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IIpencraBieHbl pe3ysbTaTbl SKCIEPUMEHTAIbBHBIX UCCJIEIOBAHUI IIOJIA IIyIbCALUN IPUCTEHOYHOIO JAaBJICHUS Ha IIOBEPXHO-
CTH pa3MblBa I'DYHTa II€peJ IPU3MATHIECKO onopoil. B6u3u onopbl reHepUpyIoTCs MOAKOBOOOpa3Hble BUXPEBbIE CTPYK-
TYypbl U CJIeAHbIE BUXPH. BHYyTpH OTBepCTHsI pa3MbIBa I'DYHTa I€peJ ILIOXO 0O6TeKaeMbIM TeJOM (DOPMUPYIOTCS ABE KBa-
3UyCTOWYMBbIE KPYIHOMACIITaOHbIE IOJIKOBOOOpa3Hble BUXPEBbIe CTPYKTYpPbl. IlepBas M3 HUX I'€eHEepHPYeTCs IIPU OTPBLIBE
IOTrPAHUYHOIO CJIOS C IepeaHeil KPOMKHM OTBEPCTHs pa3MbIBa U (DOPMHUPYET BEPXHHIl CKJIOH yriybJieHusi. Bropasi moako-
BOoOOpa3Hasi CTPYKTypa MEHBIIEro pa3mMepa obpasyeTrcs IpU B3aUMOIEHCTBUU CABHUIOBOIO CJIOf HaJ yriaybjeHueM U HH-
CIaJaoLIero TeYeHUsI BIOJIb (DPOHTAIBLHON IOBEPXHOCTU IIPU3MATHIECKON Mogenu u GOpMUpPYeT HHUXKHUI CKJIOH yriybJie-
uusi. Hanbosbias rirybuna pa3mblBa DYHTa M MHTEHCUBHOCTD IIyJIbCALMil IIPUCTEHOYHOI'O JABJICHUS HMEET MECTO TaM,
e HHCHAJAIollee TeYeHUue B3aUMO/EHCTBYEeT ¢ pa3MbIBAEMbIM IPYHTOM. B crekTpax mysbcaluil JaBJeHUsI HAOJIIOLAIOTCS
JUCKPETHBIE IOAbEMBI Ha YACTOTAX BPalleHHs II0JKOBOOOpa3HBIX BuUXpeil. JacToTa BpaleHUsl IIOJKOBOOOPA3HOrO BUXPs
B6sM3M npusMel B (2...3) pasa Bblllle, YeM BHYTPU BEPXHEI'O IO IIOTOKY CKJIOHA OTJIOXKEHMsI IIeCKa B OTBEPCTHU Pa3MbIBa.

KJ/IFOYEBBIE CJIOBA: nynbcanuu OpUCTEHOYHOIO JaBJICHHS, MOCTOBAS OIIOPA, IOAKOBOOOPAa3HbIH BUXPh, PA3MbIB IDYHTa

HageneHo pe3ysbTaTy €KCIEPUMEHTAJbHUX JOCJIIIPKEHDb II0JIs IyIbCalliii IPUCTIHHOIO TUCKY Ha IOBEDPXHI PO3MUBY I'DYH-
Ty mHepej NPU3MaTUYHOIO OI10poio. ITobiin3y omopu reHepyroTbCs MiAKOBONOAIOHI BUXPOBI CTPYKTYpU Ta CJiJHI BHUXODH.
Ycepenuni oTBOpYy po3MUBY I'PDYyHTY Iepej moraHo obriunum Tisiom dopmyloTbes ABi kBasicriiiki BesmkomacmTabHi mim-
KOBONOAIOHI BUXpOBi cTpyKTypu. Ilepina 3 HHUX reHepyeTbCs IIij 4ac BiAPUBY INPUMEXKOBOIO LIAPy 3 IIEPEJHLOIO KPalo
oTBOpPY po3MuBy Ta HOPMYy€E BEpxHil cxui 3ariubisieHHs. Jpyra miikoBomnoaibHa CTPyKTypa MEHIIOIO PO3Mipy yTBOPIOE-
THCs IiJ Yac B3a€MOJil 3CyBHOIO I1apy HaJl 3aryIMOJICHHSIM 1 Tedil, o clIpssMOBaHa O JHA B3JOBXK (DPOHTAJIbLHOI IOBEPXHI
npu3MaTU4YHOI Mojedi, Ta dopMye HMKHIN cxuii 3arnubnennsi. Halbinbina rimmbuna po3MuUBY Ta IHT€HCHUBHICTD IyJIbCallii
MIPUCTIHHOrO TUCKY Mag€ Miclie TaM, Jie Tedis, 10 CIPSIMOBAaHAa J0 [Ha, B3a€MOJI€ 3 PO3BMUBHUM IDYHTOM. ¥ CIEKTpaXx IIyJb-
caliif TUCKY crocTepiraloTbCsi JUCKPEeTHI nifiioMu Ha yacrorax obepraHHs HiiKOBONOAiGHUX Buxopis. Hacrora obepraHHs
nijgkoBonoAibHOro Buxopy 1nobsusy npusmu y (2...3) pasu Buila, Hi>K ycepeAuHi BEPXHBOIO 3a IIOTOKOM CXUJLy BiJKJaja-
HH# HICKY B OTBOPI PO3MUBY.

KJIFOYOBI CJIOBA: nynbcanii OpUCTIHHOIO THCKY, MOCTOBA OIIOPA, IiAKOBONOAIGHUI BUXOD, PO3SMHUB I'DYHTY

The results of experimental researches of the field of wall-pressure fluctuations on the scour surface before prismatic pier
are presented. The horseshoe vortical structures and wake vortices are generated near-by pier. Two quasistable large-
scale horseshoe vortical structures are formed into scour opening before the bluff body. First from them is generated
at boundary layer separation from the front edge of scour opening and forms the overhead slope of cavity. The second
horseshoe structure of less size is formed at interaction of shear layer above cavity and spilling flow along the frontal
surface of prismatic model and forms the bottom slope of cavity. The most depth of scour and intensity of wall-pressure
fluctuations takes place wherein a spilling flow interact with the scour soil. In the pressure fluctuation spectra there are
the discretes on frequencies of horseshoe vortex rotation. Frequency of horseshoe vortex rotation near-by a prism in (2...3)
time higher, than into the overhead streamwise slope deposit of sand in scour opening.

KEY WORDS: wall-pressure fluctuations, bridge pier, horseshoe vortex, scour

BBEJIEHUE

B xoze crponTebeTBa U 9KCITyaTAIMA MOCTOBBIX
[EPEXOI0B Yepe3 BOJHBbIE TPErpajbl, MPU YCTAHOB-
Ke OYpOBBIX OMOP W OCHOBAHUI BETPOIHEPTrETUYE-
CKUX YCTAHOBOK B IMIEIL(OBON 30HE, CTPOUTEIHCTBE
NPUYAIBHBIX COOPYKEHUI HA PAa3MbIBAEMOM TDYHTE
oJT JeACTBUEM TEYEHUs MPOUCXOUT PA3MbBIB I'DYH-
Ta BOMM3M 110x0 obrekaembix Ten [1-4]. Ilporecce
oOpa30BaHUs OTBEPCTUIl PA3MbIBa IPYHTA BOJIM3U Ta-
KX TeJl 00yCJIOBJIeH (DOPMUPOBAHUEM U TIOCJIELYIO-
M PA3BUTHUEM TIOJIKOBOOOPA3HBIX BUXPEBBIX CUCTEM
U CJIEIHBIX BUXPEll, BOZHUKAIOIIMX BOKPYT ODTEKae-

MOI KOHCTPYKIUH BOJIM3U €€ COIPSI2KEHUsI C JTHOM.
DBOJIOINS BUXPEBBIX CTPYKTYP BOKPYT T'PYIIOBO-
ro CBaffHOTO COOPYXKEHUsi MMeeT MHOIO ODIIero ¢
00pa30BaHUEM IIOJKOBOOOPA3HBIX WU OXKEPEIbEIo-
JOOHBIX BUXPEBBIX CHCTEM, KOTOPBIE BOZHUKAIOT IIPU
OOTEeKAHWN OJUHOYHBIX IIJI0XO OOTEKAEMBIX KOHCTPY-
Kiuit wim orop. st Toro 4robbl MOHATH MEXaHU3M
pa3MbIBa, B IEPBYIO 0YEPE/Ib HEOOXOINMO KaIeCTBEH-
HO OIIUCATH CTPYKTYPY KOTEPEHTHBIX BUXPEi, KOTO-
pble 00Pa3yoT MOJKOBOOOPA3HYIO U CIETHYI0 BAXPE-
BYIO CUCTEMY, JIJIsi PA3HBIX PEKUMOB TEUEHUST U KOJIM-
9eCTBEHHO OXapaKTEepU30BaTh 3TOT 3(PPEKT B MOTO-
K€ U HA JHEe PeK:n BOJIM3UM OCHOBAHUsI OMOPHI. Tpe-
XMEPHOCTb W HEYCTOMYMBBIA XapakKTep IIOJIs Tede-
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Puc. 1. Cxema popMupoBanus pa3MbiBa U HAMBIBA
rpyHTa BOJIM3U TIAIAHIPAIECKON OIIOPBI

HUs, KoTopoe (opMupyercsi pasMbIBoM [5-7], cosna-
IOT 3HAYATEIbHBIE TPYAHOCTH NPH H3YYEHHU MEXa-
HU3MOB pa3MbiBa rpyHTa. CTpyKTypa TypOyseHTHO-
CTHU, IMEIOMAS IMUPOKHI CIIEKTP TYPOYJICHTHBIX MaC-
mTaboB, IPHUCYIA BUXPEBOMY TEYEHUIO BOKPYT ILIO-
x0 0b6TekaemMoro rena. JleficTBUTEIbHO, [0JIe TeIeHUsT
B OTBEPCTHM Pa3MbIBa BOKPYT OIOPHI HACBIIIEHO OP-
raHU30BAHHLIMHA KOT€PEHTHBLIMHU CTPYKTYPaMH B BH-
JIe TIOJKOBOOOPA3HBIX BUXPEH B OCHOBAHWN OIOPHI,
KPYITHOMACIITAOHBIX CBEPTKOB B CJIEJE MO3ad OII0-
pbl U GoJlee MEJIKHX IO Pa3Mepy, HO OYE€Hb SHEPro-
€MKHNX BUXPEBBIX TPYOOK B CABUTOBBIX CJIOSX, KOTO-
pBle OTPBIBAIOTCS OT IJIOXO 0OTeKaeMoro rena [8, 9.
Jlj1st TOro 9TOOBI BBIACHATD, KAK T€IEHUE PA3MBIBAET
IPYHT BOKPYT ONOPBI, HEOOXOAMMO U3y9IHTHh W OIIU-
CaTh CTPYKTYPY STUX KPYIMHOMACIITAOHBIX KOTEPEH-
THBIX BHUXPEBBIX CHCTEM W MEJKOMACINTAOHBIX BH-
Xpeil, a TaK¥)Ke UX B3auMOJelcTBIE ¢ 00TeKaeMOol mo-
BEPXHOCTBIO M TPYHTOM HA PA3HBIX CTAIUSAX IPOIECCa
pa3MbIBa.

N3zBecTtHO, 9TO OCHOBHO#W MexaHH3M (POPMHUPOBa-
HUST ¥ PA3BUTHUSI OTBEPCTHUSI PA3MbIBA BKJIIOYAET B CE-
6s1 (puc. 1) HAIPABJIEHHOE KO JIHY TeYeHNe B Iiepe el
win dpouraiabHoit yacru onopsl (2), dopmuposa-
HUE TI0IKOBOOOPa3HOil BUuxpeBoii cucrembl (3) B6Iu3u
OCHOBAHMUsI OLOPBI U CJIEIAHBIX BUXpEil (4), KOTOpbIE
CXOJIAT ¢ moBepxHOCTH onopsl [8, 10, 11]. B peaysbra-
T€ B3aMMOJICHCTBUSI OTPBIBHOTO M HUCIIAIAIOIIETO Te-
9eHUuil mepes] Omopoil, MOIKOBOOOPA3HBIX U CJIETHBIX
BHAXpel TPYHT mepeJ, OIOPOIl pa3MbIBAaeTCs, a I03a-
nu Hee oOpasyercs HAMBIB I'pyHTa (5) B BUJE IIOH
win pudeseit. [logkoBooOpasHbIil BUXPh 00yCJIOBIIEH
OTPBLIBOM [IOTPAHUYIHOTO €jiosi (1), HATEKAIOIIEro Ha
OIIOpY, B PE3yJIbTaTe ACHCTBUS OTPUIATEILHOTO Ipa-
JUEHTA TaBJICHHUsI, BOSHUKAIOIIErO BOIN3N (PPOHTAID-
HOIl 9acTu Omopbl. BaamMmomeiicTBre MOrpaHUIHOIO
CJI0ST C TOBEPXHOCTBIO ONOPBI BBIHYZKJIAET CTPYKTY-
Py TypOyJIeHTHOCTH IIEPECTPOUTHCS BOJIN3H HepeHeit

Puc. 2. Cxemaruueckoe nzobparkenue ocobeHOCTER
TE€HEPAINY TIOAKOBOOOPA3HBIX BUXPEBBIX CTPYKTYP TepPes,
MWIMHIPOM U UX BJWsHUAE HA PA3MbIB U HAMBIB TPYHTA

9aCTU OIOPBI B MECTE COIPSI?KEHUsI €€ C JTHOM B Psif]
02XKEPEJTHEOIOOHBIX BUXPEl. DTU BUXPEBBIE CUCTE-
MBI [IPU TEPEIBUKEHUN BBITATHBAIOTCST BOKPYT OIO-
pBI o, JieficTBreM OOKOBBIX T'DAIUEHTOB JIABJIEHUS.
Pacnosoxxenne, pazmep u MHTEHCHBHOCTH IOIKOBO-
00pa3HBIX BUXPE 3HATUTEIHHBIM 00Pa30M U3MEHSIO-
TCsi BO BPEMEHU B 3aBUCAMOCTHU OT CTAIUU WK (Da3bl
ux dopmuposanust wiu passurus [12-14]. IIpu srom
JIOTIOJTHUTETFHO HAOJII0IAeTCsT 3HAYUTEIbHOE YBeJIr-
yeHre TYypOYJEHTHON KUHETUYECKON IHEPruu, ypoB-
Hell myJibcaluii CKOPOCTH U JNABJICHUS, a TaKKe IIPU-
JIOHHBIX CJBUTOBBIX HANPSYKEHUN BHYTpU U BOJIUA3N
TOIKOBOOOPA3HO BUXPEBOI 00JIACTH.
DKCIIEPUMEHTAIbHBIE U YUCJIEHHBIE MCCJIeIOBAHUS
[7, 10, 13-16] nmoka3bIBAIOT, YTO CTPYKTypa IIOKO-
BOOOPA3HOIT BUXPEBO# CHUCTEMBI CHJIBHO 3aBHCHUT OT
qucia PeffHosbACa U XapaKTEPUCTUK TTOMPAHUIHOTO
CJI0s1, KOTOPBIH hopMupyercst meper 00TeKaeMoii mpe-
rpagoit. CTpyKTypa moIKOBOOOPA3HOI BUXPEBOii CHC-
TeMbl, HAIPUMED, JJIs PEKUMA, IAMIUHAPHOTO 00TEeKa~
HUsI COCTOUT U3 Psi/ia OCHOBHBIX KPYITHOMACIITAOHBIX
Buxpeii (puc. 2) [5, 7]. Ilepuunstii Buxps (HV1) pa-
CIIOJIATaeTCsd B CPEIHel TO3UINU, B TO BPEMs Kak
yrioBoit Buxpb (JV) Haxogurces GJIMzKe BCEro K OMO-
pe. Bropuunbiii Buxpn (HV?2), koropblii pazsusae-
TCst, OPMUPYETCH HA MTO3UIUANA, KOTOPasi HAXOMUTCS
Ha HAMOOJIBIIEM PACCTOSHUM OT IIOBEPXHOCTH 00Te-
KaeMoii onopbl. MexKiy MepBUYHBIM U BTOPUYHBIM
BUXPEM T€HEPUPYETCs MPUIOHHBIA TPUCOETMHEHHBIIH
Buxpb (BAV). PazBuBaiomuiicsi BUXPb HOPOKIAETCS
[TOTPAHUYIHBIM CJIOEM, KOTOPBIN OTPBIBAETCS OT 00Te-
KaeMOIl MOBEPXHOCTHU ITHA. JTOT BUXPH MMOCTEIEHHO
[IEPEHOCUTCS BHA3 TIO ITIOTOKY U, B KOHIIE KOHIIOB, CTa~
HOBUTCSl HOBBIM TEPBUYHBIM BHUXpeM. B 3T0 Bpems
MEPBUYHBIA BUXPb MMEPEMEIACTCS] 110 HAIPABJIEHUIO
K YIJIOBOMY BUXPIO U HOCTEIIEHHO CJIUBAETCH C HUM
(cm. puc. 2). IIporece 3TOT SBJISIETCS IEPUOAUIECKUM
[4, 7, 17], renepupysi HI3KOYACTOTHBIE KOJICOAHS BH-
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Puc. 3. Bug momenu ruapoguHaMUdecKoro KaHaJja u
PAcCIIOIOXKEHNEe MOCTOBBIX OIOp B XOJI€ MCCJIEIOBAHUN

XPEBOI'0 TeUEHUsI KAK BOKPYT IIJIOXO OOTEKAEMBIX TeJI,
YCTaHOBJIEHHBIX Ha »KECTKYIO II0OBEPXHOCTh, TaK U pPa-
CIIOJIATaIONUXCS HA Pa3MbIBAEMOM I'DYHTE.

Tlox meficTBueM MOAKOBOOOPA3HBIX BUXPEBBIX CTPY-
KTYp, WMEMIMNX PA3JNIHYy0 (HOPMYy U UHTEHCHB-
HOCTBb, Ha OOTEKAaEeMOU MOBEPXHOCTH OTBEPCTHUS Pa-
3MBbIBa I€HEPUPYIOTCA PAa3JIMYHblEe 110 WHTEHCHUBHO-
CTU U CIEKTPAJIbHOMY HAIIOJTHEHUIO IIOJIs KacaTeslb-
HBIX HAIPsDKEHHI ¥ IPUCTEHOYHBIX JaBjieHuii [18,
19]. TIpun 3TOM CHEKTpaJbHOE HpPEJICTABIECHHE, Ha-
IIPUMeED, TOJId IICEBJO3BYKOBBIX IIyJIbCAIlUil IIPUCTe-
HOYHOTO JABJICHUS NMEET XapaKTepPHbIe OCOOEHHOCTU
B BUJIE JUCKPETHBIX COCTABJISIONINX, 00YCIOBICHHBIX
JefiCTBUEM BUXPEBBIX CTPYKTYp. M3BecTHO, 9TO BO-
3HUKHOBEHUE TICEBI03BYKOBBIX BO3MYIIEHUH Ha 00Te-
KaeMOll TIOBEpXHOCTH 00YCJIOBJIEHO HECTAITMOHAPHBIM
B3aMO/IEICTBUEM BHUXPEBBIX CTPYKTYP B IIOIDaHHU-
9HOM CJIO€ WJIA OTPBIBHOM TEYEHUU MeXK Iy co0oii, a
TaKxKe B3auMOJeicTBIeM BUXpeil ¢ 0OTeKaeMoil Imo-
BEPXHOCTBIO. B CBsI3W C TeM, UTO IIyJIbCAIUU IIPU-
CTE€HOYHOI'O JIaBJIEHUS WHTErPAJIbHO OTParKaloT Cy-
IIeCTBOBAHUE IIYJILCAIIAN II0JIsI CKOPOCTH, XapakTep 1
WHTEHCUBHOCTD IOJIs IYJIbCAIUI JaBIeHNs Ha 00Te-
KaeMO# OBEPXHOCTU BO MHOI'OM OIIPE/IeJISeTCs JIBU-

JKE€HUEM KOT€PEHTHBIX BUXPEBBIX CTPYKTYD B OTBEp-
CcTUM pasMbIBa TPYHTA. B pa3aumdHbix TOYKax TypOy-
JIEHTHOT'O ITOTOKA BUXPEBOE JIBUYKEHME, O0YCIOBJICH-
HOE TIEPEMEIIEHUEM BUXPEBBIX CTPYKTYP Pa3/IMIHBIX
MacITaboB, TeHEPUPYET PA3JINIHBIE 10 MHTEHCUBHO-
cTH ruapojuHaMudeckue Jasienus [17, 19]. Ilepe-
HOC CPEIHMM ITOTOKOM 9THUX UCTOYHUKOB MHMO HEITO-
JBUKHOIO HabsofaTe s (MM MUMO JaTINKA, JaBJIe-
Hus) co3maer juis Habsomarens 3bdeKT ocIuILIm-
PYIOIIIX BO BPEMEHU JABJICHUI, BHEITHE HE OTJINYIU-
MBIX OT 3BYKOBBIX IryJjibcaruii. OqHAKO 9TU MyJIbca-
uu He 3BYKOBBIE. JIJis 9TUX MaBIeHU C2KUMAEMOCTh
JKUIKOCTH He SIBJISIETCS OIPEAETIAIONNM (PaKTOPOM, &
X WHTEHCUBHOCTH He 3aBucuT oT 4dmncia Maxa. Cko-
POCTBb TIepEeHOCa, TICEBI03BYKOBBIX JABJICHUIT HE OTHO-
cuTCs K CKOPOCTH 3BYKAa, & IOJIHOCTBIO OIpeesisie-
TCSA TOJIBKO CKOPOCTBIO UX IEepeHoca MOTOKOM. Kpo-
M€ TOrO, 3BYKOBBIE BOJIHBI MMOMJIUHSIOTCS IPUHITAILY
cynepuosunuu (IIOCKOJIbKY MX MOXKHO CYUTATH JIH-
HEHHBIMEU KOJIEOAHUAME CPEJIbl), a ICEBJIO03BYKOBLIE
[IyJIbCAIIANA CKOPOCTH U JIABJIEHUsI B HECTAIIMOHAPHOM
IIOTOKE, MPEACTABJIAIONINE COOON HEIUHEHHbIE SABJIE-
HUsl, He TIOJYUHSIIOTCS IPUHIMITY cyneprosummu [20].

Ilens mamHOM KCIIEpUMEHTAILHON PabOTHI — OIIpe-
JeJIeHre  TTPOCTPAHCTBEHHO-BPEMEHHBIX XapaKTepH-
CTHK TIOJIS TICEBIO3BYKOBBIX IYJIbCAIUI MTPUCTEHO-
9HOTO JIABJICHUS B OTBEPCTUN PA3MbIBA IPYHTA IIEPE]]
MIPU3MATHIECKON MOIEIbIO, & TaKXKe MCTOUHUKOB UX
TeHEepaITi.

1. 9KCITEPUMEHTAJIBHA A YCTAHOBKA 1
METOJUKA NCCJIEJOBAHUM

®H3quCKoe MOAEJIUPOBAHNE BHUXPEBOI'O TEYCHHA
BOJIM3U TIJI0XO OOTEKAEMOro Tejia B BUJE IMPU3MATH-
9EeCKOI KOHCTPYKIIAM, yCTaHOBJICHHON Ha Pa3MbIBac-
MOM OCHOBaHHHU, IIPOBOANJIOCH B OTKPBITOM I'IAPOaU-
HaMHIYeCKOM KaHaJie jiaumHoit 14 M, mmpuHoit 1.5 M
n rayounoit 0.656 M. Ha ynasenunm okono 8 m ot
HaJYa/la KaHaJa YCTaHAB/IUBAJIACH MPU3MaTHIECKAs
MOJIeb Wi onopa (puc. 3), 3achlIaHHAs] ITPOCEsIH-
HBIM KBapIEBBIM IECKOM Ha BBICOTY OK0JO 0.3 M oT
JHa KaHaJla. B m3MepeHmsix mecok, MMEoIMmui pas-
Mep 3epeH dso = 0.35 - 1072 M, dbopmupoBascsa B
Bujie wiockoro gua [21]. IlupuHa npsiMoyroJabHIKA
y OCHOBaHWS TPU3MATHYECKON MOJIETN COCTABJISLIA
b=114-10"2 v, a ymua a = 300 - 1073 M (xpymHO-
MacimrabHas Moaeab MacimradboM 1:50 oTHOCHTEILHO
Hatypel) u b = 401073 mu a = 95- 1073 M (men-
KOMacIITabHasi MOJIeJIb). B Xoze uccieqoBanuii riry-
6una moroka (H) m3mensiace or 0.17 mo 0.34 M, a
cpennepacxoaaas ckopocrb redenus (U) —or 0.15 10
0.59 M/, KOTOPBIM COOTBETCTBYIOT YuCjIa PefiHo/bI-
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Puc. 4. Pacronoxkenne maTdmKoB myJIbCaIiuit
MIPUCTEHOYHOTO JIABJIEHUSI B OTBEPCTHH PA3MbBIBA TPYHTA
nepes IpU3MaTUIECKON OIOpOoit

ca Rey = Ub/v or 6000 mo 67000 u uuciaa Dpyna
Fr=U/+/gH ot 0.08 1o 0.45, rje v — koaddunuenT
KAHEMATUIECKON BA3BKOCTU BOJIBL; § — YCKOPEHUE CBO-
6OIHOTO TIaICHUSI.

B coorBercTBUM € paspaboTaHHOI METOAMKON 1
MpPOrpaMMOIl HCCJIeJOBAHUM B OTBEPCTUU Pa3MbIBa
rpyHTa Tepesl 00TeKaeMOil MPU3MATUIECKON MOJe-
JIBIO IIyJIBCAIIANA TPUCTEHOYHOTO [ABJIEHUST M3Mepsi-
JIICh MUHUATIOPHBIME (JUaMEeTD 4yBCTBUTEJILHOMN 110-
BepxHocTH 1.6 - 1073 M) JIATYMKAMU [yJIbCAIMN JIaB-
JIEHUsI, KOTOPBIE PACIOJIATAJINCH 3aIOJJIUI0 C 00Te-
KaeMOIl MOBEPXHOCTBIO OTBEPCTUsI Pa3MbIBa U BOJIH-
30 HETO BJOJIb CPEJIUMHHOTO CEYEHUs IIPU3MbI, KaK I0-
kazaHo Ha puc. 4. JlaTduku yCcTaHABIUBAJINCH CJie-
ayrommuM obpaszom: garaunk Ne 1 Haxommiics meper
oTBepcTHeM pa3MbiBa Ha yaagernn (15...20)-1073 M
OT KPOMKH OTBEpPCTHs; marTank N 2 ycraHaBIUBAJ-
cs IO Cepe/inHe BEPXHEro CKJIOHA, OTJIOXKEHUsI ITeCKa,
B OTBEPCTUU pPa3MbIBa; JaTdnk N¢ 3 HaXoamjicsd Ha
rpebHe MeXK/Iy BEpXHUM U HUXKHUM CKJIOHAMH OTJIO-
2KEHUsI TeCKA B OTBEPCTUU pa3MbIBa n JaTduk Ne 4
pacmonaraics Ha yaagennn okoso 10 - 1073 M ot mo-
BEPXHOCTH IPU3MATHIECKON Mozesn (B 0baacTu Hau-
GoJibIieil TIyOHHBI pA3MBbIBA).

DJIEKTPUIECKNE CUTHAJIBI, T€HEPUPYEMBbIE ITHE30Ke-
PaMUYECKUMU JIEMEHTAMU [TATINKOB, KOTOPBIE CO-
OTBETCTBOBAJIN yPOBHSM IIYJIbCAIUI MPUCTEHOIHO-
ro JaBJ€HUS B TOYKAX W3MEPEHHUil, MOCTYIIaIn
Ha TpeIBapUTe/bHbIE ycuiauTean. Jlajgee cUTrHAIBI
[IO/IABAJINCh HA JIBYXKAHAJBHBI AHAJU3ATOD CITe-
k1rpoB dhupmbl "Bproas u Kbep"nmmbo mocpescrsom
16-KaHAJBLHBIX AHAJOTOBO-IIM(MPOBLIX IPEOOPa30Ba-
Tejiell Ha IEPCOHAJIBHBIE KOMIBIOTEPHI. VI3Mepen-
Hble JaHHbIe 00pabaThIBAINCH U aHAJIU3UPOBAJIUCDH C
HCIIOJIb30BAHUEM AJITOPUTMa OBICTPOTO IIpeodbpa3oBa-

aust Pypbe MO0 CTAHAAPTHBIM U CIENIAAJIHHO pPa3pa-
6OT3.HHBIM oporpaMMaM M aJI'OpUTMaM CTaTHUCTHUYE-
CKOI 00pabOTKU CITyJaifHBIX TporieccoB. [lepen mame-
PEHUAMHU W B IIPOLECCE U3MEPEHUN JaTYUKU KaJlu-
OPOBAJIMCH U TIOBEPSIIUCH € MTOMOIIBIO aDCOTIOTHBIX 1
OTHOCHUTEIHHBIX MeTon0B. [lorpentHocts u3Mepenwmit
NHTEHCUBHOCTHU HyJIbC&I_[I/Iﬁ OIPUCTECHOYHOI'O JABJICHHA
ne npesbimana 6% c magexxnocreio 0.95 mim 20, a
CIIEKTPAJIBHBIX COCTABJIAIOIMNX IIyJIbCAIUN JaBJICHU
— 10 2 n1b B yacroruoM auamaszone or 0.2 mo 800 I'm,.

2. PE3VJIBTATHI U3MEPEHU

Kak mokaszaiu BusyasbHble HaOofeHus [9, 21|, B
pe3yJbrare B3anmMOJIEHCTBUS HAOEraroIero moToka ¢
MOJIEJIBI0 TPU3MATHYIECKON KOHCTPYKINH, PACIIOJIO-
2KEHHO Ha IJIOCKOM Pa3MbIBAEMOM JHE, B OKPECTHO-
CcTH TocjIeHell HAOJII0AeTCsT epeMEIeHre TIecKa C
dopMupoBaHreM Pa3MbIBOB U HAMBIBOB IpyHTa. [le-
pEHOC Pa3MbIBAEMOr0 TPYHTa BOJIU3M ILIOXO 00Te-
KaeMOro Teja OOYCJIOBJIEH OCOOEHHOCTSIMUA TEUEHUS
U PeHEpaInd TOAKOBOOOPA3HBIX U CJIEIHBIX BUXPEHl.
PasmbIB rpyHTa mepes omopamu, HE3ABUCUMO OT UX
GdOpMBI ¥ pa3MepOB, U HAMBIB IPYHTa MO33J HUX
dopmupyeTcst TOJKOBOOOPAZHBIMU U CJIEIHBIMU BH-
XPEBBIMU CHCTEMAMH. DTH CHCTEMbI, COOTBETCTBEH-
HO, OrubaioT OCHOBAHUE OMOPBI BOJIU3M €€ COIpsizKe-
HUsI C PA3MBIBAEMBIM T'PYHTOM, & TaK¥Ke 3apOKJIa-
IOTCSI B KOPMOBOI YacTU OIOpPBI. Beyemcrsue meit-
CTBUs HEOJIATOTPUSITHOTO I'PAJUEHTA JABJICHUS, 00Y-
CJIOBJIEHHOT'O PACIIOJIOXKEHUEM IIJIOX0 0OTEKAEeMOTO Te-
Jia B TIOTOKE, TIPU OIIPEJIeIeHHBIX uncyax PeitHosbaca
u OpyJa, MosIBJIIETCsI OTPBIB TOMPAHUIHOTO CJIOS TIe-
pell GPOHTAIBHON YaCTHIO OIOPHI ¢ (POPMUPOBAHIEM
OTPBIBHON JINHUU HA TIOBEPXHOCTHU JTHA BOKPYT OMOPBI
[1, 7]. B ofbmacTé OTpBIBA I€HEPUPYIOTCS IOJKOBO-
o0OpasHble BUXPEBBIE CTPYKTYPbI, KOTOPbIE OrHOAIOT
10X0 obTekaemoe Testo. [Ipu B3anmomeiicTBun Habe-
TAOIIEro MOTOKA ¢ (DPOHTAJIBHON TOBEPXHOCTHIO, Ha~
[IprMep, MOCTOBOI OIIOPBI 00PA3yeTCsi HUCIIAIAIOIIEE
TedeHne, HAIPABIEHHOE KO JIHY, KOTOpoe (hopMupy-
€T eIlle OJIHY CUCTEMY KPYITHOMACIITAOHBIX ITOIKOBO-
ob6pasHbIx Buxpeii [1, 8, 14].

Busyanmzamus tedenus BOJM3K MpU3MATHIECKON
OTIOPBI ¥ AHAJIN3 BHUJICOMATEPUAJIOB IMO3BOJIUIN OIIe-
HUTH [TPOCTPAHCTBEHHO-BPEMEHHBIE XaPAKTEPUCTUKHI
IOJIKOBOOOPA3HBIX BUXPEli, TeHEPUPYEMBIX B OTBEp-
cTUM pa3MbIBa, a TaKXKe MPOCIEIUTh 338 UX IBO-
gorueit. PopMupoBaHre MOIKOBOOOPA3HBIX BUXpEi
U WX B3aMMOJIEACTBHE C 00TEKAEMOIl MOBEPXHOCTHIO
NPUBOJUT K WHTEHCUBHOMY PA3MBIBY KOHTPACTHO-
0 TOKPBITHS, KOTOPOE WCIIOJIH30BAJOCH IIPUA IPO-
BEJICHUU BU3yaJbHBIX ucciaenosanuii (puc. 5,a). Ha
pPa3MbIBAEMOil MOBEPXHOCTH, KOTJA MPUJIOHHAS CKO-
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Puc. 5. Pa3MbIB KOHTPACTHOrO MOKPBLITHS BOJIM3U MPU3MATAUECKOR MO HA YKECTKON MOBEPXHOCTH (a) M PA3MbIB
rpyHTa BOIM3M Hee HA PAa3MBIBAEMOIl oBepxHOCTH (6)

pPOCTB, 0OYCIOBJIEHHAS BUXPEBBIM JIBUYKEHHUEM, IPE-
BBINIAET KPUTHIECKYIO CKOPOCTD IIEPEHOCA, JACTHIEK
[PYHTa, OIPEJIEJICHHYI0 13 [22] SMINpHYecKoit 3aBu-

cmvocrbio Ve = 6.19HY0dL? rorma necunnxu na-
YUHAIOT MEPEMEIAThLCA U BOJIM3U Omop (hOpMUPYIO-
TCd pa3sMbIB U HaMbIB IpyHTa (puc. 5,6). C Tevenuem
BpEMeHU TUIyOMHA pa3MblBa TPYHTA YBEJIUIUBAETCH,
a BBICOTA HAMbBIBa pacrer. [Ipu ycraHoBUBIEMCs pe-
JKUMeE pa3MbIBa, KOTOPBI HACTYTIAET Yepe3 HOPMUPO-
Bannoe spema Vot/H > 4-10* dopma u pazmepst pa-
3MBIBOB OCTAIOTCSI MPAKTUIECKHN MOCTOSHHBIMU. Kak
HoKasaIn uccrenoBanus [21], manbonbmas rirybuma
pa3MbIBa TpyHTa Habogaercs Ha yaaaseaun 0.25b ot
OCHOBAHUSI PU3MBI, a MIUPUHA OTBEPCTHS PA3MbIBA
cocTaBiseT 2.5 ryiyOuHbl Pa3MbIBA.

IIpodunmm paszmbiBa rpyHTa mE€pern, GpPOHTAIBHON
CTEHKO MPU3MbI UMEIOT JIBA XaPAKTEPHBIX YIACTKA C
pa3HBIMU yIjiaMu HakjoHa (cM. puc. 5,6 u 6,6). Oun
00ycioB/IeHBI (POPMUPOBAHUEM JIBYX CHCTEM KBa3W-
YCTONYUBBIX KPYITHOMACIITAOHBIX MOIKOBOOOPA3HBIX
BUXPEBBIX cTPyKTyp. Korma mioxoobrekaemoe Teo,
HE3aBUCHMO OT €ro (POPMBI, PACIIOIATAETCS HA Hepa-
3MBIBAEMOIi MOBEPXHOCTU, TO B €r0 OCHOBAHWU I'EHE-
PUPYETCST CUCTEMa, TOIKOBOOOPA3HBIX BUXPEii, CXeMa-
TUYECKH TOKa3aHHasl Ha puc. 6, a. dTa cucrema co-
CTOWT M3 JIBYX Map MPOTUBOIIOJIOXKHO BPAIAIONIIXCS
BHUXPeEli, OrubaroImX MOCTOBYIO OLIOPY. DTH BUXPEBBIE
CTPYKTYPBI KOJIEDJIIOTCSI B TPOCTPAHCTBE BOJIU3U OIO-
pPbl U B3aUMOJIEHCTBYIOT KaK MEXKJIy CODOM, Tak U ¢
obTekaeMoil ToBepXHOCTHIO. Kak mokazam ucciaeno-
BaHUS TIPOCTPAHCTBEHHO-BPEMEHHBIX XAPAKTEPUCTUK
IoJIell CKOPOCTH U JIABJIEHUST BOJIU3U MOJIEJIel MOCTO-
BBIX omnop [17, 19], gacrora KoJeGaHUN KPYITHOMAC-
mrabHbIX Buxpeil 1 m 8 Ha puc. 6, a COOTBETCTBYET

qucnam Crpyxans St= fd/U = (0.15...0.2).

Ob6HapyKEHO, 9TO PA3MbIB TPYHTA CHAYAJIA TPOU-
cxonuT BOIM3U (PPOHTAIBHBIX pebep TPU3MBI 38, CIET
dbopMuUpOBaHUS OTPHIBHOTO TEYEHUS U BEPTUKAJIB-
HBIX BUXDeil Ha 9TUX pebpax. 3aTeM pa3MbIB HADJIIO-
JAeTCs IO, KPYITHOMACIITaAOHBIME BUXPSIMHU, 0003HA~
genubiMu 1mdpavmu I u 8 Ha puc. 6, a. [Ipum sTom
pa3mbiB mof, BuxpeM Ne § mpoucxomaut 6ojiee WHTEH-
cuBHO. B TO BpeMmsi, KOrja pPa3MbIBBI yBEIMIMBAIO-
TCsl, MEJIKOMACIITAOHBIE TTOJKOBOOOPA3HbIE BUXPEBBIE
crpykrypbl Ne 2 mw Ne / craHOBATCS MeHee 3ame-
THBIMU U IOCTEIEHHO BBIPOXKIatoTcs. Korma rryou-
Ha pa3MbIBa IPYHTA JOCTUTAET BEJUIUHBI, OJIU3KON
[TOJIOBUHE MIUPUHBI TPU3MBI, (POPMUPYETCsT KBA3UY-
cToifunBasi MOAKOBOOOPAa3HAsl BUXPEBAsi CUCTEMa, KO-
TOpast COCTOUT U3 JIBYX KPYITHOMACIITAOHBIX BUXPEI,
chopMupoBaHHas U3 Buxpeir I m 3, MOKA3aHHLIX Ha
puc. 6, a.

CxeMa paBHOBECHOTO COCTOSIHUSI Pa3MbIBA T'PDYHTa
B €ro (OpOHTAJBHOM CEPEMHHOM CEUYEHUU IIOKA3aAHA,
Ha puc. 6, 6. B yrimybsrlenun BpamaroTcs qBe KpyIHO-
MacIITabHbIE TOIKOBOOOPA3HbIE BUXPEBBIE CTPYKTY-
pbl, bopMuUpyONe Pa3MbIB TPYHTA U MEPEHOCSIITIE
JaCTUYKHU [ECKA OT MEPEIHell JacTh KOHCTPYKINH B
ee KOpMOBYI0 00s1acThb. [lokoBoOOpa3HbIE BUXPH CO-
BEpIIAIOT OCHUJIIUPYIOIIee JBUKEeHNEe, 0OMeHUBAIO-
TCsl APYT C JAPYTOM SHeprueil, HepeaKo OObeINHSIO-
TCsl U pa3pymarTcsa Ha Oosiee menkne Buxpu. [leper
NpA3MaTAYECKON ONOpOil BUXpeBas CTPYKTYpa, pa-
croJtararorasicst 6;mxe K GpoOHTAIBHON CTEHKE, MMe-
er Menbmuii Macmrad. Ona obpasyer HamboJIbIIHI
pa3MbIB I'PyHTA, 0018 TA0IIHI OOJIBIINM YTJIOM CKJIO-
Ha OTJIOXKEHHsI TecKa. B obJyiacTé B3amMOIEHCTBUSI
OTPBIBHOIO IIOJKOBOOOpa3Horo Buxpst (I Ha puc. 6)
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Puc. 6. Cxema dpopmupoBaHus MOIKOBOOOPA3HBIX BUXPEBBIX CTPYKTYP MEPE] IJIOXO OOTEKAEMBIM TEJIOM Ha XKECTKO
MOBEPXHOCTH (@) M B OTBEPCTUH Pa3MbIBa TpyHTA (6)

A | Psl —e—1-a-2 a3 x4
10— T 1
10” . —— =

10* Re, 10°

Puc. 7. Iamenenne HHTEHCUBHOCTH IIyJIbCALIHIA
NIPUCTEHOYHOIO [ABJICHUs HA [IOBEPXHOCTH Pa3MbIBA
IPYHTa Iepell IPU3MaTUIeCKON OIOpPOH

C Pa3MBIBAEMBIM T'DYHTOM YTOJI CKJIOHA OTJIOXKEHUSI
[TeCKa B OTBEPCTHUH PA3MbIBa MEHBIIUI U PA3MBIB IO
9TuM BuxpeMm Menee rirybokwuit. [lepes omopoit, B Me-
CTe CONPSI)KEHWsI TMOBEPXHOCTEN OMOPhI W JIHA, TaM,
re nokasaH Buxpb Ne 4 Ha puc. 6, a, Ha Bcex mpodu-
JISIX Pa3MbIBa TPYHTa PErUCTPUPYETCS HAMBIB I'DYH-
ta. Takke MeXIay AByMsi YIVIyOJEHHSIMH, KOTODPbBIE
GopMUPYIOTCS KPYITHOMACIITAOHBIMEI TOJKOBOOOPA-
3HBIMU CHUCTEMaMU, B Mpodue pa3MbiBa TPYHTa Ha-
GJIF0IaeTCsT HAMBIB TIecKa (cM. puc. 6, 6). DTOT HAMBIB
[IeCKa, Pa3JiesisieT JIBa CKJIOHA OTBEPCTHsS Pa3MbIBa U
[IpU BU3YAJBHBIX HAOJIIOMEHUSX HMEET IO0CTATOYHO
9eTKHE OYePTaHUsl, XOTsS €My U TPUCYIIUI OCIIMILIN-
PYyOIIUil B IPOCTPAHCTBE XapaKTep, OTBEYAIONIil Ya-
cToTaM KOJIeDATETbHOrO JIBUXKEHUS BUXPEBBIX CTPY-

KTYD.

B zaBucuMocTu 0T MECTONOIOKEHUST TOYEK U3Me-
peHus IyJbCaluil MPUCTEHOYHOTO IABJICHUsS] WHTEH-
CHBHOCTD IYJIbCAIIUI W UX CHEKTPAJIHHBIA XapakTep
U3MEHSIOTCS B COOTBETCTBUU C OCOOEHHOCTSIMUA BU-
XPEBOI'O TE€UYEHUsI BHYTPHU OTBEPCTUS PA3MBIBA IDYH-
ta. CpelHEKBaIpATUIHbIE 3HAUCHUS ITYIbCAIIAN TTPU-
CTEHOYHOIO JABJICHUS, HOPMUPOBAHHBIE IHHAMUIIEC-
ckuM sasienneM (¢ = pU? /2), nokazansl Ha puc. 7 B
3aBUCUMOCTH OT YHUCJIa PelHO0/Ib/Ica, PACCINTAHHOTO
10 MUPUHE TPU3MATHIECKON MOJEIN. 31eCh HOMEPa,
KPUBBIX OTBEYAIOT HOMEPAM JATIUKOB, TOKA3AHHBIM
na puc. 4. llepen orBepcTHeM pa3MbIBa MYJILCAIAR
npucrenodHoro jasieHus pasabl 0.0lg u cmabo 3a-
BucaT oT uncaa Peitnonbaca. B orBepcTun pasMbiBa
MHTEHCUBHOCTD IIyJIbCAINI IPUCTEHOYHOTO JTABJICHUST
pacter ¢ pocroMm unciaa Peitnosnpaca. Hanvenbmme
YPOBHU IIyJIbCAIMI TPUCTEHOYHOTO JIABJIEHUS HADJTIO-
Jarrcs B obsiactu (DOPMHUPOBAHUST BEPXHErO CKJIO-
Ha pPa3MbIBa, TJI€ T€HEPUPYETCs KPYITHOMACIITAOHAS
HOAKOBOOOpa3Hasi BUXpeBas CTPYKTypa (0003HaueH-
nag nudpoit 1 ua puc. 6,6), 00yCI0BIEHHAS OTPHIBOM
[IOTPAHUYIHOTO CJIOS C TePeIHEll KPOMKHU OTBEDPCTHUSI
pasmbiBa. MakcuMmasibHbIE YPOBHU IIYJIbCAIUI TpU-
CTEHOYHOIO JIaBJIeHUsT 3aUKCHPOBAHBI TaM, TJi€ HU-
CIAJIAIoNee TEYEHUE BIOJIb MOBEPXHOCTU ITPU3MBI
B3aUMOJIEHICTBYET C Pa3MBIBAEMBIM TDYHTOM, (DOp-
MUpYsl WHTEHCUBHBIH I10JKOBOOOPa3HbIil BUXph (2),
KOTODBIIi 00pa3yeT HUKHUI CKJIOH OTBEPCTHS pa-
3MbIBa. VIHTEHCHBHOCTD IIyJIbCAIIUI MTPUCTEHOIHOTO
JIaBJIEHUsI B HUZKHEN 9aCTU OTBEPCTHUS Pa3MbIBa Oojiee
9eM Ha [TOPSJIOK [PEBBIMNAET HHTEHCUBHOCTD IIYJIbCa-
Ui TPUCTEHOYHOTO JIABJIEHUSI IO OTPBIBHBIM TOIKO-
BOOOpA3HBIM BUXPEM, OOPA3yIOIMUM BEPXHUI CKJIOH
OTJIOXKEHUS 11eCKA B OTBEPCTUU PA3MbBIBA I'DYHTA IIe-
peJl IPU3MATHIECKON MOMeIbIo (CM. KpuBble 4 u 2 Ha
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Puc. 8. Cnekrpasibable MIIOTHOCTHA MOITHOCTH ITY/THCAIIHIA
IIPUCTEHOYHOTO [TaBJIEHUsI Ha IIOBEPXHOCTU Pa3MBbIBa
TPYHTa Iepel; IPU3MAaTAYCCKOR OIOPOH I YUCEeII
Peitnonsaca u @pyna: Rep = 20500 u Fr= 0.1 (a),
Rep = 37600 u Fr=0.19 (6) u Rep = 50200 u Fr = 0.25

(e)

puc. 7).

CuekTpajibHble TJIOTHOCTA MOIIHOCTHU ITyJIbCAIUI
[IPUCTEHOYHOIrO JABJICHUS BHYTPU U BOJIM3U OTBEP-
CTHs Pa3MbIBa IPYHTA MEPEJ], MPU3MATHIECKON Moje-
JIbIO MOKa3aHbl HA pHUC. 8. 37€Ch YPOBHU CIHEKTPOB
npescTaBieHsl B 1B orHocuTesnbHO 2 - 107° Ia B 3a-
BHUCHUMOCTH OT 6e3pa3MepHO#l 9acTOTHI B BHIE W™ =
27 fb/U. HoMmepa KpHBBIX COOTBETCTBYIOT HOMEPaM
JATYINKOB, MOKAa3aHHLIM Ha puc. 4. [isa ckopocTn Te-
qenus 0.18 M/c¢, KoTopoit cooTBeTcTBYOT Ynciaa Peii-
nombaca Rep=20500 u Ppyma Fr=0.1, cnexTpasib-
HBIE 3aBUCAMOCTH IIPEJICTABJIEHbI Ha puc. 8,a. Bosmsu

IPU3MATHYIECKON MOJIE/IN YyPOBHU IIyJIbCAIIHIL IPUCTE-
HOYHOIO JIABJIEHUsI HAMOOJIBIIIIE BO BCEM WCCIIEIye-
MOM 9YaCTOTHOM Juana3one (Kpusas 4), a B objactu
GopMUpOBaHN TOIAKOBOOOPA3HON BUXPEBOI CTPYK-
TYPBI U3 OTPBIBHOI 00JIACTH TIOIPAHUIHOTO CJIOSI CIIe-
KTpaJjibHble ypOBHU HauMenblime (kpusas 2). Pasuu-
1a MEXKJIy CHEKTPAJbHBIMU 3aBUCAMOCTSIMHU COCTaB-
gsier 6osee gem 20 nb. MakcumyMm crieKTpoB mMmeer
MecTO Ha Oe3pa3MepHoil gacrore w* & 1.3 B obsractu
BEPXHEr0 CKJIOHA OTJIOXKEHUS [TeCKa B OTBEPCTHUU Pa-
3MBIBA U w* & 2.8 BOJMU3M IPU3MATUIECCKON MOJIEJIN.
B o6nacru pacnosioxenust jardauka Ne 3 (ob1acTs Ha-
HOCA [IeCKA MEXKJY JIByMsl CKJIOHAMU ) MAKCUMAJIbHBIE
3HAYEHUs] HADJIOMAIOTCS Ha obenmx Tmx Ge3pasmep-
HBIX 9aCTOTAX.

Pesynbrarer mccienoBaHuili  CeKTpaJibHBIX 3aBU-
CHUMOCTeHl IyJabCalldii NMPHUCTEHOYHOI'O JABJICHUAS Ha
00TeKaeMOil MMOBEPXHOCTH pa3MbIBa T'DYHTA IEPE]
IpU3MATAIECKON MOJIEIBI0 I CKOPOCTU TEYEHUst
0.33 m/c (Rep=37600 u Fr=0.19) nokasaubl Ha
puc. 8,6. jist 3TOrO0 pekuMa TedeHus XapaKTep u3Me-
HEHUsI CIEKTPOB B HCCJIEAYEMBIX MECTOIIOJIOKEHNU-
X OCTaJiCs TpeKHUM. MakcuMaJibHble YPOBHU Ha-
G/IIOMAI0TCsT BOIM3W NPU3MbBI, & MUHUMAJbHBIE — B
obJtacTu (hopMUpPOBaHUsT TOIKOBOOOPA3HON BUXPEBOIt
CTPYKTYPBI, PACIOJIATAIOIIEH s BBIIIE 10 TOTOKY. Ma-
KCUMYMBI CHEKTPOB HMEIOT MECTO Ha 0e3pa3sMepHBIX
gacrorax w* = (.76 B 06/1aCTH BEPXHErO CKJIOHA OCa-
JKJEHHUsI TIeCKa B OTBEPCTUH pa3MbIiBa U w* ~ 2.28
BOJIM3U IPU3MATUIECKON MOJIEJIN.

Korma ckopocrs mOTOKAa B THAPOIMHAMUAIECKOM
kanasie yesmamian j1o 0.44 mM/c, KOTOpOii cooTBer-
creytor uncna Peitnonbaca m @pyma Rep,=50200 u
Fr=0.25, To xapakTep u3MeHeHUs CHEKTPAJbHBIX 3a-
BUCHMOCTEIl OCTaJICd MPEXKHUM, KaK I[MOKA3aHO Ha
puc. 8,6. OmHaKO MaKCUMAJbHBIE 3HAYEHUS CIIe-
KTPaJIbHBIX YPOBHEl HAOJOIa0TCa Ha 0Oe3pasmep-
HBIX JacToTax w* &~ 0.57 B 06/1aCTH BEPXHETO CKJIOHA,
ocaxkIeHus Tecka n w* &~ 1.71 BOM3u mpusMaTude-
ckoit moziesu. Ilpm sToM MakcuMyMBbl B 00/1aCTH Ha-
HOCA TIeCKa MEXK Ty JBYMs IIOJIKOBOOODA3HBIMY BUXPE-
BBIMU CHCTeMaMu, (DOPMUPYIOIUMUCT B OTBEPCTUU
pa3MbIBa Iepe] IPU3MATHIECKONH MOJENbIO, HabJIIO-
JAK0TCd HA 00eMX ITUX YaCTOTaX.

Wrak, BHyTpU OTBEPCTUS Pa3MbIBA MEPE, IPU3Ma-
TUYECKON MOJEJIHIO0 MMEIOT MECTO ITOBBIIIIEHHBIE YPOB-
HU IIyJIbCAIUI IPUCTEHOYHOTO JABJICHIS BOJIU3U IPH-
3MBI TaM, 7€ B3aUMOJIECHCTBYET HHUCHAIAIOIIEe Te-
JeHne, HAIIPABJIEHHOE BJIOJIb OOTEKAeMOl ITOBEPXHO-
CTH TPU3MATUYECKON MOMean KO IHY. MaKcuMyMbl
CIIEKTPAJILHBIX YPOBHEH B 00/acTH, TpUJErarnei
K 00TeKaeMOil TMOBEPXHOCTH MPHU3MBI, 3a(DUKCAPOBa-
HBbI Ha 9aCTOTaX, KOTOpbe B (2...3) pa3a Bblile, 4eM
B obsractu (popMUPOBAHUST OTPBIBHON MOIKOBOOODa-
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3HOU BUXPEBOW CHCTEMbI. DTH YACTOTHI, KAK IOKa-
3bIBAIOT BU3yaJIbHbIE U3MEPEHUsi, OTBEYAIOT TaCTO-
TaM BpaIleHusl KPYITHOMACIITAOHBIX BUXPEBLIX CTPY-
KTYD, OrubaloIx IPU3MATUIecKyo Mojens [17, 19].
Kpynmomacmrabuplit moaKOBOOOpa3HBI BUXPb, KO-
TOPBIIt HOPMUPYETCS U3 MUPKYIATNOHHOTO TEICHUS,
TEeHEepUPYEMOTr0 MPHU OTPBIBE TMOTPAHUYHOIO CJIOsi Ha,
nepejiHell KpOMKe OTBEPCTHUsI Pa3MbIBa, UMeeT be3pa-
3MepHyio yacrory Bpamenus St 22(0.1...0.2). Hamom-
HUM, 9TO 9TOT BUXPb 00pa3yeT BEPXHUIA CKJIOH OTJIO-
JKEHUsI TeCKa B OTBEPCTUU PA3MbIBa TPYHTA TIEpeJ
IPU3MATAIECKON MOENIBIO, YTO CXeMATHIECKU TTOKa-
3aHO Ha puc. 6, 6. Kpynaomacirabubrit moakoBoobpa-
3HBIN BUXPb, KOTOPBI (DOPMUPYETCS B HUXKHEM I10
IIOTOKY CKJIOHE OTJIOXKEHUSI TIeCKa BOJIM3U ITPU3MATHU-
9eCKOI MOJEe/n, BPAIaeTcs: ¢ Oe3pa3MepHOil 9acTo-
Toit St ~2(0.3...0.5). IIpu sTOM € yBeJMYEHUEM UHC-
sta Peitnonbiica, 00yC/IOBJIEHHOTO POCTOM CKOPOCTHU
MIOTOKA, 9aCTOTa BPAIIEHNsT 000UX MOJKOBOOOPA3HBIX
BUXPEH yMEHbIIaeTCs.
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cror. B criekTpabHBIX 3aBHCHMOCTSX HAOJIIOmA~
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