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0cobsInBOCTI BUSHAYEHHA OCHOBHUX NMAPAMETPIB
XBUNIACTOIo CTPUBKA

B cTaTTi po3rnapalTbcsa 0c06MBOCTIi BUSHAYEHHSA NapaMeTpiB XBUAAC-
TOro cTpMbKa, A0 AKMX MOXXHA BiAHECTU CNPsXKEHi rMMOMHN Ta MaKcu-
ManbHy rnubuHy. HaBoaaTbCA OCHOBHI KN1aCMYHI 3aN1€XHOCTi ANns BU-
3HaYeHHA BKa3aHWX NapaMeTpiB, @ TAKOXK 3aJIeXKHOCTI, |0 BPaX0oBYHOTb
HerigpocTaTUKy Ta BTPaTU eHeprii B No4aTKoOBOMY nepepisi asuwa. [la-
€TbCA CNIBCTaB/IEHHSA NapaMeTpiB XBUASACTOro cTpubKa, oTpuMaHuXx 3a
TEOpPeTUYHUMMU 3aJIEKHOCTAMM, 3 eKCMEPUMEHTAJIbHUMU AAHUMM.
Knrwo4oBi cnoBa: BTpatu eHeprii, MAaKCMManbHa rnubuHa, HerigpoctaTu-
YHiCTb, NOYAaTKOBMUM Nepepis, cCNpsXXeHi rMU6UHU, XBUNACTUN CTPUOOK.

Beryn. [ig 4ac ekcnnyaTauil pi3HMX FiAPOTEXHIYHUX Ta rigpo-
€HEepPreTMYHNX CNOPYA AOCUTb YacTO BUHUKAE SABULLE XBUISICTOrO CTPMO-
Ka. XBUNSICTUIM CTPUOOK — Lie OAWH i3 BUAIB rigpaBniyHoOro ctpnbka, akum
Mae xBunenogibHy ¢opMy BiNbHOT NOBEPXHi 3 MOCTYMNOBMM 3aTyXaHHAM
XBWJ1b MO AOBXMWHI, WO PO3NOBCIOOXKYOTLCS HA BEJINKI BigCTaHi. XBunac-
TUWN CTPMBOOK OOCUTb YAacTO BMHWKAE B BOAOMOCTA4YasbHMX Ta 3poLlyBa-
NIbHUX KaHanax, ectyapiax nig 4yac npunaueiB Ta BiQ/MBIB, HA OiNAHKAX
PiYOK, 0 BUHWKAKTb CUNbHI Tedil, Npy BUTIKaHHI 3-Nig 3aTBOPaA, B HUXK-
HbOMYy 6'edi HM3bKOHaNipHMX crnopyAd, Ha 6eperoBux BOAOCKMAAX Ta B
iHWKX Bunagkax [1-3].

[lo OCHOBHMX MapaMeTpiB XBUNACTOro CTpUbBKa MOXHa BigHeCTH
CMPSXKeHi FMMBNHM Ta MaKCUManbHY rMNOUHY.

Mepwa cnpshkeHa rMMbMHa BUMIPIOETLCA Y NOYATKOBOMY nepepisi
po3rnsAyBaHoOro siBMWa. 3a MOYATKOBUM MNepepi3 NPUMMAETbCA TaKumn
nepepis, nNicna SKOro BifibHA NOBEPXHA BOAW MOYMHAE Pi3KO 3pOoCTaTw
(puc. 1) [4]. OgHMM 3 roNOBHUX NapaMeTpiB, WO BU3HAYaE YMOBU GOpMYy-
BaHHS XBUNACTOro CTPMOKa, € Yyncno ®pyna B N04aTKOBOMY Nepepisi

Fr, = 7_, (1)
ghf
Ae g — nuToMa BWTpaTa MOTOKY, g — NMPUCKOPEHHS BiNIbHOrO MafiHHS,
hi — nepwa cnpsa)eHa ranbuHa.
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Puc. 1. Cxema xBunsictoro cTpnbka

Yucno Ppyna BKasye Ha 0COBNBOCTI BUKOPMUCTAHHSA 3as1eXHOCTEN
AN9 BM3HAYeHHA napaMeTpiB xBunacTtoro ctpubka [5]. Konu uncno ®py-
na Fr; =1,0...1,80, HeobxigHO BpaxoByBaTK HErigpoCTaTUYHMN PO3MoAin
TUCKY B NOYATKOBOMY Mnepepisi XBUNACToro cTpubka, a npu Yncnax Ppy-
na Fri 21,80 — BTpaTyh eHeprii B XBUNACTOMY CTPUOKY.

Opyra cnpshkeHa rnmbuHa 3HaxoauTbCSA B TOYLiI 3MiHU KPUBU3HU
NMOTOKY, Aie PO3NoAin TUCKY BiABYBa€TbCsA 3a rigpocTaTUYHMM 33aKOHOM
(puc. 1). EkcnepMMeHTanbHO Ua rMMBUHA 3HAaX0OAUTLCS B TOYKAX NepeTu-
HY KPMBOI BiJIbHOT MOBEPXHi 3 N'€30MeTPUYHO NiHien. KnacuyHoto dop-
MYJI0H0 011 BU3HAYEHHS Uiel rMnbuHu € popmyna benaHxke

7, =22 =;(\m—l). (2)

®opmyna (2) 3acTOCOBYETLCA ANA BM3HAYEHHS OPYroi CNpsXKeHoi
rMMOUHM KNAacMYHOro rigpaBriiyHoOro cTpubka, NMpoTe BOHAa He 3aBXAau
edPeKTUBHa AN BU3HAYEHHA FNMOBWHM XBUASICTOrO CTpMbKa, 0cobaMBO
npu uncnax ®pypa Fri > 1,0.

[na BM3HAYEHHA OPYroi CNpsXXeHol rMNBMHN XBUNACTOro CTpubKa
AOUiNbHO BUKopucToByBaTu popmyny PsabeHKa, o BpaxoBYe Herigpoc-
TaTUKYy B NOYaTKOBOMY nepepisi [4]:

7, :lﬂ/tlJr2Fr1 cosd % — L arceos 33anfr_ . (3)
3 330l +2mn)
ae t — KoedilieHT riapoanHaMivyHoro TUcKy [4], ao, — KoedilieHT KinbKoc-
Ti pyxy, skmn npunMaetbca piBHuM 1,0 — npwm umcnax ®Ppypa Fri =
1,0...1,80, 1,05 — npu uncnax ®pyna Fri = 1,80 [4].
CniBcTaBNeHHS TEOPETUMYHUX Pe3yNbTaTiB, OTPMMAHUX 3a 3anex-
HoctamMu (2) Ta (3) 3 exkcnepuMeHTanbHMMW OAHUMW, HaBeAEHO Ha
puc. 2.
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Yucno OpyaaFr,

Puc. 2. CniBcTaBneHHs 3HayYeHb APYroi CNPSAXKeHOo! rMnbuHN, oTpUMaHunx 3a Te-

OPEeTUYHMMM 3aNIeXHOCTAMM 3 eKCcrepuMeHTanbHUMu gaHumm (Fri=1,18-1,86 —

eKkcnepuMeHTanbHi aaHi 0.A. Pa6enka [4], Fri=1,97-2,49 — ekcnepyMeHTanbHi
faHi X. Wancona [1], Fri=2,67-3,38 — ekcnepuMeHTanbHi AaHi aBTopa)

3 puc. 2 BugHo, wo npu yncnax ®pyapa Fri<1,80 gna oTpuMaHHs
OOCTOBIpPHUX pe3ynbTaTiB APYrol CAPsXXeHol IMNOMHKU CNif BUKOPUCTOBY-
BaTW 3anexHicTb (3). [laHa 3aneXKHiCTb BPaxoBY€E HerigpocTaTUYHUA po-
3n04in TUCKY B MOYATKOBOMY Nepepi3i Ta Aae xopowwy 30iKHICTb 3 ekcne-
puMeHTanbHUMKU gaHumn. Mpu uncnax ®pyapa Fri=1,80 3anexHocTi (2) Ta
(3) matoTb 6/1M3bKi 3HAYEHHSA [0 eKCNEPUMEHTAIbHUX AaHUX.

MakcuManbHa rnmbuHa, Lo CnocTepiraeTbCa HanyacTiwe nig nep-
IO BepLUMHO XBUAACToro ctpmbka (puc. 1), Moxe Habarato nepesu-
LLyBaTWU ycepeaHeHy BUCOTY BCiX HAaCTYMHUX XBWb. TOMy came usa rnu-
O6uHa BM3HA4aE BiAMITKM Bepxa 6oKkoBUX AaMb KaHaniB, HU3a NPOFiHHUX
6anoK MOCTIB, BUCOTY 3aKpUTUX Be3HanipHMX BOAOBOAIB, TOLLO.

KnacuuyHolo 3anexHicTio AN BU3HAYEHHS MAaKCUManbHOI rnMbuHn
€ popmyna Paccena, sika He 3aBXAWN € eDEKTMBHOK ANA BU3HAYEHHS
MAKCUManbHOI FMBUHN XBUNSAICTOr0 CTPMOKA Yepe3 HeBPaXyBaHHSA Heri-
APOCTAaTUYHOrO PO3MOAiINYy TUCKY B NOYATKOBOMY nepepisi sBuwa npu
yncnax ®pypa pisHnx Fry <1,80:

Mo =hm%“"=Fr . (4)
h, ‘

[na BpaxyBaHHS HErigpocTaTUYHOrO0 PO3MNOAINY TUCKY B MOYATKO-
BOMY Mnepepisi XBUNACTOro cTpubKa Npy BM3HAYEHHI MOr0 MaKCMManbHOI
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M= Z;[a +Fry W(ﬁ + Fr2f —4F7 } (5)
1

TeopeTnyHi pocnigXXeHHs MaKCUManbHOI FAUOUMHU XBUASICTOrO
cTpmnbKa npu yncnax ®pypa Fri=1,80 nokasanu, wo B No4aTKOBOMY ne-
pepi3i po3nogin TUCKY BiabyBa€eTbCA 3a MigpoCTaTUMHUM 3aKOHOM i [aHi,
oTpuMaHi 3a ¢opmynoto (4) Ta (5), cnienapatoTb Mix coboto, npoTe € 3a-
BULLEHNUMMU BiAHOCHO EKCNEPUMEHTAJSIbHUX 3HaYeHb rMMbuHu (puc. 3).
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Yucno dpyaaFr,

Puc. 3. CniBcTaBneHHs1 3Ha4eHb MaKCUManbHOI FMBUHN, OTPMMAHNX 3a Teope-
TUYHUMMW 3aNEKHOCTAMM 3 eKCrepuMeHTanbHUMKM aanmmm (Fr1=1,18-1,86 — ek-
cnepumeHTanbHi aaHi 0.A. Pabenka [4], Fr1=1,97-2,49 — ekcnepuMeHTasnbHi
naHi X. Wawncona [1], Fr1=2,67-3,38 — ekcnepuMeHTasnbHi AaHi astopa)

Akwo umncno ®Ppypa Fri=1,80, To HeobxigHO BpaxoByBaTu BTpaTu
eHepril B XBUNSAACTOMY CTPMOKY, @ MaKCMManbHy rMmMbuHy MOXKHA BU3Ha-
YMTU 33 3aNeXHIcTH (6)

2
=Bty E B )
3{Uh hy hoh h

e E _ NMUTOMa eHepris B MOYaTKOBOMY nepepisi, Z — BTpPaTuK eHeprii B
1 1

XBUNACTOMY CTpUOKY [6]. [laHi napaMeTpu BU3HA4YaTLCA 3a 3aNIeXKHOC-

Tamu (7) Ta (8) BignosigHo:
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1
h Fr, a
v g g 2%, (8)
hl ﬂl 772 2 { 7722}

[1 — KoediUieHT NoTeHUianbHOI eHepril B NO4aTKOBOMY nepepi3i XBunsc-
TOro cTpMbKa, o, — KoediliEHT KIHETUYHOT eHepril.

3 pucyHka 3 BUAHO, WO Npu HeBenuknx yncnax ®pypa, cnig spa-
XOBYBATM HErigpoCcTaTUYHMIN PO3MO0Ain TUCKY B MOYATKOBOMY nepepisi Ta
BMKOPUCTOBYBATW 3anexHicTb (5). 3i 36inbweHHaM yucna Opyna, Bnaus
HerigpocTaTUYHOCTI 3MeHWYyeTbCA, a dopMmynun (4) Ta (5) € 6AU3bKMMYK
Mi>k cobol Ta [0 eKcnepuMMeHTanbHUX AaHuXx. [pu BenMKUX 4ymcnax
®pyna 3anexHocTi (4) Ta (5) paoTb 3aBMLIEHI pe3ynbTaTh, TOMY Chif, BU-
KopuctoByBaTtu ¢popmyny (7).

BucHoBkHM

1. Mpn poboTi pi3HUX FigpOEHEepPreTUYHMX Ta FiAPOTEXHIYHMX CMo-
PYA iCHYE iIMOBIPHICTb YTBOPEHHS XBUISAICTOr0 CTPUOKA.

2. Mpw yncnax ®pypa Fri=1,0-1,80 HeobxigHO BpaxoByBaTW Herig-
POCTATUYHICTb B MOYATKOBOMY Mepepi3 sBMLLA Ta BUKOPUCTOBYBATU do-
pmynu (3) i (5) ana BU3HAYEHHS NOrO OCHOBHUX FNOUH.

3. Mpwu uncnax Ppypa Fri=1,80 cnig BpaxoByBaTy BTpaTK eHeprii B
XBUNACTOMY CTpMBKY Ta BUKopuctoByBaTu dopmynu (3) ta (6) onsa su-
3HAYEeHHS OCHOBHUX MNOGUH XBUNACTOro CTpUbKa.
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PARTICULARITIES OF UNDULAR JUMP MAIN PARAMETERS
DETERMINING

During operating of different hydrotechnical and hydropower
constructions, very often the phenomenon of undular hydraulic jump
can occur. The main parameters of this phenomenon should be taken
into account during designing, operating and reconstruction of
mentioned constructions. The article considers the particularities of
determination of the main parameters of undular jump, i.e. first and
second conjugated depths and maximum depth. The first conjugated
depth can be measured at the initial cross-section of considered
phenomenon, that is cross-section where the free-surface flow stars
arise sharply. The first conjugated depth influences on value of
Froude number, which is one of the important flow characteristics and
determines the conditions of undular jump formation. The second
conjugated depth can be measured at the point of flow curvature
change, moreover at this point the pressure distributes according to
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hydrostatic low. This depth also characterizes the average flow depth
in the tail water. The maximum depth can be measured under first or
second wave crests of undular jump and the value of height of this
wave can exceed the average height of other waves. This depth
determines the level of upper part of side canals dikes, the level of
lower part of bridge beams, the height of free-flow tunnels, waterway
etc. The article gives general classic equations for determining the
mentioned parameters, furthermore equations that take into account
the non-hydrostatic pressure distribution and energy losses at the
initial cross-section of phenomenon. The aim of the article is to make
the comparison between data of main parameters of undular jump,
that were received by theoretical equations, with experimental data.
In consequence of compering of undular jump parameters the
recommendations of usage of considered formulas depending on
Froude number at the initial cross-section of undular jump are given.
When Froude number is Fr,=1,0-1,80 it is needed to take into account
non-hydrostatics at the initial cross-section and when Froude number
is Fr.21,80 it is needed to take into account the energy losses in
undular jump.

Keywords: energy losses, the maximum depth, non-hydrostatics,
initial section, conjugated depths, undular jump.
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OCOBEHHOCTU OMNPEAEJNIEHUA OCHOBHbIX MAPAMETPOB
BOJIHUCTOIO MPbIXXKA

B cTraTbe paccMaTpUuBaloTCA ocob6eHHOCTH onpeaeneHnsa napaMeTpoB
BOJIHUCTOIO NPbDKKA, K KOTOPbIM OTHOCAT CONpPsiXKeHHble I'J1Y6VIHbI n
MaKCUMaJibHaA. anBOAMTbCH OCHOBHbI@ KNnaCcCUu4YeCKune 3aBUCMMOCTH
ansga onpenesieHUs yKa3aHHbIX NapaMeTpoB, a TaK)Xe 3aBUCUMOCTHU, KO-
TOpPbI€ YYUTbIBAKT HErMapoCcTaTU4YHOCTbL U NOTEpPU 3Heprun B Havasnb-
HOM CeYeHUU ABJIeHUA. anBOAMTbCH conocTtaBJieHUA NnapaMeTpoB BO-
JIHUCTOrO NPbbhKKa, NOJIY4eHHbIX 3a TeoOpeTU4eCKUMnN 3aBUCUMOCTAMM,
C 3KCNepuMeHTaJibHbiIMU AAHHbIMMU.

KnrueBble cnoBa: noTepu 3Heprum, MaKCuMmasJsibHas I'J1Y6VIH8,
HermppoCcTtaTu4yHoCTb, Ha4daJZibHOe CceYeHue, ConpsiXxXxeHHble I'HY6VIHbI,
BOJIHUCTbIN MPbDKOK.
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