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IIPEONCIIOBUE

YuebHas nuclMINIMHA «TexHUUecKas MEXaHUKa» COCTOUT U3 TPEX
pasnmenos: «TeopeTnueckas Mexanuxas, «ConpoTusienne MaTepuasoB»
u «Jeranu Maimes.

B HekoToprIx y4eGHEIX 3aBemeHUAX paszmen «lleranu mamme» u3y-
4aeTCs OTOEeNLHO.

ABTOpPOM CTaBMIAChH 3a[a4Ya B CXKATOH ¥ NOCTYIIHON (opMe H3JIo-
KUTH OCHOBHEIE NOJIOXKeHUS «Teopermyeckoit mexauukus u «Conporu-
BJIEHNs MAaTEpHAajloOB» B COOTBETCTBUM C HOBBIMH TI'OCYyIapCTBEHHHIMU
TpeboBaHMAMHI K MUHUMYMY COOEPXKAHIA I YPOBHIO IIOATOTOBKY BLHIITYCK-
HMKOB I'DYIII TeXHWYECKUX CIEUAILHOCTEIN.

O6beM mpencTaBseHHOTO MaTepuaga COOTBETCTByeT IIpmmepHoit
IporpaMMe HUCUMILINHEL « TexHudYeckas MEXaHMKa» g IPynm ¢ oOb-
eMoM 180 yue6GHBIX YaCOB, YTBEPXKOCHHON Y IPABIEHUEM CPENHEro IIPOo-
¢deccroHanbHOro obpaszoBanus Mwunobpaszosaunsa Poccumn 04.06.2002 r.
Hnsa rpynn ¢ MeHbIIuM 06BEMOM Y4YeOHBIX HaCOB MOXHO BLIOpaTh He-
OOXONMMEIN MaTEpUAll B COOTBETCTBMU ¢ [IpuMepHBIMU TIporpaMMamMu
OUCHMININHE! 7151 3aIJIAaHNPOBAHHOIO KOJIMYeCTBa y4ebHbBIX 4acoB U HPU-
BEICHHOT'O YPOBHsI Tpe6GOBaHUIA.

B Hauane xaxmoit nexuuu npusonsTcs TpeboBaHUL K YPOBHIO 1IOM-
FOTOBKH IIO M3JIOXKEHHOMY MaTepuadly corjacHo IIpuMepHoil nporpaMme
1o nutuunryinge.

Ing 3akpenyieHus sHaHWI NpPeNCTABIEH MATEPHUANL IJI IPAKTH-
4YeCKUX 38HATHM U pacuyeTHO-rpadmyecKux paboT MO OCHOBHBIM Te-
MaM, NPUBEIEHO 3HAYUTEIBLHOE KOJIWYEeCTBO IPUMEPOB pelnleHUs THUIIO-
BBIX 3aJa4.

IIpencraBnenHsie 06pA3LEI TECTOBLIX OMPOCHBIX KapT COOTBETCTRY-
I0T TeCTaM, U3OAIHBIM B COODHIKE TeCTOBBIX 3amaHuil «TexHudeckas
mexanukas» (M.: POPYM: UHOPA-M, 2002).

Wsnanme comepxut MHOrOBapHaHTHEE 3a0avM I PacYeTHO-
rpacdudecknx paboT, KOTOPbIE MOT'YT BHIIOJHATBCA HA IPaKTHYECKUX
3aHATUSX WM BHIABATBLCA B KauecTse goMaltHux 3amanuil. B IIpuso-
HKEHUAX NPUBEIEHB! HEOOKOIMMEIE CIPABOYHEIE JAHHEIE.

Koncnexkr nekuumit rio TexuHudeckoil Mexanuke 6yneT OCOBEHHO IIO-
Jle3eH npu Ca.MOCTOSITeJIX}HOf/'I paboTe Ham KypcoM mpm 3aouHoi dopme
oby4eHus, 6naronaps IPOCTON M NOCTYMHHON GopMe U3NIOXKeHUs, OOb-
LIOMY KOJUYECTBY NPUMEPOR PENICHUSA 3a7ad U BO3ZMOXHOCTY IIPOKOH-
TPOJMPOBaTh cebs ¢ TMOMPIIBLIO TECTOBLIX 3anaHuil. TecToBrle 3amaHus
K HEKOTOpBIE KOHTPOJILHEIE BOIIPOCH! CHAGXEHE! OTBETAMU.
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PA3NEI I

TGOPGTH‘IECKM MeXaHHnKa

JIEKIINA 1
Tema 1l.1. OcHOBHBIE HOHSTUA U AKCUOMBI CTATUKN

Beenenue

Ternuueckad Mezanuxa — KoMrnekcHas gucnumimHa. OHa BKITIOYa-
er Tpu pasmena: «Teoperumyeckas MexaHukay», «ConpoTusienue mare-
puaniosy, «detann Mammna». «TeopeTudeckas MeXaHuUKa®» — pasfell, B
KOTOPOM M3JIaralOTCs OCHOBHEIE 3aKOHEI OBMXKEHMA TBEPABIX TEX U UX
B3aumoneiicrsus. B pasnene «Conporusienue MaTEpUANIOBY H3y4aloT-
¢sl OCHOBHI IIPOYHOCTY MATEPHAJIOB ¥ METONLI PacueTOB 3JIEMEHTOB KOH-~
CTPYKLINUY Ha NPOYHOCTH, XECTKOCTh U YCTOMYMBOCTL MON AEWCTBUEM
BHEIIHUX CW. B 3axmounTensHoM pasfene «TeXHNJIecKol MeXaHuKnms
«HeTann mammsE» paccMaTPUBAIOTCS OCHOBEI KOHCTPYMPOBAHHUS M pac-
yeTa neTaseil u cOOpPOYHBIX eNUHUIl OOIIero HasHauUeHNs.

Hucnunnuna «Texuuueckas MexaHnkas apiisgerca obenpodeccuo-
HAJILHOH, obecreunBaloleit 6a30Bbie 3HAHNUSA IIPY YCBOESHUY CIIENTNAITEHBIX
OUCHUILINH, U3YYaeMHEX B TaJIbHEHIIEM.

Badawu meopemurneckoll mezanuxu

Teopemuueckad meranuxae — HayKa O MEXAHNYECKOM IBUXEHUN
MATepPUAIILHEIX TBEPIBIX TEN U UX B3auMoneincTBuu. MexaHn4yeckoe OBU-
>KeHUle IOHUMAETC KaK IepeMelleHNe Tella B IPOCTPaHCTBE U BO BpeMe-
HI IO OTHOILUEHHIC K APYTUM TeJIaM, B YACTHOCTH K 3eMle.

s ynoberBa U3ydYeHUs TEOPETUYECKYI0 MEXAHUKY HNONPA3NesaioT
Ha CTATUKY, KUHEMATUKY M ONHAMUKY.

Cmamuxa n3y4aeT yCIOBUSA PABHOBECUS TeJI TION JEACTBAEM CHIL.

Kunemamuka paccMaTpuBaeT LBHXEHUE TeJl Kak IepeMeLUeHue B
IIPOCTPAHCTBE; XapaKTEePUCTUKY TeJ1 U INPUYUHBI, BEI3bIBAIOIIINE IBIKe-
HUe, He PacCMaTPUBAIOTCA.

Llunamura n3yvaeT OBUXKEHUE TeNl OO HelCTBUEM CUIIL.
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B ornuune oT ¢usukm TeoperHueckas MeXaHMKA U3Yy4YaeT 3AKOHHI
OBUXKEHUS HEKOTOPHIX a0CTPAKTHEIX a6Coa0mHO Meepdbir mea: 31ech
MaTepuadsl, GOpMa TEJ CYLIECTBEHHOIO 3HaYeHus He umeroT. IIpu nsu-
»KeHMH abCOOTHO TBEpHOE Telo He IedhopMHUpyeTcs U He pa3pyllaeTcs.
B cnyuae, korga pasMepamu Tella MOXHO IIpeHeOpeyh, TeJ0 3aMeHSIOT
MATEPHAJIBLHON TOYKOA. DTO yIPOLIEHNE, IPUHIATOE B T€OPETINYIECKOH Me-
XaHWKe, 3HAUNTENbHO obJleryaeT peleHue 3afiady O JBIKEHUN.

ITongamue o cuae u cucmeme cua

Cuaa — 3TO Mepa MEXaHUYeCKOTO B3AaMMONENCTBUS MaTEPUATIBHEIX
Ten Mexny coboil. BiaumonelicTBue xapakTepusyeTcs BeJIMYUHON U Ha-
IIDABIICHUEM, T. €. CHIIA €CTh 8EAUUUNG 8EKMOPHAL) , XaDAKTEPU3YIOIa-
fcs To9kol mpuioxkenus (A), HanpasieHueM (suHUER OefiCTBUA), BETH-
uunoit (Monynem) (puc. 1.1). Cusy u3MepsIOT B HBIOTOHAX,

1H = 1xr - m/c?.

Cunbl, pelicTByIolE Ha TENO  Toyka
(PIJIPI cucreMy Ten), IOEeJIATCI Ha 6HEUL- MPUIOKEHHA F ’/l
nue u enympennue. BHeurHme CuHIH L///r 3
OHIBAIOT AaKTWBHEIE U pPEaKTHUBHEIE. Jluns neicTaus,
Axmuenbie cuabl BEI3HBAIOT IlepeMe- 4 M ! Ha panieiie

ofyns ACHCTBUA
LIIEHNEe Tella, PEeaKMUEHble CTPEMSIT-
€S IPOTUBOAEHCTBOBATE NEPEMELIICHUIO Puc. 1.1
Tesla NOM AEHCTBUEM BHEIIHUX CHUIL.

BryTpenHue cuiibl BOSHUKAIOT B TeJIe IIOA AECTBIEM BHELIHNX CIL.

COBOKYIIHOCTH CWJI, HEHCTBYIOIINX Ha Kakoe-nbo Temo, Ha3kBAaIOT
cucmemol cud.

Okxeusasrenmuag cUCTEMA CHII — CHCTEMa CUJI, OeHCTBYIOWAs TaK
ke, KaK 3alaHHasd.

Ypaenosewennot (SKBUBAJIEHTHOI HYIII0) CHCTEMOIA CUII HA3BIBAET-
cs Takas CUCTeMa, KOTopas, OyLyuu NPIIOXKEHHOM! K Tely, He N3MeHsIeT
€ro. COCTOSHUS.

CucteMy cui1, IERCTBYIOLMX HA TEJIO, MOXKHO 3aMEHUTE OXHON pas-
nodeticmeyroweti, ZeACTBYIOIEN TAaK, KAK CUCTEMA CHIL.

AKCHUOMEI CTATUKU

B pesynbrare 060611eHMA 4€IOBEYECKOTO ONBITA OBINIA yCTaHOBIIE-
HEI O0LINE 3aKOHOMEPHOCTH MEXaHWIeCKOTO OBMKEHNA, BHIPaXKCHHLIE B

by BekTopHble BenuuuHL 0603HAYAIOTCA MONYXKUPHBIM MIPU(TOM, CKaJIspHbIe Be-
JIAYAHB! -—— OOBIYHBIM.
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BHOE 3aKOHOB M1 TEOPEM. Bce TEOpPEMBI 1 YPABHEHNS CTATHUKU BBEIBOOSATCS
U3 HECKOJIBKUX UCXOMHEIX TOJOXKEHUI. OTu MOJIOXKEHNUS HA3LIBAIOT KCU-
OMaMH CTATUKH.

Ilepsag axcuoma

Ilox meificTBEM ypaBHOBEIIIEHHOI CUCTEMEI CIJI A6COIIOTHO TBEPLOE
TENO WM MaTepHuallbHasl TOYKa HAXONSITCI B PABHOBECUY WJIM ABHXKYTCS
'PABHOMEPHO M IPSAMOJIMHENHO (38KOH MHEPIINM).

V Bmopasa axcuoma
- IlBe cuiiel, paBHBIE IO MOMYJIIO
F__---" B ¥ HAIPABJIEHHEIE MO OHOM NPAMOIl B
/74/ |Fl=IFl  passble CTOPOHEI, yPABHOBEIINBAIOT-
- Puc. 1.2 csa (puc. 1.2).

Tpemvsa axcuoma
He napymias MexaBn3eCcKOTO COCTOSHMS TeJla, MOXHO N06aBUTDH MU

yOpaTh ypaBHOBELUEHHYIO CUCTeMY CuJl (IPMHIMII OTOpacHIBaHMs CUCTeE-
MEI Cui1, 3KBUBAJIEHTHOI Hymo) (puc. 1.3).

1Fl=1F]

IFl=1F})

Puc. 1.3

Yemeepmasg axcuoma (MpaBuio NapajlieliorpaMMa CUIl)
PasnonesicTByionias OByX Cujl, IPUIIO-

JKEHHBIX B OIHOHM TOYKE, IIPUJIOXKEeHa B TOU

XKe TOYKE U ABJISETCA QUATOHAIIBIO Mapajlie-

F
JIOrpaMMa, IIOCTPOEHHOT'O Ha, 3THX CUIIaX Kak \\
Ha cTopoHax (puc. 1.4). A ...\\\\\\\\\\\\ NN

BwMmecTo napaasesoepamma MOXHO Io-
CTPOUTH MPEY20AbHUK CUII: CUJIL] BEIYEPUH-
BAIOT OOHY 32 OPYTOH B JIIOOOM ITOpSIIKe; PaB-
HOIENCTBYIOIIA OBYX CHJI COeNUHSET Hada-
JIO IIEPBOU CUJIBI C KOHLIOM BTODOI.

ITamag axcuoma
[Ipn B3auMomedCTBNMN TeNl BCAKOMY OEMCTBHIO COOTBETCTBYET PaB-
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HOE ¥ NPOTHBOIOJIOXKHO HaIpaBieHHoe npoTuBoneicrsue (prc. 1.5).

Cusbl OefCTBYIOIME W IPOTHBO-
IefCTBYIOUINE BCErna IIPUNIOXKEHBI K
pa3sHBEIM TelaM, II09TOMY OHH He ypaB-
HOBEIINBAIOTCS.

Cuunel, ¢ KOTOPBIMU OBa TeJa Iel-
CTBYIOT OPYT Ha JpPyTa, BCEra PAaBHHI
10 MOMYJIIO ¥ HAIIPABJIEHE! BIOJIbL ONHON
Puc. 1.5 MpsAMOY B pasHble CTODPOHEHI.

A F,

|F|=|F|

Caedecmeue u3 emopoti u mpembet aKcuom
Cuity, neficTBYIOILYIO HA TBEp-
Ioe TeJ0, MOXHO TepeMellaTh
BIOJIb JIMHWUY ee feicTeus (puc. 1.6).
Cuna F npuwioxeHa B TOY-
ke A. Tpebyerca mnepemectm ee
B Touky B. Wcmonesys Tpe-
THIO aKCuOMy, IOOABUM B TOUKeE
B ypaBHOBEIIEHHYIO CHCTEMY CHJI
(F'; F"). O6pasyercs ypaBHOBe- Puc. 1.6
HIeHHAsA II0 BTOPOil aKCHOME CHCTE-
Ma cun (F; F”). Y6upaem ee u nomyuum B Touke B cuny F”, pasHyio
sanannon F'.

IFI=1Fi=1F1

CBsa3M ¥ peakluu CBA3el

BCG 3aKOHBI M TEOpEeMBI CTATHUKN CIIPDABEIJINBHL 1A CBOGOJ_IHOI‘O
TBEPHOTO Tea.

Bce Tena nenstes Ha cBoOOOHBIE U CBA3AHHbIE.
CpoGonHbIE TeNla — Tela, EPEMEIeHUe KOTOPhIX HE OrDAHUYIEHO.

Cas3aHHLIE Tella — TeNa, lepeMelieHre KOTOPEIX OCPaHIIeHo OPY-
TUMU TeJIaMU.

Tena, 02PAHUNUB ANUUE NNEPEMEUERUE OPYTUX TEJ1, HAZBIBAIOT C64-
3AMU.

Cunpl, AefCTBYIOIIME OT CBsI3€ll U MPENATCTBYOLUINE [IEPEMELLIEHNIO,
Ha3LIBAIOT peaxyuimu ceg3ed.

Peaknus cpa3u BCerla HAmpaBieHa ¢ TOM CTOPOHHI, Kyda Heav3d
nepemew,amovcs.

Bcaxoe c643aHHOE MEAO MONCHO NPEICNABUMbL CB0600HBIM, E€CAU
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c643u 3amerums uT peaxyugmu (npunyun oceoboxcdenud om cegset).
Bce cBsian MOXHO pasnmennTh Ha HECKOIBLKO THIIOB.

Cea3v — 2aadxag onopa (6e3 TpeHus)
/\R . R ) AR
90° 90 90;
A A A
a) 6) 8)
Puc. 1.7

Peaknus onopsr npuiokeHa B TOYKe ONOPBHI M BCErIa HAIPABIIEHA
[ePHeHONKYIspHO onope (puc. 1.7).

I'ubxas cea3vb (HUTH, BEPEBKa, TPOC, LMD )
I'pys momsemeH Ha ABYX HATAX

(puc. 1.8).
Peakuus HuTH HanpaBiieHa BOOJDL

HUTH OT TeJNa, [IPY 3TOM HUTh MOXET

OLITE TOJILKO PACTAHYTA.

22227

Kecmruii cnepocens Puc. 1.8

Ha cxemax crepxum wn306paXkaloT TONCTOR
crutomnsoit muHuei (puc. 1.9).

CrepxkeHb MOXeT OHITH CXaT WIM PacTIHyT. Pe-
aKuus CTEPXXHs HaIpaBileHa BOONb crepxHa. Crep-
XeHb paboTaeT Ha pacTaKEHUe WM cxkaTue. TouHoe
HAIIPABICHUE DEaKiny ONPENeNsSiOT, MEICIEHHO yOpas
CTEpXEHb N PACCMOTPEB BO3MOXKHLIE IIEPEMELIIEHNS Te-
713 6e3 3Toi CBA3WU.

Boswmosicnbim nepemewenuem TOIKM HA3BIBAETCH
Takoe OECKOHEYHO MaJjioe MBICJIEHHOE IEepPeMEILEHNe, KOTOPOe MIOITyCKa-
€TCA B NaHHEIM MOMEHT HaJIOXXEHHHEIMYU Ha, HEI'O CBA3AMU.

Y6upaeM crepxkens 1, B 3ToM citydae crepx)ens 2 nanaer suus. Cre-
LIOBATENbHO, CUIIa OT cTepxkHs 1 (peaxiys) HampaBiieHa BBEpX. Y GUpaeM
crepxeHb 2. B aToM cirydae Touka A omyckaeTcs BHM3, OTOABUTAACH OT
crennl. ClenoBaTeNlbHO, peaKlsa CTEPXKHS 2 HAPABJIEHA K CTEHE.

Puc. 1.9
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Illapruprasg onopa
Illapaup monyckaeT IOBOPOT BOKPYT TOUKM 3aKkpenyieHusd. Pazmmya-
0T ABa BUOA IIAPHUPOB.

Ioodsuxcnbrii waprup

CrepxeHnb, 3aKpelsieHHEI Ha

R AR WIapHUPE, MOXET IOBOPAMHBATDL-
90° 90° ¢ BOKPYr ILIapHUpa, a TOYKa
KpemyieH!sT MOXeT IlepeMelaThCs
> BIIOJIb HATIPABJISIOIIEN (IVIOLIANKY)

: (puc. 1.10).
a) 6) Peaxunsa nonBuxzHOro mapHu-
Puc. 1.10 pa HaIlpaBJieHa IepIEeHOUKYJISIPHO

Ol'IOpHOI/I IIOBEpPXHOCTH, T.K. HE HO-
nycxaeTcx TOJIBKO IIEpEMENIECHNE NTONIEPEK OHOpHOI/I IIOBEPXHOCTU.

Henodsuacnblii waprup

Touxa XpemeHus mnepe- 1 ¥ i X
Memarscs He Moxer. Crep- 4 AR, R, R,
JEHD MOXeT cBOGOIHO mopopa- Bx 3 L

<

X
YUBATHCA BOKPYT OCH IUIAPHU- x mmé%
pa. Peakuus Takoil onopst npo- T
XOOUT 4epe3 OCb IIapHUpa, HO
HEM3BECTHA IO HAIIPABIICHUIO. @ Puc. 1.11 0
Ee npunsaTo n306paxaTh B BU- o
[€ OBYX COCTABJLSIOIINX: [OpPU-
30HTaJIBHON 1 BepTukaibuoil (Ry; Ry) (puc. 1.11).

1318444

Jawemaenue uau «3adeaxas

JIio6Lie mepeMertienns TOUKK Kpellle-
HUS HEBO3MOXHEI.

Tlon neficTBUEM BHENIHMX CHJI B OIOpE
BOZHUKAIOT PEaKTHUBHAsS CWIA U PEAKTUB-
HEII MOMEHT MR, IpensTCTBYIOMMIA IOBO-
pory (puc. 1.12).

PeakTuBHyto CliTy IPUHSATO NpEnCTa-
Puc. 1.12 BIIATBL B BUOE IBYX COCTABIISIOLIMX BIOJL

ocell KOOpOMHAT

R=R,+R,.
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IIpumepsl pemieHus 3agayg

Hpunmep 1. I'pys nonBselileH Ha CTEPKHIX U KAHATAX M HAXOIUTCS
B pasroBecuu (puc. 1.13). U306pasnts cucremy cui, nefCTBYIOINX HA
mapHup A.

Henonpuxirstit
82( Onox
Yr
a o,
) Puc. 1.13 )
Pewenue

1. Peakuum cTepxxHell HanpaBileHBl BOONIL CTEPXKHEH, peaKLuy

rubKuX CBs3ell HAIpaBieHbl BHOJbL HUTEH B CTOPOHY HATSKEHUS
(puc. 1.13a).

2. Ilns onpenesieBust TOYHOrO HAIPABJIEHUS YCUJINM B CTEPXKHIX MbI-
CIleHHO y6upaeM IOCTIeNOBaTEeNLHO CTepXKHN 1 u 2. AHanmsupyeM Bo3-
MOXXHEIE IIepeMelleHust Touku A.

HenonsmxuB 610K ¢ DeACTBYOILMMYA HA HETO CHJIAMHU He paccMa-
TPUBAEM.

3. Y6upaeM crepxeHsb 1, Touka A MOTHUMAETCS U OTXOLUT OT CTe-
HEI, CJIEIOBATE/ILHO, DEaKiing CTepKHs 1 HATIpaBsiieHa K CTEHe.

4. Yb6upaeM crepxeHs 2, Touka A nonqHUMaeTCs U IpubinxKaeTcs K
CTeHe, CNENOBaTe/IbHO, PeaKLls CTEPXKHs 2 HalpaBJIeHa OT CTeHbI BHU3.

5. KanaT TaHeT BIpaBo.
6. OcsoGoxnaenmcs or cBsseit (puc. 1.136).

IIpnmep 2. Ilap momsemen Ha HAUTM W OMMpAeTCs HA CTEHY
(puc. 1.14a). OnpenenyuTs peaxkiuy HUTY U [IIAIKOR ONOPH! (CTEHKH).

B Pewenue

1. Peaxuus HUTH — BOOAL HU-
R T x Touke B BBepx (puc. 1.146).
4

B
R
rEw YE > 2. Peaxums TrIamxoif ONOPEI
ﬂ/ }F/ (cTeHkm) — 110 HOpMaJIK OT TOBEPX-
G G HOCTHU ONOPHI.
a)

Puc. 1.14
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KoHTposbHBIE BOIIPOCH! 1 3afaHus
1. Kakas u3 npmBeneHHbIx cucteM cui (puc. 1.15) ypasnoseinena?

|F= £l
F;|l Fg

\F)=F,

Puc. 1.15

2. Kakue cuinnt cucteMsl (puc. 1.16) MOXHO y6paTh, He Hapyuwas
MEXaHNYECKOIO COCTOAHMS Tena?

IF)\ =1F,l=IF)=|F

K= 11F,

Puc. 1.16

3. Tena 1 u 2 (puc. 1.17) HaxonsarTcs B paBHOBecuu. MOXHO it
y6paTh meACTByIOLME CUCTEMEI CUII, eCIM Tena abComoTHO TBepabie?
Uro u3MeHUTCs, eciu Tejla peasibHule, nedopMupyemsie?

F 1 F F 2 F
«—{ " " > /> e

Puc. 1.17

4. YxaxuTe BO3MOXKHOE HallpaBiieHUe peakluii B onopax (puc. 1.18).

N
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Tema 1.2. IInockas cucreMa CXOOALLMAXCSA CHUII.
OmnpenelieHne paBHOAENCTBYIOLIEN
reoMeTpuYecKuM crocobom

3namv 2eomempuueckuti cnocob onpedeaenud pasnodeticrneyrowet
CUCTNEMBL CUA, YCAOBUL PABHOBECUL NAOCKOT CUCTEMbL CTOOTUUTC CUL.

Yamempb onpedeagmsb pasnodeticmeyrowyro, pewams 3adavu Ha pas-
nosecue 6 2eomempuueckols fopme.

TInockas cucrema CXOOAILLINXCA CHIJ1

Cucrema cni, MUHAK OeACTBUA KOTOPHIX I1e-
pecexaloTcs B ONHON TOUYKE, HA3BIBAETCI CTO0A-
Fy F weticg (puc. 2.1).

HeobxomuMo onpenenuTs PaBHOAEHCTBYIO-
IIyI0 cUCTeMEI cxomsiuuxca cuit (Fp; Fy; Fy;. ..
F, 0 ...;Fy), n — 4ucio cuil, BXOAAILMX B CUCTEMY.
Fy ITo cnepcTBUIO M3 AKCHOM CTATHKM, BCE CHU-

JIBL CUCTEMBI MOXXHO IIEDEMECTHUTDL BIOJbL JIMHUN
Puc. 2.1 IleﬁCTBi/ISI, 1 BCE CWJIBI OKAXYTCA NIPUIIOKEHHBIMIA
B OOHOM TOYKeE.

A

Pasnodelicmeyrowag crodauwurcd cua

PaBHONERCTEYIOIYIO ABYX MEPECEKAIOUMXCI CHJI MOXHO ONpene-
JUTH C IOMOLUBIO NAapajIeNiorpaMMa MM TpeyroibHuka cui (4-1 ak-
cuoma) (puc. 2.2).

F, F F. 2’
' F
F K
a) 6) 8)
Puc. 2.2

Vcnonb3yst cBOACTBA BEKTOPHOU CYMMBY CHJI, MOXHO IOIYYATh PaB-
HOIEWCTBYIOIIYIO JTIO00I CXOOSILEHCsS CUCTEMBI CHJI, CKIIAbIBas IIOCIEH0-
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BaTENbHO CIILI, BXxoasame B cucteMy. OGpasyeTcs MHOTOYTONLHUK CUIL
(puc. 2.3). BexTop paBHONERCTBYIOMIEN CHIIEl COSIUHAT HAYAIIO IIEPBOIO
BEKTOpa C KOHIIOM NOCJIEHETO.

F,
| F, F
F —> F F,
F Fo= F,+ F,+ F,+F,
F
a) 6)
Puc. 2.3

Tlpu rpaguyeckoM cnocobe onpeneneHus paBHOACHCTBYIOLIEN BeK-
TOPSI CIJ1 MOXKHO BEIYEPUYMBATE B JII000M NOPANKE, Pe3yNbTAT (BeNMInHA
U HATIPABJIEHVE PABHONEHMCTBYIOIIEH) TP 3TOM HE M3MEHNTCS.

BekTop paBHOIENCTBYIOLUEN HAIIPABIIEH HA6CMPENY BEKTOPAM CUJl-
craraeMelx. Takoif cnoco6 mHofyueHus paBHONEHCTBYIOLIIEH HA3HIBAIOT
reoMeTpPUIECKHM.

3aMeuyanue. [IpuBoluepYUBaHNM MHOIOYIOJIBHUKA 0OPALUATE
BHUMaHIE HA NMaPaJIIENbHOCTE CTOPOH MHOTOYTOJIBHUKA COOTBETCTBYIO-
ILIIM BEKTOPAM CHIIL.

Ilopadox nocmpoenug MHOZ0Y204bHUKA CUA

1. BriuepTuTh BEXTOPH! CUII 3a[I8HHOM CUCTEMEI B HEKOTOPOM MAc-
mrabe onuH 3a OPYTMM TakK, YTOOBI KOHEIl NPENBIAYIIEr0 BEKTOPa CO-
BIaJaJi C HaYaJIoM NOCIenyoUero.

2. BexkTop paBHOmEHACTBYIOLIEH 3aMBIKAET TOJYYEHHYIO JIOMAHYIO
JINHUIO; OH COENMHSET HAdaJso HEePBOrO BEKTOpa C KOHIIOM IIOCTIENHEro
¥ HalpaBJIeH €My HaBCTpeuy.

3. Ilpu usMeneHun nopAOKa BeIYepUNBAHUA BEKTOPOB B MHOIOYT'Olb-
HUKe MeHseTcs 6ud uryprl. Ha peayavmam nopgadox sbluepuueanud ne
8AULEM.

Yecaosue pasnosecud naockol cucmembl CTOOTUUTCA CUA

IIpu paBHOBecMM cUCTEMEBI CHII DABHOHEMCTBYIOLIAA HOMAKHA OBITH
paBHA HYJIIO, CIENOBATENLHO, NIPU NEOMETPUYECKOM MOCTPOEHNH KOHell
ITOCJIENHEI0 BEKTOPA HOIKEH CO6NACMb C HAYAJIOM IIEPBOTO.

Ecau naockad cucmema cTodqwuscd cui HaZo0UMCT 6 PReHOBECUL,
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MHOZOY20ALHUK CUA 3TNOU cucmembl doadcen 6bimb 3aMKHYM.
Ecnu B cucTeMe TpU CHIIEI, 06Pa3yeTCs TPEYTONLHUK CUJL.
CpaBuure nBa TpeyrosbHuka cuit (puc. 2.4) u chemnaiiTe BHIBOL O
KOJIMYECTBE CUJI, BXOAAIIMX B KaKIYIO CHCTEMY.
Pekxowmennaunn g ObpaTurs BHIMaHWe Ha HalpaBieHHe

BEKTOPOB.
a) 6)

Puc. 2.4

Pemuenne zagayg Ha paBHOBECHE
reoOMeTpN4YeCKnIM cnocobom

I'eomerpuueckuM criocoboM yIoGHO NMONB3OBATHCS, €CIIM B CHCTEME
Tpu cunel. [lpu petenun 3anad Ha paBHOBECKE TENO CYUTATH aGCOMOTHO
TBEpIBIM (OTBEPIEBILINM).

Iopadox pewenus 3adaw:

1. OnpenenuTs BO3MOXKHOE HANPABIEHUE PEAKIUN CBA3EH.

2. BrryepTuTh MHOTOYTONBHUK CUJI CUCTEMbI, HAUUHAS C M3BECTHHIX
cu B HeKOTOpoM Macurrabe. (MHOroyroabHuK AOMKeH OLITh 3aMKHYT,
BCE BEKTOpHI-CaraeMhule HaIpaBlleHbl B ONHY CTOPOHY MO o6xomy KOH-
TYypa.)

3. NamepnTh nOydYeHHEIE BEKTOPLI CHIT U OIPENENNTS UX BEINYUHY,
yunTHIBas BEIODAHHEI MacuiTab.

4. Ilnst yTOYHEHWs pelleHus PeKOMEHAYETCS ONPEneNNTh BeSIMYUHEL
BEKTOPOB (CTOPOH MHOTOYTONIBHMKA) C TIOMOLLBIO I'eOMETPHYECKUX 3aBU-
CUMOCTEI.

IIpumep 1. I'py3 monsernen Ha CTepKHAX U HAXOOUTCA B PAaBHOBE-
cun. OnpenennTs ycumaus B cTepxuax (puc. 2.5a).

Pewenue

1. ¥Ycumus, BO3HUKAIOUIME B CTEPXKHAX KPEIUIEHUS, O BelMduHe
PaBHBI CIJIaM, ¢ KOTOPBIMU CTEPXKHU NOAAEPKUBAIOT rpy3 (5-1 akcuoma
cratuku) (puc. 2.5a).
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OnpenensieM BO3MOXHEIE HATIPABJICHUS DeaKIMi CBA3EH «KECTKUe
CTEPXKHUS,

y =180- 60~ 45

a) 6)
Puc. 2.5

Ycunus HanpaBiIeHB BLOJIb CTEPXKHEN.

2. OceoBoouMm Touky A OT cBsA3€il, 3aMEHUB OCHCTBUE CBA3EH MX
peaxuusamu (puc. 2.56).

3. Cucrema HaxomuTcs B paBHOBecuu. [[OCTPOMM TPEYyTONBHUK CHII.

NocTpoenue HauueM ¢ M3BECTHO! CHILL, BHIYEPTUB BekTop F' B He-
KOTOpOM MaciTabe.

W3 xonuoB Bextopa F npoBOOUM JIMHUE, apaiieIbHEE PEaKIUIM
R1 n R2.

Ilepecexasich, MMHUYM CO3MaAYT TPpeyronbHuk (puc. 2.58). 3Has Mac-
wTal DOCTPOEHNI U M3MEPUB NJIMHY CTOPOH TPEYTOILHIKA, MOXHO OlIpe-
HEJIMTH BEIMUMHY PeakUMil B CTEPXKHIX.

4. Jlna 6onee TOYHBIX PACYETOB MOXHO BOCIIONL30BATLCS TEOMETPH-
YECKMMM COOTHOLUEHUAMM, B YACTHOCTHU TEOPEMOH CHMHYCOB: OTHOLIEHNE

CTOPOHH! TPEYTONbHUKA K CUHYCY NPOTUBOIIOJIOKHOTO YIJIa — BEIMINHA
a ¢
HOCTOAHHAS] —— = —— = ——.
sinag sinf  siny

Ins manHOro cnyvas:

F R Ry
sin75° ~ sin60° ~ sin45°’
Ry F _ Fsin60°

1 =

sin60°  sin75°’ sin 75°
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100,866 )
Ry = —6,9—66— = 9xH;
Ry F Fsin 45° 10-0,707 _
sin45°  sin75°’ Ry = sin75° ° Ry = W = 7,3xH.

3aMeuanue EcuHanpasnenue BeKTOpa (peakuuu CBA3M)
HA 3aJaHHONM CXEMe U B TPEYIOAbLHUKE CHAJI HE COBIAJIO, 3HAUUT, PEAKINI
HA CXeMe OOJDKHA ObITh HANPABIEHA B MPOTUBONOJIOKHYIO CTOPOHY.

IIpumep 2. I'pys nonsemed Ha CTEPXKHAX M KAHATAX Y HAXOOWTCS
B pasroBecun. OnpenenuTs ycunus B cTepxuax (puc. 2.6a).

Pewenue

Puc. 2.6

1. HaneceM Ha cxeMy BO3MOXHEIE HAIIPABICHUA YCUIINA, IPUJIOXKEH-
HEX B Touke A. Peaxumu crepxuell — BHOAB CTEPXKHEH, ycuiaue oT
KaHaTa — BIOJIbL KaHaTa oT Touku A k Touke B.

2. I'pys Haxonurcs B DABHOBECUW, CJIEIOBATENLHO, B paBnosecvm
HaxonuTes TOYKa A, B KOTOPOR NEpeceKajoTcs TPH CHIIHL.

OcBoGonuM TOYKy A OT CBs3edl W pAacCMOTPUM €€ paBHOBecue
(puc. 2.66).

3aMeuwaunue PaccMOTPUM TONBKO CHIIBI, IPHIIOKEHHLIE K
Touke A. I'pys pactarusaer xanat custont 45 kH no Beeit ammuee, nosromy
ycuime oT KaHaTa usBecTHO: T3 = 45kH.

3. CTrpoumM TpeyronbHMK 71 CWI, IPHIIOKEHHEX B Touke A, Hauu-
Hgsi C n3secTHON cuisl T3. CTOPOHE TPEYroabHUKA NapalliielIbHbl Ipen-
NONaraeMbIM HAMPABJIEHUAM CUJI, OPWIOKEHHLIX B Touke A.

OG6pa3sosaJics MPSIMOYTOJIBLHBIR TpeyronsHuk (puc. 2.68).
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—4

4. HeuspecTHble peakuuy cTEPKHSH MOXHO ORPENENNTDH M3 COOTHO-
MIEHN# B NPAMOYTOJIBLHOM TPEYTONLHUKE!

T3
-SW, R2 = QOKH,

Ry = Rosin60°;, Ry =90-0,866 = 78xH.

3aMmMeuanue JlpupaBEoBecHU BEKTOPH CWI B TPEYIrOJb-
HUKE HANpPAaBIIeHb! ONUH 3a OpyruM (06XOOUM TPEYTOIBHUK II0 YacOBOM
crpenke). CpaBHUM HANPaBIEHNI CUI B TPEYTOJbHUKE C NPUHATHIMU B
HavaJjie pacdeTa Ha puc. 1.26a. Hanpasnenus coenanu, cnenoBarensHo,
HanpaBJieHHs peakuuii onpenesieHbl BEPHO.

T3 =45xH; Ry =

KoHTpoJIbHBIE BOIIPOCHI M 3aJaHMA
1. Ilo u306paxKeHHRIM MHOrOYroAbHUKaM cui (puc. 2.7) peuute,
CKOJILKO CIJI BXOOWT B KAXOYIO CUCTEMY M KaKas U3 HUX yDABHOBEIIICHA.
(O6paTuTh BHMMAaHKME Ha HAIIPABIEHNE BEKTOPOB.)

[ L

Puc. 2.7

2. VI3 npencTaBjieHHBIX CHIIOBHIX TPEYIOJLHUKOB Bbibepere Tpe-
YTONBLHUK, MOCTPOEHHEIN st Touku A (puc. 2.8, 2.9).

1 Rz R RZ
2
RQF RQF FVH
F @ @ )

Puc. 2.8

Illap nonpemen Ha HUTH W Haxofit o ; b
BHUMAHKE Ha HANDPABIIEHNE Peakuuu of IIIaJKOH ONQRRE ¥ ycnonne B-
HoBecus wapa (puc. 2.8).
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A

faave ®
2 A ’
30°
F
®

Puc. 2.9
I'pys F' monseinen Ha kaHaTe M HaxonuTca B paBHosecun. O6pa-
THATh BHEMAHUE HA PEAKIMH, NPUIOXKeHHbe K Touke A. Cuinl, He npu-
JIOXeHHHIe K Touke A, He paccmarpuBatorcd. He 3abnBaTh 06 ycmoBun
paBHOBecus cucteMsl cui (puc. 2.9).
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JIEKIINA 3

Tema 1.2. IInockas cucreMa CXOOAILIMXCST CUJI.
OnpeneneHue paBHOAECICTBYIOIICH
aHAIINTUYECKUM Criocob6oM
3namv anasumuueckutll cnocob onpedesenud paenodeticmeyrowet

Cuabl, YCA08UL PABHOBECUA NMAOCKOT CTodTweticd CUCTEMbL CUL 8 aKHa-
aumuueckot dopme.

Yumems onpedeagms npoexyuu cuavt wa dée 63aUMHO NepneRuKy-
AAPHLLE OCU, Pewamb 3adauu Ha PAsKoBecue 6 anasumnuyeckott fopue.

IIpoexuusa cuibl Ha och

HpOGKlIHSI CHJIBl Ha OCh OIIDENENIETCsa OTPE3KOM OCH, OTCEeKaeMBIM
NEePrneHANKYyIIpaMy, OIYIIIEHHBEIMA Ha OCh M3 HauaJla ¥ KOHIla BEKTODa

(puc. 3.1).
.

Fy
Puc. 3.1

Beauuuna npoexyuy cuabt #a 0cb PaBHA NPOM3BENECHMIO MOLYJIS CH-
JIBI Ha, KOCUHYC YTJI1a MEXIY BEKTOPOM CHUTIBI M NLOLOMCUMEADHBIM HANDA-
saenuen ocu. Taxum o6pa3oM, MPOEKINS UMEET 3HAK: NOLONCUMEALHBIN
npu 00UHAKOB0M HANPABAEHUL BEKTOPS CUIIEL ¥ OCH U OMPUYAMEAbHbIL
DY HAIIPaBIIEHUN 8 CTROPOHY ompuyameabrot noayocu (puc. 3.2).

A
F, F; F
) 2 a; ’ 180°

o, B2 \90“ E«/\
T = 1,
[0 x
Puc. 3.2

—
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Fi;=Ficosa; >0; Fo, = Fycosas = —F;cos (3s;

cos ag = cos(180° — (B2) = —cos B2
F3, = F3c05890° =0; Fyr = Fycos180° = —Fjy.
IIpoexyus cuavt na dee 63aummo nepnenduxyagpusie ocu (puc. 3.3).

’ F, = Fcosa > 0
B F

Fy=Fcosf = Fsina > 0.

ol | X
Puc. 3.3

Onpenenenne paBHOAENCTRBYIOLIIEN CHCTEMBI CHII
AHAIMTUYECKNM criocoGoM

Bemiuuna paBHORERCTBYyIOLIEH PABHA BEKTOPHON (r€OMETPUYECKON )
CYMMe BEKTOPOB cucTeMbl cuil. OnpenenseM paBHONEHCTBYIOUIYIO reoMe-
TpuueckuMm crrocoGom. Brifepem cucTeMy KOOpAWHAT, ONpeNenuM Mpo-
eKLMM BCEX 3aJaHHLIX BEKTOPOB Ha 3TH ocu (puc. 3.4a). CknansiBaem
IPOEKIMM BCEX BEKTOPOB Ha ocu x U Yy (puc. 3.46).

y
F, F,
F,
x F,
F, F F
y ) FZ: E;é’
o x
Fix Fay
6)

Puc. 3.4

Fsy = Fiz + Foz + F3; + Fyg; FEy=Fly+F2y+F3y+F4y§

n n
Fye=) Fiae; Fry=) Fyy
0 0
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Monynp (BenuuuHy) paBHONEACTBYIOMIEH MOXHO HAWTH IO M3BECTHHIM

MPOEKIIUAM:
Fy = ‘/FEZ:I -+ ng.

Hanpasnenue BeKTOpa paBHONEHCTBYIONIE MOXHO ONPENEINThH 0
BEJIMYMHAM U 3HAKaM KOCHHYCOB YTJOB, O6pa3yeMBIX paBHOMEHCTBYIO-
el ¢ ocaMu koopauHaT (puc. 3.5).

cosa, = Py g
x FE b F
Fx z
COS tvy = =, Fry oy
= Oy
(0] X
FZx
Puc. 3.5

YcnoBusi paBHOBECH S IJIOCKOM CMCTEMBI
CXOOAIINXCS CUJI B aHAJIMTUYECKOU ¢dopme

Wcxons n3 Toro, 4ro paBHOmECTBYOIIAA PABHA HYJIIO, [IOJIYYUM:

Fyp =5 Fr, =0;
Fg =, /F2 4+ F% = =7 v
v e v Fyy =3 Fiy=0.
Fr=0.

YcnoBus paBHOBECUS B aHAITUTUYECKON (GopMe MOXHO ChOpMYIUpo-
BATBH CleAyommM obpasoMm:

Ilnockag cucmema cTo0AWUTCT CUA HATOOUWMCH 6 PAGHOGECUU, €C-
AU aazebpauneckad cymma npoexyutl 6CET Cua CUCTEMBL KA A06Y10 OCb
DPAGHA HYL110.

CucteMa ypaBHEHWSA PABHOBECUS IUIOCKOW CXOAAILIEHCH CHCTEMEI
cuiL:

%Fkxzo;
> Fiy =0,

B 3amadax xoopauraTHee ocu BHOMpAlOT Tak, 4TOOL! peleHne 6n1-
510 Haubonee nmpocTeiM. ZKenaTenbHo, YTOOR! XOTA OLI ONHA HEU3IBECTHAS
CHUJ1a. COBITAMAJIA C OChI0 KOODAWHAT.
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ITpumep 1. OnpenenuTs BeIWYWHLI U 3HAKU IPOEKIMN NPENCTA-
BJIEHHBIX Ha puc. 3.6 cui.

Pewenue
Fiy = Ficosay; Fig=—F1cos0°<0;
e Fiy = Fycosf1; Fiy = F1cos90° = 0;
B2 Fyz = Focosag = —F; cos oly;
F, . o =180° — ag;  Faz < 0;
az Fy Fyy = Fycos B2 > 0;
i \ @ F3, = F3cos90° = 0;
’ B, . Fsy = Fycos f3 = F3cos 180%
Fs Ym' F3y=—F3 <0
B A Fy; = Fycosaq > 0;

Fyy = Fycos B4 = —Fy cos fBg;

Puc. 3.
uc. 3.6 Fyy <0.

IIpumep 2. OnpenenuTs BeNMYMHY ¥ HAIIPABJIEHNE PABHONEHCTBY-
IOIIEN TNIOCKOM CHCTEMBI CXOOSIIINXCS CHUJI AHAJINTUYECKUM CrIocoOOM.

Pewenue
1. OnpenenseM TPOEKUMA BCEX 7
cuit cucreMsl Ha Oz (puc. 3.7a): 60" F, = 10xH
Fiz =10 cos 30°%; _F,=20kH 30°
Fi; =10-0,866 = 8,66 xH; 0 a5
Fy; = 20 - cos 180° = —20kH; F,=15kH
F3, =15 - cos45°;
F3, =15-0,707 = 10,6 xH. Puc. 3.7 a

Crnoxus anre6panyecky MPOEKIH, MOMYUYUM NPOEKUMIO PABHONEN-
cTByOILIEN Ha ock Oz.

Fyy = Figz + Foz + F3g;
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F>, =8,66 —204 10,6 = —0,735xH.

3HaK TOBOPUT O TOM, YTO PAaBHOINENCTBYIOUIA] HAIIPABIIEHA BJIEBO.
2. OnpenensieM IpoeKIMy BCEX CHM Ha ock (Y 3HAYEHUS IIPOEKIIYIL,

noIy4rM BeanduHy mpoekmun Oy.
F1y =10-c0s60°; Fy, =10-0,5 = 5xH;

Fay =20 -cos90° = 0;
F3y =15-¢c0s135°; F3, = —15-0,707 = —10,6 xH.

Croxus anreGpandecku 3HAYEHUS TIPOEK- »
UM, IIOJIyYMM BeJIMYUHY NIPOEKINM paBHOOEMH- o y/))
cTByoLel Ha ock Oy. Frx/ o .

F}:y =Fly+F2y+F3y; /\ A Ox
/ F
x
Fsy = 5-10,6xkH = —5,6 xH.

3Hak IPOEKINY COOTBETCTBYET HAIIPABJIe- ﬂ
Huio BHM3. (CeoBaTenbHO, PABHONEHCTBYIO- =
1llasi HallpaBJieHa BieBO u BHU3 (puc. 3.76). Puc. 3.76

3. OnpernensteM MOOYNHL PaBHONEHCTBYIO-

LI 110 BeJIMUMHAM IIPOEKITWIN:
—  /r2 2 .
Fy = ,/F%, + Fzy,
Fy, = 1/0,7352 4+ 5,62 = 5,65kH.
4. OnpernenseM 3HayeHue yria paBHomelcTByIOmel ¢ ocvio Or:
F -0,735
cosap = —=2;  cosqy = ——— = —0,13; ol = 82°30
b 5,65

U 3HaveHue yria ¢ ocsio Oy:

oS Qyy = E%; cos ay = ;—Z’g =-0,991; o = 7°30';
z B

g = 180° — o = 97°30; oy = 180° — o, = 172°30".
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IIpumep 3. Cucrema Tpex cuil HaxonuTCs B papHoBecuu. MsBecTHnt
[IPOEKIUN ABYX CHJI CUCTEMEL Ha B3aUMHO NIepHeHIuKyJsipuele ocu Or u

Oy:
Fi; = 10xH; Fp, =5kH;
Fyy = -2xH; Fy, =6kH.
Onpenennts, 4eMy paBHa I Kak HAIIPABJIeHa TPEThA CHIIa CUCTEMEL.
Pewenue
1. I3 ypaBHeHuii DaBHOBECHS CUCTEMBI ONPENENIeM:

Yo Fhe=0; Fig+Fop+Fp=0; 1045+ F3;,=0; F3=—15xH.
S Fiy=0; Fiy+Foy+F3y=0; —2+6+F;,=0; F3 =—4xH.

y 2. Tlo nonyuyeHHLIM BeNMUYMHAM IPOEKIHIL
'0 onpeneiseM MOLYIb CHJIBL:
X
a/
W F; = ,/Fszx + ng; F3 =152 + 42 = 1552kH.
Puc. 3.8 3. HanpasneHnue BeKTOpa CHIIB OTHOCHTEN -
Ho ocu Oz (puc. 3.8):
3x 15 ’ orn/
Cosay = ——; Co0Sagp = ——— = —0,966 = o, = 14°50".
T R’ £ 1552 i

Yo ¢ ockio Oz GyneT paseH
oy = 180° — of, = 165°10".

KOHTpOJ'Ibele BOIIPOCEI 1 3adaHUA

1. BanmunTe BLIpaXKeHWe IUTA pacyeTa mpoekuun cuiasl FoHa 0Ch
Oy (puc. 3.9).
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2. Omnpepmenure CcyMMy OpoeKumiz cui cucTeMbl Ha oces Oz
(puc. 3.10).

X
15«H 10 xH

o

9xH 45

ON s
6 kH
Puc. 3.10

3. Onpenenure BEIWYUHY CHIIHI [0 U3BECTHBLIM TIPOEKIIMIM:
F; =3kH; F,=4xH.

4. Ipys naxonutes B pasHobecun (puc. 3.11). Kakas cucrema ypas-
HeHUil pPaBHOBECHs IUTs LIapHUpa A 3amucaHa BepHO?

Y

SINSEEINGE]
%
=

%z = R1c0s30° — Ry cos60° — F = 0

T

ky = Ry cos 60° + Rz cos 30° = 0.

”

~

oM:oM; ;[V]:o[\jz
5]

kz = R1c0os60° — Ry cos 30° = 0;

(2)

&)

ky = 121 c0s 60° + 2 cos60° + F = 0.

Puc. 3.11

<
8

= —R; c0s30° + Rz cos60° =0

- ?

3)

&

ky = R1cos60° + Rycos30° — F = 0.

’

Yxa3szaHuu g

1. IIpu oTBeTe Ha Bonpock 1 u 2 HeoGXOOUMO 3HATE, YTO B BhIpaXKe-
H¥e VIS BEJIMYMHB] NPOEKIMY CUJIBl Ha OCh HOACTABISETCS YTOJI MEXIY
BEKTOPDOM CHJH U IOJOXWUTEIBHON MOJYyOochlo KoopauHaTt. He 3abbiTs,
4TO onpenenseTca anreGpanyeckas CymMma.

2. Ilpu orBeTe Ha BOmpoC 4 CHavajla ClIeOyeT ONPENEIUTL BO3MOXK-
HEble HaIpaBJICHUs PeakINil B CTEPXKHAX, MBICJIEHHO YOMpasd Nno odepenu
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CTEPXHN ¥ PACCMATPHUBAas BO3MOXHLIE mepeMertienus (cM. nexumio 1).
3aTeM 3anucaTh anrebpamueckue cyMMbl npoekiuil cu Ha ocu Ox n
Oy. Tlonyuennrsie ypaBHEHUA CPABHUTH C NPUBEICHHEIMIU.

5. OTBeTbTEe Ha BOIPOCH! TECTOBOTO 33aHUS.

Tema 1.2. CTaTuka.
IIpoeknuu cuibl Ha OCh

Bonpocwm OrBerTHn|Kon

1. BrifpaTs BHIpaXkeHue i pacueTa NPOeKUMH CHIILL Fcosa 1

F na ocs Oy.
y F cos (180° — o) 2

~
F Fsin o 3
o
X

© —Fcosa 4
2. BeibpaTh BLIpaXeHHe U1 pacueTa HPOEKLNH CHIIbL F; cos 30° 1

F» na ocs Oz.
F3 cos 150° 2
F; F; cos 60° 3

0
- —F, cos 150° 4
3. PaccunTaTh CyMMy MpOEKIMIX BCEX CUIT CUCTEMBI 2,5 kH 1
Ha ock Oy (cM. puc. x Bompocy 2), ecnu Fy = 28 xH,

F, =15xH, F3 = 8xH, F, = 24xH, Fs = 30kH. 14 xH 2
18,5 xH 3
60,5 xH 4
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IIpomonxenune
Bompocwu OrBeTm|Kon
4. OnpeneMUTh YToJl MEXAY 3aJaHHON CHIION M OCBIO 30° 1
Oz, ecniu M3BECTHHI BEJIMYMHA CHJIBI M €€ IPOEKIMH
Ha ocs Oz: F, = —21xH, F = 30kH. 45° 2
¥y
135° 3
0 F3 150° 4
5. PaccunTaTh CyMMY POEKIMI CHCTEMBI CXOMALIMX- -1xH 1
csa cun Ba ock Oz. Fy = 30xH, F> = 10kH,
F3; = 15xH, F, = 24xH. -16,3 xH 2
y/\
F, 34 xH 3
F,
2 F,
450 30°
"F, 0 x 79 xH 4
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JEKLIUA 4

Tema 1.3. IIapa cuil 1 MOMEHT CHJILI
OTHOCUTEJIBHO TOYKU

Snamb obo3nauenue, Modyap u onpedesenue MOMENTIOE NAPbL CUA
U CUABL OMHOCUMEADHO TNOUKY, YCAOBUL PAEGHOBECUT CUCTNEMDL NAD CUA.

Ymemov onpedeagme MOMEHMBL NAD CUL U MOMENT CUAbL OTMHOCU-
MEALHO MOUKY, ONPEJEATMb MOMERM, PE3YALTUPYIOWET NAPbL CUA.

Ilapa cun, MOMEHT mapur CUJI

Ilapoti cua HasbiBaeTCs cUCTEMa IBYX CHJI,
PABHBIX 110 MORYIIO, MapaJile/IbHbIX ¥ HAIIPAB/ICH-
HBIX B Pa3HBIE€ CTOPOHHL.

Pacemorpum cuctemy cun (F'; F'), o6pasyto-
LIMX napy.

TTapa cun BHIsEIBaeT BpAllleHUE TeJa ¥ ee Aeil-
CTBHE Ha TeJo oueHuBaercd MomeHTOM. Cumiml,
BXOOsIIME B Mapy, He ypaBHOBEIIMBAIOTCS, T.K.

a) OHM IPWIOXKEHB! K OBYM ToukaMm (puc. 4.1). Ux
ZeiicTBUE Ha TENO He MOXET GbITh 3aMEHEHO Ofl-

F HOI cuitolt (paBHONEMCTBYIOLIEN).
@ MoMeHT naphl cusl YUCIEHHO PABEH [POU3Be-
a IEHUIO MOLYJIs CUIILI HA. PACCTOSHUE MEXIY JIMHU-

MU OEACTBUS CUIT (Ni4eu0 napst).
/ MoMeHT CYMTAIOT MOJIOKUTENBHBIM, €CITH Ta-
6) F pa BpaInaeT TeJIo Mo 4acosoll crpeske (puc. 4.16):

Puc. 4.1 M’(F;F’)=Fa; M > 0.

IInockocTs, mpoxonsilas udepes JIMHHM Hei-
CTBUA CHUJI Naphl, HA3LIBAETCA NAOCKOCTbIO Odeti-

F|F
IFl=1F

cmeud napol.
Cesoticmsa nap (6e3 N0Ka3aTENLCTB):
1. ITapy cus MOXKHO TiepeMelIaTh B INTIOCKOCTH €€ IENCTBUS.

2. OxBuBaJIeHTHOCTH map. IBe Mapbl, MOMEHTHI KOTOPHIX PABHHI,
(puc. 4.2) >kBUBaNEHTHH (ECTBHE MX Ha TENO AHAJIOTUYHO).
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3. Cnoxenne nap cuir. CucreMy map CHJI MOXHO 3aMEHMTH PaBHO-
IefcTBYIOMIEN TIapOil.

MoMeHT paBHOIEHCTBYyIOIIeH NMaphl paBeH aJirebpandeckoil cymMme
MOMEHTOB NIap, COCTaBJIsommx cucteMy (puc. 4.3):

F,
F, Hal Fi o /D\a;/
Flal =F2a2 /

F,

Puc. 4.2 Puc. 4.3

n
Mys = Fia; + Foas + Fzaz + -+ Fha,; Ms = ka.
0

4. PaBHoBecue nap.

IIna pasHoBecus map HeOOXOOMMO U AOCTATOYHO, YTOOH anrebpan-
yeckas CyMMa MOMEHTOB IIap CHUCTEMEI PaBHSIACh HYJIO:

n
ME=O=>ka=0.
0

MoMeHT CHUIIBEI OTHOCHMTEJIBHO TOYKUN

Cwuiia, He IPOXONAIIAs Yepe3 TOYKY KPEIUICHUs Tella, BEI3bIBAET Bpa-
IlIeHHe TeNa OTHOCUTELHO TOYKM, TIO3TOMY IEeHCTBUME TAKOH CHIIBL Ha
TEJI0 OLEHNBAETCS MOMEHTOM.

Momenm cuabt OTHOCHTEILHO TOUKM YHCIIEH-

HO pPaBEeH NPOU3BENEHNIO MOLYJIsl CHIIbI Ha PAacCTO-
sAHUe OT TOUKU [0 IMHUi neficTBus cunsl. Ilepnen- A
IUKYNAp, OMyLUEHHHE U3 TOYKM Ha JIMHUIO Heii- o
cTBust cuinl (puc. 4.4), HA3LIBAETCA NAEUOM CUITEL.
O6o3nauenue Momenta Mo (F) umn mo(F);

mo(F) = Fa. Puc. 4.4

Enununa nsmepenns [mo(F)] = Hm.
MOMEHT CUMTaeTCs NOIOKUTENBHEIM, €CJIN CUJla Pa3BOPAuNBAET Te-
JIO 110 HaCOBOM CTPEIKe.
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IIpumMeuanue B pa3sHbx yuebHBX IOCOGUIX 3HAK MOMEHTA
Ha3HAYaeTCs I0-pa3sHoMYy.

MOMEHT CHJIEI OTHOCUTEIBLHO TOYKM DaBEH HYIIO, €CJIY JIMHUS Ie-
CTBUS CHJISI IIPOXOOUT depe3 TOYKY, T.K. B 3TOM CIIy4ae PacCTOAHUE OT
TOYKH OO CHJIIBI PABHO HYJIIO.

IIpumeps! pemienus 3anad

IIpumep 1. Hana napa cun [Fy| = |F{| = 42xH; nnewo 2 m.
3aMeHUTE 330aHHYIO Napy cuJl SKBHUBAJIEHTHOM Mapoil ¢ mnedom 0,7 M
(puc. 4.5).

F, F
2
a, a, Pewenue
o F Ilapu cnn skBuUBaleHTHHI, €c-

JI MOMEHTHI 9TUX [Iap YMUCJIEHHO
Puc. 4.5 DaBHbI:
my = Flay; mg 2832 -2 =84kH-M; mg = Fhag; m1 = mg.
Otkyna Fp = — = 120kH.
0,7
Tipumep 2. Nana cucrema nap cun (puc. 4.6). Onpenennts MoMeHT
Pe3yILTUPYIOUIEH HapHL.

Pewenue

MowmenT pezynbTupyomei na-
PH paBeH anrebpauveckoll cyMMe
MOMEHTOB Hap CHCTeMbI:

Ms = ka.
0

TloncTaBuB 4HCTIEHHBIE 3HAME-
HUSL, TIOJIyYNM:
m; = 10-0,2 = 2xH-¥m;
me = —~12-0,3 = -3,6 kH Mm; Puc. 4.6
mg=26-1,2="T2xkHwM;
My, =2+ (-3,6)+ 72 =5,6xH-M.
3HaK CBUOETENLCTBYET O TOM, YTO MOMEHT BHI3LIBAET BpAlllEHZE N0
4acoBOl cTpenke. Benmunny cuibl u nneda onpeneauTh He yOaeTcH.
Il purumeuanue YYrobe ypaBHOBECUTH JAHHYIO CUCTEMY Iap,
HeoOX0mUMO MPUIIOKUTE apy CUIT, PABHYIO II0 MOLYIIO ¥ HAIIPABJIEHHYIO
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B 06paTHYIO CTOPOHY. Takxyio napy CuiI Ha3HBAIOT YPasHOEEWUBAWeL.

IIpumep 3. PaccuuTars cyMMy MOMEHTOB CHJI OTHOCHTEIBHO TOY-
ku O (puc. 4.7).

OA=AB=BD=DE=CB=2Mm.

F,=15kH

A B F; 20 xH
B I‘
E
TFZ =10xH
Puc. 4.7
Pewenue

1. MoMeHT CHIIBI OTHOCHTENBHO TOUYKM YMCIIEHHO paBeH ITpOU3Bene-
HUIO MOZYJIS CHJILI Ha IUIEYO CHJIEL.

2. MoMeHT cIiIsl paBeH HYJO, €CJIY JIMHUA OeHCTBIS CH/bL IPOXORUT
yepe3 TOYKY.

mo1 = Fiag; mo1 =5-2=10kH-Mm;

moe = Fbas; mos = —10 -2 = —20xH-Mm;

mos = Fzaz;  mo3 =0;

moa = Faay; mog =15-6- O 707 = 69,3 xH-M;
mog = 10 ~ 20 + 69,3 = 59,3 xH-Mm.

KOHTpOJ’IbeIe BOIIDOCHI 1 3adaHNs

1. Kaxne cuiter w3 cucTeMut cuit (puc. 4.8) obpasyioT napsi?

P = Fy = Fy; F3 = Fg; F5 = 0,9F%.
2. OnpenennTe MOMeHT M300pakeHno Ha puc. 4.9 maphsl CUIL.
|F| = |F'| = 5kH.
F/
[ i 3Y(>X B
?ﬂ LTFS 9ﬁ F, \Fk
Puc. 4.8 Puc. 4.9

3. Kakue u3 usobpaxenunx nap (puc. 4.10) sxsuBafe€HTHHI, €CI
Fy = Fy, =8xH; F3=6,4kH; a; = 2M; as = 2,5M?7
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F F F, F,
a, a, a, a,

45" 90 - |, '
F, F F F,

a) 6) 8) 2)
Puc. 4.10
4. Kaxyto cuny Heobxonumo npunoxuts 8 Touke C (puc. 4.11), yro-
651 anrebpanyeckas CyMMa MOMEHTOB OTHOCUTEILHO Touknu O 6hIIa paB-

Ha Hymo! OA = AB = BC =5wm; Fi = 7,8xH; F, = 3xH.

F, o
ﬂ:&m r% 45"&{:3 QO#C

Puc. 4.11

5. OTBeThTE Ha BOMPOCH TECTOBOTO 3alIaHMA.

Tema 1.3. Craruka

Bonpocsu OrBerTs|Kon

1. Kakue ciiibl U3 3aI1aHHOM CHCTEMEL CUII, NEHCTBYIO- TH;7H 1
XX Ha Tejo, o6pasyloT napy cui?

10Hl 10}1i 151—1/ 7H
T 10 H; 10 H 3
TISH 7H

TH;10H 2

15H; 15 H 4
2. OnpenenuTs MOMEHT 3a[aHHOM Naphbl CUJL. 0,35 H-Mm 1
~35,35 H-m 2
F 45°) g’
F
0,5m 50 H-m 3

F,=F,=100H —70,7 H-m 4
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[Ipononxenue

Bomnpocu OTreeTum |Koan

I5H
. 0,4 m
3. YxaxuTe napy cuil, 9KBUBAJICHTHYIO 3a0aHHOM. 1
15H

10H
0.3x 0,15m
2
10H
l 3

4
4. Haiiante MOMERT ypaBHOBEUINBAIOLIEH TIaphl CUJT. —-0,4H-Mm 1
s 6H 0,4H-Mm 2
P21 .
SH 04w 0,3m 0.2m —0,8HM 3
‘ﬁ
— 4H
0,8HMm 4
5. OmpenenuTh CyMMY MOMEHTOB CHJI OTHOCHTEILHO 7TH-Mm 1
Touxu C.
47H-™ 2
7H 10 H
C 45°
19H-M 3
SH
SH i Mm@v 2m 2M 2Mm
7TH™ 4

2 - 8060
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Tema 1.4. IInockas cucreMa IPoOU3BOJIBHO
PacCIOJIOKEHHBIX CHJI

Hmemv npedcmasaenue o 2106H0M BEKTNOPE, 2AQBHOM MOMENTE
pasrodelicmaylowell NA0CKOT cucmembl NPOUFEOALHO DPACTLOAOHCEHHDIT
cud.

3namv meopemy Ilyanco o npueedenuu cuavt x movke, npueedenue
NPOU3E0ALHOU NAOCKOT CUCTEMBL CUL K TouKe, Mpu dopmbt Yypasuerud
PABHOBECUA.

Yumemp 3aMERAMb NPOUBOALHYIO NLAOCKYIO CUCTNEMY CUL 00HOT CU-
a0t u odnol napod.

Teopema Ilyanco o napasnnenbHOM IMepPEHOCE CUJIT

Cuay MONCHO NEPERECTNU TAPAAACALHO auNuLU ee dedcmausd, TIPU
3TOM HYXHO d06a6umb napy cus ¢ MOMEHTOM, PABHEIM IIPOM3IBEICHUIQ
MOIyJIsi CWJIBl Ha PACCTOSHME, Ha KOTOPOe IIEpeHeceHa Cuila.

|Fl=IFi=IF1 m=Fa
Puc. 5.1

Hano: cusna B Touke A (puc. 5.1).
Io6asum B Touke B ypaBrosewennyto cuctemy cun (F'; F”). O6pa
syetca napa cui (F'; F"). Ilomyunym cuny B Touke B ¥ MOMEHT maphl m

IIpusenenue K TOUYKE IVIOCKON CUCTEMBI
NPOU3BOJILHO PACIOJIOKEHHBIX CHUJI

JInany neitcrrus l'IpOI/I3BOJ'II>HOf;I CHCTEMBI CHUJI HE TIEPECEKAIOTCS B
OOHOMN TOYKE, IIO3TOMY JI4 OLEHKU COCTOAHMS TeJla TaKylo CUCTEMY ClIe-
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ayeT ynpocTuTs. Il1g 3T0ro Bce CUMEL CUCTEMEL EPEHOCAT B QOHY IPOMU3-
BONIBHO BHIGPAHHYIO TOYKY — TOUKY npuBenenus. [lpumernsior Teopemy
Iyanco. Ipu mo6oM nepenoce CUITHL B TOUKY, He JGKALILYIO HA JIMHIL ee
JeicTBUs, NOGABNAIOT Napy CuJl.

IlosBuBIINECA NIpU MepeHOCE MAPHI HA3LIBAIOT NPUCOECOUNHEHHbLMU
napaMmu.

Ilara rutockast cucTeMa IPOU3BONBLHO PACTIONOKEHHBIX CHII (puc. 5.2).

Ilepenocnm Bee cunet B Touky O. Ionyyunm myuok cuit B Touke O, Ko-
TOPBIN MOXXHO 3aMEHUTH OIHOM CUIION — 24a6HbLM 6€KMOPOM CUCTEMDL.
O6pasylolyiocs CHCTEMY NIap CHJI MOXKHO 3aMEHUTh OIHOIM 9KBUBAJICHT-
HOI1 IIAPOH —— 24A6HDIM MOMEHTLOM CUCTEMBbL.

Puc. 5.2

n
Fo,.= ZFk.
0

Taaennitd sexmop pasen seomempuueckott cymme BEKTOPOB IIPOM3-
BOJIBHOI TIJIOCKOI cMCTeMBl cuil. IIpoenmpyeM Bce CHIILI CMCTEMBE Ha, OCH
KOOPOUHAT M, CJIOXKMB COOTBETCTBYIOIIME IPOEKLUU HA OCH, IOJIY4YUM
IPOEKIUN I'iIaBHONO BEKTOpA.

n n
Frnx=ZFk:c; Frnyzszy-
0 0

[To BenmuwnHe Npoexuil FIABHOTO BEXTOPA HA OCH KOOPAMHAT HAXO-
IOVM MOIYJb IJIABHOI'O BEKTOpPA:

Fn= \/Fx?.ﬂz +Fr2n,,'
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I'aa6HbIE MOMEHM CUCTREMDL CUL PABEH AA2EOPAUNECKOT CYMME MO—
MEHIMO6 CUJI CICTEMBI OTHOCUTEIEHO TOUKM NPUBENECHU.

My = m1+ma+ma+ -+ Mp;
n

Mrno = ZmO(Fk)
0

Taxum 06pazom, NPOU3EOALHAT NAOCKAE CUCTEMG CUA NPUBOOUTN-
cd K 00not cuae (rIIABHOMY BEKTOPY CHCTEMBI CHJI) M OOHOMY MOMEHMY
(raBHOMY MOMEHTY CUCTEMBI CULIT).

Bausuue Ttouxku IIpNBEOCHNA

Touka npusenenus Brbpana npousBonbHO. [Ipu m3MeHeHun noso-
JKEHUs TOUKV TIPUBENEHUS BEJIMYWHA [VIABHOTO BEKTOPA HE MI3MEHUTCS.

Benmuunna riaBHOrO MOMEHTA TIPHM MTEPEHOCE TOYKY MPUBENEHUS U3-
MEHMTCS, T.K. MEHJAIOTCA PACCTOSAHUS OT BEKTOPOB-CHJI OO HOBOH TOYKH
[IpUBENEHUS.

C moMoursio TeopeMul Bapunnona 0 MOMeHTE paBHOHNEHCTBYIOIIEH
MOXHO OIpEeNenTh TOUKY Ha INIOCKOCTH, OTHOCHTENBHO KOTODOU IiIaB-
HBIT MOMEHT paBeH Hymo. T020da npou3soabHad NAOCKAT CUCTEMA CUA
Mmoorcem 6bimp 3amenena 0010t cuaot.

DTy cunly Ha3BIBAIOT pasHodeticmeyrouett CUCTEMEL CUIL.

Uucnerno paBHONECTBYIOIUAA DABHA [JIABHOMY BEKTOPY CHUCTEMBI
CMJI, HO IPWJIOKEHa B OPYTOM TOYKEe, OTHOCUTENBHO KOTOPOM TIIABHBIR
MOMEHT paBeH Hy/0. PaBHOmEHCTBYIOUIYIO NpuHaTo o6o3HavaTs Fx.

UncrneHHo ee 3HAUEHNE OMPENENIeTCsS TAK e, KaK IVIABHHI BEKTOD
CHUCTEMEI CIIT:

F2=Frm

2
Fy

n 2 n
ZF’“ + ZF’W
0 0

Touky npunoxeHMs PaBHONENCTBYIOUIEN MOXHO ONPENEeIUTH II0
dopmyie

rie d — pacCTOSHUE OT BHIGPAHHOM TOYKW IPHMBENEHUS HO TOYKY IIpH-
JIOXKEHUs PaBHONEMCTBYIOIIEN;
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My — BenWYUHA IJIABHOIO MOMEHTa OTHOCUTEILHO BEIOpaHHOU
TOYKY IPUBEIECHUA;
Fiy — BenuuuHa riIaBHOIO BEKTOPA CUCTEMBI CHJI.

YacTHbIE ClIyYdau IIpUuBedeHNA CMCTEMBbI CHJI K TOUKE

[Ipu npuBeneHUn CUCTEMEI CHII K TOYKE BO3MOXKHEL CIIEyIOLIME Ba-
pUAHTEHL:

1. Fir =0 .
e => TEJOo BpaljaeTCda BOKPYT HENIOOBMIKHOM OCH.

MrnO 7é 0
2. Mezo =0 => TEJIO OBVKETCS HPSIMOJINHENHO YCKOPEHHO

Frn ?’—' 0; Fr'n = FE )
3. Mi,0=0

= TE€JIO HAXOOUTCA B PaBHOBECUU.
Fox=0

Y ci0Bue paBHOBECHA IIPOM3BOJILHOM IIJIOCKOM
CMCTEMBI CHJI

1. IIpn paBHOBECHN IJIABHBIA BEKTOP CUCTEMLI PaBEH HYJIIIO
(Frn = 0)-
AHanuTHYecKoe oImpeneneHye rIIaBHOIO BEKTOPA NPUBONUT K BHIBOLY:

ki

EszZO;
Fon= an,+Fx‘2ny=0=> 7(')‘

%:Fkyzo,

rne Fiz u Fiy — npoexuuy BEKTOPOB Ha OCH KOOPAMHAT.

2. Ilockompky TOYKa NPUBENEHUs BHIGPaHA MPOU3BOJIBLHO, SICHO, YTO
PN PaBHOBECHM CyMMa MOMEHTOB CHJI CHCTEME! OTHOCUTEIBHO oGOl
TOYKH Ha INIOCKOCTH IOJ/DKHA DaBHATLCS HYJLIO:

n ZmA(Fk) =0;

M;no =ZmO(Fk)=O=> 2
0 >-mp(Fi) =0,

0

roe A u B — pasHble TOYKYU [PUBENEHHUS,
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Ycaosue pasnosecud npou3soavnoti naocKol CUCTNEMbL ClUa MOXKET
OLITH CHOPMYINPOBAHO CIIEMYIOUIUM 06Pa3oM:

Ilag mozao umobbr meepdoe meao nod deldcmeuem NPoudsoavrotl
NAOCKOT CUCTEMbL CUA HATOOUALOCE 6 PABHOBECUU, He06TOdumo u do-
cmamouno, umobvl aa2ebpauueckad cymma npoeKyuli 6cexr cua cucme-
MbL A A06Y10 0Cb PABHAAGACH HYAW U AA2ECPAUUECKAT CYMMA MOMEH-
MO8 6CET CUA CUCTEMbL OMHOCUMEAdHO A1060U MoOuKU 8 NA0CKOCMU
deticmsud cua PASHALACL Y10,

TTonyyum ocHOBHYIO GOpMYy ypaBHEHMA DABHOBECUS:

~

=

1:=0;

<
<

|
=

’

3
o
S

I

0; YPaBHEHUA MOMEHTOB.

3
2
S

I
o

Ve

CINEEINGEEINSEEINGEEINg B
g
o
|
o

Teoperuuecky ypapHeHMiI MOMEHTOB MOXHO 3alucaTh OeCKOHeUHOe
MHOX€ECTBO, HO IPaKTUYECKH JOKa3aHO, YTO Ha IJIOCKOCTH MOXKHO COCTa~
BUTH TONBLKO TPU HE3ABMCHMEIX YPaBHEHUsS MOMEHTOB ¥ IIPU 3TOM TPH
TOUKN (LEHTPHI MOMEHTOB) He NOMIXKHEI JIEXKATh Ha OMHON JIMHUM.

Takum 06pa3oM, UIMeeM ISITH HE3ABUCUMEIX YPaBHEHW paBHOBECHS.

IIpaxTuyecku nns pereHus 3a0a4 HA IVIOCKOCTU JOCTATOYHO TPEX
yDABHEHMI paBHOBecUs. B KaXIOM KOHKPETHOM CIIy4ae MCHONIL3YIOTCS
YPaBHEHUS ¢ OOHUM HEU3BECTHLIM.

Ins pasHHIX Cily4aeB MCIONBL3YIOTCS TPHU I'PYNNEl YPABHEHUI paB-
HOBECHAL.

n

Z Fk:z: = 0;
A

Ilepsas dopma ypaBHeHuit paBroBecus: { » Fry = 0;
0

z;'ij(Fk) =0.
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-

=
L

I
e

Bropas ¢popMa ypaBHEHNI paBHOBECHS: { 2 ma (Fx) =0;

3
2
S
I
o

’”

EINEEINSEEINgES

-

ma(Fy) = 0;

Tpernsa dopMa ypaBHEHMIT PABHOBECHS: { 2. MB (Fy) = 0;

CINELCINSEENSE!

3

8

S
I
o

Ve

Ins 9acTHOrO Ciry4as, ecilul yPaBHOBEIIEeHA CUCTEMA IAPAILIEIbHEIX
CHIJI, MOXHO COCTaBUTh TOJILKO IBa YPaBHEHUs! DABHOBECHUS:

n n
Y Fe=0; ) ma(Fi)=0.
0 0

Ocy Oz cucTeMul KOOpOMHAaT NapaJiyIeNIbHa JIMHAN OEVCTBUA CHII.

IIpuMeps! perenus 3amgayg

IIpumep 1. Hality MOMEHT HPUCOEOMHEHHON IMAphl IPHY IIEPEHOCE
cunul F3 B Touxy B (puc. 5.3). F} = 10xH; F; = 15xH; F3 = 18«kH;
a=0.2Mm.

Pewenue F; . F
HUcnionwssyem reopemy Ilyanco. i B
Mp(F;)=18.0,2 = 3,6 xkH-m. Puc. 5.3

IIpumep 2. HaiiTu rnasubiit BekTop cucTeMsl (puc. 5.4).
Fy, =10xH; F; = 16xH; F3 = 12xH; m = 60xH-Mm.

Pewenue

I'aBHBIN BEKTOp paBeH reoMeTPHYECKON CyMMe CHITL:
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0
Frny, = —F1cos45° + F3 = 5xH
Frn: \/Flgnz'i'Frzny;
Frn = 1/(-9)% + 52 =~ 10xH.

IIpumep 3. Hafitu ri1aBHEIN MOMEHT CHCTEMBEI OTHOCUTEILHO TOY-
ku B (ncnons3oBaTh gaHHBE TIpUMepa 2).

Pewenue

['naBHBIE MOMEHT paBeH anrebpauveckoill CyMMe MOMEHTOB CHII OT-
HOCUTEJILHO TOYKK NIPUBEIEHUS:

n
Mrn=20:mB(Fk);
S mp=F -2-sin45° — F5-2 — F3-4 4+ m;
My =10-2-0,7-16-2-12-44+60 = —6xkH-Mm.

IIpnmep 4. K Teny mpuioxena ypapBHOBEIIIEHHAs CUCTEMa CHT
(puc. 5.5). Ilpe 3 Hux HewsBecTHHL. ONpeNeNNTh HEM3BECTHEIE CHIIHL.
F, =10xH; F>, = 16 xH.

y F A
Be—> <
HaxocuM ocu koopouHaT ¥ ¥MC- F3
TIONIb3YEM YDPaBHEHUS PABHOBECHS: +
S Fp = 0; F; — Fycos30° = 0; ) Fy
Fy = F5/cos30° = 18,5kH,; A 30
Y Fy =0, ~Fi+F3+Fyicos60°=0; D *
- o. 1
F3 = F1 F4 cos 60 ; v Puc. 5.5

F3=10-18,5-0,5 = 0,75 xH.

KOHTpOJIbeIe BOIIPDOCHI 1 3aJaHUs

1. YeMy paBeH rVIaBHBIA BEKTOP CUCTEMBI CHII?

2. Uemy paBeH riaBHBIA MOMEHT CUCTEMEI CHJI IIDU NMPUMBENEHUU €€
K TO4ke?
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3. YemM ornmuaeTcs IIIABHLIN BEKTOP OT PABHONEHCTBYIOILEH ILIOC-
KO CHCTEMBI IPOU3BOIILHO PACIIOJIOKEHHBIX CHJI?

Bribpars 13 mpeanoxeHHBIX OTBETOB:

— BEJINYMHOL;

— HAIPABIIEHUEM;

~— BEIWYVHOW M HAIIPABJICHUEM;

~— TOYKOHN NPUJIOKEHUS;

— HHUYEM.

4. Temo npuXeTcs PABHOMEPHO M IPAMOIMHENHO (paBHOBECHE).

UeMmy paBHBI MIIABHBIA BEKTOP M TJIABHEI MOMEHT CHCTEMBbI?

5. Teno BpamaeTcss BOKPYT HENMOXBMKHOMN OCH.

YeMy paBHHI [TIaBHBIA BEKTOD ¥ TVIABHEIIL MOMEHT OEACTBYIOLIECH Ha
HEro CHUCTEeMEI cui1?

6. Hajinure riaBHBI BEKTOD U MJIaBHBIE MOMEHT CUCTEMBL CIJT, €CIIM
LEeHTP IpUBedeHns HaxoourTcs B Touke A (puc. 5.6).

. 20 kH
10 kH 15 kH 12 xH 8 kH
7 | 2m \l 2Mm | E
B C D
Puc. 5.6

2M

387
=

A

7. Kaxoe elue ypaBHEHMEe DABHOBECUS HYXXHO COCTABUTE, YTOGH y6e-
IUTLCA B TOM, 4TO cucTeMa cuwi (puc. 5.7) HAXOOUTCA B paBHOBECUU?

n n
S Fie =0; Y Fiy = 0.
0 0

748 !

F, F,

Fy \45" D

Puc. 5.7
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JJEKIIWIS 6

Tema 1.4. Banounsie cucreMsl.
OmnpeneneHne peakiuii OIIop U MOMEHTOB
3aLeMJIeHu S

Huems npedcmasaenue 0 6udaT 0NoYP U 603HUKAOWUT PEAKYUIT 6
onopaz.

3nams mpu Fopmul ypasnenull PaBHOBECUT U YMEMD UT UCNOALIO-
s6ampb dag onpedesenid peaxyuti 8 onopar 6aLOUHLIT CUCTTLEM.

Yamems 6vinoangmo npocepry NpasuAbHOCTIU PEUIEHU.

Buner Harpy3ok 1 pasHOBUIOHOCTH OIIOD

Budul nazpy3ox

ITo crocoby mpuioxeHUs HATPY3KU HEJISATCA Ha COCPENOTOYEHHEIE
u pacnpeneniessnle. ECiu peasbHO riepenada Harpy3ku IIPOUCXOOUT HAa
npeHeGpeXXuMO MasIoit IIoaaKe (B TOYKE), HACPY3KY HA3HIBAIOT cocpe-
domouennoi.

YacTo Harpyska pacnpenesieHa [0 3HaUNTeIIBLHOM IITIOMIANKE UITHA JIV-
HuM (OaBneHue BOOLL HA INIOTUHY, JABJIEHHE CHEra Ha KPHIULY W T.II.),
TOTA Harpy3Ky CUHTAIOT pacnpedeaennoi.

B 3adauaz cmamuxu dag abcomomuo meepdviz mea pacnpedesen-
KYI0 HA2PYIKY MONCHO IAMENUMD PAEHOJetcmEy0w et COCPENOTOYEHHON
cunoit (puc. 6.1).

g — WHTEHCUBHOCTh
Harpy3ky; | — OIuHA cTepx:-
HS;

AVMAAAL

G = ql — pasHoneit-
CTBYIOLIasA pPacIpeaeIeHHoN
HACDY3KHU.

Pasznosudnocmu onop 6aaounbir cucmem (CM. Jekimio 1)
Banka — xoHCTpykTHBHas [eTaslb B BUAe npsMoro Gpyca, 3akper-

JIeHHAs Ha OMopax M u3rnbaeMast MPUIOKEHHLIMU K Hell CHIIaMH.
Bricora ceuenus Gankm HezHAUMTEILHA 110 CPABHEHHUIO C IJIVMHOM.
XKecmwas 3adeaxa (3awemaenue) (puc. 6.2)
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Ornopa He momycKaeT nepeMeLleHui I IOBOPOTOB. 3aIelKy 3aMeHs-
10T IBYMsA COCTaBIAONMME ciibl R ax u R4y v mapoit ¢ MomMeHTOM MR,

,HJISI OIIpENEJICHN S 9TUX HEN3BECTHBIX

Y yIooOHO MCIONBL30BATL CHUCTEMY YDaBHe-
R R, B HUI B BUOE
< A x n n n

51 > Fe=0; Y Fiy=0; > mga=0
Mk, Puc. 6.2 0 0 0

Kaxnoe ypaBHeHue uMeeT oOHy He-

M3BECTHYIO BeJIMUMHY U pemiaeTcs 6e3 IOOCTaHOBOK.
Ili1st KORTPOIIS MPABUIILHOCTY PELIEHUH NCNONB3YIOT HOMOIHETENb-
HOe ypaBHeHMe MOMEHTOB OTHOCUTEILHO TI000i TOYKH Ha Galike, HAIIPU-

mep B: Y ARy
n
kaB =0. .
0 A

HTaprupro-nodeuacnag onopa (puc. 6.3)
Onopa monyckaeT MOBOPOT BOKPYT IAPHUPA U Puc. 6.3
nepeMerLenne BIOJIb ONOpPHOIl mopepxHocTH. Peak-
U¥s HANpABJieHa NEePHEeHAUKYISPHO ONOPHONA OBEPXHOCTM.
Hlaprupro-nenodeudcnas onopa (puc. 6.4)
Omnopa nonyckaeT NOBOPOT BOKPYT LIAPHUPA M MOXET GHITH 3aMe-
HEHa, OBYMs COCTABJIAIOILIMMHI CUJIBI BOOJIb OCEMl KOODAUHAT.
Baaxa na deyr waprupnoir onopaz {puc. 6.5)

Puc. 6.4 Puc. 6.5

He ussectun TP CUJIBI, OBE€ N3 HUX — BEPTUKAJILHEIC, CJIEOOBa-
TEJIBbHO, y1106Hee AJ1d OolIpenesicHn st HEN3BECTHLIX UCIIOJIBE30BaATh CUCTEMY
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ypaBHEHUIT BO BTOPO# ¢opMe

n n n
kaA =0; kas = 0; Zsz = 0.
0 0 0

CocTaBnsioTCa ypaBHEHNS MOMEHTOB OTHOCHTENBHO TOYEK KpemJie-
Hns O6ankn. ITockolbKy MOMEHT CHIIBI, IPOXOASIUEH yepe3 TOYKY Kperl-
neHus, paseH (, B ypaBHEHMM OCTAHETCs OOHA HEU3BECTHAs CHJIA.

n
W3 ypasnenus Y Fy, = 0 onpenensercs peakuus Rpg.
0

n
W3 ypasuenus ) mi4 = 0 onpenensercs peakuns Rpy.
0

n
W3 ypasuenus )  mip = 0 onpenensercs peakuus Ray.
0

s XoHTpONis NpPaBMIBHOCTH PEIIEHUS MCIHOJIbL3YeTCHA MONOJIHM-
TENILHOE YPABHEHWE
n
E Fiy =0.
0

IIpn paBHOBECUM TBEPOOrO TENA, FAE MOXHO BRIGPATh TPY TOYKH, HE
Nexanme Ha OOHOR IPAMOiA, yHOGHO MCIONL30BATL CUCTEMY YPABHEHUM
B TpeTbeit dopme (puc. 6.6):

ma(Fy) = 0;
mB(Fk) =0;

mc(F) = 0.

SINGELINGE N B

IIpuMmepn penrenns 3anay

ITpumep 1. Onnoonophas (3aieminenHas) Gajika HarpyxeHa co-
CPeNOTOYEHHEIMY cyilaMy ¥ napoit cun (puc. 6.7). OnpenenuTs peakunn
3a,0€J1KH.
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v
\J‘R,,,, 30 kH m=100xH-w | 20XH
o ﬁ
60
P & Y1
P A B *
Ry, 3m 5Mm € 2m
M,
Puc. 6.7
Pewenue

1. B 3amenke MOXeT BOZHUKHYTL DeaKLMs, NPEACTABIAEMA IByMS
cocrasisommu (Ray; Rag), 1 peakTuBHEI MomenT M 4. Hanocum Ha
cxeMy GaJIK BO3MOXKHEIE HAITPABIICHUS PEAKIINIT.

3 amMeuaHue Eciuusanpasnenus BLIGpaHEI HEBEPHO, IPHU
pacyeTax IOJIydMM OTpULATEeNIbHBIe 3HaUeHNs peaklmil. B sToMm cioyuae
peaknuu Ha cXeMe CllefyeT HAIPaBUTH B IPOTUBONOJIOXKHYIO CTODOHY,
HE MOBTOPAA pacyeTa.

B cuny Mmasmmoii BEICOTHEI CUMTAIOT, YTO BCE TOYKM BaJIKM HAXONATCS
Ha, OIHOMN INPAMOIf; BC€ TPU HEU3BECTHEHIE PEAKLMY IMPUJIOKEHE! B OOHON
Touke. Jlng pelrenus ynoGHO MCHONL30BATH CUCTEMY ypPaBHEHH pab-

HoBecns B neppoit dopme. Kaxnoe ypaBHenue GynmeT comepxaThb OOHY
HEM3BECTHYIO.

2. Vcnonb3yeM cucteMy ypasHEHMI:

n n n
ZFkx=0; ZFkU:O; kaA=0
0 0 0

n
Zsz = —Rpz + 30 - cos60° + 20 - cos 90° = 0.
0
Rz = 30 - cos60° 4 20 - cos 90° = 15xH.

zn:Fky = Rgy —30:cos30° — 20 - cos0° = 0.
’ Ray =30-0,866 + 20 - 1 = 45,98 xH.
imkA =—M4+30-3-sin60°+ 100 + 2010 = 0.
’ M4 = 377,94 xH-m.
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3Haxy NOIy4YeHHHNX peakimil (+), ClnenoBaTeNbHO, HAPABIIEHNS Pe-
aKIUN BRIOpAHEI BEPHO.

3. Il NpoBepKM NMPABMIILHOCTY PEILEHMs COCTABAAEM YypaBHEHHUE
MOMEHTOB OTHOCMTENILHO TOYKU B.

> mip=—Ma+ Ray-10—30-7-5in60° + 100 = 0.
HOLICT&BJISIGM 3HAYCHUS I[TOIYYUCHHBIX peaxnm"x:
—377,94 + 45,98 - 10 — 210 - 0,866 + 100 = 0;
—559,8 + 559,8 = 0.

Pelierne BEIOIHEHO BepHO.

Ipumep 2. [syxonopHas 6anka ¢ MapHUPHBIMU onopamu A u
B uarpyxeta. cocpenoTouenHo cusoit F', pacnpenenenHoit Harpy3koit ¢
HHTEHCHBHOCTBIO ¢ ¥ IIapoil cuil ¢ moMeHTOM m (puc. 6.8a). OnpenesnTs
peakuu omnop.

yARAy m=100kH-M
g =2xH/m ('\4 R, F=25xH
45
a)
A G B RBx x
TIVRSYY 3
6M 4M 2M
:\R,qy m=100kHM RB‘ _
2 — A F=25kH
457
6) € >N,
X
A G=12«H R?A&L
ARRT R 1 4
3Im M 4™ 2M
Puc. 6.8
Pewenue

1. JleBas onopa (Touka A) — MOXBIKHBIA LIAPHUD, 3MECh PEAKIMS
HATIPABJIEHA TIEPNEHIUKYIISPHO OIOPHON NOBEPXHOCTH.
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Ilpasas onopa (Touka B) — HENONBMKHELLA INAPHUD, 30€Ch HAHOCHM
OBE COCTABIIAIOILIME Peakuuy BOoib oceit koopaukaT. Ock O coBMmernaeM
¢ NPOOOABHON OChIO: 6aJIKH.

2. TockonbKy Ha CXeMe BO3HMKHYT IBE€ HEM3BECTHBIE BEPTHKAJIBHEIE
peakuny, MCIOb3OBATH NEPBYIO (HOPMY YPABHEHMHA DABHOBECHSA Heuene-
coobpa3Ho.

3. 3ameHseM pacrpeneseHHYI0 HATPY3KY COCPeOOTOYEHHOI:
G=gql; G=2-6=12kH.

CocpenoToueHHyI0 cuny IOMEIIaeM B CepeRMHe NpoJeTa, Aajee 3a-
[ada pelaeTcs ¢ COCPenoTOYeHHRIMH cuntaMu (puc. 6.86).

4. HanocuM BO3MOXHLIE Peakuuy B onopax (HanpaBieHue NpOoMu3-
BOJILHOE).

5. IIna pemenus BrGupaeM ypaBHEHNE PAaBHOBECHS B BUIOE

n
> mia =0;
%: . Ilpoaepxa:
Mmig = U]
s B zoj Fy, =0.
% Fip = 0.

6. CocTaBnseM ypaBHEHUS MOMEHTOB OTHOCUTEILHO TOYEK KPENNeRus:
n
Ymrka=G 3+m~Rp, 10+ F-12.5in45° = 0.
0
Rp,-10=G-3+m+ F-12-5in45°;

Rp,-10=12-3+100+25-12-0,7;, Rpy = 91%6 = 34,6 xH.
Peakuus nanpasnena BepHO.

n
Y mep = Ray-10—~G-T+m+F-2-sind5® = 0.
0

Ray-10=G-7T—m~— F -2-5in45°

Ray-10=12.7-100-50-0,7; Rgy = —% = —5,1xH.
Peaxuus orpuunarenruas, cnemosatensHo, R4, HyXHO HanpasuTb

B IIPOTHBOIIOJIOXXHYIO CTODOHY.
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7. Vlcnions3ysl ypaBHeHNe IPOEKLIMIA, MOy YM:
n
> Fyr = Rpy + Fcosd45° =0; Rp; =—Fcos45°; Rp,=-17,5kH
0

Rp, — ropuscHTaNbHAs peaklvs B onope B.
Peaxmnusa orpunarenbHa, cnenoBaTeNnbHO, HA CXEME ee HAIpaBJeHUe
6yIeT IpOTMBONOJIOKHO BEHIOpaHHOMY.

8. Ilposepra npasuavnocmu pewenud. JI[nsg sToro mcnonbiyeMm ue-
n

TBEPTOE ypaBHEHHe paBHOBeCUs » . Fiy = O:
0
~Ray — G+ Rpy — Fcos45° = 0.
ToncTapuM nomydyeHHBIE 3HAYEHNA PEAKIINIL.
Ecnu ycnosne BHIONHEHO, pellIEHUE BEPHO:
~51-12+34,6 —25-0,7 = 0.
KonTpoabHEIe BONPOCEI U 3adaHNs

1. 3ameHuTEe pacCIpeneNeHHYIO HArPY3KY COCPENOTOUYEHHOM M ompe-

NENUTE PACCTOSHYE OT TOYKW NPUIIOKEHNs PaBHOAENHCTBYIOMIEH O ONo-
put A (puc. 6.9).

6™

4 AAARAARAARARAANARRA

r_

TTT377T

qg=4xH/M™

B

10M
Puc. 6.9

2. PaccunraiiTe BeIMYMHY CYMMapPHOTO MOMEHTa CHJI CUCTEMBI OT-
HocurensHo Touku A (puc. 6.10).

m=45xH-M
20xH —>

«— 30 kH

Puc. 6.10
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3. Kaxyio us dopMm ypaBHEeHu paBHOBECUS LeIECOO0PA3HO MCIIOIE-
30BATHL NPU OUpEfeNeHuy Peakuuil B 3ageke?

4. Kakyio $opMy CUCTEMHl YpPABHEHMN DABHOBECUS LEIECO0OpPA3HO
HCITOJIb30BATh IIPU OIPENEeHUH DeaKIiuil B ONOpax OBYXONOPHOH Gajiku
u noyemy?

5. Onpenenurte peak TUBHEIM MOMEHT B 3AIIEJIKE€ OOHOOMOPHON banxy,
nsobpakeHHON Ha cxeme (puc. 6.11).

m=25kH-M

15xH 20xH
0
%45 , 40kH
)
2m 2™ 2m 2™
i 1

Puc. 6.11

i

6. Onpenenure BEPTUKAIBHYIO DEAKIIMIO B 33I€IIKe [Is Oasku, npen-
CTaBIIEHHOH Ha puc. 6.11.
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JIEKIIUA 7

Tema 1.5. IlpocTpancTBeHHas cucrema Cui

3Hamb MOMERT CUALL OMHOCUMEALHO OCU, CB0UCTNEA MOMENTA,
angaumuueckutl cnocol onpedeaenud paskodelicmeyowet, ycaosud
PaBHOBECUT MPOCTNPAHCTNEEHHOU CUCTEMbL CUA.

Ymemo 8bin04ngMb PA3A0ICEHUE CUADL HG TNPU B3QUMHO TLEPNEHOU-
KYAAPHDIE OCU, ONPEIEATMb MOMENTL CUALL OTNHOCUEALHO OCU.

Ipocmpancmeennad cucmema cua — CUCTEMa CWII, JIMHUU Oeii-
CTBUSI KOTOPBIX HE JIEXKAT B OOHOM TIIOCKOCTH.

MOMEHT CHJIBI OTHOCMTEILHO OCH

MoMeHT cusIsl OTHOCHTENIBHO OCH PaBEH MOMEHTY MPOEKLME CHIIBI
Ha IUIOCKOCTD, NEPIEHANKYIIIPHYIO OCH, OTHOCATEILHO TOYKY IIepeceye-
HMS OCH € IUIOCKOCTBIO (puc. 7.1a).

Moo(F) =up Fa,
@ — pacCTOsHUEe OT OCH OO Ipoekunu F;
np F' — npoekuus CHiIBl Ha IJIOCKOCTB, HepneHAMKYnsapHyio ocu QO.
npF = Fcosa; Mopo(F)= Fcosa-a.
@|o 0

F W
0

o
< R
90’ [-N\
| 1 0]
upF : '\
[

i
a) 6)
Puc. 7.1

MomenT cyuTaem MIOJICKHUTEJIBHEIM, €CNTH CUJa pa3BOpadYUBaeT TeNo
110 4aCOBOH CTDEJIKE. CMOTPETL CO CTOPOHEI IIOJIOXNTEJIBHOIO HallpaBJe-
HUA OCH.
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Ecnu nuHRs DeficTBUSA CHIIBL IEpECEKaeT OChb MM JIMHUS NeHCTBHUS
CINIBI IApAJIIICNIbHA OCH, MOMEHTH! CHJIEI OTHOCHTENBHO 9T OCH PaBHEL
Hymo (puc. 7.16).

Cuiel ¥ OCh JIEXAT B ONHOM IJIOCKOCTH, OHM HE CMOIYT IIOBEPHYTH
TEJI0 BOKPYT 3TOI OCH.

F nepecekaetr ock; Moo (F1) = 0;

F>||00; np F; = 0; Moo(F») =0

HpOCTpaHCTBeHHa}I cXomAamasicsa cucreMa Ccujl

Bexmop e npocmpancmae

B npocTpancTBe BEKTOD CHUIIHI npoeunpye'rcsr Ha, TPY B3aUMHO Iiep-
HNeHANKYIApHbe ocH KoopawHatT. IIpoekumy BexTopa obpasyioT peGpa
OPSMOYTO/ILHOTO IapaJileNienuliesia, Bek-

TOP CUJIHI COBNANAET C AUarcHanbio (puc. 7.2). z
Monyns BekTOpa MOXeT OBITH TOMY-
YeH U3 3aBUCHMOCTH F,
— 2 2 2
F=,/FZ+F?+FZ, E
a;
roe ay F,
F, = Fcos ag; LAY 5
Fy = Fcosay; E O
F, = F cos ay,

Oz, Qy, O; — YILJB Mexny BekTopoM F' u

Puc. 7.2
OCSIMM KOOPIMHAT.

IIpocmpancmeennag cTodqu,agcas CuCMeMa cua

IIpocmpancmeennas cTodTWAICT CUCTNEMA CUA — CUCTNEMA CUML,
He aeHcawur 8 odnotl naockocmu, aunuu deticmeud KOMoPyT nepece-
xaomed 8 00noth mouxe.

PaBHOOEHCTBYIOLLYIO IPOCTPAHCTBEHHON CUCTEMBI CHIT MOXCHO OIIpe-
JEUTh, OCTPOMB MPOCTPAHCTBEHHEIN MHOIOYTOIBLHUK (pHuc. 7.3),

Fr=R+FR+F+ -+ F,.

Ioka3ano, 4TO paBHONERCTBYIOIIAS CUCTEMbI CXOMALLMXCS CHUII IPH-
JIOXKEHA B TOYKE NEPeCedeHns JIMHUN NeACTBUA CUJI CUCTEMEI.

Monyns paBHOZERCTBYIONIEH NPOCTPAHCTBEHHON CUCTEMBI CXOS-
IIIMXCA CIJI MOXHO ONPENENNTDb aHAJMTHYECKH, NCIIOIB30BAB METOX IIPO-
eKIIM.
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CopMmen1aeM Hayaso0 KOOPOWHAT ¢ TOYKONM IepecedeHus INHUAN Heii-
CTBUA CHA CUCTEMBI. HpoeunpyeM BCC CUJMBI Ha OCH KOOpOAWHAT U CyM-
MUpYeM COOTBETCTByomue npoekumn (puc. 7.4). IlomyuuM npoexuuu

Tl n

PaBHONENCTBYIOWIEH Ha ocu KoopamHaT: Frg = ) Fig; Fyy = Y Fiy;
0 ' 0

n
FEz = Z sz-
0
° N
F;,
F
085
Ay Fy,
F;:x oL y
x
Puc. 7.3 Puc. 7.4

Monyns paBHOOENCTBYIOIIER CHCTEMBI CXONALLIMXCS CAJI ONpeneiuM
no ¢opMyJie

— 2 2 2
Fo=\/F%, + F3, + F%,.
Hanpasnenne BexTopa paBHONERCTBYIOLIEH OIPENeNsIeTCs yriaaMu
a; = (Fs " Fs); oy =(Fr" Fyy); o, = (Fx" Fx;),

_ ¥z, _FEy. __FEz
rue cosaz—-F—, CoOsay = —=; COSQ, =

5 Fx, Fy

HpOMBBOJ‘IbHaﬂ NpoCTPaHCTBEHHAA CuCTeMa CHJl

ITpusedenue npou3soavroti npocMpancmMeernoll cucmemsl
cua x yenwmpy O

Iana npocrpancrsedtas cucrema cun (puc. 7.5a). Ilpusenem ee
nentpy O.

Cuibl HeO6XOIMMO NTAPANIIENILHO TIEPEMELIATD, TIPU 3TOM 06pa3yeT-
¢ cucTeMa nap cuil. MOMEHT KaXaoi U3 3TUX Map PaBEH IMPOU3BEOSHUIO
MOZYJIS CHIIBL Ha PaCCTOSHUE [0 HEHTpA IPUBEICHUS.
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B umenTpe npuseneHus BO3HMKAET IIyYOK CHJI, KOTOPHIA MOXET GbITH
3aMeHeH cyMMapHOl cumnoil (rnasubii sexkTop) Fy,; (puc. 7.56).

MoMeHTE! Tap CIII MOXXHO CIIOXUTD, NIONYYUB CYMMApPHBIl MOMEHT
cucteMul My, (CIaBHHNE MOMEHT).

Taxkum obpa3soM, NpOM3BOJIbHAS IPOCTPAHCTBEHHAA CUCTEMa CHIl
IPUBOUTCA K [JIABHOMY BEKTOPY U IJIaBHOMY MOMEHTY.

2 z g
’
> XH Frnxo V‘gy
a)

pody
6) x; Mo
8
Puc. 7.5
I'naBHbIl BEXTOP NPUHATO PACKIANLIBATL Ha TPHU COCTABJSIOLIME,
HaIlpaBJIeHHEIE BOOJL OCell KoopauHaT (puc. 7.58).
O6LIYHO CYMMAapHBIE MOMEHT DPacKIlaIblBaloT Ha COCTABIISIOLLIME:
TPHM MOMEHT& OTHOCHTEJLHO OCEll KOODAMHAT.
A6conioTHOe 3HaYeHME IIABHOTO BEXTOpa (puc. 7.56) paBHO

F mzr F”I

Frn=\/Fr2nx+F2 + F2

rny rnz)

n n n
roe Frngp = Zka; Frny = ZFky; Fop,= szz-
0 0 0
A6comoTHOe 3HaueHye IVIABHOIO MOMEHTA OIPeNelIseTcs 0 (GopMy-
n
ne Myp =5 my;

0
Mrn = \/Mx?nz + Mx?ny + Mlgnzv
n

n n
roe Mrn:c = kaz; Mrny = kay§ Mrnz = Emkz-
0 0 0
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Ypasnenug pasHoeecud mNPOCMPAHCMEEHHOU cucmembl
cua

Ilpu paBuoBecuu Fr, = 0; My, = 0.

Tonyuaem mecTs ypaBHeHM paBHOBECHS:

n n n
> Fie=0; Y Fry=0; > Fo=0
0 0 0

kaz Fy) = kay Fy) =0; kaz(Fk) = (.
0

ecTs ypaBHeHUl paBHOBECUS IPOCTPAHCTBEHHON CUCTEMEL CHIl CO-
OTBETCTBYIOT IIECTH HE3aBMCUMBIM BO3MOXKHBIM IIEpEMEITIEHUSIM Tella B
IPOCTPAHCTBE: TPEM IIePEMENIEHMSIM BA0Ib KOOPANHATHEIX OCell U TPeM
BpAIlleHNSM BOKDYT 3THUX Ocei.

IIpuMepe! penieHnsd 3agad

IIpumep 1. Ha reno B dopme ky6a ¢ pebpoM a = 10 ¢M neitcTByIOoT

- 4 Tpu cuibl (puc. 7.6). OnpenenuTs MOMEHTH! CUIT
OTHOCUTEJILHO OCeil KOOPIUHAT, COBIAAAIOLINX
F =10H ¢ pebpamu ky6a.
Pewenue
0 ﬂ\ y 1. MomenTs! cua orHOCcHTENBHO ocu O:

S5 -20H moz(F) =0 (cuna F} || ocn Oz);
s F=15H moz(F2) =0 (cuna F, nepecekaer och Ox);
Puc. 7.6 mow(F;;) = F3(1; mog = —-20- 0,1 = —-2H-wMm.

2. MomenTe! cun oTHocUuTeNnsHO ocu Jy:
moy(F1) = Fia; moy = 10- 0,1 = 1H-m;
moy(F2) =0 (cuna F|| ocu Oy);
moy(F3) = Fza; mo, = 20-0,1 = 2H-m.

3. MomenTht cuit oTHOCHTENLHO ocu Oz:

mo,(F1) =0 (cuna nepecekaer oce 0z);
mp,(Fy) = —Faa; mo,(Fy) = -15-0,1 = —1,5H-m;
mo.(F3) =0 (cuna F3|| ocu Oz);
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IIpuMmep 2. Ha ropnscHTaisHOM Bajly 3aKpeIUIEHHl IIBa KOJECa,
r1 = 0,4mM; 72 = 0,8M. Ocranbueie pasmepsl — Ha puc. 7.7. K xome-
¢y 1 mpunoxena cuna Fy, x xonecy 2 — cust Fyp = 12xH, F3 = 4xH.

Onpenenuts cuny Fy u peakuuu B maprHupax A u B B cocTosHumn
paBHOBECHSL.

Hanomnunm:

1. Ilpu paBrOBECKY BLI-
[OJIHSIFOTCS. IIECTh ypaB-
HEHU paBHOBECHS.

YpaBHEHNT MOMEHTOB
CIeIyeT COCTaBJIATEH OT-
HOocuTensHO omop A u B.

2. Cunut F||Oz; F1||Oy;
F3||Oy.

MomenTE! 3THMX CHT
OTHOCHTEJILHO COOTBET-
CTBYIOILIMX OCEH pPaBHBI
HYJIIO.

3. Pacuer ciienyet 3a-
BEPILINTH NIPOBEPKOIl, HC-
[0J1b30BAB OOIOJHUTENLHbIE YPABHEHNS PAaBHOBECHS.

Pewenue

1. Onpenensem cuity F), cocraBuB ypaBHEHME MOMEHTOB CUJ1 OTHO-
curensHo ocu Oz:

F; 12-0,
Zm02=0§ —Fr+ Firy =0; Fy= 27'2; F1=——'8'
T 0,4

= 24 xH.

2. Onpenensem peaxuun B onope A. Ha onope neitcrsyior nee co-
crasasomue peakuun (Y4; X 4).

CocraBiseM ypaBHEHHME MOMEHTOB CWJjl oTHocuTenbHo ocu Oz’ (B
omope B).

IoBopoT Bokpyr ocu Oz’ He NPOUCXOOUT:

ZmOI,zo; F,-02—-F3-0,5+Y4-1=0;

_F3-05-F-02 _ 4-05-24-02

Y.
A 1 3 A 1

= —-28kH.
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3HaK «MHHYC» 03HAYAET, UTO PEAKLNS HAIPABIIEHA B IPOTUBOIIOJIOKHYIO
CTOpPOHY.

Tlosopor Bokpyr ocn Oy’ He mpoucxoanT, COCTABIAEM yDABHEHNE
MOMEHTOB cuJj1 oTHocuTensHo ocu Oy’ (B omope B):

Zmoyr =0; —Xs-14+F-05=0;

F;- 12 -
_ B 0,5; X4 = 0,5
1 1
3. Onpenensgem peaknum B onope B. Ha onmope meiicTBytoT nse co-

crasistotwe peakumu (X g; Yg). CocTaBnigeM ypaBHEHIE MOMEHTOB CHLII
oTHocuTenbHo ocu Oz (onopa A):

Xa = 6xH.

_F-05+F1-12
- . :

_4-05+24-1,2
ST

CocraBiigeM ypaBHEHNE MOMEHTOB OTHOCUTENLHO ocn Oy (omopa A):

Ys = 30,8kH.

Y moy=0; ~F2-05+Xp-1=0;

Xp =

= 6xH.

F,-05 12.0,5
LA X _— )
T 1
4. Ilposepxka. WcrnonbiyeM ypaBHEHUs IIPOEKL:

ZFm-:O; Xa+Xp-F=0, 6+6-12=0; 0=0.
0

n
Y Fry=0; —-Yo~F3+Yp—F=0; -28-4+308-24=0; 0=0.
0]

Pacuer Bninmonuen sepHo.

Kon’rpom:m;re BOIIPDOCHI 1 3a0aHUA

1. 3annmmnre GoOpMyIIBl 4J1A pacyeTa IVIABHOIO BEKTOpa NpOCTpaH-
CTBEHHOU CUCTEMBI CXOMIILIMXCS CHIIL.
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2. BammmunTe GOPMYITy IS PACUETa IIABHOTO BEKTOPa IPOCTPAH-
CTBEHHON CHCTEMBI IIPOM3BOJLHO PACIONOKEHHEIX CIIL.

3. BammuuTe GOpPMYIy IS PACYETa [JIABHOTO MOMEHTA NPOCTPaH-
CTBEHHOU CHCTEMBb! CHJI.

4. 3anmuuTe CUCTEMY YPABHCHWIA DABHOBECHA IIPOCTPAHCTBEHHON
CHCTEMBI CHJL.

5. Kakoe u3 ypaBHeHuil PaBHOBECUS HYXKHO MCNOIL30BATE JJIs OIpe-
nenenus peaxuuu crepxusi Ry (puc. 7.8)7

R n n
5 1 Y Fe=0. 2. 3 Fi,=0.
0 0

3. %sz=0. 4. %:mA(Fk)=O.

Puc. 7.8

6. Onpenenure raasHbI MOMeHT cucreMsl cun (puc. 7.9). Touxa
IpUBENEHUs] — HAYaJ0 KoopauHaT. KoopauHATHBIE OCU COBIAUAIOT C
pebpamn ky6a, pebpo xyba pasro 20 cm; F1 = 20kH; F3 = 30kH.

z /A
=7
z XA% g
B
o 0

6 5 r=02m _J
X ¥y
x B/x B

Puc. 7.9 Puc. 7.10

7. Onpenenure peakumo Xpg (puc. 7.10). Beprukansuas ock co
LUKKUBOM Harpy)XeHa IByM:A ropusoHTaidbHbMu cuitaMmu. Cunst F) u Fy
napasnensusl ocu Oz, AO = 0,3m; OB = 0,5m; Fy = 2xH; F5 = 3,5xH.

Pex oMen nanu s CocraBUTh ypaBHEHUE MOMEHTOB
oTHocuTensHO ocu Oy’ B Touke A.
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8. OTeernTe Ha BONPOCHE! TECTOBOI'O 3alaHUS.

Tema 1.5. CraTuxka.
IIpocTpaHcTBEHHaA cucreMa CHJl

Bonpocu

OTrTBeTHW

1. Yro MOXHO CKa3aTh 0 PaBHONEHCTBYIOLUEH Npo- Fx||Ozx
“TPBHCTBEHHO! CUCTEMBI CUJ1, €CTIN:
1) Fe. =0; Fz|lOy
2) Fgy #0;
3) Fr: =0. Fx|| n1 z0y
Fx|| nn 20y
2. CKOnbKO He3aBUCUMBIX ypaBHEHMII paBHOBeCHs 3
MOXHO 3alUcaTh AN NPOCTPaHCTBEHHON CHCTEMB
cun? 6
4
2
3. Haiinute MOMeHT cunbl oTHOCHTENLHO ocu Oy. 0
Hnamerp xoneca pasen 0,4 M; F = 5 xH.
5 kH-m
2 xH-m

1 xH-m




Tema 1.5. [IpocTpaHcTBennas cucTema CHI 59

IIponon:xenne
Bonpocwu OreerTsn |Kon
4. OnpenenyTs CYMMY MOMEHTOB CTHOCUTENLHO HaYalla 12 xH-m 1
koopnuuar. F} = 12H, F, =5H, F3 = 3H;
cTopona kKyGa paBHa 0,5 M. 2,5 xH-Mm 2
Z
3,5 xH-
F‘L ,0 kH-m 3
o 1%
y 28 y
B 7,4 xH-M 4
X
5. Haittn Xp, ecnn Fy = 48kH; F, = 96 kH; 10,7 xH 1
F3 = 15kH.
4,3 xH 2
12,1 xH 3
15,2 xH 4
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Tema 1.6. HeHnTp TsixkecTn

Humemb npedcmasaenue o cucmeme NapatiesbblT CUa U YEHIPE
CUCTNEMBL LAPAAAEADHBIT CUA, O CULE TANCECTU U YEHMPE MINCECTTIU.

3uamv memodvl dag onpedeaenud yewmpa maxcecmy meaa u @Pop-
MYyabl Ond onpedesenud NOAONCEHUT YEKMPE MINCECTNU NAOCKUT Puayp.

Yuembv onpedeagmy noaoxrcenue YyEHMPa MINCECTNU NPOCTLIT 2€0-
smempuueckur guayp, COCMABAEHHBIT U3 cmandapmubniz npoduaet.

Cuna raxecTu

Cuaa miaocecmu — pasnodeticmeyouasd
CUJI IPUTSKEHUS K 3eMrie, OHa paclpenesieHa o
BceMy 06beMy Tena. Cuilbl IPUTSIKEHUS, IPUIIO-
JKEHHEIE K YaCTULAaM TBEPIOro Tefa, 06pas3yioT
CHUCTEMY CHJI, IMHHH AeRCTBHUA KOTOPLIX CXOMAT-
cs B nentpe 3emiu (puc. 8.1). [lockonwky panu-
y¢ 3emiu 3HauMTeNbHO GONblIE PA3MEPOB JIIO-
Puc. 8.1 60ro 3eMHOTO TENa, CUILI IPUTIKEHHS MOXHO
CYUTATH NAPAJUIETbHEIMY.

Touxka NIPMJIOKEHNSA CIJIbI TAXEeCTU

Ins onpeneneHns TOYKM NPWIOXKEHMSA CUJIBI TsiKecTH (paBHOnEN-
CTRYIOLIEH NapaJlleNbHBIX CUJI) UCIIONb3yeM TeopeMy Bapunbona o Mo-
MeHTe PaBHOINEMCTBYIOLIEeN:

Mowmenm pasnodeticmsyowels omuocumetsno ocu pasen aazebpa-
UNECKOT CYMME MOMERMOG CUAL CUCTREMBL OMHOCUMEALHO IMOLL 0CU.

N3obpaxaeM Tenno, COCTaBIEHHOE W3 HEKOTOPHIX YacTed, B IIpO-
CTPAHCTBEHHON cucTeMe koopauuat (puc. 8.2).

Teo coCTOUT U3 YacTel, CUIIBl TAKECTU KOTOPHIX () MPHIONKEHEH!
B nenTpax Tsaxectu (IIT) sTux yacreit.

IIycrs pasHomeiicTByIomas (Cuila TSKECTU BCErO Tena) NPUIOXKEHS
B HEM3BECTHOM moka neHtpe C.

Zc, Yo U Zo — KOOpAUHATH ueHTpa Tsxkectn C.

Tk, Yk ¥ Zxr — KOOPOMHATHI LEHTPOB TSDKECTH YaCTeH Tena.
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13 Teopemu1 Bapunbona cienyet:

T
n };j QkYk
Mo (Fs)=Gyc =2 qrk; Yo=—g
0 n
n 2 Tk
0
My(Fs)=Gzc =} arax; To="—F;
0
aHaOru4yHo Ayt ocu Oz:
n
n Xo: Qe 2k
M (Fs)=Gzc=3_ qkzk; 2c= -
0
B onHopomHOM Tene cmiaa THKECTH  x,.
MpONOPUHOHANIbHA obbemy V:

G =~V;

Puc. 8.2
rue y — Bec eqUHuNE o6nemMa.

CnenosaTenbHo, B GOpMyJsIax O OLHOPOXHBIX TEJ:

n n n n n
Y7V % Vi ZO: Viyk 2. Viyk > Viezk
0 0 0
vo= _ . _

= : = 2 IS ————
'YV % y Yo ’YV vV ) C v
raoe Vi, — obweM anemenTa Tena; V — o6BbeM BCero Tena.

ITeHTp TAKECTH OTHOPONHBLIX IJIOCKMX TEJ
(rnocxnx dpuryp)

OueHL YACTO NMPUXOONTCA ONPENENATb LUEHTP TSXKECTU Pa3jIMyYHBIX
TJOCKUX TeN M FeOMeTPUYECKMX Nnockux ¢uryp ciaoxkHon ¢gopmet. Ing
MIOCKUX TeJl MOXHO 3amucaTh: V = Ah, rne A — mwiolialb QUCypH,
h — ee BrICOTA.

Torna nocne NOOCTAHOBKY B 3alVICAHHBIE BBHIIE (YOPMYJTHI ITOITY HUM:

h

n n n n
S Aghzr Y Arxk Y Achur Y Axyk
0 0 0 0
= N = = M zZo==,
AR A YT AR A T3
roe A, — nnollanb YACTU CEYEHUH; T, Yr — Koopaunats! 1T vacreit
CeUeHUd.

TCo=
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n
Bripaxenue Y, AxZy HA3LIBAIOT CTRAMUUECKUM MOMENTTLOM TLAOULG-
0
du (Sy).
KoopnuHaThl LeHTpa TSXKEeCTH CEYEHNs MOXKHO BBIDA3UTh HUepes
CTATUYIECKNIT MOMEHT:!
n n
S S
— . — =Y. — . _ T
E Apzp = Sy; TC = A’ E Aryr = Sz yo = A
0 0
Ocu, nporoddujue uepes YEHMpP MANCECMU, HA3bIEANMCT YENMPILLHbL-

mu ocamu. Cmamuueckull MOMENTTL OMHOCUMEADHO YENMPAALHOL OCU
Pasen Hyaw.

Onpenenenne KOOPANHAT LIEHTPA TAKECTH
IJIOCKUX PUryp

NMpume uyanne Ienrp TaxecTn cuMMETPHYHON GUIYDH
HAXOOWTCSA H3 OCU CHMMETPUU.

IleHTp TAXKECTH CTEPXXHs HAXOAWTCSA Ha CepelNHe BBICOTHI. lloio-
EHUsl LEHTPOB TSDKECTU NPOCTHIX reOMeTPUYecKuX GUryp MoryT GuIThb
paccuuTaHbI 10 N3BeCTHHIM dopmynam (puc. 8.3: a) — kpyr; 6) — KBa-
OpaT, NPIMOYTOJIbHUK; B) — TPEYTOJILHUK; I') — MONIYKPYT).

R
h
ur
ur L)
b2 N b
K a) 6)
B3 I
ut AR
y
< b/3 b yc=%
8) 2)

Puc. 8.3

1Ipn pemenun 3anay UCNONL3YIOTCA CIAEQYIOLINE METONBI:
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1) MeTon cuMMeTpuy: HEHTD TAXKECTU CUMMETPHUHBIX GUIYD HAXO-
IuTCH Ha OCH CMMMETpPUM;

2) MeTon pa3meneHus: CIOXKHBIE CeYeHMs pasfesiseM Ha HeCKOJILKO
IIPOCTHIX HacCTell, MOJIOXKEeHNe IEHTPOB TAXECTH KOTODHIX JIETKO Olpele-
TIATB;

3) MeTON OTPUNATENbHEIX IO el: ONOCTY (OTBEPCTH) PaccMa-
TPHBaIOTCA KaK YACTH CEYEHMS C OTPHLATEILHON IJIOMIAIbBIO.

IIpuMeps! pellleHus 3anay

IIpumep 1. OnpenenuTh NOJIOXKEHUE LUEHTPa TAXKECTH (UTYDHL,
NpeacTaBJIeHHONH Ha puc. 8.4.

Pewenue
Pa3busaem ¢urypy Ha Tpm 20cm >
YacTH: nNRines \
1 — OpsSMOYrONbHUK, Z G > C\\\\
Ay =10- 20 = 200 cM?; = \\ N NN
2 — TpPeyroJIbHUK, YRS A\
Ay =1/2-10-15 = T5cm?; ? 33 em AR

3 — kpyr, Az = TR?; Puc. 8.4
A3 =3,14-3% = 28,3 cm?.
T o¢uryper 1: 3 = 10 cM; y3 = 5 em.
IT ¢urypm 2: z2=20+1/3-15=25cM; yo =1/3-10 = 3,3 cm.
IOT ¢uryper 3: 3 =10 cM; y3 = 5 ¢
o = 200-104+75-25 —28,3-10 — 145 o
2004 75— 28,3 ’ .
Ananoruyso onpenensercsa yc = 4,5 cM.

IIpumep 2. OnpenennTh KOOPAMHATH IEHTPA TSXKECTH COCTABHOTO
ceuenus. Ceuenue COCTOMT U3 JIMCTA U MPOKATHLIX npoduieit (puc. 8.5).

IIpumMeuanne YHacro paMel cBAPMBAIOT U3 PA3HEIX Hpodunei,
co3naBas HeoGXOMMMYIO KOHCTPYKIuio. TakmM oOpa3’oM, yMEHbLIACTCS
pacxol MeTalia 1 06pa3yeTcs KOHCTPYKIIUS BBICOKOM IPOYHOCTH.

IIna cTaHmDapTHBIX TPOKATHBIX Ipoduieil cCOGCTBEHHEIE reOMETPHU-
JecKHe XapaKTepuCTUKU u3BecTHbl. OHU IPHUBOOATCA B COOTBETCTBYIO-
LIIIX CTAHIAPTAX.
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b

Ci
V., ZO
N 1
§§ isennep Ne 10
N
NC )
Wi
t " Jipyrasp Ne 16
b : 3
m\\“zo Jhuer 5% 100
p2sz77Z |a
3 'I\ G x
Puc. 8.5
Pewenue

1. O6osnauuM GUryphl HOMEpPaM¥ M BHIINIIEM u3 Tabmui Heobxo-
IUMBIE JaHHBIE:

1 — msennep Ne 10 (I"OCT 8240-89); Bricota h = 100 MM; wmpuHa
nosiku b = 46 MM; wiomans cevenns A, = 10,9 cm?;

2 — neyTtasp Ne 16 (I"OCT 8239-89); sricoTa 160 MM; mupnHa 101~
kn 81 MM; miowans cevenus Ag = 20,2 cm?;

3 — nuer 5x100; Tomumua 5 MM; mupuHa 100 MM; nutolnans ceve-
Hua Az = 0,510 = 5em?.

2. KoopauHATH HEHTPOB TSXECTH KaXXOOW (PUIryphl MOXHO OIpene-
JIUTH 1O YEPTEXY.

CocranHoe ceueHne CUIMMETPHYHO, [IO3TOMY UEHTP TAXECTH HaXO-
OUTCA Ha& OCH CUMMETDHUM U KOOpAMHATa T — 0.

Isennep 1: y1=a+ha+ 20, y1 =0,5+ 16+ 1,44 =17 54cm.
h
OsyTasp 2: y2=a+ -52; y2=0,5+16/2 = 8,5¢cm.

JImer 3: y3 =a/2=10,25cm.
3. Omnpenenenue NEHTPa TAKECTU COCTABHOIO CEUEHHUS:

_ Ay + Agyz + Asys
AL+ A+ Az !

_10,9-17,5644+20,2-8,5+5-0,25

109+202+5 10cwm

Yc
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KOHTpOJ’IbeIe BOIIPOCHI M 3a0aHUA

1. Tlouemy cuibl npuTsxeHus K 3emie, NEHCTBYIOIME Ha TOYKHU
Tena, MOXHO IPUHATE 3a CHCTEMY NAPAUIENbHEX CUIIT

2. Bammmmre GOPMYIIH OJIA ONPENENCHUs ITONOXKERusA LEHTpa Ti-
»)KeCTH HEONHOPDOIHHX M ONHOPOIHHIX TeJl, GOPMYJNEl IJIA ONPEIEIICHNS
TIOJIOXKEHUS IEHTPA TAKECTH IIJIOCKUX CedeHUH.

3. IloeTopnTe dhopMymb! IS ONPENEICHNS HOIOKEHHUS IEHTPA TSIAKe-
CTH OPOCTHIX TEOMETPUYIECKUX PUryp: NPAMOYTOJIbHUKA, TPEYTOILHUKA,
Tpameny¥y ¥ NOJIOBUHE! KPYTa.

4. Yo HA3BIBAIOT CTATHUYECKMM MOMEHTOM INIOIHAIN?

5. BeruucinTe CTATHYECKMA MOMEHT DAHHON (GUTYPH OTHOCUTEIHLHO
ocu Oz. h = 30cM; b= 120cm; ¢ = 10cm (puc. 8.6).

5
Y 40 35 15
A i
= o7 e
e— b ST x =
Pyc. 8.6 Puc. 8.7

6. OnpenennTe KOOPAMHATH! HEHTPA TIXKECTH 3AIITPUXOBAHHOM (1~
rypu (puc. 8.7). Pasmeprt naHul B MM,
7. Onpemenure XOOpAMHATY Y ¢HUrypel 1 COCTaBHOIO CeyeHUs
(puc. 8.8). '
Ilpu pemsenMu BOCHOIL30BATHLCA CHPABOYHLIMM JAHHBIMU TAaOIHL
T'OCT «Crauns ropsyekarannass» (cM. [Ipunoxenue 1).
2 — wBennep Ne 16, ¥

rOCT 8240-89 "
| — yronok paBHononounsiit Ne 10,

rOCT 8509-86, d =8
\ N

Puc. 8.8



66 Jlexuus 9

JIEKITUSA 9

Tema 1.7. OcHOBHBIE IIOHATMS KUHEMAaTUKNA.
KuneMaTuka TOYKM

Hmemd npedcmasaenue 0 npocmpancmee, 8peMeRy, MPAEKMOPUL,
nYmMuU, CKOPOCTU U YCKOPEHUL.

3namv cnocobvr 3adanug deuvcenus mouxu (ecmecmeenwviti u
K00pIuHaMHBIL).

3namb 06o3nauenud, €FUHUYDL UBMEPEHRUT, 63AUMOCEA3b KUNEMA-
TNUYECKUT NAPAMEMPOE Jeudcenud, Gopmyabt 0ad onpedeienus cropo-
cmnett u yexopenut (6e3 svisoda).

KuneMaTuka paccMaTpUBaeT ABMKEHME KaK IEpeMEIIeHMe B Ipo-
ctpancTse. [IpuuuHEL, BeI3HIBaOILINE ABMXKEHNE, HE PAaCCMAaTPHUBAIOTCA.
KuneMaTuka ycTaHaBIMBaeT CHOCOOH 3a1aHUA NBIDKEHUS U Olpenenser
METOAEI ONpENesIeHNs I KUHEMATHIECKUX 1apaMeTPOB IBUXKEHHUS.

OcCHOBHEIE KHHEMATHYECKME nmapaMeTpul

Tpaexmopusg

JInuuro, KOTOPYIO CYEPUMBAET MATEPUAILHAS TOYKA DU ABMMKEHUA
B IPOCTPAHCTBE, HA3LIBAIOT MPAEKMOPUET.

TpaekTopusa MOXET OGbITh NPAMORA ¥ KPUBOH, IVIOCKOA M NPOCTPAH-
CTBEHHO! JIMHUEH.

YpaBHeHMe TPaeKTOPUM NPH INIOCKOM IBMXeHun: y = f(z).

IIpoidennvri nymeo
IlyTs u3Mepserca BOOJIL TPAEKTODMM B HANPABJICHWN OBMKEHWS.
O6o3nauenne — S, enMHNULL U3MEPEHUS — MeTPHI.

Ypasrenue deudcenud mouxu
Y pasHeHnue, onpenensioulee IOMIOXKEHNE ABIKYIUCACA TOYKHA B 34BU-
CUMOCTH OT BPEMEHY, HA3LIBAETCS YpasHenuem O06UNCEHUL.

[lonoxeHne TOYKM B KaXKIbIHA

0
MOMEHT BpeMEHM MOXHO onpene-
JIUTH IO PACCTOSHMIO, IPOMIOEHHO-
My BIOJb TPAEKTOPMU OT HEKOTO-
TpaexTopus Y P P

POl HEMOIBUKHOM TOYKM, DPACCMAT-
Puc. 9.1
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puBaeMoit kak Hadaso orcdera (puc. 9.1). Takoil cnocob 3amanHus KBU-
KEHWS HA3HIBAETCS ECTMECTNEEHNbLM.

TaxuM 06pa3oM, ypaBHEHNE NBIDKEHUs MOXKHO NPENCTABUTDH B BUIE
S = f(t). onoxenne TOYKN MOXKHO TaKXKe ONPENETUTh, €CIM U3BECTHEI
€€ KOOpAMHATHI B 3aBucuMOcTH OT Bpemenu (puc. 9.2). Torma B cayuae
OBUXEHWs. Ha TIOCKOCTH JOMKHEL OHITH 3a/1aHB! Ba YPABHEHU:

y

z = fi(t);
y = fa(t).

B ciyuae npocTpaHCTBEHHOTO OBHXKeE-
HUS RobaBIMeTCS M TPEeTbhbsS KOOPAWHATA
z = f3(t). o X4 *

Taxkoit criocob 3amaHusa OBMXKEHUA Ha- Puc. 9.2
3LIBAIOT KOOPOUNGITIHbIM. ue. %

Ya 4

Cxopocmb deumcenus
BexTopHas pemuuuHa, XapaXTepU3YIOlllas B NaHHHIM MOMEHT ObI-
CTPOTY M HaIpaBlleHUe IBMXEHUA MO TPAeKTOPUY, HA3LIBAETCSI CKOPO-
cmv10.
Cxopocmb — BeXTOp, B J0GO MOMEHT HAIPaBIEHHHIN IO Kaca-
TeJILHOM K TPaeKTOPUM B CTOPOHY HampaBieHus nemxenus (puc. 9.3).
Ecnu Touxa 3a paBHBEIE IpOMe-
0 JKYTKI BPEMEHHU IIPOXONUT PaBHHIE
M, AS PACCTOSHHIA, TO NBUKEHUE HA3EIBa-
IOT PABHOMEPHBIM.
CpenHsas CKOpPOCTB Ha IyTH

M, AS onpenensercs Kax
Vep
Puc. 9.3 Vep = %_f,

roe AS — npoiineHsul nyTh 3a BpeMd At; At — NpoMexxyTOK BpeMeHH.
Ecnn Touka 32 paBHEIE NPOMEXYTKY BPEMEHM ITPOXOOUT HEpaBHEIE

yTH, TO OBUXKEHUE HAILIBAIOT HEPAEHOMEDHLLM.

' B sToM ciyyse CKOpOCTh — BeJIMYMHA IEPEMEHHAs U 3aBUCHUT OT

Bpemenu v = f(t).

’ Ilpu paccMoTpeRmHu MaJIHIX MpoMeXyTKoB Bpemenu (At — 0) cpen-

HA9 CKOPOCTh CTAHOBUTCS DABHOI MCTUHHON CKOPOCTH HBIDKEHUS B HaH-

HEIT MOMeHT. I03TOMy CKOPOCTHL B OAHHBIf MOMEHT OIIPENEesIAIOT Kak



68 Jlexunsa 9

MIPOMU3BOOHYIO IIYTH 110 BpEMEHH:

. ds
Codt’
3a emmuymy cxopoctn npuanMaior 1M/c. WHorma ckopocTs u3me-
1 = — =(,2 .
psoT B kM/4, 1 xM/4 3600 0,278 m/c

Ycexopenue mouxu

BexTopHas BenuuMHa, XapakTepu3ymoolias GHICTPOTY H3MeHEHHs
CKOpOCTH IIO BeJINYMHE ¥ HAIIPABJIEHUIO, HA3KIBAETCI YCKOPEHUEM TNOUKY.,

CxkopocTk TOYKH NIpHU NepeMelleHn us Touku My B Touky My me-
HseTCs [0 BeNUYWHe U HampasieHnio. CpenHee 3HaueHHe yCKOPEHUS 38
3TOT MPOMENKYTOK BpPEMEHU

Av
Gcp = 27 (puc. 9.4).

IIpu paccMoTpeHuy 6€CKOHEYHO Ma-
JIOTO TIpOMEXYTKa BpEMEHM CpenHee
YCKODEHHE IIPEBPATUTCA B YCKODEHME B
IOaHHEIA MOMEHT:

Puc. 9.4

dv
R

O6rryno nna ymobecTBa pPacCMaTPHUBAIOT IBE B3AaMMHO IIEpIIEH-
NMKYJIApHEE COCTABIAIOILIME YCKOPDeHus: HOPMaJsIbHOE M KacaTesibHoe
(puc. 9.5).

HopmaneHoe yckopeHne a, XapakTepu3yeT N3MEHEHNe CKOPOCTH TI0
HallpaBJIEHUIO U ONpenenseTcs KakK

a=

1)2

an = —,
T
rae T — pamuyC KPUBM3HEI TPAEKTOPUM B IaHHEIR MOMEHT BpEMEHH.

HOpMaJIbHOG YCkKOpeHnue Bceraga HaIIpaBJICHO rlepneHIlHKynﬂpHO CKO~-
POCTH K LEHTPY IYTH.

KacaTeJ'Ibﬂoe YCKOpEHNE 0y XapaKTepHu3yeT N3MEHEHUE CKOPOCTH 110
BEJIMYMHE KN BCerna HalpaBJIEHO IIO KacaTeJbHOH X TpaeKTOpUH; IIpHA
YCKOPEHMM ero HANpaBileHue cosénadaem C HAIPABIEHUEM CKOPOCTH, &



Tema 1.7. OcHOBHEIE OHATNA KNHEMATHKK 69

[IpH 3aMeNJICHUN OHO HAIIPDABIIEHO NPOMUBONOAONCHO HATIDABIICHUIO BeK-
TOpa CKOPOCTH.

®opMyna INA OnpefeneHNs KaCaTeTbHONO yCKOPEHU MMeeT BU:

d
= =v=5"

( 31-1&‘;8111{18 nNOAN020 YCKODEHUS ONpeNeyseTrcd Kak @ = \/a? + a2
puc. 9.6).

Puc. 9.5 Puc. 9.6

IIpuMeps! pelteHns 3amau

IIpumep 1. Iano ypasrenue nsmxenus Toukn: S = 0,362 +0,18¢.
OnpenenuTs CKOPOCTh TOYKM B KOHIE TPEThell CeKYHIb! IBMXXEHWS M
CPEIHIOI CKOPOCTH 3a MEPBhIE 3 CEKyHIBI.

Pewenue

1. YpaBreHue cxopocTy v = %%; S’ =2.0,36t + 0,18; v = 0,72t + 0,18.

2. CxopocTh B KOHUE Tperbedt cekyHanl (t = 3¢) vs = 0,723 40,18 =
= 2,34M/c.
AS

3. CpenHsisi CKOPOCTb Uep = Kt_; Vep = (0,36 - 3240,18-3)/3=1,26Mm/c.

IIpumep 2. Touka nBuxkercs mo Xpumeow pamuyca r = 10m co-
ritacHo ypassenmio S = 2,5¢2 + 1,2t + 2,5 (puc. 9.6).
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OnpenenuTs IOJHOE YCKOPEHME TOYKU B KOHIE BTOPOH CeKyHIH
OBIDKEHUS M YKa3aTh HAIPABJIEHUE KACATENLHON M HOPMANLHOM COCTa~
BIISIIOLLIMX YCKOpPeHMs B Touke M.

Pewenue
dv

1. Kacarenpbuoe yCKOpEHNE ONpeNeNseTcs KaK a; = prt

ds
YpaBHeHHe CKOPOCTH: ¥ = ——.
Ckopocts 6ynet paBra v = 2 - 2,5t + 1,2; v = 5t + 1,2 (M/c).
KacaTenbHoe yckopenue: a; = v/ = 5um/c?.
BriBom: xacaTenbHOE YCKOpEHME He 3aBUCHAT OT BPEMEHH, OHO IO-

CTOSIHHO.
v2
2. HopmanwHoe yckopeHne: a, = —.

CxopocTh Ha BTOpOi cekyHze 6yner pasHa v = 5-2+1,2 = 11,2M/c.

2

Bennunnaa HOpMAaIbHOTO YCKOPEHUS: Gpo = (llT,02)__ = 12,54m/ c2.

3. Ionuoe yckopenue: a = /a2 + a2.

[TosHoe yckopenme B KOHLIE BTOPOM CEKYHIHL:

az = /52 + 12,542 = 13,5m/c”.

4. HopmanbHOE yCKOpeHHe HAIIPABIIEHO NEPIEHANKYIIIPHO CKOPOCTH
K LEHTPY AyTH.

KacaTtenbHoe ycKOpeHNe HaIpaBiIeHO MO KACATEIbHOM K KPUBOU M
COBINAJAET C HAIPABJIEHUEM CKOPOCTH, T.K. KACATENLHOE YCKOpPEHHE —
HOJIOXKUTENIbHAS BEJINYMHA (CKOPOCTH PacTer).

Kon’rponbnme BOIIPDOCEL 11 3a3aHNA

1. SanuiuTe B O6IIEM BUIE 3aKOH ABMXKEHNS B €CTECTBEHHOM U XO-
OpOVHATHON ¢opMe.

2. UTo Ha3LIBAIOT TPAEKTOPUER NBUKECHUA?

3. Kaxk onpenensercs CKOpOCTb ABMKEHNS TOYKY IIPY €CTECTBEHHOM
criocofe 3aIaHus OBUXEHUA?

4. SanmuiuuTe HOPMYNBl AN CUpPENeIeHNs KacaTeIbHOIO, HOpMAaJib-
HOT'O ¥ NOJIHOT'O YCKOPEHUI.

5. UTo xapakTepusyeT KacaTelbHOe YCKOPEHHME M KAK OHO HAIpa-
BJIEHO 110 OTHOILUEHUIO K BEKTOPY CKOpoCTH?

6. Uro xapakTepusyeT U KaK HAIIPABJIEHO HOPMaJIbHOE yCKopeHue?
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JIEKIIVIA 10

Tema 1.8. KunemaTuka TO4YKHN

Huemv npedcmasaenue o cxopocmar cpedueti u ucmunxoti, o6
YCKOPERUY NPU NPIMOAUNETHOM U KPUBOSUNHETHOM JeUNCENUIT, O Pa3-
AUNHBIT 6UJAT J6UNCEHUT TMOUKU.

3name gopmyart (6e3 ebisoda) u epaduru pasromepHOZO U PABHO-
nepemMeRnozo deuxcernut mouKuy.

Ymemv onpedeagmp napamempbr deuicenud MOUKY N0 3a0aGHNOMY
3aK0NY OBUNCEHUA, CMPOUMDd U YUMAMD KUHEMATNUNECKUE 2PaPuKu.

Ananmns BunoB u
KMHETUYECKUX NapaMeTPOB IABVXKEHMII

Paernomepnoe deudcenue

Pasnomeproe deuscerue — 3TO OBUXKEHNE C MOCTOSHHOM CKOPO-
CTBIO:

v = const.

Iz npsmoinureiiHoro pasHoMepHOro apmkenns (puc. 10.1a)

dv
at=-(—ﬁ—=>at=0; M
M v
2 ——— e v
v a
r=00=a, =— =0. Y
r a) 6)

IMonnoe ycxopeHne nBMXeHUS TOY-
KM paBHO HyJ0: a = (. Puc. 10.1
Ilpy XpUBOMUHEHAHOM paBHOMED-

HoM asmxenuu (puc. 10.16) .

r;éoo=>an=v7;é0.

TosiHoe yckopeHue paBHO HOPMAJILHOMY YCKODEHHIO: 4 = Gp.

YpaBHeHue (3aKOH) OBUXXEHUS TOYKU IIPK DABHOMEPHOM IBVIKEHUN
MOXHO ITOJIy4YNTH, IPOUENIAB PAL HECJIOXHBIX OINEPAL.

Tax xak v = const, 3aKOH PaBHOMEPHOI'O OBMXKeHu:A B oblueM BuIe
‘SIBJIsIeTCs ypaBHeHueM npamoit: S = Sy+vt, roe Sp — nyTh, DpoAneHHbLR
IO HavaJjIa OTCUeTA.
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Pasnonepemennoe deusicenue
Pasnonepemenroe deudcenue — >TO ABMKEHUE ¢ MOCTOAHHLIM Ka-
CaTeJILHBIM YCKOPEHHEM:
a; = const.

Jlns upAMONUHEHHOro PaBHONEPEMEHHOTO [BUKEHMS
r=00=a,=0; a=a;=const.

TlosHoe ycKOpeHHEe PaBHO KAaCATENILHOMY YCKOPEHUIO.
Kpueonuueitnoe pasHonepemennoe asuxenue (puc. 10.2):

M an #0; a; =const#0.
a, d’U
v YunThBasd, 4TO @f = = const u coenas psn
an npeobpa3oBaHUIA:
dv = a.dt; /dv = at/dt,
Puc. 10.2
v t
[OJIy MM 3HAYEHNE CKOPOCTM IPH DaBHOMEPEMEHHOM IBUXEHUU
+ azt ds
v=v+at; v=—.
' dt

Ilocne uHTerpupoBanus OymeM MMeTh 3aKOH DaBHOIEPEMEHHOIO
IBHMXEHUS B OOILIEM BUAE, MPEACTABNAIOIIMY ypaBHeHNe 1apabosist:

t2
S=So+vot+%",

riie vp — Ha4YaJIbHad CKOPOCTb ABUXEHUS;
Sp — nyTh, NpONAEHHEIR OO0 Hadalla OTCYETA,
a¢ — TOCTOSHHOE KacaTeIbHOe yCKOpeHUe.

Hepasnomeproe deudcenue
Ilpu nepasnomeprom dsudCcenun UUCICHHBIE 3HAYCHMS CKOPOCTH M
YCKOPEHUsT MEHSIOTCH.

YpaBrerue HepaRHOMEPHOrO OBMXKEHUS B OOlLIeM BuIe NPencTaBis-
eT coboit ypaBHeHue Tperheit S = f(t3) u Bhue cremenu.
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Kunemaruueckne rpaduku

KunemaTuueckue rpaduky — 3To rpaduku U3MEHEHHUSA IIyTH, CKO-
POCTH ¥ yCKOPEHMUI B 3aBUCHMOCTHA OT BpPEMEHMU.

Pasnomeproe deuacenue (puc. 10.3)

5,0

S=f(1)

v =const

|
L)

Puc. 10.3

Paenonepemennoe deuscenue (puc. 10.4)

soa, S-a’2 .08 S =0t —a,t/2
/ /v=a't v=t—
\a,=const e
o t,c
o tc a, <0
a) 6)
Puc. 10.4

IIpuMepsl pelueHus 3anay

Ilpumep 1. Ilo samamHomy 3akomy meukenus S = 10 + 20t — 5t2
([S) = m; [t] = c) onpenennTs BUO IBIKEHUS, HAYANLHYIO CKOPOCThH M
KacaTeNLHOe YyCKOPEHUE TOUKM, BpeMs IO OCTAHOBKU.

(PexoMennyercs oGoiiTuck 6e3 pacyeToB, HCIOML30BATE METON
CPABHEHUA 33[aHHOTO YPABHEHUS C YPABHEHUAMM PDA3INYHBIX BUIOB IBU-

*KeHult B obLieM Buze.)
Pewenue

ast?
1. Bun neuxkenus: pasaonepemenHnoe (S = Sy + vot + --t-2—).
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2. Ilpu cpaBHEHMU ypaBHEHUI OYEBUOHO, YTO
— HavaJbHBIY IIyTh, IPOMOEHHHIA A0 Havala orcueTa 10 M;
— HavaJbHasl ckopocTs 20 M/c;

— IIOCTOSHHOE KacaTeIbHOE YCKOPEeHUe 2 _ —5m/ 02; ar=-10m/ 2.

— YCKOpeHUe OTPUIATEILHOE, CIIENOBATEILHO, IBYXKEHAE 3aMelJIeH~
Hoe (paBHO3aMENJIEHHOE), yCKOPEHUE HAIPABIEHO B CTOPOHY, MPOTHBO-
MIOJIOXKHYIO HAIPABJIEHUIO CKOPOCTY JIBIKEHUS.

3. MoxHO onpenennThL BpeMsl, IPU KOTOPOM CKOPOCTL TOUKY 6yOeT
paBHa Hymo: v =5 =20-2-5t; v =20~ 10t; v = 0; t = —1-6 =2c.

Il pumMeuwasnne FKEcmnnpnpaBHonepeMeHHOM ABMXKEHUA
CKOPOCTB PaCcTeT, 3HAYUT, YyCKOPEHUE — IIOJIOXKHTEIbHAL BeINYNHA, Ipa-
tduk myTtu — Boruyrtas mapabona. IIpu TOpMOXKeHUM CKOPOCTBH MaJa€eT,
yckopenue (3aMeniieHue) — OTPULATENbHAS BEJTMYMHA, TPadUK ITyTHn —
BEIIyKJas napabona (puc. 10.4).

ITpumep 2. Touka nBuxkeTcs mo xenoby u3 Touku A B Touky D
(puc. 10.5).

Kak uaMensaTcs kacarennHoe U HOpMaJbHOE
4 YCKOpEeHMsI TIPM ITPOXOXJEHUM TOUYKM uepe3 B u
?

CKopoCTh ABMXKEHUS CUMTATL IIOCTOSHHOM.
Pamuyc yyactka AB = 10M, pamuyc ydacTka

O B Y
0, BC=5bm.
r Pewenue
2
C D 1. PaccMoTpum yuactox AB.
Puc. 10.5 KacaTtenbHoe yckoperne pasro Hymo (v = const).

2
v

Hopmansnoe yckopenne | a, = —) [IpU IIEPEXO-

T

Ie depe3 TOYKy B yBemmumBaercsa B 2 pa3sa, OHO MeHAET HalpaBieHue,
T.X. neHTp nyru AB He coBnanaet ¢ uenrpom ayru BC.

2. Ha yvactke BC:

—— KacaTelbHOe YCKOpeHue paBHO Hymo: a; = 0;

~— HOpMaJIbHOE YCKOpeHHUe IpHU Iepexone depes Touky C MeHseTcs:
o Toukn C OBMXeHMe BpAllaTeNnsHoe, nocyie Touku C NBIMXKEHUE CTAaHO-
BUTCS NPAMOJIMHEMHBIM, HOPMAJILHOE HAIPSKEHHE Ha NPSIMOJIMHEHAHOM
YYACTKe PABHO HYJIIO.

3. Ha yvactke CD mosnHoe ycxopenue pasHO HYJIIO.
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ITpumep 3. Ilo sagannoMmy rpaduxy CKOPOCTH HaTH IIyTh, IIPOM-
DEHHBIA 3a BpeMs nBumxenus (puc. 10.6).

v, M/C
8
1 2 3
0 5 15 19 ¢
Puc. 10.6
Pewernue

1. Ilo rpadmxy crenyeT paccMOTDETHh TPU y9IacTKa NBUMNEHNA.

Tlepshiit y4acTOK — Pa3roH W3 COCTOSHMS NOKOs! (PaBHOY CKOPEHHO®
OBUXKEHUE).

Ypasrenue ckopocTu v = v + ai1t1; vo = 0.

n
Yckopenue a; = Tia=g= 1,6M/C2.
1

BTopoit yuacTok — paBHOMEpHOe nBrxeHmne: v = 8M/c; ap = 0.

TpeTnit y4acTOK — TOPMOXXEHHUE 0O OCTAHOBKYU {paBHO3aMENJIEHHOE
IBHXKEHHE).

Ypasuenne ckopocTu vs = vg3 -+ azta; vs = 0.

Yo
Yckopenne az = —t—3; a3 = -7 = —-2M/C2.
3
2. IlyTs, npoitneHHsil 38 BpeMsa IBWXXKeHNUd, OyneT pages:
2
. at

mepBHI yuacTok: S; = Sg + vt + - So=0; vg=0;

g - L6 52
1 —
2’ 2
BTOpOH yuacTok: Sp = vty = 8-10 = 80m/c;
2

. asts
TpeTuit yuyactok: S3 = Spz + vpsts + —-Eé; Soz = S1 + S9;

at?
Sy = —L.

= 20M/c;

V03 =8M/C; agz = -2 M/C2.
IlyTs 3a Bpemsa OBUMKEHUS

-2.42

Sy =53=100+8-4+ =116 m.
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Ilpumep 4. Teno, nMeBluee HAYAIBHYIO CKOPOCTh 36 kM/u, mpo-
o 50M mo ocranoBku. CunTas ABMXKEHME PABHO3AMENJIEHHBLIM, OIpe-
IEMUTHL BPEMs TOPMOXKEHUA.

Pewenue

1. 3anucriBaeM ypaBHEHHE CKOPOCTH IJIS PABHO3AMEIJIEHHOIO IBM-
KeHud.
v=v9+at=0.
36 - 1000
2 10m/e.
3600 M/

Beipasum yckopenne (3aMenieHne) u3 ypaBHEHUS CKOPOCTH:
Vo

OmnpenensieM Ha4aJbHYIO CKOPOCTDL B M/C: Uy =

a=——.

t
at?
2. 3anucriBaem ypasHeHue mytu: S = vgt + -
vgl
Ilocne noacranoeku monyuum: S = —.

2

3. OnpenensieM BpeMs A0 MOJTHOM OCTAHOBKM (BpeMsi TOPMOXKEHHUS):

28 2.50

= — = —— =10c.

Vo 10

Kon’rponbume BOIIPpOCHL M1 3aJaHUs

1. 3amumnTe GOpPMYITy YCKODEHNA HPH MIPAMOIMHENRHOM JBIDKEHNM.
2. 3amuure GopMysy yckopeHus (IIOJHOrO) IPM KPUBOIMHENHOM
I BVIXKEHUH.
3. Teno ckatnBaercs no xkenoby (puc. 10.7). Kaxue napamerpn
JIBYKEHUS MEHSIOTCs NIPH nepexone uepes Touky B n noyemy?
Oreern:
1. a,.
2. ag.

4 B
C 3. v.
4. TlapameTpu! OBUXEHUS HE MEHAIOTCH.
r.

Puc. 10.7
4. Mo 3amansoMy ypaBHEeHHMIO ABMKeHns Touku S = 25 + 1,5¢ + 612
ompenenuTe BUA OBMXKEHUs M 6e3 pacyeToB, UCHOMAL3YA 3aKOHBLI ABMXE-
HUs TOYKH, OTBETbTE, YeMy PaBHHEI HayaJlbHas CKOPOCTH M YCKOPEHME.

r
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5. Ilo 3anaHHOMY ypaBHEHMIO OBIDKEHUs Toukn S = 22t — 4% no-
cTpoiiTe rpaduKi CKOPOCTH U KACATENLHOIO YCKOPEHU.

6. ITo rpaduky ckopocTeil TOukM onpenme- v,M/c

auTe MyTh, HIPONOEHHBIA 38 BpeMs IBIRKEHUS 18
(puc. 10.8).
12
7. Touka neuxeTcs mo ayre. OxapakTepu-
3yitTe neuxenue Touku (puc. 10.9). 0l 3 12" e
Puc. 10.8
v M v
M M v a,
a;
an dy an
a, = const a,=0 a, = const
a) 6) 8)
Puc. 10.9
8. OTBeThTE Ha BOIPOCK TECTOBOTO 3aJaHNUL.
Temmur 1.7, 1.8. Kunemaruka.
KnremaTnka Toukm
Bonpocwu OrsetTn |Kon
1. Touxa neuxercs no nuuuu ABC. Ilo n3o6pa-| PasHomeproe 1
JXXE€HHLIM [IapaMeTpaM ABMXXEHUA OlDEeNc/inTb
BUO NBYKEHNA. Paproycxopennoe 2
4 B
an Pasnosamennernnoe 3
v
¢ a, Hepasuomephoe 4
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Ilpononxenue
Bonpocwu OrBerTn (Konm
2. Tlo npuBeeHHBIM KMHEMATHYECKUM TPabuKaM S =t 1
OnpefeAUTh BUL ABMKERUS TOYKU.
: 2
S v.mlc §=50+ % 2
at?
S = So + vot + - 3
at®
0 fc 0 te S = vot ~ - 4
3. ABTOMOGMIL IBHXKETCHA [0 ADOYHOMY MOCTY a=1,44 M/c2 1
cornacHo ypasaennio S = 12¢t. OnpenenuTs
Mo1HOe yCKOpeRue aBToMobuis, ecim paguyc a=0,12 M/c2 2
mocTa r = 100 M, Bpems nBuxeHus t = Hc.
a=0,6Mm/c’ 3
a = 36 m/c? 4
4. TTo rpadmxy cKopocTH ONpenelnThL BpeMs toer =6¢C 1
JBMKEHVs TOYKM IO TIO/THOM QCTAHOBKM.
3akoH nBUKEHNA He MeHAeTCH. tocr = 12¢C 2
», Mf¢
46
toc’r = 23 C 3
40
tocr = 43¢ 4
0 3 " < oCT
5. Teno, NBArascs U3 COCTOAHNS NMOKOA PABHOYCKO- 105 M 1
penHo, 32 10 ¢ nocTurao cxopoctu 45M/c.
Onperenuts 0yTh, NPORAERHLIN 32 BpeMs 125 M 2
OBHXKEHNS.
22,5M 3
225 M 4
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JIEKIIAA 11

Tema 1.9. IIpocTeiinine nBUXXeHUs TBEPOOro Teja

Huemp npedcmasaenue 0 nocmynametdprom JBUNCERUU, €20 0CO-
6ENHOCTNAT U MAPAMEMPAT, O 6PAWATNEABHOM CBUNCEHUU MEAd U €20
napamempas.

3namb fopmyabt dag onpedesenud napamempos NOCMYNAMEALROZO
u epawameavnozo deudcenul meaa.

Yuemd onpedeagmpd xunemamuuecxue napamMempsbl meaa npu no-
CTYNAMEAdDHOM U BPAUWATIEALHOM OBUNCEHUAT, ONPEIEAIMb NAPAME-
mpul A0601 mouxu meaa.

I'Ioc'ryna'renbuoe ABMXXKeHUue

Iocmynameabrbim Ha3EIBAIOT TAKOE NBYIKEHNE TBEPOOTO Tela, Npu
KOTOPOM BCAKAasA NpAMas JIMHUSA Ha, Tejle NpH OBMXEHUN OCTaeTcd napasi-
nenpHOM cBOEMY HauanbHoMY nonoxeruo (puc. 11.1, 11.2).

IIpu nocTynaTenbHOM ABMXXEHUN BCE TOYKM TeJia OBMXKYTCH ONNHA-
KOBO: CKOPOCTM M YCKODEHMS B KaXKIHI# MOMEHT OINMHaKOBHI. IJoaToMy
O OITNCAHMS OBMKEHUA Tea MOXHO PACCMATPMBAThH OBMXEHNE OTHON
ero To4ky, oOLIYHO LEeHTpa MAacc.

[locTynatensroe mBMXKEHME MOXKET OBITH NPAMOIIMHEHHEIM M KPU-
BOJIMHEMHLIM,

OO

| 0,4l &4,
Puc. 11.1 Puc. 11.2

BpawuarenpHoe OBMXXKEHUE

[Tpn BpawmaTenLHOM OBUXEHNY BCE TOYKM Tella OUCKIBAIOT OKPYXK-
HOCTH BOKPYT oO1liell HENIOXBMXHOI OCH.
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HBHO,HBM}KHM OCBh, BOKpPYT KOTOPOﬁ Bpa.lnaJOTCSI BCe€ TOUKHN TeJia
HA3HIBACTCA OCHI0 8PAULEHUA.

IIpn sToM Kaxnas TOYKa OBMXKETCS IO OKPYIKHOCTH, PAIUyC KOTO-
POl paBeH PACCTOSHUIO TOYKK OO ocy BpalueHnusd. Toukyu Ha ocu Bpaie-
H¥s He TIEPEeMELIAIoTCA.

,HJLE onucarud 8paw,ameadbHo20 Bauwceuwz meaa 60KpY2 HENO-
d6UNCHOU OCU MOHCHO UCTOAB30BAMb TNOALKO Y2406blE TAPAMEMPbE
(puc. 11.3):

(p — Yroll noBopoTa Tena, ] = pam;

W — YraoBas CKOPOCTD, ONpefenseT U3MEeHEHHEe yriia IOBOpOTa B
enMHUUYy BpeMeHu, (w] = pan/c.

Ina onpepenenms mNONMOXKEHUS
B Tela B 060 MOMEHT BpeMEHH uC-
nosns3yercs ypasHerue @ = f(t).

CrnenopaTensHO, Il onpenesie-

HUS YTIIOBOH CKOPOCTH MOXHO T07Tb-

30BaTBhCA BHIPAXKEHHNEM W = ——.

M Wuorma mna oneHku GHICTpO-

THI BPaINEHNS UCIONB3YIOT YIJIOBYIO

YacTOTY BpAallleHUs 71, KOTOpPas oLe-

HUBaeTCA B 060poTax B MUHYTY.
¥YraoBas CKOPOCTBL U YaCTOTA

BpauleHns ¢uisndecku Gnu3kue Be-

A JIAMUHEL
2%

(LY

2mn ™
Puc. 11.3 w= 60 _ 30"
W3menenne yrioBoif CKOpOCTU BO BPEMEHH ONPENENISAETCH YLJIOBRIM
ycxopennew €, [e] = pan/c?;
dw
dt’
YacTHbIE ClIyyan BpallaTEILHOTO ABMMXKEHUS

Pasnomeproe spawenue (yriaopas CKOPOCTH MOCTOAHHA):

£ =

w = const.

YpaBHeHMe (3aKOH) pABHOMEPHOI'O BPALUEHUSA B JAHHOM CJIydae nMe-
€T BuI:
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¥ = pp +wt,

rae o — yroJl noBopoTa a0 HadaJla OTCHeTa.

KunemaTnueckue rpaduky s 3TOTO BUOA ABIDKEHNS M306pakeHbl
Ha puc. 11.4.

Qpa @, pan ®, pan/c
o=

Qo

<)

] Lc 0~ tc

Puc. 11.4

Pasnonepemennoe epawenue (yrioBoe yCKOPEHNE NOCTOAHHO):
€ = const.

YpaBuenue (3akOH) PaBHONEPEMEHHOrO BPALLEHUS

2
€

¥ = o +wot +—-,
e Wy — HANaJIbHAS YITIoBas CKOPOCTb.

YrnoBoe yCcKOpeHHME npu YCKOPEHHOM NBVKEHNN — BEIMYMHA, NOAL0-
JHCUMeEALHAT; YITIOBas CKOPOCTDh GyneT Bce BpeMs BO3PacTATh.

YrioBoe ycKOpeRre npu 3amediennom DBUKEHUM — BETUIUHA Om-
PUYAMEALHAL, YITIOBad CKOPOCTh YOBIBAET.

Jlns manHOrO IBYXXeHMS KMHeMaTwyeckue rpabuki NpencTaBlIeHbl
Ha puc. 11.5.

¢, pan P, pan @, pank
® = Wo+Et

0 IE—— Wy~ 0
L’ o

o} ¢ 0 fe o' tc

Puc. 11.5

CKOpOoCTH U YCKOPEHNA TOYEK BPAIUAIOLIErOCs Tesia

Teno Bpamaercs Bokpyr Touku O. Onpemenmum napaMeTphl IBH-
XeHus TOuku A, pacHonoXeHHO! Ha PACCTOAHUM T4 OT OCHU BPAILEHUS
(puc. 11.6, 11.7).
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)

’AO (Pv,, ) /o_nA“u
SN/

Puc. 11.6 Puc. 11.7

Iymp Touku A: Sy = pra.

Jlunetinag cxopocms Touky A: v4 = wrg.

Yexopenug Touxkn A:  aza = €74 — KACATENBHOE; Gna = W2rgy —
HOPMAJILHOE, TAie T4 — PaINyC OKPYXHOCTH, TPAEeKTOpnK Toukyu A.

IIpumeps! pelieHns 3agad

IIpumep 1. Ilo 3anannomy rpaduxy yriosoi cxopoctu (puc. 11.8)
OIIpENENUTE BUI BPAILATEILHOIO IBHXKEHHS.

®, paa/k
Q= %Pﬂn/t
1 2 3
0 3 10 12 tc
Puc. 11.8
Pewenue

1. YuacTox 1 — HepaBHOMEPHOE YCKOPEHHOe NBUXEHMe, w = ¢;
e=u.

2. Y4acTOK 2 — CKOpPOCTb IIOCTOSHHA — IBHXXEHUE DPABHOMEDHOE,
w = const.

3. YuacTok 3 — cxkopocTh yORIBAET PABHOMEPHO — PABHO3AaMEIJIEH-

Hoe OBuKeHMe, € = w’ < 0.
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IIpumep 2. Porop snexTpoasBuraTess BpAIIA€TCA CO CKOPOCTHIO,
OIIICHIBAEMOR ypaBHeHneM w = 27t. OnpenenuTs BUO IBUXKCHUS.

Pewenue

1. AnanmmaupyeM BLIpa)KeHme IUif CKOPOCTH: CKOPOCTh MEHSETCS M
3aBMCHT OT BpeMeHu juHeiiHo. ClenoBaTeNbHO, YIVIOBOE YCKOpeHHe —
IIOCTOSHHO, € = w' = 27 = const.

2. JIBmkeHue paBHONEpeMeHHOE (PaBHOYCKODEHHOE, T. K. YCKODEHHUe
HOJIOKATENBHO).

IIpumep 3. Teno spalnaock paBHOYCKOPEHHO M3 COCTOSIHUSA IIOKOS
u caenano 360 o6oporos 3a 2 Mun. OnpenenuTh YIiIoBOe YCKOpPEHKeE.

Pewenue
1. Onun o6opor papen 27 panuas. CrneqoBaTeNbHO:
360 obopoTos = 7207 pan, = 720w paxa.

2. 3axou PaBHOIIEPEMEHHOI'0 BpaIlaTeJIbHOIoO JBUXKEHUA

et?
v = o+ wot + -

B nannom ciryuae g = P; wo = 0.

et
CnenoBaTenbHO, @ = -
2
Ortxyna e = t—‘,f
3. YrnoBoe yckopeHune paBHO £ = 2—(:-22—00)—271 = 0,314 pan/ c?.

IIpumep 4. Teno spawmasocs ¢ yriaoeo# wacrotTolt 1200 06/mun.
3aTeM OBMXKEHUME CTAJIO PABHO3aMEIJIEHHHM, U 3a 30 CEeKyHI CKOPOCTh
ynana no 900 06/mun. OnpenennTs Yuciao 060pOTOB Tena 33 ITO BPeMs
¥ BpeMs IO TOJIHOA OCTAHOBKM.

Pewenue

1. locTpouTs rpadux usMenenus ckopoctn 3a 30 ¢ (puc. 11.9).
OrnpenienaeM yrioByio CKOPOCThH BpAIlIEHNA Tena:

1200 - 900
wo = T{ = 407rpa,n/c; w= —-3—O£ = 307('].')8.11/0.
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OmnpenenseM yrioBoe yCKOpeHUe:

co W W0 _ 30r — 407 __lﬂ_ . /c2
T I A e
o, pan/c OrnpenesseM yroJ oBopoTa 3a
401 [IpOIIeIee BpeMsi:
et?
¢ = po +wot + —;
307 2
o = 0;
1x- 2
@ =40m - 30 — S (30) ;
0 30 fe 3 2
Puc. 11.9 ¢ = 10507 paz.
1050
Yucno o6oporos 32 30 ¢: z = i = 050m = 52500
2 2

2. OnpenenseM BpeMs [0 TIOIHOW OCTAHOBKM.
CxKOpoCTh NIPpH OCTAHOBKE paBHa HyO, w = 0.
Takum obpaszoM, w = wp + €t; 0 = wp + €t.

4073
Torza tOCT=—?; wor = —° _120c.

IIpumep 5. MaxoBoe kojleco BpalllaeTCs PABHOMEPHO CO CKOpO-
ctoio 120 06/mun (puc. 11.10). Panuyc koneca 0,3 M. OnpenenuTs cko-
POCTH ¥ NONHOE YCKOPeHWe ToueK Ha obome Kojeca, a TaKKe CKOPOCTb
TOYKM, Haxonswencs Ha paccrogiun 0,15 M oT ueHTpa.

Pewenue

1. ¥Yraosas cx«ipocmg,
3,14 -12
w= 2 _ ’T ~ 12,56 pan/c.
2. Jluneinas ckopocTh Ha obome Komeca

v=wr; va =wrg; va = 12,56 - 0,3 = 3,77 m/c.
3. Ckopocts B Touke C (puc. 11.10)

ve = wre; vo = 12,56 - 0,15 = 1,88 M/c.

4. YrioBoe yckopenne € = w' = 0. Puc. 11.10
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KacarenbHoe yckopenue Touky A a;4 = (; HOpMaJIBHOE YCKODEHMe
Touxu A ang4 = w?ra; apa = (12,56)% - 0,3 = 47,3 M/Cz.
5. IlomHoe yckopeHnme Touek Ha ofone Kolneca

ag =1/a%,+a2,; aa=ana= 47,3m/c2.

Kon’rpo.m;nme BOIIPDOCHI 1 3aaHNA

1. Kaknumu xuHeMaTUIeCKMMEI nmapaMeTpaMn XapaKTepulyercs Iio-
CTynaTelIbHOE€ OIBMXXEHNE U noqemy?

2. 3anuuuTe ypaBHEHHE PABHOMEPHOIO IIOCTYIIATEILHOTO IBUXE-
HUSI TBEPIOIO TeJa.

3. anmunTe ypaBHEHUE PABHOIEPEMEHHOIO IIOCTYNATEILHOTO ABH-
EHUs! TBEPAOLO TeJa.

4. 3anmuuTe ypaBHEHUS PABHOMEDHOIO ¥ PABHOIEPEMEHHOTO Bpa-
LIATEILHOTO ABYXEHN TBEPAOro Tedla.

5. 3amano ypaBHuenue nemxkenus tena S = f(t). Kak onpenmensior
CKOPOCTB K yCKOpeHue?

6. Ina sanaHHOTO 3aKOHA (ypaBHEHMs) ABMXKEHUA @ = 6,28 + 12¢+
+3t2 prIGepUTe COOTBETCTRYIONIMNI KNHEMATIIECKUA IPadNK OBIDKEHNs

(puc. 11.11).
‘p @1/ wh ¢|/
@) t O 6)' Ol o t Ol 2 t

0|

Puc. 11.11

7. Ins DBikeHMs, 3aKOH KOTOPOro 3aJal B Bonpoce 6, onpenennre
YTJIOBOE YCKOPEHHE B MOMEHT t = Sc.
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JIEKIIM# 12

Tema 1.10. CrnoxHoe aBMXeHNe TOYKH.
CrnoxHoe OABM)XKEHUE TBEPHOro Teja

Huems npedemasaenue o cucmemar xoopounam, 06 abcoaommom,
OMHOCUMEADHOM U TLEPEHOCHOM JBUNCEHUAT.

3namo pasaoscenue caodcnHo20 JeUNCEHUT MG OTMHOCUTEAbNOE U
TNEPEROCHOE, Meopemy caodcenud cxopocmed.

3namb pasaodcenue NAoCKONAPAILEAbRO20 JBUICENUT HA TOCMY-
nameabroe U 6PAUATIEALHOE, CNOCO6BL ONPedescHUT M2HOBEHNOZ0 YEH-
mpa cxopocmeil.

OcHoBHEIE onpengesIeHnus

Caoorcrvim dsudceruem CIUTAIOT OBMXKEHNE, KOTOPOE MOXCHO Pasio-
XUTb HA HECKOJILKO NPOCTHIX. [IPOCTHMM NBIXXKEHNAMM CHUTAIOT IIOCTY-
HnaTenLHOE U BpalllaTesIbHOE.

IIna paccMOTpEHMs CJIOXKHOTO IBMXXEHNS TOYKM BHIGMPAIOT IBe Cu-
CTEMEI OTCYETa: IIONBIKHYIO ¥ HENOIBUXHYIO.

IIsuxeHue TOUKM (Te1a) OTHOCUTENLHO HEN0J8UNCHOU CUCTEMEI OT-
CYeTa HA3KBAIOT CAONCHbIM, MU aO6COAIOMHBIM,

TonBuxHylo cucTeMy oTc4YeTa OGEIMHO CBA3LIBAIOT C HBIMXKYILMIMCS
Tenom. IBmxeHue nodeusicnoll CHCTEMBI OTCYETA OTHOCHTEJILHO HeEIo-
JBIDKHON Ha3BIBAIOT NEPEHOCKLLM.

Ilsmxenne MaTepualbHOM TOYKN (TENa) MO OTHOIIEHHMIO K TONBHX-
HOIf CHCTEME HA3HIBAIOT OMHOCUTTIEALHbIM.

ITpuMepoM MOXET CIIyXUTh OBUKEHUE YeJIOBEKA IO 3CKAIaTOpy Me-
Tpo. lIMxenue 3cKkaaaTopa — IEePEeHOCHOE NBMMKEHWE, IBUXKEHNE YesIo-
BEKa BHU3 WM BBEPX I10 3CKAJATOPY — OTHOCHTEJILHOE, 8 MBMIKEHUE II0
OTHOIIEHNIO K HEMONBMXXHHEIM CTeHaM CTaHIMN — ClIoXHoe (abcomoT-
HOE) HABUXKEHKE.

IIpu peinesuu 3aaa4 UCIOMB3YIOT TEOPEMY O CIIOXKEHUHM CKOPOCTeIt:

IIpu caoxncrom dsudcenuu mouxy abcosomuad cKopocms 6 Ka-
HCOLUE MOMEHITL BDEMENL PAGHA 2E0MEMPUUECKO CYMME neperocHod
(ve) u omuocumeavnoi (vy) cxopocmer

v = y/v2 + v? + 2v.vr cos a,

Q — YIOJl MEXIY BEKTOPaMU Vg U Vp.
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Hnocxonapannenbaoe ABM2KE€HME TBEPAOro Tejiaa

ITrocxonapasaeabrbim, UIH NAOCKUM, HA3BIBAETCS TAKOE ABHXKEHUE
TBEPIOrO TeNa, IpU KOTOPOM BCE TOYKU TeJa NEePEeMEIAloTCs mapadl-
JIeNIbHO HEKOTOPOH HENONBUXKHON B PAaCCMAaTPUBAEMOI CCTEME OTCUETA
IIIOCKOCTH.

Hnocxonapa.nnenbuoe OBHXKEHNEe MOX-

HO W3y4aTh, DacCMATpuBasf JioGoe ILIOC- B 2
KOe cedenue Tejla, MNapajlle/bHOE HeTo- 4 D c
IBIDKHOM TJIOCKOCTH, Ha3hIBAEMOIl 0cHo6HOl

(puc. 12.1).

Bce Touku Tena, pacniosnioxeHHbIe Ha npsi-
MO, NepNeHOUKYJIAPHOH K OCHOBHOHN INIOC-
KOCTH, IBUXYTCS OLUHAEKOBO.

IInockonapasnensHoe OBMXKEHNE H3yda- a:l/
eTcsl IByMs METOHAaMM: METONOM Ppa3jIoxe-

HUA CJIOXKHOIO OBMXKCHUA HA nocrynarenb- [/ /77777777
HOE M BpAILATENILHOE M METONOM MIHOBeH-  OCHOBHaf MIOCKOCTH
HBIX LEHTPOB CKOpPOCTEH. Puc. 12.1

Ny
Y
e

Memo0d pa3aodcenus caoNHcHO20 JBUICEHUL HA TLOCTNYNG-
MEeALHOE U 6PAULATNEALHOE

IInockonapannenbHoe ABUMKEHNE PACKIAAKIBAIOT HA ABA JABUXEHUL:
NOCTMYNAMEALHOE BMECTE C HEKOTOPEIM IOJIIOCOM Y 8DAUATNEADHOE OT-
HOCHTENBHO 3TOrO ITOIIOCA.

Pasnoxenue ucnonssyor Ans onpeneneHus CKOPOCTH o060k TOUKM
Tena, IpIMeHss TeopeMy O CJIOXKEHUH cKopocTelt (puc. 12.2).

Puc. 12.2

Touka A mBUXEeTCa BMeCTe ¢ TOYKOH B, a 3aTeM noBOpauMBaeTCA
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BOKPYT B ¢ yrioBo#l CKOPOCTBHIO W, TOrAa abCONIOTHAS CKOPOCTH TOYK
A byner paBHa

VA =vp+vap, va=wr (r=AB).

IIpumepoM WIOCKONAPATINIENLHOTO TBUKEHUS MOXeT OGbITh JBUXKE -
HUe XoJleca Ha IPSMOJINHERHOM y4acTKe noporu (puc. 12.3).
Cxopoctps Toukun M
y gl

M UM = Ve T Ur,

Ve — CKOPOCTH LEHTDPA KOJIeCa IEPEHOCHAR

ol vz ’) \ Xy

v U — CKOpPOCTb BOKDYI' LEHTDa OTHOCH—
TEJBHAs.

OTT T T T I TT7 ~ yOx — HenonBMXKHAS CUCTEMA KOODPIAMHAT

Puc. 12.3 10121 — NOOBMXHAA CUCTEMA KOOPOM-

HAT, CBA3aHHAA C OCBIO KOJleCa.

Memoo onpedeaenus M2H08eHHO20 yeHMpPa cxopocmel

Cropocmb w1060t MOUKY MeEAd MOXHO ONPENeNSTh C IOMOLLBI
M2HOo8eNHO020 yenmpa ckopocmel. IIpn aToM cloXkHOe IBMXKEHMe TIpen-
CTaBIAIOT B BUIE LENM BPAIICHUN BOKPYT PAa3’HBIX LEHTPOB.

3amada cBOOUTCA K ONIPENeIeHMIO MOJIOXKEHNST MICHOBEHHOIO IIEHTPA,
BpaiteHuit (ckopocreit) (puc. 12.4).

Menosennnin yenwmpom cxopocmet
(MIIC) sBnserca TOYKa Ha IUIOCKOCTH,
abCoOMIOTHAs CKOPOCTh KOTOPOH B IaH-
HEII MOMEHT DaBHa HYIIIO.

Boxpyr 3T0it TOUKHM Telo coBepIaeT
IIOBOPOT CO CKOPOCTBLIO W.

Ckopocts TOUKM A B maHHBIA MO-
MEHT paBHa

v4 = wOA,

T.K. U4 ~— JIAHEWHAsA CKOPOCTH TOUKM A, Puc. 12.4
painatoueitcs sokpyr MIIC.

CywmectsyioT Tpu cnocoba onpenesaeHus HONOXKEHUs MTHOBEHHOTO
IIEHTPa CKOpPOCTeM.

IHepewiti cnoco6. N3BecTHA CKOPOCTH OQHOM TOYKM TENA V4 U YIIIO-
Basl CKOPOCTH BpallleHMs Tena w (puc. 12.5).

Touky O HaxomuM Ha IEPNEHAUKYJIAPE K BEKTOPY CKOPOCTH V4.
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A0 =4,

w
Coenunsem touxy O c Toukoit B, 3amepseM paccrosume OB.
vplOB, vg = wOB.

Puc. 12.5 Puc. 12.6

Bmopoi cnoco6. sBecTHE CKOPOCTH ABYX TOYEK Tella U4 U Vg, U
OHM He napaJsutensHsl (puc. 12.6).

IIposonum u3 Touek A n B nBa nepneHanKynapa K U3BECTHHIM BEK-
TOpaM CKOPOCTEH.

Ha nepeceuenun nepnenmukynsapos saxomum MIIC. Ilanee MoxHO
. " e
HaWTH CKOpOCThb H06oi Toukn €. — = ——,
vg OB
Tpemut cnoco6. N3aBecTHH CKOpOCTH IBYyX TOYEK Tella, M OHM Ia-
payutenbbt (v4|lvg) (puc. 12.7).

Lo
Dy Vs
Ug A A

B MLIC 0, =

U4 # Up o B B o

B B

MIc e g 6) 6

Puc. 12.7

Coenunsgem kouuur sekTopos, MIIC naxonuTcs Ha mepecedeHnn -
HUHM, COSAUHAIOIENH KOHIK BeKTOpoB ¢ junueir AB (puc. 12.7). lpu no-
cTynarelbHOM nsumxerun Tena (puc. 12.78) MUC orcyrcTsyer.
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IIpuMmepHl pelueHus 3amay

Ipumep 1. PaccmoTpum MexaHn3M, B KOTOPOM crepxkens OA Bpa—
maercs BOKpYr Touku O cO CKOPOCTHIO w. BROMb CTepxHsA nepeMerna -
ercs nonsyH M co ckopocTsio vy (puc. 12.8). Onpenennts aGcomoTHY®
CKOPOCTh TOUkM M.

Pewenue

1. OrHocuTeNnbHOE HOBUXEHUE -—
BIONB CTEPXKHA; CKOPOCTb Up = UpMf.

2. IlepeHocHOe nBMXKeHUE -— BpallLg -
HUe CTEPXKHA; CKOPOCTh

Ve = wOM.,

3. CxopocTs abCOMIOTHOTO ABUXKEHUA

v = /v +v2.

IIpumep 2. Ctepxennr AB cockank-
3LIBAET BHU3, ONMUPAACH KOHLIAMH O CTERY
u non (pue. 12.9).

Inuna crepxHsa 1,5 M; B MOMEHT,

Puc. 12.8

n306pakeHHblil Ha YepTexe, CKOPOCTh
. /] MIIC
Touku B vg = 3M/c. HaitTn ckopocTs 4 0
Touky A.
7 Low A
Pewenue 4 y
1. Haitnem nonoxenne MIIC. X 30° Vg .

Cxopocty Touexk A m B manpaBneHul e il

BIOJIb CTEHHB! M BOONL nosa. Boccrana- Puc. 12.9
BIMBAS MEPNEHAMKYIISPLEl K BEKTOPAM
ckopocreit, HaxonuM MIIC.
2. Ilo n3BecTHON CKOPOCTM VUp ONpenesifeM YIVIOBYIO CKOPOCTb W
CTEDXHA:

N — ABsin30° = 075 w= —— =
w= 55 OB = ABsin30° =0,75M; w 0,75—4pa11/c.

3. CkopocTh TOukM A:
vg =w0A; OA=ABcos30° =~ 1,3M;
vqg=4-13=5.2uMm/c
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KOHTpOJ’IbeIe BOIIPDOCHI M 3adaHNA

1. Kakoe nsmxeHune HA3LIBAIOT CIOXHBIM?

2. Kakne apmxeHus TBepOoro Tella Ha3hLIBAIOT MPOCTHIMUT

3. Kaxue cucTeMBl KOODIHHAT BRIGMPAIOT NPU ONpeNeSIeHNH CKOPO-
cTeil TBEPARIX TeJI IIPY CIIOXKHOM ABMXEHMI?

4. Kaxoe nemxeHue CUNTAIOT NIEPEHOCHKIM, a Kak0e — OTHOCHTEIb-
HEIM?

5. ChopMyupyiiTe TeopeMy CIIOXEHUA CKOPOCTEIX.

6. Kakoe mBu:KeHNe HA3HIBAIOT IJIOCKUM?

7. Kaxue cnocofrl NpuMEHSIOT IJIS ONPENeNIeHUs CKOPOCTEH TOueK
Tesla TPY IIOCKONAPAJIICLHOM IBYKEHUU ]

8. UTo Taxoe MIHOBEHHEI LIEHTP CKOPOCTEMN, KaK €ro ONpelelsaioT
¥ JJIS Y€ro UCTONbL3YIoT?

9. OTBeThTE Ha BOIPOCH TECTOBOIO 3aJaHUSL.

Temer 1.10, 1.11. KnuemaTuxka.
CloXXHOEe NBMIKEHUE TOYKM.
CrnoxxHoe ABM)KEeHMe TBEpPHAOTo Tela

Bonpocwu OreserTwm|Kon
1. ITaccaxup noesza, MBMAKYILEroCs CO CKOPOCTHIO 15 kM/q
72 KM/4, BUAKT BCTpeuHLI! noesx anunohk 420 M B
TedeHue 12 ¢. OnpenenmuThL CKOPOCTh BCTPEYHOTO 20,5kM/u 2
noesna.
35km/q 3
54kM/u 4
2. Tenexka nBuxercd N0 cTpene GaLIEHHOIO 1,2M/c 1
KpaHa co ckopocTsio 2M/c. IIpn atom cTpena
KpaHa IIoBOpaunBaeTcs co ckopoctsio 0,25 paxn/c. 2m/c 2
OnpenenuTs CKOPOCTh TENEXKN [0 OTHOLIEHUIO
K 3emue. 2,5Mm/c 3
6M
. o\ 4,25M/c 4
1 = L ]
Lo
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IIpononxkeuune
Bonpocwm OrseTumiKon
3. Koneco 6e3 ckonbXeHHUs KaTUTCA 1O 3eMIie. 5m/c 1
CkopoceTh Bpattenus koneca 30,8 pan/c. Panuyc
KoJleca 650 Mm. OnpenenuTh CKOPOCTH mepeMe- 10M/c 2
IIEHUA UEHTPa KOJECa OTHOCHTENLHO 3eMIIn.
15M/c 3
.\oj
v
20mM/c 4
4. Touku A, B u C npusannexaT OBHXKYIIEMYCs 45M/c 1
IJI0CKONapasienbHo Telly. OnpenennTs CKOPOCTh
Touku C, ecnu u3BECTHHI CKOPOCTH ToveK A u B. 50M/c 2
va = T5M/c; v = 50M/c; AC = BC.
62,5M/c 3
75M/c 4
5. Kpusomun OA spainaercs Boxpyr ocu O co 2Mm/c 1
ckopoctsio 10 pait/c. [lonsyn A nepemeraercst
BIO/IL KPUBOLIMIIA U llepeMellaeT cTepxens AB. 2,3M/c 2
Onpenenuts ckopocTh Touku B, ecnimt OA = 0,2M.
1Mm/c 3
A
o
30" 8,6 M/c 4
0,
mhm ¥ 4[EB
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JIEKIINA 13

TeMma 1.12. OcHOBHBIE NOHATHUSA ¥ AKCUOMBI
nnHaMuku. IlousTue o TpeHun

Huemo npedcmasaenue o macce meaa u yexopenuu c6060d1o20 na-
denud, 0 843U MENCOY CUAOBBIMU U KUHEMATIUNECKUMY TLAPAMEMPAMU
dsuoicenud, 0 06YT OCHOBHLIT 3a40GUAT OUHAMUKU.

3namb  aKCuOMbl OJUHAGMUKUY U MAMEMAMUYECKOE 6bIPANCCHUE
0CHOBHOZ0 3GKONG OUHAMUKL.

3nams 3a6uUCUMOCTIU 04T ONpPEdEAeHUT ClUAbL MPEHUL.

Conep)xa}me 1 3agauyl AMHaMMKN

unamuxa — pasmen TEOPeTUYECKOM MEXAHWKY, B KOTOPOM YCT&a-
HaBJIMBaEeTCA CBA3b MEXOY OBIKEHNEM TeJl U JNeHCTBYIOILMMHU Ha HHUX
cUITaMu.

B AMHaAMHWKeE DEIIalOT OBa TUIIAa 330a4:

~— OonpenesAIOT NMapaMeTpPhl NBIKEHNS 1O 3aJaHHBLIM CHIIaM;

—— ONpPEeNeAIOT CUJIH, NeliICTBYIOUIME Ha TeJO, 10 3aJaHHLIM KWHe-
MATHUYECKUM I1apaMeTpaM IBIXEHUs.

Hpﬂ [OCTYNATEJAbHOM ABMXKCHNN BCE€ TOYKHN Tella ABMXKYTCA OOMHA-
KOBO, MIO3TOMY T€JIO MOXXHO NPUHSATL 33 MATEPUAJILHYIO TOYKY. »

Ecnu pasMepsl Tenla Mallbl IO CPAaBHEHMIO C TPAEKTOpUEH, €ro To-
)K€ MOXHO pPaCCMATPHBATh KaX MATEePUAJILHYIO TOUKY, IIPU 3TOM TOYKA
COBIIAIAET C UEHTPOM TIKECTH TENA.

IIpu BpamaTensHOM DBIOKEHUM Tela TOYKM MOLYT OBUCaThCA He-
OOVIHAKOBO, B 3TOM CJydae HEKOTOpHIE IOJIOXKEHUS IUHAMHUKH MOXKHO
IIPUMEHATb TOJIBKO K OTIOEJLHEIM TOUKaM, & MaTepHaJIbHEI 06HEKT pac-
CMaTPpHUBaATLb K&K COBOKYITHOCTHL MATEpPHUAJILHEIX TOYeK.

IloaToMy DMHAMUKY OENAT Ha OUHAMMKY TOYKM U NUHAMUKY MaTe-
PHASILHOM CHCTEMB.

AKCHOMBI IUMHAMUKHU

3akoHH AMHAMUKK 0GOOIIAIOT Pe3ysIbTATE MHOMOYMCIIEHHEIX ONELI-
TOB 1 HabmiomeHN. 3aKOHH OMHAMUKH, KOTOpBle NPUHITO PacCMaTpH-
BaTh KaK aKCUOMHI, Obtnmu chopmynuposansl HbloTOHOM, HO OEepBH u
YeTBEPTHIN 3aKOHBI OBIIM M3BeCTHH ["amunero. MexaHuky, OCHOBaHHYIO
Ha 3TUX 33KOHAX, Ha3bIBAIOT KJIACCHMYECKOW MEXaHMKOI.
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Hepeag axcuoma (npunnun mEEpUUM)

Beaxasg UB0AUPOBAHHAT MATMEPUAADHAL TNOUKA nazodumcg 6 co-
CTMOAHUL NOKOL UAU PAGHOMEDPROZO U PAMOAUNEUHO20 JBUNCEHUL, TLOK
TIPUAONCERNHBIE CUABL HE 6bIBEJYM €e U3 3MOo20 COCTNOINUL.

OTO COCTOsHUE HA3HBAIOT COCTOSHMEM MHepuuu. BriBecTu ToOuk
U3 9TOrO COCTOSHMSA, T.€. COOOLMTL i HEKOTOPOe YCKODEHHe, MOXOT
BHEILHSS CUIIa.

Besikoe Teno (Touka) obianaer unepmuocmoo. Mepoil HHEPTHOCTb
SBJIAETCS MAacca Telna.

Maccotl Ha3HIBAIOT KOAUNECTNIBO 6EWECTNBA 8 06bEME TEAd, B KITac~
CHYECKOll MeXaHWMKe ee CUMTAIOT BeJIMYMHON NocTosHHoi. Exununa ns-
MEpEHHIs MACCH — KMIorpaMm (Kr).

Bmopas axcuoma (BTopoit 3axon HuioTona — oCHOBHOI 3aKoM
OMHAMUKHY)

3aBUCUMOCTDL MEXIY CWIIONH, neificTByoMell Ha MaTepUAIILHYIO TO4-
Ky, ¥ cOoOBIIIaeMBIM €10 YCKOPEHUEM CIISHYIONTast:

F =ma,

rlie m — Macca TOUKH, KT; @ — YCKOpPEHHMe TOuKH, M/c?.
Ycxopenue, coobuwennoe mamepuatsrotl mouxe cuaotl, nponopyu—
OHAALNO BEAUNUNE CUABL U CO6NAJAEM C HANPAEAEHUEM CUDL.
OcHoBHOI 3aKOH IUHAMUKHN B nuddepeHnnannLHoil hopme:

S _dv
a2~ dt’

Ha Bce Tena mHa 3eMne meiicTByeT cuna TSXKECTH, OHa coolblLuaer
TNy yCKOpeHre CBOGOMHOrO MaleHus, HAIIPABIEHHOE K UEHTPY 3eMum:

F=m?t'2—, T.K. a=

G = mg,

roe g = 9,81 M/Cz, yCKOpeHUre CBOGOMHOTO IaJIeHNs.

Tpemva axcuoma (Tperuit 3axoH HeloTona)
Cuant a3aumodeticmend deys mea pasHbl NO GEAUNURE U HANPAEAE—
nbt no 0dnotl npamotl 6 pasnvie cmoponst (puc. 13.1):

Fy=F; Fi=ma;; F,=maas.
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OTxyna
m2

a1 = maap mm ot = 22

miay = — =
262 mso a) F:

[Ipm B3auMOmERCTBMM YCKOPEHHS F, m
06paTHO NPONOPIMOHAJILEA Mac- Puc. 13.1
caMm.

Yemeepmas axcuoma (3aKOH HE3aBHCHMOCTY JAEHCTBUS CHI)

Kaxnas cuna cucteMst CHN meficTBYeT Tak, KaK OHa HEHCTBOBAJIA
6u1 onHa.

Yckopenne, coobuiaeMoe TOYKE CHCTEMOM CWJI, PABHO reoMeTpuye-
CKOIl CyMMe yCKOPEHMUI, COOOIIIEHHLIX TOYKE KaXION CUJION B OTHEIIBHO-
cru (puc. 13.2):

% w Fg—ma, a= Zak

Puc. 13.2 6)

IlonsaTue o Tpenuu. Buasl Tpenus

Tpenue — conpoTUBIEHUE, BO3HUKAIOLIEE NPU OBUXKEHHH OIHOIO
LIEPOXOBATOr'O TeJIa N0 NOBEPXHOCTH Apyroro. IIpu ckomsxeHun Ten BO3-
HUKAET TPEHNE CKOMIbXEHNA, IPU KAUEHUU — TPEHUE KAYEHNA. Tpupona
CONPOTHUBIEHUN OBMAXKEHHMIO B DA3HBIX CIyUasX pa3yIudHa.

Tpenue cxoavocenus

Tlpurunna — Mexannyeckoe sanenyienne suicTymnos. Cuna conporn-
BJIEHUS OBYDKEHUIO NMPY CKOJIbLXXEHWN HA3BIBAETCA CULOU MPEHUT CKOAb-
acenug (puc. 13.3a).

3aKOHH TPEHMS CKOMbIKEHUS:

1. Cuna TpeHUS CKOMBXEHUA NPSIMO NMPONOPLUHUOHATILHA CHJIE HOD-
MaJIbHOTO IaBJIEHUS:

FTp=Ff=fR!

roe R — cuna HOpMaJILHOrO RABAEHUA, HANDABIIEHA NEPHEHOUKYIAPHO
OIIOPHOIA IOBEPXHOCTH;

f — k03 PULMEHT TPEHUs CKOJIbXEHUS.
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1R
Frp Fu o Frp
[ 777 /177
9 vGo

Puyc. 13.3

B crnyuae nBmienvs Tena IO HAKJIOHHOH mitockocTy {puc. 13.36)
R=Gcosaqa,

CO€ & — YroJI HAKJIOHa INIOCKOCTHM K TOPHU3OHTY.

Cuaa mpenug 6ce20a HANPABAENA 6 CMOPonY, 06pPamHyI0 Hanpa—
B8AEHUN JBUNCEHUL.

2. Cua TpeHHS MEHAETCS OT HYJIA IO HEKOTOPOIO MaKCUMAaJIbHOI®
3HAYEHUs, HA3EIBAEMOTO CIJION TPEHHUS MOKOs (CTATHYECKOE TPEHUE):

0 < Fy < Fy,,

Fj, — cmamuueckad cuiia TpeHuA (CHila TPEHUs TIOKOS).
3. Cunta Tpesua NpU OBMXECHUM MEHbIEe CUNLl TpeHus noxosa. Cun
TPEHWs NpU OBUXKEHUN HA3hBaeTCs Junamuuecxot cunoit Tpexns (Fy)

Ff<Ff0'

IMockonbky cuita HOPMaIBEHOTO OABJIEHNUSA, 38BUCSIIAA OT BECA U Ha-
MpaBIIeHNS ONOPHON TIOBEPXHOCTU, HE MEHAETCA, TO Pa3IMYaloT CTATH-
YeCcKu# ¥ OUHaAMUYECKNH K03DIUIMEHTH Tpenus:

Ff =fR; Ffo =f0R.

Kosduyuenwm mpenud cxoabicenug 3aBUCAT OT clieRyomux dax—
TOPOB:

— OT MaTepuaja: MaTepuahl AelaTc Ha dpuxyuonnbie (¢ 60nn—
MM KO3()hUIMEHTOM TPeHus) U anmudpuryuonnsie (¢ MaIBIM Koabdw-
LIMEHTOM TpeHus), Hanpumep f = 0,1+-0,15 (npu ckonbXeHUn CTaJIU WO
cramu Bcyxyw), f = 0,2+0,3 (OpH CKOsbKEHMN CTAJIM N0 TEKCTOJINTY)
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— ot Hanuuus cMasky, Hanpumep f = 0,04--0,05 (1pu cKkonbkeHun
CTAJM IO CTaJIM CO CMAa3KoM);

— OT CKOPOCTH B3aNMHOI'O II€pEMELLICHUA.

Tpenue xauenug
ConpoTuBieHMe IIPU KAueHUM CBI3aHO C B3aUMHON medopManven
[PYHTA M KOJIECA ¥ 3HAYUTENILHO MEHBIIE TPEHUS CKOJILIKCHU.
OGHIYHO CYMTAIOT IPYHT MACYE KOJECa, TOra B OCHOBHOM medop-
MHUpPyeTCs PPYHT, X B KaXIEIII MOMEHT KOJECO OOJIKHO IIEPEKATHIBATHCS
gyepes BHICTYN TpyHTa. g paBHOMEPHOrO KadyeHUs KoJieca Heo6Xomumo
NpUKIanBBaTh cuity Fhp (puc. 13.4).
YcnoBue kayenus koieca COCTOUT B
TOM, YTO IBIKYIIMICA MOMEHT IOJIKEeH

N
6BITH He MeHbIle MOMEHTa CONpPOTHBIIE- R ~JN
HUS: \\
Fpy
F, s’ 2 N k; >
G r| F,
— (Y. T
N = G7 F, as 2 k?v /
7 7/?7 7
roe k — MakcUMAaJNIbHOE 3HAYEeHHNe ILie- GV k h<<k
ua ([OJIOBUHA KOJleM) NPUHHUMAETCA 3a
ko3thdunenT TpeHus KadeHHus, pa3Mep- Puc. 134

HOCTh ~— CAHTUMETPHI.
OpurenTnpoBouHKle 3HaYeHns k (onpe-

IENAIOTCA SKCNEPUMEHTANILHO): cTadb no ctanu — k = 0,005 cM; pesn-
HOBas LIMHA no mocce — k = 0,24 cm.

IIpuMmeps! perieHus 3agad

IIpumep 1. Ceobonnas MaTepuanbHas TOYKA, MACcs KOTOpol 5 kr,
JIIBIKETCA COIVIACHO ypaBHeHmio S = 0,48t2 + 0,2¢. OnpenennTs Bemun-
Hy OBUXYILEN CUJIEL.

Pewenue
1. Yckopenue Toukn: a = v' = §”; v = 8" = 0,96t + 0,2;
a=v =0,96m/c%
2. JlejicTByiomas cuila COrJIaCHO OCHOBHOMY 3aKOHY OWHaMHKH
F=ma; F=5-0,96=4,8H.
IIpumep 2. K nByM MaTepranbHBIM TOYKaM Maccoit my = 2 KT U
4 - 80060
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™mo = 5 KI IPMJIOXKEHB ONMHAKOBEIE Cuiibl. CPaBHUTH BEJIMYUHEL YCKO —
peHuit.

Pewenue

CorsacHo TpeThell aKCuoMe TUHAMUKY YCKOPEeHus 0OpaTHO Ipomop —
MAOHANBHEL MacCcaM:

Ilpumep 3. Ha MaTepnaibuylO TOUKY IelICTBYeT CHCTEMa CHA
(puc. 13.5). OnpenenuTh YMCIOBOE 3HAUYEHUE YCKOPEHHMS, [OJIYyYEHHOIS

MaTepUalIbHOM Toukol m = 7 kr. OcTajbHEle NaHHBIE [IPEJICTABICHEL Hy,
qepTexe.

Pewenue

1-it BapnaHT.
1. OnpegensieM CyMMApHYIO CHIIY, DERCTBYIOIUYIO HA TOYKY:

n
> Fiz =15+ 10+ cos30° = 15 + 10 - 0,866 = 23,66 H;
0 n
> Fiy =10 cos60° — 20 = ~15 H;
0

Fy, = /23,662 + 152 = 28 H.

2. OnpenenseM ycKOpeHHe, COOOILIEHHOE TOYKe:
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2-i1 BapuaHT.
OmnpenenseM yckopeHNs OT KaXIOit 3 cuil cucTeMsl (puc. 13.56):
1
a; = —fq =1,43 M/Cz; apy = % =2,14 M/C2; as = Y

2. OnpenensaeM CyMMapHOE YCKOPEHUE:
n
3 ar = 1,430,866 + 2,14 = 3,38 m/c%;
0

n

Say =1,43-0,5 + (—2,86) = —2,14 m/c?;

0
ax = /3,382 + 2,142 = 4 m/c%.

KOHTpOJIbeIe BOIIPOCHI 1 3aaHUA

= 2,86 m/c2.

1. Yro HasbiBatoT Maccon Tena? Hazosure enuuuily usmMepeHus Mac-
cul B cucteme CU.

2. Yro sBnsieTcs MepOil MHEPTHOCTH Tena?

3. anuiuuTe OCHOBHOI 33KOH AMHAMMKU B BEKTOPHON u nuddepen-
nuaibLHOM dopMe.

4. Ha MaTepuanbHyIO TOYKY OENCTBYET IOCTOSHHASA cwila. Kak npu-
xKeTcs Touka?

5. Kakoe yckopeHne momyunT TO4uka, €CIU Ha Hee OEHCTBYET CUIIa,
paBHAS YIBOEHHOW CUJE TSXKECTU?

6. Iloce cTONKHOBEHMs IOBYX MATEPHMANIBHBIX TOUEK C MACCAMMU
my = 6Kr 1 Mg = 24 Kr nepBas TOYKa NOJIyuwiIa yckopenue 1,6 m/ 2.
UeMy paBHO YCKOpeHMe, MOJyUYEeHHOE BTOPOI TOUKOH#?

7. B ueM 3akmiouaercs MPUHIUI HE3ABUCUMOCTH OEMCTBUL CUI?

8. IlepeuncnuTe 3aKOHEI TPEHUS CKOJILKEHMUS.

9. Ilepeuncnure paxTOphl, BANAIOLIME HA BEJIMYNHY KO3(hdunmenTa
TPEHUs CKOJIbXKEHUS.

10. Teno mBMXeTCs MO HAKIIOHHOM IIIOCKOCTH BBepX (puc. 13.6).
Macca Tena 10 xr, koabduuuenT Tpenus 0,2. v
Onpenenute BOSHUKAIOIIYIO CHITy TDEHUS.

30

GV

Puc. 13.6
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Tema 1.13. [IBuxeHne MaTEepPUAIILHON TOYKNA.
MeTon KMHETOCTATUKH

Hmems npedcmasaenue 0 c80600HbIT U HECE0E0OHDIT MATNEPUAAL—
NOIT MOYKAT, O CUAAT UHEPYUYL, 06 UCTLOAB306AHUU CULLL UHEPUUL OAR
PEWENUT METHUECKUT 3aday.

3namb fopmysbt 0ag pacuema cuabl UKEPUYUL NPU TLOCTNYTLATNENL—
HOM U epawamesbrom deuxcenudr, 3uwamb npuwyun Hasembepa
yMeMd ONpedeadmsd NAPAMEMPbL O6UNCEHUL € UCTLOALIOBAHUEM 3AKOHOF
JunaMUKY U MEMOJaA KUNEMOCTATNUKY.

Cpo6oauasa u HecBOGOOHAA TOYKM

MarepuansHas Touka, IBIKEHNE KOTOPO B IPOCTPAHCTRE HE Orpa -
HIT4EHO KaKUMH-HNOY AL CBA3IMY, HA3LIBaeTCA 60600101, Sanaun pema—
IOTCA ¢ TIOMOIIBIO OCHOBHOIO 33KOHA IMHAMUKIL.

MaTtepuanLube TOYKM, OBUKEHHUE KOTOPHIX OTPAHMYEHO CBA3AMH
HA3BIBAIOTCI HEC60600HLIMY.

Ina necBoGOMHEIX TOUEK HEGOXOMMMO OMPENEATh PEaKINu CBI3EH
OTH TOYKM OBMXKYTCA NON IECTBUEM AKTMBHBLIX CHJI M OTPAHMYHMBAIO-
IMX IBIKEHUE Deaxumit cBsaseil (IACCUBHBIX CHIT).

Hecsobonurie MaTepuajinHEIE TOYKH OCBOBOXIAIOTCS OT CBA3el
CBA3M 3aMEHAIOTCA ux peaxumsamu. Iajee HecBOGOMHBLIE TOYKM MOXKHE
PaccMaTpPUBATD KK CBOGORHEIE (IPUHLMIT OCBOGOKIAEMOCTH OT CBA3€H)

Cua mHepn

Huepmnocmb — crocobHOCTD COXpPaHATb CBOE€ COCTOAHNE HEN3MEH—
HEIM, 3TO BHYTp€EHHEE CBOCTBO BCeEX MaTepHaJILHBIX TeJl.

Cusaa unepyuy — Cua, BO3HUKAOUIAL [IPH PA3TOHE MII TOPMOXKE -
HuY Tella (MaTepUAJbHOM TOYKM) U HAINPABIEHHAA B OOPATHYIO CTOPO-
HY OT YCKOpEHHA. CPIJIy HHEPpUVN MOXHO N3MEPHUTH, OHa IIPMJIOXKEHa K
«CBA3AM>» — TeJlaM, CBA3AHHBIM C PA3TOHAIOLLIMMC UK TOPMO3SAIIIMMCA
TEJIOM.

Pacc*m*rano, YTO CHUJIa MHEPIHNU DaBHA

Fuu = |mal.
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Taxum 06pazoM, CUIIbL, AEHCTBYIOIIME HAa MATEPUATTLHEEIE TOUYKY 1]
u my (puc. 14.1), npu pasrose miardOPMEI COOTBETCTBEHHO PAaBHEI

FMH] F;l

—f"] «m] F.,

L > Funz = m2a.

@) o=
Pasronstomeecs Teino (mar-
Puc. 14.1 dopma ¢ Maccoit m (puc. 14.1))
CWIIy MHEPUVM HE BOCOIPUHUMAET,
UHaYe Pa3roH IIaTGOPMHL BOOG-
e Obl1 OB HEBO3MOJKEH.

Ilpy BpamaTensHOM HBMXEHMM (KPUBOJIMHENHOM) BO3HHMKAIOLIEE
YCKOpEHVE NPUHATO NPENCTABIATh B BUIOE ABYX COCTABIIAIONIAX: HOD-
MaJILHOTO Gy, U KacaTenbHoro a; (puc. 14.2).

IMosToMy Npu pacCMOTPEHUM KPH-

BONIMHEIHOTO IBYXKEHUS MOIyT BO3-

Fuu, = mya;

HUKHYTb IBE COCTaBIISIOLINE CHJIBL Fu
MHEPLMY: HOPMaJIbHas 1 KacaTelbHas r an
a = a; + Qn,

dv

! n

G = o =V 6 = Er Ft, = mer; a, Faw

v? n muv? Puc. 14.2
n = 5 P = T

IIpu paBHOMEpHOM IBMXKEHMHM TO AYTe BCErila BO3HUKAET HOPMAIb-
HOE YCKOpDEHHUE, KaCaTe/ILHOE YCKOpPEHHME DAaBHO
HYIIO, IO3TOMY AENCTBYET TONLKO HOPMAalbHAas
COCTABJIAIOMIAS CUAJIBI MHEPUMM, HAIPABJICHHAA
no pamuycy u3 ueHtpa ayru (pumc. 14.3).

w = const;

2
F? o= v 2
PUC. 14.3 uH maﬂ. - m_r- =mw-r.

IIpuauun xnHerocraruxku (npuHunn IfanambGepa)

TIpUHUMN KMHETOCTATUKYA MCHONb3YIOT LIS YNPOLIEHAS DELICHUS
psiOa TEXHUYECKMX 3alad.

PeanbHO CuiThl MHEPHUM NPWIOKEHH K TeNaM, CBA3aHHBEIM € Pa3ro-
HSIIOLLMMCS TeJIoM (K CBA3SIM).
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Ianambep NPEIIOXI YCAOEHO NPUKALObIEATNb CIILYy HHEPLKHN K aK—
THBHO PA3TOHAIOIIEMYCS Telly. TOra cucTeMa Cil, IPUJIOKEHHEIX K Ma—
TEPUATILHON TOUKE, CTAHOBUTCS YPABHOBELIEHHOM, M MOXHO HpU pellle—
HUHU 3a/1a9 OUHAMUKA HCIIONB30BaTh yPABHEHUS CTATUKU.

Hpunanun Hanambepa:

Mamepuaavrnag mouxa nod deticmeuesm GKMUSHHIT Cud, pPeaKyud
c6a3eti U YCAOBHO TIPUAOHCENHOT CUALL UKEPYUY HATOOUMCA 6 PABHOBE—
cuu:

n n
> Fe+> Ri+Fu=0; Fy=-ma.
0 0

Iopadox pewenug 3a0ayu C UCTLOALI0BAHUEM TLPUHYUNG
Iaaambepa
. CocTaBUTb PACYETHYIO CXEMY.
. BuibpaTh cucTeMy KOOPOAMHAT.
. BriscauTh HanpaBneHue M BeIVMYUHY YCKODEHWUS.
. YCIOBHO NPWIOKUTE CHIJLY MHEPLUN.
. CocTaBUTb CUCTEMY YPaBHEHMI DABHOBECHS.
. OnpenenmTh HEU3BECTHHIE BEJIMIUHEL.

Uk W N

IIpumeprl pemiesui 3amad

ITpumep 1. Paccmorpum nBuxeHNe MIaTGHOPMEL 110 HIEPOXOBATOH
TIOBEPXHOCTH C yckopenueM (puc. 14.4).

Pewenue

AXTHUBHEIE CHJIEL: IBUKYIUAS CUIIA, CII1A TPEHUS, CUIIa TsKecTH. Pe-
axuns B onope R. [IpuknagrisaeM cuity nHepnuy B 06paTHYIO OT yCKope-
Hust cropony. [lo npunnuny anambepa, cucrema cuii, IefCTBYIOIIMX HA
inaT¢opMy, CTAHOBUTCS. YPABHOBEIIIEHHOW, M MOXCHO COCTaBUThL yPaBHEe-
HuUs paBHOBecus. HaHOCHM cuCTeMy KOOPAMHAT U COCTABIIAEM YPABHEHNS
IIPOEKITNI CHI.

n
> Fiz =0=> Fyo — Fun — Frp = 0;
0

Y Fy=0=R-G=0;
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¥y
T | Fyn| = ma;
R a
— F‘rp = fR,
FMH I 1 Fm; /]
< >—> roe Fpy — neuxymas cu-
I 0 i X o y

Fp C ) o na;

F;p, — cuna TpeHus;
JG G — cuna TAXeCTH;
Puc. 14.4 R — peaknus omnopsr;
Fyy — cuna unepuum,
f — xoaduuMeHT TpeHns.
IIpumep 2. Teno secom 3500 H meBmxeTcs BBepX 1O HAKJIOHHOM
IJIOCKOCTH COry1acHo ypasHeruio S = 0,16t (puc. 14.5). Onpenenuts Be-
JUYMHY OBMXKYIUEH CUITBL, ey KO3¢hdULUMEeHT TPEeHUs Tella O IJIOCKOCTh

f=0,15.

Pewenue

1. CocTaBUM pacyeTHYIO CXeMY,
BEIGEpEM CHCTEMY KOOPOMHAT C OCHIO
Oz BIONL HAKIIOHHOM INIOCKOCTH.

AKTUBHBIE CWIBL: OBMXYLUAs, CH-
na TpeHms, cuia Tsxectu. Hamocum
PEaKLMIO B ONOpe MEPHEHAUKYJISAPHO
[IOCKOCTH. YTOOHI BEpHO HANPABUTH
CUITy MHepuuM, HeoGXOOVMO 3HATL Ha-
IpaBJIeHMeE YCKOPEHU s, OIPENeSIUTh 3TO
MOXHO II0 YPABHEHUIO IIBUKEHUS.

Ilpu a > 0 oBuxenwe paBHOYCKO-
DEeHHOe. Puc. 14.5

2. OnpenensieM yCKOpeHU€E OBUKEHUS:

a=v=8"v=5 =032 a=1v =032 m/cz > 0.

Cuny F,,,; HanpasuM B 06paTHYIO OT YCKOPEHUA CTOPOHY.

3. Ilo npunnuny Ianambepa cocTaBuM ypaBHEHWs pPaBHOBECHSI:

ZFk:I::O; FnB—Gm—FTp— MH=0; Gx=Gsin30°.
0

ZO:Fky=0; R—-Gy=0;, Gy=Gcos30°; R=G,.
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4. HOHCTB.BI/IM BC€ U3BECTHLIC BEJINYUHEI B YPABHEHENs DABHOBECHA

F’rpsz; FTp=fGy=fGCOS30°;

G
Fou =ma= —a;
g

Fz — Gsin30° — fG cos 30° — %a = 0.

BripasuM Hem3BeCTHyIO CHIIy M PEUIMM ypaBHEHUE:

Fpp = 3500-0,5+ 0,15 - 3500 - 0,866 + Z—Séo—lq -0,32 =2318,8 H.

IIpumep 3. I'padux usMmeHeHUT CKOPOCTH MUMTA DU HOALEME U3 —
BecTeH (puc. 14.6). Macca mudra ¢ rpysom 2800 xr. OnpenenuaTh HATS —
#eHMe KaHaTa, Ha KOTOPOM NoABelieH (T Ha BCEX YIACTKAX MOAbEMA

v, M/C
5
1 2 3
0 4 12 18 4c
Puc. 14.6
Pewenue

1. PaccMoTpuM y4acTok 1 — monneM ¢ yCKOpEHUEM.
CoctaBuM cxemy cuin (puc. 14.7).

YpaBHuenue paBHOBecHs KabuHEI JudTa:

n

0

roe T — HaTsKeHue KaHaTa; G — cuna TaxecT; Fu,y — cuila nHEpUUR
PacTATNBAIOLIAL KAHAT.

st onpenenedus yckopeHus Ha yd4acTke 1 yuTeM, 4TO LBMXKEHHE
Ha 3TOM Y4YacTKE DABHOINEDEMEHHOE, CKOPOCTh U = vp + at; vp = O.
CrenoBaTensHo, yckopeHue:

U1

ag=—=-; a =125 M/C2.
171

ot
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Onpenensem ycunue HaTsKEHNA KaHATa IIPU NOABbEME C YCKOPEHNEM
’ 2800(9,81 +1,25) = 30968 H; T, = 30,97 «H.

T 2. PaccMoTpuM y4acTOK 2 — paBHOMEPHBIH
al v MONBEM.
Yckopenue u cuita MHepIMM paBHBHL Hymio. Ha-
TsDKEHUE KAaHATA PABHO CUJIe THXKECTH.

T Th—-G=0;, T,=G=mg;

T = 2800 - 9,81 =~ 28 xH.

3. YuacTok 3 — noaneM ¢ 3aMeIJICHUEM.
Fin Yckopenne HampasileHO B CTOpPOHY, obpat-
HYIO HaIlpaBleHu10 nogbeMa. CocTaBUM CXEMy CHI
Puc. 14.7 (puc. 14.8).
Ypasuenue pasuosecus: Fy, + T3 — G =0.
Oxciona T3 = G — Fyuyy = mg — mas.
Yckopenue (3aMensienne) Ha 9TOM y4aCTKE ONPENEIISETCS C YIETOM
Toro, yro v = 0.

y
U
vg + aztz = 0; as=—t—; as=—g M/Cz- Fun
aj\ v
Ha.TSDKeHI/Ie KaHaTa IIpM 3aMedJICHNU I0 OCTa~ T
HOBKMH:
5 !
T3 =2800{ 9,81 — 5)= 25144 H; T3 = 25,14 xH. G
Ta,KMM 06pa30M, HATAXEHHEe KaHaTa MeHsaeTCsa l
IPpH KaXXIOM IIoabeMe N OIlyCKaHMM, KaHaT BbIXO-

ONT M3 CTPOs B PE3yNbTaTe yCTAJIOCTH MaTepuaia. Puc. 14.8
PaboTocnocobHOCTh 3aBUCAT OT BPEMEHH.

IIpumep 4. CaMoneT BHIIOIHSET «MEPTBYIO METIIO®> MPU CKOPO-
ctu 160 M/c?, paguyc nersm 1000 M, mMacca netuuxa 75 kr. OnpenemuTs
BEJIMYMHY OABJIEHUs Tesla Ha KPeCso B BEPXHEN TOUKE «MEPTBOM NMeTIINs.
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Pewenue

1. Cxema cun, meficTByommMX Ha neTyuka (puc. 14.9):
rne G — cuna TaxectHu, I8 — peakuusa B

A omope, F. — cuna MHEpIuN.
Fon uH
r 4] Cuaa dasaenud aemuuxa Ha Kpecaod
~ PasHa cuae 0a6AeHUT ONOPLL Ha AETNUUKG.
2. YpasHenne paBHOBecUs (IBIKEHUe
YG PABHOMEPHOE IO Oyre, NEHCTBYET TOJILKO
VR HOpMaJibHOe yckopenue): FL. —G—R =0
2 2
v v
R=F;,-G; R=m——-mg=m (—— -
Puc. 14.9 T "
1602
R=75——-9,81) 1184 H.
( 1000 )

KOHTpOJ’IbeIe BOIIPDOCEHI N 3adaHUA

1. O6BbsicHUTE pasHHUIy MEXIY MOHATUIMHA KUHEPTHOCTB® U «CHUIIA
MHEPLIUU>.

2. K xaxuM TesaM NpHIOKEHA CUJIA NHEPLWH, KAK HAIPABJIEHA M 110
Kakoit dopMysie MoxeT GHITH paccunTana?

3. B ueM 3akmiouaeTCs MPUHINN KUHETOCTATUKN?

4. 3amaHO ypaBHEHME IBIDKEHMS MATEPUAJBHON Touku S = 8,6¢2.
Onpenenute ycKOpeHne TOYKM B KOHUE JECATON CEKYHILI ABWXKEHUS.

5. Teno nBMXeTCs BHU3 MO HAKJIOHHOI myockocTu (puc. 14.10). Ha~
HeCUTe CUJIEI, AeHCTBYIOUINE Ha TeJo; ucmonb3yite npunuun lamambGe-
pa, 3anuIluTe ypaBHEHUE PDABHOBECUS.

Puc. 14.10

6. JIndT cryckaercs BHu3 ¢ yckopenneMm (puc. 14.11). Harecure cu-
JIBl, JEMCTBYIOLIME Ha KabWHY JiudTa, UCIOIL3YS NPUHIMI KUHETOCTA-
THUKY, 33MUUINTE YPABHEHUS DABHOBECUS.
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4 S

Puc. 14.11 Puc. 14.12

7. ABTOMOGMIE BBE3XKAET HA APOYHEIA MOCT C IOCTOSHHOM CKOpO-
croio v (puc. 14.12). Hanecute cuin, meficTsyrolme Ha aBTOMOOHIL B
CepeIMHe MOCTa, UCTIONb3y s MPUHIII KMHETOCTATUKHM, 3alIUIINTE ypaB-
HEHUs PABHOBECHUS.

8. OTBeThTE HA BOMPOCH! TECTOBOTO 3a/IAHMA.

Temsnr 1.12, 1.13. IunaMmuxa.
IIBu>xxeHue MaTepnaibHOMN TOYKHU.
MeTon KMHETOCTATUKM

Bonpoch OTrTererTisH |Kon

1. [lon meficTBUEM NOCTOAHHOR CUJIBI MaTepUalIbHAA 5H 1

Touka Maccoit 5 kr npuobpena ckopocrk 12M/c 3a 6.

OnpenennTs cuily, NeACTBYIOUYIO Ha TOUKY. 10H 2
15 H 3
20 H 4

2. K nByM MaTepyalIbHBIM TOYKaM NPUIIOXKEHBI ONUHA~ 1:2 1

xoBble cunbl. Maccel Touek my = 30kr u mg = 90kr.

CpaBHUTb BETMYNHBI MOJTyYeHHBIX yYCKODEeHUIt. 1:3 2
3:1 3
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IIpononxenue
Bonpocs OrTereTsn |[Kon
3. Tpadmk naMeHeHus cKopocTH IudTa NpH OMycKa- 600 H 1
HAIY noka3aH Ha pucyHke. OnpenesnTh HATXKEHHE
XaHaTa, Ha KOTOPOM NoMBelleH Tu(T Ha NepBOM 2343 H 2
yuacTke nemxkenus. Macca HarpyxeHHoro nudra
300 xr. 2943 H 3
v, M/c l”
6
3300 H 4
0 3 10 13 1c¢ G

4. Teno nogHUMaeTCs BBEPX COIVIACHO YPABHEHMIO 117,72 H 1
S = 1,36t*. KoopuLueHT TPeHU O NOBEPXHOCTH
HacTuna f = 0,15. OnpenenuTh BeTUYMHY IBUXY- 2176 H 2
et cunel. Cuna Tsoxectu 784,8 H.

3924 H 3

7119 H 4

30°
5. MoTonuxnucT BBHE3KAET Ha NEPEBAHHBIA MOCT M 611,6 H 1
nporubaet ero. Panuyc xpuBusant Mocta 100 M.
Cuina TaXecTH MoTOUMKIa ¢ MoTouukaunctoM 1500 H. 888,4 H 2
CkopocTh MOTOUMKIA 72 kM/4. OnpeneiuTs cuity
NPUXATUS MOTOLMKIIA K NIOBEPXHOCTH MOCTA. 1500 H 3
r
v
- 21116 H 4
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JIEKIIUA 15

Tema l.14. Pa6oTa 1 MOIIIHOCTE

Hmemov npedcmasaenue o pabome cuavt npu NPIMOAUHETHOM U
KPUBOAUHETHOM TLEPEMEULEHUAT, O MOUHOCTNU NOAE3HOT U 3AMPAUEH-
notl, 0 xoadPuyuenme noaesnoz0 deticmeus.

3namp 3a6ucumocmu 048 onpedesenud cudbl Mpenud, Hopmyav
dag pacuema pabombl U MOWHOCTIU TPU NOCMYNAMEALHOM U 6PAWA-
MEADHOM Q6 UNCEHULL.

Yumemv paccuumsieams pabomy u MOUNOCTDL € YUEMOM NOMEPL HA
MPEHUE U CUL UNEPYUU.

Pa6ora

Ilns xapakTepuCTUKY NEMCTBUS CHIIB HAa HEKOTOPOM MEpEeMEIleHUN
TOYKM €€ NMPUIIOKEHNA BBOOAT TIOHSTUE «paboTa CHMIED».

Pa6ora cmyxunT Mepoit meiicTBUs CHIIEI, paboTa — CKaJISIPHAs Be-
JINYUHA.

Paboma nocmoaniotl Cuabl Ha NPAMOAUHETHOM TIYMU
PaGota cunm B ofuieM ciiydae
YKCJIEHHO PaBHA IIPOU3BENEHMIO MO- F

OYJS CHIIBl Ha IJIMHY MPOIREHHOTO v
[IyTH X Ha KOCHUHYC YIJla MEeXIY Ha- o

TpaBIeHNEM CWJIBI U HAIPaBIEHNEM M My
nepemeruenus (puc. 15.1): VA G A e A AV A
S
W = FScosa.
* Puc. 15.1

Enuuunn usmepenus paGoThl:

1 Ox (mxoyns)= 1 H-m; 1 xIIx (xunomxoyns) = 103 Ix.

PaccmoTpuM 4acTHBIE Ciydau.

1. Cumpl, coBnafaolMe ¢ HANPABJIEHWEM MepeMEIEeHUs, Ha3hiBa-
1oTCs deudcywyumu cusamu. Hampasnenue BeKTOpa CUNBI COBIANAET C
HanpasiieHueM nepeMeruenus (puc. 15.2).

B sTom cnyqae a = 0° (cosa = 1). Torga W = FS > 0.

2. Cuabl, nepnenduxysgpubie HanPasAENUIO nepemsewerud, pabomot
ne npoudeodam (puc. 15.3).
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v F4
_— 0 90
F 2> \
- BB
s S
Puc. 15.2 Puc. 15.3

Cuna F' nepneHmukyndpHa HanpaBleHUIO nepeMerieHus. o = 90°
(cosa = 0); W =0.

3. Cuinel, HanpaBleHHBE B 06PATHYIO OT HANpPAaBJICHUA TIepeMerle—
HUSL CTOPOHY, Ha3BIBAIOTCH CudaMu conpomusaienug (puc. 15.4).

Cuna F nanpasneHa B o6paTHYIO

- OT mepeMerienus S CTOPOHY.
_F S B stoMm cyuae o = 180° (cosa =
e s = —1), cnenosatensuo, W = —FS < Q.

Ipmxynme cunsl yBelIMYMBAIOT
MOyl CKOPOCTM, CHJIBI COIPOTUBJIE-
HUS YMEHBINAT CKOPOCTh.

Takum obpasoM, paGoTa MOxeT GHITh TIONONKUTEILHOR M OTPUIA-
TEJLHON B 3aBUCHMOCTY OT HANPABJIEHUS CHUJIKI M CKODOCTH.

Puc. 15.4

Paboma nocmogunol cuabt na xpusosunetinom nymu

Ilycte Touka M nBMXeTCA MO Oyre OKpy:XHocTH M cuia F' cocta~
BIIsIET HEKOTOPHIM YroN & ¢ XacaTe-

nbHOM K OKpyxHocTH (puc. 15.5).

BekTop cunm MoxHO paszno-
XKUTH Ha [BE COCTABISIOLINE:

F=F+F,.

Ucnone3ys npuHuun Heszasn-
CHMOCTH OEeWCTBHSA CUJI, OIIPENeTuM
paboTy KaxX[ol M3 COCTaBJISIOLINX Puc. 15.5

CHWJIBL OTHEJIBLHO:

W(F,) = RAS;  W(F,) = F,AS,
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roe AS = MluMz — MPOINOEHHLIA NYTh.
AS = or.

Hopmanbuas cocrasnsiomias cunul F), Bcerna HanpasieHa IepreH-
OUKYJIAPHO TEPEMELUEHUIO U, CIIENOBATENLHO, paboTH He NpPOM3BOAUT:
W(F,)=0.

IIpu nepemelniennu 110 nyre obe COCTABIAIOIINE CAIBI PAa3BOPAYUBA-
toTcd BMecTe ¢ Toukoil M. Takum obpazomM, KacaTenbHas COCTABIISIONIASL
CWILl BCErIa COBIANAET IO HAIIPABIICHMIO C NIEPEMEILIEHNEM.

Bynem umers: W (Fy) = Fyopr.

Kacarenbnyto cunny F; OOBIYHO HA3EIBAIOT 0KPYHCHOU cusotll.

Pa6oTa npy KpUBOIMHEHHOM NIy TH — 3TO paboTa OKPYKHOW CHUJIEL:

W(F) = W(F).

TIpouspenenne oxpy>HOI CHIIB! Ha PaIMyC HA3LIBAIOT 6DAWAIOUUM
MOMEHTIOM:

Map = Ftr-

Pabota cnnet, npuitoxxeHHOM kK BpalllalollieMycs Tely, paBHA IPOUs3-
BeIeHUIO Bpalllalollero MOMEHTa Ha YroJs MOBOPOTa:

W(F) = Mppp.
Paboma cuabvt maxcecmu

PaboTa cHIRl TsXKeCTH 3aBU-
CHT TONBLKO OT U3MEHEHUs BLICOTHL M,
Y paBHa NPOU3BENEHNIO MOOYJIA CH- P
TIBI TSOKECTU Ha BEPTUKAJILHOE IIe-
pemerierue Touku (puc. 15.6):

W(G) = G(hy — hg) = GAh, x
rae Ah — u3sMeHeHue BHICOTHI. Puc. 15.6

Ipn onyckanum paGoTa NONOXKUTENBHA, IPU NOOBEME OTPUIIATEIBHA.,

Paboma pasnodeticmsyrowett cuast

Tlon meiicTBMEM cHMCTEMBI CHST TOYKA MACCON M NepeMelluaeTcs U3
nonoxenus M) B nonoxenve My (puc. 15.7).

B cnyuae nBuxenus nom meicTBUEM CUCTEMBI CHII IOJL3YIOTCS Te-
opeMoit 0 paboTe paBHOOENCTBYIOILENH.

Paboma pasnodeticmeyowel Ha HEKOMOPOM NEPEMEWEHUL PAEHA



112 Jexknus 15

(J,Jl,266pa’llﬂl,66'f€0’li cymme pa.6om CUCTMEMDL CUA HA TMOM HCE NEPEMEULEH

FX F M, Fs=FR+F+F3+- -+ F,.

v

Pa6ora paBHOnEHCTBYIOMIEH CUITBI

F

F, My
W (F W (F;
", (Fx) = }: (F)-
Puc. 15.7

IIpumeps! pemrenus 3agad

IIpumep 1. Teno maccoit 200 kr OTHUMAIOT O HAKJIOHHOM II0C —
xoctu (puc. 15.8).

Onpenenmure pabory npm mne-
peMerueHu Ha 10 M ¢ OCTOSHHOM
ckopocTbio. Koabduumnent Tpenns
Tena o mwiockoets f = 0,15.

Pewenue

1. TIpu paBHOMepHOM MTOTBLEME
OBMXKYLIAS CHIIA PABHA CYMME CHJI
COIIPOTHBIIEHN ABMXKeHuto. Hano-
CHM Ha CXEMY CHJIHI, HENCTBYIOLINE
Ha Telo:

Puc. 15.8

Fipn=R+F,+G,;
R=Gy=Gcosa; a =45, F,=fR= fGcosa;

n
> Fre=0; Fu=Gz+ Frp.

2. WcnonsayeM TeopeMy 0 paboTe paBHOOEHCTBYIOLLIECH:
W(F) =W(R)+W(Fyp) +W(G); W(R)=0; W(G)=W(G,).

3. IoncrasnsgeM BXoOsilive BEMHYMHBI M OIpenenseM paboTy IO
HOI'bEMY:

W (Fu) = FrpAS + G,AS; G =mg.
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W (Fg) = fGeosaAS + GsinaAS; AS =10M, o=45%
W (Fus) = mgAS(f cosa+sina); W (Fys) = 200-9,81-10(0,15-0,7+0,7);
W (Fg) = 15794 IIx.
ITpumep 2. OnpenenuTe paboTy CUIIBI TAXKECTH NPY IEPEMEIIIEHIH

rpy3a u3 Touku A B Touky C 1o HaxjonHOM rutockocTH (puc. 15.9). Cuna
Tsxectu Ttena 1500 H. AB=6 M, BC =4 M.

Pewenue
0 B 1. PaGoTa cunel TaxecTn 3a-
V—’Z BUCHUT TOJBKO OT N3MEHEHHS BhI-
C ,’ﬂ COTH rpy3a. U3aMmenenue BBICOTH
4 e VG 45° ah TIpU [1epeMellieHny U3 TOYKu A B
C:
Puc. 15.9 Ah = hy — hg;

Ah = ABsin30° — BC sin 45°;
Ah=6-05—4-0,7=0,2 m.

2. Pabora cunsl TaxecTn:

W(G) = GAh = 1500 - 0,2 = 300 IIx.

IIpumep 3. Onpenennre pabory cuinm pesanus 3a 3 mun. Cxo-
pocTh Bpawuennsa netanu 120 o6/mun, nuamerp

oGpabareiBaeMoit geTanu 40 MM, cuna pezanus @
1 xH (puc. 15.10).

Pewenue
1. PaGora npu BpaliaTensHOM JBUIKEHIN

d
d Fpes
[/{/ = FP°3§¢’

Puc. 15.10
rae Fpes — cuna pesaHus.
2. Yrnosas uactora BpaueHus 12006/MuH.
3. Yncno obopoTos 3a 3amaHHOe BpeMs cocTaBnfgeT z = 1203 =
= 360 06.
¥Yroi nosopoTta 3a 3TO BpeMs @ = 27z. = 2 - 3,14 - 360 = 2261 pan.
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4. Pabora 3a 3 mua W, = 1-0,02 - 2261 = 45,2 x]Ix.

KoHTpossHBEIE BOIIPOCH ¥ 3anaHus

1. Kaxue cusbl Ha3BIBAIOT OBIKYIIIIMHU?

2. Kakue cumiel Ha3bIBAIOT CHIIAMM CONPOTUBIEHNA?

3. Samuute GopMynsl N ONpeneneHus paboTH NPU MOCTYNa-
TEJILHOM M BDallATENILHOM IBUKEHHIX.

4. Kakyio cuily Ha3BIBAIOT OKPYXHOK? YTO Takoe BpaILAIONINI MO -
MeHT?

5. ChopmynupyitTe TeopeMy 0 paboTe PaBHONEHCTBYIOIIEN.
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JIEKIIVIS 16

Tema 1.14. Pa6ora 1 MOIIIHOCTD.
KosddpumuesnT nosrezHoro peicrems

Hmemp npedcmasaenue 0 MOWHOCTIU NPU NPIMOAUHETHOM U KPU-
8O0AUHEUHOM TNEPEMEWEHUAT, O MOWMHOCTNU NOAEIHOU U 3ampaueHnol,
o KoadPuyuenme noaeanozo deticmeud.

3uame 3a8ucuMociy 0ad onpedeacHud MOUHOCTIU NPU NOCMYna-
meabHoM U 8pawamenvrom deuncenugr, KIIII.

Yuemsp paccuumamb MOWHOCTIL € YUEMOM TOMEPL KA MPEHUE U
CUL UHEPYUU.

MousocTs

Ina xapaxktepucTvku paBoTOCIOCOBHOCTN U GHICTPOTH COBEpINE-
HUsT paboTHl BBEOEHO TIOHATUE MOILIHOCTH.
MomsocTs — pabora, BHIIOJHEHHAS B €NUHUALLY BDEMEHU:
w

P=—.
t

EnnHuun naMepenns MOIIHOCTH: BATTH!, KMJIOBATTHI,

15('# — 1Br; 103Br = 1Br.

Mowmocmb npu nocmynameavrom deudcenuu (puc. 16.1)

FS E
cos
P=—, o
¢ =) »
S
YunrmBas, 4To 7= Vep, TOJIYyYNM 7 7777 7
P=FUCPCOSQ, Puc. 161

rae F' — Momynb cuitel, mefcTBYIOIel Ha TeNo; Uep — CPeMHsAsS CKOPOCTh
OBUKEHUS Teda.

Cpednga mowrocms Npu NOCMYNAMEILHOM OBUNCEHUU PABHA NPO-
u3eedenuI0 ModYAE Cuabl Ha CPECHIVI0 CROPOCTNL MEPEMEULEHUST U HA KO-
CUNYC Y240 MENCOY HANPABAECHUIMY CULLL U CKOPOCTU.
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Mownocms npu epawenuy (puc. 16.2)
' Teno meuxkerca mo myre paguyc

F, r U3 Toukn M, B Touxy Mo.
M) .

M, F MMy = or.
Pabora cusr: W = My
Mg, = Fyr, rne Myp — Bpainatonm

7 MOMEHT.
p = Moy
Puc. 16.2 t

YunTHBag, 4TO L4 = Wep, TNOIYUUM
t

P = Mgpwep, rlie wep — CPeOHss YIioBas CKOPOCTb.

Mownocmb cuabt npu 6pawenul PaéHa NPOU3BECENUI 6PAUAI0OUE-
20 MOMENTA A CPEONIOI0 Y2408y CKOPOCTD.

Ecan npy BEHIIonHeHuM paGoThl yCUINE MAIUMHEL U CKOPOCTH OBH-
JKEHUsl MEHSIOTCsl, MOXXHO OIPENESIUTh MOILHOCTE B JII060i MOMEHT Bpe-
MEHM, 3Has 3HAYEHUS YCUIMUA U CKOPOCTU B NAHHEIX MOMEHT.

KosdpoduuuenT nmosiesHoro neicreus

Kaxnas MamuHa M MeXxaHW3M, cOoBepinas paboOTy, TPATUT YaCTh
3HEpPruy Ha NPEONOJIEHNe BPEOHBIX CONPOTUBICHUM.

Takum o6pa3oM, MaIIMHA (MEXAHU3IM) KPOME [OJIE3HOI paboTH CO-
BeplIaeT ele 1 OOMOJIHATENILHYIO paboTy.

OrHoluenye mosesHoit paGoTH K MOJIHOM paGoTe NNK [IONEe3HOM MO~
HOCTH KO BCell 3aTPavyeHHO! MOIIHOCTH Ha3bIBaeTCs K03bPuIueHToM 1I0-
nessoro nesicrus (KIII):

P noJjt

3aTp

n=KIII =

[Tonesnas paGora (MOLIHOCTB) PACXOLYETCS Ha OBIKEHUE C 3aIaH-
HOIl CKOPOCTBIO I onpenensercs 10 GopMymam:

W =FScosa, P = Fvcosa;

W = Mypp, P = Mypw.
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3aTpavyeHHasx MOIUHOCTD BOlbIIIe TIONE3HON Ha BEMYNHY MOILHOCTH,
unyIueii Ha IIpeonoiieHye TPeHN B 3BeHbIX MAIIMHE!, HA YTEYKUA U TOMY
nonoOHEIEe IOTEPH.

Yem suime KIII, TeM coBepluertee MaluuHa.

IIpuMmepsl penieHus 3anad

IIpumep 1. OmnpenennTs NOTPeGHYIO MOMIHOCTH MOTOpa JeGenku
n71a nopbema rpysa Becom 3 kH Ha Bricory 10 M 3a 2,5 ¢ (puc. 16.3).
KILII mexanusma neGenku 0,75.

Pewenue
ﬁ 1. MowHocTs MOTOpa KCIHONB3IYeTCS Ha HMOOLEM
rpys3a ¢ 3aZlaHHOA CKOPOCTBIO M IIPEoNoJIeHue BPENHEBIX
| COIPOTUBJIEHNI MeXaHU3Ma JieGenku.
1om IMonesnass MommHOCTH ompenensercs no GoOpMyIe
T” P = Fvcosca. B naaaoMm cinydae a = 0; rpy3 aBmxercs
F'—, MOCTYIATENBHO.
G S 10
v 2. CkopocTsb nonbeMa rpysa v=—; v=—=4M/c.
Puc. 16.3 t 2,5

3. HeobxonuMmoe ycunue paBHO BeCy rpy3a (paBHO-
MEPHHIiA NoIbEM).
4. Tlonesnas moumocTs P = 3000 -4 = 12000 Br.
5. [lonHast MOWHOCTD, 3aTpaYyBaeMas MOTOPOM,
P 12
PMOTopa = 7" MoTOpa — 6',7_5 = 16 kBT.
IIpumep 2. Cynno mBumkeTcs co CKOpoCcTwio 56 kM/4u (puc. 16.4).
Hpurartens passusaer MourHocTs 1200 kBr.

OnpenennTs CHNIY CONPOTHUBIEHWS BOIEI 7 F;“’ LA

nerxenunto cynsa. KIIII mammnm 0,4.

—
F;:onp

Puc. 16.4

Pewenue

1. Onpenensem MOJIE3HYIO MOLIHOCTS,
UACTIONB3yeMYIO Ha IBMXKEHUE C 3aJaHHON
CKOPOCTBIO:

P = Favcosa.
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—_— P .
K P, MOTOpa k

P = Pyoropat; P =1200-0,4 = 480kBr.

2. Ilo dopmysne ni1s NOJIE3HOM MOLIIHOCTY MOXKHO ONPENENUTD ABUXKY —
LIYIO CWIy CyIHa ¢ y4eroM ycnosus « = 0. Ilpu paBEOMepHOM ABUKEHIM
IBICKYILAS CUJIa PaBHA CUJI€ CONPOTUBIEHUA BOmbl: Frp =

comp-*
3. CkopocTh nBMXEHUS CYOHA U = %ﬁ(—)oo—o =10 M/c.
4. Cuna conpoTuBNeHns BOIEI
p 480000
Fconp = ;; Fconp = —_10_ = 48000 H.

Cuna conpoTuBieBUs BOOBI NBHKEHMIO CynHa Feonp = 48 kH.
TIpnmep 3. TounnbHbl KaMens NprxuMaercsa Kk obpabaTnipaemoit

neranu c¢ cunoit 1,5 kH (puc. 16.5). Kakaa

© MOIIHOCTE 3aTpauupaeTcs Ha o6paboTky ne-
/A TaJId, eci Ko3(pduuueHT TPEHUs MaTepua-
0 J1a KaMHs 0 feTasab 0,28; meTans BpalaeTcs
co ckopocThbio 100 06/MuH, tuameTp nerann

60 MM.

Pewenue

Puc. 16.5 1. Pesanue ocymecTBiseTcs 3a CYeT
TPEHUA MEXIY TOUMIBLHBIM KaMHeM K o6pa-
6aTHIBaEMOI IeTaJIbIO:

Foes = Fip = fQ; Fip =0,28-1,5=0,42xH.
d
2. MomeHT cunnl pesanus M = FTPE; M =420-0,03 =12,6 H-™m.
3. YraocBas cxopoCTb BpallleHUs HeTaJjIu
Y= 3,14 - 100
ET
4. MowsnocTs, HeobxonuMmasa A1 oBpaboTky neTanu:

P = Muw; P =12,6-10,47 = 132 Br.

= 10,47 pan/c.

KonTponsHile Bonpockl U 3agaHus

1. 3anumuTe GopMyYIH 4i1g pacyeTa paboTH NPY MOCTYIATE/ILHOM
1 BpalllaTEJIbHOM IIBUXXKECHUAX.
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2. Baron maccoit 1000 xr nepemeriiaoT 10 rOpH30HTAIBHOMY IIyTH
Ha 5 M, koadp¢uuuent rperus 0,15. Onpenenute paboTy CUIE TAXECTH.

3. KosogouneiM TOpMO30M oOcTaHaBiauBaloT Gapabar mnocne oT-
xmouerns nsuraTtens (puc. 16.6). Onpenennte paGoTy TOPMOXEHHS 33
3 ofopoTa, ecnu cUa NpMKATUA KOIonoK k bapaGany 1 xH, koaddum-
eHT TpeHus 0,3.

4. Harsxeunne BeTBell pemerHoit nepenaun S; = 700 H, S = 300 H
(puc. 16.7). Onpenenure Bpallaiolnit MOMEHT TePENavN.

L 200 M
Q \T\Q
\3\7177 S thm
120 Mm

S,

Puc. 16.6 Puc. 16.7

5. 3anmmmTe GOPMYJIHL A1 pacyeTa MOLIHOCTH IIPY MOCTYIaTeNlb-
HOM M BPAIlaTEIIBHOM OBUXKEHUSX.

6. Onpenenure MOIIHOCTE, HEOBXOONMYIO IS NIOABEMA I'DY3a BECOM
0,5 xH na Bricotry 10 M 3a 1 MuH.

7. Onpenenunrte obumii KILII Mexanusma, eciiv Ipyl MOLTHOCTH JBU-
ratens 12,5 kBt u obweit cune conporusnenus apuxenuto 2 kH cko-
pOCTB OBUXeHUs 5 M/c.

8. OTBeTnLTE Ha BOMPOCH TECTOBOTO 3aaHUS.

Tema 1.14. Iuramuka.
Pa6oTa u MouiHocTh

Bonpochs OrserThn |Kon
1. Baron maccoit 680 kr kaTuTC2 paBHOMEDHO IO 10200 Hx 1
FOPU3OHTAIBHOMY IIyTH M IpoxomfuT 15M. Uemy
paena pafora cuibl TaxecTH? 100062 Hx 2
0 3
125000 Hx 4
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Ipononxenune
Bonmnpocunu OrererTwmi{Kon
2. MomnocTs ToxapHoro crauka 1,5 kBr. O6Touka 270 xITx 1
nerann npounsponurcs 3a 3mun. KIIIL cranka 0,8.
Onpenenuts paGoTy, coBepiIaeMylo Ipyu 06TOUKe. 216 xIx 2
4500 Hx 3
3600 Ix
3. Onpenenuts NOTpeGHYIO MOIIHOCTL CTaHKa AJIst 1,884 xBr 1
obpaboTku netany auamerpom 300 MM Ipu yriioBoi
vacTore Bpawenns 12006/Mun u cune pesanus 2,216 kBt 2
1xH. KIII craska 0,85.
4,5 kBt 3
18 kBt 4
4. OnpenenuTh BPalllAIOUIMA MOMEHT Ha BaJly JJi€K- 80 H-m 1
TpomBUraTens npy MoiHoct 8 kBT u yraosoit
cxopoctu 100 pan/c. KIII neurarens 0,8. 64 H-m 2
46 H-m 3
Bepuuiit oTBeT 4
HE npuBeneH
5. OnpenenuTh NOTPeBHYIO MOIIHOCTL MOTOPA 2,59 kBT 1
nebenku nns nopmbeMa rpysa 3,6 xH Ha BuicoTy
120 M 3a 1 MuH. 43,2 xBt 2
7,2 kBt 3
27,3 kBt 4
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JIEKITNS 17

Tema 1.15. O6iie TeopeMbl TUHAMMKN

Huems npedcmasaenue 0 NOHAMUAT KUMNYALC CUALL>, <KOAUUE-
CMNBO JBUNCEHUTS, KKUNEMUECKAT INEP2ULD; O CUCTNEME MATNEPUGIDL-
HbIZ TNOUEK, O BHYMPEHHUT U BHEWHUT CUAGT CUCTILEMDL.

3namo ocnosnbie meopembl QUHAMUKY, OCHOBHBIE YPABHEHUS OUNG-
MUKU TPU NOCTMYNAMEALHOM U BPAUAMEALHOM 0BUNCEHUIT MBEEPI020
meaqa, Gopmyabt 04 PaACUEMA MOMEHNOE UNEPYUL HEKOMOPHIT 00HO-
POOHBIT MEepdbir med.

Yuemv onpedeagms napamempuvr eudceHUT ¢ NOMOWDBIO MEODEM
JuHaMUKY.

Teopema 06 M3MeHEeHNU KOJINYEeCTBA IABMIKEHUA

Koauvecmeom deudgicenud MaTepuajIbHON TOYKM HA3hIBAETCS BEK-
TOPH&s BEIMYNHA, PaBHAas IPOM3BEIEHUIO MACCH TOYKM Ha €e CKOPOCTh
mu.

BekTop KO/mMuecTBa OBVMXXEHUS COBMNALNAET IO HAIIPABJIEHUIO C BEK-
TopoM ckopocTu. Ennnuna usmepesns [mv] =xkr-m/c.

IIponspenenne MOCTOSHHOTO BEKTOpa CHJIBI HAa HEKOTOPHIA Ipome-
XYTOK BPEMEHM, B TeYeHUe KOTOPOro NeHCTBYeT 3Ta CUIA, HA3EIBACTCS
uMnyavcom cuavt F't.

BekTop MMmymbca Cuilbl 1O HAIDABJIEHWUIO COBNALAET C BEKTOPOM

KL - M
CHJIBL. [Ft]:H-c:T

Ucnons3osas ocHOBHOE ypaBHEHMe OWHAMUKM, Iocie npeobpa3oBa-
HUS MOXHO IOJIyYUTh COOTHOLIEHME MEXIY KOJIMYECTBOM ABUXKEHUS K
ummynbeoM cunnl (puc. 17.1).

-Cc =Kr - M/c.

F = ma; a=£i—'2='v'.
dt
dv
F=m—. Fdt = )
mdt dt = mdv

IIpounterpupyem obe uwacTu pa-
BEHCTBa: Puc. 17.1
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t v
/th=/md'v; Ft =m{v — vp).
0 vo

[onyuennoe cooTHOMIEHKE BEIpaXaeT Teopemy 06 n3MEHEeHUN KOJH-
4ecTBa JBUKEHUS TOYKU:

Hamenenue xoauvecmsa JeuNCeHUs MoKy 3a HeKOMOPLL npome-
HCYMOK 6PEMEHU PAGHO UMNYALCY CUAbl, OJeticmeyowemy HE MOYKY 6
MEUEHUE MOS0 HCE NPOMEHCYTNKG 6D EMEHU.

Teopema 06 M3MEeHEHUN KVMHETUUYECKON IHEPruu

Onepeuetl Ha3bIBaETCS CIOCOGHOCTHL TeJa COBEPIIATL MEXaHUde-
CKylo paboty.

CymiecTByIoT nBe GOpMB MEXAHUYECKOHN SHEPTUM: [OTEHIUAJILHAS,
SHepTUsl, NIV HEPrUs MOJOKEHUS, U KUHETHYeCKas SHeprus, Uiv 3Hep-
U IBMXEHUA.

[Torenunansuas sueprus (II) onpenenser cnocoBHOCTHL Tena coep-
WaTh paboTy NpHU OMyCKAHUM C HEKOTOPO! BBICOTHI N0 YPOBHS MOPA,
TloTeHunansuas SHEPrus YUCIEHHO PaBHA paboTe CHIILI TAXKECTH.

Il = Gh, roe h — BBICOTa TOYKM HaJ YPOBHEM MOpH.

Kunernyeckas sueprus (K) onpenensercss crocof6HOCTBIO OBUXKY-
LLIETOCA Tejla COBEpIIATh paboTy. s MaTepuanbHON TOYKM KMHETHYE-
CKas SHEPTUs PACCYNUTHIBAETCA 1o dopMyne

muy
K=—.
2
Knnernueckas sHeprus — BenMUuHA CKaJIApHAs, NOJIOXATENbHAS.
2 2
mvé, KM
Enunnns navepenns: (I1)=[Gh|=H-m; [K]:[T]:: 5—=H-wm.
c

Oueprusi UMeeT pa3MepPHOCTL PaboTHI.

Sanmuem mis MaTepuanbHOR Touku (puc. 17.2)
OCHOBHOE yPaBHEHNE NBYXXEHUS

F =ma.

CnpoexkTupyeM 0be 4acTy BEKTOPHOIO DpaBEH-
Puc. 17.2 CTBa HA HAIIPABJIEHUE CKOPOCTH:

Fcosa =macosa.



Tema 1.15. O6imme TeopeMbl ANHAMUKK 123

dv

M3secTHO, uTO acosa = a; = T

v
Orxyna Fcosa = m-(ﬂ-.
YMHOXKUB 06€ UaCTH HONYUYEHHOrO BLIPDAXXEHUs Ha HEKOTOpPOe Iepe-

ewrenue d.S, HomyuuM:
dv

FeosadS =m&ds; m%ds = mudv.
dt at

t v
WuTerpmpyem obe gacTu paBeHCcTBa / FcosadS=m / vdv.
Q v

mv?  mu}

W= I
2 2

INonyyenHoe paBeHCTBO BLIpaXaeT TeopeMy 06 M3MeHEeHMM KHHEeTU-
2ECKOM DHEPI'UU TOUKM:

Hamenenue xunemuneckotd anepauy NG HEKOTMOPOM NYMU PAEHO Pa-
Some 6cer JelicmeyouuT Ha MOYKY CUL HA TMOM HCE NYTNU.

OCHOBEI AUHAMUKHN CUCTEMBI MaTepMaldbHBIX TOYEK

CoBoKYNHOCIb MAMNEPUGALHRHIT MOUEK, CEIIAHHIT Menedy co60T
cuaamu 83aumodetcmens, nadvicaemed mezanuueckol cucmemoi.

JIio6oe MaTepuanbHOE TENO B MEXAHUKE PACCMATPUBAETCS KaK MeXa-
HUYECKas CUcTeMa, obpasyeMast COBOKYIIHOCTRIO MaTePHAIbHEIX TOYEK.

W3 onpenenenus MeXaHMYECKOH CHUCTEMBI CJIENYeT, YTO OBUXKEHUE
KaXXIOM U3 TOUEK, BXOOAIUMX B CUCTEMY, 3a8UCUM OT IBIKEHNA OCTAJIb-
HEIX TOYEeK.

Cunel, medicTBYIOIINE Ha TOYKM CUCTEMEI, UENISITCA HA GHEWHUE U
snympennue. CHIbl B3aMMONEHCTBNA MeHCOY Mmoukamu amotd cucmembl
Ha3LIBAJOT éHympennumu. K snewnum cuaam OTHOCATCA CUIIHL, NeACTBY-
IOIIIe CO CTOPOHLI TOYEK, He 6Z00FUWUL B 3TY CUCTEMY.

IIpuMepaMy BHELIHNX CHJT SBJISIOTCS CHJIA TSDKECTH, CUJIa OaBIIe-
HUS, CUJ1a TPEHUs U Op.

K BHYTpeHHUM cHIIaM OTHOCATCS CUJIBL YIIPYTOCTH.

IBnxenune MeXaHUUECKON CUCTEMEI 3ABUCUT HE TOJBKO OT BHELTHUX

n

CHJI, HO M OT cymmaprotl maccol cucmembt m = y_ Amg, rme Amy —
0

Macca OTHENBbHBIX TOYEK MEXaHMYECKON CHUCTEMEI.
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,HBI/I}KeHI(Ie CHUCTEMEI 3aBHCUT M OT IIOJIOXKCHUA LECHTPa MaccC C!1
CTEMEI — YCIIOBHOH TOYKH, B KOTOPOH COCPENOTOYEHa BCS MaccCa Teld
O6HIMHO CYMTAIOT, YTO B HEHTPE MACC NPUAONCEHDL 6CE BHEWNUE CUAD

JBuxeHnne nenTpa Mace onpenesieT IBUKEHUE BCeil CUCTEMBI TOIIE
KO IIpY IIOCTYNATEILHOM IBUKEHUH, TIPY KOTOPOM BCE TOYKH TeJja IBH
MYTCsA ONUHAKOBO.

Ocnrosnoe ypasHenue OUHAMUKU NPU TOCTMYNAMEALHOM
deudcenuu meaa

Ins onpenenenus npuxeHns Tena (CUCTEMBI MATEPUAJIBHEIX TOYEK
MOXHO HCIOIB30BATH BTOPOM 38KOH NUWHAMIKIA

Fy = ma,,

rme m — CyMMapHas Macca Teja; d,— YCKODEHUE LIEHTpa Macc TeJa.
B none 3eMHOr0 NPUTSKEHUA YEHMDP MACC COBNAJAEM C YEHIMPOM
MAHCECTNU. :

Ocrosnoe ypasrenue JUNIMUKU 6PAUYAIOUERZOCT TEAQ

Ilycrs TBepmoe Temo nom AefiCTBHEM BHEIIHMX CAJI BPALLIAETCS BO<
kpyr ocn Oz ¢ yraosoii ckopocTsio w (puc. 17.3).

PaccmaTpuBas TBepmoe Teno Kak MEXAHHYECKYIO CHCTEMY, Daso-
BLEM ee Ha MHOXKECTBO MaTepHalbHEIX ToueK ¢ Maccamu Amy. Kaxnas
TOUKA ABIDKETCA [0 OKPYKHOCTH PAIMYCA T C KACATENBHbIM YCKODCHH-
eM al = er, u HOpMAJBHEIM ycKopeHmeM af = w?ry, roe € — yriIoBoe
YCKOpEHHE.

Ucnone3yeM niisa xaxaoit Touxu npurmun Hamambepa 1 IpuioxuMm
CHUJIBI MHEPLIUY:

— kacatensnyio AFL, = —Amgal;

HHk
— HopManbayio AFL = —Amgay.
Cuctema cuil, neiicTByrommx Ha TOUKy, no npuxunny JanamGepa,
HAXOAUTCS B PABHOBECHH.

[oaromy anreGpanyeckas cymMma MOMEHTOB OTHOCHTEILHO OCH Bpa-
IIeHUs IOMKHa OBITL paBHa Hymio: M, ZA w7k = 0, rme M, —

MOMEHT BHEIIHUX CHJI.
MomenTh HOpManbHEIX cun yHepumM FiL.  PaBHBI HYJIO, T. K. CWJILL
nepecexkaloT ock z. Cuibl, HanpapJleHHEIe IO KacaTeJIbHON K OKPYXKHO-

CTH, PABHEI
AFMtHk = Amkafc = Amgery,
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rae € — obuas BeIM4YNHA, YIVIOBOE YCKOPEHUE Tejla.
IloncTasus 3navenne cwibl B GOPMYIy 1A OOpeneleHus MOMEHTOB,

[OJTY Y¥M
2V

n
M,=¢ Z Amyri.
0

"
Bemuuuna Y Amyr? naswisa-

€TCA MOMEHTNOM UHEPYUY TNELT OM-
HOCUTNEALHO OCU 8pawenud 1 0bo-
sHayaeTcq J,.

T = z": Amkr,%.
0

B pesynbTaTe monmyduM BhIpa-
JKeHIE OCHOBHOI'O YpDaBHEHUSA NHWHA-
MUKM BPaALLAIOLIEro Tesa.

M, = -.7257

Puc. 17.3 rae M, — cyMMa MOMEHTOB BHeI-

HUX CUJI OTHOCHTENBHO OCH; € — YIVIOBOE YCKOPEHNUE TelIa.

MomeHT WHepuum Teja B 5TOM BHIPAXEHWM ONPEENSET MepY
UNEPMHOCTNY TENla IPY BPALLCHMH.

Ilo BBIpaxkeHMIO I7If MOMEHTa MHEPLUMM MOXKHO ONPENEINTh, YTO
eIMHUIA M3MepeHus 3Toit BemuuuH B cucreme CU [J,] =[mr?] =kr-m?.

Buno, 4T0 3HaYeHNe MOMEHTA HHEPLUY 3aBICUT OT PaclpeneseHns
M8CCEl OTHOCHTENIbHO OCH BpAlUEHHUs: TIPH ONMHAKOBON M&CCe MOMEHT
MHepLMK GOIbIIIe, €CIIN OCHOBHAA YAaCTh MACCHl PACIIONOKEHA NAIbIIE OT
ocu Bpamuenns. s yBenndenus MOMEHTa MHEPLUN UCIIONbL3YIOT KOJIeca
CO CIIMUAMY U OTBEPCTHUSMU.

Momenmbt uHEPYUU HEKOMOPLIT Men

r Z 2
MOMEHT UHEPUUH CINIOUIHOTO HUIIUH-
mr? r
opa (puc. 174) J, = 5

MoOMEHT MHEpPUUM NOJIOTO TOHKOCTEH-
noro wunurapa (puc. 17.5) J, = mr2. . >
MomenT HHEepIMU IIpAMOIO TOHKOI'O Puc. 17.4 Puc. 17.5
CTEPXKHs JIIO60T0 MMONEPETHOTO CEYeHUs
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ml?
J, = = (oTHOCUTENBHO 22z, puc. 17.6a);
ml?

Tn=

(oTHOCHMTENBHO 2121, puc. 17.66).

2y
%) 6) -
Puc. 17.6 Puc. 17.7

2
MowmenT unepuuu wapa (puc. 17.7) J, = gmr2.

IIpumeps! pelueEns 3agayq

IIpumep 1. Apromo6uns aBurascs co ckopoctsio 54 km/4. B pe-
3yNbLTATE PE3KOrO TOPMOXKEHNA aBTOoMOOMNL ocTaHopuics. Onpenennre
BpeMsl TOPMOXEHUsI, €CNTU KO3QQUIMEHT TPEHUS MEXOY NOBEPXHOCTHIO
[opory u Kojtecamu aBromobuns 0,36.

Pewenue

IIpunumaem asromMobuib 3a MaTepuanbHyio Touky (puc. 17.8).

1. CunraeM, YTO TOPMOXKEHNE MPOHU3OLITIO TOJIBKO 33 CYET TPEHU.
WcnonesyeM Teopemy 06 U3MEHEHUH KOMudecTBa ABrkenus. HavassHas

CKOPOCTh Uy = = 15 m/c. Tlo TeopeMe U3MEHEHNA KOIMYECTBA

3600
IBMXeHUs mv — mug = Frt. Koneunas ckopocts v = 0 (ocTaHoBKA).

2. TopmasHas cuna Fp = —~fR.
R =G =my,

3neck R — cuna npumxkatns; [ — kosdpodunuent tpenmsa; G — cuna

TSAKECTH; 712 — MACCa aBTOMOGWIIA; ¢ — YCKOPEHUE CBOGOOHOrO MMANEHUS;
2

g =9,81m/c”.
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I}R

,FT l'__|vo‘
—>
Q.

v=0

vG
Puc. 17.8

3. Ilocne nmopcTaHOBOK mony4yaeM GOpMYNy A ONpenesieHus Bpe-
MEHM TOPMOXEHUS.

mv — myy = — fmgt;
Vo
vg = fgt; t= 4
fg To
15
t = M ~ 4,25(:.

IIpumep 2. Iocae oTkniouenns nurarens koseco panumycom 0,5 M
u Maccot TOOKr uMMeno yrioByio UacTOTy Bpa-
menus 300 06/mun. OnpenenuTe MOMEHT TPEHUS
B NOMILMIHHMKAX, €CITM BAJl KOIIECA OCTAHOBUJICS
gepes 1,0 MuH. BpawmexHue npunsaTh pasHoIepe-

MEHHBIM, KOJIECO CYUTATH CIIOWIHLIM LIIUHIPOM
(puc. 17.9).

Pewenue

1. 3anmueM ypasHeHue AMHAMMKM DK Bpa-
LIIEHuM:

M2=J5=MAB—MTP,

rae My — cyMMapHEIT MOMEHT BHEIUHUX CHI; J — MOMEHT MHEpUMM;
£ — yriaosoe yckopenue; Mpy — ABMKYyUWMit MOMeHT; My, — MOMeHT
TpeHus (CHII CONPOTUBIIEHUS).

2. OnpenenuM yrioBoe YCKOpeHHe N0 GHopMyIIe il YIIOBOH CKOPO-
CTH DU PABHONEDEMEHHOM NBUXCHMN:

™ _ 7 - 300

UJ=W0+Et; wo=-3—6-; wo = 0

= 31,4pan/c; w = 0 (ocTaHOBKA).
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Torna
wo 31,4

' *T715-60

= —0,35 pan/c’.

3. OnpenenuM MOMEHT MHEPIMU KOJIECA, CUATAS €r0 CIUIOIIHEIM IIA—
JIMHOPOM:
mr?  700-0,5°
2 2

4. OnpenenseM BENMUMYUHY TOPMO3HOIO MOMEHTA — MOMEHTA TPEHKA
B nomumHukax: My = 0; —Mqp = Je;
—M.p = 87,5(—0,35); My, = 30,625 H-m.

IIpumep 3. llkup npneoANTCS BO BpallieHNe PeMeHHON nepenadeid
(puc. 17.10). Harsnxenne senyiteit Bersu pemus S; = 120 H, senomoro
— S = 50 H. Macca mikusa 200 kr, nuamerp 80 MM, MOMEHT CONPOTH~
prienns B nopmmnuukax 1,2 H-M. Onpenennts yriosoe yckopeHue Baja
upereGperas ero Maccoit. [lIkus cunTaTh TOHKOCTEHHLIM LMIIUHAPOM.

= 87,5 Kr-M2.

T =

Pewenue

M conp

s, 1. Ucnons3yeM ocHOBHOE ypaBHEHNE IH~
namuxku My = Je.

2. OnpenendeM CyMMApHBIA MOMEHT
BHEIIHUX CUl

d d
Mg = 51'2" - S2‘2' - Mconp;
Puc. 17.10
My =120- 9—’;—)-8— —50-9§—8 -12=16HwM.

3. PaccuuThriBaEM MOMEHT MHEpLMY IUKKMBA, BANSHUEM BaJia NpeHe-
OperaemM:

2
J = m'r2; J = 200 (913—8> =0,128 Kr-MZ.

4. OnpenenseM yrioBoe YCKOPEHHE UIKUBA

Me LS _ 195 pan/c?.

£=7 ‘T Gim
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KOHTpOJ’IBHhIe BOIIPDOCHI M 3aaHUA

1. Teno maccoit 10 xr nopuaTo Ha BricoTy 6 M. Onpenmenure no-
TEHIMAJILHYIO HEPIHMIO Tena U paboTy, KOTOPYIO COBEPIINT TeNo Iipu
NAOEHUN C 3TOil BBICOTHI.

2. MarepnanbHas Touka Maccoil 16 Kr, IBMXKYINAiCa CO CKOPOCTHIO
10 Mm/c, ocranoBmiacy uepes 40 c. Omnpenenmre BeMMYMHY TOPMO3HOM
CHJIBI.

3. Teno Maccoit 9,2 Xr ABUralloch U3 COCTOSHUS IIOKOS 3 € ¢ yckope-
nuem 4 M/c? non neiicremem cunet F. Onpenemure 3anac KMHeTHIECKOM
3HEPTrUH, HAKOIIEHHEIN TEJIOM.

4, CnnolHoit OMHOPONHEI UMIMHAP BPAaLIAETCA BOKPYT IPOAOIIb-
soit ocu (puc. 17.11). OT kakux napaMeTpoB 3aBUCAT MOMEHT MHEpPIMH
uuanHapa?

l BapuanTer oTBeTOB:

1. Tonsko oT m.
2.0rmud.
3.0rl, mmud.

Puc. 17.11 4. Orlum.

5. OnpenemmTe Bpamaloumit MOMEHT Ha mkuse (puc. 17.12);
d = 60 MmM.

6. Ilo pesynbrary pelueBus
npenminyielt 3anauu (Bompoc 5) d
onpenenMTe MOMEHT MHEPLUM LIKU-

Ba, €CJIM, NBUTaiCh M3 COCTOAHUS
NOKOs, OH NMpHOGpPEeN YIiIoBYIO CKO-
pocts 50 pan/c 3a 10 c.

Il pu Mme uaHHe
TIpn orBeTax Ha KOHTPOJILHBLIE BO-

HpOCH yCKOpeHHMe CBOGOXHOrO ma- Puc. 17.12
NIeHMA MOXHO NPHHAMATDL PABHEIM

10 m/c2.

S;=100H

S>=50H

5 - 8060
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IMTPAKTUYECKHUE 3AHSTUA I10 PASIEILY

«TeopeTnyeckas MeXaHUKA>
ITpakTuueckoe 3ansaTue 1
Tema 1.2. Ilnockas cucrema CXOOSAILIMXCS CHMJT

3nams cnocobvl caodicenus JeyT Cua u PA3L0HCEHUE CULDL KA COCTA—
sagowue, zeomempureckul U aHasumuvecKkull cnocobvl onpedeaeHuE
pasHodeticmeyowel, cuabl, YCL06UT PABHOBECUL NA0CKOT crodgwetica
cucmemdl Cu.

Yumemp onpedeagmp pasnodeticmeyowyro CUCEMBL CUud, PEUAME
300aun Ha PAGHOGECUE 2E0MEMPUNECKUM U CHAAUMUNECKUM CTLOCOGOM
DPOYUOHAALHO 6bI6UPAT KOOPOUHAMHBIE OCU.

PacueTnbie dpopmynu
Pasnodeticmeyloujas cucmemst cua

n n
Fo = /F}, +F};, Fre:= ZFka:; Fyy = ZFky,
0 0

rne Fyz, Fyry — npoexkuuu paBHOREHCTBYIONIEH Ha OCH KOOPIMHAT;
Fiz, Fy — npoekuun BEKTOPOB-CHJI CHUCTEMbI Ha OCU KOOPIOMHAT.

_ FE::
COS Qyy = ?;,
roe oy, — yrosn paBHomeicTBylomeit ¢ oceo 0.
Ycaoeue pasnosecud

n
ZFkx=0;
2
%Fky=0.

Ecmu nnnockas cucrema CXOOAIINXCHA CUJT HaXOAUTCA B pPaBHOBECHNY, MHO-
TOYTONBHHUK CHUJT HOJIXKEH OBITEH 3aMKHYT.

IIpumep 1. Onpenenenue paBHOASHCTBYIOIIEN CUCTEMEI CHAJI
Omnpenenurs paBHOOEMCTBYIOLLYIO INIOCKON CHACTEMBI CXODSALLIAXCS
CUJT aHAINTHYECKUM M reoMeTpudeckuM cnocobamu (puc. I11.1). Hano:

Fy =10kH; F, = 15kH; F3 = 12xH; Fy = 8kH; F5 = 8kH;
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o = 30°; ag = 60°%; az = 120°; ay = 180°; a5 = 300°.
Pewenue

1. OupenenuTh pPaBHOAEHCTBYIOUIYIO AHAIUTHYECKMM CIIOCOGOM
(puc. I11.1a).

F,.=10-cos 30°=8,66 xH; )
F3,=15-c0s60°=7,5kH;

Fy,=—8xH; Tz=0, .
Fs.=8-cos 60° =4 kH; )

Fiy=10-cos60° =5kH; )
F5y=15-c0s30°=12,99xH;
F3y=12-cos30° =10,4xH; L
F4y=0;

F5y=-8-c0s 30°=—6,9xH; |

Fy =\/Fi, +F}; Fr=1/6,162+ 21,49 = 22,36 xH;

F2y=z Fky;
Fyy=21,49xH.

1
cosagy = -I;-?i; cos asgy = -292’%6 =0,2755; ag, = T4°.
by ’

2. OnpenenuTr paBHONEACTBYIOMIYIO TIpadHYecKuM crocoboM.

y F2
F; o a F
oy
£
X
a)

Puc. I11.1
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C momonrsio Tparcnoprtupa B macmrabe 2mm = 1kH cTpoum MmHOro-
yromsEuk cunt (puc. [11.16). Usmepenuem onpenenseM MOOyJb PaBHO-
IIe¥CTBYIOIIER CUIIEI M YTOJl HakJIoHa ee kK ocu Ox.

- Fyop 222xH;  ax, = 73°.

PesynnTaTH pacyeToB He HO/IXKHBI OTINYATHCA Gostee yeM Ha 5 %

F_E‘Z_F_EE .100% < 5%.
FEa.H

Pacuerno-rpaduueckas pa6ora 1

Onpedeaenue pasnodeticmeyowets naocxkotl cucmemvl cTo-
OAWUTCH CUA ARAAUMUNECKUM U 2EOMETMPUNECKUM CROCOGaMU

3ananme. Ucnonbays cxemy pume. IIl.1a, ompenennTh paBHonei
CTBYIOILYIO CHCTEMEl CHJI.

Bapuaur
IMapamerp :

1 2 3 4 )
Fi,xH {12 | 8 (20| 3 6
F;, xH 8 |12 | 5 6 |12
F;3, xH 6 2 [10 (12 |15
Fy, xH 4 110 {15 115 | 3
Fs,xH |10 |6 |10 | 9 |18

ai,rpan 130 1 O 0 y15 1 0

oz, rpan | 45 145 |60 | 45 | 15

az, tpax | 0 |75 |75 |60 | 45

aq, Tpax | 60 | 30 [150 |120 J150

as, rpan | 300 | 270 |210 |270 | 300
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IIpumep 2. Pemrenne 3anaum Ha paBHOBECHME aHAJIHTHUE-
ckuMm crocobGoMm

I'py3:l nonBelIeHn! Ha CTEPXHAX M KAHATAX M HAXONATCA B PABHO-
Becun. Onpenenuts peaxuun crepxueit AB u CB (puc. I11.2).

FE =20kH

Puc. 111.2

Pewenue

1. Onpenensem BeposTHHe HanpaBneHus peaxmuit (puc. IT1.2a).
MuicnenHo y6upaem crepxens AB, npu 3ToM crepxers C B onyckaercs,
Cl1efoBATeNbHO, TOUKa B OTOOBMraeTCA OT CTEHh: HA3HAYEHME CTEPXHS
AB — TaHYTE TOYKy B k cTeHe.

Ecnu y6paTs crepxens CB, Touka B onmycTuTcs, CliefoBaTeNnbLHO,
crepxens C B nonnepxxupaer Touky B cHM3y — peaxins HaIpaBsieHa
BBEpX.

2. Ocso6oxnaeM Touky B ot cesau (puc. I11.26).

3. BuifepeM Hanpasienue ocefl xoopauHAT, ock O coBHAmAET C
peakimeit Ry.

4. 3anuineM ypaBHEHHsS PABHOBECUS TOYKHM B:
T

3" Fiz = ~Ry + Ry c0s60° + F3 cos45° = 0;

0

n

szy = R2 cos 30° — F1 - F2 cos45° = 0.
0
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5. 13 BTOpOro ypaBHEHUs NOKydaeM:

_ F1+ Fycos45° _10+20-0,7

Ry o530 = 0, 866

= 27,87xH.

W3 nepsoro ypasuenus nonyuaem:
R; = Ryc0s60° + Fycos45°; R; = 28,07H.

BrBon: crepxenn AB pactauyr cuioit 28,07 xH, crepxens CB
cxatT cuion 27,87 xH.

NNprmMmeuanue FEcan npu pemennu peaxims CBA3M OKaxXeTCs

OTPULATEIbHON, 3HAYNT, BEKTOP CUJIL HAIIPABJIEH B IIPOTUBOIOIOKHYIO
CTODOHY .

B OAHEOM CiIydae peaxuny HanpapsiieHbl BEPHO.
PacueTHo-rpadmueckas pabora 2

Ycaosue pasnosecus naockott cucmembl CTOOTWUTCH CUA
8 anaaumuueckoti gopme

Bananue. Onpenenuts peakunu crepxueit AC u AD (puc. 111.3).

Bapuanr
IMapamerp

112]3]|4
G,xH |40 |35 |48 {60 |75
a, rpax |60 |45 |75 |60 |45
B, rpan |15 |30 |30 |15 |45
v, rpax {60 145 160 |75 |75

o

Puc. I11.3

HpM 3alqure pa60’r OTBETHNTL HA BOIIPOCHI KapT C TECTOBEIMU 3aTaHNAMU.
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Temur 1.1, 1.2. CraTuka.
Ilnockan cxomsAlascsa CMCTEMa CHJI

Bonpocs OrseTrnl |Kon
1. OnpenenuTs NpoeKuun paBHOAENCTBYIOLICH Ha R: =4,99xH 1
ock Oz npu F) = 10xH; F> = 20xH; F; = 30xH.
Rz = 7, 89xH 2
y F
45"
i R.=-3,18xH| 3
o 30
V x
F R; =6,55xH 4
2. OnpenenuTh BeNYKMHY PABHONEHCTBYIOIEH CHIIHI 23,66 xH 1
110 ee U3BECTHLIM npoekunsaM: Ry = 15 kH;
R, = 8,66 xH. 17,32xH 2
9,50 xH 3
8,50 kH 4
3. Kax HanpaB/ieH BeXTOp paBHOIeiCTBYIOLLER N R
CHUCTEMBI CHJI1, €CIM M3BECTHO, uTo Ry = —4kH; f 1
Ry = 12xH? —
ol %
y
R 2
o] %
y
0]
__x. 3
R
Y
—h—= .
R
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¥Yxa3zaTh, Kakofi ¥3 TPEYTOILHAKOB

Ipononxenne
Bonpocwn OrBerTHnt Kon
4. I'py3 HaxonuTcg B paBHOBECHH. 1

He TIpUBENeH

A7 wapHupa B noctpoeH BepHO. R, 2
R;
3
R, 3 ! Fi| 4 Q
R, ‘
4
5. I'pya F HaXomUTCA B paBHOBECHH. f: Fyz = R3— Rycos 30° =0
]
Yka3aTb, Kaxasg cucTeMa ypaBHEHU{ 1
”
paBHOBeCHA Aid TOMKH B BepHa. S Fiy=Ra— Rycos 60° =0
[
n
kx = i13 — 11 COS =
S F R3;-R 60° =0
0
2
n
Y. Fiy=Ra—Ricos 30° =0
o
3" Fxz = Rz — Rycos 30°+ 3
o
+ Rzco890° =0
Y. Fiy=—R2+ Rycos 60° =0
[
Bepsnuiit oTser 4
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IlpakTuueckoe 3auaTue 2
Tema 1.4. Ilitockas cucTeMa NpoM3BOJIBLHO
PacrnoJIoXKeHHBIX CHJI

3namb meopemy Iyanco o npusedenuu cuavt x mouxe.

Yuems npueodumb NPOU3BOALHYIO TIAOCKYIO CUCTMEMY CUA K TNOYU-

Ke, onpedemm BEAUNUHDL 2AA6H020 B8EXMOPA U 24AA6HO20 MOMEHMA CUC-
membi.

3namv mpu dopmbl ypaenenuti pasrosecus U YMEMDL UML TLOAL3O-
sambcd Npu onpedeaenuy peaxyutl 8 onopar GaLoNHbLLT CUCTIEM.

OcHoBHBIE HOPMYJIBI ¥ MPEQIOCKLUIKM pacdeTra

Budbi onop 6asor u uz peaxyuu (puc. I12.1)

F F
<L J o % I,R’_‘__A TR’£
x ,J,,Rx
& ? a) Vosaad 2

6)

Puc. I12.1

Momenmor napvi cua u cuabt omuocumeavno mouxu (puc. I112.2)

6)
Puc. 112.2

T'aasnbiil eexmop

()
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Tnasnoil momenm
n
Mrno = E mko.
0

Ycaosug pasnosecus

n n n
L. Y Fe=0; Y Fy=0 Y mu=0
0 0 0
n
Ilposepka: Y myp = 0.
n 0 n n
2. Y F=0; Ymua=0; Y mup=0.
0 0 0
n
Mposepka: 3 Fiy = 0.
0

YnpakHeHUs IPH IIOATOTOBKE K CAMOCTOATEILHOM
pabote

1. Ilepenectn cuny F B Touky A, ucnonssysa Teopemy Ilyamco
(puc. 112.3). F =20xH; AB =6M; BC = 2M.

?_F_
A o B

Puc. I12.3 _

- 2. IIpupecTr cucTeMy CHI K TOUKe B, OnpeNeuTh MNABHEIR BEKTOP
¥ TYIABHEI MOMeHT cucTeMmut cun (puc. [12.4). AB = 2m; BC = 1,5Mm;
CD =1m. Fy = 18xH; F» = 10xH; F3 = 30xH; m = 36 kH-m.

m
N\F>
‘>\L ? F,
A P L
f B e D

F,

Puc. 112.4
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3. Cucrema cus HaxonuTcsa B pasHoBecuy. ONpenenuTs BENUYHHY
momenTa napet m (puc. [12.5). F; = F] = 10kH; F> = F, = 20kH.

m
P Fy 4 M

F, 2 )
Im/ Q
Puc. I12.5
4. Hanectn peaxunu B onopax 6anok 1 u 2 (puc. I12.6).
E i F m F
24 as" |4 B*
E SM 4 5m M %’"
3 — i
a) 6)
Puc. 112.6

5. Onpenenurs BenuuunHy peaxunu B onope A. [Ipunoxena pacnpe-
NeNeHHan Harpyska uHTeHcusHocThIO ¢ = 5 kH/M (puc. I112.7).

4 TG

'''''

6 M 4Mm #”ZM

I\
Puc. 112.7

6. 3anucaTh cUCTEMy ypaBHEHNI1 PABHOBECHS [UIS ONpPENEIEHUS pe-
aK1Uil B onope 3areMieHHON Ganxn.

7. 3anucaTh CUCTEMY YPABHEHWI1 DABHOBECHS IJIA ONpenesleHns pe-
aKUMiA B Oropax DBYXOMOPHON 6ajtkil, 3aKPEINIEHHON Ha OBYX LIapHUPaX.
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PacuerHo-rpadmuyeckas pabora 1

Onpedeaenue peaxyuill 6 onopar 6aaounblT cucmem nod
deticmeuem cocpedomoueHHbIT cua U TIap cud

3ananue 1. OnpenenuTs BeMYMHE PeakLUui B ONOPE 3aIlieMIICH—
Ho#t Gayikn. IIpoBecTn nmpoBepKy NpaBMIILHOCTH pelIeHNs.

Bapnaur
Iapamerp

Fi,xH |10 |12 |14 |16 |18 | 20 |22 [24 | 26 |28
F,xH (44 |48 |78 |84 |12 |12,8 |17 |18 (22,8 | 24
m,xHwm |14 |13 [12 |11 |10 [ 9 8 | 7 6 5

a, M 0,2 (0,2 0,3 |0,3 (0,4 |04 |0,5]0,5]|0,6 |0,6
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3ananne 2. OnpenennTs BEJUYMHL PeaKIil nag Gankm ¢ map-
HUPHBIMK ontopamu. [IpoBecTu npoBepKy NPAaBUIIBHOCTH PEICHUS.

m F F m F, F
| 60 | 60 |
!7 a 2a a a a i a 3a a :|
~ 1 1 ] “
a) 6)
F, m ‘I'Fz 1 F, m
| 60 ‘ | i
é 45°
2a 2a a a . a a 12aF;| 24
| T
6 2)
Fl m ) 2 E m
1 hid l il
Ii 2a 2a a I a F, a l a 3a a f!
l‘ 1 ¢! | i 7
9) e)
BapuauTt
Tlapamerp
11213415167 |81]9]|10
Fi,xH 110 112 {14 |16 |18 {20 {22 {24 {26 (28
Fy, xH 5 1556 16517 {75 8,5 9,5
m,xHMm [14 [13 |12 |11 |10 |9 |8 |7 5
a, M 0,3 10,3 {0,3 (0,3 |0,3 {0,2 10,2 {0,2 }0,2 0,2
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PacueTHo-rpadpuueckas paGora 2

Onpedesenue seauuun peakyuili 6 onopaxr G6AA0YHLIT CU- -
cmem nod delicmeuem cocPpedoOmMOUEHHBIT U PACNPEIEAEHNRBIL
HAZPY30K

3ananue 1. OnpenenuTs BeMunHbI peaknmii B 3anenxke. [IposecTu
IIPOBEPKY NPABUJILHOCTH PEeLIeHUs.

q F m m
o F o
) 60 = 30 AN
2a a a E a a 2a
1 P~ b~
a) 6)
q n 2 q
F F -
S 30° LY P bbb
2a a a E a a 24q E
I~ b~ b
] 2
m m
Vv ¢ F 9
F o
% NS |:/30 s WAy iy §
2a a d E € a a 24d E
o) e)
BapuanTt
ITapameTp
1 4 5 6 718 9 |10
Fy, xH 4 |16 10 112 |14 j16 |18 120 22
g, xH/m | 2 2 2 2 2 3 3 3 313
m,kHM | 5 (10 |15 |20 |25 |30 [35 |40 |45 |50
a, M 0,2 (0,2 {0,2 |0,2 |0,2 (0,3 {0,3 |0,3 10,3 10,3
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3ananue 2. OnpenenuTh BENMYNHB PEAKINA B MIADHUPHEBIX OIO-
pax Ganku. [IpoBecTy NPOBEPKY NMPaBUIIBHOCTU PELLECHH.

m
F q
4 60" Wl B B
& $
a d 2a a
a) 6)
I, ~ q Z
o e | I ")
3
a 2a F g a
N i
8) 2
m
2 q F, 'y q
4 Ly 6 B | 4 AR AR
a a a a
N 1
9) e
Bapuaut
INapameTp
11213456 7]|819]10
F, xH 10 120 |30 |40 (50 60 [70 [80 |90 [100
¢, kH/Mm | 2 |2 |2 |2 |2 (4 |4 |4 14]4
m,xHwm |15 |25 |35 |45 |55 |45 |35 |25 |15 | 5
a, M 0,404 |04 |04 |04 0,6 |06 |0,6 10,6 |0,6

IIpu 3auumre paboT 0TBETUTD Ha BOIIPOCH! KAPT € TECTOBEIMHY 3aJaHUIMU.
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Tema 1.4. CraTuka.

Hponsnonbnaa IJIOCKaA cucrtemMa cmii

Bonpocwu OrsBeTnm [Kon
1. HaitTit rnaBHbl BEKTOP CHCTEMB CHJI, €CIIH: 5xH 1
F1 = 2KH,
F> = 3xH, 11xH 2
F3 = 5KH,
F4 = F5 = BKH; 12xH 3
nuametp kojeca 0,8 M.
16xH 4
2. Haitnure riiaBHRIA MOMEHT CHCTEMEL, 49,14xH-Mm 1
LlenTp npusenerus Haxonutca B Touke C.
52,32kHM 2
15xH
. 8xH | 54,14xH-m 3
SkH| 1y * 2m N Im T
4 C “y B
10kH 64,14 xH-M 4
3. [IpuBonuTCH ypaBleHHe PaBIOBECUS A onpene- Fj cos 60° 1
niesus peaxuuu B onope A, Onpenenure, KAKOro
YJleHa YPaBHEHHs He XBATAeT: F;c0s830° 2
Rys -8+ Fi-8~m+F3-1+4+-..=0.
- (]
A m Fz R . Fz 8in 60 3
R o ’ F
YA 60 R
8
Y e
m Fi —F;-25in60° | 4
3m IM 2m 2m 2 es
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IIpononxenne
Bonpocn OTrTeerTH |Kon
4. HaltTut rnasnbiil BEKTOP CUCTEMBI CHIL. 2xH 1
y _ 4xH 2
F=10xH q=4 KH/M m —‘20 xH-m iﬂz KH/M
R S/ 7 77 R ¥ ol | 3
x
)
5Mm —> 3IMm
8xH 4
5. Onpenennre anre6pamyecKyio CyMMY MOMEHTOB TxH-M 1
OTHOCHTENHHO TOYKM B.
25xH-m 2
y
g=4xH/M 150 Ha\ F=20kH
—
\ ol 42,3xHM 3
A B X
F =10 ‘K-‘_"'
Im 1,5M 2M 68,3xH-M 4
1 T
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IIpakTuueckoe 3zanstue 3
Tema 1.6. LlenTp Tsi2kecTH

3namb memodvl onpedesenud YEHMPa MAHCECTNU MEAd U NAOCKUK
cevenut, gopmyavt oag onpedesenug nosoxcenug T naocxuzr cevenui

Ymempb onpedeagmbs NoOA0HCEHUE YEHNPA TAHCECTNU CAOHCHBIT 2€0-
MEMPUNECKUT Pu2yp, Onpedesdmb NOAOICEHUE UeRmpa maxcecmu -
2Yp, COCTNABAEHHBIT U3 candapmunz npoduaed.

OcHoBHBIE (POPMYJILI M MPEATIOCEIJIKMA pacdyeTa

Ilenmpor maxcecmu npocmetiwuz cevenut (puc. I13.1)

) //:///////,/ )
3
a) 6) 6)

Puc. I13.1

Teomempuueckue zapaxmepucmuxy CTBHIAPTHHRIX IIPOKATHAIX
npodnneit B IIpunoxenun 2.

Memoov pacuema:

1) meTon cuMmeTpuM;

2) MeTon paslelieHUs Ha IPOCTHIE YaCTH;

3) MeTon OTPUUATENBHEIX MIIOLIAENN.

Koopdunambt 4enmpos mA*cecnu CAONICHYIT U COCTRABHIT CEYENUT

n n
> Az > Ak
Tc = -Q—A—; Yyc = -O—A—,

rae Ay — IUIOLIAION YACTEN CeYeHMs; Tk; Yr — Koopaunatnl IIT wacTei
n

ceuenns; A — cyMMapHas IoWAJb cedennd, A = Y Ag.
0
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YnpaXXHeHUs IIPU MOATOTOBKE K CAMOCTOATEIILHOMK
pabote

1. OnpenenuTh NONOXEHNE NEHTPA TAXKECTH KaXION U3 ¢uryp, co-
cTapisolmx ceuerye (puc. I13.2). Pasmepnr Ha yepTexe YKa3aHHE B MM.

2. OnpenenuTs KOOPOMHATY X ¢ n300paskenHoro ceuenns (puc. 113.3).
3ameuanne Ceuenne PaCWIEHUTH Ha TPH YACTH.

y

100
90 {£30 4 120
- T
N
o 2
2 =4 = \&30
= N
“v NI §3 4 \ _202
Puc. I13.2 Puc. I13.3

3. Cxonbko KOOpOMHAT LEHTDA TAXKECTH HYXXHO OUpeleaTh pac
YETHBIM ITyTEeM IUIS KAXIOro u3 n3obpaxkeHHHX ceyenuit (puc. [13.4)7?

4. Tlo Ta6muuam 'OCT onpenenuTs Heo6xooMMule NapaMETPH Ce-
vennit (puc. I13.5).

\\\ \\\ :W
§ N _N
% \ \
ARAYARR
a) 6)
Puc. I13.4 Puc. 113.5

5. OnpenenuTs koopauHaTy Y Puryput (puc. I13.5).
6. Kakas xapaxTepucTukKa CEYeHNA ONpPeNeNseTCsa IO YKa3aHHOM
dopmyne?

S Viz > G > Gryr
1. Arzr. 2. . 3. . 4. .
2 A Vi > Gk > Gk
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PacuerHo-rpadmueckas pa6ora

3ananmue 1. Onpenenn':rb KOOPIOHHATEHI IEHTPAa TAXECTN 3aaaHHOIa
cedYeHud.

R 8 £
§§ :
n
b
b B b
a) 6)
B N B
R A R
N t
b b
8) 2)
b
7
N v
-~ T = -j
R ,
B b B
9 e i
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Bapuaunr
Tlapamerp

1123|456 7]|8]9]10
B,mm 100 |110 |120 |130 |140 |150 |160 |170 {180 {190
b, MM 60 {70 |80 |90 |100 |110 [120 |130 {140 {150
H,mMvq |80 |90 {100 [110 {120 [130 |140 [150 |160 {170
h, MM 50 |60 |70 |80 |90 100 110 {120 |130 140
R,va |20 25 [25 |30 |30 |40 |40 | 50 | 50 |60

3ananue 2. OnpenenuTs KOOPANMHATH UERTPA TAXKECTH COCTABHO-
ro cedenns. CeyeHNA COCTOAT U3 JIMCTOB C IMONEPEYHLIMA DA3ME

a X 6 u npoxaTaux npodureit no 'OCT 8239-89, 'OCT 8240-89 u
I'OCT 8509-86. Yronok subupaercs HAMMEHBIIEH TONIIMIHEL.

Pasmepnt cranpapTarx npoduneit 8 Ilpunoxernnn 1.

< et ‘%:._E;LT—’J
K . R
‘ a) 6
P
L | =

=
L
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{IpaxTnueckoe aausTue 3

BapnanTt
ITapameTp

1 2 3 4 5 6 7 8 9 |10

Ne mpennepa | 18 |18a | 20 |20a | 22 |22a | 24 |24a | 27 | 30
Ne neyTaBpa | 18 |18a | 20 {20a { 22 |[22a | 24 |24a | 27 | 30
Nk yronka 8 8 9 9 10 {10 J11 11 125 | 14
a, MM 180 |200 |200 |220 |220 |240 |240 |260 | 270 300

8, MM 5 5 5 5 5 5 6 6 6 6

Ilpu sammTe paboT OTBETUTH Ha BONPOCH TECTOBOTO 3alaHUs.

Tema 1.6. Craruka.
IerTp TAXKECTH Tes1a

Bonpocwu OrBeTH Kon
G G
1. BrubfpaTs dopmynnt sns pacyera rc = %—é—ﬁ; c = ZE%M 1
k k
KOOPAMHAT LEHTPa TAXECTH TeJa,
£ 4
COCTAaBJIGHHOTO 13 06beMHEIX YacTeil. Trc = Zz’zxk; yc = ZE ;yk 2
& [
Arz A
vo = ST T AR | g
E Ax Y A
Y Vizk 3 Vi
Tc Z Vk y yC Z Vk
2. BoluucanTh cTaTuyecKkui MOMeHT 9-10% mm® 1
JaHHOK MIOCKO GUTYPRI OTHOCUTENTLHO
ocu Ozx. 27 - 103 mu® 2
Y
= 36- 103 mm® 3
60 -
— * g 42-10* mm® 4
0 3
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IIponomxenue
Bonpocw OTBeTH Kon
3. OnpenenuTs KOOPAMHATHI NEHTPA TH- zc = 15MM, yc = 30MMm 1
XKecTu GUIrypsl 2 oTHOCUTeNnsHO oceit O
u Oy; a = 80MM; b = 90 MM; ¢ = 30 MM; zc = —40MM, yo = 35MM 2
d=f=20MmMm,
a y|. b N
K zc = 25MM, yo = 50MMm 3
)
Sy
5 A
ps ) ze = =26 MM, yo = 30MM 4
2/
4. OnpenenuTs KOOPAMHATY Y LUEHTpa TH- 64 MM 1
xectn ¢urypul 1 (yronok 70x 70x 5) oTHO-
curennHo ocn Oz (durypa 2 — wBesasep 83 MM 2
Ne 20).
95 MM 3
163,5 MM 4
5. BuluuMciuTh KOOpAMHATY YC 1IIEHTDaA 19 MM 1
TSAXKECTH COCTABHOIO CEYeHUs.
y 21 Mm 2
210
N
K o 17 MM 3
gl 10 «
- X
Ol 20 50 25 Mm 4
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IIpakTuyeckoe 3ausaTue 4
Tembr 1.8, 1.9. KunemaTuka TOYKH.
IIpocTeitnine ABMXKEHNsA TBEPOOTO Teja

3namp Popmyavt dag onpedesenud napamempos nOCMYNAMEILHOZO
u epawameavrozo dsuscenutll u xunemamuuecxue epaduru.

Yuemp onpedeadmb KUHEMATNUYECKUE NAPAMEMPbL MeEAL NPU NO-
CTMYNAMEAbHOM U 6DAWATNEALHOM OBUNCEHUIT, ONPEJEATMb NAPGME -
mpot 1060t mouxu meaa.

PacueTHble pOpMYJILI OJ1S OIIpeneIeHUs
napaMeTpoB IOCTYIIATEJILHOI'O XBMXKEHUS Tejia

Bce Touku Tena OBHXYTCA ONMHAKOBO.
3axoH paBHOMEDHOro Bmxenus: S = Sgp + vt.

a¢t2
3akon pabHonepeMeHHOro aBwxenus: S = Sy + vt + -
3necs So — Ty Th, NpOiEHHEIA OO HAYANA OTCYETA, M;
Vp — HAYAJILHAS CKODOCTL ABIXEHHs, M/c;
a; — MOCTOSHHOE KACATEILHOE YCKOPEeHHe, M/ c2
Ckopocts: v = S'; v = vp + ast.
Yckopenue: a; = v'.
3axoH HepaBHOMepHOro asmxenus: S = f(t3).

Kunemaruyeckue rpadyky NOCTYNATENLHOTO ABWKERNMS NPEACTa-
BJIeHE! Ha puc. [14.1.

Sv S va 2
S= So+00’+g£!"
S=8,+0vt g, = const -~
¢ v = Uo+a't
v = cons
So S,
N
(0] tc o tC
a) 6)

Puc. [14.1
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PacueTHile dopMynnl N onpenesieHNs IapaMeTpoB
BpAaIATEbHOTO NBVXKEHUA

Toukn Tesa OBMXYTCA N0 OKPY>XXHOCTSM BOKPYT HEMONBINCHOH OCH
(ocu ppaienus).

3axOH pABHOMEPHOIO BPALUATEIHLHOTO IBIKEHA: @ = g + wi.

3axoH PaBHOMEPEMEHHOTO BPAIATENLHOTO JIBVXEHAS:
et?

5

3axoH HEPABHOMEPHOTO BpALIATENLHOTO mBmKernus: @ = f(t3).

3nech p — yros noBopoTa Tena 3a BpeMs t, pal;

w — YTVIOBAs CKOPOCTD, paln/c;

0 — YroJ NOBOPOTA, Ha KOTOpHIt pPa3BepHYJIOCH TENO O HAYANA
oTcYera;

wQ — HAYANbHAK YIJIOBas CKOPOCTh;

€ — yraoBoe yckopenue, pan/c?;

¥Yraosas ckopocTs: w = ¢'; w = wy + &t;

¥Yrnosoe yckopenue: € = w'.

KunemaTyueckue rpadyxy BpaInaTeNLHOIO JBMKEHNA MIPENCTARIIE-
Hbl Ha puc. 114.2.

= o + wol +

0,0, ¢,0,E
'2
® = Qp+ O
o W= const
(
@] ) o t
a) 6)
Puc. I14.2

Yucno 060poToB BpalltleHus tena: z = ¢/(2x).
Yrioeas 4acTOTa BPAlLEHUS: 1, 06/MuH.

2mn  wn

W= —=—

60 30"
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o [MapaMeTphl OBIKEHUS TOYKM BPAlLIAIO-
TN werocs Tesa (puc. 114.3):
a , v -— JINHeHHAs CKOPOCTb Touku A:
' v =wr, M/c;
N @y — KacaTelbHOe yCKOPEHNe Toukn A
as = er, m/c?;
Gn — HOPMAJILHOE yCKOpeHHue Touxky A:
PucI14.3 an = w?r, M/c2.

Pexomennauuu nnsa peuieHus 3anad
pacuyeTHo-rpadmueckoin paGoThl

3anaune 1

1. OnpenenuTek BUI OBMXEHUS HA KAXKIOM YyYacTKe 10 IPUBENCHHO-
MY KMHeMaTU4ecKkoMy rpadmuky.

2. 3anucaTh 3aKOHHI OBMXKEHUA IIKUBA Ha KaxXIoM yuacTke. Ila-
paMeTphl ABMKEHIS B KOHUE KaXXIOTO y4aCTKa SABIAIOTCHA HAYAJIbHBIMH
napaMeTpaMu JBMXEHUI Ha KaXIOM IOCIEAYIOIEM.

3. OnpeneauTs NOMHHIA Yol MOBOPOTA UIKUBA, 38 BPEMS BPAIUECHUS.
HUcnonw3oBaTs dopMyity Ang nepexofa OT YIIIOBOH 4aCTOTH BPAILEHHS
K YINIOBOMY YCKODEHMIO.

4. OnpenenuTs MOIHOE YKCTIO 0GOPOTOB IIKUBA, UCTIONB3Y s GOPMYITY

-¥
T on’
5. IlocTpomTh rpadukm YIJIOBEIX IEpeMEIUeHMA M  YIJIOBBIX
YCKOpEHMIA.
6. OnpenmemuTh HODMalbHOE M KacaTelbHOE YCKOPEHUA TOYKM Ha
obone MKKBa B yKa3aHHBIE MOMEHTHI BPEMEHHU.

3anauue 2

1. Ioncrasue 3ananHble K03d$UUUEHTH B oblllee ypaBHEHUE IBH-
KEHUS, ONPENENUTS BUI OBUXKEHNS.

2. OnpenenuTh ypaBHEHME CKOPOCTH U YCKODEHMS Py3a.

PacueTHo-rpajdpudeckas pabora

3anaune 1. Yacrora BpallleHNs IIKUBA IUAMETPOM d MEHSeTCH Co-
r1acHO rpaduky. OnpenenuTs HOIHOE YUCIO 060POTOB LIKKBA 38 BPEMA
IBHXKEHUA ¥ CPEOHIOIO YIJIOBYIO CKOPOCTH 3a 310 Xe Bpems. [locTpouts
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rpaduK yrjIoBBIX IlEpeMEIleHNI U YTIIOBBIX yCKOpeHmil mkusa. Onpene-
JINTh yCKOPEHUus Todek obona Kojeca B MOMEHTHI BpeMeHU i) u is.

n, 05/vMuH n, ob/MuH
n S
1000 1000 1000
500 800 300
600 600 600
400 00 400
200 200 200
0 > 0 > 0 >
2 4 6 8 10 rec 2 4 _6 & 10 1¢ 2 4 6 8 10 ¢
a 6) 8
1. ob/mum 7, of/mmn n, oA
A A A
1000 1000 1000
300 800 300
600 600 600
400 400 1 400
200 200 200
P . S,
T TR 0, L R R L4 A B A NP
2 9) 2
BapnauTr
Mapamerp

3141516171819 110
Hunamerp mxuea, m |0,2 0,3 10,4 |0,6 10,5 (0,8 (0,2 |0,6 |0,5 {0,8
ti, ¢ 2 1 2 1 ]2 1 2 1 2 1
ta, c 8|9 (8|9 |8 |6 |9 |8 |96

3anauue 2. IIsuxenne rpysa A 3anaHo ypasHeHueM

y = at? + bt +c, rae [y] = M, [t] = c. OnpenenmuTs CKOPOCTL U yCKOpeHHe
rpy3a B MOMEHTH BPEMEHH t1 M iz, & TAKXKEe CKOPOCTb U YCKOPEHHE TOYKH
B na obGope Gapabana ne6enkn (puc. 114.4).
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: BapnauTt
/- Ilapamerp

4 1123145 {6]|7]8]9]w
B\ “la,m/® {2 ]o 3o ]38 [3]2[0of4]0
N Thmic |03 |4 2|04 03 ]4]c2
Al v ¢ M 3|alo|5]|2]o|l4al2]01}]3
l., rm |02 ]04 |06 ]08 [05 |04 |03 [0,2 0,8 |06
ti,c |1 2 [1 21211712
Puc. I14.4 t,c | 3. 3|43 |a|3]4a]3]4

Hpn 3aumre pa60'rm OTBETHUTH HA BOIMPOCHI TECTOBOIO 3aXaHUA.

Tema 1.9. KnuuemaTuka.
IIpocTeitiine ABMXXEHUS TBEPHXOro TeJjia

Bonpocwu OTBeTH Koun
1. ITo 3ananHOMy 38KOHY BpAlLIEHMA Basla Pasnomepnoe 1
@ = 0,25¢t> 4 4t onpenenuTL BUA NBMXEHUA

(¢ — B panuanax; t — B cekyHnax). PasHoyckopennoe 2

PaBHo3amennentoe 3

ITepemennoe 4

2. 3axoH BpALIATENILHONO ABMKEHNS KOJIeca 6¢c 1
@ = 4t — 0, 25¢%. OnpenenuTts BpeMs KO NONHOR

OCTAHOBKH. 8c 2

10c 3

12¢ 4

3. Onpenennts uncno o6opoToB 1o NnonHoft ocra~ 0 1
HOBKH koJeca. JIBmxenne onucano B sonpoce 2.

1,25 o6oporos 2

2,55 o6oporTos 3

3,65 o6oporok 4
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IIpomonxenne
Bonpoch OrBeTn |[Kon
4. Koneco Bpauaercs ¢ YrioBoil CKOpOCTBIO 71,7 M/c2 1,
52 pan/c. Panuyc koneca 45 mm. Onpenennts - —
NOJIHOe YCKOpPEHMEe TOoYeK Ha ofbone KoJieca. 101,6 m/c? "2
121,7m/c? 3
173,7m/c? 4

5. YacToTa BpallleHNs BAIa MeHAETCs COrJIacHO 2530 pan 1
rpaduxy. OnpenennTs NOIHOE YNCIO 0GOPOTOB
38 BpeMs IBHXKEHUSA. 385,4 2
n, o6/Mun 402,9 3
420 ——
2420 pan 4
0
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IIpakxTuueckoe 3ausaTue 5
Temnr 1.14, 1.15. Pa6Gora 1 MOLIHOCTG.
O61me TeopeMbl IUHAMUMKN

3nams 3asucumocmu 0ag onpedesenud MOWHOCTIY TRY NOCTYNA—
meavrom u epauamenvhom dsuxcenugr. KILII.

3namb ocroeuble YpasHenud JUNAMUKY MPU NOCTMYNAMEALHOM th
spauameshom deuncenudr meepdoz2o meaa.

Ymemv paccuumsieamb MOWHOCTb € YUEMOM NOMEPL HA MPENY
U CUAL UHEPYUU.

Yumemv onpedeagmbv napamempvt JBUNCENUT C NOMOWDBIO MEOPEM
OUHAMUKY.

Pacuernnie ¢popmysnist

Mowmocmsy npu nocmynamenvrom deumcenun
P = Fvcosa,

rne F — nmocrosunas cuna, H; v — ckopocts npmxkenus, M/c; @ — yroa
MEXIy HAIPABJIEHUAME CUIK H II€pPEMEILeHNn .

Mowmocms npu spawenuu

P=Muw,

roe M — ppamatorrmit moment, H-M; w — yraosas ckopocTs, pan/c.

Kosguuuenwm noaeanozo detcmeus

KIIIO = I_D'ﬂ,

P, 3aTp
rae Pyon — Mone3Hast MOIHOCTD, BT; Pigrp — 38TPaueHHas MOIHOCTD, B

Cuaa unepyuy
Fyy = —ma,

Ile @ — yCKOpeHue ToukM, M/c?; m — Macca, Kr.

Ocnoenvie ypasrenud ouNaMuUKy
TlocTynaTensHoe ABMXeHUE TBepOoro rena: F = ma.
BpamaTensHoe nsmxenne Teepnoro tena: M, = Je,
roe M, — cyMMapHHII MOMEHT BHEILHNX CHJI OTHOCUTEILHO OCH BPallle -
uus, H-M; J — MOMEHT MHEpUMM OTHOCUTENBHO OCH BpAIllEHUS, KI'
€ — YrJi0BOE yCKOpeHue, paj/c>.
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PacueTHO-rpaduyeckas pabGora

3anaume 1. CxkopocTs KabuHE IudTa MACCOM M N3MEHAETCS CO-
riaacHo rpadukaM. OnpeneuTh BEIMYMHY HATSDKEHWs KaHATa, HA KO-
TOpOM nonBemeH madT, Npu NOabEMe U Omyckanuu. I[lo MakcumannHOR
BeJIMYMHE HATSKEHNS KaHaTa ONpPENeINTh NMoTPeCHYI0 MOLIHOCTE 3JeK-
TpONBUTATES.

U AM/C 1)4\.\4/: v AM/C
5 ] H

b LY .
2 4 6 8 10 1% 2 4 6 8 10,3 2 4 6 8 10 ,%

a) 6) o ’

v ’M«/c v Au/o: U’\u/c

5 5 st

4 4 4

3 3 3

2 2 2

1 1 1

L R A N PR 2 e v w0 2| T s 0 2

[ tc tc
2) o) ¢
Bapunanr
INapametp

Macca m, xr  |500 [ 700 |750 | 800 (600 | 800 |600 | 450 |900 | 850
KIIO mexannsma| 0,8 (0,75 | 0,8 10,75 10,8 10,75 10,8 (0,75 { 0,8 |0,75
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PexoMeH Iaun i no BRENOJHEHUIO 3AIBHHUS.

1. Vcnions3ys npuarman JanamGepa, onpenenuTs HaTAKEHUe KaHAT
xaburbr ;mdra Ha KaXIOM yuacTke asmxenus (Jlexms 14, mpumep 3

2. OnpenesMTh MAKCHMAIILHOE HATSKCHHE KAHATA.

3. TTo MaxCHMANILHOMY HATSXKEHHUIO KAHATA ONPEJETATE MAKCHMAN, -
HYI0 NoTpe6GHYI0 MOILHOCTD NI MOABEMa IPY3a.

4. Tlo sanaunoit senuuune KIIII MexaHu3Ma OnpemeMTh MaKCL-
MAJILHYIO MOUIHOCTD [BUTATENd.

@ 3ananne 2. [lIxkus Maccot m Top—

V" MO3KTCA 38 CUET IPMNKATHA KOMONOK Cl—

namu 2 kH (puc. I15.1). Onpenennts Bpe-

Q € M3 TOPMOXEHMS LIKHBA, ECIN B MOMEHT

HAJIOXEHHs KOJOOK YACTOTA BPAUICHWH

wkusa pasHa 450 06/mun. IIpu pacueTe

Puc. 115.1 IIKKB NPYHATH 38 CIUIOMIHOM auck. IBu—
XEHNUE CUNTATH PABHO3AMEIIEHHLIM.

Bapnaurt
MNapauerp

11234567 |8]9]1
d,« |045]0,45/0,55}0,45|0,36{0,35(0,280,30|0,32| 0,34
m, Kr 35 45

f 0,35|0,4210,4210,35]0,45}0,44]0,43 (0,36 0,370,38

PexoMeH al ¥ n N0 BHENOIHERNIO 3alaHHA.

1. Ilo BemuuuHe ycunusg NpMXKaTUA KOJOOOK K AUCKY M 380aHHOMY
k03 OULMEHTY TPEHNS OMpPENeIUTh MOMEHT TPEHUA KOJIONOK.

2. OnpenenuTs MOMEHT MHEPIMM RUCKA.

3. Vcnonb3ays oCHOBHOE YpaBHEHNE JUHAMMKH, ONPENETUTh YIJIORQE
yckopenue (3aMenieHne) IPY TOPMOKEHUH.

4. U3 ypasreHHS CKOPOCTH IIPH paBHONEPEMEHHOM JBUXEHUH OIIpE-
HEJIATH BPEMS TOPMOXEHUA.

Ipun 3aumTe paboTh OTBETUTH HA BONPOCH TECTOBOTO 3aaHMS.
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Tembr 1.14 u 1.15. Inpamuka. Pa6oTa 1 MOIIHOCTD.
O6ume TeopeMbl AMHAMMKN

Bonpocu Oreern |Kon
1. JleGenkoit nonrumaloT rpy3s Maccoir 300 xr 0,079 1
co ckopoctbio 0,5 M/c. MotiHocTs ABUraTens
2 xBt. Onpenenurs obumit KITI1 mexanusma. 0,935 2
0,625 3
0,736 4
2. OnpeneniTs BeIMYUHY TOPMO3HON CHJIHI, 52H 1
eciu 32 4 ¢ ero ckopocTh ynana ¢ 12 m/c¢
1o 4 M/c. Cuna taxectu — 104 H. 15,9 H 2
10,6 H 3
212 H 4
3. Uemy paBna paboTa CUJT, IPUIIOKEHHKIX K 11,25 xIlx 1
NPAMOJIMHERHO ABKMXKYLIEMYCS TEJY, GC/U €ro
CKOpPOCTH yBenuumiach ¢ 15 m/c no 25 M/c. 20 xJTx 2
Macca Tena 1000 xr.
75 xllx 3
112,5 xJlx 4
4. CnyourHod oxHoponHb! uuanHap Maccoit m | Tonsko ot 7 1
BPAaLUACTCA OTHOCHUTCILHO CBOCH NPOHOILHOM
ocu. OT yero saBucHT 3HAMECHHUE Ormur 2
MOMEHT& MHEpUMH LMIMHADPAT
Orlum 3
Orl,mur 4
5. [on neficTBueM BPAILAIOUIETO MOMEHTA 23,8 xr - M2 1
M = 200 H - M xoneco BpaluaeTcs paBHOYCKO-
PEHHO U3 COCTOSHMA NOKOA 1 3a 4 C ero Co- 48 xr - M2 2
pocte pocturaa 320 o6/Mun.
OnpenenuTs MOMEHT MHEPLHUHU Kofeca. 96 xr - M2 3
108 kr - M2 4

y = KOo6()
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PA3NEJI IT

ConpoTneieHne MaTepuaoB

JIEKOUA 18

Tema 2.1. OcHOBHBIE TIOJIOXEHNA.
I'unoTe3sl 1 nonyliieHNsA

Humemdv npedcmasaenue o 6udaz pacuemos 6 cONPoMUBACHUY MO—
mepuatos, o xaaccuPuKayuy HAZPY3OK, O GHYMPEMHUT cuioebir ar—
MOPAT U 6O3HUKANOWUT JePOPMAUULT, O METAHUUECKUT HANDINCEHULE

3namb ocnoenbie nonamug, aunome3dvt u JONYUEHUT 6 CONPOMU-—
6AEHUYU MATMEPUAI0S.

«Conpomusaenue mMamepuaio6s» — 3TO pasnen «TexHnyeckoi Me-
XaHUKU®», B KOTOPOM U3JIAraloTCH TEOPETUKO-3KCIIEPUMEHTAJIbHbIE OCHO—
BBl M MeTOOBl pacyera Haubollee pPacHpOCTPAHEHHLIX 3JIEMEHTOB KOH-
CTPYKIHI HA MPOYHOCTD, KECTKOCTh U YCTOUINBOCTD.

B conpoTuBneHuMu MaTepmnajioB MOJNb3YIOTCA OAHHBIMU CMEXXKHBIX
AUCUNIIVH: GU3NKY, TEOPETUYECKON MEXaHUKY, MaTePUAJIOBENEHU, Ma-
TEeMaTUKU U Ap. B ¢BOI0 ouepent CONpOTUBIIEHe MATEPHAJIOB KaK HayKa
ABIIAETCS OMOPHON 6a301 I LeJoro PAAa TEXHUYECKUX AMCLUIIINH,

Jl06t1e coznaBaeMble KOHCTPYKUMH HOJKHEI ObITH HE TOJIBKO MpPOY-
HBIMH U HAJEXHBIMH, HO U HEAIOPOTUMU, IIPOCTHIMY B U3TOTOBJIEHNN K 06-
CIIYXXMBAHNY, ¢ MIHMMAJbHEIM PAcX0IOM MAaTEPHaJIOB, TPYAa ¥ SHEPruH.

PacueTs! cOnpOTUBIIEHNS MAaTepHAaJIOB SABIAAIOTCA 0a30BBIMM AMA
obecrieyeHrss OCHOBHEIX TpeOOBaEMii K IeTaIIM M KOHCTPYKLIUSM.

OcHoBHBIE Tpe60OBaHUS K OETAJISIM ¥ KOHCTPYKUUSM
M BUABLI PACYETOB B COIIPOTMRBIIEHMN MaTEPUAJIOB

Mezanuueckue ceolicmea mMamepuaaos

IIpounocms — croco6HOCTH He pa3pyIIaThCS IOL HACDY3KOIA.

Xecmxocmy — CHOCOGHOCTE HE3HAYHMTENBHO AeGOpMUPOBATBCA
TI01 Har'PY3KOIl.
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Botnocausocmy — criocoGHOCTH OMUTENBHOE BPEeMs BHIIEDPXKUBATH
repeMeHHbIe Harpy3KHM.

Ycemotivueocms — criocOGHOCTE COXPAHATH MEPBOHAYAILHYIO GOp-
My YIIPYTOro paBHOBECH.

Baakocmb — crtocoGHOCTE BOCIPUHUMATS yAAPHBEIE HATPY3KH.

Budbt pacuemos

Pacuem wa npounocmp 06ecrieduBaeT Hepa3pyeHne KOHCTPYKIINHU.

Pacuem na aocecmrxocms obecnieynBaeT nehopMalmy KOHCTPYKLIAN
O HArpy3Koil B Ipefesiax AONYCTUMEIX HOPM.

Pacuem na evinocausocmd obecneunBaeT HeOOXOMUMYIO HOJITOBEY-
HOCTh 3JIEMEHTOB KOHCTDYKIMH.

Pacuem na yemotivusocms obecnneyuBaeT coxpaneHre HeoGXOnUMOn
¢$hopMBI paBHOBECKS 1 IPeOOTBPALIAET BHE3AITHOE UCKPHBIIEHNE JITMHHBIX
CTepaKHell.

Ins ofecieyeHus MPOYHOCTHM KOHCTDPYKLUMIA, pafoTaiolmx npu
yIOAPHEIX HArpy3Kax (Ipy KOBKe, IIITAMIIOBKE M OAOOHBIX CIIydasx ), IIpo-
BOOATCS pacuemst na yoap.

OcHOBHEBIE TUNIOTE3EI N OONIYLLICHN A

IIpucrynas x pacyeTaM KOHCTDYKUUM, CleAyeT PEIUNTh, UTO B NaH-
HOM CJIy48€ CYLIECTBEHHO, & YTO MOXHO OTODOCHTD, T.K. pelleHne Tex-

HUYECKOHR 3alauy C MOJHBIM y4yeToM BCeX CBOICTB peaJiIbHOTrO obBeKTa
HEBO3MOXHO.

Honywernua o ceoticmeax mamepuaaos

Marepuann 0dxopodubie — B 060 TOUKE MATEPUAJIE UMEIOT ONU-
HaKOBHIE (HH3UKO-MeXaHUYecKue CBOiCTRA.

MaTepuaJibl NPEACTABIAIOT CNAOWHYIO CPEdY — KPUCTAININUECKOE
CTPOEHME M MUKPOCKOTIMYecKue nedheKThl He YYUTHIBRIOTCS.

MaTepuannl uzomponubl — MeXxaHNIeCKUe CBOHCTBa He 3aBUCIT OT
HAINpPaB/IeHUs HAIDYXKeHUs.

Martepuadnzl ob6nanaioT udeaavrotl Yynpyeocmvio — MOTHOCTHIO BOC-
cTaHaBNIUBAIOT GHOPMY M pa3MepH IIOC/Ie CHATUS HAUPY3KU.

B peasibHEIX MaTepuasaX 3TH NOMYLIEHUSA BHINOJHAIOTCS JIMALIBL OT-

JaCcTH, HO IPUHATHE TaKUX JOMYINEHMII ynpoiuaeT pacdeT. Bee ynporne-
HUS MPUHATO KOMIIEHCHMPOBATH, BBENs 3aIlaC IIPOYHOCTH.
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Ionyuwenus o zapaxmepe dedopmaruu

Bee mamepuaavt nod nazpysroti deopmupyromes, m. e. MeHgIOT
dopmy u pasmepbi.

XapaxTep nedpopMaumu JIETKO INPOCIIEAUTDH HPU UCHBITAHUA MATE-
PUAJIOB Ha PACTsKEHUE.

Tlepen ncnpITaHNIMK UUITMHAPIYECKHH 00pa3el] 3aKperisieTcs B 3a-
XBaTax pa3spHBHOH MaIINHE], PACTATUBAETCS M IOBOAUTCS OO pa3pyule-
Hus. [Ipu 5TOM 3anMChIBAETCS 3aBUCHMOCTD MEXIY NPHIIOKEHHEIM YCH—
mmeM u nedopmauneii. lonywaioT rpaduk, HaszmBaeMHlil IuArpamMMol
pacrsaxenus. Hna npumepa ma puc. 18.1 npencrasnena nuarpamma pa-
CTSXEHUSA MaJloyrJlepONUCTON CTAaIM.

Ha amarpamme oTMeyaroT

F.H 4 ocobble TOYKM:
A 5 AF — ot Toukn 0 o Touku 1 —
53 Pasrpyaxa npamog aunaus (nepopMalns npa-

MO NPOMOPLMOHANIbHA HATPY3KE);
— OT TO4YKU 2 1O TOUKHU 5

F nedopmatuu GLICTPO HAPACTAIOT

0 B n obpasen paspylaercs, paspy-

A ]og;mu AL wm LLICHMIO NPEOIIeCTBYCT I10ABJICHNE
ymonuenug (meixu) B Touke 4.

Puc. 18.1 Ecin npepsats ucnniTanug

no Touky 2, obpasell BepHETCA K
MCXOMHEIM pa3MepaM; 3Ta 061acTh Ha3blBaeTCa obaacmbio ynpyaur de-
dopmayutl. Ynpyrue medhopMalvi IOJHOCTHIO UCYE38I0T MIOCTE CHATHUA
HarpysKu.

[Tpu nponomkeHuy UCIILITAHMIA TI0CTEe TOUKK 2 obpa3sel yxxe He BO3-
BpalllaeTCs K UCXOOHBIM pasMepaM, fdedopMalnuy HAYMHAIOT HaKAarJu-
BATHLCH.

IIpu BEIKIIOYEHMM MAIUMHEL B Touke A ofpa3ell HeCKOJIBKO CKUMa-
ercs no muauu AB, napannensuoit muuuu 01, IeopMauun nocie TOYKH
2 Ha3LIBAIOTCA NAACTNUYECKUMU, OHU TLOAHOCITIBIO HE UCUE3AIOT; COXPa-
HuBIUKeCs neOpMALUN HA3ZLIBAIOTCS OCTATNOYHbLMU.

Ha yuacrxe 01 Brnonusercs zaxon 'yxa:

B npedeaaz ynpyeocmu dedopmayuu npamo nponopyuoHaLbHbl Na-
2pyaxe.

CunrarooT, 4TO 6ce mamepuaast noduungiomced 3axony I'yxa.

ITockoneky ynpyrue nedoOpMauny Ma.abl [0 CPABHEHMIO C TeOMeTPH-
YECKNMMM pasMepaMy JETaJH, [IPU pacyeTaxX CUUTAIOT, YTO padmepbi nod
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na2py3xot He udmengrwomcd.

PacueThl BeqyT UCIHONL3Ys NPUHYUN HaUarbHuiX pa3mepos. IIpu pa-
6ome xoncmpyxyuu dedopmayuy JoaxcHbL 0CTMABATLC YNPY2UMUY.

K napyumeHimo npouHOCTY CIeAyeT OTHOCUTE Y BOSHUKHOBEHME IIIA-
cTrvueckux gedopmaimil, XoTs B NpakTHKe OBBAIOT CIyyau, KOr1a MecT-
Hble nacTudeckue nedopMaluy CHUTAIOTCS OOIYCTUMBIMMU.

Knaccunpukaums Harpy3oK M 3JIeMEHTOB KOHCTPYKIIUU

Kaaccugpuxayug nazpy3sox
FH

£l

NUVAY

6)
Puc. 18.2

Cmamuveckue Harpysku (puc. 18.2a) He MeHSIOTCA CO BPCMEHEM
WIM MEHAITCS OuYeHb MciuleHHO. IIpu peficTBMM CTAaTHYeCKUX HAa-
I'PY30K NPOBOAMTCA pacyeT Ha NMPOYHOCTD.

IMoemopno-nepemennvie Harpysku (puc. 18.26) MHOrOKpaTHO MeHs-
10T 3HAYeHVe UJTH 3HaYEeHMe M 3HaK. [leficTBIE TAKMX HArPY30K BLI3LIBACT
YCTaNIOCTh METAJLIA.

Hunamunecxue Harpysku (puc. 18.26) MeHAIOT cBOe 3HAYeHUE B
KOPOTKHIl MPOMEXYTOK BpEMEHM, OHM BRI3BBalOT bosnbiume ycxope-
HUSL U CHJILL MHEPLMHU ¥ MOTYT INPHUBECTU K BHE3ANHOMY Da3pyLUEHMIO
KOHCTPYKLH.

W3 TeopeTnueckoit MexaHNKM U3BECTHO, YTO MO criocoby npuioxe-

HUA HArpy3Ku MOTYT OLITH COCPEJOMOUENHDIMY MITK PACPEJEACHHBIMY
10 NOBEPXHOCTH.
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Peanvuo nepemaua Harpysku Mexnay HeTalsMM IIPOUCXOLUT HE B
TOYKe, & Ha HEKOTOpOH INIOIIANKE, T.€e. HarpysKa sABIAETCA paclpene—
JIEHHOM.

Onnako ecim IUIOIIAAKE KOHTAKTa NPEeHeGPEeXUTEeNILHO Malla 10
CPAaBHEHMIO C pa3MEpPAMH OeTaJd, CUJIY CYUTAIT COCPENOTOYEHHOM.

IIpu pacuerax peasibHBIX HehHOPMUPYEMEIX T€J B CONPOTUBICHUM
MAaTepUasIOB 3aMEHATh PACHpPENeNIEHHYIO HATPY3KY COCPETOTOUYEHHOR HE
cnenyer.

AKCHOMBI TEOPETHYECKON MEXAHUKY B CONPOTUBIICHUN MaTEPUAIIOR
MCTIONb3YIOTCSA OrPaHUYEHHO.

Henb3s nepenocuths mapy cuil B ApyTryI0 TOUKY HNETAJM, lEpeMe-
UIAaTh COCPENOTOYEHHYIO CWIIY BIONL JVHWH OEHCTBUA, HEIb3S CHCTE-
MY CIJ1 3aMeHSTh paBHOICHUCTBYIOIIEH IIPU ONpeneeHuy MepeMeIleHni
Bce BrilnenepevmciieHHOE MeEHsIeT paclpeneneHye BHYTPEHHUX CUN B
KOHCTPYKIIMY.

Dopmoul 3aeMEHTNOB KOHCMPYKYUL

Bce mMuOroo6pasue ¢opM CBOOUTCH XK TPEM BUAAM IO OAHOMY MpH—
3HAKY.

1. Bpyc — moGoe Teino, y KOTOPOro IJIMHA 3HAYWTENHLHO GONBIUE
IPYr¥UX pPasMepPOB.

B 3aBncumocTy oT GopM NPONONBLHOR OCH U MOMNEPEUHBIX CEYEHNH
pa3’IuyaT HECKOJILKO BUIOB OpycheB:

— mpsaMo Opyc NOCTOSHHOTO NonepeyHoro ceyeHns (puc. 18.3a);

Ocb Gpyca
O [ =3
IMonepeusoe a ) 6, ) 8 )

ceveHue Opyca
Puc. 18.3
— mpsMoll cTyneHyaTsiit 6pyc (puc. 18.36);
— xpuBonmHeiHb Gpyc (puc. 18.3s).

2. ITnacmuna — moboe Teno, y KOTOPOrO TOIMIIMHA 3HAYNTEILHO
MeHbIIe ApYTUX pazMmepos (puc. 18.4).

Puc. 18.4
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3. Maccus — Teno, y KOTOpOTO TPH pasMepa OTHOTO MOPSIKA.

KoHTponbHEIE BOIPOCH M 3aAaHUA

1. Yro Ha3srIBaeTCs NPOYHOCTHIO, XKECTKOCTHIO, YCTORYNBOCTLIO!

2. Tlo xaxomy npuHIUNY KiaccubUIMDYIOT HATPY3KH B CONPOTH-
BJIEHUM MaTepuayoB? K kakoMy Buny paspylueHu# IpUBOAAT NOBTOPHO-
[IEpEMEHHRIE HATPY3Ku?

3. Kaxue narpy3ku INpUHATO CUUTATL COCPENOTOYCHHRIMMI?

4. Kaxoe Teno nasmBaioT 6pycom? Hapucyitre moboit 6pyc u yxa-
xuTe ock Gpyca u ero nonepeysoe cedenune. Kaxue Tena HASLIBAIOT 114~
cTHHAMU?

5. Uto nasmiBaeTcs medopmanuein? Kaxne nedopManmy Ha3sIBAIOT
yupyrumu?

6. Ilpu xakux nedopManusx BeinosHseTcs 3akoH ['yxa? Coopmymn-
py#Te 3akon ['yxa.

7. UTo Takoe NpMHLMIT HAYAJIBLHBIX pa3MepoB?

8. B uem sakinoyaeTcs OOMYIIEHUE O CIUIOUIHOM CTPOEHHH MATepH-
anos? IloacHure gonylieHne 06 OOHOPONHOCTH M M3OTPOIHOCTH MATEPH-
ayoB.
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JIEKIIVIA 19

Tema 2.1. OcHOBHELIE NOJIOXKEHUSI.
Harpy3ku BHellHre 1 BHYTPEHHME,
METOHO CedeHMn

3namv memod cevenutl, snwympennue cuaosvie Gaxmopbvi, COCMa—
gagoujue Hanpascenut.

Yumemov onpedeagmb sudvt nazpyxcenutl u SHYMPpenHUe CULOBIE—
$AKMOPbL 8 TIONEPEUHBIT CEUEHUAT.

OJleMEHTEl KOHCTPYKLIMM TpHM paboTe MCHEITHBAIOT BHEILIHEe BO3-
IeicTBYE, KOTOPOE OLIEHUBAETCH BEIMYNHON BHemHeld cuinl. K BHemHuM
CUNIAM OTHOCAT AKTUBHEIE CUJIbl U PEAKLIUU OIop.

Ilon nmeficTBueM BHEIIHMX CHJN B OETAJN BO3HUKAIOT BHYTPEHHME
CUNH YIIPYTOCTH, CTPEeMSIIMEcs BEPHYTH Telly NepBOHavaIIbLHYI0 GopMy
U pa3MepHl.

Bremune cunbl 0osKHEL OLITE ONpeleeHkEl METONAaMU TeopeTHde-
CKOIf MEXaHWUKH, & BHYTDEHHHE ONPEenesflOTCs OCHOBHHIM METOHOM CO-
[IPOTUBJIEHUS MATE€PUAJIOB — METOIOM CEHEHUI.

B conmporusneHun MaTepuanioB Tela PacCMaTPHUBAIOTCH B PABHOBE-
cun. Ilns peluenus 3anad UCIONB3YIOT YPaBHEHUs PABHOBECH S, IOy YeH-
HEIE B TEOPETHMYECKOI MeXaHWKe NJIs Tejla B IPOCTPaHCTBE.

Ucnonbayercs cucreMa KoOpauHaT, CBA3aHHAS ¢ TesoM. Haite npo-
OOMBHYI0 OCh HETaiu 0603HAYAIOT 2z, HaYall0 KOOPAUHAT COBMELIAIOT C
JIEBRIM KpPaeM M Pa3MeEILLAlOT B LIEHTPE TAXECTU CEUeHU.

MeT1on ceueHmit

Memod ceuenutd 3aKa1040eMCT 6 MbBICAENHOM DACCENEHUUL MEAL
TAOCKOCTbI0 U PACCMOMPEHUY PAEHOBECUT 410601 U3 OMCEUEHHBIT YQ—
cmetl.

Ecnun Bce Te0 HAXOMMTCA B PABHOBECHU, TO M KaiKIasd €ro YacTh
HaXOAWTCS B DABHOBECUU NOI AEHCTBMEM BHEUIHUX M BHYTPEHHMX CHIL
Buympennue cuabl onpedeagiomced u3 ypasnenull pasroeecud, COCMG-
BAEHHBIT 044 PACCMATMPUBAEMOT Yacmu meaa.

Paccexaem Tesno monepek miockocrsio (puc. 19.1). Paccmarpusa-
eM mpaBylo 4acTh. Ha Hee meiicTsyroT Buemnune cunnl Fy; Fy; Fg v BHy-
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TPEHHME CWIbl YIPYIOCTH ¢, pacupenesieHHHEe No cevyeHuwo. Cucremy
pacrpeneeHHbIX CUIT MOXHO 3aMeHUTHb [VIaBHEIM BeKTOpoMm Fy, mome-
LWIEHHBIM B UEHTP TSKECTU CEYEHUs!, U CyMMAapHBLIM MOMEHTOM cuil My:

n n
Ry =73 qi; My =2(:,mk-
0

Pa3snoxuB ryasabiit BekTop Ry 110 0caM, HOIYYINM TPH COCTaBIIMIOIINE:

R0=Nz+Qy+Qa:;

rac IN, — npouno/ibHAs CUJIa;
Q) — momepevHas CHJa 10 OCH I;
Q, — nonepeyHas Cwia I0 OCH ¥.

napuuit MOMeHT TOXKE NMPUHATO OPEeACTaBIATL B BUIE MOMEHTOB
[ap CWI B Tpex IVIOCKOCTIX MPOCKUUU:

M0=MI+My+Mz,

M, — MoMenT cun oTHOCcHTenbHO Oz; M), ~— MOMEHT CUJI OTHOCHTENIb-
Ho Oy; M, — moMeHT cuil oTHocuTenbHo O,

Ionyuennste cocTapisioOLIME CUII YIPYIOCTH HOCIAT HA3BAHWE 6HY-
mpennuz cutoeblz Paxmopos. Kaxnplil U3 BHy TDEHHMX CHIIOBBIX (hak-
TOPOB BBI3HIBAET ONPENESICHHYO NedopMaluio aeTaj . BHyTpeHHre CH-
JIOBBIE (DAKTOPHI YPABHOBEIIMBAIOT IIPUJIOKEHHEIE K 9TOMY 3JIEMEHTY Iie-
Tanu BHeMHKe cuikl. Ycrnonb3ys 1iecTh ypaBHEHUI paBHOBECUs, MOXHO
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MONIYYUTh BEIMUMHY BHYTPEHHUX CHUIIOBBIX (HaKTODOB:

n n
N2=2sz; Mzzgmz(Fk);
0

7

Q:r=i;:Fk:c; M, =Zo:m:r(Fk);

Qy = %Fky; M, = ‘%jmy(Fk).

W3 npuseneHHHIX ypaBHEHUN CleqyeT, YTO:

N, — npodoabrag cuaa, paBHas anreSpaMyecKoil CyMMe IpoeKimik
Ha ock Oz BHEIIHUX CWJil, OEMCTBYIOLIMX Ha OTCEYEHHYIO YacTh Opyca;
BBI3HIBAET PACTSIXKEHNE UK CKATHE;

Q¢ — nonepeunas cuaa, paBHaA anreGpandecKoil cyMMe HpOoeKuui
Ha ocbk O BHEIHMX CUJI, OEACTBYIOILMX HA OTCEUEHHYIO YACTh;

Qy — nmonepeunas cuaa, paBHas anreGpamdyeckoil CyMMe MpoeKumit
Ha och Oy BHELIHUX CWII, JEHCTBYIOLIMX Ha OTCEYEHHYIO YACTE;

cunsl QQp 1 Qy BBI3HLIBAIOT CABUI CEYEHNS,

M, — xpymawuica momenm, PABHEINA airebpaudecKoil cyMMe Mo-
MEHTOB BHEIIHMX CHJI OTHOCHUTEIBLHO NpomoibHOR ocu (2; BHI3BIBAET
CKpyuuBaHue Gpyca;

M, — useubarowud momenm, paBHBI anrebpanveckoi cymMMe Mo-
MEHTOB BHEIUHUX CUJI OTHOCHTENLHO ocu O

M, — uzeubarowuil momenm, paBHbI arebpandeckoil cyMme Mo-
MEHTOB BHELIHUX CHJI OTHOCHTeNbHO ocu Oy;

MOoMeHTH M; u M, Bu3bBaroT m3ru6 6pyca B COOTBeTCTBYIOLUEH
IIJIOCKOCTH.

Hanpsxeuus

Memod ceuenul IO3BOJAET ONPENENUTL BEITUYNHY BHY TPEHHETO CH-
70BOIo (hakTopa B CEYEHMU, HO He JAaeT BO3MOXHOCTH YCTAHOBUTH 3a-
KOH pacClipeleJIeEusl BHY TPEHHUX CHJI II0 CEYEHUIO. IIJIH OILICHKH IIPOYHO~-
CTH HeoOXOMUMO ONPENENUTS BEJINYNHY CHJIbI, IIPUXOOSAIILYIOCS Ha TI00yIa
TOUKY IOIEPEYHOrO CeYeHus.

BenmuunHy MHTEHCHBHOCTY BHYTPEHHMX CHJI B TOYKE IOIEPEYHOIO-
CEYeHUsS HA3LIBAIOT MELOHUNECKUM Hanpgacenuenm. Hanpsxkenue xapak-
Tepu3yeT BEeJIMUYNHY BHYTPEHHEH CHUILI, IPUXONAIEics Ha eqUHNy I1J10-
m1aan MonepevyHoro Ce4YeHms.
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PaccmorpuM 6pyc, K KOTOPOMY NPWIOXKEHA BHEIIHSS HArPY3Ka
(pme. 19.2). C momousio Memoda ceuenud paccedeM Gpyc HomepeyHon
[NIOCKOCTBI0, OTOPOCHM JIEBYIO YACTh ¥ PACCMOTPHM PaBHOBECHE OCTAB-
wieitcs Npagoit YacTu. Beloenum Ha cekyIell MIOCKOCTU MAaRYIo IOWal-
ky AA. Ha aT0il niiomanke neficTByeT paBHOACHCTBYIOLIAA BHYTPEHHUX
Cuil yNpYrocTH.

Hanpasienue HanOpsKeHUs! Pop COBIIANAET C
HanpaBlieHWEM BHYTPEHHEl CH/IEI B 3TOM Ceye-
HUH.

BexTOp pcp HA3BIBAIOT NOAHDIM HATLPAHCEHU-
esm. ETO NpUHATO pacKkialbIBATL HA BA BEKTOpPA
(puc. 19.3): 7 — nexarmit B IIIOIIAIKE CEYSHUS I
0 — HANpaBJIEHHLIA NePIeHAUKYILPHO II0MmIaI-
Ke.

p=+vVoi+ 12
Ecnn BeKTOp p — HpPOCTPAHCTBEHHBIA, TO
ero packJanbIBalOT Ha TPH COCTABIAIOLINE:

p= /0-2_*_7-3_',_7—3. Puc. 19.3

HopMmanbHOe HanpsikeHHe XapaKTepusyeT
CONPOTHBIICHNE CEYEHUS PACTSKEHUIO UM CKATHIO.

KacarenbHoe HanpsxeHue XapakTepu3yeT CONPOTHBICHUE CEUCHUST
CoBUTY.

Cuna N (nponosibHasA) BHI3BIBAET IOSBIEHNME HOPMAJILHOIO Hanps-
xerust 0. Cunel Q; 1 @ BHIHIBAIOT MOSBJIEHME KACATENbHLIX HAIpPS-
xkeHuit T. MoMenTH usrubatote My u My, BEI3BIBAIOT MOSIBIIEHNE HOP-
MaJIbHEIX HAIPSXKEHUH O, ePEMEHHBIX 10 CEYEHMIO.

KpyTsammit MoMeHT M, BHI3HIBAET COBUT C€YEHUS BOKPYT IIPOLOJIb-
HOM OCH, OITOMY MOABJIAIOTCA KACATEIbHLIE HANIPAKEHUS T.

IIpuMmeps! peluenus 3agayu

IIpumep 1. OnpenennTh BeMMYMHY NPONOIBHON CHILI B CEYEHMM
1-1 (puc. 19.4).

Pewenue

n
UcnonesyeM ypaBHenue paBHOBecus Y Fi, = 0.
0
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PaccMaTrpusas nesyio yacts 6pyca, onpenensem N, =—12+8~-5=9xH
Paccmarpusas npaByio yacTe Gpyca, onpenenseMm Ny, =23 — 14=9xH

y i
12 kH 8 kH SkH 23 kH J 14 xH
— > > — | — <— -
12 xH 8 xH SxH| ¢ N:
< — > s
/)
Puc. 19.4

Benmuuuna npononbHOi CUNBL B CEYEHUN HE 3aBMCUT OT TOCO, KAKaA
4acTh Opyca paccMaTpuBaeTCs.

IIpumep 2. Onpenenurs BHYTPEHHME CUAOBON (PAKTOP B CEUCHHH
1-1 (puc. 19.5a).

Pewenue
1
\/ 72N ™, N
T n
- N -~ L
m=102xH M 4 my my - 40)(;’]’4.;16“{"‘4

my = 88 KH-m'
Puc. 19.5 %)

Wcnonssyem ypapuennc pasnosecus y ,m, = 0.

Mo = M1 + ms +mg + my; mgy = 2406 kH - m.

Paccmarpusaem npasyio dacth 6pyca. Ha orceuennyio yactn Gpy-=
ca MPUMHATO CMOTPETh CO CTOPOHBI OTOpOIleHHOH YacTn (puc. 19.56)
TTonyuaem M, = 246 —- 40 — 16 = 190 kH - M.

KOHTpOJ’IbeIe BOIIPDOCHI 1 3alaHN

1. Kaxme cuinnt B CONpOTUBIEHNN MATEPUAIIOB CUUTAIOT BHCLIHUMHT
Kakue cusbl aBigioTCsa BHY TPEHHAMUT?

2. Kaxumu meromaMu onpenensior BHeltnne cwisl? Kak HasmIBaloT
METOZ IJIsl OIpeneSieHust BHY TPEHHUX cuit?

3. CoopMmynupyitre MeTON CEUEHMUIA.
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4. Kax B CONPOTHBIICHUN MaTEPUAJIOB PACHOJIAraloT CUCTEMY KOOD-
aVHAT?

5. UTo B cONpOTHBIEHNN MATEPHAIIOB HA3BIBAIOT BHY TDEHHUMU CH-
nosuMu akTopamu? CKONBKO B 06IlIEM ciiy4ae MOXKeT BO3HUKHYThH BHY-
TPEeHHUX CUJIOBHIX (pakTOpoB?

6. 3anuimTe CUCTEMY YPABHEHMIA, CIOIB3YEMYIO IIPH ONpeneIeHUU
BHYTPEHHUX CWJIOBLIX ()aKTOPOB B CEYeHNH?!

7. Kak ofo3nauaeTrcs u Kax onpenesseTcs NPONOILHAS Clila B cede-
Hun? .

8. Kak 0603Ha4atoTCs ¥ KaK ONPENeNAIOTCS MONEPEYHBIE CUITBI?

9. Kak 0603Ha4aI0TCA ¥ OIPENENAIOTCs U3rubaiolme U Kpy TSy
MOMEHTHI?

10. Kaxue medopmanuy BHIZLIBAIOTCA KaXKOKIM U3 BHYTDEHHUX CH-
MOBBIX (PAKTOPOB?

11. YTo Ha3mIBAIOT MEXaHMUECKUM HamnpsxeHneM?

12. Kak no oTHOWIEHMIO K INIOMIANKE HANPAaBJIEHH HOPMAaJIbHOE M
kacaTenbHble Hanpsxkenna? Kax onu oGosnauaiorcs?

13. Kakue nanmpsxeHns BO3HUKAIOT B HOMEPEYHOM CEYEHUN IPK Jei-
CTBHM [IPONONBHEIX CHMII?

14. Kakue HanpskeHus BO3HUKAIOT NpU AEHCTBUY MONEPEYHBIX CHIT?
15. C moMoIbio METONA CEYEHMI OIpele/IuTe BeININHY BHYTPEH-
Hero cunoBoro ¢akTopa B cedenuu 1-1 u Bun Harpyxenus (puc. 19.6).

2 ( 26H

28 xH g 10xkH
1

1
Puc. 19.6

16. C nomorpio MeTONa CeYeHMil onpenenuTe BeIMYWHYy MOMEHTA
M4, BEMUUYNHY BHYTPEHHero cuioBoro ¢akTopa B cedeHHH 2-2 U BUR
narpyxenns (puc. 19.7).

my=8 KH-M

A~ G N =
L£13) __) 1)
UL/ A / ] 7
—-_/ e 3 _(
my=15kH-M my = 30kH-m

Puc. 19.7
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17. OrBeTbTE Ha BONPOCH! TECTOBOTO 3AIAHUL.

Tema 2.1. OCHOBHEIE TIOJIOKEHUS,

MEeTOIl CEYEHUN, HAMPIAKEHU

Bonpocmu OTBeTH oxn
1. Kak Ha3bIBaeTCH CNOCOGHOCTL 37IEMEHTS. KOH- TIpousocTs 1
CTPYKIMM CONPOTHBIATLCA ynpyruM aedopManusam?
2KectkocTn 2
YeroitunsBocTs 3
H3nococToitkocTh 4
2. [IpencTaBneHa avarpaMma pacTAXeHUs MaTe- OA 1
puana. HazeaTh y4acTox ynpyrux nedopmaunit.
AB 2
BC 3
OF 4
0| Al MM
3. Kako# BHYTDEHHUI CUITOROI (GaKTOD BOZHUKAET B N 1
nonepeysoM ceveHun Gpyca npu KpydeHuu?
Qu 2
y z M, 3
M, 4
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IIpomonxenue
Bonpocwu OreseTn |[Kon
4. [Tonbaysachk METOAOM CeueHUil, ONpeNeIuTh BejIu- 5 xH 1
YUHY MOMNEPEYHOH CHALL B ceyeHun 1-1.
y ] 15 kH 2
20 kH 10 kH
13 xH 3
N N
17} —Z
5«H |11 12 kH 22 xkH 4
x 13kH
5. Kakye mexaHMYecKue HANPIKEHUI B IIONEPEYHOM Bosuukaromme
ceueHun Opyca nNpy HATPY>XXEHHH Ha3bIBAIOT HOP- npHU HOpMaJILHOMR 1
MaJbHEIMHU? paGoTe
Hanpasnensnie
MeprneHanKyIapHO 2
TIJIOLIAIKE
Hanpasnennnle
napaiesaLHO 3
TIIOLUALKE
Jlexaume
B IUIOLIaKe 4
CeveHus
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Tema 2.2. PacTsaxeHue n cxkaTue.
BuyTpeunue cuioBble GakTOpPhl, HAIIPSAXEHUA.
IocTpoenue sniop

Huemv npedcmasaenue 0 npodosbHblT CULAT, O HOPMAALHHIT Ha—
NPAHCEHUAT 6 TLONEPEUNBLT CEUEHUAL.

3Hnamb Npasusa NOCMpPoenus NP NPOOOALHBIT CUL U HOPMAALHbIL
HanpANcenutl, 3aK0H PacnpedeseHus HOPMAALHBIT HANPINCENUL 6 NONE-
peunom ceuernuu 6pyca. '

Ymemv cmpoums an10pbl NPOJOALHBIT ClUA U HOPMAALRVIT HANPTHCERU

Pacrsaxxenue u cxarue

Pacmancenuenm unm cxcamuem Ha3bIBAIOT BUI HATPYKEHAA, IPU KO-
TOPOM B TIONEPEYHOM CeueHuHu Opyca BO3HUKAET TONLKO ONUH BHYTpPEH-
HUHA CHIOBOI (haKTOpP — IpPONOJbHAsA CHJIA.

[Ipononbubic cunu MersioTes no mimye 6pyca. Ilpu pacuyerax no-
CJie OnpeeNeHns BCIMYMH IIPOIOJILHAEIX CIJI II0 CEYEHUSM CTPOUTCS rpa-
(UK — 3MIOpa MPOOOILHLIX CHIT.

Y C/I0BHO HA3HAYAIOT 3HAK IIPOOOJILHOM CUJIBL.

g S S—

6
@ Puc. 20.1 )

Ecnu npononbras cua HAIPABIEHA 0N CEYeHUd, TO OPYC pacTAHYT.
Pacrsxenue cuntaioT nonoxuTensHoil nedopmarmeit (puc. 20.1a).

Ecnu npononsHas cuila HATIPABIIEHa, K ceuenuo, To Gpyc cxar. Cxa-
THE CUNTAIOT oTpunaTensHon aedopmauneit (puc. 20.16).

IIprmepsbl MOCTPOEHM 3MIOPBI NTPOAOJbHBIX CUJT

PaccmorpuM 6pyc, HATPY>XEHHBIA BHEUIHUMU CHUJIAMM BIOJL OCH.
Bpyc 3akpemnnen B creHe (3axperienne «3anenkas) (puc. 20.2a).

Iestnm Gpyc Ha y4acTKu HarpyKeHW.

Yuacmxom nazpyxcenus CUATAIOT YACTh 6pyca MeXOy BHENIHUMHA
cuIIaMu.
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Ha npencraeneHHOM pUCYHKE 3 y4aCTKa HACPYKEHUA.

Bocnonesyemca meTooom
CeYeHMI W ONpemelVM BHY-
TpPEHHHME CHJIOBHIE (HAXTOPH
BHYTDH KaXJIOr0 y4acCTKa.

Pacyem mnauwumnaem co

ceo6odnozo xonya 6pyca, wmo-

66l He onpedeatmbd 6eaUNUHbL
peaxyul 6 onopac.

Yuacmox 1: ) F, = 0;
—-3F+ Ny = 0; Ny = 3F.
Tlpononpuas cuia noONOXH-
TeJbHa, y4acTOK 1 pacTAHyT.

Yuacmox 2: Y F, = 0;
—3F 4+ 2F + Ny = 0; N =
= F. [IpomonpHas cuna mo-
JIOXKUTEJILHA, YYaCTOK 2 pac-
TAHYT.

1 cey. 2 ceu. 3ceu,

(_3£____1__ 2F> 5F > _____ﬁ_

o

3F| N
3F 2F, N>

N
SF 2F, __5_,}(_3
lya. |, 2 vyu. 3 yu.

Puc. 20.2a

Yuacmox 3: Y F, = 0; =3F + 2F + 5F — N3 = 0; N3 = 4F. Ilpo-
NONIbHASL CUJIa OTPUIATENbHA, YHACTOK 3 cxkaT. IloyueHHOe 3HaYeHHE

N3 PaBIO peakKuuM B 3aJICIKC.

[Toxn cxemoit 6pyca CTPOUM IMIOPY MPOAOJIbHOM cuibl (puc. 20.26).

S 2h L,

3F '
:
¢ T £

Dniopa

4F

Puc. 20.26

Oniopoti npodoavnott cu-
Abl HasbIiBaeTcsa rpaduK pac-
rpenesieHus NPONOJILHON CH-
JIBI BOOML ocu Opyca.

Ochb smOpEl Mapaeb-
Ha, TIPOIOJILHON OCH.

Hynesas suuus unposo-
OUTCS TOHKOH JjuHHen. 3Ha-
YeHUs CWI OTKJIAALIBAIOT OT
oCH, TIONIOXKUTEIbHEIE — BBEPX
OTpULATE/ILHEIE —— BHHU3.

B npenejiiax OMNHOIO y4dYacTKa 3Ha4Y€HNEe CUJIbl HEe MEHAETCH, IIO3TO-
MY 3M00pa O4YEepUNBaETCA OTPE3KaAMU NPAMBIX .TII/IHHI‘;I, napaJuieJIbHRIMUA

ocu Uz,

IIpaBusio KOHTPOILA: 6 MeECTE NPULOHCEHUT BHEWHEY CUAL HA INIODE
doadcen GbUML CKAYOK HO 8EAUNUHY TPUAOHCEHHOT CUAbL.
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Ha sniope npocrasnaiorca 3nauenns N,. Benmunnn npomonbumix
CHMJI OTKJIAALIBAIOT B 3apaHee BLIGpaHHOM Macurtabe.

Omiopa no XOHTYpPy 0OGBONNTCA TOJCTOM JIMHMEH M 3allITPUXOBLIBA-
eTCA Nonepex Ocu.

N3syuas nedopMmanmu npu pacTXEHAN U CKATHU, OOHADYKMBAEM,
YTO BBINOJHSIOTCS 2UNOME3Q NAOCKUT Ceuenutl U NPUNYUT CMISUEHUT
2PAHUYHBIT YCA06UY.

T'unomesa naockuz ceuenutd 3aKIIIOYACTCS B TOM, ITO IONEPEYHOE
ceuenue Opyca, IIIOCKOe M NEPNEHAVKYISIPHOE IPONOIBLHOM OCH, MOCIe
medbopMalMN OCTAETCS IOCKUM M NEPIEHINKYIIAPHBIM TPONOILHON OCH.

CirenoBaTenblo, npodoabuble BHYMPEHHUE B0A0KNG YOAuNDIOMCH
00UHAKO0B0, A BNYMPEHNUE CUADL YNPY20CTU PACTIPEIEAERDL NO CEUEHUI
DABHOMEDHO.

IIpunyun cugevwernud 2paMUNHLIT Yca06ull TIIACUT: B TOUKAX TENa,
YIAJIEHHBIX OT MeCT NPWIOXEHUS HArPy3Kd, MO0Yab 6HYMPENHUT CUd
MaA0 3asucum om cnocoba 3axpenaenud. IlosToMy npu peliennn 3anay
He YMOUHLIOM CNOCcob 3aKPentenHus.

Hanpsixeans npu pacTsXeHUN M COXAaTHN
Ilpu pacTsixeHnN U CXKATUAN B CEYEHUH NEHCTBYET TOILKO HOPMAIIh-
HO€ HaIlpsKEeHUE.
Hanpsxenus B nomnepeyHbIX CEHEHUAX MOI'YT PACCMATPUBATLCSA KaK
CHIBI, IPUXOOAILMECS Ha €NMHULY NJIOLLIaIN.
Taxum 06pasoM, HANDABAEHUE U 3HAK HANPANCENUL B CEUEHUU CO-
8nadaom ¢ Hanpasienuem U 3naxom cuavt 8 cevenuu (puc. 20.3).
Hcxons m3 TumoTesbl IJIOCKMX CEYEHUH, MOXKHO
[PENOJIOXUTh, YTO HAIPSKEHUS IIPH DACTSXKEHHU M
CKaTHUM B IIpEIeliax KaxKI0ro ceueHus He meHsiores. [lo-

[} 9TOMY HaIllpsXXeHle MOXHO pacCuuTaTb IIo q)OpMyJIe
N,
N o= 'Z:
Puc. 20.3

roe N, — mpoponbHas cuia B cevenuu; A — nowans
HONEPEYHOIO CEYEHHS.
Beauwuna nanpaacenud npamo nponopyLonaabia npodoasrot cuae
u 06PAMHO NPONOPYUOKAALHA NAOULAOL NONEPEYROZ0 CEUEHUA.
HopMasnbHEe HaIpsKeHu s OefICTBYIOT NPU PACTAKEHNH OT CEYEHUs
(puc. 20.4a), a npu cxxaTnu K cevennio (puc. 20.46).
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PasmeprocTs (ennuuna namMepenns) nanpsoxenuit — H/m? ([a), on-
HAKO 3TO CIMUIKOM MaJlas €NVHMIA, 4 IPAKTHYECKU HANDSIKEHNs pac-
cuntmsaoT 3 H/MM? (MITa): 1MIla = 10%TIa = 1 H/MM?.

Tlpn onpeneneHuyn Harpsxe-
Hu#l Gpyc pa3buBaroT Ha y4JaCTKU

o, G© ol
HACPY>KeHWit, B IIpeneax KOTOPEIX €] ® = O fe—

[POOOJIbHEIE CUIbI HE U3MEHHIOTCH,
1 YHUMbLEAWT MECTNA UIMECHEHUL
nAowWadu NONEPEUHBIT Cenenut.

a)  Puc. 204 0

Paccunrusator HAIPAXKEHU 10 CEYCHUAM, U pacyeT O(IJOpMJISI!OT B

BHAE IMIOPLl HOPMAJIBHEIX HaNPSXKEHU.

Crpoutes 1 ohopMiIsieTCss TaKas 0I0pa TaK Xe, Kak 1 3I0pa Ipo-

OOJIBHBIX CHJT.

3yu. ) 2y4. 1 yu,
Ta 2 L
3 4 24,
A_VSFL > 2F |17
7-_ . - L —
1L
1 3 0 1
2F 3niopa N
(Sl
2F/4,
o F/4
F/A, Jnwopa G
g | ol o ol
Puc. 20.5

Pacemorpum 6pyc, warpy-
XKEHHBIT BHEIIHMMH CHJaMu
BRoib ocu (puc. 20.5).

Ob6unapy:xuBaeM Tpu yua-
CTKa HArDYXEHUA U Olpenens-
€M BeJIMUUHL! IPONOJIbLHEIX CHJL.

Yuacmox 1: N = Q.
BrayTpennue npononbhste chita
PaBHEI HYJIIO.

Yuacmox 2: N = 2F. Ilpo-
IOJNILHAS CUJIA H, YYACTKE [0JI0-
XKUTENbHA.

Yuacmox 3: N3 = 2F~
—3F = —F. IlponontHas cuila
Ha Y4aCTKe OTPHUATEIbHA.

Bpyc — crynenuarsii.

C yueroM m3aMeHeHMit Be-
JUYMH N0MIaNM IONEPEUHOTO
CEeuEeHNs YHACTKOB HAIIDIKEHUIT
6onpue.

RIACH £ o.

ey

CTpouM 3I110pE! MPONOIALHEIX CUJT ¥ HOPMAJILHEIX HaNpsKEHHIt,
Macmrabul s3mop MoryT OHITH pasnbimu ¥ BHOUPAOTCS UCXOAS W3

yaobcTBa IOCTPOEHUS.,
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Ilpumepn! peuleHus 3anay

CrynenuaThiit 6pyc HarpyXeH BIONL OCK OBYMs cuiamu. Bpyc 3a
memstien ¢ sieBoit ctopornl (puc. 20.6). Ilpene6peras secom 6pyca, ne
CTPOUTB 3IIOPHI NPOMONBHEIX CUJI ¥ HOPMAJILHEIX HAIPSKEHMN.

4; -4, @Az-ZSOMMz {1 Ay =500 mm?
j\' F>= BORH <1 F=100xH
g R 0L 0L 5 U3 SO I W SN
A z
1
2
2y4 | yu. (l
N |
Y Ny Fi=100kH

N, (_F=[80kH F=100xH

100 kH
20xH +
MR AR R MRS TR N RERA NN A Sniops Nz
400 MITa

0 MTlla H
ATl [T [l 2n0pa &

Gy T3 [¢7) (¢7]

Puc. 20.6
Pewenue

1. OnpenengeM yvacTku HarpyxeHus, UX OABa.
2. OnpenenseM NpooSIbHYIO CHIY B ceqeHMax 1 u 2.
3. Ctpoum amopy.

4. PacCynThIBaEM BETUYMHLI HODMAJLHBIX HANDSXEHHIA U CTPOUM
3MIOPY HOPMAJILHBIX HalpsDKeHUH B COGCTBEHHOM IIPOM3BOIILHOM Mac-
mrabe. :

1. OnpeznesnseM nponoaLHLIE CHIIHL.
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ZFZ=0.

Cevenue 1. — Ny + F} = 0; Ny = F; = 100xH.
Ceuenue 2. —80 — No + 100 = 0; Ny = 100 — 80 = 20 xH.
B ofonx ceueHUSX NPONOIBLHEIE CHIIBI TIOJIOXKUTENbHbL,

z
2. OnpenenzeM HOpMAaJIBHBIC HANIPSAXKEHUA 0 = ——,

A

ConocTaBiss y4aCTKH HATPYXKEHUs ¢ TPAHUAUAMM U3MEHEHUA THIO-
1aau, BUANUM, YTO obpasyercd 4 yIacTKa HalpIXKeHMI.
HopMmanbHbie HanpsaxeHus B CEUEHUAX 110 YIACTKAM:

Ny 100-10% 9 Ny 100-10° 2
= T 900H . = Y 400H .
a1 A 200 200H/MmMm*; a9 e 520 00 H/mm*;
N, 20-10% 9 N, 20-10° 2
% _ 2 . = 2 2 _40H .
o3 7, 550 80H/Mmm*; o4 P 200 0H /MM

OTxkmagpiBaeM 3HAYCHUS HAMPSKEHU BBEPX OT OCH, T.K. 3HAYUEHMA
UX TONOXUTENbHbe (pacTsxenye). MacmTab 5II0p NPOnoibHOA CUITH
M HOPMAJILHRIX HAIIPSOKEHUI BHIOMpaETCHd OTHEIBHO B 3ABUCUMOCTU OT
nopsiaka uudp 1 MMEIONIErocs: Ha JIMCTE MECTa.

KOHTpOJ’[bHHe BOIIDOCKLI 1 3adaHUs

1. Kaxue BHyTpeHHNE CUIIOBHIE (PAKTOPHI BO3HUKAIOT B cedeHuu 6py-
Ca NpU PACTAXKEHUN U cxKaTum?

2. Kax pacnpenensiores no CEUEHMIO CUJIbl YIPYTOCTH IPH PACTsI-
xenuu u cxarun? (Mcenons3oBaTs runoTesy MIIOCKUX CEYEHUIA. )

3. Kaxoro xapakTepa HaNpIXCHUS BOHWKAIOT B MOMEPEYHOM cede-
HUM NPU PACTAMKCHUM M CKATUN: HOPMAIbHbLIE MM KAcATeNbHBIE?

4. Kak pacnpefenensl HAIPsRKEHUs [0 CeYEHUIO IPU PACTSKEHUN U
cxaruu?

5. 3anuumre GOpMyIy A PACUeTa HOPMAJILHBIX HAIPSKEHUIT IIpU
PacTAKEHUN U CHKATUM.

6. Kak mHasHauaoTCa 3HaKU NMPONOJLHOM CHUJIIBI 1 HOPMAJILHOTO Ha-
npsKeRus?

7. UTo mokasmiBaeT 3MM0pa MpPOROILHOR CHITHIT

8. Kax M3aMeHNTCA BeUInHA, HATPSXeHUs, eI IIOIanb Honepey-

OrO ceueHns Bo3pacTeT B 4 pasza?
9. B xkakux equHUUAX M3MEPAETCS HApsDKeHne?



182 Jlexunsa 21

JIEKIIUA 21

TeMma 2.2. PacTsizkeHne U cxxaTue.
ITpononbubIe n nonepeunsie gedopmManun.
3akon I'yka

Hmems npedcmasaenue 0 npodosbHbiT U NONEPEUNbIT dedopMmayuds
U UT c6A3U.

3namb 3axon I'yxa, 3asucumocmu u @Popmyavt dag pacuema Ha-
npaxcerul u nepemewerul.

Yamemd nposodums pacuemst Ha NPOYHOCTd U HCECTNKOCTL CMa-
muyecky onpedeaumbis 6pycbes nNpu PacmANCEHUU U CHCAMUL.

HedopMarmu 1Ipy pacTsXKEHUM U CXKATUM

Pacemorpum nedopmanuio 6pyca nox neiicTBUEM MPOOILHOR CUIIHL
F (puc. 21.1).
Hauanwunie pasmepw Gpyca: [ — Ha-
yasbHas OUIMHA, Q) — HAYAJILHAS IMPUHA.
Bpyc ynnuusercs ua Bemmuuny Al;
Al— abcomornoe ymnunenue. [Ipun pacrs-
YKEHUN TIONEPEYHbIE pa3sMephl YMEHBIIAIOT-
| aa/2 ca, Aa — abeomoTHoe cyxenue; Al > 0;
Aa < 0.
al [Ipu cxkaTnu BEIIONHSETCA COOTHOLUE-
FY uue Al < 0; Aa > 0.
Puc. 21.1 B compoTneiennn MaTepuaJsioB NpuHs-
TO PacCUNTHIBATH IdedopMallum B OTHOCHU-
TEJIbHBIX OMHULAX:

Iy

.
[+

[ 2N N

Al

£ = — & — OTHOCHTECJIBHOE YIJIMHEHUE,

,&a

2 E — OTHOCUTEJIbHOE CYy XKEeHHNe.
ao

Mexny npomonbHOR M MONEPEeYHON neOpMaunsaMy CYLLIeCTBYeT 3a-
BUCHMOCTH

e = e,

roe g — kodpdunueHT nonepedHon nedopMalui, MK Koaq)q.)uuueﬂ’r
Iyaccona, —xapakTepucTuka INIACTUYHOCTH MATEPUAIA.
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3akon I'yka

B npenenax ynpyrux medopMmanuit neopMauny Ipamo IIpornopLuo-
HaJILHBI Harpy3Ke:

F =FEAl,

roe F — peitcTByrolnas marpyska; k — ko3dhbumeHT.
B coBpemennoit popme:

LN A
)

lo

TMonyunm 3asucumocts 0 = Ee, roe E — Mooy ynpyrocTH, Xa-
PaKTEPU3yeT JKECTKOCTh MaTepHalla.

B npedeaar ynpyzocmu HopmasbHble HANPANCEHUT NPOTLOPUUOHAAD-
Hbl OMHOCUMEADHOMY YOAUHEHUIO.

Buavenue E nas craseil B npemenax (2+2,1) - 10° MIla.

IIpu mpouux paBHBIX YCJIOBHAX, Y€M XKECTUe MaTepHall, TeM MeHbLIe
oH OdedopMupyeTcs: -

le= BT

®opmynsl AJIA pacuyeTa epeMelleHM IoNepeyHbIX

ceuyeHu Gpyca Npu pacTSXKEHUN M CXATHH

HcnonsayeM n3BecTHHIE GOPMYJIBL.
3akou I'yka o = Ek.
o

OIKVJ]&. £ = —.
Al

OTHocuTeNbHOE yOIMHEHVE €= —.

l
B pesynbTaTe nony4yuM 3aBHCHMOCTh MEXIy HATLDY3KO#, pa3Mepa-

Mu Gpyca 1 Bo3HUKalowWel nedopManueii:

Al

U-
! E’

o =

=2

al Ni
Al-——-E; 28287 Al—-—A—E,

roe Al — abconoTHoe ynIMHEHNe, MM,
0 — HopMmauibHOe Hanpsikenue, MIla;
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| — HavaJLHAA INIUHA, MM;

E — momyns ynpyroctu matepuana, Mlla;

N — npogonshada cuna, H;

A — mIOIIAIb MOMEPeYHOro CeUeHus, MM2;
IIpoussenenune AE HA3BIBAIOT HCECTNKOCMBIO CEUEHUS.

BriBonnr

1. A6comoTHoe yanmHeHne Opyca OPSIMO [IPONOPLUUOHAILHO BETy-—
YUHe IPOJOSILHON CIWILL B cedeHusn, aaune 6pyca u obpaTHO ponopuno-
HAJILHO IJIOLIAAY [OIEPEYHOrO CEYCHUS U MOLYIIIO YIIPYrOCTH.

2. CBs3b MEXAY IPOMOJILHOI ¥ MONEPEYHON nedopMalusiMy 3aBUCAT
OT CBOMCTB MaTepuaia, CBA3b onpencmnsercd xoadduyuenmon [lyacco—
Ha, HaseiBaeMoM kosdduyuenmon nonepeunotd defopmayuu.

Koaspdumment Ilyaccona: y cramm p ot 0,25 no 0,3; y npobkn u = 0:
y pe3unsl [ = 0,5.

3. Honepeunsie nedopManuy MCHbIIE ITPONOITHHBLIX U PEAKO BJIMAIOT
Ha paboToCHOCOGHOCTE AeTANIM; IIpK HeOBX0OMMMOCTH nonepeunas nedop—
MALS PACCUMTHIBAETCS UCPE3 NMPOHOIBHYIO.

' Aa ’
€ = pe; €=—; orkyaa Aa =€ ag,
ag
rac Aa — IOHNEPCUHOC CYXKEHHE, MM; (p — HAYAJILHBIA TMONCPCUHLIR

pa3sMep, MM.

4. 3akoH ['yxa BHIIOMHAETCS B 30HE yNpyrux aehopMaimit, KoTopas
ONPENCISCTC NPU UCHBITAHMSX HA PACTKCHUC MO AUATPAMMC PACTS-
xeHua (puc. 21.2).

£l H[)ld [)8.60'1‘(:‘ IacTu'ieCKue mne-

dopManum e DOMKNLI BOIHAKATD,
| yupyrue nedopManum Majbl 110
CpaBHEHUIO € TI'€OMCTPHUYECKUMU
pasmepamu Teaa. OCHOBHBIE pacye-
THl B CONPOTUBJICHUHA MaTEPHAJIOB
NIPOBOAATCA B 30HE YNPYyrux aedop-
Malu#, e qecTByeT 3akon ['yka.

al, MM
Puc. 21.2

Ha nuarpamme (puc. 21.2) 3axon I'yxa dedicmeyem om mouxu 0 do
mouxu 1.



Tema 2.2. PacTaxenne u cxarue

185

5. Onpenenenue nedgopManun 6pyca oI HATPY3KO U CpaBHEHNE ee
¢ nonyckaemoit (He Hapymaloleil paboTOCIIOCOOHOCTH Opyca) Ha3bIBAIOT

pacuyemom Ha HCECTKOCMD.

IIpumepsnl peireHus 3anmay

Hana cxema HarpyxkeHus # pasMepnl 6pyca no Iedopmaruu
(puc. 21.3). Bpyc 3aiuemien, onpenelnTs epeMellenne CBOGOIHOro KOH-

a.
Pewenue

1. Bpyc crymenuaTsii, mno-
3TOMY CIIEYET TOCTPOUTDH BMIOPHL
NPONOJILHBIX CWJI M HOPMAaJIbHBIX
HaNpPsIXKCHUN.

Henum 6pyc Ha yvacTKm Ha-
CPYXEHUS, OIpenenseM INpONOb-
Hble CWIK, CTPOUM 3IIOPY IpO-
IOJLHBIX CHJI.

2. OnpepenseM  BeTUUUHBI
HODMANIBHBIX HaIpsXKEeHNN 1o ce-
YCHUAM € YUE€TOM U3MEHEHUH IIo-
A/ TIONEPETHOTO CEUEHUsI.

CrponM 3miopy HOPMaJIBHEIX
HAIPSKeHUH.

3. Ha xaxnoMm yuacTke omnpe-
ncnseM  abCoONIOTHOC  YIUTHICHMC.
Pesynbrars anrebpanueckn cym-
MUPYEM.

Mpuwmeuyuanwue Dar
Ka 3aUeMAENA, B 3aICTKE BOSHUKA-
eT Heuléecmuad Peaxyud B OIODE,
[O3TOMY pacyeT HAYMHAEM CO C60-
600no20 koHua (crpasa).

1. Isa yuacTKa HarpyXeHUs:

yuacmox 1: Np = +25kH,;
pacTAHYT;

A, = 1000 vm?
2 / A= 500mm?
‘l /
d 60 xH l 25kH
-1 L ______
7 i
2
OAM L 04w | 05mM g
2 yu. 1 yu.
25xH
¥
Smopa N>
50 H/MMz
35kH
25H/Mm?
v
_ Snwopa &
35 H/Mm?
G3 O3 [o]]
Puc. 21.3
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yuacmok 2: 25 — 60 + No = 0; Ny = —35kH; cxar.
2. Tpu; y4acTKa [0 HANIPSKEHUIM:

N 25103
oy = -—/ﬁ; = 5500 = 50 H/mm?;
N 25 - 103
o9 = A—:; 72 = —o5s = 25 H/mm?%;
— . 3
o3 = N2 _ 23510 ~35H/MM?.

4, 7T T1o00

3. Yanunenus yuacTkos (Marepuan — ctans E = 2 -10° MITa):

o1l 50-0,5-103
= r— = ———————— l 5 M
Al o Al S0 0,125 Mu;
_ogly _25.0,4-10° .
AIQ = E 3 Alg = 2. 105 = 0,05 MM;
_asly _ —=35-0,4-10°
Alz = 7 Aly = > 105 = —0,07 mMm.

4. Cymmaproe yiunmHenme Gpyca (nepemerueHue cso6oRHOTO KOHUA).

Al = Al + Alp + Alg; Al = 0,125+ 0,05 — 0,07 = 0,105 Mm.

KOHTpOJII:HbIe BOIIPDOCHI M 3aXaHWsI

1. CranbHoii cTepXeHb IUIMHON 1,5 M BBITSILYJICA IO HATPY3KOK
Ha 3 MM. Yemy paBHo oTHOCHTCALHOE yanuHeHne? Hemy paBHO OTHOCH-
TenbHoe cyxenne? (p = 0,25.)

2. Uro xapaxTepusyeT Koah(UUMEHT nonepeuHoi nedopmanvu?

3. Copopmynupyiire 3axoH ['yka B coBpeMenHoit thopMe Opu pacTs-
KEHUM U CKATUM.

4. Yro xapakTepusyeT MOLyb yupyrocru Matepuana’ Kakopa eqn-
HUIa, M3MEPEHN MOMYJIS yIpyroctu?

5. 3amnumTe GOpMyiibl 1A onpeneneHus yiiuHedns Gpyca. Yro
xapakTepusyer npousBenerue AE u xax oHo HasulBaeTca?

6. Kak onpenenszor aGcomoTHOe YANKMHEHVE CTYIEHYATOro 6pyca,
HArpyKeHHOT'O HECKOIBKUMU CHIaMu?

7. OTBeTHTE HA BONPOCH! TECTOBOTO 3aQAHMS.
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Tema 2.2. PacraxkxeHue u cxatTue

Bonpochs OrseTmi{Kon
1. BuibpaTh COOTBETCTRYIOUIYIO MIOPY NPOROALHBIX A 1
CHJI B NONEPEeYHBIX ceveHusax 6pyca.
, B 2
A - -
4"*“‘”‘\ 130 11 = = = B 3
o8B
40 k11| 9 == r 4
70 xH
A, = 500 mu? / A b B r
2. Ilns Gpyca, nzoGpakeHHOro Ha CXeMe K Bompocy 1, 70 kH 1
paccunTaTh HauGolNbLIYI0 NPOLONIBHYIO CHIlY, BO3-
HMKILYIO B IIONE€PEYHOM CeYeHUH. 130 xH 2
110 xH 3
200 xH 4
3. OnpenemmTh HOpMaJILHOE HanpskKenue B Touke 3 110 MIla
(cxeMa x sonpocy 1).
220 MIla 2
80 MIla 3
140 MIla 4
4. Mposepurs npounocTs N306paXXeHHOrO B Bolpoce § o = (o} 1
Gpyca, ecM OIlyCKAacMoe HallpsiXeHue
[o] = 160 MIIa? o > |d] 2
o < |[a] 3
Bephwuiit oTBeT 4
He npUBeNeH
5. OnpenennTs nepemellienre cBOGOIHOIO KOHUA 0,42 MM 1
Gpyca, eciy N3BEeCTHH MIMHE yyacTxos Gpyca:
L =0,dMl=0,6M3=0,4Ml4=0,2M 0,22 MM 2
(cxema x Bompocy 1).
0,62 MM 3
0,66 MM 4
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Tema 2.2. Mexaunuyeckne UCHbLITAaHUA,
MeXaHUYeCKNe XapaKTepUCTUKU.
Ilpenenbuble 1 NONyCKaeMEI€ HANPSAXEHUS

Hmemob npedcmasaenue o npedeabnblx u donYCKAEMbLT HANDINCEHU=
4z u Koauyuenme 3anaca NPouHOCMU.

Sname duaepammbl pacmascenud u CHAMUT NAGCTIUNHBIT U TPYN-
KUT MAMEPUAL08, TOPLJOK DPACUEMOE HA NPONHOCTDb.

TIpu Bribope maTepuasioB mid 3JIEMCHTOB KOHCTPYKIIMH M PACUETOB
Ha ITPOYHOCTH HEOOXOMMMO 3HATL Mexanudeckue Xapakrepuctuku. Heob-
XOMUMBIC CBENEHUS MONIYYaloT 3KCMEPUMEHTANILHO [PH UCMBLITAUUIX HA
pacTsKeHUe, CXKaTue, Cpe3, KpyueHue u narut.

Mexaundeckue UCIBITAHMA.
CTaruyeckue NCNbITAHUA HA PACTIXKEHUE U CXKaTHe

Harpysxa OTO CTaHOAPTHHIC MCOLITa-
é%—@——)— HUusg: 00opynoBaHue — CrTaHyapT-
nas paspuLiBHAas MalUWHa, CTaH-
d, F,H OapTHHIA obpaser; (KpyTanii uitm
>
-
—>

Sopaset IUIOCKUIA), CTAHIAPTHAS METOLUKA

——— pacuera.

Al um Ha puc. 22.1 npencrasiceHa
cxeMa ucnbiTaauii (dy — Havlb-

Fa — HBI IMAMCTD MOIEPCHHOTO ceye-

L__..JE AAHEEHIE HUS; [) — HavallbHas OJIMHA).

F Puc. 22.1 Ha puc. 22.2 uzoGpaxena cxe-

Mma oBpa3sta mo (puc. 22.2a) n nocne

(puc. 22.26) ucnmranuit (d,, —— AMAMETp IICHKM, CYXEHHA Mepen pas-

PBIBOM).

O6pa3sel 3akpemisgeTcs B 3aKMMaX Pa3PLIBHOM MAILIMHEL U PACTATH-
BaeTCs IO pa3psiBa. Mawunna cuabxena npubGopoM [jis aBTOMATUYECKOR
3aNMCH OUACPAMMBI PACTSXKEHUS — 3aBUCUMOCTH MEXIY HATrPY3KOil K
abCoOmOTHEIM yminneHueM (puc. 22.3 — guarpaMma pacTsKEHUs JUIA
MAJIOYTJIEPONNCTOR CTAH).

Al v
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'd_o\ ‘_1_1"\ dI\OH
10 I xon
a) 6)
Puc. 22.2

Tlony4eHHas OuarpaMMa IEPECUMTHIBAETCI W INEPECTPANBAETCA
(puc. 22.4 — npuBeneHHasA NUarpaMMa PACTKEHUS [EPBOrO THUIIA).

Ocobrte TOukM muarpam-

MBI pacTsxeHus o003HAUEHE F=NH 4
Toukamu 1, 2, 3, 4, 5: s b

1) Touka 1 cooTBercTBy- F 2 3
eT npedeay MPONOPYUOHAALL- F3
HOCTIA: TIOCTIE Hee IpsSMast M- ' Fmax
¥ ([IpAMas NPONOPHUOHAIb
HOCTb) 3aKAHYMBAETCA M Ie- /
pEXonuT B KPUBYIO; 0

yugactok 01 — ynnune-
nue Al pacrer npouopumuo-
HaJLHO HACPY3KEe; NOONTBEp-
AOaeTcsa 3akoH I'yka;

2) Touka 2 COOTBETCTBYET npedeay ynpy20cmu MaTePUada: MaTepu-
an TepseT YIpyrHe CBOMCTBA — CNOCOHOCTbL BEPHYMBCA K UCTOOIHbIM
pa3mepan;

3) Touxa 3 ABNAETCs KOHIIOM y4acTKa, Ha KOTOpoM ofpasell cuub-
no deopmupyemcsa 6e3 yéeauuenud nazpydxy. DTO ABJIECHUE HA3LIBAIOT
MEKYLECTLIO; MEKYUECTNd — YOAUHEHUE NPU NOCTROZHHOY Ha2PY3KeE;

4) Touka 4 COOTBETCTBYET MAKCUMAALHOT HA2PY3KE, B ITOT MOMEHT
1a obpasne ofpasyercs «welka> — pe3Koe yMeHbINEHHE IIOIanU 110~
nepeuHoro cevenys. Hanpskenue B 3TOH TOYKE HA3LIBAIOT 6DEMEHHbIM
COTPOTNUGAEHUEM DPA3PIBY, WU YCAOBHIM NPEDEAOM TLPOYHOCTU. 30HA
3—4 Ha3’BLIBAETCsI 30HON YIPOYHEHUs.

Alma); Al mu

Puc. 22.3

Mexanndyeckue XapakTepPUCTHKA

IIpn nmocTpoeHMM NpPUBENEHHOW OMarpaMMEl PacCYUTHIBAIOTCA Be-
JIMMUHEKR, UMEIOIME YCJIOBHBIA XapakKTep, YCUIINA B KaXXIOW U3 TOYeK
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IeNAT Ha BEJIMYMHY HaUaabHOT Naowadu NONEpeuro20 cevenud, XOTH
B KaXXIbIl MOMEHT MzeT dedopMauds U IIoIanb o6pasna YMeHbIIaeT-
ca. IlpuBeneHHas nuarpaMma pacTsKeHMsS He 3aBUCHUT OT abGCOIOTHBIX
pa3mepos ofpasna (puc. 22.4).

G, MIla

Puc. 22.4

Ocnoanble TAPARMEPUCTNUKY NLPOUHOCTIU:
~— Tpenes NpONOPUNOHAIBHOCTH Oy = Fy/Ap;
— mnpenes ynpyrocty oy = Fp/Ap;
— npenen Texyyectu or = F3/Ag;
~— Ipenes NPOYHOCTH, WIM BPEMEHHOE CONPOTUBICHUE Da3pHBY,
0 = Fmax/Ao, e Ap = (7d3)/4 — HavansHas miomans, cedeHns.

Xapaxmepucmuxy naacmuunocmu mamepuaia
0 — MaKCHMAaJIbHOE YAJIMHEHNE B MOMEHT pa3phbiBa

Almax

d= o

- 100 %,

rie Almax — MaKCUMaJIbHOE OCTATOUHOE yunuueHue (puc. 22.3);
1) — MaKCUMallbHOE Cy)X€HHUe NPU pa3phlBe

yremk 100 %,

1/):

roe Ay — miomans o6pasia B MECTe pa3phiBa.

XapakTepuCTIKN MITaCTUYHOCTH ONPENeIsSioT COCOGHOCTL MATEPH~
aya X NeOPMUPOBAHMIO, YeM BLIIIE 3HAaYeHUd 0 U 3, TeM MaTepuas
IIIacTUYHEe.
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Buam AarpamMmm pacTAXCHWMIA

Pasnuunbie MaTepuaJisl o-pasHOMY BELYT ce6st Mol HArpy3Koi, xa-
pakTep medbopMaluii U PaspyIIeHns 3aBUCUT OT THUIIa MaTEPUAJIOB.

TIpuHATO NesMTH MaTEPUAJIbl IO THILY UX AMarPaMM PACTSXKEHNs Ha
Tpy rpynnsl. K nepBoil rpymnne OTHOCAT NAGCMUYHbE MAMEPUALDL, STH
MaTepuasibl UMEIOT Ha AMarpaMMe DacTAXKEHUS NAowadky mexyecmu
(nmarpammer nepsoro tuna) (puc. 22.5a). Ko sTopoit rpynne oTHocaTcs
IPYnKuE MAMEPUatbl, ITU MATEPUAIEL MaL0 dedopmupylomed, paspy-
HIAIOTCSA MO XpynkoMy Tumy. Ha mmarpaMme HeT momanky TEKydecTH
(puc. 22.56).

K Tperweil rpynne OTHOCAT MATMEPUQADL, HE UMENUUE NAOWA0-
Ky Mexywecmu, HO 3HAUNTENILHO AebOPMUPYIOLIMECS IO HArPY3KOM, UX
Ha3HBaOT naacmuuro-rpynxumu (puc. 22.58).

s Mlla 4 o,Mlla o,MITa

Cnu

Puc. 22.5

TakuM 06pa3oM, zpynkut U NAACMUNKO-ZPYNKUL MAMEPUALLL HE
UMEON NAOWAdKY MEKYYecnU, & B CIPABOYHMKAX OTCYTCTBYET Xa-
PAKTEPHUCTUKA «IIpenes TekyyecTu». Ilo 370l 0cOBEHHOCTH MX MOXKHO
Y3HATH.

IMnacTuuHo-Xpynkre Marepywasibl 3HAYUTENLHO nedopMEpYIOTCH,
3TOTO HENb3s AOMYCTUTH B paboTatomeit kKoHcTpykunn. [losTomy nx de-
Popmayuro obbiuno oeparuuusaom. MakcuMaILIO BO3MOXHAS OTHOCH-
tenbHas nedopmauns € = 0,2 %. Ilo Benmunne MakCUMaJIbHO BO3MOXKHOM
zechopMaluy OIPENeIIseTCsa COOTBETCTBYOILIeEe HOPMaJIbHOE HAIIPsKeHUe
00,2, KOTOPOE IPUHUMAIOT 3a IIPENeILHOE.

Hpene.m:ume 1 OonycCcTyMble HalIPDAMXKEHN A

ITpedeavuvin nanpajcenuem CUMTAIOT HAIPAXKEHNe, DU KOTOPOM
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B MaTepHaJle BO3HUKAET ONACHOE COCTOSHUE (pa3pyIlueHue WM OlacHas
nmedomanys).

Oas naccmuunsiz MaTEPUAJIOB [IPENENIBHBIM HAIDAKCHUEM CUATA-
10T npedes meKyyecmu, T. K. BO3HUKAIOLME INIaCTUUECKKe AedOPMALiH
HE HCYE3aI0T II0C/Ie CHATUS HArPY3KHU:

Onpex = Or-

st zpynxur Mmarepuanios, rae miacTudeckue nehopMaluyu OTCYT—
CTBYIOT, a Pa3pyIUeHHe BO3HUKAET IIO XPYNKOMY TUIY (Luediky He o6pa—
3yercs), 3a MPeNesIbHOE HalpAXKeHUe NPUHUMAIOT NPedes npouHoCmu:

Onpen = Ogp.

HJ'ISI NAAGCTNUYHO-TPYNKUT MATCPUAJIOB NIPEOCIbHBIM HallPAXKCHUEM
CUNTAIOT HAIIPpAXEHMe, COOTBETCTBYIIOLLECE MaKCHMaJILHON Iqu.)OI)MaI_IKK
0,2% (00,2):

Onpen = 00,2-

ﬂOﬂyC'K?aCMOC HANPANCEHUE — MAKCUMAJILHOEC HAIIPAXKEHNE, IIPU KO-

TOPOM MaTepHaJ OOXKeH HOPMAJILHO paboTaTh.

HOHyCKaeMbIO HaIPAXKEHUA NOJNYyUaloT NO INPEOCJIBHBIM C YYCTOM
3allaca INpO4YHOCTHU:

o] = 2
- b
[s]
roe [o] — nonyckaemoe HaIpsKEHUE; § — KO3(QOUIMEHT 3amaca Mpod-
HOCTH; {8] — momyckaeMblil KO3 PUIMEHT 3amaca IPOYHOCTH.

IIpuMeuanne BxpagpaTHuX ckobkax IPUHATO 0003HAYATE
IONMYyCKAeMOe 3HAUEHUE BEeJTMUUHbL.

Lonyckaemvit xosduyuenm aanaca npownocmu 3aBUCUT OT Kade-
CTBa MaTepUasa, YCIOBUN paGoThl DeTany, Ha3HaYeHUus NeTal, TOUHO-
c¢Tu 06paboTKy! U pacyeTa U T. .

Oun MoxeT xonebaTbes or 1,25 mng npocTwix meTaneir mo 12,5 ona
CIIOXKHEIX IeTaJiell, paboTaoumx npy nepeMeHHEIX Harpy3Kax B YCJIOBH-
X yOoapoB 1 Bubpaluii.

Ocobennocmu nogsedenud mMamepuatos nNpu UCNLIMAHUIL
Ha cicamue

1. IInacruynnie MaTepuasibl MPAKTUYECKM OOMHAKOBO paboTaioT
IIpU pacTsDKEHUU N cxaTtuu. MexaHnmueckue xapakTepUCTUKU TNPU pa-
CTSKEHNH ¥ CXKATUYN OOUHAKOBEI.
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2. Xpynkue MaTepuasbl OObLIYHO 06/1a8a10T GONbIIEH MPOYHOCTHIO
npu CKaTUX, YeM NPU PACTKEHNN: Ogp < Tgc.

Ecnmn momyckaeMoe HampsikeHWe P PACTSKEHUH U CXKATHM Pas-
4RO, WX o6o3HauaoT [op) (pacTaxenue), [oc] (cxarue).

PacueTn Ha IIPOYHOCTE IIPM PacCTAXKEHNM 1 CXKaTHHn

PacueTs! Ha nIpoYHOCTH BEAYTCSA IO YCIOBUAM IPOYHOCTH — HEPa-
BEHCTBAM, BHIIOIHEHUE KOTOPLIX FAPAaHTUPYET IIPOYHOCTbL HETAJIN HpU
NaHHBIX YCIOBUAX.

IIna ofecneyenns NpoOYHOCTHM PACUETHOE HANPMAKEHUE HE JOJIXKHO
[IPEBHIIATSH JOINYCKAEMOrO HAIIDIKEHUS:

[o] = =52,

[s]

PacueTHoe HanpsXKeHME 0 3aBUCHT OM HAZPY3KU U PA3MEPOE TIONE-
PEYHOro CeYeHMs, OOIYCKAEMOE TONLKO OM MAMEPUasa Jemaar u ycio-
BUIl pabOTHI.

Cy1ecTBYIOT TpH BUIA PACYeTa Ha NPOYHOCTD.

1. IIpoexmupoeounbiil pacuem — 3afaHa pacdeTHAs CXeMa u
Harpy3K#; MamMepuas Ul pa3mepyt demaau nodbupawmes

— omnpeneNieHre pa3MePOB MONEPEYHOIO CEUEeHM:

a<[] rea—ﬁ'
\U) H —A,

2
[o]
— nonbop MaTepuana
N|s]
Onpen 2 T;
10 BEJIMYUHE Oppex MOXKHO NONOOpaTh MAPKY MaTepHalla.
2. IIposepounbitl pacuem — W3BECTHHEl HArPY3KHM, MATEPHAJ,

pa3Mephl OeTaln; HeoOXOoUMO nposepumb, obecnevena Al NPoOYHOCMD.
ITposepsaercs nepapencTBo

N
g = "Z < [0’ ].
3. Onpedeaenue na2py3ounol cnocobrocmu (MAKCUMAJIBLHOIL

Harpysku): [N] = [0]A.
7 - 8060
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IIpumMmepnl penieHns 3agad

IIpsmoit 6pyc pacramyT cuinoit 150 xH (puc. 22.6), maTepuan —
crans o = 570 Mlla, o5 = 720 MIla, 3anac npousoctx [s] = 1,5.
OnpenenuTh pa3sMepHl TIONEPEYHOrO cevyeHns Gpyca.

Pewenue

N
1. YenoBue npoyrocT: 0 = 1 < [o}.

2. Ilorpebnas niowaas NONEPEYHOIO Ce—

3y,

N
Puc. 22.6 YeHus OIPENeAeTCs COOTHOomeHeM A 2 -[;].

3. NonyckaeMoe HampsiKeHUE AN MaTe-
pHaJIa PaCCUUTHIBACTCA M3 3aJAHHBIX MEXAHUYECKHUX XaPaKTEPHCTHUK.
Hasune npenena TeKydecTy 03HAYAET, YTO MaTepUall — INIACTHYHEIM.

o] = 7=, 570

o o= 15 = 380 M.

4. OnpenenseM BenuuuHy nOTpebGHON MIIOIAON HONEPEYHOrO cede-
Husg 6pyca 1 nonbupaeM pasMepH ML OBYX CAYYaes.

3
> 150 - 10
380

Ceuenne — kpyr, onpenenseM AUAMETD.

A 394,7
= 7R2: =./Z, =‘/__;__
A=7R* R = R 314 11,2 MMm.

Iony4yenHyio BenuuuHy OKpYyrifeM B GOnbliryio CTOPOHY d=25MM,
A=491cm’.

Ceuenne — pasronosnounniit yronok Ne § mo 'OCT 8509-86.

Bumxaiiinas IIoIaIb IonepedHoro ceuenus yroinka— A = 4,29 cu2
(d = 5Mm). 4,91 > 4,29 (TIpunoxenue 1).

A = 394,7 Mm2.

KOHTpOJILHbIe BOIIPDOCEI 1 3agaHMUsA

1. Kakoe sBiicHHE HA3HBAIOT TEKY4ECTHIO?
2. Uro Takoe «iefiKkas, B KaKOl TOYKE OUArPAMMBI PACTSXKEHUA OHA
obpasyeTrca?
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3. ITouemy noJtyveHHbIE DA MCILITAHNAX MEXAHUMYECKHE XapaKTe-
PUCTHKY HOCAT YCJIOBHBIA XapaxTep?

4. Hlepeuncnure XapakTEPUCTUKY NPOYHOCTH.
5. Ilepeuncnure XapakTEPUCTUKY ILIACTUUHOCTH.

6. B uem pazHuna MeXny IUarpaMMON PACTSKEHHUS, BEIYEPYEHHON
aBTOMATUYECKU, 1 IPUBENCHHON OMATrPAMMON PACTIKEHUA T

7. Kakas u3 MexaHmyecknx XapaKTEepUCTUK Bm6npaeTcx B KadyecTBe
NpeneIbHOrO HallPAXKEeHUA V1A INIACTUYHBIX U XPYIKNX MaTepYIa,J’IOB?

8. B ueMm pasnuuve Mexny NpeneNbHBIM U JONYCKAeMBIM HAIpPsKe-
HusMK?

9. 3ammmuyTe yCNoBYE IPOYHOCTH NPH PACTAXKEHNH U cxxaTuu. OT-
INYalOTCA MU YCJIOBUS IIPOYHOCTH NPH PAaCcHeTe Ha PacTSXKEHNe U pac-
yeTe Ha CcxkaTue?

10. OTBeTbTe Ha BONPOCHI TECTOBOrO 331aHUL.

Temnbr 2.2. PacTsaxenue u cxxkarue

Bonpocwu OrBeTn|Kon
1. Bui6paTs Ha AMarpaMme pacTAXKeHHMs yUaCTOK 01 1
ynpyrux nedbopmanuit.
12 2
F=N
34 23 3
12
22 4
ol al
2. Tlo xaxoil XapaKTepUCTHKE ONpPENENIeTCd AoIyc- Or 1
KaeMoe HalpskeHue IS IIACTHYHBIX MaTepuaios?
Oy 2
oy 3
s 4
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TIpononxeune
Bonpocau OrseTn |Kon
N
3. BrGpats HauGomnee TOYHYIO 3allMCh YC/IOBUA oY~ | O = i~ {o] 1
HOCTM NP PacTSKEHUM U CXKATHH.
N
o=—=2 fo] 2
N
ag= Z S [0'] 3
N
o= ;1- > [U] 4
4. OnpenenuThb Npefie TeKyYecTH MaTePHAJIa, €CIIM: 280 MIla 1
Faw = 12xH; Fr = 14xH; Fopay = 20xH; A = 50 mM?,
A — mnolans MONepeyHOro ce4eHus. 470 MIla 2
560 MIla 3
620 MIla 4
5. IlpoBepuTh NPOYHOCTL MATEPHAIIA, €CIH: o > [o] 1
o = 320 MIla; Gan = 720MIla; 0. = 800 MIla;
os = 1000 MIla; [s] = 2,5; s — 3anac npoaHocTy; o < o] 2
0 — pacyeTHOE HANpPXeHMe.
o = |o] 3
Hanunx 4
HEIOCTaTOUHO
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JIEKIINA 23

Tema 2.3. IIpakTuueckue pacyeThl Ha Cpe3 U
cmsaTne. OCHOBHBIE NIPEATNIOCHITIKY
pacyeToB U pacueTHbIe GPOPMYIIbI

Humemv npedcmasaenue 06 0CHOBHBIT NPEONOCHIAKAT U YCAOESHO-
CTNAT pacuemos 0 Jemaddz, pabomaloWuT Ha CPE3 U CMAMUE.

3namo enympennue cuaosbie faxmopsl, nanpgicenud u defopma-
Yyuu npu c&euae U emamuu, ycaosud NPowHoOCmMU.

Yumemv onpedeasme naowadu cpesa u cuamud.

HNeranu coenuuenuit (60nTH, WTUTH, WINOHKY, 3aKNenKu) pabo-
TAJOT TAK, YTO MOXHO YYNUTHIBATb TOJBLKO OOVH BHYTPEHHMIH CHJIOBOI
daxTop — nonepeuHyio cuity. Takue eTau pacCYMTHIBAIOTCS Ha CIBUL.

Cuasur (cpes)

Cosuzom HA3HIBAETCS HarpyXXeHne, Ip1 KOTOPOM B IONEPEYHOM Ce-
yeHun 6pyca BOSHMKAET TOJILKO ONWH BHYTPEHHMI CHJIOBO dakTop —
HONEPeYHas CUIa.

PaccMorpum Gpyc, Ha KOTOpHIL nei-
CTBYIOT DaBHHIE IO BeJIWYMHE, NPOTHBOMNO-
JIOXHO HAIpABJIEHHKIE, NEPIEHMKYIISIPHbIE
NpONOMNLHOI ocu cuiel (puc. 23.1).

IIpumeHuM MeTon ceueHuil M ompene-
MM BHYTPEHHHE CIJIBl YIIPYTOCTH U3 YCIO-
BIA PABHOBECHs KaXXIOi U3 JacTeit 6pyca: F

YF=0 F-Q=0, F=Q,
roe Q@ — nonepeudas cuna. EcrecTsenno
CUATATH, YTO OHA BHI30BET NOSABIEHUE TOMb- B
KO KACATEeJIbHLIX HAIDAXKEHUN T.

PaccMOTpUM HaIpsyXeHHOE COCTOSIHME F(lo
B TOuKe B ronepeyHOro ceyeHusl.

Brinenum sneMeHT B BuIe GECKOHEWHO
MAJIOro NapajuleNienunens, K IpaHiM KOTo-
pOro NpUIIcKeHk! HanpsxeHus (puc. 23.2).

o
T

ol
~|
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Mcxons w3 ycioBMsA paBHOBecHsA TOUKY B, BHyTp:
< 6pyca NPV BO3HMKHOBEHUM KACATEIBLHOTO HANPSKEHUS
11‘ lj: T Ha IIPaBOH BEPTUKAJLHOM IIOIIaIKe TaKoe Ke Hanpsa~

> JKEHWe NOJKHO BOSHMKHYTh ¥ Ha JIeBol momanke. OHu
P obpasyioT napy cui. Ha ropm3oHTaILHLIX mIomankax
Puc. 23.2 BO3HUKHYT TaKue XK€ HanpsxeHus, obpasyiolme Takyio
xe napy obpaTHoro Hanpasienus (puc. 23.3).

Takoe HaNpsXEHHOE COCTOAHME HA3BIBAETCA YHCTHIM CHBUIOM.
3mech OEACTBYET 3aKON NAPHOCTIU KACATEALHDIE NANPINCENU:

IIpu cdsuze 8 oxpecm-
HOCTNAT MOUKY HG 63QUM- . ; A
HO NEPTIEHOURYATPHBIT TLL0-
wadKar 603NUKAOM Pas-
Hble TNO 6GeAunuME Kaca- T T Y
MeAbHbIE HANPAHCEHUS, Ha-
NPABAEHHbIE HG COCEOHUT

naowadxaz aubo om pebpa, —t > Hedopmuposantoc
6 6 ( 23.3 ) Hanpaxennoe COCTOANME
aubo x pebpy (puc. 23.3a). coCTonHAC A — acomomtt
B pesynbTaTe nnowan- casur
KM CIOBUTAIOTCA Ha yroi 7, a) Puc. 23.3 6)
HA3HIBAEMHI yasom cdeu-

2a.

ITpu cosure sunonudgerca 3axon I'yxa, KOTOpHIA B IAMHOM CIirydae
3allCHIBAETCA clenyiomuM obpasom: 7 = Gv.

3necs T — Hanpsxerue; G — MORYJL YIPYTOCTH CABUTa; Y — IO
CHOBUTA.

IIpt OTCYTCTBUMM CIEUMATIBHBIX UCHLITaHUNA G MOXHO PacCYUTaTh
o ¢popmysne G = 0,4F, E — Moay/nb yIpYrocTH IPYU PACTAKEHUH.
[G] = MIla.

Pacuer meTaseil Ha COABUT HOCHT YCJIOBHEIN XapaKTep.

st yrmpoleEns pacdeToB IPUHAMAETCS DAL OOIMYLIEHMIA:

— npu pacyeTe Ha COBUT u3rub neTanell He yYUTHIBAETCH, XOTH
CWJIH, NefCTBYIOIME Ha AeTalb, oGpasyioT mapy;

— Ipu pacyeTe CYUTAEM, YTO CUILl YIPYTOCTH PACHpeNeNleHkl 0o
CEYEHUIO PABHOMEDHO;

— ecaM IUIs Mepenayy Harpy3KM HCIONB3YIOT HECKOJBKO HeTadiel,
CUMTaeM, YTO BHEIUHAS CIJIa PACHPENeNseTCs MeXIY HUMUI PABHOMEPHO,
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Otkyna dopMmyna I pacdyeTa HANPSIKEHUI UMeeT BUIL:

Q. o F
T Q=7

Te =
rne 7. — KacaTelbHOoe Halpskenune; () — nonepeunas cuia; A, — mio-
LIaib cABUra; F' — BHeMIHAa caBUralomas CUia; 2 — KOJIMYEeCTBO OeTa-
JIeH.

Yeaosue npounocmu npu cdeuze (cpese)
Q
Te = < |7
c Ac X [ c]:

[Tc] — IOIyCKaeMoe HaIpsKeHHUe CIBUra, OOLIYHO ero onpenessioT IIo
dopmyne
[7e] = (0,25+-0,35)0 ;.

IIpu paspymenuy nerajis nepepesaercad nonepek. Paspywmenue ne-
TAJI NION HeWiCTBUEM II0IIEPEYHOR CHIILI HA3BIBAIOT CPEe30OM.

CmMmsarne

JoBONBHO 4ACTO ONHOBPEMEHHO CO CABUIOM IIPOMCXORUT cMsTUe 60-
KOBOIT MOBEPXHOCTY B MECTe KOHTAKTa B pe3ynbTaTe nepenayn Harpy3Ku
OT ONHON’ MOBEPXHOCTHM K Apyroit. Ilpu 5ToM Ha NoBepxXHOCTH BO3HMKAIOT
CKUMAIOLINE HAIPSKEHNs, HA3BIBAEMBIE HANPANCEHUAMY CMIMUL, Ocy.

Pacyer rakxe HocuT ycnmoBHEIN xapakTep. Iomymienms momo6HBI
NPUHATBLIM TIPM pacueTe Ha cOBUC (CM. BBIIE), OOHAKO IPU pacueTe
DOKOBOM UMIMHAPUYECKONR IOBEPXHOCTH HAIIPSAXEHMS TI0 IIOBEPXHOCTH
pacrpeneneHsl He pasrHoMeEPHO, TIOITOMY pacyeT IPOBOOAT IiIa Haubo-
7ee HarpyxeHHol Touku (Ha puc. 23.46). Ilns sToro BMecTO GOKOBOM
MIOBEPXHOCTY LWINHIPa B pacyeTe MCIONL3YIOT INIOCKYIO HOBEPXHOCTD,
npoxonguryio depe3 nuamerp. Ha puc. 23.4 nokaszaHa npuMepHas cxeMma
repefayy OaBJIeHUs Ha CTEPXKEHDb 3aKJIETIKHU.

Taxum o6pa3omM, yCIoBUE MPOYHOCTH IPU CMATHM MOXKHO BHIDA3UTD
COOTHOLIIEHMEM

 — < M

OcMm Ao X [UcM]a
Acy = db, roe d — nuaMeTp OKpPYKHOCTH CEYEHHUS; § — HalMeHbLUAs
BLICOTA COEIUHSEMBIX IJIACTUH; Ag, — PpacueTHas IUIOLIANL CMATHS,;
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DONyCKaeMoe Hanpsokenue cMaThss: [oew] = (0,35 + 0,4)0,; F — can
B3aMMOZEACTBUSL MEXIY NEeTATAMY.

7% i///////////////z%f*
-] § -

[
0) Puc. 23.4

IIpumepn! meTaneit, paGoraloimx Ha casur (cpe3)
U cMATHE

1. Ocs (puc. 23.5).
B cnyuyae, ecu Tommna neranu 2 Menbuie, Aqy = dé;

wd?
A, = 1 ——1i; i = 2 — KOJIMYeCTBO IIIOLIAJEH Ccpe3a.

2. Boar (puc. 23.6).
A, =ndh;  Agy = %(132 - ).
Cpes

o . D : /
Cb CMATHE
5 h /

F 7# F%//c?%

1 0] Cpes
Custue f lF

Puc. 23.5 Puc. 23.6
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3. [Inonku (puc. 23.7) paboTalOT HA CPe3 U CMATHE, HO PACCUMTHI-
BAIOTCs TOJILKO Ha CMATHE.

A; = bl; Aey = Ut; roe | — nomsa mmoskuy;
t — BHICOTa BRICTYnamowe yactu; b —
LINPUHA ILIIIOHKU.

Puc. 23.7

4. 3axnenka onHocpesnas (puc. 23.8), nByxcpesnas (puc. 23.9).

2 nd?
d.

2
i Omin ) |
rWRY 7™ N
! / /A
A F NN
| F. | NE

? g>/////%_,f~

Cpes

Puc. 23.8 Puc. 23.9

5. Ceapnoe coenurenue (puc. 23.10).

S{STR t (N

LLERLLL LRALMLLLS

Puc. 23.10

Yri0Boit mOB paspyaeTcs non yriaom 45° K INIOCKOCTU pa3beMa B
pesynbTaTe cpe3a. K — KaTeT yrioBoro msa, HonbUpaeTcs o TOILLMHE
CBAPHMBAEMOTO JIMCTA.

Heyxcroponnuit mos: A, = 2 -0,7Kb.
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Tema 2.3. IlpakTuyeckne pacuyeThbl Ha CPe3 U CMIATHE

3namb Ycao8UL NPOUHOCTIY NPU CPEIE U CMATNUY.
Yumems nposodums pacuemvt na cped u cmAmMUE.

IIpumeps! peurenus 3amag

TIpumep 1. Oupenenuts NOTPeGHOE KOMUYECTBO 3AKIENOK IS ne-
penaun prerrelr Harpy3ku 120 kH. 3akzenky pacnonoxuThL B ONKMH PAX.
[TpoBepuTh IPOYHOCTH COEMMHSEMBIX NCTOB. M3BecTHo: [0] = 160 MITat
[0en] = 300MIla; (] = 100 MIla; nuamerp 3akienok 16 mm.

Pewenue

1. OmnpemenuTh KONMYECTBO 3aKJENOK W3 pacyeTa Ha CHBUL
(puc. 24.1).

*—W

d ¥Ycnosre NpOYHOCTH Ha COBUL:

Q F
=——< cls = -
8 Te Ac [T] Q z

o
\\\\W .

—+~
1
[
|
|
|
|

\

< [7els

\\ 7]
roe A; = nr?;
Puc. 24.1 Z — KOJNUWYECTBO 3aKJICTIOK.
120108
0 =597 =~ 6.
TRYRA 2 > Y A 5482 100

Takum obpazoM, HeobxomuMo 6 3aKiIenoK.
2. OnpenenuTh KOIMUYECTRBO 3aKIENOK U3 PAcyeTa Ha CMATHE.
Y croBre MPOYHOCTHU Ha CMATHE:

F F F

= < . F/ = —; > ——
Tcm Ao < [UCM]7 > z 2 Ao [UCM],
Acy = dOmin; F/ — Barpysxa Ha onny 3axjenxy.
120 - 103
Orkyma 22— =3,12.

8-16-300
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Takxum obpazomM, HeobxomuMo 4 3aKJIEnKM.

Ilag obecneuenug npounocmu na cdeuz (cpes) u cmamue neobzo-
dunmo 6 saxaenox.

Ins ynobcTBa yCTAHOBKHM 3aKJIENIOK PACCTOSHUE MEXIY HUMHU M OT
Kpas qmcra periaMenTupyercs. lllar B pany (paccrosHue MeXIy IeH-
Tpamu) 3axnenok 3d; paccrosuue mo kpas 1,5d. CnemoBarenbHo, s
PACIIONIOXKEHN S LIECTH 3aKJIeNOK nuaMeTpoM 16 MM HeobxomuMa. IMPUHA,
nvcta 288 Mm. Oxpyrasem Bemumuury no 300 MM (b = 300 Mm).

3. TIposepuM MPOYHOCTH JMMCTOB Ha pacTsikenue. [Iposepsaem ToH-
kuit meT. OTBepCTNs MOA 3aKJIenKy o0cNabiMmoT cedesre, pacCINTHBAEM
IJIOLIaOb JIMCTa B MECTe, ocliabieHHoM oTBepeTuaMy (puc. 24.2):

Puc. 24.2

A= (b—2zd)é = (300 — 6 - 16) - 8 = 1632 mm2.
Ycnosue NIPOYHOCTHN Ha pPaCTIXEHUE:
120- 103

1632

73,53 MIla < 160 MIla. CrnenoBaTensHno, MpOYHOCTD JIMCTa obecriedeHa.

op=N/AL [op]; op= = 73,53 MIla.

IIpumep 2. IIpoBepHTH NPOYHOCTH 38KJIETIOUHOTO COETUHEHUS Ha
cpe3 u cMaTre. Harpyska ua coenunenue 60 xH, [7;] = 100 MIla; [ocy] =
= 240 MI]a.

Pewenue

1. Coegmuenne ABYXCPE3HEIMU 3aKJIENIKAMM MOCIENOBATENLHO BOC-
IPHHUMAETCS TPEMs 3aKJIENKaMU B JIEBOM DALy, & 3aTe€M TpPeMs 3aKJIell-
KaMu B npaBoM pany (puc. 24.3).

[Inomweans capura Kaxmoit 3akmenku Ac = 272,

IInomans cMaTus 60koBO MOBEPXHOCTH Acy = dOmin.

2. IlpoBepuM NpPOYHOCTL COEMMHEHMS Ha CABHT (Cpe3).
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Cpes 13

e gis
] I

Puc. 24.3

A

JERP

[
|
NN

| a)l

() = F/z — nonepeunas cujla B NONEPEYHOM CEYCHUM 3AKJICIKH:

F 60 -10°
Te=—=—; Tc= m = 75,4 MIIa < 100 MIIa.

ITIpounocTs Ha casur obecneuena.
3. ITpoBepUM NPOYHOCTL COSOUMHEHUS HA CMATHE:

F 60 - 103
CM=———-; C = =——— 2, H .
o A Ocm 3.13.8 192,3 MIla < 240 MIla

HpO‘IHOCTL 3aKJIENOYHOrO COenuHeRNs obecneyena.

ITpumep 3. IlposepuTs NPOYHOCTH CBAPHOIO COGMMHEHUS YTIIOBHI-

MM mBamu ¢ Haknankoi. [eiicrByromas Harpyska 60 xH, nonycxaemoe
HaIpsKeHue MeTanta wsa Ha casur 80 MIla.

Pewenue

1. Harpyska nepenaeTcs nocienoBaTeNbHO Yepe3 NBa LIBa ClIEBa, a
Dajlee — OBa 1IBa ciipasa (puc. 24.4). Pa3spyliienre yrioBbX WBOB 1Ipo-

UCXOOUT TO IIIOLIANKAM, PACIIOIOXKEHHEIM o yriaoM 45° k oBepXHOCTH
COENUHAEMBIX JINCTOB.

2. TTpoBepuM HPOYHOCTE: CBAPHOTO COGOUHEHUS HA CPE3.
I ByXCTOPOHEMIA YIiIOBOH IIOB MOXKHO PACCYMTATH MO (hopMyie

T = < [Tc]s

&

rne Q =F; A. =2-0,7Kb, A. — pacueTHas IJIOLIaAb CPE3a IIBA;
K — xarer miBa, pased TOJIIMHE HAKJIAOKYA, b — nyuHa mBa.
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6 0,7K

as°® 45" I E

F F F{ 3 . (F
W s =120 :
E I :

a) 6)
Puc. 24.4
CrepoBaTensHo,
60102
= ———— =595 M
= 3o 6.120 oo M

59,5 MIla < 80MIla. PacuerHoe Hamps:XeHHe MEHBIE IOIIYyCKAEMOTO,
npo4YHOCTh ObecnedeHa.

KOHTpOJ’IbHI:Ie BOIIPDOCHI U 3aNaHUA

1. Kakve BHyTpeHHue cuiioBhle (akTOPBI BOZHUKAIOT IIPU COBUTE U
cmaTun?

2. ChopMynupyiiTe 3aKOH IAPHOCTH KaCaTEJIbHBIX HAIIPSIKEHWM.

3. Kak obosnauaerca gedopmauus npu cosure?

4. 3ammnnTe 3akoH ['yka npu copure.

5. Kaxoit ¢puangecknii CMBICH Y MOZYJIA yOPYyrocTu?

6. YkaxuTre efMHUUL! M3MEPEHNS HAMPIKEHUI CABUATA U CMIATHI U
MOyl YIPYTOCTH.

7. Kax yuecTb KO/IM4eCTBO IeTadleil, UCIIOIb30BAHHRIX I Iepefady
HAUpY3KU TIpM pacyeTax Ha CABUT U cMaTue?

8. 3anummuTe yCnoBus MPOYHOCTH Ha CHBUI U CMATHE.

9. Ilouemy npm pacyeTe Ha CMATHE LMINHIAPHYECKUX ne'ra.nem BMe-
cTo GOKOBOW HMIMHIPWYECKON ITOBEPXHOCTM MOACTABIAIOT IIJIOCKOCTB,
MPOXONALILYIO Yepe3 auaMeTp?

10. YeM oTimyaeTca pacyeT Ha IPOYHOCTD IIPH CABUIE OIHOCPE3HOM
3AKJIETIKY OT OBYXCPE3HON?

11. 3anummTe ¢opMysTy ONd pacuyeTa CBAPHOIO COETMHEHUS.

CTepXHM KDYrjoro MNONEPEYHOIO CEeYeHMs CBAPEHH YIJIOBBIM ILIBOM
(puc. 24.5).
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\_»

AV

d
ANNANNAANNANRANNANANY ¢
Puc. 24.5

12. OrBeTHTE HA BOIPOCHL TECTOBOTO 330AHHUS.

Tema 2.3. IIpakTueckue pacyeThl HA Cpe3 U CMATUE

Bonpocts OrsBerunm|Kon
1. CapHoe coenHenne BLINOHEHO YIIIOBLIMU 420 Mm? 1 ‘
IBAMH ¢ Hakaaakoi. 8 = 10 mMm; b = 120 MMm. ;
PaccunTaTt cyMMapHYIO IJIOIIAAL CPE3a CBAPHBIX 600 mm? 2 %
LIBOB NIpK Nepenade cuasl F. .
840 mm® 3
F F. =
AAMMANAAMWANNA :
| 1680 mm? 4
F ! b F, :
2. BribpaTs dopMmyny Juts pacdera cBAPHOTO coeli- T= % 1
HeHud, N300paXKeHHOro Ha PUCYHKe K Bonpocy 1, Ha
. . F
JIPOYHOCTDH NION NielicTBUEM BHELHER CUMbL. o= Z; F=0Q 2
M
= o= 3
TTw
N
=— 4
iy
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IIpononaxenue
Bonpocm OrBerm|Kon
3. BonT narpyxen pacrsrusaioleit cusoft, npu 3ToM 468 mMm? . 1
DO3HKKAET CMATHE rosopky Gonrta. PaccunTaTs Benu-
YMHY naowans cMaTua 6onTa npu neficTBUM CHUALL 224 mM? 2
F, ecnu d = 20 mm; H = 14 Mm; D = 36 mm.
]
D \I, 1331 MM 3
| |H
!
j 703 Mm? 4
F
4. N1 ycnoeus npounocty 6onTa Ka cMsTHWe onpene- 22,40 xH 1
NUTHL BEIMUKHY AonyckaeMoft Harpysku F', ecin
fre] = 100 MITa, [0cx] = 240 MIIa, ucnons3osats 84,3 xH 2
IR pacyeTa JaHHME Bonpoca 3.
168,7 xH 3
70,3 xH 4
5. IlpoBepuTh NPOMHOCTDL 3BXKIICIOMIIONO COCARHCHHUA T < 7] 1
Ha cpes, ecny F = 80 xH; (7] = 100 MITa;
[Cex] = 240 MITa; d = 17 mM; & = 50 my; 2 == 3, T = 1] 2
[re]y [Oese] — mOMyckaemute Hanpgxkenus.
F oot
/IZ WIII . 'II/// F
—— NN 7> [ 3
w !
)
F ! A
P LIRS T [ —rd
| ? Iannsix 4
l HeZOCTATOUHO
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Tema 2.4. 'eoMeTpuyeckue xapakTepUCTNKNA
IJTOCKMX Ce4YeHU

Hmemv npedcmasaenue o gusuveckom cmvicae u nopgoxe onpe-
deaenud 0CeBHlT, UYEHMPOOENCHHIT U TMOAIPHLIT MOMEHMOE UHEPUUU,
O 2AQBHDIT UYENMPAALHLIT OCAT U 2AG6HBIT UENMPAALHLIL MOMENTIAL
UREPYUU.

3namy fopmyavt momenmos unepyuy npocmetiwur cevenuti, cno-
CO6bL BLINUCAEHUT MOMEKIIOE UNEPYUL TPU NAPAALEADHOM TEPEHOCE
ocedl.

Ilpu pacraxennn, CXKaTHUM, CMATHA U COBUTE JETallb CONPOTHBIA-
eTcs nedopManyM BCeM CEYEHUEM OOMHAKOBO. 3MeCh TEOMETPUYECKON Xa-
PaKTEPUCTHUKON CEYEHMS SABJIAETCA IIOMIANb.

Ilpn xpyyennn u narnbe ceueHune CONPOTHBILETCS AedOpMalUy He
OIMHAaKO0BO, IIPM pacyeTaX HaNpPsAXeHW MOSIBISIOTCA Opyrue reoMeTpu-
YecKue XapakTePUCTUKY CedeHUs, BAMSAIOLINE Ha CONPOTHMBIIEHMA ceue-
Husg nedOpMUPOBAHMIO.

CraTuyeckmin MOMEHT Iiomann cedeHun

PaccMoTpum npoussonbHoe cedenne (puc. 25.1).

Ecau pasbuts ceuenve Ha GecKoHEUyHO
MaJible miomanky dA 1 yMHOXNTE KaxIylo
[VIOLUAOKY HA PACCTOSHUE 0 OCH KOOPIMHAT

M TPOMHTErPUPOBATDL MOJIyYEHHOE BLIpaXKe-
y P dA4 HUeE, IOJIyYUM CTATHYECKUA MOMEHT IJIOIIA~
U CeYeHns:
0 X 1) orsocurensro ocu Oz Sy = [ ydA,;
A
Puc. 25.1 2) otHocuTensro ocu Oy Sy = [z dA.
A

y X

Ing cMMMETPUYHOIO CeYeHUs CTATUYECKME MOMEHTHI KaXXIoi mo-
JIOBHHBI MIIOIIAAN PABHH 10 BEJIMYMHE M UMEIOT Pas3Hkuli 3Hak. Cnenosa-
TEJbHO, CTNAMUNECKUT MOMERTTL OTMHOCUMEALHO OCU CUMMEMPUY PABEH
HYA10.

CraTtuueckufi MOMEHT HCTONL3YETCA JIPU ONPENENEHNN TIOJIOXKEHNS
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LEHTpPa TAXKECTU CCHCHNA:

(i n

> Axzk };Akyk n

Te = Yo = —5—; ZAkyk%/ydA-
%Ak %Ak 0 A

CI)OpMYJIbI IJ1s1 OIIpEeNeIEHN A NOJIOXKEHU S UEHTPa TAKECTU MOXKHO 3a-
nucaTb B BIOEC

S.
ro="Y yo="2.

LIenTpo6GexHBIT MOMEHT WHEPIINN

Ilenmpobescrbin momenmonm uHepyuy CEYEHNs Ha3bIBAETCA B3ATad
IO BCEW MUIOLIAOM CyMMa INIPOM3BEEHUN 3JIeMEHTapHBIX IUIOIIANOK Ha
obe KOOpAWHATHI:

Ty = /a:ydA.
A

lenTpobexubiii MOMEHT MHEPIMYN MOXeT OBITH MONOXKUTENBHBIM,
OTPHUATENLHEIM U paBHBIM Hyi0. LeHTpoGeKHEI MOMEHT BHHEPLUHM OT-
HOCHUTEJILHO OCEeil, MPOXOOSILMX uYepe3 LEeHTp TAKECTH CedeHus, paBeH
HYJTIO.

Ocu, OTHOCUTENBHO KOTOPHIX LIEHTPOOEKHBIN MOMEHT pPaBeH HYJIIO,
HA3LIBAIOTCA TJIABHBIMU. I TIaBHEIE OCH, IIPOXONALIIME YePe3 IEHTD TsXKe-
CTH, HA3LIBAIOT 24Q6HbIMU YEHTNDAALHOIMU OCAMU CEUENUSL.

OceBBle MOMEHTHI nHEepUMn

Ocesblm MOMENTOM UNEDPYUL CEYEHUs OTHOCHTENILHO HEKOTOpOil
OCH, JIeXAIllell B 3TOH e IIOCKOCTH, HA3LIBAETCs B3gTasd IO BCell IIO-
WIATN CYMMa Npou3BeNeHUN 3JIeMEHTapHBIX IJIOLIANOK Ha KBaIpaT HX
pPacCTOSHMS O 3TOI OCH:

1) oceBoit MOMEHT MHEPLMU CEYeHUs OTHoCHTENbHO ocu O

Tz = fy2 dA;
A

2) 0oceBOM MOMEHT MHEPLUM CEYEHNs OTHoCHTEeNnsHO ocn Oy

Ty = [z?dA.
A
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ITonsapHeIil MOMEHT MHEPUMU CEYECHUSA

IToagprvim MOMENMOM UHEPUUY CEICHUA OTHOCHUTEILHO HEKOTOPOH
TOUKM (IIOMIOCA) HA3BIBAETCS B3ATas MO BCeil IJIOWANY CyMMa IIPOU3Be-
IEHMH JIEMEHTAPHEBIX INIOMIAIOK HA KBaApPaT MX PACCTOAHWUS IO 3TOM

TOYKHU.
7= [ Faa,

A

roe p — paccTosHue 10 nomoca (ueHTpa nosopora) (puc. 25.1).
ITockoneky ,o2 = z? + y2, MO YMM: TOAADPHbUL MOMENT UNEPUUL
ceueHud Pasen CYyMme 0CEBLIT:

c71)=jm+Jy-

OceBrie MOMEHTHI MHEPHOMM XapaKTEPU3YIOT CONPOTUBIECHHME CEYE—
HUS IOBOPOTY OTHOCUTENBLHO COOTBETCTBYIOLLIEH OCH.

Tlonapumit MOMEHRT MBepUUs XapakTepu3yeT CONPOTUBIIEHUE CEYE-
HUA TIOBOPOTY BOKDYT IOIoca (Hadasa KOOpAMHAT). Enunune usmepe-—
HUS MOMEHTOB mHepumn: M*; cm?; Mm?.

MoMeHTBI MHEPIIUM MPOCTEMIINX CeUeHUN
Oceavie momenmbl uHEPYUYU NPIMOY20abHuKa (puc. 25.2)

IIpencraBuM IPAMOYrONBLHUK BRICOTOHR h ¥ IIH=
y puHOIL b B BHlte cedYeHUs, COCTABIIEHHOro n3 GecKoHey-

3, HO TOHKUX 1oJioc. 3anuiueM oAb TAKON IOJIOCH
bdy = dA. lloncrasum B HOpMYJly OCEBOTO MOMEHTA
% UHEPHMH OTHOCHTENILHO ocu Ox:
X
° Jx=/by2dy=b/y2dy;
A A
b h/2 3 bh3
. 25. 2bh
Puc. 25.2 J:=b / yidy = m; nonyuum: Jp = TR

—h/2

o amanoruu, ecnn pa3buTh IPAMOYTOJILHUK HA BEPTUKAIBHLIE 110~
JIOCHI, PACCYNTATD IUIONIALHU IIOJIOC U MOACTaBUTL B GOpPMYNy mils oce-
BOTO MOMEHTA MHepLuyl OTHOCHTENLHO ocu Oy, IoJLyduM:
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hb®
Jy = f 232 dA = —.
4 12
OueBunno, uro npu h > b CONPOTHBIEHNE IOBOPOTY OTHOCHTENLHO
ocu Oz 6ombine, yeM oTHOCcKHTENLHO OY.

Oag xeadpama: h=0b, Jo=Jy= ’;_2

IHoagprouti momenm unepyuu Xpy2a

Ilns xpyra BHaJaJe BEIYUC/IAIOT NOAAD-
MBIl MOMEHT UHEPLAY, 3aTEM — OCEBHIE.

IIpencraBuM Kpyr B BHAE COBOKYIIHOCTH
GeckoHeyHo TOHKMX kouen (puc. 25.3).

IInomanr kaxoro Kojbma MOXHO pac-
CYNTaTh KaK INoans IIPAMOYILOJIBHUKA C
IJIMHHOM CTOPOHO!, PaBHOM ONIMHE COOTEBET-
CTBYIOLUEN OKPYXHOCTU, ¥ BRICOTOH, PaBHOM
TosmHEe Koabua: dA = 2wpdp.

TToncTaBuM 3TO BHIpaXkeHMe IS ILIOLIA-

Puc. 25.3
nu B GOPMYINy I NOJAPHOTO MOMEHTA MHED-
IMn:
d/2 . .
2nd wd
2 3
= 2mpdp = dp; = — = ——
Tp /p mpdp 2#/p i To= =5
A 0
HonyyuMm dopMyny Ois pacyeTa NOJIPHONO MOMEHTa HHEPLMH KPYra:
nd*
H=57

Iono6urbiM xe o6pa3oM MOXHO moNy4nTh GOPMYJy OJis pacdeTa
NOJIAPHOI'O MOMEHTA& MHEPIMHN KOJIbIA:

JP = (d4 - d:H)1

T
32
rie d — HApYXHEIR OKMAMETD KOJbIA; dpy — BHYTPEHHMII TUAMETD KO-
JIb14.

Ecnn o603nauuts dpy/d = ¢, TO

md*

_ 22 4
‘717_ 32(1 C).
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Oceabie momenmaot UHEPYUU KPY2a U KoAdbYUA

Hcnonwsys U3BECTHYIO CBA3b MEXKIY OCEBLIMM U IOJSPHLIM MOMEH-
TaMH WHEPLWH, ITOJIyYUM:

’

@=$+@;z=@=%

nd? 71'd4
Jo=Ty= o (xpyr); Jr=JTy= (1 ~ ¢*) (xonb1o).
MomeHTB! MHEPIIMY OTHOCUTEIBLHO NapaielIbHBIX oceil

Ocu Oz u Oz napaytensus (puc. 25.4).

IIpu napansensHOM mepeHOce MPAMOYTONLHOM
cucremst oceit YypOzp B HOBOE TONIOXKeHHE YoOx 3HA-

\\\\\\\ ueHuss MoMeHTOB nHepwmn Jz, Jy, Jzy 3adaHHO-
\ ‘\\ xo O CEeYeHMs MEHAIOTCA. 3amaeTcs GopMya Iepexons
\ \ 6e3 BEIBOZA.

LN

Puc. 25.4

2

X Jz = Jzo + Aa ’
31mech Jp — MOMEHT MHEPUMH OTHOCUTENLHO ocu OF;
J:l:o — MOMEHT HHEepUUH OTHOCHUTEJIbBHO OCH

O.’Eo;
A — nnomans ceveHus,
a — paccroauune mexnay ocamu Oz u Oxyg.

I'nmaBHBIE OCH M IJIaBHBIE MOMEHTBHI NHEPIINN

T'saenbie 0cu — 3TO OCH, OTHOCUTEJILHO KOTODPHIX OCEBHIE MOMEH-
TH MHEPUMH IPUHUMAIOT 3KCTPEMAJIbHEIE 3HAYEHUS: MUHUMAJBHHIA K
MaKCUMAJILHLIA.

I'maBHBIe HeHTpATBHEIE MOMEHTE! MHEPUUY PACCUMTHIBAIOTCS OTHO-
CHUTEeNBHO I'IaBHEIX OCEl, MPOXONAILNX Yepe3 LEHTP TAKECTH.

IIpumeprr peluenns 3anayu

IIpumep 1. OnpenenuTh BeNMYAHY OCEBEIX MOMEHTOB MHEPLNH
ILIOCKO# (urypsl oTHocuTenbHo ocelt Oz u Oy (puc. 25.5).
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| »l

DN

X 0N i X0
M
a2 0 N20

Pewenue

1. OmnpenmenuM OCEBOW MOMEHT
uHepiMu otHocuTensHo ocu Ox. Uc-
nonb3yeM (GOpPMYNBI IJIS  TVIaBHBIX
LeHTPaJbHEIX MoMeHTOB. Ilpemcra-
BUM MOMEHT MHEPUUM CEeYEHUs Kak
Pa3HOCTH MOMEHTOB MHEPIINH KPYyTa 1

OpAMOYTOILHAKA.
I T = wd?
200 as kpyra Jo, =~
i bh3
Puc. 25.5 Ilnst npsmMoyronbHUKa Jzy, = TR

Ins npamoyronsunka ocs Oz ue npoxonnt yepes [T,
MomeHT MHepLMy npAMOYrOJILHUKA OTHOCUTENBHO ocn O:

sz = \7.1:02 + O,ZA,

roe A — momans ceyeHus; a — paccrosHue Mexiay ocamu Oz u Oxg.

P
2712 4 3
MoMeHT unepuun ceyeHus
nd* bk
Jz=\7x1"‘s712, JE=6—4_T’

_3,14-2°.108 50.23.10°

B 64 3

2. Ocesoit MoMenT nHEpUMH oTHOCHTENLHO ocn Oy:
_ wd? hb3

TIp =Tz, = B KRV Ty = g~ MPAMOYIOJLHUK.

MomeHT uHEpIMH ceueHus
xdl _hb
64 12

A = 783,7 - 10° mm?; T, = 7837 cm?.

_ 3,14-200* 20503
64 12

J, = 7600 cm?.

Ty = Ty = 760 - 10° Mm*;
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IIpumep 2. HaitTyt rnaBHEBIR HEHTPaAILHBI MOMEHT MHEPLMM ceve-
HUA oTHOcuTenbHO ocu Oz (puc. 25.6).

2 dr, Y| C2 2z Pewenue
Ne 16 2z
- == p 1. Ceyenue COCTaBIEHO U3 CTAHAAPT-
02 § HBEIX npo¢uieii, IaBHBIE LEHTPAIbHLIA
N"IT/\\ ¢ MOMEHTHl MHEPUUM KOTOPHIX NPUBOAATCA
o 14 —
- o

T
I

8 tabmuuax 'OCT, cMm. [Ipunoxenne 1.
Hnsa geyraspa Ne 14 no 'OCT 8239-89
J0z, = 972 cmé.
Hna mBeJmep% Ne 16 no I'OCT 8240-89
J0z, = 757 cm*.
Puc. 25.6 Hnoiua,ub Ay = 18,1 cm?, Joy, = 63,3 om?

2. OnpenenseM KOOPAMHATY UEHTPA THXKECTH IIBEIEPa OTHOCH-
Tensho ocu Ox. B 3amanHOM CeYeHMM INBEJIED MOBEPHYT M TIOMHAT.
ITpu 3TOM riaBHbIE HEHTPAJILHEIE OCH NOMEHSIINCh MECTAMU.
y2 = (h1/2) + d2 — z0,; mo T'OCT naxonum hy = 14 cM; dy = 5 Mym;
zo =1,8 cMm.

3. MomenT uHepUMH CedeHHMS DABEH CYMMe MOMEHTOB HHEpLMMW
LIBEJUIEPOB 1 AByTaspa oTHocuTensHOo ocu Ox. Vcnonssyem dopmyiy
MOMEHTOB MHEPUUM OTHOCUTEJIBHO NMapasliIe/IbHBIX OCell:

J:z: = \7011 + Z(Jtl):zg + y%A)

%/// /77
AL
e

B nannoM cayuae Jp,, = Joy, = 63,3 cM?;

y2 = (14/2) + 0,5 — 1,8 = 5,7 cM (paccTosHUE MEXIY OCAMU KOOPOMHAT
Oz’ u Oz);

. = 572+ 2(63,3 + 5,72 - 18,1) = 1874,7 cm®.

KOHTpOJIBHbIe BOIIPOCHI M 3a0aHUA

1. IlnaMeTp CINOIIHOIO Bajla YBEIHYIUIM B 2 pa3a. Bo ckonsko pa3
wd?
yBesmuaTes oceBnle MoMeHThl nHepumu? (I = Tk
2. OceBble MOMEHTHL CEYEHUS PABHEI COOTBETCTBEHHO Jr = 2,5 MM
n Jy = 6,5 M. OnpenenuTe NOMSPHEI MOMEHT CEYEHM.
3. OceBoit MOMEHT MHEPLMH KOJIBLIA OTHOCUTENLHO ocu O

Jz = 4cm?. Onpenenure Benuauny Jp.
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4. B xakom cnyvae J, Haumennmee (puc. 25.7)7

b4
N
\
OOIit \
NN\ \§
aj N
Puc. 25.7 6)

5. Kakas u3 npuseneHHBIX (OpMyd1 s onpenenenns J, nomoiiner
o715 cedeHusi, n306paxxeHHoro ua, puc. 25.87

BapnanTr oTsera:

N , Ut
12 T T4 127 64
bh3 1rd4_ 4 wd* bhd
T2 T a0 2 T T

Puc. 25.8

6. MoMenT uueprun msenmepa Ne 10 0THOCHTENLHO T'JIABHOM LEH-
TpanbHoit ocut Jz, = 174 em?; mnowans nonepeunoro ceuenns 10,9 cM?.

Onpenenure 0CceBOl MOMEHT MHEPLUUM OTHOCUTENLHO OCH, IPOXONs-
1eif Yepe3s ocHoBauue wsemnnepa (puc. 25.9).

7. CpaBHUTH NOJIAPHBIE MOMEHTH! MHEPLMY OBYX CEYEHHit, MMero-
LLMX NpaxTHYecky OAMHAKOBHIE Iuomamy (puc. 25.10).

8. CpaBHUTB OCeBBhIe MOMEHTHI MHEPLIUM OTHOCHTENLHO ocu O nps-
MOYTOJILHMKA M KBAIPATa, UMEIOIX OANHAKOBRIE Iytomany (puc. 25.11).

y

N\e
o

X0 o *o

40
|

LS

x x \\

Puc. 25.9 Puc. 25.10 Puc. 25.11
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JIEKIIWS 26

Tema 2.5. Kpyuenue.
BuyTpennue cunoBble ¢pakTOPHI
IIpY KpyJYeHUNH.
ITocTpoenue 3nOp KPYTALIAX MOMEHTOB

Hmems npedcmasaenue o deopmayuds npu KPYLENUL, 0 BHYMPEN—
HUT CULOBBIT PAKMOPAT NPU KPYUEHUL.
Yuemov cmpoums Inwopel KPYMAWUL MOMERTOS.

HedopManum npu XxpydeHUM

Kpyuenne kpyrnoro 6pyca NpOMCXONNT NPY HATPYXEHHH €ro Ha-
pPaMu CHJ1 ¢ MOMEHTaAMH B IVIOCKOCTSAX, MEPIEHINKYISPHEIX TPONOIbHOR
ocu. ITpu aToM obpasymomme Gpyca HCKPUBIAAIOTCS ¥ Pa3BOPAYNBAIOTCA
Ha YroJl vy, HashHIBaeMHIll yaaom cdeuza (Yros moBopoTa obpasyrowiei).
Tonepcunnie ce4CHNUs PA3BOPAYMBAIOTCS HA YTOM ¢, HAZLIBAEMEI Y2.40M
saxpyvwusarud (Yyroi nosopora ceyenus, puc. 26.1).

Inuua Gpyca ¥ pa3sMeps! MONEpeYHOro CedeHus NMPH KPydeHHd He
M3MEHAIOTCA.

Hanpaancuu\e

B3rnAga

a) 6) 8)
Puc. 26.1
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CBi3b MEXOY YTJIOBLIMHI AedOpMalUsMK ONpPEnesieTcs COOTHOIe-
HUeM

| — nnuna 6pyca; R — pamuyc cedeHus.

Hnunza 6pyca 31a4nTENBHO BONIbIE PALUYCA CEUEHUS, CIIENOBATENb-
HO, @ > 7.

YrioBue nedopManuy OIpu KPY4YEHHM PACCYMTHIBAIOTCS B pamya-
Hax.

I'nnoTe3nl NpyU Kpy4YeHUN

1. Brinonnsercs rumnoTesa MIOCKMX CEUYEHMIA: TONEPEYHOE Cedenue
fpyca, IVIOCKOE ¥ MEPIEHANKYJIAPHOe IPONOJILHONR ocH, nocie nedopMa-
IIMM OCTAETCH IJIOCKUM U IEePNEeHINKYIIPHBIM MPOAOIBbHON OCH.

2. Panuyc, npoBeneHHHI U3 LeHTPa INONEpeYHOro cedeHus Gpyca,
nocie nedopMalMK OCTAETC NPAMON MUHUER (He UCKPUBIAETCS).

3. PaccTosune Mexny IonepedyHbIMHU CedeHnIMN nocie nedbopMaliin
He MeHseTcs. Och Opyca HE UCKPUBIAETCS, JAAMETPH! NMONEPEYHBIX Ce-
YeHU He MEHAIOTCH.

BryTpennue cunoBble GaKTOPhI NIPU KPYYeHNN

Kpyuenuem HasmBaeTCA HaTpyXXeHME, IPU KOTOPOM B NONEPEYHOM
ceyeHun Gpyca BO3HMKAET TOMBKO OMUH BHYTPEHHUI CHIIOBOM (akTop —
KPYTALLMI MOMEHT.

BremnuMy HarpyskaMm Taxxe sBiIA0TCA IBE IPOTUBOION0KHO Ha-
NpaBJeHHbIE Naphl CAIL.

PaccmoTpuM BHyTpeHHME cuiloBbIe HAKTOPH! IPU KPYHEHUM KPyr-
noro 6pyca (puc. 26.1).

Insa sToro pacceueM 6pyc mockocTsio I n paccMoTpuM paBHOBecHE
orcevenHoit yactu (puc. 26.1a). Ceyenue paccMaTpuBaeM CO CTOPOHHI
OTOPOIIIEHHOM YacTH.

Bremnuii MOMEHT maphl Cuil Pa3BOpaYMBAET y4acTOK Gpyca mpo-
THB 4acOBON CTPEJKM, BHyTPEHHHE CUIIBl YIPYTOCTH CONPOTHUBISLIOTCA
noBOpOTY. B Kaxnoit Touke ceyeHus BO3HMKaeT nonepeuHas cuia dQ
(puc. 26.16). Kaxnas Toyka cedyeHUs MMeeT CUMMETPUYHYIO, T€ BO3HMU-
KaeT norepeyHas CUiIa, HAIPABIEHHAS B OOPATHYIO CTOPOHY. OTH CUMHL
o0pa3yioT napy ¢ MOMeHTOM dm = pdQ; p — pacCcTOsSHUE OT TOYKM
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oo ueHrTpa cevenns. CyMMa IONEpPEYHHX CHII B CCUEHUU DABHA HYJIIO:
>dQ =0.

C noMopio MHTErPUPOBAHUSA TOIYYMM CYMMADHHI MOMEHT CHJ
YIPYTOCTH, HA3LIBAEMHI1 KPYTAIIMM MOMEHTOM:

MK=A/dm=A/de.

IIpaxTHYECKN KPYTALIMIT MOMEHT ONMPENENAeTCA U3 YCIOBAsS PABHO-
BECHst OTCEYEHHOM yacTH Gpyca.

- Kpymawjuth MOMENTL 6 CEMENUU PABEH CYMME MOMENTNOB BHEWHUX
cua, delfemeyowus na omceuennyo wacmy (puc. 26.18):

S m,=0, T.e. —~m+M,=0;M,=m=M,.

OmopH KPYTALLMX MOMEHTOB

KpyTsaime MOMeHTH MOryT MeHATbCS BIONL ocu Gpyca. Ilocme
OlpenesIeHNs] BEIMYMH MOMEHTOB IO CEYEHUSAM CTPOUM rpaduk-3Iopy
KPYTALIMX MOMEHTOB BIOJBL OCH Opyca.

Kpymawuild momenm cuumaem nOAONCUMEALHDIM, €CITU MOMENBL
BHEWHUT NaP Cu.t HATIPABJIEHBL N0 4ACO60T CMPEaxe, B 9TOM Clydae MO~
MEHT BHYTPEHHUX CHJI YNIPYTOCTHU HANPAaBiIeH MPOTHB YACOBON CTPEIKM

(puc. 26.2).

Ilopsanok mnocTpoenns
3MIOpPHl MOMEHTOB aHAJIOTH-
Y€H NOCTPOEHUIO IMTIOP IIPo-
nonbHEIX cus. Och 3MIOpH
napajrenbHa ocu  Opyca,
3SHAYEHUs MOMEHTOB OTKJIa~
OBEIBAIOT OT OCH BBEPX WJIN
BHM3, MacmTal nocrpoe-
Puc. 26.2 HUS BHEIOEPXNBATE 00s3a-

TeNbHO.

Ilpumepn! peureHus 3amad

ITpumep 1. Ha pacnperenurensuoMm Bany (puc. 26.3) ycranonsnenn
YeTHIpe IIKNBA, Ha BaJ Yepe3 KB 1 nogaerca MowHocTs 12 kBT, koTo-
pas yepe3 WKMUBH 2, 3, 4 nepenaercsa noTpebuTeIio; MOLIHOCTU paclpe-
mengoTcs clenyrommM obpasoMm: P = 8xBt, P3 = 3kBt, Py = 1kBr,
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BaJl BpAllla€TCad ¢ MOCTOSHHOM CKOpOCThIO w = 25pan/c. ITocTpouts

3MOPY KPYyTALIMX MOMEHTOB Ha BAJIy.
>1 }
H

Z
M ”14=40H’M

IRANVIRN/R

m;=320H'mM n, m3=120
320H-m
+
Jmopa
T A7,= M
t_:j 40H-m
- 160 H + M
Puc. 26.3
Pewenue

1. OnpenensieM MOMEHTH! Nap CUJI Ha IIKUBaX.
Bpaarormit MOMEHT onpenenseM U3 GOpMYyIE MOLITHOCTH IIPH Bpa-
P
IUaTEeNLHOM OBMXEeHUN P = mw, m = —.

w
MomenT Ha mkuBe 1 OBMXKYILMIA, & MOMEHTHL Ha IUKUBax 2, 3, 4 —

MOMEHTHI COMPOTHUBJICHNS MEXAHM3MOB, [I03TOMY OHM UMEIOT MpPOTHUBO-
[OJIOXKHOE HallpaBieHue. Bpyc ckpyunBaeTca MEXIY IBMXYIINM MOMEH-
TOM M MOMEHTAMMU CONpOTHBIeHKs. [Ipy paBHOBECH MOMEHT MBYXKY UM
pPaBeH CyMMe MOMEHTOB COIPOTUBIEHMUS:

_12-10° 8-10°

=4 « M = = - M,

m % 80H - M; ma 5 320H - m;
3.103 1-10%

my = —2 =120H - ™; my = —= =40H - m;

m1 = mg + mz + my; mq =320+ 120+ 40 = 480 H - m.
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2. OnpenenseM KpyTAlIMEe MOMEHTEL B IIONIEPEYHHIX ce9eHUIx Opyca
C MOMOILBIO METONA CeUEeHII.

Puc. 26.4

Ceuenue I (puc. 26.4a):

—my + My, = 0; My, = myq; My, = 40H - M — xpyTammit MOMeHT
OTpULIATEILHEINA.

Ceuenue II (puc. 26.46):

—my —m3 + My, = 0; My, = mg+m3; My, =40+120 =160H -
— KpYTAIINA MOMEHT OTPULATELHEIN.

Ceuenue III (puc. 26.48):

—my —m3 + my — My, =0; —My, = my + m3 — my;
—My, = 40 + 120 — 480; My, = 320H - M — xpyTAIIMiz MOMEHT IIOJIO-
KUTEINLHBIN.

Ceuenue IV:

MK4 = —-myg —mg+m; —me =0.

3. CTpouM 5m0py KPYTALIMX MOMEHTOB, 3aMETUM, YTO CKQUOK XA
InIope 6ce20a YUCAEHHO PABEN TPUAOICEHHOMY SPAULEIOUEMY MOMERT

BribupaeM cooTBeTCTBYIOMIUE MacmITab.

OTx/1aabIBaEM 3HAUEHMS MOMEHTOB, LITPUXYEM 3MIOpY nomnepek, of
BOAMM IO KOHTYpY, 3allUCLIBAEM 3HAYEHUS MOMEHTOB (CM. 3IIOPY IOA

cxemoit Basa (puc. 26.3)). MakcuMasbHELR KDY TAIIN MOMEHT Ha Y4acT
ke III My, = 320H - m.

Ilpurmep 2. BuibpaTh panmoHaIbHOE PACIIOIOXKEHNE KOJIEC Ha Baj
(puc. 26.5). m; =280H - M; mo = 140H - M; m3 = 80H - M.

Ilpumewuanne Menas mecTaMu koseca (LIKUBHL) Ha BaJIy
MOXHO U3MEHATL BEJIMYNHEL KPYTSALUMX MOMEHTOB. PaunonanbHuM pac-
ITOJIOXKEHNEM SBJISETCSA TAKOe, IIPU KOTOPOM KPY TALLIME MOMEHTHI IIPAHN-
MalOT MHHUMAJIbHEIE U3 BO3MOXHEIX 3HAUEHUs .

mg = my +ma +m3 = 2804+ 140 4- 80 = 500H - m.
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PaCCMOTprIM HArpy3KM Ha BaJly IIpH Pa3JINYHOM DPAacCIIOJIOXEHUU
KoJIecC.

s NPEnCTaBJICEHHBIX BApMaHTOB Hanbosee pPauMOHAJIBHO DacCIIoNo-
XKEHNEe LIKMBOB B TPETLEM ClIydae, 3/1eCh 3HAYEHUA KPYyTAILMX MOMEH-
TOB MUHUMAJILHHL. BI:IBOIIZ I[IpY yCTAaHOBKE IIIKMBOB XK€JIaTEbHO, qTOOHI
MOUTHOCTE IOZaBaJack B CEpENVHE BaJia ¥ N0 BO3MOXHOCTHA PaBHOMEPHO
pacnpenenalaces HanpaBo M HaJleBO.

I\

N
mo 4_ &. m _+
500

:
&
i
il

=0=
N
S

[

2

3

F

I

S N mh _
I/

420
.é 140
i

80 LTI R My Hem

3. = \ mof [ ’\’nz ms’

NS A T

| 0500

20 [N
Puc. 26.5

Tlepauiit Bapuant: M** = 500H - m.
Bropoit Bapuant: M*** = 420H - M.
Tpernit Bapuant: M = 280H - M.

Kon'rponbnme BOINIPDOCEI 1 3adaHNA

1. Kakne nedopMauus BO3HUKAIOT NPU KpydeHUn?
2. Kakue runoTesst BRIIOMHAIOTCA NPy nedOpMauMu KpydeHus !
3. NaMendioTcs M niMHA Y AMAMETP BaJla MOCTE CKPYYMBAHUS?



222 Jexuns 26

4. Kakue BHyTpennve cunoBnle GaxTOPH BO3HMKAIOT IPH Kpyde-
aun?

5. UTo Taxoe panuOHAJILHOE PACIOIOKEHNe KOJeC Ha Bajy?

6. IIns 3amannoro Bajia (puc. 26.6) BHIGPATb COOTBETCTRYIOLIYIO
3MOpy KpyTsimx MomeHTOB (a, 6, B). m; = 40H-M; ma = 180H - u;

mg = 280H - M.
m 4‘&72

) T S

0 Ua T Al

T Smope

o) [T M
T Sniopa

0 TN M
o , T Smopa
T Mx

Puc. 26.6

7. B xaxoM nopsnxe pannoHajbHee PACIONOXNTL LIKUBH Ha BaIy
INIs YMEeHBbIIEHUs Harpy3ky Ha BaJ (puc. 26.7)?

500 H-m /\120 H-m 80Hem
m ma mi ns

Puc. 26.7

BapuanTer oTBETOB:

- Mp; M5 Maj M3; M4,
. M2; Mm3; Mo; Myq; M.
. mg; Mq; Mg; My; M2.
« My4; M3; Mo; M1; M3.

SO N

mo
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Tema 2.5. Kpyuenue.
Hanpsaxenus n nedpopmaumu
NpH KPpydeHUuNn

Huemd npedcmassenue o nanpaicerus u deopmayudr npu Kpye-
HUU, 0 MOMEHIIE CONPOTIUEAEHUT NPU KPYUEHUY. ‘

3nams fopuyavt dag pacuema nanpaxcenuil 8 MoUKe NONEPEYHOZO
ceuenug, 3axon I'yxa npu xpyuenuu.

Hanpsxenus npu KpydyeHun

ITpoBonnM Ha moBepxHOCTH Gpy-
ca CeTKy M¥3 NpONOJLHEIX U IIOne-
PEYHBIX JIMHUI M PACCMOTDUM pPHUCY-
HOK, 0OpaloBaBIIMiicd Ha IOBEPXHO-
ctu nocine nedopmarnun (puc. 27.1a).
ITomepeunste OKPYXHOCTH, OCTABAACH
IVIOCKMMHY, [IOBOPAYMBAIOTCA HA YTOI
@, IIPOOOJIBHEIE JINHUN MCKPHUBJIAIOT-
¢, NPAMOYTOJLHUKM IIPEeBPalllaioT-
€5 B IapaJIIeniorpaMMul. PaccMoTpnM
sneMeHT 6pyca 1234 mocie nedopma-

ony.

T
8) 2)
Puc. 27.1

IIpn BrtBODE hopMyn nCnoNb3yeM 3akon ['yka npyu caBure ¥ rUNOTeE-
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3y IJIOCKWX CEYEHMI U HEMCKPUBIECHUS PAMYCOB MONEPEYHBIX CEYEHUH

Ilpu xpydenuu BO3HMKaeT HAIPSKEHHOE COCTOSHME, HA3LIBAEMOE
«4HCTHIA caBur» (puc. 27.16).

Ilpu caesure Ha GoxoBO# mOBepxHOCTH 3neMeHTa 1234 BOZHMKAKT
KacaTelbHbIE HANPSXKEeHNs, paBHBlE 110 BenuuuHe (pmec. 27.1B), anemerT
nedopmupyercs (puc. 27.1r).

Matepuan nomumnseTcs 3akoHy 'yka. KacaTenbHoe HampsxeHue
[IPOTIOPIMOHAIBHO YIUIy CIBUTA.

Saxon 'yka npu casure 7 = G,

G — monyns ynpyroctu npu cosure, H/mm?; v — yron casura, pan.

Hanps>xxenne B 10601 TOYKE IIONEPEYHOro CeYEeHUA

PaccMoTpum nonepeunoe ceueHune Kpyraore
6pyca. Ilon ne#icTBMEM BHEIIITHETO MOMEHTa B Ka-
JKOOW TOYKE IONEPEYHOIO CEYEHUS BOSHUKAIOT CUJIEI
ynpyroctu dQ (puc. 27.2).

dQ = 1 dA,

Puc. 27.2

roe T — KacaTellbHoe Hanpsxenne; dA — 2JieMel-
TapHas IVIOLLAIKA.
B cuny cummerpnu cegenus cunsl d@Q obpa3syioT maphr (CM. Jiex-
nuio 26).
OneMeHTApPHBIR MOMEHT CUIH d€} OTHOCUTENHHO UEHTPA KPYra

dm = pdQ,

rOe p — pPacCTOsHME OT TOYKM IO LEeHTpa Kpyra.
CyMMapHEI MOMEHT CUJI YIPYTOCTH NONYYaeM CloxeHueM (uHTe-
IPUPOBAHNEM) JIEMEHTAPHBIX MOMEHTOB!

M,(=A/dm=/de=/TpdA.

A A

Tocne npeoBpasosanus noayyum GOpMyILy O ONpeNeeHNs Hanps
KEHNH B TOUKe MONEPEIHOro CEYEeHUs:

Tk = MKP, roe Jp=/p2dA.
T i
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Ilpu p =0 74 = 0; KacaTeIbHOE HANPAKEHUE NIPU KPYYEHEN NPO-
[HOPLMOHAJIHHO PACCTOAHHUIO OT TOYKU 10 LIEHTPA CeYeHHd. 11oiTyJeHHbI
unTerpan Jp (nexuus 25) Ha3LIBAETCs NMOIAPHHIM MOMEHTOM HMHEPLUN
ceueHus. Jp ABJIAETCA reOMETPHYECKON XapaKTEPUCTHUKON CeYeHUs Mpu
kpy4eHnu. OHa XapaxTepHU3iyeT CONPOTUBICHUE CEYEHUS CKPYJIMBAHUIO.

Anamns nosyyennon dopmymnsl 1 Jp, MOKA3LIBAET, YTO CIIOH, Pac-
[OJIOXKEHHBIE Na/ibllle OT HEHTPA, UCILITEBAIOT BONbIINe HAIPIKEHNL.

Onwopa pacnpedeaeHud KACAMEALHBIE NANLPANCECHUL Npu
xpyuwenuu (puc. 27.3)
M, — xpyTaumit MOMEHT B ce-

YEeHUM; Mx T«
pB — PACCTOAHME OT TOYKH B \

IO LEHTPA; N
TB — HAIpsAXeHue B Touke B; K {u\@ ™
T8% — MaKCHMaJILHOE Hampsi- N

XeHue. A%

Puc. 27.3
MaxcuManpHbIE HANIPAXKEHUA IIPU KPYYESHUN

W3 popMyier mJis onpeneneHus HAMPAKEHUIA U IMOPH! pacrpesene-
HUs KACATeJIbHBIX HAIIPSKEHNA NpPYU KPYYEHUN BUOHO, YTO MAaKCHAMAJIb-
HBEle HAIDPSXKEHUs BOSHMKAIOT HA, [IOBEPXHOCTH.

OnpegenyM MaKCMMaJbHOE HANPAXKEHWE, YUYWTHIBAA, YTO Ppax =
= d/2, roe d — nuameTp Gpyca KpYyryoro CeyeHus.

IInsa kpyraoro cedeHus MONAPHEIN MOMEHT WHEPUUN PACCHUTHIBA-
eTcs 110 popmyne (cM. ekumio 25).

T wdt
P 32"
MaKCMMa,J'ILHOC Hanpsm(erme BO3HHKaET Ha ﬂOBerHOCTM, H03TOMy
numMeemM
max _ Mid/2
T, K = _———J .
P

O6r14H0 Jp/pmax 0603HauaroT Wy, 1 HA3BIBAIOT MOMEHMOM CONPO-
MUSAEHUL IIPA KPYHUEHMY, WJIN NOAIDPHbLIM MOMEHMOM CONPOMUSAEHUT
ceyeHus

Ip

Pmax

Wp =

W QN
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Taknm 06pa3oM, OJIS PACHETE MAKCUMABALRO20 RANPANCEHUL NA No-
seprHocmu KpyrJoro 6pyca nomyuaeM GopMyiTy

M,
T:(n 8 = W:;
4 3
IIns xpyraoro ceuenus Wy, = %c;—; = El%-; W, = 0,2d3.
3
Ins xonsuesoro ceverus Wy, = El%-(l —c*),rmec= 923

Ycaoeue npounocmu npu xpynenuu
Paspyenve 6pyca npy Kpy4eHNM IIPOUCXONUT C ITOBEPXHOCTH, NIPH
pacueTe Ha NPOYHOCTH UCMOMB3YIOT YCIIOBUE IPOYHOCTH

mex _ Mx <
pe = o <,
P
rue [1x) — momyckaeMmoe HampskeHue KpyUeHMS.

Bunanr pacuyeToB Ha NIPOYHOCTDb

CymecTByeT TpH BUAA PACYETOB HA NPOYHOCTH!
1. IIpoexmuposounviil pacuem — onpenensercs nuameTp Gpyca
(BaJia) B onacnom cevenuu:

M,
0,243

T = < [l

Otxyna

M,
0,2[r]

2. IIposepounbitt pacuem — npoBepseTCs BHIOIHEHNE YCIIOBHS
[IPOYHOCTH
My
=7 < [
W
3. Onpedeaenue nazpy3ounol cnocobrocmu (MaxcuMaILHOIO
KPYTHILIErO MOMEHTA)

[My] = [1|Wp.
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PacueT Ha xecTkocTb

Hpu pacueTe Ha XeCTKOCTH Ompenessercs AedopManus 1 CPABHU-
BaeTca ¢ pomyckaemoit. PaccMoTpnM medopManmio Kpyrioro Gpyca Ham
NeitCTBMEM BHEIUHEN Maphl CUil ¢ MOMEHTOM m (puc. 27.4).

Ilpn xpyyennn nedpopmanns oue-
HUBAETCS YIJIOM 3aKpyUNBaHMU:

o 1

SR (M. mexmmro 26).

3meck ¢ — yroio 3aKpyYABaHUL; Y —
yron cosura; | — nnuna 6pyca;
R — paguyc; R = d/2. Orkyna

_¢R
’Y— l'

Puc. 27.4

3axon "'yka nmeet sun 7, = G.
IloncTaBuM BHIpaXkeHUe OIS 7, MOy YNM

wd/2 M,d/2

=G T UCTIONBL3YEM Ty = 7,
OTKyZa
-l Md
$=CGd2 " GT,

IIponseenerne GJ, Ha3EIBAIOT XECTKOCTHIO CEUEHNS.

Monyns ynpyroctu MOXHO onpenenuTh kak G = 0,4F. Ilaa cranu
G =0,8 - 10° MIla.

O6HYHO PaCCYMTHIBAETC YToJl 3aKPYy4HMBaHUs, MPUXONSILUIICS Ha
OIMH MeTp OnuHH 6pyca (Basa) .

YcroBue XeCcTKOCTH NPM KPY4YEeHUM MOXHO 3anMCaTh B BUIE

My
o — < ,
=Gz [eo)

rae (pp — OTHOCHTENbHEI! yTON 3aKpy4YMBaHUA, @o = ©/l;

[po] =~ lrpan/m = 0,02 pan/mM — NOMyCKAEMBI OTHOCUTEILHLIN
YTOM 3aKpyYNBaHUA.
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IIpumeps! pelieHus 3anay

VI3 pacueTor Ha NPOYHOCTL M KECTKOCTH OnpenenuTs norpeG-—
HBEIT OuaMeTp Baja mid nepegauu MowHoctu 63 kBt npm ckopocts
30 pan/c. Marepuan pana — CTaJjb, HONYCKaeMoe HaNpsKEHUE IIPH
xpy4denun 30 MIla; momyckaeMBlit OTHOCHTENBHRBIN YO 3aKpy4UBaHAA

= 0,02 ; G = 0,8 - 10° MII
[0} = 0,02 pan/m; Monyns yupyrocru npn casure G = 0, a.

Pewenue

1. Ompenenenne pasMepoB NONEPEYHOTO CeYEHMs M3 pacydeTa Ha
MIPOYHOCTb.

Y cioBHe MPOYHOCTY NPY KPYdYeHNH:
max M

T = W, < 7]

OnpenensgeM BpalllalonmMit MOMEHT 13 (HOPMYJIIbI MOLLHOCTH IIPK BPa~
LIIEHUN:

. 3
P[ BT ]; M _63 10 :2,1‘103H'M; MBP=MK.

Mep = w Lpan/e P30

W3 ycnoBus npounocTH onperenaseM MOMEHT CONPOTMBJIEHMS BaJia
pyu KPYYeHUN

Wp > MK/[TK]‘
3Ha‘{eHPI$[ IIOOCTaBMNAEM B HBOTOHAX U MM.
2,1-10%-10°
30

Onpenensem nuameTp Bana:

md3 s[16W,
P 16 ’ d/ T ’ d

2. Onpepenenue pa3MepoB NONEPEYHOI'O CEUEHMS M3 pacyeTa HA
XECTKOCTh.

YenoBue xecTKoCcTH nOpU KPYy4EeHUN:

Wy > =710 M.

= 71 MMm.

K

Po= 53; < o).
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W3 ycnoBus xectkocTy onpenenseM MOMEHT MHEPLMK CEYEHUs IPU
KPY4eHUU:

M, 2,1 108
—_x . > .
Clol 7?2 08.10° 0,02. 105

Tp 2 Jp > 1312,5 - 103 mm*.

OnpenenseM nuaMeTp Baja:

wd* /327, ./32-1312,5- 103
—_— — > =vp, — .
VS 35 d> —; 3 74 = 60,2 MM

3. Bribop noTpe6Horo nuameTpa BaJjla U3 PACUETOB Ha MPOYHOCTD U
ECTKOCTb.

Hns obecnieueHns NPOYHOCTH U KECTKOCTH OIHOBPEMEHHO U3 IBYX
HallIEHHBIX 3HaueHui BeibupaeMm Oombillee.

[MonyuenHoe 3HavYeHHue clemyeT OKPYTIIMTh, UCIONL3YSA DA Npe-
HOYTUTENBHRIX 4ncell. [IpakTuyeckn OKpyriisieM MONydYeHHOe 3HAUYEeHUeE
Tak, 4Tobnl uucno zakanumBayioch Ha & unu 0. IIpunmmaem snadenue
dpang = THMM.

Ilng onpenenenus nuamMeTpa Baja XKENATEIBLHO TONIL30BATHCS CTAH-
NapTHBEIM PSOOM AMAMETPOB, HpuBeneHHOM B lIpunoxenun 2.

KOHTpOJII:HbIe BOIIPOCHI 1 3aaHUA

1. Kax Ha3smBaeTCs HANPSKEHHOE COCTOSHUE, BO3HMKAIOIIEe [IpU
KpydeHUn Kpyriaoro 6pyca (sana)?

2. Hannmwure 3akon yxa npu casure.

3. Uemy paBeH MOAYNbL yUpPyrocTH MaTepHala HOPU KPYYEHUU IJIs
cramu? B kakux enuHuuax oH usmepsercs?

4. Kakas cBa3b MEXIy YIJIOM COBUCA M YIJIOM 3aKPY4UBAHUA!

5. Kak pacnpenensercs xacaTelbHOE HANPAXKEHNE NPH KPYYEHUN?
YeMy paBHO HaIlpsKeHHe B LIEHTPE KPYIJIOTO HONEPEYHOro CedeHns?

6. Hanwinure dopMyny nnis pacueTra HANpsKeHNA B JII000OHA TOMKE
[ONEPEYHOIO CEYEHMUS.

7. Uto Takoe nmonapHnil MomeHT uHepuun? Kaxob ¢usznuecknii
CMBICIT MMeeT 3Ta Bemnunna? B xaxux emmpunax usmepsiercs?

Hanmnmmre dopmyny ans pacdyeTa NONAPHOIO MOMEHTA WHEPLHAU
IUISA KPYTa.
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8. Hanumure dopMyny mis pacdeTa HANDSIKEHUS Ha [TOBEPXHOCTH
BaJyia npu KpydeHuu. Kax M3MeHNTCS HaNPsKEHUeE, ec/n AUAMETD Balla
YBEJINYNTCS B ABa pasa?

9. Iloyemy nns perasneit, paboTapowmx Ha KpyueHue, BhIOUDAIOT
KDPYILJ10€ [ONepevHoe ceyenue?

10. B 4em 3akmouaeTcs pacyeT Ha MPOYHOCTD?!

11. B yewm 3akiTI04aeTCs pacyeT Ha XKEeCTKOCTh?

12. Tlo Benu4MHe OOMYyCKaeMBIX KPYTAILMX MOMEHTOB CPAaBHUTL He-
CYILYIO CHOCOGHOCTH OBYX BaJIOB M3 OOMHAKOBOTO MaTEpHasa, MMeEo-
LMX MPUMEPHO OAMHAKOBYIO INIOIIAAL MONEpedYHHX cedeHui ¢ = 0,58
(puc. 27.5). Cpasrenne nposects no dopmyse (M) = [r|Wp.

Puc. 27.5

13. OtBeTnTE HA BONPOCH! TECTOBOTO 3aJaHUA.

Tema 2.5. Kpyuyenue

Bonmpocwn OrBetTwm |Kon
1. Kaknmn 6yxBamu npuHATO 0603HaYaTh ¥ 1
nedopManmio Ipyu KpydeHun?
Al 2
7 3
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IIpononxenne
Bonpochs OTBerT H Kon
2. BribpaTh nponyuieHHyio BeJIMUKMHY B 38~ I 1
xone 'yka npu cnsure
1= D Y E 2
G 3
Wp 4
3. Kak pacnpenenserca HanpskeHue B Momne- A 1
PevHOM cedeHuM Gpycsa NpH Kpyderumn?
2
3
\n: A % B T
| FED [ -
== |
4. Kax ¥3MeHUTCS MaKCUMMaJbHOE HalpsxXKeHue |YMeHbMTca B 3 pa3a 1
B CEYEHMMU IIpU KpydeHuu, eciiy auamerp Gpyca
YMeHbIINTCS B 3 pa3za? Ymenbmmrcs B 9 pa3 2
Yeeauuntcsa B 9 pas 3
Yeenuuurca B 27 pas 4
5. O6pa3sen; nuamerpoM 40 MM paspyuInwics npu 6,75 MIla 1
xpyTsem Momente 230 H-m.
Onpenennts paspylaoiliee HanpskeHNne. 18 MIla 2
21,25 MIla 3
32,75 MIla 4
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JIEKIIYA 28

Tema 2.5. Kpyuenne.
PacueTnsl Ha DPOYHOCTH M XXKECTKOCTh
NpU KPYy4YeHUuN

Humemv npedemasaenue 0 payuonaasrbiz Gopmas nonepeunozo ce-
YEHUA U PAYUOHALOLHOM DACTLOAONCEHUY KOAEC HA 6AAY.

3namb Yeaoeud NPOUNOCTNY U HCECTNKOCTRU NPU KPYLEHUU.

Yumempb 8bINoaHIMb NPOEKINUPOSOUNbIE U NPOSEPOUHBIE DACYUEMbL
Kpya.a020 6pyca 0id CMAMUUECKY ONPEJEAUMBIT CUCITIEM.

Ilpumeps! pelienus 3amayq

Ipnmep 1. Iina 3anansoro 6pyca (puc. 28.1) HOCTPOUTH 3MIOPEI
KpPYTAIIMX MOMEHTOB, PAIIMOHAJILHEIM PACTIOJIOKEHHEM IIKIUBOB Ha, BALY
NOBUTBCS YMEHbINEHUS 3HAYEHUS MAKCUMAJbLHOTO KPYTALLENO MOMEHT .
IMocTpouTh 3MIOPY KPYTALIMX MOMEHTOB IIPY PALMOHAJIBHOM PACIONO—
XKEHUY IIKMBOB.

mo=1000H-m M =200H-M 400 .y M3=400H M

N VR

R
JlE

Jik

1 T + 1
3 yu. 2 y4. 1y4
Smopa
My
400 H-M
800 H-m
1000 H-m
Puc. 28.1

W3 ycaoBms mpOYHOCTY ONPENENIATH AMaMETPE BaJia [JIs CIIOLTHOT)
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den
1 KONbLUEBOro ceuennil, mpuHsas ¢ = — = 0,5. CpaBHUTH nONy4YeHHEBIE

d

PE3yNILTATEL IO MOJIy4EHHBIM ILUIOIIANSM MONEPEYHBIX CeYeHMmil. [Ty =

= 35 MlIla.

Pewenue

1. Tlonb3ysace METONOM CedYeHMH, OIpeneiadeM KpyTsIuyue MOMEHTHI
Ha yvacTKax Baja (puc. 28.2).

@ @ @@D,

|
3
a) 7
Puc. 28.2
Ceuenue 1 (puc. 28.2a): My = mz = 400 H-m.
Ceuenue 2 (puc. 28.26): My = mz + mg = 800 H-m.
Ceuenue 3 (puc. 28.28): M3 = m3 + mg + m; = 1000 H-m.
2. CTpouM 3miopy KpyTAILMX MOMEHTOB. SHAYEHNS KPYTALMX MO-
MEHTOB OTKJIaJILIBA€M BHU3 OT OCH, T.K. MOMEHTHI OTPULATENLHEIE.

MaxcumanbHOe 3HAUEHHE KDY TAIIEro MOMEHTA Ha BAJIy B 9TOM CIIy-

gae 1000 H-m (puc. 28.1).

3. BuibepeM panmoHajibHOE pacnojioxenue xosiec Ha Basty. HauGo-
Ttee Nes1eco06pa3HO TaKoe paiMellieHue KoJlec, TP KOTOPOM Hanbobune

[IOJIOKMTEILHEIE Y OTPULATENLHEIE 3HAMeHUs KDYTAIINX MOMEHTOB Ha
ydactkax OynyT mo  BO3-

m; =200 H-m my =1000 H.m

MOXHOCTU  OOMHAKOBLIMM. my =400H-M m3; =400 H-m
, I~ ~ =~

W3 atux coobpaxkeHuit Be- / / \l /
OYIIMit MKUB, Nepenaromi == et
momenT 1000 H-M, nomerua- 600H M
em Onmke K LEHTPy Baja, 100 H-u
BEIOMbI€ IIKMBEL 1 U 2 pas- [T 3;;"93
MEIIaeM CJIEBa OT BENYLLErO éS .
¢ momerToM 1000 H-mM, mukus 400 H-mM

3 ocTaeTcs Ha TOM Xe Mec- Puc. 28.3
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Te. CTpouM 30I0py KPyTALLMX MOMEHTOB IIPY BEIGPAHHOM PaCIIOJIOKEHIH
mkuea (puc. 28.3).

MaxkcuMalsibHOE 3HaYeHMEe KPYTALIEO MOMEHTa Ha BaJly NPU Bl
6paHHOM pacIoIOXeHnn Kosec Ha Basy 600 H-m.

4. Onpenensem AMAMETPHI BAla MO CEUEHUAM MPU YCIOBUH, YTO Ce€-
4YeHue — KPYr.

Y croBue npodHOCTH Npu KpyUeHnn T, = My /Wp < [7i].

MoMeHT CONpOTHBIIEHNS KPYHEHUIO

My

W, > o
W, 4003.5103 =11,4-10% mm3;
W,, = 6003'5103 = 17,1 - 10° mm®;
W, = 39%10—3 =5,7-10% mn®.

OnpenensreM JaMeTphI BaJjl1a II0 CEYEHMAIM:

md® +[16W,
[16-11,4
dl =10 —"é',l—4— = 38,8MM,

16 - 17,1
d2 10 ——m—- = 44,25 MM,

/16 - 5,6
d3 =10 314 = 31 MM.

Oxpyrasem nonydenHele 3HaueHus: d; = 40 MM; dp = 45 MM; d3 = 35 MmMm.
5. OnpenenseM QuaMeTpPHl Balla IO CEYEHUAM IIPH YCIOBUM, YTO Ce-
YeHHe — KOJIBLO.
MoMeHTE! CONPOTNBIIEHNS OCTAIOTCS TEMM XKeE.
o ycnosuio ¢ = dpy/d = 0,5.
TMonspHEIE MOMEHT CONPOTHBIIEHUS KONIbLA

nd3
W, = —1'6-(1 - c4).
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Popmyiia O OpeneneHus HapyKHOMO IUAMETPa BaJla, KOIBLUEBOrO
ceueHUs OyOeT ClenyIOIeH:

PR
(1 —-c?)

Pacuer MoxHO nposecTs no dopmyste

i 43 1
d_d\/(l_d‘).

MuameTprl Bana MO CEUEHMAM:

16-11,4
=103 ———— = :
dy 01/3,14(1_0’54) 39,6 Mm;
16-17,1
108 —2 20 .
o =10 3.14(1 = 0,59 45,2, Mmm;

16-5,6
F =109 20— 32u
3= 10V 3 T3 =08y ~ 2™

HapyxxHble anaMeTprl Bajla KOJIBLEBOTO CEYEHUs NPAKTUYECKU HE
U3MEHWINCh.

Ilns konbuesoro cevenus: di = 40 mm; dy = 46 mm; dy = 35 M.

6. Ilna BeiBona 06 SKOHOMMYM METaJuIa [PU [epexoe Ha KOIbLEBoe
ceyeHMe CPaBHUM IuIOwaau cedeHuit (puc. 28.4).

Hlpu ycnosum, uro ceuenne
— kpyr (puc. 28.4a):

A=Te N0
4 G
CrnutoruBoe kpyriioe ceuenue: ) S
e a) 6
A= 3,144 40 — 1956 mu?; Puc. 28.4

_3,14-45°

A2 y

= 1590 Mmm?;



236 Hexnus 28

3,14 - 352

Ag = =—— =962 MM,
Tlpx ycnoBum, YTO CedYeHMEe — KOABLO, € = dgpu/di
(puc. 28.46):
, wd? nd’, wd? 9
= — = 1 —c°).
A== 7 1=
Kombuesoe ceuenne:
3,14 - 40?
Al = ————4—(1 —0,5%) = 942 mm?;
14 - 462
Al = §1T6—(1 —0,5%) = 1246 Mmm?;
14 - 352
g 3149 = (1-0,6%) = 29w

CpaBHuTenbHAs! OlIEHKA Pe3yibTaTOB:

0,5

CrenopaTenbHO, IpU IEpeXole ¢ KPYrOBOIO Ha KOJILLEROE CEeYeHHE

9KOHOMUSI MeTaJlTa 1o Becy coctasutT 1,3 pasa.

IIpumep 2. Crampnoit Ban nuamerpoM 40 MM mepesiaeT MOIIIHOCTE
15xBT npn yryoeoit ckopoctn 80 pan/c (puc. 28.5); nposepuTh mpod—
HOCTb ¥ JKECTKOCTb Balla, €CIM IOIyCKAeMOe HaNpshKeHHe Kpy4JeHHs
20 MITa. Monyns ynpyrocru npu cosure 0,8 - 105 MITa. IHonyckaemnii
yroa sakpyumnBauus [pg] = 0,6 rpan/m. ocTponts amiopy KacaTenbHBX
HaIIPMKEHUI U ONPENEINTDb 3HAUEHUE KACATEIbHOr0 HANPXKEHNS B TOY—
Ke, YOAJIEHHO! Ha, 5 MM OT OCH Baja.

= 14,56 MIla
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Pewenue

1. OnpenenseM BpAIUAIOIIMIT MOMEHT Ha BAJIY:

P 15 - 1000
Mop =33 Mop= 55—

=187,5H - m.
2. IlpoBepka NMPOYHOCTH BaJIa.

W3 ycnoeus pasuoBecus my + mo = 0; my = mg = M.
¥Ycnosue npoyHocTH:

M,
<
Wp S [TK]’

Ty =

4

re Tx — PacyeTHOe HAUpPKEHNe B cedeHmu; M, — KpyTAIuit MOMEHT
B cedeHun; W), — MOMEHT CONPOTHMBIEHNS; (7] — OOMyCKaeMoe Halps-
XKEHUE KPyUeHUS.

187,5 - 10°
3. Tx = 12—800 = 14,65 MIla.

W, = 0,2d° = 0,2 - 40% = 12800 mm3.

4. llpounocTs obecnedena. MakcnMalnbHOE KacaTelNbHOE HaIpIXKe-
uue B ceuennu 14,65 Mila < 20 MIla.

5. IIpoeepka, xecTrOCTH.

Ycnoeue xecTKOCTH:

M,
—_ —_— < ,
v =5 7 [0l

rzie g — OTHOCHTEJIBLHEL YIOJT 3aKpY YMBaHUs; Jp — MOIAPHEIN MOMEHT
MHEPUMU [IPU KPY4eHUY; [¢o] — HOMyCKaeMbll yroy 3aKpyJuBaHUSL.

Jp = 0,1 -40* = 256 - 103 mm*.
1875103
¥0 = 0,8-10° - 256 - 103

Yron saxpyunsanus yuactka @y = 9-107% pan/mMm = 9-1073 pan/m.

=9-107% pan/mm.

[¢0] = 0,6 rpan/m = 0,01 pan/m > 0,009 pan/m.
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2KectkocTh obecrieuena.
6. TlocTpouM 3mopy KacaTelbHEIX HANPSXXEHUH B IIOIEepevHOM cede-
uun (puc. 28.56). OnpenenuM HanpsxeHYue B TOUKe, yOAJEHHON Ha 5 MM
OT OCK BAJIA.
T/p = Tmax/TB-

Tmax = 14,65 MITa.
20 14,65 14,655

5 15 P 20

= 3,66 MIla.

KoHTponbHbIe BOIIPOCHI M 3aXaHUA

1. OnpenenuTe XKPyTAIUMA MOMEHT B cevyeHnn 2-2 (puc. 28.6).

m=18H-m m=24H-m m=16H-m

g VR VR
L I 7 »
oM D le ™

Puc. 28.6 \.j"»

2. B kakoM mopsaxe pallMOHAJILHEE DPACNONOXKUTHL LIKMBEL, 4TO-
6B TONYYNT, MUHMMAJBHYIO Harpysky Ha san’? UcnonbzoBaTh cxemy
puc. 28.6.

3. Kax u3sMeHMTCS HampsKEHNEe B CEYEHUW, €CIIM IUAMETD BaJja,
YMEHBUINTL B ABa pa3a?

4. Tlposenens pacdeTs! Bajla Ha MPOYHOCTD U XKECTKOCTh. [losmyye-
HO: ANaMeTp Bajla M3 PacyeTa Ha IIPOYHOCTHL 65 MM, amamerp Bajia U3
pacyeTa Ha xecTKocTh 70MM. Kakum nosmxeH 661Th Basr?

5. Kax m3MeHHUTCH yrodl 3aKpyyuBaHUs BaJla, €CIIM KPYTAILMIA Mo-
MEHT YBEJIMYUTDL B 4 pasa, a AMaMeTp YMeHbInTh B 2 pasa?

6. Hanuumure ycioBus IPOYHOCTH M XKECTKOCTY NPU KPYYEHUH.
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JIEKIIWA 29

Tema 2.6. U3ru6.
Knaccndpukanusa BuzmoB uzruba.
BryTpennne cunnoble ¢dakTOphl npu n3rnbe

Humemv npedcmasaenue o 6udar u32uba u 6HYMPEHHUT CUAOEHLIT

daxmopaz.

3namp memodvl dag onpedeacnud BHYMPEHNUT CUAOGHIT PAKMOPOS
U YMEMb UMU NOALI0EAMbCT AT ONPEJEAEHUT BHYMPEHHUT CULOBLE

daxmopos npu npamom uszube.

OcHOBHBIE OnpeneIeHNs

H32ubom Ha3LIBAETCA TaXOH BUA HArDYXEHWs, IIDH KOTOPOM B IIO-
IIepeyHoM cevyeHNM Opyca BO3SHMKaeT BHYTPEHHMI CHJIOBOH (akTOp —

uzzubarowut momenm.

m
/ Z
Cunosas
NNOCKOCTh
40 |
1 V.
I
y
A |
F — f—
74
/4
o/
x 74 x
/4 T'naBnbie
nnockoctd Gpyca
g i
0«97\
Puc. 29.1

Bpyc, paboraroumit #a
u3rub, Ha3LIBAIOT 6aAK0l.

M3o6paxen 6Gpyc, 3a-
KpENIeHHH crnpaBa (3a-
LIIeMIIeHNe), HarpyXeHHbIi
BHEIIHMMHI CHJIaMH M MO-
MerTOM (puc. 29.1).

ITnockoeTs, B KOTOpOI
PacIoNoXeHB BHEIIHUE CUI-
JILI ¥ MOMEHTHI, HA3KIBAIOT
CuUA060% NAOCKOCTDIO.

Ecnu Bce cunmel nexat
B OIIHOM IIJIOCKOCTM, M3rud
HAa3LIBAIOT NJA0CKUM.

Inockocrs, npoxonsiuas
4yepes MponoIbHYIo OCh 6py-
Ca ¥ OHY M3 IJIABHBIX LIEH-
TPaJIbHEIX OCEH €ro Iolle-
PEYHOIO CEuEeHuUs!, Ha3bIBa-
€TCA 24a6HOU NAOCKOCTNBIO
6pyca.
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Ecnu cus06ag miocKocTh COBIANAET € 24a610t IIIOCKOCTHIO Opyca,
u3rub Ha3HBAOT npambis (puc. 29.1).

Ecau cunoBas IIIOCKOCTH He MPOXOAUT |epe3 INIABHYIO HIIOCKOCTh
6pyca, u3rub HasHBaOT Kocum udeubom (puc. 29.2).

ThaBHpe 1UI0CKOCTH
Bpyca
Ir/
I z
q
y
L ——
F /
/
/
/ A
/
A
X / ¢ X
/
s
S Q?‘ Cunosast
NNOCKOCTH
Puc. 29.2

BryTpennue cuioBbie ¢paxTopbl npyu uarnbe

IIpumep 1. PaccMmoTpuM 6aiky, Ha KOTOPYIO OEACTBYET IIapa Ciil
¢ MOMEHTOM m u BHewHss cuna F' (puc. 29.3a). Ilng onpenenenus BHy-
TPEHHUX CHJIOBHIX (haKTOPOB NOJIL3yEMCS METOIOM CEYeHUIl.

Paccmorpum pasHoBecue yuacTtka 1 (puc. 29.36).

Hon neiicTeyueM BHelIHe# maph CWJI yYACTOK CTPEMHMTCS pa3Bep-—
HYTBCA IO YacoBOi cTpenke. CUNBl yNPYrocTH, BO3HMKAIOLIME B CEYE-
HuN 1, ynepuUBajoT y4aCcTOK B PaBHOBECHH.

IIponmonbHEe cHIIEL YIIPYrocTH BHIleE ocu 6pyca HaIllpaBileHH HA
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71eBO, a CUJIBI HIDKE OCHM HalpaBieHb! Hanpaso. Takum obpasoMm, npu
pasHOBecnM ywactka 1 monyumm: Y F, = 0. IlpononsHas cuna N B
CeYeHMHU paBHa Hymo. MoMmeHT cun ynpyrocry oTHocuTensHo ocu O
MOXeT GbITh MIOJYUeH, eCId CYMMUPOBATh 3JIEMEHTAPHEIE MOMEHTEI CHIT
ynpyrocTé B ceyeHun 1-1 oTHocuTensHo ocu O

M, = / ydN.
A
3TOT MOMEHT HA3HBAIOT Marubarmoimm MomeHTOM M, = M,,.
y m 3
dN
y
a Hellrpansuntil
(4] cnolt z
m M X
&—_
6)
yp m F
1 2
7/ -
- T
/10 o z
/ 2 2. Mx;
€ a 22
/ Py
% ?
Puc. 29.3 %

W3 cxemnl Basia Ha puc. 29.36 BUOHO, YTO YACTH BOJIOKOH (BHILIE OCH)
MCNIBEITHIBAIOT CXKaTHe, & BOJIOKHA H1XKe OCH pacTaHyTH. CienoBaTesbHo,
B CEYeHUU HOMXKEH CYILECTBOBATL CJIOH He PACTAHYTHII M He CXATHINA,
rfie HalpsAXeHNs 0 paBHbl HYJIIO.

Takoi cnoit HasuBalT reumpaaskbin caoem (HC). JIunus nepece-
4eHUA HeHTPaJIbHOIO CJIOf C INIOCKOCTBIO MONEPeYHOro cedeHus Gpyca
Ha3hIBAJOT HENTPAaJILHOA OChIO.

Heidmpaavnbuii caotl IPOXORUT UEPE3 YEHMP MANCECTIU CENEHUS.
3mech HeATpaJIbHBII CJI0M coBnanaeT ¢ ockio O.

IIpaxTHyecky BennunHa U3ruGaloLIEro MOMEHTA B CEYEHNN Onpene-
JI€TCA U3 yPABHEHUsl PABHOBECUS: Y My, _, =m — My, = 0; My, = m.
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Taknm o6pasomM, B ceuennn 1-1 npononbHas cuiia paBHa HYIIO, H3-
rubalollnit MOMEHT B CEYEHHU TIOCTOSHEH.
WaruG, mpy x0TOpoM B MONEpeHOM ceyeHuy GpyCca BO3HNKAET TONb—
KO M3rubajollinil MOMEHT, HA3BEIBAETCS NUCMbLM U32UOOM.
~ PaccmoTpum paBHoBecue yuacTka Gpyca oT cBOGOODHOrO KOHUA IO
ceuenus 2 (puc. 29.38).
3anmiiem ypasHeHus PaBHOBECHs IJIs y4dacTka Gpyca:

ZFL’:O; —F+Q2=0; Q2=PF =const.

B ceyenun 6pyca 2-2 meficTByeT momepeuHas CHia, BEI3BIBAIOILAS
CHBHL. Y Mg, , =0, m—F(22—a)— Mz, =0

Wiarubaroumit MmomenT B cevenmn: My, = m — F(z; — a);
23 — PacCTOSHME OT CE€YEHHUs 2 O HaYalIa KOOpAMHAT.

Wsrubaroolumiit MOMEHT 33BUCUT OT PaCCTOSHNS CEYEHMS NO HAvasa
KOOpIOMHAT.

W3ru6, npu xoTOpoM B IONEPEYHOM CeyeHHuH Gpyca BO3HUKAET U3rH-
Garoumil MOMEHT M MOIIepeYHas CUIIA, HA3HIBAETCS NOTLEPEUHbIM U32ULOM.

I'Ipm{x'rue B MAalIMHOCTPOCHUU 3HAKN
IIorepevYHbIX CUJI 1 n3rnbaronmx MOMEHTOB

3naxu nonepeunviz cua

h
F /7 N\ RN Ilonepeunas cuna B ceve-

HAU CYUTACTCHA NOAGHCUMEAL-

? Q 7 Qo Hotl, ecliy OHa CTPEMMTCS Pas-

BEPHYMb CEUENUE TLO LACOBOU

® JF © cmpeaxe (puc. 29.4a), ecam
a) 6) npomUs, — OMPUUAMEILHO

3naxu u32ubar0WuUT MOMERMOE

Ecnm gpeficrsyiolme Ha ydacTke m My m
BHEILIIHNE CWJILl CTPEMATCA W3OTHYTH + \ K} - ()
GATIKY 6bIMYRAOCTLI0 GHU3, TO M3TH- u m M.
6AIOLIMA MOMEHT CUMTAETCH NOAONCU-
meavnvim (puc. 29.5a), ecu naobopom a) 6)

— ompuyameabHoin (puc. 29.56). Puc. 29.5
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Buvisodbi

IIpu vucmom uszsube 6 monepeunoMm cevenuu 644Xy 603HUKGEM
MOALKO U32UbA0WUT MOMENT, TIOCTROAHNLIL NO GEAUNUNE.

IIpu nonepeunom uszube 6 ceuenuu 803HUKAEM u32ubarowul mo-
MEH U NONEPEYHAT CUAA.

H3zubarouuil momenm 6 NPOUZBOALHOM CEUEHUU 6AAKU YUCAEHHO
pasen 0AZebPaUNECKOl CYMME MOMENTIOB BCET GHEWNUT CUL, NPUAO-
JCENHDIT K OTMCEUEHNOT NACTNU, OMHOCUINEALHO PACCMAMPUBEEMOR0 CE-
YEHUL.

Ilonepeunad cuaa 8 NPOUIBOALHOM CELEHUU GAAKY YUCAERHO PABHA
aa2ebpauvecrotl cymame NPoexyull 6CeT BREWHUT Cut, OetlcmEYVUUT HA
OMCEUEHHOU YACTIU KA COOMEEMCMEYIOWYIO OCb.

IIpumep 2. Ha Ganxy meficTByeT napa CHJ ¢ MOMEHTOM 1 U pac-

IpeneieHHas Harpy3ka HHTEHCUBHOCThIO ¢. Banxa sawemsena cmpasa
(puc. 29.6).

g LN 2 q L
{ ! —
0 -\ Y\ A -
L__Zn____& 2 o
(___j -
a b
1 yu. 2 yu.
— {
m
R
g(z2~a) Q2. |Mx,
«— v
Z2 -/ (22-9)
2
Puc. 29.6

Pacceuem Ganky Ha yuacTke 1 Ha PACCTOAHUM 2] OT JIEBOrO Kpas.
PaccMoTpuM pasHOBecHe OTcedeHHOit wacTu. M3  ypasHenns
Y- mg, = 0 nonyuum:

m— Mz, =0; M;, =m = const.
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Yuactok 1 — yqacToxk wucmozo u3zuba.

PacceueMm Ganky Ha yuacTke 2 Ha PacCTOAHMU 22 > @ OT Kpasf, 2 —
PacCTOsAHUE CEYeHKS OT HAYAJA KOODAMHAT.

W3 ypassenns ) F, = 0 malinem nonepeunyio cmity Qa. 3a1v1eH§—
€M paclpenenelHyIo Harpy3Ky Ha PACCMATPUBAEMOM YYACTKe PABHOLEM -
CTByIOLIEH cunoit q(ze — a).

ZFy =—q¢(z2—0a)+Q2=0; Q2=q(22—a).

3 ypaBHeHns MOMEHTOB onperneligeM u3rubaionmit MOMEHT B cede-

2y —a
HUM: ) Mgy = 0; Emw2=m"4(22—a)i2_-—M12=0§

Ha BTOpOM y4yacTke BO3HUKaeT nonepeqn;x.ﬁ usrub.
My, =m— g(z2 —a)®
Buieodovr 2
ITpu deticmeuu pacnpedeaennoti Ha2PY3KU 603HUKAEM NONEPEUHAR
cuaa, Aunelino 3a8UCTUAT 0N KOOPIUHAMDBL Cevenud.
Hazubamouuti momenm na yuacmxe c pacnpedeaennoti na2py3xon

MEHAECTNICA 68 3A6UCUMOCTNU O noopc?uuambt CEUEHUA NO napa6ommec—
CKOMY 3AKOHY.

Hunddepennnanbabsie 3aBUCMMOCTH
Npy NPAMOM IIOIEpeYHOM M3rube

ITocTpoeHnue 3mIOp NMONEPEYHBIX CUIT 1 M3rpbalolmx MOMEHTOB Cy—
IIIECTBEHHO YIPOLIAETCS TIPH UCIOIB30BAHUN AuddepeHIINaIbHBIX 3aBH-
CHMOCTEN MEXIY MU3rnbalolmM MOMEHTOM, HONEPEYHO! CHIION M MHTEH-
CUBHOCTBIO PABHOMEDHO pacrpeneneHHol Harpy3ku (Teopema 2Kypas—
CKOro):

ITonepeunas cuaa pasra npoussodnot om u32ubarue20 MOMERMA
no daune Gasru:

Humencuenocmy pasnomepno pacnpededennoli HA2py3xy pasxa
npou3sodnoii om nonepeunoil cuavt no daune Gaaxu:
aQ
—— q_
dz
W3 BLIIe YKA3aHHOTO CIIENYET:

ecnu M, = const, To QQ = 0; ecin (Q = const; To ¢ = 0.
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KoHTponsHbBlE BONPOCHL

1. Kaky:o IJIOCKOCTE HA3LIBAIOT CUJIOBOIL?
2. Kakoit naru6 Haswisaror npsmumm? Hro Takoe Kocoit uaru6?

3. Kaxne cnnoBsie hpaxTophl BOZHHMKAIOT B CeUEHUM BajIKil Ipu 4u-
cToM u3rube?

4. Kaxye cunosrie hakTophl BO3HUKAIOT B CEYEHUN TTPU TIOTIEPEYHOM
usrube?

5. OnpenennTe NONEPEUNYIO CUITY U U3TrNOAIONINI MOMEHT B CEUYeHIN
1-1 (puc. 29.7). Paccrosnue ceueHus oT ¢cBOGOMHOIO KOHUA GalKu 5 M.
6. Onpenenure peakuuio B onope B.

m=15«H-uM
i [T a=3edm |
LO 3M_4 3MT1T 4™ _)E 6 M C 6m T

1 /5 =21xH

Puc. 29.7 Puc. 29.8

7. OnpenenuTe BeMUYMHY MONEPEYHON CHITLI M M3rUGAIOLIEr0 MOMEH-
Ta B cedenuu C, ucnonsiosas cxemy Ganky (puc. 29.8).
8. Onpenennre ygacTok uucToro usruba (puc. 29.9).

g= 2xH/M Fr=5kH
.
VYVVVVYVYVVVY F,=3xH =
4M om 1 2Mm 2M
1 yy. 2yq. L 3yu. | 4yn. T

Puc. 29.9



246 Nexuusa 30
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Tema 2.6. A3rub.
IlocTpoenue 3mop NonepevHLIX CUII
1 N3rnbarmiux MOMEHTOBR.
OcHOBHEIE IIpaBUJia MOCTPOEHNUs 3MIOP

3nambv nopadox NOCMPoeHUT U KONMPOAT INOP TLONEPEUHBIT CUA U
u32ubWOUWUT MOMEHTNOS.
Yamems cnpoumny 3n10pbl NONEPEURLLT CUi U U32UGAIOWUT MOMERTIOR

Oniopsl HONEPEYHBIX CUIT ¥ M3rNHAIONTNX MOMEHTOB MOXHO CTPOKTD,
NpEeNBAPUTENLHO Pasuenue Gallky Ha YUACTKU HACPYKEHUS ¥ COCTAaBIAA
YyPaBHEHUs, BRIpaXxaloume usMeHeHns (@ u M, no yyacTkam.

HanoMH#M, YTO 2panuybt yuacmxos NOZPYICEHRUud — 9TO CEHCHNS,
B KOTODHIX IIPUJIOKEHB 6HEWHUE HA2PY3IKU.

IIpuMepr! peiunenus 3anay

IIpumep 1. Ha Ganky meiicTBYIOT COCpPeNOTOYEHHBIE CHIIEI U MO—
ment (puc. 30.1). IlocTpouTs 5MIOphI NONEPEYHEIX CHI M M3rnbalonmx
MOMEHTOB.

y M=15kH-m
F,=10xH g ¢ ¢ R
0 W Tr=2000 b2 B )5 ~
: Im 4M Im
10 kH
Smiopa BRI
o LT .55 kH
10kH 25 kH-M|_r1
10kH-m H
Aniopa ) , ! LU
Mx I\ ““I“.UJ‘J Jleroe fIpasoe
30kH-M

Puc. 30.1
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Pewenue

IlocnenopaTentbHO MO yYacTKaM HALDYKeHHs PAaCCMATPHBAEM BHY-
TPEeHHME CUIIOBHIE PaXTOPH B ceuenunsx. Cuiopnie GpaxTOPHI onpenesnseM
13 yCioBMil paBHOBecHs OTcedeHHO wacTu. JIna Kaxmoro ygacTka 3a-
MICHEIBaEM yPaBHEHNMs BHYTPEHHUX CIJIOBHIX (PaKTODOB.

Henoavayem ussecmmubie npasuaa:

—— TofIepeyHas CuJja YMCIIEHHO paBHA airebpamdecKoil cyMmMe IIpo-
€KUMl BHEIIHUX cull Ha ock Oy;

— M3rubalomuil MOMEHT WHC/IEHHO paBeH ajrebGpandecKolt cyMme
MOMEHTOB BHEIIHUX CWJI, JeACTBYIOUINX Ha OTCEYEHHYIO JacTh, OTHOCH-
TeJIbHO HEHTPAalbHOI ocH, coBnamaromel ¢ ocso O;

— INpPUHATHE 3HAKM MONEPEYHBIX CHJ M N3TUGaloInX MOMEHTOB
(puc. 30.2):

T, ', /&2
Q ¢ i
a) 6) 6)

Puc. 30.2

CocTaBuM ypaBHeHNs PaBHOBECHS.
1. Pacemorpum yyactok 1 (puc. 30.3a).

y 2 y=0; ~F1 +Q1=0; Q1 =F1; Q;=—-10xH.
F1=10 xH Cuna Q) — oTpunarensha. Cuna @ Ha yuact-
Ke 1 nocTosHHA.
OJ' ) Mx, Zmzl =0; -Fin + M:z:l =0; M:tl = Fiz.
) M, — oTpuuaTenLHLIA.
0< s <3m:
Puc. 30.3a

mpu 21 = 0; Mz, = 0;

npu 2y = 3m; Mg, = —30kH.

MaruGarormit MOMEHT MEHAETCS 1O JUHEHHOMY 3aKOHY, rpadux —
[IpsAMasi TUHUSL.

2. Pacemotpum yuactok 2 (puc. 30.36).

S F=0-F1+F—Q;=0;

Q2 =—-F1+ F;

Q2 = —10 + 20 = 10xH.

Cuna Q2 nonoxuTensHa.

2 Mz, =0;
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~Fyz9 + F2(252 - 3) + M, =0;
My, = F1z3 — F3(22 — 3).

y 3M< zp < T ™
F|=10KHA ( npu zp = 3M
P Q: M;, =10-3 =30xH - v;
Im Fy=20 xH M, — oTpHUATENbHELY;
N 22 S Mx, npu 22 = TM
Puc. 30.36 Mg3eP2 = 10-7-20-4 = —10xH-m.

3uak cmenuncs; My, crnera ot ce—
yeHUs B — monoXnTensHbIA.

Iomepeunyto cuny u u3rubamoiuuii MOMEHT MOXKHO OIIPEAeNaTh cpa-
3y u3 3aBucumocreit @y = Y Fy; My = ) my, ne cocmasaga ypasnenun
PABHOBECUT YHACTKA.

3nax xancdoz20 u3 cagzaemblr IMUT Ypaenenul onpedeagem om—
deavno (yuacTok 3).

3. Paccmorpum yuactok 3 (puc. 30.3B).

Qs = ~10 4+ 20 = 10xH — nono-

XKUTEJIbHA. e
Zm ~ 0 F‘=10 kH
z3 = 05 A
Mg, = —Fz3 + Fa(23 — 3) + m. o Fy=20kH B 4lQ§
TM < z3 < 10M: 3m * au ) M.
opu 23 = T™ ’

<3

00—

MP**=—10-7+20-4+15=25kH - m;
mpu z3 = 10 M. . Puc. 30.3¢
M, = -10-10+20-10+15 = 55 kH M.

O6paraeM BHUMAHUE, 9TO IUIL TOYKM B noydyeHo IBa 3HaUEHUS
M3rubaloUIMX MOMEHTOB: U3 YPABHEHMS AJIA yYacTKa 2 neBee Touku B u
U3 ypaBHeHMA NI y4acTka 3 — npasee Touku B.

D10 O6BLIACHIETCH TEM, YTO UMEHHO B 3TOH TOYKE NPUIOXKEH BHEIU-
HU# MOMEHT U IIO3TOMY BHYTPEHHUI MOMCHT CHJI YIIPYTOCTH MEHSETCA

B Toukax npuaoKeHus BHEUIHErO0 MOMEHTS HA SII0Pe MOMEHTOB 16—
SABUTCS CKAYOK, PABHEIA BeJIMYNHE NPUIIOMKEHHOIO MOMEHTA.

Tlonepeunas cuna B Touke B A1 BTOPOTO M TPETLETO YUACTKGR
onunakoBa. ClieqoBATEIBHO, NPUAOIHCEHUE BHEUWHEZ0 MOMERMA HE OTA-
paxcaemcd Ha INWPe nonepeunuir cut. I'patuk nonepeynoit cuiabl Ha
y4yacTke 3 — npsiMas JIKKHA.

Tpadux mameHeHus u3rubaiolMX MOMEHTOB Ha TPETBHEM YHACTHKE
TaKKe [PAMast JINHIS.

b
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4. IlocTpoenue amiop. Ilopanok nocTpoeHus smop ocTaeTCs Mpex-
HUM: MacIITa0OBI 3MI0P BLIOUPAIOTCS OTAENLHO, HCXONs U3 SHaYeHN MaK-
CUMAJILHREIX CUJ1 ¥ MOMEHTOB.

I'padukr 06BOOATCS TOJICTON OCHOBHOM JIMHMEN M 3AIITPUXOBEIBA-
foTcs nonepek. Ha rpagukax yKaseIBaioTCsA 3HAYEHMs HONEPEYHBIX CUJI,
n3rubajolmMx MOMEHTOB ¥ €XMHUIIL N3MEPEHUS.

ITpasuaa nocmpoenus snwop (puc. 30.1 u 30.4):

1. IIna y4acrka, rie OTCYTCTBYeT paclpeleeHHas Harpy3kKa, mome-
peunas Clia NOCTOSHHA, a N3rnbalommnii MOMEHT MEHAETCA O JIMHENHO-
MY 3aKOHY.

2. B yacTHOM ciiy4ae, KOra OnepeyHas cujia Ha y4acTKe PaBHa Hy-
mo, M3rubaronmil MOMEHT MOCTOAHEH (UUCTHIA W3rKb), rpadux — nps-
Mas JIMHUA, MapailebHas NpononbHoi ocu (Ha puc. 30.1 orcyTersyer).

3. B ToM MecTe, roe k 6aske IpuIIokeHa BHEIIHAA COCPEIOTOYCHHAS
cuJIa, Ha 3Mope () BO3HMKAET CKAUOK Ha BEJIMYUHY MPIIOXKEHHON CYIIH,
a Ha 3II0pe MOMEHTOB ~— H3JIOM.

4. B ceuenun, roe x 6aiixe npuiioxkeHa napa cui (COCpenoTOYeHHBIN
MOMEHT), Ha 3Mope M, BO3HMKAeT CKavoK Ha BeJMYMHY MOMEHTA 3TOi
napul. [lonepeunas cuia nNpu 3TOM He U3MEHSETCS.

5. B ceuennu Ha xoHIEe 6anKy MonNEpeYHAas CUIIA DABHA NPUIIOKEHHON
B 3TOM CEYEHUM COCPENOTOYEHHON CHMIIe WJIM PEAKLIMM B 3alEJIKE.

6. Ha cBoGonuoM xonue 6asxu uiu mMapHUPHO ONEPTOM KOHIIE MO-
MEHT DABEH HYJIO, 33 UCKIIOYEHHEM CIY4Ya€eB, KOTLa B 9TOM CEYEHHUM
NPHIIIOXKeHa, 1apa CUi (BHELIHME MOMEHT).

IIpumep 2. Ha nsyxonopuyio 6aiky OefCTBYIOT COCPENOTOYEHHBIE
cunst ¥ MomeHTHL (puc. 30.4). IlocTpouTs SMIOPH NONEPEYHBIX CHII U
n3rnbaloIMX MOMEHTOB.

IIns nByxonopHo# 6alIKu OCTPOEHNE SIIIOP HAYMHAIOT C ONpeesie-
HNS ONOPHEIX peakumii Gasku. Il ux onpenennenus UCIOAL3yeM CUCTEMY
yDaBHEHUI paBHOBECUs, COCTABIIAEM [Ba YPABHEHMS MOMEHTOB OTHOCH-
TeJbHO IIADHMPHHIX ONOP. 3aTeM HPOBOAMM IIPOBEPKY IPABMIILHOCTHU

n

PELUEHUA 110 yPaBHEHUIO Y F) ky = 0 (cM. sexuuio 6).
0
Pewenue

1. Onpenenenne peaximil B onopax. Y paBHEHUS PABHOBECHS:
Sma=0;-F-6+m—-—Rp-10+F,-12=0;
~35-6+80—~-Rp-10+70-12=0;
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Rp <10 = —210 + 80 + 840;

RB=71KH.
Ymp=0;Ra-10+F-4+m+F-2=0
Ry -104+80435-44+70-2=0;

Ra-10 = —80 — 140 — 140 = -360;

R4 = —-36xH.
y;\ m=80 kH ‘M  F2=70xH
l Ry Rs
‘;4 ¢ BA  D|*
x 6M Fi=35¢H 4m T 2m

70 xH
o
Smopa

LCHIEECAIIELLY 56 e TR

| Imopa
% B
136 xH M 140 kH ™M
216 xH-M
1yw. 2 y4. 3y4.
y y ) y ;)
Puc. 30.4

Peakuus B onope HanpasieHa B OGPaTHYIO CTOPOHY.

Hposepxa: 3 F, = 0;

—Rs+ Fi+ Rp— F, =0; —-36+35+71-70=0.

Peakuun onpeneneHs BepHo.

2. Ins yupolueHMs pacYeTOB HPU MOCTPOEHHW JIIOD NONEPEYHBI
CHJT ¥ M3AruGatolX MOMEHTOB MOXKHO IIPOBECTH PACYET M0 ZAPAKMEPHOIM
mouxam 6€3 COCTaBJIEHUS YDPaBHEHMA.

s 37010 UCHONB3YIOT U3BECTHEIE CBASM MEXIY HONEPEYHON CHIIQL
u u3rubaomnM MOMEHTOM U NIPaBUJIA TIOCTPOEHNS 3IIIOP.

Yuacmox 1 (ot Touku A o rouku C).
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B touke A npusoxena peakuus R4, HanpasienHas BHu3. [loneped-
Had CHJIa Ha yYACTKe MOCcTosHHa: Q1 = R4 = —36kH.

MowmeHT B Touke A paBeH HymIO.

Touka C (cnesa). Ilpunoxena sueunss cuna Fy = 35«H, nanpa-
BIIEHHas BBEPX, — 3[1eCh BO3HHKHET CKa4OK BBEpX Ha penunuuxy 35kH.
MowmenT B Touke C (cneBa) MOXeT GHITL PACCUMTAH [0 M3BECTHON 3aBU-
cumocT ME* = —Ry - 6; ME*®* = —36 -6 = —216xH - m.

Yuacmox 2 (ot Toukn C cnpasa mo Touku B).

Ionepeunas cuna B Touke C (cnpasa) pasHa Q¢ = —Ra + Fi;
Qc = -36+ 35 = —1kH.

B Touxe C npunoxeHa BHemHAs napa cui ¢ moMmesToM 80xH-Mm,
CJIENOBATENLHO, 3[6Ch NPOABIAETCA CKAYOK Ha BEMUAHY OPHIIONKEHHOTO
MomeHTa: MG = M + m; MG = 216 + 80 = 136 xH-m.

Tonepeunas cuna Ha BTOPOM yHacTKe IOCTOsHHa: Q2 = QuP™™".

MomenT B TOuke B onpepenfeTrcs 110 3aBUCUMOCTH
Mp=—-R4-10+F-44+m; Mp=~-36-10+35-4+80 = —140xH-m.

Cupasa u cieBa OT TOuXu B MOMEHT MMeeT OOMHAKOBLIE 3HAYEHN.

Yuacmox 3 (ot Touku B (cnpasa) no touku D).

B Touke B npwioxena BHewnAa cuia Rp. 3necs moasisercsa cKadyok
Ha senmunny T1xH, Qp = -1+ 71 = T0xH.

Hamnbiie mo ywacTky nomnepeudas Cuna He usMeHaeTcs. MOMEHT B
Touke DD paBeH HymO, T.K. 30€Ch HE NPUIOKEHa BHEIUHSA NApa CHIL
Mp =0.

PaccMoTpenne nonepeyHsIX cuil ¥ M3rubaiomyux MOMEHTOB MOXHO
OLIJIO IPOBECTH Y CIPaBa HaJIeBO.

ITo nosyyeHHHIM 3HAYEHUSM CAJI M1 MOMEHTOB CTPOMM 3IIOPHI (3IIo-
pHI 1on cxeMoit Bana, puc. 30.4).

KOHTpOHbHHe BONPOCHI M 3agaHua

1. OnpesennTe BeMMYUHEL NONEPEYHBIX CUJI B CedeHuu 1 U B ceve-
Hun 2 (puc. 30.5).

(! [0 2 g
) Yk

15xH-M ]—
Puc. 30.5

2. Hammmnte ¢opMyay Oag pacyeTa H3ruGalolIEro MOMEHTA B Ce-
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yernu 3 (puc. 30.6).

m

2k
F, 2m , 2,5M F, ., K &
4

Puc. 30.6

3. W3 npencraBnennsix smop suifepere dmopy MOnepedHol Cuiibl
nns uzobpaxenHoi Ganku (puc. 30.7).

HNoscuenwus

A. O6paruTs BHUMaHME Ha 3HaK CWIHI B cevenny 1 (3Hak +).

B. O6paTurs BHEMaHNe Ha BEIWYMHY CKAUKOB B MECTax IPUIIONKe-
HUs BHEIIHUX CHJL.

B. TIpunoxenne MOMEHTA NMaphl CHJI HE NOJDKHO OTPAXAThCS HA
smope (.

4. Ilo puc. 30.8 BBIOpATH 3MOpPY MIrNGAIOIIEr0 MOMEHTA IS U30-
6paxxennoit ga puc. 30.7 Gankn.

40 xH-m O3 kH-M

8xkH-M 25kH-M 60 xH M
4 B C D )
4m 6xH 2 M 2 @ 52 xH-m 94 xkH-m_|
ISKH 6 xH |URRNBERINNRERED] mnﬂmm T
a)ISKH “””I””““ 16 kH ““”” ‘M
) s wn T e
&) 15 it [ iprier &7 _
2) 15« [T } TH[
e) 8xkH-M
Puc. 30.7 Puc. 30.8

IloscueHnus.

A. Ha xonne 6pyca npuiioxeH MOMEHT HapH, CIIEIOBATENBHO, B 3TOM
MecTe u3rubalolmii MOMEHT HOKeH OLITHL paBeH 3TOMY K€ 3HAYEHMIO.

B. O6parnTs BHUMaiMe Ha 3HAX MOMEHTA B cedeHmn 1.

B. B 1ouke A npuiioxeHa Taxxe M CU1a, [I0O9TOMY JIMHUS, OYEPTUB-
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LIas 3MOPY, JOJKHA OBITh HAKAOHHOU.
5. OTBeTHTE HA BONPOCH TECTOBOIO 3aIaHUS.

TeMma 2.6. YI3ruob.
OmnpeneneHre BHY TPEHHUX CUJIOBBLIX (DakTOPOB

Bonpocwm OTBerTH Kon
1. OmpenenuTe BEIMYMHY NONEPEYHOR CHIBL B Ce- 142 xH 1
yeHuy 1-1.
T35 xH 2
20xH-Mm 60xkH-m |
2 xH-
J, /> J:L Hm 160 xH 3
5xH-m 5 F
b
12kH-M 195 xH 4
2. BuiGpaTh ¢opMyiy Ana pacyeTa U3rubaioiero +ma + Fi(zs - 2) = 1
— F3(z—2)
MOMEHTa B cedyeHuy 3-3.
—my — Fi(z3 — 2) 2
mt n F ( 2)
—my — Fi(z3 - 2)+
F 3 3
‘ C § EN + Fo(z3 — 4)
o214 ) B Rl 83 D N
M 2wMm M Im —’ml—Fl(Za—4)+ .
+ Fz (23 - 4)
3. OmpenenuTsh BennuMHy U3rubaIONIEro MOMEHTA. 55 kH - M 1

8 Touke B. (CM. cxemy k Bompocy 2.)

m, = 15kH - M; mo = 28xH - M; 100xH - M 2
F, =20xH; F> = 30kH.

25 kH - M 3

3xH M 4
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Ipononxenue
Bonpochmu OrseTvn|{Kon
4. W3 npencraBneHHRIX Ha cxeMe 3MIOp HaitTu 3mopy A 1
TIONEPEYHOil CUJIRL.
16 kH
A 2xH 4xkH
rnA-m 1M ﬁT im i’" B 2
A O T 4
(AT,
b
12 2 B 3
B ““””““mm“ T I 4
AT
I T T 4
12
A U EREETTEEFyTrrerreeereet . .
12
E
5. U3 npencrapnensnix B Bonpoce 4 3mop HaiTi BE 1
SMIOPY U3rHOaIOLMX MOMEHTOB.
B 2
I 3
/
A 4
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JIEKIIHA 31

Tema 2.6. N3ru6.
ITocTpoenne 3mop nonepeuyHsix cui U m3rubaroumx
MOMEHTOB.
IIpunoxkeHnl coCpeqOTOUYEHHBIE B PacIIpeaeleHHbIe
Harpys3Ku

3namv Juddepernyuasvuvie 3a6ucCUMOCTIU MENCIY UNMENCUBHO-
cmbi0 pacnpededennoll HA2PY3KU, nonepeurott cuaol u u32ubAOWUM
MOMEHTIOM, OCHOBHLIE NPABUAL NOCTNPOERUT INIOP.

Yuemp cmpoumbv 3NWPLL nonepeuuoﬂ cuabl u u32u6a1oweeo MOMEH-
ma 8 CAYUAE NPUALOIHCEHUL cocpe&omoueunbw: u pacnpedenennbw Ha2py-
30K.

IIpuMmepsl penreHns 3amad

ITpumep 1. OnHoonopuas Gajika HATPYXEHA COCPENOTOYEHHBIMH
eunaMu v pacnpeneneruoit Harpyskoit (puc. 31.1). IlocTpouts smopu
MONEPEYHLIX CUJIT U M3TUGAIOIINX MOMEHTOB.

Pewenue

3anaqy pemaeM € IOMOIILIO COCTABIEHUA YPaBHEHUN IIONEPEYHEIX
cu 1 M3rubarIimmx MOMEHTOB B IIONEPEYHEIX CeueHUAX Oanku.

ITpu nposepke smiop ucnonssyem duddeperyuatvnbie 3a6UCUMOCTIU
MEXIly MHTEHCUBHOCTBIO PACIPENesIEHHOM Harpy3Ky, MONEpeYHON CHIToR
W M3rubajoIIuM MOMEHTOM:

1. IIpoussopnas OT HOIEPEYHO CUMIEL IO NUHE GAlKM DaBHA WH-
TEHCUBHOCTU pacIIpefeeHHON Harpy3Ku

aQ _
dz

2. IIponssonHas M3rubaloIiero MOMeHTA N0 AyIuHe GajikX paBHa I10-
MEePeYHoN cume

dM,
dz

Q.
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F, =10kH
s F=15kH, d=6KkH/M, 3 b
P S A N
B » € 0 D/ i
x 4mM 4m 2™ X
1 yu. 2 y4. 3yu.
dnopa
LT IR Q
15 kH
39 xH |
49 kH| Wil61 kH
0 T Dnopa
My
60kH M
168 kH- M WJWLLLL

Puc. 31.1 N278 xH- M

PaccmorpuM yuacTok 1, ceuenue 1.
Ilonepeunas cuna @1 = —F; = —15xH.
Tlo npunsTOMY NpaBUiIy 3HAKOB HONEPeYHas CUjla OTPUUATENbHA I
MOCTOSHHA Ha 3TOM ydacTKe.
WarnGarotmit MomenT My, = —Fjz;.
051 €4 My =0; Mg =—-15-4 = -60xH - M.
PaccmorpuMm yyacrok 2, ceuenue 2.
Tonepeunas cuina Q2 = —Fy — q(z2 — 4).
dM < 22 £ 8m: @Qp = —F1 = —15kH; Qg*°** = —39kH.
IMonepeunas cuna M3MeHAETCA MO JIHEHHOMY 3aKOHY.
q(z2 — 4)?

Warubatornuii MmomeHt My, = —Fi29 — 5

4m < 29 < 8M:
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npm 7z = 4 M narunbaroumit MmomenT Mp = —60kH - M. B Touxe B
HeT BHELIHErO MOMEHTA, [T03TOMY M3rnbalolmii MOMEHT CJIEBA M CIIPaBa
oT ToukM B omguHaxoB. B 3ToM cilyyae pacCUUTHIBATE €r0 ABAXIH HE
cNenyeT;

6-42

npu zo =8M Mg = -—15-8——2— = —~168xH - M.

PaccmoTpum yuacTok 3, ceyenue 3.

B Touke C npunoxena saemHuss cuiia Fy, Ha smope nomxen 6uiTh
CKaYOK, PABHBIA NPUIIOKEHHON cyile; Ha 3MIOPe MOMEHTOB IOMKEH ORIThL
U3TIOM.

[Tonepeunas cuna Ha yuactke 3: Q3 = —F; — q(23 — 4) — Fy;

npu z3 =8M QET " =-15-6-4—10 = —49kH;

Touxa C: Qg™ = 39kH; Q""" = 49xH;

npn z3=10M Q@Qp=-15—-6-6—10 = —61kH.

Ilonepeynas cuiia M3MeHsAETCA IO JIMHERHOMY 38KOHY.

. q(z3 — 4)?
WNarubaroumit MomenT My, = —Fiz3 — - F(23 — 8).
8Mm < 23 < 10M:

6(10% — 4)?
npu z3=10mM MD=--15'10—-(——2——)——10(10—8)=—278KH'M.

Ha ywacTkax 2 u 3 smopa nsru6aionmx MOMEHTOB OTPaHMYEHS KBa~
mpaTH4Hoi mapabosion.

ITo nonyvenurM pesyabTaTaM, yunThIBas DuddepeHIUalbHEE 3a--
BYCHMOCTY MEXIIy TIONEPEYHO Cu10i1 1 M3rnGalonmM MOMEHTOM, CTPO-
MM dIopHL (Q 1 M. Ha 6mopom u mpembes yuacmKaz nonepeunad cula
HE UMEEM HYACBLIT FHAUENUY, NOIMOMY NG INOPE MOMENITIOB HEM IKC-
MPEMYMO8.

OcHOBHBEIE TIPAaBUIIA IOCTPOEHMUSA 3MIOP B Caydae
NPUJIOXKEHNs pacrpenesieHHOM Harpys3KH.
KoHTpons NMpaBMILHOCTH pPELIEHUIT

1. IIna yyacTka Ganxu ¢ paBHOMEDHO pacHpeNesIeHHOH Harpy3Koi
monepeuHas cuna (Q U3MEHAETCA 1O JIMHEIHOMY 38KOHY, 3IIOpa OrpaHHU-
9eHa HaKJIOHHOM npsamMoli. VaruGatonmit MOMEHT M3MEHAETCH IO KBaIpa-
TUYHOMY 38KOHY, 3mopa M, orpasudens napaGosioll BTOPOroO HOPSAKa.

2. B ceuennuu, rae sniopa (Q NEpeXonuT Yepes HOMIb (HaAXIOHHAA Ju-
HNs DepecekaeT och abcnucce), U3rnbaronui MOMEHT SKCTpPEMaJleH: Ka-
caTelbHas K smiope M, B 5TOM MeCTe mapaJiie/lbHa OCH abciucc.

9 - 8060



258 Jlexunsa 31

3. Ilapa6onuyeckas 1 IPIMOJIHERHAS YaCTH 3IIOPLI MOMEHTOB TaM,
re KOHYaeTCA MM HAUMHAETCS PaclpelelieHHas HArpy3ka, COMPAraioT-
¢s IIaBHO, 6€3 U3MMOMa, €CiIM B COOTBETCTBYIOIIEM ceueHUM K Gajke He
PWIOXKEHA COCPENOTOYEHHA CUIIa.

4. Ecnu pacnipenesieHHas Harpy3ka HallpaBlieHa BHU3, TO 3II0Pa MO-
MEHTa OYepYeHa 1mapabosioi, o6pallleHHO! BBITYKJIOCTBIO BBEPX.

5. U3 teopemn 2Kypasckoro cienmyert:

— ecnu Ha y4dactke () > 0, M, pacrer;

— ecju Ha ydacTke @ < 0, M, ybmBaer;

— eciu Ha yyacTke @ = 0, uarnbarommii MOMEHT NOCTOSHEH (4u-
CTHIA M3rub);

— eciu B Touke @ = 0, usruGaronmit MOMEHT NOCTUraeT 3KCTpe-
MasbHOrO 3HadeHus (MMM umm ME2X).

Hpumep 2. Pacuer neyxonoproit 6anku. IIsyxonopras Ganka Ha-
rpy»keHa PAaBHOMEDHO pacIpeneneHHOM Harpy3koit (puc. 31.2).

Pewenue

[Ipu ompenenenuu peakUudid B OMOPe PABHOMEPHO PACIPENENCHHYIO
Harpy3Ky MOXHO 3apaHee 3aMEeHUTH PaBHONEHCTBYIOLIEHR COCPENOTOUCH-
ot cunoit: G = ql; ¢ = 4xH/m; G =4 -6 = 24xH (puc. 31.2).

ITpu nocmpoenuw 3MI0OP NONEPEUNDIT CUL U U32UOGOWUT MOMEHTTLOS
pacnpedeaennad HAZSPY3KA YUUMBIEAEMCT TLOCMENENHO.

Pacuer Ganxu MOXHO IPOBECTH IO XapPaKTEPHRIM TOYKaM, [IPH HTOM
HeobXOMMMO 3HATH NPABWIa NOCTPOEHUS 3O, NEPEYNCIIEHHEIE BhILLIE.

A
AR,= 7,2 xH g =4xH/M R, = 163xH

( =l
A .

) lC BA °

4 M > 3m T
10 M G R
Puc, 31.2

OnpeneJmeM peaKu B OIopax banku.
G-7 24.7
ZmA =0; G7—RB].0 =0; RB = '1_0'; RB = T = 16,8KH.
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X 24 .
>mp=0;Rq4-10-G-3=0; RA=—GIT3; RA=—-4T0—3:7,2KH.

[Iposepka: 3 F,=0; R4—G+Rp=0;7,2~-24+168=0.

IHocmpoenue anwop

AHanusupyem cxemy Gasku.

PaccmoTpum yuactox 1 mo cevenus 1.

B onope A zeiicreByer cocpemoToduenHas cuna Ry = 7,2xH. Ha
yuyacTke 1 momnepeuHas cuiia ocTaeTcsa NocTosaHHoW: (y = Ra = 7,2xH

(puc. 31.3).

yﬂ\Rd = 7,2 kH Iz o = 4xH/n I\Rn: 168 kH
; | Ko
o2 2 mT
4™ - 6M
1 yu. 2 yu.
7,2 kH =0
| I”””l /Q ) Dniopa O
353kH-m
288xkH-M 1]
QLL 16,8 kH
Omop:
2720 ‘Mmax M: =:’ln
Puc. 31.3

Warubaronmi MOMeHT B TOUKe A paBeH Hy/mo, T.X. 30€Cb HET MO-
MeHTa BHelllHel maphl cut: My = 0.

MomenT B Touke C (rpanuna ygactka, z = 4M) Mg = Ry - 4;
Mo =72-4=288kH: M.

Omniopa O4YepYMBAETCA NPAMOM JMHHMEH, HakjOHHOH K ocu Oz
(puc. 31.3).
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Paccmorpum yuacrok 2 (puc. 31.3). 3necs neiicTByeT pacnpeneneH-
Has Harpyska MHTeHcuBHOCTHIO ¢ = 4xH/M. Ilpn nepemeruenuu Bross
ocu GaJIKy HAIIPaBO paclpeneieHHas Harpyska CyMMHUpYeTCs. Omiopa
Q2 — mpsaMas nuHUA, HaxionHas k ocu Oz. Pacnpenenennas Harpys-
ka HanpasieHs BHU3 (cM. OCHOBHEIE NpaBUIIA TIOCTPOEHUS 3MIOD, 1. 4),
30ech 3mopa n3rnbalolllero MOMEHTa oyepueHa napabosioi, o6palinexnHon
BRIIIYKJIOCTBHIO BBEPX.

Peaknuus B onope R4 M pacnpeneneHHas Harpy3ka HallDaBjl€HHl B
pasunle cTopoHul. CrienoBaTesIbHO, BO3MOXKHA TOYKa, B KOTOPOIt, 1o npa-
Bty 2, Q2 = 0, a n3ruGaronmii MOMEHT 3KCTPEMAJIEH.

s nocTpoeHus aMopsl MOMEHTOB HEOOXOANMO COCTABUTE YpaBHe-
HIe MONepPEeYHOIl CINIEL Ha yYacTKe 2 U NPUPaBHATb BEIUUMHY INOIepey-
HOii cunul Hymo. 113 ypaBHeHNs MOXHO ONpefe/inTh KOOPOAUHATY TOYKMY,
B KOTOpO# m3rmbaloimil MOMEHT 3KCTpeMaJieH.

IIpoBonuM HeoGXOAMMEIE pACYETHI, OOPENEIseM BeIIMYNHEL Ioepey-
HEIX CUJI ¥ M3THOAIONIMX MOMEHTOB B X&PAKTEPHBIX TOYKEX.
PaccMoTpum yuactok 2, ceuenue 2 (puc. 31.3).
Ypasrenue nonepeunoi cuiinl Q2 = R4 — q(z — 4) = 0.
Otkyna: 29, = % +4; 29, = % + 4 = 5,8M, z2, — xoopaouHaTa
TOYKY, e u3rubaoumii MOMEHT 3KCTpeMalleH, T.K. (Jg = 0.
YpaBHEeHNe MOMEHTA Ha yYACTKe 2:
(22— 4)
2
Ipu 20, =58m M, = M*.
MaxkcrMansHOe 3HaYeHWe U3ruGalolero MOMEHTS Ha YJYacTKe 2

—A4\2
M =172-58~- 4% =35,3xH - m.

3uauenns nonepeuHoi cuikl ¥ ®3rubalomero MOMeHTa B TOuke B:
@B = Rp =16,8xH; Mp =0.

CrpoumM smopy nonepeynoi cuisl. IlepBrlil y4acTOK — npaMas au-
HuUs, napasnensHad ocu Oz. B Touke C amopa CTEHOBUTCHA HAKIIOHHOI.
CrpouM amopy usrubarommx MoMenTos (puc. 31.3).

Yuacmox 1 smopa — npamas smuug; My = 0; Mo = 28,8xH - M.

Yuacmox 2 smopa — mapabomna ¢ 3KCTPEMYMOM B Touke 2 = 5,8 M;
Mpex = 35,3kH - M; Mp =0.

Mz‘z = RAZ2 -q
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KoHTpONbHBIE BONIPOCH M 3aaHNA

1. Ecnu smiopa nonepeyHoil CUIIE OrpaHUYeHa HAKIOHHOM IMPAMOIL,
KAK BHITIISOUT 3Mopa U3rubarorero MoMenTa?

2. Kak onpenenuTs monoxeHne 3KCTPEMATLHOIO 3HAUYEHUs U3ruba-
IOILEro MOMEHT& NPH JefICTBUH pPACIpPENeNleHHON HarpyskKd Ha y4acTKe
Gamnku?

3. Pacnpenenennas Harpyska HampasieHa Beepx. Kak BHrasour
napaboia, ouepumBaloOlas SMIOPY HM3rnbalolIX MOMEHTOB BIIOJIbL OCH
6pyca?

4. Onpenenure KOOPAMHATY Z, B KOTOPOU II0ONEepevYHas CUila PaBHa
nymo (puc. 31.4).

4 m=10kH-m Ar
YIR4=45xH g = 5xH/m Rs= 20xkH
25xH
A .
? h c AB*
2 M M 8 M T

Puc. 31.4

5. OnpenenuTe BenuumHy usrubatomero MoMenTa B Touke C (z =
= 5 M), ucnonesys cxemy puc. 31.4.
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JIEKIIUA 32

Tema 2.6. N3rn6.
Hopmansnbie HanpsixkeHus npu u3rube.
PacueTs!l Ha npoYHOCTH

3nams pacnpedesenue HOPpMaLLHLIT Hanpgxcenutl no cevenuw 6aa-
KU NPU wucmom udaube, pacuemusle HoPpMYbL U YCA06UL NPOUHOCTU.
Ymemv evinoangamo npoexmuposounbie u NPOBEPOUNbIE PACHEMbL
N0 MPOUHOCTD, GBIOUPAMbL PAYUOHALbHBLE HOPMBL NONEPEUNLIT Ceuentt.

Hedopmauum npu yucroM uirube

ITpu yncToM nsrube B CEYEHNM BO3HUKAET TONBKO OIMH BHY TPEHHUI
cuNoBoRt GaKTOp — M3rnGaloILMii MOMEHT.
PaccmoTpumM nmedopmanmio Gpyca, HArpyKEHHOIO BHEILUHEH Napoi
cun ¢ MoMernToM m (puc. 32.1a).
IIpu yrcTom marube BHINOTHAIOTCH 2U-
/ nome3vi nuockuz cevenut u Henadasausa-
dz eMocmu caoes.
s/ Ceuenug 6pyca, naockue u nepnendu-
4 KyagpHole npodoasroll ocu, nocae dedop-
4 MAYUU OCTAIOMCE NAOCKUMY U TLEPTLERIU-
AL KYAIPHBIMU NPOJ0abHOTL OCU,
IIpodoavuvie soaoxna ne dasam Opye
4 HO 0py2a, NOSMOMY CAOU UCTILUMBIGAOM
TPOCMOE PACTNANCEHUE UMY CHCATIUE.
4 IleftcTBYIOT TONMBKO HOpPMaJIbHHIE Ha-
IPsKEHNS.
; ITonepeunnie pa3Mephl CeUeHUIT He Me-
HSAIOTCS.
IIpomonsuas ocw 6pyca nocne medop-
% Manuu m3ruba uckpusigerca U oGpalyeT
Puc. 32.1a IOyTy OKpyXHocTH pamuyca p (puc. 32.16).
Martepuan nogyuHseTcs 3axoHy 'yka.
MoxHO 3aMETUTB, YTO CIOM, PACHOJIOXKEHHEE BHIIIE MTPOOOIBHOIN
OCH, PACTSHYTHL, PACIIOIOKEHHEIE HUXKe 0cu — CxAaTH (puc. 32.16). Taxk
Kak meOpMalU MO BEICOTE CEUEHUS MEHSIOTCS HENpPEPEIBHO, MMEETCH




Tema 2.6. Usrub 263

CIIOi, B KOTOPOM HOPMAJIbHBIE HANPSDKEHUS 0 PABHBI HYJIIO; TAKOU CJION
HasbiBaloT netmpaavhbin caoem (HC). ITokaszaHo, HEATPAJILHBIA CIIOM
IPOXOAMT Yepe3 LEHTP TSKECTU CEUEHUsS; p — DaIUyC KPUBU3HBI HEll-
TPAJILHOLO CJIOA.

Paccmorpum  medopma-
LMIO CJOsl, PACIONIOXEHHOTO
Ha pacCTOSHUM Y OT HeH-
TpasbHol ocu (yuactok AB,
puc. 32.1).

Inuua ydyactka Oo ne-
(dopMaluy paBHa AJIMHE HEH-
TPaJIbHOU OCH:

Puc. 32.16 lo = pdp.
A6comoTHOE yaIMHERNE
cnost Al = (p+ y)dy — pdp = ydyp (puc. 32.16).
Al _yde _y
b’ pdp o

OTHOCUTENBHOE YOIMHEHNE IPIMO IPONOPUMOHAILHO PACCTOSIHMIO
Cllos 10 HEATPABLHOM OCH.

HUcnonw3yem 3axon 'yka npu pacrsixennu: o = Fe.

Tosnyunm 3aBUCHMOCTbL HOPMAJILHOTO HANPAXKEHWs Npu u3rute or
TIOJIOXEHUS CIIOS:

OTaocuTensHoe YOJIMHEHNE £ = €

Ey
S

Oy =

dopmMmyna nss pacyeTa HOPMRIbHBIX HAIPAXKEHUN
npu n3rube

PaccMotpuM m3oruy Tl yuacTok 6pyca dz (puc. 32.2).

dN — ajeMeHTapHas Ipo-
IOJIbHAS CIJIA B TOYKE CEUEHNS;

dA — nolansb 3JeMEeHTapHOI a4 N
IIJIOIAIKY;

dm — snemenTapumiit MomenT, { HC Y
00pa3oBaHHBIN CUJIOW OTHOCHUTENL- dN
HO HEeiTPaBHOrO CIIoA. My

dA
Puc. 32.2

dN =o,dA; dm = ouydA.
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CyMMaphBIi n3ruGaolmii MOMEHT CHJI YIPYIOCTH B CEYEHUN

M,,=/a“ydA=/-E—gydA=-b:/y2dA.
A A e pA

[ y*dA = J, — ocepoit MOMeHT unepuuu ceuerns (nexums 25).
A

Taxum oGpa3oM, M, = %J,.

E
Otkyna E/p = M,/J:. Pauee nomyueno oy, = 7y
ITocne pana npeobpasoBaHuit MOIyYNM GOPMYITY OIS OnpeneeHus

HOPMAJIBHBEIX HaIPAXKEHUH B MoGOM CIOe IomepeyHoro ceyenns 6pyca:
M,y
’
Tz
rne Jr — reoMeTpudecKas XapakTepUCTHKa CedeHus npu usrube.

Omniopa pacnpenencHus HOPMALHLIX HanpsmxeHuil npu usrnbe uzo-
6paxeHa Ha, puc. 32.3.

Oy =

G Ilo smiope pacnpenenenuss Hop-
= MaJIbHEIX HANPSXKEHURK BUMAHO, YTO

MOKCUMAALHOE HANPANCERUE 603NUKG-
I HC em Ha N06EPTHOCTNU.

1\ Q§ IMoncTasum B dhopMyny Hanpsxe-

HNA 3HAYEHWE Y = Ymax-

; ecl:l)(
Tonyunm oy = -—A{f—yﬂi‘f
Puc. 32.3 Tz
OTHomeRne —— npuHATO 0603HauaTL Wy W, = Ia

Ymax Ymax
BTa BEJIVIYNHA HA3BIBAETCA MOMEHIMOM CONPOMUBAEHUL CEUCHHUA

npu u3rute, UM OCEBHIM MOMEHTOM COLPOTHBJIEHHUA.

PasmeprocTs — MM3.

W, xapaxTepusyer BnusHUe (POPMH U PA3MEPOB CEUEHHS HA MPOU-
HOCTE NIpH n3rube.

M,

max _— n
Hanpsaxeune Ha noBepxHOCTH 02X = W
T
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PamnonanbHele ceuenns npu uirube

OnpenenuM paumoHaNbHEIE Ce9eHMsS TpH u3rube, IiIA 3TOrO CPas-
HUM MOMEHTHI COMPOTUBIIEHNS NPOCTERNINX CeIEHMIA.
OceBoll MOMEHT MHEPUMM MPIMOYTOJILHUKA

(puc. 32.4, BuBOn GOpMyTH B Nekuun 25) paBeH

o

NN
Tz = @ :\\\k\ h
£ 12 x \\j\\ %
OCCBOﬁ MOMEHT COHpOTMEJIeHHSI HpﬁMO- t\\ &\
YIOJIbHUKA, Puc. 32.4
T bh?
We=372"T%

CpaBHuM compoTusieHne uaruby ABYX NPAMOYTOJILHHX CEdeHUi
(puc. 32.5).

N

MMM

N
a) ‘ 6) 8)
Puc. 32.5

Bapuant Ha puc. 32.56 obnagaer G6OILIIMM COPOTUBIIEHUEM M3TH-
6y Npu IPOYMX PABHHIX YCIIOBHSIX.
Ocepoit MoMeHT uHepnuu kpyra (puc. 32.6) pasen

md?
64
Ocepoif MOMEHT CONPOTHBIIEHHI KPyTa
W wd3
o327

Bce Heo6xonmmbie pacueTHble NaHHbIE (IIIOLUIANN, MOMEHTH MHEp-
MK ¥ CONPOTUBIEHWS) CTAHAAPTHHIX CEYeHMIt NPUBOAATC B TabIuuax
craunapTos (IIpunoxenue 1).
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Jlns MaTepnasioB, OMMHAKOBO PAGOTAIOMINX HA PACTSKEHNE U CXKa-
Twe, BEIGUPAIOT CEUEHNs, CHMMETPHYHBIE OTHOCUTEILHO OCH, BOKPYT KO-
TOpoii coBepluaercs u3rub (puc. 32.7).

IIpumep

CpaBHUM MOMEHTHI CONPOTUBJIEHNS NBYX CEYEHUN ONUHAKOBOM IJIO-
wanu: asyraspa (puc. 32.7r) u xpyra (puc. 32.7a).

IIsyTaBp Ne 10 nmeer miomans 12cM?, 0CeBO MOMEHT MHEPLMM
198 cm?, momenT compoTusenus 39,7 cmd.

Kpyr Toit xe nnowany umeet auametp d = y/4A/m = 4 cM, oceBoit
MoMeHT uHepun Jy = 25,12 cm?, MmomenT conpornpnenus W, = 6,2 em3.

Wa _ 397

We, 62

Conporusnenne u3rnby y OByTaBpoBOil 6alKy B 1IECTHL Pa3 BHILIE,
yeM y Bajiki Kpyriioro ceueHus.
U3 »1oro npumMepa MOXKHO CHENATb BLIBOO: CEUEHUSA IIPAMO-

yrojJbHBIE, KBalpaTHBIE, KDPYTiple ¥ POMGOBUOHEIE HEPALMOHATILHLI
(puc. 32.7a, 6).

¥

Puc. 32.7

Ins MaTepuanos, o6magaolnX Pa3Hol MPOYHOCTHIO NPH PaCTLXKe-
HUY U CKaTuu (XpYNKue MaTepuasabl 06/agaloT 3HAYNTENILHO GOoMbIelt
OPOYHOCTLIO Ha CXATHE, YeM Ha PaCTIKEHUE ), BHOHPAIOT acCUMMETpUY-
HBIE CEUEHMs TaBP, PEIbC ¥ OP.

Pacuem na npounocms npu udzube
PaccunTaTh Ha IPOYHOCTE — 3TO 3HAUMT ONPENEINTD HANPSKEHUE
U CPABHUTBH €ro ¢ NOIYCTHMBIM.
Yenosue IIPOYHOCTHU NIPpN n3rube:
max MI

oy = _V‘Tx < [owl,
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rhe [oy] — momyckaemoe HanpsiKeHUe.

Ilo sToMy HepaBeHCTBY HPOBOLAT TPOGEPOUHBIE PACUETNDL TIOCIIE
OKOHYAHMS KOHCTPYMPOBAHUs GaJIKy.

st 610K U3 XPYIKMX MATEPUAJIOB PACYETH BeOyT 1O PaCTAHYTOR
M CXATol 30He onHOBpeMeHHO (puc. 32.8).

My
max Yl
o = —— < |opl;
| Cp’ p jz = [ P]7
HC » M,ys
0 o& = —=2 < [oc].
Y2 jz'
5 Ilpu npoexmuposounom pacueme oupenemns-
Puc. 32.8 0T 1orpebHBle pa3Mephl MONEPEYHBIX CeYCHUN

6ayku niu nondbupaloT MaTepuadl.
CxeMma HarpyXeHus U OeHCTBYIOLIME HACPY3KU U3BECTHEL.

o ycnoBmio NPOYHOCTY MOXHO ONPENENTUTh KAZPY30UHYW0 Cnocob-
nocmb baaxu [My) = Wylo].

IIpuMeps! penlerus 3amgayu

Tlono6paThk pasmepr cedyeHus Gasku B BuOE IOByTaspa. VI3BecTHa
cxeMa HarpyxeHus 6amku (puc. 32.9), MaTepuall — CTalb, IOMYCKAEMOE
HaIpsiKeHne MaTepuasa mpn usrube [op] = (o] = 160 MIla.

Pewenue

- m=25kH-Mm
1. Jna samemMiesHoil Fy=45xH

6anku peakumu B omope ¥|A B c DL
ONpeneNaThL He ClIeNyeT. 4u 2 M 2 s

posonum pacueTs o 80 kH
XapaxkTepHbIM ToukaMm. Pa3-  [F=20kH 55 «H
MEPHl CeYeHMs NoabupaeM 5kH- M
U3 pacyeTa MO HOPMAJIb-
HBEIM HAIDSDKEHUSAM. JMio- 0 Dnopa
Py HONEPEYHBLIX CUJI CTPO- 30 kH- M Mx
UTb HEOOA3aTEIbHO.

OnpenenseM MOMEHTH Puc. 32.9
B XapaKTEPHREIX TOYKAX.

My=0,Mg=F -4, Mg =20-4=80xkH - m.

B Touke C npumoxkeH BHEITHNIT MOMEHT TIAPH, IO3TOMY PACYET HPO-
BOIMM [iJIst JIeBOro cevyenns (6e3 MOMEHTa) U AJis IPABOrO — C MOMEH-
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TOM M.

MZFPP=F-6-F;-2; MZ®=20-6—45-2=30kH-Mm. MomerT
TIOJIOXKNTENILHEIM.

M“p“ MZ® +m; anaB 30 4+ 25 = 55kH ™.

Momen'r B 3aleKe MD =F-8-F-4+m;

Mp=20-8-45-4+25=>5xHM.

Bri6bupaeM COOTBETCTBYIONMIA MACIITA6 0 MAKCHMAaJILHOMY 3Have-
HUIO M3rnbajoiero MoMeHTa.

OrmnacHoe ceuenne — ceueHue Gamku, rae efcTByeT MAKCHMAIIbHBII
MomenT. IJombupaeM pasMephl GajKii B ONACHOM CEYEHMH IO YCIIOBHIO
NPOYHOCTH

M, Mg
max = W 2 _..__;
W, Sl Wz
103,103
W. = %@_ = 500- 10° MM3; W, = 500 e,

OcHoBuiBasch Ha 3Havenmu W, = 500cm?® mo rabauue 'OCT 8239-89
BeGupaeM nByTasp Ne 30a: MoMeRT conpoTuBierns W, = 518 cm3; mio-
wans cegenns A = 49,9 cmB.

Ina cpaBHeHns paccuyuTaeM pasMeEpPL!
6anku kBazpaTHOro ceyenns (puc. 32.10) npu
TOM € MOMEHTE COIIPOTHBIICHUA CEYEHUsl.

" \
ss ot wo=2 ben W=t
Puc. 32.10 W, = 500cm® = %; b> J6W,.

Cropona ksanpata b > \/6 500 = 14,5 cM. [Inomans cevenns Gan-
kn A = b% = 14,52 = 210, 2CM

AKBanpaTa — 210,2
Amsyranpa 49,9

=4,2.

Banxa KBaJOIpaTHOI'O CEUYEHUA B 4 pa3a TaXKeIee.

KoHTposbHEIE BOIPOCHI U 33 0aHNA

1. Hamunmre ¢dopmysty Oms onpeneneHns HOPMAJBHOIO HAIPSKe-
HUA npu m3rube B 110601 TOUKE NMONEPEYHOIO CEUYCHUA.
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2. HopMmanwHOoe HanpsikeHne B TO4dke B nonepeyHoro ceueHus
120 MIla. Onpenenure Hanpsikerue B Touke C (puc. 32.11).

U8 25

1e N
&\\

I
Puc. 32.11

100

3. B xakom caywae (pme. 32.12) Ganka BrimepXuT O66mbluyio
Harpysky?

oy
2

a)

8)
Puc. 32.12

4. Hanvmure GoOpMynbl Ul ONpefeeHnsi MOMEHTa MHEPUMA U MO-
MEHTa CONPOTUBIEHMS I NPAMOYIOJbHUKA. UTO XapaKTepUsyloT 3TH
BeNMYuHE? YKaxuTe eQUHNIE U3MEPEHMsS 3TUX BEJIWUNH.

5. Hammmnte ycnoBre npodHOCTH Hpy M3rube.

6. OnpenemuTe msrnbarowmit MomeHT B Touke B (puc. 32.13), uc-
HONb3Ys METOX XAPaXTEPHBIX TOYEK.

20kH-M
2M 3m 2M 2m I
5xH
Puc. 32.13

7. IlonGepure pasMepr! HONEPEYHOTO CEYEHN GAlKM B BULE ILIBEN-
nepa. MaxcuMmansHusit usrubarommit Mmoment 15 kH-M; nonyckaemoe Ha-
npsxenune MaTepuana 6anku 160 MIla.
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JIEKIIUA 33

Tema 2.6. IloHaTHe 0 KacaTeIbHBIX HANPIXEHUIX
npu n3rnGe. JIuHeitHble U yrJjioBhle IepeMelleHns
npu n3rube, ux onpeneieHue

Hmemv npedcmasaenue 0 KaCaMEAbHBIT HANPANCEHUAT NPU U32U-
6e, 06 ynpyeol aunuu baaxu, o dedopmayugz npu udzube u memodax
onpedeenus AUHEUNbIT U Yei06biT nepemewenutl.

3nams 0dun u3 memodos onpedesenusd AUHETHBIT U Y2A06bIT NEPE-
mewerutl.
ITonepeunnlit n3rn6. BuyTpenune cunossie GakTOpPhI.
Hanpsxenus

PaccMorpuMm m3rub 6asiku, 3allleMIIEHHOI CIpaBa M HArDPYKEHHON
cocpenoTouenHoit cunoit F' (puc. 33.1).
F

Y

——

dz
3m<;pa LTI LI LEOER
Oniopa

Puc. 33.1 2)

B nonepeunoM ceueHUM BO3HMKaET M3rHOAIOIUINIA MOMEHT, MEHSIO-
mmics 1o ajinHe 6aJIKK, U MOCTOSHHAA IIonepedHas cuia Q.

PaccMoTpum yuactok 6anxu anuuoi dz (puc. 33.16).

WsruGaroommii MOMEHT, KaK W3BECTHO, SBISETCA PABHONEHCTBYIO-
MM 3JIEMEHTAPHEIX MOMEHTOB, BOSHUKAIOIMX B PE3yNbTATe OeHCTBUS
HPOIONBHEIX il ynpyrocTu. CBsa3b MEXNY HOPMAJIBHEIMYU HANPSKEHU-
M B TOYKAX IONEPEYHOro CEYEHNs 1 M3rubaioyM MOMEHTOM YiKe pac-
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CMATPHUBAJIACE:

M, = /U,,,ydA.
A

IMonepeunas cuna npencrasiseT coGoil PaBHONEHCTBYIOLIYIO Ka-
CaTeNbHBIX CWJI YIPYLOCTH, BO3HHMKAIOIUMX B IIONEPEYHBIX CEYEHMAX
(puc. 33.1B), ¥ cBA3aHA C KACATEIBLHBIMY HAIPKEHNAMH 3aBUCHMOCTLIO

Qy= / TdA.
A

B cuny mapHOCTH kacaTeNbHBIX HaNpSXKEHUi B IPONOJILHEIX cede-
Huax 6anok, mapaslieNbHbIX HefTPalbHOMY ClI0I0, BO3HUKAIOT TaKue Xe
IO BEMNYMHE KacaTesbHble Hanpsikerns (puc. 33.1r).

IosiBneHne xacaTenbHEIX HAOPSXKEHUA B IMPONOILHAIX CIO0AX BaJloK
[IOOTBEPXAAETCS CIIENYIOLMM ONLITOM. PaccMoTpuM nonepeyHsiit n3rub
IByx 6ajiok, omHa — LenbHass, APYyras — COCTABJIEHHAs U3 HECKOIbKUX
TOJIOXEHHKIX APYT Ha apyra cnoes (puc. 33.2). IlenbHas 6anka N30rHeT-
csa (puc. 33.2a), 6pyces Bropon 6anku casunyTcs (puc. 33.26). Kaxmurit
u3 6pycreB nedopMupyeTcs HezaBucumo. B uennHoM Ganke caBUry ciaoes
NPENATCTBYIOT BO3HUKAIOIME KACATEIbHEIE HANDSXKEHNS.

Puc. 33.2

Ha noBepxsOCTH KacaTeNnbHBIE HAPAKEHUS PABHBL HYJIIO.
®opMmymna nna pacyeTa KaCcaTENbHBIX HAIPSXKEHHUM A7 GalKi KBa-
IpaTHOrO ceueHus Ona momydeHa B 1855 romy pycCKuM KHXXEHEPOM

IO. W. 2Kypasckum,
Qs

Tzb

rae Qy — nonepevHas cuiia B ceueHun; Sy — CTaTHYeCKUil MOMEHT OTCe-
YEHHOM YACTHU OTHOCUTENILHO OCH X, Sy = Agrc¥e, Aore — IIOLIAOL HIOLIE-
PEYHOro ceyeHus oTcedeHHol vacTu (puc. 33.3); Jr — MOMEHT MHEPHMI
ceueHns; b — mwupuna GalkKy.
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Hauboneiiee 3HaueHue kaca-
TEBLHOIO HANPSIXKEHUS NOCTUTCAeT-

/ “ p ~ n

Cf Ha HETPAJBLHON OCH:

Xd| 1,5Q,
h — Tmax = A

A — nnowanp ceyeHus.
MaxkcuManbHoe HanpsKeHue

Puc. 33.3 1p¥ nonepe4HoM uirube B nonTopa

pa3a 6oqblile CpenHero 3Ha4eHus

Oy T Toax TCPCJI = Qy/A.

N\

\

HC OO6Hapy>XuBaeTcd, YTO Mak-
CUMaJIbHBIE HODMAJIBHBIE HAMpH-
MKEHNA B CEUEHHUU HE COBNANAIOT

C MaxCUMaJIbHRIMM KacaTelbHLIMU
Puc. 33.4 (puc. 33.4).

A

/’%
7

o

Oy Ins anmHHBIX 6aJIOK pacyeT mpo-
BOIOAT TOJILKO 10 HOPMAJILHLIM HAps-
XKEHUAM, T.K. KACATEILHEIE 3[IeCh He-
3HauuTeNbHEl. s kopoTkux Ganok,
N : HArpyX€eHHEIX 3HAUUTENBLHEIMH TOMe-
AN @ peuHEMU cunaMu BGIU3M ONOP, Hpo-
Puc. 33.5 BOOAT pacueT IO KACATENbHBIM Ha-
npsixeHusaM. OOHAKO sl TOHKOCTEH-
HEIX Ipodmiteit (OByTaBp, LBesIep) HEOGXOONMO IPOBEPATH IPOYHOCTD
6asKky B TOYKaX, THE MOJKA COWIEHSETCS CO CTEHKOM. 371eCh ¥ HOPMAJlb-
HEle, ¥ KacaTeNlbHbIe HAPAKEHNs 3HaYMTeNbHH (puc. 33.5).

| NNNNNNANNNNY

T max

Y IIII Y
IINITTS

TlonsTHs O NMHEHHBIX X YTJIOBHIX NepeEMELICHUIX
upu m3rube

Ilon neficTRUEM NOMEPEYHBIX HArPY30K HPOHONBHAS OCh MCKPUBIIS-
etcs (puc. 33.6). Ecim MaTepnan nogyunsercs 3akony I'yka, nocne cus-
TUA Harpy30K 6pyc BHIIpsSMIIgeTCs, IO3TOMY M30THYTYIO och Gpyca Ha-
3nIBaloT ynpyezotl nunweit. [To ¢popMe ynpyroii muHun Galiky MOXHO Cy-
IUTH O mepeMenieHunsX npu marube.

IIpn npamomM nonepeunom usrube 6pyca ero 0Cb, UCKPUBIISAChH, OCTa-
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eTca B cWIOBOH mnockocTu. B pesyaprare nedopmanum Gpyca Kaxmoe
M3 €ro IOMNEPEeYHBIX CEUYEHUIT IOIyYaeT BePTUKAILHOE U TOPU3OHTAJILHOE
IepeMelleHne, & CaMO CeueHe MOBOPAYNBAETCS Ha HEeKOTOPHIA yroi 6.
Hedopmanuu DOMKHL UMETD yIIPY-
Ui XapaxTep, OHY JOCTATOYHO MAJILI. F
B 3TOM ciiydae rOpM3OHTAJILHHIE Iie- 7/QI 8
O

. A
PEeMELIeHN CeYEeHNI HIYTOXHO MaJbl
¥ He yuuTHIBaloTCA. PaccMaTpuBaioT % ﬁ Ymax
y

BEPTUKAJILHBIE NIEPEeMELLIEHUs [IEHTPa
TSKECTH CEYEHMs, HA3LIBAEMEIE IIPO-
rubamu (y). Maxcumanbuble nporuGsl
0603Ha4aIOT [ = Ymax. Li1g obecneue-
HUS HOpMAJILHON paboTHI yCTAHABIMBAEMOro Ha Oanikax obopynoBaHus
[IPOBOOAT pacyeT Ha XKECTKOCTb.

YcnoBue XeCcTKOCTH BHIPAXKAETCS HEPABEHCTBOM

f<1fl,
rae f — MakCUMAaJbHBIA PACIeTHBIN Nporub 6amku; | f] — nomycxaemurit
nporub.

Wuorna nposepseTca yros nosopora cedenus § < [6].

Honycxaemuiit nporu6 nesenmux: ot 1/200 no 1/1000 nponera 6ankyu;
JONyCKaeMBIi yroJ1 IOBOpOTa 1-1073 paxz.

CyluecTByeT HECKOJIBKO METONOB ONpENENICHUS IepeMelleHN cede-
Huit ipu narnbe. OguH U3 HUX OCHOBaH Ha nuddepeHnrpoOBaHUN ypaB-
HeHUs ynupyroit auamy, 6ojee palMOHAIBHEIN CIOCO0 — HCMOIBL30BAHKE
unTerpasos Mopa. Meron Mopa — yHusepcanbHEIA crioco6 onpenene-
HUsl JIMHEHHEIX M YIJIOBREIX MEpeMeIrieHnit B JIIo6BIX cuCTeMax.

Ilns obmeryenns pacuyeTOB Ha XXECTKOCTH MOXKHO HCIIOJIB30BATh
¢opMyJILI TPoruGoB U YIJIOB IOBOPOTAa CedeHuit 6amoK Iy MPOCTEeRIIMX
cnyuae HarpyxeHnuit. HauGonee pacnpocTpaHeHHbIE ClTydan Harpyxe-
HUs U pacyeTHBIe (GOPMyJIbl IIPUBENEHEl B TabJuie.

Tlpy peleHny ¥COOJBL3YEM NPUHIIMI HE3aBUCUMOCTH AEHCTBUSA CHII.
3anaHHbll Cliydyail HAarpyXXeHus OeIUTCS Ha COCTABJIAIONINe, OJId KOTO-
PHIX NpOorubHl pacCYUTHIBAIOTCSA [0 U3BECTHRIM TabIUYIHBIM GopMyJIaM,
pe3yIbTaThl PACUETOB CYMMHUDYIOTCH.

Orpanuyenne yria OBOpOTa BBOOUTCA I8 obecnedeHus HOpMaJlb-
HOM pabOTHI MOALINIHAKOR CKOJILXKEHUSA U POJIMKOBBIX TOAUINIIHAKOB.

B sToM cityuae npoBepsieTCs HONOMHUTENBHOE YCIIOBUE XKECTKOCTH:

s
Puc. 33.6

Omax < [6)].
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Dopmyavt dng onpedeaenud npo2ubos U Y2408 nosopoma
ceuenutl 6aaox

Tabmuua 33.1

MaxkcuManbHEIL n1po- | Yron noBopoTa
Cxema Harpyxenus Ganku ru6 f u nporu6 vk | O ykasamHoro
B ceyenmu K ceveHus
M
A
]
Z M2 Ml
Z B = fp =
’ ! Ze
F
— 3 2
B _ Fl _ Fi
f = Op = o=
L ! T
2 r
A
— Fa? a Fa?
Z B = (-2 fp = s
; a \ f f 2E7, ( 3) B 3BT,
l SN
7 q
T 3
'/ ql4 qlB
] O =
e 1 8
M
9, Yk }] B4 = M_
AR *C o o = M 12 4~ 3E7,
12 i KT 16E7, 0. — Ml
L Z T 6ET.
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IIponomxenne Tabn. 33.1

Cxema Harpyxenus Gaaxu

MakcuManbHE
nporu6 f u nporu6

Yron noBopoTta
0 yxazaHHOrO

vg B cevenun K cedeHus
FloNr
GDjLA St Fi3 FI?
\ S L _
prr 12 it f 48EJ, 04 =05 = 16EJ;
I
q
S AN AN AN AN, <65
o 5ql4 gl
2 ! f= 6r=0p =
384E 7, 24EJ,
— ! >
aQ F b
0, K O Fa 04 = Fab(l + b)
. < K=®EBg, " | 4T T6ET
n vk 2 2 _ Fab(l+a)
; x (312 — 4a?) oB_MGEJxl
q
GAA dANANANAYK B <o 5. — 3
b . __5qlt A= 128E7,
2 Ve VK = 768E T 7ql8
! %8 = sRE7

IIpuMmepsl pemienns 3agayu

ITpoBepuTe xecTkocTh AByTaBpoBOl Gamku (puc. 33.7). Ilpunats

—92.10° C1f] =
E =2-10° MIls; [f] = 5

Pewenue

1
—1. Ceuenne 6ankn — nsyrasp Ne 45.

Vcnonp3yeM IPUHINI He3aBUCUMOCTH OeficTsus cu. Ilo mpusenen-
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HHM B Tabmuie ¢opMysiaM pacCUMTHIBaeM nporub Ganku B TOUke OT

KaxJIOTo Buia Harpy»xeHus ornensso (puc. 33.7 (1, 2, 3)).

m
4 49 F
PRI TR B
3IMm
Sw™m
m
. R
1 5 8
4 F
3 YK .
22
P q
3 2 T TETTT TR X I
7 !
Puc. 33.7

Ilockonsky BCe IeitcTeyroliue Ha-
rpy3ku nporubaior 6alky BHU3, PE3yilb-
TATHl OCHCTBUA HArPY3OK MOXHO CJIO-
XuThb. [lonydyerunit cymMmapHsiil nporus

CPaBHUM C JOIIyCKaeMBIM nporunbom.

Iomycxaemuit nporué (f] = %%(:)—0 =

= 29 MM.
CymmapHRIi nporn6
fe = fip + fap + faB;

M2 N Fa’(l - a/3) + qlt

fo= 2ET, 2E7, 8ET,

Wcxonuule nanHble:

m=12xkH -m=12-10%H - »;
a=23um=3 103 mm;

F =40kH = 40-10%H;

g=4xH/ m=4H/mm; | =5m=5-10% mm.
Insa neyraspa Ne 45 TOCT 8239-89
Tz = 27696 cm? = 27,7 - 107 mm?.

Torna

12-10%-52. 108

fiB= 52 105 277 107 2,7 MM;
40-10%-32.105.10°% 3
s = S5 wrr o '(5_5) = 12.99w;
4.5%.1012
= = 4 M
fap 82,105 27,7 107 = 004
fs = 27412994564 =2133mm.

21,33 < 25 — ycnoBue XeCTKOCTH BHIIIOJIHAETCH.
MaxkcumanbHE Tporu6 He NpeBHIIIAET HOMYCKAEMOTO 3HAYEHMS.



Tewma 2.6. IlonaTne o KacaTeNbHLIX HANIPSKEHUAX NPU U3rube 277

KoHTposnbHBIE BONPOCHI U 3alaHUA

1. Kakue BuyTpeHHne criioBble GakTOPhl BOZHUKAIOT B CEUEHUN Hall-
KU MPW YUCTOM U TIOTIEPEYHOM U3Tubax?

2. Tlouemy npu nonepeyHoM u3rube B NPOAOJILHLIX CEUCHUIX OaliKu
BO3HMKAIOT KacaTelbHble HanpsKeHusa?

3. KakuM OIBITOM MOXHO NOATECPAUTL BOZHMKHOBEHUE KACATENb-
HBIX HANpPSXKEeHUN B IMPONOJBHBLIX ceueHuAx Ganmxu?

4. B kaxoit Touke monepeunoro cedeHus (puc. 33.8) xacaTenbHbIE
HANPSXKEHNS NPU TONEPEYHOM N3rube MaKCUMaJIbHEI?

BapuauTh! 0TBETOB:

1.A. 2.B. 3.C. 4.D. T

5. Bribepurte BepHyio amiopy pacnpeneseHus D Q\\é\
HOPMAJIBHEIX HanpskeHui npu nirube (puc. 33.9). \\\\\\C\
Hanwunte bopmyny miis pacyeTa HOpMAJILHBIX Ha- N
npsoxesnit npu n3rube. Usrubaromumit MomenT neii-

CTBYET B BEPTUKAJILHOMN IIJIOCKOCTH. Puc. 33.8
yo M,
o N = =
D\ -4
9 9 9 9
Puc. 33.9

6. Kak m3MeHNTCS MaKCMMAJIbHOE HOPMAJILHOE HANpPSXKEHNE B ce-
yenuu (puc. 33.10a), eciim Gasky NPSIMOYTONLHONO CEUEHUs IMOJIOXKUTH
nnaimMs (puc. 33.106)7 b = 20Mm; h = 100 Mm.

¢ M,

N\ 7. Bo ckonbko pa3 ysenm-

\\ | ST b unTes rporub Oalku, ecim pac-

l'_/ R X ._\\\\\&&_ ‘= TIpenesieHHyIO 110 BCEeH JIMHE Ha-
\\ & I\\\\\ rPY3KYy 3aMEHUTBH COCPENOTOYEH-

i HOU, TIPWIOXKEHHOW B CepenunHe

% o 6 nponera? UcnonssosaTts dopmy-
a JBl U1 OIpefieNieHus mporuGos,
Puc. 33.10 npuBeneHHbIe B Tabmme 33.1.
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JIEKIIASA 34

Tema 2.7. CoyeTaHme OCHOBHLIX OedOpMaImii.
I'mnorTesnl nmpoyHoCTN

Huemv npedcmasaenve 0 HANPINCEHHOM COCMOTHUU 6 TOUKE
Ynpy2020 meaa, 0 MEOPUU NPEJEALHBIT HANPAHCENHBIT cocmoanul, 00
IKBUBAAEHINHOM HANDINCEHNHOM COCTNOTHUY, O 2UTOME3T NPONHOCTU.

3namb opmyavt 0ag IKEUBAALENTIHBLT HANPINCEHUT N0 2UNOMEIAM
HAUGOABUIUT KACAMEALHDIT HAnpIHceRUul U anepauu Fopmousmenenud.

Hanps>xeHHoe COCTOSAHNE B TOYKE

HanpsikeHHOe COCTOsHME B TOYKE XapaKTepU3yeTCs HOPMAaJIbHEI-
MM U KacaTellbHbIMU HaNpPsKEHUSIMH, BO3HUKAIOILMMH HA BCEX IVIOLUAM-
Kax (ceuenusx), NPOXOASIIMX Yepe3 AaHHYIO TouKy. OOBIYHO HOCTaTO4-
HO ONPE/Ie/INTh HANPSXKEHUs Ha TPEX B3aUMHO IEPHEeHIUKY/ISPHBIX IO
II30KaX, IPOXOAAIIMX Yepe3 PacCMaTPUBAEMYIO TOUKY. TOUKY NMPUHATO
m306paxxaTh B BHIE MaJeHLKOrO 3jieMeHTa B ¢dopMe Napajuiesienunena,
(puc. 34.1).

ITosoorcenud meopuu HANPINCENHOZ0 COCTNOTHUL:

1. HanpssxeHHOE COCTOSHME B NAHHON TOYKE MOJIHOCTBLIO Olpenese-
HO, €CJIM U3BECTHB! HANPSAKEHNUS 110 JIO0KM TPEM B3aMMHO NePNeHIuKY-
JAPHBIM IIJIOLUAAKAM.

2. Cpenu MHOXECTBa IUTOMIBMAOK, KOTOPHIE MOXKHO IIPOBECTH depes
OaHHYIO TOYKY, €CTh TPH TaKue B3aUMHO NepPIeHNUKYISPHLIE INIOLTAIKH,
Ha KOTOPHIX OTCYTCTBYIOT KACATElbHBIE HAIMPSKEHUS, 9TU TUIOLUAIKM
HA3LIBAIOTCS 24G6HbIMU, & HOPMAJILHBIE HANPSKEHUs, BOSHUKAIOIIIE Ha
HUX, Ha3LIBAIOTCS 24Q6HLIMU HANPANCEHUAMY: O1; 07; 03 (puc. 34.1).

OnHo U3 5TuX HANPAXKEHUH — MAKCUMAIJILHO, OHO — MUHMMAJILHO.
MaxkcnmanbHoe 0603HaYaIOT 01, MUHAMAJILHOE — O'3.

Knaccuguxaliis BUIOB HAIPSXKEHHOTO COCTOAHUS NPOM3BORMTCS IO
[J1aBHLIM HAlPSKEHUSIM:

— eC/IM BCe TPU IJIaBHHIX HAaNpsDKEHWs He PaBHBI HYJIO, TO Hallpd-
XKEHHOE COCTOSHME HA3HBAIOT 06bemubin (TpexocHuiM) (puc. 34.1a);

— €CJIN OHO U3 [JIaBHBIX HaNpsXeHU PaBHO HYIIO, HAIIPSIKEHHOe
COCTOSIHUE Ha3HBAIOT niockuM (AByXocHmM) (puc. 34.16);

— ecM [Ba U3 IVIaBHLIX HamnpsikeHui (02 = () NPOTHBONOIOKHEL
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[0 3HAKY, HAaIOpsXKEHHOEe COCTOSHHME HA3hIBAlOT YNPOUJEHHLM NAOCKUM
COCTOSHUEM,;

~— €CJIN JIMIIG OJHO W3 IJIaBHBIX HANPSKEHUA He PABHO HYIIO, Ha-
HpsiXEHHOe CoCTosHue aunetinoe (puc. 34.1s).

a2
O O (o] [e ] o] O
€ <« € —t=>
O3 5 e 7]
‘l‘ 2 a) 6) 6)

Puc. 34.1

ITonsaTue o crnoxxHoM mepOPMUPOBAHHOM COCTOAHUN

CoBokynHoCTb nedopMaluil, BOJHUKAIOLIMX [0 PA3INYHEIM HaIpa-
BJICHUSM M B Pa3JIMUHBLIX INIOCKOCTSIX, TPOXOASAILMX YEPE3 TOUKY, ONpe-
nensior dedopmuposannoe cocmognue B 3TOM TOUKe.

CrnoxxHoe 1ehOpMUPOBAHHOE COCTOSHNE BO3HUKAET, €C/IA NETAIb Of-
HOBPEMEHHO IOABEPraeTCs HECKOIBKUM NPOCTEAIINM HArpyXKeHUsIM.

Takue COCTOAHUA BO3HHMKAIOT B 3aKJIENIOYHBIX COENVHEHUX (cpe3 M
cMaTHE), B GOITOBBIX COENUHEHUIX (PaCTsKEHUE M CKPYUUBAHUE), IPU
nonepeuHoM narube 6pyca (u3rub u cosur).

YacTo OnHIM M3 HAarpyXeHnil (He3HaYUTeNbHEIM) IpeHeGperaoT.

Hanpumep, nnnnnbe 6ajikn pacCIUTHIBAIOT TOIBLKO Ha M3rub.

B pane cnyuaeB HopMaJIbHEIE M KacaTellbHble HAIPSXEHUs, BO3HU-
Kalolllie B [eTaJl, UMEIOT OOVHAKOBLIN MOPANOK ¥ UMM HeJb3s IpeHe-
6perars. Torna pacyer NpPOBOOAT NMPH CIOKHOM AePOPMUPOBAHHOM CO-
CTOsTHUU.

CI0XHOCTB pacyeTa 3aKII0YaeTCs B OTCYTCTBUM SKCIEPIMEHTAIIb-
HEIX OAHHEIX O NpENeibHBIX HANPSKEHUSAX, T.K. HPOBECTH UCILITAHU
13-3a MHOX€CTBa BAPMAHTOB HATDYXeHUs MPAKTUYECKU HEBO3MOXKHO.

s ynporuenust pacyeToB B 9TOM CiIydae MPUMEHSIOT MEopul
npounocmu. CMBICH TEOPUl 38KIIOYACTCA B 3AMENE PEAABHOZ0 CAOHC-
H020 JePOPMUPOBARKOZ0 COCTNOANUL PABHOONACHBIM TUDOCIIbIM.

OmnacHoe COCTOsHME MOXeT GLITH BHI3BAHO PA3INYHLIMHU (akTopa-
MH: HOPMAAbHNblE HAIPSKEHUs. MOLYT OOCTUCHYTL IpeneNla TeKydeCTH
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UM TIpeJielia IPOYHOCTH, KaCametbHble HATIPSKEHUS MOTYT NOCTUCHY Th
OIIaCHOI'O 3HAYEHUS WIM HAKONAENHAL IHep2Ud deopMuposanud MOXKET
CTaTh CIMIIKOM BONBILIOH M BHI3BATHL Pa3pylLUEHNE.

yHUBepCGﬂbHOZO Kpumepud, NO3BOJIAIOLLIENO PaAcCCYnTaTh NIpPEneib-
HOe COCTOSHUE IJIs MoGoro MaTepuana, nem. Pa3paboTaHO HECKONBKO
PA3IMYHEIX TUIOTE3 NPEJeAbHbIT COCTogHUl, TPU PACYETaX NCIOMb3Y-
10T Hauboee NOOXOAALIYIO TUIOTE3Y. PacueThl o runoTesaM Npo4HOCTH
TO3BOJSIOT M36eraTh NOPOTOCTOAIIMAX MCHBITAHNA KOHCTPYKLIMM.

B HacToswee BpeMs Ui pacyeTa BaJOB NIPK COBMECTHOM AEMCTBUM
u3ru6a ¥ KPy4YEHUs UCIONb3YIOT TOIBKO TPETHIO U NATYIO TEOPUH NIPOd-
HOCTH.

Cpasnenue paswomunnoir cocrosnutl npoussodumcd ¢ TOMO-
Wb IKEUBALENTNHO20 (NPOCTIIOR0) HATPANCEHHO20 cocnogHud. O6biuno
CAOHCHOE HANPAHCERHOE COCOTHUE 3AMEHIIOM TLPOCTIbLIM PACTRANCEHU-
em (puc. 34.2).

PacuerHoe HanpsikeHme, COOTBETCTBYIOIIEE BHIGPAHHOMY Of-

HOOCHOMY PpPAaCTAXKEHMIO, HA3hIBAIOT JKBUBALEHMMHLIM HAIPAXKCHUEM
(puc. 34.26).

(s 3]

Z

G d s ST Qaxe  Onpen G npea

3amensieM CpaBHuBaeM

O3

ic‘z a) 6) 6)
Puc. 34.2

[Tony4enHoe paCYETHBHIM MYTEM 3KBUBAJIEHTHOE HANDANCEHUE Oad
MOUKU CPABHKBAIOT C npedeabnbin (puc. 34.28).

HanpskeHHOE COCTOSHIE B MOUKE PABHOOTACHO IKEUEAAEHIIHOMY
HANDANCEHHOMY COCTNOIHUINO. yCJIOBPIe IIPDOYHOCTH IIOJIYYUM, COIIOCT&-
BHB OKBMBAJIEHTHOE HANpAXKEHUE C NpeleNIbHEIM, [OJIyYEeHHEIM IKCIIe-

Onpen
PUMEHTAJILHO [JIf BLIGDAHHOTO MATEPHAJIA: Osyp < -—[-P]—, roe {s] —
s

HOMyCKAEMEI 3aI1ac TPOYHOCTH.

Kax u3BecTHO, NpenesibHbBIM HATIPAXKEHNEM IS IUTACTUYHBIX MaTe-
PHAJIOB ABJIAETCSA IIPENesl TeKY4eCTH 0, a OJI XPYIIKOro — NpenesI Npoy-
HOCTH 0. [IpenenbHoe HAaMpsA)XEHHOE COCTOSIHUE ¥ MIIACTUYHBIX MaTepH-
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aJIoB HACTYNAET B pesysibTaTe IIACTUYECKMX AedopMmauuit, a y Xpyn-
KVX — B pe3yIbTaTe Pa3spyIIcHUs.

HJ'IH IIJIaCTUUYHBIX MATEPUAJIOB pacyeT MOXXeT BHINONHATLCA II0 2U-
TLONE3E MAKCUMAALHBIT KACAMEALDHOIT HANDANCEHUT: 060 HANDINCEHNDLT
COCTMOAHUL PABHOONACHbL, €CAL MAKCUMAIbHBIE KACATNEAbHbIE HATPA-
ocenud Y nux odunaxoest (TPETh TEOPUSK NPOUHOCTH).

Pacuer MOXHO MPOBOMUTE U 1O TEOPUM NOMENUUGALHOT INEPRUU
opmousmenenud: 08a HANPANCEHNBIT COCTROAHUT PAEHOONACHbL, €CAU
anepzug gopmousmenenud y Huz odunaxosa (MATaA TeOpeMa IPOYHO-
CTH).

IIns XpynKux ¥ XPyIKO-IUIACTUYHBIX MATEPUAJIOB NPUMEHSAIOT TEO-
puIo pouyHocTH Mopa.

PacueT 3kBUBAJIEHTHOrO HANIPAXKEHUS /IS TOUKW 110 TEOPHU MAKCH-
MAaJIBHBIX KaCATEILHRIX HANPMKEHNA BHINOMHIAETCS 1o GopMye

Oxs Il = V %+ 47'2,

a 1o Teopuu Heprun GOpMON3IMEHEHUA TI0 GopMyIte

Oos Vv =V0?2+ 372,

roe 0 -— OefcTBYIoLIee B TOYKE HOpMaJIbHOE HapsAXKeHne; 7 — NENCTBY-
IOLlee B TOYKE KacaTeJIbHOE HANPIXKEHUE.

PacueTr xpyrsoro 6pyca Ha n3ru6 ¢ KpydeHueM

B cnyuyae pacuera xpyriioro Gpyca npu peiicTBum uisrunba u Xpy-
yenus (puc. 34.3) HEOGXOMUMO YUHTHIBATH HOPMAJIBHLIE ¥ KACATEILHBIE
HaNnpsOKEHNs, T.K. MAKCUMAaJIbHLIE 3HAYEHNs HalpshkeHud B oboux ciry-
Yafx BO3HMKAIOT Ha NOBEPXHOCTH. Pacder ciemyeT BECTH NO TEOpHH
MPOYHOCTH, 3aMEHAA CJIOKHOe HAIPSKEHHOE COCTOSHUE PABHOONACHEIM
MIPOCTHIM.

M,
My ? " Tx Oy

SN
L

Puc. 34.3



282 Jlexmmsa 34

My
MaxkcuMaibHOE HanpsDKeHUe KPYdeHus B CEUEHUHU Ty = W
P
M,
MakcumanbHOe HanpsikeHue u3ruba B Ce4eHUu oy, = W
T

Tlo omHOI 13 Teopuit MPOYHOCTH B 3aBHUCUMOCTH OT MaTepuasa Opy-
Ca PACCUUTHIBAIOT PKBHBAJICHTHOE HAPAXKEHME IJIS ONacCHOro CEeYEeHHs
U [IPOBEPAIOT OpyC Ha IPOYHOCTD, UCIOIL3Y S JONYCKAaeMOe HAIIPAXKEHHE
naruba s MaTepuasa 6pyca.

Ins xpyrnoro 6pyca MOMEHTHI CONPOTUBIIEHUSA CEUEHUS CIIedyro-
ue:

d® W,
PN KPy4eHun Wy, = % ~0,2d% W,= _52;
d3
npu n3rnbe Wy = % ~ 0,1d°.

IIpn pacuere no TpeTLeil TeOpUU NPOHHOCTH, TEOPHM MAKCHUMAJIL-
HHIX KacATeIbHLIX HAIPSKEHUH, SKBUBAJIEHTHOE HAIpsKEHUE DacCyHu-

THIBaeTcq 110 dopMmyiie
Oske 111 = 0'1% + 47—1?

Teopus npuMeHuMa I NIACTUYHBIX MAaTEpPHAJIOB.
IIpu pacuere 1o Teopuu sHepruu GOPMON3MEHEHN SKBUBAJIEHTHOE
HAIIpsDKEHNE DACCYUTHIBAETCA 1o dopMyie

Ooxa V =\ 02+ 372.

Teopus npuMeHNMa, [JIs MIIACTUYHEIX ¥ XPYIKUX MaTepHajioB.
OKBUBAJICHTHOE HANPSXKEHNE NPH pacueTe 10 MEOPUU MAKCUMAAD-
HbIT KACAMEALHYIT HANPIHCEHUT:

MM 2 MK 2 ME + ME A/I:-)KB 111
Oaxs 111 = (_WT;I;) +4 <WV—;) = —W— Osxe III = Wx_ ;

roe Mo 111 = /M2 + M2 — 3KBMBANEHTHEIR MOMEHT.
Ycnosue NpOYHOCTH:
MaKB 111

Oaxs I = _W— < [U]
z
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OKBUBaJIEHTHOE HAIIPAKEHUE TIPU PacyeTe [0 meopuu anepauy @op-
MOUBMEHEHUST: :

v = (72) + 3(7e) s oy = Lot

rae Maxs v = /M2 +0,75M2 — 5KBUBaJIEHTHEI MOMEHT.
YcaoBue NpoYHOCTH:
M:axa \'

W < [o].

OV =

IIpuMepsl pellienus 3agad

Ins 3anaHHOrO Hamps:keHHOro cocrosuus (puc. 34.4), nomaw3ysch
TUNOTE30l MaKCHMAJILHBIX KacaTeNlbHHX HAIPSKEHUN, BLIYUCINTD KO-
addunmerT 3amaca POYHOCTH, eciim o = 360 H /MMZ.

Peuwenue
Oskp = V g2 +472.
Ooxn = V202 £ 4- 1202 = 240,8 H/mn?. | 20Hrnd T 120 Hisaw?
§ = 0n/Oos = 360/240,8 = 1,5, /

S — KO3(OhULMEHT 3aIaca IIPOYHOCTH.

Puc. 34.4
KOHTpOJIbeIe BOIIPDOCHI 1 3aaHUA

1. YeM xapaxTepusyeTcs U KaK U300pakaeTcs HalpsSKEeHHOE COCTO-
AHUE B TOYKe?

2. Kakve miomanky ¥ Kaxue HANPAKEHNS] HA3LIBAIOT IJIABHLIMU?

3. Ilepeuncnure BUOB HANPSXKEHHEBEIX COCTOSHMIL.

4. Yem xapakrepusyercs nehOpMUPOBAHHOE COCTOSHNE B TOUKE?

5. B xakux ciy4asx BO3HMKAIOT NpenelibHbIE HATIPAXKEHHbIE COCTO-
SHUS Y TJIACTUYHLIX U XPYNKUX MaTEpPHason?

6. Yto Takoe sxkBUBaEeHTHOE HanpsxeHue?

7. IloscHuTe Ha3HAYEHUE TEOPHIl IPOYHOCTH.

8. Hanummre ¢opMynbl Anng pacdera S5KBUBACHTHHIX HAIDIKEHMA
FIpM pacdeTax IO TEOPUU MAKCHMAJILHEIX KaCATeIbHEIX HaNpIKEHHHE n
TeopuM dHepruu popmousMenenns. IloscHure, KaK UMU NONB30BATHCS.
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Tema 2.7. PacueTr 6pyca KpyrJyioro nonepedHoro
CeYyeHMs MpU COUEeTAHUM OCHOBHLIX medopmMamui
3namov gopmyabt 0ad FKBUBALENMHBIT HanpLdceRul No 2unome3am
HOAUOOALWAUT KACATNEADHBIT HaANpAHceRul U IHEP2UL FopMOUIMEHEHUL.

Yumemp paccuumbieame 6pyc Kpy2a020 NOMEPEUHO20 CEUECHUA HA
NPOUHOCTL NPU COUEMAHUYU OCHOBHbIT dedopmayurl.

PdopMyIsl IJiS pacyeTa 3KBUBAJIEHTHLIX HANPIKEHUNA

OKBUBAJIEHTHOE HallpA2KEHNE IIO TUNOTE3€ MaKCHNMaJIbHBIX KacCa-

TENbHLIX HANPSXKEHUIT
Osxs = V02 + 472,
OxsrBaenTHOE HAPSKEHNE [0 TUNoTe3e IHEPTUn HOPMOUIMEHEHM

Osxn = V02 + 372,

roe T = My /W, — pacueTHOe xacaTeJIbHOE HaNpPsKEHNE;
o = My /W, — pacueTHOe HOPMaJILHOE HANpPSIXKEHHE,

YCJmBne MNPOYHOCTM IIPU COBMECTHOM HAelicTBMM U3ruGa
MU KpYYeHus

- MBKB <
Osxp — ‘——W & [U],
. > i
roe M,z — SKBUBAJIGHTHBIN MOMEHT.
OKBUBAJEHTHHIN MOMEHT II0 TMIIOTE3€ MAKCUMAIILHAIX KACATENLHEIX

Hanps>XeHni
MaKBIII =V M2+M

SKBI'IBa.J'IeHTHhII/I MOMEHT IIO rnn0Te3e SHGPFPIPI Q)OpMOI/IBMeHeHPIﬂ
Mo v = /M2 + 0,75 M.

OcoGeHHOCTh pacyeTa BaJIOB

BonpmmHCTEO BaIOB UCHIEITHIBAIOT coueTaHue nedopManuii u3rubda
u kpyuyenus. OBGLIYHO BaJILl — OPsIMBIe GPYCHA C KPYTIILIM MIIM KONbLe-
BbIM CEYeHMeM. IIpK pacueTe BaJIOB KacaTesbHBIE HANPSXKEHNUS OT neil-
CTBMJ NONEPEYHEIX CUJI HE YUUTHIBAIOT M3-33 UX HE3HAUYMTEILHOCTH.
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PacueTnl npoBoosT 10 ONacHLIM NONEPEYHRIM ceuenusM. IIpu npo-
CTPaHCTBEHHOM Ha.rpymenuu BaJia NOJIL3YIOTCA TUNOTE30l He3aBUCUMO-
CTH neifcTBUA cuUN M n3rmbaiomme MOMEHTH! PacCMATPUBAIOT B IBYX
B3aMMHO NEepPNeHNUKYIAPHBIX INIOCKOCTAX, & CYMMAapHBI M3rnbaommui
MOMEHT ONpeaeNdioT M'eOMETPUYECKUM CyMMUPOBAHUEM.

IIpuMmeps! pemienus 3anay

IIpumep 1. B onacHoM nonepeusom ceuennu xpyriyoro 6pyca Bos-
HUKAIOT BHYTPeHHue CuiioBsie paxTopst (puc. 35.1) My; My; M,.

M; n M, — narnbarouwe mMomenTr! B nockocTsax yOz u 20z co-
0TBETCTBEHHO; M, — xpyTammit MoMeHT. [IpoBepUTH TPOYHOCTD 110 TH-
notese HauGONBIIMX KacaTeNbHEIX HanpskeHuit, ecmm (o] = 120 Mlla.
Ucxonnuie nanume: My = 0,9kH - M; My, = 08xH - m; M, = 2,2kH - u;
d = 60 MMm.

Pewenue

CTponm 3mophl HOPMAJILHLIX HATIPAXKEHUIt OT AeNCTBUA narnbalo-
ILMX MOMEHTOB OTHOCHTenbHO ocet Oxr u Oy u 3mopy KacaTelbHRIX
RanpsXeHuit oT xpydenus (puc. 35.2).

Gy

.“‘llIIﬂjl+

Puc. 35.1 Puc. 35.2

MaxkcumanbHOE KacaTelbHOe HANPAXKEHME BO3HUKAET Ha IOBEPXHO-
cTi. MakcuMmaJsibHEle HOPMAJIbHEIE HANIDSXKEHUS OT MOMEHTa M, BO3HU-
KaloT B Touke A, MAKCMMAJILHEIE HOPMAJILHEIE HAMPAXKEHUA OT MOMEHTA
M, B Touke B. HopManbHble HANIPSKEHNA CKIAABIBAIOTCH, IOTOMY UYTO
KarnGalolme MOMEHTHI BO B3aMMHO NEPIIEH INKYISPHBIX MJIOCKOCTAX reo-
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METPUYECKH CyMMUPYIOTCH.
CymmapHbiit usrnGaroumit Moment: My = /M2 + M2;

M, =+0,92+0,82 =1,2xH-m.
PaccunTriBaeM 5KBHBAJIEHTHBIN MOMEHT IO TEOPHUN MAaXCUMaJIbHBIX
KacaTeJbHBIX HAIpPsKeHNN:

Myt = VM2 + M2 =122 4222 =25xH - m.

M.
Ycnosue OPOUHOCTH:  Oaxg = o < [0); Wocenoe = Wz = Wy
WOCEBOG
MowmeHT conpoTusierus ceueHns: Wycence = 0,1 - 603 = 21 600 mm3.
2,5-103. 108

TIpoBepseM MPOYHOCTB: Opyp = =115,7 MIla < 120 MI1a.

21600
TIpounocTs obecneueHa.

IIpumep 2. Y3 ycroBus npovHOCTH paCCYUTATh HEOOXOMUMELA Oua~
meTp Basa. Ha Bany ycranoenenn asa kosteca. Ha xoneca neiicteyior
nBse okpyxkHrule cuanl Fy, = 1,2kH; Fy, = 2kH n npe panuaibnbie cuib
B BEPTUMKaJIBHOI mockocty Fr, = 0,43xH; F, = 0,72xH (puc. 35.3).
Iuamerprr xomec coorsercTento pasuul d; = 0,1 M; do = 0,06 M.

TpuusaTs 118 MaTepuasia Baja [o] =
= 50 MIla.

PaccunraTs pa3mepnl Bajia KOnblie-

dBH
Boro ceyenus pu ¢ = 0,8 (¢ = —). Pac-
YET NPOBECTH IO TUNOTE3€ MaKCHMAJlb-

HRIX KacCaTeNbLHHX HanpskeHuit. Becom
BaJIa M Konec npeHebpeys.

Pewenue

Y x a3 au u e Ucnonesyem npun-
LW He33BUCHMOCTH NeHCTBUA CIJI, COCTA-
BJISIEM DPACUETHEIE CXEMb! Bajla B BEPTU-

Puc. 35.3 KaJbHOM U TOPU3OHTANILHON INIOCKOCTSIX.
OrnpenenseM peakuyuy B OIIOPaxX B TOPU30H-

TaJIbHOM M BEPTHKAILHOM INIOCKOCTAX B OTOEALHOCTH. CTPOMM 3MIOpLI
narubarolmx MoMeHTOB (puc. 35.4). Iox meitcTBrEM OKPYKHBIX CHIT BAIl
ckpyuuBaercs. OmnpenesnseM DeMCTBYOMMI Ha BAJly KDY TALIMNA MOMEHT.
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CocTtaBuM pacueTHyio cxemy Badqa (puc. 35.4).
1. KpyTsaiumit MOMeHT Ha Bay:

dl d2
My = Mepp = Ftl—z— = th7;
0,1
My = 1,2._2_ =0,06kH -m = 60H - m.
H _ R;’y’ )
“loaxn Fri=12 xH 28 KH Fp=2xH
A B —Ynn H
L T ¢
M
& Lnth\ Dmopa
1 M
200 H-m
v A )
Ra ro,s KIIL Fr,~043«H l J:R;?" 0,79 ki1
4 #rn ”:B nn. V
il l”” WIM o
AM ‘”-H]-”'m' | Bmopa
60 H-m M,
Smopa
M,
Puc. 35.4

2. Usrun6 paccMaTpuBaeM B IBYX INIOCKOCTSX: TOPH3OHTAJIBHOM

(1. H) un BepTuxansHoit (1. V).
B ropusoHTaIBHOM MJIOCKOCTH ONPENENseM PEakUny B Ofope:

ng = Fya— RE(a+b)+ F(a+b+c) =0;

1,2-0,1-R¥.0,4+2-05=0;

RE =

2,8 xH.

> mf =RY(a+b) — Fyb+ Fie=0;

RH.04-12.03+2.01=0;

RY =

0,4 xH.
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Onpene.rmeM usrubalonme MOMEHTHI B Toukax C u B:
MY =400-01=40H -m; MJF =-2000-0,1 =200H - m.
B Beanxaanon nnocxoc'm OIIpenieNisieM peakLUy! B onope:
ZmA—Frla' RY(a+b) - 7‘2(0/+b+c)—0
—RY-0,4+043-01-0,72-0,5=0; R} =-0,79xH.
S m% =RY(a+b)— Fb— FrzC =0;
RY.04-0,43- 03 0,72-0,1=0; RY =0,55xH.
OnpenenxeM nam6axox.une MOMEHTLI B TOUKaX CuB:
% RYa; MC =500-0,1=50H"m.
MY = F,,¢; MYE =720-0,1=T72H M.
Cymmapusle narubatorime MoMeHTHL B Toukax C u B:

Mc = \/(ME)? + (ME)%  Mc = Va0 +502 = 63H - m.
Mp = \/(Mﬁ’)2 +(MY)%  Mp = /(200)2 + (72)2 = 215H - m.

B Touke B MaxcumaJbHEII u3rubaiolivit MOMEHT, 30ech e Ieii-
CTBYET U KPYTSILMIT MOMEHT.

Pacuer AMaMETpa BaJa BeOeM IIO Hanbonee HarpyXeHHOMY
CEYCHMIO.

3. OxbBupalleHTHEIX MOMEHT B TOo4ke B 1no Tperheil Teopuu
IPOYHOCTH

Moo 11 = V/MZ+ M2 Moy i1 = V2152 + 602 2 223H - m.

4. OnpenenseM nuaMeTp Bajla KPYIVIOLQ IIONEPEYHOrO CEYEHUsS U3
YCJIOBMSL IIPOYHOCTH

M3
Oaxs = = < [0]; W, 20, 1d3

M3KB
0,1d3 = <o

/ /223 108
0,10’ 0150 _ cooMM.

OxpyraseM nony4eHHyo Benuynsy: d = 36 Mm.

IIpumMeuasnuue Ilpysubope nMamMeTpPOB Baja MOIbL30BATLCS
cTaHnapTHHM psagoM nuaMeTpos ([Ipuoxenne 2).

5. OnpenenxeM Heo6xozmmme pasMephl BaJla KOJLLUEBOIO CEYeHUs

npu c=0,8; c= rie d — HapyXHEIl TUAMETp BaJla.

d )
M3KB

=22 < o);

%o = 5B = ) < 1]
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MBKB
0,1(1 — Ao’

HOuaMeTp BaJia KONMBLUEBOIO CEUEHHA MOMXHO OIPENeNuTh 110 (HopMyJie

W, =0,1d3(1 — ¢*) (xonewo); d >

dx 1
pyr . — 3 .
= 1’ dxom:uo = dxpyr 1- C41

dKOJ'lbl.lO B \/3 1-c¢

dxonhuo =36 Va 1- 0,84; d > 42,5 MM.

IIpumem d = 42 MM,

Tleperpy3ka HesHauuTenbHat. dyy = 0,8d = 0,8 - 42 = 33,6 Mmm.
Oxpyrisem no 3HaueRud dpy = 33 MM.

6. CpaBHmM 3aTPATEI MeTANMA, N0 TVIOCIAAAM CEUeHMs Bajia B 06oux

Ciy yasx.
H.TIOII.I&IIL TIONEPEeYHOro CEeYeHus CIIJIOLIHOI'O BaJia
nd?  3,14-362 _ 5
Axpyra, = —"4 = 4 = 1018 Mm~.

IInomans IIONEPEYHOro Ce4YeHus 1oJyioro BaJia

2 2
™, 0 2 3,14(42 - 33 ) 2
Akonbu52 = Z(d - dsuy'rp); Akonbuag = __4_— = 530 mm”.
HJIOLIIaJ:Ib IIOIMEPEYHOr0 CEYECHUs CIIOIIHOI'O BaJia IIOYUTH B OBa pala

Gonbme BaJIa KOJIBIIEBOIQ CEYECHU:
A 1018 N

A, 530

KOHTpOJIbeIe BOIIPOCHI 1 3aaHUA

1. Kakoe HanpskeHHOE COCTOSHME BO3HUKAET B TIONEPEYHOM Cede-
HHHM BaJia IPU COBMECTHOM AEUCTBUM M3ruba u Kpy4yeHmnsa?

2. HanumuTe ycsioBue Npo4YHOCTH NJIS PAcUeTa Bajla.

3. Hanumure ¢hopMyIIbl IS PacYeTa 3KBUBAJIEHTHOIO MOMEHTA [IPH
pacueTe IO CHMOTe3e MAaKCUMAJNBHLIX KaCcaTelbHLIX HANDKEHWNR U TU-
norese 3Hepruu GHopMousMeHeHUs.

4. Kak BubupaeTcs onacHoe cedeHue Ipyu pacuyeTe Bayia?
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JIEKIIUZ 36

Tema 2.10. ¥ CcTORUYNBOCTEH CXKATHIX CTEPXHEM.
OcHoBHBIE NTOJIOXEHUS

Huemp npedcmasaenue 06 yemotivusniz u neycmotuusvis gopmaz
pasnosecud, wpumuueckold cuae u Ko3dduyuenme 3anaca ycmotuueo-
CTNY, O KPUMUNECKOM HANPANCENUY, 2UKOCMU CTEPHCHA U Npedeabroti
2ubxocmu.

3namb ycaosue yemotinusocmu cxcamuiz cmepaienel, gopmyay -
AEPA U IMNUPUNECKUE HOPMYAbL OAF DACUEMA KPUMUNECKOT CUAbL U KPU-
TMUYECKO20 HANDAHCEHUL.

ITonsaTue 06 yCTOMUYNBOM M HEYCTOMUMBOM PABHOBECHM

OTHOCHTENLHO KOPOTKYE 1 MACCUBHBIE CTEPIKHM PACCYATHIBAIOT HA
CXKATHUE, T.K. OHM BRIXOHNAT M3 CTPOS B PE3yJLTATe PaspyLUeHud UIu
OCTATOYHHIX nedopManuil. Inuuupie cTepxH HeGONBIIOTO MONEPEYHOTO
CeYeHUd ION HeHCTBUEM OCEBLIX CXUMAIONINX CIJI U3rNbaI0TCA U TEPSIOT
paBHOBecue. Takue cTepXHN pafoTaloT Ha U3rub U CxaTue.

PapHoBecHe CUNTAIOT YCTOUYMBHIM, €CIM 3a
F cuUeT CUJl yIpPYrocTU MOCHe CHATUSA BHEWHeH OTKJIO-
¥ HsIOIIIel CWIIbLI CTE€PKEeHb BOCCTAHOBUT II€PBOHAYAJIbL-
Hyio ¢opmy (puc. 36.1).

Ecnn ynpyroe Teno mociie OTKJIOHEHUs OT paB-
HOBECHOTO HOJIOXKEHU He BO3Bpallla€TCA K MCXOIHO-
MY COCTOSIHHIO, TO FOBOPAT, YTO MPOM3OLLIA IOTeps
YCTOMUYNBOCTH, & PABHOBECHE ObIJIO HEYCTOMYMBHLIM.

TTTTITTTT

IloTepro ycrolluuBocTHM 1ON IedCTBUEM LIEH-
Puc. 36.1 po y

TPAIILHO NMPUJIOKEHHON IPOIOILHON CKUMAIOILeN C1-
JILL HA3BIBAIOT NPOJOsbHbIM U32UBOM.
Ha ycToiunBOCTS PAaBHOBECHS BIIMAET BEJIMYNHA, CXKMMAIONIEH CUIIHL.
HaunGonplee 3HaUeHNE CRUMAIOILEHR CHIILI, IPU KOTOPOH MPIMOJIU-
HeilHas (POpMa CTEPXKHA COXPaHseT YCTONYUBOCTD, HA3KBAIOT KPUMuUYe-
cxoti cusot. axe npy HeGONLIIOM MPEBHIIEHAN KPUTNYECKOTO 3HAYE-
HUA CHUJIBI CTE€PXKEHb HEeNOMycTUMO JehOpPMUPYeTCA U Pa3pyLIaeTcs.
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PacueT Ha yCTONUYNBOCTH

Pacuer Ha ycTONYMBOCTH 3aKJIOYAETCA B ONpENEeNeHUM HOIyCKae-
MOIT CXKMMAIOILIEH CHJIEl M B CPaBHEHUM C Hell CIIHL el CTBYIOLIEH:

F < [F); wl:%‘ F<%,

rue F — peiicTByromasa cxXxuMaroas CUIa;

[F] — momyckaeMmas cxumalollas cuia, obecnednBaeT HEKOTOPHIH
3amnac yCTONYIUROCTH;

Fyp — xpuTuyeckas cuna;

[sy] — IOIyCKaeMBIN K03p¢ULUUeHT 3anaca yCTORYNBOCTH.

O6b14HO Ms cTadneidt [s,] = 1,8+3; nas uyryna [sy] = 5; nns nepesa
(sy] = 2,8.

Cnioco6e1 onpenesieHUus KPUTUIECKON CHUJIBI

Pacuem no gopmyae 3iaepa
3anauy onpenejeHus KpUTHYECKOH CHJIBI MaTeMaTHde-
cku pewnn JI. Oitnep B 1744 r. F
Jlnst wapHUPHO 3aKPEIIEHHOrO ¢ 06eMX CTOPOH CTEPXKHA E
(puc. 36.2) popmyna Ditnepa umeer BUX

7T2Es7min !
2 ’

Fep =

rae £ — monyns ynpyrocty;
Jmin — MUHHUMAJIBbHBIA OCEBOII MOMEHT MHEPIUN CTEPXKHS;
| — nnuna crepxus. Puc. 36.2
TTorepst ycTOMYNBOCTU TIPOMCXOOUT 6 MAOCKOCIU HGU-
Menbwel HCEeCMKOCTU, NO3TOMY B HOPMYNY BXOOUT MMHUMAJBLHEIA U3
OCEBBIX MOMEHTOB uHepuuy ceuenns (Jp uwmu Jy).
dopMyny pacopocTpaHuIy Ha OPYTHe HOPMBI 3aKPEIIEHNA CTePXK-
HeH, pacCMOTPeB (opMy HOTEPH YCTOMUMBOCTH B KaXJIOM CiIydae.
JnuHa cTepxHA 3aMEHAETCS €€ NPUBEOCHHBIM 3HAYCHUEM, YUUTHI-
BatfoluM GOpMYy HMOTEpH YCTOMYMBOCTU B KaXIOM citydae: Inpys = pl,
roe p — k03GPUNUEeHT NpUBeNeHUs IJIMHEL, 3aBUCALMEI OT crocoba 3a-
Kperienns crepxHs (puc. 36.3)."
dopMyna ms pacyeTa KPUTHYIECKOH CHIIEL O BCEX CIIYyHaeB
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2
s EJmin
Fer = (02
F F
S ¥
/ / /
/ / /
[w=2 | w=1 |
{ \ \
/’ N
777777 nAT rrT
a) 6)

Puc. 36.3

Kpumuuecxue nanpascenusd.

Kpumuuecxoe nanpaocenue — HanpsKeHue CKaTUA, COOTBETCTBY-
ollee KPUTHIECKOH Cuite.

Hanpsixenue oT caxuMmaloileit cumsl onpenensercs no ¢opMysne
F, Kp 7l'2-E‘7min

=4 = rA

TJIe Oxp — HAINPSKEHNE CXKaTUs, IPH KOTOPOM CTEep:KeHE ellle yCTOWYNB.
Kopens kBanpaTHEI M3 OTHOIIEHNS MUHUMAJILHOIO MOMEHTA WHEPINH
CEYEHNA K IJIOILIANY TIONEPEYHOr0 CEYEHNS INPHHATO HA3LIBATBH MUNU-
MAADHBLM PAOUYCOM UNEPUYUY Tyin:

T min T min .2

tmin = A A = Tmin-

Torna dopMyna ans pacyeTa KPUTHUECKOTO HANPIKEHUS MEPerTn-
eTcs B BUAE

w2Ei2

min

7= Ty

Otrowenne il /iy, HOCUT Ha3BaHHME 2ubKOCU CTREPHCHE .

'nbkocTs cTepxus — BenuuuHa Se3pasMmepHas, yeM 6onbiie ru6-
KOCTh, TEM MEHbIIE HANPIKECHUE:
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ul n%E

Okxp = 7

A= —.

Tmin

3aMeTuM, 4TO TMGKOCTb He 3aBHCHT OT MaTePUaJIa, a ONpPENeseTCs
TONLKO TeOMeTpHUelt CTepXKH.

Hpedeant npumenumocmu gopmyavt IFdsepa

®dopMyna Ditnepa BLIOMHACTCA TOMBKO B NpeZenax YIPYIuX Ie-
dopmaruii.

Takxum o6pa3oM, KpumuuecKoe Hanpaicenue doax*cHo 6bimb MEHbULE
npedeaa Ynpyzsocmy Mamepuala.

IIpenen ynpyrocTr npm pacyeTax MOXHO 3aMEHATH IpPeNesioM Npo-
HOPLMOHAJILHOCTH. TakuM ob6pasoM, oyxp K Oy = Ony, Tlie 0y — npenen
YIPYTOCTH; Oy, — NPENes IPOIOPLMOHAJILHOCTH MaTepualla;

2 2
m°E wiE
Okp = BvE € Opy.  OTkyna rubKoCTh CTEPXHS: A 2 P
no
wE
A = — npeneiibHass TUOKOCTb.
npen ot
I

ITpedeavnag 2ubrxocmo 3a6UCUT 0N MATMEPUALA CTREPHCHA.

B cmyuae, ecmu A < Aqpen B MaTepualie CTEpPIKHA BO3HMKAIOT OCTa-
TouHHe aeopmanmu. I1ockobKy B peabHAIX KOHCTPYKINAX MOTYT BO3-
HMKATH IUIaCTUYECKUEe NedOopMauyy, He IPUBONsIME K roTepe paboTo-
CIIOCOGHOCTH, CO3OaHBl sMnUpudeckue GOPMYIIEI O PAcYeTOB B ITHX
Clyasx.

Pacuem xpumuuecxoz20 nanpaxcenus no gopmyae
@. 0. Acuncxoz0 dag cmaabHviz cmepacret

Tabmuna 36.1

Marepuan a, MIIa |, MIla |Ao | Anpex
Crans Cr2 264 0,70 |60 | 105
Crans C13 310 1,14 |60 j 100
Crans 20, Ct4 328 1,15 {60 | 96
Crans 45 449 167 (52 ] 85
iopamomun I116T 406 1,83 130 | 53
Cocna, ensb 29,3 0,194 — | 70
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Kpurnyeckoe HampspkeHue ONPENENAETCA IO GOPMYTe Oyxp = a — DA,
roe a u b — KoadduuneHTH, 3aBUCALINE OT MATEPHANA; UX 3HAYECHUA
NpencTasliedsl B Tabmiue.

Ha puc. 36.4 npencrasieHa 3aBUCMMOCTh KPUTHYECKOIO HAIpsKe-

HHUS OT TMOKOCTH CTEpXKHA.
Ins crepxreit Manoit rubko-
Oxp = Ot CTU NIIPOBOOMUTCA pacueT Ha CxXa-
Gip = a ~ bA THE Ocx K [0)ex. st crepx-
Hell cpenmHelt rmbGKoCTHM pacyeT
n’ nposoasT no $popmyse Slcunckoro
Crepm ow=pk 5 =a—bA

Manoit
rHOKOCTH

GKP

Ony

Crepmm Gosunol Hns crepxHeit 6onbioit rub-
ruGkocTy KOCTH pacyeT IPOBORAT no ¢op-
0 Ao Anpen A Myste Ditnepa oyp = T2 E /A2
Puc. 36.4 . Kpuruueckyto cuiy npu pac-
YeTe KPUTMYECKOTO HANPSIKEHUS
no ¢opmyJie SICMHCKOro MOXKHO ONPENENNTS Kax

FKP = UKpA = (a - bA)A.

Fy
Ycnosue ycroiumpoctu: F < —=

[sy]

KouTponsHsle BOIPOCH! U 3aflaHus

1. Kakoe paBHOBecue HA3HIBAETCH YCTOHIMBHIM?

2. Kaxue 6pycos cnemyeT PacCUNTHIBATL HA, YCTOMYUBOCTD?

3. Kakyro cuimy npu pacdeTe Ha yCTOMYMBOCTD HA3LIBAIOT KPUTHYE-
cKom?

4. Hammmure ¢opMyny Oinepa Iia pacyeTa KPUTUYECKON CHITBI 1
HA30BUTE BXONIINHNE BeIMYNHH ¥ UX €AMHUUE! N3MEPEHUs.

5. Uto HasnBaroT rubKOCTBIO CTEPXKHS, KAKOM CMEICH 3aJI0KEH B
sTom HasBarun? Haszosure xkaTeropuu crepxHeil B 3aBUCUMOCTH OT I'nb-
KOCTH.

6. OT xakux napamMeTpoB CTEPXHS 3aBUCUT IIPENeIbHAS TMOKOCTh?

7. Ilpn kaxux ycraoBuax MOXXHO HCIONB30BATE hopMyTy Dilniepa s
pacyeTa KpUTHYECKOH CHIIEIT

8. B ueM 3axmouaercs pacieT CXKaTOro CTepxH Ha YCTONIMBOCTL?
HanummTe ycnoBue ycToitunBoCTH. UeM oTimMuaeTcs OOMyCKaeMas CiKI-
MaloIlas CUIa OT KPUTWIECKOH!
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Tema 2.10. Y cTONUNBOCTEL CXKATHIX CTEPXKHEI.
PacueThl Ha yCTOMYMBOCTD

3namp ycaosue ycmoluusocmu cacambic cmepicnet, @dopamyast
Diinepa dag onpedesenusg xKpumuueckol cuabl, IMnupuveckue Popmyoe
047 pacuemos KpUmMuUYecKoeo HanpaHCeNud u KPUMuueckot cuabl.

Yumems 6uinoangme npoeepoumbie pacuembt Ha YCmouwusocms
cocamulr cmepicnet.

IIOp}IlIOK BBIINIOJTHEHNA pacuyeTa Ha yCTOﬁ‘IﬂBOCTb

1. Ilonyyenune cBemeHMit 0 MaTepualie CTEPXKHA LJis OlIpenesleHUs
npenenbHON FUOKOCTH CTEPXKHS PACUETHBIM IyTeM MM no Tabiaune:

mE
Anpen = —
nu

2. Ilonyuenne CBemeHUII O NEOMETPUYECKNX Pa3Mepax NOIepPEeIHO-
IO Ce4eHUsi, ANMHE M criocobax 3aKpeniieHus KOHIOB I ONpenesIeHus
KaTeropuyl CTePKHS B 3aBUCUMOCTY OT TMOKOCTH:

jmin

imin = A y

rae A — mwiowans ceueHus; Jmin— MUHMUMAJILHEIN MOMEHT uHeplmy (13
OCEBHIX);

r= M

. ’
Tmin

@ — K03 DUIMEHT NPUBENECHHON AJIUHBL.

3. Bet6op pacdeTHEIX GOPMYT O OUpeneTiCHUST KPUTHIECKOH CHIIb
U KPUTUYECKOTO HAUDSIAKEHUS.

IIprr Ap < A < Aypen — pacuer no sMnmpuueckum GopMysam.

IIpu A > Appen — pacueT 1o popmyse Ditnepa.

4. TIpoeepka u obecnieyeHne yCTONINBOCTH.
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IIpu pacuere no ¢popmyne Diiepa yCiaoBUE YCTONINBOCTH:

F, T2 E T
F< _"B; = _._.___’l‘ﬂ’
[s4] P (ul)?

F — peficTByromias cxxumMatolas cuia; [sy] — IDOMYCKaeMbIil Koadduim-
€HT 3aIaca yCTONIMBOCTH.

Ilpu pacuyere mo ¢opmyne ScuHCKOrO 0yp = a — bA, rme a, b —
pacyeTHhle KO3h(IULMEHTH!, 3aBUACAIIME OT MaTepHasa (BeMYUHHL KO-
a¢puunenToB npusonsTcs B Tabmuue 36.1)

B cry4yae HeBHINONIHEHUS yCJIOBMI YCTOMYMBOCTY HEOOXOAMMO yBe-
JIMYUTD IVIOIAAb NONEPEYHOro CeYeHus.
Wnorna Heo6xXommMo onpenenuTh 3a1aC YCTOMYMBOCTH IPH 388H-
HOM HarpyXeHUU:
Fp

w=F
Iipu npoBepke yCTORYNBOCTY CPABHUBAIOT PACYETHRINA 3AMaC BEIHO-
CJIMBOCTH C HOMYCKAEMBIM:

sy < [8y]-

IIpumeps! peileHns 3amay
ITpumep 1. PaccunraTs rubkocTs crepxHsa. Kpyrasii crepxens
auameTpoM 20 MM 3aKpenieH Tak, KaK IoKa3aHO Ha puc. 37.1.
Pewenue

1. 'ubkocTh cTEpXxHs onpenenseTcs 1o
dopmyne
— A = pl/imin-

—
il
=
RRNt

Puc. 37.1 2. OnpegenseM MUHMMAJILHBIR Paguyc
WHEPIUH OJIs KPYyTra.

tmin = v jmin/A-
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ToncrasuB BuIpaxenus miA Jmin 1 A (ceuenne — xpyr)

wdt wd?
Tmin = R A= R
1107y YuM
ndd 4 d

z‘min = =T T =
64 wd?2 4
3. KoatdhduuueHT npuseneHns JVINHLL 01 JaHHON CXeMBbI KPEIICHN s

p=05.

5 - 1000
4. T'ubkocth cTepxkHa GyneT paBHa A\ = 9,5 - 1000

5

IIpnmep 2. Kak u3MeHHTCS KpUTHYECKas CHMIIAa IJid CTEPXKHH, ec-
m u3MeHuTh crnocob 3akpenseHus xkoHUoB? CpaBHUTEH NPENCTABIICHHEIE
cxemnl (puc. 37.2)

pn=1 A,E‘Pl 1 j.l=0,5 FKPZ
Ar b ] =X

9 Puc. 37.2 6

= 100.

Pewenue

Fxpl _ 7"2E‘~7min(p'2l)2_
FKPz (Mll)2772EJmin1

T 12
Fxp2= Kpl;g; Fxp2=Fxp10_’5'2‘-

Kpurnueckas cuna ypemumuurcs B 4 pasa. Fyp, = 4Fyp, -

IIpumep 3. Kax m3MeHUTCS KpUTHYECKasl CWIa NpU pacyeTe Ha
YCTOWYMBOCTE, €CITH CTePXKEHb AByTaBpoBoro ceyenus (puc. 37.3a, aBy-
Tasp Ne 12) 3aMeHUTH CTEPIKHEM NPAMOYTOIBLHOIO CEYEHUs TOM Ke II0-
wanu (puc. 37.36)? OcranbHble NapaMeTPHl KOHCTPYKIMM He MEHAIOTCA.
Pacuer sumonnuTs 1o popmyite Dinepa.
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Pewenue
y y
8 oés X \:§ 3
& 2
a) 6,
Puc. 37.3

1. OnpenenuM MMPUHY CEYEHUS MPAMOYTOILHAKA, BRICOTA CEUECHNMS
PaBHa BBICOTE CedeHMs NByTaBpa. ['eomeTpuyeckne napaMeTpsl OBy Ta-
Bpa Ne 12 no 'OCT 8239-89 cnenyrowwme:

nomans cevenns Ay = 14,7 em?;

MIHUMATbHBIE W3 OCEBHX MOMEHTOB nnepumu J, = 27,9 cm?.

I[lo ycnosmio mnomank NPAMOYTONIBHOTO CEHEHUs! PABHA INIOILAIN
ceuenus AsyTaspa. OmpenenseM IIMPHUHY NOJIOCH OpH BEICOTe 12 cM.

14
Ay =bh=14,TcM?;, b= T} = 1,225 cm.

2. OnpenemIM MIHUMAJILHLIA U3 OCEBLHIX MOMEHTOB NHepunu.

hb3 _12(1,225)°

jminz = Jyg = —153 Jyz 12 = 1,84CM4.
3. Kpurtnueckas cuiia onpenensercs no ¢popmyne Ditnepa:
7T2Es7 min

B = Ty

4. TIpu npoynx paBHEIX yCIOBUSX OTHOMICHNE KPUTHUECKIX CUJT PAB-
HO OTHOIIEHMIO MUHAMAJIBHLIX MOMEHTOB UHEPIIH:

Lo 200 o5
Fep, 1,84

5. Taxum oGpa3oM, yCTORYMBOCTE CTEPKHSA C CeUYeHUEM IOBYTABD
Ne 12 B 15 pas BhIIIE, YEM YCTOMYNBOCTE CTEPXKHS BLIGPAHHOIO IIPAMO-
YTOJIBHOTO CEYEHUA.
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IIpumep 4. IlposepuTs ycToiunBocTh cTepxHa. CTepxkeHb Amn-
HOM 1M 3allleMileH OoHMM KOHIIOM, cedeHue — iuBemnnep Ne 16, mare-
puan — Ct3, 3anac ycToitunsocTu TpexkpaTHBINA. CTepxeHb HarpykeH
cxumaowent cunoit 82 xH (puc. 37.4).

Peutenue

1. OmpenenseM OCHOBHEIE TeOMETPUYECKME Mapa-
MeTpul ceuenus crepxus no [OCT 8240-89. F=82kH

Illsennep Ne 16: nnowans cevennsa 18,1cm?; mu-
HIMaJbHBI OCeBOlt MOMeHT cederms 63,3 cm?; mummu-
MAJILHEI PAnNyC WHEPIUHA CEYeHMS inmin = 1,87 cM.

L.
—1€

2. OnpenenseM KATEropuio CTEPXHs B 3aBUCHMO- [=1m
ctu ot rubkocTu.
lipenensras rubkocTs Ans MaTepuana Crd
Anpen = 100. b
PacueTnas rubKOCTb CTEPXKHS NPU IJINHE Puc. 374

l=1Mm = 1000 MM

2-1000

A= 18,7

= 106,95.

PaccuurhiBaeMElil cTepXeHb — CTepXXeHb Gonbioi rubkocTy, pac-
yeT BeneM mno ¢opmyie Jitnepa.

72 E Jrmin P _3,14%.2.10%-63,3 - 10
()2 7 " (2 - 1000)2

Fep= = 312000H = 312xH.

3. Momyckaemas Harpy3ka Ha cTepxkeHs [F| = Fip/[sy].

312
[Fy] = T = 105,5 kH.

4. Ycnosue ycroituusoctu F < [Fy);
82xH < 105,5 kH. ¥YcroituuBocTs cTepxHsa obecrneveHa.
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Tema 2.10. YCcTOMYNBOCTD CXKAThIX CTEPXKHEN

Bonpocwu OrBerTm|Kon
1. BuiGpaTh BepHYIO 380MCh YCIOBMA yCTONYUBOCTH. Fex € oxpA 1
FC)K S O.C)KA 2
Fex < Fp/[8)] 3
F (43 < Fxp 4
2. U3 npnBeneHHbIX XapaKTepncTNK MaTepuasa Ox 1
BHIGPATh XapakTePUCTHKY, UCNOJIb3yeMYIO NIPU
pacyeTe Ha yCTOMYMBOCTb. s 2
HB 3
E 4
3. PaccuuTaTh rmOKOCTh CTEPXHA KPYTJIOTO Nore- 35,3 1
PevHOTrO CEeYeHMs, eciiM AMaMeTp ero 85 MM, nauHa
1,5M, cTepKeHb LIAPHMPHO 3aKPEINIEH ¢ 060ux 70,6 2
KOHIIOB.
140,2 3
162,4 4
4. Tlo xaxoit n3 GpopmMya HEOGXOAUMO PaCCUUTHIBATH Fop =0:A 1
Ha YCTOHYMBOCTL CTEpXeHb, ONMNCAHHLIA B Borpoce 3,
€CJIM MaTePHall CTEPXKHA — CTadlb, IpefiebHasg tu6- | Fyp = (a — bA)A 2
KocTh 11 KoTopoit 96.
2
1°E Tmin
Fpp = ———— 3
P (uh)?
Feop =0cxd 4
5. OnpenennTh OONMYCKAaeMYIO Harpy3Ky VIS CTOHKH. 197 xH 1
MaTrepuan — crans, DONEPEYHOE CeYeHUe — LIBeep
Ne 20, sanmac ycroituusocru — 4. E = 2. 10° MIIa. 165,8 kH 2
$opmyna Diinepa NpUMEHHMS..
F_ - 663,3 xH 3
9
B ‘
7 48mM ; 49,3 xH 4
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Tema 2.8. ConpoTHuBJIeHl€ YCTAIOCTH

Hmemv npedcmasaenue 06 ycmasocmu Mamepuatos, o0 Kpueot
Yyemaaocmu u npedede 8bIHOCAUEOCTIU.

3nams Tapaxmep yemasocmublx paspywenut, Gaxmopwl, eaugio-
WUe HA CONPOMUBAEHUE YCTNALOCTIY, OCHOBbL DACUETNAE HA NPOYHOCTIb
NPU NEPEMERHOM HATLPAHCEHUL.

OcHOBHBIE TOHATUI

MHuorue geTamu MalmH paboTAalOT B YCIOBUAX HEPEMEHHEIX BO Bpe-
MeBM HanpsikeHuil. Tak, Bpalnaioivecs Bajibl 1 OCH, HAI'DYKEHHBIE TI0-
CTOSHHBIMEM M3ruGarommyMu cuilaMy, paboTaloT IPHU NEepEeMEHHHX HOp-
MAJILHHIX HANDSXKEHUIX uaruba.

Cosoxynnocmd nocaedosametbrbis 3HaUEHUT epemMertbl Hanpd-
acenuti 36 00un Nepuod NPOYECCa UL UBMEHEHUT HAIBIBAEMCT YUKAOM.

O6LuHO UMK NPEACTABISIOT B BuAe rpaduka, B KOTOPOM IO OCH

albcuycc OTKNANBIBAETCA BpEMs, & MO OCH OpOMHAT — HAIPIXEHUS
(puc. 38.1).
Gy
F M, 1 3
S oy ——" p—— p————— 4 2 3 2 4 .
3
1
Puc. 38.1

Huxn xapakTepusyeTcsa MaKCHMAJIBHEIM Omax, MUHUMAJIBHBIM Onyin
M CPEIHMM HaIpIXKEHHAMH. PacCYMTHIBAETCA CpellHee 3HAUYEHHE Halps-
XEHHR O, aMININTYAA IHMKIIA O U KO3(GPUIUEeHT aCUMMETPHHU IMKJIA
R .
__ Omax + Omin __ Omax — Omin | _ Omin
Om = —SE_—ER, g, = EE__T0, R= 2

2 2 Omax

Bcee npusenennble onpenesieHUs ¥ COOTHOLIIEHNST MOXKHO 3aIIACATHL ¥

IJIS KaCATeNbHBIX HANPSKeHUH.
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Iuxy, npu KOTOPOM MAKCHMAJILHOE M MUHUMAJILHOE HAIIPSKEHUs
PaBHHl IO BeNIMYMHE M OGPATHHI N0 3HAKY, HA3LIBAIOT CUMMETMPUUHbLM
yuxaom (puc. 38.2).

om=0; oq=0m; R=-1

0 \ba N il _______DEXR=0
\ o 0 S

r T
Puc. 38.2 Puc. 38.3

Ocranbunle IUKIH HA3LIBAIOT GcumMempuunbluu. JacTo BecTpeya-
eTcs omuyaesol, WaK nysvbcupyrowull, UK, MUHIMAJILHOE HallpsaXeHue
IIpY 3TOM LUKJIE PABHO HYJIIO, CpefHee HANpSXKEHHE PABHO aMIUIATYHE
(puc. 38.3).

TlepeMennpie HAnNpsXEHUs BO3HMKAIOT B OCAX BArOHOB, PENIbCAX,
peccopax, BajiaX MauIuH, 3yObAX KOJEC ¥ MHOTMX IOPYTHUX CIyd4asX.

ITod deticmeuem nepemennbis HATPSXKECHUA B MATEPNAIIE 803HUKAET
MuKpompewjuna, KOTopas 1ol NefCTBUEM IOBTOPAIONINXCA HAIIPSKEHUN
pacTer B riryGp usmenus. Kpas TpeummHsl TpyTesa Opyr o Apyra, u Tpe-
muHa 6EICTpO yBennuuBaeTcs. [lonepeyHoe ceueHue AeTaNN yMEHbIUAET-
Csl, 1 B ONpENEeIeHHBI MOMEHT CJIy4ailHEI TOMYOK MIIM yOap BEI3LIBAET
paspylleHue.

IlosBieHne TpeuMH NOX NeHCTBUEM NEPEMEHHBIX HATIPSXKEHM Ha-
3EIBAIOT YCMAAOCTMHbLM PASPYULEHUEM.

Yemaaocmybio Ha3BIBAIOT NPOLECC HAKOIUIEHHUS NOBpEXIEHU B Ma-
Tepuale NOK JeHCTBUEM NOBTOPHO-IEPEMEHHKEIX HaNpPsKEHWA.

XapakTepHHIA BUA YCTaJIOCTHHIX pa3pyIIeHuit — TPEeLIMHEL ! 9acTh
MOBEPXHOCTH OnecTsIas B majioMe. Takoil xapaxTep HM3ioMa BHI3BAH
MHOTOKPaTHBLIM HaxaTHeM, 3alTudOBaHHOCTBIO YacTel AeTaJI.

OnEIT MOKA3EIBAET, YTO YCTAIOCTHOE Pa3pyIUeHNe HPOMCXOOUT TIPU
HaNPsDKEHUIX HUXe Ipefesia MPOYHOCTH, a YACTO M Hudce npedeaa me-
KYuecmu.

Croco6rocTh MaTepuana NPOTUBOCTOATh YCTANOCTHLIM paspyiie-
HUAM 3aBUCUT OT 6PEMEHU NEHCTBUSA HATPY3KH M OT UYUKAG HANPANCE-
nut. Ilpn mo6oit nepopMaluvu HArpyXKEHHE C CUMMEMPUUHDIM UUKAOM
Haubosee onacro.
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OnBITHEHM Iy TEM YCTAHOBJIEHO, YTO CYILECTBYET MAKCUMAALHOE HA~
npgYcente, NP KOTOPOM MaTEPUAJI 6LIJEPHCUBAETM, HE PA3PYULAICH 3HA-
YUTEJIBHOE YHUCIIO UYIKIIOB.

Hauboavwee (MaKCuMaibroe) HANpIdCERUE YUKAG, NPU KOMOPOM
HE NPOUCTOOUT YCMALOCTIHOZO PA3pywenud 06pa3ya u3 0aHHo20 Ma-
mepuaaa nocie moGoro GONBILOrO YMCIa IMKIIOB, HASLIBAIOT npedeaom
BbIHOCAUBOCTIU.

Ilnst onpenenenusa npededa 8bIHOCAUSOCTY UITOTABINBAIOT CEPHIO
OOWHAKOBEIX 06pasIoB 1 IIPOBOGAT MCILITAHWA MPH CUMMETPUYHOM IN-
ke naruba. OOpasubl uMeOT NMIMHAPUYECKYIo ¢opMy, TIAOKYIO IO-
BEPXHOCTH (IIOJIMPOBAHHYIO) U ILUIABHHIE MEPEXOLLL.

O6pa3irl ycTaHABINBAIOT HA WCIOBITATEILHYIO MAIMHY M Harpy-
XAJOT TaK, YTOOH HANpKEHHE COCTaBANo mpuMepHo 80 % or mpene-
na npounoctu. Ilocie HekoToOporo uucia HMKIIOB OOpasel paspyllIaeT-
cq. PuKcupyoT MakCUMaIbHOe HANpSIKEHUE U HHCI0 UMKIIOB IO paspy-
LIeHNS.

Wcnbiranus noBTOpsioT, NOCTENEHHO CHMXKAA HArPY3Ky Ha KaXXIIhIf
nocnenyonmii obpazenl ¥ GUKCUPYS YKUCIO LMKIIOB N0 Da3pYIUEHU
06pasuos.

Ilo pesyspTaTaM MCOHITAHUE CTPOAT 2padur 3a6UCUMOCTIU MeHCAY
MAKCUMAALHOIM HANDIANCEHUEM U WUCLOM YUKA08 naepyxcenuld do pas-
pywenud. I'padux HaswBaloT xpueotd ycmasocmu (puc. 38.4). B Gons-
INNHCTBE ClIy4aeB IOC/e YHClla HUKJIOB HarpyxeHuit Hosee 107 KpuBas
npubanxaeTcs K NpaMOH, NapaJjiielIbHON ocu abemuce.

c

n — YUCIIO LMKIOB HAarpyXe- q

HIS;
OR — Mpenen BEIHOCIMBOCTH:
0 -1 — Tpenesl BBIHOCIMBOCTHI
NP CIMMETPHUYHOM LIKKJIE
(R=-1); Cx
09 — mnpemel BHHOCIMBOCTH
npu orHyJeBoM mukie (R = 0);
Tigas — YKUCIIO LUKJIIOB, P KO-
TOPOM OINPELEJISAIOT TPENesl BEIHO-
cnuBocTH (6230BOE YMCIIO UUKJIOB). Puc. 38.4

Ngas = 107

Ecan IIPOBECTH UCHIBEITAHUA TP aCHMMETPUYHOM LUKJIIE, KpUBas Jid-
KeT BHIIIEC, T.€. BEIHOCJIMBOCTDL MaTepuaJlia ITOBEICUTCA.
Hpeaen géblHocausoCcmuy, onpeneneHHblﬁ nyTeM CTaHOapPTHBIX NCIIBI-
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Ta.HYIﬁ, SABJIAETCS OOHOM M3 METAHUUECKUT XapaKTepUCTHK MaTepuaJa.

CDaK'ropm, BJIMAXOLLMIE HA COIIPOTHUBJIEHNE YCTAaJIOCTHU

1. Konuenmpayug nanpgaxcenud. B MecTax, rie UMEIOTCA PE3KHE U3-
MEHEHWs Pa3MepoB, OTBEPCTHS, pe3bia, OCTPhIE YIilbl, BOSHUKAIOT GOMNb-
II¥e MEeCTHBIE HANpPsDKeHNs (KOHLEHTpauus Hanpskenui). B sTux me-
CTaxX BO3HHMKAIOT YCTaJIOCTHhIE TPELIMHBLI, TPEHIUHLI paspacTaloTcs, U
3TO NMPUBOOUT K PaspyILIEHUIO NETAJIN.

MecTHbIE HANDAXKEHUS 3HAUYNTEIILHO BRIIIE HOMUHAALHLIT NANDINCE-
Hutll, 603HUKAWWUT 6 2440KUT dematdr.

Bananue KOHHEHTDAIMH HAMPAXKEHMIT YUNTHIBAETCA K03dMIInEH-
ToM K.

K, — adbdexTuBHbIl K0a)GHUUNMEHT KOHUEHTPALUM HANPSXKEHUH,
3aBUCUT OT (QOPMHEI MOBEPXHOCTH.

2. Pasmepvr demaau. B metansx GonblMxX pasMepoB BO3MOMKHEI
BHYTPEHHAA HEOOHOPOLHOCTH, MHOPOOHEIE BK/IIOUEHUA, He3aMEeTHEIe MM-
KpoTpemmHrl. BnusHue pasmMepoB yunmTHIBaeTCA MacITabHBIM (axTo-
pom Kj.

K4 — Maciurabumil koadhuumueHT, Ko3hhunuesT BIUsHUS abco-
JTIOTHHIX Pa3MepOB.

3. Xapaxmep ob6pabomxu noseprrocmu. IIoBepXHOCTE MOXET GHITH
LIIEPOXOBATO!, NMOKPEITOR CllefaMil OT pe3lla, T.e€. OcIablIeHHOH, a Mo-
XKeT ObITH YCUJIEHHON CIIeUaJIbHBIMHA METOOAMH YIPOYHEHUS: a30THUPO-
BaHUEM, IOBEPXHOCTHON 3aKaJIKoM, neMenTauueil. [Ipu orcyTcreuu cre-
IMAJILHOIO YIIPOYHEHMS IIOBEPXHOCTHHI KoadduimenT Mengerca ot 0,6
mo 1.

Tlpn cnenuansuoit 06pafoTke OH MOXET GHITHL GONbIIE €NUHUIIILL:
MOBEPXHOCTL OKA3LIBAETCA IIPOYHee CEPIIICBUHEI.

Kp — x030}uImMenT BIusAHNA LIEPOXOBATOCTH;

K, — xoaddunmenT sauanus ynpounenus, K, = 1,1+-2,8.

OnHoBpeMeHHBI y4eT neficTBUS Beex Gak TOPOB, NOHWKAIOLIMX [Ipe-
OeJl BEIHOCJIMBOCTH, MOXXHO IIPOBECTH C IIOMOINBIO KO3(ddhULIEeHTa
K, 1 1
(Koo = (T2 +5=-1) .
Ky ' Kr K,
IIpenen BEIHOCIMBOCTY B PACYETHOM CceueHum GyNeT paBeH

-2 =
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OcHOBBI pacueTa Ha NIPOYHOCTH
IIPA IIepeMEHHBIX HAIIPDAXXKCeHNAX

Pacuern: no HOpManbHEIM M KacaTeNbHEIM HANPAMXKEHUAM IIPOBO-
OATCS aHAJIOrMYHO. v

PacueTnbie k03¢ IUNMEHTH BHIGHPAIOTCS MO CNENUAIBLHBEIM Tabiu-
aM.

IIpn pacyeTrax onpemensdioT 3amachl MPOYHOCTH NO HOPMAJTLHBIM U
KacaTeJbHbIM HAIPSXKEeHUAM.

0-1)D
3amnac NPOYHOCTH 10 HOPMAJILHBIM HAIIDAXEHUSAM: 8, = -(———)—

Oa
(7-1)p
3anac IIPOYHOCTH IO KaCaTECJILHEIM Hanpﬂ)KeHnﬂM: 8y = —m—,
Ta
rae g — aMININTynda INKIIa HOPpMaJIbHBIX Hanpﬂ)KeHnﬁ; Ta — aMIIN-

TYOa LUK KACATENbHEIX HAIIPIXEeHUMA.

[lonyyennsie 3amacel MPOYHOCTH CPABHUBAIOT C HOILYCKaeMBIMIU.
IlpencraBineHHHA pacyeT ABALETCS NPOGEPOYHBIM U IIPOBOOUTCS IIPH
KOHCTPYUPOBaHUK NETANH.

KOHTpOJ'IbeIe BOIIPDOCHI M 3aJaHUA

1. N306pasure rpadmky CUMMETPHYHOIO 1 OTHYIEBOTO IMKJIOB U3-
MeHEeHUs HanpshKeHUi IPH ITOBTOPHO-[IEPEMEHHBIX HAIIPIXKEHUIX.

2. IlepeuncnuTe XapakTEPUCTUKY LIMKJIOB, IOKAXNTEe Ha rpaduxax
CcpenHee HampsKeHWe U aMINIUTYAY Hukiaa. Yro xapakrepusyeT Koad-
¢uuMeHT acnMMeTpun nukna?

3. OnuumnTe XapakTep YCTANOCTHHX Pa3pyLICHUA,

4. TloueMy OpPOYHOCTH NPHM IMOBTOPHO-TIEPEMEHHBIX HANPXEHUAX
HMXe, YeM IIpM NOCTOSHHHX (cTaTmueckux)?

5. Uro nasniBaloT npenenoM BeIHOcIMBOCTH! Kak crpouTes Kpusas
ycTanoctu?

6. I[lepeuncnure GaKTOPH, BAMSIOUME Ha COMPOTUBIICHUE YCTaJO0-
CTH.
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NMPAKTUYECKHWUE 3AHSTHUSA 110 PABIEILY

«ConpoTusiieHne MaTepuaIoB>
IIpaxTuyeckoe 3ausaTue 6
Tema 2.2. PacueTnl Ha IPOYHOCTH U XKECTKOCThb
IPpY PaCTAXKEHUU M CKATUU

3namb nopAdoK PaACUEMO8 HA NPOUHOCTNL U HCECTNKOCTb U PACUET-
Huie Popmyant.

Yumems nposodums npoexmuposounble 1 NPOSEPOUNBIE PACUEMbL KA
TPOUHOCTIL U HCECTNKOCTNG NPU PACTMAHCEHUY U CHCATIUL.

Heo6xonumbie $opMyibl
Hopmanbuoe nanpsixenue
N
Ka
rone N — npononbHas cuiia; A — momans morepeuHoro CeueHus.
Y nnunenve (ykopouerue) Gpyca

o=

Nl ol
Al——A—E HAIn Al:-E-,

E — monyns ynpyrocry; | — HavanbHas JIMHA CTEPXKHS.
IonyckaeMoe HanpsxeHue
__ Onpen
[o] = )
[s]
[s] — momyckaeMelit 3amac HpOYHOCTH.
YcrioBre IPOUHOCTH NPY PACTSMKEHUN U CKATHN:

o==<|[o]

A

IIpuMepsl pacueTOB HA MPOYHOCTDb U XXECTKOCTh

Ipumep 1. I'pys 3akpensien Ha CTEPXHAX U HAXOAUTCS B PaBHO-
Becuu (puc. 116.1). MaTepnan cTepxueit — cranb, JOMyCKaeMoe Halps-
xeune 160 MITa. Bec rpy3a 100xH. [nuna cTepxHeii: nepBoro — 2M,
pToporo — 1 M. OnpenenuTs pasMepsl DOINEPEYHOTO CEYeHUS U yIINHe-
Hue crepxHeit. PopMa NONEPEYHOro ceYeHUst — KPYT.
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Y|
R
%:,90‘Jl SRz R 6(;‘7\1 R

B B -
F] 2 FJ30
60
Y Puc. I16.1 %
Pewenue

1. OnpenenuTs Harpysky Ha CTepXHHM. PaccMOTpPUM paBHOBECHE
Touku B, onpenenuM peakuuu crepxuei. [To naroit axcuome craTucTy-
KN (3aKOHY NEMCTBUS ¥ NPOTUBONEHCTBIUA) pEaKiysi CTEPXKHS YUCIEHHO
paBHa Harpy3Ke Ha CTEepPXKEHb.

Hanocum peakuuu cBsaseit, neitcTeyronmx B Touke B. Ocsoboxnaem
Touky B ot cesseit (puc. I16.1).

BuibupaeM cucTeMy KOOpPAMHAT Tax, YTOOLI ONHA U3 OCEN KOOpOH-
HaT COBIIaJjla ¢ Hem3BecTHo cuioit (puc. I16.16).

CocTaBuM cucreMy ypaBHEHUI DABHOBECHS NN TOYKH B:

> Fy =—Rjycos60° + Ry = 0;
> F,=R;c0s30°— F =0.
Pewmaem cucreMy ypaBHeHMII 1 onpenesnseM PeaKIMM CTEPXKHel.

_F 100
2= 270,866

cos 30°’
Ry = Ryc0s60°; Ry =115,5-0,5 = 57, 4xH.

Hanpasnenue peakuuit Bribpadgo sepuo. Ob6a crepxkHus cxaTtsl. Ha-
rpysku Ha crepxuu: Fy = 57,4xH; F, = 115,5xH.

2. OnpegenseM nNOTPeGHYIO MIIOLIAAD HOMEPEYHOIO CEYEHN CTEPXK-
Heill U3 yCJIOBMH NTPOYHOCTH.

YcnoBue npounocTy Ha cxatue: 0 = N/A < [o], orxyna

A>To—-]‘.

=115, 5 xH.

Crepxens 1 (N7 = F):

7.4-10%
A1>§—"——0‘

_ 2
160 = 358, 75 MMm*.
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st kpyra

7
A=mR? szé; Ri> —5—8’—5=10,68MM; dy=21,3 mMm.
s 3,14

Crepxens 2 (N; = Fy):

115,5 - 108
160

=722mm%, Ry > ;% = 15, 2 MM;

Ag 2
da = 30,4 MM.
Tony4ernsle auaMeTprl Okpyrasem: d; = 25 MM, dy = 32 MM.

3. Onpenensem ynnunenue crepxueit Al =

AE’
Yxopouenune cTepxkHs 1:
2 . or2
A = L‘ll; Ay = 3,14 - 257 = 490 MM?;
4 4
574-10%.2-10°%

Al = — =1 i
1 2-105 - 490 172y

Ykopouenne crepxHs 2:

115,5-10%-1- 103
2-10% - 804

_314.322

Az 1

=804mm?; Alp =

= 0,72 mM.

ITpumep 2. OpnoponHas xecTxas mauTa ¢ cuioil Tsokectn 10xH,
HarpyxenHas cuwinolt F = 4,5xH u momentomM m = 3xH-M, onepra B
Touke A u nonsemena na crepxxue BC (puc. I16.2). ITono6paTs ceyennue
CTEPXKHA B BUIE LIBEJUIEPA U ONPENESNTL €r0 yIOJIMHEeHNe, eCil NJIMHA
cTepxHA 1M, MaTepuan — cralb, npenen tekydectu 570 Mlla, 3amac

IPOYHOCTH IJIsd MaTepuana 1,5.

Pewenue

1. Onpenenn'rb ycniaue B CTEPIXKHE IIOK OelCTBIEM BHEIIHUX CHJI.
CucreMma HaxonnTcs B PaBHOBECHM, MOXKHO HCIOJIB30BATh ypPaBHE-

HUe paBHOBecUs Ui IuTh: y my = 0.

Rp — peaxuus CTepXHs, peakuuy mWapHupa A He pacCMaTpHUBaeM.

ZmA=m+G-5—RB-7+F-10=O.
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Rp-T=m+G-5+ F-10.
3+10 57+4,5 10 — 14xH.
ITo TpeTveMy 3aKOHY OUHAMUKK pe- L4
aKIysg B CTEpXKHe paBHa Cuje, JeiCTBY- 4
IOUIEH OT CTEePXHA HA IUINTY. Y CUAHNe B s | R F
cTepxHe passo 14 xH.
2. Ilo ycnoBuio npoyHOCTH onpeness-
€M NoTpebHYyIO BeIMUMHY ILIomann nomne- 4
peusoro cedesus: 0 = N/A < [0}, orkyna v
A = N/lo). — M5 3m_
HonyckaeMoe HampskeHue IJis Ma- Puc. 116.2
Teprasia CTePMKHS

Orxyna Rp =

14-10° 9 9

CnepoBaTesnbHoO, A2 —— = 36,8mm* = 0,368 cm*.

3. Ilombupaem ceuenue crepxus no 'OCT (IIpunoxenne 1).

MunyMasbHas oA Lb LIBeTIepa. 6,16 cm? (Ne 5; TOCT 8240-89).

Henecoofpa3Hee uCMONB30BATH PABHONOMOYHBIR yromoxk Ne 2
(d = 3Mm), nuomanp nonepeynoro cevernus xoroporo 1,13 cm? (FOCT
8509-86).

4. OnpenenuTh yAIUHEHNE CTEPXKHA:

NI 5
14-10%-1-10°
A= e

Hea npaxmuueckom 3augmuu epinoangemed pacuemuo-2pauuecxas
paboma u nposodumca mecmosdlii onpoc.

PacueTHo-rpagpmueckas pabora

3ananue 1. IlocTpouts 5HI0pH NPOROILHEIX CHII M HOPMAIBHEIX
HanpsxeHnil mo anuxe 6pyca. OnpenenuThs nepeMerrieAne CBOBOIHOrO
koHna 6pyca. IIByxcrymenuaruit cransuolt 6pyc narpyxen canamu Fi,
Fy; F3. IInowanu nonepeunwix cevenuit A; u Asg.
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Ipunsts E = 2 - 10° H/Mm?,

. A2 A
e s F, 4 F 4 F3 A, 1 7 -
J:——Ti)————i-@ — e - r~~~——<»—2->1>—>—'41—
] a 2a , a a | a a a u a
N TN

a 6)

3 4 A 4 A
ED LN 1 m”_FR 2 i

o= _ __1—_——— —ﬁ—— Cdi) T - ~— -
E E
7 a a a 2a a a a a a

6 3
P AZ y Az
4 F 4 F,
3 F. 2 1 \ 1 3] 1 F Fi
7 a a u a u a a a 2a

) Y
9) e
Bapuaut
Mapametp

1{2(314{5(6{7(8(9]{10
Fi,xH |20]26]20]17]16{10] 2640 14] 28
Fp,xH |10(20] 8 |13]|25]12] 9 ]55]16]14
Fs,xH | 5[10]4 {8 (28133 (2a]10(5
Ay, e [1,8]1,6]1,0]2,0]1,2]0,9]1,9]2,8]2,1]1,9
Ay, on? [32]2,411,512,5]2,8]1,7]2,6]3,4]2,9]2,4
a,m |0,2{0,3{0,4{0,5]0,6{0,4[0,3]0,2]0,5[0,6

3anaune 2. Banka AB, Ha xOTOpyIO HEHCTBYIOT yKa3aHHHE Ha-
IpYy3KH, yOepXupaeTcs B pasHosecmu Taroit BC. Onpemenuts pasme-
Pl IOMEPEYHOIO CeyeHUs TACH 119 ABYX ciiydaes: 1) cedeHue — KpyT;
2) ceuenue — yromok pasHononodrbit mo I"OCT 8509-86. Ilpuusts
(o] = 160 MIla. CofcTBeHHEI BeC KOHCTPYKUMH HE YHYHTHIBATE.
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C
[TT77 2777777 7777
a)

3 >
F
1
24
B
A
=
o)
c 30° 4 30° -
LT TS T T 7777 /T 77777 77777277777
8) 2)
C¥
30° [~
m r
: \l/iP\WISW?WV)WEA
C
NN RN M
9 e)
Bapuanr
ITapamerp
1121314516718} 9110
F,xkH |10}15720125{30(35|40|45 |50 55
m, kH-m {1001110(120{130(140{150§160|170]180}190
g, xH/m | 4 1 6 | 8 11012114 16182022

IIpu 3ammure paboTer OTRETUTH

Ha BONPOCHI TECTOBOTIO 3alaHUA.
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Tema 2.2. PacTsxenue u cxxaTue.
PacueThl Ha IPOYHOCTL M XKECTKOCTH

Bonpocw OrBetn |Kon
1. OmpenenuTh MaKCUMAIILHYIO [IPONOIBHYIO CHITY 110 xH 1
B NnOIIepeyvyHoM cedeHun Gpyca.
A = 1000 M |~ 140 xH 2
1o k{;{ _ 50xH o 140KH . - 160 xH 3
AN - 2 ~ 300 xH 4
A = 1250 mm
2. OnpenenuTh MakCMMAllLHOE HalpsKeHUe B Onac- 88 MIla 1
HoM ceyeHnM 6pyca (cxeMa Bompoca 1).
128 MIla 2
160 MIla 3
188 MIla 4
3. MpoBeputs npouHocTh Gpyca, N306paKeHHOro B o < (o] 1
Bonpoce 1, ecnm maTepuan 6pyca — cTadb,
os = 550 MIla; o, = 290 MIla; o= |o] 2
IONyCKaeMbIi 3anac NPO4HOCTH [8] = 2.
o > [o] 3
Haunpix 4
HEeINOCTATOYHO
4. T'py3s nonsemureH Ha cTepXHe 1 ¥ HaXoXUTCH Ne 6,5 1
B paBHOBecMM. MaTepnaJ CTepXHs — CTallb,
nonyckaeMmoe Hanpsikenue [o] = 160 MIla. Ne 10 2
IMono6paTs pa3mepsl cedenus mis crepxus. Popma
MIONEPEYHOr0 CeYEeHMs — UIBEJIIep. Ne 12 3
m=140kH 1
B
Ay 145" Ne 14 4
15M 0.5Mm
A€
5. Onpenenuts ymunHenne crepxus AB. Ycunue 1,07 MM 1
B cTepxHe 75,6 xH, nnuHa crepxHa 2 M, MaTepuan —
crans, E = 2. 10° MIla, cevenue — Kpyr 2,12 MM 2
nuamerpoM 30 MM.
0,1 MM 3
0,615 MM 4
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IIpakxTuuyeckoe 3ansTue 7
Tema 2.4. 'eoMeTpuuyecKkue XapaKTEPUCTUKNA
IJIOCKUX CEeYeHUn

3namo Hopmyabt MOMENTO6 UREPYUYU NPpocmetiuuT cevenutl, cno-
COObL GLIUUCACHUT MOMENTIO8 UHEPUYUU NPU NAPAALEADHOM NEPEHOCE
ocetl.

Yumemb onpedeagmb nosgprbie i 2AAEHBLE YEHMPRAbHDLE MOMERTIbL
UNEPYUL Oad ceuenutll, UMEIOUUT OCh CUMMEMPUU.

MoOMEeHTBI MHEPUMH MTPOCTEMRIINX CEYEeHMI

yl Hpamoyzoavrur u xeadpam (puc. I17.1)
\ \\ QOcesnie:
\\\ bh3
0, Jr — OTHOCHTENBHO OCH ITT Jr = ——;
- I 12
| hb®
x ' Jy — OTHOCHTENBHO OCH Yy Jy = TR
Yy Hoaspuwtit Jp = Ty + Jy-
Puc. 117.1

Kpye u xoavyo (puc. 117.2)

d4
Ocesrie: J; = Jy = e XpyT;

) 64

d

Te=Ty= %Z-(l — ¢*) — xonsuo.
d4

Honspaesnit: Jp = %2— — Kpyr;

Puc. 117.2

roe d — nuaMeTp Kpyra ¥ HapyXHBIA IUaMETD
KOIbUA; dpy — BHYTPEHHHI OUaMETP KONbLa; ¢ = dgy/d.

Momernmbr unepyUU OMHOCUMEALHO TLAPAAAEALHBIT Ocel
{puc. 117.3)
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\\§ w Tz = J:z:o + (12A,
§\\\\§§§§ ) 1::;3 Jr — MOMEHT MHEpINM OTHOCUTEILHO OCH
Jro — MOMEHT MHEPUMM OTHOCHTEILHO OCH
X x ZToZo; A — momans cedeHus; a — paccTosHuE
Puc. 117.3 MEXIy OCAMMU.

PekoMennauuu nng peimneHus 3anayq
pacueTHO-rpadnueckoil paboThi

1. Momenm unepyuu caodcrold duaypsl F64ATEMCT CYMMOT MOMEN-
mos unepyuu wacmet, Ha xomopoie ee pasbusarom. PazbuTs 3anaHHyO
durypy Ha npocTedIuue JacTH, AJId KaXOOi ONpeNe/uTh IJIaBHHE UeH-
TpaJibHEIE MOMEHTHI MHEPIIUY 1IO M3BECTHHIM dopMyiIaMm.

2. MoMeHTEl MHEPIMU BHIPE3OB M OTBEPCTUM MOXKHO TIPENCTaBUTH
OTPMLATEILHEIMHA BENUYNHAMU.

3. 3amaHHBIEe CedyeHUS CIMMETPHUYHE], [VIaBHBIE LHEHTPAJILHLIC OCU
coBNIaaKT C OCAMM CUMMETPHUU COCTABHOIO CEHYEHMA.

4. MoMeHTH! MHEPIUN YACTel, YbM IJIABHEIE LEHTPAJILHBIE OCH HE
COBNIANAIOT C IVIABHLIMM LEHTDAJLHBIMA OCAMM CEYEeHUsS B UEJIOM, Iie-
PECUHMTHIBAIOT € IOMOLIBIO GOPMYJIBl IJIsi MOMEHTOB MHEPLUY OTHOCH-
TENLHO NapaJuieNbHEIX oceil. PaccTosHue Mex Iy napasiesHBIMK OCIMU
OIpPENeNnuThb [0 YEPTEXY.

5. Ilpn BHITONHEHUM 3a0aHUS 2 IIaBHEIE IEHTDPAJLHBEIE MOMEHTHI

KHEPIMH OTAENILHEIX CTAHAAPTHRIX HPOUIIEN ONPENEINTD 10 Tabiumam
['OCT (Ilpnnoxenue 1).

Jlns Ncronb30BAHHEIX B COCTABHBIX CEYEHMIX NOJIOC MOMEHTE! MHED-
UMK OIPENeTUTh M0 U3BECTHOH dopMyne Ois IPIMOYTOIbLHUKA.

PacuerHo-rpagpmueckas paGora

Ieomempuuecxue raparmepucmury nNiAoCKUE cenenutl

3anaaue 1. BEuncnuTh riaBHble HEHTPaJILHBIE MOMEHTHI THEPIIMN
CEUEeBMi, NIpenCTaBIeHHEIX Ha cxemax. [Ipy pacueTax BOCHOJIBL30BATHCS
IaHHBIMY Ta6Gmuiue!, BHIOpaR HeoGXomyMEIe BEITMYUHEL.
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NIRRT

a) 6)

2) d o

ITapamerp

dy, MM |72 |80 188 196 {98 {72 {76 {88 {96 {104
d2, MM |12 |14 |16 |18 {10 |12 {14 {16 {18 { 20
h,mm |72 180 |88 |96 |98 |72 {76 {88 {96 {104
b, MM |36 |42 |48 |54 160 {36 |42 {48 {4 | 60
a, MM 148 |52 156 |60 |58 |48 {48 |56 |60 | 64
hy, MM |16 118 |20 |22 124 [16 {18 |20 |22 { 24
by, MM [32 |36 }40 }44 148 132 136 {40 {44 | 48
hayma |6 |8 1106 |8 {106 |8 |10} 6




316 TIpakTuueckoe sanaTue 7

3apanue 2. BriuuconTh rilaBHHE UEHTPAJIBHEIE MOMEHTHI MHEp-
MU COCTABHBEIX ceyeHmil. IIpu pacyere BOCNONB3OBATHCS NAaHHBIMM Ta-
6aunel, BHIOpaB HeoOXONUMEIE BEJIMYMHEL. | eoMeTpHYecKne XapakTepu-
CTUKM CTaiM ropadexaTtason Buibpats no ['OCT 8239-89 (Banku aBy-
taspossuie) 1 'OCT 8240-89 (1llsensepnr).

| |

II/IIII/ II/IIIIIII/I/IIIA /III/I<

IIIIIIIII/I/I IIIIII/I/I/II
HOLITRRR

LLTLIISL LIS ’II/III/IIIIIIIII‘

k\\‘Q\\\\II\\

7724

/ 227
s/
7/

7.

3
\\

\
mHimes

NS
| W20l 2777 )

I

\

NN MW /
/////////////////////.

e

TlapameTp

1]2]1314]516]7)]8}9]10
Ne mmennepa {10 |12 |14 |16 |18 120 |22 |24 |27 |30
Ne nmeyraspa |10 (12 |14 |16 [18 |20 (22 |24 |27 |30
a, MM 8 |10 |12 114 |16 |8 |10 [12 |14 |16
c, MM 10 |15 |20 125 130 [10 |15 |20 {25 |30

HpI(I 3anumure pa60TI:I OTBETUTH HA BONPOCE! TECTOBOI'O 3aJJaHU4.
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Tema 2.4. 'eomeTpuueckne xapaxkTepHMCTHKU
INTOCKNX CEeYeHU
Bonpocswut OrTBeTn {Kon
1. InaMeTp CIIOUIHOTO BaJsla yBeJIWYMIN B 3 pa3a. B 6 pa3 1
Bo cxonbko pa3 yBenuuuamch rI@BHLIE HEHTPAlbRLIE
MOMEHTH! MHEpIMn? B 3 pasa 2
B 9 pas 3
B 81 pas 4
2. OnpenenuTs OCeBO MOMEHT MHEPLMM OTHOCUTEN- | J, = 4cm? 1
1o ocu Oy, ecmmt Jp = 4 oM.
Jy = 0cem? 2
Jy = 8ent 3
= 16cm? 4
3. Y yeThipex poMOOB OIHA U T2 e INIOWANE. YN a 1
B xakoMm cnydae 3xavenue J; HauMenbinee?
X
y a 2
L X
Y| a
2 3
X
r y
a
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TIpoposnxenue
Bonpocwm OTrTseTnt [Kon
bR wd
4. Bui6pars dopmyny ans onpene/IeHUA OCEBOTO MO~ -ﬁ- a7y 1
MEHTA MHEePLMN RBCETO Cedells OTHOCUTENLHO ero
xd®  b%h
raaBHOl HEeHTpalbHOA ocH . 1 2
@ 120
& md! _ bh? 3
I 64 12
o
b*h  wd! 4
12 64
5. HaltTy rnaBuLil ueHTPANLHLIR MOMEHT MHEDLUN 1137 em® 1
BCEro cevMeHns oTHocuTensHo ocn Oy.
1924 cu* 2
815cm* 3
1602 cm* 4
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IlpakTunueckoe 3ausaTue 8
Tema 2.5. Kpyuyenne. PacueThl Ha
NPOYHOCTH U XKECTKOCTb NPU KPYUEHNHN

3namov Fopmyabt dag pacuema nanpasxcenutdl 6 mouke nonepeunozo
ceuenud Opyca, YCA0BUT NPOUHOCTNU U HCECMKOCTIU NPU KPYUEHUL.

Yuems guinoangms npoexmuposounbie U NPOBEPOUHBIE PACUENbL
Kpyeao20 6pyca O CMAMUYECKU ONPEJEAUMBIT CUCTREM, TPOBOOUMD
NPOBEPKY HA HCECTVKOCTNY.

OcCHOBHBIE IIOJIOXKEHUA PacyeTOoB IIPU KPYUEeHNU
Pacnpedeaenue racameabuble Hanpaicenutt no ceuwenuio

npu kpyuenuu (puc. I18.1)
KacarenbHoe Hanpsxenne B Touke A:

Mypa
TA = ——",
Ip
roe p4 — pPaccTosHue OT Touku A IO LeHTpa
ceveHud. Puc. 118.1

Ycaoeue npourocmu npu KpyueHuu

M 1rd
Tk = -W— [TK] W, = 1 O 2d3 (pr[‘),
3
W, = ﬂ-d (1—— 1) (xonb1o),

My — xpyTsaumit MoMeHT B cevenun, H-Mm, H-mm;
W, — MOMEHT CONPOTUBJEHHUS NIPK KPY4YeHuH, M3, MMS;
[r«] — momyckaemoe manpsuxenne npu xpyuenmu, H/m?, H/Mm?.

IIpoexmuposounblii pacuem, onpedeaenue pa3mepos mno-
nepeuroz0 ceuwenusd

Ceuenne — xpyr: d > ¢ IRk
M,

Ceuenne — konbuo:  d > ¢ m,



320 IIpakTuueckoe 3aHATHE 8

roe d — HapyXHHI OUaMeTp KPYIJIOro CeueHus;
dpy — BHYTDEHHMI DMAMETP KOJILLUEBOLO CEYEHUs; ¢ = dpy/d.

Onpedesernue payuonaALHOZ0 PACNOAOICEHUT KOAEC
Ha eany
Payuonaabhoe pacnoaodcenue Koaec — pacnotodcenle, npu KXomo-
POM MOAKCUMAALHOE IHAUEHUE KPYMAUIEZ0 MOMENTA WA 6GAY — HAU-
MENDULEE UT BOZMOICKLLT.

s sxoHOMHIN METaJI1a CeueHNne 6pyca PEXOMEHNYETCA BHINNOJIHNTD
KOJIBUEBBIM.

Yeaosue dcecmrocmu npu Kpyrenuu
M,
G = 0,4E,
P0=Fr 7 < < [eols

G — monyns ynpyrocty npu casure, H/m?, H/mm?

E — momyne ynpyrocTy npu pacTsaXeHuH, H/M H/ MM2.

[o] — momyckaemetit yron saxpyumsanus, [po] = 0,5+1 rpan/m;
Jp — TONAPHBIA MOMEHT WHEPLUM B CEYEHMM, M, MM".

IIpoexmuposounbili pacuem, onpedeseHue HAPYICHOZ0
duamempa cevenusd

My wdt 4 1327,
2 —_— —_—— R R ; 2 —_—
Tp Glool Tp = 33 0,1d* (xpyr); d =

_ wd? 4 . N ——32Jp
Jp =55 (1~ ¢") (wommo);  d> /-

PexoMennauum no BBITOJIHEHUIO
pacueTHO-rpadpuueckoil paboTsl

1. ITocTpouTs 3mI0py KPpYTALLIMX MOMEHTOB IO IIJIUHE BaJIa AJ1A IIpen-
JIOXKEHHO! B 3a0aHUY CXEMEL.

2. Buifparh paioHaJIbHOE PACTIONIOXKEHE KOjieC Ha Baly M JAJlb-
HelIlKe pacyeThl MPOBOONTE IJI BaJIa C PALMOHAIBHO PACTIONOXKEHHEIMIU
LIKWBaMU.

3. Onpenenurs noTpebHbBIe OUAMETPHL Baa KPYILIOro CedeHUs n3
pacyeTa Ha NPOYHOCTH U JKECTKOCThL M BHIGpaTh Hanboibliee U3 MOJY-
YEeHHBIX 3HaYEeHUN, OKPYIVINB BEJIMYMHY ANaMeTpa.



IIpaxTuyeckoe 3ausTHe 8 321

4. CpaBHUTH 3aTpPaThl MeTaJjna OJif ClIydas KPYTJoro M KOIbLEBO-
ro cedenmit. CpaBHeHne IPOBECTH MO IVIOLIANAM IONEPEUHBIX CeYeHUH
BAJIOB.

TInowany Basios paccuuTaTh B Hanbosee HArPYKEHHOM CEYEHHN (110
MaKCHMAaJIbHOMY KDyTsIUEMy MOMEHTy Ha sIuope Momentos). (IIpumep
peulesus B jexunu 28.)

PacueTHo-rpadmnueckas pabora

Ins cTanbpHOrO Bala KPYIIOro MOMEPEYHOrO CEYEHMs OIpelNeNdTh
3HAYEHMS BHEIIHNX MOMEHTOB, COOTBETCTBYIOUMX EPEAABAEMEIM MOLLI-
HOCTSM, ¥ YPABHOBEILLIEHHLII MOMEHT.

HocTpouTs 3n10py KPYTALUIMX MOMEHTOB IO [JIMHE BAIIA.

PaumoHa bHBIM PACIONOKEHMEM [IKUBOB Ha Bally NOCUTHCS yMEHb-
IIEHUA 3HAYEHNST MAKCHIMAIBLHONO KPYTAIIIEr0o MOMEHTA Ha BaJLy.

IMocTpouTs 3MIOPY KPYTALIMUX MOMEHTOB AJIA 3TOCO CIIy4asl.

Hansueimme pacueTs BECTH TS BAJla C PAIIMOHAILHBIM PaCTONo-
EHHEM IIKUBOB.

OnpenesnuTs OAUaMeTPHl BaJia MO CEUEHMAM M3 DACYETOB Ha, MPOY-
HOCTBb M XXKeCTKOCTb. IlonmyueHnstit 60nplUNN pe3ynbTaT OKPYIVIUTE IO
Onualiniero YeTHOrO MJIM OKAaHYMBAIOILIErOCs Ha 5 4HICHa.

IIpn pacyere MCHONBL30BATHL CJELYIOLLIME AAHHBLIE: BaJl BPALIAETCS
C yraosoil ckopocThio 25 pan/c; MaTepuas Bajla — CTallb, HOMYCKa-
eMoe Hanpsxenue kpydenus 30 MIla, Monyne ynpyrocTe npu cosure
8 - 10* MIla; nonmyckaemsit yron 3akpyuusanus [po] = 0,02 pax/wm.

IIpoBecTn pacuer s Bajia KOIBLEBOTO ceueHUst, npuHas ¢ = 0,9.
CrenaTh BHBOOKL O LENECOOGPA3HOCTH BBIIOIHEHUS BaJla KPYIVIOTO UIN
KOJILLEBOTO CE4YEeHNs, CPABHUB IIJIOLIALN NIONEPEYHBIX CeYeHU.

Bapuant

ITapamerp
11213456 7]8]|9]10
a=b=c,M (1111213114 15116|1,7118 119120
Py, xBt 2,1 12,2123 (24125 (2,6 2,7 (2,8 (29 (3,0
P, xBr 2,6 12,7 12,8 12,9 13,0 13,1 |3,2 {3,3 (34 3,5
P;, xBt 3,1 13,213,334 13,5]3,6 |37 3,8 |3,9 |4,0
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71 A A A
| a‘a b‘( ¢ a b cm
o = | 4
M My M KM EMs My ¥My, Mo
a 6
A A
A [ | [
A A v A A
My My ¥pe M M; M M & My
¢) 2
7 Ve /1
‘4 a bz (5 a b c
7 b
My, M. M }M, M, JM; /Ml
9 ¢

Hpﬂ 3anmTre pa60'rm OTBETUTH Ha BOIMPOCH! TECTOBOTO 3allaHNs.

Tema 2.5. Kpyuenue

He NpuBeneH

Bonpocwm Orserwn |Kon
1. Boibpars amopy, COOTBETCTBYIOILYIO 3a1aHUIO. 1
ROm &% ;
=0 iyt
400 H%ajle%ywOH~nE%mH%j
AL200 mnmu%$ JARTELAETRRLAL My
e > B 3
b TITIIT —X
o L ] l (v
1200
300
)| R e Bepnuit orser | 4
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[Iponosnxeune
Bonmnpocat OreerTwn (Kon
2. B xakoM nopsinke paunoHallbliee PacloyIOXRUTh Ma; M1; M3; Mo 1
LIKKUBBI, YTOGB! HOJIyUUTh MHHIMAJbHYIO HArPy3Ky
na Ban? (CM. cxemy k Bompocy 1.) my; ma; Mma; Mo 2
mg; My; Mo; M3 3
mas; My Mo; M2 4
3. Yxa3aTL pasMCeplOCTDL BCJAMUMILI B 3I&MCHATCIC MIa 1
M,
Tmax = 7357 -
W,
o
MM*© 2
w3 3
H-Mm 4
4. Onpenenuts anameTp Gpyca 13 y /10BUs IPOYHOCTH, 48 Mt 1
€CNi MAKCUMAJILHBI KpyTsitinit MomenT 1300 Hom,
LollycKaeMoe Halpsikedue mMaTepuada (7] = 50 MIla. 51 MM 2
5,1 MM 3
72MM 4
5. Kak M3MeHUTCS yroa 3akpydnBanus Bana, eciu ¥YBennunrcs 1
KPYTAUWA MOMEHT yBeMUYMTCH B 2 pa3a, a AMaMeTp B 4 paza
yeemuauTes B 4 paza?
Yeenuuures 2
B 256 pa3s
Y MeHbIIUTCS 3
B 256 pa3
YmMeubmnTes 4
B 128 pas
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IIpakTuueckoe 3ansatue 9
Tema 2.6. PacueTs! Ha IpOYHOCTH npu u3rube

3namb pacnpedeaenue HOPMAALHBIT HANDANCEHUT NPU YUCTOM U3-
aube, pacuemmubvie Gopmyabl.

Ymemb cmpoumnb 3N10PbL NOMEPEURBIT CUA U UI2UCAOUUT MOMEH-
M08, GbLINOAHRAMDL TMPOEKMUPOBOUHBIE U NPOBEPOUNbIE DACUEMDbL HA
NPOYHOCTL, 6bIOUPAMDL PAYUOHALbHbIE POPMbL NONEPEUNBIT ceuenul.

OcHOBHEIE ITOJIOXKE€HUS U pacueTHhIe HOPMYIIbI
npu u3rube

Pacnpedesenue HopMAIbHBIT U KACAMEALHBIE Hanpaxcenul npu uszube

G, T
707 My
~ é///' 1 Ou = jg; s
1,5
/ ? Tmax = __Q’
f A
Puc. I19.1 roe M, — wsrubaromMit MOMEHT B cede-

Huu; () — ronepednas CHIIa B CEYEHUM; Y — PACCTOSHHUE O HeHTpanb-
HoTO cios; J; — oceBoit MOMeHT uHepuun ceyenus (puc. 119.1);
N
W, = ,

ymax

W, — 0CceBoll MOMEHT CONPOTUBJIEHUs CeYEHMT; A — III0IIALb CeYEeHUSL.
Ycaosue npounocmu npu usaube

M,
o = A < [oul,
x

rze [oy] — momyckaemoe HampsKeHHe.
3naxu uzzubarowyur momenmos u nonepeunsic cua (puc. 119.2)

@ My 1F @

Muw | le

Puc. 119.2
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pra)KHeHKH nopu noaAroToBKE K CaMOCTOATEIJILHON

pabore
Fy=22xH g = 4kH/m
Fir=12xH ¥
A
4m Im N 4m Sm
a) . 2)
m=12xkH-™ Fi=15xH F,= 15xH
2
5m R SMm *—,.: oM 6 M <~__E
6) 9)
g= 4xH/m Fa=16xH } g =2xH/M
AR AR AR AR Fi=8kH -
b 1 \ 13
10m ™ 6m 4m M
g F; = 8 xH
o Puc. I19.3 ¢
™~
3M Im 2M 4™
16 kH
12kH
Ontopa
T
8 kH 4xH
12KH 7 aniopa
n
IUJJ24 H - 12kH-M
K 52kH-M 20KH- M 36 kH-M
Puc. [719.4

1. Acnonb3ys mpaBuiia MOCTPOEHMS 3MIOP MONEPEYHBIX CHI ¥ M3-
rubajonmx MOMeHTOB ¥ nutdepeHnuanbabie 32BUCUMOCTH MEXIY HH-
TEHCUBHOCTLIO HArpy3KHU, IONEPEYHOR CUIION N M3rubaronmM MOMEHTOM,
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TIIOCTPONTDL 3MIOPH M3rnbarouinX MOMEHTOB IJia m300pakeHHBIX 6asiok
(puc. 119.3). Pexomennanuu B nekuumax 30 u 31.
Ilns xaxnoro ciy4vas OnpenejuTh MaKCUMAalbHEE 3HAYEHUS MOMEHTOB.
2. Tlo npuBeneHHBIM 3IIOPaM IONEPEYHON CUIILL ¥ N3rUGAIOIEro Mo-
MEHTa BOCCTAHOBUTH Harpysku Ha Ganke (puc. I19.4).
3. TToBTOPUTE OCHOBHEIE TIOJIOXEHUA [IPU PacyeTe Ha u3rud.

PacueTHo-rpapuueckas pabora

3ananue 1. Ing ogHoOmopHO# 6ajKM, HArDYKEHHOH COCPENOTO-
YEHHBIMY CAJIAMH ¥ NAPOH CHJI C MOMEHTOM M, [OCTPOUTH JIIOPH! IIoNe-
PEUHEBIX CIII U M3rubatonwx MoMeHToB. Haitru mMakcumanbHblil naruba-
IOILIMIT MOMEHT U U3 yCJIOBUS IPOYHOCTH NonoOpaTh MOepeyHoe ceueHue
nis 6anku B BUOE OByTaBpa M IPIMOYTOJIBLHUKa C COOTHOLIEHUEM CTO-
pon h = 2b. Marepuan — crajs, gonyckaemoe Hanpsxenue 160 Mlla.
Paccuurars wiomanm nonepeyHsIx CeYeHri U CHenaTsh BLBOL O LENeCo-

06pa3HOCTH HPUMEHEHUS CEYEHU .
IIprMmep pacuera B nexknun 30.

LY T LG
1 N z
3( 2a 2a a 2a a
<« « -
a 6
R F, LAY F LS
, L
1, a > 2a 2a 2a 2a a
A <__‘
6) 2)
LN B ™R F
) ¥ '
a 2a a 2a 2a
< (__I
9) e)
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BapuanTt
Iapamerp

1121371415 6 718 9 |10
Fi,xH [10 12 {14 |16 |18 | 10 |22 |24 | 26 |28
Fo,xH (4,448 |78 |84 |12 {128 )17 |18 |22,8 |24

mxkH-m| 8 |7 [6 |5 |4 8 716 5 4

a, M 0,210,2 (0,3 {03 0,404 {0,5(05]06 (0,6

3ananue 2. I[ns nsyxonopHon 6aiky, Har py»XE€HHON COCPENOTOYEH-
HEIMH CHJIAMM U Mapod CHIT ¢ MOMEHTOM, ONpenesI¥Th peaxluyuy B Ono-
pax. HaitT MakcuManbHEIA H3rubaioiunii MOMEHT M, MCIONL3yd YCiIo-
BHM€ NPOYHOCTH, NMomobpaTk HeobOXoAuMBIE pa3Mephl NONEPEYHLIX ceye-
Huit. Martepuan — crans, nonyckaeMoe Hanpsskenue usruba 160 Mlla.
Ceuenye — wBesIep.

IIpumep pacuera B nexuuu 30.

F,

‘LS

m
F, Fa >

F,
N
’"@" a 2a 2a a ’?ﬁ"’ "’%’ a 2 2a a%"
a) 6)
-,-n) Fll F F Fll ﬁm
v
’"@a a L 2a 2a ]ﬁ"’ "'&' a 2a L 2a a ’8’"’
6—4
8) 2)
£ T’ F <r_n F) A
A
”'t” 2a 2a a . @W "’@_a a ., 2a e 2a j”'
P C>

0 ¢
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Bapuant
IMapamerp

1{2(13}|4]65 6 718 9 |10
Fi,xH |10 {11 |12 |13 j14 | 15 |16 (17 | 18 |19
F,xH (44 |48 {78 |84 |12 12,8 |17 |18 22,8 |24
m,kHMm [3 [4 |5 [6 |7 7 6 |5 4 3

a, M 0,2 {0,2 40,3103 {04104 10,5 10,5106 10,6

3ananue 3. lns uzobpaxkeHHBIX GalloOK MOCTPOUTH SIIOPH TO-
epevyHLIX cuil U u3rubaronmx mMoMmenTop. Cevenue Gajlok — CIOBOEH-
HbIl nByTaBp. MaTepuasl — cramnb, HOIyCKaeMoe Hampsbkenue uiruba
160 MIla. IIposepnts npounocTs 6amok. B ciaydae, eciu IPOYHOCTH He
obecneuena, nonobpaTh cevyeHue GONBLUIETO Pa3MEpa.

B BapuanTtax 1-5 ucnone3osan asyrasp Ne 20.

B Bapuantax 6-10 — nsyTasp Ne 30.

Hpumep pacuera B sekumnu 31.

LT Mfmi\ ,mfww

)

a) 6)
F n n
N g |F
s ww <
ap% c ”ﬁ’” b a b L c /ém
8) 2)

m

q F = S q
AR | mRan
&W a’,@;” [ ¢ Ié’”

9 ¢

a b c
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Bapnaut
ITapameTp
1 2 3| 4 ) 6| 718 9 110
m,xH™M |15 |17 |19 (20 121 {23 |24 |25 |26 |28
F, xkH 60 |65 |70 |75 [80 [85 [90 [95 1100 [105
¢, kH/M [ 4 [ 5 |G 718 9 |10 [1L [ 12 [ 13
a, M 0,5 10,6 10,8 10,9 1 11,110910,6 10,8
b, M 15 (1,6 11,8 |1,9 | 2 1 12,312,112,5 }23
c, M 16 (1,7 311,9 | 2 (2,1 1,8 [2,7 12,5 (2,6 |24
$opma nonepeyroro ceuenus
ITpu 3ammTe paboTHl OTBETUTDL HA BOMTPOCH! TCCTOBOTO 3a03HMS.
Tema 2.6. U3ru6. Pacyern Ha npoYHOCTDH
Bonpocnt OTsBerTht Kon
1. OnpenennTs yyacTox 6pyca, Ha KOTO- 1 1
POM BO3HUKAET YMCTHI H3arub.
g=2xH/m 1 Fy=30kH I 2
-
AL L 111 3
4
L u Ll >~ Yucruiit usrub 4
Fy=12xH ™~ HE BOIHHKAET
q(z - 2)°
2. BeiGpaTs BhIpaxeHue s usrnbatome- | Raz — Fi(z — 2) + — 1
ro MOMeHTa B JIOGOM ceyeHUr Ha yuactke I1.
o2
y | 1 [yl RAZ—FI(Z—'2)“£1—(Z—2—2‘)“ 2
ARA F (¥ N 4 ARs
2
4 D B Rpz— L —m 3
é’m z 2
2M 3m 3m ] 2
Rpz— L+ M 4
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Ilponosxenne
Bonpochsr OreerTnol | Kon
3. N3eecTHo, uTo B cedennn Gpyca HolepevHas cujla 23,8 MIla 1
Q@ = 20xH, a marnbalommit moment M, = 120 xH-mM.
OnpenenyuTh MakcUMAILHOE HallpskeHue H3inba 16,2 MIla 2
B 5ToM ceyenun. Cevuenne 6pyca — nyTasp Ne 45.
97,5 MIla 3
142,2 MIla 4
4. B xakonm w3 BapuaTon ceucHuit 6alika BLICPXKUT A 1
66bIyIO HArpy 3Ky ?
A b 2
.v
F i — B 3
!
Nl N l6 r 4
5. [Ipu 1ucrom nm3rnbe B Touke A 1ouepeyunoro 48 Mlla 1
cevenns BO3HUKIIO HOpManbiioe Hapisukeune 48 Mlla.
YeMy paBno HOpMAalILHOE HAIPSDKEHMe B Touke [37 40 MIIa 2
24MIa 3
32MIla 4
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IIpakTuueckoe 3austue 10
Tema 2.7. PacueT Gpyca KpyrJyioro rnonepedsoro
CeYeHUs NPU COYETAaHUU OCHOBHEIX gedopmanui

Ymemsb paccuumams 6pYc Kpya4020 NONEPEUN020 CEUENUT HA NPOY-
HOCTMb NPU CONEMANUY OCHOSHLIT dedopmayuil.

OcHOBHEIE TNIOJIOXKEHNS U pacyeTHLIE (HPOPMYJILI

Teomempuneckue ZapaKmepucmuxky Kpy2a u Koabya

Kpyr (puc. 1110.1) Koasuo (puc. 1110.2)

Puc. 1110.1 Puc. 1110.2
nd* wd?
jl‘:‘jy:_ﬁz. jz.:jyzﬁ-(l_c‘l)'

MoMeHTE! conpoTuBIeHn:

3
KpyT: We=W, = % ~ 0,1d%

nd? 4 3 4
konmpno: Wy =W, = 5(1 - ') = 0,1d°(1 — ¢*);

Hnomann cevenmnii:
d2
Kpyr: A= W—4—; Kosblo: A = %(d2 —d2).

Ycaosue npounocmu npu cosmecmuon deticmeuy uz2uba u Kpyuenud:

Osxp = 'A—{LKB‘ < [U]
Wy
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OKBHUBAJIEHTHLIE MOMEHTEHI:
IpU pacyeTe IO TUIoTe3e MAKCUMAJILHLEIX KAcATeJIbHLIX Halps-

SKEHNH:
Mows 111 = vV M2+ M2;

— @IpH pacyeTe NO 3HepreTUYeckol runorese HoOpMON3IMEHEHUS:

My v = VMZ+0, T5MZ.

Yupaxsenue. B omacHoM ceuenum Bana OedcTBYIOT n3rubato-
ume MoMeHTHl M; = 40kH-M u M, = 50xH-M u xpyTsumit MomeHnT
My, = 100xkH-M. MaTepunan Bajia — CTailb, OOIyCKAEMOC HAIpsKeHHe
[¢]=100MIla. Onpenennts noTpeGHEE pa3Meph! Balla KPYITIOTO ¥ KOb-
uesoro ceuenus npu ¢ =0,6. Pacuer nposecTu 110 Teopun MaxCUMAILHBIX
KACaTeJIbHBIX HAIIPSKEHUI.

Hopadox pacuema:
1. OnpeneanTs CyMMApPHBIA U3ruGAOILIMIT MOMEHT B CEYEHUM.
2. OnpenenuTh SKBUBAJIEHTHBII MOMEHT B CEYEHUU.

3. I3 ycnoBust IpOYHOCTY ONPENENNTh MOTPebHBI MOMEHT COMpOo-
THBJIEHMS C CEUEHMS. '

4. Onpenenurs NoTpebHLI NUaMeTp BaJjla KPYIJIOro CeYeHMs.

5. Onpegenuts NOTpeGHBIC BHELIHMA M BHYTDPEHHMM IUAMETPLI
KOJIbIEBOIr'O CeYeHU .

6. CpaBHUTE OJIyYEHHBIE PE3YJILTATHL IO IOJLYYEHHBIM [LIOLAISIM
MONEPEYHBIX CEUCHMI.

PacuerHno-rpapuueckas paGora

Il51s IpOMEKy TOUHOrO BaJla pedyKTopa, NePeJalolero MOIHOCT P
P YIJIOBOH CKOPOCTH W, ONPENENUTh BEPTUKAJBHYIO ¥ OPU3OHTANL-
HYIO COCTaBJISIOLIME PeaKuil MONIINIHAKOB, TTIOCTPOUTD SMIOPEL KPYTH-
ILEr0 MOMEHTa U M3rMGAIOIMX MOMEHTOB B BEPTUKAJILHON M TOPHM30H-
TaJIbHOM IIockocTax. ONpenesuTs IMaMeTPHI Basa MO CeYeHNsM, IpU-
usB [o] = 60MIla un nonaras F, = 0,364F;. Pacuer mpousBectu mo
TUNOTE3e MAKCUMAJIBHEIX KACATENIbHEIX HalpSKeHMIt.
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Bapuant

Iapamerp
' 1 ]2]13)]4]54{6]17}8}9]1
P,xBr |40 {38 [36 |34 |32 {30 |28 |26 {24 |22
w,panfc | 70 {65 |62 |58 |54 |50 |46 } 42 |38 |34
a,Mm. |60 |70 {80 |90 [100 {60 |70 {80 {90 |100
di,MM |60 |70 [80 |90 }100 {110 {120 [130 [140 [150
dz, mm {250 (240 {230 {220 {210 {200 {190 {180 (170 {160
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Y k a3 aHuue OQOKpyXHYIO CHIY OIPEIeNuTDb I0 HopMyIe

2
E = ———-M, rae M = B
d w
Ipumep pewenus B nekuuu 35 (Ilpumep 2).

HpH 3aumTe pa60Tm OTBETUTHL HA BONIPOCHI TCCTOBOTO 3a03HUA.

Tema 2.7. CoueTaHue OCHOBHBIX medopManuii.
T'unore3nr npoyHOCTHU

Bonpocwn Orsern |(Kon
1. Cpenu npuBefeHHBIX CXeM BLIGPATD IJIOCKOe Ha- 1 1
IpsAXXKEHHOE COCTORHNE.
2 2
G2 (93
Sy iy (19 6. B ’
— (—- o~
a3 T3 o5}
4 /" / . .
1 2 3 4
2. Ilna 3agaHHOro HanpsXXEeHHOIo COCTOSBMUA BBIYMC- 120 1
JIWTH SKBUBAJIEHTHOE HAalpsLKeHMe, UCTIONb3Y s
TUIOTe3y HaubOILUINX KACATENLHLIX HAIIPSKEHMI. 104 2
3 165 3
200 4
3. Buibpats ¢opmyily mis pacyeTa 3KBUBAJIEHTHOTO VME+ M 1
MOMeHTa IO runorese 3Heprunt GopMou3MeHeHN .
VMZ ¥ M2 2
VM2 +0,75M2 3
M, + My 4
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MMpononxenue
Bonpocwm OrseTn |Kon
4. Ha npuRenieHHOM cXeme Ralla BHIGPATH YUYACTOK, 1 yuacTok 1
roe NeACTBYeT KPy TSNl MOMEHT.
Fr 2 y4yacTok 2
F
Fi F, T 1=
iy o nhy
3 yuacTox 3
ARY RaY v [\ e
1yy. 2yy. 3 yu. Takoro yyacTka 4
Ha CXeMe HeT
5. Ilo cxeMe HarpyxeHus BaJja ONPENENUTH 20,5 MM 1
HeoOXOOMMBI INaMeTP B ONAaCHOM CEYEHUH.
Ionyckaemoe nanpsixenve npu uarnbe 120 H/mm?. 25 MM 2
Pacuer npopecTs no runorese MakCHMaJIbHBIX
KaCATe/IbHBIX HalpPsXKeHUH. 28,5 MM 3
)FI. R A H ﬂ Rﬂ
N\m 4 m B
N 160 H-w
102H - M m—m’
/ Jmopa
UL M,
32,5 mMm 4
400 H ™ ’
Jmiopa
My
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IMPAJIO2KEHUWE Ne 1
Crane ropsayekatanas. IIBEJIJTEPBI (o 'OCT 8240-89)

O6o3Ha4eHNs:

h — BrIcOTa LIBENNEpa; b — wMpUHa wBeuepa; d —
TOJILUMHA CTEHKW;  — CpenHAs TOJILMHA MoNKu; A —
IIoLIaAbL WIBeIepa; J — MOMeHT uHepumyu;, W —
MOMEHT CONPOTHMBJIEHMA; ¢ — paguyc MHeprmu; S —
CTATUYECKUN MOMEHT NOJyCEUYEeHUs; 2) — PaCCTOSHUE
OT OCH Y 10 HAPY>XHOU I'PAHU CTEHKU

Tabmna 1

Ne PasMepm, MM A7 57:1:7 W:L‘y z.Ly SI, Jyy Wya iy7 20,
npo- com? | em oM®
dunal h | b | d t

CM | CM CM CM CcM

5 |50 [32 [4,4]|7,0 6,16 | 22,8 |9,1 (1,92 |5,59 |5,61 [2,75 10,954 1,16
6,5 |65 |36 [4,4 |72 |7.51 | 48,6 15,0 |2,54 |9,00 |8,70 |3,68 | 1,08 |1,24
8 |80 |40 [45|7.4 (898894 [224 3,16 (13,3 [12,8 |4,75 [ 1,19 [1,31
10 |100 |46 {45 7.6 10,9 | 174 34,8 |3,99 |20,4 |20.4 |6,46 | 1,37 |1,44
12 [120 |52 |4,8 [ 7,8 [13,3 | 304 |[50,6 |4,78 |29,6 (31,2 |8,52 | 1,53 1,54
14 {140 |58 4,9 8,1 [15,6 | 491 70,2 |5,60 |40,8 [45,4 11,0 | 1,70 |1,68
16 [160 |64 |5 [8,4 |18,1| 747 |93, [6,42 |54,1 |63,6 13,8 | 1,87 |1,80
18 |180 | 70 16,1 8,7 [20,7 | 1000 |121 |7.24 69,8 | 86 | 17 | 2,04 |1,94
20 (200 {80 {5.219,0 |23,4 | 1520 }152 8,07 |87,8 113 20,5 | 2,20 {2,07
22 |220 (82 [5,4 9,5 [26,7 | 2110 |192 8,89 | 110 [151 |25,1 | 2,37 (2,21
24 240 [ 90 |5,6 |10,0 |30,6 | 2900 |242 (9,73 | 139 |208 |31,6 | 2,60 |2,42
27 270 | 95 6,0 |10,5 |35,2 | 4160 |308 [10,9 | 178 |262 |37,3 | 2,73 |2,47
30 300 [100 [6,5 |11,0 |40,5 | 5810 |387 (12,0 | 224 |327 |43,6 | 2,84 |2,52
33 1330 {105 |7,0 |11,7 |46,5 | 7980 |484 {13,1 {281 |410 {51,8 | 2,97 |2,59
36 (360 [110 |7,5 |12,6 |53,4 |10820 | 601 |14,2 | 350 |513 |61,7 | 3,10 |2,68
40 400 [115 [8,0 |13,5 |61,5 |15220 | 761 |15,7 | 444 |642 |73,4 | 3,23 |2,75

Cranb ropsas4yexKaTaHas.

BAJIKA IBYTABPOBBIE (mo I'OCT 8239-89)
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O6o3HaueHn:

h — BrIcoTa 6anku; b — mmpnHa 6anku; d — ToILIU-
Ha CTeHKM; [ — CpemHssd ToILUHA Mojiku; A — mio-
manbL ceuenus; J — MomenT naepumyn; W — MOMeHT
COIPOTHUBIEHN; i — PAOUYC MHEpIUH; S — cTaTmde-
CKMI MOMEHT IIOJIyCedeHus

Ta6auua 2

Ne Pa3zmeprr, MM

A7 ‘717 WI" iz? SI? \-71[7 Wy! i:l]’

em? | em? |em® [em fem® [ em? |em® | em

duns| h

d

t

10 |100
12 [120
14 [140
16 |160
18 1180
20 |200
22 1220
24 (240
27 (270
30 300
33 {330
36 (360
40 1400
45 |450
50 |500
55 550
60 [600

100
110
115
125
135
140
145
155
160
170
180
190

4,5
4,8
4,9

7,2
7.3
7,5
7.8
8,1
8,4
8,7
95
9,8
10,2
11,2
12,3
13,0
14,2
15,2
16,5
17,8

12,0 | 198 |39,7 4,06 23,0 |17,9 |6,49 [1,22
14,7 | 350 |[58,4 [4,88 [33,7 [27,9 {8,72 |1,38
17,4 | 572 |81,7 [5,73 |46,8 |41,9 {11,5 [1,55
20,2 | 873 | 109 |6,57 |62,3 |58,6 |14,5 [1,70
23,4 | 1200 | 143 {742 |81,4 |82,6 |18,4 |1,88
26,8 | 1840 | 184 (8,28 | 104 | 115 23,1 |2,07
30,6 | 2550 {232 (9,13 [ 131 | 157 |28,6 |2,27
34,8 | 3460 |289 9,97 | 163 | 198 |34,5 (2,37
40,2 | 5010 | 371 |11,2 | 210 | 260 |41,5 |2,54
46,5 | 7080 | 472 |12,3 | 268 | 337 1499 |2,69
53,8 | 9840 {597 (13,5 | 339 | 419 [59,9 2,79
61,9 [13380 | 743 |14,7 | 423 | 516 |71,1 [2,89
72,6 |19062 | 953 16,2 | 545 | 667 |86,1 (3,03
84,7 |27696 |1231 |18,1 | 708 | 808 | 101 3,09
100 |39727 {1589 {19,9 | 919 |1043 {123 |3,23
118 {55962 2035 [21,8 {1181 [1356 | 151 |3,39
138 |76806 |2560 (23,6 1491 {1725 {182 (3,54

Crann InIpoOoKaTHadA yrJjioBasg paBHOIIOJIOYHAA

D

N2
b,

Za

(mo 'OCT 8509-86)

O6o3HaueHU:

b — mmpuna nonku; d — ToNLIMHA, TTONKY; J —
MOMEHT WMHepLMW; ¢ — paguyc uHepumy; W —
MOMEHT CONPOTMBJICHHUSI; 2y — DACCTOsSIHHUE O1
LEHTPA TSDKECTH OO HADYXHOH TDaHM IIOJIKH
A — nnomans yroika



Tabs

Pasmepst, MM CupaBo4Hble BeJMYMHE 1714 oceit
Homep A, T—z To — To Y0 — Yo
yronka | b d cm?
-7:::, Wzv iz: j:r:()max, ix()maxy JyOmin, WyOmin, iy()miny
cem? |em? | em cm? cm? cm? M3 cM
2 20 3 1,13 | 0,40 [0,28 {0,59 | 0,63 0,75 0,17 0,20 0,39
4 1,46 { 0,50 10,37 10,58 | 0,78 0,73 0,22 0,24 0,38
2,5 |25 3 1,43 { 0,81 0,46 |0,75 | 1,29 0,95 0,34 0,33 0,49
4 1,86 | 1,03 10,59 {0,74 | 1,62 0,93 0,44 0,41 0,48
2,8 |28 3 1,62 1,16 (0,58 {0,85 | 1,84 1,07 0,48 0,42 0,55
3,0 30 3 1,74 | 1,45 0,67 {0,91 | 2,30 1,15 0,60 0,53 0,59
4 2,27 | 1,84 {0,37 10,80 | 2,92 1,13 0,77 0,61 0,58
32 |32 3 1,86 | 1,77 10,77 {0,97 | 280 1,23 0,74 0,59 0,63
4 2,43 | 2,26 |1,00 10,96 3,58 1,21 0,94 0,71 0,62
3,5 |35 3 2,04 12,35 10,93 1,07 | 3,72 1,35 0,97 0,71 0,69
4 2,17 | 3,01 {1,21 (1,06 | 4,76 1,33 1,25 0,88 0,68
35 135 5 3,28 | 3,61 |1,47 |]1,05| 5,71 1,32 1,52 1,02 0,68
4,0 (40 3 2,35 | 3,65 |1,22 |]1,23 | 5,63 1,55 1,47 0,95 0,79
4 3,08 | 4,58 |1,60 {1,22 | 7,26 1,53 1,90 1,19 0,78
5 3,79 15,53 (1,95 (1,21 | 8,75 1,52 2,30 1,39 0,78
45 45 3 2,65 15,13 |1,56 |1,39 8,13 1,75 2,12 1,24 0,89
4 3,48 | 6,63 |2,04 |1,38 | 10,52 1,74 2,74 1,54 0,89
5 4,29 | 8,03 |2,51 [1,37 | 12,74 1,72 3,33 1,81 0,88
50 |50 3 2,96 | 7,11 1,94 {1,565 | 11,27 1,95 2,95 1,57 1,00
4 3,89 19,21 2,54 {1,564 | 14,63 1,94 3,80 1,95 0,99
5 4,80 (11,20 |3,13 |1,63 | 17,77 1,92 4,63 2,30 0,98
6 5,69 13,07 3,69 |1,52 | 20,72 1,91 5,43 2,63 0,98
5,6 |56 4 4,38 13,10 {3,21 |1,73 § 20,79 2,18 5,41 2,52 1,11
ITpononxenue Tabs
Paamepnr, MM CupaBoyHble BeIMUAHLI 4719 OCei
Homep A, rT—-z Tp — To Yo — Yo
yronka | b d cm?
jz’ W:n i:z: J:J:O max 7:::0 max ij mins WyO min» iyO miny
em? Jem? Jem | em? cm? oMt oM cM

5 5,41 115,97 |1 3,96 11,72 | 25,36 2,16 6,59 2,97 1,10
6,0 [60 4 4,72 116,21 | 3,70 {1,85 | 25,69 2,33 6,72 2,93 1,19
5 5,83 119,79 | 4,56 1,84 | 31,40 2,32 8,18 3,49 1,18
6 6,92 123,21 1540 {1,831 36,81 2,31 9,60 3,99 1,18
8 9,40 129,55 { 7,00 11,81 | 46,77 2,27 12,34 4,90 1,17
10 11,08 135,32 | 8,52 [1,79 | 55,64 2,24 15,00 5,70 1,16
6,3 |63 4 4,69 18,86 | 4,09 11,95 | 29,00 2,45 7,81 3,26 1,25
5 6,13 123,10 | 5,05 |1,94 | 36,80 2,44 9,52 3,87 1,25
6 728 [27.06 | 5,98 1,93 | 42,91 | 2,43 | 11,18 | 444 | 1,24
7,0 70 4.5 6,20 129,04 | 5,67 |2,16 | 46,03 2,72 12,04 4,53 1,39
v cae 12104 teor o1 | tn e~ 5 70 12 90 A 09 1 20




Oxonvanue tabmn. 3

Pasmepnt Cnpapounnle BeIMYHHB! OJ11 OCEH
Ho-
mep A, T—z Tg — T Yo ~ Yo
yron- | b [ d cm? 29,
Ka \7:1:, W:ca iz JzO maxs iz‘O max; ij min, WyO min, iyO min» CM2
cemd em? lem oM oM em? oM oM
8 (12,30 | 73,36 |12,80 |2,44 | 116,39 3,08 30,32 9,44 1,57 | 2,27
9,0 {19 | 6 (10,61 | 82,10 | 12,49 [2,78 | 130,00 3,50 33,97 9,88 1,79 | 2,43
10 100 10 | 19,24 | 178,95 | 24,97 [3,05 | 283,83 3,84 74,08 18,51 1,96 2,83
16 | 29,68 |263,82 38,04 }2,98 | 416,04 3,74 111,61 25,79 1,94 | 3,06
11 {110 | 8 17,20 | 198,17 | 24,77 |3,39 | 314,51 4,28 81,83 19,29 2,18 3,00
12,5 11251 12 | 28,89 422,23 | 47,06 3,82 { 670,02 4,82 17443 | 34,94 2,46 1 3,53
14 | 33,37 |481,76 | 54,17 13,80 | 763,90 4,78 199,62 | 39,10 2,45 | 3,61
16 | 37,77 | 538,56 | 61,09 }3,78 | 852,84 4,75 224,29 | 43,10 2,44 | 368
14 1140 | 10 | 27,33 | 512,29 } 50,32 4,33 | 813,62 546 210,96 } 39,05 2,78 }3,82
12 32,49 |602,49 | 59,66 |4,31 | 956,98 5,43 248,01 | 44,97 2,76 | 3,90
15 150 ] 15 | 43,08 | 908,38 | 84,66 14,59 |1442.60 | 5,79 | 374,17 | 61,96 2,95 }4,27
16 160 | 10 | 31,43 | 774,24 | 66,19 |4,96 [1229,10 | 6,25 319,38 | 52,52 3,19 | 4,30
16 | 49,07 |1175,19 {102,64 4,89 |1865,73 | 6,17 |484,64 | 75,92 3,14 | 4,55
18 (180 | 12 (42,19 |1316,62 (100,41 (5,59 (2092,78 | 7,04 | 540,45 78,15 3,58 | 4,89
20 1200 | 12 [47,10 {1822,78 |124,61 [6,22 |2896,16 | 7,84 | 749,40 | 98,68 3,99 | 5,37
14 ] 54,60 |2097,00 |144,17 |6,20 |3333,00 | 7,81 861,00 | 111,50 3,97 | 5,46
20 | 76,54 12871,47 (200,73 6,12 14560,42 | 7,72 11181,92 | 146,62 3,93 |{5,70
30 111,54 |4019,60 288,57 |6,00 |6351,05 { 7,55 |1698,16 | 193,06 3,89 | 6,07
22 220 | 14 | 60,38 |2814,36 |175,18 |6,83 |4470,15 | 8,60 }1158,56 | 138,62 438 1591
25 1250 ] 20 |96,96 |5764,87 318,76 |7,71 |9159,73 | 9,72 ]2370,01 | 242,52 4,94 | 6,91
25 (119,71 |7006,39 (391,72 [7,65 |11125,5 | 9,64 |[2887,26 | 287,14 491 7,11
30 }141,96 18176,52 {462,11 |7,59 {12964,7 | 9,56 13388,98 | 327,82 489 7,31

0ve

1 suHoxorudf]



ITpunoxenne 2

341

IMPMJIIO2KEHUWE Ne 2

OpMeHTIIIpOBOIIHLIe 3HAYCHUS IIPpEAeJIoB
IIPOYHOCTH HEeKOTOPbIX MaTepnaJioB

Tabiuua 4
s, Mlla
Marepnan
Ha pacTsKeHHe |Ha cxaTue

Crane:

YIVIEPOOMCTAs TOpsYeKaTaHaAd 310-600 —

YIJIepONMCTast KOHCTPYKUMOHHAN 330-750 —

JIerNpOBaHHAA KOHCTPYKIMOHHAS 430780 —

B OTJIMBKax 420-600 —
Uyryu:

cephiit 150-440 650-1000

KOBKUIT 300-630 no 1400
JlaTyus 320-600 —
Bponza:

OJIOBAHHAS 300-900 —

6€e30J10BIHHAA 400-1500 —
AnroMunnit 150-300
IllopamoMunrmit 180-500
Turanonnii cnnas BT4 800-900 —
Bununnact 50 —
Homrunen 65 —

Monynu yapyroctu u K03¢QIuuueHThL
Ilyaccona HekoTOpLIX MaTepuajoB

Tabmuua 5
Monyns ynpyroctu, I'lla
Matepuan Koadpduuuesnt
E G ITyaccona

Crane:

yraeponucras |200-210 81 0,24-0,28

JIETUPOBAHHAA 210 81 0,25-0,33

JIUTEE 175 —_ 0,25-0,33
Mens:
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Monyns ynpyroctu, I'lla
Marepuan Koadpduunenr
E G ITyaccona

NIpoKaTHas 110-150 40 0,31-0,34

XOJNOOHOTAHY Task 130 49 —_

JNTHE 84 _— —
InaTuna 170 — 0,39
Bponza:

dochopucras xaTaHad 115 42 - 0,32-0,35

MapraHIOBHCTad KaTaHad 110 40 0,36

allOMUHMEBasA, TNThHE 105 42 —
JlaTyHsb:

XONIONHOTAHY Tas 90-100 35-37 0,32-0,42

KopafenbHad, KaTaHas 100 — 0,36
Yyryn:

cepriit, Generit 115-160 45 0,23-0,27

KOBKUH 155 — —
AnomMunnit xaTaubk 59-69 26-27 0,32-0,36
Cnnasnr:

&JIIOMIHMEBBIE 70-72 27 0,32

MAarHueBhIe 40-45 — 0,34
HiopamoMuHui KaTaHblk 71 27-37
Cnnasm TUTaHa 105-115 —_ 0,30

OpHeHTUPOBOYHEIE 3HAYEHNA OCHOBHBIX
- OOIyCKaeMBbIX HaNIpPSXKEHUN

Ta6nuua 6
Honyckaemoe HanpsxeHue
MaTtepuan [c], MIla

Ha PACTSXXEHUE |Ha CKATHE
Crans yrieponucras ropsdyekaTasas 115-195 115-195
Crans yrieponucras KOHCTPYKLMOHHAS 110-240 110-240
Cranp nermpoBaHHas KOHCTDYKUMOHHASL 140-260 140-260
Crane B OTIHBKAX 90-160 90-160
YyryH B OTMBKAX CephIit 33-100 145-310
YyryH B OT/IIMBKaX KOBKMIt 85-110 95-125
Mensn 30-110 30-110
JlaTyHsn 60-130 60-130
BpoH3a 50-110 50-110
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IIpepesnbHbie TPOrubhl HEKOTOPBLIX JIEMEHTOB
cTanbHBIX KOHCTPyKumit (CHull 1 1-23-82)
Tabnuna 7
BuleMeHT KOHCTPYKIUK OTHOCHUTENBHBI
nporub
Banka n ¢epma nyTeit nox KpaHH ¢ pexxuMoM paboThI:
nerkuM (BKJT04ast PydHble KPaHH, Tenbdepht, Talu) 1/400
CpenHNM 1/500
TSKENBIM ¥ BECBMa TIXKeJIBIM 1/600
Bankxa u depma MOKPHITHA U 4ePHAYHOIO NEPEKPHITHA:
¢ IIOIIBECHBLIM 060PYIOBAHUEM 1/400
6e3 nonBsecHoro o60pyHOBaRNA 1/250
MIPOTOH 1/200
NPOGUNLHBI HACTHI 1/150
Purens un HaBecHas cTeHOBas NaHemb 1/300

CrannapTHBII PO AUAMETPOB

10, 10,5, 11, 11,5, 12, 13, 14, 15, 16 17, 18, 19, 20, 21, 22, 24, 25, 26, 28,
30, 32, 33, 34, 36, 38, 40, 42, 45, 48, 50, 52, 55, 60, 63, 65, 70, 75, 80,
85, 90, 95, 100, 105, 110, 120, 125, 130, nanee uepes 10 mmM.
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OTBeThI Ha KOHTPOJIBHBIE€ BOIIPDOCHI

Jlexkums 3 Bompoc 2 2,31 xH
Hexuus 6 Bompoc 2 —65 kH-Mm
, Bonpoc 5 1262 xH-m
JHexuua 7 Bonpoc 6 9,7 xH-Mm
Bonpoc 7 2,06 xH
Jlexuns 8 Bompoc 7 867 MM
Jlexuus 10 Bonpoc 6 153 M
Jexuusa 13 Bonpoc 10 17 xH
Jexuus 16 Bompoc 3 6,78 xx
Bonpoc 7 0,8
Jlexuust 17 Bonpoc 2 4 H
Bonpoc 6 0,3 kr-m?
[IpakTuueckoe sansaTue 2 Bonpoc 3 130 xH-m
Bomnpoc 5 3 xH-Mm
[TpaxTuyecxoe 3ausTe 3 Bompoc 2 3,9 cm
Jlexuusa 29 Bonpoc 6 4,5 xH
Bonpoc 7 4,5 xH; 27 xH-m
Hexnus 31 Bonpoc 4 8 M
Bomnpoc 5 175 xH-m
Jlexuus 32 Bonpoc 6 121 xH-™

Konp! npaBuiIBHEIX OTBETOB HA ONPOCHBIE KAPTHI
Bonpocsr 1 2 3 4

Tema 1.2 (Jlexuns 3)

Temer 1.1, 1.2 (Ilpakt. 3ausaTHe 1)
Tema 1.3 (Jlexuus 4)

Tema 1.4 (Ilpaxt. 3ausaTue 2)
Tema 1.5 (JTexuus 7)

Tema 1.6 (IIpakr. 3anstue 3)

N W= W W
B DD DNDDND NN
— o= N W
W o NN W

W NN~ N
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Temmr 1.7, 1.8 (Jlekmus 10)
Tema 1.9 (Ilpakr. 3anstue 4)
Temur 1.10, 1.11 (Jlexuus 12)
Temsr 1.12, 1.13 (Jlexuus 14)
Tema 1.4 (JIexuus 16)

Temur 1.4, 1.5 (Ilpakr. sanarue 5)
Tema 2.1 (Jlexuus 19)

Tema 2.2 (Jlexuus 21)

Tema 2.2 (Jlexkuus 22)

Tema 2.2 (IIpaxr. 3ausrue 6)
Tema 2.3 (Jlexunsa 24)

Tema 2.4 (IlpaxT. sausaTue 7)
Tema 2.5 (Jlexuus 27)

Tema 2.5 (Ilpakr. 3ansTue 8)
Tema 2.6 (JIekunsa 30)

Tema 2.6 (IIpaxr. 3ansrue 9)
Tema 2.7 (Ilpakr. 3austue 10)
Tema 2.10 (Jlekuus 37)

OO D W D WA WN R WN R BN
W N WWW WA W B NWWNDND
N0 W = WN W R WWr W NDNN W
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