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BCTYII

AKTyajabHicTh TemMu. [lnmactmacoBi TpyOu, MIIIBKH, JUCTH, MPO(UILHO-
MOTOHAXKHI BUPOOH, JIeTalll I €ICKTPOTEXHIKHM 1 Pa/liOCIEeKTPOHIKH - MPUKIAJN
HE3aMIHHOTO BUKOPUCTAHHS TNIACTUYHHUX Mac B HAPOJHOMY TOCIIOIAPCTBI.

BnpoBamxeHHs MPUHIMUIIB CTAJIOrO0 PO3BUTKY MOB’SI3aHE 13 CTBOPEHHSAM
eHeproeeKTUBHOTO 00JIaIHAHHS Ta HOBUX TEXHOJIOTYHUX pilieHb. OcoOIUBO 11e
CTOCY€ETBHCS MPOLIECIB 13 HASIBHICTIO ()a30BUX MEPEXOAIB 1, 30KpeMa, BUPOOHHUIITBA
Ta TepepoOIeHHs MOJIMEPIB, CBITOBI OOCITH SKUX MalOTh CTIHKY TEHISHIIIIO JI0
3pOCTaHHSI.

Taki oOcaru BHUpPOOHMIITBA Ta TMEpPEepOOKH MOJIMEPHUX MarepiaiiB
BUMAralTh BiJi BUPOOHUKIB  BIJMOBIJHOTO  OOJIaHAHHA  BUKOPUCTAHHS
pecypcoeHeprosoepiratrounx mpoiieciB. [Ipu mpomy 3Ha4YHE Micle HPUAUISETHCS
pouecam eKCTpy3ii, siIki B OCHOBHOMY 0a3ylOThbCsl Ha UEpB’SIMHUX €KCTPYIEpax, /e
IPOLEC CTBOPEHHS THCKY Ta JO3YBaHHS BUKOHYETbCS BS3KICHUM 4YEpPB’SYHUM
HACOCOM.

Tpamuuiiini  cmocobu  mepepoOKM  MOJIMEPIB 13 3aCTOCYBaHHSIM
OJIHOYEPB'STYHOI0 EKCTPYJIepa MalOTh 3HAUYHY 1HEPUINHICTh B KEPYBAHHI MTPOLIECOM
eKCTpy3li, aie, 3aBAJKH CBOId MPOCTOTI 1 HAMIMHOCTI, 1 JOCI HIMPOKO
3aCTOCOBYIOTBHCS B BEJIMKOTOHAXKHUX BUPOOHUIITBAX,

OpHak B Cy4acHHX YMOBax y 3B’SI3KY 3 MOSIBOIO HOBHUX IOJIIMEPIB, a TAKOXK
BCE IIMPIIOMY BUKOPUCTAHHI KOMIIO3MIIIWHUX MaTepiayliB 3 HAlOBHIOBaYaMH,
OapBHHMKaMH, JIETYIOUMMH J100aBKaMH, SIKI CYTTEBO 3MIHIOIOTh PEOJIOTIYHI
XapaKTEPUCTUKKA CHUPOBUHU 1, BIAMNOBIAHO, PEXUMH NEPEPOOKH, MOCTAE
HEOOXIHICTh Y CTBOPEHHI YHIBEPCAIBHUX, THYYKUX B KEPyBaHHI KACKaIHUX CXEM
eKCTpy3li MOoJiMepiB, B SIKUX BEChb NPOLEC EKCTPY3li PO3AUICHUNH HAa OKpemi
Kackaau (crajii) 3 MOMJIMBICTIO aBTOHOMHOIO KepyBaHHS HuUMHU. lle mo3Bosse
OTIEpAaTUBHO BCTAHOBJIIOBATH PalliOHAIBHI PEKUMH POOOTH OKPEMUX OIepariiii mpu
SAKICHOMY BEJIEHHI BCHOIO TEXHOJIOTIYHOro mpoiiecy. Jlo HEJaBHROrO yacy Ha
¢dinanbHIM cTamli AJs CTBOPEHHS TUCKY Ta J03yBaHHS BUKOPHCTOBYBAaBCS, B

OCHOBHOMY, B’ SI3KICTHHI OJIHOYEPB’ IUYHUI JO3yI0UU i eKCTpYep,
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eHeproeeKTUBHICTh SIKOTO JJIs BUIIEHA3BaHUX MpolieciB He nepesulnye 10%. o
TOTO K KOJIUBAHHS TUCKY Ta MPOAYKTUBHOCTI Ha BUXOJ1 3 YEPBSIUHOTO EKCTpyAepa
NpU3BEIIM 10 BHUMYIICHOTO 3aKJaJaHHid B TEXHIYHI YMOBUM Ta CTaHAapTd
3aBUIICHUX JIOMYCKiB HAa TE€OMETPUYHI po3Mipu BHUpoOiB, yacTo Ha 10-15% (4-8 ) i,
BIJIMOBIHO, /IO TIEPEBUTPAT CUPOBUHHU 1 €HEPTIi.

TenneHiiss B CTPYKTypl HepepoOKH TMOJIMEpIB y MalOyTHROMY Oyze
3MIHIOBAaTHCh 3a PAXyHOK 30UIBIIEHHS YaCTKH EKCTPY3IMHHX TMPOILECIB IS
BUPOOHUIITBA TPYO, JUCTIB, IUIIBOK Ta IHIIUX MPO(UILHO-MIOTOHAXKHUX BUPOOIB,
TOMY HayKOBE OOTpYHTYBaHHS Ta PO3pOOJICHHS pecypcoeHepro(eKTHBHIX
IIPOLIECIB €KCTPY3ii MOJIMEPIB 3 BUKOPUCTAHHSAM KACKAJIHUX CXEM € aKTyaJbHOIO

3a4a4CH0.

3B'5130K po00TH 3 HAYKOBMMH NIPOrpPaMaMu, IVIAHAMH, TEMAMH.

JuceprariiifHa po00oTa BUKOHaHA B MEXXaX JIEPKABHOI TEMATUKH 1 BIJIIIOBIIA€
HaMpsIMKY HAyKOBUX JOCIKeHb Kadenpu MallMH Ta amnapaTiB XIMIYHHX 1
HadTonepepoOHNX BUPOOHUIITB.

PoGoTa 6e3mocepeHp0 NOB's3aHa 3 TEMaMU:

— /6 tema: «MaremaTruHe MOJIEIIOBAHHS €HEProeeKTHUBHUX TMPOIIECIB
yTUII3aIlii TOJIMEPHUX BIAXOIB 4Y€pe3 BUTOTOBJICHHS CHIHEHUX KOMITO3UIIIMHUX
matepiamiB», Ne JIP 0109U000374;

— 1/6 Tema: "Po3poOieHHs eHeproedeKTUBHUX MPOIECIB Ta OOIaJHAHHS
BUPOOHMIITBA MOJIMepHUX TpYyO pizHoro npusHayenua', Ne /IP 0111U000577;

— 1/6 Tema: «CTBOpEHHSI TEXHOJOTIUHUX 3acajl OJIEPKAHHSI BHUCOKOMIITHUX
BUPOOIB 3 KOHCTPYKIIIWHUX KOMITO3HMIIIMHUX MaTepiaiB JyIisl CIEIiaJbHOTO
MamuHoOyayBaHHs», Ne JIP 0114U001524;

— 1/1 Tema: "Po3poOka pecypcoeHeproomniaHux MpoleciB Ta o0JaaHaHHs
JUIS TiepepoOKu moiiMepiB MeTonoM ekctpysii', Ne82. Tepmin Buxkonanns: 2011-

2012pp. 3amoBHUK — HaykoBo-BupobHHnua dipma «Kommmacty;
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— 1/1 Tema: "Po3poOka mpolieciB Ta 00JaHAHHS MPH KacKaJHIM eKcTpy3ii
nosimepiB", Ne§9. Tepmin Bukonanus: 2013-2014 pp. 3amoBuuk — «HaykoBo-
BUpoOHNYa ipma «Komrmact.

Meta i 3aaa4i gocaigkeHHss. Meroo poOOTH € HaAyKOBE OOIPYHTYBaHHS
mporecy mepepoOJieHHs TOJIMEpIB 13 3aCTOCYBAaHHSIM KacCKagHOI JIMCKOBO-
HIECTEPEHHOI eKCTPY31i Ta PO3pOOJICHHS pecypcoeHeproePeKTUBHOIO 00J1a JTHAHHS.

Jlns IOCATHEHHS IIOCTaBJICHOI METH HEOOXIJHO BHKOHATH Takl 3ajadi
JOCIIIIKEHHS:

— OOIpyHTYBaTH CXeMy KacCKaJHOi eKCTpy3ii Ta miaiopatu BIANOBIAHE
0013/ THAaHHS;

— BU3HAUUTHU Y3rOJIKEHI (PYHKI[IOHAJIBbHI peXUMU POOOTH OOJaAHAHHS IPH
nepepoOJIeHH] IMOJIIMEPIB;

— pO3pOOUTU CUCTEMY KaCKaJgHOI €KCTpy3ii Ta BIANOBIAHE OOJaJHAHHA 3
BUKOPHCTAaHHSAM B SIKOCTI PO3IUIABIIIOBaYa-rOMOTEHI3aTOpa IMCKOBOTO €KCTpyIepa
3 J103aTOPOM CHPOBHMHH IS 3a0€3MEUYCHHS JI030BAHOTO KUBIICHHS, a B SIKOCTI
reHeparopa TUCKY Ta JJ03aTOopa PO3ILIaBY- MIECTEPEHHOT'O HACOCa;

— PO3pOOUTHU Y3TOKEHI PEKUMH POOOTH J03aTOpa TpaHys, ITUCKOBOIO
eKCTpyJiepa Ta IMIeCTePEHHOT0 HACOCa;

— po3pobuTu (Gi3MYHYy Ta MaTeMaTHUYHYy MOJACHI IPOIECIB IEepPEeHECCHHS
BHCOKOB’SI3KMX PO3IUIaBIB MOJTIMEPIB IMIECTEPEHHUM HACOCOM;

— pO3poOUTH METONUKY JOCHTIPKEHb Ta CTBOPUTH EKCIEPUMEHTAIbHY
YCTaHOBKY;

— MEepeBIPUTH aJEKBATHICTh (PI3UYHOT Ta MATEMAaTUYHOI MOJIEIIEH;

— pO3pOOHUTH METOIWKY Ta aJrOpUTM PO3PAaXyHKY OCHOBHHUX ITapaMeTpiB
MIECTEPEHHOTO HAcOca MPHU EKCTPY3ii MOJTIMEpiB;

— po3poOUTH pEKOMEHJAIlli MO0 MPOSKTyBaHHS Ta  EKCILUTyaTarlii
KacKaJTHOTO JMCKOBO-IIIECTEPEHHOTO EKCTpyIepa.

06'ekmom docniodicenHst € IPOIEC KaCKaJHOI €KCTPY3ii MOoJIIMEpIB.
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lIpeomemom docniodicenHss € MPOAYKTUBHICTh Ta €HEPrOCUJIOBI MapameTpu
JI03YIOUOTO IIECTEPEHHOT0 HAacoca, 10 BXOIUTH J0 CKJIaay KacKagHOTO TUCKOBO-
HIECTEPEHHOI'0 EKCTPYIepa.

Metoau nociigxenHs. JlochaikeHHsT IPYHTYIOTBCS Ha MeTonax (i3uKo-
MaTeMaTUYHOTO MOJICJIIOBAHHS SIBUIIl TMEPEHECEHHS B XIMIYHIA TEXHOJIOTIT 13
3aCTOCYBaHHSAM TEOpii CYIIJIBHOTO CEpPEJOBUIA, 3aCTOCYBaHHI CyYacHOTO
KOHTPOJIbHO-BUMIPIOBAJILBHOTO OOJIQIHAHHS 1 CTATUCTUYHUX METOJIB OOPOOKH JTaHWX
eKcriepuMeHTIB. ExcniepuMeHTanbHI  JOCTIDKEHHST HeoOXimHI mpu  Bepudikarii
GI3MYHUX Ta MaTEeMATUYHUX MOJIENEH, 3aJaHHs] TPaHUYHUX YMOB 1 IIEPEBIPKU
pO3pOOJIEHUX  TEXHOJOTIYHMX  pPEryIaMeHTiB.  J{OCTOBIPHICTh  JIOCHIIKEHb
MITBEPKEHA MPAKTUYHOIO Peali3alli€lo iX pe3yJIbTaTiB.

HaykoBa HOBH3HA O/lep:KaHUX pe3yJabTaTiB.

1.HaykoBo-00rpyHTOBaHO  CIOCI0  KackagHOi  JIHCKOBO-IIECTEPEHHOT
EKCTpY3ii mpH IepepoOIli MOJIMEPHUX KOMIIO3UINM B SKOMY Ha MepHIii cramii
BCTAHOBJIIOETHCSI IUCKOBUM €KCTPYJIep OCHAIIEHUN J03aTOPOM CHUPOBUHHM 1 SIKUU
MpaItoe B PeXKUMI T030BAHOTO >KUBJICHHSI, 110 3a0e3reuye KepoBaHE 1HTCHCUBHE
TJIABJICHHS 1 JUCIIEPTryIoUe 3MINTyBaHHS B 3aBaHTaXyBaJIbHO—TIJIACTHUKYBAIbHIN
30H1 TUCKOBOT'O €KCTPYIEPA,.a TAKOK KEPOBAHE NUCTPUOYTHUBHE TIEPEMIIITYBaHHS B
TUCKOBIM 30HI. Ha mapyriit cTagii BUKOPUCTOBYETHCA MOJEPHI30BAaHUN 00’ €MHHIA
MIECTEPCHHUA HACOC, SKUH BCTAHOBJIIOETHCS MK JIHUCKOBHUM EKCTPYAECPOM 1
(b opMyI0UO0IO TOJIOBKOIO, 1 SIKH 3a0e3meuye cTalli TUCK 1 MPOIYKTUBHICTH HA BXO/I
B (hopMyIOUHil IHCTPYMEHT.

2.00rpyHTOBaHa METOJMKA BHU3HAYEHS Y3TOJKEHUX PEXUMIB pPOOOTH
oOnaHaHHS B CXEMIi IUCKOBO-IIIECTEPEHHOTO EKCTPYAEpa.

3.YnockonaneHo (i3M4Hy Ta MaTeMaTUYHy MOJIEJ IPOLIECIB IEPEHECEHHS B
IIECTEPEHHOMY HAcoci, fKi 0a3yloThbCSd Ha PIBHSIHHSIX HEPO3PUBHOCTI, PYyXY,
€HEPrii Ta PEOJIOTIYHUX PIBHSHHAX MCEBAOIUIACTUIHUX P1JUH.

4. TeopeTUYHO 1 EKCIEPUMEHTAIBHO JOCIHIIKEHO BIUIUB PEOJOTIUHHUX
BJIACTMBOCTEH pa3IUIaBiB IMOJIMEPIB Ha MPOIYKTUBHICTh Ta EHEPrOCHIIOBI

napamMeTpu MEeCTCPCHHOI0 Hacoca.
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OTpumanu nojanbiiuii pO3BUTOK:

5. ®i3uuHa MOJIEITb MTPOIIECIB B JO3YIOUOMY IIECTEPEHHOMY HACOCI.

6.CrnporieHa MaTeMaTU4YHA MOJENb IMPOIIECIB €KCTPY3ii B IIECTEPEHHOMY
HACOCI, sIKa TPYHTYETHCS Ha y3araJbHEHUX PIBHSIHHX MEPEHECCHHS.

7. TeopeTHyHO-€KCIEPEMEHTAIbHI JIOCHIJKEHHSI BIUIUBY PEOJAMHAMIKU
PO3IUIaBIB MOJIIMEPIB HAa TEXHOJIOTIYHI XapaKTEPUCTUKH JO3YIOUHX IIECTEPEHHUX
HACOCIB.

IIpakTUYHe 3HAYEHHS OJleP:KAHUX Pe3yJIbTATIB.

1. IlpoBeneH1 eKCEepUMEHTANIbHI JOCHIKEHHS eKCTpyAepa MOKa3aiu, 110
BUKOPHCTAHHSA  3alpOMOHOBAHOI KACKaJHOI CXeMH EKCTPY3ii JO03BOJUIIO
nepepoOIIIoBaTH OUIBII MIMPOKUM CIIEKTP MOJTIMEPHUX MaTepialiB, 3 MiABUIIICHUM
3MINIYIOUMM €(EKTOM MNpHU HUWKYMX TEMIIepaTypax 3a PaxyHOK MOXKIJIUBOCTI
THYYKOT'O KEpYBaHHS MPOIIECOM EKCTPY3ii.

2. Po3po06iieHi TEXHOJOTIYHI CXeMH BUKOPHUCTAHHS KACKaJHOTO JHCKOBO-
HIECTEPEHHOI0 Hacoca B JIHIAX s BUPOOHUUTBA TPYyO, JIMCTIB Ta IUIIBOK. 3a
pe3yabTaTaMu  TPOBEJICHHS JOCHIDKEHb PO3pOOJICHI pPEeKOMEHaallli 100
Y3ro/PKEHUX PEXUMIB POOOTH IIHEKOBOTO J03aTOpa, JHUCKOBOTO EKCTpyjaepa 1
HIECTEPEHHOI'0 Hacoca.

3. Po3po6sieHO TexHIYHI pillleHHS Ta 3alpoNOHOBaHI HOMOTPAMH st
BU3HAYECHHS MapaMeTpiB CTallIbHOI pPOOOTM BCHOIO KACKAAHOTO JIMCKOBO-
IIECTEPEHHOTO EKCTPYAEpa, siKi 3a0e3meuytoTh 4-8% pecypcoeHepro30epekeHHs B
MOPIBHSIHHI 3 TAKOIO XK MUIOTHOIO YCTaHOBKOIO, ajie Ha 0a3i KacKaJHOTO JUCKOBO-
YepBAYHOTO0.eKCTpyiepa. [I'aTh TeXHIYHUX PIlIEHb 3aXUILNEHO MAaTEHTOM YKpaiHu
Ha KopucHy MoJienb. (Ne 44266, Ne 60000 Ne 89049 Ne 94012, Ne67295).

4. Pesynbratu auceprauii Brposamkero y [T «HAYKOBO-BUPOBHUYA
OIPMA «KOMIUIACT», M. KuiB, a TakoX B HaBYaJIbHOMY Tipolieci Ha Kadempi
MaluH Ta ampaTiB XiMiyaux 1 HadTomepepoOHux BuponuntB KIII im. Irops

CiKOpCBKOTOY.
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Oco0ucTnii BHeCOK 3100yBaya MoJfArae y:

- KPUTUYHOMY aHalli31 JKepen JiTepaTypH Ta GopMyTIOBaHHI METH Ta 3a]1ad
JOCIIDKEHHS, PpO3po0JIeHHI crmoco0a JAUCKOBO-IIECTEPEHHOI eKCTpy3ii Ta
dbopmyoBaHHI (i3MUHOT Ta MaTEeMaTHYHOI MOJENEH TMPIECIB TEpPEHECEHHS B
JI03yI0YOMY IIECTEPEHHOMY HAcOCl, PO3pOOJICHHI METOAMKHA Ta TMPOBEJICHHI
EKCIIEPUMEHTAILHUX JTOCII1/IKEHb.

VY3aranbHEHHS pE3yJbTaTIB JOCHIIXKEHb Ta (OPMYIIOBAHHS OCHOBHHX
MOJIOKEHb JHCepTallli 3/11iCHIOBAJIOCh PAa30M 3 HAyKOBUM KEPIBHUIITBOM JI.T.H.
npo@d. Kopuienkom .M.

Amnpo0anisi pe3yJabTaTiB KaanaaTcbKoi aucepramnii. OCHOBHI MOJIOXEHHS
JUCcepTallii TOMOBIJATKCS 1 OTPUMAIH MO3UTUBHI BIJITYKH Ha:

- XII-XIV MixHapogHuX HAYKOBO-IIPAKTUYHUX KOH(PEPEHILISX CTYIEHTIB,
acIipaHTIB Ta MOJOJIUX BUYEHHX ,,Exonoris. Jlroguna. CycminbecTBo.” 2009-2011 p.,
HTVYY «KIII», m. Kuis, Ykpaina;

- IV MuipkHapogHid  HAYKOBO-TEXHIYHIM  IHTEpHET-KOH(pepeHuli
“Kommo3sumniitai marepianu”, HTYY KIII, Kuis, 2009p., Ykpaina;

- |-VIII MixHapoIHUX HAayKOBO-TIPAaKTUYHUX KOH(EpPEHLISIX CTYIEHTIB,
acmipaHTiB 1 MoJonux BueHuX '"PecypcoeneprosOepirarodi TEXHOJOTIT Ta
ob6magunanns". HTYVY KIII, Kuis, Ykpaina, 2011-2015 pp.;

- V-V MixHapoIHUX HayKOBO-TIPAKTUYHUX KOH(epeHIaxX
"NuuoBanmonnsie 2HeprorexHosiorun", OHAXT, Oneca, Ykpaina, 2013,2015pp.

- XV MixunapoHiii HaykoBii KoHdepeHIi "Y 10CKoHaJeHHs! MpOLEeCiB Ta
oOymagHaHHs  XapuoBux Ta XiMiuHuX BUpoOHHIITB" OHAXT, Oneca, YkpaiHa,
2014 p.

Iyo6aikanii. 3a Marepiasamu JgucepTaliifHOl poOOTH OIyOiKOBaHO 42
HAYKOBI Mpalll, 3 HUX 25 cTarell y HayKOBHX ()axOBHX BUJAHHSX, 3 AKUX 3 CTAaTTI y
BUJIAHHAX 1HO3EMHHMX JIepKaB, / CTared y BUIABHUIITBAX YKpaiHW, III0
IHACKCYIOThCA B CBITOBUX HAayKOMETpUYHMX 0Oa3zax ganux 1 cucremax: Ulrich's
Periodicals Director, Index Copernicus, WorldCat, PIHII, 5 natenTiB Ykpaiau Ha

KOPHCHY MOJIeNb, 12 Te3 10noBiieH B 301pHUKaX MIKHAPOIHUX KOH(EPEHIIIH.
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O0csr i crpykrypa auceprauii. J[uceprariiiina pobora BukiajgeHa Ha 148
CTOpIHKaX MAaIIMHOMKCHOTO TEKCTy, CKIAJa€eTbcsd 13 TMEPeNliKy YMOBHHUX
NO03HAY€Hb, BCTYITy, II'ATU PO3/UIIB, 3arajJbHUX BUCHOBKIB, CIIMCKY BUKOPUCTAHUX
Jokepen Ta S qonatkiB. OOCSAT OCHOBHOTO TEKCTY JUCepTalii ckianae 127 cTopiHOK
JIPYKOBAaHOT'O TEKCTYy, 27 PUCYHKIB, 4 TaOJULb, CIIUCKY JITEPATYPHUX JUKEpeEN 13
135 HaliMeHyBaHb, NEPEIK YMOBHUX II0O3HAYEHb HA 2 CTOpIHKAaxX, JOJATKU Ha 8

CTOpIHKaX.
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1 CYYACHUM CTAH MPOBJIEMU NEPEPOBKHU TEPMOILJIACTIB HA
EKCTPY3IMHUX MAIIIMHAX

Beryn

3aBasSKA BUCOKMM TEXHIKO-C€KOHOMIYHUM MOKAa3HUKAM TIOJIIMEpPHI MaTepiaan
BCE IIUPIIE BUKOPUCTOBYIOTHCA B YCIX Tajy3siX MPOMHCIOBOCTI. PicT cBiTOBHX
oOcsriB  BUpoOHMIITBA Ta TmepepobsieHHs modimepiB 3 2000 mo 2010 poky

3MmiHIOBaBcs 31 150 10 258 MuIH. TOH Npu cepeaHbOMY PIYHOMY 3pocTaHHi B 7,2 %

[1-5].

. 2011 r. 2016 r. (nporxo3)
BocTouvnan LleHTpanbHas CeBepHan HOxHas Asna OcraneHble
Espona 1 3anapgHas Amepuka 1 LleHTpansHas peruoHsi
Espona Amepuka

Pucynox 1.1 — CBiToBi 00csiTi BUPOOHUIITBA MTOJIIMEPHUX MaTepialiB, %.

Tengenuii Ta NEPCHEKTUBU PO3BUTKY OOJIAHAHHS JUIsl TIepEepOOKHU

ToJTiMepiB aHaJi3yBaIuCh y i podiT [6-11]. V rmx po6GoTax roBopuiIock npo Te,

10 HayKa MPOPOKYE MOJAJbIINE 3pOCTAHHS MATOMOI Bard MOJIMEPHUX MaTepialiB
B HapoJHOMY  TOCHOJApCTBI  Ta,  BIAMNOBIOHO, Taly3l  MOJIMEPHOIrO
MammHoOyayBaHHs. Tak, 70 2100 poKy MpPOrHO3YEThCS AECATUKPATHE 3pPOCTAHHS
BUKOPUCTAHHS TIOJIMEPHUX MaTrepiajiB B HApOJHOMY TOCIOJAPCTBi, MPUUOMY,
MPOIYKIlIS TOJIMEPHOTO MallMHOOYIyBaHHsI Oyjae 3poctatu Ha 2-3% MIOPIYHO.

[5,11]
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Taka pauHamMika 1 O0OCSATHM BHPOOHHUIITBA Ta TMEPEPOOKU TMOJTIMEPHUX
MaTrepiamiB  0OyYMOBIIOE CTBOPEHHS HOBHUX €KOHOMIYHO OOTIPYHTOBAHUX,
BHCOKOTPOAYKTUBHUX, PECYpCOCHEPrOOMATHIX IPOIECiB Ta OOJNIagHAHHS s

nepepoOKH MOJIiMEPIB.

1.1 BuMoru 0 icHyr040ro 00J1aiHaHHS JJIs1 eKCTPY3ii nmoJiiMepin

Excrpy3is — e 6e3nepepBHUI Mpoliec epeBeACHHS MaTepially 3 TBEpJIOTO Yy
B’SI3KOTEKYUHI CTaH 3 HACTYITHUM MPOJABIIOBAaHHAM PO3ILIaBy depe3 popmyrounit
IHCTPYMEHT, Tpo(ib SKOro BU3HAYA€ KOH(DITypalid 1 reoOMETpPUYHl PO3MIPU
BUpoOy. [Ipu 11bOMy OJHOYACHO BHKOHYIOTHCSI HACTYIHI ONEpallii: XKUBJICHHS,
CTHCKaHHS, TUTABJICHHSI TBEPJOTO MOJIIMEPY, a TAaKOXK MEPEeMINTyBaHHS PO3ILIABY,
CTBOPEHHsSI THUCKY Ta HOro J03yBaHHsS. Yepe3 TMeEBHI OCOOJMBOCTI IMOJIMEPIB
[11-22] icHye HeOOXiaHICTh y BIOCKOHAJCHHI MalIuH a00 CXEM, 3aBISKH SKHM
MOXHa Oyjie OTpUMYBaTH BUPOOU 3apaHi BIJIOMOI SIKOCTI Ta 3’ IBUTHCS MOKJIUBICTh
THYYKOT'O KEPYBaHHS BCIM €KCTPY31HHUM IMIPOIIECOM B LILJIOMY.

Tepmornactu, sIK BUXIJHAa CUPOBHHA JJisl NMEpepoOKu, OyBalOTh y BUIJISIAIL
TOPOIIKY 3 HACHITHOKO TycTHHOI0 0,2+0,3 kr/cm® a6o y Buzi rpanyn — 0,5+0,6

Kr/cm’.

OcHOBHa BUMOTa, 1110 MOK€ OyTH BUCYHYTa JI0 €KCTPY31HHOT MAIlIMHU B 30H1
JKUBJICHHSI € XOPOIITUI 3aXBaT MaTepiandy, He3aJIeKHO BiJl TOTO TPaHyJIbOBAHHUH Un
MOPOUIKONOIIOHMIA MaTepia.

VY 30H1 mIaBiaeHHS HEOOX1IHO, 10O BECh TEPMOILIACT MEPEUIIIOB 3 TBEPIOTO
CTaHy y B’SI3KOTEKYUHHU.

PiBHomipHicTh [13-16] posmominy Temmeparypu IO BCbOMY 00’€My
po3IUIaBy, HEOOXITHHMI THCK Ta HOro CTaOUIBHICTH HA BHXOJ1, TOMOTCHI3aIlis,
XOPOIIUH PO3MOJILT TOMINIOK-OApBHUKIB, BCE 1€ HEOOX1IHO, 1100 3abe3neuyBala

30HA TOMOreHi3arii.
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binbmiicte  BUlEe MepepaxoBaHUX 3a7ad MOXKHA  pealli3yBaTH  SIK
KOHCTPYKII€IO eKCTPY31HHOI MAIIMHN, Y1 OKpEMUX 11 YaCTHH (HAIPUKIIA[, 3aBISKA
3MiHI reoMeTpii yepB’sika (IIHEeKa), TaK 1 CXeMO0 IepepoOKH.

B icHyrounx Ha CHOTOMHINIHIN JIEHb KIACUYHUX E€KCTPY31MHHMX MallvHaxX Ha
BUXOJIl 3aJIal0Th II€BHI IapaMeTpu Ta OTPUMYIOTH MOTPIOHUM BupiO. SKIimo
HEOOX1THO 3MIHUTH SKUWCHh MapaMeTp Ha BXOJll UM Ha BHUXOJl, TO 3MIHIOIOThCS
napaMeTpH Bciel MamuHu. Hampukinaa, B OAHOYEPB’STYHUX E€KCTPYJepax Mepexis
Ha 1HIITY CUPOBHHY MOE ITPUBECTH X JI0 3aMiHKM pobodoro oprana [38].

IcHyroui MaremaTuyHi MOJEJI, IO OINHCYIOTh MpPOLEC EKCTPY3li,
MPEACTABIAIOTh COO0I0 MOJACHI 3 MIAMOACISIMU 30H >KUBJICHHS, IUJIABJIICHHS Ta
roMoreHizaiii. Po3paxyHOK eKCTpy3iiiHOi MAaIllMHHA BEAETHhCS MO KOXKHIM 30H1
OKpeMO, OJIHaK, 1€ Ty>Ke MPUOIM3HUNA PO3PaXyHOK, TaK SK B peajJbHOCTI MPOIECH
B IIMX 30HAaX NPOTIKAIOTh SK OJHA IiJla HEJJOCTATHHO KOHTPOJIhOBAHA OMEparlis
[73-75].

SAxio npouec nepepoOKu po30UTH Ha HE3alIeKHI 30HU Ta CKOHCTPYHOBATH
MalIuHy TaKUM YUHOM, 1100 KOKHA 30Ha MPAaIfoBaJia B ONITUMAIILHOMY PEXUMI, 1€
JO3BOJIWIIO O BUPIIMIMTH MPOOJieMYy, SIK TOYHOCTI PO3pPaxyHKY €KCTpyAepa, Tak 1
THYYKOT'O KepyBaHHs IPOIecoM eKcTpy3ii [78-86].

CucremMaTn30oBaHUM  JIOCHIDKEHHSM TIPOIIECIB  €KCTPY3li  MOJIMEepHUX
MaTtepianaiB OpUAUATIAch 3HaYHA YacCTHHA yBard BITUYM3HSHUMU Ta 3apyOlKHUMU
BueHUMHM , TakuMmu sk: FO.FO. JIykau, A.Jl. Ileryxos, JI.b. Paguenko, O.M. SxHo
B.C. Kum, K. PayBenmaans, 3. Tanmop, P. A. Jlonosan, JI. M. Mak-Kensi, Ta iH1i
[15-25]. OcHoBHi iXx poOoTu BHeciu (yHIAMEHTAJIbHI 3HAHHS MPO MPOIECH
eKkcTpy3li Ta oOnmagHaHHS J€ BOHHM BHKOPHCTOBYIOTHCS. B 1ux poborax
aKIlCHTOBaHa YyBara OyJia CHOpsMOBaHa Ha MIJABUIIEHHS MPOTYKTUBHOCTI
oOnajHaHHS Ta BU3HAYCHHS €HEPTOCHJIOBUX TMapaMeTpiB €KCTPY3IMHUX MAIIvH 1
MaiKe He PUUUIACh yBara BUBYEHHIO MPOOJIEMH KOJIMBAHHS MPOAYKTUBHOCTI B
30HI JI03yBaHHs, CKOHOMIii cHpoBHMHU Ta eHeprii [7/4]. Ha choromHimmHii JcHb
aKTyaJTbHUMH € MUTAHHS MIHIMI3allll MEepeBUTpPAT PECYpCiB Ta €Heprii, ToMy MHpu

JOCIIKEHH] TPOIECIB YEPBAYHOT €KCTPY3ii, MPUOPITETHUM € CTBOPEHHS HOBHUX
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EKCTPY31MHUX TMPOLIECiB Ta OO0JAaJHAHHA NpPU MAKCUMAJIbHOMY 3a0IIaKEHHI

MaTepiaTbHUX Ta EHEPTeTUYHUX pecypciB [77-86].

Jlns  oTpuMaHHS BHPOOIB BHCOKOI SIKOCTI

HEOOXI1THO,

o6 pobota

eKCTpyZAepa 1 MPOLECH, SKI MPOXOJITh B HhOMY, OyNIU CTaOUIBHUMH 1 MPOTIKAJIU B

pIBHOBOXKHOMY pexumi. OIHAK, MPAKTHUYHO 1€ BAXKKO PEalli3ye€TbCsl 4Yepe3 psijl

(hakTOpiB K1 XapaKTEePU3YIOTh Ta BU3HAYAIOTHIIPOIIEC €KCTPY3ii, Tabmuis 1.

Tabmuusg 1.1 — [MapameTpu, siki XapaKTepU3yIOTh MPOIIEC EKCTPY3il

BaacruBocTi cHpOBHHH

MexaHiuHi DiznuHi XimMivHi
: : Posnoain MonekymnsipHOi
dopma 1 po3Mip IrpaHyl I'yctuna A yp
Macu
Cunydicth [TuToma TerIoeMKICTh Booricts
Koedimient reprs B’s3kicTh posmiaBy TepmocTIHKICTh

TexHosoriuni onepauii

30Ha JKVBJICHHHA
IJIABJICHHSA

3oua gerasamii

30HA BUBAHTAKEHHHA

[Tomaua cupoBuHU

Jlo3yBanHs

[lepemilryBaHHs Ta
CTBOPEHHS THCKY

Cnoci0 maBJjieHHA

3HATTA HANPYXKEHb

[TinTpumka
PIBHOMIPHOTO
TEMIIEPATyPHOTO PEKUMY

CrucHeHHs Herazarris OinbTpyBaHHS
3oBHiIHI pakTOpH
. . . PeryaboBani
I'eomeTpuyHi po3mipu HoryxHicTh
napameTpu
: YacroTa obepTaHHs
Yeps’sk [TpuBin , P
4epB’siKa
Humiaap HarpiBanns Temneparypa
. - TpuBanicts nepedyBaHHs
®opmyrounii iHCTpyMeHT | OXO0JI0IKEHHS

Marepiaiy B eKCTpyaepi

IIpomecu, ski BigOyBarOTbCS B EKCTPyAeEpI,

JIOCTaTHLO cKkiIamHi. lle

OOYMOBIIIOETBCS PI3HOMAHITTSAM BJIACTUBOCTEH CHPOBHHM, HASBHICTIO PI3HUX
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TEXHOJIOTIYHUX OMepalliii, TICHO TOB’S3aHUX MiX C000I0, a TaKOX pPsIOM
peryJbOBaHUX 1 HEPETyJIbOBAaHUX 30BHIMIHIX (PAKTOPIB, SKi 1 BU3HAYAIOTH XapaKTep
MpolLIeCy EKCTPY3ii.

OminuTy 1 BpaxyBaTd CTYIIHb BIUIUBY YCIX LUX (AKTOpIB Ha MpPOLEC
eKCTpy3ii BaXKO, BHACIIOK TOro, IO OUIBIIICTE TEPMOIUIACTIB CYTTEBO
BIJIPI3HAETHCS 32 CBOIMH MEXaHIYHUMHM 1 TEIIO(I3UYHUMH BJIACTUBOCTIMHU, 1 JJIs
KOXXHOTO BHPOOY, SIKHA OTPUMYETHCS, BCTAHOBIIOETHCS CBiM peXuM poOOTH
eKcTpyziepa. 3po3yMijio, 10 KOHCTPYKIlIS YepB’sKa, ONTUMAJIbHA JJIsi MIEpEepOOKH
OJIHOTO TOJIIMEPY, MOXKE HE MIIXOIUTU AJiA 1HIOro. KoMIuiekTyBaTu eKCcTpyaepu
CHEIliaJbHUMH YepPBSIKAMA , BPaxXOBYIOUM IHPOKHA MApOYHHA aCOPTHUMEHT
MOJIIMEPIB 1 MUPOKY HOMEHKJIATYpPy OTPUMYBaHUX BUPOOIB, 3ajlaya CKJIajHa SIK 3
TEXHIYHOI TaK 1 €KOHOMIYHOI TOYKHM 30py. TOMy Ha NpaKTULI E€KCTPYIEpH, SK
MpaBUIO, KOMIUIEKTYIOTbCS YEpBSIKAMHM JJiIsi TEPEepOOKH BU3HAUCHUX TPyI
MoJIiMepiB B BHU3HAueHI BUpoOU. ToOTO MHpH KOHCTPYIOBaHHI 4YepB’siKa s
OKpPEMOT0 MoJIIMEPY HEOOX1THO BMITH BU3HAYATH SIK TIMOUHY KaHATY MO JOBXKHUHI
4yepB’sKa, TaK 1 KOOPAUHATH, J€ JIOIIJILHO BCTAHOBIIOBATH Pi3HI KOHCTPYKTUBHI
enementy [11, 22, 132].

Bracaigok 1poro OUIBIIICTE €KCTPY3IMHUX JIHIN TpaIoe 3 KoedilieHToM
KopucHOi nii 45-75% nipu 3a10BUIBHIN SIKOCTI ekcTpynary [38, 42—44]. 3po3ymiio,
[0 TMapaMeTpu pPO3IUIaBy, KWW HAIXOAUTh Ha (OpPMyBaHHS, a, BIAMOBIAHO 1
rOTOBUX BUPOOIB, 3HAXOJAUTHCS Y TICHOMY 3B’SI3KY 3 MPOJYKTUBHICTIO 1 3aJICKHUTh
BiJl KOHCTPYKTUBHHX OCOOJIMBOCTEH 4epB’sika 1 LUIIHApPA — TOJIOBHUX POOOYMX
OpraHiB YepB'TYHOTO EKCTPYepa.

Tomy mpu 301bIIIEHH] TPOAYKTUBHOCTI OCHOBHA 3ajladya MOJIATae B BUOOPI
KOHCTPYKTUBHHUX TIapaMeTpiB eKCTpylepa ski O 3a0e3nmedyuiaum  HEoOXIIHI
napameTpu po3IUIaBy MPY MIHIMAJIIBHHUX 3aTpaTax eHeprii.

AHani3 ICHYIOYMX TEXHIYHMX YMOB, pEIJIAMEHTIB Ta CTaHIapTiB Ha
nojiiMepHi BUpoOU (TpyOH, IUIIBKA, JUCTH) MOKa3aB, 110 JOIMYCKH HAa T€OMETPUYHI

po3mipu BupoOiB yacto Ha 10-15% nepeBumryroTh HOMiHAIBLHO HeoOXimaHi [6-10,
24-27].
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OmHuM 13 HUIAXIB 3a0IIAJKEHHS PECYpCIB Ta €Heprii mpu eKcTpysii
nojiMepiB Morjgo O OyTH 3MEHIICHHsS JAOMYCKIB HAa TEOMETPUYHI PO3MIpH.
JlocnmikeHHsT Ta aHalli3 MPOLECiB OJHOYEPBIUHOI €KCTpY3ii MoKaszaB, 110 30HA
JI03yBaHHS EKCTpyJAepa B 3Ha4yHI Mipi 4YyTiuBa 10 IMyJbCallii THUCKY, SKI
BUHUKAIOTh Yepe3 HEeCTaOUIbHICTh MPOIECIB B IMOMEPE/IHIX 30HaX IJIaBJICHHS Ta
YKUBJICHHS, 10 TPU3BOAUTH JO KOJMBAHHS MPOAYKTUBHOCTI, SIKI 1 € TPUYUHOIO
BCTAHOBJICHHSI 3aBHILIEHUX [OMYCKIB Ha TEOMETPHYHI pPO3MIpU. YCYHEHHs
nyJbCcaliil NPOAYKTUBHOCTI Jaio 0 3MOT'y 3MEHILUTH JOMYCKH, 10 MPU3BEJO0 O 110
CYTTEBOI €KOHOMIi MOJIIMEPY 1 €HEeprii, a TaKoXX 3HU3WIO O HABAaHTAXKCHHS Ha
€KOJIOT110, 3a PaXYHOK 3MEHIIEHHS KUJTbKOCTI CHPOBUHHU SIKa MOTpeOye yTUIi3alii.

[HIIMM IUIIXOM yJTOCKOHAJIEHHS MPOIIECY EKCTPY3ii € CTBOPEHHS KaCKaHUX
CXEM eKCTpy3ii, KOJM BeCh MpOIEC PO3AUBIETRCA HA OKpeMi omepaiii 3
MOJKJIMBICTIO aBTOHOMHOTO KepyBaHHs. [28—32]. Takwuii miaxij 103BOJISE

- THYYKO K€pyBaTH MPOIIECOM EKCTPY3ii;

- PO3IIUPUTHA HOMEHKJIATYPy NepepoOIFOBaHUX MAaTEPIaliB,;

- GKOHOMHUTH €HEpril0 3a PaxyHOK MOXKJIMBOCTI aBTOHOMHO BHOUpaTH

parioHaIbHI PEKUMU JJISI OKPEMUX OTIepaIliii;

- TakuM YMHOM NpY CTBOPEHHI EKCTPYAEPIB MPOCIHIIIKOBYIOTHCS JIBI OCHOBHI
TEHJICHITIT:

- MOJIepHi3allisl 3BUYaiHUX YHIBEPCAIBHUX EKCTPYAEPIB ILIIXOM PO3POOKHU
JUIST HUX BJIOCKOHAQJICHOI TEXHOJIOTIYHOI CXEeMH eKCTpy3li Ha 0a3l HOBOI
KOHCTPYKITIT 4epB’sIKa;

- CTBOPEHHS HOBHUX THITIB EKCTPYJIEPiB 3 KAaCKaJHUM pO3TAIlyBaHHSIM

YepB'sKiB (KaCKaIHUX €KCTPYJIEPIB).

1.2 CxemHu excTpy3ii HA 0a3i YepB’AKiB HOBOI KOHCTPYKIIl
Yy Yy

Haiibipin mpocTUM  yCTaTKyBaHHSIM JJIE  €KCTPY3li € OJHOIIHEKOBUU

(omHEUepB'sTUHMIT) eKCTpyAep 0e3 30HM Jera3aitii, pucyHok 1.1.
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Merepunr-3ona

1 - Oynkep; 2- yepB’sK (1IIHEK); 3- IITIHAP; 4- MTOPOKHUHA TSI TAPKY AL

BOJM; 5- HarpiBay; 6- popMyBajbHa TOJOBKA 3 aJIalITEPOM

Pucynok 1.2 — Cxema 01HOUEpB’ITYHOTO EKCTPyAepa
I'panynboBanuii mojiMep HaaXoauTh 13 OyHKepa 1 ekctpyzepa,
TPAHCIIOPTYEThCS B3JIOBXK ITWIiHApa 3 yepB’skoMm 2. Temiora, HeoOXigHa s
TJIABJICHHSI, TIPY BIJIMOBIAHINA T€OMETpii uepB’dKa MiJBOIUTHCS B OCHOBHOMY BiJl
npuBOAYy (HE MOKa3aHO) 3a PaXyHOK JUCHUIIALIL €Heprii 1 YaCTKOBO B1J] HAIPIBHUKIB
5, po3MillieHuX Ha MOBEpXHi mutiHapa 2. Hacumua maca nomimepy, o HaIXOIUTh,
MEHIIE TYCTUHU pO3IUJIaBy, TOMY B 00JacTi IUIaBJI€HHS O0’€M KaHAly 4epB’sdKa
MOCTYIIOBO 3MEHIITYEThCS 332 PAXYHOK 3MEHIIICHHS TITMOMHUA HAPI3KH 1 JOCUTD PIIKO
3a paXyHOK 3MEHIIICHHS IIMPUHHU KaHally (Kpoky Hapi3ku). [Ipu 1ibomy moBiTps,
AK€ 3HAXOAWTHCA B TMPOMIKKAX MDK TpaHyJaMH, BHUTHCKAEThCI Yepe3
3aBaHTaXXyBaJIbHy BOPOHKY 1. {51 3amo0iranHsa mepeayacHOMY IUIaBIIEHHIO, SIKE
YCKJIQJHIOE TPOIEC MOojAaul TpaHyls, LWIIHIAP B 30HI MOAAadl OXOJIOIKYETHCA

IIUPKYJIIOI0UO0I0 B KaHanax 4 Bojoro. [73-75].

[IpoyKTUBHICTh €KCTpyJepa 1 SKICTh MIATOTOBKH PO3IJIABY 3HAYHO
3ajieXaTh BIJl KOHCTPYKIIi 1 T€OMETpli OCHOBHOTO poOOYOro OpraHy - LIHEKa,

KOHCTPYKTHBHI 0COOJIMBOCTI SIKOTO Tpe/ICTaBeHI Ha pucynkax 1.2. Ta 1.3. [11,22].
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Pucynok 1.3 — KoncTpykiii mrHekiB 31 3MilTyBaJbHUMH €JIeMEHTaMH

[Ipu BHOOP1 KOHCTPYKTUBHUX MAapaMETPIB EKCTPYAEpa 3 METOIO 301IbIICHHS
MPOJAYKTUBHOCTI OCHOBHa 3ajaya TMoJisiTa€ B 3a0e3MedyeHHl HEeOOXiAHOi SIKOCTI
pO3IUIaBy MpU MIHIMaJbHUX 3aTparax 4acy. OCHOBHUM pOOOYMM OpPraHoM, IO
BIJIIOBIJIA€ 3a IMepedir mpouecy Ta SKICTb TOTOBOTO BHPOOY € 4epB K.
KoHcTpykilis 4epB’aKiB  3alieKUTh BiJ THUIy MAIIUHHU, PEOJOTIYHUX Ta

Ter10(13MYHUX BJIACTUBOCTEH MaTepiady, 1o IepepoOIIOeThC.

JIns OHOYEPB’SIYHUX EKCTPYAEPIB 3aCTOCOBYIOTh 3BHYAiiHI CTaHIApTHI
TPU30HHI YEPB’SIKM 31 3MINIYBAJILHUMHU €JIE€MEHTaMU a00 TMOJOBXKEHI I’ SITU30HH1
YyepB’sSKM 13 30HOKW jerazaiii. OcCTaHHI 4YacTilllé BUKOPUCTOBYIOTHCA IS
nepepoOKH TIrPOCKONIYHUX MarepiaiiB, IO NOTPeOyrTh NiACYIIYBaHHA Ta
BUJAJICHHS JIETKUX CHOJYK. 3 METOIO MOKPAIEHHS 3MIIyBaJlbHUX BIIACTUBOCTEN
yepB’sika Ta OTPUMaHHS TOMOTE€HHOIO PO3IUIaBy OyJjo  3ampONOHOBAHO
BCTAQHOBJICHHSI HA MOro BUXOJl 3MINIYBAJbHUX €JIEMEHTIB y BUIJISII
KyJnaukiB,roprnen i Take iHme [11]. Omnak, 1i¢ Npu3Beno 10 YCKJIaJIHCHHS
YepB’sIKiB, 3HI)KCHHSI HAMIPHOI XapaKTEPUCTUKH EKCTPyAepa, IO € CEepHO3HOI0

NEPETOHO0 Ha NUIAXY MiJBUIIEHHS MPOTyKTUBHOCTI.
Ha pucynky 1.3 [28-36] moka3aHi KOHCTPYKIII 4YepB’sSKiB, IO
BUKOpHUCTOBYIOThCSl y CLIIA Ta €Bpormi, Ta OCHOBHI BUIU Oap’€pHUX YEpB’sIKIB 3

PI3HUMH BUAAMH 3MIIIYIOYMX €JIEMEHTIB.
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a — TPU30HHUI KOMITpeCciiiHui uepB’sK; 6 — yepB’ak Uniroyal;

B — uepB’sik Maillefer; r — kommpeciitHuil yepB’siK 31 3MINITYBaIbLHOIO
cekuiero Maaoka; 1 — KOMIOpeCIHHUM 4epB’sIK 31 CTPHI)KHEBUM 3MIIIyBayeM; € —
Oap’epHUIl UepB’SK; K — Oap’epHUIA YepB’sIK 31 3MILITYBAJIbHOIO CEKLI€0 Maioka;
3 — I’ ITU30HHUH JCKOMITPECIHII YepB’sIK 13 CEKIII€I0 3CYBHOTO BILTUBY Ta
3MIIIYBaJIbHOIO CEKIIIE€I0; U — KOMIPECIMHUM YepB’SIK 13 CTPUIKHEBOIO CEKIIIEI0
3MINTYBaHHS; K — 0€3KOMIIPECITHUM YepB’sK 13 CEKI[ISIMU 3CYBY Ta 3MIIITyBaHHS; T,

M — Oap’€pHI YEPB’SIKH 13 CEKIIIMU 3CYBY Ta 3MIIIIyBaHHS;

Pucynok 1.4 — Konctpykuii uepB’siKiB OTHOUYEPB’ AUHUX EKCTPYIEPIB, IO

BUKOpHUCTOBYIOThCS y CIIIA Ta €Bpomni

Posnoain 30H 4epB’sika MOXKE BIJIPI3HATUCH 3QJIEKHO BiJl TEIJIO(PI3UIHUX Ta
PEOJIOTIYHMX BIIaCTUBOCTEH Matepiany[14—19].

JIJist 1bOro B CHCTEMI MPUBOAY MOKHA MEpeN0ayuTH MPAKTUYHO OYIb-IKYy
4acToTy oOepTaHHs 4YepB’siKa, a JUIsl MATPUMAHHS SIKOCTI PO3IUIaBY Ha 3aIaHOMY
piBHI B EKCTpyJepax, SKiI OCHAIEHI 3BUYAaWHUMH TPU3OHHHMH YEpPB’SIKaMU

3MIHIOIOTh FCOMeTpiIO YUCpBiAKad, BCTAHOBIIFOIOTH I[O,Z[&TKOBi 3MiH_IYIO‘II/I CIICMCHTHU

30UTBIITYIOYH TP IBOMY HOTO A0BXHHY. [11]:
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OcTaHHIM YacoM BIJHOIIIEHHS JOBXKHUHU Y€pB’sKa 0 HOro JiaMerpa 3pocio
Bix 20:1 mo 40:1 1 Ginbmie. Ane BHACHITOK 30UIBIICHHS YacTOTH OOepTaHHS 1
JIOBKMHU YepB’SKa 3HAYHO MIJBUIIMINCS 3HOUTYBaHHS Mapu «IMIIHIP-YEPB’SIK»,
3aTpaTd Ha PEMOHT Ta BUTOTOBJICHHS, 30UTBHIIMINCS TabapuTHI PO3MIpH Ta Maca,
10 3HMKYE X EKOHOMIYHICTh

ExcTpy3is mosiMepiB TpUBaIMi Yac po3riisjaanacs 3 MO3MIli, Koau QyHKIi
TpPaHCTIOPTYBaHHS, TOMOTEHI3allii Ta 3MIITyBaHHs MaTepiaiy, [0 MepepoOIIOeThCs
nepeIaBaiuCh OCTaHHIM 30HI eKCTpyJnepa — 30H1 jgo3yBaHHs [13—18. Bracminok
IOr0 OUIBIIICTh PO3PAXYHKIB BIIHOCUTHCS TIIBKH /O II1€1 30HM 1 B Oararbox
BUITJIKaX MPAKTUYHOTO 3aCTOCYBaHHS HE BUIIPABIAHI.

Psnom excnepumeHTaabHux poOiT [15,16] mokaszaHo, 1Mo MPOAYKTUBHICTH
EKCTpyJiepa B 3HAUHIN Mipi 3aJIeKUTh BiJl KOHCTPYKIIII 3aBaHTaXyBaJIbHOT 30HU. B
TaKOMY BWIAJKy 30Ha JKUBJICHHS BHUKOHYE pOJIb CBOEPITHOTO «HACOCY» ISt
MPUMYCOBOI TOJadl TBEPAOro Marepialy B HACTymHI 30HM ekcTpyaepa. Ciif
3a3HAYWTH, III0 BHUKOPWUCTAHHS BTYJOK 3 Ta3aMH B 3aBaHTaXYBAJIbHIM 30HI
JTO3BOJIMIIO 3a0€3MEeUNTH MIBUAKE HAPOCTaHHA TUCKY. OTKe, B 1HIIUX 30HaX Teyis
NOJIIMEPY MPOXOJAUTh MpPHU B €EMHOMY TPAJI€HTI THUCKY 1 NPOAYKTHUBHICTb
eKCTpyZiepa MPAaKTUYHO HE 3aJeKUTh Bia omopy (opmyrodoi rosoBku. s
3a0€3IeUeHHsl TMpale3aaTHOCTI 30HW 3aBaHTAXXEHHS ii, SK MPaBUIIO, IHTCHCUBHO
OXOJIOKYIOTh, OO 3aM00IrTH HAJIMITAHHIO MaTepially B Ma3ax.

ExcriepuMeHTH TIpoOBENEHI HAa TaKWX EKCTpyJepax MOKas3aid, IO BXKE Ha
BificTaHl 4-5 JiaMeTpiB BIJ 3aBaHTaXyBaJlbHOI TOPJOBUHU YTBOPIOETHCS
po3IUIaBiieHa ITiBKa HABKOJIO Iapy TBEPAOro marepiamy. BHacmigok HU3BKOI
TEIUIONPOBITHOCTI MaTepiady TOBIIMHA IUIIBKU 30UIBIIYETHCA OYXE IMOBLIBHO.
Tomy nns  IHTeHCH(iKalii  TEMIOOOMIHY MK  pO3IUIABJICHUMHU  Ta
HEPO3IUIABJICHUMH YaCTUHKAMHU MaTepiayly B 30HI1 TUTACTHKAIlli BCTAHOBIIOKOTHCS
3CYBHI Ta 3MINIyBajbHI €JIeMEHTH. [3 30HW TuIacTUKaIli MaTepial HaAXOAUTh 10
30HU 3MIITYBaHHsI, SKUWA TPEACTaBisie COO00 IIISHKY JOBXKUHOK 5-6 miameTpiB 3
OUTBIIOI0 Ta MOCTIHHOIO JOBXUHOIO KaHay, MICHs sIKO1 pO3TallloBaHa JUISHKA 13

e IMIMOIIOI HAPI3KOI0 JOBXKHHOIO 5 J1aMETpiB, KA OCHAIEHA 3MIlTyBAIbHUMU
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€JI€MEHTaMH y BUTJISI ITUQTIB, KyJTauKiB 1 T.J. 3aBASKH 30UIbIICHHIO TJTUOWHU
KaHaJy YHUKAIOTh 301JIbIICHHS TEIUIOTH TEPTSA B 30HI 3MIIIYBaJbHUX CJIEMEHTIB.
TakuMm 4MHOM YepB’ K MOKHA PO3AUIMTH HAa HACTYITHI 30HU: 30HA 3aXBaTy 1 Mojiayi
MaTepialy, 30Ha TOIMEPEeIHbOT0 HarpiBy 1 IUIACTHKAIli Ta 30Ha TOMOTEHi3allii.
BukopucTtaHHs Takoi CXeMH €KCTpy3ii [03BOJIMJIO I1HTEHCU(IKYBaTH MPOIIEC
OTPUMaHHS SIKICHOTO PO3IUIaBy, HE IMiJIBUILYIOYH TpPH LOMY TeMIIEpaTypu Ha
BUXO/JI1 3 EKCTPYAEpa.

MeHI1 IHTEHCUBHUN PICT TeMIIEpaTypy JI03BOJIsI€ 30UIBIIUTH YacCTOTY
oOepTaHHs YepB’sKa, Mo aae mpupict mpoaykTuBHOCTI Ha 30-50%. OmHak ciifg
BIJI3HAYUTH, 11O 31 30UIBIICHHSIM YacTOTH OOEpTaHHS 4YepB’sKa B 3HAYHIN Mipi
3arocTpuiiach mMpoOjemMa 3HOCY poOOYMX OpraHiB, a 3acCTOCYBaHHS PUQIICHHUX
BTYJIOK B 30HI 3aBaHTaXEHHS NOTpeOye MOTY>KHIIIOIO MPUBOAY Ta YHOPHUX
MITUITHUKOBUX BY3JiB. [0 TOTO % TEIJIOBI MPOIECH B TAKUX EKCTPYJEpax MaroTh
IHEepIINHUN XapakTep, 10 HE J03BOJISIE OMEPATUBHO KEPYBAaTH TEXHOJOTIYHHUMU
napameTpamu ekctpysii. [128-131]

Takum yuHOM TpU PO3POOIII HOBUX KOHCTPYKIIIHA YEpPBSKIB 30epiraerbcs
TEHJICHI[II Ha 30UIbIICHHS JOBXWHU TBUHTOBOIO KaHally 4YepB’sika, TOOTO
30UTBIIIEHHS TUISIXY, SIKHM MPOXOUTh YaCTUHKA TOJIMEPY BiJl 3aBaHTAKYBAJIbHOTO
OyHkepy 10 (opMyrouoro I1HCTPYMEHTY 3 IIOCHIJIOBHMM 3aCTOCYBaHHS

PI3HOMaHITHHUX 3MIIIyBaJbHUX €JIEMEHTIB BCTAHOBJIEHUX IO IOBXKMHI YEPB’sIKa.

1.3 KackaaHni cxeMu ekcTpy3il

OcraHHIM YacoM Bce OUIBII IMUPOKOTO BHKOPHCTaHHS B IepepoOrri
MOJIIMEPIB OTPUMYIOTh KAacKaJlHI CXeMH €KCTpPYy3ii, B OCHOBY KOHCTPYKIIi SIKMX
3aKJIaJICHO TPUHIIAI PO3AUICHHS] TEXHOJIOTTYHOTO MPOIIECY Ha OCHOBHI omepariii 3
MO>KJIMBICTIO aBTOHOMHOTO KepyBaHHA. lle mo3Bosisie BuOMpaTH ONTHUMAIBHI
pexuMu poOOTH EKCTpyAepa MpH AKICHOMY MPOBEAEHHI TEXHOJIOTTYHOTO TPOLIECY,

HE 3HIDKYIOYM HOro MpOAYKTHBHOCTI. Ha mpakTuill 3 aBTOHOMHUM YOPaBIIIHHSAM
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BUJIUIIOTBCSL HE BC1 LI omeparlii, a jumie Ti, AKI HOTpeOyITh OCOOJIMBOTO
TEXHOJIOTIYHOTO TIPOIIECY .

IIpu 3amaniii MacoBidi BuUTpaTi 1 (pIKCOBAaHHUX MapaMeTpax poO3IIaBy B
KacKaJHIA CXeMl € BeJMKa KUIbKICTb MOXJIMBUX BapiaHTIB KOHCTPYKTUBHOTO
BUKOHAHHS OKPEMHX KacKaiB, Kl B LIJIOMY 3a0e3MeuyroTh 11i mapamerpu [42, 74,
91 97-99]. Hampukiaa, MOKHa BHKOPHCTOBYBATH Pi3HI KOMOIHAIlT JiaMeTpiB
YepB’SIKIB €KCTPYACPIB OKPEMHX KacKaaiB MPW BIAMOBITHINA 3MiHI a00 4acTOTH
obepranns, ado BigHomeHHs L/D, a6o Toro i iHIIoro.

[Ipu cTBOpEHH1 TaKMX EKCTPYAEpiB HEOOXIJIHO BHUPILIUTU PAJ HACTYIMHUX
OCHOBHUX 3a/1a4:

- BUJIUICHHS OCHOBHUX OIlEpalliii 3 TEXHOJOTTYHOTO MIPOoLieCy MepepoOKu;

- BU3HAYEHHS MOXKJIMBOCTEHN iXHBOI IHTEHCU(IKALIIT;

- BUO1p BIJIMOBIJTHUX arperaTiB Ta BY3JiB, 110 3a0€3ME4YyIOTh TPOBEJACHHS Ta
KEepyBaHHA [IUMHU OTEpaIlisiMu;

- BU3HAYEHHS MOXKJIMBOCTI Y3TOJIKEHHS iXHBOI pOoOOTH;

- MOXJIMBICTh 3aCTOCYBaHHS B PI3HOMAHITHUX TEXHOJOTIYHUX JIHIAX
nepepoOKU MOTIMEPIB;

HaiiGinpimoro nmomupenHss Ha0ynu KacKagHl arperatu, Mo CKIaAaloThes 3
JIBOX EKCTpYyJAEpiB, fAKI BUOUPAIOTHCA B 3alCKHOCTI B TPUHHATOT CXEMHU
TEXHOJIOTIYHOTO MPOIECy NePepOOKH.

B onmHux Bumazkax NepmIMA EKCTpyJep NpHU3HAYEHUH JUIsl MiATOTOBKH
SKICHOTO PO3IIaBy, a APYTUid — AJid KOTro JO3yBaHHS.

3aCTOCOBYIOTh TAKOXK IHIIIY CXEMY MepepoOKH, MpH SIKIA MEepUINil eKCTpyaep
roTye arjioMepar, a Apyruil MpU3HAUYCHUA 1)1 KIHIIEBOTO JIOBE/ICHHS PO3IUIaBy Ta
J03yBaHHS HOTO 10 OPMYIOUOTO €JIEMEHTA.

[To mepmriéi cxemi B SKOCTI IUTACTHKYIOYOTO EKCTPyZEpa 3acTOCOBYIOTH
OJTHOYEPB’AYH1, TBOYEPB’ A4UHI, JITAHETAPHO-BAJIBIIEB1, YEPBIIHO-POTOPHI, JUCKOBI,
Ta 1HII BaplaHTU €KCTPYJEepiB, TOOTO, MAIIMHU 3 JIMHAMIYHUM 3MilIyBayeM, sKi

MalOTh ITiIBUIICHUN 3MINTyBATBHHUHN €(EKT.
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Ha npyrifi  cXoawHIll BCTAHOBIIOIOTH, NEPEBAXKHO, OJJHOYEPB’ TUHI
b b

eKCTpYAepH 3 JOBXHUHO YepB’ska 6...12D abo miectepenni Hacocu.

[Ipu 3acTocyBaHHI ApPYroi CXeMU Ha MEpUI CXOAWHIIl BCTAHOBIIOIOTH

OJTHO- 200 JIBOYEPB’STUHI EKCTPYACPH 3 TOBXKHHOIO uepB’ska 9.../ D Ta 3pudaitHum

YHUCJIOM 00€pTIB, a IPYT1i CXOAMHIII BCTAHOBIIOIOTH OJTHOYEPB’ SIUHUM EKCTPYIEP 3

noBxuHO0 yepB’ska 9...15D Ta wactoToro o6epTaHHs, 10 B IBa pa3u MEPEBUIILYE

3arajibHO IIPUUHATY.
Ha pucynkax 1.9 - 1.20 nHaBemeHo [esKl TPUKIAAM KacKaJHHUX
EKCTPYIEPIB.

Crnemiamicramu  AnoHcbkoi  pipmu  «CyMITOMO  JI€HKI»  pO3po0JIeHO
JIBOXCTaJIiiiHa BUCOKOIIBHUIKICHA ccTeMa eKcTpy3ii — TSP [34-36].

s cuctema nepeadavae Ha MEPIIiil cTaail MiABEAECHHS TEIUIOBOI €HEPrii 10
nepepoOJIIOBAHOI0 MaTepially Bij 30BHIIIHIX HArpiBayiB Ta MOMEPEAHE CTUCHEHHS
matepiany. Ha mepmniii crtamii rnmOuHa BUTKa 4YepB’sika, M0 00epTaeThCa 3
HOPMAJIbHOIO 4YacTOTOIO, OuIbIa, HDK TJIMOMHA BUTKA 30HU JKUBJIEHHS Y
3BUYAMHOTO €KCTPYyAepa, 1 TUM CaMUM JOCATAETHCS JCSKE 3MEHIIICHHS IIBUIKOCTI
3CYBY.

Ha npyriii cranii 30BHIIIHIN HarpiB NOTPIOEH B OCHOBHOMY JUJISl 3aIyCKY
MaIllIuHU, a B poO0YOMY peKuMi Tpoliec aaiabatuunuid, abo 3 oxonomkeHHsM. Ha
JIpyrifd cTajii TOJIOBHUM JIKEPEIOM €Heprii, 10 BUTPAYae€TbCcs Ha KIHIEBE
TUTABJICHHS Ta 3MINTyBaHHS MEPEPOOITFOBAHOTO MaTepialy, € eHepris AUCUMAILii, 110
BUHHKAE B PE3yJIbTAaTI BUCOKUX ITBUIKOCTEH 3CYBY.

Cuctema exctpysii TSP mae HacTymHi OCOOJMBOCTI: 4acToTa OOepTaHHS
YepB’sika Ha JPYTid CXOMWHIIN MO KpalHii Mipl B JBa pa3dl MEPEBUIIYE YACTOTY
oOepTaHHs YepB’IKa B 3BUYAMHUX EKCTPYyACpax; YEPB'sIK Ma€ JBi 30HU — KUBJICHHS
Ta f03yBanus, a BigHomenns L/ D <12, Tak sk Ha 1iif cTamil BUKOPUCTOBYETHCS
YepB'SK 3 MMJBHUIICHOI YacTOTOK OOEpTaHHS, TO BIH MOXE OYyTH MEHIIIOTO

J1aMeTpy, HIXK B 3BUYAHHOMY €KCTPY/epl Uil JOCSITHEHHS TI€1 K MPOAYKTUBHOCTI.
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Ha mnepmriii cramii excrpysii cuctemu TSP 3abesnedyeTbes TIaBICHHS
NpUOIU3HO MOJOBUHU KIJBKOCTI PO3ILJIaBy, TOJIOBHUM YHHOM, 3aBJSIKM 30BHIIITHIM
HarpiBauaMm 1 Horo ctucHeHHr0. Ha npyriit cramii BigOyBa€eThCs OCTATOYHE
TJTABJICHHS Ta TOMOTEHI3allisl po3IljIaBy, B OCHOBHOMY, 3aBISKH BHCOKIH 9acTOTI
oOepTaHHs YepB’sIKa Ha APYT1d CXOIUHIII.

VY BIANOBIAHOCTI 3 ONMKMCAHOIO CXEMOIO eKCTpy3ii pipma «Sumitomo Electric
Ind - LTD» po3poOuiia nBocTaaiiiHuii eKCcTpyaep, pucyHok 1.5, mo mae TexHivHi
napaMeTpHu, sKi HajaHi B Tabsmmi 1.2.

Tabmuus 1.2 — [MapameTpu qBocTamiitHOTO eKcTpyaepa Gpipmu Sumitomo

[Tapamerpn [lepma cranis Hpyra cranis
JiameTp 4epB’sika, MM 115 90
MaxkcuM. yactora 00epTaHHS, XB 80 350
JloB>KrHA yepB’siKa 13D 9D
[ToTy>HicTh nBUTYHA, KBT 55 37

ExcTpynep BUKOPUCTOBYEThCA ISl HAKJIAaJaHHA 1307501 Ha npoBid. Ilicius
MIATBEPKCHHST €(PEKTUBHOCTI JOCHITHOTO 3pa3zka dipma «CyMmITOMO JIEHKI»
po3pobuia Ta BHUIOTOBWIJIA CEpPII0 EKCTPYAEpIB, SAKI YCHINIHO MNPOHIUIN
BUNPOOYBaHHS B IPOMHUCIIOBOCTI MPOTITOM YOTUPHOX POKIB.

X mpoayKTHBHICT, NpH HAKJIAJAHHI 13071411 Ha Kabenb BUABMIAch Ha 70-
100% BwuILA, HIX NPOAYKTHBHICTh 3BHYAMHUX eKCTpyAepiB. OJHOUACHO 3HAYHO
MOKpAIIWIACh SKICTh MOBEPXHI BUPOOIB. EKCTpyepH 3 yCmixoM 3aCTOCOBYBAINCH
npu QopMyBaHHI MyCTOTUILHUX BHUPOOIB 3 I'PaHYJIbOBAHOTO mojieTuieHy. Ilpu
bOMY BIIMIYEHO 30UIbIIEHHS MPOIyKTUBHOCTI Ha 50-60%. [HIIa sAnoHchka dipMa
«Japan Steel Works Ltd» cTBOpmMia po3pobOusia ABOCTYIIHYATHN KaCKaJIHHUMA
exctpynep TS — 80/90, pucynok 1.6, mo cknagaerbcs 3 TOPU3OHTAIBHOTO
IUTACTUKYIOUOTO  JIBOYEPB'AYHOTO  €KCTpylaepa Ta  BEPTUKAJIBHOTO YU
TOPU30HTAILHOTO OJHOYEPB’SIMHOTO JO3YIOUOTO €KCTpynepa, 3’€IHAaHUX MIXK

c0o000 XpeCcTONMOAIOHUM LUIIIHIPOM.
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KinneBi wacTuHu 4yepB’sKkiB (POTOpPH) JABOYEPB’STYHOTO EKCTpyJepa MaroTh
1Bi a00 EeKiTbKa TBUHTOBUX JIOMATEH 3 KyTOM HAXWITy TPOTHIICKHAM KYTY HAXUITY

IBUHTOBOI HApi3KM YEpB’SKIB JUIS TIJABHUINCHHS IHTEHCUBHOCTI 3MIITyBaHHS

MaTepiaiB.
Ionivep t
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Pucynok 1.5 — CxeMa kackaaHoOTro ekcTpyaepa Gpipmu

Sumitomo Electric Ind - LTD
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Pucynok 1.6 — Cxema kackaaHoro ekctpyaepa dbipmu Japan Steel Works Ltd
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JIBOUepB’AUYHUN EKCTPYJEp OCHAIICHUI MPUCTPOEM OChOBOTO MEPEMIILICHHS
YepBsKIB U1 PETYJIIOBaHHS 3a30py MDK pOTOpaMM Ta KaHAJIOM IHIIIHIpA.
Benmnunna 3azopy Moxxe 3miHioBatucsa Bing 0 g0 20 MM, B 3aJle)KHOCTI BiJ
HEOOX1IHOTO CTYyMEHs 3MilllyBaHHs. EKCTpyaepu mepimoro ta Apyroro CTyHEHsS
ocHameni ueps’skamu 80 Ta 90 MM 3 BigHomenmsm L/D=5/1 Ta 13/1,
MaKCHMaJlbHa Yactota obepranHs skux 1000 ta 300 xB™ Ta eIEKTPOABHIYHAMHU
MOCTIHOTO CTpyMy moOTyXkHIicTIO 75 Ta 37 xBT, BiamosimHo. IloTyXHICTBH
HarpiBayviB HUJIHApPA EKCTpyJepa Nepiioi cxoauHku 2 kBT, apyroi cxogunku 12
kBT. XpecronoaiOHuii HUIIHIP, 0 TOEIHYE OOUABI CXOJUHKH, MA€ MOTYKHICTb
HarpiBaHHsi 3 kBT. IloTyXHICTh €leKTpOJBUTYHA BaKyyMHOTO Hacoca 5,5 kBT.
Taka KOHCTpPYKILIs KacKaJHOTO eKCTpyJepa 3abe3rneuye BUCOKOSKICHY IEpepoOKy
NPaKTUYHO BCIX BHJIB TEPMOIUIACTIB y 3aroTOBKH BHUPOOIB JUIsl BHUJIYBaHHSA,
IpaHyJI Ta eKCTPys3iiiHi npodinbHO-TaroHaxHi BupoOu [18].

Jli1st mepepoOKH MoJIiMepiB BUKOPUCTOBYIOTh TAKOK €KCTPYIEpU KACKaTHOTO
TUIy B SIKHX Ha MepuIiil crauii Juisl SKICHOTO Ta IHTEHCHUBHOTO 3MILIYBaHHS
poOoumii opraH, BUTOTOBJICHHI y BHIJISAI 4YepB’sSKa 3 30HOK TOMOTEHi3aIlli
IJIAaHETAPHOIO TUITY, KA PEICTaBIeHa Ha PUCYHKY 1.7.

ExcTpynep ckimamaerbcst 3 CTaHMHHM 2, Ha SKid BCTaHOBJCHI 3MimTyBad 6 1
03yr04a 4acTUHU eKcTpyzaepa 9 3 mpuBoaamu 1, 3. [lepepoOmatoBanuii maTepian 3
OyHkepa 4 4yepB’skoM 5, ne BiOyBa€ThCsl HArpiBaHHS Ta PO3ILJIABIIIOBAHHS
MOJIIMEPY, TOJAEThCS B 3a30pH IUIAHETAPHUX 3Millyroun eneMeHTiB 6. Ilicis
3MIITYBaHHS PO3ILJIaB MOJIMEPY Uepe3 KaMepy Jerasarlii 7 IpoXOoJuTh 10 BUTKIB
yepB’sika 8 J03yI0UO0i MMPUCTABKU EKCTpyJiepa 1 MOTIM B hopmytouy roiaoBky 10.

SIKicHU# IO TOMOT€HHOMY CKJIaJy pO3IUIaB MOJIMEPY MOKHA MIATrOTYBaTH,
BUKOPHUCTOBYIOUM HE CKJIAJHUN 3a KOHCTPYKTHMBHHUM BUKOHAHHSIM KacKaJIHUH
nuckoBo-4epB’ sunuid exctpyaep [120,121 130,131] kackamnoro tumy (puc. 7) B
IIbOMY EKCTpyJepl Ha mepInii crtajili BiAOyBaeThCsl IIJIABJICHHS Ta 3MIIIyBaHHS
MOJIIMEPY TOJOBHUM YHMHOM 3a PAaXyHOK TMEPETBOPEHHS MEXAHIYHOI €Heprii

IIPUBOJY B TEIIOBY.
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1, 3 — mpuBoH, 2 — cTaHUHA, 4 — OyHKep, 5 — uepB’AK, 6 — MIaHeTapHi
3MinryBadi, 7 — Kamepa Jerasaiiii, 8 — 4epB’sk, 9 — no3yroua yacTuHa
excTpynepa, 10— ¢popmyroua rojgoBka

Pucynok 1.7 — Cxema kackagHOTO €KCTpyaepa

Taka TexHOJOTIYHA omepaiis, SK J03yBaHHS, BUKOHYETbCA Ha
JIpyromMy po00O4OMy OpraHi MallMHH - OJTHOYEPB’IYHOMY eKCTpyaepl. B mpoMikKy
MDK KacKaJamMu 3a HEOOXITHOCTI TPOBOJATH Jera3alliio po3IUIaBy MOJIMEPY
Po6oTy 30H Y3rofKylOThb HE TUIBKM BHOOPOM T'€OMETPUYHHMX PO3MIPIB pOOOUMX
OpraHiB MaIlMHU Ta 3MIHOIO 3a30PiB AUCKOBOI 30HHU, aJie¢ ¥ PO3AITLHUM TiA00pOM

P000YO0T IBUIKOCTI HA KOXKHIN 13 30H.
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1 — 3aBaHTaXXyBaJIbHUMN NPUCTPIN; 2 — IIHEK; 3 — MIAMUITHAKOBI BY3/IH; 4 —
MEXaH13M peryJIOBaHHs 3a30piB; 5 —IBUTYH; 6 — €JEKTPONpPUBIT; 7 — YepB’sTUHA
MpHUCTaBKa; 8 — MucK; 9 — AuckoBa yacTuHa excTpyaepa; 10 — Oynkep; 11 —
BCTaBKa JMCKa

Pucynox 1.8 — Cxema kackaJIHOTO JUCKOBO-YEPB’TYHOTO EKCTpyIepa

[lepepobitoBanuii Marepiasi mHEKOM 2 3 OyHkepa 10 mojaeTbes B
3aBaHTAXXYBaJIbHY TOpPJOBUHY JUCKOBOTO €KCTpyAepa, [H€ 3aXOIUIIOEThCS
IBUHTOBOIO HApI3KOIO JMCKa 8. TOTIM Martepiaj po3JaUISEThCS HA JBa TOTOKH Ta
noTparisie B poOoYl 3a30pu AUCKa: A — YTBOPEHUH 30BHILIHBOIO MOBEPXHEIO
JUCKAa Ta KOpImycoM, b — yTBOpeHWW BHYTPINIHBOIO TOBEPXHEIO ANCKAa 8 Ta
BctaBkoto 11. [Tix aiero 3ycunb 3cyBYy, B 3a30pax Marepiaj MIaBUThCS, 3MIIIYETHCS
Ta TOMAETHCS JO YEPB’SIYHOI 30HM JIO3YBaHHS B KaHaJll MEpPEXoJy marepiainy 3
JMCKOBOI YaCTMHU B 4YEpB’SYHY BIJOYBa€ThCs BaKyyMyBaHHsS. [IpoayKTHBHICTH
TaKOTO eKCTpyJiepa PpEryirol0Th BapilOBaHHSAM IOJadl Marepiaay B JIUCKOBY
YaCTHHY €KCTPYIEPa, 3a TOMOMOTOI0 TOJIaTKOBOTO KHUBJICHHS, a AKICTh IEPEPOOKU
— 3MIHOI0 POOOYMX 3a30piB AUCKOBOI yacTHHM. Lle m03BOJsie mpaioBatd mpu

MOCTIAHIM  4YacToTi 00epTiB JuUCKa Ta  JIO3YKYOro 4epB’sika, TOOTO
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BUKOPUCTOBYBAaTH TIPUBI Ha ©0a31 aCHHXPOHHOTO JIBUT'YHA, IO IIiJIBUIIYE
HAAIMHICTh POOOTH EKCTPYJEpa Ta 3HUKYE OO0 EHEPrOEMHICTb.
Kackannwuii exctpynaep ¢ipmu Farrel Pomini [30]:pucynoxk 1.9.
OcoOMMBOCTIO €KCTpyZepa € BCTAHOBJICHHS Ha TMEpIIid CTajii 4epBSIIHO

POTOPHOTO 3MilllyBaya THUITY Farrel, mo nmo3Bossie pPO3MIUPUTH Tramy
nepepoOIIIOBaHUX MarepialiB Ta BUIYCKATH IIUPOKUNA CHEKTP BUPOOIB, BBOJIUTHU
TBEpAl 1 PIAKI aATUTHBH, TPOBOJUTH JEraszalfilo po3IJiaBiB, PpEryJIiOBaTH
MNOTYXHICTh  JUCHUMAIl Ta MIATPUMYBATH HEOOXIJHY TeMmIepaTrypy Ha

BUXO01

MayHxep
BEHTUN ALUOHHBIM
OTBEpCTHEM

= . Asurarens cmecutens
YacTku
yuacrkn Pama co cTo-

Pama c soas- POHbI NpUBOAA

HOM CTOPOHbBI 3ybuaTbiit peaykTop

3ameHuTens
bunsTpa Harpeganuelo
XNaxaeHue

P rorormr
JNoTok pasrpy3os-
Horo ByHkepa

Mopalowmi WHek Lunusap YNnopHbii PeaykTop Oeuratens 3KcTpyaepa

byHkepa NOAWKNHKK

Pucynok 1.9 — Kackanuuii ekctpynep ¢ipmu Farrel Pomini

AHaNM3yl0uMd ICHYIOYl CXEMH KacKaJHHX eKCTpyJepiB 1 iX amaparypHe
0ohopMIICHHSI MOKHO 3pOOHTH BUCHOBOK, 1110 Mai>Ke y BCIX €KCTpyJepax MpolecH
CTBOPEHHSI THUCKY Ta JIO3yBaHHS BHKOHYIOTBCA B'SI3KICHUM  YEpB'STYHUM
eKCTPYyAEepOM, MaKCHMajbHa TEOPETHYHAa EHEeproe(eKTUBHICTh SKOTO CKIaJae
33,3%, a Ha npakTHii BoHa He nepepuine 1 10%. [11, 15, 16, 104,105]. Tomy Taki

KacKaJlHI eKCTPYAECpU HE 3aBXKIU MOXKYTh 3aJ0BOJIBHUTH BUMOTH NEPEPOOHMUKIB,
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0COOJIMBO, B IJIaH1 TOMOTEHI3allli, THYYKOro 0€31HepIiifHOTO KEpYBaHHS MPOIECOM
nepepoOKH Ta CTablIbHOCTI MPOAYKTUBHOCTI Ha BUXO/I1 3 €KCTpy/epa.

TeopeTndHi 1 eKCHEPUMEHTAIbHI JIOCHIDKEHHA I10  YJIOCKOHAJICHHIO
npoleciB ekcTpysii , siki mpoBoasaThess Ha kadeapi MAXHB KIII im. Irops
CiKOpChKOro MOKa3aJid, 110 MPOIECH IIABJICHHS Ta TOMOTeHI3aIlli epeKkTUBHIIIe
POBOJMUTHU B TOJI1 BUCOKHUX HIBUAKOCTEN 3CYBY MpH He3HayHMX Thckax [102-105],
TOOTO peani3yloud MOJEINb JUCIEProBaHOTO TUIABJICHHS, AKa Y 4-5 pa3iB edekT.
WBHIIIA, 3a KJIAaCUYHY MPOOKOBY MOJIeNb IUIaBiaeHHS TaaMopa 1 moJisirae B TOMY,
II0 YacTMHKM TBEpIOTrO IOJIMEpy JUCIEproBaHi B  HOro  posiuiasi
[101,104,115,116] [Tpu upoMy miABHIIYEThCS iHTEHCH(DIKAIIISI TPOIECY TUTABICHHS
32 paxyHOK 30UIbIIEHHS TIUIONII TIOBEPXHI KOHTAaKTy TBEPAUX YACTUHOK 3
po3muiaBoM. [Iporiecu CTBOpEHHSI TUCKY Ta JO3YBaHHS €(EKTUBHIIIE BUKOHYBAaTH
OOEMHHM JIO3YIOUMM HAacOCOM 3 JKOPCTKOI0 HAIpHOI XapaKTePUCTHKOIO,
HaMpUKJIa] IECTePEHHUM HacocoM Jist po3iuiaBy [106-109,112].

3 ypaxyBaHHsM BuileckazaHoro Ha kadernpi MAXHB Oyna po3pobiiena
PECYPCOCHEPTOoIaHa CHCTeMa KacKaJHOi HUCKOBO-IIECTEPEHHOI eKCTPy3ii
(EKI), sixka nepenbayae BUBEIEHHS B aBTOHOMHO-KEPYEMI TaKUX OTEpalliid, siK
JI030BAaHE JKUBJICHHS, IUIABJIEHHS 1 TOMOTIEHi3allis, Ta J03YBaHHS pO3IUIABY,

pucyHok 1.10

Lozamap 1 2
I Cranin Cranin
Posnnabmobay gﬁ ElAer PoprybansHu
2oMozer3amap ‘jjg L’f’g "[UU IHCITDYMEHIT

Ponb - posnnabumd |

igzomybamy posnaab Pone - dosybanms

ang Ao3ybarns poannaby b somy
llepebazy duckobozo @oprybarms

excmpydepa — cmboperns llepebazu wecmeperHozo
O0HOpIOHOZ0 PO37/1a6L, Hacoca - Xopcmka
epexmubHe keplbarHs HAMPHA XAPaKIMEPUCITIUKG
FPOGYKIMLBHICITI.

Pucynok 1.10 — Cucrema kackagHoi eKcTpy3ii
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AnaptypHe oOpMIIEHHS IIi€l CUCTEMM IIpe/cTaBieHe Ha puc. 16, ne Ha
mepuni  cramii B SKOCTI PO3IUIABIIOBAYa-TOMOTEHI3aTOpa BUKOPHCTOBYETHCS
JUCKOBUI €KCTpyAep, SKUN Npalloe B PEXHUMI JI030BAHOTO JKUBJIEHHS, LIO
JI03BOJIIE TP HEBUCOKMX THUCKAX peali3yBaTh MOJENb JCHEProBaHOTO
IUIABJICHHS, B SKIH 3MEHIIYEThCS BUTpaTa eHeprii Ha IuiaBieHHs a0 30%,
TEeMIEpaTypa po3IUIaBy OUIbII OJHOPIAHA 1 HMUXKYA, JOBKMHA 30HM IJIABJICHHS
3MeHIIyeTbest B 2-4 pasu [104,115,116]. o Toro * MOKpAIIyeThCS KEPOBAHICTH
IPOLECOM IUIABJIEHHS 1 TOMOTEHI3allii 3a pPaxyHOK MOXJIMBOCTI PEryJIIOBaHHS
TEPMO-MEXaHIYHOTO HABAHTAKEHHSI HA IMOJIMEP MPH HE3MIHHIN MPOJTYKTUBHOCTI.
[le MOXIMBO B 3aBaHTKYBAJIHbHO-TIACTUKYIOYii 30H1 32 JOMTOMOTOI0 PEryIIOBaHHS

JacTOTH 0OepTaHHs IIIHEKA, a B IUCKOBIM 30H1 - BEJIUYMHOIO POOOUYOTO 3a30DYy.
[IlecTepeHHunii HACOC B KaCKaHIi CXeMl EKCTPY31i BUKOHYE MOJBINHY POJIb:

- TI0 TIeplIe€ BiH BHUPIBHIOE IyJbCAIlil0 PO3IUIABY 1 CTabUII3ye€ KOJIMBAHHS
IPOJYKTUBHOCTI, AKl, B OUIBIIOCTI BHIAJKIB, HE MEpPEBUILYIOTh 1% BIiX
HOMIHAJIBHOTO 3HAYEHHS, IO JO3BOJISIE BUITYCKATH MPOIYKIIIIO 3 MEHIITUMHU
JIOTTyCKaMu Ha T€OMETPUYHI PO3MIpU 31 3HAYHOI EKOHOMIEID CHPOBHHH 1
€HEprii, 10 1 € TOJIOBHOK €KOHOMIYHOIO MiJICTABOK0 BUKOPUCTAHHS TaKUX
HACOCIB JJISI I03YBaHHS PO3IJIaBiB MOJIIMEPIB;

- MO Jpyre BiH Ja€ 3MOTy 3HIMATH JEsIKe HAaBaHTAXCHHS 3 OCHOBHOTO
eKcTpyzepa (AMCKOBOTO YW YEpB’SYHOIO), O3BOJISIIOYM MOMY MpallOBaTH
IPU HIKYOMY THCKY 1, OTXKE, 3 MEHIIIMMH BUJIUICHHSIMH TEIUIOTH TepTs. Lle
MOXE€ B pe3yJbTaTi JaTh 3aolajpKeHHs eHeprii , abo 30UIbIICHHS
MPOYKTUBHOCTI, SIKIIO OOMEKYIOYMM YHHHHKOM € BHCOKa TeMIIEpaTypa.
Oco0MMBICTIO EKCTPYEpA € T€, M0 BC1 TPH MPUCTPOI ITHEKOBUH 103aTop 1,

JUCKOBUM eKcTpyaep 2 1 IIeCTepeHHUM Hacoc 3 OCHAIlleHI IpuBojgaMu 9,6,7 3
MOJKJIUBICTIO O€3CTYIIHYACTOTO pEryJIOBaHHS KYyTOBOi IIBHAKOCTI POOOYMX
OpraHiB, a TaKOX Te, 10 MIX JUCKOBHUM EKCTPYAEPOM 1 MIECTEPECHHUM HACOCOM
BCTAHOBJICHO KOMITEHCATOp 4, sIKWii Ma€e 3BOPOTHIM 3B’SI30K 13 MPUBOJOM J03aTOpa

Ta y3TOJKY€E MPOAYKTHBHICTh J03aTOPA 1 IECTEPEHHOT0 HACOCa.
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1-mmHeKoBUi 103aTOP; 2-TUCKOBUM EKCTPYIep; 3-IIIECTEPEHHUN HAcOC;
4-xommeHcatop ;9,6,7/-puBOIM 0OEPTOBUX OPraHiB KACKaTHOTO
eKcTpyepa; 8-topueBuil podounii 3a30p; 9-3aBaHTAKYBAILHO — MJIACTUKYBaIbHA
30Ha; 10-mpocemntorounii mpucTpiit

Pucynok 1.11 — Cxema KackaJIHOTO IUCKOBO-IIIECTEPEHHOTO EKCTpyIepa

[TepepoOiroBanmii  mojiiMep IIHEKOBUM J03aTOPOM 1 TIOJAEThCA B
3aBaHTAKYBAJIbHY TOPJIOBHUHY ITUCKOBOTO EKCTpyAepa 2, i€ BiH 3aXOIUTIOETHCA
0araTo3axiJHOI0 TBUHTOBOIO Hapi3KOI 3aBaHTaKyBaJbHO-TJIACTUKYBAJIBbHOI 30HU
9, po3irpiBa€eTbes, MIABUTHCS 3@ PaXyHOK €HEprii Jucunalii 1 y BUTJISAI1 PO3IUIaBy
HAJIXOJUTh Yy TOpIEBUM poOouuit 3a30p 8 AUCKOBOrO eKCTpylepa, Jie
3aBEepUIYETHCS TUIABJIICHHS MOdiMepy 1 Horo romoreHizamis. Ilig giero Bakyymy,

CTBOPCHOI'O B MEeCTCPCHHOMY Hacocl Ta THUCKY, SIKAM CTBOPHOETHCA
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3aBaHTaXKyBaAJIbHO-TUIACTUKYBAJIbHOIO 30HOIO Ta eexkrtoM BaliccenOepra posmiias
MOTaJja€ Ha BXIJ IIECTEPEHHOTO Hacoca 3, /€ 3aloBHIOE MIX3yOHI 3amaJuHu
IIecTepeHb, fAK1 MiJ Yac iX oOepTaHHs 3a0e3MeuyroTh NMEePEHECEHHS PO3IUIABY 1
BHUCOKUH THCK, HEOOXITHMI IS MPOXO/HKEHHS PO3IUIaBy 4Yepe3 APOCETIOI0Uni
npuctpii 10. HarpiBaui EH1 1 EH2 BHUKOpPHUCTOBYIOTHCS TIPH CTapTOBOMY
pO3IrpiBi, a 1ajll EKCTPYIEp MPaIloe B aBTOTEHHOMY PEXKHUMI.

AHami3 miTepaTypHUX Ta TATEHTHUX MaTepialliB, EKCIUTyaTalliifHi aHi
EKCTPYyZIepiB B TPOMHUCIOBUX yMOBaX, a TaKOXX HaBEJCHI EKCIEpPUMEHTANIbHI
poOOTU JOCHIAKYBAaHOTO OOJIaTHAHHS TMOKa3aiM, 10 BUKOPUCTAHHS KAacCKaJIHUX
EKCTPYIEPIB Y TEXHOJOTTYHUX JIHIAX JJI1 IEPEPOOKU TEPMOIUIACTIB Y MOPIBHIHHI
3 JHIAMH Ha 0a31 KJIACUYHUX OJTHOYEPBSIYHUX EKCTPYACPIB J1a€ MOXKIIUBICTh:

- 30UIBIIMTH TPOAYKTUBHICTH Ha 50-100% 3 ogHOYACHUM MOKpaIIEHHSIM

SAKOCT1 TIPOJYKIIi Ta 3HMKCHHSIM OCHOBHUX IMUTOMHUX TMOKa3HHMKIB Ha 20-

30%;

- 3AIMCHUTH MPOCTY Ta HAJIWHY Jera3aiiito po3IjiaBy;

- THYYKO Ta IIJICHAIIPABJICHO MTPOBOUTH TEXHOJIOTIYHI TIPOIIECH;

- PO3IIMPUTH HOMEHKJIATypy MaTepiaiiB, 10 MepepoOIIIOI0ThCS, Ta BUPOOIB,

110 OTPUMYIOTHCSA 3 HUX;

- 32 PaXyHOK HasiBHOCTI JIEKUIBKOX MPUBO/IIB PaIllOHATBHO TIEPEPO3NOAUISITH
MNOTYXHICTh MK KaCKaJaMu 1 TUM CaMUM NOKpalllyBaTh €HEPreTUYHI TOKa3HUKY;

- B okpemux Bunaakax miasummt tepmivauii KKJ 3a paxyHnok ontumizariii
BUJIUICHUX TIPOIIECIB Ta TIEPEBAKHOTO BUKOPHUCTAHHS B KacKalax eKCTPYIEpiB, 110
MPALIOIOTH B @BTOTEHHOMY PEXHMI.

Kpim Toro s0 nmepeBar KackaJHUX €KCTPYAEPiB MOXKHA BiTHECTH HACTYITHE:

- poboui opranu, AOBXKHHA SKMX B 2-4 pa3u MEHILA, HXK B CTAHAAPTHOMY
eKCTpyiepl, MPOCTI 32 KOHCTPYKITI€I0, HE TPYJAOEMHI B BUTOTOBJICHHI, HA/IIHI Ta
3py4Hi B €KCIUTyaTallil;

- PO3UICHHS MPOIECy Ha OKpEeM1 aBTOHOMHI omepariii 103BOJIsi€E YHUKHYTH B
KOHCTPYKIIAX BHCOKOHAaBAaHTA)XCHMX BY3JIB Ta JeTaleld, M0 3MEHIIY€

eHepro3arparT.
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3 ypaxyBaHHSIM BChOT'O BHILIEHABEIEHOTO O OCOOJIMBOCTEN 3apOIIOHOBAHOL
cuctemu exctpysii EKJIII mogaTkoBO MOXKHA BiTHECTH:

- BUKOPUCTaHHS B SIKOCTI PO3IUIABIIIOBA4a-rOMOreHI3aTopa JUCKOBOIO
eKCTpyziepa, sSKui 3abe3rnedye TIUIaBIICHHS TOJIIMEPY B TIOJI BHCOKHX
HIBUJKOCTEH 3CYyBY MpU BIIHOCHO HHU3bKOMY THCKY B ajia0aTHYHOMY
peXUMI;

- JI030BaHE XUBJICHHS JUCKOBOTO €KCTpyHepa, IO Ja€ MOXKIUBICTh 3MIHU
TEPMO-MEXaHIYHOTO HaBaHTAXCHHS Ha TIEpepoOIIIOBaHUIN MaTepiall MUISIXOM
3MIHM 4YacTOTH OOepTaHHS JMCKa 1 BEIMYMHM POOOYMX 3a30piB MpHU
HE3MIHHIM IPOYKTUBHOCTI;

— HEBHMCOKA METAJIOEMHICTD Y TIOPIBHSHHI 3 THIIMMH PO3ILIABIIOBAYaMU
1 NepeBaXKHE BHUKOPUCTAHHA €HEprii Jucunauii Juisl IUJIaBJIEHHS MOJIMEpYy
3a0e3neuye e(EeKTUBHE YIpaBIiHHSA TEIUIOBUM IMpOIECaMU Ta MOKpAIICHHS
TEPMIYHOTO K.K.1.;

— KOHCTPYKTHBHA CX€Ma MPOLECY €KCTPY3li Ta 0COOIMBOCTI AUCKOBOTO
EKCTpyJepa-po3IuIaBIoBadya 3a0e3neuyoTh B HEOOXITHMX BHIIaJIKaxX Jeras3alliro
arJioMepary 4epe3 3aBaHTaXyBaJIbHY TOPJIOBUHY PO3ILIABIIOBAYA.

Cnin Tako)X 3a3HAYMTH, 10 BUKOPHUCTAHHS TaKOi KacKagHOI  CXeMH
eKCTpy3li T03BOJISIE MOJCNIOBATH TMPOIECH 3 OUIbII YITKUMH TPAHUYHUMU
yMOBaMH, 3a0e3ledye  ONepaTHBHE YIPaBIiHHSA TpoIlecaMyd IUTABJICHHS Ta
rOMOTeHi3allli, a TAaKOX Ja€ MOXKJIMBICTD JIJII aBTOMATH3AIlii MPOIECIB IEPEPOOKH 3

BUKOPUCTAHHAM KOMI FOTEPHUX TEXHOJIOTIH.

1.4 AHaJiTYHI JOCTII2KEeHHSI IeCTEPEHHOT0 HACOCA MPH eKCTPY3il moJriMepiB.

AHaJi3 BiIOMUX HayKOBHX Tpailb Ta CUCTEMATHU30BaHI JOCHIKEHHS BITUN3HIHUX
Ta 3apyOiKHUX aBTOpiB TakuxX sk T.M. bamra, A.®. Ocinos, E.M. 1Oxain, E.A.
Pubkin, A.A. VYcoB, A.E. JleonoB, IL.P. Kyapssues, M.II. CaBynos, P.A.
I6parimos, JI.B. Bacur’es, A.M. Xapazos, B.. Kanamnikos, B.II. Caenk, E.M.
Xarimosuu, B.M. fIucon, B.H. ITpoxod’e, W.E. Wilson, M.L. Unna, R.W. Henke,
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T.E. Fitzgibbon, E. Hlawitschka, Oprean, W.M. Schlosser, M. Popov, Zalud F.,
Pohlenz W Ta immmx [47-67] moka3aB, mo BOHH B OCHOBHOMY IPHCBSYCHI
PO3pOOJICHHIO Ta aHaJli3y IMPOIIECIiB B IIECTEPEHHOMY HACOCI IPH MepeKadyyBaHHI
MaJIOB'SI3KUX HBIOTOHIBCHKUX PiIUH

[Ipu po3paxyHKax MPOJYKTUBHOCTI Ta MOTYKHOCTI IIECTEPEHHUX HACOCIB
O0arato aBTOPIB BHXOJATh a00 3 YKHCTO T'€OMETPUYHOI MPOAYKTHBHOCTI, abo
NOEIHYIOTh i 3 3aKOHAMU 3MIHM 3alleMJIEHOr0 O0’eMy pIAMHM, YU
BUKOPUCTOBYIOTh TUIbKU €MITIPUYH1 3aJI€KHOCTI.

Tomy ams  po3paxyHKy MPOIYKTUBHOCTI  IIECTEPEHHOTO  HACOCY
3aCTOCOBYETHCS BEJIMKA KUIBKICTh PI3HUX 32 CTPYKTYPOIO Ta TOYHICTIO (hopMmyJl.
Bce 11e He TUTBKM YCKIIQJHIOE, a 1 1HOJII POOUTH HEMOKIIMBOIO TIPABUIIBHY OIIHKY
Ta TOPIBHSHHS OKPEMHX TOKa3HHUKIB pOOOTH HACOCy, OTPUMAaHUX IpHU
3aCTOCYBaHHI Pi3HUX (HOPMYIL.

HetanpHuii  a”amiz3 00’€MHUX  BTpAaT  MNPOAYKTHUBHOCTI  BHACIIZOK
HEIO03alOBHEHHS Ta BHUTOKY PIAMHH Yepe3 3a30ph B IIECTEPEHHUX IO03YIOUHX
HAcocax, 3 OMIAAYy BUCOKHMX BHUMOT JO TOYHOCTI JO3yBaHHsI, CTa€ MPAKTUYHO
HEMOXXJIMBUM 0€3 3HaHHS TOYHOI BETUYMHU PoO0YOro 00’eMy HAcoCy.

Bci ichyroui B ganuit yac GopMmyiM s BU3HAYEHHS MPOAYKTHBHOCTI
IIECTEPEHHOT'0 HACOCY MOXHA PO3IUTUTH Ha JIBl TPYTIH:

1. HabGmmwxkeHni Gopmynu ckiIafeHl 3 MNPUIYIIEHb, 3HAYHO CIPOIIYIOTh iX
Burisia. Jlani popmynu MoKHA 3aCTOCYBATH JIJIsl PO3PAXYHKIB 10 Oyab-sSKOi
KOHCTPYKIIi IIIECTEpEeHHOTO Hacoca, OJHAK TIOMHJIKAa Y BH3HAYCHHI
TEOPETUYHOT MNPOAYKTUBHOCTI MPU 3aCTOCYBaHHI Takux (GOpMyIT MOXKe
nocsiratu +30% BiJg BEMWYWMHU TMPOAYKTHBHOCTI, IO OTPUMYETHCS MPHU
BUKOPHMCTAHHI HAcocy Ha cTeH Ii.[63-66]

2. Touni opmynu, BUBEJCHI Ha OCHOBI 3aKOHIB TEOpii 3yOUaTHX 3a4eTlICHb,
TEOPETUYHOT TIAPOJWHAMIKH, a TAaKOX 3 BPaXyBaHHAM KOHCTPYKTHBHHX
0COOJIMBOCTEN OKPEMHUX HACOCIB.

Jlo yucna HaOJMMKEHUX METOJIB PO3PAXYHKY BIAHOCATHCS (POPMYIH, IO

OTpUMaHl Ha OCHOBI TE€OMETPUYHUX PO3MIPIB IIECTEPEHHOTO HACOCY.



39

[IpyyoMy B 1ux MeTrojax 3y0 TIPEACTaBIAE€TbCS MPSIMOKYTHUM, HeE
BPaXOBYETHCS BIUTMB BJIACTUBOCTEH PIAMHM IO MEPEKAYYETHCS Ta BEIMUNHA

nepenaay TUCKIB.

Jlo umncna HaONIMKEHUX BIIHOCSATHCS HACTYIHI (DOPMYJIH, BUBEICHHS KOTPHUX

JOKJIaTHO OTKCAHO B JiiTeparypi [62-66]:

Q =2F z6 (1.1)
Q =2F zs (1.2)
Q, =3,5(Re’~Ri’)s (1.3)
Q :%(Dez— Di?)e (1.4)
Q,=7Ad (De—A4)s (1.5)

ne F_ — moina monepeyHoro mnepepisy 3yoa, MM

30
Z — 4ucio 3y0iB;
6 — IUprHa 3y0a, MM;
F , — Iuioma BoajinHu Mix 3y0amu, MM
De(Re) — miameTp (paziyc) Kojia BUCTYIIIB 3y0iB IIECTEPHI, MM;
Di(Ri) — niameTp (paniyc) Koyia MbK3yOHUX BIAIUH, MM;
A, — MIKIIEHTpOBA BIJCTaHb MPU BUIIPABICHOMY (KOPUTOBAaHOMY) 3a4eIUICHHI,
MM.
®opmyna (1.1) mana BUXOAAYM 3 TPUIYIICHHS, IO KOXKEH 3y0 3a OJUH
o0epT mogae 00’ eM, 10 pIBHUN JOOYTKY IUIOINI HOTO Mepepi3y Ha MIUPHUHY.
®opmymna (1.2) Bigpizusierbes Bia (1.1) Tum, 110 B Hill IPUHHATHN HE 00’ €M
3y0a, a 00’e€M BHaJUHMU.
®opmynu (1.1) Ta (1.2) BUBeneH1 BUXOAIYH 3 IPUITYIIEHHS, IO TIIOMI 3y0iB
Ta BIAJWH PiBHI, [0 HE 30BCIM BIPHO, TOMY II€ TPUITYIIEHHS MPUBOAHUTH JI0
3HAYHUX MMOXUOOK, 110 BUIHO 3 pooiT [62—63].
3rigao popmyini (1.3) (popmymna Danbia), KITbKICTh PIAMHY, IO TOIAETHCS

HAcOCOM, 3pOCTa€ 31 3MEHIIIEHHSM paJiiyca KoJia Hi>KOK 3y0iB Ri; 1110 HE BIJIMOBiIa€
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JTIACHOCTI, TOMY 110 O00’€M PIAMHH, IO 3HAXOJIUTHCS MIXK BEPIIMHOIO Ta JTHOM
BITAJIMHU 3a4YeIIeHUX 3yOiB, MEPEHOCUTHCSA Ha3aJl B KaMepy BCMOKTYBaHHS 1 HE
BHU3HAa4ae MPOAYKTUBHOCTI Hacocy [37].

3a dhopmymnoro (1.4) mMpoAYKTHBHICTE HACOCY BUXOIUTH JEMIO 3aBHINCHOIO,
Tak Ak 1g ¢opmyna, Tak ke 1 gk (1.3), He BpaxoBye 00’eMy pIIMHH, IO

MCPCKATYETHCA Ha3aJd B 30HY BCMOKTYBAHHA.

1.5 YTouHeHi MeTOAU PO3PaXyHKY MPOAYKTHUBHOCTI Hacocy

[Ipy yTOo4HEHOMY METOJIi PO3paxyHKy MPOIYKTHBHICTH PO3PaxOBYIOTH 3a
dbopmynorw[36]:
qu = Qm - Q@m - Q@c (16)

Teopernuna 00’eMHa NPOAYKTUBHICTE Q, pO3PaxOBYETbCS BUXOAAYU 3

Teopii €BOJBBEHTHOTO 3a4eIUICHHS 3 BpaXyBaHHSIM 3allleMJICHOT0 00’€My piauHH
gu 0e3 Hporo [57-61].

Jlo wuucia TouHUX (QOpMyN i BHU3HAYEHHS NPOAYKTHBHOCTI Q,

IIECTEPEHHOT0 Hacocy BigHocutbest (opmyna mnpod. [ .Toma [63], xoTpa
CIpaBeyIUBa IS 3a4elVICHHS 3 HOPMAaJIbHMM OOKOBHUM 3a30pOM Yy BHUIAIKY
MOBHOTO BUKOPUCTAHHS PIIUHU 3alIEMJICHOTO 00’€My TIPH CTENEHl MEePEeKPUTTS

E=1:

Q, =276en| Re’~R*— L
(1.7)

ne fy — Kpok 3aderyieHHs 3yOiB 10 OCHOBHOMY KOJIy B HOPMAaJbHOMY
nepepisi, Mm; D(R) — miameTp (paaiyc) OCHOBHOTO KOJIa, MM.

Amnanoriuny gopmyny orpumas Oain €.M. [62].

[TpoayKTHBHICTh IIECTEPEHHOTO HACOCY 3 €BOJBBEHTHHM 3a4CTICHHSM,
HOpMaJbHUM OOKOBHMM 3a30pOM Ta IEBHUM IMOJIO)KEHHSM PO3BAHTAXYBAaJIbHOTO

nasy Moke OyTH TOUYHO BH3HAUYeHa MO (opMysax, 3ampOMOHOBAHUX MPOQd.

Bamroro T.M. B pobotax [64,65]:
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2le ) , 1P
=————|m+mz—— 1.8
& mCOSak( 12} (19)
Q, =2-76-(R’ —R’-m’-cosa,) (1.9)

ae | — nosxuHa poOOYOT AUIAHKH JIiHIT 3aYETICHHS, MM.

®opmyny (1.8) aBTop [41] nepeTBOprO€ Ta IPUBOAUTH O BUTIISIAY:

|2

Q, = 27[6[m22 +m’ — Ej (1.10)

. 2 .
SIK110 B HiMi BUHECTH 3a AYKKH M~y IEepHIMX ABOX YJICHIB, TO OTPUMAEMO

bopmyiy:
Q, = 272'6{1712 (Z +1)£} (1.11)

3acTocyBaBIIM BIJIHOUIEHHS €JIEMEHTapHOI Ta €BOJBBEHTHOI T'€OMETpIi,
Pubkin €.A. ta YcoB A.A. B cBoiil po6oTi [63] 3anmporoHyBai TOYHY (POPMYITY
JUUIS. BU3HAYEHHSI TIPOIYKTUBHOCTI IIECTEPEHHUX HACOCIB 3 HOPMaJIbHUM OOKOBUM

3a30pOoM 0€3 BUKOPUCTAHHS «HAJIUIITKOBOTO 00’ €MY»:

2 4
Q, = 27zRg{tg2ae —tg’a, — ”—2(52 28+ (1.12)
Z
Ta 3 BAKOPHUCTAHHAM «HAJJTUIIIKOBOTO 00’ €MY» 3aIIEMJICHOTO MMPOCTOPY:
l 2
Q, = ZﬂRé{tgzae —tg%, — 5”—2} (1.13)
VA

1€ &, — KyT TUCKY B TOYIIi TPO(III0 HA KOJII BUCTYIIB, Tpal.
Kpim Toro, aBropu 3ampomnoHyBaji 1 TOYHI (OpMyJIH TIpU 0€33a30pHOMY

3aueryIeHH] MeCTepeHb 0€3 BUKOPUCTAHHS «HAJTUIIIKOBOTO 00'eMy»:
2
2 2 2 T 2 1
QTZZEROG{tg o, —tg ak—?(f —§+§ﬂ (1.14)
Ta 3 BUKOPUCTAHHSIM «HAJIJIUIIKOBOTO 00’ €MY» 3aIl[EeMJICHOTO TPOCTOPY:

2
Q, = 27Z'R06|:Z‘g20(e —1ga, — é%} (1.15)
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Hapeneni Tyt TOuHi (popMysid BHBEJEHI 3 BpaxyBaHHSM OCOOJIMBOCTEN
KOHCTPYKIIIi Ta BUMOT TiAPOMPOBOAY Ta JHUIIE B OKPEMHX YaCTKOBUX BHIAJKax
MOXYTb 3aCTOCOBYBAaTHUCh IIPH PpO3paxyHKy HPOAYKTHBHOCTI LIECTEPEHHUX
HACOCIB MPH 103yBaHH1 BUCOKOB’A3KUX PO3IUIABIB MOJIIMEPIB.

TeopeTnuHi OCHOBM IO WIECTEPEHHMM HAacocaM CTOCOBHO BUMOT
MIPOMUCIIOBOCTI XIMIYHMX BOJIOKOH po3risiHyTi biromGeprom .M. B poGoTi [66], B
KOTpii TaKoX JaHI KOHCTPYKTHBHI OCOOJMBOCTI OKPEMHUX THUIIB IIECTEPEHHUX
JO3YIOUMX HACOCIB, JaHa METOJUKa iX BUIPOOOBYBaHHS, PO3IJIIHYTO BILUIUB
OKpPEMHUX KOHCTPYKTMBHHX MapaMeTPIB Ha SIKICTb pOOOTH HAcoCy.

B poboti mpuBeneHi HacTymHi (OpMYIH I PO3PAXYHKY TEOPETUUHOI

MPOYKTUBHOCTI:3 HOPMaJIbHUM OOKOBHUM 3a30poM mpu & =1

2
Q- g2 gt (1.16)
Yo,
ne U=I/2 — nosxuHa miHii 3a4eTUIEHHS, MM;
£ — paJlyc OCHOBHOTO KOJia, MM
npu £>1 6€e3 BUKOPUCTaHHS 3alleMJIEHOTO 00’ eMy
2 2
Q, - 2t,z Re’—R— t, —3t,U +U (1.17)
yo, 3
[Ipu moBHOMY BUKOPHCTaHHI 3alIeMJIEHOTO 00’ €My
2
Q ==%/R *-R:-L (118
Yo, 12

1.6 IloTy:XkHicTh NPUBOAY HIECTEPEHHOT0 HACOCY

[ToTyXHICTb MPUBOLY BUTPAYAETHCS HA CTBOPEHHSI THUCKY, MOJOJIAHHS CHJI
TEPTS Ta Ha TNOJOJAHHS CHJI OMNOpYy, WIIO 3B’SI3aHMA 3 TIAPABIIYHUMU Ta
MEXaHIYHUMHU BTpatamMud. B 3aragpHOMy BurIAal (GopMyla MOTYXHOCTI

3aMucyeThes Tak [62]:
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Ap'QT
e i 1 1.19
v =250.0 11e] (1.19)

ne Q; — TeopeTuYHa MPOAYKTHBHICTS, J1/XB.;
- - 2.
Ap — mepenaja TUCKY MK HarHITAIOUOIO Ta BCMOKTYIOUOIO TIOPOKHUHOIO, KI/CM”,

n —nosuuit KKJI Hacocy, KoTpuii BU3HAYA€THCS 32 HACTYITHOO (POPMYIIOIO:

1_ qym + qsc
n= Zq_Tﬂ , (1.20)
21+ =M,
Or 'Ap

Jie (|, — BTpaTH piJIMHH Yepes3 3a30pH, cm®/06;

q,. — BTpaTa NpOAYKTUBHOCTI IPU BCMOKTYBaHHI, cM*/06;
g, — TEOpPETUYHA IPOYKTUBHICTb, cM*/06;

1! — noBHuii Mexauniunuit KKJI;

M ,— MOMEHT XOJIOCTOTI'O XOAY, KI.CM.

AHaJli3 BUIIE MPUBEIACHUX PIBHSAHB ITOKA3ye, 110 B HUX IPH MOJICIIOBaHHI
IIPOLIECIB MEPEHECEHHsI MPU EKCTPY3il pO3IUIaBiB MOJIMEPIB HE BPAXOBYIOTHCS
0COOJIMBI YMOBHM B SIKMX MpAIlOIOTh IIECTEpEHHI Hacocu. Tomy, 10 po3IIaBu
MOJIMEpPiB 1€ TICEBAOIIACTUYHI PIAUHU, 1X B’S3KICTh 3aJICKHUTh BiJ IIBUIKOCTI
3CYBY Ta TeMImepaTypu 1 MOXE€ 3MIHIOBATHUCh B Jiama3oHi Big 3 10 4000011a c,
TeMIiepaTypa Moxe csrati 400°C, a THCK 3poctatu 10 70MIla IloBepxHi Tepts

B TaKMX HAcocCax 3MallyIOThCS YaCTHHOK PO3IUIaBy, sSKa TMOBEPTAETHCS dYepes
rapaHTOBaHI 3a30pH HA BX1Jl HAcOCa 3a paXyHOK rnepenaay TUckiB [54-60]. Pexxumu
poOOTH IIECTEPEHHUX HACOCIB Ta iX MapaMeTpu 3a TaKUX YMOB MaJl0 BHBYEHI,
TOMY JOCHIDKCHHS IIECTEPeHHUX HACOCIB B yMOBaxX KacKagaHOi eKCTpy3ii

PO3IUIAaBIB MOJTIMEPIB € AKTYyaJILHOIO 33/1a49€H0.
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1.7 BucHoBok

Ornan cydacHOro CTaHy eKCTpy3iMiHOro oOyiaJlHaHHA T[OKa3ye, M0 B
OCTaHHIM 4Yac y 3B’S3Ky 31 3pOCTAlOUYMMHU OOCSTaMH BHUPOOHHUIITBA TOJIMEPHOI
MPOAYKIIT Ta BUCOKUMH BUMOTAMH III0JI0 ii SIKOCTI B HOTO PO3BUTKY BCTAHOBUJIHCS
JIB1 OCHOBHI TE€HICHIII:

— MOJEpHI3aIlisl ICHYIOUMX YHIBEpCaJbHUX EKCTPYAEpIB  LUIIXOM
PO3pOOKH HOBHMX KOHCTPYKIIIH 4YEpB’SKIB Ta BIOCKOHAJICHOI CXEMH
eKCTPYy3ii;

— CTBOPCHHS HOBHIX THIIB EKCTPYAEPIB 3 BHKOPHUCTAHHSM KacKaJIHOT
CXEMH EKCTPY3ii.

AHani3 BIIOMUX KacKaJHHUX CXEM €KCTpy3ii IMoKa3ye, 110 Ha NepIIiid cTaili,
SK MPaBUJIO, 3aCTOCOBYETHCSA E€KCTPYIEP SIKUN BOJIO/II€ BUCOKUM TUIACTUPIKYIOUUM
1 3miyrounm edektom. Ha apyriit ctaaii muist 7o3yBaHHS pO3IUIaBy 3aCTOCOBYIOTh
YEpBSIYHUI eKCTpYaep, ad0 IIeCTepEeHHUIN HAcoC.

Ha ocHOBI aHamizy JmiTepaTypHHX 1 TMaTeHTHUX MaTepiamiB Oyna
3apONOHOBAHA  CXeMa  KAaCKaJHOI  JMCKOBO-IIECTEPEHHOI  eKCTpy3ii 3
BUKOPUCTAHHSAM Yy SIKOCTI T€HEepaTopa PO3IUIaBy — JUCKOBOTO €KCTpynepa, a s
CTBOPEHHS THCKY Ta JJO3YBaHHS pO3IUIaBy — IeCcTepeHHoro Hacoca [79, 106-110].

3acToCyBaHHS TaKOi KacKaJHOI CXEMH B TEXHOJIOTIYHUX JIHISIX JJIs
eKCTpy3li MOJIMEpPIB JO3BOJISIE THYYKO KEpyBaTH TWIPOLIECOM EKCTpy3ii 1
BCTAHOBJIIOBAaTH ONTUMAaJbHI pexXUMU oreparniiii. [lnaBneHHs 1 romoreHi3amis B
TaKOMy EKCTpyJAepi BiOYBaIOThCS 3a BUCOKHMX IIBHJIKOCTEH 3CYBY M BIJHOCHO
HEBEIMKNX  THUCKIB 3  MOXJIHBICTIO  DPETYJIOBAaHHS  TEPMOMEXaHIYHOTO
HAaBaHTAXXEHHS Ha PO3IUIAB 3aBISKH MOXJIMBOCTI 3MIHM IMIBUIKOCTI OOEpTaHHS
YepB’SIYHO-AUCKOBOT 4acTUHU. B  1auckoBii 30HI BiOyBa€Tbcs KEpOBaHE
JUCTEepryroue MepeMilllyBaHHs 3aBISKA MOXJIMBOCTI 3MIHM BEJIMYUHU POOOYOTrO
3a30py MNpU CTadiil MPOAYKTUBHOCTI. KackajHi cXeMHu eKCTpy3ii J103BOJISIIOTH 3a
paxyHOK ONTHMI3allii MPOIECIB 1 MOXKIMBOCTI MEPEPO3NOLTY MOTYKHOCTI MIXK

KacKaJlaMH 30UIbIIUTH NMPOAYKTUBHICTE Ha 50-100% 3 oHOYaCHUM II1JBUILICHHSIM
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SKOCT1 MPOAYKIIIT 1 MOKPAIIEHHSIM MUTOMUX MOoKa3HUKIB Ha 20-30%. 3acTocyBaHHs
IIECTEPEHHOT'0 Hacoca JJIsi CTBOPEHHS THUCKY 1 JI03yBaHHS PO3ILJIaBy J03BOJISE 32
pPaxyHOK 3MEHIIEHHS JIONMYCKIB Ha reOMeTpUYHI po3Mipu 3aommaaxyBatu 10 4%
HoJIiMepy Ta €Heprii.

[IpoIyKTUBHICTh KacCKagHOTO EKCTpyAepa OOMEXYIOThCS MPOAYKTHBHICTIO
HIECTEPEHHOT0 Hacoca, TOMY pO3po0Ka METOJIMKM Ta alrOpUTMy pO3paxyHKY

IPOIIECIB, SIKI MPOTIKAIOTh B HHOMY € aKTyaJbHOIO 337a4€lO.

1.8 Mera Ta 3a1a4i J0CJOiIKeHHHA

Meroto pobOTH € HaykoBe OOIPYHTYBaHHSA TPOIECYy NepepoOsICHHS
MOJIMEPIB 13 3aCTOCYBaHHSM KacCKaJHOI JIUCKOBO-IIECTEPEHHOT EKCTPy3ii Ta
po3po0seHHs eHeproeeKTUBHOTO 00IaIHAHHS.

JIist TOCSITHEHHSI TIOCTaBJIGHOT METH HEOOXIJHO BHMKOHATH Takl 3ajadi
JOCIIIKEHHS:

- OOIrpyHTYBaTH CXeMy KacCKaJHOi eKCTpy3ii Ta BHOIp BiAMOBIIHOTO
00713 THAaHHS;

- BHU3HAYUTH  (DYHKI[IOHAJIBHI PEXUMH POOOTH  OONagHAHHS  MpHU
nepepoOJIeHH] IMOJIIMEPIB;

- pO3pOOUTH CUCTEMY KacKaJHOI €KCTpy3li Ta BIAMOBIIHE OOJIaJIHAHHS 3
BUKOPUCTAHHSAM B SIKOCTI PO3IUIABIIIOBAaYa-TOMOTEHI3aTOpa IMCKOBOTO €KCTpyIepa
3 J030BaHUM JKHMBJICHHSM, a B SIKOCTI TEHEpaTOpa THUCKY Ta J03aTopa PO3ILIaBY-
IIECTEPEHHOTO HACOCAa;

- PO3pOOUTH Y3TOJKEHI PEXKUMH POOOTH J103aTOpa TOJIIMEPY, THUCKOBOTO
EKCTpyJiepa Ta IMEeCTePEHHOT0 HACOCa;

- po3pobutu (i3UYHy Ta MaTeMaTUYHy MOJEINI MPOIECIB TEePEHECEHHS
BHCOKOB’SI3KMX PO3IIJIABIB MOTIMEPIB MIECTEPEHHUM HACOCOM;

- pO3pPOOUTH METOIUKY MAOCIHIDKEHb Ta CTBOPHTH CKCICPHUMCHTAIBHY
YCTaHOBKY;

- TEPEeBIPUTH aJeKBATHICTh (PI3UYHOI Ta MATEMATUYHOI MOJEIICH;
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- pO3pOOHUTH METOAMKY Ta AJITOPUTM PO3PAXyHKYy OCHOBHHUX IapaMeTpiB
HIECTEPEHHOTO HAacOCca MPH eKCTPY3ii MOTIMEpIB;
- po3poOWMTH peKOMEHIAIil [I0A0 MPOEKTYBaHHS Ta  eKCIUTyaTaii

KaCKaIHOTO JMCKOBO-IIIECTEPEHHOTO EKCTPYIEPA.
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2. MOAEJIIOBAHHS NTPOLECIB IIEPEHECEHHS B LIECTEPEHHOMY
HACOCI

2.1 ®diznyHa MoJeJIb POLECIB NepeHeCeHHs

3 KOKHHUM JTHEM BUKOPUCTaHHS IECTEPEHHUX HACOCIB B JIHIAX AJIA €KCTPY3ii
MOJIIMEPIB CTae naefani momyispHimuM. lle moB’s3aHO HE TUTBKH 3 THM, IO
HIECTEPEHH]I HACOCU J1al0Th MOKJIMBICTh OTPUMYBATH KIHIIEBUM NPOAYKTHU BHUIIOI
SKOCTI, aje ¥ 3 THUM, II0 BOHHM BHKOPUCTOBYIOTHCA SIK 3araJbHOBHU3HAHUN
IHCTPYMEHT IS MOKPAIIeHHs! €(PEKTUBHOCTI Ta 3PYYHOCTI B BUKOPHUCTAHHI BCIET
eKcTpy3iiHoi JiHii. [Ipaimtoroun 3 eKcTpyaepoM SIK €lMHA CHUCTEMa LIECTEPEHHI
HAacOCH TMO€AHAIA B cOOl Takl KIIIOUOBI XapaKTEPUCTUKH, O€3 SKUX ChOTOJHI
HEMOXJIMBO Oyso O BIANOBIAATH MOCTIMHO 3pOCTAlOYUM BUMOraM J0 SIKOCTI
OPOAYKIli Ta  EKOHOMIYHOCTI. BcraHoBineHWN MK — €KCTpylIepoM  Ta
(bopMyBaNBHOIO TOJIOBKOIO HACOC JI03BOJISIE BUBECTH €Tall BUPOOHMIITBA HA SKICHO
HOBUH PIBEHB, JOCITTH OIBIIOI TOYHOCTI 1 IKOCT1 TIPU BUTOTOBJICHHI MIPOYKITT Ta
3po0OUTH TPOIIEC PECYPCOCHEPTOEHEKTUBHUM.

[lectepennuii Hacoc, pucyHok 2.1,— e 3yOuarta mepemada, ska BIacHe, 1
yTBOpIO€ Hacoc. Po3mnas, sSikuii HaAXOAWUThH 3 PO3IUIABIIOBaYa-rOMOreHi3aTopa y
BXIJTHUHM OTBIp IIECTEPEHHOTO HAacOca, NOTpaIIsie B Mi>Xk3yOHI BOAJUHU IECTEPEHb
1 TEepPEHOCUTbCSI HHUMHU A0 BUXIAHOrO oTBOpY. OnHa mIecTepHs pyXaeThCcs 3a
JIOTIOMOT'OI0  30BHILIHBOTO JpKepena, a 1Hma — 3apasku nepuniid. [lpu mpomy
BIJIOYBA€ETHCS MIEPEHECEHHS PO3ILJIABY 13 30HM HM3bKOTO THUCKY B 30HY BHCOKOTO
TUCKY, MPU SKOMY YacTHHA PO3IUIaBy MOBEPTAETHCS Ha3aJ 3a PaxXyHOK Mepenaay
TUCKIB 1 3a0e3neuye 3MallyBaHHS MOBEPXOHb TEPTS B HACOCi. 3 OJHOTO OOKY,
BTpPaTH MPOAYKTHUBHOCTI MalOTh OyTH MiHIMAJbHUMH, a, 3 1HIIOIO — MOTPIOHO
3a0e3neunT 3MallyBaHHS pOOOYMX TIOBEPXOHb TEPTS B HACOCI, MO0 €

NPIOPUTETHUM 3aBAAHHAM II1J] 4aC MPOECKTYBaHHS MIECTEPEHHUX HACOCIB.
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f'{ .':'\14
A

1 — Bemyya miectepHs, 2 — BeJieHa IecTepHs, 3 — Kopnyc, 4 — cucrema
TepMocTaOLII3allii.
Pucynoxk 2.1 — a) miectepeHHH HacoC I €KCTPY3ii moJiiMepiB, 6) cxema

Mpoliecy NEePEeHECEHHS PO3ILIaBy B IECTEPEHHOMY HACOC1

[IlectepenHuit HaCOC Ma€ JIB1 OCHOBHI TIEpPEBAru:

—Mo-Tiepiie  BIH 3IMMIQJPKY€ IyJibcalili TMOTOKY pPO3IUIaBy, BUKJIIMKAaHI
HEpEeryJSIpHUMH TpOLEecaMd B 30HAX JKMBICHHA Ta IUIABJIEHHSA, WI0 Jla€
MOJKJIMBICTh 3MEHIIIUTH JONMYCKH HA T'€OMETPUYHI PO3MIpH (TOBIIMHY), 1 TaKHUM
YUHOM €KOHOMHTH MaTepiajl Ta EHEprito Ha Horo nepepoOIeHHS.

—Io-Apyre KOMOIHAIlig IIECTEPEHHOTO0 Hacoca 1 JMCKOBOTO EKCTpyAepa Jae
3MOry 3MEHUIUTH CyMapHi BUTpPAaTH Ha MEpPEMIIIyBaHHS MOJIMEpYy 3a paxyHOK
HEBHCOKOI'O THCKY B JIMCKOBII YaCTHHI €KCTPYyI€pa, BHACIHIIOK YOTO 3MEHIIYETHCS
TeHepaIris HaJTMIITKOBOTO TEIUIa.

Jly’xe BaxJIuBO, 1100 HacoC He MpaltoBaB "Ha cyxo'", 60 1€ MOXKe MPU3BECTH
JI0 TIOMIKOJDKEHHSI BaiB, K1 3MAalIyIOThCS PO3IUIAaBOM. TOMy HAacoc 3a3BHUYA
3aIyCKarOTh HACTYITHUM YHHOM — CIIOYAaTKy BUMIPIOETHCSA BXIJTHUW THCK, a MOTIM
32 JIONIOMOrOI0 PEryJIIOBaHHS IIBHJIKOCTI JMCKA EKCTpyAepa BCTAHOBIIOETHCS
HeoOXigHuM TUCK. THIOBUI THCK Ha BXOJI B HACOC CTAaHOBUTHL OJM3BKO0 5,5 MIla,
aje BiH MoOXe OyTH 3MIHEHUW B 3aJ€XKHOCTI BIJ METH: JJIsi TMOJIIMIICHHS
NepeMIIyBaHHS B €KCTPYJEPl BCTAHOBIIOETHCS OUIBIIMN THCK, a JIJISl 3HUKEHHS

TeMIepaTypy po3iiaBy — MeHIIUH. [{10 BennuuHy 3a3BH4Yail Ha3UBaIOTh ""TUCKOM
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BCMOKTYBaHHs", X04a IiJl BCMOKTYBaHHSIM 3a3BHYail pO3yMilOTh MEpemnajl TUCKY B
onHy atMocdepy abo MeHIIe, a TyT TUCK Habarato OLTBIINA.

IIpu BuOOpi Hacoca MOBUHHI OYTH TOYHO BifoMi a00 TMPHUHAWMHI OIIHEHI
nepenaj THUCKY 10 1 MCIS Hacoca; Ta TUCK BCMOKTYBAaHHS, SIKUU PETYIIOETHCS
OIIepaToOpPOM;

Xo4a HacCOCH BUTOTOBJISIIOTHCA 3 TBEPAMX Ta 3HOCOCTIMKUX MapoOK CTaji, BOHU
3HOIIYIOThCS, 1 1X TOKa3HWKW 3HWKYIOThCA. lle MokHa BHU3HAYWTH, HABiTh, HE
3HIMAaKO4H 1 He po30uparoun Hacoca. /[ mporo HeOOX1JHO KOHTPOIIOBATH IUCHY
BUTpATy HACOCA i MEPEBOMMTH il B cM/00, a TMOTIM MOPIBHIOBATH 3 MACIOPTOM
BUpOOHMKA Hacoca. Skmio BoHa cTaHOBUTH 90% 1 BHUIllE BiJl 3a3HAYEHOI B
macropTi, To Bce mobOpe. Ane, sKmo ii 3Ha4YeHHS JIGKUTh y Mexax 80-90%,
HEOOX1THO YBa)XHO CJIIJIKYBaTH 3a HEI 1 3’4CyBaTH HACKUIbKK IIBUIKO BOHA
3MiHIOEThCA. [[ITkoM MOXITHMBO, 10 Mepernaj TUCKY 3aHa/ITO BEJIUKUH 71 Hacoca,
abo posmiaB nyxe piakuid. SAxmo Burpara Hmwkue 80%, HEOOXITHO 3aJyMaTHCs
PO HOBUM Hacoc, ado, MpUHAKWMHI, HOBY Mepeiauy - L€ 3aJIEKUTh BlJl BIKY Hacoca,
TUCKY 1 T. 1. A siKio BoHa He nepepuinye 70%, To kpaiiie 3HITH HACcOC 3 JIHii.

CxeMa Ta 30HHM 3a30PiB LIECTEPEHHOI0 Hacoca yepe3 sKl BII0YBalOThCA BUTOKU
po3IUIaBy MpejCTaBiIeHl Ha pucyHkax 2.2 ta 2.3 1 MOXyTh OyTH KiacudikoBaHi
HACTYITHUM YHHOM:

mepma 30Ha, h; — pagianbHi 3a30pM MDK IHJIIHAPUYHOIO TOBEPXHEIO
CEpEeNIHbOI TUTUTH Ta KOJIAMU BHUCTYIIIB 3y0iB IIECTEPEHb, TAKUX 3a30DPiB JBa;

apyra 3oHa, h, — TOpIEBI 3a30p¥ MK IUIONIMHOIO 3yOiB IIIECTEPEHb, IO
3HAXOMATHCSA B 3aUCIICHHI, Ta IUIONMIMHAMHM BEPXHBOI Ta HWKHBOI IUTUT HACOCY,
TaKuX 3a30piB JIBa;

Tpers 30Ha, h; — TopIeBi 3a30pu B 00JIACTi, 1[0 OOMEXKEHA KOJIAMH BIIAJIMH
3y0iB IIECTepHi 1 MOBEPXHEI0 Baja 3 OOKYy MOJIOCY 3a4CIUICHHS Ta pajlycaMu,
MIPOBEICHUMH 3 IIEHTPY IIECTEPHI B TOUKH IMOYATKY Ta KIHIIS pajiabHOTO 3330y 3
OOKYy TOJTFOCa 3a4eTJICHHS, TAKUX 3a30PiB YOTHPH;

yeTBEepTa 30HA, Ny — TOPIEBI 3a30pH MK IIECTEPHSIMH Ta OOKOBUMH

MJJACTHHAMM HAcoCy B 00J1acTi, 1110 0OMeXKeHa KOJIaMH BUCTYMIB 1 KOJIaMU BIAJUH
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3y0IB IIECTEPHI Ta pajaiycamu, MPOBEAESHUMH 3 IIEHTPY IIECTEPHI B TOUKH IMOYATKY

Ta
- OCHOBHHIH NOTIK

30HU empam nOMmMoxKy

nepuia 30Ha pajxiajibHUX 3a30piB

ApYyra 30Ha TOPUEBHX 3a30piB

11

B MiZK3yOHOMY 3aueIuieHHi
TpeTsi 30Ha TOPLUEBHX 3a30piB

YeTBepPTa 30HA TOPLUEBHX 3a30piB

22

nsSiTa 30HA TOPUEBHX 3a30piB

1 — BTpaTu MOTOKY Yepe3 pajaialibHi 3a30pH; 2 — 30Ha TOPIEBUX 3a30pIB B
MIK3yOHOMY 3aderuieHH1; 3,4,5 — 30HU TOPIIEBUX 3a30PiB

Pucynok 2.2 — CtpyKkTypa IOTOKIB PO3IIaBY B IIECTEPEHHOMY HACOCI

P2 hs_  H5 pt. Ff

h3
h2

Wy

4 J N2\t
1 — BepxHs muTa; 2 — MIECTepHi; 3 — cepeAHs MIuTa; 4 — HUXKHS IUINTA; 5 —
BaJI IpUBOJY; h; — mepia 30Ha pajianbHUX 3a30piB; h, — Apyra 30Ha TOPIEBUX
3a30piB; h3 — TpeTs 30Ha TOpIIEeBHUX 3a30piB; N, — YeTBepTa 30HA TOPIIEBUX 33a30PB;
hs — ’sita 30Ha TOpIIEBHX 3a30piB; P — 30Ha HU3BKOTO THCKY; P, — 30Ha BUCOKOTO
TUCKY

Pucynok 2.3 — CxemMa 1mecTepeHHOro Hacoca
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KIHIS paJiajibHOTO 3a30py 3 OOKY MPOTHIICKHOTO MOJIOCY 3a4CIICHHS, TAKHX
3a30piB YOTHPHU.

n’ATa 30Ha, hs — TopIieBi 3a30pu MiX MIECTEPHAMH Ta OOKOBUMH IIACTHHAMH
HAcoCy B 00J1acTi, M0 oOMeXeHa KoJIaMU BIAJWH 3y0iB IIECTEPHI 1 MOBEPXHEIO Baa
Ta pajiycaMu, TPOBEACHUMH 3 IIEHTPY IIECTEPHI B TOYKM TMOYATKY Ta KIHIIA
paniajJbHOTO 3a30py 3 OOKY IMPOTHIICKHOTO TOJIOCY 3aueIUICHHS, TaKHX 3a30DiB

YOTHUPH.
2.2 MaremMaTH4Ha MOJeJIb MPOLECIB EPEHECEHHS B HIeCTEPEHHOMY HACOCI

BusHayeHHsT ~ OCHOBHUX  TapaMeTpiB  NPOLIECIB  TEpPEHECEHHS B
HIECTEPEHHOMY HAacoCl BHMAarae po3rjisiay Ta aHami3dy TiIpOJUHAMIYHOI Ta
TEPMOJIMHAMIYHOI MOJIEJIeH MPOIECIB IEPEHECEHHS], SIKI € MAaTEMAaTUYHUM 3aIHCOM
OCHOBHHX (DI3UYHHUX 3aKOHIB 30€peKEHHS MacH, KUTBKOCTI PyXy Ta €Heprii.

MopentoBaHHSI TPOIECIB TEPEHECEHHS OCHUTh CKIAJHE Yepe3 Te, IO
MpOIIEC OMUCYETHhCSI KOMOIHAINIEID TPHOX BHUJIB TEPEHECEHHS: JIUCKPETHE
MEPEHECEHHSI OCHOBHOI YaCTUHM PO3IUIABY MiXK3YOHUMH BIAJMHAMU IIECTCPEHb,
MEePEHECEHHS! YaCTUHU PO3IUIaBY PYXOMOIO MOBEPXHEIO 1 MEPEHECEHHS PO3IUIaBY
32 paxyHOK T'paJiieHTy TUCKIB. [[ppudoMy HampsMKu Tpaai€HTIB TEPEHECEHHS IS
[UX pyXiB B ApYyTid Ta TpeTii 30HAX 3a30piB CMIBMAJA0Th, a B MEPIIiid, YETBEPTIN
Ta TATIH 30HAX - MPOTWICKHI. TakuM YHUHOM, (aKTHYHI O00’€MHI BUTPATH

Q, MOXKYTb OyTH MPECTABIICH] 3aJIC)KHICTIO, M/c:

qu :Qm _Z ngi (21)

e Q — 00’eMHI BUTpaTu (TEOPETHYHA IPOLYKTUBHICTB), KA PO3PAXOBYETHCS Ha
OCHOBI Teopii 3y0YaTOro 3aveiuieHHS, M/C; Z Q, — cymapHi BTpaTtH
MPOLYKTHBHOCTI Yepe3 BCi 3a30pH MIECTEPEHHOT0 HACOca, M /C.

Jis  po3paxyHKy  TEOpeTHYHOI  (TEOMETPUYHOI)  MPOIYKTHBHOCTI
IIECTEPEHHUX HACOCIB 3aCTOCOBYETbCS BEIMKa KIIbKICTh, BIAMIHHHX 3a

CTPYKTYPOIO 1 TOUHICTIO, (DOPMYJI, aHAITI3 IKUX HaBeseHO B [1.4].
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JIo umciaa ToYHUX GOPMYJT U BH3HAYEHHS TEOPETHUYHOI MPOIYKTHBHOCTI
IIECTEPEHHOT'O0 Hacocy BimHOCUTBhCS (opmyrna mpod. . Toma [37], ska
CrpaBeUIMBa IS 3aUYCIUICHHS 3 HOPMAJIbHUM OOKOBHM 3a30pOM Y BHITJKY
IIOBHOTO BHUKOPHCTAHHS PiJWHHU 3aIIEMJICHOr0 00’€My NPH CTEMEHI MEPEeKPUTTS
E>1:

.

=2nbn| R*—=R? -
Q ‘ 12

(2.2)
ne b — mmpuna mecrepni, M; R, — pajiyc Koa BUCTYIIB HIECTEPHI, M; R — paziyc
OCHOBHOTO KOJa, M; t, — KpOK 3a4€eIUIeHHs 3y01B 10 OCHOBHOMY KOIIy, M;

N — 9acTOTa 0OEPTAHHS MIECTEPEHB, C .

AJne Ipu BUCOKOTOYHOMY J03yBaHHI, BiJl IKOTO 3JIEKUTh AKICTh MPOIYKIIII,
HEOOX1/IHO TaKO’K BPaXxOBYBaTH BTPATU MPOJYKTHUBHOCTI YEpEe3 3a30pU, BEIUUMHA
AKO1 3aJI€KUTh B1J (POPMHU Ta TEOMETPUUHHMX PO3MIPIB HACOCA, Bl B’ I3KOCTI 1 YMOB

IIPOBEICHHS MIPOLECY.
2.3 I'inpoanHaMiyHa MoJeJIb NEPEHECeHHs Macu

[Ipu BuBeaeHH1 GOpMyNI sl pO3paxyHKYy IMEpeTOKiB poO0YO0i PIIUHM IO
3a30pax HIecTepeHHoro Hacoca Q  MPUIMAIOTBCsl HACTYITHI MPHUITYIICHHS:
— HACOC MPAITIOE B a/11a0aTUYHOMY PEKUMI, M1JIBEICHHS TETUIOTH 330BHI BIJICYTHE;
— paianbHI Ta TOPIEB1 3a30pH MAlOTh OJTHAKOBY BHCOTY IO BCii IOBXKUHI;
— piIMHA TPUIUMNAE 10 KOHTAKTHUX ITOBEPXOHb, TOMY IIBHUIKICTH TPAaHUYHOTO
mapy piAMHM Ha MOBEPXHI pOOOUYMX IIECTepEeHb pPiBHA KOJOBIA MIBUIKOCTI iX B
JaHIi TOYIll, B TOM Yac SK Ha IOBEPXHI CEpeIHIX Ta OOKOBMX IUIACTHH ii
HIBUKICTh PIBHA HYJIIO;
— PIAMHY BBa)KA€EMO OJTHOPITHOIO Ta 130TPOITHOIO;
— 3a30pU MDK JCTalsIMHU, 110 MEPEMINIYIOThCS Majl, TOMY Tedis PIAUHU B TaKHX
IJIOCKUX MIUIMHAX € JIAMIHAPHOIO, OJTHAK BOHU JOCTATHHO BEJHKI, MO0 B HHX

30epiraiich 00’ €MHI BIIACTUBOCTI PiUHY;
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— HEXTYEMO JI€I0 CUJI TSDKIHHS Ta CWJI 1HEPIl PIAWHU IO MepeKadyyeThCs, TOOTO
BIUIMB CHJI 1HEPIIii MOTOKY MaJNii B MOPIBHSIHHI 3 CUJIaMU B’ SI3KOCTI PiIUHH,
- PyX PiOVHH yCTaJICHUH Ta OJTHOHAMPABICHUH.

OckiJIbKH BHCOTa 3a30py Habarato MeHIIa HOTO BHUCOTH, IIUPUHH Ta
KPUBU3HH, TO JJIA PO3paxyHKy Tedii piAMHUW B 3a30pi, YTBOPEHOMY JIBOMa
napajelbHUMHU CTIHKaMH, OJHA 3 SKHX IEPEeMIIIyeThCS B CBOIM IUIONIMHI 31

+V,

IIBUKICTIO (pucynok 2.4) [35], ckopucTaemMocs IUIOCKO-TIapajIeIbHOIO

MOJICNIBIO PYXY PIAMHM B MPSIMOKYTHIM CUCTeM1 KOOPAUHAT, pUCYHKH 2.4.

PosrnsiHemo neskuii eaeMeHTapHuil 00’eM posiuiaBy nosimepy a. Cuii, 1o
BUHUKAE MIJI JII€I0 Tiepenaay TUCKIB AP, mpoTuaie Hampyra 3cyBy T, sika Ji€ Ha
HIDKHIO TIOBEpXHIO (IUromuHy) OX; Ha BepxHil MMOBEPXHI HAIpyra 3CyBY i€ B
3BOPOTHOMY HAaIpsiMi, OCKIJIBKM IIAp PIAUHU, [0 MPUIATaE 10 I€l MOBEPXHI,
pyXaeTbes 31 MIBUIKICTIO, OUIBIIOIO, HIXK 1Sl YacCTUHKA. B 3B’s3Ky 31 3MEHILIEHHAM
HIBUIKICHOTO TPAJIEHTY Hampyra 3CyBY Ha BEpPXHIiM IUIOLIMHI 3CyBY MEHIIA, HIXK
HA HIDKHIM, Ha OE3KIHEYHO Mayly BennyuHy. PakTuyHui mpodiiab MIBUIKOCTEN
MOCTYNAJILHOTO MOTOKY BUHUKA€E B PE3yJIbTaTi BEKTOPHOTO CYMYBaHHS B KOXKHIH
TOYILIl BUAKOCTEH 000X MOTOKIB. Emtopu pe3ynbTytouoro npouito MBUIKOCTEMH,

10 BIAMOBIAAIOTH PI3HUM 3HAYEHHSM IOTOKY 1]l TUCKOM, HaBeJCHI Ha PUCYHKY

2.4,

Hepiyxoma nobepxrs Winax
A A / 7o
T-4T , F2
p == PP Burywera ] —
L -— meqs =
a - L [Ipomumeqis
T 1
|
¥ L- X
LA s T T oA A, ¢
T
z 2
P h=3
il P2
Pr> Pz -
I Pr< Pz
[ [ [
Binbru buxid Pesybmuywus nomik Sakpumu Buxid

Pyxoma nobepxrs

Pucynok 2.4 — Enropu nipo¢i1iB MBUAKOCTI PO3IJIaBY B 3a30pax Hacoca
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Jns cranoi 130TpOIHOI Tedii HECTUCKYBAHOI PIAMHU DPIBHSHHS PYXy B
HaIpsAMi BiCl X MOJYKHA 3alMCaTH B HACTymHOMY BUTIIAL [11]: B miBiit yacTuHI mux
PIBHSIHB TIepIa CKJIajgoBa SBIISIE COOOI CHIIM 1HEPINi, MOB'S3aHI 31 3MIHOIO
IIBUKOCTI B Yacl B JIaHIi TOYI (JIOKaJbHI), ApyTa CKJIaaoBa (B IyKKax) — CHIA
1HepIIii, MOB'sI3aH1 31 3MIHOIO MIBUAKOCTI B MPOCTOpi (200 KOHBEKTHBHI), B MpaBii

YaCTHHI PIBHSHB 3allMCaHa CyMa CHJI TSDKIHHS, TUCKY 1 B’ SI3KOCTI:

b, i
pGWX +p WX%WLWy W,y +W, W, = pd, _ P O T 0Ty (2.3)
ot OX oy oz oX  OX oy oz
oW oW oW oW Oty Oty O
p—L+p WX—y+Wy Y w, —Y = POy —8—P+ Oy + Ty + 2 , (2.4)
ot OX oy 0z oy oX oy 0z
- or
pavvz ol w, oW, W, oW, W, oW, _ pg, _er 07y, L9y, 07, @5
ot OX oy 0z o0z  OX oy 0z
PiBHSIHHSI HEPO3PHUBHOCTI:
W

OX OX OX

TakuMm 4MHOM, 130T€pMIYHA TE€Yisl PIAMHU OMUCYETHCS CUCTEMOIO PIBHSHb
pyxy (2.3)-(2.5) i Hepo3puBHOCTi (2.6), B sikux HeBimomumu € komrmoHeHtd W, ,
i i

. i i i — i — i
Wy, W,, TuCK P i KOMIOHEHTH HANPYTU Ty, Tyy, Tz7:Txy=Tyxs Txg=Tzx |

i . . o
Ty, =Tz, (BIIOMO, IO JOTHYHI KOMIIOHCHTH HAIPyrH MOMApHO pIiBHI, IO

JIOBOJIUTHCS 3 PO3IJISIAY YMOB PIBHOBAard MOMEHTIB CHIT).
3HEXTyeEMO CHUJIaMH 1HEPIi 1 TSOKIHHA B PIBHAHHAX Pyxy (2.3-2.5), ski

HabaraTo MEHII IMOPIBHSIHO 3 CHJIAaMH B’SI3KOCTI Ta THCKY, Wy =0, W,=0, a

HaioOibmIa 3mina ckinanoBoi W, BinOyBaeThes mo koopauHati z. Toxi HallOLIbII

) W, o . )
CYTTGBG 3HAQYCHHA Ma€ IMOX1AHa X U B1AIIOB1IHO, KOMIIOHCHT TCH30pa Haprrl/I
0z

i . .
T,. J1d monmanbumioro po3B’s3aHHA CUCTEMM MOTPIOHO [0JAaTH PEOJIOTivHe

PIBHSIHHS:

oW
Tax ::u(IZ’Tc)—aZX; (2.7)
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ne |,— npyruii TeH30p mBHUAKOCTEN nedopMalii (IeBlaTop) AlaroHaabHi €JI€MEHTH

SAKOTO OIUCYIOTH JAedopMaliiro eleMeHTa 0e3 3MIHM Horo ob0’eMy 1 iX cyma

JIOPIBHIOE HYJIIO, IPUIOMY, BIIMIHHHMM BiJl HyJISl € TUILKM KOMIIOHEHT y, = a\aNX ,
z
['pann4Hi yMOBH:
npu z=h =W, =0; (2.8)
npu z=0 =>W, =1V,. (2.9)

ne V, — MBHIKICTh PyXy IUIACTHHU MOKE OyTH BEJIMYMHOIO JOJATHBOIO a00

BII’EMHOIO B 3aJ€KHOCTI BIJ TOr0, YW CIIBMNAJAa€ HAMNpsAM pPyXy TpaHHIl 3
HaIpPsIMOM PyXY PIAMHH YU MPOTUJICKHA oMy (puc. 2.4).

BpaxoByroun, 1o B’A3KICTh B MeXaxX €JIEMEHTa IMOCTiMHA 1 BU3HAYaTH ii

. . oW, .
MOJKHA 33 CEPEIHIM JUIs €IEMEHTa 3HAYECHHAM IIBUIKOCTI Aedopmanii y, = . X q
z

CEepelHbOIO TEMIIEPAaTypol0 1., PIBHSAHHSA PyXy B KaHaJl MHIECTEpHI HpHiiMae
Burisig [125-27]:

2
OW, _10P (2.10)
oz2 X

[aTerpyroun aBiui o z piBHsAHHSA (2.10), ogep>kKUMO MIBUAKICTD MOTOKY PiAWHU:

2
W, :1@2—+C12+C2. (2.11)
M OX 2

[Ipu Teuii po3miaBy dYepe3 3a30p YTBOPEHHM HEPYXOMHUMH CTIHKAMU CTalll

IHTErpyBaHHs C,iC, BU3HAYalOThCA YMOBaMM pPIBHOCTI HYJIIO IIBMJIKOCTI Ha

rpanuisix (01711 MOBEpPXHI MIIACTUH), TOOTO sl z =0,z =h

C,=0 (2.12)
2
L1 8 OX

3B1JICH

2
w, :_LEL_ZZJ@, (2.14)
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MakcumanpHa MBHAKICTE NMOTOKY W, Mae Micue IpH z=h/2 (nnsa
CepeIUHHM MOTOKY, (pUCYHOK 2.4) 1 TOPIBHIOE

2
__1h 6P. (2.15)

Tak sK IBHIKICT MOTOKY 3MEHIIYETHCS BIAMOBIAHO APYTrid CTEMeH1
BeJIMYMHU N, TO pO3MOMALA MIBHAKOCTI IO HEpEPi3i MOTOKY Oyae mapabosiuyHuM.

CepenHs MBUAKICTH MIOTOKY

WMAX
j zdW,
W. =_0 2.16
X hi2 (2.18)
Joist BumaaKky dw, = 1o zdz Maemo
M OX
0
(—1J(§§j.[zzdz )
H 1 OPh
W. = h/2 -y 2.17
x h/2 3% 4 @17

Ko NpUIHATH, 110 TUCKIO JOBXHHI 3a30py 3MEHILYETHCS MO JIIHIHHOMY

. ) . oP B -P, )
3dKOHY, TOA1 I'padl€HT TUCKY JOP1BHIOE 8_ = 1 , 3B1ZICH
X
2
w, -+ AR (2.18)
3u L 4

ne L — mosxkuHa 3a30py B HANPSAMKY PyXy HOTOKY PIIUHH.
Butpatu piguHM  4yepe3 OJIMHMINO JIOBKMHHM 3a30pa B  IUIOIIWHI,

NEPICHINKYIAPHiN 10 TomuHu X2 , TOpiBHIOE

Q - LR-RNM _(R-P)W (2.19)
30 L 4 124l

Jlnst muprHy 3a30pa D B IUIONIKHI, TEPIEHIUKYIISAPHIN 10 IIOTOKY, BUTPATH
Py JIaMiHApHIN Tedil

(R -P)h’d _APK% (2.20)
12uL 12uL’

Q =

a mepernaj TUCKY

12l
AP = _ (2.21)
hb Q
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Butpadena npu 1iboMy NOTY>KHICTh €KBIBaJIEHTHA POOOTI, 110 BUTPAYAETHCS

Ha MPOJIABIIIOBAHHS PIAMHU Yepe3 3a30p YTBOPEHUM HEPYXOMHUMH IJIaCTUHAMHU:

3 2
h7bAP™ (2.22)

N, =(R-P,)Q=
o =(R—P)Q 2L
[Ipu Teuii po3muaBy yepes3 3a30p 3 PYXOMOIO CTIHKOIO MPHITYCTHMO, IO

HIDKHS [IJJACTHHA NEPEMILTYEThCA 31 HIBUIKICTIO V, BIIHOCHO HEPYXOMOI BEPXHbOI
wiactuHu (puc. 2.4). BiqnoBiiHO y BHIE PO3IIIIHYTUX PIBHAHHAX, IO OMUCYIOThH
pYyX pIAMHU, MOTPIOHO BpaxyBaTW NEPEHECEHHS PIIUHU PYXOMOKO IUIACTUHOIO (3
ypaxyBaHHAM (PPUKIIHHOTO PyXy PITHUHU).

[aTerpyroun agivi o z (2.10), ogep>kUMO MIBUAKICTH MMOTOKY PiAWHU:

2
w,=1PZ cric, (2.23)
M OX 2

['pannyH1 yMOBH y BUINAJKY (QPUKIIIHHOTO PyXy PIAUHHU:

npu z=h =W, =0; (2.24)
npu z=0 =W, =1V, . (2.25)
Crami interpyBanus C;1C,,Bu3HavyaroThcs 3 TIpaHUYHUX YMOB (2.24),

(2.25):

C =+-%; (2.26)
h
2
C, =t LN P, (2.27)
2 u 8 oX
3B1JICH
2
WXZLLh__ZZJﬁ_PiVxZi\Q_ (2.28)
24| 4 X h 2

[Ticnst iHTEerpyBaHHA IO BHUCOTI KaHaldy Ta BIANOBIJHUX IEPETBOPEHbD,
OTPUMAEMO PIBHSIHHS, 10 BU3HAUYAE CKIIAJOBY BTpaT pO3IUIaBy B 3a30pax Hacoca,

IPU YMOBI, 1110 @: _H:
OX L

Q, =b-[w,dz=2=Fppo YL, (2.29)
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[Tepma ckmagoBa B mpaBiii yacTvHi piBHAHHA (2.29) — 00’€MHUI BHIATOK
BUMYIIICHOT Tedii MiJ Ji€0 Pi3HUII THUCKIB, a pyra — 00 €MHUN BHIIATOK B’SI3KOi

CKJIQJIOBO].

BTpaty mpoayKTUBHOCTI y BCIX 3a30pax Hacoca MOXKYTh OyTH BH3HAUYCHI 3a
dbopmyiioro:

Qo =5 JR-Rpps Vbl (2.30)
em — 12/L1|LI v 2

Toni pakTuyHa 06’ eMHa NPOAYKTUBHICTh BU3HAYAETHCS 32 PIBHAHHSIM:

)] | R-P Vi bih
—0. -0 =27zbn| RZ_R2_-20 |V | 212 p3+ Xt (2.31)
a o

ne B, P, — Tucku Ha BXoJl 1 BUXO/1 13 Hacoca B1ANoBinHO, Ila;
V,; — DIBUIKICTb PyXOMOI IIOBEPXHI B i-My 3a30p1, M/C;
b — mupuHa mecrepens, M;

b, — mupuHa i-ro 3a3opy, M;

h. — Bucora i-ro 3asopy, M;
L, — CEpeIHs] HEHBIOTOHIBCbKA B’S3KICTb, IO 3&JIEKUTH BIJ IIBUIKOCTI

3CYBY Ta TeMImepaTypu Ui i-i 30HHM 3a30piB 1 BH3HAYAETHCS 3a CTEIICHEBUM
3akoHOM, Ila c;

-1
ow, |" B-(T-To)
= Ko -exp| ———— 2.32
# ‘ a| 0 p{ Ty +273 (2.32)
ne ko — KoedillieHT KOHCHCTEHTHOCTI MpH IOYATKOBIH TemmepaTypi

nosimepy (7p) Ha BXO/II B 3a30D;
[ — TemriepaTypHui KOeDIIlieHT;
N — MOKAa3HUK CTETICHS PEOJIOTIYHOTO PIBHIHHS,

L, — cepelHs TOBKUHA -1 30HH 3a30PiB, IO PO3PAXOBYETHCA 3a (POPMYJIIOIO:

R,

| =
180°

(360°— ¢, —ar,) (2.33) )
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1€ ¢ — KyT MIX JIIHIEIO IEHTPIB Ta PaJlycoM, IPOBEJCHUM 10 KPOMKHU BUXIJTHOTO

BiKHA, PUCYHOK 2.6, 110 BU3HAYAETHCS 32 HACTYIMHOIO (POPMYIIOLO:
R-R 2.34
a = arccosT““" (2:34)

8

ne R

..« — paJllyc BUXIJTHOTO BIKHa;
¢, — KyT MDX JIIHIEIO LIEHTPIB Ta PajlyCcoM, IPOBEIEHUM 10 KPOMKH BXIJHOTO

BIKHA, IIT0 BU3HAYAETHCS 32 HACTYITHOIO (POPMYIIOFO:

R-R, (2.35)
a, = arccos ———=
Re
ne R, — paniyc BXigHOTO BiKHa.
[lepma yactuHa piBHAHHA (2.31) — e TeOpeTUYHA MPOJYKTUBHICTH, SKa

PO3pPaAxXOBYETBCA  Ha OCHOBI TeOpi.l' CBOJIBBCHTHOT'O  3a4CIIJICHHA, 1 sKa

O O

R... Gl
Za

f\\jf\
o/ o/

Pucynok 2.5 — Cxema 1ecTepeHHOro Hacocy 1l BU3HAYECHHS KYTIB @ Ta O,
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3QJICKUTH Bl TEOMETPUYHUX PO3MIPIB IIECTEPEeHbh Ta YaCTOTH iX oOepTaHHsA. LIs
YacTHHA PIBHSHHS JOCUTh KOPEKTHO OMUCYE TEOMETPUYHHUI 00’ €M MPOAYKTY, IO
MEPEHOCUTHCSI, ajde B HIA  HE BpaxoBaHI Mepenagd THUCKY, PEOJIOTIYHI Ta
Terogi3udHI TapamMeTpu PO3IUIaBy, IO € OCHOBHMM HEIOJIKOM IIi€l YacTUHU
PIBHSIHHSI.

Hpyra dyacTuHa pIBHSHHS BpaxoBye€ O00’€MHI BUTpaTH pO3IUIABYy Ha
3MalllyBaHHsS TIOBEPXOHb TEPTS B 3a30pax 1 MICTUTH JBlI CKJIAJOBIL: MepIia, a —
BU3HAYa€ 00'€éMHI BTpaTH PO3IUIABY 32 PAaxXyHOK Iepernajy THUCKIB MK BXOJOM 1
BUXOJIOM Hacoca, a JApyra, 6 — o0'eMHUN BUJATOK PO3ILJIABY 3a PaxyHOK HOro
IPWIUTIAHHS 10 PyXOMOI MOBEPXHi.

3 oaHOro OOKy, BTpaTH MPOAYKTHUBHOCTI MarOTh OyTH MIHIMaabHUMH, a, 3
IHIIOTO — TMOTPIOHO 3a0e3MeYuTH 3MalllyBaHHS pOOOYMX IOBEPXOHb TEPTSA B
HACoCl, 110 € MPIOPUTETHUM 3aBJIaHHSAM 1]l Yac MPOEKTYBAaHHs oOjanHaHHA. Sk
IpaBWIO, JApyra CKJIaJoBa HE IOBMHHA JOPIBHIOBaTH IHepuIiii, 60 1e Moxe
MPU3BECTH JI0 PO3PUBY TUTIBKM 3MallyBaHHS Ta BUHUKHEHHS «CyXOTO» TEPTS MIXK
MTOBEPXHSMH 1, SIK HACIIIJIOK, 10 BUXOY 3 JIaJly Hacoca.

[TigBUILIEHHS MPOIYKTUBHOCTI 00JIaJHAHHS € OJIHUM 13 OCHOBHHUX (DaKTOpIB
Ipy  TMPOCKTYBaHHI HACOCIB, ajie¢ 30UIBIICHHS TE€OMETPUYHUX PO3MIPIB €
HeOa)kKaHUM Yepe3 OUEBHIHE 3pOCTaHHS 3yCWJIb Ha BallM Ta MiIITUITHUKOBI BY3JIH.
Tomy AOLUIBHINIE TiABUULYBAaTH MPOAYKTHUBHICTh 32 PaXyHOK YacTOTH OOEpTaHHS
HIECTEPEHb.

[IpoananizyBaBIIM ABI CKJIaJOBI Apyroi yacTUHU piBHSIHHSA (2.31), Oaunmo,
o0 3a 3aJaHUX TEOMETPUYHMX I[apaMeTpiB Hacoca BTPaTH MPOTYKTUBHOCTI
O0OYMOBITIOIOTHCSI TIEPENAOM THUCKY, B S3KICTIO PO3ILJIaBy Ta YaCTOTOK OOCPTAHHS
miectepenb. [Ipuyomy 1u1st 3a30piB MK BUCTyNaMH 3yOiB HIECTEPEHb 1 KOPIYCOM
(pamianpH1 3a30pW) CKJIAJ0Ba @ Ma€ MiHIMAJIbHE 3HAYCHHS dYepe3 HaMOUIbIe
3HAYCHHS JIOBXKUHHU 3a30py L, a ckiagoBa 6 Mae MakcuMallbHE 3HAYCHHS 4epes3

HaiiBumy BiHOCHY mBUAKicTe W =277 R, N . Tomy CcriBBiTHOIIEHHS MiK MEPIIIOO

Ta JAPYyroro CKJIAAOBUMHU MAKOTh BHU3HAYAJIBbHC 3HAUCHHA OIS PO3PAXYHKY

JOMYyCTUMO1 (KPUTUYHOT) IIBUJIKOCTI OO€PTaHHS IECTEPEHb.
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VY HOBHX Hacocax 00’€MHI BTpaTH Ha 3MallyBaHHs, SIK MPaBUJIO, HE MOBUHHI
nepepuiryBaTa 10 % BijJ TEOPETUIHOT POTYKTUBHOCTI IIIECTEPEHHOTO Hacoca [62-

66]. Toxi

_ APbR?

Qe = 124l

—7R,nbh=0,1Q, (2.36)

TakuM 4MHOM, TOTTyCTUMA YacTOTa 00epTaHHS ImecTepeHb 1 3 ypaxyBaHHAM

TeOpeTUYHOT NpoAyKTUBHOCTI Q, MOXe OyTH HpencTaBieHa PiBHIHHSIM:

3
N APh 2 _ (2.37)
12ul 70,2 R§—R2—;02 +R,h

3 piBHsHHES (2.33) BUIHO, IO YacToTa 0OepTaHHs IiectepeHsb [ obepHEeHO
npomnopiiiiHa B’si3kocti 4. Ilpu BuOpaHMX po3mipax Hacoca JHILE B SI3KICTh
HakjIajae OOMEXEHHS Ha MaKCHUMalbHY 4YacTOTy OOEpTaHHS IIECTEPeHb, IO B

pe3yJIbTaTi BILIMBAE Ha 3arajibHy HPOAYKTUBHICTE Q.

2.4 TepmoannaMiuHa Mo/ieJib epeHeceHHsl eHeprii

Enepris npuBoay MIECTEPEHHOTO HACOCY BUTPAYAETHCS HA CTBOPEHHS
TUCKY, XOJIOCTHH XiJI, a TaKOXX Ha TOJOJIaHHA CUJI TEPTS MPH PyCl pO3IUIaBy B
3a30pax Ta MOro LUPKYJSALIl B MIX3YOHUX BIaJUHAX IIecTepeHb. Toal 3araibHi

BUTPATHU MOTYXKHOCTI BU3HAYAIOTHCS 3a PIBHSHHSM, BT:
N... =N, + Ny +N, . (2.38)
ne N, — rizpasiiyHa NOTYKHICTh BU3HAYAETHCA 32 BIJOMUM BUpa3oM, BT:
N, =APQ,; (2.39)

Nyx — HOTYKHICTh XOJOCTOI0 X0y, IKa BU3HAYAETHCS €KCIIEpUMEHTaIbHO, BT;
N

mp — TMOTYXKHICTb, IO BUTPA4Ya€TbCA HA IOAOJIAHHS CHUJI TEPTA Ta MOXE OyTH

BH3HAuUEHA 32 PIBHIHHIM, BT:
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N, =N, +N,, (2.40)

ae N; 1 N, — DoTyXHICTb, sIka BUTPAYa€TbCsl HA 3CYB PO3ILUIaBY B ILUIOCKUX
3a30pax, Ta MPU HOTO MUPKYJIALIi B MDK3YyOHUX BIAJIWHAX IIECTEPEHb BIAMOBIIHO,
Bt. [Ipu nboMy BHACIiJIOK BHYTPIIIHBOTO B’SI3KOTO TEPTS B PO3IIABI BUIUISIETHCS

CHepris sKa MiJABHINYye Horo Temmeparypy (eHepris aucumamii (y). B

[IECTEPEHHOMY HACOC1 CHUJIM TEPTS B PO3IUIABI JOCATAIOTh 3HAYHUX BEJIUYHH, TOMY
IIPU MOJICTIIOBAHHI TPOIIECIB MEPEHECEHHs eHeprii HeoOXITHO BpPaXOBYBAaTH 1 iX
BiMB. Ha pucynky 2.6 mnpencrabieHa (i3uyHa MOJENIb PYyXy pO3ILIaBy B

MECTCPCHHOMY Hacocl.

AaHan wecmepH

Y oz Bud 300Ky
7 )
X = |
S _
Vz =
X
y A-A
h

Vi

a) — O3I0BXKHIN mepepi3 KaHary; 0) — MOTIepEeUHUi Tiepepi3 KaHaly
Pucynok 2.6 — Cxema 110 po3paxyHKy pyXy eJIeMEeHTapHOro 00’ eMy
noJiiMepy B MK3yOHUX BIaJIMHAX IIECTEPEHb

B mockux 3a3opax pyX piAMHM OJHOHAIpaBJIEHUH, a 3CYB B1IOYBAETHCS 110
BHUCOTI 3a30pa, TOOTO MO KoopAWHATI Z. MDK3yOHI BHNAJWHU IIECTEPEHb
PO3TISAAAIOTHCS SIK 3aMKHYTI 00'€MH, LIUPKYIIALIS PO3IJIaBy B SKMX BiIOyBa€ThCs
[0 BUCOTI Ta LIMPHUHI 32 PaXyHOK PyXy BEPXHbOI Ta IBOX OOKOBHX OOMEXKYHOUHX
wionH. OCKUIbKY MIMPUHA M1XK3yOHOT BIIaJUHU OOMEXYETHCS 3 000X OOKIB, TO B

Hill 10 IIMPUHI BUHUKAIOTD JBA [UPKYISIIIHI TOTOKH.
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Jlnst BUAIIEHOrO eleMeHTapHoro o0’emy 3MiHa eHeprii 3a uac dt, sxa

OIUCYEThCST piBHAHHSAM eHeprii (2.34) i nmopiBHIOE cyMi €Heprii, HiaBeIeHOI

IIJISIXOM TEIJIONPOBIIHOCTI 1 KOHBEKIIII, eHeprii BHYTpiHIX Jxepen (¢, dV dt) i
eHeprii qucunanii (dy dV dt) [8]:

PO, S AV 4, 40, (2.41)

ne C, — TerIoeMHICTh TIpH MOCTIHHOMY 00’ €Mi;
Qy 1 0y — MILIBHICTh €HEPTii BHYTPIMIHIX JHKEepel 1 JUCHIaNi;

2 2 2
v2_ 9 9 9 _oneparop Jlammaca.

ox? 6y2 oz?

Y NOBHOMY BUIVISAlI PIBHAHHS, LIO ONUCY€ NEPEHECEHHS €Heprii i
pyxoMoro o0’emMy HaOyBa€ BUTIISITY

aT aT oT oT o%T  O°T 8°T 2 42
C,| —+W,—+W, — +W, — |=4 + + +0,+0q- (2.42)
P V(@t X % yay zazj (ﬁxz ayz GZZJ Qv +qq

Koxna ckimagoBa piBHSHHS (2.35) Mae pPO3MIPHICTH Br/M®, T06TO
MOTYKHOCTI, BITHECEHO1 10 oauHuIll 00’eMy. KOHBEKTHBHE MEpPEHECEHHS €HEeprii
Ta €Heprid BHYTpIIIHIX JKeped, ¢, B Ipolecax eKCTpy3ii NodiMepiB He
BPaxoOBYIOTh 4Yepe3 iX Majy BEJIMYMHY, a EHEepris JAucHMaIlii BU3HAYAETHCS

HACTYIHUM piBHSHHsAM [11-21]:

i oW, oWy i ow, i [ow, oWy
o =T —— +t Ty 7z +7yy +—= |+
OX oy 0z oy OX
: - (oW
+T),(Z(8WX +%J+T;’Z Ay (W]
0z OX 0z oy

JlucunaTuBHA CKJIa/I0Ba PIBHSIHHS €HEPTii B MpoIlecax nepepoOKu MmoIiMepiB

(2.43)

€ JyXe BaXJIMBOIO, OCKUIBKM B’S3KICTh pO3IUIaBy 3HauHa. J[7s BHW3HAYCHHS
MOTYXKHOCTI JHWcHMaIii HEOoOXITHO TaKOXX BH3HAYUTH IIBUAKOCTI TOTOKY Ta
HIBUIKOCTI 3CYBY IO KOOpAMHATax y Ta Z. IIpu npomy HallOUIbII CYTTEBUMHU €

ow, .
a;l 1y, = a;\zlx . 3 ypaxyBaHHSIM BHUILETPUBEICHUX NPUITYLLIEHb

KOMIIOHCHTH ]/y =



64

pIBHAHHSA pyXy, A€ HEBIIOMUMM CKJIafgoBumu € mBuakocti W, ta W, , 3
1

JOIIOBHCHUMHU JO HUX peOHOFi‘-IHI/IMI/I piBHﬂHHHMI/I HpHﬁMaIOTB BUTJISA.

oW
=u(l,, T.)—*: 2.44
Tox /U( 2 c) oz ( )
oW,
Ty, = 4(15,T,) oy : (2.45)

ne l,— apyruil TeH3op MBUAKOCTEW aedopmarlii (geBiaTop) AlarOHAIbHI

CJIEMEHTH SKOTO OMHUCYIOTh Jedopmariito eneMeHTa 0e3 3MiHU Horo o6’eMy 1 ix
cyma JIOpIBHIOE HYJIIO,
VY BuUmaaxky, KoJM TMPOLEC MNPOXOAUTh B aJiadaTUYHOMY PEXKUMI, s

00YHCIICHHS CGpGI[HI)O'l' TCMIICpATypu TC JOCTAaTHBO BHU3HAYUTH HOTY)KHiCTI)

JVCUIIAI|, sIka Wae Ha IMJABUINEHHS EHTaJbIIi posmuiaBa. s 1boro moTpioHO
NPOIHTErPyBaTH MO 00’eMy elleMeHTa (YHKIIIO AWcHMalii, ska Moxe OyTu

po3paxoBaHa 3a HACTYIHHUM piBHSHHAM [21, 74, 75]:

2

H 2

AN, =bH oW, )", My, dz. (2.46)

d 21
5 oy

Jljis BU3HaYeHHs MOTY>KHOCTI, III0 BUTPAYA€ThCS HA MOJOJIAHHS CUJI TEPTS B
Hacocl (MOTY>XHICTh AMCHIALT) BUKOPUCTAEMO IUIOCKO-TIApaIEbHy MOJENb PyXy
pPIAMHU B KaHallaX IIECTEPEHHOrO0 HACOCy, sKa 300paxeHa Ha pucyHky 2. Ilpu
I[bOMY B TUIOCKHX 3a30pax HACOCY PYX PiJIMHU OJIHOHAIpaBICHUH, a B MIXK3yOHHX
BIIaJIMHAX IIECTEPEHb B1I0YBAETHCS MUPKYIISILIS PIAMHU 110 BUCOTI Ta MO HIUPUHI.

s aHanmizy BHUKOPHUCTAHOI MOTY)KHOCTI B HAcoci HEOOX1HO PO3TJISHYTH

KOMIIOHEHTH BEKTOpa IIBUIKOCTI W_ Ta Wxi. K0 TPUMYCTUTH, IO TMOTIK

BCTAHOBJICHUH, B’SI3KICTh TOCTIMHA, a WICHAMH, K BUPAXKAIOTh MPUCKOPECHHS —
3HEXTYBaTH, TO KOMIIOHEHTH MO BICAX Z Ta Y B PIBHSHHAX PYXy MNPUNMAIOThH

BUTJISI:

(2.47)

&)

M x o2
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2
oW
i(?:j B O ,2X1 ' (2.48)

Pimennst piBusinHs (2.40) mwo 3agoBonbhsie rpanudHi ymoBu W, _q =0;

W (z=H) = _Vx MO’KHa 3a1ucaTd B HaCTYIIHOMY BHUIJIA/IL.

W, = —z(\ﬁj—z(;—:)@_ﬁ} (2.49)

IlosBa B piBHAHHI CKJIaHoBOi MBHAKOCTI W, 3yMOBIIEHA LUPKYJIALIEIO

pO3ILIaBY, OTXKE:

IW dz =0. (2.50)

['pamgieHT THCKY B HampsMi Y 3HAXOMATH IMiJICTAHOBKOIO piBHSIHHS (2.42) B

piBHsIHHS (2.43) Ta IHTErpyBaHHAM OCTAaHHLOTO. B pe3ynbTari OTpUMYIOTh:

op __KGquj_ (2.51)

x| H2
[TincranoBka piBHsiHHSA (2.51) B piBHsSHHS (2.49) nae Bupas:

e {32

3BIiJIKH IIBUKICTB 3CYBY:

()., )

Cnix BiI3HAYUTH, 110 PO3MOALT IIBUAKOCTEH HE 3alleKUTh BiJ B’SI3KOCTI

PIIMHU Ta BiJ] TPAJIEHTY THUCKIB.

Posrmggaroun aHajgoriyHo IMIBUAKICTH le Ta 11 3MIHYy B3JOBX BiCl Y

3HAXOJUMO pPO3BSI30K piBHSHHA (2.45) mpu TrpaHUYHHX yMOBax W, (y=0) =0
le (y=b,) = —VX1 y BUTJIAIL
W, :_y(\’_&J_M[@} (2.54)
b, 2u OX

Tax sx W, B MDK3yOHIH BITaJIMHI 3yMOBJIEHA [IUPKYJISIIIEI0 PO3IUIABY, TO:
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by
j W, dy=0. (2.55)
0

['pamieHT THCKY B HAIpsiMi Bici X 3HAWJEMO ITiJICTAHOBKOIO piBHSHHS (2.54)

B piBHSHHS (2.55) B pe3ysbTaTi OTPUMAEMO:

oP _ [ 6HVy, (2.56)
ox b2 )

[TincTaBnstoun piBHsHHS (2.56) B (2.54), oTpuMy€eMO:

w2

3BIJIKUA MIBUJIKICTH 3CYBY:

(%J :_[ﬂj_ (2.58)
¥ ). L h

[MotyxkHicTh dN3, 10 3aTpavaeTbess HA 3CYB PO3ILIABY B IUIOCKHX 3a30pax,

MOJKHa po3paxyBaTu 3a hopmyioro [125, 127, 130-132]:
iN, =V3T[b7”j dx = if—Li“ir:/Xzibi | (2.59)
0 i=1 i
ne Vi — cepeHst MBUKICTh B 1-My 3a30p1 M/C.;
M; — B’SI3KICTB po3IIIaBy oOpaxoBaHa 3a ¢popmyioro (2.32), I1a c;
b; — cepenns mmpuHa i-ro 3a3opy, M;
L; — moB>KHHA 1-TO 3a30pY, M;
h; — BucoTa i-ro 3a3opy, M.
[ToTyXHICTB, 110 BHTPAYAETHCSA HA TOJOJIAHHS CHJI TEPTS B 3a30pax Ta Ha

HUPKYJSIII0 PO3IUIaBy y MIK3YOHMX BHaJMHAX MOXe OyTH TNpelcTaBlieHa

PIBHSIHHSIM:
b L 2 (oW 2 L
Nmp:Nd+N3:”y (%] +| —= dZdy+Vx2j(b—ﬂ)dx:
00 0z Oy o\ h

L 2 L 2 L
_ bjﬂmjﬂ dx+V2 D) 4 =
0 H 0 b XO h
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2 2 2
bd/NyL  H8NCL L uVyib (2.60)
H by h

Ngy— MOTYXHICTb, $Ka BUTPAYa€TbCsi HA LUPKYJALII0 pPO3IUIABYy B

M1X3yOHUX BIAJWHAX IIECTEPEHb;

N, — MOTYXHICTb, sIKa BUTPAYAETHCS HA MOJI0AHHS CUJI TEPTS B 3a30pax.

3 ypaxyBaHHSAM BTpaT MOTY>KHOCTI Ha CTBOPEHHSI TUCKY, XOJIOCTUH XiJI Ta
BTpaTaMHd Ha TEPTS B PO3IUIABI MO BCIX Tpymax 3a30piB 3araibHa (opmyra

BU3HAYCHHA HOTY)KHOCTi MAaTHUMC BHUI'JIA .

5 2 5 2
Ny —APQy + N, +282K S Z162KH AL

_ H _

- =1 , =1 b.l. (261)

by Z L 1Vyiby
_ h

ne Vy, V, - HBUAKICTh MO KOJY BHCTYMIB Ta OCHOBHOMY KOJy LIECTEPEHb

X
BIJMOBITHO, M; Vi — cepelHs MWBUAKICTb B 1-My 3a30pi, M/C; i ,; — CepenHs
JMHAMIYHA B A3KICTh pO3IUIaBYy B MDK3yOHHMX BNAJMHAaX Ta B 1-My 3a30pi
BignoBiaHo, I1a-c; b, b; — mmpuHa Ta MoNOBHMHA MIMPHUHU MICCTEPHI BiAMOBIAHO,
M; b, — cepenns mmwmpuHa i-ro 3a3opy, M; L —3arajgpHa JOBXHHA MDK3YOHHX
BIaauH, M; L, — cepenHs JOBXMHA 1-rO 3a30py, M; N, — BelnuuuHa i-TO 3a30py;

M, AP —mepenaq THCKy Ha BXOAl Ta BHXOIl 3 Hacocy, Ila; Q, — dakrmuna

MPOAYKTHBHICT Hacocy, M/c; H — BucoTa 3yba, M; Zx — KiIbKiCTh 3y0iB
HIECTEPEHb, Kl KOHTAKTYIOTh 3 CEPEIHBOIO TUIUTOIO.
2.5 BuzHayeHHs NiABMILIEHHS TeMIIEPATYPH B LIeCTEPEHHOMY HACOCI:

Ko npUHATH, 110 HACOC TPAIIOE B aaladaTUIHOMY PEXHMI, a TeTUIoTa,
sKa yTBOPUJIACh BHACIIIOK JUCHUTIAIT B 3a30pax BUTpAUYCHA HA MIAHATTS €HTAJBIIIT
po3riaBy, TOo miaBumieHHs Temnepatypu B HIII moxxe OyTm BH3HAYeHE 3a
HACTYITHUM PIBHSHHSIM €HEPTeTUYHOTO OallaHCy:

o= 2 Nmp (2.62)
p QBT Cp
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[TincraBnstoun piBHsSHHA (2.60) y (2.62) oTpuMyeMo KiHIIEBY (GopMysTy JJis

BU3HAUEHHS MiBUILEHHS TEMIIEpaTypH pO3IUIaBy y MIECTEPEHHOMY HACOCI:

is-zK.b-y-vXZ.LJriles-zK-H -y-VXZ-L+ZS:ZK-Li-yi VE-b

AT =1L H =1 by =1 n (2.63)
p QBTCp
e p — TYCTHHA pO3IUIaBY, KF/MS; C, — IUTOMa TEIUIOEMHICTh PO3ILIABY,

JOK/Kr Tpag; N — TOTYXKHICTh JUCHMAIl €eHeprii B 3a30pax Ta MDK3YOHHX

™

BIIaJHMHAaX HaACocCa, Br.

2.6 BUCHOBKH

1. Po3pobisieHo (izuuHy MOJEIbh MPOIECIB MEPEHECEHHS! B IIECTEPEHHOMY
HacoCl.

2. CTBOpEHO MaTeMaTUYHy MOJEJIb IIPOLIECIB IEPEHECEHHS B IIECTEPEHHOMY
HAcOC1 PO3B'A30K SAKOi J03BOJIIE PO3PAXOBYBATU MPOIYKTUBHICTh, OTYXHICTh Ta
OiABUIICHHS  CEpPelHbOMAcoOBOi  TeMIepaTypu B  IIECTEPEHHOMY  HAcoCI.
MarematnuyHa Mojaens MOOyJOBaHA 3 BpaxyBaHHSIM ITSITH TPyH 3a30piB
IIECTEPEHHOI'0 HAacoca Ta BPaxXOBY€ TEIUIO(PI3UYHI BIACTUBOCTI MOJIMEPHOIO
po3iaBy. Po3B’s3aHHs pIBHSHHS, 10 BH3HA4Ya€ (HAKTUYHY TMPOAYKTHUBHICTD
BIJIHOCHO YaCTOTH OOEpTIB /A€ MOXJIMBICTh BU3HAYUTH JOMYCTUMY (KPUTHUHY)
4acTOTy OOepTaHHS IIeCTepEeHb, sika 3a0e3neuutsh 10% 00’ eMHHMX BTpaT Ta HAIIMHY
poboTy oOnagHaHHS JUIS MOJIMEPIB 3 PI3HOKO B’SI3KICTIO, a TAKOXK MOXKIIUBY TPH
bOMY (PaKTUYHY MPOAYKTUBHICTH Hacoca.

ANroput™ Ta mporpama po3paxyHKy LIECTEPEHHOTO Hacoca HaBEJCHO B

poznuii 5.2.
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3 METOJUKA TTPOBEJEHHS JOCJIKEHD I
EKCIIEPUMEHTAJIBHA YCTAHOBKA

3.1 MeTa Ta 3a1a4i eKCIEPUMEHTAJIbHUX I0CTiIKEHb

MeTor eKCIepUMEHTaIbHUX JIOCTIKEHb € OTPUMAaHHS JaHUX s
MOPIBHSHHS 3 pe3yibTaTaMi, OTPUMAaHUMH 33 PO3PaXYHKOBHUMH 3JICKHOCTSIMH,
10 TIPUBEJICHI B IPYTOMY PO3iIi, a TAKOXK JOCIIKCHHS IMapaMeTPiB KacKaaIHOTO
EKCTpyJZiepa MpU MPOBEACHHI PI3HUX TEXHOJOTIUHMX TporieciB. JlJisi BUpilICeHHS
MOCTaBICHOI 3a7adi  Oyma CTBOpEHAa eKCIEpHMEHTaJIbHA YCTAHOBKA, IO
CKIIQJIAETHCS 3 EKCTPYJIepa KaCKaJHOTO JUCKOBO-IIIECTEPEHHOTO, MKa(iB TEMIOBOT
ABTOMATUKHA JUIA PETYJIIOBAaHHS TEMIIEPATYpHOTO PEXUMY IO 30HAxX, MmKadiB

aBTOMATUKU Ta KEPyBaHHS €JIEKTPOJIBUTYHAMU Ta OJIOKY BUMIPIOBAJILHUX 3aCO01B.

3.2 MeToanka NpoBeACHHS eKCIIEPUMEHTATIBLHUX A0CTIIKeHb

BpaxoByroun Te, 1m0 KacKagHUN NHCKOBO-IIECTEPEHHUW EKCTPYAEpP Mae
BIJIMIHHOCTI 3 CY4YaCHUM aHAJIOTTYHUM OO0JIQJHAHHSAM Ta JIOCB1J €KCILTyaTallii Horo
BIJICYTHIH, TO €KCTIEPUMEHTaNIbHI POOOTH MPOBOAMIUCH B TPU €TaIH.

Ha nmepmiomy erami  JOCHIKyBaBCS  JUCKOBUH  PO3IUIABIIIOBAY-
TOMOTEH13aTOp Pa3oM 3 IIHEKOBUM KUBUIbHUKOM.

Ha papyromy erami [0 po3IUIaBirOBavYa-roMOTrHe3aTopa i’ €IHyBaBCs
HIECTEPeHHUI Hacoc 1 BU3Hadauch pexxumu podotu. EK/II, sxuii mpaioBaB y
JiH1T 3 BUPOOHUIITBA PYKABHOI TUTIBKH Oe3nepepBHO 1o 8 roauH. KoxHi 15 xBumH
BIIOMpasiiCs 3pa3ku MPOOM TUIIBKH, 3BAKYBAJIMCh Ta MEPEBIPSAIUCH iXHI JIHINAHI
pO3MIpH: TOBIIMHA Ta MIMPUHA TUIIBKU. TaKMM YHMHOM TEPEBIPSUIHCH KOJIMBAHHS
MPOYKTUBHOCTI KACKaJIHOTO EKCTpyaepa. B KiHII eKCTepUMEHTY 3Ba)KyBajacs
BCsl 3po0jieHa TuTiBKa. /(s aHamizy 3aTpadeHoi MOTY>KHOCTI OyJI0 BCTaHOBJICHO
JIYUIBHUKA, SKUM 3aMipsaiach BCA €HEPris, IO BUTpaTWiIachHa MPOTS3i

eKcriepuMeHTy. B3sBIIK BiIHOIIEHHS K1JKOCTI BUTPAUY€HOI €Heprii 10 BCi€l MacH
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NPOAYKIlIi, BHU3HAYWIM CKUIBKM BUTPAYa€ThCA €HEprii Ha OJMHMIIIO Macu
npoaykitii. Taki MOCTIKEHHS TOKa3ald, M0 CTBOPEHA CHUCTEMa KacCKaJIHOl
JIMCKOBO-IIIECTEPEHHOT ~ €KCTpPy3li €  pecypcoeHeprooinaanor. Pe3ynbratu
JOCITIJIKEHb TIPUBECH] HAa pUCYHKY 4.5.

VY pesynbTari mepumoro Ta ApPyroro €TamiB JIOCHIIKEHb POOOTH IUCKOBOTO
eKCTpyJiepa 3 MEeCTEPEHHUM HacocoM Oylia po3po0iieHa HOMOTrpaMa MornepeaHbOro
BUOOpY mapaMeTpiB ISl Y3rOJKEHOI pOoOOTHM BY3JIB KacKaJHOTO JUCKOBO-
HIECTEPEHHOT0 EKCTpyAepa B CKJIaAl JIHIT JJI1 BUPOOHUIITBA PYKABHOI IUTIBKH
(pucyHok 5.1).

Ha tperpomy eTami JqociiaxyBalach NapamMeTpu LIECTEPEHHOrO Hacoca B
CKJIa/ll KaCKaJIHOTO JIMCKOBO—ILIECTEPEHHOTO EKCTPYyAEpa.

Ha nepuioMy erami BU3HAaYaJIMCh 3aJI€KHICTh MTPOJIYKTUBHOCTI KUBUIIbHUKA
Bl 4YacTOTH oOOepTaHHs IIHEKa, TPaHyJIOMETPUYHOIO CKJIaJy CHUPOBHUHH,
CTaOUIbHICTh JKUBIIGHHSA, NTUTOMI eHeproBuTpatu. Ilpu opHOuacHii poOoTI
JIMCKOBOTO €KCTpyJepa Ta XKUBWJIbHHKA BH3HAYaJacCh 4acTOTa OOEpTaHHS MCKa,
BEeNTMYMHA POOOYMX 3a30piB, CIIOKMBAHA TMOTYXKHICTh, TEMIIepaTypa pO3IIaBy,
TeMmnepaTypHi npodinai Jucka 1 KopIyca pO3IUIaBIIOBaYa 1 3aJIEKHOCTI BIJl
MIPOYKTUBHOCTI Ta IEPEPOOIIIOBAHUX MaTepialliB.

Temneparypuuit npodins 3113 nucka peecTpyBaBcs MiCis MOBHOI 3yMUHKA
eKcTpylepa, (ikcarii AWCKa BIIHOCHO KOpIyca B TIIE€BHOMY IIOJIOKEHHI Ta
3aHYpEHHSI TOJYaTUX TEepMOMap y CIHEelialibHO 3po0JeHI Ha 00epTOBOMY IUCKY
THI3/1A.

Ha npyromy erami nicis nmpueIHaHHS 10 JUCKOBOIO €KCTPYyAEpa A03yH0YO0ro
[IECTEPEHHOI'0 HACOCYy BHU3HAUYAINCh PEKUMU POOOTH Ta KOHTPOJb KACKaIHOTO
eKCTpyZepa B IJIOMY, BH3HAYaBCs THCK Ta TeMIIEpaTypa pO3IUIaBy Ha BXOJli B
JUCKOBY 30HY, HeoOximHl mms mociiymkenas 3[13. Cramicte pexumiB poboTH
BHU3HAYAJIACh MO CTaJIMM TeMIlepaTypaM, CIOKHBAHIA MOTY)XKHOCTI Ta THCKY Ha
BUXOJIl 3 JMCKOBOI'O pO3IUIaBIIIOBaya 1 IIECTEpeHHOro Hacocy. Ha upomy erami

poOIT micnsg BHXOAY EKCTpyAepa Ha pPEXUM TOCTIHHO PEeCTpyBaBCs
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TEMIEPATYpPHUN NMpo(disib KOpIyca JTUCKOBOTO €KCTPYJEpa Ha JAlarpaMHy CTPIUKY
enleKTpoHHOTO noteHiiomerpa ETITT-09M.

Ha tperboMy erTami mpu JOCHIPKEHHI HapaMeTpiB LIECTEPEHHOr0 Hacoca
BHUMIPIOBAJIUCH MOTY>KHICTh, TUCK, TEMIIEPATypy PO3ILIaBy Ha BUXOJ1 Ha BXOJl Ta
BUXO/Il 3 IIECTEPEHHOT0 Hacoca. [Ipu 1boMy BUTpHUMYyBaBCs HACTYIHMN MOPSIIOK
IPOBEJCHHS eKcnepuMeHTIiB. [lo pexuMmy, BHU3HAu€HOMY Ha JpYroMmy e€rTarl,
BCTAQHOBJIIOBAJIACh YacTOTa OOepTaHHS JUCKa Ta IMHEKa >KMBUIbHUKA. Jlaimi
NEPEMILLIEHHSIM KOPIyCY B3JOBX OCI BCTAHOBIIOBAIM BEIMYMHY Ta YacTOTY
oOepTaHHs IMCKa, NOTIM BCTHOBJIIOBAJIM THUCK Ha BXOJl B IIECTEPEHHUN HAcOC B
Mexax 3—5 Mlla, BianmoBinHO 10 3agaHoro pexumy. TemmeparypHuil npodiib
kopmyca JIE 1 TtemmepaTypa po3ljaBy Ha BHUXOAI OylIM KOHTPOJbHUMHU
napamMeTpaMH 1 iXH€ CHIBNAJIHHS 3 LHUMH XK [apaMeTpamMd, OTPUMaHUMHU Ha
JPYroMy eTarli, TOKa3yBaJio Mpo OJTHAKOBHM pexum podotu 3I13.

Ha yerBepToMy eTami IOCHIKEHb KaCKaJAHUM €KCTpYyJEep OCIIKYBaBCs B
CKJIaJl TEXHOJIOT1YHUX JIIHIM MPU BUPOOHUITBI TPyO, pyKaBHUX IUIIBOK Ta JIMCTIB.
Ha nibomy etari po3po0isiiich HOMOTpaMu ITUX MPOIIECiB 1 BU3HAYAIUCh OCHOBHI
NUTOMI TOKAa3HUKH, CTAOUIBHICTh Ta MOXIIMBICTH ONEPATUBHOTO KEPYBaHHS
MPOILIECOM EKCTPY3il MiJ dYac TPUBAJIOTO TEpioqy dYacy B CKJIaAl MUIOTHOI

YCTaHOBKH JUIsl BUPOOHUIITBA PYKaBHO1 TUTIBKH.

3.2.1 BumipwBaHHA TNPOAYKTUBHOCTI, 4YaCTOTH OO0OEPTAHHS, BeJMYNHU

po00YHX 3230pIiB, HOTYKHOCTI TA TUCKY

BumiproBaHHS ~ TPOAYKTHBHOCTI ~ €KCTpyA€pa BUKOHYBAJOCh BaroBUM
METOJIOM IIJISXOM, 3Ba)KyBaHHS KIJBKOCTI Marepially, po3ijiaBy abo TOTOBOIO
BUpOOY, OTPUMAHUX B TIEBHI MPOMDKKH dacy. OHOYacHO (ikCcyBajach CIIOKMBaHA
MOTY>KHICTb.

[Ipomixkok wyacy BiIOOpy Marepialdy 3aMipsBCS JIBOXCTpUIKOBUM  30-

cekyHIHUM cekyHaomipoM «S51CII» (mxkana 15 xB, moxubka nokaszis * 0,4 cex.).
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Ha ocHOBI BUKOHAaHMX TIpSMHUX 3aMmipiB MPOAYKTUBHICTh €KCTpyaepa
BH3HAYANACh 3a hopmytoro [21]:
Q=8 (31)
t
ne ¢ - Maca po3IUiaBy, IO BUAA€E EKCTPYEp, KT;
t - gac BimOopy npodw, c;
K - koediLieHT IEpEeTBOPEHHS BEIHYMH.

Maca ¢ BuzHauanach Ha nugpepobnati saromipa PH-10 [IB TOCT 13882-68,

mkana 0,1-10 kr, momyctuma moxudka + 0,1 %.

[ToxnOka BUMiIpIOBaHHS MPOAYKTUBHOCTI CKjaia He Ouiblie 2,5 %.

Yactrotn oOepTaHHA [JMCKa, IIHEKAa OJKUBUJIbHUKA Ta  ULIECTEPEHb
BUMIPIOBAJIUCH «00/XB» MPOTApOBaHMMHU BOJbTMEeTpamu Tunmy M4200 kmac 2, 31
mkanoro 0-75, 0-250, 0-500 1 KOHTPOMIOBATUCH Bi3yaJIbHO JHYWJIBHUKAMU THUITY
YI'H-1. IToxubka BuMiproBaHHs ckiayia He Oinbiie 2 %.

Bennunna poOourx 3a30piB BUMIPIOBAJACh 32 JIONOMOTOK) CIELIAIbHO
BUTOTOBJICHUX KaliOpoBaHMX IMymiB B giana3zoHi 1-10 mM. [ToxuOka ckiamana He
oinbie 2 %.

BumiproBaHHsS MOTYKHOCTI, 11O CHOKHMBAIOTh EJIEKTPOJABUTYHH KaCKaJHOTO
eKCTpyZAepa 3A1HCHIOBAIOCh 3 BUKOPHUCTAHHSAM BUMipIOBaIbHUX KomiuiekciB K-50
ta K-51 (amnepmertp, BoabTMETp, BaTMETP), kiac TouHocTi 0,5, mkana 0-150 Ta 0-
50 A. Ins dikcarii cuiam cTpyMy XOJOCTOTO XOJy BUKOPUCTOBYBABCS aMIIEPMETP
3-59, kmac tounocti 0,5, mkama 0-10A, mima momunkm 0,1 A, IO BUKIMKAHO
HEOOXIHICTIO IIJBHUINCHHS TOYHOCTI BHMIpIoBaHHA. [Ipum mochmiKeHHSIX B
JBUTYHAX BUKOPUCTOBYBAJIOCH iXHE KaJllOpyBaHHS.

3a Bimomoro cuior ctpymy / ta Hanpyroro U BU3HaYanach MOTYXKHICTh 3a
dbopmyoro:

N =U-I (3.2)



73

KopucHa moTyXHICTh IPUBOY Ha Bally IMCKOBOTO PO3IIABIIOBAaYA i HA Baly
[IECTEPEHHOI'0 HACOCY BH3HAYANACh 3 YpaxXyBaHHSAM MOTY)KHOCTI XOJIOCTOTO XOIY
npusonis, N 3a ¢popmyioro:

N = (N 77 = N 72,7, (3.3)

Jie 17, - KoeillieHT KOPUCHOT i peIyKTOPIB;

n Ta 7n,, - KoepIUIEHT KOPUCHOI Aii MPUBIIHUX €IEKTPOABUIYHIB.

Koediuient 7, BuOupaeThcss mo MmerToamui, mo npusenena B [70-73], a
KoeilieHT™ 77 Ta 77,,, IO 3ajleXaTh BIJ YacTOTH OOEpTaHHsS Baly

CJIEKTPOJIBUTYHA T4 HABAHTAKEHHS BUOUPAETHCS HA OCHOBI €KCIIEPUMEHTAIBHHUX
JaHUX Ta METOAMK npuBeneHux B [71]. [ToxnOka BHMIipIOBaHHS MOTY>KHOCTI IS
JOCITKYBaHUX JT1alla30HIB CKi1ajiae He Ouible 3%.

Tuck Ha BHUXOJI JHMCKOBOTO EKCTpyJAepa Ta TICIs IIECTEPEHHOIro Hacoca
BHUMIPIOBABCS €JIEKTPOKOHTAaKTHUM MaHomeTpoM Ttuity EKI'-1, kmac Tounocti 1,
mkana 0-10 MIla, mina moginku 0,1 MIla. IToxunbka BuMiprOBaHHS THCKY CKJIaja

He oureire 3 %.

3.2.2 BumipoBaHHSl Ta peryJIOBaHHSA TeMIlepaTypH Po0OYHX OPraHiB Ta

po3ILIaBYy moJimMepa

TemmnepaTypu Kopmycy po3IUIaBiIiOBaua BUMIPIOBAIUCH TEPMOMApaMH THITY
TXK-529 ta TXK-539 (rpaayroBanus XK, nmoka3HuK TENI0BOi 1HEPIi HE OUIbIIE
5 ¢, miarmazon BumiproBaHHs Temrepatyp 0-400 “C) B KOMIUIEKTI 3 peryIrOl0uuMu
MmimiBombT™MeTpamMu tuy MP64-03 111 rpanyroBanas XK 31 mkamoro 0-300 “C,
KJ1ac TOYHOCTI 1,5.

TemmepaTypa posmiiaBy Ha BUXOJi 3 JAWCKOBOTO pO3IMUJIABIIOBada Ta
JI03YIOUOIr0 HIECTEPEHHOTr0 Hacocy BH3Haudanachk tepmonapamu TXK-0672, TXK-
0872, TXK-0972 (rpamyroBanns XK, moka3zHuk TeIuoBoi iHepuii He Ouiblie Sc,

nianazoH BumiproBanHs Temmeparypu 0-500 “C, apmarypa po3paxoBaHa Ha THCK
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650-10° ITa) B kommmiekti 3 wmimiBoiabTMeTpom MIIII-154 (rpamyioBanns XK,

mkana 0-300 “C, xmac TounocTi 0,5).

Temnepatypui mpodinai kopryca 1 3aBaHTaXKyBaJbHO-TLIACTHKYIOUOT 30HU
JIMCKa PO3IUIABIIOBaYa BHUMIPIOBAINCH 3 METOIO 3HIDKEHHS TMOKA3HUKA TEIIOBOI
iHepItii, romyatumu Tepmonapamu tuiy TXK-033 yepes koxxHi 20 MM B KOMIUIEKTI

3 JIBAHATITUTOYCUHUM eJeKTpoHHUM moteHuiometpom EINII-09 (rpamyroBanHs

XK, mexa BumiproBanas temmneparyp 0-300 “C, kmac Tounocri 1,5).

TemnepatypHuil mpodisip po3uiaBioBaya B IpoLeci poOOTH 3alKiCcyBaBcs Ha
JlarpaMHy cTpiuky. TemneparypHuil nmpodinb AMCKa BUMIPIOBABCS MICHS BUXOIY
EKCTpyZiepa Ha PEXHUM, WOr0 MUTTEBOI 3YMUHKHU, (iKcalli AUCKA B 3aJaHOMY
MOJIOKEHHI 1 3ariauOJIeHHI TojfYaTUX TepMomap B CHEIIabHO BHKOHaHI
3arnuoiieHHa. CxeMa yCTaHOBKH TepMomnap Ha PUCYHKY 3.2.

[IpaBuUnBHICTD MOKA3iB TEpMOMNAp MEPIOUYHO MEPEBIPSIACH KOHTPOJIbHUMU

pTyTHUMHU TepMoMmeTpamu (miHa moainku 1°C), ais skux B KopIyci mepeadadeHi
OKpeMi crielliaibH1 3arJIu0OICHHS.
3 METOI 3MEHIICHHS MOKJIWBHUX TOXHOOK TMPHU BHUKOPHUCTAaHHI TEpMOIIap

JOTPUMYBAJIUCh HEOOX1HI TIpaBWIa IXHBOT YCTAHOBKH Ta ekcruryararii. [loxuOka

BUMIPIOBaHHS TeMIiepaTyp y modatkoBoMy miamazoni (50-250 "C) cknama He
oinbie 3%.

3.3 BinTBOpOBaHIiCTh eKCIIEPUMEHTIB Ta 00P00Ka pe3yJibTaTiB

TouHiCT, Ta BIATBOPIOBAHICTh METOAWKH JOCIIDKCHHS BU3HAYanacs
KOHTPOJIbHUMHU  JOCHDKEHHSIMH, [0  MPOXOAWIM  MPOTIrOM  BCIX
EKCIIEPUMEHTAJIbHUX JTOCHIJIKEHD 32 OHIEI0 TPOrPaMoIo.

3a 3a/1aHOI0 MPOAYKTUBHICTIO BCTAHOBIIIOBAJIM YaCTOTY OOEPTIB J03YIHOUOI0O
ITHEKa, AWCKY, IIECTEPEHHOTO0 HACOCy 1 BEMWYMHY poOoumx 3a3zopiB. Ilicis
BCTAHOBJICHHSI PEKHMMY pOOOTH BUMIpIOBAJIACsS TeMIlepaTypa Ha BXOZl Ta BUXO/II

[IECTEPEHHOI'0 HACOCY, MOTYX HICTh, TUCK 1 TPOYKTHUBHICTb.
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3 MeTol pO3paxyHKy TOXMOKH KOHTPOJBHOIO JOCHiay (aucmhepcii

BiJITBOPIOBAHOCTI) OOYMCITIOBAIIN OIIHKY CEpEIHIX 3HaueHb Ta IUCIIEPCii BEINYHH,
110 KOHTPOJIIoBasIncs 3a (hopmyiioro [72]:

S :nii(xiy _;i)z (34)

i-1 7=1

— 1 ny
e X, :HZXW.

[lepeBipKy OAHOPITHOCTI PE3YyJbTATIB €KCIIEPUMEHTIB BU3HAYAIU ILIIXOM

CKJIaJaHHs TaOJMYHUX 3Ha4eHb Kputepito Koxpena G, [72]:

2
G, = Dinac (3.5)

P~ K
>s
i=1

OpHopigHICTh JHCTIepCii BU3Hayanacs 3a BUKOHaHHAM yMmoBH: Gr>Gp.
Pe3ynbraté 0OpOOKH KOHTPOJIBHMX €KCIEPUMEHTIB MOKa3aJid, 110 KOJUBAHHS
3HaUeHb JOCTIPKYBAHMX TApaMeTpiB TMPOIEeCy HE BHUXOIWIM 3 JOBIPUOTO
1HTepBaly, a AUCTIEePCii BIATBOPIOBAHOCTI — OJHOPIIHI.

OOpobka pe3ynbTaTiB BHUMIPIOBaHb MPOBOAMJIACH B OCHOBHOMY 3
BUKOPHUCTAaHHSIM METOJMK TMpUBEACHUX B [26], M0 I03BOJIAIOTH 3a0€3MeYnTH
JOCTATHIO TOYHICTH OUIBIIOCTI TEXHIYHUX 3a4ad 3 MaJOK  KUIBKICTIO
CIIOCTEPEKEHb.

Pesynbrat ekcnepuMEeHTANIbHUX JOCHIKEHb Ta 3pO0JEHUX OOYHCIICHb

BUpaXeH1 B POOOTI UUCETBHO Ta rpadivyHO.
3.4 Onuc eKcnepuMeHTAIbHOI YCTAHOBKHU

Kackanuuii quckoBo-1iecTepeHHUN ekcTpyiep, Cxema Ta 3arajibHUN BUTIISIA
NIJIOTHOI YCTAaHOBKM JUIsi BUPOOHHUIITBA PYKABHOI IUTIBKM MPEJCTaBICHI Ha
pucynkax 3.2, 3.3 ta 3.4.

Jlo ckilagy KackagHOTO JIHCKOBO-IIECTEPEHHOTO EKCTPYAEpa BXOISAThH

ITHEKOBUM J103aTop mojimepy 1, AUCKOBUN eKCTpyAep 2, SKUM Mpalioe mpu
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JI030BAaHOMY JKUBJICHHI 1 HarHITaJIbHUN JO3YIOYHH IIECTepeHHUH Hacoc 3,
Jlo30BaHe JKMBIEHHS JHCKOBOTO EKCTpyAepa O3BOJISIE pealli3yBaTh MOJECIb
JUCTICPTOBAHOTO TUTABIICHHS.

OcCoOMBICTIO TaKOTO €KCTpyJepa € Te, IO BCl TpU MPUCTPOI OCHAIICHI
npuBogamMu 4, 5, 6 3 MOXJIHMBICTIO OE3CTYIIHYACTOTO PETyJIIOBaHHS KyTOBOI
IIBUJIKOCTI POOOYMX OpraHiB, a TaKOX Te, II0 MK JUCKOBUM EKCTPYJAEPOM 1
[IECTEPEHHUM HAaCOCOM BCTAHOBJICHO KOMIIEHCATOp 7, SKUA Mae 3BOPOTHIN
3B’S30K 13 NIPHUBOJOM J03aTopa Ta Y3rOJUKy€e MPOAYKTUBHICTH J03aTopa 1

MEeCTCPCHHOI0 HACOCAa.

N
N
)
/’

T

i 4@;

= VX LA

@ =H-—
7 flobimps @ \7 m\ B 5

1 — mHekoBUH A03aTop, 2 — TUCKOBUHN EKCTPYIEP, 3 — IeCTepEHHUN

Hh

Hacoc,4, 5,6 — mpuBOaM 0OEPTOBUX OPTaHiB EKCTPyAEpa, 7 — KOMIeHcaTop,8 —
3aBaHTaXyBaJibHa TOpJIOBUHA, 9 — OyHKep, 10 — ToprieBuit pobGounii 3a30p
JIMCKOBOTO eKcTpyaepa,l1l — popmyBanbHUI IHCTPYMEHT

Pucynox 3.2 — Cxema KackaJHOTO JUCKOBO-IIIECTEPEHHOTO EKCTPpyIepa

[lepepoOmtoBanuii momiMep 3 OyHKepa 8 JO3YETbCS B 3aBaHTAKyBaJIbHY
TOPJIOBHHY 9 JTIMCKOBOI'O PO3IUIABIIOBAaYa-rOMOreHi3aTopa, A€ BIH 3aXOIUIIOEThCS

6araT03axisz010 I'BUHTOBOIO Hapi31<0}o 3aBaHTa}KYBaJIBHO-HHaCTI/IKYBaJIBHO.l. 30HH,



77

pO3IrpiBa€EThCA 3a PaxyHOK €Heprii aucumaiii 1 y BHUIVISAl HaIiBpO3IUIaBY
HAJIXOJUTh Yy TOpLEBUUA poOouuit 3a30p 10 gucKOBOrO eKkcTpyaepa, [ie
3aBEPIIYEThCS TUIABJICHHS TOJIIMEPY 1 Moro romoreHizamis. [lig giero Bakyymy,
CTBOPEHOTO B IIIECTEPEHHOMY HAcOCi Ta THUCKY, SKHA 3a0e3MeuyeThes
3aBaHTaXyBaJIbHO-TJIACTUKYBAJIbHOIO 30HOIO Ta edekToM BaiiccenOepra, posiias
3aIIOBHIOE MDK3YOHI 3allaJIuHM MIECTEPEHb, SIK1 MiJ Yac oOepTaHHs 3a0e3MeUyr0Th
CTaJly TPOIYKTHUBHICTh 1 THCK PO3IUIaBY, HEOOXITHUU MJISI WOTO IMPOXO/KCHHS
Kpi3b QopMyBanbHUN 1HCTpyMEHT 1 J[MCKOBUI pO3IIIaBIIOBA4Y-rOMOTEHI3aTOp Ta
HIECTEPEHHUI HAacOC MAalTh ABTOMAaTUYHY CHUCTEMY €JIEKTPOOOIrpiBaHHS s
NIATPUMAaHHS 3aJJaHOTO TEMIIEPaTypHOro pekumy. EleKTpoHarpiBadi JHCKOBOTO
eKCTpyliepa CIyKaTh JIMIIE€ JUIsi CTapTOBOTO  pO3IrpiBy, MpH  BHUXOJII
pO3IUIaBIOBaYa Ha 3aJaHUM TeMIlepapaTypHUM peXUM, a Jail BIH Mpalioe B

ABTOT€HHOMY PEKHUMI.

77

1 — nozaTop cUpOBUHM; 2 — EKCTPYJEP AUCKOBHIL; 3 — HACOC MIECTEPEHHUI; 4 —
dbopmMyroua ToJIoBKa; 5 — KIIbIIE OXOJIOKEHHS; 6 — CKIIaalIbHI IJIACTUHU; 7 —
TATHYY1 BaJIKK; 8 — 00BIJIHI BaJIKK; 9 — ecTakana; 10 — maHimysmiiai ctanku; 11 —
PUHOMHI CTaHKH.

Pucynok 3.3 — Cxema nijoTHOI YCTaHOBKH JIJIs1 BAPOOHUIITBA PYKAaBHOI

[UTIBKA
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Pucynox 3.4 — 3aranbHuil BUTIISA TIOTHOT YCTAHOBKHU
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VY Tabmumi 3.1 HagaHa TeXHIYHA XapaKTEPUCTHUKA EKCIEPUMEHTAIBHOTO

KACKaJIHOTO JMCKOBO-IIIECTEPEHHOTO eKCTpyepa [81].

Tabmuis 3.1 — TexHiuHa XapaKTEPUCTHKA €KCIEPUMEHTATBHOTO KaCKaIHOTO

JMICKOBO-IIIECTEPEHHOTO EKCTpyepa

HarimenyBanns mapameTpa [Toka3zHuk
[TepepobiroBanmii MaTepiai [TonieTmnen
HU3BKOTO THCKY MapKu
15803-020
MakcumanbHa MPOAYKTUBHICTb JiHIT, KI/TOJT 40
HiameTp aucka, MM 150
YacroTa 00epTiB AMCKa 00/XB. 20-200
Jliana3oHu peryiroBaHHs poO0Yoro 3a30py, MM 0,5-5
KiJIbKICTh IECTEPEHHUX KOJIC 2
Mopynb 3aderieHHs, M 3,5
Kinbkicte 3y0iB, Z 16
[upuna 3yd6a, MM 24
YacroTa 00epTiB mecTepeHb 00/XB 0-40
Omip ¢popmyrouoi ronoBku, Mlla 10-30
BcraHoBiieHa NOTy X HICTh
— IInexoBoro po3aropa 0,2
— JluckoBoro excrpyaepa 7,5
— Illectepennoro Hacoca 2,5
— HarpiBHukiB 3,5

3.5 Marepiaju, 110 JOCTIAXKYBAJIUCH Ta IX BJACTHBOCTI

B 3B's3ky 3 THM, 110 iCHy€ BeJHMKa KUIBKICTh IMOJIMEPHUX MaTepiaiiB, B

OJIHIM pOoOOTI HEMAa€E MOMKJIMUBOCTI TMPOBECTH JOCTIUKEHHS BCIX ICHYHOYHMX B
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MIPOMUCIIOBOCTI Mapok. Tomy mpu BUOOp1 MaTepiany JaJis JOCIIKEHHS CIIUPaIUCh
Ha Takl MIpKYBaHHS: MaTepiajl Ma€ MIMPOKO BUKOPUCTOBYBATHCS B POMUCIOBOCTI.

Buxonsuu 3 TaKuX MipKyBaHb, B SIKOCTI MOJACIFHOTO CEPEIOBHIIA ITi]T 4ac
MPOBEJCHHS €KCIIEPUMEHTAIBHUX poOIT, OYB BUKOPHCTAHUMN MONIETUIICH HU3bKOI
ryctunu (Bucokoro Tucky) mapku 15803-020 'OCT 16337-85 [68].

OcHOBHI (P13UKO-MEXaHIuHI, TEIIO(I3UYHI 1 PEOJIOTIUHI XapaKTEPUCTUKU
noetrwieHy Bu3Haudanucs 3a [39, 40, 68, 69] i B mabopaTopHHX yMOBax 3
BUKOPUCTAaHHAM KamnuisipHoro Bicko3imerpa [[PT-3 Ta npuseneni B Tadm. 3.2.

Tabmuis 3.2 — OcHoBHI ¢i3uKOMexaHIuHI 1 TeI0(i3UUHI XapaKTePUCTHKU

HOJIIMEpPY
HaitmenyBanHs mapamerpa [Toka3nuk
[linbHicTs mpu 20°C, Kr/m° 910-930
Pyiinyioua Hanpyra, MH/m”: 0.8 16.7
— PO3TATHEHHS 118.16.7
— BUTUH
BinHocHe mooBKeHHS MpU PO3TATYBaHHI, % 500-600
Moiynb TPYKHOCTI TpH po3TsryBamHi, MH/M” 147-245
Moznyis pyxHOCTI pH Buruai, MH/M 118-225
TBepaicth no bpinuento, MH/m? 13,7-24,5
TemmepaTypa mnasieHHs, C 105-108
Iutoma TermtoemuicTs mpu 25 C, kJIx/(kr C) 1,9-2,5
TermnomnposianicTs, BT/(M-K) 0,29
Tanrenc KyTa fienektpuanux Brpat mpu 10 Tri 20 C (2-3)-10"
HacurHa IibHICTh MPaHyIbOBAHOTO MaTepiany, Kr/M° 520
Koedimient koncuctentHocti pu 120 °C 40600
[Toka3HuK cTeneHs peoyIoriyHOro PiBHAHHS 0,3
TemnepatypHuii KoeQili€eHT, - 9,98 107
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3.6 BuCHOBKH

1. CrtBOpeHa eKCHEpHMEHTAJIbHA YCTaHOBKAa 1 PO3POOJICHA METOIHKA
MIPOBEJICHHSI EKCIIEPUMEHTAJIbHUX JOCTIIKEeHb, sIKa JI03BOJISI€ BU3HAYMTH TakKi
OCHOBHI TapaMeTpH MPOIIeCy sIK MPOJYKTHUBHICTh, YaCTOTa O00EPTIB, MOTY>KHICTb,
TEMIIEPATypy PO3ILIaBY, THCK.

2. llpuBegeHuit  aHami3  MOXJIMBUX  IMOXMOOK  TIpU  TMPOBEICHI
€KCIIEPUMEHTAJIbHUX POOIT, pe3yJbTaTH OLIHKM BIIHOCHUX IMOXHOOK, METOJIMKa
JOCIIIJKEHb Ta BIATBOPIOBAHICTh €KCIIEPUMEHTIB TMOKa3ajid, [0 Ipuodopw,
IPOBEJCHI BUMIPU Ta METOJU TO3BOJIAIOTH JOCTATHHO TOYHO IPOBECTU BHUMIPU

NOTPIOHUX BEJIMYMH B HEOOX1THUX MEXKax.
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4 EKCIEPUMEHTAJIbHI JOCJIKEHHSA TA OIITHKA IX
PE3YJIBTATIB

4.1 locixzkeHHs MPOAYKTHBHOCTI IIECTEPEHHOr0 Hacoca BiJ 00epTiB Ta

THCKY

3aBIsSKM TOMY, IO IIECTEPEHHUNM HACOC HE MPOCTO IMEpeKadyye po3IuiaB
nojimMepy, a W CTBOPIOE Ta CTaOLII3ye€ HEOOXIAHUM THUCK IJi1 MPOXOKCHHS
po3IuIaBy 4epe3 (popMyrouy TOJOBKY €KCTpyAepa, TO poOoTa caMoro eKcrpyaepa
TENep COpsIMOBaHA TUIBKM HA PO3IUIABICHHS Ta TOMOTEHI3AIlI0 MOJIMEPY, IO
0€3yMOBHO € TIEpEeBarold KacKaJHHUX CXeM eKcTpy3ii. ExcrnepuMeHTan bH1
JIOCITIJIKEHHS TPOBOJIMIIUCH Ha JIiHIT /711 BUpoOHuUITBa pykaBHoi miiBku JIPIT -600
BUPOOHMIITBA 3aBOAY «BIIBIIOBUK» 3 BUKOPUCTaHHSAM B SIKOCTI PO3ILIABIIOBAYA —
rOMOT€eH13aTopa JUcKoBoro ekcrpynepa EJl — 7,5 3 MoaudikoBaHUM II€CTEPEHHUM
Hacocom HIII — 30 BupoOHunrBa «Kam’sHChKOr0 MamMHOOYAIBHOTO 3aBOAY», Y
SKOT0 MOJIyJIb IIeCTepeHb M = 3,5 MM, KUIbKICTb 3y01B Z = 16, IMpUHA IIECTEPEHb
b =24 mm, a Bucota 3a3opiB h = 150 mxm. Marepian — I[THI™ mapku 15803 - 020, p
=750 kr/™m°.

B nporieci ekcriepuMeHTIB BUMIPIOBAIMCA Ta KOHTPOJIIOBAIMCS: YaCTOTH Ta
CTabUIbHICTh 00epTaHHsI poOOYMX OpTaHiB J03aTOpa, MTUCKOBOIO EKCTpylepa Ta

IIECTEPEHHOTO Hacoca, 00/xB; mpoaykTtuBHicTh, G = 3600 Qd) p, Kr/ron,

NOTYXHICTh, KBT; THCK, MIla; TemnepaTypa posmiasy, °C.

[TpoBeneni mocmiKEHHs TOKa3aliu, 10 B pa3l BUKOPUCTAHHS PO3IUIABIB 3
PI3HOIO B’SI3KICTIO 3 METOIO HAAIMHOTO 3MalllyBaHHS MIOBEPXOHb TEPTS Ta MOBHOTO
3alOBHEHHS PO3IUIABOM MDK3YOHUX BHaauH 3a Tucky 5 MIla Ha BXxomi B
HIECTEPEeHHUI HAcOC MaKCHUMaJlbHYy 4YacTOTy OOEpTaHHs IIeCTepeHb HEOOX1IHO
pEryJIoBaTH TakK, 1100 KOJIMBAHHS TUCKY Ha BUXOJ1 3 LIECTEPEHHOr0 Hacoca Oyiu

MiHIMaJbHUMH, IO BiJAMOBI1a€ TOBHOMY 3alIOBHEHHIO MI>K3YOHHUX BIIA1H.
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S00 750 1000 1250 1500 17350 2000
sl FHCNEPUMEHTEAEHS KpMBa HLU 30 = AHENITHYHE KPWBa Zenit Pump
p=750 kr/m3

Pucynox 4.1 — 3anexxHicTh KpUTUYHUX 00EPTIB B IIECTEPEHHOMY HACOCI BiJ
B’si3K0CTi (P = 5 MIla, AP = 19 MIla)

Sk BugHO 13 pucyHKy 4.1, MakcuMalbHO 1OycTHUM1 00€pTH Hacoca Ta Moro
MPOIYKTUBHICT € (YHKIIEI0 B’SI3KOCTI, XapakTep SKUX MiATBEPIKYETHCA
aHAJOTIYHUMHU  3aJIe)KHOCTAMM, HaBEJACHHMMHM  MpPOBIAHMMU  (ipmamu B
BUTOTOBJIEHHI Ta 3aCTOCYBaHHI IIECTEPEHHUX HACOCIB Ul TepeKayyBaHHS
po3IiaBiB moJiiMepiB, Takux sk Zenit Pump ta MAAG Pump Systems.) [43, 44,
77,79,117]. OTke NpOAYKTUBHICTH MIECTEPEHHOT0 HACOCA 3aJIC)KUTh HE TUTBKH BiJl
4acTOTH 00epTaHH, ajie il BiA B A3KOCT1 PO3MILIABY.

Jist mano B’A3KMX PO3IUIABIB MOXHA BCTAHOBIIIOBATH OUIBIIY YacTOTY
o0epTaHHs IIecTepeHb, HIXK I B’ SI3KUX. TakuMm 4yuHOM, rpadiyHa 3aJIeKHICTh Ha
pucynky 4.1 nae MOXIMBICT BHU3HAUUTH JIOMYCTUMY 4YacTOTy OOepTaHHS
HIECTEPEHb JJI PO3IUIABIB MOJIMEPIB 3 PI3HOIO B’SI3KICTIO Ta MOXKJIMBY MPHU LILOMY
(bakTUYHY TPOJYKTUBHICTH Hacoca.

3aJIe’)KHICTh IPOYKTUBHOCTI MIECTEPEHHOTO HACOCA BiJl YaCTOTH OOEpPTaHHS

IIECTEPEHHOI'0 Hacoca HaBEJICHO Ha PUCYHKY 4.2 13 K01 BHJHO, IO IPH 3MiHI
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00epTiB HIeCTepeHHOro Hacoca Bif 15 1o 35 06/XB. MPOAYKTUBHICTH 3pOcTaja Bij
17 mo 42 xr/rox mo NiHIKHOMY 3aKOHY. TeopeTMYHO MOXKJIMBA MPOIYKTHBHICTD
Hacoca IpU MOBHOMY 3alIOBHEHHI MIXK3YOHHX BITaJIMH pO3paxoBaHa 1o Ghopmyli

2.2), 110 BPaXOBVE MOBHE BUKOPUCTAHHS 3aIEMIIEHOTO 00’ eMYy.
) Y Yy
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B AnagiTinuna kpuea HII 30 ¢ ExcnepumenTtansHa kpuea HILT 30

Pucynox 4.2 — 3anexxHicTh MPOAYKTUBHOCTI B1J] YaCTOTH OOEpTaHHS
mectepennoro Hacoca (ITHI" mapku 15803 - 020, P, =5 Mlla,
T =180 °C AP =19 MlIlIa)

JlocmikeHHsT BIUTUBY THCKY Ha TPOAYKTUBHICTH Ta i1 KOJMBAHHS, SKi
MPOBOAMIACH, Ha KAaCKagHOMY JIHCKOBO—IIECTEPEHHOMY 1 Ha KacKaJHOMY
JUCKOBO—YEPB'AYHOMY EKCTpyAepax, 1€ B SKOCTI Jo3aTopa po3IUIaBy Ta
CTBOPIOBa4Ya THCKY BUKOPHUCTOBYBAJIMCHh NIECTEPEHHUI HACOC TA YEPB TYHUN TIPEC
HaBEJICHO Ha PUCYHKY 4.3, 3 IKOTO BUIAHO, IO TIPH 3MiHI THUCKY Bix 15 1o 25 MIla
B JIMCKOBO-IIIECTEPEHHOMY €KCTPY/Iepl MPOIYKTUBHICTh 3MEHINIUIACh Ha 6,5 %, a B
YepB’AYHO-IIECTEPEHHOMY Ha 25%.

Ile 3HAuUTH, IO MPU KOJUBAHHSAX THCKY B (DOpMYIOUOMY IHCTPYMEHTI B
mexax AP=19+1 MIlla npu AMCKOBO-IIECTEPEHHIA EKCTPy3ii KOJMBAHHS
NPOAYKTUBHOCTI  cKiagatumyth +0,25 Kr/rom, 1O MIATBEPIKYEThCA 1

TCOPCTUIHUMHU PO3PAXYHKAMMU.
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Pucynok 4.3 — 3anexxHicTb NPOAYKTUBHOCTI BiJf THCKY B IUCKOBO-
IIECTEPEHHOMY Ta IUCKOBO—4epB’staHoMy ekcTpynepax (ITHI mapku 15803 — 020,
P,=5 MIla, T= 180 "C, n = const)

B TOif ke 4Yac KoNMBaHHS MPOAYKTHBHOCTI B ILIbOMY K Jlalla30HI IpH
JTIMCKOBO-YEPBSIYHIM €KCTpy3li CTaHOBIATh, =+1 Kr/rom, 1o B YOTUPU pasu
MEepeBUIye  MOMNepeAHiii  BapiaHT. TakuM  YWHOM, TIPH  HOMIHAJIBHIN
npoayKTUBHOCTI B 40 Kr/ro B JUCKOBO—YEPB’SIMHOMY EKCTpyJepi HEOOXiJTHO
BCTAHOBJIIOBAaTH MPOAYKTUBHICTE Ha 4 % Oinbmie, Tobto 41,6 kr/roxg, a Ha
JIMCKOBO—IIIECTEPEHHOMY €KCTpyAepi Tuibku Ha 1 % Ouibiue, ToOTO 40,4

KI/TO/I.

4.2 3aexHiCTh MOTYKHOCTI IECTEPEHHOI0 HACOCA BiJl MPOAYKTUBHOCTI

Ha pucynky 4.4 npuBeeHa 3ajaeXHICTh OTY>KHOCTI BiJl MPOAYKTUBHOCTI, 3

SIKO1 MOKHA 3pO6I/ITI/I BHCHOBOK, IO HOTY)KHiCTB, sJKa BUTPAYA€TLCA Ha CTBOPCHHA
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TUCKYy Ta Ha TEPTS B PO3IJIABI MO BCIX TIpymax 3a30piB NPSMO MPOIOpIIiiiHa
MPOIYKTUBHOCTI TecTepeHHoro Hacoca. Ilpu ii 3pocrtanni Big 5 mo 40 kr/ron
MOTYXHICTB 3pocTae Bia 0,35 no 2,2 kBT 1o niHiiiHOMY 3aKOHY. AHaJIITUYHA KPUBa

po3paxoByBajacs 3a piBHIHHIM 2.61
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L

Pucynok 4.4 — 3anexHiCTh NOTY>KHOCTI IIECTEPEHHOI0 Hacoca BiJy

npoaykruHocTi (T = 180°C, P; = 5 MlIla, AP = 19 MIla)

4.3 JlocaigaeHHs MiIBUIEHHS TeMIIEPATYPH PO3MJIaBy B TMCKOBO-

IIeCTEPEHHOMY Ta JMCKOBO-4€PB’IYHOMY €KCTpyAepax

EneproomaaHicts mporecy KacKaaHOi JUCKOBO-IIECTEPEHHOI eKCTpy3ii
MIATBEPKYIOTh €KCIIEPUMEHTAIbHI Ta TEOPETHUYHI 3aJIeKHOCTI TeMIepaTypu
pO3IUIaBy Bija 0OEpTiB, skl MpuUBeJeHI Ha pucyHky 4.5. Tak, B Jiama3oHi 4acTOT
oOepTaHHs IIeCTepEHHOTO Hacoca Bif 15 1o 36 00/XB mpu AMCKOBO—IIIECTEPEHHIN
excTpy3ii Temmneparypa 3pocrana Ha 3 °C, Bim 180 mo 183 °C, a mpu nuckoBo—
yepBsuHiil exctpy3ii Ha 14 °C, Bix 180 mo 194 °C, mo B 4,6 paza Ouiblile, HIX 32
eHeproomaaHuM crocooom. [Ipu mpoMy mUTOMI BUTpATH €HEPrii MpH TUCKOBO—

niecTepeHHin excTpy3ii cranoBisTh 0,057 kBt roa/kr, mo B 1,3 pasa MeHiie, HIXK
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pU JUCKOBO—YEPB'SIYHIHN, IO CBITYUTH MPO CHEPrOOIAIHICTh CXEMH KaCKaHOI
JTMCKOBO—IIIECTEPEHHOT EKCTPY3ii.

TakuM yuHOM, OfepkKaHi Pe3yabTaTH MiATBEPDKYIOTH MOJOKCHHS (i3HIHOT
Ta MaTEeMaTUYHOI MOJENeH, a aHali3 PO3PaxXyHKOBUX Ta EKCIEPUMEHTAIBHHUX

JTAaHUX TOKa3ye, M0 iX Po30LKHICTh He nepeBuiye 14 %.

196 1€ ‘ ‘

195 -~ [IuToma BuTpara eHeprii |
194 —— HaTepeKauyBaHH, N /
193 +— kBT-ron/kr : <9 /
192
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189 -
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187 “[IUCKOBO-LLIECTEPEHHUA  [IUCKOBO-UEepBAYHUI /
186 - EKCTpyAep —  EKcTpyAep

185 1

184
183
182
181
180

R2=0,9481

AecTOYAED R? = 0,9541

n, 06/xe

12 15 18 21 24 27 30 33 36 39
——  Po3spaxyHnkoBi gaHi ExcriepiMeHTanbHI 1aH1

Pucynox 4.5— 3anexHicTh TeMIepaTypu po3IuiaBy Bijl 00epTiB poOOYNX OpraHiB
(ITHT" mapxku 15803 — 020, P, =5 MIla)
OTxe, 3aCTOCYBaHHS IIECTEPEHHOTO HACOCY JI03BOJISIE HE TITbKU 3a0€3MeUUTH
cTabim3aIliio 00’€MHUX BUTpAT MOJiMEpy nepea GopMyrodnM iHCTPYMEHTOM, ajie
i BHKOPHUCTOBYBAaTH JUCKOBHM €KCTPYJEp JIMIIE JUIsl TPOBEICHHS IPOIICCIB

IUIABJIEHHS Ta TOMOIE€H13aIl].

4.4 BUCHOBKH

3a pe3yapTaTaMy €KCTIEPUMEHTALHUX JOCTII)KEHb BCTAHOBJICHO:
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AnexkBatHICTh (I3UYHOI Ta MaTeMAaTHMYHOI MOJENeH TEepeHECeHHS B
[IECTEPEHHOMY HACOCI.

B pesynbrari eKkcnepuMMEHTaJbHUX JOCHIPKCHb BCTAHOBJICHI OCHOBHI
CHEpProCcWJIOBI  TapaMeTpu  IIMECTEPEHHOTO  Haoca Ta  BCTAaHOBJICHA
(byHKITIOHATBHA 3QJIKHICTH MK HUMH.

Pe3ynbpraT TEOpPEeTHYHUX JOCHIJIB Ta EKCIEpUMEHTalIbHI JlaHI MarTh
3aJI0BUTbHY KOPEJIAIIIIO.

BukopucraHHs IIeCTEpEeHHOr0 Hacoca B SKOCTI J03YyBaJbHOTO KacKamy
N03BOJISIE 3a0€31euyBaTH HEOOXIIHY MPOJIYKTUBHICTS JIiHII O€3 BTpaT TUCKY Ha
BXOJ1 y (opMyBaJbHYy TOJOBKY Ta 3HA4YHOrO HIABUUIICHHS TeMIIepaTypu
pO3ILIaBY.

[IpoBeneHuii a”ail3 MOKJIUBUX MOXUOOK npu MPOBEJIEH1
EKCTIEPUMEHTAILHUX POOIT, pe3yIbTaTH OIIHKH BITHOCHUX MOXHOOK, METOIUKA
JOCITIKEHb Ta BIJATBOPIOBAHICTh EKCIEPUMEHTIB ITOKA3ajd, IO IPOBEJICHI
BUMIpPH Ta METOJM J03BOJIAIOTH JOCTATHHO TOYHO MPOBECTH BUMIPHU MOTPIOHUX
BEJIMYMH B HCOOXIJTHHX MEKax.

BcTaHoBIEHO MUTOMI BUTPATH €HEPTii Ta MEPEBUTPATH CUPOBUHM MPHU PIZHUX
cXeMax eKCTpy3ii Ta 00TpyHTOBaHO BUKOPHUCTAHHS KACKaIHOIT JUCKOBO-

HIECTEPEHHOI CXEMH MPU eKCTPY3ii MoIiMepiB.
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3) OBIPYHTYBAHHSI TNPAKTUYHOI'O 3ACTOCYBAHHSI
EKCTPYJAEPA TA EKCHEPUMEHTAJIBHUX JOCJIIKEHb

5.1 OcobauBocTi NMPAKTHYIHOI0 3aCTOCYyBaHHA KAaCKaaHOro AUCKOBO-

IIeCTEPEHHOIr0 eKCTPyaepa

[Ipy mpakTHUHOMY BHUKOPHCTAHHI KAacKaJHOTO EKCTpyJepa B pPIi3HUX
TEXHOJIOTIYHUX JIHISX SKICTh OTPUMAaHUX BHUpPOOIB B OUIBIIIN CTEIeHi
BU3HAYAETHCSI TEMIEPATYPOI0 1 MEXAHIYHOI TOMOTCHHICTIO PO3IUIaBY, SIKUM
3aJICKUTH B1Jl YCTAJIEHOIO 3MILIYIOUOT0o e(eKTy IUCKOBOIO EKCTPYAEpa, a TAKOXK
BU3HAYAETHCS CTAOUIBHICTIO 1 Y3TOJIXKEHICTIO MPOIIECIB KUBJICHHS, TUIABJICHHS 1
JO3yBaHHSA, BIJ SIKAX 3aJ€KUTh PIBHOMIPHICTH BUTPATH PO3IUIABY, KU
nocTyrmnae Ha GOpMyBaHHS.

3yNMHUMOCH OUIbII J€TajJbHO HA MPUYMHAX SKI MOXYTh HPHU3BECTH [0
NOPYIIEHHS CTa01IBHOCTI 1 CTIMKOCTI MPOLIECIB KACKAAHOI EKCTPY3Ii.

[lepmra 3 HUX 1€ 3HaYHA HEBIAMOBIAHICTh YaCTOTH OOEPTAHHS JO3yHOUOIO
HIECTEPEHHOI0 Hacoca 1 MPOAYKTHBHOCTI J03aTopa. PEKOMEHII0BaHI YacTOTH
o0epTaHHs J103aTopa, JUCKOBOTO EKCTPyAepa Ta IIECTEPEHHOr0 Hacoca MpUBEIEHI
Ha PUCYHKY 5.1, KOJM THCK Ha BXOJll B LIECTEPEHHHUN HACOC MIATPUMYETHCS B
Mexax S5 + 0,2 MIlla. Takuili pexuM HaWOUIbII YAaCTO BUKOPUCTOBYETHCS B
MPaKTHIl EKCTPY3ii 1 MOkKe OyTH PEKOMEHIOBAHHM JIJIsi OUTBIIOCTI TEXHOJIOTIYHUX
MPOLIECIB, 30KpeMa Jisl OTpPUMaHHs TpyO, TUTIBOK, JIUCTIB Ta 1HIIMX BUPOOiB. Ciijl
MaTd Ha yBa3l, MO 30UTBIICHHS 4YacTOTH OOEpTaHHS IIECTEPEHHOTO Hacoca Bij
PEKOMEHIOBAaHUX MPHU3BOIUTH JI0 30UIBIIEHHS KOJWBAHHS THCKY, a, BIAMOBIIHO, 1
NPAYKTUBHOCTI, @ MPU 3MEHILIECHHI 4aCTOTH OOEpTaHHS BCTAHOBIIOETHCS PEKUM
nepe3aBaHTAKEHHS, SIKUH TMPU3BOAUTH 10 TOCTYNOBOTIO 30UIBLICHHS JOBXHHU
3anoBHeHOi AuIsHKUA 3113, ax 10 3aBaHTaXKyBaJIbHOI TOPJOBUHM 1 B KIHIIEBOMY
MIJICYMKY JI0 «3aMOpPOXKEHHs» po3IuiaBy Ha Bxo/li B 3113 nuckoBoro excrpynepa.

Hpyruii  dakTtop, sKuii mnOpylrye CTaOUIbHICTh 1 CTIMKICTh MPOLECIB

KAaCKaJHOi JMCKBO-IIECTEPEHHOI EKCTPY3ill € HEY3TrO/PKEHICTh PEXHUMIB poOOTH
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3aBaHTaXyBaJIbHO- MIACTU(DiKyr04oi Ta AuckoBoi 30H. 3113 noBuHHA 3a0e3MeynTH
IUTABJICHHS 1 PIBHOMIPHY MOJady pO3IUIaBy AJi TOMOTeHi3alli B poOouuid 3a30p.
SKI10 MPOYKTUBHICTh AMCKOBOI 30HM OLIbIIA HDK MPOAYKTHBHICTH 3113, To 1€
BeJIe JI0 TMOSBU KBa3ITYpOyJIEHTHOT Teuii B AUCKOBIH 30H1 1 MyJbcallii po3IiaBy Ha
BHUXOJI1, TOOTO Ha BXOJIl B IIECTEPEHHUN HACOC, SIKWH, K MPABUIIO, B 3HAYHIN MIpi
MOBTOPIOE 111 IMyJIbcallii Ha BXOAl 3 (popMyrody TOJIOBKY. YCYHYTH IIel HEIOMIIK
IpU HE3HAYHIA HEY3roKEHOCTI MO)KHa 3MEHIIMBIIM poOoui 3a30pu, abo x
3MIHOIO YacToTu oOepTaHHs Aucka. Skmo >k mnpoxyktuBHicTh 313  Buie
IPOJYKTUBHOCTI JUCKOBO1 30HH, aJie 1i TIAPaBIIYHUN OMip HE OUIBIIMKA HIK THUCK,
o mMoxe ctBoputu 3113, To cnocTepiraerbcsi cTabLIbHE 1 CTIMKE 3aBaHTaKEHHS
IIECTEPEHHOI0 HAacoca, ajieé MpU IbOMY 3HUXKYETbCS TOMOTEHI3yro4a 37aTHICTh
JIUCKOBOI 30HHU.

Konu omip auckoBoi 30HHM OUIBIIUN HIXK MaKCUMaJIBHUN THCK, SIKMH MOXE
ctBoputu 3I13 mpu BCTaHOBJIEHIN YacTOTI OOEPTAHHS, TO Y3rOHKEHICTh PEKUMIB
0 TUCKY MOXKHA peani3yBaTu 30UIbIICHHSIM YacTOTH OOepTaHHS IucKa, abo kK
3MIHOIO BEJIMYMHUA POOOYMX 3a30piB 3 ypaxyBaHHSIM XapakTepy 3MiHU
TEeMITepaTypH.

SxicTh moMiMEepHUX BUPOOIB B 3HAYHIA MIpl 3aJICKUTH BIJ TeMIEpPaTypH
po3iuiaBy. ToMy MOXXIJIMBICTh PETYJIOBAaHHS TEMIIEPATypH € BAXKIUBOIO 3a]1a4€io
MpU EKCTPY3ii MmojiMepiB. 3MIHIOBATH TeMIIEpaTypy pO3IUIaBy MOKIHUBO, abo
MiJBeACHHSAM (BIIBEICHHSAM) TEIUIOTH BIiJ 30BHINIHIX HarpiBadiB abo X 3a
JIOTIOMOTOI0  €Heprii Aucumailii, ToOTO pEeryJIIOBaHHSIM TEPMOMEXaHIYHOTO
HaBaHTAXXEHHSI Ha PO3IUIaB 3a JOMOMOIOK 3MIHM 4YacTOTH OOepTaHHS PoOOUYOTO
OopraHy eKcTpylepa TMpu J1030BaHOMY KuBJeHHI. OCTaHHIN Ccmoci0 OiabId
JOIIILHUNM OCKUIBKM BIH MaJI0 I1HEpUIMHUN 1 J03BOJIAE€, HE 3MIHIOIOUU
MPOIYKTUBHICTh, THYYKO KepyBaTH TeMIepaTypor posmiaBy. [Ipuxiamom
MO>KJIMBOCTI TaKOTO KEPYBaHHS € KACKAaJHUH JUCKOBO-IIECTEPEHHUN EKCTpYyaep
cXema SIKOTO IpUBEAeHa Ha PUCYHKY. 3.2.

Hatuuku Ttemnepatypu 11 BCTaHOBJEHI B KOPIYyCl eKCTpyAepa (IKCyIOTh

3MiHy TemmepaTtypu 10 jgoBxuHi 3II3 1 [03BONSIOTE BU3HAYUTH  MICIE
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MaKCUMAaJIbHOTO TPAJIEHTy TEMIlepaTyp MO JOBXHHI Kopmycy. PerymtoBaHHsIM
4acTOTH OOepTaHHsA JUCKa Ta BEJIWYMHH poOOYMX 3a30piB MpHU  3aJaHii
MPOJYKTUBHOCTI MAaKCUMAaJIbHUI TpaJleHT TEMIIEpaTyp BCTAHOBIIOIOTH Tak, 00
BiH 3HaxoauBcsa B kiHIi 3[I3, mo cCBiqYuTh MpO TE, IO MPOIEC IIaBICHHS
Bi10yBaeThes B 313, a roMoreHizaiisi B JUCKOBOMY 3a30pi, TOOTO B MPU3HAUCHUX
JUTSL IILOTO MICIISIX.

3a OTpUMaHUMHU pe3yJbTaTaMHU Ha JAPYroMy eTaml JOCHIIKEHb TUCKOBO-
HIECTEPEHHOT0 EKCTpyiepa OTpUMaHi rpadiuHi 3aJIeKHOCT1 YaCTOTH 00EPTIB AUCKA
BiJl TPOAYKTUBHOCTI (pUCYHOK 5.1), TemmepaTypu poO3IUIaBy BiJl YacTOTH
o0epTaHHs JUcKa (PUCYHOK 5.2), Ta 3aleXHICTh TEMIEpPAaTypu pPO3IUIABY BiA

BEJIMYMHH POOOYHX 3a30piB (PUCYHOK 5.3).
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Pucynox 5.1 — 3anexxHicTh 4acTOTH 0OepTaHHS AMCKA BiJl TPOTYKTUBHOCTI

[THI" mapku 15303-003

Jlo30BaHEe  KHUBJICHHA  JO3BOJIAE  DETYJIOBAaTH  TEPMOMEXaHIuHE
HABAHTAKEHHA HA PO3ILJIaB 3a J0MOMOT0I0 YaCTOTH OOEPTAHHS AMCKA Ta BETUYUMHU
poboyoro 3a3opy npu HE3MIHHIA MPOAYKTHUBHOCTI. 3 pucyHka 5.1 BuaHO, 110
gacToTa OOEepTaHHS IHWCKOBOTO EKCTpyAepa MpHU J030BAHOMY >KHUBIIEHHI HPSIMO

MPOTOPIIiitHA TPOTYKTUBHOCTI.
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PucyHnok 5.2 — 3anexHiCTh TEMIEPATYPH PO3ILIABY BlJ YACTOTU 0OEpTaHHS JUCKA.
Marepian - [THI" mapku 15803-020. G, kr/ron: m — 8,38; A—16,81; e —25,27.
T., — cepenns Temneparypa posIaBy.

[3 pucynka 5.2 BHJHO, IIO PETYJIIOBAHHSIM YacTOTH OOEpTaHHS IUCKa B
mexax £10 % Bin HOMIHAJIBHOTO 3HAYEHHS MPHU OJIHIM 1 TIH K€ MPOAYKTHBHOCTI
TEMIIEpaTypy MOKHa PEryJiroBaTd B Mexax =5 °C, a peryitoBaHHSIM BEIUYUHU
pobouoro 3a3zopy (pucyHoOK 5.3) B Mexax Big 1 g0 3 MM TemmepaTypy MO’KHA
3MIHIOBaTH B Mexax +3,5 °C.

Jlo mopyiieHHs pexuMiB poOOTH JUCKOBOIO EKCTPYAEpa NPU3BOJAUTH TAKOXK
HEY3TOJDKEHICTh  JIO30BAHOTO 3aBaHTAXEHHS 3 MpoaykTuBHICTH 313 mnpu
BCTAHOBJICHIN yacToTi oOepTanHHs aucka. [lepeBunienns 3aBantaxenus 3113, sx 1
NIEPE3aBAHTAKEHHS  JI03YIOUOTO  LIECTEPEHHOIO0  HAcoca, MNPU3BOAUTH 10
«3aMOpOXeHHs» po3miaBy Ha Bxoal B 3II3, a Hemo3aBaHTaXeHHS BeaE 10
HEPIBHOMIPHOI N0/1ayuil po3IjIaBy B poOOUuMil 3a30p, a OTKE 10 MyJIbCalliil TUCKY Ha
BUXOJl 3 JHUCKOBOTO €KCTpyJepa. YCYHYTH Taky HECTaOUIbHICTh MOKHA

30UJIBIIIEHHSM MPOAYKTUBHOCTI, a00 3HM)KEHHSIM YaCTOTH 0OepTaHHS JUCKa.
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Pucynok 5.3 — 3anekHICTh TEMIIEPATYPH PO3ILIABY BiJl BEIUYHHH POOOYNX
3a3o0piB. Marepian - ITHI" mapku 15803-020. G, kr/ron: m — 8,38; A—16,81;

® —25,27. T, — cepeliHs TEMIIEpaTypa po3IliaBy.

Heo0xigHo Matu Ha yBa3i 1110 P CTaOUIbHINA pOOOTI JUCKOBOTO €KCTpyAepa 1
MIECTEPEHHOTO Hacoca KOJMBAHHS MNPOAYKTHBHOCTI Ha BHUXOJl 3 KAacCKaJHOTO
EKCTpyZepa MOXYTh OyTH OOYMOBJICHI TaKOXX 3MIHOIO JI030BAaHOTO JKHBJICHHS,
TOMY, 1110 TPOJAYKTHUBHICTh J03aTOpa 3aJCKUTh HE TIJILKHU B1J 4YaCTOTH OOEpPTaHHS
ITHEKa, ajie 1 BiJl rPaHyJIOMETPUYHOTO CKJIay CUPOBHHH. ToMy Tipu nepepoOJieHH1
PI3HUX MapOK Ta 3MiHI MapTiil moJiMepiB HEOOX1JHO MPHU BCTAHOBJICHH] IIBUKOCTI
BIJIBOJICHHS1 BUpOOIB BpaxoBYBaTH 1 1iel (hakTop.

OnHOO 3 OCHOBHHUX OCOOJMBOCTEH KAaCKagHOTO YEpB’ SYHO-IUCKOBOTO
EKCTpyJZiepa € Te, 10 BiH JI03BOJISIE KEPYBATH TEMIEPATypOIO 1 SKICTIO PO3ILIaBY
HE3aJIeKHO BIJ TPOIYKTUBHOCTI. BHKOpHCTaHHS B SKOCTI pO3IJIaBIOBava-
rOMOTI'€HI3aTOpa IUCKOBOTO €KCTPYJIepa, KU Mpaltoe P J030BAHOMY KUBJICHH1

JIO3BOJISIE  OMEpPATUBHO, 0€3 3yNMHHKU MPOIECY PpEryjioBaTH TEPMOMEXaHIUHE
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HABAHTAKEHHA Ha MEpepoOIIOI0YMi MaTepiall, 10 PIBHOCHIBHO JIJISi 3BUYANHOTO
YepB’AYHOTO EKCTpyJepa YCTAaHOBJIEHHIO HOBOro uepB’sika. l[lpuyomy, sKimo
TEXHOJIOTIYHO HEOOXI1THO 3MIHUTH IIBHUJKICTH 3CYBY B 30HI CYXOTro TepTs 1
HaIBpPO3IJIaBy, TOOTO Ha mepudepii AUCKY, TO MOIIILHO BUKOPHCTOBYBATU
MO>KJIMBICTh 3MIHM YacCTOTH OOEpTaHHS AUCKOBOTO eKCTpyaepa B Mexax £10 %. A
SKIIO HEOOXITHO 3MIHUTH HABAHTAXKEHHS Ha pO3IUIaB, HANPUKIAL 3 LU0
MOKpAIIIEHHs] TOMOTeHi3alli 1 JUCHepryBaHHs, TO e(EeKTHBHIIIE 3MIHIOBATH
BEITMYMHY pPOOOYHX 3a30PiB B THX K€ MEXKaX.

Temneparyporo po3riaBy B JAHCKOBOMY €KCTpPYyJEpl MOXHa KepyBaTH SK
YacTOTOK OOEpTAaHHS , TaK 1 BETUYMHOIO poOOUYOTro 3a30pa , ado K BapilOBaTH Il
nBa mapameTpu (pucynku 5.1 - 5.3). Hapsagy 3 MOXIMBICTIO KepyBaTH
TEMIIEPATYPOIO 1 SKICTIO PO3IUIaBy KACKaJHUN €KCTPYJEp MO3BOJISAE TAKOXK OUIBIII
palioHalbHO  BUKOPUCTOBYBAaTH  YCTAaHOBJEHY  TMOTYXKHICTh  MIIAXOM il
MePEepO3NOUTY MK KacKaJaMu. 3MIHIOIOUH BEJIMUMHY POOOYMX 3a30PiB 1 YACTOTY
oOepTaHHs AMCKa [JO3BOJSIOTH MPU HE3MIHHIA MPOJYKTUBHOCTI 3MIHIOBATH
MOTYXXHICTh B Mexax +15 % Bim HoMmiHanmbHOi. Hampukmnaa, SKIo moTyKHICTb
HIECTEPEHHOI0 HacOCa BUKOPUCTaHA MOBHICTIO, TO B IbOMY BUIAAKY 301IbIICHHAM
YacTOTH OOEepTaHHS AUCKA Ta 3MEHIICHHSAM BEJIIMYMHHU POOOUYOTo 3a30py MOKHA
30UTBIIUTH TOTYXKHICTh, Ky BUKOPUCTOBYE TUCKOBHM E€KCTPyAEp 3 OJHOYACHUM
30UTPLIEHHSIM ~ TEMIIEpaTypy pO3IUIAaBY, IO IMOCTyNae B IIECTEPEHHUN HAcoc.
3HIKEHHS B’S3KOCTI PO3IIIaBy MPU3BEE 10 MEHIIO1 AUCHMAIIl eHepTii B HbOMY, a
BIJIMOBIHO, IO 3HUKEHHS MOTYXHOCTI IIECTEPEHHOTO HAcoca. 3 1HIIOI CTOPOHU
3MEHIIIEHHS THUCKY Ha BXOJll B IIECTEPEHHUN HACOC TMPHU3BEIAE N0 3HIDKEHHIO
MNOTY>XHOCTI, SIKY BHUKOPHUCTOBYE JIMCKOBUU EKCTpyHAEp, L0 IacTh MOXJIMBICTb
3MEHIIUTH HOTO MOY>KHICTh 30UIBIIMBIIY 1i CIIOKWBAHHS B IIECTEPEHHOMY HACOCI.

KonuBanHs1 THCKY, SIKI BUMIPIOIOTBCS Ha BXOAI Y (OpMyIOUYy TOJIOBKY €
HEMPSIMUM TMapaMeTpOM SIKHil BHU3HA4Ya€ HECTAOUTbHICTh MPOAYKTHUBHOCTI. SIKITO
Takl KOJIMBaHHS BU3BaHI PEKUMOM POOOTH MIECTEPEHHOI'0 Hacoca, TO 3 LULII0 X
YCYHEHHSI HEOOXITHO TUIaBHO 3MEHIIUTH dYacTtoTy obepty HII, no moBHOro

3HUKHEHHS MyJIbCalliil TUCKY. SIKIO K IMyJbcallii TUCKY BHU3BaHI HECTAOUIbHICTIO
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poOOTH TMCKOBOIO €KCTpylepa, TO JUIsl iX YCYHEHHS B SIKOCTI KOHTPOJIbHOTO
napaMeTpa HeoOX1JHO BUKOPUCTOBYBATH MOTYKHICTh IUCKOBOTO €KCTpyepa, abo
CTPYMOBE HABAaHTAKEHHA JBUryHa. [IpW HEy3roJKeHHI pPEXHUMIB pPOOOTH
3aBaHTAXKYBAJIbHO-TUTACTH(IKYIOUOi Ta JUCKOBOT 30H CTPLJIKA aMIIEpPMETpa MOKa3ye
MyJIbCYIOUE HABAaHTAXKECHHSI JIBUTYHA 3 BIIXHWJICHHSM B1J] CEPEIHBOIO 3HAUCHHS Ha -
+30% 1 OwnpIe ipu cTabiibHOMY 3aBaHTakeHH1 3113. 3MiHOI0 YacTOTH 00epTaHHS
JIUCKa 1 BETMYMHUA POOOYOTro 3a30pa, abo K, B KpailHbOMY BHIIAJIKY, 3MEHIIIEHHSIM
OPOAYKTUBHOCTI 3 BIANOBIJIHUM 3HIDKCHHSM 1HIIMX TapaMeTpiB  MOXKHA
cTabu113yBaTH poOOTY NUCKOBOTO eKCTpyAepa. Ilpu ipoMy HaBaHTaKEHHS CTPyMY
JIBUTYHA TTIOBMHHO 3MIHIOBATUCh B MeXaX + 5 % Bix cepenHbOTO 3HaYeHHs. Pexxum
«Tepe3aBaHTAKEHHS» IECTEPEHHOr0 HAcoca, JMCKOBOI Ta 3aBaHTaXKyBaJIbHO-
mIacTU(iKyr0uoi 30H XapaKTepU3yIOThCS OE3MEepEepBHUM 1 IJIABHUM 3POCTAHHSIM
MOTYXHOCT1, CTPyMy Ta THUCKY JO0 MaKCHUMaJbHUX 3HAYEHb, SIKI JJISI KACKaJIHOTO
eKCTpyJiepa € aBapiitHUMH.

OnHak, cliji 3ayBaKUTH IO MPU 3HAYHIA HEY3TrOMKEHOCTI PEKUMIB, SKIIO 1
BJIA€THCS 32 JIOMOMOTOI0 PETYJIIOIOUUX MapaMeTpiB B SKIMCh CTENEH1 cTab1Ii3yBaTH
poOOTY TUCKOBOTO €KCTpyJepa, TO 1€ 3aBXKIU 3B’SI3aHO 31 3HAYHUM 3HIDKEHHSIM
MO>KJIMBOCTI YIPaBIiHHA KaCKaJHUM eKCTpynepoM. ToMy B TakuX BHUMAIKax, a
TaKOXX TPH HEOOXIAHOCTI MEepPepoOKH TMOIIMEPIB PEOJIOTIUHI Ta Terao(i3uyH1
BJIACTUBOCTI SIKUX PI3KO BIAPI3HAIOTHCS Bl PEKOMEHOBAaHUX AJIA JAHOI TeoMeTpil
3113, HeOOX1THO 3 METOIO YTOYHEHHS 1 KOpEeTyBaHHS MapaMeTpiB I1i€l 30HU POOUTH
NepPEeBIPOYHUNA YU MPOEKTHUIA PO3PAXyHOK.

KoHCcTpykTHBHA OCOONMBICTh KAaCKaJHOTO €KCTpyAepa J03BOJIMIA PO3POOUTH
HOMOTpaMH Ui BHU3HAYCHHS PEXKUMIB pOOOTH eKcTpynepa B PI3HUX
TEXHOJIOTIYHUX JIHISIX. 3a pe3yjbTaTaMu JOCIKEHb pO3pO0IEHO HOMOTpaMHU JIJIst
BU3HAUEHHS Y3TOJDKEHUX PEXKUMIB pOOOTH KaCKaJHOTO JMCKOBO-IIECTEPEHHOIO
eKCTpyZAepa, OHa 3 SIKuX AJis nojietuneny Hu3bkoi ryctunu (ITHI') mapkxu 15803
- 020 nmpuBeneHa Ha pUCYHKY 5.4.

Buxopuctanus 1i€i HOMOrpaMH I[IOKa3ajo, IO BCTAHOBJICHI PEXHUMH Ta

IIBUJIKICTh BIJIBEJICHHS 3a0e3medyye oTpUMaHHs TUTIBOK, 10 Bianosigarote ['OCT
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10354-82 [24], a BUKOpHCTAaHHS 11 CIPOIIYE IMPOLEC YIPABIIHHS TEXHOJOTIYHHM
PEKUMOM BUPOOHMIITBA TLTIBKH.

AHaJi3 OTPUMaHMX 3pa3KiB IONIETUICHOBOI IUTiBKM MoKa3aB [97 —100], mo

BOHa BIANOBiae BuUMoram HopMmaTuBHOi gokymenTtamii 3a 'OCT 10354-82, a

TOBIIIMHA TUTIBKK TIPU MPOYKTUBHOCTI 40 KI/ToJ MOXe cTaHOBUTH 8—10 MKM.
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Pucynok 5.4 — Homorpama a1 BUSHAYEHHS PEXKUMIB POOOTH KACKAIHOTO

nuckoBo-tectepenHoro ekcrpyaepa aig [IEHT mapku 15803-020

[IpoBeneHi exkcrepuMeHTaNbHI JOCTIIKEHHS EKCTpyJepa IoKa3ai, IIo
BUKOPUCTAHHS  3alpPOTIOHOBAHOI KacKaJHOI CXEMH EKCTPY3il  JT03BOJIHIIO
nepepoOIIoBaTH OLIBII IMHUPOKY TaMmy MOJIMEPHHX MartepiajiB, 3 MiABUIIICHUM
3MINTyI0ourUM €(eKTOM Ta 32 PaXyHOK MOKIIMBOCTI THYYKOTO KEPYBaHHS MPOIECOM

nepepooKHu.
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5.2 [TapaMeTpUYHHIA PO3PAaXYHOK IIECTEPEHHOT0 HACOCA

MeTor0 po3paxyHKy € BU3HAUCHHS MPOTyKTUBHOCTI IMIECTEPEHHOTO Hacoca 3
ypaxyBaHHSM BHUTOKIB BHCOKOB'S3KMX PO3IUIAaBIB MOJIMEPIB Yepe3 paaialibHi Ta
TopieBi 3a3opu. Ha pucynky 5.5 300pakeHO pPO3PaXyHKOBY CXEMY

MECTCPCHHOI'0 HACOCA.

hr b 2. ik ok h. i
<
i
7

5% A

S b
4 3\ 27

1 — BepxHs MIUT; 2 — MIECTEPHI; 3 — cepeaHs nTa; 4 — HIKHS TUIUTa; 5 —
BaJI IpUBONy; h, — mepina 30Ha pajaialbHUX 3a30piB; N, — Apyra 30Ha TOPLEBUX
3a30piB; h, — Tpers 30Ha TOpuEBUX 3a30piB; h, — yeTBepTa 30Ha TOPLEBHUX
3a30pB; h, — m’dra 30Ha TopueBUX 3a30piB; P, — 30Ha HM3bKOrO THCKY; P, —

30Ha BUCOKOT'O TUCKY
Pucynok 5.5 — Po3paxyHkoBa cxema HIECTEPEHHOIO HACOCY
Buxigai gani:

Tuck Ha Bxomi P, MIla 5
Omip popmyrouoi rosoBku P, MIIa 25
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KinekicTs 00epTiB 1mectepeHs N, 06/c 0,5
Temnepartypa posmiasy t, °C 180
Monynb 3adensieHHs 3y0iB m 3.5
KinbkicTs 3y6iB Z 16
KinpkicTs 3y0iB, 1110 BXOAATH B pajliaJbHUN 3a30D Z; 12
HMiamertp Basty Dy, MM 30
Kyt 3auennenns 3y0iB a, Tpaj 20
[upuna Bing mectepHi b, m 0,024

Topueswuii 3a30p hr, M

150-10°°

AJTOpUTM Ta TporpamMa MapaMETPUYHOTO PO3PaxXyHKY IMECTEPECHHOTO
HACOCY HaBeJIeHa Ha PUCYHKaxX 5.6 — 5.8

PosrisitHeMo anropuTM po3paxyHKy AOKIaJHIIMIE. 3TiTHO 3 PO3pOOJICHOIO
MaTEeMaTHYHOI0 MOJIEIUTIO TIOJIiMEp, M0 HAJAXOIUTH 3 AUCKOBOTO €KCTpynaepa €
MOBHICTIO Tepepo0eHUM (pO3IUIaBIEHUM) Ta Ma€ MOTPIOHY Temmeparypy T .
Tak sIK MBUJKICTh HACOCY JICKHUTH B Jlana3oHi, 10 HE MepeBulrye 52 o0/XB.
[Tinbupaemo Hacoc, KU 3a0e3MeUnTh MaKCUMaIbHY MPOAYKTHBHICTH. Hacoc
MOX€ BHUOMPATHUCH SK 3a MOJYJEM 3auellJIeHHs TakK 1 3a IIUPUHOI0 3y0a.
PanioHanbHO 301JIbIIYBAaTH MOJYJIb 3a4€IJIEHHS 1 3MEHIIYBaTH KIJIbKICTh 3yOiIB,
o0 Tmpus3Befe J0 30UIbIICHHS MPOJYKTUBHOCTI Maike MPOIMOPIiHO
30UIBIIICHHIO MOIYJS MpU THUX CcaMUX TabapuUTHUX 3HAYCHHSX HACOCy.
BigHoieHHs MMPpUHY IIecTepHi 1o i miamerpa (b/d) nmexuts B mexxax 0,5 — 0,6.
[TimiOpaBmm HAcOC MaeMO BHUXIJHI TapaMmeTpu: Tero(i3uyHi BIACTUBOCTI
noiimMepy, omip ¢GopMyBaIbHOIO IHCTPYMEHTY, SIKMH HEOOXIJHO TMOAOJaTH
HACOCy, Ta MapaMeTpH MIECTEPEHHOT0 Hacoca (KUIbKICTh 3y0iB, IMUPUHY BIHIIS
IIECTEPHI, MOAYJIb 3a4EIJICHHS, KIJTbKICTh O0EPTIB).

Omxe, y Oyiomi 3 00YHCITIOIOTHCS JiaMETPH OCHOBHOTO Kojia O, BHUCTYIIIB
3y0iB mectepenb De Ta BucTymiB 3y0iB 1ectepeHb Re, niamerp Kojia BIaguH

3y0iBDi. ¥V 4mMy Onoii OOYMCIIIOIOTBECS KPOK IO OCHOBHOMY Koiy fp , Ta
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cepenHid jgiamerp Mo TpeTid Tpymi 3a30piB D3 Ta po3paxoByeThCs

OPOAYKTUBHICTH Hacoca 3 YypaxyBaHHSM I[IOBHOTO BHKOPUCTaHHS PIIWHU

3anieMiieHoro o6’emy Q,. YV Onowmi 5 0O4YMCIIOETHCS IIBUAKICTE OOEpTaHHS,

IpaJil€HT MIBUAKOCTI 3CyBY, HCHbIOTOHIBCbKA B SI3KICTh MOJIIMEPY A Ta
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Pucynok 5.6 — biok - cxema po3paxyHKy IIECTEpEHHOT0 Hacoca
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JIOBJKMHA TEPIIOi TPYMH 3a30piB, a TAKOXK OOUMCITIOETHCS BTpaTa MPOyKTUBHOCTI
Q: B mepmni rpymi 3a30piB. B Omokax 6, 7, 8, 9 0OUYMCHIOIOTBCS BTpaTH
IPOAYKTUBHOCTI B APYTii, TpeTid, 4eTBEPTIiil Ta I’ SATiM rpyImi 3a30piB BIAMOBIIHO.
Y 10 Onomi BU3HA4yaeThCcsl (paKTUYHA MPOTYKTUBHICTH HIECTEPEHHOrO HACOCY 3
ypaxyBaHHSIM BTpaT 10 II'siTH rpymam 3azopiB. Jam y 11 Ta 12 Omokax
POBOAUTHCA OOYHMCIICHHSI Ta BUBOJUTHCS 3HAUEHHS (PAKTUYHOI MPOAYKTUBHOCTI
IIECTEPEHHOI'0 Hacoca.

[Tporpama Ta pe3ynbTaTé pO3paxyHKY IIECTEPEHHOTO HAcOCa MPHUBEACHI

Ha PHUCYHKY 5.7.

CLS

FORN=10TO 50 STEP 20
b=.024

m =.003

z=16

De=m*(z+2)
Re=De/?2

d=m*z

r=d/2

t=8.85* 10" (-3)
Qt=2*3.14*b*n/60* (Re 2-r"2-t72/12)

PRINT "Qt="; Qt
Ul=3.14*De*n/60
h=4*10"(-6)
z1=11

e =.002

L=z1%*e/2
P2=25*10"6

P1=3*10"6



tem = 180

j=3.14*De*n/60/h

mul = 40600 * j ~ (-.7) * EXP(-.00998 * (tem - 120))
Ql1=((P2-P1)*b*h"3)/(12*mul*L)-Ul*b*h/2
Q1=Q11*2

PRINT "Q1="; Q1

Dd =.0509

U2=3.14*Dd*n/60

b2 =.0066

L2=t/2

j2=3.14*Dd*n/60/h

mu2 = 40600 * j2 " (-.7) * EXP(-.00998 * (tem - 120))
Q2=((P2-P1)*b2*h~"3)/(12*mu2 *L2) + (U2*b2*h)/2
PRINT "Q2="; Q2

Di = .047

Dval = .03

D3 =(Di+Dval) /2

U3=3.14*n*D3/60

b3 = Di - Dval

L3 =(3.14* D3 * (360 - 90 - 15)) / 360
j3=3.14*D3*n/60/h

mu3 = 40600 * j3~ (-.7) * EXP(-.00998 * (tem - 120))
Q33=((P2-P1)*b3*h"3)/(12*mu3*L3)+(U3*hb3*h)/2
Q3=Q33*2

PRINT "Q3="; Q3

D4 =(De+Di)/2

U4=3.14*n*D4/60

b4 = De - Di

L4 =(3.14* D4 * (360 - 90 - 15)) / 360
j4=3.14*D4*n/h/60
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mu4 = 40600 * j4 ~ (-.7) * EXP(-.00998 * (tem - 120))

Q44 =(P2-P1)*b4d*h~"3)/(12*mud *L4)-(Ud*b4d*h)/2
Q4=Q44*2

PRINT "Q4="; Q4

D5 = (Di + Dval) / 2

U5=3.14*n*D5/60

b5 = Di - Dval

L5=(3.14* D5 * (360 - 90 - 15)) / 360 + Di / 2
j5=3.14*D5*n/h/60

mu5 = 40600 * j5 ~ (-.7) * EXP(-.00998 * (tem - 120))
Q55=((P2-P1)*b5*h"3)/(12* mu5* L5) - (US*b5*h)/2
Q5=Q55*2

PRINT "Q5="; Q5

Q=Qt-Q1-Q2-Q3-Q4-Q5

PRINT "Q="; Q

NEXT n

END

Pesynpraru:

n=10
Qt=3.679406E-06
Q1=-2.486403E-08
Q2= 8.518337E-09
Q3= 8.109217E-09
Q4=-1.297889E-08
Q5=-7.919059E-09
Q= 3.70854E-06

Pucynox 5.7 — I[Iporpama po3paxyHKy OpOAyKTUBHOCTI IIECTEPEHHOT0 Hacoca

n=30
Qt=1.103822E-05
Q1=-7.650045E-08
Q2= 2.430331E-08
Q3=2.423838E-08
Q4=-3.903665E-08
Q5=-2.382808E-08
Q= 1.112904E-05

n=50
Qt=1.839703E-05
Q1=-1.286583E-07
Q2= 3.974626E-08
Q3= 4.034315E-08
Q4=-6.512171E-08
Q5=-3.975648E-08
Q= 1.855047E-05
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Tabmung 5.1 — Inentudikaropu 10 MporpaMu po3paxyHKy IPOAYKTUBHOCTI
HIECTEPEHHOI0 Hacoca

[Ho3nauenusa

HaiimenyBanns T —— Inentudikarop OnuHuill BUMIipy
Yucno o0epTiB N N o6/c
IIECTEPEHD
Omip roJoBKU P P MlIIa
Monayns m m M
3a4eTICHHS 3y01B
Uucno 3y6iB /4 Z
[TpoTyKTUBHICTB 0 Q r/c
eKcTpyaepa
Kyr 3auerenss u alfa
3y0iB
[Iupuna BIHIIA
HIECTEPHI b b M
Temneparypa t t
pO3IIaBy
Hiametp q q v
OCHOBHOTO KOJIa
I[laMeTp BHCTYIIIB De De "
3y0iB
HiameTp  BmaauH Di Di "
3y0iB
Bucota 3y0a h h M
Kpoxk 3y6iB t0 t0 M
[TpoTyKTUBHICTB
npu MOBHOMY
BUKOPHCTaHHI Qt Qt Kr/C
3aIEMJIEHOTO
00’ eMy
['ycTuHa nonimepy ro Kr/M
B’s3kicth u my Ma*c

noJiiMepy
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5.3 Pexomenaamii 1040 BHPOBAIKEHHSI KACKAJAHOTO JHCKOBO—

IIECTEPEHHOI0 eKCTpYyAepa

OcCoOMBICTIO OMHCYBAHOTO KAaCKaJHOTO EKCTpyJepa € Te, II0 B HbOMY
BU/IIJICH]1 B HE3aJIEXKHI TaKi oreparllii sk 3aBaHTa)KEHHs, TJIaBJICHHS Ta JI03yBaHHS
po3maBy. B TexHomoriuHoMy TUIaH1 eKCTpyAep 3a0e3mnedye MPUPOJHY
JIeTa3alio  arjoMepaTy uYepe3 3aBaHTaXyBaJbHY TOPJIOBHHY JHCKOBOTO
pO3IUIaBIOBaYa;  TEPMO-MEXaHIYHE  HABAaHTAXKEHHS  Ha  pO3IUJIaB B
pO3IUIABIIIOBAYl MPHU MOCTIMHIA MPOAYKTUBHOCTI MOKE PETYJIIOBATUCH ILISIXOM
3MIHM BEJIMYMHH pOOOYMX 3a30pIB Ta YAaCTOTH OOEpTaHHS AMCKA, MPHU CTalii
MPOTYKTUBHOCTI.

MOXIMBOCTI TaKOTO PETYIIOBAHHS JO3BOJIAIOTH KEPYBAaTH €HEPTOEMHICTIO
MpolIeCiB  IUJIABJIIGHHA Ta JO3YBaHHS pO3IJIaBy Ta TMPU HEOOXIAHOCTI
MIepePO3IOAITUTH MOTY>KHICTh MIJK HUMH.

Po3ninenHs mnpouecy mnepepoOKM Ha aBTOHOMHI orfepauii  J03BOJISIE
30UTBIIUTH B TOPIBHSAHHI 31 CTaHAAPTHUM YEPB’SSTYHUM TIPECOM  HYHCIIO

PEryJIIOIYHX TapaMeTPiB 3 YOTUPHOX 10 AecsaTH [17, 61, 62]:

Gy, =f(nT,pa);

GKe = f(nl,algnz;H1T21])2!a2)’n3’T3’})3’

ne Gy, 1a Gy, — IPOAYKTHBHICTH CTaHJAPTHOIO YEPB’SYHOIO NIpECy Ta

KaCKaJIHOTO €KCTPY/iepa, BIATIOBITHO;

n,n,N,,Ng— dactora oOepraHHA poOOYUX Opra”iB  CTaHJAPHOIO

YepB’SIMHOIO IIpeca, 103aTopa, JMCKOBOIO PO3ILUIABIIOBAYa Ta IIECTEPEHHOIO
Hacoca

T, Th, T, — TemniepaTypa 30H HarpiBaHHs,

P, P;, P,, P; — THUCK B 4YepB'AYHOMY, JAUCKOBOMY EKCTpyJepax Ta

HIECTPEHHOMY HACOCI, BIJIMOBIIHO;
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a, 01, 0o 0.3 — TEOMETPUYHI PO3MIpU POOOUHX OpPraHiB;

H — BenmnumHa poO0OYOT0 33a30py AUCKOBOTO EKCTPYAEpa.

30UTbILIEHHSI PEryJbOBAHUX IMapaMETPIB JI03BOJIIE THYYKO BECTHU TMPOILEC
nepepoOKn Ta, 32 PaxyHOK I[bOTO, OTPUMYBATH BHUPOOH OLIBIII BUCOKOI SKOCTI
IIPY HU3bKUX MUTOMUX €Hepro3arparax.

Pe3ynbraTi BUKOHaHOI pOOOTH MOKYTh OYTH BUKOPHCTaHI Ha:

— Kadeapi «Mamma Ta amapariB XiMiYHHX 1 HadTomepepoOHuX
BUPOOHUIITBY 1HKeHEepHO—XIMIUHOTO (akynasTeTy KIII im. Irops Cikopcrkoro;

— TIAT «HBII binsmoBuk»;

— 00O «Ilnactmonaepn» (Ykpaina);

— 00O «Iurep—TIlomimep—IIlnact» (Ykpaina);

Ta 1HIMX MIJOPUEMCTBAX, SIKI BUTOTOBISIIOTH MAIIUHU [JIs MEPEpOOKHU

MOJIIMEPIB, PU MOJIEPHI3AIlT ICHYIOYOTO Ta MPOEKTYBAaHHI HOBOTO O0JIaHAHHS.
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BUCHOBKH

['onoBHMMI pe3yabTar JTYcepTalifHol poboTtu — CTBOPEHHS
peCypCcOeHEeproomiaHoi CUCTEMH KacKaJHOI JUCKOBO-IIECTEPEHHOI eKCTpy3iil AJis
nepepoOJieHHsT  TMOJIMEPHUX  MaTepiagiB 3  BHKOPUCTAHHSIM B  SIKOCTI
pO3IUIaBIOBavYa-roMOreHizaropa  JUCKOBOTO  €KCTpylepa 3 J030BaHUM
KUBJICHHSIM, a B SIKOCTI JI03aTOpa pO3IUIaBy Ta FeHepaTopa THUCKY HIECTEPEHHOTO
Hacoca.

1.3a pesynpraTaMu TEOPETUYHUX Ta EKCIEPUMEHTAIbHUX JIOCIHIKCHb
OOIPYHTOBAHO CHCTEMY KaCKaJHOi JUCKOBO-IIECTEPEHHOI EKCTPY3ii, 0COOIUBICTIO
SKOi € BCTAaHOBJICHHS Ha INEpIIii cTajli B SKOCTI pO3IUIABIIIOBaYa—TOMOIeH13aTopa
JUMCKOBOTO €KCTpyJAepa 3 J030BaHUM JKHUBJICHHSM, a Ha JpYyrid crafii, s
CTBOPEHHS THUCKYy Ta JO3YBaHHS, MOJEPHI30BAHOIO IIECTEPEHHOr0 Hacoca,
nepeBUTpaTa CUPOBUHU Ta €HEPrii 3a 3aCTOCYBAaHHSAM SIKOTO He mepeBuurye 1 %
P OJEP>KaHHI BUPOOIB 13 3aJJaHUMU BJIACTUBOCTSIMHU.

2. TeopetnuHo OOTpyHTOBAaHO Ta EKCHEPUMEHTAIBHO JOBEACHO, IO
3aCTOCYBaHHS KAacCKaJHOI JTHUCKOBO-LIECTEPEHHOI EKCTPY3il J03BoJisie O€3 3MiHU
3arajbHOI MPOIYKTUBHOCTI BIUIMBATH Ha MPOLIECU TUIABJICHHS Ta TOMOTEHI3aIlli B
JTIMCKOBOMY €KCTpYJIepl 3a JOMOMOTOI0 3MiHU 00epTiB Ta 3a30piB B Mexax £10 %
B1JT HOMIHAJILHUX 3HAYEHb.

3. 3a pe3ymbraraMu €KCIIEPUMEHTAIBHUX  JOCIIIKEHb  po3polJeHa
HOMOTpama JJisi BU3HAUYEHHS Y3TO/)KEHUX PEKHUMIB poOOTH arperaTiB KackagHOTro
JIMCKOBO-IIIECTEPEHHOTO €KCTPY/iepa B TEXHOJOTIUHMX JIHISAX 11 BUPOOHMIITBA
PYKaBHUX TUTIBOK, TPYO Ta MpodiIbHO-TIOTOHAKHUX BUPOOIB.

4. Po3BuHyTO (Di3WyHy Ta MaTE€MaTU4YHY MOJIEJI MPOIIECIB MEPEHECEHHs B
IIECTEPEHHOMY HACOCI, SIK1 JJO3BOJISIOTH BU3HA4YaTH (DaKTHUUHY MPOIAYKTHBHICTS,
NOTY)KHICTb Ta MIABHUILEHHS CEpeIHbOMACOBOI TEMIIEpaTypu pO3ILIaBy B
HIECTEPEHHOMY HacoCi.

5. ExcrnepuMeHTasbHO  BCTAaHOBJIEHO, 10  3aCTOCYBaHHA  KacKaJaHOI

JIMCKOBO—IIIECTEPEHHOI €KCTPY3ii NPy BUPOOHMIITBI TUTIBKM HA MUIOTHIM YCTaHOBIII
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3 mpoayktuBHicTIO 40 kr/roa 13 TIHI" mapku 15803 - 020 m03BOJMIIO 3MEHITUTH
JOTTYCKM Ha TOBIIMHY Ta MIMPHUHY IUTIBKA B 4 pa3u 3 eKOHOMI€IO CHPOBUHU 110 1,6
KI/TO/I.

6. ExcnepuMeHTaNbHO BCTAHOBJICHO, IO PO3PaXyYHKOBI 3aJ€KHOCTI IS
BU3HAYECHHS MPOJYKTUBHOCTI IIECTEPEHHOTO HACOCY NMPHU 3HAYCHHSIX THCKY AP =
19 MIIa ta temneparypi T = 180 °C anekBaTHO OINHUCYIOTH €KCIEPUMEHTANIbHI
JaH1 3 po301KHICTIO, IO He TiepeBuILye 12 %.

7. 3a pesyinbTatamMu JAOCIIIKEHb OJIEp>KaHl 3aJ€KHOCTI ISl BU3HAUYCHHS
MOTYKHOCTI IIECTEPEHHOr0 Hacoca MpH nepepooOIll nojietuwieny mapku 15803 —
020 3 Temneparyporo T = 180 °C 1 tuckom AP = 19 MIla 3 po301KHICTIO MIXK
PO3paxyHKOBUMH Ta EKCIIEPUMEHTAIbHUMU JaHUMHU He Olnbiie 14 %.

8. EkcmepuMeHTaJIbHO BCTaHOBIEHO, MO0 TMPH JHUCKOBO-IIECTEPEHHIN
eKcTpy3ii nmpu nepepoOil nomietwieny Mmapku 15803 — 020 3a cranux oOepTiB pH
3MiHl THCKYy Bil 15 nmo 25 MIla npoaykTuBHICTH 3HM3WIAcs Ha 6,5 %, a mpu
JMCKOBO—YEPB'sIYHIN €KCTPY3ii 3a TUX ke yMOB Ha 25 %.

9. ExcnepuMeHTalbHO  BCTAHOBIIEHO, 1[0  3aCTOCYBaHHS  JHCKOBO-
IIECTEPEHHOI eKCTpy3ii mjisl mepepoOku mnomietuneny mapku 15803 — 020 mpu
pobouomy THCKy AP =19+1 MIla 3a0e3neuyeThcsi cTabimizallis MPOTyKTUBHOCTI
Ha piBHi 38,75%0,25 kr/rox (Bimxuienns 0,64 %), mo B 4 pa3u MeHIIE HIX MPH
JIMCKOBO—YEPB’AUHIN eKCTPY3ii.

10. JlocmipKeHHSIMU BCTAHOBIICHO, 110 3aCTOCYBaHHS 3allPOIIOHOBAHOI CXeMU
eKCTpy3ii npu nepepoOiti nomietwieHy mMapku 15803 — 020 npu 3miHI 00€pTiB B
niama3oHi Big 15 1o 36 006/XB IPU3BOAUTHL 10 301IbIIEHHS CEpPeIHbOMACOBOI
temriepatypu po3miaBy Ha 3 °C 3 180 mo 183 °C, mro B 4,6 pa3iB MeHIIE, HIX Y
BUIAJIKY 3aCTOCYBaHHS JUCKOBO—4YEpB’SIYHOI eKcTpy3ii. [lutomi BUTpaTu eHeprii
IpU TUCKOBO—IIIeCTepeHHIN excTpy3ii ckiamaroTs 0,057 kBt ron/kr mpotu 0,075
kBT TOa/KT ipH TMCKOBO—4epB'siuHii eKcTpy3ii, To0TO Ha 30% MeHTi.

11. Pe3ynbrath  TEOPETHMUYHHUX Ta  EKCIEPUMEHTAJIbHUX  JIOCIIIKEHb

MOKJIaJICHO B METOJUKY PO3PaxXyHKY MPOIECY KACKaJHOI JTHUCKOBO—IIECTEPEHHOT
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eKCTPY3ii Ta HaJaHi PeKOMEHAIII1 1010 MPAKTUYHOTO BUKOPUCTAHHS TIPOBEICHIX
JOCTIIKEHb.

12. Pesynbratu nucepranii BnposakeHo y [T «<HAYKOBO-BUPOBHUYA
OIPMA «KOMIUIACT», M. KuiB, a Takox B HaB4aJIbHOMY Ipolieci Ha Kadeapi
MamyH Ta amapatiB XiMiuyHUX 1 HadrTonepepoOHux BupoOHUHTB KIII im. Irops

CikopchKOro.
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Jonatok A. OuniHka moxudoxk BUMIPIOBAHHS

MeTouKka OIiHIOBaHHS TOXMOOK BUMIpIOBaHHS onucaHa B [21]

JIns OLIHKKM JIOCTOBIPHOCTI OTPUMAaHMX JaHUX IIPOAHATIZYEMO TOXHUOKHU
BUMIpIOBaHb. ['paHu4H1 aOCOMIOTHI Ta BIJIHOCHI NMOMUJIKHM TO3HAYA€EMO BIATIOBITHO
gepes € Ta O .

SIKII0 HempsiMO BHMIpIOBaHa BeJMYMHA Y € (YHKLIE€I0 BETUYUH X, Xp,...p X,

BUMIPIOBAaHUX MPSIMUM CIocoboM, TO 3rigHo Teopii moxubok [20] rpanuyHa

abco0THA MOXHOKA NMpY BU3HAYEHH] Y pIBHA.

_ 2 2 2
& —\/D1 +D; +...+ D; (A1)
ne D,D,,..,D, — 4acTkoBi TOXMOKHM HEIPSIMOro BHMIPIOBaHHS, IO

BHU3HA4YaIlOTHCIA 3a (bOpMy.]'IaMI/IZ

AU

oY oY
_—-gx’ = :
ox

3D, =—"¢, (A.2)

D =— &, ;..
' x, "oox, -

&y 1€y 1€y — QaOCONIOTHI MOXMUOKM pe3ylbTaTiB MHPSIMHUX BHMIPIOBAHb

BCIIMYHUH X, X,,..., X,

['pannyHa BigHOCHA MOXUOKA MTPU BU3HAYEHH1 Y OyJie PiBHOIO:

_\jD12+D22+...+ D?
- Y

A 1. O0poOka npsMHX BUMIPIOBaHb

5, (A3)

B tabnuii A.l HaBeneHi 3HaYCHHS 3aMipiB Yacy Ta Barwu.

Tabmuus A.2 - 3HaueHHs 3aMipiB Yacy Ta Barw.

T,C g, Kr/c
125,21 0,027
125,32 0,031
125,1 0,026
124,91 0,028
125,12 0,029
125,21 0,027
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Ha cekyHmoMipi HaHECEHO 3HAYE€HHS 1HCTPYMEHTAJIbHOI IMOXUOKH 1 BOHU

CTaHOBJIATH:
A,=0,01 c.
[ToxmnOka Tepe3iB po3paxoBYETHCS 3a (HOPMYIIOTO:
A
npun E’
1
A==9; (A.4)
2
A = 5 _0005_ 0,0008ke,
me 2.3 6

ne 6=0,005 kr — 1iHa MoAiIOK KA TePe3iB;

Jlns 3amanoi AoBipuTenbHOT WMOBIpHOCTI a=98 % 1 kimbkocTi BuMipiB N=6
BU3HaYaeMO Koe]ilieHT M0BIpH tog.6=3,4.

Pospaxyemo cepenHe 3HaUCHHS

(2) N (T, 1252+ 12532+ 125,14+ 124,91+ 125,12+ 125,21
'L' = =

N 6
= 125,12 ¢;

§=1 gn 0,027+0,031+ 0,026+ 0,028+ 0,029 + 0,027 KI

(9) = = = 0,028—;
N 6 c
3HaX0IUMO Ccepe/IHE KBaJpaTUYHE BIIXUIICHHS PO3PaXyHKIB:
po3paxy
P A G )
t N-1
= 0,158;

(125,21 — 125,12)2 + (125,32 — 125,12)2 + (125,1 — 125,12)2 +
+(124,91 — 125,12)% 4 (125,12 — 125,12)2 + (125,21 — 125,12)2
6—1

. J Y (g = (@) _

g N-1

=1,58-10-3.
(0,027 — 0,028)2 + (0,031 — 0,028)2 + (0,026 — 0,028)2 +

+(0,028 — 0,028)2 + (0,029 — 0,028)2 + (0,027 — 0,028)2
6—1

Po3paxoByeMo BHMAIKOBY CKJIa0BY MOXUOKU:
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S, 0,158
O =IN T Ve
Ag= taw Sy = 340,06 = 0,2 ¢;
S, 158-107°
WS INT T Ve

— — -4 __ -3 KT
D= tan *Sig) = 34645107 = 2,19 1073 —.

KT
=6,45-10"%*—,
c

Po3paxyeMo noBHY MOXHOKY.

AOCOIIOTHY:

At = /A2 + A2= /0,012 + 0,2042 = 0,2 ;

Ag = [A2 +A2=./0,00082 + (2,19-10-3)2 = 2,310 3 c.

Bignocny:

[Ticnst okpyTiIeHb pe3ybTaT BUMIPIOBAHHS Yacy Ta MacH 3alMCYyEMO Y BUTIISIIL:
r=12512+02¢c; 6=1%; o=98%;
g=0,028+0,0023 kr; & =1%; oa=98%;

A 2. BuzHaueHHs MOXHOKHN HEMPSIMUX BUMIPIOBAHb:

[TpoyKTUBHICTh YCTAHOBKH 110 PO3ILJIABY BH3HAYAIIH:
G =3 (A.5)

7€ g — Bara po3IuiaBy 3a OJIMHHULIIO Yacy, K.

['pannyHa BigHOCHA MTOXMOKA BUMIPIOBAHHS MPOAYKTHBHOCTI piBHA
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5 _\/[fg)+(rlgj _ (8sz+[8 j (A6)

ne ¢,.=0,5cTa &, =0,0023 kr.

Toni nnsa npoaykTuBHOCTI B 40 KI/TO;

2 2 2 2
5. = (E_J & (Ej +(0’0023j 100% ~1%.
p r g 60 40

A 3. JInsg omiHKM MOXMOKH MK TEOPETHYHHMH 1 EKCIepeMEeHTaTbHUMU

JaHUMH CKOPHCTAEMOCH METOAMKOIO HaBeAeHOIO B [21]:

BusHadaemo BennuuHy A, :

2 2 2 2
Ai = % + % = (@j + (Ej — 0’59’
X A 50 49

ae AX, — NoxuOKa MIDK EKCIEpUMEHTAIbHHMU JAHUMHU Ta DPe3ylbTaTaMH

pPO3paxyHKy 32 MaTEMAaTUYHOIO MOJIEILIIO;

X. — 3HauU€HHs 00EpTIB B TOULI 32 PO3PAXYHKOBUMH JaHUMHU;

Ay,

P IMOXHOKa MIK CKCIICPUMCHTAJIbHUMH JTdHUMHW Ta pPC3yJibTaTaMU

PO3paxyHKy 3a MaTEMaTUYHOIO MOJIEIIIIO TIO BiCl TPOYKTUBHOCTHI B 1 TOYII;
Y, — 3Ha4eHHs NPOAYKTHUBHOCTI 1 B TOUIIl 3@ pO3PaXyHKOBUMHU JAHUMU;

Benuunau moxuboK 3HaXOAUMO 3 PUCYHKY 4.2.

BusHayaemo BenmuuuHy A,

D Ai
A, =-1—=0,0831
n
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JI€ N — KUTBKICTH JOCIIAHUX TOYOK

3aranpHa TOXUOKA JJIs cepii BUMIPIOBaHb Oyie:

0 =A,-100% =0,0831-100 =8,31%.
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JTOJATOK B

IIporpama po3paxyHKy NpPOAYKTHBHOCTI IMCKOBOI'0 EKCTPyaepa
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Ha pucynkax B.la, B.20, B.3B npencraBjieHa OJIOK-CXeMa
IO POBPaxyHKy MNPOONYKTMBHOCT1 IOMCKOBOTO €KCTpyIepa.

Bxigni mani BBOAsATbCS B Oiorl 1, a B 001l 2 OOYHMCITIOETHCS CEKyHIHA
MPOAYKTUBHICTH 1 JiaMeTp o6nacTi nedopMyBaHHS, a TaKOX 3aJal0ThCA KPOK
pO3paxyHKy 1o pajaiycy 1 3HaueHHs K.

Axmo obuuciieHe 3HaueHHs D; Oulblne aiameTpa aucka, To Onoku 3 1 4
3YIIUHSAIOTH PO3paxyHOK. Y Oj0kax 5 1 6 3a1af0ThCsl MOYATKOBI 3HAUYCHHS BEJIWYMH,
a 6110ku 7 1 8 0OYKCHIOIOTH MOTOYHUM PaAlyC 1 3HAUCHHS AZ.

KonoBa mBuakicTh 00epTaHHS MCKa Ha MOTOYHOMY pajlyCl 1 3HAYEHHS
IIBHJKOCTI 3CyBY 7Y, 0OumcmoroTecs B Ononi 11, a B 6iokax 12-14 BuOmpaernes
CepeliHs TeMIiepaTypa po3IUIaBy.

Po3paxyHok moTryxHocTi aucumarnii 3a ¢opmynoro (10) peamizyeTscs B
omokax 15-24, a B Omokax 25-32, BIAMNOBIAHO, OOYUCIIOETHCA TeMIEparypa
po3riaBy abo cepelHbOMacoBa TeMIlepaTypa MoJIiMepy B 3aJ€XHOCTI Bil TOTO,
3akiHuuBcA (Omoku 25, 28-32) uu Hi (6noku 25, 26, 27) npouec miasieHHs. [Ipu
11boMy 3HaueHHS AT yTOYHIOETHCS METOJIOM TOCIIJIOBHUX HaOMMKeHb (O0Ku 25,
28-31 3 moBepHEHHSM Ha OJIOK 12).

VY 60111 33 3HaXOUTHCS CymMapHa MOTY>KHICTh AUCHUTIAL1, a B OJo111 34
BUBOJISITHCS HA IPYK 3HAYEHHS TOTOYHOTO pajiiyca, TeMIepaTypH 1 MOTY>KHOCTI
nucurnaiiii. biok 35 nopiBHIOE MOTOYHUH pajalyc 3 KIHIIEBUM 1 a00 MOBEpTA€E HA

0110k 6, 200 3aKiHYYE PO3PAXYHOK.
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( [loqamox j

/ |
/BX/Z?/—//' aaHl (maon 4. 7//

2— G=6./3600; 4r=0001; k=20
D=30946/pT,, ) /2

MK

/ HZ? 30/wluime H ado n

mak
g .
Az=Ar/sinf3
# - |
V=2rrn/60: y,=V/H
|
max
6,<0
1/ H/‘ 12
1% 5
[Ty T<],
7 -~ |
‘[p:p/ Tl =T y=0- Ay=H/k
2 7
_:om'/v’ ;

Pucynok b.1a — brnok-cxemMa 10 po3paxyHKy JUCKOBOTO €KCTpyaepa
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;/ ‘2+//4-A‘/—Y/// V2 e, '.75/
— 1y, i
) -

‘—[ AN, =1, '7/02*7/(2

(ZU =1k-12 W

2
{A%_—A% by,

(7 w2z )
g ’2
| an-anzu
I
)
24
AN, =2rrAzAyAN, /3
6% maK
gp— % iy
AN, —_— AN,
AT Gt
291 l—A 7,/ 27 | b, T 4166, Ty,
€= a7 T
70 |
AT-AT,
Pucynok b.la — brok-cxema 10 po3paxyHKy AUCKOBOIO €KCTpyAepa

(IpOIOBKEHHS)
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[ KIHELIb ]

Pucynok b.1a — biok-cxemMa 710 po3paxyHKy JUCKOBOTO €KCTpyaepa (KIHEeIlb).



CLS

OPEN "Mag.doc" FOR APPEND AS #1

PRINT #1, TAB(20); "Po3paxyHok IHCKOBOTO eKCTpyaepa'
d=.2

dk =.11

ds = .03

dx =.01

be = 45

h =.0025

gm =40

n=225

tb = 20

tp = 180

ib = 176500

DEF fnc (t) =1738.5 + 2.525 * t

DEF fnr (t) =832 +.067 *t-.00302 *t "2 + 5.24E-06 *t " 3
DEF fnip (t) = 388000 + 2350 * (t - 110)

DEF fnm (j, t) = 40600 * j ~ (-.7) * EXP(-.00998 * (t - 120))
mm =20: mml=mm +1

DIM ga(mm1), mj(mm1)

g =gm/ 3600: dr =.001

kz =2.54

REM Koe 3anoBHeHHS

dl=kz* (g/ (fnr(tp) *h)) (1 /2)

IF d1 >d THEN PRINT "d1="; d1; "36 h abo n": GOTO 6
be=3.14/180 *be:r=d1/2

gp=0:t=tp:nd=0:cz=0

Pucynox b.3r - Po3paxyHOK TUCKOBOIro eKCTpyAepa (ITPOIOBKEHHS)
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PRINT : PRINT #1, "Pe3ynbTaTu po3paxyHKy ekcTpyaepa"
PRINT #1," "

PRINT #1, " r t nd"
PRINT #1, " MM rpC kBt "
PRINT #1, "e-memmmmm oo "
1:

r=r-dr.cz=cz+1

IF r>dk /2 THEN dz = dr / SIN(be) ELSE dz = dr
v=2*314*r*n/60:gf=v/h

2.

IFgp<.95*g THENtc=tpELSEtc=t+dt/2
ro = fnr(tc): ¢ = fnc(tc): y = 0: dy =h/ mm
a=3*qg/(ro*3.14*r*h"3)

FORi=0TO mm

ga(i) = (gf "2+ (@*(h-y)"2)"(1/2)

mj(i) = fam(ga(i), tc): y =y + dy

NEXT i

dn =mj(0) * ga(0) * 2 + mj(mm) * ga(mm) " 2
FORi=1TOmm-1

IFINT(i/2)=i/2 THEN bb =2 ELSE bb =4
dn =dn + bb * mj(i) * ga(i) * 2

NEXT i

dn=2*314*r*dz*dy*dn/3

IF gp < .95 * g THEN GOTO 3

dtl =dn/ (g * c): ep = ABS(dt - dt1) / dtl: dt = dtl
IFep>.01 THEN GOTO 2

t=t+dt: GOTO 4

Pucynox b.3r - Po3paxyHok TMCKOBOIro eKcTpyAepa (PO IOBKEHHS)
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3:gp =gp +dn/ (fnip(tc) - ib)
t=(gp>tc+(g-gp)*th)/g
4:nd=nd +dn

rl =1000 * r: nd1 =.001 * nd
IFcz<5THEN S

cz=0

PRINT #1, USING " ####  ###
5:

IFr>db/2 THEN 1

o S ——

6:
END

#H. 4" rl; t; ndl
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Pucynoxk b.3r - Po3paxyHOK JMCKOBOTO eKCTpyiepa(3aKkiHIeHHS)
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Pe3ynbTaTi po3paxyHKy eKcTpyaepa

B Tabmumi I'.1 wHaBenmeni imeHTu(ikatopu A0 Mporpama po3paxyHKY

MPOJYKTUBHOCTI JUCKOBOI'O €KCTpYAepa.
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Tabmung I'.1 — InentudikaTopu 10 MporpamMa po3paxyHKy MPOAYKTHBHOCTI

JIMICKOBOTO €KCTpy/epa.

HaiimenyBan [To3nauenus Inentudikar Onnanrd
HS OJIMHUIIb BEIMYUHU | Op BUMIpY
HiameTtp
D d M
JUCKa
Hiametp
Dk dk M
KOHYyCa JIMCKa
Hiametp
. Ds ds M
BUXIJTHOTO OTBOPY
Hiametp
d dx M
XBOCTOBHKA
[IponykTuBH
' Qm gm Kr/c
1CTh eKCTpyiepa
Kyr nHaxuny
. B be rpaj
TBIPHOI JUCKA
Hucmo
_ n n
00epTiB AUCKA
Temneparyp
T tp
a po3IUIaBy
Temneparypa
noJiiMepy Ha BXOJi Tex tb
B EKCTpPyACp
JluckoBuii 3a30p H h M
ExTanemis rpanymn Iox ib JIx/Kr
[ToTyXHICTB
' N e nd Br
JUCUTIAI]
CkJazioBa TepTs ga(i) Mm/c
ExTanenisa L ip JIk/Kr
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po3ILIaBy
['ycTtuna momimepy r KI/M
TenmoemMHICTh
' c JIx/xkr K
oJIiIMEpy
B’s3kicTh
my [Ta*c

nojximMepy
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JTOJATOK B
AKTH BITPOBAIKEHHSI PE3VJILTATIB POBOTH



«3aTBEPAKYIO»
Jlupexrop
111 «HaykoBo-BupobHHuua bipma
«KommnacT »
y A Jdﬂ’ f/ M.IT. 3axapos
«/§ » A {2616  p.
M.IL ;
AKl

BIPOBAJDKEHHS pe3yJIbTaTiB juceprauiiinoi poboru lisesa /iImurpa Mukonaiosnya
Ha Temy: «[Iporiec ekcTpy3ii MojiMepiB Ha KACKAITHOMY JIHCKOBO-IIECTEPEHHOMY
EKCTpYJepi»

Mu Ti, 110 HWKYE MiAnMcanucs, Bij mianpuemcrsa aupekrop i «HaykoBo-BupoOHuya
dipma «Kommracr» M.IL 3axapos, Bix HTYY «KIIl» 3asizysau kadenpu MamuH Ta
amapariB  XiMi4HHX i Haqn‘onepepoﬁﬂux upobuuurs (MAXHB) arH., npod.
Kopmemcoﬂ M. Ta imxenep | kareropii kapeapu MAXHB Illsen JI.M. niarsepKyemo,
wo B mepion 3 2009 no 2015 p. npoBeseHi IOCIi/DKEHHs POLECIB eKCTPY3ii NoJiiMepiB Ha
KACKaJHOMY JIMCKOBO-IIIECTEPEHHOMY €KCTpYAepi 3 BHKODHCTAHHAM  pe3yjibTariB
TEOPETHYHHMX Ta EKCICPHMEHTAIBHHX JIOCHI/DKEHb, ONCPXaHUX B JcepTaltiiHii pobori
IllBexa JI.M. B pesynsrari BCTAHOBJICHO MOXUIMBICTh BHKODHUCTAaHHS KAacaJHUX CXeM
ekcTpy3ii 3 BHKODHCTAHHIM B AKOCTI  pO3IUIAaBIIOBaYa-rOMOTEHI3aTopa JAUCKOBOIO
eKCTpy/iepa, a B SIKOCTi J103aTOpa PO3IUIABy IIECTEPEHHOro Hacoca. Taka xoMOinanis
JI03BOJISIE TIOKPALIUTH KEPOBAHICTh TMPOIIECOM €KCTPY3il Ta 3MEHIIMTH KOJIMBAHHS THCKY Ta
nponymnﬂocri HAa BHXOJi, IO NA€ MOMNUIMBICTH 3MEHINMTH JOMYCKH Ha TEOMETPUYHi
po3Mipu BUpOGiB i ekoHoMHMTH Bif 5 10 8 % cupoBHHM Ta eneprii. O6GIpyHTOBaHO Ta
3aNponoHOBAHO HOMOrpamMM Juis BUGOpY HaHGiibLl paulouanbuux pexumiB  poboTH
KACKaJHOTO IMCKOBO-IIECTEPEHHOTO €KCTpyJepa B CKIaJi TEXHOJONYHMX JIiHIA Jyuis
BHUPOGHHMIITBA TPYO, MUTIBOK Ta iHIIMX NPOGITEHO-TIOrOHAKHUX BUPOOIB.

B nopansmomy OfEpKaHi pesynbTaTH OylyThb BUKOPHCTaHI IpPH MOJEpHi3aLii
EKCTPY3ifHMX YCTAHOBOK JUIS OTPMMAHHS MONIMEPHUX PYKaBHHMX IUIiIBOKH Ta TPYO.

Lleit akT He € miACTaBoO /U1 GiHAHCOBHX PO3PAXyHKiB

Bin HTYY «KITI» Bin I «HaykoBo-BHpPOOHHYA

dipma «Kommaacr»
3apigyBau kadeipd MalIMH Ta anaparis p
iMi A HadTonepepoOHUX BUPOOHHIITB )

A of
51.M.KopHieHKO Jlupexrop [///25[ Vé/ M.II. 3axapoB

4

Imkenep | kateropii kadeapu MmammH Ta
anmapatiB  XiMiYHMX i HadrTonepepoOHMX

BHPEZH‘J% / JI.M. 1lIBen
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«3ATBEPDKYIO»
Ilepimmii npopexTop
HauioHanpHOro TEXHIYHOTO
YHIBEPCUTETY YKpaum
«KWiBCLKMI NOJIITEXHIYHUH

AKT BIIPOBA/’KEH
pesynstartis quceprauii [lIsena JiImurpa Mukonaiiosuya
«ITpouec exkcrpysii noniMepiB Ha KACKaJHOMY JIMCKOBO-LIECTEPEHHOMY EKCTPYAEpi»,
110 Mpe/icTaBlieHa Ha 3100y TTs HayKOBOTO CTYTeHs KaH/Iu/laTa TEXHIYHUX HAaYK

[luM aKTOM 3acBiUYy€ThCs, LIO JAMCepTallis iHkKeHepa Kadeapd MaluMH Ta
anapariB XiMiuaux i HadTonepepobuux BupobHunTE HTYVY «KIl» [lIBena JiMutpa
Muxkonaiiouua «llpomec ekcTpysii momiMepiB Ha KackaJgHOMY JUCKOBO-
IIECTEPEHHOMY EKCTpYZepi», L0 NpeJCTaBjeHa Ha 3/100yTTs HayKOBOIO CTYNEHs
KaHIWAATa TEXHIYHMX HayK BHMKOHaHa B MeXax IepXKaBHOI TEMaTHKH, BiJnoBifac
HaNPSMKY HayKOBHX JIOC/Ii/DKEHb Ta BiNOBIZHO /IO TUIaHY HAaYKOBO-AOCHTIIHUX pobiT
xadepu MamMH Ta anapariB XiMiYHWX i HapTomepepoGHUX BUpOOHMUTB. PoGora
fe3nmocepeIHBO NMOB'A3aHa 3 TEMaMK:

— /6 Tema: «MaTeMaTHYHE MOJENIOBAHHS €HeproeeKTHBHUX MPOINECiB
ymniaauil’ NOJiMEPHHUX BIJIXO/IIiB Yepe3 BUIOTOBJICHHS CIHIHCHHX KOMNO3HLiHHMX
marepiainisy, Ne JIP 0109U000374;

- /6 Tema: ”Po3p06nemm eneproedeKTHBHUX NpoueciB Ta obnajHaHHS
BMPOGHMIITBA MOJIMEPHUX TPYO pizHoro mpusnadenns", Ne JIP 0111U000577;

- /6 Tema: «CTBOpEHHsI TEXHOJIOTIYHMX 3acaji OfiEP)KaHH BUCOKOMIIHHX
BUPOOIB 3 KOHCTPYKLIMHMX KOMIO3MIIMHMX MaTepialiB Julsi CIELiaJbHOTO
mamuHoOyayBauss», Ne JIP 0114U001524;

- r/x Tema: “Po3po6xa pecypcoeﬂeprooma,umnr nponeciB Ta obnagHaHug
is nepepobku monimepiB MetooM exctpysii”, Ne 82. Tepmin Bukonanns: 2011-
2012pp. 3amoBHuK — HayxoBo—BHupobHuua dipma «Kommuiacm;

— r/n Tema: "Po3pobka mpoueciB Ta obiagHaHHA INPH KacKafHiH eKcTpy3ii
nonimepis”, Ne 89. Tepmin Buxonanus: 20132014 pp. 3amoBuuk — «HaykoBo—
BupobHuua pipma «Kommnacry.

PesysnbTaTi AucepTauiiiHOi pobOTH BHKOPHCTOBYIOTHCSA B HaBYAIBHOMY MPOLEC
miJ Yac NpOBEJEHHs JIEKUiMHMX Ta NPAKTHYHMX 3aHATh 3 KPEIWTHHX MOMYJIiB
«MozenoBanHs NpoLECiB Ta OONaAHAHHA AJisi CHHTE3Yy Ta NnepepoOKM MojiMepHUX
marepianiB» Ta « O6nagHaHHs JUIs CHHTe3y i NepepoOKH MONIMEPHHUX MaTepianiBy,
I HanmpsAMKy miarotoBku 6.050503 MammnaoOyayBaHHs s CreliadbHOCTEH
7/8.05050315 — «O6nanHaHHs XiMIYHMX BHPOOHMLITB i MiNPHEMCTB OyaiBeNbHHX
MaTepianiB», a TaKOX MPH AHIUIOMHOMY IIPOEKTYBaHHi, MPOBEAEHHI HAayKOBHUX
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JOCTiUKEHb Ta TArOTOBLI AMCepTaliif MaricTpiB Ha Kadeapi MamIMH Ta anapaTiB
XimMiyHHX Ta HadronepepobHuX BUpoGHUITB HTYY «KITI».

BrpoBa/pkeHHss  pesynbTaTiB  guWcepranmii  y = HaBY@JIbHMH  MpoIeC
3abe3nevyeTbes:

- KOHCTIEKTOM JIEKIili 3 KpPEIMTHOro Momyis «MoJeoBaHHs TpPOLECIB Ta
oOnajgHaHHsA 1/ CHMHTE3y Ta IepepoOKH MONIMEpPHMX MarepianiB» (IpUCYTHiH B
enekTpoHHOMY Kammyci HTYY «KITI»);

- METOJMKaMH Ta AJIrOPUTMaMH JUlsl TIPOBEJICHHsI PO3paxXyHKiB MPH KacKaHik
eKCTpy3ii moJimepis;

BriposamkeHHsl pes3ynbTaTiB JuceprauiiiHoi po6oTH 3a6e3neudTh OiIBII SKiCHE
(opMyBaHHSI HACTYITHUX 34aTHOCTEM:

- po3po6NATH  eKCNIepHUMEHTANbHI ~ YCTAHOBKM W BHKOHYBaTH
€KCIIepUMEHTaJIbHI JIOCITiDKEHHST;

- MOJIENIIOBATH TETIOMacOOOMiHHI NpoLecH;

- 3MiHCHIOBATH MaTeMaTH4Hy OOpOOKY €KCIIEpUMEHTY Ta y3arajJbHEeHHS
HOro pe3ysbTarTiB.

[InanyeTbCcs BUKOPHMCTaTH pe3yNbTaTH, OTPUMAHUX B JMCEpTaliiHiil po6ori,
NpH MiATOTOBIII JOKTOPIB dinocodii.

BripoBa/pkenHs MatepialiB aucepTauii /{03BOJSE CTYAEHTaM OTPUMATH,
NOrTUOMTH, CHCTEMaTH3YBaTH Ta 3aKpilMTH IOCBiA 3 MOJETIOBaHHS MPOIECIB
TEIIOMacooOMiHy B XiMiyHiH, 610TeXHONOTI4HIM, Xap4oBiil Ta CyMiKHUX ranys3sx, a
TaKOXX BU3HAYATH HANPSMKM ITiIBUIIEHHS iX e()eKTHBHOCTI.

3aBimyBau KadeapH MalllKH Ta anapaTiB
XiMiYHUX i HaTOepepoOHIX BUPOOHHIITB f

I.T.H., Ipod. 25 “’7 S1. M. KopHienko
/4

JlexaH iHXXeHepHO-XiMiYHOTO (aKyIbTeTy

I.T.H., Ipod. €.M. [1anoB
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