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Haseoeno memoouxy pospaxynxy eniugy inepyitinoi 6i0yeHmposoi cuiu, 00yMOGIeHOI pyXOM NOPUIHS HAO3eM-
HUM OQIKOBUM NEPexo0OM, NOKIAAOEHUM 34 CXeMOI NPYIHCHOBUKPUBIEHO20 MPYOONPOBOOY, HA CMPIIKY NPOSUHY
mpybonpogody. Bcmanosneno, wo memnepamypa 008K € OCHOGHUM YUHHUKOM, SIKULL 6NIUBAE HA HAOIUHICTD
HAO3eMHO20 0ANIKO8020 nepexody, NPOKIAOEHO20 3d CXeMOIO NPYICHOBUKPUBIEHO20 mpYybonpogody. Busnaueno
memnepamypy O06KILIA, NepesUeHHsl IKOI Modice npu3eecmu 00 NepesueHHss CMpIIKU npo2uny mpyoonpogooy
(nio uac pyxy nopuwHs nepexooom) 3HAUeHHs. MAKCUMANbHOL PO3PAXYHKOGOI CIMPLIKU NPO2UHY mpyoonposody i 00
3MIWeHHs mpybonposoody 3 GiIbHO-PYXOMOL ONOPU.

KunrouoBi cioBa: 0ankoBUWid mepexis, NPY>KHOBHKPHUBJICHUH TPyOONpPOBiJ, HaIIHHICTh, CTPiIKa MPOTHHY, II0-
plLeHb, iHepLiiiHa BiALEHTPOBa CHIa, TEMIIEPAaTypa JOBKIILI.

TIpusedena memoouka pacuema 6MUSHUSL UHEPYUOHHOU YEHMPOOEHCHOU CUlbl, 06VCIOGNIEHHOU O8UIICEHUEM
NOPUWIHS NO HAO3EMHOMY OALOYHBIMY NEePexody, NPOJIOACEHHOMY RO CXeMe YIPY2OUCKPUGLEHHO20 mpy6onpoeood, Ha
cmpenky npocuba mpyoonpogoodd. Ycmanoeneno, umo memnepanmypa oKpyscaroujeil cpedsl AeIsemcs 0OCHOGHbIM
Gaxmopom, BIUAIOWUM HA HAOEHCHOCMb HAO3EMHO20 DANOYHO20 NEPexodd, NPOIOINCEHHO20 NO CXeMe YRPY2OUCKPU-
61eHH020 mpybonposoda. Onpedeiena memnepamypa oKpysicaioweli cpedvl, npedvliieHue Komopoi Modicem npuge-
cmu K nPesblueHUio CMpeiKku npocuda mpybonposooa (npu 08UNCEHUY NOPUIHSL NO Nepexody) 3HAUEHUS MAKCUMATb-
HOU pacuemHol cmpeixku npoeuba mpyoonposooa u Kk CMewjeHuro mpyoonpogooa co c60000HO-NOOBUICHOU ONOPbL.

KiroueBsie croBa: GanodHbIN IEpexo/, YIPYTOUCKPUBICHHBIH TPYOOIPOBO, HANEKHOCTh, CTPEJIKA MPOruba,
MOpIIIEHb, HHEPIIMOHHAS [IEHTPOOCKHAS CHJIa, TEMIIEPATypa OKPYXKAIOIIEeH CPEIbL.

A method of calculation the influence of inertial centrifugal force caused by the pig movement on beam bridge
on a pipeline sagging direction is presented, laid under the elastic curved pipeline scheme on pipeline deflection.
The ambient temperature was established to bi the main factor affecting the reliability of the beam bridge laid under
the scheme of elastic curved pipeline The value of ambient temperature was calculated, exceeding of it may cause
the excess of pipeline deflection (wails pigging through the bridges), then its maximum calculated value and corre-

spondingly the shift of the pipeline laid on the free-moving support were observe.
Keywords: beam bridge, elastic curved pipeline, reliability, value of deflection, pig, inertial centrifugal force,

ambient temperature.

Hamsemna cxema mpoknafanHs Tpy6onpoBo-
JUB 3aCTOCOBYETBCS VISl MEPETUHY PIi3HOTO pomy
MPHUPOAHUX 1 MITYYHUX TEPENIKOJ, KOJIH 3aCTOCy-
BaHH IMIA36MHOI CXeMH € HexouinpbHuM. Haifuac-
Tillle HaJ3EMHa CXeMa 3aCTOCOBYETBCS ISl MPO-
KJIaJlaHHs TPyOONpPOBOMIB Yepe3 sipu, piKH 3 He-
CTIHKHUM PYCIIOM, JTHO SIKHX CHJIBHO PO3MHBAETHCS,
MaJi piuKH 3 BHCOKMMH Oeperamu. 3acTOCYBaHHS
HAJ3EMHOI CXEMH TMPOKIAJIaHH € TaKOX IOITb-
HUM B MICISIX BIYHOMEp3THMX IPYHTIB, NMPH Iepe-
THHI TpyOONPOBOIOM TEPHUTOPIH, sIKi MiIPOOIS-
IOTBCS, TOOTO IUISHOK MICIIEBOCTI, I JEHHOIO
MOBEPXHEIO SIKMX BHOMPAIOTHCS TIOPOIH YU KOPHUC-
HI KOMaJIMHH, B OOJIOTUCTIH Ta TIPChKil MicCIeBOC-
TSX, HAa JIUITHKAX 3cyBy. OZHUM 3 BUJIB 0aKOBOT
HAaJ[36MHOI KOHCTPYKTHMBHOI CXEMH IPOKIAJIaHHS
TpYOONPOBOAIB 3 KOMIICHCALLIEIO BUIOBKEHD TPYO,
3YMOBJICHUX 3MIiHOIO TEMIIEpaTypu i BHYTPIIIHBO-
r0 THCKY, € TPYKHOBUKPHBIICHHH TpPyOOIPOBia
(puc. 1) [1]. Komnencartisi BUIOBXKEHb JOCATAETh-
cs 3a PaxyHOK 3MIiHM TOYAaTKOBOTO ITOJIOKEHHS
TpyOONpOBOY, YKIAJCHOIO y BUTISII CHHYCOITH
Ha onopax. Ilapuipui omopu 2 He maroTh Tpy6O-
MPOBOAY TEPEMINyBaTUCh SIK Y IO3J0BXHBOMY,
Tak 1 B TMOMEpeYyHOMY Hampsimax. Ha BimbHO-
PYXOMHEX oropax 3 TpyOOIpOBiJ MepeMilllyeThCs B
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MOTMEPEYHOMY HANPsAMi, YAM 1 JOCATAEThCs edek-
THUBHICTh KOMIIEHCALII].

Iicist yknanasHst cexii Ha onopu Tpy6orpo-
BiJl BUKPUBIIIOKOTb Y TOPU30HTAIIBHIN IUIOLIMHI 32
cuHycoiforo (momoxkeHHs 1), i 3a TemmepaTypu
MOHTaXy ¢, 3aMHKalOTh CTUKH. 3MiHa JOBXUHU
TpyOONpOBOMLYy BHACTIJOK MiABUIICHHS ab0 3HU-
KEHHSI OT0 TeMIepaTypy MOPIBHSHO 3 TeMmIlepa-
TypOI0 MOHT)Xy MPHU3BOJHUTH IO 3MiHH CTPUIKH
nporuny f,. HaitGinby cTpinky ropu3oHTalIbHO-

ro Nporuny f,,,. (monoxenns III) po3paxoByroTh

TakKAM YHHOM, 00 3a0e3lMeunTH MOKIMBICTD
KOMITEHCaIlii TeMmreparypHux nedopmarii s
MaKCHUMAaJbHOIO PO3PaXyHKOBOIO IIeperajy TeM-
nepatyp, a Takox e opmaltii Bis{ il BHYTPIIIHBO-
ro tucky. OnHak neil po3paxyHOK HE BPaxoBye
30LIBLIEHHs CTPUIKU TIPOTHHY TPYGOIpoBOLYy, SIKe
Oyne BinOyBaTUCH Mijl YAC PyXy OYMCHHUX i iHTENE-
KTyaJbHUX TOPIIHIB  KPUBOIIHIHHOK AUIIHKOIO
EPeXoly MK LIAPHIPHUMY onopamu. BHaciminok
Aii iHepUiAHOT BIILEHTPOBOI CUIIM HA MOPLICHH Ta
3a0pyIHEHHs, SKI PyXalThcsd Tepe HUM, TPyOo-
MPOBIJl 3MINyBaTUMEThCS B TIONEPEYHOMY HAIpsi-
Mi. 3a TIEBHOI TeMIEpaTypH IOBKULIS IIe MOXKeE
MPHU3BECTH JIO TEPEBUINCHHS CTPUIKOI0 MPOTUHY

[2)
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1 — mpybonposio;, 2 —wapnipna onopa, 3 — 6LIbHO-pyXoMa onopa

Pucynok 1 — CxeMa npy:kHOBUKPHUBJIEHOT0 TPYOONPOBOIY

TpyOONMpPOBOY ii MAKCHMAJILHOTO PO3PAXyHKOBOIO
3HAYCHHS 1 3MIUIEHHs TPYyOOmpoBody 3 BiIbHO-
PYXOMOi  ONOpH, OCKUIBKA WIMPHHA BUIBHO-
PYXOMOI OIOpH PO3PaXOBYETHCS 3aJISKHO BiJl MaK-
CHMAaJIbHOI PO3PaxyHKOBOI CTPUIKH TPOTHHY TpPY-
OOmpoBOY.

JlocnipKeHHI0 TUHAMIKA PyXy MOPIIHIB TPY-
OorpoBoaMu IPUCBsUEHI poboTH [2, 3, 4]. OnHak
B yCIX IIMX po0OTax HE BPAXOBAHO BIUIMB PYXY
MOPIIHS Ha KOHCTPYKTUBHI €IIEMEHTH TpPyOoIpo-
BOJIiB, 30KpEMa HaJI3EMHI MepeXo/iu.

Hnst  3amobiraHHss TEPEeBHINCHHIO CTPUIKH
MPOruHYy TPyOONpPOBOLY 3HAYECHHS MaKCHMATbHOL
PO3PaxyHKOBOI CTPUIKK MPOTHHY 1 3MIIIEHHS TPY-
00MpoBOly 3 BUTBHO-PYXOMOI OIOpPH MPYKHOBH-
KPHMBJICHOTO TPYOONPOBOAY HEOOXiTHO BU3HAUUTH
TeMmIiepaTypy IOBKLLIA ¢, TaK, MO0 CTpilKa Mpo-
THHY, SKa OyJia po3paxoBaHa Jiisi MAKCUMAallbHOTO
PO3paxyHKOBOro Iepenamy Temmepatyp, Oyma 6
plBHa CyMi CTPITKH TPOTHHY, SKa YTBOpHIIACS BifI
ii TemMIepaTypu f,, a TaK0XK BHYTPILIHbOTO TUCKY
1 30UIBIIEHHSA CTPUIKHU TIPOTHHY Tpy6OIPOBOLY Bix
Nii Ha TOpUICHb 1HEPIIHHOI BiJIIEHTPOBOI CHIIH.

ToOto
fmax:flc+Afn’ (1)

ne: f, — CTpiIKa IPOTHHY Bin Iii Temrmeparypu

t, 1 BHYTpIIIHBOI'O TUCKY;

Af, — 30iIbLIEHHS CTPUIKM NPOTHHY BiX Aii
iHepIiHHOT Bi):[ueHTpOBo'f CHIIH, SIKa BHHMKAE IIif
4ac pyXy MOPIIHS KPHBOMIHIHHOO TUISTHKOIO.

3rigno 3 [1] makcumanbHa CTleKa TIPOrUHY
BiJl il MakCUMallbHO MOKJIMBOI PO3paxyHKOBOL
TEMIIepPaTypH i BHYTPITHBOTO TUCKY
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f02 +4L2at(tmax _to)
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ne: L — BifgcTaHb MiX IIApHIPHUMHU ONIOPAMU;
o, — Koe(illieHT JiHIIIHOro PO3IIMPEHHs Me-
Tany Tpyou;
tpay — MAKCHMAIIBHO MOXKJIMBA PO3PaXyHKOBA
TeMIeparypa;
— po0OoYHi THCK;

50 )
50 )

D, — BHyTpimHiil KiamMeTp TpyOOnpoBoIy;
E — Moaynb Ipy»KHOCT1 MeTaly TpyOou;

0, — HOMiHalbHA TOBIIMHA CTIHKH TpPY0O-

IPOBOTY.
Crpinka mporuHy Bif Xii TemnepaTypu f, 1
BHYTPIIIHBOTO TUCKY

2
f‘tc: f02+4Laf(tCZ_t0)+
T
1/2 (3)
, 04PD sL(L+a,L(t, 1))
ﬂ2E5H

Pobota cun mpu nepeMilieHHi TpyOOIpoBOILy
3 osioxkeHHs | B monoxkenns 111

A, =4, +4,=PA+ 4, =

2 n
_IZZ( lg _f02)+Nn(Afn _fo);Sin?a(L")

ne: A,. — pobora cuil, 3yMOBJIEHUX TeMIIepaTyp-
HUM IIEpEenagioM i BHYTPIIIHIM THCKOM;
A, — poboTa iHepIiitHOI BIALIEHTPOBOI CHIIH;
A — QiKTUBHE 30JIMDKEHHS IIAPHIPHUX OIIOD;

P — 1o3noBXkHS cTUCKaroua CHJla, BU3Haya-
€TbCs 3riaHO 3 [1];

n
(af, - £, Sil’l% — CyMa TOpPU30HTAIBHUX
1

nepeMimeHb TpyOonpoBoLy, SIKi BUHHKITH ITiJT JII€I0
THEepIHHOI CHITH;

n — KUIBKICTh BUTBHO-PYXOMHUX OIOp MiX
MIapHIPHUMH OTIOPAMHU;

N, — iHepuiiiHa BiJLIEHTPOBA CUIIa, KA 3Tij-
HO 3 [5] piBHa

2
N, =" )
R
jie:  m — Maca IOPIIHS;
V' — WBUAKICTb PyXy TIOPIIHS,
R — paziyc KpHBOIIHI{HOT AUISHKA MDK Iua-
PHIpHUMH OIIOPaMH, SIKHH PIBHUN

4fn21ax + L2
8fmax

R= (6)

PoGora cun tepts
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AQ = Q(fmax - fo )Z sin

1
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X
Dy Sin=~ — CyMa TODH3OHTAIBHMX

Aac: (fmax _fo
1

MEePEeMIIlIeHb MPH Mepexoii TPyOonmpoBoaAy 3 IIO-
noxenHs [ B monoxkenns III;
O — cymapHa cuiIa TepTs
0=nlq, +q,+4,)Lo. (8)
ae: ¢, — po3paxyHKoBa Bara | M JOBXHHHU TpY-
OonpoBoy;
g, — Bara HOpILHS;

q, — Bara o4iKyBaHHUX 3a0py/IHEHb;
@ — KOe(]IIIEHT KOB3aHHS TPyOOIPOBOAY Ha

oropax.
Ockinbkn Ap = A , OTpUMYEMO

IZTLZ( lg _f02)+Nn(Afn _fo)iSin%:
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3 piBusHHEA (12) MeTogoM iTeparlii BU3HaYae-
MO f,.,a 3 piBHAHHA (3) BU3HAYa€MO TeMIIepaTy-
py, 3a sKOi CTpilka HpormHy TpyGomnposoxy (3
BPaxXyBaHHsM CTPUIKU NPOTMHY BiJ Aii IHEpUiHHOT
BIJILICHTPOBOI CHJIM TIPH pyci mopinHs) Oyne Makx-

CHMAaJIBHOIO
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TemnepaTypa MOBKULISI € OCHOBHHUM YMHHH-

KOM, SKHM BIIJIMBA€ Ha HAMIMHICTE HAJ3E€MHOIO

0aJIKOBOI'0 TEPEX0oy, MPOKIAJACHOr0 3a CXEMOIO

MPYKHOBUKPHUBJICHOTO TPYOOIpOBOIY. SKIIO BOHA

NIEPEBUILYE TEMIIEPATYPY ., BUSHAYEHY 3a JOIO-

MOT'0I0 HaBEJCHOI'0 PO3pPaxyHKy, TO HiJ Yac pyxy
HOpUIHA TPYOONPOBOAOM, NPOKJIAJAEHUM 32 CXe-
MOIO TIPYXHOBHUKPHUBIICHOTO TPYOOIPOBOIY, MOXK-
JIMBE MEPEBUILCHHS CTPUIKM NPOTHHY Tpybompo-
BOJly MaKCHMAJIbHOI PO3PaxXyHKOBOI CTPLIKH HPO-
THHY 1 3MIIlIEHHS TPYOONPOBOAY 3 BUILHO-PYXOMOL
OTIOPH.
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