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Postb rpaHMYHBIX YCIOBUIT HA OMBIBAEMBIX CTEHKAX IIPU pellleHNN QyHIaMEeHTATbHBIX U TTPUKJIIa -
HBIX 3aJ]a4 KOHBEKTUBHOTO TEIIOOOMeHAa BeCbMa 3HaUMTeIbHasl, IPUUYEM KaK B SKCIIEPUMEHTAIbHbIX,
TaK M pacyYeTHBIX CIIydasx. PasznmyaloT rpaHUYHBIC YCJIOBUS TIEPBOTO, BTOPOTO M TpeThero poma [1].
B mmogaBmstionieM GOMBIIMHCTBE MPOBEAECHHBIX (DU3MIECKUX SKCTIEPUMEHTOB PEATM3YIOTCS YCIOBUS
BTOPOTO POja, T.¢. Ha MOBEPXHOCTU KOHTAKTAa CTEHKU U ITOTOKA TETMJIOHOCUTEJISI BHITIOJTHSIETCS YCIOBYE
MOCTOSIHCTBA TEIJIOBOTO IT0TOKa (CM., HampuMep, [2—4]). IlomBoxn Teria IIpouCcXoauT, KaK IMpaBuio,
TIPU IPOITYCKAHWU SJIEKTPUIECKOTO TOKA B CTEHKE. [1pK 3TOM TMCKYCCMOHHBIM OCTaeTCsI BOITPOC 0Oec-
MeYeHUsl MOCTOSIHCTBA TEIIOBOrO MOTOKA Ha HEMIaJKON CTPYKTYPUPOBAHHOI CTEHKE MPU HATUYUU
YITOPSIOYESHHBIX BEICTYITOB WJIH BITAIUH.

HamHoro pexe B aKcleprMeHTalbHbIX YCTAHOBKAX CO3/1al0TCS YCJIOBMS MEPBOro poja, T.e. Ha KOH-
TaKTHBIX TMOBEPXHOCTSX pEAIM3YIOTCS M30TepMUUYecKue IpaHWuHble ycioBus. Ilpaktuueckoe ocy-
IIECTBJIEHNE TaKUX YCIOBHIA B [5, 6] mOCTUTraeTCs TTPU UX ITOAAEPKAHUHK 34 CUET BBEISHUS MapOBOii 00-
JIaCTU, TpaHUYallleli C OMbIBA€MOI BHEIIHEN cpenoii cTeHKo. MHTepecHO, YTO UCTIOIb30BaHUE TAaKUX
M30TEPMUUYECKUX CTPYKTYPUPOBAHHBIX CTEHOK, cOXpaHstoluxcs npu temriepatype 7= 373 K, couera-
€TCsI C METOJaMU TpaAUEHTHOI TePMOMETPHUM, OCHOBAaHHOM Ha rpaiMeHTHBIX TaTYNKaX TETJIOBOTO I10-
TOKa.

KoppekTHoe TeopeTrnyecKoe onpeiecHe TPaHNYHOIO YCIIOBUSI Ha CTEHKE JIJISI IPOTHO3UPOBAHUS
XapaKTepPUCTUK TEIUIOOOMEHA CBSI3aHO C pellleHWeM 3aJaul TEIJIONPOBOIHOCTHA B CTeHKe. Tak, B [7]
MpemiaraeTcst OLICHUBATh TPAaHUYHBIE YCIIOBUS, pelllasi 00paTHYIO 3a1a4yy TeIUIONPOBOTHOCTH.

OgHako TIpY YKUCICHHOM MOIEIUPOBAHMM KOHBEKTUBHOIO TEIUIOOOMEHAa B JHEPTETUYCCKUX
YCTpOICTBaxX, ABUTAaTEJILHBIX TPAKTaX, CUCTEMAX OXJIAXKICHUSI B MUKPOSJIEKTPOHUKE C MCITOJIb30BaHM -
€M MaKEeTHBIX TEXHOJIOTUI MPUHATO 3a1aBaTh HA CTEHKE IIOCTOSTHCTBO ITOABOIMMOTO TEMI0BOTO OTOKA
VIV OTIPEAESITh TIOBEPXHOCTh CTEHKY KaK M30TEPMUYECKYIO C ITOCTOSTHHOM TeMIepaTypoii.
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BIMAHUE T'PAHUYHBIX YCJIOBUM HA MOJEJIMPOBAHUE 39

B manHoOI1 paboTe BIMsHUE TPaHUYHBIX YCIOBUM paccMaTpUBAaeTCsI B LIMKJIE 3a1a9 BUXPEBOI MHTEH-
cuduKallMK TerjIooOMeHa Ha CTPYKTYPUPOBAHHBIX HENIAAKUX MOBEpXHOCTsIX. Ha mpoTsskeHuun Tpua-
LAaTH JIET pa3BMUBAIOTCSI PaCUYETHO-3KCIIEPUMEHTaIbHbIC UCCIIENOBAHUS BIUSHUS YIIOPSIOYEHHBIX JIy-
HOK Ha TeIIoBYI0 3(p(PeKTUBHOCTh OMBIBA€MbIX IIOBEPXHOCTEM ITPU YMEPEHHBIX TUAPABINYECKHX 10~
TepsIX TIpU Tpokadke TeruioHocutensi. B monorpadmm I'M. Kumknan3e m ap. [8] mpencraBieHa
KOHIETIUS CaMOOPraHU3aly CTPYMHO-BUXPEBBIX CTPYKTYP B c(pepruuecKux JyHKax. YucIeHHOe MO-
JIeJINpOBaHUE TaKUX CTPYKTYP B c(DepUIECKUX U CIIETKA aCUMMETPUYHBIX JIYHKAX HAa CTEHKaX KaHAJIOB
U nactuHax [9—13] moka3bpiBaeT, YTO OTPHIBHOE TEUEHME BHYTPU JIYHOK HE 00JIafaeT BHICOKOI MHTEH-
CUBHOCTBIO, 2 CKOPOCTH BO3BPATHOTO U 3aKPYYEHHOIO TEYEHUST HEBEJIMKU U He mpeBocxoaaT 30% ot
XapaKTEepPHOU CKOPOCTHU TeUEHUSsI. YCIIOBUSI BTOPOTO pola, KaK IPaBUjIo, UCITONb3YIOTCS TIPU pacyeTe
KOHBEKTHMBHOTO TEIJIOOOMeHA B JUIMHHBIX KaHaJIaX ¢ JyHKaMM Ha pa3BUBAaIOIIEeMCcs Ha4aJalbHOM WJIU
MOJTHOCTBIO Pa3BUTOM T'MIPOAMHAMMYECKOM Y4acTKe [9] M TedeHus Ha TUIaCTUHE. YCIOBUS IIEPBOIO
pola, Kak yxKe 0OTMe4aaoCh, IPUMEHSIIOTCS IJIsI pacdyeTa TerIoooMeHa B IM(POBBIX aHAJIOTaX TeIIohU -
3MYECKUX CTEHIOB C ITAapOBOM KaMepoii 1S TToaAepKaHUsI TeMIlepaTypbl cTeHKU, paBHoi 373 K [10—12].
Taxoke OHM UCHOIB3YIOTCS IIPY IIPOTHO3UPOBAHNM XapaKTEPUCTUK TCUSHUS U TSIIOOOMEHAa Ha y4acTKe
CTaOMIU3UPOBAHHOTO TEUECHMUS TIPU ITOCTAHOBKE MEPUOINISCKUX TPAHUYHBIX YCIOBU HAa TPOTOYHBIX
rpaHUIIax BbIAEJEHHOTO IMIOBTOPSIOIIETOCS PACUeTHOTO MOAYJIs ¢ TyHKoi [13].

CpaBHeHUe TpaHUYHBIX YCJIOBUIL TIEPBOTO U BTOPOrO poja MpPU MOAEIMPOBAHUN KOHBEKTUBHOIO
TerJa000MeHa B Y3KOM KaHaJjle co chepHuuecKoii TYHKOI IToKa3aao He3HAYUTEIbHOE pa3Inune YUCIeH-
HBIX IPOTHO30B TEIJIOBBIX [IOTOKOB B IYHKE U €€ OKPECTHOCTHU U OJIM30CTh CYMMAapPHOM TEIUIOOTIAYM OT
y4JacTKa CTeHKH C JIYHKOH [14].

B nocnenHue roabl B 067aCTU BUXPEBOIl MHTEHCU(UKAIUM TEII00OMeHA IPU UCITOJb30BaHUU
CTPYKTYPUPOBAHHBIX TOBEPXHOCTEI JOCTUTHYT IIPOPHIB 3a CUET 3aMeHbI IYHOK HAKJIOHHBIMU KaHaBKa-
MU. YUCIIEHHO OTKPBHITO U SKCIIEPUMEHTAIBLHO TOATBEPXKACHO SIBJIEHME aHOMAaJIbHOM MHTeHCU(PUKa-
LIMY OTPBIBHOIO TEYEHUSI U TEMI000MeHA B HAKJIOHHBIX KAHABKAX HA CTEHKE Y3KOT0 KaHAaja U TIACTUHE
[15, 16]. dns equanunbx [17, 18] 1 makeTHBIX OMHOPSAHBIX [ 19—22] KaHAaBOK Ha HAYaJIbHOM TMIPOIM -
HAMMWYECKOM Y4acTKe M ydacTKe CTAaOMIM3aLUM TE€YESHUS YCTAHOBJIEHO JIOCTVXKEHUE YJIBTPaBbICOKUX
CKOPOCTE BO3BPATHOIO Y BTOPUYHOTO TeUEHUSI A0 BEIUUUH MOPSIAKA U IIPEBOCXOASIINX XapaKTepHbIe
CKOPOCTH, MHOTOKPATHBIN pocT (0T 2 10 9 pa3) OTHOCUTENbHBIX BEIUYMH TPEHUSI U TEIJIOBBIX TIOTOKOB
Ha JHEe KaHaBOK. SIBJIeHMe BBI3BAaHO 3KCTPAOpANMHAPHBIMU IepeIiagaMy CTaTUYECKOTO JaBJICHUS MEXKIY
30HAMU TOPMOXEHMSI HA HABETPEHHOM CKJIOHE 3aXOSIIEeTr0 B KAHABKY ITOTOKA U Pa3peXXeHUsl B CTBOJIE
CaMOOPTaHU30BAHHOTO TOPHAIO MTOJOOHOTO BUXPS HAa BXOAHOM chepruIeCKOM CEIMEHTE.

B nanHOIT cTaThe paccMaTpUBAETC BIMSHUE TPAHUYHBIX YCJIOBUI Ha KOHBEKTUBHbIN TEMI000MeH
B HaKJIOHHOM KaHaBKe Ha HArpeToll CTeHKe Y3KOTO KaHajia Mpu TYpOyJIeHTHOM HU3KOCKOPOCTHOM Te-
YeHUU BO3IyXa.

[TOCTAHOBKA 3AJAYU

PaccmarpuBaeTcs TypOyJIeHTHBIN KOHBEKTUBHBIN TEIUIOOOMEH ITPY CTAallMOHAPHOM O0TEKaHUU BO3-
JIyXOM YeAUHEHHOI KaHaBKM ITI0JI YIJIOM HaKJloHa 45° Ha HarpeToi cCTeHKe y3Koro KaHaja (puc. 1), co-
OTBETCTBYIOILIETO 3KCIIepuMeHTaM [2] u pacueram [11, 12, 14, 17, 18]. B kadyecTBe XapakTepHEIX ITapa-
METPOB BEIOMpAIOTCs BbICOTa KaHaja D u cpemHeMaccoBast cKopocTh ImoToka U. Uncno PeitHombaca Re
Ha CTaOMJIM3MPOBAHHOM yJacTKe BO3IYIIIHOTO MOTOKA B KaHayie MpruHUMaeTcs paBHbIM 3333. be3pas-
MEpHas BBICOTa KaHaJjla IIpUHUMAaeTCs paBHOI 1, mmpuHa — 7.5, nimuHa — 22. Hlunuaapudeckast KaHaB-
Ka oOpa3oBaHa COeAMHEHNEM ABYX ITOJJOBUHOK C(hepruuecKoi JyHKU nuameTpomM 1 u rmyouHoii 0.39 ¢
TpaHuIeei minHoM 7. CTereHb TypOyJEeHTHOCTH 3amaeTcsl OJM3KOM K aKcIepruMeHTanbHou (1—5%),
a MaciTab TypOyJIeHTHOCTH IIPUHUMAETCS IOPsIAKa XapaKTepHoro pa3Mepa. OTHOCUTENILHBINA pagnyc
CKpyTJIEHNS KpoMKHM 3HaumnTesaeH u paBeH 0.25. Uncno INpanarasa Pr mpuanmaercsa paBabIM 0.71.

TypOyJieHTHOe cTallMOHApHOE OTPbIBHOE TEUEHUE HECKMMAaeMOil BSI3KOUM Cpelbl B y3KOM KaHaJjie C
HaKJIOHHO# KaHaBKOI OMHMCBHIBAETCS B paMKax IOAX0Aa Ha OCHOBE pelleHUs] OCpenHEeHHbIX No Peii-
Homabacy ypaBHeHU HaBbe—CTrokca (RANS) [23], 3aMKHYTBIX ¢ TOMOIIIBIO AUddhepeHIINaTbHbIX ypaB-
HEHUI MOJIe/IN CABUTOBBIX HaNpskeHuid MeHTtepa [24]. TeriooOMeH paccuuThiBaeTCs C MUCIOJb30Ba-
HHEM ypaBHEeHUs 3Hepruu [23].

PacuetHast 06J1acTh OXBAaThIBa€T OTPAaHUYEHHOE CTEHKAMMU ITPOCTPAHCTBO Y3KOTO KaHAJIa MPOTSKEH-
HocThIo 22 (puc. 1). BxonHast mpoTouHasi rpaHulia ¢ TPOOUISIMU XapaKTePUCTUK MOJTHOCTHIO pa3BUTO-
ro TypOyJIEHTHOTO II0TOKA pacIiojlaracTcs Ha pacCTOSSHUM 8.5 OT IIPOSKIIMHU LIeHTPa KaHaBKU Ha IIJIOC-
KOCTbh HIDKHEM CTEHKU, a IEHTP AeKAPTOBOM CUCTEMBI KOOPAWHAT X, ), Z HAXOAUTCS B CPEANHHOM ceue-
HMU KaHaja Ha pacCTOSTHUM 5 OT BXoda. B BRIXOMHOM cedeHMM KaHajla 3a1afoTcs “MATKHUe” TpaHUJHbIS
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Puc. 1. YuacToK y3K0ro kaHaja ¢ HaKJIOHHO# KaHaBKOI Ha HarpeToii cTeHke (a) ¢ 1eKapTOBOU CUCTEMOI KOOPIU-
HaT X, y, Z 1 MHOTOOJIOUHBIE CETKM B OKPECTHOCTHU KaHABKU (0 — BUII CBEPXY; B — BUI COOKY). / — KaHaJIbHasi ceTka MG;
2 — u3MenbyeHHasl AekaproBasi cetka MR, HakpbiBalomiasi kaHaBKy; 3 — O-o0Opa3Hasi KpMBOJIMHEHas ceTka Ring
BHYTpUY KaHaBKM; 4 — ceTka Rec — “3ariarka” Ha [He KaHaBKU. BepxHsisi cTeHKa KaHajla CHsITa.

YCI10BHUA — YCIIOBUS ITPOJOJLKEHMA PEIICHWA Ha 'paHUILy, a Ha OMbIBA€MbBIX CTCHKAaX KaHasia CTaBATCA
yCiaoBuA IIPpUIINIIaHUA.

[Tpu peanuzanuu rpaHUIHBIX YCJIOBUI TIEPBOTO POJa HIDKHSISI CTEHKa KaHajla ¢ JIYyHKOM MoIIe pXu-
Baetcs npu nocrossHHoit Temnepatype 30°C (303 K), kak B [11, 12, 14], a mpu 1mocTaHOBKe TPaHUYHBIX
yCJIOBUIA BTOpOTo poda aHaidorudHo [14, 17, 18] Ha cTeHKe 3amaeTcs TEIUIOBOM ITOTOK ¢. [longBommumErit
MOCTOSTHHBIN TETIOBOI IMTOTOK ¢ MEPECUUTHIBAETCS B 0e3pa3MepHBIil BU 110 (hopMyJie

Gnorm = qD/(}\‘PI'Re T;ef) )

a ero BeJIMYMHA IpuHUMaeTcs ~3.4 X 107>, 3nech A — TeILUIONPOBOAHOCTb BO3AyXa.

BbokoBble cTeHKM KaHala annabaTUYecKue, a BEPXHsA U30TEPMUYECKAs C TeMnepaTypoit 7T, npu-
HATOI B KauecTBe MaciuTaba o6e3pasmepuBanus (293 K). Ha Bxone temneparypa 7 3agaeTcsi HOCTOSIH-
HOI 1 paBHOii T, a Ha BBIXOJE U3 KaHasa 11 T cTaBATCs MATKME TPaHUYHbIe ycaoBuA. bespasmepHas
TeMIlepaTypa Ha U30TepMUYECKOI CTeHKe ITpUHUMaeTcs paBHOI 1.034.

YuciaeHHOe pellleHWe CTallMOHApHBIX OcpelHeHHbIX Mo PeliHonbacy ypaBHeHuit HaBbe—CToKca
(RANS) 1 sHEprum OCHOBBIBAETCSI Ha KOHLICIIIIMY PACIIEIUICHUS 110 (hU3UIECKUM IIpolieccaM [23] rpu
MCMOJIb30BaHUM TIpoleaypbl Koppekiiuu aapjieHuss SIMPLEC [25] 1 MHOTOGIOUYHBIX CTPYKTYPUPO-
BaHHBIX CETOK C UX YACTUYHBIM MEPEKPHITUEM. YPaBHEHUSI IBUKEHUST 3aMbIKAIOTCSI C TOMOIIIBIO MOJTY-
SMIMPUIECKON MOAeIn mepeHoca caBUroBbix HampspkeHuit (SST) [24]. PazBuBaemasi METOIOIOTUS
pacnapajieJIMBaeTcsl IPUMEHUTEIbHO K KJIACTEPHBIM (MHOTOSIIEPHBIM Y MHOTOIIPOLIECCOPHBIM) CU-
cTemMaM M 0000111aeTcsl Ha cllydaii HECTpYKTYpUPOBaHHBIX ceToK. [Tomo6Ho [23], 0600111eHHOE ypaBHE-
HUeE MepeHoca 3alMChIBAETCS B IPUPAIIEHUSIX 3aBUCUMBbIX IIEpEMEHHBIX. SIBHAs 4acTb ypaBHEHUS TUC-
KPETU3UPYETCS MO CXeMaM BTOPOTO MOPSIAKa alllpoKCUMaIu (TPOTUBOITOTOYHASI cXeMa C KBaapaTuyi-
HOIT MHTepTosAnueit Jleonapma [26] mIst KOHBEKTUBHBIX WICHOB YpaBHEHUM KOJIMYECTBA IBIKCHUS,
cxema TVD [27] o1t KOHBEeKTUBHBIX WICHOB YPaBHEHUH XapaKTEPUCTUK TYPOYJICHTHOCTH U LIEHTPaIb-
HO-pa3HoCTHas cxema 1151 nugGy3MOHHbIX WieHOB). HesiBHast YacTh ITpeacTaBisieTCsl ¢ TOMOIIBIO MPO-
TUBOIIOTOYHOI CXeMBbl C OlTHOCTOPOHHUMM pasHOCTAMU. [IpruMeHeHe IeHTPUPOBAHHbBIX CETOK C pa3-
MEIIIEHUEM 3aBUCUMBIX IEPEMEHHBIX B LIEHTPAX PACYETHBIX STU€EK MPUBOJUT K HEOOXOAMMOCTU MOHO-
TOHU3ALIMU TIOJISI JAaBJICHUST 3a cUYeT BBeldeHUs1 Koppekuuu Pxu—Yoy [28, 29]. B kauecTBe Metoma
pelieHus aredbpanuyecKux ypaBHEHU M ncronb3yeTcs npenooyciosieHHbiit BICGSTAB [30] c anrebpa-
MYECKUM MHOT'OCETOUYHBIM yCKOpUTeaeM 13 oubanoreku demuaona (amgcl) [31] a1 monpaBKu gaBiae-

MN3BECTUA PAH. MEXAHUKA )KUAKOCTU U TA3A Ne 6 2023



BIMAHUE T'PAHUYHBIX YCJIOBUM HA MOJEJIMPOBAHUE 41

Hua 1 ILUO mis octanbHBIX IepeMeHHBIX. B pazpadoranHom mmakere VP2 /3 (Velocity-Pressure, 2D/3D)
MIPUMEHEHbl MHOTOOJIOYHBIEC BBIUMCIUTENbHBIE TexHonoruu (MBT), onucanHbie B [23]. OHM OCHOBBI-
BAalOTCSI HA COBOKYITHOCTY pa3HOMACIITAOHBIX, SIPYCHBIX 1 IepeCceKaIoIINXCsl CTPYKTYPHUPOBaHHEIX Ce-
TOK, COIJIACOBAHHBIX CO CTPYKTYPHBIMU 3JIEMEHTAMU COOTBETCTBYIOIIMX MAcCIITa00B (hMU3NMIECKOM 3a-
nauyv. B nByx psimax MpurpaHUYHBIX SUY€EK KaxKIOi M3 MepeceKalolnuXcs UM HaKIaablBaEMbIX CETOK
mapameTpbl OTNIPENEISIFOTCS C TOMOIIBIO JIMHEWHOI nHTeprnoasuuu [23].

s pelieHus 3amadyu MpUMEHSIETCSl MHOTOOJIOUHasl pacueTHasl CeTKa, colepxKallas Topsaka
5.6 MuTH sTaeeK. KOMITO3UIIMOHHO CeTKa COCTOUT M3 YeTHIPEX pa3HOMACIITa0HBIX (DparMeHTOB: / — Ka-
HaJbHOU TIPSIMOYTOJBHON (C MUHMMAaJbHBIM I1IarOM IO TIPOAOJbHOM U ITONEpPEeYyHO KOOpIuHaTe —
0.05) ceTku co crylieHMeEM y3JIOB K CTEHKE, MpelHa3HAauYeHHOH 1JIs1 OTOOpaXKeHUsI TeUeHUs B TIpeaeiax
KaHalia; 2 — noapoOHOii, peaHa3HAYEeHHO 715 IeTaTu3alluy TeYeHMs B OJIVM>KHEM clie/ie KaHaBKMU, Jie-
KapTOBOI CETKM (C MPOAOJbHBIM U IorepedyHbIM 1maroM 0.03), moKpsiBarolleil KOHTPOJIbHBIN y4acTOK
KaHaJla ¢ KaHaBKol pa3mepamu 7 X 0.2 X 7 (c mepenHei rpaHulieii, ylaJleHHOM OT LIeHTpa KaHaBKU Ha
paccrosiHue 3.5); 3 — KpUBOJIMHENHO, COrJTacOBaHHOI C TTOBEPXHOCTbHIO KaHABKU, DJUTMNTUYECKOM
CEeTKH, CTYyIIAIoIecsl K CTEHKe U KPOMKe; 4 — KOCOYTOJIbHOM CETKM, IMOKphIBAIONIEi THO KaHAaBKU B
Bune “sarutatku”. [lpucreHouHbli 1war BblOMpaercd paBHbiM 10~%. KaHanbHasg ceTka COAEpPXKUT
4.34 MJIH s1UeeK, a OKpyKalollasi KaHaBKY JeTajibHas IpsiMOyroJibHas cetka — 0.58 MJH siueek. LlunuH-
Ipuyeckasl JUIMNTUYECKasl CeTKa, ComlacoBaHHAasl ¢ KaHaBKOM, comepXuT 0.45 MJIH siueek, a KOco-
yrojbHasl ceTka, HakpbIBatomast 1Ho, — 0.21 MIH sTYeiiKku.

PacuerHast MeTOmOJIOTHUSI UMEET BTOPOM MOPSIIOK allMpOKCUMALIMK 110 TIPOCTPAHCTBEHHBIM Mepe-
MeHHBIM. Ha KaxknoM uTepaliliOHHOM IlIare pelraeTcs ypaBHeHME OMPAaBKY TaBJICHUS U PAaCCUUThLIBA -
FOTCS TIOJIST IEKAPTOBBIX COCTABJISTIONINX CKOPOCTH, TABJICHUS, a TAKXKE XapaKTepUCTUK TYpOYJIEHTHO-
CTU. BBIUMCIUTENBHBIN TIPOlIeCcC 3aKaHYMBACTCS MPU TOCTHXKEHUN MaKCUMAaTbHBIX TTIOTPEITHOCTEM 3a-
BUCHUMBIX IIEPEMEHHBIX YPOBHA 107> M BBIXOLE Ha CTAOWIM3ALMIO SKCTPEMAJIBHBIX JOKAJILHBIX U
WHTETpaIbHBIX IapaMeTPOB, BKIIFOUasl MOIEePEYHYIO CUIY M CyMMapHYIO TEILUIOOTIauyy Ha KOHTPOJIbHOM
y4acTKe C HAaKJIOHHOM KaHaBKoli. B maHHoi1 paboTe aHaIn3UpyIOTCs 9KCTPEMaJIbHbIC JIOKAJIbHBIC 1 MH-
TerpajbHble XapaKTePUCTUKN TEUCHUS 1 TEII00OMeHa B KaHaJjle ¢ KaHaBKOM 1 6€3 Hee MPpU pa3IndyHbIX
IrpaHUYHBIX YCIOBUSIX TI0 TETJI000MeHY. B MX 4uciio BXOASIT MPOAOJbHBIE 1 MONEpPEYHbIE paciipenelie-
HUA TIeperazia CTaTHIeCcKoro nasjieHus P — P,, otHocuTeabHOM Terooraadn Nu/Nu,,, OTHOCUTETbHO-
ro TpeHus f/f, U OTHOCUTENIbHOM TeMrepatypbl Tw/Tw,, (1l yCIOBUIA BTOPOTo pojia) B XapaKTEPHbIX
CEUCHMSIX OMBIBAEMOI1 CTEHKHM KaHaJla ¢ KaHaBKOM, OCPEIHEHHBIE MO MOTNEePEYHbIM IMOJIOCAM OTHOCH-
TenbHble yrciaa Hyccenbra Num/Num,, 1isi KOHTPOJIBHOIO yJacTKa M MPSAMOYTOJILHOIO KOHTYpa,
OKpyXarollero KanaBky. MMHmekc p/ oTHOCUTCS K MapaMeTpaM Ha CTEHKE TUIOCKONapaIeIbHOro KaHa-
Ja. Takke cpaBHUBAIOTCS 3KCTpeMaJIbHBIE XapaKTepUCTUKM TeueHusT Pmin, Pmax, Umin, Umax, Vmin,
Vmax, Wmin, Wmax, TypOyieHTHOCTH Kmax, utmax, reruioBoit (Numm/Numm,,) 1 TerIoruapasim-
yeckoil THE = ((Numm/Numm,;)/ &/ Cp,)) 3(pPEeKTUBHOCTH, a TAKXKE OTHOCUTEIBHBIX KO3(hPUIIUEHTOB
runpasmdeckux norepsb (5/C,).

AHAJIN3 ITOJIVHEHHBIX PE3VIIBTATOB

Ha puc. 2—5 n B Ta0n. 1, 2 ipeacTaBieHbl HEKOTOPHIC M3 MTOJIYYeHHEBIX Pe3yabTaToB. SIBIeHMe aHo-
MaJIbHOU I/IHTCHCI/I(I)I/IKaLlI/II/I OTPBIBHOTO TCUCHUA U TG]’[.HOO6MCHa B6.HI/ISI/I OJHOPAIHBIX HAK/IOHHBIX Ka-
HABOK Ha CTeHKAaX Y3KMX KaHAJIOB U ITACTUHAX, KaK IToKa3aHo B [ 15, 16], cBsI3aHO ¢ TeHepalueil BHyTpU
TaK1X KaHaBOK TOPHAA0 MOAOOHBIX BUXPE, CO3MAIONINX 30HBI OTPULIATEILHOTO JaBJICHUSI. DKCTpaop-
JUHAPHBIC IIE€PECIIaabl CTATUYCCKOTO AaBJICHWS BO3ZHUKAIOT MEXIY O6ﬂaCTHMI/I TOPMOKEHUNSA BXOIAILIECTO
B KaHABKY ITOTOKA Ha HABETPEHHOM CKJIOHE U pa3peXeHUs B MECTEe 3apOXIEHUs BUXPS Ha chepude-
CKOM CEeTMeHTe KaHaBKU. VX BenmmunHa comocTaBUMa C TIepernagoM TaBIeHUS MEXIY KPUTUIESCKUMU
TOYKaMU MpY 00TeKaHUU 3aTYIJICHHBIX TeJl TUMAa 1apa Wwin uuiauHiapa. CiaenctBueM (hopMUpPOBaHUS
rnepenagoB AaBJIEHUsSI BO BXOAHOI YacTW HAKJIOHHOI KAHABKU SIBIIIETCS aHOMallbHAsI MHTeHCU(UKa-
[I1S1 BO3BPATHOTO U BTOPUYHOTO TEUYECHUS, BOCXONSIINX U HUCXOASIINX TTOTOKOB MPU NOCTUKECHUH YJTb-
TPaBBbICOKUX BEJIMYUH CKOPOCTU, COIMOCTABUMBIX U IIPEBBIMIAIOIINX XapPAKTEPHYIO CPEIHEMACCOBYIO
CKOpOCTh. BHYTpU KaHaBKY BO3HUKAIOT 30HBI BEICOKUX I'PAJMEHTOB XapaKTePUCTUK TEUECHUS U TEILIO-
oOMeHa: OTPULIATEILHOTO TPEHMUSI Y TETIJIOBBIX IIOTOKOB, MHOTOKPATHO (H0 6—9 pa3) IpeBHIIIAIONINX 10
abCOJIIOTHOI BEJIMUYMHE COOTBETCTBYIOIIME XapaKTepUCTUKY Ha TJIaAKOlM CTeHKe KaHajia 6e3 KaHaBOK.

Crenyet oTMETUTD, YTO aHOMaJIbHasi MTHTEHCU(UKALIMS TEUYSHUS U TeTJI00OMEeHa XapaKTepHa TakKe
IUIST eMMTHUIHBIX KAHABOK Ha CTeHKe Y3KOTo KaHaja M ruiactuHe [15—18], mpaBma, addekT yeumeHus
IrpaIveHTOB TEUYEHUS U TeTJI00OMEHa B HUX ropas/io ciiabee, 4eM I ITakeTa KaHaBOK.
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(©)

Nu/Nup,

OO === === NN L
WNPNOO— LN LN JO—

Puc. 2. PaccuutaHHBIe TT0JI1 OTHOCUTEIBHBIX Yncel HyccenbTa Nu/Nup, C HAaHECEHHBIMM JIMHUSIMU pacTeKaHUsS Ha
KOHTPOJIBHOM YYacTKe CTPYKTYPUPOBaHHOM CTEHKU KaHaja MPpU 3aJaHUu IPaHUYHBIX YCIOBUil ¢ = const (a) u T =
= const (0).

— P_Ppl f/fli,[ TW/Twp1
14 1001
H0.2
41.000
12
0.1 40.999
410 i
1o 0.998
40.997
0 2 4 6 y o2

Puc. 3. CpaBHenue pacrpelesieHuii oTHocuTenpHoro grcia Hyccensra Nu/Nu,, — /, 2, epernazna CTaTH4ecKoro xas-
neHust P — Ppl — 3, OTHOCUTEJIbHBIX BEJIMYMH TPEHUS f/j;,, — 4uTemneparypsl Tw/ Twp1 —5 B IPOIOJIBHOM XapaKTePHOM
CEeYeHUM CTeHKH KaHajla ¢ HAKJIOHHOM KaHaBKOM ITPY 3alaHUU TPaHUYHBIX YCJIOBU ¢ = const — I, 3—5u T'= const 2—4.

CrpyitHO-BUXpeBas TUApOAMHAMUKA B KaHalle C eIMHUYHOI KaHaBKOW Ha HarpeToi CTeHKe WJLTI0-
CTPUpPYETCS CPAaBHUTEIbHBIMU MPOTHO3aMU B TabJI. 1 U KapTUHAMU pacTeKaHUsl BO3yXa MO KOHTPOJIb-
HOMY y4acTKy Ha puc. 2. [ToarBepxkneH 3HaUUTENbHBIN Meperan JaBeH!s] B KaHaBKe, OTHECEHHOTO K
YIBOCHHOMY CKOPOCTHOMY IOTOKY, IO CpPaBHEHUIO ¢ IaJAKUM KaHaioM. OTMeualoTcsl yabTpaBbiCOKast
CKOPOCTb BTOPUUYHOTIO TeUEHUsI U 3aMETHOE YCKOPEHMeE B siipe KaHajlbHOTO NoToka. [TouTu Tpexkpar-
HBI POCT MaKCUMaJIbHOM 3HEPTUU TYpOYJIEHTHOCTH B KaHaJIe C KAHABKOM coueTaeTcsl C He3HAUUTEb-
HBIM YBEJIMUEHUEM MAaKCUMaJIbHOM BUXPEBOU BI3KOCTU. PaccunTaHHasi CTPyKTypa OTPbIBHOTO TEUEHUS
B HAaKJIOHHOI KaHaBKe XOPOIIO COMIaCcyeTCsl C aHAJIOTUYHOM, MoJydyeHHOo B | 18] aist BogsiHOTO Teruio-
HOCUTENS U 6JIN3KOi TeoMeTpur. BhiIcCOKOMHTEHCUBHAsI 30HA BO3BPATHOTO TEYEHMS B 00J1aCTU OTPhIBa
BHYTPU KaHaBKM BecbMa Majla, HO MIMEHHO B Heil hopMuUpyeTcs 3aKpyueHHbI MOTOK, YaCTh KOTOPOTO
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Nu/Nu,, J: @) Jo
P=Py 2 Tw/Twy,
0.05 H1.004
41
0 41.002
Ho
~0.05 41.000
41
~0.10 40.998
PPy Jln
025 14 | Tw/Twy
020 3
H1.001
0.15 4
010 4 11000
0.05
Ho
0 +0.998
-1
~0.05
)

Puc. 4. CpaBHeHue pacrpelesieHuii oTHocuTenpHoro grciia Hyccensra Nu/Nu,, — /, 2, mepernazna CTaTH4ecKoro xas-
Jenust P— Py — 3, OTHOCUTENBHBIX BEJIMYMH TPeHUsL f/f,) — 4 u temneparypbl Tw/Tw,; — 5 B CPEIMHHOM NPOLOIBHOM (a)
U IIOIIePEYHOM XapaKTepHOM (0) ceueHHsIX KaHaBKU Ha CTEHKE KaHaJjia IIpy 3aJaHuM TPaHUYHBIX YCJIOBUI ¢ = const — 1,
3—5u T=const — 2—4.

B BUAEC CITUPAJIEBUAHOI'O BUXPA ITOKNAACT KaHaBKy, HE OIS 10 ee KoHLa. B BEIXOMHOM YacTy KaHAaBKU
HaOM0maeTCs BO3BHUKHOBEHUE BTOPMYHBIX CMEPUYECBBIX CTPYKTYP.

B naHHOM MccenoBaHUY aKLIEHT JeJ1aeTCsl Ha CpPaBHEHUM TUIIOB TPAaHUYHBIX YCJIOBUI 15T TETLIO00-
MeHa IpU BIOOPE reOMeTPUIECKOI (pOPMBI M pa3MepOB KaHABKH, JIJISI KOTOPOil TOCTUTAETCS HAMOOIb-
mas TeruioBast 3(p¢peKTUBHOCTD, T.€. MAKCUMAJIbHAS TeTJIO0TAAaYa OT KOHTPOJIBLHOTO yJ4acTKa C KaHaB-
koii. [IpuyemM u3BeCTHO, UTO pellIeHUE TEII0OBO 3a1auM IJIs1 HECXKMMaeMOM Cpeibl He BIAUSICT Ha pellie-
HUe TUHAMUYECKOM 3amadyn. B aHajmormyHoM umccienoBaHuu [14], BEIMOTHEHHOM IIST chepUIeCKOA
JIVHKM Ha CTeHKe Y3KOTO KaHajla, IT0Ka3aHo, 4TO, KaK U B cllydae TpaHIIeH B y3KOM KaHalie, IOKaJIbHbIE
U MHTErpajbHble XapaKTePUCTUKN TEIUIOOOMEHA MPaKTUYeCKU (C TOYHOCTBIO 10 3%) He 3aBUCAT OT
TPAaHUYHOTO YCIOBUSI HA HATPETOM CTeHKe (¢ = const 1 7'= const 5KBUBAJICHTHHI).

Kak BugHo 13 puc. 2 1 TabJ1. 2, TEII0O0OOMEH B HAKJIOHHOI KaHaBKe Ha CTEHKE y3KOro KaHaja cyllie-
CTBEHHO 3aBHCHUT OT TUIIA TPaHUYHBIX ycaoBuil. [Ipu 7 = const OTHOCUTENbHBIE TEIJIOBBIE ITOTOKU
Nu/Nu,, BHyTpM KaHaBKM 3aMETHO HMXe, YeM Ul g = const. XOTs Mo TeIioBoi 3hdEKTUBHOCTH
Numm/Numm,; y4aCTKM C KAHaBKO# KapIMHAJIbHO HE OTIMYAIOTCA (Pa3IMYMe HAXOAMTCS B Ipeaesiax
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Num/Num,, (a) Num/Num,, (6)

0.8
0 2 4 6 Xz 107! 10° s, t

Puc. 5. CpaBHeHMEe OCpeTHEHHBIX ITO TTOTIEPEYHBIM IT0JIOCAM OTHOCHUTENBHBIX uyKcell Hyccembra Num/Numpl B cpe-
IUHHBIX TTPOAOJIBHOM — I, 2 W TIOTIepeYHOM — 3, 4 CeUYeHUsIX KOHTPOJILHOTO y4acTKa ¢ HAaKJIOHHOW KaHaBKOM (a) u
KOHTYpa, OKpY>Kalolllero KaHaBKy (0) Mpu 3a1aHUU I'PaHUYHBIX YCJIOBUI ¢ = const — 1, 3u T'=const — 2, 4.

2—3%), omHakKo TerioBast 3(PGEeKTUBHOCTb KOHTYpa, OKPYKaIOIIETo JYHKY, 3aMeTHO (Ha 4%) HIXKe 1JIsT
BapuanTa ¢ 7= const. CirleyeT OTMETUTD, YTO Teruroruapasandeckas 3 dexkrusHocts (THE) yuacrtka
C KaHaBKOM TTpeBbIIaeT | i TpaHUYHBIX YCJIOBUIA BTOPOTO POJa M OKa3bIBaeTCsI MEHbIE 1 11sl Tpa-
HUYHBIX YCJIOBUIA ITIEPBOTO poja.

B omsimume ot comocTaBaeHUs TTOBEPXHOCTHBIX XapaTepPUCTUK TE€USHUS U TEIIOOOMEHAa B MPOIOJIb-
HOM CPEAWHHOM CEUYEHUU HArPETO CTEHKM Y3KOro KaHajla ¢ HaKJIOHHOM KaHaBKoi [17], B JaHHOM uc-
cJielIOBaHWM TSI aHAJIM3a YMCJIEHHBIX TPOTHO30B BHIOMPAETCS MPOJIOJIbHOE CEUYeHUE, MPOXOAsIIee ye-
pe3 LIEHTp ceueHus rnepexoaa OT BXOAHOTo chepuyecKoro CerMeHTa K HWIMHAPUIECKO TpaHiiee (puc. 3).
Kak yxe ormevanoch npu paccMorpeHun KaptuH Nu/Nu,,, TeTiootaaya OT CTEHKH Ul TPAaHUYHBIX
YCJIOBUIT IEPBOrO poJa 3aMETHO OTJAMYAETCS OT IMMPOTHO3MPYEMON TEIIOOTAAYM 11 TPAHUYHBIX YCIIO-
BUii Broporo pona. Makcumym Nu/Nu,, 11 MU30TEPMUYECKON HArPETOM CTEHKM B pailOHE CKPYIJIEH-
HOI1 HAaBETPEHHOM KPOMKU NIpUMePHO Ha 1.2 ipeBocxonuT (Nu/Nu,)max CTeHKM ¢ ¢ = const, 10cTUras
MOYTH YEThIPEXKPATHOTO YBEJIMYEHUSI B CPABHEHUM C TIJIOCKOMNapalieJIbHOM cTeHKOM. B To ke Bpemsi
Ha MOABETPEHHOI CTOPOHE KaHABKM MUHUMaJIbHAsi OTHOCUTEIbHAs TeruiooTnava npu 7 = const mo4Tu

Ta6mmma 1
Kanain ¢ kaHaBKoI Kanan 6e3 kaHaBKU

Pmin —0.3242 —0.2519
Pmax 0.2031 0.0041
Umin —0.4160 0
Umax 1.277 1.259
Vmin —0.3895 —0.0005
‘Vmax 0.5361 0.0006
Wmin —0.8269 —0.0005
Wmax 0.3555 0.0005
Kmax 0.03408 0.01173
utmax 0.004241 0.004162
Tmax 1.018 1.012
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Tabsmua 2
Tun ycnoBust Numm/Numm,, Nummd/Nummd,, C/C THE
g = const 1.104 1.071 1.088 1.015
T = const 1.081 1.027 1.087 0.994

BIBOE HUXKE, YeM TP ¢ = const. Ha n1He kaHaBKM B LIeHTpasibHO# YacTu nporHo3sel Nu/Nu,, 61u3ku 1o
BEJIMUYMHE C HEKOTOPBIM MPEBHILICHUEM [IJISI U30TEPMUUYECKOI CTEHKU U OKa3bIBalOTCSI mopsiaka 1.5.

Ha HaBeTpeHHOI1 criiaskeHHOI KpOMKe JOCTUTAIOT MaKCUMYMOB Tiepenaj CTaTUUYeCKOTO IaBJIeHUS
P—P, v oTHOCUTENIBHOE TPEHUE f/f,. OTMEUaeTCs XapaKTEPHBIN 11 aHOMATbHON MHTEHCH(DUKALIMY
OTPBIBHOTIO TEUEHMUSI U TEIUIO0OOMEHA SKCTPAOpAMHAPHEBIN Mepenaj CTAaTUYeCKOro NaBJIeHUS, BETMYMHA
KOoTOpOTo oKa3bkiBaeTcs nmopsiaka 0.35. [Tnk oTHOCHTEILHOTO TPEHUS MopsaKa 4.5 KoppelImpyeT ¢ MaK-
cumymom Nu/Nu,,, 61M3KUM K 4, a MUHMMaJIbHOE 3HaY€HUE f/f,, OKasbiBaeTcs nopsanka —1.5. MHTepec-
HBIM MpPEACTABISIETCS pacHpelesieHue OTHOCUTEIBbHOM TeMmepaTypbl Ha CTEHKe € ¢ = const.
IMuk Tw/Tw, Ha NOABETPEHHOM CKPYIJIEHHON KPOMKE, IPEBBIIAIOIINIA |, BHYyTPY KaHABKU OBICTPO Ma-
JaeT 1o MuHUMyMa 3ameTHo Hiuke 1 (0.997), a 3aTeM B ciiefie 3a KaHaBKOI OBICTPO ITOApacTaeT, OcTaBa-
SICh HIDKE 1 Ha 3HAUUTEIbHOM YHOaJIeHUH, T.€. UMEET MECTO 3aXOJIaKMBaHME CTECHKH B 00JIACTH Cieaa.

Kak u B psie mpoBeleHHBIX McclienoBaHwmii [ 14—18], mHTepec It cpaBHEHUM ITPEACTaBIISIOT IBa Xa-
paKTEepHBIX CeUYeHUsSI KaHABKU: CPEIMHHOE IPOMOJBbHOE CeUYeHUE 1 TOIepeYHOe CEUYeHUE CTHIKOBKU
BXOJTHOTO chepruUIeCcKOro CerMmeHTa U HUJIMHIAPpUIECKOM TpaHien. Ha puc. 4 mocTpoeHbl 3aBUCHMOCTHU
JIOKAJIBHBIX ITOBEPXHOCTHBIX XapaKTePUCTUK TEUCHUS U TEIUIOOOMEHA OT JIOKAIBHBIX KOOPIWHAT S U 1,
npudyeM HyJIeBble 3HAUCHUST KOOPAWHAT BBIOPAHBI HA CTEHKE Tepel CKPYTIeHHOM KPOMKOI KaHaBKH.
Kak yxe ormeuasnocs panee, pacrpenenenus Nu/Nu,(s) (Kkpusble /, 2Ha puc. 4a) 1eMOHCTPUPYIOT 3Ha-
YUTEIbHOE pa3inuKe YMCIEHHBIX IPOTHO30B ISl TPaHUYHBIX YCJIOBU MEPBOTO U BTOpOro poaa. Mak-
CHUMYMBI OTHOCUTEILHOM TEIUIOOTHAYN TOCTUTAIOT OIM3KUX BeqnmanH — 1.85 must 7= const 1 1.6 mis
¢ = const B BXOZHOM yacTu KaHaBKu. ClieayeT OTMETUTD, YTO TETJIO0TAa4Ya Ha THE KAaHABKM OKa3bhIBaeT-
csl 3HaUuTeNbHO (B 1.5—2 pasa) Bhillle TeIJI00TAaYY OT I1aJKOM IJIOCKOI cTeHKU. B TpaHIeitHol yacTu
M Ha KOoHUe KaHaBKu Nu/Nu,, CyIlleCTBEHHO MEHbIIE 1, IPUYEM TPOTHO3bI Il M30TEPMUYECKOIA 1O~
BEPXHOCTH KaHaBKY IIPUMEPHO BIBOE HUKE ITPOTHO30B I ¢ = const. PacmipeneieHue neperana cra-
TUYECKOTO IaBeHust P— P, 110 JUIMHe KAHaBKKM HOCUT B LIEJIOM BO3PACTAIOLIMii XapaKTep ¢ MUHUMYMOM
nopsiaka —0.1 Ha Bxozie 1 MakcuMymoM nopsiaka 0.1 Ha Bbixose. OTHOCHUTEIBHOE TPEHUE f/f,/(s) TTOKa-
3pIBaeT GOpPMUPOBAHNE 30HBI MTHTEHCUBHOTO OTPHIBHOTO TEUCHUSI C MUHMMYMOM TTopsinka —1.6, mepe-
XOAsALIEH B 00/1aCTh MPOTOYHOTO TeYeHus C f/f, > 0, 3aHUMaloIIE MPAKTUYECKU BCIO KAHABKY, 32 MC-
KJIIOUEHUEeM MaJloii OKpEeCTHOCTU KOHIIa KaHaBKU. PacmpeneneHue OTHOCUTENBHOUM TeMIlepaTypbl
Tw/Tw,(s) ipu ¢ = const UMEET SIPKO BbIPAKEHHBIA MUHUMYM BO BXOIHOM YaCTH B 30HE OOpa3oBaHuUsI
WHTEHCUBHOTO TOPHAIOIIOJOOHOTO TTIOTOKA W TPY Pa3HOBEJIMKUX JIOKAJIBHBIX MaKCUMyMa, TIPEBOCXO-
asiue 1 ¥ oTpaxalroliye repeMeHbl TETIOBBIX PEXKMMOB 10 Mepe Pa3BUTUSI ITIPOTOYHOTO TeUSHUS BOOJIb
KaHaBKH. Kak yXe oTMe4anoch, OTWH 13 MaKCUMYMOB MOKET OBITh CBSI3aH C BEIXOIOM 13 KAHABKH CITH -
pasieoOpa3HOro BUXPS B LIEHTPAJIbHOI YacTH 3a cepennHon (puc. 2).

ITonepeynoe ceyeHMe CTEIKOBKU C(peprMIESCKOT0o CETMEHTA M TpaHIIIEN XapaKTepu3yeT HanooJiee MH-
TEHCHUBHYIO 30HY OTPBIBHOI'O T€YEHMS 1 TEINIOOOMEHA B HAKJIOHHOM KaHaBKe (puc. 40). Ilepenan cra-
TUYECKOTO JABJICHUS MEXIY 30HAMU TOPMOXKEHMS Ha HABETPEHHOM CKJIOHE U pa3peXeHUs Ha JHE Ka-
HaBKHU IIPEBBICHII 3asIBJICHHBIN paHee ypoBeHb (0.35. MUHUMYM OTpUIIATEIFHOTO OTHOCUTEIIBHOTO Tpe-
HUS TIpubau3wicsa K —1.8 U cMecTWICsl Mo JHY KaHaBKW K HaBETPEHHOIl KpPOMKe. YCTaHOBJICHO
KapIVWHaJIbHOE BIVSHUE TPAHWYHBIX YCIIOBUIT HA MPOTHO3bI OTHOCUTEIBLHOM TertooTaaun. BenmumunHa
(Nu/Nu,)max B1BO€ BbIllE HA U30TEPMUYECKON CKPYITIEHHON KPOMKE KaHaBKU B CPABHEHUU C g =
= const 1 (Nu/Nu,)min BIBO€ HUXe Ha TIOABETPEHHOM CKJIOHe. Ha nonseTpeHHO# Kpomke Habmona-
€TCsI MUK OTHOCUTEIBHOI TEMIIEpATyphI B cllydae ¢ = const ¢ BeumunHoi mopstaka 1.003. ITo mepe nBu-
JKEHMsI K HABETPEHHOM Kpomke Tw/Tw,, pe3ko magaeT u 1octuraeT yposHs 0.997 Ha KpOMKe.

[IpencraBiaeHHBIE Ha PUC. 5 3aBUCUMOCTH IIPOUHTETPUPOBAHHBIX 10 ITOIIEPEYHBIM I10JIOCAM OTHO-
cuTeJIbHbIX yrcea HyccenbTra mo3BoIsSIOT OLIEHUTh TETIOBYIO 3((MEKTUBHOCTD Y4aCTKOB CTPYKTYPUPO-
BaHHOI MOBEPXHOCTH, aHATM3UPY4 3aBMCUMOCTH Num/Num,, OT IPOIOIBHBIX (X, 5) U MONEPEYHBIX (Z, 1)
KOOPIMHAT BEIOpaHHBIX YYAaCTKOB. Takske ompeesieTcsl BIMSHNAEC Ha YMCIIEHHBIC IIPOTHO3bI TPaHNY-
HBIX YCJIOBUI IEPBOrO 1 BTOPOTrO poja.
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[vkoBBIE TEIUIOBBIC HATPY3KHM Ha MPpOMWINPOBAaHHBIM HAKIOHHON KaHaBKOW KOHTPOJBHBIN yda-
CTOK HarpeToi CTeHKM Y3KOTO KaHajla, KaK BUIHO M3 pUC. 5a, IPUXOAATCS Ha MEPEAHIO €ro 4acTb
(kpuBble 1, 2), mpyuYeM YpOBEHb OTHOCUTEILHOM TeriooTnauyu noxoaut a0 1.25—1.3, u Ha nipaByto 60-
KOBYIO 9acThb (Kpusble 3, 4) ¢ (Num/Num,)max = 1.55. Paznuuure Mexmy nporHo3amu ripu 7= const u
g = const He BBIISIAUT 3HAYUTEbHBIM, UTO 00YCI0OBIMBaET 2% pa3HUILy B MHTETPaTbHOI TEIUIOBOM 2 -
(EeKTUBHOCTH KOHTPOJIBHOTO Yy4acTKa.

B 10 Xe BpeMs paznmmume B MPOTHO3aX OCPETHEHHOI MO MOJIocaM OTHOCUTETLHOM TEIUIOOTIAYN B
npeaeaax KOHTypa, OKPYyKawllero KaHaBKy, Ha puc. 50 HECOMHEHHO 3HauuTenbHoe. Eciu B mpoaosib-
HOM HaIIpaBJIeHUHU § MAKCUMYMbI 1 MUHMMYMBbI OTJIMYAIOTCS Ha BenuuHy nopsiaka 0.2 (kpussle 1, 2),
TO B ITOTIEPEIHOM HaMpaBJICHUH { UX OTJIMIHE JOXOmuT o 1.5 paza. CTaHOBHUTCS MOHITHOM 4% pasHuIiIa
B [IPOTHO3aX C UCIIOJIb30BAaHUEM PA3JIUUHBIX TPAHUYHbBIX YCJIOBUI MHTETPaJbHOM TEILIOBOM 3D EKTUB-
HOCTH yJ9acTKa, OrpaHMIeHHOTO KOHTYPOM KaHaBKM.

SAKITIOYEHHNE

[IpoBeneHO YKnCIeHHOE MOACINPOBaHNE KOHBEKTUBHOTO TEIDIOOOMEHA B Y3KOM KaHaJle ¢ eAMHUY-
HOM HAKJIOHHOM KaHaBKou rimyouHoit 0.39 (B moisix IMpHUHBI) U IJIMHOM 8 HA HarpeToi CTeHKEe MpUu
TYpOYJEHTHOM HU3KOCKOPOCTHOM TeueHMHU Bo3ayxa. OmpenesseTcs BIUSHUE TPAHUYHBIX YCIOBUIA
IIEPBOT0 ¥ BTOPOTO POJa Ha IIPOTrHO3bI TEIIOBOI U TeIUIOruApaBiImueckoil apdektuBHocTu. I1pu aHo-
MaJIbHOII MHTEHCU(DHUKAIIMK OTPHIBHOTO TEUYCHMS M TEIUIOOOMEHA B BEHIOpaHHOIM HAKJIIOHHOI KaHaBKE
cyMMapHasi OTHOCHUTeJIbHAs (10 OTHOLLIEHUIO K TIOCKOTapalieIbHOMY KaHally) TeIUIOOTaa4ya OT KOH-
TPOJILHOIO y4acTKa CTPYKTYPUPOBAHHOI U30TEPMUYECKOM CTEHKHU OKa3bIBaeTCd 3aMeTHO (Ha 2%) HU-
XKe, 4YeM IUISI CTEHKU ¢ ¢ = const. OcobeHHO cribHOe pasinuune (mopsiaka 4%) yCTaHOBIIEHO IJISI OTHO-
CUTEIBbHOM TEIUIOOTIAYM OT MPSMOYTOJbHOIO Y4acTKa, KOHTYP KOTOPOTo OKpYyXKaeT KaHaBKy. AHAIN3
JIOKAJIbHBIX OTHOCUTEIBbHBIX YKcell Hyccenbra B OKpeCTHOCTH KaHABKU IT0Ka3aJl, YTO IKCTPeMaJIbHbIS
BEJIMYMHBI MOTYT KapAMHAJIbHO (IO IIOJIyTOpa pa3) pa3iIrmyaThbCsd B 3aBUCMMOCTU OT BMIA IPaHUYHBIX
YCJIOBUIA. YCTaHOBJIEHHAsI Ha MpPUMepe eIMHUYHON HAKJIOHHOW KaHAaBKU TEHISHIIUSI K 3aHVKEHMIO
YMCJIEHHBIX IIPOrHO30B TEIJIOBOM U TEIUIOTUAPABINYECKOM 3(p(EKTUBHOCTH IJIsl HATPETHIX U30TEPMU-
YeCKMX MOBEPXHOCTEIl MOXKET YCHJIMTBCS IUISI TTAKETOB HAKJIOHHBIX KaHABOK Ha CTPYKTYPHUPOBAaHHOM
CTEHKE. DTO OOCTOSITEILCTBO HEOOXOMMO YUYUTHIBATh MPU KOHCTPYUPOBAHUU 3HEPTroa3(HEKTUBHBIX
CTPYKTYPHUPOBAHHBIX IIOBEPXHOCTEM, KOTOPBIE SKCILIYyaTUPYIOTCS IIPU ¢ = const.

WccnenoBaHue BHITIOJHEHO IMTPY YaCTUYHOM (DMHAHCOBOI Moaaepxxke Poccuiickoro HaydHoro ¢oH-
Ja o rpaHTam 22-19-00056 (skcnieprmeHnTh) 23-19-00083 (pacueTsr).
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