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AxkmyanbHocmb uccnedogaHus obycnoeneHa Heobxodumocmbio docmuxeHusi becnepeboliHocmu u HadexHocmu pabom cucmem, c8s-
3aHHbIX C mpaHcnopmupogkoli eeopecypcos. BaxHol cocmasnsowell UHXEHEPHbIX COOPYXEHUU amux cucmem S8fIsomcsi MOCmosbie
nepexolbl. Ha 600omokax 20pHOU 30HbI 3Mu nepexodbl Yacmo ebInonHsAmMes 0dHonponemHbIMuU. Ha yyacmkax nepexoda 0nsi ycma-
HOBIEHUST ONOP MOCMa WUPUHa PEeKU Cyxaemcsi, Ymo npugodum K passumuro npouyecca pasmbiea epyHma OHa. Ommemka nodowseb!
onopbi U ycrosuli ee 6e3agapuliHoli pabombi enasHbIM 06pa30M 3asucum om MOYHOCMU OnpedeneHuUs MakcuMarbHOU 8eUYUHbI pas-
Mbiga OHa peku. [ns eodomokog 20pHO-npedeopHoli 30HbI ama 3adaya HedocmamoyHo u3yyeHa. C amoll moYKU 3peHusi paccmampusa-
emasi 3adaya UMeem akmyarbHOe 3HayeHuUe, U ee peuieHue npedcmasnsem 8aXHOe HayYHO-NPaKMUYECKOe 3HaYeHUe.

Lenbro pabomsi siensemces ModenupogaHue npoyecca pycrosbix npeobpasosaHuli Ha yyacmke MOCmMoeoeo nepexoda Ha pekax 20pHo-
npedzopHoli 30HbI U pa3pabomka memoda pacyema no onpedesneHuro deghopMayuu OHa 8 NEPEXOOHOM yyacmke.

O6bekmamu uccnedosaHus SNSMCs UCX0O0HbIe napaMempbl NOMOKa U Pycriogble Xapakmepucmuku 8000MOK08 20pHO-NPed2opHOl
30HbI, 2UGPOOUHAMUYECKUE NPOUECCHI, NPOUCX00sWUe Ha ydacmke MOCmMOoBo20 nepexoda, Kpaesble ycrogus 3adayu u ¢hopMa nonepey-
HO20 CeyeHus pycna.

Memodb1. B pe3ynbmame aHanu3sa cyLecmsyiouux pabom OUEHEHO HbIHEWHEe COCMOsSHUE NocmasneHHOU 3adayu U ommedeHs! nymu
passumusi; nposedeHo huuYeckoe U meopemuyeckoe MoOenuposaHuUe NPoUEcca Pycrosbix NpeobpasosaHull Ha y4acmke MOCMOBo20
nepexoda; onpedesieHbl kpaesble U epaHUYHbIe ycrosus Ofis Pasnu4HbIX KOHCMPYKMUBHBIX peweHul smux nepexodos; paspabomaH
€nocob eudpasnuyeckozo pacdema pycrnosbix npeobpasogaHuli MOCMOB020 nepexoda Ha 8000CMOKax 20pPHO-NPed2OPHOL 30HbI; OISt
OUeHKU pa3pabomarH020 Memoda conocmassieHb! Pe3yibmamb| YUCIEHHO20 NpUMePa ¢ aHHbIMU 3KCNEPUMEHMOS.

Pe3ynbmamsI. [pedcmasneHa usuyeckas Modens 3asepuarowell yemolidusol cmaduu pyciossix npeobpasogaHuli Ha yyacmke Mo-
€moeoeo nepexoda. BbiseneHbl 2udponoauyeckue, audpasiuyeckue U pycrosble napaMempbl, S8ASIOWUECS UCXOOHBIMU NPU PeWeHUU
3adayu. C yyemom ypagHeHull 3Hepauu, Hepa3pbIiBHOCMU Nomoka U banaHca HaHOCO8 cocmaerieHa Mamemamu4eckasi MoOesb Oguxe-
HUST HEPaBHOMEPHO20 NOMOKa 8 YCrI08UsX Npeobpa3ogaHH020 OHa hepexo0H020 yyacmka. [lpu amom nocmaeneHHas 3adava npecnedy-
em yenb ycmaHosuUmb makoe nomoxeHue 0Ha MOCMO8020 nepexoda, 8 yCosusAX KOMOpPO20 NPOUECC padMbiea pycna 6ydem 3asepuweH
U 80CCMAaHOBIIEHO CMayUOHapHoe cocmosiHue 08LxeHUs. B paspabomkax ycmaHO8eHb! Kpaesble U epaHudHbie ycnosusi 3adaqu. Mc-
Nonb308aHbI Makxe 3agucumMocmu nonepeyHol ghopmbi pycna u gopmyna Lllesu. B pesynbmame co8MECMHbIX PEWEHUL yKa3aHHbIX
eblpaxeHull paspabomaH pacyemHbIli MEMOO yYCMaHOBIEHUSI NOMIOXEHUS cmabunu3upogaHHo20 OHa Ha NepexodHOM yyacmke peku u
2udpasnu4eckux napamempos nomoka. lpedcmaeneH YucneHHbIl npumep pacyema no onpedeneHuro KoopduHam cmabusu3upo8aHHo-
20 OHa u c80b00HOU nogepxHocmu 8 Mocmosom nepexode. LlaHa oueHka nomydeHHbIX pe3yrbmamos pacdema. COenaHo 3akiqeHue 0
803MOXHOCMU UCNO/b308aHUs NPeANOXEHH020 Memoda O pacyema napamempos NePeXo0HbIX y4acmKkos 20pHO-NPEA2OPHbIX PEK.

Knroyeenie cnosa:
Peka, mpaHcnopmuposka 2eopecypcos, Mocmogoli nepexod, dechopmayusi dHa, pycrio, MOCmosbIe 0nopk.
BeepeHve €MIIEMBIE CBS3H 0 ONPENEIEHUI0 MapaMeTpoB PeK rop-

Be3aBapr/'IHa;I TPaHCIIOPTUPOBKA T€OPECYPCOB ABIISA- HO'HpeZ[FOpHOﬁ 30HBL. DTHUM OOBACHIETCS OONBIIOE pac-

€TCs OJIHAM U3 BAXHBIX KOMIIOHEHTOB HX KOMILICKCHOTO
9((EKTHBHOTO HCIONB30BAHMS, TNepepaboTku H  0e3-
OmacHoro pacmpejeneHus. [Ipi 3TOM OnpeeTeHHbIN HH-
Tepec TpeacTaBiseT obecmedyeHne OecrepeOOHHBIX U
HAJCKHBIX YCIOBHH pabOThl WHKEHEPHBIX KOMMYHHKa-
IOHHBIX CUCTEM M ITyTeH COOONICHHS TPH TPAHCIIOPTH-
POBKE I'€0pecypcoB. DTH KOMMYHHKAIIMOHHEIE CHCTEMEI
M IyTH 00JIee YacTO MEePECEKAIOT TOPHBIC PEKU U APYTUE
perbedHbIe MPErpajpl, A Yero YCTaHABIHBAIOT MOCTO-
BBIC TIEPEXOIBI WITH JIPYTHE UCKYCCTBEHHBIE COOPYKEHHS.
[eonmornyeckue ycrnoBus, pycioOBbIC M TPAHYIOMETpHYE-
CKHE TIapaMeTpPhI BOJOTOKOB TOPHOW 30HBI BECbMa Pa3HO-
00pazHbl. DTH XapaKTEPUCTUKH CHIIBHO MEHSIIOTCS TaKxkKe
BIONb pekd. KpoMme Toro, 3HauWTeNnbHBIC KoNIeOaHHS
HAMEYAIOTCS MEKITY Ce30HHBIMH PacxoJaMd peku. B yka-
3aHHBIX YCJIOBHAX OYCHb CIOXKHO YCTAHOBUTH OOIICTIPH-
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XOXKJICHAE MEXy PacueTHHIMU M HATYPHBIMU JTAHHBIMH
otux 1OTOKOB [1-3]. T'mapomuHamudeckue SBIEHHS,
NPOUCXOJAIINE HAa YYacTKaX PEYHBIX COOPYXKEHHil, pac-
TIOJIO’KEHHBIX HAa HEOOINBINIMX TOPHBIX pEKax, Mo H3Y-
YeHBl U MHTEPIPETHPOBAHbI. YKa3aHHBIE BBIIE 00CTOS-
TENbCTBA HETATHBHO BJIMSAIOT HAa TOYHOCTH pa3paboTaH-
HBIX PACUETHBIX METOJIOB PEUHBIX COOPYXKeHUH. B kaue-
CTBE MPUMEPOB CIIEIYET YKa3aTh: HENPABUIBHOE OIPEJie-
JIEHWE PETYIUPYIONIEro 00beMa B MallbIX M CPEIHUX BO-
JoXpaHWwinax [4], ycTaHOBIEHHE KOHEUHON MOBEPXHO-
CTH HAKOIUICHHBIX TIEpeJ CENe3alUTHOW NamMO0i HaHO-
coB [5, 6], mporHo3upoBanue nedopMaIuii eCTECTBEHHO-
0 pyciia B MOCTOBBIX IIEpeX0ax MajblxX pek [7, 8] u T. 1.
Pemenns HekoTOphIX TPoONIeM, BCTPEUAROIIUXCSA B TPH-
BEJICHHBIX BBINIE MPUMEPax JUO0 OTCYTCTBYIOT, JTUOO SB-
JAIOTCS HEMOJNHBIMH. YCIELUIHOE pEIIeHHE pPasiuyHbIX
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3a[a4 10 PYCJIOBBIM MpoleccaM 00YCIOBIEHO TPaBHIib-
HOM OLIEHKOH pszia (aKTOPOB, MMEIOIIHX OTPeIeNsIoIee
BIIMSHUE HA JaHHBINA Tporecc. CenyeT OTMETUTh HCCle-
JIOBAaHHUS TIO OTPENENCHHI0 Pacxojia HAHOCOB MM HAHO-
COHECYIIeH CIOCOOHOCTH MOTOKA M CKOPOCTH OTPHIBA Ua-
CTHII TPYHTA, COCTABIAIOMINX JHO pycrna. BaxHeiM (ak-
TOPOM SBISETCSA TAaKXe TPABUIBHOE OIPENENeHHe Tpa-
HUYHBIX YCIOBHHN HCCIEYeMOH 3a1auH.

Psin nccnenoBanuit ObUT IPOBEIEH TS OTIPEICICHHUS
PYCTIOBBIX M3MCHEHHMH B MOCTOBBIX mepexopax. [1ogo6-
Hble THAPOJUHAMUYECKUE 33/Ia4i JOCTATOYHO YCIELIHO
W3y4YeHBl U PEIICHBI [T Pa3luYHbIX YCIOBHH pPaBHUH-
HBIX pek [9-11]. Ha ocHoBe 3THX pa3paboTOK MOTydYeHbI
pasnuyHble MOJENH MPOTHO3MPOBAHHS IapaMeTpoB
pa3MbIBa y MOCTOBBIX OTIOP M IO AJUHE MOCTOBOTO Ie-
pexoga [12-14]. Jlns peuHBIX MHOTOKOB TOPHO-
NPEATOPHBIX PAaOHOB TaKWE HCCICIOBAHHS JOBOJIBHO
HemnonHbie. OCHOBHBIE MPUIWHBI OTCYTCTBHS TaKHX HC-
CIef0BaHUIl ynoMsAHyTHl Bhie. CTaTUCTHKA paspylie-
HHUSI MOCTOB, COOPY)KEHHBIX Ha 3THUX PeKax, MOKa3bIBaeT,
YTO TJIABHOW MPUYUHON aBapuil ABIsAETCS pasMbiB (yH-
JaMEHTa MOCTOBBIX OTIOpP, 00YCIIOBJICHHBIH HETPaBHIIb-

Puc. 1. Paspywennas onopa mocma: a) 6uo ¢ eepxuezo bvega; b) 6uo c nudicnezo bvegha

HBIM YCTAHOBICHHEM TIJIyOWHBI PasMbIBA MOJCTIJIKH
MOIMOCTOBOTO pycna. Harnsausli npumep pazpyiieHus
MOCTOBOI OMOpPHI TOKa3aH Ha puc. |, rae NpUIHHOH
paspyIeHns MOCTOBOH OTOpPHI CTAl HEHPaBUILHO
YYTEHHBIH Pa3MbIB TPyHTA €€ TOAOIIBI.

B xone u3MeHeHus THAPOAMHAMUYECKHX [apaMeTpoOB
pEUYHOr0 MOTOKAa MO BCEH JIMHE MOCTOBOTO IIEpexofa
TPOUCXOJUT CIOXKHBIM Mporecc MaccooOMeHa TBEpAOn
¢a3pl motoka. C yBelMueHHEM CKOpPOCTEH Ha mepexo-
HOM Y4acTKe TPaHCIOPTHpYOIas CIocOOHOCTH MOTOKA
yBenuuuBaerca. HaunHaroTcs CMBIB U YHOC TpyHTa AHA
pycna. Co BpeMeHeM TJTyOHHA Ha 3TOM YYacTKE yBEINH-
YHBACTCS, CKOPOCTH YMEHBIIAIOTCS, H HAYaTHIA HpoIece
pa3meBa 3atyxaet. [lo wmuHe pycia BOCCTaHABIUBAKOTCS
0amaHc HAHOCOB M CTAal[MOHAPHOCTH JBIDKCHUS. B pe-
3yIbTaTe YKa3aHHbIX IIpeo0pa3oBaHuii B MOCTOBOM Iepe-
X0JI¢ YCTaHABJIMBAIOTCS HOBBIE YCTOWYMBEIEC YCIOBHS KaK
I pycna, Tak U Ui IBIDKEHWs motoka. C TeoperHue-
CKOH M 0COOEHHO C NpPAaKTH4ECKOH TOYeK 3peHUs O0Jb-
IIOH MHTEpEC MPEACTABIAET MPOTHO3UPOBAHKE TApPaMeT-
POB, XapaKTepU3YIOIIMX KOHEUHBIH PE3yNbTaT PYCIOBBIX
npeobpa3oBaHuil.

Fig. 1. Destroyed support of the bridge: a) view from upstream; b) view from downstream

MocTaHoBKa 3agauvn

KOHCTpYKTHBHBIC PEIIEHHS [0 YKPEIUICHHI0 MOCTO-
BBIX OIOp, IOCTPOCHHBIX HA YKA3aHHBIX BOJOTOKAX,
0OBIYHO PEANH3YIOTCS WX MOCTPOCHHEM OEperoBhIX 3a-
IUTHBIX Jam0, umu Oe3 1am6. B manHO# paboTe caenana
TOTBITKA pa3paboTaTh MATEMATHYECKYH) MOJENb U
ONHUCAHUS TIPOUCXOJIANINX THAPOJMHAMUYECKUX MPOIEC-
COB HAa YYacTKE MOCTOBOTO IMEpeX0Ja TOPHBIX PEK IpH
NPOXOXKIEHHH MMaBOAKOBOTO moToka. C 3TOi 1enbio
IpenyiaraeTess MeTo]| pacyera JehopManuii moaMOCTOBO-
T0 pyclia ¥ COOTBETCTBYIONINE MapaMeTphl TIOTOKA.

[Ipenmonoxum, 4To MOCTOBO! MPOXOM C OTBEPCTHEM

b, 1 AMHO# omop MocTa / PacTioNoXKeH B peKe ¢ INPH-

Hoil By 1 ykioHOM g (puc. 1). B ciyuae, koraa maBojko-
BBIM TIOTOK ¢ pacxogoM Q BXOOUT B MOCTOBOH Mepexo,

TPOUCXOIUT U3MEHEHHE ero MAPOJMHAMUYECKUX Mapa-
MeTpOB. M3-3a pe3KOT0 CyKEHHUS IMUPHHBI PEKH Y MOCTO-
BOI OTIOPBI MPOUCXOJAT BOJTHOBBIE MPOLECCHI, HApYyIIa-
eTcsl TIIaBHO-M3MEHSIOMMUACS XapaKkTep MoToka (puc. 2).
Ho Bckope B pesynbrate o0pa3oBaHHSA Y OMOP MEPTBBIX
30H BOCCTAHABIMBAETCS PEXKHUM ILIABHO-U3MEHSAIOIET0CS
aBrkeHus. OTHOBPEMEHHO B IEPEXOHOM yYacTKe pycna
HaunHAeTCs mporecc pa3MbiBa pycia. Co BpeMeHeM Iiy-
OMHA TOTOKA 1O [UTHHE MEPEXOJHOTO YYacTKa YBEIHYH-
BaeTCH, a CKOPOCTH yMeHbIIatoTcs. Havarbiii HecTarumo-
HapHBII MPOIIECC PYCIOBBIX MPE0OPa3OBaHUN MOCTENEH-
HO 3aTyXaeT, U 10 JUTMHE Pycila BOCCTAHABIMBACTCS CTa-
[IMOHAPHOCTh ABIKEHHS. [IpOTHO3 KOHEYHOTO MOJOXKe-
HUS [IHa pycia Ha MEepexOAHOM Y4YacTKe MMEET Ba)KHOEe
3HAYeHHue JUIs ONpeeIeH!s OTMETOK TOJOMIBEI OTIOP MO-
CTa U MIEPEXOAHDBIX COOPYKEHUH.
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CrnenoBatenbHO, pacyeTHas cXeMa IM0TOKa, OKa3aHHas
Ha pHC. 2, MOXET OBITh 3aMCHEHa ajeKBATHOM CXEMOH
(puc. 3, a), B KOTOpOH HMMEIOTCS TIEPEXOIHBIE YYACTKH,
obecreurnBaloNIie TIABHO-M3MEHSIOMIMICSA XapakTep Mo-
Toka. [Ipu 3TOM Ha BXOJHOM CY)XAKOIIEMCS Y4acTKe MO-
CTOBOTO Tepexojia AIMHOM L ImpuHa pyciia yMeHbIIaeTCs
oT 3HaveHns By go mmpuusr by, Ha ydactke mocToBoit
OTOpPBI IIHPHUHA PYCIIa OCTAETCs MOCTOSHHOM, paBHO# b, a
Ha BBIXOJIHOM pyclie paciupsiercs ot by, o By.

1

¥

L R L

e M

Puc. 2. Mocmoeoii nepexoo b6e3 60K08bIx NepexooHbIX 0amb
Fig. 2. Bridge crossing without side transition dams

CornacHo MIaBHO-U3MEHSIONMIEMYCS PEXUMY JBHIKE-
HHSL YTOJ PACIIMpeHHs (CYXeHHS) OOKOBBIX CTEHOK Ie-
PEXOJIHBIX YUACTKOB JIOJDKEH OBITh HE Oonbire a=8°—10°
(puc. 3, a).

AHanu3 pe3ynbTaToB
3a Hayano KOOPJAWHATHOW CHCTEMBI Z, X HPHUMEM

HavanbHyto Touky 0—0 MocToBoro mepexoaa (puc. 3, a, b).

MocroBoil nepexo/ pa3zieeH Ha TP y4acTKa, B KOTOPBIX
IIIPHHA PyClla OMpPENENIeTCs COOTBETCTBYIOMNMH 3aK0-
HOMEPHOCTAMH:
® B HHTEpBAE

0<x<L: b=By-2xtg e,
® B MHTCpBajIC
L<x<L+/: b=b,; 1)
® B HHTEpBAJC
L+/<x<2L+/: b=b,+2xtga.

CornacHo puc. 3, a, IMHA TEPEXOIHBIX YIaCTKOB L
JI0 ¥ TIOCNE MOCTOBBIX OTIOp OyIeT

L_ BO_bM

= 2
2tga @

T7I€ — Yroll HakJIOHA OOKOBBIX CTEHOK MEPEXOJHBIX
y4acTkoB (puc. 3, a, b).

Brimeonucannas guzndeckas MoJelb HCCIETyeMOTO
Tpolecca TMO3BOJISIET B3aMEH HECTAIMOHAPHOM CIIOXKHOMN
CHUCTEMBI TP MOJICIMPOBAHUH HCIIONIH30BaTh Haubosee
MPOCTYI0 CHUCTEMY ypaBHeHHH. B uccnemyemoii 3amaue
paccMaTpuBaeTCs KOHEYHas CTal[HOHAPHAS CTaIus JBU-
KEHHS, TIPH KOTOPOW YCTAHOBJIEH TAKKe KOJIMYECTBEH-
HBIi OaaHc TBEPIOTO pacxoja. B pa3nuyuHbIX 3a1a4ax mo
Pa3MbIBY pycel OONBINMX PeK MPOTEKAIOMIKE IPOIECChI

YacTO ONKMCHIBAIOTCS TPEXMEPHBIM MOJENUpOBaHueM [15].
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OnHako 171 TOPHBIX BOJOTOKOB, TI¢ IyOHHA U IIUPUHA
HeOOIbINHe, HEPABHOMEPHOE JBIKEHHE TIOTOKA MOXKHO C
JIOCTATOYHOW TOYHOCTBIO CUHTATh OJHOMEpHBIM [16].
[Ipyn yka3aHHBIX YCIOBUSAX B MpefeaX MOCTOBOTO Tiepe-
X07la MIMEIOT MECTO OCHOBHBIE YpaBHEHHS HAHOCOHECY-
IIETO TOTOKA:

® ypaBHECHHE HEYCTAaHOBUBIIETOCS OJHOMEPHOTO JIBH-

JKEHHUS TIOTOKA!

dz dh d(v?) V2 3
—+—+—k—)=T; ( )
dx dx dx\2g/ C°R
¢ YpaBHEHHE HEPA3PBIBHOCTH MOTOKA:
Q= AV =const; (4)
e ypaBHEHHE OalaHca JUIs TBEPBIX PACXOI0B:
Q, =const unmu S = const. (5)

Jl1s psia hopMyIT IO ONpPEAeNeHHI0 TBEPABIX PacXo-
n0B [17, 18] npu coOiroieHuH yCIoBHs OanaHca TBepIo-
o pacxoza (5) monyyeHo

x _( A\S
- H
Xo LA&)J
TJie y — CMOYCHHBIH mepuMetp; A — IUIOIIA/Ib )XUBOTO Ce-
YCHHUS; MAPAMETPhI ¢ MHIEKCOM «(0» OTHOCATCS K HKHUBBIM
CEYEHHUSM ECTECTBEHHOTO y4acTka PeKH.
JUist mHTETpUpOBaHKs ypaBHEeHHS (3) ¢ ycnoBUAMH (4)
u (5), moMuUMO TpaHWYHBIX ycioBui (1), HEOOXOIUMBI
JOTIOJHUTENBHBIC YCIOBHS MexkIy mapamerpamiu h, V, R,
C. B mepByto ouepens cienyer 3agaTh Gopmy momneped-
HOTO JKMBOTO CEYEHMS M TPaHYJIOMETPHYECKHH COCTaB
€CTECTBEHHOT0 pycna. B OoNbIIMHCTBE Cydacs (opmy
TIOTIEPEYHOTO CEUCHHS PYCIa NPUHAMAIOT TPSIMOYTOIb-
HOIL. B 3TOM ciydae Oyznem nMeTsh

(6)

A=hh, (7)
x=b+2h. (8)
0 'l a=(8-10)°
a) | i
Bo| | ig | X
e —b — o _— —= —
Q e . P
0 A
L L i L
4
b) * \

Puc. 3. ITnan (a) u npochune (b) mocmosoeo nepexooa, 1 —
ecmecmeennoe OHO pycia; 2 — cmabunu3uposantoe
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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W3 dopmynel (6) ¢ yueToMm ypaBHEHHUS Hepa3pbIBHO-
cTH moToka (4) u cootHonrenui (7) u (8) momydeHa 3aBu-
cuMocTh [19]

h=% ©)

IIe ¢y — Hmapamerp, ompenenseMsii mo popmyne (13).
B npakTuyeckux pacuerax e€ro MOKHO IIPMHUMATh paB-
2

HeM hy B2 [19].

OTMeTHM, 4TO TOTyYeHHAs 3aBUCUMOCTS (9) UMeeT yi0-
BJICTBOPHUTENBHO TOYHOE COBIAJICHHE C M3BECTHBIMH (DOp-
Mynamu [7, 20] 1o ompeneneHnto TIyOHHBI IOTOKA B MO-
cToBbIX Tiepexonax. C yaerom ypaBHeHus (9), momydaem

1

A=bh= g3, (10)
V:%: Q_ (11)
(Pobg
R.A__b (12)
x p+2
B dopmynax (9)—(12) BBeneHb! 0003HaUCHUS
3
9, = [5122 @ B, (13)
0
e
B
== b= -

CornacHo dopmyne (9), ang COOTHOIICHHS ﬂ:%

MOJTy4rM 3aBUCUMOCTD

3
=2 (14)
Do
210Ka3aH0 9To 3HAYCHHUE 3aBHCHMOCTH
( B+2 /30\
Beerga Ommsko x emuuune [19]. Crnemo-
Upv2 p) o
BaTeNbHO, ypaBHeHue (13) MOXXHO Mepernucarh B BUJIC
2
~h,B?. (15)

Ucnone3ys opmyry Maruuara 1yist koaddummenta Lle-
3u C 1 ¢ ydeTom momydeHHbIX 3aBucuMocteii (9), (11), (12),
(14) s h, V, R, f w3 ypaBHenust faBinkeHust (3) moTydum

TERRE

oS
dz 2,3( Q" Vdb_ o '

g <z (16)
2002 ) dx pib’

dx 3 L%Jr

[TonyueHHOE ypaBHEHHE I MOCTOBBIX NIEPEXO/OB, B
3aBHCUMOCTH OT TPAHMYHBIX YCIOBUH, OyIeT UMETh TpH
(OpMBI COOTBETCTBEHHO:

1. Ha cyxuBaromemcs yuactke 0<X<L, cormacHo rpa-
db
HHAYHOMY ycnoBuio (1), uMeem &:—2tga, BCIIE-

CTBHE 4Yero ypaBHeHue aedopmarnmu gHa pycia (16)
IpUMET BHA

Q%n? b—3+2
s 2 Po
%J’_ﬂb 3[¢O+Q—2}tga= 77 . (17)
dx 3 299, Db

2. Ha yyactke mocTosHHOW mmMpuHBI pycna L<x<L+/

db
nMeeM d—=0, 1 1ubdepeHIraNTbHOE ypaBHEHHE
X

(16) mpumer Bun
(&)

3
Q%n? b—+ 2
dz 2

dz _ (18)
dx b

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

& = 2tga, u ypaHenue (16) npuMer BUA

dx
3
t S

IlomydyeHHBIE pacyeTHBIE YPABHEHHUS MTO3BOJISIOT IS PEK
TOPHOM 30HEI MPOTHO3MPOBATH Te(hOPMAIII MOCTOBOTO ITe-
pexopa 1o ero JummHe. 1 mpoBepKH JOCTOBEPHOCTH TIpe]-
JIO’KEHHOTO PACYETHOTO METO/Ia HUKE IPUBOIUTCS YHCIIEH-
Hb1i ipumMep. [Ipeanonoxum, 4To Ha BOZOCTOKE C IIMPUHOK
Bo=12 M u mpozmonbHbM YKIOHOM i6=0,01 ycTaHOBIeH Mo-
CTOBOI TIEpEX0]] H.II/IpI/IHOI/I b,=6 M. 3HaueHHe TABOAKOBOIO
pacxoa pasHo Q=50 M°/c, KOI((HIIEHT LIEPOXOBATOCTH
pycna — n=0,035. B ykazaHHBIX YCIOBHSX, COTJIACHO TU[I-
PaBIIYECKIM pacyeTaM, HOpMajibHas TyOrHA MOTOKA 0Y-
met ho=1,35 ™. IlpuHMMAas yronm HAaKJIOHA MEPEXOHBIX
YYaCTKOB PABHBIM 10°, u3 BBIpXKeHN (2) TIOTyduM

B,—b, 12-6
29

5 2
dx 3 L 29¢0J

" 2tgl0°

[pu 3nauenuu hp=1,35 m o popmyse (15) umeem
9, =h, B =1,35.12% =7,13.

Ha ocHoBe 3HaueHMi HCXOAHBIX MapaMeTpoB s
KaXKJI0T0 Y4acTKa Mepexoja MPUBOJUTCS YUCIEHHOE pe-
[IEHHe 10 COOTBETCTBYIOIMM JudepeHuanbHbM
ypaBHeHMsIM. Hapsiny ¢ xoopanHatoii nedopmanuu pyc-
J1a pacCUMTaHbI Takke TIyOMHBI TOTOKa. B wactHOCTH, Ha
BxomHOM yuactke (0<x<17) mumeem b=12-2xtgl0°. 3Ha-
4eHUs KOOPAHHATBI Z pacCuuTaHbl 0 ypaBHeHuwo (17), a
ryOuHbl h — 1o 3aBucumocti (9). PesynbraTsl npuBese-
HBI B Ta0. 1.
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Ha yuactke wmocroBeix omop (17<x<27), umeem
b=b,=6 m. KoopmuHars! paccuuransl o ypasuenuio (18),
a ryOuHbI — 1o 3aBucuMOcCTH (9). PesynbTarhl mpuBese-
HBI B Ta0I. 2.

Ha  BrixomHom
b=6+2xtg10°.

PacuernsiMu ypaBHeHusmu spistotes (19) u (9). Pe-
3YIBTaTHl PACYETOB IPHBEICHBI B Ta0M. 3.

yuacTke  (27<x<44)  umeem

Tabnuya 1. Pacuemmnvie 3nauenus deghopmayuu, Wupurvl u 2yOUHbl NOMOKA HA 6X0OHOM YUACHIKE MOCIOB020 NEPEXo0d

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 8,47 741 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

Taonuua 2. Pacuemnvie 3navenus degpopmayuu, wupunsl u 21youHsl NOMOKA HA YUacmKe MOCHO8bIX ONOp

Table2.  Calculated values of deformation, width and depth of the stream at the site of bridge supports
X (M) 17 19 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 oeghpopmayuu, wiupunsl u enyOuHbl 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 TaOm. 1-3 mo iMHE MOCTOBOTO
nepexojia TOCTPOCHBI KPUBBIE Pa3MBITOTO JHA pycla H
cBOOO/THO TTOBEPXHOCTH MOTOKA (puc. 4).

AHanu3 TaHHBIX, IpUBEICHHBIX B Tabn. 1-3, moka3bl-
BAET, YTO MaKCHMaJIbHas BEIMYMHA Pa3MbIBa JTHA (DHKCH-

pyercs y Bxona omnop Mocta (0,89 M), a rimyOuHa motoka
NPUHAMAET MAKCUMAIbHOE 3HAUCHHE IO JUIHHE MOCTO-
BBIX omop (2,16 m). ITu pe3ynbTaThl Mo Gopme U3MEHe-
HUS COOTBETCTBYKOT 11a00paTOpHO-3KCIIEPUMEHTAIbHBIM
naHHEM [21].

\P
T [ e
______________________ e=1s l\B
= i
& L
I =&
=
T - [ e S _
> p———
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10 17

Puc. 4. Pacuemnvie kpugvle 6 MOCmogom nepexooe: 1 — ypoeeHv c60600HOU NOBEPXHOCTU NOMOKA, 2 — eCIeCmEenHblll yPo-
6enb OHa peKu, 3 — cmabunu3upOSaHHas NOGEPXHOCMb 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
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STUDY OF CHANNEL DEFORMATION AT BRIDGE CROSSING SECTIONS
OF GEORESOURCES TRANSPORTATION SYSTEMS
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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
fo 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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