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AxkmyanbHocmb uccnedosaHusi 0bycriosneHa Heobxodumocmeio docmuxeHusi becnepeboliHocmu u HadexHocmu pabom cucmem, ces-
3aHHbIX C MpaHCchopmMUPOBKOL 2eopecypcos. BaxHoU cocmasnstowel UHKEHEPHBIX COOPYXEHUL 3mux cucCmem Sefsomcst MOCmosbie
nepexolbl. Ha 600omokax 20pHOU 30HbI 3Mu nepexodbl Yacmo ebInonHsAmMes 0dHonponemHbiMuU. Ha yyacmkax nepexoda 0nsi ycma-
HOB/EHUST ONOP MOCMa WUPUHa PEKU Cyxaemcsi, Ymo npugodum K passumuro npouecca pasmbiea epyHma OHa. Ommemka nodowseb!
onopbi U ycrosuli ee 6e3agapuliHoli pabombi enasHbIM 06pa30M 3asucum om MOYHOCMU OnpedeneHuUs MakcuMarbHOU 8enUYUHbI pas-
Mbiga OHa peku. [ns eodomokog 20pHO-npedeopHoli 30HbI ama 3adaya HedocmamoyHo u3yyeHa. C amoll moyKU 3peHusi paccmampusa-
emas 3adaya UMeem akmyarbHOe 3HaveHue, U ee peweHue npedcmasnsem 8aXHoe Hay4HO-NPaKMUYECKOe 3HaYeHUe.

Lenbro pabomsi siensemces ModenuposaHue npoyecca pycrosbix npeobpasogaHull Ha y4acmke MOCmMoBo2o nepexoda Ha pekax 20pHo-
nped20pHoli 30HbI U pas3pabomka memoda pacyema no onpedeneHuro Oechopmayuu OHa 8 NepPEXOdHOM ydacmke.

O6bekmamu uccrie0osaHusi S6MsMcs UCX00HbIe napamempbl NOMOKa U PyCcrogble Xapakmepucmuku 8000MOoKos 20pHO-npedaopHoli
30Hbl, 2UGPOAUHaMUYECKUE NPOUECChI, NPoUCX0dauiUe Ha y4acmke MOCMOo8o20 nepexoda, Kpaeable ycosus 3adaqu u ¢hopma nonepey-
HO20 CeyeHus pycna.

Memodkb1. B pe3ynbmame aHanu3sa cyuecmsyrouux pabom OUEHEHO HbIHEWHee COCMosaHUe nocmasneHHol 3adayu U ommeydeHb! nymu
passumusi; nposedeHo huauYeckoe U meopemuyeckoe ModenuposaHuUe NPoLEcca Pycrosbix NpeobpasosaHull Ha y4acmke MOCMOBo20
nepexoda; onpedesieHbl kpaesble U epaHUYHbIe ycrnosus Ofis PasnuU4HbIX KOHCMPYKMUBHBIX peweHul smux nepexodos; paspabomaH
cnocob eudpasnuyeckozo pacdema pycnosbix npeobpasogaHuli MOCMOB020 nepexoda Ha 8000CMOKax 20PHO-NPed2OPHOL 30HbI; OISt
OUeHKU pa3pabomarH020 Memoda conocmagneHb! Pe3sysibmamb| YUCTEHHO20 NPUMEPa ¢ OaHHBIMU SKCNEPUMEHMOS.

Pe3ynbmamsI. pedcmasneHa usuyeckas Modens 3asepuwarowieli yemolidusol cmaduu pycnossix npeobpasogaHuli Ha yyacmke Mo-
€mos020 nepexoda. BbiseneHnl audponoaudeckue, 2udpagnUYeCKUe U pyciosbie napamempbl, SESIOUUECS UCXOOHBIMU NPU peweHuu
3adayu. C ydemom ypaeHeHUl 3HepauU, HepaspbIBHOCMU NoMoka u basaHca HaHOCo8 cocmagneHa Mamemamudeckast Modesb 0guxe-
HUSI HepasHOMEPHO20 NOMOKa 8 yCII08USX Npeobpa3osaHHo20 OHa Nepexo0Ho20 yyacmka. [pu 3mom nocmaeseHHas 3adaya npecnedy-
em uenb ycmaHosUMb makoe nofoxeHue 0Ha MOCMO8020 nepexoda, 8 YCrosusX KOMopPO20 NPOUECC pasMbiea pycra 6ydem 3agepuwieH
U 80CCMaHOBNEHO CMALUOHaPHOE cocmosiHue JsuUxeHus. B paspabomkax ycmaHoeneHbl kpaesble U epaHuyHble ycrnogusi 3adayu. Mc-
nonb308aHbI Makxke 3agucumocmu nonepeyHoli Ghopmbi pycna u gopmyna Llesu. B pesynbmame cOBMECMHbIX PEWEHUL yKa3aHHbIX
8blpaxeHull paspabomaH pacdemHbili Memo0 yCMaHOB/IEHUS NOMOXEHUS! Cmabunu3uposaHHo20 OHa Ha NEPEXOOHOM yyacmKke Peku U
2udpasnuyeckux napamempos nomoka. lMpedcmagneH YuceHHbIl npuMep pacdema no onpedeneHuro KoopduHam cmabunuaupogaHHo-
20 OHa U c80600HOU nosepxHocmu 8 Mocmoeom nepexode. [JaHa oueHKa nofyyeHHbIX pesynbmamos pacyema. COenaHo 3aKmoyeHue o
803MOXHOCTMU UCNOMb308aHUS NPedNoXeHH020 Memoda Onis pacyema napamempos NePEeXo0HbIX yY4acmKos 20pHO-NPeA20PHbIX PEX.

Knioueenie cnoea:
Peka, mpaHcnopmupogka 2eopecypcos, Mocmogoli nepexod, deghopmayus dHa, pycrio, MOCMO8kIe 0NopPbI.

BBeaeHune

be3aBapuiiHas TpaHCIOPTUPOBKA T€OPECYPCOB SABIS-
€TCA OAHUM U3 BaXKHBIX KOMIIOHCHTOB UX KOMIIJIEKCHOI'O
3((EeKTHBHOTO HCHIONB30BAHMSA, TepepaboTkn u  Oe3-
omacHoro pacnpezenenus. [Ipu 3ToMm onpeseneHHbIH WH-
Tepec MpeJCTaBsieT obecreueHne OecrepeOOHHBIX U
HAJICKHBIX YCIOBHH PabOTHl WHXEHEPHBIX KOMMYHHKa-
IOHHBIX CHUCTEM M ITyTeH COOOIICHHs NPH TPaHCIIOPTH-
POBKE T€OpecypcoB. ITH KOMMYHHKAIMOHHBIE CHCTEMBI
¥ MyTH 00Jiee 4acTo MepeceKaroT TOPHBIE PEKH U JPYTHE
penbedHBIe Tperpajpl, Uil 9er0 YCTaHABIHBAIOT MOCTO-
BbI€ NIEPEXOIBI WK IPYTHE UCKYCCTBEHHBIE COOPY)KEHUS.
[eonoruveckue ycioBus, pycloBbe U TPaHyJIOMETpHYIE-
CKHE MapaMeTphl BOJIOTOKOB TOPHON 30HBI BECbMa Pa3HO-
00pa3sHbL. JTH XapaKTEPUCTHKH CHIBHO MEHAIOTCS TaKKe
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BIONb pekd. Kpome TOro, 3Ha4HTENbHBIE KOJIEOAHHS
HaMeyaroTcs MEeXIy CEe30HHBIMU pacxogamMu peku. B yka-
3aHHBIX YCJOBHSAX OYCHB CIOKHO YCTaHOBUTH OOIIETPH-
eMJIEMBIE CBSI3HU IO ONPEAENECHUI0 MapaMETPOB PeK rop-
HO-TIPEITOPHOIT 30HBL. DTHM 00BsACHSIETCS OOIbIIOE pac-
XOXKJICHAE MKy PacUCTHBIMU M HATYPHBIMH JIAHHBIMU
stux motokoB [1-3]. TwuapoauHamuyeckue SBICHHS,
NPOUCXO/IAIIME HAa YYacTKaX PEYHBIX COOPYXKEHHHl, pac-
TIONIO’KEHHBIX Ha HEOONBIIMX TOPHBIX peKax, Mo H3y-
4eHBl ¥ MHTEPIPETHPOBAHBL. YKa3aHHBIC BBIIIE 00CTOS-
TENbCTBA HETAaTHBHO BIHSIOT HA TOYHOCTH paspaboTaH-
HBIX PACUETHBIX METOJI0B PEUHBIX COOpYXKeHUH. B kaue-
CTBE IIPHMEPOB CIEAYET YKa3aTh: HENPABHIIBHOE OMpe/e-
JICHHE PEeryNHpPYIONIero 00beMa B MANbIX U CPEIHUX BO-
JoXpaHwiuiax [4], ycTaHOBIEHHE KOHEYHON MOBEPXHO-
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CTH HAKOILUICHHBIX Tepe]] CeNe3alluTHON JamM00ii HaHO-
coB [5, 6], mporHo3upoBaHue AehopMaIni €CTECTBEHHO-
TO pyclia B MOCTOBBIX MIEpPexXo/1ax MaiblX pek [7, 8] u T. A
Pemrennst HEKOTOPBIX MpOOIEM, BCTPEUAIOMINXCS B TIPH-
BEJICHHBIX BBINIE IPUMEPax JTHOO0 OTCYTCTBYIOT, JTUOO SIB-
JAIOTCS HEMONHBIMHU. YCIEIIHOE pEIIeHHe PasIuyHbIX
3aJa4 [0 PYCIOBBIM IIpomeccaM OOYCIOBICHO TPaBHIIb-
HOH OLIEHKOH pszia (aKTOPOB, MMEIOIIHX OTIPeIeNsIoIee
BIMSHUE HA NaHHBIN mporecc. CiexyeT OTMETUTh Hcciie-
JIOBaHUS TIO OMpPEENeHHI0 pacxojJa HAaHOCOB WM HAHO-
COHECYIIeH CIOCOOHOCTH MOTOKA M CKOPOCTH OTPHIBA Ua-
CTHI[ TPYHTA, COCTABIAIOMIX THO pycia. BaxueM dak-
TOPOM ABJIAETCS TAK)Ke INPABUIBHOE OIPENENeHUe Ipa-
HUYHBIX YCIOBHIT HCCelyeMOoH 3a1a4u.

Psn uccnenoBanuii ObLT MPOBENEH IS OTIPEACTCHIS
PYCTIOBBIX M3MCHEHHMH B MOCTOBBIX mepexopax. [1ogo6-
Hble TUAPOJUHAMUUECKUE 3a/la4d JOCTATOUHO YCIELIHO
U3y4yeHbl U PEIIEHbl Ui Pa3iuuHbIX YCIOBUH paBHUH-
HbIX pek [9-11]. Ha ocHOBe 3THX pa3paboTOK MOTYYEHBI
pasnuyHbIE MOJENH MPOTHO3MPOBAHHS IapaMeTpoB
pa3MbIBa y MOCTOBBIX OTIOp M IO AJUHE MOCTOBOTO Ie-
pexoma [12-14]. s pedHbIX TOTOKOB TOPHO-
HPEArOpHbIX palloHOB Takue HCCIENOBaHHSA JOBOJBHO
HenonHble. OCHOBHBIE TIPUYMHBI OTCYTCTBHS TAKUX HC-
CIef0BaHUIl ynmoMsaHyTHl Bhile. CTaTUCTHUKA paspylie-

HUSL MOCTOB, COOPYKEHHBIX Ha 3THX peKax, I0Ka3bIBaeT,
YTO TJIABHOW NMPUYMHON aBapuid ABISAETCS pasMbIB (yH-
JaMeHTa MOCTOBBIX OIOp, 00YCIOBICHHBIN HENpaBUIb-
HEIM YCTAHOBICHHEM TIJTyOMHBI pPasMbIBa HOICTIUIKH
nogMocToBoro pycna. Haranuslii npuMep paspylieHus
MOCTOBO! ONOPBI MOKA3aH Ha puc. 1, rae NpHYUHOH
paspyIueHns MOCTOBOW OIOpPHI CTAl HEHPABUILHO
YYTEHHBIH pa3MBIB TPYHTA €€ MOIOIIBEI.

B xone m3MeHeHns TUAPOAMHAMAYECKHX TAPAMETPOB
pEUYHOro MOTOKAa MO BCEH IMHE MOCTOBOTO NEpexofa
TPOUCXOIUT CHOXKHBIM Mpolecc MaccooOMeHa TBepaon
¢a3pl motoka. C yBeNMYeHHEM CKOpPOCTEH Ha mepexo-
HOM YYacTKe TPaHCIOPTHPYIOMAs CIIOCOOHOCTh MOTOKA
yBenuuuBaeTcs. HauMHAIOTCA CMBIB U YHOC TPyHTa JHA
pycna. Co BpeMeHeM I'TyOMHA Ha 3TOM Y4acTKe yBelH-
4IBAETCS, CKOPOCTH YMEHBIIAKTCS, ¥ HauaThli Iporecc
pa3MmeiBa 3atyxaeT. [lo mmuHe pycna BocCTaHABIMBAIOTCS
0amaHc HAHOCOB M CTAal[MOHAPHOCTH JBIDKEHUA. B pe-
3yIbTaTe YKa3aHHBIX NpeoOpa3oBaHuii B MOCTOBOM Iiepe-
XOJle YCTaHABIMBAIOTCS HOBbIE YCTOHUMBBIE YCIOBHS Kak
AN pycna, Tak U I ABMKEHHUs motoka. C TeopeTuue-
CKOM M OCOOCHHO C NPaKTHYECKOM TOYeK 3peHUs 0OIb-
OW MHTEPEC MPEICTaBIseT IPOTHO3UPOBAHIE TIapaMeT-
POB, XapakTepPU3yIOIUX KOHEUHBIH PE3yJIbTaT PYCIOBBIX
npeoOpa3zoBaHuii.

Puc. 1. Paspywennas onopa mocma: a) éuo c eepxuezo bvega, b) 6uo c Husxcnezo dvea
Fig. 1. Destroyed support of the bridge: a) view from upstream; b) view from downstream

MocTaHoBKa 3agaun

KoHCTpYKTHBHBIE pELIEHHS MO YKPEIUICHHI0 MOCTO-
BEIX ONOpP, TOCTPOCHHBIX HA YKA3aHHBIX BOJOTOKAX,
00BIYHO peaNn3yIoTCs WIH MOCTPOSHUEM OEpEeroBHIX 3a-
MUTHBIX 1aM0, win Oe3 1am6. B manHoit padore cnenana
TOTBITKA Pa3padoTaTh MAaTEMATHYECKYH) MOIENb s
OTHCAHMS MPOMCXOAIINX THAPOAMHAMUYECKHX MPOIec-
COB HAa Y4YacTKe MOCTOBOTO IIEPEX0Ja TOPHBIX PeK MpH
NPOXOXKEHHH MaBOAKOBOTO moToka. C 3TOi 1enbio
IpearaeTcs MeToq pacyera aedopmanuii moaMocToBo-
T0 pyciia ¥ COOTBETCTBYIOIINE TAPAMETPhI MOTOKA.

[Ipeanonoxum, 4To MOCTOBOM IPOXOJ C OTBEPCTHEM
by u amuHOM omop MocTa / PacmoNoXkeH B peKe ¢ MHPH-

HO#t By 1 ykiioHOM g (puc. 1). B ciyyae, kora naBojko-
BBII MOTOK C pacxoioM Q BXOMHUT B MOCTOBOH TEpexo/,
TPOMCXOMUT M3MEHEHNE €T0 THAPOAMHAMUYECKHX Iapa-
MeTpoB. 13-3a pe3KOro CyeHHs MIUPHHBI PEKU Y MOCTO-
BOI ONOPHI MPOHMCXOAAT BOJHOBBHIC MPOIECCH], HapyIIa-
eTcsl TUTaBHO-M3MEHSIONMUACS XapakTep MoToka (puc. 2).
Ho Bckope B pesynbrate 00pa3oBaHUS Y ONOp MEPTBBIX
30H BOCCTAHABIMBACTCS PEXUM INIABHO-U3MEHSIOMIETOCS
nBrkenns. OTHOBPEMEHHO B IEPEXOTHOM yUacTKe pycna
HauMHAeTCs mpornecc pa3MbiBa pycia. Co BpeMeHeM Iiy-
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OMHA MOTOKA MO JJIMHE MEPEXOJHOT0 YYacTKa yBEIUUH-
BAETCS, a CKOPOCTH yMEHbINAoTCsa. HavyaTeiil HecTaimo-
HApHBIA MPOLECC PYCIOBBIX MPEOOpPa3oOBaHMN MOCTEIICH-
HO 3aTyXaeT, U 10 JUIMHE PyCia BOCCTAHABIMBACTCS CTa-
IIOHAPHOCTb JBMAKEHHUS. IIPOrHO3 KOHEYHOTO MOJIOXe-
HUS JIHA pyclla Ha MEPEXOJHOM y4acTKe HMEET BaKHOE
3HAYEHHE JUIS OLPEIeNCHIS OTMETOK IIOOMIBEL OTIOp MO-
CTa ¥ IEPEXOTHBIX COOPYKEHHIA.

CrenoBatenbHO, pacyeTHas cXeMa IOTOKa, OKa3aHHAs
HAa pUC. 2, MOXET OBITh 3aMEHEHa ajleKBaTHOM cxeMoil
(puc. 3, @), B KOTOpOH HMMEIOTCA MEPEeXOXHbIE YYacTKH,
obecreurBaoNIie TIABHO-M3MEHSIOIMICSA XapakTep IMo-
ToKa. Ilpy 3TOM Ha BXOIHOM CYKAIOMIEMCS YYacTKe MO-
CTOBOTO IEpexo/ia JUHOM L mupuHa pycna yMeHbIIaeTcs
oT 3HaueHus By mo mmpunel b, Ha yuactke MocroBoit
OTIOPBI LIMPHHA PYCIIa OCTACTCS TIOCTOSHHOM, paBHOI by, a
Ha BBIXOJIHOM pyclie paciupsiercs ot by, o By.

\

L+374L

Puc. 2. Mocmoeoii nepexoo 6e3 60K08bIX NEPEXOOHbIX 0amb
Fig. 2. Bridge crossing without side transition dams

CornacHo TIaBHO-M3MEHSIOMEMYCS PEXHUMY IBHKE-
HUS YTOJ pacmupeHus (CyxeHus) OOKOBBIX CTEHOK Iie-
PEXOJIHBIX Y4aCTKOB JIOJKEH ObITh He Oonbmie a=8°-10°
(puc. 3, a).

AHanus pesynbTaToB
3a Hayano KOOPJWHATHOW CHCTEMBI Z, X HPHUMEM

HavaabHyo Touky 0—0 MocToBoro mepexosa (puc. 3, a, b).

MocroBoil nepexo/ pa3zieeH Ha TP y4acTKa, B KOTOPBIX
IIUPHHA PYCla OMpPENENIeTCs COOTBETCTBYIOIMMHU 3aK0-
HOMCPHOCTAMU:
* B HHTEpBaJIE

0<x<L: b=By-2xtg e,
® B MHTCpPBAJIC
L<x<L+/: b=b,; (1)
o B MHTCPBAJIC
L+/<x<2L+/: b=b,+2xtgc.

Cornacno puc. 3, a, JMHA IEPEXOIHBIX Y9acTKOB L

110 | TIOCIIE MOCTOBBIX OIIOp Oy1eT
B,—D

L= @)

2tga

[le @— Yroid HAakJIOHA OOKOBBIX CTEHOK MEPEXOJIHBIX
y4actkos (puc. 3, a, b).
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Bolimeonucannas guzndeckas MoJeNb UCCIEayeMOro
nporiecca MO3BOMSET B3aMeH HECTAIMOHAPHOM CIOKHON
CHCTEMBI TPH MOJETHPOBAHNN HCIONB30BATh Hamboiee
MPOCTyI0 CHUCTeMy ypaBHeHHH. B mcciemyemoii 3amade
paccMaTpuBaeTCs KOHEYHas CTAallMOHApHAs CTAus JIBU-
KEHHUS, TIPY KOTOPOU YCTAHOBJIEH TAKKE KONHMYECTBEH-
HBIH OanaHc TBEPIOro pacxo/a. B pasmyHbIx 3aqauax mo
Pa3MBIBY pycel OOMBIIMX PEeK MPOTEKAIOMIHE MPOIECCHI
9acTO OIHCHIBAIOTCS TPEXMEPHBIM MOJENUpoBanueM [15].
OnHako 171 TOPHBIX BOJOTOKOB, T/I€ IyOHHA U IIUpUHA
HeOobIIKe, HEPABHOMEPHOE ABIKEHUE TIOTOKA MOXKHO €
JOCTATOYHOX TOYHOCTBIO CUHMTATh OJHOMEpHBIM [16].
[Ipy ykazaHHEIX YCIOBUAX B Mpeaeiax MOCTOBOTO Tiepe-
X07la MIMEIOT MECTO OCHOBHBIE YpaBHEHHS HAHOCOHECY-
IIETO0 MOTOKA:
® YypaBHEHHE HEYCTAaHOBUBIUETOCS OJAHOMEPHOTO IBH-

KEHHS OTOKA:

dz dh d(v?) V? 3
—+—+—k—)=T; ( )
dx dx dx\2g)/ C°R
L] ypaBHeHHe HepaBpLIBHOCTI/I IIOTOKA.
Q= AV =const; (4)
o ypaBHEHHe OalaHca Iy TBEPJBIX PACXOI0B:
Q, =const wm S = const. (5)

Jl1s psna GopMyT IO ONpeAeNeH o TBEPAbIX PacXo-
1o [17, 18] npu cobmtoaeHun ycaoBus 6anaHca TBepo-
o pacxoza (5) monyueHo

3
x _( A)
Zo L AhJ ’

TJIe ¥ — CMOYEHHBIN MepuMeTp; A — IIoMmab JKUBOTO Ce-

YCHUA, TapaMETPbl C UHACKCOM «0» OTHOCATCS K KUBBIM
CCUCHUAM C€CTCCTBCHHOI'O Yy4aCTKa PCKHU.

(6)

A
\

a)

5
"

Bo
Bo

o
[e)

Puc. 3. Ilnan (a) u npochune (b) mocmosoeo nepexooa, 1 —
ecmecmeennoe OHO pycaa; 2 - cma6uﬂu3up06aﬁﬂoe
oHo pycaa; 3 — MOcmogbie Onopbl

Fig. 3. Plan (a) and profile (b) of the bridge; 1 — natural
bottom of the channel; 2 — stabilized bottom of the
channel; 3 — bridge supports
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Jnst uaTerpupoBanus ypaBHeHus (3) ¢ ycnoBusmu (4)
u (5), moMuUMO TpaHWYHBIX ycinoBuid (1), HEOOXOIUMBI
JIOTIONTHUTEIIbHBIE YCIOBHS MEXIy mapamerpamu h, V, R,
C. B mepByto ouepens crneayer 3anath GopMy momeped-
HOTO JKHBOTO CEUEHHS W TPAHYIOMETPHYECKHI COCTaB
€CTEeCTBEHHOr0 pycnia. B OonbpmmHCTBE CiiydaeB (opMmy
TIOTIEPEYHOTO CEUCHUS PyCia NPHHIMAIOT TPSIMOYTOJb-
HOH. B aTOM ciyyae Oynem uMeTh

A=bh, U]
x =b+2h. (8)

W3 popmyisl (6) ¢ ydeToM ypaBHEHUs HEPa3phIBHO-
cTH moToka (4) u cootHonrenuit (7) u (8) momydeHa 3aBu-
cuMocTh [19]

h=% ©)

Tae ¢y — napamerp, ompenensdemsid mo Qopmyne (13).
B mpakTudeckux pacuerax €ro MOXXHO NPUHHMATH PaB-
2

uevM hy B [19].
OTmeTnM, 4TO MONy4YeHHas 3aBUCUMOCTS (9) nmeer ymo-
BJICTBOPUTENFHO TOYHOE COBIAICHHE C M3BECTHBIME (HOp-

Mynamu [7, 20] mo omnpeneNeH o TIyOHHBI OTOKA B MO-
cToBbIX Tiepexozax. C yaeroM ypaBHeHus (9), momydaem

A=bh = b3, (10)
V= % - (11)

(Pobg
R.A__b (12)

x p+2
B dopmynax (9)—(12) BeeneHb! 0003HAUCHUS

0 ( p+2 ﬂ0\3 Bg, 3

g2 p)

rae
b B,
ﬂ— E’ ﬂo E

CornacHo dopmyne (9), and COOTHOIICHHS ﬂ:%

MOJTy4rMM 3aBUCUMOCTD

3
=2 (14)
0
210Ka3aHo qTO 3HAYCHHE 3aBHCHUMOCTH
( B+2 /30\
Bcerga Ommsko kx exunune [19]. Cremo-
g +2 ) 9

BaTeNbHO, ypaBHeHHe (13) MOXXHO nepenucarh B BUJe

2
=h,B3. (15)

HUcnons3zys dopmyny Manuuara s koddduumenta
[le3u C u ¢ yueToM nonydeHHbIX 3aBucumMocteid (9), (11),
(12), (14) mns h, V, R, B u3 ypaBuenus apmwienns (3) mo-
JTy4uM

(5 s

QZnZLw+2
Q% \db %o .
BT Fri——"

[TonydyeHHOE ypaBHEHHE I MOCTOBEIX IIEPEX0JI0B, B
3aBHCUMOCTH OT I'PAHHYHBIX YCIOBHH, OyIeT UMETb TpH
(OpPMBI COOTBETCTBEHHO:

1. Ha cyxuBatomemcs yuactke 0<X<L, cormacHo rpa-

_5
dz 2b

(16)
dx 3

db
HAYHOMY ycnoButo (1), umeem &:—2tga, BCIIE-

CTBHE Yero ypaBHeHHe jaeopmanuu nHa pycna (16)
[PUMET BHI

5 2 Dy
dz_ 4. (% +Q_2\ ga=—— 2 . (1)
ax 3 (P 2g07) o

0

2. Ha yyactke mocTosHHOW mmMpHHBI pycia L<x<L+/

db
MeeM d—=0, u JudQepeHnnantbHoe ypaBHEHUE
X

(16) mpumer Bug
(&)

3
Q%n? b—+ 2
dz Do

dz _ (18)
dx pib?

3. Ha pacumpstomemest yuactke L+/<x<2L+/ wumeem

— =2tge, u ypaBHeHue (16) npumer Bug

dx
4
(& )3
Q%n?| —+2
dz 4 -2 2 o
d———b SL%JF—Q 2thoc:—2 - - (19
x 3 299, Pob

[lomyyeHHble pacyeTHble YPaBHEHHs MO3BOJSIOT JUIs
PeK TOpHOW 30HBI MPOTHO3UPOBATH JiehopMaIy MOCTO-
BOTO Iepexoia Mo ero jumHe. [ mpoBepky I0CTOBEp-
HOCTH TPEI0KEHHOTO PACUETHOTO METO/IA HIKE MPHBO-
JUTCS YUCIEHHBIN npumep. IIpeanonoxum, 4yrto Ha BOJO-
cToKe ¢ mupuHOH By=12 M W HpOAONBHEIM YKIOHOM
ip=0,01 ycraHoBneH MOCTOBOH TEpexo/ IJ.II/IpI/IHOI/I b,=6 M.
3HaueHNe ABOKOBOrO pacxona pasto Q=50 m’/c, Ko-
s uiment mepoxosatoctu pycia — n=0,035. B ykazan-
HBIX YCJOBHSIX, COIJIACHO THJIPABJIMYECKHM pacyeram,
HOpManbHasi TiybuHa moToka 6ymer hp=1,35 m. HpI/IHI/I-
Mas YroJl HAakKJIOHA NEPEXOMHBIX yYaCTKOB PABHBIM 10°,
13 BRIpOKEHNUS (2) monydnm
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2tge 2tgl0®

Ipu 3uauennn hg=1,35 M o hopmyae (15) umeem
o, =h, B =1,35.12% =713
0 0 d 1=

Ha ocHoBe 3HaveHWil WCXOOHBIX MAPAMETPOB IS
K&XKJI0TO y4acTKa Mepexoja MPUBOJUTCS YHUCIEHHOE pe-
IIEHHE MO COOTBETCTBYIOMNM IU(MdepeHIHaTbHEIM
ypaBHeHUAM. Hapsiny ¢ koopauHaToii nedopManuu pyc-
JIa pacCcUMTaHBI TAKXe TIyOWHBI MOTOKA. B yacTHOCTH, Ha
BxoaHoM yuactke (0<x<17) mmeem b=12-2xtg10°. 3Ha-

 _Bi-b, _12-6

YeHHUS KOOPAMHATHI Z PACCUMTAHbI IO ypaBHeHuo (17), a
r1yOuHBL h — 1o 3aBucumocti (9). Pesynbratsl npuBee-
HBI B Ta0. 1.

Ha yuactke wmoctoBeix omop (17<x<27), nmeem
b=h,=6 m. Koopaunatsi paccuutansl no ypasuenuto (18),
a ray6unsl — mo 3aBucuMocTy (9). PesyibTarsl npuBese-
HBI B Ta0I. 2.

Ha  Brixomnom
b=6+2xtg10°.

PacuernsiMu ypaBuenusamu spistores (19) u (9). Pe-
3yJIBTAThl PACUeTOB MPHBEIEHBI B Ta0. 3.

yuactke  (27<X<44)  umeem

Tabnuya 1. Pacuemmnvie 3navenus degpopmayuu, wiupunsl U 2yOuHbL HOMOKA HA BXOOHOM Y4ACHKe MOCIMOBO20 Nepexood

Table 1.  Calculated values of deformation, width and depth of flow at the inlet section of the bridge passage
X (M) 0 2 4 6 8 10 13 16 17
b (m) 12 11,29 10,59 9,88 9,17 8,47 7,41 6,35 6,00
Z (M) 0 -0,055 -0,119 -0,19 -0,27 -0,37 -0,56 -0,79 -0,89
h (M) 1,35 1,41 1,48 1,55 1,62 1,71 1,88 2,08 2,16
Tabnuya 2. Pacuemnvie 3Hayenus oeghopmayuu, wupunsl U 21yOUHbL HOMOKA HA Y4ACTKe MOCTOBbIX ONOP
Table2.  Calculated values of deformation, width and depth of the stream at the site of bridge supports
X (M) 17 19 21 23 25 27
b (m) 6,00 6,00 6,00 6,00 6,00 6,00
Z (M) -0,89 0,86 -0,83 -0,81 -0,78 -0,75
h (m) 2,16 2,16 2,16 2,16 2,16 2,16

Taonuya 3. Pacuemmnvie 3navenus deghopmayuu, wiupunsl U eyOuUHbl ROMOKA HA BLIXOOHOM YHACMKE MOCMOB020 Nepexood

Table 3. Calculated values of deformation, width and depth of flow at the exit section of the bridge passage
X () 27 29 31 33 35 37 40 42 44
b (m) 6,00 6,71 7,41 8,12 8,82 9,53 10,58 11,29 12,00
Z (M) -0,75 -0,52 -0,32 -0,15 0,005 0,14 0,32 0,47 0,52
h (M) 2,16 2,00 1,92 1,76 1,67 1,58 1,48 1,42 1,35

Ha ocuoBe gaHubix Tabm. 1-3 1o IMHE MOCTOBOTO
Hepexo/a TMOCTPOCHBI KPUBBIE PA3MBITOTO JHA pycla u
cBOOOTHO TTOBEPXHOCTH MOTOKA (puc. 4).

AHanu3 TaHHBIX, IPUBEJICHHBIX B Ta0n. 1-3, moka3bl-
BAET, YTO MaKCHMAaJIbHas BEMYMHA Pa3MbIBa JTHA (DHKCH-

pyercs y Bxona onop Mocta (0,89 M), a rimyOuHa motoka
TPUHAMAET MAKCUMAIbHOE 3HAUCHHE 10 JUTHHE MOCTO-
BBIX 0mop (2,16 M). DT pe3ynbTaTsl Mo GopMe U3MEeHe-
HUS COOTBETCTBYIOT Ja0OpPaTOPHO-IKCIIEPUMEHTANBHBIM
naHHBIM [21].

17

10

17

Puc. 4. Pacuemnvie kpugvle 6 MOCmogom nepexooe: 1 — ypoeeHv c60600HOU NOBEPXHOCTU NOMOKA, 2 — eCIeCmEeHHblll YPo-
6enb OHa peku; 3 — cmabuIu3UpO8aAHHAs NOBEPXHOCMb OHA

Fig. 4. Theoretical curves in the bridge crossing section: 1 — level of the stream free surface; 2 — natural level of the

riverbed; 3 — stabilized bottom surface

3aknoyeHue

B paspaboTaHHOM MeTOIE YYTEHB BCE OCHOBHBIC
(axTopbl, 00ycIaBIMBAIOIIKE MPOLECC PYCIOBBIX MPE00-
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KOOPAMHATHI CTAOMIH3UPOBAHHOTO JTHA PEKU U BHIOPATh
OTMETKY TOJOIBHEI (DYHAAMEHTA COOPYXCHHH. AHaIu3
PACUYETHBIX JaHHBIX, TIOMYICHHBIX MPeIIOKEHHBIM METO-
IoM 1o GopMam JieopMHUPOBAHHOTO JHA MOCTOBOTO TIe-
pexoJia U KpHBOH CBOOOJHON MOBEPXHOCTH, MOKA3bIBAET

10.

11.
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The relevance of the study is conditioned by the necessity of achieving an uninterrupted and reliable operation of systems associated with
the transportation of georesources. An important component of the engineering structures of these systems are bridge crossings. On the
streams of the mountain zone, these crossings are often performed single-span. In the transition sections for establishing the bridge
supports, the width of the river narrows, which leads to erosion of the bottom soil. The mark of the sole of the support and the very
conditions of its long-term operation, depends on the accuracy of determining the maximum amount of erosion of the bottom of the river.
From this point of view the problem under consideration is topical and will follow a solution that is of important practical value.

The main aim of the work is modelling of channel transformations processes running at bridge crossing sections in mountain foothill zones
and developing a calculation method for determining riverbeds deformations.

The objects of the present study are initial parameters of the stream and channel characteristics of waterways in mountain foothill zones,
hydrodynamic processes occurring at the bridge crossing section in rivers of a mountain foothill zone; channel deformations of the bottom;
boundary conditions of the problem and the shape of the cross section of the channel.

Methods. As a result of a relatively complete analysis of existing works the current state of the set problem has been assessed and the
ways of development were marked; physical and theoretical modeling of the channel transformation at the bridge crossing area was
performed; boundary conditions for various structural solutions of bridge crossings were determined; a method for hydraulic calculation of
channel transformations at bridge crossings was developed for streams of mountain-foothills; numerical example was calculated according
to the developed methods and the obtained results were analysed.

Results. The paper introduces the physical model of the final stable stage of channel transformations at the bridge crossing section. The
hydrological, hydraulic and channel parameters that are initial in solving the problem are identified. A mathematical model of nonuniform
flow motion in the conditions of the transformed river bottom of the transition section was compiled taking into consideration equations of
energy, continuity of flow and sediment balance. At the same time, the problem in view is aimed at establishing such a position of the
bridge crossing bottom when the channel erosion will come to the end and the steady-state flow — restored. In elaborations boundary and
boundary conditions of the problem were established. Dependences of the transverse form of the channel and the Shezy formula were
also used. As a result of joint solutions of the above expressions a calculation method was developed to establish the position of the
stabilized bottom on the transitional section of the river and hydraulic parameters of the flow. A numerical example of calculation made for
determining the coordinates of the stabilized bottom and free surface in a bridge crossing is presented. The estimation of calculation
results is given. The authors have made a conclusion on possibility of using the proposed method in calculations of parameters of
transitional sections of mountain-foothill rivers.

Key words:
River, transportation of georesources, bridge crossing, bottom deformation, channel, bridge supports.
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