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Baenenue
Hucuumnmna «TexHuyeckass MeXaHUKa» IMIOCBSIIEHA HW3YYEHUIO MPOYHOCTH, KECTKOCTU U
YCTOWYMBOCTH KaKIOW JI€Tald U KaKJO0r0 KOHCTPYKTHUBHOI'O 3JEMEHTAa COOpyKeHus. OJHAKO JeTab
JOJKHA OBITh HE TOJNBKO HAJIEKHOU, HO M DdKOHOMUYHOMH, T. €. MUHUMAJIbHOM O BECY U ONTUMAIBHOHN 1O
CTOMMOCTH. B mpoekTupoBaHuyu HaJEKHBIX U B TO )K€ BPEMSI SKOHOMHUYHBIX COOPY>KEHUH COCTOUT IJIaBHOE
HCKYCCTBO HMHXEHepa-IPOEKTUPOBIIUKA, T. K. TpeOOBaHUS HAIEKHOCTU U HAHOOJbIIEH 3KOHOMUYHOCTH
4acTo NPOTUBOpEYAT APYT APYTY.

Lenabio MeToAMYeCKMX YKa3aHUH SIBJISIETCI HAY4YUTh CTYJIEHTOB T'PAaMOTHO IPOEKTHPOBAThH
3JIEMEHTHI MH)KEHEPHBIX KOHCTPYKLUH, peliaTh MPOYHOCTHBIC 3a/1a4H ITPH Pa3IMyHbIX BUAAX Aedopmanuii.

TexHUK-cTpoUTENb JOJKEH 00J1afaTh CIeAYIOUIMMH KOMIIETEHIUSMHU, BKJIIOYAIOIIMMU B cebs
CIIOCOOHOCTB:

OK 1. ITorumaTh CyIIHOCTh ¥ COIMAIBHYIO 3HAYUMOCTh CBOCH Oyayiei mpodeccuu, mposBIATh K
HEW yCTOWYMBBINA MHTEPEC.

OK 2. Opranu3oBbIBaTh COOCTBEHHYIO AESITEIBHOCTh, BHIOUPATh THUIOBBIE METOIBI U CIIOCOOBI
BBITIIOJTHEHUS MPOPECCUOHANBHBIX 3a/1a4, OLEHUBATh UX I3PPEKTUBHOCTh U KAUECTBO.

OK 3. [Ipunumarp peuieHHs B CTaHAAPTHBIX U HECTAHIAPTHBIX CUTyallUsX U HECTH 3a HUX
OTBETCTBEHHOCTb.

OK 4. OcyiecTBisATh MOUCK U UCIOJIb30BaHKE MH(OpMAIMK, HEOOX0AUMOUN i 3(G(HEKTUBHOTO
BBITTOJIHEHUS MTPO(HECCHOHABHBIX 33/1a4, TPOPECCHOHATBHOTO M TMYHOCTHOTO PA3BUTHSI.

OK 5. Hcnonws3zoBaTh MHPOPMAIIMOHHO-KOMMYHUKALIMOHHBIE TEXHOJIOTUU B MPOPECCHOHATBHON
NESITENbHOCTH.

OK 6. PaboTtath B KoJIIeKTUBE U KOMaH€e, 3(HEeKTUBHO O0IIAThCS C KOJUIEraMU, PyKOBOJICTBOM,
MOTPEOUTENSIMHU.

OK 7. Bbpats Ha ce0s OTBETCTBEHHOCTh 3a pabOTy WIEHOB KOMaHbl (MOAYMHEHHBIX), pPe3yIbTaT
BBITIOJIHEHUS 3aIaHU M.

OK 8. CamocrosaTenbHO omnpeaeisaTh 3aAayd NpOopEecCHOHATBHOTO M JIMYHOCTHOTO DPa3BHUTHA,
3aHUMAaThCS CaMO0Opa30BaHNEM, OCO3HAHHO IIJIAHUPOBATh MOBBIIIEHNE KBATU(PUKALIUY.

OK 9. OpueHTHpOBaThCS B YCIOBHSIX 4YacTOW CMEHBI TEXHOJOTHH B MpodeccCHOHaTbHOU
JeSITEbHOCTH.

Crtpoutens nomxkeH 001aaaTh MpodecCHOHATBHBIMA KOMIETEHIUSIMH, COOTBETCTBYIOIIUMU
OCHOBHBIM BHJIaM IIPO(eCCUOHATBHON e TENIbHOCTHU

IIK 1.1. IloabupaTe CTpoOUTENbHbIE KOHCTPYKIIMU W Pa3padaThiBaTh HECIOXKHBIC Y3JIbI U JeTalld
KOHCTPYKTHUBHBIX JIEMEHTOB 37aHUM.

I1K 1.2. BEINOTHATE pacdyeThl U KOHCTPYHUPOBAHUE CTPOUTETHHBIX KOHCTPYKITHIA.

JIP14 CriocoOHbIi cTaBUTH Mepel COOOM 11T MO IS PeIIEHUs] BO3HUKAIOIINX MPOPECCUOHANTBHbBIX
3ajja4, MOAOUpaTh CHocoObl peIIeHUus M CpeACTBAa DPAa3BUTHUA, B TOM YHUCIE C HCIOJIb30BaHUEM
MH(POPMAIIMOHHBIX TEXHOJOTHIA;

JIP 16 CriocoOHbII UCKaTh M HaXOJIUTh HEOOXOIMMYIO MH(POPMALMIO UCHOJIB3YS pazHOOOpa3HbIe
TEXHOJIOTUU €€ TOMCKa, U PElIeHUs BO3HUKAIOIIMX B IpOLecce MPOU3BOACTBEHHOH NEATEIbHOCTH
po0JieM TP CTPOUTENHCTBE U IKCIUTyaTaIlMl 0ObEKTOB KalUTATbHOTO CTPOUTENILCTBA;



[Ipaktuueckoe 3anstue Ne 1
IHocTpoenne npoexkuunii BeKTOpoB. OnpeaeseHne paBHOACHCTBYONIEH MJIOCKOH CHCTEMbI
CXOASIIMXCH CHJI

Ilens pabomur — nipousBecTu rpaduyeckoe M aHATUTHUYECKOE MCCIENOBAHHE IUIOCKON CHUCTEMBI
CXO/JISILIIUXCS CHJI, BBISIBUTH YPABHOBEIIIEHA JIM 3aJjaHHAsi CUCTEMA CHUII.

Teopemuueckoe obocHosanue

HccnenoBanue r000M CUCTEMBI CHIJI HAYMHAIOT C OMPECIICHUS B3aUMHOTO PACIIOJIOKCHHUS CHIL.
Ecnu nunum aeiicTBUs BCeX CUIT PacloiOKEHbI B OJIHOM IIOCKOCTH U MEPECEKAIOTCS B OJHON TOUYKE, TO
OHM 00Pa3yIoT MJIOCKYIO CUCTEMY CXOJSIIUXCS CUJL.

Cunbl, neiicTByromue Ha abCONIOTHO TBEPAOE TEINO, AOMYCKAIOTCS MEPEHOCUTh BIOJb JIUHUHU HX
JEUCTBUSI, TIO3TOMY CXOSIIMECS CHUJIbI MOKHO BCErJa MPUJIOKUTh B TOUKE MEPECEUCHHS] WX JIMHUI
neiictBus. [locrnenoBarensHO CKIIAAbIBasg CXOISIIMECS CHIIBI, IJIOCKYIO CHUCTEMY CXOISIIMXCS CHII
IIPUBOJAT K OJTHOM PaBHOACHUCTBYIOLICH.

OpauH U3 TIaBHBIX BOMPOCOB MIPH MCCIEAOBAHUN CUCTEMbI CHII — SIBJISICTCS I JaHHAs CUCTEMa CHII
YPAaBHOBEUICHHOW  WJIM  HEypaBHOBEIICHHOW. HeoOXomuMbiM W JOCTAaTOYHBIM  YCIIOBHEM
YPaBHOBEIIEHHOCTH CUCTEMBI CXOSIIUXCS CUJI SIBJISIETCS] PABEHCTBO HYJIIO MX PABHOICUCTBYIOLICH CHIIBI.
MarepuanbHasi TOYKa, K KOTOPOU MPHJIOKEHA YPAaBHOBEIICHHAsI CUCTEMA CHUJI, HAXOJIUTCS B COCTOSTHUHU
MIOKOSI WJT TPSIMOJIMHEWHOTO paBHOMEPHOTO IBHKEHUS.

CrnoxxeHue CWI MOXHO TIPOU3BECTH JBYMsI croco0amMu: TpaduyecKd W aHAIUTHYICCKHU.
I'padmyeckoe crnoxkeHHEe MIOCKONW CHUCTEMBl CXOJISIIMXCA CHUJ MPOU3BOIST MOCTPOECHHUEM CHIIOBOTO

MHOT'OyTOJIbHUKA (pHC. 2) .
Y

F
F1
F2
F2
= ¥ X1 R
b x
of
3 F1
F3 F3
Puc. 1 Puc.2

Jns 3TOro u3 NpOM3BOJIBHOM TOYKM OTKJIAAbIBA€TCS BEKTOp cuibl F1, U3 KOHIIa KOTOPOTO
OTKJIaJIbIBAETCSI BEKTOp CWibl Fou T.1. PaBHOIEWCTBYIOWIAsl Cuiia SIBJSIETCS 3aMBIKAIOIIEH CTOPOHOM
CHJIOBOTO MHOTOYTOJIbHUKA. ['paduueckuii croco® Mo3BoJisseT JOBOJIBHO OBICTPO M OYEHBb HArJIs/IHO
IIPOU3BECTH CIIOKEHMSI CHJI, HO TOYHOCTh OIPEIEICHUS MOJAYJS M HANPABICHUsS PAaBHOACHCTBYIOIIEH
3aBUCHUT OT TOYHOCTH ITOCTPOCHHM.

Bbonee TouHble pe3ynabTaThl MOKHO MOIYYUTh, IPUMEHSS aHATUTUYECKUN ClI0CO0, OCHOBaHM Ha
BBIYHCIICHUH BCEX 3aJaHHBIX CUJI Ha OCH X U Y

Fix = Fi~ cosai, Fiy = Fi=sinai, i = 1... n, (1)

rae Fi — Moxynm 3agaHHbIX cu,

0, — yroJl Mexx1y cuiiot F; v ochlo X.

3aTeM ONpeAEAI0OTC IPOEKIUN PABHOIECHCTBYIOLIEH:

Fy x= Y Fix, Fyy= Y Fiy, (1.2)

a 110 HUM — MOJ1yJIb PAaBHOJECUCTBYIOIIEH:

(N o o, 2
FZ — 4 F; E i'-'-'l_r (13)
2 F,

U HampasJIeHHE: o = arctg Z Fiy (1.4)



3aoanus
3amansl monynu cun Fi, F2, F3, mepecekarommxcs B 0HOW TOYKE, W HANMPaBICHUE ITHX CHI —
YTJIBI 01, 02, 030THOCUTENBHO ocu X (puc. 1).

Ilopadox evinonnenusn padomol
1. JIns 3aJaHHON CUCTEMBI CXOSIIMXCS CUIT B COOTBETCTBUHU C BAPUAHTOM MOCTPOUTH B MaciiTabe
CWJIOBOM MHOTOYTOJIbHUK. 3amucaTh BBHIOpaHHBIA MacmTad cwi. M3MepuTh JTHHEWKOW JUIMHY BEKTOpa
PaBHOJICHCTBYIOIICH U TPAHCIIOPTHUPOM YTOJI MEXK/1y PAaBHOAECHCTBYIOIICH U OChIO X. YUHUTHIBAsi MacITad
IIOCTPOEHHSI, BBIYUCIUTh MOAYJIb PABHOAEHCTBYIOLIEH CUJIBL.
2. BerunciauThe MOJlyJib M HAIPABJICHUE PABHOACUCTBYIONIEH aHATMTUYECKUM METO/IOM TIPOEKIUH.
3.0mpenenuTb OTHOCHUTEIbHBIE IOTPEIIHOCTH  BBIYMCICHUS MOJIYJIi W HalpaBlICHUsS
paBHonelcTBytomiei. [Ipu pacxoxnenuu 6omnee 10% BbIYUCICHUS U IOCTPOCHUS CIEAYET MPOBEPUTb.
4.Cnenatb BbIBOJ 00 YPaBHOBEIIEHHOCTH 3a/JaHHON CUCTEMBI CHUIL.
5.OTBETUTH HA KOHTPOJIbHBIE BOIIPOCHI.
Konmponwvnwsie éonpocwi
1.Kak mpousBoauTcsi rpaduueckoe ClIoXKeHUE CUII, MPUIOKEHHBIX K TBEPAOMY Telly B OJHOUN Touke?
Bnusier nu nopsiok CloKEeHHUsI BEKTOPOB IPU MOCTPOECHUU CHIJIOBOTO MHOTOYI'OJIbHUKA Ha BEJIUYHUHY
PaBHOJIEHCTBYIOLIEH?
2.KakoBo HampaBiieHHe paBHOJCHCTBYIOMIEH CHIIBI B CHIIOBOM MHOTOYTOJIbHUKE?
3.MOXHO 1M MOCTPOMB CHUJIOBOW MHOTOYTOJbHHK, CIENaB BHIBOJ OO0 YpaBHOBEUIEHHOCTH 3aJaHHOMN
CUCTEMBI?
4. Kak onpezensercs MpoeKLHs CUIIbl Ha ocb? B KakoM cityyae OHa paBHa HYJIIO?
5.KakoBo aHanmuTH4ECKOE yCI0BHE PABHOBECHS IIJIOCKON CUCTEMBI CXOSALINXCS CHIT?
6.B kakux cmydasx cienyer rpaduyeckuii cnocod ompeaeneHus paBHOJICHCTBYIOIICH, a B KaKUX —
AQHATUTUYCCKUI?
7.Kak M0O>XHO TPOU3BECTH YPAaBHOBEIINBAHUE INIOCKOW CUCTEMBI CXOSIIUXCS CHIT?

3amaHel:
Fi=4H,0=90 °,F2=6H,02=200 *, Fs=3H, a3 =70 *
1. TI'paduueckoe onpeneneHre paBHOAEHCTBYIOLIEH.
Boi6upaem macmtad cun — pe= 0.1 H/ mm
Y

F 1
Fl1 &

o

sk

w2

Mopynb paBHOAEHCTBYIOIIEH - Fa =ur*1=0.1*68 = 6.8,

. L Uy
Hanpasnenue paBHoaeicTByromei - ' = 134°
2. AHaTUTHYECKOE OIpeIeiCHIE PAaBHOICHCTBYOIICH MTPOSKIINY 33 JaHHBIX CHJI HA OCH X U Y:
Fix = F1x cosaa= 4=cos 90° = 0; F1y = F1*sin a1 = 4« sin90° =4 H



Fox = F2+cosan = 6+ €0s 200° = -5.638 H; F2y = F2+sin a2 = 6+ sin 200° = - 1.368 H
Fax = Fax cosaz = 3+ cos 70° = 1.026 H ; Fay = Fa« sin a3 = 3+sin 70° = 2.819 H
[Ipoeknuu paBHOICUCTBYIOIIEH:

Fyx=>Fix=0-5.638 + 1.026 = - 4.612 H,

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

= IIIJI'I E + ;'I . |'TE = |
Moy paBHOAeHCTBYOMmEH: Fy df = vV 2 v NAGIZ #5451 =7 140 H
b 5.451
=" —arctg ’4 F‘,"] ~ =130.23"
Hanpasnenue paBHOeCTBYIOMIEH: 0 # = arctg Xy T
3. OtHOCHUTENbHbIE TOTPEUIHOCTH
[TorpentHOCTh BBIYUCIICHUSI MOTYJISl PAaBHOACHCTBYIOLIECH.
1? Ayl 1—“* I
AFy =| —=—=— | 6.8 - 7.140
2 Fyu _
< *100% = 7,140 *100% = 5,00%
[TorpemrHOCTh BEIUKCIICHHS HAIIPABJICHUS PABHOICHCTBYIOIICH
A= e '“U 134 - -13D,23 |
“ *100% = 134 *100% = 2,81%

BriBoa: cucrema siBnsieTCS HEYPaBHOBEILIEHHOM.

Monynb paBHOAEHCTBYIOMIEH - Fy ™ =7.140 H, nanpasnenue - - 130,23°.

[TpakTrueckoe 3anstre Ne 2
llpakmuueckas noocomoska
IHocTpoenne npoexkuuii BekTopoB. Onpenenenne papHoAeCTBYONIEH VIOCKOI CHCTEMBI
CXOASAIIMXCS CHJT
3aoanusn
3amansl monynu cun Fi, F2, F3, mepecekaromuxcs B 0HON TOUYKE, W HAMPABICHUE ITHUX CHUI —
YTJIBI 01, 02, 030THOCUTENHHO ocH X ( Tabm. 1).
Ilenv pabomer — nipousBecTy Tpaduueckoe U aHATUTUYECKOE MCCIIEIOBAHUE TIJIOCKOM CHCTEMBI
CXOJSIIIIUXCS CUJI, BBIIBUTH YPaBHOBEIICHA JTU 3aJJaHHAsI CUCTEMA CHJL.

Taoauna 1
3agannblie cuiasl, H Yribl MeKLY CHIIOH M OCBIO X, IPaj
Ne BapuanTa

F1 F2 Fs o1 o o3
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

HpI/IMe'-IaHI/IeZ BCC IMOCTPOCHUA NCJIaTh B MacmTa6e, CO6J'IIO,213$I YCPTECIKHBIC ITpaBUJIa.




[Ipaktuueckoe 3anstue No3
OnpenesieHne yCHJIMid B CTEPKHAX CTEPKHEBON KOHCTPYKIMHU

Tema: Cratuka. IImockas cucremMa CXOQAIIUXCSA CHIL.
Hean padotbl: HayuuTcst onpenensiTh yCHIHS B CTEPKHAX KOHCTPYKIIMU aHATUTHYECKUM
METOIIOM.

Teopemuueckoe obocHosanue

Bo MHOrmx MammHax ¥ = COOpPY)KEHHAX BCTPEYAIOTCS KOHCTPYKTHBHBIE  DJIEMEHTHI,
IIPEIHa3HAYEHHBIE IIPEUMYILECTBEHHO AJI BOCIIPUATHUS HATPY30K, HAPABICHHBIX EPICHIUKYIISIPHO UX
ocu. PacueTHple CXeMBl TaKMX 3JEMEHTOB (Bajibl, YaCTU METAUIOKOHCTPYKIMH U JIp.) MOTYT OBITH
IpeJcTaBiIeHbl Oankoi. banku MMET omopHble yCTpOMHCTBa A Mepejadyd YCWINH U CONPSKEHMsS C
JPYTUMHU 3JIEMEHTaMHU.

OCHOBHBIMHU THIIaMU OTIOP OaJIOK SBJISIFOTCA MIAPHUPHO — MOJABM)KHAS, IIIAPHUPHO — HETIOJIBUKHAS
OTIOPBI U JKECTKasl 3aJIeIKa.

HlapuupHo — noaBuxHas omnopa (puc.l,a) gomyckaeT MOBOPOT OaJKM BOKPYI OCH ILIApHUpPA U
JIMHEWHOE INepeMEIICHNE Ha HE3HAYUTEIbHOE PACCTOSHUE NMApaJUIEIbHO ONMOPHOM IIIOCKOCTH. Toukon
IIPWJIOKEHUSI ONIOPHOM peakLUy sBIIAETCS LEHTp apHupa. Hanpasienue peakiuuu R — nepnenaukymsap
K OIIOPHOM ITOBEPXHOCTH.

HlapuupHo — HenmoaBwxkHas omnopa (puc.l,6) momyckaeT TOJBKO MOBOPOT OAJKU BOKPYT OCH
mapHupa. ToOukoll NpuIIOKEHMs SBIAIOTCS TakKe LEHTp wapHupa. HampaBneHus peakuuu 371ech
HEU3BECTHO, OHO 3aBUCUT OT HArpy3ku, NpwiIokeHHOW K Oanke. IlosTomMy Juis Takoil omopbl
OINIPEACIAIOTCA ABE HEU3BECTHBIE — B3aMMHO IEPIEHIUKYISIpHbIE cocTaBisomue Rx u Ry onopHoii
pEaKIUH.

Kectkas 3agenka (3amemnenue) (puc.l,B) He AONyCKaeT HM JIMHEHHBIX MEpeMEIeHUH, HU
noBopoTta. HensBecTHbIMU B JAHHOM CITy4ae sIBJISIOTCS HE TOJIBKO BEJIMYMHA, HO U €€ TOUKA MPUIIOKEHHUS.
Takum o0pazoMm, [Uisl ompeAesieHusT OMOPHOM peakuu HeoOXOJUMO HalTH Tpu HEH3BECTHBIC!
cocraysiomue Rx 1 Ry 110 0csAM KOOpIUHAT ¥ PEaKTUBHBIM MOMEHT MR OTHOCHTENLHO 1IeHTpa TSHKECTH
OTIOPHOTO CEYCHUS OAJIKH.

RT E-7
] |

a 0 B

Puc.1

PaBHOBecue Oayiku 1oj ACMCTBUEM JFO00N CHCTEMBI 3aJIaHHBIX CHJI, PACIIOJIO0KEHHBIX B OJTHOM
MJIOCKOCTH, MOXKET OBITh 00€CIeYeHO OJTHOM KECTKOM 3aJAeNKON WM ABYMS OMOpPaMH — IMOJBIKHON H
HETIOABMKHOM. bamku Ha3bIBalOTCS COOTBETCTBEHHO KOHCOJIBHBIMU (pHC.2,a) WU JBYX OTOPHBIMH

(puc.2,0)

I

a 0
Puc.2




Ha Oanky neicTBytoT 3aqaHHbIe CHIIBI M Napbl cuil. CHIIBI IO CIIOCOOY MPUIIOKCHHUS JENATCS Ha
pacnpesielieHHble U cocpeloToueHHbIe. PacripeneneHHble Harpy3Ku 3aJaloTcsi UHTEHCUBHO , H/M u
JUTMHOM 1, M. paBHOMEPHO pacIipe/ieJICHHbIC HArPy3KH YCIOBHO N300paKarOTCsI B BUC IPSIMOYTOJIBHUKA,
B KOTOPOM MapaljieJIbHbIE CTPEJIKM YKa3bIBalOT, B KAaKyl0 CTOpOHY JeilcTByeT Harpyska (puc.2.3). B
3ajlayax CTATHKM PABHOMEPHO — PAacCIpeeeHHYI0 Harpy3Ky MOKHO 3aMEHATH PaBHOACHCTBYIOILEH
COCPEJOTOUEHHOM CUII0H Q, YUCTIEHHO PAaBHOM ITPOM3BEAEHMIO (1, IPUIIOKEHHOM MOCpeAUHE IIMHBI U
HaMpaBJICHHON B CTOPOHY JCUCTBHUS (.

\ ““m 1ru“1rl é— éﬂv :EF

Fx = Fcos o
Fy=Fsinod

Puc.3 Puc. 4

CocpeloTOYCHHBIE HArpy3Kd MPUIOKEHBI HAa CPaBHUTEIBHO HEOONBIIONW JIMHE, IO3TOMY
CUMTAETCS, YTO OHU MPHIIOKEHBI B Touke. Eclii cocpeoToueHHas cuia mpuioXKeHa moJ| yriioM K Oajke,
TO JJIsl OTPEIeNICHUs] PEaKIUu OMop YI00HO pasNioKuTh e€ Ha JBe cocTaBJstome — Fx= Fcos a u Fy =F
sin o (puc.4).

Peakuuu onop 6anku onpenensroTcsl U3 yCIOBUIl paBHOBECHUS IIOCKON CHUCTEMBI IPOU3BOJIBHO
PacCIoJIOKEHHBIX CHIL. JIJI TIIIOCKOM CHCTEMBI MOYKHO COCTaBUTh TPU HE3aBUCUMBIX YCIIOBUS PAaBHOBECHS:
ZFix: 0, ZFiy = O, ZMio =0 wm
YMia=0; XMig=0; YMic=0wmmu  } (1)

YMia=0; YMig=0; >Fix=0.

I'ne O, A ,B, C — ueHTpbl MOMEHTOB.

ParnmonansHo BEIOpATh TAKUE YPABHEHUS PAaBHOBECHSI, B KaX10€ U3 KOTOPBIX BXOAUJIa ObI 1O
OJIHOM HEU3BECTHOM pEaKInu.

Ha 3anatum pematorcs 3agaum.

1.Ha HeBecoOMyl0 TpeXIIAPHUPHYIO apKy JAEHCTBYET TOPU3OHTAlbHAs —CHJIA F (puc.1).
OnpenenuTh THHAO IeHCTBHS peakiuun Ra (peakuuu cBs3u B Touke A).

Pemenne: PaccMOTpuM NpaByto 4acTh apku OTAEBHO. B Toukax B u C NPUIIOKUM CHIIbI PEAKIIUH
cemseit Rs 1 Be Teno mop JICUCTBUEM JIBYX CHJI HAaxoiuTcs B paBHOBechH. COIJaCHO aKCHOME O
PaBHOBECHHM JBYX CHIN, cuibl Bz H Re PaBHBI 110 BEJIMYMHE M JECHCTBYIOT BJONb OJHOM NpAMOH B

POTHBOIIOIOXKHBE ~CTOPOHBL. TakuM — 00pa3oM, HAmpaBleHHE CHIBI 7€ HaM M3BECTHO (BIOIB
muann BC).

C

Puc.1
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PaccMoTpuM JIeByl0 4acTh apku OTAEAbHO. B Toukax A u C OPUIOKUM CHJIBI PEAKIHU

' f__ o o o

casseit Re M Re, Cuna Be = f"f, JENCTBHE PABHO IIPOTUBOJEHCTBHIO. Ha Teslo NeHCTBYIOT TPU CHIIBI,
- r

nanpasienus ayx cun ( &1 BarsectHo. CornacHo Teopeme o Tpex CHIaX JIMHHMM AEHCTBHS BCEX TPEX

CHJI TIpeceKaloTcs B ofHoi Touke. CrenoBarensHo, cuna B4 manpasnena nons muann AD.

2. OHOPOHBIN CTEPKEHb 3aKPEIJICH IAPHUPHO B TOUKE A M ONMUPAETCS Ha TIaJKUNA [UIHHID.
OnpenenuTh TUHUO AeHcTBHSA peakuun Ra (peakuuu cBssu B Touke A).

Puc.2

Pemenne: Tak Kak CTepXeHb OIHOPOJIHBIN, TO PaBHOJACHCTBYIOMAs cHI Tskectd (cuma F),
NIEHCTBYIOIMX HA CTEPKEHb, IPHJIOKEHA B €r0 reoMeTpudeckoM rentpe (touka C). Tak kak cTepiKeHb
ONMpaeTCs Ha TIIAJKYIO OBEPXHOCTH, TO peakius cBs3u (cuna V) B Touke Kacanus (Touka D) HarpaBsJIeHa
0 HOpMamM K 3Toi ToBepxHocTH. Ha Temo meifcTByroT Tpu cunbl, Hanpasienus asyx cun (V u F))
u3BeCcTHO. COraacHO TEOpEME O TPEX CUIIaX JIMHUU JEUCTBUS BCEX TPEX CHJI IIPECEKAIOTCS B OJHOM TOYKE.
CrenoBaTenbHo, cuna R4 nanpasnena Baons muauu AE.

3. Haiitn peakuuu cBsizelt m3ornytoil Oanku ABC, Haxoasuieics moja OeicTBHEM IUIOCKOH
cucteMbl cuit (puc.3). Berurcienue peakuuii BINOMHATG ipu a=1,2 M, b =24 m, | = 1,8 M, a=30°, P1 =
8 xH, P2 = 6 xkH, M=8 kHwm.

11



Pemenne. OcBoOouM OanKy OT CBA3€H M IPUIIOKUM K HEH peakuuu csseii. Ha puc.4 Razx Ray

R

- COCTAaBAIOIIMUEC pCaKIUuH mapHI/IpaA BJOJIb ocei KOOpAHHAT A - peakiMsA BBICTyIlAa CTCHBI (R

nepreHaukyspao BC). B
Paznoxum cuiel Py Baya COCTAaBJISIFOLIME BIOJIb OCEN KOOPAUHAT
P1 =P+ Pl}r
= R + R
V:CJ'IOBI/ISI paBHOBeCI/I}I 0aJIKi UMEIOT BU/T
EFx=0; Ry, + Pisina— R sina+P, =0;
2R, =0; Rg,+ Picosa+ R cosa=10;
Tmy(F,) =0; —P,bsina+ (Rgsina)/sina + (Rpcosa)(a + lcosa)
—(Pycosa)a — M = 0.
ITocne pemieHHst COCTaBIECHHOM CUCTEMBI YPABHEHUH I10Jy4acM
R,. = —1,04&H, Ry, = 1,27kH, R;= 10,34 kH.

3. 3amaHa ropu3oHTaJlbHas JABYX OIOpHas Oanka. banka Harpy)keHa aKTUBHBIMH CHJIAMHU:
cocpenoToueHHOM F, pacripeneneHHON CHII0i HHTEHCUBHOCTBIO (] ¥ apoi cuil ¢ MoMeHToM M (Tabn.1 u
puc 6).

Tpedyemc — TOCTPOUTH PacUETHYIO cXeMy OajKd, COCTaBUTh ypaBHEHHUS paBHOBECHUS Oaiku,
OTIPEJICNIUTH PEAKIINH €€ OMOp M BBISIBUTH HaNOO0JIee HArpy>KEHHYIO OTIOpY.

[TpakTryeckoe 3anstue Ne 4
IIpakmuueckasn noo2omoexa
Onpenesnenue ycuJimi B CTEP;KHAX CTEP/KHEBOM KOHCTPYKIMH
3aganue: OnpenenuTh yCUIUS B CTEPKHAX 3a/laHHON KOHCTPYKIIMM aHAIUTHYECKUM criocobom. Cxemy
BbIOpATh B COOTBETCTBHH C HOMEPOM CTYJI€HTa IO CHMCKY JKypHaa.

Iopsi10K BHINOJHEHUS
1. M300pa3uth 3a/JaHHYyI0 CXEMY B COOTBETCTBHH C BAPUAHTOM.
2. BeIienuTh MaTepualbHyIO0 TOUKY, K KOTOPOH MPUIIOkKEeHa BHEIIHSS CUIIa.
3. OnpenenuTh THII CBSI3€H, yIEPKUBAIOIINX TOUKY.
4. OTOpOoCUTH CBSI3M, 3aMEHUTH UX JEHCTBHE CUIAMHU PEAKIIH.
5. CocTaBUTH PACUETHYIO CXEMY, BBIICIUB TOUKY, HAXOAIIYIOCS B paBHOBecUU. [IpUiIoKuTh K Hell Bce
JIEWCTBYIOIIAE CHIIBI.

6. BeiOpaTh ocu KOOpJMHAT.
(SFkx=0

TZF ky=0
8. 13 ypaBHeHUI paBHOBECHSI HAUTH BEIMUMHY CUJI PEAKLIUH.
9.3anucarh BEIMYMHY YCHIIMH B CTEPKHSIX.

7. 3anucaTh ypaBHEHHS paBHOBECHSI:

10. BeiuepTUTh MHOTOYTOIEHUK CHJI, TPHIIOKEHHBIX K TOUKE.
11. Cnenats BBIBOL,

3agaHus K NIpaKTHYeCKOMY 3aHATHIO Ne 4

BapHaHT | cCXxema Py ‘ P> a ‘ p ‘
kH TpagyChl
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 3) 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 S) 7 60 45 45
30 15 4 5 90 60 45

13




IIpakTnyeckas padora Ne 5
Onpenenenue peakuuii onop 6aJKM Ha ABYX onopax
Tema: Cratuka. [lnockas cuctemMa npou3BOIBHO PACIIONI0KEHHBIX CHIL.
Lean padoTei: Hayuntcs onpenensiTe peakiuy onop 0aJiku yCTaHOBJICHHOM Ha JIByX OMOpPaX.
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Meronuka

pacueTa OMOPHBIX PeakIuii 00K Ha ABYX OMopax

1. OcBOOOXIAIOTCS OT OIOP M 3aMEHSIOT UX JISHCTBHE Ha OAJIKy OMOPHBIMH PEAKIMSIMU.

B 3agauax nanHON paGoThl Oanku MOTYT ObITh IPUKPEIUICHBI K OCHOBAHUIO C MOMOLIbIO OJHOM
HIAPHUPHO-HENOABUKHOW ¥ BTOPOU IIAPHUPHO-TIOJABUKHOM ONIOPHI. B IIapHUPHO-HENOABUKHON OIIOpE
B 00I11EM Cilydae AeMCTBUSI Harpy3KH BO3HUKAIOT JBE Peakuu: ropuzoHTaibHas Ha u BepTukanbHas Va.
B mapHMpHO-NIOABMXKHOM omope IpH JI000i Harpy3Ke BO3HUKAET OJIHA PEaKlMsl — IO HAMpPaBJICHUIO
OIIOPHOTO CTEPKHA — V.

2. OnpenensoT MmIe4o CHIIbI, He epIeHANKYIsIpHoe K ocu Oanku. [Inedo cunel onpenensercs
OTHOCHUTEIILHO 00erX orop. JJIst 3TOro U3 KaK0i TOYKH ONOPBI OIYCKAIOT HAa CUSY WIIH JIMHUIO €€
I[GIZCTBI/I?[ NEPHNCHAUKYJISAPBI — OHU ABJIAIOTCA IIJICHaMH CUJIbI OTHOCHTCIIBHO JIEBOM M HpaBOf/'I OIIOPHEI.
PaccmaTpuBast mpsMOyToJIbHBIN TPEYTOJIBHUK, 00pa30BaHHBINA OCHIO OAJIKH, TMHUEH ACHCTBUS CUIIBI U

NEPHNCHAUKYIIAPOM, HAXOAAT BEJIMYMHY KaKAO0T0 I1Jjieya. Eciu HaKIOHHBIX CHII HECKOJBKO, TO AJIA
KaH(,HOﬁ HaxoAT 11J1€490 OTHOCUTCIIBHO obenx OI10D.

3.CocTaBisIOT YpaBHEHHs PABHOBECHSL:

1) XMa =0; 2) XM = 0; 3) X = 0.

Pemast ypaBHeHUs, HAXOAAT HeU3BeCTHbIE peakuu Va, Ve 1 Ha.

4.BBINONHSIOT IPOBEPKY PELIEHUS 0 ypaBHEHUIO XY =0. ;

[Tpumep. OnpenenuTs ONMOPHBIE peakMy Oajku, Moka3aHHOH Ha puc. 1, a.

Pemenue: 1. OcBoOOXkmaemMcsi OT OTIOp M 3aMEHSIEM UX JICHCTBUE peakiusiMu onop. JIepas onopa
IApHUPHO-HEIOIBH)KHAS, B HEW BO3HUKAIOT ABE peakiuu Va a Ha. IIpaBas onopa mapHupHo-
MOJIBUKHAsSA, B HEW BO3HMKAET OJ[HA peaKklus— BepTUKaJIbHasA Ve (puc. 4,0).

2. Onpenenum 1u1e4o cuitbl F1 0THOCHTENBHO OTOPHI A. J{71st 5TOTO U3 TOYKH A OITyCTUM
NEePIEeHANKYIISp Ha JIMHUIO eiicTBUA cuitbl F1 n u3 TpeyrosnbHuka ADE onpenenum riedo cuisl Fi:

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

[Tneyo cuisl F1 oTHOCHTEBHO OnOpsI B onpenenum u3 tpeyronsuuka BDG: hg = ¢ c0s 40° = 2,5-
0,766=1,915 m.

3. CocraBisieM ypaBHeHHUsI paBHOBecHsl. [lepBoe ypaBHEHUE NPUHUMAET B

C+d

IMa=-M+Fiha+tqec+d)(a+e+ 2 -Vga+e+c)-Fla+te+c+d)=0

15



a) = 70n#t

M=25KH H %=/ﬂlf////v D02 20K H/u

e %Y NI
7 27 Yeeonn
azh5n \a=l, 51 c=2,61 W:=1m
i=6n
) .
y
M=25KHH 9—;0””/40‘ G NG TONH g, 20K A
Pt inny 24 iyt iiiivit
3, 45,018 DI\ gpe i 7hB
v \ F2=,§l(//

76K H £ Vo 270,68«

azlL54 e24 | p=25m \d=m

G -

Puc.1
wim — 25+ 70 - 2,68 +20 -3,5 5,25 — Vg -6— 157 =0,
— 25+ 70.2,68 + 20.3,5-5,25— 15-7 otkyna
=10 2 20 3.5 :5.25 - 1 2,
25+70-2,68+ 20 -3,55,25- 157 ___4_7,6 ~70.68
VB = 6 6 xH
Bropoe ypaBHeHHEe pUHUMAET BUL
c+d )

IMg=-M+Va (a+e+c)-qu(a+a)(a+te+c)—Firhg—quc+d)( <2 )-F2-d=0
wm — 25+ VA .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
Tperbe ypaBHenne npuauMaet Bua Ha + F1 cos 50° = 0, otkyna
Ha = - Facos 50° = -70 - 0,643 =-45,01 xH.
3HaK «MHHYC» O3Ha4aeT, yTo Ha HampaBieHa B CTOPOHY, TPOTHUBOIIOIOKHYIO MTOKa3aHHOI Ha puc. 4, 0.
4. BBIITOTHUM MIPOBEPKY
XY=Va—-(Qqi2a—F1cos40°_qz2(ctd)+Ve+F2=0,
i 67,76- 10 -3 -70 -0,766 -20 -3,5+ 70,68 + 15=0;
153,62— 153,62 = 0.

OtBet: VA = 67,76 xH; VB = 70,68 kH; Ha = —45,01 xH.
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IIpakTunyeckas padora Ne 6
IIpakmuueckasn noocomoska
Onpenenenue peakuuii onop 6ajJKu Ha ABYX Onopax
Tema: Cratuka. Inockas cuctema NpoU3BOJIBHO PACIIOIOKEHHBIX CHIL
Leas padoTei: Hayuntcs onpenensite peakiuy onop 0aJiki yCTaHOBJICHHOM Ha JIByX OMOpPAaX.

3aganue: OnpenenuTs peakiuu onop Oanku Ha ABYX onopax. Cxemy BbIOpaTh B COOTBETCTBUU
C HOMEPOM CTYJICHTA 10 CIIUCKY B XypHaJe.

Npunsare: 9=2— P=4kH; M =2kH-ax a=2m.
M

IHopsinok BbINOJIHEHUS
1. M300pa3uth cxemy B COOTBETCTBUU C BAPHUAHTOM.
2. 3aMeHHTb paclipe/lelIeHHYI0 Harpy3Ky ee paBHojeHcTBytouied Q=g L
[Ipri10xuTh paBHOJIEHCTBYIOINIYIO K OalKe B LIEHTPE TAKECTU COOTBETCTBYIOIIETO MIPSIMOYTOJIbHUKA.
3. 3aMEeHUTH OMOPHI UX PEAKIMUAMU. Peak1uio mapHUpHO-TI0ABUKHON OIOPbI HAIIPABUTh
MEPIEHIUKYIISIPHO K OITOPHOM MOBEPXHOCTH. R

rrrrrg
Peaknuro mapHUPHO-TIOIBUKHOM OIOPBI PA3JIOKUTh HA IBE COCTABJIAIONINE, HAIIPABJICHHBIE 10 OCSIM
KOOpAWHAT.

Rx

4. CocTaBUTh pAaCUETHYIO CXeMy OalKH.
5. BeIOpaThk 0cu KOOPJMHAT U LIEHTPHI MOMEHTOB.

6. CocTaBUTh ypaBHEHUE PaBHOBECHS: ZM A =0; ZM z =0; Z:F,CY =0.
7. I3 ypaBHEeHUI paBHOBECHUSI HAIITH HEU3BECTHBIE PEAKI[UU OIOpP.

8. IlpoBecTu MpoBEpKyY MPABHIBLHOCTH PEIICHHSI, COCTABHB YPaBHEHUS ZF,W =0.

9. 3anucare OTBETHI.
10. Cuenatp BBIBOJ

3aiaHus K NIPAKTHYECKOMY 3aHATHIO padoTe Ne 6
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IIpakTH4eckoe 3anaTHE Ne 7
OmnpenesieHne OMOPHBIX PeaKUMidi KOHCOJIbHBIX 0AJI0K
[enb paboThl: 3aKpenUTh TEOPETUUECKHUE 3HAHUS U YMEHUSI ONIPEENISATh PEaKIMU B ONIopax 0alOuHbIX
CHCTEM

[TproOpeTeHHbIE HAaBBIKU:

1. Opranu3oBbIBaTh COOCTBEHHYIO I€ATEIIBHOCTh, BIOUPATH TUITOBBIE METO/IbI 1 CHOCOOBI BBIITOJIHEHHUS
npodeccnoHaNbHbIX 33Ja4, OLIEHUBATh UX 3()(PEKTUBHOCTH U KAYECTBO

2. IlpyHUMATh pelIeHus B CTAaHIAPTHBIX U HECTAHAAPTHBIX CHUTYalUsX U HECTH 32 HUX
OTBETCTBEHHOCTb.

CTyI[CHT HAOJIKCH 3HATb OCHOBHBIC ITOHATHA U 3aKOHBI MCXaHHUKHU TBEPAOI'O TCJA.

®opma paboTHI - ayJUTOPHAS.

Xapakrep pabOThI - YaCTHYHO-TIOMCKOBBIM.

HOCJ’IG)IOBaTeJ'IBHOCTI) PEIICHHUA 3a/]a4n:

1 U306pa3uth Gasiky BMECTE ¢ Harpy3KaMu.
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2 BriOpathb pacnoox)eHne KOOPIMHATHBIX OCEH, COBMECTHUB OChb X ¢ OaIKOM, a OCh ), HAIPaBUB
NEePIEHINKYIJISAPHO OCH X;

3 [Ipou3BecTn HEOOXOAUMBIE IPEOOPA30BAHMS 3aJaHHBIX AKTUBHBIX CUJI: CHITY, HAKJIOHEHHYIO K OCH
OaJIKu 10J1 YIJIOM a, 3aMEHUTh JBYMs B3aUMHO MEPIEHIUKYIIIPHBIMUA COCTAaBJIAIOLMMHU, @ PABHOMEPHO
pacIpeneseHHYO 110 3aKOHY IIPSIMOYTOJIBHUKA HArpy3Ky — €€ PaBHOACUCTBYIOLIEH, IPUIIOKECHHON B
CepeMHE y4acTKa paclpeesICHUs Harpy3KH;

4 OcBoboaNTH OaNKy OT OIOP, 3aMEHHB UX JCHCTBUE PEAKLUSIMHU OIOpP, HAIIPABICHHBIMH BJI0JIb
BBIOpPAHHBIX OCEH KOOPAMHAT;

5 CocTaBUTh ypaBHEHUSI PAaBHOBECHUS CTATUKU ISl IPOU3BOJILHOM MIIOCKOM CUCTEMBI CHUJI TAKUM
00pa3oM U B TaKOH MOCJIEI0BATEIbHOCTH, YTOOBI PEIIEHUEM KaXI0T0 U3 STUX YPaBHEHUN OBLIO
ONpPEACIICHUE OJHON U3 HEM3BECTHBIX PEAKLIHI OIOP;

6 [IpoBepuTh MPaBUIHLHOCTD HAlICHHBIX OTMIOPHBIX PEAKIIUII [0 YPAaBHEHUIO, KOTOPOE HE OBLIO
HCIIOJIb30BAHO ISl pELICHUS 3a/1a4H.

3AJIAUA

1. Onpenenuts onopHble peakLu B KOHCOIBLHON Oalke.
/q M
L ‘[)

AMAAIAAS

L L2 L3 L4

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

B onopax paccraBisieM ONOpHBIE PEAKIMU U 3aMEHsIeM PaBHOMEPHO pacIpe/ielieHHY0 Harpy3Ky (0) Ha
cocpenoroueHnyto cuny Fq = q-L2=2-2=4 kH.

Fg=4

H&A

AN
L/
AR A7 BTF-15

J 2 3 2
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1. LXx=0. g
2. ZFzO; Va-Fg+ F =0
Va-4+15=0
Va +11=0
Va=-11 kH - MeHsem HampaBliecHHE Ha MPOTHUBOIOJIOKHOE
3. ZMa=0 pg4-M- F 10+Ma=0
4-4-10-15-10+Ma=0
16-10-150+Ma=0
-144+ Ma=0
Ma = 144 xkHm
4, Tlposepka:

XME=0. F)_ M-Fq4-Vas+Ma=0
152-10-4-4- 11-8 9449
-30-10-32-88+144=0

0=0. Pemrenne BHITIOTHEHO BEPHO.

2. OnpenenuTs ONOPHBIE PEAKIMU KOHCOIBHOM Oanku (puc.).

¥
Ay fi g
Arf” A .
m\ 1 L] s | ﬂfs' 5

Pemenue. Peakuuio 3aienku mpeacTaBisieM B BUIE NIBYX cuil Az u Ay, HalpaBICHHBIX, KaK
YKa3aHO Ha YepTEekKe, U PEaKTUBHOTO MOMeHTa MA.

CocraBiisieM ypaBHEHHE PAaBHOBECHS OATTKA
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1. IlpupaBHsieM HYJIIO CyMMY NPOEKLUH Ha OCh Z BCEX CHJI, JecTBYyIomuUX Ha Oanky. [Tomydaem Az = 0.
IIpu OTCYTCTBHM rOPU30OHTAIBHON HAIPY3KHA FOPU3OHTAIIbHAS COCTABIISIOIIAS PEAKLIMU PaBHA HYIIIO.

2. To xe, Ha OChb Y. CyMMa CWJI paBHa HyJI0. PaBHOMEpHO pacrpeleneHHyI0 Harpys3ky ( 3aMeHseM
paBHOZEHCTBYOIIEH qas, MPUIIOKEHHOMN MOCPEINHE ydacTka as:

Ay -Fl1-qga3=0,
OTKyJia
Ay =F1 + qas.

BeprukanpHas cOCTaBIISIONIAs PEAKIIMM B KOHCOJBHOH OalKke paBHA CyMME CHUI, TPUJIOKEHHBIX K
OaJIke.

3. CocraBisieM TpeTbe ypaBHEHUE paBHOBecHs. lIpupaBHseM HyJII0 CyMMY MOMEHTOB BCEX CHII
OTHOCHUTEIIEHO KaKoH-HUOYIb TOYKH, HanpuMep OTHOCHUTEIILHO TOYKH A:

IMy=0; =M, — Fia; — gag (a; + ay + ag/2) = 0,
OTKyJia
My = — Fia; — qay (a 1 a; + ay/2).

Konmponwnuie éonpocut

1.CKOJIBKO HE3aBUCHUMBIX YpPaBHEHHMH PaBHOBECHS MOXHO COCTaBUTh Ui TUIOCKOM CHCTEMBI
napajuieabHbIX CUil?

2.Kakue cocraBistomue peakiuu Onop OaJoK BO3HUKAIOT B IIAPHUPHO — TOJIBMXKHOM, IIAPHUPHO —
HETOJABUKHOM oropax u xKECTKOM 3aenke?

3.Kakyto Touky 1enecooOpa3HO BBHIOpAaTh B KA4eCTBE I[EHTPA MOMEHTA IPH OINPEICICHUH pPEeaKIIhil
ornop?

4. Kakas cuctema sIBJIsIeTCSl CTATUYECKH HEONPEASTUMO?

IIpakTnueckoe 3ansitue Ne 8
Ilpakmuueckas noozcomoska
OmnpenesieHue OMOPHBIX PeaKUMil KOHCOJIbHBIX 0AJI0K
Tema: Cratuka. [Tnockast cucteMa mporu3BOJIBHO PACITOIOKEHHBIX CHIL.
Heab padorei: Hayuntces onpenensars peakiiuy >KeCTKOH 3a/1eJIKi KOHCOJIBHOW OaKu.

BapuaHTsl 17151 HHIWBUYaTbHOU PabOThHI

Howmep BapuanTa BeIOpaTh 1o nocienHel nudpe nopsaKoBoro HomMepa B KypHaje rpymibl.
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Ne Ocku3 Ne Ocku3
! q 6 q
F / M ﬂM Va F
JL L
) S et
L L2 L3 L4 Ll L2 L3 L4
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£ OM L M o L J{.L F
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L L2 L3 14 L 2 L3 L4
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3 q 8
/ g
L OM F £ £ OM
L1 L2 L3 L4 L 2 L3 L4
4 g |° g
" o syt 1 f
N
F
L 1z L3 L4 L 12 L3 L4
1
5 g 0
g
o £ o
F A F
L1 L2 L3 14 Ll L2 L3 L4
A 4 s
Bapuanr | F, kH d, M, L1, M L2, M L3,m | L4
kH/m kHwm M
1 15 40 15 20 6,0 20 1.0
2 30 50 20 3,0 40 20 2,0
3 25 40 40 20 3,0 20 40
4 35 3,0 35 2,0 3,0 40 2,0
5 40 20 25 20 3,0 40 10
6 25 40 35 1,0 3,0 3,0 2,0
7 20 3,0 50 2,0 40 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 15 4,5 2,0 2,0

IIpakTuyeckoe 3ansitue Ne 9
Onpenenenue NPpoa0JbHON CHIbI © HOPMAJIBLHOTO HANPSIZKEHHS, TOCTPOEHHE JIOP

lleﬂb pa60mbt — HaAYUUTHCA CTPOUTD SITIOPHI ITPOAOJIBHBIX CHJI U HOPMAJIbHBIX HaHpH)I(eHPII;'I, u
OIPCACIIATh IICPEMCIICHUA.

Teopemulteacoe obocHosanue

Pacmsaoicenuem nnu corcamuem Ha3pIBaOT BUJ HAIPY>KEHUA, IPU KOTOPOM B IIOIIEPEUYHOM
CeueHHH Opyca BO3HUKAET TOJIbKO OJIMH BHYTPEHHHH CHIIOBOW (haKTOp — MPOJ0JIbHAS CUIIA.

[TpononbHbIEe cUIIBI MEHAIOTCSA 1O JUIMHE Opyca. [Ipu pacuerax nocine onpeaeseHus BEIMUUH
IIPOJOJIBHBIX CHJI IO CEYEHUSIM CTPOUTCS I'pauK — SII0Opa MPOJI0JIbHBIX CHIIL.

VY ¢10BHO Ha3HAYAIOT 3HAK [IPOJOJIBHON CHIIBI.

Ecnu npojosnbHas cuiia HanpaBJieHa om ceuenus, TO Opyc pacTaHyT. PacTskeHne CUuTaoT
MIOJIOKUTEIBHOM lehopManyeit.

LA s -
a) 6)
Ecnu npononbHas cuiia HanpasiieHa K ceueHuto, To Opyc cxar. CxxaTtue CYMTaroT

OTpHLIATENIbHON JeopmMaruei.

Hanpsascenus npu pacmsaxcenuu u corcamuu. IIpy paCTSDKEHNUN U CKaTUU B CEYCHHUH JCHCTBYET
TOJILKO HOpMaJIbHOE HanpskeHne. HanpskeHns B TONEPEYHbIX CEYEHUAX MOTYT paCCMaTpPUBATHCS Kak
CHJIBL, IPUXOASIIMECS Ha eqUHUILY rolna u. Takum o0pazom, nanpaenenue u 3HaK HAnpA#CeHus B
CEUCHHUH CO8nadarom ¢ Hanpasienuem U 3HaKkoM CUIbL @ CeYEHUU.

HanpsixeHus 1pu pacTssKeHUU U CKAaTUU B IIPEJeaxX KaKI0ro CEYEHHs HE MEHSIOTCS, I03TOMY
HanpsHKEHWE MOXKHO pacCUUTaTh Mo popmyJie

N,
0= &

==
rneN; — mpojobHas cuiia B CeUeHNH; 4 — TUIOIAb MOTIEPEYHOTO CEUCHUSI.

Benuuuna nanpax;cenus npamo nponopyuoOnaibHa npoodoabHoll cuie u 00panHo
HPONOPUUOHAILHA NIOULAOU NONEPEUHO20 CeHEHUS.

HopmanbsHbie HanpsHKeHUS TEHCTBYIOT MPU PACTSKEHUH OT CEUCHHUSI, a TIPU CIKATUHU K CEUSHHIO.

Pa3mepHOCTH (eMHNIIA W3MepeHns ) Hanpsokernii — H/m? (I1a), 01HAKO 3TO CITMITKOM Majast

e[IMHHUIIA, ¥ IPAKTHYECKH HATPSKEHUs paccuuThiBatoT B H/mMm? (MITa):
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1 MIla = 10° ITa =1 H/mMMm2.

BI/IIIBI HarpyxeHus; 6pyca, IIpHU KOTOPOM B €T0 IOINIECPEUYHOM CCUCHNH BO3SHHUKACT TOJIBKO OJWH

BHYTPEHHUH CUIIOBOH (pakTop — N | Ha3bIBaEMBbI pacmajricenuem VU CoHcamuem.
PaBHozelcTBYOIIAs BHEIIHUX CHJI IIPUKIIAIBIBACTCS B LIEHTPE TSXKECTH MTONIEPEYHOIO CEYEHUS U

JEUCTBYET BJOJIb IIPOIOJIBHOW OCU. BHYTpEHHHE CUIIBI OIIPEIEIIAIOTCS C ITIOMOIIBIO METO1a CEUECHMIA.

HopmanpHas cuna B ceueHUH Opyca sBISIETCs PaBHOICHCTBYIOLICH HOPMATbHBIX HAIPSKCHHM,

HefICTBYIOIHI/IX B IIJIOCKOCTH ITOIIEPEYHOI'0 CCYCHUA

N=>F ~ (1).

BenuunHa npoAoapHBIX CHIT B Pa3HBIX CEYEHHSIX Opyca HeoIMHaKoBa. [ paduk, moka3bpIBaIOIIUN
M3MEHEHHE BEJIMYMHBI POOIBHBIX CHJI B CEYCHHU Opyca 10 ero JUIMHE, HA3bIBACTCS INI0POl
nPOOOJILHBIX CUL.

3aK0H pacnpeeseHNs HApsHKEHUH MOXKET OBITh ONPENIeIeH U3 IKCIIEPUMEHTA. Y CTAHOBIICHO,
YTO €CJIM Ha CTePKEHb HAHECTH MPSIMOYTOJBHYIO CETKY, TO MOCTIE MPUIIOKESHUS IPOI0JILHON HATrPy3KH
BU/JI CETKU HE U3MEHUTCS, OHA MO-TIPEKHEMY OCTAaHETCs MPSMOYTOJIBHOM, a BCE IMHUU TPSIMbBIMHU.
[ToaTOMy MOKHO cieTIaTh BBIBOJ O PABHOMEPHOM IO CEYEHHIO PACIIPEIEICHUN TPOJOIBHBIX
nedopmanuii, a Ha ocHOBaHUM 3akoHa ['yka (6 = E€) n HopmanbHbIX Hanpsbkenuit S = const. Torma N =
S- F, otkyna nomxyanm ¢hopMydy AJist OnpeesieH sl HOpPMAIbHBIX HANIPSKEHUH B MTOTIEPEYHOM CEUSHHUH
MIPH PacTsHKEHUU

N
c#»= A Mlla(2)
A — momak 0KOJI0 paccMaTpPUBAEMOTO ydacTka Opyca;
N— paBHOAEHCTBYOIIAs BHYTPEHHUX CHJI B ITpeiesiaX 3TOM MO 1K1 (COTIaCHO METOo/1a CeUeHUH).

Jnist obGecriedeHrst IPOYHOCTH CTEPIKHS IOJKHO BBITIOIHATHCS yCIOBHE TIPOYHOCTH -
KOHCTPYKIHMA OyAeT NPOYHOH, €ClIM MaKCUMAJIbHOE HAaNpsHKeHUE HU B OJJHOM TOUKE HarpyXeHHOM
KOHCTPYKIIMU HE TPEBBINIACT JIOITYCKAeMON BETMYMHBI, ONTPEIEIIIEMON CBOWCTBAMH JAHHOTO MaTepHaa
Y YCIOBUSIMH pabOTHI KOHCTPYKIIHH, TO €CTh

c<[o],t<[t] (3)

Ipu neopmarmu Gpyca Mensiercs ero jumna va M u monepeunsiit pasmep — na Ad . Jy
BEJIMYMHBI 3aBUCST U OT HAYAJILHBIX pa3MepoB Opyca.

[TosTOoMy paccmaTpuBaroT

Al

£ ==
I' _ npononsuas nedopmanus; (4)
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Ad

d _ nonepeunas nepopmarus. (5)

£ ==

= | = rs|e|

DKCIEePUMEHTAIBHO MTOKa3aHO, YTO ,tne u=0, ..., 0,5 — xoaddunuent Ilyaccona.

pumeps: p=0 — npobka, p=0,5 — pesuna, # =H25 0,30

— CTaJb.
B npenenax ynpyroii gedopmarmu Beinonasercs 3akou 'yka: & =E# e E — momyns

yHOpYyTrocTH, uiu Moayib FOHra.

JI7nst 33JaHHOTO CTAaTUYECKHU OMPEISIIMMOro CTAITLHOTO Opyca TpedyeTcs:
1. mocTpouTh AMIOPHI TPOAOJILHBIX cHiI N M HOpMaJIbHBIX HANIPSDKEHHI G, 3aITUCaB B OOIIEM BHJIE
AT KQKOO0TO y4aCTKa BBIPpAXKCHUA Nuown YKa3aB Ha 5110pax X 3HAYCHHA B XapaKTCPHBIX

CCUCHUSX;

2. ompenenuThb olIIee nepemMenieHre Opyca u MOCTPOUTH SIIOPY MEPEMENICHUH O ' TTONEPEYHbIX

CEueHUuM, NpUHsAB MOAYJb yupyrocta E =210 * MITa.

[Topsimok pacueToB
BriOpate pacronoxeHne KOOpIUHATHBIX OCE: COBMECTUTh OChb X C OalKoH, a OCh y HalpaBUTh
MEePHIEHIUKYISIPHO OCH X.

1. TIpousBectn HeoOXxoauMble MpeoOpa3oBaHUs: CUITY, HAKIOHEHHYIO K OCH OalKi MOJ YTJIOM a,
3aMCHHUTH ABYMsI B3anMHO NECPHNCHANUKYJIIPHBIMUA COCTaBJIAIOIIIUMU, a PaBHOMCPHO
pacnpeieIeHHY 10 Harpy3Ky — €€ paBHOJICHCTBYIOIIEH.

2. OcBoOomuTh 0aJKy OT OIMOp, 3aMEHUB UX JICHCTBHE PEAKIHMSIMHU OTOp, HANPABICHHBIMU BJIOJb
ocell KOOpAUHaT.

3. CocTaBUTh ypaBHEHHs paBHOBECHS OATKU, YTOOBI PEIICHUEM KaXI0Tr0 U3 TPEX YpaBHEHUN OBLIO
OIIpEEIIEHUE OJHON U3 HEM3BECTHBIX PEAKIIUI O1IOp.

4. TlpoBepuTb NPaBUIBHOCTH OIpPEAETCHHUS peaklUil Omop MO ypaBHEHHUIO, KOTOpOe HE ObLIO
MCIOJIb30BAHO JUJISl pEeLIeHUs 3a/1a4.

5. Cpenats BBIBOJ O HanboJiee HarpyKeHHOM orope.

6. OtBeTuTh HA KOHTPOJIbHBIC BOIIPOCHI.

Tpeoyemcsa
[TocTpouTk 3M0pBI MPOAOIBHBIX CHUJI U HOPMAJIbHBIX HAMPSKEHUN JUIsl HATPY>KEHHOTO

crajpHOro opyca (puc. 1). Onpenenuts yanuHenue (ykopouenue) Opyca, eciu E «» =2 10" Mila
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o1, vmr

Puc.1
— 2
Hano: F + :ZkH,F1:5kH,F—':2kH,A1:20M2,A1’_4CM A1 =100MmMm, | 2 =50 mm, | =+
=200 mm,
I =150 mm.

Pemenue. Onpez[emleM MpOAOJIBbHBIC CUJIBI U CTPOUM UX SIIKOPY:
N1=-F1=-2kH;

Nz=-F1+Fz2=-2+5=3KkH;

N==-F1+F 2=3KkH;

Nda=-F1+Fz+F2=2+45+2=5kH

OmnpenensieM BETMUYUHY HOPMAJIBHBIX HANPSKEHUI U CTPOUM HX 3IIOPY:

[_ﬂ_ﬂ=_mi7
A 210
. E &
azzﬁzio,zlfﬂ]a
A 2107
. 3 2
=3 _ohita
A 410
e ] s s
0‘,=ﬂ= 5 ]02 =12,51 I a
A 410

Hcnonk3ys BUAOU3MEHEHHBIH 3aKoH [ 'yKka, onpenensem yamuHeHue opyca:

_Nj,, _-2-10"-100

'"TEA  210°-2:10°

Al -0,005i i

a
_ N1, _ 3-107-50 ~0,00375i i

AI. L »
‘TEA, 2:10°-2:10°
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Al

Al, =

4

LA

10°-2
Ny _ 3-10°-200 _ o 5oc; ;
EA, 2-10°-4-10°
I 5. 118
Neos _ 510150 __ 5 goga7st s
EA, 2:10°-4-10°
= Al +Al, + Al +Al, ==0,005+0,00375+0,0075+0,009375 = 0,015625i i

Konmponwsnwie éonpocwi

1.CKOJIBKO HE3aBUCHUMBIX YpPaBHEHHM PaBHOBECHSI MOXHO COCTaBUTh Ui TUIOCKOM CHCTEMBI

mapayiCJIbHbIX cun?

2.Kakue cocraBisiomde peakiuuu onop OaJoK BO3HUKAIOT B IIAPHUPHO — MOJIBMIKHOM, IIAPHUPHO —

HEINOJIBUKHOM onopax U )KECTKOMU 3ajienKe?

3Ka1<y}0 TOYKY uenecoo6pasHo BBI6paTL B Ka4CCTBC LICHTPA MOMCHTA IIPpHU OIIPCACIICHUN peaKI_II/Iﬁ

orop?
4.Kakast cuctemMa sSIBIISICTCSI CTATHYECKH HEOPEACTTMMON?

IpakTuyeckoe 3ansaTue Ne 10

Ipaxmuueckas noozomoska
Onpenenenue MpPoa0JIbHOI CHJILI 1 HOPMAJBLHOTO HANIPSIKEHH S, IOCTPOEHUE IMIOP

3aganmue.
Bapuant
TapameTpsr 1 2 3 4 | 5 6 7 8 | 9 10
Fi, xH 10 12 23 12 15 16 8 10 18 15
Fa, 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
Az, MM? 100 | 50 20 50 | 80 | 100 | 50 20 | 50 80
Bapuant
ITapamerps 11 12 13| 14 | 15 16 17 18 | 19 | 20
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, MM2 50 00 50 | 25 | 40 | 50 [100 50 25 40
Az, MM? 100 50 20 50 | 80 | 100 | 50 20 50 80
Bapuant
TTapamerpsl 1 2 3 | 4 |5 6 7 8 | 9 10
Fi, kH 10 12 23 12 15 16 8 10 18 15
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F2, xH 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
Az, MM* 100 50 20 50 80 100 50 20 50 80
i Aa
= F, 4
g F, F,
H——ty—— — | e — ]

TPEBYETCSI: nnst 3a1aHHOTO CTAaTHYECKH OTPEISTUMOTO CTAIBHOTO Opyca:

1. mocTpouTh MIOPHI TPOAOIBHBIX I N 1 HOpMaNIbHBIX HANPSHKEHUHN G, 3aMMcaB B 001IeM BUJIE
JUIS K&KJOTO y4acTKa BeipakeHus: N U ¢ ¥ yKa3aB Ha SMIOpax WX 3HAUCHUS B XapaKTEPHBIX
CEUCHUX;

2. ompenenuTh obIee nepeMerieHue opyca u MOCTPOUTD AMIOPY MEPEMEIICHHH O  MOMePeUHbIX

CEYEeHM, MPUHSB MOAYJb yrpyroctu E =2-10 " MIla.

IpakTHyeckoe 3ansaTue Ne 11
Ipaxmuueckas noozomoexa
Onpenenenue Npoa0abHON CHJIbI © HOPMAJILHOTO HANIPSIZKEHHS, TOCTPOEHHE 0P

Jns  BEpTUKANBHOTO CTEPXKHS, HUMEIOIIEr0 JKECTKYI0 3aJelIky Ha OJHOM U3 KOHIIOB,
n300pakeHHOro Ha puc.l He0OX0AUMO:

1) BeruepTuTh CXeMy B IPOU3BOJIBHOM MacIiTaoe.

2) OnpenenuTh 3HAYCHUS] HOPMATBHOW CHJIBI HA KaXKIOM YYaCTKE CTCPIKHS.

3) [ocTpouTk 0Py HOPMATBHOI CHITBL

4) OnpeIeTUTh YATHHEHHE CTEPIKHSL.

JUTMHBI yYacTKOB CTEPIKHS U Harpy3KH, PHIIO’KEHHbIE K HEMY, IPUBEACHBI B Ta01. 1, miomiaap
TIOTIEPEYHOTO CEYeH s y3KOTo yuacTka 4 = 0,2 M2, MUPOKOTo ydacTka 2A4.

Tabmuma 1
Homep | Cxema | a, |01=03,| Oz, |F1 [F2 |Fs,
crpoku | mo puc.l| m | kH/™m [kH/™M|xH | xH | xH
01 1 08| 5 30 10| 35] 10
02 2 1 10 25 115130 20
03 3 1,21 15 20 1201251 30
04 4 14] 20 15 | 25120 40
05 5 16| 25 10 {30 15( 10
06 6 18 30 5 [35(10] 20
07 7 2 5 30 40| 5130
08 8 0,8 10 25 110135140
09 9 1 15 20 [15(30( 10
10 10 1,21 20 15 {20 25| 20
11 11 14| 10 25 (2030 30
12 12 16| 15 20 [25(25( 40
13 13 1,81 20 15 (30 20| 10
14 14 2 25 10 | 35| 15| 20
15 15 0,8 30 5 1401101 30
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16 16 1 5 30 (10| 5 (40
17 17 1,8 20 25 [15]135] 10
18 18 2 25 25 12513020
19 19 0,8 30 20 130(20] 40
20 20 1 5 15 135]15] 10
21 21 1,2] 10 10 {40 10( 20
22 22 14] 15 5 110 5130
23 23 16| 20 30 [15(35( 40
24 24 1,81 10 25 (20130 10
25 25 2 15 20 (201 25] 20
26 26 0,8 20 15 [{25]130( 30
27 27 1 25 25 (40| 25140
28 28 1,81 30 20 (10 20] 10
29 29 2 5 15 [15]15( 20
30 30 0,8 20 10 125] 10| 30
31 31 1 10 30 (30| 5 (40
32 32 1,21 15 25 |135(135]10
33 33 141 20 20 (40]130] 20
34 34 16| 25 15 110251 10
35 35 1 30 25 (15]130] 20
36 36 1,21 15 20 125125130
0 r a B 0Olal|r
1 cxema 2 cxeMa 3 cxema 4 cxema
| Tty Tt R
T {" T 3 :
Q& ﬂ1[ a: d|. *F ) q
4 r T4 ;
c ﬂ, E- |4 # E 13 “P
14 .
t F ‘-"uh | ﬂl + ¥
Y ] o v |
ﬂ o fff{fr"’ff r I
5 exema 6 cxema 7 cxema 8 cxema
F.-
| w LLLEXY
T+ SRR
*]:_: o q: T Ep q: o g: g
I:_|_.' w : ! ._J“' . =
-”””J’"-’ L |y | g B [* K 'E '
4 I'I'J'J"IFI'J" r |
9 cxema 10 cxema 11 cxema 12 cxema
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[ | . 4 :
F: o - o] gl
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g |4 ) i _ 3
¥ 3 i a [ a|.a R
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i ff.fffr’fff ra |
29 cxema 30 cxema 31 cxema 32 cxema

32



| e e N Ny

FIIFY IR - [
g ‘E g f 1 4

j ;
* |7 @ = * F: EE ‘F !
I -- |

-l < ) <

Rl L

L L

33 cxema 34 cxema 35 cxema 36 cxema
F

| sadsssiliinass
| {r E “|’ A
X i I 1

-
*]:_: o , F. E:h q o q 4
Q: R r
g: o : 1 | | Fa i
|y | g B [* | ':'| ' : _r
o TFrrr

L I'J'J'J"IFJ'J" , |

Puc.1

3adaua 2. Cmamuuecku onpedenumole CmepiHcHU, padomaloujue Ha PACMANCEHUE-CHCAmUe
ConoctaButh 00BbeMbl (KyOaTypy) KUPIUYHOM KIAJKU CTE€HBI JBYXAITaXHOI'O 3JaHUS BHICOTOM
h (puc.2), 3anpoeKTHPOBAHHOIO B JIBYX BapUaHTaX: a) CTEHA MOCTOSIHHOTO CeUeHHMsI; 0) CTyneHuaTas u3
IByX yacTted. OT 4epAayHOro MEePEeKphITUS U KPOBJIM HA MOTOHHBIM METP CTEHBbI NIEpeacTcs Harpyska
UHTEHCUBHOCTH p1, OT MEXAYITAXKHBIX NEPEKPBITHI — p2. OOBEMHBIA BEC MaTepHaa paBeH .
JlaHHbIC B3STh W3 Ta0.2.

Tabmuma 2
Homep [ Cxema Y, h,
ctpoxu | o puc.2 | KH/™M® | M
01 1 18 (2,7
02 2 19 (28
03 3 20 (2,9
04 4 21 |30
05 5 22 |31
06 6 18 (3,2
07 7 19 |33
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 |28
14 14 22 | 2,7
15 15 18 (2,9
16 16 16 | 2
17 17 17 (21
18 18 18 (2.2
19 19 19 (24
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20 20 20 |26
21 21 18 (28
22 22 19 (28
23 23 20 |27
24 24 21 129
25 25 15 | 2
26 26 16 (21
27 27 17 (2.2
28 28 18 (24
29 29 19 (26
30 30 20 |28
31 31 15 (28
32 32 16 |27
33 33 17 (29
34 34 18 (2.2
35 35 19 (24
36 36 20 |26
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Pacuemmnvie cxemwvl cmeporcueti k pabome N 5,6
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KOHTpOJ’IbHLIe BOIIPOCHI.

1.
2.

Nookw

Kakue BHyTpeHHUE CHIIOBBIE (DaKTOPHI BO3HUKAIOT B CEUEHUU Opyca PU PACTSHXKEHUU U CKATUN?
Kaxoro xapaKTepa HaHpH)KCHI/IH BO3HUKAKOT B HOHepe‘IHOM CCUCHUU HpI/I paCTfDKeHI/II/I " CXKaAaTHUuMn:
HOpMaJIbHbIE WU KacaTeIbHbIe?

anummTe GopMyITy IS pacdeTa HOPMAIbHBIX HAMPSDKEHUH MPU PACTSHKCHUH U CKATHH.

Kaxk HazHauaroTcs 3HaKH MPOAOIBHON CUIIBI 1 HOPMAJIBHOTO HAIPsHKEHUS?

UTo mokasbIBaeT M0pa NPOAOJIBHON CHIIbI?

B kakux eguHUIaX U3MEPSIETCS HANpsKEHUE?

Hanummre dhopmyiny s pacuera HOpMalIbHBIX HAPSKEHUHN MPU PaCTSKEHUH CKATUU.

[TpakTrdeckoe 3ausTue Ne 12
OnpenesieHue Npoa0JbHOTO YAJMHEHUS

Ha 3ansTin nmpoBOAKUTCS pelieHUE 3a1a4.
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Paccuurats ge!l}O[ZMagI/II/I Y4aCTKOB U O6IJ_ICC HU3MCHCHUC NJIMHBI IPAMOI'0o CTCPIKHA IMOCTOAHHOI'O
CCUCHMUA.

A=484mm’
R F.=25kH F.=100«H F.=30xH [ 4~
———— ————— w——y| ————— —‘——z' Y"1 1a
C K M 222
a
| b=40cmM c=65cmMm d=50cm |

Moavis npogonsHo# yipyroctu ctaau E=2001T]a.

Pemnenune
CreprkeHb UMEET TPU CHJIOBBIX YYaCTKa, HA KOTOPBIX IUIOLIAJAb CEUEHUs OJMHAKOBA,
HO BHYTPCHHHE CHJIBI 1 HOPMAJILHBIC HAPSDKCHUS OTIUYAFOTCS, IO3TOMY OTPEISIINM a0COTIOTHBIC

QC@O[}MagHH BCCX YYACTKOB B OTHACJIIBHOCTH, IIOCJIC YE€TO CJIOKHUB UX, I[TOJTYYHUM U3MCHCHUC NJIMHBI BCET'O
CTCPIKHSA B LICJIOM.

I/I3M6H6HI/IC JJINHBI y‘IaCTKOB CTep)KHH HpI/I PACTSXKCHUN-CKATUN paCC‘II/ITLIBaeTCﬂ 110 (1)OpMyJ'IeZ
Al - N, IE e If
‘" 4.E E
) I

I

rae N — BennunHa BHyTpEHHEN TPOJOJIbHOM CUIIBI,
| — nMHA paccMaTpuBaeMoOro yuacrka,
A — 1uI01a1b €ro NONEePEYHOro CEUCHHU,
E — moayns FOHra (mpoiossHON yIpyrocTu) st MaTepuaia CTep KHS,
G — 3Ha4Y€HUE HOPMAJIbHBIX HAIIPSDHKEHUN HA pACCMAaTPUBAEMOM y4YacTKe.
3HaueHus BHYTPEHHHMX CUII U HANPSHKEHUH IPUHUMAIOTCS C MOCTPOEHHBIX 31miop N (o).

A=484mm’
R F;; 100kH F; =30kH
K M
b=40cM c=65cmM d=50cM
II1 20 II I
45
P
...... N[KH]
|| ©
30
144.,6
93
@

@ — 0 [MNa]
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https://isopromat.ru/glossary/deformacii
https://isopromat.ru/glossary/sterzhen
https://isopromat.ru/glossary/sterzhen
https://isopromat.ru/sopromat/teoria/modul-unga
https://isopromat.ru/glossary/silovoj-uchastok
https://isopromat.ru/glossary/vnutrennie-sily
https://isopromat.ru/glossary/napryazhenie/normalnoe
https://isopromat.ru/glossary/deformacii/absolutnye
https://isopromat.ru/glossary/deformacii/absolutnye
https://isopromat.ru/sopromat/teoria/rastyazhenie-szhatie
https://isopromat.ru/glossary/poperechnoe-sechenie

1o amropam BUIHO, YTO IEPBBIN y4acTOK C:kuMaercs, a ydactku I u III pactarusarorcs,
clieIoBatelibHO, nedopmaru Al BTOporo u TpeThero y4acTkoB OyIyT MOJOKUTEIbHBI (X JTHHA
YBEJIMYHMBAETCS), a IEPBOr0 OTPUIIATENBHBI (ITPOIOJIBHBIA pa3Mep YMEHBIIIACTCS).

Paccuuraem ux:

Hedopmarus | yaactka (KM)

Al = Aly, _Npd_ _30;610 0 - =—L5-10" 3 =—0,153n
A-E 484-107°-200-10

Il yaacrok (CK)

AL <AL < Nu-e_ 70-10°- 0,65
T7C " 4.E  484.10°-200-10°

Y anunenue Tpethero yuactka BC

=4.7-10" =047 mm

N, -b 45.10°.0.4
Al, =Al,, =—1"~ _ i
e EC T 4 E 484-1079.200-10°

CoxuB (C YUE€TOM UX 3Ha1<a) ,He(bOpMaI_II/II/I BCE€X YYaCTKOB IMOJIYYUM BCINUYUHY U3MCHCHUS
AJIMHBI BCCTO CTCPIKHA B LICJIOM:

=1.9-10"% 4 =0,19mm

Al=%" Al = Al +Aly + Al =—015+0,47+0,19=0,51an

B pesynbprare nedopmanuu oo1ias 1auHa CTepKHA yBeaudauTcs Ha 0,5 1mm.

Jnis onpeneneHus nepeMerieHuss Touku B crepxkHs He00X0AUMO MOMHUTh, YTO CMEIIEHUE CEYECHHUS
3aBUCUT OT JAe(opMali He BCero Opyca, a JMIIb HEKOTOPOH €ro 4acTH MEeXJy CEUEHHEM M 3aJEIIKOM.

Tak B Halicm cnyqae HepeMemeHHe TOYKH B paBHO CYMMapHOMy N3MCHCHUIO JJINHBI y‘{aCTKOB BC n
CD:

Up =Alg-+ Al

[Tpu BeuMCIEHNH aOCONMIOTHBIX JleopMalnii yHacTKOB MOHO IPUMEHHUTh IPUHIUI HE3aBUCUMOCTH
neiictBus cui U popmyisl (1.5) u (1.9).
Ha ygactok CD kak BHEIIHHE CHIIBI ACUCTBYIOT: 2P — pacTsruBatomas u 1 2 — CKUMAIOIIas.
IP-ag T.-a Ny-a
EF EF EF

S§-019 38-009 542009
2-16°.29-107 210829107 2198201070

Ha ywacrok CB kak BHemHss cwia jgedictByer P= 29 kH w paBHOMEpHO pacmpeseieHHas
Harpy3ka t = 20 kH/m.

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

=177-10 %M =0177-107 M

Adge =

=0.475-107 —0.031-107° =0,444-10 m = 00444 10" m.

Taxum o0pazom,
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https://isopromat.ru/sopromat/teoria/epura

L, =0177-107 + 00444 -107° =0,2214-167 m.

Touka B nepemeniaercs BBepX.

Bomnpocs! 1u1st camonpoBepku

1. Yto Takoe LeHTpaIbHOE PACTSKEHUE U CxKATUE?

2. Yto moHUMaeTCs O] IPOAOILHON CHIION B Opyce, U KaKUM CIIocoOOM OHa onpezensercs?

3. Kakoe mpaBmiio 3HaKOB NMPHUHSATO MPH ONPEAEICHUU MPOJ0IbHOM cuibl? KakoBa pazmepHOCTh
MPOJOJIbHOM CUJIBI?

4. Yro Takoe 31mopa npoAoiabHoN cuiibl? Kak oHa cTpouTes U ¢ KaKoil Lienbio?

5. Uro Takoe wHanpspkenue? UYem ompenensiercss 3HaK HanpsbkeHus?  KakoBa pa3smMepHOCTH
Hanpspkenus? Kakue GpakTopsl BIUSIOT Ha BETUYNHY HATPSHKEHUS ?

6. Hanumure ycinoBre NpOYHOCTH MPH PACTSKEHUN HIIN CHKATHH.

7. Yto Ha3pIBaeTCs aOCOMIOTHOW (MOJHOM) mpoaobHON nedopmanueii? Hamwmure dopmyry
a0COJIIOTHOM JehopmaIuy.

8. Kakx dopmymupyercs 3akoH ['yka? Hanummre ¢opmyiibl, BeIpaXkaromme 3akoH [yka, s
OTHOCHUTEIIbHOM U aOCOTIOTHON MPOJOTIBHON Aedopmaiiuu Opyca.

[IpakTuueckoe 3anarue Ne 13
Ilpakmuueckas nodeomoexa
OnpeneJieHue NPOI0JILHOIO YAJTHHEHUS

3aoanue

CTabHOM JIBYXCTYIIEHYATHIN OpyC, JUIMHBI CTyNIEHEH KOTOPOro ykasansl Ha puc.l (cxemsi 1- 10),
HarpyxeH cuiamu F1, F2 u F3. TlocTpouTs 3mrOpsl MPOJOIBHBIX CHJI U HOPMAIBHBIX HANPSDKEHUH 110
niuHe Opyca. OnpenenuTs nepemMenenre cBo0oHoro Konna opyca, npunss E=210° MIla. Yucnosbie
3nadenus cun F1, Fou F3, nnomanm nonepeunsix ceuennii cryneneii A1 1 A2 A1 CBOETO BapuaHTa B3STh
13 TaOJUIIBI.

Tabmuma
Fi|F2|F3 | A1 | A2 Fi|F2 | Fs | A1 A2
Bapuant | Ne cxembl Bapuant | Ne cxembl
kH cm? kH cm?
1 2 2008 |14 |12]18 18 10 19111134 |13 |09
2 3 16 [ 2528 |12|18 19 9 3114620 |19 |25
3 4 269 |10 |[19]16 20 2 18110115 |12 |18
4 6 2812212 |28|26 21 1 1615|10 |11 |18
5 5 1411610 |21|19 22 4 24110 8 20 |07
8 1011213 |09]0,7 23 3 15124129 |13 |29
7 17 113 | 6 11115 24 6 262010 |26 |22
8 10 2912 |54 |19|14 25 5 20 18|12 (25 |22
9 9 40 |155124 |28 |34 26 8 9 |11|12 |19 |08
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10 155 |13 10112 27 141106 11 1,3
11 3010 |5 18|26 28 3014 |5 |20 15
12 3 8 131450612 29 25|41 |18 |16 2,1
13 4 16|16 |2 1,01 0,7 30 11{6 |12 |08 1,2
14 6 1914 | 4 24 | 2,1 31 17| 13| 8 1,0 2,1
15 1711913 |24 |21 32 18| 25| 7 15 3,2
16 17119120 |16 |14 33 32172 3,0 15
17 201710 (13|19 34 1918 |22 |21 1,8
6. Ay
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[IpakTrueckoe 3ansTue 14
Pacuer monepeyHbIX CHUIT M U3TUOAIOIIIMX MOMEHTOB, TIOCTPOCHHE DITIOP

Teopernyecks 4acTb

N3rub knaccupuumpyror
NnO KOU4ecmay cuiogwlx paxmopos, 0eiicmeyouiux ¢ NOnepPeuHom ceuenuu opyca:
YHCTBIH U3rM0 — B CEUCHUH JCHCTBYET TOJIBKO U3THOAIOIUIl MOMEHT;
nonepeyHblii U3rud — B CEYCHUU JNCUCTBYIOT M3THOAIONIMI MOMEHT W TOoTepeyHas (mepepesarorias)
CHUIIa;
no xapakmepy pacnoioxiceHus na0CKOCMU 0elcmeus u3eudaueco MomeHma:
NPSIMO WJIM MJIOCKMIA M3rU0 — TUIOCKOCTh IEHCTBHS N3TrHMOAIOIIEr0o MOMEHTA COBIAAeT C OAHOM U3
TJIaBHBIX IJIOCKOCTE MHEPIIUU CEUCHUS;
KOCOM M3rud — IUIOCKOCTh JEMCTBUS M3rMOArolero MOMEHTa HE COBMAJAeT C IVIaBHOM IMJIOCKOCTBIO
MHEPLUH.

B mHxeHepHOH MpakTUKe YacTO MPUMEHSIOTCS OAlIKU C BEpTHUKAIbHOW OChIO cUMMeTpuu. Ecmu
BHEILIHSSI HArpy3Ka, peakTHBHBIC YCUJIUS Jie)KaT B OJHOM MJIOCKOCTH, KOTOpasi COBIAJAET C OChIO
CUMMETpUU ceueHusi, To Oanka OyAeT u3rudarbcs B TOM ke MIOCKOCTH (OCh M3rudaeMoro CTEep:KHs He
BBIXOAMT U3 3TOM MI0cKOCTH). Takoi M3rud Ha3bIBaeTcs MJIOCKOCTHBIM.

Mpbl Oyner paccMaTpuBaTh Cciydad, KOrjJla 0pH IUIOCKOM H3THO€ BHEWIHSS Harpyska
MepIeHIUKYJIsIpHA PO10JIbHOM ocu 6anku. [ToaToMy B monepeyHbIX ceUeHUsIX OalKu BOZHUKAIOT TOJIBKO
MoTiepevHas Cujla ¥ M3ruOaloluii MOMEHT, a MPOJIOJIbHAS CUJIa paBHA HYIIO, YTO HETPYAHO JOKa3aTh,
CIIPOEKTUPOBAB BCE CHJIBI HA MPOJIOIBHYIO 0Ch. Takoil H3rud HA3bIBAETCHA MONEPEYHbIM.

IlocTpoenue 3mM0p NonepevHbIX CHJIM U3rH0AIOIIUX MOMEHTOB NPHU
NMPSMOMIIONIEPEYHOM M3rude KOHCOJIbHBIX U ABYXONMOPHbIX 010K
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1. [IpaBuJIa 3HAKOB VISl HONIEPEYHBIX CHJL
IIpsiMoe mpaBWJIO: MomnepeyHasl cujaa CYMTAETCS IMOJIOKUTEIHHONW B Cllydae, €Cld BHEIIHHE
CHJIBI TTOAHUMAIOT JIEBBIM KOHEI[ OAJIKK WJIM OIyCKaloT Mpasbii (puc. 1).

fi Al

: 1)
A1 YF

AF }G,G)

K] e L t]

0,0 YF
PI/ICYHOK 1 —HpaBI/IJ'Ia 3HAKOB I[J'Iﬂl‘[OJ‘IO)KI/ITeJII)HLIXHOHepeIIHbIX CHUJI
OOpaTHoe NPaBUJIO: TONEPEYHas CHUJIA CUMTAETCS OTPUIATENHLHON B CiIydae, ecld BHELIHHE
CHIIBI OITYCKAIOT JIEBBIM KOHEL OAJIKU WUIIM IIOJHMUMAET IIPaBblii KoHel (puc.2.).

Al FA

Lt ‘
FY A

GO A F A
sl R T !
F Y30

Pucynox 2 —IlpaBuia 3HaKOB JUIIOTPUIIATEIBHBIXTIONIEPEYHBIX CHIT
2. IlpaBuJjia 3HaKOB /151 H3rHOAKOIIMX MOMEHTOB
IIpsimoe mpaBmMi10: M3rMOAIOUIMI MOMEHT CUMTAETCS IOJIOKUTENIBHBIM, €CIIM BHEIIHHE CHJIBI,

JICHCTBYIONIME Ha JIEBbIM KOHEI| Oalku, MOBOPAYMBAIOT €r0 IO YaCOBOW CTpeINiKe, a JCWCTBYIOUINE Ha
MpaBbIil — MPOTUB YacOBOMU cTpesku (puc. 3).
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M

Pucynok 3 —IIpaBuia 3HaKOB JUIAU3THOAIONIIX MOMEHTOB
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OOpatHoe mpaBWJIO: M3rKOAIONMH MOMEHT CUMTAETCS OTPULATEIBHBIM, €CJIU BHELIHUE CHUJIBI,
JeMCTBYIOIIME Ha JIEBBIN KOHell 0aIKu, TOBOPAYMBAIOT €ro MPOTHB YaCOBOM CTPEIIKH, a JeHCTBYIOLINE Ha
MpaBbIil — [0 4YacOBOM cTpelike (puc. 3).

IMocnenoBaTe bHOCTH MOCTPOEHHS FMIOP MOMEPEYHBIX CHJIT
M N3ru0aImux MOMEHTOB

1. Tlox Harpy»XeHHOM OaJIKO# CTPOMM PAaCYETHO-TPAPUICCKYIO CXEMY.

2. Ucnone3ys tpu ypaBuenus: 2Fix = 0, ZFiy= 0, ZM(F;) = 0, onpenensieM peakiuu omnop Oanku
(00s13aTEIIBHO BBHITIOTHUTH MPOBEPKY PEIICHHS ).

3. Mcnonp3ys MEeTO]| CeUeHUid, OnpeessieM 3HAUCHHUs TIONEPEUHBIX CHJI B XapaKTEPHBIX TOUYKaX,
T.€. TOYKaxX, B KOTOPBIX NMPUJIOKCHBI BHEUIHHE HArpy3kKu (P 3TOM YAOOHEEe HCIIOJIb30BaTh IMPIMOE
MIPAaBUJIO 3HAKOB, T.€. pa30MBaTh OAJIKy ClieBa HAIIPABO).

4. Tlo moJy4YeHHBIM 3HAYCHUSM MOMEPEUHBIX CHJ CTPOUM 3mopy Qy: moj 0ajikod MmpoBOAUM
NpsSIMyl0, Tapajule]ibHYI0 €€ OCH, M OT OJTOH MpsAMOHM B XapaKTEPHBIX TOYKAX OTKJIAJbIBAEM
NEePICH/IMKYJISIPHBIC TIONIEPEYHBIM CHJIAaM OTPE3KH, COOTBETCTBYIOIIME BHIOPAHHOMY MacIuTaly.

5. Hcnonb3yst METOIl CEYCHUH, OMpeiessieM BEIMYMHY MyB TeX K€ XapaKTepPHBIX TOYKAaX M IO
MOJIyYCHHBIM 3HAYCHHUSIM CTPOUM JITIOPY U3THOAIONIMX MOMEHTOB.

IIpaBuja npoBepKH NPaBUJILHOCTH NOcTpoeHus mwop Q u M

1. Ha cuioBoM yuacTke, Tlie He JeICTBYIOT pacmpenenennas Harpyska (g=0) u cocpenoToueHHas
nonepeunas cuia (Q=0), a mprtokeH Toybko m3rudaronii MomeHnt (M=const), smopa M orpannyeHa
MPSIMOH, TapaJiIeIbHON ocH Oanku (puc.4,a).

2. Ha cunoBom yuacTke, Tie He JEHCTBYeT pacmpeneieHHas Harpyska (Q=0), a mpuiokeHa
cocpenoroueHHas cuia (Q=const), usrudaroruii MOMeHT M U3MEHSIETCS 110 IHHEHHOMY 3aKOHY, a dITIopa
M orpaHudeHa HaKJIOHHOHM TIpsiMoit (puc. 4,0).

3. Ha cumoBom yuacTke, rie IEHCTBYeT paclpeaelieHHas Harpy3ka MHTEHCHUBHOCTH (] = CONSt,
noriepeyHast cuia QU3MeHsIeTcs 10 JMHEHHOMY 3aKOHY, M3THOaroniii MOMEHT M — 10 KBapaTHIHOMY,
a smopa M orpanudena napabomnoii. s onpeaeneHus BhIMYKIOCTH Mapadoibl UCIIONb3YETCsl TPABHIIO
«30HTHKa» (puc. 4,B).

4. Ha cumoBoM yuacTke, Tje nmomnepevynas cuia nonoxkurenbHa (Q 0), usrubaronmii MomeHT M
BO3pacTaeT, a Ha y4acTKe, TJie monepeyuHas cuia orpunarenasia (Q 0), M yosiBaet (puc. 4,1); B C€UEHUH,
/i TIoTiepevHas cuia
paeHa Hyr0 (Q=0), M umeeT skcTpeMaabHOE 3HaueHHE (puC. 4,B).

5. Ha cuioBoM ydacTke, Tie IpUIOKEHA COCPEOTOUEHHAs CHIIA, SII0pa MONEpeyHbIX cui Q
HMMeEEeT CKauOK, paBHBIM 3HAUEHHIO 3TOW CHJIBI, a II0pa U3TH0a0IMUX MOMEHTOB M — niepesniom (puc. 4,r).

6. Ha cumoBom yuacTke, Tlie¢ IpUIIOKE€HA COCPENOTOUYEHHAs Mapa CHJI, SIopa U3THOAIONINX
MOMeHTOB M WMeeT CKa4yOK, PaBHBIM 3HAYCHHWIO ITOW Taphl, a dIMIOpa MomepeyHbIX cuin Q Ha sToM
CHJIOBOM YYacTKe HUKaKuX ocobeHHocTell He umeeT (puc. 4,1).

7.Ha rpaHHIle TBYX COCEIHHMX CHIJIOBBIX YYAacCTKOB Oallkd, TJIe SIIOpa MOmepeuHbix cuil Q He
UMeeT CKauka, 3Iopa u3rudaromux MoMmeHToB M comnpsiraercst 6e3 nepenoma, (puc. 4,e).
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Puc. 4.

PacyeT Ha NPOYHOCTD M KECTKOCTHKOHCOJILHOM M IBYXOMOPHO# 0a/10K NP NMPAMOM
Nnonepe4yHoM usrude

JuddepennnanbHble 3aBHCHMOCTH IIPU H3rude
1. IlepBass mnpousBoAHAs OT TONEPEYHOM CHJIBI MO MPOJOJIBHONW KOOpIMHATE Z paBHA
MHTEHCUBHOCTH Paclpe/IelIeHHON HAarpy3KH, B3sTOM ¢ 0OpaTHBIM 3HAKOM:
dQy/dx=qy
2. IlepBas mpou3BOgHAsE OT H3TUOAIOLIETO MOMEHTa [0 MPOJOJIBHON KOOpJMHATE paBHA
MTONIEPEYHOM CHUJIE:
dM,/dz=Qy
3. Bropas mpou3BomHas OT HM3rHOaroOIero MOMEHTa IO MPOJOJBHOW KOOpJMHATE Z paBHA
MHTEHCUBHOCTHU PACIIpeIe]ICHHON Harpy3Ku, B3ATOM ¢ 00paTHBIM 3HaKOM
d*Mx/d=—qy
VkazanHele  auddepeHIManbHbIe  3aBUCUMOCTH  HAs3bIBAIOTCA  Oudpgpepenyuanvhovimu
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Puc. 5 — Ilnockwuii mpsAMoii n3ru6
MakcumarnbHble HOpMaJIbHBIE HANPSDKEHHUS ONPEACIIAIOTCS U3 CICAYIOIEr0 YpaBHEHUS:

A M (L)
O = 7 "V = T
z k4
[Ipu yricTom n3rube mo oJHy CTOPOHY OT HEHTPATBLHOTO CIIOS IPOUCXOTUT MPOCTOE PACTSIKEHHE,
o Jpyryro — mpocroe cxartwe. CreaoBarenbHO, TPHU YHCTOM HM3THOE HMMEET MECTO JIMHEHHOE
HaIpsDKEHHOE cocTosiHuE (puc.5.6).
P oV
A
- -_
. - =T
B M
AL dx e
I'I'Q 4 bl
I‘MH
8 >
z /

Pucynok 6 — HampspkeHHOE cOCTOsTHHE, TIPU YUCTOM H3THOE
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Pucynok 7 — HamnpsikeHHOE COCTOSTHHE B TaBpOBOH Oalike
ONIopsl HOPMAIBbHBIX HANPSIKEHWH MOKAa3bIBAIOT, YTO BHYTPEHHUE CIIOM MaTepHalla HarpyKarTCs
MeHbIIIe, yeM HapyxHble. [loaTomy, mpoekTupys npodmin 6aaok, CTpeMsITcs OOJBIIYIO YacTh TIIOAAN
CeUeHHUsl Pa3MECTUTh MOAAJbIIE OT HeWTpanbHOM JuHUU. [lpu u3rnbe B BEepPTHKAIBHON IUIOCKOCTH
CTaHJapTHBIE BYTAaBPOBbIE, IIBEJJICPHBIE, TABPOBbIE MPOPHIN JAIOT CYLIIECTBEHHYIO BBIFOJY B BeEce.
Ecnu MaTepuain 6ajiku Xyske CONPOTUBIISIETCS PACTKEHUIO, HEXKEIU CXKATHUIO, TO LIEHTP TSXKECTU CEUECHUs
JIOJDKEH pacrioyiaratbesi OMMKe K pacTSHYTHIM BOJOKHaM, YTOOBI BEIMYMHA MAaKCUMAaJIbHBIX
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pacTATMBAIOIINX HAPSHKEHHUH ObllIa MEHBIIIE MAKCUMAaJIbHBIX CKMMAIOIIUX HANPshKeHUi (puc. 5.7).
OnpenesieHne KacaTeJbHbIX HANPSI)KEHUH NPH MJIOCKOM NMPAMOM H3rude

Beriiie 05110 CKa3aHO, YTO KaCaTCIIbHBIC HAIIPSAKCHUSA ITPU IIJIOCKOM IIPAMOM I/I3FI/16€ 3aBHUCAT TOJIBKO
oT mormepeunbix cuil. OgHako, mpu BeIBOJAE (HOPMYIbI ISl KacaTeldbHBIX HAMpPsDKEHUH HEOOXOAUMO
CUHUTATHCS C HATMYMEM M3THOAIOIINX MOMEHTOB, Tak Kak eciu Q#0, To u M£0. B obmiem cinygae

=]
,
M=M(x)

[Ipu 3TOM CKOpPOCTh M3MEHEHHS MOMEHTOB BBIIIE, YeM CKOPOCTh M3MEHEHHUS MOIMEPEUHbIX CHIL.
HOSTOMy, cuuTaidCh C MpHUpAICHHUEM MOMCHTOB, HpeHe6peraeM HU3MCHCHUCM IIOINCPCYHBLIX CHUJI IIPU
repexo/ie 0T OJIHOTO K APYroMy OECKOHEUHO OJIM3KOMY CEYECHHIO.

B cuiny 3akoHa TapHOCTH KacaTeNbHBIC HAINPSHKCHHS BO3HUKAIOT HE TOJIBKO B IOMEPEYHBIX
CEUEHHUSAX, HO U B MPOJOJBHBIX CEUEHHUSX, MapaJJICIbHBIX HEeUTpalbHOMY cioro. [loaTtomy BmecTo
HAXO0XJICHUS KacaTeIbHBIX HAMPSHKEHUH, MapaJliebHbIX Q U ACHCTBYIONMX HA YPOBHE Y B MOMIEPEUYHOM
CEUEHHUH, MOKHO OIPENICIUTh PaBHbIE UM KacaTeIbHbIC HAMIPSKEHHUSI, ICHCTBYIOIIIE HA 9TOM K€ YPOBHE
B IIPOJIOJILHOM ceueHud (puc. 8,a us,0).

UToOBI omnpenenuTh KacaTeldbHbIC HANPSDKEHHS, JEUCTBYIOIIME B CEYCHHH X Ha ypOBHE Y OT
HEHUTpaIbHOU JTMHHUH, B 00JaCTH 3TOTO CEYCHHUSI BBIZCIINM OECKOHEYHO MaJjIblii AJIEMEHT OaJKu.

Jlig 3TOrO mpoBeAeM JBa IomnepedHblX cedyeHus 1, 2 (puc. 9) U OIHO MPOJOJILHOE CEYEHHUE,
napajuieibHOe HeUTpaIbHOMY CIIOIO U OTCTOsAIIEE OT HEero Ha paccTosHue Y. Ha pucynke (11) aTo ceuenus
adm, cen 1 amnc COOTBETCTBEHHO.

ITo ceuennto adm syeMeHTa ASHCTBYIOT HCKOMBIC KacaTeabHbIC HANPSHKEHUS 7, apauiesbHbie Q
1 HOPMAJIbHBIC HAITPAKCHHA.

a)
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Pucynok 8 — K onpeznenenuio kacaTenbHbIX HaNpsHKEHUH

Pacuernas ¢popmyJia 151 onpeaeeHUs HOPMAJIbHBIX HANIPSIKEHUI
M, Q)
{

z
[Io ceueHuro CeNn saeMeHTa JIEHUCTBYIOT TAaKHE K€ I10 BEJIMYMHE KAacaTeJbHbIE HaIPSHKEHUS
7(tak kak dQ=0) 1 HOpMaJbHbIC HAMPSHKCHUS
M, +dM, (3)
7

z

F =

F+dag =

B cedenuy amNC JeACTBYIOT KacaTebHbIE HAPSKEHUS 7'=|7|, HAIpaBJICHHEIE B CTOPOHY MEHBIIIET0
HOPMaJIbHOTO HAIPsDKEHHUS, @ HOPMaJIbHbIE HAIIPSDKEHUS 3/1€Ch OTCYTCTBYIOT WJIH MPEHEOPEKMMO MalIbl.

CocTaBuM ycClI0BUE PAaBHOBECHS BBIJICIIEHHOTO 2JIEMEHTA B BUJE CYMMBI IPOEKIMI BCEX CHJI HA OCh
X, TIPE/ITIONaras, uTo KacaTelbHbIe HANPSKEHNS 7, a IOTOMY U 7 110 mupHuHe cedenns b(y) He MeHsOTCS

SX=- _[cr- dF -t  B(y). dx+ j(md@ dF =0,
Fore fe

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

T By dx= M, S @)

=
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rie S:m = I}fﬁfF — a0coyroTHas BEIMYMHA CTATHYECKOTO MOMEHTAa TOH 4YacTH HONEepeyHOro
Foer
CEUEHUs, KOTOPAsl JICKUT HUXKE WJIM BBILIE YPOBHS Y HCKOMBIX HalpsDKEHUM.
N3 (5.4), nonyuum pacueTHyo (opmyiay s KacaTeJlbHbIX HANPSKEHWH, BOZHUKAIOIIUX B

MOTMIEPEYHBIX CEUEHUSX MPU IJIOCKOM NMPSMOM H3rubde mapaienbHo Q Ha ypoBHE Y OT HEHTpPaJIbHOTO
CIIOSL:

P ST
"'irx'bl::y:'

Crienyer MOMHHUTB, YTO KacatelbHble Hanpspkenus (5.), mapamiensHbie Q B 00meM ciiydae
SIBJIAIOTCSI TOJIBKO YAacThIO MOJTHBIX KacaTeIbHbIX HAMPSKECHHIA.

®)

ITIpumepsl penieHus 3a1a4
IMocTpoenue 3MOp MonepevHbIX CHJI U U3THOAIOIIUX MOMEHTOB
1. Harpy3ka MOMEeHTAMH Nap CHJ U COCPEI0TOYEHHBIMH CHIIAMH
Ilpumep 1
3agana Oanka, 3aleMICHHAs MPABbIM KOHIIOM M Harpy>XeHHasi COCPEAOTOYEHHBIMH MOMEHTAMHU
corjacHo cxeme (puc..9).

M 3M
—» ;o 5
I

O 1 2 L7
< 1 b1y ¥

L L.

" Z .
Q
M @ 1| 2M
o/~ [[TELT]

Puc.9

Tpedyercst TOCTPOUTH SMIOPHI BHYTPEHHUX CUIIOBBIX (PaKTOPOB.
Pemenue

1. IIpoBoaMM OCH Z OT CBOOOAHOIO KOHIIA K 3a/IENIKE.
2. MrbicneHHO pazouBaeM Opyc Ha J1Ba CUJIOBBIX y4acTKa.

S.HpI/IMCHHH MCTOJ CCUCHUHA, OIPCACIACM BHYTPCHHHUEC CHUJIOBLIC (I)aKTOpBI Q u Mua KaXXJa0M
CHJIOBOM YYacCTKE.

Ha mepBom cuiioBoM yuactke 0 <z;<I
Q1=2Yi= 0, M1=2Mi= 2M

[TonepeuHast cuiia Ha MEPBOM CHIIOBOM Y4acTKe paBHA HYIIO, a M3THOAIOUIMI MOMEHT HMeEeT
ITOCTOSIHHOE 3HaueHue 2M.

AHaJIOrMYHO OIpe/esieM BHYTPCHHHE CHJIOBBIe (DakTOphl W Ha BTOpOM ydacTke. Ha BTOpOM
cHJI0BOM y4acTke 1<z,< 2 |

Q2=2Yi=0, M2=2Mj=2M -3M =M
[Toctpoum smropsl orepeuHbix cuil Q u n3rndarmux MomeHToB M.
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Ha rpanuie aByX CHJIOBBIX YYacTKOB B TOUKe MpuiiokeHuss momenta 3M Ha smrope M Oyner
CKA4OK, paBHBIH BEIMYMHE 3TOTO MOMCHTA.

bajika B pacCMOTpEHHOM MPUMEPE UCIBITHIBACT YHCTBIA M3THO, T.K. MOIEPEUHas CHUJIa BO BCEX €€
MOTIEPEYHBIX CEYCHUSX pPaBHA HYJIO. OIMIOpa MOMEHTOB MPEJACTABISIET COOOH TPSMYIO JIMHHIO,
napajuieNIbHyI0 OcH Opyca.

Ilpumep 2

3agana Oajka, 3ameMJICHHAs JICBBIM KOHIIOM W Harpy’XCHHash COCPeI0TOYEeHHBIMH CHJIAMHU
coriacHo cxeMme (puc.10), mpuuem P1 = P, P2 =2P.

Py

Z-a Z

(KNOK\ ]IQ]IP
Q[T Np

M T TS

nepeaom /Pa

Puc.10

Tpedyercst MOCTPOUTH SMIOPHI BHYTPEHHUX CUIIOBBIX (PaKTOPOB.

Pemenue Pemenue qanHoro npumepa npoBeieM Mo aITOPUTMY PELICHUS TPEABIIYIIEN 3a1aUH.

Ha mepBom cunoBom yuactke 0 <z1< a

Qi=2Yi=P1=P

Mi1=>Mi= - Pz,

Miz=0 = 0, M1z=4= -Pa.

Ha BTopom cunoBoM yuactke
a<zp;<2a

Q2=2Y=P1 2P=-P

M>=3> Mi= — Pz + P2(z-a),

MZZ:a =—Pa+0= 'Pa,

Moz=2a = -P 2a+ 2Pa = 0.

[Toctporm smroper Q mw M (puc. 10). Dmropa momnepednslx cuinl Q Ha CHIIOBBIX y4acTKax
MpeicTaBiIseT co00il MPSAMYIO TUHUIO, MAPAIJIEIBHYIO OCH OANTKH, a SII0pa U3THOA0IIUMX MOMEHTOB M —
HAaKJIOHHYO.

Ha rpanwuie nqByX CHIIOBBIX YYaCTKOB B TOYKE IMPHIIOKEHHS BTOpPOU Cruibl P2 Ha smrope Q Oyner
CKa4OK BHHM3 Ha BEJIMYMHY 3TOM CHIIbI, a Ha 3mope M B 3TOM MecTe OyeT NepesioMm.

Harpy3ka paBHOMEpPHO pacnpeae/IeHHON CHJI0i

Ilpumep 3

3apana 6anka, 3aleMJICHHAs JIEBBIM KOHIIOM U Harpy>K€HHasi paBHOMEPHO pacIpeeIeHHON 1o
JuTiHE Oaliku Harpy3Kou coriacHo cxeme (puc.11).
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Puc.11.

TpebyeTcst TOCTPOUTH SMIOPHI BHYTPEHHHUX CUIIOBBIX (DaKTOPOB.

Pemenue

VHTEeHCUBHOCTh pacrpeiereHHON HarpyskH, AeHCTBYoLEe Ha Oalky, paBHa (, MO3TOMY BCS
Harpyska, NpujIoKeHHas K Oanke, Oyzer paBHa ql.

Pemenue 3agauun OyieM MpoBOAUTS 10 MIPEUIOKEHHOMY paHee alrOpUTMY.

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

=—-(Qz, Torma

Qz=0=0; Qz=1=-ql.

M =—qz*z/2 , Torna

Mz==0; M= =- qz%2.

IToctpoum smropel Q u M (puc. 11). Dmropa monepeunsix cua Q mpejacraiser cobOW MPSIMYIO
HaKJIOHHYIO JIMHUIO.

HawuGonpiiee mo abCOMIOTHOW BEMYMHE 3HAUCHHE MONepedHoi cuiibl |Qmax| = ql B ceueHumn
3aIeMJICHUSL.

Omnropa u3rubarimx MOMEHTOB M mpejacraBiseT coOoi mapaboiy BBIMYKIOCTbIO BBEPX, T.K.
M3rHOAIOIINI MOMEHT OTpHUIIATENEH.

Haubonbiiee no aGCoMOTHONW BEIMYMHE 3HAYEHHE M3TMOAroIIero MOMEHTa OYyJEeT B CEYeHHUHU
3anteMaeHns [Mmax| = 14/2.

IIpumep 4

3agano

ITocTpouTh SMIOPHI MOMEPEUHBIX CUJT U U3rMOAIOIIUX MOMEHTOB ISl HArPYKEHHOM IBYXOIOPHON
6anku (puc. 12), ecmu M= 10 xH * m, F= 8 xH, q = 5 xH/m.

TpebyeTcst TOCTPOUTH SMIOPHI BHYTPEHHUX CUIIOBBIX (DaKTOPOB.
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Pucynok 12 — K npumepy 4

10,01

M, xH M

Pemienne
Pemenue 3agaun Oy ieM NpoBOIUTH 10 MPEATIOKEHHOMY paHee allTOPUTMY.
OrnpenenyumM ONOpPHBIE PEAKIIUU B Oake

1.ZMp(F1)=0

RAAD - q(AB)(KD) —F(CD)-M=0

Ra= %‘(AB)(KD)+F(CD)+M) /(A1})=13,43KH;

2.2Fiy=0
Ra—(q(AB) — F +Rp=0
Rp=-Ra + q(AB) + F =4,57xkH
Ilposepka:
>Ma(F1)=0
-M - Ro(AD)+F(AC)+ q(AB)(AK)=0
Pacceuem Oaniky Ha pacCTOSTHHH Z OT CBOOOIHOTO KOHIIA, T.¢. 0<z<I.
IToctpoum smtopsl Q u M (puc. 12).
Pa30uB Oayiky Ha rpy30BbI€ yYacTKH, 3alUIIECM aHATHUTUYSCKUE YPaBHEHHS ]IS BHYTPCHHUX
cOBBIX (hakTopoB Q (myHKT 3) u M (yHKT 4).
3.Qa=Ra=13,43 kH;
Qs=Ra—q(AB)=3,43kH;
Qc cresa=RA — q(AB)=3,43xH;
QC cnpaBa:RA - q(AB) -F=- 4,57KH,
Qp=Ra —q(AB) - F = - 4,57kH;
4. Mp=0;
Mg=Ra(AB) — q(AB)(KB)=16,86xkH M
Mc=RA(AC) — q(AB)(KC)=23,72xH ™
Mp=Ra AD) — q(AB)(KD) — F(CD) =10,1xH"m
MakcuManbHOe 3HaYeHHe U3THOaronero MoMeHTa Mya= 23,72 xH/M, MakcuMaabHOE 3HAUCHHE
nonepeyHoit cuibl Q = 13,43 xH.
OTBETUTH Ha BOTPOCHI, PE3YJIBTAT TIOKA3aTh MPETMOAaBATEITIO
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1. Kakyro nedopmanuio Ha3pIBalOT U3rHO0M?

2. Kakue 31eMeHTbl HH)KEHEPHBIX KOHCTPYKIMHA paboTaroT Ha U3ruo?

3. Ha kakue BUbI KIaCCUPUIHPYIOT U3THO MO KOJTUYECTBY CHIIOBBIX (DAaKTOPOB, NEHCTBYIOIMINX B
IJIOCKOCTH?

4. Ha kakue BUABI KIACCUPHUIMPYIOT U3rHO 10 XapaKTepy pacloiIOKEeHUs TNIOCKOCTH JeHCTBUS
n3rudaromero MoMeHTa?

5. Kakoii Buj nsru0a npuHSTO HAa3bIBATh NOMEPEYHBIM U3THOOM?

6. Kakoil Buj n3ruda npuHsTO Ha3bIBaTh IIIOCKOCTHBIM?

7. Buzpl ONOpHBIX 3aKpEIIEHUI OaloK.

8. Knaccudukarus 6aioxk.

9. Muddepenunanbubie 3aBUCHMOCTH TPU U3THOE OAIOK.

10. IIpaBuia npoBepKH MPaBUIBHOCTU OCTPOCHUS 3ITIOP MIPHU U3rHOE.

IpakTuyeckue 3ausitus 15, 16
Ilpakmuueckas noozomoexa
Pacyer nonepevyHbIX CHJI M U3rHOAIOIIAX MOMEHTOB, MIOCTPOEHME JITIOP

3a,I[aHI/I€ JJIA pacucTa. HOCTpOI/ITB OIIOPbI Qx 1 Mx 110 JaHHBIM OJTHOTO U3 BAapHUAaHTOB, MOKa3aHHEBIX

Ha PUCYHKaxX W MPOBEPHUTH MPOYHOCTh CEYCHHUS 110 KacaTelIbHBIM HANpPsHKCHUSM. BapuaHT BbIOUpaeTCs
COTJIaCHO HOMEpa M0 )KypHaITy.
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1. OnpenensiroT onopHeIe peakiuu 6amku. O003HAYAIOT XapaKTepHbIe cedeHus (ToukH) Oanku. Umu
SIBJISTFOTCS] KOHIICBBIE CEYCHUs OAIKH, OTIOPHI, TOYKH MPUII0KECHHUS COCPEIOTOYCHHBIX CHII U MOMEHTOB,
HAyJajo ¥ KOHEI] paclpeieIeHHOW Harpy3KH.

3.Ctpoum smopy nonepeyHbix cui Qx. Jist 3Toro onpeaensoT 3Ha4eHus MONEPEUHbIX CUJT B
XapaKTEPHBIX TOYKAX. 3aIIOMHUM, YTO ITONIEPEYHAs CUJIA B CEUEHUH PAaBHA CyMME MPOEKIUI BCEX CUJI,
PACIIOJIOKEHHBIX TOJIBKO CJIEBA MIIM TOJIBKO CIIPaBa OT PACCMAaTPUBAEMOI0 CEUYECHHUs HA OCh,
MEePIEHIUKYIISPHYIO K OcH 31eMeHTa. Cuiia, pacrosaoKeHHasl CJIEBAa OT pacCMaTpUBAEMOr0 CEUECHHS U
HarpaBJieHHAasl BBEPX, IPUHUMAETCS CO 3HAKOM «IUTIOCY, a CUJIa, HAPABJICHHAS] BHU3, — CO 3HAKOM
«MHHYCY, a JIJIsl PaBOil yacTH OanKu Ha0OOPOT.

B cedyeHmsIX, COOTBETCTBYIOIIUX TOYKAM MPUIIOKEHUS COCPETOTOYCHHBIX CHJI, B TOM YHCJIE B TOYKAX
MIPHIOKECHHUS OTIOPHBIX PeaKIuii, HEOOXOIMMO OIPEICIUTh JIBA 3HAYCHUS MOIIEPEUYHOMN CHJIBI: IyTh
JIEBEE paccMaTpUBAaEMOU TOYKH M 9yTh TipaBee ee. [lonepedHple CHITbI B 3THX CCUCHUSX 0003HAYAIOTCS
cooTrBeTCTBEHHO Q"®® 1 Q"P?®,

Haﬁ,[[eHHBIe SHAUYCHHUA ITOIMCPCUHBIX CHUJI B XapPAaKTCPHBIX TOYKAX OTJIOXHUM B HCKOTOPOM MaciiTade ot
HynGBOfI JIMHUH. ITH 3HAYCHUS COCOUHACM IIPAMBIMU JIMHUAMU, PYKOBOACTBYSCH CIICAYOIHUMU
IIpaBHUJIaMU:

a) €CIIM Ha y4acTKe OaJIKy HET Harpy3KH (pacipeneseHHo ), TO MO/ 3TUM YYaCTKOM 3HAaYCHUE
MOTIEPEYHBIX CHJI COCIMHSECM TPSMOM JIMHUEH, TapaJIeIbHOW HYJICBOW JINHUH;

6) €CJIM Ha Y4aCTKE Oanku IMPUIIOKCHA PACIIPCACIICHHAA HArpy3Ka, TO oA 3STUM YHUACTKOM 3HAYCHUA
IMOMNEPCUHBIX CUJI COCIUHACM HpﬂMOﬁ, HAKJIOHHOM K Hy.HGBOfI muHuA. OHA MOXKET MEPCCCKaTh UJIN HC
MEepeCCKaThb HYJICBYIO JINHUIO.

CoenuHMB Bce 3HAUEHUS TOTIEPEYHBIX CHJI IO YKa3aHHBIM IIPaBUJIaM, MOIYYUM Ipa(uK U3MEHEHHs
nonepeyHsIx cuil no Jnune 6anku. Takoil rpaduk HazpiBaeTcst amopoi Qx.

4..CTpouM 310py U3rudarommx MoMeHToB Mx. i aTOro onpezenseM n3rudaroire MOMEHTHI B
XapaKkTepHbIX cedeHusX. HamoMHum, 4To n3rudaroniyii MOMEHT B pacCMaTpUBAaEMOM CEUEHHH PaBEeH
CyMM€ MOMEHTOB BceX CUJI (pacrpeieIeHHbIX, COCPEOTOUYEHHBIX, B TOM UHCJIE U OTIOPHBIX Peakiuil, a
TaK)K€ BHEIIHUX COCPENOTOUYEHHBIX MOMEHTOB PACIIOJI0KEHHBIX TOJIBKO CJIEBA WIH TOJIBKO CIPaBa OT
sToro cedeHus. Eciu 11060€e U3 nepeynciieHHbIX CHIIOBBIX BO3/ICHCTBHI CTpEMUTCS TOBEPHYTH JIEBYIO
4acTh OaJKH 110 YaCOBOM CTpesKe, TO OHU MPUHUMAIOTCS CO 3HAKOM «IUTIOCY, @ €CIIM IPOTUB — CO
3HAKOM «MHUHYC», a JJIs IPaBOM 4acTU HA00OpOT.

B cedeHmsIX, COOTBETCTBYIOIINX TOYKAM MPUIOKEHHS COCPETOTOYCHHBIX MOMEHTOB, HEOOXOMMO
OTIPEICITUTH JIBA 3HAYCHWUSI M3TUOAIOIIET0 MOMEHTA: 9y Th JICBEE pPacCMaTPHBACMON TOYKH M UyTh IIpaBee
ee. Msrubaromye MOMEHTHI B 3TUX TOYKaX 0003HAYAIOTCS COOTBETCTBEHHO M™* n M"P?®, Toukax
TIPHIIOKECHHUST CHIT ONIPEJISIISICTCS OJTHO 3HAYCHHUE U3rH0aeMOTro MOMEHTA.

HonyquHHe 3HAYCHHUA OTKJIaJIbIBA€EM B HCKOTOPOM Macmrade oT Hy.]'IGBOfI JIMHUM. COG)II/IHI/IM 9T
3HA4YCHUA, pPYKOBOACTBYACH CICAYIOIIHUMU ITPABUTIAMU

a) €CIIM Ha yJacTKe OaJKu HEeT Harpy3Ku (pacrpeielIeHHOH ), TO MO/ 3TUM y4acTKOM OajKH JBa
COCETHUX 3HAYEHUS U3rHOAOLIUX MOMEHTOB COEIUHSAIOTCS MPSIMON JTMHHUEH;
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0) ecni Ha yyacTke OaJIKy IPUIIOKEHA pacrpeiesieHHas: Harpy3Ka, TO MO THM YYaCTKOM 3HAYEHUS
M3rubaroMuX MOMEHTOB IS IBYX COCEIHUX TOUYEK COSAUHSIOTCS 1o napabone. [Tapabona numeer
BBIITYKJIOCTh B CTOPOHY JIEHCTBUS TPY3KH (IIpU ACHCTBUH HArPYy3KH CBEpPXY napaboia obparmieHa
BBIYKJIOCTBIO BHU3). [Ipu 3TOM, ecnu 3mopa Qx Ha OCMaTpUBAEMOM YUYaCTKE HE NEPECEKAET HYJIEBYIO
JMHHUIO, 31MI0pa My (OHa siBiseTCs MapadoJIoii) MOKET OBITh MOCTPOEHA MO IBYM TOYKaM, TaK KakK BCe
3HaYEHUS U3rHOAOIMX MOMEHTOB B TPOMEKYTOUHBIX TOUKAX HAXOASITCS MEXAY 3HaYCHUSIMU B
XapakTepHbIX ceueHusx. Ecau smropa QX mpecekaer HyJIeBYIO JIMHHUIO, TO TIOJ] STUM CE€UYEeHUEM 3Mmopa M
OyZeT UMEeTh IKCTpEeMaIbHOE (MaKCUMAIbHOE W1 MUHUMAJIBHOE) 3HAUCHUE WU

BepIIMHY napadosnsl. [lonoxeHune 3Tol TOUKKM HaXOAST 10 SIIOPE U3 10100Us TPEYTrOJIbHUKOB. 3aTeEM
HAXOJAT 3HAYEHUE M3TUOAIONIET0 MOMEHTA B ’TOM CEYCHUHU U CTPOST 3IMIOPY Mx Ha yyacTke ¢
pacnpeneseHHON Harpy3Kou 10 TpeM TOYKaM.

CoenuHMB Bce 3HAUCHHS M3THOAIONIMX MOMEHTOB I10 YKa3aHHBIM IIPaBHJIaM, TOTYYHM Ipaduk
M3MEHEHHS M3TH0ar0IMX MOMEHTOB 110 JuthHe Oanku. Takol rpaduk Ha3bIBaeTCs SMIOPOH M.

[TpuBenennslii cnocod noctpoenus amop Qx 1 Mx Ha30BeM CIIOCOOOM MOCTPOCHHUS TIOP 110
XapaKTePHBIM CEUCHUSIM.

Taxoii crioco0 siBiIsieTcs YaCTHBIM cllydaeM Oosiee 0011ero, XoTs u 0oJiee TpPyI0eMKOTo crnoco0a,
KOTOPBINA HA3BIBAECTCS CIIOCOOOM MOCTPOEHUS AMIOP MO ydacTkaM. [lopsok mocTpoeHus S1op P STOM
criocobe cnenyromuii. banky pa3OuBarT Ha yyacTKu. ['paHuIIaMu y4acTKOB SIBJSIOTCS XapaKTepHbIe
ceueHus. J{ms Kaxa0ro yuacTKa 3alrchiBaeM 3aKOH U3MeHeHusl yermuid Qx u Mx 1 onpeenseM ux
BEJIMYUHBI IPU TPAHUYHBIX 3HAYeHUX. [10 HaliIeHHBIM BEJIMUMHAM YCUJIMI CTPOUM COOTBETCTBYIOIINE
SMIOPHI.

Cy1iecTByeT HECKOJIBKO CIIOCOOOB MPOBEPKH MPABMIIBHOCTHU MOCTpOeHuUs dmop. Hanbosee mpoctoit
Croco0 MPOBEPKH 3aKJIIOYAETCS B TOM, YTO CyMMbI MOMEHTOB BCEX JIEBBIX U BCEX MPaBBIX CHJI, B3ThIE
OTJIENBbHO, B JIF0OO0M TOUKe OalKu JOKHBI ObITh paBHBI MEXy COOOH.
IIpumep . [ToctpouTts smropsl Qx 1 Mx ams Ganku, mokazaHHoOH Ha puc. 1A.
Pemenue: 1. Onpenenum onopHsle peakiuu 6anku. CocTaBUM ypaBHEHUS
1) ¥Ma =0; 2) XM; = 0.
W3 nepBoro ypaBHeHus HalijeM VB!

b+c b
~F(a+b)tqb+c)( 2 )-Vi(c +d)-M =0,

wm -15-2+20-6-2—Ve-7—25=0,

=152+ M H2- 25
oTkyzna Vs = 7 = 26,4 xH.

N3 BTOpOro ypaBHeHuUs Haujem Va:
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b+c

-F@+b+c+d)+Va(c+d)-qb+c)( 2 ) -M=0,

wi — 15-9 + Vo -7 —20-6-5 —25=0,

159420 6-5+25

oTKyma Va = 7 =108,6 xkH.

Brinonsum nposepky

XY =Va+Ve-F-q(b+c)=0,

i 108,6 + 26,4—15 — 20 -6 = 0, otkyna 135—135 = 0.

2. O6o3naunm xapakrepHsie ceuenus 6aku C, D, A, E, B, K.
3. Ctpoum smropy Qx, Onpenenum 3HaUCHUS MONEPEUYHBIX CHII B XapaKTEPHBIX CEUCHUSX:

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

Qa™ =-F-gb=-15-20-1=-35kH;

Qa™®-F-gb+Va=-15-20"-1+108,6 =73,6 kH;

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

Qr"*=Qg= - 26,4 xH;

Qp™* = Q™ +Vp=-26,4 +26,4=0; Qx=0.

CoenuHNM NIOJTyYeHHBIC 3HAYEHUS MPSMBIMU JTUHUAMU (puc. 20,0) n moxyunm smropy Qx. Dmropa Qx Ha
yudactke AE nepecekaer HyJeByro JUHUIO. OnpenenM MoJI0KEHHE TOUKH, B KOTOPOH dIIopa

Qx mepecekaet HyJIeBYyIo JIMHAIO. Paccmorpum mogooue tpeyronsaukoB HRL u HNS (puc. 20,0),
otkyaa HR/HN = HL/HS, unu xo/5 = 73,6/100, otkyna

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

DTO CeueHHEe CUUTACTCS TAKKE XapaKTePHBIM ISt SIIOphI Qx 11 M.
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4. Ctpoum smropy My, OnipeiesiiM H3ru0aroniye MOMEHTHI B XapaKTePHBIX TOYKAX:
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M:=0;Mp=-Fa=-151=-15«kH-wm,
My=—F (a + b)—(gb) (b/2) =— 15-2 — 20-1-0,5 =— 40 kH-m,
Me=-F@a+b+c¢c)+Vac-qb+c)(b+c)2=-157+108,6-5—20:6-3 =78 kH-m,

Mxo=368 =-F (a+ Db+ x0) - q (b + Xo)(D + x0)/2 + Vaxo=- 155,68 —20-4,68-2,34+ 108,6-3,68 = 95,4
kH-m;

M, =M =25 kH-m (paccmompena npasas uacmo 6anxku BF);
Myg=M = 25 kH-m.
5. Ctpoum smropy My Ha y4acTKax MEX/y XapaKTepHbIMU TOUYKAMHU:

Ha ygactke CD Harpy3ku HeT, MO3TOMY 310pa My — TpsiMast JTHHHSL, COSTUHSomas 3HaueHuss Mc=0 u
Mp==—15 kH-mMm;

Ha yuacTke DA neiicTByeT pacnpeaeneHHas Harpyska, mo3romy smtopa My — napabona. Tak kak
snropa Qx Ha ITOM y4acTKe He [epeceKaeT HyJIeBYI0 JHMHUIO, TO apadoiia He UMEET HIKCTPEMAIbLHOTO
3HAYEHUS, I0ATOMY BEJIMUMHY U3rMOa0IMX MOMEHTOB B ceueHUsX D u A coeaguHUM KpUBOH, 3HAUEHUS
KOTOPOU MPUHUMAIOT MPOMEXKYTOUHbIE 3HaUeHHs Mexay —15 kH-m u —40 kH-Mm; Ha yuactke AE
JeUCTBYET pacupeielieHHas Harpyska, o3ToMy smtopa Mx—iapabona. Tak kak smopa Qx Ha 3ToM
y4JacTKe IepecekaeT HyJIeBYIO JHHUIO, TO Tapadoia UMeeT IKCTPEMaIbHOE 3HaUeHHE (BEPIIUHY),
IIO3TOMY 3II0PY Mx CTpOUM IO TpEM 3HAYCHUSM:

Mp =40 kH-m; M9 =95,4 kH-m u Mg =78 xkH-m;

Ha ydactke EB Her Harpy3ku, mosToMy smopa My — nipsiMast; coenuHstomas 3nadeaust Meg=78 kH-m u
Mg =25 kH-m;

Ha yuyacTke BK Het Harpy3ku, moatomy smtopa Mx — npsimMasi tuHus, coenuustomas Mg = 25kH-M u
Mk = 25kH-M. Dmopa Mx noctpoena (puc. 20, B). B kadecTBe npoBepkr BO3bMEM CyMMY MOMEHTOB
BCEX CHJI OTHOCUTEIBHO TOYKH, PACIIOJIOKEHHOW HAa PACCTOSHUM X0 OT JIEBOW ONOPBI, HO PACCMOTPUM
MPaByIO YacTh OATKHU

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

Pa3Hwuiia B 3HaUeHUAX MXO, IIpU paCCMOTPCHUMH JICBBIX U MPABBIX CUJI BO3MOXHA N3-3a OKPYIJICHUSA
BCJIMYHHBI OITOPHBIX peaKHI/Iﬁ H paCCTOAHUA XQ.

[Tokaxem noctpoenue smop Qx 1 Mx ciocobom 1o yyacTkaM Ha ToM ke npumepe. OnopHbIe peakIuu
Oanku onpeneneHsl. banky pazouBaeM Ha MATh YYaCTKOB, B K&XKJIOM U3 KOTOPBIX IPOBEIEM CEUECHUS
6anku. [Ipu onpenenenun ycunuii Ha yuactkax I, I u III Oynem paccmarpuBath JieByro 4acTh Oanku, a
IIPU OTIpeJIeNIeHuH yCUIui Ha ydacTkax |V u V—ipaByto 4acTh, Tak Kak B 3TOM CJIy4ae ypaBHEHUS JUIs
ompeneneHus ycwimii OyayT mportie (puc. 20,r).

Crpoum smropy Qx. JIs 3TOTO ONpeIeTuM 3aK0H H3MEHEHHS MTOTIEPEYHON CHUITBI JIJIS KaXKJIOTO YJIacTKa.
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VYuactok |. [IpoBenem Ha 3TOM y4actke ceueHre [—I Ha paccTOSIHUUM X1 OT JICBOM OIOPBI, IPHYEM
X1 MoeT mpuHUMaTh 3HadeHus oT 0 10 1 m, T.e. O<x:1<I m. [lontepeunas cuna B ceuenun 1—1 paBHa:

Qui—-F

Ha BceM yuactke amtopa Qx — npsMast JIMHMs, HapajieibHas OCH abCLUCC, COBNAJAIOIIEH € OChIO
6anku. B 3TOM MOXHO yOeIuThCsl, OTPEICIHB MOTIEPEYHYIO CHITY NIPH TPAHUYHBIX 3HAUCHHSIX:

npu X1 = 0 Qxi=o =— 15 kH;
mpu X1 = 1 M Qx1=1 = 15 kH.
Yuacrok Il. IIpoBeaem ceuenne 2—2 Ha pacCTOSHHUU X2 OT JIEBOTO KOHIIA OaKu, MpUYeM
1M< x2<2 ™. [Toniepeynas cuia B 3TOM CCYCHHU
Qx2=-F-q(x2-1).

Omropa Qx Ha 3TOM yJacTKe — TpsiMast JIMHUS, HAKJIIOHHAs K ocH abcuucce. Ee MOKHO MOCTPOUTH 110
JBYM TOYKaM, COOTBETCTBYIOLIMM I'PAaHUYHBIM 3HAYEHUSAM X2.

npu X2 = 1 M Qxe=1 =—15—20 (1 — 1) = 15kH;

mpu X2 =2 M Q-2 =—15—20(2— 1) =— 35 kH,

Yuacrok Il1. [TpoBenem ceuenrne 3—3 Ha pacCTOSHUU X3 OT JIEBOTO KOHITa OaJIKH,

npuueM 2 M< x3<7 M. [lonepeyHas cusia B 3TOM CEUEHUHU PaBHA:
Qus=-F-q(x3—1) +Va

Omopa Qx Ha 93TOM ydacTke — npsiMast TuHuS. OnpeIeTnM 3HaYSHUS TIOTIePEYHON CHITBI JIIIS
TPaHUYHBIX 3HAYECHUM X3:

mpu X3 =2 M Qyz=2 =— 15— 20 (2— 1) + 108,6 = 73,6 kH;
pu X3 = M Qx3=7 =15 —20 (7- 1)+ 108,6=26,4 xH.

VYuactok IV. IlpoBenem ceuenne 4—4 Ha pacCTOSIHMM X4 OT MPABOro KOHIA Oanku, mpudeM 1,5 M<
x4=3,5 m. Ilonepeunas cuna B ’TOM CEYEHUN

Qx4=-VB

Ontopa Qx — npsimast, napasensHas ocu abeuucc. [IpoBepuM 310, MOACTaBUB B BHIPAKEHUE JUIS
Qx TpaHMYHBIC 3HAYCHUS:

pu x4= 1,5 M Qx4=15 = 26,4 xH;

pu x4 = 3,5 M Qx4=35 =—26,4 xkH,
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VYuactok V. [IpoBenem ceuenue 5—>5 Ha pacCTOSHUU X5 OT IPAaBOro KoHIa 6anku, mpudem 0< xs<1,5 m.
[Tonepeunast cuiia B 3ToM ceueHnu Qxs =0, smropa coBnagaeT ¢ HyJIeBo# JmaueH nmpu xs5= 0.

Qx5:0 = Oa HPH X5 = 115 M QX5:1,5 = 0’
[To HalimeHHBIM 3HAYCHUSIM cTpouM 3mropy Qx (puc. 20,0).

Crpoum smropy M. [liist aTOr0 onpenenum 3aKk0H U3MEHEHHUS U3TH0aroIero MOMEHTa Ha KaXKJI0M
YYacTKe.

VYuactok I, ceuenne 1—1, O<x:1<1 m; Mxj=—FX1. Dmopa Mx Ha 3TOM yuyacTke MmpsiMasi JIMHUS, KOTOPYIO
MO’KHO IIOCTPOUTH 10 JBYM 3HAUEHUSM:

pu X1 = 0 Mxi=0 = 15-0=0;

mpu X1 = 1 M Mxi=1 = 15-1=- 15 kH ™.

Vuacrok II, ceuenne 2—2, 1M< x2<2 M.

Mio=-Fyo-q(x2-1)?/2.

Omropa My Ha 3TOM y4acTKe MpeACTaBIsIeT COO0H mapadory.

[TocTponm ee, MOACTaBUB B BRIpKEHUE TSI My TpaHUYHBIC 3HAUYCHUS X:
mpu X2 = 1 M Mxo=1 =— 15-1—20 (1 — 1)%/2 = 15 xH"m;

npu X2 = 2 M My =— 15:2 — 20 (2 — 1)%/2 =— 40 kH-Mm,

ITockombKy 3miopa Qx Ha 3TOM y4acTKe He IepeceKaeT HyJIeBYIO JIMHHUIO, TO 3mopa Mx He OyieT UMeTh
9KCTPEMYMA U €€ MO>KHO TIOCTPOUTH IO IBYM TOYKAaM.

Vuacrok 111, ceuenne 3—3, 2 M< x3<7 M :
My =- Fxz -q(X3- 1)2/2 + Va (X3- 2).

3n10pa Mx Ha 3TOM Y4acCTKE MPEACTABIIACT coboit r[apa60ny. HOCTpOI/IM €C, IMOACTaBUB I'PAHUYHBIC
3HA4YCHUA:

mpu X3 = 2 M Mya=2 = 15-2 — 20 (2 — 1)%/2 + 108,6(2 — 2) = —40 xHm;
TpH X3 = 7™M Mixa=7 =—15-7 —20 (7- 1)%/2+ 108,6(7 — 2 = 78 kH-m.

[Tockonbky amropa Qx Ha ITOM y4yacTKe MepeceKaeT HyJIeBYO JTMHUIO, TO 3MM0pa My TOHKHA UMETh
3KCcTpeMyM. s onpeiesieHus TTOJ0KEHUSI CEYEHUS TPUPaBHIEM MEPBYIO MPOU3BOIHYIO 3aKOHA
dM .,
NS -

=0
dx,

n3MeHeHus Mx HyJIO:

F-gq(xs-1) + Va=0.
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[ToxcTaBUM 4KCIOBBIC 3HAUECHUS :
— 15—20 (x3— 1)+ 108,6 =0,
OTKyZa
x3=— 15+ 20+108,6 /20= 5,68 m .
T.€. 3TO CEYCHHE PACIIOJIOKEHO HA PACCTOSIHUU Xo = 5,68— 2=3,68 M oT omops! A.
N3rubaromuii MOMEHT B 3TOM CEYEHUU PaBEH:
My;s-=s,6s= — 15-5,68 - 20(5,68 — 1)%/2+ 108,6 (5,68—2) = 95,4 kH-m.
Vyacrok |V, ceuenne 4—4, 1,5 M<x4<3,5 m;
Mxs =M + Vg(xs- 1,5).
Omtopa Mx Ha 3TOM y4acTKe — TpsMast JINHUSA:
npu X4= 1,5 M My=15 = 25 + 26,4(1,5— 1,5) =25 kH'm
npu X4 = 3,5 M My=35 = 25 + 26,4(3,5— 1,5) =78 xH-m.
Vuactok V, ceuenne 5—5, 0<x5< 1,5 m;
Mxa =M,
npu X5 = 0 Mxs=0 =25 xkH"m;
mpu X5= 1,5 M Mys-1,5 = 25 kH-m.
[To HalimeHHBIM 3HAYEHHSIM CTPOUM S0Py Mx (puc 20,B).
[TpoBeprM MPOYHOCTH OANKH 1O KacaTeIbHBIM HANPSKEHUSIM. 3aMEHUM JIEHCTBUTEIBHOE CEUCHUE
yrpouieHHbIM (puc. 21). Pasmepst d= 6,5 mm, t=10,2 mm; b = 135 MM OpUHSATBI 10 COPTAMEHTY (CM.
mput. I).

OHpe,HeJ'II/IM HauOoIbIIee KacaTeaIbHOE HaIIPsSKECHUEC

Q.S
rl- 1 = rulm = s
I b

I'me Qmax — moriepeyHast cuia 6epercst U3 MMopsI Qx;
Sx — cTaTHYECKUIt MOMEHT W3 MPHJIOKeHHs 1 copramenTa

Ix — MomeHT uHepiuu u3 npunoxenus 1 copramenta [lomcraBum unciaoBbie 3HAYCHHS B POPMYITY
HAaXOJUM T.
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[IpoBepuM NMpoOYHOCTH CEYEHUs IO KacaTeIbHbIM HANPSKEHUSM
T < Rs (Rs — pacueTHOE CONPOTHUBIICHUE MaTEepHaa CIBUTY CM.IIPHIIOKEHHE).

B npokatHbIx Oankax, KOTOpbIe HE HecyT OOJIBIINX COCPEIOTOUCHHBIX CHJI B IPUOMOPHBIX Y4aCcTKaX,
3TO YCJIOBUE OOBIYHO COOTIOIAETCS ¢ OOJIBIIMM 3aI1acoM.

a) §) 6] 2)
A (5 e
G, MM M T M
Ay ¢ ’ :J 4 an.t,Mia
- 'J 1)
=T === ] haé
| 3 o7z 3 30,8
: :|
{ x
Q-’ | ':_. 1 g
X X D I/ S | 42,1
- | i X
11 '
o ~
d=6,5m4 = 6. 5mm
‘ Jo.8
C:i:D \ R 1,48
B=135ms h=i35mm | &
¢ J ’ 4 (_1;

[TpakTryeckoe 3ansrue Ne 17
PacueT cTaTHyecKkH ompe/ieisieMbIX IVIOCKUX paM U (pepm

TeopeTnueckas 4acTb
I'paduueckoe onpenenenre yCuanii B CTEPIKHAX IIOCKON (PepMBI MOCTPOSHUEM AT PaMMBbI

Makcgenna—KpemoHs!

OnpenensioT pacueTHbIE HArpy3Ku Ha 1 M2 OKpHITHS. PacueTHas Harpyska paBHa
MIPOM3BEICHNI0 HOPMAaTUBHOM HAarpy3ku Ha ko3¢ duuneHT neperpy3ku. HopmaTuBHyo Harpysky, B
CBOIO OYEPE/Ib, ONPEIEISIIOT 10 IPaBUJIaM, IPUBEJEHHBIM B CTPOUTENBHBIX HOpMax. OmpeneneHue ee

BBIXOJIUT 34 paMKHM 3a4a4M, II03TOMY HOPMATHUBHAs ITOCTOSIHHASA Jn HOPMAaTUBHAs BpECMCHHA (CHCFOBaSI)

Sn Harpy3kKu NPpUBOJATCS B YCIIOBUH 3a1a4M.
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[TpaBua orpenesieHusl pacUeTHBIX HAarpy30K TaKk)Ke MPUBOJISATCS B CTPOUTEIBHBIX HOPMaX.
[Topsimok ux onpenenenus ciaenyromuid. PacueTnas nocTosiHHast Harpy3Ka ga paBHa
IIPOU3BEICHUIO0 HOPMATUBHON Jn Ha KO3()(HUIIMEHT HAJIe)KHOCTHU IO IIOCTOSHHON HArpy3Ke Yn
Qd =0n" Pn

Pacuernast BpeMeHHast Harpy3Ka Sa paBHa MPOU3BEICHUIO HOPMATHBHOM Sy HArPY3KU Ha
KOA(QPHUIMEHT HAJIC)KHOCTH 110 BPEMEHHOM Harpys3Ke Yns:

Sd= Sn * Yns

ITonnas Harpy3ka paBHa CyMMe IIOCTOSIHHOM M BpeMEeHHOM Harpy3ok. [lonHas HopmaTuBHas

On Harpy3Ka paBHa:
On=0Ont5Sn; ..

[TonHast pacueTHas Harpy3Ka (a paBHa:
Od =Jdd *+ Sd

Bce 5TH Harpy3KH SBIAIOTCSA PACTIPEeTeHHBIMU Ha: 1 M? HOKPHITHSL.

2. OnpenenstoT y3710Bble HArpy3KH, T. €. Harpy3Ku, IPUXOIAIIMECs Ha OUH y3€l (pepMbl.
VY3510Bas Harpy3Ka sBJISETCS COCPEOTOUEHHON U paBHA IPOU3BEICHUIO pacpeIeTICHHOM Harpy3KH Ha
I'PY30BYIO IUIOLIA b, IPUXOAALIYIOCA HA3TOT y3ea. Hanpumep, noiaHas Harpy3ka Ha OJJMH y3ell
F= qupr3|

r7ie (¢ — MOJHAs pacyeTHas pacrpesieeHHas Harpy3ka Ha 1 M2 TIOKpHITHS; Arpys — TIOIIAIb
MOKPBITHS, C KOTOPOHM coOupaeTcst Harpy3Ka Ha y3ell.

['py30Bast miomaae B 001IeM ciydae onpeessercs mno hopmyie
Azpys = b-d
rae b — mar ¢epM i paccTossHIe MEXly CMEXHBIMU (pepMamMu; d — maHenb BEpXHEro nosica

(bepMbl, WM pacCTOSTHUE MEX/y CepeAMHAMU CTEPKHEH Mosica, MPUMBIKAIOLINX K Y3ITy.

['py30BbI€ TUTOMAIM MOTYT OBITH OMHAKOBBIMH JUTSI BCEX TIPOMEXYTOUHBIX Y3JI0B HITH Pa3HBIMHU.
CrenoBarenbHO, y3JI0BbIE CUIIBI TOKE MOTYT OBITh OJJUHAKOBBIMH WJIM PA3HBIMHU.

[TpoBepka pereHust MOXKeT ObITh BBIMOJIHEHA JIOObIM aHATUTHYECKUM CIIOCOOOM.

[Tpumep. Onpenenuts ycunus B crepkHaX ¢pepmsl (puc. 30, a) OT MoJIHON pacueTHON Harpy3KH
Ha Bceill (epMe ITyTeM MOCTPOeHH s uarpaMMbl MakcBemta — KpeMomsl, ecimu gn = 0,3kH/M?, Sn =

0,2kH/M?%, Yng = 1,1, yns = 1,4, mar pepm b = 6 m.
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Puc. 51

Puc. 1
Pemenne: 1. OnpenenseM pacueTHYIO Harpy3Ky Ha 1 M2
a) pacyeTHas TIOCTOsTHHASI
Jd = gnyng= 0,3-1,1=0,33 kH/m?;
0) pacueTHasi BpeMEHHasI
Sd = SnYyns = 0,2:1,4=0,28 kH/M?:

B) TIOJIHASI pacyeTHas

71




Od = gd+ Sa = 0,33 + 0,28 = 0,61 xH/m?.

2. OnpenienuM y3JI0BbIE HArpy3KH: a) Ha KpaitHui y3en D
Fi=qdbd/2 = gbd/2

0)Ha 2-i1, 3-iiu4-iys3nel — E, Lu M

F2> = qq db;
B) Ha 5-if y3em — R
F, =qb2d =212
i 2 2

') Ha KOHbKOBOM y3en H
Fa = qab2d=2qqdb.
Ha nipaBoii nosnoBuHe (epMbl CHUIIbI CHMMETPHYHBI CHJIaM JIEBOM MOJOBUHBL. Bee cuiibl KpaTHBI
F1. O603naunm Benmuuny (adb =0,61 -6-3 = 10,98 xH uepes F, Torna
F1 =F/2; Fo = F; Fs = 3F/2; F4s=2F.
[TpunoxuM 3T CHIIBI B COOTBETCTBYIOUIMX y37ax (puc. 30,a).
3. Brrueptum reomerpuyeckyto cxemy ¢epmsl B macirade 1:600, T. e. B 1 cM — 6 M, Kak
nokaszano Ha puc. 30,a.
4. O0603HaYUM MOJIA:
a) Buemnue: a, b, ¢, d, e, f, f, ', ¢', b, &, K
6) BuyTpennue: 1, 2, 3,4,5,6,7,8,8,7,6,5\4,3,2, 1.
5. Onpenenum OropHbBIC PEAKITUH:
a) Beioepem macmtad cui: B 0,5 cm 10,98 xH wnu B 1 em 21,96 xH;
0) cTponM cuinoByto JauHHIO a—b—c—0—e—f/—f—¢'— d'—c'—b'—a' (puc. 30, 0);
B) pa3zeNuM 3Ty JIMHHIO MOMoJIaM To4Ko# K, pacnonokenHo# Mexay Toukamu f u f. Otpesok a'k,
M3MEPEHHBIN B MacuITabe Cuil, SIBJISIETCS paBOi ONMOPHOM peakuuel, otpe3ok ka — neBoit. OHu
OJIMHAKOBBI, U KakJast paBHa 6F= neBoil. OHM OAMHAKOBBI, M KaX/1asi paBHA
= 6-10,98=65,88 xH.
6. CTponm auarpammy yCHITHIA:
a) MBICIICHHO BbIpe3aeM y3en D, B koTopom cxonstcs aBa crepxus b —1 u 1—a. Ha cunoBoii muaun
y’Ke€ ecTh TOUKH a U b.
ITpoBeneM uepe3 HUX JTUHUH, TapajuIeTIbHbIE CTEPXKHIM b —1 1 1—a, oHM nepecekyTcs B Touke b;
371eCh JKe JTOJDKHA Jiexath Touka 1. Ycunre 1—a paBao cuie F1 = F/2 =5,49 kH, a ycunue b—1 paBHo
Hy0. CTepkeHb 1—a cKaT, Tak Kak yCUIIue 1—a HampaBiIeHo K y31Iy (BBEpX);
0) BIpe3aeM y3ell A, B KOTOPOM CXOJIATCS J1Ba CTepkHS 1- 2 1 2—Kk, ycriinist B KOTOPBIX HE U3BECTHBI.

Ha auarpamme yxe ectb Touku 1 u k. [IpoBenem depes Touky 1 nuHUIO, TapaJIeIbHYIO CTEPKHIO 1—2,
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a yepe3 TOUKY K JTMHHIO, TapaljIeNIbHYI0 CTEPKHIO 2—XK, 10 B3aMHOTO IePECEUYEHUs B TOUKE, KOTOPYIO
ob6o3naunm 2. Otpe3ok 1—2 paBen 4,35 cM, cieoBaTeNbHO, yCHIIne B cTepxkHe 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
ycuiusi 1—2; Ha cxeMe CTepKeHb YhTaeTcsa 1—2; Ha AuarpamMmme JBUKEHUE OT TOUKHU 1 K Touke 2
HaIPaBJIEHO BHU3 110 JIMHUU |—2; IepeHeceM ITO JBUKEHHUE HA CTEPKEHb 1—2, OHO HaIIpaBJIEHO K
y3I1y, 3HAYHUT CTepKeHb CxkaT. Onpeaenum 3HaK ycuius 2—K: crepikeHb Ha cxeme (epMbl YUTaCTCS 2—
k; Ha muarpamme ycuiuii JBUKEHHE OT TOUKH 2 K TOUKE K HarpaBiieHO clieBa HAaIpaBo; EPEHECEM ITO
JIBUKEHHE HA CTepKEeHb 2—K, OHO HaIlpaBJICHO OT Y3J1a, T. €. CTEP)KEHb PACTSIHYT;

B) paccmoTpuM y3el E, B koTopom cxoasatcs aBa ctepkast C—3 u 3—2, yCuius B KOTOPBIX HE
u3BecTHBI. Ha quarpamme ycunuii yxe ectb Touku C u 2. [IpoBeaem yepes Touky C nuHHIO,
napajuieJpHy1o crepxkHio C—3, a yepe3 TOUKy 2—IIMHUIO0, NapaJUIeIbHYI0 CTEPKHIO 3—2, 110
B3aMMHOTO TIEpeCceueH sl B TOUKe, KoTopyto o0o3Haunm 3. nuHa orpeska C—3 paBHa 5,15 cMm; ycunne
C—3 paBHo 5,15-21,96 == 113,09 kH. [lnuna orpe3ka 3—2 paBHa 2,4 cM, yCHIIUE B CTepKHE 3—2
paBHO 2,4 -21,96 = 52,7 xH. Onpenenum 31ak ycunuss C—3: crepxenp untaercss C—3, Ha Auarpamme
nBukeHue oT Touku C K TOUKe 3 HalpaBJICHO ClipaBa HalleBO; IIEPEHECEM 3TO JIBIKEHUE Ha CTEP:KEHb
C—3, 0HO HaMpaBIICHO K Y31y, T. €. CTepKEHb cxkaT. Onpenenum 3HaK ycuinus 3—2: CTEPKEHb
yuTaeTcs 3—2, Ha JUarpaMMe JBIKEHHUE OT TOUKH 3 K TOUYKE 2 HAMpaBIJICHO ClIeBa HAIPaBo (110
YCUJIMIO); IEPEHECEM 3TO ABUKEHUE HA CTEP’KEHb 3—2; OHO HAIMPABIIEHO OT y3J1a —CTEPKEHb
PacCTSHYT;

') paccMOTpuM y3ei L, B koTopoM cxonsarcs crepkHu L—4 1 4—3, ycriiis B KOTOPBIX HE U3BECTHBI.
Ha nuarpamme gepes Touku d U 3 mpoBOANM JIMHHH, TTapailIeabHbIe cTepKHIM 4—3 1 0—4, moryunm
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. O6a ctep>kHsI cKaThI;

n) paccmotpuM y31e1 O, M, N, H, T u, paccyxnas mo npuBeicHHOU cxeMe,0npeIeTuM BETHIUHBI U
3HAKH YCUJIMH B OCTAIbHBIX CTEPXKHSIX. : ’

[To pe3ynbTaram perieHus cocTaBiisieM TaOIUILy yCHUITHA.

Ta6nuna. Yeunus B crepxssx ¢pepmsl, KH

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

MPpOAOJIPKCHUC Ta6J'II/II_[BI

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

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

HpOBCpHI-OT IpaBUJIbHOCTDb Haﬁ,[[eHHBIX YCI/IJII/Iﬁ KaKUM-JIH00 aHAJIUTUYECKHM CIIOCOOOM.

[Tpaxtnueckue 3ansatus Ne 18, 19
IIpaxmuueckas noocomoexa
Pacuer craTuuecku onpejessieMbIX ILIOCKUX pam
3aganue. OnpenesuTh YCHJINS B CTEPKHAX (pepMbI OT MOJHON pacyeTHOM HATPY3KHU HA
Bceil pepme myTem nocrpoenust Auarpammbl MakceBe/uia—KpeMoHBbI 1 IPOBEPUTH YCWIINS B
O/THOM /JIBYX CTEP:KHSAX AaHAJTUTUHYECKUM CIOCOOOM 10 JAHHBIM OJTHOT'0 U3 BAPHAHTOB,
II0OKA3aHHBIX HA pUCYHKe . /lJIsl 4eTHBIX BADHAHTOB NPUHATH: gn=1,2 kH/M?, sn = 1,5 kH/M?; pas
He4YeTHbIX BapuanToB — On = 0,8 kH/M?, sn=1,0 kH/m?. [l;1s1 BceX BAPMAHTOB NPUHSATH Yng=1,1, yns=

1,4, mar ¢gepm 6 m.
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[TpakTnyeckoe 3anstue Ne 20
IIpakmuueckas noo2comoska
Pacuer cTaTHYecKH onpee/isieMbIX IVIOCKHX pam
Teopernueckas yactb
Anroput™m pacuera

1.OmpenensifoT OTMIOPHBIE peakIuy pambl. {7 pam, He UMEIOIINX MTPOMEKYTOYHBIX MAPHUPOB,
OTIOPHBIE PEAKIINH MOTYT OBITH OTIPEIENICHbI U3 TPEX YPaBHEHNI paBHOBECHS BUJA!
1) XX =0; 2) XMa = 0; 3) M3 = 0.
Jnist pam, UMEIOIIMX MPOMEXKYTOUYHBIHN MapHUP, HEOOXOIUMO UMETh YEThIPEe YPaBHEHUS JIs

OIMpPCACIICHUA YCThIPECX HCU3BCCTHBIX peaKuHﬁ (TO‘IHCC, COCTaBJIAOIIUX pCaKL[HI}'I), Haripumep

YpaBHEHUS:

g8
™ =)
1)

OTIOPHI PaMBlI.

;2) £X =0; 3) XMa = 0; 4)XMp = 0, rae C — npomMeKyTOUHBIH mapaup; A, B —
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[Ipu cocTaBieHUN ypaBHEHUI HYKHO CTPEMHUTHCS K TOMY, YTOOBI KXKJJ0€ U3 HUX COJAEPIKANIO 110
OJTHOMY HEU3BECTHOMY. DTOT'0 MOXHO JIOCTUYb, BEIOMpAs ISt KQXKI0W paMbl CBOM MOPSIOK
COCTaBJICHUS ypaBHEHUH. [IpaBUIBHOCTE ONpeeieHus BEpTUKAIBHBIX PEAKIIUN MOYKHO IIPOBEPUTD,
HCTOJIb3Yys ypaBHeHue 2Y=0.

2. O003HaYaIOT XapaKTEPHBIC CEUCHUS paMbl. DTU CEUEHHS COOTBETCTBYIOT TOUKAM MPHIIOKEHHS
CHWJI, TOYKaM OTIOP, y3JI0B, IApHUPOB. OO03HAYAIOT CTOWKH U PUTENIb PaMBI.

3. OmnpeznensroT 3Ha4eHus MONEPEUHBIX CHII B XapaKTepHbIX ceueHusx. [Ipu atom, ecinu pamy
00XOANUTh U3HYTPH, IIPABUJIA OIIPEICIICHUS MTONEPEUHBIX CUJI OCTAIOTCS TAKMMH XKe, KaK JJis
6anok. I1o HaliieHHbIM 3HaYeHUsAM cTpouM 31t0py Qx. [TosoxkuTenpHbIe 3HAUYSHHS TOTIEPEYHBIX
CHJI OTKJIaJIbIBAEM Ha YEPTEKE CHAPYKU paMbl, a OTPULATEIbHBIE — U3HYTPH.

4,OnpenensioT 3HaueHHs N3ru0aoIMX MOMEHTOB B XapaKTePHBIX ceueHHsX. [IpaBuiia onpeaeneHus ux
OCTal0TCsA TAKUMHU XK€, Kak 115 6anok. [lo HallieHHbIM 3HaU€HUsAM CTPOUM 310py Mx. OpnHaThl
MOMEHTOB OTKJIaJIbIBAEM CO CTOPOHBI PACTSHYTOrO BOJIOKHA, M 3HAK Ha AIIOPE IIPU 3TOM HE CTaBUM.
OTO0 NMpaBUIIO COBMAJIAET C IPABUIIOM, IPUHATHIM B CONPOTUBICHUHU MaTEPUAJIOB.

5.0mpenenstoT 3HaueHUsI IPOAOIbHBIX CUJI B 3JIEMEHTAX paMbl: cToMKax u purene. [IpononbHas cuia B
CEUEHUU PaBHA CyMME MPOEKIMHU BCEX CHUJI, PACIIOJIOKEHHBIX 110 OJHY CTOPOHY OT 3TOI'0 CEUYEHUs
(TONBKO cIeBa WK TOJBKO CIIpaBa) Ha OCh 3JeMeHTa. Eciiy cuia BBI3bIBAET C)KaTHE, OHA IPUHUMAETCS
CO 3HAKOM «MHHYC», €CIIM PACTSKEHUE — CO 3HAKOM «ILTHOC». 3HaueHUs Nx PUHATO OTKIAIbIBAaTh 110
00€ CTOPOHBI OT OCH AJIEMEHTA.

ITpumep . [ToctpouTts 3mropsl Mx, Qx 1 Nx U1 pambl, Toka3aHHOM Ha puc. 1, a.

JUJ11 KOHCOJIbHON CTaTHYECKU ONPEAECTUMOM pamMbl MOCTPOUTS 311topsl My, Qx, N. ITpoBeputh
paBHOBECHE y3JIa.

Ji1st paM KOHCOJIBHOTO THIMA 31I0pbl My, Qx, N MOryT OBITE OCTpOEHBI 6€3 OnpeaeIeHHs OMIOPHBIX
peaKIuii 3a71eK1, €CIM HAaUWHATh 3TH MTOCTPOEHUSI CO CTOPOHBI CBOOOIHOTO KOHIIA.

Pewenue. Tlocrpoenne smopsl Q. (puc.1,0). 32 och aOCIUCC MPUHUMAEM OCh JIFOOOTO CTEPXKHSL.
[leprnieHIUKYISPHO €l MBICIEHHO TPOBOAMM OCh OpJIMHAT U MPOEIUPYET HA HEE CHIIbI, JEHCTBYIONINE

COOTBETCTBCHHO CJICBA UJIX CIIpaBa OT paCcCMaTpHBAEMOI'0 CCUCHUS, YUUThIBAsA IIpaBrUJia 3HAKOB.

a) d) d) 2 d) Ysenl
F=5xH ql.zﬂm_, 9@ 94 /__22 g ﬂm,e
C 0¥ g/ ¢ ﬁl}g 9 !
Ay i 8 k= )1
v | [ 75 : Qe
iSipese fes
;! QxH) M (kH-n) Nit) A
A Mer
PR
7 A A A K
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Puc.1
Pucenv BC. Xon cnpasa. [Tonepednyro cuity onpeaesnseM 1o XapaKTepHbIM TOYKaM (aHAJIOTHIHO

IIPOCTBHIM Oaskam).

Q)" =QF™ +F =4+5=9%H;Q. =Q;" =9%H

Cmoiixa AC. TloBepHEMCsI TULIOM K CTOMKE, IPOBEJEM MBICIIEHHO OCh IIEPIEHAUKYJISIPHO OCU CTOMKU U
crpoenupyeM Ha Hee cuiibl XxozoM crpasa: Qc = 0; Q4 = 0. M300pa3um moiyyeHHbIe pe3yIbTaThl
rpaduuecku. [IpoBenem nomanyto muanio ACB (puc.38, 6) u OT Hee, KaK OT HYJIEBOH, OTIIOKHUM
BBIYUCIICHHBIE OPIMHATHI SMIOPHI MTONEPEUHBIX CUl. [10M0KUTETBbHBIE OPIUHATHI SIIOPHI ISl PUTEIIS
OTKJIa/IbIBA€M BBEPX OT HYJIEBOM JIMHUU U BJIEBO OT HYJIEBOW JIMHUU JUIs CTOWKU. OTpHULIaTeNbHbIE
COOTBETCTBEHHO BHHU3 U BIIPABO OT HYJIEBOM JIMHUU.

[Toctpoenue >mropsl M, (puc.1,B). M3rubaronuii MOMEHT B CEUCHHUSX PaMbl OTIPEICIISIEM TaKKE 110

XapaKkTepHBbIM TOYKaM XOJIOM CIIpaBa (cO CBOOOTHOTO KOHIIA).

—

2 _-216

M, =00M, =-q =-4kH -m;

M.=-Fl/2-q- | =-52-2-2-3=-22kH ‘M

I\Jl~ ml
aiw

Pucenv BC.
Cmoruika AC nuuoM k croiike. Touka®. Kak u npu onpeaeneHuy MonepevyHo CUIlbl, IPU MEPEXOE OT
purens k ctoiike noBepHemcs Ha 90 C npuHAIEKUT OJHOBPEMEHHO U PUTEITIO U CTOMKE,

IIO3TOMY Memenu = NP = — 22 kH-m. Tak Kak B TAaHHOM 3a1a4e HEIIOCPEJACTBEHHO K CTOMKE HE
MIPUIJIOKEHBI BHEIIIHUE HATPY3KH, a Tuieuu cuil F u Q ocTaroTcss HeM3MeHsIeMbIMU, TO B JIFOOOM CEUYEeHUHN
ot C 10 A nzrubaromuit MOMEHT OJIUH U TOT Xe. My = Mc=— 22 kH-m. IIpu OCTPOECHUH 3IIOPHI U
M3TUOAIOINX MOMEHTOB (KaK U B 0ajKax) MOJOKHUTEIbHBIE OPJIUHATHI OTKIIABIBAEM CO CTOPOHBI
PacTAHYTBIX BOJIOKOH.

[Toctpoenue smropst N (puc.1, r). Onpenensis IPOAOTbHYIO CHUITY, IPOCIHPYEM 3a/IaHHbIE CUITBI HA OCh
a0cIrrcc, COBMeEIIas €€ CHavaja ¢ puresiem, 3aTeM co ctoikoi. [IpomonpHas cuna B 1I000M CeYeHUHN
purens paBHa Hyt0, Ncg = 0, Tak Kak crpaBa OT C€USHUS ACHCTBYET Harpy3Ka, MepreHIuKyIsIpHas ero
ocu. [IpogonpHas cua BO BCEX CEUEHUAX CTOMKHM MOCTOSTHHA, TaK KaK cama CTOWKa HEe Harpy>kKeHa U Ha
0Ch CTOMKH Jar0T npoekiuto cuiibl F u 20. Nca—= F 2—q 9— 4 = -5 —= xH. OpauHaTsl S0P
MIPOJIONBHBIX CHJT OTKIIAJABIBAEM CUMMETPUYHO 10 00€ CTOPOHBI OCH PACCMATPUBAEMOT0 DJIEMEHTA. 3HAK
TUTIOC, TOCTaBJICHHBIH Ha smiope N, cooTBeTCTBYET ehopMaliuu pacTsHKEHUs, 3HAK MUHYC — CHKaTHsl.
J71st mpoBepKH MPAaBHIILHOCTH TTOCTPOEHUS S0P paccMOTpUM paBHoBecue y3ia C. st aToro
MBICJICHHO BBIPEKEM ATOT Y3€JI, TPOBE/IS /IBa CEYCHUST Ha OECKOHEUHO OJIM3KOM PAaCcCTOSTHUU B PUTEIIS

CIIpaBa OT y3J1a, B CTOMKE — cJIeBa OT HETO.
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Bripe3zannsbiii TakuM 00pa3oM y3em JaeT BO3MOXKHOCTh, pacCMaTpUBasi CEYCHHE B PUTeENIe, CYMTATh Y3eIl
OTHECEHHBIM K JIEBOW YaCTH PUIes, a IPU PACCMOTPEHUH CEYEHUS B CTOMKE — K IIPABOM 4aCTU CTOMKH.
[IpuknaneiBaem K y3ay C BHyTpeHHHE cuiioBbIe (pakTopbl Qx, Mx N, Oepst ux 3Ha4eHHE C JIIOP C YUYETOM
3HaKa, MOKa3bIBAIOIIETO HAIpaBiIeHUe ux aenucTeus (puc.l, ).
W3 smoper Qx BUAKM, YTO monepedHas cuia B ceueHun C purens nojoxurenbHa. [Tockonbky
Touka C OTHOCUTCS K JIEBOM YaCTH paMbl (COIIACHO paHee MPUHATOMY ), Qpu. COTTIACHO MpPaBUITy 3HAKOB
HampasiiieM BHU3. Ha cTolike nmonepeyHas cuia OTCYyTCTBYET.
W3 smtopel M, BUIUM, 4TO U3rMOAIONIMI MOMEHT BBI3BIBAET PACTSHKEHHE BEPXHUX BOJIOKOH.
CrnenoBatenbHO, C y4€TOM MpaBujla 3HAKOB B pUresie M3rudarmuii MOMEHT M¢ HampasisieM 1o
4acoBOMl cTpelike, a B cToike (y3ea1 C OTHOCHM K MPaBOil YaCTH paMbl) — IPOTHUB YaCOBOM CTPEJIKHU.
[TpononbHas cuna Ncy BEI3BIBAET B CEUEHUU CKATHE H, CIICAOBATEIHHO, T0JKHA OBITh HAIpaBJICHA B
CTOPOHY 3TOTO CEUCHHUSI.
Jl11s paBHOBeCHS y3J1a JOKHBI COOMIOIATHCS CIEAYIONINE YCIOBHS:
2X, =0, XY, =0, ZM_. =0,
CocTaBuM 3TH ypaBHEHHUsI, HAIIPpaBUB OChb X BIPABO, & OCb ) BEPTUKAJIbHO BBEPX:
X, =0; XY, =Ng-Q,, =9-9=0;
IM. =M, - M, =22- 22=0
YcnoBus paBHOBecHs coOmoatotesi. CieioBaTenbHO, BHYyTPEHHNE CUIIOBbIE ()aKTOPBI OIpeIeIeHbI
MIPAaBUIIBHO.
3aganue U1 NPAKTHYeCKOI MOATOTOBKH
[TocTpouTh 3MIOPHI U3rHOAIOIIMX MOMEHTOB, TIONEPEYHBIX U MPOJAOIBHBIX CHUJI JIJIsl CTATUYECKH

OHpG,[[GJ'IHMOfI paMbl IO JAHHBIM OJJHOT'O U3 BAPHUAHTOB, IOKA3aHHBIX HAa PUCYHKC.
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