OIlJ1.9.02.02 COITPOTUBJIEHUE MATEPUAJIOB
PYKOBOJACTBO K PEHIEHUIO 3AJIAY
YACTD 2
VYyebHoe mocobue it CTYJIEHTOB BeeX (popM 00yueHusI

YyebHoe nocobue COOTBETCTBYET AUCUMNNUHE «CONPOTUBMNEHWE MaTepua-
noe» no NOC BMO Hanpasnenun 190200 «TpaHCNOPTHbIE MalWWHBI U TpaHC-
MNOPTHO-TEXHOMOrMYeckne komnnekcol», 190300 «MoaBMXKHOW COCTaB Xene3HbIX
aopor», 270100 «CtpoutenscTBo», 270200 « TpaHCNOPTHOE CTPOUTENBCTBOY.

YyebHoe nocobune cocTouT n3 2 yacten. Hacte 2 cogepxnT TeopeTUHECKni
MaTepuan v NpUMepbl pelueHns TUNOBLIX 3aaad No pasgenam kypca «Conpo-
TUBNEHWE Martepuanos». «PacuyeT cTaTMYecKn HeonpenenumbiX CUCTEMY»,
«CnoxHoe conpotueneHue», «PacuyeT cxartbiX CTEPXHEN Ha YCTOWYMBOCTbY,
«[nHamuyeckoe AeNCTBNE HArpy3ok», «PacueT Ha NPOYHOCTbL NPU HANPsXXeHU-
AX, LMKNUHECKN N3MEHSAIOLLUXCA BO BPEMEHU (pacyeT Ha yCTanocTb)».

MNMpeaHasHayeHo Ana CTYAEHTOB 2-ro U 3-ro KYpcoB BCeX oopM 0BydeHus.



BBEAEHUE

Mocobure OpUMEHTUPOBAHO HAa CTYAEHTOB, WU3ydarLMX CONPOTUBNEHNE Ma-
TepnanoB. BecbMa orpaHu4eHHOE BpemMs, OTBOAMMOE Ha ayLUTOPHbLIE 3aHATUS
3a04HUKOB B NEPMOA YCTAHOBOYHbLIX CECCUI, HE NO3BONAET B AOCTATOUHON Me-
pe OXBaTUTbL BOMPOCHI, OTpaxarLime cojepXaHne BTOPOMA YacTu Kypca Comnpo-
TUBIEHWA Matepuanos, 0COBEHHO B peLUeHnM 3aaau.

Llenb nocobusa — nobyants 0Oy4aroWmUxXcs Kak K CaMOCTOATENTbHOMY U3yde-
HAK TEOPETUYECKOW YacTW, TaK M K CaMOCTOATENLHOMY BbiNONHEHUKO 0baza-
TENMbHBIX KOHTPOMBHBIX 3a4aHNA, a Takxe chopMUpOBaTh HaBbIKM PELLEHNUS 3a-
Aad. I3T0 BaXHO gnsa 00nbWen 4YacTn CTYLEHTOB M3 HEDOMbLUMX HaCeneHHbIX
AYHKTOB, KOTOPbLIE B Nepuos MeXay CeccusMu NpPakTUYeCKU NULeHbl KOHCYb-
TauuMii ¢ npenocaaeatenamu. B nocobun npuHAaTa opma W3NOXEHWS B BUAE
noAPOBHOrO peweHns KOHKPETHbLIX TUMOBbLIX 3a4a4y, COOTBETCTBYHOLWMX Tpebo-
BAHMAM 334,aHUA Ha KOHTPONbHBIE PaboTel, U KPATKUX K HUM KOMMEHTapPUEB C
00BACHEHUEM OCHOBHBIX MOHATUIA, UCNONB3YEMBIX B pasgene Kypca.

MOMUMO NepBUYHOIO O3HAKOMIMNEHWA C METO4aMU pacyeTa NPOCTENLWNX CTa-
TUYECKN HEOMpeaennMbIX CTEPXKHEBBIX CUCTEM, BKIOYaa MeToa CuM, paccMoT-
PEHO CNOXXHOE COMNPOTUBIEHNE XECTKMX NPU3MaTUYECKUX CTEMKHEA NPX UX CTa-
TUYMECKOM HarpyxeHwu. lNpueegeHbl pacyeTbl LeHTpanbHO CKaTtoro ofHOBETBE-
BOr0 M COCTaBHOIO CTEPKHA Ha YCTOWYMBOCTL | poga, a Takke npumMeps! AnWHa-
MWUYECKOrO BO3AENCTBUA BHELLHMX CUN (YAAP W BbIHYX4EHHble konebaHwa ynpy-
rux 6eamaccoBbIx 6anok ¢ 04HOW CTeneHbo CBOBOAbI) U NPaKTUYECKNE MPUEMDI
NPOBEPKA 3NEMEHTOB COOPYXEHWA N MalUWH Ha YCTanoOCTHYIO MPOYHOCTb Ha
npuMepe BUTON LNIUHAPUYECKOW KNAanaHHON NPYXWHbI Manoro wara ¢ nocrpoe-
HWEM Juarpammel NnpeaenbHblX amnnntya no CepeHceHy-KnHOCOLWBMK.

OnelT nokasblBaeT, 4YTO NOLOOHbIE yyebHblE NOCOBMA OKasbiBaKT CyLlle-
CTBEHHYIO MOMOLLb CTYAEHTY B BbINONHEHNUW KOHTPONbHbIX padoT.

[Mocobue coaepMT cnpaBoYdHble NPUNOXeHnsa (Mpun. 1-4), nporpammy noa-
rOTOBKW K 3K3ameHam (npun. 5), ycnosuna 3agad 4ns camonoarotToBku (npwun. 6).
MpueoauTCAa KpaTkoe M3noxeHue metoga Mopa onpeaeneHusa ynpyrux nepe-
MELEHNIN B CTEPXHKHEBLIX CUCTEMAX.

Bonee getanbHO 03HAaKOMWUTLCA C METOAMHECKUM MaTepuanom MoxHo B [1-17].



1. CTATUYMECKW HEONMNPEOENMMbBIE CUCTEMbI

1.1. 3agayva 10. OnpeaeneHune Hecylwein CNOCOBHOCTU CTaTUYECKH
HeonpeaenUMMoOW cUCTEMbI NpU oceBoM aedpopmMmauuu Nno MeToaam
AoNyCcKaeMbIX HaNPsKeHWA U pa3pyLuarowux Harpy3okK

OcHO@Hb1Ie MoHAMUS

Cmamu4vecku Heonpedenumbimi Ha3bIBAOTCA KOHCTPYKUWW, B 3NEMEHTaxX
KOTOPbIX YCUMNAA HE MOryT ObiTb ONpPeAeneHbl TONBKO U3 YPaBHEHUI CTATUKMW.
Kpome ypaBHEHWI CTATUKK, NPW PeLIeHn CTaTUYECKU HeonpeaenumMblx 3aaay
HeoDXOAMMO WCMNONb30BaTh TaKKE YPaBHEHWA, yuyWTbliBarWue pedopmauunn
3NEeMEHTOB KOHCTPYKUMA.

Cucrtema HasblBaeTCs n pas CTaTUYeckn HeONpeaenuMONn, ecrn YMCno He-
M3BECTHbIX HA N NPEBbIWAET YMCIO HE3ABUCUMbIX YPaBHEHWWA cTaTukn. Cme-
neHb cmamuyeckol Heonpedenumocmu n (YUCNO UWHUX HeudsecmHbix [)
onpegenaeTca no hopmyne

n=Ji=H-=-Y,

roe H — obwee yncno HEN3BeCTHbIX, TPEDYIOWNX onpeaeneHnd; ¥ — Yyncno He-
32BUCUMbIX YPABHEHUI CTATUKN.

Bce cratMyeckun HeonpepenumMble KOHCTPYKUUW VMMEKT TaK HasbiBaemble
NUWHUE C843U B BUAE OMOPHbIX YCTPOWCTB MMNN APYTNX KOHCTPYKTUBHbLIX 3ne-
MEHTOB, KOTOPbIE He ABNAKTCA HEOOX0AUMLIMU ANA ofecneyeHna paBHOBECUA
CUCTEMbI U €& reOMeTPUYeCcKoOn HenameHaemocTu, a obycnoenusatoTtca Tpebo-
BaHUSIMW K MPOYHOCTU N XKECTKOCTN KOHCTPYKLUMK.

PelleHne cTaTU4eCKU HeonpeaenumMbIX 3a4ady NPOBOAAT B YEThIPE 3Tana.

1. Cmamudeckas cmopoHa 3adadu.

CocTaBnsaroT ypaBHEHNS PABHOBECUA OTCEYEHHbIX SMEMEHTOB KOHCTPYKUWHN,
coaepxalne HEN3BECTHbIE YCHUA.

2. [eomempudeckas cmopoHa 3adayu.

YCTaHaBnuBarkT CBA3b MexAy AeopMaUnamMmn OTAENbHbIX 3NEMEHTOB KOH-
CTPYKUUM, WCXO4H W3 YCNOBWUW COBMECTHOCTW pAedopmauui. TllonyyeHHble
YPaBHEHUS HA3bIBAKOTCA YpagHEeHUsMU cosMecmHocmu Geghopmauull.

3. Quauveckass cmopoHa 3adadu.

B ypaBHEHMAX COBMECTHOCTW BbIpaxarwT pedopmauum 3NeMEHTOB KOH-

N¢ y
CTPYKUMWU Ha OCHOBaHWWN 3akoHa lyka A/ =§ yepes 4eNCTBYHOLWNE B HUX He-

n3BecTHble ycunua. B dhopmyne 3akoHa yka: A/ — abCOMWOTHOE YAJIMHEeHWe
cTepxHA; N — npoaonbHan cuna B CTEPXHE; / — ANUHA CTEPXHA; EA — xecCT-
KOCTb CTEPXKHA NPW PacTKEHWN-CKATUN, E — MOAYMb YAPYrOCTU NpWU pacTsKe-
HUKM (Mogynb KOHra); A — nnowanb NONEPEYHOrO CEYEHNS.



4. Curmes.

PelualoT COBMECTHO NOMyYEHHbIE YPAaBHEHWA OTHOCUMTENbHO WCKOMbIX He-
W3BECTHLIX YCUNN.

OTmeTnm 0coBEHHOCTM paboTbl M pacyeTa CTaTUYECKN HEONPEAENMMbIX CUCTEM.

1. HepocTaroLwme ana onpefeneHns yCUnuin ypaBHeHNS MOryT ObITb MNOMyYeHbI
MOJIbKO NPY NOMOLLW N3YYEHNA COBMECTHOCTU AehopMaLin aHHOW CUCTEMBI.

2. PacnpeaeneHne ycunun mMexay anemMeHTaMu CcTaTUdecku Heonpeaenu-
MOW KOHCTPYKUMW 3aBUCUT OT COOTHOLUEHWSI MEXAY NMowagsmu, mMoaynamu
YNPyrocTu n ArMHaMu 3TUX 3NEMEHTOB.

3. Yem Oonee XECTOK AaHHbLIA 3NEMEHT, T. €. YeM MEHbLUe ero AnnHa wn
bonble nnowaab U MOAYNb YNPYrocTW, TemM CpaBHUTENbHO GOMbLUYH A0NHD
YCUNWA OH NPUHUMAET Ha cebs.

B anemeHTax ctatudeckn HeEONpeaenuMbIX CUCTEM YCUMNA MOTYT BO3HMKATD
M NPU OTCYTCTBUWM BHELLHEW Harpyskn — B pesynbTare, Hanpumep, W3MeHeHns
TemnepaTypbl, CMEWEHNS ONOPHbIX 3aKpPernneHun, HETOYHOCTU WN3rOTOBIEHMWS
OTAENbHbIX ANEMEHTOB KOHCTPYKUMK. HanpskeHus, BO3HMKaOLW e B pesynbTa-
Te COOpPKM (MOHTaKA) KOHCTPYKLUWU C HETOYHO W3rOTOBMEHHBIMU 3MEMEeHTamMum,
Ha3bIBAKTCA HaYabHbIMU WA MOHMAXHBIMU.

MNpwu onpeaeneHun Hecylwlen cnOCOBHOCTU KOHCTPYKUMWU UCNOMb3YETCA Me-
mo0@ Gonyckaembix HanpskeHud (MOH) wnn memod paspywiaroljlix Haspy3oK
(MPH). Mpn pacuvete no MAH HaigeHHble HanpsXeHWs CONOCTaBMNAKTCH C
NpeaensHON BENMYMHON AN AAHHOro Matepuana, npu pacyete no MPH Haxo-
AVTCA NpeJeneHas Harpyska, KOTOPYH MOXET BbIAEPXKATb KOHCTPYKUWA, HE
paspyLasch UMK He U3MEHARA CYLECTBEHHO bopMy.

Ycnoeue npumepa

[Ans 3aaaHHOA CUCTEMBI ONPEAENUTL HECYLLUYH cnocoBHoCTb (F = 7), ecnu Ban-
ka ABC cuutaetcsa Hegedopmupyemoin (EJ d <), matepuan cTepHen — manoyrne-
poauctas cranb CT3, ana KoTopoit mogynb KOHra E = 2.10° Ma = 2.10* kHiew?,
npeaen Tekyvyectn o =240 Mlla = 24 kHIcM?, KOSPMULIMEHT 3anaca NpOYHOCTH

NPY CTaTUYECKOM HarpyXeHuu cnctemel Kp= 1,5. OctaneHble gaHHble Ha puc. 1.1, a.

Pacdem

1. CTeneHb CTaTU4EeCKON HEONPEAENUMOCTH.

>KecTkas Banka npykpenneHa K OCHOBaHWK LUAPHWUPHO-HENOABMKHOW ONO-
POl A 1 OBYMS LWAPHWPHO NPUKPENIEHHbIMU CTEPXHAMN @ 1 @. B yKasaHHbIX
CBA3AX BO3HUKAKT peakumn Hy, Ry, R, Ro — BCEro vetbipe. YpaBHEHWIA CTATUKK
ANA paccMmaTpuBaeMon NIIOCKON CUCTEMBI CUIT UMEEM TPK, Hanpumep, XZ = 0,
LY =0, Zmy= 0. Tak, eCnn HEU3BECTHbLIX peakunin H =4, a ypaBHeHUi cTaTu-
KnyY =3 10

=H-Y=4-3=1

M CUCTEeMa O4WH pa3 CTaTUu4eCKkn HeEonpeaenmnma.
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Puc. 1.1. Ctatuueckn HeonpegenMmas cuctema: a — 3agaHHasa cuctemMa; 6 — obbekT
paBHOBECUS; § — COBMECTHbIE Aedopmauun ctepxHen @ n @

2. OnpegeneHune [F] N0 MeToAy AO0NyCKaeMbIX HanNpsXeHUN.
I. Ctatnueckan crtopoHa 3agadn (CC3). BoigenuB o00bekt paBHOBECUS
(puc. 1.1, 6), umeem

Z-mA=N1r1 +N2r2—Fr3=0. (11)

Tak kaKk pacueT onopbel A 34ecb He nNpegnonaraeTcsa, To €e peakuun Ra v Hy
HE BbIYUCNSAEM.

Il. FreomeTpuyeckan ctopoHa 3agaun (I'C3). N3 ycnoBus COBMECTHOCTU ae-
dopmaunin cucrtemnol (puc. 1.1, 8), ucnonbsya nogobuve TpeyronbHkos ABB; v
ACC,, nony4ynmm reOMETPUYECKOE ypaBHEHNE



Afp _ 2% (1.2)
a+b a '

rae Af4, Al —abconoTHblE yanuHeHus ctepxHen @ n @.
lll. Dnandveckas ctopoHa 3agaqn (PC3). Ucnonbaysa 3akoH yka

. Ny,
At =—+,
EA,
MOXEM 3anucaThb:
¢ ¢
Ag1zh, A({-Z:M_ (1.3)
EA, EA,

Tenepb, NoACTaBNAA BblpaXeHus (1.3) B reOMeTpU4ecKoe ypaBHEHUE COB-
MECTHOCTUW aecopmauuni (1.2), nonyynm
(a+b)EA, aEA,’

a+tb (4, EAy . _28mM17M 4cm°
t, EA, 7 12M 2M 3cm?
N, = 2,644 N,. lNocneaHee BHeCeM B ypaBHeHWe cTatuku (1.1), Toraa

oTkypa N, = N, 1, Takum oBpasom,

34
12N, +28 2644N,=34F, otkyaa N; = mF =0,395 F w, cneposa-

TenoHo, N, = 2,644 0,395 F =1,044 F . NMony4veHbl 3HadeHusn ycunuia Ny n N,
B BuAE PYHKUNN OT F.

Ana ycTaHOBNEHWS OMacHOr0 COCTOAHUA KOHCTPYKUMW NOACYUTAEM HOp-
ManbHbIE HANPSXEHUA B CTEPKHAX:

N, 0395 _ _ N, 1,044
0(1)—A_1—TF—0,132F, 0(2)—A_2— 4

F=0261F.

Kak BUAHO, G(2)>G(1), M NPK BO3paCTaHUU Harpyskn CTepxeHb @ nepsbiM

AOCTUrHET CTaaun TekydecTu. C TOUKM 3peHUA METOAA AONYCKAEMbIX HanpsKe-
HUIA 3TO COCTOAHWE KOHCTPYKLUWMKM SIBNSETCA ONacHbIM W, CreaoBaTenbHO, AOMXK-
HO BbLINOMHATLCA YCMNOBUE NPOYHOCTY

max ¢ m [o] ,

rae [o] = ;—T = % =16 kHlcm®.
0 s



Tenepb N3 COOTHOLLIEHWUA MAXG=G 5y ONPEAeSTUM J0NYCKaeMyr HarpysKky

16
0,261[F oTkyaa[F]lm —— = 6130 kH.
[F1m [o], omeyaa [F]m ——

bl

Mpw sTOM Harpyske B cTepxHe O paboyne HaNPAXEHNA COCTABAT BENMUYUHY
o _Ni_0395[F] 0395613
Q) A, A 3

HanpsKeHu [c] Ha [ —%}-100% =496%.

=807 KHICM®, UYTO MeHbLe AOMyCKaembIxX

Kak BuaHO, cTepeHb @ CYLWECTBEHHO HEAOrPYKEH, U BCA KOHCTPYKUMA
ewle ganeka ot paspyweHus, nbo npu BCTYNNEHUWN CTEPXKHA @ B CTAAWNIO TEKY-
YECTU G,y = o1 CTEPXKEHD @ elle paboTaer ynpyro o;, <o 1 CUCTEMA eLle He

noTepsana cBoen Hecywen cnocobHocTu (puc. 1.2).

G(1J=%<GT 0(2)=%=6T
1 2
TN1 TNZT
ZAA ® ® F=1F]

Puc. 1.2. MpepensHoe (onacHoe) COCTOAHNE KOHCTPRYKLUMN, NPUHAMAaEe-
MOE B METOZE AOMNYCKAEMbIX HANPSPKEHNA

3. OnpeaeneHne AONyCKaeMOW Harpysku No MeToAy paspyluatowmx (npe-
AErnbHbIX) HArpy30K.

Bo mHorux cnydasx anga oonee rnybOKoW OLEHKW Hecywerh CnoCOBHOCTU CO-
OPYXEHUSI BaXXHO YCTAHOBUTb Ty MPeAenbHY Harpysky, koTopas cnocobHa no-
CTaBuTb €ro Ha rpaHe NubBO paspyLeHns,
nmbo pasBUTUS HeponycTUMbIX Aedopma-
unn. 9Ta ngea pacuyeTta no paspyluarolwnm

po- N

A, .27 T Harpyskam Oblna BbiCKaszaHa PYCCKAM NHXe-
4

-

g =

~
~

- A Hepom A.®. JlonenTom (1868—1933) 1 noaa-
HEe pasBuTa HEMELKUM yyeHbiM JIHoaBUrom
o1 o: MpaHaTnem (1875-1953), 4bum MMEHEM
K, A¢ HasBaHa yCrioBHas Anarpamma HanpspkeHWi
. ;8:#_ (anarpamma [lpaHatng), npveBeaeHHad Ha
0 puc. 1.3 n oTpaxarwLllasa NoHATME O MOLENN

Puc. 1.3. liverpavma Tpaka™ns — ypnyronnactuyeckoro matepuana.

[c] =




MNpopgomkan ysenuuneaTb Harpysky £ n nonaras, vYto cTepxeHo @, 4oCTur-
HyB npegena TEeKYYecTu or, B JanbHenweM CoXpaHsaeT ceoe yeunue N, = oA,
HEU3MEHHbIM, a B cTepxHe O, KOTOpbI Tenepb BblHYXAEHHO 00s3aH BoCnpK-
HYMaTb YBENWYWBAIOLLYIOCH HArpy3Ky, HaNPmKeHNa o1y CTPEMATCA K or.

B mMoMeHT gocTuxeHusa ycunuem N, 3HadveHua Nqi= ctA; BCA KOHCTPYKUWA
AOCTUraeT NpejenbHOro paBHOBECUSA, NOCME YEero NP HEeN3MEHHbLIX Npeaernb-
HbIX 3Ha4YeHusx Ny u N, (puc. 1.4) pansbHeuwee BO3pacTaHne Harpysku F He-
BO3MOXHO — CUCTEMA NcHepnana HecyLwyro cnocobHoCTb.

Tenepb COCTaABMM YCNOBWE MPEAENbHOrO PaBHOBECUSA, @ UMEHHO, Zmy = 0
(puc. 1.4), uto paet Ny, +Nr, -F _r =0 , oTkypa

N, +N Ar +A -
s = ’r'r SRR ’r; L) L 2403 1’§ 44 28) _ 104,47 kH.

3 3

T N1=6:Aq TN2=GTA2

ygl A (Dl @! !LF”"“

n=12m |
i !’2=2,8M
>

r=34m
‘r‘l

Puc. 1.4. I'Ipe,u,eanoe pasHCBECKE CUCTEMbBI B MOMEHT JOCTMXEHWNA HANpAXe-
HWEM Gy Npejena TeKy4ecTn G+

&

Wcnonbaysa npeablaywini koapgpuumneHT 3anaca Ky = 1,5, nogcymtaem ao-
NyCcKaeMyid Harpysky

aned _ 104,47
K, 15

Fiop = =696 KH,

YyTO Ha [%— ]-100%%13,6% Bonbwe yem [F], onpegeneHHas no MeTomy

A0NyCKaeMblX HANPSXEHWNA.

Bbig0d: MeToA paspyLlatoWmX Harpysok NO3BONWUN BCKPLITH A0MONHUTENb-
HbI pe3epB HecyLuerd CnoCOBHOCTU COOPYXEHUA. 3aMEeTUM, YTO AN COXHbIX
Cnctem npumMmeHeHune 3Toro metoga AoBoNbHO CNOXHO.



1.2. 3agava 11. PacueTt cTaTU4yeCku Heonpeaennmon 6anku

OcHOBHbIE NOHAMUS

Memod cun aBnaeTca OAHWUM U3 ABYX OCHOBHbIX METOAOB pacyeTa CTaTu-
4Yeckn Heonpegenumbix cuctem. lMpn ero ncnonb3oBaHMA OCHOBHbLIMU HEWU3-
BECTHBbIMW B YpaBHEHWUSIX COBMECTHOCTU Aedopmauui ABRAOTCH CANbl (BHELW-
HUE W BHYTPEHHWNE), a U3BECTHBIMW — NEPEMELLIEHNS B HaNPaBleHUN 3TUX CUn,
4yTO KM 0BYCNOBMNO CaMO Ha3BaHWE JaHHOINO MeToaa pacyerta.

PelleHne cratuyeckn HeonpeaenvmblXx CUCTEM NO MeTOoAY CWU NPOu3BO-
ANTCA B CTPOro onpeaeneHHoM nopagke:

— BbISIBNAKOTCA NULIHAE CBA3WM U YCTAHABNUBAETCA CTENEHb CTATUYECKON
HeonpeaenUMOoCT CUCTEMBI,

— BbIOMpaeTca AnNa pacyeTa OCHOBHasA CUCTEMa,

— OCHOBHas cucTema 3arpyXxaeTcs 3aJaHHOW BHELUHEeW Harpyskon n peak-
LUAMKU UK YCUNUAMU OTOPOLLEHHbIX CBA3ENR,

— COCTaBJIAKOTCA YpaBHEHWS, Bblpaxatwme yCrnoBuA 3KBUBANEHTHOCTU OC-
HOBHOW CUCTEMbI, 3arpyXeHHOW 3aaHHOWN BHELUHEW Harpys3kon W HEeWn3BeCTHbI-
MU YCUNTMAMU, NPUNOXKEHHBIMY BMECTO OTOPOLIEHHbIX CBA3EW, U 3aJaHHOW Cu-
CTEMOW. 3TW ypaBHEHUS COCTaBMAKTCHA NO €AUHOMY NPaBWUMy U Ha3biBAKTCA
KaHOHUYeCKUMU,

— ONpeaensaTca KOAPUUNEHTBI NPU HEU3BECTHBIX YCUINUAX B KaHOHWYe-
CKWX YPaBHEHMSAX;

— pelaeTca CUCTEMa KaHOHWYECKUX YPaBHEHUIA N NOCNe OnpeaeneHna He-
N3BECTHBIX YCUITUIA CTPOATCA SNHOPbl BHYTPEHHUX CUN,

— BbIMOMHAKTCA CTaTUYECKKE 1 JeopmMaLMOHHbIE NMPOBEPKA NPaBUITbHOCTY
NOCTPOEHWNA PaCYETHBIX 3P BHYTPEHHNX YCUUA.

OcHosHOU nNpW pacdeTe CTaTUYeCKn HeonpefenumblX CUCTEM NO MeToay
CUMN Ha3blBAETCA CTATUYECKW ONpeaenuMas 1 reoMeTpPUYecKn HensmeHsemas
CMCTEMA, NONyYEeHHas W3 3a4aHHOW NyTeM OTOpacbiBaHWS NULLIHUX CBA3EN.
B kauecTse NUWHMX Npu BbIOOPE OCHOBHOW CUCTEMbI MOTYT ObIThb NPUHATLI Kak
BHYTPEHHWE, TaK N BHELLHWE CBA3W. BHeLLHWe CBA3K npeacTaBnsalT cobon CBA-
31 OMOpPHbIE, a BHYTPEHHWE — 3TO CBA3W, NPEnATCTBYIOWME B3aVMHbIM nepe-
MELLEHNAM [BYX CMEXHbLIX CEHEHWNA.

Ans niobon cTatMyeckn HeonpeaenuMon CUCTEMbI BCEraa MMEETCH MHOXe-
CTBO BapwaHTOB OCHOBHOW CUCTEMbI. Beibop pauvoHanbHOW OCHOBHOW CUCTE-
Mbl CHIKaET TPYAOEMKOCTb pacvera.

YCNoBUEM 3KBMBANEHTHOCTWU 33faHHOA U OCHOBHOW CUCTEM ABMAETCA pa-
BEHCTBO HYNIO NEepemMeLllEHNI NO HaANpaBNeHWO yaaneHHeIX cBA3en. 3anvwem
YCNOBUE 3KBMBANEHTHOCTWN 3arpy>EHHOW OCHOBHOW W 3aJaHHOW CTATUYECKN
HeonpeaenMMoOn CUCTeMbl C N NULWHUMK CBA3AMWN B pa3BepHyTon oopme, uc-
NONb3ysa NPUHUMN HE3ABUCUMOCTW AEWCTBUA CWM. B COOTBETCTBUN C AaHHbLIM
NPUHLMNOM NEpeMELLEHNE NO HAaNPaseHWto i-U OTOPOLLUEHHON CBA3K



rae Ay — NepemelleHne no HanpaeBneHuro /- OTOPOLEHHOW CBA3KW, BbI3SBAHHOE
AACTBUE K- HEW3BECTHOW CUMbI, A, — NEpeMelleHne No HanpaeBneHuo /-

OTOPOLLIEHHON CBA3N OT AEUCTBMA 3a4aHHON HArpysKku,

Ncnonb3ys OCHOBHOE CBOWCTBO NMUHENHO AedopMUpyembiX cuctem, noboe
nepemelleHne, BbI3BaHHOE AEWNCTBUEM KakOW-NMBO CUMbl, MOXHO BblpasnTb B
BUAE NPOU3BEAEHUA 3TOW CUMbl HA NEepeMeLleHne TOro Xe BuMaa U B TOM Xe
HanpaBneHWW OT JeNCTBUA COOTBETCTBYIOWEN €4UHUYHOW CUMbl

Ajge =8 X
rge 5, — nepemMeLwleHne no HanpasneHno i-n CBA3W OT e4UHUYHOW CUMbl, NPW-
ik

NOMXEHHOW BMECTO CUMb Xy X — WNCKOMOe yCcunune.

Ana cratnyeckn HeOonpeaenMMOon CUCTEMBI, UMEKLWen N NULWHUX CBA3eN,
CUCTEMA KaHOHWYECKUX YPABHEHUIN UMEET BUA

611)(1 +612X2 +...+61'.;Xj +...+(31an +A1p :O,
821 X7 + 092 X0 +...+09; X; +...+ 02y X +A2p =0,

O Xy +0p2X2 +...+8p X +...+8pn X + App =0.

KaHOHW4EeCKkne ypaBHEHWA BbIPaXAKT YCNOBUA PaBEHCTBA HYMNK nepeme-
LEHWA B OCHOBHOW CUCTEMe, HaxoasalWencs nog AencTBUeM 3a4aHHOW BHeLU-
HEW Harpyskn N WNCKOMbIX HEW3BECTHBIX CWJ1, B MECTax NPUIIOXEHWA U Mo
HanpaBnNeHNO 3TUX HEN3BECTHbIX.

KoathduuneHTbl, UMELLME OfWHAaKOBbIe UHOEKChl &, Ha3biBAKOTCA &/1a6HbI-

mu, oHn Bcerga Bonblie Hynsa. KoahduuneHTbl ¢ pasnmuHbiMKW UHAEKCAMK &

HasbIBaKOTCA MOBOYHbIMU. OHWM MOTYT ObITb MONOXKATENbHBIMU, OTPULATENBHBIMU
1 paBHbIMKU HyMH. NobovHble KO3VUMEHTEI C 0BpaTHBIMU NHAEKCAMMK, COornac-
HO TEOPEME O B3aUMHOCTW NEPEMELLEHNIA, paBHbl MeXAy cobon &, =5, . Benwn-

HUHBI A, Ha3bIBAKT 20Y308bIMU YIEHaMU KAHOHNYECKMX YDABHEHNIA.

Ha ocHoBe npuHUMNa HE3aBUCUMOCTW AENCTBUS CUMN YCUMUS B NPOU3BOMb-
HbIX CEYEHUAX AMIEMEHTOB CTATUYECKN HEOMNPeaASnMMON CUCTEMBI, UMEKLLEN N
MULHNX CBS3ER, ONpeaensatoTCa No ypaBHEHUID:

n
0 —_—
Spacq - Sp + ZSIXI ’
i=0
A€ Sp — YCWMNSi B OCHOBHOI CUCTEME OT 3aAaHHOW Harpy3sku; S; — younus ot egu-
HWHYHBIX HArPYy30K, NPUNOXEHHBIX B HaNpaeneHnax JJ,eVICTBI/IH JIMWHUX HEN3BECTHbBIX.
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MpaBuNbLHO NOCTPOEHHBIE 3NKPbI A4OMKHbBI YA0BNETBOPATL YCNOBUIO PABHO-
BECUS WU YCNOBUK AeOOPMUPOBAHUA 3a4aHHONA CUCTEMbI. C 3TOW LEnbK Bbl-
MNOMHAT CMamuYeckyro n 0egopMauUoOHHYH NPOBEPKN.

Cmamuyeckass nposepka COCTOUT B MPOBEpKe pasHoOBecua nwboro ysna
unu nboi YacTn CUCTEMBI OT AENCTBUSA BHELLHMX U BHYTPEHHMX CUNOBbIX hak-
TOPOB, NPUIOXEHHBIX K Bbld€NEHHOW YacTu.

LehopmatuoHHas nposepka 3aKniYaeTCca B NPOBEPKe OTCYTCTBUA nepe-
MELLEHNUAN OCHOBHOW CUCTEMbBI MO HanpaBneHuto OTOPOLLEHHBIX CBA3EN OT Ael-
CTBWS 3a4aHHOA Harpyskn U NULWHUX HEN3BECTHbIX.

Ycnoeue npumepa

Banka nocToaHHOW M3rMBHON XeCTKOCTU EJ B nponeTax ctaTudeckn Harpy-
XeHa (puc. 1.5, a). Tpebyetca NOCTPOUTE pacHETHbIE 3MOPblI YCUNUA U NOJO0-
6paTb ABYTaBpoOBOE ceveHue npu [o] = 160 MiTa = 16 kHicm™.

Pacuyem
1. CTeneHb CTaTUYECKOW HeonpeaenumocT onpeaenaeTcsa no hopmyne

fT=H-Y¥=4-3=1.

HeunseeCTHbIMK H ABAAKOTCA ONOpHbIe peakuun Hy, Ry, Rq, R2. Yncno Hesa-
BUCHMbIX YPaBHEHUIA PABHOBECKSA ANA NIOCKOW 3aa4n Y = 3.

2. Boibop OCHOBHOW CUCTEMbI B BWAE [ABYX LLUAPHMPHO oOnepTbiX Oanok
(puc. 1.5, 6) nytem paspesa Danku WAPHUPOM Hap onopon 1. Takas OCHOBHaA
cCUCTeEMa ANs MHOrONPONeTHON HepaspesHon Banky HasbiBAaeTCA paltoHanbHOU.

3. MpuHnmasn 3a nuWHee HeEM3BeCTHOE N3rnbaroWwmin MOMEHT BO BBELEHHOM
LWapHUpe, COCTAaBNAEM YPAaBHEHWE COBMECTHOCTM aAedopmauyun B dopme Ka-
HOHMYECKOro ypaBHEHUA MeToha CUn:

rae X, — UCKOMbIA n3rmbatonii MOMEHT B ONOPHOM cedeHnmn 1; 8., — yrnosoe
nepemewieHmne Ha onope 1 oT )_(1 =1, A,p — YII0BOE NEpeMeLEHNE B TOM e

CeYeHUM OT Harpysku (puc. 1.5, €, 2, 0, €). dNopbl N3rMBaKLWNX MOMEHTOB M,

n M. B OCHOBHOI CMCTEME CTPOMM B KaX4OM MpONeTe CaMOCTOATENbHO Kak
00bIMHO. BCe 33eCb CKa3aHHOE OTHOCWUTCA K OCHOBHOW CUCTEME W €€ e4WHUY-
HOMy (OT X, = 1) U rpy30BOMY (OT BCEX HArPy30K) COCTOSHUAM.

4. Onpeaenenne kK03PUUMEHTOB 3, U A, BbINONHAEM Nno cdopmyne Mo-

pa. BbluvcneHns MOXHO NpoBoavTbL Cnocobom BepewiarvHa («nepeMHOXeHU-
emM» antop). Mpn 3ToM, YTODbLI HE HAXOAMWTb NONOXEHWE LeHTpa TAXECTU Nno-
LWaan anpbl, MOXHO UCNOMNb30OBaTh (QOPMyNy Tpaneuun wnu dopmyny Cumn-
cona. Ucnonesyem popmyny CumncoHa:

d
B, = 2o (@b, + 4acuboy + anyby ) (1.5)

11



m =10 kHm g =60 xkHim

F =100 xkH
T 111111 b ] :
,  ELi=EJ 5, Ed;=EJ 2
L P1=6M . 32=6M ‘__ll b2=4M N
I"\ ., ’I‘
P =10 m o

4] . K 2
i 3 >
_ 5 R,=-u’
g Ry=am™ B 1 Ry S0
0 T 6 )(‘1 =1 X1 =1 - TZ
F T
; an. 1\710
0,5 : 0.7 04 0% &
3
m=10«kHm =60 kH/m F =100 kH
| L —
T Roe= 178,33 kH Ro=60kH 1
e 1n(3 S I an. MR
e eSS
120 120
s 240

Puc. 1.5. CTatuueckn Heonpegenumasn 6anka: a — 3afaHHaA cuctema; & — OCHOBHaA
CTaTU4ecKn onpeaenuMan CUCTeMa, 6 — BO3AEWCTBME NIMLIHENW HeusBecTHoW X, = 1,

& — 3npa narnbarowmx MOMEHTOB OT >_<1 =1; 0 — BO3AEWCTBNE HArPy3Kn B OCHOBHON
CUCTEME; € — 3NHoPa NArMBarLLIMX MOMEHTOB OT HArpy3aKku

12



84q ="M x M= 6 (0+4-0,5-05+1-1)+£(1-1+4-0,5-0,5+0)=
6EJ 6EJ

5333[ 1
" EJ | kHm|
6

Ap ="ME x M, "=@(—10-O+4-265-O,5+0-1)+

+i(o-1+4-120-o,7+240-o,4)+i(240-o,4+4-120-o,2+0)=
BEJ BEJ
1090 f]

EJ "

5. JlnwHee HenseecTHOE X, BBIMWCNAEM 13 KAHOHUYECKOTO YpaBHEHNA
A _ 1090

X, =
"5, 5333

=-2044 xkHm.

6. CTPOMM UCTUHHYKO 3NOpy narnbarwmnx MOMeHToB oT X, (puc. 1.6, 6) u,

CcKknagbiBas ee anrebpandeckn C rpy3oBOW 3M0pon ME (puc. 1.6, a) no cxeme
M oaes = MP + M X, Nonyyaem OKoHYaTENbHYIO (PacyeTHYIO) antopy uarnGaro-
lWKnx mMomeHToB (puc. 1.6, 8). OHa obs3amensHO AomKHa ObiTb npoBepeHa!

C 3TOW Uenbio BbINONHUM 4,e00PMaLMOHHYH NPOBERKY

([)1 :"M XMP”:O,

pacy

rge ¢, — yron B3aumHoro noBopoTa ceveHun Ha onope 1 (34,ecb ero Pu3nyeckn

He AOMKHO ObIT!),

" ryiut 6
01 =" Mgy X V" = =Z—(~10-0+ 4162805 -204,4 1)+
+ -2 ((2044.1-4.2308-07 +158.24 -0.4) +
6EJ
2 (15824.04+4.7912.02+0) =
6LJ

_ 1 (47329-47342)~0.
EJ

anopa M BEpHa.

pacy
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N on. M2
“ [kHM]
I 120 120
265 240
5 204.4
102 2 || 143,08 81,76 40,68 _
- Sl-l. M1 X1
[kHM]
204,4
10 i
° 7 1 S 7
: ] I T
1476 50 44
=] i 3
1 =0l
y~ Q0! ISR 3an. Qpacy
| 20=2.46 |WMMH o [kH]
| 212 4
Y
s [ ﬂRq=360KH1 ] F=100H
i 3, 3,
Téo=147,6 KH T R=272,84 kH R,=39,56 kH T
e 5 pacTAHYTO

PaCTAHYTO paCTAHYTO

Puc 1.6 TNocTpoeHne pacyeTHbIX NP BHYTPEHHUX YCUMWIA®T 8 — 3nopa u3rmbaroumx
MOMEHTOB OT Harpysku; 6 — anmopa marnbalowmx MoMeHToB oT Xi = —204.4 xHm;
8 — pacyeTHas anopa n3rmbarmnx MOMEHTOB; 2 — pacqeTHas 3Mpa NonepesHbIX
cun; @ — NpoBEpKa paBHOBECUA Barnkn B LUEnoM; € — CXemMa M30rHyTon ocun Bankn
(ynpyras nuHus) (Kpy»ovkamn nokasaHs! To4kK nepermba ocm)

7. lNocTpoeHne pacueTHON antopbl Q,,., NONEPEYHbIX CUIT B AAHHOW 3agaye
ya400OHO BbIMNONHUTbL NO M3BECTHOW popmyrne

¢ -M
Q /: q yta p nee , (16)

nee )
npas -—/ 2 (qu
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rae g =const — WHTEHCUMBHOCTb PABHOMEPHO pacnpefeneHHON Harpysku Ha
yvactke; ¢, — ANMHa paccmatpusaemoro yyactka;, M,,, M., — usrmbatowue
MOMEHTbI Ha NPaBOM W NEBOM KOHUAX y4YacTka, Oepylmnecs co CBOUM 3HAKOM.

| ysacTok (nepBbiit nponeT) — ¢ = 60 kH/m; ¢, =1, = 6 Mm,

60-6 —2044-(-10)

=1180 + 324,
2 6

Qnes ==
npas

Qpee =180 -324 =147 6KH; Q0 =—180-324=2124KH.
Il yqsacTok (nesas yacTb nponeta 2) — g=0; ¢, = 6 m;

158 24 — (~204 4)
Qnes = 6

npae

= 60,44 kH = const.

Il ysacTok (npaBas 4acTb nponeta 2) — g=0; ¢, = 4 m;

0-158,24

Q 1ee = =-39,56 kH = const.

npae

anwopa Qpacq npueBeaeHa Ha puc. 1.6, a.

8. OnpeaeneHne onNOpHbIX peakunid u NpoBepka paBHoBecUs Banku B LENOM.
Peakunun onop nerko ycraHaBnmBakoTCA NO abCOMOTHLIM 3HAYEHNSIM CKa4KOB Ha
antope Q,,., Npn ee 0bxo4e No KOHTYpy cnesa Hanpaso (puc. 1.6, 0). B3aB cym-

MY NPOEKLUMA BCEX CWUI Ha OCb Y, UMEEM:

Y Y=Ry+R+Ry—R,—F=146,6+2728+39,56-360-100=460-460=0,

rae R, — paBHOAeACTBYIOLWAn pacnpefeneHHor Harpysku.

banka — B paBHOBECUN, PACYET BEPEH.
9. Mo euay aniopsl M,,., 1 C y4eToM, 4To Garka ckpenrneHa ¢ onopamu,

nzobpaxkaem B NpoOM3BOSLHOM MacLLTabe CXxemy N30rHyTOl ocu (puc. 1.6, ).
10. Moabop ceuenunna Bankn no coptamenty FOCT 8239-89 (aByTaBpbl).
CHauvana ycTaHOBUM 3HaveHne max M B nepBoM npornerte ANns CEYEHUs C

dM

Z4

—=0 w1 13 ycrnoBwuA
dz, y

abcuuccont z, (Tam Q, = 0) u3s ycnosus Q, =

Q,, =Ry -9z, =0, oTkyaa:

15



R, 1476
Zy=—=———=246M (puc. 1.6, 2).
0 9 50 (P )

Torga B nepsom nponerte

z: 2,462

max M, :Rozo—m—q?:147,6-2,46—10—60-

=17155 kHm.

CpasHuBas Hanbonbwmne no abConiuTHOW BENUYMHE pacyeTHble narnbatowme
MOMEHTEI (CcM. puc. 1.6, 8), ycTaHaBnuMBaem onacHoe cedeHwe Ha onope 1
Imax M| = 204,4 kHm. N3 ycrioBisl MPOYHOCTM NPU U3rnGe

|max M|

max o = m [o]+ 5% (1.7)

X

nwem Tpedyemblnl MOMEHT CONPOTUBINEHNS:

Imax M| _ 204,4-10° kHem

WP | ————=12775¢cm°.
o] 16 kH cm
Mposepum I N2 45 ¢ W, = 1231 cm’.
. 2
max ¢ :%: 16,6 xH/cm? > [c] Ha 3,78 %.

MOXHO NPUHATL B LIENsIX 3KOHOMUKW MeTanna, Tak kak macca 6anku nopo-
OpaHHoro apyTaepa coctaensaeT G =v¢ =665k2/m-16m =1064 K2, HO C HEKO-

TOpbIM NepeHanpsxeHneM (< 5 %). Ecnv B3aTb I Ne 50 ¢ W, = 1589 cM’, TO
macca Oanku coctaBut G =y/=785k2/m-16M =1256Kk2 C W3NUILHUM 3ana-
COM NPOYHOCTW:

2044107

maxoc = = 12,86 kH/cm? < [c] Ha 19,6 %.
1589

2. CNNOXXHOE COMNPOTWUBIEHUE

[Mpy npocTbix BUAAxX gedopmMannm (OCEBOS pacTAXeHne UNKu cxartue, CAsur,
KpyYeHue, nNockun narnd) B NONEpeYHbIX CEUYEHUSX BO3HUKAET TONbKO OAHO
BHYTPEHHEEe ycunue (MpoaonbHas MNW nonepeyHas cuna, KpyTaWWn Mnu naru-
DaloWmnin MOMEHT), 3a UCKMIYEHWEM NAOCKOro nonepeuHoro uarnba. Ha npak-
TUKE e OONbWWHCTBO 3NEMEHTOB KOHCTPYKUMA W MalWWH NoagBepraeTca Aen-
CTBUSIM CWJ1, BbI3blBalOWMX O4HOBPEMEHHO HE OAHY M3 yKasaHHblX gedopma-

16



UuK, a aBe n donee. PasnuuHbie kKoMOMHaUMK NPOCTbIX gedopmaumii HasbiBa-
KOTCA COXKHBIM CONPOMUEEHUEM.

B obwem cnyyae HarpyxeHusa Opyca B ero nonepeyHblX CeYeHusx aew-
CTBYHOT LUECTb KOMNOHEHTOB BHYTPEHHUX yeunun (N, Q,, Q,, My, M,, My,).

Ha ocHOBaHWW aunomesbt 0 He3asucumocmu Oelicmeus Cusl HanpsXXeHHoe
COCTOSIH/E CTEPXKHSI ONpeaenaeTca CyMMUPOBAHMEM HANPSXEHHLIX COCTOAHUA,
BbI3BAHHbIX KaObIM BWAOM MPOCTOrO HAarpyXeHus B OTAENbHOCTW. [TpuHyun
cyneprnosuyuy NPUMEHM B TEX Cnydasax, koraa gedopmaunn manbel, a MaTte-
pvan NogYMHAETCA 3aKoHy [yKa.

2.1. 3apaya 12. OgHoBpEeMEeHHbIN U3rMb NpusMaTUyecKon 6anku
B rMaBHbLIX €€ NNOocKocTAX. [loadop cevyeHns Npu CNOXHOM U3rnde
Nno AONyCKaeMbIM HaMpsKeHUAM

OcHoO8HbLIE NOHAMUS

N3rn® HasbiBaeTcsa KOChkiM, €CNU NMOCKOCTb AENCTBUA M3rMbaroLlero Mo-
MeHTa (cusoeast nNOCKOCMb), BO3HUKAIOWENO B NONEpeYHOM cedeHun Bpyca,
He COBNagaeT HU C O4HOW W3 ero rnaeHbIX NNockocTen. PasnuuatoT nnockull
Kocol u3eub n npocmpaHcmeeHHbill kocold u3aub. B nepBoM cnydae ynpyras
nnHWa Bpyca — n1ockas KpuBas, BO BTOPOM — f1p0CMpaHCmeeHHas.

BosHukarowuin B nonepeyHom cevyeHnn narnbarownin MOMEHT packnajbiBa-
IOT Ha gBa narmbarwmnx MOMEHTa, AeNCTBYHOWUX B NIIOCKOCTAX, NPOX0AALL X
4yepes rMaBHbIE OCU CEYEeHNS.

Mpwn kocoM narnbe HopmanbHble HaANPHKeHNA B NIOOOKU TOUKE NONEpPEYHOro
CevyeHna ¢ koopauHatamn (x, y) OyaAyT paeHbl anrebpanyeckon Cymme Hanps-
YXEeHW oT narnba B 06enx nNNOCKOCTAX

Ans ceYeHuin ¢ ABYMS OCAMI CUMMETPUI, UMEIOWNX OF MHAKOBO YAaneHHbIe
OT rMaBHbIX OCEN YFMOBbIE TOYKM (HAanpuMep, NpsSMOYTonbHUK, 4BYTaBp), ycno-
BWE NPOYHOCTM 3aNUCbIBAETCH B BUAE

M
maxc = —* + — m [o].
x Wy

Ans pacdeTa Ha NPOYHOCTL Opyca ¢ NonepeyvHbIM CEYEHUEM NPOU3BONbHON
dopMbl CrieqyeT onpeaenuTb NoNoXeHne Hynesol (HeTpaneHON) IMHWUK, NPO-
XO4AWEN Yepes UeHTP TIHKECTN CevYeHns. TaHreHc yrna HaknoHa Hynesov nu-
HWUK C ocbio Ox ONpeaenseTcs Kak

M, Jy

M, J

tht(]: .
Y

17



MakcumManbHble HOpMarbHblE HanpsiKeHWs BO3HMKAKT B Haubonee ypa-
NEHHBIX OT HYNEBOW NMUHUN TOYKaX NONEPEYHOro CEeYEeHNS.

[Ans ceyYeHnid Kpyrnoro CnioLwHOro, KOnbLUEBOro, KBagpaTHOro M Apyrux ce-
YEHUW, Yy KOTOPbIX BCE LIEHTParbHbl€ OCY rfaBHble, KOCON N3rnd HEBO3IMOXEH.
PacueT npon3Bo4MTCS NO pe3yNbTUPYOLWEMY N3rndatoLLEMy MOMEHTY

M, = Mz + M,

Kak B criyyae obbl4HOro nnockoro narnda

maxo = My m [o].
WU

Ycnoeue npumepa

i e ]

Sk

HepesaHHas Ganka nNpsMOYronbHOro NnonepeyHoro
ceyeHus t x h (puc. 2.1) nogsepraeTcsa CNOXHOMY W3rn-
Oy. Tpebyetca nogobpate pasmepbl CeYEHUA U3 YCro-
BWSA NMPOYHOCTM NO HOPMasibHbIM HanpsXxeHuam. Jonyc-
kaemoe HanpskeHune [o]=12 MfMa= 12 kHicm®. — -
OTHOWeHWe nonepedHbiX pasmepos h / t=1,5. JluHen-

Hble pasmepbl 6anku n Harpyska AaHbl Ha puc. 2.2. Puc. 2.1. Mone-

pe4yHoe ceveHne

20

~~

Ay enasHas nnockocms YO
‘ e

anaesHas nnockocme X0Z

.
'

Puc. 8. UcxogHele aaHHeIe: 8 — 3anaqHan Banka; 6 — pacyeTHas cxema
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Pacyem

1. MocTpoeHne anp M3rndarwmx MOMEHTOB BbINONHAETCA 0ObIYHBIM OG-
paszom B nnockocTax X0Z m YOZ (puc. 2.3).

a AY

Ray= 6,428 kH 1
MM o Rey= 3,572 kH

*H._‘H_ H 1 an. My

3,214 [kHMm]
X :
6 A :
R = | |

2o Rz LA e b Ruxd4,286 k4

A . e ) <

B

m; 7 *s__&
) I.,»'n2 — - ERIRIE
E ! Z

0,857 b 1,714 0. My

R W% [KHM]

Puc. 2.3. 3nopbl usrmbaromx MoMeHToB: @ — B nnockocth YOZ: 6 — B nnockoctn X072

2. B paccMaTtpuBaeMoM Cny4ae yCroBve NPOYHOCTA MMeeT BuA:

max o = x| [My]

W, "W, m [o] , (2.1)

rae |MX|, |My| — abCconTHbIE BENUYUHBLI U3rMbaroWmx MOMEHTOB B OMACHbLIX

ceyeHuax Ganku; Wy, Wy — MOMEHTbI CONPOTUBNEHUA OTHOCUTENBHO NABHbIX
LIEHTPanbHbIX OCEN CeYeHus.

Ycnosue npoyHocTu npeodpasyem k Buay, YAOOHOMY ans pacuyeta. MomeH-
Tbl CONPOTUBNEHNA BBIYUCNAOTCS MO DOPMYaMm:

th? t° h
W, =— W, =—"" 2.2
x="g Y =5 (2.2)
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M h
BbiHOCA 3a ckoGKy cnaraeMoe |W_X| W yUNTbIBAA, UTO ¢ = 15 nonyumm,

X :
maxc = %(1 +15 %} m [c], (2.3)

OTKyAa pa3mep h BbipaxaeTcs Kak

hi 3M{1+1,5M} (2.4)
[5] Vx|

OnacHblM ABNAeTCA ceyeHue mq unn me (puc. 2.3, a, 6). Mo ceyeHuo my
Nony4um

2 2
Bl i/9 3,214 10 [1_'_1,50,857 10

=15 cm.
3,214-102J

7

B ¢cBOK ouepenb no CeUYeHuo m;

2 2
hol i/9 1428 -10 [1+1!51,714-10

1’428.102J ~14,4 cm.

]

Mveem aBa pesynbTaTta: cedeHne my f hy =15 cm; t; = 16/1,5 = 10 cm; ce-
yeHne mxtho =144 cm;, t = 14,4/1,5 = 9,6 cm.

EcTecTBeHHO npuHMaem Gonblumi us pasmepos tx h =10 x 15 cm.

3ameTum, 4To AN 3NEMEHTOB KOHCTPYKUMA U3 ApeBeCUHbl BbIYUCNAEMbIE
pasmepbl NPUHATO, NO TEXHONOIMYECKUM COOOPANKEHNAM OKPYIMNATE OO UENbIX
caHTUMETPOB B OOMbWY CTOPOHY. Hanpumep, nycTe pac4yeToM NoNyYeHsbl
pasmepbl h = 21,3 cm, £=12.6 cm. CneayeT NPpUHATL h =22 cm, £ =13 cm.

3. MNocTpoeHue 3nopbl HOPMAanbHBIX HAMPSXeHWA B ONacHOM CeYeHUn m.
MNpeagBapuTenbHO NOACHUTAEM OTHOLLEHNE OCEBbIX MOMEHTOB UHEPUMIN

3 2 2
Jx:th 12 =h—=i=2,25.

Jy 12 £h 102

Toraa nonoxeHue HyJ'IGBOI7I JVUHHUKA B CeHEHNN onpeaennTCca Kak

My| Jx 0857

My| Jy 3214 225=06.

th(.O =

20



Yron HaknoHa HynesoW nMUHUKM oy =31°. 3nwpa o jaHa Ha puc. 2.4.
HanpsskeHnsa B OnacHbIX TOYKaX CEYEHUA

1+1,5M =1199 kHlcm? =12M/a .
3,214

1

AY
KR &2

max —~ _

+9-3,214-102
min - 153

O[] : F®
on.c :
(Mrla) ' /ﬂao=31°
12 i
) AR o _ﬁ, X
= : M.
o oE | EHO|
s Euﬁﬂﬁ ' 5
o
12

Puc. 2.4 3nwopa HopManeHsIX HANPAEKEHWA G M NONOHEHWE HYNEBOW NMMHMK

2.2. 3apaya 13. CnoxHoe CONpPoTUBIIEHUE XeCcTKoro 6pyca

OcHo8HbIe NoHAMUS

B cnyyae coBmecTHOro gencrema Ha Ganky kocoro usrunba n oceBoro pac-
TSXKEHWUA UK CXKaTWs B COOTBETCTBUM C MPUHLUUMOM HE3ABUCMMOCTU AENCTBUA
CUN HOpManbHbIe HanpPsXXeHUs B NPOM3BOMbHON TOYKE NOMNEPEYHOro CeYEHUs C
koopauHatamu (X, y) onpeaensoT no popmyne

c=06y+oy +0 =—+%y+—yx
NTOm, M, = 7. J, .

[na cTepxHen n3 matepmanoB, OAUHAKOBO paboTatolmMX Ha pacTaKeHne u
cKaTtne € nonepeyvHbiMA CeYeHUSMU, VMEKLWNMA YrmoBble TOYKK, paBHOyAa-
NEeHHbIE OT rNaBHbIX OCEN (Hanpumep, NPSAMOYroNbHUK, ABYTaBP), YCnoBue
MPOYHOCTU UMEET BUA
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maXG=ﬂ+%+% m [o].
x y
Hynesas nuHus npu gencteun usruba C pacTsaXeHUEeM WU CKaTUEM He
MPOXOAMT YEpes LEHTP TAXKECTU NONEpPeyYHoro ceyeHna. AGCONITHBIE BEMUYN-
Hbl OTPE3KOB &, W a,, OTCEKAEMbIX HYNEBOW NUHWEN Ha OCHAX KOOPAMHAT, ornpe-

AENATCA N3 Bblpa)KEHMﬁI

N Jyl [N
asz A=Mly|

y y

N J, N -
a, =|—X=|—2
¥ M, A MXX

rAae iy W iy — rnaBHble paguycbl MHEPLMU CeYEHUS.

B cnyyae, korga napannenbHas OCU CTEPXHSA Harpyska npunoXxeHa BHeLeH-
TPEHHO (C 3KCLIEHTPUCUTETOM), BO3HUKAET 8HEUEHMPEHHOE pacmsaXeHue (CXa-
mue). BHyTpeHHune ycunus:

N=F, M=Fys, M,=Fx,
roe F — BEnUYMHAa NPUAOXKEHHON CUNbI; Ve U Xg — KOOPAWUHATBI TOYKA NPUMOXe-
HWUA Harpysku. HanpsxeHna B NPOU3BONbHOW TOYKE CEYEHWS BbIMUCNAOTCH MO

hopmyne

N X
&= —| Te<Lar+ Ye y .

.2 2

& Iy
Boinyknasa obnactb BOKPYr LEeHTpa THKECTU CEYEHUS, BHYTPW KOTOPOU npu-
NOXEHWEe Ccurbl F BbI3bIBAET BO BCEX TOYKaX MONEPEYHOr0 CEYEHUs Hanpsxe-
HWS OAHOroO 3Haka, HasblBaeTcs A0pom ceqeHus. [ns NOCTPOeHusa sapa cede-
HUS HEOBXOAMMO 3a4aTbCA Pa3NMYHbIMUA MONIOKEHUAMWU HYNEBOWA NIMHUKM, NPO-
BOAA €€ KacaTernbHO K KOHTYPY W HUr4Ee HE nepecekas ero, U Bbl4UCIUTb KOOop-

AUHATBI COOTBETCTBYHLLUX TOUEK NPUAOXKEHUS CUIbl N0 popMynam:

.2 .2

__lx _ly
yn_ ) g T .

ay ax

BblYNCNEHHBIE TOYKU ONpPesenstoT
KOHTYP SIAPa CeYeHus.

Ycnoeue npumepa
Ana Opyca onpegennTb rpy3onofb-
emHocTs [F| npw Ky = 05, K, = 2;

[c]=20 Mrla = 2 kHicm* u3 ycnosus 2 b Lslsl s
MPOYHOCTU MO HOPMarbHbIM Hanpsxe- 75 175
HUSM. CXema MonepeyHoro CeYeHus &3

nokasaHa Ha puc. 2.5. Cxema Opyca u Puc. 2.5. lNMonepe4Hoe ceveHune (pasmepsbl
Harpysku gaHa Ha puc. 2.6. yKkasaHbl B CAHTUMETpaXx)
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i F1=K1F=D,5F

v — Fa=KaF=2F

Puc. 2.6. CnoxHoe conpoTuBneHue xecTkoro bpyca: a — 3agaHHas cucre-
Ma; 6 — NpuBeeHMNe CUN K rNaBHbIM OCAM; 8 — 3MNH0PbI BHYTPEHHUIA YCUNIA

Pacyem

1. FEOMeTpW-IeCI{I/Ie XapPaKTeEPUCTUKN CEHEHNA.

B cuny cummeTpun cevenmnsa ocu X Cy, — rnasHble.
Mnowaab A=35-15-2-10-5 = 425 cm°.

[ naBHble LI,eHTpaJ'IbeIe MOMEHTLI wHepumw:

3 3
:35 16 _2_10 5

J oY
® 12 12

— 9635 cm*:
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35%.15

J.‘/c 12

3
2{1012'5 +10° -5-10J=42760 cm®,

MomMeHTbI conpoTueneHnA:

Je 9635

W, = =1285 cm’;
¢ ymax 7'5

J,. 42760 5

W, =—fc - — 2443 cm°,
Yo x 17,5

max

Pagunycel uHepuumu:

J J
iy =1/ %, [ =476 cM; i, =42 =1}42760 =10,03 cm.
. A 425 % A 425

KesaapaTbl pasnycoB UHEPLWMN:

Xmax= 17,5 cm

iz, =476% =2266 cm’,

i2 =10,03*=1006 cm”.
c
2. NpnBeaeHne BHELLHWUX CUN K rnas-

HbIM OCAM TOPLIOBOrO CEYEHUA KOHCOMM
(puc. 2.7).

MNepeHoca cuny F, =2F k ueHTpy C

CEYSHMS, MOMyYaem SKBUBANEHTHYH Cu-
CTEMY Harpy3oKk Ha TOpLE KOHCOMM,

Puc. 2.7. lNpuBeneHne Harpyskm K
BKMKOYAOLWLYO CUNY 2F W MOMEHTbl OT-  rnaBHbIM OCAM TOPLIEBOrO CEYEHUA

HOCUTESNBbHO OCEN X, W Y

m, =2FY . =2F - 7,5 =15F kHewm |
m,, = 2FX .y = 2F 17,5 = 35F kHem .

3. MNocTpoeHune anop ycunuii (puc. 2.6, 8).
Yvyactok SL.

N = 2F = const — pacTaxeHue,

M, =m, =15F kHcm = const — pacTaHyTbl BEPXHWE BONOKHA;
M, =m, =35F kHcwm = const — pacTaHyTbl NpaBble BOMOKHA.
YuacTtok ApS.

N = 2F = const — pacTaxeHue,

M,=m, +Fz, =15F + 0,5F -z, — pacTAHYTbl BEPXHNE BOMOKHA;
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M, (0) =15F kHcwm ;
M, (80)=15F + 0,5F -80 = 55F kHcwm ;
M, =m, =35F kHcm = const — pacTaHyThl

MpasBble BOMOKHA.

4. Ycrnosue NpoYHOCTU AN9 ONacHOW TOYKM
ONacHoOro ceveHns A,.

B yrnoBbix TOuYKax noOKasaHbl 3HAKW HOp-
ManbHbIX HanpsekeHuid ot N (), Mx (O), My (A).
OnacHon asnsetcs Touka f (puc. 14).

Ycnosue NpoYHOCTU ANS ONacHOW Todku f
NMeeT BUA

Puc. 2.8. Onpeaenexve onac-
HOW TOYKK B ONACHOM CEYEHUMU

M
maXGf=%+xx +W—ym[6]. 4.1)
X

Yc

Mpwn nogcTaHoOBKE B YCrOBUE NMPOYHOCTU BHYTPEHHWUX YCUMWNA B ONacHOM Ce-
yeHun N = 2F, My = 55F, My = 35F nony4um

[F] = it ’ il 323 KH.

5 4 55A 35A 2(1+55-425+35-425]
+2ch +2ch 2-1285 2-2443

Utak, ponyckaemaa  rpy3onofgbeMHOCTb  COOTBETCTBYET  Harpyske
Fi1=05F=16,15 kH, F, = 2F = 64,6 kH.
5. MNMocTpoeHue aapa ceveHns (puc. 2.9).
KoopauHaTtbl yrioBbIxX TOYEK gapa B 0CAX XcCye BbIMUCTIAOTCA NO (DOPMynam:
2 2

i
Xg=—2%  Yp=—2%, (2.6)
a, ay
A VG rae ax, @y — OTPE3KN, OTCEKAEMbIE
11l 1 Ha rnaBHbIX OCAX KacaTenbHbIMU K
I I KOHTYPY CEYEHUS HYNEBbIMWA -
9 5 Huamu I, II, I, IV, oTkyga nony-
g 43,02 . UMM KoopAauHaTbl Todek 1, 2, 3, 4.
313,02 “xc Hanpwmep, 3apaB Hynesyw nu-
2 4 HUtO 11, umeem ax=+175 cm,
Y Bt e IV ay=x, TaK YTO KOOPAMHATbI TOUKM
17,5 17,5
11 I 1 Xq = o -5,74 CMm;
17,5
Puc. 2.9. Aapo ceyeHuns (pasmepbl ykasaHbl B 2266
caHTUMETpax) y,=————=0 uT. a. KoopauHa-
o0
Tbl TOYEK:
T.2(x2=0; y» =+ 3,02 cm);
T.3(x3=+574 cm, y3 =0);
T.4 (X4 =0; ys =— 3,02 cm).
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2.3. 3apava 14. NpoBepKa NPOYHOCTU CTEPXKHA KPYrNOro nonepevHoro
CeYeHUsA Npu CroXKHOM HanpsAXXeHHOM COCTOAHUMU

OcHoe@Hble noHsTMUus

OpHoBpemeHHoe AeWcTBue narnba n KpydveHus NPpMBOAWT K BO3HWKHOBE-
HUIO B OMACHOW TOUKEe NMONEpeyHoro ceyeHusa Opyca NNOCKOro HanpaXeHHOoro
COCTOSIHUS, NO3TOMY ANA ONPefeneHua 3KBUBAMEHTHOrO HaNPSKEHUS G, Ye-
pe3 HopManbHbIe ¢ W KacaTerbHbIE T HANPAXEHNA UCNONb3YOT OAHY W3 Teo-
pUIA NPOYHOCTH:

1. Teopma HanbonbWMX HOPManbHbIX HaNPHKEHWN (418 BECbMA XPYMKUX W
AOCTAaTOMHO OAHOPOAHBIX MaTepUanos — CTEKNO, FUNC, Kepamukay):

O'L = %|:0‘u +\/0'§ + 4r§} m [c].

2. Teopus Hanbonbwunx yanuHeHun (gopmyna CeH-BenHaHa — ana Xpynkux

MaTepuanocs):
ol = [0,350,, 108502 + 413] m [o].

3. Teopua HanbonbwKX KacaTenNbHbIX HANPSHKEHUA (418 MaTtepuanos, oau-
HaKOBO CONPOTUBNAOLLMNXCA PACTAXKEHUIO U CKATULO):

ol = \fcﬁ + 4r§ m [o].

4. JHepreTndeckan Teopusa (KOUTEPUIA yoenbHOW NOTEHUMANLHOW 3HEepruu
(OOPMOU3MEHEHNS — ANA NNACTUYHBIX MaTepuanos, OAMHAKOBO CONPOTUBNA-
LMXCA PACTHKEHNUIO U CKATUIO):

ol =462 + 312 m]ol.

5. Mvnotesa npoudHoctn Mopa (ans matepwanos, VMMEKLWNX Pa3NNYHYIO
NPOYHOCTb HA PACTAXEHME U CXaTue — NernMpoBaHHasa CTanb, YyryH, HEKOTO-

pble cnnasbl).
GX = 1—2m G, + 1+2m \165 +4T£ m [o],

roe m — OTHOLWeHWe npeaenoe NpovYHOCTH Ha pacTAXeHWe N CxaTue.

Ycnoeue npumepa
Ans koHCTpyKuuMmn (puc. 2.10), y KOTOPOW y4acToK Aqg—B Kpyrnoro ceveHus, npo-
BEPUTb NPOYHOCTL B ONACHOM TOUKE yuacTka A—B npu [o] =160 MiTa = 16 kHIcw.
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F2=418 kH

418

Puc. 2.10. CnoxHoe conpoTUBNEHNE KPYrNoro CTEPXKHSA. a — 3aaaHHan
cuctema; 6 — pacyeTHas cxema; 6 — anpbl BHYTPEHHUX YCUMUIA
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Pacuem
1. MocTpoeHue anop ycunuii Ha yvactke Ag—B. lNo puc. 2.10, 6 umeem cne-

AyioLLee.
Yyactok S-B: 0m z; m 0,5 m;

N, =3 F” =-F; =-418KH = const — cxartue,

My, = > mP =-F,z, =-12z, — pacTaHyTbl BEPXHNE BONOKHA;

M, 0)=0; M5 =-12-05=-6kHm,

M,.,=0=const,

M,y =Mqp =2 mP =-F,c=-12-0,4 = -48KHwm = const .

Yyactok Ag—S: 0 m zo m 0,3 m;

N,, = 2. F® =-F; = -418kH = const — cxatue,

chz;} =3 mP = -F,(0,5+ z,) = -6 - 12z, — pacTaHyTbl BEPXHWE BONOKHA;
M) = -6KkHM; M,g3 =-6-12-03 =-96KkHM,

¥(zy

My(z,) = 2.myF = Fz, =192, — pacTaHyTbl GNvKHUE BONOKHA,
My{l:l} =0; M}"{U'j} =19-03 =57 KkHM;

Myz,y = Myp =3 m3P = -Foc = -12-04 = -4,8 kHm = const .

B  paccmarpmsaemom
cnyyae BNWAHMEM none-
peyHbix cun Q, u Q, npe-
Hebperaem 13-3a Ux manon
BENWYKUHBI, NO3TOMY 3MHOPLI 3
Q. n Q, He npuBoAATCA.

2. YcTtaHoBneHue onac-
HOW TOYKM B OMacHoOM ce-
YEHUHN.

OnacHbim ceyeHnem
yyactka A,—B sBnsetcs ce-
yeHne Ao, (3awemneHue),
TaK Kak B 3TOM CEeYEHMN BCe
ycunua MMerT Haubonb-
Luee 3HaYeHwe. Ll

B ceueHuM [eiicTBylOT S
ABa un3rmbarowmx MOMEHTa
M, =9,6 kHm v M, =57 kHm,
BEKTOpHasa Auarpamma KOTo- «ON
pbIX NokasaHa Ha puc. 2.11.

PesynbTupyowmn unsrnbaro- Puc. 2.11. OnacHoe ceueHune Ao: a — K onpe-
LMA MOMEHT AnNS KpYrroro JENEHUNIO NONOXKEHWS OMacHoOW TOYKU, 6 —
ceyeHus HaNpsPKEHHOEe COCTOSIHNE B OMACHOW TOYKE

=30,70Q

d=16 cmM
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Moo = M2 + M2 = /9,62 + 572 = 1116 kHwm

M
1 B TOUKe f Bbl3kbIBAaET HOPManbHOE HaMpsHXeHne maxoc = —#”.
X
MNOCKOCTL U3rMba NPOXOAUT Yepes LEHTP TSKECTU CEYEHUS U ee Nonoxe-
HWE OnpesenaeTcs yrnom

B=90°- a’rcfgM = 59,3°.

M

3. MNpoBepka NPOYHOCTW NO TEOPUM HANMBONBLUMX KacaTenbHbIX HANPAXEHWI
(TpeTbA TEOPMA NPOYHOCTK).

B onacHouW TOouke f MOMUMO HaNPSXXEHWUS oy, BO3HWUKAET HOPManbHOe
HanpsXXeHne OT NPOoAONbHOW cunbl N =—-418 kKH N OT KpyTAWEro MOMEHTA

M., = 4,8 kHm, kacaTenbHOe HanpsaxXeHne
M,

Typ = .
w,
Kp

MonHoe HopManbHOe HanNpPsXeHWe B Touke f COCTaBUT

My, N 1116-10°kHcm  418kH

C=Cpy+0Oy=— ——= = —487 xHicwm,

w, A 402cm® 200 cm?
3 3
rae W, = nd = 31416 =402 cM’ — 0CEBOIi MOMEHT CONPOTMBREHUS KPYTMO-
32 32

nd? 314162

[0 MONEPEYHOro ceveHus; A = =200 cM® — nnowaab noneped-

HOIO CEeYEHUs.
KacaTtenbHoe HanpsxkeHue B Touke f cocTaBuT

My  48-10%kHewm

T, = =06 KHlcm?,
P W, 803,8 cm®
3 3
rane W, =W, = nd = 314-16 = 8038 cM° — NONSAPHLIA MOMEHT COMPOTUBIEHWNS.
LA [ 16

OKBUBAN€HTHOE HanpsxKeHue no TpeTbeIZ TeopUn NPOYHOCTH

G ake

N = /o2 + 412, = 4,877 +4.06% =502 kHicM® <[] = 16 KHICW’.

MpoyHocTe obecneyeHa ¢ 6onbWNM 3anacom.
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3. PACYETbI HA YCTOMYMBOCTb, AUHAMUKY N BbIHOCITMBOCTb

3.1. 3agayua 15. PacueTbl Ha yCTOMUYMBOCTb
LEeHTPaNbHO CXaTbIX NPAMbIX CTepPXKHEn

OcHoeHble noHamus

B cucrtemax, Haxogdawmxca B 4eopMmpo-
BaHHOM COCTOSHWW (Hanpumep, CxXaTblX),
ynpyroe paBHOBECWME MEXLY CuUNaMy BHEL-
HUMUW (Harpy3Komn) 1 BHYTPEHHUMW (YCUNUAMU)
MOXET ObITb KaK YCTONYMUBLIM, TaK U HEYCTOW-
YUBbIM. YNpyroe paBHOBECUE YCTOWYMBO, €C-
nn, HaNPUMep, CXartbi CTEPXKEHb NPU Masom
OTKNOHEeHUn OOKOBOW CUNOn P CcTpemMuTcs
BO3BpPaTUTLCA K NepBOHa4aribHOMY COCTOSA-
HWIO M BO3BpALL@ETCH nocne yaaneHus cunbl
P. Ecnn e nocne mManoro OTKNOHEeHUs (puc.

3.1, 6) v yganeHusa cunbl P CTepXeHb npo- Puc. 18. Ynpyroe pasHo-
AOMKAET WUCKPUBIATLCA, 3TO SIBNEHWE Has3bl- BecKe: a — yCTon4msoe;
BaeTca nomeped ycmoudusocmu AedopMu- 6 — HeycTon4MBOE

pPOBaHHOrO COCTOSHUA Tena (ABMNeHWe Bbiny-
yuaHus). MNMoTeps YyCTONYMBOCTM NEPBOHaYanbHON (POPMbl paBHOBECUS ANS
BONbLUNHCTBA 3MEMEHTOB KOHCTPYKUWMIA SIBMSETCHA NMPUYUHON UCYEpraHUa KX
paboToOCNOCODHOCTUN, YTO MOXET MPUMBECTU K KatacTpode BCEW KOHCTPYKLWN.
Cnyyaun Takne He efuHU4YHbL. Ta CKMMaloLLlas Harpyska, npyu KOTOPOM CKaTbli
CTepPXeHb nepectaeT OblTb YCTOWYMBBLIM B OTHOLIEHUM MOOOro masnoro oTKMo-
HEeHWs, Ha3blBaeTCA Kpumuyeckod cunou Fyp,.

lMycTb cxaTuo nogeeprarTca gBa ctepxHsa (puc. 3.1, a, 6) ns ogHoro
marepuana u o4MHaKOBOro NOMepeyYHoro CeYeHns, HO pasHon gnuHel. Oka-
3bIBAETCH, YTO KOPOTKUA CTEPXEHb BbILEPXWUT Harpysky F; 66nbLUyto,
HeXenu AnuHHbIA (F1 > F;). 3TO 0OBACHAETCA TEM, YTO KOPOTKUA CTep-
XEeHb NPoOAOMKaeT, ocTaBaACh NpAMbIM, paboTaTe BNAOTh 40 paspylleHus
MaTepuana u Ans Hero KpUTUYECKON CUNON ABNAETCA F1p = AGon, TAE Gop —
ONacHOe Ans AAaHHOro mMaTtepuana HanpsxeHue (4Nns XPynkoro — npegen
MPOYHOCTU Gpy P Cgp, ANA NMACTUYHOIO — NpeAen TeKy4yecTu o:), A — nno-
Waab nonepevyHoro cedeHus. [pyu 3arpyxeHuu Xe AJIMHHOMO CTEPXHS
Harpyska F, He ycrneBaeT [JOCTUrHYTb 3Ha4YeHus Fq,, Tak Kak Ao 3TOro
CTEPXEeHb BbINYYUTCA (NOTEPAET YCTOMYMBOCTL), T.€. AOCTUMHET KpuUTnye-
CKOro, onacHoro pAns cebs 3HavyeHus Harpysku Fa.,. Hackonbko onacHo
NPUBMIMXXeHNe BENNYUHbI Harpy3kn K 3HaueHuto F, BUAHO U3 puUc. 3.2, rae
NMPeBbILLEHNE Harpy3kow 3HaveHus Fu,, BCEro Ha 6,3 % Bbi3biBAET OrpoMm-
Hble gedopmauun (Nporubel), T. €. N0 CYLLECTBY KaTacTPOUUECKYH) CUTY-
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Fo=Fip auuto. 'posHoe aeneHne! Y1o n BbINO NPOLEMOH-

F2=1,063Fy  cTpupoBaHO KpylweHWeM OrpoMHOro mocTa (r.
-1 ) KeeGek, KaHapa). WUTak, yCTOMYMBOCTb CXaTbIX
: 7400 CTEPXHEN NPU NPOYUX PaBHbIX YCNOBUAX ONpege-
! h nAeTea uMX ANWHOW, YTO XxapaktepusyeTtca 6es-
a | - Pa3MepHOW BEINUYMHOW, TaK Ha3biBAeMOWN TrMOKO-
& CThiO
(@]
N/ kz”—g, (3.1)

Puc. 3.2. Moteps
YCTOWYMBOCTH rae o — KO3a@dmuUuMEHT, ydnTbiBaOWWMA Cnocod 3a-

KPENMEHNS! KOHLIOB CXATOro CTepXHS (ko3dhbdouumeHT
NnpMBEAEHNS ANWHbI), ONPEfEnseTCa COrnacHo Mpwn. 1, pUCYHOK, P — peantHas

ANVHA CTEPXKHS; / = \/% — paauyc Hepuwu; J — MOMEHT MHepuun; A — nnowaab

nonepeyHoro ceveHus. C TOUKN 3peHUst TMOKOCTI Ay, CTEPXKHM NPUHATO Nogpasge-
NATb Ha TpW KaTeropuu (puc. 3.3): CTePKHU BOonbLLIOW rMOKOCTN (kcm2 hnp), CPELHEN
FMOKOCTU (Ag < g < Ap) M1 MANON TMOKOCTU (A < LAg), TAE ANSA CTEPKHEN 13 MANO-
yrnepoauctomn ctann Ct3 4g = 60, npeaenbHas rmbkocTs

. 1°E 10-2-105Ml7a~100 6.2)
" Non \ 200M72 '
Gup, MIa \
400 T \\ , runepbona Jiinepa
300 + npsmas HCMHCKO\FO \
O+ ! - \
Gnu=200 e ——— _:. ......... -
i E
100 T : I
| ;
1 1 1 1
0 50 %o =100 150 A

Puc. 3.3. 3aBMCMMOCTb MEXAY KPUTUMECKMMIM HANPSKEHUAMM
M TMOKOCTLH CTEDKHA M3 ManoyrnepoancTon cTanm
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Mpu BblvUCcneHun koadprumeHTa 3anaca ycToninBocTu Ky, = Fy, / Fpas ANA
cXKaTblX CTEPXHEW KpUTUYeckaa Harpyska F, B 3aBUCUMOCTU OT MTMOKOCTU Ay
onpeaenseTca no hopMmynam:

— NPy Aey < Ao Fip = Ao,

2
= NPW hem= Anp Fp :% (bopmyna 3unepa), rae Jmin — rMaBHbIA MO-
e
MEHT UHEPLUUN CEHEHNA.
Nns Ct3 a = 310 Mida = 31 kHfcm?; b = 1,14 MlNa = 0,114 kH/cm®.

Ycnoesue npumepa
Ana ueHTpanbHO CXKaTon CTanbHOW CTOWKW, 3aKpenneHHOW B COOTBETCTBUN
c puc. 3.4, npn [c] = 160 Mla, TpebyeTcs:
1) U3 ycrnoesua yCTOWYMBOCTU ONpeaenuTb rpy3onogbeMHOCTb [F] CTOWMKW,
NMEIoLLEe nonepeyHoe ceveHne B suae asyTaspa 1 Ne 30;
2) HaWTWN KPUTUYECKYIO CUNY Fy, N KO3 ULMEHT 3anaca no yCTONYUBOCTH;
3) 3arpy»as CTOWKY HarpyskowW [F], onpegeneHHon B N. 1 gaHHOW 3agauw,
nogobpartb nonepeyHoe cevyeHne B BUae:
a) KonbLa € COOTHOLWIEHNEM BHYTPEHHEINO U HaPYKHOTrO AnameTpos o = 0,76;
0) COCTaBHOrO ceyeHust U3 AByX NpokKaTHbIX npocdunen (nogbop ceveHns

NPOBECTU UCXO/AA U3 YCNOBWSI PABHOYCTONYMBOCTN B 0BEUX NNOCKOCTSAX: Ay = Ay ).

Pacuyem
1. B COOTBETCTBUMN C XapakTepoM 3aKkpenfneHUs KOHLUOB CTOWKW ycTaHasmnu-
Baem KO3(PPULUMEHTBI NpMBEAEHUS ANWHbI (PUC. 3.4): NPU BO3MOXXHOM BbiMNy4dK-
BaHuKM B nnockoctn y0z Gepem p, = 0,5, B nnoc-
kocTu xe x0z — n, = 0,7. [lonyckaeMasn Harpyska rz Tz
onpegenderca no opmyne l E
A

G Zi/-\ < [ol, (3.3) .
P s l
. <
NPUMEHAEMON B MpakTU4eckux pacyetax Ha @ 7/ Y
YCTOWYUBOCTb. A )
Torpa [F] < 9A[o], rae A — nnowaab none-
pPeYHOro cedeHuns; ¢ — Koa@OUUUEHT NPoAOAb- O

HOro mnarmba (KoopOUUNEHT CHWKEHWH OCHOB-
HOrO A0NYCKAEMOro HanpsXeHws), 3aBuCALLnin w,=0,7 1x=0,5
OT rMOKOCTU 1 MaTepuana CTOMKMN.

HaunHaem ¢ onpeaeneHvs rubkocten B
obeunx rnaBHbIX NNOCKOCTAX CTOWKA.

Puc. 3.4. PacyeTHble cxeMbl
CTOWKK
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FeomeTpuyeckue xapaktepuctuku asytaspa 1 Ne 30 (TOCT 8239-89): nno-
wanb A = 46,5 cm?; paguychkl uHepuun i, = 12,3 cm, i, = 2,69 cm (Nnpun. 2).
Toraa rudkocTu

ny! 07-340cm

=1235; &, =—
/ 269cm

u/ 05-340cm

Ao =
X 123cm

=632.

X y

Onpegensem [F] no Hanbonbwen rmdkoctn. U3 Tabnuubl k03hUUMEHTOB ¢
(npwn. 1, Tabnuua) nyTem NMMHENHON UHTEPNONALUUN YCTAHABITUBAEM (grn NPU A, =
=63,2 (puc. 3.5):

0,86 - 0,81

Dy 4 —
Pom = Ppn + %(kn —Aem) =081+

(70 -63,2) = 0,844,

crnegoBaTenbHo,

_ F]m 0,844-46,5-16 = 628 kH.
on1=0,86  Pem=? [~ ]m

Hanee onpegenum KO3 OULUMEHT
3anaca yCTOM4uBOCTM AN PacCMOTPEH-
HOW BbIWe CTOWKW. Tak Kak HaubonbLlias

Ap1=60  3m=63.2 =70 A MOKOCTb CTOWMKWM MEHbLUE NpPeaenbHON
| 10 | Ana ee matepuwana, kotopasa ana Crt3,
3 ) Kak OTMe4yanock paHee, pasHa 100, Kpu-
Puc. 3.5. JluHenHas nHTepnonsaums TUYECKYIO CUMY onpeaensem no dopMy-

ne ©.C. AcuHckoro;

Fp =(@-br)A=(31-0114.63,2)-465=11065 kH.
KoatppuumeHT 3anaca yCTon4mBoCTH

_Fp 11065

= =176.
em [F]1 628

2. Moa6op pasamepos CTONKK KOMbLEBOro CeMeHna (CtanbHasa Tpyba).
OnpenennumMm reoMeTpUYECKUE XapPakKTEePUCTUKU cedvyeHna (puc. 3.6) npwu

a=L_076.
D
2 2 2
Nnowagb A = "2 - ﬁj = “f (1-a?) = %(1 ~0,762)D? = 0,332D?,

{ A
orcioga D= |—— =17364/A.
A 0,332
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TCD4 4
1_
64 %)=

Paawycbl nHepuum i, =i —1—\/7 1/(1+076 )=0312D.

N3 cpopmynbl c=i < [o]
PpA

314

MoMeHTBI MHepLMn J, =J, =J= (1 0,76)D*=0,0327D".

nmeem A | i
olo]
34eCb Hewn3BecCTHbl Koaddn-
UMeHT ¢ W nnowaae A, nostomy
pewaem 3apavy cnocobom nocne-
AOBAaTENbHbIX NPUONUXEHWIA.
Mpumem Harpysky F = [F] =
= 628 kH. Ana HavanbHOro npubnu-
XEHWUA onpeaenum anametp Dg npw

=1 A _%_ 39,25 cm” v, cne-

AOBaTEnNbHO, WCXOAHBIA SuaMeTp Tpybul D, = 1736,/ A, =17364/39,25 =109 cm.
QueBnAHO, YTO AEUCTBUTENbHDLIA AUaMeTp TPyDbl C Y4EeTOM rMOKOCTU CTOWMKW A,0M-
¥eH OBbite Gonbwe D, T[llonbiTaemca 3apgate Dy =13 cm. Toraa nnowaab
A, =0332D? =0,332-132=5611 oM’ pamuyc wHepum =0312D, =
=0,312:13=4,06 cM, Hauwbonbwas rMOKOCTb CTOWKU lma,(:%:%ﬁz.
MyTem nuHerHon HTepnonsauMKn no Tabnuue koadpduumneHTos ¢ (Npyn. 1, Tabnuua)

MOMYHAM: (P = Pgg + W(so —58,62) = 0,86 + W%S - 0,864.

Puc. 3.6. MNMonepeyHoe ceveHne TpyBuyaTomM CTOMKK

Tenepb NPOBEPUM HANPSKEHNSA'

F 628

LA =12,95 kHicm® < [c] Ha 19 %,
oA 0864 5611

YTO, KOHE4YHO, NPOYHO, HO paCTOMNTENbHO.
Dy+D, 109+13

=1195 cm.
2

Tenepb nonbiTaemcA 3ajaTb AwameTp D, =
Mpumem D, = 12 cm. [NpoBeprUM 3TO CeYEHue.
Mnowaab A, = O,332D22 =0,332-122 = 47,81 e, paguyc HepLUn

i=0,312D,=0,31212=3,744 cM; rMOKOCTb CTONKN X a0y =m=63,57. Mo Tab-

3,744
0,86-0,81
nvue npun. 1 nony4um (.pcm=0,81+T(70—63,57)=0,842. CnepoBarensHo,
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F 628

c=—-= =156 kHIcM” < [o] Ha 2,5 %.
oA 0,842-4781

MpuHato D =12 cm. Tak kak d = aD =0,76-12 = 9,12 cm, npyumem d = 9 cm.

CpaBHuM TpyBuaTyto croitky no macce ¢ I Ne 30, ans kotoporo macca oa-
HOro MOrOHHOrO MeTpa cocTaenseT 36,5 ke, Tak YTO ABYTaBpOBas CTOMKa Mpwu
anvHe P = 3,4 m umeet maccy Q; = 36,5-3,4 = 124 1 k2. TpybuaTasa cTtonka npm
NPUHATBIX pa3Mepax cevyeHnsa MMeeT 0Obem

2 2 24
VTP g2y 2314127 (9 ) a40 2168147 o,
4 4 12

Mpw nnoTHoCTK cTann vy = 7,85 alem® macca TpyObl COCTaBUT
Qmp=vV=7,85-16814,7 = 131995 & = 132 Ke.

OTcioaa BUAHO, YTO MpUMEHeHue Tpyb4yaTon CTOWKW B CpPaBHEHUU C OAM-
HOYHbIM [BYTaBpPOM B YCMOBMAX O4WHAKOBOW HArpysku u crnocoba KpenneHus
MX KOHLOB NPUBENO K HEKOTOPOMY nepepacxoay metanna (okono 6 %). OgHako
npu O4WHAKOBBLIX YCMOBUAX KPEMNMEHUs KOHLOB TpybuaTon CTOWKW B rMaBHbIX
NNOCKOCTAX, OHA WA EarnbHbIA PABHOYCTOWYMBLIA CTEPXKEHD (CTOWKA, KONOHHA).

[MopcumtaeMm KO3PUUMEHT 3anaca yCTOMYMBOCTM ANA 3TOW CTOMKU. Tak
KaK Acm < Agp d 100, TO KpuTHUeckan cuna no gpopmyne ®©.C. AcMHCcKoro pasHa

Fip =(31-0114.6357)-47,81=1136,7 KkH.
Taknum 06pas3oM, KOaPULNEHT 3anaca yCTONYNBOCTH

kb _11367

| yom [F] 628

- 3. Moabop cevyeHus CTOMKU U3 ABYX LUBENNEpOB

R (pyc. 3.7), CKpennsaemblX nnaHkamu.

x  a) Pacuyet oTHOCMTENBHO MaTepuansHOW ocu X.

3JTa 4acTb pacyeTa npegHasHadeHa gna noabopa

KOHKPETHOro LUBennepa M3 YCrnoBUA YCTOWYMBOCTM

|l OTHOCWUTENbLHO OCK X (B nnockoctu y0z).

\M CHavyana opueHTMPOBOYHO MPUMEM ¢ = 1 1 NOJy-
YM:

WwBennepsbl
(BETBM CTOMKN) AMPEG F 628

> =
e ple] 1-2-16

=181.

-

-196 cv*

Puc. 3.7. Cronka u3 aByx
LBennepoB
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Mo HaWgeHHOW nnollagn ceveHus A, U3 COpTaMeHTa BO3bMEM LUBENnep
C Ne 18, aons koToporo A, = 20,7 oM, Zo=1,94 cm, paauycbl MHEPUWK i, = 7,24 cM,

iy = 2,04 CM, MOMEHTBI MHEpLMK J /¢ = 1090 cm”, J1*® =86 cmr’.

Tenepb NPOBEPUM NPUHATOE CEUEHME.
MbkocTb

u./ 05-340cm
}\"X = - =
: 7.24cm

X

=23/48;

koapduuneHT ¢ (npun. 1)

0,96-0,94

¢, =094+ (30-23,48)=0,953;

U HanpsKkeHue

F 628

o= = =15,92 kHicm®.
0,24, 0953.2.207

BosHukarowee HanpaxeHne meHbwe gonyckaemoro Ha 0,5 %. Utak, npuHs-
T0 cevenne ua 2 L Ne 18.

Ecnun okaxetca, uto 6 [o] £ 5%, Heobxooumo ncenegosats 4pyrne npoounn.

6) PacueT oTHOCMTENEHO CBOOOAHONM (CKBO3HOM) OCH V.

Llene aToW YacTu pacyeTta — yCTaHOBNEHNE WNPUHBI CEYEHNA CTONKM U3 YCno-
BMA €€ paBHOYCTONYMBOCTM B nnockoctn x0z (puc. 3.8). Ha ocHOBE OnbiTa Npoek-
TUPOBAHNA CXaTLIX CTEPKHEW (CTOEK, KOMOHH) Ha MnaHKax NpuHUMAalOT MOMEHT
WMHEPLMU COCTABHOIO CeYEHNHA OTHOCUTENBHO OCH ¥ B BULE COOTHOLLEHWA

zt z*
cm cm _
Jym =124, ) IEB% kH |F
cm we 2 ‘ v
rae  (puc.  3.9)  J)" =2(J,° +a"Au), T Ly
1 1
JIM =2J%°  a — pacCTosHNe MeXay OCbl Y > ! ;I—>
CTOWKN W COBCTBEHHOW LEHTPanbHON OCbIO Ve 7 / y . ]— X
3anuwem Tenepb YCNoBWE PaBHOYCTOWYM- \ |
BOCTU B BUAE 0 0
Yy P
2(Ji +a”ALe) = 1220, ux=0.5 .
OTKyaa Puc. 3.8. PacueTHasa cy
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1,2J;u3 _J;Ue . . : :
al T = 122, ~ e = 12:747 2047 =784 om.
we

MNpumem a = 8 cm.

A
: Y . [MpoBepym HanpsxkeHus. [pyn npuHATOM a = 8 cv
ywﬂ? L Yue MOMEHT MHEpPLUWUN CTOWKM OTHOCUTENbHO CKBO3HOW
gy n = ocn y JO™ =2(86+82.207)=28216 cu’, pagmyc
1k ’Jcm
5 1 | MHepLMn cTokn g™ = |=X— = f2821’6 =826 oM,
e Il Aom  V2:207
T ! i 5 L f .
Zoy o | 207194 oM rpGrocTe A = Myt 07340 28,8, koadu-
ozl L Dz iﬁm 8,26
b; C > b=1lcm UMEHT NpofonbHoro narnba ¢ onpegensem no
G Tabnunue B npwn. 1
B=2612 cu 0,96 _ 0,94

P = 0,94 + (30 - 28,8) = 0,942

Puc. 3.9. lNonepe4Hce ceverHve
CTOMKW

HanpsikeHnsa B 3TOM cry4yae coCcTassaT

628

o= =16,1 kHlcM* > [6] Ha 0,64 %.
0942-2-207

3a3op mexay BETBAMWU CTOUKN € = 2(a — 2p) = 2(8 —1,94) = 12,12 cm > 10 cm.

WupuHa B=c+2b=1212+2-7=26,12 cm.

3aecb geTanbHOe NPOEKTUPOBaHNE CTOMKK (pacyeT MNaHoK, UX pacCTaHoB-
Ka B4OJSb OCW, KOHCTpyMpoBaHvWe Dalumaka, ororioBka u gp.) He obcyxgaetcd
Kak NpeaMeT Kypca CTPOUTENbHBLIX KOHCTPYKLWA.

[Mpn OKOHYaTENBHOM OMOPMIEHNN KOMNOHOBKK ceueHna (puc. 3.9) cnegyert
MMETE B BUAY, YTO 3a30p € MexXay BETBAMU LoMmKeH ObITh HE MeHee 10 ¢cm npu
nodom cocTase ceveHns (puc. 3.10).

Puc. 3.10. CxeMbl KOMNOHOBKU CEMEHUSA M3 ABYX NPOKATHLIX Npodunen
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Ecnn no pacueTy okaxeTcs, 4YTo ¢ < 10 ¢cM, 3a30P KOHCTPYKTUBHO YBENUYN-
BatoT 40 10 cm, Tak Kak HeobxoanmMo obecneunTb LOCTYN BHYTPb CTOWKW AN ee
OKpacKu (3awura oT Kopposuw).

CpaBHMUBas maccy CTOMKM M3 ABYX wBennepoB (6es yyeta Maccel NNaHok)
oBHapyXuBaem, YTo Macca ofuHoYHOro asytaspa L Ne 30 Q, =124,1 ke, a mac-
ca ABYXBETBEBOW CTOWKN Qc=2-16,3-3,4=110,84 kr, 4to Ha 10% MeHblUe Q.

3.2. 3apava 16. PacyeTnl Ha yaap

OcHoO8HblIe noHsIMUus

Yaap aBnaeTca O4HUM N3 pacnpoCTpaHEeHHbIX ABNEHMA, BOZHUKAIOWMX Npn
3KCANyaTaun BCEBO3MOXHbBIX KOHCTPYKLWA, COOPYXKEHWUA U MALLKH. ITO yaapsbl
CyA OB, NOABWMXKHOIO COCTARA XEene3HbiX 1 aBTOMOOWNbHBIX 4OPOr, yaapbl apT-
CHapsaoB o BpoHK, 3abuBka CBall U WNYHTOB, ApoOneHne KaMeHHbIX MaTepu-
anos U T. 4. Yaap — 3TO BECbMa CMNOXHbIA NPOUECC, Bbi3biBAKLWMA GONbLUNE
3aTpyAHEHUA B €ro U3y4YeHun WU, HECMOTPSA Ha ero BaXHOCTb, Teopusa yaapa
ewle He 3aseplleHa. OgHMM M3 (aKkTOPOB, OCMNOMHAKLWMX M3yYeHne yaapa, —
€ro UCKNKHYNTENBHAA KPATKOBPEMEHHOCTL (COTbIE W ThICAYHBIE 40NN CEKYHADI),
4YTO MNPUBOAUT K BO3HWKHOBEHWUK) OFPOMHbLIX YCKOPEHWA W, CrneaoBaTenbHo,
OrPOMHbIX cun. Hanpumep, ncnonb3ya NOHATUA UMMYNbCa CUMbl U KONUYECTBA
ABWXEHWA, U3 ypaBHeHNda HeloToHa F = d(Mv)/dt B popme

F-At = A(MV), (7.1)

rae F— cuna, At-— epemsa; M — macca Ttena; A(Mv) — nameHeHve konnd4ecTea
ABWKEHWA 3a BpemA Af, v — CKOPOCTb, NONYYUM:

a) npuW CTONKHOBEHWW aBTOMOOMNa Maccom M =2000 Ke Ha CKOpPOCTU
v=48 km/y =13 M/C C }ECTKOW CTEHON Npu ANWTEenbHOCTW yaapa Af=0,08 ¢
YCKOpPEeHWE (3HaK MWHYC, O3Ha4YarLWWA, 4TO Cuna F HanpasneHa B CTOPOHY,
NPOTUBONONOXHYI HAaNpPaBNEHUIO CKOPOCTU v, 34EeChb ONyCKaeTCH)

1

(0-13)|=162,5 micex’,
0,08

1
a=—I\v,-v)=
Lo v
TaK uTO cUna yjapa

F=Ma=2 10%ke 1625 m/c? = 325000H = 325kH ~32,5m;

0) npu cnpeirmBaHuy venoseka maccol M = 70 ke ¢ BbICOTHI A = 1,3 M Ha
ECTKWIA NON NpK CKOPOCTW NPU3eMAeHna v = /2gh = /2-9,81-13 =5 m/c n Bpe-

MeHW cTonkHoBeHusa Af = 0,01 ¢ nmeem cuny ygapa
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0 5m/
F=Ma=70ke L2479 - 35000 H~ 35m!
0,01 ¢

3TO onacHo AnNA HOr U NO3BOHOYHUKA. OgHaKO, aMopTU3MPYA CTONKHOBEHWE
crnbaHneM HOr B KONEHAX U CTYMHAX, MOXHO ocnabute cuny yaapa ao 20 pas
3a CYET yBENNYEHNS ANUTENBHOCTN Af yaapa.

PacueTbl Ha yaap npouM3BOAATCHA NO TOW UNKU UHOW NPUONMXKEHHON Teopun.
B conpotuBneHun matepunanos onpeaeneHe HanpaxeHni u gegpopmaugn npum
yaape NpousBOANTCA Ha OCHOBaHWM 3aKOHa COXPaHEHWs JHepriu npu cneay-
FOLLMX OrpaHUYeHnsax 1 AONyLWeHNAX: 3aKoH 'yka COXpaHaeT CBOK CUIY N Mak-
CUMarnbHble HanNpPAXeHWs B COy4apaeMblX Tenax He MPeBOCXOAAT npegena
MPONOPUNOHANBHOCTU Gpy (Tr); YAAP HEYNPYrMA U Nocne yaapa Tena He otge-
NAKTCH APYr OT gpyra (CnunawTca), yaapsawlwiee 1eno — abConoTHO KECTKOoE,;
Macca yaapsaeMon KOHCTPYKUMM Marna no CpaBHEHUIO MacCoW yaapsiowero Te-
na; conpoTvBrEeHNe ABWXKEHUIO COYAAPAIOWMXCA TEN He YYnTbIBAETCH; BOMHO-
Bbl€ NPOLECCHl B yAapAEeMOM TESe HE YYUTbIBAKTCS.

B cuny ykasaHHbIX AONYLWEHNA NPOBEPKa KOHCTPYKUUKU HA yaap BbINOMHA-
€TCs NO NPUONMKEHHOMY YCIOBMIO NPOYHOCTA

MaX Gouy = MAX Gemam Koun S [Gous], (3.5a)
MaX Toun = MaX Temam Koun S [Toun), (3.6 6)
U MO NPUBIVKEHHOMY YCINOBMIO XXECTKOCTH
max fauy = Max fomam Koun = [f], (3.58)
MaX Qouy = MAX Pomam Koun < [¢), (3.51)

A€ mMax Gauw, MaXx Tayy, Max fay, Max Qg — HaMbONbLUME AWHAMWYECKNE
HaNPSXKEHWS, NUHERHbIE f 1 YINOBbIE ¢ NEPEMELLEHNS B YAapAEMOM Tene; max
Gemam MAX Temam, MAX fomam, MAX Qomam — TO XKE NPU CTATUMECKOM HArpy»XeHun
yAapaemoro Tena BeCcoM yAapsarwero Tena; [Gauwl, [tewsl, [f], [¢®] — Aonyckae-
MbIE HANPSXKEHUA NPpWU yaape N Aonyckaemble nepemMeweHmns; Ky, — Koahdu-
UMEHT LUHAMWYHOCTW NPU yaape, KOTOPbIR NPy NPOaOfBHOM W NONEPEYHOM
yaapax no KOHCTPYKUUM BbIMMCNAETCA No hopmyne

KMH=1+J1+A2h , (3.6)
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rae h — BbicoTa NajgeHus rpysa MacCol m; Acmem — CTATUHECKOE MepemeLleHne
YNpYron KOHCTPYKLUMKN B MECTE yaapa OT Beca yaapsalowero tena. BenuumHa Acyam
MOXeT ObITe ¢ ycnexom onpegenena no ¢opmyne Mopa (npun. 4). Ecnu macca
yAapAEMOn KOHCTPYKLUMW HE mana Mo CPaBHEHWIO C MacCON YAAPALWEro Tena, 1o
OHa MOXET ObITb y4TeHa Npy BblMUCNEHUN KoaduumneHTa Ky, o opmyne

2h
A('.‘n"l‘)ﬁl’)‘?l (1 + aB) ,

Ko :1+J’I+ (3.7)

rae B = Myonemp IM; Miouemp — Macca KOHCTPYKUWMU; m — Macca yaapsaoLero Tena;
o — KoahdpuuneHT, onpeaensemMsin no Tadn. 3.1.

Tabnuuya 1

3HaueHus KoadpuUMEHTA o NPKU PasNYHbIX Crydasx yaapa

y;-:ga PacueTHas cxema KoaddpuumneHT o U — pons nponeta
S
T % K
= 1
(| Tl
S 3
=
mll_<l _ 2 _

1 - o= 105(1-u) +u 2(35 2u) 0<um1

U2 p 1400
-
; é:: 3 2(1+ 2u) — u*[1+ 3u(2 - )] O<u<1
Q uP T A oL = — _
5 £ 105u2(1— 1)
C

<, mm 8 + u’[140 + (231 + 99u)]
& X | YT a200+ud =0
- P upP (1+u)’u

Ycnoeue npumepa

Mpy3 maccon m = 605 k2 nagaeT C BbICOTHl h Ha CTanbHyK ABYTaBPOBYHO
Ganky (puc. 3.11). lNpoBepuUTL NPOYHOCTE NPU [Gayy] = 120 M/Ta. XapakTepucTu-
ka Ganku: asytasp 1 Ne 36; noroHHas macca q = 46,8 ka/m; J, =13380 cm™:
W, = 743 cm®; mogynb KOHra E = 2.10° MiTa = 2.10* kHicm®; h = 4 cm.
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P
A
| B&Z !
| | i
5%:?,4: 1,52 kH £R8=7,46 KH E m=mg= 1594 kH
------ B il S L
Al w "".., Acipam="?
P=47 m 1 UP=12mM~~ ~
L=5%9m
7,128
[ ] e ]
oF y.m. yme oo 3n. Mg (kHm)
6%@%,255 1 Rpe1255 f F=1
7 4
AR Eg&
1,2
=08 | T,=08
— e 3[1. H (M)
3133 m | 0.8 m

Puc. 3.11. PacyeT Ha yaap: a — 3agaHHas banka; 6 — pacyetHas cxema v ee
rPy30BO€ COCTOSIHNE; 8 — 8ANHNYHOE COCTOAHME

Pacyem

1. MNpun Bece ypapHuka Q, = m g = 605-9,81 = 5940 H = 5,94 kH, onpepens-
em cratndeckni npornd Gankum B mecte yaapa no cgpopmyne Mopa B dopme,
npeanoxeHHon A.H. BepewarvHbim B 1925 1. (puc. 3.11):

1 _ —
Acmam = Z = (601111 + (Ozﬂz)s
X

roe o4, oz — nnowaaun anpsbl Mg M, M, — OpAUHAaTHI 3NOpbI M . B3aTble noa
LEeHTpaMu TAXKECTUN ®1, o, EJy — n3rmbHas xectkoctb banku. Torga

="MexM" L ’1-7,1 28-4,7-0,8+%—7,1 2812.0,8)10°=0,063cm.

Ao = = i \
210713380 2
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KoadhdpuymeHT

Kow =14+ J1+ 22 _1231
0,063

maxMe _712810°
UH

N Maxog,, = 12,31=1182kH/cm? < [c] Ha 1,5 %.

X

MNpouHocTs Bankn ofecneveHa.

Tenepb nposepum Banky, yyutbiBad ee maccy. OTHoweHune B = Mo, / m =
= 46,8 - 5,9/ 605 = 0,456. Koacpdovunent o (Tabn. 3.1) nogcuntaem Tak. cHa-
4yana M3 COOTHOWeHna uP=12 M Haihgem u=12/47=0255 a notom no
dopmyne, npuseaeHHon B Tabn. 3.1, nony4um o = 0,211, Tak uTto

2.4

-1181
0,063-(1+0,211.0,456)

Kaum :1+\/1+

. 2
" maxo ,,, — 1 2010" 1181-1133 kH/cm? 1133 MM a < [o] Ha 5,6%.
743

Kak BuaHo, yem Bonblue macca bankn, Tem MeHblue acpdekT yaapa. Hanpu-
MEP, 3TUM K 0BbACHAETCA 3dpeKTHBIN, HO Be3onacHBIn UMPKOBOW HOMEP.
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3.3. 3agava 17. FTapMOHUYeCcKUe KoneGaHus ynpyrmx cucTem.
CB0GOOHLIE U BbIHY)XXAEHHbIE KornebaHus CUCTEM
C OQHOWN CTEeNneHb CBOOOAbI

OcHoO8HbIe NoHaIMUS

KoneGaHnamu HasbiBalOTCa ABWMKEeHWSA, obnagatowme ToM unuM MHOW crtene-
HbLIO MOBTOPAEMOCTN BO BpeMeHu. 1o ceoen punanyeckon npupoge OHU BeCbMa
pasHooOpasHbl: MexaHuJyeckne konedaHna Tena, NOABELLEHHOro Ha NpyXuHe,
KavaHus MaaTHWKOB, konebaHua cTpyH, Bubpaunsa 34aHUn U MallvH, SreKTpo-
MarHuTHele konebaHusa n T. 4. KonebaHna HasbiBAOTCA nepuodu4eCcKuMy, ecnu
3Ha4YeHUs (OU3NYECKNX BEMUYNH, U3MEHSAIOLLMXCH B 3TOM MpoLecce, NoBTOpPS-
IOTCA Yepes3 paBHble MPOMEXYTKU BPEMEHU. HaMMeHbLW A NPOMEXYTOK BpeMe-
HW, 3a KOTOPbIV COBEpLIAETCH 00HO MoIHOE KonebaHue, Ha3blBaTCA n1epuodom
T konebaHus.

Yacmomod nepuodudeckux konebaHuli v HA3bIBAETCH YMCNO MOSHbIX Kone-
GaHuii 3a eguHULy Bpemenn: v = 1/ T (¢~ wnm ). Luknudeckod (kpyzosoll)
yacmomodt ® nepuoguveckmx konebaHui HasblBaeTCA YNCIO NOMHbIX Koneba-
HAW 3a 27 eQUMHUL BPeMeHu. o = 2rv = 2x/ 7. YacTHbIM crnyyaem nepuoguye-
CKMx konebaHun ABNAKTCA 2aPMOHUYECKUE Konebadus, B KOTOPbIX dhm3nde-
cKasl BenuunHa S U3MEHSETCH C TEYEHUEM BPEMEHMW NO 3aKOHY

S = A sin(ot + o), (3.8)

St roe A, ©, ¢p — NOCTOAHHLIE BenUYnHbl (A > 0,
® ® > 0). BennynHa A, paBHaa Hanbonbwemy ab-
ot COMOTHOMY 3Ha4yeHW S, HasblBaeTca ammniu-
mydol konebaHnsa. BolpaxeHne (ot + qp) onpe-
AenseT 3Ha4dyeHMe S B MOMEHT BpPEMeHU ! u
HasblBaeTcA ¢paszol konebaHna. B  MOMEHT
Hauyana otcyeTta BpemeHu (t= 0) (pasa paeHa
HavanbHoU ase oo (pyc. 3.12). Mpu t= 0 pa-
nnyc-sektop 08B = A coctaBnsieT ¢ ocbio Y yron
(o, @ 3a Bpemn { onucbIBaeT yron of, Tak 4to B
NPOU3BOSIbHLIA MOMEHT BpPEeMEHM 3HavyeHue S
onpegenseTca BblpaxkeHnem (3.8).

YNpyryto CUCTEMY MOXHO paccMaTpuBaTb Kak
COCTOSILLYIO M3 OTAENbHbLIX YacTer, YCNOBHO MPUHUMAEMbIX 3a MaTepuanbHble
ToukW. MoaTomy yucno cmeneHeli ceo600bi YyNPyron CUCTEMbI €CTb YNCNO He-
3aBUCHMbBIX KOOPAWHAT, ONPEAEnsoWMnX NONOXKEHNE BCEX MACC CUCTEMbI NPK
ee gedopmaunm B NKOOOW MOMEHT BpeMeHU. C 3TOW TOYKW 3pEeHUs ynpyraa cu-
crema obnagaet BeCkOHeuYHbIM YNCnoOM ctenenen ceobogbl. OgHako ecnn cu-
cTeEMa COCTOWUT N3 yNPyrov 4acTu, HECYLLEN MACCUBHBIE rPYy3bl, Macca KOTOPbIX
3HAQYMTENBHO MPEBOCXOAUT MACCy YMNPYroW 4acTu, TO B LENsX ynpolleHns 3a-

Puc. 3.12. TlapmoHude-
ckune konebaHua
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Aaqy Maccoil ynpyrom vactu npeHedperaroT. B Takom criyyae 4ncro CTeneHeu
csoBoabl ynpyron cucTembl OydeT paBHO YUCNY HE3aBUCKUMbIX KOOPAMUHAT,
onpefenawWwmMx NONOKeHNe KaKAOro rpysa npu aecopmanni.

Hanpumep, puc. 3.13, a — ogHa creneHb cBobogbl, TaK Kak NoNoXeHue rpy-
3a onpeaenAeTca TONbKO YANUHEHUEM A npyXWHbI;, puc. 3.13 & — NONOXEHNE
TOMEYHOro rpysa onpeaenaeTtca nporudboM A KOHConu (ofHa cTeneHb CBOOO-
Abl); puc. 3.13, 8 — NONOXKEHWE ABYX TOYEYHbIX IPy30B Ha Banke onpegenseTcd
npornbamm A n A, (4Be cteneHun ceobogbl); puc. 3.13, 2 — NONOXEHME ToYeuY-
HOro rpysa onpeaensieTCca ero ropu3oHTanbHbIM U BEPTUKaNbHLIM CMELLEHUAMN
(aBe cteneHun coboabl);, puc. 3.13, § — nepemelleHMa 0OBLEMHOrO rpysa: aea
NUHENHBIX CMELLEHUs Aq, A; 1 yrnosoe ¢ (Tpu cTeneHn ¢sodoabl). Bo Bcex cny-
4yanx 3geck Macca ynpyron CMCTemMbl BO BHUIMaAHWE HE NpUHMManacs.

Puc. 3.13. Yucno crenerein ceoboabl MPy30B HEBECOMOM YMNpyroM cuctemel: a, 6 — of-
Ha cTeneHb ceobogbl; 8, & — ABe cTeneHn ceobogkl; ¢ — Tpwn cTenerHm ceobogbl

PaccmoTtpum konebaHus cucmem ¢ 00HOU cmeneHbio ce80bodnt. Ha puc.
3.14, a nokasaHa ynpyras KOHCOMNb, HECYLLAA HA KOHLE rpys maccon M.

Mon pewnctemem rpysa Q= M g, rae g — yckopeHne ceBOOOAHOrO nageHus,
Ganka nonay4nT cratnyeckuii nporud

ot

Ao = 3.9
om =2 (3.9)

N ee MONOXeHWe ynpyroro pasHosecusa obosHaunm ypoeHem 0-0 (puc. 3.14, 6).
Tenepb yBenuuum npornd koHua 6ankn 4o ypoBHA 1-1 Tak, 4To NOMHbIN Npornd co-
CTaBUT A+ A, rae A — HavaneHas amnnuTyga NpeacToawmx konebaHui aTon cu-
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CTEMbI C OA4HOWN CTeneHblo cBoboabl. Kak BMAHO, ynpyroe paBHOBECHME CUCTEMBbI
HaPYLUEHO 1 OHa CTPEMUWTCS BOCCTAHOBUTL €0, T. €. BO3BPaTUTLCA B NonoxeHue 0—
0. Ocsobogum rpys u, NpefocTasuB CUCTEMY camoun cebe, BbIACHUM, Nog AeUCTBU-
EM KaKux curn oHa OyaeT HaxogwuTbCA B MOMEHT BpemeHu t (puc. 3.14, &), korga
YCKOPEHHO NponaeT nytb S=A -y, rae y — KoopguHara Mmaccol M, otcuntbiBaemas
OT COCTOSIHUA CTaTUYECKOro paBHOBECHS.

2 Y}\

a
, M — macca
7 = )
|
|

Puc. 3.14. CeoBoaHble konebaHus ynpyrov cUcTeMbl C OAHOW CTENEHbK cBOBOAbI
C YYETOM CUN CONPOTUBNEHUS: 8 — 3aaaHHas banka; 6 — nedopMMpoBaHHoe co-
cTosHWe Ganku B pasnnyHble MOMEHTbl BPEMEHW, 8 — CWMbl, AeACTBYHOLUME Ha
Maccy B MOMEHT BPEMEHW £ ; & — anarpamMmma 3aTyxaromx konedaHmm macco!

3Tu cunbl TAKOBbI: BOCCTaHaBNMBaKoLWasa ynpyras cuna N;np (HanpaBsneHa

BBEPX), CUna TsXecTn (Bec rpysa) Q"L (HanpasneHa BHU3), cyuna VHepUun P

(HanpaBneHa BHU3), CUMa CONPOTUBIEHUSRA RY (HanpaeneHa BHM3). cnonbays
npvHuun ["Anambepa, 3anuiiem ycnosue paBHoBecus kak >y =0, 4To gaet

Ny -Q-J-R=0. (3.10)

O603HauYuB Yepes ¢ NUHENHYHD XEeCTKOCTb = C, MOXeM 3anucaTb B MO-

e

MEHT BpemeHn t: Q=CAgy, Ny =C(Agy +Y), J=Ma, R=aV, rae & — ycko-
PEHWE; V — CKOPOCTb ABMXKYLLEencss maccehbl M.

CkopocTb V = BR_ i(A —y¥)=-y, YCKOpPEHNE a= L d_z's

dt dt ’ dt  dt?

achhUUMEHT NPONOPLMOHANBHOCTY B NPEANONOXEHUN, YTO CMna conpoTuene-

=-y; o — KO-
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HUA R (CONpoTMBNEHWE BO3AYXA, MONEKYNAPHOrO TPeHUA 4Y4acTUL, CUCTEMBI)
NpMBNU3NTENBHO NUHENHO 3aBUCUT OT CKOpOCTU v. [ogcTaBuM yKasaHHbIE Be-
nn4uHbl B (3.10) 1 nony4um:

C(Agm +Y)—CAgy —M(=Y)—a(-y)=0
M
My +ay+cy=0. (3.11)

Paspenvs nouneHHO nocnegHee ypaBHeHWe Ha M, nonyyum nuHenHoe oj-
HopogHoe auddepeHunanbHoe ypaBHeHne cBobogHbIX konebGaHnin CUCTEMbI C
OAHOWN CTeneHbi cBoGOAbLI C YUETOM CUMN CONPOTUBNEHUSA, KOTOPBIE C TEYEHNEM
BPEMEHW 3aTyxaroT:

V+2ny + 0’y =0, (3.12)
roe n = o/ 2M — koadbdULMEHT 3aTyxaHus; o° = ¢ / M — KkBagpaT Kpyroeoi ya-
CTOTEl cBOGOAHbIX konebaHun. PeweHnem ypaBHeHua (3.12), T. . ero uHTe-
rpanoM, ABngeTca ypasHeHne cBoOoaHbIX konebaHnii B popme (nogpobHocTn
peLweHnsa 34ecCb HE NPUBOAATCH)

Vo = Ae cos(t coz—n2]+ sin(t 02 —nzj | (3.13)

n

[02 _ n2
rae @ > n, € — OCHoBaHWe HaTypanbHoro norapudgpma. lpn o < n pewweHue By-
AOET UHbIM U 34ECb He paccMmaTpusaeTca. ['paduk ypasHeHusa (3.13) npuseneH
Ha puc. 3.14, 2, roe Npu Bo3pacTaHUn BpemeHu { amnnuTyaa yy ObICTpO CTpe-
MUTCS K HYMIO (M3-3a HANWYMSA SKCMOHEHLMANbLHOrO MHOXWUTENa ™). UTak, cBo-
6ogHble koneBaHna ynpyron cuctemsl GbICTPO 3aTyxaloT, U CUCTEMa BHOBb 3a-
HYUMaeT nonoxeHwe 0-0 cTaTtnyeckoro pasHoeecus. lNeprnoa 3Tux konebaHun

To__ 2% (8.7)

Vo2 —n?

PaccmoTpum cobcmeenHbie konebaHus ynpyaod cucmemst ¢ 00HOU cme-
neHbo ce0bodbi. BakHOe 3HaYeHWe npu pacyeTax COOPYXEHWMW W MalUWH
UMEIT Tak HasblBaeMmble CODCTBEHHbIE KONedaHua CUCTeMbl. ITO naearnbHble
cBobogHble konebaHna Oes yyeTa cuil CONPOTUBIMEHUA, T. €. Npu o (Mnn n)
pPaBHOM Hynk. YpaBHeHWe amnnuTys cobcTBeHHbIX konebaHuin npu n = 0 no-
nyyaem u3 ypaBHeHua (3.13): y = A Cos of, rpapuk KOTOpPOro npefcraBneH Ha
puc. 3.15. 3710 rapmoHunyeckme konebaHna ¢ nepunogom 7 = 2n/w W NOCTOAH-
HOW amnnutygon A. Kpyroag u4actoTa o CODCTBEHHbIX KOnebaHuWid Bbl-
YncnsaeTcs no opmMynam:
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;I e /\ 3n /\ M Qg CAem Aem
0 ; i t
T=2nlo WTak, cobecTBEHHbIE KonebGaHWs xapakTe-

g

cm

Puc. 3.15. 'pacunk rapmMoHUYEecKnx PU3YIOTCA KPYTOBOW 4acToToW o = "

konebaHwin

NepuoAoM T=E, rme g = 981 wic

Q]
Acm — CTaTUYECKaA AedopMayns ynpyron CUCTEMbI B TOUKE KpenneHna maccol M.
3JTW 3HaAYEeHWNA MO CyTW Jena MOXXHO pacCMaTpuBaTh Kak OuHamuyveckul nacrnopm
ynpyaol cucmembl. TeXHUYeckan vyactota atux konebanvin v = 1/ T [[U]; yacno
konebaHuin B MUHYTY NOACYMTHIBAETCA TaK:

60 60w 30 | g 300
T 2 7 VA,

Acm

rae Ac; NPAHAMAIOT B CAHTUMETPAXx.

Boinyx0eHtble konebaHus ynpyaol cucmems! npu subpauuoHHOU Haspy3-
ke. Moa BNUAHMEM NEPEMEHHO ASWCTBYIOLWMX HA CUCTEMY BHELWHMX CWN OHa
CoBepLUaeT BbIHYXAEHHbIE kKonebaHUA, KOTOPbIE BOSHUKAKOT OT NEPUOLUYECKNX
BO3LENCTBUIA HEYPABHOBELWIEHHbLIX BpallalWnXca Macc, OT NepuogudecKux
TOMYKOB UNW yaaposB M T. N. B npocTeiwnx cny4yasx BO3MyLlalowWas cuna us-
MEHAETCA No 3akoHy F(t)=F,,,cos®f (310 BMBpauuoHHasa Harpyska), rpae
Fmax — Hawbonbwasa no abcontoTHOMY 3Ha-
JdeHWrO BenuvuHa F(t) 3a Bpemsa O[HOro
LUuKna; G — KpyroBas 4acToTa BblHYXAAH-
weun cunol; { — spemsa. MNpupoay BO3HUKHO-
BEHUA BUOPALIMOHHOIO BO3LENCTBUSA MOXHO

% WNNICTpUpoOBaTe, Hanpumep, puc. 3.16,
| rae B MNIOCKOCTM YepTexa paBHOMEPHO
ST ’ BpawarwT Maccy m. Bosspawaacbh K
=1,\-\ Ft=F ’
NPk cosO! \_(_)_ eyt puc. 3.14, 8, K yKasaHHbIM Tam cunam Ao-

BasumM BbIHYXAaOWYO cuny F(f) Tak, 4uTO
ypaBHEHWEe [AWHAMWYECKOro paBHOBECUA
npuobperteT BuA:

N,,,-Q-J-R-F(t)=0, (3.15)

Puc. 34. NMonepeyvnaa embpauus

rae cnaraemoe F(f) He cogepXxuT nepemeHHon y. lNocne Tex xe npeobpasosa-
HWA, YTO BLINOMNHEHDLI paHee, NONy4YUM YpaBHEHWE:
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¥ +2ny + oy =Fmax%cos@f. (3.16)
Ero obuiee pelweHne cCocToMT M3 peLlleHns O4HOPOAHOrO ypaBHeHMs (3.13)

N YACTHOrO peLleHmns ¢ NpPaBoi YacTbio F %cos@t, T.€. ¥ = VYot Vuacm.

max

Tak Kak y, ObICTPO 3aTyXaeT, TO N0 UCTEYEHWUM KOPOTKOrO BPEMEHW BbIHYX-
parowada cuna F(f) “nogumHnT” cebe ynpyry cuctemMy, Kotopas Oyaer cosep-
WaTk BbIHYXOEHHbIE KONebaHua ¢ YacToTOM ©, ypaBHEHWE KOTOpbIX npuobpe-
TEeT BUg [5]

flo?-0?%) . 2fn®
(02-02)2+4n%0? (02 -0%)2 +4n°0?

sin®t, (3.17)

y 8hiH =

roe f:FmaX%. AHanns nocnegHero ypaBHEHWA MPUBOAWNT K CNeayiowuMm pe-

synetatam. Haunbonbwas amMinuTy4a Vmax = Aewyn BbIHYKAEHHBIX KonebaHun
onpeLenaeTcs BolpaXeHnem

f
" 02-0?)2 140’07

A (3.18)

AMNANTYAa BbIHYXAEHHbIX KONeBaHWn He 3aBUCUT HW OT HadvanbHbIX YCNo-
BMI, HU OT BPEMEHW. [103TOMY BbIHYXXAEHHbIE KOoNebaHna C TeYeHEM BPEMEHU
He 3aTyxawT. Jedopmayumu n, cnepoBaTensHO, HanpaXeHusd B yNpyrnx cucre-
Max 3asucsam om eoamylarouied cusnbs! U enasHbiM obpasomM om 4yacmomsi ©.

PaccemoTpum generue pesoHanca. Ana gansHenwero aHanuaa gpopmynbl (3.18)

npeoBpasyem ee cregyoLyM 06pa3om; BbILLE MOKA3aHo, YTO ©° = g , Q=cAsp,
cm
€Y
Tak yTo f=Fmax%=Fmax—CAg =Fmax?, a

4
)]

232 2
S0 -0 4402607 =2 [1—9—2] +an?2
(4]

[MoacTaBWB 3TU BeIpaXeHWA B (3.18), nony4yum:

A _Fmaxu’

GbiH
c
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1
rae u= — KoaghhuyueHm OuHaMmu4HoCMu Unn Koaghguuu-

232 >
[1—62} +4n29—

0] 0] 4

" ®
eHm HapacmaHus konebaHul. OTHOLWEHNe — HasbiBaeTCA K03ghpuyUueHmom
0}

5 n
paccmpolku, a OTHOWEHne — KoaghghuyueHmom esaskocmu (mpeHust). 3ame-

®
F .
TUM, 4YTO OTHOLWEHMe —2X eCTb CTaTudeckas gedopmauunsa OT BO3LENCTBUSA
c

Frmax, T €. Agpe - AnHaMuyeckas pedopmauus OyneT paBHa cyMme ctaTuye-
CKOW pedopMaLmmn Agyq) OT BeCca Q 1 aMnnuTyAbl BbIHYXAEHHbIX KOnebaHui:

A 1 ACm(Fma\)()
Agun = Acm(Q) T Ay = Ac:.m(Q) +Acm(Fmax }u:Acm(Q) + A b |-
cm(Q)

Acmie

O6o3Haune (1+—°’”‘ ma*’uJ:KOUH, nonyunMM Ag, =Acnq)Kaun » TAE Kauw — OU-
cm(Q)

Hamuyeckul KoaghcbuyueHm npy BbIHYXAEHHBIX KonebaHusax NMMHenHo aedop-

MUPYEMOW YMPYron CUCTEMbI C OAHOW CTENEHbH CBOBOALI, BENMNYMHA KOTOPOro
2

n
rnaBHbIM 06p830M 3aBUCUT OT L OOGbIMHO BENMUYMHA — Mana 1 el MOXHO

62)2

1
—

C)

O]

Mo chmamyeckomy cmbicny p 6epyT no abCoONOTHOMY 3HaYEHUIO.

padovk u B 3aBMCUMOCTU OT OTHOLLE-
1 % HWA YacTOT BbIHYXJEHHbIX U COBCTBEHHbIX

npeHebpedb (n=0), Tak 4TO u NpPU 3TOM 3anULLETCs B BUAE u=

4 koneGaHun gaH Ha puc. 3.17, rae sawTpu-
XOBaHa onacHas 30Ha Pe30HaHCHbIX OTHO-
3 . ©
LUEHW —, KOTOpble AOMXHbl YAOBMNETBO-
Q)
. / o5 pAaTb TpeGoBaHuIo
] e o
Nl 0,751 211,25, (8.12)
6589 1 2 25 O
0,75 1,25 ® Mpu © L ®, Kak BUAHO, p L %, T. €. am-
Puc. 3.17. ABneHne pesoHaHca NNUTYL4bl BEIHYKAEHHbLIX KoneGaHuin cunb-
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HO (4TO HedonycmumMo) BO3pacTaT. ITO U ECTb sI8fIEHUE 77774

pPEe3oHaHca — NPUYMHA MHOTUX KaTacTpod COOPYKEHNA 1
MaLLUWH, UK PacCTPOWCTB WX, MCKNIOYaLWWX HOpManb- d=25 cu
HYIO 3KCTAyaTauuio. 2 o
MopsaoKk AMHAMUYECKUX pacyeToB npu  konebaHusax I
paccMOTPUM Ha npUMepax. &
Ycnoesue npumepa 1 | Y
MeaHbIi CTepXeHb KPYINOro MONEPEYHOro CeveHus @
pvameTtpom d=25 cmv n gnuHon Py, = 3 M (puc. 3.18) Q

yAEpXKUBAET HA HMXHEM TOopue rpys maccon M= 3920 xa. Puc. 3.18. Cxema
MNpeHebperas MaccorW CTEpPXKHA, OnNpeaenuTe 4YacToTy W CTEPXHS
nepuog coBCTBEHHBIX KOnebaHui STOW YNpyron CUCTEMBI.

Pacdyem
1. 3ta cuctema (cm. puc. 3.13, a) obnagaet O4HOW CTENEHLK CBOBOLbI.
2. Kpyroeas yacTtota o cOOCTBEHHbIX konebaHunin onpeaenntcs no doopmMyne

rne g = 9,81 m/c? = 981 cm/c® — yckopeHne CBOBOAHOIO NageHns: Ag, — yanu-
HEHME CTEPXKHS OT Beca Q rpysa, paBHOro

Q=Mg=239209,81 = 38455 H = 38,455 kH.

JTO nNpoAOnbHOE YANWHEHWE B AaHHOM crnyvyae ypobHO BbIMMUCNUTBE NO
thopmyne Nyka Kak

_Q

A - '
EA,

=Af

cm

rone ans mean moayne HHra £, = 1,1:10° Ma = 1,1-10% kH/em?, a nnowaab
nonepeYHoro ceveHus

2
Ag = % —0,785d2 =0,785-2,52 = 4,9 cu”.

Takum o0bpasom,

38.455.3.10% kHem
11-10% kH /cm? - 4.9 cm?

=0,214 cm.

Acm =
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Torpa kpyroeas yactota cobCTBeHHbIX KonebaHuii

981 cm/ c?
- \/m = 67,706 ¢
nepuog konebaHun
_ % _ 27%2 00928 ¢,
TeEXHWYECKaA 4actoTa
vet o1 _10776 ry
T 00928
MUHYTHaA 4acToTa
300 300

32
[K

Agy 02714

3. Ecnwn Npyu NMPOoYNX pPaBHbIX YCNOBUAX B3ATb CTEpPXeHb antoMUHNEBbIN
(E.r = 0,7-10° Mi7a = 0,7-10% kH/cm?), TO

=647,95 kon / MuH.

38455.3.10% kHcm
0,7-10* kH / cm? - 4,9 cm?

o= 981 _ 5403c7",
0,336

T=M=O,1163 C.
94,03

A =0,336 cm

cm =

W Kpyrosasi YacToTa

a nepnog konebaHuni

Kak BuaHoO, Yactota o v nepnos 7T 3aBUCAT HE TONMBbKO OT pacyYeTHOW CXEMb
N reOMeTPUYECKUX XapaKTepPUCTUK CEYEeHWA 3MEMEHTOB, HO W OT YNPYyrux
CBOWCTB Matepunana KOHCTpyKUMK (0T moaynga HOHra E).

4. OueHMM, HaACKONBKO onpasgaHo NpeHebpeeHne Maccon CTepPXKHSA npu
BbIYUCTIEHUU © U T. TNOTHOCTE Menu p, = 8960 ka/m® =896 a/cM®, Tak 4TO
Macca pacCMOTPEHHOro Bblle cTepxHA (Vo=PA, — obwvem) m, = p,Vo =
= 8,96-3-10%.4,9-10 % = 13,17 ke n 370 cocTaBnsieT 1/297 yacTb OT Macchl rpyaa.
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Ana antoMUHWEBOTO CTEPKHSA, NMPW MNOTHOCTU pg, = 2,7 e/CM3, 3TO COCTaBnyaeT
1/987 4yacTe OT macchl rpysa M. B gaHHOM crnyyae npeHebpexeHne Maccou
CTEPXKHS — OnpaBAaHo.

Ycnoeue npumepa 2

Ha pByxonopHoii Ganke (aBytaBp 1 Ne 36; noroHHas macca q =468 ka/m;
Jy = 13380 em*; W, = 743 cm®; mopynb KOHra E = 2.10° Mfa = 2-10* kH/em?) noce-
peavHe nponeTa YCTaHOBMEH 3nekTpoMoTop Maccon M= 3568 ke (puc. 3.19).
B cBA3W C HecoBnageHWeEM OCU BpaLLEHUSA pOTOpa C ero LUeHTpansHoM ockio obpa-
30Barcsa akcueHTpucuteT € = 0,25 cm, YTO CO3AaeT U3-3a AUHAMWYECKON Heypas-
HOBELLEHHOCTI nocnegHero BubpaunoHHyo Harpysky Ha 6anky. Macca HeypaBHO-
BELLEHHON YacTu poTopa m =698,6 k2, a uucno obopotos ero n =550 o0b6/MuH.
TpebyeTca NpoBepuTbL 3TY CUCTEMY Ha Pe30HaHC, a TakkKe NPOYHOCTL Ganku npu

I N36 e M= 698,6 Ke

an. Mq (kHm)
Qy Q-

PI3 P/3

8) #R,=1/2 k=1 Rs=1/2
A % B
¢ Ki S

I\ | | - on. IWK(M)
ﬁ'I:P‘{M

P4

Puc. 3.19. K pacuety bankm Ha konebaHus: a — 3agaHHas
Banka; 6 — pacyeTHas cxema W €e rpy3oBOe COCTOSHWE,
8 — €AMHNUYHOE COCTOSHME
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[6] =120 Mfla (npn nepemMeHHbIX HaNPSXeHWAX, BO3HUKAILLMX B 3eMEHTax KOH-
CTPYKUMW Npuy konebaHmsAX, AONYCKAEMbIE HANPSKEHUS NOHWBKAIOT).

Pacyem

1. NpeHebperaa maccon Banku (CunTan ee HEBECOMOW), yCTAHABNUMBAEM, YTO
Takas cucrema obnapgaeTt ogHoW crteneHsto ceoboabl, nBo nonoxeHwe maccel M
NPy BepTUKanbHbIX kKonebaHwax Ganku onpegenseTcAa O4HOW KoopauHaTon —
npornbom ee B TOUKE KPENNEHWUA INEKTPOMoTopa (T. €. NoCepeaunHe nponeTa).

2. Nposepka Ha pesoHaHc. [nA 3TOro Hago BblYMCNUTE CTAaTUYECKAN NPO-
rmd Gankn A., B Todke K (puc. 3.19). Mcnonesyem metog Mopa B hopme Be-
pewarvHa. CHayana CTPOWUM antopy narndaroLnx MOMEHTOB rPy30BOro COCTO-
AHWA OT gencremna Beca Q (puc. 3.19, 6), NOTOM 3NKOPY e4UHUYHOTO COCTOAHUSA
(pync. 3.19, g). o yyacTkam BblMMCAAEM nnowagu £, rpy3oBOM 3nNOpbl WU
onpeaenaem NonoXKeHWe LUeHTPOB X TAXECTH.

Moa LeHTpamu TaxecTu nnowaaen Q, 8 anope M, onpeaensem opanHaTL

;. Toraa Agy, ="Mg x My"'= é(ﬂﬁ +Q,T,), TA€ B CUIY CUMMETPUM UMEeM
X
1Qe ¢ Q2

_ !
=0, =5 5775 =T =5 TakuTo

1 .Q2 0 Qf

Ao =E) 276 6 48EJ,

N3rmbHas XeCTKOCTb CTaNbHOW Bankn B AaHHOM cnyvae £J, = 2-10* kHiem® -
13380 cm* = 2,776-10° kHcm® n, cneposaTensHo, npn Q= M g = 3568 ke -
. 9,81 m/c? = 35000 H = 35 kH,

_ 35 kH-(4-10%)° cm®

= ————=0,168 cm.
482,776 -10° kHem

cm

Kpyroeas yactota cobCcTBEHHbIX KonebaHWin CUCTEMBI

w= -3 = 981 =764 ¢
A, VY0168 ! '

YacToTa BbIHYXaeHHbIX KonebaHun (npu n = 560 o6/mur)

mn 3142 560
30 30

OTHOLWEHWE YacTOT BbIHYXA,EHHbIX U COBCTBEHHbIX KOneGaHui

o=

=5865 ¢ .

9 _3885 0,768 > 0,75.
o 764

53



3To 03HauaeT, YTO CUCTEMA BOLUMA B 3aNPeTHYI 30HYy pe3oHaHcos. Kak
BbITb? KOHCTPYKTOP MOXET 3aMeHWTb MaTepuan 6anku (4To npobrneMaTuyHo),
N3MEHUTb MECTO KPENmeHNs rpy3a Ha Basnke (4To Yalle BCero He gonyckaeTcs),
N3MEHUTb XECTKOCTb Barnku, T. e. NPUHATL Barnky WHoro ceueHus. MocnegHee
Jallie BCEro n aenaetcs.

N3meHUM Ccevenue, NpuHss asyTasp 1 Ne 40 (J, = 19062 cu*; W, = 953 cmd).

Torga

35 kH-(4-10%)°

= . = 0,122 cm,
48-2-10*-19062

cm

a Kpyropas yactota cobcTBeHHbIX konebaHnin CUCTEMBI

0= |-Z =\/ 981 _ 8967 cex ' u
A, 0122

OTHOLUEHNE YAaCTOT BbIHYX4EHHbIX N COBCTBEHHbIX KONebaHuin

© _5885

=0,654 < 0,75.
® 8967

W3 30HBI pe30HaHCOB BbILLN.
3. MNpoBepka npoYHoCcTK Banku:

MaX Gaun = MAX Gemam KOUH m [Gc?UH],

Aem J
o)) =1+ (OTHOWEHWE CTATUYECKUX NPOrnBOB 3aeCh

rane Ky =1+
cm(Q)

BMNOMHE MOXHO 3aMEeHUTb OTHOLUEHMEM CWUJ, WX BbI3BABLUMX, MOO B NIMHERHO

AePOPMUPYEMbBIX CUCTEMAX NEPEMELLEHUA A NPONOPLUOHANbHEI cunam). Llen-

TpoBexHas cuna nHepunm J paBHOMEPHO BPALLAOLWENCS Maccel m = 698,6 ke

paBHa J=m®2e=698,6-58652-0,25-102=6008H=6kH. B cBOKO Ouepeab Ko-

3OPULNEHT HapacTaHua konebaHni

= (I
1_[9]2 1-(0654fF 0572

Q)]

=1748,

TaK YTO

6
Ko, =1+—-1748 =13.
OuH 35

Torpa
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maxM Q’ 35.4.102 KH
max - X g, = XE = 13=477——=477Mfa<[c].
ST T, AW, O T 4953 cm? o

X
MNpouHocTe Oankn obecnevena.

3.4. 3apaya 18. Boluncnenue koapuumneHTa 3anaca yctanocTtHon
NPOYHOCTU LLUMIMHAPUYECKON NPYXKUHbI
NPU LMKIMYECKOM Harpy>KeHuun

OcHO8HbLIe NOHAMUS

1. Kpamxkue csedeHus 0 eumbix YUNUHOPUYECKUX MPYXUHaxX Manoao waea.
Bumeimu npyxuHamy Manoro wara A CHATaloTCA Te, Y KOTOPBIX Yo o HaKnoHa
BUTKOB He npesblwaeT 8+10° (o« m 10°). Ulazom h HasbiBAeTCA pacCTOAHUE
MEXAY OCAMUN CMEXHbBIX {(coceaHnx) BUTKOB (puc. 3.20). BuTeie npy>KuHbl 1M3ro-
TOBMAKTCA U3 CTanbHOW MNn PochopucTon BPOH3bI NPOBONOK KPYrnoro (He-
Kpyrnoro) cedeHusa. MaTtepunan, nU3 KOTOpOro MU3roTOBNAKT NPYXWHbLI, Kak npa-
BUIO, BBICOKONPOYHBIN C AOMYCKAEMbIMU HANPSHKEHNAMMN HA CPe3 Npu cTaTude-
CKUX Harpyskax go [t]=(50+70) kH/cm® (500+700 MfTa). B criyyasx Henpepbis-
HOW paboTbl NPYXKH NPWU LUKNNYECKUX HArpy3kax AONyCKaeMble HanpsixeHusa [1]
yMeHbLaTca Ha 60 %.

OCHOBHBIMW rEOMETPUYECKUMMW XapaKTEPUCTUKaMK paccMaTpUBaEMBbIX MPYXUH
ABNAKTCA: Yron o HaKNoOHa BATKOB, WX War A, AUaMETPbl BHYTPEHHWUA Dg,, HAPYX-

. . . D
HbIW D5 WM CpeaHU Dy (NocneaHU onpepenseTcsa no coopmyne Dy =

a TakKe pasMepbl NOMEPEYHOrO CEYEHUs1 BUTKOB (ECNM NPYKWHA M3rOTOBMEHa W3

KPYrnown nNpoBONOKM — 3agaetcs guameTtp d ceuenus). BakHOW xapakTepucTukon

ABMASTCA TaK HA3bIBAEMbIW UHAEKC NPYXUHBLI C, = Dy / d (puc. 3.20, a, 6).
Ncnonbsya metog cevennia (PO3Y), onpegenstoT B nonepeyHbiX ceveHnnx

_ ) FD,
NPOBONOKWN rNaBHBINM BEKTOP Ro = F W rMaBHbIi MOMEHT MO :T BHYTPEHHWNX

cun, npueegeHHblx K ueHTpy C ceveHusa sutka (puc. 3.20, 6). Beugy HaknoHa
OCW BWUTKOB Ha Yyron o, NONepeyvyHoe CeYEeHNe TaKkkKe HAKIMOHEHO K OCU NPYXUHbI
Ha yron o, W NO3TOMy, pasnaras Ry U My NO rNaBHbIM LEeHTpanbHbIM OCAM
MHEPUUNKN CeYeHns (OCK XcYcoZc) NonydYaem CocTaBnslowmne (KOMNOHEHTbI) BHYT-
PEHHUX cun  (ycunuin): HopmanbHylo N, = Ry Sine= Sina, NONEpedqHyo

- . FD, .
Q, = Rycosa = F cosa, narnbatownn momeHt M, = My sina = =—°sma, KpyTSa-
Yy ¥ 2

y FD
Wi MOMeHT M, = M, = My cosa = ?O Cosal.

B npaktnyeckux pacuyetax npuM ManocTW yrna o YCNOBHO MNPUHUMAKOT
sina = 0, cosa ~ 1 (Hanpumep, sin 10° = 0,1736, a cos 10° = 0,9848). NMoaTomy
B Lenax ynpolieHuna pac4yeTos nonaratoT N, = M, = 0 1 yuuTbiBaKOT TOoNbko M,
n Q, (puc. 3.20, 8).
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l F — Harpyska

[ Xocm'lOQ
.\ )
T o ~|
Y% Dy
o
) 7
DGH
Do
le DHap N
YA
'c;(p
KpyYeHue
Zc
B C Xc
MOnsiPHbIL MOMEHM
CONPOMUBIEHUS
ceyeHust
3
nd
d g W, =——
| 16
VoA Q
, CPe3  Tmax = '1,33Z
Tmax
Q 1,23%
> Puc. 3.20. UunuHapryeckme npyxmHsel
B C Xc nnowads Marnoro wara: a — cxema, 6 — BHyT-
NOMNEPEYHOEO  peHHMe yYCUMUA, 6 — KOMMOHEHTbI
CceqeHus BHYTPEHHUX yCUnuin: e, d — pacnpeae-
A~ nd? NeHVe HanpskeHUn B MNOnepeyHoMm
T4 CEYEHMI MPYHKMHBI
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Ontopbl KacaTenbHbIX HANPSXKEHWUA T B NONEPEYHOM CEYEHUN NPOBOMOKM NO-
kasaHbl Ha puc. 3.20, 2, 9, OTKyAa BWAHO, YTO ONACHOW TOYKON CEYEeHUs SABNS-
eTCs TouKa B Ha BHYTPEHHEM BONOKHE BUTKOB, W MOJSTHOE HaMpsKeHWe B KOTO-
POV CKNaAbIBAETCA U3 HANPSHKEHNA MAXT,, NPN KPYYEHUM N HANPAXEHUs tg OT

cpesa cunoii Q, T. € maxt=maxty,+1g, A€ B CBOW Ouepedb

' MKP 8FDO ” Q 4F
maX’th = WP = nd?’ y TQ :1,23'321,23?

Takum oﬁpasoM, NOMHOE KacaTenbHOe HanpsXeHne B ToYke B:

5F D3° +1,23

nd md? nd®

8FD,

k :
nd?

max TB =

4F _8FDy(, 0615
Cn

rne C,=Dy/d, a [1+0’615J:k.
Cy
OAHaKo NO YTOYHEHHbIM pPacyeTam rAe MNPUHSATbI BO BHUMAaHME KPUBM3HA
OCWU BUTKOB MPYXUHbI U Apyrne dakTopbl, NocnegHee BbipaXeHue ansa Koadg-
C,+0,25 + 0,615
C,-1 C,

duumneHTa k npyuHumaeTca B BUAe K, =[ J TaK YTO NUMEEM

max tg = Ky

8FD, 8FD, (C,, +025 0,615] ©.1)

nd®  nd® | C,-1 G.

dopmyrnon (3.20) Mbl HKE WU BOCMOSb3YEMCH AN ONpegeneHus 3anaca

MPOYHOCTU KNanaHHOW NPYXWHbI.
Ycnoeue npumepa

Finin< F < Frax MycTb knanaHHas npyxuHa paboTaeT B pe-
‘\ KUME LMKITUYECKOTO HarpyeHus cunon F u
\ uMeeT cnegywowue pasmepbl (puc. 3.21):
De,= 38,2 MM, D,,5p= 45,8 Mm, d = 3,8 Mm.

Cuna F, cxumaiowas npyxwHy npu NONHOM
OTKPBLITUKW KnanaHa, Fnx=220H =0,22 kH, a
Npu 3aKpLITUM KnanadHa WMeeT BenWYUHY
Foin=70 H=0,07 kH. MNpyxWHa BbINONHEHA W3
XpOMOBaHaAWEBON CTanu co cnegyrowummn me-
XaHWYECKUMW XapakTepucTUkamu: npeaenom
TeKy4ecTn 1, = 920 Mfa = 92 kHicm®; npepe-
NOM BBLIHOCNWMBOCTK NPW CUMMETPUYHOM LMKNe
1.1 = 480 Mlla = 48 kHicM®; npefenom BbIHOC-
Puc. 321 KnanaHHoiii Mexanuay  JWBOCTW NP OTHYNEBOM  (NynbCUpYtOLLEM)
B paspese (cxema) UWKNe 1o = 800 Mrlla =80 H'HICMZ.

J Tonkamens -~
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KoahpnuneHTbl, yYyuTbiBarOWwmMe BNUAHWE pPasfnU4YHbIX (pakTOpoB Ha ycCTa-
NOCTHYH) MPOYHOCTb MPYXUHbI, UMEHT 3HAYEHWUA: 3OEEKTUBHBIN KOSRMULMEHT
KOHUEHTpaUUKN KacaTenbHbiX HanpsxkeHun K. = 1,07, KO3MDULNEHT BNUSHUA
kauecTBa 0OpaboTK NOBEPXHOCTU NpoBonokn B = 0,83 u koaddUUMEHT yueTa
macwTtabHoro dakropa .= 0,97 (3T KO3PUUNEHTBI MOTYT UMETb U WHblE
o6o3HaveHna, HanpumMep, K; = Ksgpe, B = Ke, &= Ka).

TpebyeTca onpenenuTb KO3EOUUNEHT Ng 3anaca YCTanoCTHOW NPOYHOCTH
AAHHOW geTanu (NPyXWHbl) MexaHnsMa n KoaUUUEHT 3anaca NPpOYHOCTH Ny
no npeaeny Tekyyectn. CpaBHUTb UX.

Pacyem
1. OnpepeneHune cpegHero guameTpa Dy, nHaekca C, NPYXKMHbI 1 KO-
LMeHTa Ky:

DHap + DeH _ 458 + 38,2

Dy = =42 MM =42 cM;
2 2
D, 42
Cp=—F=—=1105;
" d 038

_C,+025 N 0615 1105+025 N 0615

k
Ve, -1 C, 1105-1 1105

=118.

2. OnpeaeneHne OCHOBHbIX XapPakTEPUCTUK LMKNEa HanpsXeHUWn B ONacHOW
TOuKe B:
* M2KCUManbHOe HanpskeHue Lukna

tmax = kg a0 _ 418022 42 _goy70 K _ 5oz g,
nd 314.038 cm

* MUHManbHOE HanpaXeHne unkna

8chilnfo :118M:16,14K—’_';:161,4 Mrla;
T

Tmin = K
min — 314.0,38° o

H

* CpEeAHee HanpsxeHue Lukna

= Tmax;'Tmin _ 507’1;161'4 =334.2 Mla;

aMnnnTygHOE HanpaXeHne LHuKkna

1, = Tmax 2_ Tmin _ 507’1;161’4 =172,8 Mlla;
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KO3(PPULUMEHT aCUMMETPUM unKna

R_fmn 1814 o0
Toax 5071
Xapakrepuctuka unKna
p=-—a 1728 _ 0,517.
1, 3342

[padpryeckn xapakTepuCTUKM LMKNNYECKNX HaNPSXeHW 4aHbl Ha pyc. 3.22.

A Tmax, Mna

MaxkcmManbHoe HanpAXeHWe UMKNa Tmax = Tm+ Ta

w_
(&Y}
I~
b
[l
cpéaHee HagpsxeHue LMKna T, / e
00} ~
oN [
P~ Q
-— 9]
Il o ]
-1
™
MUHMMaNeHoe HanpsXXeHne UWKNa tmin = Tm— Ta :— I :
[Co] &
\F [
R=0,318 p=0517 c
&
{, Bpems

Puc. 3.22. XapakTepuCTUKK LKA HAMNPsPKEeHWA

3. MNMocTpoeHue anarpaMmbl NpeAenbHbIX aMNanTYA.

MocTpoeHne guarpamm yCTanoCTHOW NPOYHOCTU (NMPeAenbHbIX aMniuTya) oc-
HOBAHO Ha Cneaywwmx coobpaxeHnax. Kak ussecTtHo,
onacHbiMu AN paboTaloLNX SNEMEHTOB COOPYKEHUIA W

p.T. MaLLWH ABMAIOTCA MAKCYManbHbIE HAaNPXEHNA, KOTopbIe
NpY LUKNUYECKOM HarpyXeHuu npefcraBnawTca B Buje
CYMMBI (Tmax = Ty + Ta) CPEAHETO (NOCTOAHHOIO) U aMNnu-
TYAHOTO (NEPEMEHHONO) HANPMKEHUA. [PAOUYECKN Tmay

OTm i Tm MOXHO 1300pasunts B ocsx 1,01, (puc. 3.23) B BUAE pa-

Puc. 3.23. WaoGpaxe- Bouen Toukn (p.T.) C COOTBETCTBYIOLLUMMM KOOpANHATAMU

HWe paboden ToUK Tm W T (WNN G,y U G5) AN AAHHOTO Martepunana.

L]
=
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MyTem akCNeprvMeEHTOB, KOTOpbIE BECbMA ANNTENbHBI U TPYAOEMKM, Ha Cne-
LinanbHbIX YCTAaHOBKaxX ONpefensaT MakCuMaabHbe HAaNPSXEeHUs Prax = Pm + Pa
(nog p noHumarT NUbO KacaTenbHble T, TMOO HOpPManbHbIE G HANPAXKEHWS) NPU
pasnuyHbIX KO3UUMEHTaX aCUMMETPUN R LIMKMOB, NPU KOTOPbIX UCMbITbIBA-
eMbli 00pasey cnocobeH HeorpaHU4YeHHo Jonro paboTtathk B pexume Luknude-
CKOro HarpyxeHusa. HekoTopoe npefcTaBneHune 0 Tpex Buaax OCHOBHbIX JKcne-

PUMEHTOB A aHO Ha puc. 3.24.

e ] pa
M@" ~"uﬁﬂ/] 0 f
\"'-.._____ ___..-‘/& Pa
6 F P
A E Y S
) "1-..__-.“ I Pm= Pa= 0,5p0
~a Pa

ﬂ@z [

v

Puc. 3.24. lNpuHUMnnanbHble CXeMbl 3KCNEPUMEHTOB. @ — CUMMET-

Taknm obpaszom nony4yarT pag npepenb-
HbIX pabouymx TOYEK, KOTOPbIE U COCTaBNAKT
HekoTopyro Kpueyro AC (puc. 3.25, wTpuxo-
Bas INWHUS), SBMSAILYHCA 3KCNEepPUMEHTarb-
HOW Auarpammon npegenbHbIX amnanTya.
OpHako BBMAY Ype3BbIMANHOW CINOXHOCTM Ta-
KX 3KCMEPUMEHTOB, 4acTO OrpaHu4MBaKOTCH
TPEMS OCHOBHbLIMW WCMbITAHUSAMWU: Onpenene-
HMEM npegerna BblHOCIMBOCTA (yCTanoCTHOM
MPOYHOCTN) MPU CUMMETPUYHOM (R =-1)
LUUKNe, TO Xe npu nynbcupyowem (oTHyne-
BoM, R = 0) UMKne n ctaTU4ecKoM onpeaene-

Pat
A

Puc. 3.25. YnpowieHHasa guarpamma
npeaenbHbIX amnnuTya

HAW Npeaena TekyydecTyn AN NNacTudHbIX MaTtepuanos (Hanpumep, cranen).
3TO JacTt TpU MeXaHUYeCcKne XxapakTepucTUKU matepuana — npegen BblHOCNK-
BOCTW NPXU CUMMETPUYHOM LMKNE p_¢ (1—1, 6-1), NPEAEN BbIHOCITMBOCTU NPW OT-
HYNEeBOM UMKIE Po (To, Go) U Npegen Tekydectun pr (1, o) 4NS Kaxgoro supa
Aeopmauun (pactaxeHue-cxaTtue, KpydyeHue, nsrub) otgenbHo. Ha ocHoBa-

60



HUW 3TUX A@HHBIX CTPOAT YNPOLLEHHYHK (CXeMaTU3MPOBaHHYK) gnarpammy npe-
AenbHblx amnnutyn ALBC (puc. 3.26).

3ameTnm, 4YTO YNpOWEHHas AuarpaMma HEecKonbkO yMeHblaeT obnacTe
BesonacHbix yuknoB 0AC (cm. puc. 3.25), HO 3Ty NOrpPeWHOCTE HE NPUHUMAIKOT
BO BHUMAaHWE, TaK Kak 370 UAeT B 3anac npovHoctu. Ecnu p.1. M paccunTbisa-
eMon getanu okaxetcs BHyTpu obnactun QALBC, petans byaet pabotaTth C
onpeaeneHHbIM 3anacoM nNg YCTAnNOCTHOW NPOYHOCTU (ng> 1), a ecnn p.T. M
okaxeTcda 3a npegenammn obnactn OALBC, TO 3TO O3HayaeT, yTo nocne He-
OonbLWOro Yucna LMKIoB getanb paspywutcs (ng< 1).

MNocTpoeHne gnarpaMmbl NpeaenbHbIX amnnutya (puc. 3.26) B KOOpAMWHAT-
HbIX OCSX 1,01, BbIMOMHAEM CTPOro B macwrabe.

Ta, Mf1a |
. A
'S Q
i L
D
]
ﬁ- g S‘;-M‘j ’/
T I'ID ‘;"N - - N1
6 o M-~
O : ﬁd’
”’ n
LTS 45
- v P S
0 ,=3342 | Cl 1, M2
0,5t9=400
=920

Puc. 3.26. PacyeTHas guarpaMma npegaenbHblX aMmnnuTya ANs NpyXuHbl

CHavana no ocu 01, OTKMajbiBaEMOM B BblOpaHHOM MacliTabe OTpesok
0C = 1, = 92 xH/cM® n npoBoAWUM 13 Toukn C noa yrnom 45° npamyto CCi, Bce
TOUKM KOTOPOW COOTBETCTBYKT Mpefeny TeKyvyecTu t,. ITUM orpaxgaem o0-
nactb 6esonacHbIX UMKNOB OT NOABNEHUA B MPYXUHE HEZONyCTUMBIX NNacTu-
YecKux (OCTaTouHbIX) gedopmanmi.

Hanee no ocu Ot, OTKNagbiBaem B TOM Ke macwTade oTtpesok 0A =1 =
= 48 kH/cm* n oTpesok 0S = 1o = 40 xH/cm*. Takoii xe oTpesok 0S oTknagbisa-
eM Bgonb ocu Ot,. Ha nepeceveHunn koopguHat 0S nonyyaem Touky L.

Tenepb, NPOBOAA MPAMYIO Yepes3 TOYKM A 1 L 0O nepecedyeHns C npsMon
CC,, nony4yaem Touky B. MNpsamana AB orpaxgaet obnacte 6€30nacHbIX LMKNOB
OT pasBuTHA TpewnH yctanoctu. Anarpamma 6esonacHon paboTbl NPyKUHbI ro-

61



TOBa W Ha3bIBaeTCH annpokcumaumen CepeHceHa—KnHocowBunm (OTeYeCTBEH-
Hbl€ YYEHbIE), XOpPOLWO oTpaxarowen paboTy cTanbHbIX geTanen.

HakoHeu, cneayeT HaHeCcTW Ha Auarpammy p.T. M Npy¥uHbl, KOOpAWUHATLI
KOTOPOW TakoBbl. MO ocK Ot,, OTKNagbiBaem oTpes3ok 0P = 1, = 33,45 kHIcm?, a
no ocu Ot, — oTpesok PM = t/,= 22,96 kHicm>.

Tak KaKk 1, eCTb HanpsaXeHue, ANA KOTOPOro CyLWeCTBEHHOE 3Ha4YeHue
UMEIOT KOHLEHTpaUuUsa HanpskeHWn, kadvectBo ofOpaboTKW NOBEPXHOCTU Ae-
Tanu u ee pasmepsl (MacwTabHeld gakTop), To opauHaTta PM p.T. M BbluKC-
naetca no dopmyne

=K, e —107— 128 _ 5506 wHick?
Be, 0,83-0,97

N3 Havana koopawHat 0 nposogum npsmyto OM oo nepecevenvs C puna-
rpammon B Touke N. KoadopmumeHT 3anaca ycTanoCTHOW NPOYHOCTK rpadude-
CKK onpeaenaeTcsa OTHoWweHneM oTpeskos ON v OM, T. e.

_ON 65cm

Ng = = =162,
oM 4cwm

UMY aHanuTUYeckn no opmyne

T_1 48
nR = =

- = =162
Wi, +1, 02-3342+2296

] r

2t y-19 2-48-80
w 80
Ecnn npamas OM; nepecekaeT aunarpammy B Todke N, TO koapdmuneHT

3anaca onpeaenaeTcs TONbKO NO Npeaeny Teky4yecTu:

rae y =tgo = 02.

_ 0N1 _ T

n,=—-=-= .
OM;  Tax

B AnaHHOM cnyyae Obino 6kl n, = 92 /50,71 = 1,81.
N3 aByx ko3hpdOUUMEHTOB 3anaca npakTUYeCKOe 3HayeHne umeeT
HauMeHbWUU U3 HUX.
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3AKINKYEHUE

PykoBOACTBO K pelueHnio 3aaa4y no CoONpoTUBMNEHUIO MaTtepnanos (4acTb 2)
COAEPXKUT NpPUMEpPbl UccneaoBaHna padoTbl NPU3MATUYECKUX YNPYrMX CTepX-
HEW B COCTaBe CTaTMUECKN HEOMPeaEenUMbIX KOHCTPYKLMIA, B YCNOBUAX CNOXHO-
ro COMpPOTUBMEHUA, NPoaonbHOro narnba, a Takke npubnumxeHHbIx cnocobos
pacyeTa ux Ha yaap W BblHY>XAeHHble konebaHusa kak CUCTEM C OAHOW cTene-
Hbto cBoOO4bI. B 3akntoueHne paccMOTpeH NpyumMmep onpeneneHna sanaca ycra-
NOCTHOW NPOMHOCTU LMNWHAPNYECKON KNanaHHOW NPYXUHBI Manoro wara.

Kpyr paccMOTpeHHbIX MPUMEPOB B OCHOBHOM COOTBETCTBYET 00bemy U CO-
LEePXKaHUKD CaMOCTOATENbHBIX paboT CTyQeHTOB 3a04HOW PopMbl 0ByyeHKA.
Mprvmepbl coaepxaTt KpaTkun TEOPETUYECKNA KOMMEHTapUN.
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NMPUNOXEHUE 1

YCTONUMBOCTb CXAThIX CTEPXKHEIA

3HaveHuna koahuLmeHTa NpoaonbHOro uarnba ¢

Tabnuua

A19 NPaKTUYECKOrQ pacHeTa CKaTtbhiX CTEPKHEN HA YCTOWYUBOCTD
Cranb YyryH
Crtanb
r noBbilWeHHo-| CY12-28,
M6';?CTb gg C(T:?_gb ro CY15-32, HepeBo

CT4’ KadecTsa CY18-36,

c > 320 Mfa| CY421-40
0 1,00 1,00 1,00 1,00 1,00
10 0,99 0,98 0,97 0,97 0,99
20 0,96 0,96 0,95 0,91 0,97
30 0,94 0,93 0,91 0,81 0,93
40 0,92 0,90 0,87 0,69 0,87
50 0,89 0,85 0,83 0,57 0,80
60 0,86 0,80 0,79 0,44 0,71
70 0,81 0,74 0,72 0,34 0,61
80 0,75 0,67 0,65 0,26 0,49
90 0,69 0,59 0,55 0,20 0,38
100 0,60 0,50 0,43 0,16 0,31
110 0,52 0,43 0,35 - 0,25
120 0,45 0,37 0,30 - 0,22
130 0,40 0,32 0,26 - 0,18
140 0,36 0,28 0,23 - 0,16
150 0,32 0,25 0,21 - 0,14
160 0,29 0,23 0,19 - 0,12
170 0,26 0,21 0,17 - 0,11
180 0,23 0,19 0,15 - 0,10
190 0,21 0,17 0,14 - 0,09
200 0,19 0,15 0,13 - 0,08

210 0,17 0,14 - - -
220 0,16 0,13 - - -
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OkoHuaHue npwun. 1
fluHedHas uHmepnonauus Npu ONpPeaeneHnn ¢ ANA NPOMEXYTOUYHbLIX 3Ha-
veHUn rbKOCTN Aqp

Py — Pp 4 (l
10

lMpumep. nycTb 4NnA CTOWKN M3 CT3 Ay = 84,3;

Pem = Pp t+ n+1 — Kcm)-

A =80 < hepy =84,3 < e = 90,
(Pap = 0,75, (Pgp = 0,69

0,75-0,69 (

Pom = 0,69 + 90 -84,3)=0724.

Ycnosue yemoutvusocmu: ¢ = iAm[G], rae o = f().
®opmyna Jianepa ans onpe,u,eﬁeHmsq KPUTUYECKOA CUIbI NPU GGy
Foe 7*Edinin
(ue)?
Dopmyna ACUHCKOTO MPU Ag < Aem < App!
Fo = Cip A = (@ = D hem),
rneanacranna =310 MMawnb=114 Mla.

Fo | Fe | P
I &, A
\ 5
1 (]
if I
] - Y
<
| =1 u =07 n=0,5
|
‘ (
‘ }“cm = M 1= i
\ : A
i

—  PucyHok. 3HadveHvne koaddpuLmeHTa NpVvBeaeHHOW AMUHbI
w=2  AnNS CKaTbIX CTEPXHEN
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NMPUNOXEHWUE 4

ONPEAENEHWE YNPYINX NEPEMELWEHWUA B CTEPXXHEBBLIX CUCTEMAX
Nno METOAY MOPA. CINMOCOB BEPELWWATMHA

Ha ocHoBe npmHUMNa BO3MOXHbLIX NepeMeLleHUn HEMELKUM yyeHbim OTTO
Mopom B 1874 r. 6pina npegnoxeHa dopmyna ANa onpegeneHna ynpyrux ne-
pPEMELLEHNA B NIMHENHO AeopMUpyeEMbIX CTEPXHEBBIX cUCTeMax (MHTerpansi
Mopa), koTopas B ODLEM Crny4yae BHELHUX CTaTUYECKUX BO3LEWCTBUIN coaep-
XAT ABeHaguaTte crnaraemelX (yyet CUIoBbIX, TEMNEPATYPHBIX U Aedopmaun-
OHHbIX DaKTOpOB).

Mpn Tex N MHbIX ycrnoBuax paboTbl CTEPXKHEBOW CUCTEMbI YYMTbIBAKOT Te
(haKkTOpbl, KOTOPbIE BHOCAT pPELUAIOLLYIO LOMIO B ONpesensaemMble NepeMELLEHNS.

Myctb Az — NepemeieHne (MMHENHoe UNK yrnosoe) B BbIOPAHHOW TOYKE Mo
nobomMy HanpaBnNEHWIO i OT Harpy3kn F. Torga gna CMCTEM, COCTABIIEHHBIX U3
NPVM3MaTUYECKNX CTEPXKHEN, T. €. MPAMOSIMHENHBLIX U MOCTOAHHOrO NONEPEeYHOro
CeveHnd, ncnoneayem cnegyrowme dopmynel Mopa:

a) ANS WAapHUPHO CTEPXHEBbIX CUCTEM NPW Y3NOBOW Harpyske (T. e. ansa

tbepm)
NN ¢
EA '

AiF=Z

roe Ne — younvsa B CTEPXHAX MPU rPy30BOM COCTOSHUN cucTeMbl; N, — ycunus
B CTEPXHAX MNPV €AMHWYHOM COCTOSHWA CUCTEMBI OT Oe3pasMepHOn Ccunbl
F. =1, npuknaablBaeMoii Kk BuiBpaHHOMY yany K depmbl B noBom Hanpasne-
HUW /; P — anuHa ctepxHs, EA — XeCTKOCTb CTEPXHA Npu oceson pgedopma-
Lwu;

B) ana 6anok 1 NNOocKMX nnockopaboTalWwmMx pam, COCTOAWMX M3 OTHOCK-
TENbHO XECTKUX CTEPKHEN (M3rmbaemble CTEPKHW CHMTAHOTCA KECTKUMW, eCnn
yrfbl NOBOPOTa CEeYEeHWW Manbl B CPaBHEHWM C eAuHULEN, a KPUBU3Ha mMana B
CPaBHEHUN C BENMUYUHON hiP? rpe h — BbicOTa ceueHus CTepXHA, a P— ero gnu-
Ha)

MeM.ds
Ap =3 [
S
roe Me — nsrnbaroline MOMEHTBI Py30BOro COCTOSIHUSA CUCTEMBbI; I\_A, — N3-
rmGarowne MOMEHTbI €4UHUYHOMO COCTOAHNA CUCTEMbI OT Be3pasMepHOn Cunbl
Frx =1 (Npv onpeaeneHny NMMHENHOrO NepemMeLLeHus), NPUKNaLLIBAEMON B Bbl-
OpaHHON Touke K CUCTEMBI NO NOGOMY HanpaBneHWUK i, UNU OT €4UHUYHOrO

68



6e3pa3mMepHOro MOMeHTa My =1 B TOMN e TOYKE Npu OnNpejeneHnn yrna noso-

poTa ceveHus; EJ — narnbHas XeCcTKOCTb CeYEeHWN;
B) ANA NPSAMbIX BAnoB Npu KPy4eHun ¢ n3rnbom

use V_USB d S
!

M MPMPds
Ap=X[—F —
i EJ

GJyp

+Zf
s

rae Mg?, ME — nsrnbarowme n KpyTALME MOMEHTbI IPy30BOrO COCTOSIHUS CU-

ctembl; M"? M — nzrnbarowme u KpyTALLME MOMEHTbI EANHUYHBIX COCTOSIHMIA

CUCTEMbI OT Fy =1 unu My =1; EJ, GJyp — ECTKOCTV CEYEHMIA NpU N3rnGe v Kpy-
YyeHuu (E, Gy, — MOAYNK YNpyrocTy Npu NPOAOSLHOWN U CLBUTOBOW AedopmaLusx).
B npuBepeHHbIX Bbile hopmynax 3Hak X o3HadaeT anrebpauyeckoe cym-
MWUPOBaHWE No BCEM y4acTKam WUnu CTEPXHAM CUCTEMbI.
[Mpw ycnoBun NOCTOSHCTBA B Npegenax y4acTkoB UNKU OTAENbHbIX CTEPXKHEN
WX xectkocten (EA, EJ, GJ,, — const) n NpAMONWHENHOCTY €AWHWYHBLIX 3NKP

younuia N, M M' sbiumcnenne nHterpanos Mopa, KOTOpOE aHan1T4ecki

AOBOMbHO rpoMo3gko, yAoOHO 3amMeHWTb rpadoaHanuTudeckum cnocobom,

npeanoxeHHeiMm B 1925 r. ctygeHtom MUNTa

nmobas A.H. BepewarnHbim, CyTe KOTOPOro COCTOUT B
OF P— cnefyroLwem (CM. pUCYHOK):

1) anwopa rpys3oBOro CocToaHWA pasbusaer-

i royaoBoro
cocTosHma CF Ha yYacTKW OQHOro 3Haka Tak, yToBbI COOT-

o o ' 0 npaMas BETCTBYIOLLAA €A 3niopa eAuHWYHOrO COCTOSR-
C =< dniopa  HWS B npegenax Kaaoro u3 3TUX YyacTkos
SAMHWNHOTO Gpina cTPOro NPSMONUHERHoN (xoTa Obl U pas-

COCTORRAMA  Lpix 3HAKOB) M JKECTKOCTb CEYEHWA CTEpPHHS
" By ) Obina Bkl NOCTOAHHOWM,
2)BbluncnfeTca nnowanb or y4actka anto-
Pbl rPY30BOrO COCTOSAHWA W ONpeaenseTcs no-
noxeHue ee LeHTpa Tsxectn C;
3) B 3MOpe €4MHNYHOIO COCTOAHWSA CTPOTO NOA LIEHTPOM TSXKECTU nnowjagu
©F BblMACNAETCA OpAMHaTa Tg;

4) MCKOMOEe nepemelleHune A onpepensietcs no opmyne BepelwaruHa
(‘nepemMHOXeHuem anwp”)

PucyHok. Cnoco6 A.H. BepeliaruHa

1 _
Aip = ZE(’)F Mc

rae B — cooTteeTcTByOWAa paccMmaTpusaemMon gedopmanumn XecTkocTe none-
PEYHbIX CEYEHMIN CTEPXKHA. PasymeeTcs, cneayeT yuynTbiBaTb 3HaKW 3NOpP rpy-
30BOr0 U €4MHWUYHOrO COCTOSIHUSA CUCTEMbI. Tak Kak HanpaBneHns eguHUYHbIX
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hakTopoB I?K =1 unu my, =1 BbIOUPAKT NPOU3BONbHO, TO 3HAK NNKOC (MUHYC) Y
HaWLEHHOro NnepeMeLleHns A;z 03Ha4daeT, YTO OHO coBnagaet (He coBnagaeT)
C €ro UCTUHHbIM HanpasneHnem.

MpopomxeHnwve npun. 4

Tabnuya
Mnowaan v NONOXEHNe LEHTPOB THXECTM 3NEeMeHTapHbIX uryp
durypa [ToNOXEeHWE LEeHTpa TAXECTH [Mnowaab
Xc = 5(’ (O hP
AR JE——
<—>0 =/ = —
s ¢ X =3 0= h¢
S S
L 3(hy + hy) 2
S
Xc = i 1
g Xe =§(1+u) 0 =Ehr"'
L ur |
i *
K 4'_6
" g,
mt LG "9'-‘52;:?
C o4 xczéf nghf'
— 8 3
p |
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MpoaomkeHue npun. 4

OkoH4YaHue mabnuusi
[MonoxeHwe LeHTpa THXecTn MNnowaab

1 1
Mot w=—h{

T 3
Xc =l#‘ m=gh€

2 3

= 3y
Xc
0 gﬁb“?& xﬂ_%ﬁ' w=—h{
P |
N
MpaBuna nepeMHOXEHUA NP
— CumncoHa fi f
cp
e
an. Me
\\I .
fy
e an. M,r:
f2
_ T2
T i an. M
g T — oo ..
Ajp = E[ﬁ Th + 4fopTip + fzﬁz]
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OkoH4vaHue npun. 4

— Tpaneuun

fi

an. M,':

/

n

|

3an.

qu

ﬁyq — — — —
Aip = @[2’?111 + 26T + i + My |

lpumep. OnpegenuTs nporud 1 yron NoBopoTa ceveHus K.

M =12 ki F=3kH Agg="MgxMy"=
. 12
=—Z [3.9-(-27)+4-57-(~=21)+7,5-(~15)]+
g EJ :coner 6EJ 139 ) =2 (=15l
.
1.2 M 1,5 M L -(_4'5)'1'5-(—1):—66'285 [ed.0nunbi);
45 EJ 2
' O an. Me
® [kHm]
o(C 1 —
3,9\I\ M e ="MpxM, "=
fop= 0705 Fe=1 1 39475 ) 1 (-45)15
7 ¥ = 2T 1221+ (=4.9)1 (1=
T K EJ 2 EJ 2
270l 2 __10989
e =1 on W, EJ '
[wm]
F -1 OTpuuaTenbHble 3Ha4YeHUa nporndba Axe
7, WK W yrna noBopoTa 03HAYaKT, YTO UX UCTUH-
14'1 =11 =1 L on W Hble HanpaBneHWsa obpaTHbl HanpasneHu-
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NMPUNOXEHUE 5

NMPOrPAMMA
NO4rOTOBKW K 3K3aMeHy Mo CONPOTUBMNEHNID MaTEPUanoB (4acTb 2)

|. MoBTOpPEHWE OCHOBHbIX pasaenoe | yacTtu kypca.

1. FleoMmeTpuyeckme XapakTepUCTUKN MNIOCKUX CEeYeHUW CcTepxHen (nno-
Waab, UEHTP TAXKECTW CeveHnsd, MOMEHTbLlI WHepLUMn, MOMEHTbI COonmpoTuBne-
HUA).

2. MocTtpoeHune snwop ycunun. OnacHoe cedeHue. YCnoBue MpPOYHOCTU U
noadop cevyeHunin NO 4ONYCKaeMbIM HANPKEHUAM.

3. Onpepenenne nepemewieHnin metogom Mopa (MHterpan Mopa). Cnocob
BepewarnHa. YcnoBus XXecTKOCTH.

[I. CTaTnyeckn HeonpeaenuMbIe CTePXKHEBbLIE CUCTEMBI.

1. CTatnyeckn HeonpeaenuMble CUCTEMBI NPWY OCEBOW AedopMaLn CTEPX-
Hen. CTeneHb CTaTu4eckon HeOonpeaAenMMOCTH. YPaBHEHNS COBMECTHOCTMU Je-
dopmaumi.

2. PacuyeT no mMeToAy AONYyCKAEeMbIX HanpsbKeHWn U METOAY paspyLuatoLmx
HarpysoK (N0 NpegenbHOMY COCTOSHUID).

3. HepaspesHble bankn. CteneHb CTaTMYECKOW HEONPEeaeNMMOCTN. YpaBHe-
HUF COBMECTHOCTU aethopmaiun no MeToay cur.

4. T1oCTpOEHNE pacyeTHbIX anp Marnbarowmx MOMEHTOB U NOMNEPEYHbIX
CWUN B Hepa3pesHbix 6ankax. KOHTpOnbe pacyeTta yCunvn.

5. Nopbop ceveHunsa HepaspesHon DHankm no AonyckaembliM HANPSXKEHUAM.
Ycnoeume xecTtkocTn 6anok.

lll. HanpsaxenHo-gedopmmnpoBaHHOE COCTOAHNE B TOYKax 4edopMUpyemMoro
TBEpPLOro Tena.

1. TNbl HANPAMXEHHOTO COCTOAHUA (NMUHENHOE, NNockoe, 0bbemMHoe). MNoH:A-
TWE O TEH30pe HanpaXeHud. [nasHble NMOWAAKW WM TNaBHbIE HOPMAanbHbIE
HanpsaXeHus.

2. OnpegenerHve rNaBHbIX HOPMAafbHbIX HAMPKEHWA MPU NUHEAHOM ¢
NNOCKOM HaNPs>KeHHbIX COCTOAHUAX.

3. JlvHelHble 1 yrnoBble gegopMauun B Toukax aedopMnpyemoro Tena.
[(NaBHble NUHENHBIE AeopmMmauun.

4. O6o0WeHHbIN 3aKOH N'yKa K ero YyacTHble cny4dau.

5. TpeTba n yeTBepTaa Teopunn NPoYHOCTU. Teopua npovHocTH Mopa.

V. CnoXxHOe CONPOTUBNEHNE CTEPKHEN.

1. Kocon narnb (Mnu cnoxhel n3rub). BeluncneHne HopmManbHbIX Hanpske-
HUIA.

2. BHeueHTpeHHOe CcKaTue Unu pactaxeHne. HopmanbHbie HanpsAXKeHua B
nonepevyHoMm cedeHun. llonoxeHue HyneBoW NWHUKM B cedeHuun. [posepka
NPOYHOCTU. AP0 CeyeHuns.

73



OKOH4YaHue npun. 5

3. KpyuyeHue ¢ narmbom npambix Kpyrnbix Banos. Mposepka npoyHoctu no i
n IV TeOpMaM NPOYHOCTHA.

V. YCTOMYNBOCTb NPAMbIX LIEHTPANbHO CKaTbIX CTEPXHEN NOCTOAHHOMO CEYeH .

1. MNoHATME 00 YCTOMYMBOM, HeyCcToMYMBOM KN Ge3pasfsIMyHOM COCTOAHMU
paBHoBecua TBepabix Ten. MNMoHATue 0 notepe yCTOMYMBOCTA (BbINyYMBAHWW)
CXaTOro yrnpyroro CTEpKHS.

2. [oHATHe 0 KpUTUYECKOW cune F,. Popmyna 3unepa gna F,. Y4eT cno-
coba 3aKpenneHns KOHLOB CXaToro CTEMKHA Ha BENUYUHY Fy,. MoHATWE O npu-
BEAEHHOWN ANNHE CKATOrO CTEPXKHS.

3. MNpeaensl npumeHUMOCcTWM opmynbl 3unepa. patuk KPUTUYECKUX
HanpsKeHU Kak OYHKLUK rMBKOCTM A CTEPXHEN U3 ManoyrnepoanCcTon CTanu.
dopmyna ACMHCKOrO.

4. MNpakTUyecknidi pacyeT CKaTbIX CTEPXKHEN C UCMONb30BaHMeEM KO3athduum-
eHTa NpPogoNbLHOro narnda o.

VI. luHamuyeckne 3agaum CONnpoTUBNEHUS MaTepnanos.

1. TOHATHE O AUHAMUYECKOW Harpy3ke. AuHammnyecknii kKoapUUNEHT.

2. Pacuet Tpoca npu paBHOYCKOPEHHOM NOAbEME rpy3sa.

3. MNpoBepka NPOYHOCTY NpPU NONEPEYHOM yaape no Banke.

4. YyeT macckl KOHCTPYKLWM NPK pacyeTax Ha yaap. YaapHas npoba.

5. KonebaHua ynpyrux cuctemM ¢ 04HON cTeneHbio ¢Boboabl. OCHOBHbIE MOHSNA-
TnA. Nepuognueckne konebanus. MNMepwog v YactotTa cobCTBEHHbIX KonebaHni.

6. BboiHy#aeHHble konedaHusa ynpyrux CUCTeM C O4HOW CTENneHbio CBODBOAbI.
fiBneHve pesoHaHca. Mepbl 6opbbbl ¢ pe3oHAHCOM. JuMHaMUYeckun Koadhdn-
LMEHT W NpoOBEpPKa NPOYHOCTH.

VII. NMoHaTue of yCcTanoCTHON NPOYHOCTM MaTepuana npv UMKNuYeckn ne-
pPeMeHHbIX HaNpPAXKeHUax.

1. XapaktepucTukn 4uknos. MexaHnam yctanocTHOro paspyLleHmns.

2. MNMpegen BbIHOCNMBOCTU NPU CUMMETPUYHOM LIMKNE.

3. ®aKkTopbl, BNUAIOWMWE HA BENUYKUHY Npeaena BbIHOCNMBOCTMW.

4. Owarpamma npegensHbeix amnnutyg. OnpepeneHrne koahpduymeHTta 3a-
naca ycTanoCTHOW NPOYHOCTU AeTanen.

Mpn NOArOTOBKE PEKOMEHAYETCA UCMONBb30BaThL Nekuumn, niodsble JOCTyNHbIE
y4eOHNKN 1 pYKOBOACTBA K PELUEHUIO 334a4, KOHCYNnbTauun. XOpoLLo 3HaTbL COo-
AepXaHne CoOOCTBEHHbIX KOHTPONbHBIX padoT.
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NMPUNOXEHWE 6

3AOAYN

Ana CamonoaroToOBKKU CTYAEHTOB K 3K3aMeHy

3adaya 1

Ana 6anok onpegenuTe npornbel 1 yrnel NoOBopoTa ceveHnin Kq 1 K; no me-
Toay Mopa. Matepuan 6anok — ctans (E = 2-10° Mf7a). N306pasuTb cxemy 13o-
rHYTOW OCW.

F=02«xH

% = K l m =02 kHm

cm L m d=8cm
q =2 kHim

F=4KH1
JEEL el

| 3m | 3m  3m _
N il

3adaya 2

MposepwnTb xecTkocTb Gankm npu gonyckaemom npornbe [f] = 4(1)0 ¢, roe npo-
net ¢ =6 M. CedeHune Gankn nop,oﬁpaTb 13 ABYX WBennepo. npu [c] = 160 Mlla.
= 12 KHIm

. Ir-

Ana HepaspesHon Banku:

1) nocTpouTb anopel M n Q;

2) npoBepuTb paBHOBeCUe Banku;

3) nogobpaTte ABYyTaBpoBOe cedeHue Oanknm n3 ycrnosus NPOYHOCTA Npw
[c] = 160 Mr]a.

3adaya 3
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MpooormxkeHue npwun. 6

3adaya 4

HKecTkmn Bpyc HarpyxeH cunamu Fq n F,. MocTpouTe anopbl HOPManbHbIX
HanpseKeHWn nNo nogowee Opyca OT 4eNCTBMA KaX40M CUnbl OTAENBHO.

F1 =100 kH

F2=60 kH

N N
h'-g_nﬁ‘@ A M "

W"‘Q@ﬁy i gt

.

3Jadaya 5

CpaBHuTs Hanbonblune HOpManbHble HanpsXeHus B ctepxHe AB no ceve-

Huam I-I w TI-1I.
04m | 12m )

1 l l I CeueHue I-1
a2 L

ng 2eml [
% 3cM 3 M
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MpoaomkeHue npun. 6
3adaya 6
[Ans nBYTaBPOBOA KOHCONMK:

1) NOCTPOUTL 3MNOPY HOPMASbHbLIX HANPAXEHWW B ONACHOM CEYEHUN;
2) onpefenuTb BEMUYMHY U HanpaeneHwe nonHoro nporuda KoHua Danku.

A
Y71 Ceuenne
//
[B

A = 0t0='1O°
16 m F 2KHjJ

3ada4ya 7

Ban TpybuaToro ceyeHna MMeEET ABa WKuBa guameTrpamun Dy = 0,3 M,
D> = 0,5 m n nepegaet mowHocTb W = 200 kBm npu n = 300 06/muH. Cuntas,
YTO HaTAXEHWe BETBEW PEMEHHLIX nepefad 7; = 2§, no TpeTben TEOPUN NpPou-
HOCTW nogofpaTh pasmepsl ceveHuns npu [c] = 120 Mia.

CeveHune
> 2 Bana
t Y
= kd
S == R
X
d
€
) 15m T 2w 1,5 M
> d
a=-—=-05
D

7



Mpoaon:xeHue npun. 6

3adavya 8

OnpeaenuTb KpUTHYECKOE 3HaYeHue cun F, AN yKkasaHHbIX CToeK. Mcnonb3o-
BaTb NOMHBIN rpacuKk KPUTUYECKUX HanpsxeHuid ana ctanu CT3 (F = 2:10° MfTa,
oy = 200 Mla, .= 240 Mla, koappuumneHTsl AcuHckoro ans ctanu a = 310 Ml la,
b=1,14 Mlla).

Pasmepel nonepevHbIX CEYEeHUN ykasaHbl B CAHTUMETPaXx.

JF=? ag? ifé?__

24 m

777 L/ /B
72 o A o

© B
4% e

3adaya 9

[nsa cxaTblX CTOEK:

1)onpeaennTs Aonyckaemyro Harpysky npu [c] = 190 Mfla;

2)nogobpatb AUamMeTp KpPyrnoro ceveHnsa CToukn npu [c] = 160 Mia. MaTe-
pvan —crane CT13.

MNpwn pacyeTax ncnonbsosaTe Tabnuuy KO3IPMOULNEHTOB ¢ NPOAONBHOrO 13-
rnba NPAMbIX CTEPXKHEN.

F=7 F =180 kH
| |
—ro-% — .
=
s\ 3@
Ne = 20 a=7
4l 18
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OkoHuaHue npwun. 6
3adaya 10

MpoeepuTb npoyHocTb Ganku (I Ne 16) npu [6] = 160 Ml1a. Banka Harpyxe-
Ha nebepkon BecoMm 3 KH, NOAgHUMaIOLER Ha Tpoce rpy3 Maccoi m = 500 k2 ¢

ycKopeHvem a = 1,2 m/c>.
Maccoi 6anku npeHebpeyb.
gneﬁema
7§2 TpOCi ’3’

W a=12mc

1
m=500 ke 24
25m

25m

3adaya 11

1. Ha Banky ¢ BbicOTbl h = 3 cm cOpacbiBaeTca rpys maccom m = 300 ke.

MposepuTb NpoyHocTb Ganku npu [6] = 120 MiMa. Ceuvenve Ganku I Ne 20.
Maccown 6ankn npeHebpeub.
2. PewwnTb 3apa4vy npu NonoOXeHWW AByTaspa nnawms, T. €. Korga ceyeHune

X .

I

NMeeT BUA
C 1
L

h=3CMT

Ne 20

MAAN

1,2 m

N A

Jadava 12

Ha Ganke ceyeHunem u3 aByx weennepoB Ne¢ 18 yctaHoBneH pBuratens
maccon M = 1500 ka. lNpwn pabote gBwuratens, poTOp KOTOpPOro Aenaetr
n = 900 ob6/MWH, BO3HWMKaeT BWOpauWa W3-3a HeypaBHOBELUEHHOW Macchl
m = 20 ke, Bpawlawowencs c akcueHTpucutetom e = 0.4 cm.

1. MNMpoeepuTb Banky Ha pesoHaHc.

2. MNMpoBepuTb NPOYHOCTL Npu [c] = 140 M(a.

Maccon Bankn npeHebpedb.

o
{}'ﬁ'

z:”/ m = 20 k2
A
M ;

L 24m 24 M

I Ea >
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