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Y poboTi HaBeseH]I pe3yJbTaTh €KCIIEPUMEHTAJBHUX JOC/IIIYKEHDb CTPYKTYPH BUXPOBOIO PYyXY yCE€PEAuHI IonepevHo obTi-
4HOI OBaJILHOI JIyHKU Ha IigpaBiivHO IVIaaKiil mIockii nosepxui. 3a monomororo Bisyasizanil Tedil KOHTpacTHUMU GApBHU-
KaMU Ta BOJOPO3YUHHHUMU IIOKPUTTIMU BU3HAYEHI 0cO6aUBOCTI OpMyBaHHs I €BOIIONI] KOPEPEHTHUX BEJIUKOMACIITAOHUX
i apibHOMacmITAOHUX BUXPOBUX CTPYKTYP ycepeauHi syHku. st uncen PeitHonbacy, po3spaxoBaHUX IO JiaMeTpy JIYHKH 1
mBUAKOCTI Teuil, MeHmux, Hi>k 4000, ycepeauHi OBajbHOI JIyHKN HE I€HEPYIOTHCs BEJIMKOMACIITAOHI BUXOPH, & CIOCTEPi-
ra€TbCsl HeiHTEHCHUBHE HU3bKOYACTOTHE KOJIMBAHHS PIAUHH, IO 3allOoBHIOE JIyHKY. us uncen Peitnonbacy nopsiaky 10000
ycepeauHi JyHKH POPMYIOThLCS KOMip4YacTi KBa3UCTIiiKi BesimkoMacuiTabHi BUXPOBI CTPYKTYPH, sIKi BUKUAIOTHCS HAJ KOP-
MOBOIO CTiHKOIO JIyHKH y 11 cepuuHMX dacTUHAX i B cepeauHHOMY neperuni. s possunyTol Typ6ysentnoi teuil (uucso
Peitnonbacy 6inpie 20000) y yHII reHepy€ETHCsSI BEPETEHONOAI6HA BUXPOBa CTPYKTYPAa, SKa MPUTHCKAETHCS 10 MEePeJHbOT
NpUAOHHOI YacTuHM JyHKH. Hall KOpMOBOIO CTiHKOIO JIYHKM CIIOCTEPIra€TbCsl XaOTHYHNNA BUKHJ ApiOGHOMACINTAOHUX BU-
XOpiB, sIKi yTBOPIOIOTHCS IPHU BiAPHUBI BEepXHiX YaCTHH BepeTeHONoAibHOro Buxopy (mobausy 3CyBHOrO Lapy) y BUIVISAL
BUXPOBOI I[I€JICHU.

B pabore mpescraBiieHbl pe3yabTaThl SKCIEPUMEHTAJBHBIX HUCCAEIOBAHUN CTPYKTYPBI BUXPEBOTO JIBUYKEHUSI BHYTPH IIO-
[IepevYHo OO0TEeKaeMOil OBAJILHOW JIyHKH Ha TI'HUJAPABIMYECKHU IVIAJAKON IJI0CKOH moBepxXHOCTH. C IOMOINBIO BU3YyAJIU3aLMU
Te4eHUsI KOHTPACTHBIMH KPAaCUTEJISIMU U BOJOPACTBOPHUMBIMU MOKPBITHSIMU OIPeJesIeHbl 0COOeHHOCTH (POPMUPOBAHUS U
9BOJIIOIUN KOI€PEHTHBIX KPYITHOMACIITAaOHbIX U MEJKOMaCIITaOHbIX BUXPEBBIX CTPYKTYP BHYTpH JyHKH. s uucesn Peii-
HOJIBJICA, PACCYUTAHHBIX IO JUAMETPY JyHKH M CKOPOCTH TedeHHus, MeHbmHX, deM 4000, BHyTpH OBajbHOIl JyHKH He
FeHEePHUPYIOTCs KPYITHOMACIITAOHbIE BUXPH, & HAOIOJAEeTCs HEMHTEHCHBHOE HU3KOYACTOTHOE KojlebaHme >KUIKOCTH, 3a-
nostHsomeit aynky. s ancen Peitnosbraca nopsiaka 10000 BHyTpu JjiyHKH (POPMUPYIOTCS SYEUCTble KBA3HyCTOWYUBBLIE
KpyIHOMAaCIITaOHbIe BUXPEBbIE CTPYKTYPbI, BEIOPACHIBAIOIINECS Ha/Jl KOPMOBOIl CTEHKOM JIyHKU B €€ CPepUUYeCKUX JaCTIX
U B cpeJuHHOM ceueHuu. st pazsuroro TypbyenrHoro redenus (uucio Peiinosnbica 6ombiie 20000) B j1yHKe reHepupye-
TCsI BEpeTeHOOOpa3Hasi BUXPeBasl CTPYKTypa, KOTopasl IIPUXKUMAETCsI K IepegHel mpugoHHoil yactu syHku. Hax kopMoBoit
CTEHKOW JIyHKN HabJII01aeTCsl XaOTUIECKNH BBIOPOC MEJTKOMACHITAOHBIX BUXPEil, 0OPa3yOMNXCsl IPU OTPBIBE BEPXHUX Ha-
creii BepereHoo6pa3HoOro BUxps (BOJIU3U CABUIOBOIO CJIOS) B BHJE BUXPEBOIl II€JICHBI.

In the paper the results of experimental researches of the vortex structure inside the cross-streamlined oval dimple on a
hydraulically smooth flat surface are presented. By means of flow visualization by the contrasting dyes and water soluble
coatings the features of forming and evolution of coherent large-scale and small-scale vortical structures are certain inside
the dimple. For the Reynolds numbers, expected on the diameter of the dimple and flow velocity, less, than 4000, the large-
scale vortices are not generated inside the oval dimple, and there is nonintensive low-frequency oscillation of liquid, filling
the dimple. For the Reynolds numbers about 10000 the cellular quasistable large-scale vortical structures are formed inside
the dimple, which are ejected above an aft dimple wall in its spherical parts and in a middle section. For the developed
turbulent flow (Reynolds number more than 20000) a spindleform vortical structure is generated in the dimple which
is pressed to the front bottom part of the dimple. Above an aft dimple wall there is the chaotic ejection of small-scale
vortices, appearing at separation of top parts of the spindleform vortex (near-by a shear layer) as a vortex sheet.

BCTVII 1X BUKHJ[ Y 30BHINTHIO TE€YilO 3 YCIIIXOM BUKOPUCTOBY-
€ThCH Y €Hepro30epiralodnx TEXHOJIOTIAX, JIe 3a J0-
omoroo Tak 3saHoi "rpu Buxopis" [7-10] BraeTbcs

3HAYHO 301JIBIITUTH TEIJIOMEPEHIC 1 ITpolecH 3MilTyBa-

VY rigpoamHaMini Ta TENJIOEHEPTeTHUIll MUPOKE 3a-
CTOCYBaHHS JIyHKOBUX TIOBEPXOHb 00YMOBJIIOE HEOOXi-

JHICTH BUBYEHHS OCODIMBOCTEN BUXPOYTBOPEHHS yCe-
peauni 3armbiensb Ha 06TivHil noBepxui. Bimomo [1-
3], mo B 3asexkHOCTI Bij pexumip Tedil oO6TiKaHHS
(smaminapHmit, nepexinuuii un TypOyneHTHUi) 1 reo-
METPUYHUX MapaMeTpiB 3ariaubJ/eHb yCepeauHi HUX
dopmyroThes pisHi 3a GOPMOIO Ta IHTEHCUBHICTIO BU-
XpoBi cTpyKTypu. ['eHepaliis KBa3UCTIiKUX KOrepeH-
THUX BUXPOBUX CTPYKTYP KaHABKAMU 1 JIyHKaAMU A€
MO2KJIMBICTb KEPYBATHU IPUMEKOBUAM IIAPOM, IO BU-
KOPHUCTOBYETHCS IIPU CTBOPEHHI 3aC00iB, K1 3MEHIITY-
IOTH TiIPOJAMHAMIYHUN Omip, ITyM OOTIKAHHS Ta Bi-
Gpauiii 06rivHOl noBepxHi [4-6]. Xaornune abo HecTiii-
K€ BUXPOYTBODPEHHd yCepeauHi 3arjnb/IeHb, a TaK0XK
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HHS PiJIvH.

Hasgsuicts 3cyBHoro mapy abo mapy 3MinryBaH-
He € BU3HAYAJIBHOIO 0CcOOIUBICTIO Tedil y 3arimOieH-
Hi. 3cyBHUil map GOPMYyETbCS TOJIi, KOJIM MOTIK Bif-
PUBAETHCS Bill IEPEITHBOIO KPAO 3arIHOJIEHHS Yepe3
reoOMEeTPUIHUN PO3pUB MTOBepxHi 00TiKauus. Hecriit-
KiCTh 3CYBHOI'O IIAPY € IEHTPAJBHOIO Y BUXPOBIl Te-
qil ycepeausi 3arubJIeHHS Ta iHTErpajbHOI0 y PO3-
BUTKY ocrusiiii. Yepes Touky meperuny y mpodisi
MBUJIKOCTI 3CYBHUI IMap CTa€ HECTIUKHM JO MAaJIAX
30ypeHb 3aB/IAKN MexXaHi3MoBi HecTifikocTi KenbBina-
Tl'esbmrosbia. Ilo wmipi Bimmastennst 3cyBHOTO Iapy
VHI3 3a IIOTOKOM BiJI IepeIHHOIO KA 3arnbJieHHs
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IIPOTIEC CEJIEKTUBHOTO IIJICUJIEHHS ITOPOJIXKYE XBUWJI
Hecrifikocti. BoHu crmovyaTky pocTyTb €KCIIOHEHTIii-
HO 31 30i7bIIEHHSM Bi/ICTaHI YHA3 32 MOTOKOM y TOM
Jac, 9K IXHI aMIUTITYAU CTAIOTh TAaKUMH, IO HEJTiHii-
Hi edekrn e Baxksmeumu [11]. ITicas niei moyaTko-
Bol cTail HemiHiliHI edpeKTH epeBarXkaloTh i 3CyBHMIH
map, sk 9acTO CIIOCTEPIra€TbCsl, 3ropTaeThCsd, Hop-
MYIOYH KOT€PEHTHI BEJIMKOMACIITAOH] TIOIIEPETHO Opi-
€HTOBaHI BUXOPH (HAIPUKJIA, JJIsl IPAMOKYTHUX 3a-
rymbenn). Xo4a yTBOPEHHSI TAKUX CTPYKTYD HE CyT-
TEBE JUI PO3BUTKY OCIWJIAIIN, BOHU 3BUYANHO Ja-
I0Th HeoOXijHe JucKpeTHe 30y/I2KEeHHs, sIKe CTa€ J0-
CTaTHIM JIJIsT TIOPOJI?KEHHST Ta 30epiranHs OCITUIAIIIN,
i €, oT2Ke, HANOLIBIIE BAXK/IMBUM [IPU BUBYEHHI TeUiit
y 3arymOJIeHH].

Ocrmtsnii Tedil pO3BUBAIOTHCST BHACIIOK €(hEeKTiB
B3a€MO/Iil BUXPOBUX CTPYKTYP 3CYBHOTO Iapy 3 KOP-
MOBOIO CTIHKOIO 3arjub/eHHs. ¥ Pe3y/abTaTi moJje Te-
qii, 10 IPEeJICTABIIsIE CODOI0 CKIIAIHY BUXPOBY CHCTE-
My, 3aJIe2KUTh BiZl yMOB 1 pEeXKUMY MOTOKY, IO Habi-
rae, BJIACTUBOCTEN pimmHu, ski (GopMyroTh 3CyBHUM
map, i BHyTpimHix mojiB Tedil y 3arnudsenui. [Toss
Tediil /1715 aBTOKOJMBAJILHIX PEKUMIB OOTIKAHHS 3a-
rInOJIeHDb IUIATHCS Ha TPHU KJACH, Y BiAMOBimIHOCTI 3
ocobImBOCTAME Tediil, 10 crocTepiraorbes [12]:

1. Ocrmarnii 06’ egHaHi, IK TiAPOAMHAMITHI, IIT0 BU-
HUKAIOTH BiJl KOMOIHOBAHOTO epeKTy IiICUIeHHS He-
cTifikocTi 3cyBHOTO mapy Ta 30ypeHb, 10 PO3MOBCIO-
JDKYIOThCS YHU3 3a IIOTOKOM, BHACJIJIOK MEXaHI3MY
00OPOTHOTO 3B’I3KY.

2. Ocuursrii, siki 00yMOBJIeHI PE30HAHCHUMU SIBH-
IaM¥, KOJIM KOJIMBAHHSI MOTOKY B3a€MOTIOB si3aHi 3i
CTOSTYMMU XBUJISIMY TUCKY yCepPeIUHI 3arIin0IeHHs Ta
aKyCTUYHUME XBHJIAMH, $Ki PO3IOBCIORKYIOTHCH Y
HABKOJIUIITHE CEPEIOBUIIIE.

3. Ocrunsrii, ski 3B’s13aH0 13 ePEeKTOM I'HYIKOCTI
ab0 eJIACTUYHOCTI MOBEPXHi, KOJM PYXU TBEPIOI I0-
BepxHi 0OYMOBJIEHI OCIMJIAIISMA Tedil IMij1 JTi€ro He-
JiHIHOT B3ae€MOJIii KOHBEKTYIOUNX BUXODIB (1ICEBI0-
3BYKOBI IyJibcaliil) i aKyCTHIHUM XBUJIBOBUM MEXaHi-
3MOM.

Teuis nazn 3aryMbIeHAAM TPU3BOIUTE JI0 MIAPOKO-
r'o Jiana3oHy IiApOANHAMIYHUAX $IBUIIL i CTBOPIOE PSIJT
mpobJsieM i 3a71a4, M0 CKJIAJIHO BUPINTYBATH B JOCITi-
JDKEHHSX Ta PO3yMiHHI 1X, & TAKOXK i1 9aC KOHTPOJIIO
1 KepyBaHHs HUMA. Y CTUCIIUBOMY MOTOIT OCITHJIATIIT Y
3aryinOJIeHH] BUHUKAIOTH i3 MEXaHI3My TipOaKyCTHu-
YHOrO PE30HAHCY, sKuil BKiovae y cobi (1) mincuse-
HHsI 30y/I?KeHb 3CYyBHHUM IIapoM, (2) TeHEPAaIlio aKy-
CTUYHHUX XBUWJIb IIPU B3A€MOJIl BUXPOBUX CTPYKTYD
3CYBHOTO IIapy 3 KOPMOBOIO CTiHKOIO 3arjudbJIeHHs i
(3) PO3BLOBCIO/ZKEHHST YBEPX 3a IOTOKOM 1 IepeTBO-
PEHHS XBWJIb THCKY y BHUXPOBi XBUJ mo0/u3y mepe-
JIHBOTO KPAI0 3arIn0JIeH s, HafbiIbIe Ty TIMBOTO /10
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30ypeHb, MOPOIKYIOUN HACTYIIHI HECTIKOCTI ¥ 3CyB-
momy mmapi. et mporiec 060pOTHOTO 3B’I3KY MPU3BO-
JIUTH 70 PE30HAHCY Ta MOSBU aBTOKOJIMBAHb. Takuit
TUIT Tedil BIJIIOBila€ MOJi 3CYBHOIO Iapy, y SIKO-
MY PE30HAHCHI 9aCTOTU ABTOKOJINBAHDb BUBHAIAIOTHCS
3a ¢opwmysoo Posite. ¥V HecTUCIMBUX MOTOKAX Me-
XaHI3M OCIUJIATIIN yCepeInHi 3arInOIeHHsT TPaTIITii-
HO OIMCYEThCsI, sIK pesoHaHcHuit [12]. Yacrora ocun-
JIATIN y TIEPINy Yepry BU3HAYAETHCS KOHBEKTHBHOIO
IIBUAJIKICTIO BUXOPIB ¥ 3cyBHOMY miapi. OcraHHs, siK
Bistomo, moBuHHa OyTH (DYHKITE€IO MapaMeTpiB Mpu-
M€ZKOBOI'0 ITIapy, TAKUX AK HOro TOBIMMHU Ta (POpMU
napamerpy [13], mo Moxke TOSCHUTH 3HAUHUN PO3KUL
Pe3yJIbTATIB y HECTUCIMBUX IIOTOKAX [14].

Y uncebHUX i €KCIIEPUMEHTAJBHUX JOCTIIZKEHHSIX
JOJATKOBO JI0 OCIIUJIAIIN Y MOJI 3CyBHOTO IIapy CIIO-
CTepiraeThes iHIIa MOJIa 3arINOJIEHHS, sIKa BiloMa gK
cJigoBa Moja. 3HAUYHO MEHINe JOCJIIIKeHb BUKOHA-
HO 3 BUBYEHHS Ii€] MOIM, XO4a JEeSKy yBary BCe XK
npuainserbes (Hanpukiamg, podoru [15 - 17]). V it
MOJIi IIPOTIEC OCIUJIATIN BU3HAYAETHCS BiJIXOJIOM Be-
JINKOMACIITA0OHOTO BUXOPY 3 II€PEIHBOTO KPAalo, I0-
JiOHO TOMY, IO CIIOCTEPIra€ThCs MO33a/y MOTaHO 00-
Tivaux Tia. Y xoai dhopMyBaHHS BUXOPY 30BHIIIHS
Tedisl MPOHUKAE YCEPEIUHY 3aTJINOJICHHS TIePIOIIMTHO
i ;mocsrae ftoro jmHa. Y JesdKiil TOYI BUXOp BiJpu-
BA€THCH BiJI ITEPEHBOIO Kparo i MOTIM BUKHUIAETHCS
Ha30BHI i3 3arubsenns. e mpuBoUTH 10 3HATHOTO
30isbIenHs onopy. CiigoBa Mojia, sIKa XapaKTepusy-
€ThCSA TEPIOJIMIHNM BIIPUBOM BEJUKOTO BUXOPY B
epeIHbOT CTIHKM, MacmTad SKOTO OJIU3bKU 10 pO3-
MipiB 3aryubieHHs, JeTajabHO onucana y pobori [17].
ABTOpPH HAIOJIONILYIOTH IIPO MEPEXi Tedil 10 CIiI0BOT
MOJM 3 BUJIOBYKEHHSIM 3arjubJ/IeHHs Ta 301bIIeHHIM
qnces Maxa i Peftmonpaca. Ilpu npomy ammmmiTyna
OCHJIATIIN 30LIBIIYETHCS, 8 9aCTOTA 3MEHITYEThCS.

Tpeda BigmiTuTH, 110 3araubIEHHS Y €KCIIEPUMEH-
TaJbHUX POOOTAX 3aBK/JIU MAIOTh KIHIIEBY HIUPUHY.
Orxke, TPUBUMIDHICTH, gKa OOYMOBJIEHA KiHIIEBOIO
reomeTpiero, abo TPUBUMIPHICTD, STKa, € OCOOJUBICTIO
TypOyJIEHTHOT Tedil, TAKOXK MOXKe OyTH MNPUIMHOIO
CJIIJIOBOI MOJIM, IO PIJIKO CIOCTEPITA€ThCS y €KCIle-
pumenTax. Bimomo [18], o nose Teuil ycepenui 3a-
rIubJIeHHS Ma€ TPUBUMIPHY CTPYKTYDY, HaBiTbH IIpu
JIBOMIpHi# reoMeTpil 3aryinb/IeH s, X01Ua IaCTOTH KO-
JINBaHb JT0Ope BU3HAYAIOTHCS JABOMIDHUMU MOIETISI-
mu. Pegysbraru [19] miarseppKyorh, 1Mo icHye 3Ha-
9HA B3AEMOJIisi MiXK 3CYBHUM IIAPOM i TPUBUMIPHU-
MU HECTIHKOCTSAMH y PeaJbHuX yMoBaX. TpuBuMipHe
30y/I2KeHHs Ji€ Ha OLIbITY YacTHUHY 3CyBHOTO APy,
HaBITh 110381y KOPMOBOI CTIHKM 3ariub/ieHHs. ¥ Bif-
nosigaocTi 3 mocsimkenusmu [19], caimoBa mMona B
MPSIMOKYTHUX 3arJIHOJIEHHSAX MOXKe OyTH I0/IaBJIEHA
TpuBUMipHUMHE 30yproBanHAME. [Ipsive uncespne Mo-
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Puc. 1. Cxema excuepuMeHTaIbHO! yCTAHOBKU:
1 — rigpoguHaMiv¥HMIt JIOTOK, 2 — CITKHU, 3 — XOHEHKOMO, 4 — perriTky,
5 — 3acmokiittmBa Kamepa, 6 — KoHdy30p, 7 — IaCTHHA, 8 — OBAJIbHA JIYHKA

JeJIIOBaHHS TIOKA3Y€ TepexiJl Bijl MOIU 3CyBHOTO I~
Py [/ KOPOTKUX 3arynb/ieHb i Hu3bkux ducesa Ma-
Xa JIO0 CJILIOBOI MOJM JIJIsI BUJIOBXKEHUX 3aryIn0OJIeHb 1
Ginpmmx ancesr Maxa [17]. Tlokasano, 1o TpuBUMip-
HICTb I'pa€ KJIIOYOBY POJIb Y TOJIaBJIEH] CJTIIOBOI MOJIH.
VY poborti [20] Bimmiveno, mo gsomipui 3ariubienns y
CJIZIOBi#l MOJIi ITOBEPTAIOTHCS J0 3CYBHOI MO/, KOJIU
TPUBUMIpHI 30ypeHHsT MaIOTh MiCIle ¥ IPUMEKOBOMY
mapi.

st mmpoKuX 3araub/IeHb eKCIePUMEHTAJIbHUI
JOKa3 TPUBUMIPHOCTI CIOCTEPITaBCsS y Pl JIOCTiI-
Kedb. Y rizpoauHamiusomy Kanauai y pobori [21]
inenTudiKyBaIl IOIEPEYHY XBUJIBOBY CTPYKTYDY,
1[0 BUHUKAE y 3CyBHOMYy Iapi 1mobJsn3y KOPMOBO-
ro kpato 3ariaubJieHHsi. B ekcriepuMeHTax BOHU CITO-
cTepirajii aBTOKOJIMBAHHS Y TIO3[0BXKHBOMY HAIIPSIM-
Ky (raki, mo Bigmosizaiors Momam Posire) pazom
i3 CHJIbHUMHU, aJie BIJIHOCHO OPraHi30BaAHUMU IIOIIEpe-
YHAMH OCHMJIAIIAMU. BoHM 1OB 32711 1110 TPUBUMIP-
HY CTPYKTYDY 3 BEJIMKOMACIITAOHUM ITUPK YIS ITHIM
BUXOPOM MiK BUIBHAM 3CyBHUM IITAPOM Ta CTIHKA-
vu 3ariubienns. [lepegbadaerbes, MO TpUBUMIPHI
edeKTH JIOMIHYIOTH OOIN3Y CTiHOK 1 KyTiB 3arimnodJie-
HHS, [IPOT€ TPUBUMIPHI CTPYKTYPHU CIIOCTEPIratOThCs
i mooasib Bijt cTiHok 3arubsenns. i crpykTypu Bu-
KJINKAIOTh TPUBUMIPDHICTb y 3CYBHOMY IMapi Ta Te-
HEPYIOTh KOMIPYACTY CTPYKTYPY BUXPOBOI Tedil yce-
peuHi 3araub/IeHHS, siIKa PO3BUBAETHCS TIOOIAb Bill
MexK 3aryInOJIeH s, e 1HIi yMOBH € JBoMipHuMH [22].
Kowmipuacra Tedist ycepeauni 3arnubieHHs 3 61IbITAM
BITHOIIIEHHSIM IIIUPUHU JI0 JTOBXKWHU CIIOCTEPIraIacs y
po6ori [23]. KomipuacTi crpyKTypu BUBYAIUCS 38 J10-
IIOMOT'OI0 TIOBEPXHEBOI MACJISTHOI Bi3yaJstizariil MOTOKY
1 PO3MOJJIYy CTATUYHOIO TUCKY JJIsi HU3BKO ITBU/JIKI-
CHUX IIOTOKIB.
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Pospaxynku, Bukonaui y pobori [24], mokasasu,
IO TIONIepevYHa ACUMEeTpisg OcepejlHeHOl Tedil 1ovu-
HaeThcsa i3 Oidypkarii, sKy 00yMOBIEHO OOKOBUMU
crinkamu 3araundsenns. Kpim Toro, 3maiieHo, 1o
HanpsMOK Oidypkarii BHOMpaeTbcs 3a IOIOMOTOIO
HE3HAYHOI HECUMETPUYHOI Tedil y MOIepedHoMy Ha-
npaAMKy. BusBiseTbcs, Mo TriIpoaKyCTUYHUN 3B si-
30K, BiJMMOBiga/IbHMI 3a OCHUJIAINT Tedil, be3mocepe-
JHBO He BKJIIOYAEThCs y Oidbypkariitauit mportec. Ils
imes MiATPUMYETHCA €KCIIEPUMEHTAIBHOIO Bi3yauria-
riero [23] st HecTHcMBOL Tedil y 3araubIeHHSX, sKi
MAalOTbh PI3HY IMUPHUHY. ¥ €KCIEPUMEHTAJIHHUX JOCITi-
JI2KEHHSX, TIOI0HO YHCeJIbHIM PO3PaXyHKaM, CIIOCTe-
pirajim CTpyKTypy BHXPOBOI Tedil y BUIVISII KOMip-
miB. Bidbypxkariis, mBusine BChOro, 3’ sABIASIE€THCS 13 BU-
MaIKOBOTO 30Y/2KEHHsI MTUPUHOIO 3arTUOJIEHHST HATY-
pabHOI JIOBYKUHU XBWJI CTIHKAX TPUBUMIDHUX MO-
aynsiiit. KomipaacTi ociiuiorodi BUXpOBi yTBOPEHHS
dopMyIOThCI y IUPKYIAIIHHIT 30H] MOOU3Y KOPMO-
BOI CTiHKH 3aryinOJIeHHS.

YV HAIAX €KCHePUMEHTAJIBHUX JTOCIII2KEHHSIX BU-
3HAYAIOTHCA OCOOIMBOCTI (POPMyBaHHS 1 DPO3BUTKY
KOIePEHTHUX BUXPOBUX CTPYKTYD yCEPEeIuHi momepe-
9HO OOTiYHOI OBaJIbHOI JIYHKHU, sIKYy 3POOJIEHO Ha Ti-
JPaBJIYHO TUIaJKii 1iackiit mosepxui. Jlocimken-
HSI IPOBOJISATHCS YV TIMPABIIYHOMY JIOTKY JIJIS PI3HUX
pekuMiB Tedil HaJs OOTIYHOI MOBEPXHEIO IIACTUHU
3 JIOKAJIbHOIO HEOJHOPITHICTIO 3a JOIMOMOTOI0 Bi3ya-
mgizanii moroky. s Bizyastizariii BUKOPUCTOBYIOTHCS
KOHTPACTHI OapBHUKHU i YOPHUIA, & TAKOXK BOJIOPO3-
YUHHI TOKPUTTS.
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Puc. 2. PosramyBanust oBaJabHOL JIyHKH Yy BUTJISIIT
momepevHo OOTIiYHOI KAHABKY HA IJIACKIiH MOBEPXHI

1. EKCIEPUMEHTAJILHUI CTEH/I
I METOANKA JOCJIII>KEHD

ExcrnepumenTasbui  J0CTiKeHHS OOTiKaHHS He-
CTUCJUBOIO PiJUHOIO IOIMEPETHO OOTIYHOI OBAJILHOL
JIYHKW Ha TJTACKIN IJIACTHHI MPOBOJIMIINCS Y TiIPaBJIi-
YHOMY JIOTKY JIOBXKMHOIO 16 M, mmpuHoio 1 M i rom-
ounoro 0.8 m. [yt mpoBeieHHS Bi3yaJbHUX JOCTII-
2KeHb OOKOBi CTiHKM TiApOJAMHAMIYHOTO JIOTKa 3P00-
JieHi cKITHUME. Bojia y JIOTOK 1I0/1aBaJIacs 4epe3 3a-
crokiiiuBy Kamepy (puc. 1) macocamu. I3 3acnokiii-
JIMBOI KaMEpU MOTIK BOAU TPOXOIUB KOH(QY30pHMUIA
Bifcik 1 4epe3 xoHe#KoMOH Ta TypOysi3yiodi ciTku
IIOCTYTIaB Ha BXiJ rizpogumHaMidHOTO JIOTKA. Binbimre
JOKJIATHUI OIMC €KCIIEPUMEHTAIBLHOIO CTEH/Y, IIPO-
rpaMu i METOJUKY JIOCJIiJI?>KEHb HaBEJIEHO y poboTax
[25, 26].

BuwmiproBasibaa isisinka, o0JiaiHaHA ATAPATYPOIO
i 3acobamu peecTparllii XapaKTEepUCTUK HADIraroIoro
[IOTOKa, KOOPAMHATHIMHE IIPUCTPOSIMHU, PO3TAIIOBYBa~
jach Ha Bimactani 8.0 M Big BXigHOI YaCTHUHH JIOTKA.
Ilepen mpoBemeHHSAM TOCTIIKEHD TiIPOINHAMITHIX
XapaKTePUCTUK Tedil Oy/u BUKOHAHI BIOpoaKycTH4Hi
BUMIDIOBaHHsI IIyMiB 1 BiOpariiii JoTKa 1 BUSBJIEHO
BILUIUB IX Ha IIapaMeTpH, o BUMipsaoTbed. s 1po-
IO y TIOTiK BOJY TiIPOJMHAMIYHOIO JIOTKA PO3TAlIIO-
ByBaJsu rizpodonn tury 8103 dipmu Bproas i K'ep,
Ha JIep2KaBKU JATYUKIB 1 JI0O CTIHOK JIOTKA KPilUJIK-
csa Bibpoakcesepomerpu tuiry 4393 dbipmu Bproas i
K’ep. BumiproBanns Tako»K ITPOBOJUIUCS 3a BiiCy-
THICTIO MIBUJAKOCTI Tedil, TOOTO KOJI JIOTOK OYB Ti/lb-
KU 3aII0BHEHUI BOJIOK0. AHAJII3 ripoaKkyCTUYHUX 1 Bi-
OpaIiifHIX TEPEITKO/ 38, JIOIIOMOIOI0 KOMILJIEKCa alra-
parypu dipmu Bpross 1 K’ep n03BosuB BusHAUNTH
JPKepeJsia IIEePEeIKoJ] i MPOBECTH 3aX0/u 3 IX yCyHe-
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Puc. 3. PosramyBanss macTuHu 3 OBaJIBLHOIO JIYHKOIO ¥
BUMIpPIOBAJIBHOMY YYaCTKY TiIPOJWHAMIYHOIO JIOTKY

HHs. 30Kpema, Oy/jau 3MeHINeHI NIyMH 3JIMBY BOJIH,
fKi CTBOPIOBAJIU IMIEPEITKOIN aKyCTUIHOI 1 Bibparriii-
HOI IPUPOAU. ¥ pPe3ysIbTaTi BAAIOCHd 3MEHIIUTH IIepe-
mkomu Ha (20...30) aB. IocrifiHo mpoBOAMBCST KOH-
TPOJIb TEMIIEPATypU IOBITPs i Bomu, aTMOChEPHOro
THUCKY.
3a OOTiUHY MOBEPXHIO, B Kill 3HAXOIMJIACH JIO-
KaJbHa HEOIHOPI/IHICTh, BUKOPUCTOBYBAJIACS TiapaB-
JII'YHO TJIaJIKa IJIACTHHA i3 IOJIPOBAHOI'O OPIraHiYHO-
ro cknia TosmumeoK 0.01 M, mwmpuuowo 0.5 M i J10B-
KUHOIO 2.2 M, dKa Oysia 3aroctpeHa 3 (ppOHTATHLHOT
i KOpMOBOI CTOpiH i 11 0€3BiIPUBHOIO OOTIKAHHSI.
Ha 0OoxoBuX CTOpOHAX INIACTHHU PO3TAIIOBYBAJIUCH
Kinnesl maii6u (opraniune ckio TosmuuO 0.005 M
i mupunoro 0.2 m). Ha simcrani =0.8 M Big HO-
CKa ILTacTUHU Oysa 3pobsieHa oBaJsbHA JyHKA. JIyHKa
IpeACcTaBIIAIa cOD0I0 aBa CPEPUIHNX CEIMEHTH JIia-
merpoMm d=0.04 M, 00’eqHAHI MUIIHAPUIHOIO BCTAB-
KOIO TOTO K JiameTpy, J0BxKuHOWO [.=0.04 M i rym-
6unoio h=0.009 M (saruubienns jyuku h/d=0.22).
Posramnrysanmst 0BaJIbHOI JIYHKY Y BUIVISI/I IIOIIEPETHO
00TiYHOT KAHABKY Ha IIACKII MOBEPXHI MOKA3aHO HA
puc. 2. 1o HUKHBOI YaCTUHU IUIACTAHU, ¥ MICI pO3-
TAITyBAHHS JIYHKW, KPIMIUBCS JINCT 3 MACIITaOHOIO Ci-
TKOIO 1 IMiHOITAcTOBUH 00TiuHUK. MeTaJieBi cTepkHi 3
pi3pOOBUME 3’€THAHHSAMU Ha, KiHIAX CAYTYBaJIHM Kpi-
IJIEHHAM IUIACTUHU YCEPEIMHI TiAPaBiIHOrO JIOTKA
MiXK #IOr0 CTiHKaMu.
[TnacTuna 3 OBaAJIBHOO JIyHKOIO OyJta BCTAHOBJIE-
Ha B BUMIPIOBaJIbHY JUISHKY TiJIPOJMHAMIYHOIO JIO-
TKa Ha Bucori 0.1 M Bij JiHA JIOTKA, TapaJebHO HOro
nosepxHi (puc. 3). [nmbuna moToKy i #Horo mMBUAKiCTH
PEryJIIOBAJIACS 32 JOITOMOTOIO CIIEIaJIbHOTO 0018 THA~
HHsI, IO JIO3BOJISIE IJIABHO 3MIHIOBATHU IIi ITapame-
Tpu. Ilpu nposenenHi mociipKeHp IVIMOMHA TOTOKY

B. A. Bockobiiinuk



ISSN 1561 -9087 Ilpuknasgsa rinpomexanika. 2012. Tom 14, N 4. C. 37—46

ckaazaaa 0.4 M, a mBuakicts Teqii (U) 3minoBaga-
ca Big 0.02 m/c mo 0.5 m/c, mo Bigmosigano wucty
Peitnomsaca Re, = Ux/v Bim 2 - 10* oo 4 - 10° i
Req = Ud/v Big 1-10% go 2 - 10%, ge U — mBum-
KICTh TIOTOKY y JIOTKY, & — BiJICTaHb BiJ HOCKa ILIa-
CTUHU JIO MICITsI PO3TAIIYBAHHS OBaJbLHOI JIVHKH, d —
JiaMeTp JIyHKU i ¥ — KiHeMaTuvIHa B’ s3KiCTb PianHM.

Ilin wac mpoBemeHHs Bi3yaJizaliil y SKocTi KOHTpa-
CTHOI PEYOBUHU BHKOPUCTOBYBAJIUCH KOJBOPOBI 10p-
Huta Ta OAPBHUKHU, & TAKOXK KOHTPACTHI 3MWUBHI I0-
KPUTTS Ta 3BaKeHI YaCTUHKHU JTiaMeTpPOM OJU3BKO
1 MM HefiTpaabHOT 60 6,TU3bKOT /10 HEATPaJILHOT TLTa-
BydocTi. Kosboposi wopumia abo 6apBHUKHU 110/1aBa~
JIUCS y TIOTIK 38 IOTIOMOT'00 MiHIATIOPHUX TPYOOK, sKi
3aKPIMIIOBAJINCS Y JI€PKABKAX KOOPIUHATHUX IIPH-
CTPOiIB. ¥ 3aJIe’KHOCTI Bij MBHAKOCTI HAOIrarovIoro
[IOTOKY BUTPATU OAPBHUKIB PErYJIIOBAJINCHA, & KOOD-
JUHATHI TPUCTPOI JaBaJI MOYKJIMBICTH PO3TAIILYBaTH
[iBKy OapBHUKA y Te Micte, ge Tpeba Oyio Bizyasrizy-
Baru Tedito. [Topsi 3 um, y mractui 6710 3podJIeHo
OTBOpH, KyI¥ 9Yepe3 CUCTEeMY TPYOOUOK ITOIaBasIUCsH
6apBHUKHU. Bukopuctanus pi3HOKO/JILOPOBUX GapBHU-
KiB JI03BOJIMJIO BUBHAYUTU XapaKTepHi Micig hopMmy-
BaHH¢ 1 PO3BUTKY BUXPOBHUX CHCTEM, SKi BUHUKAJIN
pu OOTIKAHHI IJIACTUHH, K 13 3arIHOJEHHSIM, TaK i
6e3 HBOTO.

B nmocrmimKkenHsIX y KOCTI PO3YUHHOI V¥ BOI KOH-
TPaACTHOI PEYOBUHY BUKOPUCTOBYBAJIOCS 3rYIIEHE MO-
JIOKO, siIK€ TOHKUM PIiBHOMIpHUM IIIApOM HAHOCHUJIO-
cs Ha O0TiUHYy moBepxHio. Ilpum mboMmy y 3ryiene
MOJIOKO JojaBajaca Oia abo JopHa caxka IJId TO-
ro, mod TPUIATH BOIOPO3UYMHHOMY IOKPUTTIO ILIa-
BYYOCTi, OJIM3bKOI /10 HEHTpaabHOI, Ta Kpalliil KOH-
TPACTHOCTI, MO0 CIocTepiraTu TPaeKTopil pyxy dUa-
CTUHOK cazki y BuxpoBoMy norori. [lo pyxy gacrtu-
HOK BU3HaYaJIacs MBUJIKICTb BUXPOBOI TeYil B JIOCJIi-
JKyBaHUX OOJIACTAX MOTOKY, 11 HANPSIMOK PYyXy Ta
OITIHIOBABCS MAacHITad BUXPOBUX CTPYKTyp. Ha J0-
CJIJIZKyBaHy IIOBEPXHIO 3IYIIEHE MOJIOKO HAHOCHJIO-
Csl PIBHOMIDHUM IIIapOM, IIOTIM BOHO IMiJICUXaJIO Jie-
SIKU 9ac, BUSHAYCHUI eKCIIEPUMEHTAIBHUM MLISTXOM
y 3aJIe?KHOCTI BiJl TeMIepaTypr i BOJIOTOCTI MOBITPS
y Jrabopatopii. Mojiesib 3 TOTOBUM MOKPUTTAM BCTa-
HOBJIIOBAJIACS y TIOTIK 1 MPOBOJWJINCS Bi3yaJibHi J10-
CJII?KEHHST 38, JOIIOMOr0I0 Bisteo- i (poroamaparypu.
3MUB KOHTPACTHOIO MOKPUTTS y THX YU iHIIUX Mi-
CIlsIX Ha OOTiUHIM MOBEPXHI JO3BOJIUB CYAUTH IIPO 1H-
TEHCHUBHICTb JIOTUYHUX HAIPYT IPUMEKOBOIO IIapy
i BuxpoBoi Teduil. TakumM YMHOM, 3MUBHI TOKPHUTTSI,
AK1 PO3YMHSIOTHCH Y BO/Ii, JAIOTh MOXKJIUBICTH pe€-
cTpyBaTu 00’€MHI KapTHHU BUXPOBOI Tedil mOOIu3y
3arubJIeHHsT a00 JIOKAJLHUX HEOTHOPiaHOCTEH 00Ti-
9HOI TOBEPXHi, & TAKOXK BUSBUTHA OCODJIMBOCTI BUKM-
JB BUXPOBUX CHUCTEM, sIKi (POPMYIOTHCS ycepeauHi
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JIYHKU, Ha30BHI 13 3aryinbsienns. CrijibHe BUKOPUCTA-
HH$I BOJOPO3YMHHUX KOHTPACTHHUX ITOKPHUTTIB Ha 00-
TIYHIN TOBEpXHI Ta Mojada OapBHUKA y MPUMEKOBUM
ap JO3BOJIMJIA OIMIHUTU B3AEMOJIII0 KOTE€PEHTHUX BU-
XPOBUX CTPYKTYD, IO T€HEPYIOThCS YCEPEINHI 3aryIH-
OJIeHHsI, 1 BUXPOBUX CUCTEM, IKi (DOPMYIOTHCS Y TIPH-
MEYXKOBOMY IIapi.

Ilin gac Bisyasizaril mojsi BUXPOBOTO PYXY BHUKO-
PUCTOBYBAJIOCS ITi/ICBITyBaHHS JOCIKYyBaHIUX 0018~
cTell JIA3epHUMY TTPOMEHSIMU Ta, CBITJIOMIOJHUMEI HO-
>KaMH|, 10 J03BOJISIO JIOC/IIPKYBATH BUXPOBY TEYilO
y 3ajanux mionmaax. OCBiTyIeHHS 38 JOIOMOTOIO 10~
TY2KHHAX IIPOXKEKTOPIB 1 TaJIOreHHUX JIAMII JIaJI0 MO-
2KJIMBICTD MPOCIIKYBATH 38 00’€MHOI0 KAPTUHOO Te-
4ii KOHTPACTHUX ITOKPUTTIB 1 6apBHUKIB. 3aCTOCYBaH-
Hsl BUCOKOJIOOPOTHIX CHHXPOHI3YIOUNX IMITYJIbCIB CBi-
TJ1a, €JEKTPUYHUX PO3PA/IB 1 aKyCTUYHOTO IMITYJIh-
CHOI'0 BHIIPOMIHIOBaHHS JIO3BOJIMJIO CUHXPOHI3yBaTH
Bi3yasbHI Ta IHCTpYMEHTAJIbHI BUMIDIOBAHHS Xapa-
KTEPUCTUK BUXPOBOT'O PYXY.

Peecrpariis Bisyasizarii Oyia mpoBesena Bizeo- Ta
doToamapaTypoio 3 HACTYITHOIO PO3APYKiBKOIO 3HIM-
KiB 1 aHaJII30M OTpUMaHUX BileomaTepiasin. Haitbiib-
e iHopMaTUBHI KaIpH i KApTUHU O POBYBAJINCH
1 BBOIUJIUCH y TIEPCOHAJIBHII KOMIT FOTEP JJIsl TO1A b~
1ol 00poOKM Ta aHaJIi3y 3a JIOIIOMOrOIO CIIEIiaJIbHuX
nporpam i meroquk [27, 28].

PesynbraTu BizyaabHUX HOCITI2KEHL 00pOOISIUCS
Ha, CIEMiaJIbHO CTBOPEHUX rpadidHUX CTAHINAX, Jie
MOXKHA, OyJI0 IPOBECTH IMPUCKOpPEHE abo CIIOBLIbHE-
He BiOITBOpEHHs Bifeo3ammciB abo MOKaIpOBHUil aHa-
i3 parwmx. ['padivni cranmii Ha 6a3i 1Bo- abo YoTH-
PUIIPOIIECOPHUX KOMII'IOTEPIB, SKi MaIOTh ITiIBUAIIEH]
maM’sgTh 1 IIBUJKOIIIO, JIAJIA MOXKJIMBICTH CIIOCTEPi-
raTi MOBEIIHKY OAPBHUKIB i IMO3HAYEHUX YACTUHOK
y CKJIaJIHi# BUXpoBiit Teuil. Po3ainbua 3maTHiCTh HA
PiBHI OJIMHUIIL ITKCEJIB JO3BOJIMJIA TOYHO BU3HAYU-
TU TPAEKTOPIl pyXy MO3HAYEHNX YaCTUHOK 1 BEKTOPHU
MIBUJIKOCTEN 1X TIEPEHOCY Y BUXPOBOMY ITOTOTI].

2. PE3VJIBTATU BI3VAJIBHUX
JTOCJILI2KEHD

Bizyamizamis dopmyBanHS i pPO3BUTKY BUXPOBOI
Teuil ycepejuHi 1 1oOIM3y IOIEPEYHO OOTITHOIO
OBAJILHOTO 3aryinOJIeHHsI, PO3TAIIOBAHOIO HAa 00Ti-
YHIN NJacKiil TJIaCTUHI, IIPOBOJMJIACH JJIsd JIEKLIb-
KOX MIBUJKICHUX PEXUMIB TiJIPOJMHAMIYHOTO JIOTKA
[25, 29]. HaiimeHIa mBHIKICT Bi3yaabHAX JOCIIJ-
kenb ckiagana U=0.1 m/c. s uporo jaMinapHoro
peXkuMy Tedil, siK [TOKa3aJid BUMIPIOBaHHS TPOdiIiB
IIBUJIKOCTI IIJIBKOBUMH TE€PMOAHEMOMETPAMU, BUMi-

41



ISSN 1561 -9087 Ilpuknagsa rinpomexanika. 2012. Tom 14, N 4. C. 37—46

Puc. 4. 3anoBHeHHS KOHTPACTHOIO PEUOBHHOIO OBAJILHOL
JiyHKH npu msuakocti noroky 0.1 m/c (HampsiMok Tedil
3/1iBa HAIIPABO)

PSAHUMU 1 PO3PAXOBAHUMU IapaMeTPaMHU €: BiJICTaHb
BiJ HOCKa IJIACTHHMU JI0 IIEPEIHBOI0 KPalo 3arjinodJie-
oag ©=0.8 M, noBxkmHa oBaJbHOI JyHKHU [=0.08 M,
niamerp oBauibHOI JiyHKH d=0.04 M, ryiimbuHa JIyHKH
h=0.009 M, ancso PeitHombaca, po3paxoBaHe IO I0B-
xuHi miacturn (r), ckaagae Re, = 8 - 104, wmeno
Peitnosibica, pospaxosane 1o jiamerpy Jjynku (d),
cknanae Reg = 4-103, sarmubienns gynku h/d=0.22,
TOBIIIHA IIPUMEZKOBOI0 IIapy IIePe/l IIePEIHBOIO CTiH-
koto jiyHku 6=0.014 M, TOBIMHA BUTICHEHHS 1 TOB-
[UHA BTPATH iMIysibey mepet ayakoo §*=0.005 m i
6=0.002 M BiaoBiIHO, & TakoXK BigHomenus d/0=20.
IIpu obrikanHi Takoro 3aryMOJIeHHS HAJIXOIXKEHHS
BOJIOPO3YMHHOI PEYOBUHH, KA Ma€ BiJ'€MHY IJIaBy-
9iCcTb, BiIOyBaJIOCs B3/I0BXK BCi€l mepeaHbol 3a MOTOo-
KOM IIOJIOBUHH OBAJIHHOI JIYHKH, IO ITPOLITIOCTPOBa-
HO Ha puc. 4. KorTpacraa pedoBruHA IIpU 3aX0i yce-
Pe/luHy JIVHKU He 37ifiCHIOBaJa 00epTaIbHOIO PYXY,
a iHoji pobm/ia HU3HKOYACTOTHI HEIHTEHCHBHI KOJIV-
BAaHHS Y JBOX B3a€MHO IIEPIEHIUKYIAPHUX ILJIOIIH-
HAaX, aJie, TOJIOBHIUM YIHOM, y TOIEPETHOMY HAIPSIM-
KY BIJJTHOCHO [O3JI0BXKHBOI BiCl JIyHKH (38 HAIIPSIMKOM
redil) [25, 29-31]. Bepxust yacTuHa PiUHE, KA 3a-
ITOBHIOBaJIa, 00’€M OBaJILHOI JIYHKH, IIPU B3AEMO/III i3
30BHINIHIM TTOTOKOM TIEPIOJINYHO 3HOCUJIACS 38 MEXKi
JIYVHKU y BUIJISIJI XBUJIEHIOIIOHNX BUKHU/IIB, SKi IaCTO
BinOyBaJsncs HaJ| CEPeIMHHOK YaCTUHOIO JYHKH abo
CHHXPOHHO Haj i1 cepuunnmu gactuHamu [25, 26].
Taxki Bukuu He MaJju iIHTEHCUBHOTO XapaKTepy i Bij-
Gysasucsa 3 gacrororo (0.06...0.08) T'u. ¥V pesysbra-
Ti JIJTsT TOCTTiIZKYBAHOTO PEXKUMY OOTIKAHHS OBAJIHLHOL
JIYHKH, 9Ky PO3TAIIOBAHO MOIEPEK MOTOKY, MO CYTi,
HEe CIIOCTEPITaeThCs B3a€MO/IIT MiK PiJIMHOIO, 110 3HA~
XOJIUTHCS yCepeTUHI JIYHKH, 1 30BHIITHIM TOTOKOM ab0
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Puc. 5. Baemozis Habiraro4oro moToky 3 piJuHO0
ycepesmHi OBaJbHOI JIyHKH npy mBuakocti Teqil 0.1 m/c

115 B3a€MO/Iisl CIa0Ka, IO IIPOLTIOCTPOBAHO HA PUC. D,
ne migdapboBaHa piguHa, sika KOHBEKTYE Ha MiHi-
MaJIbHIIt BijicTaHi Bif 0OTIMHOI MOBEPXHI IJIACTUHM,
He IIOCTYIIA€ YCEPEIUHY JIyHKH.

Mgt 6lnbmol  mBuigkocti moroky U=0.25 m/c
mapaMerpu TypOYJIEHTHOIO IONEPEYHOro OOTiKaH-
He OBAJBHOIO 3armOjieHHss HacTymHi: x=0.8 M,
1=0.08 M, d=0.04 m, h=0.009 M, Re, = 2 - 105,
Req = 1-10% h/d=0.22, 6=0.009 M, §*=0.003 w,
6=0.001 M i d/0=40. 36inblueHHs MBUAKOCTI HOTO-
Ky IpU3BOAUTH 70 (POPMYBAaHHS yCEPEINHI OBAJIHHOT
JIYHKHA KOT€PEHTHHUX BEJUKOMACIITAOHUX BUXPOBUX
crucTeM. 3aTiKaHHs KOHTPACTHOI BOJOPO3YUHHOI pe-
YOBUHU YCEPEJIUHY JIVHKU BiJIOYBAETHCH B3/IOBXK IIe-
PeIHBOT 3a IMTOTOKOM ITOJIOBUHU JIYHKH, TIO/II0HO J1ami-
HapHOMY OOTiKaHHIO OCTAHHBOI. Y IpUJIOHHIH 0bJracTi
OBAJIbHOI JIYHKM DPiuHA 3TOPTAETHCS Y CHEPUIHUX
YaCTUHAX y BeJMKOMACIITaOHI BUXPOBI CTPYKTYpH,
LIEHTPU AKUX a00 JKepesia PO3TAIIOBYOTHCS II0OIU3Y
LEHTPIB chEPUIHUX YACTUH JIyHKH, ajle TPOXU OJIMK-
Ye JI0 IepeIHbOI CTIHKU JIYHKU. Y IPUJIOHHIN 00sa-
CT1 MWIIHAPWUYIHOI YACTUHU JIYHKH T€HEPYETHCS IIIe
OJIHA Tapa BEJIMKOMACIITAOHUX MPOTUIEIKHO 00epTO-
BUX BUXOPiB, IKY PO3IIIEHO CEPEIMHHUM IMEPETHHOM
OBaJILHOI JIYHKH. TakuM 9MHOM, yCepeInHiI OBaJILHOL
JIYHKH, fKa OOTIKA€ThCs IIOIEPEYHUM IIOTOKOM, JIJIst
IOCTIIXKYBAHOTO PEKUMY 11 00TiKaHHST (DOPMYIOThCS
KOMIpYACTi BUXPOBI CHCTEMH y BUTJISIJIL JBOX IIap Be-
JINKOMACINTAOHUX TPOTUIEKHO 0DEPTOBUX BUXOPIB,
fAKi OPI€HTOBAHO I'OJIOBHUM YWHOM BEPTHUKAJIBHO O
mHa 3araubsaeHHs. MacmTab ux BUXOPIB y IMIPUIOH-
Hilt 00J1aCTi JIVHKH CKJIAJa€ OJMU3bKO TPEThOl YacTH-
HU JOiaMeTpy JIyHKHU 1 PO3TaIIOBYIOThCS BOHU Mailke
CHMETPHUYIHO TIOmepevHol Bici ayuku. Komipuacri Bu-
XPOBi CTPYKTYPH POOJIATH KOJIMBAJIBHUI PyX Y IPO-
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Puc. 6. Bukug BUXpoBUX CTPYKTyp Ha30BHI i3
chepuIHuX JacTell OBAJIBHOI JIYHKH TIPU MTBUIKOCTI
moroky 0.25 M/c

CTOpI JIYHKH i IPU TOCATHEHHI CTOKAMH BEPXHBOI Me-
K1 JIyHKH (30HA 3CyBHOIO IAPY ) BEPTUKAJIbHI BUXOPH
BUKDPHBJIIOIOTHC 1 BUHOCATHCS HA30BHI 3 OBAJILHOIO
3arTubJIeHHsT y BUTJISAI BukuaiB. Hepinko mporue-
JKHO 00epTOBI BUXPOBI CTPYKTYPHU CIAPIOIOTHCST CBO-
MU BEPXHIMEU YacTUHAMEI, (POPMYIOUHN APy APKOIIO-
nioHux Buxposux cucteM. 1li BuxpoBi cucremu po3sra-
HIOBYIOTHCH 10 KPasiM IUJIIHIPUYHO] BCTABKH JIYHKH,
fKi PO3/I1JIEHO II030BXKHBOIO BiJHOCHO HAIIPAMKY I10-
TOKY ILIONIMHOI CHMETPIil IOmepevTHo 00 TITHOT OBAJIb-
HOI JiyHKHU. KOJI1 TOJIOBKU apKOTOIIOHNX BEPTUKAJIb-
HUX BUXPOBUX CHACTEM JIOCATAIOTH 3CYBHOTO IIapy, TO
BOHU 3MHUBAIOTHCSA IIOTOKOM, CTBOPIOIOYH IIIITHIHKOIIO-
JiOHUil BUXOD, AKUN € XapaKTEePHUM JIJIsd IIPUMEXKO-
Bux ImapiB. Hi2KKW MMIHIBKOIOAIOHOTO BUXOPY PO3-
TaIOBYIOTbCs ycepeauni yiynku. Ilin gac BuTsryBa-
HHSI TOJIIBKY MIIIJIBKOTOIIOHOIO BUXOPY YHU3 3a I0-
TOKOM 3a MezKi JIVHKHU HOr0 HIXKKH PO3PUBAIOTHCHA Y
6inbIocTi BUNaAKiB HecuMeTpuaHO [26]. Y pesysbra-
Ti BiOYBa€ThCH BUKHJ BUXPOBUX CTPYKTYDP IOOJIH-
3y IMEPeTHUHIB, AKi MPOXOAATH Yepe3 MICIls CIpsizKe-
HHs IIWIHAPUIHOI Ta chHEepUIHO]l TOBEPXOHD JIYHKH,
fdK TI0Ka3aHO Ha puc. 6.

Ilix gac pyiiHyBaHHS apKONOJIIOHIX BUXPOBUX CH-
CcTeM, SKi eHePYIOThCs IIOTOKOM yCepPeInHI OBAJIbHO-
ro 3arynbJIeHHs, ACUMETPUIHI HiXKKW, 1110 3a U~
csl 1 PO3TAIIOBYIOTHCS TIOOIU3Y CEPEIMHHOTO IIEPETH-
Hy, 1HOZI CHApPOBYIOTHCH OIHA i3 iHIIOI0, HOPMYyUIN
HoBuil apkonoaiouuit Buxop. Ileit Buxop 3’emmye 1eH-
TPaJIbHY [1apy IPOTHUIEXKHO 00ePTOBUX BUXOPIB i 1ipn
CBOEMY 30i/IbINIEHH], BUTATYBAHHI ¥ BEPTUKAJIHLHOMY
HAIpPSIMKY Ta BUTHHI, IPU B3aE€MOJII 31 3CYBHUM IITa-
POM, BUKHUJAETHCA i3 IMEHTPAJHHOI YaCTHHU JIYHKH,
o TIpoiJIfocTpoBano Ha puc. 7. B meit wac y cde-

B. A. Bockobiiinuk

Puc. 7. Bukug BUXpoBUX CTPYKTYp Ha30BHI i3 OBaJbHOI
JIYHKH HaJl 11 CEpeIMHHUM IE€PETUHOM IIPH IIBUIKOCTI
noroxky 0.25 m/c

PUYHUX YaCTUHAX JIYHKHA POCTYTH I TPUUAMAIOTh BEP-
TUKaJIbHE II0JIOYKEHHSI KiHIIEeBI BUXPOBi cucTemu, fKi
il 9ac po3mnajy IEHTPAJIbHOIO apKOIOIiOHOTO BU-
XOPY CIIApPOBYIOTHCH i3 CYCiIHIME TPOTUIIEZKHO 00ep-
TOBUMHU BUXODAMH, SKi paHimnie Oyjanm HiXKKaMU IbO-
IO MEHTPAJBHOTO apKOMOMIOHOTO BUXOpPyY. Takmm um-
HOM, YCEPeJINHI 3HOBY YTBOPIOIOTHCS JIBI TApU apKO-
MOMIOHUX BUXOPIB, fKi MOBTOPIOIOTH E€BOJIOINIO, IO
OIMCAHO paHirte. [HO/I crocTepiraloThCst BUKUIN BU-
XPOBUX CACTEM OJIHOYACHO ¥ TPHOX MICIIFAX IO JIOBYKU-
Hi IIOIIEPETHO OOTITHOTO OBAJIBHOIO 3arIUOJIEHHST, IO
MOKa3aHo Ha puc. 8. Bingbmre Bcboro take sBuiie 00-
YMOBJIEHO BUKHJIOM OKPEMO BEPTUKAJILHUX BUXOPIB i3
cdepryuHIX YACTHH JIYHKH Ta apPKOIOJAIOHOIO BUXODY,
AKNU TeHepYEThCd y CepeuHHill yacTuHi nyHKu. Bu-
KWJ| BUXPOBUX CUCTEM CIIOCTEPITAETHCS 3 YACTOTAMU
(0.1...0.4) T'u, sixum Bimnosigarors guciaa Crpyxass
St= fd/U=(0.02...0.06), ne f — gacrora.

Ilin wac dopmyBaHHS KOIE€PEHTHUX BEJIUKOMAC-
MTAa0HUX BUXPOBUX CTPYKTYD YCEPEIUHI JIYHKA 1 B
mporieci iX BUKULy HA30BHI 13 3ariubJIeHHsT yCepe -
Hi JIYHKH CIOCTEPIraloThCs IHTEHCUBHI HU3BKOYACTO-
THI OCITUJISATIIT IOTOKY, & TAKOXK TeHepaIlis apibHOMac-
MITA0HUX BUXOPIB 1 TX XaOTWYIHUIT BUKWUJ HA30BHI i3
saryubienns. Kpim roro, 3 uacrororo (2...3) I'n, axiit
Bignosinae ancio Crpyxasns St=(0.3...0.5), cocrepi-
Tra€ThbCd BUKHJ, BUXPOBUX CTPYKTYDP 3CYBHOTO IIAPY.
Bukuan BuxpoBux cucrem mo3a ity OBaJabHOI JIyHKHU Ha,
BiJITaJIEHHI ITOPSIKY TPBHOX 11 JiaMeTpiB Jocarae Maii-
2Ke JIBOX TOBIIWH ITPUME2KOBOTO IIapY 1 BiJICTaHb MiXK
JIBOMa BUKMHYTHUMHU BUXPOBUMU CHCTEMaMU CKJIAJIA€
6u3bko ABOX Aiamerpis synku [31, 32]. IlBunkicTs
IIEPEHOCY BEJIMKOMACIITAOHUX BUXPOBUX CHCTEM, IO
BUKHUJIAIOTHCS | KOHBEKTYIOTh YHUA3 32 IOTOKOM 11033~
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Puc. 8. CunxponHwmii BUKHJ[ KOP€PEHTHUX
BEJIMKOMACIIITAOHUX BHXOPIB i3 TPhOX 0bJIacTeil OBAIBHOL
JIyHKM 1py mBuaxocti redil 0.25 m/c

Iy oBaJibHOI JiyHKH, mopiBaioe 0.8U.

st HAMOIIBIOl MBUAKOCTI Bi3yaJIbHUX JTOCJIiI-
2KeHb BUXPOBOI Tedil y TiJIpoJIMHAMIYHOMY JIOTKY Iia-
paMeTpu PO3BUHYTOIO TYyPOYIEHTHOIO PEXUMY II0-
epevHoro OOTIKAHHS OBAJILHOTO 3arjIHOJIEHHS Ha-
crynui: U=0.5 m/c, =0.8 M, [=0.08 M, d=0.04 M,
h=0.009 M, Re, = 4 -10°, Reg = 2 - 10*, h/d=0.22,
6=0.022 M, §*=0.003 M, 6=0.002 M i d/0=20. dus
IIBOTO PEXKUMY Tedil yCepeJIMHi JIyHKH CIIOCTepirae-
Thesd (OpMyBaHHS CTIIKOIO BEPETEHOIOIIOHOTO BU-
XOPY, AKUH MPUKATHI 0 TePeIHBOI BIAPUBHOL CTiH-
ku 3armbienss (aus. puc. 9). Pinnna, mo 3amosHoe
BiZlpuBHY 00/1aCTh HAJI IEPEIHBOIO CTIHKOIO, ITiIiiMa-
€ThCS JO0 BIJIPUBHOTIO KPAIO IHUJIIHJIPUYHOI BCTABKH
JIVHKH 1, 3yCTPIBIIHUCH i3 30BHIIIHIM MTOTOKOM, (Hop-
My€ 3CcyBHUII mrap. BUXpoBi cTpyKTypu 3CyBHOTO Ia-
Py, OIPAMYIOUHA JO KOPMOBOI CTiHKH, IE€PEHOCIATHCS Y
IIPUJIOHHY O0JIACTH JIYHKH 1 (DOPMYIOTH BEPETEHOIIOIi-
Ounmit Buxop. BukuiiB BeImKOMacCIITaOHIX BUXPOBUX
CTPYKTYP i3 saK0I-HEOY/Ib OKpeMOl 06,1aCTi 0BAJILHOTO
3arnbJIeHHSI He criocTepiragocs. B3MoBxK MuIiHapu-
YHOI YACTUHU JIyHKA Ma€ MiCIle XaOTHIHEe BUKUJIAH-
He JIPIOHOMACIITAOHIX BUXPOBUX CTPYKTYD 328 MEXKi
JIYHKH y BUIJIsI/II BUXPOBOI IEJIEHN, sIKa, 3/I1IICHIOE BU-
COKOYACTOTHI KOJINBAHHS Y TPHOX B3AE€MHO II€PII€H-
JIUKYJISPHUX HAIPAMKAxX (TPUBUMIDHI OCIMJISI] BU-
XPOBOI eJIeHN ). 3HANIEHO, 110 9acTOTa BUKUJIIB BU-
XPOBUX CHCTEM HA30BHI 13 JIyHKH (IOJIOBHHM YHHOM
no3ajy i1 MUIHAPUIHO! YaCTHHE KOPMOBOI CTiHKM)
ckaagae (5...6) I'n, sikiit Binnosinae aucno Crpyxans
St=(0.4...0.5).

Pobora Bukomana 3a iHAHCOBOI MiATPUMKHU
o rpanramM KoHKypcy CHijibHEX TpoekTiB dyH-
naMeHTaabHUX Jociaimkens "D — PODOU-
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Puc. 9. ®opMmyBaHHSI BEpeTEHONOMIGHOIO BUXOPY
ycepeauHi momepevHo OOTITHOI OBATBLHOI JIYHKHU IIPH
mBuakocti redii 0.5 m/c

2011-2012" (upoexr Ne @40.7/020, Iepxk. peecrp.
Ne 0111U003264; Ne 0112U004301 i mpoexkt Ne 08—
11-90400) Ta K0mATKOBOI BiOMYOI TeMU JJIsi MOJIO-
nux suennx HAH Vkpainn (Ne 240/BT12-05/03 Bix
12.01.12; Hepx. peecrp. Ne 0112U003202).

BN CHOBKM

PesynbraTu exkcriepuMeHTaNbHUX JOCII/IZKEHD OCO-
6auBocTeil OpMyBaHHS BUXPOBUX CTPYKTYD ycepe-
IUHI TIOIepevIHO 00TITHOT OBAJIBHOI JIyHKH JTO3BOJIIIII
BIIMITHTH HaCTyIHE:

1. Bceranosieno, 1o mpu MaJiii MIBUAKOCTI 00TiKa-
HHS TIOTIEPEYHOI JIYHKH, AKiil BiJIIIOBI/IAI0Th 9uUC-
1a Peitnompaca Re, = 8- 10* i Reg = 4 - 103,
ycepeanHi JTYHKU Bi3yaJIbHO HE CIOCTEPIraeThCs
MUPKYJIATIHOT Tedil. MoxK/IMBO BOHO HE iHTEH-
CUBHEe, & Bi0yBa€ThCs HU3bKOYACTOTHE KOJINBA-
HH$ 3CYBHOI'O IIapy Yy HANPSAMKY IIOTOKY 1 ITO-
epeK MOTOKY B3JIOBXK IO30BYKHDLOI BiCi OBaIb-
HOT JIyHKHU. XBUJIEIOMIOHII PyX BEPXHBOI YaCTH-
HU PiIWHU, SK& 3aIOBHIOE JIYHKY, TPUBOJIUTD IO
BUKU/Iy TpebeHiB XBUJIb y OJTUKHIN CJIi JIyHKT 3
qacToTOoM0, I Kol vucso Crpyxais St 0.03.

2. 3HaiieHo, MO i3 3POCTAHHSM IMBUIKOCTI ITOTO-
Ky, Kom Re, = 2-10° i Reg = 1 - 10%, ycepeau-
Hi TOMEpPeIHO OOTITHOI OBAJIBHOL JIyHKH IIiJT 9ac
BiJIDUBY IIPUMEKOBOI'O APy 3 HEPEJIHBOI CTIHKHI
JIYHKI YTBOPIOETHCS KOMipYacTa IUPKYJIAIiiiHa
Tedis 3 POPMyBaHHAM JIBOX ITaP BEJIMKOMACIITA-
OHIX TIPOTUJIEXKHO 06epTOBUX BUXOpIB. JIzkepena
X BUXOPIB PO3TAIIOBYIOTHCH Y CHEPUIHIX Ta-
CTUHAX OBAJIHHOI JIYHKHU 1 y NPUJIOHHIN YacTUHI

B. A. Bockobiiinuk
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[UJIIHPUYHO] BCTABKHU, PO3/IJIEHUX CEePEIUHHUM
MepEeTUHOM JIYHKHU, a8 CTOKU iHOJI 00 €THYIOTHCS
mo0JIn3y 3CYBHOTO IMAPY, YTBOPIOIOYN Tapy ap-
KOO IIOHNX KOTEPEHTHUX BUXPOBUX cucTeM. 11ism
9ac 3MUBY TOJIIBOK apKOIOMIOHUX cucTeM y OJIu-
KHBOMY CJTiT (POPMYIOTHCS MITUILKOIIOIIOH] BHU-
XopH, fKi € XapaKTePHUMU JJIsI IPUMEYKOBUX IT1a-
PiB, HI2KKI SIKUX 3HAXO/IATHCS yCEPE/INHI JIyHKU.
Ilix wac BUTATYyBaHHS MIUILKOMOMIOHNX BUXO-
piB IXHI HI2KKM PO3PUBAIOTHCS, OIIBINOI0 J9aCTU-
HOIO ACHUMETPUYHO, CTBOPIOIOYN BUKUIHU 033y
JIYHKH, & YACTUHKY Hi?KOK, IT[0 3aJIUIIIJIACS yCe-
peauHi JTyHKH, (HPOPMYIOTHCSI Y HOBI apKOMO/Ti-
6Hi Buxopu. Bukua BesmkoMacmrabHUX BUXPO-
BUX CHCTEM HAa30BHI 13 JIyHKH CIOCTepPIiraeTbcs
MepioUYHO, a TOYHIIIE KBA3UIEPIOIUIHO 3 Ya-
crororo St 0.05, a BUXpPOBHUX CTPYKTYP 3CYBHO-
ro mapy — 3 yacrororw St 0.4. ITix gac ¢popmy-
BaHHsI KOT€PEHTHUX BEJIMKOMACIITAOHUX BUXPO-
BUX CTPYKTYD yCepeJWHi JIYHKH 1 B mporieci iX
BUKU/ly HA30BHI i3 3aryinOIeH s, YCepeHi JIyH-
KU CIIOCTEPITal0ThCsd IHTEHCUBHI HU3bKOYACTOTHI
OCIIJIATIT TTOTOKY, a TAaKOXK TeHeparlis apibHo-
MacIITabHUX BUXOPIB 1 X XaOTHUIHUN BUKHUJ Ha-
30BHI i3 3arymbseHHst. Bukuan BUXpoBUX cucTeM
033y OBaJIbHOI JIYHKH Ha BiIJAJIEHHI HOPAIKY
TPBOX 11 JllaMeTpiB JIOCATAIOTH Maii?Ke JIBOX TOB-
IMWH ITPUMEYXKOBOI'O IIapy 1 BiJICTaHb MiXK JIBO-
Ma BUKUHYTHAMH BUXPOBUMHU CACTEMaMU CKJIA/IA€
6IM3BKO IBOX JIaMeTPiB JIYHKH.

. Becranonseno, 1o i1t po3BUHYTOI Ty POYIEHTHOT
reuil, ko Re, = 4 -10° i Regq = 2 - 10%,
yCepeInHI TOMEePEeIHO OOTIYHOT OBAJIBHOL JIyHKH
crocTepiraerbest GOpMyBaHHST BEPETEHOIIO TIOHO-
0 BUXODY, SIKAU 3AIOBHIOE TPUIOHHY YACTUHY
JIYHKU 1 IIPUTUCKAETHCS JI0 IEPEHBOI BiJIPUBHOT
CTiHKM 3arynOsieHHsI. |HTEeHCHBHUX BUKU/IIB Be-
JIMKOMACIITaAOHNX BUXPOBUX CTPYKTYP i3 SAKOI-
HEOyIb OKpEeMOl 00J/1acTi OBAJIBHOTO 3arTuOJIeH-
HS He CIIOCTEpIraeTbesi. B3M0BXK IUIIHAPUIHOL
YaCTUHU JIYHKU Ma€ MiClle XaOTHYHE BUKUIAHHS
JpiOHOMACIIITAOHUX BUXPOBUX CTPYKTYP 3a Me-
2K1 JIYHKU y BUTJISLJII BUXPOBOI II€JIEHNU, sIKa, 3Tiii-
CHIOE BIJITHOCHO BHCOKOYACTOTHI KOJIMBAHHS 3 Ua-

crororo St=(0.4...0.5).

1. Topreimos FO. @., Ilomos U. A., Onmumnues B. B.,

IMleruarxoB A. B., Kacbkos C. U. Tertoruapasiaude-
ckast 9(pHEKTUBHOCTb MEPCIEKTUBHBIX CIIOCOOOB WH-
TEeHCU(DUKAIMHT TEILJIOOTIAYNA B KaHAJIaX TEIJI00OMEH-
Horo obopynoBanus.— Kazanb: IleHTp mMHHOBaIMOH-
HBIX Texuosoruit, 2009.— 532 c.

. Hcaes C. A., JleoarbeB A. U., Kopres H. B. Yucen-
HOE MOJEJMPOBAHUE CMEPUYEBOrO TEIJIO00MEHa TPU

B. A. Bockobiiinuk

10.

11.

12.

13.

14.

15.

16.

obTeKaHUH HOBerHOCTeﬁ C JIYHKaMUu (COCTOHHI/IG n

nepcuexrussl) // VI munckuit mexz. dbopyM 1o te-
mooomeny, MM® 2008.— Munck, Benapycb.— 2008.—
C. 1-9.

XamaroB A. A. TennoobMeH U TUAPOIMHAMHIKA OKOJIO
[IOBEPXHOCTHBIX yriryOsenuii (yiynok).— Kues: U'TT®
HAHY, 2005.— 76 c.

I'puruenko B. T., Bopomaes I. A., Hcaes C. A,
Bockoboriiuuk B. A., Bockoboiinuk A. A., Bocko-
6oiinuk A. B. YupasjeHue JaMUHAPHBIM TTOPAHU-
YHBIM CJIOEM BHUXPSIMHU, F€HEPUPYEMBIMH OBAJIbHOI
ayukoit // Bicuuk Hdonenpkoro Yuisepcurery, Cep.
A: Ilpupopunyi nayku.— 2009.— Bum. 1.— C. 191-198.

Hcaes C. A., JleourbeB A. U., Kukuanze I'. 1. Cpas-
HUTEJIBHBIN aHAJIN3 BUXPEBOI'O TEILJIOOOMEHA IIPU Ty P-
OyseHTHOM OOTeKaHuu CHEPUIECKOl JIYHKH U [BY-
MepHO TpaHIlen Ha IUIOCKoil crenke // MDXK.—
2005.— 78, Ne 4.- C. 117-128.

Isaev S., Voropaiev G., Grinchenko V., Sudakov A.,
Voskoboinick V., Rozumnyuk N. Drag reduction
of lifting surfaces at the use of oval dimples as
vortex generators // Abstract of the European Drag
Reduction and Flow Control Meeting "EDRFCM
%)0170"2—4 September, 2010.— Kyiv, Ukraine.— 2010.—
. 7-8.

Isaev S. A., Kornev N. V., Leontiev A. I., Hassel E.
Influence of the Reynolds number and the spheri-
cal dimple depth on turbulent heat transfer and
hydraulic loss in a narrow channel // Int. J. Heat
Mass Transfer.— 2010.— 53.— P. 178-197.

Xamaros A. A., Kosaserko I'. B., Tepexos B. U. Pe-
JKAMBI TEUYEHUS B €UHUIHOM yTJIyOJIEHUN, UMEIOIIEM
dopmy cepudeckoro cermenta // VI MuHCKMiT Me-
K. dopym no rtermmoodbmerny, MM® 2008.— MuHck,
Benapycs.— 2008.— C. 1-10.

Kurnanze I U., Tlageunnagze W. A., Oureiian-
koB B. I'., I'opogkos A. FO. Camoopranusanusi cMep-
4e0bpa3HBIX CTPYH B MOTOKAX CIJIONIHON CPe/Ibl U Te-
XHOJIOTUH, COIIPOBOXKIAoIue 310 sisjenue // Temwro-
MacCOOOMEH U MUJIPOJUHAMUKA B 3aKPYIEHHBIX [TOTO-
Kax : Tperbst mex1. Koud.— Mocksa, Poccus.— 2008.—
C. 1-3.

Voropayev — G. A, Voskoboinick V. A,
Rozumnyuk N. V., Voskoboinick A. V. Vortica
flow features in a hemispherical cavity on a flat plate

/ Turbulence and Shear Flow Phenomena, TSFP -
6 : VI-th Intern. Sympos., June 22-24, 2009: Papers.—
Seoul, Korea.— 2009.— P. 563-568.

Sarohia V. Experimental investigations of oscillations
in flows over shallow cavities // AIAA J.— 1977.—
15— P. 984-991.

Rockwell D., Naudascher E. Review - self-sustaining
oscillations of flow past cavities // J. Fluids
Engineering.— 1978.— 100, Ne 2.— P. 152-165.

Dix R. E., Bauer R. C. Experimental and predicted
acoustic amplitudes in a rectangular cavity // ATAA
Pap.— 2000.— Ne 472.—- P. 1-18.

Suponitsky V., Avital E., Gaster M. On three-
dimensionality and control of incompressible cavity
flow // Phys. Fluids.— 2005.— 17, Ne 10.— P. 104103—
1-19.

Colonius T. An overview of simulations, modelling,
and active control of flow/acoustic resonance in open
cavities // AIAA Pap.— 2001.— Ne 76.— P. 1-12.

Gharib M., Roshko A. The effect of flow oscillati-
ons on cavity drag // J. Fluid Mech.— 1987.— 177.—
P. 501-530.

45



ISSN 1561 -9087 Ilpuknagsa rinpomexanika. 2012. Tom 14, N 4. C. 37—46

17.

18.

19.

20.

21.

22.

23.

24.

25.

46

Rowley C. W., Colonius T., Basu A. J. On self-
sustained oscillations in two-dimensional compressi-
ble flow over rectangular cavities // J. Fluid Mech.—
2002.— 455.— P. 315-346.

Rizzetta D. P., Visbal M. R. Large-eddy simulation
of supersonic cavity flows including flow control //
ATAA J.—2003.— 41, Ne 8.— P. 1452-1462.

Bres G. A., Colonius T. Direct numerical simulati-
ons of three-dimensional cavity flows // ATAA Pap.—
2007.— Ne 3405.— P. 1-16.

Shieh C. M., Morris P. J. Parallel computational
aeroacoustic simulation of turbulent subsonic cavity
flow // AIAA Pap.— 2000.— Ne 1914.— P. 1-12.

Rockwell D., Knisely C. Observations of the three-
dimensional nature of unstable flow past a cavity //
Phys. Fluids.— 1980.— 23, Ne 3.— P. 425-431.

Samimy M., Debiasi M., Caraballo E., Serrani A.,
Yuan X., Little J., Myatt J. H. Reduced-order model-
based feedback control of subsonic cavity flows -

An experimental approach // Active Flow Control,
NNFM.- 2007.— 95.— P. 211-229.

Maull D. J., East L. F. Three-dimensional flow in
cavities // J. Fluid Mech.— 1963.— 16.— P. 620-632.

Larcheveque L., Sagaut P., Labbe O. Large-eddy
simulation of a subsonic cavity flow including
asymmetric three-dimensional effects // J. Fluid
Mech.— 2007.—- 577.— P. 105-126.

Bopomaes I. A., Bockoboiinuk A. B., Bockoboii-
HuK B. A., Hcaes C. A. Busyanusainusi JaMAHAPHO-
ro obTekaHusi oBaJbHOro yruryGsienust // Ilpuknanna
rinpomexanika.— 2009.— 11, Ne 4.— C. 31-46.

26.

27.

28.

29.

30.

31.

32.

Bockobiitnuk B. A., Bockob6iiinuk A. B. Ctpyk-
Typa Tedil Ta IyJbcalil TUCKY ycepequHi OBaJIbHOL
ayukn // Haykoemni texmosorili.— 2012.— 13, Ne 1.—
C. 12-18.

Faure T. M., Adrianos P., Lusseyran F., Pastur L.
Visualizations of the flow inside an open cavity at

medium range Reynolds numbers // Exp. Fluids.—
2007.— 42.— P. 169-184.

He L., YiS. H., Zhao Y. X. Visualization of coherent
structures in a supersonic flat-plate boundary layer
// Chinese Sci. Bull.— 2011.— 56, Ne 6.— P. 489-494.

Bopomaes I. A., Bockoboiinuk B. A., Bockoboii-
auk A. B. Tenepanusi 1ceBIO3BYKOBBIX ILyJIbCAIUI
[IpU JIAMWHAPHOM OOTEKaHHM OBAJIBHOI JIyHKH
Konconanc 2009 : akycTraHMil cUMIIO3iyM : 36ipHUK
nparp.— Kuis: [I'M HAHY.— 2009.— C. 337-342.

Bockoboriauk A. A., Bockoboiiauk A. B., Bockobori-
HuK B. A. XapaKTepucTuKy IIyJbCalyil IICeBI03BY-
KOBOI'O JaBJIEHUsI B JIyHKe IPU MaJIbIX 4HCIax Peii-
Honbaca // Axycruanmit Bicuuk.— 2009.— 12, Ne 4.—
C. 10-22.

Bockoboiiauk B. A. Ilyabcamuu IpuCTEHOYHOTO JaB-
JIEHUsI B HU3KOCKOPOCTHOM IIOTOKE BOJIM3M OBaJIbHO-
ro yriybsennst // Axycruunnii Bicank.— 2009.— 12,
Ne 2.— C. 3-15.

Bockoboiinuk A. B., Bockoboiinuk B. A. Nurerpann-
Hble XapaKTEPUCTUKU TOIPAHUYHOIO CJIOSI HaJI IJIa-
CTHHOH C NOJYIUJIMHIAPUYICCKUM yriybnenmem //
IIpobsembr marmuaocrpoenust.— 2009.— 12, Ne 3.—
C. 39-46.

B. A. Bockobiiinuk



