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BBenenue
Hucuunnmua «TexHuyeckas MEXaHHMKa» TMOCBSIIEHA HW3YYEHHIO IPOYHOCTH, KECTKOCTH H
YCTOMYMBOCTH KXKJIOW JCTAIM M KaXJOTO0 KOHCTPYKTUBHOIO 3JIEMEHTa CoopykeHus. OIHAKO IeTallb
J0JDKHA OBITh HE TOJBKO HAIEKHOW, HO U SKOHOMHYHOM, T. €. MUHUMAJIBHOM 10 BECY U ONITUMAIILHOMU IO
CTOMMOCTU. B NpOEKTHpOBAaHUM HAIEKHBIX U B TO K€ BPEMs SKOHOMUYHBIX COOPYKEHHH COCTOUT
TJIABHOE HCKYCCTBO WH)KCHEPA-MPOCKTUPOBIINKA, T. K. TpeOOBaHUS HAIEKHOCTH U HAHOOIBIICH
SKOHOMHUYHOCTH 4acCTO MPOTUBOPEYAT APYT IPYTY.

Heab0 MeTOAMYECKHX YKA3aHUM SBJAETCH HAYyYUTh CTYJCHTOB TI'PaMOTHO NPOECKTUPOBATH
AJIEMEHTBHl MHXKEHEPHBIX KOHCTPYKLHMM, pemarh MNPOYHOCTHBIE 3aJayd MPH Pa3JIMYHbIX BHAAX
nedopMarui.

TexXHUK-CTPOUTENb JOJKEH 00JaaaTh CICAYIONUMHA KOMIIETCHIIMSMH, BKIIOYAIOIMIMMH B CeOs
CIIOCOOHOCTb:

OK 1. [Tornmarh CyurHoCTh M COLMANBHYIO 3HAYMMOCTh CBOEH Oymyiiei npodeccuu, MposiBISTh K
HEW yCTOWYMBBINA UHTEPEC.

OK 2. OpranHu3oBbIBaTh COOCTBEHHYIO AESITENBbHOCTb, BBHIOMpATh TUIIOBBIE METOJBI U CHOCOOBI
BBITIOJIHEHUS TIPO(ECCUOHATBHBIX 3a/1a4, OLICHUBATh UX 3(()EKTUBHOCTH U KaYECTBO.

OK 3. IlpuHuMarh pelieHuss B CTaHJAPTHBIX M HECTAHJAPTHBIX CHUTyalUsX M HECTH 3a HUX
OTBETCTBECHHOCTb.

OK 4. OcymecTBisTh MOUCK M UCIHOJIb30BaHWE MH(POpPMAINH, HE0OXoauMon A 3(pHEeKTUBHOTO
BBITIOJTHEHUS MPOPECCHOHANTBHBIX 3a/1a4, MPOPECCHOHATBHOTO U JIMYHOCTHOTO PA3BHUTHSL.

OK 5. Hcnonb3oBaTh MH(DOPMALIMOHHO-KOMMYHHKAIIMOHHBIE TEXHOJOTHH B TPO(ECCHOHATHHOM
JIESITEILHOCTH.

OK 6. PabGorats B KOJJIEKTUBE U KOMaHe, 3PPEeKTUBHO OOMIATHCA C KOJIJIETaMH, PYKOBOJCTBOM,
MOTPEOUTENSIMHU.

OK 7. bpatb Ha ce0si OTBETCTBEHHOCTh 32 pa0OTy WIEHOB KOMAaH[bl (TIOJYMHEHHBIX), pe3yibTaT
BBITIOJIHCHUS 3aJaHH.

OK 8. CamocTosiTeNnbHO OMpeAeNsaTh 3aladd MPOPECCHOHATHHOTO U JMYHOCTHOTO Pa3BUTHSA,
3aHUMAThCs CaMOOOpa30BaHUEM, OCO3HAHHO TIJIAHMPOBATH MOBBIIIEHNE KBAUTU(PUKAIINH.

OK 9. OpueHTHpOBaThCS B YCIOBHSIX 4YacTOH CMEHBI TEXHOJOTHH B MpodecCHOHaTbHON
JIeSITEILHOCTH.

Crtpoutens noKeH o0manaTh MNpodecCHOHATbHBIMA KOMIETEHIMSIMH, COOTBETCTBYIOIIMMHU
OCHOBHBIM BHJIaM NMPO(GeCCHOHATBHOMN eITeTbHOCTH:

IIK 1.1. IloabupaTe CTpOUTENbHbIE KOHCTPYKIIUUA U pa3padaThiBaTh HECIOXKHBIE Y3Ibl U JETalU
KOHCTPYKTHUBHBIX 3JIEMEHTOB 3/IaHUM.

I1K 1.2. BoInonHATh pacueThl U KOHCTPYUPOBAHHUE CTPOUTENHHBIX KOHCTPYKIIUMN.

JIP14 CrnocoOHbIi CcTaBUTH Tepen co0oi Ienu TOoA s PeHICHHs  BO3HHMKAIOIINX
MpoeCCHOHANBHBIX 3aJlad, TMOJOHpaTh CIOCOOBI PEIICHHUs M CPEACTBa pPa3BUTHSI, B TOM YHCIE C
UCIOJIb30BaHNEM MH(POPMAIMOHHBIX TEXHOIOTHIA;

JIP 16 CriocoGHBIN MCKaTh U HAXOJIUTh HEOOXOIUMYIO MH(OPMAILIMIO UCIOJB3YS pa3HOOOpa3HbIe
TEXHOJIOTMM €€ TOMCKa, /Ul PELICHHUS BO3HUKAIOIIMX B IPOLECCE MPOU3BOJACTBEHHON AEATEIBHOCTU
po0JIeM TIPH CTPOUTEIHCTBE M IKCIUTyaTallui OOBEKTOB KAMMTAILHOT'O CTPOUTEIIbCTBA;



[IpakTrueckoe 3anstue No 1
IHocTpoenue npoekuuii BeKTOpoB. OnpenesieHue paBHOAEHCTBYOIIEH MJIOCKOI CHCTEMbI
CXOASAIINXCS CHJI

Ilenv pabomsr — iponzBecTd TpadUUIEcCKOC U AHATUTHYECKOE HMCCIICIOBAHUE TUIOCKOW CHCTEMBI
CXOJISIIIMXCS CUJI, BBIIBUTH YPABHOBEIIICHA JIM 3aJJaHHAsi CUCTEMa CHUJI.

Teopemuueckoe obocnosanue

HccnenoBanue m000i CHCTEMBI CUJI HAYMHAIOT C ONPEACNICHUS B3aMMHOTO PACIOJIOKEHUS CHIL.
Ecnu nuHumM neicTBus BCEX CUIT PACIOJIOAKEHBI B OJTHOM MJIIOCKOCTH M NIEPECEKAOTCS B OJTHOW TOUYKE, TO
OHM 00Pa3yIOT IVIOCKYIO CUCTEMY CXOJISIIIUXCS CHJL.

Cunbl, feiicTByronue Ha aOCONIOTHO TBEPIOE TEIO, MOMYCKATCS MEPEHOCUTDH BIIOJIb TUHUHM MX
NEUCTBUA, MOITOMY CXOJSAIIUECS CHJIBI MOKHO BCErja MPUJIOKUTh B TOYKE IMEPECEUCHUS MX JIMHUN
nericrBusa. [locrmenoBarelibHO CKIAJbIBast CXOIAIIAECS CUJIbI, IUIOCKYK) CHCTEMY CXOISIIMXCS CHJI
IIPUBOJAT K OJHOU PaBHOAECHCTBYIOLIEH.

OnuH U3 r1aBHBIX BOIIPOCOB MPU UCCIEAOBAHUU CUCTEMBI CHII — SIBJIICTCS JIM JJAHHAsI CUCTEMa CHJT
YPAaBHOBEIICHHONH WM  HEypaBHOBeLIEHHOW. HeoOXogumbIM M JOCTaTOYHBIM  YCIOBUEM
YPAaBHOBEIIEHHOCTH CHCTEMBI CXOJMSIIMXCS CHJI SIBJISIETCS PABEHCTBO HYJI0 HMX PaBHOACHCTBYIOLIECH
cuwibl. MaTtepualibHasi TOYKA, K KOTOPOH MNPUIIOKEHA YpPaBHOBEUIEHHAs CHUCTEMa CUJI, HAXOOUTCS B
COCTOSIHUM MOKOS UJIY MPSMOJMHENHOTO PABHOMEPHOTO JBHKCHUS.

CrnoxxeHue CHII MOKHO TIPOM3BECTH JABYMs croco0amu: TpaduyeckKd U aHATUTHYECKH.
I'padmyeckoe croxkeHUE TIOCKOW CHUCTEMBI CXOJSIIMXCS CHJ TPOU3BOISAT TOCTPOSHUEM CHIIOBOTO

MHOTOYTOJIbHUKA (pUC. 2) .
Y

r
F1
F2
= 3 X1 R F2
b X
of
3 F1
B F3
Puc. 1 Puc.2

st 5TOrO W3 TPOU3BOJIBHOM TOUYKH OTKJIAQJBIBA€TCA BEKTOpP CWJIBI Fi, W3 KOHIIA KOTOPOTO
OTKJa/bIBa€TCA BEKTOp cwibl Fou T.1. PaBHOAeHCTByromas cuiia SIBISETCS 3aMbIKAIOLIEH CTOPOHOU
CHUJIOBOTO MHOTOYTOJIbHUKA. ['padudecknii cmocod MO3BOJISET JOBOJBHO OBICTPO W OYECHBH HATJISITHO
MIPOU3BECTH CJIOKEHUSI CHUJI, HO TOUYHOCTh OMPEJEICHUSI MOJYJsSI U HalpaBJEHUs PaBHOACUCTBYIOLIEH
3aBUCUT OT TOYHOCTH ITOCTPOCHUM.

Bonee Tounble pe3yabTaThl MOKHO TOTYYUTh, MPUMEHSSI aHATUTUYECKUI CI0CO0, OCHOBAaHUN Ha
BBIYMCIICHUH BCEX 3aJaHHBIX CHJI Ha OCH X U Y

Fix: Fi* COSa,, Fiy: Fi *Sin(li, i=1... n, (1)

rae Fi — Mogynu 3aiaHHbBIX CHII,

0. — YroJl Mexxay cuiiol F; 1 ocbro X.

3aTeM OnpeaenstOTCs MPOEKIIUU PABHOICUCTBYIOIICH:

Fy x=YFix, Fyy=>Fiy, (1.2)
a TI0 HUM — MOJTYJTh PaBHOJICHCTBYIOIICH

Fo= V2 Fe + 2F) (13)
ZFiy

U HalrpaBlICHHE: o = arctg Z Fi (1.4)



3aoanusn
3ananel Momymu cui Fi, Fy, Fs, mepecexaromuxcst B 0THOM TOYKE, M HAIMPABJICHUE DTUX CHI —
YTJIBI 01, O, 030THOCUTENIbHO ocH X (puc. 1 ).

Hopaook evinonnenusn pabomot

1./lng 3agaHHON CHUCTEMBI CXOJSILUXCS CHJI B COOTBETCTBUM C BapHaHTOM IIOCTPOUTH B
MacimTabe CHIOBOM MHOTOYTOJIBHUK. 3amucaTh BRIOpaHHBIN MacmTad cuia. 3MepuTh TUHEHKON JTITUHY
BEKTOPa PAaBHOJICUCTBYIOILIEH U TPAHCIIOPTUPOM YIOJI MEKAY PABHOJCUCTBYIOIIEH U OCBIO X. Y YUTHIBAS
MacIITab MOCTPOEHUS, BBIYUCIUTh MOIYJIb PABHOICHCTBYIOIIEH CHIIBI.

2.BbluMcauTh MOAYNb M HANpPaBJIECHUE DPABHOACHCTBYIOLIEH aAHAJIUTUYECKUM METOAOM
MPOEKIIUH.

3.0mpenenuTb OTHOCHUTENbHBIE IOTPEIIHOCTM  BBIUMCIEHMS MOAYJIS M HalpaBICHUS
paBHoneicTByomen. [Ipu pacxoxnenun 6onee 10% BbIUKCICHHS U TOCTPOCHUS CIEIYET IPOBEPUTD.

4.Caenath BBIBOJ 00 YPaBHOBEIICHHOCTH 33JJAHHONW CUCTEMBI CHIL.

5.0TBETUTH HAa KOHTPOJIBHBIE BOIIPOCHIL.

Konumponwsnusie 6onpocwi
1.Kak mpousBoautcs rpapuueckoe CI0KeHUE CHUJI, MPHIOKEHHBIX K TBEPAOMY TElTy B OJHON TOUYKe?
Bnusier nu nopsiiok CloKeHHs BEKTOPOB IPU MOCTPOEHUU CHIIOBOIO MHOTOYIOJIbHMKA HAa BEIUYHUHY
paBHOAECHCTBYIOLIEH?
2.KakoBo HallpaBiIeHHE€ PAaBHOJECIHCTBYIOLIEH CUIIbI B CUJIOBOM MHOTOYTI'OJIbHUKE?
3.MOXHO 1M TOCTPOMB CHUJIOBOW MHOTOYTOJIbHHK, CJ€JIaB BBIBOJI 00 YpaBHOBEUICHHOCTH 3a/JaHHOM
CUCTEMBI?
4.Kak onpezeinsercst NpoeKLMs CHIIbl Ha 0cb? B KakoM ciydae oHa paBHa HYJI0?
5.KakxoBo aHanuTnyeckoe yciioBue€ paBHOBECHS IUIOCKON CUCTEMbI CXOASIIUXCS CHUIT?
6.B kakux ciaydasx cienyer rpaguueckuil croco0 orpenesreHUs] PaBHOACHUCTBYIOLIEH, a B KaKuX —
AHATTUTHYECKUIN?
7.Kak MOKHO NPOU3BECTH YPABHOBEUIMBAHUE INIOCKOW CUCTEMBI CXOISAIIMXCS CHII?

3agaHebl:

Fi=4H,a=90 °, F,=6H, 0, =200 °, F3=3H, a3 =70 °
1. T'paduueckoe onpeneneHne paBHOACHCTBYOIIEH.
Bri6upaem macmrad cun — pp= 0.1 H/ mm

Y
F1 &

sl

22

Motysie paBHOJICHCTBYIOTIEH - Fo_ ur*1=0.1*68 = 6.8,

. .,
Hamnpasnenue paBHogeicTByome - @ = 134°
2. AHanuTHYECKOE OIpee/ICHHE PAaBHOACHCTBYIOMIEH MTPOCKITNHU 3aIaHHBIX CUJI HA OCH X U Y:
F1x = F1x c0Sa;= 4xcos 90° = 0; Fly = Fqx sin o1 =4-sin90°=4 H



Fax = F2 = C0Sap = 6+ cos 200° =-5.638 H; Fyy = F2 +sin o, = 6« sin 200° = - 1.368 H
Fax = F3«C0S03 = 3= cos 70° = 1.026 H ; F3y = F3« Sin a3 = 3«sin 70° =2.819 H
[Ipoeknuu paBHOIEUCTBYIOIIECH:

Fy«=2Fix=0-5.638 + 1.026 = - 4.612 H,

Fyy=>Fiy=4-1.368 + 2.819 = 5.451 H,

.. Fe , +Fo . = 2 2
Moy paBHojieiicTByIoMEl: Fy dl = V7 2+~ 7 2»" Y4612 +5451° =7 140 H

F
_2x =arctg _5451 =130.23°
F 4.612

Hanpasienne paBHOJACHCTBYIOMmEH: 0 @ = arcty =
3. OTHOCHUTENBHBIE MTOTPEIIHOCTH
[TorpemHoCTh BBIYMCIECHUS MOYJISl PABHOJCHCTBYIOIIECH.

FeuFyvy
21372 | 6.8- 7.140

2" *100%=| 7140 "x100% = 5,00%
[TorpemHoCTh BBIUKCIEHUS HANIPABIEHUS PAaBHOACHCTBYIOIIECH
2p - aH
Aer =[Z22 134 - 130,23 |
“ *100% = 134 *100% = 2,81%
BriBoA: cuctema SBIIAETCS HEYPAaBHOBEIIEHHOM.

Monyns paBHOzEHCTBYIOIIEH - Fy M =17.140 H, nanpasnenue - & —— 130,23°.

AFy =|

[IpakTuueckoe 3anstue Ne 2
Ilpakmuueckas noocomoska
IHocTpoenune npoexkuuii BeKTOpoB. OnpeaesieHue paBHOAEHCTBYOLIEH MJIOCKOI CHCTEMbI
CXOAALIMXCH CHJT
3aoanusn
3amansl moxynmu cun Fi, Fp, F3, mepecekarommxcsi B 0JJHOM TOYKE, U HAMPABICHUE ATUX CUT —
YTIIBI 01, 02, 030THOCUTENHHO ocH X ( Tabm. 1).
Ilenv pabomwbr — nponsBecTH rpaduyecKoe U AHATIUTUYECKOE MCCIIEIOBAHHE IIOCKON CHCTEMBI
CXOJISIIIIUXCS CUJI, BBIIBUTH YPABHOBEILICHA JIM 3aJJaHHAs CUCTEMaA CUIIL.

Tao6amna 1
3anannbie cuabl, H Yribl MeK1y CHJIOH U 0CBIO X, IPaj
Ne BapuanTa

F F Fs o a a3
1 4 8 2 45 135 315
2 1 6 9 60 110 225
3 3 4 6 110 20 310
4 9 1 4 20 210 90
5 8 7 9 60 120 300
6 4 3 1 45 90 180




7 150 240 270

8 60 300 90

9 120 60 20
10 150 45 330
11 135 30 290
12 140 80 120
13 20 200 270
14 45 190 240
15 180 225 45
16 210 130 30
17 80 120 330
18 75 180 225
19 60 140 220
20 40 160 270
21 20 110 200
22 135 210 330
23 300 60 150
24 270 120 60
25 90 150 270
26 30 180 225
27 45 150 240
28 120 180 300
29 60 135 270
30 330 120 210

[Tpumedanue: Bce NOCTPOEHUS JeNaTh B MaciTade, coOI0Aas YepTeKHbIE IIPAaBUIIA.




[IpakTnueckoe 3austue Ne3
OmnpenesieHue YCWINHA B CTEPKHAX CTEPKHEBOH KOHCTPYKIMHI

Tema: Craruka. [lltockag cucreMa CXOIAMAXCA CHII.
Heab padoTbi: HayunTcs onpenenarb yCUIUs B CTEPAKHAX KOHCTPYKIIMU aHATUTHYECKUM
METOJIOM.

Teopemuueckoe obocnosanue

Bo wMHOrmx MammMHax M COOPYKEHHUSAX BCTPEYAIOTCA KOHCTPYKTUBHBIE  OJIEMEHTHI,
[IpEAHA3HAYEHHBIE ITPEUMYILIECTBEHHO Ul BOCHPUATHS HArpy30K, HAIIPaBICHHBIX MEPIECHIUKYIISPHO
uX ocH. PacueTHble cXxeMbl TaKMX 3JIEMEHTOB (BaJibl, YaCTU METAJUIOKOHCTPYKLUHU U Ap.) MOTYT OBITh
NpeJCTaBIeHbl 0ankoil. banky MMEIOT OmopHbIe YCTPOWCTBA JUIS NEepeAaydl YCUIMA M CONPSDKEHUs ¢
JOPYTUMH 3JIEMEHTaMHU.

OCHOBHBIMHU THUIIaMH OIIOp OAJIOK SIBJIAIOTCS IIAPHUPHO — MOABUKHASL, IIAPHUPHO — HENOJIBUYKHAS
OIIOPBI U JKECTKas 3a/JelIKa.

apuupHo — mojaBukHas omopa (puc.l,a) nomyckaer moBopoT OalKud BOKPYI OCH IIApHUpPA U
JMHENHOE MEePEMEILIEHUE HAa HE3HAYUTEIIBHOE PACCTOSIHUE MapajlIeIbHO ONOPHOM IUIOCKOCTH. Toukoi
IIPUJIOKEHUS ONIOPHOM PEaKIUy sBIIAETCs NEHTp mapHupa. Hanpasinenue peakunu R — nepnenaukyisp
K OIIOPHOM ITOBEPXHOCTH.

HlapaupHo — HemoaBWXHAsg omopa (puc.l,6) momyckaeT TOJIBKO MOBOPOT OAJKM BOKPYT OCH
mapHupa. TOukoM NpWIOKEHMs SABIIAIOTCS TakKe LEHTp wapHupa. HampaBiieHus peakuuu 31€ch
HEU3BECTHO, OHO 3aBUCUT OT HArpy3Ku, MNPWIOKEHHONW K Oanke. [losromy s Takoil oOmMOpsI
OIIPENEIIAIOTCS IB€ HEM3BECTHBIE — B3aMMHO IIEPIEHIUKYJSApHBIE cocTaBisomue Ry u Ry omopHoii
peakuuu.

Kectkas 3anmenka (3amemnenue) (puc.l,B) He AONYCKaeT HU JIMHEHHBIX IEepeMelleHui, Hu
nmopopora. HeusBeCTHbIMM B JaHHOM Clly4ae SBJISIOTCS HE TOJIBKO BEIIMYMHA, HO MU €€ TOouKa
npuiaoxeHus. TakuMm o0pa3oM, JUis ONpeJeNeHHs ONOPHOW peakuu HEeoOXOIUMO HaWTH TpHU
HEM3BECTHBIE: cocTaBismomue Ryu Ry 1o ocsaM xoopauHar u peakTUBHBIA MOMEHT MR OTHOCHTENBHO
LIEHTpa TSXKECTU OMOPHOTO CEYEHUs OAIKU.

RT E-7
] |

Ex-? Ey Rx-?
-0 Ey-?
iy-? Rx M-7

t -

M

a 0 B

Puc.1

PaBHOBecue Oanku moJ AeHCTBUEM JIHOOON CHCTEMBI 33JJaHHBIX CHJI, PACIIONOKEHHBIX B OJHOM
IJIOCKOCTH, MOXET OBbITh 00€CIEYeHO OHOW KECTKOM 3aJ€TKOM MU ABYMS ONOpaMH — MOJBHYKHOU U
HEMOJBIKHONW. banku Ha3bIBalOTCS COOTBETCTBEHHO KOHCOJBHBIMH (pHC.2,a) MM JIBYX OIOPHBIMHU
(puc.2,0)

[

a 0
Puc.2




Ha 6anky nelcTBYIOT 3aaHHble CUIIbI U napbl cuil. CHIIbl 10 CIOCOO0Y MPUIIOKEHUS AETATCA Ha
pacripesielieHHbIe U COCpeoTOUYeHHbIE. Pacnpenenennbie Harpy3Ku 3aAal0Tcs WHTEHCUBHO ¢, H/M u
JUIMHOW 1, M. pPaBHOMEpPHO paclpe/eleHHble Harpy3Kd YCIOBHO M300paxaroTcs B  BHUE
IPSIMOYTOJIbHMKA, B KOTOPOM IapajljiesIbHbIE CTPEIKU YKa3bIBalOT, B KaKyl0 CTOPOHY JEHCTBYET
Harpyska (puc.2.3). B 3amayax cTaTUKM paBHOMEPHO — paclpelieIeHHYI0 Harpy3Ky MOXKHO 3aMEHSTb
PaBHOJIEHCTBYIOIIEH COCPENOTOYEHHON CUJIoN Q, YUCIIEHHO PaBHOW NMPOU3BEACHUIO (=1, MPHIIOKEHHOM
HOCpEIMHE JUIMHBI U HAIIPABJICHHOH B CTOPOHY JeMCTBUA (.

prtbbbyeeriioiy

Fy Ly F
L& L m

Fx = Fcos of
Fy=Fzinaod

Puc.3 Puc. 4

CocpeloTOYCHHBIE HArpy3KH MPHJIOKCHBI HAa CPaBHHUTEIBHO HEOONBIION [UITMHE, TO3TOMY
CUMUTAETCS, YTO OHU IPUIIOKEHBI B Touke. Eciu cocpenoToueHHas cuia npuioXeHa moj yriioMm K Oalke,
TO JUISl OLIPEETICHUS PEAKIMU OIOp YAOOHO Pa3IokKHUTh €€ Ha JiBe cocTaBisromue — Fx= Fcos o u Fy=F
sin o (puc.4).

Peakmuu omop Oasikui ONpeeNsIFOTCS U3 YCIOBUI PaBHOBECHS TJIOCKOH CHUCTEMBI TTPOU3BOIHHO
pacmojOKEHHBIX CHI. [l TJIOCKOM CHUCTEMBI MOKHO COCTaBUTh TpPU HE3aBUCHUMBIX YCIIOBHS
paBHOBECHS:

Y Fix=0; > Fiy=0; > Mjo= 0 unu
dYMia=0; XMig=0; XMijc=0wmmu } (1)
> Mia=0; 3 Mig = 0; > Fix=0.

I'ne O, A ,B, C — 11eHTpbsl MOMEHTOB.

PanmonansHo BRIOpATh TaKue YpaBHEHHS paBHOBECHS, B KaXKI0€ U3 KOTOPHIX BXOAuJa ObI 110
OJIHOM HEU3BECTHOM pEaKIVH.

Ha 3ansatun pemaroTCA 3a1a4u.

1.Ha HeBecoMyIO TPEXIIAPDHUPHYIO apKy  JEHCTBYET  TOPU3OHTAlbHAs  CHIA F (puc.1).

OrnpenenuTh TUHUIO TEUCTBUS pEAKIIUU Ry (peakuuu cBs3U B TOUKE A).

Pemenne: PaccMOTpUM TpaBylo 4YacTh apkd OTAenbHO. B Toukax B u C MPHIOKAM CHIIBI
peaKkuuu CBs3el Rgu Rc Teno oJ aeﬁc_TBHen_q JIBYX CHJI HaxoJuTcsi B paBHOBecHH. (CoOriacHo
aKCHOME O PABHOBECWHW JBYX CHII, CHIIBI Rpu R PaBHEI 110 BEIUYMHE M JEHCTBYIOT BJOJbL OJHON
OpsMOM B TPOTUBOMOJIOXKHBIE  CTOPOHBI. TakuMm  00pa3oM,  HalpaBJICHHE  CHJIBI Rec wam

u3BecTHO (BmoJib uHuKu BC).

C EC\C

AN
A

Puc.1
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Paccmorpum nieByro uacte apku otnenbHo. B Toukax A u C mpWIIOKUM CHIIBI  pEaKLUu
) L s L _ o o o
cesseit s M Be, Cupa Be = f" €, AelcTBHE paBHO MPOTUBOAEHCTBUIO. Ha Tenno neicTBYIOT TpU CHUJIBL,

- r
Hanpasienns aeyx cun (F u R c.) u3BectHO. CorylacHO TeopeMe O TpexX Cujax JIMHUU JIEUCTBUS BCEX
TpexX CHII IPeceKaloTcs B OJHOM Touke. CienoBaTensHo, cuna Ba manpapnena Bpoms muaun AD.

2. OOHOPOHBIN CTEpKEHb 3aKPEIJICH IApHUPHO B TOUKE 4 U OMUPAETCS HA TTAAKUN LUIHUHIP.
OnpenenuTh TUHUIO JeHCTBUS peakiuu Ra (peakmuu cBsi3u B Touke A).

Puc.2

Pemenme: Tak kak CTCPIKCHDb O,[[HOpO,Z[HBIﬁ, TO paBHOHeﬁCTBYIOmaﬂ CHII TAXKCCTHU (CI/IJ'Ia P),
HeﬁCTBYIOHlHX Ha CTCPKCHb, NPUJIOKCHA B €0 I'COMCTPUICCKOM HCHTPC (TO‘-IKa C) Tak kak CTCPIKCHDb

ONMpaeTcs HAa TNAAKYI MOBEPXHOCTb, TO peakmuss cBs3u (cuma V) B Touke kacamms (Touka D)
HallpaBji€Ha 10 HOPMAJIM K JTOM INMOBEPXHOCTHU. Ha Temo AeHCTBYIOT TpHM CHIIBI, HAIIPaBICHUS JBYX

CHUJl (N u P.) n3BecTHO. CormacHo TCOPEMC O TPEX CUJIaX JIMHUU JIEHCTBUS BCEX TPEX CUIT IPECCCKAOTCA
B OJHOM TOYKE. CHGHOB&TGHBHO, CHJIa RA HalrpaBJICHA BAOJIb JIMHUU AE.

3. Halitn peaknum cBsizeli u3orHyTol Oanku ABC, HaXOISAMICHCS TOJ JCHCTBHEM IUTOCKOM
cucteMbl cuit (puc.3). Beiuucienne peakiuii BeImogHUTS mpu a=1,2 M, b =24 M, | = 1,8 M, 0=30°, P; =
8 xH, P, = 6 kH, M=8 kHwm.
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Pemenne. OcBoOoauM 0ajKy OT CBA3CH M IPHIIOKKMM K HEH peakuuu caseid. Ha puc.4 R e, Rf}'

- COCTABJISIOIIME PEaKUMM LapHUpa A BAOIb oceil KoopauHar Ra- peakims BbicTyma crensi (Fa
neprnenaukyisipao BC).

P_a3J'IOiKI/IM CHJIbI Pl u Rﬂi Ha COCTaBJIAIOIIHNEC BI0JIb ocent KOOpAuHaT
Pl = P:LT + Pl}';
R,=R..+R,.

YcnoBus paBHOBECHS OaJIKU UMCIOT BHJT

EFx=0; Ry + Pysing — R sina+ P, =10;

EFy =0; Rygy + Picosa+ Ricosa=0;

Imy(F,)=0; —P,bsina+ (R gsina)/sina + (Rpcosa)(a + leosa)
—(Pycosa)a— M = 0.

Ilocne pemeHuss COCTABICHHOW CHCTEMBI YPAaBHEHMM I1OTy4aeM

R, =—1,04&H, Rg, =1,27xH, R;=1034 kH.

3. 3ajmaHa ropu3OHTAJIbHAs JBYX oOmNopHas Oanka. bamka HarpykeHa aKTHUBHBIMH CHJIAMU:
cocpenoToueHHOU F, pacnpenenenHoil cuaoli MHTEHCUBHOCTBIO ( U mapoil cui ¢ momenToM M (tadm.1
u puc 6).

Tpedyemc — ocTpOUTh PacUETHYIO CXeMy Oallki, COCTaBUTh ypaBHEHHUS pPaBHOBECHS Oaikw,
OTIPEICITUTh PEAKIIUU €€ OIOP U BBISIBUTH HAUOOJIEE HATPYKCHHYIO OTIOPY.

[Ipaktrueckoe 3ansitue Ne 4
IIpakmuueckas noocomoexa
Omnpenenenne yCHINN B CTEP/KHAX CTEPKHEBON KOHCTPYKIUH
3aganue: OnpeaenuTs yCUIUS B CTEP)KHAX 3aJaHHON KOHCTPYKIIMU aHAIUTUYECKUM crtocoboM. CxeMy
BbIOpATh B COOTBETCTBUM C HOMEPOM CTY/I€HTa MO CIMCKY JKypHaa.

IHopsiaok BHINOJIHEHUS
1. 306pa3uTh 3ajaHHYIO CXEMY B COOTBETCTBUU C BAPUAHTOM.
2. BolaenuTe MaTepUabHYIO TOUKY, K KOTOPOU ITPHJIOKEHA BHELIHSS CHUJIA.
3. Onpenenuth TUN CBSA3EH, YAEPKUBAIOLIUX TOUKY.
4. OTOpOCUTH CBSI3H, 3aMEHUTH UX JACHCTBUE CHJIAMH PEaKIUH.

5. CocTaBUTh pacUETHYIO CXEMY, BBIIETTUB TOUKY, HAXOAIIYIOCS B paBHOBecHHU. [IpuiIokuTh K HEl Bce
JEWCTBYIOIIHNE CUJIBI.

6. BrIOpars oci KOOpIHHAT.

TFkx =0

XFky =0
8. U3 ypaBHeHUI paBHOBECHS HAUTH BETHUUHY CHJI PEaKIHH.
9.3ammcarh BEMYNHY YCUITHI B CTEPKHSIX.

7. 3anucaTh ypaBHEHUS PaBHOBECUS:

10. BeraepTuTh MHOTOYTOJIBHHK CHJI, PHIIOKEHHBIX K TOYKE.
11 . Cuenars BBIBOJL.

3agaHus K NPAKTHYECKOMY 3aHATHIO Ne 4

BapHaHT | cxema P, | P a | p |
kH rpaaychbl
1 1 6 | 8 45 \ 90 \ 30
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2 2 5 10 90 30 45

3 3 3 7 120 30 60

4 4 4 8 60 30 30

5 5 7 5 30 30 30

6 6 4 3 90 60 45

7 7 2 1 120 30 90

8 8 8 4 60 45 45

9 9 5 7 45 90 30
10 10 4 5 90 30 45
11 11 6 8 120 30 60
12 12 5 10 60 30 30
13 13 3 7 30 30 30
14 14 4 8 90 60 45
15 15 7 5 120 30 90
16 1 4 3 60 45 45
17 2 2 1 45 90 30
18 3 8 4 90 30 45
19 4 5 7 120 30 60
20 5 4 5 60 30 30
21 6 6 8 30 30 30
22 7 5 10 90 60 45
23 8 3 7 120 30 90
24 9 4 8 60 45 45
25 10 7 5 60 30 30
26 11 4 3 30 30 30
27 12 2 1 90 60 45
28 13 8 4 120 30 90
29 14 5 7 60 45 45
30 15 4 5 90 60 45

13




IpakTuyeckas padora Ne 5
Onpenenenne peaknuii onop 6aJKu Ha ABYX onopax
Tema: Cratuka. [1nockas cucteMa nmpou3BOJILHO PACIOIOKEHHBIX CHIL.
Leas padotbi: HaydnTcs onpenensTh peakiiuy ornop 0ajky yCTAaHOBJIEHHOW Ha JIBYX OIOpax.
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Meronuka

pacueTa OMOPHBIX PeakIuii 0aJoK Ha ABYX OMOpax

1. OcB0OOX1al0TCS OT OMOP M 3aMEHSIOT UX JeCTBHE Ha OATIKY OMOPHBIMH PEaAKLUSIMU.

B 3agauax manHOW paboOTHl OaNKK MOTYT OBITh MPUKPEIICHBI K OCHOBAHHUIO C MIOMOIIBIO OIHOM
[IaPHUPHO-HETIOABM)KHON M BTOPOH IapHUPHO-TIOIBIKHON OMOPHI. B MIapHUpHO-HETIOABIKHON OIope
B 00IeM citydae JIeHCTBHS HArpy3Kd BO3HHKAIOT JBE PEaKLMU: ropu3oHTalbHAs Ha W BepTHKaIbHAS
Va. B mapHupHO-IOJBIKHOM omope mnpu 000N Harpy3ke BO3ZHHKAeT OJHA pEakmuss — 10
HaIpaBJICHUIO OTIOPHOTO CTEPXKHA — V.

2. OnpenenstoT IIeYo CUIlbl, HE MEPIEeHIUKYIIpHOe K ocu Oanku. [lneyo cunbl onpenensercs
OTHOCHUTENbHO 00eux omnop. JlJis 3TOro U3 KakJ0i TOUKH OMOPBI OMYCKAIOT Ha CU8Y WM JTUHUIO €€
NENCTBUS TEPIICHIUKYIISIPbl — OHU SIBJISIOTCS TJI€YaMU CUJTbI OTHOCUTENIBHO JIEBOM U IIPABOM OTOPHI.
PaccmaTpuBas mpsIMOYTOJIBHBIN TPEYTOJIBHUK, 00Pa30BaHHBIN OChIO OaJIKH, TMHUEH NEHCTBUS CHIIbI U

NEPHNCHAUKYIIAPOM, HAXOAAT BEJIMYUHY KAXKIOTO I1JIicda. Ecnu HaKIOHHBIX CHIT HECKOJBKO, TO AJIA
Ka)I(,Z[Oﬁ HaxogAT 11J1€4940 OTHOCUTCIIBHO obenx OI10D.

3.CoCTaBISIIOT ypaBHEHHS PABHOBECHSI:

1) XM =0; 2) XM =0; 3) XX = 0.

Pemras ypaBHeHUs, HaXOIAT HEU3BECTHBIE peakiuu V, Vg 1 Hp.

4.BBINONHSIOT POBEPKY PELIEHUS O ypaBHEHUIO XY =0. ;

[Tpumep. OnpenenuTs onopHbIe peakuu Oanku, NOKa3aHHOM Ha puc. 1, a.

Pemenue: 1. OcBoOoqaeMcst OT OIOP M 3aMEHsEM UX JIeHcTBHE peakuusmu onop. Jleas omnopa
IAPHUPHO-HEIOIBH)KHAS, B HEW BO3ZHUKAIOT JBE peakuuu Va a Hu. IIpaBas onopa mapHupHo-
MOJIBMKHAsSA, B HEWl BO3HMKAET OJ[HA PEeaKIMs— BepTUKaiabHas Vg (puc. 4,6).

2. Onpenenum miaedo cuiibl F1 oTHOCUTENBHO Onopkl A. JIJist 3TOro U3 TOUKH A OIYCTHUM
NIEPIIEHIUKYIIAp Ha JIMHUIO AeicTBus cuibl Fq u u3 TpeyronsHruka ADE onpenenum muieuo cusl Fq:

ha = (at+ e) cos 40° = (1,5+2,0) cos40°=3,5 - 0,766 = 2,681 m.

[Tnevo cumnet F1 oTHOCHTENBHO omopkl B onpenenum u3 tpeyronpanka BDG: hg = ¢ cos 40° = 2,5-
0,766= 1,915 m.

3.CocraBisieM YpaBHCHH PaBHOBCCH. HCpBOC YPaBHCHHUC IPUHUMACT BUJ

c+d
ZMA=-M+F1hA+q2(c+d)(a+e+ 2 -VB(a+e+c)-F2(a+e+c+d):0

15



al Fy=70x#t

M=25KH H 9’=,0K///N Qo= 20K H/u

S Brannn o NURONNG
A B
e %2 Neytoun
a:zh5m \a=1, 51 c=2,6n Wd:=1m)
1
L=bm
0,
) £

fy
M=25xitn @7 TOKHI "GN £y = T0nH = 20KH /M
7 ,éa/g;sr {  Heduil
50 /

(X 1RTTLTY) T EI T T
Hy 45,014 DI\ go2 4L 03 4
. Fy= 154K
Yy =67, 76KH £ Vg 270,68
a=hom| a=1,54 e2u | p=2,6m \d=m
| . - - .1:5” ¥
Puc.1
wm — 25+70 - 2,68 +20-3,5-:525—Vg:6—157=0,
— 25+ 70.2,68 + 20.3,5-5,25— 15-7 oTkyna
- 25+70-2,68+ 20 -3,5-525-15-7 :427,6 —70,68
VB = 6 6 kH
Bropoe ypaBHEeHNE TPUHUMAET BUT
c+d -d

IMp=-M+Vpa(a +e+c)-Qi(a+a)(a+e+c)—Firhg—qolc +d)( 2 )-F2-d=0
i — 25+ V, .6—10-3-6-70-1,915-20-3,5-0,75-15-7=0,
otkyna Va = 25+10-3-6+ 70.1,915+ 20-3,5-0,75+ 15-1/ 6 — 408,3/6 =67,76 xH
Tpertbe ypaBHeHue npunumaet Buja Ha + F1 c0s 50° = 0, oTkyna
Ha = - Ficos 50° =-70 - 0,643 =-45,01 xH.
3HaK «MHHYC» O3Ha4aeT, uTo Hu HampaBiieHa B CTOPOHY, TPOTUBOIIOJIOKHYIO MTOKa3aHHOM Ha puc. 4, 0.
4. BBINOJIHUM TIPOBEPKY
>Y=Va—-Q12a—F1cos40° q(ctd)+Vg+F,=0,
wm 67,76- 10 -3 -70 -0,766 -20 -3,5+ 70,68 + 15=0;
153,62— 153,62 = 0.

OtBeT: VA =67,76 xH; Vg = 70,68 kH; Hy = —45,01 xH.
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IpakTuyeckas padora Ne 6
IIpaxmuyeckasn noocomoexa
Onpenesienne peakuuii onop 0aJKu HA JABYX OIOpax
Tema: Cratuka. [Inockas cucreMa mpou3BOILHO PACIOIOKEHHBIX CHIL.
Leab padotbl: HayuuTcs onpenensTe peakiuu onop 0aiku yCTaHOBIEHHOM Ha BYX OIMOpax.

3aganue: OnpeaenuTs peakuuu onop Oanku Ha ABYX ornopax. Cxemy BBIOpaTh B COOTBETCTBUU
C HOMEPOM CTY/ICHTA TI0 CIIUCKY B JKypHAJe.

HpHHHTb:q=2k—H; P=4kH; M=2kH-m, a=2m.
M

IMopsinok BHINOJTHEHHUS
1. 300pa3uTh cXeMy B COOTBETCTBUHU C BAPUAHTOM.
2. 3aMEHUTh pacupe/e/iCHHYI0 Harpy3Ky ee paBHoaencTByomeld Q=q-l.
[TpunoXuTh paBHOJCHCTBYIONIYIO K OalIKe B IICHTPE TSHXKECTH COOTBETCTBYIOLIETO MPSIMOYTOJIbHHKA.
3. 3aMEHUTH OMOPBI UX PEAKIUAMU. Peakiinio mapHuPHO-TIOBMKHOM ONOPBI HATIPABUTh
NEPIEHIUKYIISIPHO K OTIOPHOM MTOBEPXHOCTH. R

Peaxiuro mapHUpPHO-TIOABMIKHON OMIOPBI Pa3JIOKUTh Ha JIBE COCTABIISIONINE, HAITPABICHHBIE TT0 OCAM
KOOpP/IHAT.
REI

Rx

4. CocTaBUTh PaCUETHYIO CXEMY OalIKH.
5. BeiOpaTh ocu KOOpAMHAT U LIEHTPHI MOMEHTOB.

6. CocTaBUTh ypaBHEHHE PABHOBECHUS: ZMA =0; ZMB =0; szx =0.
7. I3 ypaBHEHHI paBHOBECHSI HAMTH HEM3BECTHBIEC PEAKLIUU OIIOP.
8. IIpoBecT pOBEPKY NPABUIBHOCTH PELIEHHS, COCTABUB YPaBHEHHS Z F, =0.

9. 3amucarh OTBETHI.
10. Cuenatp BBIBOI

3aaHus K NIPAKTHYECKOMY 3aHATHIO padore Ne 6
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IIpakTHyeckoe 3ansiTue Ne 7
Onpenenenne ONMOPHBIX peaKIUH KOHCOJIbHBIX 010K
[enb paboThl: 3aKpenuTh TEOPETUUECKUE 3HAHUS U YMEHMSI ONIPENIEISITh peakliy B Oopax 0aJouHbIX
CUCTEM

[IpuobpereHHble HABBIKU:

1. Oprann3oBbIBaTh COOCTBEHHYIO JCSITEIIBHOCTD, BHIOUPATH TUIOBBIE METOBI U CITIOCOOBI BHITIOJTHEHUS
npodeccHoHaNbHBIX 337a4, OLIEHUBATh UX 3()PEKTUBHOCTH U KaYeCTBO

2. HpI/IHI/IMaTB pelICHUA B CTAHAAPTHBIX U HCCTAHAAPTHLIX CUTYyAllUAX U HCCTU 3a HUX
OTBECTCTBECHHOCTbD.

CTy,Z[CHT JOJIKCH 3HATb OCHOBHBIC ITOHATHUA U 3aKOHBI MEXAaHUKU TBCPAOTO TEJIA.

dopma paboThI - ayIUTOpHAS.

Xapaktep pabOThI - YaCTUYHO-TTOMCKOBBIH.

[TocnenoBaTenbHOCTD PEIICHHUS 3aa4H:

1 N3o6pa3uth Oanky BMeCTe ¢ Harpy3KaMH.
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2 BoiOpath pacrosoxeHre KOOpIMHATHBIX OCeil, COBMECTUB OChb X ¢ 0aJKoii, a OCh Y, HAPaBUB
NEPIEHUKYIIPHO OCH X;

3 [IpousBecT HEOOXOAUMBIE TPEOOPA30OBAHMS 33JAHHBIX AKTUBHBIX CUJI: CHITY, HAKJIOHEHHYIO K OCH
OaJIKu MO YIJIOM a, 3aMEHHUTD ABYMS B3aUMHO NEPICHANKYISPHBIMHA COCTABIISIFOIIMME, a PABHOMEPHO
pacnpeielieHHYIO 110 3aKOHY MPSMOYTOJIbHUKA HArpy3KY — €€ paBHOJCHCTBYIOLIEH, MPUIOKEHHON B
CepeMHE y4yacTKa paclpeeIeHNs Harpy3KH;

4 OcBoOoUTH OANKy OT OIOp, 3aMEHUB UX JCHCTBUE PEAKIMSIMU OTIOp, HAIIPABJICHHBIMHU BJ/I0JIb
BBIOpAHHBIX OCEeH KOOP/MHAT;

5 CocTaBUTh YpaBHEHUS PAaBHOBECHUS CTATUKU JJIS IPOU3BOJIBHOM MJIOCKOM CUCTEMBI CHIT TAKUM
00pa3oM M B TaKOW MOCJIE0BATEIBHOCTH, YTOOBI PEIICHUEM KaXKJJOTO U3 ATUX YpaBHEHHH OBLIO
OIpeJIeJIeHUE OIHOM 13 HEM3BECTHBIX PEeaKLUi Onop;

6 [IpoBepuTh MPAaBUIIBHOCTH HAWIEHHBIX OMOPHBIX PEAKIHi M0 YPaBHEHHIO, KOTOPOE HE OBLIO
MCII0JIb30BaHO JJIsl PELICHMS 3a1a4u.

3AJIAYA

1. Onpenenuts onopHbIE peakuuu B KOHCOJILHON Oalke.
Al M
55

AMAARALS

L7 L2 L3 L4

g=2 kH/m; M=10 kHwm; F=15 kH; L1=3wm; L2=2m; L3=3m; L4=2Mm.

B onopax paccraBisieM oIopHbIe peakuK U 3aMeHsIeM PaBHOMEPHO pacIipeeieHHY0 Harpy3Ky (() Ha
cocpenoroueHHyto cuiry Fq = q-L2=2-2=4 xH.

Ha A )
AR AT BTF-15
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1. 2X=0. a0

2. Zy:ﬂ; Va-Fq+ F =0
Va-4+15 =0
Va+ 11=0
Va =-11 kH - mensiem HanpaBjieHUE Ha MPOTUBOIOIOKHOE
3. ZMa=0.gq4-M-F 10+Ma=0
4-4-10-15-10+Ma=0
16-10-150+ Ma=0
-144 + Ma=0
Ma = 144 xkHwm

4. Tlposepka:

XMe=0. ) _M-Fq4-Vas+Ma=0
152-10-4-4- 11-8 49440
-30-10-32-88+144=0

0=0. Perrenrie BHIOIHEHO BEPHO.

2. OnpenenuTs ONOPHBIE PEaKIMU KOHCOJIBHOM 6aku (puc.).

¥

Ay b g
A" 4A >
P P AP

Pemienne. Peakuuio 3amenku mpencTaBiisieM B BHIE JBYX cuil Az U Ay, HampaBlIEeHHBIX, KakK
YKa3aHO Ha YepTexke, U PEaKTUBHOr0 MoMeHTa MA.

CocraBisieM ypaBHEHHE PaBHOBECHS OallKu
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1. IlpupaBHsieM HYJII0 CYMMY ITPOEKIIMN HAa OCh Z BCEX CHJI, JICUCTBYIOIMX Ha Oanky. [Tomydaem Az = 0.
[Ipu oTcyTCTBUM rOPU3OHTAILHON HArpy3KH TOPU30HTAIbHAS COCTABIISIONIAS PEAKIIMU PaBHA HYJIIO.

2. To e, Ha OCb y: CyMMa CWJI paBHa HYJIIO. PaBHOMEpPHO paclpencieHHYI0 Harpy3Ky  3aMEHsIeM
PaBHOJECHCTBYIOLIEN qas, IIPWIOKEHHON [IOCpEeaUHE y4acTka as:

Ay -F1l-qa3=0,
OTKyZa
Ay = F1 + qas.

BepTukanpHas cocTaBisonias peakiud B KOHCOJIBHOH Oallke paBHAa CyMMeE CHJI, NMPHJIOKCHHBIX K
OaJke.

3. CocraBisieM TpeTbe ypaBHEHHE paBHOBecus. lIpupaBHsSeM HYII0 CyMMy MOMEHTOB BCEX CHII
OTHOCHUTEJIBHO KaKoH-HUOYIb TOYKH, Harpumep OTHOCHUTEJIBHO TOYKHU A:

IMy=0; —M, — Fia; — gag (a; + ay + ag/2) = 0,
OTKYy/Ia
My = — Fia; — qa; (a + ax + ay/2).

Konmponwsuuie éonpocwi

1.CKOJIIBKO HE3aBUCHMBIX YPAaBHEHHUH pPABHOBECUS MOJKHO COCTaBUTh I IUIOCKOM CHCTEMBI
napajuieNbHbIX cUi?

2.Kakue cocTaBisole peakiuyu onop 0ajJoK BO3HUKAIOT B LIAPHUPHO — IOABMXKHOM, IIAPHUPHO —
HEMNOJIBUYKHOM onopax U KECTKOM 3ajenke?

3.Kakyro Touky menecooOpa3HO BbIOpaTh B KadyecTBE LIEHTpPAa MOMEHTA IPH OINpPENEICHUU PeaKkIui
omop?

4.Kaxkas cuctema sIBJII€TCS CTATUYECKU HEOTIPEAETUMON?

IMpakTnuyeckoe 3ansaTue Ne 8
IIpakmuueckas nodcomoska
Onpenesienne ONOPHBIX PeAKUMH KOHCOJbHBIX 010K
Tema: Cratuka. [Inockas cucremMa npou3BOJIBHO PACIIONIOKEHHBIX CHIL.
Hean pabdoTbi: HayuuTcst onpenensTe peakiiuy )KECTKON 3a/1eJTKU KOHCOJIBHOM OaKi.

BapuanTsl A1 HHAMBUAYAIbHON pabOThI

Howmep BapuanTa BeIOpaTh 1O MOCHEAHEN IH(pe MOPSIKOBOTO HOMEPA B )KypHAJIE IPYIIIIHL.
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Ne Ockus3 Ne Ocku3
1 6 g
Fouidd M AN F
9 a
L L2 L3 L4 L L2 L3 4
I'
2 9 |7 ]
F qM Se M ~ L .1{.1, F
& &/
Lt Lz L3 L4 L (2 L3 L4
3 q 8
4 A |F ! F oy
" B ) J_ J)
L1 L2 L3 L4 L L2 L3 L4
4 9
) q
M 1~ A |F —
L 12 L3 L4 L1 12 L3 14
5 g 0
/ g
7 zDM £ f)M
F A ;
L1 L2 L3 14 L L2 L3 L4
A 1
Bapuant | F, xH g, M, L1, M L2, M L3,m | L4
kH/m kHwm M
1 15 40 15 2,0 6,0 2,0 1,0
2 30 5,0 20 3,0 4.0 2,0 2,0
3 25 40 40 2,0 3,0 2,0 4.0
4 35 3,0 35 2,0 3,0 40 2,0
5 40 2,0 25 2,0 3,0 40 1,0
6 25 4.0 35 1,0 3,0 3,0 2,0
7 20 3,0 50 2,0 4.0 3,0 2,0
8 15 6,0 15 1,0 3,0 3,0 2,0
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45 4,0 30 4,0 3,0 3,0 1,0
10 3,0 15 1,5 4,5 2,0 2,0

IIpakTnyeckoe 3ansaTue Ne 9
Onpenenenne Npoa0JIbHOI CHJIBI H HOPMAJIBHOT0 HANIPSIKEHUsI, IOCTPOEHH e 0P

Hellb paﬁombt — HAYYUTBCA CTPOUTD SITIOPHI IIPOJOJBbHBIX CUJI 1 HOPMAJIbHBIX HaHpH)KeHPIfI, n
OIIPCACIIATh IIEPEMCIUICHUA.

Teopemutwcxoe obocnoeanue

Pacmsowcenuem nnm corcamuem Ha3pIBAIOT BUJI HATPYKEHUS, IIPU KOTOPOM B IOMIEPEYHOM
cedeHnHr Opyca BOZHHUKACT TOJILKO OJIMH BHYTPEHHUH CHIIOBOU (haKTOp — MPOJI0JIbHAS CHIIA.

[TpononpHbIEe CHITBI MEHSIOTCS 10 JuthHE Opyca. [1pu pacuerax mocie omnpeseseHus BeInuruH
MIPOJIOIBHBIX CHJI IO CEYCHUSM CTPOUTCS rpadK — JMMIOpa MPOJOJbHBIX CHIL.

Y CII0BHO HA3HAYAKOT 3HAK MPOJOJIBHON CHIIBL.

Ecnu npoponpHas cuia HampaBiieHa om cedeHusi, ToO Opyc pacTsHyT. PacTspkeHue cuutaroT
MTOJIOXKUTEIBHOM tepopmaruei.

F N, _E .

a) ® 6) S

Ecau MpoaOJIbHAsA CUJIa HAIIpaBJICHA K ceueruro, TO 6pyc cxkar. CxkaTrue CUMTalOT

OTpHLIATENIbHON Jeopmaruei.

Hanpsscenus npu pacmsasxcenuu u corcamuu. 1Ipu pacTsyKeHUN U CKATUU B CEYCHUU IEHCTBYET
TOJIBKO HOpMaJIbHOE HanpspkeHue. HanpskeHns B ONEpEeYHbIX CEYEHUIX MOTYT pacCMaTpPUBATHCS KaK
CHJIBL, IPUXOASIIMECS Ha eMHUILY TUToIaan. Takum o0pa3oMm, Hanpasnenue u 3HaK HanpaiceHus B
CEUEHUH CO8NaA0aiom ¢ HanpagieHuem U 3HAKOM CUbL 8 Ce4eHUU.

Harnpsixenus Ipu pacTsKEHUH M CKAaTUU B MPEAEIIax KaK0r0 CEUEHHsI HE MEHSIOTCS, TOATOMY
HanpspKEHHE MOYKHO paccuuTaTh 1o hopmysie

N,
o=
rneN; — npojosbpHas cuila B CEYeHNUN; A — TUIOIAAb MTOTIEPEYHOr0 CeUSHHUS.

Benuuuna nanpasicenus npamo nponopuyuonaibHa npoooabHol cuie u 00pammo
NPONOPUUOHATILHA NIIOULAOU NONEPEUHO20 CEUEHUA.
HopmanbHble HanpsKeHUs AEUCTBYIOT IIPU PACTSIKEHUU OT CEUEHUS, a IPU CHKATUU K CEUYEHUIO.

Pa3zmepHoCTS (e1MHULIA U3MEPEHUS) HAIPSDKEHUM — H/M? (ITa), ogHAKO 3TO CIAUIIKOM Maast

€AVHUIIA, ¥ TIPAKTUYECKU HATPSHKCHUS PACCUUTHIBAIOT B H/mm? (MITa):
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1 MITa = 10° ITa =1 H/mMMm®.

BI/I,I[BI Harpy>xXcHus 6pyca, IIprU KOTOPOM B €I'0 NOINECPEYHOM CEYCHHNHN BO3HUKACT TOJIBKO OAWH

BHYTpPEHHUH cUI0BOH (pakTop — N |, Ha3bIBaEMBIN pacmarcenuem Ui corcamuem.

PaBHOzelCcTBYIONIAasi BHEIIHUX CHUJI IIPUKIIAABIBACTCS B LIEHTPE TSHKECTU IONIEPEUYHOTO CEUEHUS U
JEUCTBYET BJOJIb IIPOIOJIBHOW OCU. BHYTpEHHME CHIIBI ONIPEAEIISIIOTCS ¢ IOMOIIBIO METO1a CEYCHUM.
HopmanbHas cuna B ceueHUH Opyca sSBISIETCSl paBHOACHCTBYIOIICH HOPMATBHBIX HANIPSHKECHUH,
JEUCTBYIOIUX B INIOCKOCTH IONIEPEYHOIO CEUCHUS

N=3F i~ (1).

BenuunHa npoosbHBIX CHII B pa3HBIX ceueHusx Opyca HeoquHakoBa. ['paduk, nokassiBaromui
M3MEHEHHE BEJIMYMHBI TPOAOJIBHBIX CHJI B CEYEHNUHU Opyca 10 €ro AJUHE, Ha3bIBACTCs INI0Pol
nPOOOJILHBIX CUL.

3aKoH pacnpeieleHUs HapsHKEHUH MOXKET ObITh ONPEIeNIeH U3 YKCIIEPUMEHTA. Y CTAHOBIICHO,
YTO €CJIM Ha CTEP>KEHb HAaHECTH MPSAMOYTOJIbHYIO CETKY, TO IIOCIIE MPUIIOKEHHS MPOI0JIbHON HArpy3Ku
BH/JI CETKH HE U3MEHUTCS, OHA MO-TIPEKHEMY OCTaHETCSI IPSIMOYTOJIbHOM, & BCE JIMHUU IPSIMBIMHU.
IToaTOMy MOKHO clienaTh BbIBOJ O PABHOMEPHOM 10 CEYEHUIO PACIPEEIICHUN IPOAOIbHBIX
nedopmariinii, a Ha ocHoBaHUU 3aKoHa ['yka (6 = E€) u HopmanpHbIX HanpsbkeHuit S = const. Torma N =
S* F, oTkyna nomyyum GopMyily JUIsl ONIpeieIeHHs] HOpMaJIbHBIX HAIMPsDKEHUH B IOTIEPEYHOM CEUEHUU
IIPYU PacTsHKEHUN

N
cr= A MIla(_2)
A — TI01Ia1h OKOJIO PacCMAaTPUBAEMOTO yyacTKa Opyca;
N— paBHOJeHcTBYIOIIAst BHYTPEHHUX CHJI B IIpeiesiax 3TOM IO KU (COTIaCHO METOA CeUEHU).

Jnist obGecriedeHrst IpOYHOCTH CTEPIKHS JIOJIKHO BBITIOJIHATHCS YCIOBUE TPOYHOCTH -
KOHCTPYKLUS OYJIeT MPOYHOM, €CIM MaKCUMaJIbHOE HAaNPsDKEHUE HU B OJJHOM TOYKE Harpy>KeHHOU
KOHCTPYKILIMHU HE MPEBBIIIAET J0NyCKaeMON BEIMUNHBI, OIPEesIIeMOl CBOWCTBaMHU JAHHOTO MaTepuaia
U YCIIOBUSIMH paOOThI KOHCTPYKIIUH, TO €CTh

6<[c],t<[1] (3)

[Tpu nedopmariuu 6pyca MeHsIeTCs €ro JUIMHA Ha Al y MIONIEPEYHBIN pa3Mep — Ha Ad 3y
BEJIMYMHBI 3aBUCAT U OT HaYaJIbHBIX pa3MepoB Opyca.

[TosToMy paccmatpuBaroT

Al

& =t—
— pojoibHast nedopmarus; (4)
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[Ipumepst: p=0 — mpodka, p=0,5 — pe3una,

;. Ad

g =+—
d _ nonepeunas nedopmanus. (5)

:,z(l.e‘l

/
DKCTIepUMEHTAILHO TOKa3aHO, Y4TO =] ,rne u=0, ..., 0,5 — koapdumnuenr [lyaccona.

2 =0,25+0,30 _ oo

B npenenax ynpyroii nedpopmamuu Beimonasercs 3akon I'yka: @ =E€ rpe E — moxyns

YOPYTOCTH, WU MOAYb FOHra.

,HJ'IS[ 3aaHHOI'o CTaTUYECKH ONPEACIUMOTO CTAIBHOT'O 6pyca Tpe6yeTc;1:

1.

IIOCTPOUTD SMIOPHI IPOJOIBHBIX CHJl N M HOpMaJIbHBIX HAIPSDKEHUH G, 3allMCaB B 00ILEM BUJIE
JUIS K&KJ0T0 ydacTKa BbIpakeHUs N 1 ¢ M yKa3aB Ha SIIOpax UX 3HAUEHUS B XapaKTEPHbIX

CEUCHUSX;
OTIpeNIeNIUTh 00IIIee epeMerieHrne Opyca U OCTPOUTh SMIOPY MEPEMEIICHUH O ! MOTEePEUHBIX

CEUeHUH, NpUHSAB MOAYJb ynpyrocta E =210 ® MIla.

[Topsimox pacyeToB

BLI6paTL PacCIloJIOKEHUEC KOOPAWHATHBIX OCEM: COBMECTUTH OCh X C 6am<0171, a OCb Yy HallpaBUTb

MEPIEHIUKYISIPHO OCH X.

1.

ctanpHOTro Opyca (puc. 1). Onpenenuts yanuHenue (ykopodeHue) opyca, ecinu E en

ITpousBectn HEOOXOAUMBIE IIPEOOPA30BAHUS: CUILY, HAKIIOHEHHYIO K OCH OaJKu IOJ yIJIOM a,
3aMEHHUTh JBYMs B3aUMHO MEPHECHIUKYJISAPHBIMM  COCTABIIIIOIIMMHU, a PaBHOMEPHO
pacIpeneseHHYI0 Harpy3Ky — €€ paBHOACHCTBYIOLICH.

OcBo0OoauTh 0ajKy OT ONOp, 3aMEHUB MX JIEHCTBUE PEAKIUSAMHU ONOp, HApPaBICHHBIMU BJIOJIb
ocell KOOpAuHaT.

CocTaBuTh YpaBHEHUS paBHOBeCHUs OAJIKHU, YTOOBI PELICHHEM KaXXJI0T0 U3 TPEX ypaBHEHUH ObLIO
OIIpEEIIEHUE OJHON U3 HEM3BECTHBIX PEAKIIUI O1IOp.

[IpoBepuTh MPaBUIBHOCTH OMPEENICHUs peakUuil Omop IO YpaBHEHHUIO, KOTOpOe He ObLIOo
MCIIOJIB30BAHO ISl PEUICHUS 3a/1a4.

CraenaTb BBIBOJ O HauboJiee HarpyKeHHOM omope.

OTBETUTH HA KOHTPOJIbHBIE BOITPOCHI.
Tpebyemca

ITocTpouTh 3MIOPBI MPOAOIBHBIX CHII U HOPMAJIbHBIX HAIIPSKEHUN JUIsl HATPYKEHHOIO

=2 10° MIla
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H_—_J’_"ﬁ M, xH

Az |
' I:
Fg[l i 1
Al [
N
Puc.1

HMano:F 1 =2kH,F2=5kH,F3=2kH,A1=2c¢cm 2,A2=4CM2,| 1=100 MM, | 2=50mMm, | 3
=200 MM,

I =150 mm.

Pemenre. OnpeensieM MpoA0JIbHBIE CHIIBI K CTPOMM HX SITIOPY:

N1=-F1=-2kH;

N2=-F1+F2=-2+5=3kH;

N3 =-F1+F2=3KkH;

N+ =-F1+F2+Fa=-2+5+2=5kH

OmnpenensieM BEMYUHY HOPMATbHBIX HAMPSDKEHUH W CTPOUM HX DITIOPY:

N, —210°

o, =—L= —=-10[ [ a
A 210
3
0'2=£=3102=15ffc‘1
A 210
N. 10° -
o, =—2= 3 02 =7,5 Ta
A, 4410
N, 5-10° .
= —t= ~=12,51 I a
A, 410

Hcnone3yst BUIOU3MEHEHHBIHN 3aK0H [ 'yka, onpeenseM yaaTuHeHue opyca:

— . 3-
=Dy 2 150 1002 =—0,005i i
EA  210°-2-10

Al

3
_ Ny, _ 310750 03755

Al
* EA, 2-10°-2.10°
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Al

Al

3

4

_NJ,, _ 3-10"-200
EA, 2-10°-4-10°
_N,J, 5-10°-150
EA, 2-10°-4-10°

=0,00751 1

=0,0093751 1

 Al= Al +AL +AlL +Al, =—0,005+0,00375+0,0075+0,009375 = 0,0156251 i

Konmponwsnwie éonpocwi

1.CKONBKO HE3aBUCHUMBIX YPaBHEHHMM pPAaBHOBECHS MOXKHO COCTaBUTh JJIsi IIJIOCKOM CHCTEMBI

mapaJjiCJIbHbIX cun?

2.Kakue cocTaBisONne peakiuyu Ornop 0ajJoK BO3HUKAIOT B MIAPHUPHO — IOABHMIKHOHW, MAPHUPHO —

HETIOJBMYKHOM Ormopax 1 xKECTKOH 3amenke?

3.Kakyro Touky 1enecooOpa3HO BbIOpaTh B KadeCTBE IIEHTPA MOMEHTA IPHU ONPEAEICHUM PEeaKIuit

onop?
4.Kakas cuctema sIBJISIeTCA CTaTUYECKH HEOTIPEACIIUMON?

IpakTuyeckoe 3ansaTue Ne 10

IIpakxmuueckasa noocomoseka
Onpenenenne NpoaoJIbHON CHJIBI U HOPMAJIBHOI0 HANIPSIZKEHN S, TOCTPOEHH e IMIOP

3aganue.
Bapunanr
IlapameTper 1 2 3 4 |5 6 7 8 | 9 10
Fi, kH 10 12 | 23 | 12 | 15 | 16 8 10 | 18 | 15
F,, kH 13 14 | 18 | 16 | 17 | 10 | 15 14 | 15 | 17
Fs, kH 8 15 | 10 | 12 | 20 | 35 | 12 16 | 12 | 10
A1, MM 50 00 50 | 25 | 40 | 50 [100 50 | 25 | 40
Ay, MM 100 | 50 | 20 | 50 | 80 | 100 | 50 20 | 50 | 80
Bapuant
TTapameTpb! 11 12 | 13 ] 14 15 | 16 | 17 18 [ 19 [ 20
F., kH 10 12 | 23 | 12 | 15 | 16 8 10 | 18 | 15
F,, kH 13 14 | 18 | 16 | 17 | 10 | 15 14 | 15 | 17
Fs, kH 8 15 | 10 | 12 | 20 | 35 | 12 16 | 12 | 10
Ay, MM° 50 00 50 | 25 | 40 | 50 [100 50 25 | 40
Aj, MM 100 | 50 | 20 | 50 | 80 | 100 | 50 20 | 50 | 80
BapuanTt
Hapamerper 1 2 3 1 4 |5 |6 |7 8 |9 | 10
F.,xkH 10 12 | 23 | 12 | 15 | 16 8 10 | 18 | 15
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F,, kH 13 14 18 16 17 10 15 14 15 17
Fs, xH 8 15 10 12 20 35 12 16 12 10
Ay, MM° 50 00 50 | 25 40 | 50 |100 50 25 40
Ay, MM 100 50 20 50 80 | 100 | 50 20 50 80
; A2
i ¥ 3 Ay
o] F, F,
_.:.___.__...__)____._e._.——.-—-q-

TPEBYETCSI: nns 3a1aHHOTO CTaTUYECKH OIMPEACIMMOI0 CTaIbHOTO Opyca:

1. moctpouTh MIOPHI IPOAOIBHBIX cH N M HOpMAaNTbHBIX HAMPSXKEHUN G, 3amucaB B 001eM BUJIE
JUIS K&KJIO0TO ydacTKa BhipakeHUs: N U ¢ M yKa3aB Ha SIIOpaxX UX 3HAUCHUS B XapaKTEPHBIX
CEUEHHUIX

2. ompenenauTh odIee nepeMerieHre oOpyca 1 MOCTPOUTD SMIOPY MEPEMELIEHUH O i MOMePEeYHBIX

CEUeHUH, NpUHAB MOAYJ b ynpyrocta E =2-10 ® MIla.

I[MpakTuyeckoe 3anaTue Ne 11
Ilpakxmuueckas noocomoexa

Onpenenenne NpoaoJbHON CHJIbI 1 HOPMAJIBbHOI0 HANIPSIKEHH S, TOCTPOEHHE IMIOP

Jlis  BEpTUKAJIbHOTO CTEP)KHS, HUMEIOUIEr0 JKECTKYI 3aJelKy Ha OJHOM M3 KOHIIOB,
n300pakeHHOro Ha puc.l Heo6XoaAUMO:

1) Berueptuth cxemy B IPOM3BOJIBHOM MacIiTade.

2) OnpenenuTh 3HaYEHUSI HOPMAJIbHOM CHUJIBI HA KaX/I0M Y4acCTKe CTEPKHS.

3) [locTpouTk 31I0pYy HOPMATBLHOM CHIIHI.

4) OnpenenuTh YATUHEHUE CTEPIKHS.

JITMHBI y4acTKOB CTEpKHS U Harpy3KH, NPUJIOKEHHbIE K HEMY, NPUBEJEHBI B Tabi.1, muiomans
MIOTIEPEYHOr0 CEUYEHNUs y3Koro yuactka 4 = 0,2 M, LIMPOKOTO y4acTKa 24.

Tab6muna 1
Homep | Cxema | a, |q1=0Q3,| 02, |F1,|F2 |Fa3,
crpoku |no puc.l | m | kH/m |kH/m | xH |xH | kH
01 1 0,8 5 30 |10(35]10
02 2 1 10 25 (15(30]20
03 3 12 15 20 (20(25]30
04 4 14] 20 15 (2512040
05 5 16| 25 10 |30(15]10
06 6 18 30 5 (3511020
07 7 2 5 30 |40 5130
08 8 0,8 10 25 (10(35]40
09 9 1 15 20 (15(30]10
10 10 1,21 20 15 (202520
11 11 14| 10 25 (20(30]30
12 12 16| 15 20 [25(25]40
13 13 18 20 15 |30(20]10
14 14 2 25 10 (351520
15 15 0,81 30 5 |140]10(30
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16 16 1 S 30 [10] 5 |40

17 17 1,8 20 25 |15(35]10
18 18 2| 25 25 [25]130]20
19 19 0,8 30 20 [30]20]40

20 20 1 5 15 |35]|15(10
21 21 1,2] 10 10 [40]10(20
22 22 1,4] 15 5 |10[ 5|30
23 23 16 20 30 |15(35]40
24 24 1,8] 10 25 (203010
25 25 2| 15 20 [20]125]20
26 26 08| 20 15 1125|3030
27 27 1] 25 25 [40]25]40
28 28 1,8] 30 20 (1020110
29 29 2 5 15 1151520
30 30 0,8 20 10 [25]10(30
31 31 1] 10 30 [30] 5 |40
32 32 12| 15 25 |35(35]10
33 33 1,41 20 20 [40]30120
34 34 16| 25 15 [10]25(10
35 35 1| 30 25 |15(30]20
36 36 1,2] 15 20 [25]125]30

3] r a B olalr
1 cxema 2 cxeMa 3 cxema 4 cxeMa
l]_:' | Ty et T TR e R
- 1
Q. a'J F 4 J: =
[§ o 3 T 1
I ] # F ,_JI' L Jl
3 * F: | 1] K
[
Il 1 3 1] 1 ".
Fi 5‘1[ | :: i i’f . “ | ﬁl"
ﬂ o L ffl'-fﬂf’ff r 4 |
5 cxema 6 cxema 7 cxeMa 8 cxema
{'E | LETTECRUACOTEN
T - k | A T ;!
| 1
‘—'“—*—E
‘F ] q F._ :Fi q [1a] q ':]:

]
I
™

b i i
1

[+%]

)

1

[A]

']

[

[A]

]
FEEETT
i

1 | |
] F: o
| ' r

Ll fff!frfff i |

9 cxeMa 10 cxema 11 cxema 12 cxema
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3aoaua 2. CmamuuecKku onpedenumple CMeEPHCHU, padomaroujue Ha paAcmadiceHue-cyHcamue
ConoctaButh 00beMBI (KyOaTypy) KHUPHOMUYHOM KJIaJKM CTEHbl JBYXITaKHOIO  3/1aHUS
BbICOTOM h (pHc.2), 3amMpOCKTUPOBAHHOTO B JBYX BapHaHTax: a) CTEHA IMOCTOSIHHOTO CEYEHHs; 0)
CTyneH4aras M3 JByX uacTeil. OT uyepJayHOro MEpPEeKpHITUS U KPOBJIM HA IOTOHHBIA METpP CTEHBI
nepeaaercss Harpy3ka HMHTEHCHBHOCTH p1, OT MEXKIY3TaXHBIX NEpeKpbITUd — pr. OObEMHBIN Bec
MaTepuasa paBeH v.
JlaHHBbI€ B3STh U3 Ta0I.2.

Tabmuma 2
Homep [ Cxema | vy, | h,
CTpOKH | 10 puc.2 kH/M3| M
01 1 18 (2,7
02 2 19 (2,8
03 3 20 (2,9
04 4 21 |3,0
05 5 22 |31
06 6 18 (3,2
07 7 19 (3,3
08 8 20 |34
09 9 21 |35
10 10 22 (3,6
11 11 19 (2,6
12 12 20 (2,8
13 13 21 (2,8
14 14 22 (2,7
15 15 18 (2,9
16 16 16 2
17 17 17 (2,1
18 18 18 (2,2
19 19 19 |24

w
w



20 20 20 |2,6
21 21 18 12,8
22 22 19 (2,8
23 23 20 2,7
24 24 21 (29
25 25 15 2
26 26 16 (2,1
27 27 17 (2,2
28 28 18 (2,4
29 29 19 (2,6
30 30 20 12,8
31 31 15 (2,8
32 32 16 (2,7
33 33 17 12,9
34 34 18 (2,2
35 35 19 (24
36 36 20 |2,6
o a B

3 cxema

pl=.55 xkH/m

06h 04h

5 cxema

34

o=

2 cxeMa

I

|

lP2= 20xkH/m

4 cxema

Pl= 60 xkH/m

|-}

[

6 cxeMa



= 60 xH/
Pl KM lpl

l lp2= 25xH/m
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7 cxema
= 50 xH/
% B lpl lpl

@ l lp2=3o «H/m lp2=3o xH/m
o
o
v

9 cxema 10 cxema

P 5 P=30xH/m P= S6xH/m lpl
2 = 2 S
, 0 l lp =20 xH/m
- o 2
w’x
i ﬂ ;WW;
77 2
11 cxema 12 cxema
Pl'—" 56 xHm lpl
= = 58 xH/
B 3 l le= 30xH/m T R lpl
= = 3
= » @ l lpz-zo itian
v
=
/774
13 cxema 14 cxema
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16 cxema
P=60 xH/m lpl
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=S50xH/
& l lp2=22 xH/m y Baai lpl
'c‘; B, @ p=20xH/m
v 2 o 3
w -~
& &
o
17 cxema 18 cxema
Pl= S0xH/m lpl
p.= S4xH/m
3 l 1P2=2oxH/M | |
- ’ @ l lp=30RH:/M
= o 2
(V)
s &
o
19 cxema 20 cxema
Pl= 60 xH/m lpl o
. l lp2= 20xH/m e lpl
- p2=20 'ﬁ- l lP =20xH/m
o 2
=
° 2 JW/J’
g "
o
21 cxema

22 cxeMa
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=60 xH/
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= = 3
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o i
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v/ 77 TL7777777077
23 cxema 24 cxema
pl= 60 xH/m lpl
=60 xH/
e lpl B, ; g l lp2= 25xH/m
o

25 cxemMa 26 cxemMa
=5 =5
pl S0xH/m lpl pl S0xH/m lpl

l lp2=3o xH/m

0,Sh 0,5h

0,5h 0,5h

27 cxema 28 cxema

= 48 xH/,
P, xH/m J,pl

g & l lp=30KH/M
2 = 2
]

wl\

o

In
l lP2=20 kH/™m

| |

29 cxema 30 cxema
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0,55h 0,45h
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31 cxema
Pl= 58 xH/m l

p.= 60 xH/m
= 1 Pl
l lpz— 20xkH/m

l lP2=2 2xH/™m

\]'N'u
0,65h 0,35
N

33 cxema 34 cxema
P=60 xH/m lpl
=
= S0xH/
“ l lp2=22 xH/m §~~Axkim lpl
2 P, @ l lp —20xH/m
e o 2
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Pacuemnuie cxemovl cmepoichet k pabome Ne 5,6
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Tabanua YuCcJI0BbIX BADHAHTOB
ITapamerpbl Yucii0Bble BADHAHTDI
3aja4m
1 2 |3 (4|56 |7]8]|9 10
F, kH 20 | 30 | 50 | 40 | 60 | 25 | 35 | 55 | 45 65
L, M 06 {05/03(/04(02(04/03|0,2|0,5 0,3

KOHTpOJIbeIe BOIIPOCHI.

1.
2.

No ok ow

Kakue BHyTpeHHUE CUIIOBBIE ()aKTOPBI BO3HUKAIOT B CEUEHUH Opyca MPpH pacTsHXKEHUU U CKATUU?
Kakoro xapaktepa HampsKeHHs BOSHHKAIOT B IONEPEUYHOM CEUEHUU IPU PACTSXKEHUU U CXKATHH:
HOpMaJIbHbIE WIN KacaTelbHbIE?

3anumute GopMyiy Ui pacueTa HOpMaJIbHBIX HaPSLDKEHUN IPU PaCcTSDKEHUU U COKATHH.

Kak Ha3zHavaroTCs 3HaKU MPOJOJIBHON CHIIBI U HOPMAJIbHOI'O HAIIPSKEHUS?

UYTo nokaspIBaeT 3Mr0pa NpOAOIbHON CUIIBI?

B kakux equHuIax u3MepsieTcs HalpsHKeHue?

Hanummre hopmyny nis pacyera HOpMadbHBIX HaNPsHKEHUH MPU PACTKEHUH CHKATHH.

[TpakTuueckoe 3ansatue Ne 12
Onpenenenue Npoa0JIbHOIO yIJIMHEHUS

Ha 3arsTiu mpoBOIUTCS peIIeHne 3a1ad.
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Paccunrath Z!eShOQMa[!I/II/I Y4acCTKOB U 06]]166 HU3MEHCHUEC NJIHUHBI ITPAMOI0 CTECPKHA IMMOCTOAHHOI'O
CCUCHU.

R=45«H skH  F,=100kH F.=30kH

b=40cm c=65cM d=50cm

Lt

Moayias npogonsHoH yrpyroctu craau E=200IT]a.

Pemenue

CTCp)KeHB UMECT TpI/I CHUJIOBBIX YYdCTKa, Ha KOTOpBIX omaab CEYCHUA OJJMHAKOBA,
HO BHYTPEHHHUE CUJIBI 1 HOPMAaJIbHBIC HANPSKEHUS OTIUYAIOTCS, TO3TOMY OTPEeIUM a0COTIOTHBIE
Eegl!O[!MagI/II/I BCEX y‘IaCTKOB B OTACIBHOCTH, ITOCJIC YET'O CJI0XUB HUX, HOJ'Iy‘lI/IM N3MCHCHHUC IJINHBI BCCTO
CTEpPKHS B LIEJIOM.

HSMCHCHI/I@ JJINHBI yqaCTKOB CTCp)KHSI l'[pI/I PACTSDKCHUN-CKATHUN paCC'-II/ITBIBaCTCﬂ 110 (’popMyne:

Al = N, -1 _o -1
A E, E

i

rae N — Beu4urHa BHYTPEHHEH MPOAOJIbHON CUIIbI,
| — mIMHA paccMaTpUBaeMOTro ydacTKa,
A — mIomaap ero NonepevyHoro CeUCHus,
E — moayns FOHra (mpononbHON yripyrocTu) A MaTepuana CTepKHS,
G — 3HAUYE€HHE HOPMAJIbHBIX HANPSKEHUH Ha pacCCMAaTPUBAEMOM Y4acCTKe.
3Ha4YeHUsT BHYTPEHHUX CHIT U HAMTPSDKEHHH TPUHUMAIOTCS € TIOCTPOEHHBIX 31miop N (o).

A=484mm’
F,=25kH  F,=100kH F,=30kH
— —
C K M
b=40cM c=65cM d=50cmM
I1I 20 II I
45
@®
--------------------------- | [KH]
e
30
144.6
93
@®
@ o [MMNa]
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[To snropam BUIHO, YTO MEPBBIN ydyacTok cxumaeTcs, a yuactku 11 u Il pactsruBarorcs,
ciefoBaTenbHo, aedopmaiiru Al Broporo u TpeTbero y4actkoB OyayT MOJOKUTEIbHBI (MX THHA
YBEJIMUYUBAETCS ), a IEPBOTO OTPULIATENBHBI (IPOIOJIBHBIN pa3Mep YMEHbIIIAETCS).

Paccunraem ux:

Hedopmanus [ yaactka (KM)

N,-d  -30-10°-05

Al =Al,.,, = -
BE 4 E 484.10°.200-10°
IT ygactok (CK)

——1,5-107% 3 =—0,15:nm

AL <AL = Nye_ 70-10°- 0,65
! “ " 4.E  484.10°-200-10°

VYV nnunenue tperbero yyactka BC

=4.7-10" 2 = 0,47 mnm

_Ny,-b_ 45.10°-04
A-E  484.107%.200-10°

CoxuB (C YUCTOM UX 3Ha1<a) ,He(l)OpMaI_II/II/I BCCX YYACTKOB MMOJYYUM BCINYHNHY U3MCHCHUS
AJIMHBI BCCTO CTCPIKHA B LICJIOM:

Al = Al =19-10"" 2 = 0,19n

Al =" Al = Al + Al + Al =015+ 0,47+0,19=0,5Lwuw

B pesynbrate nedopmainu obias amuHa cTep:kHs yBenuuutcs Ha 0,5 M.

I[J'ISI OHpe,I[CJ'ICHI/I}I nepeMemeHI/m TOUYKH B CTep)KH}I H606XOI[I/IMO IIOMHHUTB, YTO CMCIICHUEC CCUCHUA
3aBHCHT OT JAedopmanuu He Bcero Opyca, a JIMIIb HEKOTOPOM €ro 4acTH MEeX1y CEYEHHEM U 3a/IeTIKOM.
Tak B Hallicm cnyqae nepeMemeHHe TOYKH B paBHO Cy'MMapHOMy N3MCHCHUIO OJIWMHBI y‘IaCTKOB BC n
CD:

Ug=Alg-+ Al

[Tpu BeIUMCIEHNH aOCOMIOTHBIX AedopMaliii y4aCTKOB MOHO MPUMEHUTH HMPUHIMIT HE3aBUCUMOCTH
neiictBust cun 1 popmyasl (1.5) u (1.9).
Ha yuactok CD kak BHENIHHME CHJIBI AEUCTBYIOT: 2P — pacTaruBaromas u 7' » — CKMMAOIIasl.

P-g Th-a Ny-a
EF EF EF

S§-019  38-009 _ 54,2-019
2-16°.29-107 210829107 2198201070

Ha yuactok CB kak BHemHssa cuna paeiictByeT P= 29 kH u paBHOMEpHO pacnpeseseHHas
Harpy3ka t = 20 kH/m.

P-b T.b 29-0,19 3,8-049 _
2-EF 2-21-EF 2.2.10%.28.107% 4.2.10%.29.107°

=177-10 M =0177 107

Adge =

= 0475107 —0.031-107° = 0,444 10 P = 0.0444 10" .

Takum oO6pazom,
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U =0177 107 + 00444 - 107 =0.2214 107 s

Touka B nepemeraercs BBepX.

Bormpocs! 11 camonpoBepKu

1. Uto Takoe HEHTpAIbHOE PACTSHKEHUE U CKATHE?

2. Yto nmoHMMaeTcs MO MPOJOIBHOM CHJIoN B Opyce, M KaKuM CIIocoO0M OHa OompeaessieTcs?

3. Kakoe mpaBuiio 3HaKOB HPUHATO MPH ONpeAeNCHUH MpoJoibHONM cuiibl? KakoBa pasMepHOCTb
IIPOJOJILHOM CHJIBI?

4. Yto Takoe smropa npoaodbHoi criibl? Kak oHa CTpOUTCS U € KaKoil 1ebI0?

5. Uro Ttakoe Hampspkenue? Yem omnpenensercs 3HaK HanpspkeHus? KakoBa pa3MepHOCTb
Hanpsokenus? Kakue GpakTopsl BAUSIOT Ha BETUYUHY HAPSKEHUS?

6. Hanumure yciaoBue MPOYHOCTU IPU PACTSXKEHUU WK CKATUU.

7. Urto Ha3biBaeTcsi abCOMIOTHOW (TOJHOW) mponosibHON nedopmanuein? Hamumure dopmyny
a0comoTHOH ehopMaIvy.

8. Kakx dQopmynupyercs 3axon ['yka? Hanummurte Qopmynsl, Bblpaxkaromue 3akoH [yka, ans
OTHOCUTENLHOM M aOCOMIOTHOM MPO0JIbHOM Aedopmainiu Opyca.

[IpakTrueckoe 3anstue Ne 13
IIpakxmuueckasa noocomoseka
OmnpenesieHne NPoA0JIbHOIO YAJIMHEHUSA

3aoanue

CranbpHON NBYXCTyHEHUYaThli Opyc, NJIMHBI CTYNEHEH KOTOpOoro ykaszaHbl Ha puc.l (cxemsr 1-
10), HarpyxeHn cunamu F1, F2 u F3. TlocTponTs 310opsl MpoIOJIBHBIX CHII U HOPMAJIbHBIX HaNpsKEHUH
no jumHe Opyca. ONpeneinTh IepeMelieHHe CBOGOXHOrO KOHIA Opyca, mpuass E=2:10° MIa.
Yucnosele 3Hauenus cui Fi, Fr u F3, muiomaan nonepeunsix ceueHuit crymeneit A1 u A 11 CBOEro
BapHaHTa B35Th U3 TaOIUIIBL.

Tabnuna
Fi|F [ Fs | A | Az Fi | F | Fs A1 | Ay
Bapuant | Ne cxembl Bapuant | Ne cxembl
xkH em’ xkH em®
1 2 2018 |14 (1218 18 10 1911134 |13 |09
2 3 162528 |12|18 19 9 3114620 |19 |25
3 4 2619 |10 (1916 20 2 1811015 (12 |18
4 6 28 12212 (2826 21 1 16 11510 (11 |18
5 5 14116 {10 |21 |19 22 4 24 110 |8 20 |07
8 101213 09|07 23 3 15124129 |13 |29
7 17 113 |6 1115 24 6 2612010 |26 |22
8 10 2912 |54 |19|14 |25 5 2011812 |25 |22
9 9 40 (55|24 (28|34 |26 8 9 (11|12 |19 |08
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10 2 15/5 |13 101(1,2 27 7 14 110 | 6 1,1 1,3
11 1 301105 18126 28 10 3014 (56 |20 1,5
12 3 8 113114506 1,2 29 9 2514118 |16 2,1
13 4 166 |2 1,0 10,7 30 2 1116 |12 |0,8 1,2
14 6 19 114 | 4 24121 31 1 17 113 |8 1,0 2,1
15 5 17 119 | 13 24121 32 3 18 125|7 15 3,2
16 8 17119 |20 16114 33 4 32|17 |2 3,0 1,5
17 7 2017 |10 13119 34 5 1918 |22 |21 1,8
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Avam | 035 [To3 03 A 07w [

[TpakTnueckoe 3ansatue 14
PacueT nmonepeuHbIX CUJ1 U U3THOAIOIIMX MOMEHTOB, TOCTPOEHHE S0P

Teoperuyecks 4acTb

N3rub knaccudumupyror
no Konauuecmey cuioevix paKkmopoe, 0eiucmeyiouux 6 NOnepeuHom ceueHuu opyca:
YHCTBIH M3rud — B CEYCHUU JIEHCTBYET TOJIBKO MU3THOAIONINI MOMEHT;
nonepeyHblii U3rud — B CEYCHUU JICUCTBYIOT M3THOAIONINII MOMEHT W TMoIepedHas (Iepepe3arorasi)
CuJIa;
no xapakmepy pacnonoiceHus niaoCKoOCmu 0eicmeusn uzcudanu|ezo MomeHma:
NPSIMOM MJIM MJIOCKUH M3TU0 — IUIOCKOCTh JACWCTBUS M3rHOArOIero MOMEHTa COBMAJAaeT ¢ OJHOU U3
IVIABHBIX MJIOCKOCTEW HHEPLIUU CEUEHUS;
KOCOM M3rud — IUIOCKOCTh JAEHCTBHUS M3rMOAIONIET0 MOMEHTA HE COBIAJAET C IVIABHOW IIOCKOCTBHIO
WHEPLUN.

B uHxeHepHO! MpakTHUKE YacTO MPUMEHSIOTCS OaNKU C BEPTHKAIBHON OCh0 cuMMeTpuu. Ecim
BHEIIIHSASI Harpy3ka, pPEakTHUBHBIC YCWIMS JI€KAT B OJHOW IUIOCKOCTH, KOTOpPas COBHAZAET C OCBIO
CUMMETpPUHU CEeYeHHUs, TO Oanka OyaeT u3rubarbcs B TOM ke IIOCKOCTH (OCh U3rMOAeMOro CTEp)KHS He
BBIXOJMT U3 3TOM MI0CKOCTH). Takoi u3rud Ha3bIBaeTcs MJIOCKOCTHBIM.

Mer Oyner paccMmarpuBaTh Cloy4ail, KOrja TpU TUIOCKOM HW3TrMOe BHEIIHSS Harpyska
MEepIeHIUKYJIIpHa NpOoAoabHOM ocu Oanku. [loaTOMy B monepedHbIX ceyeHHsX OalKuh BO3HUKAIOT
TOJIBKO TIOTIEpeYHasi CUjla M M3THOAIONINii MOMEHT, a MPOJOJIbHAS CHJIa PaBHA HYIIO, YTO HETPYAHO
JI0Ka3aTh, CIIPOEKTUPOBAB BCE CUJIbI HA TPOJOJIBHYIO 0Ch. Takoii M3rud Ha3bIBAETCH MONMEePEYHbIM.

ITocTpoeHue 3M0Op NonepeyHbIX CUIH U3rHOAIOIMX MOMEHTOB NPH
NPSMOMIIONIEPEYHOM M3rude KOHCOJIbHBIX H IBYXONOPHBIX 0AJI0K
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1. [IpaBuiia 3HAKOB ISl MONIEPEYHBIX CHJI.
IIpsimoe mpaBWJI0: TIOTIEpEYHAsi CUJIA CUMTACTCS MOJOXKHUTEIIbHOW B Cllydae, €CJIM BHEIIHHE
CHJIBI TIOJTHUMAIOT JICBBIH KOHEI[ OaIKK WIIK OIYCKAroT paBbiil (puc. 1).

AF Al
!

1]
A] YF

tf +®e)
: el |E t]
2,0Y \T3
PI/IcyHOK 1 —HpaBHna 3HAKOB I[J'IHHOHO)KI/ITCJ'IBHBIXHOHGPG‘IHBIX CUJI1

OOpaTHoe NMpaBWJIO: TIONIEPEYHAS CHJIA CUYUTAETCS OTPULATEIHHON B Ciydae, eclii BHEUIHHE
CHJIBI OITYCKAFOT JIEBBIN KOHEI[ OaJIKU WJIHM TIOJJHUMAET MpaBblii KOHeIl (puc.2.).

Al F A
L1 ‘]
Y 4]

00 A FA
ERIRE e :
FY Y30

PI/ICYHOK 2 —HpaBI/ma 3HAKOB IJIIOTPUHATCIIbHBIXIIOIICPECYHBIX CUJI

My

2. IIpaBnJia 3HAKOB JIs1 M3rHOAIOIIMX MOMEHTOB

IIpsiMoe mpaBWJI0: M3rMOAIOIMKUKA MOMEHT CUUTAETCS MOJOKUTENIbHBIM, €CJIM BHEIIHHUE CHIIBI,
JEWCTBYIOIME Ha JIEBbIM KOHEI Oallky, MOBOPAYMBAIOT €ro 10 YacOBOW CTpejKe, a JAEHCTBYIOLIME Ha
MpaBbIil — MPOTUB YacOBOU CTpesku (puc. 3).
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M

Pucynox 3 —I[IpaBusnia 3HaKOB JISH3TrHOAOIITIX MOMEHTOB
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OOpatHoe npaBuJI0: U3rHOArOIIUN MOMEHT CUMTAETCs OTPULATENIbHBIM, €CJIM BHEIIHUE CHUIIbI,
JCWCTBYIONINE HA JIEBBIA KOHEL OaJKH, TOBOPAYMBAIOT €r0 MPOTHB YaCOBOW CTPEINIKH, a ACUCTBYIOIIHE
Ha MpaBbIil — 110 YacOoBOM cTpeike (puc. 3).

IMocaenoBaTeIbHOCTH MOCTPOEHHS YMIOP MONMEPEYHBIX CHJI
¥ N3rudaIUX MOMEHTOB

1. Tlox Harpy»eHHO# OaJIKOH CTPOUM pacCUETHO-TPAPHUECKYIO CXEMY.

2. Ucnonp3ys tpu ypaBHenus: 2Fix = 0, 2Fy=0, XM(F;) = 0, onpenensieM peakuuu onop Oaiku
(00s13aTEIIBPHO BBITIOJIHUTH MPOBEPKY PEIICHHUS ).

3. Hcnonb3ys MeTos cedeHuil, onpeaessieM 3HaYeHUsI OMEPEYHBIX CHJI B XapaKTEPHBIX TOYKAX,
T.€. TOYKaX, B KOTOPBIX NPWIOKCHBI BHEIIHWE HArpy3KW (MPH 3TOM yq00HEE HCIOJIb30BATh MPSIMOE
MIPABWJIO 3HAKOB, T.€. pa30UBaTh OaJIKy ClIeBa HAMPARBO).

4. Tlo moJy4eHHBIM 3HAYCHUSM IONEPEYHBIX CHII CTpoMM smiopy Qy: mox Oankoil mpoBoIUM
NpsSMyI0, TapayieIbHYI0 €€ OCH, W OT O3TOW NpAMOM B XapaKTePHBIX TOYKAX OTKIIAJBIBACM
MIEPIICHIUKYIISIPHBIC MTOTIEPEUHBIM CHJIAaM OTPE3KH, COOTBETCTBYIOIIME BEHIOPAHHOMY MaclITaoy.

5. Mcnosp3yst METO/I CEYCHUil, Onpe/eNseM BelInYnHy MyB TeX K€ XapaKTepHBIX TOYKaX U IO
MOJTyYCHHBIM 3HAYCHUSM CTPOUM JIIOPY U3THOAIOIIMX MOMEHTOB.

IIpaBuiia npoBepKHU NPaBUJIBLHOCTH MOCTpoeHusi dmop Q u M

1. Ha cunoBoMm ydacTke, TJe HE JEHCTBYIOT pactpeaeneHnas Harpyska (q=0) u cocpemoroueHHas
nonepeunas cwia (Q=0), a nmpunoxxeH Toapko u3rubdaromuii MomeHT (M=const), siropa M orpannyeHa
MPSIMOH, apaJiIeIbHON ocH Oanku (puc.4,a).

2. Ha cunoBom yuacTke, Tie He JeicTByeT pacrpeneneHHas Harpyska ((=0), a mpunoxeHa
cocpenoroueHHas cuia (Q=const), usrubaromuii MoMeHT M H3MEHSETCS MO JMHEHHOMY 3aKOHY, a
snropa M orpaHndeHa HakJIOHHOW npsiMoit (puc. 4,0).

3. Ha cumoBoM ydacTke, T/ie IEHCTBYET pacrpenesieHHas Harpy3ka MHTEHCHUBHOCTH ( = CONSt,
nonepevHas cuna Qu3MeHsieTcs o JMHEHHOMY 3aKOHY, U3Tu0aronuii MoMeHT M — 1o KBaIpaTUYHOMY,
a smopa M orpanudeHa napadosoii. [l onpeeneHus BbIMYKIOCTH Napaloiibl UCIIOIb3YETCs IPABUIIO
«3OHTHKa» (puc. 4,B).

4. Ha cuioBoM ydyacTke, IJie morepevHasi cuia noJjoxutenbHa (Q[10), u3rudaronumit MOMEHT
M Bo3pacraeT, a Ha ydacTke, Ije momnepeuHas cuia orpumarensHa (Q0), M yOwiBaer (puc. 4,r); B
CEYEHUH, TJe MoIepeyHas cuiia
paBHa HymI0 (Q=0), M nmeet s3xcTpeManbHOe 3HadeHue (puc. 4,B).

5. Ha cunoBom yuacTke, I7ie MIPUIIOKEHA COCPETOTOUEHHAsI CHJIa, SI0pa MOMEpPeYHbIX cuil Q
MMeEeT CKa4yOK, PaBHBIA 3HAUEHHUIO ITOW CHUJIBI, a SII0pa U3TUOAIONIMX MOMEHTOB M — mepenom (puc.
4,r).

6. Ha cunoBom yuwacTke, rje mpuioXeHa COCPEIOTOYEHHAs Iapa CHJI, JII0pa HW3THOarommx
MOMEHTOB M HMMeeT CKauyOK, paBHBIM 3HAYEHHIO STOW Maphl, a 3MIOpa MomepedHbix cuil Q Ha sToM
CHUJIOBOM YYaCTKE HUKAKHUX OCOOEHHOCTEH He uMmeeT (puc. 4,1).

7.Ha rpaHuiie IByX COCEOHHMX CHUJIOBBIX yYacCTKOB Oaliku, TJie dMIOpa MomepeuHbix cull Q He
MMeeT CKauKa, dIIopa u3rudarnmx MoMeHToB M compsiraetcst 63 nepenoma, (puc. 4,¢).
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Puc. 4.

Pacyer Ha IPOYHOCTH U KECTKOCTHKOHCOJIBbHOI 1 IBYXONOPHOM 0aJI0K NPH NPSIMOM
NOINepPeYHOM Uu3rude

JuddepeHunanbHbie 3aBUCMMOCTH IPU U3rude
1. IlepBast mpou3BOAHAs OT TIONEPEYHOM CHJIBI MO TPOJOJIBHOM KOOpJMHATE Z paBHA
MHTEHCUBHOCTHU PACIIpe/Ie]ICHHON Harpy3Ku, B3ATON ¢ 00paTHBIM 3HAKOM:
dQy/dx=ay
2. llepBasi mpow3BOJHAS OT M3rHOAIOIIET0 MOMEHTa II0 TIPOJIOJFHONW KOOpJMHATE paBHA
IIOIIEPEYHOM CUJIE:
dM,/d,=Qy
3. Bropast mpou3BojgHas OT H3rHOAIONIEr0 MOMEHTa IO MPOJOJIBHOM KOOpIMHATE Z paBHA
MHTEHCUBHOCTHU PACIIpe/IeTICHHON Harpy3KH, B3ATOM ¢ 00paTHBIM 3HAKOM
d*M,/d*=—qy
Vkazannple  auddepeHuaibHble  3aBUCMMOCTH  HA3bIBAIOTCS  OughghepenyuaivHbvimu

49
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Puc. 5 — IInockuii npsiMoii n3rud
MakcumarnbHble HOpMaIbHBIEC HAIIPSKEHUS ONPENEINISIOTCS U3 CIICAYIONIETO YPABHEHHS:

e Mx'.},maszx (1)
I W

Z =

[Tpu yuctom u3rube 1Mo OAHY CTOPOHY OT HEUTPAIBLHOIO CJIOs MPOUCXOIUT MPOCTOE PACTSHKEHUE,
no JApyryoo — mpocroe cxkarue. CrenoBarenbHO, NPU YUCTOM H3THOE HMMEET MeCTO JMHEWHOe
HaIpsDKEHHOE cocTostHue (puc.5.6).
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Pucynok 7 — HanpsikeHHOE cOCTOsSIHHE B TaBPOBOM Oajke
OMopbl HOPMAJIBHBIX HAIIPSHKEHUH MTOKa3bIBAOT, YTO BHYTPEHHUE CIIOM MaTepuasa HarpyarTcs
MeHblIIe, yeM HapyskHble. [loaToMy, npoekTupys npodpuin 0anok, CTpeMsaTcs OOJbIIYI0O YacTh IIOIIAIN
CEUCHMsI Pa3MECTUTh MOJalblIe OT HedTpanbHOW nuHuHU. [Ipu u3rnGe B BEpPTUKAIBHON IJIOCKOCTH
CTaHJApTHBIE JIBYTAaBPOBBIE, LIBEIIEPHBIE, TABPOBbIE NMPO(UIN AAIOT CYILIECTBEHHYIO BHITOJy B BECE.
Ecnu marepuan Oanku XyXe CONPOTUBISIETCS PACTSIKCHUIO, HEXETH CXKATHIO, TO IIEHTP TSHKECTH
CEUeHMsI JOJDKEH pacrojaraTbCsi OJIMXKe K pacTAHYThIM BOJIOKHAM, YTOOBI BEIMYHMHA MAaKCHUMalIbHBIX
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pacTATMBAIOIINX HANPSKEHUI ObllIa MEHbIIIE MAKCHMAIbHBIX COKMMAIOIIMX HaMpsuKeHuit (puc. 5.7).
Onpenenenue KacaTeJbHbIX HANPSIKEHUH MPH MJIOCKOM MPAMOM H3rude
Belmie ObLIO CKa3aHO, YTO KacaTeJIbHBIC HAIPSHKCHHS HPH IUIOCKOM MPSMOM H3THOE 3aBUCST

TOJIBKO OT momepeuHbix cwi. OpHako, Tpu BbIBOAEC (DOPMYIBI Ui KacaTeIbHBIX HANPSHKEHUN
HEOOXOJMMO CUMTAThCSA C HATMYMEM H3rHOAr0IMX MOMEHTOB, Tak Kak ecin Q#0, To u M#0. B oOmem
cirydae

O=po0x)

M=M(x)

IIpu 3TOM CKOpPOCTh M3MEHEHHSI MOMEHTOB BBIIIE, YEM CKOPOCTb M3MEHEHUS IONEPEYHbIX CHII.
HO3TOMy, cuuTadCh C IMpUpaAlICHUEM MOMCHTOB, HpeHe6peraeM HU3MCHCHUCM IOICPCUYHBIX CHUJI IIpU
nepexoze OT OJHOrO K APYroMy O€CKOHEYHO OJIM3KOMY CEYEHHUIO.

B CHUJIy 3aKOHa HIapHOCTH KaCaTCJIbHBIC HAIIPAKCHHA BO3HUKAIOT HC TOJIBKO B IMOICPCYHBIX
CEUEHMSIX, HO M B IPOAOJIbHBIX CEUCHMSX, MapauleNbHbIX HEWTpalbHOMY cioio. IloaTomy BMecTo
HAXOXICHUS KacaTeIbHBIX HAMPSHKCHUH, apayuIebHbIX Q U ACHCTBYIONINX HA YPOBHE Y B MONEPEIYHOM
CEYEHMM, MOYKHO OIIPEJENUTh PAaBHbIE MM KacaTellbHble HANpPsDKEHMs, NEHCTBYIOIME Ha 3TOM K€
YPOBHE B IIPOJIOJIBLHOM ceueHuH (puc. 8,a u8,0).

UroObl ompenenuTh KacaTeldbHbIC HANpPSKEHMs, JACHCTBYIOLIME B CEUEHHMM X Ha YpOBHE Y OT
HEHTpabHOW JIMHUY, B 00JIACTH STOTO CEUCHHSI BBICTMM OCCKOHEYHO MAJIbIi SJIEMEHT OaiKH.

Jlns 3TOrO mpoBeJeM JBa MONepedHbIX cedeHus 1, 2 (puc. 9) m 0AHO IPOAOJIBHOE CEYEHHE,
napajuleJIbHOE HEUTpanbHOMY CIIOK0 M OTCTOslIee OT Hero Ha pacctosHue Y. Ha pucynxe (11) ato
cedeHust adm, CeN 1 amnNC COOTBETCTBEHHO.

[To ceuenuro adm sneMeHTa ISHCTBYIOT HCKOMBIC KacaTelbHbBIC HANIPSHKCHUS 7, apajuieibHbie Q
Y HOPMaJIbHbIC HAIIPSKEHMSL.

a)
F g
AY
=
0 ",
= R
L x N odx |$ biy)
| |
| 0 0+d0 |
I'I'Q [
I'I'MI'

6)
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Pucynok 8 — K onpenenenuto kacateiabHbIX HalpsHKeHUH

Pacuernas popmyJia 1is onpeesieHus HOPMAJIbLHBIX HANIPSIKEHU I
M, @)
i

H4

F =

Ilo cedyenuro cen »siaemeHTa J:[eI7ICTBy}0T TaKHE K€ MO BCIMYMHEC KaCaTCJIIbHBIC HAIPSKCHUA
7(tak kak dQ=0) 1 HoOpMallbHbIC HAMIPSKEHHS
M, +dM, (3)
I, 7

z
B cedenmnm amnc AedcTBYIOT KacaTelbHbIE HANPSIKECHUS r/=|r|, HallpaBJICHHBIE B CTOPOHY
MEHBIIEr0 HOPMAJbHOTO HANpPSDKEHUS, a HOPMaJbHbIE HANpPSDKEHUs 3/1eChb OTCYTCTBYIOT WIIH
npeHeOpeKMMO MaJbl.
CocTaBuM yCJIOBHE PAaBHOBECHS BBIJCJICHHOIO 3JIEMEHTA B BHJI€ CYMMBI POSKLUN BCEX CUJI HA
0Ch X, TIPEJIIONaras, 4To KacaTelbHble HANPSDKEHHS 7, a OTOMY M 7 10 IMpHHE cedeHus b(y) He
MCHAKTCA

X =-[o-dF-7 bp) dx+ [(c+do) dF =0,
7,

s,

o

Ft+do=

T

[Tocne moxcranoBku (2), (3), momyunm

r by dx= My 57 ()

x
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e o~
rac Sx = lllyfiF — a0coJIIoTHAas BEJIMYMHA CTATHYECKOrO0 MOMEHTAa TOM YacTu IMOIIEPEYHOT O
E

arT
CEUEHM S, KOTOpas JICKUT HUKE UIIA BBIIIE YPOBHS Y HCKOMBIX HANPSKEHUH.
N3 (5.4), monyunm pacuyeTHyI0 (popMyJy IJsi KacaTeJlbHbIX HANPSI)KEHU I, BO3ZHUKAIOIINX B

MOTEPEYHBIX CEYCHUAX MPHU MIOCKOM MPSIMOM U3rubde napamieabHo Q Ha ypoBHE Y OT HEUTPAIBHOTO
Cl0s:

e
fz'b{y}

Crnenyer MOMHHUTB, YTO KacaTelbHbIe HampsbkeHus (5.), mapamienasHple Q B o0meM cirydae
SIBJISIFOTCS TOJIBKO YACTBIO MOJIHBIX KacaTeIbHBIX HAMPSKCHUH.

(®)

IIpumepsI perieHus 3aaa4
IMocTpoenue 3M0p NonepeyHbIX CHJI U U3rHOAIOIIUX MOMEHTOB
1. Harpy3ka MOMeHTaMH Nap CHJI H COCPEI0TOYEHHBIMH CHJIAMH
Ilpumep 1
3agana Oanka, 3anieMJICHHAsT TIPABbIM KOHIIOM WM HArpy>KeHHasi COCPEIOTOUYCHHBIMH MOMEHTAMH
cormacHo cxeme (puc..9).

M 3M
—» 1 + 2 %
L
© 1 2 VZ
A4 By oy
<z,
. Z ,
Q
M & V| ™
cxsror /(LT T

Puc.9

Tpedyercst TOCTPOUTH MIOPHI BHYTPEHHUX CHIIOBBIX (hPaKTOPOB.
Penrenue

1. ITpoBOIMM OCH Z OT CBOOOTHOT'O KOHIIA K 3aJIETIKE.
2. MeicneHHO pa3zbouBaeM Opyc Ha JiBa CUJIOBBIX y4acTKa.

3.ITpumeHsiss METOA cedyeHHus, ONpejessieM BHyTpeHHHe cuioBble (akrtopel Q m MHa kaxaom
CHJIOBOM YYacTKe.

Ha mepBom cuiioBom yuactke 0 <z;<I
Q1=2Yi= 0, M;=>M;=2M

[Tonepeunasi cuiia Ha MEPBOM CHJIIOBOM Y4YacTKE paBHA HYJIO, a M3rHOAlOIMii MOMEHT HMEeT
IIOCTOSIHHOE 3HaueHue 2M.

AHaNOrMYHO OINpeAeNseM BHYTPCHHHE CHIIOBbIC (DaKTOphl W Ha BTOpoM ydactke. Ha BTOpom
cHJIOBOM ydacTke 1<z,< 2 |

Q,=2Yi= 0, Mo,=2Mi=2M -3M =M
ITocTporM 3IIOpHI TONepedHkIX cuil Q U U3rudaromux MoMeHToB M.
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Ha rpanunne AByX CHJIOBBIX y4acTKOB B TOUKe NpmiioxeHuss MoMeHta 3M Ha smope M Oyner
CKa4oK, paBHBIﬁ BCINYHUHE 3TOI'0O MOMCHTA.

banka B pacCMOTPEHHOM ITpUMEPE UCTIBITHIBAET YUCTHIM M3TMO, T.K. IONEPEYHasl CHJIa BO BCEX €€
[IONEPEYHbIX CEUEHMSIX paBHA HYNIO. OMIOpa MOMEHTOB IPEACTaBIsAET COOOM MpsAMYIO JIMHUIO,
napajulelbHyI0 ocu Opyca.

Ilpumep 2

3apana Oanka, 3amieMiIeHHas JIEBBIM KOHIIOM M HAarpyXeHHas COCPeI0TOYeHHBIMH CHJIAMU
cornacHo cxeme (puc.10), npuuem P, = P, P, =2P.

2 1 P1
ra 1 0
a| Pl a N
Z-d rd
" z .
[l T
HEICHE N
CNIEECER
M (1ol
nepenom  Pa

Puc.10

TpebyeTcst TOCTPOUTH AMIOPHI BHYTPEHHUX CHIIOBBIX (PAKTOPOB.

Pemenne Pemienue nanHOro npuMepa npoBeieM 0 aarOpUTMY PELICHUs IPEABIAYIIEH 3a1a4H.

Ha nepBom cuioBom yuactke 0 <z;< a

Qi=2Yi=P; =P

Mi1=>M;= - Pz,

Miz=0 = 0, My,== -Pa.

Ha BTOopom cuinoBom ydactke
a<z,<2a

Q:=2Yi=P; 2P =-P

My=>M;=—-Pz + Pz(Z-a),

My;=2 = —Pa + 0= -Pa,

Mo,=0, = -P 2a+ 2Pa = 0.

[Toctpoum smroper Q u M (puc. 10). Dmropa momepednbix cun Q Ha CHIIOBBIX y4acTKax
MPEACTABIISIET COOO0M MPSAMYIO JIMHHIO, MapaUIeIbHYI0 OCH OajKd, a dII0pa U3rndaroimumx MOMEHTOB M
— HAKJIOHHYIO.

Ha rpanune nByX CHJIOBBIX Y4acTKOB B TOUYKE MPHIIOKEHUsSI BTOpOil cuitbl P; Ha smrope Q Oymer
CKA4OK BHHU3 Ha BEJIMYUHY 3TOW CHIIBL, @ Ha 3miope M B 3TOM MecTe OyAeT NmepesoMm.

Harpy3ka paBHOMepHO pacnpeae/IeHHOM CHJI0N

Ilpumep 3

3apgana Ganka, 3aleMJICHHAs JIEBBIM KOHILIOM M Harpy>k€HHas paBHOMEPHO pacHpeiesIeHHOH 1o
JUTHHE OaJIKK Harpy3Kou coriacHo cxeme (puc.11).
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ql

W q|2f2

Puc.11.

TpebyeTcst TOCTPOUTH AMIOPHI BHYTPEHHUX CHIIOBBIX (PAKTOPOB.

Pemenue

NHTEeHCUBHOCTH paclipeieiecHHOW Harpy3KH, JIEUCTBYIOIIEH Ha Oalky, paBHa (], IO3TOMY BCS
Harpyska, IpuJIoKeHHas K Oainke, Oyaer paeHa (l.

Pemenue 3anaun OyzeM mpoBOUTH IO MPEIUIOKEHHOMY PaHee allTOPUTMY.

Pacceuem Oasiky Ha paccTosiHHU Z OT CBOOOAHOTO KOHIIA, T.e. 0<z<I.

=—-qQz, Toraa

Qz=0=0; Q=1 = 'ql-

M =-qz*z/2 , Torna

Mz==0; Mg =- qZ%/2.

IToctpoum smopel Q u M (puc. 11). Dmropa nonepeunsix cuin Q mpeacraBiseT coOol MPSIMYyrO
HAKJIOHHYIO JINHUIO.

Haubonbiiee mo abCOMOTHON BENMYUHE 3HAUeHHE MOmepevHod cuibl |Qmax| = ql B ceueHun
3aleMJIeHHUS.

Omnropa u3rubaronx MOMeHToB M mpezactaBisieT coOoi mapaboiy BBITYKIOCTBIO BBEPX, T.K.
U3rUOAIOINI MOMEHT OTpPHUIIATENEH.

Haubonbiee no abconoTHONW BeIMUYMHE 3HAYEHHE H3THOAIOIIEr0 MOMEHTa OYyIeT B CEYEHHH

sareMieHns [Mumax| = ql%/2.

Ilpumep 4

3anaHo

[TocTpouTh AMIOPHI MONEPEUHBIX CHUJI M U3rMOAIOIIUX MOMEHTOB JUIsl HArPYKEHHOM ABYXONOPHOM
6anku (puc. 12), ecmu M= 10 xH » m, F= 8 xkH, q = 5 kH/m.

TpebyeTcst TOCTPOUTH SMIOPHI BHYTPEHHUX CHUIIOBBIX (PAKTOPOB.
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Pucynok 12 — K nmpumepy 4

Pemenne
Pemenwue 3amaun OyneM MPOBOAMTH IO MPEIJIOKEHHOMY PaHEE aITOPUTMY.
OHpe,[[eJ'II/IM OIIOPHBIC PCAKIINU B Oaike

1.ZMD(F1):O

RAAD — q(AB)(KD) —F(CD)-M=0

Ra= %(AB)(KD)+F(CD)+M) /(A@:13,43KH;

Z.ZFiyZO
Ra—0q(AB) — F +Rp=0
Rp=-Ra + q(AB) + F =4,57kH
Ilposepxa:
ZMA(F;[):O
-M - Rp(AD)+F(AC)+ q(AB)(AK)=0
Pacceuem Gasiky Ha pacCTOSIHUM Z OT CBOOOIHOTO KOHIIa, T.e. 0<z<I.
[Moctpoum smropet Q u M (puc. 12).
Pa3buB Oanky Ha Trpy30BbI€ YYacTKH, 3alHIlIEM aHAIUTUYECKHUE YpPaBHEHHUS /Jisi BHYTPEHHUX
ciIoBbIX (hakTopoB Q (myHKT 3) 1 M (yHKT 4).
3-QA:RA:13,43 kH;
Qs=Ra — q(AB)=3,43kxH;
Qc cresa=Ra — qQ(AB)=3,43xH;
QC cnpaBazRA — Q(AB) -F=- 4,57xH;
Qo=Ra—q(AB) - F =- 4,57kH,;
4.M\=0;
Mg=Ra(AB) — q(AB)(KB)=16,86xH M
Mc=Ra(AC) — q(AB)(KC)=23,72xkH"m
Mp=Ra (AD) — q(AB)(KD) — F(CD) =10,1kHm
MaxkcuManbpHOe 3HAaYeHHE U3THOaromero MoMmeHTa M= 23,72 kH/M, MakcuMaJIbHOE 3HAYEHUE
nonepeuHoit cuisl Q = 13,43 xH.
OTBeTUTH HA BONIPOCHI, PE3YJIbTAT MTOKA3aTh PENOJABATEIIO
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1. Kakyro gedopmariuio Ha3pIBatOT U3THOOM?
2. Kakue 31eMeHThl MH)XEHEPHBIX KOHCTPYKIMIA padoTaloT Ha U3rub?
3. Ha kaxue BuapI K1accupuuupyroT U3rud 1o KOJIMYECTBY CHIIOBBIX (DAaKTOPOB, IEHCTBYIOIIUX B
IJI0CKOCTH?
4. Ha xakue BUIBI KIacCUDUUIUPYIOT U3TUO MO XapaKTepy PacIoOKEeHUsI IJIOCKOCTU AeHCTBUS
M3rubaronero MoMeHTa?
5. Kakoii Bun n3ruba npuHATO Ha3bIBATh MOMEPEUHBIM U3rHOOM?
Kakotii Buj n3ruba IpUHATO HA3BIBATH MIIOCKOCTHBIM?
Buibl omopHBIX 3aKperuieHH 0aoK.
Knaccudukanus 6aiox.
. Huddepennmanbapie 3aBUCUMOCTH TIPU U3THOE OAJIOK.
10 [IpaBuia mpoBepKH MPaBUIBLHOCTH IMOCTPOSHHUS S0P MpU U3ruode.

© o ~ND

IMpakTuyeckue 3anatus 15, 16
Ilpakmuueckas noozomoska
Pacuyer nonepevyHbIX CHJI M U3rHOAIOIIIUX MOMEHTOB, NOCTPOEHHUE IMIOP

3amanune mna pacyera. Iloctpouts smopbl Qxu My 10 JaHHBIM OJHOTO U3 BapHAHTOB,

IMOKa3aHHbIX HAa PUCYHKAX W MHMPOBCPUTH NPOUYHOCTh CCUCHUS 11O KACATCIbHBIM HAIIPAKCHUAM. BapI/IaHT
BBI6I/IpaeTC$I COTJIaCHO HOMCDpA 110 KXYypHAJITy.
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Meroauka pacuera
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1.Onpenenstor onopHble peakiuu 6anku. O003HAYAOT XapaKTepHbIe ceueHMs (TOUKM) Oanku. Mmu
SIBIITFOTCSI KOHIIEBBIE CEUEHUS OAKU, OMOPHI, TOYKH MPUIIOKESHHS COCPEOTOYCHHBIX CHJI I MOMEHTOB,
HAYaJio ¥ KOHEI paclpeie]IeHHONW Harpy3KH.

3.Ctpoum smropy nonepeyHsix cui Qx. s 3Toro onpeaenstoT 3HaueHus MONEPEYHbIX CUIT B
XapaKTePHBIX TOUKAX. 3aIIOMHHM, YTO MOIEPEYHAsl CHJIa B CCUCHUH PaBHA CyMME MPOCKIIMN BCEX CHII,
PAacIIoNIOKEHHBIX TOJBKO CJIEBA MM TOJBKO CIPaBa OT pacCMAaTPHUBAEMOTO CEYECHUS Ha OCh,
NEPIEHANKYISIPHYIO K ocH 35ieMeHTa. Criia, pacioyiosKeHHast CJIeBa OT PACCMaTPUBACMOTO CEUCHUS U
HaIpaBlIeHHAs! BBEPX, IPUHUMACTCS CO 3HAKOM «ILTIOCY, a CHJIa, HAIIPaBJIEHHAs BHU3, — CO 3HAKOM
«MUHYC», a JUTSI IPaBOM YacTH OaJku HAa00OPOT.

B ceueHusx, COOTBETCTBYIOIIMX TOUKAM IPHIIOKEHHS COCPEIOTOUYEHHBIX CUII, B TOM YHCIIE B TOYKAX
MIPUJIOXKEHHUS OTIOPHBIX peakluii, HEOOXOAUMO OIPENEIUTD JIBa 3HAUEHUS I1OTIEPEUHOM CUIIBL: YyTh
JIeBE€e pacCMaTPUBAEMOM TOUKH M 4yTh IpaBee ee. [lonepeuHble CUIIbl B 3THX CEYEHHUAX 0003HAYAIOTCS
coorBeTcTBEHHO Q" 1 Q"P*,

Haiinennble 3HaueHUs [TONEPEUYHBIX CUJI B XaPAKTEPHBIX TOUKAX OTJIOXKHUM B HEKOTOPOM MacluTadbe oT
HYJIEBOM JINHUU. DTU 3HAUCHUSI COEIUHAEM MPSIMBIMH JIMHUSMU, PYKOBOJICTBYSCh CIIEAYIOLIMMU
IIpaBUJIAMU:

a) eclIM Ha yyacTKe OaJIki HeT Harpy3kH (pacupeeeHHOM), TO IO/ 3TUM Y4aCTKOM 3HAaYeHUe
IIOIIEPEYHBIX CHJI COSAMHSIEM IPSIMOU JIMHUEH, TapAJIIEIbHOW HYJIEBOU JINHUY;

0) ecnu Ha yyacTke OaiKu MPUIIOKEHA pacipeiesieHHas Harpy3Ka, TO MO 3TUM YYacTKOM 3HaueHUs
MOTIEPEYHBIX CUJI COSAMHSIEM MPSIMOM, HAKJIOHHOM K HyneBor tuHuHA. OHA MOXKET MepecekaTh Wiu He
nepeceKaTh HYJIEBYIO JTMHHIO.

CoenMHUB BCce 3HAUEHUS MOMEPEUHBIX CHJI IO YKa3aHHBIM MpaBUiIaM, MOIYYUM rpaduk U3MEeHEHUS
nornepeyHsIx cui no Jnune 6anku. Takoil rpaduk HazpiBaeTcst amopoit Q.

4..Ctpoum s1opy u3rudaronmx MoMeHToB My. Jliist aToro onpenenseM n3rudaronire MOMEHTHI B
XapaKTepHBIX ceueHusX. HamoMuum, 4To n3rubaromuii MOMEHT B pacCMaTpUBAaEMOM CEUYEHUHU PaBEH
CyMMe MOMEHTOB BCEX CHJI (pacpe/IeICHHbBIX, COCPEIOTOUYSHHBIX, B TOM YHCJIC W OTIOPHBIX PEaKInid, a
TaK)Ke BHEIIHUX COCPEIOTOYECHHBIX MOMEHTOB PACIOJIOKEHHBIX TOJIBKO CIEBA HIIM TOJIBKO CIpaBa OT
aToro ceueHus. Ecim mr0060e 13 epeunCIIeHHBIX CHIIOBBIX BO3JICHCTBHI CTPEMHUTCS ITOBEPHYTH JIEBYIO
9acTh OaJIKM 110 YaCOBOU CTpENKe, TO OHU MPUHUMAIOTCS CO 3HAKOM «ILITIOCY», & €CIIA TPOTUB — CO
3HAaKOM «MHHYCY, a Il IPaBOi 4acTh HA00OPOT.

B ceuenusx, COOTBETCTBYIOIUX TOUKAM IPHIOKEHHS COCPENOTOUEHHBIX MOMEHTOB, HEOOXOJUMO
ONPEJIENTUTD JIBA 3HAUCHUS H3MMOAIOIIEr0 MOMEHTA: YyTh JIEBEE PACCMATPUBAEMOM TOUKHU U YyTh IIPABEE
ee. M3rubaromnme MOMEHTHI B 3TUX TOUKaX 0003HaYat0Tcsi cooTBeTcTBeHHO M™ 1 M™**, Toukax
NPUIIOXKEHHS CHJI OIIPEIENAETCS OJHO 3HAYECHHE U3rM0aeMOr0 MOMEHTA.

HOJ’Iy‘-ICHHBIC SHA4YCHUA OTKJIaAbIBACM B HCKOTOPOM Macirade ot HYHCBOﬁ JIMHHU. COGJII/IHI/IM OTH
SHA4YCHUA, pPYKOBOACTBYCH CICAYIOUMU IIPpABUIIAMU

a) eClIM Ha yyacTKe OaJIki HET Harpy3kH (pacrpeesieHHON ), TO MOJI 3TUM Y4aCcTKOM Oaliku JABa
COCE/IHUX 3HaYEHHS N3rHOarOIIUX MOMEHTOB COEIUHSIOTCS NMPSIMOM JINHUEH;
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0) eciu Ha y4yacTke OaJKy MPUJIOKEHA paclpeieleHHas Harpy3Ka, TO Mo 3TUM y4aCTKOM 3HaueHUs
M3ruOaIOIMX MOMEHTOB JUIS IBYX COCETHUX TOYEK COeTUHSIOTCS 1Mo napadose. [lapabomna umeer
BBINYKJIOCTh B CTOPOHY JCHCTBUS IpYy3KH (IIPHU IEHCTBUU HArpy3Ku cBepxy rnapabosna obpaiieHa
BBIIYKJIOCTbIO BHU3). [Ipu 3TOM, ecnu amopa Qx Ha OCMAaTPpUBAEMOM Y4aCTKE HE NIEPECEKAET HYJIEBYIO
JUHUIO, 31MI0pa My (oHa siBNIsieTcs mapabosI0ii) MOKET ObITh MMOCTPOEHA 10 IBYM TOYKaM, TaK KakK Bce
3HAYEHUS M3rHOAIONMX MOMEHTOB B IPOMEKYTOYHBIX TOUKAX HAXOAATCS MEXKy 3HAUCHUSIMHU B
XapakTepHbIX ceueHusX. Ecnu samropa Qx mpecekaer HyJIEBYIO JIMHUIO, TO MOJI TUM CEYeHHEM dmopa M
OyZeT UMEeTh IKCTpeMaIbHOE (MAaKCUMAIBHOE WIIM MUHUMAIBHOE) 3HAUCHUE WU

BepiIKHY mapabdosbl. [lonoxkeHue 3Toil TOUKM HAXOAAT MO SMIOPE U3 MOA00HS TPEYroJbHUKOB. 3aTeM
HaxoJsT 3HAUCHHE U3rM0aI0IIero MOMEHTa B 3TOM CEUEHHUHU U CTPOSIT 3IMI0py My Ha ydacTke ¢
pacnpeiesieHHOM Harpy3Koi Mo TPEM TOUYKAM.

CoenuHMB BCe 3HAYEHUS U3THOAIOIMX MOMEHTOB 10 YKa3aHHbBIM IIpaBHJIaM, IOJTYyYUM Ipaduk
M3MEHEHHS M3rHOAI0INX MOMEHTOB 110 JUTHHE Oanku. Takol rpaguk Ha3pIBaeTCs MIOPOd My.

[TpuBenennslii ciocod nocrpoenus >mop Qx 1 My Ha30BeM CIOCOOOM OCTPOSHHS STIOP IO
XapaKTEPHBIM CEYCHUSIM.

Taxoif crtoco0 sIBIsICTCS YaCTHBIM cllydaeM 0oJiee 001ero, XoTs u 0oJiee TPYI0EMKOTO crioco0a,
KOTOPBIH Ha3bIBAETCS CIIOCOOOM MOCTPOSHUS MIOP MO yyacTkaM. [Topsok mocTpoeHust AMIop MpH 3TOM
criocobe cienyromuii. banky pa3ouBaror Ha yuacTku. [ paHHIIaMU y9aCcTKOB SIBIISIFOTCS] XapaKTEPHBIE
ceueHus. J{s Kaxa0ro yuyacTKa 3alichiBaeM 3aKOH U3MeHeHusl yerinid Qy 1 My U oripenesnsieM ux
BCJIMYHHBI IPU T'PAHUYHBIX 3HAYCHHUAX. ITo HaﬁI[CHHBIM BEJIIMYNHaAM YCI/IJ'II/II\/'I CTPOUM COOTBETCTBYIOIIIUEC
SMIOPBI.

Cy1ecTByeT HECKOJIBKO CITIOCOO0B MPOBEPKU MPaBUIIBHOCTH OCTpoeHus >mop. Haubonee npocroii
CTIO0CO0 MPOBEPKH 3aKITFOYAETCS B TOM, YTO CyMMBI MOMEHTOB BCEX JICBBIX U BCEX MPABBIX CHJI, B3SITHIC
OT/EJNIbHO, B JII000H TOUKe Oallky JOJKHBI OBITh PaBHBI MEX1Y COOOIA.
IIpumep . [ToctpouTs smropsl Qy 1 My anst 6anku, moka3zaHHOM Ha puc. 1A.
Pemenue: 1. Onpenenum onopHeie peakiuu 6anku. CocTaBUM ypaBHEHUS
1) My =0; 2) ZM; = 0.
W3 nepBoro ypaBHeHus HalieM Vp:

b+c b
~F@+by+qb+c)-( 2 )-Vi(C +d)-M =0,

wm -15-2+20-6-2—Vg-7—25=0,

-15-2+206:2- 25
oTKyna Vg = 7 =26.4 xH.

N3 BTOpOrO ypaBHEHUs HauAeM Va:
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b+c
-d
-F@a+b+c+d)+Valc+d)-qb+c)( 2 ) -M=0,

wi — 15-9 + V, -7 —20-6-5 —25 =0,

159+206-5+25
oTKyna Va = 7 =108,6 xH.

BBINOIHUM TIPOBEPKY
ZY=VA+VB-F-q(b+C)=O,
i 108,6 + 26,4—15—20 -6 =0, otkyma 135—135=0.

2. O6o3Haunm xapakTepHbie ceuenus 6anku C, D, A, E, B, K.
3. Ctpoum smopy Qy, Onpenenum 3HaUEHUS TONEPEUHBIX CUJT B XapaKTEPHBIX CEUCHUSX:

Qc=- F=-15 kH; Qp= -F=-15 kH;

QA =-F-gb=-15-20'1=-35kH;

Qa™®-F-gb+Va=-15-201+108,6 = 73,6 kH;

Qe=-F-q(b+c)+Va=-15-20 -6+ 108,6=26,4 xH;

Qp""=Qg= - 26,4 xH;

Q™ =Qp"" +Vp=-26,4+26,4=0; Qx=0.

CoenMHUM NOJTyYEHHBIE 3HaUEHUS IPSIMbIMU JIMHUAMU (puc. 20,0) u nmonyunm smropy Q. Smropa Qy Ha
yuactke AE nepecekaeT HyneByro quHUI0. OnpenennM nojIoKeHNe TOYKH, B KOTOPOH dIIopa

Q« mepecekaeT HyJeByIo JTUHHIO. PaccMoTpum momooue TpeyronpHiukoB HRL m HNS (puc. 20,0),

otkyna HR/HN = HL/HS, unu x,/5 = 73,6/100, otkyna

73,6 -5/ 100 = 3,68 m.

DTO CEeUYEeHHE CUNTAETCS TAK)KE XapaKTePHBIM sl AIopbl Qx 1 M.
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Puc. 1A.

4. Ctpoum smiopy My, Onpenienum n3rubaroniyie MOMEHTHI B XapaKTEePHBIX TOYKAX:
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Me=0; Mp=-Fa=-151=-15«H-m;
M,=—F (a+b)— (gb) (b/2) = 15-2 — 20-1-0,5 = 40 xH-m;
Me=-F(@a+b+c)+Vac-qO+c)(b+c)2=-157+108,65—20-6-3 = 78 kH-m;

Mxo=368 =-F (@a+Db+x0)-q 0+ X)) +x,)/2+Vaxo=-15568—204,68234+ 108,6-3,68 = 95,4
xkH-m;

M, =M =25 kH-m (paccmompena npasas uacme danxu BF);
Myg=M = 25 kH-m.
5. CtpouM smtopy My Ha ydacTkax MEXIy XapaKTepPHBIMU TOYKAMU:

Ha yuactke CD Harpy3ku Het, mo3ToMy 3mtopa My — npsmasi JIMHUS, COeqUHs0Mmas 3HaueHuss Mc=0 u
Mp==—15 kH-mMm;

Ha yyacTtke DA neicTByeT pacrpezesieHHast Harpy3ka, nostomy smropa My — napabona. Tak kak
sntopa Qy Ha 3TOM y4acTKe He MepeceKkaeT HyJIeBYIO JHHHIO, TO Mapadoia He UMEET SKCTPEMAIbLHOTO
3HAYEHUS, I0ATOMY BEJIMUYMHY U3rM0AI0INX MOMEHTOB B ceueHUs X D u A coegMHUM KpuBOM, 3HAYEHUSI
KOTOPOW MIPUHUMAIOT MPOMEXKYTOUHbIE 3HaUeHUs Mexay —15 kH-m u —40 kH-Mm; Ha yuacTtke AE
JIEUCTBYET paclpeiesieHHast Harpy3Ka, mosTomy smopa My—rmapaboina. Tak kak smopa Qy Ha 3TOM
y4JacTKe MepeceKaeT HyJeBYI0 JMHUIO, TO Tapaboia UMEeT 3KCTpeMaabHOe 3HaueHUe (BEpUINHY),
M03TOMY 3MIOPY My CTPOUM IO TPEM 3HAUECHUSIM:

Mp =40 kH-m; Mg =95,4 kH-m u Mg =78 kH-m;

Ha yuyacTke EB HeT Harpysku, noaromy smropa My — npsamas; coenussaromas 3Hauenuss Mg=78 kH-m n
Mg =25 kH-Mm;

Ha ydactke BK Het Harpy3ku, moatomy smtopa My — nipsimast TuHus, coenunsitonas Mg = 25kH-m u
Mg = 25kH-m. Dmopa My noctpoena (puc. 20, B). B kauecTBe mpoBepkHr BO3bMEM CyMMY MOMEHTOB
BCEX CUJI OTHOCUTEIBHO TOYKH, PACIIOIOKEHHON HA PACCTOSHHUM X OT JIEBOM OMOPBI, HO PACCMOTPUM
MIPaBYIO YacTh OalKu

Myo= q(C-X0)(C-x0)/2 + Vg(C~Xo + d) + M ==—20-1,32 -0,66+ 26,4-3,32+ 25 = 95,3 kH.

Pasnuna B 3HaueHMsX My, P PaCCMOTPEHNH JIEBBIX U MPABBIX CHJI BO3MOXHA U3-3a OKPYIJICHUS
BEJIMYUHBI OITOPHBIX PEAKIUN U PACCTOSHHUS Xo.

IToxaxxem noctpoenue smop Qx 1 My crmocoOoMm 1o ydyacTkaMm Ha TOM ke pumepe. OnopHbIe peakiuu
Oanku onpenenensl. banky pa3OruBaeM Ha MATh Y4acTKOB, B KaXKJOM U3 KOTOPBIX IPOBE/IEM CEUEHUS
6anxu. [Ipu onpenenenun ycwnit Ha yyactkax I, IT u III 6ynem paccmarpuBath JeByI0 4acTh OajKu, a
TP ONIPEJEICHUH YCUIUM Ha ydacTkax [V u V—rmpaByro 4acTe, Tak Kak B 3TOM Clly4ae YpaBHCHUS IS
orpesesneHus ycunuit Oynyt npoiue (puc. 20,r).

Crpoum smtopy Qy. i1 3TOr0 onpeneanm 3aKoH U3MEHEHHUSI TOMIEPEYHON CUJTBI JJIsT KaXKI0T0 Y4acTKa.
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Vuacrok 1. [IpoBenem Ha 3ToM ydacTke ceueHre [—I Ha paccTOAHUU X1 OT JIEBOU OIMOPBI, MPUYEM
X1 MOeT mpuHUMaTh 3Ha4eHus oT 0 10 1 M, T.e. O<x;<I m. [Tonepeunas cuna B ceuenuu 1—1 paBHa:

Qxlzz - F

Ha BceM yuactke smropa Qx — mnpsiMasi IMHUS, NTapajliesibHas 0CH a0CIMCC, COBIAAIOIEH C OChIO
6anku. B 3TOM MOXHO yOeIuThCsI, OTIPEIEIUB MOMEPEYHYIO CHITY TP I'PAaHUYHBIX 3HAUCHHSIX:

IIpH X1 = 0 Qx1=0 =15 KH;
npu X1 = 1 M Qy=1 = 15 kH.
VYuyactok II. [IpoBeaem cedenrne 2—?2 Ha PaCCTOSIHHUM X OT JIEBOT'O KOHIIA OaIKH, IPHUYEM
IM< x,<2 M. [loniepeuHas cuiia B 3TOM CEYEHUU
Qu=-F-q(x2-1).

Omropa Qx Ha ITOM y4acTKe — TIpsiMasi TMHUS, HAKIIOHHAsI K ocu abcnucce. Ee MOKHO OCTPOUTH TIO
JIBYM TOYKaM, COOTBETCTBYIOIIUM I'PAHUYHBIM 3HAYEHUSAM X2.

mpu X2 =1 M Qxp=1 =—15—20 (1 — 1) = 15 xH;
mpu X2 =2 M Q- =—15—20(2—1) =35 kH,
VYuactoxk III. TIpoBenem ceuenne 3—3 Ha pacCTOSTHUM X3 OT JICBOTO KOHIIA OAJIKH,
npuueM 2 M< x3<7 M. [lonepeyHas cuiia B 7TOM CEUEHUHU paBHa:
Qu=-F-q(x3—1) + V4

9n10pa QX Ha 3TOM Y4aCTKC — IIpAMasd JIMHU. OHpeI[CJ'II/IM 3HA4YCHUA nonepequﬁ CHUJIBI AJIA
IrpaHUYHBIX 3HAYCHHI X3.

mpu X3 =2 M Qyz=» = 15—20 (2 — 1) + 108,6 = 73,6 xH;
npu X3 = M Qxsz=y =—15—20 (7- 1)+ 108,6=—26,4 xH.

Yuacrok IV. [IpoBenem ceuenne 4—4 Ha pacCTOSIHUH X4 OT MPABOTO KOHIIA Oanku, mpudeM 1,5 M<
x4<3,5 M. [lonepeunas cuia B 3TOM CEUYECHUHN

Qx4='VB

Snopa Qx — npsAMasi, napajuienabHas ocu aderucc. IlpoBepuM 3T0, MOJCTABUB B BEIPAXKEHUE JIS
Qx rpaHUYHBIC 3HAYCHUS:

IIPpH X4~ 1,5 M Qx4:1_5 -— 26,4 KH;

npu x4 = 3,5 M Qx4=35 =—26,4 kH,
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VYyactok V. IIpoBenem ceuenne 5S—35 Ha pacCTOSHUU X5 OT IPABOro KoHIA 6anku, npudem 0< x5<1,5 M.
[Tonepeunast cuna B 3ToM ceueHuu Qxs =0, smopa coBmagaet ¢ HysneBoi auauei npu xs= 0.

Qx5:0 = 0; HpH X5 = 155 M Qx5:1,5 = O;
[To HalimeHHBIM 3HAYEHUSAM CTpouM 31mI0py Qy (puc. 20,0).

Ctpoum smopy My. [l 3TOT0 onpenenium 3akoH N3MEHEHUS N3rHOAr0IIer0 MOMEHTA Ha KayKI0M
y4acTKe.

VYuyactoxk I, ceuenne 1—1, O<x;1<I M; Mx;=—FX;1. Dmropa My Ha 3TOM y4yacTKe MnpsiMasi IMHUS, KOTOPYIO
MOHO IMOCTPOUTH T10 ABYM 3HAYCHUSIM:

pu X3 = 0 Myiz0 =— 15:0=0;

mpu X3 = 1 M Myj=1 = 15-1=- 15 kH"m.

Vuactok 11, ceuenne 2—2, 1M< Xp<2 M.

Myo=-Fyo-q(xo-1)%/2.

Omnropa My Ha 3TOM y4yacTKe IpeCcTaBiseT co0oil mapadoamy.

[TocTpoum ee, mOACTaBUB B BhIpaXXKEHUE 1J1s1 My TpaHUYHBIE 3HAYEHUS X:
mpi X2 = 1 M Myoeg =— 15-1 — 20 (1 — 1)%/2 =— 15 kHm;

nmpu X2 =2 M My =—152—20(2 — 1)2/2 =— 40 kH'Mm,

HOCKOHBKy OIII0pa QX Ha 3TOM Y4YaCTKE HC ICPECCKACT HYJICBYIO JIMHUIO, TO 3I1I0pa M; He 6y,HeT HUMCTb
OKCTpEMYMaA U €€ MOKHO IMOCTPOUTH IO ABYM TOYKaM.

Vyacrok 111, ceuenne 3—3, 2 M< X3<7 M :
M3 =- Fxs -q(Xs- 1)%/2 + Va (X3- 2).

3mopa My Ha 3TOM Y4aCTKC MMPEACTABIIACT co0oif napa6ony. HOCTpOI/IM €C, MOJACTABUB I'PAHUYHBIC
3HAYCHUA:

TpH X3 = 2 M Myg=p = 152 — 20 (2 — 1)%/2 + 108,6(2 — 2) = —40 kH-m;
1IpU X3 = 7M Mxa=7 =157 —20 (7- 1)?/2+ 108,6(7 — 2 = 78 xkH'm.

ITockonbky 3mropa Qx Ha 3TOM y4acTKe IepeceKaeT HyJEBYIO JIMHUIO, TO 3I0pa My T0/IKHA UMETh
sKkcTpeMyM. i1 onpeieneHus MOoI0KEHNs CEYEHUS TPUPABHSIEM MTEPBYIO MPOU3BOIHYIO 3aKOHA
dM .,

dx,

=0

n3MeHeHus1 My Hyo:

F-q(xs-1) + Va= 0.
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[TogcraBuM 4MCIIOBBIE 3HAUEHHUS
—15—20 (x3— 1)+ 108,6 =0,
OTKyZa
x3=— 15+ 20+108,6 /20= 5,68 m .
T.€. 3TO CEYCHHUE PACIIOI0KEHO Ha PACCTOSHHUH X, = 5,68— 2=3,68 M oT omopsI A.
W3rubaroniuii MOMEHT B 3TOM CEYEHHUH PaBEH:
Mys-56s= — 15-5,68 - 20(5,68 — 1)>/2+ 108,6 (5,68—2) = 95,4 kH'm.
Vyacrok IV, ceuenne 4—4, 1,5 Mm<x4<3,5 m;
Mxs =M + Vi(xs- 1,5).
Omropa My Ha ’TOM y4JacTKe — MpsAMast JINHUS:
opH X4= 1,5 M Mya=1 5 = 25 + 26,4(1,5— 1,5) =25 kH'm
npu X4 = 3,5 M Mys—35 = 25 + 26,4(3,5— 1,5) =78 kH-m.
Vuactok V, ceuenue 5—35, 0<x5< 1,5 Mm;
M4 =M,
mpu X5 = 0 Mxs=0 =25 kH-Mm;
npu Xs= 1,5 M Mys=1 5 =25 kH-m.
ITo HaliieHHBIM 3HaUEHUSM CTPOUM 31t0py My (puc 20,B).
ITpoBepuM NMpoYHOCTH OANKH 1O KacaTebHBIM HANpPSHKEHUSAM. 3aMEHUM JIeHCTBUTEIBHOE CEUEHUE
yrpoiieHHbIM (puc. 21). Pazmepst d= 6,5 MM, t=10,2 mm; b = 135 MM IpHUHSTHI IO COPTAMEHTY (CM.
npui. I).

OHpC,Z[C.HI/IM HanOOoJIbIIIee KacaTeIbHOE HAIIPs’)KCHUEC

QlTldX S X
= z-'I'I'IB)( =
Ib

I'e Qmax — monepeyHast cuina Oepercs u3 3Mopsl Q.
Sy — cTaTHYECKUit MOMEHT M3 PUIIOKEHUs | copramenTa

Ix — MOMeHT uHepuuu U3 npuioxkenus 1 copramenta [loacraBum uncinoBble 3Ha4eHUS B hopmyty
HaxOJIUM T.
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[IpoBepuM NPOYHOCTH CEUEHUS MO KacaTeIbHBIM HAPSXKEHUSM
T <R (Rs — pacueTHOE CONpOTHBIICHHE MaTepHasa CABUTY CM.IPUIIOKEHHUE).

B npokaTHbIX 6ankax, KOTOpble HE HECYT OOJBIINX COCPEJOTOUYSHHBIX CHJI B IPUOTIOPHBIX y4acTKaXx,
3TO YCJIOBUE OOBIYHO COOIIOIAETCS ¢ OOJIBLIMM 3a11aCcOM.

[Ipaktrueckoe 3ansitue Ne 17
Pacuer craTu4yecku onpeae/isieMbIX IVIOCKUX paM U (pepm

Teopernueckas 4acTb
I'paduueckoe onpeneneHne yCHINN B CTEPHKHX TUNIOCKON (DepMbI TOCTPOSHUEM JIarpaMMbl

Makcaemra—KpeMoHsI

OnpenensitoT pacyeTHbIe Harpy3KkH Ha | M MOKphITHS. PacueTHast Harpy3ka paBHa
MIPOU3BEACHUIO0 HOPMATUBHOW HArpy3ku Ha ko3¢ uIeHT neperpy3ku. Hopmatusnyto Harpysky, B
CBOIO OYEPE/lb, ONIPEIEISIIOT 10 IPABUIIAaM, IPUBEIEHHBIM B CTPOUTENIBHBIX HOpMax. OnpenencHue ee
BBIXOJIUT 3a PaMKH 3aJlaui, I03TOMY HOPMAaTUBHasl IOCTOSTHHAS gy HOPMaTUBHAsl BpeMeHHasl (CHEroBas)

Sn HAarpy3Ku IPUBOJSATCS B YCIOBUHU 3aJIaUH.
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IIpaBuna onpeneneHus pacueTHbIX Harpy30K TaKKe IPUBOASATCS B CTPOUTEIBHBIX HOPMaX.
[Topsimok ux onpeneneHus cienyomui. PacueTHas mocTosiHHAas Harpy3Ka g; paBHa
MIPOM3BEICHNI0 HOPMATUBHOM gn Ha KO3 (PULIMEHT HAIEKHOCTHU IO MOCTOSHHOM Harpy3Ke yn
9d = On" In

PacuerHas BpeMeHHas Harpy3Ka s, paBHa IIPOU3BEICHUIO HOPMAaTUBHOM Sy Harpy3Ku Ha
KOA(QPHUIHMEHT HAZC)KHOCTH 110 BPEMEHHOM Harpy3Ke Yns:
Sd= Sn " Vns

[Tonnas Harpy3ka paBHa cCyMMe ITOCTOSIHHOM M BpeMEeHHOU Harpy3ok. [lonHas HopmaTtuBHas

On Harpy3Ka paBHa:

On=0On*Sn; ..
[TonHas pacyeTHas HArpy3Ka (a paBHa:
0d =Qd + Sq

Bce 5TH HArpy3KH SBISIOTCS PACIIPE/ICICHHBIMA Ha: | M” TOKPBITHSL.

2. OnpenensioT y3JI0BbIe HATPY3KH, T. €. HArpy3KH, IPUXOISAIINECS Ha OJUH y3el (DepMBI.
V3510Bas Harpys3Ka sBJISIETCS COCPEJOTOUYCHHOM U paBHA IPOU3BEICHUIO paclpeie/IeHHON Harpy3Ky Ha
IPYy30BYIO ILIOLIA/b, IPUXOAALIYIOCS HA3TOT y3en. Hampumep, noiHast Harpy3ka Ha OJJUH y3ell
F= qurpy?n

IJIe g — TOJTHAS pacdeTHas pacIIpe/IeeHHas HArpy3Kka Ha | M” TOKPBITHS; Arpy; — TuIomaip
MOKPBITHS, C KOTOPOH cOOMpaeTcst Harpy3Kka Ha y3ell.

I'py3oBas miomiaape B 0011eM ciydae onpeaensercs no popmyse
Aspys = bod
rae b — mar ¢epm UM pacCTOSIHUE MEXIY CMEKHBIMHU (epMaMu; d — MaHelnb BEpXHETro nosica

(bepMBl, WM PacCCTOSTHUE MEXy CepEeMHAMU CTEPKHEH Mosica, MPUMBIKAIOLINX K y31Ty.

['py30BBI€ TUIOMIAAN MOTYT OBITh OIMHAKOBBIMH JUISL BCEX MTPOMEKYTOUHBIX Y3JIOB WIIM Pa3HBIMHU.
CrenoBarenbHO, Y3JI0BbIE CHIIBI TOXKE MOTYT OBITh OJMHAKOBBIMHU HJIU PAa3HBIMHU.

[TpoBepka pereHus: MOKeT ObITh BBIITOJIHEHA JIFOOBIM aHATUTUYECKUM CIIOCOOOM.

[Tpumep. Onpeaenuts ycuiaus B cTepkHsx ¢pepmsl (puc. 30, a) OT MOTHON pacyeTHON Harpy3Ku
Ha BCeil (pepMe yTeM IOCTpOoeH s uarpaMmsl Makcserna — Kpemonst, ecin g, = 0,3kH/M%, S, =

0,2KH/M2, Yng = 1,1, yns = 1,4, mar dpepm b =6 m.
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d/? 1"y n d/Z d| » w |d a2l n|mn »|nd/?

y
,}1
S »
= P/z\
| a
> [ AL
M:J w | om 'a’:s 2d=6 2d =6 [ﬂ:JJl ” l 7] :31 Sy
1 1=36m |
A
Macwmad Gnun Macumad cun o
&M =21, 96kH
] et

Puc. 51 1a'

Puc. 1
Pemenue: 1. OnpenenseM pacueTHyIO Harpy3Ky Ha | M
a) pacueTHasi TOCTOSTHHAS
9d = Gnyng= 0,31,1=0,33 kH/M?;
0) pacueTHast BpeMEHHas
Sq = Sn Yns = 0,21,4 = 0,28 kHIm*;

B) TIOJIHAS pacyeTHas
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Qa=0q+Ss = 0,33+ 0,28 = 0,61 kH/M.

2. Onpenenum y3JI0BbI€ HArpy3Ku: a) Ha KpaitHuil yzen D
Fi=qqbd/2 = gbd/2

0)Ha 2-i1, 3-itm 4-i y3nel — E, Lu M

Fzzqd db,

B) Ha 5-if y3en — R
3 3qdb

F, :qubEd :qT

') Ha KOHbKOBOM y3en H
F4 = qdb2d:2qddb.
Ha nipaBoii monosuHe hepMbI CHITBI CAMMETPHUYHBI CHJIaM JICBOM TIOJIOBHHBI. BCe CHITBI KpaTHBI
F1. O603naunm Benuuuny (qdb =0,61 -6-3 = 10,98 xH uepes F, Torma
Fi1=F/2; F, =F; Fs = 3F/2; F4=2F.
[Tpuio>kuM 3TH CUITBI B COOTBETCTBYIOIIUX y3nax (puc. 30,a).
3. Brraeprum reomerpuueckyto cxemy hepmsl B Macmrabe 1:600, 1. e. B 1 cM — 6 M, Kak
nokaszano Ha puc. 30,a.
4. O0603HaYUM MO
a) BHENIIHME: a, b, ¢, d, e, f, f, e, c¢', b, a', k';
0) Buytpennue: 1,2,3,4,5,6,7,8,8,7,6',5\4', 3, 2, 1.
5. Onpenenum ONopHBIE PEAKIINH:
a) Beroepem macmtad cui: B 0,5 cm 10,98 xH nnu B 1 em 21,96 kH;
0) ctpoum cusoByro nuHUIO a—b—c—0—e—f/—f—e'— d—c"—b'—a' (puc. 30, 0);
B) pa3/eauM 3Ty JIMHUIO NION0JIaM TOUKoi K, pacnionoxenHoi Mexay Toukamu f u f. Otpesok a'k,
M3MEPEHHBIN B MaciiTade CUI, SIBJISIETCS MPAaBOW OMOPHOM peakiuei, oTpe3ok ka — nmeBoit. Onu
OJIMHAKOBBI, U KaxkJ1as paBHa 6F= neBoii. OHU OJIMHAKOBBI, U KaXK]1asl paBHA
=6-10,98=65,88 xH.
6. CTpouM quarpaMMmy yCUJITUI:
a) MBICJIEHHO BBIpe3aeM y3el D, B KoTopoM cxoasTcs aBa cTepxHs b —1 u 1—a. Ha cunoBoit nuann
y’Ke €CTh TOUKH a U b.
[TpoBeneM uepe3 HUX JTMHUH, TapaJuIeIbHbIE CTEPXKHIM b —1 1 1—a, oHM nepecekyTcs B Touke b;
3/1ech K€ JOJKHa Jexarth Touka 1. Yeunue 1—a pasno cuite Fi = F/2 =5,49 xH, a ycunue b—1 paBHo
Hymo. CTepkeHb 1—a ckar, Tak Kak yCuine 1—a HampasJieHo K y3i1y (BBepX);
0) BeIpe3aeM y3el A, B KOTOPOM CXOJIATCS IBa cTepKHS 1- 2 1 2—Xk, ycunust B KOTOPHIX HE U3BECTHBHI.

Ha nuarpamme yxe ects Touku 1 u k. [IpoBenem uepes Touky | JTUHHIO, TApaUICIbHYIO CTEPKHIO 1—2,
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a yepe3 TOUKY K TMHHIO, MapaIeIbHYIO CTEPKHIO 2—K, 10 B3aUMHOT'O TIEpECEYCHUs B TOUKE, KOTOPYIO
o6o3naunm 2. Otpe3ok 1—2 pasen 4,35 cM, cieqoBaTeNnbHO, yCHIne B crepxkHe 1—2 paBHO 4.35 X
21,96=95,53 kH. Otpesok 2- k pasen 3,3 cMm, ycuiue 2- k paBHo 3,3-21,96=72,47 xH. Onpenenum 3HaK
ycunus 1—2; Ha cxeMe CTepKeHb YhTaeTcs 1—2; Ha AuarpamMme JBUXKEHUE OT TOUKHU 1 K Touke 2
HAIPaBJIEHO BHU3 110 JIMHUU |—2; IepeHeceM ITO JBUKEHHUE HA CTEPKEHb 1—2, OHO HaAIIPaBJIEHO K
y3I1y, 3HAYUT CTepKEeHb ckaT. Onpenenum 3HaK ycunus 2—Kk: crepikeHb Ha cxeme (pepMbl UnTaeTcs 2—
k; Ha muarpamme ycuiuii JBUKEHHE OT TOUKH 2 K TOUKe Kk HampaBJeHo ciieBa HallpaBo; EPEHECEeM ITO
JBUKEHHE HA CTepkKEHb 2—K, OHO HaIIPaBJICHO OT Y3714, T. €. CTeP’KEHb PACTAHYT;

B) paccMoTpuM y3en E, B koTropom cxoasites aBa crepxHs C—3 u 3—2, ycuinus B KOTOPBIX HE
u3BecTHbl. Ha quarpamme ycuuii yxxe ectb Touku C u 2. IlpoBeaem uepes Touky C nuHuto,
napajuieibHyo crepkHio C—3, a yepe3 TOUKy 2—IIMHUIO0, NapaJIeIbHYI0 CTEPKHIO 3—2, 110
B3aMMHOI'0 MIEPECEYCHHS B TOUKE, KOTOpYro o0o3HauuM 3. [[nnna orpeska C—3 paBHa 5,15 cm; ycunue
C—3 paBHo 5,15-21,96 == 113,09 kH. [lnuna orpe3ka 3—2 paBHa 2,4 cM, yCUJINE B CTepKHE 3—2
paBHO 2,4 21,96 = 52,7 xH. Onpenenum 3nak ycunust C—3: crepxens untaercss C—3, Ha Auarpamme
nBukeHue oT Touku C K Touke 3 HalpaBJIEHO CIIpaBa HAaJIEeBO; IEPEHECEM ITO ABMKCHHE HA CTEPKECHb
C—3, 0HO HAMpPAaBIIEHO K Y31y, T. €. CTepKeHb CkaT. Onpenenum 3HaK ycuiaus 3—2: CTEpKEHb
yuTaeTcs 3—2, Ha JUarpaMMe JIB)KCHHE OT TOUKH 3 K TOUKe 2 HalpaBJICHO CiieBa HampaBo (110
YCUJIHIO); TIEPEHECEM ITO JBMIKEHUE HA CTEPIKEHb 3—2; OHO HAMPABJICHO OT y3Jla —CTEPKEeHb
pacTSIHYT;

I') paccMOTpUM y3en L, B koTopom cxoastes cTepskHu L—4 u 4—3, ycuius B KOTOPBIX HE U3BECTHBI.
Ha nuarpamme yepes Touku d 1 3 mpoBOAMM JIMHUM, TapaJUIeNbHbIE CTEPKHAM 4—3 u d—4, noay4um
Touky 4. Ycunue d—4 paBHO

5,15 x 21,96=113,09 xH, ycunue 4—3 paBuo 0,5 x21,96 == 10,98 kH. Oba cTep>HS CKaThI,

1) paccmorpuM y3isl O, M, N, H, T u, paccyxnas 1o npuBeIeHHONH CXEME,0NPEEIINM BEIUUNHBI U
3HAKU YCUJINH B OCTaIbHBIX CTEPKHAX. © '

1o pe3ynbTaTam penieHus COCTaBIsIeM TaOJIUIy YCUIIHH.

TaOnuua. Ycunus B crepxkHsax gpepmbl, kKH

CrepxHu a-1 b-1 1-2 K-2 c-3 2-3 | 34 d-4

Yeunus -5,49 0 -95,53 | 72.47 | -113,09 | 52,7 | -10,98 | -113,09

MIPOJIOJDKEHHUE TaOTHITBI

Crepxuu | 4-5 5-K e-6 6-5 | 6-7 -7 7-8 8-k | 8-8

Yeunus - 133,41 - 11,53 - - - 130,66 | O
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32,39 142,19 16,47 | 142,19 | 12,63

HpOBCpHI-OT MMpaBUJIbHOCTDb HaﬁHeHHBIX YCI/IJ'II/Iﬁ KaKHUM-JIH0O aHAJUTUYECKUM CIIOCOOOM.

[MpakTuueckue 3anstust Ne 18, 19
IIpakmuueckas noocomoska
Pacuyer craTu4eckn onpeaessieMbIX IJIOCKHX pam
3aganue. OnpenesuTh YCHJINS B CTEPKHAX (PepMbl OT MOJIHON PacyeTHOM HATPY3KH HA
Bceil ¢pepme myTeM nocrpoenusi Auarpammel Makcepesuia—KpeMoHbI 1 IPOBEPUTH YCWIIUSA B
O/THOM /IBYX CTEPKHAX AHAJIUTHYECKHUM CIOCOOOM M0 JAHHBIM OJTHOTO U3 BAPUAHTOB,
NMOKA3aHHBIX HA pucyHKe . /lJis1 YeTHBIX BADUAHTOB MPUHATH: Jn=1,2 KH/MZ, sn=L5 KH/MZ; JJIS
HeYeTHBIX BapuaHToB — gn = 0,8 KH/MZ, sn=1,0 KkH/M. Jl1s1 BceX BADMAHTOB NPUHATD Yng=1,1, yns=

1,4, iar ¢epm 6 m.
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[Tpaktryeckoe 3anstue Ne 20
Ilpakxmuueckas noocomoexa
Pacuyer craTH4ecKH omnpeseisieMbIX IUIOCKUX pam
Teopernyeckas yacTb
Anroput™m pacuera

1.0OnpenensioT onopHbIe peakuuu pambl. Ji1st paM, He HIMEIOIIUX TPOMEKYTOYHBIX IIAPHUPOB,
OTIOPHBIE PEAKIIMH MOTYT OBITh ONPEEIICHBI U3 TPEX YPaBHEHUH paBHOBECHS BHJIA:
) £X =0;2) XMa =0; 3) XM = 0.
JAst pam, IMEIOIINX TPOMEXKYTOYHBIN MapHUDP, HEOOXOANMO HMETh YeThIPe YPaBHEHUS IS

OIPEACIICHUS YCTBIPECX HCU3BCCTHBIX peaKI_II/Iﬁ (TO‘-IHCC, COCTaBJIAOIIUX peaKuHﬁ), Haripumep

YpaBHEHUS:

I =)

1) ;2) 2X =0; 3) M4 = 0; 4)EM5p = 0, tie C — npoMexyTouHbIi mapHup; A, B —
OTIOPBI PaMBI.
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IIpu cocTaBieHNN ypaBHEHUHN HYXHO CTPEMUTHCSA K TOMY, YTOOBI KaX10€ U3 HUX COAEPKAJIO 110
OJTHOMY HEM3BECTHOMY. DTOI'0 MOXHO JIOCTHYb, BEIOUpPAs AJIsl KQXKI0W paMbl CBOM MOPSI0K
COCTaBJICHMS ypaBHEHM. [IpaBUIIBHOCTD ONpeieIeHUsI BEPTUKAIBHBIX PEAKI[UI MOKHO IIPOBEPUTH,
KCIOJIb3ys ypaBHeHHe 2Y=0.

2. O003Ha4YaIOT XapaKTepHbIE CEUYCHHSI PaMbl. DTH CEYCHHUS COOTBETCTBYIOT TOUKAM IPUIOKECHUS
CHWJI, TOYKaM OTIOP, Y3JI0B, MIApHUPOB. OO03HAYAIOT CTOWKH U PUTENIH PaMBbI.

3. OmpenenstoT 3HaUEHUS MOMEPEYHBIX CHII B XapaKTepHbIX ceueHusx. [Ipu stom, ecnu pamy
00XOJUTh U3HYTPH, ITPaBUIIA OMPECIICHNUS ONEPEUHBIX CUJI OCTAIOTCS TAKUMH XKe, KaK JJIs
6anok. [1o HaiineHHBIM 3HaUEHHSIM CTPOUM S1I0pY Qy. [TonoKUTENbHBIE 3HAYEHUS TTONEPEYHBIX
CHWJI OTKJIAJIbIBAEM Ha YEPTEKE CHAPYKU paMbl, a OTPULATEIbHbIE — U3HYTPHU.

4.0npenenstoT 3HaUYeHUS H3rHOA0IMX MOMEHTOB B XapaKTepHbIX ceueHusx. [IpaBuia onpenenenus nx
OCTal0TCs TAaKUMHU ke, Kak a7 6anok. [o HaliieHHBIM 3HaUEHUSAM CTPOUM 31t0py My. OpauHaTsl
MOMEHTOB OTKJI3JIbIBAEM CO CTOPOHBI PAaCTSIHYTOT'O BOJIOKHA, M 3HAK Ha AIIOPE IIPU 3TOM HE CTaBUM.
OT0 NpaBUiIO COBMAJIAET C IIPABUIIOM, IPUHATHIM B CONPOTUBIIEHUN MaTEPUATIOB.

5.0npenenstor 3HaueHHs NPOAOJBHBIX CUJI B AJIEMEHTaX paMbl: CTOMKax u pureine. IIpogonbHas cuia B
CEYEHHH paBHA CyMMeE MPOEKLIMH BCEX CUJI, PACIIONOKEHHBIX 110 OJIHY CTOPOHY OT 3TOr'0 CEYEHUs
(TONBKO cIeBa WM TOJBKO CIIpaBa) Ha OCh 3JeMeHTa. Eciiy cuia BBI3bIBAeT cykaTHe, OHA IPUHUMAETCS
CO 3HAKOM «MHHYC», €CJIM PaCTSDKEHHUE — CO 3HAKOM «ILTIOCY». 3HaueHUsI Ny IPUHSTO OTKJIAJbIBATh 1O
00e CTOPOHBI OT OCH DJIEMEHTA.

ITpumep . IToctpouts smropsl My, Qx 1 Ny 7151 pambl, mokazaHHoU Ha puc. 1, a.

JUJ1st KOHCOJIbHOW CTaTUYECKHU OIPEEIMMON PaMbl TOCTPOUTH MIOPHI My, Qy, N. IIpoBepuTsh
paBHOBECHE y3Ja.

Jl1st paM KOHCONBHOTO THMA 3MIOpsl My, Qx, N MOTYT OBITH IOCTPOEHBI O€3 OIpeesIeH s OTIOPHBIX
peaKIuii 3a71eK1, €CIM HAUWHATh 3TH MOCTPOEHUS CO CTOPOHBI CBOOOAHOTO KOHIIA.

Pewenue. Tlocrpoenne smropsl Q, (puc.1,0). 3a ock abcurce mpuHUMaeM 0Ch TOOOTO CTEPKHS.
[lepnieHIUKYISIPHO €l MBICIIEHHO ITPOBOJUM OCh OPAMHAT U MPOEIUPYET HA HEE CUJIbI, AEUCTBYIOLINE

COOTBETCTBCHHO CJICBA HUJIX CIIpaBa OT paCCMaTpUBAEMOI'0 CCUCHUSA, YUUTEIBAA IIpaBuJia 3HAKOB.

a) d) d) ] g) YsenC
F=5kl ge2utln 9 94 /.22 ; Hpue
COHs & 82"/ (th,,, 3 )l

7 -
x| = |r|| Qpue
i QixH) M (kH-n) NiKH) \_A
4 Her

T 4 b/ e 4 1 K,
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Puc.1
Pucenv BC. Xon cripaBa. [lonepeunyto cuiy onpeaesnseM 1o XapakTepHbIM TOUKaM (aHaJIOTUYHO
MIPOCTHIM OayKam).

QB:&Q§“:43:22=4M1

1 —QI +F =4+5 =9xkH;Q. =Q/ =9xH

Cmoiixa AC. IloBepHEMCs IMLIOM K CTOMKE, IPOBEAEM MBICIEHHO OCh IEPIEHAUKYISIPHO OCH CTOUKH U
crpoenupyemM Ha Hee criibl Xo7oM crpaBa: Q¢ = 0; Q4 = 0. M300pa3um mosyueHHbIE pe3yabTaThl
rpaduuecku. [IpoBenem nomanyro nunuto ACB (puc.38, 6) u OT Hee, Kak OT HYJIEBO, OTI0KUM
BBIUHCIICHHBIC OPAMHATHI IIOPHI MONEPeYHBIX cHil. [10710KUTEeNbHbIE OPIMHATHI S0P AJIS PUTEIIS
OTKJIaJbIBa€M BBEpPX OT HYJIEBOI JMHUH U BIEBO OT HYJIEBOW JIHMHHUHM JUIs CTOMKU. OTpUIlaTeNbHbIE
COOTBETCTBEHHO BHH3 U BIIPABO OT HYJIEBOU JIMHUU.

[TocTpoenue smtoper M, (puc.l,B). MU3rubarommiit MOMEHT B CEYEHUSAX PaMbl OIIPEIEIIsieM TaKKe 110

XapaKTepHBbIM TOYKAaM XOJIOM CITpaBa (CO CBOOOHOTO KOHIIA).

I -216
M, =00M, =-q— =—— =-4kH wm;
B D qg 8
[ 3
M.=-Fl/2-q——=1=-5:2-2:2-3=-22kH ‘M
Puzens BC. 2 4

Cmoiixka AC nuuom k croiike. Touka®. Kak u npu onpeneneHny nonepeyHon CHIIbl, P Mepexoie OT
purens k ctoiike nosepHeMcst Ha 90 C IpUHAAISKUT OJHOBPEMEHHO U PUTEIIIO U CTOMKE,

03TOMY MEmOm = M P = — 22 kH-m. Tak Kak B JAHHOM 3a/aue HEMOCPEICTBEHHO K CTOWKE HE
MIPUJIOKEHBI BHEIITHUE HArpy3KH, a rmiiedu cuil F u Q ocraroTcst Hen3MeHseMBIMH, TO B JTFOOOM CEYeHUHN
oT C 10 A n3rudarmuii MOMEHT OJIUH U TOT k€. My = M= — 22 kH-m. [Ipu nocTpoeHuH 3MI0pkl U
M3ru0aroIMX MOMEHTOB (KaK U B Oajikax) MOJI0KUTENbHbIE OPANHATHI OTKJIAJbIBAEM CO CTOPOHBI
PacTSHYTHIX BOJOKOH.

[Toctpoenue smtopst N (puc.l, r). Onpenensis NpoAONbHYIO CHILY, IPOSLUPYEM 3a/laHHBIE CHIIBI Ha OCh
abcIrrce, COBMeIIas €€ CHadasa ¢ puresiem, 3aTeM co cToikoi. [IpomonpHas cuna B 11000M ceYeHUN
purens paBHa Hy0, Ncg = 0, Tak Kak crpaBa OT CEUeHHsI JeHCTBYET Harpyska, NepreHAuKyIsspHas ero
ocu. [IpofonbpHas cuiia BO BCeX CEUEHUSX CTOMKU MOCTOSIHHA, TaK KaK caMa CTOMKa He Harpy»eHa U Ha
0Ch CTOMKU HatoT mpoekuuto cuibl F 1 20. Nca—= F 2—q 9— 4 = -5 —= xH. OpAWHATHI S0P
MIPOIOJBHBIX CHJI OTKJIAIBAEM CHMMETPUYHO 110 00€ CTOPOHBI OCH pacCMAaTPHUBAEMOTO JIEeMEHTa. 3HAK
IUTIOC, TIOCTaBJICHHBIHN Ha smtope N, cooTBeTCTBYET JiehopMallii pacTKEHHS, 3HAK MUHYC — CXKaTHSl.
J{nst mpoBepKM MPaBUIIBHOCTH MOCTPOCHHUS SMIOP pacCMOTpUM paBHOBecue y3ina C. [l aToro
MBICJIEHHO BBIPEXEM ATOT y3€J1, IPOBE/s ABa CEUCHUsI Ha OECKOHEYHO OJIM3KOM PAaCCTOSHUH B PHUTelie

CIpaBa OT y3Ja, B CTOMKE — cJIeBa OT HETO.
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Bripe3annslii TakuM 00pa3oM y3es JaeT BO3MOXKHOCTh, pacCMaTpUBasi CEUCHHUE B PUTEIIe, CYUTATh Y3eI
OTHECEHHBIM K JICBOW YaCTH PUTeJIs, a IPU PACCMOTPEHUH CEYEHUS B CTOMKE — K IIPABOM 4aCTU CTOMKH.
[TpuknaneiBaem k y31y C BHyTpeHHHUE criioBble (hakTophl Qy, My N, Oepst nx 3HaueHue ¢ MIOpP C yIECTOM
3HaKa, [I0Ka3bIBAIOILEr0 HaIllpaBlIeHHe ux AeicTeus (puc.l, ).
W3 smropsr Qx BUaMM, 4TO monepeyHast cuiia B ceueHnn C purens nojaoxurenbHa. [lockonbky
To4ka C OTHOCHUTCS K JIEBOM YaCTH paMbl (COTIACHO paHee NPUHATOMY), Q. COIIIACHO NPaBUIly 3HAKOB
HanpasiisieM BHU3. Ha cTolike monepeynast cuiaa OTCyTCTBYET.
W3 smropbl M, BUIUM, YTO U3TMOAIOLINI MOMEHT BBI3bIBAET PACTSKEHUE BEPXHUX BOJIOKOH.
CrenmoBarenbHO, C yIETOM MPaBHJIa 3HAKOB B pHUTeNie H3TUOAIOIINI MOMEHT M HalpaBIIsieM 110
4acoBOIl cTpelike, a B cTolke (y3en C OTHOCHM K MPaBOil YaCTH pambl) — IPOTHUB YaCOBOM CTPEJIKH.
ITpononbHas cuna Ny BbI3BIBACT B CEUEHUH CXKATHE U, CIIE0BATENIbHO, JOJKHA OBITh HAallpaBlieHa B
CTOPOHY 3TOT'0 CEUEHHUS.
Jliig paBHOBeECHS y371a TOJIKHBI COOTIOAATHCS CIAEAYIOLINE YCIOBUS:
XX, =0, XY =0, XM_ =0.
CocTaBuM 3TU ypaBHEHUS, HAIIPABUB OCb X BIIPABO, a OCb } BEPTUKAIbHO BBEPX:
SX, =0, XY,=N.-Q, =9-9=0;

2M. =M, - M, =22-22=0
VYcnoBus paBHoBecus codmogatorcs. Cie1oBaTeNbHO, BHYTPEHHUE CUIIOBBIE (DaKTOPBI ONPEIETICHBI
IIPaBUJIBHO.

3aganue 119 NPAKTHYECKOH MOATOTOBKH

[TocTpouTh 3MIOPHI U3TUOAIOIINX MOMEHTOB, TOMEPEUYHBIX U MIPOJOJIBHBIX CUJI AJIsl CTATUYECKU

OHpGI[GJ'II/IMOI\/'I PpaMBbl 110 JaHHBIM OOHOI'O U3 BApUAHTOB, ITIOKa3aHHBIX Ha PUCYHKC.
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