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MOIEIMPOBAHUE JIBUKEHUA KABEPH, IIPUBOJALINX
K OYJIbCAIMU ITOTOKA

becumos V. H., Xyoaiikynoe C.H., Axwmubaee /I.C.

I'uapoTexHUK Ty3uaMa XaB(CH3IMKKA acoCHM XaéTuil TaxauanapiaaH Oupu
KaBUTAIMsl Ba OKUM MyJICAllAsJIAaHAIIN XUCOOmaHaau. Acocuii Macaiajaapaan Oupu
TUAPABINK TYy3WJIMaJapHU YyJIapHUHT TeOpaHWll XaB(puaaH, SbHA OKUMHHU
nyJcalMsIaHuIl Ba KaBUTAIMSAAAH XUMOs KWAIIUP. OKUMHUHT KaBUTAIMAICH —
Oy FropnapHUHr maiao Oynumu OYnud, OyTyH OKMM YYyH XaKUKWHA XaB(
TyFaupaad. Ymly Makojiajja KaBWTalMsra aiinaHaJurad FOPJIAPHUHT KEIHO
YUKWAIIY Ba [AKIJIQHWIIA YpraHuiaad. XakuKuid oKumiiapia sSxXiii MabiyMKH,
PUBOKJIAaHTAH OYIUITMKHUHT CHUPTH CYIOKJIMKHUHT OFWPIUTH, FOpAa KyTapwuii
KyYMHUHT  MaBKy[UIUTH, FOP Ba JOyMajioK IHMAKJIMHUHT  (DapKIaHWIIN,
UHTEPPEHCIAPHUHT MaBKYIJIUTH, Kamwuiap KyWIapHUHT TabCUPH, Fopiap
arpopuaard OKMMJIADHUHT MAaxXCyC XOJ/ulapu Ba OOIKa I[IApOUTIap TabCUPH
Tyaitnu Oy3uianu.

Taanu ubopanap: KuHeMaTuK XoJar, AMHAMUK Xojar, OYIuiK, nedopmarus,
0ocHM TacaluiIM, XapakariaHyBYM TU3MMHUHI MapkKa3u, HO3WMK Y3YHJIMKIIAP,
KBAJIPaTUK SIKUHJIUKIIAP, KOJJIEKTOP, MaHOa, MHEKTOP, Ty3 CYBHHHUHI TapKAJIMIIIN,
KOMITOHEHTJIAp, CYB UQIIocIaHuIu, 1uddy3us, aHamuTuK Gopmysanap.

In hydraulic structures, one of the main real threats to safety is cavitation and
flow pulsation. One of the main issues is the preservation of hydraulic structures
from the threat of vibration of hydraulic structures, the appearance of which is flow
pulsations and cavitation. Cavitation of the flow occurs the emergence of caverns
and 1s a real threat to the entire flow. In this article discussed the origin and
formation of cavities growing into cavitation. As is well known in real currents, the
surface of a developed cavity is deformed due to the action of such factors as fluid
weight, the presence of lifting force on the cavitator, the difference between the
shape of the cavitator and the circular, the presence of interfaces, the effect of
capillary forces, special cases of flow around the cavitator and other conditions.
There 1s a fairly wide class of axisymmetric and close flows, which can be studied
theoretically quite fully using the methods of hydrodynamic features and integral
equations, the methods of the theory of small perturbations and the fundamentals
of hydrodynamics of thin bodies. Such, for example, are developed cavitation
flows of ideal weightless and significant liquids arising behind cavity-forming
bodies, the breakdown sections of which are circular or close to circular. When
considering these problems, one can obtain sufficiently reliable theoretical results
that allow one to more fully reveal the laws of behavior of the free boundaries of
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flows. From observations and numerical experiments, it is known that, under the
influence of various perturbing factors, the initially axisymmetric cavity is
flattened, and its cross sections become oval-shaped.

Keywords: Kinematic condition, dynamic condition, cavity, deformation,
pressure drop, center of the moving system, thin elongated cavities, quadratic
approximations.

B ruaporexHUYeCKUX COOPYKEHMSIX OJHUM W3 OCHOBHBIX PEATBHBIX YIpo3
0€30MacCHOCTH SIBIIICTCS KaBUTALMS W IMyJbcalusi noToka. OJHUM M3 OCHOBHBIX
BOMPOCOB SIBIIICTCA COXPAHCHUS THIPOTEXHUYECKUX COOPYKECHHH OT yrpo3
BUOpALMKU TUAPOCOOPYKEHUH, TIOSBICHUS KOTOPBIH SIBIISIETCS MyJbCALUN OTOKA U
KaBuTaWs. KaBuTanusi moToka MPOMCXOAUTHh W3- MOSBICHUS KAaBEPH W SIBIISCTCS
pealibHOM yrpo30# BCEro motoka. JlaHHOM CTarbe paccMarpuBacTCs 3apOKACHUS U
(opMUPOBAHUS KABEPH MEPEPACTAOLIEH B KaBATALMIO. Kak U3BECTHO B PEAJIBHBIX
TEUYCHUSX TOBEPXHOCTh PA3BUTOIN KaBEPHBI 1€ (POPMUPYETCS M3-3a ACHCTBHS TAKUX
(haKkTOpPOB, KaK BECOMOCTb KUAKOCTH, HAUTMUYME MOABEMHON CHIIBI HA KaBUTAaTOPE,
omnure (POpPMBI KaBUTATOpa OT KPYrOBOW, HATMYME TPAHUL] pa3fcia, BIUSHUE
KanWJUIPHBIX CHJI, 0COOBIE ClTydan OOTEKAaHUSI KABUTATOPA U APYTUE Y CIOBHSI.

Knruegvle cnoea: KUHEMATHYECKOE YCIIOBUE, IUHAMMYECKOE YCIOBHE,
KaBepHa, nedopmanus, nepenaj AaBacHUs, HEHTP TOABMKHON CHUCTEMBI, TOHKHE
BBITSHYTHIC KABEPHBI, KBAJPAaTUYHbIE MNPUOIMKCHUS, KOJJIEKTOP, HCTOYHUK,
WHXXEKTOP, Auddy3us coneHoW Boabl, AUPPy3uss B KAAKOCTh, KOMIIOHEHT,
3arps3HeHUs BoI, AM(y3ust, aHanuTHIeCcKas (popMyJia.

I BBEAEHHUE

Cy11ecTBYET JOBOJIBHO IIHPOKMH KJTACC OCECUMMETPUYHBIX M OTM3KUX K HUM
TEYCHHWI, KOTOPHIE JOCTATOYHO TIOJTHO MOXKHO HCCIIEAOBATh TEOPETHUYECKH,
MPUMEHSIST METOAbl THAPOAMHAMUYECKMX OCOOCHHOCTEH M MHTErpaJIbHBIX
ypPaBHEHMI, METOJbI TCOPUM MAaJIbIX BO3MYILIEHWH M OCHOBBI T'WJPOJUHAMHUKH
TOHKMX Tell. TakuMu SIBISIOTCS, HalPUMEP, Pa3BUTHIC KABUTAIMOHHBIC TCUCHUS
UICAJILHOM  HEBECOMOM M BECOMOM  JKMIKOCTCH,  BO3HHUKAIOIIME  3a
KaBEpHOOOPA3yIOIIUMHM TEJIaMHU, CEYCHHS CpbhiBA Yy KOTOPHIX KPYIOBBIE HWIIU
Onu3khe K KpyroBbiM. [IpH paccMOTpeHMM STHX 33Ja4 MOKHO IIOJyYUTh
JIOCTAaTOYHO HAACKHBbIE TEOPETUUECKUE PE3YJIBTaThl, MO3BOJIsIOIIME OoJiee MOIHO
BBISIBUTH 3aKOHOMEPHOCTH MOBEACHHUS CBOOOIHBIX TPAHUILl TCUCHHH.

I OCHOBHAA YACTD

B peanbHBIX TEUECHUSAX MOBEPXHOCTH PA3BUTOMN KaBEPHBI Ae(OPMUPYETCS H3-
3a JCWCTBHSA TakuX (PAKTOPOB, KAK BECOMOCTH KUIKOCTH, HAIMYME MOIBEMHOMN
CWJIbI HA KaBUTATOPE, OTIIMUYKME (POPMBI KABUTATOPA OT KPYTrOBOM, HAJTMUKE TPAHMUI]
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pasaena, BAVsSIHWME KanunnspHbIX Cui, 0Cobble CNyYan 06TeKaHMs KaBuTaTopa u ap.
Mpn Ma/bIX YMcnax KaBMTaLMM TOHKAas KaBepHa, CO3[aHHas MpPOW3BO/IbHO
OPVEHTVMPOBaHHbIM  OTHOCMTENbHO  CKopocTM  VI*  kaBuTaTopoMm,  Gyaet

HECVMMETPUYHOM, AN MOTeHLMana BO3MYLLEHHbIX CKOpocTeli (0 3Toro TeueHwms
MOXHO MCMO0/b30BaTb aCUMMTOTUYECKOE BbipaxeHune [3,6]
an a . A
h=bo +a Inr+¥* —cosnQ | 1 sin N0 (1)
o=l Vr r 7
Kaxgoe cnaraemoe 3TOr0 BbIpaXeHWS ABMSAETCA 4YaCTHbIM  PeLLeHMEM

[BYXMEPHOro ypaBHeHUs Slannaca B NI0CKOCTU X = const KoapuumeHTbl an u

PN genatotes dyHkumsMu X Mt 1M MOTYT GbiTb ONpPeAeneHbl M3 TPaHUYHbIX

YCNOBWIA B MnockocTM X =const KoadpduumeHt b0 B aaHHOM 3amaue

HECYLLECTBEH.

TaKk Kak M3 (hM3NYECKMX COOOPaXKeHWn cneflyeT, 4TO BO3MYLUEHHas Mo-
BEPXHOCTb KaBepHbl HEmpepblBHA, TO HECMMMETPUYHYH Aecopmaupio %(t,x,0)
rpaHUL, NepBOHaYa/lbHO OCECMMMETPUYHON KaBepHbl B OOLLUEM Ciydae MOXHO
NpeAcTaBUTb CXOAALLMMCA paaom Pypbe M0 OKPY>XXHOW KoopauHaTe:

£=f£o+ l;_l:’\COSnO+V,,Sin no) (2)

34ech No- OCECUMMETPUYHOE pacLUpeHne KaBepHbl; n J1- nepeme-
LLeHVe TMOMepeYHbIX ceyeHuid 6e3 aedopmaumn  (OpMbl B BEPTUKASIbLHOW K
FOPU30HTA/ILHOM NIOCKOCTAX; < 1M - Aehopmaums camoil (hopMbl KaBepPHbI.

Kak yxe ynomumHanocb, Ha >XWAKUX TrpaHuUax CrpaBeAavMBoO YCOBUe
HENPOHMLaeMocT  (KMHEMATUYECKOE), KOTOPOe CBf3biBAaeT MOTEHUMan BO3-
MyLLEHHOTO TeueHus () n gedopmaLmio KasepHbl £. Mcnonbsys NuHelHyto
opMy KMHEMATUYECKOro YCNOBWS , MOACTABMSIEM B HEr0 BbIPaXEHWE Ans y 13

(1) $- u3 (2) u NPUBAXKEHHOE BbIpaXKEHME Ans NOTeHLMana 0CeCUMMETPUYHOM
KaBepHbI
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[TonydyaeM COOTHOIICHUS, ONpeaestonme Kod(hPUIMEHTH BO3MYILECHHOIO
notenumana @, u b, uepes kospduuuents paga Oypre QyHKIMH <
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HeusBecthbie KO3 UIUECHTH ay,a,,b,, ONPEACIAIOTCS P IMOMOIIH JIH-
HAMHUYECKOTO ycioBus. OmnpenenuM BCe ciaraeMble JUHAMUYECKOTO YCJIOBHUS H
HO/ICTABHM HMX B BBIPAKCHHS TUHAMUYECKOTO yCiIoBHs. CrpymnmupoBaB cliaracMbie
C OIMHAKOBLIMH MHOKHTEISIMHA COS76 W SN 76 U MPUPABHSIB UX CYMMBI HYIIIO,
HOJTy4YdM OCCKOHCUHYIO HEJMHEHHYIO cHcTeMy AuddepeHImaibHbIX ypaBHEHUM
BTOPOTO HOPSAKA ISl ONpEACNCHHs KOX(PMUIMEHTOB BOMYILEHHUS <, U 77,
Kakoe u3 ypaBHEHUH CHCTEMBI COACPIKUT OSCKOHEUHOE YHMCIIO HEM3BECTHBIX &,
U 77,, a WICHbl yPaBHCHUHU, MPEACTABISAIOIIAE COOOM pa3avuHbie KOMOWHALAH
OTHX HEHM3BECTHBIX M WX MPOU3BOAHBIX, HMMECIOT pasHbIi MOPSJAOK MAJIOCTH.
YIpocTUM — TONYYEHHYH)  CHCTEMY  YPaBHEHHUM, BBEAA  JOMOJHHUTCIIBLHBIC
IPEANOJI0KEHHS M BBIMOJHUB OLICHKY YICHOB YPABHCHHUIA.

[TapameTrp S ObLT BBEIEH paHee Ui OMPEACTCHUS MaJOCTH XapaKTePHOTO
(OCHOBHOTO) BO3MYILIEHHUS TIO OTHOIICHHUIO K PAAMYCY 0CECUMMETPUYHOM KaBEPHBI

5 zRi. [Ipeamnonoxkum, 4YTO OCHOBHBIMM ()OpMamMH BO3MYLICHHUNA KaBEPHBI
0

SIBISIIOTCS. BEMUMHBL &; M 7], (MCKPHBICHHE OCH KABEPHBI B BEPTHKAIBHON M

TOPU3OHTAIBHONH TUIOCKOCTAX) U 52 , 17,, (TEpPBBIE WIEHBI CllIAracMbIX,

XapaKTEpU3YOIMUX AcopMalui0 camoil (OpPMbl KaBEPHBI), a BCE OCTAJIbHBIE
BO3MYIICHUS —BEJIMYMHBI O0JIE€ BBICOKOTO TOPSJIKA MAJIOCTH. DKCHEPUMEHTHI
MOKA3bIBAIOT: €CJIM BJOJIb TPAHMI] KABEPHHI HE OOPa3yIOTCS BOJHBI OOJBIION

AMIUIUTYIbI, BETUYAHBI UCKPUBIICHHASI OCU & 1,, OYyILyT CyIIECTBEHHO OONbILE
apyrux  (popMm Bo3myweHuil. M3 HaOMOACHWHA M YUCICHHBIX 3KCIECPUMEHTOB
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MU3BECTHO, 4YTO TOA JEHCTBHEM Pa3IMYHBIX BO3MYINAKIMHAX  (hAKTOPOB
MIEPBOHAYAIHPHO OCECHMMETPHUYHAS KaBEPHA CIUTIONIMBACTCS, a €€ IIOMECPCUYHBIC
ceueHus npuodperaroT oBajgooOpasHyr ¢Gopmy. IToCKOIBKY OCHOBHOM BKJIaj B

onucaHne (HOpPMbI OBaJa BHOCAT BTOpHIC WwieHHl psiga dypee &,, u 7,, TO UX
MOKHO CYMTaTrh TaKXKe OCHOBHOU (opmoit nedopmanmu. ITosTomMy B cucreme

YPaBHEHUI cjaraeMbie BUA 6.5k (n,k>2) MOXHO OTOpPOCHTB, @ CllaracMbie

E& w66 COXpPaHHUTh. JTO MPEANOJONKEHUE TO3BOJSIET CYIIECTBEHHO

YOPOCTUTh CUCTEMY YPABHEHUIA; €CITN JK€ MPEHEOPEUb U ClIaracMbIMU MOPSIKA R—"
0
CpaBHCHMM C CAMHHUIEH, TO CHCTEMa HEIMHEHHBIX JauddepeHImaTIbHbIX
ypaBHeHI/Iﬁ AMEET CJIEAY FOIINIA BUL:
g d 1 22 -2 22, -2
(dto )]nR dt<R0§0)+E<§1 +7) +§2 +772)+Ap0+U0 =0 (5)

1 d . RZ -1 .. ./ 2>
nR (i;t 0)_nn RS, +§l(§n—l §n+l) 771<77n 1+77n+1) Ca6mr
0
_ﬁzﬁmz _U _Ap
nRk (nan’t 0) . 77 +§1( 77n+1)+771( w1t n+l)_ Sollir *

0

_772§n+2 _Un _Apn = O:(n = 192:)
ITpn n=1 B ypaBHEHHUSAX CJIEAYET OMYCTUTh ClIaracMbie ¢ MHICKCOM HYJIb.
Bennuuner U,,U, u Ap,,Ap, SBISIOTCS KOd(D(UIMEHTaMU Pa3TIOXKEHUS B PSIT

Oypbe PyHKUMH U U Ap !

U= [U cosn6’+U smné’]

1

Ap = [Apn cosnf +Ap,sin né’]

7=

Cuctema ypaBHeHuii (5) jgomkHa OBITH  JOMOJHEHA KOHKPETHBIMH

<

HAYATLHBIMA  YCIOBHSAMH s QyHKmmit &,.77, W MX NpOM3BOAHBIX. Eciu

pacCMarpuBarb BO3MYIICHHOC KaBHTAIMOHHOC TCUYCHHC, AArOIICC CI/IMMeTpI/Ieﬁ
OTHOCHTCJIBHO BepTHKaHBHOﬁ MJIOCKOCTH yOz, TO CHCTEMaA HEJIMHECHHBIX

mddepeHmaIbHbIX YPaBHEHHMA (5) B 3TOM CJIy4a¢ YIIPOIIACTCS U UMEET BUJT

2
L)y, i L (35 ) L&+ £) v apy =0 (©)
1 diEgR) n-1,;
n&(mJ N
~U,-4Ap, =
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(n=12,..)/CucremMa ypaBHeHui BHAa (6) HCHONB3YETCS TPH HCCICAOBAHUH

KaBUTALIMOHHBIX TEUCHMM 3a KaBUTaropaMu SIUIMITHYECCKOM (POpMBI B BECOMOM
s)kuakoctu [1,2, 4.5].

111 BAKJIFOYEHUE
1. I3 HaOnroneHuii U YMCIEHHBIX DKCOEPUMEHTOB M3BECTHO, YTO MO JCHCTBHEM
pa3IMYHbIX BO3MYIIAKONINX (PAKTOPOB MEPBOHAYAIEHO 0CECUMMETPUYHAS KaBepHA
CILTIOIUBACTCS, a €€ MONEPEUYHbIC CEUCHUS TPUOOPETAIOT O BAIOOOPa3HYI0 (hOPMY.
2. llonyuena cuctemMa HEMMHEHHBIX AUPPEPEHIUATBHBIX YPaBHEHUN s
MCCJIEIOBAHUY KABUTAIMOHHBIX TEUCHUI 32 KABUTATOPAMU AJTUNTUYECKOU (POPMBI
B BECOMOM JKUJIKOCTH.
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