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BO3MOXXHOCTHU NTIPOT'PAMMHOTI'O KOMIIVIEKCA JIMPA
B IPOEKTUPOBAHUU MOCTOBBIX KOHCTPYKIIUI

n.1.H. ['oponenxuii A. C., kx.1.H. ['epaiimoBud 0. 1., umxk. Kexyx A. H.

I'HUMACC MuncTpost YKpauHbl
r. Kues, Ykpauna

PasButHEe COBPEMEHHOIO TPaJOCTPOUTENILCTBA XapAKTEPUIYETCS HE TOJIBKO BO3BEACHUEM
BBICOTHBIX 3[IaHUI M COOPYXEHHI, HO MU CTPOUTEIHCTBOM MOCTOB (IIyTENPOBOJIOB, BHAIYKOB,
3cTakag). MOCTOB MNpPOEKTUPYETCS M CTPOMTCS Bce OoOJble, a caMM MOCTBI CTAHOBATCS
KOHCTPYKTUBHO  Bce  cioxkHee. [loaToMy  Bo3pacTaer  HEOOXOAMMOCTh  aHalIM3a
IIPOCTPAHCTBEHHBIX MOJEJIEH MOCTOB CO CJOXHOW T€OMETpPUEH, C pEaJbHBIMH CBONCTBAMH
Marepuana, C Y4eTOM B3aUMOJACHCTBUS KOHCTPYKIHMHM C oOcCHOBaHHEM. [Ipu BbINTONIHEHUMN
MIPOEKTUPOBAHMUS, OCHOBON HA/IEKHOI0 MOCTA SIBJISIETCS HE TOJBKO XOpollasi HOpMaTUBHas 6a3a,
HO ¥ KaYECTBEHHO BBITIOJIHEHHBIE pacueTs [1].

BceeMm 3TiM TpeOoBaHMSAM COOTBETCTBYET COBPEMEHHBIN MporpaMMHbIid komiuieke JINPA
(ITK JIMPA (http://www.lira.com.ua)), pa3pabotanapli B [OCymapCTBEHHOM HWHCTUTYTE
HUUACC u npumeHsieMblii B MpPaKTUKE HPOEKTHPOBAaHUS B OOJBIIMHCTBE OpraHU3aAIUi
VYkpaunsl, Bo MHOrux opranuzanusx CHI' u ctpanax EBponbl (®panuus, Nomnannus, Typuus,
JlutBa, JlatBusa, Octonus). Haumnas c¢ Bepcum IIK JIMPA 9.2 B cocTaB mOCTaBKH BXOJIUT
cucrema MOCT, npegHa3HadyeHHas Jid pacuera MOCTOBBIX KOHCTpykuui. Cucrema MOCT
pacinpsieT BO3MOKHOCTU IPOEKTUPOBIIMKA, aBTOMATU3UPYET MHOTHE JTAlbl €r0 ACSITEIbHOCTH,
JIEJIaeT BO3MOKHBIM, B KOPOTKHE CPOKH, BBIIIOJIHUTH MHOTOBAaPHAHTHOE IPOEKTUPOBAHUE, YTO B
KOHEYHOM CYETE CIIOCOOCTBYET CO3/IaHHI0 0oJiee yIauyHOH KOHCTPYKIIMH MOCTA.

B kauectBe mnpumepa, nemoHcTpupyromero Bo3MmoxHoctd I[IK JIMPA, paccmorpum
TMITIOTETUYECKUN aBTOMOOMIIBHBINA CTaJIbHON MOCT 4Yepe3 BOJAHYIO Mperpany (peky) ¢ MpojeToM
apku 300 metpoB (puc. 1). ApodHble MOCTBI C €370 TOHWU3Y, K KOTOPBIM OTHOCHUTCS
paccMaTpuBaeMBblii MOCT, YZA4HO BIIMCBIBAIOTCSI B TOPOJCKYIO apXHUTEKTypy, U KpPOME TOTrO
apo4Hble MOCTBl Hauboyee IMKECTKHEe W3 KOHKYPHUPYIOIIMX NPOYUX THUIOB (OarloyHbIX,
(bepMeHHBIX, BHUCSYMX U BaAHTOBBIX) MocToB [l]. PacuerHas cxema mpejacTaBiieHa
MPOCTPAHCTBEHHOW Monenblo (corimacHo 1. 1.37, [2] — KOHCTPYKIHMHM TPOJETHBIX CTPOSHUMN
MOCTOB, KaK IIPaBUJIO, CJIEAYET PACCUMTHIBATH KaK IPOCTPAHCTBEHHBIE).
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Puc. 1. Pacuemnas cxema agmomooOunbHo20 MEMAllIu4ecKko20 MoCma uyepes peKy.

[IponetHoe cTpoeHHe mMpeacTaBiIsieT COOOW apKy, MOAISPKHBAIONIYI0 Ha HAKJIOHHBIX
KaHaTax OalKy JKeCTKOCTHM Tmpoe3na. Ha mposeTHOM CTpPOGHHMHM C KaXI0M CTOPOHBI
MPEyCMOTPEHbI TPOTYapbl M YETHIPE IOJIOCHl JBMKEHHSI IO JIBE B Ka)/JIOM HaIPaBJICHUU.
[Hupuna Ganku xectkoctd 18.5 M. lllupuHa NMOMHATHIX HAJ MPOE3KEH YACTHIO TPOTYyapoB
300.75 = 2.25 wm. [IponeTtHoe cTpoeHue NpsIMOJIMHEITHOE B IUIAHE.


http://www.lira.com.ua/

[Ipouecc mocTpoeHUsI pacueTHOW CXEMBI HE PACCMATPUBAETCS, XOTSA XOUYETCS 3aMETUTh,
YTO OH HE SIBJISIETCS] TPUBUAIBHBIM — KOPPEKTUPOBKA PACUETHOM CXEMBI MOMXKET OCYIIECTBIISTHCS
HE OJMH pa3 B 3aBUCHUMOCTH OT IIOJYy4YaeMbIX pPE3YyJbTAaTOB MPEIABAPUTEIBHBIX PaCUETOB,
BKJIFOUYAs M pacyeT Ha MOJABUKHBIC HAarpy3KH.

[Tocne co3manus pacdyeTHOM CXEMBbI PACCUUTHIBAEMOTO MOCTa 33Jal0TCsi 0a30BBIC JTMHUU
JBDKEHUS, OIMMUCHIBAIOIINE TIOJOTHO MOCTa — JIMHUU (CIIMCOK Y3JI0B) MO KOTOPHIM OyIeT
MpoKaTaHa eJIMHUYHAs Harpy3ka, Tak HasbiBaemas TtomoJorusi (puc.2). ba3oBas nuHus
JBWO>KEHUS, 3aJjaHHasi IEPBOM CUUTAETCS TaKKeE MPaBbIM KPaeM MOCTa, T.€. OT HEE B JAJIbHEHIIIEM
OyayT 3a7aBaThCsl MIPUBS3KHU MOABMKHBIX HArPy30K MOMEpeKk MocTa. Peann3oBanbl 1Ba criocoba
3aJlaHusl JIMHUW JIBUKEHUS: MPU TOMOIIM TMPHUBI3KKM K KpPar MOCTa W MPU MOMOIIU 33JIaHUS
cnicka y3i0B. [lepBast 6a3oBast TUHUS IBHKEHUS 3a/1a€TCS TOJBKO TIPU TTOMOIIM CIHCKA Y3JI0B.
Jly1st BBIOpaHHBIX PACYETHBIX y3JI0B M DJIEMEHTOB I10 JAHHBIM 0Aa30BBIM JIMHUSIM JIBHKCHUS Oy TyT
IIOCTPOEHBI OINOPHBIE JIMHUU BJIUSHHUS — IIOBEPXHOCTU BIIUSHUSA IIOJYYAKOTCA JIMHEUHOU
HWHTEPIIOJSAINEN MEXKTy OIOPHBIMH JIMHUSIMUA BITUSTHUS.
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Puc. 2. Cxema pacnonosicenuss 6a308b1x TUHUL OBUNCEHUS U OUATI02 OIS UX 3A0AHUSL.

Jlnist TaHHOHM pacyeTHOM cXeMbl 3a7aBajioch 7 0a30BBIX JHMHUN JBMKECHUS, OHH POHYMEPOBAHBI
Ha puc. 2 noa npoekuue Y OZ pacyeTHON CXEMBI.
Pacuer MocTa HE0OX0AMMO BHITIOJIHUTH HA CIEAYIOIINE BUbI HATPY3KU:

* [OCTOSIHHas (HOpPMAaTUBHas Harpy3ka OT COOCTBEHHOIO Beca KOHCTPYKUUH —
3arpy’keHue 1, HOpMaTHBHas Harpy3ka OT COOCTBEHHOIO Beca OJEXK[Ibl €3]10BOr0
MIOJIOTHA — 3arpyKeHue 2);

* BpEMEHHbIE (BEPTUKAJIbHbIE HATPY3KH OT MOJBUKHOI'O COCTAaBA U NEMIEXO0/I0B);

* nmpouue (BeTpoBas Harpyska, TEMIEpaTypHble KJINMaTUYECKHUE BO3JECUCTBUS — OTHU
Harpys3Ku M3-3a OTpaHUYEHHOCTH MECTa pacCMaTpUBATLCS HE OyayT).

HopmatuBHas Harpy3ka OT COOCTBEHHOI0 Beca KOHCTPYKLUH BKJIIOYAeT, IOMHMO Beca



KOHCTPYKLIMH, Beca IOCTOSHHBIX CMOTPOBBIX HPUCHOCOOJNEHUH, OMOp M NPOBOAOB JHMHUH
ANEeKTpU(UKAIUU U CBSA3M, TpyOONpoBOIOB U T.n. Pa3HeceHune Harpy3ok: HOpMaTHBHas OT
COOCTBEHHOI'O Beca KOHCTPYKIMH M HOpPMAaTHUBHAs OT COOCTBEHHOI'O Beca OMAEXKbI €37J0BOTO
MOJIOTHA CBS3aHO C TE€M, YTO JJII HUX OTJIMYAIOTCS KOA((UIIMEHTHl Ha/eXKHOCTU 10 Harpys3ke
Y. Oto HeoOXOAMMO BBINOJHATH JJs BCEX IOCTOSIHHBIX HAarpy3oK C pa3iMYHbIMU
KO3 pHIMEeHTaMH HaJIe)KHOCTU IO Harpys3ke. 3ajaHue MOCTOSHHON Harpy3Kd He MPeCTaBIsSeT
0c000i1 CI10)KHOCTH IOTOMY 00Jjiee MOAPOOHO OCTAHOBUMCS Ha 3aJIJaHUM MOJIBUKHBIX HArpy30K.

HopmaTtuBHass BpeMeHHas Harpy3ka OT IEHIEXOJO0B Ul TPOTyapOB MOCTa IIPUHATA B
BHJIE BEPTUKAJIBHOM PaBHOMEPHO PACIPENEICHHON HAarpy3KU IIPU COBMECTHOM YY€ETE C JPYTHUMHU

. . - T o
JEHCTBYIOIIUMU HArpy3KaMu paBHO#W P - Oz; 3anojHeHue napaMeTpoB HOPMAaTHUBHOM

BPEMEHHON Harpy3ku AJis IEIIEeXO0J0B JaHO Ha pucyHke 3. Ha pucyHke 3, U Ha panpHEHIINX
PHUCYHKaX, C IPaBOM CTOPOHBI MOKA3aHbl JUAJIOT(1), MOSIBIISIOLIMECS IO HAXKATHIO OJHOMMEHHBIX
KHOIIOK.

x

Tononorka  Harpyseu | Hane I EInEME!Hrbll

— T UM Harpysk4

I Mewsxoak j IEI

K.cod. npodH. | — Koadg. BoiHocn. — Pacnp.Harp.
[ 12 ( 00 M 0.45 W
x
— Kon-Bo ocel
)
IEI =] -‘ [zeErie Harpgsmll MpuHEASKM
I MpLEaski |‘

— CrMcaok, Harpysok, 1125

17, 3?5!
Hpanire |

— BEINOAHATE pAcYET COMETAHMEA HArpYS0K,

[ [CouenaHHe Harpy st |

-

Foadid, ma nonEcan |

Puc. 3. Juanozu 3a0anus HopmamueHoli 6pemMenHol Hazpy3KUu Om neuiexo0os.

3HaueHUEe HOPMATMBHOW BPEMEHHOM HArpy3kd OT  [MEHIEX0J0B, TOJYYEHHOE  Kak
0.202.25:= 045% 1.2. 9
U220 U8 mpumATO © ko3 uumenrom s pacyera mo mpouyHoctd 1.2. Oror

KoadUIIMEHT MpeacTaBisieM coOoi npousBeAeHne KodpGUIIMEHTa HAIeKHOCTU TI0 Harpy3ke u
muHaMmaecKoro Kosdduupenta Y r {1+ 1) = 1.201.0 = 1.2 CrefyeT HAOMHNTD, YTO IPHBSA3KH
BPEMEHHOM MOABHKHOW HArPy3KH 3aJAI0TCS PACCTOSTHUEM OT MEPBOI 0a30BOM JTMHUH JABUKCHUS
70 LIEHTpa TSOKECTH Harpy3ku. [IpuBS3KM NOJBMIKHBIX HAarpy3oK IOINEPEK MOCTa JaHbl Ha
pUCYHKE 4.
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Puc. 4. Ilpusasku noosudicHuIX HA2py30K nonepex Mocma.

HopmaruBHass BpeMeHHass Harpy3ka OT IOJBHM)KHOIO COCTaBa IPUHUMAETCS B BHJIE
yeTelpex mnojioc Al4, kKaxaas W3 KOTOPBHIX BKIIOYAET OAHY ABYXOCHYIO TEJEKKY C OCEBOH

Harpy3koii P = 14T u paBHOMEpPHO PAaCIpe/CiICHHYI0 HArpy3Ky MHTCHCHBHOCTBIO V - 14%

Ha o0e koneu [3] (puc. 5).

x x
Tononorwa  Harpysk | Yazne I 3J‘IEMEH‘I’bII

=T
R M ocK| Mpreazka |[Noad. Harp. [lopos.Harp,
I.":".ETIZITDEHCI'IDDT 1.8 j lﬁl 7 0 T
— Koad, npayH. 2 15 14

K.oad. BeiHOCA. — Pacnp.Harp.
( [11 |“1.4 w

— Koo hehMUMEHT I A0A COCP HAMPYS0K, M0 NOADCSk
k.mp.1 K. BbiH. 1 k.mp.2 k. BBIH.2
“1.?25 —HV'H —Hi'I.?EE —‘ ’71.1
— Kon-eo oced
=
|2 = -‘I O ceBrle HArpYSKM I MNprEaskM

|‘|.38

0 il KoaddmureHTbl S il
— CnMcok Harpysor,
rF

Mewexonk

MpHEASEH M non| Pacny. | CocpuH.

':I.u.anMTbl 4261 | 1 1
L]

1

.20 3 05 1
11.246 3 0E 1
14.25 4 0.6 1

— BeinoaHAaTe PACYET COMETAHWN HAarpysak.

r CoYETaHWE HATPYSOH |

.

I Foad. no nonocam

Puc. 5. Jluanoeu 3a0anus Hopmamuenoti pemennou Haepysxu Al4.

JUist TeNeXXKH 3aal0TCsl MO ABa KO UIMEHTa K pacyeTaM MO HPOYHOCTH U BBIHOCIMBOCTH —
3TO CBSI3aHO € TeM, 4TO B [3] mpu cOope Harpy3kHu ¢ HECKOJIBKUX MOJIOC IBUYKEHUS, HEOOXO0AUMO
BBOJIUTH JUISI TIOJIOCHI IBUXKEHUS JAIOLIEH, B pACCUUTHIBAEMBIX AJIEMEHTAaX HauOOJbIINE YCUITUS
(B paccUMTHIBa€MBIX y3J1aX HAauOOJbIIKE MEPEMEILIEHUs), OAHU KO3(PPUIMEHTHI K pacyeTaM I10
MIPOYHOCTU U BBIHOCIMBOCTH, a JJIsl OCTAJIBHBIX MOJIOC — Apyrue. JlJis Hallero ciaydas 3TU Hapsl
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KOd(G(UIMEHTOB K pacdyeTaM [0 TPOYHOCTH U BBIHOCIUBOCTH OJMHAKOBBL Jlmamor
“Koaddurnmentsr S17, BbI3biBaeMbld M0 HaxkaTuio KHomkH “Koadd. mo monocam™B auanore
“IlpuBsizku”, TO3BOJISET 3adaBaTh TpeOoBaHus 1. 2.14, [2] — Kak CyMMHpPOBaTh Harpys3ky c
HECKOJIBKHX T0JI0C JIBHYKEHUS.

MocT Takke pacCUMTBIBAeTCS TSAKEIYI0 OJMHOYHYIO KojecHyro Harpy3ky HK-80,
MPOXOJAIIYI0 MO HeHTpY Mocta. HopmaTtuBHas BpemeHHast Harpy3ka HK-80 mpunHumaercs B
BHUJIC OJTHOM YETHIPEXOCHOM MaluHbl 001MM BecoM 80T (puc. 6).
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Puc. 6. Juanoeu 3a0anus nopmamuenou epemennou naepysku HK-80.

[locne 3amaHus MOABMKHBIX HArpy3oK 3aJaéM COUY€TaHWs Harpy3ok, T.e€. Kak
CTaTUYECKYIO HArpy3Ky CKJIaJbIBaTh C MOJBUKHOM (pHcC. 7).

x
[v][2]

M zrp.| Hopr. sH. |GammaF>1|GammaF<1
1 1 1.1 0.s
2 1 1.5 0.4

—Pac4eTHelE KoaddbHUHEHTE
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’7K1 |1 5z IEI.?‘S

Puc. 7. Jluanoe 3a0anus couemanuii Hacpy3ox.

3amaercs 1Mo TpW YHCIa Ha KaXKJ0€ CTAaTHUECKOE 3arpyXKeHue: KOd(PQPHUIMEHT K HOPMaTHBHBIM
3HAYCHUSIM HATPY3KH — €CJIM UX HEOOXOAUMO MOAKOPPEKTHPOBATh, i KO3 duimeHTsr Y 5 > 1 1
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Yr <1 omnpemensemsle mo T1abn. 8%, [2]. K1 — xod>dpPULMEHT ¢ KAKUM IEHIEXOIbI
“ > >

CYMMHUpYIOTCS ¢ Harpy3koil Al4. Hampumep, ecnu kpoMe ydera Harpy3kd OT IELIEXOAOB C
IPYTMMU Harpy3kamu, HEOOXOJWMO ObUIO BBINOJHUTH ‘‘UUCTHIM~ pacdyeT Ha Harpy3ky oOT

- T
MEIIEX0/I0B — B 3TOM CjIydyae 3Ha4Y€HHE HArpy3Ku HeoO0Xoammo Obuio 3amaBath [P - 04;, a

IpY CyMMHUPOBaHHHU ¢ Harpy3koil Al4 koadduuuent K1 cremoano 3aaats paBHeiM 0.5 . [Ipu
OJIHOBPEMEHHOM 3arpy>KeHUH MOJIOC aBTOMOOMIIBHOTO JBUKEHHSI (COBMECTHO C MELIEeX0JaMu) U
PENBCOBBIX MyTel (3KEJIEe3HBIX JOPOT, METPOIOIUTEHA MM TPaMBasi) BPEMEHHYIO BEPTUKAIBHYIO
Harpy3Ky, KOTOpash OKa3blBaeT MEHbIllee BO3JeHCTBUE (KaKk BEpTUKAIbHOE, TaK U
TOPU30HTAIBHOE), CJIEAYyeT BBOAWTH B pacyeT C JOMOJHUTEIBHBIM KoddduimeHToMm S2,
KOTOPBIN periaameHntupyercs m. 2.15%, [2].

Ha 3aknanke “Y3mbl” 3aar0TCs HOMEpa Y3J10B, Ui KOTOPBIX OYIyT MOCTPOCHBI JIMHUHU
BIUSHUS TEpPEeMELICHUI M B JanbHelmeM OyAyT BBIYMCIECHbl HOPMATHUBHbBIE 3HAYCHUS
COUeTaHM TepeMerieHnuid. [|Jist KOHTpOJIsi BRIOpAHBI J1BA y371a: EHTPATbHBINA y3€1 MOCTa U y3e,
KOTOPBI OT 3arpy>KeHUN COOCTBEHHBIM BECOM Jajl HauOoJblllee BEPTUKAIBLHOE MEpeMelIeHUE
(TakuX y370B B JCHCTBUTEIHHOCTH JBAa — BBIOpPAH TOT KOTOPBIH pacroyiokeH lesee). Oba
pacueTHBIX y3Jia HaXOAATCS Ha MOJIOTHE MOCTA IO IMHUM CUMMETPHH.

Ha 3akmanke “OneMeHTHI” 3aJal0TCS HOMEpA JIEMEHTOB, JIUIsl KOTOPBIX OYAYT MOCTPOEHBI
JUHUM BIAMSHUSL YCWIMM W B JajibHeimeM OyayT BBIYUCICHbI HOPMATHBHBIE M pPAaCUETHBIC
3HAYEHUsl codyeTaHuil ycunuil. J[ns KOHTponsi BBIOpaHBI JBa 3JeMEHTa: OJIDKHSS TOIBECKa B
LIEHTPE MOCTa U JIEBOE ONOPHOE CEUCHHE MEePEIHEN apKu.

Hcxonnbie qaHHbIC AJ1s1 pacdyeTa MOCTa 3aJaHbl — BHIIIOJIHIEM pacyer.

[Tocrne BBIMOMHEHHS pacueTa HMEETCs BO3MOXKHOCTh IMOCMOTPETh JJIsl PacueTHBIX
3JIEMEHTOB MOBEPXHOCTH BIIUSHUS PUCYHKHU 8 U 9.

Puc. 8. Ilosepxnocmu enuanus nPpoO0o0aIbHO20 YCUNUs 8 ONUNCHEU NOOBECKe 8 YeHmpe MOCHA.
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Puc. 9. Ilosepxnocmu enuanus nPpoOoaIbHO20 YCUNUS 6 Ie60M ONOPHOM CedeHUU nepeonell apKu.

Jnist BBIOpaHHBIX PAaCUETHBIX Y3JIOB M 3JIEMEHTOB €CTh BO3MOXKHOCTh IIOCMOTPETh U BBIBECTH Ha
9KpaH W B (aill 3HaYCHUS W BHEUIHWW BHJ OIOpPHBIC JMHWM BIUSHHI. B maHnHOM mpumepe
OIIOPHBIX JIMHUM BIUSHUS OyJeT 1Mo 7 MITYK Ha KaKJbli PACUETHBIN y3€] WM JIEMEHT, T03TOMY



MOKAXeM pe3yNabTaThl TOJBKO ISl MEPBOM OMOPHON JIMHUU BIUSHUSA IJI PACUCTHHIX Y3JIOB
(puc. 10) u ana pac4eTHBIX dJIeMEeHTOB (puc. 11).
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Puc. 10. Ilepgvie onopHule aunuu 1usHUsA 0I5l pACHEMHBIX V3108:
a) yeHmpanoHwlll y3en Mmocma, 0) y3en ¢ MaKkCuMAaibHblM nepemeujeHuem om cobcmeeHHo20
eca.
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Puc. 11. Ilepsvie onopHule nunuu IUsAHUSL Ol PACYEMHBIX INEMEHMO8:
a) bnudCcHAs nodgecka 8 yeHmpe mMocma, 6) iegoe OnopHoe cevenue nepeoHeti apKu.

JIroOyto M3 OMOpPHBIX JUHMHA BIMSHUS MOXKHO COXpaHUTb B (aitn Microsoft Excel
CIICAYIOMIETO COAep KaHus (TSl HATJISTHOCTH COXPAaHsUIACh JIMHUS BIUSIHUA ¢ pucyHka 11, 0 ):
* JMHUSA BIMSHUS B UUCIIOBOM BuUje (IPUBS3KA — 3HAYCHHE);
* rpaduueckoe n300paKeHUE JTMHUH BIUSHUS;



* MpeACTaBlIEHUE JIMHUU BIMSHUS 110 Y4acTkam (puc. 12).

Xn Xk Xm Fm A
0| 4.7108583113 0/ 0.5804534261 1.217625618
4 710863113 219.8830414 1 80 -1.612457156 0 -218.6359801
2198830414 301.8554688 ) 2680 0170258908 9.012993813

3018554688 308 308 -0.025249245 -0.084995322
A= Y 218.7247925
A= Y 10.23051943
Az = Y208 4941711

Puc. 12. IIpedcmasnenue nunuyu 61UaHus o y4acmKam.

[TpunsTHI ciienytone 0003HAYEHUS:
Xn — [NPHUBA3Ka HadaJla ydaCTKa OT Ha4dajia JTUHUHW BIIUAHUA,
X — mpuBsI3Ka KOHIA yYacTKa OT HavaJia JIMHUH BIIVSIHUS,

X m — [IPUBA3KA MOJIOKCHHUA S3KCTPEMYMaA YYaCTKa OT Ha4ajJla JIMHUU BIIUAHUSA,

F,, — 3HaueHHEe paccMaTpUBaeMoro (axkropa npu X ,, ;

A — nnouanpe, orpaHUYeHHAs TUHUEH BIUSHUSL.
IIpu 3TOM yuacTku, miaouaab KoTopbix MeHble 0.5% oT cyMMapHOH MO aOCOTIOTHON BEJIUYMHE
IUIOINAAM JIMHUM BIMSHMA, Ha Te4yaTh HE BBIBOAATCA. B KoHIe mHpopmanuu o0 ydacTkax Io
JIMHUW BIIMSTHUSL BBIBOJSTCS IUIOUIAN OTPHLATENBFHBIX YYaCTKOB, TOJOKHUTEIBHBIX yYaCTKOB U
CyMMapHas IJIOLIa/(b C y4€TOM 3HaKa.
KpoMme noBepxHOCTEN U JIMHUM BIMSAHUSA B PE3YJIBTATE pacyeTa MOJIydaroTCs:
* COYETAaHWS HOPMATHBHBIX OTMOAIONINX MEPEMEIICHUH y3JI0B OT MOJIBMKHBIX U 33JJaHHBIX
CTaTUYECKUX HAarpy30K TOJBKO [0 MAaKCUMAaJIbHBIM (haKTopam;
* COYeTaHWs OrMOAIMX yCWIMKA (HOPMAaTUBHBIE, pacyeTHbIE Ha TMPOYHOCTh H
BBIHOCJIMBOCTB) B 3JIEMEHTAX OT MOABIMKHBIX M 33/IaHHBIX CTaTHUECKUX HAarpy30K TOJIBKO
110 MAaKCUMAJIbHBIM (paKTOpaM;
*  pa3BepHYTHIC PE3yJIbTATHI COUYSTAHUI OrHMOAIOIINX YCHIINI (HOPMAaTUBHBIC, pACUETHBIE Ha
MPOYHOCTh M BBIHOCIMBOCTb) I10 BJIEMEHTAaM OT MOABMKHBIX M 33JJaHHBIX CTATHMYECKHX

HArpy3oK — JJisi MaKCUMaJbHOrO (paKTopa BBIBOAATCS COOTBETCTBYIOIIHE €My (DaKTOPHI

COOTB. COOTB. COOTB.
, O, , M7 , Oy )

[TokaxxeM TOJIBKO TAaOJIMIly COYETAHWH HOPMATUBHBIX NEPEMEIIEHUH Y3J0B OT MOJBHUKHBIX U
3aJJaHHBIX CTaTUYECKHX HArpy30K TOJBKO MO MakcuManbHBIM (hakropam (puc. 13). Ilokaszats
OCTaJIbHbIE JB€ TAOJUIBI HE MpPEJICTABISAETCS BO3MOXKHBIM, T..K HX ILIMPUHA B TpPHU pasa
IIPEBBILIAET LIMPUHY TaOIMIIBI HA pUCYHKE 13.

(marpumep st N max , BBIBOASTCS M (O™ M 0™

| | TIOCTOSIHHAA| IIOOBVXHHEE | CYMMAPHHE |

| ®AKTOP | | TNEMEXOIH | AK | HK | KOMBVHALIVA 1 | KOMBVHAIIVIA 2 |

| | | min | max | min | max | min | max | min | max | min | max |
Yzem 77
* X -0.0 -0.0 0.0 -0.0 0.0 -0.0 0.0 -0.0 -0.0 -0.0 -0.0
Y 0.0 -3.8 3.8 -11.6 11.6 -0.0 0.0 -15.5 15.5 -0.0 0.0
*Z -88.6 -285.2 279.6 -1842.8 1696.2 -304.2 238.2 -2216.6 1887.3 -392.8 149.6
* UX 0.0 -2.8 2.8 -8.5 8.5 -0.0 0.0 -11.3 11.3 0.0 0.0
* UY 0.5 -2.5 2.6 -15.9 18.3 -2.4 3.7 -18.0 21.4 -1.9 4.2
* Uz 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Y3emnm 85
* X 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Y 0.0 -4.7 4.7 -13.2 13.2 -0.0 0.0 -18.0 18.0 -0.0 0.0
*Z -61.0 -87.9 77.1 -612.4 454.6 -127.1 57.3 -761.3 470.6 -188.2 -3.7
* UX -0.0 -4.4 4.4 -13.4 13.4 -0.0 0.0 -17.9 17.9 -0.0 0.0
* UY -0.0 -6.5 6.5 -40.0 40.0 -5.7 5.7 -46.5 46.5 -5.7 5.7
* Uz 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Puc. 13. Tabauya couemarnuii HOpMAMUBHBIX 02UOAIOWUX NEPEeMEWeHULL Y3108 OM NOOBUNCHBIX
U 3A0AHHBIX CINAMUYECKUX HA2PY30K MONbKO N0 MAKCUMATbHBIM aKMOpam.



N3 tabGnuipst (puc. 13) BUIHO, YTO MaKCUMaIbHOE TMEPEMEIICHUE MOIy4YuiIa Ta K€ TOYKa, YTO
noslyyana MakKCHMalbHOE TepeMelIeHne OT COOCTBEHHOTO Beca, 3Ta TOYKa pacloioXeHa Ha
paccrosiHuu 58 MeTpoB OT Havajia Mocta. [IpoBepuM JOMyCTUMOCTh 3TOTO EPEMEIICHUS

Ll= 750 Mmm < 2216.6MM |
400

CJIE0BATEIbHO, MOCT MOJYYHMJI HEJONMYCTHMbIE NEPEMEIICHUs M HY)XHO KOPpPEKTHPOBATH
pacueTHyI0 cxemy (BO3MOXXHO, U3MEHATh KOHCTPYKTMBHOE peEIIEeHHUE, 3aJaHHble KECTKOCTH U
T.A.), BBIIOJHATh pacyeT 3aHOBO, OISITh MPOBEPATH M BO3MOXKHO OMSTh BHOCUTH KOPPEKTHBHI.
Jlaxke mociie TOro Kak pacdeT Jajl yJOBIETBOPHUTENbHBIE PE3yNbTaThl, BIEpeau elle Ooibliast
4yacTb pabOThI CBA3aHHASI C KOHCTPYHUPOBAHUEM.

Cnenyer OTMETHTb, YTO JAaHHBI BapHaHT PpACIOJIOKEHUS MOJBWKHBIX Harpy3ok
SBJIIETCS HE €IMHCTBEHHBIM, HAalpuMep, Ul pacueTa apku M IOJBECOK, Harpy3ky Al4 us
YeThlpeX I0JIOC JIBWKEHHS HEOOXOAMMO CMECTUTb, HACKOJIBKO MO3BOJSIOT  HOPMBI
MIPOEKTUPOBAHUA K OAHOMY U3 TpoTyapoB. Takke HEOOXOAMMO paccMOTPETh, MpHU
HE3arpyKeHHbIX TPOTyapax, HEBBITOJAHOE pa3MeEIIeHUE Ha BCell MMpHHE €3]10BOrO IMOJI0THA (B
KOTOpOE BXOJAT MOJIOCH O€30MaCHOCTH) JIBYX HOJI0C Harpy3ku Al4. ABTOpbI HE CTaBUIM HEPE]
co0o 1enb paccuuTaTh AaHHBIA MOCT. Llenblo gaHHON cTaThu OBLIO O3HAKOMIIEHHE IIUPOKOTO
Kpyra WH)XEHEPHO-TEXHUYECKUX PAOOTHUKOB, 3aHUMAIOIIMXCS MIPOEKTUPOBAHHEM MOCTOB C
Bo3mokHocTsiMu [TK JIMPA.

[Ipu 3amanum pacuyeTHOM CXEeMbl HEOOXOAMMO JUIsl CIOKHBIX IONEPEYHBIX CEUCHUM
IIPOJIETHBIX TOHKOCTEHHBIX CTPOEHUH CTaJbHBIX MOCTOB BBIYMCIATE TE€OMETPUYECKHE
XapaKTepUCTUKHU, HANPUMEP ISl MPUKUJOYHBIX PACUETOB IO IUIOCKOM pacyeTHON cxeme, a
1ocjae pacueTa NMPOBEPUTh HAa3HAUYEHHBbIE WM MOAOUPATh TONIIMHBI OPTOTPONHBIX IUIMUT, IS
3TOr0 CIYXHUT CO3/IaHHas IMpOrpaMMa pacuera MONEPEYHbIX CEUEHHH MPOJIETHBIX CTPOCHHM
CTaJIbHBIX MOCTOB (puc. 14.).

B ochHoBe mnporpammbl 3ajokKeHa aBTOMATHU3MpPOBAHHAs pealn3alus KIacCHYECKOIo
MIOJIX0Jla pacueTa MPOJETHBIX CTPOCHUM MOCTOBBIX KOHCTPYKLHUMH, B COOTBETCTBHM C KOTOPBIM
CIIO)KHAsi MPOCTPAHCTBEHHAs CHCTEMa OPTOTPOIHBIX IUIUT W CTEHOK IPEJCTABIAETCS Kak
CTEep)KHEBasi CUCTEMa, COCTOSIIAs U3 Habopa MOMEepEeYHbIX CEYCHUH BOJIb JUIMHBI IposeTa. Jlns
KaXJI0T0 CeucHHs 3amaeTcs Habop ycwimidh N, M, O B3ATBIX W3 COOTBETCTBYIOILIMX
orubamux HOIOp Oanku KecTKkocTh (0ObIUHO Hepaspe3Hoil Oamku). DaxkTHUeckas
HEPABHOMEPHOCTh paclpeiesieHus] HOPMAJbHBIX HANPSKEHUM MO TEelTy CJIOXKHOTO CEYEHHS
KOMIIEHCUPYETCS. BO3MOXKHOCTBIO BBEJCHMS KOMIIEHCHPYIOIIUX KO3(DPULIMEHTOB 3a/71aBaeMbIX
I OPTOTOPIHBIX TUIHAT (K03 (HUIIMEHTOB peayKiun). Benmunna 3THx K03 PHUINEeHTOB 3aBUCUT
OT KOHKPETHOI'O TUIIa MOCTa ¥ pACUETHOT'O CEUEHUS.

JlokanbHble BO3AEUCTBUS OT MOJBUKHOM HArpy3KH 3aJaloTcs B BUJE yCHINH Ju1sl Habopa
XapaKTEPHBIX PACYETHBIX TOYEK OPTOTPONHBIX IUIUT Ipoe3na. KolmuuecTBo 3THX TOYEK U HX
pacrmojoXKeHue Ha IUIMTaxX [poe3fa NpeaonpeneieHo TpeOoBaHUSAMU HOpM. JlokanbHbIe
BO3JCUCTBUS APYIMX BHUJIOB (Hampumep, BO3AEHCTBHE OT KaHaTa, MEPeAalollero Ha IUTUTHI
3HAYUTENIbHOE BO3ACHCTBUE B MECTE KPEIUIEHHS) MOACIUPYIOTCS IMyTEM BBEICHMSI MOTOKOB
HanpsOKeHUH (HanpsHKeHUH, COOTHECEHHBIX K TONIIMHE JIEMEHTa, B KOTOPOM OHU BO3HHMKAIOT).

[lonepeynoe ceueHue MPOJETHOIO CTPOEHHUS (OPMHUPYETCS 3aJaHHUEM CUCTEMBbI
00pa3yroIuX OpPTOTPOIHBIX IUIUT. OPTOTPONHAs IIUTA — OCHOBHON KOHCTPYKTHBHBIN 371€MEHT
J000r0 CTaNbHOIO MOCTa — 3TO CTAJbHOM JIMCT MOCTOSIHHOM TOJIIMHBI, MOAKPETJICHHBIN
CHCTEMON MpPOAOJIBHBIX pebep, YCTAHOBJIEHHBIX C OMNpEAEICHHBIM IIaroM JUisi oOecredeHus
BOCTIPHSITHS JIOKAIBHBIX TTOABIKHBIX HArpy30K OT KOJIEC TPAaHCHOpPTa (B 3TOM ciiydae paboTaeT
COBMECTHO C yYaCTKOM IUTUTHI, Kak Oanka), a Takke A 00ecreyeHus] MECTHON YCTOWYMBOCTH
OTCEKOB IUIUTHI. B mporiecce MoAenupoBanus 3aJal0TCs IUTUTHI BEPXHETO MosAca (IUIUTHI Tpoe3ia
TPaHCHOPTa M IUIMTHI TPOTYyapoB), HMKHErO IOsCa, a TaKXKe IUINThl CTEHOK. Pa3yMHBIX



OFpaHI/I‘leHI/Iﬁ Ha KOJIHUYCCTBO IITIMT U (bOpMy MOMCPEYHOT0 CCUCHUA HC CYIICCTBYCT.
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Puc. 14. [Ipoepamma pacuema nonepeunvix ceyeHull npoaemHvlx CmpoeHull CMaibHblX MOCHOS.

[TpomonbHbie pebpa 3amar0Tcsi HA OCHOBE TOMOJIOTMYECKHX IMAOJOHOB KOPOOYATOroO,
MI0JIOCOBOT'0, TABPOBOT'O M YTOJIKOBOTO TUMA. ITO HanboJiee paclpoCTpaHEHHbIE U IPHUMEHsEMbIE
Ha MPaKTHKE TUTBL. J{J1s1 K&yKIO0H TUTUTHI MOKET OBITh 33JJaHO TIPOM3BOJIBHOE KOJIMUECTBO pedep C
Pa3JIMYHBIMU BapHaHTaMH HUX PACHOJIOKCHHUA OTHOCUTCIILHO MOBCPXHOCTU IIJIUTHI. ILJISI KaXCHOﬁ
TUTATHI 33/IaI0TCS JJAHHBIC, XapaKTEPU3YIOIINE €€ PACUSTHBIN THIT (U1 CTEHOK — 3TO IapaMeTphI
OTCCKOB W OOIIOJHUTCIIBHBIC HJAaHHBIC JIA pacd€Ta Ha MCECTHYIO }’CTOI‘/JI‘-H/IBOCTB, JJIs1 ITOSAACOB
npoe3faa — 3HAYeHUs JIOKAJIbHBIX YCHIMH B XapaKTePHBIX PACUYCTHBIX TOYKAX), a TaKKe
HA3HAYACTCS TUM TONEPEYHON KOHCTPYKIHMH (MONEpeyHble OalKy MEPEeMEHHOTO CEYEeHUs IS
OPTOTPOITHBIX TUTUT MOSICOB U MOTIEPEUHbIC PeOpa s IUTUT CTCHOK).

[To 3aBepiieHWH TOCTPOCHHUS MOJEIHU TIOMEPEUYHOTO CEUCHUS, UMEETCS BO3MOXHOCTH
aHaM3a TEOMETPUYECKUX XapPaKTEPUCTHK CeYeHUs (C ydeToM M 0e3 yuera KOd(PQPHUIMEHTOB
PEIYKINN), a TAKkKE OILICHKU YPOBHSI HOPMAJIbHBIX HAMPSHKEHUN B 2JIEMEHTAX CEYCHHS (C y4ETOM
HAJIOXKEHUS HATPSHKCHUH OT BO3ACUCTBUS JIOKAJIbHBIX HArPY30K B COOTBETCTBYIOIIMX OTCEKaX
IUTUT Tpoe3/ia).

PacueT ceueHus MOXKeT OBITh BBITIOJIHEH B IBYX (hopmax:

o pacucT € 3aJaHHBIMUA TOJIIIMHAMU;

* pacyer ¢ MOJA00POM TOJIIHH PACUYCTHBIX OOBEKTOB, HE YJOBICTBOPSIOMIUX TPEOOBAHHIM
MECTHOM YCTOHYMBOCTH (TONIIMHBI OyIyT BBIYHMCICHBI B MPOLECCE pacueTa Ha
OCHOBaHUU Ha60pOB AJIBTCPHATUBHBIX TOJIIIHWH, KOTOPLIC MOXHO HA3HAYUTL JJIA JIIO6OFO
AJIEMEHTA TIOTIEPEYHOTO CCUCHHS).

B PE3YIbTATC pacCydCTa BLIIOJIHACTCA ACKOMIIO3UIUA MOJICIIN CCUCHUA COCTOHH_[ef/'I nu3
OPTOTPOIHBIX IUTUT Ha JJIEMEHTapHbIC CTAaHIAPTHBIC pAacYeTHbIE OOBEKTHI (OTCEKH CTCHOK,
YY4aCcTKH TUTHT MEXIy pedpamMu, OTCEKH IMOSICOB C pedpaMu, IUIACTHHKH, COCTaBIISIONINE
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Npo/IoJIbHBIE pedpa U T 1.). [ kax1oro pacyeTHOro o0beKTa, B 3aBUCUMOCTH OT KOHTEKCTa U
YCJ'IOBI/II\/’I €ro pa6OTBI B KaXXIOM CCYCHHUHU BAOJIb IPOJIETA, BBIIIOJIHACTCA KOMILUICKC IIPOBCPOK
MIPOYHOCTU U MECTHON YCTONYMBOCTH B COOTBETCTBHUHM C [2] U ero mpuiiokeHusiMHu. B mpornecce
pacdera popmupyeTcs 6a3a pe3yabTaToOB, T HAKAIIMBAIOTCS JAHHBIC 110 KAXKIOMY PacdeTHOMY
0o0bekTy. B mocnencTBuuM 3TH JaHHbBIE HCHOJB3YIOTCS JUIA pa3HOOOpasHBIX (opM aHamM3a
pE3yNIbTaToOB pacyera.

IlepBas Bepcust mporpaMMbl NMPUMEHUMA JJIsi ABTOJOPOXKHBIX CTAJbHBIX MOCTOB U He
OXBATBIBAET pacyeT MOIEPEYHBIX KOHCTPYKIUH, OJHAKO IMOCIEAYIOIIee pa3BUTHE BKIIIOYAET B
ce0s1 oOaBiieHNe BO3MOKHOCTH pacueTa CEYeHUH MOCTOB, MMEIOLINX CTaJbHbIE TUIUTHI IPoe3a
MO/l JKEJE3HOJOPOXKHBIN TpaHCIOPT (C ydyeToM OCOOEHHOCTeM uX paboTel), H00aBICHHE
BO3MOKHOCTH MOJIETUPOBaHMUA M pacueTa KOMOMHMPOBAHHBIX CEUYEHHUH (C MCIOJIb30BaHHUEM
KeNe300€TOHHBIX TUIMTHI TIPO€3/ia), a TakXKe pacyeT OCHOBHBIX BHUJOB IIOTIEPEUHBIX
KOHCTPYKLUH(TIONIepEUHbIX 0aT0K U CTOEK).

1. Kopuees M.M. CranbHble MOCTBI: TeopeTHueckoe M MNpakTHYECKOe Iocodue 1o
npoektupoBanuio. — K., 2003. — 547c.

2. CHull 2.05.03-84* MocTsl u TpyOs1. — M.: I'occTpoit CCCP, 1984.

CHulI 2.05.03-84* MocTtsl u TpyOs1. — M.: 'occTpoit Poccun, 1998.
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