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PACYET U SKCNEPUMEHTAJIbHAA OLUEHKA NMPOYHOCTU MHOIOMYCTOTHbIX
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benesuy Banepuu Hukonaesuuy, 3agedyroujuti Hay4Ho uccriedogamesisCKUM omoesiom
cmpoumerbHbIX KoHempykuut PYTT «MlHecmumym benHUNC»

Ulembko  Hukonau  Cepeeesud, mnadwul  Hay4HbIl  COMPYOHUK  Hay4YyHO
uccredosamernibCKo2o omoesia cmpoumersibHbIX KoHcmpykuyud PYIT «MHcmumym
GenHUNC»

Patyee  Bumanut  lNemposu4y, mnadwul  Hay4Hbll  COMPYOHUK  Hay4YHO
uccriedosamesibcko2o0 omdesia cmpoumersibHbiX KoHcmpykuyul PYI «WMHecmumym
GenHUNC»

AHHOTALUA

MpuBeneH.bI pe3ynbTaThbl KOMMbIOTEPHOIO MOLENNPOBaHUS, pacyeTta n
3KCnepuMeHTaslbHON OLEHKM MPOYHOCTU MHOrOMYCTOTHBIX NAUT 6e3onanybo4yHoro hopmoBaHus
Ha CABWI OT MOMEPEeYHON CuMbl, BbINOMIHEHHbIE C y4yeToM TpeboBaHUN €BPOMNEMCKNX HOPM
NPOEKTUPOBAHUS.

BBEOEHUE

MopepHusaumss 3aBofoB COBOpHOro >keresobetoHa pecnybnukn C nepexogoMm Ha
TexHonoruo 6esonanyboyHOro hopmoBaHUs Xene3obeToHHbIX NpeaBapUTENbHO HaNPSXKEHHbIX
MHOrOMYCTOTHbLIX MSIUT, NO3BOSISET YBENUYUTb OOBLEM UX BbINyCKa, MOBLICUTbL KayecTBO [0
€BPOMNENCKOr0 YPOBHS MO CpPaBHEHMIO C MOpanbHO M (U3NYECKM YycTapeBLlen arperaTtHo-
NnoToYHOM TexHonornen. PaspaboTtka paboyen gokymeHTaumm [1] 1 nocTaHOBKa TakuMx NAUT Ha
cepuiriHoe MpOM3BOACTBO OCYLUECTBIEHA B YCTAHOBMEHHOM Mnopsake corracHo TpeboBaHMaM
pecnybrMKaHCKNX TEXHUYECKNX HOPMAaTUBHbIX NpaBoBbix aktos (THIA) [2-8].

B nocnegHee Bpems HapactaloT 06beMbl CTPOMTENLCTBA 34aHUNA, 3aNpOEeKTUPOBaHHbLIX B
COOTBETCTBUUN C TpebosaHusamn Esponencknx Hopm [10,11] n BO3BOAMMBIX U3 N3FOTOBIEHHbIX U
cepTMdULMPOBAHHbBIX MO €BPOMENCKMM CTaHAapTaM CTPOUTENbHbIX KOHCTPYKUMK. JTO
NPUBOAMUT K TOMY, YTO BO3HMKAeT HEODXO4MMOCTb B MOCTaBKe Xene300eTOHHbIX KOHCTPYKLMIA
n3-3a pybexa, B T.4. 1 MHOrOMNYyCTOTHbIX NSIUT NEPEKPbLITUN C EBPONENCKON MapKUPOBKOWN, XOTS
OHU MOTyT Npomn3BoAnTLCA Ha MecTe. OgHako Ans 9Toro cnegyeT NpeogorieTb CyLecTByoLWwme
B pecnybrnunkaHCKMX HOpMax pasnuunsa 1 noaxoAbl B npasunax NpoeKkTUpPOBaHWSA, cTaHgapTax
MO U3roTOBJSIEHMIO N NPUEMKE CTPOUTENbHbIX KOHCTPYKLIUN.

EBponenckne Hopmbl [10] «..ycmaHaenuearom obwue rnpasuna MPOEKMUPO8aHUs,
pacyema u onpedesieHuUs rapamempos, Kak camMux KOHCMpYKUuul, mak U omaoesibHbIX
KOHCMPYKMUBHbIX 3/1EMEHMO8, KOMOpbl€ pu200Hbl 051 06bI4HO20 npumeHeHus. OHu
Kacaromcsi  Kak  mpaduyuoHHbIX Memodos cmpoumersibcmea, makKk U  acrekmos
UHHOBAUUOHHO20 MPUMEHEHUS, HO Mpu 3mMoM He codepxxam rpasusl Ors HecmaHOapmHbIX
KOHCMPpPyKyul unu crneyuarnbHbix peweHud..». B Takom cnyyae paspaboTymky, B 3aBUCUMOCTU
OT pacyeTHOW cuTyauuu, NpefocTaBNAeTCA BO3MOXHOCTb Ha3Ha4aTb pPacyeTHY MoAenb
KOHCTPYKUUN W OeKnapupoBaTb HECYLLYH CNOCOOHOCTb C MOATBEPXKAEHWEM COOTBETCTBUS



YCTaHOBMEHHbIM B €BpOHOpMax TpeboBaHuaM ans obecnevyeHuss ©6e30MacHOCTU 34aHUN U
coopyxeHun. [pn pacdeTe xkene30beTOHHbIX  KOHCTPYKUWA  MPUMEHSIIOTCS  Apyrue
XapakTepuUCTUKN apmaTypbl M 6eToHa, WHble TpeboBaHUA K BeNUYMHE 3alUTHOro Crnos,
mMeTogam ucnbiTaHMn M ap. B kavectBe paboyen npensaputenbHO HanpsKeHHOW apmaTypbl
ANs  NAMT  NYCTOTHOrO HacTuna nNPUMEHSAITCA KaHaTHas apmaTtypa W MpoBosioka
nepuoguyeckoro npocpuns [9]. Micnonb3oBaHue npegHanpsXXeHHOW CTEPXXHEBOW apMaTtypbl He
ponyckaeTtcs. WnpunHa nnut 6e3 pacnonaraemMon nonepek cev4eHns apmaTypbl orpaHnyeHa u He
AOSKHa npesblwaTb 1,2 M.

CornacHo pecnybnmkaHCckum HopmMaMm [8] OLEeHKY HecyLen cCnocOBHOCTM MHOMOMYCTOTHBLIX
NAUT  NPOBOAAT HATYPHbIMM  UCMLITAHWAMW C  MPOBEPKOM  MPOYHOCTU, IKECTKOCTU U
TPELMHOCTONKOCTU WX HOPMarbHbIX CEYEHWA Npu OENCTBUN KOHTPOSbHbLIX PaBHOMEPHO
pacnpegeneHHbIX Harpy3okK, BENIMYMHY KOTOPbIX ONPESENIOT C y4eToM unm 6e3 yyeTta YacTHbIX
KoadpdumumeHToB ©GesonacHocTn [7] no Harpy3kam u martepuanam. Kputepusamm OLEHKM
Hecywen CcnocobHOCTM SABMAKTCA npefenbHO AOoMNyCTUMbIE NPOrnbbl NPU  KOHTPOSbHON
Harpyske no XeCTKOCTW, LUMPUHA PacKpbiTUA TPELLMH M BenMYMHa paspyLuarollen Harpysku c
KoadhpuLUmMeHTOM 3anaca no NpoYyHocTn «C» B 3aBUCUMOCTM OT XapakTepa paspyLueHus. Kpome
TOro, 6onblWoOe BHMMaHWE yAenseTCcsa NpoBepKe XeCTKOCTU CuenfieHnss KaHaTHOW apMaTypbl C
GETOHOM, KOHTPONUPYEMOE BESTMYNHOWN €€ BTArMBAHWUS OTHOCUTENBbHO TOPLIOB MAUTHI.

TpeboBaHusiMn eBponenckoro craHgapta [11] Hecywasa cnocoBHOCTb NAUT MNYCTOTHOrO
HacTMna, He cogepXawmx nornepevyHorm apmaTtypbl, XapakTepusyeTca COnpoTUBIIEHNEM
HaKMOHHbIX CEYEeHMW Ha caBUr OT OEWUCTBUS COCPEedOTOYEHHOW CUMbl, MPUMIOXEHHON Ha
paccToaHun 2,5h ot ocn onupaHnsa u He meHee 600 MM. [1py 9TOM OCHOBHBLIMU KOHTPOJSTbHLIMU
napameTpaMn SBMSIOTCHA pacyeTHasd W npefernbHas BefiMdnMHa MonepevyHon Cunbl U
narnbaroiero MOMeHTa, onpeferneHHble MO MNPOEKTHbIM U (PaKTUYECKUM XapakTepucTmkam
MaTepuanoB C y4eToM K 6e3 yyeTa YacTHbIX KoaddumumnmeHToB 6e3onacHoCTM no 6eToHy (yc) v

apmarype (Ys).

MOJAEJIMPOBAHUE HAC NPUOMNOPHOW 30HbI C MOMOLLLIO MK3

N3BecTHaa 0COBEHHOCTb uccneayeMblX KOHCTPYKUMA, OOYyCroOBMNEHHas TexHonormemn
M3rOTOBMEHNS U METOAOM rnepefaynm ycunusa Ha GeToH, nopoXpaeT uenbii psia BOMpPOCOB
OTHOCUTESIbHO MOEeNMpoBaHnA 1 o0cobeHHoCcTen paboTbl JaHHbLIX U3OernvMnh Ha BCeX CTaausx
XunsHeHHoro uukna. OTcyTcTBME nonepevyHon apmaTtypbl B nnutax 6esonanybovHoro
hOPMOBaHNA MOCAYXWUMO MPUYNHON MHOTOYMCIIEHHBIX MCCNeaoBaHMM NPUOMNOPHBLIX 30H MIUT C
NO3MUMIA MEXAHUKN Xene3obeToHa, TeopM HAAEXHOCTN N MEXaHUKN paspyLUEHNS.

Bonpoc cuenneHvs npenBapuUTENbHO HaMpsXKEHHOW apmaTtypbl C OETOHOM AMKTyeT
Heob6XO0OUMOCTb pelleHns CrnoXHbiX 3agad MTAT. B Taxenbix NporpaMMHbIX KOMMfeKcax
peannM3oBaHbl TEOPUM MPOYHOCTU Xene3obeToHa, yYnTbiBalLlme COOTHOLEHME KOMMOHEHTOB
TEH30pPOB HanNpsXXeHUr n gecdopmaumin Npu OLEHKE NMPOYHOCTM U XKECTKOCTM Kene3obeToHa B
YCMOBUSIX CNOXHOIO HaNpPsiXeHHOIo COCTOSIHUS.

MeToabl MOLEnMpPOBaHUA U pacyeTa npenBapuUTENbHO HaMPSPKEHHbIX Xene3obeTOHHbIX
KOHCTPYKUWA NpeacTaBnsoT 0cOoObli UHTEepec, HO U [OCTaTOMHO CHOXHbl T.K. TpebyroT
MOHMMaHNS TEXHONOrMM WU3roTOBIIEHUS, XapakTepa paboTbl BO BpPeMEHM U OOCKOHanbHOro
MOAENUPOBaHUS 3TUX (PaKTOPOB.

Takum 06pasom, Npu YMCNEHHOM MOOENMPOBAHUWN NpeaHaNPSXKEHHOW NUTbl UHXeEHepP
cTankumpaetTcs C 3agaden Bblbopa MeToda MOOEnMpoBaHWA U 3ajadven  KOPPEKTHOro
Ha3HaYeHNsa XapaKTepUCTUK CLENMEHNs, KOTOopble MO3BOMNAT MOMYyYUTb XapakKTepHyl AOns
AaHHOW KOHCTpyKuumn peanusauuto HOC (pacnpegeneHve HanpshkeHUMW no obbemy moaenu
nsgenund). [aHHaa MHoronapameTpudeckas 3agada MoxeT ObiTb pewweHa nmbo metoaom
NCKITIOYEHUS NEPEMEHHbIX, MMBO MeTo4aMU SIMHEMHOrO NPOrpaMMUPOBaHUS U ONTUMU3aL UK.

O6wwnn Bng pac4yeTHoOM Moaenu n ee pparmeHTa npeacTaBreH Ha pUcyHke 1.
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PucyHok 1 - O6wimnii Bug pacyeTHo

o

NCTBUMN nonepeYvyHon Harpy3ku

N NNUT Npu gew

o

[lNsi OLEHKM NPOYHOCTU MPUOMOPHbIX CEYEHM
6bIN0 BbINOMHEHO UX YncneHHoe KO mopenupoBaHve. C Uenbio COKpalleHUs pasmMepHOCTU

3ajayn n BBy CMMMETpUnM KOHCTPYKUMKM mMoaenunpoBalacbhb Y4 YacTb NNUTbI C Ha3HaA4YEeHUEeM

cooTBeTcTBYtOWMX Y. OcoGoe BHMMaHWE yOeneHo KOPPEKTHOMY Ha3HaYeHUo napameTpoB

o

nepenadn HanpdaxeHun, Kotopad onpeanerieHa B COOTBETCTBUN C

cuenneHnda Ha ArinHe 30Hbl

NOJIOXKEHUNAMN

[12]. BbinonHeH psAa

paboTe
Ha OCHOBaHWM KOTOPbIX B UTOre B KayecTBe yHKLuUM

B
dYHKUMA, annpoKkCuMmMpoBaHHasa Kybunyeckorn napaboson.
n K3 mopgenu nopsgka 116000 y3nos u 103000 anemeHToB. [lpu

paHee

aBTopamMu

N3JNTOXEHHbIMU

COMoCTaBUTEIIbHbIX 3KCNEPUMEHTOB

cuenneHuna npnHAaTa HelfimHenHas

B paspaboTtaHHO
pa3paboTke MOAENN NCNOSb30BaHbI CrieayroLLme TUMbl 31IEMEHTOB:



SOLID (Brick, Wedge) — ucnonb3syeTcs npn mogennpoBaHum 6eToHa nantbl 1 matepuana

OMOPHbIX NNACTUH;

ROD — Tun anemeHTa, Moaenupyowmnn apmaTypy (kaHaTtbl U MPOBOSIOKY);

DOF SPRING — amnemeHTbl mopenupylowme cuenneHne (fIMHenHoe W HenuHenHoe)

apmMartypbl 1 6eTOHa Ha AnVHEe 30HbI Nepeaayvn HanpsXKeHun;

RIGID — npu mogenupoBaHun CBA3M MeXay apmaTypon n 6eToHOM Mo HanpaBneHnto ocen

X, Y Ha OnuHe 30Hbl Nepefayn HanpskeHurM m no HanpasneHuto ocen X, Y, Z Ha

OCTaBLUENCA ANNHE NNUTHI.

B xoge 4MCneHHbIX OSKCMEepUMMEHTOB MOATBEPXOAEHO MpeanorioXeHue aBTOpOB
OTHOCUTENbHO HeuenecoobpasHOCTM NCNONb30BaHUA B pacCcMaTpuBaEMbIX MOLENSAX PYyHKLNN
cuenneHns no Bcen AnNuHe apmaTypbl. Takon noaxon TpebyeT nubo HasHayeHus OOBOSLHO
BbICOKON XECTKOCTU MPYXWH, YTO CHWXaeT 00YyCnoBNEHHOCTb MaTpuubl XEeCTKOCTU, Nnbo, B
crnyyae nMpPUMEHEHUS HENUHEWHOW OYHKUMM CUenneHns — nNpuBOAUT K  YBENUYEHUIO
pasMepHOCTU peLlaeMon HENMHENHON 3aaauu.

B cBA3M C OTMe4YeHHbIMM Bbiwe akTamu TaTenbHOMY MOAENUPOBAHUIO YCIOBUIA
cuennieHvs nognexana, npexge BCero, 30Ha nepefadn HanpsXXeHun, no AfiMHe KOTOpOou U
Oblnn ncnonb3oBaHbl anemeHTbl cuennennsa Tmna DOF SPRING.

Ycunue npegHanpskeHnsa pabounx KaHaTtoB M CTabunuanpyroLen NpoBoSiokN (B BEPXHEN
30HE NNUT) 3adaHo C MOMOLWbLID TemnepaTypHbiX Aedopmauui. McnonHutenamm 3agaHo
n3MeHeHne TemnepaTypbl (AT) npoBONIOKM M KaHaToB paBHoe 200°C w450 °C
obecneunBatoLLee ycunume B anieMeHTax apmaTypbl Ha ypoBHe 10 kH n 70 kH coOTBETCTBEHHO.

XKecTKoCTb ar1ieMeHTOoB cuensieHns onpeneneHa ¢ y4eToM BennymHbl BTArMBaHUS KaHaToB
M COOTBETCTBYIOLIEN [ONMHE 30HblI Nepefadn HanpsikeHurd MOopSLAOK BbIYMCIEHUS KOTOPOW
noapobHo onncaH aBTopamu B pabote [13]. B xo4e BbINOMHEHUSA YNCINEHHBIX SKCMNEPUMEHTOB
YCTaAHOBMEHO, YTO Ha3HayeHue eANHOW JIMHEWHOW >XECTKOCTU BCEM MpYXUHaAM MpuBOAUT K
HEBEPHOMY pacnpeferneHnio Hanps>keHUn Nno AnuHe CTEePXXHS U HEBEPHbIM pesyrbTatam, rnpu
cTporoMm cobniogeHun Bcex Npeanocbifiok B 4YacTu onpeferieHus CyMMapHOW XeCTKOCTH
cuenneHus.

B pabote Tpocta XanHpuxa [14] npeacraBneHbl pedynbTaThl BbIMOMHEHHbIX B CEpeanHE —
BTOPOW MNOSIOBMHE MNPOLUMOro Beka UCccnegoBaHUM, Ha OCHOBAHWW KOTOPbIX MOMUMO, BCEro
npoyero, caernaH BbIBOL O XapakTtepe pacrnpefeneHvus yCUnum n cuensieHns no AsivHe 30Hbl
nepegayn Hanps>KeHUn.

ABTop [14] pasnuyaeT cnegywowme BUObl CUENMEHUS UMM  MeXaHU3Mbl nepegayun
HanpsP>KeHUs:

a) cuenneHue cknenmBaHus; 6) cuenneHne TpeHust; B) cLeNnNeHne casura.

B 0Oonee coBpemeHHOn pabote [12] aBTOpOM npoaHanM3npoBaHbl HEKOTOpPbIE
3aBUCMMOCTHN, ONUCbIBAKOLLME U3MEHEHNE HaMNPSXKEHNA B apMaTypHOM CTEPXKHE MO ASfIMHE 30HbI
nepegayun HanpsKeHn, O4HaKo OCHOBHOE BHUMaHWe yaerieHo HeHanpsXKeHHbIM KOHCTPYKUUAM
N BONpPOCaM OLEHKN NapaMeTpoB TpeLLMHOOOpa3oBaHus.

PasHvua no npormbam u BbirMbam mMexagy aHanuMTUYeCcKUM peLleHUeM, MOSyYeHHbIM C
MCMNOMb30BaHMEM 3aBUCUMOCTEN CTPOUTENBHOM MEXaHUKW, W  YUCMEHHBbIM  pPeLUeHUEM,
NOony4YeHHbIM NPOrpaMMHbIM KOMMNEKCOB ¢ nomoLlbto MK3, coctaBuna He 6onee 5%.

Ha pucyHkax 2 — 4 npuBefeHbl OCHOBHbIE pe3ynbTaTbl pacyeToB.



PucyHok 2. [ledoopMmupoBaHHasa cxema nnunTbl

I -

PucyHok 3. PacnpegeneHve ycunum B aneMeHTax cuensieHuss U nsmeHeHue BenuynHbl
BTArMBaHWSA MO ASIMHE 30HbI Nepeaadn HanpsKeHus

PucyHok 4. PacnpegeneHve HanpsXeHUn no AnuHe 30Hbl Nepegayvv HanpsXXeHUs KaHaToB npwu
pasnU4YHbIX 3aKOHaxX «ycunue — nepemeLleHne»

B T1abnuue 1 npuBegeHbl 3HAYEHUS HOPMAnbHbIX W KacaTemnbHbIX HanpsKeHund B
XapakTepHbIX ydacTkax obbema (NpPoJoSsibHOrO CEeYeHUsi, CM. PUCYHOK 5) NPUONOPHOM 30HbI
MOEeNN NANTbI NePEKpPbITUSA NPU AENCTBMM COCPEeLOTOYEHHOM nonepeyHom rpy3skm B 150 kH.
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PucyHok 5. PacnpegeneHne HopMarnbHbIX N KacaTerbHbIX
HanNPSXXeHUM B NMPUONOPHON 30HE NMUTbI

Tabnuua 1

1:Solid | 1:Solid | 1:Solid | 1:Solid | 2:Solid | 2:Solid | 2:Solid | 2:Solid

ID Y Z YZ Max Y Z YZ Max

Normal | Normal Shear Prin Normal | Normal Shear Prin

Stress Stress Stress Stress Stress Stress Stress Stress
101672 | 15198.78 | -2213085 | 140046.1 | 26191.5 | -2386657 | -4091317 | 796748.6 3191'03 >
104911 26442 63 -2347482 | 209689 8515643 | 542845.2 -3953252 | 3042052 | 1260430
108092 | 75214.62 | -2537734 | 444752.7 | 1527721 3241'0 52 -3020514 | 3300072 | 2096661
112514 8626893 -2145366 | 1335873 | 573355.1 | -2544032 | -1533044 | 2646049 | 658816.4

Ha pucyHke 6 npencTtaBneHbl TPaAeKTOPUM [MaBHbIX HaMps>KeHUn
Mo4ennpyemMon nimTbl.

B MPUOMNOPHON 30HEe
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PucyHok 6. Tpaektopun rnaBHbIX HanpsiKeHUn

BbinonHeHHoe  mMogenvpoBaHWe — HarnpsbkeHHO  AedOpMUPOBAHHOIO  COCTOSIHUSA
NPUOMOPHOM 30HbI MHOFOMYCTOTHLIX MNAUT NOTpPeboBano 3KCNepuMeEHTanbHOM MNPOBEPKU U
OLIEHKM C Y4EeTOM eBpOnenckux Hopm npoektmposaHus [10,11].

PACYET NPOYHOCTU HA COABUI

B PYM «WHcTuTtyT BenHUANC» Obin  BbINONHEH npeaBapuTENibHbING  pacyeT WU
3KCNepMeHTanbHas OuUEeHKa Hecyllen CNocoOBHOCTM MHOrONyCTOTHbLIX NAUT Besonanybo4yHoro
dopmoBaHusa [1] wmpmnHon 1,2 M MO NPOYHOCTU HAKMNOHHbLIX CEYEHUN HA CABWUM OT NOMNEpPeYHon
cunbl B cootBeTcTBUM ¢ TpebosaHmamm EN [10,11]. ApMmmpoBaHue OnbITHLIX 06pa3uoB NANUT
ABYX cepuin (MO 3 NNUTbl B KaXX[AOW) BbINOMHEHO 13 8 1 6 kaHaToB AnameTpom 12 MM knacca
S1400, npoekTHbIN knacc 6etoHa C30/37. B pacyeTax yunTbiBanu OCOBEHHOCTU TEXHOMNOrmm
narotoBnenms nnut Ha OAO «lomenbxene3obeToH», BENUYMHY NOTEPb NpeaBapuTEribHOro
HaNpsPKeHUs! KaHaTHOW apMaTypbl, PEXUM TepMuyeckon obpaboTkn n NpoYyHoCcTb BeToHa npu
oTnycke ycunus obxaTtus, a Takke akTM4eckyto NPOYHOCTb Ha A€Hb UCTIbITAHWNA.

CornacHo TpeboBaHusam cTaHgapTta [11] Ana npegHanpsKeHHbIX OLHOMNPOSIETHbIX
MHOrOMYCTOTHbIX NANT 6€3 NnonepeyYHon apmMaTyphbl, HecyLlast CnoCOBHOCTb KOTOPLIX NPU cABUre
ANS y4acTKOB, He MOABEPXEHHbIX Wu3rnby (roe wmsrmbarowiee HanpsikeHue MeHblue, 4YeMm
fetko,05/Yc), BOIMKHA PacCYMTbIBATLCS C MOMOLLBIO CreayoLWnX BblPpaXKeHUN:
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C NoOMOLLbI 3TOr0 BbIPaAXEHUS ONPeaensanu MonoXeHUe KPUTUYECKOW TOYKM Ha MNPAMOM
y4acTKe HaKIMOHHOro ceveHuns (PUCYHOK 7), HauYMHalLWeroca ot Kpas onopbl noa yrinom B=35°,
MO OTHOLLUEHWUIO K FOPU3OHTasNIbHOM OCU B KOTOPOW pe3yribTaT pacyeTa BblpaXeHus ans Vggc
OyaeT HaMEHbLUUM.
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PucyHok 7 - PacyeTHasa cxema nnuTbl NO onpeneneHuto
NPOYHOCTU HaKITOHHOIO CeYEeHUs Ha caBUr
Mpn 3aTOM pacyeT BbINOMAHANN NSl TOYEK, PACMONOXEHHbIX NO HAKITOHHOMY CEYEHUI0 B MeCTax
N3MEHEHNS TONLLMHBI MEXNYCTOTHLIX pebep, a Takke Ha pacctoanum (0,5+1,0)d oT kpas onopbl
N B MMOCKOCTU NPUITOXKEHUS Harpy3kn Ha paccTtosiHum 600 MM OT ocu onupaHus.
Mo BTOpOW pacyeTHOM MoOAenu B Ka4yecTBe arbTepHaTMBHOINO BapuaHTa Afs BbllleyKka3aHHOro
BblpaXkeHus, BbINIO NCNOMb30BaHO crneayoLlee YnpoLeHHOEe YpaBHEHME:

. e, . 2 .
Rdc = q.':lT"'.lll: I--Il:".j |" + _|'.'|-I"':'r-|1|_|-_||r-|_'J

B pesynbTaTe pacyeTta onpegeneHa pacyetHas (Y.=1,5) n npegenbHasa (y.=71,0) NPOYHOCTb
BCEX TOYEK HAKMOHHOIO CEYEeHUs MAWUT Ha CABUM OT COMPOTMBIIEHUSI MOMNEPEYHON Ccune u
COOTBETCTBYHOLUME UM BENUYMHbI TpebyembiX AOnsi NPOBEPKM MPOYHOCTU MCMbITATENbHbIX
Harpy3ok npu paboyem nponete nAunt 7,1 m (Tabnuubl 2, 3).
PacueTHasa Hecywas cnocobHOCTb NNUTLI Ha caBur (Y.=1,5)

Tabnuua 2
Ne Toyek 1 2 3 4 5 6 7 8
Vrac, KH | 161.4 94.8 98.0 93.6 94.7 91.1 100.8 134.3
Feaic, KH 174.3 101.5 105.0 100.2 101.4 97.5 108.1 144.7
anbTEPHATMBHbIA BapuaHT
VRac, KH | 138.5 83.8 84.1 81.4 83.4 78.9 86.1 111.0
Feaic, KH 149.3 89.5 89.8 86.9 89.1 84.2 92.0 119.2

MpepenbHasa Hecywast cnocobHOCTb NANThI Ha caBur (Y.=1,0)

Tabnuua 3

Ne Touyek 1 2 3 4 5 6 7 8
VRd.c, kKH | 242.9 142.7 147.2 141.0 142.4 136.7 151.4 193.8
Fearc, KH 263.3 153.9 158.8 152.0 153.5 147.3 163.4 209.7
anbTepHaTMBHbLIN BapuaHT
VRkac, KH | 208.2 125.9 126.5 122.3 125.4 118.6 129.5 149.9
Fearc, KH 225.4 135.5 136.2 131.6 135.0 127.5 139.4 161.7




Kak BMOHO M3 Tabnuy, KPUTUYECKOM TOYKOWM B HAKIIOHHOM CEYEHUN C MUHUMAaNbHOW
HecyLwen crnoCOBHOCTbIO MAWUTbI HA CABWI MO COMPOTMBIIEHUIO MOMEPEYHON CUe SABMSETCS
Touka Ned4. B COOTBETCTBUMM C MOSMYYEHHbIMM pe3ynbTatamu oOnpeaeneHa BefMynHa
MCNbITaTeNbHOW HArpy3kn Ha NMTbl NEPBON CEPUN.

[na nanT BTOpON cepun, apMUPOBaHHbLIX 6 KaHaTamMu gMameTpomMm 12 MM, MUHUMAanbHas
pacyeTHas HecyLlas cnocobHOCTb Ha caBur coctasnseT Vgry=75,8 kH 1 cooTBeTCTBYIOLLANA en
Harpy3ka Fcq:=88,8 kH, npepenbHas Vgrgcur=113,8 kH, v Harpy3ka Feacur =133,3 kH npu
paboyem nponete Nt lp=4,1 m.

Kpome pacdeTa Ha caBur, BbIMOSIHEH Takke pacyeT BCEW HOMEHKNaTypbl NUT LUMPUHOWN
1,2 M [1] N0 NPOYHOCTN HOPMAarbHbIX CeYEeHUn Npu n3rnbe, B pesynbTate KOTOPOro onpeaeneHa
pacyeTHas W npegenbHas BENWMYUHbLI M3rnbatowero momeHTta. [lo pesynbTatam pacyeTta
nonyyeHa nonoXxuTerbHas oueHKa 3KcnepTudbl EBponenckoro opraHa no cepTudukaumm
(JlnTBa).

SKCNEPUMEHTAJIbHAA OLEHKA NMPOYHOCTU HA COBUI

MonHomacwTabHaa npoBepka (TUNOBOE WCMNbITAHWE) MPOYHOCTU KOHCTPYKLMIA AOSHKHA
NpoBOAUTLCA cornacHo ctaHaapTy [11] npu 3anycke B NpoOn3BOACTBO:

— OfHOro unn 6onee HOBbIX MOMEPEYHbIX CEYEHUN NNUT, ONA NOATBEPXKOEHUS NMPOYHOCTHLIX
XapaKTepUCTUK, MOMyYEeHHbIX NyTEM pPacyeToB;

— HOBOro npoOn3BOACTBEHHOrO 060pyaoBaHWA, ANS NOATBEPXAEHUA COOTBETCTBYIOLLNX
paboymx xapaKTepuCTUK YCTaHOBKM.

Mocnepyowme nonHoMacwTabHble WUCMbITaHMs, MPOBOAMMbIE B paMKax 3aBOACKOro
KOHTPONs NPOW3BOACTBEHHOrO npouecca, He TpebykTcsa, ecnu pesynbTaTbl WUCMNbITAHWN
COOTBETCTBYIOT pacyYETHbIM 3HAYEHUSAM.

Mpn aToM TecTupyemble 3NeMeHTbl OOSKHbI NPEeACTaBrisaTb MNOMNepevyHoe CevYeHne wunu
CEMENCTBO M3EeNWIA; NOMHOE yCcunue npenBapuTenibHOro HanpsbKeHnsa ans npegHanpsKeHHbIX
MNYCTOTHbIX NAWT UK KONUYECTBO apmaTypbl, Tpebyemon Ana apMupoBaHUst MYCTOTHLIX NIIUT,
AOJDKHO cocTaBnATb He MeHee 75% OT MakCMManbHOro 3HayeHusi, 3annaHWMpoOBaHHOIO AJis
AaHHOro NonepeyYHoro cevyeHus.

[na npoBepku pacyeTHOM U NpenesribHOM MPOYHOCTU HAaKMOHHbIX CEeYeHUn Ha caBur OT
nonepeyvyHon cusbl, N0 MeTOAMKEe eBporenckoro ctaHgapta [11] npoBeadeHbl UCNbITaHNA OBYX
cepum NIUT  CTaTUYECKUM  HarpyXeHuem [0 paspylleHUs COoCpefOoTOYEHHOM  CUSON,
npunoxeHHon Ha pacctosHunm 600 MM oT ocu onupaHus. [lepBas cepust cocTosna w3
npeaBapuTenbHO HaMpshKeHHbIX NAUT wupuHon 1186 MM anuvHom 7,2 M, apMUPOBaHHbLIX 8
kaHaTamn gnametpom 12 mm knacca S1400 ¢ nNpPOEKTHOM MPOYHOCTbID OEeTOHa Ha cxaTue
knacca C30/37. daktnyeckme NPOYHOCTHbIE XapakTepuUCTMKM OeToHa Ha AeHb WUCMbITaHUn
onpeaensanm no KOHTposibHbiM Kyb6am ¢ pebpom 100-150 mm, npmamam 100x100x400 mm, a
Takke (parMeHTaM  MeXnyCTOTHbIX pebep, BbINMUMEHHbIX W3  y4aCcTKOB  MSIUTHI,
HEMNOCPEACTBEHHO MNPUMbIKAOLWNX K MCMbITyeMbiM obpa3uam 1M 3aOpMOBaHHbIM B €4UHOM
MaccuBe C BbIOEPXKKOW B MAEHTUYHBIX ycroBusix. [nnTel Yepes cnon pactsopa TonwmHon 10
MM MO CTafbHbIM MnacTuHaMm wupuHon 100 MM onmpann Ha OBe LWapHUPHO MNOABUXHbIE
KaTkoBble onopbl gnameTpom 50 mm. [na namepeHus aedopmaumn 6eToHa No HAKNOHHBLIM Y
HOPManbHOMY CEYEeHMsM, a TakKKe KOHTPONs Hag BTArMBaAaHMEM KaHaTHOWM apmaTypbl
OTHOCUTESIbHO TOpua MNAUTbl B XapaKTepHbIX ceyeHusix (pUcyHoK 8) ycTaHasnmBanu
nuankatopbl M ¢ ueHon genenms 0,001 mm, noBepeHHble B benl M. [nsa doukcaunn Havyana
paspyLleHns 1 BIUSIOWNX Ha 3TO PaKTOPOB — MNPEXAEBPEMEHHOIO BTArMBaHUSA KaHaATOB M3-3a
HapyLUEeHUS X aHKEPOBKM, NMOO AOCTMXKEHNSA NpeaenbHbIX AedopMauuni pacTsakeHms 6eToHa B
HaKMOHHbIX CEYEHUSIX MEXMYCTOTHbIX pebep, nnu nog Cumon, NpomsBOAUIIM BULOEOCHEMKY
npoLecca UcnbITaHUN.



PucyHok 8 — O6Lwmin Bug ucnbiTaHUin MHOTOMYCTOTHLIX MANT Ha CABUT

Harpysky cosgaBanu rugpogomkpatomMm [AM200 1 yepes XecTKyr CTarnbHYH NOnepeyvHyto
Oanky, CMOHTUPOBAHHYK Ha cTanbHOW nnactuHe wwupuHon 100 MM no crokw pacTeopa
TonwwmHon 10 MM nepegaBanu Ha NAUMTY NO BCEW ee WMpUHe Ha paccTodaHum 600 Mm OT ocu
onupanusa. WcnbiTaHna nnuTbl cornacHo [11]  ocywecTBNaAnuM MNOBTOPHO-NEPEMEHHbLIM
Harpy>xeHmem 3a gBa dTana. Ha nepBom aTane Harpysky OBYMSi CTyneHsMn B TeveHue 1
MUHYTbI Kaxkgasi C paBHOM amnnuTygon gosoamnu o ypoBHA 70% OT 3agaHHOW pacyeTHOM
npegenbHOM Harpysku C nocnegyrollen pasrpyskon. Ha BTopom 3Tane nepBad CTyneHb
Harpy3ku Ha nnuty coctasnsna 50%, BTopasa cTyrneHb — 75% W Ha Kaxgown nocnenyroLlen
CTYNEHU - 0O paspyLLUEHUS NNUTbI - NpUpaLleHne Harpysku, nepegaBaeMon Ha NIUTy He MeHee
4yem 3a ogHy MUHyTY, coctaBnsano 10% oT pacyeTHOM nNpeaenbHON Harpys3ku.

B pesynbTate wucnbiTaHWW YCTAHOBSIEHO, YTO paspyweHue nnut 1-u  cepum,
apMmnpoBaHHbIX 8 kaHaTamn @12 MM ObIfo XPYNKUM M NPOUCXOLMIO MO HAKMOHHLIM CEYEHUSM,
pacnpocTpaHsiowmmMmea nog yrnom 30°-35° oT kpasi onopbl 40 Kpas MMOLWAaaKu MNPUIOXEHUs
Harpy3kn (pUCyHOK 9), 4YTO MPUMEPHO COOTBETCTBYET MPUHATON pacYeTHOW MoAenw.
O6pas3oBaHne KPUTUYECKOW HAaKMOHHOW TPEeLMHbl, Kak 3aduKCUMpOBaAHO MO MHAMKATOpaM,
NPOUNCXOANNO OT CepeanHbl BbICOTbl pebpa NnuThl, NOCMe Yero HacTynano BTArMBaHMe kaHaToB
OTHOCUTENbLHO Topua. BenuunHa paspylalrowero ycunusa Ha nnvTbl NpeBbillana pacyeTHYHo
npegenbHyo Harpysky Ha 5-65%, BbIMMCNEHHYHO MO MNPOEKTHbIM WCXOOHbIM OaHHBIM 1
HOMMWHaIbHbLIM pa3mepam NoNepeYyHoOro Ce4YeHus.

-

PucyHok 9 — O6wmin Bug paspyLieHust nnut 1-in cepum
MO HAaKMOHHbIM CEYEHUAM NPU UCNBbITAHUSX Ha COBUTM



Ha noBbllweHne NPOYHOCTM U pas3bpoc B MOKa3aHUAX BEMMYMHLI pas3pyLualoLero ycunus
MOrfM oKa3aTb BNUSIHWE crieayowme hakTopsbl:

- yBenu4yeHme (CHWXeHne) akTU4YeCKon MPOYHOCTU OeTOHa MeXNnyCTOTHbIX pebep,
06yCcnoBneHHoe U3MeHeHneM BOLOLIEMEHTHOrO OTHOLUEHUS OOMOSHUTENbHOM nogayen BoAbl
13 OOPCYyHOK Ha NycToToobpasoBaTenu npu dopMoBaHUN;

- OTKMNOHeHWe (B GOnbLUyl0 CTOPOHY) (PaKTUYECKMX pasMepoB TOMLLMHbLI MEXMYCTOTHbIX
pebep 3a cyeT ncTnpaHms u n3Hoca 60KOBOM NOBEPXHOCTM NycTOTOOOpasoBaTenen;

- HEeOCTaTO4YHOE YNNOTHEHNE BeTOHa U HEOOHOPOOHOCTb CTPYKTYpbl OETOHHOrO MaccmBa
no MeXnycToTHbIM pebpam OT casura 3anonHuTensa B 6eToHe Npy BO3BpPaTHO NOCTyNaTeNbHOM
ABWXeHun nyctoTobpasoBaTenen.

Mpu ncnbiTaHUM Ha cABWUM NAUT BTOPOM CEpUN, apMUPOBaHHbLIX 6-10 NpegHanpsXeHHbIMN
anemMeHTaMmu 13 kaHaTHon apmatypbl @12 mm n gosegeHun Ha nnuty Ne19613 Harpyskm Ha
65% npeBblWaOWENn pacyeTHy npeferibHyo, npousowno obpasoBaHMe BepTUKabHOW
TPELWUHbI N0 HOPMasibHOMY CEYEHWI0 MOoA CWUMOW Ha paccTosiHuM 650 Mm OT Topua (PMCYyHOK
10a). [lpu panbHenwem yBenuYeHUW HarpyskM MpoJoskanocb packpbiTUe YyKasaHHOW
TPELUHbI, N NPU YPOBHE Harpy3km Ha 75% npesblarowen npeaenbHy0 pacyeTHY Harpysky
Ha CABWI, HaAcTynuna NOoTeps Hecyllen CrnoCOBHOCTM NMUTbI NO HOPMaribHOMY CEYEHMIO Mof
cunown ot nsrnba, conpoBOXAatoLasaca BTArMBaHNEM KaHaTHOW apmaTtypbl Ha rnybuHy 6onee 5
MM oT Topua. O6pasoBaHuA BepTUKamnbHbIX TPELMH Ha MOABEPraeMOM CABUTY yyacTke U
paspyLlleHnii BCeX NAUT BTOPOM CEPUN MO HAKMNOHHOMY CEYEHWU0 OT cABura AOCTUTHYTO He
ObIn10. Ha Takon xapaktep paspyLleHUsa N0 HOPManbHOMY CEYEHMUIO NMNTbI, UCMbITbIBAEMON Ha
CABWI COMPOTUBIIEHMIO TOMEPEYHON Cwure, MOrfio MOBAUSATb HEeLOCTaTOMHOE KONMYECTBO
paboyern apmaTypbl B HUKHEN 30HE NPY BOCNPUATUN U3rnbatoLero MOMeHTa.

Y nnutbl-6nmnsHeya Ne19617 npu Harpy3ske Ha 65% npeBblluatoLen NpeaenbHy pacHeTHYHo
Harpysky Ha casur, npousowsio obpasoBaHMe HaKMOHHOW TpelwuHbl (pucyHok 106) n xpynkoe
paspyLleHne, COMpPOBOXAABLUEECH BTArMBaHMEM KaHATHOWM apmaTtypbl OTHOCUTENbHO Topua.
WHTeHcuBHOE pasBuTne gedopmaumii 6eToHa B HaKMOHHbIX CEYEHUSAX U BTArMBaHWE apMaTypbl,
Kak 3aoMKCMPOBaHO NO MeXaHMYeckum npubopam, HacCTynuIIo OgHOBPEMEHHO. B oTnnune ot nnut
nepBoOv Cepun, rae HaKMoHHas TpeLlmHa Ha4YnHanacb HENOCPEACTBEHHO OT Kpasi Onopbl, B JAHHOM
Crny4ae Ha4varno HaKNMoOHHOW TPeLLMHbI CMeLLEHO OT Kpasi onopbl Ha 200 M.

B nnute Ne19612 Ha nuueBon OGOKOBOM rpaHM Npou3oLwsio obpasoBaHWe HaKMOHHOWM
TpewmHbl (pucyHok 108), a C TbINIbHOW CTOPOHbLI — BepTUKanbHOW TpewmHbl (pucyHok 102) nog
CUITON NMpU Harpy3ke Ha 65% npeBsbiluaroLlei pacyeTHyo NpeaernbHyo Harpy3sky Ha CABWT.

T

t-III.
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PucyHok 10 - O6wmi Bua paspyLleHns NauT 2-i cepumn no HopmMarsibHbIM (a,2) U HaKMOHHbIM
(6,8) ceveHuaAM Npu UCTbITAHUAX Ha CABUT



Ha xapaktep paspyLleHus namMTbl N0 KOCOMY CEYEHUO (HAKNMOHHOMY C OOQHOW CTOPOHbI U
HOpPMarbHOMY C MPOTMBOMOSIOXHOW) MOIMO MOBMMATbL HapyLUEHWEe >KEeCTKOCTM CLEnneHus
KpanHero kaHata ¢ 6eTOHOM Ha ydacTke OfWHbI 30Hbl Nepedayvn HanpsbkeHwin, Bbl3BaBLUEE
BTArMBaHME KaHaTa CO CTOPOHbI HAKITOHHOW TPELLMHBI.

PE3YNbTATbI UCNbITAHUA

Mpn obpaboTke M UHTepnpeTaumm pes3ynbTaTOB TECTUPOBAHUA MHOrOMYCTOTHbIX MAUT
Tpebyetca [11], 4TOObLI XxapakTep paspyleHusi, Habnwgaembli nNpu  UCMbITAHUMK,
COOTBETCTBOBAs NPUMHATON NpU pacyeTe Moaenu. YcpeoHeHHble pe3ynbTaTthl UCMbITAHUA Tpex
00pasuoB A0MKHbI coBMadaTb UK NPEBbIWATbL OXUOAEMYIO pacyYETHYHO NpeaenbHy Harpysky
Fcaie. OueHky Hecywen cnocobHocTy nnuT TpebyeTcs BbINOMHATL NPEUMYLLECTBEHHO MO
dakTnyeckonm MnpovYHoCcTM OeToHa, M3MepeHHOW B TeyeHne +3 OHA OT AaTbl UCMbITaHUK
HEenocpeacTBEHHO Ha UUNMHApPUMYECKUX obpasuax (kepHax) anameTpom He MeHee 50 mm,
BbICBEPJSIEHHbIX N3 OTMUMNEHHbIX B NPUMbIKAHUSX K TECTUPYEMbIM NAnTam oparMeHToB ASIMHOMN
200 mm £5-mm. BMecTO BbICBEpPriEeHHbIX 06pa3LoB NPOYHOCTL GETOHA AONyCKaeTcs onpeaensTb
no n3roTaBnMBaemMbiM OQHOBPEMEHHO C NAnTamu 3-M Kybam unu umnuHgpam, COXpaHaembiM B
OLMHAaKOBbIX YCMOBMAX, UNK ¢ noMoLbio Tabnuubl 3.1 ctaHaapTa [10], rae foc 3ameHsieTca Ha fe,
a fo - Ha fy: NpU cnegyloWKMX pacyeTax:

fum=0,30 1,2  pns knaccos 6eToHa C50/60 v Huxe.
CpefgHee 3HavyeHne 3TUX TPeX M3MEPEHHbIX 3HAYEHUN AaeT (PakTUYecKun npeaen npoYHOCTH
6eToHa npu cxatum f.
B cnyyae korga daktudeckas npoYHOCTb BGeTOHa NpU pacTskeHun fy, N3MEPSETCA C NOMOLLIbIO
UCNbITaHWU Bbipe3aHHbIX M3 NNUT 0bpa3uoB (PUCYHOK 1) Ha pacTskeHue, Heobxoaumo GpaTb
cpefHee 3Ha4yeHune no 3 UcrnblTaHnAM, YMHOXeHHoe Ha 0,90.

% PucyHok 11 — ®parmeHT pebpa, Bbipe3aHHOro 13 NnThbI

ans onpeaeneHns gakTnyeckom NpoyHocTn 6eToHa Ha
pacTskeHune

OnpepeneHHasi No KOHTPONbHbLIM Ky6am ¢ pebpom 150
MM CpedHsAs MpOYHOCTb OeToHa nNUT nepBon cepun
coctaBuna f;;,=65 Mflla, vnn Ha 71% Bble cpeaHen
NPOEKTHOM NpoYHOCTM Ana 6eToHa knacca C30/37, paBHowm
fem=38 MIlla n cornacHo Tabnuubl 3.1 [10] cooTBeTCTBYET
knaccy OGetoHa C50/60. [llosTomy npu uHTepnpeTauum
pe3ynbTaTtoB UCMNbITaHUK (Tabnuua 4) n conocTaBreHNn nUx
C NPUHATON pacyeTHON MoLEenNbi NPOYHOCTHbIE

XapakTepUCTUKN BGeTOHa MCMbITaHHbIX MAUT COrMacHO KyOGUKOBOM MPOYHOCTM NPUHUMANM no
AaHHbIM Tabnuubl 3.1 [10].



PesynbTaTtbl UCnbiTaHWUW NAXT Ha CABUT
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Mnuta Ne 17188-1
1.10.2010 - C*%0 744 382 0,149 104.9 8,41*10° 7,1 831 759 472 180.5 | 195.0 | 151.5 | 0.77
26.10.10)
Mnuta Ne 17188-2
1.10.2010 - C*% 744 368 0,149 105.7 8,45%10° 6,53 831 752 472 173.5 | 189.0 | 238.0 | 1.02
04.11.10)
Mnuta Ne 17189
(01.10.2010 - C%% 744 373 0,149 106.0 8,48*10° 7.1 831 759 472 176.6 | 190.9 | 194.8 | 0.84
27.10.10)
Mnuta Ne 17190
(01.10.2010 - C%% 744 385 0,150 106.4 8,53*10° 7.1 831 756 472 1814 | 196.1 | 165.9 | 1.26
29.10.10)
Mnuta Ne 19613 558
12.11.2010 - C*ss (S1400) 382 0,149 104.9 8,41%10® 4.1 835 783 480 161.6 | 187.1 | 187.8 | 1,003
24.11.10)




B nnuTtax BTOpOn cepumn cpeaHss npovyHOCTb 6eToHa Ha cxaTtme coctaBuna f;,»,=52,9 Mrla,
nnun 136% o1 npoekTHoW. PaspylleHne nnuT BTOPOM Cepum NPOUCXoauno no HopmasibHoOMy 1
HaKMOHHbIM CeYeHUsAM, XapakTepudyemoe Hecyllenh CrOoCOBHOCTbIO MAUT MO BOCMHPUATUIO
n3rmbaroLLero MOMeHTa.

YuntbiBasg NpenmyLLEecTBEHHO M3rMOHbIN XapakTep paspyLleHus nauT no HopManbHbIM U
YAaCTUYHO  HAKMOHHbIM  CEYEHMAM, pPacrofioKeHHbIM  BOMM3M  MMAOCKOCTU  OEeNCTBUSA
COCPedOTOYEHHON Harpysku, Mpu WHTepnpeTaumMmM pesynbTaToB CcriedyeT paccMmaTpusaThb
pacyeTHyl0 MOAenb MNPOYHOCTM MAUTbI MO BOCMPUATUIO  M3rnbalowero MOMEHTA.
HdenctBntenbHO, pacyeTHasa NPOYHOCTb HOPMAIrTbHOIO CeYEHUs MANTbI NPU TakoM apMUpPOBaHUN
(691251400) coctaBnaetT Mgry=104,69 kHmM, a npegenbHaa — Mgy=130,84 kHm. Tpn Harpy3ke
Ha NnnTy Fws=187,8 kH, onopHas peakums coctasuna Vgy=160,3 kH, a narmbarowmin MOMeHT
B HOpMasnbHOM ceveHun M=96,2 kHm, 4TO COOTBETCTBYET MOMEHTY TPELLMHOOOPAa30BaHMS.
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