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PO3PAXYHOK AEPOAUHAMIYHUX TA AKYCTUYHUX XAPAKTEPUCTHUK
IMPO®PIJIIO NACA0012

Anexkceenxo C.B.
JIHIpOBChKUI HaliOHABHUM yHiIBepcuTeT iMeni Onecst I'onuapa,
Huimpo, alexeyenko sv(@ukr.net

BUHUKHEHHS aepOIWHAMIYHOTO IIIyMY, SIKUH CTBOPIOETHCSI MOBITPSHUM TIOTOKOM IIPH
00TiKaHHI KOHCTPYKTMBHUX €JIEMEHTIB TEXHIYHHX IPHUCTPOIB, € OJHIEI0 3 AaKTyaJbHUX
IHKEHEepHUX MpobJieM. Y CydyacHOMY CBIiTi Bce OiiIbIla yBara NpuIaUIsETHCS TUTAHHSIM €KOJIOT 11
Ta 3a0e3nedeHHs Oe3MeKH KHUTTEMISIBHOCTI, 30KpeMa, 3HUKECHHS HEraTUBHOTO BIUIUBY
mymoBoro 3a0pynHeHHs. [lpukimagamMu JpKepen aepoJWHaMIYHOTO IIIyMy € JOPOJKHI
TPaHCHOPTHI 3aCO0M, MIBUJIKICHUH 3alli3HUYHUN TPAHCIIOPT, aBialliiiHa TexXHiKa, IPOMHUCIIOBE
oOJyiaTHaHHsA, BITPsHI TYpOiHH.

Po3yminHs (i3MYHHX MEXaHI3MIB, SKi TOJATalOTh B OCHOBI TeHepalii 3BYKYy, Mae
Ba)KJTUBE 3HAYCHHS TIPU PO3pOOITi TEXHOJIOTiH 3MEHIIICHHS IIIyMY, & OCHOBHUM 3aBJIaHHSIM CTa€e
TOYHE MOJETIOBAHHS aepOIMHAMIYHOTO Ta aKyCTUYHOTO TOJIiB, CTBOPIOBAHUX OOTIYHUM TiJIOM.

CyuacHuil piBE€Hb PO3BUTKY KOMIT'IOTEPHOI TEXHIKM Ta METOIIB OOYHCIIOBAIBHOI
aeporipOIMHAMIKH BIAKPUBAE MOXIIUBICTh AaKTHBHOTO MPOBEACHHS AaepOaKyCTHUYHHX
nociipkeHb. [Ipu 1ipoMy 00YMCITIOBaIbHI a€pOaKyCTHUHI 3aBIaHHS MOXXKHA BUPIIIYBAaTH 3a
JIOTIOMOT0I0 JIBOX OCHOBHHUX MIJXOMIB: MPAMOro akycTuyHoro mojentoBanHs (DAS — Direct
Acoustic Simulation) Ta ri6puaHux Metomis [1].

Metox DAS no3Bossie 0JHOYACHO OTPUMYBATH SIK T1IPOAMHAMIYHI, TaK 1 aKyCTHYHI
BEeIIMYMHU NUIAXOM O€3MocepeIHhOr0 Po3B’sizaHHs piBHAHb Hap'e-CTokca i CTHUCIMBUX
cepenoBuil. Lleii MeToq € MPUPOJHHM CIIOCOOOM PO3paxyHKy TeHepallii 3BYKY, OCKUIBKU
OCHOBHI1 PIBHSIHHS TTOBHICTIO ONMKCYIOTH (Di3UKY sBHUIIA. TaKoX MmepeBaraMu TaKoTo IMiIX0Iy €
BIZICYTHICTb OOMEKEHb BHACIHIJIOK MPUHHATUX MPUIYLICHb, MOXIUBICTh YTOUHEHHS MTOTOKO-
aKyCTUYHUX 3B'SI3KIB Ta MOXKJIMBICTh BIJICTEKEHHS MTPOIIECIB TeHEpallii Ta MOMTUPEHHS 3BYKY Y
ONMKHBOMY Ta cepenHboMy moiisix. HeoOxigHo 3a3HaunTH, mo xoua DAS Bumarae 3HauHHX
00UYHCITIOBAIBHUX PECYPCiB, OCOOIMBO JUIsl BUPIIICHHS 1H)KEHEPHUX 3aBlaHb, 3 PO3BUTKOM
TEXHOJIOTil BUCOKOTPOIYKTUBHUX OOUYHCICHb METOIH MPSIMOT0 MOJAETIOBAHHS CTAIOTh JIeAai
JOCTYMHIIAMH. Y I[bOMY BHUIAJKy Oa)kKaHMM € 3aCTOCYBaHHS BHPIIIyBa4yiB 3 BHCOKOIO
Ha/IIHHICTIO, CyMICHICTIO Ta MOXJIMBICTIO MapaJieIbHUX 00UYHCIeHb [2].

['OpuaHI METOMM TONSITalOTh Y BUKOPUCTAHHI JBOX PI3HUX YHCEIBHUX BUPINTYyBaYiB:
HECTaIlIOHAPHOTO IHCTPYMEHTY OOYHMCIIIOBAILHOI TIAPOJWHAMIKM SK TeHepaTtopa JpKepena
3BYKy Ta aKyCTHYHOTO BHpilllyBaya SK METOAQy nepeHeceHHs. [Ipu 1bOMYy aKyCTHUHHIA
BUpINTyBaY MOK€ OyTH 3aCHOBAaHMM Ha PO3B'SI3aHHI CHUCTEeMHU AUdEpeHIllaTIbHUX DPIBHSAHD Y
YaCTKOBUX TMOXITHHUX, TAKUX fK JIiHIAHI piBHAHHA Eitnepa [3, 4] abo piBHSHHS aKyCTUYHUX
30ypeHb [5], abo sk IHTETrpaJIbHHM METOJ, HampWKIaa, 3aCHOBaHWN Ha poboti Jlkeimca
Jladitximuta [6]. 3 oOuMcIOBaNbHOI TOYKM 30py IHTErpajbHI METOOM MEHII 3aTpaTHi,
JI03BOJISIFOTH MATH sSIBHE PIIICHHS ISl aKyCTUYHOTO THCKY, SIKe Ma€ OyTH YHCEITBHO OI[IHCHE 3
BUXIJJHUX YMOB, OTpUMaHUX 3a gonomororo Hap'e-Ctokca, Ta Ha ChOTOHINIHIN JI€HB € OUIbII
JOCTYITHUMH Ta TOMYJISIPHUMH JUTS MOJICITIOBaHHS aePOAHMHAMIYHOTO IIyMY .

B naniit po0GoTi po3rIsiHYyTO MOXJIIMBICTH BUKOpUCTaHHS naketra ANSYS Fluent nms
pPO3paxyHKy aepoAMHAMIYHUX Ta AaKyCTHYHHX XapakTepUCTUK MpodiuIiB HA TMPHUKIAIL
NACAO0012. HaBenieHo MOpPiBHAHHS OTPUMAHUX PE3yJIbTATiB 3 BIIOMUMHU PO3PAXyHKOBUMH Ta
EKCIICPUMEHTATHbHIMH JTaHUMH.

Pesynbrat pob6OTH MOXYTh OyTH BHKOPHCTaHI INpH BUBYEHHI (PI3UKH MPOIECIB
reHeparlii 3ByKy npu oOTiKaHHI MpoQUIiB TOBITPSIHUM MOTOKOM, a TaKOX PO3poOIli Ta OIIHITI
METO/IIB 3HIKEHHS aePOAMHAMIYHOTO IIyMY.
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AJI'OPUTMHU BUKOHAHHS YMOBH HENNPOHUKHEHHS ISI METOLY
JAUCKPETHHUX OCOBJIMBOCTEHA

Bacin I1.0., 3nomactees [I.I1., Yepniit J1.1.
KuiBcbkuii HartionansHuil yHiBepeuTet iM. Tapaca IlleBuenka,
Kwuis, Ykpaina, vasinpavlo@gmail.com

[Ipu mocranoBmi OaraThOX  3a7a4 TiAPOMEXaHIKH, KpaloBl YMOBHU HEMPOHHKHEHHS
BCTAHOBIIIOIOTHCS JIJIs1 BCi€l HEMepepBHOI MeXi 00sacTi Tedii, ajne nmpu moOy10B1 YHCEIBHUX
QITOPUTMIB PO3B’s3yBaHHS 3a/ia4y, BUKOHAHHS YMOBU HEPOHWKHEHHS BUMAra€ThCsl TUTBKA
B TOYKaX KOJIOKAIIii, Kl AUCKPETHO BU3HAUYEH] HA Mexi [2,3] . Aue, Tpy BUKOHAHHI OOYUCIICHb,
B IHIIIMX TOYKAX MEXI, sIK1 HE CIIBNAAAI0Th 3 TOYKaMi KOJIOKaIliid, yMOBa HEIPOHUKHEHHS MOXKE
NOPYUIYBaTUCS 332 PaxyHOK BIJCYTHOCTI MeXaHi3My KOHTpoito ii BukoHaHHsM [1,2,3].
[TopymieHHs: yMOBH HEMTPOHUKHEHHS Y TPOIIeCi OOUMCIIEHB Ta KOMIT FOTEPHOTO MOJICITIOBAHHS
MOY€E MPU3BECTH 1O MOMUIIKOBUX PE3YJIbTaTiB, HE TUIBKU KUIBKICHUX aJI€ 1 IKICHUX TOMUJIOK
(K1 3maTHI  BIUIMHYTH SKICHE TMpeacTaBieHHs ¢izuyHoro edekry). us 3amobiraHHs
BUHUKHEHHS TMOAIOHMX NPOOJEM IMPOMOHYEThCS CUCTEMa AITOPUTMIB, SKi y KOMIUIEKCI
3a0e3MeUy0Th TAPAaHTOBAHE BUKOHAHHS YMOBU HETIPOHUKHEHHSI TPOTATOM YCHOTO TEPMIiHY
BUKOHAHHS TIPOIECY MOJICTIOBAHHSI.

VYV nmomoBiAi TPEACTaBICHO CHUCTEMY alITOPHUTMIB, sKi 3a0€3Me4Yyr0Th BUKOHAHHS YMOBH
HENPOHUKHEHHSI MEX 00J1acTi JOBUILHOI TEOMETPii, B peaIbHOMY MacIlTadl yacy mporecy o
MO/JICITFOETHCSL.

ANTOpPUTM BUSBICHHS TOJOXEHHS MAapKOBAaHUX YACTUHOK, SIKI 3HAXOISAThCS Y
KOHTPOJIBHOT 30HI HAaBKOJIO €JIEMEHTY HETTPOHUKOHI MeXi 00J1acTi;

e AJNTOpWTM BUSBIICHHS MapKOBaHUX YAaCTHHOK, [0 3HAXOATHCS Ha BIJICTaH1 HE OlIbIIe
HiX 32 KOHTPOJIbHOH (32 d);

e ANTOPHUTM JJisi KOHTPOJIIO 3MiH MOJI0KEHHS MAPKOBAHOI YACTHHKH B MIOOJIU3Y €TIEMEHTY
HEMTPOHUKHOT MEXIi;

e BusHadyeHHS KpUTEPiiB €PEKTUBHOCTI CUCTEMH AITOPHUTMIB.

AnropuT™MH 371aTHI 320€3MEYUTH KOHTPOJIb BUKOHAHHS YMOBH HEIPOHWKHECHHS Y BHIAJKax
HE 3 €JHAaHUX MK COOOO €IEMEHTIB MeXi (TOOTO, JIjIs O0raTo3B’A3HUX 00JIaACTCH).

Kuro4oBi cj10Ba: MeTo JUCKPETHUX OCOOIMBOCTEH, 00YHCITIOBANIbHI TEXHOJIOT11, BUTbHI MEXI,
BIJIpIBHI BUXOPOBI CTPYKTYPH.

Ilepenuk mocuIaHb

1. Bacun IL.A., Yepnmii J[.. MopenupoBaHue TpeXMEpHOW BHUXPEBOH CTPYKTYpHL. //
Komnerorepnas matemaruka. 2018, Nel, c. 9-16.

2. Hosruit C.O., Jlsmko C.I., Yepniit /[.I. AnroputMu METOIy TUCKPETHUX OCOOIUBOCTEH
JUIsl OOYMCITIOBAILHUX TexHojorid. // Kubepnernka u cucremusiii anamus. 2017, Ne6,
c.147-159.

3. Hoeruii C.A., JlubanoB M.K., Yepnmii J[.M. MeTton CHHTYISIPHHX HMHTETPATbHBIX
YpaBHEHUH U BbIUMCIUTENbHBIE TeXHONOTH.-K.: M3naTenseTBo «HOcton» 2016, 380c.
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AJITOPUTMH OBUYUCJIIOBAJIBHUX TEXHOJIOT'TH JIJISI 3AJTAY 3 BLIBHOIO
MEKEIO BIIOKPEMJVIEHHS CEPEJJOBHII

Bacin I1.0., 3nomactees [I.I1., Yepniit J1.1.
KuiBcbkuii HarionansHuil yHiBepeuTeT iM. Tapaca IlleBuenka,
Kwuis, Ykpaina, dan.zloschastiev@gmail.com

PosrasimaroTbesi HecTalioHapHi MJIOCK] T1APOAMHAMIYHI 3a71a4i 3 BUIBHUMH MEXKaMH
BIZIOKpEMJICHHSI PIAKHX CEpEeTOBHILL
(Z = wg(t) € Ly(t),t > ty:
d o —
— =T (ws(1), 1),
d VH (ws,t)V~ (wgt

Re (< @* (w,(t),t)} = Re {% + G(ws)} — P(w,,t) (1)
t=1tg: Ls(to) = Los,
\V+ (ws' tO) = V:)- (ws); (D(ws' tO) = (Do(ws)-

Jns po3B’si3yBaHHS O0OTaThOX 3a7ay TiAPOMEXAHIKM 3 BUIBHOIO MEXKEI0 BiIOKPEMIICHHS
cepenosuil [1,2] 3acTocoBHAa MaTeMaTHYHA MOJIETb Y BUTJIAII IHTETPAIbHUX MIPEICTABIICHD

?(z,t) = p(x,y,t) + ip(x,y,t) = ﬁfLs(t)f(w, t)In(z — w)dw + C(t), (2)
V(z,t) = ulx.y,t) — iv(x,y,t) = 220 = 1 I@H G, (3)

9z 2midLls(t) z—w
JI71s 9nCenBpHOro po3B’I3yBaHHs 3a1a4 3aCTOCOBHO i1 JECKPETH30BAHE MIPEACTABICHHS

_ , _ oM Yi@®
®(2,6) = (5,7, 0) + (3, 0) = T L2 In(z — we;(8)) + C(©) 4)
_ _ . _00(zt) _ M 1210)
V(iz,t) =u(x.y,t) —iv(x,y,t) = —, = J=1—27‘ti(z—w0]-) (5)
Ane, sl BHUKJIIOYEHHS PO3pUBHUX (YHKIIH y Bupasi (4), AKi yHEMOXXIHBIIOIOTH
KOPEKTHI OOYHMCIICHHS, B OOYMCIIOBAIILHOMY QJITOPUTMI, 3aMiCTh HBOTO, OCTaTOYHO
3aCTOCOBYETBCS MPEACTABICHHS Y BUTJISII:
_ . _yvM-1_ 2i® Q;®) _
O(z,t) = o(x,y,8) + iWp(x,y,t) = Xjmy 2mi(z—o?) + = n(z — wom) (0)
ae Q;(t) = =1 V() D;(t) = (wgj+1 — Wo;) Yo Vi (), @)
[IpencraBieHo  anropuT™  OOYHCIIOBAILHUX TEXHOJOTIA JUIS HECTaI[lOHApHUX
MJIOCKUX TIAPOAMHAMIYHUX 3a/ad 3 BUIBHUMHU MEXKaMH BiJIOKPEMJICHHS PIIKUX CEPEIOBHIIL.

ANTOpUTM 3aCTOCOBHUH JUIS TNIOCKHX, HECTAIL[IOHAPHUX T'IPOJMHAMIYHHX 33]]a4 3 MOXKIIUBOIO
aJlanTaIlilo Ha BICECUMETPIUHI Ta TPUBUMIPHI 3a/adi.

A

Kuio4oBi cjioBa: METOI TUCKPETHUX OCOOJIMBOCTEH, OOUMCITIOBAJIbHI TEXHOJIOT11, BUTBHI MEXi
BiJIOKpEMJICHHS CEPEIOBHIL.

Ilepenuk mocunaHb

1. Hoermit C.O., Jlsmko C.I., Yepniit [I.I. Anroput™Mu METOly JUCKPETHUX OCOOTMBOCTEH
JUTsE OOYMCITIOBABHUX TexHOJNOTIN. // KubepHeTnka u cuctemusbii aHamus. 2017, Ne6,
c.147-159. (S.0.Dovgiy S.I.Lyashko, D.I.Cherniy. Algorithms of Discrete Singularities
Method of Computational Technologies. // Cybernetics and System Analysis, 2017, Ne6,
pp-147-159.).

2. JHosruit C.A., Jludpanos M.K., Yepuuit J.M. Meron CHUHTYISPHUX HHTErPabHBIX
ypaBHEHUH U BhIUUCIUTENIbHBIE TeXHOJOTH.-K.: M3naTensctBo «FOcton» 2016, 380c.
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®YHKIII MIEPETBOPEHHSI IABAUIB IIIBUJIKICHOTI'O HAIIOPY B AKM/I

Bunorpaacskuii I1.M.
I'M HAHY, Kuis, pavlo.vynogradskyy@gmail.com

[TigBHIIEHHS TOYHOCTI BUMIPIOBAaHUX MApPaMETPiB € OAHOIO 31 HArajJbHUX 33734 €KCIIEPUMEHTY
Ha BCIX eTarax, NMOYMHAIOYH BiJl TUIAHYBAaHHS €KCIIEPUMEHTY 1 aX 0 MOCTIPOIECOPHOi 0OpOOKH i
MIpe/ICTaBICHHsS pe3ysbTaTiB. JlaHe MeTOAMYHE AOCHIDKEHHS CTOCYEThCS aHali3y MOXHOOK ABOX
mudepeHIianbHuX AaBaviB THCKY PX653 ¢ipmu "Omega" [1] NeNe X11360175 ta X11360176. Ta
MOIIYK NIISXIB IXHROTO 3HMKEHHS. J[aBadi 3aCTOCOBYIOTHCS JIJIsi BU3HAYCHHS IBUAKICHOTO HAIOpPY B
AepoauHamivHIN TpyOl 4711 MDKIUCIUIUTIHApHUX nociimkens (AKM]I), MaroTh Aiana3oH BUMIPIOBaHb
0 — 2500 ITa (makcumanpauil a1t AKM/) 1 Buxinuuii curaan 1 — 5 B, ToMy 3HHKEHHSI IXHIX TOXHOOK
npu3Bene 10 TiABHUIICHHS TOYHOCTI BCIX pe3ynbTaTiB NpoayBok. lloxwOku 1aBaviB HaCTYIHI:
3aranbHa noxudka +0.50% B gianazoni remmnepatyp 2 -°57°C; niniiHicts 20,30%:; ricrepesuc +0,02%);
noBToproBaHicTh 1+0.05%; Bci mMoXuOKM NpUBEACHI 1O Jlana3oHy BHUMIpIOBaHb, TOOTO SIBISIOTHCS
Bi/ITHOCHUMU NMPHUBeICHUMHU MOXMOKAMH, a IOBHA TOXMOKa J1aBayiB ckiamae 12.5 Ia.

3rimHo 3 BUMoOramMu "YKpPMETPTECTCTaHAApTy" B aepoOJAMHAMIYHMX TpyOax Mayioi HIBUIKOCTI
MiHIMaJbHa JOMyCTHMA IIBUJIKICTh MOTOKY, BUMIpSIHA 1aBayaMu TUCKY, ckiaaae 10 m/c, a BuMipsHuit
IIBUJIKICHUH Hamip Juis HopMaibHUX yMOB ( =~ 61 Ila. /Ing uporo noeananus ¢akropis moxudka 12.5
[Ta sBHO 3aBenMKa, TOMY TIOCTa€ MUTAHHS 1i 3MEHIIIEHHS. BioMi criocoOu 3HIKEHHS TOXUOKH JaBadiB
THUCKY BUKOPUCTAHHAM (PYHKIIII IEPETBOPEHHS MOJIIHOMOM 7-TO CTYIIEHS, SIK 11e poOuiocs B aepoTpy0i
TA-2 HAY 3 naBauem tucky UKJ6T1h-0,016, abo 3 ypaxyBaHHsIM TeMriepaTypu [2].

JaBaui PX653 mocraBiasroThCS 31 CBIIONTBOM MPO KaliOpyBaHHS, ITOB'SI3aHUM depe3
METPOJIOTIUHY TpocTekyBaHicTh [3] 3 HarionansHuMm iHCTHTYTOM cTaHmaptiB i Texuosorid (NIST,
CIHIA). Ilpote koxxHe KamiOpyBaHHS Ma€e TEPMIH ii, IKHI JUIS JATYUKIB THCKY HE MCPEBUINYE OIUH
pik. Tox mns 3a0e3reueHHsT €IHOCTI BHUMIPIOBaHb TOTPIOHE peryiaspHe KamiOpyBaHHS, SKe
MIPOBOJIUTHCS 3 BUKOPUCTAHHSAM KOMIIEHCAIIHHOTO piguHHOTO MikpomaHoMmeTpa MKB-250 k. 0.02
2-ro po3psaay 3 miamazoHom BumiptoBanb 2500 [Ta. Ananiz BukopuctanHs manomerpa MKB-250
BUSBUB DPsAJl (DAKTOpIB, SKi BHUSIBUIUCSA CYTTEBUMH TPH TOYHUX KamiOpyBaHHsx. Ha nmanuii yac
KaJiOpyBaHHSI TPOBOJMINCS B aiama3oHi Temmeparyp t= 9.3 +23.1°C npu O6apoMeTpUYHOMY THCKY
B =98573 + 100758 I1a. Meteoaani Oynu Bumipsini mereocranitieto "Tpomocdepa-G" [4].

3rilHO 3 MacmopToOM, IMEpPepaxyHOK IOKa3aHb KA TpUJIaLy B THCK AP y Ilackamsax
3MIIACHIOIOTH 3a (OPMYIIOI0:
Pe=H-K-gym, 1)

ne H — moka3anHs mikpomaHomerpa; K — koedimieHT, 0 BH3HAYa€ PI3HULIO HIUIBHOCTEH
AUCTUIIBOBAHOT BOJM 1 MOBITPS HpH JAaHili Temmeparypi; (,, — 3HAUCHHS HPUCKOPEHHS BLIBHOTO
NaJiHHS Y MicIli KaniOpyBaHHA. 3TiIHO 3 TaHUMH "VkpMmerprecTcTanaapry", y Kuesi
0y =9.81060 m/c* . TemmepaTypa BIIIMBAc Ha Pi3HHINO IILTLHOCTEH BOAM i MOBiTps. B macmoprti Ha

MaHOMETp MICTUTbcs TaOnuls 3HaueHb Koediumienta K B nmianasoni temmeparyp t =15 + 30°C. [na
MEHIINX TeMIepaTyp i3 JOBiAHHKA [5] Oynu B34Ti AaH1 MPO MIUTBHICTH BOJM, siIKa Oyina 3MEHIIIeHa Ha
CepeJIHIO MIUTBHICTD MOBITPS Ta aIPOKCUMOBaH1 IOJIIHOMOM JIPYTOTO CTYIEHS:

K = —5.49478683E - 06 *t* +1.64377607E - 05 * t + 0.99889470 (2

3 cepeIHbOKBAIPATUYHOIO MOXKHOKOI0 anpokcumaiiii o = 1.0E-05.

TemnepaTypa BIJTMBa€ TaKOXK Ha JOBXKHMHY CTaJI€BOIO XOJIOBOIO I'BHHTa MaHoMeTpa. KoedirieHT
JIHIAHOTO PO3LIMPEHHS CTall NPUMMAaeMO pPIBHUM Y, = 12x10% 1/°C. Jlna nianasony 3minu
temneparypu -11°C 3MiHa TOBKHHU XOJI0OBOTO TBHHTA Ha 6a31 250 MM CTaHOBUTH:
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Al = y,-At- AH = 12x106 - 11 - 250 = 0,033 mm, (3)

TOOTO ONM3bKa IO HOPMOBAHOT MOXUOKH Mpuiiaay. 3MiHa I0B:KUHM IBHHTA Ma€ OyTH BPaXOBaHA.
Jns xamiOpyBaHHS JaBadiB TUCKY Oyia po3poOjieHa mporpaMa, ajiropuT™M BHU3HAYCHHS
€TaJIOHHOTO TUCKY B SIKill HACTYITHUIA:
e B IIporpamy BBOAUTHCS BUMipsHe nokaszanHs MKB-250 Hg;

® 33 JAHUMHU METEOCTaHIlii BU3HAYAETCS BUMIPSHE 3HAUEHHs TEMIIEPATypy y NPUMILIEeHH] ty;

® po3paxoByeThCs MapameTp K 3rimHo 3 Bupasom (2);
PO3paxoByeThCA JiiicCHE TOKa3aHHA MikpoMaHoMeTpa N 3rigHo 3 BupazoM:

H = [1+12x10° - (t5 — 20)] - Hy. (4)

e jiilficHe 3HaueHHs THCKY y [Tackassix oOuuCIOeThCs 3rifnHo 3 Bupazom (1):
[To pesynbrarax KaniOpyBaHHS CKJIAJa€TbCsl MPOTOKOJI, SIKMM 3amucyeTbes y (aiinm Microsoft
Excel. 3 HakonmuueHHSIM TPOTOKOJIB BUHHUKIO Oa)kaHHA TOOyAyBaTH pErpeciiHy MOJeNb, sKa 3
JIOCTaTHBOIO TOYHICTIO ONHMCYyBaja O mpoBeneH! KamiOpyBaHHs. Taka (yHKIIisl 3HAWILIACS METOJIOM
MTOKPOKOBOT perpecii y BUTJISIL
P=C+C,-U+C,-U*+C,-U*+C,-At+C,-At* +C, - At* +C,-U - At + C, - AB +

()
+Cyy-AB*+C,,-U-AB+C,,-U-AB*+C,,-U -At-AB+C,, -U - At - AB?

ne Cj — oOumciieHi 3a 00’e€IHaHUMHM JaHUMH KoedinieHTH (yHKUii neperBopeHHs; U — BuXinHa

Hanpyra jarauka; At=(t—20)/20 - BigHocHa 3mina Temmeparypu t; AB=(B-99500)/500 -

Oatumk Ne ...175 BIZJTHOCHA gMiHa 0apoOMETPUYHOTO THUCKY B
1 (meTeonani I10 MeTEeOCTaHIIIT
0.8 Tpomocdepa-G).
c /> [Toxu0ka KaTiOpyBaHHs dP
= 06 ,
% o4 >q4—-\ \4 po3paxoByBanacsi SK PI3HUISL  THCKY,
§ ' ‘ 00uncIeHOTO 3a (YHKIIIEID TIEPETBOPECHHS
M N .
§ 0.2 m P., 1 eranonnoro P, mno MaHOMeTpy
=2 0 N
= A 2 MKB-250: dP=P.-P,. Ha pucysky
g 02 ~ c ¢
% — HABEJICHO PE3YJIbTaTH alpOKCHUMAIlil JUIs
-0.4 f
= nmaBada Ne X11360175, 3 skoro BHIHO, IO
= 0.6 \/\, / \ noxubOka KamiOpyBaHHA HE IEPEBUIIYE
08 10Ila mpu ceperHbOKBAIPATUYHOMY
1 BigxuienHi 0.35 I1a.
0 0.5 1 15 2 25

ETanoHHun Tuck, klMa

Jlirepatypa

1. PX653, PX654, PX655, PX656, PX657 Pressure transducer. Instruction sheet.
https://assets.omega.com/manuals/test-and-measurement-equipment/pressure/pressure-
transducers/M1436.pdf
Hpeo6pa30BaHHe 3HAUEHWI CUTHAJIOB KaHAJIOB HAaBJICHUS U TEMIICPATYPbI B 3HAYCHUS JABJICHHUS C
WCIIONb30BaHNEM BBIYHCICHUH B 1iefouncieHHoi apudmernke. U3Bectus KODY. Texauveckne HaAyKu.
https://cyberleninka.ru/article/n/precbrazovanie-znacheniy-signalov-kanalov-davleniya-i-
temperatury-v-znacheniya-davleniya-s-ispolzovaniem-vychisleniy-v-tselochislennoy/viewer
3AKOH YKPAIHMU IIpo MeTpoIoriio Ta METpOIOriaHy JisIbHICTb.
MobunbHbIe MeTeopoiorudeckue komrekcsl TPOIIOCDEPA ... TY V 33.2-16308549-013:2006
http://dskiev.com.ua/oborudovanie_troposfera.html
5. Tabnuupl craHIapTHBIX CIPaBOYHBIX AaHHBIX. Boxa. IInoTHOCTE ipu atMochepHOM aBIEHUH U

temmepatypax ot 0 mo 100°C. 'CCC/] 2-77.
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KOMII'IOTEPHA OBPOBKA ®OTOI'PA®IYHUX 30bPAKEHD,
OTPUMAHMX HA 3PI31 BOJJHOI TIOBEPXHI

Bnacenxko 0./1., Kouin B.O., Mopo3 Bipa B., Mopo3 Bonogumup B.
IacTutyT rimpomexaniku HAH Ykpaian, M. Kuis, vvin@hydromech.com.ua

B mpakTuii riipoInHaMiYHOTO €KCIIEPUMEHTY JOCUTh YacTO JOBOJUTHCS 31HCHIOBATH
dboTopeecTparlito BiIPUBHUX TEUid 3a MOraHO OOTIYHHUM TIJIaMH, SIKI PYXalOThCs IMOOIH3Y
BOJ/IHOT TTOBEPXHi, a00 HABITh MEPETUHAIOTH 11, HAPUKJIIAA, BXIiJ Tija y Boay abo BUXIiJ Tina i3
BOJIU. 3a TakuX YMOB (OPMYEThCS BiJIpMBHA TEis, OJHA YacTHHA SKOI 3HAXOAMTHCS Hal
BOJIHOIO TIOBEPXHEIO, a 1HIIAa — IiJl BOAHOIO MoBepxHer. [ ogHowacHoi peecTparii 000x
YaCTUH BIAPUBHOI TeUil TOBOAUTHLCS PO3TAIIOBYBATH TOJIOBHY ONTHYHY Bich (poToamapara Ha
piBHI 3pi3y BOAHOI IMOBEpXHi. 3a TAaKUX yMOB Ha OAHOMY QororpadiyHoMy 300paskeHi
OTNMHSIOTHCS OOWIBI YAaCTUHU BIAPUBHOI Tedii: HAIBOJHA 1 MigBoAHA. Hakamb, BHACTIIOK
pi3HOro KOeQilieHTy 3aJJOMJICHHS CBITJIa y TMOBITPI Ta y BOAI OTpPUMaHE TaKUM CIIOCOOOM
doTorpadiune 300pakeHHSI BUXOAUTH Ae(POPMOBAHUM Ta pizHOMacImTabHUM. B Toli-xke vac
ICHye HEOOXiJHICTh OTPUMaHHA [IIMCHUX T'€OMETPHUYHUX MapaMeTpiB BiAPUBHOI Tedii
BKJTFOYAIOYM HAJBOJHY Ta MIABOAHY YacTHHH. Po3poOka METOAMKH KOMII FOTEPHOI 00pOOKH
¢dororpadiuanx 300pa’keHb, OTPUMAHUX Ha 3pPi3l BOAHOI OBEPXHi, € AKTYAJTbHOI0 32/1a4€l0.

B pamkax i€l A0MOBiI PO3MIISIMAETHCS TEXHOJOTISE 00poOku  (ororpadiunux
300pakeHb, OTPUMAHUX MPU JTOCIIKSHH] JTUHAMIKY KaBiTalliiHOT TeUil MpH BXOJi TiJia B BOIY
i1 MaJTMM KyTOM JI0 BOHOI moBepxHi. Ha puc.1-a mpeacraBieHo cxemy eKcriepuMeHTaTbHOT
YCTaHOBKH.

a) 0)

MHEEMATIEUHE KATAN YNLTA

MOAeNE P T e s~ e e
S dpoToanapar o | | [ i
MACUTABHA cifi A = |
plB2Hb BOAM 1 . i s

)

e

Puc.1. Cxema excriepuMeHTAIBHOI YCTAaHOBKH (@) Ta XapaKTepHHUI BUTIISLA (hoTorpadigHoro
300pa’keHHs, OTPUMAHOTO Ha 3pi3i BOJHOI NOBEPXHi ().

ExcnepumenTtanbHa ycraHOBKa Oyjla cTBOpeHa Ha 0a3i poOouoi yacTMHH Maoi
KaBiTariHoi Tpyou [HcTuTyTy rinpomexaniku HAH Ykpaiau. Po6oua yactrHa kaBiTariiinoi
TpyOH Mae KBaJipaTHH nonepeuHuit nepetuH po3Mipom 340x340 mm 1 gosxkuny 2000 mm. Han
BIJIKPUTOIO BEPXHBOIO pOOOUOI0 YACTUHOIO KaBITAlIMHOI TPyOU IiJl MMM KYyTOM JI0 TOBEPXHI
BoAM OyJ0 BCTAaHOBJICHO ITHEBMATHYHY KAaTalyJbTy, sIKa NMPHBOAWIA 1O PyXy MOJETb 3
HOCOBHMM JHMCKOBHUM KaBiTaTropoMm niamerpoM 20 mm. Ha Bincrani 2000 MM Bij mepeaHboi
CTIHKH po0O0YO0i YaCTHHHU TiIPOJMHAMIYHOI TpyOn OyB BCTaHOBJICHUH (DoToamapar, onTUYHA
BICh SIKOTO CITiBIIa/1ajia 3 piBHEM MTOBEPXHi BOJIH.

Jlnst Bizyaumizaniii KaBiTamiitHOT BIAPUBHOI Tedii, IO YTBOPIOETHCA TPU BXOJI B BOIY
3acTOCOBaHI TexHika (oTrorpadyBaHHS B KOHTPOBOMY CBITJi, MPHU SKOMY JDKEPETO CBITIa
pPO3TalIOBYETHCS 1033y 00'€KTy 3MOMKH Ha OJW3bKINA BifacTaHl Bij Hboro. [[ns opranizarrii
KOHTPOBOT'O OCBITJICHHSI Ha 3aJHiil CTiHII poO0Y0i YacTWHU TiAPOJMHAMIYHOI TpyOH OyB
3MOHTOBAaHHH CBITJIOBHM €KpaH 3 MacmTabHoo ciTkoto 100x 100 mm.

XapaktepHuid BUTIISAI (GoTOrpadiyHOro 300pa’keHHs, OTPUMAHOTO TAaKHM CIIOCOOOM
npeacTaBIeHO Ha puc.l-0. BumHO, mo BepxHS Ta HWKHSA YacTUHH 300paKEHHS €
pizHOMAacIITAOHUMH 1 1e()OPMOBAHUMHU OZHA BITHOCHO OJTHON.
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Jns BunpasieHHst nedopmaniii i nmpuBeneHHS 000X YaCTHH A0 €JMHOTO MaciuTady
3aCTOCOBYEThCS apiHHE TMEepeTBOPEHHS 31 30€peKEHHSM T0YaTKy KOOpJWHAT, SIKUH
3HAaXOJHUTHCA Ha TOJIOBHIM onTHuHiN oci (oToanapata (ueHTpoadinHe nepeTBopeHHs). Ll
mporeaypa BHKOHaHA 3a JomoMorow rpadigHoro pemakropa AutoCAD. Ha pwuc.2-a
NPEJCTAaBICHO pe3yJbTaTH aiHHOTO EePETBOPEHHS IpadiuHOro 300paxkeHHs 3 puc.1-o.

@ o 0

e ¥
b 7 T P e
et Bogn i1 T L et s
= 1] 1) N )

ol

Puc.2. 3Benene pororpadiune 300paxkeHHs KaBiTaliiHoi Tedii (@) Ta ii rpadiunuii npodins

(©).

[Ticnst 3BeIeHHsI BEpXHBOT Ta HUKHBOT YacTHH (oTorpadiyHOro 300paKeHHs 10 €TUHOTO
macmTaly 3a nomomoroo rpadiuyHoro pemakropa AutoCAD mokHa moOyayBaté npodinb
BIJIPUBHOI KaBiTamiiHoi Teuii (muB. puc. 2-6). Taki mpodisi yKe MOKYTh BUKOPHUCTOBYBATHCS
st Bepudikaiii MaTreMaTHYHHX MOJAENeH IUHAMIKKA BIAPUBHUX Tedid 3 HAJABOJIHOIO 1
[T IBOTHOIO YaCTUHAMHU.

BucnoBok. Po3po06ieHa koM toTepHa MeTouKa 00poOku doTorpadiyHuX 300paKeHb,

OTPUMAaHUX Ha 3pi3i BOJHOI MOBEPXHi, KA 103BOJISIE OTPUMYBATH MPOQiIb BIAPUBHUX Teyiil,
10 CKJIAJA0ThCA 3 HaJABOIHOI Ta IIIABOIHOI YaCTHH.
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ITPO IMITYJIbCHUM HAJI3BYKOBHUM EXKEKTOP

Bopomnaes I'.O., 3arymennuii 51.B., Cipom O.O.
IacrutyT rigpomexaniku HAH Ykpainu, M. Kuis,
svirskayaea@ukr.net

CTBOpEHHsI CHEIiali30BaHUX MPHUCTPOIB, IO 3a0e3MeuyloTh Oe3leYyHe HArOBHEHHS
JOCUTh BeMMKUX 00’eMiB (50-150 ) 3a myxe mami npomixku vacy (30-50 mcek) (momyIiku
Oe3MeKn aBTOMOOLTIB), CTUMYIIOE TOCHTIDKCHHSI IMITYJIbCHUX HAJI3BYKOBUX EXKEKTOPIB.
OcecuMeTpuYHUN TPSIMOTOYHI HAA3BYKOBI €XKEKTOpPH, IO 3aMOYaTKyBalIM PO3BUTOK LUX
IPUCTPOIB, HE 3HAXOATH MTOJAIBIIOTO PO3BUTKY Ta 3aCTOCYBAHHS B CHITy OOMEKEHOCTI CBOET
e(eKTUBHOCTI MpH 301IbIIEHHI HEOOXITHUX BUTPATHUX XapakTepucTuK. OTHOBUMIpHA Teopis
IIUX €KEKTOPIB [1], 10 BUKOPHUCTOBYE YMOBY 3MIIIIyBaHHSI 1HIIIIOIOYOTO 1 3a7Ty4yBaHOTO Ta3iB
y BUXIJTHOMY IIepepi3i eXeKTOpa 1 Ja€ TPaHuYHI 3HAYCHHS €KEKTYI0U0i 31aTHOCTI PUCTPOIB,
MPaKTUYHO HE 3aCTOCOBHA MPU POOOTI €KEKTOPIB B IMITYJILCHOMY PEXKHMI, TUM OUIBIIE TTPH
TaHTEHI[IaIbHOMY HAaJ3ByKOBOMY COIII Ta OOMEXKEHOCTI pPO3MIpiB Kamep 3MillyBaHHSI
eKeKTOopiB. TaHTeHIIaNIbHUI BB Ha/I3BYKOBOTO CTPYMEHS NPUHIMIIOBO 3MiHIOE TIOJIE€ THCKY
B KaMmepi 3MIIIyBaHHS €XKEKTOpa 1 caMe MOJOXEHHS HaJ3BYKOBOTO CTPYMEHS B Kamepi
3MIITYBaHHS MMPU POOOTI B IMITYILCHOMY PEKHMI, 110 IO3BOJISIE CYTTEBO MITHATH €PEKTUBHICTh
UX NpUCTPOiB. OJJHAK TEOMETPisl SKEKTOpa 3 TAHT'CHLIATBHUM BJIyBOM 1 HOTO €(eKTHUBHICTh
3aJIe)KaTh BiJ MOEIHAHHS BEIMKOI KUTBKOCTI IMapaMeTpiB, 1 B MEpIIy 4epry Bia uucia Maxa
IMIYJIBCHOTO CTPYMEHSI Ha BHUXOJI 13 coruia, (OpMH COIUIAa Ta WOTO CIIOIyYEHHS 31 CTIHKOIO
KaMepu 3MIllyBaHHs, 1 HAWTOJIOBHIIIE, Bil HEOOXITHUX BUTPATHUX XapaKTEPUCTHK. Tomy
HEeoOXiJTHa MOCTAHOBKA 1 PO3B'sA3aHHS HECTAI[IOHAPHOTO, SIK MiHIMYM JIBOBUMIPHOTO, 3aBJaHHS
JUIl HA/J3BYKOBHX KUJIBLIEBUX CTPYMEHIB B OCECHMETPHYHHX KaMmepax 3MIIlyBaHHS, a B
3arajlbHOMYy BWIIQJIKy TPUBHUMIPDHUX JUIS JAMCKPETHHUX HAA3BYKOBHUX CTPYMEHIB B Kamepax
3MIITYBaHHS JOBIIBHOI T€OMETPIi, III0 HE MOXKJIMBO 3POOUTH 0€3 3aCTOCYBaHHS YHCEITHHOTO
aHaTi3y 1 HOTO KOMITFOTEpHOI peai3aiii.

VY @it 1omoBiAl TpEeACTaBICHI pPe3yiabTaTH PO3BUTKY YHCEIHHOTO MOJICITIOBAHHS
¢dbopMyBaHHS Tedil BcepelnHi 0OMEXEHOTo 00’ €My €XEKTOpa MpH 331aHUX 3HAYCHHSAX TUCKY 1
TEeMITEpaTypy Ha BXOJli B COIIJIO €KEKTYIOYOTO a3y Ta 3Ha4eHb THCKY 1 TeMIepaTypH B OKOJI
©XKEKTOpYy Ha MiJcTaBl po3B'sI3yBaHHS CUCTEMHU PiBHSAHBb PeliHoNbACa, KA 3amucana i pyxy
B'SI3KOT0 CTHUCJIMBOTO HEI30TEPMIYHOTO CEPEAOBHINA 1 3aMHKAETHCS 3a JIOTIOMOTOK MOJENI
TypOynentHocTi Cnianapra-Asmapeca.

[lpencraBneni  pe3ysnbTaTh  XapaKTEPUCTUK  BICECUMETPUYHOTO  €XKEKTopa 3
noJoBkeHHs M ~ 1.0, 1m0 Ha TMOPSIOK MEHBIIMKA HIK Yy 3BUYAMHHUX €XKEKTOpPIB, MpU
TaHTCHLIAJIFHOMY BJyBi HaJ3ByKOBOTO CTPyMEHS 4Yepe3 HECHMETPHYHE COIUIO, MapaMeTpH
SIKOT'O BU3HAYEHI Ha MONEPEAHbOMY €Tari AOCHIHKEHb [2], Ipy 3MiHi 1HILIIOI0YOro IMITyJIbCy
rasoreHeparopa B fianasosi (2.3-10°+3.3-10°)H, mio 3a6e3neuye HeoOXiHy CyMapHy BUTPaTy
razy Qc ~ 1.5 xr/cex npu MakcuManbHOMY KOe(IIi€HTI exXeKLii ~ 6.

[TokazaHo, 0 I PO3IIIAHYTOI TeOMeTpii comaa Ta HOTro CHONYyYeHHS 3 KaMeporo
3MIIIyBaHHS, B IIbOMY Jlialla30Hi 3MIHU IHIIIIOIOYOTO IMITYJIbCY BiOyBaeThCs sSKiCHA 3MiHa
CTPYKTYPH HaJ3BYKOBOTO CTPyMEHS Ta ii IMOJIOKEHHS B Kamepi 3MilllyBaHHS, 1[0 JO3BOJISIE
3a0e3medyBaTl MaKCHUMaJbHHHA MPUPICT raszy, IO BTATYETbCS HA OJWHUIIO 301IbIICHHS
BUTpPATH IHIIIIOBAIHHOTO TIIOTOKY Ta3y. Bu3HaueHO OCHUIIOYHMA XapaKkTep BiJIPUBY
Ha/I3BYKOBOT'O CTPYMEHS IIPH 0OTIKaHHI TYMOTO KyTa CIIOJYyYSHHS CTIHKU COIUIA 3 MTOBEPXHEIO
oceplii KaMmepu 3MIIIyBaHHS, M0 TE€HEPYE XBIJIIO PO3PSAHKEHHS y Kamepl 3MilTyBaHHS.
CucrteMHHUH 4YMCENbHUH EKCHEPUMEHT MiATBEpAMB Oifbily e(QEeKTUBHICTh €KEKTOPHOI
CIIPOMOYKHOCTI TaHTC€HIIAIEHOTO HECUMETPHYHOTO HA[3ByKOBOTO COILIA, PO3TAIIOBAHOTO HA
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BiCI KamepH 3MilIyBaHHS, MOPIBHSIHO 3
BIAMIOBIAHUM  COIUIOM Ha  oOwWyaimi
OCECHMETPHYHUX KaMep 3MillyBaHHS.

JlocnmiKeHO BHYTPIIITHIO BUXPOBY
CTPYKTYpy  KIIBLIEBOTO  HAI3BYKOBOTO
CTpyMeHsI, 10 (OPMYETHCSI B OKOJI BicCl
KaMepu  3MIIIyBaHHS, BHU3HAueHa  ii
3QJICKATh B TEOMETpli  cepaeuHuKa
e©KeKTopa, Ta I polb Ha KPUTHUYHI
nmapamMeTpd  HaA3BYKOBOTO  KOJIBLIEBOIO
CTpyMEHS TpH HOro TambMyBaHHI, IO
MPUHIIATIOBO BiAPI3HAETHCS Bl 3BUYAHHOTO
0CECHMETPHYHOTO HAJI3BYKOBOTO CTPYMEHS
B OJTHAKOBOMY JIiamna3oHi urcen Maxa.

Puc. 1. Po3noain THCKY Ta MOJIOKEHHS
HaJ[3BYKOBOT'O CTPYMEHS y Kamepi
3MIILITyBaHHS MPH 3MiHI 1HILIIOI0YOTO
IMITYJIBCY.

0.00e+00

1350402 4052402

Velocity Vectors Colored By Velocity Magnitude (m/s) (Time=3.0000e-03)

Aug 31,2022 | Wy VeI Cmee iy Vbiety Wagriti ()
ANSYS Fluent Release 18.0 (axi, dp, pbns, S-A, transient)

3300H
1.27 kg/s

e 0, I
RHEYE Flsted Faberia 10 0 . Bp, pbea. 541

Puc. 2 BuxpoBa cTpykTypa Tedii KiTbIIeBOTO HAJ3BYKOBOTO CTPYMEHS

1. A6pamosuu I'. H. [lpuknagnas ra3oBas auHamuka. ®dus.-mar. aut, Hayka, -M., 1969,

824 crp.

2. BopomaeI'.A., 3arymennsiii 1.B., Posymntok H.B., Cupom E.A. BzaumoneiictBue
JO3BYKOBBIM ~ TIOTOKOM B

MMITYJIbCHOM  CBEpPX3BYKOBOW IIPHUCTEHHOU

CTpyH

C

orpannyeHHOM oOwveMe //Tesm VI wmikHaAp. HayK.-IpakT. KOH(.

rizpomexanika”, 26-27 Bepecus 2018.
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BIIJIUB IYHKOBUX 'EHEPATOPIB BUXOPIB HA CTPYKTYPY
ITPUMEKOBOI'O IIAPY

Bocko6iiinuk A.B., Bocko0iiinuk B.A., Bocko6oitauk O.A.
IacrutyT rigpomexaniku HAH Ykpainu, M. Kuis, andrey.vsk@gmail.com

MOoKNHBIiCTh aKTMBHOTO YHM NACHBHOTO KEpPYBaHHs IOJIEM TEYii 3 METOI0 HaJaHHS i
MEBHUX BJIACTUBOCTEM IIMPOKO BUKOPHCTOBYETHCS B CYYaCHHMX TEXHOJIOTISIX Ta MPHUBEPTaE
yBary BeJIMKOI KUTbKOCTI BUCHHX Ta 1HXKEHEPIB, SIKi TPOBOJIATH AOCHIHKEHHS y Taly31 MEXaHIKH
piIvHYU Ta Ta3y. YNPaBIiHHS TEYI€I0 MPU3BOIUTD JI0 CYTTEBUX 3MiH MPHUCTIHHUX a00 3CYBHUX
Tediil. BHACIiIOK IIbOTO CIIOCTEPIraeThes 3aTPUMKa a00 MPUCKOPEHHS BIIPUBY MPUMEKOBOTO
mapy Ta Mepexojly MDK pEeKHMaMM Tedii, IpUTHIYeHHsS a00 30UIbIICHHS TypOyJIEHTHOCTI.
3pemTo KepyBaHHS TEUi€I0 BUKIMKAE 3MEHIICHHS OIMOpY, 30UIbIICHHS MiAIMMaNbHOI CHITN
aepoJMHaMIYHUX a00 TiAPOAWHAMIYHUX MPOQITIB, 3HUKEHHS TIAPOJUHAMIYHOTO IIyMy Ta
BiOpariii oOTIYHUX KOHCTPYKLIH, 301JIbIIEHHS TEIJIO 1 MacolepeHocy, a TaKoX IMpOIECiB
3minryBaHHs. Cepell MacuBHUX 3ac001B KepyBaHHS Teuieto (0e3 miaBeIeHHs T0AaTKOBO1 eHeprii
B TI0JI€ TeUii), y IKUX HE repea0ayeHo JAHIIOT 3BOPOTHOTO 3B’ SI3KY JUIsl BUSBIICHHS Ta BILUTUBY
Ha CTPYKTYpY Teuli, 10 € 00 €KTOM KepyBaHHs, BUKOPHUCTOBYIOThCS, 30KpeMa, TeHepaTopu
BuxopiB. Lli mpucTpoi, Mo BUCTyHarOTh HaJ OOTIUHOIO MOBEpxHE0 abo BTOIUIEHI Ha Hiil,
TEHEPYIOTh BUXPOBI CTPYKTYpH, SIKI MPU B3aEMOJI 3 TEUI€I0 3MIHIOIOTH 1i CTPYKTYpy Ta
TiIpOJMHAMIYHI  XapaKTEpUCTHKU. BukopucraHHs aHcamOmiB 3arimuOiieHb abo JTyHOK
BIJIMOBITHOT (hOPMH Ta PO3ITICHHS MK COOOI0 JJ03BOJISIE TEHEPYBATH CTiHKI a0 KBa31CTINWKI
BUXPOBI CTPYKTYpPH.

ExcriepuMeHTanbHl  TOCHIDKEHHS MPOBOAWIMCH Yy  JIa0OpaTOPHUX yMOBax B
TiIpOJMHAMIYHHMX KaHaJax Ta aepoJMHAMIYHIM TpyOl B yMOBax JlaMiHapHOTO, MEPEXiqHOTO i
TypOyIEeHTHOTO OOTIKAHHS MOOAMHOKHUX JIYHOK 1 TpaHIIIEH, a TAKOXK PI3HOMAHITHUX TPYII JIYHOK
pi3HuX KOH(irypamiii Ta po3mipiB. Y XOJi EKCHEPUMEHTAJIbHHX POOIT 3aCTOCOBYBAIUCH
METOM Bizyasizamii Teqiil Ta IHCTPYMEHTAIbHUX JOCTIIHPKEHB TOJIIB MBHAKOCTI Ta THCKY 3a
JIOTIOMOT0I0 MiHIATIOPHUX TUTIBKOBUX Ta JIPOTSHUX TEPMOAHEMOMETPIB 1 JaTYMKIB MyJIbCaIlii
TUCKY. TepMOaHEMOMETPH pPO3TAIIOBYBAJIUCh HAJ OOTIYHMMHU IMOBEPXHSMHU JIYHOK 1 Haj
IUIOCKUMH TOBEPXHSMH TiPaBIIYHO TJIAJKUX IUIACTUH, B SKUX OynM 3poOJieHI JyHKH, a
JATYUKUA ITyJIbCaAIlidi TUCKY OyJI0 YCTaHOBJIECHO BPIBEHb 3 OOTIUHMMH TOBEPXHSMHU JIYHOK 1
IUIaCTHH. TaKuM YMHOM, MIHIaTIOpHI I’ €30KepaMivHi TaTYUKU MyJIbCALii MPUCTIHHOTO TUCKY
He 30yproBalii TEYil0, a BUMIPIOBAIH TCEBAO3BYKOBI IMyJbcallii TUCKY MPUMEKOBOTO APy i
BHYTPILIHBOI Teuii ycepeauHi TyHoK. Ha xaib, TepMoaHeMOMETpH MOPYIIyBaIU TPUMEKOBUIN
map, ocoOnMBO Horo apiOHOMAacHITaOHI BUXPOBI CTPYKTYpPH, BHACHIJOK CBOiX KiHILIEBUX
PO3MipiB 1 po3TanTyBaHHs y MOTOII, 10 BUKJIUKAJIO TOJATKOBI MOXUOKH TiJ] YaC BUMIPIOBAHHS
XapaKTEPUCTHK TOJISI IIBHJIKOCTI.

OO6poOka 1 aHami3 EKCHEPUMEHTAIBHUX PE3yJIbTAaTIB MPOBOJAMIACH 32 JIOMIOMOTOIO
CY4YaCHUX KOHTPOJBbHO-BUMIPIOBAIBHUX 3aC00iB, peECTPATOpPiB, CHEIiai30BaHUX KOMILICKCIB
00poOKHM 1 aHaNi3y NaHWX Ta KOMII FOTEPHOI TEXHIKM 3 BHUKOPHCTaHHSM OaraTOKaHaJIbHUX
aHaJIoro-I(POBUX MEPETBOPIOBAaYiB. BU3HAaYEHHS MPOCTOPOBO-YACOBUX XapaKTEPUCTHUK OIS
MIBUJIKOCTI Ta THUCKY OYJI0 3AIMCHEHO 3a JOMOMOTOI0 aHajli3y BHIMAJKOBUX TPOIECIB 3
BUKOPUCTAHHSM arapary Teopii HMOBIpHOCTI Ta MaTeMaTUYHOI CTaTUCTUKU. Byio oTpumaHo
IHTerpaJibHi, KOPEIAIIiHI Ta CIIEKTPAIbHI XapaKTEPUCTHKH, 110 JATO MOXKIUBICTD JOCTIIUTH
XapakTepHi 0COOIMBOCTI ApiOHOMACIITAOHUX Ta BEIMKOMACIITAOHUX BUXPOBUX CTPYKTYP, AKi
3apOKYBAIIMCS yCEepeAUHl JIYHOK, iX €BOJIOIII0 Ta B3a€EMOJiI0 MiX €000 1 OOTIYHOIO
MIOBEPXHEIO Ta BIUIMB BHXPOBUX 1 CTPYMEHEBHX TE4id, SKi BHUTIKaJM HA30BHI 3 JYHOK Ta
B3aEMO/IISUTH 31 CTPYKTYPOIO IPUMEKOBHX IIapiB. BUKOpHCTaHHS BEIMKOT KiTBKOCTI TaTYHKIB,
SAKI OJHOYACHO pEECTpyBaJld aepo- Ta TIAPOJMHAMIUHI TapamMeTpH, KOpesAmiiHui 1
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CHEKTPAIbHUHN aHaJi3 JaHUX JO3BOJIMIIO BUSHAYUTU MacIITaOu 1 pOpMU BUXPOBHUX CTPYKTYD 1
CTPYMEHEBUX TEUii, MICIIS X 3apOJKEHHS, HAMPSMOK 1 IBUAKICTH MEPEHOCY, Yac “XKUTTSI Ta
0COOJIMBOCTI B3a€EMO/I 3 IHITMMU KOT€PEHTHUMH BUXPOBUMHU CTPYKTYPAMHU.

HamiBcdepuuni JIyHKH Ta JYHKH MEHIIOTO 3arjvOJICHHsI MOKa3ajiu, IO MijJ 4Yac ix
OOTiKaHHS MaJIMMU IIBUAKOCTSIMH yCEepeIuHi JTYHOK He (OPMYBAINCSA BUXPOBI CTPYKTYpH, a
TeUis MaJla BUTJISAJ IIapyBaTOi Tedii, K yCEpeIrHI JIYHOK, TaK 1 HaJ OOTIYHOIO MOBEPXHEIO
TUIaCTHHHU. 31 30UIBIICHHSAM IIBUIKOCTI, SIKa BIAIMOBiANa JaMiHAPHOMY PEXHUMY, YCepeauHi
chepuyHUX JTYHOK TE€HEPYBAIMCS CHUMETPUYHI IIMMJIBKOMOIOHI BHUXPOBI CTPYKTYpPH, SIKi
BUKUJAJIUCS Y IPUMEKOBUH IIap B3JOBXK IMO30BXKHBOI OC1 IYHOK. 3 HACTaHHSAM IEpeXiTHOTO
pexuMy Tedil i movaTtkoMm ii TypOydmi3amii ycepenuHi JYHOK CHMETPHYHICTh (POPMYBaHHS
BUXPOBHX CTPYKTYP TOPYIIyBaiacs i reHepyBaics acheTqum anpom CTPYKTYpH. Hl
CTIHKHM, a BHMKHJQINCSA HAJ TMPOTHJIEKHOIO OIYHOIO CTOPOHOIO KOPMOBOI CTIHKH JIYHKH.
[lepiomnuHo, a BipHIIIe KBa3iMEepiOAUYHO JKEPETIO 3apOKCHHS aCHMETPUYHUX BUXOPIB, a
TaKO’ MiCIIe iX BUKH/IY HaJl KOPMOBOIO CTIHKOIO JIYHKH 3MiHIOBAJIOCS 3 OZHOT O1YHOI CTOPOHH
JTyHKH Ha iH1TY. 11 BUXpOB1 CTPYKTYpH B3a€EMOIISIIH 3 TPUMEKOBHM IIAPOM, TTOPYIITYIOYH HOTO
HE TUIbKH IPUCTIHHY 00J1aCTh, @ HAaBITh 1 30BHIIIHIO 00J1aCTh IpUMeEXoBoro mapy. Ha Bigcrani
Oinpmie 10 macmTabiB BUKHHYTHX HA30BHI 3 JIYHOK BUXPOBHX CTPYKTYpP CIOCTEpiraiocs ix
BUPO/KEHHS 1 MPUMEXOBUU Iap HaJ OOTIYHOIO MOBEPXHEI0 IUIACTUHM BiJHOBIIOBABCS 1
MpUiiMaB BUTJIS HETTOpylieHoro mapy. Koiau MaB Miciie po3BUHEHHH TypOyJICHTHHI PeXUM
Tedii, TO PEeryJsIpHICTbh TeHepallil BUXPOBUX CTPYKTYP yCEpEIuHi JIYHOK 1 BUKU] IX HAa30BHI y
NPUMEKOBUH MIap TUIACTHHU TOPYIIYBAIUCS 1 CHIOCTEpirajacs XaoTH3allisl BAXPOYTBOPEHHS.
JlyHkoBi reHepaTopu BHXOpIB 31 chepuuHumu dyHKamu 3arnubneHasm (0,2-0,3) niamerpa
JYHKH, SIKI PO3TAIIOBaHI y IIaXOBOMY MOPSAKY Ha OOTIYHIA MOBEPXHI MaJld HaWMEHITUN
riIpaBIigHMAN OMip 1 HAHOIBITY TEIUIOTiAPOe(PEKTUBHICTS.

3 METOI0 OTPUMAHHSI CTIHKMX BUXPOBHUX CTPYKTYP, sAKi (hOpMyBaJIM TyHKOBI T€HEPATOPH
BUXODIB, OyJIM JOCIiIKEH1 BUJOBXKEHI, OBaJIbHI Ta TPAHUICHHI JIYHKH, SIKI PO3TAIIOBYBAIHCS
i pI3HUMHU KyTaMH J0 HanpsIMKy Tedii. bysio BUKOpHCTaHO JTIyHKH Y BUTJIAIL ABOX MiBcdep,
SIK1 PO3UIEHO IMTIHIPUYHOIO BCTABKOKO BUOBKEHHSM Bif 2 10 3, Ta 3arnubiaeHHsM Bix 0,2
10 0,5 Ta mBUMWIIIHIAPUYHA TpaHIes BUIOBKEHHAM 4. Byio Bu3Ha4ueHo, 1110 B IEpEeIHIN YaCTHHI
OBAJIbHOI JIYHKH, SIKY PO3TAIlIOBAHO IiJ] KyTOM JO HANpPsMKY Tedii, (OopMyBaluCs BUXPOBI
CTPYKTYPH, BUTATYBAIHCS B3JIOBXK MO30BXXHBOI OC1 JIYHKH 1 MEPIOANIHO BUKUIAIMCS Ha30BHI
HaJl KOPMOBOIO CTIHKOIO JIYHKH, a MpHU KyTax Oinpine 60° BUKUAAIHCA 1 HAJ CepeIUHHOIO
YACTHUHOIO JYHKHU. YcepeauHi MONnepevyHo OOTIYHOI OBaJbHOI JYHKH Ta TPaHIIE! B KiHIIEBHX
YacTUHAX IMX 3arjJu0JeHb TEeHEpPYyBAIMCS BEIMKOMACIITa0HI BHXPOBI CTPYKTYpH, a
BUKHJAITMCS BOHU HAJl CEPEAMHHOI0 YaCTHHOIO TaKUX 3arinOyieHb. CHCTEMHU OBaJbHHX JIYHOK
NOJBIHHOTO BUAOBXKEHHS 1 3arymbOneHHsM 0,2 Ta po3ramioBaHi mig KyToM 45° 10 HanpsMKy
Teuii y BUrIAAl OykBu “V” Manu HaWMEHIIWHA T1APaBIIYHUN OMIp I 3Ur3aromno1ioHOTo
pO3TalIyBaHHS JIYHOK, BIJIHOCHO OIOpY JUISl CHIAHOTO PO3TAalllyBaHHS OBAJIBHUX JIYHOK Ta
pO3TanIyBaHHs JYHOK TTiJT OTHUM KyTOM HaxXWIy.

VY cTaHOBIIEHO, IO Y YaCTOTHOMY Ta XBMJIbOBOMY CIIEKTpax He3aJeKHO BiJx (opmu Ta
pPO3MIpIB JIYHOK 3’SIBJSIFOTBCS JUCKPETHI CKJIQJ0Bi, IO BIJAMOBIJAIOTh XapaKTEPHUM
HU3bKOYACTOTHUM KOJIMBAaHHSAM BHXPOBOI Teuii BCEepeauHi 3ariuOJCHHS, YacTOTH SIKUX
BianoBinawTe uncny Crpyxans St=fd/U=0,003. B cnekTpax npeBaltolOTh CKIAIOBI Ha
YacTOTaxX BUKHJIIB BUXPOBUX CTPYKTYp Ha30BHI 3 1yHOK St = (0.04-0.06), uacToTax oOepTaHHs
MUPKYJIAIIAHOT TeUil BCepeanHI JIYHKH, 10 TEeHEPYE BETUKOMACIITA0OH! KOTEPEHTHI BHXPOBI
ctpykrypu St =(0.08-0.18) 1 wacrorax, sKi BIANOBIJAIOTH ABTOKOJIMBAHHSM BHXPOBHUX
CcTpykTyp 3cyBHOro mapy St=(0.4-0.5) (mepma mMoma B MONEPEYHO OOTIUHIA OBANBHIN 1
chepuuniii mynmi) i St=(0.7-1.0) (gpyra mMonma B momepeyHO OOTIYHIN MiBIVITIHAPUYIHIN
TpaHiei Ta mBchepudHii JTyHIII).
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INPOCTOPOBO-YACOBI XAPAKTEPUCTHUKH ICEBJO3BYKOBHUX
NYJbCALIA TUCKY HA OBTIYHIN MOBEPXHI MPOTSKHOI
TIPOAKYCTUYHOI AHTEHH

Bocko6iitnuk B.A., I'pinuenko B. T, Makapenkos A.I1.
IacTuTyT rimpomexaniku HAH Ykpainu, M. Kuis, vlad.vsk@gmail.com

[Tix wac ekcruryaTarlii THyYKUX MPOTSDKHHUX TiIPOAKyCTHUYHHUX aHTEH, SKI OyKCHPYIOTh
Ha/JBOJAHI Kopabmi abo cyOmMapuHU, OJHMM 3 OCHOBHUX JUKEpeNl NEepelKOan €
riapoauHaMiyHui myM. ['1IpoAMHaMIYHUEN TIIyM Ma€ 3BYKOBY Ta TICEBJ03BYKOBY MPHUPOIY 1
PO3MOBCIOMKYETHCSI Y OTOUYIOUHA TIPOCTIp 31 MBUAKICTIO 3BYKY ab0o 0OMexyeTbes
MPUMEKOBUM IIIapoM (TICEBAO3BYK) 1 TEPEHOCUTHCS 31 MIBHUAKICTIO TEPEHOCY BUXPOBUX
CTPYKTYP, K1 yTBOPIOIOTH IPUMEKOBHI 11ap. [IceBA03BYKOBI MyIbCallii THCKY BUHUKAIOTH 1]
4yac B3a€MO/I1i pI3HOMACIITAOHUX BUXPOBUX CTPYKTYP MiK COO0IO Ta OOTIYHOIO MOBEPXHEIO Ta
BUKJIMKAIOTh BiOpalii miei moBepxHi. OCKUIBKH JPKEpena TCEeBI03BYKY 3HAXOAATHCS MOOIU3Y
00TIYHOT OBEPXHI T1IPOAKYCTUYHOI aHTEHHU, TO BOHM MalOTh 3HAYHUI BIUIMB Ha T1ApodOHH,
SIK1 pO3TaIIOBaHi IiJl 0OTIYHOIO MMOBEpXHE0 aHTeHHU. [IceB103BYKOBI MmyJibcallii TUCKY OaraTo B
yoMy 3ajieXkaTh BiJ T€OMETPUUYHUX IMapaMeTpiB aHTEHW Ta SKOCTI OOTIYHOI TOBEpPXHI,
KIHETHYHUX Ta TUHAMIYHUX XapaKTEPUCTUK MOTOKY, 110 OOTIKAa€ aHTEHY.

ExcniepuMeHTaNbHI JOCITIKEHHS TPOBOIMIIKCS B T1ApOIUHAMIYHOMY OOBITHOMY KaHal
no6nu3y p. AHinpo Ha pociinnomy nouirodi [ncturyty rigpomexaniku HAH Ykpainu. Kanan
MaB JOBXUHY 0u3bKk0 4500 M, mupuny (30-40) m Tta rmbuny (3-5) M. CyaIHOIUTABCTBO Ha
KaHauti OyJio BiZICYTHE, a Horo Oeperu mokpuBajia pOCIUHHICTh, 10 3a0e3MmedyBajio BiTHOCHO
HU3BKI PIBHI IIyMy B akBaTopii KaHamy. Mojeni ripoakyCTHYHUX aHTEH OYJI0 3pO0JIeHO 3
THYYKHX TOHKOCTIHHUX MOJIIypETaHOBHX 1 MOJIXJIOPBIHIJIOBUX HMIIHIPIB HiameTpoM (d) Bin
0.01 m go 0.044 M, sKi 3aMOBHIOBAJINCS TOBITPSIM. YCEpEeIUHI MOJENEH PO3TallOBYBAIHCS
rizpooHn 1 akcenepoMeTpu, a BpiBEHb 3 OOTIYHOIO MOBEPXHEI0 MOAEeH aHTeH OyiH
3aKpiTUICH] MiHIATIOpHI I’ €30KepaMivyHi TaTYUKH IyJIbcallid THCKY. Mojiem aHTeH CKIIaIaIncs
3 TPbOX CEKIii: nemMmdyroda CeKIlisi Maja JOBKUHY 5 M 1 CUJIOBUM €JIEMEHTOM Y Hiil CITyTyBaB
KarmpoHOBUH (a1, MpoMi>KHA CEKIIisl JOBKUHOIO 10 M 1 BUMipIOBaJIbHA CEKITisS TOBKHUHOIO 5 M,
B sKiil po3ramoByBaiucs npuitmadi (3 rizpodona, 12 naTuukis mysbcaiiid MPUCTIHHOTO TUCKY,
7 OTHOKOMITOHEHTHHUX aKCEJIEPOMETPIB 1 MaJIOIIyMHI MOMEPEH] MiICUITIOBaYl JIJIsl TaTYUKIB).
Bcei cekuii Oynu repmMeTHyHi, Manyd LEHTPYBaJbHI KUIbL, Yepe3 sKi MPOXOIMIN CHIIOBI
eleMeHTH (CTalbHI TPOCH abo0 KampoHOBHUH (air), eneKTpuyHi JIiHII mepemadi iHbopmarii.
Cekmii Manu HEUTpalbHY IUIABYYICTh 1 3aKIHUYBaJIUCS TEPMETUYHUMH 32-KaHATBHUMH
CJIEKTPUYHUMH po3’eMaMHt. B X011 eKCriepuMEHTIB MPOMIXKHA 1 BUMIPIOBaJIbHA CEKLIii MiHSIHCS
MiCIISIMH, 1100 HaZaTH MOXJIMBICTh JOCTIAUTH MPOCTOPOBO-YACOBI XapPaKTEPHUCTUKH
TiIPOJMHAMIYHHX ITapaMeTpiB B3AOBXK JOBKUHHU MOJIENI aHTCHH.

Mogeni T1IpoaKyCTUYHUX aHTeH OyKCHPYBAIHCS 10331y 100pe 00TIYHOTO KaTamapaHy
(ma 0a3i aBoMicHUX Oaimapok) Ha rnmOuHI 1.2 M Big moBepxHi Boau. Karamapan yepes
KarmpoHOBUH (as JOBXKUHOI 0113bK0 160 M (111 SMEHIIICHHS CTPYKTYPHHX BiOpalliil Ta mymy
Katepa) OyB 3’€qIHaHMH 3 KaTepoM-OyKCHpPOBIIMKOM. Mojenb THYYKOi NpPOTSKHOI
TiapoakyCcTUUHOT Mojiei OyJio 3akpilIeHO Ha KaTramapaHi 4epe3 no0pe oOTIYHWN HIK Ta
HamiBcQepruuHuil OOTIYHUK, BUTATHYTO Ta CTaOULTI30BaHO Y IMOTOL 32 JIOMIOMOTOI0 CUCTEMHU
HaTsATy Ta ctabimizarii. [lIBuakicte OykcupoBku (U) 3MiHrOBanacs Bia 3 m/c 1o 6 m/c. Kpim
BICECMMETPUYHOTO OOTIKAHHS aHTEHM MPOBOAMIIKMCS JOCIIAN 3 BUBUCHHS BIUIMBY KyTa aTaku
Ha TI0JIE IMyJbCalliil MPUCTIHHOTO TUCKY. /[l bOro KOopMoBa YacTWHA HATSATHYTOI aHTEHU
BIZIBOJMIIACS HA KYT BiJ 2 10 8 TpayciB B TOPU30OHTANIBHIH MIIOLIHHI.

be3po3mipHuMH TEOMETPHUYHMMH 1 TiIPOJAWHAMIYHUMH TapaMeTpaMHu MPOBEACHHS
nocTimKeHb Oynu: BupoBxkeHHs anTeHu (L/d) Bix 230 no 2000, monepeyHa KpUBHU3HA aHTCHU
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0/ R=(1.5-4), ne 6 — TOBIIMHA IPUMEKOBOTO 1Iapy i R — paaiyc anteHu, uncia PeitHonbaca
Re, =Ux/v=(1.5-10"-1.2-10°) i Re,=UR/v=(4.8-10"-2.6-10"), ne x — mo3M0BXKHs
KOOpJIMHATA PO3TallyBaHHS JaTYUKa 1 V — KIHEMaTUYHUN KOe(IIlieHT B’ SI3KOCTI.

Pesynbrati nmoCHiDKeHb TMOKa3ajad, WO TIAPOJWHAMIYHUNA IIyM MIIKOPSETHCS
BIJIMOBIIHUM CTaTUCTHYHUM 3aKOHOMIPHOCTSM 1 aHANITHYHO ONUCyeThes. [lymbcarnii
MPUCTIHHOTO TUCKY € BUITAIKOBUMHU 3MIHHIMH Y TIPOCTOPI1 Ta Yaci Ta yTBOPIOIOTh €PTOIUIHHUI
BUIIA/IKOBUH NIPOIIEC, IKUN OMHUCY€ETHCS T'ayCIBCHKUM a00 HOPMaJIbHUM 3aKOHOM PO3TOI1ICHHS.
CnekTpanbHa TYCTHMHA TIOTY)KHOCTI IyJbCalliii MPUCTIHHOTO THCKY TYpOYJIEHTHOTO
MPUMEKOBOTO TPy, IKUWA YTBOPEHUN HAJ THYYKUM LUIIHAPOM, BUIIA, HIXK HAJl JKOPCTKOMY
OATIHAPT 1 3aJMIIanacs MPaKTHYHO HE3MIHHOKO 1O JIOBXKHMHI Ta HABKOJIO MWJIIHIPY, IO
00TiKaBCs y MO3/I0BXHbOMY HarnpsiMKy. CHeKTpaibHi piBHI MyJbcaliii MPUCTIHHOTO THUCKY
MPOTOPITIHHI MBHAKOCTI B cTymneHi 2.5-2.7. CrnekTpalibHa TYCTHHA MOTYXKHOCTI IyJbCarlii
TUCKY 31 30UIBLICHHSM JiaMeTpa IMWIIHApa y HU3bKOYACTOTHIN 00yacTi 30U1bIIyBanacs, a y
BHCOKOYACTOTHIN 3MeHImyBaiacs. [Ipu 1boMy 1HTEHCUBHICTD ITyJIbCallii TUCKY HE 3ayieKasa
BiJl IiamMeTpa 00TivHOTO HUITiHApa AJs ¢ikcoBaHOTO yncia PeliHonbaca. 31 301IbIICHHSIM KyTa
aTakh OOTIKaHHS THYYKOTO IMTIHAPA CIIEKTpP MYyJbCAIliil MPUCTIHHOTO TUCKY 301IbIIIYBaBCs y
HU3bKOYACTOTHIM o00nacTi Ta 3aiduIuaBcs HE3MIHHMM Yy BHCOKOYACTOTHIH 0O0JacTi.
MakcumanbHl 3HAYEHHS CIEKTPAJbHUX PIBHIB B 00JACTI HU3BKUX YacTOT Majd MICIE B
KOPMOBIH 4acTHHI IMIIIHApPa, 1€ a3UMyTalIbHUM KyT nopiBHIOBaB 180 rpamycis, a MiHIMalbHI
3HAYCHHsI CHEKTPAJbHUX PIBHIB CIOCTEpIirajgucs Ha OOTIYHIA TOBEPXHI IMIIHApA, e
azumyTanbHui KyT 6yB 90 a6o 270 rpanycis.

[[IBuAKICTh BUPOIKEHHS MaKCHUMAJIbHUX 3HaueHb KOEQIIi€EHTa MPOCTOPOBO-YaCOBOI
Kopeysilii y HIMPOKiM MONIOCi 4acTOT HAa THYYKOMY LMJIIHAPI MEHINa, HDK Ha >KOPCTKOMY
nuaiaapi. KopenoBaHicTh BUXPOBUX CTPYKTYpP IO JOBXKHHI MFJIIHAPA 31 30UIBIICHHSIM KyTa
aTaky 0OTIKaHHS THYYKOTO LIMTIHIPA 3MEHIITyBaJIacsl.

['pynoBa MIBHUIKICTH MEPEHOCY MPUCTIHHUX MyJbCallli TUCKY Ha THYYKOMY IFUTIHAPI
BUINA, HDK HA >KOPCTKOMY IMJIIHAPI 1 HA IUIACTHHI Ta MpH OUIBIIMX PO3AUTICHHAX MIX
JATYMKAMHU TyJIbCAIlii TUCKY OJIM3bKa 10 MIBUAKOCTI MOTOKY. ®a30Ba KOHBEKTHUBHA IIIBUKICTh
Ha IJWIHIP] BUINA, HDK HAa TUIACTUHI B 00OnacTi HM3BKHUX 4YacToT. LIIBHAKICTH mepeHocy
MyJIbCAIliil MPUCTIHHOTO TUCKY BHIIA JIJIST BICECUMETPUYHHX T1JI, K1 Majd OUTBIITY MTONIEPEUHY
KpUBH3HY, 1 30ijblryBanacs 31 30UIbIICHHSIM KyTa aTakd B 00JacTi HU3bKMX YacTOT 1 HE
3aJIe)Kana BijJ KyTa aTaKd y BUCOKOYACTOTHIN 00J1acTi.

PesynbraT TOoCHiKEHb MOKa3alH, MO TypOYJISHTHUIH NMPUMEKOBUN IIap CKIIaZaBcs 3
IpiOHOMACIITAOHUX MAJOIMIBHUIAKICHUX BHXOPIB Ta BEIUKOMACIITAOHUX KOTEPEHTHHX
BUCOKOIIBHJIKICHUX  BHUXPOBHX CTPYKTyp. Lle TO310BXHI CTpyMiHLI, HPHUCTIHHI
IpiOHOMACIITa0HI BUXOpH, SKI YTBOPIOIOTH MPHUCTIHHY OO0JAcTh MPHUMEKOBOTO IIapy,
BEJIMKOMAcIITaOHI BUXPOBI CTPYKTYPH, KUIbIENOAIOHI BUXOpH, IO OXOIUTIOIOTh LWIIHID 1
BUXPOBI CTPYKTYpH, SKi BIIPUBAIOTHCS BIJ BEIMKOMACIITAOHMX BUXPOBHX CTPYKTYp 1
KUTBIIETIONI0HMX BUXOPIB Ta BUPOKYIOTHCA 32 MEKaMHU MPUMEKOBOTO IIapy. Takum 4rHOM,
yCcepenruHi TypOyJEHTHOTO MPUMEKOBOTO Iapy, KUK MaB MICII€ HaJl OOTIYHOIO MTOBEPXHEIO
THYYKOT'O MPOTSHKHOTO IMJIIHAPA 3 MONEPEYHOI0 KPUBU3HOIO 0sin3bKo (1.5-4), yTBOproBamucs
KOTEpEeHTH1 JpiOHOMAcIITabHI BUXOPH Ta BEIMKOMACIITAOHI BHUXPOBI CTPYKTYpH, SKi
MePEHOCHIIUCS 3 IBUAKOCTAMH Bifl 0.5 MIBHAKOCTI TOTOKY Y MPUCTIHHIM 00aCT1 TPUMEKOBOTO
m1apy A0 IIBUJAKOCTI MEPEHOCy, sKa OJM3bKa OO MIBHJIKOCTI MOTOKY Y 30BHIIIHIN 4YacTHHI
TypOyJIE€HTHOTO MPUMEKOBOT0 1mapy. Macimrad BUXpOBUX CTPYKTYp KOJIMBABCA Bl OJWHUIb
JIOBXKUH B’SI3KOCT1 /0 JEKUIbKa TOBUIMH NpUMexoBoro mapy. Ilpu 1mpoMy HaiOiabIImMii
MO3/IOBXKHIN PO3MIp BEIMKOMACIITAOHUX BUXPOBHUX CTPYKTYp OyB OOMEXEHU 3HaUYEHHSIM 6.2
TOBILIUHH [TPUMEKOBOTO LIapy.
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®I3UYHE MOJEJIOBAHHS TPAHC®OPMAIIII MOPCHKHUX XBWUJIb
IMTPOHUKHUMMU BEPTUKAJIBHUMU XBUJIEJIOMAMUA

Bockob6oiinuk O.A, Bockobiitnuk B.A., Xapuenko A.T'.,
Bocko06iitauk A.B., Hikitid L. A.
IacTutyT rimpomexaniku HAH Ykpainn, m. Kuis, alexandr.vsk@gmail.com

[TosiBa mapHUKOBOTO e(eKTy Ha 3eMill, II00aTbHI 3MIHU KIIIMATY, MITHOM PIBHS OKCaHY
00yMOBITIOIOTh HEOOXITHICTH ITiIBUIIUTH BUMOTH JI0 OXOPOHU HABKOJHIIHBOTO CEPEOBHINA
Ta €KOJIOT1YHOI 0e3mekn. 3aXucT OeperoBoi JiHii, 00’ €KTIB JKUTTEISIIBHOCTI, TIAPOTEXHIYHUX
CHOpYA, MOPChbKOi ¢uiopu Ta (GayHH BUMararoTh HEyCTAaHHOI MOEpHi3alii OeperozaxucHux
CIIOPY/I, IO 0OYMOBIICHO KJIIMAaTUYHUMH 3MiHAMH Ta 30UIBIIICHHSM XBHUJIHOBOI €HEPTii MOpSI.
[TpuGepexni 001aCTi rPalOTh BAXKJIMBY POJIb B EKOHOMIYHOMY PO3BUTKY 0aratbox KpaiH CBITY.
OcHoBHa mpo0iieMa PO3BHUTKY IUX TEPUTOPIA Ta MPUOEPEKHUX aAKBATOPIH II€ 3aXUCT Bif
PYHHIBHOTO BIUIMBY XBWJIb BUKIMKAHUX IITOPMAMH 1 yparaHamu, OBEHSMH, IHTEHCUBHICTb 1
MEpPIOIMYHICTh SKUX 3pOCTAaE B 3B’S3KYy 3 KIIMAaTHYHUMHU 3MiHaMH. 3acoOM 3aXHUCTy
1HQPAaCTPYKTYypH TOBHHHI MaTH BHCOKY €(EKTHBHICTb, MiJBHUILEHY EKOJOTiuHYy Oe3IeKy,
HAJIHHICTh Ta JOBTOBIUHICTB. 3TiHO 10 MOpCHKOi TOKTpruHU YKpainu Ha epio 10 2035 poky
[1] mpo po3poOiieHHS WNBbOBOI MpOorpaMu OEperoykpirieHHs MOPCBHKOTO  y30epexiKs,
HacaMmIiepesi y palioHax HOTo 1HTEHCHBHOTO BHKOPHCTAaHHS, ICHY€ HarajibHa Mmotpeda y
NPOCKTYBaHHI Ta OyIiBHUITBI €(QEKTUBHUX 3 MOPEroClOAapChbKoi, MarepiajJbHOi Ta
€KOJIOTIYHOT TOYOK 30py Oepero3axucHUX CIOpPYJ B yMOBaxX TJOOAJIbHHMX 3MiH KIIMAaTy.
Hamitunacst TeHAeHIIis BUKOPUCTAHHS MTPOHUKHUX KOHCTPYKIIH, TiepeBara sIKUX IMOJIATaE B
MOJTIMIIICHH] €KOJIOT1i 3aXMINEeHOT aKBaTOPii, eKOHOMIT OymiBenbHUX MaTepianiB. Kpurepiem ix
e(eKTUBHOCTI € Koe]ilieHTH MPOIyCKaHHs, BIIOUTTS Ta qUcHIIalii eneprii [2, 3].

ExcniepyMmeHTanbHl JOCHIIPKEHHS MPOBOAWINCS y XBHJIBOBOMY KaHalll JOBXKHUHOIO
6mu3pko 50 M, mmpuHOIO Ta rarOuHOo 1 M. PiBeHb Boau B kaHaui 3MmiHIOBaBcs Bix 0,5 M 10
0,7 M. Kanan OyB oOnajHaHWi IIMTOBHM TE€HEPATOPOM XBWJIb Ta IMUIMHHUM TOXUJIUM
MOTJIMHAYOM XBWIb (B KiHII KaHalmy). YCepeluHiI KaHaly Ha BifcTaHi Onm3bko 40 M Bif
reHepaTopa XBWJIb BCTAaHOBIIOBAJIMCSA TMPOHUKHI XBUJIEIOMH Yy BHUIVISAAl BEPTHUKAIBHHUX
IIUTMHHKUX CTIHOK Ha IUJIOCKY MilaHy OCHOBY ToBIIMHOIO 0,2 M. I'eHeparop xBuib (popmMyBaB
cuHycoinanbHi xBuii BucoToro Bix 0,03 m 10 0,2 M 1 mepioxom Bix 0,8 ¢ 10 3 c.

ExcnepumenrtanbHuii  creHsy OyB  OOJNaAHAaHUM  KOHTPOJIBHO-BUMIPIOBAIBEHOIO
amapaTyporo, CHCTeMOIO OOpOoOKM Ta aHami3y eKCIepUMEHTAIbHUX JaHuX. B310BXK
MO3/IOBXKHBOT OC1 KaHATy TIEPEeT 1 110331y NIIJTMHHOI CTIHKH BCTAHOBITIOBAJIKCS I1"€30PE3UCTUBHI
mudepeHIliifHi JaTYNKHA BUCOTH XBHIIL. B ekcriepuMeHTax 0JJHOYaCHO BUKOPUCTOBYBAIHCS JI0
8 nmaT4YMKiB BUCOTH XBWII. EJEKTpUYHI CHUTHAIW MaTYMKIB IMOJABajIuCs Ha |6-KaHAIBHHA
aHayoroBo-uK(poBUil MepeTBOPIOBaY, a Jalli Ha MePCOHAIBHUN KOMII I0TEp. 3apeecTpoBaHi Ha
KOMIT IOTepl JaHl OOpoOJIsIIMCS Ta aHaNI3yBaJIMCS 3a BIJMOBIIHUMH IPOTpaMaMH arapaTry
Teopii IMOBIPHOCTI 1 MaTEeMaTHYHOI CTAaTUCTUKU. B pe3ynprari Oyiau oTpuMaHi iHTErpajbHi,
KOPEJSIIiAHI Ta CHEKTpalbHI XapaKTEPUCTUKH TIOJISI XBHJIBOBOTO PYXYy 1 BU3HAYEHO CTYITiHb
TpaHcopMarlii XBUIb Ha MOJENSAX MPOHUKHUX BEPTUKAIBHUX XBUJIEIIOMIB.

ExciepuMeHTH TIPOBOIWIMCS 3  OJHOPSIHUMH IIUTMHHAMH CTIHKaMH  PI3HOI
NPOHHUKHOCTI, SIKI PO3TAIIOBYBAJIUCS BCEPEIMHI XBUIHOBOTO KaHATy MapalielbHO 10 (PpOHTY
peryispHUX XBWIb. [IpOHWKHI CTIHKM OyiIM BHUTOTOBJICHI 13 BEPTHKAIBHUX IMIIIHJPIB
niamerpom 0,05 M, MK SKUMU poOmiucs MUTMHU. [IPOHUKHICTh TaKUX CTIHOK (BiAHOIIECHHS
TIJIONII ITITMH IO TUTONII CTIHKH) 3MiHIOBanacs Bij 0% (cymiapHa cTiHka) 10 60%.

PesynpTaTi  Bi3yallbHUX JOCHIIPKEHb Jald MOMKJIMBICTH OILIIHUTH OCOOIUBOCTI
XBUJIBOBOTO PyXy, HOTO B3a€EMO/IIi 3 MPOHUKHUMHU XBUJIEIIOMaMH Ta BUZHAYUTH MIPOCTOPOBO-
YacoBi XapaKTEPUCTUKH 3BOPOTHO-MOCTYMAIBHOTO PYXY PIAMHU MK LMTIHAPAMH INITHHHOI

23


mailto:alexandr.vsk@gmail.com

VIII Intern. Conf. "Computer Hydromechanics", September 27-28, 2022
VIII Mixnap. koH}. «Komm’toTepHa rinpomexanika» 27-28 BepecHs 2022

CTiHKH. Jl0CIiKeHHS TOKa3aliy, 110 3aJIeKHO BiJl PeXKMMIB XBHIbOBOTO PYXY, KOHCTPYKIIT Ta
MIPOHUKHOCTI XBUJICJIOMIB Tepe/] IIUIMHHUMH CTIHKaMH ()OPMYETHCSI IHTCHCUBHUHN XBUIIHOBHI
PYX, a 3a CTIHKaMH BHCOTH XBWJIb 3HAYHO MEHIII, HiXK niepea HuMH. [Ipu nboMy Ha XBUIIbOBIH
MOBEPXHI B Pi3HI YacOBl IHTEPBAJIM CIIOCTEPIralOThCsl HaOiraroyi, BiOWTI, CTOSYl XBHUJII Ta
XBHJIL, 110 TPOXOAATH Yepe3 IIIINHHI CTIHKH.

EdexTuBHICTh XBHJIETIOMIB a00 BEPTUKAIBHUX CTIHOK, IO EKCIUTyaTyIOThCA SK
Oepero3axucHi CIOpyad, BH3HAYAETHCS OCOOIMBOCTSAMHM (DOpPMyBaHHSA BiJOUTUX XBHJIb Ta
XBUJIb, 110 MTPOXOAATH KPi3b XBUJIEIIOM, & TAKOK 3/IaTHICTIO MOTJIMHAHHS 200 AXCUMAIli eHeprii
XBWJIb XBHJIETIOMOM. EQEKTHBHICTh TaKMX CIOPYA BH3HAYA€THCSA KOedillieHTaMH BiIOUTTS
XBUJIb, TIPOXO/KEHHSI XBWJIb Ta JUCHIIAI] XBHIbOBOI eHeprii. KoedilieHT BiIOUTTS XBUII
BM3HAUABCS SIK BIIHOIICHHS BUCOTH BiIOMTOI XBUJII 10 BUCOTH Habiratouoi xBumi. KoedimieHT
NIPOXO/DKCHHST XBWJII BH3HAUaBCS SIK BIJHOIICHHS BHCOTH XBWJI, IO TNPOWINIIA dYepes
MPOHUKHUN XBUJIEIIOM, 10 BUCOTH Habiraro4oi xBuii. Ha 3HaueHHs KoeilieHTiB BIJOUTTS Ta
MPOXO/DKEHHSI XBHJII, a TaKOXX Ha CIIBBIJHOLIEHHS MIDK HUMH BEJIWYE3HUN BIUIMB MarOTh
¢i3uuHi TpolecH, IO BiAOYBArOTBCS TiJ dYac B3a€EMOJIi XBUJIb 3 MPOHUKHUMHU
Oepero3axucHUMH criopyaaMu. Konn XBUJIETIOM BCTaHOBIIOETHCS Y MOPCHKOMY CEPEIOBHIIII,
TO BiZOYBarOTbCSI CYTTEBI 3MIHM XBHUJIBOBOTrO mojs. Crocrepiraerbes iHTEpdepeHtis,
nudpakiiiss Ta TpaHcopMallisi XBUIIb, 3 SBISIIOTHCS BiIOWTI, CTOSYl Ta TPOHUKHI XBHIII,
BUHHUKAE OOBaJieHHS XBWJIb. OpOiTalbHI MIBUAKOCTI XBHJIBOBOTO PYXy 3a3HAIOTh 3MiH,
30UTBITYEThCSL TYPOYJICHTHICTh, TEPENl XBHJICIOMOM 1 OMOPHUMH TMasIMA TEHEPYIOThCS
MiIKOBOMO/IOHI 1 CJiJIHI BUXOPH, & TAKOXK CTPYMEHEBI TE€Uil MIX MaSIMH, 110 IPU3BOAMUTH J10
30UTBIIEHHST TEPTS MK TIOBEPXHEI XBHJICIOMY 1 PIIUHOIO, IO PYXAEThCSA, a TaKOXK
po3scitoBaHHs abo nucumanis eneprii xsuii. KoedimienT aucunarii eneprii XBuii BU3HAUaBCs
13 3aKOHY 30epekeHHs eHeprii Habirar4voi rpaBiTamiitHOT XBUJIi, IO B3AEMOIIE€ 3 IPOHUKHUM
XBHJICJIOMOM. Bu3HaueHHS 1MX KOe(]ILi€HTIB Y AOCHIHKEHHIX MPOBOAMIOCS 32 JOIOMOTOI0
BUMIpY BHCOT XBWJIb IIepel MPOHUKHUM XBHIICIIOMOM 1 32 HUM.

PesynbpTaTe JOCTIIKEHHS MTOKA3aIH, 110 31 301IBIIICHHSIM TPOHUKHOCTI IUTHHHOT CTIHKU
Koe(iieHTH BIZOMTTS XBWJII MOHOTOHHO 3MEHINYIOThCSA. [Ipw mboMy TeMIT 3MEHIICHHS
KOeQIIli€HTIB BUIMUN AN CTIHOK Mayoi NpOoHUKHOCTI. CyIITbHUI XBHUIIEIOM TOBHICTIO
B1IOMBAa€ BUXIJHY XBUJIIO 1 KOS(DIMIEHT BIAOWTTS XBHWJI JJII TaKOTO XBUJICIOMY JOPIBHIOE
onuHMLi. 31 30UIbHICHHAM 0e3po3MipHOi TIHMOWHU KOeQillieHTH BIIOMTTA XBUII
30uTbImyr0OThCA. [Ipr 11boMy Temm 301bIIeHHS KoeillieHTa 3HAYHO BUIIUHN IS MIIJTUHHOTO
XBHJICJIOMY MaJloi MPOHUKHOCTI, HIK JIJIsl XBUJICJIOMY BEJIMKOI MPOHUKHOCTI. XapakTep 3MiHH
Koe(irieHTa MPOHUKHOI XBHUJII MAa€ MPOTUJICKHY TEHACHIIIIO BiIHOCHO 3MIHU KoedilieHTa
BIIOWTTS XBWIi. 31 30UTBIIEHHSM MPOHUKHOCTI Ta 3MEHIIEHHSM TJIUOMHU a00 301IbIICHHSIM
JIOBXKMHHM XBHJII KOGQIIIEHT MPOXOKEHHsSI XBWIII 30UIbIIY€eThCS. MakcuMallbHa JAUCUTIALIS
XBUJILOBOT €HEPTii criocTepiraiacs mpy OB MPOHUKHOCTI XBHJISJIOMY TO/11, KOJIM BITHOCHA
rimOuHa 301IbIIyBanacs abo KoM JOBXKUHA XBHJII CTaBala MEHILOO.

1. Mopcbka nokTpuHa Ykpainu Ha mepiox mo 2035. (2020). ITocranoBa Kabinery
MinictpiB Ykpainu Big 18 rpyaas 2018 p. Ne 1108 (I3 3miHamu, BHECEHUMH 3TiTHO 3
IToctanoBoro KM Ne 1023 Bix 28.10.2020).

2. Alkhalidi, M., Alanjari, N., Neelamani, S. (2020). Wave interaction with single and
twin vertical and sloped slotted walls. J. Mar. Sci. Eng., 8, 589-1-23. https://doi.org/ 10.3390/
Jmse8080589

3. Cemnesos, I.T., Bockobiitnuk, B.A.,  Bocko6oitnuk, O.A.,  Xapuenko, A.T".,
Bocko06iitank, A.B. (2022) B3aemomis rpaBiTaliiHUX XBHJIb 3 MPOHUKHUM XBUJICJIOMOM.
Exosnoriuna Ge3rneka Ta mpupogokopuctyBanHs, 42 (2), 96-111. https://doi.org/10.32347/2411-
4049.2022.2.96-111
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PO OCOBJIMBOCTI OHIHKH 3BYKY INIOTOKY HAZI IBOBUMIPHOIO
KPYTI'OBOIO HWJITHAPUYHOIO KAHABKOIO B IVIOCKIM CTIHIII

I'op6ans [.M., bacoBcbkuii B.T'.
IacrutyT rigpomexaniku HAH Ykpainu, Kuis, basovsky@ukr.net

OOTiKaHHS TOTOKOM PI3HOMAaHITHUX KaHABOK € I[IKaBOIO TEMOIO SIK TEOPETHYHHX, TaK i
EKCTIEPUMEHTAIbHUX JOCTIIHKEeHB 3 50-1X pOKiB MUHYJIOTO cTOpiu4si. BigoMo, 110 /1715 MOTOKIB
3 MaJliM YHCIIOM Maxa BiacTHBa BelIMKa PI3HUI MAacIITabiB JOBXKUH TiIPOJUHAMIYHOTO U
akycTuuHoro moisiB. IIlo yHEMOXIMBIIOE 3aCTOCYBaHHS MPSIMHX YHUCIOBUX METOMIB JUIS
OIIHKU 3BYKOBOTO IMOJIsSL. TOMY JUIsl TAKUX TOTOKIB TIOpPUIHUN METOJl € OJHUM i3 TOJOBHHUX
METO/IIB JTOCII/PKEHHS 3ByKOBOTO MOJs. MeTa 1boro JOCHiIKEHHS € MO€IHAHHS BUXPOBOTO
MeTO[y ¥ iHTerpasibHoro MeToay doke Binbsimca-Xoykinrca (OB-X) nmst OIiHKK aKyCTHYHOTO
M0JIsl IBOBUMIPHOTO MOTOKY HaJl IMJIOCKOIO CTIHKOIO 3 KPYTOBOIO IIMUTIHAPUYHOIO KaHABKOIO 3
ypaxyBaHHSIM HECKIHUEHHOI MPOTSHKHOCTI CTIHOK.

PosrnsHemMo 3amauy mpo TeHepalilo 3BYKY B'SI3KMM OJHOPIIHMM TIOTOKOM HaJ
HECKIHYEHHOI0 TUIOCKOIO CTIHKOIO 3 JBOBUMIPHOIO HHJIIHAPUYHOIO KPYTOBOIO KAaHABKOIO.
Hexait moTik pyxa€eThCs mapajienbHO CTiHII 31 cTaoro mBUaKicTio U, sika Habarato MeHIa 3a
IIBUJIKICTh 3BYKY B He30ypeHoMy cepenoBuili. KanaBka po3milieHa momnepex moToky.

3amady mpo reHepaio 3ByKy MOTOKOM HaJ OMHMCAHOIO BUIIE JBOBUMIPHOIO KaHABKOIO
OyaemMo po3B'si3yBaTH iHTerpaJbHuUM MetonoM PB-X, sxuil € po3muUpeHHSIM aKyCTHYHOI
anayorii JlaWTxiyuta ayis MOTOKIB 3 TBEPAMMH TPAaHHIIMU. BiAMoBiAHO 10 OO METONY,
CHOYAaTKy 3HAXOAUMO OJuM3bKe TiApOJMHAMIYHE TIOJie, TapaMeTpH SKOro IOTIM
BUKOPHUCTOBYEMO JJISI MOOYIOBH T1IPOUHAMIYHHX JKEPEIT 3BYKY B MpaBiii YaCTUHI PiBHIHHS
OB-X. fkmo mBUAKICTh TEYil, € MaJOK MOPIBHSIHO 31 MIBUJAKICTIO 3BYKa B CEPENOBUII, TO
BIUTMBOM CTHCJIMBOCTI OCTAHHBOT'O MOKHA 3HEXTYBaTH, 1 BUBYATH OCOOJIMBOCTI OIM3HKOTO
TLAPOAMHAMIYHOTO TIOJIS HA/l KAHABKOIO B PAMKaX MOJIEINI B'I3KOT0 HECTHCIUBOTO CEPEIOBHIIIA.
OnHuM 13 ePEeKTUBHUX METO/IIB YHCIIOBOT'O MOJICTIOBAHHS IBOBUMIPHHUX TE€Ulld HECTHUCIHMBOTO
B'SI3KOT'0 CepeIOBHILA € BUXPOBUNA MeTo. B 1iif po6oTi 3acTOCOBaHO y3aralbHEHHI BUXPOBHI
METOJl, SKHM TO€JHY€ BUKOPUCTAHHS CITKH, LI0 HAKJIAJa€ThCsl Ha IMOJie Teyil, 3 pyXxoMm
JarpaHKeBUX BUXPOBUX YACTUHOK.

VY 6aratbox JIOCHTIDKCHHSX K €KCIEPUMEHTAIBHHUX, TaK 1 YHCIOBUX POOJATH MPOCTE
NPUITYIIEHHS, 10 00YHMCICHHS MMOBEpXHEBUX iHTerpaniB B Meroai ®B-X moxHa oOMexuTH
TUTBKH 00JIACTIO TIAPOJWHAMIUYHUX JDKepes (y HalloMy pa3i KaHaBKa Ta HEBEJIMKa YacTHHA
IUIOCKOI CTIHKM Tiepen Ta michns Hei). lle MOsSCHIOEThCS THM, WIO IHTEHCHUBHICTH
TIApOIMHAMIYHUX JDKEpes 3BYKY IIBUAKO CHajae Aajieko Bij kKaHaBkW. Llew miaxim 3araiom
NPOCTUH y 3aCTOCYBaHHI Ta Ja€ JOCUTh TOYHI Pe3yJIbTaTH, ajie BiH IrHOPYE YaCTHHU TBEPIUX
CTIHOK Yy JaJIbHIM 30HI TOJA, /€ NPHUIYIIEHHS TPO KOMMIAKTHICTh HE BHUKOHYETHCS.
He3zBaxarouu Ha Te, 1110 007aCTh TiAPOIUHAMIYHHX JDKEPET 3BYKY € KOMIIAKTHOIO, TBEP/E T1IIO,
10 3HAXOUTKCS TOOIM3Yy Hel, He € TakuM. OTKe, HEBIJOMUM 1 OTEHIIIMHO 3HAYHUM BHECKOM
y TOBEpXHEBUHM IHTErpajl BiJ KOJMBaHb aKyCTHMYHOTO THUCKY y TaKOMYy pa3i HEXTYIOTb.
BpaxyBaTu HasBHICTh HEKOMIIAKTHOI TOBEpXHI MMOOJIU3Yy KOMIIAKTHOTO JKepesia 3BYKY
3a3BMYail HEMpOCTO, OCKUIBKM MOTPiOHO BIIMOBHUTHUCS BiJ TNPHITYIIEHHS KOMIIAKTHOCTI, i
npobiieMa crae siBHOIO. [Isi OKpeMoro BUNAAKY BEIMKUX IJIOCKHX 1 KOPCTKUX MOBEPXOHb
3a/1a4a JOCUTH MPOCTA, OCKUTLKA MOYKHA 3aCTOCYBATH MIPUHIIUAI 300paKCHHS.

B nomoBini po3risgaroTh YKUCIOBI JaH1 I KaHABKH 3 PI3HUMHU KyTOBHUMH pO3MipamH, 1
JaMiHApHUM JIO3BYKOBHM IIOTOKOM 3 umciioM Peitnonsaca Re, = UyL/v = 2:10* Ta
TOBIIIMHOIO MMPUMEKOBOTO IIApy HAJl MEPEIHBOI0 KPAWKOI KaHAaBKH Ogq/L = 0.05. Tyt L —
JIOBXXMHA XOpAu KaHaBKU. [loTpiOHe 3HA4YeHHS Ogg MOCATAETHCS IUIIXOM BCTAHOBIICHHSI
BIJITIOBIJTHOI IIMPHUHU PO3PAaXyHKOBOI 00JIACTI mepe] KaHaBKO. JIMCKpeTHI 4acoBi 3HAYEHHS

25


mailto:basovsky@ukr.net

VIII Intern. Conf. "Computer Hydromechanics", September 27-28, 2022
VIII Mixnap. koH}. «Komm’toTepHa rinpomexanika» 27-28 BepecHs 2022

NyJbCcaliid TUCKY B TOYKAX CITKM Ha MOBEPXHI IUIOCKOI CTIHKM 3 KaHABKOIO OYJM BXiTHHUMHU
JaHAMM aKyCTMYHOI 3amavi 3 umcioM Maxa, ske popiBHooBaio 0.2. Ilpu mwpomy
KBaJPyMOJIbHUM JDKEPETIOM 3BYKY HEXTYBAJIH 1 1ajieKe aKyCTHUHE Tojie (OpMyBanocs TUTbKU
JUIOIBHUMU JUKEpPENIaMu 3BYKY.

UucioBi aHi MOKa3yloTh, O[O0 KaHABKa BUIPOMIHIOE 3BYK SIK JUIOJIb 3 OIHAKOBOIO
IHTEHCUBHICTIO y 3BOPOTHOMY Ta INpPSAMOMY HampsIMKax y pa3l 3aCTOCYBAaHHS NPHHLUIY
300pakeHb. HaBmaku, 3araqbHUil piBeHb 3BYKOBOI'O THUCKY, OOYMCICHHUN O€3 MPUHIHITY
300pakeHb, IEMOHCTPYE CUIIbHY CIIPSIMOBAHICTh BUIIPOMIHIOBAHHS Y 3BOPOTHOMY HampsIMKY,
X04Ya JUIMOJIAPHHUNA XapakTep BCe 1€ TOMITHUI.
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POJIb ®I3UYHOI'O MOJAEJIOBAHHA I'TPOAUHAMIYHUX SABUIILL
P CYYJACHOMY PIBHI KOMIT'FOTEPHUX JOCJI/TKEHD

I'op6atenko €.1'.
[acrutyT rigpomexaniku HAH Ykpainu
Kwuis, gorbatenko.eg@gmail.com

['onoBHE mNHTaHHS — YW BHYEPIIaHI BCl MOMJIUBOCTI (PI3MUYHOTO MOJICTIOBAHHS?
KowMmm'torepHi mporpamMu CTBOPIOIOTBHCST 3 ypaxyBaHHSM 3aKOHOMIPHOCTEH, BHSBICHHX Y
BUTJISIII HATYPHHUX 1 MOJIETBHUX JOCIIIKEHb. A OTpUMaH1 pe3yIbTaTH BUKOPUCTOBYIOTHCS Ha
MPAKTHUII 3 KOHTPOJIEM JAaBHO BiIOMHX METOJIB. TOX YW MOXHa BUKIIOYHTH JOULUIBHICTH
OTpUMaHHS OUTHIIT YTOYHEHHUX 1 HABITh HOBUX PE3yJIbTaTiB (Pi3uuHOTO MOietoBaHHs? JIMUTpO
IBanoBUY MenneneeB nepeadaunB HEOE3MEKY 1 MUCAB: «... NPUMEHEHUEe MAMeMamuiecko2o
amanuza K paspabomke Maniouccie008aHHoOl 001ACMU 3HAHUL NPUOAém el JHCUsblll oopas
HeKOmMopoll 3aKOHYEeHHOCMU, OMOUarowell 0Xomy om u3yueHus npeomema OnblmHbIM NYMeEMm,
HOMOMY YMO JH00AM, HepeOKO Clabo 61a0eouum MamemMamuiecKum aHaiu30M, Kaxcemcs o1
CNOCOOHBIM OXBAMUMb BCIO CIOHCHOCMb NPUPOOHO20 AGNEHUSA, U OYMAEMCs, Ymo Nocie He2o
... 8ECb UHMEPeC ONbIMA COCMOUN MOILKO 8 NPOSepKe Ul OnposepiceHuu meopuu. Jluya dce
gnaoeouue MamemMamuieckum auaiu3oM, peoko UMelom CnocoOHOCMb U CKIOHHOCHb
COYUHUMb U BbINOJIHUMb ONbIM, MOSYWUll 0amb OelbHblll Omeem HAd B0NpPOC, 3A0AHHbLI
npupodey. be3 CyMHIBY, KOMI'FOTEPHI TOCIIHPKCHHS BUMIIUTA HA HE3PIBHSAHHUHN PiBEHb.

Hpyre nutanas — uu He mwkianuBo lllykarouiit mroauui (Hanmpuknaza, wieHy Maoi
Axazemii Y1 HaBITh MOJIOJIOMY BUEHOMY ) IMOCIIOCTEPITATH 3a «GKUBOIO» XBUJICIO Y BOJOWMI Ur
TiIpaBIiYHOMY JIOTKY 1 TOJyMaTH MPO MOXIIMBOCTI ii TpaHcdopmarii?

OOuaBa mocTaBieHi 3aMUTaHHS MAalOTh MPOBOKALIWHUIN XapakTep, aje akryanbHi. CTaH
€KOHOMIKH KpaiHW MIHIMI3y€ MOKJIMBOCTI MIATPUMKHA B HAJIGKHOMY CTaHI TIIPOCTCHIIU Ta
KOHTPOJIbHO-BUMIPIOBaIBbHOI anaparypu. [1lo0 npaBuibHO BUPIMIMTH MOCTABIICHE 3aBIaHHS Y
GI3UYHOMY MOJICTIOBaHHI, HEJOCTaTHHO NPOYUTATH IHCTPYKIi0 abo MoHorpadim. 3a
HASBHOCT1 y MPOBEACHOMY JOCBIJI KUIBKOX JECSTKIB HE3aJIC)KHUX 3MIHHUX JIOCTaTHHO 3HAHb,
P PENITi IECATH — MOTPIOCH TOCBI, a 32 KUTBKOX — ITe 0a)KaHO 1 MPUYETHICTH 10 MUCTEITBA.
VY mam’sTi aBTOpA 1i€l HOTATKK acaMu Ta BuuTensimu npoBefeHHs (i3NYHOTO EKCIIEPUMEHTY B
ramy3i Oeperozaxucty Oymmu lOpiit Mukonaitopud CokonbHUKOB, BikTop MukomnaiioBud
Cunopuyk... A 3arpo3a BTpaTH KaJpiB bOTO HAYKOBOT'O HANIPSIMY € OYEBHIHOIO.

VY Takuii BOXXKUH 711 KpaiHW Yac ypsii BUILISE BITHOCHO BETWKI KOIITH Ha JIsUTbHICTD
HAH VYxkpainu, 30epexeHHsI HAyKOBOTO MoOTeHIliany. I[IpuBaTHa CTpyKTypa HECIPOMOXHA
(diHaHCYBaTH HM3KY HayKOBUX IIporpam, TUM Tade mourykosi gociuinau. HAH Ykpainu nHagano
Taki MoxmBocTi. IIpoBedeHHs TOLIYKOBUX [OC/TiAKeHb B Akajaemii Mae craTu
000B's13k0B0I0 HOpMoOIO. (Hampukan, mpoIoBKUTH JOCIIIKEHHS BIUIMBY BiOpaIliiHoi 1ii Ha
TpaHcopMalliro MOBEepxXHEeBOi rpasiTamiiiHoi xBuii.) Ilpu nedimmri ¢inaHcyBaHHS CIif
BHU3HATH JOMYCTUMHUM MPOBEACHHS TaKUX JOCIIHKEHB 1 Ha KOIITH JTOCTITHHUKA.

[HCTUTYT, Y MOXJIHMBOCTSX CBOro (piHAHCYBAaHHS, MPOIMOHYBAaB IOCIYTHM 3 HaJaHHS
0e3KOIITOBHOI KOHCYJbTATUBHOI JgomoMoru IIpuponnum mapkam «CodiiBka» Ta
«CuHeBHUp», BKa3yBaB Ha HEOE3TEKy Ta MOMUIIKK Oeperozaxucty 01 Kypopty 3amizuuii [opr,
HAIOJICTJINBO PAJUB MPUCTPii Oaif-acuHry Outst mpoToku B Mosounuil inman. He moxHa
3arepevyBaTH MOXIIMBUM 1 «ITIAPOOITOK JI0 OFO/HKETY» 32 KOIITH Ha 3aMOBJICHHS THX UM 1HIINAX
yCTaHOB. AJle HE MOXHA OIYCTHUTHUCS OO PEMICHHULTBA, TOOTO JO CHUCTEMHOIO BHITYCKY
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HAYKOBOI MPOIYKIIil HaBiTh 0€3 3aBJaHHs Ta HaMipiB 3700yTH HAyKOBY HOBU3HY. TiIbKHU JUIs
Bitomunx Ta mnpuBatHUX HJIl Take BupImIEHHS NpPAaKTHYHUX 3aBAaHb € TNPHPOIHUAM 1
JIOLIJIBHUM.

Ha 3aBCPUICHHSA BKAa3aHOIr'0, HC B 06pa3y KOJICTaM, XOYCThCA MPUBCCTH T'YMOPUCTUYHC

BHCJIOBJIIOBaHHS TeHiaibHOTO AnbOepra EinmTeitna: «Koeda 6 meopuro omuocumenvnocmu
BMEUANUC, MANEMAMUKU, MO U 5 Nepecmal Ymo-1ubo NOHUMAmMbs ».
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MOJIEJIOBAHHSA B TAKETI OPENFOAM BUXPOBOI TEUII
B HAINIBIUWJIITHAPUYIHOMY 3AI'JIMBJIEHHI

HumutpieBa H. @., Cingpko M. 1., bictposa M. O.
[actutyT rigpomexaniku HAH Ykpainu

UucenbHUMH METOJAMU JTOCTI/IKYIOThCS 3aKOHOMIPHOCTI (hOpMYyBaHHS TPUBHMIPHHX
BUXPOBHUX CHUCTEM B HaMIBIWIIHAPUYHOMY 3ariHOJIEHH], 10 BUKOHYE (YHKIIIO TeHepaTopa
BUXODIB B TypOyJIeHTHI Teuii. KepyBaHHS MpUMEKOBUM IIApOM T'€HEPAIli€l0 BUXOPIB HaB'sI3y€e
TypOyJeHTHI Tedii JOeTepMIHOBaHY BHXPOBY CTPYKTYypy 3aJlaHOTO MacmTady Ta
IHTEHCUBHOCTI, sIKAa MOXXE€ HPU3BOJAUTU JO 3MEHIICHHS MIBUAKOCTI HApPOCTAHHS TOBLIMHU
MPUMEXKOBOTO IIIapy BHHU3 3a TEUIEI0 Ta MIATPUMYBATH CHEPreTUYHUN OajmaHC MK
nyJbCcalliiHUM 1osieM 1 ocepenHeHoo Tediero [1, 2]. Ilig yac BigpuBY BHXOpPIB 3 TOCTPUX
KPOMOK BHXOPOT€HEPATOPIB B MPUMEKOBUU IIap OOTIYHOrO Tiia ab0 B BIAPHWBHY TEUilO
TeHEPYIOThCS JIOCUTh CTIHKI TO3J0BKHI BHXOpH. XapaKTEpHI MaclmTadM LUX BUXPOBUX
CTPYKTYp, iXHIO  IHTGHCHUBHICTh  BH3HAUalOTh  KUIBKICHI =~ 3HAUYE€HHS  BEJIUYHH
aeporiApOIMHAMIYHOTO OTIOPY PYXOMHUX TiJ.

JIist ducenbHOTO PO3B’SA3KY 3ajadi OOTIKaHHS TUTACTHMHHU 3 HAaIlIBIMUIIHIAPUIHUM
3aruOsieHHs M  OyJo 3acTOCOBaHO 4YHcenbHY Mojnenb pimpleFOAM BiakpuToro makery
OpenFOAM, mo peanizye HectarioHapHi piBHsHHS HaBbe-CTokca 11 HECTUCITMBOT PITUHU.
B skocti 00’ekTy gochikeHHS OyJO BHMKOPHCTAHO TEOMETpiro pobodoi obiacti
eKcrepuMeHTaIbHOTO cTeHAY [3]. Po3paxyHkoBa 001acTh sBisie cOO010 Tapalienernine 1, Ha JH1
skoro Ha Bigcrani 0,15 M Bi OYaTKOBOTO Mepepizy BHOMEPEK 30BHILIHIN Tedii po3TaroBaHa
JyHKa HamBOWIiHApHIHO1 popmu miamerpom d = 0,02 M 1 nosxkunoto / = 0,05 m. Ha Bxomi B
PO3paxyHKOBY 001acTh OYJIO 3a/1aHO MOCTIHHY MBUAKICTE Uy, Ha JHI — YMOBY NPUITHIIAHHS, HA
BEPXHIH TpaHuUIll — TPOCKOB3yBaHHSI.

PesynbraT po3paxyHKy B TPUBUMIpHill MOCTaHOBIII MTOKa3alIy, 110 JIiHii Te4il BcepeTuHi
JYHKHU 3aMKHYTI TaK caMo, SIK 1 y JJBOBUMIPHIN CTarlioHapHii 3a1adi [4]. 3a HEBEIUKUX YHCEI
Peiinonbaca ¢opmyeThesi TpaHCBepcalibHa 3aBUXOPEHICTh MPAKTUYHO IO BCHOMY 00’€My
JYHKHU, KPIM HEBEJIMUKHUX 30H MO0JIM3y OOKOBHX CTIiHOK (pHuc. 1, a).

6)

Puc. 1. Jlinii Tedii 3a uncen Peiinonsaca Re=2-10° (a) Ta Re=1,6-10* (6)

AOCONIOTHI 3HAYEHHS TO3/I0BXHBOI Ta BEPTUKAIBHOI KOMITOHEHT 3aBHUXOPEHOCTI Ha
NOPSIOK MEHIle TpaHcBepcanbHoi. Ha puc. 1 HaBeaeHO MUTTEBI JiHIT Tedii 3a IMIBUIKOCTI
obrikanus Up=0,1 Ta 0,8 m/c. KoHTposbHI TOUYKH, 3 SKUX OEpyTh IMOYATOK JIHII Tedii,
pO3TaIIOBAaHO Ha JIHI JYHKH IO BCiii MoBkuHI. BumHo, mo 3a HeBenukux uncen PeitHomnbaca
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— UOd

1%
MPOSIBIISIETBCS TUTBKU Oe3mocepenHbo Oifis OOKOBMX CTIHOK JyHKH (puc. 1,a). 3 pocrom
IIBUJKOCTI  30BHIMIHBOTO TOTOKY 3aBUXOPEHICTh CTa€ CYTTEBO TPUBUMIPHOIO Ta
HecTarioHapHoio (puc. 1, 6). Takum 4MHOM, BcepenuHi JIyHKH (OPMYETHCS LMUPKYJSIiiiHA
30Ha, 5IKa YTBOPIOETHCS B3a€MOJIIEI0 PIIMHHM B JIYHIIl Ta IIapy 3CYBY, IO SKICHO y3T0JIKYETHCS
3 eKCIIEPUMEHTAIbHUMHU JaHuMHU [ 1].

[Tpu MOBOPOTI JYHKU MOPYUIYETHCS CHUMETpisl Teuli, 3 SBISIOTbCA BUXOPH B KYyTOBUX
Toukax [5]. AHami3 Mo TUCKY MOKa3aB, M0 MPHU MOBOPOTI 3arinOiieHHs Ha KyT o = 30° 30Ha
3HI)KEHOTO TUCKY, /16 JOPMYETHCS HAMTHTEHCUBHIIINN BUKHJ BUXOPA, CIIOCTEPITaeThCs B CITIJI
6e3mnocepeIHbO 32 3aIHBOI0 TOCTPOIO KPOMKOIO (pHUC. 2).

Re

=2-10° Ta BiIHOLIEHHIO TEOMETPUYHUX PO3MIPIB IyHKH [/d = 2,5 TpHUBUMIpHiCTH

e
4.0e-03 00z 00501 02 05 1 2 5 10 40e+01
FET

_IIIIIIII | I | IIIIIIII_I

Puc. 2 ITone tucky npu Re=1,6-10%, a = 30°

1. Typux B.H., Bocko6oitnuk B.A., Bocko6oiinuk A.B. YnpaBneHnue CTpyKTypoil TeueHUs
BHYTPH mNodyluiauHapuyeckoro yrayonenuss // Bicuuk HTYY  «KIID». Cepis
mammHoOyxyBanHs 2016. T. 78, Ne 3. C. 112-123.

2. XamaroB A.A. TloBepxHeBi reHepaTopy BUXOpiB: (DyHIaMEHTaIbHI JOCATHEHHS 1 HOBI
3actocyBanHsa // Bichuk HAH Vkpainu. —2005. — Ne 11. — C. 14-18.

3. Bockob6oitnuk A.B. IlaccuBHOe ymnpaBieHHe (OPMHPOBAHHEM BHUXPEBBIX CTPYKTYP
BHYTPH TMONYLHJIUHAPUYECKOTO yriayoneHus // BicHuk JlOHEIBKOro HaIliOHAIBHOTO
yHiBepcutety. Cep. A. [Ipuponunyi nayku. —2009. - T. 1. - C. 173.

4. JumutpieBa H. ®. Meronuka po3paxyHKy BUXpPOBOi Teuii Oifsl JyHKH Yy BIAKPUTOMY
naketi OpenFOAM // Komm’iotepHa TigpomexaHika: Te3d V MiXHAp. HayKOBO-
npakTuyHoi kKoH(. 29-30 Bepecus 2016 p., Kuis: I'M HAHY, 2016. — C. 29-30.

5. HumurpieBa H. ®. Komn’roTepHe MOJeIOBaHHS TPUBUMIPHOI BUXPOBOI CTPYKTYpH B
HamiBIMJIiHApHYHOMY 3arnubnenHi // Komm’iorepHa rizpomexanika: VI MixHap.
HayKOBO-TIpakTu4dHa KOH}. 26-27 BepecHs 2018 p., Kuis: ['M HAHY, 2018. C. 26-27.

30



VIII Intern. Conf. "Computer Hydromechanics", September 27-28, 2022
VIII Mixnap. koH}. «Komm’toTepHa rinpomexanika» 27-28 BepecHs 2022

TPUBUMIPHE MOJEJIOBAHHSA OBTIKAHHA IVIACTUHHU
METOAOM JUCKPETHUX BUXPOBUX PAMOK 3 BUKOPUCTAHHAM
I'PA®IYHUX ITPOLECOPIB

Josruit C. O. !, Bynanuyk I'. T. 2, Bynamuyk O.M. 3
Mucturyt rinpomexaniku HAH Ykpainn, Kuis, office@hydromech.com.ua
2 IBH3 “IIpua3oBchKuil epkaBHUi TexHiuHMi yHiBepcuTeT”, Mapiynois,
ggbulan7@gmail.com
3 HaykoBo-mMeroauunuii nentp HII “Mana akanemis Hayk Ykpainu”, Kuis,
obulan65@gmail. com

PosrnsnaeTses 3agadya TPUBUMIPHOTO MOJIETIOBaHHSA OOTIKaHHS IUIACTUHH MOTOKOM
i7IeabHOT PIAMHU METOJOM JIHUCKPETHUX BUXPOBUX paMoK [l]. Meroamka MOJeNOBaHHS
JAaHAM METOJOM OOTIKaHHS TUTACTHHH € J00pe BioMoro [2], ogHak y maHiii poOoTi
PO3TISIIAIOTECS  OCOOMMBOCTI PO3B’A3KY JaHOi 3adayi 3 MOJENIOBaHHSAM Ha TpadidHUX
porecopax.

[Ipu po3paxyHKy pyXy BHXPOBOI TEJIEHH B METOJi JUCKPETHUX BHUXPOBUX PaMOK
BUHHMKA€ HEOOXIAHICTh OOYMCICHHS WIBHUIKOCTI Yy KOXHIA TOYIl TEJNEHU, CKJIAJAHICTh
anroput™y npu oMy € O(n’). Tomy mpu 36iIbIIEHH] Yacy po3paxyHKy abo MpH BeIHKiil
KIJIbKOCT1 00’ €KTIB, 1[0 OOTIKAIOTLCS, MIBHAKICTH MOJEIIIOBAHHS ICTOTHO CIIOBIIbHIOEThCS.

Ha nanuiit MOMEHT € 1Ba OCHOBHUX MIAXOJIU JJI MPUCKOPEHHS pO3pPaxyHKIB:

1) BUKOpUCTaHHS CHCTEM 13 OararbMa MpoLecopaMu;

2) KOmitOBaHHS JaHWUX Ha TpadiuHmil Tpolecop, Ta BUKOPUCTAHHS MOTO MOYKIMBOCTEH
po3mnapaneoBaHHs PO3PAXyHKIB.

[TepeBaroro BUKOpUCTAaHHS TpadiuHUX MPOIECOPIB, OKPIM 30UIBIICHHS IIBUIAKOCTI
0o0YMCIIeHb, € MPHUCKOPEHHS Bizyalisallii, OCKUIbKH MaHi, sKi JUIS IIbOrO IMOTpiOHi, BXe
3HaxoAAThes y aM’saTi GPU. [Ipu 1ipoMy HaUTMIIKOBUMHU BUTpATaMH 4acy € 4ac KOMIOBaHHS
aHUX 13 OCHOBHOT mmam’ 4Tl B mam’ a1 GPU.

VYV naniii 3agadi mporpaMyBaHHs 31HCHIOBaIoch Ha MOBI C# 3 BUKOpPHUCTaHHSIM
po3mapanenoBaHHs Ta MpOTrpaMyBaHHs Ha rpadidHuX mporecopax. Merorw poboTu Oyio
po3poOka METOAMKH PO3paxyHKIB TaKoro Kjacy 3a7ad Ta TOPIBHSIHHS MOXJIHBOCTEH,
IIBUJIKOCTI PO3paxyHKIB Ta 3pYYHOCTI IIPH BUKOPUCTAHHI I'paidHUX MPOLECOPIB.

[Ipu mnporpamyBanHi OyJI0 BHUKOPHUCTAHO TEXHOJIOTII0O PO3POOKH MPOTrPaMHOTO
3abe3mneueHHs yepes TectyBanHs (TDD), sika 103BOJIsSI€ 3SMEHIIIUTH KUTBKICTh TOMHIIOK Ta JIETKO
MoaudikyBaTu koi. Ilpu mpomy 3’sicyBanocs, o iHdopmalliiiHe MpeACTaBICHHS 3aaadl y
BUTJISIII 00’ €KTIB Ma€ MEeBHY ABIHYACTICTh. 3 ToukH 30py TDD Ta untabenbHOCTI KOAY OLTbII
3pY4YHOIO € HacTymHa iHpopMaIliifHa JeKOMIO3UIIisI MPEAMETHOIT 001acTi Ha TaKi 00’ €KTH:

1. EnemeHTapHI YOTHPUKYTHI BUXPOBI pAMKH, K1 1HKAIICYJTIOIOTh KOOPIMHATH BEPIIIUH Ta

TYCTUHY MOABIAHOTO MIapy.

2. TloBepxHsI TIJIACTMHKH, $Ka MPEACTABISETHCS Yy BUTISAL JTIBOBUMIPHOTO MACHBY,
€JIEMEHTAMHU SIKOTO € TIPUETHAH] BUXPOBI paMKH.
3. OO’exT MjacTUHKAa € BIIACHUKOM TIIeNIeH, SIKI € TaKOX JBOBUMIPDHHUMH MacCHUBaMHU

BUXPOBUX PaMOK.

4. Tino npeacTaBiIseThCs SIK CYKYIHICTh TUIACTHHOK.

Take indopmarriiine mpecTaBIeHHS JaHOT 3a/1a4i € 3pyYHUM Ta JIOTIYHUM 3 TOUKH 30py
PO3YMIHHSI Ta MOXJIMBOCTI TeCTyBaHHS Komy. OfHaK OYEBHIHUM € HENOJIK, MOB’SI3aHUN 13
PO3paxyHKOM pyXy TeJeHH, TOMY IO HEOOXiJHO PO3paxOBYBaTH IIBHIKICTH Y YOTHPHOX
TOYKaX PaMKH, 1 TPU PO3PaXyHKY IIBHUIKOCTI Bl paMKH HIBHJKICTH BiJ KOKHOTO Biapizka
paMku Oyne paxyBaTucs aBa pa3u. OKpiM TOTro, MpU CpoOi MEPEeHECEHHs JaHUX y TaM'ATh
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rpadiyHoi BigeoKapTH, 00’eM naHUX Oyae OUTbIIMH y 4YOTHPH paszu. BpaxoByrounm i
0CO0IMBOCTI, OYB pO3pOOICHUIN TaKU aTOPUTM:
1. Tlpuennani BUXOpH Ha TLTI MOJIENIOIOTHCS BUXPOBUMHU PaMKaMU 3 TIOJBIITHUM IIapoM.
2. Ilenmena MOJENIOETHCS JBOBHUMIPHUM MAacHBOM CTPYKTYp HOaHHMX 3 KOOpAUHATaMHU
BEPIINH Ta I'yCTUHOIO MOJBIHOTO IIapy.
3. Ilpu pospaxyHKy IIBHIKOCTEH 3a OJUH IPOXiJ MO MacHBaM IaHUX CTBOPIOETHCS
CIHMCOK BHXPOBUX BIJIPI3KIB 1 CIUCOK TOYOK, B SKHX MOTPIOHO pPO3paxoBYBaTH
mBHIKICTh. Hamani mBUAKICTS pO3paxoBY€ETHCS BiJl ITi€] CHCTEMU BUXPOBUX BiJPi3KiB.

Cnig 3a3Ha4UTH, 10 TaKUH PO3PAXyHOK JIETKO PO3MApajIeNlioeThes Ha IIEHTPAIbHOMY
nporecopi. Jns mepemaui Ha rpadiyHHil mporecop 31 3reHepOBAaHOTO CIUCKY BHXPOBHUX
BIJIPI3KiB BIA€THCS JIETKO CTBOPUTH CTPYKTYPH JAHUX, K1 KOMIIOIOTHCA y IaM’ ATh TpadiqHOTro
npoiiecopa.

HaiiGinpIm 3aTpaTHa YacTHHA aJITOPUTMY — PO3PaxXyHOK IIBUIKOCTEH MPOBOJMUBCS Ha
rpadiuaomy mpouecopi. s Toro, moO mei po3paxyHOK OyB JOCTAaTHbO WIBHAKHUM, IPH
KOITIFOBaHHI TaHMX 13 ocHOBHOI mam’ati Ha GPU tpeba pani 13 Tumy double mepeTBoproBaT y
tun float. SIkmo BukopuctoByBatu Tull double, TO IPUIIBUIIIIEHHS! PO3PAaXyHKIB TOCATTH HE
BIA€ThCcs. MeToAuuHi OOYMCICHHS IMOKa3alu, HI0 SIKII0 4Yac pO3paxyHKy HE € 3aHaATo
BEJIMKUM, TO MIBUAKICTH OOYMCICHHS 30UtblyeThes mpubam3no B 20 pasie. [lpu 1mpomy
pe3yabTaTH PO3PAXYHKIB 3aTUIIAIOTHCS 3a0BUIBHIMHU.

TakuMm 4KMHOM, 3alpONOHOBAaHA CXEMa Ja€ 3HauHE MPHUCKOPEHHS PO3PaxXyHKIB INpH
MOJIETIOBaHH1 JaHUM METOOM. SIKII0 4ac po3paxyHKIB HE € JOCUTh BEJTUKUM, TO 1X TOUHICTh
€ TIPUMHATHOIO JUIS IPAKTUYHOTO 3aCTOCYBAHHS.

Jlirepatypa
1. C.A. Josruii, U. K. JIudpanos. Metozs! pemieHust HHTErpalbHbIX ypaBHeHui, K. Haykosa
nyMka, 2002, 343 c.
2. T.O. Ay6akupos, bemonepkosckuit C.M., KenanaukoB A.U., Humt M.U. Henuneitnas
TEOpHUA KpbUIa U €€ NMPHIIOKEHHUS. - AnmaTsel: ['biibiM, 1997.448c.
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OBUYHNCJIIOBAJBHI TEXHOJIOT'TI 115 3AIAY 3 BLIBHOIO MEXXEIO

Josruii C.0.!, Banin B.A.%, [Tiukyp B.B.> Uepniii JI.1.3
TucTutyT TenexomyHikaniii i rmodansHOTO iHbOpMariiHoro npocropy, HAH Vkpainu, Kuis
2 XapkiBchKuil HalioHANbHUI TexHiuHuil yHiBepcuTer "XIII", Xapkin
3 KuiBchkuii HarfionansHui yHiBepeuTeT iM. Tapaca Illesuenka, Kuis, Ykpaina,
D_Cherniy@ukr.net

PosrmsimatoTbess HecTalioHapHI MIOCKI TPOAMHAMIYHI 3a]1a4i 3 BUIbBHUMU MEXaMH —
3a/1a4i Mpo BIIPWBHI Tedii, 3a/1a4i MPOHUKHEHHS CKPi3b BUIBHY MEXKY BIJJOKPEMIICHHS PiJIKHX
cepeioBUIl. B 3aexXHOCTI Bii BUHMKAIOUMX (Pi3UUHUX ABUII Ta e(EeKTiB, Taki 3a1a4i MOKHA
3BECTH JI0 3B’S13aHOI CUCTEMH 33124 BUTIISILY:

J1s neTepMiHOBaHOI rpaHulll L, :
zZ = (Dd(t) € Ld(t), t > toi
Re{V*(wg, t) - n(wy, )} = Re{W(wy, t) - n(wg, t)}

W(wd, t) = % (1)
t
de(t) Vt(w,t)dw = Cq

Jnst BuxopoBoi rpanumi L, :
(Z = w,(t) € L,(1),t >t

Lo = 2 (@i ) + V- (@, ),

Vo f(@t)de =C,, 2)
t=tp: Lv(tO) = LOv;
u_/(ww ty) = Vo(wv);

J11s BiTbHOT rpaHuUIIi L s
(Z = ws(t) € Lg(t),t > ty:
de _
dts = V+ (ws (t)' t):
d V' (ws, )V~ (ws,

| Re {5 @* (w,(t), )} = Re {w + G(ws)} —P(w,t) O
t =1ty Ls(to) = Los,
W+ (ws, tp) = V3 (ws); P(ws, ty) = Po(ws).

Jlnst po3B’si3yBaHHS BUIIICHA3BAHUX T1APOMEXaHIYHUX 33]1a4 3 BITLHOIO MEXEIO 3aCTOCOBHA
MaTeMaTH4YHa MOJEND, IKa Ma€ BUIJISA iHTeI‘paJII:HI/IX MPEJICTABIICHD:

D(z,t) = p(x,y,t) + ip(x,y,t) = fL of (@ In(z—-w)dw +C(0), 4)

do(zt) _ 1 t
V(z,t) =u(x.y,t) — Lv(x y,t) = (Z ) = = 2 e Z(ww) dw, (5)

Po3B’43yBaHHsI 3a1a4 YUCENbHUMHI METOAAMHU HOTp66y€ 3aCTOCYBaHHA 1i JECKPETU30BaHUX
AHAJIOTIB:

O(zt) = 96 y,0) + (5,3, 1) = T L2 In( 2 — w4, (6) + C(0) (6)

_ . a‘1’(2 ) _ yM vi(®)
V(z,t) =u(x.y,t) —iv(x,y,t) = =1 ZmiGz—an)) (7)
Ane, Wi BUKIIIOYCHHS PO3pHBHUX (GYHKIIA y BHpazax (4) Ta (6), sl KOPEKTHOTO
00YMCIIEHHS, B QJITOPUTMI, 3aMicTh (6) 3aCTOCOBYETHCSI MPEACTABICHHS Y BUTIISIL:
. - () (t)
@0 = 900y, 0) + Wy, 0) = Bl o+ L2z — o) ®)
. Jj
ae Q;(t) = =1 V() D;(t) = (wgj+1 — Wo;) Zk=1 Vi (), )
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B nomoBigi mpeacraBieHO AITOPUTM O0YHCITIOBAJILHUX TEXHOJIOTIH I
HECTaIlIOHAPHUX IUJIOCKUX TIAPOJWHAMIYHUX 3a7ad 3 BUIBHUMH MEXaMH. AJTOPUTM
3aCTOCOBHHMM ISl IUIOCKUX, HECTAIllOHApPHUX TiAPOJAMHAMIYHUX 3a7ad 3 MOXKJIHBOIO
aJlanTaIlilo Ha BICECUMETPIYHI Ta TPUBUMIPHI 3a/adi.

Kuo4oBi cjioBa: BiIbHI MEXi, BIAPUBHI Tedii, 00YUCITIOBAIBHI TEXHOJIOTIi, METO/
JTUCKPETHUX OCOOTMBOCTEH.

Ilepenuk mocunaHb

1. Hosruii C.A., JludbanoB WM.K., Yepnmii J[.MI. MeTon CHHTYISPHHX HMHTETPATbHBIX
YpaBHEHU U BBIUYUCITUTEIHHBIC TEXHO

2. goru.-K.: M3marenscTBo «FOctom» 2016, 380c.

3. Hosruit C.O., Jlsmko C.I., Yepniii /I.I. Anropur™Mu MeTomy JUCKPETHHX OCOOIMBOCTEH
JUIsl OOYMCITIOBAILHUX TexHoJjorid. // Kubepnernka u cucremusii anamus. 2017, Neo,
cc.147-159.

4. Cherniy D. An algorithm for finding similar objects in an image / Dmytro I. Cherniy, Yaroslav
M. Linder, Volodymyr T. Matvienko, Volodymyr V. Pichkur // 2019 IEEE International
Conference on Advanced Trends in Information Theory. Conference Proceedings (IEEE
ATIT 2019, 18.12.2019 — 20.12.2019, Kyiv, Ukraine). — Kyiv, 2019. — P. 365 — 368.
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KOMII'IOTEPHE MOJIEJIOBAHHA HECTAIHIOHAPHUX ITPOLLECIB
CEJIEKTUBHOI'O JIASEPHOI'O IINTABJIEHHA METAJIEBUX ITIOPOILIKIB

Josruii C.0.!, Nosruii 5.T.2, Komiitka O.B.?, Moiceenxo C.B.%, Pequnmp J1.0.°,
Tyuuna V.M.’
TacruryT rinpomexaniku HAH Ykpainu, Kuis, s.dovgii@gmail.com
“Imnepcbkuit konemx Jlonnona, JIonaon, bogdandovgyy@me.com
3[HCTHTYT TeneKOMYyHiKallii i rmobansHOro iHdopmaniitnoro npoctopy HAH Vkpainu, Kuis,
okopiyka@gmail.com
“XepcoHchKHil HalliOHAMBHKI TeXHIUHMHA yHiBepcuTeT, XepcoH, 4moiseenko@ukr.net
[HCTUTYT TPAHCIIOPTHUX cucTeM i TexHosoriii HAH Ykpainu, JIninpo, redchits_da@ua.fm

CenextuBHe nazepHe ruiaBneHHs (Selective Laser Melting — SLM) — mne oana 3
AJIUTUBHUX TEXHOJIOT1H, CYyTh SIKOI ITOJISTa€ B CTBOPEHHI PI3HOMaHITHHX BUPOOIB 3a JOTIOMOTOI0
Ja3epHOro TUIABJICHHS METaJIeBOro nopouiky 3a 3aganuMu CAD-monensimu. Texuonoris SLM
€ KOHIIENTYaJIbHO MPOCTO0, aie (i3uka, Ha sIKiM BOHA IPYHTYETHCS, CKIAgHA 1 OXOIUTIOE
MIMPOKHI Jiara3oH YacOBUX 1 MPOCTOPOBUX MacUITA01B.

3aranbHa MaTeMaTh4yHa I[IOCTAaHOBKA 3ajJjadl CEJEKTUBHOIO JIA3€pHOrO TUIABJICHHS
METaJIeBUX MOPOIIKiB 3BOAUTHCS A0 OCTAHOBKH OKPEMHUX CTPYKTYPHO 3B’S3aHUX MIXK COOOIO
3amady. A came, TakuX SK: 3aja4a MMpo HeCcTalllOHApHUN TETUIO0OOMIH 3 ypaxyBaHHSIM (pa3oBUX
nepexo/iB (IUIaBJICHHS MOPOILIKOBOIO MaTepialy Ta MoAajibllla KpHCTali3alis po3IiaBy mpu
OXOJIOJKEHH1) TP HarpiBaHHI METAJIEBHX MOPOIIKIB PyXOMHUM JIa3€PHUM MPOMEHEM; 3a/1a4ya
PO AMHAMIKY PiJIKOTO METaly B BaHHI PO3IIAaBY 3 ypaxXyBaHHAM 00'€MHUX 1 TOBEPXHEBUX CHII;
3ajlaya TPO BHW3HAYCHHS HECTaIlioHApHOI (OpMU BUIBHOI TMOBEPXHI BaHHU pPO3IUIABy 3a
HasIBHOCTI TUCKY BijJadi, a TAKO’K BUHUKHEHHS TIOP 1 pO30pU3KYBaHHS PiIKOTO METAIYy.

3amaya mpo HECTAIIOHAPHUN TETJIOOOMIH € HaWOUIbIN BaXKJIIMBOIO, OCKUTBKHA BHYEPITHA
iHpopMalisi Mpo TEMJIOBUN peXHM MOTpPiOHA SK TPU OMHUCI TMPOLECIB IUIABJICHHS Ta
KpHUCTaJi3allii, TaK 1 MPH OIIHIOBaHHI TJI00ATLHOTO HAINpPYXKeHO-Ae()OPMOBAHOTO CTaHY TiJa,
OTPUMAHOTO CEJIEKTHBHUM JIa3€PHUM IUIaBICHHAM. PO3B's13aHHS 11i€1 3a1a4i 6e3 SIBHOT'O OIUCY
JTUHAMIKK PO3ILJIaBy, aje 3 aJeKBaTHUM NPOTHO30M (OpMyBaHHS BaHHH 3a 130T€pMaMu
JTIKBIAYCYy Ta CONIAYCYy € HaiOUIbIl MOIIMPEHHUM METOJOM pO3PaXyHKY 3aJIeKHOCTI
BJIACTUBOCTEH BUPOOY BiJl MapaMeTPiB TEXHOJIOTIYHOTO MPOIIECY.

OcHOBHE DIBHSIHHA, K€ ONHUCY€ HECTAI[lOHAPHUU MPOCTOPOBUIM MEpEHIC Temia €
PIBHSHHS TEIUIOMPOBIMHOCTI. 3 METOW ypaxyBaHHS (Da30BUX TEPEXOJiB PIBHSHHSA
TETJIOTIPOBITHOCTI  PO3B’A3yBaJlOCh BITHOCHO €HTalbIii. B SIKOCTI TMOYaTKOBUX YMOB
3agaBanacsi moctiiiHa temnepatypa 293°K. I'panuuni ymoBu ckmaganucs 3 ymoB Jlipixie,
Hetimana ta HerotoHa. [Ipu mipboMy BpaxoByBajuCsl BTpaTH TEIUIa 3a PaXyHOK KOHBEKIIl Ta
BUIIPOMIHIOBaHHA. Y po3po0ieHiid MoJelNi TYCTHHA, KOe(illieHT TeIUIONPOBIAHOCTI Ta MTUTOMA
TEIJIOEMHICTh € (YHKIIIAMH TeMIepaTrypu. TakoX BpaxoByBajacs IPUXOBaHA TEIUIOTa
(a30BHX MepeTBOPEHb (TJIaBICHHS Ta BUIIAPOBYBAHHS).

PiBHSIHHS TEIJIONMPOBIAHOCTI 3aMMCYBAJIOCh B KPHUBOJIHIMHINA CHCTEM1 KOOPAHMHAT.
JlMcKkpeTHHIA aHaIOT BUXITHOTO PiBHSAHHS TEIIONPOBITHOCTI MOOYI0BAHO METOAOM CKIHYEHHUX
00’eMiB. Po3po0ieHo anroput™, skuil 0a3yeThcsi Ha HESABHINM He(haKTOPU30BaHIN cxemi
JIPYroro MOpPSAKY TOYHOCTI 3a 9acoM 1 3a MPOCTOPOM, a TaKOXK 3 MigITepalisMH 3a
nceBnoyacoM. OTpuMaHa CKaJiIpHa CHCTeMa JIHIMHUX anreOpaiyHuX PiBHSIHBb HESIBHOI CXEMH
po3B’si3yBanacs METOJIOM MiHiMizallii y3aranbHeHoi HeB's3ku (GMRES) 3 nmenmoBaum LU-
posknananssm (ILU(k)) 3aramsHOT MaTpHIl CUCTEMH Y SKOCTI TIEPEI3yMOBIIOBAHHS.

Po3mipu obnacri, 1o posrisaanacs, 3a JOBKHHOIO, ITUPUHOIO Ta BUCOTOIO cTanoBmia 3000 %
1000 1000 mxM Binmosimao. Kpok inTerpysanss 3a uacoM jgopiHioBas 107 c.

35


mailto:s.dovgii@gmail.com
mailto:4moiseenko@ukr.net
about:blank
mailto:4moiseenko@ukr.net
mailto:redchits_da@ua.fm

VIII Intern. Conf. "Computer Hydromechanics", September 27-28, 2022
VIII Mixnap. koH}. «Komm’toTepHa rinpomexanika» 27-28 BepecHs 2022

B pesynbTarti npoBe1eHOro KOMIT I0TEPHOT0 MOJICTIOBaHHS HECTALlIOHAPHUX MPOLIECIB
CEJICKTHBHOTO JIA3EPHOTO TUIABJICHHS METAIIEBUX IOPOIIKIB OTPUMAHO PO3IOILIT OIS
TEMIIepaTypy B pO3paxyHKOBIH 00JIacTi 3 BUIUIEHHAM 30HU JikBiaycy (puc. 1). [ToOynoBano
3QJICKHOCT] IIMPUHU Ta TIIMOWHU BaHHM PO3ILIABY BiJl IIBUIKOCTI PYXY JIa3epy Ta iaMeTpy
nazepHoi wisiMu (puc. 2, 3). OTpuMaHi pe3yibTaTH 3a10BUIBHO 30iratoThes 3
eKCTIEPUMEHTAIbHUMH JTaHUMU.

a 0
Puc. 1. Po3nonin Temneparypu B po3paxyHKOBii 00J1acTi (a) 3 BUAUICHHSM 30HH JTIKBiycCy (0)
W, ° i D, ]
MKM : MEM ! :
M ® Experiment @® Experiment

600 —+--- N —m-Computation "=~ 600 . ~m-Computation
'
N i 1 i

400 mmmmmmmmeben———— a\ ----- 400 mmmmmmmmobeemnen
\ ®
\,
P00 J TSRS SERRESE WUSURS S S S 200 <
I —— 9
i B '\«la
0 0 ; ; i ; ;
0 50 100 150 200 250 0 50 100 150 200 250
a v, 0 v,
i mm/c ) ] mm/c
Puc. 2. 3anexHICTh IUPUHU Ta MTMOMHU BaHHU PO3ILIABY BiJ MIBUAKOCTI PYyXY Jiazepy
(notyxuicth nazepy P =400 Br, niamerp nazepnoi mismu d = 205 Mkm)
0 T T T r
W, a s s a ] D, = =
MKM : i ; ! : MKM
i i ® Experiment ® Experiment
600 ; ; —m—Computation =] 600 ' —@—Computation "=~
\-) : i ’
400 L LN o S 400 -
: H \.' ®
T A R
200 : : ; : ----15 --------- 200 Ii\\ -
: : : i ' ~—
E E E ® ]
0 : E : 0 i
0 50 100 150 200 250 0 50 100 150 200 250
a v, 0 v,
mm/c mm/ c

Puc. 3. 3anexHiCTh IUPUHU Ta TIMOUHU BAHHU PO3ILIABY BiJl IIBUIKOCTI PYyXY Jiazepy
(motyxHicTh nazepy P = 400 Br, niametp nazepHoi misimu d = 262 MKM)
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JOCJIJKEHHS 3 TIIPOMEXAHIKHY TA AEPOJUHAMIKH
HAYKOBOI HIKOJIN JTHY (OTJIS)

Hpeyc A.1O., 'oman O.T"., Xaminiu O.B.
JlHinpoBchbkUii HalioHAILHUH yHIBepcuTeT iMeni Onecst I'onuapa, J{Hinpo,
dreus@mmf.dnu.edu.ua

B po6orti mpencTaBiieHO KOPOTKUM OTJISIT HAYKOBUX JOCTIHKEHB 32 OCTaHHI ACCATUPITYS,
10 BUKOHYBAJIMCS HAYKOBIIMH KadelpH aeporiipoOMeXaHikiu Ta EHEepProMacorepeHocy
JHinpoBceKkoro HarioHabHOTO YyHIBepcutery imeHi Omecs ['onuapa (JIHY). Ocsitra Ta
HaYKOBI JIOCJIJKEHHS B raiy3i aeporigpomexaniku B JIHY mMaroTh 1aBHIO Ta MIAHY iCTOPIO.
[Ile B 30-x pokax MHUHYJIOro CTOMTTS B JIHIMPONETPOBCHKOMY YHIBEPCHUTETI ICHYBaB
aeporiipoOMexaHiyHUI HaAmMpsAMOK MiArOTOBKM (haxiBLiB, HAYKOBI SKOTO BHECIH 3HAYHHUN
BKJIaJl B TOOYIOBY (PYH/IAMEHTY Cy4YacHOI HAayKH IMPO TiAPOJWHAMIYHI Ta TETIOMacOOOMiHHI
nporecu. Y 1960 pomi Oyino mpoBeneHO Nepmiuii HaOip CTYISHTIB Ha CHEHialbHICTh
«'impoaepoauHamikay. 3 Toro yvacy kadenpa rorye yHiKaabHUX (axiBIliB, sIKI MOETHYIOTh
IHOOKI TEOPEeTUYHI 3HAHHS 3 (PyHAAMEHTATHHIX MATEMAaTUIHUX Ta MEXaHIYHUX TUCITUILIIH 31
3IaTHICTIO PO3B’sA3yBaTH MPAKTHYHI 337a4l Oyab-sIKO1 CKJIaHOCTI. 3a 11l pOoKu chopmyBaiach
NOTY’XKHa Ta HIMPOKO BiJJOMa HayKOBa ILKOJIa B Tally3l aeporiipoMexaHik, sSika MOB’s3aHa 3
IMGHaMHM TaKWX BHJATHUX BuYeHHMX, 1o mnpamwoBaau B JHY sk B. M. KosryHenko,
B. €. JlaBiacon, M. M. binses, M. B. IToasikos, O. A. Psano, B. K. Xpym, O. O. Kouy0eii,
€. P. A6pamoscrknii, O. A. [Ipuxoasko, B. B. Kpagsens, B. I1. KoBanb Ta iH.

OcCHOBHI HayKOBI JOCHIDKEHHS Kadeapu aeporiipoOMexaHikKi Ta €HepromMaconepeHocy
JAHY Oynu moB’s3aHi 3 moTpedbamMu mpOMHUCIOBOCTI [IpuaHIIPOBCHKOTO pETioHy, B TEPIILy
Yepry aepoKOCMIiuHOi IHIYCTpii, MeTanyprii, XiMi4HOI Ta TIpHUYOBUJO00YBHOI IPOMHUCIIOBOCTI.
TakuMm YMHOM, MariCTpaJbHHA HAMpSIMOK poOoTu Kadeapu cPopMyBaBcs SK KOMIT FOTEPHI
TEXHOJIOTIi Ta MOJENIOBaHHS aepoJMHAMIYHUX Ta TEMJIO0OOMIHHUX MpOIECIB B Cy4acCHHUX
MIPOMHMCIIOBUX TEXHOJIOTISIX, €HEPreTHIll Ta 3ajladaX MOJICTIOBaHHS IPOIIECIB MEPEHOCY B
HaBKOJIMIIIHEOMY CEPEIOBHIIIE.

Ha cywacHomy erami, HaykoBa poOoTa KadeIpu TaKoX HEBiJ €MHO TOB’s3aHa 3
cyuyacHUMH TmpoOnemamu. Ci BiA3HAYUTU KUTbKAa HAWOIIBII BaroMuX JIOCIHIKEHbB, IO
BUKOHYBAJIUCh IPOTATOM OCTaHHBOTO Yacy.

[IpoexT 3 MaTeMaTUYHOTr 0 MOJICIOBAHHS KPU3H KHITIHHS, SKUH BUKOHYBABCS y CIiBIpaIli
3 dpaHIry3pKUM KoMicapiaToM 1o atoMHii enepretuill. Bueni IHY (mpod. O. I'. 'omaH., H.C.
J1. B. €BIOKHMMOB) B35JTM y4acTh B PO3pOOIll aIlTOPUTMIB HA OCHOBI TPAaHMYHUX IHTETPATBHUX
PIBHSIHB, JJIsi JOCHTIDKEHHS HOBOI TIMOTE3W TiAPOJAMHAMIYHOI KpWU3HM KHITIHHS, 10 Oyia
3arpornoHoBaHa (ppaHIly3bKUMU NapTHEPAMH.

Crin 3a3nauntu o JJHY Oys nepumm 3BO, sikuit mie y 80 poku 3aiiMaBcs npodiiemamu
aepOJIMHAMIKH BITPOJIBUTYHIB. Y BHTOKIB IIi€l MIKOIM cTOsB ipodecop €. P. AGpaMoBChKuiA.
CporomHi  JOCHIUKEHHS 3 aepOJUMHAMIYHOIO  BJOCKOHAJIEHHS BITPOBUX JIBUT'YHIB
MIPOJIOBXKYIOTHCA Mix KepiBHUIITBOM Tpod. O. I'. 'omana.

[IpoTsiroMm KiTBKOX OCTaHHIX POKIB OyJlO pO3B’s3aHO JeKilibka 3amad B 00JacTi
TiApOIMHAMIYHUX TPOIECiB pu OypiHHI. Taki 3a1a4ul BUHUKIIA TIPH BIPOBAKEHHI BYUCHUMU
HTY «JlHinpoBchKa MOIiTEXHIKa» HOBOT TEXHOJIOT1 OypiHHS 3 IMITYJIbCHUM IIPOMUBAHHSIM, 1110
BUMArajao JOCTIPKCHHS TMPOIECIB TiIPOJWHAMIKKA TMPOMHUBAILHOT PIAMHU Ta MEXaHIKH
pYHHYBaHHS TipCbKOi MOPOJIU MPU TaKOMY pexuMi. Pezynbratu poOiT BUKIIMKAIN 1HTEpEC HE
numie B YKpaini, ane 1 B Kurai, e 6yB npountanuii Kypc JeKIlii 3 MuX 3a/1a4.

Y BUTOKIB KOMIT FOTEPHOT0 MOJICTIOBaHHS MPOIIECIB MepeHocy 3a0pyaHeHb B aTMochepi
Ta piukax ctosiB Bimomui BueHuit JIHY mpod. B. K. Xpym. Ha croromni Bueni xadenpu
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IPOJOBXKYIOTh IIi JOCHIPKEHHsS, OmyOliKOBaHO HH3Ky MOHOrpadiii Ta crateid 3a wi€io
TEMaTHKOIO.

Bararo npakTuyHMX 3a7a4, SIK 1 paHilie, OB’ s13aH0 3 AePOKOCMIYHOIO ray3310. 30Kkpema,
CriBpoOiTHUKM Kadeapu Opayii yd4acTh y HHU3II HAyKOBHX IPOEKTIB, IO CTOCYIOTHCS
BHYTPIIIHBOI Ta30BOi JAMHAMIKM PAaKETHUX JBHUIYHIB. a TaK0)X 30BHIIIHBOTO OOTIKaHHS T
3MIHHOTO TIOJIOBXKEHHSI. Taki 3a/1a4l BUHUKIIH Y CITIBOPAIll K 3 TPUBATHUMHU a€POKOCMIYHHUMHU
KOMITaHiSIMH, TaK 1 P BUKOHAHHI MPOEKTIB Ha 3aMOBJICHHS JIEP>KaBH 1 CTOCYIOTHCSI CTBOPEHHS
OPUTIHAJILHOT PAKETHO-KOCMIYHOT TEXHIKH.

B ymoBax 30poiiHoi arpecii p¢ nmpoTu YKpaiHu MOCTal0Th HOBI 3ajadyi, 1110 MOTPeOyIOTh
cBoro po3B’sizaHHsA. OcoONMBY — aKkTyalnbHICTh HaOynuW 3agadl 3 MPOHUKHEHHS
BUCOKOIIBHJIKICHUX Tl B cylinbHi cepenoBuina. B JIHY € nHaykoBuii 10poOOK 3 IbOTO
HaINpsIMKy, Ta ChOTO/IHI yJOCKOHATIOETHCS TEOpPEeTUYHa 0a3a JJIs MOAAIBLINX JOCTIKEHb B
I[bOMY HaIlpsIMy.
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PO3BUHEHHA BIVIAPE3OHAHCHUX KOJIMBAHB PI/IMHHA 3 BIJIBHOIO
MOBEPXHEIO B EJINCOIIAJIbHOMY PE3EPBYAPI

Knimenkos O.J1., Jlumapuenko O.C.
KwuiBcbkuii HarioHanpHUH yHIBepcuTeT iMeHi Tapaca IlleBuenka, olelim2010@yahoo.com

B cydacHuMX IOCHTIDKEHHSIX HENHIMHUX KOJMBaHb PIIMHM B pe3epByapax ICHYE JBa
HaNpsIMK{, [0 SKHUX JI0 TENepilllHbOro 4Yacy € CYyKYIHICTh He3 sicoBaHuX mpobiem. lle
HacaMIiepes] 3a/1a4a Ipo PO3BHHEHHS KOJMBAHb B OKOJI PE30HAHCY 1 3a/1a4a MpO KOJMBAHHS
piavHU B pe3epByapax HeUWIiHIApUYHOI popmu. CyyacHi TEOpETHUHI pe3yIbTaTH CBIYATh PO
Te, 10 B paMKaxX MOJeJIeH, ki OepyTh 10 yBaru JAeKiibka (opM KOJIMBaHb BITLHOI TTOBEPXHI
PiAMHU yCTaJieH1 pe30HAaHCHI KOJIMBAaHHs B3araii He icHytoTh [1, 4, 5]. Lle oOymoBieHO TuM,
II0 B YaCTOTHOMY CIIEKTpi KOJIMBaHb PO3IMOJIIT YacTOT OOYMOBIICHHH TPaHCIEHICHTHHM
3aKOHOM, IO YHEMOXIIUBIIOE TepioanyHicTs. LI pe3ydabTaTé  MiATBEPKYIOTHCS
eKCIICpUMEHTATBbHUMHU JAaHUMU. [Ipy po3risii KOJIMBAaHb PiAMHU 3 BIJIBHOIO MOBEPXHEIO B
HEIWJIIHAPUYHUX pe3epByapax aHAIITHYHUMHU METOJIaMH ITPH BU3HAUYEHHI MOJI0OKEHHS BUIBHOT
MOBEPXHI PIAMHU IO CYTI BUKOHYETBHCS EKCTpamoJisiis 0e3 BpaxyBaHHS XapakTepy 3MiHH
014HO CTIHKM BUILE PiBHA HE30YpeHOI BUIbHOI MOBEPXHI, SIKa B IOCTAHOBKY 3a/1a4l B3arajii He
Bx0auTh. [1010H1 MpoOeMr BUHUKAIOTh 1 IPU BUKOPUCTAHHI METO/IIB, OCHOBAaHUX Ha 171€AX
MOTOYKOBOI quckperm3anii. [lornmubnenuii aHami3 Mmokasye, MO0 1€ B MiJCYMKYy IMOPYIIy€
BUKOHAHHS YMOBH PO3B’SI3HOCTI 3aJ1a4l PO KOJWBAHHSI PiMHU 3 BUIBHOIO ITOBEPXHEIO 1 Haal
NPU3BOJMUTH 10 BTPATH CTIMKOCTI pO3paxyHKiB, TOMY SIK aHAJITHYHUMH METOJaMH, TaK 1
METOaMH TIOTOYKOBOI JUCKPETU3AIlil HE BIAETHCS 3MIMCHUTH JTOCTIIKCHHS KOJIMBaHb PiIUHA
3 BUTbHOIO TOBEPXHEIO HA JOCTATHHO BEJTMKOMY YaCOBOMY 1HTEpBAJIi.

[ToxaxkeMo sk MOYKHA TIOJIOJIATH Il 3a3HAYCHI MPOOJIEMH 1 TOCHIIIUTH KOJUBAHHSI PiTUHA
3 BUIBHOIO TIOBEPXHI B OKOJII PE30HAHCY IpU 3a0e3redyeHHi BUKOHAHHA TPAaHUYHOI YMOBH
HeTepeTiKaHHS Ha MPOJAOBKEHHI 019HOT MOBEPXHI pe3epByapa, Kyau T0CATAIOTh TPEOH1 XBUJTb.

B po6otax H.€. XXykoBcbkoro 0yiio moka3aHo, IO SKIIO piauHA 3
A PIBHEM 3alIOBHEHHS JI0 TOUKH A BHUKOHY€ KOJIMBAHH:I, TO 00JIACTh PiAMHU
AX 0 piBHS 4, BUKOHY€ Taki X caMi pyxd (B KIHEMaTHYHOMY CEHCi) fIK i

OA ) ) ) )
v ®  pizuHa B pe3epByapi 3 00’€MOM 3allOBHEHHS 110 piBHsA 4, . Ha ocHOBI 11b0T0
OyJI0 3ampOIIOHOBAHO METO]T JOTIOMIXKHOI obyacTi [1, 4] Ay BU3HaUeHHS

Puc. 1. KOOpAMHATHUX (YHKINH JUIsi HENIHINHOI 3a7a9i PO KOJIMBAHHS PIAWHU 3
BUIBHOIO TIOBEPXHEI0, SKI 3aJIOBUTLHSAIOTH TPAHWYHIM yMOBI HETNEpPETIKaHHS Ha CTIHKax
pe3epByapa BUIlle piBHSA HE30YpEeHOI BUIbHOT MOBEPXHI KyAU MOXKYTb JTOCATaTH IPyOHI XBHIIb.
Inest MeTomy ToJsSITae B TOMY, IO PO3B’SI3YETHCS 3a/1a4a MPO BiIbHI KOJIMBAHHS PiTUHH LIS
o0JiacTi piIMHHU i3 3alOBHEHHSAM 10 TOYKH A, maji B SKOCTI KOOPAMHATHHUX (YHKIH st
obmacti T  OepyThCA 3HAWAECHI KOOpAWHATHI (YHKII, $KI 3aJ0BUIBHSIIOTH YMOBI
HeTepeTikaHHs Ha ToBepxHi 2 + AY (puc. 1), a 3a KoopanHaTHI QYHKINT Ha BIIbHIN MTOBEPXHI
pimuan S GepyTbes PyHKIIT, IKi OEPAKYIOTHCS Ha TOPH30HTAIILHOMY TIEpepisi, 10 MPOXOAUTh

uepes Touky 4y . 3a cBOIM XapaKTepoM MeToJ € HaGIMKEHNM, IPOTE BiH BPAXOBY€E aHAITHUHY
IOPUPOIY PO3B’S3KY 3aJad MpO BUTbHI KOJMBAHHS PIAMHU 1 IX CHHTYJISIPHI BIIACTHBOCTI.
YcninmHicTs NoJaIbIIoro BAKOPUCTAHHS METOY B OCHOBHOMY BH3HAYA€THCS THM, III0 KOHTYD
13 CHHTYJSIPHUMH BJIACTHUBOCTSIMH (DaKTUYHO NEPEHOCUTHCS Bif PIBHS, SIKUH BiJMOBigae
IOJOKEHHIO Toukd 4, Ha piBeHb Toukm A, Kymu pimuna Bxe B3aram He gocsarac. Take

BUHECEHHSI CHHTYJISIPHUX TOYOK 332 MEXi OOJacTi piAMHM 7 € TUIOBHMM B IHIIMX 33Jayax
MEXaHIKU 11eanbHOi piguHu. [IpakTWyHEe BUKOPHCTAHHS TAaKOTO MiIXOAy A TMOOYyIOBU
KOOpAUHATHUX (DYHKIIIN JJI TIPEICTABICHHS PO3B’sA3KIB HEJIHIWHOI 3a7a4l JUHAMIKU PiTUHA
B PI3HUX pe3epByapax HEMWIHAPUYHOI ¢dopmu (KOHYC, cdepa, TrinepOosoin, emincoin,
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napabosnoin [4]) 103BOIUIO JOCITHYTH BIAHOCHOI TOYHOCTI 33/I0OBUTBHEHHS TPAHUYHOI YMOBU
Ha X mopsaxky 107 i 107 ma moepxni AX | mio 6ineme Hix B 100 pasis kpaiuie Hixk s
(dyHKLIH, BU3HAYCHHX 32 KJIACHYHUM METO/I0M. B miicyMKy 11€ 103BOJIsI€ 3 BUCOKOIO TOYHICTIO
3aJIOBUTBHUTH YMOBaM PO3B’sI3HOCTI HEMHINHOI 3a/1a41 TPO PYX PIIMHU 3 BUTBHOIO TTOBEPXHEIO
1 MIIBUIIYE TOYHICTH 3a/I0BIJIbHEHHS 3aKOHIB 30€pEKEHHS €HEeprii 1 MacH, a TaKOX CTIHKICTh
00YHCITIOBAIBHUX TIPOIIEITYD.

[Ipu popmyBanHI TUHAMIYHOI MOJIEINI Ha BiAMIiHY Big Mozeni [3] no yBaru 6epyThes BCi
YaCTOTH BJIACHUX KOJMBaHb, a JIMIIIE YaCTOTa KOJMBAHb 3a MepIior (opMoro 1 KpaTHi 10 Hel.
B migcymKky ne 103BOSMIIO MOOYAyBaTH MOJENb SIKA TOBHICTIO Y3TO/DKYETHCS 3 JaHUMHU
eKCTIEpUMEHTIB 1 poboTH [5]. Po3risHyTO pi3HI BUMAAKK PyXy pe3epByapy y GopMi emirncoina
o0epTaHHs, Maca sikoro M,=0,2M,. B TakoMy BHIIaJKy BIUIMB PyXOMOCTI PIAMHHM Ha PyX
pe3epByapy Oyne cyrTeBuM. llpuBeaeMo BHMAgOK CTUCHEHOTO IO BEPTHKANl €IINCOiny 3
nmiBocsMu a=2,b=1 1 3 rMOMHOIO 3amoBHeHHS H =0,5b. PesepByap 31iiicHIOE pyX B
TOPU3OHTANBHIA TUIONIMHI 13 CTaHy CHOKOKW mia mieto cwiu F,=AM, +M )cosat (A —

aMILTITY THUH MHOXHUK, SIKUH JJI PI3HUX PEXKHUMIB MiAOUpaBcs Tak, MO0 cHUCTeMa BUXOIMJIA
Ha peXHUM HEJIIHIHHUX KOJMBaHb, KOJIU 30ypeHHs Ha BUIbHIA MOBEPXHI MaroTh mopsaok 0,2
paniycy BUIbHOI MOBEpXHi. AHaNi3yBaJHMCsS TaKi BUMAJIKU 3MiHM 4acToT @=0,50,; ®=0,90,;

0=0980,; o=0; 0=1,020,; o=1lo, ge ® — 4yacToTa CyMICHHX KOJIMBaHb CHCTEMH

pe3epByap—piarHa 3a nepiior ¢GopMoro. 3MiHa B Yaci (4ac B CEKyH/aX) aMILTITYIU KOJHUBAaHb
piavHU Ha CTiHII Oaka MpHUBeeHa Ha puc. 2.

02 H: 0.5 wy/wz: 0.50, A: 0.328
—-0.2
o 20 40 60 80 100 120 140
02 wy/az: 0.90, A: 0.064

00 { WMMMMMAAAMMMANMAMVWMNWWWWAMAAANVWVMMN\NWNW ‘

0.2

o 20 40 60 80 100 120 140
wr/wz: 0.98, A: 0.006

02
o.o«{ —‘WWVWMWN/W\AW/WW/WWA/VWWA/\MNW\MMMANVVVV\WN\MAAANWW\A/ ‘
—0:2
o 20 40 60 &0 100 120 150
02 wyfwz: 1.00, A: 0.031

0.2

o 20 40 60 80 100 120 140
wilwy: 1.02, A: 0.056

o { AN A AN A~ ANMAVAMAAAA A ANVAAAANAAA A~V ‘

0.2

o 20 40 60 &80 100 120 140
0.2 wr/wz: 1.10, A: 0.092

o] AN AN AN AN AW -WWAA N |

[ 20 10 60 &0 100 120 140

Puc. 2.

Pesynbrat cBig4aTh MpPO BHUCOKY UYYTJIMBICTH CHCTEMH pE3e€pByap—piuHa 10 3MiHU
yacToTu 30ymKeHHs. [lepeBakHO Ha HHU3BKUX YaCTOTaX MPOSBISETHCS ApEiQ ceperHboro
3HAYEHHS aMIUTITYAH XBUJI1, HA BCI1X 4YaCTOTAX BUX1J Ha PEXKUM yCTaJICHUX KOJUBAHb BiJICYTHIMH,
CIIOCTEpIraeThCsl CYTTEBUM MPOSB MOAYJALII KOJMBaHb 1 TMPOSB AHTUPE3OHAHCY, KOJU
MPOTSTOM JIEKUTBKOX TIEP10/I1B KOJTMBAHHS P1IMHA Mayio moMiTHI (dactotu 11 1.02). Haitmente
3HaYeHHSA aMIUTTyau 30yJUKeHHs BinMmidaeThcst Ha yacTtoTi 0,98, 1mo CBiAYUTH MpO MpOsB
M’SIKOTO THITY HeNMHINHOCTI. Pyx cuctemu po3risimaerbes Ha inTepBati 1o 150 ¢ (mopsaky 100
nepioiB), 1O € BiTOOPayKEHHSIM CTIHKOCTI PO3pPaxyHKIB.

1. Jlumapuenko O.C., fAcunckuii B.B. Henuneitnas nunamuka KoHCTpyKuui ¢ sxuaxoctsio. Kues: HTTY KIIW, 1997. 338 c.
. Muxumes I'.H. DxcriepuMeHTalIbHBIE METOABI B JTUHAMHIKE KOCMUYECKHX anmaparoB. M.: MamuaocTpoerue, 1978. 247 c.

3. Faltinsen O.M., Rognebakke O.M., Timokha A.N. Transient and steady-state amplitudes of resonant three-dimensional sloshing
in a square base tank with a finite fluid depth // Physics of fluids. 2006. 1,N 18. P.1-14.

4. Limarchenko O.S. Specific features of application of perturbation techniques in problems of nonlinear oscillations of a
liquid with free surface in cavities of noncylindrical shape // Ukrainian Mathematical Journal. 2007. 59, N 1. P. 45-69

5. Onorato M., Vozella L., Proment D., Lvov V. Route to thermalization in the a-Fermi — Pasta — Ulam system // PNAS.
2015. 112, N 14. P. 4208 — 4213.

6. Pal P. Sloshing of liquid in partially filled container — an experimental study // Int. J. of Recent Trends in Engineering.
2009.1,N6.P.1-5.
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YUCEJBHE MOJIEJTIOBAHHS BUMYIIEHOI KABITAIIII
JJIA JTUCKOBOI'O KABITATOPA

C. O. Kosains!, H. ®. [lumutpiena’

"HarmionansHuii TexHiuHUI yHIBepcUTET YKpaiHU«KUIBCHKUI MOMITEXHIYHUI IHCTUTYT iMEHi
Iropst Cikopcbkoro», Kuis, koval.sergiy-ipt@lll.kpi.ua
[ucruryt rigpomexaniku HAH Ykpainu, Kuis, Dimitrieva@nas.gov.ua

Beryn

B peanbHiil pianHI 3aBXKIU TPUCYTHI JOMIIIKK Ta3y, sIKi PyXalThCs 3 TOTOKOM. B 30Hax
3HIDKCHOTO THCKY P < Pgp, KOIIX CTBOPIOIOTHCS yMOBH (pa30BOro MEPexo/y, BOHH BTPAavyaioTh
CTilKiCTh. (DOPMYIOTBCS KaBiTaliiHi OyinbOamIku, siKi 30UIBIIYIOTBCS 1 CXIIOMYHOTBCS,
BUBUIBHSIOYM BEJIMKY KUIBKICTh eHeprii. CxiomnyBaHHs Takux OybOAIIOK CYNPOBOKYETHCS
LIYMOM I T1APaBJIiYHAMY y/apaMu, 1O NPU3BOAUTH 10 €PO3ii Ta YIIKOUKEHb IIIPOTEXHIYHUX
npuctpoiB. B sAKOCTi cmoco0y KepyBaHHS IOTOKOM OyJio 3alpOIOHOBAHO KOHLETMINO
CyllepKaBiTallii, yTBOPEHHS HAANOPOKHUHM HABKOJIO OO0TIYHOro 006’€kTy. CTBOpPIOETHCS
ra3oBHii Iap MiX TBEPJOIO MOBEpPXHEI0 1 pianHO0. OCKIIBKU T'YCTHHA 1 B’A3KICTh B TaKOMY
ra3oBOMY IIapi ICTOTHO MEHIIE, TO MOXHA AOCATTH 3HAYHOT'O 3MEHILIEHHS JIOKAJIBHOTO OMOpY.
lIpupoznHy KaBiTalif0 BaXXKO KOHTPOIOBAaTH. TOMY, /ISl CTBOPEHHS 1 MIATPUMKH CTabiIbHOI
MOPOXHUHH YacTO MPUMYCOBO BJyBA€ThCs MOBITPs. IIpi 1bOMy 3a paxyHOK IiBHIICHOTO
TUCKY B KaBEPHI Peaii3yloThCsl PeXXMMH Teuii, BIIIOBIAHI HEBEIMKHM 4YHCIaM Kasirtauii. B
HayKOBIH JiiTepaTypl HAKONMYCHO BEIMKMA JOCBIA 3 BHMBYCHHs Cynepkasitauii. OpnHak,
OJIHI€I0 3 TOJIOBHHUX MPOOIIEM, SIKi TOTPEOYIOTh BUPIMICHHS, 3a/IMIIAETECS IPOOIEMa CTIHKOCTI
NPOTSDKHUX BEHTHIIBOBAHHX KABEPH 1 1X IBO(A3HOTO 3aMHUKAHHSL.

Meroro 1aHoi pobOTH € YHCeNbHI MOCHIUKCHHs Mpouecy (OpMyBaHHS 1 PO3BUTKY
TOBITPSHOT TOPOXHUHM, IO YTBOPIOETHCS B PIAMHI 3a JMCKOBMM KaBiTaropoM. IHTepec
NpeCTaBisie aHaji3 NeOMETPUYHMX 1 (I3WYHHUX MHapaMeTpiB, L0 BIUIMBAIOTH HA PO3MIp,
napameTp KaBiTalii Ta cTabUIbHICTh MOBITPSHOI KaBEPHHU.

1. MaTemMaTHYHEe MOJEJTIOBAHHS

JlociiuKyeThes HecTallioHapHa TPUBUMIPHA 3a/1a4a BBy rasy (IOBITPsI) B MOTIK PiAMHA
(Bomu). IIpHpONHEOK KaBITALIEI0 HEXTYEThCA Yy 3B’S3KY 3 BIACYTHICTIO yMOB ()a30BOro
nepexoly B JaHiii mocraHoBui. B jamHiii poboTi BPaXOBY€ThCS CTHCIHMBICTB CEPEOBHINA Ta
CHUIIM TsOKIHHA. [ BUPIIIEHHS MOCTaBJICHOI 3a/ladyi BUKOPUCTOBYETHCS HACTYIHA CHCTEMa
PIBHSHBb Ui CyMillli JBOX CTUCIMBUX HEI30TEPMIYHHMX CEPEJOBHUII, sIKa CKJIANAETbCA 3
piBusHH Ha’e-CTokca, HEpO3pUBHOCTI, IepeHOCY (ha30BOi YaCTKU, 30€pEeKEHHS CHEeprii:

M LT (ppfo) — —VDiotal — G (§peff) +V (1) + ok (ﬁa) ;
a’;}% +V (pess0) =0,

3—0; + 6 (a(j

W +V (peff etotul[j) =V (ﬁkeffT) ’

B sikocTi piBHSHHB cTaHy OyJi0 00paHO piBHSHHS 11€ILHOTO Ta3y AJIs TIOBITPS Ta TiMoTe3y
bycinecka s Bonu:

pM,
Pa = RT Pw = Pwo [1—-38(T—-To)], (2)

2. Pe3ysabTaTi T2 00roBOpEeHHs

IIpoBeneHo po3paxyHKH pOpMyBaHHS MOBITPSHOI MOPOKHUHHU 32 JUCKOBUM KaBITATOPOM 3
BUKOPUCTaHHSAMU BUILE MPEACTABICHOI MaTeMaTUYHOT MOJEN, Ky peani30BaHO B YHCEIbHIH
mojeni compressibleInterFoam Biakputoro nakery OpenFOAM.

41



VIII Intern. Conf. "Computer Hydromechanics", September 27-28, 2022
VIII Mixnap. koad. «Komn’torepHa rigpomexatika» 27-28 Bepecus 2022

(a) t=10.02 ¢ (6) t=0.14 ¢

(B) t =032 ¢ (r) t =0.63 ¢

Puc. 1. EBomromist Mixk(hazHoOi HOBerHi 3a MIBUAKOCTI OCHOBHOTO TIOTOKY U, =2 M/C

3 [0YaTKOM PyXy MOBITPSHUI CTPYMIHb PO3TIKAETHCS 110 3a/HI| CTIHLII, 3aTI0BHIOIOYN BECh
npocrip 3a 0o0tidHMM TitoM (puc. [la). Ile MoxHAa NOSCHATH yMOBaMH IPUJIMIIAHHSL.
IloBiTpsiHa MOpPOXHMHA JOCSTae AlamMerpa Kapitatopa i BUTATYEThCA B3JIOBXK HATPAMY
OCHOBHOI Teuli (puc. [10). B moxi cuimm TsKIHHS BTPavaeThesl CTIHKICTD, 1O NPU3BOAUTH JO
CIUIMBAHHSI IOPOXXHUHHU (pHC. (hopMyBaHHs 1BO(A3HOTO CIify, SKUN MPeCcTaBisie cO00I0
napy Mno3zoBXHiX BUXOPIB (pI/IC. .

2T T T T T T

(0]
T T T T [T T T T[T T T T T 1717

9 o PesynpTaTu MOIeOBAHHS
A ExcrnepuMeHTanbH1I maHi

0 R T T A

0 01 02 03 04 05 06 0.7Q 0.8 09 1 1.1 1.2 13 14

Ugqd?

—_
ot

Puc. 2. [TapameTpu kaBepHu npu 36iab1eH1 UQq,

[TpoBeneHo omiHKN 00’ €MiB HOBITpSIHOl MOPOXKHHHU. 3 PHC. @ BUJTHO, IO PO3MIpP KaBEPHH
npy 30iMbIIEH] WBKAKOCTI BAYBY noBitps UQq, @ BiANOBIAHO 1 Horo BuTpatn (g, AocArae
[IOPOTOBOT0 3Ha4yeHHs. Pe3ynbTaTH po3paxyHKIB CHIBBIIHOCATHCA 3 €KCHEPUMEHTaIbHUMHU
JAHUMH.

Bucnosku

PesynbpTati 4ncenbHOrO MOJENIOBAHHS IMOKa3alu, MO (GopMa BEHTHUIHOBAHOI KaBEpHU
CKJIIQIa€ThCS 31 CTA0UIbHOI YAaCTUHU Ta TMapu IMO3J0BXKHIX BHXOpIB, IO CIIIBMAAAE 3
eKCIIePUMEHTATbHUMH JaHUMU. 301TbIIEHHS BUTPAT ra3y Ta MIBUAKOCTI OCHOBHOTO TOTOKY
piauHu cripuse ctabinizarii Ta pocTy po3Mipy HOPOKHHUHHU.
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OCOBJIMBOCTI ITPOSAABY HEJIIHIMHUX E®EKTIB B Y3ATAJIBHEHIHN 3AJIAUI
DPAPAJEA ITPO TAPAMETPUYHI KOJIMBAHHS PI/IMHU

KoncranTinos O.B.
Inctutyt maremarukun HAH Ykpainu, M. Kuis, akonst.im@ukr.net

Sk BimoMo i3 icTopii MeXaHiKH, MapaMeTpPUYHHMI PE30HAHC B MEXaHIYHil cucremi
«pe3epByap — piAuHA 3 BUIBHOIO TOBEPXHEIO» BIEPIIE EKCIEPUMEHTAIBHO JOCTiIHKYBaB
@apaneit B 1831 p (Puc. la). HuniaapuuHuii pe3epByap, 4aCTKOBO 3allOBHEHUI BOJI0I0, OYB
BCTAHOBJICHUH Ha CTIEI[ialbHOMY J1a00paTOPHOMY YCTaTKyBaHHI 1 MaB MOXKJIUBICTh PyXaTHCh Y
BEPTUKAJIbHIN MIIOLIMHI 32 33aJaHUM FapMOHIYHUM 3aKOHOM. Pe3ynbraToM ekcriepuMeHTy 0yJio
BcTaHOBNIeHHs DapaneeM Toro ¢akTy, IO Tepiia pe3oHaHCHA YacTOTa BUIHHOI MOBEPXHI
PiIAMHU JOPIBHIOE MOJIOBHHI YacTOTi 30ypeHHs pe3epByapa. OCKUIBKH pe3epByap pyXaeThes
TIJIbKY BEPTUKAJIBHO 32 3a/1aHUM 3aKOHOM, KOJIUBAHHS PIIMHU HisIK HE BIUTMBAIOTh HA XapaKTep
fioro pyxy. OmHak y OUIBIIOCTI MPAaKTUYHUX 3aCTOCYBaHb (Kauka CyJHAa Ha XBHJISAX, TOJIT
PaKeTH-HOCI 1 T.I1.) KOHCTPYKIIIS 3 PIIMHOI0 MOXE 3/IIHCHIOBATH MOCTYMANIbHI Ta KyTOB1 pyXH
y Pi3HHX IUIONIMHAX SK 32 PaXyHOK KOJIMBaHb BUIBHOI MOBEPXHI PiIMHH, TaK 1 3a PaxyHOK
HAsBHOCTI 30BHINIHIX CHJIOBUX a00 MOMEHTHHX 30ypeHb. [Ipu 1mpomy maca piaHu MOXeE
CYTTEBO MEPEBUILYBATH Macy pe3epByapa, a TOMy BpaxyBaHHS CyMICHOTO PyXy pe3epByapa Ta
PIIMHY 3 BUTHHOIO TIOBEPXHEIO Ta 1X B3aEMO/IIT € BU3HAYHUM (haKTOPOM.

!

g, =H_cos(pt) I F.=-MH_p* cos(pt)

g, =H_cos(pt)

a) 6) 8) 2

Puc. 1 Mexaniuna nocraHoBka 3aia4i ®apanes

TakuM YMHOM, BpaxyBaHHs MOXJIMBOCTI pyXiB pe3epByapa, IO BiAPI3HAIOTHCSA Bif
3aJJaHUX BEPTUKAIbHUX, Ta PYXOMOCTI PIAMHH, KA TaKOX MOXXE CyTTEBO BIUIMBAaTH Ha
JUHAMIKY pyXy CHCTEMH, J03BOJISIE CKJIACTH KJacH(]ikalliio y3arajJbHeHb KJIACHYHOI 3a/adi
®dapanes: 1) pesepByap pyxaeThCcsi y BEPTUKAIBHIN TUTONTMHI 32 33JJaHUM 3aKOHOM Ta MOXKE
3IHCHIOBATH TOPU30HTANIBHI MEPEMILIICHHS 32 PaXyHOK KOJHMBAaHb BUIBHOI MOBEPXHI PiIWHH,
TOOTO CHCTeMa OTPUMYE JIOJATKOBUH CTYNEHb BUIBHOCTI — MOXKIIMBICTh PYXy pe3epByapa B
ropusoHTanbHii mionuHi (Puc. 10); 2) pe3epByap BHCUTh Ha MasTHUKOBOMY IIiJIBiCi, TOUKa
MiJBICY PYXa€ThCA y BEPTHKAIbHIA IUIOMIMHI 3a 33aJaHUM 3aKOHOM, pEe3epByap MOXKe
3MIHCHIOBATH KYTOBI KOJIMBaHHS 32 PaXyHOK KOJMBaHb BUIBHOI TOBEPXHI PIAMHHU, TOOTO
cucTeMa OTpPUMY€ JIOJATKOBMH CTYNEHb BUIBHOCTI — MOJJIMBICTh KYTOBUX KOJHMBAHb
pesepByapa (Puc. 1B); 3) pezepByap pyXaeTbcsi BEpTUKAIBHO 33 paXyHOK IiIBEICHOT CHUJIH, SIKa
3MIHIOETBCS 32 TapPMOHIYHHUM 3aKOHOM, TOOTO CHCTEMa OTPUMYE IOJATKOBUM CTYTCHBb
BIJIBHOCTI — MOXJIMBICTh PyXy pe3epByapa B BepTuKanbHil miouuHi (Puc. 1r); 4) pezepByap
PYXa€TbCsl BEPTHKAIBHO 3a PAXyHOK ITiJIBEICHOI CHJIM, SIKa 3MIHIOETHCS 3a TapMOHIYHUM
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3aKOHOM, 1 TOPU30HTAJIBHO 32 PaxXyHOK KOJIMBAaHb BUIBHOI MOBEPXHI piMHHU, TOOTO cucTeMa
OTPUMYE JIBa IOJATKOBUX CTYIICHS BUIBHOCTI; 5) pe3epByap BUCUTh HA MasSTHUKOBOMY ITiJIBICi,
TOYKa Ti/IBICY pyXa€TbCsl Yy BEPTUKAJIBHIM IJIOMIMHI 32 PaXyHOK CHJIM, KA 3MIHIOETBHCS 3a
TapMOHIYHUM 3aKOHOM, Pe3epByap MOXKE 3MIMCHIOBATH SK KYTOBI KOJWBaHHS 3a PaxyHOK
KOJINBaHb BIJIbHOI MOBEPXHI PiAMHU, TaK 1 BEPTUKAJIBbHI pyXH, TOOTO CUCTeMa OTPUMYE JIBa
JIOTATKOBUX CTYIICHSI BUTBHOCTI.

[Tpu npomMy At 3a0e3medeHHs] MOBHOTH MOCTAHOBKU 33/1a4l BUKOPUCTAaHUNA HACTYITHUN
MIIX11: BIZIMOBA BiJI TIMMOTE3W O MOYKJIMBOCTI HEXTYBAaHHS KOJMBAHHIMH Ha BJIACHUX YacTOTax
CHCTeMH (BpaxyBaHHS KOJIMBaHb BUIbHOI NMOBEPXHI PIAMHU HA BJIACHUX Ta KOMOiHAIMHUX
YaCTOTaX € BU3HAYHUM ), TOCITIDKEHHS TMHAMIKA CHCTEMH Ha OCHOB1 HEJIIHIHHOT MAaTEeMaTHYHO1
6araromoioBoi Mozeni (12 ¢opm KoIHMBaHb) Ta BpaxyBaHHS CyMICHOTO pyXy pe3epByapa Ta
pinunu [1].

t02 ., 1234512 3 45 s®)
R | 03 R
0.16 — 02
0.12 —| 0.1 —
| 0
0.08 — i
. 0.1
0.04 — J
N 02
» i
0 =
T T T T T g, 03 I I I T
1 2 3 4 5 6 0 20 40 60 80
Puc. 3. Obnacti nepioro pe3oHaHcy B Puc. 4. Amnnityaa 30ypeHHs BUTBHOT
y3arajbHeHill 3agaui dapazest 3 MOKIIUBICTIO MIOBEPXHI PiAVHY Ha CTiHII pe3epByapa

TOPU30OHTAJIBHOT'O HepeMiH.[eHHﬂ

BreceHHs1 B cucTeMy JTOAaTKOBOTO CTYMEHS BUIBHOCTI (MOXKJIMBICTh TOPHU3OHTAIHLHOTO
nepemilieHHs a0 KyTOBUX KOJIMBaHb pe3epByapa Ha MasTHHUKOBOMY Ii/IBiCi) IPUBOJIUTH 10
MiJBUIIEHHS YaCTOTH MapaMEeTPUYHOI0 PE30HAHCYy, IPUYOMY BOHA THM BHILE, YUM MEHIIE
Maca pe3epByapa o BiJHOIICHHIO IO MacH PiAWHA a00 UMM KOPOTIIIE TOBXKHUHA MassTHUKOBOTO
niasicy (Puc. 3, Mr — maca pinuau, Mr— maca pesepByapa, 1 — Mr= 100M7, 2 — Mr= 10Mr,
3—Mr=Mr,4— Mr=0,IMr, 5 — Mr=0,01M7).

[Ipu BepTuKampHOMY 30ypeHHI pyXy pe3epByapa 3 MOXIJIHMBICTIO TOPH30HTAJIBLHOTO
nepeMillieHHsT a00 KyTOBUX KOJMBAaHb HAa MasTHUKOBOMY IIiJIBici Ha BiAMiHY BiJ] KJIACUYHOT
3amaui dapajes TMHAMIYHI TPOILIECH B CHCTEM1 PO3BUBAIOTHCSA SIK CYKYITHICTh TApaMEeTPUIHOTO
pe3oHaHCy 1 BuMylieHux konuBaHb (Puc. 4). Ilns maHoro ysaranbHeHHs 3amadi Dapanes
MO>KJIUBUH BUX1J CHCTEMH Ha HEJIIHIHHUI peKUM KOJIMBaHb Ha Oyb-sKii 4acTOTI.

Bsarami, BuXiJi Ha yCTaJeHUH pPEKUM KOJIMBAHb B HENIHIHHMX 0araTo4yacTOTHHUX
CHUCTEMax THITY «pe3epByap — piJIMHA 3 BUIBHOIO MIOBEPXHEIO» MIPH IMapaMeTpUIHOMY 30ypeHHI1
PYXY pe3epByapa He BiI0OYBa€ThCs — CIIEKTP KOJUBaHb 30ypeHHS BUIbHOI MOBEPXHI PIMHU HA
CTiHI (K HAWUOULIBII XapaKTepHIM TOdYIN, SKa JAOCTYIHA JJIs BHUMIPIB Ta CIIOCTEPEIKCHHS)
3aBXKJIM MICTUTh TAPMOHIKH Ha BIACHUX Ta KOMOIHAI[IHHUX YaCTOTaxX.

Jlitepatypa
1. JIumapuenko O.C., Scunckuii B.B. Henunelinas nuHamMuKa KOHCTPYKUUH C )KHJIKOCTBIO. —
Kues: HanmonanbHbiil TeXHU4Yeckuil yauBepcutet Y kpaunsl «KITN», 1997. — 338 c.
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EKCIIEPUMEHTAJIBHI JOCJILJIZKEHHA PO3MUBY ITAJIBOBOI'O
XBHJIEJIOMY COJITOHHUMU XBUIAMHAU

Koponrbosa A.C., I'op6anb .M., Cokonosebkuii I'.I1., Pomanenko I1.10.
IactutyT rigpomexaniku HAH Ykpainu, Kuis, kanSnas@gmail.com

CyuacHa TeHIeHIsT B mpuOepexxHid Ta pPIUKOBi imxKeHepil (QoOKycyeTbes Ha
3aCTOCYBaHHI TPOHUKHUX cropya. HalOinpin MNOMMpEeHUMH eJeMEHTaMH TMPUOEPEKHUX
CHOPYA, SKi 3aCTOCOBYIOTHCSI B SIKOCTI BEPTHKIBHUX OHOp ab0 MOMEpedyHuX KpiIlieHb,
MawTh (OpMY KpYyroBoro IiwiiHApa (MOCTOBI OMNOPH, MOPCHKI IMIaTGOpMH, TMaIbOBi
XBWJICNIOMH Ta iH.). [IpUCyTHICTh TaKMX KOHCTPYKLIN B XBHJIHOBOMY IOJII 3MIHIOE JIOKAJIbHY
KapTUHY MOTOKY, CTBOPIOE JIOKAJIbHO BUCOKY IIBHAKICTh MOTOKY Ta 301JbIIy€E€ IHTEHCUBHICTH
TypOynenTHocTi. Lli mpolecH MOCHIIOIOTH JOHHY HANpyry 3CYBY Ta JIOKaJbHUH DPO3MHUB
HABKOJIO BEPTUKAIbHUX Majb [1]. B moganpmomMy 30UIbIIEHHS MICIIEBOTO TIEPEHOCY HAHOCIB
MOYK€E IPU3BECTH JI0 BTPATH CTIMKOCTI KOHCTPYKIiT a0o ii pyitHyBaHHS.

3BakalouM Ha aKTyaJbHICTh TpoOeM epo3ii Ta BIAKIAACHb, CIPUYMHEHUX CHUIBHUMU
HENMHIMHUMH XBHWJISIMH, B T. 4. 1 IlyHami, NOB’sI3aHUH 3 UM IEPEHOC HAHOCIB 1 JIOKAJIbHI
pPO3MHMBH HaBKOJIO MOPCHKHX XBWJICJIOMIB Ta TIAPOTEXHIYHUX crmopyna, B IHCTUTYTI
rinpomexaniku HAH Ykpainu npoBeneHo cepii MaciITaOHUX MOAETBHUX €KCIIEPUMEHTIB IS
JOCIIIJDKEHHST MEXaHI3MIB pPO3MHBY TaJbOBOTO XBUJICJIOMY COJITOHHHMH  XBUJISIMHU.
ExcriepuMeHTH BUKOHYBAJINCh B XBMJIBOBOMY KaHall JOBXHHOIO [6m, mmpuHoro 0.3m i
BUCOTOIO (). 7m, 00JIaTHAHOMY T€HEPATOPOM TTOOTUHOKHMX XBUJIb, CTICHIaTBHUM IPUCTPOEM IS
BIZICIKAHHA JMCIIEPCIHHOIO «XBOCTa», L0 BUHHMKAE TpPU TeHepalii XBWIi, Ta CHCTEMOIO
peectpariii (EMKICHI JaT4WKH, aHAIOroBO-IMppoBuii neperBoproBad (AL[IT), mepconampHumiA
koM 'torep (IIK), ¢oro- ta Bimeoamaparypa). PesepByap mae ckisHi Oi4HI CTiHKH, IIO
3a0e31euye XOpOIIni OTJIsi MOTOKY Ta MPOIIECY PO3MUBY.

Mogeni XBWJIETIOMIB, IHIO CKJIAJA€ThCA 3 ONHOTO psAAy OJIM3BKO pPO3TAIIOBaHUX
BEPTUKAITBHUX MWJIIHIPUIHHUX MaJIb D=25MM 1 BIICTAaHHIO MK IBOMa CyMIKHUMU IUAJITHIPAMHU
S=28mm, 17mm 1 I1mm BCTAaHOBIIOBAJIMCH B MIIIAHOMY IPYHTI B CEepeIHiNl 4acTHHI KaHAITy
NEePIEHANKYJISIPHO HANIPSMKY PYXy MOTOKY. Epo3iifHe THO MOAETIOBAIOCH PIBHOIO TISTHKOIO
JIOBXKUHOIO /.3m 1 TOBIIMHOIO (). /M, 3aTIOBHEHOIO MICKOM 3 CEPEIHIM JiaMeTpOM YacCTHHOK
dso=0.3mm. [Ins Toro, mo0 minaHa OCHOBA HE PO3ILIMBAJIACh B3JIOBXK KaHAIy, 3 000X KIHIIIB
BCTAaHOBIIEHO OeToHHI omopu 3 yxwioM 1:1. I'mubuna Boau HaA MIMIAHUM JTHOM
MiATpUMYyBaiachk Ha piBHI (.05m. 3aranpHa rauOMHA BOAM B KaHai ckiaagana ~0. 1 5m.

[Ticns reneparii 30ypeHHS BUIbHOI TOBEPXHi, BHUKIWKAHE TPOXOKEHHSM XBHIII,
¢ikcyerscs matuumkamu. CurHan Bij natuukiB nepenaerbes Ha AL 3’eqnanuit 3 [IK. Ile
JI03BOJISIE OTPUMYBATH 1HGOpMAIil0 y BHUIIIAAI rpadiky 3aJeKHOCTI aMIUTITYId XBHII B
YMOBHUX OJMHUIIIX Bil 4acy, a TakoX 4YucioBoMy ¢opmari. [lyis mpuBeneHHs AaHUX 10
PO3MIpDHOTO BUIUISIIY BHUKOHYETHCS TapyBaHHS JAaTUYMKIB TIEpell KOXXHOKO  CEpieEro
€KCIIEPUMEHTIB.

[Ipodine MOOIMHOKMX XBWUJb, IO (OPMYBaIUCh B EKCIIEPUMEHTI, BIAIMOBiIA€E
TEOPETUIHOMY IPOQLITIO 1 BU3HAYAETHCS TEOPIEI0 MOOJUHOKUX XBIJIb MaJlol aMIUTiTy i [2]:

1/2
77:a-sech2 (3a/4H3) x|,

Jie a — aMIUTITy/1a TOOAWHOKOI XBUJI, / — He30ypeHa rinuOuHa BOIU B JIOTKY.
[[IBUAKICTh TOOJUHOKUX XBUJIb TEOPETUYHO MOYKE OyTH BH3HAUECHA 3 PIBHAHHS ¢ =/g(H +a)

, 16 g — IPHUCKOPEHHS BIILHOTO MaiHHS.

[Ipomiec B3aeMonii MiXk MOOAMHOKOIO XBWJICIO Ta PI3HUMH IEPELIKOJAMH CYTTEBUM
YUHOM BiZIPI3HAETHCS Bi B3aEMOJIII PETYISAPHUX XBUJIb 3 aHAJIOTIYHUMHU KOHCTPYKIisiMu. Ha
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BIIMIHY BiJ CTalliOHApPHOTO TIOTOKY ab0 pEryJsipHUX XBWJIb TIOOJAMHOKI XBWII €
KOPOTKOTPHBAINM SIBUILEM, i (JOPMYBaHHS JYHKH PO3MHBY HABKOJIO IWIIHAPUYHUX Mallb
BiZIOYBA€THCS MOCTYNOBO 31 30UIBIIEHHSAM KiJIBKOCTI MPOOIriB B €KCHEPUMEHTI. 3 KOXKHHM
HACTYITHUM Npo0iroM HaHOCH BUHOCSITHCSI XBUJICIO 32 ONOPY, (POPMYIOUH HAKOTIMYECHHS 0CaTy
3a nepemkooo. [Ipu 11boMy ocajl 3 IyHKU He BUHOCUTBCS XBUJIEIO JAJIEKO BiJl MEPELIKOIH.

Puc. 1. ®orokanapu ekcriepuMeHTy

[Ipouiec ¢popmMyBaHHS TYHKH PO3MHUBY BiTOYBa€ThCS JOMOKH HE Oyjae JOCATHYTHH
MIEBHHUI PIBHOBAXXHUU CTaH, MPH SKOMY IJTMOMHA JIYHKH PO3MHUBY B)Ke He 30ubmyeThes. [Ipu
BOMY CJIJl 3a3HAYUTH, IO TPOTPEC [0 piBHOBAru, Mepul 3a Bce, Oyae KepyBaTHCS
CITIBBITHOIIICHHSIM TPUBAJIOCTI IyHaMi JO YacOBOro MacmTaly pO3MHBY, SKHH IS
OJIMHOYHOTO 3aTOIUICHHS BiJ IyHami, IIBHIIE 3a Bce, Oyae HHU3bKHM. TakuM YHHOM,
pPIBHOBa)KHA TIIMOMHA MOXKE OyTH IOCSATHYTA JIMIIE TICHs ACKITbKOX 3aTOIUICHb 1 3BOPOTHHX
MOTOKIB.

OpHUM 3 OCHOBHHUX ITapaMeTpiB, 10 BU3HAYAE PO3MHB HABKOJIO MaJIh B YMOBaX PyXOMOTO
nHa, € uncno Keinerana-Kapnenrepa [3]:

KC=U,T/D,
ne U, — MakCUMaJIbHE 3HAYCHHSI IITBUKOCTI KOJMBAJILHOTO MOTOKY; 7 — Mepio1 XBHUIII.

[Ipu Buznauenni KC s MOOJWHOKUX XBUJIb 1, BIATOBIIHO, PIBHOBaXHOI TIMOWHU
PO3MMBY ITiJ] HOOAWHOKHUMHU XBUISIMA HEOOX1THO BpaxOBYBaTH MEBHI BiIMIHHOCTI, K1 ICHYIOTh
MDK PETyJISIpHUMU/HEPETYIIPHUMH XBUJISIMH 1 TIOOJUHOKMMH XBHJISAMH (BIJCYTHICTh
3BOPOTHOTO TIOTOKY 1 MEPIOIUIHOCTI B TOOJMHOKHUX XBHJISX ).
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CIIOCIBb CTATHYHOI'O KEPYBAHHSA CTPYKTYPOIO OBMEXEHOI'O
3AKPYYEHOI'O ITIOTOKY
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3aKpyTKy MOTOKIB 3aCTOCOBYIOTH MPH IMPOCKTYBaHHI €HEPreTHYHHUX 1 TEXHOJOTIYHUX
IPUCTPOIB 3 METOI0 a00 IHTeHCH]iKallii MPOLIECIB Maco- 1 TEIUIONEPEHOCY B pOOOYNX MOTOKAX,
a00 OJIOKyBaHHS TETUIOOOMIHY B CTIHKM BHCOKO(OPCOBAHMX Kamep 3TOpsiHHs, a00 cemaparlii
OKpEMUX CKJIQJIOBUX 0araTOKOMIIOHEHTHHX Ta 6aratodazHux piAMHHUX cucTeM. B oOMexxeHnx
noTokax BuxpoBux kamep (BK) mig miero BiAIIEHTpOBUX CHJI BUHHUKAIOTH pajialibHi 1 OChOBI
TpaflieHTH THUCKY, IIO 3a CHENU(IYHUX YMOB B’A3KOi BiJIEHTPOBOI HECTIHKOCTI MOOIU3Y
KPUBOJIIHIMHUX CTIHOK Kamep hopMye TPUBUMIPHI 3CYBHI 30HHU 1 3HAYHO YCKIIAIHIOE CTPYKTYPY
Teii.

JlocnmikeHHAM aepoJIMHAMIKA BUXPOBHX amapariB MPOTOYHOTO THUIY —  KaMmep
3rOpsSiIHHS Ta30TYpOIHHUX IBUTYHIB, TONKOBHUX MaJbHHUKIB MPOMHCIOBHX Ieueil, MapoBUX
KOTJIB, IUIa3MOTPOHIB TOIIO TMPHUCBSIYECHA BENWKa KUIbKiCTh mparpb [1, 2]. IIpore Habarato
MEHIIIE yBaru NPUIUIIOCS BHUBYEHHIO CTPYKTypu mnoTokiB y BK TopueBoro tumy 3
OJTHOOIYHUM PO3TalTyBaHHSAM TJIYXOTO TOPIS BiTHOCHO COTUIOBOTO By3ja. TpamullifHO mpu
npoekTyBaHHI BK X TynukoBi yacTvHU (32 HAIBHOCTI TEXHOJOTIYHOI HEOOXITHOCTI OCTaHHIX)
MaKCHMaJIbHO CKOPOUYBAJIH Yepe3 ysIBICHHS IMPO HECTINKIH 1 HABITh «3aCTIHHUI XapaKkTep Tedil
B HUX Ta JJIs 3a1100iraHHs MOMJIMBOTO 301BIICHHS aePOAMHAMIYHOTO OIOpY.

TynuKOBI YaCTHHU YTBOPIOIOTHCS B MPUIIOPITHEBUX 30HAX IMJIIHPIB JBOTAKTHHUX JIU3ETIIB
Ha (a3ax MpOAYyBKU 1 HAIMIOBHEHHS, Yy TOBITPOIPOBOJAX BEHTWIALIHHUX CHCTEM, Y BUXPOBUX
KianaHax Tomro. [lepmM 3BepHYB yBary Ha He3BHYalHY MOBEIAIHKY MOToKy y BK ToprieBoro
turry Wormley [3] npu anami3i B3aeMo/JIii HECTUCIMBOI BICECUMETPUYHOI 3aKpydeHoi Tedii 3
IPUMEKOBUM MIAPOM Ha TOPLEBOMY AMCKY KaMepU MAaKCUMaJIbHO KOPOTKOI JOBXKHHHU.
[Nomanbii cnpoOu OTpUMAaTH CXeMaTU4HI KapTUHH Tedii B TyMUKOBUX yacTuHax BK Hanexats
aBTopaM poOiT [4, 5], SKi HOCATH HAATO HAOIKEHUHN XapakTep 1 0OMEeXeHI reOMETpier0 came
KOPOTKUX Kamep 3a TumoMm pgochipkeHux B [3]. CyTo TigpaBIidHUM XapaKTEPUCTHKAM
MOBITPONPOBO/IIB 3 TYMTMKOBUMH 30HaMH 0€3 3aKpyTKH MOTOKIB OyJ10 mpucBsiueHo podoty LIATT
[6]. B Hiii Briepiire Oyia moMiueHa HacTyITHa IapaoKcanbHa 0COOIMBICTh: HAUOUIbINE 3HAUEHHS
Koe(illi€HTa OMOPY CIIOCTEPITAIOCs MPU YCTAHOBII TIIYXOTO TOPIIS BPIBEHb 3 KPOMKOIO O19HOTO
BX11HOTO O0TBOpPY. [IpH 3011bIII€HH] BiICTaH1 MTOMIXX HUMH KOS(IIIIEHT OMOPY Pi3KO 3MEHIITYETHCS
1 IpY TIEBHOMY 3HAY€HHI I1i€i Bi/ICTaHI CTAHOBMB CBOIO HAallMEHIIly BEJIMUMHY. X04Ya CTPYKTypa
MOTOKIB, 00/1aii HA MAaKpOPIBHI, B ITil Mpalll HE BUBYAJIACS, BOHA JIA€ MIACTaBH sl TOCTAHOBKH
JOCITIJKeHb MO 3’SICYBaHHIO TNPHHLUIIOBOI MOXJIMBI CTaTUYHOTO KEpPYBaHHS CTPYKTYpOIO
MOTOKIB BUKOpUCTaHHAM ¢akTopy riubunu TynukoBux 30H BK. Ile#t dakTop, sk mokazaHo B
po6oTi [7] Ta iHmMX poOoTax aBTOPiB, Ma€ OyTH OOYMOBICHHI B3a€MOJII€I0 CPOPMOBAHOIO B
TynukoBiii dactuHi BK ckimagHoi cykymHOCTI KorepeHTHUX BuUxpoBux cTpyktyp (KBC) 3
«aKTUBHOIO» YacTHHOIO BXigHoro nmoroky BK. ExcnepumMenrtanbHa abo TeOpeTHKO-4MCENbHA
MOCTAaHOBKA 3a]1aul JE€TaJIbHOIO BUBYEHHS TaKOi B3aEMOIIi € AyKe ckianHowo. Tomy Ha naHoMy
eTari NpOMOHYETHCS IHTErPaJbHUN MiAXiJ A0 MPUHIMIIOBOTO BUPIMIEHHS MPOOJIEMH ILIIXOM
excriepuMeHTabHOi1 oriHkH BBy KBC TynukoBoi yactuau BK Ha kiHeMaTuky 3akpydeHOro
MOTOKY Ha BuUXoAi kamepu. [lOTiK TOBITpsl MOAAaBaBCS TAaHTEHINATBLHO [0 MHJIIHIPHYHOL
nopoxxauHu BK BHyTpimHiM giamerpom dp = 0,102 depe3 BXilHE TaHIEHIialbHE COILIO 3

TIPOTOYHOIO YACTHHOIO po3mipamu 0,041x0,025 m> 1pu 0cboBOMY KyTi ycTaHoBkH ¢ = 0° i KyTi
TaHTEHI[IAJIbHOCTI ¥ = 88", HocmimkyBanuii miama3oH uucen PeifHonbaca 3a mapameTpaMu
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coma ckiagaB  Re =47000+-87000. TepmoaneMOMETpHYHI BHUMIPIOBaHHS aKTyaJbHOI
IIBUJKOCTI TIOTOKY Y BUXIJHOMY Mepepi3i Ta mojajiblia cTaTHCTUYHAa 00poOka iHdopmarii
JI03BOJIMIIA 3°SICYBaTH PEAKI[iI0 CTPYKTYpHU BHUXITHOTO MOTOKY Ha 3MiHY BiTHOCHOI TJITMOWHU
Tynukosoi 30uu BK L' = L/ d, (ne L—Bincranb Bix BHYTPIlIHBOT KpaliKK BHXIHOTO Epepi3y
comia [0 TAyXOTO TOpIsA) TpH ABOX MOJOXKEHHAX Tayxoro Topus: L' =0 i L =4.4.
[IpoBenenuii aHami3 KapTHH pPO3MOIUTY IOMIHYIOUHX KOMIIOHEHT YCEpEeIHEHOI 3a 4acom
WIBMAKOCTI BHMXIZHOTO MOTOKY — TpaHcBepcanbnoi U =U/W, ta ocvosoi W =W /W, ,
BIJTHECEHMX JI0 CEPEIHBOI 32 BUXITHUM TEPEPi30M KaMePH MIBUAKOCTI MOTOKY, TTOKA3ye, 10 3a
HAsBHOCTI MaKCHMAlbHOI TymHMKoBoi ob6macTi Tedii (L =4,4) BinOyBaeThcs 3MeEHIIEHHS

TpaHcBepcanbHOI mBHUAKOCTI Ha 15% mpu Re = 86530 1 na 21% npu Re = 47080 npu 3pocranHi
ocboBoi mBHIKOCTI Ha 19,7% npu Re=86530 1 na 8,5% npu Re=47080 mopiBHAHO 3
BapianToM kamepu npu L =0. Lleit (akT cBiguuTh Npo MEBHUI TEpepo3NOIia KiHETHUHOT
eHeprii BiJ CEepeaHbOr0 TPAHCBEPCATBHOIO PyXy 1O OChOBOrO. PerymsipHuil xapakrep
3arajbHOTO PO3MOJILTY TOCHITHUX TOUOK IMPU 000X TPAHUYHUX 3HAYECHHSX BiTHOCHOT TTTHOMHHU
TYNHUKOBOI YaCTUHHU KaMepH OIOCEPEJIKOBAHO CBIAUUTH MPO XUOHICTh TPAAULIHHUX YSBICHb
PO TaK 3BaHy «MEpPTBY 30HY», TOOTO BMIAJKOBHMH XapaKTep HEBIOPAIAKOBAHOI Teuil B
TynukoBux obnactsax BK Topresoro tumy. [TopiBHSHHS ycepeIHEHHX 3a BUX1IHUM IepepizoM
BEJIMYMH IHTETPAIBHOI BITHOCHOI IHTEHCHBHOCTI OCHOBHX 1 TpaHCBEPCAIbHUX ITyJIbCAIliil

. 1/—F . )
MIBUAKOCTI & = 2(u'2 + W'z) V,, ne V, =\ U? +W? — nokajibHa TaHTEeHIiaTbHA IIBHIKICTb

3aKpy4YeHol Tedii B pi3HUX TOUYKAX JiaMeTpa BUXiAHOTro morepedHoro mnepepizy BK, mokasye
HacTymHe. Ilepexis BiJ MakCHMAanbHO KOPOTKOI TYNHKOBOI 30HH 10 BHAOBkeHOi (L =4,4)

CHPUUMHSAE 3POCTAHHS BEIMUYMHM £ BigHOCHO Bapianta L =0: npu Re = 86530 no 3%; npu
Re=47080 OGimpme 11%. Lle cBiquuTh MpO MOKpPALICHHS IMPOIECIB TepeMilllyBaHHS B
noposxuuni BK npu L' = 4,4 . Tlpu 1boMy BUMipIOBaHHS BTpaT HOBHOT'O THCKY IS KamMep 060X
BapiaHTIB TOKa3aJl0 HE3HAYHy 3MiHY aepoJMHAMIYHOIO OINOpYy KaMepu 3 MaKCHUMAaJbHO
BHJIOBKEHOO TYIIMKOBOIO 30HOK NOPiBHAHO 3 BapianToM BK mpu L = 0 : ipu Re = 86530 mae
Mmicue 30unbieHHs: BTpar Ha 2,8%, npu Re=47080 3menmenHns ix Ha 1%. Lli Benuunnu €
MEHIIUMH 332 TOXHOKHU BUMipIOBaHb. TakuM 4MHOM, TOCTIIXKYBaHUH CIIOCIO KepyBaHHS HE €
3aTpaTHUM.

[TpoanamizoBaHO YACTOTHI CIEKTPU MyJbCAIlid MIBUAKOCTI B XapaKTEPHUX TOYKAX
BuxinHoro nepepisy BK mpu L' =4,4 1 L' =0.
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KOMII'IOTEPHE MOAEJIOBAHHS TAUEKCHEPI/IMEHTAJII)HI
JOCJIIIXKEHHS XBUJIb HA BIUIBHIU ITOBEPXHI PIJIMHU
B «CIIIBOYOMY BOKAJII»
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B po6oTi po3riisimaeTbes mosiBa  XpeCTONMOAIOHNX XBHJIb HA BiIbHINA MOBEPXHI PIIMHUA B
«CIiBOYMX OOKajax», sika MOSICHIOETHCS Ha OCHOBI BUKOPUCTAHHS METO/a CyNepro3uiii mpu
aHATITUIHOMY PO3B’s3aHHI 3a7a4i. XpecTonoAiOH1 XBUI MalOTh rpeOeHi, MepreHIuKyIIpHI
710 BIOPYI04O1 CTIHKH XBUJIEIPOIYKTOPY, TOOTO A0 «CIIBOYOTO OOKATY», KEPOBAHOMY PyXaMH
najbls. 3TiAHO 3 €KCIEPUMEHTABHUMH JOCTIDKCHHSIMA BUMYIICHI XBHJII MalOTh YOTHPH
BY3JIM B a3UMYTaJbHOMY HAmpsMKY. [[Jisl BUMYyIIIEHUX XBWJIb BHBOJUTHLCS JiHIHA MO, a
JUISL XpeCTOMOMIOHUX XBUJIb PO3POOIISIOTHCS HEMHINHI TapameTpudHi Moaeni. KoM totepre

MOJIeNOBaHHsl Ta rpadiyHe NpeACTaBICHHS BIIBHOI IMOBEPXHI 3a JIOMOMOIOI0 JEKIIBKOX
BJIacHUX (HOPM MOKa3y€e OCHOBHI PUCH XBUIIBOBUX CTPYKTYP Y «CIIBOYHX OOKaJIax».

[[{o6 mpoaHamizyBaTH XBHWJII Ha BUTBHINA TMOBEPXHI PIIUHU B «CIIIBOUYOMY OOKai»,
pPOOHUTHCS TPUITYIEHHS MO0 TeoMeTpii 3amaui: KOHTeHHep y (opMi darm 3aMiHIOETHCS
MUJTHIPOM 3 KPYTIUM TOMEPEIHUM nepepizoM (pajiycy R) i IIIOCKUM TOPU30HTATBHUM JTHOM.
Xoua 1151 OCHOBHA T€OMETPisl € BICICUMETPUYHOIO, CTIHKA IMJIiHApPA Ma€ KOJIUBAHHS 110 JAPYTii
MOJIi B KPYTOBOMY HAIPSMKY, TOOTO TI0 cos26 - 3aJIeKHICTIO BiJl a3UMyTaIbHOT KOOpAMHATH 0.
PyX pinnHu 3py4HO ONMUCYBaTH B MMJIIHAPUYHIN cUCTEMI KOOpAUHAT (7, 6, X), TIpU IIbOMY BiCh
X HaNpaBIIAE€ThCS Y3/I0BXK OC1 CUMETPii KOHTeiHepa. Pinnaa Mae cepennio rmubuny d; cepeHe
MOJIOKEHHS BUIbHOI MOBEpXHI MpUHMAaeThes 3a X = (), TaK L0 IMOJIOKEHHS JHA pe3epByapa
3amaeTbes X = -d. CTiHKa MIIIHApPA TApMOHIKHO BIOpY€E 3 4acTOTOI » TaKHUM YHHOM, IO ii
paniyc 3MminioeThes, Sk R'=R+ y(x,0,r), ne y=acos20cos(nx/d)coswt i onucye
KOJIMBAaHHS CTIHOK HuimiHapa. [Ipumyckaioun, Mo piiMHa € HEB’SI3KOI0 1 HECTHCIMBOIO, TOJIE
IIBUKOCTI MTPEACTABIISUIOCS B TEPMiHAX MOTEHITIATY IIIBUIKOCTI.

Hes3Baxaroun Ha Te, 1m0 xpecTonoxiOHi xBuii Oynu omucani me Papageem (1831p.),
TEOPETHYHE OOTIPYHTYBaHHSI MOKIIMBOCTI 1X 30y KEHHS B «CIIIBOYOMY OOKaJIi» OyJI0 OTpUMaHO
HemoAaBHo [1], 1e mosiBa TaKUX XBUJIb MA€ XapaKTep pe30HAaHCHUX KojuBaHb. [100yqoBaHO
IB1 MareMmaTu4Hi mojeni. Ilepma Moaenp onucye MOsIBY XPECTOMOMIOHUX XBHJIb, KOJIM Ha
NOBEPXHI BUIBHOI PIMHU CIOCTEPIraeThCsl JHIIE OJHA BJacHA MOJAa, a Jpyra MOJENb
3aCTOCOBYETHCS Y BUMIAAKY, KOJIM IPUCYTHI IIOHAWMEHIIe AB1 a00 Tpu BiacH1 moau. ['padiuni
NpEJCTaBICHHA BUIbHOI TOBEpPXHI 3 TphOMa BJIACHUMH MOJOBOMH  AImpOKCHUMALisIMU
B1JIOOpa)KalOTh OCHOBHI OCOOJIMBOCTI XBHWJIBOBHX CTPYKTYp, SKi E€KCIIEpUMEHTAIBHO
CTHOCTepiraloTbess B «cmiBouoMmy Ookani» (Puc. 1). lns pe3oHaHCHOTO peXuMy B MepIuii
MOJIeJIi OTPUMAHO JIMIIIEC OJHE PIBHSHHSA, a y JAPYTIA - CHCTEMY 3 TPhOX piBHsIHB. OUeBUIHA
BIIMIHHICT, MOJEJNEH TMOJIATaE B PI3HUX YACTOTaX MOBEPXHEBUX KOJIMBAHb: Yy TEPIIOMY
BUITQJIKy YacTOTa JIOPIBHIOE YaCTOTI MOBEPXHEBHX KOJMBAHb MIJIIHAPUIHOTO Ookamy. Kpim
TOTO, aMIUTITY/la KOJMBaHb Yy MEPIIii MOJENI € Ha MOPSIOK MEHIIe, HiX y apyromy. Jpyra
MoOjeNnb Tiepenbavae ogHOYACHE 30Yy/KEHHS TPHHANMMHI JBOX PpPE30HAHCHUX (opm.
Bumiproroun eKCriepuMeHTaIbHUM [UIIXOM YaCTOTH KOJMBaHb LMJIIHIPA 1 MOPIBHIOIOYH iX 3
BJIJACHUMH YaCTOTaMH CIIOCTEPEKYBAaHMX XPECTOMOMIOHMX XBWJIb OyJIO TOKa3aHo, 0
peaizyeThes Ipyra MOJENb 3 TPhOMa BIACHUMH MOJIaMU, SIKi MalOTh BJIACHI 4acTOTH OJHM3bKi
MDXK c0000 Ta 710 3HAYCHHS TTOJIOBUHH YAaCTOTH KOJIMBaHb TTOBEPXHI MUJIIHPA.
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(a) (6)
Puc. 1. TlopiBHSHHS MK EKCIEPHUMEHTAIbHO CIIOCTEPEIKYBAHOIO CTPYKTYPOIO
XPECTOMOAIOHNX XBUIIb 1 TEOPETUYHOIO MOJICIUTIO: (2) eKCIIepUMEHTaIbHa Bi3yasizairis,
(0) rpadiune mpencTaBiIeHHS BUIBHOI MOBEPXHI JJIS BHUIIAAKY alpOKCHUMALii TphoMa
BJIACHUMH MOJIaMH 3 XBHJIbOBUMH TlapameTpamu =98 j=4, i=100 j=4 ta i=102 j=4 (ne
1 — KUIBKICTh XBUJIb B KPYTOBOMY HAmNpsMKY, a j - KUIBKICTh XBWJIb B pajliaIbHOMY
HarnpsMKy) hopmamu Y98 4(r, 0), w100 4(r, 0), w102 4(r, 0).

TakuM 9MHOM, pe3ysbTaTH EKCIEPHUMEHTATBHUX MOCHIPKEHb CBiI4aTh MpO Te, IO
pearmizailiss XpecTONMOAIOHUX XBWJIb 3IIHCHIOETHCS 32 TEOPETHYHOIO MOJEII0 3 TphbOMa
3B’SI3aHMMH B3a€MOMIIOYMMHU BIACHUMH MOJAMH KOJHMBAaHb 3 OJIM3bKMMH PE30HAHCHUMHU
BJIaCHUMH 4acToTaMu. ['padiuHe mpeAcTaBiIeHHsS BUIBHOI MOBEPXHI 3 TphOMa BIACHUMHU
MOJaMH BioOpa)ka€ OCHOBHI OCOOJMBOCTI XBHUJIBOBHUX MOJIEECH, IO CHOCTEPIraloThCs
EKCIIepUMEHTAIBHO Ha BUTBHIHM MOBEPXHI PiMHHU, 0 MICTUTHCS B «CIiBoYOMY Ookaii». [TosiBa
YOTHPHOX 30H 13 3pOCTAHHSAM Ta 3MEHIICHHSIM aMIUTITYAW XBWJII Ta iX pO3TallyBaHHS B IIHX
30HaX TaKOXX MOSCHIOETHCSA 30HAIBHOIO CTPYKTYPOIO KOJMBAaHb IIMIIIHAPHUYHOI MOBEPXHI CKJIA.
YacoBa eBOJTIOLIST aMILTITY/T TPhOX MapaMEeTPUIHO MOB’ I3aHUX BJIACHUX MO/ OyJa TOCIiKeHa
B pailOHaxX MMEpPBUHHOI CyOrapMOHIYHOI HECTIHKOCTI.

[1]. T.S. Krasnopolskaya. G.J.F. van Heijst, Fluid surface waves in a partially filled "singing

wine glass'. The European Journal of Mechanics B/Fluids (EJMBF), 2018, 67, January,
N1, P. 116-124.
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KEPYBAHHS PYXOM PE3EPBYAPA 3 PIZTUHOIO HA OCHOBI KOMITEHCAIIII
CIJIOBOI'O BIAT'YKY PIIMHU HA CTIHKH PE3EPBYAPA

JIumapuenxko O.C., Cipenko O.0.
KwuiBcbkuii HarioHanpHUE yHIBepcuTeT iMeHi Tapaca IlleBuenka, olelim2010@yahoo.com

3amadi mpo KepyBaHHS CYMICHHM PYyXOM KOHCTPYKIIiH, SKi MatOTh 0araTOKOMIIOHEHTHY
CTPYKTYpY, € HOCUTh CKJIaTHUMHU. BHYTpIlIHI CTyNEHi BUTBHOCTI CUCTEMH (BIIHOCHHHA PYyX
CKJIaJIOBUX KOMIIOHEHT CHCTEMH ) 3HAYHO YCKJIAIHIOE SIK pealibHy OBEIIHKY TaKHX CUCTEM, TaK
1 popMyITIOBaHHS BiIOBITHUX MaTeMaTHYHUX 3a/1a4. OcOOIMBO 3HAYHI TPYAHOIII BHHUKAIOTh
MIPU CYTTEBOMY TPOSIBI HENMHINHUX BiIacTuBOcTel cucteMu. OIMHHUM 13 HaWOUTIBIN SICKPABUX
NPUKIIAIIB TAKUX CHCTEM € 33j1a4a KepyBaHHS PYyXOM pe3epByapiB 3 PIAMHOIO Ul BUMAJIKIB,
KOJIM BIJIHOCHA Maca PiJINHU € CYTTEBOIO, a BIUIMB PYXOMOCT1 PIAMHHU HA JUHAMIKY CUCTEMHU €
3HayHUM. Takoro poay 3a7adi MaroTh BUCOKE MIPUKJIIAIHE 3HAUCHHS B ACPOKOCMIYHIM TEXHII 1
B 3aJladyaX €HEPreTHYHOI 1HQPaCTPYKTypH, KOJIH B OOMEKEHOMY MPOCTOpi Tpeba BHKOHATH
TOYHUU PyX KOHCTPYKIIIT 3 piAMHOI0. B MaTeMaTnyHOMY TUTaHI s 3a/1a4a Ma€ PO3TIISIIATUCS B
paMKax CyMmicHOI 3aja4i HEJIHIMHOI JUHAMIKM pe3epByapy 3 piauHOI. BigHOCHO BHCOKa
PO3MIPHICTh CHCTEMH Ta ii HENIHIWHICTP HE JJO3BOJSIOTH 3acTOCYBATH J00pe Bimomi
MaTeMaTU4YHl METOAM JOCHIDKEHHS 3a/lad KepyBaHHsS pyxoM. MaremaTHuHa MOJENb 3a/aayi
OyayeTbcs Ha OCHOBI BapiariiiHoro npunuuni I'amineToHa-OCTPOrpazChKOro 3 MOJANBIINM
BUKOPUCTAHHIM METOJy MOJAIbHOI Jaekommosuiii [1]. BimoMo, 1mo ckiagoBor 4acTHHOIO
BUKOPUCTaHHS BapialiiiHoro mnpuHuuny [ aminbToHa—OCTpOrpajcbkoro € MOXKJIHMBICTD
AQHATITUIHOTO BU3HAYEHHS CHJI B3a€EMO/IIT MI>K KOMITOHEHTaMH 1 AMHAMIYHUX TPAHUYHUX YMOB
3amadi K npupogHux. s 3amadi mpo AMHAMIKY pe3epByapa 3 piAMHOIO 1€ J03BOJISIE B
AHATITUIYHOMY BUTJISIZI BUSHAYUTH TOJIOBHUN BEKTOP CHJI THCKY PIIMHU Ha CTIHKH pe3epByapa
(cunmoBwii BIATYK pinuHu). Ha OCHOBI JaHWX CHIJIOBOI B3a€MOJii KOHCTPYKIII 3 PiIWHOIO
PO3IJIIHYTO aJITOPUTM KEPYBAHHS PYXOM, OCHOBHOIO 1I€€I0 SIKOTO € MPUHLHKIT KOMIIeHCAIli
CWJIOBOTO BIATYKY pimnHU. Takuii anroputM A03BOJIUB MOOYIyBaTH KEPYBaHHSI, IKE BUKIIIOUAE
BILJIMB PYXOMOCTI PIIUHH Ha PyX TBEPAOTO Tija, IO € BKpail BaXJIMBUM JJIi BACOKOTOUYHOTO
BUKOHAHHS MIPOTPAMHUX PYXiB KOHCTPYKLIN 3 pinuHOI0. Lle kepyBaHHS HE € ONTUMAJIbHUM,
MPOTE BOHO J103BOJIsIE €PEKTUBHO MPOBECTH BUBUYCHHS HEIIHIMHOI 3a/1a4l y BUNIAJKY ii TOCUTh
BHCOKOI PO3MIpHOI.
3anuiemMo CUCTeMY PiBHSHb pyxy y Burisai [1, 2], ne «; — aMmIUNTyAHI MapameTpu
30ypeHHs (hOpM KOJIMBaHb BUIBHOI MOBEPXHI PIAMHN (BU3HAYAIOTH PYX BUILHOI IMTOBEPXHI) €;
1 o, — MapaMeTpu MOCTYNAIBHOTO 1 00epTalbHOTO PyXiB KOHCTPYKLIi, SKi BU3HAYAIOTh PyX

TBEpJUX TpaHUIs 00aacTi pinuau. OOpaHi MmapaMeTpH MOBHICTIO XapaKTePU3yIOTh AUHAMIKY
CHCTEMH, OCKIJIbKM 32 iX 3HAYCHHSIMH MO’KHA BIJIHOBUTH XapaKTEPUCTHKU PyXy BUIBHOI
NOBEPXHI PiAMHU &, TMOJe MIBUAKOCTEW PIiAMHU, TOJE THUCKIB, KyTOBY MIBUAKICTH PYyXY

pe3epByapa ;.

LR 3

. F+R  _, . 00, do, (1 1 .
S vgs Y, Y Sl )|t
Mp+Myp ol p’szléa, oo, \ p p

ne F i M, — BifmoBiaHO 30BHILIHS CHIA | MOMEHT, 10 AilOTh HAa KOHCTPYKIIiIO, @ R 1 Mj—
TOJIOBHI BEKTOPH CHJI 1 MOMEHTIB TUCKY PIAMHHU Ha CTIHKH KOHCTPYKIIii, SIKi 32 BapialifHUM
MiIX0/IOM BHU3HAYAIOTHCS ABTOMATHYHO SK CKJIAJOBI YaCTHMHU TEXHIKM BapifOBaHHS, TO 3
PIBHSIHB PyXy MOKHA BUBECTH aHATITUYHI BUPA3U IS IIUX MAapaMEeTPiB CHIIOBOI 1 MOMEHTHOI
B3a€EMO/IIT PIAMHU 3 KOHCTPYKIIE. 3ayBaXUMO, 10 B JIITEPATypi 3 TUHAMIKA KOHCTPYKIIH 3
PIIMHOIO TaKa CHIIOBA B3a€MO/Iis 3a3BUYall BUBHAYAETHCS IIUIIXOM 1HTETPYBAHHSI CHJI TUCKY HA
CTIHKaxX pe3epByapa, 110 3HAYHO CKIIAJHIIIe, 1 JIUIIE JJIi YaCTMHHUX BUMAIKiB. TyT 1mei
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pe3ybTaT OJIEPKY€ETHCSI aBTOMAaTHYHO SIK CKJIa/I0Ba YAaCTUHA TEXHIKHM BapitOBaHHS 1 JJIs1 OLIbIII
3araJbHOTO BUMAJKY.

R=p Zdidjéijz» + Z didjakél;k —Zc’ii Ell +Zaj§ij2» "’Zajakéii‘k . 4)
i,j i,j,k i J J.k

BusnaueHHs mapaMeTpiB CHJIOBOT i MOMEHTHOI B3aeMOJii KOHCTPYKIIi 3 PIAMHOIO B
aHATITUYHIN (HOpMI TO3BOJISIE HE JTUIIIE OLIIHUTH TaKy B3aEMO/III0 KUIBKICHO, a F 3alpOnoHyBaTH
HOB1 aJITOPUTMH KEPYBaHHS PyXOM KOHCTPYKIIH 3 pIAMHOIO, B SKMX BUKIIOUYEHO UM 3HAYHO
0cCJ1a0JIeHO BIUTMB KOJIMBAHb PIAMHU HA JUHAMIKY PYXy KOHCTpyKIIii. OCHOBHA ies1 OOy I0BH
KEepyBaHHS CYMICHHM pYXOM KOHCTPYKLIi 3 PIAMHOIO TOJSATae y MPUHIUII KOMITEHcalii
CHJIOBO1 B3a€MOJI1 PIIMHHM 3 PE3EPBYapOM, sika pOOUTHCSI HA OCHOBI BKJIFOUEHHS 710 KEPYBaHHS
3 IPOTHJIC)KHUM 3HAKOM BH3HAYCHHMX B AHAJTITHYHOMY BUIJISII CHJI 1 MOMEHTIB, SKi CTBOPIOE
TUCK PIIMHM HA CTIHKW KOHCTPYKIIii, 3 METOI0 TacCiHHS BIUIMBY PYXOMOCTI PIIMHH Ha PyX
KOHCTpYKLIi Hocig. Ha mpuxiami pyxy KOHCTPYKLIi 3 PIAMHOIO MOKaXEMO, IO LUIIXOM
KOMIICHCAIII1 CHIIOBOT B3a€MOJIT PIAMHM 3 PE€3€PBYapOM 3 BUCOKOIO TOUHICTIO TTOJAIBIIUN PYX
KOHCTPYKIIIi BHA€ThCA 3a0€3MEUUTH TaKuM, SIKHH OM BIIMOBIAaB pPyXy CHCTEMH 13
«3aTBepALIOw» piauHOo0 [2]. Panime Bxe Oyo Mmoka3aHo, IO s
pizHux ¢opm cmioBoro 30yJUKEHHS pPyXy (KOPOTKOTpUBA 1
nepioanyuHi 30y/)KEHHS) TaKMM KEPYBAHHSIM BIAETHCS TPAKTUIHO
/\ e MOBHICTIO BUKJIIOYWTH BIUIMB PIJKOTO HAMOBHEHHS Ha pyX
KOHCTPYKIIii HOCisA [2], a TakoX, IO TaKWW adrOpUTM 3ade3reuye
BHCOKY TOUYHICTh KEpPYBaHHS B PI3HMX Jiana3oHax MposiBy HETIHIHHUX
% 9 BracTuBocTed cuctemu [2]. [TokakeMo Ha MPUKIIAJI K MPAIIOE HEH
npuiiom st cuctemu (puc. 1) pyx skoi 13 craHy piBHOBaru

30yDKY€ThCS MPSMOKYTHUM IMITYJILCOM CHITH TpuBajiocTi 0,25 c.
PesynbraTi MOAETIOBaHHS 32 TAKOIO CXEMOIO HABEACHO HA PHC. 2, JIe IPUBEICHO 3aKOH
3MIHU IIBHJKOCTI Pe3epByapy B 4aci. Y BUMAIKY «3aTBEPIALION PIAMHM HA aKTUBHIN JUTSHIT
CHCTEMa PYXa€eThCs PIBHOMPUCKOPEHO, a MICIS 3aBEepIICHHS Iii IMIYJIbCY CHIIM pyX Oyne 3
nocTiitHOIO mBHIKICTIO. I{e kpuBa 1 Ha pUCYHKY. Y BHUITaJIKy pyXOMOCTI PIMHU CIIOYATKy HE
BCS piAMHA 3aTy4aeThes 0 PyXy, a TOMY pe3epByap PyXaeThCs IMIBUAIIE HIXK Yy BHUIIAJIKY
«3aTBEPIII01» PIUHU, 3TOJIOM BCTAHOBIIIOIOTHCS KOJIMBAHHS B OKOJII TPAEKTOPIT PYXY SIK IS
«3aTBEPALION» PiANHM, 1 11€ BIAXUIEHHS cyTTeBe (KpHBa 3). /i1 yHUKHEHHS I[bOTO 3aCTOCY€EMO
KEepyBaHHS ¢ KOMIIEHcaIli€lo. B pe3yipTaTi cuctema 3 piguHo Oyje pyxaTucs sK 1 cucteMa i3
«3arBepalo» pianHow. KpuBa 2 (pyx 3 KepyBaHHSM) CHIBHAJA€ C BUCOKOIO TOYHICTIO 3
kpuBoro 1. Ileil 3akoH kommeHcallli oOJepaHO B paMKax TOBHOI HETIHIMHOI MOJEII.
PosrnsiHemMo BapiaHT CHPOIIEHOTO BH3HAYCHHS KOMIICHCAIl JHINE TO JIHIMHIA YacTHHI
cujoBoro Biaryka (kpuBa  4).
v /s [TomiTHO, IO BXKe Ha IMOYATKOBOMY
" . erarl BHHHUKAC 3HAYHE BIIXWICHHS
1 . \ BLI NPOTPaMHOro  pyxy, HpOTe
- J_ - ,,L;-- 3roJIoM e BIIXUJICHHSI
o Pt v 1 3menmyerbea. OTKe KepyBaHHS 3
Vv 4 Y \!|  KOMIIEHCAlli€l0 CHIIOBOTO BiITyKy,
BHU3HAUEHOT0 Ha OCHOBI HENIHIHHOI
MOJIEI, JIO3BOJISIE  TIPAKTUYHO
0 4 8 s BUKIIOYATH  BIUIAB  PYyXOMOCTI

Puc. 2 PiZIMHK Ha PyX Tila—HOCIsL.

£
1

‘A —>

Puc. 1

I

06 1y
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-—
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1. JIumapuenko O.C., Scunckuii B.B. Henuneitnas nuHamuxa kKoHCTpyKuuil ¢ xunkoctero. — Kues: HTTY
KIIH, 1997. - 338 c.

2. Konstantinov A.V., Limarchenko O.S., Lukyanchuk V.V., Nefedov A.A. Dynamic Methods of Damping the
Oscillation in Structure-free-surface Fluid System // Int. Appl. Mech. —2019. — 55, N 1. —P. 58 — 67.
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YUCEJIBHE 3HAXO/UKEHHA PO3BSI3KY [UIsA CTAHIOHAPHOI'O
JAMIHAPHOI'O 'PAHUYHOI'O IIAPY HECTHCJIUBOI PITUHHA HA
HNUJITHAPUYHIN ITOBEPXHI

JIyk’sinoB IlaBno B, Cyn JI.
HamionansHuii aBiarmiiinuii yHiBepcuteT, Kuis,
Pavlo.Lukianov@npp.nau.edu.ua

Beryn.

[Ipu monemtoBaHHI TypOYJEHTHHUX TEUid Ha MiACTaBl MPHUMYIIEHHS MPO 3MIHHICTH
e(eKTUBHOI B’S3KOCTI HaMH OyJ0 BHSBJICHO IIIKaBUW (paKT: OTPUMAHMKA ONTHUMATbHUI
pPO3B’30K  3anmaui (Teuii HA TUIACTHHI Ta Y3JIOBX TpyOW) IyKe TapHO Y3TOIXKYETHCS 13
EKCIIePUMEHTATbHUMHU JaHUMHU PO JIAMiHAPHY TEUil0 HECTUCIUBOI PITUHU y TPAHUYHOMY
mapi.

3poOHBIIY aHANI3 JOCTYIHUX HaM JKEPEII, CTAII0 3p03yMlJmM 110 3aja4i J'IaMlHapHOFO
OOTiKaHHS HECKIHYCHHX IJIONUHU Ta uHmHz[quHm MOBEPXHI e it moci He po3B’s3aHi. Piu
y TiM, 0 cam CTOKC, IIOHHO OTPUMABIIH CBOI PIBHSIHHS, PO3B’sI3aB PsIJl MPUKIATHUX 337249
[1], cepen sAkuxX 3a3HAYCHUX Hemae. MOXIMBO TOMY, IO PO3B’S3KOM CTallioHapHOI 0e3
rpalieHTHOI Teuli HECTHCIWBOI pinuHHU, 3a piBHAHHIM Hap’e-CTokca y siIKoMy B’SI3KICTH €
CTaJIOI0 BEJIMYMHOIO, MOXXHA OTPUMATHU JIMIIE JIHIMHUN pO3B’SI30K. YTIM, SIK JOCTEMEHHO
BiZIOMO, PO3MO/LI MIBUAKOCTI Y JaMiHapHOMY T'pPaHMYHOMY IIapi Ma€ HEMHIHHUI Xapakrtep.
MoxmnuBo Tomy CTOKC posB’ﬂsaB JIMILIE 3a/lady TpO KOJWBAHHS IUIONIMHUA Ta 3HAWIIOB
PO3IOALT MBUIAKOCTI y PIAMHI, IO YTBOPIOETHCS MPH TAaKOMY PyXOBi. BaxiuBo yTim, 1o
aManyna LIBUIKOCTI Y HAIPAMKY MEPICHIUKYISPHOMY J0 PyXY IUIOIMKHH (Y3X0BX OHIET i3
cBOiX mpsimux), 3a CTOKCOM, cMagae 3a eKCIOHEHI[iaThbHUM 3akoHoM. Came Taky, --
EKCIIOHCHITIAIbHY, -- 3aJICKHICTh HAMH OYyJI0 OTpUMaHO paHimie [2] mpu po3rsial, SK 1me He
JUBHO, TypOYyJICHTHOI TeYii.

I3 cka3aHoro BHIE MOKHA 3pOOUTH OAWMH YK€ BAXKJIUBUNA BUCHOBOK: 6CEpeOUHi
CPAHUYHO20 WAPY TAMIHAPHO20 PYXY HECMUCIUBOL PIOUHU 8 A3KICMb € 3MIHHOIO | 3a1eHCUms
810 6iocmani 00 cminku. Takuii BUCHOBOK CTaHE 3pO3yMIJINM, KOJIH, 3a3MPHYBLIN Y i JIPYYHUK
isuKn, MM 3HaH[EMO, WO cTamuii KOCILIEHT TeMIepaTypopoBifHOCTI ( 3akoH Dyp’e),
Koe(ilieHT ;[H(by311 (3aK0H ®dika) MarOTh MICIE JIMIIE 32 YMOBH O,Z[HOpl,Z[HOCTl PEHOBHHH.
OTxe, caMe OJHOPINHICTh, & 3 HEI 1 MPOCTOPOBA 130TPOIHICTh, € HACIIJKaMHU BKa3aHOI
craiocti B’s3kocti. [0 )k MM MaeMo moOau3y OOTIKAHHS PiAMHOI TBEPAOi MOBEPXHi?
OueBunHe — nopyuients i30mponii npocmopy, abo oonopionocmi pewogunu. 1le mopymeHHs
OIHOPIIHOCTI MOBHHHO SIK a3 i BPaXOBYBATH BIIMIHHICTh HH(Y3IHHUX HpoLeciB B 00macTi
TPaHUYHOTO LIapy BiJ 30BHIIIHBOI 00JIACTI Teuii, € BIJIMB TPAHUIIl BKE€ € HEXTOBHO MallUM
(BIACYTHIM).

JlamiHapHuii rpaHNYHUIN IIAP HA PYXOMHUX HeCKiHYeHiH IMVIOIMHI Ta NMIIHAPHUYHIA
NOBEPXHI

He BpaxyBaBIy 3MiHHICTh B’S3KOCTI y TpaHUUHOMY Im1api, CTOKC, B paMKaxX BUBEICHUX
HUM PIBHSHB, HE 3MIT pO3B’s[3aTH HainpocTimty 3anady. Lle 3spobiaeHo Hamu. V BHnazaKy redii,
[0 BUKIMKaHA CTALIOHAPHUM PYXOM IUIOLIMHH Y HecqueHOMy MIPOCTOPI, IO 3aMOBHEHUN
HECTHCIIMBOIO PIIMHOIO, 33 BI,Z[CYTHICTIO 1HIIIO] Hepyx0M01 TUTONIVHM, [0 3HAXOAUTHCS Ha
CKIHYEHIM BiJCTaHI Bl pyXxomoi, Il PO3B’SI30K € Iyke MPOCTUM. [3 BpaxyBaHHIM
€KCIIEPUMEHTAJILHOTO MOTOPKEHHS, BIH Ma€ TaKUi BUTJISI:

A 1—exp(=0.6y). (1)
Yo
A OT Il TPaHUYHOTO MIAPY HABKOJIO HHIJIIHAPUYIHOI 00JACTI OTPUMYETHCS TPOXH

CKJIQJHIITUN PO3BS 30K:

r
1206 exp [—L( 2, Zx)}dx 2)
U, 5 24

53



VIII Intern. Conf. "Computer Hydromechanics", September 27-28, 2022
VIII Mixnap. koH}. «Komm’toTepHa rinpomexanika» 27-28 BepecHs 2022

MHOXKHUK, IO 3HAXOJUTBCS MEPEJ IHTErPaoM i3 3MiHHOKO BEPXHBOK) MEHKEIO B (2)
B3SATO TakuM 4uHOM, abw (1) Ta (2) Manu OJHAKOBY aCHMITOTHYHY MOBEMIHKY OiNisi caMoi
TBEP/I01 MOBEPXHI.

Sk 3room 3’sCyBanoch, IHTErpai i3 3MIHHOIO BEPXHBOIO MEXKEIO B (2) Ma€ yKe IiKaBy
BJIACTUBICTB: JJIS1 KOKHOTO 3HAUEHHS] KOHCTAHTU A LeH IHTerpaj, Mpu NpsIMyBaHHI » —> o0 €
KOHCTAHTOI0. A BU3HAYUTH I[F0 KOHCTAHTY MOKHA JIUIIIE IIJISTXOM YHCEIHHOTO EKCIIEPUMEHTY.
Tak nms BUKOHAHHS YMOBU PIBHOCTI HYJIEBI IIBHJKOCTI Ha HECKIHYEHOCTI MOXKHA 3HAWTH
MpUOJIU3HO, 10

1
— =10.13495 ... 3
y &)

,_._
[
La

]
nd

Puc. 1 YHiBepcanbHHIA pO3ITOAUT MIBUAKOCTI K PYHKIIISI 0€3pO3MipHOT BiJICTaHi BiJl TOBEPXHi HECKIHUEHOT
TpyOH, IO pyXa€eThCs y 0€3MEKHOMY ITPOCTOPI

Ha puc. 1 npencrasneno BiamoBiaauii 110 (3) rpadik po3B’ Ky (2). Y3m0Bx Bici OpiUHAT
BIJIKJIaJICHO 0€3p03MipHY IIBUJIKICT — IMPaBy YacTUHY (2).

JlirepaTtypa.

1. Stokes, G.G. On the Effect of the Internal Friction of Fluids on Motion of Pendulums./
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MixHapoaHoi HayKOBO-TexHIUHOi KoHGepeHiis "l'igpoaepoMexaHika B 1H)XXEHEpHIH
npaktuii", M. Xepcon , 7 — 9 Bepecus 2021 p.: — Kuis: 2021, c. 201-203.
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TEHEPAILII BVI-IIYMY POTOPA I'EJIIKOIITEPA
HA PEXXUMI «BUXPOBE KIJIBIIE»

JIyx’soB Ilerpo B.
HauionaneHuii TexHiuHMI yHIBepcuTeT YKpainu «KuiBcbkuit nomitexHiuHUM 1HCTUTYT iMeHi Iropst
Cikopcbkoro», Kuis, Ykpaina, p.lukianov@kpi.ua

[Tig yac BepTHKAIBHOTO, 00 Maii’ke BEpTHUKAIBHOTO, 3HWKEHHS T'eJIIKONTEpa HAaBKOJIO
poTopa yTBOPIOETHCS TOPOiNabHE «BUXPOBE KUIbIE». BWBYCHHIO aepOAMHAMIYHHX
napameTpiB Tedii B JaHOMY PEKHMI MOJIBOTY MPUAUICHO JOCTaTHBO yBaru. JociiKeHo 3MIHY
OCHOBHHX CHJIOBUX XapaKTEPUCTUK pOOOTH TETIKOINTEPA HAa PEXKUMI «BUXPOBE KiIblie». OnHaK
JUIsi OINBII JIETANBHINIOTO BUBYCHHS JAHOTO PEKUMY HEOOXiTHO MaTH iHQOpMAI0 Mpo
3BYKOBE I0JI€, IKE (DOPMYETHCSI ITi]T Yac B3a€EMO/Ii1 pOTOpa reTiKonTepa 3 «BUXPOBUM KUTbIIEM).
BuHukae Taka 3amada: sK BIUIMBA€ «BUXPOBE KUIBIIE» Ha MPOIIEC reHeparllil 3ByKy, YaCTKOBOI
Tpancgopmarlii oro y BiOpaii?

Puc. 1. BuxpoBe KinbIie Ha peXKUMi BEpTUKAIBHOTO CITycKy, V = 3-5 M/c

[TocraBnena i uncensHO po3B’si3aHa 3a7a4ya reuepauii BVI- -LIlyMy poTopa remKonTepa Ha
PEKHMI «BHXPOBE Kimble». 3ajada CKILA€ThCSA 3 aePOAMHAMIYHOI 1 aKyCTHYHOI YacTHH.
AeponrHaMiuHa YaCTHHA 3a/a4i BKIIOYAE B CeOC CHCTEMY plBHHHB Eiinepa 1 HepO3pHBHOCTI
[1]. AkycTnuHa yacTuHa 3az[aq1 CKJIAJIA€ThCS 3 OTpI/IMaHOI aBTOPOM CHCTEMH PiBHSIHB, 110
OIHCY€E TpOIleC TeHepallii 1 mommupeHHs 3ByKy. Ha 11 OCHOBi, BHKOPHUCTOBYIOUH UYHCEITHHO-
aHATITUIHUN MeToJ [2], BUBYEHO OJIMIKHE 3BYKOBE II0JIC. UucenbHU po3paxyHOK AAIBHBOTO
3BYKOBOTO II0JIsi BAKOHAHO 13 3aCTOCYBAHHSIM IHTEIPAIbHOTO MPeCTaBleHHs. Bukopucrana B
po6oTi MOJIEJTb BBAXKAETHCS MepexigHO0, HAOIMKEeHOIO [3], OCKIIBKY BiOpaIlii, 1110 BAHUKAIOTh
Ha IMOBEPXHIi, HE 3aBXK/IU € MAIUMHU BeTMUYnHAMU. He TUBISTYNCH HA Te, IO B MOJIEITi BpaxoBaHi
JIUIIIE MaJll aKyCTUYHI 30ypeHHs, BOHA JT03BOJIsI€ HAOIU3UTHCS J10 ormcy BiOpariii, BUIIIUTH iX
cepejl akyCTHYHUX KOJIMBAHB, SIKi BUHUKAIOTH B MPOLIECI FeHEepallil 3BYKY.

AHali3 6e3pO3MIPHHX IyJIbCALliil MIIBHOCTI TOBOPUTE MPO T€, IO HA PEXKHMI pOGOTH
pOTOpa «BUXPOBE KiJIbIIE» HA TIOBEPXHI JIOMATI peani3yroThes 3-4 cepii monepeyHux KOJIHBaHb,
BiOpartii (puc. 2) L{i monepeuni BiOparllii € TOCUTh HEOE3MEUHUM SIBHIIEM, OCKIJTBKH MOXYTh
MPU3BECTH 10 IHTCHCHBHUX 3THHAIBHMX KOIMBAHb JOmaTi (puc.3), il pyidHyBaHHS Ix dac
dnarepa. 3a3HaUMMO, IO O00JIACTH, JIe peali3yrThCs JaHi BiOparlii, icTOTHO OiibIle, HiXK IS
BUIAJKY JITAKOBOI MOCATKU BEPTONHOTA. UMCIOBI PO3paXyHKH TOKA3aiH, IO ISl OLIBII
BUTHYTOI JonaTi BiOpalliiiHa 06JacTh KOMITAKTHOIO 30CEpPEKeHa Y TTOPIBHSAHHI 3 JIOMATTIO 3
MeHIMM BUTHHOM. Illym, 1m0 reHepyeThest NP LBOMY, Ma€ HH3bKOYAaCTOTHHIL XapakTep
(pHc 4) ta Ha 10-20ab BuiE arymy JiTaKkoBoi mocaaku remikonrepa. OCHOBHA €HEPris HOTro
MICTUTBCS B MEPIIUX 7-8 rapMOHIKaX, 3HAUHUM YMHOM IOCHJICHUX BiOpAIiifHOIO CKJIaJI0BOIO
4acCTUHOIO TIyMy. L1i 0cOOMHMBOCTI 1IEHTU(IKYIOTh PEKUM «BUXPOBE KUIBIIE», 1110 JT03BOJISE Ha
MPAKTHII MOAABIIE BIOCKOHAIEHHS CUCTEMH O€3IEKH MOJIbOTY.
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Puc.2 Be3po3mipHi mynbcallii akyCTHYHOT TYCTUHU O |
0=0,1:a)a=30",b)aa =45",c)a =60’

Puc.3 PiBeHs 3BykoBOT0 THCKY L Puc.4 Crextp mymy
0=0,1:a)a=30",b)a =45",c)a = 60’

Jliteparypa.

1.JIykpstHoB II.B. O0G omHOM MoOjenn aepoakyCTHKH BS3KOTO CXKMMaeMmoro rasza //
Axyctnunuii BicHuk. 2013-2014. T. 16. Ne 3. C.31-40.

2. JlykpsiHoB I1.B. OO 0gHOM YHCICHHO-aHATMTUYECKOM TMOJXO0JIC K PEIICHUI0 3a/Jadu
reHepaluy 3Byka TOHKUM KpbutoM. YacTs II. Cxema nmpuMeHeHus sl HeCTalluOHAPHBIX
3amay // Akyctuunuid BicHUK. 2012. Ne 3(15). C. 45-52.

3.JIykpsnoB IL.B. Ocobennoctu renepaumu BVI-myma npu camonérHoil mocanke
Beprosiéta // BicHuK 3amopi3pkoro HaiioHaidbHOro yHiBepcutery. Cep.: MaremaTtnyHe
MO/ICJIIOBAaHHS 1 MpuKiIagHa Mexanika. 2018. Ne 2. C. 73—88. DOI: 26661/2413-6549-2018-
2-08.
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OCOBJIMBOCTI BUXOPOBOI TEUII COEPUYHOT' O JUITOJIIO

Hikynina A.M.
JuinpoBcekuii Harionaneuawmii yHiBepeuteT iMeni O. ['oruapa, J{Hinpo,
nik.ann.nik@gmail.com

[Ipobnematnka (opMyBaHHS BUXPOBHX Teyill ceprUyHOro IUMONS Mif €K CHI
TSOKIHHS Ta 1HIIUX TPATI€EHTHUX CHJI B 1/I€aJIbHOMY CTHCIOMY CEpPEOBHII € JIOCHUTBH JTyKe
OOIIMPHOIO, ajie yepes Te, 1110 TaKka IMOCTAaHOBKA 3aa4l JIEII0 CKJIA/IHa, SKII0 PO3B’I3yBaTH ii B
MOBHOMY 00CS31 3 ypaxyBaHHSM YyCiX MapameTpiB Tedii, B I[ili poOOTI pO3TISTHEMO JIUIIE
crpolleHNi BapiaHT Iii€i 3amadi. IHTepec no naHOi mpobiremaTtuku Ta ii aKTyaJIbHICTh
MIPOSIBIISIETBCS. B TOMY, IO i1 PO3B'A30K BIAKPUBAE MOMJIMBOCTI OIKMCYBATH B3a€EMO/IIIO
CepeoBUINa Ta YaCTUHOK BCEpEAMHI HHOTO, aHaJi3yBaTH (Di3MYHI MapaMmeTpH, Taki SIK THCK,
IIBUJKICTh CEPEJOBUINA Ta MaTepilajJbHUX YACTUHOK, TPAEKTOPIS YACTHMHOK Ta MOJKIIHMBE
arperyBaHHs JISIKOI Macu CepeZoBHUINA HABKOJIO OCOOJIMBHX TOYOK CHCTEMH, VIS CKIIAJHUX
BUXOPOBUX CTPYKTYp Teuli, IPUKIAIOM SKOI € CHEepUIHUNA AUITOIIb.

Mertoro 1i€i po6oTH € po3podKa MaTeMaTUYHOI MOJIENI Ta MPOTpaMHOro 3abe3rneueHHs
JUIT BUBYCHHS CHCTEMH pPIBHSHB, $KI ONHUCYIOTh PyX CTOPOHHIX YacCTHHOK BCEpeauHI
cdepuuHoro aunomo. Po3B 30k 1i€i cuctemi npeacTasisie COO0I0 pyX YACTUHOK y CepeIOBUIII
TJT TI€X0 CUJT TSDKIHHSA, SIKWA OYB 3HAWICHUH B MOTIEPEIHIX poOOTaX HAYKOBIIIB JIHIMPOBCHKOTO
HamionansHoro VYwiBepcurery im. O. I'onuapa. Po3B’s30Kk mocTaBieHOI 3agadi BiIKpUBAE
MOKJIMBOCTI JJIsl MOAATBIIUX POOIT, B pamMKax SKUX MO)Ke OyTH BUBYEHHSI Ta BUSBICHHS
OCHOBHHX 3aKOHOMIpPHOCTEH pyXy YaCTHHOK BUXOPOBOI Tedii y ChepuuHOMY AMIIONI, a TAKOXK
BUSIBJICHHS 3aKOHIB arperaiiii Aesikoi Macu cepeioBHUIIa B OCOOIUBUX TOYKAX BUXOPOBOI TeUil
chepuunoro aunono. OCHOBHOIO OCOOJMBICTIO Tak 3BAaHOTO IUIAHETAPHOTO BUXOPY €
YTBOPEHHS 3HAYHOTO JIOLIEHTPOBOTO TPATIEHTY THCKY, 3aBISIKH SIKOMY Ji€ cuia ApxiMeaa Ha
CTOPOHHI MaTepianbHi YaCTUHKH B 30H1 Teuil.

Omxe, HOBHI BUXPOBHI O3B’ SI30K T1IpOIMHAMIYHKX piBHsIHB Elinepa mis chepuanoro
JTUTIONIO, 110 OMUCYEThCs y chepuaHnx KoopanHartax (1, 0, @) QyHKIliEIO Tedii, Ma€ BUTIIS:

¥ =C,®(y)sin’ 0, (D(y)=ay2+cosy—smy, (1)
Yy

ne y = Cor; a, Co, Co — xoHcrantu. lleii ocecumeTpuyHmii po3B’si30K OyJl0 Ha3BaHO
IUTAHETApPHUM BUXOPOM.

KomnoHeHTH pyXy 4aCTHUHOK Y BUXOPOBIiH Teuii chepruyHOro AUMOIIO 3aIHUILIEMO Y

chepuuHuii cucteMi kKoopauHar (r, 0, ¢), e mBuAKocTi (Vi, Vo, Vo) BUNHIIEMO HACTYITHUM
YUHOM

dr 1 dy V_rd@_lﬁ V_ysin@@

== - - = 5 s 2
"odt Cydt’ ° dt Cydt’ ! C, dt @

Jie IIBUJIKOCTI pyXY y BUXOPi TaKOK BUpaxaroThcs yepe3 GpyHkuio tedii (1) popmynamu:
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V =-2B cI)(y) cosd,

y

v, =B (v )sine, 3)
y

v, :B(D y) sin 4,
y

ne y = Co r — 6e3po3MipHa pajiaabHa kKoopauHata, Co — mapamMeTp BUXPOBOi IHTEHCUBHOCTI,
B = C,C¢* — mBuaKicHUiI TapaMeTp BUX0opy. BBajkaeMo, 110 MHOYATKOBI IIBHAKOCTI
KOHJ/ICHCOBaHUX YaCTUHOK JOPIBHIOIOTH IBUAKOCTSIM BUXPOBOTO TIOJISL.

B naniii poGoti Oyno po3pobieHO mnporpaMHe 3a0e3leueHHs Uil YHCEIbHOTO
00uHnCIeHHS PO3B’SA3KY CUCTEMH PIiBHSHB (2). Takox moOyaoBaHi TpaeKTOpii pyXy YaCTUHOK B
CepeliMHI CepelloBHILA IPH PI3HUX BHUXIAHUX @apaMeTpax CHUCTEeMH. BUsBIEHO sBuUIlE
arperyBaHHs CTOPOHHIX YaCTHHOK Yy MEBHUX 00JIACTSIX CHEPUIHOTO JTHUTIOJNS.
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YHUCEJIBHE MOJE/IFOBAHHSI B3AEMOJII BITPOBUX XBHJIb I
B3/1OB)KBEPEI'OBUX TEYIU 3 IEPEPUBYACTUMMU XBUJIEJIOMAMM.
1 yvactuna. IOCTAHOBKA 3ATAYI

Octposepx b.M., [lotanenxo JI.C.
IactutyT rinpomexaniku HAHY Kwuis, Ykpaina, ostro@ukr.net

O1iHKa BIUIMBY BITPOBOTO XBUJIIOBAHHS B MPUOEPEXKHIN 30H1 € HEOOX1THOIO CKIIaIOBOIO
IpY 3BEJIEHHI Ta PeKOHCTPYKIIi 3aXMCHUX CHOPYJ Ta aHaji3i eBoJoLii OeperiB B pe3ybTari
IHKEHEepHUX 3axoiB. B maHiii poOOTI MpOBEIEHO MAaTeMAaTHYHE MOJICTIOBAHHS YTBOPCHHS
MopdororiuHux (Hopm, AKi BUHUKAIOTh TP CIIOPYKEHHI XBUJIEIOMIB B paiioHi TeHIpiBChKOT
KOCH, SIKI MPOEKTYBaJIUCs s 3axucty Oepera. [l BupimieHHs mpoOieMu 3acTOCOBaHA
cucrema npudepexunoro moaentoBanus (CMS), sika po3pobiena i miarpumyethest [Iporpamoro
nociimkenns npudepexxnux npouecis (CIRP) imxeneprnoro xopmycy apmii CLIA.

Jn1st MOZIenioBaHHS BITPOBOT'O XBUJIIOBAaHHS 3aCTOCOBYBAJIach CTallilOHApHA CIIEKTpalibHA
xBUJIb0Ba Mojieinb CMS-Wave [1], 3acHOBaHa Ha YHCEIBHOMY PO3B'SI3KY PIBHSHHS OallaHCy
XBHJIEBOI €HEPrii B CIIEKTpaIbHii hopmi

o(C.E) (9C,E) (8C,E) _
ox oy 00 20

cC
[(CCg cos’ OF, )y - 2g cos’ QEyy}—ng—S (1)

ne E(o,0) - uiinbHICTh XBUIEBOI €Heprii, ska € (QYHKI[IEI0 YaCTOTU O Ta HANPSIMKY XBUJIb.
Bemmunan C,,C ,C, € HBHAKOCTAMH IEPEHECEHHs LIUIBHOCTI XBUIIEBOI CHEPIii y310BXK
NPOCTOPOBHUX 1 KyToBOI KoopauHat, C 1 C, - BIIMOBIHO (a3oBa i rpynoBa LIBHAKICTb.

XBuUJli HA MOPCHKIA TpaHUIl OOJACTI MOJCIIOBAHHS 33Jal0ThCS YACTOTHO-KYTOBUM
CIIEKTPOM, TOOTO PO3IMOAIIIOM XBHJIEBOT €HEPrii 3a MepioIoM Ta HAMPSIMKOM XBHJIb

E(0,0) = Sp,,(0)Q(0) 2)

ne Sp,(0) - TMA cnexrpanbua (GyHKIiS 11l MiJIKOi BOAHM, SKa 3a1€KUTh Bifl BUCOTH
3HAYHUX XBWIb H o » MKOBOI 4acToTu O » » JOBKUHU XBWJII Ha TiKOBiii wactoti L > MMKOBOTO
nepiony T, i mapamerpy mikosarocti 7; Q(6)- dyHKuisS KyTOBOTO pO3IOMiNY CHEKTPY

nponopuiiina cos”(0—6,), ne 6, - cepenniii HANPAMOK XBUIIb, M - KOSILlIEHT PO3MOLTY.
OCHOBHI XapakTEPUCTUKH XBHJIIOBAHHS - BHCOTA 3HAYHMX XBHJIb, CEPEIHii HANPSIMOK Ta

TeH30p pafiatiiaux Hanpyr S, S,,, S, BU3HAYAIOTHCS YePe3 CHEPreTHIHHM CIIEKTP IIUIIXOM

MOABIHHOTO IHTErPYBAaHHS 0 YaCTOT1 Ta MO HanpsMKy [1].

JJ1g MoeITIOBaHHS TeUil, TPaHCIOPTY HAHOCIB Ta MOp(OAMHAMIKH 3acTOocOBaHa Mojieb CMS-
Flow [2]. BitpoBi xBuJli IHAYKYIOTb T€Yii, SKi OMUCYIOTbCA OCEPEIHEHUMH 32 TIIMOMHOIO PiBHSIHHIMU
HEPO3PHUBHOCTI Ta 30€PEIKCHHS IMITYIIbCY:

on oOhu Ohv
— et —t—=

0 3
o ox 0oy ®)

ou u  ou  op [azu azuj F -1,
+ ——H

+ + =X 4
ot ox Vay g@x ox> oy’ ph @

ov,  ov v on_ [52v+82\/j F, -1,

had = 5
o Ox V@y g@y ox> oy’ ph ©®)
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1€ 1) — piBEeHb MOBEPXHI BOAU; s — AWHAMIYHA TTIMOMHA; U ,V— KOMIIOHEHTH IIBUIKOCTI TEUii;
41— KoediuieHT TypOYJIEHTHOI B'A3KOCTI; 7, ,7, — KOMIIOHEHTH NPHIOHHUX MOTHYHUX
HaNpyr, CHPUYMHEHUX TEYisIMU T4 XBUJILOBMM KOJIMBATBLHUM PyXoM Boau Oinst mua.; £, F,—

IPaJi€eHTH pajiallifHUX HAMPYT, IO € PYIIIHHUMH CHJIaAMH B3J0BXKOEPETOBUX TEUii.
PiBHSIHHS TpaHCIIOPTY HAHOCIB Ma€ BUTIISI [2]
ohC N o(hCu) N o(hCv) _ i(,ush GC] 0 oC (Ceq 3 C)

— |+ —| uh— |+ oo,
ot ox oy ox ox) ox\' Oy ‘

ne C - ycepenHeHa 3a IIMOMHO0 KOHLIEHTPALS TATTIMX Ta 3aBUCIUX HAHOCIB; L/ - KOE(]ILIEHT

(6)

TypOyneHTHOI 1udysii; C,, - PIBHOBaXHA KOHICHTPALIsL, sIKa PO3PAaXOBYETHCS 32 EMIIIPUYHOO
dopmynoro Lund-CIRP, mo BpaxoBye KOMOIHOBaHWI BILIMB XBHJIb Ta TE€Yiil Ha BEPTHKAIbHY
Iudysio ceAUMMEHTIB; ¢, — KOe(ILIeHT aganTaiii o piBHOBa)KHOIO CTaHy; (), - MIBUIKICTb

OCiJJaHHS CEIMMEHTIB. 3MiHHU BIMITOK JIHA PO3PAaXOBYIOThCS OaTaHCOBUM PiBHSHHIM
oz
b _
(l_p) at _ata)v(c _Ceq) (7)

Z, - OpJMHATA IOHHOI IOBEPXHi; p - OPUCTICTb I'PYHTY.

s oOpaHHS BapiaHTy pO3TalIlyBaHHS XBWJIEJIOMIB HEOOXITHO BH3HAUUTH BaXJIMBUH
napaMmeTrp - npuOiliHy 30HY, B fAKiil 3a ouiHkamu BigOyBaeThcs Bin 80 g0 90% Tpancmopty
HaHociB. [Ipore mupuHa miei 30 Xy, 3aJ€KHUTh BiJl XBUJIBOBUX YMOB, TOMY ii MpUHHATO
BU3HAYATH 33 BUCOTOK 3HAYHUX XBUIb H . . sKi criocTepiraroTbes Outbiie 12 roanH Ha

pik. 3a JaHWMU TiAPOJOTIUYHUX JOCIIKEHb MPH >KOPCTOKHUX INTOPMaX, (POHT XBUJIb SKHUX
CTAHOBUTH TOCTPUH KYT 3 JIiHI€IO Oepera, MaKCUMyM IIBHUIKOCTI B3J0BXK OEpPEroBUX TeHiil
nocsirae 1.5 m/c 1 Ginplie, y 3BUYaifHUX IITOPMOBHUX YMOBAX IIBHUJKICTh B3ZOBXK OEperoBHUX
Te4il CTaHOBUTH MpuOm3HO 1.0 mM/C .

OcHOBHUII BHECOK 110 MOpdoanHaMiku NpHOEPEkKHOI 30HUM BHOCATH I1HAYKOBaHI
BITPOBMM XBUJIIOBAaHHSIM TEUii Ta JUCHIIAIIS €HEPTii XBUJIb, 1[0 BUHUKAIOTh B PE3YJIbTATI iX

PO3MOBCIODKEHHI 10 Oepera. Tomy po3mip mpubiitHoi 30U X, BU3HAYa€MO 3a pe3yIbTaTaMu
MaTeMaTHYHOTO MOJICITIOBaHHS XBUIHOBUX TEil.

Ha Mopcekili rpaHuili po3paxyHKOBOi 00JacTi — 3aJalOThCsl HACTYIHI HapaMeTpu
JaCTOTHO-KYTOBOTO CIIEKTpPY: KyT HaliranHs Ha Oeper 72.8 rpamayca; BUCOTa 3HaYHUX XBUIIb

H =2wm, mo BigmoBigae mMTOpMOBUM BiTpam 15-17M/c; mixkoBuil mnepiof T » = CeK;
napaMeTpH, 10 BU3HAYAIOTh UIMPUHY YACTOTHOTO 1 KyTOBOTO CIEKTPY BIAMOBIAHO ¥ =3.3, m

=4. Po3paxyHku npoBogmwiinchk Ha citii 10 M x 10 M. 3a pesynbraTaMu MOJEIIOBaHHS OyIIo
BU3HAYECHO, IO MPHUOifHA 30HA MPU BHUCOTI XBHJIb 2M MPOCTITAETHCS B CTOPOHY MOpsI Ha
BiacTanp X, =120 m.

1. Lin L., Demirbilek Z., Mase H., Zheng J., Yamada F. CMS-Wave: A Nearshore Spectral
Wave Processes Model for Coastal Inlets and Navigation, U.S. Army Engineer Research and
evelopment Center , 2008.

2. Sanchez A., Beck T., Lin L., Demirbilek Z., Brown M., Li H., Coastal Modeling System,
U.S. Army Engineer Research and Development Center , 2012.
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YHUCEJIBHE MOJE/IFOBAHHSI B3AEMO/III BITPOBUX XBWJIb 1
B31OB’KBEPEI'OBUX TEYIU 3 IEPEPUBYACTHUMMU XBHJIEJIOMAMM.
2 yactuna. PE3YJIbTATU MOJAEJIIOBAHHSA

Octposepx b.M., IToranenko JI.C.
[acrutyT rinpomexaniku HAHY Kuis, Ykpaina, ostro@ukr.net

B nmaniii poOoTi mpeacTaBieHi pe3yabTaTH MOJAETIOBAHHS YTBOPEHHS MOP(OIOTIYHMX
dbopwm, ki BUHHUKAIOTh TPH CHOPY/UKEHHI XBHJIETOMIB B paiioHi TenapiBchkoi kocu. Ha
puc. 1 HaBeneHi MPOCTOPOBI PO3MOMITM AMILTITYIM B3IOBX OEperoBWX Tedild, OTpUMaHi B
pe3yIbTaTi MOJICIIIOBAHHS TIPH 3aJIJaHKUX TTapamMeTpax.

AKyMyJISIisl HAHOCIB MK Oeperom Ta XBUJIEIOMOM 3aJ€KUTh BiJl ABOX HapaMeTpiB -
BiJICTaHI XBWJIENIOMY Bif Oepera X Ta mupuHU XBuiIenoMmy L,. BincTanp xBuienomiB Bij

Oepera OOMpaEeTbCs TaKUM YUHOM, [100 HaWOLIbIIa YacTWHA HAHOCIB MOTPAIUIIM 4epes

MPOTOKH MIDXK CETMCHTAaMH _CHCTEMH, 3aXHIIAI0uH _Bn6epe>KHy 30HY BiJ €po3ii, a came 150 M.
e e T el e

Mpodrinb wBMAKoCT

LWBKAKICTH,
Micek
Il 0-0.05
I 0.05-0.1
Hlo1-0.15
I o.15-02
, . g B 0.2-0.25
80 100 120 5 025-0.3
BidcmaHb eid Gepeca, m i R f' 03-0.35
0.35-0.4
0.4-045
0.45-05
05-0.55
0.55-06
0.6-0.65
085-0.7
07-0.75
0.75-038
I os-08s
B oss-09
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Puc. 1. AMmiiTyia BUAKOCTI B3I0BXK OEpEroBHUX TeUiit
HoBxuHy xBuienoMy [, BHU3Ha4aeMo i3 yMoBU (hOpMyBaHHS IOBHOI IepeiMu mpu

JOCTaTHIM KUIBKOCTI B3J0BKOeperopux HaHociB, a came L,=170m. Bigcranp Mik
xBuienomamu L, =80 M po3paxoBy€eMO BiJIOBIHO 10 TOr0, abu MIHIMI3yBaTH epo3ito Oepera

HABIIPOTH PO3PUBY MiXK cerMeHTaMu. BuicoTa rpeGeHs XBUIIeTIOMiB HaJl piBHEM CIOKIITHOT BOI!
ctaHoBuTh 1.25 M. Bimomo [1], mo y pa3i HaOiraHHs XBWUJII HOpMajbHO 1O JiHII Oepera,
YTBOPIOEThCS TIOBHA  mepeiimMa (TomM00710), sika 3’€qHye Oeper 3 XBHIEIOMOM. Y pasi
KOCOTIAJal0uuX XBUJIb YTBOPIOETHCS BUCTYN OeperoBoi JiHii (HemoBHa rnepeiima). [Ipu npomy
TPAHCIOPT HAHOCIB B3J0BXK Oepera 30epiraerbcs. s mMozemtoBaHHS OOpaHO HAmpsiMOK
HaOiraHHs XBUJIb HOPMaJILHUHN 710 JIiHIT Oepera.

MogentoBanHss MopGOIUHAMIKK TpoBeneHo Ha mpoTsa3i 20 1i6 3 ymoBamu, IO
BIJIMOBI/IaI0Th HE3HAYHOMY INTOPMY 3 BHCOTOIO XBHJIb 1M, SIKi B JOCTIPKYBaHOMY pETioH1
MalOTh OBTOPIOBaHICTh 12%. Pe3ynbpratu MoienoBaHHS HaBeleH1 Ha pucyHKax 2-4. Kaptuna
B3/I0BKOEpEroBHX TeUiii Ta TIMOWH 3a XBHJIEJIOMaMH 3MIHUJIACS HA ITUPKYJIALiiHI popmu (puc.
2,3) Ta Ha MopdonoriuHi (opmu OyxToBOoro Tumy (puc. 4). B pesympraTi 4MCenbHOTO
EKCIICPUMEHTY BH3HAYEHO HASBHICTh aKyMYJIAIii HAHOCIB B 30HI 3a TEpPEPUBYACTHMH
XBHJICJIOMaMH, JI€ YTBOPIOETHCS (popMma, sika 3’€Hy€e Oeper 3 XBHIJICIOMOM ITOBHOIO MEPEeHMOI0
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(Tom60m0). [Ipu IOMY OeperoBa JiHIS PO3MHUBAETHCSI 3 000X CTOPIH XBUIJIEIOMY 1 pa3oM 3
MepeiiMor0 YyTBOPIOE CTIMKUH MPUPOAHHUIN aHAIOT OyXTOBOTO THUIy. BHacmimok Toro, mo 1ei
MpoIeC B MPUPOII BiIOYBAEThCS AYyXkKE MOBITLHO, TPOMOHYETHCS BIIAIITOBYBATH XBUJIEIIOMU
nepea BHUCTyNaMH OeperoBoi JIiHII, a TpH HAsBHOCTI JIETKOJOCTYMHHUX Kap €piB IMICKY

CTBOPIOBATH BUIIEPEKYBATbHUI HACHUIT BUCTYIIIB Y MIABITPSAHUX 30HAX XBUIJIEIOMIB.

mM/cek

Il 051

LWeuakicTb,

. Xennenomu
o003
I 0.03-
I 0.06 -
1 Il o.1-013
I 0.13-
i os-
0.19-
0.23-
0.26-
0.29-
0.32-
0.35-
0.39-
0.42-
0.45-
I 046-
-0.55
B o55-
I 058 -

0.06
0.1

0.16
0.19
0.23
0.26
0.29
0.32
0.35
0.39
0.42
0.45
0.48
0.51

0.58
0.61

Puc.3. Hanpsimok mupkyisiii B3J0BKOEpEroBUX Teuin

T

Puc.4. 3minu rimmbuH npubepexHoi 30HU B pe3yibTati Aii 20 116 ITopMOBOro XBUIIOBAHHS

1. Van Rijn, L.C. www.leovanrijn-sediment.com, 2018.
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KOMIT'FOTEPHE MOJEJTIOBAHHSI B3AEMO/IIT HAI3BYKOBOI
CTPYi 3 NEPEIIKOJIOIO

[Tonwosuii O. b., Pequunp /1.0., Tyunna Y.M.
[HcTuTYT TpaHcnopTHUX cucTeM 1 TexHonorii HAH Ykpainn

[Ipu npoekTyBaHHI CTApPTOBUX CHOPY/[ 3 METOIO 3a0e3MeUeH s 0€3M1eYHOT0 Ta HAAIHOTO
cTapty KocMiuHux pakeT-HOciiB (KPH) HeoOxigHO mocmiauTv ra3oauHaMiYHI MPOIECH, IO
BUHUKAIOTh NIPU B3a€MOJIIi CTPYH paKeTHUX JIBUTYHIB 3 TIOBEPXHEIO CTAPTOBOI IIaTHOPMH Ta
IHIIMMH KOHCTPYKTHUBHUMH €JIEMEHTaMH IYCKOBHUX YCTaHOBOK. TyT peai3yeTbcsl CKJIagHa
IPOCTOPOBa HECTAIliOHApHA KapTHUHA Tedyil Tasy, 10 XapaKTepU3yeTbCs HAasBHICTIO CTPUOKIB
VIIUTbHEHHS, BIJPUBHUX 30H, TYypOYJICGHTHICTIO, OaraTtoda3HICTIO HAI3BYKOBOI CTpYi,
3TUIITIKOBUMH XIMIYHIMH PEaKI[isiMU. [HTEHCUBHICTD B3a€MO/Ii1 BU3HAUAETHCS KOHDIrypaIliero
CTapTOBOTO0 KOMIUIEKCY, Ta30MHAMIYHUMHU MapaMeTpaMu CTpyi pakeTHOro ABUTYHA Ta
TpaekTopieto pyxy PKH Ha nmouaTkoBiil JUISHII TONBOTY.

VYV omoBil po3TIISIIA€THCS B3aEMO/IIST HAI3BYKOBUX OCECUMETPHUYHHUX CTPYH 3 IIOCKOIO
IUTACTHHOIO, PO3TAIIOBAHOIO MEPHEHIMKYJISAPHO JO OCi OCHOBHOTO MOTOKY. MaremaTtudHe
MOJIETTIOBAaHHSI IPYHTYETbCS Ha YHCEJIbHOMY pPO3B'I3aHHI HECTalllOHapHUX piBHAHb Hap'e-
Crokca crucimuBoro razy (URANS), 3amucanux y [OBUTBHIM KPHUBOMIHIAHINA CcHCTeMI
KoopauHat. HesBHMI 4YMCENbHMIA aJIrOpUTM 3aCHOBAaHO Ha cxemi Roe npyroro mopsiaky
TOYHOCTI 332 4acoM Ta HPOCTOpoM. B sikocti mMozeni TypOyJleHTHOCTI BHKOPHCTOBYBAajacs
nudepeHiiaibHa  oHONapaMeTpuuHa Mojenk Chnamapra-AsuiMapaca 13 3aCTOCYBaHHSIM
texHoJorii Big'eqnanux BuxopiB (Detached Eddy Simulation — DES). Panime Takuii migxin
YCHIIIHO 3aCTOCOBYBABCS aBTOPAaMU ISl MOJICIIIOBAHHSI IBOBUMIPHUX Ta MPOCTOPOBUX TPaHC-
Ta HaJ3BYKOBHX TYpOYJCHTHUX T€Uild, BKIIOUAIOYH HECTALlIOHAPHI SBHIIA.

PosrisinyTO 3a1ady HecTarionapHoro ¢hopMyBaHHS XOJIOJHOI Ha3BYKOBOI CTPYi mija Jac
OpoJIyBaHHS KOHiuHOro corwta JlaBams (imiTamis 3amycKy [JBUTYHA). YTBOPIOETHCS
nepepo3mmpena (n=0.58) BiaTbHA HaA3BYKOBa TypOyJEHTHa CTPys, SKa BKIIOYAaE B CBOIO
CTPYKTYpY Juck Maxa. BUKOHAHO MOPIBHSHHS OTPUMAHUX PE3YJIbTaTIB 3 €KCIIEPUMEHTATEHUMU
JAHUMH Ta PO3paxyHKaMH 1HITUX aBTOpiB Ha ocHOBI makeTiB ANSY'S Fluent ta FIoEFD.

[IpoBeneno mapamMeTpu4yHy KOMI'IOTEPHY PEKOHCTPYKIIO CTPYKTYpPH B3aeMOJii
HeAopo3mupeHoi (n=1.2) Haa3BYKOBOI CTPYi MOBITPS 3 MJIOCKOIO MEPEIIKOI0k0 MpH Yrcii Maxa
M=2.2 Ha 3pi3i coma. 3iCTaBIeHHs €KCIEPUMEHTATBHUX Ta YHCEIbHUX TIHBOBUX (poTorpadiii
NP PI3HUX BIJACTAHSAX BiJ 3pi3y COIUIA /IO TUIACTHHH JIO3BOJISIE BUSBUTH JETalll CTPYKTYPH
B3a€MO/II1, 110 PO3TIIsIIAETHCS. BupasHno BuaHO 60ukonoaioHa opma BUTIKa04Y0i HE1300apruaHOT
CTpYi, YTBOpEHHS CHCTEMH yJIapHHX XBWJIb, BKIIOYAOYM AUCKM Maxa y Oe3mocepenHii
OJIM3BKOCTI TUIACTUHU. AHAI3YEThCSI MEXaHI3M YTBOPEHHS BIJPUBHHUX 30H, CKCIIEPUMEHTAIbHI
Ta YMCENbHI PO3MOALUIN TUCKY Ha IUTACTHHI.

JocnipkeHo ~ HaATIKaHHA  HAJI3BYKOBOI  TypOYyJEHTHOI  BHCOKOTEMIIEpPATypPHOI
nepeposurpenoi (T=1085 K, n=0.43) ctpyi Ha rm1ocky nepemkoay npu aiameTpi corwia D=1,8m
Ta TOKa3HUKY amiabatu y=1.175, skuii CyTT€BO BIAPI3HATHCSA BiJ TOKa3HWUKA ajiabatu
HABKOJIMIIHBOTO MOBITPs. Taki BUXi/IHI IaH1 BiINOBIIAaIOTh PeaTbHIM KOHCTPYKIIISIM KOCMIYHHIX
pakeT-HOCIiB.

AmnamizyeTbcs SIK CTPYKTypa BUIBHOI CTpyi, Tak 1 ii 3MiHM Ha pPI3HHX BIJICTaHSIX IO
riacTiHU. [TokazaHo, 1110 HaBITh MPU BETUKUX 3HAUEHHSIX BIJICTaHEH 10 MepelKoau 3MIIaHHs
HOBITPs 1 CTPYi BiAOYBA€ThCS JMIIE B HEBEIMKOMY PO3IUIOBOMY IIapi, 0e3 MpOHUKHEHHS
3HAaYHUX Mac TOBITPS BCEpPEAMHY CTpPYyi. PO3IIIIHYTO TakoX BIUIMB T'€OMETPii Ta30BiJBIIHOT
IIaXTH HA CTPYKTYPY BHYTPILIHBOT TeUii.
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T'A30BA 3ABICA KPUBOJITHIMHHAX IOBEPXOHD ITPU MTOJAYI
BTOPUHHOI'O ITIOTOKY B IIOIIEPEYHY TPAHIIEIO

[Toramos C.B !., Xanatos A.A. 2
! Harionanshuii Texuiunuii ynisepcurer Ykpainu « KuiBchkuii momitexHiunmii iHCTHTYT
imeHi Iropst Cikopcbkoro», Kuis, sampotapoff@gmail.com
2 InctutyT Texuiunoi Termnodizuku HAH Ykpainu, Kuis

["a30TypOiHHI YCTAaHOBKHM IIMPOKO BHKOPUCTOBYIOTHCS B eHepreTui Ta aiari. Jlms
IiABUILIEHHS MOAIOHUX YCTaHOBOK MOTPiOHO 301nbIyBaTH poboui Temmeparypu. OnHak, yepes
BHCOKI TEMIIEpaTypH iICHY€ MpobdieMa pecypcy yCTaTKyBaHHS, B TOMY YHCITI 1 JIOTATOK TypOiHH.
OpHUM 13 pillIeHb € TUTIBKOBE OXOJIOJKCHHS, SIKE 1HTEIPYEThCS B KOHCTPYKIIIO JIOMATKH.
[11iBKOBE OXOJIOKEHHS € OOHUM 13 OCHOBHUX CIIOCO0IB 30BHIIIHHOI0 OXOJIOHKEHHS JIONATOK.
Cxema BHBO/y OXOJIO/DKYBaua 4epe3 OTBOPHU B TPAHIIE] € OHI€I0 32 HaHe(PEKTUBHIIIUX CXeM
3 TOYKH 30py TeIIo(i3MKW. 3BaKAOUM Ha T€, IO B pPEATbHUX 3aJadax MPUCYTHI Oe3niy
30BHIIIHIX (AKTOPIB, MOTPIOHO aHANII3yBaTH iX BIUIUB Ha (Di3MYHI Ta TEJI0O0OMiIHHI MPOLIECH B
xomi oxonokeHHsA. ILlg pobGoTa mpucBsIYEHA TEOPETHUYHOMY JOCIHIKEHHIO BIUIUBY
KPHUBOJIIHIMHOCTI TOBEPXOHb HA €(PEKTUBHICTH ITIBKOBOTO OXOJIOKEHHSI.

\
il AN

(N IRTINININ

Puc 1. T'eomeTpist ocnipkeHUX TeoMeTpiil (371iBa HallpaBo): BUITYKIIA, YBIrHyTa Ta IJIOCKa
Mozenl

B naniii poGoTi MOpiBHSAHI TpW BapiaHTy KaHaiy: nmpsamuil [1], Bumykiauid (MO3UTHBHUI
pazailyc KpUBU3HHM) 1 YBITHYTHI (HETaTUBHUHN pajilyC KPUBHU3HU).

I'eomeTpuuni po3mipu Oyiu 0OpaHi 3 OTJISIIOM Ha JeTalli eKCIIEPUMEHTAIBHOI YCTAaHOBKHU
Ta peaJbHUX CUCTEM IUIIBKOBOTO OXOJIOJKEHHS, 3alPOBAI)KEHUX B JIONATKaX ra30BUX TYPOiH.
Hiametp otBopy d cknanae 0,8 MM, nonepeunuii kpok 3arnmubnens t=2,4 mum (t/d = 3,0), BucoTa
sarmuosnenas h = 0,6 mm (h/d = 0,75), kyT Haxmity otBopiB A0 moBepxHi o = 30°C, pamyic
KkpuBu3HU R = 50 Mm.

KinbKicTh €JIeMEHTIB CITKM CTaHOBUTH MPHUOJIU3HO ~1.6 MJIH €JIeMEHTIB JJI1 KOXKHOI 3
Mojenel, KutbKicTh By31iB 600 Trucsd. KibKicTh IapiB CITKM y TPUMEKEBOMY IIapi CTAHOBHUTH
20. JocmimKeHHs BUKOHYBAIKMCS 3 BHKOPHCTaHHSIM OCEPEIHEHHUX 1O PelHONbACY piBHSIHB
Hap’e-Ctokca (RANS) i ansi 3aMKHEHHSI CUCTEMH PIiBHSHb BUKOPHCTOBYETbCS SST-mooens
mypoynenmuocmi, SiKka Ja€ PEATICTHYHI PO3PAaXyHKH B TMPUCTIHOYHUX O0JacTSIX Ta B
PO3PaxXyHKOBHUX 00IACTSAX BIATHHI BiJl CTIHOK. Taka KOMOiHAIIiSl € ONTUMATHHIM BUOOPOM JIS
MOAIOHKX 3a/1a4 K PO3paxyHOK IJTIBKOBOTO OXOJIOMKECHHS [2].

Byna mpoiinena Bepudikamiss OTpUMaHUX MJAaHUX JJIS  BHIAJAKYy 3 BHIIYCKOM
OXO0JIOJKyBa4a 4epe3 OTBOPH B TpaHIIEl HA TJIOCKIA moBepxHi. OTpuMaHi JaHi 3 BEJIHUKOIO
TOYHICTIO CHIBBITHOCSTHCS 3 €KCIIEPUMEHTAIBHIMH JAaHUMH, MIOXHOKA CKJIaiae He OuIble 6-
7%.

I'pannuHi ymMOBM Ha BXO[i 1 BHXOJI pO3paxyHKOBOI OOJIACTi BiJMOBIJANM 3HAUYEHHSIM
napameTpa BAyBy Omm3pkuM 1o m=0,5; 1,0; 1,5; 2,0. IlapameTpu OCHOBHOTO IOTOKY:
MBHUIKICTE — 37 M/c, Temneparypa— 20°C. [1apameTpu MOTOKY 0X0JIOXKyBaya: TeMIieparypa —
80°C. IHTeHCHBHICTh TYpOYJIEHTHOCTI YCIX MOTOKIB mpuiiMae 3HaueHHs 1% (BuUMagok
MiHIMalIbHOI/He3HaYHO1 TypOyneHTHOCTi). CriBBIAHOIIEHHS TYCTMH BTOPUHHOTO TOTOKY 1O
ocHoBHOro motoky DR cranoBute 0.83...0.84, BigmoBigHO 10 TEMIEPATypHUX YMOB
CepeIoBUILA.
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Pucynok 3 — Ycepennena eheKTUBHOCTD

Pucynok 2 — YcepenneHa e()eKTUBHICTb e ) .
OXOJIOJKEHHS yCi€l ToBepXHi poO0v0i

OXOJIOJKEHHS yCi€l TOBEpXHI poO0odoi

IJIACTUHU: IJIaCTHUHHU:
| — Ha BUMYKIIiH 110BepXHi; 2 — Ha | — Ha BUTHYTIN NOBEPXHI; 2 — NPsAMIN
npsimiil moBepxHi MIOBEPXHI

3 pwuc. 2, 6ayuMoO, 110 OJHO3HAYHO €(PEKTUBHICTH OXOJIO/KEHHS BUITYKJIOI TOBEPXHI €
OUTBIIOI0, HIK MPHU TPSAMOJIHINHIA MOBEepXHI. BapTo 3a3HaunTH, MO0 HAa yChOMY Jiama3oHi
BUKOPUCTaHUX TIapaMeTpPiB BAYBY BiOyBaeThCS 3POCTaHHS E(PEKTHBHOCTI OXOJIOJKECHHS
ra3oBoi 3aBicH. 3 pHC. 3, y3araJlbHIO€MO, 110 3a apameTpiB BayBy m = 0.5; 1.0 epexTuBHICTH
OXOJIOJDKEHHSI BHITYKJIOi Ta IUIOCKOI IOBEpXOHb (PAKTUYHO € OJHAKOBOIO, IMpoOTe 3i
3017IBIICHHAM MapaMeTpy BAYBY Liel po3puB 30UIblIyeThcs B Mexax A0 3.3% Ha KOpUCTh
OXOJIO/DKEHHS 32 IJIOCKOT MOBEPXHI.

3a pe3yabTaTaMu MOJICITIOBaHHS €(pEKTUBHOCTI OXOJIOPKEHHSI Ta30BO1 3aBICH 3 TI0JIa4YEIO
OXOJIO/DKyBaua yepe3 AUCKPETHI OTBOPY B TPAHIIET HA IIOCKIH Ta KPUBOJIIHIMHUX (BUITYKJIa Ta
BUTHYTA) MIOBEPXOHH OyJIM OTpUMaHI HaCTyITHI PE3yJIbTaTH:

1) EdexTuBHICTb OXOJI0KEHHS Ha BUITYKJIi OBEPXHI BHILA HIX HA IJIOCKIN MOBEPXH, a
Ha BUTHYTIN — HaBMaKH.

2) Pi3Huus B eeKTUBHOCTI B MPEACTABICHUX CXEMaX MOSCHIOETHCS HASBHICTIO Ta JIEI0
MacOBUX CHJI — aKTHBHUX Yy BUIAJKYy BHTHYTOi TIOBEPXHi, IO CIIPHYUHSIE PO3BUTOK
TypOyJIEHTHOCTI 1 KOHCEPBATUBHUX y BUMAJKY BHUITYKJIOI MOBEPXHi, SKI IPUAYIIYIOTH
PO3BUTOK TypOyJIeHTHOCTI. Jl0/IaTKOBUMU YMHHUKAMH BUCTYNAIOTh 3MIHU ITapaMeTpPiB
IPUMEXKOBOTO APy Ta MPOo(iiiB MBUIAKOCTI MOTOKIB.

3) Jlna 060x BUNAAKIB KPUBOJIHIHHOCTI Oynm 0OpaxoBaHI BIJIOBIIHI MOMPABKH IS
MOJAJIBIIION0 BUKOPUCTAHHS Ta MOJICIIOBAHHS PO3PAXYHKIB 32 PEATbHUMHU YMOBAMHU:
(1) mompaBka 111 BAYKJIMX ITOBEPXOHB, (2) MOMpaBKa JjIsi BATHYTOI TOBEPXHI:

Ecurvatures = 1,3692 — 0,46913m + 0,28006m? — 0,05385m3 (1)
Erurvature— = 0,9676 + 0,0493m — 0,0711m? — 0,01626m3 )

CnuCOK BUKOPUCTAHUX JIZKepeJt

1. IoramoB C.B., Ilanuenko H.A. «EdekTuBHICTh TUTIBKOBOTO OXOJODKCHHS 3a
OTBOpaMH B TIONEpeYHidl TpaHmiei: ¢akTop HeizoTepMmivHOoCcTIY: Matepiamm X VIII
BCEYKpATHCHKOI HAYKOBO-IIPAaKTUYHOT KOH(EPEHIIT CTYICHTIB, aCMipaHTiB Ta MOJOANX BUCHHX
— «TeopernuHi 1 npukiagHi MpoodemMu (Hi3uKkH, MaTeMaTUKH Ta iHPopMaTtukuy, Kuis: HTYY
«KIII», 2020 p.

2. XamaroB A. A. TernmooOMeH ¥ THAPOAMHAMUKA B MOJISAX IIEHTPOOSKHBIX MACCOBBIX
cun : moHorpadust /A. A. Xanaros, U. U. bopucos, 0. . Jlamesckuii,C. b. Pesauk. — Kues

HTVY «KIIN», U3n-Bo «llonmutexnuka», 2016. — T.10 : IlepcnekTUBHBIE CXEMBI

MJIEHOYHOTO OXJIakaeHus. — 235 c.
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MOJEJIOBAHHA AEPOIUHAMIKH POTOPA JTIAP’€

Poxkesuu A.O.
JlHinpoBchkuil HarlioHAIbHAUK yHIBepcuTeT iMeHi Onecst ['onuapa, m. Jninpo,
rozhkevych@ukr.net

P03BUTOK €HEpPreTMYHUX TEXHOJIOTIH 3 BUKOPUCTAHHSAM BiTHOBIIOBAHOI €HEprii €
KOHKYPEHTHUM HaIlpsIMOM B €KOHOMIIll Haoi kpaiHu. Lle 3aBnanHs Haa3BUUYaliHO aKTyajbHE
Ui YKpaiHy, sKka KpUTUYHO 3AJICKUTh BiJl IMIIOPTY €HEPrOHOCIIB. 3a OCTaHHI POKH CTPYKTYypa
YKpPaiHChKOT EHEPreTUKH CYTTEBO 3MIHMJACA. 30Kpema, 3aBIsSKd e(EKTUBHIA IOJITHUIl
CTUMYJITIOBAaHHS PO3BUTKY «3€JI€HO1» eHepreTHKH [ 1], Bmamocs 301IbIINTH 9aCTKy COHSIYHOT Ta
BiTpoBOi eHeprii 3 1% y 2015 poui 10 3,1% y 2021 poui B 3araibHOMy OanaHci BUPOOHULITBO
€JIEKTPOEHEePTrii.

Hu3bkwii BITpOBHI MOTEHITIAN 3HAYHOT YACTHHH YKPAaiHCHKO1 TEPUTOPIT 3MYIITY€E NTyKATH
IUISXY TiBUIIEHHS €()EeKTUBHOCTI BiTporeHeparopis. Uepe3 HU3KY €KOHOMIYHHMX (DakTOpiB
BUKOPHUCTAHHS BITPOTCHEPATOPIB 3 BEPTHUKAIBHOIO BICCIO € TPHUBAOIMBUM Il YKpaiHU.
KomnakTHa KOHCTpyKIis poTopa [lap’e, HU3bKUI aepoAMHAMIYHUN IIyM, HE3aJECKHICTh Bif
HaIpPsMKY BITPY 1 3/IaTHICTh MPAIIOBATH MPH HU3bKUX IIBUIKOCTSX BITPY pOOUTH TaKi TYpOIHH
MEPCTIIEKTUBHUMH JIJIsl BAKOPUCTAHHS B IKOCTI aBTOHOMHUX 200 PE3EPBHUX JKEPET KUBICHHS
BiianeHux 00'exTiB (pepMm) 1 B pailoHax HIIILHOT UBIILHOT 320y 10BH.

He3Baxaroun Ha HM3KY IepeBar mepej BiTpOreHepaTopamMH 3 TOPU3OHTAIBHOIO BiCCIO,
BITPOTEHEPATOPH 3 BEPTHKAJIHHOIO BICCIO JOCI HE HAOYJIM IIUPOKOTO TOIIMPEHHS dYepe3
menmmii KKJ[ [2]. TIpoTe, 3riiHO 3 OCTaHHIMH IOCTiPKeHHSIMH [3, 4], BEpTUKATbHO-OCHOBI
BITPOTEHEPATOPH MAIOTh OaraTto pe3epRBiB IMiIBUIIECHHS MPOYKTUBHOCTI Tparli.

3 ypaxyBaHHSM yChOTO BKAa3aHOTO BHWINE, OYyJIO JOCIIHKEHO EHEepPreTU4Hi
XapaKTepUCTUKU poTopy Jlap’e 3a 1O0MOMOroI0 OJHOAMCKOBOI IMIYJIBCHOI 3 ypaxyBaHHSIM
3MiHHOTO yKcia PeliHonbaca mpu 3MiHI KyTy YCTaHOBKH JIOTIATI 10 TIOTOKY BITpY.

Peanizariss ofHOAMCKOBOT IMITYJIBCHOI TEOpii 3BOJUTHCS 10 HACTYITHOTO aJTOPUTMY:
CHJIY, IO JIIOTh HA JIONATi 1 TpaBEPCH, 3 OJHOTO OOKY, BUPAKAIOTHCS Uepe3 aepoaArHaMIuHI
Koe(dirieHTH jonaTel 1 TpaBepc, 3 IHIIOro 00Ky, OJTHAKOB1 CHIIM BUPAKAIOTHCS TEOPEMOIO TTPO
IMIYJIBC JUISI KOYKHOTO 3 aKTUBHUX JTUCKIB [5]. Llelt MeToa npu3BOAUTH 10 TPAHCLIEHACHTHOTO
PIBHSIHHS, SIK€ BU3HA4Ya€ BEJIMYMHY HABENIEHO! IIBUJIKOCTI BITPOBOTO MOTOKY Yy BITPOKOJIECI.
3HaxOKEHHSI IBUJIKOCTI BITPY y BITPOKOJIEC B 3aJIEXKHOCTI BiJI IIBUAKOCTI BITPY Ha0Irarouoro
MOTOKY Ja€ MOKJIMBICTh BH3HAYUTH KOE(QIIIEHT MOTYXHOCTI BiTporeHepartopa. Lls Teopis
0a3yeThCs HA BUXITHUX JTAHUX PO aepoauHaMivHi KoediieHTu oOpaHux nmpodiiiB jJomareu y
BCHOMY Jlialia30Hi KyTiB aTaku Ta B MAaKCUMaJIbHO IMIMPOKOMY Aiana3oHi uucen PeiiHonbca.

Po3spaxyHku  BITpOTYpOiHM TPOBOJIMIWCH 3 BUKOPUCTAaHHSM  aepOJUHAMIYHHX

xoedimieHTiB €, Ta c, mpopimo NACA 0012 y niamazoni uwucen PeiiHonbaca
Re = 10% +5-10°.

Pesynbrati po3paxyHKIB TMOKa3aid, IO MEepeaHs KpoMmKa MNpodiio MOBHHHA OyTH
BiJIXMJIEHA BCEPENUHY BITPOKOJIECa, TPU MIBUIKOCTAX Habirarouoro notoky Birpy V,=7 m/c,

Vo=10 M/ci V,, = 13 m/c onTuManbpHuii Jiana3oH 3MiHU KyTa yCTaHOBKH JIONATi NOBMHEH

o o . . . .
3HAXOAMTHCA B Mekax 3 <y <5 , ajke npu IHUMX KyTax KOe(DiLi€HT MOTYKHOCTI

3MEHIIY€eThCsA. [Ipu  1mboMy KOEQIMIEHT TOTYXKHOCTI BITPOYCTAHOBKH TIPU  JICSIKUX
reOMETPUYHUX TapamMeTpax BiTporeHeparopa Moke 30iumbiryBaTHcsa Ha 7-14% 3anexHo Bix
KyTa yCTaHOBKH JIonaTi. TaKuM YMHOM OTPUMAHO, 110 KyT YCTAaHOBKH JIONATI € MEPCIIEKTUBHUM
IHCTPYMEHTOM JUISL YIPaBIiHHS HPOJYKTHBHICTIO BITPOYCTaHOBKM 3 BEPTHUKAIBHOIO BiCCIO
obepry.

66



VIII Intern. Conf. "Computer Hydromechanics", September 27-28, 2022
VIII Mixnap. koH}. «Komm’toTepHa rinpomexanika» 27-28 BepecHs 2022

BcranoBneHi B pe3ynbTari JOCHIHKEHHS Aiala30Hu KyTiB MOXYTh OyTH peKOMEH/10BaHi
JUTISL TIIBHINECHHST €()EeKTUBHOCTI poOOTH TypOiH. 3amponoHOBaHa METOAOJIOTIS MOXe OyTh
BUKOpUCTaHAa JJIs TMOAAJBIIMX  JOCTIDKEHb, TOB'S3aHUX 3 MPOCKTYBAaHHSAM  Ta
(GyHKIIIOHYBaHHSIM BEPTHKAJIBLHO — OCLOBOTO BITpOTE€HEpaTopa.
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BILIVMB TEOMETPII TYHKH HA TEHEPAIIIFO BUXPOBOTI'O PYXY

Posymnrox H.B.
IacTutyT rimpomexaniku HAH Ykpainu, Kuis

B naniit po6oTi po3risiiaeThes mapa JIyHOK BUIOBXKEHOT (hOpMH, PO3MIIIICHUX Ha MJIOCKIN
nmoBepxHi mig KyroM 0=30° 10 HaMpPSIMKY MOTOKY, 3 BITHOCHOIO JOBXHHOIO ~4.5 Ta pi3HOIO
rbuHoto h/d (h — rmubuna, d — mupuHa), Ha sIK1 HaTikae TypOyneHTHH noTik. Taka cucrema
JYHOK T€HEepy€e B MPHUMEKOBOMY IIapi BIOPSAKOBAaHI BHXPOBI CTPYKTYpPH, XapaKTEPUCTHKH
SKHMX, a TAKOXK BIUIMB Ha MOTIK B 1X OKOJII Ta CIifi, 3a1eXaTh BiJ FTEOMETPUUYHUX MapaMeTpiB
JYHOK Ta BianmoBigHOro uncia Perinonsaca [1].

Hecramionapauit TypOyJlIeHTHUH TOTIK HaJ TMOBEPXHEI0 MOJICTIOETHCS UYMCENBHO Ha
OCHOBI PO3B’sI3aHHS HECTAIlIOHAPHOT CHCTEMH PiBHSIHB PeliHonbaca, 3 BUKOPUCTaHHS MO
nepeHoca Halpy>KeHb I MOJICTIOBaHHS TypOyIeHTHOCTI Ha mifcTasi koniB nakety FLUENT
[2].

Po3paxyHkoBa 0051acTh Ma€e BUTIIA] Mapalielenineia, B OCHOBI SKOTO JIC)KHUTh TUIACTHHA
3 JIyHKaMH, Ha sIKii CTaBIATHCS TPAaHWYHI YMOBHU MPUIUTIAHHS, HA BXO/I1 3aJ]aHO PIBHOMIPHUI
HOTIK 3 piBHEM TypOysieHTHOCTI 1%, yMOBH cuMeTpii — Ha GOKOBHX IMOBEPXHAX, PyXOMa CTiHKa
0e3 TepTs — Ha BepxHii rpanuii. BigHocHa rimmbuna nyHok h/d (h — rmubuHa, d — mmpuHa)
BapitoeThes Big 0.6 mo 0.15, BimHOCHA JOBXKMHA JOPIBHIOE ~4.5, TOBIIMHY TYpOYJIEHTHOTO
MIPUMEKOBOTO IIApy B PAMOHI JIYHOK B 3aJICKHOCTI BiJl IIBUIKOCTI TOTOKY Ta TIMOWHM JTYHOK
0.3+1.4 h.

AHaJti3 pe3yJIbTaTiB YMCEIBHOTO MOJICTIOBAHHS TIPH Pi3HIN MIHMOUHI JIYHOK TTOKAa3ye, 110
IpY OAHaKOBOMY 4Hcii PeifHombaca B pailoH1 TyHOK 3MEHIIEHHS iX BiTHOCHOI riuOuHH Bijx 0.6
1o 0.15 3menIye monepeyHuit po3Mip MO3/0BKHIX BUXPIB, SIKI YTBOPIOIOTHCS TP Oy Ib-SIKii
PO3TISIHYTIH MHOHMHI TYHOK, 1 YaCTKy 00’ €My JIYHKH, SIKY BOHH 3aiiMaoTh. SIKIIIO B TTHOOKUX
JYHKaX MO3J0BXKHIM BUXPOBUH PyX OXOIUTIOE MaiyKe BCIO JYHKY, TO B HAUMIJIKIIMIKX JIyHKaX
O1JIpIIIa YaCTHHA JIYHKH TIPOMUBAETHCS, @ BUXPOBUH JUKTYT 3aiiMae HEBEIHMKY YAaCTUHY IIUPHUHU
(puc.1). KpiMm TOro, B MUIKMX JIYyHKax MNPAaKTUYHO 3HUKAE 30HA BIPHUBY 3a TMEPEIHBOIO
KPOMKOIO, JI¢ B TJUOLIMX JIYHKaX YTBOPIOETHCS BUXPOBE SAPO 3 BEJIUKOIO IMONEPEYHOIO
3aBUXPEHICTIO, SKE TOTIM TpaHcPopMyeThcsi B MO3A0BXKHIM Buxop. Illo crocyerbes
MaKCHUMaJIbHOI 3aBUXPEHOCTI Yy IIEHTpax BUXpIB, TO BOHA NPH 3MEHILICHHI INIMOMHU JIyHOK
3MEHIIYEThCSI HECYTTEBO.

31 3MEHIICHHAM TTIMOMHHU TOCTa0II0ETHCS HeCTalllOHapHa MOBEIiHKA TIOTOKY BCEPEaHHI
JYHKHA, B MIUIKAX JIyHKaxX T[IOBHICTIO TPUIUHSIOTHCS TIONEPEYHI KOJUBAHHS TOJIOBH
MO3/I0B)KHBOTO BHUXpa B TMEpeIHId YacCTHHI JIyHKH, SKi BHUKIMKAIOTH PyX BapUKO3HUX
3BY’KCHB/PO3IIUPEHb BUXPIB B Ci1 32 TIIMOITUMHU JTyHKaAMHU.

I'mubuna cyTTeBO BIUIMBAaEe Ha 3arajlbHUN omip JyHOK. [IpyM 1bOMY 3MIiHIOETHCS
CITIBBITHOIIICHHSI BKJIaTy ONIOPY TEPTS Ta ormopy HOPMH(THCKY ): SKIIO B NIMOOKHUX JIYHKAX OIIp
dopmu Maibke Ha MOPAJOK BHIIHMHA, TO B MUIKMX BiH OUIBIIMIA NMpUONM3HO B J1Ba pasH.
[TopiBHSHO 3 OTIOPOM AUISHKH TIJIOCKOT MOBEPXHI, 00MEXEHOT KPOMKOIO JTYHKH, OITip TINO0KOT
JTyHKH OifbIIMIM Maibke B AecATh pas3iB, a HaWMUIKIOI - B ~2.5 pa3u (mpu HaWOLIbLIIHN
IIBUKOCTI MIOTOKY SM/C).

IIpu mnepexomi wyepe3 BHUXIIHY KPOMKY TIO3JIOBXXKHI BHUXPH IIOMITHO BTPayaroTh
IHTEHCUBHICTh. MakcUMalibHa BEeTWYMHA B ICHTPI IMaja€e Maibke OJHAKOBO 3a TIHOMIMMU 1
MUIKMMHU JTyHKaMH, aje 3HaYHOI0 MipoIo 30epiraeThcsi OKpyria ¢oopma BUXpa 3a INIMOIIUMHU, B
TOW Yac sIK 32 MUTKUMHU BOHH MAIOTh MIPUTLIFOCHYTE TI0 BEpTHKAII siipo. Hukue 3a Teuiero BOHH
TaKOK HAOUPAIOTh OKPYTIIOT (OPMH, ajle MAKCUMaJIbHA IHTEHCHBHICTh 3MEHIIYIOThCS IIBU/IILIE.
Takum 4MHOM, 32 MUTKUMH JTYHKaMH 30Ha BIUIMBY T€HEPOBAHUX JTYHKaMH TO3/IOBKHIX BUXPIB
€ JICII0 KOPOTIIOIO.
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MosKHa TakoX 3ayBa)KUTH, IO 32 MUIKMMHU JIyHKaMd BTOPUHHI BUXPH, SIKI CXOISTDH 3
TOCTPHX BHXITHMX KPOMOK MK OCHOBHMMH IO3JIOBXXHHMH BHXPaMH, T'€HEPOBAHUMHU
BCEpEAMHI JIYHOK, Mai)ke HE NMOMITHI Ha ()OHI OCHOBHUX BHUXpPiB. OCHOBHOIO HPUYHMHOIO,
BIPOT1/IHO, € MEHIIIUN KYT COPSDKEHHS CTIHKH JIYHKH 3 TIOBEPXHEIO TUTACTHHH B I T€OMeTPii.
OxpiM TOro, B3IOBX BHYTPIIIHIX KPOMOK KOXKHOI JIyHKM OJIMK4Y€ /0 BHXIJHOI YaCTHHU
criocTepiraeTbes (opMyBaHHS 1€ OJTHOTO, CIA0IIOTO MO3A0BKHHOTO BUXPOBOTO YTBOPEHHS 31
3CYBHOTI'O IIapy, KU CXOIUTH 3 Li€l KpOMKHU (puc.2). BiH Mae Takuii ke 3HaK 3aBUXPEHOCTI,
SIK OCHOBHUM BHUXOP, TOMY 00’ €THYETHCS 3 HUM, 1 B MUIKUX JIYHKaxX WOTO BIIHOCHHI BKJIaja B
pe3yNbTYIOUy IHTEHCHBHICTH 30UTBIIYEThCSA. TakuM YMHOM, BIUIMB (POPMHU KPOMKH JTYHKH
OUTBIII TOMITHO BIUTMBAE HA MO3/I0OBXKHI1 BUXPH, T€HEPOBaH1 OUIBIII MUTKHMH JIYHKaMH.

Puc.1. TpaekTopii MiueHUX YaCTUHOK B JIYHKaX 3 BIIHOCHOIO riubuHoo 4/d =0.3 (a), 0.15 (0)

vorb_c3em
X-Vorticity

-2100 -1470 -840 -210 420 1050 1680 2100
[

-1500 -1050 -600 -150 300 750 1200 1500

0)
Puc.2. Kontypu no3moBxHb01 3aBuXpeHoCTi B iepepizax 0.7L, 0.83L
(L — momxwuna myHku, h/d =0.15)

1. Posymurok H.B. XapakTtepucTWku MOTOKY Ha IMOBEpPXHI 3 MapOI0 JIYHOK BHJIOBXKEHOI
¢dopmu // Komm’roTepHa rigpomMexaHika: Te31u CbOMOi Mi>KHap. HayKOBO-TIPAKTHYHOI KOH(.
29-30 Bepecus 2020 p., Kuis: I'M HAHY, 2020. — C. 93-94.

2. Bopomnaes I'.A., Pozymuiok H.B. MogenupoBanue HeCTallMOHAPHOTO MOTPAHUYHOTO CIIOSI
Ha CTpyKTypupoBaHHOH moBepxHocTU. // Bicauk HTY «XIIl». — 2019. - Ne 16 (1188). -
C.93-98
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XAPAKTEPUCTHUKH HAJI3BYKOBOI TEUYIi BOCECUMETPUYHOMY
EKEKTOPI ITPH HAABHOCTI 3BMIHHOT'O ITPOTUTUCKY

Posymuiok H.B.
[acrutyT rigpomexaniku HAH Ykpainu

Hana poOoTa mpeacTaBise pe3yabTaTH YUCENBHOTO JOCTIIKEHHS B3aeMOZIil
IMITyJIbCHOTO HAJ3BYKOBOTO CTPYMEHS 3 TMOTOKOM 3aXOIUJIEHOIO ra3y B OCECUMETPUYHOMY
€XKEKTOpl 3 KOCHM IIIJThOBUM (KUIBLIEBUM) COTIOM (hiKCOBaHOI TeoMeTpii mia yac poOOoTH
€XKEKTOpa B IMITYJIbCHOMY PEXKHMi, TOOTO, BiJl MOMEHTY NPUKIAJaHHS BHCOKOTO THUCKY B
dopkamepi nepe; mMigbLOBUM COIIJIOM 3 HEPYXOMHUM ra3oM y Beiit o0acti. Po3risiHyTo BapianTu
reometpii (puc.l), ki OyJu ONTHUMAIBHUMU ISl OACP)KAaHHS IIJTLOBUX TMapaMeTpPiB €KEKIi
(BeTMUMHU MacoBOi BUTPATH Ta KoedilieHTa eXeKlii) MpH CTallioOHAPHOMY PEeXUMi pOOOTH B
Jliara3oHl TeHepyr4yoro THUCKY Bix 45 atMm no 52atm [1]. Tlpsime umcenbHE MOIETIOBaHHS
BUKOHAHO 3 BHKOpUCTaHHsIM KofiB makeTy FLUENT. PosrnsayTo TypOyJIeHTHY TEYiro
1IeanpHOTO0 razy (MoBITPs) 3 BUKOpUCTaHHAM Mojen Crnanapra-AsuiMapaca, pu TeMIeparypi
razy Bucokoro Tucky 300°K.

[Tig miero reHepyrouOro THUCKY Ta3 uepes
- COIJI0O HAIXOOUTh 10 KaMmepu 3MilllyBaHHS,
YTBOPIOETHCS Ha/I3BYKOBUH CTPYMiHBb,
HarpaBJeHUH 10 OCl CHUMETpii eKeKTopa Ta
BUXOAY 3 KaMmMepu 3MIlIyBaHHS 3 3aKPUTUM
KJIamaHoM,  SIKUH BIJIKpUBAETHCS  TpU
JOCATHEHH1 HaJJIMIIKOBOro THCKY 0.2aTM B
Puc.1. Cxema exekTopa MPUETHAHO 3aMKHYTY 00JacTh, SIKa MOJEIIOE
MHUTTEBO  PO3KPUTY  TOAYHIKY  Oe3neKu

aBTOMOO1JIS 3a1aHOTO 00’ €My O€3MEeKH 3 YTBOPEHHSIM po3pimkeHHs -0.3aTMm.

[Ticnsg BIAKPUTTS BUXIIHOTO KJIANaHy HAJA3BYKOBHN CTPYMiHb LIBHJAKO IE€PEMILTY€ETHCS
JI0 30BHINIHKOI CTIHKM KaMmMepu 3MIIIyBaHHsS, THUCK B KaMepl TMOYHMHAE 3HUIKYBATHUCH,
YTBOPIOETHCS PO3PLKEHHST MO BCi ii MOBXKMHI, Ha BXOJI HHU3BKOTO THCKY EXEKTOpa
BIJIKDHBAETHCS 3BOPOTHIM KJIAlaH, IMOYMHAETHCS 3aXOIJICHHS TIOBITPS 13 30BHINIHBOTO
CepeIoBUILA.

Bcepenuni kamepu 3MillyBaHHS YTBOPIOETHCS CKIIAHA CHCTEMa CTPUOKIB YITIJIbHEHHS
— TpAMUR CTPUOOK B sIpi MOTOKY 1 JEKUIbKa KOCHUX CTpPHOKIB, AKi MagalOTh Ha CTIHKY 1
B1JI00pakatoThCs Bia Hel (puc.2a). HasBHICTH KyTOBOi TOUKHM MOYATKYy BHXIIHOTO nudy3opa
npuBoAUTH A0 (GopmyBanHs Teuil [Ipanarns-Maiiepa, ne XBuUIl pO3pIIKEHHS MOBEPTAIOThH
TEUil0 B3JIOBXK CTIHKHU AuQy30pa. B 3aeKHOCTI BiJi BEIMUYUHHA FEHEPYIOUOTO TUCKY, TeOMETPii
30BHIIIHBOI CTIHKHM €XKEKTOpa, JOBXMHHU IMPHUHOMHOIO KOHTEHHEpPY MOKE CIIOCTEpiraTHcs
BIJIpUB Ta MPUEIHAHHS MOTOKY MEpesa BUXITHUM IMEpPepi3oM, 3 YTBOPEHHSM JIOKAJIbHOI 30HU
perupkynsii. [lynbcyBaHHS 1i€i 30HM BiZOOpaXKalOThCS B MEPIOJUYHUX KOJIHMBAHHSIX
3arajabHOI BUTPATH €KEKTOPA.

CuibHa HECTIMKICTh MOTOKY MOOJIM3Y BUXOJY BUKIMKAE KOJMBAHHS MOTOKY B Kamepi
3MINTYBaHHS, 3 TMEPIOAUYHOI0 TEpeOyA0BOIO CTPYKTYPH CTPHOKIB YIIIJIBHEHHS aX [0
3HUKHEHHSI mpsaMoro crpuOka. Ilpu 1mpoMy croctepiraloThCsi KOJUBAHHS HaBITh y BUTpATi
3aXOIJICHOTO T'a3y Ha BXOJI HU3bKOTO TUCKY. Y BUIAJKYy CTIHKOIO MPSMOTo CTpUOKA BETUYUHU
BUTpPAT 3aJMIIAIOTHCS CTAOUTPHUMM BIIPOJIOBXK BCHOTO TEpIOLy 3pOCTaHHS THCKY B
MPUHOMHOMY KOHTEHUHEPI.

[Ticns Toro, Ak THCK Yy MIPUHOMHOMY KOHTEHHEPI NMEPEBUIIy€e aTMOCHEPHUIL, TPOTUTHCK
MOYMHAE TPOHMKATH B Kamepy 3MINIyBaHHS €XEKTOpa, 3arajJbMOBYIOUM 1 BIATHUCKAIOUYU
OPUCTIHHUN TOTIK BiJl CTIHKH, KOCI CTPHOKH CKOPOUYYIOTBCS, a MPSIMHIA CTpHOOK BTpayae

K
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IHTEHCUBHICT 1  3MINIYETHCS
Buie (puc.26). Butpatu uepes
©KEKTOp 3MEHINYIOThCS, —alie
HarHiTaHHS Ta3y B KOHTEHHEp
nponoxyersca. Ilocrymoso 3a
BUXOJIOM 3 eXKEKTopa
YTBOPIOETHCS BEJIMKA
peuupKyJsIiiHa 30Ha Oias oci
CHUMETpii, sIKa PO3IMIMUPIOETHCA 1
NEPEeKPUBAE YACTUHY BUXITHOTO
nepepizy. 3 MOJTAJIBIITHM
3pOCTaHHSM MPOTUTHCKY 15 30HA
3aXOJUTh BCEPEAMHY KaMepu
3MIITYBaHHS 1 MalXKe MOBHICTIO
i TeperopoKye, 3alUIIAr04Yu
TUTBKH BY3bKY TUTISTHKY
IPUCTIHHOTO CTpPyMEHS B
HampsIMKy  Buxoay (puc.2B),
nopolec  ©XKeKLii  MOBHICTIO
NPUTTHHSIETHCS.

3a pesynpTaTamMH aHaTi3y
OTPUMaHUX  JIaHUX  MOJKHA
3pOoOUTH HACTYIHI BUCHOBKH:

1. HecramionapHicte Ta
CTIHKICTh TIOTOKY Yepe3 eKEeKTOP
3ajieaTh SK  BiA  TeoMeTpii

30BHIIIHBOT CTIHKH Ta

MOYaTKOBOTO IMITYJIBCY

HA/J3BYKOBOTO CTPyMEHS, TakK 1

BiJl bhopmu MPUHOMHOTO B) t=15msec

KOHTEHHEpA: JOBXKMHA €  Puc.2. ITone tucky [-0.9:0.2aTt™m] Ta TpaekTopiii MiueHUX
OOMEXYyIOYMM IIapaMeTpoM B YaCTUHOK MOOJIN3Y 30BHIIMIHBOT CTIHKU KaMepH
3aJICKHOCTI Bif IMITyJITECY smimryBanHs; L=0.25M, Po=46atm

CTpyMEHSI.

2. [Ipu yTBOpeHHI B Kamepi
3MIITYBAaHHS CTIMKOTO MPSMOro cTpuOKa YHIUIbHEHHS 30ypeHHs MOTOKY IpU BUXOMAI 3
©KEKTOpa HE PO3IMOBCIODKYIOTHCS 10 BXOAY HHM3BKOTO THUCKY, OT)KE, TaM CIIOCTEpIraeThes
CTaOUTFHUH TIOTIK 3aXOTUIIOBAHOTO Ta3y.

3. CTpyKTypa MpUCTIHHOTO MTOTOKY B KIHIIEBIM 00J1aCTI KaMepH 3MIIIyBaHHS MPH SKiK Ha
CTIHIII BUXIAHOTO Au(]y30pa MOXKe iCHYBaTH IUPKYJIALIHHA BiIpUBHA 30HA, A€ HAA3BYKOBUN
CTPYMiHb 3HOBY TPHEAHYEThCA MO CTiHKH (restricted separation shock, RSS [2]), € Gimbim
CTIMKOO 10 BILTMBY 3POCTAI0UOT0 MPOTUTHUCKY 1 MiJBUILY€E pOOOUl XapaKTEPUCTUKU €KEKTOPA.

1. Bopomae I.0., Posymuiok H.B. DOxekTyroda BIacCTHBICTh TaHTCHIIAILHOTO
HaJ3BYKOBOTO cTpymeHs // Komm’roTepHa TizpomexaHika: Te3d ChOMOI MIKHAp. HAayKOBO-
npakTuyHoi kKoH(. 29-30 Bepecus 2020 p., Kuis: I'M HAHY, 2020. — C. 19-20.

2. R. Stark, C. Génin. Optimization of a Rocket Nozzle Side Load Reduction Device.
JOURNAL OF PROPULSION AND POWER,Vol. 32, No. 6, November-December 2016,
1395-1402.
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BEPTUKAJIBHI KOJIMBAHHA
MNPAMOKYTHOI'O ITAMITY 3 HEITPOHUKHOIO IMIA0OIIBOIO
HA IIAPI IOPUCTONPYKHOI'O HACUYEHOI'O PIZIMHOIO IPYHTY

Casunpkuii O. A.
IacTutyT rimpomexaniku HAHY, Byn. Mapii Kannicr, 8/4, Kuis, 03057
osavitsky(@ukr.net

PosrmsimaeTscss AuHAMiuHA KOHTaKTHA 3ajava MPO BUMYIIEHI TapMOHIUHI KOJIMBAHHS
MPSIMOKYTHOTO B IUIaHI JKOPCTKOTO INTamma (MOJENb Malio3ariu0OJieHoro (yHIaMeHTa) 3
HEMPOHUKHOIO JUIsI MOPOBOI PIAMHM TINOIIBOIO HA IOPUCTOINPYXHIM HACHYEHIH DPiTUHOIO
(IIITHP) ocHOBi - miapi 3 3aTHCHEHOI HIDKHBOIO TPaHHIO. BUKOPUCTOBYETHCS JIiHIMHA
¢denomenonoriuna mojenb bio aBogasznoro rpynrooro IIITHP cepenoBuina, mo BpaxoBye
NepeMilieHHs, IHEepIIIiHY Ta (UIbTpaliifHy B3a€MOJIII0 MIOPUCTONPYKHOTO CKEJIETYy Ta B’ S3KO1
nopoBoi pianHu. PiBHICTh mepeMilieHb MiomBY (yHIAMEHTY Ta IepeMilleHb (a3 moBepxHi
ITPYHTOBOi OCHOBH BH3HAUYaIOTh KOHTAKTHI YMOBH. lle M0O3BOJIsI€ OIIHUTH B3a€EMOII0 Uyepe3
IUTONTY KOHTAaKTy IEpPEeIaTOYHMMU YH IMIICJTAaHCHUMH (DYHKIISIMHU, SIK CITIBBITHOIIECHHSIM
peakIliii Ta BiMOBITHUX 3MIIICHB ISl TIIOMBH (PyHIAMEHTY MPU TAPMOHIYHUX KOJIMBAHHSX,
abo mepexigHUMHU (QYHKIISIMUA TIpH iMIyabCcHIA Ail. Taki ¢yHKIIT MOXXyTh OyTH BU3HAYEHI 3
PO3B 3Ky AMHAMIYHUX KOHTAaKTHUX 3aJla4 METOJIaMU TPaHUYHUX IHTErpalbHUX PIBHSHb MPU
BpaxyBaHHI IUIOIII KOHTAaKTY, TEOPETUYHUX OCOOJIMBOCTEH PO3MOALTY KOHTAaKTHUX THCKIB,
JUHAMIYHHUX BIACTUBOCTEH OCHOBH.

Merta poOOTH - BCTAHOBUTH 3aJISKHOCTI BiJl YaCTOTH BHUMYIIEHUX KOJUBAHb peakiii Ta
IMITeTaHCy, iX po3moAlT MK (DazaMH Ha TUIONII KOHTAKTy, MEPEMIIICHHS IITamIia, aHaji3
PE30HAHCHUX CHUTYalliif [IapyBaToi OCHOBHM MpPU BapilOBaHHI T€OMETPUYHUX I1apaMeTpiB
pPO3paxyHKOBOI CXeMH, Ta TMapameTpiB mojeii bio, 30kpema MPOHUKHOCTI Ta MOPHUCTOCTI.
Pesynbrati MOXyTh OyTH BUKOPUCTaHI JJIS: pPO3PaxyHKIB AMHAMIYHOI B3a€MOJIl CHOpyH 3
ITPYHTOBOIO OCHOBOIO; OITIHKM OE3MEKH Ta CTIMKOCTI BOJOHACHMYEHOI IPYHTOBOI OCHOBH Ta
CHOPYA MiJ Ji€l0 AMHAMIYHUX BIUIMBIB; MOPIBHSAHHA 3 JaHUMHU PO3PaxXyHKIB KOMEpPLIHHUX
MIPOTrpaMHUX KOMIIJIEKCIB.

Po3B’s130K mpOCTOPOBOI JWHAMIYHOI KOHTAKTHOI 3a/Jadi 3HAXOIHUTHCS METOI0M
OPTOTOHAJILHUX TOJIIHOMIB JUTsl TPSAMOKYTHOT 0067acTi Ha moBepxHi [ITTHP miBnpocTopy (aus.
[1, m. 7.2.2]). IlpencraBieHHS HEBIJOMHUX KOHTAaKTHHUX THUCKIB JIsi TOPUCTONPYKHOI Ta
pinuuHOI (a3 momano B [1, c. 353]. ns nmeperBopenHss Dyp’e 3B’ 30K MK MEPEMIIICHHIMHA
CEepeloBUINla Ta HABAaHTAXCHHSM BCTAHOBIIOIOTHCS CHUMBOJIOM MaTpuii ['piHa, y sKiid
PO3TIIAIAIOTECS TITBKA BEPTUKAIBHI MEPEMIIICHHS KOHTAKTHOI IUIOIIAKH, ajie JJis 1BoX (a3
Ta HaBaHTa)XCHb Ha KOXKHY (pa3zy. MeTo10M OpTOroHAIBHUX MOJIIHOMIB HAOJIMKEHUN PO3B’SI30K
JUISE KOHTAKTHUX THCKIB 3HAaXOIUTHCS 3 HECKIHYCHHOI CHUCTeMH JIHIMHUX anreOpaidHux
piBHsHB. KoediieHTn cucTeMu BU3HAYAIOTHCS 3 PO3B’s3Ky piBHsAHB bio (muB. [1, m. 1.3.2 Ta
§ 7.2]) mns mepeMilleHb BiJl BEPTUKAJIbHUX TAapMOHIYHUX HABAaHTAKEHb HAa NPSAMOKYTHIN
JIJISTHIT TTPY HYJTbOBUX IMOYATKOBHUX YMOBAxX Ta yMOBaxX Ha HECKIHYCHOCTI Jyts mapy. I pannyHi
YMOBH Ul TIepeMillleHb 1 HaNpYyXeHb Y TBEpAild Ta piauHHINA (a3ax HacTymHl. Ha BinbHIH
MOBEPXHI MIapy BIJCYTHI JOTUYHI HanpykeHHs. Ha TUabHIN TpaHi mapy BiACYTHI 3MIIICHHS
TBEp/0i Ta BepTUKaIbHI pianHHOI (pa3. Ha mpsMoKyTHi# KOHTAaKTHIM IUISHIII MaEMO HEBiIOMI
BEPTUKAIbHI €()EeKTHBHI HANPY>KCHHS Ta MOPOBUMA THCK. OCOOIMBOCTI KOHTAKTHUX TUCKIB T
HEMPOHUKHOIO JIJIsl TIOPOBOI PiAMHU MiAOIIBOKO 00roBopeHo B [1, c. 345]. IIpu 3acTocyBaHHI
IHTEerpaJIbHOTO TiepeTBOpeHHs Dyp’e 3 TpaHUYHHX YMOB OTPUMAHO CHCTEMY JIHIHHUX
anreOpaiyHUX PiBHSIHD 8-T0 MOPAIKY 3 BUIbHUM WIEHOM (KOHTAKTHI HaBaHTaXEHHA Ha (asn).
Busznaunuk cucremu (pynkiis Penes nus [TITHP mapy) 1 dopmynu a1t HeBigoMUX BU3HAYCHI]
metoaoM Kpamepa.
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Jns po3B’s3Ky Ta MOJANIBIIOrO aHajlizy, BHKOPHCTAHO CHUMBOJBHI anrebpaidHi
MEePETBOPEHHS (CHCTeMa KOMIT toTepHOi anredpu Maple). OTpuMaHO CHMBOJIBHI BUPa3u ISt
Tpanchopmant Dyp’e mepemillleHb IUIONMI MiJ MPSIMOKYTHUM >KOPCTKUM INTaMIIOM Bij
pPO3MOIICHNX HABAaHTAKEHb HA TBEPAY MOPHUCTY Ta PIIMHHY (a3d, a TaKOXK aCUMIITOTHYHI
BUpAa3M JUIs iX KOMIIOHEHTIB MIPH BEIMKUX 3HAYCHHSIX MTapaMeTPiB epeTBOpeHH Dyp’e uu s
HU3BKOI YacTOTH. AHAMITHYHHA pe3yJbTaT BPAXOBYE XBHJIbOBI MPOIECH, BIAMOBIAHI 10
NPUIAHATOT MOJEI CepeIOBHUINA, BKIIOYAIOYH TPU TUIM XBWIb Moneni bio, mpyxHi Moau B
mapi i MOBEPXHEBY XBUJIIO. 3 CHCTEMH 1HTETPaIbHUX PIBHIHb JUHAMIYHOT KOHTAKTHOI 3a/adi
3 BHUKOPUCTaHHSM psy OPTOTrOHANBHUX cmiBBigHOMmEHb [1, (7.26)-(7.33)] oTpumano
HECKIHYCHHY CHCTEMY JIHIWHUX anreOpaiuHuX piBHSHB BIMHOCHO KoedilieHTiB psmiB. s
oOumciieHHsT Koe(Dili€eHTIB CHCTEMHU MPOAaHATI30BaHO CHMBOJBHI Pe3yJIbTaTH, PO3POOICHO
METOJHMKH OIHKK I1HTETpaliB OOEpHEHOro MepeTBOpeHHS Dyp’e KOMIUIEKCHUX (DYHKITIH.
Po3pobmseTbest po3paxyHKOBaA MporpaMa AJisi YUCIOBOTO aHATI3y.

1. Tomunko A. M., CaBunkuit O. A., Tpopumuyx A. H. Meronsl cyneprnosunum,
COOCTBEHHBIX (DYHKIHMH M OPTOTOHAIBHBIX MHOTOUYJIEHOB B TPaHUYHBIX 33JadyaXx TEOPUU
ynpyrocty u akyctuku. — K. : Hayk. nymka, 2016. — 436 c.
https://itgip.org/category/ua_publishing-activities/ua_monographs manuals and tutorials/

RECTANGULAR STAMP WITH IMPERMEABLE SOLE VERTICAL
OSCILLATIONS ON THE LAYER OF LIQUID-SATURATED
POROELASTIC SOIL

The dynamic contact problem about oscillations of a rectangular stamp with fluid-
impermeable sole on a porous-elastic liquid-saturated layer with a clamped lower plane is
considered. The Biot’s soil model is used. The purpose of the work is frequency dependence of
harmonical impedance functions (reaction-displacement relation) and their parts for soil phases,
sole vertical movement, resonant situations in layered base under the stamp. An impact of
geometric parameters of the calculation scheme and the parameters of Biot’s model has
practical meaning. The unknown contact pressures for the porous-elastic and liquid phases are
represented by integro-differential relations by the method of orthogonal polynomials. Using
computer algebra (symbolic transformations), we obtain expressions for transformants of the
displacements of the area under a rectangular rigid stamp from the distributed loads on the solid
porous and liquid phases, as well as asymptotic expressions.
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KOMIT''OTEPHE MOJIEJIIOBAHHS TPOIECIB ITIPOHUKHEHHSA TIJI
Y BOAY I BUXOAY CYIIEPKABITYIOUHUX TIJI 3 BOAU

Cemenenko B.M., Bnacenko FO./I., Haymona O.1.
[actutyT rigpomexaniku HAH Ykpainu, M. Kuis. E-mail: vnsvns60@gmail.com

1. IocranoBKa 3agavi. Po3risiaioTeCs ripouHaMivHi MPOLECH, IO MPOTIKAIOTh IPU
MIPOHMKHEHHI MOJIeNIel Y BOJly Ta MpH BUXO1 cynepkaBiTytouux mozener (CKM) 3 Boam mif
JOBUTBHUM KYTOM J0 TOpU30HTY. [IpHu BX0/1i y BOAY MOJENi 3a3HAIOTh BEJIMKUX HaBaHTaKEHb,
BEJINYMHA T HAPSAMOK SIKMX BU3HAYAIOTh 1X MOJAIBIINHI pyX. Y IpoIeci IPOHUKHEHHS y BOIY
3a MOJEIUTIO PO3BHBAETHCS KaBepHa, 3alI0OBHEHA aTMOC()EPHUM MOBITPSIM. Y NMEBHUM MOMEHT
yacy BiIOYBAa€ThCsl MOBEPXHEBE Ta/ab0 TIMOWMHHE 3MHKAaHHS KaBEPHH, Ta MOJAIBIINN PyX
MoJeli BiIOYBaeThCsl B pexkuMi cymnepkasitaiii. [lpyu npomy uyucio kaitaii /Ui KOKHOTO
nepepizy KaBepHH 3MIHIOETHCS] BHACIIIOK 3MIHU INIMOWHY 3aHYPEHHsS /H , TUCKY B KaBEpHI p,

1 BUAKOCTI pyxy V :
LoV (D)
ae p,.,, — arMocepHuil THCK; § — IIO340BXKHS KOOpAUHATA B3JOBXK OCl KaBepHU. THCK

o(s,t)= ; Pw(8) =Py + PEH(5),

B KaBEpHI 3MIHIOETHCSI BHACTIIOK 3MIHH 00’ €My KaBEpHHU Ta BTPATH a3y 3 KaBEPHH, BIH MOXKE
TaKO’K PEryJIIOBaTUCS IIJISIXOM ITiJIyBY T'a3y B KaBEpHY.

[Tpu Buxomai CKM i3 Boau, SIK MOKa3yHOTh €KCIIEPUMEHTH, KaBepHaA JCSIKUMA dac
IPOJIOBXKYE PO3BUBATHUCS Ta CXJOMYETHCS 3TIAHO 3 MPUHIIMIIOM HE3aJIEKHOCTI PO3IIMPEHHS
nepepisiB kaBepuu ['.B.Jlorsunosuua (ITHPIIK).

Mertoto naHoi poOoTu € po3poOKa METOIUKU PO3PaxyHKy €BOJIOLIT KaBepH Ta JUHAMIKA

MojieNield TIpU TPOHMKHEHHI Yepe3 BILIbHY MOBEepXHIO y Bomy Ta Buxonai CKM 3 Boam, ix
peaizalisi y BUIJISIII TPOTpaMy KOMI'TOTEPHOTO MOJICIIIOBAHHS, T4 YTOYHEHHSI MaTeMaTHYHO1
MOJIEJTI UTSIXOM TTOPIBHSHHSI 3 €KCTIEPUMEHTOM.
2. Metopa pocaigzxenns. /1y po3paxyHky (popMu HecTaioHapHOT KaBEPHU BUKOPUCTOBYETHCS
MaremMaTuyHa Mojielib, 3acHoBaHa Ha [THPIIK [1]. J{nsa po3paxyHKy yaapHUX HaBaHTaKE€Hb [TPU
BXOJ1 Y BOJY Ta TiAPOJUHAMIYHUX CHJI TIPU PYCl y BOJI BUKOPHCTOBYIOTHCS allpOKCUMAIliiHI
Ta HaIIBEMIIIPUYHI CITIBB1IHOIIICHHS.

Hamu po3pobaeno nporpamy DIVE, npu BUKOHaHHI SIKOT MOXKHA CIIOCTEpIraTu Ha eKpaHi
KOMIT'FOTEpa MPOIECH €BOJIIOIIT KaBEPHH MIPH BXO/Il Y BOJY Ta BUXO/ 3 BOJH SK Yy MTOTOKOBIH,
Tak 1y (ikcoBaHill cuctemi KOOpAMHAT (SIK IPH 3HOMIII HEpyXoMolo Bieokameporo). Ha Puc.
1 Ta Puc. 2 HaBeIeHO MPUKIIAIA CKPIHIIIOTIB, OTpUMaHUX TIpH poOoTi nporpamu DIVE, Ta nano
NOPIBHSAHHS 3 €KCIIEPUMEHTATBHUMHU KIHOTpaMaMM THX JK€ MPOLECIB MPH TUX K€ 3HAYEHHSIX
napameTpiB.

3. lIpoHuxkHeHHs MozeJi y Boay. Komn'toTepHe MoentoBaHHs IPOHUKHEHHS MOJIETIEHN y BOLLY
Ha ocHoBl [THPIIK moxka3ano mocuth OJM3bKE Y3TODKEHHS 3 €KCIIEPUMEHTOM IPU HE TyXKE
MaJluX 3HAUYEHHSIX KyTa BXOAY y (3a BUHATKOM cIuiecKy). OfHaK Mpu Malux KyTaxX BXOIY

BEPXHIN KOHTYpP KaBEpPHHU BIAXWUIISETHCA Bropy B “TEOPETUYHOTO” BHACIHIJIOK BILIUBY
OJIM3BKOCTI BUTBHOI MOBEpxXHI BoaH [2]. ¥ poboti [2] msxoM 0O6poOKu KaapiB MIBHIKICHOT
B1JICO3MOMKH OTPUMAHO ampoKCUMaIliiHI (GopMysIn JUIsi BEPXHBOTO Ta HUKHBOTO KOHTYPIB
KaBepHU mpu —15° <y < —5°, ski 3pyuni ansg BukopuctanHs B mnporpami DIVE 3 metoro

KpAaIIoro y3roKeHHS 3 eKCIIEPUMEHTOM IIPU MaIHX ¥ .

4. Buxin cynepkaBiTyouoi Mojesi 3 BOAM. AHali3 MPEACTaBICHUX y poOOTi [3]
EKCTICPUMEHTAIBHUX KIHOTPaM JI03BOJISIE 3pOOUTH BUCHOBOK, 1110 ITICJISI IEPETHHY KaBITATOPOM
NOBEPXHI BOAM KaBepHa JESKUH yac mpoioBkye po3BuBatucs 3rigHo 3 [THPIIK. Sk moka3zye
Puc. 2, 3acrocyBanns [THPIIK nae 3amoBuibHE SIKICHE Yy3TOJKEHHS 3 eKcriepuMeHToM. [Ipu
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LIbOMY BCTaHOBJICHO, IO SIK B PO3PaxyHKY TaK 1 B €KCIEPUMEHTI NMPOPUB aTMOCHEPHOTO
MOBITPSI B KaBEPHY MPHU3BOJUTH JIO0 CYTTEBOTO CIIOBLIBHEHHS ITPOIIECY CXJIOMYBAaHHS KaBEPHHU.

Pazom 3 TUM MaeMo HU3KY (i3UUHUX €(EKTiB, sKi He MojemoThes B pamkax [THPIIK.
Tak, mpopuB TOBITPS B KaBEpHY BiIOYyBAETHCS HE Biapa3y, a uepes ACSTKHA MPOMIKOK Jacy 3
MOMEHTY NIEpEeTHHY KaBiTaTOPOM BiJIbHOI ITOBEPXHI BOAM, a IPHU MOXUIIOMY BUXOJIi MOJAETI HaJ
BOJIOIO YTBOPIOETHCS criieck [3]. [l BCTaHOBIECHHS 3HAYYMIOCTI IMX €(EKTIB Ta yTOUYHEHHS
MaTeMaTHYHOI MOJIEINI TUIAHY€ETHCS IIOCTAHOBKA BIACHOTO €KCIIEPUMEHTY 3 BUXO/Y MOJIENeH 13
BOJIN.

FILMING the WATER ENTRY EXPERIMENT DO W

Horizontal fins - NO Coordinates | FAIXED P
Caviation regime - PERFECT Model dynamics orF

480 400 320 240 160 080
t = 00490 s § = 10.00000° ¥ = -10.00000°
V = 14000 m/s L, = OPEN m p_= 980500 kpa

STOP mode. Use [Start), [Pause], and [Stop] buttons Delay: 1 ms

Puc. 1. IIpoHUKHEHHS MOJENI Y BOAY, PO3PAXYHOK 1 ekcriepuMeHT [2]: D, =20 MM,
V, =l4m/c, y=-10°

800 7.00 500 s.00 400 200 200 1.00 00 100
= 0508 m x = 0430 m & = 31.03543°  w = 33200000° © = 00000 °/s
1 = OPEN m p, = 98.0500 KkPa

Puc. 2. Buxia mojeni 3 Boau, po3paxyHoK 1 ekcriepuMeHT [3]: D, =6 MM,
V, =23m/c, y=33°

1. Semenenko V.N. and Naumova Ye.l. Study of the supercavitating body dynamics. In book:
Supercavitation: Advances and Perspectives. Springer-Verlag, Berlin and Heidelberg, 2012, pp.
147-176.

2. Savchenko Yu.N., Semenov Yu.A., Vlasenko Yu.D., and Savchenko G.Yu. Water entry of a disk at
small angles to a free surface. — Matepianu XI Bceykpainchkoi HayKOBO-TeXHIUHOT KOH(epeHIIil 3
MixHapoaHOo yuacTio “TligBoaHa TexHika i Texaouoris”, 09 —10 rpyans 2021 p., M. Mukonais, C.
3-9.

3. ShiH., Chenb.,and Wang Y. Experimental and numerical study of oblique water exit in free surface
penetration by a blunt body’s supercavity. Journal of Experiments in Fluid Mechanics, 2016, 30(5),
pp- 29-35 (in Chinese).
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A0 YTOYHEHHSA PIBHSAHD /151 PO3PAXYHKY HECTAHIOHAPHUX KABEPH,
BJIM3bKUX 1O OCECUMETPUYHHUX

CepebpsikoB B.B.
IacrutyT rigpomexaniku HAHY, Kuis, serebrvv(@gmail.com

HaBeneno mani mojo cuUCTeMH €JEMEHTapHUX pPIBHSAHb JUIsI pO3paxyHKy (opmu
CTalllOHAPHUX 1 HECTAI[IOHAPHUX KaBEPH, OJIM3bKUX 10 OCECUMETPUYHUX, OTPUMaHI Ha OCHOBI
TiApOIMHAMIKY TOHKHUX T1J Y paMKax Teopii CHHTYJISIpHUX 30ypEeHb, SIKY MOYKHA PO3TIISIATH SK
MaTeMaTHuHe (JOPMYITIOBaHHS BiIOMOTO MPHUHIUITY HE3aJEKHOCTI PO3IIUPEHHS KaBepHH [1].
s cuctema piBHsIHB [2] 11 pO3paxyHKY HECTAIIOHAPHOT OCECUMETPUYHOI KaBepHHU 1 = R(X, t)
B CHCTEMi KOOpJMHAT T, X , IOB'13aHO1 3 HEPYXOMOIO PiIUHOI0, BU3HAYAEThes y BUTIAAL (1-3);

0°R%(x,1) L 2AP(G,D)

a) > 0,
ot P
aR? 2[eq(x) —k(x)o(x)] ) 2 (1)
B =ROU,E) Lo R =R,
ot k(x)p(x) t=t, (x)

t=tn(X)

a) R, = Rnt(t)|t=tn (x) = Rlzl(x) ) b) U= U(t)|t:tn (x) = Un (X) P C) Cq = Cdt(t)|t:tn (x) =Cq (X) (2)

X2+7J 13 2ln(2/¥e)  2In(2/4e)

u=05mn—, b) k=1-———————, kxl-————— 3
G 1n(0.8x2+35) In(4/c +18) @)

Tyt U, R,, ¢q - WIBUAKICTH PyXy, pajiyc, KOEPILIEHT ONOpPYy KaBiTaTOPa, 110 3a1exkaTh Bij

a) u= 0.51n[

gacy t, R=R(x,t) - paxiyc nepepisiB kaBepHHU, AP =P, (x)—P,(t)- pI3HUII MIX TUCKOM B
IIOTOI1 1 B KABEPHI, p - MACOBA ILIJIBHICTb BOAH, X, (t) - 3aKOH pyXYy KaBITaTopa, t,(x) - GyHKLis
3BOpPOTHA X, =x,(t). Bemmuman p(x), k(x) (3) € MOBIIBHO MiHIMBUMHU (YHKIISIMH, B
OCHOBHOMY BiJi NOJOBKEHHS KaBepHM A =L/2Ry,, L - noBkuHa Tia 1 KaBepHHU, R, -
HaOIIBIINI pajiyc KaBepHH 1 3aCTOCOBYIOThCA JUIsl PO3PaxXyHKY HECTAlllOHAPHUX KaBepH NpHU
t=t,(x) a00 B MOMEHT IPOXOJUKEHHS MIJENI0 KaBEpHH, |- XapaKTepU3ye 1HEPLINHICTb
nepepi3iB KaBepHHU, k - MEepeHEeCeHHs1 eHeprii B3A0BXK ii mepepisiB. PimieHHs cTamioHapHOTO
BapiaHTa 3anaui (1) 11 KaBepHU MPH MOCTIMHI YMCITl KaBiTallli BU3HAYAETHCS Y BUTIIAAII (4a):

= 2(Cd—k0)_ c _» 5 2(Cd—4k0) _ c ,_ 2
a)R—\/1+ TX—EX , b)R—\/4+ T(X—z)—a(x—z) , (4)

Tyr R(X)=R/R,, X=x/R,. HaiiGinbmuii pagiyc R Ta JOBKHHA KABEPHHU L. BU3HAYAIOTHCS
3ajexxHocTsAMH (5a,5b), L, - JOBXKHMHA KaBEPHU 10 MiJIEIs.

- 5 —
a) Rk:Rn C_da b) LCZLm—FLk:& \/m_’_\/m
ko G K L
R [ [on(eqy -4k Puc.
(o)

Pesynbratu po3paxyHky 3anexHo (4a), @ir. 1 BKa3yl0Th Ha CYTTEBI MOXUOKHU 3 PO3PAXYHKY
¢dopmu kaBepHH 1MOOIM3Y AUCKA 3 MOKIIMBICTIO allpOKCUMALlii I1i€ 06acTi 3anexHicTio (4b).
Tpancdopmarris pimenns (4a) y Burisiai (4b) nmpu po3paxyHKy, HOUYMHAIOYH 3 TTepepizy X =2,
R =2, npu3BoauTs, sk 11e BuaHo Ha Dir.] 10 3HAYHOTO MOJINNIEHHS PILICHHS B LIJIOMY,
BKJIIOUAIOUU YTOUHEHY 3aleKHICTh (4d) ms L, .

©)
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@ir 1. CranioHapHa ocecCUMeTpHYHa KaBepHa 3a JuckoM nipu ¢ = 0.04

————— Pimenns (6d), Pimenns (8c), e o o e HeniHIMHMI YMCENBHUI PO3pPaXyHOK [3]

Cuctema piBHSHB JJIsl BATHHY OC1 HecTallioHapHOi KaBepHHU h = h(x,t) i1 BILTHBOM

BaroMoCTi Ta CHJIM Ha KaBiTaTOP1 MPH PO3paxyHKY, MOYMHAIOYH 3 Palllycy KaBepHU
R, =R, (t) , BUXOI4H 31 CTALlIOHAPHUX 3aJIeXKHOCTEN [ 1], BU3HavaeThCs y BUIIIAL (6):

2 2
a) h__& j R (x, dt + L Ohoo(t) |

o R (x 0\ R*(x,t)

, b) [h]t=tn 0 =0-0
t=t, (x)

(6)

X

J. c dx

 2R7(X)

[Ipm nmii TUTbKK KaBiTATOpa, PIIMIEHHS /JII BUKPUBICHHS OCI CTaIllOHAPHOI KaBEpHHU, 3
ypaxyBaHHsIM 3ajexHocTi [1] mia kKyTa oci B NMOYaTKOBUH MOMEHT, Mae BUTIsAA (6¢).
HopiBHSHHS pE3yIbTaTiB PO3PaxyHKYy BHKPHBICHHS ocCi KaBepuu h (X) hy=h,/R;,
X =x/R, 32 IUCKOM 3 KyTOM aTaku Ha OCHOBI pilieHHs (4a) Ta pimeHHs (4b) 3 ypaxyBaHHs
TOYHIIIOTO BU3HAaYeHHs (DOPMHU KaBepHH Ha MepeAHii AuIsHII (5¢) UmrocTpyeTbes Ha Dir. 2.

®@ir. 2 TlopiBHIHHS pe3yJIbTaTiB PO3PAXyHKY BUKPHUBIICHHS OCi KaBEpHHU
3a TUCKOM ITiJ] KyTOM aTaKy 3 ypaxyBaHHSAM Ta 0€3 ypaxyBaHHS yTOYHCHHS

(opmu kaBepHu Ha nepeHiit ginsHIE hy =2h,, / ¢y, 6=0.04

Po3paxyHok 3a 3anexHICTIO (6¢) Ha 0CHOBI (4b-5¢)
————— Po3paxyHok 3a 3anexHicTio (6¢) Ha OCHOBI (4a)

BucHoBku.

3acTocyBaHHsS YTOYHEHOTO CHOCO0Y PO3paxyHKy KaBepH JIO3BOJISIE CYTTEBO YTOUHUTH
dbopmy 1 po3MipH KaBEPHH, BKIIFOYAIOYH BUKPUBJICHHS ii OCI Ta € JOIUIBHUM MPH YUCEIThHUX
pO3paxyHKax HECTALIOHAPHOI KaBiTalIHOT Teuii y IIMPOKOMY Jliania30Hi MOXJIMBUX BUIAIKIB
00TiKaHHA
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YUCJIOBE MOJEJIOBAHHSA ITPOLECY 3JIUBY KOMIIOHEHTIB
ITAJIUBA 3 BAKY

Cwmomnencoknii JI.E.!, Munait O.M.!, F'oman O.I".2
!Tlepxasne mianpuemcto «KoHcTpykTopcehke 610po «IliBneHHe)
iMm. ML.K. Sarens» , m. J{ainpo
2JlninpoBchKuii HallioHanbHuUI yHiBepcuTeT iMeni Onecst Ionuapa, m. JlHinpo

VY nepxxaBaomy mignpueMmctBi «Kb «IliBneHHe»» BUKOHAHO YHCIIOBE MOICITIOBAHHS
MpOIeCy 3JIMBY KOMIOHEHTIB manuBa 3 ABuryHa 1-it crymenu PKH «l{uknon-4» 3 meroro
BU3HAYCHHSM BETUYMHU 3THIIKY. MozemoBanHs BukoHaHo B mporpami ANSY'S Fluent byno
no0y0BaHO TEOMETPUYHY MOJENb 00jacTi Tedyii, sika € BICbOCUMETPUYHUM OO0’ €KTOM 3
nepepizoM HaBII y TUIONTMHI cuMeTpii. Po3paxyHkoBa ciTka 1y 3D Moaenu TeTparoHanbHasl.
Po3Mmip eneMeHTIB pO3paxyHKOBOI CITKM — 2 MM, KUIBKICTh By31iB — 1228125, KiJbKiCTH
€JIeMEHTIB po3paxyHkoBoi ciTku — 6601440. Mogenp Tteuii oOpano i ¢a3, mo He
3MimyoThes. Mogaens TypOynenTHocTi Standard k-¢ (+2E), ki € 3a10BiTbHOO 17151 OUTBIIIOCTI
3a/1ay BHYTPIITHKOI TiApoauHaMIKH. B mporieci po3paxyHKy BUKOHYBABCs TOTEPEHINA aHAITI3
OPOMDKHUX DPE3yNbTaTiB Ta, 32 HEOOXIJHICTIO, KOPETyBaHHSIM poO3paxyHKoBOi moxeni. Ha
pPO3paxyHOK, 3 ypaxyBaHHSM KOpEryBaHHsS NapaMmeTpiB Ta YCYHEHHS 300iB, BUTpaueHO 672
TOJTMHU MAIIMHHOTO Yacy.

B pe3ynbTari po3paxyHKiB OTPUMAaHO HECTAI[lOHAPHY KapTUHY MPOLECy 3JIHMBY MaINBa
3 0aky 3 BHU3HAUEHHSM MOJEIBHOTO 3JIMIIKY 1 CYHUIBHOCTI pimuHA. OOUYMCIIOBANTBHI
EKCIePUMEHTH TMOKa3ally, 10 MO JOCATHEHHIO OJMHUYHUM Ta30BUM BKJIIOUEHHSM IJIOUIMHU
BXOJly B pakeTHHI NBUTYH (CyUUTbHICTH 99%) BaroBi 3HAUY€HHS T1APABIIYHOTO 3AJIMILIKY B
CHCTEMi, 110 3BeJIeH] 10 HATYpHHUX YMOB, cKianatoTh 105 xr mpu 3HavenHi uncna Fr=20.83.
Bepudikaiisi pe3yapTaTiB YHMCIOBOIO MOJCIIOBAHHS BHKOHYBAjdach IIJISXOM IOPIBHSIHHS
PO3paxyHKOBHX pe3yJbTaTiB 3 CTATHYHOTO TiAPaBIiYHOrO 3aJIMINKy NaluBa 3 JIaHUMH
eKCIICpUMEHTAIIBHOTO BIJNIpAIlOBaHHS Ha CTeHAaX. Po3paxyHKOBI 1 eKCHEepHUMEHTAIbHI
NOKa3aJiv 33/10BUIBHUH 30ir 32 BAKOHAHHSIM YMOB T1IpOAMHAMIYHOT MTOAI0HOCTI.
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MOBEPXHEBI XBWJII HA BIJIBHIM MEKI IOPUCTO-ITPYKHOI'O
IHIBITPOCTOPY

Co6ons T.B.!, Toponenska H.C.!, Illep6ax T.M.?
Hucrtutyt rizpomexaniku HAH Ykpainu, M. Kuis, nsgihm@gmail.com
’HanioHansHUl yHIBEpCHTET Giopecypcis i mpupookopucTyBaHHs Ykpainu, M. Kuis

[Iupoke mpakTHYHE 3aCTOCYBAaHHS TOBEPXHEBUX XBUIIb 00YMOBHIIO )OPMYBAHHSI I[1JIOTO
HAYKOBOT'O HAMpPSIMKY, MPUCBIYCHOMY BHBUCHHIO iX TMOIIMPEHHS, 30y/KCHHS 1 BHUSBJICHHS.
[ToBepxHEBi XBUJI1, MTOYWHAIOYH 3 pOOIT Perest 10 ChoroAeHHS TOCTIIKYIOTHCSI CTOCOBHO 3a71a4
ceiicMororii, ra3o-, HahTO- po3BiAKH, Ol0MEXaHIKH, HEPYHHIBHOI'O KOHTPOJIIO Ta PSILy 1HIINX
HampsMKiB. TpaguIiiiiHO MOBEPXHEBI XBWUJII BUBYAIOTHCS B paMKax MOENI OJHO(DA3HOTO
NpY>KHOTO cepeioBHINA. B Toii ke uac, B peaJbHUX CEePeOBUIIAX, TAKUX SIK 0CAJ0BI MOPOAU
JTHA OKeaHy, BOJIOTHH IPYHT, TJIMHA, TICOK, PI3HOTO BHUIY TEXHIUHI IiHHU, a TAKOX B 0ararbox
IHIIMX MaTepiajax MPUPOJHOTO Ta IITYYHOTO TMOXO/DKEHHS HEOOXITHO BpaxoBYBaTH
OararodasHocTi cepenoBuima. B maniit poboTi Ha ocHOBI Teopii bio BcTraHoBIeHO crienudidHi
0COOJMBOCTI MOBEPXHEBUX XBHJIb B IMOPUCTO-IPYKHOMY MIBIPOCTOPI 3 BUIBHOIO MEXEIO 1
MPOAHANII30BAaHO BIUIMB 3MIHM IapaMeTpiB CEPeloOBUINA HAa aKyCTUYHI BJIACTHBOCTI
MOBEPXHEBUX XBUJIb.

Ha BinbHIM MeXi MOPUCTO-TIPY’KHOTO CEPEAOBHINA, B paMKkax Teopii bio, MokuBi 1Ba
TUNH TPAaHUYHUX YMOB — TPOHMKHA a00 HEMpPOHMKHA Mexa. I mpoHHKHOI Mexi Oyio
OTPUMAHO JUCIIEPCiHE PIBHSHHS JIJIs1 TOBEPXHEBOI XBHIII:

1-v
1-2v

k @ k;
0‘252 72(0‘0 _al)_el(‘)‘okl2 _alkg) +elﬂ2(k12 —k§)=0, k; =c_’ ﬂ:?z_fzael = )
a, =k} = &7, ¢, —mBuaKicTh nommpenus xsui, i =0,1,2 .

1

JI1st HeMpOHUKHOT MEX1 TUCTIEPCIMHE PIBHSIHHS Ma€ BUTIISI:
2 2
oy, 0,5 (M, —My))-¢E(1-M,) ity —oyt)) ++ (a0t (1= M,) —ayr,(1-M,))=0
H—-Cm+M,,Cm . . S
Ty, =2 - W k2, H,C,M,, i=0,1,2, m—crani B Teopii Bio.
£ 2# ’

Croyatky po3risJalioch MOPUCTO-TIPYXKHE CepeqoBHIne Oe3 3aTyxaHHS. AHami3
ICHYBaHHsI IIOBEPXHEBOT XBHJII MMPOBECHO ISl MPOHUKHOI Ta HEMPOHUKHOT MEK1 B 3aJIEKHOCTI]
BiJ] 3aIIPOITIOHOBAHOT0 NMapaMeTpPy — BITHOLICHHS MOYJISI 3CYBY HPY>KHOTO CKEJIETY 0 MOAYJIs
BCEOIYHOTO CTHCHEHHS MOPOBOI piauHu. BBenenuii mapameTp J03BOJIMB PO3IUTUTH MTOPHCTO-
NpyXHi cepepoBuina Ha Mkl (/K <0.1) i TBepai (/K <1.5). Jlnst BUNaaKky nmpoHUKHOI

ME3KI1 TIOPUCTO-NIPY>KHOTO MIBIPOCTOPY, HAa BIAMIHY MiJ IPYKHOTO CEPEIOBHILA, «KIACHUHA)
MOBEPXHEBA XBUJIA K CYNEPIIO3UILisl TPHOX HEOTHOPITHUX XBUJIb MOXE ICHYBAaTH HE JJIA BCIX
MOYJIMBUX MEXaHIYHUX XapaKTepHcTUK. [lJis M’SKUX cepeloBHIN (IIBUIKICTH MOMEPEYHOT
XBUJII HalMEHINIA) MMOBEpXHEBA XBUJISA ICHY€E 3aBXAW. EHepris Takoi XBWIII 30CepeIkeHa B
py>XKHOMY ckeneTi. 3a yMoBH u/K > 1.0 MoxunBa CHTYyallisl, 32 sIKO1 TOBEPXHEBA XBUJIS CTA€

«BHTIKAIOUOK», TOOTO ii XBHJILOBE YMCIIO CTa€ KOMIUIEKCHUM, BOHA 3aTyXa€ B HAIPIMKY
MOLIMPEHHS 1 IEPEeHOCUTh eHeprito B rmuouny. da3oBa MBUAKICTH Takoi XBUIl ¢, = Rew/&

MEHIIIE IBUAKOCTI TIO3/I0BKHBOI Ta TIONEPEYHOT XBUJIb, aJIe IEPEBUIILYE IIBUAKICTD MOBLIBHOT
MOIOBXKHBOI XBWIII. B 111 cuTyarlii, eHepris MOBEPXHEBOI XBHII «IIEPEKAYYETHCS» B CHEPTiIO
NOBUIBHOI MO30BXKHBOT XBUJII, sIKA CTA€ MOMIMPIOBAHOIO 1 MEPEHOCUTh €HEPriio BiJ BUIBHOI
MeXI1 B IITHOMHY MiBOpocTopy. I3 3pocTanusaM koedimienty [lyaccona 301bITyeThCs AianazoH
napameTpy /K ,, 3 IKOTO iCHy€ KJIaCHYHa IOBEPXHEBA XBHIIAL.
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Jlis HEenpOHMKHOI BUIBHOI MEXI MOPUCTO-IPYKHOTO MIBIPOCTOPY, HA BIAMIHY Bif
MPOHUKHOT MEXI1, TMOBEpXHEBAa XBWISI ICHY€ U BCIX MOXKJIMBHX ITapaMeTPiB IMOPUCTOTO
cepenosuiia. Jlyist M’sikoro cepeosuma u/ K , <0.1 (ha3oBa MIBUIKICTH TTOBEPXHEBOT XBUJTI OJTM3bKA

1o mBHAKoCTI XBriti Perest. EHeprist 1i€i XBrumi 30cepepKeHa, B OCHOBHOMY, B ITPY>KHOMY CKEJIETI; IS
TBEPIOTO cepenouina /K , <1.5 MIBUKICTh TIOBEPXHEBOI XBUITI MIPSMYE JI0 IMIBUAKOCTI TIOBLIBHOI

HO3J0BXHBOT XBUJI. EHEprist Takoi XBU 30cepehkeHa B TIOPOBI piuHI.

VYV naniii pobOTI Takoxk Oyl pO3MVISTHYTI KIHEMAaTHYHI XapaKTEPUCTUKH TOBEPXHEBOI
XBHJIL. 3aJISKHICTh TIepeMillleHb TOBEPXHEBOT XBUJI1 Bijl TTIMOMHM HA BUIbHINA MPOHUKHIN MEX1
MTOPUCTO-TIPY>KHOTO TIBIIPOCTOPY aHAIOTIYHA KiHEMATHI[l MOBEPXHEBOI XBWII B i/I€aIbHOMY
npykHoMmy miBnpoctopi. Kinemartnka moBepxHEBOi XBWIII Il BUIBHOI HEMPOHUKHOI MEXI
CYTTEBO BIJPIZHAETHCS BiJ] pyXy YacTHMHOK IMOBEPXHEBOI XBWJII B TOPUCTOMY CKEJETi st
NPOHUKHOI MeXi. 30KpeMa, HOpMOBaHa BEpTHKalbHA KOMIIOHEHTA IMEpeMillleHHs u, /u,, He

nepesutye 1. ['opu3oHTaIbHA KOMIIOHEHTA 7Sl M IKMX MaTepiajiiB He 3MIHIOE 3HAK 1 3aTyXa€ 3
MIMOWHOIO TOBUIBHIINIE, HIK BEpPTHKaJIbHAa KOMIIOHEHTA. J[JI1 JKOPCTKMX MaTepiaiis,
TOPU30HTAIbHA KOMIIOHEHTa IEpeMIllleHHs 3aTyXa€ 3HA4YHO IMOBUIbHIIIE, HDK BEPTUKAIbHA
KOMITOHEHTa. BiIMIHHOCTI KIHEMaTHKH TOBEPXHEBOI XBWJII JJIsi TMIPOHUKHOI Ta HEMPOHUKHOI
Mei 00yMOBIIEH] PI3HUILICIO B ITOBEiHIII TTOPOBOI PiAWHHU.

VY naniif poOOTi BpaxOBYETHCS 3aTyXaHHsI, 00YMOBJICHE B3aEMOJI€EI0 TIPY>KHOI 1 P1AKOi (a3 —
BIJITHOCHUM PYXOM B’SI3KOI PIIMHM IO TOpax HPYXKHOTO CKeJeTa. YpaxyBaHHS JWCHIIAIIi B
CepelIoBUIIIl MPHU3BOAUTH 0 TOTO, IO MOBEPXHEBAa XBHWJIS 3aTyXa€ y HANPSMKY MOIIMPEHHS,
NEePEHOCUTh YaCTHHY €Heprii B IIMOMHY 1 iXHi (pa30Bi IBUIKOCTI 3a/IeKaTh BiJl YaCTOTH.

JI1s HEMPOHUKHOT MeXi MOBEpXHEBA XBIWISA CIa00 3aTyXae B HAMPSAMKY MOMIMPEHHs. li
(da3zoBa MIBHIKICTh HE3HAYHO 30UTBIIYETHCS 3 YACTOTOIO 1 MPSAMYE JO HIBHUAKOCTI TTOBEPXHEBOI
XBWJII B EKBIBAJICHTHOMY OJHO(A3HOMY CEpelOBHUIIy. 3aTyXaHHs L€l XBHJII 30UIbLIyEThCA 3
POCTOM YacTOTH 1 BU3HAYAETHCS KIHEMATHMYHOIO B’S3KICTIO TOPOBOi pinmnHU. OCHOBHA YacTHHA
eHeprii MOBEpXHEBOI XBIJI 30CepePKEHA B IPYKHOMY CKeJeTi. J[7ist M’ SIKUX cepeioBHUIL TPAKTUIHO
BCSl GHEPTisl TTIOBEPXHEBOI XBWJII 3HAXOIUTHCS B miapi ToBIMHOW 0.14. Jis TBepIuX ceperoBuIll
TOBIIMHA I1aPY 3pOCTAE, 30Kpema, JUtst 4/ K , =2 TOBHIMHA MIapy CTaHOBUTH (.54 .

JIns HEeNMpOHMKHOI MEXI MOBEPXHEBA XBWJIS IOIMIMPIOETHCS 31 IBUAKICTIO OJM3BKOIO 10
IIBUJIKOCTI TIOBEPXHEBOI XBHJII B MOPO-TIPY’KHOMY MiBIpocTopi 0e3 3aryxanHs. Lls xBuis cimabo
3aTyXa€ B HAMPSMKY TOMMPEHHS. 3aTyXaHHS TIOBEPXHEBOI XBUJI1 Il HETTPOHUKHOT MEK1 OLTbIIe
HIK JUIst TIPOHUKHOT MeKi. [1py bOMy 3aTyXaHHs XBHJI 30LIbUIY€EThCS P 3MEHINEHH] 1/ K ; 1

3poctae i3 30UIbIIEHHAM dYacToTW. Ha BiMiHY BiI NOPUCTO-TIPYXKHOTO MiBOpOCTOpy Oe3
BpaxXyBaHHsI 3aTyXaHHsI, B JAaHOMY BHIIa/IKY, KIHEMATHKa ITOBEPXHEBOI XBHUIIL, SIK TSl IPOHUKHOI, TaK
1 7711 HEIPOHUKHOI MEX MOAIOHA 10 KIHEMaTHUKH ITOBEPXHEBOI XBUJII B IIPYKHOMY iBIIpocTopi. s
HETPOHUKHOI MEXi OCHOBHA YaCTHUHA EHEPrii, SIKY MePEHOCUTh MTOBEPXHEBA XBUJISI, 30CEPEDKECHA B
npy>XHOMy ckeneri. EHeprisi moBepXxHEBOi XBWJII CKOHLICHTPOBaHA B IIPU MOBEPXHEBOMY IIapi,
30KpeMa, TSl MSIKMX CEpEIOBHII TOBIIMHA IIapy cTaHOBUTH 0.11, a s TBEpAMX CEPEIOBHII —
CTAHOBHTbH A .

TakuM 4MHOM, B TIOPHCTO-TIPY>KHOMY HIBIPOCTOpi O€3 BpaxyBaHHs 3aTyXaHHS IIOBEpXHEBA
XBHJIS JUTS1 TIPOHUKHOT MEK1 ICHY€E HE TSl BCIX MOYKITMBHX MEXaHIYHUX XapaKTEPUCTUK CEPETOBHIIIA.
B y3bpkoMy nianazoHi 3MiHM ITapamMeTpiB (U1 M’ SIKMX MaTepiajiiB) MOMIMPIOETHCS TIOBEPXHEBA XBIJIS.
JIist JKOpPCTKMX MaTepiaiB TOBEpXHEBA XBWJISI CTAE€ «BUTIKAOUOIO». J[s HEMpOHMKHOI Mexi
TIOBEpPXHEBA XBUIIS ICHYe 3aBkau. [Ipu mpoMy Ui M’SKUX MarepiaiiB ii MBUAKICTH OMU3bKa 10
IIIBUJIKOCTI TIOBEPXHEBOT XBWJTI B OTHO(A3HOMY CEPEIOBHINA, a IS dKOPCTKUX MATEPIAiB IMPSIMYE JI0
IIBUJIKOCT] TTOBUIBHOI MO3/10BXHBOI XBUii. [Ipu BpaxyBaHHI 3aTyXaHHs ITOBEpXHEBA XBUJIS iCHYE
3aBK[IH, a il aKyCTUYHI XapaKTePUCTUKA BU3HAYAIOTHCS THUIOM BIUIBHOI TpaHUIl (MMPOHMKHA a00
HENPOHMKHA) 1 XapaKTePUCTHKAMU CEPEIOBHILIA.
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MOJIEJIOBAHHSA TYPBYJEHTHUX TEYIA HABKOJIO TPAHCIIOPTHHUX
3ACOBIB: ITPOBJIEMHU TA INIEPCIIEKTUBU

A .B.Coxampkuii 12, M.C.Apceniok !
'ucruryT TpancnopTHuX cucteM Ta TexHomoriit HAH Vkpainu, JHinpo
Sokhatsky anatoly@ukr.net
2 VHiBepCHUTET MUTHOI cripaBy Ta (inaHcis, JIHinpo

PeanbHi Teuii HABKOJIO TPaHCTIOPTHHX anapatiB € TypOyneHTHUMH. Ha cboronHi B 00uncmoBaibHil
acpoAMHaMIIl BIACYTHI YyHIBepcalibHI MaTeMaTH4HI Mojeii TypOyieHTHocti. Hamifine mepemnbaueHHs
XapaKTEPUCTUK TYypOYJEHTHUX TOTOKIB, BITHOCHTHCS IO BHHATKOBO BaXCUIMBOI HAYKOBOI MpoOIIeMH i
MOB’s13aHE 3 CKIIAIHICTIO Ta HEOCTATHIM BUBYCHHIM TYPOYJIEHTHOCTI K (Di3MYHOTO SBHIIA.

Ha croromni HaWOIIBII MOMMPEHUMH TIAXOJAAMH € METOIW , M0 0a3yloThCs HAa BHKOPHUCTaHHI
ocepenHeHux 3a Petinonbacom piBasHb Hae’e-Ctokca (Reynolds Averaged Navier - Stokes - RANYS).
BoHu 3ammuKaroThCs 3a JOMOMOTOIO Ti€l 200 1HIIOI HAMIBEMIIIPUYHOT MO/JIEINI TypOYJICHTHOCTI.

Knacuyni BUXOpOpO3pi3HsIOUi MiAXOAM € HaWOumpm JgockoHanuMu. lle mpsime uumciiose
MoaentoBanHs TypOyaeHtHocTi (Direct Numerical Simulation - DNS) i MeTox MoJeOBaHHS BEIMKUX
BuxopiB (Large Eddy Simulation - LES). Meronq DNS 6a3yerscsi Ha 0Oe3mocepeqHbOMY MPSIMOMY
YHCIOBOMY pPO3B’SI3yBaHHI TPUBUMIpPHUX HecTalioHapHUX piBHsIHb Hap’e-CTOKCY 3 po3pi3HEHHAM YCix
MIPOCTOPOBO-TACOBHUX MacIiTadiB TypOYJICHTHOCTI. Bin TPYHTYETHCSI Ha (di3znuHuX
MPUHIMIAX ACPOJMHAMIKH 1 MOBHICTIO BUTBHUN Bil EMITIPUYHUX TPUITYIICHb.

VY pamkax merony LES Ti x piBHSHHS pO3B’S3yIOThCS O€3MOCEPEAHBO MiCHs IX MONEepenHbOi
pocTopoBoi GinbTparii. Lle 103B0sIsIE BUKIIOUUTH 3 PO3IIISAY YaCTHHY POCTOPOBO-4ACOBUX MACIITA0IB.
[IpoBenena omepariist 103BOJISIE 3HAYHO MOHU3UTH BUMOTH JI0 TIPOCTOPOBO-YaCOBOTO POo3pi3HeHHs. Takum
YUHOM TTOHIDKYIOTHCS BUMOT JI0 HEOOXIJHHMX OOYMCITIOBAIBHUX PECYPCIB.

Hnsa ypaxyBaHHs BIumBY BifdinerpoBanux ("miaciTkoBux'") MacmrTabiB TypOyJIeHTHOCTI
MPUTATYIOTHCS Ti 200 1HII HAIIBEMITIPHYHI MOJIEIII.

B HaykoBiii JliTepatypi JUIst HiAKPECICHHS KapAUHAIbHUX BiaMiHHOCTel Metony LES Bix migxomis,
10 BUKOPHUCTOBYIOThCA sl 3amMuKkaHHS RANS, ix Ha3uBaroTh "miacitkoBuMu'.

Jo TpeThoi TpyIH BiTHOCSTh TiOpWHI MiXO0IH, IO CIIUPAIOTHCS Ha CITUTbHE BUKOpUCTaHHS RANS
i LES migxonmiB B pi3HUX oOiacTsax Teuil. BoHM € HaWOULIBII PO3MOBCIOKCHUMHU JJIsi MPAKTUYHOTO
BUKOPHUCTAHHS, BUXOAAYH 3 MOXIJIMBOCTEH 00UHCITIOBATIBHOT TEXHIKH.

Hamisemmipruna Teopist TypOyIeHTHOCTI Oepe movatok 3 kiracudHoi pobotu O. Pefinonpaca. Y Hilt
OyB chopMyIbOBaHMIA MiIXi[ U OMUCY TypOyJIEHTHOI Tedi, SKui 3roJoM OyB Ha3BaHHW HOTO iIMEHEM.
Taxum unHOM 3’ sIBHITHCS piBHSAHHS PeitHonbaca. A0o, sk Ie X Ha3uBaIOTh; ycepeaHeHi 3a PeliHombacom
piBHsiHHS HaBpe-Crokca. Y BUMAAKY MOJIETIOBAHHS TeUii rasy, [0 € CTHCIUBUM, BUKOPUCTOBYIOTD OiJIBIII
JOCKOHAJIHMK CIOci0 ycepeqHIOBaHHS, IO HAa3MBA€EThCs ocepeqHioBaHHs 3a ®aBpom. BBaxaroTh, 1o
BUKOPHUCTaHHS ycepenHtoBaHHs 32 DaBpoM y psijii BUMAIKiB TPU3BOIUTH J0 YUCETHLHOT HECTIMKOCTI Yepe3
(hopMy piBHSHHS HEPO3PUBHOCTI. JIJIs1 IOJOTIAaHHS HECTIMKOCTI B TIPaBy YaCTHUHY PiBHSIHHSA HEPO3PUBHOCTI
PEKOMEHYIOTh A0AaBaTH AU y3iiHUN YJIeH.

He3pakatoun Ha xapakTep OCEepeAHEHOI Teuwii, I BHUMIPHICTh Ta CTaIliOHAPHICTH YU
HECTaIllOHApHICTh, HEOOXITHO pO3B’A3yBaTH TPUBHUMIpHI HecTtamioHapHi piBHSHHA Hap’e-CTokca.
Lle moB’s3aHO 3 THM, IO TypOYJIEHTHICTH € MPUHIIUIIOBO TPUBUMIPHUM 1 HecTarioHapaHuM siButeM. Cirin
3BEpHYTH yBary Ha Te, 0 AJs psaay mogeneit (Hampukian DNS) HeoOximHO 3a0e3meunTH JOCTATHIO
TOYHICTH PO3Pi3HEHHS YCiX IPOCTOPOBO-YACOBUX MAcIITa0iB TypOyIEHTHOCTI.

I'opumuai RANS — LES momeni 3’ssBHIHCS TIOPIBHSHO HENABHO: B JEB’SHOCTI POKHM HAIPHUKIHIT
MHUHYJIOTO CTONITTA. HalimommpeHilmnM MEeToAoM CTaB METOJ MOJENIOBAaHHS Bil'€IHAHUX BUXOPIB -
Detached Eddy Simulation a6o DES. Ha choromni, mpuHaiiMHi, MOIIMPEH] JEKIIbKA JIECATKIB TaKHX
Mozeneif. X moganbIoMy y0CKOHAIEHHIO i PO3BUTKY IIPHCBAUYEHO BETHYe3He yrcio pooiT . DES TpuMas
nioganemuit po3BuTok - Delayed Detached Eddy Simulation (DDES). Ile cBiquuTh po MO3UTHBHI CTOPOHH
i7ei, 110 JISKUTh B OCHOBI TiOpUIHMX MOesici. 3 1HIIOT CTOPOHH HE Ma€ TOBHOI 3aJI0BOJICHOCTI BXKE
ICHYIOUMMHU MOJEJISIMU TaKOTO THUILY.

3arajgpHa KOHIICIIIIS, IO JIGKUTh B OCHOBI TOpHUIHMX MOJE/CH, BiAOMBaeThCS B 1X Ha3Bi. BoHa
noJsirae B cpo0i mo0y1oBru KOMOIHOBaHHUX MoJiesei, siki ¢pyHkuionysanu 0 sk RANS B onnux i sik LES B
iHmMX obnactsax Teuii. Taka MOXKIUBICTD BiAKPUBAETHCSA 3aBASAKH (HOpMaNBHIM CXO0XKOCTiI PiBHAHB
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Pefinonbaca 1 piBusHe LES. Ilpore mumsixu peamizamii wi€l MOXKIMBOCTI MOXYTh OyTH aOCOIIOTHO
pizHOMaHITHIUMH. lle MOsSCHIOEThCS BIAMIHHICTIO Pi3HUX ¢opM TiOpumaux Mmoxaenei. Ha cborommi
JIETATHHUHN OIS TIOpUIHUX MOACIICH TTPEICTABICHO JOCTATHBO B IIJIOMY PSJli HAYKOBUX TPaIlb

Mupoxe po3noscromxenns orpuMaB TiOpuana RANS — LES mopenelt cnix BigHecTH 3ragaHuit
BHIIC 1ICTOPUYHO mepiui riopuanuii meron DES. Bin OyB 3ampornoHoBaHuii sik anbrepHatuBa RANS i
LES MertomaM mpH po3paxyHKy Tedil 3 BEJIUKUMH BiIpUBHMMHU 30HaMu. Bimomo, mo RANS mopeni He
31aTHI 3a0e3Me4nTH NPURHATHY AJS MPAaKTUKW TOYHICTH po3paxyHKy Takux Teuil. LES milxsn Bumarae
HaJIMIpHO BEJIMKMX OOYMCIIOBAILHUX BUTPAT, JIEBOBA YACTKA SIKMX MOB'A3aHa 3 PO3PaxXyHKOM MPHUCTIHHOT
YACTUHH TIPUETHAHNX TPUMEKOBHX IIAPIB, SIKi MICTATh SHEPTrOHECYYi BUXOPH MAJHMX PO3MIipiB.

Le crionykano po3pooHukis DES 1o cTBopenHs Takoi Mojeni, ska GpyHkiioHyBaiga 0 sk RANS B
00acTi mMpUETHAHOTO MPUMEKOBOTO Iapy i 3abe3mevyBasia IIJIKOM NPUHHATHY TOYHICTh, 1 ik LES y
BIJPUBHUX OOJIACTAX IOTOKY, Jie HOro BHKOPHCTaHHS HE BUMarae HaJMIipHO IpiOHMX ciTok. Haza
MeToay(""MOJIeTFOBaHH s BiI'€ IHAHMX BHUXOPIB") migKpecitoe npuHIMNoBy BinminaicTs DES Bin LES.

Takum ymHOM y pamkax DES "touno" po3pizHsioTees mauiie "Bif'eqHaHi" BUXOPH, SKi MiCTATHCA
y BigpuBHiil 30Hi, BigHocHo apiOHi BUXOpH, II0 (QOPMYIOTECS y NPHEAHAHOMY IPUMEKOBOMY IIapi,
OIMUCYIOTHCS 3BUUAHUMU HamiBemmipuaHUMUA RANS Monensmu.

Ile omHa BaxknuBa ocobmuBicTs DES momsrae B Tomy, mo y pamkax 1poro migxony y RANS i LES
00acTsIX BUKOPHCTOBYETHCS OJlHA 1 Ta K "0a30Ba" Mozmenb TypOyJleHTHOCTI, sika pyHkIioHye sk RANS
MOJIEJNIb y CepelliHI MPUCTIHHOTO MPUMEKOBOTO IIapy 1 K ii miJCITKOBUI aHalIoOT JaJeKo BiJ TBEPIUX
ctinok. [Tpu npomy mexa mixk obnactsimu RANS 1 LES Bu3zHauaeThest B mpolieci po3paxyHKy aBTOMaTHYHO
1 3aJI©KUTH BiJl KPOKIB BUKOPHUCTOBYBaHOI O0YHMCIIOBAIHHOI CITKH, BiJ BiICTaHi BiJ TAHOI TOYKH IMOTOKY
JI0 00TIYHOT OBEPXHI 1, B3araii KaXXy4H, BiJl JIOKATBHUX NMapaMeTPiB MOTOKY.

[HTeHCHBHUI PO3BUTOK OOYHCIIIOBAIBHOT aCPOAMHAMIKK CIPHUSB MOSBI IJI0T0 psiay riopuaaux DES
MetofiB. Y 3B's3Ky 3 tuM DES i inmi ananoriuai DES-noni6ni metomu: Extra - Large Eddy Simulation
a6o X - LES i Limited Numerical Scales a6o LNS gacTo He 30BCiM TOYHO Ha3uBaroTh "He30HHHMH" ("'non-
zonal") TIOpUIHUMU METOAAaMH, 1100 BIAPI3HUTH X BiJ 30HHUX TriOpumiB, B sskux RANS i LES o6macri
MPOTIOHYIOTECS 3 THX a00 IHIMMX MipKyBaHb. [l0 TakuMX METOMIB HaleXWTh, Hanmpukian, 30HHHH DES
(Zonal DES a6o ZDES), mo po3BUBaEeThCs B pOOOTI ), a TAKOXK PSIIT IHIIMX 30HHUX MiaxofiB . Llei meTon
Mae psizt iepeBar B mopiBHsHHI 3 DES, 1o nossratos y 6ib1ii rHyukocTi. [IpoTte fioro ocHOBHUE HeIOTIK
MOJISIra€ B HEOOXIAHOCTI ampiOpHHX YSBIEHb NPO CTPYKTYpYy Tedii, HANpHKIaA, TpPO MOJOXKECHHS
TOYKH(JIiHIT) Bi[pHBY TIOTOKY.

Takum YMHOM, BIPOJOBK HAWOIMKUMX POKIB OCHOBHUM POOOYMM iHCTPYMEHTOM [T BUPIILICHHS
NPUKIAJHUX 3aBAaHb aepOAWHAMIKH 3aJMIIATUMYThCS HAMiBEeMIIPUYHI METOIW, IO 0a3yloThCs Ha
BukoprctanHi RANS y moenHaHHi 3 pi3HIMHU HalliBEMIIpHYHIMH MOJEISIMUA TypOYJIEHTHOCTI, 1 METO.
DES, sixuit Takok 3HAYHOIO MipOIO CITMPAETHCS Ha I MOJIEN.

B pesynbraTi minecnpsMOBaHHX 3yCHIb OOYHCIIOBAIBLHOI TiAPOAMHAMIKH BAATOCS HAKOMHYUTH
BEJIMKY 1, 1[0 OCOOIUBO BaKJIUBO, 00'€KTUBHY (IIPAKTUYHO BUJIbHY Bifi OOYMCIIIOBAIILHMX HETOYHOCTEH)
iH(OpMAIliI0 PO MOKIIMBOCTI PI3HUX HAIIBEMITIPHYHUX MOZeNeH TypOyJIeHTHOCTI IPHA PO3PaXyHKY THX
a0o0 iHIUX TUMOIB TypOyJeHTHUX Teuid. AHani3 wiei iHpopmamii cBiTYMTH PO T€, IO CTOCOBHO 3aaad
30BHIIIHBOI aepOAMHAMIKH, MOB'SI3aHUX 3 PO3PAXyHKOM O€3BiIPUBHUX TeWii 1 Tedid 3 0OMEKEHHUMH
BIIpUBHUMH 30HAMH, HAHOUTBIT BHCOKHMHA "peHTHHT" MarTh ABI MOAEH TypOYJIEHTHOCTI: MOIEINb
Cmanapta - Ammmapaca (SA mozens), Ta Mmomens Mentepa (k- Shear Stress Transport a6o SST mozens).

B nonoBini npuBoAATECS pe3yAbTaTH PO3PaxyHKIB 3 BUKOPUCTAaHHIM TiOpuanoro metony DES.

CydJacHi TOCATHEHHS B Tally31 MOJICIIOBaHHS TYPOYJICHTHHX TEil, TOKAa3yIOTh, IO TPYIOMICTKICTh
METOAIB MpsMoro gucioBoro monemoBanas (DNS) Ta merony Benmukux BuxopiB (LES), ski mormm 6
BUKOPUCTOBYBAaTHCS Ul  MNPAaKTUYHOTO  BHUKOPDHUCTaHHS 3  BU3HAUEHHS  aepOAMHAMIYHHUX
XapaKTepUCTUK TPAHCIIOPTHHX 3aCO0IB € Ha CHOTOIHI HaI3BUYaHO BeNuKo0. Cy4acHU piBeHb PO3BUTKY
EOM He 103BOJIsI€ MPOBOAUTH IX peaii3allifo B IPaKTHYHUX LUIAX MPOTATOM OJHIET 100u.

Buxoasun 3 aHanmizy Cy4acHHX IOCATHEHB B PO3pOOLI METOMIB PO3PaXyHKY TypOYJICHTHHX TeHii
BIIPOIOBXX HAMOIMKUUX JECATKIB POKiB, OCHOBHUM POOOYHM iHCTPYMEHTOM JJIsl BUPIIIEHHS MPUKIAIHUX
3aBJ]aHb AePOJIMHAMIKH, TOB'SI3aHUX 3 PO3PAXyHKOM TYpOYJICHTHHX TeUii, OyIyTh 3aJIUIIATUCS METOJIH,
mo 06a3yroThcsl Ha BUKopHCTaHHI RANS y moeHaHHI 3 pi3HUMH HaIliBEMITIPUYHUMH MOJIEIISIMU
TypOynentHocti, 1 ribpugai RANS — LES. Takum 4YuHOM /i1 BHU3HA4YCHHS aepoOAMHAMIYHHUX
XapaKTEPUCTUK MEPCIIEKTUBHUX TPAHCIIOPTHHUX 3aCO0IB IT’ATOTO MOKOJIIHHS JOIIJIBHO BUKOPUCTOBYBATH 1
riopugai RANS - LES metonu.
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3ACTOCYBAHHA HNOTEHHLIAJIY HIBUAKOCTI
CUCTEMMU ABOX JKEPEJ B 3AJIAYI CTAIIOHAPHOI'O
PYXY TOHKOI'O CYJHA Y NIPAMOKYTHOMY KAHAJII

Creneunko O.I'. | Inmpueako B.M.

[ncrutyT rigpomexaniku HAH Ykpainu, Kuis,
Zabrad40@gmail.com.ua, ilcenkovladimir@gmail.com.ua

Po3B’s13aHa niHiHA cTallloHApHA 3a/1aya BU3HAYCHHS T1POIMHAMIYHUX XapaKTEPUCTHK
TOHKOT'O Cy/IHA 3 CHMETPUYHUMH 00BO/IaMHU, SIKE PyXa€ThCs B KaHAM1 3 IPAMOKYTHOIO (hOPMOIO
MOTIEPEYHOTO TIEpepizy B PeKHUMI OE3BIAPUBHOTO OOTIKAHHS y HAMpPsIMKY TO370BXKHBOI BicCi
KaHaiy.

Jnist 3HAXOKEHHS PO3B’SI3KY 3a/1a4i 3aCTOCOBYETHCSI METO] [KEPEN, PO3IMOAUICHUX 110
3MOYEHIN TMOBEpPXHI Cy/HA, KU TPYHTYETbCS HAa BUKOPHUCTaHHI MOTEHLIaTy HIBHIKOCTI
CHUCTEMHU JIBOX OJIMHUYHHUX JDKEPEN, IO PyXaroThCs Iij BIILHOK MOBEPXHEIO 1 PO3TaIloBaHi
CUMETPUYHO BiTHOCHO BEPTHKAJIBHOI IUIOUIMHM cuMeTpii kanamy [1]. Lleit morenmian mae
AQHATITUYHUN BUTIIAJ, 3a0BOJIBHSE TPAaHUYHMM YMOBaM Ha BUIbHIN MOBEpPXHI Ta CTIHKax
KaHally 1 IpeACTaBIeHU KOCIHYC - psaoM Dyp’e Mo nmonepeyHiil KoopAuHaTI 3 BU3HAUCHUMHU
koe(dimienTamMmu po3kiany. Ha BimMiHy Bia po3B’sI3KiB T TOHKOTO CyJHA, KOJH JpKepesa
PO3TaIIOBYIOTHCS Ha BEPTUKAIBHIH TUIOIINHI CUMETPIi HOro 3M0oueHO01 MOBEPXHi, JaHUN M1 IX1]
BIJINOBI1/1a€ PO3MIIIEHHIO HKEpes 0e3MoCcepeIHbO Ha TTOBEPXHI CyIHA.

[ToteHiasn MBUIKOCTI CTaLlIOHAPHOTO PyXy CyJHA BU3HAYA€THCA 3 BUpazy [2]

1 op
X, V2)=——"" _Gq X, V,2,6,1, dS:
0,(x,.2) 4ESI+Lan (6 y.2.60.6)
Ie Gs(x, y,z,g,n,g) -- TIOTEHIial MIBHJIKOCTI PYXOMOI CHCTEMH JBOX OJIWHUYHHX

JDKepen, a O@/On -- IHTEHCUBHICTH JKEpeN, PO3MOJUICHUX MO0 3MOYEHIN MOBEpPXHI CyJHA
S(§,77,g) Ta MO TOBEpXHI § '(é,n,g), 3epKabHO BimoOpakeHii 10 S BiIHOCHO BiNbHOI
MOBEPXHi., Kl Pa3oM CKJIQJal0Th TaK 3BaHe “‘y0JIbOBaHE TLIO .
Jlns BUDAIKy pyXy TOHKOTO CyJHA IHTEHCHBHICTH PO3MOJUTY JKEpesl BHU3HAYAETHCS
TEOMETPIEI0 3MOYEHOI MOBEpXHi [2], a came sIK
of / Ox 9
i+ /oxy +(or/az)p  ox

0
8_(:|S =cos(n,x) =—

B siKOCTI po3paxyHKOBOTO MPHKJIALY BUOpaHe CyJHO JOBXHUHOIO 2L 1 mupuHOIO 2b B
HEeHTpi mIonHM BaTepiiHii (mpu x =0 ), reoMeTpis 3MOUYEHOI MOBEPXHI SKOTO OMHCYETHCS
PIBHSIHHSIM

v = 1) =1 1—@)2 ,

ae fl()c):1—|;|—b1 mis by <x<Lta —L<x<-b i fi(x)=1 ama —b <x<b,, ne
4

b, BU3HAaYa€ KOOPAMHATY [IOYATKY 1 KiHIIA 00JacTi HE3MIHHOCTI IONEPEYHOT0 Iepepi3y CyaHa.

83


mailto:Zabrad40@gmail.com.ua
mailto:ilcenkovladimir@gmail.com.ua

VIII Intern. Conf. "Computer Hydromechanics", September 27-28, 2022
VIII Mixnap. koH}. «Komm’toTepHa rinpomexanika» 27-28 BepecHs 2022

[Ipy BUKOHAHHI YMCENBHUX EKCIIEPUMEHTIB Oylla BHKOpPHCTaHA JIOCTaTHHO IpPOCTa
TEOMETPisi 3MOYCHOI MOBEPXHi, 10 JO3BOJIMIIO OJIEPKATH PO3B’SI30K IS T1IPOJAMHAMIYHHX
XapaKTepUCTHK Yy BUIJIII aHATITHYHUX BUPA3iB, SKI BKIIOYAIOTH CKJIAJIO0BI 3 MPOCTHMHU Ta
noABiHUMH 1HTerpanamu. Ojep)KaHui pO3B’SI30K BKJIIOYAE B ce0€ CHCTEMY IMOBEPXHEBUX
KOpaOenbHUX XBUJIb 3 BIJOMUMH XBHWJIbOBUMH YHCJIAaMH, 3aTyXaloyi IMOBEpXHEBI 30ypeHHS,
00yMOBJIEHI SIK KOPIYCOM CyJHA, TaK 1 HAasSBHICTIO YSIBHUX KOPEHIB TPaHCIEHIECHTHOTO
PIBHSIHHS Ul XBUJIOBUX YHMCEI NMOBEPXHEBUX XBHJIb. 3HAXO/HKEHHS aMIUTITYyIHOI KapTUHU
MMOBEPXHEBUX 30ypeHb 3BOJIUTHCS 10 OOYHCIICHHS TMOJBIMHMX IHTErpajliB, a BeIUYMHA
XBHJILOBOTO OIOPY TAaKOXX BH3HAYAETbCA TOABIHHMM 1HTErpajoM 3 BHKOPHCTAHHSIM
aMIUTITY THIX XapaKTePUCTUK TOBEPXHEBUX XBUJIb.

Ha migcTaBi BUKOHAHUX PO3paxyHKIB MPOBEACHO aHAII3 XapaKTepy KopabeIbHUX XBUJIIb,
3aTyXxal4ux 30ypeHb Ha BUIbHIN MOBEPXHI Ta BEIMUYMHHU XBUJIHOBOTO OTIOPY B 3aJI€KHOCTI Bif
yucna Opymaa, ocaaku cyaHa Ta reOMETpii CyHa 1 KaHaIy.

JITEPATYPA

1. O.I. Creuenxo. [loreHmian mBHAKOCTI CTAIliOHAPHOTO PyXy B KaHAl CHUCTEMH JIBOX
OJMHUYHUX JUKepelNl y NpAMOKyTHOMY KaHawi. // Ilpuknanna rizpomexanika. -- 2016. --
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AEPOJNMHAMIKA PAKETH - HOCIA 3 TOPOBUIHUM KPUJIOM - HHIABICOM

Tumomenko B.1.!, Tanuucekuit B.I1.!, apmytkus O.M.?
'ucruryt Texniunoi mexanikn HAHY i TKAY, M. Jlginpo, vitymoshenko@nas.gov.ua
2TOB «HTKB ITAPYC», M. KuiB, ntoparus@ukr.net

Pakera-nociit (PH) 3 TopoBUAHUM KpWJIOM MiJBICOM II€ TiMEp3BYKOBa OaraTo(yHKIIiO-
HajbHA KpuiaTta PH, sika € koMOiHAII€r0 KITACMYHOI KPUJIATOT PaKeTH 3 KUTBIIEBUM KPHUIIOM—
nigBicoM. YCKIIaJHEHHS aepOJMHAMIYHOTO PO3PaXyHKY MOJISTa€e B TOMY, IO B IHJIIHAPHYHY
yacTuHy Kopmycy PH, sxuii € «koHycC-IIMIIIHIIp», BMOHTOBAHO KUIBIIEBUN IMOBITPO30IpHUK,
KaMmepa 3ropaHHS Ta BUXIJHE COIUIO — KaHal 3 COIUIOM Ta po3mmupeHHsM. Ha mome Tewii
HaBKoJIO Koprnycy PH cyTTeBo BrumMBae HasiBHICTh TOPOBHIHOTO KpHJia — miaBicy (puc.l).

Pic. 1 Tunora ¢opma kpunaroi PH 3 TOpoBHAHMM KPHIIOM ITi/IBICOM

Jls1 BUpiIIeHHs 3a/1a41 po3paxyHKy HaJ3BYKOBOTO 0OTiKaHHS MOBITpsiHO-peakTuBHOI PH
3 KpUJIOM — MiABICOM OyI10 JOpoOIIeHe aNropuTMidyHe Ta IporpaMue 3ade3neueHHs. [1pu oMy
BUKOPHCTOBYEThCSI CTaHAAapTHA MporpaMa MapIIOBOTO pO3paxyHKy OOTIKaHHS pakeT, B SIKY
JOJJaHO TpOrpaMHi MOAyJi (OpPMYyBaHHS TOYATKOBUX IIOJIIB TMOTOKY JUIS JEKIIBKOX
po3paxynkoBux mia oomnacreit (PI1O) Ta 06’ eqHaHHS ASKUTBKOX OB Y OJIUH, IO JO3BOJISE Y
MPOIIECi MapIIOBOTO PO3paxyHKy po30uBatu po3paxyHkoBy obnacts (PO) na gekinbka PIIO, a
Takoxx 00’ eanyBaTu aAekiabka PI1O B omny PO.

Po3paxynku Oynm 3ailicHeHI y HaOMMKEHHSIX HEB A3KOro ra3y 3 BHKOPHUCTAHHSIM
po3pobiieHoro anropuT™My 1 siBHOI cxeMu ['omyHoBa-Konrana-Poninonosa. [[s Bu3HaueHHs
napamMeTpiB 'y KiJbIIEBOMY MOBITPO30IpHHKY, Kamepi 3ropaHHS Ta BHUXIIHOMY COILII
BUKOPUCTOBYBAJIMCh crpoleHi piBHsAHHA Hap'e-CTokca: HaOMMIKEHHS «B’SI3KOTO CIIOIO»
(MOBiITPO30IpHUK Ta COILIO) TA «BY3bKOTO KaHaTy» (Kamepa 3ropanHs) [1].

Jnst epexTUBHOTO BHKOPHCTAHHS KpHWJIA — MiABICY MOTPIOHO TPOBEACHHs OaraTo
napaMeTpUYHUX PO3paxyHKIB aepoanHamiuHuX xapaktepuctuk (AJ1X) PH B 3anexHocTi Bix
TIOJIOXKEHHS KpUJia — MIBICY SK B3JI0BXK OCl, TaK 1 BiJ BijicTaHi 10 kopiycy PH.

Huxue HaBeeHO pe3ynnbTaTH po3paxyHKiB HaA3BYyKoBoro ootikanus PH 3 TopoBuiHuM
KPUJIOM TI1JIBICOM JIJIsl PI3HUX KYTIB aTaku o . XapakTepHa kKapTuHa Teuli HaBkoso PH moka3ana

Ha pHc. 2 y BUIJIIAL 130J1iHIN TUCKY Ta yKciaa Maxy B IJTOLIMHI CUMeETpil Tedii ams M., - 6,
o =g

HasiBHiICTh KyTa aTakd TPHU3BOAWTH 10 IMIJBUIICHHS PIBHS THCKY y 00JIacTi, IO
3HAXOAUThCS MDK KopmycoM PH Ta HWKHIN TOBEpXHEO Kpuia — MiJBICY, MPUYOMY Ha
HiABITPSHIN CTOPOHI MOTOKY 11 MiJBUILEHHS 3HaYHO Oinblie, HXK Ha HaBiTpsHii. Yucno Maxy
MOTOKY Ha MIJABITPSHIA CTOPOHI MOTOKY 3MEHIITYEThCSI 3HAYHO O1JIBIIIE, 110 MOYKE TIPU3BOIUTH
JI0 TIOSIBU JIO3BYKOBHX PEXKUMIB TeUii MPH ITiIBUILIEHH] KyTa aTaKH.
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THUCK yuciao Maxy
Puc. 2 — Ilons 1307iHi# napameTpiB NOToKy HaBkosio PH 3 TOpoBuAHMM KpHiiOM TiABICOM

Posnoninu Trcky Ha moBepxHi koprycy PH Ta Ha HWXHIN OBEpXHI Kpuja — IMiJBICY B
mMepuaioHabHUX mommHax ¢ =01 ¢ =180° HaBeAeHi Ha puc. 3 Ta 4, 3 IKUX BUIHO, 1110 PiBEHb
THCKYy Ha TWIABITPSHIM CTOPOHI TOTOKY BHIIIH, HDK Ha HaBITPSAHIA CTOPOHI TOTOKY.
[TigBuIeHHs PiBHS TUCKY 3 MiABITPSIHOT CTOPOHU IMOTOKY B 00J1aCTi MiXK IIOBEPXHIMU KOPITYCY
PH 1 HmwxHI{ MOBEpXHEIO KpuWja — MiJIBICY MPU3BOIUTH 0 3HIKCHHS HOPMaJbHOI CHJIM Ta
MOMEHTY TaHTaxy, o 1itoTh Ha PH 3 kpuiom — migsicom.

P ™\ 5

07 .

0,6

0,5 {\

0,4

0,3 IN

012 2 /\ , \ \ 5

o R R

6 7 8 9 10 X
Puc. 3 — Po3nofin TUCKyY B3IOBX MOBEPXHI Puc. 4 — Po3nofin TUCKY B3I0BX HUXKHIN

kopnycy PH: 1 — ¢=0,2 - ¢=180° noBepxHi kpuna: 1 — ¢=0, 2 — ¢=180°
Pesynbpratu napaMeTPUIHUX Cy

pPO3paxyHKiB KoeirienTy cunm 0875
noB3noBkHbOro crmporusy C, PH 3 087
TOPOBUTHUM KPUJIOM ITiJIBICOM B 3aJI€KHOCTI

BIJI KyTa aTaku o mpu yuciai Maxa My, =6 0865
HaBeJIeHO Ha puc. 5. MiHIMalbHI 3HAYCHHS
Koe]ilieHTy CUIIH MIOB3/J0BKHBOT'O
criporuBy C, 3HaXOIAThCS y [liana3o0Hi KYTiB 0,855
atakm 4°< o <7°.

3 poctoM umcia Maxy M. koedimient C,

0,86

1 2 3 4 5 6 7 8 9 (24
Puc.5 3anexuicts koedirienty C, Bim kyta

) ) ataku g ynciia Maxa Mo = 6
3MEHIIY€ETHCS 1 TPH 3pOCTaHHI KyTa aTaku o,

3Min koediuienty C, HaOIM-KYIOTBCS 0 MOHOTOHHOI 3anexHocti. Koedimientn Hop-

ManbHOI cumn C y Ta MOMEHTY TaHTaXy C,, BizHOCHO HOcKa koprycy PH 3pocratoTs Maiixe

miniitHO. KoedinieHT nentpy ticky Cy 3pOcTae ¢ KyTOM aTaky 1 Ma€ MaKCUMYM IIpH o ~ 8°.
1. Tumomenko B. 1. MapiiieBbie aJiro-puTMBI pacueTa TepMOTra30IMHAMUYECKUX MPOLIECCOB B
IPSIMOTOYHBIX BO3JYIIHO-PEAKTUBBIX JIBUraTENsX, HWHTETPUPOBAHHBIX C JIETATEJIbHBIM

armapaToMm, ¢ ydeToMm mpoctpaHcTBeHHBIX 3 dektoB / B.M. Tumomenko, B. I1 'anunackuii //
Bicuuk asurynobyayBanus.— 2019. — Ne2. — C. 14 — 23.
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MOJEJIOBAHHS TEYI PIMHA Y HUJTHAPUUHOMY KAHAJII 3 IBOMA
PI3BHUMU JIA®PATMAMMU

Tpouenko S.IT.!
'KuiBchkuii HationanpHuii yrisepcuter imeni Tapaca Illesuenka, M. Kuis,
yaroslav.p.trotsenko@gmail.com

Tedist piAMHU YK Ta3y B HEPETYJSIPHUX KaHAJIaX IIMPOKO 3YCTPIYAETHCS SIK B MPUPO/IL,
TaKk 1 B TEXHIYHUX a00 HAayKOBHMX Npuiagax. Yepes3 CKIAIHY T'€OMETPII0 TaKUX CHCTEM
CTPYKTypa MOTOKY HaOyBa€e HECTAI[IOHAPHOTO XapaKTepy, U0 MPHU MEBHUX YMOBaX MPU3BOIUTH
710 BUHUKHEHHSI aBTOKOJIMBAaHb CEPEJOBHIIA 1, IK HACHTIJOK, MOsABU 3BYKY [1]. BUHUKHEHHS
TOHAJIBHOTO 3BYKY TIPH HATIKaHHI CTPyMEHS Ha KPYrOBUM OTBIp B IUIACTHHI BIepIie OyIio
ornucaHo y po6Goti [2]. Ili3uime Oyno mpoBeineHe OUIBII AETalbHE EKCIEPUMEHTAIbHE
JIOCJIIJDKEHHS JTaHOTO (DEHOMEHY 1 BCTAHOBJICHO, IO aKyCTHYHI KOJHMBAHHS TIOB’s3aHI 13
NEepiOMYHAM YTBOPEHHSM KUIBIIEBHX BUXOPIB Ta IX B3a€EMOJIIEIO 3 MOBEPXHEIO IIIACTUHU [3].
3 PO3BUTKOM KOMITHOTEPHOI TEXHIKA HAPHUKIHIN XX CTOIITTS HAOYIHM MOMIMPEHHS YUCENTbHI
MOJICIIIOBAHHS MOAIOHMX cHUCTeM. Y BHUMNAJIKy Malux 4ucedl Maxa uis IIbOrO INEpeBa)KHO
BUKOPHUCTOBYIOTHCS TIOpUIAHI METOIM, 3TITHO 3 SKHUMH 3arajbHa 3ajava pO3IUISEThCS Ha
aKyCTUYHY Ta T1IpOAMHAMIUHY YaCTUHH, Kl PO3B’A3YIOTHCS OKPEMO.

B nmaniit po6oTi po3risganacs Tedis PiIMHM Yy HaAIMIBHECKIHUEHHOMY MITIHAPUIHOMY
KaHaJli 3 IBOMa MOCJIiJOBHUMHU Aiapparmamu 3 0TBOpaMu pizHOro Aiamerpy. Jdiadpparmu MaroTh
OJIHAaKOBY TOBIIMHY Ta € OCECUMETPHUYHUMHU. B MO3J0BKHBOMY MEPETHHI KaHaTy KOHTYpHU
niagparM B OKOJIi OTBOpiB MawoTh ¢opmy miBkona (puc. 1). IloTik piauHu moTparuise B
PO3paxyHKOBY 00JIaCTh 3 PIBHOMIPHOIO HIBHKICTIO, 3HAYHO MEHIIOK 3a MIBUAKICTH 3BYKY.
Binomo, 1mo po3mipu pKepen 3BYKY, KU MOPOJKYETHCS TIOTOKOM, — MaJli B MOPIBHSAHHI 3
JIOBXUHOIO aKyCTUYHOT XBWI [4]. ¥V 3B'A3Ky 3 UM 3a7a4a po3B’s3yBaiacs B MeXax MOJEl
B’SI3KOT HECTHCHTUBOI piguHHU. Takok npumyckajgocs, 0 pyX piAMHA B 00JacTi Mix
niapparmamMu € OJIM3BKUM JI0 OCECUMETPUYHOTO.

R “ L ‘Lza Ls ¥Lz
= £ i
e ol pUe
. TN T i i
4 ; ]

Puc. 1. [To310BXHIi IEpeTHH KaHATY.

Po3B’s3aHHS 3amaui MPOBOJMIIOCS 32 JIONMOMOTOI0 METOAY CKIHYEHHHX O0’€MiB 3
BUKOPUCTAHHIM 010J10TeK 1HCTpYMEHTapiro 3 BigkpuTuM kogom OpenFOAM ta 6Ga3yBanocs
Ha OCHOBHUX IOJIOKEHHSIX, BUKJIAZICHUX Y poOoTi [5]. BHachimok npunyneHHs no0 ocboBoi
CHUMETPIi MOTOKY 3a PO3PaXyHKOBY 00JIaCTh OOMPABCS MUIIHAPUIHUA CEKTOP (KJIMH) 3 OTHUM
€JIEMEHTOM B a3MMYyTaJbHOMY HampsMKy. BHUKOpHCTOByBajacs HEOPTOTOHalbHA OJIOYHO-
CTPYKTypOBaHa CiTKa 31 3TYHICHHSM BY3JiB B OTBOpax aiadparM Ta IpH HAOIMKEHHI N0
MIOBEPXOHb KaHAIy.

Jnst oGuucnenHss o0’€MHUX I1HTErpajiB 3a KOHTPOJIBHUM 0O0’€MOM 3aCTOCOBYBAaJacs
y3arajbHeHa rnpoueaypa ['ayca. HopmanbHi rpaJieHTH IIBUAKOCTI Ha TMOBEPXHI €JIEMEHTIB,
NpUCYTHI y IU]y31HHUX wiIeHaX, OOYMCIIOBAIMCA 31 3HAYE€Hb IMBHUJKOCTI B IIEHTPOimax
CYCIZHIX KOMIPOK 3a CXEMOIO JAPYroro nopsaky. s iHTepnossiii KOHBEKTUBHUX UICHIB
BuKopuctoByBajacs TVD ¢dopma HeHTpaabHO-PI3HUIIEBOT CXEMH IS BEKTOPHOTO IO 3
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oOMexyBaueM MoToky tumy Sweby [6]. B sikocTi cxeMu nucKpeTu3allii moxiJHol 3a 4acom
oOuparnacs HeslBHA TPUTOUYKOBA HECUMETPHYHA CXEMa JPYTOro MOPSIKY 3 PI3HUISIMH Ha3ajl.
3B’s13aHUI PO3paxXyHOK IMOJISl IIBUAKOCTI i THCKY MTPOBOAMBCS 3a 10TIOMOroto npoueaypu PISO
[7]. Jns po3B’si3aHHS OTPUMAHOI CHCTEMH JIIHEAPWU30BAHUX aireOpaiuHuX piBHSIHB
BUKOpUCTOBYBasucs irepauiiiHi po3s’s3Hukun PCG ta PBiCG 3 mepemobymoBnenHsM |[§].
3amaua po3B’s3yBajacs 3 BUKOPUCTAHHAM OOUYMCITIOBAIBHUX MOTYKHOCTEH Komruiekcy CKIT
[nctutyTy KiGepHeTuku iM. B.M. I'mymkxosa HAH Ykpainu [9].

VY pob6orti [10] 6yno mokazaHo, 10 IPH PIBHUX AlaMeTpax OTBOPIB AiadyparM B MIEBHOMY
niama3oHi yncen PeiiHombaca Tedis piquHU B 0071acTi MIXK 3BYKEHHSIMHU € HecTarioHapHoo. Ha
MoBepXxHi mepmioi  miapparMu  HOPMYEThCS JTaMiHAPHUN TNPUMEKOBUN ImIap, SKUH,
BIJIpUBAIOYHCH BiJl IOBEPXHi, YTBOPIOE HA MEXI1 CTPyMEHS Ta OPOXKHUHU KiJbIIEBUN 3CYBHHUN
map. B rimOuHI mopoXHUHU OIS Ipyroi miagparMu yTBOPIOETHCS BEIIMKUN BUXOP, 3aBIISKH
YoMy BiJI0YBa€ThCS LHUPKYJALIHHUN pyX cepeOBHIIA, SKHI IEPEeHOCUTh YaCTUHY KIHETUYHOI
EHeprii cTpyMeHs 3 001acTi OTBOPY Jpyroi aiadgparmu Bropy 3a motokom. [Ipu HabamxeHH1 10
npyroi mgiagparMd y 3CYBHOMY IIapi IMOCTIZIOBHO YTBOPIOIOTHCS KiTBLIEBI BUXOPH, SIKi
Ha0IraroTh Ha MOBEPXHIO JiadparMu Ta COPUYMHSIOTH KOJTMBAHHS TOJIIB IIIBUIKOCTI  THUCKY.
i xonmuBaHHS MAIOTh MEPIOAUYHHUNA XapakTep Ta JAIOTh 3MOTY OLIHUTH YacTOTy 30yIKEHUX
MOTOKOM aKyCTUYHUX KOJHBAHb.

Mertoro naHoi poOOTH € TOCTiIKEHHSI 0COOIMBOCTEN MOTOKY PIAMHU B IIMIIHAPUYHOMY
KaHaJll 3 IBOMa TOCIIIOBHO PO3TalllOBaHWMH JiadyparMamMu 3 OTBOPaMHU PI3HOTO JiaMeTpy, a
came: IPOBE/ICHHS BIAMOBIIHUX YHCEIbHUX PO3PAaXyHKIB, aHANI3 CTPYKTYpPH IOTOKY B 00JacTi
MDK giadparMamMu Ta BU3HAYEHHS XapaKTEPUCTHK aBTOKOJIMBAILHUX PYXIB CEPEIOBUIIA, 10
MOKYTh TMPHU3BOJUTHU JI0 TIOSBH aKyCTHYHUX KOJIMBAHb 3aJ€KHO BiJ BiJIHOIICHHS JiaMeTpPiB
OTBOpIB Jiadparm.

4. BoBx U.B., TI'punuenko B.T. 3Byk, poxacHHbIA TOTOKOM  (ouepku 00
asporupoauHamuueckoi akyctuke). Kues: HaykoBa nymka, 2010. 221 c.

5. Sondhauss C. Ueber die beim ausstromen der luft entstehenden tone. Annalen der Physik.
1854. Vol. 167, No. 1. P. 126-147.

6. Chanaud R. C., Powell. A. Some experiments concerning the hole and ring tone. J.
Acoust. Soc. Am. 1965. Vol. 37, No 5. P. 902-911.

7. Wilson T.A., Beavers G.S., DeCoster M.A., Holger D.K., Regenfuss M.D. Experiments
on the fluid mechanics of whistling. J. Acoust. Soc. Am. 1971. 50, Iss. 1B. P. 366-372.

8. Masora B. C. HuciieHHoe uccieI0BaHNE TEUECHHS B KaHAJIE C ABYMs MOCIIEIOBATEIHHO
PAaCIOIOKEHHBIMU CTEHO3aMU. AJITOPUTM petieHus. [lpuxknaona ciopomexanixa. 2010.
T. 12, Ne 4. C. 45-62.

9.  Sweby P.K. High resolution schemes using flux limiters for hyperbolic conservation laws
J. Numer. Anal. 1984. 21, Iss. 5. P. 995-1011.

10. Issa R. 1. Solution of implicitly discretised fluid flow equations by operator-splitting.
Journal of Computational Physics. 1986. Vol. 62, No. 1. P. 40-65.

11. Barrett R., Berry M., Chan T. F., Demmel J., Donato J. M., Dongarra J., Eijkhout V.,
Pozo R., Romine C., Van der Vorst H. Templates for the solution of linear systems:
building blocks for iterative methods. 2nd ed. Philadelphia : SIAM, 1994. 107 p.

12. TonoBuncekuit A. JI., Manenko A. JI., Ceprienko [. B., Tynpumncekuii B. T.
EneproedexruBunii cynepkom ' 1otep CKIT-4. Bichux HAH Yxpainu. 2013. Ne 2. C. 50—
59.

13. Vovk I. V., Matsypura V. T., Trotsenko Ya. P. Excitation of self-sustained oscillations
by a flow of liquid in a cylindrical duct with two diaphragms. Journal of Mathematical
Sciences. 2020. Vol. 247, No. 2. P. 258-275.
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JOCALIKEHHSA B3AEMO/II BITPOBUX XBWJIb 3 POSMUBHUM JHOM
MOPCBKHUX IIIIIAHHUX BIIMIJIUX 30H

Xomunpkuii B. B., Tepemenko JI. M., Hikitin [LA., Xapuenko A.I'., A6pamona JL.II.,
Xwuxka LLA., Kynu6u Lb.
IacTuTyT rimpomexaniku HAH Ykpainu, Kuis
homicky@ukr.net, litere70@gmail.com. nia37@ukr.net, Anatoliv.kharchenko62@gmail.com,
ludaS4@ukr.net, ftholinder(@gmail.com, igorkud33@gmail.com

[lITopm € BU3HAYAIBHUM JJIS OILIHKKA IWHAMIYHUX SIBHII Y30€pexksi Ta OCOOJUBO
HeOe3neyHi TpuBaili (3acTiifHi IITOPMH, KOJIU IIBUAKICTh BITPY B IPU3EMHOMY LIapi JocsArae
40 m/c 1 6inpmie). ToMy HEOOXITHO >KOPCTKI BUMOTH TPH MPOCKTyBaHHI, OyAIBHUIITBI Ta
eKcIutyartanii OyAb-KUX I1H)KEHEpHUX CIOPYA y 30HI BIUIMBY INTOPMOBUX XBWiIb. [lpu
JOCJIIJDKEHHI JUHAMIYHUX SIBHIN y TpHOepexHid Ta mmenb(poBiid 30HaX MOPIB BaXKJIMBE
3HaYeHHS MAalOTh NMapaMeTpH BITPOBHUX XBWJIb Ta iX TpaHCQopMmalis Ha OeperoBoMy CXWIi,
BEJIMYMHA Ta KOMIIOHEHTH IIBHKOCTI XBHJIBOBOTO PyXy B IUIONIMHI JHA. OIiHKA IITOPMY Ha
JTHO MODsI 3aJISKUTH Bl XapakTepy I'PYHTIB, IO CKJIAJal0Th OEPEeroBUil CXuIl.

Sk Ga3oBe Kepeno mia aHami3y (QYHKIIOHATBHUX 3aJIKHOCTEH MDK MapaMmeTpaMu
BITPOBOTO BIUIMBY Ta MAacOBUM IIE€PEMILICHHSIM HAHOCIB BHUKOPHUCTaHO pe3yJbTaTh
OaratopiyHUX JAOCTIHKEeHb. L1 pe3yapTaT marBepKeH]1 TaHUMH JTa00paTOPHUX, HATYPHUX Ta
AHATITUYHUX JOCTIKEHbB 1 B JaHUW 9ac MOXKYTh PO3TIIAIATUCH SIK HAHOUTBII TOCTOBIPHI.

Ha ocHOBI po3paxyHKiB 32 METOJIMKOIO MMPOTHO3Y IMHAMIKHA HAHOCIB y TPHUOEPEIKHIN 30H1
Ta IX YUCENbHO-aHAIITUYHOTO aHAi3y OTPUMAHO (PYHKIIIOHAIBbHY 3AJIEKHICTh MK TUTOMUMHU
BEJTMYMHAMYU BUTPATH HAHOCIB Ta €HEPTii BITPOBUX XBUJIb:

3

0,5 2
q=0,117;05(1—ij L 1)
)\ H) \H

ne: h, A — BiANOBIHO BUCOTA Ta JOBXWHA XBUII; A, = Z — MOJIOTICTh XBUJIl;, H — riinOrHa BOIH

Ha OeperoBoMy OTKOCI; ¢ — MUTOMAa BUTPaTa HAHOCIB HA OJIMHUINIO JOBXHHHU (POHTY XBHIII.

3anexHicTh (1) BUBeeHa 1715 BUIIA/IKy HAaHOCIB ITICKY 3 CePeIHBOI0 KPYMHICTIO d= 0, /MM
i mineHicTIO p = 2,65 T/M°. IligTBEpIKEHHS aJEeKBATHOCTI PO3PAXyHKIB 3a METOAMKOIO Ta
3anmexHocTi (1) mpencraBiieHo y poborax aBropa. B maHiit poGoTi epeBipeHO BUKOPHCTAHHS
3anexxHocTi (1) U po3paxyHKy TPaHCIIOPTY HAaHOCIB 3 PI3HOIO KPYITHICTIO IICKY.

Bigomo, mo mpoiecu po3MuBY OEperoBOro CXWiy I/ BIUIMBOM BITPOBHUX XBHJIb
3HAXOMAATHCS Y MPSMiid 3a7I€KHOCTI BiJl BEIMYMHY IIBUAKOCTEH XBUILOBOTO TIOTOKY B TUIOIIKHI
nHa. PyX 4aCTMHOK HE3B'sI3aHUX IPYHTIB, IO CKJIAIal0Th OEperoBuil CXuJl, BiIOYBAa€ThCs, KON
NPUJOHHI HIBUIKOCTI MOTOKY Vp. MacoBuii po3MuB GeperoBoro cxmiy Ta ¢opMyBaHHS IOTOKY
HAHOCIB B1I0YBa€THCS KOJU MPHUIOHHI MIBUIKOCTI JOCITAIOTh BETUYHHH IIIBUIKOCTI MaCOBOTO
po3muBy Vpm. Llg ymoBa Moke OyTH 3amucaHa B HACTYITHOMY BUTJISII:

Vo = Vo = kV,, )

ne k= 1,57 — 3a pekomennamisimu bamkuposa I'.C.
3rifHO 3 JIHIKHOIO TEOpi€I0 XBWUJIb MaJOi aMIUIITYId MaKCHMajbHa CKJIaJ0Ba
opOITaTbHOT MBUAKOCTI B TUIOMIMHI THA MIJTKOBOAHOTO MOPSI BU3HAYAETHCS (HOPMYJIOIO:

v, =#, 3)
A, 4nH
g A
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3anexHicts (1), BUBeneHa A XapaKTEPUCTUKU TPAHCIOPTY HAHOCIB 3 KPYIHICTIO
d=0,Imm. Ilpunyctumo, MmO I8 3aKOHOMIPHICTH JUIsi TUTOMHX BHUTpAT HAHOCIB Oyne

CHpaBeIuBa 1 U1 YaCTOHOK 3 1HIIOK KPYIHICTIO. BBe1eMO KOPEKTHBH 3 ypaxyBaHHSIM iX
2

. V. . .
BIUTMBY uepe3 mBUAKOCTI Vp (Ay = % V_(: ). Vor Ta V4 - pasmuBaioui MBUAKOCTI JIJIS

4acTUHOK d = 0, /MM Ta JUIs JOBUIBHUX KpyMHOCTEH d , MM BiATIOBIIHO.
3 ypaxyBaHHSM IOTIEPEIHIX MPHUITYIICHh MOXKEMO 3alycaTd MUTOMI BEIWYMHU BUTPAT

HAHOCIB HAaCTYITHUM YMHOM:

H-m\"(n
=1, 4
I } (4)

=0,05(1g 1 + 0,8)"
q (Igie ) ( 7

0.6

o 0.4

0.2

d=10 /
>/ 0.2
/ 04

-0,6

Z

-0.8

7

B9 3¢ 39 28 24 -20 -16 12 g -04 O
Puc. 1. I'padiuna inTepnperarist popMynu

-1,0

BucHoBku

CriBBiTHOIIIEHHS, SKI MPEACTaBJICHI B JaHI poOOTI MOXYTh OyTH KOPUCHHMH ISt
HOTIEPEIHBOI OLIHKK (EKCIpec-aHallizy) TPaHCIOPTY HAaHOCIB Ha IUISHLI y30epexoks. Ha
OCHOBI AHAJIITHYHOTO aHATI3y METOJUKH 3alpOIOHOBAHO pO3B 30K (YHKIIOHATHHOT
3aJISKHOCTI TUTOMHUX BUTpAT BiJ MUTOMOI €HEprii XBUJIb JUIS BUMAJIKY HE3B'SI3HUX IPYHTIB 3
po3mipoM yactTuHOK d=0,1 MM, II0 CTaHOBJATH JHO OEPEroBOr0 CXWUIY MIIKOBOJHOI 30HH
Mops. Po3paxyHku 3a HOBUMH 3alIeKHOCTSMHU Ta 32 IHITUMU JAIOTh iI€HTUYHI Pe3yJIbTATH.
[TepeBaroro po3po0I€HOT METOIUKH MPOTHO3Y TWHAMIKH HAaHOCIB y TPUOEpEkKHIN 30H1 MOPS €
IpaHUYHE CKOPOYEHHS TPYIOMICTKOCTI PO3paxyHKiB.
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BIIJIUB IHO®PACTPYKTYPU TEC HA TEIVIOOBJIIH I AEPOAUHAMIKY
HABKO.JI0 JJUMOBOI TPYBH

Yupkosa A. I1.12, Xanatos A.A.!2, Illixa6yTtinosa O.B.?
"Hauionansuuii Texuiuauit ynisepeurer Ykpainu « KuiBcbkuil HomiTeXHiuHui iHCTUTYT
imeHi Iropst Cikopcbkoroy, mp. [lepemoru, 37, Kuis, 03056, YkpaiH,
ilcenkoanna777@gmail.com
2 [uctutyT Texuiunoi rernodizukn HAH Vkpainu, Byn. Mapii Kannict, 2A, Kuis, 03057,
oshikhabutinova@gmail.com, artem.khalatov1942@gmail.com

JlumoBa TpyOa € HalBaxJMBIIIMM eneMeHTOM TerutoBoi enekrpocranuii (TEC). Ilpu
NMpaBWIBHIA oOpraHizamii BHIAJEHHS Ta30MOMIOHUX TMPOAYKTIB CHAIIOBAHHS IajuBa
KOHJIGHCAIlisl BOJIOTH BCEpEeIMHI TPyOM BIACYTHSA 1 TEXHIUHUH CTaH TpyOHM 30epiraerbcs y
mpare3laTHOMy CTaHl Ta TPOJOBXKYETbCS CTPOK ekcruryartamii [1]. s BusHaYeHHS
TEMIIepaTypy MPOIYKTiB 3TOPSIHHA 10 BUCOT1 TPyOU BayKJIMBO 3HATH T'PAaHUYHI YMOBHU TPETHOTO
pony (KoedillleHTH TETUIOBiIavi) Ha 30BHINIHINA MOBEPXHI ITWMOBOI TPYyOH, MPH LILOMY B
TEIUIOBOMY PO3PaXyHKY BUKOPHCTOBYETHCS, K MPABUIIO, CepPeIHIN Koe]ilieHT TeruioBiiaaqi,
0 BU3HavaeThes iHPpacTpykTyporo TEC, HanpssMoM Ta MBUAKICTIO BITPY.

JlocmikeHHsl, BUKOHaHI B poOoTi [2], moka3anmu, IO HpU piBHOMIpHOMY mpodimi
IIBUIKOCTI TETUIOOOMIH Ta aepoAMHAMIKa Ha MTOBEPXHI OAMHOYHOT BEPTUKAIHHO PO3TAIIOBAHO1
KOHIYHOI TpyOH MaroTh crenudiuyHi 0coOIMBOCTI, 3yMOBIIEHI JOPMOIO TPyOU Ta KOHTAKTOM ii
OCHOBH 13 36MHOIO TIOBEPXHEIO.

MeTtoro poOOTH € BU3HAUEHHS CepeHBOi TEIUIOBiIadi MO BUCOTI KOHIYHOI JUMOBOI
TpyOHU, po3TamnioBaHoi Ha mpoMuciioBomy Maimanunky TEC 3a ymoBH, 1110 BiTep Mae pi3HUN
HaNpsMOK Ta MBUAKOCTI. JlOCTiPKEHHsI BUKOHAHO METOJIOM KOMIT'FOTEPHOTO MOJIEIIOBAHHS 3
YUCEIHHUM PO3B'SI3KOM AU epeHITIaTbHUX PIBHSIHB PYXY, CHEprii Ta HEPO3PUBHOCTI.

Jlsist MoJieNtoBaHHs TEINIOOOMIHY Ta aepOAMHAMIKU 01 TUMOBOI TpyOH, pO3TaIIOBaHOT
Ha Tteputopii TEC, BukopucTano iHGpacTpyKTypy, 110 BKIIOUYAE TaKi €JIEMEHTH: MAIIMHHUN
3aJ1, MiJCTaHII0, aIMIHICTpaTUBHY OyIiBJIIO, CKJIaJa Ta JBi rpaaupHi (puc. 1).

- o
S

Puc. 1 — [ndpacTpykTypa TEIIIOBOI €JIEKTPOCTAHIIII: a- 3araIbHUN BU; O- BUJI 3BEPXY

CitkoBa monens iHbpacTpykTypu TEC Brimtouae 1137781 By3miB Ta 4741859 enemenTis.
MinimaneHa opToroHainpHa sKicTh — 0.1, MakcumanbHuii nepexic — 0.89. UyTnuBicTh CITKH
po3risiHYTO 'y poboti [2]. YV pospaxyHkax BukopucroByBajmacsi RNG k-¢ wmomens
TypOynenTHocTi [2], npuctinna ¢ynkuis Enhanced Wall Function, anroputm po3B'si3ky JUist
3'€THAHHS ILBUKICHOTO TUCKY B CTIMKHX moTokax Simplex. ['ycTiHa MOBITps He 3a1eKHa BiJ
TEMIIepaTypy Ha BXOJIi B PO3paxyHKOBHH 00'eM (CHIIaMU TSKIHHS 3HEXTyBaHO). Temnepatypa
noBepxHi TpyOu 3amaBanacs moctiHoro ta pisHoo 100 °C.
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TenmooOMin Oing nuMoBOi TpyOM BHMBYaBCS 3a PI3HMX HAmNpsSMKIB BITPY B Jiana3oHi
IIBUKOCTI BITPY Wo Bi 5 1o 25 m/c. IlIBuakicTs BiTpy Ha Mexax Marinanyuka TEC 3agaBamacs
CTETICHEBUM PiBHSIHHIM

WZZWOk(Z) (1)

2 0,5
Re k= 0,4(j )
10

SK€ BIAMOBiMAaEe MPOQIII0 MBHUAKOCTI HA IMOBEPXHI THUIy MICBKHX PalOHIB 3 MIIJILHOIO
3a0y/10BOI0 Oy IMHKaMU 3aBBUILIKH OinbIie 25 M) [2]. TyT w, — IBHIKICTH MOTOKY HA BUCOTI Z
B1JI TOBEPXHI 3eMJI1, Wo — CepeHs MBUAKICTh BITPY Ha TPAHUII MaiiJaHIMKA.

OTxe y poOOTi BUKOHAHO TEOPETHYHE JOCIHIIKEHHS TEIUI000MiHY Ta aepoJUHAMIKH
koHIuHOi auMoBOi TpyOon TEC 3 ypaxyBaHHSAM iHGPACTPYKTYpPH HABKOJIHUIIHBOTO IPOCTOPY
(mpodib MBUAKOCTI HAa MEXI MPOMHCIOBOrO MaijgaHduka) Ta iHdpactpykrypu TEC.
[IpoBeaeHi qocmiHKEHHS MTOKA3aJIH, 10 Oy 1B MAITMHHOTO 3aJTy IPOMHUCIIOBOTO MaiiIaHINKa
3HAYHO BILJIMBA€ HAa acpOJMHAMIKy OOTIKaHHS TUMOBOI TPYOH 1 pO3MOJIia TeIIO0OMIiHY 1O i
Bucoti. Haii0inpima TemmoBingaya 3a paxyHOK (pOpMyBaHHS iHTEHCHBHOT'O PYXY BHXPOBOTO
MOTOKY 1 pyHHYBaHHS NPUKOPIOHHOTO IIapy Ha MOBEPXHI TPYOH CIIOCTEPIra€ThCs MpU pPycCi
BITpY 3 miBAHS Ha miBHIY. OHAK BuUIIEe OyIiBII MANIMHHOTO 3ajia 3MiHA IMO30BXHBOT
IIBUJKOCTI TOTOKY (@ TakKOX THUCKY Ta TEIUIOBIAJadi) MO BHCOTI JAMMOBOI TpyOW Mae
NEepiOMYHUAN XapaKTep, Ha NEBHIM BHCOTI aepoAMHaMiKa OOTIKaHHS TPyOH MNPaKTHUYHO
BIJIMOBi/1a€ OOTIKAHHIO KPyTJIOi TPyOW B Oe3kiHeYHOMY mpocTopi. Po3risHyTi 0cOOIMBOCTI
TETI000MiHY TOBHHHI 000B'sI3KOBO BPaXOBYBATUCH IPU MTPOEKTYBAHH1 BUCOKHX JUMOBUX TPYO

TEC.
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THEPHIMHO-IIUPKYJISINIMHUA IPUHIIUII IIJTABAHHS TA ITOJIBOTY
T'IIPOAEPOBIOHTIB Y BUITAJIKY BE3BIJIPUBHOI'O OB TIKAHHSI

O. B. lllexoBuoB
IactutyT rinpomexaniku HAHY, KuiB, avshekhovtsov@gmail.com

Hexait cepenoBuiie € CyminpbHUM, 11€albHUM, HECTUCIIMBUM Ta HEBaroMum (BiICyTHI
30BHIIIHI MacoBi cwid). B yciXx TOukax cepeqoBHINa y MOYaTKOBUA MOMEHT Yacy
MIPUITYCKAETHCS BIICYTHICTh BUXOPIB, @ CAMO CEPEIOBUIIE — HEPYXITHUBUM.

Bynemo mpumyckaTH, o Kpuiio, ado IuiaBelb aepobioHTa S € HEeCKiHYEHHO TOHKUM,
HENPOHUKHUM Ta Hepo3TsikHUM. [IpuitMmemo 10 posrasgy Monenb Oe3BiIApUBHOTO
(LMPKYJALIMHOTO) OOTIKaHHA Kpuja 31 CXOJOM IIapy MOTOKY 3 HOro TMOBEpXHi, a TaKoX
noctysat KyTTa mo/10 CKiH4eHHOCT] MBUAKOCTI MOTOKY B OKOJIHII 33 JHOT KpaHKH KpHJIa.

3 orysiy Ha MPUKHSATI BIACTHBOCTI CEPEeIOBHILA Ta KPUIIA, 3 33HbOT KPaKK KpHUIIa, 1110
pyxaeThcsi, Oyie CXOUTH BUXPOBa MejeHa O , TOUKH K01 OyIyTh pyXaTUCh IO TPAEKTOPIAM
PIIKHUX YaCTOK, TOOTO BOHA OyJ1e BMOpOKEeHA y TIOTeHITiiHEe cepeoBuiie. CTpUOOK MOTEHITIATY

wBuakocti AD Ha BinbHIl BUXpOBiii NeneHi O He Oyje 3MiHIOBATHCH 3 YACOM.

[Ticns po3B'sa3Ky KiHEMaTHYHOT TOYaTKOBO—KPaloOBO1 3a/1a4i /yisl piBHSAHHSA Jlamnacy mis
noteHiiany @, 3a gomomororw iHTerpany Komri—Jlarpanxka, Mo)KHa BU3HAYUTH JAUHAMIYHI
XapaKTePUCTHKHU KPHJIA Ta MOJIe TUCKY HABKOJIO HHOTO.

Po3B’s30k piBHsHHS Jlammaca OyaemMo WIykaTH y BHIJISAI CYMH IIOTEHIIANIB BiJl
HETEepepBHO PO3MOAIICHOTO 110 TPAHULSAM 00JIaCTi MOTEHIially MOABIHHOTO HIapy.

OCKUTbKH TIBUIKOCTI, 1HAYKOBaHI MOJBIMHUM IIApOM, €KBIBaJEHTHI IIBUIKOCTSIM BiJl
BIJITIOBITHOTO BUXPOBOTO MIapy, AJsl CTBOPEHHS YUCENTbHOI MoJeni OyAeMo 3acTOCOBYBATH
YAOCKOHAJIGHUI METOI TUCKpeTHUX BUxopiB (YMJIB, sxuii 103BoJIsI€ MPECTaBUTH MIBUAKICTH
Oyab—KOI TOYKM CEpEIOBHIIA Y BUIIAAI CyMHU HE30ypeHOi IIBUAKOCTI MOTOKY, 30ypeHoi
IIBUJKOCTI Bl CUCTEMH CYMapHUX JHUCKPETHUX BHXOPIB, SKI MOJETIOIOTH OOTIYHE Tijo, a
TaKOX 30ypeHOi IMIBHJIKOCTI BiJf CUCTEMH BUIBHUX BHUXOpIB, SIKI MOJETIOIOTH HEMEpPEpBHY
BUXPOBY IeNeHy, sKa 3iinuia 3 Tiza. OKpiM LbOTO, Y BUMAJIKY, KOJIU KPUJIO MPUITYCKAETHCS
HECKiHUEHHO TOHKHM, 3acTocyBaHHs iHTerpany Komri—Jlarpanxka s po3paxyHKy Iepenany
TUCKY Ha KPWJI 3 YpaxyBaHHSIM BJIACTUBOCTEH LIIILHOCTI BUXPOBOTO Iapy ) MPHU3BOAUTH 10

JiHeapu3alii HeTiHIHHNX A0JaHKiB. Bka3zaHi 0cOOIMBOCTI MOJIETIOBAHHS JAIOTh MOXKIIUBICTh
MPEACTaBUTH KOSDIIEHT CUITU TATH Y BUTJISAI TPhOX KOMIIOHEHT [1]:
— iHepIiiHOT:

Mcos(n(s, 7),x)ds,
or

Cp, (1) =2
S

ne A@ — cTpubOK MOTEHIiaTy MBHUAKOCTI HAa MOBEPXHI KpUIa S ; MITPUX MPH 4aCTKOBOT

MOX1/THOT 03HAYae, Mo Au(epeHIIIFOBaHHSI BAKOHYETHCS Y PYXOMIiil CUCTEM1 KOOpIWHAT KpHUJIa;
— IUPKYISIIIHOL:

Cr,. (7) = Cy(7)cos(n(sy,7), ) —2J. y(s(7),7) (v?/u (s(7),7)— WZ (s(7),7))cos(n(s,7),x)ds,
S

~

e CQ — KOeIIIEHT MMiICMOKTYIOYO1 CHIIN; So— — nepeHs Kpaiika; W, — JOTHYHA IPOEKIis

*
IIBMJKOCTI BiJl CHCTEMM CYyMapHHMX BHMXOpIB, MOJEIIIOIOYMX BHUXPOBY IIEJIeHy Kpuna;, W, —

JTIOTUYHA MPOEKIisl IEPEHOCHOT MBUAKOCTI KPHUIIA,
— BUXpOBa:
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Cr, (1) = —ZIy(s(T),T) w, (s(7),7)cos(n(s,7),x)ds,
s

ne W, — I0THYHA MPOEKIIs MBUAKOCTI BiJl CHCTEMHU BIIbHUX BUXOPIB.

Bkazane po3aisieHHs CHIJI Ma€ JIOCUTH SICHY (hi3uuHy OcHOBY. Llupkysuiiina ckinagoBa €
KBa3icTallioHapHUW aHaor cHid JKYKOBCHKOTO Ta BH3HAYAETHCS MOTOYHUM 3HAYCHHSIM
UPKYJSLIl O KOHTYpY, NMpHJIETrIoMy A0 Kpuia (0e3 ypaxyBaHHS BHXOpIB, sIKi 31MIUIN).
InepmiiiHa ckiamoBa € HecTallloHapHA KOMITOHEHTA, SIKa 3aJICKUTh BiJl TOTOYHOI MPUETHAHOT
Macu kpuia. BuxpoBa (1HIyKTHBHA) KOMIIOHEHTAa BU3HAYAE€THCS MOTOYHUMH BEJIMYMHOIO Ta
PO3IOIIIIOM 3aBUXPEHOCTI HABKPYTH KpHJIa.

VY 3aranpHOMY BUNAJKY KPHIIy 33JaBajHCh 3BOPOTHO—OOEPTAIbHI PYXH Ta 3BOPOTHO—
MOCTYTMAJIbHI PyXH OCi 00epTaHHs y BEPTHUKAILHIN TIJIOMINHI.

3agaHi rapMOHIYHI 00epTalbHO—TIOCTYIANbHI KOJMBAaHHS KpUIa—pyllisd y Oe3MexHii
pIIMHI BU3HAYAETHCS I1I'sIThMa OE3pO3MIPHUMHU TapaMeTpaMH: JIHIHHOK aMIUTUTynol0 d

* . .
KYTOBOIO aMIIJIMTY 10O 0 , KPyroBOXO 4aCTOTOKO KOJIMBAHbL P , abo B1JTHOCHOIO IIBUKICTIO ﬂp

, TIOJIO)KEHHSIM OCl oOepTaHHS d (d =0 signosigae TIepeIHIN KpaiIii, d=1 3aJIHIN),
($ha30BUM 3CyBOM O wMix 00epTaTbHUMHU Ta TOCTYNMATLHUMH KOJIMBAHHSIMHU.
3rinno ['pemy Tetinopy, Po6epty Hancy, Anpiany Tomacy, siki TpoBenn JOCIIIKEHHS

I 42 BHIB NETIOUMX MHUIIEH, koMax u nraxis, unciao Crpyxams St =1/ (71'1]7) JIEXKUTD Y
mianazoni 0,2 <S8t <0,4 (npu upomy 0,8<4, <1,6 mo, y cBoto uepry, xapakrepro s
ruiaBaHHs pu6 Ta nenbdinis [2]). Lle BinnoBinae cnibHOMY ONTUMYMY JUIS KOSQIIIEHTY CHIIH
aru Cr Ta koediienTy KOpUCHOT Aii 7], MPUYOMY I BUNAAKY, KONH O, =157, KyT
Haxuwily TpaekTopli pyxy ocl oOepTaHHS Kpwia—pylis y cepedHi ii 4acTuHI
@ =arctan(l/ 4,) cxnamae ~45°,a 4, ~1 [2].

JlocmipKeHo TMOBENIHKA IIPUBEICHUX KOMIOHEHT KoeQinienra tarum Cp /Cp oy
3aJIeKHOCTI Bl BiTHOCHOI mBUAKOCTI Kpria ipu d =0, o=-n/2,a=0,5. [Ipu upomy
15t BCix A, BUKOHYETBCA yMOBA gy =15 .

OTpumaHi pe3ynbTaTH T03BOJSIOTh 3pOOMTH BHUCHOBOK, IO B OCHOBI POOOTH KpHiia—
PYLIS JIEKHUTh 1HEPIIMHO-UUPKYJSMIHHUNA TPUHIUI CTBOPEHHS CHWJIM TATH, MPUUOMY IS
MaJIMX BiJHOCHHX IIBHJKOCTEH KpHJa MepeBaka€ BHECOK 1HEPLINHHMX CHJI, a JUIS BEJIUKUX —
IUPKYISIIHHUX. [ 1BOX OKpPEMHUX BHIIQJKIB KOJUBaHb KpUia—pyllis — 0O0epTaJbHUX Ta
MOCTYMAJIbHUX ~ CIIPaBEUIMBI, BIAMOBIHO, I1HEPIIHHUNA Ta MHUPKYJIAMIMHANA TPUHIUITN
CTBOPEHHS UM TSrH. [Ipy 1bOMY 1HIYKTUBHUH BIUIMB BUXOPIB, 110 31HILIM 3 KpUIIa, MU 1
3BOJIUTHCS 10 3MEHILICHHS CUJIM TATH Kpuia—pymmis [3].
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NUMERICAL STRESS DIFFUSION IN SIMULATIONS OF VISCOELASTIC
FLUIDS FLOWS

Bodnar T.!, Pires M.

! Department of Technical Mathematics, Faculty of Mechanical Engineering, Czech Technical
University in Prague, Czech Republic, Tomas.Bodnar@fs.cvut.cz
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This contribution presents and overview and summary of the artificial diffusion concept
applied to numerical simulations of viscoelastic fluids flows. The classical Oldroyd-B model is
considered as an example and prototype of viscoelastic rate type fluids models. The broader
concept of numerical diffusion is presented, with special focus on tensorial artificial stress
diffusion that proved to be a valuable tool in stabilizing the viscoelastic fluids flows
simulations at higher Weissenberg numbers. Several variants of tensorial artificial diffusion
are presented and discussed, focusing on practical aspects of their implementation and use.

Motivation
It was found by many authors in the past, that while solving the governing equations of the
Oldroyd-B model, the numerical methods often fail to converge in certain regimes, due to
instabilities encountered in the solution process. The critical regime at which the numerical
instabilities occur is related to the characteristic Weissenberg number of the solved problem.
The loss of numerical stability at high Weissenberg numbers was addressed in a number of
works in the past decades, developing various specific schemes and algorithms to fight the
numerical instabilities.

Artificial diffusion concept

The concept of numerical and artificial diffusion is well known in computational fluid
dynamics. It starts with the presence and/or absence of diffusive terms in the mathematical
models of fluids flows. The Euler equations of fluid dynamics (for both compressible and
incompressible fluids), can be understood as the limit (singular) model arising from the
original (viscous) Navier-Stokes equations for vanishing viscosity. It can be shown that limit
solutions emanating from a sequence of viscous model solutions for successively decreasing
viscosity lead to physically relevant solutions of the inviscid model. The vanishing viscosity
is thus not only relevant in developing the inviscid model, but it also plays an important role
in obtaining the successive approximate solutions to that model, possibly leading to unique
physically realistic solution of the problem.

Mathematical model
The mathematical model consists of system of coupled PDEs representing the bilance of mass
and linear momentum for incompressible fluid, complemeted by a constitutive relation for
viscoelastic fluid of Oldroyd-B type.

V-u=0

Re(%—l:+u-Vu)+Vp=2(1—77)V-D+V-T

0
T+(W€(a—:+u'VT—VuTT—TVu =2nD
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This system is rewritten in variational form and solved numerically using Finite Element
Method in FreFEM++ package. The 2D corrugated channnel geometry is used for numerical
tests. The artificial tensorial diffusion terms are added to the constitutive relation as

T+We<8a:+u~VTVuT-TT~Vu> =2nD+ E

where the added diffusive terms have the form
F=o0d ATtT=a - AT"
or

E=a - Aryma-A(T"—1"1)

Numerical results

Number of numerical simulations was performed to evaluate the influence of the
added diffusive terms on the obtained solution and on the maximum attainable Weissenberg
number.
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Components of the elastic stress tensor for the standard diffusion term proportional to
Laplacian of the stress.

Conclusions

It was shown that suitably chosen artificial diffusion can enlarge the region of stabilty
for the given numerical solve, allowing to attain larger maximum Weissenberg number
without loosing the code stability.
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AN EXAMPLE OF CONTROLLING THE LENGTH SCALE OF TURBULENCE
IN DETAILED NUMERICAL SIMULATIONS IN PHYSICAL SPACE

Denev, J.A. !, Schneider, J.K.2
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Motivation

Turbulence is a very important process in the combustion technology, but even after
decades of research its exact impact on each of the complex physical and chemical phenomena
is not fully understood. It has been shown that controlling the characteristic values of turbulence
such as e.g. the length scale or the turbulence kinetic energy affects the behavior of premixed
flames and as a result different types of combustion regimes can be created which are
summarized in the so called Borghi diagram. Controlling the integral length scale of turbulence
is a straight-forward task for numerical codes written in spectral space. However, controlling
the integral length-scale in numerical codes written in physical space, like e.g. OpenFOAM, is
not a trivial task. In physical space, when used numerical techniques like Direct Numerical
Simulations (DNS) or Large-Eddy Simulations (LES), a numerical technique for forcing has
been developed that is called “linear forcing”. The pioneering idea belongs to Lundgren [1] and
consists of an additional source-term in the Navier-Stokes equations that is linearly proportional
to the local velocity and thus produces turbulence. The intensity of the turbulence is controlled
trough the value of the proportionality factor which, following [1], is a straight-forward task.
Turbulence created with linear forcing usually forms a length scale L (calculated as (1 ")*/e; here
u’ 1s the rms of the velocity field at a given time instance and ¢ is the dissipation rate of
turbulence at that time instance) that depends on the size of the computational domain and is
usually about 20% of its length. Increasing the value of this integral length scale is a matter of
research and is achieved basically through additional filtering of the velocity that is used in the
source-term, see e.g. [2].

Recently, the authors of [3] showed that the length-scale of turbulence can be controlled
with an explicit Laplace filter. This filter is already available in OpenFOAM and is very
efficient numerically. The tests used in [3] were carried out with a small to moderate turbulence
energy and were applied to a cubical domain with periodic boundary conditions. One aim of
the present investigation is to extend the tests to a case with higher turbulence kinetic energy.
Another goal of the present investigation is to test the controlling of the length scale on an
inflow-outflow setup that is suitable for studying turbulent combustion.

Set up

The present setup uses OpenFOAM on a hexahedral grid with a cubical domain of a size
of 0.02 m. The grid consists of 600x600x600 cells. In x-direction we impose inflow-outflow
boundary conditions; the boundary conditions in y and z directions are periodic. In both cases
the inlet velocity was set to be equal to 0.45 m/s in the inflow and the targeted kinetic energy is
TKE = 37.5 m?/s%. One of the simulations does not apply filtering of the velocity field used in
the additional source-term, therefore, it is expected that the integral length scale will be around
4 mm (20% of 0.02 m) for that case. The second simulation uses the Laplace filtering technique
with a filter constant equal to 0.133 (see [3] for more details) and is expected to produce a larger
integral length scale. Both cases used an incompressible solver called pimpleFoam which was
accordingly modified for the case with the filter. The case without filtering was run in parallel
on 2000 cores, while the case with the filter - on 2500 cores. The physical time reached presently
is 0.1 s which is still enough to become reliable statistics for the parameters of the turbulence.
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Results

The forcing term for both cases produced turbulence kinetic energy which is close to the
target value of TKE = 37.5 m?%/s®. The turbulence is isotropic so that the rms of the velocity
fluctuations for both cases is u'=5 m/s. The dissipation rate is the first parameter that differs
between the two cases. Due to the application of the Laplace-filter, the case “with filtering”
shows lower value for epsilon (average value is ¢ = 22 400 m?/s®) while without filtering the
value becomes larger (¢ = 28 200 m?/s®). Consequently, this produces an integral length scale
which is larger for the case with the Laplace filtering (average value is L = 5.7 mm) while for
the case without the filter it is close to the expected value of 20% of the domain length (average
value here is L = 4.7 mm).

Dissipation Rate of Turbulence Kinetic Energy  EWithout Integral Length Scale MWithout
40000 filtering 0,009 filtering
with fitering  E 0,008 With filtering
= 35000 %
< 3 0,007
S 0000 :
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g 25000 3 o005
E‘; 20000 5‘ 0,004
= 0003
15000 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 0,10
002 003 004 005 006 007 008 009 0,10
Time [s] Time [s]
Fig 1. Time series of the dissipation rate of Fig 2. Time series of the integral length
the TKE for both cases scale for both cases
References

[1] T. S. Lundgren 2003 “Linearly forced isotropic turbulence,” in Annual Research
Briefs (Center for Turbulence Research, 2003), pp. 461-473

[2] J.A. Palmore and O. Desjardins 2018 “Linear forcing in numerical simulations of
isotropic turbulence: Physical space implementations and convergence properties,” in Physical
Review Fluids, vol. 3, pp. 034 605(1)-034 605(18)

[3]1J.A. Denev, T. Zirwes, F. Zhang and H. Bockhorn 2021 “A low-pass filter for linear
forcing in the open-source code OpenFOAM — Implementation and numerical performance” in
High Performance Computing in Science and Engineering, W. E. Nagel, D. H. Kroner, and M.
M. Resch, Eds., Cham: Springer International Publishing, pp. 339-352

Acknowledgements

This work utilized parallel computing resources provided by the supercomputer
bwUniCluster at the Steinbuch Centre for Computing (SCC) of the Karlsruhe Institute of
Technology.

98



VIII Intern. Conf. "Computer Hydromechanics", September 27-28, 2022
VIII Mixnap. koH}. «Komm’toTepHa rinpomexanika» 27-28 BepecHs 2022

NUMERICAL SIMULATION OF INTERNAL WAVES IN OCEAN AND
LABORATORY

Philippe Fraunié!, Ilias Sibgatullin, Xiulin Xu
"Mediterranean Institute of oceanography, Université de Toulon, France, fraunie@univ-tn. fr

Downscalings of regional ocean models up to a hundred meters in horizontal and meters
in vertical allow the occurrence of physical submesoscale coherent structures including internal
waves Langmuir circulations and Ekman instabilities. Firstly captured and locked on the grid
length, they still are poorly resolved and this matter of fact motivates a renewing of theoretical
investigations and observations. Internal waves are crucial in atmosphere-ocean energy
exchange for climate models and understanding of the ocean upper layer structure for
biogeochemical purposes. Internal tides and waves are continuously observed by satellite SAR
and visible images and are currently locally observed by gliders and high-resolution research
cruises. Environmental topics enlarge the investigated configurations. Among them, waves and
bottom interactions play an important role. Here, an analysis of previous field observations of
the ocean upper layer and numerical simulations of such processes are presented.

On the other hand, turbulent mixing can impact the background stratification and thus can
change the dynamics of internal and inertial waves, also, mixing can change the properties of
the bulk flows in the ocean. Unlike conventional acoustic waves, the internal waves in
continuously stratified fluids possess some properties that completely change scenarios of the
transition to turbulence. In particular, in domains with inclined boundaries, there may appear
closed attracting trajectories, where the principal part of the wave energy is accumulated. In the
previous experimental and numerical works, it was shown that cascades of triadic resonances
may be responsible for the transition to turbulence. In real oceans the ratio of buoyancy
frequency to the forcing frequency is often about ten. And careful direct numerical simulation
showed that in this case the scenarios of transition to wave turbulence may include
superharmonic cascades followed by multiples of half-frequencies of external forcing and
followed by triadic resonances. These scenarios may be completed by inverse cascades and the
appearance of low-dimensional dynamics of large-scale turbulent structures, which may be
analyzed with the help of proper orthogonal decomposition.
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ADAPTIVE NUMERICAL SIMULATIONS IN COMPUTATIONAL
HYDROMECHANICS APPLICATION TO WAVES BREAKING
ON MOVING STRUCTURES

Frédéric Golay.!, Philippe Fraunié?
! Institut de Mathématique de Toulon, Université de Toulon, France, golay@univ-tln.fr
2 Mediterranean Institute of oceanography, Université de Toulon, France, fraunie@univ-tln. fr

In order to gain in computation time, in accuracy or simply to converge a difficult
numerical simulation, we have to dynamically "adapt" our numerical models. This adaptation
often concerns mesh adaptation, but also the adaptation of temporal or approximation schemes,
or the coupling of models.

To this end, we have developed a mesh refinement strategy called Block Based Adaptive
Mesh Refinement method (BB-AMR), in which each cell or element of an unstructured and
non-conforming mesh is refined using a Quadtree or Octree approach. Moreover, a Morton
Code numbering allows a fast algorithm and an easy domain decomposition, which reinforces
the quality of the parallelization.

This strategy is presented on some numerical investigations of breaking waves using high
order interface capturing methods. The model is based on a low Mach number compressible
approach by solving Euler equations in the two phases air and water using a non-physical sound
velocity and an isothermal equation of state. This approach leads to a hyperbolic formulation
discretized by a second order finite volume discretization with a local explicit time stepping
which allows an efficient parallel decomposition. Moreover, a mesh refinement criterion is
introduced by using the numerical production of entropy. The relevance of this approach is
validated by the comparison of some 3D numerical simulations with experiments.

In the framework of hyperbolic formulation, we present also a compressible fluid-
structure interaction model. In the context of a fictitious domain, a volume penalization is
applied inside the body to ensure a rigidity constraint through a penalized velocity in order to
get the correct motion of the rigid body. The accuracy of this simple model is improved using
BB-AMR technique. The improvement and the validity of our fluid-structure interaction
procedure is investigated through the numerical simulation of the water entry of a cylinder
freely falling and impacting the water. This test case is compared to experimental data and other
numerical simulations.

Figure: Example of water entry problem: falling of cylinder. Penetration of the cylinder at t =
0:385s. Left: present numerical simulation. Right: Experiment of Greenhow and Lin, free
surface profile of present numerical simulation with red solid line, free surface profile of BEM
results by Sun and Faltinsen with green solid line.
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A NUMERICAL STUDY OF WING AERODYNAMICS AT LARGE
ANGLE-OF-ATTACK AND LOW REYNOLDS NUMBERS

Gorban I.M.!, Lebid 0.G.?
nstitute of Hydromechanics of NANU, Kyiv, ivgorban@gmail.com
’Institute of Telecommunications and Global Informative Space of NANU,
0.g.lebid@gmail.com

The interest to aerodynamics of low Reynolds numbers is kept up by performance of
miniaturized mechanical systems, such as unmanned aerial vehicles (UAVs), which are capable
of simple missions. Such missions include over-the-hill surveillance, for both military and
civilian applications. In addition to operating at low speeds, UAVs move at high angles of attack
during a maneuver, especially when landing that is followed by the sudden drop of the lift force.
Therefore, the study of such flight regimes is important to improve further of UAV technology.
It is known that flows around aerodynamic shapes at low Reynolds numbers have a complex
nature conditioned by boundary layer separation, flow reattachment and unsteady vortex
shedding. When increasing the angle of attack, the phenomena become stronger that affects
directly the airfoil efficiency.

In this study, the numerical simulation of a viscous two-dimensional flow around the airfoil
is performed with applying the vortex method, which belongs to high-resolution Lagrangian—
type schemes developed as fast alternative to direct numerical simulations. The method is based
on the idea of transition in a mathematical model from natural variables, pressure and velocity,
to vorticity and focuses on its creation, transport and diffusion [1]. It should be also noted that
use of the incompressible fluid model for simulating flows at subsonic velocities corresponding
to the Mach number less than 0.2 is fully justified and does not introduce a significant error into
the calculations [2].

The geometry of the problem under
consideration, flow parameters and coordinate
system are depicted in Fig.1. A two-dimensional
flow of incompressible fluid of velocity V|, around

the symmetrical airfoil of chord d is studied. The
controlling parameters of the problem are the angle
of inclination « of the airfoil relative to the free
stream (angle of attack) and the Reynolds number
Fig 1. The geometry of interest Re =V,d /v, where v is the kinematic viscosity of

fluid. The flow is described by the Navier-Stokes equations. The geometrical lengths are
normalized with d, velocities with ¥}y, physical times with d/V, and pressure is specified

by the dynamic coefficient ,oVO2 / 2, where p is the fluid density.

The effects of airfoil thickness and angle-of-attack (AoA) on non-linear wake and
aerodynamic loads are examined at Re = 500 . The obtained results indicate the dominance of

viscous effects in the airfoil flow in this case. When AoA increases from 0° to 60°, a flow
pattern in the wake was found to change from stationary to multiperiodic one through the Hopf
bifurcation and period-doubling bifurcation, as shown in Fig. 1. Calculations of the time-
average drag and lift coefficients (Fig. 3) revealed that the highest lift-drag ratio is achieved

with the stationary flow, at « <15° (Fig. 4a). When increasing AoA, the airfoil performance
drops due to increment in the drag force. It follows from the obtained results that a thinner
airfoil has better performance but the flow around the thick one is more regular. The effect of
the profile thickness to the loads is more significant for stationary flow regimes. The
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dependence of the calculated primary frequency, or Strouhal number, on AoA (Fig. 4b),
indicates a significant augmentation in the scale and intensity of the wake vortices when «
grows. To sum up, operating of wing systems at low Reynolds numbers is significantly different
from traditional aerodynamic regimes due to the domination of viscous effects in the flow.
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Fig. 4. Aerodynamic performance — a and Strouhal number — b of NACA0008 and NACA0018
profiles against angle of attack «

1. Cottet G.-H., Koumoutsakos P. Vortex methods: theory and practice. — London: Cambridge
University Press, 2000. — 312 p.
2. Chornyy G.G. Gas dynamics. Moscow: Nauka, 1988. — 424 p. (in Russian).
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SOLUTION OF THE IMPACT PROBLEM OF HYDROHYDRODYNAMICS
USING SINGULAR INTEGRALS IN THE SENSE OF THE FINITE PART
ACCORDING TO ADAMARS

Katan V.
Oles Honchar Dnipro National University, Dnipro, katan.vladimir@gmail.com

The previously proposed method [1] of using singular integrals in the sense of
Hadamard's finite part for solving the problem of the impact of a horizontal plate.

Let a horizontal plate of width 25 be located on the free surface of an incompressible ideal
fluid initially at rest, and let the system of impulsive forces be such that the resulting flow is
plane-parallel. The action of the shock pulse is assumed to be such that after the impact the
plate receives a positive velocity component along the axis Oy ¥, and an angular velocity of
rotation @, around the axis perpendicular to the plane Oxy .

According to the well-known results [1 — 2], the problem of determining the characteristic
function in the flow region of the complex plane z = x +1iy

X=—iw=y—ip (1)
where ¢(x,y) is the flow potential; y(x,y)— stream function we get the mixed problem of
Keldysh-Sedov.

¥ @
L+w.b
A D f; “’"‘\lﬂ'}z B a‘i+m
—ht L b -
F-w.b !

Pic. 1. Scheme for the formulation of the problem of impact of a plate with separation.

Assuming the presence of flow separation, the condition of flow continuity applies only
to the section of the contour BC (moreover, the position of the separation point C on the plate
surface is not known in advance).

On the free boundary - sections of the Ox axis, as well as on the separation section, the
condition of zero impulsive pressure takes place, which leads to the condition of equality of
potential to zero.

As a result of applying formulas [1], we obtain a solution to the problem in the form

z b—
XD =yp-ip= VO(J<z+q)<z—b)—z)+%((z+7q)\/(z+q)(z—b) —ZZ)

To determine the location of the flow separation point, the Ogazo criterion is used

% _
(Lm0 =0 @

moreover, in the form in which one has to use singular quadratures in the sense of the Hadamard
finite part, which reduces the fulfillment of condition (2) to the equality

VoJ1(—q) +%]2(—Q) =0, 3)
which serves as an equation for determining the parameter depending on the values V, and w,,
where
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b §kag
—-q) =) ———, k=12,
WD = L e
which are singular at the upper limit ¢ = —q and must be understood in the sense of Hadamard's

finite part. Equation (3) can be represented as a dependence of the kinematic parameter on the
dimensionless number g, referred to the half-width of the plate

_ Yo _ _ BCD
N=0r 2], (-q)’ (4)
On fig. 2 compares the calculated data according to formula (4) with the analytical
formula [2]
N=-13,--1,34
4 4 b

The coincidence, as you can see, is complete.

05

Fig. 2. Dependence of the kinematic parameter on the position of the separation point:
+ — calculation by Hadamard-Mangler formulas;
o — analytical solution-[2].

Thus, the method of calculating the location of the separation point using special
integrals in the sense of the Hadamard finite part is consistent with other analytical methods for
determining it.

According to the algorithm described above, the position and size of the separation zone
were calculated for different orientations of the plate relative to the free surface. For individual
cases of plate orientation, the results were compared with the results of the analytical solution,
which showed their good agreement [2].
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DISPERSION OF PARTICLE-REACTIVE ELEMENTS CAUSED
BY THE PHASE TRANSITIONS IN SCAVENGING

Kovalets K.I.!, Maderich V.S.2, Brovchenko I. 0.2, Jung K. T.3, Kim K. O.* Kivva S.L.2
!Taras Shevchenko National University of Kyiv, Kyiv, Ukraine, katkov0912@gmail.com
2 Institute of Mathematical Machine and System Problems, Kyiv, Ukraine,
vladmad@gmail.com; ibrovchenko@gmail.com; skivva@gmail.com
3Oceanic Consulting and Trading, Gangneung, Republic of Korea, ktjungkiost@gmail.com

4 Korea Institute of Ocean Science and Technology, Busan, Republic of Korea,
kokim@kiost.ac.kr

Scavenging of particle-reactive elements is the removal of a dissolved element in
seawater through adsorption onto sinking particulate matter that is eventually deposited on the
ocean floor. The settling particulate element is transferred back into a dissolved state by the
desorption and remineralization mechanisms. The adsorption-settling-desorption processes are
then repeated, resulting in the transfer of elements into the deep ocean. Scavenging is an
important pathway for the transfer of nutrients and essential trace elements in the ocean.

The vertical distribution of many reactive elements in the ocean is regulated by a
scavenging mechanism. This process for plutonium is complicated by the presence of
interacting oxidized and reduced forms that can affect scavenging. A generalized model of
scavenging of the reactive radionuclide 2****°Pu was developed, in which the sorption-
desorption processes of oxidized and reduced forms of plutonium on multifraction suspended
particulate matter are described by first-order kinetics. The idealized case of instantaneous
release of 2*%**°Pu on the ocean surface was considered. The profiles of concentrations
asymptotically tend to the symmetric bulge in the form of Gaussian moving downward with
constant velocity. The bulge is spread out by a dispersion process equivalent to the diffusion
process. . The new result of the study is that the corresponding diffusion coefficient is the sum
of physical diffusivity and the apparent diffusivity caused by the reversible phase transition
dissolved-particulate state. We analytically obtained formulas for the velocity of the center
mass and apparent diffusivity using the method of moments. The velocity and apparent

diffusivity depend on the distribution coefficients K o , K;ed , desorption rate @, ,concentration
of particulate matter § » » €xchange rates between oxidized and reduced forms of plutonium bm

,and bor .In a particular case K :,m =K fd , formulas for the velocity of center mass and apparent

diffusivity coincide with relations obtained by Maderich et al. (2021) for a single form of
plutonium. However, the self-similar solution was obtained analytically only in the special case
of equality of distribution coefficients in oxidized and reduced forms. In general case, problem
was solved numerically using the modified flux-corrected transport (MFCT) method (Kivva,
2021).

We note some analogies between our problem and the well-known Taylor problem on the
dispersion of a cloud of a passive scalar in a shear flow (Taylor 1953). This study showed that
the apparent diffusion coefficient depending on the transverse velocity shear can be much larger
than the molecular or turbulent diffusion coefficients. The method of moments has also proved
useful for determining the dispersion parameters of a scalar (Aris, 1954; Barton, 1983). In our
study, the apparent diffusivity arises as a result of the non-equilibrium reversible phase
transitions between dissolved and particulate states.
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Most important conclusions learned from this study follow.
1. In the ocean, apparent diffusivity of *>?*°Pu is commensurate with physical diffusivity for

small slowly settling particles (settling velocity w, < 10*m s™). It is much larger than the

physical diffusivity for large fast-falling particles (w, >10"m s) resulting in a large

dispersion.

2. Scavenging simulations in the Eastern Mediterranean showed that the activity flux from large
particle settling was comparable to that caused by small particle settling, even though the
concentration of large particles was two orders of magnitude lower than the concentration of
small particles. Similarly, apparent diffusion can greatly exceed physical diffusivity for
elements characterized by large distribution coefficients. 31.The simulation results by using the
generalized model demonstrated the presence of a single slowly descending maximum of the
concentration of all forms and states. It confirms the presence of a self-organization mechanism
of the contamination propagation driven by reaction kinetics.

3. The effective distribution coefficient of the mixture of reduced and oxidized forms changes
little at constant kinetic coefficients. Therefore, in an ocean in which oxygen is present at great
depths and the kinetic parameters are close to constant values, we can consider in the first
approximation as a simplified problem for a mixture of forms with a constant value of the
effective partition coefficient instead of a complete problem. This conclusion was confirmed
by the modeling results for the well-ventilated Eastern Mediterranean where the ratio of the
reduced form to the oxidized form was approximately 0.22-0.24.

4. The generalized model calculations of vertical distribution of 2**?*°Py in the anoxic Black

Sea deep water suggest the need to use full model with kinetic parameters b, and b dependent

on the oxygen concentration in water.
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TRANSFORMATION OF INTERNAL SOLITARY WAVESUNDER ICE
COVER EDGE

Maderich V'. Terletska K. !?, Tobisch E.?
'The Institute of Mathematical Machines and System Problems of the Ukraine National
Academy of Science, Kyiv, Ukraine
2 Institut fur Analysis, Johannes Kepler University, Linz, Austria

In this study, a numerical investigation of the transformation of ISW propagating from
open water in the stratified sea into the region under the edge of the ice cover was carried out
using nonhydrostatic model. This modelling aims to understand the dynamic processes during
evolution of ISW beneath the ice edge and estimate a loss of ISW energy and role of boundary
friction at the underside of the ice. The ice thickness and amplitude of ISW-depression were
varied in different experiments.
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FIG. 1. (a) Sketch of the numerical simulation of ISW transformation under the ice, (b) - the
comparison of the background stratification in the computational tank with the survey
averaged profile of anomaly of potential density (Randelhoff et al., 2017).

To describe processes of transformation and instability of ISW under ice cover edge, we
solved the 2D nonlinear, non-hydrostatic, Boussinesq and Reynolds averaged model equations
(Kanarska and Maderich, 2003); The Smagorinsky model extended for the stratified fluid was
usedto explicitly describe the small-scale turbulent mixing and dissipation effects in the ocean
scale ISW. The free-slip boundary conditions were used at all boundaries except the ice layer.
On the surface beneath the ice it was set condition non-slip condition. We considered two sets
with different drag coefficients Cd=0.01 and Cd=0.001 and total numerical runs were
performed is 48.

These runs cover a range of incident ISW with moderate ai=8 m, 15 to large amplitudes,
a;=25, 33 m in a wide range of heights of ice floe from 0.5m to 40m. For a description of the
different regimes of interaction, we will use the parameter of blocking B (Talipova et al, 2013)
which is the ratio of the height of the upper layer under ice floes to the incident wave amplitude:

B: ]’l1+ / ai
In the present numerical runs parameter B varied from values -2.5 to 2.44.
The losses of energy, AE as a function of blocking parameter B are shown in Fig.2 the

loss >

energy losses are presented as percentages.
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under the ice floe for ISW versus blocking parameter B for
various amplitudes of an incident waves.

The maximal value of dissipation is about 40% and it is reached at B~0 for ISW. The
character of energy losses and the relationship between transmitted and reflected wave energy
allows us to distinguish different regimes for ISW interaction under ice floe (presented in fig.3):
the weak interaction (I) (fig. 3, B=0.6), moderate interaction (II) (fig. 3, B=0.45, B=0.3), strong
interaction (III) (fig. 3, B=0), transitional regime with formation of boluses (fig. 3, B=-0.3,-0.6)
(IV).
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FI1G.3.Snapshots of density field internal solitary wave’s transformation under ice cover edge

In the numerical simulations, the evolution of an ISW beneath an ice floe was revealed.
The results indicated that the ISWs disintegrated near the ice floe edge, with the maximum

energy loss when ratio of the height of the upper layer under ice floes to the incident wave
amplitude is close to 0.
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MATHEMATICAL MODELING OF DEFECTOSCOPY PROBLEMS OF
SOILNATURAL SLOPE AND STRUCTURES

Ostroverkh B.M., Potapenko L.S.
Kyiv, Institute of Hydromechanics of the National Academy of Sciences, ostro@ukr.net

Many years of research and experiments, the authors' own observations as well show that
the soils of natural slopes and the foundations of buildings under the influence of their own
weight, which increases with moisture, increasing porosity [1] undergo a slow change in shape
similar to a current. The wide application of numerical methods for solving problems of
morphodynamics based on the equations of a continuous medium flow (Computational Fluid
Dynamics—CFD) with consideration of the boundary and initial conditions allows to carry out
a mathematical description of the rheological transient processes of the flow in a wide range of
speeds from slow creep to catastrophic destruction (linear and nonlinear solvers of CFD allow
considering all bodies as viscous fluids). At the same time, problems arise in determining the
moments of the beginning of the process of non-linear behavior or the destruction of slope areas
due to the accumulation of cracks, up to the formation of a main crack (internal displacement,
sliding curve), from the process of increasing porosity, humidity and stress concentration. As a
result of the complexity of the tasks, monitoring methods are used, in particular, the use of
geoacoustic research and determination of the stress-strain state of slopes to determine
(identify) the presence of structural prerequisites for slope instability and take preventive
measures.

Modern systems for monitoring soil slopes and structures on them increasingly use
automatic movement measurement with data loggers that are charged by solar batteries and
communicate via a GPRS modem with a server located in a professional backup server center.
The scan interval is now one hour and the measurement data is automatically collected by the
[VDV] server [4]. The system also offers other functions using the Internet, such as setting up
alerts that are sent by email or SMS, checking the validity of data, and sending emails, etc. The
customer can view the results/graphs on their smartphone. Through VDV, the user/client can
access measurements from any part of the world where an internet connection is available. To
prepare for analysis and visualization of measured data, software is used, which includes a
module for displaying sensor results and displacement graphs. For example the Spectral-
Analysis-of-Surface-Waves (SASW|3]) testing method which is an geoacoustic nondestructive
and nonintrusive method utilizes the dispersive nature of Rayleigh-type surface waves
propagating through a nonhomogeneous material to evaluate the shear wave velocity profile.
Dispersion in surface wave velocity arises from changing stiffness properties with depth.
SASW field testing involves generating surface waves at one location on the exposed material
surface and simultaneously measuring the motions perpendicular to the surface created by the
passage of surface waves between multiple pairs of surface receivers. All measurement points
are arranged along a radial path from the source. Successively larger spacings between receiver
pairs and between the source and first receiver are used to measure progressively longer
wavelengths. The profiling depth generally equals about one-half of the longest wavelength
which also corresponds to the largest spacing between receiver pairs.

Spectral analysis is used to separate the waves by frequency or wavelength to determine
the experimental (“field”) dispersion curve of the site. A forward modeling or inversion
procedure is then used to approximate the field dispersion curve with a onedimensional system
of horizontal layers with varying stiffnesses and thicknesses. The dynamic stiffness matrix
method is the modeling algorithm used in the matching or inversion process. SASW
measurements can illustrate using projects with Vs profiles ranging in depths down to 450 m
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(fig. 1). For the deeper profiling, a large
hydraulically-operated mobile shaker, called
Liquidator, was used.

Hydromecanics institute of NASU has a
complex and mathematical support of Minimate
Plus 4.3 for registration of surface vibrations during
stress state monitoring and defect-toscopy analysis
in the field [5]. The device installed with a standard
three-axis Instantel geophone and an overpressure
microphone (linear or weight) to ensure monitoring

D=340 mm

the compliance of the reliability system. An
Fig.1. Light Falling Weight Device: Instantel 8-channel setup option is added for single
(a) scheme, (b) device view in situ. monitor capability MiniMate Plus models and

additional accessories with two three-axis
geophones and two microphones.
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Fig. 2. Digitizing the force action of a light Fig. 3 . GMSH variant for numerical mesh shows damage
weight falling device. presence of the shear crack type in 3D deformation task

Here for the purpose of mathematic study with symmetric back plane (xfO). and (iesplacements Uy

. (m) on the slope crest intimet = 0.022 s

the finite element method (FEM) was

used for modelling of the ground wave propagation processes with numerical approach in the

ground in elastic halfspace medium (fig. 3). After FEM calculation in the time domain the

spectral characteristics of the surface waves were calculated in frequency domain. FEM
calculation were taken from the ISM tests results near the building site where the vibration
propagation processes due to LWFD experiment tests (fig. 2) series were performed. As
examples of the numerical calculation results in time and frequency domain are obtained.

Beside as result of the numerical analysis you can see the form of desplacements (fig. 3) and

shear stresses evidence at the shear crack zone where landslide may occure. Visualisation of

mathematical data can show the place and the momemt of landslide occures.
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OPTOACOUSTIC IMAGE QUALITY IMPROVEMENT
BY USING OF ITERATIVE APPROACH

Rudnitskii A.G., Rudnytska M.A., Tkachenko L.V.
IHM NASU, Kyiv, lusia.tkch@gmail.com

More than 120 years have passed since Bell's discovery of the phenomenon of
photophony until it became an accepted method of biomedical imaging. However, even now,
there are many unmet biological and medical needs that can be met through the development
of more efficient laser technologies, more advanced and sensitive approaches to ultrasound
detection, and pushing the boundaries of data processing using new and improved inversion
models.

Optoacoustic (OA) imaging uses the phenomenon of absorption of optical radiation by
medium inhomogeneities, which leads to its heating and subsequent thermal expansion.
Thermal expansion of optical absorbers leads to the generation of ultrasonic waves, which are
recorded by a matrix located on the surface of the object under study. Since the characteristics
of the propagation and formation of OA signals are determined by the thermophysical,
acoustic, and optical properties of the medium, the relationship between these characteristics
makes it possible to use the detected ultrasonic signals to quantify the properties of the
medium by solving the inverse problem of optoacoustics [1].

The aim of our work is to develop and test algorithms for removing distortions and
artifacts from reconstructed two-dimensional (2D) and three-dimensional (3D) OA images.
The direct task of OA tomography is to determine the pressure field p(r,t) from the
known distribution of heat sources H(r,t) excited by a short light (laser) pulse (r is the spatial
coordinate of the point, t is the time) (Fig. 1) .

The initial acoustic pressure occurred due to the absorption of pulsed radiation by optical
inhomogeneities at the time instant t = 0 can be expressed in the form po(r) = I'-Q(r), where T’
is the dimensionless Gruneisen parameter, which characterizes the efficiency of the OA
transformation of absorbed light into sound. In this case, the solution of the direct problem is
[2]:

LS (py(rst-[r—rl <)

ot '
rt)= dv’,

where V’is the volume containing the distributed OA sources, ¢ is the ultrasound velocity,
heat source H(r,t) is presented as the product of the spatial distribution of the absorbed
energy and the time dependence of the short laser puls H(r,t) = Q(r)-o(t) (d(t) is the Dirac
delta function).

The inverse problem of optoacoustics is to reconstruct the initial acoustic pressure
po(r,t=0) = po(r) using the pressure signals ps(r,t), detected on surface S of volume V’ [3].

In practice, a number of noted theoretical conditions are not fulfilled, which leads to
distortions of the reconstructed images. The features of these distortions are different when
using different reconstruction methods, different locations of detectors, and different
geometries of a reconstructed object.

To compensate distortions and overcome the strong dependence of image quality on
these factors, we developed an iterative distortion reduction scheme for OA images based on
the use of a correction factor.

The k-Wave software code operating in the MATLAB toolbox was used for numerical
simulation of the problem of propagation of acoustic waves. It allows on to model systems
with acoustic sources and detectors of arbitrary shapes and sizes. In this case, the numerical
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model is based on the transition to the k-space. The spatial gradients in this space are
calculated using a fast Fourier transform scheme. The time gradients are calculated using an
adjusted k-space difference scheme [4].

A numerical model was set close in its characteristics to soft biological tissues: a
homogeneous medium with the density po=1020kg/m® and ultrasound velocity
Co = 1510 m/s. The problem was solved for 2D and 3D cases. In the 2D case, the numerical
phantoms (objects for the OA reconstruction) were a disk and a twodimensional model of the
vascular tree; in the 3D case, it was a three-dimensional numerical model of the aorta with an
aneurysm. The physical sizes of the 2D and 3D samples were 4.6x4.6 mm and 10.3x10.3x5.3
mm, respectively. In the 2D case, detectors were located linearly on the upper surface of a
rectangular sample; in the 3D case, detectors were distributed over the upper plane of a
parallelepiped. The back-projection algorithm with Fourier transform was used to reconstruct
the given objects.

Quantitative estimates of the reconstruction quality for the described reconstructed
objects in terms of the SSIM index and SNR are summarized in the Table 1. The SSIM index
takes values from —1 to 1. The value 1 is obtained if the compared images are equal. From
table we can see that the proposed algorithm considerably enhances the reconstruction quality
for both the 2D and 3D OA images (the best indicators are highlighted in bold).

Table 1. Quantitative estimates for different objects

Iteration

0 (10) (10)
Object p(() ) Py, P,
SSIM SNR SSIM SNR SSIM SNR
2D disk 0.414 8.3 0.966 156 | 0955 | 152
2D vessels 0.359 7.1 0.889 147 | 0.849 14.1
3D aorta 0.771 115 | 0.967 149 | 0971 15.3

The reconstruction quality was determined using both the quantitative and visual
estimates of the obtained results. The efficiency of the iterative algorithm of enhancing the
reconstruction quality was quantitatively estimated using the structure similarity index SSIM,
SNR and relative reconstruction error E. It was shown that this algorithm makes it possible to
considerably improve the image quality as compared with the original OA reconstruction. The
results obtained in this work may be important from the point of view of the prospects for
their further practical application to solve biomedical imaging problems.

The final conclusions about the efficiency of the approach proposed in this work can be
drawn after its testing on arrays of practical experimental data.

The work was supported by the Volkswagen Foundation project “Modeling, Analysis
and Approximation Theory towards Applications in Tomography and Inverse Problems”.
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IMPULSIVE IMPACT OF A BODY SUBMERGED IN AN OPEN CONTAINER

Savchenko G.Y., Savchenko Y.N., Semenov Y.A..
Institue of Hydromechanics of NAS of Ukraine, Kyiv, UA,
georgiy.savchenko@yahoo.com

The concept of impulsive fluid/structure interaction widely used to study an initial stage
of violent water impact flows, for which a strong couple between the nonlinear and unsteady
effects may result in an extremely large hydrodynamic pressure and the force, respectively.
Among the earliest work is that by Lagrange (1783) and Joukowskii (1884). This concept has
received much extension with application to aircrafts landing on water surface (von Karman,
1929).

Impulsive impact of a body fully submerged into the half-space of the liquid was studied
by (Semenov, Savchenko and Savchenko, 2021) using integral hodograph method. In the
present study we extend the solution for the cases of containers or open channels of finite depth.

Boundary-value problem

The problem of a rigid body moving in a fluid body is kinematically equivalent to the
problem of a fluid body moving around a fixed rigid body with acceleration a of the bottom of
the container or channel. We define a non-inertial Cartesian system of coordinates XY attached
to the container. The body and the container are assumed to have an arbitrary shape, which can
be defined by the slope of the boundary including the body and the container as a function of
the arclength coordinate S, 6 = &(S). The liquid is assumed to be ideal and incompressible, and
the flow is irrotational. The gravity and surface tension effects are ignored.

Figure 1. (a) The physical z-plane with the container and submerged body, (b) the
parameter, or {—plane.

The vertical impulse force F), is obtained by integrating the impulse pressure over the
body surface,

E,=-2p fSS:CD(S) cos (n,y) dS = mL2U, (1)

The boundary value problem for the complex velocity, dw/dz, is identical to the case of
infinite depth of the liquid studied (Semenov, Savchenko and Savchenko (2021)). Therefore,
we have

1
2

Cjz_vzvsz (Z_Z) (z+c) [ le dﬁbl (z+€)d§__fmdmv (%)dn_lg]’

114



VIII Intern. Conf. "Computer Hydromechanics", September 27-28, 2022
VIII Mixnap. koH}. «Komm’toTepHa rinpomexanika» 27-28 BepecHs 2022

The expression for the derivative of the complex potential in the ¢ -plane was obtained in the
form

z_‘; w/de (‘2 'p[ 0 dfl n(§* - {)d§+u900] 3

Free surface boundary conditions
Taking the argument of the complex velocity, we obtain the following integral equation

. dl
respect to the function dan

1 fooo din v

an |n'+ |dn + tan‘ln + tan‘ln + = f dﬂb Ztan"lndf =0, 4)

Equation (4) is the Fredholm integral equation of the first kind with the logarithmic
kernel. The solution takes the form (Semenov, Savchenko and Savchenko, 2021)

v(n) =12 + a2/i? + Pexp (- [” F2In (n? + §2)d§) 5)

The parameters a,c and K are determined using the depth of submergence h, length of
the low side BC and upper side AB of the plate.

Results
The added mass coefficients m' according to (1) definition are shown the in the Table for
the flat plate submerged in the open channel
h/L 0.2 0.3 0.5 1 2 3 4 4.5 4.75
m' 2.162 | 2.302 | 2.514 | 2.828 | 3.009 | 3.119 | 3.386 | 4.374 | 4.706

Table 1. Added mass coefficient for the depth of the channel H/L=7.
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Figure 1. Streamline patterns for the impulsive motion of the square 2L X 2L.
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VARIOUS TURBULENT BOUNDARY LAYER CONTROL SCHEMES USING
PERIODIC MASS TRANSFER THROUGH AN INTERMITTENTLY PERMEABLE
STREAMLINED SURFACE

Shkvar Ye.O.'%, E Shi-ju', Kryzhanovskyi A.S.!, Haitof Anas', Aomari Younes'
'Key Laboratory of Urban Rail Transit Intelligent Operation and Maintenance
Technology & Equipment of Zhejiang Province, Zhejiang Normal University, Jinhua, China
2 Institute of Hydromechanics of NASU, Kyiv, Ukraine, shkvar.eugene@qq.com

As previous studies of the authors [1] have shown, continuous blowing is a very effective,
but at the same time, a very resource-intensive technology for near-wall friction drag reduction,
which requires both constant pumping of secondary air and the use of expensive permeable
surfaces in production and subsequent operation in real conditions. Therefore, the aim of the
study was an attempt to reduce the total coverage area by implementing intermittent mass
transfer on the streamlined surface through permeable sections in the form of strips located
perpendicular to the flow development direction and interspersed with impermeable strips.

The main priority of this study was to analyze such a modification in relation to the
streamlined surface of high-speed trains, which determined the following design conditions:
Ve =360 km/h=100m/s (the typical operating speed of modern wheeled Chinese trains is in the
near future, now with the technical capability of modern serial models of various leading
manufacturing countries (China, Japan, Italy) to develop a maximum speed of up to 350-420
km/h, there is a limit of up to 300 km/h), L=20m (typical length of one carriage of CRH-380A,
Fuxing and other similar models, which is close to the cylindrical surface).

The permeable sections were chosen for definiteness to be 0.15m wide, and the
impermeable gaps between them were 0.85m.

The following 6 basic cases were considered:

1) Periodic blowing-suction (zero total flow) with frequencies from 10 to 200 MHz with a
uniform intensity in all sections;

2) Steady-state uniform blowing through all permeable sections with blowing speed
Vi max=0.5 m/s (0.5% of V) (Fig. 1a, Fig. 2 — line 2);

3) Periodic mass transfer through all permeable sections with amplitude Vi max=0.5 m/s,
predetermined frequency 10-200 MHz and zero integral flux (Fig. 1a; Fig. 2 — line 2);

4) Blowing through all sections with harmonically changed amplitude V»=0-1 m/s,
frequency 10-200 MHz and the same integral flux as for the case 2 (Fig. 1a; Fig. 2 — line 2);

5) Non-uniform blowing with intensity, which was set by a predetermined constant
frequency and amplitude for all permeable sections (from 10 to 200 MHz), but with a phase
shift between each two adjacent panels, which simulates a traveling wave along the direction
of flow development or opposite to it. Depending on the phase shift magnitude, one or several
traveling wave cycles can be simulated over the calculated length, but the integral flux for any
of these blowing realizations will be the same as for the case 2 (Fig. 1b, Fig. 2 — line 3).

6) No blowing along impermeable smooth surface (as the base test case for comparison -
Fig. 2 —line 1).

The formalized problem statement consists in checking the effectiveness and
expediency of the proposed schemes of non-stationary blowing in comparison with a uniform
steady blowing. To simulate this kind of flow, the 2D system of Reynolds-averaged Navier-
Stokes (RANS) equations together with Spalart-Allmaras turbulence model were solved under
the assumption of an incompressible, and predominantly turbulent air flow. The factor of mass
transfer through the permeable sections of streamlined surface was taken into account by
modification of the fluxes through corresponding boundary faces in governing equations of
continuity, momentum and turbulence model.
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Fig. 1. Schemes of the studied implementations of mass transfer through a streamlined
surface
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Fig. 2. Friction coefficient distribution C(x) in case of intermittent blowing: 1 — no blowing; 2
- steady-state or harmonically changed intermitted uniform blowing; 3 - non-uniform wave-
like blowing; a — two cycles of the traveling wave; b — four cycles of the traveling wave;

Main results and conclusions: Periodic mass transfer through the surface with zero
integral flux led to a slight increase in the total friction drag coefficient (up to 0.5%). None of
the considered non-stationary blowing strategies made it possible to obtain an effect more
effective than steady uniform blowing, including in the intermittent implementation. The
general principle can be formulated as follows: the blowing efficiency depends mainly on the
blowing intensity (flow rate of the blown secondary air), regardless of how it is implemented.

Acknowledgments: This research was supported by the Ministry of Science and
Technology of the P.R.China within the framework of the Intergovernmental Chinese-
Ukrainian project of scientific-technological cooperation and exchange for 2022-2023.
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INFLUENCE OF PAIRED DIMPLES ON THE ENERGY EFFICIENCY OF
THE FLOW IN A RECTANGULAR CHANNEL

Voropaiev G.0.!, Baskova 0.0.!, Miiller Wolfgang H. 2
' THM NASU, Kyiv, Ukraine, BaskAleksandra@gmail.com
2 Technische Universitit Berlin, Berlin, Germany, Wolfgang.h.mueller@tu-berlin.de

Reduction of hydraulic losses and the increase of heat transfer intensity become the main
problems for industries. For many years, various solutions have been applied, including
changing the shape of streamlined surfaces. The main goal is to create an intense large-scale
vortex structure capable of significantly mixing the liquid near the heat-releasing surface,
thereby increasing the convective heat transfer intensity without significantly increasing
hydraulic resistance. The study report presents the effect of the geometry of a streamlined
surface on the flow structure and convective heat transfer. In the study, we simulated a flow in
a rectangular channel with a pair of elongated dimples located at an angle to the flow direction
and to each other (Fig. 1). We varied the angle of inclination a of relatively small dimples in
the range of Reynolds numbers 7000-35000 at a temperature difference between the channel
surfaces and the coolant up to 50 degrees.
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Fig. 1. Geometric parameters of the channel and dimples
(H - the height of the channel)

The results demonstrated a significant change in the obtained vortex structure depending
on the angle between the dimples and, accordingly, a change in the integral values of the friction
stress and heat transfer in the channel. At a=0° (the dimples parallel to each other), a low-
intensity vortex structure was formed inside the dimple, “blurred” across the bottom of the
dimple (Fig. 2).

a=40°
Fig. 2. Dependence of the vortex structure inside the dimple on the angle

At a > 20°, longitudinal vortex structures of different signs of vorticity formed inside the
dimples, the intensity of which increases with increasing angle. With an increase in a, the vortex
structure demonstrated the following: 1) displacement of the vortex to the windward part of the
dimple; 2) increase in vortex diameter. This trend remained up to a~20°, characterized by the
highest vorticity values. With further increase of the angle, the stability of the longitudinal
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vortex structure in dimples was disturbed, and the dimple became a generator of small-scale
unstructured vortices.

Changes in the shape and intensity of the vortex structure, respectively, change the values
of hydraulic resistance, as well as heat transfer (Fig. 3):

AP/AP, QQo
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1,02 1,14
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0.96 1.08
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a) b)
Fig. 3. Thermal-hydraulic parameters of the flow in the channel varying the angle a: a)
hydraulic resistance relative to a smooth channel; b) intensification of heat transfer relative to
a smooth channel

When a paired vortex structure formed, accompanied by a minimum number of secondary
vortex structures, which caused high intensity and lifetime of vortex structures in the wake
behind the dimples, we observed a significant (up to 20%) increase in the heat transfer intensity
in the channel. In this case, hydraulic losses did not exceed 10%. The decreased vorticity in the
dimples, the presence of a “blurred” vortex structure, which, under the influence of a
longitudinal velocity gradient, led to flow separation along the entire length of the windward
part of the dimple, caused a decrease in the intensity of heat transfer in the channel. Meanwhile,
hydraulic losses increased with the increase of the separation zones, which led to an even further
decrease in energy efficiency.
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NUMERICAL SIMULATION OF NON-STATIONARY
3D TWO-PHASE FLOW IN OPENFOAM

Voropaiev G.O., Korobov V.I., Dimitrieva N. F.
Institute of Hydromechanics, NAS of Ukraine, Kyiv, Dimitrieva@nas.gov.ua

One of the methods to reduce drag is to create a system of cavities on the streamlined
surface filled with vapor or air which is called as supercavitation [1]. Ventilated cavities behind
a streamlined body at a relatively low flow velocity are examined.

At a low flow velocity, the effect of liquid phase evaporation can be neglected. Volume
of Fluid method is used to solve. The two immiscible media are considered one effective fluid
all over the domain. Mathematical modelling of the problem is based on the equation set of
incompressible fluid mechanics which includes equations of continuity, Navier-Stokes,
diffusion of phase volume fraction:

oy, 0 o(u;) N o(u;) 1dp 0%y,

oy =0 o Yoy T pan Va2 Tl
da da da
§+ufa—xj=0’ p=ap;+ (1 —-a)p,, fai=O'Ka_xi:

where u; i1s component of the velocity field, p is density, p; is water density, p, is air density,
p is the pressure, v is the kinematic viscosity coefficient, ¢ is time, f,; is surface tension, o is
the surface tension constant, k is the interfacial curvature. The phase fraction « is defined at all
mesh points in following way.

Function a = 1 if the point location is occupied by liquid and a = 0 if there is an air. Cells
with a value of 0 <a <1 must have a free interfacial surface. Thus, the Volume of Fluid method
provides a simple and economical free surface detection method in the mesh.

Numerical modeling is carried out within the framework of the open-source software
OpenFOAM (www.openfoam.com) by the finite volume method. A standard numerical model
interFoam is used to solve this problem corresponding to the above equation set.

The considered domain has dimensions of 30x30x110 mm. At a distance of 15 mm from
the initial section is a hemispherical body (cavitator) with a diameter of 5 mm. It is proposed to
use the snappyHexMesh technique intended for automatic generation of three-dimensional
unstructured meshes with a predominance of hexahedral elements. As a result, the mesh is
constructed that takes into account small-scale flow elements in the interfacial zone and near
the streamlined body [2].

Numerical experiments showed that a stable air cavity is formed in the wake of the body

(Fig.1).

Fig. 1. Air cavity visualization
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The developed cavity of high elongation can be conditionally divided into three zones
(Fig.2). The first zone is characterized by a constant pressure and is quite accurately determined
by the boundary of the molecular layer of the air-water interface. The second zone is
characterized by the thickness of the layer, which is filled with small drops of water due to
viscous diffusion, as well as blowing air into the cavity to maintain a constant pressure. The
third zone is characterized by a two-phase mixing layer, which forms the wake of the cavity.
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Fig. 2. Air cavity visualization

The influence of geometric and dynamic parameters on the formation and development
of an air cavity, its size, shape and stability has been investigated. The thickness of the air cavity
depends on the diameter of the cavitator and does not depend on the diameter of the blowing
hole [3]. Increasing the velocity or flow rate of gas has a positive effect on the length and
stability of the formed cavity. Good qualitative agreement with experimental data was obtained

[4].
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ON SYNERGY OF NUMERICAL AND EXPERIMENTAL METHODS OF
SCIENTIFIC RESEARCHAND MEASUREMENT ACCURACY

Yurchenko N.F.
Institute of Hydromechanics, National Academy of Sciences of Ukraine, Kyiv, Ukraine

Methods of computational and experimental investigations are often considered two
different separate approaches, unless competitive ones, to study the phenomena. However, it is
hardly possible to overestimate the usefulness and power of their joint use, not only with the
aim to prove the trustworthiness of numerical or computationally processed experimental
results. Integration of numerical and experimental approaches can significantly help to interpret
data and thus to enrich our understanding of physical systems and processes. That is why the
reliability of measurements is the main requirement to ensure the correlation of experimental
and numerical data and hence to develop theoretical models compatible with all the available
data.

Pressure sensors are widely used in various fields of fluid dynamics and in industry to
study mechanisms of vortex flows and to control their structure. These sensors convert pressure
into an electrical analog or digital signal to provide operation of such devices as controllers,
alarms, and other closed systems. The magnitude of the electrical signal changes proportionally
to the changing pressure. Therefore, the calibration of sensors is a necessary stage of
measurements to guarantee true values of the determined pressure not contradicting the flow
physics.

According to [1], the validation strategy assesses how accurately the computational
results match the experimental data, with quantified errors and uncertainty estimates for the
both. The verification strategy is the identification of quantified errors in the computational
model and its solution. In verification, the accuracy of a computational solution is measured
relative to analytical or highly accurate numerical solutions. The verification does not establish
any relationship between the simulation results and the real world, it is a purely mathematical
issue; while the essence of validation is matching computation and physics, i.e., the basis to
build the synergy between numerical and experimental results.

To demonstrate how this aspect of research synergy works in practice, Dr. Vinogradsky
P.M. analyzed the measurement accuracy using high-precision, low-pressure laboratory sensors
PX653 manufactured by "Omega" under changing conditions of their operation. The analysis
considered the case of the varying ambient temperature since it is the most significant of the
external factors affecting the accuracy of converting pressure into an electrical signal. For
instance, even in modern pressure sensors, the error exceeds 1.5% when the temperature
changes from -40 °C to +80 °C [2]. Then the ensured accuracy of measured flow parameters
can satisfy a necessary condition for the synergy of two approaches aimed at solving a complex
fluid dynamic problem.

It should be taken into account that validation experiments should be specifically
designed and conducted for this purpose. For that, the experimental conditions and the
measurement uncertainty should be characterized together with quantitative numerical errors.

Another advantage of the synergetic approach to scientific investigations is the
complementary character of numerical and experimental possibilities and findings. CFD is
known to be easier implemented in terms of financial and labor expenses. But it often happens
to be much more laborious and time consuming if a new task is formulated that requires to take
into account a number of various details characterizing a real complex system. For instance, the
simplified geometry of a design in the numerical simulation can result in certain losses of flow
physics peculiarities that in its turn leads to the discrepancy with obtained experimental results.
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To give an example, in a course of experimental investigations of the developed ejector
[3], minor changes to the base design were made and tested to bypass complicated numerical
simulations. In particular, it was supposed that the vortex formation at the sharp inlet edge could
reduce the ejector operational cross-section [4]. Fig. 1 illustrates the formation of a
circumferential vortex (1, a) in the basic ejector design (1, b), and the modified rounded edge
of the ejector (1, ¢, d) to avoid the vortex. An impact of this design modification was assessed
in terms of the ejection capability; it was found that even the rough rounding of the leading
edge clould increase the volume of the ejected air by 5 %.
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Another experimental “trial-
and-error” design modification
(Fig. 2) in a form of a ribbed
surface of the ejector nozzle
showed encouraging stabilization
of the jet flow; these experimental
results motivate formulation of the
corresponding numerical problem
for thorough analysis of design
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Fig. 2. Base (a) and experimentally modified (b)
design of the ejector nozzle

parameters.
Thus increasing interplay
between experimental and

computational approaches, one can not only provide correct comparison of the measured and
calculated results but also develop synergy in scientific research predictive modeling in close
connection with experiments to study physical phenomena and mechanisms.
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ON THE QUESTION OF PERFORMANCE ANALYSIS AND DESIGN OPTIONS
FOR CENTRIFUGAL FAN IMPELLERS

A. Zinchenko!, M. Arsenyuk!, O. Gorna!
! Institute of Transport Systems and Technologies of National Academy of Sciences of
Ukraine, Dnipro, Ukraine, zina@dsu.dp.ua

The comparative performance and stress analysis of various design options of the radial
blower impellers used in conveyor dryer for fine-grained raw materials is presented. Several
popular materials that can be used for the impeller manufacturing are considered.
Computational Fluid Dynamics (CFD) approach is used to evaluate the performance of the
blower and to optimize the design. Numerical simulation is performed under steady-state
condition with frozen rotor model. The ideal gas air model and k-¢ realizable turbulence model
are used to consider compressibility effects. Finite Element Method (FEM) has been used to
evaluate the stresses and strains of impeller within the operational speed range and to select the
appropriate material. An advantage of using steel with higher impact toughness for the
manufacturing of the fan impeller has been shown. Such materials allow to have greater
resistance to shock loads during abrupt starts or stops, hitting foreign objects, etc.

The series of CFD simulation confirmed the performance benefits of backward-inclined
blades for the impeller design. The structural analysis shows advantages of impeller design with
central disk. The maximum operational rotation speed for this design is 1135 min-1 according
to the yield strength with 15% safety factor, while for basic design without central disk is 1225
min-1. The maximum stress for this impeller design is slightly higher among competitors in
blades slot for central disk fitting, but the overall stresses are greatly decreased, especially in
contact edges with hub and shroud (by 22-38%) and blades bending deformation is reduced by
51%.

It is shown that the most effective material option from the considered ones for impeller
manufacturing is Hardox 450 steel. Aluminium alloy 6061-T6 demonstrates worse results.
Using this alloy is limited in practice, because it made it impossible to operate in high
temperature conditions. However, the advantage of using aluminium alloy is the possibility of
significant lightening of the impeller while maintaining high strength parameters. The worst
strength performance has impeller made from ASTM A36 steel.

In design practice it is worth mentioning that Hardox steels have many competitors on
the global market. These competitors have almost the same quality indicators and the choice of
material is significantly dependent of its availability and price in specific region. Finally the
rational choice depends on operating conditions and required fan performance.

The performed research helps better understanding possible week points in different
impeller design options and cause of potential failures of the centrifugal fans as well; hence, to
improve reliability of such equipment engaged in various industrial facilities.

Keywords: horizontal conveyor dryer, centrifugal fan, impeller, computational fluid
dynamics, FEM
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Hpyxk tpadapetnutii (pizorpadis). Haknan 100 mpum.
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