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BBenenune
Jucnunimza «TexHuyeckas MeEXaHUKa» IIOCBAILEHA HW3YYEHUIO IIPOYHOCTH, JKECTKOCTU U
YCTOMYMBOCTH KaXIOW NETaJM M KaKIOr0 KOHCTPYKTHMBHOIO 3JIEMEHTAa COOpyKeHusa. OJHAKO IeTab
J0JDKHA OBITh HE TOJBKO HAJEKHOW, HO U SKOHOMHYHOM, T. €. MUHIUMAaJIbHOH 10 BECY U ONTUMAIBHOM 110
CTOMMOCTH. B IpoeKTUpoBaHuYU HaJEKHBIX U B TO )K€ BPEMs SKOHOMHYHBIX COOPYKEHUI COCTOUT IJIaBHOE
HCKYCCTBO MH)KEHEPA-TIPOCKTHPOBIIUKA, T. K. TPeOOBaHUS HAIE&KHOCTH M HauOOIbIICH SKOHOMHUYHOCTH
4acTo NPOTUBOPEYAT APYT APYTY.

Lenbo MeToaMYeCKMX YKa3aHUH SIBJSIETCSI HAYYUTh CTYJIEHTOB I'PAaMOTHO IIPOEKTUPOBATH
3JIEMEHTbI MH)KEHEPHBIX KOHCTPYKLUH, peliaTh IPOYHOCTHBIE 3a/1a4u ITPU pa3IMyHbIX BUAaX Aedopmanuii.

TexXHUK-CTPOUTENb JOJDKEH O0JajaTh CIEAYIOUIMMHA KOMIIETCHIIMSIMH, BKJIIOYAIOIIUMHU B Ce0s
CIIOCOOHOCTB!

OK 1. IloHumatp CyIiHoOCTh U COLUAIBHYIO 3HAYMMOCTh CBOEH OyayIiel mpodeccuu, MposBIATh K
HEW YCTOWYUBBIN MHTEPEC.

OK 2. Opranu3oBbiBaTh COOCTBEHHYIO JI€SATEILHOCTh, BEIOMPATH THUITOBBIE METOJBI M CIOCOOBI
BBINOJIHEHUS TPO(ECCHOHANIBHBIX 3a/1a4, OLIEHUBATh UX 3((PEKTUBHOCTh U Ka4ECTBO.

OK 3. IlpuHmMate pemieHus B CTAaHAAPTHBIX W HECTAHJAPTHBIX CHTYalUMsX M HECTH 3a HUX
OTBETCTBEHHOCTb.

OK 4. OcymecTBiiTh MOUCK U HMCIOJIB30BaHUE WH(OpMAIH, HEOOXOAUMOM aiisi 3¢ (HEKTUBHOTO
BBINOJIHEHUS NTPO(ECCHOHANIBHBIX 3a/1a4, IPOPECCUOHATBHOTO U TMYHOCTHOI'O PA3BUTHS.

OK 5. Hcnonp3oBath MHPOPMALMOHHO-KOMMYHHUKAITMOHHBIE TEXHOJIOTUU B MPO(ECCHOHATLHON
JESITENbHOCTH.

OK 6. PaboTtatp B KOJUIEKTUBE B KOMaH e, 3()(HEKTUBHO 00IIATHCS C KOJUIETaMH, PYKOBOJICTBOM,
MOTPEOUTEIISIMHU.

OK 7. Bpats Ha ceOs OTBETCTBEHHOCTh 33 pa0OTy WICHOB KOMaHIbI (ITOMYUHEHHBIX), PE3yiIbTaT
BBITIOJTHEHUS 3a/1aHUH.

OK 8. CamocrosaTenbHO ONpenessITh 3aAadll NPOPECCHOHATHHOTO WM JIMYHOCTHOTO DPAa3BHUTHA,
3aHUMaTbCs CaMO00pa30BaHNEM, OCO3HAHHO IJIAHUPOBATH MOBBIILICHHE KBATH(PUKALINY.

OK 9. OpwueHtnpoBaThCsi B YCIOBHSX YaCTOH CMEHBI TEXHOJOTHH B MpOo(hecCHOHATLHOU
JESTENBHOCTH.

Crpoutens noikeH 007a1aTh NpOoQEecCHOHAIbHBIMU KOMIIETEHIIUSIMH, COOTBETCTBYIOLIUMU
OCHOBHBIM BHJIaM ITPO(HeCCHOHABHON AEATeIbHOCTH:

IIK 1.1. IlonbupaTe CTpoOUTENbHbIE KOHCTPYKIMHU U pa3padaThIBaTh HECIOXKHBIC Y3JIbI U JeTallu
KOHCTPYKTUBHBIX 2JIEMEHTOB 3JaHUM.

1K 1.2. BEIMOJHATE pacdyeTsl 1 KOHCTPYHPOBAHUE CTPOUTEIHHBIX KOHCTPYKIIHH.

JIP14 CniocoOHBIii cTaBUTH IIepe COOOH 1en MO IS PeIIeHUs] BO3HUKAIOIMIKUX PO eCCHOHATBHBIX
3aja4, MOAOMpaTh CHOCOOBI pEIIeHUs M CpEeACTBa Pa3BUTHS, B TOM YMCIE C HCIOJIb30BAaHUEM
MH(POPMAIIMOHHBIX TEXHOJIOTHHA;

JIP 16 CriocoOHBIN HCKaTh U HAXOJIUTh HEOOXOIMMYIO MH(OpPMAIMIO HMCIOJIB3YsI Pa3HOOOpa3HbIe
TEXHOJIOTUU €€ IOMCKa, U1 PEIIECHUS BO3HUKAIOIIMX B IPOLECCE MPOU3BOACTBEHHON IEATEIbHOCTH
po0GJIeM NP CTPOUTENBCTBE U IKCIUTyaTallMl 0ObEKTOB KalUTaIbHOIO CTPOUTENILCTBA;



[TpakTrueckoe 3anstre Ne 1
IHocTpoenne npoexknuii BeKkTopoB. Onpenesnenne paBHoAeCTBYONIEH JIOCKOI CHCTEMBI
CXOASIIMXCH CHJI

Ilenv pabomepr — nipou3BecTH TpadUUIECKOE M AHATUTHYECKOE HCCIICTOBAHKME TUIOCKON CHCTEMBI
CXOJSILIMXCS CUJI, BBISIBUTh YPABHOBEIIEHA JIM 3aJjaHHAsi CUCTEMA CHUII.

Teopemuueckoe obocnosanue

HccnenoBanue 000l CUCTEMBI CUJI HAYMHAIOT C OMPEENICHUs B3aUMHOTO PACIIOJIOKEHUS CHIL.
Ecnu nuHMM neicTBus BCEX CUJI PACIIONOKEHBI B OTHOW MJIOCKOCTH U MIEPECEKAIOTCS B OJTHOW TOUYKE, TO
OHM 00pa3yIOT IIOCKYIO CUCTEMY CXOMSAIIUXCS CUJI.

Cuuibl, AeMCTBYIOIIME HA a0COJIOTHO TBEPIOE TENO, JOMYCKAIOTCS MEPEHOCUTH BIOJIb JIMHUU UX
JEUCTBHUSL, TIOITOMY CXOZSIIMECS CUJIbl MOKHO BCErJa IMPUJIOKUTh B TOYKE NEPECEUECHMS] UX JIMHUI
nerictBud. [locmenoBarenbHO CKIIAbIBAsl CXOIAIIMECS CHJIbI, TUIOCKYI0 CHCTEMY CXOMSIIMXCS CHJII
MPUBOJST K OJHON paBHOJAEHCTBYIOLIECH.

OnuH U3 rIaBHBIX BOIPOCOB MPU UCCICOBAHUN CUCTEMBI CHIT — SIBJISIETCS JIM JIaHHAsI CUCTEMa CHIT
YpaBHOBEIICHHONW WM  HeypaBHOBelleHHOW. HeoOXogumMbiM ¥ IOCTaTOYHBIM  YCJIOBHEM
YPAaBHOBEUIEHHOCTH CUCTEMBI CXOSALUXCA CUJI ABJISIETCA PABEHCTBO HYJIIO MX PABHOJCHCTBYIOILECH CUIIBI.
MarepuanbHasi TOUKa, K KOTOPOW MPHIIOKEHA YPAaBHOBELICHHAsI CUCTEMA CUJI, HAXOJIUTCS B COCTOSTHUU
MOKOS WM IPSMOJIMHEUHOTO PAaBHOMEPHOIO JIBUKEHHS.

CrnoxxeHue CHJI MOXHO TIPOM3BECTH JBYyMs croco0amMu: TrpadUyecKd W aHAIUTUYECKH.
I'padmyeckoe crmokeHHE TIOCKOHW CHUCTEMBI CXOJSIIMXCS CHJ TPOU3BOISAT TOCTPOSHHUEM CHIIOBOTO

MHOTOYToJIbHUKA (puC. 2) .
Y

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

Jns 3TOr0 M3 MPOM3BOJIBHOM TOYKHM OTKIAABIBAETCA BEKTOp CUibl Fi1, M3 KOHLIAa KOTOPOTO
OTKJIa/IbIBAE€TCS BEKTOp Ccwibl Fou T.n. PaBHOAEHCTByIOIAs Cuiia SABISIETCS 3aMBIKAIOIIEH CTOPOHOM
CUJIOBOTO MHOTOYTOJbHUKA. ['paduueckuii croco0 MO3BOJIIET JOBOJIBHO OBICTPO M OYEHb HATJISAIHO
MIPOU3BECTH CIIOKEHUSI CHJI, HO TOYHOCTb OMNPEJEICHUSI MOAYJS M HAMpaBICHUS PaBHOACHCTBYIOLIEH
3aBUCUT OT TOYHOCTHU MTOCTPOCHUM.

Bonee Tounpie pe3yabTaThl MOKHO TOMYYUTh, TPUMEHSS aHATUTHUYECKU CITIOCO0, OCHOBaHUI Ha
BBIYMCIICHUH BCEX 3aJaHHBIX CHJI HA OCH X U Y

Fix = Fi= cosai, Fiy = Fisinai, 1 = 1... n, (1)

rae Fi — Moaynu 3aiaHHbIX CHIL,

0. — yroJl Mexxy cuiiol F; v ochro X.

3aTeM onpeAeIsIoTCS MPOCKIIMU PABHOICHCTBYOIICH:

Fy x= Y Fix, Fxy= > Fiy, (1.2)

a 10 HUM — MOJ1yJIb PaBHOAECUCTBYIOIIEH:

Ey = V2 FE+XNF] (1.3)
Z 'F.‘y

W HallpaBJICHHE: 0, = arctg Z Fi (1.4)



3aoanusn
3amansl monynu cunl Fi1, F2, F3, mepecekaromuxcs B 01HOM TOYKE, W HAMPABICHUE ITUX CHI —
YIJIBI 011, 02, 030THOCUTENIbHO ocH X (puc. 1 ).

Hlopaook evinonnenusn padomot
1. Jlns1 3aJaHHON CUCTEMBI CXOSIIMXCS CUJI B COOTBETCTBUHU C BAPUAHTOM IIOCTPOUTH B MacuITade
CUJIOBOM MHOTOYTOJIBHUK. 3amucarh BHIOpaHHBIA MacmTad cui. M3mMepuTh JTUHEHKOW JJIMHY BEKTOpA
PaBHOACHCTBYIONICH U TPAHCTIOPTUPOM YTOJl MKy PAaBHOACHUCTBYIONICH 1 OCBIO X. YUHTHIBast MaciTad
IIOCTPOEHHUSI, BBIYUCIUTh MOJYJIb PABHOACHCTBYIOLIEH CUIIBI.
2. BeruncnuTh MOAYJIb 1 HAIlpaBJI€HUE PABHOAECHCTBYIONIEH aHATUTUUECKUM METOAOM ITPOEKLUH.
3.0npenenuTs OTHOCHUTENbHBIE IOIPEIIHOCTH  BBIYMCICHHS MOJYJISl W HalpaBlEHUs
paBHozelicTByomeil. [Ipu pacxoxnenun 6onee 10% BeIYUCICHHS U IOCTPOCHUS CIIEAYET IPOBEPUTH.
4.Cpaenath BBIBOJ 00 YpaBHOBEUICHHOCTH 3aJJaHHON CUCTEMBI CHIL
5.0TBETUTH HAa KOHTPOJIbHBIE BOIIPOCHIL.
Konmponvnusie éonpocwi
1.Kak mpowmsBoauTcs rpaduyeckoe CI0KEHUE CHII, TPHIOKEHHBIX K TBEPAOMY TEIy B OJHOM TOukKe?
Biusier nu mopsaok ClIOkKEHUsT BEKTOPOB MPU MOCTPOECHUU CUJIOBOTO MHOI'OYTOJbHUKA HA BEJIMYUHY
PaBHOJICHUCTBYIOIICH?
2.KakoBo HampaBieHne paBHOACHCTBYIOIICH CHUJIBI B CHIIOBOM MHOTOYTOJIbHUKE?
3.MOXHO 7M1 NOCTPOMB CHUJIOBOW MHOIOYTOJBbHMK, CIEJIaB BBIBOJ OO0 YypaBHOBELIEHHOCTH 33JaHHOMN
CUCTEMBI?
4. Kax omnpezensieTcs: MpoeKIus CUIIbl Ha ocb? B kakoM citydae oHa paBHa HyJt0?
5.KakoBO aHAIIMTUYECKOE YCIOBHE PABHOBECHUS INIOCKOM CUCTEMBI CXOASIIUXCS CHIT?
6.B kakux ciydasx cienyer rpapuyecKkudil croco0 OIpeaesieHUus PaBHOACUCTBYIONICH, a B KaKUX —
AQHAJIUTUYECKUI?
7.Kax MOHO pOM3BECTH YPaBHOBEIIMBAHUE INIOCKOM CUCTEMBI CXOASIIIUXCS CUIT?

3amaHel:
Fi=4H,a=90 ", F2=6H,02=200 °,Fs=3H,as=70 °
1. T'paduueckoe onpeneneHre paBHOACHCTBYIOLIEH.
Bribupaem macmrab cun — pr= 0.1 H/ MM
Y

F 1
F1 &

o

ak

22

Monyib paBHOACHCTBYFOMIEH - Fin = ur*1=0.1*68 = 6.8,

. .y

Hanpasnenue paBHoaelcTBytomen -~ * = 134°

2. AHaJINTHYECKOE OTpeieIeHne PaBHOACHCTBYIONIEH MPOEKIINH 3aIlaHHBIX CHJI HA OCH X U Y:
Fix = F1x cosau= 4=cos 90° = 0; F1y = F1=sin a1 = 4+ sin90° =4 H



Fox = F2=cosaz = 6+ €0s 200° = -5.638 H; F2y = F2«sin o = 6« sin 200° = - 1.368 H
Fax = F3«cosoz = 3=cos 70° = 1.026 H ; Fay = F3«~ sin a3 = 3+sin 70° =2.819 H
[Ipoexunu paBHOAEHCTBYIOLIEH:

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

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

o [Fo . +Fg . = Gai5? +5451°
Moy paBHOeicTByRomEit: Fy i = v A Ev NA612 #5451 =7 140 H
Fy, 5.451
=" —arctg—"2"_ =130.23°
. . Fe. - 4612
Hanpasnenue paBHOaelcTBYOIIEH: 0 # = arctyg <
3. OTHOCUTENBHBIE TOTPEIIHOCTH
ITorpemHocTs BEIMUCICHUS MOAYJIS PABHOACHCTBYIOILEH.
Fyulse .
AFy = \ 6.8- 7.140
0 Fy T 7a40
= *100% = : *100% = 5,00%
[TorpemtHOCTH BBIYMCIICHUS HAIIPABJICHUS PABHOACUCTBYIOLIEH
Acr = e '”U 134 - 130,23 |
# *100% = 134 *100% = 2,81%

BriBoa: cuctema sBisSeTCS HeypaBHOBemeHHOfI.

Monyib paBHozeicTBytomeii - Fy ™ = 7.140 H, nanpasienne - <" = 130,23°.

[TpakTraeckoe 3austue Ne 2
Ilpaxmuueckas noocomoska
IMocTpoenne npoeknuii BeKTopoB. OnpeaeneHue paBHOAe CTBYOIIEH MI0CKOI CHCTEMBI
CXOASAIUXCS CHJIT
3aoanusn
3ananel Mmonynu cun Fi, Fz, F3, mepecekarommxcsi B OHON TOYKE, W HAIpaBJIEHUE dTUX CHI —
YTJIBI 01, 02, 030THOCHTENIbHO ocH X ( Tadu. 1).
Ilenv pabomur — nipousBecTH rpaduuecKoe W aHATUTHUYECKOE HCCIEOBAHUE TIIOCKOH CHCTEMBI
CXOJISIIIIAXCS CHJI, BBISSBUTH YPABHOBEIIICHA JTU 3aJ]aHHASI CHCTEMA CHIT.

Ta6auna 1
3ananubie cuibl, H Yribl MeKay CHJIOH M OCBIO X, TPajl
Ne BapuanTa

F1 F2 F3 Vil 02 03
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/IMeanI/ICZ BCC IMOCTPOCHUSA ACIIATh B MaCI_HTaGC, CO6J'IIO,Z[8.}I YCPTECIKHLIC ITpaBUJIa.




[IpakTuueckoe 3anarue Ne3
OmnpenesieHue yCHJIMA B CTEPKHAX CTEPKHEBOH KOHCTPYKINH

Tema: Cratuka. [I;mockas cucrema CXOQAIIUXCS CHIL.
Hean padoTbi: HayunTcs onpenensaTh yCUIUs B CTEPKHAX KOHCTPYKIIUNA aHATUTUYECKUM
METOJIOM.

Teopemuueckoe ob6ocHosanue

Bo MHOrmx MammMHax M COODPY)KEHHAX BCTPEYAIOTCSI KOHCTPYKTHBHBIE  DJIEMEHTHI,
IIpeIHa3HaYEHHbIE IPEUMYILECTBEHHO AJIs1 BOCIIPUATHUS HArPy30K, HAIPABICHHBIX IEPIIECHIUKYISIPHO UX
ocu. PacyeTHple cXeMbl TaKMX 3JEMEHTOB (Bajbl, YaCTU METAJUIOKOHCTPYKIHUM U Jp.) MOTYT OBITh
NpeJCTaBICHbI Oankoil. bankyu MMEIOT OmoOpHbIE YCTpOMCTBA AJs Mepefadyn YCHIIMH U CONPSIKEHHS C
JPYTHMH 3JIEMEHTaMHU.

OCHOBHBIMHU THUIIAaMH OTIOp OAJOK SIBJISIFOTCS IIAPHUPHO — MOJBUXKHAS, IIAPHUPHO — HETIO/IBHKHAS
OIIOPBI U JKECTKasl 3a/eJIKa.

lapaupHo — mojaBMKHAs omopa (puc.l,a) nomyckaeT MoBOpOT OaJKW BOKPYT OCH IIApHHpA U
JUMHENHOE NEPEMEILIEHNE HAa HE3HAYUTEIIBHOE PACCTOSIHUE NApaJUIEIbHO ONOPHOM IIOCKOCTH. Toukoit
IIPUJIOKEHUS OIIOPHOM peaKkIuu ABJISIeTCs HEeHTp mapHupa. Hanpasinenne peakuuu R — nepnenaukyssp
K OIIOPHOW MTOBEPXHOCTH.

lapaupHo — HemojBuWXkHas omnopa (puc.l,6) momyckaer TOJBKO MOBOPOT OalKu BOKPYI OCH
mapHupa. TOUkOM NpUIIOKEHMs SABIIAIOTCS TaKKe LEHTp wapHupa. HampaBneHus peakuuu 31ech
HEU3BECTHO, OHO 3aBUCUT OT HArpy3Kd, MNPWIOKEHHOW K Oanke. [loatomy mis Takolt omopsl
ONPEIENAIOTCS [IBE HEU3BECTHBIE — B3aMMHO IEPHEHIUKYISpHbIE cocraBisironiue Rx m Ry omopnoi
PEAKLMH.

Kectkas 3anmenka (3amemiienue) (puc.l,B) He OOMyCKaeT HU JIMHEHHBIX IEpeMElICHUuM, HU
1oBopoTa. HensBecTHBIMU B JAHHOM CITy4ae SIBJISIOTCS HE TOJIBKO BEJIMYHMHA, HO U €€ TOUKA IPUIIOKECHHUS.
Takum o0pazom, [ OIpeleNeHuss OMOPHOM peakiuud HEeoOXOIUMO HaWTH Tpu HEU3BECTHBIC:
cocrapysronue Ry 1 Ry 10 ocsiM KOOpIMHAT ¥ PEaKTUBHBIM MOMEHT MR OTHOCHTENBHO 1IeHTpa TSHKECTH
OTIOPHOTO CEYEHHUs OAIIKH.

RT E-?
] |

a 0 B

Puc.1

PaBHOBecue Oanku moj AeicTBUEM 000 CHCTEMBI 33JJaHHBIX CHJI, PACIIONIOKEHHBIX B OJHOMI
TJIOCKOCTH, MOXET OBITh 00ECTICUCHO OJHOU KECTKOW 3a/IeJTKOW WJIU JABYMs ONOpaMH — TOJIBIDKHOU U
HEMOJBIKHOW. balku Ha3bIBalOTCSI COOTBETCTBEHHO KOHCONBHBIMH (PHUC.2,a) MIU JBYX OMOPHBIMHU
(puc.2,0)

(I

a 0
Puc.2




Ha Ganky geiicTBYIOT 3a7jaHHbIE CUJIBI M TIapbl cuil. CHIIBI IO COCOOY MPUIIOKEHUS JENATCA Ha
pacripesielieHHbIe U COCpPEeOTOUYEHHBIE. PacmpeneneHnble Harpy3Ku 3aJaloTcsi MHTEHCHBHO (, H/M u
JUITMHOM 1, M. paBHOMEPHO pacIipe/ieJIeHHbIE Harpy3KH YCIOBHO N300pakatoTcsl B BUAE MPSIMOYTOJIbHUKA,
B KOTOPOM MapajulesibHbIe CTPEJIKM YKa3bIBalOT, B KaKyl0 CTOPOHY JeHCTByeT Harpyska (puc.2.3). B
3a/1auax CTATHKH PAaBHOMEPHO — PACIPEICICHHYIO HAarpy3Ky MOXKHO 3aMCHSTH PAaBHOJIECHCTBYIOIICH
COCPEIOTOYEHHOM CUIION Q, YHCIIEHHO PaBHOM NPOM3BENCHHUIO (+*1, IPUI0KEHHOH IOCpEANHE [UIMHBL U
HaIlpaBJICHHON B CTOPOHY JEHUCTBHUS (.

\ uu!rmrlul!rl é_ é Fy :‘F

Fx = Fros of
Fy=Fsinol

Puc.3 Puc. 4

CocpenoToYeHHbIE HArpy3Kd MPUIOKEHbl Ha CPaBHUTEIBHO HEOONBLIONW MIJIMHE, MOATOMY
CUMTAETCS, YTO OHU MPIJIOKEHBI B Touke. Eclii cocpeoToueHHas cuia mpuiioXKeHa 1moJ| yIiioM K OaJke,
TO JUIsI OTIPEIEIICHUS PEaKIIMK OTOP YI0OHO passioKHTh €€ Ha ABe cocTaBisitomue — Fx = Fcos a u Fy =F
sin o (puc.4).

Peakmuu omop Gayikul ONpeNeNsiFOTCS U3 YCIOBUH PaBHOBECHS IJIOCKOW CHCTEMBI MPOU3BOJIBHO
PaCMONI0KEHHBIX chJl. JIJIs IIOCKOM CUCTEMBI MOXKHO COCTABUThH TPU HE3aBUCHMBIX YCIIOBHS PAaBHOBECHSI:
Y Fix=0; > Fiy=0; >Mio= 0 i
YMia=0; YMig=0; YMic=0mm  } (1)
>Mia=0; YMig=0; Y Fix=0.

I'ne O, A ,B, C — 1eHTpbl MOMEHTOB.

PanmonanbHO BRIOPATh TaKWe YpaBHEHUS PAaBHOBECHS, B KAK0€ U3 KOTOPBIX BXOAMIIA OBI 11O
OJTHOM HEU3BECTHON PEAKIIHH.

Ha 3ansatun pemaroTCsA 3a1a4H.

1.Ha HeBecOMyr0 TpeXIIAPHUPHYIO apKy JHEHCTBYET TOPHU3OHTAJIbHAs —CHUIIA F (puc.1).
Onpe/IeNnTh TNHAIO NeHCTBHSA peakuy KA (peakumuu cBsa3u B Touke A).

Pemenne: PaccMOTpiM NpaByto 4acTh apku OT/EIbHO. B Toukax B u C NPHUII0KHUM CHIIbI PEaKIIUN
cesiseit Re 1 Be. Teno mop JICUCTBUEM [IBYX CHJI HAaxoJuTCs B paBHOBecHH. COIJIACHO aKCHOME O
PaBHOBECHH IBYX CHJI, cHibl FgH Re PaBHBI 110 BEJIUYMHE M JEHCTBYIOT BJOJb OJHOW NpPSIMOM B

IPOTHBOIOIOKHBIE  CTOPOHBL. TakuM  00pa3oM, HaIpaBlIeHHe CHIBL BCHAM W3BeCTHO (BIOJB
muaun BC).

C

Puc.1
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PaccmoTrpum neByro dyacth apku otTaenbHO. B Toukax 4 u C mpUIOKHUM CHUJIBl  pEaKluu
v = = ‘ ) 5
cesseit Re M Re, Cuna Be = ~Re| peiicrane paBHO IPOTUBOEHCTBUIO. Ha Teno AeicTBYIOT TpU CHUJIBL,
=1 il
nanpasnenus ayx cuwi ( 1 Barsectro. CormnacHo TeopeMe 0 TpeX CHiaX JIMHHUM JSHCTBHSA BCEX TPEX

CHJII IIPECCKAKOTCA B OI[HOﬁ TOYKE. CJIC,I[OB&TGJ'IBHO, cujia RA HaIrpaBJI€HA BAOJIb TMHHUHU AD.

2. OOHOPOHBIN CTEPKEHb 3aKPEIJICH MIAPHUPHO B TOUKE A M OMHUPACTCS Ha IIAJKUNA [IIHHAP.
OnpenenuTh JTUHUIO JeHCTBUS peakiuu Ra (peakuum cBsasu B Touke A).

Puc.2

Pemenne: Tak Kak CTepeHb OTHOPOIHBIN, TO paBHOAEHCTBYIOmAs cHI TskecTH (cuma ),
NEUCTBYIOIIMX HA CTEP)KEHb, IPHII0XKEHA B €r0 reoMeTpudeckoM IeHTpe (Touka C). Tak Kak cTep)KeHb
ONMpaeTCs Ha TTIAJKYI0 TIOBEPXHOCTh, TO peakims cBa3y (cua V) B Touke kacanns (Touka D) HalpasJicHa
10 HOpMamy K 3Toif moBepxHocTH. Ha Tenmo neifctByioT Tpu cuibl, Hanpaeienus asyx cun (V u P)
n3BeCTHO. COIacHO TEOpEME O TPEX CUIIAX JIMHUM JICHCTBHUS BCEX TPEX CUII IPECEKAIOTCSA B OJJHOM TOUKE.
CrefoBatenbHO, cuia 4 anpasiena Baons muann AE.

3. Halitn peakmuu cBsizeir m3orHyTtoit Oanku ABC, HaxXOMsIIEHCs TMOJa JIEHCTBHUEM IIIOCKOU
cucteMbl cuit (puc.3). Berurcnenue peakiuii BHIMOTHATE Tpu a=1,2 M, b = 2,4 m, | = 1,8 M, a=30°, P1 =
8 kH, P2 = 6 xH, M=8 xHwm.

11



Pemenne. OcBo6oaum OanKy OT CBA3EH U NPUIIOKUM K Hel peakuuu caseid. Ha puc.4 R e Rf:»‘

R

- COCTaBJISIIOIIME DPEAaKIWU IapHHUpa A BAOIb OCEed KOOPJIMHAT ~ A - peaklMsl BBICTyNAa CTEHBI (Rﬂ

nepnenukyisapuo BC).

Pasnoxum cuibl F1u Ry Ha COCTaBJISIIOLLIKE BAOJIb OCEH KOOPJANHAT
Pl - lF'IIL'.E + Pl_}r
= R + R

quHOBI/ISI paBHOBech OaJIKM UMEIOT BUJI

LFi =0; Ry + Pysina — Rgsinag+P; = 0;

LFe, = 0; Rgy+ Picosa+ R cosa =0;

Tmy(F,)=0; —P,bsina+ (Rgsina)/sina + (Rpcosa)(a + lcosa)
—(Pycosa)a — M = 0.

[Tocne pelieHusi COCTaBICHHOW CUCTEMbI YPAaBHEHHI MOTydaeM

R,.=-1,04kH, Ry, =127 xH, R, =1034 kH.

3. 3amaHa ropu3OoHTalbHAs JABYX oOmopHas Oanka. banka HarpykeHa aKTUBHBIMH CHJIAMH:
cocpenotoueHHo# F, pacnipeneneHHoi cruaoil MHTEHCUBHOCTBIO ( U Tapoid cuit ¢ MoMeHToM M (Tabi.1 u
puc 6).

Tpedyemc — TOCTPOUTH PACUYETHYIO CXeMy OajKd, COCTAaBUTh ypaBHEHHUS PaBHOBECHUS OAaJKH,
OTIpECTUTh PEAKIIUU €€ OOP U BBIIBUTH HAUOOIIee HATPYKEHHYIO OMOpY.

[Ipaktuueckoe 3anstue Ne 4
Ipaxmuueckas noozcomoska
Omnpenesienne yCHJINid B CTEPKHAX CTEPKHEBOI KOHCTPYKIIUH
3aganue: OnpenenuTb YCUIUS B CTEPKHAX 3a/IaHHON KOHCTPYKIIMH aHATUTUYECKUM criocobom. Cxemy
BBIOPATh B COOTBETCTBHH C HOMEPOM CTYJIEHTA IO CIHCKY JKypHaJa.

IHopsinok BbINOJIHEHUS
1. MI3006pa3uth 3ajaHHYyI0 CXEMY B COOTBETCTBUU C BAPHAHTOM.
2. BeiienuTh MaTepUabHYIO TOUKY, K KOTOPO# MPHUIIOKEHA BHEIITHSS CHJIA.
3. OnpenenuTs THUII CBSI3€H, yIEPKUBAIOIINUX TOUKY.
4. OTOpOCUTH CBSA3M, 3aMEHUTD UX JICWCTBUE CUIIAMH PEaKIUH.
5. CocTaBUTh pacueTHYIO CXEMY, BBIJEIIUB TOUKY, HAXOASIIYIOCS B paBHOBeCUHU. [ IpHUiiokuTh K Hell Bce
JIEHCTBYIOILNE CHUIIBI.
6. BeiOpaTth ocu KOOpAHMHAT.

(SFkx =0
7. 3anucarh ypaBHEHUS paBHOBECHS: i
YFky=0
8. 13 ypaBHEeHHI paBHOBECHS HAUTH BEIMYMHY CHJI PEaKIIUH.
9.3anucarp BEJIMYMHY YCUIIHH B CTEPKHSX.
10. Bb1uepTuTh MHOTOYTOJIBHHUK CHJI, TPUIIOKEHHBIX K TOUKE.
11. Cnenatb BBIBO/I.

3ajaHus K NPAKTHYECKOMY 3aHATHIO Ne 4

BApUaHT | CXema P, | P o | p |
xH rpajychl
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

3) 5 7 3) 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 3) 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




IIpakTHyeckas padora Ne §
OnpenesieHue peakuuii onop 0ajaKu Ha ABYX OMopax
Tema: Craruka. [Inockas cuctema npou3BOJIbHO PACIIOI0KEHHBIX CHIL.
Hean padoTei: Hayunrtcs onpeaensTs peakiuy ornop 0aikyd yCTaHOBJIICHHON Ha JBYX OIOpaXx.
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Mertoauka

pacueTa OIOPHBIX peakiii 0anoK Ha ABYX Omopax

1. OcB0OOOXIAIOTCS OT OMOP U 3aMEHSIOT UX JeCTBHE Ha 0aJIKy OMOPHBIMU PEAKIIUAMHU.

B 3agauax manHOi paboOThl OAJIKK MOTYT OBITH MPUKPEIUIEHBI K OCHOBAHUIO C IOMOIIBIO OHOM
[IAPHUPHO-HETIOIBI)KHON U BTOPOH MIapHUPHO-TIOABMYKHOW OMOPHL. B IIapHUpHO-HEOABMKHON Orope
B 001IIeM ciTydae JeCTBHS Harpy3KH BOSHUKAIOT JBE PEaKIMu: ropu3oHTanbHas Ha v BepTukanbaas Va.

B mapHupHO-NIOABMKHOM omope IpH Jr000i Harpy3ke BO3HHKAET OJlHA peaklys — [0 HalpaBJICHUIO
OIIOPHOI'O CTEPKHA — VB.

2. OmpenensioT IIeyo CHIIbL, He IEPIIEHANKYIApHOE K ocH Oanku. [liedo cussl onpenenseTcs
OTHOCHUTENIbHO 00enx omop. s 3TOro U3 KakJ0i TOUKH OMOPHI OMYCKAIOT Ha CU8Y WM JTMHUIO €€
JEUCTBUS MEPIEHUKYJIISIPbl — OHU SIBJISIOTCS IJIEYaMU CUJIbl OTHOCUTEIILHO JIEBOW U IIPABOil OMOPBI.
PaccmarpuBast mpsaMOyTOIbHBIN TPEYTOIBHUK, 00pa30BAHHBINA OCBHIO OAJIKHU, TUHUEH ACHUCTBUS CUIIBI U

MEPIEeHIUKYISIPOM, HaXOAT BEIMYMHY KaXKJ0T0 ieda. Eciau HaKIIOHHBIX CHIT HECKOIIBKO, TO IS
Ka)KJI0M HaXOJAT IJIE40 OTHOCUTEIBHO 00EUX OI1op.

3.CocCTaBusIOT ypaBHEHHS PABHOBECHSL:

1) EMa =0; 2) XMp = O; 3) X =0.

Pemias ypaBHeHUs1, HAXOIAT HEU3BECTHBIC peakiuu Va, Vi 1 Ha.

4.BBINONHSIOT NPOBEPKY peleHus Mo ypaBHeHUo XY =0. ;

[Tpumep. Onpenenuts ONMOPHBIC PEAKIIMK OAJIKH, MOKa3aHHOM Ha puc. 1, a.

Pemenue: 1. OcBoOokaaeMcs OT OO U 3aMEHsIEM HX JIeHCTBHE peaklusimMu onop. JIeBas onopa
LIApHUPHO-HEIOABUKHAsI, B HEH BO3HUKAIOT JBe peakunu Va a Ha. I[IpaBas onopa mapHupHoO-
MOJABMKHAs, B HEH BOHHUKAET OJIHA peaKlusi— BepTUKabHAs VB (puc. 4,6).

2. Onpenenum 1uiedo cuiibl F1 oTHOcHTeNnbHO onopsl A. J{71st 3TOro U3 TOYKH A OMyCTUM
MEpIEeHIUKYJISIp Ha JTUHUIO AeicTBUA cuitbl F1 u u3 Tpeyronbanka ADE omnpenenum miaedo cuisl Fi:

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

[Tnedo cuitel F1 oTHOCHTENBHO omopsl B onpeenum u3 Tpeyronsarka BDG: hg = ¢ cos 40° = 2,5-
0,766=1,915 m.

3. CocraBisieM YpaBHCHUA paABHOBCCUA. HCpBOC YpPaBHCHUC TIPUHUMACT BUJL

c+d
IMaA=-M+Fiha+q(c+d)(a+e+ 2 -Vgla+e+c)-Fa+e+c+d)=0

15



a) F, = 70n#t

M=25KH # 97=/0K///N ?g:foxﬂ/h

o 01 N
7 A L T
a=l5m la=1,61 c=2,6n ld=1m)
l:6n
3) "
£y = 70nH ¢2=20A'/-//~
PRSIV IIIIE
D 20° W kB
. \ Fy=15uff
£ ¥y 270,68
e24 | p=25m \d=m
s v _l=b'h'
Puc.1
wm —25+70-2,68+20-3,5-525—Ve-6—157=0,
— 25+ 70.2,68 + 20.3,5-5,25— 15-7 otkyna
-7 ) 20 .35 5 25« . o)
25+70 2,68+ 20 -3,5 :5,25- 157 =4_7,G ~70.68
BTopoe ypaBHeHHE MpUHUMAET BUT
c+d 4

IMe=-M+Va (@ te+c)-qi (@ +a) (a+e+c)—Firhg—qc +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 kH
Tperbe ypaBHenue npunumaet Bua Ha + F1 cos 50° = 0, otkyna
Ha = - Ficos 50° =-70 - 0,643 =-45,01 xH.
3HaK «MUHYC» O3HauaeT, uTo Ha HampaBiieHa B CTOPOHY, TPOTHUBOMOJIOKHYIO OKa3aHHOM Ha puc. 4, 6.
4. BbIOJIHUM MPOBEPKY
>Y=Va—-(Qqr2a—F1cos40°_q2(ctd)+Ves+F2=0,
wu 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 xH; Ha = —45,01 xH.
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IIpakTuyeckasi padora Ne 6
Ilpaxmuueckas noocomoeka
OnpenesieHne peakuuii onop 0aJKU HA IBYX ONOpax
Tema: Cratuka. Inockas cuctema npou3BOJIBHO PACIOI0KEHHBIX CHIL.
Heawb padorei: Hayuutces onpenensaTs peakiuu onop 0aakyu yCTaHOBJICHHOM Ha IBYX OIOpax.

3aganue: OnpenenuTh peakluy onop Oaiku Ha AByX onopax. Cxemy BHIOpaTh B COOTBETCTBHH
C HOMEPOM CTY/IEHTa 110 CITUCKY B JKypHaJe.

MpuHATE: 0=2_; P=4kH: M =2kH-m a=2m.
M

ITopsinoxk BBIMOJTHEHMSI
1. 306pa3uth cxemy B COOTBETCTBHH C BAPHAHTOM.
2. 3aMEHHTD paclpeIeIICHHYIO HAarpy3Ky ee paBHoAeHcTBYIomEeH Q=¢- L
[IpuiioXuTh paBHOICHCTBYIONIYIO K OalKe B IIEHTPE TAKECTU COOTBETCTBYIOMIETO MPSIMOYTOJIbHUKA.
3. 3aMEeHHTH OTIOPHI MX PEAKIHUAMU. PeakIiio mapHUPHO-TIOABIKHON OTIOPHI HAIIPABHUTH
MEePIEeHIUKYIISIPHO K OMOPHOI MOBEPXHOCTH. R

Peaxnuio mapHUPHO-ITOIBM>KHOMN OTIOPHI Pa3JIOKUTh Ha JIBE COCTABIISIONINE, HAIPABICHHBIE IO OCSIM
KOOp/IMHAT.

Rx

4. CocTaBUTh PaCYETHYIO CXEMY OalKH.
5. BeiOpaTh ocu KOOpAMHAT U LIEHTPhl MOMEHTOB.

6. CocTaBUTh YpaBHEHUE PaBHOBECHS: ZM A =0; ZM 5 =0; ZF,“ =0.
7. 113 ypaBHeHUIl paBHOBECHS HAWTH HEU3BECTHBIE PEAKIIUU OIOpP.

8. IlpoBecTu MpoBepKy MPaBUILHOCTH PEIIEHHsI, COCTAaBUB YPABHEHUS ZF,W =0.

9. 3amucars OTBETHI.
10. Cuenats BeIBOL

3aganus K NPaKTHYECKOMY 3aHATHIO padoTe Ne 6
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CUCTEM

IIpakTnyeckoe 3ansaTue Ne 7

OnpenesieHue OMOPHBIX PeaKUHl KOHCOJIbHBIX 0AJI0OK
[enb paboThl: 3aKpenuTh TEOPETHUECKUE 3HAHUS U YMEHHS ONIPEIENSITh PEaKI[Ui B ONopax 0amouHbIX

[IpnoOpeTeHHbIe HAaBBIKU:

1. Opranu3oBbIBaTh COOCTBEHHYIO JI€ATEILHOCTD, BRIOUPATh TUIIOBBIE METO/IbI M CTIOCOOBI BHITIOJTHEHUS
npodeccnoHaNbHbIX 33]a4, OLIEHUBATh WX () (PEKTUBHOCTH U Ka4ECTBO

2. HpI/IHI/IMaTL peliCHUs B CTAHAAPTHBIX U HCCTAHAAPTHBIX CUTYAlIUAX U HECTU 3a HUX
OTBCTCTBCHHOCTbD.

CTYJIGHT JAOJIKCH 3HAaThb OCHOBHBIC ITOHATHA U 3aKOHBI MEXAaHHUKHU TBEPJA0Iro TCia.

®dopma paboThI - ayTUTOPHASI.

XapakTtep pabOThI - 9aCTUYHO-TIOUCKOBBIH.

IlocnenoBaTeabHOCTH peuICHud 3aia4n:

1 N300pa3uth 6anky BMeCTe ¢ Harpy3Kamu.
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2 BriOpath pacrosioxkeHne KOOpJAMHATHBIX OCE, COBMECTUB OCh X C OAJIKOM, a OCh J, HAIIPABUB
NEPIEHIUKYIISIPHO OCH X;

3 [IpousBecT HEOOXOAUMBIE TPEOOPA30BAHMS 3aJaHHBIX AKTUBHBIX CHJI: CHJTY, HAKJIOHEHHYIO K OCH
OaJIKM TIOJT YTJIOM a, 3aMEHUTh IBYMsI B3aUMHO MEPIICHIUKYIISIPHBIMU COCTABIISIFOIIIMMHE, & PABHOMEPHO
pacnpe/ielIeHHYI0 TI0 3aKOHY MPSMOYTOJIbHUKA HArPy3KY — €€ PaBHOJCHCTBYIOIIEH, TPUIOKEHHON B
CepeHE y4yacTKa paclpeesIeHNs Harpy3KH;

4 OcBoOOUTH OANKy OT ONOP, 3aMEHHB UX JCHCTBUE PEAKIMSIMU OTIOp, HAIIPABJICHHBIMU BJIOJIb
BBIOpAHHBIX OCEeH KOOP/HHAT;

5 CocTaBUTh YpaBHEHHUS PABHOBECUS CTATUKHU U1 IIPOU3BOJIBHOM INIOCKON CUCTEMBI CHJI TAKHM
00pa3oM | B TaKOW MOCIIEIOBATEIBHOCTH, YTOOBI PEIICHHEM Ka)I0TO U3 3THUX YpaBHEHUH OBLIO

OIIpCACIICHUC OI[HOﬁ N3 HCU3BCCTHBIX peaKHI/Iﬁ OI110p;,

6 [IpoBepuTh MPaBUIILHOCTh HAWJACHHBIX ONOPHBIX PEAKIIUH 10 yPaBHEHHIO, KOTOPOE HEe OBLIO
HCIIOJIb30BAHO ISl PELICHMS 3a/1a4H.

3AJIAUA

1. Onpenenuts onopHbIE peakMu B KOHCOIBHON Oajke.

g
£ au

- F

L7 L2 L3 L4

AMAAIAAS

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

B omnopax paccraBisieM ONOpHBIE peakiMy M 3aMEHsIeM PaBHOMEPHO paclpeIelieHHY 0 Harpy3ky (q) Ha
cocpenoroueHnyto cuny Fq = q-L2=2-2=4 xH.

Ha A i
% Va BTF-15
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1. 2x=0. yu

2. XY =0. va_Fq+F=0
Va-4+15=0
Va + 11=0

Va=-11 kH - mensem HanpaBieHHE HA IPOTUBOIOI0KHOE

3. ZMa=0 g4 M- F 10+Ma=0
4-4-10-15-10+Ma=0
16-10-150+Ma=0
-144 + Ma=0
Ma = 144 xHm
4. TIlposepka:

XMB=0. 2 _M-Fq4-Va8+Ma=0
152-10-4-4- 118 41449
-30-10-32-88+144=0

0=0. Penienue BBIMOIHEHO BEPHO.
2. OnpenenuTs ONOPHbIE PEAKIIUK KOHCOIbHOM Gamku (puc.).
¥
o5y

A" 4A .
m\"ﬂ L) Oy _| ﬁfs' 3

Pemenue. Peakuuio 3anenku mpeicTaBiseM B BuAE ABYX ciil Az u Ay, HalpaBJIEHHBIX, Kak
YKa3aHO Ha YEPTEXKE, U PEAKTUBHOro MoMeHTa MA.

CocraBisieM ypaBHEHHE paBHOBECHUS OAJIKu
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1. IIpupaBHsieM HYJIO0 CyMMY IPOEKLUN Ha OCh Z BCEX CUIL, AecTByromuX Ha O6anky. [looyyaem Az = 0.
IIpu oTCYTCTBHUU FOPU30HTAIBHON HAIPY3KHU FOPU30HTAIbHAS COCTABIISIIOIIASL PEAKLIMU PaBHA HYJIIO.

2. To xe, Ha ochb Y. CyMMa CUJI paBHa HyJr0. PaBHOMEpHO pacnpeleNieHHYI0 Harpysky ( 3aMeHsieM
PaBHOJEHCTBYIOLIEH qas, IIPUIIOKEHHON IIOCPEIUHE y4acTka as:

Ay -F1-qa3 =0,
OTKyJia
Ay =F1 + qas.

BeprukanbHasi cocTaBisfolias peakiiii B KOHCOJbHON OajKe paBHA CyMME CHJI, MPUJIOKEHHBIX K
oajke.

3. CocraBisieM TpeTbe ypaBHEHHE paBHOBecHs. lIpupaBHsEeM HYII0 CyMMY MOMEHTOB BCEX CHII
OTHOCHUTEIILHO KaKkoi-HHOY b TOYKH, Harpumep OTHOCUTEIILHO TOYKH A:

IMy=0; —My — Fua; — qas (0 + & + ay/2) = 0,
OTKyJ1a
My = — Fia; — qag (a + a3 + ay/2).

Konmponwsnuie eéonpocut

1.CKONBKO HE3aBUCHMBIX YPaBHEHHH PpaBHOBECHUS MOXHO COCTaBUTh Ul IUIOCKOM CHUCTEMBI
napajuieNbHbIX CUIl?

2.Kakue cocTaBisiolMe peakluy Onop 0ajJoK BO3HUKAIOT B IIAPHUPHO — MOJBMKHOW, IIAPHUPHO —
HEMNOJIBUYKHOM onopax U )KECTKOMU 3ajienKe?

3.Kakyro Touky 1enecoo0pa3HO BBIOpaTh B KAaueCTBE LIEHTPAa MOMEHTA MpHU ONpEACICHUU peaKLuil
orop?

4.Kaxkasi cucrema sIBISI€TCSl CTAaTUYECKU HEONPENETUMOM?

IIpakTuyeckoe 3ansitue Ne 8
IIpaxmuueckas noocomoska
OnpenesieHne ONMOPHBIX PeAKLIMd KOHCOJIbHBIX 010K
Tema: Cratuka. [Inmockas cucremMa Npou3BOJIBHO PACIIONOKEHHBIX CHJL.
Hean padorei: Hayunrtcs onpeaensTs peakiuu KeCTKOM 3a/IeJTKH KOHCOJIbHOMN OaJTKH.

BapuanTs! 115 MHIMBUYaTbHOU pabOThI

Howmep BapuanTa BeIOpaTh 110 mocieanei nugpe nopsAKOBOro HoMepa B )KypHaJe TPYIIIIbL.
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Ne Dcku3 Ne Ocku3
1 q 6 q
F Vi M N A
3 O ot
L L2 L3 L4 L L2 L3 (4
2 g |7 g
F QM e f M ~ L J{.L F
i &/
L L2 L3 (4 L 1% L3 L4
3 q 8
/ g
L OM F £ £ .9/‘1
L L2 L3 L4 i o s L
4 g |° g
V@ e A LF f
N
F
L Lz L3 L4 L 12 L3 L4
i
5 0
F F
(1 12 L3 14 L 12 L3 L4
1
Bapuant | F, xH a, M, L1, M L2, m L3, m | L4
kH/Mm kHMm M
1 15 40 15 2,0 6,0 2,0 1,0
2 30 50 20 3,0 40 2,0 2,0
3 25 40 40 2,0 3,0 2,0 4.0
4 35 3,0 35 20 3,0 40 2,0
5 40 2,0 25 2,0 3,0 40 1,0
6 25 40 35 1,0 3,0 3,0 2,0
7 20 3,0 50 20 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 10
10 3,0 15 15 4,5 2,0 2,0

IIpakTnyeckoe 3ansTHe Ne 9
Onpenenenue Npoa0abHON CHJIbI © HOPMAJILHOTO HANPSIZKEHHS, IOCTPOEHHE 0P

Ilens padbomul — HayuNTHCS CTPOUTD SMIOPHI IPOAOJIBHBIX CUJI U HOPMAJIBHBIX HAIPSDKEHUH, U
ONPEIEIATh NEPEMEILICHHUS.

Teopemuueckoe odocnosanue

Pacmsicenuem nnu cocamuem Ha3bIBAIOT BU HATPYXKEHUS, IPH KOTOPOM B MOMIEPEIHOM
CeueHHH Opyca BO3HUKACT TOJIBKO OJIMH BHYTPEHHHI CHIIOBOW (haKTOp — MPOI0JIbHAS CHIIA.

[TpomosibHBIE CHITBI MEHSIOTCS 110 JUTHHE Opyca. [Ipu pacuerax mocie onpeae/ieHus BETHYNH
MPOJIOJIBHBIX CHJI IO CEYCHUSAM CTPOUTCS rpauK — 3MMI0pa MPOIOIbHBIX CHIL.

VCI0BHO Ha3HAYAIOT 3HAK MPOJIOTBHON CHIIBL.

Ecnu npoosibHas cuiia HatpaBlieHa om ceuetus, TO Opyc pacTsHyT. PacTskeHue cunuTaroT
MTOJIOKUTEITLHOU JieopMaITiei.

P A N, _F N
- @ - ey

Ecnu npoponbHas cuia HampaBlieHa K cevenuio, To Opyc cxar. CxxaTHe CUUTAOT

OTPHUIIATENLHON JepopMaIIuei.

Hanpsorcenus npu pacmsscenuu u cocamuu. I1pu pacTsyKeHUH U CKATUU B CEUEHUH JEHCTBYET
TOJIBKO HOpMaJIbHOE HanpsikeHue. HarpspkeHns B IONEpEUHbIX CEUEHUAX MOTYT pacCMaTpUBAThCS KaK
CHJIBI, IPUXOSIINECS HA €IMHULY Momaan. TakuM o0pa3oMm, Hanpasienue u 3HaK HanpsiceHus B
CEUCHHUH CO8na0arom ¢ Hanpasienuem u 3HaKOM CUbL 8 CeUEHUU.

Harnpsixenus npu pacTsyKEHNH U CKATHH B IPEENIaX KaXKJO0r0 CEUEHNs HE MEHSAIOTCS, I0ITOMY

HaIpsDKEHNE MOYKHO PacCUYMTaTh 1Mo hopmyie

1"'1'7
T = k3

==
rneN; — mpojonbHas cujia B ceueHnH; 4 — IUIOIAb OTEPEeYHOro CEYSHHUSI.

Benuuuna nanpasxgcenua npamo nponopyuoHaibHa npoodoabHOU cuie u 00pamHuo
NPONOPUUOHANILHA NIOWAOU NONEPEUHO20 CEHEHUA.

HopmanbHble HanpsiKeHHs! IEHCTBYIOT MPH PACTSHKEHUU OT CEUEHUs, a MPH CKATHH K CEYESHUIO.

Pa3mepHOCTH (eaMHNTIA H3Mepenus ) Hanpskernii — H/m? (T1a), 0qHAKO 9TO CIMIIKOM Majas

eIMHMIIA, N IPAKTHYECKN HATIPSDKEHHs paccuuThiBaioT B H/mm? (MITa):
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1 MITa = 10° ITa =1 H/mm2.

Buner Harpyxenus Opyca, Ipyu KOTOPOM B €r0 OTIEPEYHOM CEYCHUH BO3HUKAET TOJIBKO OJIHH

BHYTPEHHUH CHIIOBOI pakTop — N | Ha3bIBAEMBIN pacmaicenuem Wi CHCamuem.
PaBHOzEHCTBYOIIAsI BHEIITHUX CHUJI IIPUKJIA/IBIBACTCS B LIEHTPE TSHKECTH MOTIEPEYHOTO CEUCHHUS U

JEUCTBYET BIOJIb IPOAOIBLHON OCH. BHyTpeHHUE CHITBI ONPEACIIAIOTCS ¢ IIOMOIIBIO METOAA CEYCHUH.

Hopwmanbhas cuna B ceueHHH Opyca sSBISIETCS] paBHOICHCTBYONIEH HOPMAIBHBIX HANPSDKCHUH,

HGfICTByIOH_[I/IX B IIJIOCKOCTH IOTICPCHYHOI'0 CCUCHUA

N=>F ~ (1).

BenmunHa mpoAoNbHBIX CHIT B pa3HBIX CEYCHUAX Opyca HeoanHaKoBa. I paduk, MoKa3pIBAIOIIHI
M3MEHEHHE BEIMYMHBI TPOOJIBbHBIX CHJI B CEYEHUHU Opyca 110 ero JJIMHE, Ha3bIBACTCS INI0Poil
nPOOOILHBIX CUJL.

3aKOH pacnpeieseHus HalpsHKeHUH MOXKET ObITh ONpeieieH U3 SKCIIEPUMEHTA. Y CTAHOBIIEHO,
YTO €CJIM Ha CTEP’KEHb HAHECTU IIPSIMOYTOJIBHYIO CETKY, TO IIOCIIE NPUIIOKEHHS IIPOIOJIBHOM HAarpy3Ku
BHJI CETKM HE U3MEHHUTC, OHA MO-IIPEKHEMY OCTAHETCS MIPSMOYTOJIBHOW, & BCE JIMHUU IIPSIMBIMH.
[ToaTOMY MOKHO cie1aTh BBIBOJ O PABHOMEPHOM I10 CEYEHHIO PACIIPEACIICHUH IPOJOJIBHBIX
nedopmarnuii, a Ha ocHoBaHUH 3aKkoHa ['yka (6 = E€) u HopManbHbIX Hanpspkenuii S = const. Torga N =
S- F, otkyna noixyuum ¢popMyy A OnpeesieH!sl HOpMaJIbHBIX HANPSDKEHUH B MONEPEYHOM CEYEHUH
P pacTsHKEHUU

N
c*»= A Mlla(2)
A — mTomaib OKOJIO paccMaTpUBAaEMOro yyacTka opyca;
N— paBHOAEHCTBYIOIIasi BHYTPEHHUX CHJI B TIPEJIENIax 3TOM MIIOMAAKH (COTJIaCHO METO/Ia CEYEHU ).

Jnis obGecriedeHnst IPOYHOCTH CTEPIKHS JI0JIKHO BBIIOJIHATHCS YCIOBHE MPOYHOCTH -
KOHCTPYKLIHS OyJIeT MPOYHOM, €CIIM MaKCUMaJIbHOE HAIPSDKEHNE HU B OJJTHOM TOYKE HarpyKEHHOU
KOHCTPYKLHHU HE MPEBBIIIAET T0IIyCKaeMON BEIUYMHBI, ONIPEAEIAEMOM CBOMCTBAMU JAHHOI'O MaTepuaia
U YCJIOBUSMH paOOThI KOHCTPYKIIMH, TO €CTh

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

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

IToaTOMYy paccMarpuBaroT

Al

£ ==
I _ npononsuas nedopmanus; (4)
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[Tpumepsr: p=0 — nmpobka, u=0,5 — pe3una,

Ad

d _ nonepeunas nepopmarnus. (5)

£ =%

o | = ||

DKCTepUMEHTAIBHO MMOKA3aHO, YTO ,rne =0, ..., 0,5 - koapdunuent Ilyaccona.

#=0,25+030 _ an

B npezernax yrpyroii nebopmamuu Bemossercs 3akon I'yka: @ =E# rne E — momyimb

YOPYTroCTH, Ui MoyJb FOHra.

J11g 3aJTaHHOTO CTaTUYECKU OMPEAeIMMOTro CTajlbHOro Opyca Tpedyercs:

1.

IIOCTPOUTD AMIOPHI MPOAOJIBbHBIX ciil N U HOpMalbHBIX HAIPSDKEHUH G, 3a11KMCaB B O0IIEM BUJIE
JUIsL K@XKJI0T0 ydacTKa BbIpaxkeHHs N U G 1 yKa3aB Ha 3M10pax UX 3HAYEHUS B XapaKTEPHbIX

CCUCHMSIX;
OTIpeAeNTuTh O0IIee epeMelieHre Opyca 1 MOCTPOUTH SIOPY MePEeMENIEHUH O ' MOEePEUHbIX

CEYeHM, MPUHSIB MOAYJb yrpyroctu E =2-10 ® MIla.

[Topsimox pacueroB

BriOparb pacronioskeHre KOOPAMHATHBIX OCEH: COBMECTHTH OCh X C OalKkoii, a OCh y HalpaBUTh

MEPIEHIUKYIISIPHO OCH X.

1.

ctanpHOTrO Opyca (puc. 1). Onpenenuts yanunenue (ykopodeHue) opyca, ecinu E <=

[IpousBectn HEOOXOAMMBIE MTPEOOPA30OBAHUS: CHILY, HAKJIIOHEHHYIO K OCH OajKM MOJ yIJIOM a,
3aMEHHUTh JBYMsl B3aUMHO IEPIECHIUKYJSIPHBIMM  COCTABIIIOIIMMH, a pPaBHOMEPHO
pacnpeesIeHHY0 Harpy3Ky — €€ paBHOAEHCTBYOLIEH.

OcBo6oaUTh OaNKy OT OMOp, 3aMEHMB MX JCHCTBUE PEAKLUUSAMHU OINOp, HANpPaBIEHHBIMU BJOJb
0CEH KOOpAUHAT.

CocTaBuTh ypaBHEHHUS paBHOBECHUS OaJIKH, YTOOBI pEIIEHUEM KaXKI0ro U3 TPEX ypaBHEHHM ObLIO
orpeziesieHUe OHON U3 HEM3BECTHBIX PEAKIIMI omop.

[IpoBepuTh MPaBUIBHOCTH OIpPENEICHUS PEaKLUUi OMop MO ypaBHEHHIO, KOTOPOE HE ObLIO
HCIIOJIB30BAHO ISl pELICHMSI 3a/1a4.

CnenaTh BBIBOJ 0 HanbOOJIEE HATPY>KEHHOU OTIOpE.

OTBeTUTH Ha KOHTPOJIbHBIC BOIIPOCHI.
Tpeoyemca

ITocTponTh AMOPBI MPOAOIBHBIX CHUJI K HOPMAJIBHBIX HANIPSYKEHUN JUIsl HATPYKEHHOT O

=2 10" MTITa
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o1, nmr

A

2!
e

Puc.1
— 2
Hano: F + =2kH,F2:5kH,F—':2kH,A1:ZCM2,A?_4{M 1 =100mm, | 2 =50 Mm, | =
=200 MM,
I =150 mm.

Pemenue. OnpenenseM mpo10IbHbIE CUIIBI U CTPOUM HX 3TIOPY:
N1 =-F1=-2kH,

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

N==-F1+F=z=3kH;

Na=-F1+Fz2+F=>=-2+5+2=5kH

OHpeZ[CJ'ISICM BCJIMYNHY HOPMAJIbHBIX HaHpﬂ)KeHI/Iﬁ " CTPOUM HUX IMIOPY:

B2 gy
A 210
\g 3 ol ]
(im0 BT T
A, 2410
‘. 3 X
o R L
A, 410
. 3 8
1_&:&%:12,51 Ia
A, 410

Hcnons3ys Bumon3MeHeHHBIN 3aK0H ['yKa, onpeenseM yainHeHne opyca:

= Nl A0 0 o st
EA 2-10°-210°

Al

N, 31050

Al = :
TUEA, 2:10°-2-10°

=0,00375i i
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Al,

Al, =

4

N 102 "
=103 - 3 0 00_=O.O()75H
EA,  2:10°-4-10°
v -~ ' 1
Nilo _ 5 ”,) "J“_ =0,009375i i
EA, 2:10"-4-10°
= —0,005+0,00375+0,0075+0,009375 = 0,015625i i

+ A=Al +AL +AL+ Al

KOHmpOJleble 80Nnpocsl

1.CKOJIBKO HE3aBHCUMBIX ypaBHeHI/Iﬁ PaBHOBECUA MOXKHO COCTaBUTh JIA IUIOCKOM CHCTEMBI

napajuiebHbIX CUIl?

2.Kakne COCTABJIAIOIIHEC PCAKIIMU OIIOp 0aJI0K BO3HHUKAIOT B MapHHUPHO — HO,Z[BH)KHOI;'I, IIapHUPHO —

HETOJIBUKHOM OMOpax U *KECTKOM 3ajienke?

3.Kakyio Touky menecooOpa3HO BBHIOpaTh B KAa4eCTBE LIEHTPAa MOMEHTA TPHU ONPEACICHUU pPEaKIUii

onop?
4. Kakas cuctema siBJISIeTCSl CTATUYECKH HEONPEACTUMO?

IMpakTuyeckoe 3ansaTue Ne 10

Hpakmuqecmﬂ Nno020MmosKa
Onpe)leJIeHne l'[pOI[OJ'IbHOﬁ CWIbI U HOPMAJILHOI'0O HAIIPSKECHU S, IIOCTPOCHUE IIOP

3aganue.
Bapuanr
HapameTper 1 [2 [ 3] 415 [6 |7 8 19 | 10
F1, kH 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, v 50 [ 00 | 50 | 25 [ 40 [ 50 [100 [ 50 | 25 | 40
Az, Mv 100 | 50 | 20 [ 50 | 80 [ 100 [ 50 | 20 | 50 | 80
Bapuant
HapaveTper 11 [ 12 [ 13] 14 [ 15 [ 16 [ 17 | 1819 [ 20
Fi, kH 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, mv? 50 | 00 | 50 | 25 | 40 [ 50 [100 | 50 | 25 | 40
Az, MM’ 100 | 50 | 20 | 50 | 80 | 100 | 50 | 20 | 50 | 80
Bapuant
HapaeTper 1 [2 [ 3] 45 [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, xH 8 15 10 12 20 35 12 16 12 10
A1, Mm* 50 00 50 25 40 50 |100 50 25 40
A2, Mmv? 100 50 20 50 80 100 50 20 50 80
B Aa
= F F,
q—— > —— - ——

TPEBYETCSI: muist 3a1aHHOTO CTaTUYECKH OMPESIIMMOTO CTaIbHOTO Opyca:

1. mocTpouTs AMIOPHI NPOAOIBHBIX ¢ N 1 HOpMaIbHBIX HAMPSDKEHUHN G, 3alKcaB B 00IIEM BUIE
AT KQKAO0TO y4aCTKa BBIPpAXKCHUA Nuowu YKa3aB Ha 5110pax X 3HAYCHHA B XapPaAKTCPHBIX
CCUCHUSX;

2. ompenenuThb olIIee nepemMenieHne Opyca u MOCTPOUTh SIIOPY MEPEMENICHUH O ¢ TIONEPEYHbIX

CEUeHUM, NpUHSAB MOAYJb yupyrocta E =210 * MITa.

IpakTuyeckoe 3ansaTHe Ne 11
IIpakmuyeckasn noozomoexka
Onpenenenue Npoao0bHON CHJIbI 1 HOPMAJILHOTO HANPSIKEHHS, TOCTPOEHHE 0P

J1i  BEpTUKAJIBHOIO CTEPXKHS, HMEIOIIEro JKECTKYI0 3aJeJIKy Ha OJHOM U3 KOHIIOB,
n300pa’keHHOro Ha puc.l Heo6X0AUMO:

1) BeruepTuth CXeMy B IPOU3BOJIBLHOM MacIITaoe.

2) OnpenenuTh 3HAUCHUS] HOPMAITbHOM CHJIBI Ha KaXK/IOM Y4acTKe CTEpPIKHSI.

3) ITocTpouTk 3MIOPY HOPMATBEHOW CHJIBL

4) OnpenenuTh yITHHEHHE CTEPXKHSL.

JITMHBI y4acTKOB CTEPKHS U Harpy3Ku, MPUJIOKEHHbIE K HEMY, IPUBEAEHBI B Ta0I. 1, miomanb
TIOTIEPEYHOT0 CeUeHHs y3Koro yuacTka 4 = 0,2 M2, IUPOKOTo yyacTka 2A4.

Tabmuma 1
Homep | Cxema | a, |01=03,| 02, |[Fu |F2 |Fs,
crpoku | o puc.1 | m | kH/m [kH/m | xH | xH | xH
01 1 08| 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 [25(20| 40
05 5 16| 25 10 (301510
06 6 18] 30 5 |35|10(20
07 7 2 5 30 |40]| 5130
08 8 08| 10 25 (10|35 40
09 9 11 15 20 [15]30] 10
10 10 1,2 20 15 [20( 25|20
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 [35(15|20
15 15 08| 30 5 |40]10(30
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16 16 1 5 30 |10| 5|40
17 17 18 20 25 [15(35( 10
18 18 2 25 25 12513020
19 19 0,8 30 20 |130(20] 40
20 20 1 5 15 |35 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 18 10 25 (203010
25 25 2 15 20 [20(25( 20
26 26 0,8 20 15 [(25]30( 30
27 27 1 25 25 [40(25( 40
28 28 18 30 20 (1020 10
29 29 2 5 15 [15]15( 20
30 30 08| 20 10 |25/ 10| 30
31 31 1 10 30 | 30| 5140
32 32 1,2] 15 25 13513510
33 33 14 20 20 [40(30( 20
34 34 16| 25 15 |10 25| 10
35 35 1 30 25 [15(30( 20
36 36 1,21 15 20 |25125]30
3] r a B 0Olal|r
1 cxema 2 cxemMa 3 cxema 4 cxema
| Tty T b P e B b
T2 {" T 3 1 3
Yo d 3 '[F 1 o
I ] . .—JI' L Jl
o * F: | # E ]r 017 3
. s | ! 1
tlﬂ *~:: :; fl Y | gl
ﬁ ey o AL AL, A I
5 cxema 6 cxema 7 cxemMa 8 cxema
F.—
| W L LR LY
T - EI EREIE
{F; o q: T— F:k gz S q: -:J:
I R B |-
.ﬂﬂ"’l.ﬂf Cd =._El.__= ___,E____ ___,E,___'* 1 'FJ ]
i fffffr’fff ra |
9 cxema 10 cxema 11 cxema 12 cxema
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3aoaua 2. Cmamuuecku onpeoenumole CMepPIHCHU, padomarouiue Ha paAcmAMdCeHUe-cyHcamue
ConocraButh 00BeMBbI (KyOaTypy) KHPIHYHON KIAJKHA CTEHBI JBYXAITAXHOTO 3IaHUS BBICOTOM
h (puc.2), 3anpoeKTHPOBAHHOIO B IBYX BapHaHTaX: a) CTeHA MOCTOSIHHOTO CeUeHHsI; 0) CTymneHuaTas u3
IByX 4acted. OT 4epAayHOro MEePeKpPHITUS U KPOBJIM HA MOTOHHBIA METP CTEHBI IIEpeacTcst Harpyska
MHTEHCUBHOCTH p1, OT MEKAYITaXKHBIX NEPEKPBITUI — p2. OOBEMHBIH BEC MaTepHaa paBeH .
JlaHHBIE B34Th U3 Ta0M.2.

Tabmnuma 2
Homep [ Cxema Y, h,
cTpoku | o puc.2 | KH/M® | M
01 1 18 |2,7
02 2 19 |28
03 3 20 |29
04 4 21 |30
05 5 22 |31
06 6 18 |32
07 7 19 |33
08 8 20 |34
09 9 21 |35
10 10 22 |3,6
11 11 19 |26
12 12 20 |28
13 13 21 |28
14 14 22 |27
15 15 18 12,9
16 16 16 2
17 17 17 121
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 (2,7
24 24 21 129
25 25 15 2
26 26 16 |21
27 27 17 12,2
28 28 18 (24
29 29 19 |26
30 30 20 (28
31 31 15 |28
32 32 16 (2,7
33 33 17 129
34 34 18 (2,2
35 35 19 (24
36 36 20 (26
S a B

2 cxeMa

5 exema
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6 cxema



7 cxemMa
p.=50xH/m
1 lpl

l lp2=3o xH/m
I

9 cxema
pl= 48 xH/m lp

0,5h 0,5h

1

; & l lP=30KH/M
2 = 2
—

wﬂ\

=

/4
11 cxema
pl= 56 xH/m lpl

&
Q l lP2=30 xkH/m
o
=
v
i
o

13 cxema

35

8 cxema

=50xH/m
Pl lpl

@ l lp2=3o xH/m

Ik

10 cxema

0,5h 0

Pl= S6xH/m lpl
l lP2=20 kH/m

12 cxema

0,5h 0,5h

p= 58 xHlm lp

14 cxema



p.= 60 xH/m lp
o l lp; 20xH/m g |
Q —
- 2 g l lp2 22 xH/m
2 =
o 75} I |
o
15 cxema 16 cxema
P 60 xH/m lpl
o=t
, 2 l lp2=22 xH/m |
- l lpz=20K}'I/M
@
E M
17 cxema 18 cxema
Pl= S0xH/m lpl
= p.= S4xH/m
, = l lP2=2oxH/M 1 lpl
D @ l lp=30KH/M
= o 2
vy
o
19 cxema 20 cxema
pl= 60 xHm
2 é’i lpl
° l lP2= 20xH/m
éa ;WWL
o
21 cxema

22 cxeMa
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=60 xH/
P, éﬁ l lp2= 25xH/m p lpl Bt lpl
o : P, f l lp2= 1SxH/m
G =
o v
o
7/ T777777707/77 T77777707777
23 cxema 24 cxema
Pl= 60 xHm lpl
=60 xH/m
P lpl P, g“ l lp2= 25xH/Mm
, @ l lp2= 20 xH/m e
o

0,5h
N
0,6h

25 cxema 26 cxema
=5 =&
p=S0xH/m lpl p=S0xHim lpl
o @ P.=30 xH/m
o o 2
& o
73] wn
o o l I
27 cxema 28 cxema
Pl= 48 xH/m lpl

l lP2=301cH/M

l lp2=201<H/M

\] lN'ﬂ
06h 04

29 cxema 30 cxema
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Pl= 56 xHm lp

0.55h 0,45h
—

31 cxema
Pl= 58 xH/m l

P
)
2

1
lp; 20xH/m

h

0,65h 0,

33 cxema

P= 60 xH/m lpl
=

& l lp2=22KI'UM

v

h O,

0,6

35 cxema

= S0xH/m
) lpl

l lp2=20KI'I/M

06h 0,4h

Pl= S8 xHm lpl
p2 ﬁ- l lP =20 xH/m
(=} 2
2 ;W;
iri
o
32 cxema
pl= 60 xH/mx lpl
B @A l lp =22 xH/m
o 2
2 JW/V;
75!
o
34 cxema

36 cxema

Pl'—' S4xH/m

[

|

lp2= 30xH/m

05Sh 0,5h

Ik

Puc.2
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Pacuemnvie cxemwr cmeporcneti k pabome Ne 5,6
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Tabanua YucJI0BbIX BADMAHTOB
ITapamerpbl Yucii0Bble BADHAHTBI
3a1a4u
1 2 1 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|02]0,5 0,3

KonTposabHbIe BOnpockl.

1.
2.

No o hkow

Kakue BHyTpeHHHE CHIIOBBIE (PAaKTOPHI BOBHUKAIOT B CEYEHUU Opyca MpU pacTsHKECHUU U COKATUHU?
Kakoro xapakrepa HampsiKeHUsT BOZHHMKAIOT B MONEPEYHOM CEYEHUHM NPU PACTSKEHUU U CHKATHH:
HOpMAaJIbHBIC WJIN KacaTeIbHbIE?

Sanumute GopMyITy U pacyeTa HOPMATbHBIX HAMPSKEHUH MPH PACTSKEHUU U CKATHH.

Kak Ha3zHauaroTCA 3HAKW MPOIOIBHON CUIIbI U HOPMAJIBLHOTO HAMPSKEHUS ?

UTo nokasbIBaeT 3M0pa MPOI0JIbHONU CHIIbI?

B xakux eauHUIIaX U3MEPSETCS HAMPSKEHHUE?

Hanummre ¢hopMyiy nms pacuetra HOpMalbHBIX HAPSKEHUHN MPU PACTSKEHUH CKATHH.

[TpakTuyeckoe 3ansrue Ne 12
OnpeneneHue NpoI0JabHOTO YAJIUHEHUS

Ha 3ansTuun npoBoauTCs pelieHue 3agau.
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Paccunrath Z!G!l!O[!Ma! [MY YYaCTKOB U O6HI€€ HN3MCHCHUEC NJIMHBI IIPAMOIro CTECPKHA IMMOCTOAHHOI'O
CCUYCHHUA.

A=484mm’
R 45kH F_ =25kH F._-— 100kH
R e e e e < 1a
B B K
| b=40cm c=65cmM d=50cm |

Moavyias npogonasHoH yipyroctu ctaiau E=200IT]a.

Pemenue
CTep)KeHB HUMECT TpI/I CHJIOBBIX YYACTKa, HA KOTOpBIX IIomaab CEYCHUA OJMHAaKOBA,
HO BHYTPEHHHE CUJIbI 1 HOPMAJIbHBIC HANPSKEHUS OTIUYAIOTCS, IO3TOMY OMPEeIUM a0COTIOTHBIE

Ee!l!O[!MagHH BCCX YYAaCTKOB B OTACJIBHOCTH, ITOCJIC YETO CJIOKHUB UX, [TOJTYYHUM U3MCHCHUC NJIMHBI BCET'O
CTCPIKHS B LICJIOM.

N3menenne AJIMHBI YYaCTKOB CTCPIKHA IMPU PACTAKCHUHN-CKATHU paCCUUTBIBACTCA 110 q)OpMyJ'Ie:

Al = N, -1 :f:rf-.?'f
A4 -E, E

I

rae N — BenmuurnHa BHYTPEHHEN NPOI0JIbHOM CUJTbI,
| — nMHa paccMaTprBaeMoro ydacrka,
A — TuI011a/1b €10 NONEePEeUHOro CeUCHHU,
E — monynp FOHra (mpo1osibHOM ynpyrocTu) Juist MaTepuasia CTEpaKHS,
G — 3HAY€HUE HOPMAJIbHBIX HANPsKEHUI Ha pacCMaTPUBAEMOM YUacTKe.
3HaueHus! BHYTPEHHHUX CHJI M HaIlPsDKEHUH PUHUMAIOTCS € TOCTpoeHHbIX 31top N (o).

A=484mm’
R F;; 100xH F; =30kH
K M
b=40cmM c=65cmM d=50cm |
111 20 I1 |
45
@®
AAAAAA 1 1 | N[KH]
S
30
144.,6
93
@®
@—~G [MNa]
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ITo snropam BUIHO, YTO MEPBBIN y4acTOK cxumaetcs, a yyactku 11 u III pactsaruBarorces,
ciiefoBaTenbHo, nedopmarmu Al BTOPOro u TpeThero y4acTkoB OyIyT MOJOKHUTEIbHBI (UX JJTHHA
YBEJIMUYMBAETCS), a IEPBOTO OTPULIATENBHBI (IPOIOJILHBIN pa3Mep YMEHBIIAETCs).

Paccunraem ux:

Hedopmarus | yaactka (KM)

Al = Al _Npd_ _30;610 0 - =—15-10" 3 =-0,153n
A-E  484-107-200-10
Il yaacrox (CK)

Al =Al, =Nn¢__ 70-10°-063

A-E  484.1075.200-10°

VY anuHenue Tperbero yyactka BC

=4.7-10"  =0,47 mn

N. -b 15.10°-0.4
Al, =Al, =—1"~ _ i
o TEC T 4 E 484-107°.200-10°

CrnoxuB (C y4eToM UX 3Haka) 1edopMaIiii BCEX YUACTKOB IMOTYIHM BEITUIHHY U3MEHEHUS
JUTUHBI BCETO CTEPKHS B IIEJIOM:

—=1,9-10"* 2 = 0,193

Al=" Al = Al + Al + Al =—015+0,47+0,19=0,51au

B pesynbraTe nedopmariuu odmiast JyiMHa cTepkHs yBeanautces Ha 0,5 [ mm.

I[J'IS[ OonpeacICHr NMEPEeMCIICHUSA TOYKHU B CTCPIKHA HGO6XO}II/IMO IIOMHHTB, UTO CMCHICHHUEC CCUCHU
3aBHUCUT OT )Ie(pOpMaI_[I/II/I HC BCCTO 6pyca, a JIMIIb HCKOTOpOﬁ €ro 4aCcTu MCXKAy CCUCHUCM U 33,[[6.)'[[(0171.

Tax B HamieM cilydyae nepeMmelieHue Touku B paBHO cyMMapHOMYy M3MEHEHHIO JJIuHbI yyacTkoB BC u
CD:

Ug=alg-+aly

[Tpu BbIYMCIIEHUH a0CONIIOTHBIX JedopMaluil y4aCTKOB MOHO MPUMEHHUTH MPUHIIUIT HE3aBUCUMOCTH
neiictBus cun u popmynsl (1.5) u (1.9).
Ha yuactok CD kak BHeIIHHE CUJIbI AEHCTBYIOT: 2P — pacTsruBatommas u 7 2 — CKUMAroLas.
2P-a T.-a N;y-a
EF EF EF

S§-019  38.009  54,2-0.19
2.10°.29.107  2.19°.29-107  2-19°-28-107°

Ha yuactok CB kak BHemHssi cwia aeiictByer P= 29 kH u paBHOMEpHO pacmpejaeieHHas
Harpy3ska t = 20 kH/m.

o= P.b T:E} _ 1e.0,19 33-019 _
Q.E{v—?‘ - .3 FE 9.9 E o -4 4.9 B o -4
... EF FU— EF _QHIG H.glg 4.-"}.“3 .n..g}.ﬂ

=177 -1 M =077 167 M

= 0475107 —0031-1077 = 0,444 -10 "= 0.0444 10"

Takum obpazom,

43



Iy =0177-107 + 00444 - 107 =0.2214 107 m.

Touka B nepemeraercs BBepx.

Bormpocs! 1y camonpoBepKu

1. Yto Takoe LEeHTpaJbHOE PACTSXKEHUE U cxKaTue?

2. YTOo moHUMaeTCsI o1 MPOI0JILHON CHIION B Opyce, M KaKuM CII0cOO0M OHa OIpeemsieTcsi?

3. Kakoe mpaBuio 3HaKOB IMPHUHSTO MPHU OIMpeAeIeHUH MpoaoibHOoM cuibl? KakoBa pa3mMepHOCTb
IIPOJOJILHOM CHIIBI?

4. Yto Takoe 3mropa npoaoibHOM cuiibl? Kak oHa CTPOUTCS U ¢ KaKOH 1elbio?

5. Uro Takoe wHanpspkenue? Yem ompenensiercss 3HaK HanpsbkeHusi?  KakoBa pa3mMepHOCTb
Hanpspkenusa? Kakue GpakTopsl BIUSIOT Ha BETMYUHY HANPSKEHUs?

6. Hanmmure ycinoBre MPpOYHOCTH MPH PACTSKEHUHU WU CHKATHH.

7. Yto HazpIBaeTcsl aOCOMIOTHOW (MONHOI) mpoaonbHON nedopmanuein? Hanumure dopmyny
abcomoTHON AedopMarim.

8. Kak d¢opmynupyercs 3akoH ['yka? Hanumwure ¢opmyinsl, Belpaxkarommue 3akoH [yka, s
OTHOCHUTEIILHOW U a0COTIOTHON TTPOJOIBHON AedopMmaruu Opyca.

[Ipaktuueckoe 3anstue Ne 13
IIpakxmuueckasa noocomoeka
OmnpenesieHne NpPoa0IbLHOIO YIJIUHECHUS

3aoanue

CTanbHOM IBYyXCTyNEHYAThIi OpyC, JIMHBI CTyNeHeil KoToporo ykasansl Ha puc.l (cxemsr 1- 10),
HarpyxkeH cuiamu Fi, F2 u F3. [TocTpouTts mropbl MpoA0ibHBIX CHII U HOPMalIbHBIX HAMPsHKEHUH 110
miHe 6pyca. OnpenenuTh nepeMenienre cBoOOHOro KoHua 6pyca, npuss £E=210° MIla. Yucnosbie
3naueHus cun F1, F2u F3, miomany nonepevnsIx ceueHuit cTynenei A1 Az Juis CBOETO BapraHTa B3STh
W3 TaOJIHIIGI.

Tabmuua

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 1911134 (13 |09
2 3 1612528 |12|18 19 9 3114620 |19 |25
3 4 26|19 (10 |19|16 20 2 1811015 | 1,2 18
4 6 2812212 |28]26 21 1 161510 |11 18
5 5 1411610 |21]19 22 4 24110| 8 20 |07
6 8 1011213 |09]|07 23 3 15124129 |13 |29
7 7 17113 |6 11|15 24 6 26 20|10 (26 |22

10 2912 |54 19|14 25 5 2011812 (25 |22

9 9 40 (55124 | 28|34 26 8 9 |11|12 |19 |08
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10 2 15/5 |13 10|1,2 27 7 14|10 |6 11 13
11 1 30 10|5 18|26 28 10 304 |5 |20 15
12 3 8 |13/145]06|1,2 29 9 25141118 |16 2,1
13 4 166 |2 10| 0,7 30 2 1116 |12 |08 1,2
14 6 19114 |4 24121 31 1 17|13 |8 1,0 2,1
15 5 17 119 13 24121 32 3 18| 25| 7 15 3,2
16 8 17119 | 20 16|14 33 4 32172 3,0 15
17 7 2011710 13119 34 5 198 |22 |21 18
1 A o, A /'.‘1
b A “ A
' ._.:i F: - 1 /| AF}/ F: F:
W 0w 0w 02w |35 035 BT 06 (01
7 A Ay ,-’ ¢ A A-
/ ‘F’ -F; £ ] 2 A Fs Fa A‘ )
) rrrrrrrrrr Pt G Gy -

0. 25 J"U‘OIS M 0 T E 0.3 0.4 04 )

3' 7 .ﬂ: s‘_ y. '\L

d _ . . A -
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[IpakTuueckoe 3ansitue 14
PacueT nonepeuHbIX CriI U U3THOAIOIUX MOMEHTOB, IOCTPOEHHUE S0P

Teopernyecks 4acTb

N3rub xnaccupuumpyror
no Koluuecmay Cunoebvix YaKkmopos, 0eiucmeyuiux 6 nonepeuHom cevenuu opyca:
YHUCTBIH U3rMd — B CEYCHUH JIEUCTBYET TOJIBKO U3THOAIOIINI MOMEHT;
nonepevyHbIil M3rud — B CEYCHUU JIEHCTBYIOT M3TMOAIOLINI MOMEHT M MomnepedHas (mepepesarolias)
CHJIa;
no xapakmepy pacnoJioxiceHus nja0CKOCmu 0eiucmeus u3cudauezo momenma:
NPSAMOii WJIM NMJIOCKHI M3rM0 — TIIOCKOCTh JE€HCTBUS U3rH0ar0Iero MOMEHTA COBIAJAET C OJIHOM U3
[JIABHBIX IJIOCKOCTEW MHEPLIUU CEYECHUS;
KOCOIl M3rud — IJIOCKOCTh JIEUCTBUS M3rMOAOIIEro MOMEHTa HE COBIAJAET C IVIABHOM IUIOCKOCTHIO
VHEPLWH.

B uHxeHepHON NMpakTUKE YacTO MPUMEHSIOTCS OalKu ¢ BEpTHUKaIbHOW OChIO cuMMeTpuu. Eciu
BHEIIIHSSL HAarpy3ka, pPEakTHBHBIE YCHUIIMS JIeKaT B OJHOM IIOCKOCTH, KOTOpas COBIIAJAET C OCBIO
CUMMETpPUHU CEeYeHHMs, TO Oanka OyaeT M3rudarbcs B TOM ke MIOCKOCTH (OCh M3TM0AaeMOro CTEp)KHS He
BBIXOJMT U3 3TOM MmIockocTH). Takoi u3rud Ha3bIBaeTcs NJIOCKOCTHBIM.

Msbl  Oyner paccmarpuBaTh Cllyyail, Korga Tpu IUIOCKOM M3ru0e BHEIIHSAS Harpyska
NEepIEeHANKYIIpHa IPO10JIbHON ocH 6aiku. [IoaToMy B onepeyHbIX CeYeHUX OalKky BOZHUKAIOT TOJIBKO
MorepeyHas cuja U U3rubaroluii MOMEHT, a MPOJI0JIbHAS CHJla paBHA HYJIIO, YTO HETPYJHO J10Ka3aTh,
CIIPOEKTHUPOBAB BCE CUJIBI Ha MPOJIOJIbHYIO OChb. Takoi M3rud Ha3bIBaeTCH MONEPEYHBIM.

IHocTpoenne 3M0Op NonepevYHbIX CHJIM U3rH0A0IINX MOMEHTOB NPHU
NPpAMOMIIOIIEPEIHOM H3rude KOHCOJNLHLIX U ABYXOIMOPHBIX oaJiok
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1. IlpaBusia 3HAKOB 15l NONEPEYHBIX CHIIL.
IIpsimoe mpaBUJI0: TIONEpEeYHAas CUJIa CUUTAETCS TOJOKUTEIBLHON B Cilydae, €CJIU BHELIHUE
CHWJIBI IOJTHUMAIOT JIEBBII KOHEIl OaJIki UM OIyCKAlOT MpaBblil (puc. 1).

f F Al
: t]
Al YF
s F ié,m
1 i k. 1]
a-( +) ‘ + F
Pucynoxk 1 —IIpaBuiia 3HaKOB JJISI0JI0KUTENBHBIXIIONEPEYHBIX CUIT

OOpaTHoe mpaBHJIO: MONEPEYHAsl CHJIa CUMTAETCS OTPULIATEIBHON B Cllydae, €ClIM BHEIIHHE
CHWJIBI OITYCKAIOT JICBBIN KOHEIl OAJIKU MITU TIOJJHUMAET MPaBbIid KOHEI] (puc.2.).

A| ﬁ*
Lt 4]
FY A
év(‘)* i':+

1

i 1
FY +@H

PI/IC}’HOK 2 —HpaBI/ma 3HAKOB IJIAOTpULIATCIbHBIXIIOIICPCYHBIX CHUJI

2. [IpaBujia 3HaKOB AJ151 H3rUOAOIINX MOMEHTOB

IIpsimoe mpaBu10: W3THOAIONIMNA MOMEHT CUMUTACTCS TOJIOKUTEIHHBIM, €CJIM BHEIIHHE CHUJIBI,
JEHUCTBYIOINIME Ha JIEBBIM KOHEIl OaKv, TOBOPAYMUBAIOT €ro M0 YacOBOW CTpEJKe, a JACHCTBYIOIIHNE Ha
MpaBbIi — MPOTUB YaCOBOH CTPENKH (puc. 3).

M

M
/{: Al ﬁ}\

Al

,MMH) M/(+) M\
<§:i:51252:15>

M

§E Au£\;k) §>

M M

Pucynok 3 —IIpaBuna 3HakoB IITU3THOAIOIINX MOMEHTOB
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OO0paTHoe npaBUJIO: M3rHOAIONIMIA MOMEHT CUHUTAETCS OTPHUIIATEIIbHBIM, €CIIM BHEIIHHE CHUIIbI,
JICHCTBYIOIIME HA JIEBBIN KOHEI[ 0aIKH, TOBOPAYHBAIOT €r0 MPOTHB YaCOBOU CTPEIIKH, a JCHCTBYIONIUE Ha
MpaBbIii — [0 YacOBOM cTpelke (puc. 3).

IMocaenoBaTeJbHOCTH MOCTPOEHHS YMIOP MONEPEYHBIX CHII
H U3rudamnx MOMEHTOB

1. IMox Harpy»XeHHOW OAIKOH CTPOUM PacUETHO-TPA(QUUECKYIO CXEMY.

2. Ucnonp3ys tpu ypaBuenus: 2Fix = 0, ZFiy= 0, XM(F;) = 0, onpenensieM peakiuu omnop Oanku
(00s13aTeNBHO BHITIOTHUTH MPOBEPKY PEIICHUS).

3. Hcnonb3yst METO/I CeUYeHUH, onpeesieM 3HAYCHHS MOTIEPEUHBIX CHJI B XapaKTEPHBIX TOYKaX,
T.€. TOYKaX, B KOTOPBIX NMPUIOKEHBI BHEIIHUE HATPY3KH (MPU ITOM y/noOHEe UCIOIb30BaTh MPSIMOE
MPaBUJIO 3HAKOB, T.€. pa30MBaTh OAJIKY CJIeBa HAIIPABO).

4. Tlo MONy4YEeHHBIM 3HAYCHHSIM TIONEPEYHBIX CHUJI CTpoMM 3Iopy Qy: moj Oaikoil mpoBOIUM
MpSAMYI0, TMapaJUIeIbHYI0 €€ OCH, M OT JTOH NpsSIMOH B XapaKTEPHBIX TOYKAX OTKJIAJbIBACM
MEPIICHIUKYJISIPHBIC TIONIEPEUHBIM CHIIaM OTPE3KH, COOTBETCTBYIOIIUE BHIOPAHHOMY MacmTaly.

5. Ucnonb3yst METOJ| CEUCHHMI, ONpeaeiisieM BEIMYUHY MyB TEX e XapaKTePHBIX TOYKaxX U IO
MOJTY9eHHBIM 3HAYCHUSIM CTPOHUM 3ITIOPY H3THOAONTIX MOMEHTOB.

IIpaBusia npoBepKH NPABUJILHOCTH MOCTPoeHus 3mop Q u M

1. Ha cunoBoMm ydacTke, T1e He IEHCTBYIOT pacnpeneneHHas Harpyska (0=0) u cocpenoToueHHas
nonepeunas cwia (Q=0), a mpunoxxeHn Toapko u3rudaronmii MomeHT (M=const), srmopa M orpanuueHa
MPSIMOH, MapaJiIeIbHONU ocH Oanku (puc.4,a).

2. Ha cuioBoM ydvacTke, TIe HE JCHCTBYeT pacmpeiesieHHas Harpyska (0=0), a mpuioxeHa
cocpenoroueHHas cuia (Q=const), usrudaroruit MoMeHT M U3MEHSIETCS 110 IMHEHHOMY 3aKOHY, a dITFopa
M orpaHuveHa HaKJIOHHOH TpsaMoit (puc. 4,0).

3. Ha cuioBoM ydwacTke, rie ACWCTBYET paclpeselieHHas Harpy3ka MHTEHCHBHOCTH (] = CONSt,
nornepeyHast cuiaa QU3MeHsIeTCsl 0 JIMHEHHOMY 3aKOHY, U3rubaroniii MoMeHT M — 1o KBaJipaTUYHOMY,
a amopa M orpanndena mapaboioii. J{s onpeaeneHust BBITYKIOCTH MapadoIbl HCIIONB3YETCs IPABUIIO0
«30HTHKa» (pHC. 4,B).

4. Ha cunoBoM yuacTke, rje nomnepedsas cuia nojgoxurenbHa (Q 0), usrubatomuit Moment M
BO3PACTaeT, a Ha y4acTKe, Ie nonepeyHas cuwia orpuuarensHa (Q 0), M yObiBaer (puc. 4,r); B CeUeHHH,
rZie TIoNepevHas CHiia
paBHa Hy:0 (Q=0), M nmeeTt s3kcTpemMaibHOe 3HaUeHHE (pUC. 4,B).

5. Ha cuoBoM ydacTke, TJie IPUIIOKEHA COCPEIOTOUCHHAS CHIIA, AITIOpa MOMEPEYHBIX el Q
UMeeT CKauyOK, paBHbIN 3HAYSHUIO ATOM CUIIBI, a SII0pa U3ru0arnmx MoMeHToB M — niepenom (puc. 4,r).

6. Ha cuioBoMm ydacTke, rie NMPHIOKEHA COCPENOTOYCHHAS Tapa CHJI, SIIOpa M3THOAFOIINX
MOMEHTOB M HMeeT CKa4yoK, PaBHbIM 3HAYEHMIO ITOW Maphl, a SMIOpa MomnepeyHblX cuil Q Ha 3ToM
CUJIOBOM yYacTKE HUKAKHUX 0COOCHHOCTEH He uMmeeT (puc. 4,1).

7.Ha rpaHuiie JBYX COCEIHMX CHJIOBBIX YYacTKOB Oaliky, IJie SIIOpa momnepeuHsix cuil Q He
MMeEeT CKauKa, SIIopa u3rudaronmx MoMeHToB M compsiraetcst 6e3 nepenoma, (puc. 4,e).
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Puc. 4.

Pac4yer Ha IPOYHOCTH M )KECTKOCTbKOHCOIbHOM U IBYXOIIOPHOI 010K IPH NPAMOM
Nnonepe4yHoM u3ruoe

JAu¢ppepenunaibHbie 3aBUCUMOCTH IIPH U3rude
1. IlepBass mpou3BOAHAs OT TIONEPEYHOM CWJIBI 1O TPOJOIBHOW KOOpAMHATE Z paBHA
MHTEHCUBHOCTHU PAcCIpe/IeICHHON Harpy3KH, B3sITON ¢ 0OpaTHBIM 3HAKOM:
dQy/dx=qly
2. llepBasi mpow3BOAHAsE OT HW3THOAIONIETO MOMEHTa IO TPOJOJIBHON KOOpJMHATE paBHA
IIOIIEPEYHOM CUJIE:
dM,/d,=Qy
3. Bropas mpou3BomHas OT HM3rHOAIOIIEr0 MOMEHTa IO TPOJOJLHOW KOOpIMHATE Z paBHA
MHTEHCUBHOCTH PaclpeielIeHHON Harpy3KH, B3sTOH ¢ 00paTHBIM 3HAKOM
d*M,/d*=—qy
Yka3zaHHbIe muddepeHIaTbHbIC 3aBUCUMOCTH Ha3bIBAIOTCA oughgpepenyuanvnvimu
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Puc. 5 — [1nockuii mpsmMoit u3rud
MaxkcuManbHbIe HOPMAIIbHBIC HANTPSDKEHUS ONIPEICTISIOTCS U3 CIEAYIONIETO YPaBHCHHS:

B A B M (1)
Jmax - 7 .}P war e
= =
[Ipu uncrom u3rude Mo OJHy CTOPOHY OT HEUTPATBLHOTO CJIOSl MPOUCXOUT MPOCTOE PACTSHKEHHE,
o Jpyryro — mpocroe cxkartue. CreaoBarenbHO, MpPU YHCTOM H3THOE HMMEET MECTO JIMHEHHOe
HaIpsHDKEHHOE cocTosiHue (puc.S.6).
P2l
PAY
- +W
e l
B A
o =
I‘I‘Q r
err
e -
z ]

Pucynok 6 — HampsikeHHOE cOCTOsIHHE, IIPU YUCTOM U3rHOe

f= |y 0 %xp
Ry
\ N__z
\
N\
| Gor O

Pucynok 7 — HanpskeHHOE COCTOsIHIE B TaBPOBOM Oaike
OMopbl HOPMAJIBHBIX HANPSHKEHUH MMOKa3bIBAIOT, YTO BHYTPEHHHE CJIOM MaTepualla HarpyKaroTcs
MeHbIIIe, yeM Hapy:kHble. [loaToMy, poekTupys npodunu 6anok, cCTpeMsATcss OOJBIIYIO YaCTh IIIOIMIAIN
CEUEHMsI Pa3MECTUTh Mojaibllie OT HeUTpanbHOH nuMHMU. [Ipy M3rube B BEPTHKAIBHOM IUIOCKOCTH
CTaHJIapTHbHIE JIBYTaBPOBbIE, IIBEJJIEPHbIE, TaBPOBbIE MPO(UIN al0T CYLUIECTBEHHYIO BBITOJY B BECe.
Ecnu maTepuan 6ajiku Xyske CONPOTUBIISIETCS PACTSIKEHUIO, HEXKEIU CKATHUIO, TO LIEHTP TXKECTU CEUCHUS
JIOJKEH pacrosiaratbesi OJMKe K pacTSHYThIM BOJOKHaM, YTOOBI BEJIMYMHA MAKCUMAaJbHBIX
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pacTArMBAIOIIUX HAMPSHKEHUH Oblila MCHBIIIEC MAKCUMAITbHBIX COKMMAIOIIMX HAPsLKeHHi (puc. 5.7).
Onpenenenue KacaTeJbHBIX HANPSKEHUIT MPH MJIIOCKOM MPSIMOM H3rude
Bel1iie ObLTO CKa3aHO, YTO KacaTeIbHbIC HATPSHKCHUS IPU IJIOCKOM MPSMOM H3rH0e 3aBUCT TOJIBKO
oT morepedHbix cwi. OaHaKo, mpU BBIBOJAEC (HOPMYINBI IS KacaTelIbHBIX HAMPSDKEHUH HEOOXOAUMO
CUHMTATHCS C HAUIMYHMEM M3THOAIOIMX MOMEHTOB, Tak kKak eciiu Q#0, To u M#0. B o0mem ciryqae

= x)
,
M=Mz)

[Ipu 3TOM CKOpPOCTH M3MEHEHHS] MOMEHTOB BBIIIE, YeM CKOPOCTh M3MEHEHUS IMONEPEYHBIX CHIL.
[TosToMy, cuuTasch ¢ NpUpaIIEHHEM MOMEHTOB, IpeHeOperaeM H3MEHEHHEM IONEPEUHBIX CHII MPH
Mepexoe OT OJTHOTO K APYroMy OECKOHEYHO OJIM3KOMY CEUCHHIO.

B cuny 3akoHa NmapHOCTH KacaTelbHbIE HANpsDKEHUS BO3HUKAIOT HE TOJIBKO B IONEPEUYHBIX
CEUCHMSIX, HO M B TPOJOJBbHBIX CEUEHUSIX, MapaJUIeNbHBIX HEHTpanbHOMY ciioro. [loaromy BmecTo
HaXO0XKJCHMS KacaTelIbHbIX HalPsDKEHHUH, napanienbHblx Q U AeHCTBYIOIUX HA YPOBHE Y B MTONEPEUYHOM
CEUSHHH, MOXKHO OTIPE/ICIUTh PaBHBIC MM KacaTeIbHbIC HAPSKCHNUS, ISHCTBYIOIINE HAa 9TOM K€ YPOBHE
B IIPOJIOJILHOM ceueHuH (puc. 8,a u8,0).

YroObl ompenenuTh KacaTelabHbIC HAIPSDKEHMs, ACHCTBYIOIIME B CEYEHUH X Ha YpPOBHE Y OT
HEHTpaJIbHOW JTMHUY, B 00JIACTH 3TOTO CEUYEHUS BBLACTHMM OSCKOHEYHO MaJbIi 3JIEeMEHT OalKH.

Jlis 3TOrO mpoBeEeM JBa MOINEepedHbIX cedeHus 1, 2 (puc. 9) u OAHO HPOAOJIBHOE CEYCHHE,
napajuieJIbHOE HEUTpaIbHOMY CIIOIO U OTCTOsALIEE OT Hero Ha paccTosHue Y. Ha pucynke (11) aTo ceuenus
adm, cen u amnc COOTBETCTBEHHO.

[To ceuenuro adm ayeMeHTa ACHCTBYIOT MCKOMBIC KacaTelIbHbBIC HANPSHKCHUS 7, TTapajuiesibHbie Q
Y HOPMaJIbHbIE HANIPSKEHUSL.

a)

| % @% x

x dx E : by

& Hdy)

WIS
|

| e M+dM
| L -

| ' 6)
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Pucynok 8 — K onpeeneHuio kacaTelIbHBIX HAPsHKEHUH

Pacuernas ¢popmyiia 1Jis onpeaeIeHuss HOPMAJIbHBIX HANPSAKEHUI
M,
i

T
[To ceuenuro Cen sjeMeHTa JACHCTBYIOT TaKWe JK€ MO BEIWYMHE KacaTellbHbIE HATPSDKCHUS
7(tak kak dQ=0) u HOpMasbHbBIC HANPSHKCHUS
M_+dM_ (3)
A

=

F =

Ft+do=

B ceuenun amnc ,Z[eﬁCTByIOT KaCaTCIIbHBIC HAITPAKCHUA 7.'/:|‘L'|, HAaIlpaBJICHHBIC B CTOPOHY MCHBIICTO
HOPMAJIbBHOT'O HANIPSZKECHUS, a HOPMAJIbHBIC HAITPSKCHUA 3/1€Ch OTCYTCTBYIOT UJIN HpeHC6pC)KI/IMO MaJibl.

CocraBuM YCJIIOBUE paBHOBECHUA BBIACIICHHOI'O 3JIEMCHTA B BUJIC CYMMBI HpOGKHI/Iﬁ BCEX CHJI Ha OCh
X, IIpearojaras, 4To KacaTeJIbHbIC HAIPS’KCHUSA 7, a IIOTOMY 1 1J 10 MIUPHUHE CCUCHU A b(y) HC MCHAIOTCA

3K =- J'cr- dF -t B(y). dx + j{md@ dF =0,
Fore .
[Mocne moncranoBku (2), (3), moaydum

T -b{y}-dxz%-sﬁm @

x
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rie S:m = I_}fr.’fF — a0conroTHas BEIWYMHA CTATUYECKOTO MOMEHTAa TOM 4YacTH IOINEPEYHOro
-
CEUEHMSI, KOTOpasi JISKUT HUXKE WM BBILIE YPOBHSA Y UCKOMBIX HANPSLKEHUU.
N3 (5.4), monyunm pacueTHyio (opmyiay AJsi KacaTeJbHbIX HaNpsiKeHWil, BOSHUKAIONINX B

MOTIEPEYHBIX CEYCHUSAX MPHU IUIOCKOM MpPsIMOM H3rude mapayuienbHo Q Ha ypoBHE Y OT HEUTPAJIbHOTO
CIIOS:

__ Q-E_:m‘: -
fx ‘E}D’?}

Creayer MOMHUTB, 4TO KacaTeibHble HampspkeHus (5.), mapauienbHbie Q B oOmiem ciydae
SIBJISIFOTCS TOJIBKO YaCThIO TOJIHBIX KacaTeJIbHBIX HAIPSHKCHU.

()

IIpumepsl pemieHus 3aaa4
IMocTpoenue 3M0p MoNepeYHBIX CHJI U N3rHOAIOIIHX MOMEHTOB
1. Harpy3ka MOMEHTAMH Nap CHJ U COCPETOTOYEHHBIMH CHIIAMH
Ilpumep 1
3agana Oanka, 3amIeMJICHHAs MPABBIM KOHIIOM M HAarpy>KCHHAsi COCPEA0TOYCHHBIMA MOMEHTAMH
corjacHo cxeme (puc..9).

M 3M
— P ;
%
O 1 2 Z
« 1 b1y ¥
oz,
- z .
Q
M @ 1 2M
aner )~ [TELT]

Puc.9

Tpedyercsi MOCTPOUTH SMIOPHI BHYTPEHHUX CUIIOBBIX (PaKTOPOB.
Pemienue

1. TIpoBoaMM OCB Z OT CBOOOIHOTO KOHIIA K 33/IEJIKE.
2. MpIcrieHHO pa3ouBaeM OpycC Ha JIBa CHIIOBBIX y4acTKa.

3.IlpuMeHsIsT METOJT CeYCHHsI, OmpeielisieM BHyTpeHHHE cuioBble (akTopel Q W MHa Kaxaom
CUJIOBOM Y4YacTKe.

Ha nepBom cuiioBom yuactke 0 <z:<I
Q1=2Yi= 0, M1=2Mi= 2M

[MonepeyHasi cujia Ha NMEPBOM CHJIOBOM YYacTKe paBHA HYJIO, a U3rHOAIONIMH MOMEHT UMEET
MOCTOSTHHOE 3HaueHune 2M.

AHAJIOTUYHO ompeneNsieM BHYTPEHHUE CHIIOBBbIC (pakTophl W Ha BTOpPOM ydacTke. Ha BTOpOM
CHJIOBOM ydacTke 1<2,< 2 |

Q2=2Yi=0, M2=YXMi=2M -3M =M
[ToCTpOMM PHIOPBI HOMEPEUHBIX cuil Q ¥ M3rMOaKOIMX MOMEHTOB M.
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Ha rpanune nByX CHJIOBBIX YYacTKOB B TOUKe MpuiioskeHuss MomeHta 3M Ha smope M Oyzaer
CKa4OK, PaBHBIN BEJIMYUHE ITOT'O MOMEHTA.

bajnka B paccCMOTpEHHOM MPUMEPE UCTIBITHIBAET YHCTHIA M3THO, T.K. MONIEPEYHasi CUJIa BO BCEX €€
MOTICPEYHBIX CEUCHHSIX paBHA HYIIO. OMIOpa MOMEHTOB MPEJCTABISCT COO0H NpSAMYyIO JIHHHIO,
napajuieNIbHy 0 OCH Opyca.

Ilpumep 2

3agana Oanka, 3amiemMiIeHHAs JICBBIM KOHIIOM W HarpyXKeHHas COCPeI0TOYEHHBIMH CHJIAMU
coriacHo cxeme (puc.10), mpuyem P1 = P, P2 =2P.

Py

Z-a z

CKAMOK _ IIG T P
QI Nie

M [

nepenom  Pa

Puc.10

TpedyeTcst MOCTPOUTH AIMIOPHI BHYTPEHHUX CHUIIOBBIX (PaKTOPOB.

Pemienne Pemienue nanHoro mpuMepa mpoBeAeM M0 aIrOpUTMY pPEIIeHUs MpeablIyiei 3a1a4u.

Ha nepBom cunoBom yuactke 0 <z1< a

Q1=2Yi=P1=P

M1=>Mi=— Pz,

Miz=0 = 0, M12=2= -Pa.

Ha BTOpom cuioBom yuactke
a<zy<2a

Q2=2Yi=P1 2P =-P

M2=2Mi= — Pz + P2(z-a),

Moz=a = — Pa + 0= 'Pa,

M2z=2a = -P 2a+ 2Pa = 0.

[Toctpoum »smtoper Q u M (puc. 10). Dmiopa momepedynslx cuinl Q Ha CHIOBBIX Yy4acTKax
MPEACTABIISIET COOOM MPSAMYIO JTMHUIO, TAPAJIEIBHYIO OCH OAJIKH, a IIopa U3rudaronmx MoMeHToB M —
HAaKJIOHHYIO.

Ha rpanwuiie qByX CHIIOBBIX YYaCTKOB B TOYKE MPUIOXKEHHUS BTOpoi cuibl P2 Ha smrope Q Oynet
CKa4OK BHHM3 Ha BEIMYMHY ITOM CHIIBI, a Ha dmope M B 3TOM MecTe OyeT mepenoMm.

Harpy3ka paBHOMepHO pacnpeae/ieHHOM CHJI0i

IIpumep 3

3agana Ganka, 3ameMJICHHAS JIEBBIM KOHIIOM U Harpy>K€HHasi pABHOMEPHO PacCIpeIeIeHHON TI0
JutnHe OaJIKM Harpy3koi corsacHo cxeme (puc.11).
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Puc.11.

TpebyeTcst TOCTPOUTH SIIOPHI BHYTPEHHUX CHUIIOBBIX (DaKTOPOB.

Pewenne

WMHTEHCUBHOCTE paclpeieNicHHOW Harpy3Ku, JCHCTBYIOIICH Ha Oanky, paBHA (|, TO3TOMY BCS
Harpyska, mpuiiokeHHas K 6anke, Oyzet paBHa ql.

Pemenue 3agaun OyiemM MpoOBOAUTH 0 MPEUIOKEHHOMY PaHee alrOpUTMY .

Pacceuem Gasiky Ha pacCTOSIHUM Z OT CBOOOIHOTO KOHIIa, T.e. 0<z<I.

Q=-09z, rorma

Qz=0=0; Qzi=-ql.

M =—-qz*z/2 , Torna

Mz=0=0; Mgz =- q22/2.

[MToctpoum smropel Q u M (puc. 11). Dnropa nonepednsix cun Q mpeacTaBiseT coOoi MPSIMYO
HAKJIOHHYIO JIMHUIO.

Haubonbiiee mo abCOMOTHON BENMYMHE 3HAYCHHE MONEepeyHOi cuiibl |Qmax| = gl B ceueHuu
3aIIeMIICHHSL.

Ontopa u3rubaromux MoMeHToB M mpejncTaBiseT co0oif mapabosy BBIMYKIOCTBIO BBEPX, T.K.
M3TUOAIOIINI MOMEHT OTPUIIATEIIEH.

HauOonbiiee mo aOCOMIOTHON BeTMUMHE 3HAYEHHWE M3THOAIOIIEro MOMEHTa OyJeT B CEYEHHH
3amemnenns [Mmax| = qI%/2.

Ilpumep 4

3anano

[TocTpoHTh SITIOPHI MTOTIEPEUYHBIX CHJT M U3THOAIOIIMX MOMEHTOR JIJIsl HArPY)KEHHOU JBYXOTIOPHOU
6anku (puc. 12), ecmu M= 10 xH * m, F= 8 xH, q = 5 xH/m.

TpedyeTcst MOCTPOUTH SITIOPHI BHYTPEHHUX CHUIIOBBIX (PaKTOPOB.
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Pucynok 12 — K npumepy 4

Pemenne
Pemrenue 3amauun Oyzem mpoBOAUTH MO MPEAT0KEHHOMY PaHEE aITOPUTMY.
OrnpenenyumM ONOPHBIE PEAKIIUU B Oake

1.XMp(F1)=0

RAAD — q(AB)(KD) —-F(CD)-M=0

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

Z.ZFiy:O
Ra—q(AB) — F +Rp=0
Rp=-Ra + q(AB) + F =4,57xkH
Ilposepka:
XMa(F1)=0
-M - Rp(AD)+F(AC)+ q(AB)(AK)=0
Pacceuem Gasiky Ha pacCTOSTHUU Z OT CBOOOTHOTO KOHIIa, T.e. 0<z<l.
[TocTpoum smiropet Q u M (puc. 12).
Pa30uB Ganky Ha rpy30Bble y4acTKH, 3allMIIEM aHATUTUYECKUE YpPaBHEHHS IJIS BHYTPEHHHUX
cioBbIX (pakTopoB Q (myHKT 3) u M (yHKT 4).
3.Qa=Ra=13,43 xH;
Qs=Ra—q(AB)=3,43xH;
Qc cresa=Ra — q(AB)=3,43xH;
Qc cnpasazRA - Q(AB) -F=-4,57kH;
Qo=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 ™M
Mp=Ra (AD) — q(AB)(KD) — F(CD) =10,1xH"m
MakcuManbHOE 3HaUeHHE U3THOaromero MoMeHTa Mya= 23,72 xH/M, MakcuMaabHOE 3HAUCHHE
nonepevyHoit cuibl Q = 13,43 xH.
OTBETUTH HA BOMIPOCHI, PE3YJIbTAT MTOKA3aTh MPENO/IaBaATEIIO
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1. Kakyro nedopmariuio Ha3pIBalOT H3THOOM?
2. Kakue 31eMeHThl HH)KEHEPHBIX KOHCTPYKIMNA paboTaroT Ha H3rub?
3. Ha xakue BubI Ki1acCU(UUIUPYIOT U3TUO 110 KOJUYECTBY CHIIOBBIX (PaKTOPOB, IEUCTBYIOIIUX B
IJIOCKOCTHU?
4. Ha xakue BUJIbI KJIACCU(UUIUPYIOT U3TUO M0 XapaKTepy PacloIOKEHUs IIOCKOCTH JIeHCTBUS
n3rubaronero MoMeHTa?
5. Kakoii Bug n3ru6a npuHATO Ha3bIBaTh MONEPEYHBIM U3rHOOM?
Kaxoit Bug u3ruba npuHATO Ha3bIBaTh TNIOCKOCTHBIM?
Buibl OMOpHBIX 3aKpeTICHUN OaJIOK.
Knaccudukanus 6aok.
. Huddepennmanbapie 3aBUCHIMOCTH MTPU U3THOE OaJIOK.
10 [TpaBwiia mpoBEpKU MPaBUIHLHOCTH MIOCTPOSHUS SITIOP TPU U3THOE.

©ooNo

IMpakTnyeckue 3anatus 15, 16
Ilpakmuueckas noozomoska
Pacuyer nmonepe4yHbIX CHJI U MU3rMOAIOIIMX MOMEHTOB, IOCTPOEHHE S0P

3amanue mis pacuera. [loctpouTts smopbl Qx M1 Mx 110 TaHHBIM OJTHOTO U3 BApUAHTOB, [TOKA3aHHBIX

Ha PUCYHKaxX M MPOBEPHUTH MPOYHOCTh CEYCHUS IO KacaTelIbHBIM HANpsOHKCHUSM. BapuaHT BeIOMpaeTcs
COIJIaCHO HOMEpaA I10 KypHAILy.
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1. OnpeaensroT onopHblie peaknuu 6anku. O003HaYaIOT XapaKkTepHbIe ceueHus (Touku) Oanku. mu
SIBJITFOTCSI KOHIIEBBIC CEYCHUSI OAJIKH, OTIOPBI, TOUYKH MPHIIOKECHHS COCPEAOTOUCHHBIX CHII I MOMEHTOB,
HAYao ¥ KOHEI[ paclpeie]ICHHOW Harpy3KH.

3.Ctpoum 3mropy nornepevHsix cuil Qx. J[iist 3Toro onpenensoT 3HaYeHHs! TONEPEYHbIX CUIT B
XapaKTCPHBIX TOYKAX. 3aHOMHI/IM, 4ToO IoIcpeyHas Cujia B CCHCHUHU paBHA CYMMC HpOGKI_II/Iﬁ BCCX CHUII,
PACIIOJIOKEHHBIX TOJBKO CIIEBA WU TOJBKO CIpaBa OT PACCMATPHBAEMOTO CEYCHHS Ha OCh,
HEPIEeHIUKYISIPHYIO K ocu 3meMeHTa. Crita, pacioyioxKeHHas cIeBa 0T pacCMaTpUBAaEMOro CEUCHUS U
HaIpaBJICHHAs BBEPX, IPUHIMACTCSI CO 3HAKOM ILTIOCY», a CHJIA, HAIIPABJICHHAS BHHU3, — CO 3HAKOM
«MUHYC», a JUIS IPaBoOi yacTu OajIKu HA00OPOT.

B ceuenusix, COOTBETCTBYIOIINX TOUKAM MPUIOKEHHUS COCPEIOTOYCHHBIX CHJI, B TOM YHMCIIE B TOUKAX
IIPUJIOXKEHHUS OTIOPHBIX peakluii, HEOOXOAUMO OIPENEIUTD JIBA 3HAUEHUS MOIIEPEUYHOM CUJIBL: YYTh
JIeBee paccMaTpUBaeMOil TOUKH U 4yTh IpaBee ee. [lonepeynbie CUITbI B ATHX CEUEHUSAX 0003HAYAIOTCS
cooTBeTcTBeHHO Q™ 1 Q™.

Haiinennble 3HaU€HUs ONEPEUHBIX CHJI B XapaKTEPHBIX TOUKAaX OTIOKUM B HEKOTOPOM MaciiTade oT
HYJICBOW JIMHUU. DTU 3HAUCHUsI COCTUHSIEM IIPSIMBIMU JIMHUSMH, PYKOBOJCTBYSChH CIIEAYIOLIMMHU
IIpaBUIIAMHU:

a) eclIM Ha yJacTke OaJKu HET Harpy3Ku (pacrpeielleHHOH), TO O/ 3TUM yYaCTKOM 3HaueHUe
IIONIEPEYHBIX CHJI COEIMHIEM IPSIMOU JIMHUEH, NTapaJlIeIIbHON HYJIEBOM JINHNM;

0) ecni Ha yyacTke OaJIKy PUIIOKEHA pacTpeie]ieHHass Harpy3Ka, TO MO THM YY9aCTKOM 3HAYEHUS
MOTIEPEYHBIX CUJI COeIUHACM NPSIMOM, HAKIIOHHOW K HYJIeBOM nuHuH. OHA MOXKET NepeceKaTh Wi He
nepecekarb HyJIEBYIO JTUHUIO.

CoennHUB Bce 3HaYEHMSI TOTIEPEUYHBIX CUJI 110 YKa3aHHBIM MpaBUjiaM, MOJIy4uM Ipaduk U3MEHEHUS
nonepedHbIx cui no Jnune Oanku. Takol rpaduk Ha3biBaeTCs MIOPOH Qx.

4..CtpouM 31iopy u3rudaromumx MoMeHToB Myx. 11 3T0ro onpeaesnseM n3ruOaronye MOMEHTHI B
XapakTepHbIX ceueHusx. Hamomuum, 4To n3rudaromuii MOMEHT B pacCMaTpUBaeMOM CEUYEHUHU PaBEH
CyMMe MOMEHTOB BceX CUII (pacipeielIeHHbIX, COCPEOTOYEHHBIX, B TOM UHCIIE M OMIOPHBIX peakiuii, a
TaK)X€ BHEIIHUX COCPETOTOYEHHBIX MOMEHTOB PACIOJIO’KEHHBIX TOJIBKO CJIEBA WIIM TOJIBKO CIPaBa OT
3TOro ceyeHus. Ecau mro60e U3 nepeyrcaeHHbIX CHIIOBBIX BO3JEHCTBUI CTPEMUTCS TOBEPHYTH JIEBYIO
4acTh OAJKH 110 YaCOBOM CTPEJIKE, TO OHU IPUHUMAIOTCS CO 3HAKOM «ILIIOCY, @ €CIIH IIPOTUB — CO
3HAaKOM «MHUHYC», a JUId IPaBOi yacTu HA000POT.

B ceuenusix, COOTBETCTBYIOIINX TOYKAM MPUIIOKEHUS COCPEIOTOUCHHBIX MOMEHTOB, HEOOXOIMMO
OTIpEICTTUTH JIBa 3HAYCHHSI U3TUOAIOIIETO MOMEHTA: YyTh JIEBEE pacCMaTpPHUBAEMON TOYKHU U YyTh MIpaBee
ee. M3rubarorye MOMEHTBI B 3TUX TOYKax 0003HAYArOTCSA COOTBETCTBEHHO M”™® 1 M"P?®, Toukax
MIPUIIOKEHUS CUIT OIIPEIENISIETCS OJTHO 3HAUCHHUE N3rN0aeMOro MOMEHTA.

HOJ'Iy‘-ICHHLIC 3HAYCHUA OTKJIaAbIBACM B HCKOTOPOM Macirade ot HynCBOﬁ JIMHUMN. COGJII/IHI/IM 9T
3HA4YCHHUA, PYKOBOJACTBYACH CICAYIOIMHUMU ITPaABUTIaMU:

a) €CITM Ha y4acTKe OaJIKu HET Harpy3KH (pacipeneseHHO# ), TO MO/ ATHM YYaCTKOM OaJiKu JiBa
COCETHUX 3HAYEHUS M3THOAI0NUX MOMEHTOB COCTUHSIOTCS MIPSIMON JTHHHUEH;
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0) ecnu Ha yyacTke OaJKy MPUIOKEHA pacipe/ielieHHast Harpy3Ka, TO IO/ 3TUM Y4acTKOM 3HaueHUs
M3ru0AIOIMX MOMEHTOB JUISI IBYX COCETHUX TOYEK COeNUHSIOTCS 1o napaboie. [Tapabona umeer
BBIYKJIOCTh B CTOPOHY JIEHCTBUS IpYy3KH (TIpU AEUCTBUU HArpy3Ku cBepxy napabosa obpaiieHa
BBINYKJIOCTBIO BHU3). [Ipu aTOM, ecnu smopa Qx Ha OCMaTpUBAEMOM YUYacTKE HE MEePECeKaeT HYJIEBYIO
JTUHUIO, 31mI0pa My (oHa siBisieTcs nmapa0oiioil) MOKeT OBbITh TOCTPOEHA MO IBYM TOYKaM, TaK KaK BCE
3HAYEHUS M3rHOAIOIUX MOMEHTOB B TPOMEKYTOYHBIX TOUKAX HAXOMSITCS MEXIYy 3HAYCHUSIMU B
XapakTepHbIX ceueHusX. Ecnu smopa QX mpecekaeT HyJIeBYIO JIMHUIO, TO O] 3TUM CeUeHHueM 3mopa M
OyZeT UMEeTh IKCTPEeMaTbHOE (MAaKCUMAIBHOE MM MUHUMAIBHOE) 3HAUCHUE WITH

BepiIuHy napabdosnsl. [lonoxeHne 3Toi TOUKKM HAXOAST MO SIIOPE U3 M0100US TPEYTrOJIbHUKOB. 3aTeM
HaXOJAT 3HAU€HHE U3rH0aI0IEero MOMEHTA B 3TOM CEUEHHUU U CTPOST 3MI0pY My Ha y4yacTke C
pacnpeesIeHHON Harpy3Koi 1o TPEM TOUKaM.

CoennHUB Bce 3HAYCHHSI M3TMOAIOIIMX MOMEHTOB I10 YKa3aHHBIM MpaBUiIaM, MOJIYYUM Ipadux
W3MEHEHHUS U3ru0arolux MOMEHTOB 10 anuHe Oanku. Takoi rpaduk Ha3bIBaeTcs Smopon M.

[IpuBenennslil cioco6 noctpoenus 3mop Qx 1 Mx Ha30BeM crmocoO0M MOCTPOESHUS 3ITIOP 1O
XapaKTEPHBIM CEYCHUSIM.

Taxoii crtoco0 sBIsICTCS YaCTHBIM clTydaeM 0osiee 001ero, XoTs u 0oJiee TPyI0eMKOTOo crioco0a,
KOTOPBIN HA3bIBACTCS CIIOCOOOM ITOCTPOCHUS S0P MO yyacTKaM. [1opsiok MOCTpOSHHsI S0P IPU 3TOM
criocobe cienyromuii. banky pa3ouBarot Ha ydacTku. [ paHHIIaMU y4aCTKOB SIBIISIFOTCS] XapaKTEPHBIE
ceueHus. [ Kax10ro yuacTKka 3aluchiBaeM 3aKOH U3MeHeHMsl yerinid Qx 1 Mx 1 onpenensem ux
BEJIMYMHBI IPU TPAHUYHBIX 3HAUYCHUX. [10 Hali/ICHHBIM BEJIMUYUHAM YCUJIHIA CTPOMM COOTBETCTBYFOIIINE
SIOPHI.

Cy1iecTByeT HECKOJIBKO CIIOCOO0B MPOBEPKU MPaBUIBHOCTH NOCTpoeHus >mop. Hanbonee npocroit
CTIOCO0 MPOBEPKH 3aKJIIOYAETCS B TOM, YTO CyMMBI MOMEHTOB BCEX JIEBBIX M BCEX MPABBIX CHUJI, B3STHIC
OT/ENBHO, B JII00OH TOUKe OallKy JOJKHBI OBITh PaBHBI MEX1y COOOIA.
Ipumep . [Toctpouts smropsbl Qx 1 My st Oanku, mokazaHHOH Ha puc. 1A.
Pemenue: 1. Onpenenum onopusle peakuuu 6anku. CocTaBUM ypaBHEHUS
1) M4 =0; 2) =M, = 0.
W3 nepBoro ypaBHeHUs HailneM Va!

b+c

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

wm -15-2+20-6-2—Ve-7—25=0,

- 15242 6-2- 25
oTKyaa Vg = 7 = 26,4 xH.

W3 BTOpOrO ypaBHEHU HalgeM Va:
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b+c
- d
-Fl@a+b+c+d)+Valc+d)-gb+c)( 2 ) -M=0,

n — 15-9 + Va -7—20-6-5—25=0,

159+ 206 -5+25

oTKkyaa Va = 7 =108,6 kH.

BHIIONHUM MPOBEPKY

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

w 108,6 + 26,4—15 —20 -6 = 0, otkyma 135—135 = 0.

2. O6o3naunm xapakrepHble ceuenus 6anku C, D, A, E, B, K.
3. Ctpoum smopy Qx, Onpenenum 3HAYCHUS TTOTIEPEIHBIX CHJT B XaPAKTEPHBIX CCUCHUSX:

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

QA" =-F-qgb=-15-20-1=-35kH;

Qa™® _F-qgb+Va=-15-20-1+108,6 =73,6 xH;

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

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

Q"™ = Q"™ + Vp=-26,4 + 26,4 =0; Qx = 0.

CoenuHNM NOJTyYeHHbIE 3HaUE€HUS NPAMBIMU TUHUAMH (puc. 20,0) u noxyuuM s>mopy Qx. Smropa Qx Ha
yuactke AE nepecekaer HyneByto TMHUI0. ONpenenum MojlokKeHHe TOYKH, B KOTOPOil amtopa

Qx nmepecekaet HyJeBylo JuHUI0. PaccmotpuMm nonobue tpeyronsaukoB HRL u HNS (puc. 20,6),

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

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

OTO CCUCHHE CUUTACTCS TAKKE XapaKTCPHBIM IJIsI SITHOPBI QX u Mx.
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4. Ctpoum smtopy My, Onpenenum nu3rudaroie MOMEHTHI B XapaKTepHBIX TOUKaX:
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M:=0;Mp=-Fa=-151=-15kH-wm;
My =—F (a +b)—(gb) (b/2) =— 15-2 — 20-1-0,5 =— 40 kH-m;
Mg=-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)(b + 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 yacmo 6anixku BF);
Mg=M = 25 kH-m.
5. Ctpoum smropy Mx Ha yyacTkax Mex/1y XapaKTEpPHBIMU TOUKAMHU:

Ha yyactke CD Harpy3ku HeT, Mo3TOMYy 310pa My — mpsamMas JTHHUSL, coeuHsomas 3Hauenus Mc=0 u
Mp= =—15 kH-m;

Ha ydacTtke DA neiicTByeT pacripesielieHHast Harpy3ka, mostomy smtopa My — mapabona. Tak kak
sntopa Qx Ha 3TOM y4acTKe He IepeceKaeT HyJIEBYIO JIMHUIO, TO apadoiia HE UMEET IKCTPEMAJIbHOTO
3HAYEHUS, IOATOMY BEJTMYMHY U3rHOAIOIINX MOMEHTOB B ceueHusx D u A coeauHUM KpUBOH, 3HAUCHUS
KOTOpO MPUHUMAIOT POMEKYTOUHbIE 3HaueHUsI Mexkay —15 kH-m u —40 kH-M; Ha yuactke AE
NEHCTBYET pacrpeiesieHHasl Harpy3Ka, 1o3Tomy smopa Mx—imapadoina. Tak kak smopa Qx Ha 3TOM
y4dacTKe MepeceKaeT HyJIeBYIO JIMHHIO, TO Mapadoia nMeeT SKCTpeMalbHOe 3HaYeHHEe (BEPIINHY ),
MO3TOMY 3MIOPY My CTPOUM IO TPEM 3HAUCHUSIM:

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

Ha ydacTke EB HeT Harpy3ku, nostoMmy sntopa Mx — npsimast; coequssitonias 3HaueHust Me=78 kH-m u
Mg =25 xkH-Mm;

Ha yuyacTke BK Her Harpy3sku, moatomy smropa Mx — npsiMast muHus, coenuusomas Mg = 25xkH-M n
Mk = 25xH-m. Dnropa Mx noctpoena (puc. 20, B). B kauecTBe npoBepkr BO3bMEM CyMMY MOMEHTOB
BCEX CUJI OTHOCUTEIBHO TOYKH, PACIIOIOKEHHOW HA PACCTOSAHUM X0 OT JIEBOW OIOPBI, HO PACCMOTPUM
MIPaBYIO YacTh OaJIKU

Mxo= q(C-Xo0)(C-x0)/2 + Ve(C~Xo + d) + M = =—20-1,32 0,66+ 26,4-3,32+ 25 = 95,3 kH.

Pa3uuna B 3HaueHusix Mxo, IpH pacCCMOTPEHUH JIEBBIX U MIPABBIX CHJI BO3MOXHA M3-3a OKPYTJICHUS
BEJIMYUHBI OITOPHBIX PEAKIUN U PACCTOSHHUS Xo0.

[Toxaxxem noctpoenue amop Qx 1 My crmoco6om 1o yqactkaM Ha ToM ke rmpuMepe. OnopHbIe peakiuu
Oanku onpenenensl. banky pa3OruBaeM Ha MATh YYaCTKOB, B KaXKIOM U3 KOTOPBIX IIPOBEIEM CEUEHUS
6anku. [Ipu onpenenenun ycunuit Ha yuactkax I, IT u III 6yzem paccmarpuBaTh JeByro 4acTh Oanku, a
P ONPENIEICHNN yCUIuil Ha yuacTkax |V u V—rpaByto 4acTh, Tak Kak B 3TOM Cllydae ypaBHEHUS s
ornpeaeneHus ycuiauii 0yyT npoiie (puc. 20,r).

CTpOI/IM SMOPY QX- I[J'ISI 9TOro onpeCACJIMM 3aKOH U3MCHCHUA HOHCpC‘-IHOfI CHJIbI IJId KAXKAO0TO y4aCTKa.
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VYuacrok |. [IpoBenem Ha 3ToMm yuactke cedenue [—I| Ha paccTosiHMM X1 OT JIEBOIT OIIOPBI, TPUUYEM
X1 MoxkeT mpuHUMaTh 3HadeHust oT 0 10 1 M, T.e. O<x1<I m. lonepeunas cuia B ceuenun 1—1 paBHa:

Qxlzz - F

Ha BceMm yuacTke smopa Qx — npsiMast IMHHUS, apajiieIbHas OcH adCIICC, COBIAIAIOIIEH € OChIO
Oanku. B 3ToM MOXKHO yOeIuThCsl, ONPEIEINB MONEPEYHYIO CHITY NTPH IPAaHUYHBIX 3HAUCHHSX:

mpu X1 = 0 Qxi=0 = 15 kH;
npu X1 = 1 M Qxi=1 = 15 xH.
VYuacrok Il. IIpoBeaem ceueHue 2—2 Ha pacCTOSTHUH X2 OT JICBOTO KOHIIA OaIKH, PUIeM
IM< x2<2 M. IlonepeuHas cuiia B 3TOM CEUEHUU
Qx2=-F-q(x2-1).

9n10pa Qx Ha 9TOM YYaCTKE — IIpAMad JIMHWA, HAKJIIOHHAs K OCHU 8.6CLII/ICC. Ee moxxHO IIOCTPOUTH 11O
ABYM TOYKaM, COOTBCTCTBYIOIIHUM I'PAHUYHBIM 3HAYCHUAM X2.

mpu X2 = 1 M Qxp=1 = 15—20 (1 — 1) = 15 kxH;

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

VYuacrok 1. TTpoBenem ceuenne 3—3 Ha pacCTOSHUU X3 OT JICBOTO KOHITA OaJIKH,

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

9n10pa Qx Ha 5TOM YYaCTKE — IIpsAMast JIMHUA. OHpeI[eJ'II/IM 3HA4YCHUA HOHGpC‘-IHOfI CHUJIBI 1A
I'paHUYHBIX 3HAYCHHUH X3!

npu X3 =2 M Qxz=2 =— 15—20 (2— 1) + 108,6 = 73,6 xH;
npu x3 = 7M Qxz=7 =15 —20 (7- 1)+ 108,6=—26,4 xH.

VYyacrok IV. [IpoBenem ceuenne 4—4 Ha pacCTOSTHUM X4 OT MPABOT0 KOHIIA 6anku, mpuyem 1,5 m<
x4=<3,5 M. Ilonepeunas cuia B 3TOM CEYEHUHU

Qx4:'VB

Omnropa Qx — mpsimasi, mapayutenbHas ocu adcrmcc. [IpoBepuM 3T0, MOACTABHUB B BEIPAKEHHE JUTS
Qx rpaHHYHBIC 3HAUYEHUS:

pu X4= 1,5 M Qxs=15 = 26,4 kH;

pu x4 = 3,5 M Qx4=35 =——26,4 xH,
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VYyactok V. I[IpoBenemM ceueHne 5—>5 Ha pacCTOSHHUM X5 OT IPABOTO KOHIIA Oanku, mpudem 0< xs5<1,5 m.
[Tonepeunast cuna B 3ToM ceuenuu Qxs =0, smopa coBnanaeT ¢ HyneBoi nunuen npu xs= 0.

Qxs=o = 0; TIpu x5 = 1,5 M Qxs-1,5 = 0;
[To HaitneHHBIM 3HaUYCHHSIM CTpouM 3Mtopy Qx (puc. 20,0).

Crpoum snropy Mx. [lis1 3TOr0 onpenenum 3aKk0H H3MEHEHHsI U3r10aroIiero MOMEHTa Ha KaXK10M
y4acTke.

VYuactoxk I, ceuenne 1—1, O<x1<I m; Mxi=——FX1. Omopa My Ha 3TOM y4yacTKke mpsiMast TUHUS, KOTOPYIO
MO’KHO TIOCTPOUTH TI0 JIBYM 3HAUCHUSIM:

mpu X1 = 0 Myi=0 =—— 15-0=0;

npu X1 = 1 M Mxi=1 =— 15-1=-15kH"m.

Vuactok 11, ceuenne 2—2, 1M< x2<2 M.

Mio=-Fx2-q(x2-1)%/2.

Omropa Mx Ha 3TOM ydacTKe MpeCTaBisieT co0oi mapaboiy.

[Toctpoum ee, moACTaBUB B BhIpaKEHUE JIJIs1 My TpaHUYHBIC 3HAUCHUS X:
mpu x2 = 1 M Mxo=1 =—15-1—20 (1 — 1)%/2 =— 15 xH'Mm;

mpu X2 = 2 M Myo—» =— 152 — 20 (2 — 1)/2 =— 40 kH'm,

HOCKOHBKy SIIIOpa Qx Ha 9TOM YYaCTKC HC ICPECCKACT HYJICBYIO JIMHUIO, TO 3IHOPaA Mx He 6y)ICT HUMCTb
OKCTpEMYMaA U €€ MOKHO ITOCTPOUTH 1O ABYM TOUYKaM.

Vuactok 111, ceuenne 3—3, 2 M< x3<7 M .
M3 =- Fxz -q(X3- 1)%/2 + Va (X3- 2).

Omropa My Ha 9TOM ydyacTKe MpecTaBiIseT co0oit mapadoiy. [loctponm ee, mojacTaBUB rpaHUYHbBIC
3HAYCHUS:

pH X3 = 2 M Mya=2 =— 15-2 — 20 (2 — 1)%/2 + 108,6(2 — 2) = —40 xkHm;
pH X3 = 7M Mxa=7 =—15-7 —20 (7- 1)%/2+ 108,6(7 — 2 = 78 kH-m.

[Mockonbky smopa Qx Ha 5TOM y4acTKe NepPeceKaeT HyJIEBYIO JHHHMIO, TO SITF0pa My TOIKHA HMETh
3KCTpeMyM. I[.TIH OHpeI[eJIeHI/ISI ITOJIOKCHUS CCUCHUS HpI/IpaBHHeM HepByIO HpOI/I3BOI[HyIO 3aKOHa

dM .

NS

U3MeHeHns Mx HyJO: dx;

=0

F-q(xs-1) + Va=0.
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[ToncTaBUM YMCIIOBBIC 3HAUCHUS
—15—20 (x3— 1)+ 108,6 = 0,
OTKyJa
x3= — 15 + 20+108,6 /20= 5,68 m .
T.€. 3TO CEUYCHHUE PACIOJIOKEHO HA PACCTOSHUH X, = 9,68— 2=3,68 M oT omops! A.
W3zrubaromiuii MOMEHT B 3TOM CCUCHHH PAaBEH:
My;s=5,6s= — 15-5,68 - 20(5,68 — 1)%/2+ 108,6 (5,68—2) = 95,4 kH-m.
Vuactok |V, ceuenne 4—4, 1,5 M<x4<3,5 Mm;
Mxa =M + Vg(x4- 1,5).
Omropa My Ha 3TOM y4acTKe — TpsMast JINHHS:
mpu X4= 1,5 M My=15 = 25 + 26,4(1,5— 1,5) =25 kH'm
pu X4 = 3,5 M Mu=35 =25 + 26,4(3,5— 1,5) =78 xH"m.
Vuacrtok V, ceuenne 5—5, 0<x5< 1,5 m;
Mix4 =M,
mipu x5 = 0 Mxs=0 =25 xH"m;
mpu xs5= 1,5 M Mxs=15 = 25 kH'm.
[To HaitneHHBIM 3HAUYCHUSIM CTPOUM 3MI0pYy My (puc 20,B).
ITpoBeprM NMpOYHOCTH OANKH 110 KacaTebHBIM HANpPSKEHUSAM. 3aMEHUM JIEHCTBUTEIBHOE CEUEHUE
ynportieHHbIM (puc. 21). Pazmepsr d= 6,5 mm, t=10,2 mm; b = 135 MM npHHSATHI 10 COPTAMEHTY (CM.
npui. I).

OHpe,Z[CJ'II/IM HanOOJIbIIIee KacaTeIbHOE HaIlIpsS’KCHUC

O S
T:_ 1 = rum). = s
Ib

I'e Qmax — momnepeyHast cuia 6epercst U3 3Mmopsl Qx;
Sx — cTaTMYEeCKUIl MOMEHT M3 NMpHUIIoKeHHs 1 copramenTa

Ix — MOMeHT nHepuuu U3 npuioxenus 1 copramenra IloacraBuM yucioBsle 3HaUeHUs B HOpMyITy
HaXOoJluM T.
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[IpoBepuM NMpOYHOCTH CEYEHHUSI 10 KacaTeIbHbIM HANPSHKEHUIM
T < Rs (Rs — pacueTHOE COMPOTHUBIICHUE MaTEpPUaa CIBUTY CM.IPHIOKEHHE).

B npokaTHbIX 6ankax, KOTOpbIE HE HECYT OOJIBIINX COCPEAOTOYCHHBIX CHUJI B IPUOTIOPHBIX Y4aCTKaX,
3TO YCJIOBUE OOBIYHO COOMIOIAeTCs ¢ OOJIBIIMM 3aI1acoM.

a) ) ) 2)
Ly ' an.o, Ml T, M
‘:\‘;:‘V - == = %8
' 33|z 3
= by
S| i
N x St [y 7 & |
H— " =g X
s = |
d=6,5m4 A= 6 5mm
" I
et e T N — — |
."‘ ";Ll‘-.\{‘ ] ',,’“l(l ()1
< ohddndd ! =
Puc. 2A.

[TpakTuueckoe 3anstue Ne 17
Pacuer craTnyecku onpeaessieMbIX IVIOCKUX paM U ¢epm

Teopernueckas 4yacTb
['padpuaeckoe onpeneneHre yCHINA B CTEPIKHSIX TIIOCKOM (PepMBI MOCTPOCHUEM THUATPAMMBI

Makcgemna—KpeMoHbI

OnpeeNsI0T pacueTHbIe HArpy3Ku Ha | M? MOKpHITHA. PacueTHas Harpyska paBHa
MIPOU3BEICHNIO HOPMATUBHOM HArpy3ku Ha ko3 duiueHt neperpy3ku. HopmatusHyto Harpysky, B
CBOIO OU€pECab, OIIPCACIAIOT 110 IIpaBUjiaM, MIPUBCACHHBIM B CTPOUTCIIBHBIX HOpMax. OnpeneneHI/Ie €e

BBIXOJHT 32 paMKH 3a/1a4M, IOOTOMY HOpMAaTHBHAas IOCTOSAHHAs Jn HOpMaTUBHAA BpEMECHHAA (CHeFOBaﬂ)

Sn Harpy3Ku NPUBOJSTCS B YCIOBUHU 33a4H.
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[TpaBuiia onpeneneHus pac4eTHBIX HAarpy30K TAK)Ke IPUBOJATCS B CTPOUTEIBHBIX HOPMaX.
[Topsinok ux onpeneneHus cleaymui. PacueTHas nOCTOsSIHHAS HAarpy3Ka ga paBHa
MIPOU3BEACHNIO0 HOPMATUBHON Jn HAa KO (DUIIMEHT HAJIE)KHOCTHU TI0 TIOCTOSTHHON HArpy3Ke Yn
9d = On" n

PacyeTHas BpeMeHHas Harpy3Ka Sa paBHa IIPOU3BEICHUI0 HOPMAaTUBHOU Sy HATPY3KHU HA
KOA(Q(PHUIMEHT HaJIe)KHOCTH 110 BPEMEHHOM HarpyskKe Yns:

Sd= Sn * Yns

ITosHas Harpy3ka paBHa CyMMe IIOCTOSIHHOM M BpeMEHHOW Harpy3ok. [lonHas HopMaTuBHas
On Harpy3ka paBHa:
qn=0n*t5Sn,; ..

[TosHas pacueTHas Harpyska (a paBHa:
0d = 0d * Sd

Bce 3T Harpy3KH ABJSAIOTCA PACpeaeeHHBIMU Ha: 1 M? OKPHITHSL.

2. OnpenenstoT y3J10Bble Harpy3KH, T. €. Harpy3Ku, IPUXOIAIINECS Ha OIUH y3ell (hepMBbl.
VY3n0Bas Harpy3Ka BJISIETCS COCPEOTOUEHHON U paBHA POU3BEICHUIO PAaCIIPEICICHHON Harpy3Ku Ha
IPy30BYIO IUIOIIA/b, IPUXOASILYIOCS HA3TOT y3ei. Hanpumep, nosnHas Harpys3ka Ha OJUH y3€7
F= qurpyBa

rJie (d — MoJIHAs pacueTHas pachpe/ieeHHas Harpys3ka Ha 1 M2 TOKpBITHS; Arpys — IUIOIIAIb
MOKPBITHUS, C KOTOPOI coOupaeTcst Harpy3ka Ha y3eil.

I'py30Bas miomia e B 001IEM CiIydae opeaesercs no Gopmyse
Azpys = bd
rae b — mar ¢epm UM pacCTOSIHUE MEX1y CMEKHBIMHU epMaMu; d — MaHedb BEpXHEro mnosica

(bepMbl, MU PaCcCTOSIHUE MEX/1y CepeHaMM CTEPKHEN Mosica, IPUMBIKAIOIIUX K y3Iy.

['py30BbIe MIIOMIaA1 MOTYT OBITH OAMHAKOBBIMU JUTSI BCEX MPOMEXYTOUYHBIX Y3JI0B MU pa3HBIMU.
CrnenoBaTenbHO, y3JI0BbIE€ CHIIBI TOKE MOTYT OBITh OJJUHAKOBBIMH WM Pa3HBIMU.

[TpoBepka perieHust MOXKeT ObITh BHIMOJIHEHA JTFOOBIM aHATUTHUYECKUM CIIOCOOOM.

[Tpumep. Onpenenuts ycnus B crepkHsaX ¢pepmsbl (puc. 30, a) OT MOIHOM pacueTHOW Harpy3KH
Ha Bceil GepMe myTeM mocTpoeHus auarpaMmmbl Makcsenna — Kpemonsl, eciu gn = 0,3kH/M?, sp =

0,2kH/M?, yng = 1,1, yns = 1,4, mar dgepm b = 6 M.
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d2d » » 3/2d 2d 32d d » » df2
4/2 " nln d/? d| » ” d a2l | »|nd/2 ‘
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2F
r : 3/2F, 32F| |p ] &
Pl Pt W VAN B L
4 ) 6/ NG
a2 N|/s & |8 AZRCN
A [ G N Tk 8 &
{d=3 ” (," ld‘JLZd-'ﬁ 2d =6 :3[" [u =3t N
1 1=36m 1
Macumad Gnun Macwmad cun T
6M =27,96KH
b —_——

Puc. 51 +a

Puc. 1
Pemenue: 1. OnpeiensemM pacueTHyI0 Harpy3Ky Ha 1 m%:
a) pacueTHasi MOCTOSHHAs
Jd = Onyng= 0,3-1,1=0,33 xkH/m?;
0) pacueTHast BpeMeHHas
Sd = Sn Yns = 0,2-1,4 = 0,28 kH/m?;

B) TMOJIHaA paCuUCTHAA
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0d = gda+ Sa = 0,33 + 0,28 = 0,61 xH/m>.

2. OnpenenuM y3J710BbIC HATPY3KU: a) Ha KpalHui y3en D
Fi=qdbd/2 = gbd/2

0) Ha 2-i, 3-ii u 4-i1 y3ne1 — E, L u M

F2 = qq db;
B) Ha 5-i y3en — R
F, :ql.bg-d —3qdo

') Ha KOHbKOBOM y3en H
Fa = gab2d=2qqdb.
Ha mpaBoii monoBuHe epMbI CHIIBI CHMMETPHYHBI CHJIaM JICBOU TTOJIOBUHBL. Bce CHITBI KpaTHBI
F1. O603naunm Benuuuny (qdb =0,61 -6-3 = 10,98 xH uepes F, Torma
Fi1=F/2; Fo = F; Fs = 3F/2; F4=2F.
[Ipunoxxum 3TU CHIIBI B COOTBETCTBYIOIMHMX y3iax (puc. 30,a).
3. Brrueptum reometrpuueckyto cxemy ¢gepmsl B Maciitade 1:600, 1. e. B 1 cm — 6 M, Kak
nokasaHo Ha puc. 30,a.
4. OO003HAaYUM TIOJIA:
a) BHemHue: a, b, ¢, d, e, f, f, e', ¢, b, &, K;
0) suytpennue: 1, 2, 3,4,5,6,7,8,8,7,6',5\4, 3, 2, 1.
5. OnpenenrM ONopHbIE peaKIMu:
a) Beioepem macmtad cui: B 0,5 cm 10,98 xH wm B 1 cm 21,96 xH;
0) ctpouM cuioByto JimHuI0 a—b—c—0—e—Ff/—f—¢'— d—c'—b'—a' (puc. 30, 0);
B) pa3lelIuM 3Ty JIMHUIO MOToiaM Toukoi K, pacnionokeHHoit Mmexay Toukamu f u f. Otpesok a'k,
M3MEPEHHBIN B MacIiITade CHI, SIBIISIETCS MPAaBOW OMOPHOM peakiuei, orpe3ok ka — nmeBoit. Onu
OJTMHAKOBEI, U Kakaasi paBHa 6F= neBoit. OHM OIMHAKOBBI, M KaXK/1asi paBHA
=6-10,98=65,88 xH.
6. CTpoum auarpamMmy yCHITHNA:
a) MBICJIEHHO BbIpe3aeM y3ei D, B KoTopom cxoasTes faBa cTepxkus b —1 u 1—a. Ha cuoBoit auann
y’Ke eCTh TOUKHU a U b.
[IpoBenem uepe3 HUX JTUHHUH, TApaJUIeTbHbIE CTEPXKHAM b —1 1 1—a, oHu nepecekyTcs B TOUKe b;
37IeCh )K€ JI0JDKHA JIexath Touka 1. Yceunme 1—a paBHo cune F1 = F/2 =5,49 kH, a ycunue b—1 paBHo
nymo. CtepkeHb 1—a ckar, Tak Kak yCuiIne 1—a HampaBlieHo K y37y (BBEpX);
0) BeIpe3aeM y3ell A, B KOTOPOM CXOJATCS JBa cTepKHS 1- 2 1 2—Xk, ycuiins B KOTOPBIX HE U3BECTHBI.

Ha nuarpamme yxe ectb Touku 1 u k. [IpoBeem uepes Touky 1 nuHHIO, TAapaIeIbHYIO CTEPKHIO 1—2,
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a uepe3 TOUKy k JIMHUIO, MapaJuIeNbHY 0 CTEPKHIO 2—K, 10 B3aUMHOT0 IepeceueHus: B TOUKe, KOTOPYIO
o6o3naunm 2. Otpe3ok 1—2 paBeH 4,35 cM, ciieioBaTeIbHO, YCHUIIUE B cTepkHe 1—2 paBHO 4.35 X
21,96=95,53 kH. Otpesok 2- k paBesn 3,3 cM, ycunme 2- k paBHo 3,3:21,96=72,47 kH. Onpenenum 3HaK
ycwiusi 1—2; Ha cXxeMe CTEp:KeHb uuTaercs 1—2; Ha AuarpaMmme JBUXKEHHE OT TOYKH 1 K Touke 2
HaIpaBJIEHO BHU3 M0 JUHUU 1—2; IepeHeceM 3TO JBUKEHHUE Ha CTePKEHb 1—2, OHO HaIIPaBJICHO K
y3I1y, 3HAUUT CTepPKeHb CkaT. OnpenennM 3HaK yeuiust 2—K: cTep:keHb Ha cxeme pepMbl YUTAeTCs 2—
k; Ha TMarpamMme yCWIHIA TBUKCHHE OT TOUKH 2 K TOUKE K HalpaBIeHO ClieBa HAIIPaBO; IEPEHECEM ITO
JIBUKCHHE HA CTEPKEHb 2—K, OHO HAIIPABJICHO OT Y3I1a, T. €. CTEPKCHb PACTSIHYT;

B) paccMoTpuM y3ei E, B koTopoM cxoasrtes aBa ctepxHs C—3 u 3—2, ycuiius B KOTOPBIX HE
u3BecTHbl. Ha quarpamme ycunuii yxe ectb Touku C u 2. IlpoBenem uepes Touky C nuHMIO,
napajuieNpHyto crepkaio C—3, a yepe3 TOUKy 2—IIHHUIO0, TapaJUIeIbHYI0 CTEPKHIO 3—2, 110
B3aMMHOI0 MIEpeceYeHHsI B TOUKE, KOTOpyro o0o3HauuM 3. J[muHa otpeska C—3 paBHa 5,15 cm; ycunue
C—3 paBHno 5,15-21,96 == 113,09 kH. [lnuna orpe3ka 3—2 paBHa 2,4 cM, ycuUiue B cTepkHe 3—2
paBHoO 2,4 21,96 = 52,7 xH. Onpenenum 3nak ycunust C—3: crepxens yntaercss C—3, Ha Auarpamme
nBKeHue oT Touku C K TOUKe 3 HaIlpaBJEHO CIpaBa HAJIEBO; MIEPEHECEM ITO JIBIKEHHUE HA CTEPKEHb
C—3, 0HO HAMpaBIIEHO K Y31y, T. €. CTepkKEHb CxaT. Onpenenum 3HaKk ycuinus 3—2: CTEpKEHb
yuTaercsa 3—72, Ha [uarpaMMme JIBI)KEHUE OT TOYKH 3 K TOYKE 2 HAIpaBJIEHO cJieBa HAMpaBo (110
YCHJIMIO); TIEPEHECEM ITO JBMKEHUE Ha CTEP)KEHBb 3—2; OHO HAIPABJICHO OT y3Jila —CTEePKEHD
PaCTSIHYT;

') paccMOTpuM y3end L, B KoTopoM cxoasTcs crepskau L—4 u 4—3, ycunusi B KOTOPBIX HE U3BECTHBI.
Ha auarpamme yepe3 Touku d v 3 mpOBOIUM JIMHUH, TTApAJUICIbHBIC CTEPKHAM 4—3 1 d—4, moayunm
Touky 4. Ycunue d—4 paBHO

5,15 x 21,96=113,09 xH, ycumue 4—3 paBuo 0,5 x21,96 = = 10,98 kH. O6a cTepkHsI CXKaThI;

1) pacemotpuM y3ibl O, M, N, H, T u, paccyxnaas mo npuBeeHHON cxeMe,0NpeaeTuM BeTHIHHbI 1
3HAKW YCHJIMH B OCTAIBHBIX CTEPIKHSIX. :

[To pe3ynbTaTam perieHus COCTaBisieM TaOIHITy yCHITHIA.

Tab6numa. Yeunus B crepxusax ¢pepmsl, kH

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

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

MPOJIOJKEHHUE TAOJIUTIBI

Crepxuu | 4-5 5-x e-6 6-5 | 6-7 -7 7-8 8x | 88

VYeunus - 113341 - 11,53 - - - 113066 | O
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32,39 142,19 16,47 | 142,19 | 12,63

[TpoBepsAI0T MPaBMIIBHOCTH HAWJCHHBIX YCHIIMH KAKUM-THOO0 aHATUTHYECKUM CIIOCOOOM.

[TpakTaeckue 3anstus Ne 18, 19
Ipaxmuueckas nodzomoska
Pacuer craTtnuecku onpejensieMbIX INIOCKHX pam
3aganue. OnpeneauTs yCHJINSA B CTEPKHAX ()epMbl OT IOJHOHM PacyeTHON HATPY3KH HA
Bceil pepme myTem nmocrpoenus Juarpammbl MakcBe/uia—KpeMOHBbI M POBEPUTH YCUIIUA B
OHOM JIBYX CTEpP:KHAX AHAJTUTHYECKHUM CIIOCOOOM 110 JAHHBIM OJJHOI'0 M3 BAPHAHTOB,
MOKA3aHHBIX HA pUCYHKe . JlJIsl 4eTHLIX BAPHAHTOB NPUHATL: gn=1,2 kKH/M?, sn = 1,5 kH/M?; pais
He4YeTHBIX BapuanToB — On = 0,8 kH/M?, sn=1,0 kH/m?. [las1 Bcex BAPHAHTOB NPHHATH Yng=1,1, Yns=

1,4, mar ¢gepm 6 m.
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[Tpaktudeckoe 3ansTue Ne 20
Ipakmuueckas nodzcomoska
Pacdyer craTnyecku onpeneasieMbIX INIOCKUX pamM
TeopeTnueckas 4acThb
ANTopuTM pacdera

1.OmpenensroT ONOPHbIE peakiuu paMbl. [ pam, He UMEIOIIMX TPOMEKYTOUHBIX [IAPHUPOB,
OIOPHBIE PEAKIIUH MOTYT OBITh OTIPEIENICHBI U3 TPEX YPaBHEHUH paBHOBECHS BUJIA!
1) X =0; 2) XMa = 0; 3) M3 = 0.
JIi1st pam, IMEFOIIMX [TPOMEKYTOYHBIN TAPHUP, HEOOXOTUMO UMETh YETHIPEe YPaBHEHHUS IS

OTIpe/ieNICHUs YEThIPEX HEM3BECTHBIX pPeaKIMii (TOYHEE, COCTABIISAIONINX PEAKIIHii), HaIpuMep

YpaBHEHUS:

g8
I =0
1) C ;1 2) X =0; 3) XM4 =0; 4)XM3 = 0, rae C — mpoMeKyTOUHBIH HIapaup; A, B —

OTIOPBI PaMBlI.
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IIpu cocTaBiieHUN ypaBHEHUI HYKHO CTPEMHUTBCS K TOMY, YTOOBI Ka)KJJ0€ U3 HUX CO/EPIKao 110
OJTHOMY HEU3BECTHOMY. DTOI'0 MOXHO J1I0CTUYb, BEIOMpas AJIs KaXKI0W paMbl CBOM MOPSAA0K
COCTaBIJICHUs ypaBHEHHA. [IpaBHIIBHOCTD ONpeIesieHHsI BEPTUKAIBHBIX PEAKLIU MOKHO IPOBEPUTH,
UCH0JIb3Ysl ypaBHeHue 2Y=0.

2. O003HaYaIOT XapaKTepHbIE CEYECHUS paMbl. DTU CEUEHHs COOTBETCTBYIOT TOUKAM MPHIIOKEHUS
CHJI, TOUKAM OIIOp, Y3JIOB, IapHUpOoB. O003HAYAIOT CTOMKHU U PUTeIlb PaMBI.

3. OmpenensioT 3Ha4EeHUS MONEPEUHBIX CUJI B XapaKTepHBIX cedeHusx. [Ipu aTom, ecinu pamy
00XOUTH U3HYTPH, IPABUIIA OIIPEICIICHUS TONIEPEUHBIX CHUJI OCTAIOTCS TAKMMH XKe, KaK s
6anok. I1o HaliieHHbIM 3HaYeHUAM cTpouM 31t0py Qx. [losioxuTenpHbIe 3HAUSHHSI TONIEPEYHBIX
CHJI OTKJIQ/IbIBa€M Ha YEPTEKE CHAPYKH PaMbl, a OTPULIATEIIbHBIC — H3HYTPH.

4.0npenensioT 3HaueHHs U3ru0aroMX MOMEHTOB B XapaKTepHbIX ceueHusX. [IpaBuiia onpeaeneHus ux
OCTalOTCs TAKUMH JKe, Kak JUIst 6asok. [1o HaliieHHBIM 3HAYE€HUSAM CTPOUM 310pY Mx. OpauHATHI
MOMEHTOB OTKJIQJIbIBAEM CO CTOPOHBI PACTAHYTOT'O BOJIOKHA, U 3HAK Ha 3IIOPE IPU 3TOM HE CTaBUM.
OTO NpaBUIIO COBIA/AET C MPABUIIOM, IPUHATBHIM B COIPOTUBIIEHUN MaTepHAJIOB.

5.0npeaenstoT 3HaueHUsI IPOI0JIbHBIX CUJI B 3JIEMEHTaX paMbl: CTOMKax u purene. IlpononpHas cuna B
CEUEHHMH paBHA CyMME MPOEKIIUU BCEX CHUJI, PACTIOJIOKEHHBIX 110 O/IHY CTOPOHY OT 3TOI'0 CEUSHHUS
(TOJIBKO clieBa MJIM TOJIBKO CIIPaBa) Ha OCh AJIeMEeHTa. EciM cuia BBI3BIBACT CKaTue, OHAa IPUHUMAETCs
CO 3HAKOM «MHHYC», €CITH PACTSHKEHUE — CO 3HAKOM «ILTIOC». 3HaueHUs Nx IMPUHSITO OTKIIaIbIBATh 110
00€ CTOPOHBI OT OCH HJIEMEHTA.

[Tpumep . [ToctpouTs 3mmopsl My, Qx 1 Nx s pamsbl, TOKa3aHHOM Ha pucC. 1, a.

J171s1 KOHCONTPHON CTaTHYECKH ONPEACITUMOMN pamMbl IIOCTPOUTS d1TIopsI My, Qx, N. [IpoBepuTh
paBHOBecCHeE y3Ja.

Jl1st paM KOHCOJBHOTO THTIA SITIOPBI My, Qx, N MOTYT OBITH TOCTPOEHBI O€3 ONpeAeTICHHS OTIOPHBIX
peaKImii 3aIe7TKH, €CIIM HAYWHATH 3TH IMMOCTPOEHUSI CO CTOPOHBI CBOOOIHOTO KOHIIA.

Pewenue. Iloctpoenune smropst Q. (puc.1,0). 3a och abCIUCC MPUHUMAEM OCH JIFOOOTO CTEPHKHSL.
[leprieHAUKYISPHO € MBICIIEHHO TPOBOJIUM OCh OPAMHAT U MPOCLUPYET Ha HEE CUIIbI, ACHCTBYIOIINE

COOTBCTCTBCHHO CJICBA UJIX CIIpaBa OT paCcCMAaTprUBACMOTI'0 CCUCHUS, YUUTBIBAA IIPpaBUJId 3HAKOB.

a) d) d) ] d) Ysenl
F=5xlf ¢1'2K/M4 9 9 ,‘_22 : 'M/?l/?
212 27 e
v | (757 Il | Qe
® 3 o
& QxH) M (kH-n) Nit) A
M,
4 2 9 i
A A A W
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Puc.1
Pucenv BC. Xon cupasa. [lonepeunyto cuity onpenensieM 1o XapakTepHbIM TOUKaM (aHaJIOTUYHO

MPOCTHIM OaJIKam).

Q)" =QI"™ +F =4+5=9%H;Q, =Q." =9kH

Cmoiixka AC. 1loBepHEMCS JIMIIOM K CTOMKE, MPOBEAEM MBICIICHHO OCh MEPIEHIUKYJISIPHO OCH CTOMKH U
crpoenupyeM Ha Hee criibl Xo7oM cripaBa: Qc = 0; Q4 = 0. M306pa3uM mosrydeHHbIE PE3yIbTaThl
rpadudecku. [IpoBenem nomanyro muaU0 ACB (puc.38, 0) U oT Hee, KaK OT HYJICBOM, OTIOKUM
BBIUHCIICHHBIC OPAMHATHI MIOPHI MONEPEeYHBIX cuil. [10710KUTENbHBIE OPIMHATHI S0P AJI PUTEIIS
OTKJIa/IbIBAEM BBEPX OT HYJICBOM JIMHUH U BJICBO OT HYJIEBOW JIMHUU I CTOMKU. OTpUIIaTEIbHBIC
COOTBETCTBEHHO BHU3 U BIIPABO OT HYJICBOU JIMHUU.

[Toctpoenue >mropsl My (puc.1,B). M3rubaroiuii MOMEHT B CEUEHUAX paMbl OIPEEIIIeM TaKKe 10

XapaKTEPHBIM TOYKAM X0JIOM CITpaBa (CO CBOOOIHOTO KOHIIQ).

¢ =216
M, =0:M, :'QL :% =-4kH -Mm;

M. =-Fl/2-q

[=-5:2-2-23=-22kH -m

afw

'\JI"‘ o

Puczenv BC.
Cmotixka AC nuuoMm k croiike. Touka®. Kak u npu onpeeneHny NonepevyHoi CUilbl, Ipy Nepexoie oT
purens K croiike noepHeMmcs Ha 90 C mpHHAIEKUT OJHOBPEMEHHO U PUTEINIO U CTOMKE,

MOATOMY Mo = M = — 22 xkH-m. Tak Kak B TaHHOM 3a1aue HETIOCPEJICTBEHHO K CTOWKE HE
MIPUJIOKEHBI BHEIITHUE HATPY3KH, a Tuieyr cuil F u Q ocTaroTcsi HeM3MEHsIEMBIMHE, TO B JIFOOOM CEUSHHUH
oT C 10 A n3rudarmuii MOMEHT OJUH U TOT k€. My = Mc=— 22 kHm. Ilpu nocTpoE€HUH 3MIOPHI U
M3rHOaIOIIMX MOMEHTOB (KaK U B Oajikax) MoJIOKUTENIbHbIE OPANHATHI OTKJIAJbIBAEM CO CTOPOHBI
pacTSHYTHIX BOJIOKOH.

[Toctpoenue smropsl N (puc.1, r). Onpenensis NpoAOIbHYIO CUITY, IPOSHUPYEM 3a/laHHbIE CUJIBI HA OCh
abcIuce, COBMeIIIas ee CHavaja ¢ pureiem, 3aTteM co cTokoi. [IpogonbHas cuiia B 1I000M CeueHHH
purens paBHa HyJt0, Ncs = 0, Tak Kak cIipaBa OT CEYSHHMs JIeMCTBYET Harpy3Kka, HeprneHIMKyJIsIpHas €ro
ocu. [IpofonbpHas cuiia Bo BceX CEUEHHUSIX CTOMKHU MOCTOSIHHA, TaK KaK caMa CTOHWKa He Harpy>kKeHa u Ha
och CTOlKH matoT npoeknuto cuitbl F u 2q. Nca—= F 2—q 9—- 4 = -5 —= xH. OpauHAaTHI MIOPHI
MIPOJOJILHBIX CUJT OTKJIAJbIBAEM CUMMETPUYHO 0 00€ CTOPOHBI OCH PACCMAaTPUBAEMOI0 JIEMEHTA. 3HAK
IUTIOC, TTIOCTaBJICHHBIH Ha smtope N, cooTBeTCTBYET ehopMaliiy pacTs>KeHUs, 3HaK MUHYC — CHKaTusl.
Jlnist IpoBepKY MPaBUIIBHOCTU TIOCTPOEHHUS ITIOP paccMOTpuM paBHoBecue y3na C. [lnsg storo
MBICJIEHHO BBIPEXEM 3TOT y3€ll, IPOBE/ JIBa CEUCHUS Ha OECKOHEUHO OJIN3KOM PAcCTOSIHUU B pUTese

crpaBa OT y3J1a, B CTOHKE — CJIeBa OT HETO.
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Beipe3anHsliii TakuM 00pa3oM y3el JaeT BO3MOKHOCTh, pacCMaTpUBasi CEUYEHHE B pUTelle, CUMTATh y3ell
OTHECEHHBIM K JIEBOM YacTH pUrelis, a IPU PACCMOTPEHUU CEYEHHUS B CTOIMKE — K IIPaBOil yacTu CTOMKHU.
[TpuknaapiBaeM K y3iy C BHyTpeHHHE criioBbie (hakTopsl Qx, Mx N, Oepst ux 3HaUSHHE C S0P C YYETOM
3HaKa, MI0Ka3bIBAIOILEr0 HallpaBJieHUe ux aeicreus (puc.l, ).
W3 smropel Qx BUAKM, YTO nonepeydHas cuia B ceueHuu C purens nonoxurenbHa. [lockonbky
Touka C OTHOCHUTCS K JIEBOM YaCTH pambl (COTJIACHO paHee MPUHATOMY ), Qpu. COTTIACHO MpaBHITy 3HAKOB
HanpasisieM BHU3. Ha cToiike monepeunas cujia OTCyTCTBYET.
W3 smropbl My BUAMM, 4TO M3rHOAIOIINIA MOMEHT BBI3BIBAET PACTSKEHHE BEPXHUX BOJIOKOH.
CrenoBarenbHO, C YYETOM MPaBHJIa 3HAKOB B pUTelie M3THOAIOIMUil MOMEHT M HampaBisieM 110
4acoBOM CTpelike, a B cTolKe (y3ea C OTHOCUM K NPaBOi YaCTH paMbl) — IPOTUB YAaCOBOM CTPEIIKH.
IIpononbHas cuna Ncs BBI3BIBAET B CEUEHUU CXKATHE U, CIIE0BATENIbHO, 10JKHA ObITh HallpaBiIeHa B
CTOPOHY ATOTO CEYCHHSI.
Jln1st paBHOBECHS y371a JOJKHBI COOTIOIATHCS CIICAYIOUINE YCIOBHS:
2X, =0, XY, =0, XM, =0.
CocTaBuM 3TH ypaBHEHUs, HAIIPABUB OCh X BIIPABO, a OCh ) BEPTUKAJILHO BBEPX:
X =07 IV, =Ny SiQ =900
EM. =M, - M. =22-22=0
YcnoBust paBHOBecHs coOmoatotcsi. CienoBaTenbHO, BHYyTPEHHNE CHIIOBEIE (DaKTOPHI OIPEIeICHBI
MPaBUIIBHO.
3aganue 11 IPAKTHYECKOH MOATOTOBKH
[TocTpouTs 3MIOphI N3rHOAOIINX MOMEHTOB, TIONEPEYHBIX U MPOAOJIBHBIX CUJI JJIs CTATHYECKU

OHpGHGJ’II/IMOI\/JI PaMBbl 110 JaHHBIM OJHOI'O U3 BAPpUAHTOB, TIOKAa3aHHBIX HAa PUCYHKE.

81



g =16KH/r

@ i

Jﬂ-@m V-m//

X
IFETITITIN! 2 Y,
She,
42{%-“ ’/m/[
¢—20/r///ﬁ
XXXAXIXXTTTRINAT
|, ”3;_4
=10KH lpet
s l=6m
yrlfﬁi//ﬁ
EXTITTLIIN
¥
F=15KH ”i’.\gr
WZ-‘WI ”2-4# % %/_ l=8M
-30/(////-1 J— L
D_ o T Jistth
=
3 S s
raoy| 33 J
t? ] s a:/l'
o ) )
géﬁ b
- i [ U2=3m | t/2=3u
| - q LA
§=20kHIm X
@\‘ = O, S
x % ST
SR S .
<[ ivoood )éz =
I L - %%L L

82




§=20k Kkt 5 F=506H P=50kH

@) TREREERITALET) Sid :
S 3 .
i 3%
& $ Sy
) ) 79—0
r_%l/f-‘aﬂ 1/2- 3”3&& 'ﬁ /I/5=2Q' U5=21 Z/ngﬁ
- 1 —— =15KH /M
=H0KH | F=50K, 7 A

N i TR @ i "
‘z:. § gﬂ:&ix ”E
1 = g —&;
= i '§ 7

% SN %r_.,

.1!/‘:_3’ LP2=4M :},! . */- =84
P /g-’fj’(//ﬁ/ E=B0xH Q’/Jﬂ'///ﬁ
© LT 2= ok
§ | § F-/ 1
$~--—u % ‘L e ,‘@
}E y t}a’f 2l
Q' Y &4 ‘%.- Z )
® _;:5;/ R %1 “o=3n | 1/2=3u

g =20k $+1OKHY
@ i T
= B 57
& ooy |
o ebedl, dSLF=(C
=

%% 2=8n N % 2=8K

9=4”"”/”y:5oxﬂ 9= 264 H/H
S | iﬁ =20k /Eyﬁ
¥ =
| t’—
o~ Sl

P ,% Y ’
%f Ue=3H —% L:bM

83



g.=25xHm
@ SEIETCXXRXAIN
& f'=50/(//
R
L L=6M I./
C4 ) 1.
9=30xK/m
@f’:mm :
$
5
| Yotda | Uo=4m [
1 1

'!" Z=6H L/

g:?ﬂk///ﬁl
[IEREEERERRRRIR
X
_%i{r FI0kH | S
:é\\l

I=6m ”;%;

y;#m« rz =50KH

-5

Yo=4m |1/2=4m }

Qp=25KHM

IIXIRIXRRERRIX

84

h=4m

4

I

&M




g=10xhidy

N NN

/¢=‘/5K///H
RSN RRNTRERN)

7 -'50/&; F:ﬁﬂxl/‘

'l

Y LA T
/:/4«~/,5~/ p=IskH,
[INSENERRRERYY)

F20m0

A =25k HH

SRR RTNLN

=64

=20kHim \F=B0RN
ﬁéﬂ RelowH | [
‘g—-m

U2=4m | Lf7=4m

85



CIIMCOK PEKOMEHIYEMOM JINTEPATYPBI

OCHOBHBIE HCTOYHUKHU:
1. Onodunckas, B. I1. Texuuueckass Mmexanunka. COOpHUK TECTOBBIX 3aJaHUI :

yuebnoe mocodwue / B.I1. Onodpunckas. — 2-e u3z., ucnp. u gom. — Mocksa : UH®PA-
M, 2021. — 132 ¢. — (Cpennee npodeccrnonansHoe obpazoBanue). - ISBN 978-5-16-
016753-4. - Tekcr : anekrponnbii. - URL: https://znanium.com/catalog/product/1221360

JlonoJIHUTEeIbHbIEe HCTOYHUKH
2. TexHnyeckasi MexaHuka : yue0. mocooue / B.D. 3aBuctoBckuii. — MockBsa :

NH®PA-M, 2019. — 376 c. — (Cpennee npodeccnoHaibHOe 00pa3oBanHue). - TeKCT :
anekTpoHHbIA. - URL: http://znanium.com/catalog/product/1020982

86



87



