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MOJAEJIb TAKETHOI'O ITIBE3OIIPEOBPA3OBATEJIA C
APMUPYIOIIIUM BOJITOM

Moguyanwk A.B., Jlyrosckoiit A.®@., ®ecuu B.II.
KIIM um. Urops Cukopckoro, r. Kue, Ykpauna

Annomayua: Paccmompenvl ocnogHble 0COOEHHOCIU KOHCMPYKYUU NAKemHo20 npeobpasosamens Jlamscesena.
Hnsa mooenuposanua  pabomwl  npeobpazoeamens — NPeONOHCEHO  UCNOABL30BAMb — MEMOO  IKEUBAIEHMHBIX
yemvipexnomocuuxos. Ilpeobpazosamensv Jlanscesena 6ydem npedcmasner KoMOUHAyuel YemvlpexnonioCHUKo8
YACMOMONOHUNCAIOWUX HAKNAOOK U apmupyloujeco 60ama u 4emvipexnomoCHUKOM Nbe30KepaMuKi, OONOIHEHHO20
INEKMPOMEXAHULECKUM MPAHCHOPMATOpom. B pesyrvmame ananuza epanuunvix ycioguil Os CUil U CKOpOCHel
NOKA3aHO, YMO IKEUBANEHMHbIE YEMbIPEXNOMOCHUKY YACTNOMONOHUNCAIOWUX HAKIAOOK U Nbe30KEPAMUKU OOJIICHbI
COOMBEMCmME08amy YenoueuHOMy COeOUHEHUIO, a apmupylowe2o b6onma — cmeuiannomy. Taxkoe coeOunenue nosgeosnaem
ananu3uposams nosedenue npeodpazoeamens ¢ yiemom coanacyiowezo gurompa. Iloxkasano, umo wacmoma nepeozo
0bepmoHa 6yoem onpeoerimvpCs napamempamy apmupyroue2o boima.

Kntouesvie  cnosa:  yibmpaseyk, — YIbIMpAa3eyKogol — nvesonpeobpaszosamenv,  cxeMa — 3aMewyeHus,
INEKMPOMEXAHUYECKUE AHATOSUU, SDAHUYHBLE YCIOBUSA

VYbpTpa3ByKoOBasi TEXHOJIOTUYECKAs alaparypa MpuMeHseTcs il HHTeHCU(DUKAIIMU XUMUKO-
TEXHOJIOTHUECKHUX MPOIECCOB, MPOTEKAIOIMINX B XUAKUX cpenax [1]. OnHUM U3 OCHOBHBIX €€ y3JI0B
SIBJIIETCS DIIEKTPOMEXaHUUECKHi MpeodpazoBaTelib, MpeoOpasyonfii AEKTPUIECKYI0 YHEPTHIO B
SHEPTUI0 MEXaHWYECKUX KOJIeOAHWM  yIbTpa3BYKOBOM YacCTOThI, KOTOpass BBOJUTCSA B
TEXHOJIOTHYECKYI0 KXUAKOCTh. Ha ceromHsimHuii AeHb HauOolbllee pacHpoCTpaHEHUE MOTYUWIH
3JIEKTPOMEXaHUUECKHUE MTpeo0pa3oBaTesii HA OCHOBE MTbE30KEPAMHKHU — Mbe30mpeoodpazoBaTenu. Mx
OCHOBOIl siBisieTcs KOHCTpykuus JlamkeBeHa [2], cocTosimias U3 IbE303JIEMEHTOB C JIByMs
YaCTOTOIOHWKAFOIIUMHU HAKIIAQJKaMH, KOTOPBIE CTSIHYTHI B ITAKET C IIOMOIIBI0 apMUPYIOIIETo 00Ta
(puc.1). PacmpocTpaHeHune JaHHOW KOHCTPYKIMH OOBSCHAETCS TEM, 4YTO MPHUMEHEHHE
apMupyroIiero 00Jyita MO3BOJISIET CO3/IaTh B MbE30KepaMUKe MpeaBapuTenbHoe cxatue. [Ipu aToMm
IbE30KepaMHKa He paboTaeT B peKUME PACTHKEHUS, B KOTOPOM OHA MMEET 3HAYUTEIBHO MEHBIIIYIO
MEXaHUYECKYIO MPOYHOCTh. [IprMeHeHne YaCTOTONOHIKAIOIINX HAKIIAIOK MO3BOJISIET YMEHBIIUTH
VIJIOBYIO JUIMHY THhE30KEPAMUKH, aKyCTHUECKHE IOTepU B KOTOPOH 3HAYMTEIHLHO OOJIbIIe
aKyCTUYECKHX moTeph B Metaiie. OnHako, mpeoOpasoBareib JlaHxkeBeHa, TOMHUMO OCHOBHOM
PE30HAHCHOM 4acTOTHI (B MpeoOpa3oBaresie yKiaAbIBacTCs MOJOBUHA UIMHBI BOJIHBI), Oy/I€T UMETh
0O0JIBIIIOE YMCIIO TTOOOYHBIX PE30HAHCOB, BBI3BAHHBIX PA3IMYHBIMU BOJHOBBIMH COIPOTHBIICHUSIMU
MaTepHuaaoB HAKJIAJOK.

172,38 4

Puc.1. KoncTpykuusi nakeTHOro npeodpasonarens JlanxeBena
(1 — apmupyouuii 60T, 2 — ThIJILHAA HAKJIAKA, 3 — Nbe30KepaMuKa, 4 — padoyas HAKJIAAKa).

Jniss MoAenupoBaHHS TOBEIEHHS MBE30MpeoOpazoBaTelsi YAOOHO IOJIBb30BaThCS METOOM

3JEKTPOMEXaHUUYECKUX aHajlorui [3], B KOTOpPOM 3JEKTPUYECKHM TOK MPUHUMAETCS
SKBUBAJICHTHBIM KOJICOATEIIbHOW CKOPOCTH, a JJIEKTpUUECKOe HampsbkeHwe — cuie. [lpu stom
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COCTaBHbIE YacTH MpeoOpa3oBaTesis MOTYT OBbITh 3aMEHEHbI SKBHUBAJICHTHBIMH 3JIEKTPUUECKUMU
YeThIpexmnoitocHukamMu ¢ T-o0pa3Hoit cxeMoil 3amemnienus (puc.2a). [Ibe30kepaMuka JTOTOTHICTCS
NMEKTPOMEXaHUYECKUM TpaHC(HOpPMATOpPOM, NPeoOpazyIOUIMM DJIEKTPUYECKHE BEJIMYMHBI B
MeXaHH4YecKue u Haooopor (puc.20).
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Puc.2. JxBUBaJIeHTHAsA CXeMAa YACTOTONMOHMKAIOIIUX HAKJIAIOK () M Nbe303j1eMeHTa (0)

Takolf mOAXON TO3BOJIIET COBMECTHO MOJEIMPOBATh MOBEACHHE YJIBTPA3ByKOBOT'O
mpeoOpaszoBarenss W COTJacyroImero (QuibTpa 3JIEKTPOHHON CHUCTeMBbl ympaBieHus [4] ¢
NPUMEHEHUEM NaKETOB MOJEIMPOBAHUS pabOThl 3JEKTPOHHBIX cxeM [5]. OcHOBHOM mpobiemoit
SABIISICTCS  3aJlaHWE KOPPEKTHBIX TPAHUYHBIX  YCIOBHH, COOTBETCTBYIOIIMX  PAa3IMYHBIM
KOMOMHAIIMSAM  BKJIIOUYCHHS OKBUBAJCHTHBIX  YETBIPEXIIONIOCHUKOB. Tak, OSKBHMBAJCHTHBIC
YETHIPEXITOIIOCHUKN YaCTOTOMOHMKAIOIINX HAKIAJ0K M MbE30KEPAaMHUKH OyIyT COOTBETCTBOBATH
[ENOYEYHOMY COEIMHEHUI0. ApMupyroumii 6ont (puc.l) Oyaer coequHeH ¢ pabodeil HakIaaKou
rapajieNbHO, a ¢ THUIBHOW — MOCeA0BaTeNIbHO (pHcC.3).
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Puc.3. DxBUBajeHTHAs cxeMa npeodpa3oBaTess JlaH:keBeHA ¢ y4eTOM apMupyomero 6oJra

[losnyueHHass >KBUBAJEHTHAs CXE€Ma XOpPOIIO MHTEIPUPYETCS C COBPEMEHHBIMHM IaKeTaMu
CHUMYJIMPOBaHUS pabOThI 3JEKTPOHHBIX cXeM. Tak ObLJIO YCTaHOBIJIEHO, YTO MEpBbIH 00epTOH OyaeT
ONpeAensaTbCs JUIMHOM apmupytomero Oonrta. Ilpu sToM Moaenb MO3BOJISET YYUTHIBAThH
aKyCTUYECKYI0 Harpy3Ky M OJJIEMEHTbl CXEMbl YIpPaBJIE€HMs, BIUsIOIIME Ha (Ha304acTOTHBIE
XapaKTePUCTUKU YJIbTPa3BYKOBON TEXHOJIOTUYECKOM CHUCTEMBI B LIETIOM.

Cnucok 1uTepaTypsi:
1. Gallego-Juarez J.A., Graff K.F. (2015) Introduction to power ultrasonics. Power Ultrasonics. Applications of High-
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2. Antonio Arnau. (2004) Piezoelectric Transducers and Applications. Springer-Verlag Berlin Heidelberg. pp. 329.
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3. Radmanovic Milan D., Mancic Dragan D. (2004) Design and Modeling of the Power Ultrasonic Transducers. MPIL.
pp-198. ISBN 86-80135-87-9.

4. Movchanyuk A., Fesich V., Sushko I., Vistyzenko Ye. (2016) The research of L-type matching filter parameters.
2016 International Conference Radio Electronics & Info Communications, pp. 1-5. DOI:
10.1109/UkrMiCo0.2016.7739596.

5. Yeong-Chin Chen, MengJiun Wu, WeiKuo2 Liu (2007) PSPICE controlled-source models of analogous circuit for
Langevin type piezoelectric transducer. Sci China-Phys Mech Astron. vol.50. no 1. pp.87 — 96. doi: 10.1007/s11433-
007-0008-z.
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MOJEJUPOBAHUE TEYEHUH )KUJKOCTHU B 3AMKHYTBIX
OBBEMAX C IEMII®OUPYIOIIUMMU IIEPET'OPOIKAMMU

KoBanes B.A.
KIIM um. Urops Cukopckoro, . Kue, Ykpauna

Annomayun: H3yuenue OKON03eMHO20 NPOCMPAHCMBA 6 NOCIEOHee BPeMsl NOMYHUUILO MHOSOYUCTIEHHbIE
npaxkmudeckue npunodcenus. Kpome obwuUpHbIX 2eozpapuyueckux, 2e0r02udecKux, MemeoporosUdeckKux u Opyaux
HayyHvlx — uccredosanuti Kocmuveckue annapamuvl (KA), 6vlgooumvle Ha OKONO3EMHYIO OpOUMY, NO36015I0M
VCMAHOBUMb PA3BEMBIEHHbBLE U ObICMPOOCUCMBYIOUUE MENTeKOMMYHUKAYUL U dAeMeHmbl MOOUTbHOU céa3u u m.0 . B
Mamepuane npugoOsMcst pe3yibmamsl MOOCIUPOGAHUST C NOMOWbIO MeMmo0d KOHEUHbIX DJIeMEHMO8 3AMKHYMbIX
meyenull 8 0ZPaAHUYEHHbIX 00BeMax ¢ OeMIGUPYIOWUMU NEPe2OPOOKAMU, NPUBEOEHbl NOSL CKOPOCTEN U 6MOPUYHBIX
meueHul npu 06MeKaHuu nepecopooox.

Kniouesvie cnoea: Oemngupyiowue nepecopooku, Memoo KOHEUHbIX DIeMEHmO8, MAameMamuyeckoe
MOOeNUposanue, 3amMKHymolli 00vem

MaremaTHueckoe MOJEIMPOBaHUE 3aMKHYTHIX MOTOKOB B pe3epByapax KA, mpumensemoe
JUISL ONPENENICHUS] CUJIOBBIX BO3JEHCTBHM CO CTOPOHBI >KMJIKOTO TOIUIMBA, HAIPUMEp, TECUCHUM
BSA3KOM KMJKOCTH B OIpaHMUYEHHBIX O0OBbEMaX, OCHOBBIBAETCS, KaK IMPABUIIO, HA MCIIOJb30BaHUU
nosiHbIX ypaBHeHH HaBbe-CTokca, BbIpaXKE€HHBIX B COOTBETCTBYIOLIUX KOOPAMHATAX, HalpuMep,
JUI TeYEeHUH B cepuuecKUX pe3epByapax HnpuMeHstoTcs chepuueckue koopaunatel (R, 0, ¢). C
y4€TOM TPAHUYHBIX YCJIOBUN NPUIUIAHUS KUIAKOCTH HAa CTEHKAX M HYJIEBBIX CKOPOCTEH HAa OCH
BpallleHus pesepByapa [1], a Takke TBEpPAOTEIbHOIO paclpeleleHus] CKOPOCTH B HayallbHbIN
MOMEHT BPEMEHM TE€UEHHS BO BCEM IPOCTPAHCTBE COCYAa MOXHO paccMaTpUBaTh HEJIUHEHHYIO
MOJIeJIb HECTAllMOHAPHOI'O paclpesielieHusl CKOpPOCTeH, AaBJICHUNA U KPYroBbIX MOMEHTOB BS3KOTO
TPEHUS KUAKOCTU O CTEHKU U JMHAMUYECKOTO BO3AECHCTBUS HA BHYTPEHHUE EPETOPOIKH.

BaxHylo poib B pacnpeneneHuu Mo CKOPOCTeH M CUJIOBBIX BIIMSHUM B IOTOKE WUIPAIOT
HaIpaBJIAIOIIME aNMapaTbl B BUJE CUCTEMBI )KECTKUX CILIOLIHBIX WM MPOHULAEMBIX MEPETOPOIOK,
KOTOpBIE CIIOCOOCTBYIOT O0Jiee TOUHOMY ONPEAETICHUIO CUIOBBIX BO3AEUCTBUI Ha CTEHKH U JIpyrue
BHYTPEHHUE KOHCTPYKIIMH pe3epByapa.

KpoMme cuinoBbIX BIMSHUN KUAKOCTH Ha INIOCKOCTH MEPEropoioK, BOZHUKAIOLINE NPH 3TOM
BUXPEBbIE U LUPKYJSALUUOHHBIE TEUEHHs] Ha KPOMKaxX U B CIIyTHOM Clie[leé 00pa3yloT CIIOKHYIO
CHUCTEMY BTOPUYHBIX TEUCHMH C HEIMHEWHBIM DPACIpEesIeHUEM CKOPOCTH U IOJIed JaBICHMH,
KOTOpBIE  TO3BOJISIIOT ~ OoJiee  TOYHO MPOTHO3MPOBATH APQPEKTHBHBIE KOMICHCAIIMOHHBIC
MEpPONPUATHS U1 AeMII(UPOBAHUS BOZMYILEHHH CO CTOPOHBI KHUIKOCTH.

3anayeil HacCTOSILEro MCCIEIOBAHUS SIBISETCS MMHUTALMOHHOE MOJEIMPOBAHUE BIMSHUS
HaNpaBJSIOIUX AlapaToB B BUJI€ CUCTEMBI XKECTKUX PalMalIbHBIX MEPErOpoJI0K, PacIoIOKEHHBIX
B XapaKTEpHBIX TOYKaxX pe3epByapa Ha HHEPLUOHHBIE OCECUMMETPHYHBIE TEUEHUS BS3KOU
HECO)KMMAEeMOM JKUIKOCTH [2].

OCHOBHBIMU KPUTEPUSIMU OLIGHKM BIIMSHUS NEPETrOPOJOK HA TEUYEHHUS IKUIKOCTH
NIPEJCTABISIOTCS M3BECTHBIE M CHELMalIbHO pa3paboTaHHbIE YHCla [10100Us, HalpUMEp, YUCIIa
Pelinonbaca, PoccOu, Crpyxans u apyrue. OmpezeneHue ¢ HUX IOMOIIBIO HECTAlMOHAPHOU
KapTUHBl pacHpeiesieHuss CKOPOCTeH HEMOCPEICTBEHHO OKOJO IEPEeropofok MU B CBOOOJHOM
IPOCTPAHCTBE TEUEHUS IO3BOJISIET YCTAHOBUTH CTPYKTYpPY XapaKTE€pPHBIX CJIOEB JIBHXKYILEHCS
AKHJIKOCTH B OaKax C pa3INYHbIMHU BapHaHTaMH [EPETOPOIOK.

bnarogaps BAUSHUIO BA3KOTO TPEHUS MEXAY CIOSMU KHJIKOCTH 3aTyXaHUE a3uMyTaJIbHOU
CKOPOCTH PACHpPOCTpaHsEeTCs OT CTEHOK K BHYTPEHHHUM CIJIOSIM, YMEHbIIas, TakKUM 00pa3oM,
pa3mepbl KBa3uTBepAoi obmactu. Ilpu 3ToM, Kak U3BECTHO, CTPYKTYpa 3aTOPMOKEHHOH 00J1acTi Ha
OOKOBBIX BEPTUKAIbHBIX CTEHKaX CYIIECTBEHHO OTJIMYAaeTcs OT 0COOEeHHOCTEeH (opMHpOBaHUs
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MIPUCTCHOYHOTO TEYCHHS B BEPXHEW M JIOHHOH 00JacTsaX cepsl, e UMEIOT MECTO SKMAHOBCKHE
MorpaHuyHeIe ciou [3].

Puc.1. CtpykTypa BHXpeii B KacKaJHbIX eperopoakax: a — Re=650; 6 — Re=810

PaccmoTpuM (opMupoBaHHE TEUCHUs BOJIHM3M HIDKHEH TOPH3OHTAIBHOW CTCHKH CQeEphl,
CBOMCTBa KOTOPOrO MOJOOHBI BPAILIECHUIO KUAKOCTH OKOJO HEMOABMKHOTO aucka [162, 203] u
npuseaeHbl B Paznene 1 Ha puc.1.9,6. VHTerpanbHyro OLEHKY CHIBI BSI3KOI'O TPEHHUS MOXHO

npeaACTaBUTb B BUAC
Feas = 4/3 ﬂ'p',Q()Z'R4 . (1)

OnHako, OKOJIO CTEHKH a3MMYyTaJbHBIE CKOPOCTH Majibl M HAINIPABICHHBIN K OCH BpAIICHUS
paAvanbHBIA TPAIUEHT JABJICHUS, KOTOPBIA MPU TBEPAOTEIHLHOM ABMKEHHUU KHIKOCTH U COCya
ObUT paBeH LEHTPOOSKHBIM CHJIAM HHEPLUHU, OCTACTCA TAKHUM K€ 10 BEIUYMHE W HAYMHACT
npeoOiagaTh HaJl HUMH, OOYCJIOBIMBAas BO3HUKHOBEHHUE paHAlIbHOTO TEUEHUS HAMpaBICHHOTO
BHYTPB cpepsl

2
Pt @)
or r

YuuTeiBasg yclOBHE HEpa3phHIBHOCTH TEYEHUS, IBWKYIIMECS K OCH BpAICHUS JKUIKHE
4acTUIbl (DOPMHUPYIOT BOCXOJAIIEE TEUCHHUE B OCEBOM HAIpaBJICHUHU, 00pasys, TaKuM 00pa3om,
MEpUIMOHAIBHOE TeueHHe, oJo0Hoe paccMoTpeHHomy . InuxTunrom [3].

[IpoBenem aHanu3 Cuil, BAUSIOIIUX Ha (POPMUPOBAHUE WHEPLIMOHHOTO OCECUMMETPUYHOTO
TeueHus B cepe. YpaBuenuss HaBbe-CTokca [uist Bpaliarole-rocst TeYeHUs: MOKHO MPEJCTaBUTh B
BEKTOpHOH (hopme

ZtquuVu:—le—Qx(er)—ZquR +Wau o, 3)
p

TAC JIOKAJIBHBIC U KOHBCKTHBHBIC YCKOPCHUS B JIEBOM YacTH YPAaBHCHUA YPaBHOBCIIMBAIOTCA

craraemMbiMu B TipaBoii wactu - QX (Qx7)- nenrpobexubivu cuamu unepiun, 2 X Uy -

cunamu Kopuomuca, 1Vp— paauanbHBIM TPAJMEHTOM JaBIICHUS U vV2u - cunamu ssskoro
P

Tpenus. Craraemble, CBSI3aHHBIE C IIEHTPOOEKHOW CHUIION, MOTYT BXOJUTh B BEJIMYUHY MHHUMOIO

paauanbHOTO TpagueHTa TaBJICHUS

Qx(Qxr)= —V(;erz sin” 9) =— ;QZ o +7) NS
Takum o6pa3om, ypaBHenue (3.18) MOXKHO 3amucath B BUJIE
1 |
%Jruvu:_—vp —ZquR+vV2u ()
p

\ 1
rae p :p—Epﬂz(x2+y2)

CornacHO HM3BECTHBIM BBIp@XKEHUSM [4] CHIIBI BSI3KOIO TpPEHUS XKHUAKOCTU O CTEHKU
IIPONOPLIMOHAIIBHBI
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pvu-R
F;%Kocmuz T (6)

rze O — TONIUHA IPUCTEHHOT'O TEUEHHUS.

[IpuBeneHHbI XapakTep paclpeieieHus CHWI B 3aTyXalolleM Te4eHuu B cdepe,
00yCJIOBIMBAET BO3SHUKHOBEHHE IUPKYJISIIMOHHBIX TEUSCHUN J1a)ke IPU MaJbIX yuciax PeitHombaca.
Kak noka3aHo Ha puc.2, UMEeT MECTO MHUIIMMPOBAHHAS SKMAaHOBCKUMU CJIOSMHU OJHA LIUPKYJIALHNS
B Maciutabe 4eTBepTd cepbl C JUHUSMHU TOKA, HAIMPABICHHBIMH OT OCH K CTEHKaMm cocyla B
HKBATOPHAJILHON 00JIACTH U K OCH — B HIDKHEH U BEpXHEW NPUCTEHHBIX 00sacTsX [4].

Puc.2. TpexmepHble n300pa:keHns 00TeKaHHUs NePeropoAoK: a — OAUHOYHONM mpuierawmei, Re=650; 6 —
KackagHo# npuieraomei, Re=810

N3menenue xodpQuiiieHTa IpOHUIIAEMOCTH MEPETOPOAKHU 1| OKa3bIBAET HEKOTOPOE BIIHUSHUE
TOJIBKO B Ha‘—IaJ'IBHOI\/JI craagnu I/IHCpI_II/IOHHOFO TCUCHUA, KOIrJa BCIHNKHU Fpa}II/ICHTBI Opr)KHOfI
CKOPOCTH B CIIyTHOM CJIeJle M OKOJO CTEHKU. B 3aKIrOUMTENhbHOW K€ CTaJAud TEYEHHS, MPHU
OonpIIMX 3HAYEHUSX BpeMeHH T mporecc oONIMTEpanuu OTBEPCTHH mepdopanuu 3aMeTHO
cHIKaeT 3(h(PeKT MPOHUIIAeMOCTH MEPETOPOIOK U MapaMeTp 1 ciaabo BIUSET Ha paclpeaeicHue
CKOPOCTH BO BCEX XapaKTEPHBIX 30HAX TCUCHHUS.

AHanu3 pe3yibTaTOB 3KCICPUMEHTAIBHBIX HW3MEPCHHH IO3BOJIMJI  CHIENaTh BBIBOJ O
JOCTaTOYHOW  CIIO)KHOCTH KAPTUHBI  pPaCHpellelieHHss CKOPOCTeH TpU TEUEHUM  BSI3KOM
HEC)KMMAEMOH JKUIKOCTH B OTPAaHUYCHHBIX OOBEMax pa3IMYHOW TEOMETPUU C BHYTPECHHUMH
MeperopoaKamMu. IT0, B CBOIO OYepe/ib, HEOOXOUMO YUUTHIBATh MPU COCTABICHHUH HOMOTPAMMBI
CWJIOBBIX BO3JICHCTBHI, KOTOpas BBOJHUTCS B OOPTOBOH KOMITBIOTED CHCTEMBI CTAOWIIH3AI[IH
KOCMUYECKOT0 amnmapara s ONTUMHU3AlMU KOMIICHCAIIMOHHBIX MEPONPHUSITHA TIPU €ro
OpOUTATLHOM JIBHYKCHHH.

Cnucok TuTepaTypsl:
1.  Konecnuxos K.C. Junamuxa paker [Tekcr] / K.C. Konecankos. - M.: MammaOCcTpoenue, 1980. - 316 c.
2.  Muxuwes I'.H. DxcnepumenmansHble METOIBI B THHAMUKE KocMudeckoro ammnapata [Teker] / I'.H.Mukumes. -
M.: MamumHocTpoenue, 1978. - 247 c.

3. Kosanes B.A. Brusinue BHyTPHOAKOBBIX MEPETOPOJIOK HA TEUSHUE JKHIIKOTO TOIUTHBA B 0aKaX KOCMHUYECKOTO
amapara [Tekcr] / B.A.KoBanes // Bectuuk Har. texn. yH-ta Ykpaunsl «KITW», Mammnoctpoenue, 2006. - Ne 48. -
C.73-79

4. Kosaneé B.A., Onpedenenue THIPOAMHAMHYECKOTO COMPOTHBICHHS CTa0WIN3aTOPOB B TOIUIMBHBIX Oakax
KocMuueckoro JerarenbHoro ammapata [Texcr| / B.A.KosaneB // Bectnuxk Haim. Texn. yH-ta Ykpamusr «KIT»,
MammHoctpoenue, 2002.-spm.42,T.1.-C.107-111.
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YK 621. 398-583..

BU3HAUYEHHS BIIJIUBY TAPAMETPIB TIHEBMOIIPUBOY HA
HOIro JTMHAMIKY

Hocko C.B., Isuenko B.A.
KIII im. Irops Cikopcrkoro, M. KuiB, Ykpaina

Anomauyin. Ilpueedeni Ounamiuni po3paxyHKu NHeBMAMUYHO20 NPUBOOA OOHOCHOPOHHBOL OIi Y 6e3pa3smipHux
napamempax. Ilpu 0ocniodceHHi 6U3HAUABCA 6NIUE PISHUX KOHCIMPYKMUBHUX NAPAMEmpI8 HA OUHAMIYHI napamempu
npugooa. Ilepexio 6i0 OiticHux Geauuur 00 0e3pPO3MIPHUX O0380JA€ Oewjo CHPOCMUMU DIGHAHHA [ pobums Oilblu
spyunum piwenns 3a0ayi na OLIM ma 0ae modrcaugicms 3a paxyHoK GUKOPUCIAHHS Y3A2aNbHIOIOYUX NApaAMempis, aKum
HeMma aHanozie ceped OIICHUX, PO3NOBCIO0NHCY8AMU PillleHHs 3a0aui HA WUPOKe KOJIO OUHAMIYHO NOOIOHUX NPUCMPOIB.
Toxazano,uo GiOHOCHA HCOPCMKICMb NPYUCUHU NOYUHAE 3HAYHO GNAUSAMU HA Hac t, O Haganmadicenus F,, npu
snauenusax C, oinvuiux 0,2 — 0,3 015 npamoco x00y nOpuiHA. 3aneicHicmyb 4acy 360POMHO20 X00Y 8i0 HABAHMANCEHHS
NOKA3YE, WO YUM MEHWA HCOPCMKICMb NPYICUHU, MUM OLlblua pPI3HUYS 6 uYaci nepemiyerHs NOpuiHs 6i0 3MiHU
HABAHMAICEHHS.

Knrouoei cnosa: nneemonpugoo, scopcmricme npysrcunu, OuHamixa

B cydyacTHUX BUCOKOBHUPOOHMUYHUX TEXHOJIOTISIX OCOOJUBE 3HAUECHHS Ma€ 4ac ClpalboBYBaHHS
MTHEBMATUYHUX BUKOHABYMX MNPUCTPOIB. TOUHICTH pO3paxyHKy IMOBHOTO 4Yacy CIPalbOBYBAaHHS
MIPUBOJIA, 0COOIMBO BaXKJIMBA, KOJIM B BUPOOHHIITBO BIIPOBAIKYIOTHCS aBTOMaTH4HI JiHii. [ToxuOka
B PO3paxyHKax 4Yacy CIpalbOBYBaHHS IMTHEBMOIPHUBOJA TUIBKA Ha JIECATI IOJII CEKYHIW 3HIDKYE
npoaykTuBHICTh Ha 10...20%.

HIBuaKoaisSs TMHEBMAaTHYHOTO MPHBOAA XapaKTEPU3YETHCS YaCOM BHKOHAHHS TOBHOTO ITUKITY
MO3UIIIFOBAHHS 1 3aJIC)KHUTh BiJl TapaMeTpiB KU BILTUBAIOTH HA oro quHamiky /1/.

[Ipu nocnipKeHHI CTaBUJIACS METa — BU3HAYHMTH BIUIMB Pi3HUX KOHCTPYKTUBHUX MapaMeTpiB
N, v, 1 Ta Xo Ha auHaMiuHi napamerpu npusona X, X, X, T.

Po3paxyHkoBa cxeMa IHEBMOLMIIHIPA OJHOCTOPOHHBOI [ii C 3BOPOTHOIO IPYKHHOIO
IIpUBE/IEHA Ha puc. 1.

X S 5

~r ]
—
-

|~

-

WA /]

Puc. 1. Po3paxyHkoBa cxemMa ITHEBMOIWJIIH/IPA 0JHOCTOPOHHBOI [Iii C 3BOPOTHOIO NPYKUHOIO

Pimmenns MmarematuyHoi Mojeni 3ailicHUMO 3a fornomororo nporpamu MathCAD V15 /2,3/.

Jns  copolmeHHS — PO3paxyHKIB — pO3MJSHEMO MPHUBOA 3  BEIMKHUMH  3HAYCHHSIMHU
KOHCTPYKTUBHOTO mapamerpa N, TOOTO KOJM THUCK B poOOUii MOPOXKHUHI MTHEBMOIMIIHIpPA
OJTHOCTOPOHHBOI Aii OyJe MOpIBHIOBATH MariCTpajJbHOMY Pu IPAKTHYHO Ha BCIH JOBXKHHI XOAY
nopurHs. Toai piBHSHHS pyXy MoOke OyTH IpeCTaBlIeHe B CIIPOIIeHOMY BHi /3,4/
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d2
2 —1—_n —
N d72 =1 Na vX 1)
abo
X + a1X —ap; = 0,
2)
ae:
v .
a1 - F,
— 177a
A =",
OcTtaHHE piBHSHHS € JIHIHHIM JUQEPEHIIITHAM PIBHSAHHSAM PIIICHHSM SIKOTO €:
X = Cicosf; + Cysinf; + 2z
a 3)

ne f; = \/aq, TaK sK 13 XapaKTepUCTUYHOTO PIBHAHHS CIIAYE

k2+a1:0

Ipu t =0, X=0 i X=0, Tomy C; = —%i C, = 0.
1
3Bizcu X = %(1 — cospy).
1

o6 3HaiiTH T4, Tpeba mokmacTu B upomy piBHsSHHI X = 1. Ilicias mpocTux nepeTBOpeHb
OTPUMAEMO

a
cosfy, =1~ a—1
2 4)
1 a
abo T, = =arccos (1 - —1).
B az
[MigcraBnsiroun 3amicthb al, a2, i f ix 3HaUeHHS Oy/1IeMO MaTH:
1 v
T = -—=arccos [1 - ]
Vv 1-7gq 5)

I3 dopmynu ciimye, 0 NpH 3aJaHUX 3HAYEHHAX V 1 7], Oe3po3MipHHI yac T, JNiHIIHO
3aJIEKUTH Big N.

TpaHcropTyro4i MHEBMOINPHUBOAU 3 BAaKyYyMHHMH 3aXBaTaMH MAalOTh MPAKTHYHO TMOCTIHHY
Macy pyXOMHUX €JIEMEHTIB, IO OOyMOBJIEHO (YHKIIIOHATLHUMHA MOKJIUBOCTIMHA BaKyyMHHUX
3axBaTiB. BHAcHiOK IIbOr0, MOMJIMBO 3HEXTYBATH BEJIMYMHOIO KOHCTPYKTHBHOTO IapaMerpa

MPUBOJA 1 CIIPOCTUTH TPHUBEICHI BUIIE PIBHAHHA Ta po3paxyHKu. [Ipu N=0 piBHsSHHSA pyXy Oyae
MaTu BUTIIAL.

225



Marepiaaun XIX-MHTK «IIporpecuBHa TexHika, TeXHOJIOTisI Ta iHKeHepHa ocBiTay, 2018

Y—vX—n,=0.
6)

[TigcTaBUBIIM 3 OCTAHHBOTO PIBHSAHHS 3HaYeHHS Y Ta foro qudepeHiian
dY=vdX B piBHSHHS 3MiHH TUCKY B IMIOPOKHUHI IWIIHAPA TPH HATKPUTHIHOMY PEKHMI TeUii,
MICNIA IHTETPYBaHHS OTPUMAEMO HACTYMHY 3aJICKHICTh MK O€3pO3MIpHHMHU MapaMeTpaMu vacy i
nepeMilieHHs mopuHs X:
T=—— [ﬂsz + 2 (vX,y + kna)X]
oY) k

2k 7)

[TincTaBuBIIM B JaHE PiBHSHHS 3HAUeHHS X=1, 10 BiAMOBilae poOOYOMY XOAIy IMOPIIHS |,
OTPUMAEMO 3aJICKHICTh JUIsl BU3SHAYCHHSI 3HAYCHb OE€3pPO3MIPHOTO Yacy MOBHOTO XOIYy 1 THCKY B
KIHL pyXy MOPIIHSA:

SRR o
Yo=v+1n,

Jlane piBHSHHS, [OLUJIPHO BHKOPHCTOBYBAaTH TaKOX, JJIS BU3HAYCHHS JOITyCTUMHX
MapaMeTpiB IIOPCTKOCTI 3BOPOTHOI MPYKUHUM a00 HABaHTAXEHHS NPH 3aJaHIil BETUYHHI
0€3p03MIpHOTO Yacy.

TakuM 4YMHOM IOYATKOBHHA 00’€M TOPOXXHHUHHU IMIIHApPA 3alE€KUTh BiJl KOHCTPYKTHBHHUX
0COOJMBOCTEH MPHUBO/IA 1 BIUIMBAE HA 3HAYEHHS 4Yacy MepeMilleHHs MOPIIHS 3HAYHO MEHIIE , HiXK
IIOPCTKICTh 3BOPOTHOT MPYKUHU 200 TEXHOJIOTIYHE HABAaHTAXCHHS Ha MITOK.

¢ = Svpa ©)
G.RT
AV =V -V,
ne VO i V— 06’eMu nopuiHeBoi MOpOKHUHM (IOYaTKOBUH 1 KiHIeBHii); Pd — THck moBiTps,
10 HEOOX1THUIA JTS TTOI0JIAHHS BCIX CHUII OTIOPY B TIPHBO/II.
2,5 2o 3,5
‘rsz :r 23
S
2 2,5
1,5 / 1,5 J/ 2
// 15
1 1 +————
1
0,5 0,5 0,5
O T 1
0 ' ‘ ° 0 0'5 1 0 0,5 1
° - ; ——Xa=0.3 n, ——Xa=0.3 Ma
Xa=0.3 Xa=0,5 a
a) 0) B)

Puc. 2 — Be3po3mipHanii 4ac Ts pyxXy HOpIIHSA OHOCTOPOHHLOTO MIJIIHAPA 3i 3BOPOTHOIO MPYKUHOIO MPH
npsimomy pyci (§ =0.15). a: Vo =0.05;6: Voi=0.1; B: Vi

BucHoBkH. BigHOCHa »XOPCTKICTh NpPY)XMHU IOYMHAE 3HAYHO BIUIMBATH Ha 4ac tn IS
HaBaHTaxeHHA Fr mpu 3HadeHHsx Cn Outbmmx 0,2 — 0,3 Ui mpssMOTO X0y MOPIIHS. 3aNeXKHICTh
gacy 3BOPOTHOI'O XOJy BiJl HaBaHTa)KEHHs IOKa3ye, 1[0 YUM MEHIIA KOPCTKICTh MPYXKUHHU, TUM
OisTpIIIa Pi3HUI B Yaci epEMIileHHs MOPIIHS BiJ] 3MiHH HaBaHTAKCHHS.
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Cnucok giteparypu.
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YK 621.67: 621.51

EKCIIEPUMEHTAJIBHI TA OBYUCJIIOBAJIBHI JOCJIKEHHA
YIIOPHOT O HIAIINITHUKA KOB3AHHA

Ianenko! C.B., Kaiiora? JI.0., 3aropy.ibko® A.B.
1 — [HAT «Cymcbeke HBO», 2 — Cymchkuii nepxxaBHuid yHiBepcureT, M. Cymu, YkpaiHna

Anomayin: B pobomi npedcmagneni pe3yiomamu eKCHEPUMEHMANIbHUX O0CHIO0NCEHb YROPHO20 KOIOOKOB020
NIOWUNHUKA KOB3AHHA HA cneyianbHomy cmeHOi. [Iposedenns excnepumenmy 00360JUNO OYIHUMU NpaAye30amHicmy
RIOWUNHUKA HA PI3HUX pedcumax pobomu (8 3anedCHOCmi 6i0 GenuuuHu MUCKYy ma memnepamypu Ha 6x00i
NIOWUNHUK, 6ETUUUHU OCbOBO20 HABAHMANCEHHS MA YACMOmU 0OepmAanHa 6any) ma GUIHAUUMU HeCyyuy 30amuicmo
RIOWUNHUKA NPU MAKCUMATLHO OONYCMuMiil memnepamypi Konooku. Ompumani 3aneicHocmi MOMeHmy mepims,
sumMpam macmuia ma memnepamypa KOI00OK RIOWUNHUKA NPU 3MIHEHHI 0Cb0B020 HABAHMAICEHHS Md YACMOMU
obepmanHs 8and. 3a O0NOMO20I0 YUCLOBUX MemoOi8 O0OUUCTIOBANbHOI 2IOPOOUHAMIKY, MENnIoMAco0OMIHY ma
NIAHYBAHHS eKCnepumenmy 01 OaHOi 2eomempii NIOWUNHUKA SUKOHAHUU OOYUCTIOBANbHUL eKCNepUMeHm, SKUll
003801U6 GUIHAYUMU MENTOBULl CIMAH NIOWUNHUKA, NOISL MEeMRepamyp i MUcKy Ha NOBepXHI KOIOOOK NIOWUNHUKA, d
MAKONC 8ETUUUHY MIHIMATLHOI TNOBWUHU MACTNUTLHOZ0 WAPY MA KYMA HAXUTY KOIOOKU NPU 8i0N08IOHOMY 0CbOBOMY
Haganmasicenti. Po3paxyHrkoei snaueHHs memnepamypu KO1000K, MOMEHMY mepms ma 8euduHy eumpam niOWunHuKa
NOPIBHI0BANIUCS 3 eKCHEPUMEHMATIbHUMU OAHUMYU MA 0anU 3a008iNbHUU 30ie.

Knwouosi cnosa: niowuntux Ko83auHs, memnepamypa Koio0Ku, npaye30amuicms

YHopHi MiAMUAITHAKA MIHPOKO BUKOPUCTOBYIOTHCS B €HEPreTHYHOMY OOJIaJIHAHHI TETUIOBUX 1
aTOMHHX eJIEKTPOCTaHIi, Ha TPAHCHOPTi, Ha OO0’€KTaX MAIIMHOOYAIBENBHOI 1HIYCTpii, Ha
KOMIIPECOpPHUX cTaHUifgX. OnHI€ 3 HaMBAXJIMBIIIMX IPOOJIeM MpPU MNPOEKTYBaHHI YIOPHHUX
MIITUITHAKIB € TIIBUINEHHS iX HEeCy4oi 3MaTHOCTI mpH 3a0e3MedeHH] JOMYyCTHMOTO TEIJIOBOTO
CTaHy.

Jloci, OCHOBHMM I1HCTPYMEHTOM JIOCJIDKEHb MEXaHi3My T1IPOJAMHAMIYHOTO MAIICHHS Ta
MiIBUIICHAS €(EKTUBHOCTI POOOTH IMMiIIIUITHUKIB KOB3aHHS € EKCICPUMEHT, SKHHA JIO3BOJISIE
BU3HAYUTH OUIBIIICTh POOOYMX XapaKTEPUCTUK: HECydy 3/IaTHICTh, MOMEHT TEpTs, BUTpPATU
MacTWia, TeMIeparypy Kojoaku Ta iHmi [1-5]. Aje ocTaHHIM dYacoM Bce OuIbIe
BUKOPHUCTOBYETHCS KOMIT IOTEpPHE MOJIEIIOBAHHA Ta PO3PaxXyHKOBI JOCIIJUKEHHS 3a JIOTIOMOTOIO
MPOrPaMHUX KOMIUIEKCIB, OCHOBAaHMX Ha YHUCJIOBUX METOJaX OOUYMCIIOBAIBHOI TiAPOAWHAMIKH,
TETIOMAacOOOMiHY Ta IUIaHYBaHHS eKCTIepUMeHTy [6-10].

ExcniepumenTanbHe AOCHIHKEHHS! KOHCTPYKLIT YIIOPHOTO BOCBMH KOJOAKOBOTO IMiIIIMITHUKA
KOB3aHHS TIPOBOJIMJIOCH Ha CHEIIaJbHOMY CTEHJ[I 3 METOI TMEpPeBIPKM Mpaine3aaTHOCTI Ta
BU3HAYEHHS OCHOBHUX POOOYMX XapaKTEPUCTUK HA HACTYITHHUX PEKUMaX:

1) Tuck macTuia B HaBaHTa)XyBaJbHIN KaMepl MpUCTPOIO 3MiHIOBaBcs B Mexax Bia 0,05 1o
3,1 MIla npu nocriiiHOMy THCKY Macia Ha Bxoxl B migmmmauk 0,15 MIla nns gactor obepranHs
Bazia Big 1000 mo 9500 00/xB.;

2) Tuck macna Ha BXOJi B MIAIIMIHUK 3MiHIOEThCS B nianasoni Big 0,05 go 0,15 MIla npu
MoCTiiHIHM yacToTi o6epTanns poropa 9500 06/XB. s THCKY MacTHjIa B HABAaHTaXKyBaJIbHIN Kamepi
1,01 3,1 MIla.

B xoni mocnimkeHHs (ikCyBadMCs IMKOBI 3HA4YEHHS OOEPTAIBHOIO MOMEHTY Ha 0ol
BUMIpIOBaHHSI KpyTuibHOTO MoMeHTy (BBKM), BcTraHoBieHOMYy Ha MpPHUBOMAI CTEHAY, B MOMEHT
MYCKY BaJia IIPH Pi3HUX TUCKAaX B HaBaHTaXXyBaslbHIN kamepi. KpiM Toro, JarynkaMu TeMmneparypu,
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BCTAHOBJICHUMH B KOXXHIA KOJIOII, BHUMIpIOBaJaCh BEJIMYMHA CEPEIHBOI TEMIIEpaTypud Ta
BUTpPAaTOMIpoM (iKCyBaslaCh BUTpAaTa MacTUIIa Yepe3 i JIIUITHUK.

[Ticns 3aBepiieHHs BUMIPOOYyBaHb MPOBOAWMIIACH PEBI3if MIAIIUIIHUKA, B XOI1 SKOi Oynm
BUMIpsIHI Maca, TOBIIMHA 1 IOPCTKICTh KOJOAOK ITiAMUITHUKA.

Po3zpaxynkoBa Mojens MiAIIMIIHUKA NPEACTaBisia COOO00 TE€OMETPUYHHUN CEKTOp -
45 rpamyciB, KM BKJIIOYa€ B ce0€ HACTyIHI CKJIAJIOBI YAaCTUHU: JWCK, BaJl, MACTUIBLHUN IIap,
KoJloka Ta Kopmyc mimmunHuka. IIporpamuumu 3acobamu ANSYS CFX pos’s3yBanack
TEepMOTiipoinHaMiyHa 3aa4a. Po3rnsganacek JamiHapHa Tedis, TEIUIonepe1aya Mixk piAKUM IIapoM
MacTHja Ta TBEpAMMH YaCTHHAMHU pPO3PaxXyHKOBOI MOJENI IiIIIMITHUKA Ta BpaxoByBalach
3aJISKHICTh (PI3MYHUX BIIACTHBOCTEH MacTHIa BijJ TemIiepaTtypu. Po3paxyHKoBa ciTka CKjajanach
BHUKJIIOYHO 3 TeKCaeApUIHUX KOMIPOK. [lepeBipsiachk CITKOBa HE3aJICKHICTD.

B pesynbraTi BUKOHaHA cepisi PO3paxyHKOBHX JOCIIJKEHb 3a JOINOMOT'OI0 YHCIOBUX METO/IB
00YHCITIOBAILHOT Fl,[[pOI[I/IHaMlKI/I TeHJ‘IOMaCOO6M1Hy Ta IIaHYBAHHS CKCIICPUMCHTY Ta BH3HAYCHO
TETUIOBHI CTaH MiAIIUIHMUKA, TOJII TEMIEpaTyp 1 TUCKY Ha MOBEPXHI KOJIOIOK MiAIIUITHHUKA, a
TAKOX BEIIMYMHY MiHIMAIBHOI TOBIIMHM MACTUJIBHOTO MIAPYy Ta KyTa HAXWIY KOJOAKU MPH
BI/IMOBITHOMY OChOBOMY HaBaHTa)KCHHI. PO3paxyHKOB1 3HAUEHHS TEMIIEpaTypH KOJIOJ0K, MOMEHTY
TEpPTS Ta BEJIMYUHH BUTPAT IiIIIMITHUKA ITOPIBHIOBAIHCS 3 €KCIIEPUMEHTAIBHIMHU JTAHUMH Ta JTAJIN
3a0BJIBHUH 30ir.

Chucok Jgiteparypu
1. Bavassano, F., Mantero, M., Traverso, R., Livermore-Hardy, R., & Blair, B. (2017). A system integration approach
for heavy-duty gas turbine upgrades using improved rotor thrust predictions and application of advanced thrust bearing
designs. Paper presented at the Proceedings of the ASME Turbo Expo, 5B-2017 doi:10.1115/GT2017-63647
2. Guo, A., Wang, X., Jin, J., Hua, D. Y., & Hua, Z. (2015). Experimental test of static and dynamic characteristics of
tilting-pad thrust bearings. Advances in Mechanical Engineering, 7(7), 1-8. doi:10.1177/1687814015593878
3. Hagemann, T., Kraft, C., Blumenthal, H., & Schwarze, H. (2015). A study on energetic and hydraulic interaction of
combined journal and thrust bearings. Paper presented at the Proceedings of the ASME Turbo Expo,
7A doi:10.1115/GT2015-43460
4. Harika, E., Bouyer, J., Fillon, M., & Hélene, M. (2013). Effects of water contamination of lubricants on
hydrodynamic lubrication: Rheological and thermal modeling. Journal of Tribology, 135(4) doi:10.1115/1.4024812
5. Henry, Y., Bouyer, J., & Fillon, M. (2015). An experimental analysis of the hydrodynamic contribution of textured
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362-375. doi:10.1177/1350650114537484
6. Charitopoulos, A., Fouflias, D., Papadopoulos, C. 1., Kaiktsis, L., & Fillon, M. (2014). Thermohydrodynamic
analysis of a textured sector-pad thrust bearing: Effects on mechanical deformations. Mechanics and Industry, 15(5),
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8. Fouflias, D. G., Charitopoulos, A. G., Papadopoulos, C. 1., Kaiktsis, L., & Fillon, M. (2015). Performance
comparison between textured, pocket, and tapered-land sector-pad thrust bearings using computational fluid dynamics
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9. Papadopoulos, C. L, Kaiktsis, L., & Fillon, M. (2014). Computational fluid dynamics thermohydrodynamic analysis
of three-dimensional sector-pad thrust bearings with rectangular dimples. Journal of Tribology, 136(1)
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YK 620.93:662.769.21

MNIJIBUIIEHHSI EOEKTUBHOCTI TEXHOJIOI'TYHOI'O IMPOLIECY
TEHEPALIII BOJHIO 3A PAXYHOK 3ACTOCYBAHHS
VJIBbTPA3BYKOBOI KABITAIIII

Jlyroscbkuii O.®., Houniuenko I.B.., Koctiok /I.B., 3inincskuii A.l., Muponuyk B.C.
KIII im. Irops Cikopcekoro, M.KuiB, Ykpaina

Anomauia. 3a pezyromamamu auanizy iCHyIOUUX 00CHIONCEHb 2eHepamopie 015 OMPUMAHHS
B00HIO OY10 BCMAHOBIEHO X HU3LKY epekmusHicms pobomu. 3anponoHosama OpuciHaIbHA
KOHCMPYKYIsi 2eHepamopa G0O0HI0 3 GUKOPUCMAHHAM YIbMpPaA38YKOBUX KOAUBAHL, THMEHCUBHICTD
AKUX Nepesunyye nopie UHUKHeHHs Kagimayii. Po3pobieno cmeno 05 nepesipku egekmuenocmi
pobomu npucmpolo ma GU3HAYEHHs 1020 poboyoi xapaxmepucmuku. IIpedcmasneno po3paxynox
niosuwyerns eghekmusHocmi cenepayii 2azy nio Oi€io Ya1bmpaseyko8020 NoJisl.

Knrouoei cnosa: 600enn, yiompasgykose noie, enekmpoiis, enepeoeghekmugnicmo, KKJ/[.

AkTtyanbHicTb. Ko MoBa iije mpo BOJHEBY €HEPreTHKY, KIIOYOBOKO € Te3a, IO TUIbKH
CHAJIIOBAaHHS BOJHIO € a0COJIIOTHO €KOJIOTIYHO 0€3MeYHUM, OCKIIBKH IIPH LIbOMY HIYOTO, KPIM BOAH,
HE YTBOPIOEThCA. SIKOM BoJieHh OyB Tak caMoO JOCTYIHHUH, SIK 1 MPUPOIHUN ra3, BiH Ou il cripasni
CTaB 1/leaJIbHUM HAJIMBOM, sKe He 3a0pyaHIo€ NOBKULIA. [IpoMuCIIOBI METOAM OAEp KaHHS BOJHIO
0a3yroTbcsi a00 Ha TeHEepyBaHHI HOTO 3 IHIIMX BUAIB OPraHIYHOTO mNanuBa (MPUPOJHHIA Ta3,
npoAyKTH HadromepepoOku), abo Ha enekTpoiizi Boau. OCHOBHOK MPOOJIEMOIO MPHUCTPOIB s
OTPHMaHHS BOIHIO, 30KpEeMa EJIeKTPOJIi3epiB, € HEAOCTATHRO BUCOKA E(PEKTHBHICTH iX pOOOTH.
[TigBumennst eheKTUBHOCTI pOOOTH MOXKE OYTH OCSTHYTE MPH BUKOPUCTAHHI Ui iHTEHCH(IKaIii
nporecy eQeKTiB, 0 CYNpPOBOKYIOTh SBHILNE YJIbTPa3ByKOBOi Kasitamii. Kasirariiine
cepelioBHIlle, 3MIIACHIOIOYU HepeMiH_IYBaHH}I eJNeKTPOIITY Ha MOJIEKYJIAPHOMY piBHI, SIKICHO
BiZIMIHHE BiJl 3BHYAITHOTO MEXaHIYHOTO MEPEeMIilTyBaHHs, 3HAYHO 3MEHIIY€E TPAII€HT KOHIICHTPAI1
10HIB B NPHUKATOJHOMY LIapi, BIUIMBAIOYM TUM CaMHM Ha MOJSIPU3ALII0 €JIeKTPOJIB, 1, B 3HAUHIN
Mipi, 301IbIIIy€ TPAaHUYHHHA CTPYyM Au(y3ii IpH eNeKTpoi3i. YIpTpa3ByKoBe MOJIE HAJA€ B MPOLECI-
€JIEKTPOJII3y 3HAYHUH BIUIMB HAa KIHETHKY €JIEKTPOAHMX mpoueciB. Ilil BIUIMBOM yJIbTpa3BYKY
BUHHUKAIOTh TAKOXK MPOIIECH, 110 BiTOYBAIOTHCS B cCaMOMYy eJIeKTpodiTi [ 1-7].

Bunineni npu enexTposizi Ha KatoAi OyibOalIkd BOAHIO OTPUMYIOTH B YJIBTPa3ByKOBOMY
T0JTi IPUCKOPIOYHIA TIOIITOBX, 1110 3a0e3medye X KoaryJsiiio Ta IPUCKOPEHUH PyX 310BXK MOBEPXHI
karony. [IpuckopeHHs 3pocTae 3 pOCTOM IHTEHCUBHOCTI YJIBTPa3ByKOBOIO MoJisi. B pe3yinbrati yoro
miap eNeKTPONITy B MPHUKATOAHOMY IHPOCTOpi Oe3lmepepBHO IMOHOBIIOETHCS, IO 3a0e3medye
MiABUIICHHS €(EeKTUBHOCTI TEXHOJOriYHOro mpouecy. Jlisi ynbTpa3ByKy 3OLUIbIIYETHCS 3
MiABUIIEHHSIM IIUIBHOCTI KaTOJHOTO CTPYMY, IPU SIKOMY MOCHJIIOETHCS 301AHEHHS MPUKATOTHOTO
miapy 1 3pocTae KuIbKicTh Oysb0amiok BoaH:o [1].

B nepmomy HaONMKEHHI Macy BHALICHOTO BOJHIO i 9ac €JICKTPOIIi3y MOXHA PO3paxyBaTu
3a 3akoHOM Papanes[3]:

=k*q, (1

JIe m — Maca BUJUIEHOT PEYOBHUHH, K - €JIEKTpOXIMIYHUM €KBIBaJIEHT PEYOBHUHU,  — 3apsiI.

[Ipu ananizi poOOTH BXKE BIAOMHUX MPHUCTPOIB OyJIO BHSBIEHO, L0 ICHYIOTH CIIOCOOH
MIJBUIICHHS 1X €EeKTUBHOCTI Mpu reHepanii BogHio. Ha puc.l Moxkemo crioctepiratu €BOIIOIII0
MiIBUIICHAS ©()EeKTHBHOCTI T'eHepallii BOJHIO 32 PAaXyHOK JOJATKOBHX CJIEMEHTIB Ta METO/IiB
OTpUMaHHS BOJHIO. SIK BMJIHO, HaWOUIBII e(EeKTUBHUM METOJOM OTpPUMaHHS BOJHIO €
3aCTOCYBaHHSA yJbTPAa3BYKOBOTO TOJISI TA MEXAaTPOHHOI CUCTEMHU KEPYyBaHHS.
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T'eneparop BoaHIO I'enepartop BonHto + LM + I'enepaTop BOIHIO 3 MEXaTPOHHUM
KOHTpOJIEp KEpyBaHHM (KepyBaHHs PEKUMOM

) poboTH) + yIbTPa3ByKOBE MOJIe
B e(heKTUBHICTh TeHepallii

Puc.1. Cnoco0n ninBumieHHst eHeproe()eKTHBHOCTI reHepanii BOAHIO

Meta- migBunieHHs €QEKTHBHOCTI TeHepallii BOJHIO 3a PaxXyHOK 3acTOCYBaHHS
yJIBTPa3BYKOBOI KaBiTaIlii 1 MEXaTPOHHOT CHCTEMHU KePYBaHHS.

[Tlicns CTBOpPEHHS EKCIEPUMEHTAIBHO-OCHIIHOTO 3pa3Ka TeHepaTopa BOJHIO OyIo
pPO3pO0OJIEHO CHUCTEMY BUMIPIOBAHHS Ta OPHTIHAIBHY METOIUKY IPOBEACHHS JOCHIKEHb, IO
JT03BOJIMIIO JOCIIIUTH HOTO poOOUy XapaKTepUCTUKY (pHC.2).

Puc. 2 3aranbHuili BULISIA eKCIIEPUMEHTAIBHOI YCTAHOBKH
(1 — enexTpoaizep; 2 — 6JIOK *KHUBJICHHS NMOCTiliHOI HANPyru; 3 — poraMeTp (BUTPATOMIp);
4 — indpayepBoHnii TEePMOMETP)

B pesynbrati mociimkeHb Oyio MOMIYEHO M0, KOJIU TeMIlepaTrypa eIeKTPOJITY MEPEeBUIILyE
60°C (puc.3), enexTpoi3ep MOYMHAE MPAIFOBATH HECTAOUIBHO 1 116 MPUBOAMTH JI0 TOTIPIICHHS
pobotu. Ilig yac mocmipkeHb BUSBICHO, IIO €JIEKTPOIi3ep HAHOUIbII €(EeKTUBHO MPaIOE MpHU
temneparypi 50-55° C. To6to KK/ 3anexuts 6e3mocepeiHbO BiJl TEMIIEPATYPHUX PEKHUMIB.
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—3¥— ExcnepumeHT — Po3paxyHOK

" \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
%V\N\NN\\
N
: \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

026 027 033 036 043 052 060 0,75 Qn/xe

Puc. 3. 3ane:kHicTh CHJIM CTPYMY Bil BUTPATH ra3y Ta TeMIEPATYPH eJIEKTPOJITY
I'padik nopiBHAHHS e()eKTHBHOCTI O/IeP’KAHHS BOJIHIO

AHani3z 3anmexHocTi (puc.3) mMOKas3aB, IO NPOBEACHHM pO3pPaxXyHOK (IITPUXOBA IIiHiA)
BiToOpaXka€ BIUIMB YJIBTPA3BYKOBOTO TOJS HAa €HEProeeKTHBHICTH TEXHOJOTIYHOTO MPOIECy Ta
J03BOJIsIE 320€3MeYnTH OUIbII epeKTUBHE JOOYBAHHS BOAHIO.

JIisi 3HWDKEHHST BHTpAT CIIEKTPOCHEPTii 3aCTOCOBYIOTH IMITYJBCHHH TEHEPAaTOp CHUTHAIY 3
€JIGKTPOHHUM OJIOKOM KEepYBaHHS.

TakuM 9WHOM, 3alPONIOHOBAaHA MOJIEPHI30BaHA MPUHIIMIIOBA CXE€Ma MiATPUMY€E pallioHaIbHI
pPeKUMU  pOOOTH  €JEeKTpOoJi3epa, a 3acTOCYBaHHS  YJIbTPA3ByKOBOI'O TOJS  IiJABHIIUTH
eHeproePeKTUBHICTh CJICKTPOIIi3Y B IUIOMY. B TOl ke 9ac, 3ampONOHOBaHE TEXHIYHE PIIICHHS
MPOCTE Ta MOKE OyTH 3aCTOCOBAHE B 1HIIMX THIAX €JIEKTPOIIi3epPiB.

B mopanbmioMy rutaHyeThesl 3pOOMTH aBTOHOMHHI T'€HEPATop 3 KEPyBaHHIM €JIEKTpoIlizepa
BiJl KOMIT I0Tepa Ta 3aCTOCYBAHHS COHSYHOI MaHeli B IKOCTI aJIbTEPHATUBHOI'O JKepelia )KUBJICHHS.

Cnucok Jitepatypu

1. http://chem21.info/info/795348/

2. http://pidruchniki.com/1274082337977/ekologiya/vodneva_energetika.

3. Boxens [Enexkrponnmii pecypc] // Bikinenis. — 22. — PesxxuM 1oCTyImy 0 pecypey:

https://uk.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%B5%D0%BD%D 1 %8C.

4. Axumenko JI.M., Mogputesckas U. /1., Tkauek 3.A. DieKTpoim3 BOIBL- H3MaTeTbCTBO XuMus. Mocksa. 1970.
-264c.
5. Hlnunbpait 3.3. BBeaeHue B BOJOPOIHYIO SJHEPTETUKY - M.
6. Houniuenko I. B. [lepciektuBu 3acrocyBanHs hho-enexrpoizepa B MamMHOOYAiIBHOMY KOMITIEKCI cTyaeHT. 1. B.
Houniyenko, B.M. Houniuenko, C.C. AnToHOB Mi>KHapoZHO HayKoBO-TexHIuHa KoH(pepeHmis «[igpo- Ta
ITHEBMOITPHUBO/IM MAIIMH — CY4acHi JOCATHEHHS Ta 3aCTOCyBaHH:», M. Binnuns 2016. -209-211 c.
7. Houniuenko I. B. [Tepcnextusu 3actocyBanns hho-enexrpoiisepa st renepartii rasy bpayHa sik gomimku 1o
piakoro manuBa B aBToM0OiTpHOMY TpaHctiopTi XXII MixkHapogHa HayKOBO-TEXHIUYHA KOH(PEPEHITis
«'impoaepomexaHika B iHKeHEpHiH npaktuii», M. Uepkacu 2017. -30-31 c.
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YK 621.311 _ _
JIABOPATOPHHUMU TPUCTPIM POBOT-ILITABEJIEP

SAuyk C.O., JlykaBenko B.II.
KIII im. Irops Cikopcekoro, M. KuiB, Ykpaina

Anomayia: Jlabopamopuuti npucmpiti  pobom-uimabenep NpPU3HAYeHUll ONA BUNYYEeHHS KOHMmeliHepie 3
sanmascem i3 KOMIpKU Cmenaxicy, nepemiljeHHs 1020 Ha micye 8uoayi ma GUKOHAHHA 360pomHuoi onepayii. Pobom-
wmabenep BUKOHYE KOMAHOU NPO2AMU 3 NEPCOHATILHO20 KOMN 10mepa Ma 8 pedCumi pyuHo20 KepyeanHs 3 Nyabma.

Kntouogi cnosa: pobom-wmabenep, 3a6aHmadicy8anbHO-pO36AHMANCYSATbHI onepayii,

ABTOMAaTH30BaHI KpaHU-IITa0EIepPH 3HAXOIATH BCE OLIbIIe BUKOPUCTAHHS HAa BUPOOHUIITBI Ta
y CKJIaJCbKOMY TIOCHOJApCTBi JUIs 30epiraHHs 1 BHJaui TOTOBOi MPOJYKIIi, KOMIUICKTYIOUUX, Ta
HaniBgpabpukaTis [1] .

Merta poboTu: MoAepHi3yBaTH Ait04nii poboT-mtadenep [2] Ta mporpamHe 3a0e3ne4YeHHs s
BUKOHAHHS 3aBaHTaXKyBaJIbHO-PO3BaHTAKYBAILHUX OIEPALildl Y aBTOMATHYHOMY PEXKUMI.

Jns  kepyBaHHS poOoT-mTabenepom Oyiio po3poONeHO cXeMy KepyBaHHS Ha OCHOBI
MikpokoHTposiepa STM32F051[3]. biok-cxemy poGoTta moka3zaHo Ha puc. 2. g mepemilieHHs
mrrabenepa mo oci X Ta BUKOPUCTOBYIOThCSI aHAJIOTOB1 CEPBONPHUBOM 3 KyToM moBopoty 0-180°.
Jlnist mepemimieHHs o oci 'Y BUKOPHCTOBYETHCS KPOKOBUHN OIMONIAPHUNA ABUTYH, IO O0Ci Z—/IBUT'YH
MOCTIHHOTO CTPYMY 3 €HKOJIEPOM JIJIsi 3BOPOTHOTO 3B’ S3KY.

Jiss pydHOro KepyBaHHS IO KOHTpoJjepa MiJKIYeHO MaTpU4yHy KiaBiatypy 3x4, a s
aBTomatuioBaHoro kepyBanHs 3 [IK — USB-TTL neperBoproBay, 110 npueIHaHO A0 KOHTpoJIepa 1o
mHl RS232. XXusnenns 12 B miakimtoueHo MpsIMO 0 KOHTPOJEPA, € BOHO PO3IMOMALISETHCS HA
Harnpyru 12, 5 ta 3,3B 1151 )KUBJICHHSI IBUTYHIB, CEPBOIIPUBO/IIB Ta CAMOTO KOHTPOJIEpA.

[Iporpamue  3a0e3medyeHHss uis  KOHTposiepa  Oyllo  HamMcaHO B CEpEIOBHILI
IAREmbeddedWorkbench na moBi nporpamyBanss C.

Puc. 1. 30BHimHINi BUTIISAL poOOT-IITAOCTEpA.

KepyBannst po6oToM 3 koM’ 1orepa.

[lepen moyatkoM poOOTH HEOOXIAHO BCTAHOBUTH 3'€THAHHA 3 POOOT-1ITadenepom. st 1boro
YBIMKHYTH >KUBJICHHsI (pOoOOT mouHe Oa3zyBaHHs), mia'ennatu ioro yepe3 USB po3'em xomm'torepa,
nani Binkputu "ucmertuep mpuctpois”, posropuytu Bkianky "I[loptu (COM Ta LPT)" Tta
3anam'sitati  COM  moprt, skuii Oyno mpucBoeno i mpuctporo "USB-SERIAL CH340".
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Heob6xinno yBctu neii COM-niopT B mporpamy 1 HaTUCHYTH KHOTIKY "3'enmnaru". SIkmio 3'enHaHHS
OyJ10 yCHIIIHUM, IHAUKATOP 3 YEPBOHOT'O 3MIHUTH KOJIIP HA 3€JICHUH.

KusneHHA |— —>® X
KoHTponep
1] [~M]y
Knasiatypa
—>@IZ EHKOOEep
|
—(M)|r

Puc.2. CtpykTypHa 0/10K-cXeMa poooT-

v

Jlani HeoOXiAHO 3allOBHUTH BipTyallbHI KOMIPKH BaHTa)KaMH BiJIMOBIAHO A0 iX MOJIOXKECHHS B
KoMipkax pobOota. /[ 1mboro BKa3aTH KOMIPKY HATHCHEHHSM Ha HEl MUIIKOIO B JBOX MPOEKIIIAX
cxeMu pobota i HaTUCcHYTH KHONKY "1". Tlicist mporo BipTyanbHHIA BaHTaX 3'sBUTbCs Ha 3D moneni
pobor-mradenepa. SKio moTpiOHO OYUCTUTH KOMIPKY, OOpaTH i Tak camMoO 1 HATUCHYTH KHOTIKY
"0". 3agaBaTu MOCIIOBHICTh KOMaH/ /Ul poOOTa MOXHA BpYUYHY 3 KJIaBiaTypH, 3 ¢ailmy *.txt Ta 3a
JIOTIOMOT'OF0 JIBOBHUMIpHOi cxemu 1 kHomok "a", "b", "c", "d". Komanna mae Burmsan "XYZa", ne
X,Y,Z - e KoopAMHATH KOMIpKH, a - komanja. CumBou "a" o3Havae B3STH 3 IaTGOPMHU, MOKIACTH
B KOMIpKY, CUMBOJ "b" - B3STH 3 KOMIPKH, OKJIACTH Ha 1iaTdopmy, "¢ - B3sATH 3 KoMipkwH, "d" -
MOKJIACTH B KOMIPKY. (CHMBOJIH JJATUHCHKOTO aji(aBiTy)

[Tpuknagn komanm:

"123a" - o3Ha4ae B3ATH BAHTAX 3 IUIATGOPMHU 1 MOKJIACTH B KOMIPKY 3 KOOpJUHATAMH X =
1,Y=2,Z=3.

"222c¢" - o03Ha4ae B3ATH BAHTaX 3 KOMIpKH 3 KoopiauHatamu X = 2, Y =2, Z =2 i
yTPUMYBaTH Ha MaHITyJIATOPI.

"211d" - o3Havae MOKJIACTH BaHTAX 3 MAHIIYJIATOPa B KOMIpKY 3 KoopauHaTaMu X =2, Y =
1,Z=1.

Mexi nns koopaunatu X - 1.2, Y -1..4,Z-1..3.

KokxnHa komaHma TNHUIIETHCS B OKPEMOMY psSAKYy O3 MpoOUTB Ta IHIIUX JOJATKOBHX
CUMBOJIB. MOXHa 30epertu Kepyrouy nporpaMmy KHOMKo "30epert", abo BiIAKpUTH HONEPETHBO
30epexeny nporpaMmy KHorkorw "Bigkputu".

[Io6 3amycTUTH Tpolec BiANpallOBaHHA NporpaMu HaTtucHITH kKHomky "Ilyck". B xoxi
BUKOHAHHS Mporpamu Oyne 3'BISTUCH MOBIJOMIICHHS MPO BUKOHaHHSA KomaHi, a Ha 3D mopmemi
OyJe BimoOpakaTHCh MOTOYHE MOJIOXKEHHS BAaHTAXKIB.

JUnist 3ynHKY Tpo1iecy HaTHCHITh KHOmKy "Crom".

J111g ekcTpeHoi 3yNMHKUA poO0Ta BUMKHITH HOTO JKUBIICHHS.

KepyBanusi po6oTom 3 mysabTa

PoboTt-mtabenep Moke BUKOHYBAaTH KOMaH/IM 3 MYJIbTa, IKU PO3TAIIOBAHO 3 JIBOTO OOKY 1
aBisie co00r0 1udpoBy KiaBiaTtypy. Crepiry BBOASTH KOOpAMHATH KOMipKW (Ha mpukiazn 123),
NOTiM BiAnoBiAHY komauay Aii. Komanai "a" Bigmosinae xkHomka "#", komanai "b" - "*", xomanmi
HC" - HSH’ KOMaHIIi "d" - "6".

IIporpamue 3ade3neyenns “RobotControlXP”
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JIyisi aBTOMaTH30BAaHOTO KepyBaHHs InTabenepoM Oyiio po3pobieHo momarok Windows Ha
wiargpopmi NETFramework 4. (Puc. 1) Ilporpamy HamucaHo B HpOrpaMHOMY CEpeIOBHILI
MicrosoftVisualStudio [4] Ha MoBi mporpamyBanHs C#.

B niBiii yacTMHI BiKHa HPOTrpaMH 3HAXOTUTHCS MOJENb PO3TAIIyBaHHS KOMIPOK Y JIBOX
npoekuiax. Lls Mozenb 103BoNsiE JBOMA HATHCKYBAaHHSAMHM MUIIT OOpaTH KOMIpKY, Haa SKOIO
HEOOX1THO BUKOHATHU OJIHY 3 6 MOMJIMBUX OIeparliii.

B npaBiii HIKHIM YacTHHI BiKHA 3HAXOJIUTHCS TPUBHMIPHA MOJENb PO3TallyBaHHS KOMIPOK,
sgKa TpU3HAYEHA JUId BiOOpakeHHS MOTOYHOIO PpO3TALIYBAaHHS BaHTaXIB Yy KoMipkax. [lpu

"' RobotControlXP - [m} x

BigkpuTu H 3beper || Mycx || Cron || Ouncrami ‘ Mopt (COMT) COM23 .
a3 - B3ATU 3 NMNATHOPMU, NOKNACTW B Komipky ()
= a b

c b - B3aTH 3 KOMIDKW, NCKNSCT Ha nnatopuy (7

€ - B3ATM 3 koMmipkn (3)  d - noknacti & komipiky (6)

2 Z 1 0 d 1 - No3Ha4MTH 3aN0BHEHY KOMIpKY

— 0 - NOSHEYUTH MOPOXHID KOMIPKY
I E
3 1

2
g

.

X

Puc. 3. 'o1oBHE BikHO mporpamMu

YBIMKHEHI ITPOrpamMu BCi KOMIpKH TPUBUMIPHOT MOJIEI TOPOKH.

[Iporpama Mae HaCTyITHI KOMaH/IHU:

- B3siTu BaHTaX 3 KOMIPKH 1 TPUMATH HA MITa0eINeEpi.
[ToknacTu BaHTax 31 mTabenepa B KOMIpKY.

B3situ BaHTaX 3 TIIATGOPMH 1 IOKIIACTH B KOMIPKY.
B3siTi BaHTax 3 KOMIPKY 1 OKJIACTH Ha MIaTPopMy.
[To3HaunTH BaHTaX HA TPUBUMIPHIH MOJIETI.
[To3HaunTH MOPOKHIO KOMIPKY Ha TPUBUMIPHI MOJEIII.

Bukimuk komaHIu 3iHCHIOETHCS KHONMKAaMU Yy BikHI mporpamu. Ilin KHOMKamMu KOMaHI
3HAXOJIUTHCS JIBa TEKCTOBUX MOJsA. B miBomy momi BioOpa)kaeThCsl MOCTIAOBHICTH KOMAaH[ IS
poGor-mTabenepa, a B MpaBOMy 3BIT mpo iX BUKOHaHHsA. KomMaHIu MOXKHa 3amuCyBaTH SIK 3
KJIaBiaTypH, TaK 1 3a JONOMOT'OI0 MHUIII, HATUCHEHHSIM KHOIOK KepyBaHHs y BiKHI IIPOrpaMu.

B mporpami nepenbadeno 30epekeHHs KEPYIOUUX MporpamM B TEKCTOBHH (aiiil Ta BiIKPUTTS
nonepeaHbo 30epekeHnx, a0 CTBOPEHUX 30BHI (aiimiB.

3B 30K KOMIT'FOT€pa 3 pOOOTOM BiOyBaeThcs uepe3 meperBoproBau inTepgeiicie USB-TTL
[5], sxuit Ha komm’1oTepi BinoOpaxkaeTbes ik COM nopt. B mpaBoMy BepXHBOMY KyTi IIPOrpamu
3HAXOJIUTHCS TOJIEC JUIsl HANTAIMNTYBaHHS 3 €QHAHHS 3 poOor-mradenepom. B moni COM mopr
HEOOX1THO BBECTH HOMEP MOPTY, KUK Oys0 mpucBoeHO cucteMoro Windows st mepeTBoproBaya
intepgeiicie. USB-TTL. Ilpum HaTUCHEHHI KHONKH «3’€IHaTW», SKIIO 3 €IHAHHS 3 POOOTOM
YCHIIITHO BCTAHOBWJIOCH, IHAUKATOP Y BiKHI MPOTPaMU 3 YEPBOHOTO 3MIHUTH KOJIIp Ha 3€JICHUH.

Jns ©e3neyHOro BHKOPHCTAaHHS B Hporpami mnepefdadeHo CUCTEMY IONEpeIXKeHb, SKi
BUBOJATHCS NPHU MOMMJIKOBUX HAJIAIITYBAaHHAX NPOrpaMH Ta MOMWIKAX B aJrOPUTMI KepyBaHHs
pobGoToM.

BucnoBok B pesynbpTaTi BUKOHaHOI poOOTH OYB MOJIEPHI30BAaHHM MHPUCTPIA «POOOT-
mrabenep», po3poOiieHe MporpaMHe 3a0e3MedeHHs, M0 CKIaJaeTbesd 3 goaarky Windows Tta
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porpaMu MIKpOKOHTpoJIepa, 1 3a0e3rnedye aBToOMaTHIHE Ta pydyHe KepyBaHHsS. Po3pobiieHa miarta
KepyBaHHS Ha 0a3i xonTposnepa STM32F051 mna kepyBanus poGot-mtabenepom. IIporpamue
3ab6e3neueHHss RootControlXP mo3Bosisie cTBOproBaTH alropuTMH KOMaH]I Ijisi poOoT-1Tadenepa Ta
MPUBOJIUTL IO 3a/ayi ONTUMIi3allli 3aBaHTaXEHHS Ta pPO3BAaHTAXEHHS KOMIpok pobota. B
MaiiOyTHROMY TIepedadeHa MOXIIHMBICTh PO3poOKHM nomatky Windows, mo cTBoproBaTUME txt-
¢aitm 3 ONTHMI30BaHOIO MPOTPAMOIO KEpyBaHHs poOOT-IITa0eNepoM, KM MOXKHA 3aBAHTaXKUTH B

nonatok RootControlXP i 3amycTut Ha BUKOHAHHS.

Cunucok JgiTepaTtypu:
1. B.A. I'opoxos. Aemomamu3zuposannas TPAHCTIOPTHO — CKIIAJICKas CHCTeMa B TEKCTUJIBHOM U JIETKOM
MIPOMBIIIUIEHHOCTH. ABTOMATH3aI[HPOBAHHASI TPAHCIIOPTHO — CKJIAJICKAsi CUCTEMa B TEKCTUIILHOM U JIETKON
MIPOMBIIIICHHOCTH. [ DIEKTPOHHEINA pecypc]. — Pexkxum moctyma: http://aaecs.org/gorohov-va-avtomatizirovannaya-
transportno-skladskaya-sistema-v-tekstilnoi-i-legkoi-promishlennosti.html
2. T'opbaniseyw F0.1O., Menvnuuenko A.C. Po3podka Monesi aBTOMaTH30BaHOTO KpaHa-IITadbeNepa CTeNaXHOTO THITY.
Tesu momoBineit. 3aransHO-YHIBEpCUTETChKAa HAYKOBO-TEXHIYHA KOH()EPEHIIisI MOJIOJMX BUCHHUX Ta CTYICHTIB,
mpucBsiaeHa 1o aHsg Hayku (cexmis «MammHoOyxyBaHH Y, mincekmis «[Ipuknanaa mexanika »); KHTYY"KIII" 2015p.
3. Jlokymenmayusa Ha ceputo MUKpokoHTpostepoB STM32F051 [OnexrponHslit pecypc]. — Pexxum mocryma:
https://www.compel.ru/series/ST/STM32F051
4. Visual Studio IDE nis Windows u Mac. [DnekrponHsiii pecypc]. — Pexxum mocryna:
https://www.visualstudio.com/ru/vs/mac/?rr=https%3 A%2F%2Fwww.google.com.ua%?2F
5. Paspabomxa npunoxenwuii 1 Android, i0S, Mac, Windows, a Takke 00JIa4HBIX U BEO-TIPIIIOKCHHH.
[DnexkTponHslil pecypce]. — Pexxum nocryna:
https://www.visualstudio.com/ru/?rr=https%3 A%2F%2Fwww.google.com.ua%2F

YK 532.517

CUCTEMA ABTOMATHUYHOI'O KEPYBAHHS ITPOIECOM
3MIITYBAHHSI Y BUXPOBIA KAMEPI

Typuxk B.M., bonnap JI.€.
KIII im. Irops Cikopcrkoro, M. KuiB, Ykpaina

Anomayia: Y pobomi npedcmasnena po3podoxa 00HO20 3 6apiaHmMie cucmemu asMOMAMUYHO20 KepYBaHHs
npoyecom nepemiuly8anus pIOKuUx abdo 2azonoldiOHUX KOMROHEHm pobou02o cepedosuwya y 6Uxposiii Kamepi
smiwyeanus (BK3) enepeemuunoco ma mexnonoziunoeo obOnraonanus. BK3 micmumv yuninOpuunuii xopnyc 3
PO3BUHEHO) MYRUKOBOIO YACMUHOIO 3 2IyXUM mopyem. B 6iuniti nogepxui KoOpnycy 6uKOHAHI OMBOPU, 8 AKUX POSMILEHT
CONAA 3 MOXNCIUBICTIO 0OEPMAHHS HABKONO IX BepMUKANbHUX Ocell. [Ipomouni mpaxkmu conen Marmes HAXUL, WO
3abe3neuye maneeHyianbHe Ni0gedeHHs cepedosuwy 00 6HYmMpiwHboi nopoocHunu BK3. Kamepa ochawena
eNIeKMPOHHOIO KEPYBATbHOIW CUCMEMOI, AKA NPU 3MIHI eumpam 6XiOHUX KOMHOHEHM 3d OONOMO20K0 BUKOHABUUX
npuCmpois 3MIHIOE Kym MIidC NO3008)CHbOIO GIiCCIO 8IiKOH comenl i 8iccio Yuninopuunozo kopnycy. Texuiunum
pe3ynbmamom 0anoi po3pooKu € niOMPUMAHHA THIMEHCUBHOCTNI NePeMIULYBAHHA KOMHOHEeHm pob0Y020 cepedosuiya,
36inbUeENH WBUOKOOTT ABIMOMAMUYHO20 KEPYSAHHs Ma 3MEHUeHHs 2a0apumie yCmaHosKu.

Knrouosi cnosa: xocepenmna uxposa cmpykmypa,; euxposa kamepa, aemomamuine Kepyeannsa, iHmeHcugHicmy
nepemiuy8anHs; mepmoaHemMomemp

[Tpuctpoi ans 3MinryBaHHS TOTOKIB PiMH a00 ra3iB BUKOPHUCTOBYIOTBCS Yy PI3HHX Taly3six
MIPOMHUCJIOBOCTI, HAIpHUKIAad B EHEPreTulll, XIMIYyHIA Ta HapTOBIM MPOMHUCIOBOCTI, I
MPUTOTYBAaHHS CyMillled i3 3aJaHUM BMICTOM Ta siKicTio. Haifuactime s iHTeHCHiKamii mux
NPOLIECIB 3aCTOCOBYIOTBCS IOJIST BiJIEHTPOBHX CHJI, SIKIi CTBOPIOIOTHCS Y BHUXPOBHX KaMepax
smimyBanHsi (BK3) pisHux BuaiB. ['0J0BHUII BHECOK B TNPOLIECH MEPEHOCY MAacH, IMITYJIbCy WU
TEIJIOTH HAJEKUTh HHU3bKOYACTOTHUM CKJIAJOBUM MYJBCAI[IHHOTO pyXy, CHPUYUHEHOTO
€HEProEMHUMH CKJIQJAOBUMHU Tedil [1], sKi mpuTaMaHHi OOMEXKEHUM TOTOKaM i3 3aKpyTKoro [2],
tunoBuM i BK3. Tomy onHa 3 OCHOBHMX 3ajauy Hojsrae B 3a0e3MEUeHHI SKICHOTO
nepeMilryBaHHS KOMIIOHEHT pOOOYUX CEpeZOBUI TypOYICHTHOI MUQy3i€to Bil Aii €eHEProeMHUX
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korepeHTHUX BUXpoBUX CTpykTyp (EKBC). Bupimenns 3arajibHOi MmpoOseMu ITiABUIICHHS
€KOHOMIYHOCTI ¥ HaIifHOCTI €HepreTMYHOro Ta TEXHOJOTIYHOro ycTaTkyBaHHS Ha 0a3i BK3 €
HEMOXJIMBUM 0€3 po3pOOKH HOBITHIX METOIB KEPyBaHHS aepOT1IPOJAMHAMIYHHUMH TPOIECAMH Y
MOPO’KHUHAX KaMep 3 MiHIMaJbHUMH €HEePTeTUYHHMH Ta MaTepialbHUMH 3arpaTamu. CTaBUTHCA
3a/1aua po3poOHTH TaKy cCUCTeMy KepyBaHHs mnapamerpamu BK3, ska 3abesmedye MiHIManbHUI
BIUTUB 3MIHU CIIiBBIJIHOIICHHS BUTPAT BXIAHUX KOMIIOHEHT (IOMyCTUMOi 32 TEXHOJOTIYHHMH
yMOBaMH Yy TIEBHHUX MEKax) Ha MpoIeC 3MIITyBaHHS B aKTHUBHIM 30HI kamepu. Bimoma BK3 [3] mae
TIIyXHWA TOpElb y BUTTISAL IUCKY 3 MOXKIIUBICTIO HOTO MEepeMIlieHHs AJisl 3a0e3MeYeHHsI MOCTINHOT
IHTEHCUBHOCTI TYJIbCAIlI MIBUAKOCTI Yy BHUXIJHOMY TIOTOIll KaMepu HE3aJeKHO BiJl 3MIHH
CHIBBITHOIIICHHSI BHUTpPAT BXIAHUX KOMIOHEHT (piAuH, Tra3iB). (DYHKIIO aBTOMATHYHOI 3MiHU
JIOBKUHU TYMHMKOBOI 30HH, a BiaTak Tomojorii EKBC y Hiii [4], mo BimoOpa)kaeThcs Ha BUXITHUX
napamerpax MOTOKY, BUKOHY€E €IIEeKTPOHHA KepyBallbHA CHCTEMa, sIKa 3a JIOIOMOTOI0 BUKOHABYOTO
MIPUCTPOIO BIAMOBITHUM YMHOM TEPEMIIIYE TOPEIh KaMepH. AJie TP MiABUIIICHUX POOOUYUX THCKAX
Takuil crnocid KepyBaHHA IOPOJXKYe IMpobiemMy 3a0e3ledyeHHs HaAIiHOrO Ta JOBrOBIYHOTO
VIIUTBHEHHS MDK PYXOMHM JTHUCKOM TOpIS 1 MINHAPpUIHUM KopirycoM BK3 Ta moxe Bumaratu
3HaYHMX €HEPreTMYHMX 3aTpaT Ha mepemimeHHs aucka. CrocoBHo noaionux BK3 3 nmogosxkeHoro
TYIUKOBOIO 30HOIO, SIKa BHUKOPUCTOBYETHCS SIK CBOEPITHUIN BHXOporeHepatop [4], ms mpobiema
MOKe OyTH BHpIIIIEHa HACTYITHUM YHHOM. [IpONIOHY€EThCSI CUCTEMa aBTOMATHYHOTO KePYBaHHS IS
BK3, 1m0 MICTUTh TWIHAPUYHUANA KOPITYC 3 PO3BHHEHOI TYMUKOBOIO YaCTHHOK 5 Ta HEPYXOMHM
IJyXUM TOpLeM, a B Oi4yHIi MOBEpXHI KOPIyCYy BUKOHAHI OTBOPU 2, B SKHX pPO3MIIICHI
pO3BaHTaXEHI comia | 3 MOXJIMBICTIO OOepTaHHS HABKOJIO iX BepTUKaIbHHX ocei. [Iporouni
TPaKTH COMENT MalTh HaxXWiI, [0 3a0e3lneuye TaHTCHIllaJbHEe MiJBEICHHS CEPeIOBHIN IO
BHYTPIIIHBOI MOPOXHMHU Kamepu.  [IpomoHoBaHa eleKTpOHHA KepyBajbHa CHUCTEMa, IpH
JOMYCTUMIN 3MiHI CIIBBIIHOIICHHS BUTPAT BXIAHUX KOMIIOHEHT, 3a JOMOMOTOI BHUKOHABYHMX
npuctpoiB BIl 3MiHIO€ KyTH MIDK TO30OBXHIMH OCSIMH BIKOH BXITHHX COIEI 1 BICCIO
LWIIHAPUYHOTO KOpIycy Kamepu, 3MmiHioroun opienranito EKBC y BK3 npo nocsarnenns
MaKCUMaJbHOI 1HTEHCHBHOCTI TmepeMimryBaHHsa cepefoBuil. CyTh po3poOKH TIOSICHIOE CXema
CHCTEMH KepyBaHH:, 300pakeHa Ha puc. 1. BK3 npaitoe HactynHuMm ynHOM. Big gaTymkiB BUTpaT
1, miaBEeNeHUX IO BIYCKHHUX COMEN 2 KaMepH, CUTHAIM 4epe3 JIBOXKAHAJIBHUMA BHUTPATOMIPHHUI
npuctpii BMII, omudpoBani Ta mocuieHi Ha aHajgoroBo-uu¢poBux mneperBoproBadax ALl
HaJIXoIATh Ha enekTpoHHuU kepyrounid npuctpiii EKII. B aktusniit 30H1 3 BK3 BcTanoBneHuit
JTaT4YMK TepMOaHEeMOMeTpa 4, CUTHAJ BiJ SKOTO, IO BIAMOBIA€ CEPEAHBOKBAIPATHUHINA HAMPY3i —
aHaJIOTy CepeHbOKBAAPATUYHOT MyJIbCallii BUIKOCTI MOTOKY, Yepe3 GpuibTp HU3bKUX yacToT GHY
1 AT takox Hamxomuth Ha EKIIL. Yepe3d ALl na EKII HagxonsTs CHUTHaIM BiJf BUKOHABYHX
npuctpoiB BII, siki BiAMOBIAaI0Th MOTOYHUM OCHOBHUM KyTaM YCTAaHOBKH COIIE]I.

EKII, mnopatounm curHan depe3 uugpo- - -

ananoroBi meperBoproBaui L[AIl na BII, ski AT -

3MIHIOIOTh OCHOBI KYyTH YCTaHOBKH COMEN BiJ A

Qmin 10 Qmax, QOPMYIOUH TIPU  I[BOMY Y m

JBOXBUMIpHMIT MacuB JaHuX (MOTOYHI OCBOBI ‘\"'_v_./ Ll Al//7—

KyTH  yCTAQHOBKM  CONmel @,  CTYIIHb i &/ e 16m LL an=
TypOyJIEHTHOCTI Ta30BOi cymimi €) i BHOUpae e {Aun-

TaKe 3HAYCHHS @, TNPH SKOMY € = Emax. W ] Jony A[/ﬂ}—l
CriBBiIHOIICHHS] BUTPAT BXIJIHUX KOMIIOHEHT, ‘

BUMIPSIHUX B MPOIIeCi MOOYI0BH MAaCHUBY JaHHX,

3anam'sToByeTbes B mam'sati EKIL.

. . uan
[linTpuMaHHS OCHOBUX KYTiB YCTAHOBKHU

comen, ™0 BiAmoBigaioTh BuOpanomy EKII
3HAYCHHIO, 3a0€3MeUyeThCs Tepeaaueto curuany Big Hporo uepes LIAII na BII.

236



Cexkunis 3. IlpukiaagHa rizpoMexanika Ta MexaTpoHiKa

Cnucok aitepatypu

1. Cmpykmypa TypOyIEeHTHOTO TTOTOKA 1 MEXaHHU3M TeIUI0OOMeHa B KaHanax: [MoHorpadus] / [M. X. Mbparumos, B.
. Cy66o0tun, B. I1. bo6koB u ap.]. — M.: Atomuznat, 1978. — 296 c.

2. Typux B.H. O ruapoarHaAMUYeCKON HEYCTOHYMBOCTU TeueHHl B BUXpeBbix kamepax / B.H. Typuk // Ilpomucnosa
rimpasiika i mueBmaruka. — 2006. — Ne 3(13). — C. 32-37.

3. Kamepa 3miutysanns 3 asmomamuunum xepysannsim, [latent Ykpainu UA 81252 U, MIIK BO1F 5/00, 2013.01.

4. babenxo B. B. Maker BUXPEBBIX CTPYKTYp IIPH TEYEHHUH [IOTOKA B BUXpeBoil kamepe / B. B. Babenko, B. H. Typuk
// IpuknamHa rigpomexanika. — 2008. — T. 10 (82), Ne 3. — C. 3 -9.

UDC 621

POLLUTANT DISPERSION ANALYSIS IN WATER FLOW IN GANGA
CANAL

Himanshu Joshi!, Kumar Abhishek?

1 - National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”,
Kyiv, Ukraine

2 - Department of Water Resource Development & Management Indian Institute of
Technology Roorkee, Roorkee-247667, India

Abstract This paper present the study of pollutant dispersion analysis using CFD model .Canals are the artificial
channels for water navigation, to fulfill slack of water for irrigation needs. However, at many places there are several
lateral entries of pollutant into the canal and river from household drainage and industrial wastes. It is always
desirable to acknowledge the canal water suitability for irrigation and other purposes. The paper is focused to
investigate the flow and diffusion of sewage pollutant in the continuous flowing canal water. The investigation has been
carried out by developing three-dimensional model of the canal using computational tool ANSYS software.

Key words: canal water, pollutant, computational fluid dynamics, mass fraction of pollutant, velocity profile

1. Introduction Rivers and canals are the major source of good quality water for the living of
humans and animals and for the irrigation purposes. Rivers are nurturing all living beings since the
time known in history. The oldest civilizations of India, Harappa and Mohenjo-Daro, habituated near
Indus River. Many cities of India were nourished by the rivers like Ganga, Yamuna, Krishna,
Godawari and Narmada etc. and canals that runs out of these rivers. Irrigation is an artificial way of
nourishing crops through quality water. India is an agricultural economy thus most of its cultivated
land is dependent on irrigation. The country is dependent on the rivers for this purpose. River
Bhagirathi originates from Gangotri thereafter it meets river Alakhnanda at Dev Prayag and after their
confluence, the resulting river is often called Ganga. The Alakhnanda river make contributions
approximately 66% and the river Bhagirathi make contributions approximately 34% to the river
Ganga. The complete structural area of the river Ganges across Haridwar is almost 20,000.00 Km?2 in
Himalaya Mountains ranges. This river is the life line of gigantic fertile agricultural track of the
adjoining districts on it's both banks. The financial system of the inhabiting farmers typically is
dependent upon the irrigation water which is regularly deliver from the river Ganga. In the year 1837
an immediate need of irrigation was felt in the doab due to the loss of almost 8 lakh lives in the
region. Colonel Proby Cautley proposed a plan for a canal to counter the problem of drought and
irrigation the region. In year 1842 the digging of canal started and in year 1855 the irrigation through
the canal was commenced. This canal was named as Ganga Canal which was separated from the main
river Ganga at Bhimgoda barrage near Har-ki-Pauri, Haridwar .The canal is administratively
classified into the upper Ganges canal and lower Ganga canal which is named similar to upper Doab
and lower Doab vicinity respectively. The canal is mainly used for irrigation, although some
proportions of it is also used for navigation intent and for its building substances. Originally, the canal
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had a head discharge of 6000 ft*/s (developed over time from 1842 to 1854). Presently, the Ganga
Canal is widened up regularly to regulate the discharge of 295 m?®/s. The canal waters virtually 9,000
km? productive agricultural land in the ten districts of Uttarakhand and Uttar Pradesh. In present
times, the canal project is the reason of agricultural and environmental prosperity in these two states,
and thus irrigation departments of the states keenly preserve the canal system [1].

2. Turbulence model Most of the fluid flows are turbulent which occur in our daily life.
Distinctive examples of turbulent fluid flow are, the river, fluid flow in the ocean, canal water flow,
flow of fluid in wash basins etc. It is difficult to define turbulent flow in few lines, but it has a number of
characteristic features which help in recognizing its regime such as irregularity, diusivity, large
Reynolds numbers, 3- Dimensional, Dissipation and Continuum. Modeling of turbulent flow is the
development of a model and its useto estimate the turbulence effects. A turbulent fluid flow has
characteristic structures of different time and length scales, which all intermingle with each other. To
focus on modeling of large-scale and mean flow features of the flow the average the governing
equations is obtained for the flow, but for most accurate results the small length scales and fluctuations
should also be considered. When the flow is turbulent, the instantaneous flow variables (for example
pressure and velocity) should be reduced to average and RMS value. One reason to decompose the
variables is that when flow quantities are measured, more emphasis is made upon average values rather
than their time responses. Second reason is that Navier-Stokes equation when numerically solved, a
refined grid is needed to resolve all turbulent length scales and also need a fine resolution for time scale
since turbulent flow is unsteady in nature [2].

There are many model available for turbulence fluid flow among these, K-epsilon (k-¢) model
is the very common model used for turbulence in CFD to map average flow characteristics. It
comprises of two partial differential equations which provides an account of turbulence. The reason
behind development of the model was to replace the Prandtl’s mixing-length model, also to look for
an alternative to algebraically proposing length scales in moderate to high turbulent flows. The
classic k-¢ equations comprise of lot of unmeasurable expressions so to bring practical approach in
the model, the standard model (Launder and Spalding, 1974 [3]) is opted which is founded on our
knowledge of the fluid flow processes, thus reducing unknowns and developing the equations used
in most of the fluid flow applications encountering turbulence. Rate of Change of k or e+ Transport
of k or € by convection = Transport of k or € by diffusion + Rate of production of k or e- Rate of
destruction of k or €

For kinetic energy of turbulent flow, k

a(pk)+ 8(pk”i) _ 0 M ok +2u,E E, —pe (1)
Ot Ox, ox; | 6, Ox; o
and dissipation of energy
dpe) o(pee,) o | n, oe € ¢’
+ = — +C,.20EE. —-C, p— 2
o ax,  ox|o x| g it T Py @
Where, v, - stands for the velocity component in ‘ith’ direction, F, - stands for the

component of rate of deformation, p, - stands for eddy viscosity.
k2
W, = pcp. _ (3)
€
The equations also consist of some adjustable constants like ¢,,c_,C,. & C,, the constants
values can be obtained by repetitive iterations for a wide velocity ranges. These are follows
C,=0.09,0,=100, ¢, =130, C, =1.44&C, =192,

3. Species transport model Species transport in homogenous multi component model assumes
that all the species are mixed on a molecular level and do not attempt to calculate any slip between the
phases. Instead of any mixing this is assumed to come from turbulent diffusion. One set of governing
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equations plus a species transport equation is solved. This method solves the conservation equations
for convection, diffusion, and response sources for more than one aspect species.
L (pr)4V-(VE) =V, + R +5, @

This conservation equation describes the diffusion and convection of the mass fraction, of a
species where Yi. called production rate by chemical reaction, and Si called rate of creation due to
effect of the dispersed phase and input sources. The diffusion flux Ji occurs due to concentration.
Fick's law is the default:

J;=-pD, VY, - DT,i% (5)

Where Di, m stands for mass diffusion coefficient and DT, 1is thermal diffusion coefficient.
This approximation is conventionally good. With turbulence, accommodation is necessary as
mixing must be explicitly included as function of turbulence at shorter length scales.

4. Analysis based on species transport model. Mass transport study is done in fluid
mechanics to obtain velocity field of flowing fluid in any control volume. Most of the transport
phenomenon is probabilistic or statistical in nature because of erratic continuous motion of fluid
particles. The governing laws which govern the transport phenomena are generally, continuity and
Navier stokes equations, describe how the quantity being studied must be conserved. The continuity
equation confirms the conservation of mass making the fluid flow valid and Navier-Stokes
equations describes the relationship between fluid flux and the forces applied to the fluid. Mass
Transfer in a system is governed by Fick's First Law. Diffusion flux is dependent on concentration
gradient and the diffusivity of the substance in the flow going on from higher concentration to lower
concentration. In the present study the sewage pollutant particles are getting mixed and transported
along the stream flow of the canal.

4.1. Effect of sewage velocity. The dispersion of sewage pollutant at constant sewage velocity
but the effect of sewage velocity on different parameters has also been analysed in fig. 1. It was
observed that dispersion of sewage pollutant in to the upper Ganga canal increases with the increase
of velocity of sewage flow. This observation that has been tracked at outlet of canal (at Ganeshpur
Bridge) from fig. 1. that most of the dispersion effect of sewage pollutant has been observed near
the left wall and further increases with the velocity of sewage along the width but rate of mass
fraction of sewage pollutant reduces and fraction of sewage pollutant is more concentred in left side
at outlet near the wall of canal as shown in fig.1. Whereas, mass fraction of sewage is found very
less in right side of canal due to less diffusion of pollutant.

IT?'

(a) 0.2m/s

(b) 0.4my/s

' 4
0.008+00

(c) 0.6m/s (c) 0.6m/s

Fig. 1. - Contour of mass fraction of sewage pollutant
at outlet of canal with five Open Sewage inlet.

To predict the flow behaviour of sewage pollutant from individual sewage inlet, path line has
been developed as shown in fig. 2. these path line indicates that effect of sewage pollutant from the
top surface are increasing along the direction of fluid flow with the increase of velocity of sewage
pollutant.

To analyse the result quantitatively, the mass fraction of the sewage pollutant has been tracked
at the outlet of the computational domain (near to Ganeshpur Bridge). The fig. 3. shows the
variation of mass fraction of sewage pollutant obtained at the outlet of canal after applying species

Fig. 2. - Flow behavior of sewage pollutant in canal
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transport model in the analysis of upper Ganga canal near Ganeshpur Bridge. This graph depicts
that with the increase in velocity mass fraction of pollutant is also increasing at the outlet of the
canal. It is due to less time available for diffusion of pollutant within the canal water with respect to
velocity of the flow. As the length of canal outlet is constant and sewage velocity is increased, this
modelled cause shows that with the increase in velocity, diffusion within the pollutant is poor which
cause an abrupt increase in fraction of the pollutant at the Ganeshpur Bridge. Steepness in the flow
of sewage with mentioned velocity in the fig. 3. depicts an in-depth perspective of time with which
the pollutant of respective sewage opening reaches the outlet. As it can be seen clearly from the
graph that sewage opening which is more near to the outlet reaches outlet within less time when
compared with the farthest sewage. Abrupt mixing of pollutant with opened sewages at an increased

rate with increase in velocity. Equilibrium position of the sewage pollutant amount is achieved
at

the same time

irrespective of the velocity, as it can be clearly seen from the fig. 3.

5. Objective The objective of
present work is to model the upper Ganga
canal Roorkee and numerically simulate to
predict the pollutant dispersion in two
phase fluid flow CFD model of Roorkee
Upper Ganga Canal (UGC) and validation
based on velocity at different divergence
will be performed to check the accuracy
and trust worthiness of the model. Present
study aims with the following specific
objectives: 0000 - . - r - 0,000

o 1000 2000 3000

- To study the change in fiow ime {in sacond)

concentration of water by Fig. 3. - Variation of Mass weighted average of sewage
addition of pollutant from pollutant with flow time at different velocity of sewage
different sewage position.

- To study the effect of change of inlet velocity of sewage.

6. Conclusion
- It was observed that at higher velocities, the rate of mass fraction of tracer at outlet
decreased and dispersion increased. Concentration of pollutant toward the depth along the
canal also decreased because of diffusion process in case of species transport analysis.

- Although concentration of pollutant was decreasing from the main source of pollutant with

the time along the canal for a fixed velocity of sewage as a result of dispersion.

- Dispersion of pollutant was observed to be increasing along the width of specified domain

with respect to opening of sewage.

- Effect of pollutant dispersion toward the depth was increasing along the longitudinal
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Abstract

Most conventional fluids, such as water, ethylene glycol and engine oil, have limited
thermal capabilities properties, which may impose restrictions in many thermal applications. On the
other hand, correctly there is an extensive research that has proven that nanofluids (suspensions of
nanometer-sized metallic particles in a base fluid) are better heat transfer agent than conventional
fluids, e.g. [1]. An important application of nanofluids can be used in refrigeration systems such as
automobile radiators with an important impact in the reduction of the sizes of radiators.

In this work we investigate numerically the forced convective heat transfer of two
nanofluids AlOs/water and TiOz/water in a flat tube of a standard automobile radiator to
quantitatively evaluate the enhanced heat transfer characteristics. The heat transfer characteristics of
nanofluids under forced convection were investigated for different volumetric concentrations of
nanoparticles between 0.25 and 10.0 %, and compared with the base fluid (water). The
computational simulations were carried out with the Ansys Fluent software package.

The focus of this research is to compare the flow and heat transfer to the cases where water
properties are considered constant and dependent of the temperature. To the best of our knowledge,
numerical studies involving nanofluids in the flat tubes of a radiator under the conditions of the
present study have not been done so far. Thus, the numerical results obtained were validated for
water flow by comparing the friction factor and the Nusselt number in the flat tube with theoretical
and empirical results available in the literature.

Heat transfer results are presented for temperature, convective heat transfer coefficient, heat
flux, Prandtl number and Nusselt number (Nu) in the range of conditions studied as well as flow
and nanofluids characteristics like friction factor, pressure loss, dissipated power, density, viscosity,
thermal conductivity and specific heat. The results obtained with nanofluids promise efficient heat
transfer to develop more efficient heat transfer fluids for use in automobile motors and industrial
equipment, since the presence of alumina and titanium dioxide nanoparticles provide a greater
cooling compared with the base fluid (water).

For the fluid flow in radiators, the compression work and the viscous dissipation are
negligible. Under these conditions, we have numerically solved the following governing equations
under a 3D flow field using the computation fluid dynamics (CFD.

V-9=0 (1)
. T = =2
Py V-V ==Vp+ 1, V'V (2)
= —2
pnfcp,nf(v'v)Tzknf vT (3)

Many studies have shown that the low particle volumetric concentration of the nanoparticles
in the base fluid makes it behave like a single-phase fluid, e.g. [1, 2]. The equations adopted in
present work to the thermophysical properties of nanofluids; density, viscosity, specific heat and
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thermal conductivity were obtained from [3, 4]. The volumetric concentrations of nanoparticles
ranged from 0.25 and 10.0 %. The properties of water and nanoparticles were withdrawn from [5,
6], Table 1.

Tablel.
Properties of the nanoparticles and water at temperature of 30°C
Material p (kg/m) | ¢,(J/kg’C) | k(Wm.°C) | u(Pa.s)
water 995.349 4179.642 0.6146)  0.0007998
ALO3 3880 773 36
TiO2 4175 692 8.4

The geometry of the flatted tube has a larger diameter, smaller diameter and length of 9.0, 3.0 and
345 mm, respectively [7].

The system of governing Eqs. (1)—~(3) was solved by the finite volume method approach using
the Fluent. Specification on the numerical methods used can be found in our previous work [8, 9].
For all simulations performed, converged solutions were considered when the residuals resulting
from the iterative process for all conservative equations were lower than 105,

The boundary conditions used were: on the tube wall are applied the usual no-slip condition
(v=10) and the constant temperature condition (isothermal wall, 7 = 30°C); at the tube outlet was
applied the condition pressure-outlet of Fluent; at the tube inlet was imposed the temperature of
90°C and in the case of the constant water properties were imposed the velocities of 0.0429 and
0.3434 m/s (calculated for Re = 250 and 2000 for water at 30 °C) and in the case of the temperature-
dependent water properties were imposed the velocities 0.0172 and 0.1376 m/s (calculated for Re =
250 and 2000 for water at 90 °C).

For the choice of appropriate mesh, additional tests for water flow with constant properties at
T = 30°C were carried out for Reynolds numbers from Re = 250 to 2000 in meshes with 21576,
46138, 104949 and 159962 nodes. The tests carried out using four meshes showed that the gain in
accuracy of the friction factor and average Nusselt number which resulted from the use of the finest
mesh (159962 nodes) was overall <2%. Then the mesh with 104949 nodes was selected for the
present study.

Some of the results obtained in this research are shown in the Figures 1 and 2. Figure 1 shows
the average temperature along the flatted tube. The temperature decreases along the tube and with
the concentration of nanoparticles. Both nanofluids show the same behaviour. In the case of the
constant water properties, Figure 1(a) and (b), for Al2O3 and Re = 250 the temperature decreases
46.56 K and 50.47 K for concentrations 0.0% and 10.0% respectively, whereas for Re = 2000
decreases 23.37 K and 25.58 K for concentrations 0.0% and 10.0%, respectively. For concentration
of 10.0% and TiOz/water the temperature decreases about 2 K less than for Al2Os/water.

In the case of the temperature-dependent water properties, Figure 1(c) and (d), the temperature
decrease is more pronounced. For Al203 and Re =250, the temperature decreases 57.03 K and
58.69 K for concentrations 0.0% and 10.0%, respectively. For Al2Os3 and Re=2000, the
temperature decreases 33.42 K and 35.90 K for concentrations 0.0% and 10.0%, respectively. For
concentration of 10.0% and TiOz/water the temperature decreases about 1.5 K less than for
AlLOs/water.

Figure 2 shows, for Re =250, the variations of local Nusselt number (Nu) along the line-1 and
line-2 (see flat tube representation in the upper right corner of Figure 2). Line-1 is located on the
plan wall and line-2 is located on the curved wall. Nu decreases along both lines however that
decrease is more pronounced in the line-2 because that line is further away from the center of the
tube. An increase in the nanoparticles concentration results in a decrease in Nu for both
nanoparticles. However, this decrease is slightly higher for AL2Os.
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Figure 1. Temperature along the tube as a function of nanoparticle concentration, for Re = 250 and Re = 2000 at
the tube inlet. For the cases of the constant water properties (a) Al2Os and (b) TiO2, and temperature-dependent
water properties, (¢) AOs and (d) TiO2.
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YAK 637.134

I'TTPOOIUMHAMIYHA OBPOBKA MOJIOKA ITPH
TPAHCIIOPTYBAHHI

Bbonnapenko P.M., Cemincbka H.B.
KIII im. Iropst Cikopebkoro, M. KuiB, Ykpaina

Anomauia:

B pobomi pozensnymo ocobrusocmi mexnonocii  2iopoouHamiuHoi 06poOKU MOIOKA 3 GUKOPUCHIAHHAM
Kagimamopa nio 4ac mpancnopmyeanHs MOIOKA. 3anponoHO8aAHO OPUSIHATbHY CXeMYy KAimayitinoi o6pobKku Monoka
be3nocepedHbo npu MpaHcnOpmy8anHti 1o2o 00 NYHKMIE NPUSHAYEHHS.

Knrouosi cnosa: ciopoounamiuna kagimayis, nacmepusayis, MOJIOKO, KAGIMAamop, mpancnopmyeaHHs.

Y KOMIUIEKCI 3aXOJliB MO0 IMiIBUIICHHS SKOCTI MPOMYKIIi, OJepaHol Ha MiANPHEMCTBAX
MOJIOYHOT ITPOMHKCIIOBOCTI, TOJIOBHY POJIb IPAIOTh 3alTUTAHHs, ITOB'sI3aH1 31 30€piraHHAM NEPBUHHUX
BJIACTUBOCTEH MOJIOKA B MPOILIECi 1Oro TpaHCTIOPTYBAHHS 10 Miclis epepooku. [1]

[Ipu mpomy crmocié TpaHCHOPTYBaHHS CHPOBHHU Ha MOJIOYHHU 3aBOJI ICTOTHO BILJIMBAE HE
TUIBKM Ha SIKICTh OJICPXKYBaHOI HPOXMYKIi, ajie i Ha €KOHOMIKY MEepepoOHOro MiANpPHUEMCTBA B
LIJIOMY.

HeBenuka KiIbKiCTh MOJIOKA TMEPEBO3UTHCS y (uIArax BaHTAXKHUMH aBToMOOUIAMU. [pu oMy
croco0l BEJIMKI BUTpATH Tpalll Ha BaHTaXHO-PO3BAHTAXKYBAJIbHI oOmepallii 1 BTpaTH MOJIOKa, a
YMOBH TI€PEBE3CHHS HE BiJINOBIJAIOTh CAHITAPHO-TITIEHIYHUM BHUMOTaM JI0 XapuOBHX MPOIYKTIB.
SAxmo monoka 1000 1 1 GuIbIIe, TO JOMUIPHO BHKOPUCTOBYBATH aBTOIMCTEPHH, IO TO3BOJUTH
30UIBIIUTH B Ba pa3y MPOAYKTUBHICTH rpai i Ha 30-35% 3HU3UTH TPAaHCHIOPTHI BUTPATH

Hackinpku peTenpHO TiJ Yac TpaHCHOPTYyBaHHA OyayTh JOTPUMYBATHCS BCi BETEPHHAPHO-
CaHITapHI HOPMH, 3aJICKUTh SKICTh KIHIEBOTO MPOAYKTy. ToMy 06poOKa MojloKa HaJliuye JEKiJIbKa
eTariB 00poOku. OHUM 13 OCHOBHHX € HOTr0 mactepuzartis. [2]

IcHye Benmuke pi3HOMAHITTS Bapialiii mactepusaiii MOJIOKa, OJHUM 13 SKMX € MacTepu3allis
MOJIOKA T1IPOIMHAMIYHOIO KaBITAIII€O.
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TypOyneHTHI 1 KaBiTalliiiHi SBUIIA CYNPOBOKYIOTHCS IHTEHCUBHUM HarpiBaHHSM PiJIUHH, 1
SKIIO CTBOPUTH BIJIMOBIHI YMOBH, TO MOKHA JIOCSTTH TEMIIEpaTyp MacTepu3allii 4u cTepuiizamii
PI3HUX XapUOBUX PiJIHH.

3a paxyHOK CXJIONyBaHHS KaBiTaliiHUX Oynb0amok pBYThCS O0OOJIOHKH OakTepii, i
temriepatypu 78-80°C IIJIKOM JOCTaTHHO JIsl TOBHOTO 3HMINCHHS HalHEOE3MeyHIoro 30y 1HUKa
KHIIKOBUX 1H(EKIiH - mannaku Koxa, sika, siK BiJOMO, THHE MPU TeMIepaTypi 90-95 °C.

OpHi€ero 13 mepeBar TiIPOJAWHAMIYHHMX amnapariB € Te, M0 BOHH € JyXE€ CKOHOMHUMHU: IJIS
TerIoBoi 00pobku 1 romoreHizaiii 1000 1 MoIOKa AOCTaTHBO, SIK MpaBuiIo, Bchboro 10-12 kimosat-
rouH enekTpoeHeprii. [lpu 1boMy amapart mapajieabHO MepeMilrye MPOAYKT, 0 HArpiBa€eThCs 1
3MIHCHIOE HOTO TOMOTeHI3aIli0. [2]

Ilpobremamuxa. B Hamil kpaiHi € JTOCHUTh PO3IMOBCIOKCHUM 30ip KOPOB’SYOTO MOJIOKA Y
CeNIMIIax MOJIOKOBO3aMH. BiJNOBITHO NpU TpaHCTIOPTYBAaHHI MOJIOKa BiJl TOUOK 300py(BIITKY Ipu
CHEKOTHUX TOTOJHHX YMOB) JO MOJIOKO3aBOJly BHHHKAa€ IEBHa TpolieMa - Teruie MOJIOKO(He
o0pobrnieHe 3a3janerifip) MoTpamisie B IUCTEPHY Ta 3a 4Yac TPAHCHOPTYBAHHS Ma€ 3JaTHICTb
CKHUCATH.

Mema: BupimieHHs mnpoONeMH UIIIXOM O0OpoOKM MoJoKa Oe3nmocepeqHbO Mia  Yac
TPaHCIIOPTYBAHHS 32 paxXyHOK 0OpPOOKH TiJIpOIMHAMIYHUM KaBITaATOPOM.

Jlns BUpIIIEHHS TOCTaBJIEHOI MeTH Oyso po3po0JIeHO OpUIiHAIBHY CXEeMy KaBiTalliitHOl
00poOKHu MoJIOKa (pHC.).

IigpaBniuHa cuctema ckianaeThes 3 HacociB H1 Ta H2, posnoninsauki P1 ta P2, 3a paxyHok
SAKUX BIJOYBA€ThCS 3MiHA HAMPSIMKY IPOTIKaHHS MoOJioka, kaBitatopiB K1 ta K2, axi 31iiCHIOIOTH
00pobOky Momoka, 3BopoTHuX KinanaHiB 3K1 Ta 3K2, 6akiB b1 ta b2, pinetpy P, oxonomkysaua Ox
Ta KpaHa Kp, sikuii BimoBigae 3a mogaqy MoJIoKa 3 MOJIOKOBO3Y.

JlaHa rizpaBiiyHa CHUCTEMa Ma€ IEBHY
0COOIMBICTh 0OPOOKM MOJIOKA, sIKa IOJISTAE B
nporoHi  BMmicTy  emHOCTi bl (s1xa
3allOBHSETBCS B TEpIIy dYepry) depes
kapitatop Kl 1 mpu pgocratHboMy piBHI
00poOKM MoONOKa B I  €MHOCTI -
nepeKkadyBaHHI Bxke 00poOJIEHOro MOJIOKA 10
HactynHoro Oaky b2  (3a  paxyHOK
CHpaiioBaHHs  po3noguibHuka Pl 3a
CJICKTPUYHUM CUTHAJIOM), 3 SIKOT'O TaKOXK OyJie
3MIACHIOBAaTUCH 00poOKa Moyioka (depes
KaBiTaTOP K2). Takum YUHOM
3a0e3MeUy€EThCSl  YHUKHEHHS ~ MOJXKJIMBOCTI
MomajlanHsl  HeoOpoOyieHoro  Mosoka  (3i
HIKIUIMBUMU OaKTEpisiMU) J10 BXKE MOBHICTIO
TOTOBOTO JI0 CIIOKMBaHHS TponykTy. Ilicms
Puc. IIpuHumunosa cxema rixpoanHaMivHoi 3MIACHEHHST OOpOOKM MOJIOKa, CIPalbOBYE

00poOKH MoJI0KA po3noaiIbHUK P2, MOJIOKO MpPOXOJHTH uepes3
¢unbTp @ Ta oxonomkyBad OX 70 CIOKHUBaYa.

BucHoBku. B pesynbrati mpoBeneHoi poOoTH Oysio poO3poOJEHO OpHUTiHAIBHY CXEMY
TiApoIMHAMIYHOI KaBiTAIliHOT 0OpOOKHU MOJIOKA, sIKa JT03BOJIsI€ 0OPOOISTH MOJIOKO Oe3MocepeTHhO
IIPY TPAHCTIOPTYBAHHI HOT'O MOJIOKOBO30M JI0 IyHKTY TPU3HAYCHHS, 10 3HAYHO 3/CIICBIIIOE JaHHMA
nporiec.

Cnucok JgiTepatypu

1. http.//helpiks.org/3-29386.html

2. B. llonyos, B. baknanos, B. Bopdis, H. Muxatinog «Ilacmepuzayis monoxa / ObpobKa 6 0OMAuiHix ymoeax»
3. Iumepnem-ooicepeno: http://tekmash.ua
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VIIK 662.758

OCOBJIMBOCTI BPAXYBAHHSA ITAPAMETPIB I1PU PO3PAXYHKY
BUTPAT EHEPI'Ii B POTOPHO-IIYJbCAIIIMHUX ATTIAPATAX

Cemincokuii 0.0., Kocenko B.B.
KIII im. Iropst Cikopcekoro, M. KuiB

Anomauin. Hasedeno pezyniomamu 00CHiONCEHHSA, WO NOJIA2AN0 Y NPOBEOEHH] aAHANIMUYHO20
0271510y  MeMaAMuyHUX [HHOPMAYIUHUX pecypcis, CNpAMOB8AHO020 HA GUABLEHHS NI0X00i8 00
BUSHAYEHHS PO3PAXYHKOBUM WLIAXOM uUmMpam euepeii y pOmoOpHO-NYIbCAYIiHUX anapamax,
CKIAOAHHI 342ATIbHOT MEeMOOUKU PO3PAXYHKY 1 il GUKOPUCMANHI O OOYUCTIEHHS eHep208Umpam O
080X 8apianmis KOHCMPYKYIi anapama (Nyaibcayitino2o ma iMnyabCHO20), A MAKONC POPMYIIOBAHHI
peKomeHOayiti wooo 6paxy8aHHs 61ACMUBOCMEl pPIOK020 cepedosuyd, OUHAMIKU pomopa i
napamempie KOHCMPYKYii poOO4UX Opeauie npu o0OYUCNIeHHI 3HAYEHHS NOMYIHCHOCMI NPUBOOY
POMOPHO-NYILCAYIUHO20 anapama.

Knrouoei cnoea: kpumepiti nomysxcnocmi, Kpumepiti PetinonvOca, poboua cmynius,
POMOPHUU-NYIbCAYIUHUL anapam.

PotopHo-nynecaniiini amapatu (PITA) — me BucokoedekTUBHE OOJIaTHAHHS, MO0 AKTUBHO
3aCTOCOBYETBCS B MPOMMCIOBOCTI. IX MepeBarM HaJ iHIIMMH THIAMM TiJpOMEXaHIYHOIO
oOJajHaHHS 3yMOBJICHI KOMIUIEKCHUM 0araroakTOpHMM BIUIMBOM Ha PiIUHY, IO IO3BOJISIE
NPULIBUALIMTU MPOTIKAHHSA TEXHOJOIIYHUX MPOLECIB Yy 0OaraTOKOMIIOHETHUX PIJKHUX CHUCTEMax.
Pi3HOMaHITHICTH BapiaHTIB MOEIHAHHS 33 IHTEHCHBHICTIO CYKYITHOCTI BIUTMBIB Ha pimuHu B PITA
MPU3BOJUTH J0 BCTAHOBJIEHHS 3HAYHOI KIJIBKOCTI PI3HOMaHITHUX ()OpMYJI, IO PEKOMEHIYIOThCS
JUTs BU3HAYCHHS XapaKTePUCTHK arapariB i MapaMeTpiB TEXHOJIOTIYHHUX TPOLECIB, 10 MPOBOAITHCS
y HuX. OJHaK, y OUIbIIOCTI BUNIAAKIB, Taki pOpPMyJIM BU3HAYEHI JUIs OJIHIET a00 EKIIbKOX 00paHuX
KoHCTpyKIid PIIA, mo npamooTh y 3aJaHUX yMOBaX. HacligkoM [bOTO € BIJICYTHICTh
CUCTEMAaTHU30BaHOTO MiJIXOAy IO OOIPYHTYBAHHS PEKOMEHJAIIN 11010 BU3HAUYCHHS KOH(Irypatii 1
napaMeTpiB poOOYMX OpraHiB amapaTiB NpH 3aJaHUX pekuMax poOoTH. Tomy HOCHTiIKEHHS Y
LOMY HampsiMi aKTyasbHi.

Ha ocHOBI IpoBeJICHOT0 aBTOpaMH aHATITUIHOTO OTJISALY 1H(OPMALIHHUX pPecypciB, BiIiOpaHO
dbopmynu Ui BU3HaueHHs BUTpar eneprii B PITA. B sikocTi kputepiiB BinOOpy MPUIHSTO:

— TIOBHOTA OMHUCY LIOJ0 OJepkKaHHA (OpMYJI Ta BEJIMYHH, 1110 BXOIATH JI0 iX CKIIaay;

— HasBHICTH BIJOMOCTEH II0/I0 TPAKTUYHOI anpobarii popmyir;

— HasBHICTh NOCWJIaHB Ha MyOITiKaIlio, y SKii 3apornoHOBAHO BiAMOBIIHI ()OPMYJIIH, B iHIINX
JoKepenax iHdopmartii.

3arponoHOBaHO METOJUKY pPO3paxyHKy, 3a SKOI0, 3 BHKOPHUCTAHHSAM o0OpaHux (opmyi,
BH3HaYeHO BUTpatu eHeprii B PIIA mis mynbcamiiHOTO Ta iMIyJIBCHOTO BapiaHTIB KOHCTPYKIIIH
amnapata. Po3paxyHku npoBeeHo 3a fanumH [1 1 2].

Meroauka miependadae BH3HAYEHHS IOTY)KHOCTI OJHI€T poOOYOi CTyIeHi, YTBOPEHOI
PO3MILLIEHUMH HA OJHOMY KOJi poOOYMMH €JIeMEHTaMH pOTOpa 1 MPOTUJICKHUMH M pOOOYUMH
eJIeMEHTaMH1 CTaTopa, 1 3arajbHOi MoTykHOCTI PITA B mimomy (6e3 BpaxyBaHHS BTpaT €HeEprii).
3aranpHa NOTYKHICTh PITA BH3Hauamace SIK cyma HOTYXXKHOCTeH poOoumx cCTymiHeH, A0 SKOl
JI0JJaBAJIUCh 3HAYCHHSI TOTY>KHOCTI CTYIIEHEH «KpHJIaTKa — CTaTOp» 1 «pOTOp — KOPILyC arnaparay (3a
HAsBHOCTI TaKMX Y KOHCTpYKii). [[ppuomy, BU3HAUEHHS BETUYUHU MOTYKHOCTI B OCTaHHIX JBOX 13
3a3HAYEHUX BUMAJKIB MPOBOAWIOCH 3a Ti€0 X (OpMyJIol0, MO 1 g poOOYMX CTyIiHEH.
JlonaTKOBO BpaxoBaHO MOTYKHICTh Ha TOPIIEBE TEPTS B 3a30pi MK OCHOBOIO POTOpa 1 KOPITyCOM
amapara.

PesynbraT mNOpIBHSUIBHOTO aHamizy ¢(opMyi, L0 3a0e3leuyroTh HAHOUIbIIy TOYHICTh
pPO3paxyHKy, JO3BOJISIOTH BUSIBUTH iX CIUIBHI O3HAKH 1 3pOOUTH TaKl y3arajabHEHHS:
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1. B koXXHOMY 13 BUJIJICHUX MaTeMaTUYHUX BUPA31B MPHUCYTHI TAPAMETPH, 1110 BPAaXOBYIOTh:
BJIACTUBOCTI CEPEAOBUILL, SIKI MiAIAI0ThCs 00pOOIIi; TMHAMIKY 0OOepTaHHsS POTOpa; XapaKTepHi
TEOMETPUYHI PO3MIPH POTOPA.

2. MaremaTuyHi BUpa3u MPEACTaBICH] Y BUTTISAAI KpUTEPIaIbHUX 3aJI€KHOCTEH, 110 MalOTh
3araJIbHUN BUI

K,=f(Re,T,T,,..),
ne K, - kpurepiii moryxkHocTi; Re - kputepii Pelinonpaca; I',, I',, Ta 1H. — ciMIUIEKCH
r€OMETPUYHOT TOIIOHOCTI.
2.1. Tlpu Bu3Ha4YeHHI 3Ha4YCHHs KpuTepito PeitHonbaca 3a hopmynoro

2
Re:—an ,

U
1€ u — IMHAMIYHUM Koe(ilieHT B’SI3KOCTI CEpelOBHINA, IO MiJAA€ThCS 00poOLi; o — ryCTHHA
CEPEeIOBUINIA, 110 MiITAETHCSI 00pOoOIIi; n — YyacToTa 00epTaHHS poTopa; D — JAiaMeTp poTOpa;
KpuTepiil PeliHonbaca BUKOPUCTOBY€ETHCS MiTHECEHUM 110 cTymens -0,3.

2.2. BmiuB mIMpUHU palialIbHOTO 3a30py M1 POTOPOM 1 CTATOPOM BPaXxOBAaHO CIMILIEKCOM

I, = 5/ D, nnst IKOro MOKa3HUK CTYIEHSI CTAHOBUTH 0),2.
2.3. BmumB mmpuHU Ipopi3eit y poOouux opraHax MpoOMOHYEThCS BPaXxOBYBaTH

BITHOIIIEHHSIMU

az az

— cZc _ p°p
I, = 11, = ,
D D

le a, 1 a, — WIMPUHK OPOPI3ei cTaTopa i poTopa; z, 1 z, — KUIBKOCTI MPOpi3eid cratopa i poTopa.

IIpu npoBeneHH1 po3paxyHKIB sk BifHOmeHHs I, , Tak 1 BitHOmIEHHS I'; TOLIIBHO MIAHOCHTH

1o creneni 0,7.
3. Bupas i 004MCICHHS BEIMYMHN KPUTEPIst TOTY>KHOCTI poO0UO0T CTyneHi Moxe OyTu
MPUBEICHHUH /10 OTHAKOBOTO BUIIIAY:
N

K, =——
N s
pn’bD*
y SIKOMY JJIi BU3HAUEHHS BEIMYMHHM KPUTEPIIO0 MOTYKHOCTI, HA BIAMIHY BiJ] TepeMillyBabHUX
NPUCTPOiB, BAKOPUCTOBYIOTHCS [IBa BU3HAYAJIbHI PO3MIpH — BUCOTa NpOpi3eit (b) i miametp poTtopa

(D). [Tpuyomy, 3HAYEHHS BUCOTH TpoOpi3ell OepeThcsl y Mepulii CTerneHi, a 3HauYeHHs JiameTpa

poTOpa — y 4eTBEPTIid.

3a pe3ylbTaTaMu po3paxyHKiB BCTAHOBJICHO, 110 OUIBINICTh BIJOMUX (POPMYIT sl BU3HAUYEHHS
noty>kHocTi PIIA He BiIpI3HAETHCSA yHIBEPCAIBHICTIO 1 HE MOXe OyTH PEKOMEHIOBaHA IS
PO3paxyHKiB amapariB, KOHCTPYKLis poO0OYnX OpraHiB ab0 KOMIIOHYBaHHS SIKUX BIJIMiHHI BiJl THX,
JUTSL SIKMX O€3M0CcepeTHbO oieprKaHi 111 popmysn. TakuM YMHOM, BUKOPUCTAHHS 1ICHYIOUHX IT1IXO/TIB
70 eHepreTMyHoro pospaxyHky PIIA mnorpeOye peTenbHOro OOIpYHTYBAaHHS Ui KOKHOTO
KOHKPETHOT'O BUTIIAJKY, 110 YCKJIATHIOE pO3poOKYy 1 mi0ip oOaaaHaHHS.

BpaxyBaHHs HaBeleHUX O3HAK JI03BOJISiE OUTBII MPABMIIBHO MiTIHTH 70 BUOOpPY MapameTpiB
PIIA nHa eramax KoHCTpyOBaHHS ab0 MiaO00py OOIaHAHHS.

BusiBnsieTbcss MEPCHEKTUBHUM TMPOJOBKEHHS JOCTIKEHb, CIPSMOBAHUX Ha 3HAXOPKEHHS
OLTBIII YHIBEpCATBHUX 1 TOUHUX (GOPMYIT JIJIs1 BUSHAUCHHS CHEPreTUYHUX XapakTepucTuk PITA.

Cnucok Jiteparypm:

banabyoxun M. A. PoTOpHO-TTyNmBCalMOHHBIE ammapaThl B XHMHKO-(apMaleBTHUECKONW MPOMBIIIICHHOCTH. /
M.A. banabynkun. — M.: Menumuna, 1983. — 160 c.

Yepesxoe B.M. Vicnionb30BaHue THIPOIUHAMHYECKMX M KABHTAIIMOHHBIX SIBJICHUH B POTOPHBIX ammaparax. /
B.M. Yepaskos, B.I'. Onnonpsko. — M.: MammHocTpoenue, 2008. — 116 c.
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MEXATPOHIKA B MAIIIMHOBY/J1YBAHHI

Beceaorchka H.P., Majgakos O.1.
BiHHUIIbKHI HAITIOHAJIBHUI arpapHUi yHIBEepCcHUTET, M. BiHHUILI, YKpaiHa

[Ipobnema MeXaTpOHHHMX CHCTEM Ha TPAHCIOPTI 1 B TATOBUX MAalIMHAX Pi3HOTO
NPU3HAYCHHS! BUHHUKIIA B OCTaHHI POKH, KOJM aBTOMATHKa MPHUHIIIA B aBTOMOOULTI Ta TPAaKTOPH.
["'010BHMM YMHOM — B 3aKOPJIOHHI TPAHCHOPTHI 3acO0U. JIeTKO MPUIYCTUTH MOSIBY NPOrPECYIOUOro
PO3BUTKY Ha aBTOMOOUIAX Ta TpakTopax BITYM3HSHOTO BHPOOHHUITBA B HAHOMIDKIOMY
MailOyTHbOMY, @ pa3oM 3 HEI 1 PO3BUTOK HAa HUX MEXaTPOHHUX CHCTEM. YK€ YCTalleHe B
TEXHIYHOMY CBITI TIOHATTS «MEXaTPOHIKW» B HaW3arajJpHIIIOMY TJIyMAaueHHI IIOJIATaE B
HACTyIHOMY: Oy/Ab-SKUH MeXaTpOHHHH 00'eKT, a00 1HaKIIe MEXaTPOHHUI KOMILIEKC, SBJsIE COO0I0
HEPO3PUBHY  €JHICTh TPHOX KOMIIOHEHTIB — MEXaHIYHHX arperariB, eJeKTpo- abo
EJIEKTPOTIIPABIIYHUX MPHUCTPOIB YIpaBIiHHS HUMHU Ta iX aBromarum3amii. Lli Tpu ckmanosi
nepeOyBalOTh y CKJIAIHIM CHHEPriyHid B3aeMoaii 1 Hepo3puBHOMY (YHKI[IOHYBaHHI, a TaKOX
iH(popMaLIiiHOMY 3B'SI3KY.

[IpoBigHy 1 BU3HAuYaibHY pOJb B I Tpiaji Ha Halle NMEPEKOHAHHS TIpa€ aBTOMATHKA,
HaliMooAIa 3 HUX, 1110 BJIAaCHE 1 MOpoAWiIa el TexHIYHUH HanpsMmok. [losiBa B cBITOBOMY aBTO- 1
TpakTOpoOyIyBaHHI aBTOMATHKH, OCOOJHMBO KOMI'TOTEPHOI Ta MIKPONPOIIECOPHOI, MPHU3BEIO 0
nepeOy0BU 3aKOPJAOHHOT CHCTEMM IPOEKTYBaHHs 1 MepeBeleHHs ii Ha MEeXaTpOHHI pelKH, Ha
METOJIM €IMHOTO KOMIUIEKCHOTO MPOEKTYBAHHS BCiX TPhOX CKJIAJJOBUX MEXaTPOHHUX KOMILJICKCIB.

OpHi€r0 3 MEPCIEeKTUBHUX 00JIaCTeH 3aCTOCYBAaHHS MEXaTPOHHHUX CHUCTEM Ha ChOTOJHIIIHIN
JIeHb € aBTOMOO1/1e0yAyBaHHsI. SIKIII0 TOBOPUTH PO BUPOOHUIITBO aBTOMOO1IIIB, TO BIPOBAKCHHS
TaKUX CUCTEM JI03BOJISIE JOCSAITH MIEBHOT THYYKOCTI BUPOOHMIITBA, IIBUAKO BIIPOBAKyBaTH HOBITHI
PO3pOOKH BYEHHMX, KOHCTPYKTOPIiB, JOHOCHTH IX JO KOHKPETHOTO CHOXHBada mnpoxaykiii. Cam
aBTOMOOUIb, THUM Oulbllle, Cy4acHHHl aBTOMOOLIb, € 00'€KTOM MiABHILEHOI yBarm 3 OOKYy
KOHCTPYKTOpChbKOi aymku. CydacHa eKCILTyarallis aBTOMOOLIS BHUMAara€e BiJl HbOTO ITiIBHIEHUX
BUMOT 3 O€3IMeKH YNpaBIiHHs, Ta B CHIIy BCE 3pOCTar040i aBTOMOO1TI3a11ii HAcCeNIeHHS — MOCUIICHHS
BUMOT HIOAO €KOJIOTIYHOI YUCTOTH. OCOOIMBO 1€ aKTyallbHO ISl BEIMKHUX MICT. J{Js1 CTBOpEHHS
TaKUX YMOB 1 MOTpiOHE CTBOpPEHHS MOOLUIBHUX CIHIJKYIOUYUX CHCTEM, IO KOHTPOJIOIOTH Ta
KOPUTYIOTh TapaMeTpu pOOOTH BY3MIB 1 arperaTiB, JOCSTalOYM ONTHMAJIbHHUX TOKAa3HHKIB 3
€KOJIOT1UHOCTi, Oe3MeKH, 3py4HOCTI eKcilyaramii aBToMoOuna. HaranpbHa HEoOXimHICTh
KOMIUICKTYBATH JIBUTYHH aBTOMOOWUIIB OIIbII CKJIAJHUMHU 1 JOPOTUMHU MATUBHUMH CUCTCMAMH
6araTo B YOMY IOSICHIOETHCSI BBEJIEHHSIM BCE OUIbII JKOPCTKUX BUMOT ILIOJI0 BMICTY WIKIAJIUBUX
PEUOBHH Yy BiPAlbOBAHUX ra3ax, 1110, Ha JKaJlb, Y HAC MMOKH HE aKTYyaJIbHO.

OueBuaHO, BXKE HAWOMMKUMM yacoM "opraHu 4yTTS" CTaHyTh II€ JIOCKOHATIIINMH. Y
Himeuunni 3arBepmxenuil mpoekt "luBeHt" (INVENT - "po3ymMHMII TpaHCHOpPT 1 KOpHCHA
TexHika"), B sskoMy OepyTh ydactb BMW, Volkswagen, Bosch, Ta iHmni rpangu inmyctpii. Y
HallOmK4l KibKa pOKiB (ipMu OOIIAIOTH HABYUTH ABTOMOOLTH OpIEHTYBAaTHCS B JOPOXKHIN
CUTYyaIlii, MOnepePKAl0Yr MOMWJIKK BOJIiSA. 3BUYAWHO, POJIb JIIOJWHU B YIPABIIHHI 3aJIMIIATHCS
TOJIOBHOIO, 3asIBJISIIOTh KEPIBHUKU MPOEKTY, €NEKTPOHIKA MOKIMKAaHA JIMIIE TOTIOMaraTi B CKJIaJHUX
BUIIA/IKAX.

Onna 3 cuctem Oyne KOHTPOJIOBATH IPOXO/HKEHHS IOBOPOTIB 1 HEPECTPOIOBAHHS.
EnexTpoHHMII MOMIYHUK Bpaxye BIUIMB OOKOBOTO BITPY, YXHJI JOPOTH, il HEPIBHOCTI Ta BHECEHI
KOPEKTHUBH I1I€ 10 BAHUKHEHHS KPUTUYHOI CUTYaIlii.

B mpobkax pomomoxke ¢yHukmisi Stop and Go. CTaBmm B XBICT KOJIOHH, HAaTHCKAEMO
crieniajgbHy KHOIKY, a Jajli MallliHa cama KepyeTbcs ABUTYHOM 1 ranbMmamu. BriM, Bosch mpartoe
HaJT MOJEpHI30BaHOI cHucTeMor0 ESP (enekTpoHHUN KOHTPOJb CTIHKOCTI), CTaOUII3yHOY0I0
aBTOMOOLIb HE TUIBKU JII€I0 TaJbM, aJI€ 1 1i€0 PyJIHOBOTO YIIPABIiHHS.
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Cexkunis 3. IlpukiaagHa rizpoMexanika Ta MexaTpoHiKa

ABTOMOOUJTI CTAaHYTh «yBXHIITUMW» 32 JIIOJUHY. AJDKE JIFOM HE BMIIOTh YUTATH TyMKH Ha
BIJICTaHI 1 MPOPaxOBYBaTH CUTYaLII0 3 KOMITIOTEPHOIO IIBUIKICTIO, MPOTE BMiIOTh MIpKyBaTH,
BIIYyBaTH 1 CTBOPIOBATH MAIIIUHHU, K1 POOJISITH )KUTTS JISTIIMM 1 O€3MEYHIIIIM.

Bin Bce Oiibln MOMydsspHUX TiOPUAHUX aBTOMOOLTIB 3aJHIIUBCA OJUH KPOK JO KOJICHUX
" MU3eNb-eIeKTPOXOIIB", 1€ KoJieca MPU3BOIATh 0 PyXy BOY/IOBaHI B HUX €JIEKTPOJIBUTYHHU.

KoHCTpyKIIist KOMOAKTHUX €EKTPOMOTOPIB BXKE HE TAEMHHUII JUIsl po3poOHUKIB. I'ooBHA
npobnema - ix maca. AJpKe CTaTtop 3 POTOPOM IUTIOC OOMOTKH CHIIBHO HABaHTAXYIOTh KOJECO,
Oyayun "IIKIIJIMBUMH" HEMipecOpHUMH MacaMu. Yepes 11e MOoripuIy€eTbcs MOBEIIHKA aBTOMOO1IS
Ha BUOOTHAX Ta MOro CTIHKICTh. MalyTh, caMe 111 00CTaBUHA 1 CTPUMY€E PO3BHUTOK MOAIOHOI CXeMH
MIPUBOJLY, B IHIIOMY - OJIHI IEPEBary.

Y ®pankdyprchkomy canioni ¢ipma Bridgestone (BoHa 3aiiMa€eTbCs HE TUIBKU IIMHAMM)
MPOJAEMOHCTPYBaIa "pEBOMIOMIMHUN JUHAMIYHMNA jaemndep a1 MoTtop-Koiic". 3po3ymino,
JOKJIaAHO Tpo OyZ0BY HE pO3MOBiNaau. Ajie CyTh B TOMY, IO, MO-TIEpIIE, BIAIOCS ITiIBICUTH
€JIGKTPOMOTOp BCEpeIuHI Kojeca, a MOo-Apyre, JOMOITHCS TOro, o0 HOro KOJUBaHHA Oynu
npoTr(a3HUMH KOJIMBAaHHSIM CaMOT0 KoJjieca 1 IPH JI0aBaHHI B3a€MHO 3HUIIYBaJIHCS.

VY Ham yac aBTOMaTH4YHI CHCTEMH B aBTOMOOLI CIIPUIMAIOTHCS BXKE SIK IIOCh CaMO COOO0I0
3posymisie. Asie aBTomaTtuka OyBae pizHoro. OqHa crpaBa, CKaKiMO, 3a0€3TMeUYeHHs] MIKpOKJIiMAaTYy,
30BCIM 1IHIIE - KepyBaHHS aBTOMOOUIeM abo, HAmpUKIaa, 3MiHA NapaMeTpiB CTIMKOCTI Ta
KEpOBaHOCTI. ABTOMOOUIbHI aBTOMaTHYHI CHCTEMH BiIPI3HSIOTHCS PIBHEM PO3B'SA3yBaHUX 3aBJaHb.
Bce x miaTpumyBaTH IMOCTIHHY TeMmIeparypy B CajoOHI 1 HaBiThb HOCTIHHY MIBUAKICTH AELIO0
MPOCTIllIe, HK, HAMPUKIIAJ, YIIPABJISATH TAJIbMYBaHHSM B TPAaHWYHIM CUTYyaIli (SKa KOXHOTO pa3y
X04Y y YOMYCb, aJI€ 1HINA).

€BpONEHCHKUM JIIEPOM «aBTOMATH3AIllD» CEPIMHUX JIETKOBUX aBTOMOOWIIB, 0€3 CyMHIBY,
ciig Bu3Hatu KoHuepH DaimlerChrysler, sikuii ycmagkyBaB Bei 3aciayru Daimler Benz. Hazsu
0aratbOx BIJOMHX HHHI aBTOMAaTHYHUX CHUCTEM MIIHO acCOIIOIOTHCS y Hac came 3 Mercedes-Benz
S-kyacy, Ha SKOMy BOHHM BIepIIe OyJM OCBOEHI B CEpIHHOMY BUPOOHHMITBI, 1 3BIAKH TOTIM
TePEXO0/ININ Ha MaCOB1 MOJIEIII.

Ha TenepimHiii yac MOXHa CHOCTEpIraT, sSIK TEXHIYHHIA MPOTpec MPOJOBKYE OpaTH CBOE.
HapemTi BiTuM3HsIHA aBTOMOOLIRHA MPOMHMCIIOBICTh CTajla IMMPOKO BIPOBAHKYBATH HOBI THITH
CUCTEM I10/1aui MalMBa, OCHAIIYBAaTH aBTOMOOLII aHTH OJIOKYBaJIbHUMH CHCTEMaMU TajibM, IpaBaa
JUIIe Majl mapTii aBTOMOOUTIB. 3a€ThCs, IO JIs PEaJbHOTO TMOIITOBXY B PO3BHUTKY aJAalTHBHUX
CHCTEM YIPaBIiHHS HEO0OX1/IHI HOBI MIAXOJM B PO3POOI TEXHIYHOI JOKYMEHTAIlll, CIPSIMOBaHi Ha
IIJIBUIICHHS] KOHKYPEHTOCIIPOMOXKHOCTI BITUM3HSHOT TPOAYKIli, MIIBUIIEHHS BUMOT 3 OOKYy
crokuBaya, Tomo. HeoOXigHO cMiIMBILIE BOPOBAKYBAaTH y BHUPOOHHUIITBO HOBI HPOTpPECHBHI
TEXHOJIOT1l, M0 JO3BOJISIOTH OTPUMYBATH 3aKIHUCHWW TPOJIYKT, 3BHYAWHO 3a3dalieriib
MepeBipeHUid B YMOBax peajbHOI eKcIutyartailii. TakoMy NpOpUBY TaKOX CIPHUSITHME MOKIHMBICTh
BHOOpPY aBTOMOOLIIB y CIIOYKMBaya Ha PIBHMUX YMOBAX MK BITUM3HSIHUMH Ta IHO3EMHUMH MapKaMH.
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