

Xaprlecuko2o depiaeHo20 mexHiuHo20 yHigepcumemy cinncbrozo 2ocnodapcmea
im. flempa Bacunexxa

HauioHaneHa pegakuiitHa koneria K. T. H., npod., un.kop. YAAH Ma30operko 1.1 (w. Xapkis)
TonoeHui pegakTop A.7. 4., npod., unen-kop. HAHY Mameeee B.B. (w. kuia)

£ T 1., npots. BePHUK 1.C. (m. Binnnus) A. 1. 1., npoc. Hadymuil B.1T. (m. Auinponerposcsk)
PepakTop Homepy a. 7. 1., npodp. flocessmerko E.K. (m. kvis)

aru. npotb. Cepdtok JLL. {m. Nonrasa) 7. n., aow. [Tanamapyyx 1. IT. (4. Bluwaus)
3acTyNHWKH TONOBHOFO PeaaKTopa: A. 7. 1., npoth. POU3Man B.IT. (m. Xsenshuubkuit)

& 7 ., npod. Ickosuy-TTomouskudi PAJ. (MBinwus) a7 1, npodp. Cedyws B.A. (u. floneusk)

k. 7. w., npody. [108/0aiin0 B.O. (. Nesis) a.7.n, npod. Cepdiok J1.I. (M.Morrasa)

v, pot., sneweop. PATH 5a674e€ ATT. v Pocroasefiony Pocwy ¥ T npob. Cepeda JLIT. (M. Bianin)
BignosiganbHuil cekpetap — Seprux M.IT. a7 u., npos. Cinitt P.L. (M Xmenuunueiuit)

A. 7.4, npo. Cpymuncbkull B.B. (u. xiis)
A. 7. W, npodp. LlynbxerHko M.I. (m. Xapxis)
A. 7.1, npodh. Ppardyk B.IT. (M Aninponerposcir)
A T. K., npoth. SIKOGEHKO B.5.(M.Kuis)
3apy6ixHi YneHu pegakuiiHoT konerii:
ATH, npot., akan, PAH Briexman 1.1. Caraferepsypr, Pocin)

Ynewn pegakulitHol konerli:
AT 4, npoch. Apmaraasia 1.C. (w. Nusis)
A 7.1, opocb. BO6UP M., (m. Kuie)
A. . 1., npod., un.-kop. YAAH Bodimirox [T, (m. Kvie)
A. . 1., Npode., un.-kop. YAAH [yKoe 5.C. (M. Kuis)
K.T. K., npodp. ,q;«eM'enichku& B.B. (m. Kuis) ap. By6yiiic A. (w. Kaywac, Niea)
.. u, npodr. flyOHikoe A.A. (w. Nosasa) ar u.,ynp’;lb. Konunoe F0.P. (u. Bopowex, Pocin)
AT . Apods, akan. YAAH Saiia 1.M. ov. Xapxis) a1, npods. JTakyema LI (. Knuswiz, Monaosa)
B. T. 1., npods. iHbKOBCHKUL A.TT. (. Kvis) A h, npo. Cepaa I.B. (m. KpacHopap, Pocin)

A T ., npods. Kocmo2pua C.T (r. Xmensrmuskni) a7 n, npod. Cy6ay A.f1. (m. Pura, Narsis)

&k, npop. Ky360 LB, (u. fusis) fra., npo. BotiHaposchiu KO3egh (w. Misiua, fonsiwa)
A 7. H, npodh, wn-kop.YAAH KyusHapioe A.C. (w. Menitonons) g, 1. w., npodb.axen. PAH @p0s106 K.B. (M. Mocksa, Pocin)
A 7. 1, npod. Jlosetikit B.C. (m. Kvis) & 7. 4., Npods. AAUyH C. Q. (m. Kypex, Pocin)

Texnlure pegaryBanHs - M.I. Bepruk
Komn'iorepauw Habip - H.M. Kywwip
0O6knapunka - M.N. BepHuk

Appeca 21008, BinHuus, Byn. CoHsuna, 3,

Pepaxuii: BAY, pepaxuis xypHarny “Bibpauii B TexHiui Ta TexHonorisx”, .
Ten. (8-0432) 57-44-94, 35-70-84 (npocuTy 137) cpaxc (8-0432) 46-28-64
e-mail: bernik@vsau.org

Bankisebki pekBisutn:  Bauk YK y Biknuubkii oBnacti, BOAY M®O 802015, kog 00497236,
p/pax. Ne35229011000514, xog nnartHuka MAB 004972302286




