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ITPEIVNCIIOBUE

YyebHas nucnumivHa «TexHuueckas MEXaHUKa» COCTOUT U3 TPeX
pasnenoB: «TeopeTrudeckas mexanukas, «CONpoOTUBIIEHNE MATEPUAJIOB>
1 «lleTanmu Mammes.

B HexkoTOpHIX y4eGHEIX 3aBedeHNaX pasmen «lleTamu MamMH» uU3y-
YJaeTCsl OTOENBHO.

ABTOpOM CT@BWIIACH 3alada B CXATOW M HOCTYMHOH dopMe H3Jo-
KUTb OCHOBHLIE NosioxkeHNs «Teopermyeckoit Mexanukm» u «ConpoTu-
BJIEHUsl MATEPHAaJOB» B COOTBETCTBUM C HOBBIMM I'OCYIapCTBEHHHIMHU
TpebOBaHUSIMU K MUHUMYMY COLEP3KAaHUA U YPOBHIO IOATOTOBKHU BLIIYCK-
HUKOB I'DYII TEeXHUYECKUX CIENUaJIbLHOCTEN.

Ob6beM mpencTaBIEHHOTO MaTepuana cooTBeTcTByeT IlpumepHoit
ImporpaMMe HUCLUIIMHEL « TexHuyeckas MeXaHuKa» I rpynn ¢ o6b-
eMoM 180 yuebGHEIX YacOB, YTBEPXKIOECHHONU ¥ IPABIEHNEM CPENHErO MPO-
deccuonansHoro obpasoBanus MmunoGpaszosanus Poccun 04.06.2002 r.
IIns rpynn ¢ MeHbIIMM OGBEMOM Y4YeBGHBIX UACOB MOXHO BbIOpaTh HE-
0OXOOMMBIA MaTepHanl B COOTBETCTEBUM C [IpuMepHBLIMM NporpaMMaMu
OVCHMIIIMHEL 7151 3aIJIaHIPOBAHHOIO KOJIMYECTBa yueOHBIX YacoB U IPU-
BEIEHHOIO yPOBHS TpeboBaHMIA.

B nauane xax ol nexuun npusonsTcs TpeOOBaHUA K YPOBHIO 1IOM-
FOTOBKM IO M3JIOXXEHHOMY MaTepuaiy corsiacHo [IpuMepHoit nporpamme
no autouIianHe.

Ins 3axperteHus: 3HAHMI INIpeACTaBJIEH MATeEpHasl IJIsS NPaKTH-
YEeCKMX 3aHATHH M pacdeTHo-rpadmyueckuX paboT IO OCHOBHEIM Te-
MaM, MPUBENEHO 3HAYMTEILHOE KOJIUYECTBO IPUMEPOB PEIEHUS TUIIO-
BBIX 337184,

[IpencraBnesHble 06pasbl TECTOBLIX OMPOCHBIX KAPT COOTBETCTBY-
I0T TecTaM, M3OAIHbIM B COODHUMKE TeCTOBBIX 3amaHuil «TexHuueckas
mexannkay» (M.: POPYM: UHOPA-M, 2002).

Wsnanne conepxwuf MHOroBapMaHTHBIE 3a0adM IUId pPacyeTHO-
rpadgmndeckux paboT, KOTOphLlE MOT'YT BEINOJHATHLCSI HA NPAaKTHYECKUX
3aHATUAX WM BHEIIABATBLCA B KauecTse noMalrHux sanauuil. B IIpumo-
XKEHUAX NPUBENEHBI HEOOKOINMLIECIPABOYHEIE NAHHEIE.

KoHcniekT sexuuii rio TexHm4eckoll MexaHuke 6yneT OCOGEHHO Io-
Jle3eH npu Ca.MOCTOﬂTeJ'Il}HOﬁ paboTe Han KypcoM IpH 3a04HOU ¢opMme
obydenns, 6narogaps IPOCTOR U OOCTYHHOW ¢opMe H3NOXeHHUs, Gonb-
HIOMY KOJIMYECTBY INPUMEPOB PeEIlIeHHWs 3aJad M BO3MOXHOCTH IIPOKOH-
TPOMUPOBaTh cebsi ¢ MOMPIIBIO TECTOBBLIX 3asiaHuil. TecToBble 3aMaHUs
K HEKOTOpBble KOHTPOJIbHLIE BOIIPOCH! CHaGXEHEI OTBETAMU.
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PA3NEI I

Teope'rnqecxaa MeXaHHnKa

JJEKIINY 1
Tema 1.1. OCHOBHBIE HOHSTUA U aKCUOMEI CTATUKU

Beenenue

Ternuuecxad meTanukxa — KoMInekcHas nucnumimia. OHa BKiTioua-
eT Tpu pasmena: «Teoperndeckas MexaHmkay», «ConpoTusienne Mare-
puanioBy, «detam Maimmu». «Teoperudeckas MexaHHKa» — paslell, B
KOTOPOM H3NAraloTCAd OCHOBHBIE 3aKOHBI IOBWXXKEHHS TBEPIBIX TeJl U UX
B3auMoneiicTeus. B pasnene «CompoTusiieHne MaTepHAJIOBY H3y4aloT-
€5l OCHOBBI IIPOYHOCTY MATEPHAJIOB I METONEl PAacUeTOB 3JIEMEHTOB KOH-
CTPYKHMY Ha NIPOYHOCTH, XECTKOCTh M YCTONYMBOCTL NON HENCTBUEM
BHEMIHNX CWI. B 3akmiounTensHOM paspeie «TeXHMYeCKOl MeXaHUKI»
«eTann MalumH» PacCMATPHUBAIOTCS OCHOBEI KOHCTPYMPOBAHHS M Dac-
deTa JeTajleil u cOOPOYHBIX eOMHUL OOIUEero Ha3HaYeHN .

Hucrunnuna «Texanueckas MexaHnka» ssiisgercs obLIenpodeccuo-
HaJILHOH, obecnieunBaloIuei 6a30BEIe 3HAHUS IIPU YCBOEHUU CIIEITUAILHEIX
OUCHUILINH, U3YYaEMBIX B HaJILHENIIEM.

3adauu meopemunecxoli meranuxu

Teopemuueckad mezanuka — HAyKa O MEXAHMYECKOM [BUKEHHUM
MATePUAIILHEIX TBEPABLIX Tell X UX B3aNMOIencTBIY. MexXxaHnyeckoe OBH1-
>KeHle IIOHUMAeTCs KaK IlepeMellieHne Tejla B IPOCTPAHCTBE U BO BpeMe-
HU 110 OTHOIIEHNIO K OPYTUM TeJaM, B YaCTHOCTU K 3eMJre.

Hnsa ynoGeTea M3ydeHUs: TEOPETUYECKYIO MEXAHUKY MONPA3NEAIOT
Ha CTaTHUKY, KHHEMATUKY ¥ OUHAMUKY.

Cmamuxa U3y4aeT ycJIOBUA PAaBHOBECHUS TeJI TION NEMCTBUEM CUJIL.

Kunemamuxa paccMaTpuUBaeT OBMXEHNE TeJl Kak IepeMElLUeHHe B
NIPOCTPAHCTBE; XapPaKTEPUCTUKU TEJI X IPUYNHEI, BH3LIBAOIUNE NBUXKE-
HUE, HE PaCcCMATPUBAIOTCH.

lunamuxa usydaeT OBIXKEHUE Tel NON OeACTBUEM CUIL.
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B ornuume oT ¢u3MkM TeopeTHYECKas MEXAHWKA M3Yy4YaeT 3aKOHH
IBUXEHUA HEKOTOPHIX abCTPAKTHEIX abcoaiomuo meepdvis med: 30eCh
MaTepuaJikl, ¢OpMa Tell CYLIECTBEHHOIO 3HAauYeHNs He umeloT. 1lpu npu-
JKeHNu abCOIIOTHO TBEPIOE TeJo He NedhOpMUDPYETCA U HE pa3pyllaeTcs.
B cayuae, korma pasMepamm Tella MOXHO IpeHeGpeunb, TEJIO 3aMEHSIOT
MaTepnaJbHOR TOUKON. DTO YIPOLIEHHE, IPUHATOE B TEOPETNYECKON Me-
XaHWKe, 3HAYNTEILHO 06JieryaeT pemnleHue 3aaad O IBAXKEHUU.

IIongamue o cuse u cucmeme cuan
Cusa — 3TO Mepa MEXaHUYECKOTO B3aMMONENCTBUS MATEPUAIIBHBIX
Ten Mexny coboil. B3aumoneiicTBue xapakTepu3yeTCs BEIUYMHON U Ha-
IIDABJICHAEM, T. €. CIJIA €CTh 8EAUNUHA 6EKTOPHAT), XapaK TEPU3YIOIIa-
AcsA Touxol npuioxkenus (A), HanpasienueM (JIUHUER OefCTBUA), BEIH-
yunoi (Monynem) (puc. 1.1). Cuny u3MepsioT B HBIOTOHAX,
1H = 1kr - m/c%.
Cunel, IedcTByiolMe Ha TeJo

Touka

(nm cucTeMy Tew), DENATCA HA 6HEW- NPHIOKEHHS p /’l
Hue U 6HympenHue. BHelIHUE CHIIBI L/
OBIBAIOT AKTWUBHEIE U DpeakTUBHEIE. JluHnz necTeus,
Axmusnble cuabl BHI3HBAIOT IlepeMe- 4 ! HanipasneHHe

P Moayns neicrBus
IIEHNME TENa, PEeaKmUeHble CTPEMSAT-
Cs IPOTUBOAENCTBOBATH IEPEMELLIEHIIO Puc. 1.1

Tela Non OeHCTBUEM BHEIIHUX CHUJI.

BryTpeHHne CUITEL BOZHMKAIOT B TEJIE OO NEACTBUEM BHEIHUX CHJI.

COBOKYNHOCTB CWJI, JEMCTBYIOINX Ha KaKoe-nGo Teso, Ha3hBaloT
cucmemol cud.

Oxeusasenmnad CACTEMa CHII — CHCTEMa CWJI, JEHCTBYIOLIAS Tak
e, KaK 3aJaHHas.

Ypaenosewennot (SKBUBAJIEHTHOM HYIIO) CHCTEMOI CHIT HA3BIBAET-
Cs Takas CUCTeMa, KOTopasd, Oyoyun NPpUIIOXXEHHOR K Telly, He U3MeHseT
€r0. COCTOSHMSL.

Cucremy cui1, JEACTBYIOLMX Ha TEJIO, MOXHO 3aMEHUTEL OOHON pas-
nodeticmeyoweti, IeACTBYIOLIEN TaK, KAK CHCTEMa CHIL.

AKCHUOMEI CTAaTHUKU

B pesynsTare 0606111eHNS 4eIOBEYECKOTO ONLITA OBIIIM YCTaHOBJIE-
HHI 0b1uye 3aKOHOMEPHOCTH MEXaHUYECKOTO IBUMKEHUs, BLIPaXXCHHbLIE B

H BekTopHble BenuuuHE 0603HAYAIOTCA MOJYXUPHBIM IIPU(TOM, CKajisipHble Be-
JIMYUHB! — OOBIYHBIM.
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BHIE 3aKOHOB N TE€OpPEM. Bce TEOpEeMBI 1 YPABHEHHUA CTATUKN BEIBOOATCA
U3 HECKOJIBKMX UCXOMHBIX TOJIOXKEHUN. OTH MONOXKEHUS HA3LIBAIOT AKCH-
OMaMH CTATHUKH.

Ilepsag axcuoma

Tlon neficTBUEM ypABHOBEIIEHHON CUCTEMEI CIIT a6COMIOTHO TBEPIOEe
TeJI0 WY MaTepuaIbHAA TOUYKA, HAXOMATCA B PABHOBECUY MM OBIKYTCH
'PABHOMEPHO M MPAMOJIMHENHO (3aKOH UHEPIINH).

V Bmopag axcuoma
- IBe cumiel, paBHEIE IO MOOYJIO
F_--~~ B ¥ HAIIPaBJIEHHEIE TIO ONHOM MPAMOit B
/Z/ IFl=IF|  pasuble CTOPOHEI, YPABHOBEIINBAIOT-
- Puc. 1.2 cs (puc. 1.2).

Tpemba axcuoma
He napymmas MexaHI2eCKOTO COCTOSIHUSI T€JIa, MOXHO N06aBUTEH NN

yOpaTh ypaBHOBELIEHHYIO CUCTEeMY CUJ (IPMHIMI OTOPACEIBAHNS CUCTe-
MBI CIIT, 9KBUBaJIEHTHOR Hymo) (puc. 1.3).

|Fl=1F]

IFl=1F])

Puc. 1.3

Yemeepmas axcuoma (IpaBuUiIO NapaslIellorpaMMa, CI)
PasnopeficTByonias OBYX Cuil, TIPUJIO-

KEHHBIX B OOHOM TOYKe, NPWIOXKEHa B TOM

Xe TOYKe U SBJIAETCS MUArOHAJIbIO MapaJlie-

F,
JI0rpamMMa, OCTPOEHHOI'O Ha 3THX CHIIaX Kak \\
Ha cTopoHax (puc. 1.4). A ...\\\\\\\\\\\\ N

BwmecTo napaasesoepamma MOXHO IO-
CTPOUTDL MPEY20AbHUK CUII: CUIIEl BRIYEPYN-
BAIOT OIIHY 3a OPYTOi B J100OM mHopsinke; paB-
HOINENCTBYIOIAS ABYX CHJ1 COeNUHIAET Hada-
JIO ITIEPBOU CUJIBEI C KOHLIOM BTOPOH.

ITamasg axkcuoma
IIpn B3auMoOnefCTBUM TeNl BCIKOMY HEMCTBUIO COOTBETCTBYET PAB-
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HOE ¥ IPOTUBONOJIOKHO HAIPaBIeHHOe IpoTuBoneicTeue (puc. 1.5).
Cunpl pmeficTByIOIIMEe M HNPOTHBO-
4 F. IeCTBYIOIE BCErna IIPUIIOXKEHBI K
Pa3HLIM TeJaaM, [IO3TOMY OHM HE ypaB-
HOBEIUINBAIOTC.

Cunsbl, ¢ KOTOPEIMU OBa Tela Iem-
CTBYIOT ApYr Ha IPYyTa, BCErla DaBHEI
110 MOAYJIIO ¥ HallpaBJIEHEI BIOJIb OXHON
Puc. 1.5 NpPsMOU B pa3Hble CTOPOHEI.

|Fl=|F|

Caedecmeue u3 emopoil u mpembel axcuom
Cuity, nefiCTBYIOIIYIO HA TBEp-
IO TENO, MOXKHO IIepeMeIaTh
BIOJb JUHUY ee fericTBus (puc. 1.6).
Cuna F npuioxkesa B TO4-
ke A. Tpebyerca mepenectn ee
B Touky B. HWUcmonw3ays Tpe-
TBHIO AKCHOMY, OOOABUM B TOUKE
B ypaBHOBEWIEHHYIO CUCTEMY CHII
(F'; F"). O6pasyercs ypaBHOBe- Puc. 1.6
HIEHHAS 110 BTOPOIl aKCHOME CHUCTE-
ma cun (F; F"). Youpaem ee u nonyuuMm B Touke B cuiy F”, paBHyro
3apaHHon F'.

IF1=1Fi=1F1

CBsa3M 1 peaKuuy CBs3€M

Bcee 3akonn n TeOpeMBl CTATUKH CIpaBeOJIMBbI OJIA CcBOOOIIHOTO
TBEpPOOro Teja.

Bce Tena nenstest Ha cBOOOMHEIE U CBSI3aHHLBIE.
Cpobonuble Tena — Tena, IlepeMellleHe KOTOPHIX He OT'DaHUYeHO.

Cas3anHble Tella — Tella, lnepeMelIcHIe KOTOPBIX OrPAHUYIEHO ODY-
rmMH TeJlaMu.

Te./ta, 02PAHUNUBANUUE NNEPEMEULERUE IPYTUX TEJI, HA3BIBAlOT C6A-
3AMU.

Cuiel, nedcTByIOLIME OT CBiI3€! U NPENsTCTRYIOLME IIepeMEIIEHHIO,
Ha3HIBAIOT peaxyudmu ceg3etl.

Peakuus CBsi3u BCEr[a HAIPABIEHA ¢ TONH CTOPOHHI, Kyda Heab3d
NepemMeu,amyve.

Bceaxoe cegaanmnoe meao moxucno npedcmasums c80600nbiM, ecau



8 Jlexuus 1

ceg3u 3amenums uT peakyugmu (npuryun oceoboxcdenug om cegsetl).
Bce cBsa3u MOXHO pasznenuTh Ha HECKOJILKO THIIOB.

Cea3v — 2aadxag onopa (6e3 TpeHus)
/\R . R ) AR
90° 90 907/7
A A A
a) 6) 8)
Puc. 1.7

Peakuus onopsl NpuiioXeHa B TOYKE ONOPBLI ¥ BCErAa HAIPABIIEHA
HepIeHAuKYNApHO onope (puc. 1.7).

I'u6xag ceg3v (HUTL, BEpEBKa, TPOC, LEID)
I'py3 monmselleH Ha OBYX HHUTSX

(puc. 1.8).
Peaknus HuTH HanpasieHa BOONL

HHUTHU OT TeJla, IPA 9TOM HATH MOXET

OBITH TONBKO PACTSHYTA.

22227

Kecmruiti cmepocens Puc. 1.8

Ha cxeMax cTepxHH wu300paXaioT TOJICTON
crutouHoit muuuen (puc. 1.9).

CrepxeHp MOXKET OBITH CXKAT WM PACTAHYT. Pe-
aAKIMA CTEPXKHsA HaIpaBjeHa BOONAL cTepxkHsa. Ctep-
XeHb paboTaeT Ha pacTsxeHue Wi cxaTue. TouHoe
HAIPABIEHUE PEAKLIMU ONPENESIOT, MEICIEHHO yOPaE
CTEPIKEHDb U PACCMOTPEB BO3MOXKHEIE TIEPEMEIIIeHUs Te-
713, 6e3 3Toi CBA3MU.

Bosmoscnoim nepemewjernuem TOIKU HA3BIBAETCA
Takoe GECKOHEYHO MaJloe MBICIIEHHOE MEPEMEIIEHUE, KOTOpPOe MOMyCKa-
eTcA B OaHHHIM MOMEHT HAJIOKEHHBIMU Ha HEro CBA3SMU.

Y6upaeM cTepxeHs 1, B 5TOM cllydae cTep:keHb 2 nagaet sHu3. Cre-
IOBATENBHO, CUIIa OT CTePXkH: 1 (peakuys) HampaBlieHa BBEpX. Y 6upaem
cTepxkeHb 2. B aToM ciyuae Touka A olyckaeTcs BHU3, OTOOBUCAiCh OT
crensl. CenoBaTeNsHO, PEAKIINA CTEPKHA 2 HAIIPABJICHA K CTEHE.

Puc. 1.9
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Illaprupras onopa
Ilapuup nomyckaeT HOBOPOT BOKPYT TOYKM 3aKpelleHu:A. Paznuya-
10T ABa BHIa ILIApHUPOB.

ITodsuxmcHbrll waprup

Crepxenb, 3aKpelVieHHBI Ha

R AR IIapHUPE, MOXET IIOBOPAMUBATD-
90° 90° cd BOKpyr IIIapHUpa, a TO4Ka
KpeNnneHUsi MOXET IepeMeIaThes
> BIIOJIb HATIPABJIAIOIEH (IIOMIAIKY)

(puc. 1.10).
a) 6) Peakuus monBUKHOTO IIAPHU-
Puc. 1.10 pa HaIpaBiieHAa NEPIEHOMKYISAPHO

, ONOPHOX MOBEPXHOCTH, T.K. HE JO-
IIyCKaeTCsA TONBKO MEPEMEIIIEHUE NIONIEPEK OINOPHOM MOBEPXHOCTH.

Henodsuacnblii waprup

Touka KpemeHUA mepe- 1 ¥ i X
MemaTbcs He MoxeT. CTep- 4 AR, R, R,
JKeHb MOXKET CBOGOMNHO ToBopa- Bx 3 D S

<

X
YUBATHCA BOKPYT OCHM ILNAPHU- x ,,,",,4%
pa. Peaxuux TaKomn OITOPHI IIPO- TITTITTTT R ITITITT!
XOOMT 4epe3 OChb IIAPHUPA, HO
HEU3BECTHA II0 HAIIPABIIEHUIO. @) Puc. 111 0
Ee npunaTo n3o6paxaTh B BU- o
1€ IBYX COCTABJIAIOIINX: TOPU-
30HTaJIbHON ¥ BepTuKasasHol (Rg; Ry) (puc. 1.11).

1318444

Jawemaenue uau «3adeaxa’

JT06L1e mepeMertieHs TOUYKU Kperlie-
HUS HEBO3MOXHEL.

Ton neitcTBUEM BHEITHUX CWJI B ONOpe
BO3HMKAIOT PEAKTUBHAA CWIA ¥ PEeakTHB-
HBIIt MOMEHT Mp, IpEenaTCTBYOLIMIA IOBO-
poty (puc. 1.12).

PeaxTuBHYIO CUJIy TIPUHATO HPEACTa-
Puc. 1.12 BIIATH B BHOE ABYX COCTABIIAIOILNX BIOIHL

OCeHM KOOpIOMHAT

R=R,+R,
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IlpuMmeps! pelienusa 3agad

IIpumep 1. I'pys nonBelileH Ha CTEPXKHIX U KAHATAX U HAXONUTCS
B paBHosecun (puc. 1.13). N306pasuTh cuctemy cuii, A€MCTBYIOIIMX HA
mapuup A.

Henonprxirsit
82( Onox
Yr
a 0,
) Puc. 1.13 )
Pewenue

1. Peakuum crep:(HEN HanpaBileHbl BIONIL CTEPXKHEHW, peaKLuu

rUOKMX CBs3ell HANpaBjeHBl BHOJIL HATEN B CTOPOHY HATSKEHUA
(puc. 1.13a).

2. llns onpenesieHUs TOYHOrO HAIPABIEHUS YCHIIMN B CTEPXKHIX MEBI-
clleHHO y6upaeM HOCTIeNOBATeILHO cTepxXHU 1 1 2. AnanusupyeMm Bo3-
MOXKHBIE TTepeMEIeHUs Touky A.

HenonemxHE 610K ¢ OEACTBYOIMMU Ha HETO CHJIaMH HE PacCMa-
TPUBAEM.

3. Y6upaeMm crepxenb 1, Touka A MOAHUMAETCA U OTXONUT OT CTe-
HBl, CIIEOOBATEbHO, PEaKIsa CTEPXKHA 1 HANPaB/eHa K CTEHE.

4. Y6upaem crepxens 2, Touka A nonHuMaeTcs u Ipubanxaercsa K
CTEeHe, CJICHOBATENILHO, PeaKilllsi CTEPKHS 2 HAMpaBjleHa OT CTeHbI BHU3.

5. KanaT TsAHET BIpaBo.
6. OcoGoxnaenmcs ot ceaseit (puc. 1.136).

Ipumep 2. llap mogsemeH HA HUTH W OMUPAETCS HA CTEHY
(puc. 1.14a). OnpenenuTs peakiiuv HUTH U [JIAIKONA ONOPHI (CTEHKH).

B Pewenue

1. Peaknus HuTH — BOOJL HU-
R T k¥ Touke B BBepx (puc. 1.146).
4

B
Rp
i ' YE > 2. Peaxuus rmnankoit omopsl
N/ }F/ (cTeHKH) — 1O HOpMAsIM OT NOBEPX-
G G HOCTH OfiOPHI.
a)

Puc. 1.14
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KoHTposibHBIe BONIPOCH! ¥ 3anaHus
1. Kakas u3 npuseneHHbIx cucteM cui (puc. 1.15) ypasnoseiena?

|Fy=|F,
F|I F,

\F)l=|F,

Puc. 1.15

2. Kakune cunmr cucteMnl (pue. 1.16) moxHO y6paTs, He Hapyutas
MEXAaHUYECKOIrO COCTOAHMA Tena?

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

IFyl= SIF]

Puc. 1.16

3. Tena 1 u 2 (puc. 1.17) naxoasarcsa B paBHOBecuu. MoxHO nu
y6paTh HeMCTBYIOLME CUCTEMEI CUJI, €CIM Tesla abCOMOTHO TBepabie?
Y10 U3MEHNTCH, €CAU TEJla peajibuble, nefopMupyeMsie?

F 1 F F 2 F
«—{ " " > /> e

Puc. 1.17

4. YxaxXuTe BO3MOXKHOE HaIllpaBiieHue peakluii B onopax (puc. 1.18).

N
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JEKIW 2

Tema 1.2. Ilnockas cucreMa CXOOALLIMXCA CHJI.
OmnpeneileHne paBHOOENMCTBYIOLLIEN
reoMeTpuYecKNM cIirocoboMm

3namo 2eomempuuneckutl cnocob onpedeaenud pasnodeticmeyrowet
CUCTEMDBL CUAL, YCAOBUL PABHOBECUL NAOCKOT CUCTIEMbL CTOOAUUTC CUL.

Yumeme onpedeagms pasnodeticmeyowyio, peuams 3adayy Ha pas-
HOBECUE 6 2eomempuueckol opme.

IInockas cucrema CXOOAILILXCA CHJI

CucrteMa cni, TuHKY NefCTBUS KOTOPHIX IIe-
peceKaroTCca B OIHON TOUYKe, HA3BLIBA€TCI CTO04-
Fy F weticg (puc. 2.1).

Heobxomumo olpenenuTh pPaBHOOEHCTBYIO-
LIy} CHUCTEMHl cxomsiumxcs cun (Fy; Fo; Fy;. ..
F, 0 ...; Fp), n — 4ncyio cuil, BXOAAILMX B CCTEMY.
Fy [To criemcTBUIO U3 AKCHMOM CTATHKH, BCE CU-

JIBL CUCTEMBI MOXHO IIEPEMECTUTH BHOJIb JIMHUHI
Puc. 2.1 neﬁC'rBfm, U BCE CHJIBI OKaXXyTCs MPUJIOKEHHBIMU
B ONHOM TOYKe.

A

Paenodelicmeyowag cxodauuxrca cut

PaBnopeiicTByrolyio OByX NEPeCeKaroLIMXCsd CUII MOXHO OIpene-
JUTH C IOMOLUBIO HapajuIeNiorpaMMa MM TpeyrojbHuka cui (4-1 ak-
cuoma) (puc. 2.2).

F, F, F,
' R
@) 6) e
Puc. 2.2

Hcnonbays ceoiicTBa BEKTOPHOU CYMME! CHJI, MOXHO IOy YUTH PAB-
HOZIEICTBYIOIIYIO 1060 CXOOMILENCs CUCTEeMBI CUJI, CKJIANBIBAS [IOCIIENO-
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BaTEJILHO CHJIIBI, BXonsamme B cucreMy. O6pa3yercs MHOTOYTONLHUK CHIT
(pumc. 2.3). BexTop paBHONENCTBYIOLIEH CHIIEl COENUHAT HAYAJIO IEPBOIO
BEKTOpPa C KOHIOM IOCJIEIHETO.

F,
Fy F, F
E 2N F; F\
B F=F+F,+F,+F,
B
a) 6)
Puc. 2.3

IMpu rpagmueckoM crocobe onpenesneHus pPaBHOACHCTBYIOLIEH BeEK-
TOPHI CUJT MOXKHO BHIYEPUYUBATL B JII0O0OM IOPANKE, PE3YILTAT (BENnIrHa
U HATIDABJIEHME PABHONEACTBYIOLICH) P 3TOM HE M3MEHHTC.

BexTop paBHONENCTBYIOLLENR HAIPABIIEH HA6CIMPENY BEKTOPAM CUJI-
ciaraeMmbix. Takoi croco6 mosydeHus pPABHONEHCTBYIOLIEH HAa3bLIBAIOT
reOMEeTPUIECKHM.

3amMeuanue [lpuBruepunBaHMM MHOIOYIOJIbLHMKA OOpALUATE
BHUMAaHNE Ha I1apaJuIelIbHOCTb CTOPOH MHOIOYTOJNILHUKa COOTBETCTBYIO-
ILIIM BEKTODAM CHIIL.

Ilopadox nocmpoenus MHOZ20Y204bHUKA CUA

1. BriuepTuTh BEXTOPH CWI 3a0aHHOW CUCTEMEI B HEKOTOPOM Mac-
mrTabe OOVH 3a OPYTMM TakK, 94TOOBLI KOHEIl NPENLIAYIIIErO BEKTOpa CO-
BIIAaJaJ1 C HAYaJIOM IOCTIeqyIOUIEro.

2. BekTop paBHORENCTBYIOLIEH 3aMEIKAET TIOJYYEHHYIO JIOMaHYIO
JIMHUIO; OH COENUHSET HaYaJlo IIepPBOrO BEKTOpPA C KOHIIOM IIOCIEIHEroO
¥ HaIlpaBJIeH eMy HaBCTpeuy.

3. lpu usMeHeHUH NOPAAKA BRIYEPUYUBAHUA BEKTOPOB B MHOTOYTOJIbL-
HuKe MeHseTcs 6ud durypsl. Ha pe3yavmam nopa0dox ebluepuueéanud ne
8augem.

Ycaoasue pasrosecud naockoti cucmemst CTOGAULULCE CUA

IIpu paBHOBeCMM CHCTEMBI CHJI PABHONEMCTBYIOLUAA HNOJIKHA GHITHL
paBHa HYJIO, CIIENOBATEIbHO, IIPA MEOMETPUYECKOM NOCTPOEHMH KOHEI
[TOCJIEHETO BEKTOPA JOJKEH CO6TACTIbL C HAYAJIOM IIEPBOTO.

Ecau naockas cucmema cTodquwurcad cua HaTodumca 6 pasro6ecul,
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MHOZOYZ0AbHUK CUA 3TNOT cucmembl Joadcen Gbimd 3aMKHYM.
Eciu B cucTreMe Tpu cuiinl, o6pa3yeTcs TPEYTONbHUK CHJI.
Cpapunte npa TpeyronbHuka cwil (pue. 2.4) U crenaiTe BLIBOI O
KOJINYeCTBE CHJII, BXONALIMX B KAXKIYIO CUCTEMY.
Pexowmennaunn g ObpaTuTh BHEMaHUE Ha HallpaBjeHNe

BEKTOPOB.
a) 6)

Puc. 2.4

Peiuenne 3alad Ha paBHOBeCUE
reoMeTpNn4YeCKmuM cniocobom

I'eomeTpuyeckum cnocoboM yHoGHO MONB30BATHCH, ECIIH B CUCTEME
Tpu cunet. [lpu petuenun 3anad Ha paBHOBECHE TENO CUXTATL aBGCOMIOTHO
TBEPUBIM (OTBEPOEBLINM).

Ilopadox pewenusd 3adaw:

1. OupenenuTe BO3IMOXKHOE HANPABICHUE PEAKUUN CBA3EH.

2. BrryepTHTh MHOTOYTONBHUK CHJI CUCTEMbI, HAUHUHAS C N3BECTHBIX
cun B HeKOTOpoM Macirrabe. (MHOroyroiasHUK AOMKeH ObITh 3aMKHYT,
BCe BEKTOpHI-ClaraeMhule HallpaBlIeHbl B ONHY CTOPOHY MO o6xomy KOH-
Typa.)

3. NamepnTh nony4YeHHBIE BEKTOPHI CHIT ¥ CIPENENTNTS UX BEINYNHY,
YYUTEIBas BRIOpAHHEIA MacurTab.

4. Ilns yTOYHEHUS pEIIEHUS PEKOMEHIYeTCS ONPeNneNnTh BeIMYUHEL
BEKTOPOB (CTOPOH MHOTOYTOJIBHMKA) C IIOMOLLBIO TeOMETPUYECKAX 3aBU-
CUMOCTEH.

IIpumep 1. I'pys nonselien Ha CTEPXKHAX U HAXOONUTCS B PaBHOBE-
cun. OnpenennTs ycnnus B cTepxHax (puc. 2.5a).

Pewenue

1. ¥Ycunus, BO3HUKAIOLME B CTEPXHAX KPEIJICHMs, [0 BelMYUHE
PaBHLL CHJIaM, ¢ KOTOPHBIMH CTePXHY NOANEePKUBAIOT rpy3 (5-1 akcruoma
cratuxn) (puc. 2.5a).
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OnpenenseM BO3MOXHEIE HANPABIIEHUS PEAKINIA CBSA3EH «KECTKHE
CTEPXHUS.

Yy =180- 60~ 45

a) 6)
Puc. 2.5

Ycunus HanpaBJIeHH BHOJIB CTEpKHEH.

2. OceoBomuMm Touky A OT CBA3€i, 3aMeHUB OEHCTBHUE CBA3EH UX
peaxumsamu (puc. 2.56).

3. Cucrema HaxonuTcs B paBHOBecuu. [[OCTPOMM TpPEYTrONBHUK CHII.

IocTpoerue HayiHEM € M3BECTHOI CUiIBl, BRIYepTUB BekTop F' B He-
KOTOpPOM Macuirabe.

W3 xonunos Bextopa F' npoBoguM JIMHUM, apajielbHeE PEaKUMIM
R1 n R2.

[lepecekasich, MMHUM CO3NaAYT TpeyroabHukK (puc. 2.58). 3Has Mac-
Tab [OCTPOEHM K N3MEPUB IJIKHY CTOPOH TPEYTOJILHUKA, MOXHO OIIpe-
HEJUTH BeMYMHY PeakuMil B CTEPXHIX.

4. Jlna 6onee TOYHRIX PACYETOB MOXKHO BOCMOJIL3OBATHLCA TEOMETPH-
YeCKMMH COOTHOLIEHNSMY, B YACTHOCTH TEOPEMOM CHHYCOB: OTHOLICHUE

CTOPOHH! TPEYTOJILHUKA K CUHYCY IIPOTHBOIOJIOXHOIO YTila — BeJIMIMHA
a ¢
NOCTOSHHAS ——— = —— = ——.
sina sinf  siny

Ilns manHOrO Ciyvas:

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

1 =

sin60°  sin75°’ o 75°
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10 - 0,866 )
Ry = —_——0,966 = 9kH;
Ry F Fsin 45° 100,707 _
sin45°  sin75°’ Ry = sin75° Ry = W =7,3xH.

3aMeuanue EcuHanpasnedue BeKTOpa (peakuun CBA3M)
HA 38[aHHON CXEME U B TPEYyTOfbHUKE CHJI HEe COBIAJIO, SHAUUT, PeaKLng
HA cXeMe DOJDKHA ObITh HAMPABIEHA B MPOTUBONONOXHYIO CTOPOHY.

ITpumep 2. I'pys nonseulen Ha cTepKHAX U KAHATAX M HAXOOUTCA
B pasHoBecun. OIpenenuTs ycuius B cTepkHAX (puc. 2.6a).

Pewenue

Puc. 2.6

1. HarneceM Ha cXeMy BO3MOXHEIE HANDABJIECHUS YCU/INA, IPUIIOKEH-
HeIX B Touke A. Peaxumu crepxkueift — BHONB CTEPXHEH, yCUIME OT
KaHaTa — BIOJIb KaHaTa oT Touku A k touke B.

2. Tpys Haxoourcs B PaBHOBECHMH, CIIENOBATENLHO, B paBHOBecun
HaxonuTcs TOYKa A, B KOTOPOR TepecekaoTcs TPH CHIIHL.

Ocso6onuM TOuKy A OT cBs3ell M PacCMOTPUM ee paBHOBeCHe
(puc. 2.66).

3ameuanue PaccMOTPUM TOJLKO CHIIL, IPWIIOXKEHHLIE K
Touke A. I'pys pactarusaer xanat cusoit 45 kH o Beeit nmnne, nostomy
ycusiue oT KaHara uissecTHo: T3 = 45 xH.

3. CrpouM TPeyroNbHUK A1 CWI, NPUIOKEHHHX B TOYKe A, Hauu-
st u3pecTHOW cumsl T3. CTOPOHH TpeyroabHIKA NapaliyieNbHbl Ipen-
NOJNATaeMHIM HAMPABIEHUAM CUJI, IPWIOKEHHBIX B Touke A.

O6pa3osaJics MPIMOYTOILHBIRK TpeyroabHuk (puc. 2.68).
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—4

4. HeuspecTHrle peakKuuy CTEPKHEH MOXKHO ONPENENNTDH M3 COOTHO-
iieHH# B TIPSMOYTONBLHOM TPEYTONLHUKE!

T3
sin 30°°
Ry = Ry5in60°;, R, =90-0,866 = 78xH.

3aMeuanue IlpypaBsoBecuy BEKTOPHL CHII B TPEYrOJb-
HUKE HaNPasieHB! OnuH 3a npyruM (0OXOHUM TPEYTONBHUK 110 YacOBO
crpenke). CpaBHUM HANPaBJICHNS CUJI B TPEYTOJbHUKE C NPUHATHIMHU B
HavaJse pacdeTa Ha puc. 1.26a. Hanpasnenns copnanu, cnenoBaresnsHo,
HalpaBJieHysA Peakuuii onpenesieHbl BEPHO.

T3 =45 KH; R2 = R2 =90 KH;

KoHTpOoIbHEIEe BONPOCHI M 3aaHUSA
1. Ilo n306paxeHHKIM MHOroyroabHUkam cui (puc. 2.7) peuure,
CKOJILKO CIJ1 BXOOUT B KaXKIYIO CUCTEMY U KaKas U3 HUX YDABHOBELLEHA.
(O6paTuTh BHMMaHKE Ha HANPABIECHNE BEKTOPOB.)

[ L

Puc. 2.7

2. VI3 npencTaBneHHBIX CHIIOBHIX TPEYIONBLHMKOB BribepeTre Tpe-
YTOJLHEK, OCTPOEHHRIN miia Touku A (puc. 2.8, 2.9).

1 Rz R RZ
2
RQF RQF FVH
F 0) @ )

Puc. 2.8

IIlap monsemen Ha HATH ¥ HaxofX or ; b
BHUMAHHE Ha HANDAaBIeHNe peakiuy of riaaKkol oneRay U ycnonne B-
HoBecus mapa (puc. 2.8).
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A

aave ®
2 A ’
30°
F
©)

Puc. 2.9
I'pys F nonsewen Ha xaHaTe M HaxonuTcsa B pasHoecun. O6pa-
TUTb BHUMAHUE HA PEAKINH, NIPUWIOKeHHbe K Touke A. Cuinl, He npn-
JIoXkeHHue K Touke A, He paccmaTrpuBatorcs. He 3abnBaTth 06 ycnosuu
paBHOBecus cucTeMsl cun (puc. 2.9).
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JIEKIIWA 3

Tema 1l.2. IInockas cucreMa CXOOAILIMXCS CUJI.
OnpenenleHne paBHOLEMCTBYIOLLIEH
aHaAJINTUYECKNM criocobom

3nams anaaumunecxut cnocob onpedeaenud pasnodeticmeyroweil
CUAbl, YCA0BUL PAGHOGECUL TMOCKOT CTodgWetics cucmemsl cul 6 aHG-
aumunecxot popme.

Yumemp onpedeagmpd npoexyuu cuast va dée 63auUMHO NepnewouKy-
AAPHBIE OCU, PEWAMb 3adayU KA PaéHosecue 6 anatumuueckot fopme.

IIpoexumsa cuibl Ha och

JIpoexius cuiibl Ha OCh ONPENENSETCH OTPE3KOM OCH, OTCEKAEMBIM
NEPNeHANKYIIpPaMy, ONYIIeHHEIMUM Ha OCh U3 Hadajla M KOHIa BEKTOpa

(puc. 3.1).
:

Fx
Puc. 3.1

Beauuuna npoexyuu cubt Ha 0Cb PaBHA NPOM3BENECHUIO MOLYJIS CH-
J1bl HA KOCHHYC YIVIa MEXIY BEKTOPOM CHJIE ¥ NOAOHCUMEALHOIM HATDA-
saenuenm ocit. Takum o6pa3oM, IPOEKUMs UMEET 3HAK: NOLONCUMEAbHBLL
npu 00UHAKOB0M HANPABAEHUU BEKTOPA CUILL ¥ OCH U OMPuyameabmbit
DY HATIDaBIIEHUN 6 CMOpony ompuyameavrot noayocu (puc. 3.2).

A
F F. F
} 2 o, } 180°

! B2 N RN
1 N N
0] X
Puc. 3.2

—
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Jlexuna 3
Fi.=Ficosa; >0; For = Fycosay = —F;cos (s
cos ag = cos(180° — B2) = —cos [

F3, = F3¢c0590° =0; Fy, = Fycos180° = —Fj.

IIpoexyus cuant na dee 63aumno nepnenduxyagpusie ocu (puc. 3.3).

” F,=Fcosa > 0;
B F

Fy=Fcosf = Fsina>0.

ol | x
Puc. 3.3

OnpeneneHne paBHOOENCTBYIOIIIEN CUCTEMBI CUJI
AHAJMNTNYECKNM cIIocoGoM

Bemuuuna paBHONENCTBYIOLIEN PAaBHA BEKTOPHON (reOMEeTPUYECKOil)
CyMMe BEKTOPOB cucTeMbl cuil. OnpenensaeM paBHOOEHCTBYIOLLYIO TeoMe-
TpuueckuM crocoGoM. Bribepem cucTeMy KOOPOMHAT, ONpefeNdM IMpo-
eKIMM BCeX 3aJaHHBIX BEKTOPOB Ha 3T ocu (puc. 3.4a). CknansiBaem
IPOEKIMK BCEX BEKTOPOB Ha OcH x U ¥ (puc. 3.46).

y
FZ FJ
F,
X F,
F, F F
r 1 FZ: E;é‘
o x
E.x FAx
6)

Puc. 3.4

Fsy = Fig + For + F3z + Fyg; FEy=Fly+F2y+F3y+F4y§

n n
Fo=) Fii Fry=) Fiy
0 0
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Monyne (BenuumHy) paBHOOEHCTBYIOLIEH MOXHO HAWTH TMO U3BECTHHIM

IPOEKUMAM:
Iy = ,/F)%z + F)%y.

Hanpasnenue BeKTOpa paBHONEACTBYIOIIEH MOXHO ONPENeIMTh 110
BEJIMYMHAM U 3HaKaM KOCHHYCOB YTJIOB, OOPa3yeMEIX PaBHONEHCTBYIO-
1iel ¢ ocaMu koopauHaT (puc. 3.5).

F T ¥y
COS iy = ;
by
Fy Fy
cosay = =2, Foel ay
by o
(o) X
FE):
Puc. 3.5

YcnoBus paBHOBECHU s IIJIOCKOM CMCTEMBI
CXOOAIINXCSA CHAJI B aHAJIULTUYECKON dopme

Wcxons u3 Toro, uTo paBHOmECTBYyOIIAA pABHA HYJIIO, IOy YHM:

Fyz =3 Fip =0;
Iy = F§I+F§y=ﬁ> F2$=2Fky=0
Fy. =0.

YcnoBus paBHOBeCUs B aHAITUTUYECKON (GopMe MOXHO chOpMyIUpO-
BATh CJeAYIOMIAM obpasom:

Ilrockag cucmema czo0awWuUTCs Cua HATOOUMCI 6 PAGHOGECUL, €C-
au gazebpauneckad cymma npoexyuil 6CET cua cucmemst Ha 06y och
PABHA WYL

CucTeMa ypaBHEHWH DABHOBECUS IUIOCKOW CXOOAINEWCH CUCTEMH
cHL:

n
Zsz,‘:O;
a
> Fiy =0.

B 3anavax xoopanraTHBe 0cu BHOHPAIOT Tak, 4ToOL! perenne Owl-
J1o Haubonee nmpocTuM. ZKenaTenbHo, YTOOE! XOTA OBl OIHA, HEU3BECTHAS
CHJ1a COBMAaJ1a C OChI0 KOOPAMHAT.
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ITpumep 1. OnpenenuTs BEIWYMHEL U 3HAKM MIPOEKNUI MPEOCTa-
BJIEHHBIX Ha pHC. 3.6 cuiL.

Pewenue
F, =Ficosay; Fipo=—F;cos0°<0;
e Fyy = Ficosp; Fiy = Fycos90° = 0;
Ba Fop = Facosaz = —F, cos ab;
F, . o =180° —ag;  Fpp < 0;
- F, Fyy = Facosfi2 > 0;
oy Y ® Fs; = F3c0s90° = 0;
0 Bl x F3y = F3cos §3 = F3 cos 180°;
F3 w' F3y=-F3<0;
13,4 b Fyr = Fycosayg > 0;

Fyy = Fycos 3y = —Fycos fB4;

Puc. 3.
uc. 3.6 Fiy <0.

IIpumep 2. OnpenenuTh BeNUYMHY ¥ HAIIDABJIEHME PABHOHEHCTBY-
OLIEl TIIOCKOM CUCTEMBI CXOMSIINXCS CHJI AHAJINTUYECKUM CIIOCOOOM.

Pewenue
1. OnpenenseM IPOeKUMH BCEX Y
cun cucteMul Ha Oz (puc. 3.7a): 60" F, = 10xH
Fi. =10+ cos 30°; _F, =20xH 30°
F; =10-0,866 = 8,66 xH; 0 a5
Ep, =20 - cos 180° = —20«H; F,=15kH
F3, =15 - cos45°;
F3, =15-0,707 = 10,6 xH. Puc. 3.7 a

Cnoxus anre6panyecky MPOEKINH, MTOIYYUM MPOEKLUMIO paBHOAEH-
cTByloLEed Ha oce Oz.

Fyp = Fiz + Fop + Fig;
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F»; = 8,66 —20+4 10,6 = —0,735xH.

3Hak TOBOPHUT O TOM, UTO PaBHONEMCTBYIOUIAd HAIIPABJIEHA BIIEBO.
2. OnpenensieM npoekuuy Bcex CHN Ha ock QY 3HAYEHUS NPOEKIit,

nonyuuM senuumny npoexuuu Oy.
F1, =10:cos60°; Fyy =10-0,5=5xH;
Fay = 20 - cos90° = 0;
F3;, =15-c0s135°; F3, = —15-0,707 = —10,6 xH.

Crnoxup anreGpandyecku 3HaYEHHS TPOEK-
UM, TOJIYYNM BeINYMHY NPOEKUNUN paBHONEH-
CTBYIoUel Ha ock Oy.

Fsy = F1y + Foy + F3y;
Fyy =5-10,6kH = —5,6 kH.

3Hax IpOEKINH COOTBETCTBYET HAIIPABIIE-
Huio BHuM3. CenoBaTenbHO, PAaBHONEHCTBYIO-
1l[as HallpaBjeHa BieBO U BHU3 (puc. 3.76).

3. OmnpenensgeM MOOyNnbh PaBHONEHCTBYIO-
HIeN 10 BEJIMYMHAM IIPOEKIIN:

Fg=,/F% +F%;
Fy = 1/0,7352 4 5,62 = 5,65kH.

4. OnpenengeM 3HaUeHHe yTila paBHomENCTBYyoeld ¢ ocvio O:

Puc. 3.76

—0,735
cosay = F;,:I; COS Qy = T’G—s— =-0,13; ol =82°30
> »

¥ 3HaudeHue yria ¢ ocoio Oy:

F -5,6
oS ayy = —}%; cos ay = 5—2’5- =-0,991; o = 7°30';
z ’

o = 180° — o = 97°30'; ay = 180° — o, = 172°30".
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IIpumep 3. CucTema Tpex cuil HaxomuTCs B pasoBecuut. 3secTHnt
[IPOEKIUH OBYX CWJI CUCTEMEL Ha B3aMMHO NEPOeHIuKyIspHule ocu O u

Oy:
Fi1. = 10xH; Fp, =5kH;
Fy =-2xH; Fy, =6xkH.
Onpenenntk, 4eMy papHa ¥ KaK HalpaBlieHa TPeThs CHI1a CHCTEMEL.
Pewenue
1. I3 ypaBHenwii paBHOBECUSA CUCTEMBI OIPENENIeM:

Y Fie=0; Fiot+Faa+Fip=0; 10+5+F;,=0; Fi=-15xH.
ZFkyzo; Fiy+ Foy+ F3y =0; —24+6+F3y =0; F3y = —4xH.

¥y 2. Ilo nonyyeHHLIM BeIMYUHAM IIPOEKINI
'0 onpenesnseM MOOYJIb CHIIkL:
X
a/
W ;= ,/F§I+F32y; F3 =152 + 42 = 1552xH.
Puc. 3.8 3. Hanpagsenue BekTOpa CHIB OTHOCHTENb-
Ho ocu Oz (puc. 3.8):
F3;r 15 ’ /
cosay = ——; cosay = ——— = —0,966 = o, = 14°50".
TR 71552 z

¥Yron ¢ ocero Oz Gyner paseH
oy = 180° — o, = 165°10'.

KouTponbHible BOIPOCH! M 3aaHUsL

1. Bamuummure BrIpaXeHMe Ly pacdyera mpoekuud cuinel F Ha ocb

Oy (puc. 3.9).
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2. Omnpepmenure cyMMy mpoeKumit cuia cucTeMbl Ha oces Oz
(puc. 3.10).

¥
13<H 10 «H

o

9xH 45

ON s
6kH
Puc. 3.10

3. Onpenenure BEMWYUHY CHIILI [0 U3BECTHLIM TIPOEKIIMAM:
F; =3xH; F,=4xH.

4. I'pys naxonutcs B pasHobecun (puc. 3.11). Kakas cucrema ypas-
HeHu#l PaBHOBECHs IJIs IlapHUpa A 3amucana BepHO?

Y

5|

kr = R1c0s30° — Ry cos60° — F = 0;

|

ky = Ry cos60° + Rz cos 30° = 0.

”

_A
SINSEEINgE!

—

2

~

oM:oM; ’oM:oM:
%]

kz = Ry cos60° — Ry cos 30° = 0;
(2)

&

= R1c0s60° + Rycos60° + F = 0.

Puc. 3.11

7

= —R; cos 30° + R; cos60° = 0;
@)

|

ky = R1cos60° + Ry cos 30° — F = 0.

’

Yxazauu g

1. IIpu oTBeTe Ha Bompocki 1 u 2 HeoGXOOUMO 3HATE, YTO B BhIpaXKe-
HY€ 01 BeJIMUYMHK NPOEKLMH CUABI HAa OCh NOACTABISETCA YTOa MEXIy
BEKTOPDOM CHJB U IIOJIOXWUTEJIBHON IOJyochlo KoopauHat. He 3abbiTh,
4TO onpegensercsa anrebpanyeckas CyMMa.

2. Ilpn oTBeTe Ha Bompoc 4 cHaualla clenyeT ONPENENINTH BO3MOXK-
HEIE HANpaBJIEHUs PEAKNINMl B CTEPXKHAX, MBICJIEHHO Y6upas 1o ouepenu
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CTEPXHU ¥ PACCMATPHUBAs BO3MOXHLIE mepeMeitenns (cM. nexumio 1).
3aTeM zamucaTs anrefpanueckue CyMMBl Npoekuuit cuii Ha ocu Oz u
Oy. llonyuensnie ypaBHEHNA CPABHUTDL C NPHBEIEHHEIMU.

5. OTBeTbTe Ha BONPOCH TECTOBOTO 3AaHWUSA.

Tema 1.2. CraTHKa.
IIpoexnuu cuiabl Ha OCh

Bonmnpocwm OrBerTHn|Kon

1. BrifpaTs BHIpaXkeHue i pacueTa IPOeKIMH CHIILL Fcosa 1

F na ock Oy.
y F cos (180° — a) 2

~
F F'sin o 3
o
X

© —F cosa 4
2. BeibpaTs BrIpaXeHHe s pacyeTa NPOEKUNY CHIIb F> cos 30° 1

F> Ha och Or.
F5 cos 150° 2
F, F cos 60° 3

0
- ~F5 cos 150° 4
3. PaccuuTaTh CyMMy MpOEKLU BCEX CUIMT CUCTEMBI 2,5 kH 1
Ha ocb Oy (cM. puc. x Bompocy 2), ecnu Fy = 28 xH,

F, = 15xH, F3; = 8xH, F; = 24xH, F; = 30xH. 14 xH 2
18,5 kH 3
60,5 xH 4
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ITpomonxenne
Bompocwu OrTBeTm |Kon
4. OnpeneMuTh Yroyl MEXAY 3aJaHHON CHJION M OCBIO 30° 1
Oz, ec/in M3BECTHH! BeTMYKMHA CHIIHI M €€ IPOoEeKLuy
Ha ock Oz: F, = —21xH, F = 30kH. 45° 2
y
135° 3
0 F3 150° 4
5. PaccunTaTh CyMMy MPOEKIMA CUCTEMB! CXOMSLINX- -1 xH 1
cst cun Ha ock Oz. Fy = 30xH, F: = 10kH,
Fa =15 KH, F4 =24 xH. —16,3 xH 2
yA
F, 34 xH 3
F,
2 F,
450 30°
'F, 0 x 79 xH 4
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JIEKLIUS 4

Tema 1.3. IIapa cui1 1 MOMEHT CHMJILI
OTHOCUTEJIIBHO TOUYKU

3uampb obo3nauenue, Modyab u onpedesenue MOMENTTIOE NAPbL CUL
U CUALL OTIHOCUMEALHO MOYUKY, YCAOBUT PABHOBECUL CUCTNEMDL NAD CUA.

Yuemb onpedeadmb MOMENMBL NAP CUAL U MOMERTT CUABL OMHOCU-
MEALHO MOUKY, ONPEIeATMb MOMERM DE3YALTNUPYIOUET NAPLL Cu.

Hapa CUJI, MOMEHT ITIaphEl CUJI

Iapoti cus HaswlBaeTCA CUCTEMAa OBYX CWII,
PABHEIX TI0 MOLYJIIIO, NAPAJUIEILHEIX U HATIPABJIEH-
HEIX B pa3Hbleé CTOPOHHL.

Paccmorpum cucremy cun (F; F'), obpasyro-
[LUX Tapy.

Tapa cun BHI3BIBAET BpAllleHVE TeNa i ee fei-
CTBME HA TENO OHeHuBaeTca MOMeHTOM. Cuimn,
BXOOAILUME B Napy, HE ypPaBHOBEIIMBAIOTCH, T.K.

a) OHM TIpWIOXKEHHI K nByM Toukam (puc. 4.1). Ux
neficTBue Ha TENO He MOXKeT OHITL 3aMEHEHO Of-
F @ HOM cuiIoil (paBHOMENCTBYIOLLEH).

F|F
IFl=1F

MoMeHT NMapH CHiT YKCIIEHHO PaBeH Npon3Be-
a IEHMIO MOLYJIS CUJIbI Ha PACCTOSHUE MEXIY JTUHU-
MM IECTBUS CUI (n4eu0 napbl).
/ MoMeHT CUMTAIOT NOJIOKNTENLHBEIM, €CITH Na-
6) F pa BpaIlaeT Teqo No 4acoBoil crpenke (puc. 4.16):
Puc. 4.1 ]VI(F;F’)=F0.; M > 0.
Ilnockoers, mpoxonmsuas wepes juHUM neit-
CTBMS CUJI NApH, HA3HBAETCA naockocmbio deti-
cmeud napul.
Cesoticmsa nap (6e3 NOKa3aTENLCTB):
1. Ilapy cun MOXxHO nepeMeliaTh B INTOCKOCTY €€ MeHCTBUS.

2. DKBUBAJIEHTHOCTb nap. IlBe maphbl, MOMEHTBI KOTOPHIX PaBHHL,
(puc. 4.2) sxBUBaJIEHTHH (OEHCTBHE MX HA TENI0 AHAJIOTUYHO).
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3. Crnoxenne nap cui. CucreMy map CUl MOXHO 3aMEHMTDH PaBHO-
IeNCTBYIOLIEH Napoi.

MOMEHT paBHONEHCTBYIOIIEH NapH paBeH anrebpandeckoil cyMMe
MOMEHTOB Nap, cocTaBlstonmx cuctemy (puc. 4.3):

F;
FIF—QI—-[{F]/ ~ ﬁ\GZM
Flal =F202 le

Puc. 4.2 Puc. 4.3

n
Ms = Fia; + Foas + Fzaz + -+ - + Fpap; My =) my.
0

4. PaBHoBecue nap.

Ilna pasHOBecus map HeobGXOOUMO M AOCTATOYHO, YTOOH asrebpan-
yeckas CyMMa MOMEHTOB ITap CUCTEMEI paBHSJIACh HYJIIO:

n
ME=O=>ka=0.
0

MoMeHT CUJIBI OTHOCUTENBHO TOYKU

Cuna, He IPOXONALIIAs Yepe3 TOUKY KPEMJIEHNUS TeJla, BEI3LIBAET Bpa-
IlleHUe Tejla OTHOCUTEIBHO TOYKM, IIOITOMY INENCTBHME TAKON CUJIBI Ha
TEeJI0 OLIEHNBAETCS MOMEHTOM.

Momenm cuabt OTHOCUTEILHO TOYKM YUCIIEH-

HO paBeH NPON3BENEHNIO MOIYJIs CHUJIBI Ha pPaccTo-
sHUEe 0T TOUKHU [0 JIMHUA AeicTBN cuisl. [lepren- A
OUKYNSp, OMyLUIEHHLN W3 TOYKM HA JIMHUIO IeH- o
cTBUs CUiIkl (pUC. 4.4), HA3KIBAETCS NAEUOM CHIIEL.
O6o3nayenve Momenta Mo (F) umn mo(F);

mo(F) = Fa. Puc. 4.4

Enuanna nsmepenns [mo(F)] = Hm.
MoMeHnT curTaeTcs MOJIOXKUTENLHEIM, €CJIN CHITa Pa3BOPAYNBAET Te-
JIO TIO YaCOBOM CTPEJIKE.
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IlpuMeuanue BpasEbx yueOHBIX TOCOOKMIX 3HAK MOMEHTA
HA3HAYAETCH I0-Pa3HOMY.

MOMEHT CHJIBI OTHOCUTENBHO TOYKM PaBeH HYJIIO, €CIU JIMHUS NeH-
CTBUS CIJIBL IIPOXOOMT 4Yepe3 TOUKY, T.K. B 3TOM CIIydae PacCTOSHUE OT
TOYKHU OO CHIIBI PABHO HYIIIO.

IIpuMepsl perieHus 3agad

ITpumep 1. Hana napa cun |[Fj| = |FJ| = 42xH; nnewo 2 m.
3aMeHNTH 330aHHYIO Napy CUJ SKBHBAJICHTHOM Napoil ¢ miedoMm 0,7 M
(puc. 4.5).

F
! F, Pewenue
a, a,
o~ Ilaps! CHJT 3KBMBAJIEHTHEHL, €C-

JI1 MOMEHTEH! 3THX IIap 4YUCJEeHHO
Puc. 4.5 DaBHbI:
mp = Flal; mi =832 -2=284 KH'M; mo = F20,2; m1 = ma.
Otkyna Fyp = 07 = 120kH.

?

TIpumep 2. Nana cucrema nap cui (puc. 4.6). OnpeneanTs MOMERT
pe3yNLTUPYIOIIER NapHI.

Pewenue

MomeHT pe3ynbTUpyouei na-
pEL paBeH ajrebpaudeckoil cyMmme
MOMEHTOB Tap CHCTEMEL:

My = ka.
0

IloncTaBUB YKCIIEHHEBIE 3HAYE-
HUSI, IIOLY9MM:
my; = 10-0,2 = 2xH-¥m;
mg = —12-0,3 = —3,6 xH-Mm; Puc. 4.6
mg=6-1,2=72xkH-mMm;
My =2+ (-3,6)+72=5,6xH-M.
3HaK CBUIOETELCTBYET O TOM, YTO MOMEHT BLI3LIBAET BpallleHHe 10
JaCOBOI CTPeJIKe. BenmuuuHy CHIIBI ¥ IUIeya ONpeneiuTh He yIaeTCs.
IIlpuMeyuanue Yrobu ypaBHOBECUTH JAHHYIO CUCTEMY IIap,
HeoOXOIMMO MPUIIOKUTE APy CUII, PABHYIO IO MOLYJIIO ¥ HAIIPABJIEHHYIO
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B 06pATHYIO CTOPOHY. Taxyio mapy CUJI HA3HBAIOT YPA6HOEEWUBAOWe.

IIpumep 3. PaccuuTars CyMMy MOMEHTOB CHJI OTHOCHTEILHO TOY-
ku O (puc. 4.7).

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

F4 =15«kH

4 B _F;=20xH
B N
E
TFZ =10xH
Puc. 4.7
Pewenue

1. MoMeHT CuIB OTHOCHTEILHO TOYKH YMCIIEHHO papeH IIpOn3Bene-
HUIO MOAYJSA CWIEI HA TUIEYO CHUJIHL.
2. MoMeHT CHIILI PaBeH HYJTIO, €CITM JIMHUSA AeHCTBHS CH/TBl IIPOXOMUT
yepes TOUKY.
mo1 = Fiaq; mo1 =5-2=10kH-Mm;
moz = Foasg; moz = —10 -2 = —20xH-Mm;
mo3 = Fzaz;  mo3 =0; -
moq = Faay; moq = 15-6-0,707 = 69,3 xkH-M;
mog = 10 - 20 + 69,3 = 59,3 xH-Mm.

KouTponbHEle BONPOCH U 3afaHUs

1. Kakue cunnr u3 cucremut cunt (puc. 4.8) o6pasyior mapui?
F1 = F2 = F4; F3 = Fs; F5 = 0,9F6.

2. OnpenenuTe MOMEHT M300paKEHHOM Ha puc. 4.9 maphl CUIL.
|F| = |F'| = 5xH.

/

F

F F;s
a 0
A >\4 B 6M 3Y(>X B

Puc. 4.8 Puc. 4.9

3. Kakue u3 usobpaxenuux nap (puc. 4.10) 3xBMBafeHTHEI, €CIIM
F), = F; = 8xH; F3 = 6,4xH; a; = 2M; as = 2,5M7
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F F F, F,
a a, a a,

1 1 ]
45", 90 - |,
F] F] Fz Fgl

a) 6) 8) 2)
Puc. 4.10
4. Kaxyio cunny Heob6xonumo npunoxurs 8 Touke C (puc. 4.11), gro-
651 asrebpanyeckas CyMMa MOMEHTOB OTHOCUTENbHO ToukH O 6hla pas-

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

F, 0
WOAW r% 45"&{:3 90#C

Puc. 4.11

5. OTseTnTe Ha BOIIPOCH TECTOBOTO 3aJaHUA.

Tema 1.3. CraTuka

Bonpocwu OrBeTn |Kon

1. Kakne cusinl u3 3amannoil CHCTEMBL CHIl, AEHCTBYIO- TH; 7TH 1
XX Ha Teso, o6pasyloT napy cun?

IOHl 1onl 151—1/ 7,
T 10 H; 10 H 3
TISH 7H

7H; 10H 2

15 H; 15 H 4
2. OnpenenuTs MOMEHT 3a[AHHOW Napbi CHJI. 0,35 H-m 1
-35,35 H-m 2
F 45° B/
F
0,5m 50 H-m 3

F,=F,=100H —70,7 H-m 4
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[Ipononxenune

Bonpocu OrsBeTum|Koan

I5H
. 0,4 m
3. YxaxuTe napy cuil, 9KBUBAJIEHTHYIO 3aIaHHOM. 1
15H

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

4. HaiinuTe MOMERT ypaBHOBENUINRBAIOLIEN TIAPK! CHJT. —-0,4H-M 1
e 6H 0,4H-m 2
P21 .
SH 04 m 0,3m 02m —0,8Hom 3
‘ﬁ
4H
0,8H-M 4
5. OmpenenuTh CYyMMY MOMEHTOB CHJI OTHOCHTEIBHO TH-m 1
Touku C.
47H-m 2
7H 10 H
9 45"
19H-Mm 3
SH

SHY M'"@" 2m 2m 2m

7THw™ 4

2 - 8060
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JIEKIIUA 5

Tema 1.4. IInockas cucreMa IpoU3BOJIBLHO
PAaCIIOJIOXKEHHBIX CHJI

Hmemv npedcmasaenve 0 21a6K0M 8EKTOPE, 2AABHOM MOMEHNE
pasnodeticmeyiowel niockol CUCmembl NPOU3EOALHO DPACTLOAONCEHHBIT
cua.

3nampb meopemy Ilyarco o npusedenuu cuabt K movwke, npusedeHue
NPOUIEOAbHOYU NAOCKOU cuCemMbl Cut K mouxe, mpu $opmbl ypasrenud
pasHosecud.

Ymemb 3aMeHAMDd NPOUIEOALHYI0 NAOCKYN) CUCTNEMY CUA OOHOT Clu~-
@01 ¥ 00nOT napot.

Teopema Ilyanco o napaiienbHOM IepeHOCe CHII

Cuay MOHCHO NEPEHECTNU NAPAAAEALHO AUNUYU ee deticrmeud, TIPU
3TOM HYXHO d06G6UMb NAPY CUAL C MOMEHITLOM, PABHEIM IIPOM3IBEIEHUIQ
MOIYJIs CHJIBl HAa PaCCTOsSHME, Ha KOTOpOe IIEpeHeceHa CHiia.

IFl=IFl=1F} m=Fa
Puc. 5.1

Iano: cuna B Touke A (puc. 5.1).
Io6asuM B Touke B ypaBHosewwennyio cuctemy cuia (F'; F”). O6pa
syercs napa cun (F; F). [lonyunuM cuity B Touke B u MOMeHT napet m

IIpuBenenue K TO4YKE MJIOCKOMA CHCTEMBI
MPOU3BOJILHO PACNOJIOXKEHHBIX CHJI

JInaup neficTBUS NPOM3BOJILHON CHACTEMb! CHJI HE IIEPECEKalOTCS B
OIHOM TOYKE, IIOITOMY IJIS OLEHKM COCTOSHMA TeJa TaKylo CUCTEMY Clle-
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ByeT ynpoctuts. Ilng 3Toro Bce CUMEL CHCTEMBL TEPEHOCAT B OLHY IPOU3-
BOJIBHO BHIGDAHHYO TOYKY — TOYKY npuBenenus. [Ipumensior Teopemy
Iyanco. Ilpu mo6oM nepeHoce CUITLL B TOUKY, He JEKALILYI0 HA JIMHIL ee
JercTBUs, DoOaBNAIOT Napy CUJl.

IlosBuBIIMECA TIpH TlepeHOCE Maphl HA3LIBAIOT TPUCOECOUNHEHHbLMU
napamu.

Ilara mockast cucTeMa IPOU3BOJILHO PACTIONOKEHHBIX CUII (puc. 5.2).

Iepenocnm Bee cunet B Touky O. Ilomyunm my4ok cuit B Touke O, Ko-
TOPBIZ MOXXHO 3aMEHUTD OIIHOM CUJION — 24a6HbLM 6EKINOPOM CUCTNEMDL.
O6pasyioliyiocs cCTEMY ITap CHJI MOXHO 3aMEHUTH OIHOM SKBUBAJICHT-
HOI HApO — 24a6HbLM MOMEHITLOM CUCTILEMDL.

Puc. 5.2

n
Fo,= ZFk.
0

Iaasnorii sexmop pasen 2eomempuueckoti cymme BEKTOPOB IIPOM3-
BOJILHOIA IIOCKOIA cucTeMu cuil. [lpoenupyeM BCe CHITBI CHCTEMEL Ha OCH
KOODIMHAT M, C/IOXKMB COOTBETCTBYIOLLME IPOEKLMH Ha OCH, ITOJIYd4MM
MPOEKINK TIaBHOIO BEKTOPA.

n n
I@nx = 2{:-sz; Iﬁwy = 2{:-F%y-
0 0

ITo Benmunne npoexumi TJIABHOTO BEKTOpAa Ha OCH KOOpOUHAT HaXO-
M MOLYJb I'IAaBHOI'O BEKTOpa:

Frn=\/F%, + F2

rilr 3 W
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I'naenvili Momenm Cucmembl cut pasen atzebpaureckoll cymme mMo—
MEHMO6 CUJT CICTEMBI OTHOCUTEIBHO TOUKM IPUBENECHU.

Mrno =mip+me+mz+-+ My
n

My = > mo(F).
0

Taxum 06pazom, NPou360AbHAT NMAOCKAT CUCTIEME CUA TIPUBOUM-
cd K 00not cuse (FIABHOMY BEKTOPY CHCTEMBI CHJ1) M OOHOMY MOMEHTLY
(r1aBHOMY MOMEHTY CUCTEMHI CUI).

Bausuue ToOYKu nmpyuBeneHus

Touka npusenenus BrIGpaHa npousBoiabHO. [Ipy m3MeHeHuM moso-
»KEHNs TOYKM IIPUBENEHUs BEJIMYUHA I[NIABHOIO BEKTOPAa HE M3MEHUTCH.

Bemnunna riiaBHONO MOMEHTA IIPHM [TEPEHOCE TOYKM NMPUBENEHUS U3-
MEHUTCH, T.K. MEHSIOTCs PACCTOSHMUA OT BEKTOPOB-CUJI 4O HOBOH TOYKH
NPUBENCHUA.

C nomoursio TeopeMbl BapuHboHa 0 MOMEHTE paBHONEHCTBYIOIIER
MOXCHO OIpeNeNuTh TOYKY Ha INIOCKOCTH, OTHOCUTEIBHO KOTOPOU IilaB-
HBEIl MOMEHT papeH Hymo. 1o2da npou3soabhad nAocKad CUCmema Cus
Mozcem Obimb 3amenena 00not cuaot.

DTy cuily Ha3sBlBAIOT pasnodeticmeyouett CHCTEMBL CUIL.

UucneHHO paBHOHNEACTBYIOIUAA PABHA [NIABHOMY BEKTODPY CHUCTEMBI
CHJI, HO NPUJIOXKEHAa B OPYTOM TOYKE, OTHOCUTEIBHO KOTOPOU IJIABHHIA
MOMEHT paBeH HyI0. PaBHOmEMCTBYIONLYI0 NPpUHATO 0603HavaTs Fy.

UncneHno ee 3HaUEHUE OMpENENAETCA TAK e, KaK TIABHLIA BEKTOD
CUCTEMEI CHJI:

F2=Frn7

2
Fy

n 2 n
ZF’“’ + ZFky
0 0

Touky npunoXeHWs PaBHOOENCTBYIOLLEH MOXKHO OIpPENEIUTh MO
dopmyite

rae d — pacCTOSHKE OT BHIGPAHHON TOYKU MPUBENEHUs XO TOYKY IIpU-
JIOXXE€HUsl PaBHOIENCTBYIOLIEH;
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My — BenuuMHA TrJABHOIO MOMEHTA OTHOCUTENHHO BHIGPAHHON
TOYKH MIPUBEIECHUS;
Fin — BenuuuHa riaBHOIO BEKTOPA CUCTEMBI CHJI.

YacTHEIE ClIydal IIpUBEdEeHNA CUCTEMbBbI CHJI K TOYKE

[Ipu mpuBeneHuM CUCTEMBL CHJI K TOYKE BO3MOXHEL CJIELyIOLIME Ba-
pUMAHTHL:

1. Fir =0 .
e = TE€J0 BpaliaeTcsa BOKPYTI HENIOOBMXKHOM OCH.

MrnO 7é 0
2. M0 =0 => TEJIO IBVXETCS HIPSIMOJINHENHO YCKOPEHHO

Fn#0; Fop=Fy )
3. MI’.TIO = 0

=> TeJIO HAXOOUTCs B PABHOBECHH.
FI‘I[ = 0

Y cii0BuEe paBHOBECHA IIPOM3BOJILHOM IIJIOCKOM
CHUCTEMBI CHJI

1. Ilpu paBHOBECHU IIIABHBIA BEKTOP CHCTEMEI PABEH HYJIIO
(Frn = 0)-

Ananurugeckoe onpenelsieHNne rJiaBHOIro BEKTOpa NPpUBOONT K BEHIBONY:

n
EFk:r:O;

FPH: F1‘2n3+Fr2ny=0=> 7(')‘
%:Fkyzo,

rne Fiz u Fiy — npoekuuu BEKTOPOB Ha OCH KOODIWHAT.

2. IlockonbKy TOYKa, NMpUBENEHUs BLIGPAHa IPOU3BOILHO, ACHO, YTO
[IPM PaBHOBECHM CYMM3, MOMEHTOB CHJI CHCTEMBI OTHOCHUTENLHO IGO0
TOYKM Ha INIOCKOCTH HO/KHA PABHATLCH HYJIIO:

n S ma(Fr) =0;

Mrno =X:777'O(I;’k)=0=> 91
0 > mp(Fy) =0,

0

roe A 1 B — pasHble TOYKU [IPUBEOCHUS.
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Ycaosue pasnosecud npou3soavnoti naocKol CUCEMbl Clua MOXKET
OLITH CHOPMYINPOBAHO CIIEMYIOLINM 06Pa3oM:

Ilag mozo umobbr meepdoe meao nod deldcmeuem npoussoavrol
NA0CKOU CUCTEMbL CUA HATOOUAOCH 6 PABHOBECUU, HEOOTOdUMO U Jo-
cmamouno, umobbl aszebpauvueckad cymma nNpoeKyull 6Ccex cua cucme-
Mbl HG 06Y10 0Cb PABHAAGACH HYAO U AA2EOPAUNECKAT CYMMA MOMEH-
MO6 BCET CUL CUCTNEMbBL OTHOCUMEAbHO 410601 MOUKU 6 TMAOCKOCTY
deticmeud cua pasHAAACy HYI0.

ITonyuum ocHOBHYIO hOpMY ypaBHEHMNA PAaBHOBECUS:

~

Fz = 0;

mp(Fi) = 0; YPaBHEHUS MOMEHTOB.

Ve

ENIEEINEEINSEEINSEE]Ng B
g
o
Il

Teoperuuecku ypapHeHUII MOMEHTOB MOXHO 3allMCATH GECKOHEUHOE
MHOXECTBO, HO IPAKTHYECKU IOKA3aHO, YTO Ha IJIOCKOCTH MOXHO COCTa-
BUTH TONBLKO TPY HE3ABHUCHMLIX YPaBHEHUS MOMEHTOB W IIpU 3TOM TPH
TOYKY (LEHTPHEl MOMEHTOR) HE NOJKHEI JI€XATh Ha ONHON JIMHUH.

Taxum o6pa3om, UMeeM NSITH HE3ABUCUMEIX Y PABHEHNIN DABHOBECH .

IlpakTuecku ng peliesEus 3a1a4d HA IJIOCKOCTH JOCTATOYHO TPEX
YPaBHEHMH paBHOBecHs. B KaXKIOM KOHKDPETHOM CIIy4ae UCIONL3YIOTCHE
YPaBHEHUS C OOHUM HEM3BECTHBIM.

I pasHHIX cllydaeB KCHOMB3YIOTCS TPY IPYINEl yPaBHEHUN paB-
HOBECHS.

n

z Fiz = 0;
a

I[lepras ¢opma ypaBHeruit pasHoBecus: { o Fiy = 0;
0

i;:mA(Fk) =0.
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Bropas ¢popma ypasHeHuit paBHOBECHS: ﬁ

TpeTbsa ¢popMa ypaBHeHHI PABHOBECHS: \

'%Fky —0;

i;:mA(Fk) =0;
ki(::m[,v(Fk) =0
ri;:mA(Fk) = 0;
i;:mB(Fk) =0,
\i;:mc(Fk) =0.

Ilnsa wactHOrO Cciny4ad, €ClIM YPAaBHOBEUICHA CUCTEMA MMAapaJIJICIIEHBIX

CHJ1, MOXXHO COCTABHUTEL TOJILKO IBa YPaBHEHNA

n n
D Fie=0; Y ma(Fy)
0 0

DPaBHOBECHUS:

=0.

Ocp Oz cUCTEMH KOOPAMHAT HapaJjuieNibHA JTMHUN JEeACTBHS CHIL.

IIpuMeps! perenus 3agay

IIpumep 1. Hajitu MoMeHT mpucoenuHes

HOI IIapHl IIpY NepeHoce

cunst F3 B Touky B (puc. 5.3). Fi = 10xH; F> = 15xH; F3 = 18xH;

a=0,2Mm.
Pewenue

HUcnionwsayem Teopemy Ilyanco.

Mg (Fs) = 18.0,2 = 3,6 xH-m.

F,

a

F;

F
B

Puc. 5.3

IIpumep 2. HaitTn rnaBHmit BekTop cucteMu (puc. 5.4).

Fy =10kH; F; =16xH; F3=12kH; m =

Pewenue

60 xH-mM.

I'naBHLI BEKTOp paBeH MeOMETPHYECKON CyMMe CHJL:
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Fg, = %:Fka:;
Frn, = Fycos45° — Fy = —9kH

&

Frny ZZFky;
0
F., = —Fycos45° + F3 = 5kl

v

Frn= \/an, +Fr2ny§
wn =1/ (—9)% + 5% ~ 10kH.

IIpumep 3. HafiTu rimaBHBIN MOMEHT CHCTEMEI OTHOCHTEILHO TOY-
xu B (ucnons3oBaTh maHHble npuMepa 2).

My

Pewenue

['naBHBI MOMEHT paBeH anrebpandeckoil CyMMe MOMEHTOB CHII OT-
HOCHUTEJBLHO TOUYKY NPUBENEHMS:

n
Mrn = ZO:mB(Fk);
Y mp=F-2-5in45° — F»-2— F3 -4+ m;
My;=10-2-0,7-16-2~-12-4+ 60 = —6xH-Mm.

IIpumep 4. K Teny npunoxeHa ypaBHOBEIIEHHAs CUCTEMA CHIT
(puc. 5.5). IIee n3 Hux HemsBecTHHEL. ONpene/MTh HEU3BECTHEHIE CHJIEL.
F, =10xH; F, = 16 xH.

y A
5 F, 5 C
HanocuM ocu koopnuHaT M MC- F,
[OJIb3yeM YPaBHEHUA PABHOBECHS: +
S Fp = 0; Fo — Fycos30° = 0; o F,
Fy = F5/cos30° = 18,5 kH; A
Y Fy =0; —F1+F3+ F4 cos60° = 0; F D
- _ o. 1
F3 = F} — F4cos60°; ¥ Puc. 5.5

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

KOHTpOJIbeIe BOIIPOCEI M 3adaHus

1. Yemy paBeH [NIABHBIA BEKTOD CUCTEMBI CHII?

2. Uemy paBeH riaBHbIA MOMEHT CMCTEMEL CHJI IIPU IPUBENECHUU €€
K TOuke?
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3. YeMm ornmyaeTcs IJIaBHLIA BEKTOP OT PaBHOOEHCTBYIOMICH IIOC-
KO CHCTEMBI IIPOM3BOJILHO PACIIONIOKEHHBIX CHII?

Bri6parTs 13 npemoxeHHBIX OTBETOB:

— BEJINYMUHOM;

— HalpaBIIEHUEM;

— BEJIMYMHOW KU HAIIpABJIEHUEM;

~— TOYKOHN IpPUJIO:KEHMUSI;

— HUYEM.

4. Temno nBuXeTcs PaBHOMEPHO U IPSIMOJIMHERHO (paBHOBeCHE).

YeMy paBHBI TIIABHEIM BEKTOP ¥ TJIABHEIL MOMEHT CHCTEMEI?

5. Teno BpamiaeTcs BOKPYT HEMOOBMXHOM OCH.

YeMy paBHBI [IIABHEIA BEKTOP U [VIABHLIA MOMEHT NEHCTBYIOIIENR Ha
HEro CUCTEMEI CHIT?

6. HajinuTe riaBHBI BEKTOP U MJIABHEIA MOMEHT CHCTEMEI CWJII, €CIIH
LUeHTP IpuBeNeHus HaxonuTcs B Touke A (puc. 5.6).

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

2m

387
=

A

7. Kaxoe e1ue ypaBHeHue DABHOBECH HYXXHO COCTABUTH, YTOGH y6e-
IUTBCA B TOM, 4TO cucTeMa Cuil (puc. 5.7) HAXOOUTCH B PABHOBECUU?

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

y<>B CL B

F, F,

F oy \45" D

Puc. 5.7
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JIEKIINIA 6

Tema l.4. Basounsie cucremMsl.
OmnpenesrleHne peakuuil onop ¥ MOMEHTOB
3aleMJIeHus

Hmems npedcmasaenue 0 6udaT oNop 1 603HUKAIOWUT PEAKYUIT 6
onopaz.

3namos mpu Gopmbl ypasnerul PA6HOBECUT U YMEMb UL UCTLOALIO0-
samp dag onpedesenus peaxyull 8 onoPazr 6ALOUHLIT CUCTILEM.

Yumemp evinoangms nposepky npasuIbHOCTNY DEULEHUS.

Buaer Harpy3ok 1 pa3zHOBUOHOCTHU OIIOD

Budul nazpy3ox

Ilo crocoGy npuiokeHUs HACPY3KM OEIATCS Ha COCPENOTOYEHHHIE
U pacnpenesieHHule. Eciu peanbHO Tlepenada HATDY3KM [IPONCXOOUT Ha,
npeHeGpeXX MO MAJIOi IIoaaxe (B TOYKe), HACPY3KY HA3HIBAIOT cOCpe-
domouennot.

YacTo Harpy3Ka pacipenesieHa [0 3HaUUTELHOM IIIOIAIKE UITH JTH-
uuu (OaBneHye BOOBI Ha INIOTUHY, OABJEHUME CHEra Ha KPHILIY X T.I.),
TOra HArpy3Ky CUHTAIOT pacnpedeaennot.

B 3adavar cmamuxu dag abcomomno meepduir mea pacnpedesen-
RYI0 HAZPYIKY MONCHO FaMENumb pasnodeticmayowetl COCperoTOUeHHOMN
cuoit (puc. 6.1).

q — WHTEHCUBHOCTL
HarpysKH; | — IIMHA cTepxk:
HS;

AVMAAAL

G = ql — pasHomeit-
CTBYIOLIAA pacCTpeneneHHOM
Harpy3kM.

Pasnosudnocmu onop 6aaounsiz cucmem (CM. nexuuio 1)
Banka — koHCTpykTMBHas meTanb B BUIE NpsaMoro 6pyca, 3akper-

TIeHHas Ha ONopaX U u3rubaeMas NPUIIOKEHHBLIMH K HEll CHUNIaMM.
BricoTa ceueHus Ganku HesHAUMTeNbHA O CPABHEHUIO C IJIMHOM.
XKecmwas 3adeaxa (3awemaenue) (puc. 6.2)
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Onopa He IONMyCKaeT MepeMeLIEHNI U TIOBOPOTOB. 3alENKY 3aMeHs-
10T IByMsA COCTaBIAONMME ciibl R Az u R4y 1 mapoit ¢ MomMeHTOM MR,

,HJISI OIIPEOEJIEHNA 3TNX HEN3BECTHBIX

?, yIOOOHO NCIONBL30BATL CUCTEMY YDaBHE-
R R, B HUI B BUIOE
< A x n n n

51 Y Fe=0; Y Fiy=0; > mpa=0
Me, Puc. 6.2 0 0 0

Kaxnoe ypaBHeHne umeeT OnHy He-

U3BECTHYIO BEJIMYNHY U pelnaeTcs 6e3 MOICTaHOBOK.
I KoHTposs NPABUIILHOCTY PELIEHUH NCIIONB3YIOT AOHOIHRTEND-
HOE ypaBHeHUe MOMEHTOB OTHOCUTENILHO Moboit Touku Ha Halke, Hampu-

mep B: Y ARy,
n
kag =0.
0

ITaprupro-nodeuacnag onopa (puc. 6.3)
Omnopa nomyckaeT MOBOPOT BOKPYT LIAPHUPA K Puc. 6.3
NepeMerleHne BAOIL OMOPHOM MOBEPXHOCTH. Peak-
¥ HAMPABJIEHA NEPIEHINKYASPHO OMNOPHON NOBEPXHOCTH.
IlTaprupro-nenodeuscras onopa (puc. 6.4)
Omnopa monyckaeT MOBOPOT BOKPYT LIAPHMPA W MOXET GHITH 3aMe-
HEHA OABYMsA COCTABIIAIOILIMMY CUIIBI BOOJB OCEH KOOPAWHAT.
Baaxa na deyr waprupuvniz onopaz (puc. 6.5)

A x

Puc. 6.4 Puc. 6.5

He nssectnm TPU CUJIBl, OB€ N3 HUX — BEPTUKAJbHEIC, CJIEOOBa-
TEJILHO, y1106Hee OJ1 ONpenesieHnss HEN3BECTHHIX MCNOJIE30BATh CUCTEMY
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ypaBHeHUit BOo BTOpoit ¢opMme

n n n
kaA = 0; kas = 0; ZF’W = 0.
0 0 0

CocTaBnsioTca ypaBHEHNS MOMEHTOB OTHOCHTENBHO TOYeK Kpemne-
Hus Ganku. Ilockonbky MOMEHT CHJIBI, IPOXOASIUEH 4Yepe3 TOYKY Kperl-
neHusi, paseH (, B ypaBHEHMM OCTAHETCS OOHA HEM3BECTHAs CHUJIA.

n
W3 ypasuenus > Fy, = 0 onpenensercs peakuus Rp.
0

7
W3 ypasrenus Y mi4 = 0 onpenensercs peakuns Rpy.
0

n
U3 ypasuenus ) mip = 0 onpenensercs peakuus Ryy.
0

Ing KOHTpPONA NPaBMILHOCTH PpEIIEHAS MCIONb3yeTCA MOMOIHH-
TENILHOE YPABHEHHE
n
E Fiy = 0.
0

Ilpu paBHOBECHM TBEPOOrO TeNa, FAe MOXHO BRIGPATh TPY TOYKH, He
Jexalme Ha OOHOM IPAMOM, yao6HO UCIONL30BATL CUCTEMY YPABHEHHUM
B TpeTbeit dopme (puc. 6.6):

ma(Fy) =0
mp(Fy) = 0;

mc(Fk) = 0.

SN EL N ETS N

IIpumMepnr pentenns 3anay

IIpumep 1. OpnoonopHas (3aiuemneHHas) 6anka Harpy»eHa co-
CpenoTOUeHHLIMM cuilaMy ¥ napoit cua (puc. 6.7). OnpenenuTs peakunn
3a0eNKu.
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v
\J‘R,,,, 30 kH m=100 xH-w | 20XH
o ﬁ
60
< g\\ v
» A B *
R, 3m 5Mm € 2m
M,
Puc. 6.7
Pewenue

1. B 3anenke MOXeT BO3HHUKHYTBH Peakis, IIPEACTABJAeMAas AByMs
cocrasisommmu (R ay; Raz), ¥ peakTBHEI MoMeHT M 4. Hanocum na
cxeMy GaJIKiu BO3MOXHEIE HAIPABIICHUS PEAKIIMil.

3 amMeuan ne FEciuHanpasieHus BuIOpaHbl HEBEDPHO, DU
pacyeTax IOJy4YnM OTPHULATENbHbE 3HaueHus peaximit. B sToMm ciyuae
peakuuM Ha CXeMe CJeNyeT HAIpPaBATh B NPOTUBOIOJIOXHYIO CTOPOHY,
HE [IOBTOPAA PACYETA.

B cnny masnoit BEICOTHEI CUMTAIOT, 94TO BCE TOYKM Gallkil HAXONITCH
Ha ONHOM NpSMOIl; Bce TP HEM3BECTHLIE PEAKIIMM TPUIIOXKEHEI B OTHOM
Touke. Jlng pewrenns ynoGHO MCHOMB30BATH CUCTEMY ypPaBHEHMIt pab-
HOBecust B nepBoil dopme. Kaxnoe ypaBHeHMe GyleT comepXaThb OOHY
HEU3BECTHYIO.

2. Ucnons3yeM cucTeMy ypaBHEHMIA:

n n n
D Fre=0; > Foy=0; > mg, =0
0 0 0

n
ZF,cz = —Raz + 30 - cos60° + 20 - cos 90° = 0.
0
Ry = 30-cosB0° + 20 - cos 90° = 15kxH.

Xn:Fky = Ray — 30 cos30° — 20 - cos 0° = 0.
° Ray =30-0,866 +20 -1 = 45,98 xH.
imk,q=—MA+3O-3-sin60°+100+2O-10=O.
° My = 377,94 kH M.
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3Haxy NOIyYEHHHX peakimil (+), ClenoBaTeNbHO, HanpaBIIeHus pe-
aKuuit BelOpaHbl BEPHO.

3. Ilna npoBepku NPABMILHOCTM PELICHWsS COCTABJIAEM YypaBHeHHe
MOMEHTOB OTHOCHUTENILHO TOUKU B.

> mup=—Ma+ Ray-10—30-7-5in60° + 100 = 0.
HOLICT&BJISIGM 3HAYEHUA ITOJIYUECHHAIX pea.xunﬁ:
—377,94 + 45,98 - 10 — 210 - 0,866 + 100 = 0;
—559,8 + 559,8 = 0.

Pemenne peimonueno BepHO.

Ipumep 2. [syxonopHas 6anka C MAPHUPHHEMU onopamu A u
B HarpyeHa cocpefOTO4EHHON cuiioil F', pacnpeneneHHoA Harpy3Koi ¢
HHTEHCUBHOCTBIO ¢ ¥ IIApoil cuil ¢ MoMeHTOoM m (puc. 6.8a). Ompenennts
pPeakuun oIop.

yARAy m = 100 kH-m e 25 M
g =2kH/M (_\ R, =2«
45"
a)
A G B RBx x
TUSSY 3
6M aMm 2M
:\Rﬁy m=100kH M RB‘ _
K —~ YA F=25kH
457
6) € >N
X
4 G=12«H Rt\d&i
ARRY RRNY Y
3Im M 4™ 2M
Puc. 6.8
Pewenue

1. JleBas onopa (Touka A) — MONBIKHHIA LIAPHUP, 3MECh PEAKLMS
HANpPaB/IeHA NEPNeHINKYIISpHO OMOPHOI NOBEPXHOCTH.
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IIpasas onopa (Touka B) — HENOABMXHEL IIIADHUD, 30€CH HAHOCUM
OBe COCTABIIAIOILIKE PeaKLMy BAOJIL ocelt koopauHat. Ock O copmeriaeM
¢ NPOOONBLHOMN OChIO 6aNIKH.

2. Ilockonbky Ha cxeMe BO3HUKHYT I1BE HEM3BECTHBIE BEPTHKAJIbLHEIE
peakuyny, UCIOJAB30BATE NepBYIo OpMy ypPaBHEHMI paBHOBeCHUs Henele-
coobpa3sHo.

3. 3aMeHdeM paclpenefeHHYIO HATPY3KY COCPENOTOYEHHOM:
G=gql; G=2-6=12kH.

CocpenoToyeHHy10 Cuily TIOMELIaEM B CepedUHe NpoJeTa, Aallee 3a-
Naya pellaeTCsA ¢ COCPeNoTOYeHHHMH cuitaMu (puc. 6.86).

4. HanocuM BO3MOXHBIE peaxuUMy B Onopax (HATIpaBleHUe IPOU3-
BOJIBHOE).

5. Ilna pemeHus BOupaeM ypaBHEHHE DaBHOBECHS B BHOE

E MmraA = 01

% Iposepxa:
meg = 0; L

ZD: k6 > Fy =0

n 0

% Fiz = 0.

6. CocTaBisseM ypaBHEHHs MOMEHTOB OTHOCUTENILHO TOYEK KDENneHus:
n
zmkA =G-3+m"'RBy'10+F‘ 12'Sin45° =0.
0
Rp,-10=G -3+m+ F-12-5in45°

Rp,-10=12-3+4100+25-12-0,7;, Rpy = 91%6 = 34,6 kH.
Peakuus Hanparnena sepHo.

n
Smkp = Ray-10~G-T+m+F -2 -sind5° = 0.
0
Ray-10=G-7T—m— F -2-sin45°%
Ray-10=12-7~100~50-0,7; RAV=—%=_5,1KH_

Peaxnus orpuunatensuas, cnemonarensto, R4, HyXHO HanpasuTh
B [IPOTHBOTIONOXKHYIO CTOPOHY.
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7. Vcnionb3ys ypaBHeHUe NMPOEKLM, Oy IMM:
n
> Fyr = Rgy + Fcos45° =0; Rp, =—Fcos45°; Rp, =-17,5kH
0

Rp, — ropusoHTaNbHas peaklus B onope B.
Peaknus oTpunarensHa, ceNoBaTeIbLHO, HA CXEME €€ HAaNpaBJeHue
6yIeT IPOTHBONONIOKHO BEIGDAHHOMY.

8. Ilposepra npasuavnocmu pewenud. I[na sToro ucnonbsyeM de-
n

TBEPTOe ypaBHEHHe paBHOBecUs » . Fiy = O:
0
~Ray — G+ Rpy — F cos45° = 0.
TloocTaBuM mosydYeHHble 3HAYEHNA pPeaKLUi.
Ecnu ycnoeme srhimonzeHo, peienue BEpHO:
-5,1—-124+34,6—-25-0,7=0.
KoHnTposbHEIE BONIPOCEI U 33JaHUS

1. 3amenuTe pacnpeneneHHYIO HATPY3KY COCPENOTOYEHHOM W ompe-

LeMTe PACCTOSHUE OT TOYKW NPHIIOKEHWs PAaBHONENCTBYIOMEN IO ONo-
put A (puc. 6.9).

6™

4 AAARAARAARARAANARRA

r_

TTT377T

qg=4xH/M™

B

10m
Puc. 6.9

2. PaccunTaiiTe BeIMYMHY CYyMMapHOTO MOMEHTA CHJI CHCTEMBI OT-
HocuTenbHo Touk A (puc. 6.10).

m=45kH-M
20kH —>

«— 30 kH

Puc. 6.10
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3. Kaxkyio u3 dopMm ypaBHeHUll paBHOBECHs LEIECOOOPA3HO UCIIONE-
30BATH NpPH OUPEJENEeHUM PEaKUUil B 3a0emnke?

4. Kaxkyio ¢popMmy cucTeMul ypaBHEHMII PaBHOBECUs LEIecOOOpa3HO
UCIIOJIBL30BATh NPY OIpeneiieHUH PeakUUi B oopaX JBYXONOPHON bajiku
" nouemy?

5. Onpegpenute peaKTnBHuﬁ MOMEHT B 3aJlelIKe OJHOOIOPHON Hasky,
n3obpaxkeHHoN Ha cxeme (puc. 6.11).

m=25kH-M

15xH 20xH
, 40xH
2™

Puc. 6.11

e

4

6. Onpenenure BEPTUKAIBHYIO DEAKIVIO B 3aJIelKe s 6asiku, npen-
cTasieHHo! Ha puc. 6.11.
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JIEKIIUA 7

Tema 1.5. IlpocTpancTBeHHas cucTeMa Cuil

3namb MOMENT CUABL OMHOCUMEALHO OCU, C60ticmea MoMenma,
anaaumuueckull cnoco6 onpedeaenud pasnodeticmeyowet, ycaosud
PasHo6ecud NPOCMPAHCTNEEHROY CUCTIEMbL CUA.

Yumemb 60inoaHAb PA3A0INCENUE CUALL KA TNPU 63GUMNHO TLEPTLEHOU-
KYAAPHBIE OCU, OTPEOEAITND MOMEHI CUADL OTRHOCUTIEAbHO OCU.

IIpocmpancmeennad cucmema cud — CHCTEMA CUJI, JTUHUM IEH-
CTBHA KOTOPHIX HE JIEXKAT B OOHOM INIOCKOCTH.

MOMEHT CHWJIBI OTHOCMTEILHO OCH

MoMEHT cHIIBEl OTHOCHTENIBHO OCH PABEH MOMEHTY MpPOEKLMM CHITHL
Ha IUIOCKOCTD, NEPIEHANKY IIPHYIO OCH, OTHOCHTEIBHO TOYKH IIepeceye-
HMA OCH C ILIOCKOCTBIO (puc. 7.1a).

Moo(F) =np Fa,
a — pacCcTOsHKE OT OCH 1o npoekiuu F;
np F' — npoekuus cUIbl Ha IJIOCKOCTh, HNepneHAMKyIapHyo ocu OO.
npF = Fecosa; Mopo(F) = Fcosa-a.
®@|o 0

F W
0

o
< R
90’ [-N\
| 1 O
upF : '\
[

i
a) 6)
Puc. 7.1

MomeHT cunTaem MOJIOKHNTEJIBHEIM, €CITN CUJIa pa3BOpa4yMUBaeT TeJlo
IO Y4aACOBOH CTPEJIKE. CMOTpeTI: CO CTOPOHEI MOJIOXNTEJILHOIO HallpaBJie-
HHS OCH.
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Ecim nunusa neficTBUA CUIBL IepPeceKaeT OCh WM JIMHWA OeNCTBUS
CHJIBI ITAPAJLIIENIbHA OCH, MOMEHTHI CHJIbI OTHOCUTEJILHO 3TOH OCH paBHH
Hymo (puc. 7.16).

Cunbt 1 OCh JIEXAT B ONHON INIOCKOCTH, OHM HE CMOT'YT IIOBEPHYTb
TEJIO BOKPYT 3TO# OCH.

F) nepecekaet ocs; Moo(F1) =0

F||00; np Fz = 0; Moo(F2) =

HpOCTpaHCTBeHHa}I cxXogoAamgasicsa cucreMa Cujl

Bexmop e npocmpancmae

B npocTpancTBe BEKTOpP CHIIEL npoeunpye'rcs: Ha TPHU B3aMMHO Ilep-
MeHONKYIAPHLEIE ocl KoopauaaT. [lpoexuum BekTopa 06GpasyloT peGpa
IPAMOYTOJILHOTO IIapaJlileflelIIena, BekK-

TOp CH/IBI COBIAAAET C OMArOHaNbIo (puc. 7.2). z
Monyns BekTOpa MOXeT OHITH IOMIY-
4eH U3 3aBUCHMOCTH F,
= . /F2 2 2
F=,/F+F}+FZ F,
a.
roe ay K
F, = Fcosay; LAY 5
F, = F cos ay; E o,
F, = F cos ay,

Oz, Qy, 0 — YLJIBEL MeXny BekTopoM F' n

Puc. 7.2
OCAMM KOOpOMHAT.

IIpocmpancmeennas cToO0AWAACT CUCTEMT CUA

IIpocmpancmeennag cTo0aUWadcad CUCEMA CUL — CUCTEMA CUd,
HE qeHCaAWUT 8 00nOtT naockocmu, aunuu delicmeud xKomopLlx nepece-
xasomcd 8 00nOlT Mmouxe.

PaBHOmeincTBYIOLIYIO MPOCTPAHCTBEHHOM CCTEMEI CHIT MOXHO OIIpe-
IeTUTh, IOCTPONB NPOCTPAHCTBEHHBIN MHOTOYronsHUK (puc. 7.3),

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

Hoka3zano, 4yTo paBHOAEACTBYIOLIAA CUCTEMBL CXOMSIIMXCS CHII IPH-
JIOXKEHa B TOUKE IIePEeCeUeHNs JIMHUMR NeCTBHA CHII CUCTEMEI.

Monyns paBHOmEMCTBYIOIIE IPOCTPAHCTBEHHOM CUCTEMBI CXOHS-
ILMXCS CHJI MOXXHO OIIPENeMTh AHAJIUTUYECKH, MCIIOIL30BAB METON Npo-
eK1mii.
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CoBMmentaeM Hayano KOOPOMHAT ¢ TOYKON IepecedeHus JIMHUNA Hei-
cTBUs cui cucreMul. [lpoetupyem Bce CMiIEl Ha OCM KOOPAWHAT M CyM-
MHMDYeM COOTBETCTBYyomMe npoekuuu (puc. 7.4). INonyuum npoexmyuu

L n

PABHONENCTBYIOWIEH HA OCUM KOOpPAMHAT: Fyg = ) Fiz; Fyy = 3 Fiy;
0 ’ 0

n
FEz = Z sz-
0
) N
FZ:
F;
085
oy F, |
P;.x O y
X
Puc. 7.3 Puc. 7.4

Monyss paBHODEACTRYIOIEN CHCTEMBI CXOMSLLIMXCS CUJI ONpPenesuM
no ¢popMyite

_ |2 2 2
Fy=\/F%, + F3, + F%,.
Hanpasnenne BexTopa paBHONEHCTBYIOUIEH ONpefenseTCs yINIaMu
a; = (Fs " Frz); oy=(Fx" Fgy); o, = (Fx" Fx,),

Fyq Fyy Fy,
Fy’

rae COS Gy = COS Oy = —/—; COS ¥, = .
YR Fx

ITpou3sonbHas NpocTpPaHCTBEHHAA CHCTEMA CHMII

ITpusedenue npou3eoavrot npocmpancmeennol cucmemsl
cua x yenumpy O

Iana npocTpancrseHHas cuctema cuit (puc. 7.5a). I[Ipusenem ee k
uenrpy O.

Cunbl Heo6xonMMo napaselibHO NepeMellaTs, Ipu 3ToM obpasyer-
s cUCTeMa Tap ciil. MOMEHT KaKIOi M3 9TUX Map PaBeH NPOU3BENCHUIO
MOZyJIsl CUJIBI HA PACCTOSHUE IO LEHTPA IPUBENCHMUS.
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B nenTpe npubeneHus BO3HUKAET IIy9OK CHJI, KOTOPEIA MOXeT GRITD
3aMeHeH cyMMAapHOi cuioil (riaBHbri BekTop) Fr, (puc. 7.56).

MowmeHTE! Tap CHIT MOXKHO CJIOXUTh, HOIYYMB CYMMAPHEIA MOMEHT
cucteMul My, (rIaBHEIA MOMEHT).

Taxum obpa3oM, HpPOM3BOILHAI NPOCTPAHCTBEHHAA CUCTEMa CHJI
NPUBOMUTCSH K TJIABHOMY BEKTODY M [VIABHOMY MOMEHTY.

PNY
4
s
Foen My
F rulld

> x ™mx V \ y

a) 6) o/ M

8
Puc. 7.5

I'naBHEI BEXTOpP NPUHATO PACKIANbIBATL HA TPH COCTABIIAIOUIAE,
HaIPaBJIeHHHE BIONb Oceil KoopArHAT (puc. 7.58).

O6r1yHO CyMMApHBII MOMEHT PacKJIaOLIBAIOT HA COCTABIISIOLLAE:
TPN MOMEHTa OTHOCUTENLHO OCeil KOOpAMHAT.

A6conioTHoe 3HaYeHME IVIABHOTO BeKTOpa (puc. 7.56) paBHO

Frn=\/F,?nI+F2 + F2

rny rnz)

n n n
roe Frnp = ZFk:; Frny = ZFky; Fon, = Zsz-
0 0 0
ABComnoTHOE 3HAYEHNE INIABHOIO MOMEHTA ONpeles1feTcs 1o hopMy-
n
ne Mg =3 my;

0
Meq = \/Mlgn:+M1*2ny+Mx?nzv
n n n
roe Mys, = ka:; Mrny = kay§ Mx‘nz = kaz-
0 0 0
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Ypasrnenug pasHnosecud mNPOCMPAHCTNEEHHOT cucmembl
cua

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

Ilonyyaem mects ypaBHeHnii paBHOBECUS:

n n n
ZFkI=0; ZFky::O; Zsz=0;
0 0 0

D mia(F) =05 Y muy(Fi) =0; Y mi(Fi) =0.
0 0 0

lecTs ypaBHEHMIT pABHOBECHS IPOCTPAHCTBEHHON CUCTEMEI CHIL CO-
OTBETCTBYIOT ILIECTU HE3aBUCHMEIM BO3MOXHBIM NEpEMEILCHUSM Tella B
IIPOCTPAHCTBE: TPEM IlepeMeLIeHNsIM BAOIb KOOPANHATHRIX OCEN M TPEM
BpAlLLEHNSIM BOKPYT 3THX OCel.

IIpumMepsl pelneHnsa 3anayd

IIpnmep 1. Ha teno B popme xyba ¢ peGpom a = 10 cM neiicTByIOT

- a Tpu cuisl (puc. 7.6). OnpenennTs MOMEHTBI CHIT
OTHOCHUTEILHO OCEl KOOPAMHAT, COBIANAIOLLIAX
F =10H ¢ pebpamu ky6a.
Pewenue
0 ﬂ\ y 1. MoMenTs! cunt orrOCHTENBHO ocu O:

J5 =20H moz(F1) =0 (cuna Fy || ocu Ox);
 F=15H moz(F2) =0 (cuna F, nepecexkaer ocs Oz);
Puc. 7.6 moz(F3) = Fza; mo, = —20-0,1 = -2H-m.

2. MomenTH cun oTHocuTensHo ocu Jy:
moy(F1) = Fla; moy = 10-0,1 = 1H-m;
moy(F2) =0 (cuna F|| ocu Oy);
moy(F3) = F3a; moy = 20 - 0,1 = 2H-Mm.

3. MomenTh cnn otaocuTelsHo ocu Oz:

mo,{(F1) =0 (cnna nepecekaer ocs 0z);
mOz(F2) = —Faq; mOz(F2) = -15-0,1 = -1,5H-m;
mo.(F3) =0 (cuna F3|| ocu Oz);
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IIpumep 2. Ha ropusoHTasIbHOM BaJiy 3aKpemyieHHl IBa KOJeca,
ry = 0,4m; 79 = 0,8 M. Ocranbunie pasmepsl — Ha puc. 7.7. K kone-
cy 1 npunoxena cuna Fy, k xonecy 2 — cunut Fo = 12xH, F3 = 4xH.

Onpenenurs cumy F) u peakunu B mapeupax A u B B cocrosuumn
paBHOBECHSL.

Hanomnunm:

1. ITIpu paBuOBECHY BRI~
[OJIHSIIOTCS IIECTh ypPaB-
HEHUI1 paBHOBECHSI.

YpaBHEHNsT MOMEHTOB
clieyeT COCTABIATH OT-
HOCUTENBHO omop A u B.

2. Cunn Fy||Oz; F1|Oy;
F3||Oy.

MoMmeHTH 3THX CHI
OTHOCUTEJIBHO COOTBET-
CTBYIOILIMIX OCe paBHBI
HYJIIO,

3. Pacuet cnenyet 3a-
BEPLINTDh IIPOBEPKOIl, HC-
[I0JIb30BaB NOMOIHUTENBHEIE YPABHEHNA PaBHOBECUS.

Pewenue

1. Onpenensem cuiny F), cocraBuB ypaBHEHUE MOMEHTOB CHJI OTHO-
curenbHo ocu Oz:

F: 12.0,8
ZmOz=0; —Frg+ Fin=0; = 27'2; Fp=—-
T 0,4

= 24 kH.

2. Omnpenensem peaxuun B omope A. Ha onope meficTByioT nse co-
crasnsomme peakunn (Yy4; X 4).

CocrapisgeM ypaBHEHUEe MOMEHTOB CMJI OTHOocuTedbHo ocn Oz’ (B
onope B).

TosopoT Bokpyr ocu Oz’ He HPOUCXOOUT:

S mow=0; F-02-F3-05+Y,-1=0;

06— 4-05—24-
_F-05-F-02  _4:-05-24-02_ ,q.p

Y
A 1 ’ 1




56 Jexnus 7

3HAK «MMHYC» 03HAYAET, YTO PEAKLU HANPABJIEHA B IPOTUBOMOIOKHYIO
CTOpPOHY .
TloeopoT BOKpPyr ocu Oy’ He mpoucXomuT, COCTaBIIAEM ypaBHEHHNE
!
MOMEHTOB CHJI oTHocuTesbHO ocu Oy’ (B onope B):

> moy =0; —Xa-1+F-05=0;

F5-05 12-0,5

3. Onpenensem peaknuu B onope B. Ha omope meficTByoT mse co-
crasiaounme peaknuu (X g; Yg). Cocrasnsem ypaBHeHNEe MOMEHTOB CHIT
otHocuTensHo ocu Ox (omopa A):

= 6xH.

_F3-05+F1-12
- . :

Y moz=0; F3-05-Yg 1+F-12=0; Yg

_4-05+24-1,2
ST

CocrasiieM ypaBHEHHE MOMEHTOB OTHocHTeNbHO ocu Oy (omopa A):

Yg = 30,8 xH.

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

F- 2.
2 10,5; Xge L 10,5 G

4. ITposepxka. Ucnonb3yeM ypaBHEHUs [IPOEKLIMI:

Xp =

Y Fu=0 Xa+Xp-F,=0 6+6-12=0; 0=0.
0

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

Pacuer primonaen BEPHO.

KoHTponbHbIe BOMPOCHI U 3aaHUusl

1. 3anummnTe GOpMyIIB! 4J1A PAacyYeTa IIABHOIO BEKTOPa MPOCTPaH-
CTBEHHOM CHCTEMBI CXOOAILMXCH CHJI.
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2. BanummuTe GOpPMyINy IJIS PACUETa, IIABHOTO BEKTOPa IIPOCTPAH-
CTBEHHON CHCTEMBI IPON3BOJILHO PACIIONIOKEHHEIX CUJT.

3. BamumuuTe GopMyITy IJIs pacyeTa IJIaBHOI'O MOMEHTA IPOCTPAaH-
CTBEHHOM CHCTEMb! CHUJI.

4. 3anmuiuuTe CUCTEMY YPaBHEHWIA PABHOBECHA MPOCTPAHCTBEHHON
CHCTEMEI CUJT.

5. Kakoe 13 ypaBHeHMii paBHOBECUS HYKHO MCIIOIL30BATD IJIA OIpe-
lenenust peaxuuu ctepxusa Ry (puc. 7.8)7

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

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

Puc. 7.8

6. Onpenenure riasHbIT MOMeHT cucTeMsbl cmil (puc. 7.9). Touxa
IpUBENEHNs — Hauallo KOOpAMHAT. KoopauHATHBIE OCH COBNALAIOT C
pebpamu Kyba, pebpo xyba pasuo 20 cM; Fi = 20kH; Fy = 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 peakumio Xpg (puc. 7.10). Beprukansunas och co
LUKHBOM HarpyxkeHa NByMsA ropusoHTaibHeiMu cuwiamu. Cunsl ) u Fy
napasutensusl ocu Ozx. AO = 0,3M; OB = 0,5m; Fy = 2xH; Fp = 3,5kH.

Pex oMennaunu 3 CocTaBUTh YyPaBHEHUE MOMEHTOB
otHocuTensHo ocu Oy’ B Touke A.
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8. OTBeThTE HA BONPOCH TECTOROrO 3alAHUS.

Tema 1.5. CraTuxka.
IIpocTpascTBEHHas cucTeMa CUJil

Bonpocwu

OTBeEeTHW

1. Uro MOXHO CKa3aTh O PaBHONEHCTBYIOLUEN I1PO- Fx||Ozx
“TP3HCTBEHHOM CHCTEMEI CHII, €CIINA:
1) Fgz =0; Fz|lOy
2) Fzy #0;
3) Fg. =0. Fg|| n1 z0y
Fz|| nn 20y
2. CkonbKO He3aBUCUMBIX YpaBHEHHUIl paBHOBeCHs 3
MOXHO 3allUCATh A1 NPOCTPAHCTBEHHON CHCTEMBI
cun? 6
4
2
3. HaiinuTe MOMEHT cHiB!I OTHOCHTENLHO ocu Oy. 0
Iuametp xoneca pabeH 0,4 M; F =5 xH.
5 kH-m
2 xH'Mm

1 xH-Mm
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IIponon:xenne
Bonpocwu OrBerTn|Kon
4. OnpenenuTh CYMMYy MOMEHTOB OTHOCUTENLHO Hayada 12 xH-m 1
koopnuuar. F1 = 12H, F, =5H, F3 = 3H;
cTopoHa KyGa pasHa 0,5 M. 2,5 xH-m 2
Z
F‘L 3,5 kH-M 3
o 4%
y 28 y
B 7,4 xH-m 4
X
5. Haitru X, ecniu F} = 48«kH; F; = 96 xH; 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. LenTp TsixkecTn

Huemdy npedemasaenue o cucmeme NApaiteadbubls Cua U YeHmpe
CUCTNEMBL NADAAAEALHBIT CUA, O CULE TNAWCECTNU U UEHMPE MANCECTIY.

3namp memodsl dag onpedeaenud yewmpa maxcecmu meaa u dop-
MYabl Jag onpedesenud NOAONCEHUT YEHMPA TNANCECTNY NAOCKUT Puyp.

Yumempb onpedeagms noaosicenue yenmpa maxNcecmy NPpocmsit 2€0-
Mmempuueckur Puayp, CoCMassenHblir u3 cmandapmuniz npoduaet.

Cuna raxecTu

Cuaa mancecmu — pasnodeticmsyowad
CUJI IPUTSKEHUs K 3eMile, OHA pacTIpeleneHa 1o
BCeMy 06beMy Temna. Cuilbl IPUTSKEHU S, TTPUJIO-
JKEHHBIE K 4aCTHIAM TBEPOOro Tena, 06pasyioT
CUCTeMY CWI, IMHUM OEACTBUA KOTOPEIX CXONAT-
cs B nenTpe 3emin (puc. 8.1). [Tockonwky panu-
y¢ 3emiin 3HAYUTENLHO GONBUIE PA3MEPOB JIIO-
Puc. 8.1 60ro 3eMHOIO Teja, CHJILL NMPUTSDKEHUS MOXHO
CUUTATH NAPAIIIENLHEIMU.

Touka NIPMJIO2KEHUA CUJIIBI TAXKECTHU

Inst onpeneneHnst TOUKM NPWIOKEHUS CHBbI TsikecTH (paBHOnEN-
CTBYIOLIEH NapaJlIeNbHBEIX CUJ) UCIIONb3yeM TeopeMy Bapunbona o Mo-
MeHTe PaBHONEHCTBYIOLLIEH:

Mowmenm pasnodeticmeyrouelt omrocumesvno ocu pasen aszebpa-
UNECKOT CYMME MOMEHMOG CUL CUCTIEMbL OMHOCUTMEALHO IMOotl oCl.

N3o0bpakaeM TeNo, COCTABIEHHOE M3 HEKOTOPHIX YacTell, B IIPO-
CTPaHCTBEHHOM cucTeMe koopaunat (puc. 8.2).

Teno cocTOUT U3 YaCTEN, CUIIBl TAKECTH KOTOPHIX () NPWIONKEHH!
B nentpax Tsaxectu (IIT) sTux gacreit.

ITycte paBHOReiicTBYIOMWAA (CUila TSIXKECTH BCETO Teja) NPUIIOKEHA
B HEW3BECTHOM Ioka ueHTpe C.

¢, Yo M 2c — KOOpAMHATH ueHTpa TskecTH C.

Tk, Yk ¥ Zx — KOOPIMHATHI LEHTPOB THKECTH YACTEH Tena.
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13 Teopemn1 Bapunbona cienyet:

n
n }0: QkYk
Mo(Fx)=Gyc =22 aryks yo=—g
0 n
. };, ATk
My(Fz)=Gzc =3 QrTk; TC= T;
0
aHaAJIOTYHO Ik ocu Oz:
n
n }; Qi 2k
M, (Fr)=Gzc=3_ qk2k; 2¢= =
0
B onHoponHOM Tese cmia THXKECTH  x.
MpONOpUHOHANIbHA 0bbemy V:

G =~V; x

Puc. 8.2
roe v — Bec eOqUHNNE o6LeMa.

Crenosartenbhuo, B GopMyIax A1 OXHOPOOHBIX TEI:

}; YVizg }; Vixk Zo: Vi ; Viyr > Vizk
, %

SV = % y Y= Vv vV 7ZC~—V‘,

roe Vi, — obweM anemenTa Tena; V — obbeM Bcero Tena.

o=

IIeHTP TAXKECTH OMHOPOMHBIX IIJIOCKMX TeJI
(rnocxnx dpuryp)

OueHb YACTO NPHUXOONTCHA ONPENENIATH HEHTDP TSXKECTH Pa3INYHBIX
TISIOCKVX TN M FeoMeTPUYECKHX MNockux puryp cinoxHoit ¢gopmut. Ing
MIOCKMX Tell MOXHO 3anucaTh: V = Ah, roe A — mnolialb QUTYDHI,
h — ee BrIcOTA.

Torna mocne noncTaHOBKY B 3aIVICAHHEIE BHIIE (QOPMYIIBI ITOJIY HAM:

h

n n n n
> Arhzy Y Axzk S Achur Y Aryk
0 0 0 0
= : = = T Zo==
AR A YT Tan A 0 Ty
roe Ay — nnollalb YACTY CEYEHUd; Tk, Yr — Koopaumnarts! 1T wacreit
CeYeHNs.

T =
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n
Bripaxenue Y AxTi HA3HBAIOT CTRATMUNECKUM MOMERTTLOM NAOWLA-
0

du (Sy).
KoopanHaTel LmeHTpa TAXKECTH CEYEHUS MOXHO BHIDA3UTH Uepe3s
CTaTUYECKU MOMEHT:

: = v, -G _ oz
> Akzr =5, zc= e ZAk'yk =5 Y=
0 0
Ocu, npozodgusue wepes yeHmp MANCECTNU, HA3bIEAIOMCT YEHMPAALHbL-

Mmu ocgmu. Cmamuneckull MOMENTT OMHOCUMEALHO YERMPAALHOTL OCU
Paser HYI0.

Onpenenenne KOOPAUMHAT LEHTPA TAXKECTU
IJI0CKUX pUryp

NMpumeuanue UeHTp TaXKECTH CHMMETPUYHOM GUTYDPH
HAXOMUTCSA HA OCU CUMMETDUU.

IMenTp TAXKECTU CTEPXKHA HAXONAUTCA HA CepeNUHE BHICOTH. [loso-
EHUA IEHTPOB TAXKECTH IPOCTHIX reoMeTPUYecKuX GUryp Moryr 6uIThH
paccunTaHH 0 U3BeCTHHIM ¢opMynam (puc. 8.3: a) — kpyr; 6) — kBa-
IIPAT, NPAMOYTONBHUK; B) — TPEYTOJLHUK; I') — MOIYKDPYT).

R
h
ur
ur "2
b2 > b
N a) 6)
B hi3 N BN
ut Ol AR
y
< b/3 b yc=%
8) 2)

Puc. 8.3

IIpu peineHun 3amay NCIOAL3YIOTCA CIEAYIOLINE METOMIH:
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1) METON CMMMETPUN: UEHTD THAKECTU CUMMETPUYHEIX QUTYD HaXo-
IUTCS HAa OCH CUMMETPUH;

2) MeTon paslelieHUs: CIOXKHEIE CedeHHs pasfendeM Ha HeCKOIbKO
MPOCTHIX YacTel, IOJIOKEHNE IIEHTPOB TAXECTH KOTOPHIX JIEFKO ONpene-
JIUTh;

3) MeTOn OTPULATENLHBIX IIOMANel: NOIOCTH (OTBEPCTHSI) paccMa-
TPHBAIOTCA KaK YaCTh CEYEHUA C OTPHULIATEIbHON IIIOLIAIbIO.

IIpuMmeps! pellieHMs 3anay

IIpumep 1. OnpemenuTh NOJOXKEHME LEHTPa THKECTU GUTYDEHL,
TpencTaBlIeHHO! Ha puc. 8.4.

Pewenue
Pa3busaem ¢urypy Ha Tpm 20 cm >
JacTu: NUBHBHRN \
1 — DpAMOYrOnbHUK, Z G > C\\\\
Ay =10- 20 = 200 cm?; 2 \\ N NN
2 — TPEyTONbHUK, YESSSNNR AN
Ay =1/2-10-15 = T5cm?; © 35 eM ,]F

3 — kpyr, Az = TR?; Puc. 8.4
Az = 3,14 - 3% = 28,3 cm?.
UT ¢urypu 1: 1 = 10 cM; y1 = 5 oM.
T durypm1 2: 29 =20+1/3-15=25cM; yo =1/3-10 = 3,3 cm.
IOT ¢urypm 3: 23 =10 cM; y3 = 5 ey
e = 200-10+75-25—28,3-10 — 145 eu
200 + 75 — 28,3 ’ '
Anayrornyno onpepnensercs Yo = 4,9 cM.

IIpumep 2. Onpenennts KOOPANHATH! EHTPA THKECTU COCTABHOTO
ceuenus. CeveHue COCTOMT U3 IUCTA U IPOKATHLIX npoduseit (puc. 8.5).

IIpumMmeuanue. YacTo paMul CBapMBAIOT U3 Pa3HbIX Npoduneit,
co3maBas HEOOXOOUMYIO KOHCTDYKuuio. TaxmM o6pa3oM, YyMEHLLIAETCS
pacxon MeTallla M obpa3yeTcs KOHCTPYKIIUS BLICOKOM IPOYHOCTMU.

IIna craunapTHBIX NPOKATHBEIX Mpodnieil cOGCTBEHHEIE T€OMETDH-
YEeCKHNE€ XapaKTECpPMCTUKHU N3IBECTHHI. OHI/I NPpUBOOATCA B COOTBETCTBYIO-
LIMX CTaHIapTax.
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b

Ci

1
1isennep Ne 10

77
/17

N c

G 2
" IByrasp Ne 16
3
m\\“zo Jluer 5% 100
Prtw 7A@
» oG x

71777,
L

N
77

Puc. 8.5

Pewenue

1. O6o3nauuM ¢uryps HOMepaMu M BHIIMIEM K3 Tabaun Heobxo-
OMMEIE BaHHEIE:

1 — mBennep Ne 10 (I"OCT 8240-89); Brcota h = 100 MM; mupuHa
nosnku b = 46 MM; wiomwans cevenns A, = 10,9 cm?;

2 — neyTasp Ne 16 (I"OCT 8239-89); BricoTa 160 MM; mumpuHa, mos-
ku 81 MM; miomans cevenns A = 20,2 cM?;

3 — auet 5x%100; Tomumua 5MM; mupuHa 100 MM; miromans ceve-
s Az = 0,510 = 5em?,

2. KoopavHATH IEHTPOB TAXKECTH KaXOOW (PUryphl MOXKHO OIpene-
JIATL [0 YEPTEXY.

CocraBHOe ceueHrE CUMMETPMYHO, IIO3TOMY LEHTDP TAXECTH HaXO-
OUTCS H& OCH CHMMETPHY M KoopauHaTa z¢ = 0.

IIsennep l: y1 =a+ha+ 20, y1 =054+ 16+ 1,44 = 17,54 cm.
h

IOByTaBp 2: yo=a+ -52-; y2=0,5+16/2 =8,5¢cm.

JIuer 3:  y3=a/2=0,25¢cm.

3. OnpeneneHue NEHTPa TAXECTH COCTABHOIO CEUEHU:

_ A + Ay + Asys
A, + Ay + Az !

10,9 17,54 + 20,2 -85+ 50,25
10,9+ 20,2+ 5 -

Yc = 10cM
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Kon’rponbnue BOIIDOCHI 1 3aJaHUs

1. TloyeMy cuibl HPUTAXKEHUA K 3emMile, ODEHCTBYIOUIME HA TOYKH
Tena, MOXKHO IPUHATE 33 CUCTEMY HAPAINEILHEIX CHI?

2. 3amunmTe GHOPMYIH IS ONpEIEeHUs IIOJIOXEHNA UeHTpa Ts-
XECTH HEOQHOPOOHHX M ONHOPOOHKIX TeJ, (POPMYJIHl MJi OIpeNesIeHus
MOJIOXKEHU S IEHTPA TAXKECTH IINIOCKUX CedeHUit.

3. IloeTOpNTE hOPMYIIE M1 ONPENEIEHN IOJIOKEHNS IEHTPA TAAKe-
CTH IIPOCTHIX NEOMETPUYECKUX PUrYpP: NPAMOYTOILHUKA, TPEYTONBLHIKA,
Tpalleny ¥ IIOJOBUHEI KPyra.

4. UTo Ha3HWBAIOT CTATMYECKUM MOMEHTOM IIJIOIIAIA?!

5. BoiuncnnTe cTaTHYECKHUA MOMEHT OAHHOMN (PUTyPhl OTHOCUTEILHO
ocu Oz. h = 30cM; b = 120 cM; ¢ = 10cm (puc. 8.6).

K Y| 40 35 15
h Y | -
(= T R
P — ) x
Puc. 8.6 Puc. 8.7

6. OnpenenuTe KOOPAMHATH! HEHTPA TAXKECTH 3ALITPUXOBAHHOM (u-
rypu (puc. 8.7). Pasmepr mauut B MM,
7. Onpenmenure xoopauHaTy Yy ¢urypel 1 COCTapHOIO CcedeHHus
(puc. 8.8). '
Ilpu pemenumy BOCHOIL30BATHCA CHPABOYHBEIMM AAHHEIMK TaOGIIHL
I'OCT «Crans ropsuekarannas» (cM. IIpunoxenne 1).
2 — mennep Ne 16,

rOCT 8240-89 -
| — yronox paBHononounsiit Ne 10,

roCT 8509-86,d=8

NN\

Puc. 8.8
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Tema 1.7. OcHOBHBIE TOHITNA KUHEMAaTHUKH.
KuneMaTuka TOYKM

Hmems npedcmasaenue o npocmpancmee, 8peMERY, MPLEKMOPUY,
nymu, CcKOPOCU U YCKOPEHUU.

3namv cnocobvr 3adanuf deuvcenus mouxu (ecmecmeennvitl u
Koopdunamubil).

3namb obo3anauenug, eduNuUbL UBMEPERUL, 63QUMOCEI3b KUNEMA-
MUYECKUT NAPAMEMPO6 deuncenud, @Gopmyabl dad onpedeseNus cropo-
cmeti u yexopenut (6e3 svisoda).

KunemaTnka paccMaTpuBaeT OBHXEHUE KaK NEepeMelleHUe B Ipo-
cTpaHCcTBe. [IpUYNHEI, BLI3LIBAIOLIME IBUXKEHNE, HE PACCMATPUBAIOTCH.
KuneMaruka ycraHapImBaeT crnocoGhl 3a0aHUs ABIUKEHHS U OIpenenser
METOME! ONpeNeSieH!a KMHEMATUUECKUX MapaMEeTPOB IBUKEHU.

OcCHOBHLIE KNHEMATNYECKIE [TaAPaAMETPRI

Tpaexmopusg

JIuaNI0, KOTOPYIO OYEPUNBAET MATEPHAIbLHAA TOUKA, [IPU OBMXKEHUN
B IPOCTPaHCTBe, HA3BIBAIOT Mpaexmopuet.

TpaexTopus Moxer GLITH OPAMOR ¥ KPUBOIL, INIOCKOH U IPOCTPaH-
CTBEHHO! JIMHUEH.

YpaBHEHME TPaeKTOpUK NPH IIOCKOM aBMXeHun: y = f(x).

ITpotdennsill nymo
IlyTs m3MepsieTcs BIOONb TPAEKTODHM B HANIDABJIEHMM [IBUKEHMA.
O6o3nayenne — S, eIMHUIIE N3MEPEHNA — MeTphIL.

Ypasrnenue deudcenUT TOUKU
Y paBHeHUe, ONpenenAIouee NOMOKEHHUE IBYXYIIEACS TOUKM B 34BU-
CHMOCTH OT BPEMEHU, HA3LIBACTCA YPABHENUEM OBUNCEHUL.

Ilonoxenue TOUKM B KaXKIbLIA

0
MOMEHT BpEeMEHM MOXKHO ompefe-
JIATH TIO PACCTOSHMIO, IIPONOEeHHO-
My BOOJEL TPaeKTOPMU OT HEKOTO-

TpaekTopus

PO# HEeOIBMXKHOM TOYKH, pACCMAT-
Puc. 9.1
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puBaeMoit Kak Hadano orcdera (puc. 9.1). Takoil cnocob 3amaHus KBU-
JKEHUSL HA3HLIBAETCH ECTMECTEENHbIM.

Taxum 06pa3oM, ypaBHEHME IBYXKEHNS MOXHO NPENCTABATDL B BUIE
S = f(t). lonoxenue TOYKN MOKHO TaKXKe ONPENETUTD, €CIM U3BECTHEI
€€ KOOpAMHATHI B 3aBUCUMOCTH OT BpemeHn (puc. 9.2). Torna B ciayuvae
IBMXEHMS Ha IUIOCKOCTH NOMXKHEI OLITH 3aaHb! [Ba YPABHEHUS:

y

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

B ciryuae npocTpaHCTBEHHOTO NBHXKe-
uHusa nobaBngeTCAd U TPEThA KOOPOMHATA
z = f3(t). 0 X4 *

Taxoit cnocob 3ananns OBVKEHUA Ha-
3LIBAIOT K0OPOUNGITIHbIM. Puc. 9.2

Ya 4

Cxopocmb dsuacenus
BekTopHas BenuuwHa, XapaKTepHU3ylOlllas B HAHHLI MOMEHT OhI-
CTPOTY W HaIpaBJIeHMe IBIKEHHS IO TPAEKTOPHMH, HA3LIBAETCI CKOPO-
Cmbio,
Cxopocmb — BEKTOp, B 060 MOMEHT HAIPABIEHHHIX MO Kaca-
TENILHON K TPaeKTOPUM B CTOPOHY HampasiieHus nBixenus (puc. 9.3).
Ecnu Touka 3a paBHBIE IpOMe-
o JKYTKM BPEMEHM NTPOXOIUT PABHEIE
M, AS PACCTOSHUA, TO ABMKEHKAE Ha3bIBa-
10T PAGHOMEDHDLM.
CpenHsast CKOPOCTb Ha NYTH

M, AS onpenensercs kKax
Vcp
Puc. 9.3 Vep = %A—f’

roe AS — npoiineHHHi nyTh 3a BpeMs At; At — IIPOMEXYTOK BpeMeHM.
Ecnn Touka 3a paBHBIE IIPDOMEXYTKM BPEMEHM IIPOXONUT HEPABHBIE

TyTH, TO OBUXKEHNE HA3ILIBAIOT HEPAEHOMEPHbLM.

' B 3Tom cnyuyae ckopocTh — BeMYMHA I€PEMEHHAs ¥ 3aBUCHUT OT

Bpemenu v = f(£).

’ IIpu paccMOTpeRMHM MaJIbIX mpoMexxyTkos Bpemenu (At — 0) cpen-

Hss CKOPOCTb CTAHOBUTCS PABHOM MCTUHHOM CKOPOCTH ABVIKEHMS B IIaH-

Huli MoMeHT. IT0o3TOMy CKOPOCTH B HaHHBLIM MOMEHT ONPENENsIOT Kak
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IPOU3BOAHYIO My TH MO BpEMEHU:

= dsS
T odt’
3a emuunuy ckopocTu npuHuMaior 1M/c. WHorma ckopocTh u3Me-
psOT B kM/4, 1xM/4 = 3600 = 0,278 M/c.

Ycxopernue mouxu

BekTopHas BenmumHa, XxapakTepusyloliad OHCTPOTY W3MEHEHMS
CKOPOCTH IIO BEJINUMHE U HAIPABJICHUIO, HA3KIBACTCS YCKOPEHUEM TNOUKY.

CxopoCTh TOYKM TIpU NepeMelleHun u3 Touku My B Touky My me-
HsIeTCs IO BeJIMYMHE M HampasieHmio. CpenHee 3HaYeHHMe yCKOPEHUS 38
3TOT IMPOMEXYTOK BPEMEHU

Av
a., = — (puc. 9.4).

IIpu paccmoTpennu 6€CKOHEUHO Ma-~
IOTO TIPOMEXYTKa BDEMEHW cpenHee
YCKODEHME TIPEBPATUTCA B YCKODEHME B
INaHHEIA MOMEHT:

_dv
==

O6muno mns ynofGcTBa paccMaTpUBAIOT OBE B3AMMHO IIEPIEH-
IOMKYJISPHEE COCTABAAIOLIME YCKODEHUS: HODMAJIbLHOE ¥ KacaTesabHoe
(pmc. 9.5).

HopmanpsHoe yckopenne a, xapakTepyusyeT M3MEHEHYME CKOPOCTH IO
HAaNPAaBJIeHNIO U ONPENenseTcs Kak

a

2

an = —,
T
rOe T — pamnyC KPUBU3HEI TPAEKTOPMM B JIAHHEI MOMEHT BPEMEHH.
HopmasneHoe yckopeHue Bcerna HApaB/eHo (epIEeHINKYIAPHO CKO-
POCTH K LEHTPY AYTH.
KacaTenbHoe yCKOpeRMe a; XapakTepu3yeT U3MEHEHUe CKOPOCTH 10
BCJINYMNHE ¥ BCerga HaIlPaBJIEHO IIO KacaTeJabHOH X TPpaeKTOpUH; IIpH
YCKOpPEeHNM €ero HanpabJeHMe Coﬁnaaaem C HanpaBJICHUEM CKOpPpOCTH, &
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IpU 3aMENJIEHNI OHO HAIIDABIIEHO TPOMUEONOAOICHO HAIIPABIIEHNIO BEK-
TOp& CKOPOCTH.

®opMyna s onpemeneHns KacaTelbHOIO YCKODEHUs UMeeT BUIL:

d
at=——§=v’=5".

( 3Ha!;e}me nNOANO20 YCKODEHUS ONDENeseTcsd XaX a = \/a? + a2
puc. 9.6).

Puc. 9.5 Puc. 9.6

IIpuMeps! pelteHus 3amayu

ITpumep 1. Ilano ypasuenne nsuxenns toukn: S = 0,36t% +0,18¢.
OnpenenuTh CKOPOCTH TOYKYM B KOHIE TPETbell CEKYHIBI IBVXXEHUS M
CPEIHIOI CKOPOCTDL 34 MEpBhle 3 CEKyHIBI.

Pewenue

dS
1. YpaBHeHUEe CKODOCTH ¥ = Ti?; S’ =2.0,36t + 0,18; v = 0,72t + 0,18.

2. CxopocTb B KoHue Tperbeit cexyuan (t = 3¢) vs = 0,72-3 40,18 =
= 2,34mM/c.
AS 2
3. Cpennss cKOpOCTb Uep = g Ver= (0,36 - 3°+ 0,18 - 3)/3=1,26 m/c.
ITpumep 2. Touxa memxkercs no XpuBoM panuyca r = 10M co-
rnacHo ypassenmo S = 2,52 + 1,2t + 2,5 (puc. 9.6).
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OnpenenuTs IOJHOE YCKOPEHME TOYKM B KOHIlE BTOPON CeKyHIH
IOBHXXEHUS U YKa3aThk HallpaBJICHUE KacaTeNbHON U HOpMaJIbHOfI COCTa~
BIISIIOLLIMX YCKOpEeHMs! B Touke M.

Pewenue
dv

1. KacaTenbHoe yCKOPEHUE ONPENENseTCs KaK Gy = ~—.

dt
ds

YpaBHEHHE CKOPOCTH: ¥ = ——.

Ckopoctb 6ynet paBHa v = 2 - 2,5t + 1,2; v = 5t + 1,2 (M/c).

Kacarenproe ycxoperne: a; = v’ = 5M/C2.

BriBon: xacaTenbHOe yCKOpEHHe HE 34BUCHT OT BPEMEHH, OHO IIO-
CTOSIHHO.

v2
2. HopmanwHoEe yckopenue: a, = —.
T
CkopocThb Ha BTOpOIi cekyHze 6yner pasHa v = 5-2+1,2 = 11,2 M/c.
11,2)2
BenuynHA HOPMAJIBHOTO YCKOPEHUS: Gng = %— = 12,54 M/C2.
. — 2

3. Ilonnoe yckopeHue: a = \/a? + ag.

TonHOE yckopeHuMe B KOHIIE BTOPOM CEKYHIHI:

ag = /52 + 12,542 = 13,5m/c>.

4. HopMmanbHOe yCKOpeHue HAIIPABIICHO NePIeHONKYIAPHO CKOPOCTH
K IeHTpY OYTH.

KacarenbHoe yckopeHue HANpaBlIeHO MO KACATENbHOM K KPMBOMA M
COBIAAAET C HANPABJIEHMEM CKODOCTH, T.K. KACATENLHOEe yCKOpEeHUe —
HOJIOXKUTENIbHAS BEeIUYMHA (CKOPOCTH PacTeT).

Kon’rponbnme BOIIPDOCHI M 3alaHNA

1. 3anuinTe B 061IeM BHOE 3aKOH ABMXEHHNS B €CTECTBEHHOI U KO-
OpOMHATHON ¢opMe.

2. UTo HA3BIBAIOT TPAEKTOpUEN MBYKEHUS?

3. Kax onpenenseTcs CKOpOCTh IBUKEHUS TOUKU MPU €CTECTBEHHOM
crocobe 3aaHusA OBUXKEHUA?

4. 3amuimmTe GOPMYIEL ONg ONpeneneHns KacaTelbHOr0, HOpMaJlb-
HOT'O ¥ NOJIHOT'O YCKOPEHMIA.

5. Uto xapakTepu3yeT KaCaTelbHOE YCKOpPEHMEe M KaX OHO Hallpa-
BJIEHO I10 OTHOLIEHUIO K BEKTOPY CKOPOCTH?

6. Uro xapaxTepusyeT U Kak HAIIPABJIEHO HOpMaJibHOe yCKopeHue?
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JIEKIIVISA 10

Tema 1.8. KunemaTuka TOUKu

Hmemv npedcmasaenue o cxopocmazr cpeduett u ucmunnot, 06
YCKOPEHUYU TNPU NPIMOAUHELEHOM U KPUBOAUHEUHOM J6UNCEHULT, O pa3-
AUUHBIT 6udaT deUNCEHUT MOUKY.

Snams gopmyant (6e3 ebisoda) u epadury pasHOMEPHOZ0 U PABHO-
nepemernozo deuxcenut MouK.

Ymemp onpedeagmp napamempbt deuicenud MowKu no 3a0aHKROMY
30K0HY JBUNCEHUL, CMPOUMDb U YUMAMD KUHEMATNUNECKUE 2paduK.

AHamu3 BUIOB U
KMHETUYECKNX NapaMeTPOB ABMXKEHUM

Paeromeproe deudcenue
Paenomepnoe dsuscenue — 3TO NBUXKEHME C MOCTOSHHOM CKOpO-
CTBIO:

v = const.

s npsimonnHeliHoro pasHOMepHOro nsuxenus (puc. 10.1a)

dv
ag = -EE =a; = 0; M
M v
2 ———— e v
v a
r=00=a, =—=0. Y
r a) 6)
ITonnoe yckopenue nBMKEHUS TOY-
Puc. 10.1

K# paBHO HyJ0: ¢ = 0.
Ilpy xpuBONMMHENHOM paBHOMED-

HoM nemxenuu (puc. 10.16) )

r;éoo=>an=v7;£0.

IMonuoe yckopeHue paBHO HOPMAJILHOMY YCKOPEHHUIO: G = Qp.

YpaBHeHue (3aKOH) ABMXKEHUsS TOYKM IIPH PABHOMEPHOM OBMKEHUY
MOXHO TOJIYYUTD, IPOHENaB Pl HECTOXHEIX OINEPALMA.

Tax xak v = const, 3aKOH PaBHOMEPHOIO IBIXKeHUs B OOLLEM BUIE
‘SIBJIAETCS ypaBHEHNEM npamoit: § = Sy+vt, rue Sy — nyTh, NPOMIEHHbII
IO Ha4aJja OTCYETA.
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Pasnonepemennoe deuscenue
Pasnonepemennoe deudxcenue — >To ABMKEHME C MOCTOSHHLIM Ka-
CaTEeJILHBIM YCKOPEHMEM:
a; = const.

515t NpSIMOIMHEHOrO PABHONEPEMEHHOTO ABUKEHUS
T=00=ay, =0; a= a;= const.

ITostHoe yckOpeHMe paBHO KacaTeNIbHOMY yCKOPEHMIO.
Kpusonuneitnoe pasnonepemennoe apuxenue (puc. 10.2):

M an #0; o =const#0.
a dv
v YuuThBasd, 4TO 0t = I as = const ¥ crenas pan
ay npeobpa3oBaHUN:
dv = audt; /dv = at/dt,
Puc. 10.2
v t
TIOJIyYUM 3HAYEHNe CKOPOCTH IIPH PaBHOMEPEMEHHOM IBHKECHHH
ds

v = vg + at; = —,
0 tly v dt

ITocne muTerpupoBanus OGymeM MMeTh 3aKOH DPaBHONEPEMEHHOIO
IOBIXKeHUs B oblLIleM BUIe, NPEACTAaBISIOIIMI YpaBHeHue apabose:

at?
S=So+vot+-—t§-',

re Yo — HavaJlbHas CKOpPOCTH JBUXKEHUS;
So — NyTh, NPOHAEHHEIA N0 Hayalla OTCUETA,
Q¢ — TIOCTOSHHOE KacCaTeJIbHOe YCKOpEHHE.

Hepasnomeproe deudcenue
IIpn nepasnomeprom deuscenuu UMCIAEHHBIE 3HAYEHHMS CKOPDOCTH M
YCKOPEHMsI MEHSAIOTCH.

YpaBHeHNe HEPABHOMEPHOIO ABMXKEHNS B o0lIeM BUAE NPeNCTaBls-
eT coboit ypaBHeHue Tperreit S = f(t3) u Bre cremenu.
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KunemaTunueckue rpadpuku

Kunemarnueckne rpaduku — 3To rpaduky M3MeHEHHS IIyTH, CKO-
POCTH M yCKOPeHHI B 3aBHCHUMOCTH OT BPEMEHH.

Paenomeproe deuacenue (puc. 10.3)

5,0

S=f(1)

v =const

|
L)

Puc. 10.3

Pasnonepemennoe deudcenue (puc. 10.4)

s,va,

S -vpt—a,t72
5,04, S=a,tz/2 o 1194
/ /v=a,t
v=t—a,l
\a,=const
0 f,c
0 fhe a, <0
a) 6)
Puc. 104

IIpuMepn! permuenus 3agayg

IIpumep 1. Ilo sanannomy 3akomy msumxkenus S = 10 + 20t — 5t2
([S) = m; [t] = c) onpenennTs BUO HBMXKEHUS, HAYANLHYIO CKOPOCThH M
KacaTeLHOE yCKOpEeHUe TOYKM, BpeMs JO OCTAHOBKHU.

(Pexomennyercs oGoiituch 6€3 pacyeTOB, MCIONb30BATHL METO.
CPaBHEHUs 3aJaHHOTO YPABHEHUS C yPABHEHMAMMU PA3NUYHBIX BUIOB IBH-

XeHuit B obLIeM BuLe.)
Pewenue

ast?
1. Bun neumxkenns: pasronepemensoe (S = Sp + vt + --t-2—).
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2. Ilpu cpaBHeHUM ypaBHEHUIN OYEBUIHO, YTO
— Ha4YaJIbHBIA NIyTh, IPOMOEHHKIN N0 Hayana orcyera 10 M;
— HauvasbHas cKopocTh 20M/c;

— IIOCTOSHHOE KACATEIbLHOE yCKOPEHUe 2 _ —5m/ c2; a;=—10mM/ .

— YCKOpP€eHHIe OTPUIIATEILHOE, CJIENOBATEILHO, IBMKEHNE 3aMelJIeH~
HOe (paBHO3aMEIJIEHHOE), YCKOPEHHE HAIPABJIEHO B CTOPOHY, IPOTHBO-
MOJIOXKHYIO HAIIPABJIEHUIO CKOPOCTY [BVXKEHMUS.

3. MoxHo onpenenuTs BpeMs, IpY KOTOPOM CKOPOCTBL TOYKM 6yneT
paBHa Hymo: V=S5 =20—-2-5t; v =20—-10t; v = 0; t = %6 = 2c.

Il puyMeuasn ue Ecmmnnpu paBHONEpEMEHHOM LBMXXEHIH
CKOPOCTb PacTeT, 3HAUUT, YCKOPEHUe ~— IOJIOKUTENbHAs BeJIMYNHA, FDa-
¢duk myTtu — Boruyrtas napaboina. [Ipum TOpMOXKeHUM CKOPOCTBH IaJAET,
yCKOpeHue (3aMeqieHue) — OTPHULATENbHAS BeJIMIMHA, FPaduK IyTH —
BEINyKJas napabona (puc. 10.4).

ITIpumep 2. Touka nBuxkercs no xenoby u3 Touku A B Touky D
(puc. 10.5).
Kak n3MensTCs KacaTenbHOEe M HOPMAJILHOE
4 YCKOpEHHs TIpM NPOXOXOEHUK TOYKHU depes B u
?

CKOpOCTb OBMXKEHNS CUUTATHL IIOCTOSHHOI.

o 5 Pamuyc yyactka AB = 10M, pamnyc ydacTka
1

02 B C = 5 M.
ry Pewenue
C D 1. PacemoTpum yuacrox AB.
Puc. 10.5 KacaTtenbHoe yckopenue paBHo Hymo (v = const).

2
v

HopmansHoe yckopenne | a, = — |} npu nepexo-
T

e yepe3 Touky B yBenmuusaercs B 2 pa3sa, OHO MEHAeT HalpaBleHHE,
T.K. NeHTp ayru AB He coBnanaer c¢ uentpom nyru BC.

2. Ha yuactke BC:

~— KacaTeJIbHOEe YCKOpeHHe PaBHO Hyo: a; = 0;

~— HOPMaJIbHOE YCKOpPEHHe TIpM Iepexone uepes Touky C MeHseTcs:
1o Toukn C OBMXeHMe BpalllaTeNlbHoe, Mocyie Touku C IBMKEeHHe CTaHo-
BUTCS IPSMOJIMHEMHBIM, HOPMAJILHOE HANPSIKEHUE HA NPIMOJIUHEHAHOM
Y4aCTKe PaBHO HYJIIO.

3. Ha yuactke CD nonHoe yCKOpeHME PABHO HYJIIO.
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ITpumep 3. Ilo sapmaunoMmy rpaduky CKOPOCTH HATH IyTh, IPOM-
DEHHBIA 3a BpeMs nBmxkeHns (puc. 10.6).

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

1. ITo rpadmky cilenyeT pacCMOTPETH TPU yYACTKA ABMKEHUS.
IlepBriit y4acTOK — pas’roH M3 COCTOSIHUS NOKOs (paBHOYCKOPEHHOE
OBUXKEHUE).
YpaBHenne ckopocTu v1 = vg + a1t1; vo = 0.
U1
Yckopenue a; = Tia=g= 1,6M/02.
1
BTopoit yuacTok — paBHOMEpHOe nBHXeHMe: v = 8M/c; az = 0.
TpeTHit y4aCcTOK — TOPMOXXEHHE OO OCTAHOBKY {PaBHO3aMeENJIEHHOE
OBHXKEHUE).
Ypapuenune cKOpoCTH v3 = Vo3 + asts; vz = 0.
Vo3
Yckopenne az = 5L B= = —2Mm/c2.
3
2. IlyTs, npoiineHH:ll 38 BpeMs OBUMXeHUA, OyneT paBen:

at
nmepBhlit yuacTok: S; = Sp + vot + 5 So = 0; v = 0;

_ayt? 1,6 - 52
2

Sl'—‘ 21

BTOpOIl yuacTok: S2 = vtz = 8-10 = 80Mm/c;

S1=

= 20M/c;

ast:
TpeTuil yyacTok: S3 = Sp3 + vpsts + —%é; Soz = S1 + So;
Vo3 = 8 M/C; az = -2 M/C2.
IIyTe 38 BpeMs mBUXkeHUA

—92.42

Sy =53=100+8-4+ =116 m.
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IIpumep 4. Teno, nMeBLIee HAYaJIbHYIO CKOpocTh 36 kM/4, npo-
o 50 M mo ocTaHoBkM. CunMTas ABNKEHME DABHO3aMEIJIEHHBIM, OIpe-
HOEJIUTH BPEMsl TOPMOXKEHHUS.

Pewenue

1. 3anucriBaeM ypaBHEHHNE CKOPOCTH AJ PaBHO3AMEMIEHHOTO IBU-
XKEHNA:
v=v9+at=0.

36 - 1000
OnpenensieM Ha4YaJIBHYIO CKOPOCTDH B M/C: Ug = 3600 - 10M/c.
Bripasum yckopenne (3aMensieHne) U3 ypaBHEHUS CKOPOCTH:
v
a=——
t
at?
2. 3anucriBaem ypaBHeHue nyTH: S = vgt + -
vot
ITocne nmoncranosku nomyuum: S = -5
3. OnpenensieM BpeMs 00 MOJHOM OCTAHOBKM (BpEMsi TOPMOXEHHMS ):
28  2.50
=—=——=10c.
Vo 10

KoHTpoJBHBEIE BONPOCHI M 3aJaHUS

1. 3annmunre GopMyIy YCKOpEHNA NPH HPAMOIMHEHHOM JBMXKEHUM,
2. 3anumute GopMyny yckopeHus (HOIHOIO) HpPY KPUBOIMHENHOM
LBUXXEHUH.
3. Teno ckarwnBaeTca no xenoby (puc. 10.7). Kaxue napamerpnl
IBYMKEHUs. MEHAIOTCH NPU nepexone depes Touky B n modemy?
OTBeTHn:
1. a,.
2. Qyg.

4 B
C 3. v,
4. TlapameTphl ABMXEHNS HE MEHSIOTCA.
r

Puc. 10.7
4. o 3anaHHOMY YPaBHEHMIO OBMKeHMs Toukn S = 25 + 1,5t + 612
OIIpene/INTe BUI NBMXEHUS M 6e3 PACYeTOB, MCIONb3YA 3aKOHLI IBMXE-
HWSl TOYKH, OTBETHTE, YEMY PABHH HauyaJlbHasd CKOPOCTb ¥ YCKODEHHME.

r
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5. ITo 3anaHHOMY ypaBHEHMIO OBIDKEHMS Toukn S = 22t — 4t% mo-
CTpOiiTe rpapUKMN CKOPOCTH U KACATEILHOIO YCKOPEHHMS.

6. Ilo rpaduky ckopocTeil TOUkKM onpenme- v,M/c

JUTe NyTh, NPOMOSHHEIN 3a BpeMs OBHXKEHUS 18
(puc. 10.8).
12
7. Touka aBmxeTcs mo myre. OxapaxTepu-
3yiiTe nBuxkenue Touku (puc. 10.9). 0l 3 12" ne
Puc. 10.8
v
M M v g
a;
an an
a, = const a, = const
aj 6)
Puc. 10.9
8. OTBeThTE HA BONPOCHI TECTOBOTO 3aOAHUA.
Temmur 1.7, 1.8. Kunemaruka.
KnremaTnka Toukn
Bonpocmu OrserTnm |[Kon
1. Touxa neuxercs no nusuu ABC. [lo naobpa-| PaeHomepHoe 1
JXXEHHBIM [MapaMeTpaM ABMXXCHUSA OlpeneliiTh
BUI ABHXKEHHUA. Pasnoyckopennoe 2
4 B
an Pasnosamennennoe 3
v
¢ a, HeparuomepHoe 4
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Ilpononxenne
Bonpocwum OrsBerTn |([Kon
2. Ilo npuBeneHREIM KMHEMAaTHYECKHM rpaduKaM S =t 1
onpenenuThb BUM ABHKERUS TOUKH.

. 2

Su o.Mlc S =S+ ‘-‘;— 2
at?
S = So + vot + <> 3
at?

0 e 7] 1, ¢ S =yt ~ 5 4
3. ABTOMOGM/L IBUXKETCHA [I0 ADOYHOMY MOCTY a=1,44 M/c2 1
cornacuo ypasreunio S = 12¢. OnpenenuTs
MONHOE yCKOpeHne aBToMobuns, ecitn paianyc a=012 M/c2 2
MocTa r = 100 M, Bpems aBuxkeHHA t = 5c.

a=0,6Mm/c? 3
a = 36m/c? 4
4. ITo rpaduKy CKOPOCTH OLpPENelInTh BPeMs toer = 6¢ 1
ABHIKEHNA TOYKM IO [TOJIHOM OCTAHOBKM.
3akoH IBHXEHNA He MeHAeTCH. toer = 12¢ 2
», Mf¢
46
tocr = 230 3
40
toer = 43¢ 4
0 3 ,' c acT
5. Teno, oBUrasch U3 COCTOAHUA NMOKOA PBBHOYCKO- 105 m 1
penHo, 32 10 ¢ pocTurao ckopoctu 45M/c.
OnpenenuTh NyTs, NPoieRHLIL 3a BpeMA 125 M 2
OBNXEHHS.
22,5m 3
225 M 4
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JIEKIIAA 11

Tema 1.9. IIpocTeiinine nBUXXeHUs TBEPOOro Teja

Huemd npedcmassenue o nocmynameabnom Jeudcenuu, €20 0co-
6ENHOCTNAT U MAPAMEMPAT, O 6PAWATNEADHOM COUNCENUU MEAd U €20
napamempas.

3namv fopmyant dag onpedesenud napamempos NOCMYNAMEALHOS0
u epawameavrozo deuvcenutl meaa.

Yuemv onpedeagmb xunemamuuecxue napamempbl meaa npu no-
CTYNAMEALDHOM U EPAUATEALHOM OBUNCEHULT, ONPedessmb NaPame-
mpbt 110601 MouUKU meaa.

ITocTynarenbHoe ABM>XeHMe

IHocmynameabrbim Ha3LEIBAIOT TAKOE ABMIKEHNE TBEPIOTO TeNa, pH
KOTOPOM BCAKas NpAMaA JIMHUA HA Tejle NPK OBMXEHUN OCTaeTC s napali-
nenbHOM CBOEMY HauanbHOMY nonoxeruto (puc. 11.1, 11.2).

IIpu nocTynaTensHOM ABMXXEHNM BCE TOYKM TeJla OBUKYTCH ONMHA-
KOBO: CKOPOCTM ¥ YCKOPEHMS B KAXIOLI MOMEHT OOMHAKOBH. IloaTomy
IU1s OIMCAHUSA OBMXKEHMA TEJ1a MOXHO PACCMATDHUBAThH JBNXKEHKE OXHOR
ero To4uky, oOLIYHO LEHTpa Macc.

IToctynatennroe mBMIKEHME MOMKET OLITHL NPAMOIMHENHLIM M KpU-
BOJIMHENHEIM,

OO

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

BpawarTenbHoe OBU>KEHME

[Ipu BpalIaTenLHOM IBUKEHUM BCE TOYKH Tella OMUCHIBAIOT OKPYX-
HOCTM BOKpPYT Oflllell HEIOOBMMXKHON OCH.
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HenonsuxHas ock, BOKpYT KOTOpO BpAIIAIOTCS BCE TOUKU TENA
HA3LIBACTCA OCHI0 8PAULEHUA.

IIpu sToM Kaxknas TOYKA IBUXKETCA 1O OKPYIKHOCTH, PalHyC KOTO-
poit paBeH PacCTOSHUIO TOUKK A0 ocu Bpaiennd. Touku Ha ocu Bpaine-
HUs HE TIEPEMELIAIOTCA.

Ilrg onuconud 6pawWAMEIdHO20 OBUNCEHUT EAG 60KDPYe HEno-
d6udicnot 0CU MOJCHO UCTIOAB306AMb TNOALKO Y2A06ble TLAPAMEMPHE
(puc. 11.3):

(p — YrouI moBopoTa Teua, ] = pam;

W — YIi0Bas CKOPOCTD, ONpENeNseT H3MEeHEHHEe yTJia NOBOpOTa B
envHuuy Bpemenw, w] = pan/c.

Ilng onpepeneHMs MONOKEHUS
B Tena B M0G0 MOMEHT BpeMEHU UC-
nons3yercs ypasHenue @ = f(t).

CnenopaTenbsHo, oI Onpenese-

HUs YTJIOBOH CKOPOCTH MOXHO M0ITb-

M, dy
30BATbCS BRIPANEHUEM W = —-.
M HNuorna nns onenmxm ORICTpO-

ThI BpaINEHNA UCHIOJIB3YIOT YITIOBYIO
YacTOTY BpAallleHUA N, KOTOpas oue-

LY

Q HHBaeTCsd B 060poTax B MUHYTY.
\ ¥Yrmopag CKOpOCTb M 4aCTOTS
BpaiteHnss ¢puandecku O6nuzkue Be-
5,5 A JINYNHHL:
¥
2tn mn
1 W= —== =T
Puc. 11.3 60 30

W3meHenne yriioBoit CKOPOCTU BO BPEMEHU ONpPENENSETCS YTIIOBHIM
yckopenueMm €, [¢] = pan/c?;
dw
E.
YacTHble cIyyau BpaliaTeIbHOI'O ABMIKEHMUSA
Paenomeprnoe epawenue (yraopas CKOPOCThb NOCTOSHHA):

£ =

w = const.

YpaBHeHue (3aK0H) paBHOMEPHOI'O BPALUEHUSA B HAHHOM Cilydae HMe-
€T BHI:
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¥ = pp + wt,

riie (g — YTOJI IOBOPOTA OO Hayaja OTCYeTA.

KuneMaTuueckye rpacuxu [ 3TOMO BUAA ABWKEHNS N306pakeHbl
Ha puc. 11.4.

@, paa ©,=0 Q, pan ®, par/c
o =

Qo

<)

1] Lc 0~ tc

Puc. 11.4

Pasnonepemennoe epawenue (yrioBoe yCKODEHHE IIOCTOAHHO):

€ = const.

Ypaprenne (3ak0OH) PaBHOIEPEMEHHOTO BDALLEHUS
et?
b

» = pp +wpt + 5

rne wp — HavdaJibHad YrJoBas CKOpPOCTEL.

YrnoBoe ycKopeHHe npu YCKOPEHHOM NBYKEHNY — BEIIMYMHA NOAO-
HCUMEAbHAS; YITIOBas CKOPOCTH GyneT Bce BpeMs BO3PacTaTh.

YrioBoe ycxopesue npu 3amediennom DBYKEHUM — BeTUdYuHA Om-
puyametbrag, YyrioBas CKOpocTh yORIBaeT.

Ilns nmanHOro OBMXKEHMS XKUHeMaTndeckue rpadhuky NpencTaBIeHb
Ha puc. 11.5.

®. pan @, pan o, pank
W= Wo+El

0 ] Wy~ 0
LV (O]

o' f,c 0 fe o tc

Puc. 11.5

CkxopocTH U YCKOPEHUA TOYEK BPAlUAIOLIEroCcs Tesia

Teno Bpamaercs Bokpyr Touku (. OnpemennM nmapaMeTphl OBM-
XKeHus Touku A, pacrosiomeHHOU HA PaCCTOAHUM T'4 OT OCHM BpAllEHUs
(puc. 11.6, 11.7).
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)

il N\

Puc. 11.6 Puc. 11.7

Iymp Touku A: Sy = pra.

Jlunetinag cxopocms Touk A: v4 = wra.

Yexopenug Touxkn A:  aia = ETA — KACATENLHOE; Gna = W2ry —
HOPMAJILHOE, THie T4 — PANMYyC OKPYXHOCTH, TpaekTopuu Touku A.

IlpumMeps! peluenns sagavd

IIpumep 1. Ilo 3apaunomy rpaxpm(y yrnosoi ckopocTy (puc. 11.8)
OIpENENy¥Th BUI BPAILATEILHOIO IBHKEHUS.

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

1. YuacTox 1 — HepaBHOMEDHOE YCKOPEHHOe OBMXEHue, w = ¢';
e=u.

2. Y4yacTOK 2 — CKOPOCTbH NOCTOSHHA — OBHXKEHUE PABHOMEPHOE,
w = const.

3. YuacTox 3 — cxopocTh yOBRIBaeT pABHOMEPHO — PaBHO3aMEJIEH-

HOe AOBMXkKeHne, € = w’ < 0.



Tema 1.9. IIpocTeiiniue NBMXEHUS TBEPHOTO Tela 83

IIpumep 2. PoTop snekTpoaBuraTens BpalllaeTCa CO CKOPOCTHIO,
OIMCHIBAEMOR ypaBHeHneM w = 27t. OnpenenuTh BUO IBAXKEHUS.

Pewenue

1. AnanuanpyeM BRIDaXXeHME /IS CKOPOCTH: CKOPOCTb MEHSETCS M
3aBMCHT OT BpeMeHu numueiino. CrenoBaTesbHO, YIJIOBOE YCKOpEHne —
HOCTOSHHO, € = w' = 27 = const.

2. JIsnmxenue paBHONEpEMeHHOE (PABHOYCKOPEHHOE, T.K. YCKOpEHHUe
TOJIOXNTEINBHO).

ITpumep 3. Teno sparnanoch paBHOYCKOPEHHO M3 COCTOSHMUSA IIOKOX
u caenano 360 o6oporos 3a 2 Mun. OnpenenuTh YIIIOBOE yCKOPEHHE.

Pewenue
1. Onun oGopot paseH 27 panuaH. CienoBaTeNBHO:
360 oboporos = 720w pan, = 7207 paxn.

2. 3axon PaBHONIEPEMEHHOIO BPAaIlIaTEJIEHOIO OBNXKEHUS

et?
Y = o + wot + -

B namnom ciyyae g = 0; wp = 0.

et?
CnenosaTensHo, @ = <5
2
Otkyna e = t—('-’p
2.720 -
3. Yrnosoe yckopenne paBHO £ = 07 120)271- = 0,314 pan/c?.

IIpumep 4. Teno Bpawaiock ¢ yrioso#t yactoroi 1200 o6/Mun.
3aTeM nBMXKEHME CTAJIO PaBHO3AMENJIEHHHIM, U 38 30 CEeKyHI CKOpPOCTh
ynana 1o 900 o6/mun. OnpenenuTs 4ucia0 060POTOB Tela 38 3TO BpeMs
U BpeMs IO IIOJTHOA OCTAHOBKM.

Pewenue

1. HocTponTs rpadux usMenenus ckopocty 3a 30 ¢ (puc. 11.9).
OnpenenseM yryoByio CKOPOCTh BPAILEHNS Tesa:

1200 - 900
wo = .3_071 = 407 pan/c; w= —37)1 = 30w paxn/c.
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OmnpenenseM yrioBoe yCKOpeHUe:

e WTWo _ 30r — 407 lﬂ_ a /c2
=T¢ T T 3 T3Tpene
o, pan/c OrnpenenseM yroJ IoBopoTa 3a
401 [polueniiee BpeMs:
et?
© = @0 + wot + —=;
0= 2
wo = 0;
17-(30)2
gp=4077.30_._ﬂ;
0 30 fe 3 2
Puc. 11.9 ¢ = 1050 paz.
1050
Yucno oboporoB 3a 30 ¢: 2z = £ _ 507 = 52506
2r 2

2. OnpenenseM BpeMsl IO ITOJIHOM OCTAHOBKH.
CXOpOCTh NpH OCTAHOBKE paBHa HYMO, w = 0.
Taxum obpazoM, w = wp + €t; 0 = wp + €t.

407 - 3
Torma toer = —?; toer = T =120c.

IIpumep 5. MaxoBoe komeco BpallaeTcss PaBHOMEPHO CO CKOPO-
cThio 120 06/mun (puc. 11.10). Pamnyc xoneca 0,3 M. Onpenenuts cko-
pPOCTH M IIONHOE YCKOpeHWe TO4YeK Ha obome Kojeca, a TakKxe CKOPOCTb
TOYKM, Haxomswencs Ha pacctosuuu 0,15 M oT neHTpa.

Pewenue

1. YI‘JIOBa.SI3CI{ZpC:0lC2’I‘OI>
™ 14 - N
w=o5 = 30 ~ 12,56 pan/c.
2. JIuneitnas ckopocTh Ha 06ome Koseca
U= wr; vg =wra; va = 12,56 -0,3 = 3,77 m/c.
3. Ckopoctn B Touke C (puc. 11.10)
ve = wre; ve = 12,56 - 0,15 = 1,88 M/c.
4. Yraopoe yckopenue £ = ' = 0. Puc. 11.10
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Kacarenproe yckopenue Touxu A aza = (; HOpMaNbHOE yCKOPEHUE
ToukM A Gna = wr4; apa = (12,56)2 - 0,3 = 47,3 M/Cz.
5. IlonHoe yckopenue Touek Ha ofone KoJeca

/ 2
ag =1/a2y+a,; aa=ana =473Mm/c".

KOHTpOJ‘IbHI—.\Ie BOIIPDOCHL M 3aaHUA

1. KakuMu KMHEMATUYECKMMHA IapaMeTPaAMM XapakTepU3yeTcs I10-
CTYIATeNbHOE NBMXKEHHE M TIoUeMy !

2. 3amuinuTe ypaBHEHHE PABHOMEPHOIO IOCTYIATEILHOTO ABMXKE-
HMs1 TBEPIOTO Tella.

3. 3anuuuTe ypaBHeHE PABHOIIEPEMEHHOTO [TOCTYIATEILHOrO ABYU-
KEHUs TBEpIOro Tela.

4. 3anuunTe ypaBHEHUs PABHOMEPHOIO M PAaBHONEPEMEHHOrO Bpa-
IIATEILHOTO ABMXEHNA TBEPAOrO Tella.

5. 3anaHo ypapHenue npuxenus tena S = f(t). Kax onpenesnsior
CKOpPOCTb U yCKOpEHHe?

6. Ina 3ananHoro saxoHa (ypaBHeHns) nBXeHus @ = 6,28 + 12¢+
+3t2 Bribepure COOTBETCTBYIOILNI KMHEMATHUIECKUI I'DabUK IBMXKEHU

(puc. 11.11).
VoIN
a) t O 6)’ 0Ol o t Ol 2 t

0|

Puc. 11.11

7. Ins mBukeHMs, 3aKOH KOTOPOro 3afaH B Bompoce 6, onmpenenure
YTJIOBOE YCKOPEHUE B MOMEHT t = 5c.
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Tema 1.10. CrnoxHoe aBUXeHNE TOYKH.
CrnoxHoe OBMXKeHHUe TBEPAOro Tena

Huemv npedemasaenue o cucmemaz xoopdurnam, o6 abcoarommuon,
OTMHOCUMEADHOM U NEPEHOCHOM JBUNCEHUAT,

3name pasaodcenue CAONCHO20 JBUNCEHULT HA OMHOCUMEALHOE U
NEPEHOCHOE, TNEOPEMY CAONCERUT cropocmel.

3namv padaodicenue NAOCKONAPAMIEALHO20 JBUNCENUT HA NOCTNY-
NameabHoe U 6paUlamesbHoe, cnocobvl onpedeseHud M2HOBEHHO20 YeH-
mpa cxopocmeil.

OcHoOBHEIE onpegesIcHus

Caoxcnbim deudsicenuem CYMTAIOT OBMXEHNE, KOTOPOE MOXHO Paso-
XKHUTDb HA HECKONBKO NPocThIX. [IpocTHIMU NBUXEHMAMN CUMTAIOT IIOCTY-
MATENbLHOE ¥ BPALLATENLHOE.

Ilna paccMOTpEHUsA CII0XKHOTO OBIKEHUMS TOYKM BHIGMDAIOT IBE CH-
CTEeMEI OTCYETa: HOABKXKHYIO M HETIONBIKHYIO.

IIsuxkeHue TOYKH (Tes1a) OTHOCUTENBHO KEN0J6UNCHOU CUCTEMEI OT-
CYETa Ha3LIBAIOT CAONCHbIM, UM GOCOAIOMHbLK.

[MonBuxHYI0 CHCTEMY OTCYETa OGHIYHO CBA3LIBAIOT C ABMXKYIIIMMCS
TenioM. JlBmxenne nodeuxcnoll CUCTEMBI OTCHYETa OTHOCHUTENILHO HEMO-
OBUXKHON Ha3LIBAIOT NEPEROCHbLM.

IIBukeHre MATEPUAJILHOM TOYKM (Te€N1a) IO OTHOIIEHHIO K NONBMX-
HOIl CHCTEME HA3LIBAIOT OMHOCUMEALHbIM.

[IpuMepoM MOXeET CIIyXXKUTH JBMIKEHUE YeJIOBEKA II0 3CKAJIATOpY Me-
Tpo. IIBUXeHue 3cKaaTOpa — IEpeHOCHOe ABMXKEHME, NBMXKEHME Yello-
BeKa BHHU3 WM BBEPX IIO 3CKAJIaTOPy — OTHOCUTEJILHOE, & NBMKEHHE IO
OTHOWIEHUIO K HEMONBIXKHHIM CTEHAM CTAHLUMU ~— CIOXHOe (abcoimoT-
HOE) OBHXKEHWE.

[Ipu pelueHuy 3a51a4 UCIONB3YIOT TEOPEMY O CIIOXKEHMHN CKODOCTeN:

IIpu caoxcrom dsudcenuu mouxu abCOAIOMHAL CKOPOCTL 6 Ka-
JcoLItE MOMENT apemenu pasna 2eomempuueckod cymme nepewocnod
(ve) u omuocumeavnoi (vy) cxopocmenti:

v = y/v2 + v2 + 2v.v, cos @,

Q@ — YroJn MeXIy BeKTODaMHU Ve U Ur.
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Hnocxonapannenbﬂoe ABH2XXE€HHE TBEPOOro Tela

ITrocxonapasseabtbim, UM NAOCKUM, HASEIBACTCA TAKOE IBUXKEHUE
TBEPAOIO Tejla, IpHM KOTOPOM BCE TOYKU Tejla NEepEeMEIAloTCA Mapadl-
JIeJIbHO HEKOTOPOU HENONBMXKHON B PacCMaTPUBAEMON CHCTEME OTCYETA
IVIOCKOCTH.

Hnocxonapa.nnenbnoe ABHIXXKEHHNE MOX-

HO U3y4aTh, paccMaTpuBas Jofoe IJIoC- B -
KOe CeueHMe Tela, MApajlie/IbHOE Hero- 4 D c
IOBMKHOM TJIOCKOCTH, HA3KIBAEMOH 0CHO6HOU

(pumc. 12.1).

Bce Toukn Tena, pacnosnioxeHHble Ha nps-
MOH, NepneHANKYISPHON K OCHOBHOM ILIOC-
KOCTH, OBUXYTCSA ORMHAKOBO.

IInockonmapaniensHoe OBUXKEHHE H3y4ya- a:l/
eTCsl OBYMS METOOAaMH: METOIOM Pa3JioXe-

HUSA CJIOXKHOI'O OBHMXXEHWUS Ha nocrynarens- [/ /77777777
HOE M BDALUATENLHOE M METONOM MCHOBEH-  OCHOBHaX MIOCKOCTH
HBIX LEHTPOB CKOPOCTEM. Puc. 12.1

Ny
Y
e

Memod pazaodcenus CAoHH020 F6UNCEHUL KA NOCMYNG-
mMeabHoe U 8PAULANEALHOE

IlnockonapannensHoe ABUMXEHNE PACKIIAAKIBAIOT HA JIBA ABVKCHMS:
NOCMYNametbRoe BMECTE C HEKOTOPHIM IIOIIOCOM M 8PAUAMEADHOE OT-
HOCHMTEJILHO 3TOTO IIOMIOCA.

Pasnoxenue ucnonsayor Ans onpeneneHus CKOPOCTH JTi060A TOYKU
Tesa, IPUMEHSsT TeOPeMY O CJIOXKEHUM cKopocTel (puc. 12.2).

4p (OTHOCHT,

/’\

Puc. 12.2

Touka A ABMXETCS BMeCTe ¢ TOYKON B, a 3aTeM HOBOpauMBAETCH
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BOKpYT B ¢ yriiopoit ckopocThio w, TOrna afConoTHas CKOPOCTh TOYK
A 6ynet pasna

VA =VURB 4+ UAB, VAB = Wr (1‘=AB).

TIpuMepoM MIIOCKOMAPATIIENILHOIO [BUXEHUS MOXET OBIThL JIBUXKE-
HMe KoJleca Ha MPSMOJIMHEMHOM yudacTke noporu (puc. 12.3).
Cxopoctps TOuku M
y ol

M VM = Ve + VUr,

Ve — CKOPOCTE HEHTPA KOJIeCa IEpeHOCHaR

01 vz ’) \ Xy

»; Ur — CKOpPOCTb BOKPYI' LIEHTPAa OTHOCH—
TelIbHadl.

OT T T T T TTTT + yOx — HenoBMKHALA CHCTEMa KOOPAMHAT

Puc. 12.3 10171 — TOOBMXHAS CHCTEM3 KOODIH-

HaT, CBA3aHHas C OCBIO KOJIeca.

Memod onpedesenug M2ROBEHHOZ0 YEeNMPa croOpocmet

Cxopocmb 410601 MoOuwKU Mead MOXKHO ONPENENSTh € TOMOIILI
M2HOBENH020 yenmpa cxopocmet. [Ipn 3TOM CIOXHOE ABMXEHME TIpel-
CTaBJIAIOT B BHIE LENX BPAILIIGHUIA BOKDYT Pa3HBIX LEHTPOB.

3anaua CBOODUTCA K OMPENesIeHMIO TIOJIOXKEHN MIHOBEHHOTO HEeHTP4
ppaiuennit (ckopocreit) (puc. 12.4).

Meznosennvin yenmpom cxopocmedi
(MIC) sBnsercs TOYKa Ha ITIOCKOCTH,
abCcomoOTHAS CKOPOCTh KOTOPOH B HaH-
HEI MOMEHT PaBHa HYITIO.

Bokpyr aToit Touku Teno cosepiaeT
NIOBOPOT CO CKOPOCTBIO W.

Cxopocts TOUkM A B HaHHBIL MO-
MEHT paBHa

va = wOA,

T.X. U4 — JIMHENHAas CKOPOCTh TOYKM A, Puc. 12.4
ppainaroneitcas sokpyr MIIC.

CyiectBytoT TPH crocoba onpeneieHus NONOXKEHUS MIHOBEHHOTO
IIeHTPa CKOpocTel.

Ilepevui cnoco6. V3BecTHa CKOPOCTH OOHOM TOYKM TeNa U4 M YTIIO-
Basl CKOPOCTB BpalleHus Tena w (puc. 12.5).

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

w
Coenunsgem Touky O c¢ Toukoit B, 3amepseM paccrosume OB.
vplOB, vg = wOB.

Puc. 12.5 Puc. 12.6

Bmopoi cnoco6. UzBecTHB! CKOpOCTH ABYX TOYEK Tela VA M UB, U
OHM He mapaJsuiensHsl (puc. 12.6).

IIposonum u3 Touek A n B nBa nepneHAnKyNapa K U3BECTHLIM BEK-
TOpaM CKOpOCTei.

Ha nepeceuenun neprenmuxynsapos maxonuMm MIIC. Ilamee MoxHO
. " ve
HaWTH CKOPOCTB mo6oi Touku C. — = —.
vg OB
Tpemuii cnoco6. V3BecTHH CKOPOCTH IBYyX TOYEK Tella, U OHM Ma-
pasnensHbl (v4|lvg) (puc. 12.7).

A4
Uy V4
Vs A A

B MQZ 04 = 08

Vs # Ug o B B o

B B

Mc e g 6) o)

Puc. 12.7

Coenunsem koHurr sekropos, MIIC naxonurcs Ha nepeceyenuu -
HUM, COGMUHSAIOLIEN KOHIE! BeKTOpoB ¢ juHueir AB (puc. 12.7). Ipn no-
cTynaTelbHOM asmxexuu teina (puc. 12.78) MIC orcyrcrsyer.
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IIpuMmepH pelteHns 3anad

Ipumep 1. PaccMoTpuM MexaHn3M, B KOTOpoM cTepxkenb OA Bpa—
aeTcs BOKpYr Touku O co CKOpOCTBIO w. BIonb cTepxkHa mepemerua -
erca nonsyH M co ckopocThio v (puc. 12.8). Onpenennts aGCcomMoOTHYI
CKOpPOCTb TOUKM M.

Pewenue

1. OrHocuTenbHOE OBUXKEHUE —
BIOJIb CTEPXKHS; CKOPOCTD VUp = Upf.

2. IlepenocHoe nBHUXKeHUE -— BpallLg -
HUE CTEPXHS; CKOPOCTh

v = WOM,

3. CxopocTs a6COMOTHOrO IBMXKEHUA

v=/vZ + V2.

IIpumep 2. Crepxensr AB cockank-
3LIBAET BHM3, OMUPAiCh KOHIIAMM O CTEHY
u non (puc. 12.9).

Inuua ctepxHs 1,5 M; B MOMEHT,

Puc. 12.8

n306pakeHHblil Ha yepTexe, CKOPOCTh
. /] MLC
touku B vg = 3 M/c. Haittu ckopocts 4 0
Touku A.
v /] l 5 M \_}Im
Pewenxue “
1. Haitnem mnomoxenne MIIC. X 3o’ Vg .

L
Cxopoctu Touek A m B nanpasneHu A

BIOJIL CTEHH! ¥ BOONL nona. Boccrana- Puc. 12.9
BIMBaX NEPNEHOMKYIAPH K BEKTOPAM
ckopocteit, Haxonum MIIC,
2. ITo u3BeCTHOIt CKOPOCTHM Vg ONpENENfeM YIJIOBYIO CKOPOCTb W
CTEPXKHL:

_ 1B — ABsin30° = =3 -
w=55 OB = ABsin30° = 0,75M; w 0,75—4pa..11/c.

3. CxopocTs TOukM A:
vg =wOA; OA = ABcos30° =~ 1,3mM;
vg=4-13=52M/c.
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KOHTpOJ’IbHHe BOIIPOCHI 1 3aaHNA

1. Kakoe nemxeHue HA3HBAIOT CIIOXKHEIM?

2. Kaxne geuxeHus TBEpPAOTO TeNla HA3KIBAIOT NMPOCTHIMMT

3. Kakne cucTeMnl XOOPANMHAT BHIGMPAIOT NPH OMpENeIeHHH CKOpPO-
cTeil TBEpAKIX TeJ IIPH CIOKHOM ABMXEHUN?

4. Kakoe nBuxeHNe CYNTAIOT NIEPEHOCHHIM, 8 KAKOE — OTHOCUTEb-
HEIM?

5. ChopMynupyiiTe Teopemy CIIOXEHUS CKOPOCTEIX.

6. Kakoe nBuKeHNe HA3HBAIOT INIOCKUM?

7. Kaxue cnoco6s NMpUMEHSIOT IJIS ONpeNeNeHMs CKOPOCTeR TovYeK
Tesa NMpH IIOCKONAPAJIIEILHOM JIBYIKEHUHN

8. UTo Takoe MI'HOBEHHRIA LIEHTP CKOPOCTEN, KaK €ro OmpeNelAloT
¥ 719 49ero MCIONL3YIoT?

9. OTBeTbTE Ha BOMPOCKH TECTOBOIO 3AJAHUL.

Temer 1.10, 1.11. KnuemaTuka.
CrnoxHoe NBMIXEHUE TOUKH.
CnoxxHoe OBMXXEHUE TBEPHOro Teja

Bonpocwu OrTeerTn|Kon
1. ITaccaxnp noeana, ABMXYIIErOCE CO CKOPOCTBIO 15km/u
72 kM/4, BRANT BCTpeYHH noean anuHol 420 M B
TeueHne 12 c. OnpenenuTs CKOPOCTH BCTPEYHOIO 20,5 kM/u 2
noesnua.
35xM/u 3
54 xM/u 4
2. Tenexxa nemxercd Mo cTpene GalIeHHOro 1,2m/c 1
KpaHa co ckopocthio 2M/c. IIpu aTom cTpena
KpaHa NOBOPAaYKBAETCR O cKkopocThio 0,25 paxn/c. 2M/c 2
OnpenenuTb CKOPOCTH TE/EXKH 110 OTHOLIEHUIO
K 3emne. 2,5M/c 3
6M
. o\ 4,25m/c 4
1 = L ]
Lo
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IIpononxkeune
Bonpocwm OrseTumiKon
3. Koneco 6e3 ckonbxeHUs KATUTCS 10 3eMIle. 5M/c 1
CkopocTh Bpaitterus koneca 30,8 pan/c. Paauyc
KoJsteca 650 Mmm. OnpenenuTh CKOPOCTh nepeme- 10M/c 2
IIEHNS LIEeHTPa KOJeca OTHOCHMTENbHO 3eMITH.
15Mm/c 3
—\of
4
20 M/c 4
4. Toukn A, B u C npuHamnexaT KBHXKyLeMycs 45M/c 1
nnockonapajnensHo Teay. OnpeieNmuTh CKOpOCTh
Touku C, ecnu u3BeCTHHI CKOpocTH Touek A u B. 50M/c 2
va = 75M/c; vg = 50M/c; AC = BC.
62,5M/c 3
75M/c 4
5. Kpusomnn OA spamaerca Boxpyr ocu O co 2M/c 1
ckopoeTsio 10 pait/c. [lonsyn A nepemeinaercst
BIOTh KPUBOLIMIA U lepemellaeT cTepxens AB. 2,3M/c 2
Onpenenutsh ckopocTh Toykn B, ecnu OA =0,2M.
1M/c 3
4
o
307 8,6 M/c 4
0
mhm ¥ 4[EB
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JIEKIINA 13

TemMma 1.12. OcCHOBHBIE NOHATHNA U AKCUMOMBI
nuHamuku. IlousTue o TpeHun

Huemo npedcmasaenue o macce meaa u yexopenuu c606001020 na-
denud, 0 C6A3U MENUCOY CUAOBLIMU U KUHEMATNUNECKUMY NADAMEMPAMU
dsuocenud, 0 JBYT OCHOBHLIT 3a0GUAT OUHAMUKL.

3name axcuombl JUHAMUKY U METMEMAMUYECKOE BbIPAHCENUE
0CHOBHO20 3AKOHG JUHAMUKL.

3name 3asucumocmu 049 onpedeaeHus Cuabl MPeHus.

Conep)xanne 1 3agauyyl INMHaMHIKN

Junamurxe — pasmen TeOPETUYECKOl MEXaHWUKH, B KOTOPOM yCTa-
HaBJIMBAETCS CBA3b MEXIY OBIKEHUEM Tel U HeHCTBYIOLUIMMHK Ha HUX
CUITaMH.,

B munamuke pemaroT asa Tuna zanay:

— OnpenensAloT NapaMeTphl ABMXKEHUS 10 3aJaHHLEIM CHJIaM;

— OIpEeneNAIoT CUJILL, NEHCTBYIOLINE Ha TENO, IO 3a0aHHLIM KHHe-
MaTUYECKUM MapaMeTpaM IBWXEHUS.

IIpu nocTymaTenbHOM OBUXEHUM BCE TOYKM TEJa OBMXKYTCA ONMHA-
KOBO, [TIO3TOMY TEJIO MOXHO IIPUHATDH 33 MATEPUAJIbHYIO TOUYKY. »

Ecnu pasMmepnl Tena MaJIBl IO CPaBHEHMIO C TPAaeKTopHell, ero To-
e MOXHO paCCMaTPHBATh KaK MATEPUAJILHYIO TOYKY, IIDHM 3TOM TOYKA
COBNANAET C LIEHTPOM TSXKECTH TeJla.

Ilpn BpamtaTenbHOM OBMXKEHMM TN, TOYKM MOLYT IBUTAThLCS He-
OOWHAKOBO, B 3TOM CIIy4a€ HEKOTOpLIe IIOJIOXKEeHUS HUHAMMKH MOXHO
IPUMEHATH TONBKO K OTHOEJIbHLIM TOYKaM, & MaTepHAJILHLI O6BeKT pac-
CMATPUBATH K&K COBOKYITHOCTh MaTe€pHUAJILHLIX TOYEK.

IloaToMy mUHAMMKY OENAT Ha OUHAMMKY TOYKM U DUHAMUKY MaTe-
pUASILHON CHCTEMBEI.

AKCHOMBI IUHAMUMKN

3akoHbl AMHAMUKE OGOOLIAIOT Pe3ysIbTATH MHOMOYMCIEHHEIX OILI-
TOB ¥ HabmogeHnit. 3aKOHH IUHAMUKY, KOTOphIE NPUHATO PAcCMaTpH-
BaTh KakK 8KCHOMHI, 661 chopMyaupoBansl HeIOTOHOM, HO nepBHil u
YeTBEPTHIN 3aKOHB! OLITM M3BeCTHH ["anmunero. MexaHuKky, OCHOBaHHYIO
Ha 3THUX 3aKOHAX, HA3LIBAIOT KJIACCUYECKON MeXaHMKOM.
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Iepeasg axcuoma (nNpuHIMI BHEPLUM)

Bceaxog usoauposannad Mamepuaabnag mMouka HaTodumcd 6 co-
CTMOFHUY NOKOS UAU PABHOMEDHOZO U NPIMOAUNELHOZ0 JBUNCEHUT, NOK
TIPUADNCEHNDIE CUAbL He bléedym ee U3 IMo20 COCTOINUL.

OTO COCTOAHME HA3HIBAIOT COCTONHUEM MHepuuu. BusecTu TOuk
K3 3TOr0 COCTOSIHMA, T.€. COOOUMTEL €l HEKOTOPOE YCKODEHHE, MOXOT
BHEIIHSAS CHIIA.

Beskoe Teno (Touka) o6nanaer unepmuocmbio. Mepoil MHEPTHOCTh
ABJIAETCA MAcca Tejla.

Maccotl HasmBAIOT XO0MUNECTNB0 BEWECTNBA 8 06beMme Meaa, B KIIac~
CHYECKOl MeXaHHKe ee CYHTAIOT BelIMUMHON nocToanuoi. Exunuma my-
MEpEHMs. MacCH — KUIorpamMm (Kr).

Bmopas axcuoma (eTOpOoit 3axon HuioTona — ocHoBHOM 3akox
OMHAMUKH)

3aBMCHMOCTE MEXIY CHIION, NEACTBYIONIEH Ha MaTEPUAIILHYIO TOY-
Ky, 11 cOOBIIIaEeMBIM €10 YCKOPEHUEM CIIeHyIOIIast:

F =ma,

TIe M — Macca TOUKM, KI'; @ — YCKOPeHMe TOukM, M/c?.
Ycxopenue, coobuennoe mamepuasprold mouxe cuaodl, nponopyu—
OHAADNO BEAUNUNE CUAbL U COGNAJAEM C HANPABAEHUEM CUJbL.
OcHoBHOlM 3aKOH TUHAMMKH B nuddepeHInansHol popme:
F d?S d?S dv
=m—p, T.K. Q= —— = —,
di?’ dt?  dt
Ha Bce Tena na 3emiie meficTByeT cuia TsDKECTH, OHa coobllaer
Teny yckopeHue cB0GOMHOrO MAIEHUs, HAIPABIEHHOE K HEHTPY 3eMiIu:

G =mg,

roe g = 9,81 M/ c2, yckopeHue cBoGOOHOIO MaOeHUS.

Tpemva axcuoma (Tperuit 3axoH HeloToHa)
Cuabt 63aumodeticmand Jéyz mes PAGHbL O GEAUNUNE U HANPAEAE—
Hbt 0 00Hotl npamod 8 pasnvie cmoponst (puc. 13.1):

A =F; Fi=ma; F=ma;.



Tema 1.12. OcHoBHEle NOHATHA M AKCHOMBI JUHBMHKK 95

OTkyna
m2
a1 = mgay wm ot = 22
mia) = —_—=
141 202 Mo a; y 2
IIpu B3amMopmeiCTBMM YCKOpDEHHUS R m
0GpaTHO NPONOPIMOHAJILER MAac- Puc. 13.]

caM.

Yemeepmasg axcuoma (3aKOH HE3aBUCUMOCTY NEHCTBUA CHII)

Kaxnas cuia cucTeMsl CHUT OEHCTBYEeT Tak, KaK OHA OENCTBOBAJIA
6n1 onHa.

Yckopenne, coobuiaeMoe TOYKE CHCTEMOM CHJI, PABHO reoMeTpuye-
CKOIl CyMMe yCKOPEHMIt, COODIIIEHHRIX TOYKE KaXXIOW CUJION B OTHENIBHO-
cru (puc. 13.2):

I:l a
3 a n
F: a
3 a, 1]
a)

Puc. 13.2 %

IlonsTne o Tpenun. Buanr Tpenns

Tpenue — compoTusieHUe, BO3HMKAIOIIEE NPU OBHMXXEHUN OIHOTO
LIEPOXOBATOIO TeJ1A [0 IIOBEPXHOCTH APYToro. Ilpu CKonbxXeHuK Ten BO3-
HHKAaeT TPEHME CKOJIbXKEHU, IIPU KaueHnn — TpeHune Kavenus. [Ipupona
CONPOTHUBIEHN OBUXKEHHIO B PA3HKIX CIYYasX Pa3/IMdHA.

Tpenue cxoavicenus

IIpuuuna — Mexanumyeckoe 3anemnsienue BuicTynos. Cuia conporu-
BJIEHUS OBYDKEHMIO TIPY CKOJIBXXEHUM HA3LIBAETCA Cuaoll mpenus cxoab-
acenud (puc. 13.3a).

3aKOHE TPEHHA CKOINbXKEHMA:

1. Cuna TpeHUs CKONBXEHUA NPAMO NPONOPLUUOHATILHA CHJIE HOD-
MAJIbHOTO OaBJICHUS:

F‘rp=Ff=fR:

roe R — cuna HOpMaJIbHOIO OABIEHMS, HANPaB/I€Ha NEPIEeHAUKYIAPHO
OITOPHOM! NOBEPXHOCTH;

f — ko3 dULMEHT TPEHUS CKOMbKEHMUS.
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TR
Fip Fu o Frp
[ 777 /77
9 {6

Puc. 13.3

B cnyuae nmBmienus Tena 1o HAKJIOHHOH mitockocTy {puc. 13.36)
R = Gcosa,

CHE G — YTOoa HAKIIOHA MJIOCKOCTH K TOPU3OHTY.

Cuaa mpenug 6ce2da HaNpPasaena 6 cMopony, o6pamnyo Hanpa—
84EHUI0 JUdNCEHUL.

2. Cnnia TpeHUs MeHAeTCs OT HYyJS OO HEKOTOPOTO MaKCHMMAaJIbHOTO
3HAYEeHUs1, HA3HIBAEMOIO CUJION TPEHUA MOKOA (CTATMYeCKoe TpeHue):

0 < Fy < Fy,,

Fj, — cmamuuecxad cuia TpeHUA (CHila TPeHUs NOKOS).
3. Cuna TpeHus IpH OBMXEHUN MEHBbIEe CUIIBI TpeHus nokosd. Cun
TPEHUS NpU OBUXKEHUN HA3BIBAETC Junamuuecxot cusoit Tpeuns (Fy)

Fy < Fy,.

IMockonbxy cuita HOPMaIBEHOTO OaBlIEHNA, 3aBUCSIIAA OT BECa U Ha-
MpaBJIEHUS ONOPHON NOBEPXHOCTU, He MEHAeTCS, TO pa3fuyaloT CTaTH-
YecKuil 1 DUHaMN4YeCcKUi Ko3dhdULINeHTl TPEerus:

Ff=fR; Ffo=f0R.

Kosuyuenwm mpenug croabaucenud 3aBUCUT OT Clenylonmx dax—
TOPOB:

— OT MaTepuaja: MaTEPUaJLl NesaTca Ha dpuxyuonnbie (¢ 60nb—
MM KO3hOUIMEHTOM TPEHNs) U anmu@puxyuonnsie (¢ MaIbM Koadhdu-
1uenToM Tpenus), Hanpumep f = 0,1+-0,15 (npu cKonbXeHUU CTaJIU WO
cramu Bcyxywo), f = 0,2+0,3 (OpH CKOIBXEHMU CTAIM MO TEKCTOINTY)
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— OoT Hanuuus cMasky, Hanpumep f = 0,04--0,05 (npu ckonbkeHnn
CTAJIM IO CTaJIM CO CMAa3KoM);

— OT CKOPOCTH B3aHNMHOI'O IIEpEMEILICHNA.

Tpenue xauenusd
ConpoTyBieHre IPU KaueHNM CBI33HO C B3aUMHON medopmManven
FPYHTa U KOJleca U 3HAYNTENHHO MEHbIIE TPEHUS CKOIILXKEHUH.
OGHIYHO CUMTAIOT TPYHT MsArde KoJieca, TOraa B OCHOBHOM aedop-
MHUPY€TCs TPYHT, U B KAXKIIHII MOMEHT KOJIeCO IOJIXKHO IePEeKaTHBATHCA
yepe3 BHICTYN TpyHTa. Ilnsg paBHOMEPHOIO KauyeHHs KoJjieca HeobXomimMo
npukaansBaTh cuy Fpy (puc. 13.4).
YcnoBue kayeHus Kosieca COCTOUT B
TOM, YTO OBMXYIIMHACA MOMEHT NO/DKEH

N
OBITH HEe MEHbIIE MOMEHTA CONPOTUBIE- R ~ N
ns:
H \\ FAB
Fper 2 Nk; >
G r| F,
— T
N=G;, Fp2 k,—r-, /
TRV
roe k — MaKCUMANIBHOE 3HAuYEHUe Ijle- Gy i h<<k
ya ([OJIOBMHA KOJNEW) NPUHMMAETCA 3a
KO3(hGUUMEHT TPEHUs KadeHUs, pasMep- Puc. 13.4

HOCTBb — CAHTHMMETDHI.

OpueHTHpPOBOUHEIE 3HaueHus k (onpe-
[eNAI0TCA SKCIEPUMERTANLHO): cTadlb no ctanu — k = 0,005 cM; pesu-
HOBas ILIMHA 10 mocce — k = 0,24 cm.

ITpumMeps! perenus 3agay

IIpumep 1. CpobGonnas MaTepuanbHas TOUKA, MACCA KOTOPOH 5 KT,
JIBHXETCH COrIacHO ypaBHeHmo S = 0,48t2 + 0,2¢t. OnpenenuTs Bemmyuu-
HY OBUXYILEN! CUIIEIL.

Pewenue

1. Yckopenue Toukn: a = v' = §”; v = 8" = 0,96t + 0,2;
a=1"=0,96m/c%

2. IleficTByIO1Iasa CUJIa COTJIACHO OCHOBHOMY 3aKOHY OMHaMUKK
F=ma; F=5-0,96=4,8H.

IIpumep 2. K nByM MaTepHManbHBIM TOYKaM MACCOR My = 2 KT ¥
4 - 8000
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™mo = 5 KI IPWJIOXKEHB OIVHAKOBLIE Cuiibl. CPaBHUTL BEJIMYMHEL YCKO —
peHmit.

Pewenue

CortacHo TpeTneil akcHoMe AUHAMMKN YCKOpeHus obpaTHO mpomop -
[MOHAJIBHEL MaCCaM:

ITpumep 3. Ha MaTepnaibHyO TOUKY INEHCTBYeT CUCTEMa CHN
(puc. 13.5). OmpenenuTh YMCIOBOE 3HAUEHUE YCKOPEHMS, [OJIYyUEHHOI®
MaTepUanbHOl Toukol m = 7 Kr. OcTalbHEle JaHHbIE [IPEACTABICHEL Hy,
YepTexe.

Pewenue

1-f BapHaHT.
1. OnpenensieM CyMMapHYIO CIIy, OEHCTBYIOLUIYIO Ha TOUKY:

n
ZF,“ =15+ 10 - cos 30° = 15 + 10 - 0,866 = 23,66 H;
0 n
) Fiy =10 cos60° — 20 = —15 H;
0

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

2. OnpenensgeM yckopeHne, COOOILIEHHOE TOUKe:
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2-i1 BapMaHT.
OmnpenenseM ycKopeHNs OT KaXXOOit U3 CuiI cucTeMul (puc. 13.56):
10 15 20
== 1,43 M/c%; ap = - = 2,14 M/c%; a3 = - = 2,86 M/c?.
2. OnpenenseM cyMMapHOE yCKOpPEHUE:
n
S ar = 1,430,866 + 2,14 = 3,38 m/c?;
0

n

S ay =1,43-0,5 + (—2,86) = —2,14 m/c?;

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

Konrpo.m;nme BOIIPDOCHI M 3aaHUA

1. Yro HasmBaooT Maccoi Tena? HazoBure enuuuily nsMepeHus mac-
cui B cucteme CU.

2. Yro aBIsieTcs MEPOR MHEPTHOCTHU Tena?

3. 3anuinuTe OCHOBHOI 33KOH OUHAMMKU B BEKTOPHOH U nuddepen-
IuaJILHOM (opme.

4. Ha MaTepualbHYIO TOUKY OECTBYET NOCTOSHHAas cuia. Kak nBu-
XKeTCs Touka?

5. Kakoe yckopeHMe IOIy4uT TOYKa, €CJIM Ha Hee OEMCTBYeT CUIIa,
paBHAs YIBOEHHOW CHJIE TSXKECTH?

6. Ilocne cTonKHOBEHMS OBYX MaTEpPHMAJIBHEIX TOYEK C MacCaMH
my = 6Kr U My = 24 Kr nepBas TOYKa MOJIy4yusa yckopenue 1,6 m/ .
YeMy paBHO YCKOpEHMe, MOJIy4YeHHOE BTOPON TOUKOMA?

7. B ueM 3akmioyaeTcs NPUHIUNI HE3ABIUCUMOCTH OEMCTBUS CAJI!

8. IlepeuncnuTe 3aKOHEI TPEHNS CKOJIBIKEHUS.

9. Ilepeuncnute GakTOpLl, BNUAIOLUME Ha BEINYNHY KO3 ULNEHTA
TPEHUS CKOJIbXKEHUS.

10. Teno gemxeTcs MO HAKJIOHHOM MyOCKOCTH BBepX (puc. 13.6).
Macca Tena 10 kr, xoad¢uumeHT Tpenus 0,2. v
OnpenesnTe BOSHUKAIOILYIO CUIIy TPEHHS.

30

GV

Puc. 13.6
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Tema 1.13. IIBnkeHne MaTEpPUAILHON TOYKM.
MeTon KMHETOCTATUKN

Hmemy npedcmassenie 0 c60600HbIT U HECBOEOINBIT MAMEPUAAL—
HOIT MOYKAT, O CUAAT UHEPYUY, 06 UCTLOAL30BANUU CULL UHEPUUL OAR
PeWeHUT METHUYECKUT 3adav.

3namb fopmyvt 0ad pacuema Cuabl UHEPYUYL NPU NOCTYNAM EAb—
HOM U 6pawWamesbHOM deuxcenudr, 3uamb npunyun Hasambepa
yMeMb Onpedessms NAPAMEMPbL FSUNCEHUT C UCTLOALI0BAHUEM 3AKOHOE
OUHAMUKY U MEMOJA KUHEMOCTAMUKY,

CBo6Gonuasa u HecBOGOOHAA TOYKU

MarepuasbHas TOYKA, IBHXKEHME KOTOPOI B IPOCTPAHCTBE He Orpa -
HUYEHO KAKUMU-HUOYIL CBA3SIMY, HasuIBaeTcd c80600n0t. 3amaun pema—
IOTCA C IIOMOLIBLIO OCHOBHOIO 3aKOHA OVHAMHUKH.

MaTtepnasybHbIE TOYKY, NBYXKEHNE KOTOPLIX OTPAHMYEHO CBA3SIMH
HA3BLIBAIOTCS HECB0600HbIMI.

Ins necBOGOOHEIX TOYEK HEGOXONMMO ONMpeNeNlsTh PeakLuy CBI3EH
OTH TOYKM OBYXKYTCS IO OEMCTBMEM BKTHBHBEIX CHJI M OrPAHWYNBAIO-
UMX IBMXKEHMe peakUuil CBs3eil (aCCMBHLIX CIT).

Hecpo6onurpie MaTepuajibHHIE TOYKM OCBOGOXIAIOTCA OT cBsasel
CBS3M 3aMeHAIOTCH uXx peakumsamu. llasee HecBOGOOHBEIE TOUKM MOXKHO
paccMaTpUBaTh Kak cBoGonHbIe (MpUHLMI 0CBOGOXKIAEMOCTH OT CBA3el)

Cwia muepuun

Hnepmnocmb — cnocobHoCTh COXPaHATBb CBO€ COCTOAHNE HEM3IMEH—
HEIM, 3TO BHyYTpeHHEee CBOMCTBO BCE€X MATEPHANILHEIX Tell.

Cuta unepyuy — Cuila, BOSHUKAOMIAL MIPY PA3rOHE I TOPMOXKE -
HuM Tena (MaTepUaJIbHOM TOYKM) U HAIpaBNeHHAA B OOpATHYIO CTOPO-
Hy oT ycxoperns. Cuily MHepUuM# MOXHO M3MEPUTH, OHA NPWIOXKEHA K
«CBA3AM>» —— TeJjlaM, CBA3AHHBIM C Pa3TOHAIOIIMMCA NJIN TOPMO3SILIIMMCA
TEJIOM.

Paccun'ra,no, 4YTO CHJla NHEepUMM DaBHa

Fuu = |mal.
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Taxum 06pazoM, CAIIbL, AEHCTBYIOIIME Ha MATEPUATILHEIE TOUYKH 1]
n my (puc. 14.1), npu pasroxe mnaTdOPMEI COOTBETCTBEHHO PABHEL

Fuul F;mz FHH]_ = mia,
—m] «m] F,
(I p—> F,mz = maa.
@) o —

Pasronsiomeecs teno (miat-
Puc. 14.1 ¢dopma ¢ Maccoit m (puc. 14.1))
CWJIy MHEPUM HE BOCIPUHVMAET,
UHaye pasroH IUIaTdOpMbl BOOG-
e Obl71 OBl HEBO3MOJKEH.

IIpn BpamaTen-HOM HBMXKEHMM (KPUBOJIMHENHOM) BO3HMKAIOLLEE
yCKOpeHM€e NPUHATO NPENCTABIATbL B BUIE ABYX COCTABJIAIOMIAX: HOD-
MaJIbHOTO G, U KacaTenbHoro a; (puc. 14.2).

ITosToMy Npu pacCMOTpPEHUM KPU-

BOJINHEMHOTO [ABMXKEHWs MOTYT BO3-

HUKHYTb JBE COCTAaBJISIOIINE CHJIBL Fn
MHEpLMU: HOPMaJlbHasl M KacaTesbHas r an
a = qag+ Qn;
dv
- = a = ep: Ft o= . n
a = — =V a = Er F,, = mer; a, P
ve o mv? Puc. 14.2
an = ';"', HH = -

IIpu paBHOMEPHOM ABMXXEHMM IO AyTe BCETrAa BO3HMKAET HOPMAIb-
HOe YCKOpEHHE, KACATENbHOEe YCKODEHWE DaBHO
HYJIIO, TIO3TOMY NEACTBYET TONBKO HOPMASbHASA
COCTABNAIOILAS CWIK WMHEPLUUM, HAIPABICHHAS
no paauycy u3 ueHTpa nyru (puc. 14.3).

w = const;

2
v
2
Puc. 14.3 EFr =ma, = m— = mwr.

Ilpuauun xuHeTocraruku (npuaunn IanambGepa)

ITppHUMI KMHETOCTATHKM MCIOIBL3YIOT OJA YIPOLIEHUs PeIleHus
psAna TEXHUYeCKUX 3ajaad.

PeanrcHo cunel MHepHUM MPUITOXKEHH! K TesIaM, CBA3aHHEIM C Pa3ro-
HAIOLLMMCS TeJIOM (K CBSI35IM).
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Hanambep NpensioXul YCio6H0 NpuKaadbleéamsb CHILy WHEPLUN K aK —
TUBHO PasTOHAIONIEMYCS Tely. Torma cucTeMa CHiI, IPMIOKEHHBIX K Ma—
TEpUAILHON TOYKE, CTAHOBHTCS YPABHOBEIIEHHON, U MOXHO NPH pelle—
HUM 38034 JUHAMUKM MCIIOJIb30BATh YPABHEHMS CTATUKH.

TIpuanun Hamambepa:

Mamepuaavnag mouxa nod delicmeuem aKMUSHBIT Cud, pearxyui.
ceg3eti U YCAOBHO MPUAONCEHNOT CUADL UNEPUUU HATOOUMCT 68 PABHOBE—
cuu:

Zn:Fk+Zn:Rk+F,,H=O; Fuu = —ma.
0 0

IIopgdox pewenug 3a0dayu C UCTLOAL30BAHUEM TIPUHYUNG
Iarambepa
. CocTaBUTb PACUETHYIO CXEMY.
. BuifpaTh cucTeMy KOODOMHAT.
. BLisgscHUTEL HanpaB/eHNE ¥ BEJIMYMHY YCKOPEHUS.
. Y¢IOBHO NPWIOKATH CUJLYy MHEDPLIMU.
. CocTaBUTL CUCTEMY YPABHEHUH DABHOBECUS.
. OnpenennTh HEU3BECTHLIE BEJINYMHEL.

O UL W N

IIpuMepnr peuresmii 3aga4d

IIpumep 1. PaccMoTpuM OBMXEHUE IIATGOPMEL IO IIEPOXOBATOM
MOBEPXHOCTH ¢ yckoperueM (puc. 14.4).

Pewenue

AXTUBHBIE CUJILL: OBYXKYINAS CHTIA, CUJIa TPEHUS, CUIIa TAXeCTH. Pe—
axims B onope R. [IpuxnansisaeM city uHeptiuu B OGPaTHYIO OT yCKOpe=-
Hus ctopony. [lo npunnuny Hamambepa, cucTeMa cuil, OEMCTBYIOLLINMX HA
wIaTHOpMy, CTAHOBUTCS Y PABHOBEIIEHHONW, X MOXKHO COCTaBUTL yDaBHE-
Hus paBHOBecus. HaHOCHM cHCTEMY KOOPOMHAT M COCTABISEM YPaBHEHUS
TIPOEKIINNA CHIL.

n
ZFkI=O=>FIJB_FHH—FTp=O;
0

Y Fiy=0=>R-G=0;
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y
T | Fyn| = ma;
R a
—-’ FTP = fR’
FMH I 1 Fm; /]
< 7 —>—>—  rae Fpy — nemxymas cu-

F, @ o na;

F;p, — cuna TpeHus;
JG G — cuna TAXeCcTH;
Puc. 14.4 R — peaxums omnops;
Fy — cuna uHepuuwy,
f — Ko3dhdULMEHT TpeHus.
IIpumep 2. Teno secom 3500 H memxeTcs BBepX NO HAKJIOHHOM
IJIOCKOCTH COrylacHo ypapHenuio S = 0,16t (puc. 14.5). Onpenenuts Be-
IUYMHY OBMXKYIUEH CUIEBL, eciy KO3¢h¢;ULUUMeHT TPeHUs Tela O IVIOCKOCTD

f=0,15.

Pewenue

1. CocTaBuM pacYeTHyIO CXeMy,
BEIGEpEM CHCTEMY KOOPOUHAT C OCBIO
Oz BIOJbL HAKJIOHHOUW ITOCKOCTH.

AKTuBHEIE CUNIBL: OBMXYIUAd, CU-
Ja TpeHus, cuia TsxecTH. HaHocuMm
peakUyio B OIope NepHeHOUKYIISPHO
N710CKOCTH. YTOGHI BEPHO HANPABUTH
CHJIy MHepLuM, HeobXonuMo 3HATL Ha-
[IpaBJIEHVE YCKOPEHU, OIPEOeIuTh 3TO
MOXXHO IO YPABHEHUIO OBUXXEHUS.

IIpu a > 0 nBuUxkeHME paBHOYCKO-
peHHOé). P Y Puc. 14.5

2. OnpenenseM ycKopeHNe OBUXKEHUS:

a=v=58"v=_5 =032 a=1 =032 m/c’ >0.

Cuny F,, HanpaBuM B 0OpaTHYIO OT YCKODPEHUS CTOPOHY.

3. Ilo npunnuny JanaM6epa COCTABUM ypaBHEHUs DaBHOBECHS:

Y Fie=0; Fpp—Gz—Fp—Fuu=0; G;=Gsin30°
0

XO:Fky=0; R—-Gy=0; Gy=Gcos30% R=G,.
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4. HOI[CT&BPIM BCE€ N3BECTHLIC BEJIMYNHLBI B YPABHCHN DABHOBECHUA

FTp:fR; FTp=fGy=fGCOS3OO;

G
F = ma = —a;
g

Fis —Gsin30° — fGcos30° — %a = 0.

Bupasum HeussecTHyO crily M pelninM ypaBHEHUE:

Fpe = 3500-0,5+ 0,15 - 3500 - 0,866 + 2—5;)—1(-]- -0,32 = 2318,8 H.

IIpumep 3. I'paduk M3MeHEeHUS CKOPOCTH INPTA IPU HOAHLEME U3 -
secteH (puc. 14.6). Macca mudra ¢ rpysom 2800 xr. Onpenennth HATS —
*eHne KaHaTa, Ha KOTOpOM MoABelIeH TUGT Ha BCeX YUACTKaX MOObEMA

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

1. PaccmoTpuM y4acTok 1 — momabeM ¢ yCKOpeHUeM.
Cocrasum cxemy cua (puc. 14.7).

YpaBueune papHOBeCcHs KabuHbI IudTA!

n

> Fy=0 T\ -G~ Fu, =0 T1 =G+ Fuu, =mg+ma,
0

rze T — HaTsoKeHMe KaHaTa; G — cuna TaxecTH; Fyy — Cuila HHepUuH
PaCTArMBAIOLLAS KAHAT.

st onpenenenus yckOpeHus Ha y4acTKe 1 yureM, 4TO OBIKEHME
HA 3TOM Y4JacTKe pPABHOIEPEMEHHOE, CKOPOCTh U = Up + at; vp = 0.
CrneposaTenbHO, YCKOpEHKe:

V1 5 2
ag=—=-=; a;=125m/c".
=2=3 @ /
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OnpenenseM ycuiine HaTsSXXEHUI KaHATa MPU IOIbEME C YCKOPEHUEM
4 2800(9,81 +1,25) = 30968H; T = 30,97 xH.

T 2. PaccMoTpuM ydacTOK 2 — paBHOMEDHHIN
al v TIOI'BEM.
Yckopenue ¥ cuna MHEpUUMM paBHH Hymo. Ha-
TsAXEHNE KAHATA PABHO CUJIE TSXKECTH.

T T,-G=0; Tp=G=nmg;

T5 = 2800 - 9,81 ~ 28 kH.

3. YuacTok 3 — mommeM ¢ 3aMedJICHUEM.
Fian Yckopenne HampaBlIEHO B CTOpOHY, obpart-
HYIO HalpaBlieHU10 nonbeMa. CocTaBUM CXeMy CHII
Puc. 14.7 (puc. 14.8).
Ypasuenue pasHoBecus: Fiy, + T3 — G = 0.
Orxciona T3 = G — Fyuy, = mg — mas.
Yckopenue (3aMensienne) Ha 9TOM y4acCTKe ONPENENISETCS C yIeTOM
Toro, uyro v = 0.

y
) 9 9
vo+asts=0; az3=-——; az=—=m/c". Fus
t3 6 al v
Hartsaxenue kanaTa npu 3aMemNIEHNH OO0 OCTa- T

HOBKH:

T = 2800 (9,81 - g) =25144 H; T3 = 25,14 xH.

Taknm o6pa3oM, HATSXKEHNE KaHATa MEHIETCA
IPU KaxXIOM NOOBEME U ONMYCKAHUM, KAHAT BHIXO-
OUT M3 CTPOA B PE3ylbTaTe yCTaJIOCTH MaTepHaJa. Puc. 14.8
Pa6oTocnoco6HOCTD 3aBUCHT OT BPEMEHM.

ITpumep 4. CamoneT BHNOIHAET «MEPTBYIO TETIIIO» PN CKOPO-
ctu 160 M/c?, pamuyc mersm 1000 M, macca neTuuxa 75 xr. OnpenenuTs
BEJIMYMHY NABJIEHUS Tella Ha KPECHIO B BEPXHENR TOUKE «MEPTBOM HETIN>.
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Pewenue

1. Cxema cui, meicTBYIOIIMX Ha JeT4yuKa (puc. 14.9):
rae G — cuna Taxectu, R — peakuus B

AF,,':, onope, F. — cuna uHepuum.
r 2] Cuna dasaenud aemuuxa Ha Kpecao
pasna cude JasAeHUT ONOPbL HA AETNUUKG.
2. ¥YpasHenne pasHoBecus (IBIMXKeHUe

YGC PABHOMEPHOE IO Oyre, NEWCTBYET TOJLKOQ
VR HOpMaJibHOe yckopenue): FL. —G—R =0
2 2
v v
R= F:H—G; R=m—-mg=m (..._ —
Puc. 14.9 T T
R=175 160° 9,81 ) =~ 1184 H
~\1wo00 )7 '

KOHTpOJ’IbeIe BOIIPDOCHI N 3aXaHNA

1. O6bsacuuTe pasHuLy MeXAy MOHATUAMH UHEPTHOCTBY M «CHIIA
MHEPLIAL>.

2. K kaxuM TesaM NpUIIOKEHA CUJIA MHEPIUWH, KAK HAIPABJIEHA U 110
Kakoi opmysie MoxeT GRITH paccumTana?

3. B uem 3akimouaeTcs IPUHINI KUHETOCTATUKA?

4. 3amaHO ypaBHeHMe OBIDKEHHMS MATEPUaJbHON Touku S = 8,6¢2.
Onpenenure yCKOpeHNE TOUYKY B KOHIE NECATON CEKYHIIBI IBMXXKEHMS,

5. Teno nBIKeTCs BHU3 10 HakJIOHHOM miockocTu (puc. 14.10). Ha~
HECHTe CWJIHI, NeHCTBYIOLINE Ha TeNo; UCnoib3yitTe npunun Hamambe-
pa, 3alNIINTe YPABHEHNE PABHOBECHUS.

Puc. 14.10

6. lIudt coyckaercsa Bun3 ¢ yckopenueM (puc. 14.11). Hanecure cu-
JIBl, OEHCTByOLINe HA KabuHy NMudTa, UCIONbL3YS MPUHIMI KMHETOCTA-
THUKH, 3aIKLIMTE YPABHEHUS PABHOBECHA.
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S

Puc. 14.11 Puc. 14.12

7. ABTOMOOUITE BBHE3XKAET HA APOYHLIA MOCT C IOCTOSHHOH CKOpO-
creio v (puc. 14.12). Hanecure cunn, meficTayiome Ha aBTOMOOHIL B
cepeauHe MOCTAa, UCIONb3Ys MIPUHIMI KWHETOCTATUKY, 3allAIINTE ypaB-
HEHUs pPaBHOBECHS.

8. OTBeTbTE Ha BOMPOCH TECTOBOTO 3aOaHWs.

Temn! 1.12, 1.13. IInnamuxka.
I Bu>xeHue MaTepUalILHOM TOYKM.
MeToa KMHEeTOCTATMKM

Bonpochu OTrTererTn|Kon

1. ITon neiicTBUeM NOCTOAHHOR CHUJIEI MaTepUAlIbHAA 5 H 1

ToYyKa Maccoit 5 Kr npuobpena ckopocTh 12M/c 3a 6c.

OnpenenuTts cuily, OeHCTBYIOWYIO Ha TOYKY. 10 H 2
15 H 3
20H 4
2. K nByM MaTepuanbHBIM TOYKaM NPUIIOXKEHB OOUHA~ 1:2 1

koBule cunbl. Maccel Touexk my = 30kr u mq = 90kr.

CpaBHUTB BeIMYMHBI NOJYYEHHBIX YCKODEHHUIA. 1:3 2
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IIpononxenne
Bonpocmn OrTserTun |[Kon
3. Tpaduk naMeHeHus cxopocTn NUdTa NpU OrnycKa- 600 H 1
HMM 1oxa3aH Ha pucyHke. OnpenesnTh HATXKEHUE
KaHaTa, Ha KOTOpOM NoABelleH nu(T Ha NepBOM 2343 H 2
yuacTke nemxenus. Macca Harpy»xeHHoro nudTa
300 xr. 2943 H 3
U, M/c lv
6
3300 H 4
0 3 10 13 ¢ G

4. Teno nouaNMaeTCs BBEPX COIVIACHO YPABHEHMIO 117,72 H 1
S =1,36t% KoapdpuuuenT TpeHns 0 NOBEPXHOCTH
Hactuna f = 0,15. OnpenennTs BeTUYMHY IBHXY- 2176 H 2
weit cunel. Cuna Tsxectn 784,8 H.

3924 H 3

7119 H 4

30°
5. MoTouMkIUCT BbE3XKaeT Ha NEPEBIHHLIA MOCT M 611,6 H 1
nporubaet ero. Pasuyc xpuBu3sant Mocta 100 M.
Cula TAXeCTH MOTOLMKIa ¢ MoTonukiucroM 1500 H. 888,4 H 2
CkopocTs mMoTonuMk/a 72 kM/ 4. Onpeneuts cuity
NpUXKATUA MOTOLHMKJIA K HOBEPXHOCTH MOCTA. 1500 H 3
r
v
i 21116 H 4
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JIEKIINA 15

Tema l.14. Pa6ora u MOIIHOCTE

Huemv npedcmasaenue o pabome cuavt npu npgmoauretinom u
KPUBOAUHETIHOM NEPEMEWEHULT, O MOWHOCTIU NOAE3NOU U 3AMPAUEH-
notl, 0 xoaduyuenme noaeanozo deticmeud.

3namp 3aeucumocmu dag onpedesenud cuabl Mpenud, Hopmyas
dag pacuema pabombl U MOUNHOCTIU TPU NOCTMYNAMEILHOM U 6PAUA-
MeAbHOM O68UNCEHULT.

Yumems paccuumbieamsd pabomy u MOWHOCTb € YHETOM NOMEPL HA
MPEHUE U CUL UNEPYUL.

Pa6ora

Ilna xapakTepucTUKU IeHCTBUA CUIIEl Ha HEKOTOPOM NepeMeleHIN
TOYKM €€ MPUIOKEHNA BBOLAT NOHATHE «paboTa CHITED».

PaboTa cmyxnrt Mepoil meiicTBus cunkl, paboTa — CKaJIIpHasA Be-
IUYNHA.

Pa6oma nocmodgnnot cuabl HA NPAMOAURETHOM IYMU
PaGora cunm B ofiiem cinydae

YUCJIEHHO PABHA IIPOU3BENEHUIO MO- F
Iy CHUILI HA IJIMHY IPOHAEHHOTO
y IUHY Tpoine v
IIyTH ¥ Ha KOCHHYC YIJIa MeXIy Ha- i o M
NIpaBJIeHHeM CWIbI U HAIPABIECHUEM M !
nepemeruenus (puc. 15.1): Ve V4 77177
S
W = FScosa.
Puc. 15.1

Enveuns u3MepeHus pabOTHL:

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

PaccMmoTpuM yacTHBE cityyau.

1. Cunel, coBnafamolme ¢ HaNpaBIEHWEM I€pEMeIEHUs, Ha3hiBa-
10TCs deudcywumu cuaamu. Hanpasnenue BeXTOpa CHIIHI COBMANaeT C
HanpaslienueM nepemeruenus (puc. 15.2).

B stom cnyuae a = 0° (cosa = 1). Torna W = FS > 0.

2. Cuavl, nepnenduxyagpubie HANPABAEHUIO NEPeMeueHLd, pabomol
ne npousdsodzm (puc. 15.3).
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v FA
— 0 50
F —_— }\
- T3
S S
Puc. 15.2 Puc. 15.3

Cuna F nepneHauKy/napHa HAIpPaBIEHUIO nepeMemenus. o = 90°
(cosa =0); W =0.

3. Cunwi, HanpaBfeHHEE B OGDATHYI0 OT HANPABIIEHUS NEPEMEILE—~
HUSI CTOPOHY, HA3BIBAIOTCH CulaMu Conpomusaienud (puc. 15.4).

Cuwia F nanpasneHa B o6paTHYIO

- OT mepeMellieHus S CTOPOHY.
_F S B arom cayuae o = 180° (cosa =
B . 7/ = —1), cnenosatemsuo, W = —FS < 0.
Oewxynme CHIH  yBETMYUBAIOT
Puc. 15.4

MOOYJIL CKOPOCTHU, CHJIEI COIPOTMBJIE-
HUSA YMEHBINAKT CKOPOCTh.

Takum obpasoM, paGoTa MOXeT GHITH MOJIOKUTEILHON ¥ OTPHIA-
TEJIBLHOM B 3aBHCUMOCTH OT HAIIPABJIEHMS CUJIBI ¥ CKODOCTH.

Pab6oma nocmoaunod cuabt na xpusosunetinom nymu

Ilycts Touka M nBuxeTcsa mo Oyre OKpPY:KHOCTH M cuia F' cocra-
BlIfE€T HEKOTOPHII yIONl & C KacaTe-

JLHOI K OXpyxHocTH (puc. 15.5).

BekTop cumet MOxHO pasio- M,
XKUTH Ha JIBe COCTaBIIAIOIINE: M, ‘m
F=F+F,.
F r

Wcnonbayss npuHuMO HesaBu-
CHMOCTH OeWCTBUA CUJI, OIIpENeIuM
paboTy KaxXXION M3 COCTaBJISIOLLINX Puc. 15.5

CUJIBEL OTOENILHO:

o

W(F,) = F,AS;  W(F,) = F,AS,
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roe AS = M;Mz — MPOIOEHHLIA NYTh.
AS = or.

HopManbaas cocrapnsiowas cunul F,, Bcerma HanpassieHa NepIeH-
IUKYJISPHO NEPEMELEHNIO U, CIENOBATENbHO, PAabOTH HE NPOM3BOOMT:
W(F,) =0.

IIpu nepemelltennu no nyre obe cocTaBNAIOIIYE CHIILL PA3BOPATUBA-
foTcd BMecTe ¢ Toukoll M. Takum obpazoM, kacaTenbHas COCTABISIONIASL
CWIBl BCErga COBIALAET IO HANPABIIEHMIO C IepeMellleHueM.

Bynem umets: W (F;) = Fyopr.

KacaTtenbryio cuity Fy OORIMHO Ha3HBAIOT 0KPYHCHOU cusoil.

PaGora npy XpMBOIMHEAHOM Iy TH —— 3TO paboTa OKPYXKHOM CHIILL:

W(F) = W(E).

TIpoussenenue okpyXHOM CHIIEI Ha, PAOUYC HA3HIBAIOT 6PAUAIOUUM
MOMERTTLOM:

MBp = Ft‘l‘.

PaboTa cuiet, IpUIIOXKEHHOM! K BpallaloieMycs Telly, PaBHA IPOK3-
BEIEHMIO BpAalllaIoLEr0o MOMEHTS Ha yroJ IMOBOPOTA:

W(F) = Mppp.

Paboma cuabt maxcecmu

Pabora cummel TsaxkecTH 3aBU-
CUT TOJILKO OT M3IMEHEHMUS BLICOTH M,
" paBHA NPOU3BENEHUIO MOAYJIS CH- o
7Bl TSAXKECTU Ha BEPTUKAIBHOE Ie-
pemelenne Touku (puc. 15.6):

W(G) = G(hy — hg) = GAh, x
roe Ah — N3MeHEeHue BLICOTHI. Puc. 15.6

[Ipu onyckanuu paboTa MOIOXKUTENbHA, IPYX NOALEME OTPUIIATEILHA.

Pa6oma pasnodeticmsyrowetl cuabt

Tlon meiicTBreM cucTEMBI CHIT TOUYK& MAacCCON M HepeMellaeTcs M3
nonoxkerus M) B monoxenne Mp (puc. 15.7).

B ciyuae nBMKeHUS ITO0 NEMCTBHEM CIUCTEMBI CUJI MONbL3YIOTCH Te-
opeMoil 0 paboTe pPaBHOOEINCTBYIOILEN.

Paboma pasnodeticmeyouell Ha HEKOTMOPOM NEPEMEWEHUL PAEHA
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a12e6pauneckot cymme paborm CuCmembl CuA HA TNOM HCE NEPEMEUEHT

F F M, Fs=FRN+F+F3+4- -+ F,.
v
PaboTra paBHOIEACTBYIOLUEH CHIIBI
ft n
F, M,
W(Fyx) = W (F}).
F, (Fx) ; (Fk)
Puc. 15.7

IIpumeps! pemreHus 3agad

IIpumep 1. Teno maccoit 200 kr MOOHUMAIOT IO HAKJIOHHOM IJIOC —
xoctu (pue. 15.8).

Onpepenure pabory npu Ime-
pemereHuu Ha 10 M ¢ OCTOSHHOM
ckopocThio. Koshduunent Tpenus
Tena o mmockoers f = 0,15.

Pewenue

1. IIpu paBHOMEpHOM TIOIBEME
OBIDKYIUAA CHJIA PaBHA CyMMeE CHJI
CONpPOTUBNEHNA nBMxeHuto. Hano-
CHM Ha CXEMY CHMJIBI, NEMCTBYIOLLNE
Ha TeJo:

Puc. 15.8

Fae =R+F'rp+G;
R=Gy=Gcosa; a=45"; Fp=fR= fGcosa;

n
Y Fiz=0; Fuo=Gr+ Frp.
0

2. HcnmonbayeM TeopeMy 0 paboTe paBHONEMCTBYIOLIEH:
W(Fp) = W(R) + W(Frp) + W(G); W(R)=0; W(G) = W(G;).

3. TloncraBnseM BXonsdime BeIUYMHEI U onpeneiaseM paboTy N0
oaBEMY:

W(Fp) = FrpAS + G AS; G =mg.
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W (F) = fGcosaAS + GsinaAS; AS =10M, o=45%
W(Fns) = mgAS(f cosatsina); W(Fps) = 200-9,81-10(0,15-0,7+0,7);
W (Fys) = 15794 Ix.

ITpumep 2. OnpenenuTe paboTy CHIBI TAXKECTH NIPY IEPEMEILIEHAN

rpysa u3 Touku A B Touky C 1o HakJIoHHOM ImockocTH (puc. 15.9). Cuna
Tsxectn Ttena 1500 H. AB =6 M, BC =4 m.

Pewenue
v B 1. PaboTa CHIEL TSXeECTH 3a-
V—’Z BHCHUT TOJILKO OT M3MEHEHHs BhI-
C ,’ﬂ COTH rpy3a. W3Mmenenune BHICOTHI
4 e VG 45 Ak TIPY TIEPEMEILIEHNY U3 TOUKHU A B
C:
Puc. 15.9 Ah = hy — hy;

Ah = ABsin30° — B(C'sin45°;
Ah=6-05—-4-0,7=0,2 M.

2. Pabora cunnl TaxecTu:

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

Ipumep 3. Onpenenure pabory cumnel pesanus 3a 3 mun. Cko-
pocTb Bpaiuenus netanu 120 06/mun, auaMeTp
obpabaTriBaemoit metanmu 40 MM, cuna pesanus @
1 xH (puc. 15.10).

Peuwtenue
1. PaboTa npu BpaiaTesbHOM OBUAKEHUM

d
d ch:i
W = FP°3§(p’

Puc. 15.10

roe Fpe; — cuna pesaHus.

2. Yrnosas yactora spautenus 12006/MuH.

3. Yucno o6opoTos 3a 3a0aHHOE BpeMs cOCTaBnsieT z = 1203 =
= 360 06.
Yron noBopoTa 3a 3TO BpeMs ¢ = 27z. ¢ = 2 - 3,14 - 360 = 2261 paax.
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4. Pabora 3a 3 mua W, = 1-0,02 - 2261 = 45,2 x]Ix.

KonTponsHbIe BOIIPOCH ¥ 3anaHns

1. Kakue cuiibl HA3EIBAIOT OBUXYILIMMHA?

2. Kakne cunbl Ha3bIBaIOT CHIIaMU CONPOTUBICHNA?

3. 3ammuuTe GopMyNHl oA ONpemeNieHMs PaboThl IPU NOCTYHa-
TENBHOM U BPAILATEIBLHOM IBIXKEHHIX.

4. Kakyw cuny HasbBaoT OkpyxHoi? UTo Takoe parnamonimi Mq -
MeHT?

5. ChopMmynupyiiTe TeopeMy 0 paboTe PaBHONEHCTBYIOIEH.
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JIEKIIWS 16

Tema 1.14. Pa6oTra 1 MOIITHOCTS.
KosdpoduuueHnT nosrezHoro nemicremnsa

Huemdb npedcmasaenue 0 MOWHOCTU NPU NPIMOAUNETHOM U KDU-
BOAUHETHOM TEPEMEWEHULT, O MOWHOCTNU NOAEIHOU U 3AMPAUERHOT,
0 xoadduyuenme noaeanozo deticmeud.

3namb 3a8uUCUMOCTNU 049 OTpedescHUd MOWHOCTY NPU NOCMYna-
meabnoM u spaujamenvrom deuxcenugr, KIIII.

Yumemsp paccuumams Mowmocmb ¢ Yuemom NOMeEpy Ha MPEHUE U
CUL UHEPYUU.

MomsocTs

Ins xapakTepHCTHKN paboTocnocobHOCTH M GHICTPOTH COBepille-
HUs paboTH BBENEHO NMOHATHE MOILIHOCTH.
MornHocTs — paboTa, BHIIOJIHEHHAS B €OUHALY BPeMeHM:
w

P=—.
t

Ennanins N3MEPEHNA MOIIHOCTH: BaATTHhI, KWJIOBATTHI,

15; = 1Br; 103Br = 1 kBr.

Mowmnocmb npu nocmynameavrom deudcernuu (puc. 16.1)

FScosa
P= o
¢ =) »
S
YuutmBas, 4TO 7= Vep, TOJTY9NM 7 7777 7
P=FUCPCOSQ, Puc. 16.1

rae F' — Momynb CuiTel, HeiicTBYIOLIel Ha TeJo; Vep — CPelHsas CKOPOCTh
OBUXKEHUS TeNa.

Cpedngg mownocmb NPuU NOCMYNAMEALHOM JBUNCEHUU PABHA NPO-
u3eedenuio Modyag cuabt Ha CPedninI CKOPOCTb NEPEMEULENUT U Ha KO-
CUNYC Y2aa MeNCIY HANPABAECHUIMU CUADL U CKOPOCTML.
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Mowmnocms npu epawenuu (puc. 16.2)
' Teno ABMXETCS IO Oyre paguyc

F, 7 u3 Toukn M, B Touxy Mo.
M) y

A41 F; Allﬂdé = r.
Pabora cusnr: W = My,
Mg, = Fyr, rne Myp, — Bpammatonm

P> MOMEHT.
p = Mepe
Puc. 16.2 t

77
YunTweBag, 4TO — = Wcp, NOIYUUM
t

P = Mgpwep, roie wep — CpeIHss YIJIoBas CKOPOCTb.

Mowmnocmb cubt npu 6paEHIUL PAGHE TPOUIEE0EHUID BPAUAIOULE-
20 MOMENTA N0 CPEONIOIO Y2406Y10 CKOPOCTD.

Ecan npu BrinmonHenuy paGoOTHL yCWiIMe MAIUMHEL U CKOPOCTbH OBH-
JKEHUsl MEHSIOTCS, MOXHO ONPENEIUTh MOIIHOCTD B JIIOGOA MOMEHT Bpe-—
M€HU, 3Has 3HAYEHWS YCUIUI U CKODOCTHU B NAHHEIA MOMEHT.

Kosddpunuenr nosresHoro meicreusd

Kaxnmas Mammea m MexaHM3M, coBeplas paboTy, TPATUT 4YacCThk
3HEPrUM Ha MPeoNoJieHNe BPEeOHBIX CONMPOTHUBIIEHUH.

Taxum o6pasom, MaunHa (MEXAHN3M) KPOME M0JIE3HON paboTHL co-
BEPIIAET €lle U JOMOJHNTENbHYIO paboTy.

OTHOLIEHRE I0/1e3HOM PAGOTHI K IIOIHOM paboTe WITH IIOJIE3HOM MO~
HOCTH KO BCEH 3aTpPAvYeHHON MOLIHOCTH Ha3biBaeTcs k03pdHUUMEeHTOM N10-
nesnoro gevicreua (KILI):

n=KHH=h.

3aTp

[Tone3nas paGora (MOLIHOCTD) PACXOLYETCS Ha NBMXKEHME C 3aIaH-
HOI CKOPOCTBIO M onpelengeTcs no dhopMynam:

W =FScosa, P= Fvcosa;

DV'=:A4AP@, f)==Adgpuh
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3aTpadeHHas MOIUHOCTD BOlbIIe IIONE3HOM Ha BEUYNHY MOILHOCTH,
uIoyIuei Ha IpeonoJieHe TPEeHNA B 3BeHbSIX MAIINHE!, HA yTEYKU U TOMY
nonoOHEIEe IOTEPH.

YewMm srime KIIH, TeM coBepliieHHee MallyHa.

IIpumepsl penieHus 3anad

ITpumep 1. OnpenennTs MOTPeGHYI0 MOLLHOCTE MOTopa febenku
s nogbeMa rpysa BecoM 3 kH ma Bricoty 10 M 3a 2,5 ¢ (puc. 16.3).
KIII mexanusma neGenku 0,75.

Pewenue
ﬁ 1. MomsocTe MOTOpa MCIOAb3yeTCA Ha IMOOABEM
rpy3a € 3aJaHHON CKOPOCTBIO U NPEONOJICHUE BPENHEIX
| CONIPOTUBJIEHNI MeXaHu3Ma JeGelKu.
1om ITonesnas momHOCTE onpemenseTcs mo dGopMmysie
T” P = Fvcosa. B nannom ciyuae a = 0; rpy3 OBUXeTCs
F'—, OCTYTATENBHO.
G S 10
v 2. CxopoCTh NOOBEMA TPY3a U= ==; U =4m/c.

Puc. 16.3 t’ 25
3. Heobxonumoe ycunue paBHO Becy Ipy3a (paBHO-
MEpPHHI! IoIbeM).
4. Ilonesnas mMonmocts P = 3000 -4 = 12000 Br.
5. ITonnas MOLIHOCTB, 3aTPAYMBAEMAA MOTOPOM,
P 12
PMOTopa = 7]' MoTopa — 6',7_5 = 16xBr.
IIpumep 2. CynHo mBumKeTCs cO CKOPOCThIO 56 kM/u (puc. 16.4).
Ieuratens passusaeT MomHocTs 1200 kB,

OnpenenuTs CWly CONPOTUBIICHUS BOILI 7 F;“’ LA

nexennto cyaua. KITH mamuas 0,4. —

——
F;:onp

Puc. 16.4

Pewenue

1. OnpenenseM NOJIE3HYIO MOILIHOCTD,
KCMOJIb3yeMYIO Ha IOBMXEHWE C 3aJaHHON
CKOpOCTBIO:

P = Fvcosa.
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P

n= >
P, MOTOpa

P = P,oropat; P =1200-0,4 = 480 kBr.

2. Tlo dopMyne mits NOJIE3HOM MOLIIHOCTY MOXHO ONPENENUTD ABUXKY —
L0 CHITy CyIHa ¢ y4eToM yciaosus o = (. IIpy paBHOMEDHOM ABHXEHUMN

OBUXKYIIAsA CHJIa PaBHA CUJIE COMPOTUBIEHUS Bombl: Fup = Feonp.

3. CKOpOCTH OBHXKEHUS CyoHA U = %()900—0 = 10 M/c.
4. Cwia conpoTnBnens BOIEI
p 480000
Fconp = ;; Fconp = ——10— = 48 000 H.

Cura conpoTUBIERUs BONBI NBMKEHUIO CyNHA Foonp = 48 kH.
IIpumep 3. TounnbHbil kKamens NpuxuMaeTca K obpabaTniBaeMoit

netanu ¢ cunoit 1,5 xH (puc. 16.5). Kaxas

® MOIITHOCTD 3aTpaunBaeTcs Ha obpaboTky oe-
/A TaJy, ecyim kKo3pduineHT TPEHUs MaTepUa=
0 na kaMHs 0 netadb 0,28; netans BpalaeTcs
co ckopocTbio 100 06/MuH, IuameTp neTann

60 Mm.

Pewenue

Puc. 16.5 1. Pe3sanue ocyluecTBIseTCs 3a CYET
TpeHUst MEXIY TOYWILHBIM KaMHeM u obpa-
6aTriBaeMOll NETANBIO:

Foes = Frp = fQ;  Frp =0,28-1,5 = 0,42xH.
2. MomeHT cunnl pesanna M = FTPE; M =420-0,03 =12,6 H-M.
3. YraoBas ckopoCTh BpallleHNs NETaJIu
3,14 - 100
W= —-
30
4. MotusocTh, Heobxonumas nias oGpaboTKy OeTaNu:

P = Mw; P =126-10,47 = 132 Br.

= 10,47 pan/c.

KOHT})OJU:HI:IB BOIIPOCEI 11 3adaHU

1. 3anunmnTe GopMyne g pacyeTa paboTh NP NOCTYNATEIHLHOM
" BpalllaTEJIbHOM JABHXXCHNAX.
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2. Baron maccoit 1000 xr nepeMeriaoT 10 FOpU30HTAIbHOMY IIyTH
Ha 5 M, Koadg¢uumuent Tperus 0,15. Onpenenure paboTy CUIIH TAXECTH.

3. KomonoyHmIM TOPMO30M OCTaHaBIMBalOT GapabaH mocie OT-
xmouerus nsuratens (puc. 16.6). Onpenennte paboTy TOPMOXKEHUS 3a
3 obopoTa, ecay cUila pUXKATUL KOJIonok k Gapabany 1 xH, koadduum-
et Tperus 0,3.

4. Harsxenne BeTreit pemernoi nepenaun S; = 700 H, S; = 300 H
(puc. 16.7). Onpenenure Bpalaiomuii MOMEHT TIEpEIayn.

TN @200 um
Q \T\Q
\3\7177 S T
D120 mm

S

Puc. 16.6 Puc. 16.7

5. 3anmmmuTe GOPMYJIH A1 pAcyeTa MOLIHOCTH IIPH [TOCTYIATeNlb-
HOM M BPAaILlaTEIIBPHOM OBUXKCHUSX.

6. Onpenenure MOIIHOCTD, HEOOXOANMYIO IJ1s IONBEMA IPY3a BECOM
0,5 kH ua Bricoty 10 M 3a 1 MuH.

7. Onpenennrte o6umit KILII mexanusMa, ecnu Ipy MOLTHOCTH IBU-
ratens 12,5 kBt u obmeit cune conporusnenus asmxenuio 2 xH cko-
POCTH IBUXKEHNA 5 M/c.

8. OTBeTHTE HA BONPOCH TECTOBOIO 3alaHUS.

Tema 1.14. Iuramuka.
Pa6oTa u MoOLIHOCTBL

Bonpoch OreBerTn |Kon
1. Baron maccoit 680 kr xaTUTC2 paBHOMEPHO IO 10200 Hx 1
TOPHM30HTANBHOMY IIyTH ¥ IpoxomuT 15M. Yemy
paBHa paGoTra CHIBI TsaxecTu? 100062 Ix 2
0 3
125000 Ix 4
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Ipononxenue
Bonpocn OrBerTHmi{Kon
2. MommsocTs ToxapHOro cranxa 1,5 xBr. O6Touka 270 xIlx 1
metany npoussomurca 3a 3mun. KILI cranxa 0,8.
Onpenenuts paboTy, COBEpIIAEMYIO NIPH O6TOUKe. 216 xIIx 2
4500 IIx 3
3600 Hx
3. OnpenenuTs NOTPeGHYIO MOIIHOCTL CTAHKA IS 1,884 kBT 1
obpabotku netanu auamerpom 300 MM npu yrioBoit
qacToTe Bpawenns 120 06/Mun u cuile pesanus 2,216 kBt 2
1xH. KIII cranxa 0,85.
4,5 xkBr 3
18 kBt 4
4. OnpenenydTh BpalllalOUIMi MOMEHT Ha Bajly J7I€K- 80 H-m 1
Tpoasuratens npy Mowmwxoct 8 KBt u yrioso#t
ckopoctr 100 pan/c. KIII apurarens 0,8. 64 H-m 2
46 H-m 3
Bepuriii orser 4
He NpuBeneH
5. OnpenemuTh NOTPeGHYIO MOLIHOCTL MOTOpa 2,59 kBT 1
nebenku ans nonbeMa rpysa 3,6 kH Ha BuicoTy
120 M 3a 1 mMuH. 43,2 xBt 2
7,2 kBt 3
27,3 kBt 4
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JIEKITNS 17

Tema 1.15. O6ie TeopeMbl TUHAMMKN

Huemv npedcmasaenue 0 NOHIMUIL CUMNYALC CUALLS, KKOAUYE-
CMB0 J6UNCEHUTS, KKUHEMUNECKAT IHEPRULD; O CUCTNEME MATNEPUAIDL-
HOIT TNOYEK, O BHYMPENHUT U BHEWHUT CUAAT CUCTNEMDL.

3nams ocnoshble meopembl JunaMUKY, OCHOBHbIE YPABHENUT JUHA-
MUKU TPU NOCTMYNAMEALHOM U 6PAWAMEALHOM JBUNCEHUIT MEEPA020
meaa, Gopmyavt 049 PaAcCUEMa MOMENMOB UNEPYUUL HEKOMOPHT 00HO-
POGHBIT MEePIbT Mmed.

Yuemb onpedeagmd napamempovr deuicenus € NOMOWDBIO MEODEM
Junamuxu.

TeopeMa 06 M3MEHEHMHM KOJINYEeCTBA IBIKEHUA

Koauuecmeom deuscenud MaTepUasIbHOM TOYKM HA3HIBAETCS BeK-
TOpHAs BeINYNHA, paBHas NPOU3BENEHUIO MACCHl TOYKH Ha €e CKOPOCTh
muv.

BexTop komuyecTBa ABMXKEHUS COBNALaeT IO HAIPABJIEHUIO C BEK-
TOpoM ckopocTd. Enununa nsmepenns [mv| =kr-m/c.

Ilponssenenue MOCTOSHHOTO BEKTOpa CUJIBI Ha HEKOTOPHIN HpOMe-
XKYTOK BPEMEHH, B T€YeHUe KOTOPOTO OEHCTBYET 3Ta CHJIA, HAa3hIBaeTCA
umnyabcom cuavt Ft.

BexTop MMmymbca CUSIH IO HAIIPABJIEHMIO COBIANAET C BEKTOPOM

K - M
CUJIHL [Ft]:H-c=c—2

HWcnone3oBaB ocHOBHOEe ypaBHEHMe NMHAMMKH, Hocie npeobpasopa-
HUS. MOXHO IOJIyYWTh COOTHOIIEHNE MEXIY KOJUYECTBOM OBIKEHUS U
uMmnynbeoM cunnl (puc. 17.1).

- ¢ = Kr - M/c.

F =ma; a=%§=v'. M, v,
v, m
F=md—v. F dt = mdv.
dt
[Tpounterpupyem obe uactm pa- m [ Mo

BEHCTBaA: Puc. 17.1
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t v
/th=/mdv; Ft =m(v — vp).
0 o

[onyuennoe cooTHOMIEHKE BEIpaXaeT Teopemy 06 n3MEHEHUN KoMK~
4YecTBa JBUKEHUS TOUYKU:

Hsmenenve koauuecmea dsuncenud mouky 3a HEKOMOPLIL npome-
JHCYMOK BPEMEHU PABHO UMNYALCY CUAbl, JeUCBYOUWEMY KA TOUKY 6
MEYEHUE MO0 HCE NPOMENCYMKL 6PEMEHU.

Teopema 06 M3IMEHEHUN KMHETUUYECKON IHEPruu

Ouepeuetl Has3bIBaeTCs CIOCOGHOCTL TeJa COBEPINATL MEXaHWJe-
CKyro pabory.

CyiiecTByIOT OBe HOPMH MEXAHMYECKOR SHEPTUM: MOTEHUNAILHAS,
9HEPIUs, WM SHEPIUs TOJIOXKEHUs, M KHHETHUYEeCKas SHEPrus, U HEP-
TUS IBVKEHUS.

[Torenunansuas sneprus (1) onpenenser cnocobHoCcTs TeMa coBep-
maTe paboTy Mpy OMyCKaHUM C HEKOTOPOM BLICOTHI [0 YPOBHS MOPA,
TloTeHuuannHas 3HEPrUd YUCIEHHO PaBHA paboTe CHIILI THXKECTH.

Il = Gh, roe h — BBICOTA TOYKM HAJ YPOBHEM MODH.

Kunernueckas sueprus (K) onpenmensercss croco6HOCTbHIO OBUXKY-
LLIETOCA Tejla coBepluaTh paboTy. s MaTepuanbHOM TOYKM KMHETHYe-
CKas dHeprus pacCUMTHIBAeTCH 110 dhopMmyie

2

my
K=——717!
2
Kunetuueckas sHeprus — BenmMUMHA CKAJISPHAA, NOJIOXMUTEILHAS.
2 2
mv?. kKM
Enununs usmepenns: [II) = [Gh]=H-M; [K]:[T]:: 5—=H-wm.
c

OHeprusi IMeeT pa3MepHOCTh PaGOTHI.

SanumreM s MaTepuasbHOM ToukM (puc. 17.2)
OCHOBHOE YDaBHEHUE IBUXXEHUS

F = ma.

CnpoexkTupyeM ofe 4acT¥ BEKTOPHOTO pAaBEH-
Puc. 17.2 CTBa HA HAIIPABJIEHUE CKOPOCTH:

Fcosa =macosa.
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dv
MaeectHo, uTO acosa = a; = T

d
Orkyna Fcosa = m-gtt-)-.

YMHOXUB 06€ 4aCTH NOJYYeHHOro BHIPaKeHUs Ha HEKOTOpOe fepe-
ewtenue d.S, HomyuuM:

FcosadS = md—v ds; m@- dS = muvdv.
dt dt

t

v
MuTerpupyeM obe dyacTu paBeHCTBA ] FcosadS=m [ vdv.

4] vg
W= mv?  mud
2 2

IlonyyenHoe paBeHCTBO BLIpaxaeT TeopeMy 06 M3MEHEeHMM KUHETH-
2SCKOJ1 DHEPTUM TOYKU:

Hamenenue xunemuuecxod anepauy Na HEKOMOPOM NYMU PAEHO Pa-
Some 6cer JelicmEYOWUT HA MOYKY CUL HA TNOM HCE NYMU.

OcCHOBBEI IMHAMMKHN CUMCTEMbI MaTepMalIbHBIX TOYEK

Co60KYNHOCTL MAMEPUAILHBIT TNOUEK, COIIAGHHBLIT Mexncdy co60l
cuaamMu 63aumodelcmens, Ha3blGaCMCT METANUNECKOT cucmemot.

JIio6oe MaTepuaiLHOE TENO B MEXAHUKE PACCMATPUBAETCS KaK MeXa-
HUYeCKas cucTeMa, obpadyeMast COBOKYITHOCTBIO MATEPHUAIEHBIX TOYEK.

W3 onpenenenus MexaHUdYeCKol CHUCTEMBI ClelyeT, YTO IOBHXKEHUE
Ka)XIOo# U3 TOYEeK, BXOOAILMX B CUCTEMY, 3aA6UCUM OT IBMXKEHHA OCTaJlb-
HBIX TOYeK.

Cunbl, neidcTByIOLLIME HA TOYKU CUCTEMEI, UEIATCA Ha 6HEWHUE U
snympennue. CUIIBL B3aMMONEHCTBUA MeHCOY MouKamu amot cucmembl
Ha3LIBAIOT 8HYyMpennumy. K 6newnum cusam OTHOCATCA CUITHL, NIeHCTBY-
IOILME CO CTOPOHLI TOYEK, HE 8TO0AUUL B 3TY CUCTEMY.

IIpuMmepaMy BHELIHNX CHJ ABJIAIOTCS CHJIA TAMXKECTH, CUJIa OaBJIe-
HU, CUJIa TPEHUS U Ip.

K BHyTpeHHMM cHJIaM OTHOCATCS CUJIBL YIIPYTOCTHU.

IIBMxeHMe MeXaHUYEeCKOM CUCTEMB 3ABUCUT HE TOJILKO OT BHEITHUX

n

CHJI, HO M OT cymmapHoli maccul cucmemvr m = y_ Amyg, roe Amg —
0

Macca OTHEJILHBIX TOYEK MEXAHWYECKOH CHCTEMEL.
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JIBMeHne CHCTEMBI 3aBHCHT ¥ OT IOJIOXKEHHS LEHTPa Macc Cfl
CTEMEI — YCJIOBHOH TOYKH, B KOTOPOH COCPENOTOYEHa BCS Macca Telld
O6BIYHO CYUTAIOT, YTO B LIEHTPE MACC NPUAOHCEHbL 6CE BHEULHUE CUAY

JBmxeHue neHTpa Mace ONpenenseT IBMKEHHUE BCEM CUCTEMBI TOIE
KO TIPM MOCTYNATENLHOM ABMXXEHUM, TPH KOTOPOM BCE TOUYKM Tesa IIBH
)KYTCS OOUHAKOBO.

Ocnrosnoe ypasHeHue OUHAMUKU NPU TOCTNYNAMEALHOM
dsudcenuu meaa

Ilns onpeneneHust ABMKEHNS Tella (CUCTEMBI MATEPUAJIBHBIX TOYEK
MOXHO MCTIIONB30BAThL BTOPOM 3aKOH OWHAMUKK

Fy = ma,,

roe m — CyMMAapHas Macca Tela,; d.— YCKOpDEHNE LUEHTPa MacC TeJa.
B mosnie 3¢MHOTO NPUTAXEHUS YEHMP MACC COBTAJAENM € YENMPOM
maxncecmu. :

Ocnosnoe ypasnenue QUHAMUKU 8PAULAIOUE20CT TMEAQ

[lycTb TBepmoe Teno mom AeMCTBMEM BHEIIHMX CHJI BPAIIAETCH BO-
kpyr ocu Oz ¢ yraosoi ckopoctsio w (puc. 17.3).

PaccmaTpuBas TBepnoe TeNO KakK MEXAHMYECKYIO CHCTeMY, paso-
fbEM €€ Ha MHOXECTBO MaTepHaBHEIX Touek ¢ Maccamu Amy. Kaxnas
TOUKA JBIKETCH N0 OKPYKHOCTH PAIMYCA T C KACATENBHbIM yCKODCHH-
eM al = er; ¥ HOPMAJBHEIM ycKopermeM af = w?ry, rme € — yriosoe
YCKODEHHE.

YcnonbayeM ms xaxnoit Touku npuaumun Hanambepa n npunoxum
CHJIBI MHEPLIAM:

— xacarensnyio AF, »mk = —Amgal;

— HopManbhyio AFL = —Amgay.

Cucrema, cun, neficTByommMxX Ha TOYKY, no npuHuuny Ianam6Gepa,
HAXONUTCA B PABHOBECHH.

[TosToMy anrebpanueckas cyMMa MOMEHTOB OTHOCHTENILHO OCH Bpa~

LUEeHUs OOJIXHA OBITH paBHA Hymo: M, ZA e Tk = 0, rme M, —

MOMEHT BHEITHHUX CHJI.

MomenTh HOpManbHEIX cut Hepunu FiL  DaBHEI HYJIO, T. K. CHJILI
mepecekaloT ock 2. CHibl, HalpaBJIEeHHBIE MO KACATEILHOM K OKPYXHO-

CTH, paBHEI
AFt = Amkafc = Amygery,

MH
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roe € — obmas BEIW4YNHA, YITIIOBOC YCKOPCHHNE Tena.
HOIICT&BPIB 3Ha4YeHlNe CUJIbL B Q)OpMyJIy JJ1a onpeneyieHnss MOMEHTOB,

IOy YUM
2V

n
M, = EZ Amkr%.
0

n
Bemmumna Y Amyr? nasnisa-

eTCA MOMENMOM UHEPYUL TMEAG O~
HOCUTNEAbHO OCU épawenud u obo-
sHavaeTcq J,.

T = z": Amkr,%.
0

B pesynbTaTe monmyuuM BhIpa-
JKEHNEe OCHOBHOIO yYPABHEHUS IMHA-
MHKHU BPALLAIOLIErO Teja:

M. =\7z€7

Puc. 17.3 rae M, — cyMMa MOMEHTOB BHEI-

HUX CUJI OTHOCUTEJIBHO OCH; € — YIJIOBOE yCKOPEHUe Tea.

MoMeHT MHepuMM Tefla B 5TOM BHIPAXXEHUM ONpEneNseT Mepy
UHEPMHOCMU Tejla TIPY BPAILIEHHH.

IMo BBIpaXXEHMIO IV MOMEHTa MHEPUMM MOXHO ONpPENeINTh, YTO
eMMHUNA M3MepeHns 3Toit BenmuuuHm B cucreme CU [ 7,] =[mr?] =kr-M?.

BuzHo, 4T0 3HaUEHNE MOMEHTA UHEPIUY 3aBUCUT OT PaclpeNeseHus
MacChl OTHOCUTENILHO OCH BpAlUeHMs: TIPH ONMHAKOBONH Macce MOMEHT
nHepuny GoIbllle, €CIIM OCHOBHAS 9AaCTh MACCHl PACONOXKeHa AaJblue OT
ocu Bpamenns. [Ing ypenndenns MOMEHTa MHEPLMM UCIIONb3YIOT KOIECa
CO CIIMIIAMM U OTBEPCTHUSMU.

Momenmbt unepyuu nexomopblis mea

r Z, 2
MowmenT UHEPpUNM CIUIOIIHOIO IUJINH-

2
mr
npa (puc. 174) J, = 5 r
MoMenT MHEpPIMM NOJOrO TOHKOCTEH-
Horo wmmuunpa (puc. 17.5) J, = mr2. -~ >
MomenT UHEpUMHN IIPAMOIO0 TOHKOro Puc. 17.4 Puc. 17.5

CTEePXHA nroboro IIOIIEPEYHOI'0 CEYEeHUA
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mi?
I, = = (oTHOCUTENBHO 22z, puc. 17.6a);
mi?
T = E0) {(oTHOCUTENBHO 2121, puc. 17.66).

Z]
) 6) -
Puc. 17.6 Puc. 17.7

2
MowmenT unepuuu wapa (puc. 17.7) J, = gmr2.

IIpumeps! pelueEns 3agayq

IIpnmep 1. Astomobuib ABUraiics co ckopoctbio 54 km/4. B pe-
3yJIbLTAaTE PE3KOr0 TOPMOXKEHNA aBToMOOMNL octaHoeuics. Qnpenennre
BpeEMs TOPMOXEHUs, CCNIM KO3DGULMEHT TPEHUS MeXIy NMOBEPXHOCTHIO
aoporu u KonecaMu apTomobuis 0,36.

Pewenue

[Ipunumaem apromMobune 3a MaTepuanbHyIo Touky (puc. 17.8).

1. CunTaeM, 4TO TOPMOMXEHNE IIPON3OIIO TONLKO 32 CUET TPEHHL.
Hcnonssyem TeopeMmy 06 U3MEHEHHM KONIUUeCTBa ABrkeHns. HavassHas

CKOpPOCTDb Vg = = 15 m/c. Ilo Teopeme U3MEHEHH KOIUIECT
o) 0 15 II eme 1 e n4ecTBa

3600

IBYkEHUs mv — myy = Frt. Koneunas ckopocts v = 0 (ocTaHOBKa,).
2. TopMmasnas cuna Fr = —~fR.

R=G=my,

3neck R — cuna npumxkatus; f — kosdpdunvent rpenms; G — cuna

TSAKECTH; TN — Macca aBTOMOOUNS; ¢ — yCKOpeHKe CBOOOOHOro naneHmns;
2

g =9,81m/c”.
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I}R

,FT l——|v°‘
—>
Q.

v=0

vG
Puc. 17.8

3. ITocnie momcTaHOBOK Mony4yaeM GOpMyNy OJs OlIpeneNneHus Bpe-
MEHK TOPMOXEHUS.

mv — myy = — fmgt;
Vo
v = fgt; t=—;
fg
15
t = ——— ~4.25c¢.
036,081 ¢

IIpnmep 2. Tlocne oTkmouenus QBUraTens koneco panuycoM 0,5 M
u Maccoit T00kr uMMesno YriOBYIO “IacTOTY Bpa-
menus 300 o6/mun. Onpenenure MOMEHT TPEHUS
B NOOIIMIHMKAX, €CTN BaJl KOJiecA OCTAHOBWICH
gepe3 1,5 MuH. Bpamenue npuHsaTh paBHOIEpe-
MEHHEIM, KOJIECO CYUTATH CIJIONIHLIM HUTUHIPOM

(puc. 17.9).

Pewenue

1. 3anutueM ypaBHeHne AUHAMHUKH MIPH Bpa-
LIICHUM:

ME=J5=MAB_MTP,

roe My — cyMMapHEIT MOMEHT BHEWHHMX CUT; J —— MOMEHT MHEPLIUU,;
£ — yrioBoe yckopeHue; Mpy — ABIXKYLMIA MOMEHT; My, — MOMeHT
Tpenus (CUJ1 CONpPOTHBIIEHUA).

2. OnpenenuM yriioBoe yCKOpeHUe MO (hOopMYyJIe A YIVIOBOM CKOpPO-
CTY IpH PABHONEPEMEHHOM IBHKEHNH:

™ 7 - 300

w = wo+Eet; uJo=-3-(-)-; wg = %0

= 31,4pan/c; w =0 (ocTaHOBKA).
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Torna
wo 31,4

5‘:—-——' =

' *TT15-60

= —0,35pan/c’.

3. OnpenenuM MOMEHT MHEPILMHN KOJIECA, CUNTAS €ro CIIOMIHEIM -
JIMHOPOM:
mr?  700-0,52
2 2

4. OnpenenseM BeJIMYNHY TOPMO3HOTO MOMEHTA — MOMEHTA TPEHKA
B nommunHukax: Mpy = 0; —Mqyp = Je;
—M, = 87,5(—0,35); Mz, = 30,625 H-m.

IIpumep 3. lllxkus npueoaNTCA BO BpallleHMe PEMEHHON nepenayveld
(puc. 17.10). Hatsxenne senyiueir Bersu pemusa S1 = 120 H, Bemomoro
— S2 = 50 H. Macca wkusa 200 kr, nauamerp 80 MM, MOMEHT COIIPOTH~
BlleHMs B nonumnuukax 1,2 H-M. Onpenenuts yriioBoe yckopeHue Bajia
npeHe6peras ero maccoit. IIIkuB CYUTATH TOHKOCTEHHEIM LUIKHIDPOM.

= 87,5 Kr-M°.

T =

Pewenue

M conp

S, 1. Ucnons3yem OCHOBHOE ypaBHEHNE IH~
Hamuku My = Je.

2. OmnpenmenseM CyMMapHEII MOMEHT
BHEIITHUX CHJI

d d
Mg = 51'2' - 52‘2' — Meonp;
Puc. 17.10
M2=120-9—’§§—50~9£—8—1,2=1,6H~M.

3. PaccuuTriBaeM MOMEHT MHEPLUMM IUKNBA, BIUIHUEM BaJla TIpeHe-
Operaem:

2
J=mr® T =200 (9—’3—8> = 0,128 Kr-m2.

4. OnpenensaeM yrjaoBoe YCKOPEHUE IIKUBA
M. 1,6
E. o= -1 —125pan/c’.

c=T7 0.128
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Kon'rponhnme BOIIPDOCEHI 1 3amaHuia

1. Teno maccoit 10 xr mogHATO Ha BricoTy 6 M. Omnpememure no-
TEHIMAJILHYIO HEPTHIO Tena u paboTy, KOTOPYIO COBEPIIMT TeNo IipH
MAJEHNHN C 3TORX BHICOTHI.

2. MaTepnansnad Touka Maccoil 16 Kr, IBMXKYINAiACa CO CKOPOCTHIO
10 M/c, ocranoBuack yepes 40 c. OmpenermTe BeMYMHY TOPMO3HOM
CHJIEL

3. Teno Maccoit 9,2 Xr IBUCaAOCh U3 COCTOSHUSA IIOKOA 3 ¢ C yckope-
nuem 4 M/c? non neitcreuem cuet F. Onpenenure 3anac KMHETHYECKOM
3HEPrMY, HAKOMNIEHHEIA TEJIOM.

4. CnnomHoi OMHOPOAHBIN UMJIMHAP BPAIIAETCA BOKPYT IIPOAOJIb-
Hoit ocu (puc. 17.11). OT kakux napamMeTpOB 3aBUCAT MOMEHT MHEpPIMH
mmmaEapa?

1 BapuanTh oTBeTOB:

1. Toneko ot m.
2.0rmud.
3.0rl,mud.

Puc. 17.11 4.0t lum.

5. OnpenenuTe Bpamaronmit MOMEHT Ha mxuse (puc. 17.12);
d = 60 Mm.

6. Ilo pesynbrary pelueHus
npenuinywelt 3anauu (Bompoc 5) d
OnpeneMTe MOMEHT MHEPLUH LIKH-

Ba, €CIIM, IBUTAiCh U3 COCTOAHMA
NIOKOs, OH MpHUOGpeN YIiIoBYIO CKO-
pocts 50 pan/c 3a 10 c.

Il puy Me uaHnu-e
IIpu oTBETAX HA KOHTPOJILHEIE BO-
npochHl yckopenue cBobomHoro mna- Puc. 17.12
IEHUS MOXHO NPDUHMMATb PABHBEIM

10 m/c2.

S|=100H

S2=50H

5 - 8060
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IMTPAKTUYECKHUE 3AHSTUSA T10 PASINEILY

«TeopeTnueckas MexaHUKa»
IIpakTnueckoe 3ausaTue 1
Tema 1.2. Ilnockas cucTeMa CXOXAILIMXCS CHIX

3nams cnocolvl cA0HCEHUT OBYT CUA U PAFAONCERUE CUADL KA COCTA—
sagouwue, zeomempuueckull u anasumuveckuil cnocobvl onpedeseHus
paenodeticmeyowetl cuabl, Ycaosusd pasnosecud naockol crodgwetica
CUCTEMDBL CUL.

Ymemp onpedeagmp pasnodeticmeyowyro cucmemdbl Cut, PEUAME
300a4U HA PABHOBECUE 2EOMEMPUNECKUM U AHAAUTIUNECKUM CTLOCOGOM
PAUUOHAALHO BbIGUPAT KOOPOUNAMHBIE OCU.

PacueTHble dopmynmu
Pasnodeticmeyrowjad cucmembvt cua

n n
Fo = /F} +Fh; Fr:= ;Fk:ﬁ Fyy = ngy:

rne Fyz, Fyy — npoexuuu papHOReHCTBYIONIEH Ha OCH KOOPINHAT;
Fyzy Fiy — NpoeKumyn BeKTOPOB-CHJI CHCTeMbI Ha OCH KOOPIMHAT.

FE:
Fy’

rie oy, — yron paBHoOeicTBylowmwei ¢ oceo 0.
Yeaosue pasnosecus

CoS Oy =

n
EFk:l::O;
2

ZO:F,W=0.

Ecmu nmockas cuctema CXOOAMINXCHA CAJT HAXOAUTCA B PABHOBECHH, MHO-
TOYrOJbHHUK CHUJT OOJIKCH OLITH 3aMKHYT.

IIpumep 1. OnpeneneHue paBHOOECRCTRYIOLIEN CHCTEMbI CHJT
Onpenenuts paBHOAEHCTBYIOMIYIO IIJIOCKOM CHCTEMH! CXOMSIIMXCH
CUI1 aHAJIMTUIECKUM M reoMeTpudecknM cnocobamu (puc. I11.1). Hano:

F; =10xH; F; = 15xH; F3 = 12xH; F; = 8xH; F5 = 8xH,;
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t; = 30°; ag = 60°; az = 120°; a4 = 180°; ag = 300°.
Pewenue

1. OmpenenuTs pPaBHONEACTBYIOLIYIO AHAIUTHYECKUM CHOCOGOM
(puc. I11.1a).

F,:=10-c0s30°=8,66 xH; )
F3,=15-cos60°=7,5xH;

F3z=—12-cos60°=—6xH; » ?If?lg’;?{
Fy,=—8xH; Tz=0 '
F5,=8-cos 60° =4 xH; )

Fiy=10-cos60° =5H; )
Fay=15-cos 30° =12,99 xH;
F3,=12-cos30° =10,4xH;
F4y=0;
F5y=-8-c0s30°=—6,9xH; |

Fo=+/Fi + F2,; Fr=1/6,16% +21,49% = 22,36 xH;

F
cosagy = —I;-:i; cosayy = -2%’1% =0,2755; ax, = T74°.
b4 ]

2. OnpenenuTh paBHONEWCTBYIONIYIO TIpadHUECKHUM CrocoGoM.

L Fyy=3" Fiy;
Fry=21,49kH.

Y F2
F; o a F
23]
F ;TO\ *
Fs
X
a)

Puc. I11.1
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C momornrsio TparcnopTupa B Mmacmrabe 2mM = 1kH cTpoum muoro-
yromsauk cunt (puc. [11.16). UamepeHueM onpenenseM MOOyZb PaBHo-
IeHCTBYIOWER CUIIEL M YTOJI HakJIOHa ee K ocu Ox.

- Fyep 222xH;  ap, = 73°.

Peaym;'ra'ru pacydYeTOoB HE MO/IKHEI OTJIMYATHBCA 6osee yeMm Ha 5 %

F_n"iﬂzﬂ .100% < 5%.
FEa.H

PacueTHo-rpadpuueckas pa6ora 1

Onpedeaenue pasnodeticmeyouet naocxott cucmemvt cro-
OAWUTCH CUA ARAAUNMURECKUM U 2E0MEMPUNECKUM CNOCOGAMU

3anaume. Ucnonesys cxemy pmc. II1.1a, onpenenuts pasHOneH
CTBYIOIUYIO CACTEMH CHJI.

Bapuaut

IMapameTp
1 2 3
F,,kH {12 |8 (20 |3 6
F,, xH 8 [12 | 5 6 |12
F;, xH 6 2 |10 (12 |15
Fy, xH 4 110 {15 115 | 3
Fs,xH (10 { 6 (10 | 9 |18
aj, rpan 130 | O 0 11510
ag, rpan | 45 145 | 60 |45 | 15
az,rpan | O |75 |75 | 60 | 45
ag, Tpax | 60 | 30 (150 |120 |150
as, rpan | 300 |270 |210 {270 | 300
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IIpumep 2. Pemrenne 3anaum Ha paBHOBeCHME aHAJIHTHUE-
ckumMm cnocoGoMm

I'py3n NoNBelIeH:! HA CTEPXHAX M KAHATAX M HAXONATCA B PaBHO-
Becun. Onpenenuts peaxumy crepxueit AB u CB (puc. I11.2).

F =20xH

Puc. 111.2

Pewenue

1. Onpenensem BeposTHHe HanpaBneHus peaxuuikt (puc. IT1.2a).
Muicnenno ybupaem crepxens AB, npu 3ToM crepxens C B omyckaercs,
CJIeIOBATENHHO, TOUKa B oTONBHraeTcs OT CTEHH: Ha3HAYEHNEe CTEPXHS
AB — ranyTb TOYKY B K crene.

Ecan y6patk crepxens CB, Touka B omycTHTCH, CIEAOBATENILHO,
crepxens C B nonnepxupaeT Touky B cHU3y — peaxinsa HampaBieHa
BBEPX.

2. Ocno6oxnaeM Touky B ot cesau (puc. I11.26).

3. BuifepeM nanpasneHue oceit xoopauHaT, och O COBIAaeT C
peakuuert R;.

4. 3anuineM ypaBHEHMs papHOBecHMs TO4ku B:
n

3" Fiz = —~Ry + Ry cos60° + F3 cos45° = 0;

0

T

Y- Fiy = Rycos 30° — Fy — Facos45° = 0.
0
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5. M3 BTOpOro ypaBHEHUs Oay4daeM:

_ F1+ Facos45° _10+20-0,7

R -
2 cos30° 0 2 0, 866

= 27,87xH.

W3 neproro ypasuenus nonyuaem:
R; = Rocos60° + Fpcos45°; R; = 28,07kH.

BrBon: crepxenr AB pactamyrt cunoit 28,07 xH, crepxens CB
cxaT cunon 27,87 xkH.

NNprumeuanue FKEcan npu pemennn peakims CBA3M OKaxKeTcs
OTPUIATEILHON, 3HAMUT, BEKTOP CHIIL HAIIPABJIEH B NPOTHBONOJIOKHYIO
CTOpOHY .

B nanroM ciyuae peaxuyuy HaNpaBieHB! BEPHO.
PacueTHo-rpaduueckas pa6ora 2

Ycaoeue pasrosecusd naockol cucmembl CTOOTUUTCT CUA
68 anaaumuueckoti gopme

Banauue. Onpenenuts peakuuu crepxuein AC u AD (puc. I11.3).

Bapuanr
ITapamerp

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 160 145 160 {75 {75

ot

Puc. I11.3

IIpn 3aumTe paboT OTBETUTH HA BOIIPOCH KAPT C TECTOBLIMU 38JAHASAMY.
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Temu 1.1, 1.2. CraTuka.
Ilnockan cxomsiuasicsa CHMCTEeMa CHMJI

Bonpocwu Oreern |Kon
1. OnpemenuTs NpoeKuK paBHOAEHCTBYIOLICH Ha R, =4,99xH 1
ock Oz npn Fy = 10xH; F; = 20xH; F; = 30xH.
R: =7,80xH 2
y Fz
45"
F R.=-3,18kH| 3
o 30
V x
F R; =6,55xH 4
2. OnpenenuTs BeIUYNHY paBHOOEHCTBYIOLEH CUIH 23,66 xH 1
Mo ee U3BECTHLIM npoekuuaMm: Ry = 15kH;
R, = 8,66 xH. 17,32xH 2
9,50 xH 3
8,50 xH 4
3. Kax HanpabiieH BeKTOp paBHomeiCTBYOILEH R
CHUCTeMHB! CH/l, ECM N3BECTHO, YTO Rz = —4 kH; 1
Ry = 12xH? _V
ol %
¥y
R 2
o] %
y
0]
2 3
R
Y
O\ * 4
R
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¥YxaszaTh, Kakofi H3 TPEYTOILHAKOB

Ipononxenne
Bonpocwm OTrTBeTH Konx
4. I'py3 HaxonuTcg B paBHOBECHH. 1

He TIpUBeneH

Ang wapHKpa B noctpoeH BepHo. R, 2
R,
3
R 1 R 1
Y F 4
R, ‘
4
5. I'pys F uaxomurcs B paBHoBecun. | 3 Fiz = R3 — R1cos30° =0
o]
Yxa3aTs, Kakad CHCTEMA YPABHEHMR 1
pPABHOBECHA AN TOYKM B BepHa. S Fiy=Ra—Rycos 60° =0
[
n
S Fiz = R3 — Ricos 60° =0
o]
2
S Fiy=Ra— Ricos 30° =0
o]
EF&,=R3—R;C0630°+ 3
0
+ Rzcos890° =0
S Fiy =—R2+ Rycos 60° =0
o
Bephnuiit oTseT 4
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IIpakTuuyeckoe 3auaTue 2
Tema 1.4. Ilnmockadg cucTeMa NpPoU3BOJIBLHO
PAacCIIOIOXKEHHBIX CHJI

3name meopemy Iyanco o npusedenuu cuavt x mouxe.

Yuems npusodums npouzsosbnylo NAOCKYI0 CUCTREMY ClUs K TON~

xe, onpez)e./um BEAUNUHDL 2AABHO20 BEXMOPA U 2AAEHO20 MOMERMA CUC-
meMbl.

3namo mpu Popmvt ypasrerull PaBHOBECUT U YMEMb UMU 7L0ALIO-
aambed Npu onpedeaenul peaxyuti 8 onopar GaLOUNbIT CUCTIEM.

OcHoBHBIE GOPMYJIBEI ¥ NIPEONIOCKIIKM pacdyeTa

Budbi onop 6asox v uz peaxyuu (puc. I12.1)

F F
(ﬁ"’ x If__/ T"’z
5, A K,

6)

Puc. I12.1

Mowuenmbi napui cus u cuabt omuocumeavrno mouxu (puc. I12.2)

6)
Puc. 112.2

Iaasnviil sexmop

e ()
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Tnasnviti momenm
n
Mrno = E mko.
0

Ycaoeug pasmosecus

1. éFkx =0 %Fky =0 ém;m: 0.
TIposepka: %mw =0.

2. f;;FkI=o; %m,m:o; émw-zo.
ITposepka: %Fky =0,

YnpakHeHUs NPH MOATOTOBKE K CAMOCTOSATEILHOM
paboTte

1. lepesectn cuny F B Touky A, ucnoawsys teopemy Ilyanco
(puc. [12.3). F =20xH; AB = 6M; BC = 2M.

?_F_
A o B

Puc. I12.3 _

- 2. IIpupecTr cucTeMy CHIT K TOUKe B, ONpenenuTh INABHEI BEKTOP
M TTIaBHEIA MOMEHT cucTeMsl cunt (puc. [12.4). AB = 2m; BC = 1,5Mm;
CD =1Mm. Fy = 18kH; F;, = 10xH; F3 = 30xH; m = 36 kH-m.

m
SN
“>\; ? 2
A D S
f B e D

F,

Puc. 112.4
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3. Cucrema cui HaxoouTcd B pasHoBecHd. OnpenenuTh BENMUYHHY
momenTa napu m (puc. [12.5). F} = F| = 10kH; F; = Fj = 20xH.

m
. F 4 M

F,

Im/ & Fl

Puc. I12.5

4. Hanectn peakuuu B onopax 6anok 1 u 2 (puc. I12.6).

24 as’ |4 B*|
E SM 4m 5Mm 4m %’"
E < >
a) 6)
Puc. 112.6

5. Onpenenuts BemmunHy peakuuu B onope A. IIpunoxkena pacnpe-
NefeHHas Harpyska mHTeHcusHocThIO ¢ = 5 kH/M (puc. I12.7).

4 TG

'''''

6 M M #”ZM

I\
Puc. 112.7

6. 3anucaTh cuCTeMy ypaBHEHMI1 paBHOBECHS LIS ONpENENIeHus pe-
aknui B onope 3aIleMJICHHOI 6anxin.

7. 3anucaTh CHCTeMY YPABHEHMIA pABHOBECUA U OonpeneieHus pe-
aKLMiA B Oropax OBYXONMOPHO 6allki, 3aKPeyIEHHON Ha OBYX LIAPHUPAaX.
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PacueTHo-rpadpmueckas paGora 1

Onpedeaenue peaxyuti 6 onopar 6aA0URLIT cucmem nod
deticmeuem cocpedomouentbIT cUa U TIAP CuAa

3ananue 1. OnpenenuTes BeMYNHEL PEAKUUl B ONOPE 3aILIEMIICH—
Holt Ganku. IIposecTn npoBepxy npaBMILHOCTH pelIeHNs.

Fl F2 m FI F2
50 c r B\ , c AE
3a a 3a ¢ 2a )E
6)
F, m
4 9\ B r
6)
F, F
A By ¥°
2a 2a 2a
pe
0
Bapunaur
Iapamerp

Fi,xH |10 |12 (14 |16 |18 |20 |22 [24 | 26 |28
F,xH |44 )48 (78 |8,4 |12 [12,8 |17 [18 {22,8 | 24
m,kHM |14 (13 |12 |11 |10 | 9 8 | 7 6 5

a, M 0,2 (0,2 (0,3 10,3 |04 | 0,4 |05 |0,5]06 |06
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3ananne 2. OnpenennTs BEJUYMHL PEAKIMIA AIg Gankm ¢ map-
HUPHBEIMH onopamu. [IpoBecTu poBepky NPABUIBHOCTH PELUEHAUS.

m F F, m F, F
1 o | 1 60° |
!7 a 2a a a a i a 3a a :|
~ ] 1 ] “
a) 6)
F, m ‘I'F 2 1 F, m
| ® ‘ | i
é 45°
2a 2a a a ., a a 12aF,| 24
| T
L) 2)
F] m ) 2 E m
1 hid l il
Ii 2a 2a a I a F, a l a 3a a f!
i 1 ¢! | i —
9) e)
Bapnaut
Ilapamerp
1123415167819 ](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 7 5
a, M 0,3 {0,3 {0,3 (0,3 {0,3 |0,2 10,2 |0,2 }0,2 |0,2
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PacueTHo-rpadpuueckas pa6Gora 2

Onpedesenue seauuun peakyulli 6 onopaxr G6AACHHLIT CU- -
cmem nod delicmeuem cOCPedOMOUEHHLIT U pacnpedesenHbik
HAZPY30K

3apgauue 1. OnpenesuTs BenMuUHLI peaknmit B 3ameske. [[posecTut
MPOBEPKY MPABUILHOCTH PELUEHHUS.

q F m m
o F -]
J 60 = 30 A
2a a a E a a 2a
1 P~ b~
a) 6)
q d 2 q
F F, . -
S 30° 44 bbb P
2a a a E a a 2a E
I~ b~ b
6 7,
m m
Vv ¢ F 9
F o
% 1Lk |:/30 s WAy iy §
2a a d E € a a 24 E
o) e)
BapuanTt
[Mapamerp
1 4 | 516|789 ]|10
Fi,xH |4 |6 10 112 |14 (16 |18 120 )22
g, xH/Mm | 2 | 2 2 12 (33333
m,xHm | 5 110 |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 |0,3 |0,3
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3anandue 2. OnpenenuTh BEINYNHE PEAKINA B MIAPHUPHEIX OIIO-
pax Ganxu. [IpoBecTy nMpoBepKY NMPABUIIBHOCTU PELLEHHS.

m
F q F X
4 60° Wiy B | 4 45° B
A
a o 2a T 2a | a amA'm
a) 6)
I, ~ q Z
o e | L")
3
a 2a F g a
N i
6) 2
m
2 q F, F q
Ay i 6 B | 4 e AR A R
a a a a
N 1
9) e)
Bapuaut
IMapamerp
11213456 7]|819]10
F, xH 10 {20 |30 [40 [50 j60 [70 |80 |90 (100
¢, xH/M | 2 |2 |2 |2 |2 ({4 |44 144
m,xHwMm |15 |25 |35 |45 |55 |45 |35 |25 |15 | 5
a, M 0,4 {0,4 |0,4 |04 |04 {06 |06 |0,6 0,6 |0,6

Hp}{ jauunrte paﬁo'r OTBETNTH Ha BONTPOCH! KapT ¢ TECTOBHIMHY 3aJlaHUAMU.
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Tema 1.4. CraTuka.

Hponaaonbuau ILTOCKasA cucteMa CHJl

Bonpocwu Orsernm [Kon
1. HaitTit rnaBHLIl BEKTOpP CHCTEMB! CHJ1, €CIIH: S5kH 1
F, =2xH,
F2 = 3xkH, 11xH 2
F3 = 5KH,
F4=F5=8KH; 12xH 3
nuamerp koneca 0,8 M.
16 xH 4
2. Haitnure rnaBHBL MOMEHT CHCTEMB. 49,14 xH-Mm 1
LlenTp npusenenus HaxonuTcs B Touke C.
52,32xHM 2
15xH
o 8xH [ 54,14xHM 3
S5kH{ * 2m N Im T
A C “y B
10xH 64,14 xH-m 4
3. [IpuBonuTCa ypaBlieHe PaBIIOBECHS AL ONpene- F, cos60° 1
nenus peaxuwu B onope A, Onpenenure, KAKOro
YNeHa YPaBHEHHS HE XBATAET: F; cos 30° 2
Rys -84+ Fi:8~m+F3-14-.-.=0.
- (]
a m B Rys F35in 60 3
Ry 60° R Fs
8
4 e
i Fi -F;-25in60° | 4
3mM 3M 2M 2mM 2res
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IIpononxenne
Bonpocn OresetTH |Kon
4. HaftTyt rnapHbIl BEKTOP CHCTEMBI CHIL. 2xH 1
y _ 4xH 2
F=10kH g= 4 cH ™ 20 XH™ g2 H/u
R S/ 7 77 R ¥ ol | 3
x
)
5Mm —> 3IMm
8xH 4
5. Onpenennre aJre6panyecKyio CyMMy MOMEHTOB TxH-Mm 1
OTHOCHTEJIBHO TOYKM B.
y 25 xH-M 2
q=4xH/M 50 cHW\ E=20kH
—

\ 60" 42,3xH-m 3

A B X

F =10 ‘K'El
3M 1,5M 2M 68,3 xH-m 4
1 T




146 IIpakTnueckoe 3ausTue 3

IIpakTuueckoe 3zansTue 3
Tema 1.6. IHenTp TsXKeEeCTH

3namp memodvt onpedesenud YENMPA MANCECTRY TEAL U NAOCKUK
cevenut, gopmyavt ong onpedesenug nosoxncenug T naocxur cevenui

Yumemb onpedeadmd nosoxHcenue YERMPA MAHCECTIU CAOHNCHBIT 2€0-
MEMPUNECKUT Puayp, ONpedesdmb NOAONCEHUE YEeNMPa maxcecmu Pu-
2Yp, COCTMABAENNBIT U3 candepmubiz npoduet.

OcHoBHBIE (OPMYJIBI M NPEATIOCHEIJIKM pacdeTa

Ienmpor mascecmu npocmetwur cevenut (puc. I113.1)

@i 2% ”’37: i i "~
3
a) 6) 8)

Puc. I13.1

Ieomempuvecxue zapaxmepucmuxy CTBHOAPTHHIX POKATHHIX
npoduneit B IIpunoxennn 2.

Memoow pacuema:

1) mMeTOn cuMMeETpUY;

2) MeTon pasmeseHUs Ha NMPOCTHE YaCTH;

3) MeTOn OTPMLATENBHBIX TIOWAale.

Koopdunamoi yenmpo6 masicecmu CAONCHBIT U COCTRABHIT Ceuenud

n n
Y Axzk > Aryk
Ic = -(l—A—; Yyc = -O—A—,

raoe Ay — NJIOLLAIY YACTEN CeUeHNs; Tk; Yr — koopauuaTthl IIT wacTei
n

cevennus; A — cyMMapHas myowads cedennsd, A = Y Ag.
0
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YnpaXHeHUs IIPU MOATOTOBKE K CAMOCTOATEILHOMK
pabote

1. OnpenenuTh MOOXEHNE HEHTPA TAKECTH KaxIol u3 ¢puryp, co-

cTapisolmx ceuerre (puc. I13.2). Pasmepn Ha yepTexe yKa3aHH B MM.
2. OnpenenuTs KOOPAMHATY T¢ n3obpaxkeHHoro ceyenud (puc. I13.3).
3 ameuanune. Ceuenne pacuneHuTs Ha TPU YACTH.

y
100

90 30 o 120
I]\

7R

=
2 2 N

&
= N
“v NI §3 4 \ _202
Puc. [13.2 Puc. I13.3

3. Cxonbko KOOPOMHAT LIEHTPA TAXKECTH HYXXHO OnpelelaTh pac
YEeTHBIM IyTeM IUIA KAXIOro u3 usobpaxkeHHux ceyenui (puc. [13.4)?

4. Tlo Tabmuuam 'OCT onpenenuTi Heo6xomuMule NAPAMETPHI Ce-
uenuit (puc. I13.5).

\\\ \\\ :W
§ N _N
% \ \
ARRIANN
a) 6)
Puc. I13.4 Puc. 113.5

5. Onpepenuts KoopauHaTy Yo durypr (puc. [13.5).

6. Kakas xapaxTepHCTHKa CEYeHMs ONpemenseTcs MO YKA3aHHOM
dopmyine?

> Vizk > Gk > Gryk
1. A . 2. . 3. R .
z KTk > Vi > Gk > Gk
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PacueTHo-rpaduueckas pa6ora

3anaume 1. OnpeneJme KOOPINHATHI HEHTPA TAXECTN 3aNaHHOIa
cevyeHusd.

R 8 £
§§ :
o
o
b B b
a) 6)
B N B
R A R
oo oo
\
b b
8) 2
b
2
NN
\ WT
= = = =
R ,
B b B
9 e i
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Bapuant
ITlapamerp

1 213|456 T7]|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,mMm |80 |90 {100 |110 {120 {130 |140 |150 |160 {170
h, MM 50 |60 |70 |80 |90 |100 |110 [120 |130 {140
R, |20 25 |25 |30 |30 |40 |40 | 50 | 50 |60

3ananue 2. OnpenesyTh KOOPANHATH LEHTPA TAXKECTH COCTABHO-
ro cedennsd. CeyeHNA COCTOAT M3 JIMCTOB C IMONEPEYHHIMA DPA3MeE

a X 6 m npoxaTtHux mpoduieit no 'OCT 8239-89, 'OCT 8240-89 u
I'OCT 8509-86. Yromox BHGHpaeTcs HAMMEHLIIEH TONIIMIHEL

Pasmeprt crannapTeix npoduneit 8 Ilpunoxemm 1.

< et ‘%:._E;LT—’J

K . R
‘ a) ()

kS = "%:-E;L-"E’.

L |

-
=
L
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Bapuant
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
Ne yronka 8 8 9 9 [10 [10 j11 J11 J125 ) 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

le’(l 3aimTe paﬁo'r OTBETUTH Ha BONPOCH! TECTOBOIrO 3alaHNs.

Tema 1.6. CraTuka.
IDerTp TAXKECTHM Tes1a

Bonpocwu OTBeTH Kon
Grzk > Gy
1. Bu6paTs dopmyan nnsa pacyera E H =& — 1
paTh Gopmy. p 5C. yc G
KOOPAMHAT LEeHTPa TAXECTH Tena,
14
COCTaBJIeHHOIo M3 06BbeMHLIX YacTel. rc = Z kxk, Z kP 2
S Sl
Axzi  yo Z Ay 3
W 2 Ax
Vizx Viyx
2. BLiuncauTh cTaTnyeckui MoMeHT 9.-10% mm3 1
[3aHHOR NIOCKON GPUTYPRI OTHOCHTETLHO
ocn Oz. 27 - 103 mu? 2
Y
= 36 - 10% mu® 3
60 = -
—< 7 g 42 - 10° mm® 4
o x
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IIponomxenue
Bonpocwm OTeBeTH Kon
3. Onpenennth KOOPAUHATHI LIEHTpPA TH- zc = 15MM, yo = 30MMm 1
)ecTu GUrypsl 2 oTHocuTenbHo oceit Ox
u Oy; a = 80MM; b = 90 MM; ¢ = 30 MM; zc = —40MM, yc = 35MuM 2
d=f=20mm,
a y|. b N
5 zc = 25MM, yc = 50MM 3
)
Sy
5 A
P x e = —25 MM, yc = 30MM 4
2/
4. OnpenenuTe KOOPAMHATY Yy UEHTPa TH- 64 MM 1
xectu purypul 1 (yronok 70x 70x 5) oTHo-
cuTensuo ocn Oz (dpurypa 2 — wiBensep 83 MM 2
Ne 20).
95 MM 3
163,5 MM 4
5. BHuUncIuTL KOOpANHATY YC LIEHTpa 19MmMm 1
TAXKECTH COCTABHOIO CeYeHU.
y 21 Mm 2
210
N
K o 17 MM 3
gl 10 «
- X
0 20 50 25 MM 4
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IIpaxTHuyeckoe 3auaTue 4
Temnr 1.8, 1.9. Kunematnka TOYKH.
IIpocTeiinive ABMXEHUs TBEPOOTO Teja

3namb Popmuyavt dag onpedesenud napamempos NOCMYNAMEILHOZO
u spawamenbrozo deuxcenut u xunemamuuecxue 2paduxu.

Ymemp onpedeagmb KUNEMATIUNECKUE NADAMETNPLL MEAL NPU O -
CTYNATNEADHOM U BDPGUAGTNEALHOM OBUNCEHULT, ONPEJeATMb NAPAME -
mpet w060t mouxu meaa.

PacueTHble POpMYJILI OJS OIIpeneIeHus
napaMeTpoOB NMOCTYINaTEJILHOI'O ABUXKEHUA TeJIa

Bce Touxu Tena OBHXYTCA OOUHAKOBO.
3akon pasHoMmepHoro asmxenus: S = Sp + vt.

a¢t2
3akoH panHonepeMeRHOro nBmxkenus: S = Sp + vpt + -
3necy Sp — NyTh, NPOMIEHHEN OO0 HAYANA OTCYETA, M;
Vp — HAYAJILHAS CKODOCTb ABMXEHHS, M/C;
a; — NOCTOSHHOE KACATENLHOe YCKOpEeHHe, M/ c2
Cxopocts: v = S'; v = vy + at.
Yckopenue: a; = v,
3axon nepasHoMepHoro npmxenus: S = f(t3).

KunemaTryeckue rpadukn NMOCTYNATENHLHONO HBMXXEHHMS NpEACTa-
BJeHk! Ha puc. [14.1.

Sv S ¢v,a ,
S= S°+v.,t+9£1'
S=5 vt a, = const__——
¢ v = vo+a't
¥ = cons
So So
%
o tc (o] tc
a) 6)

Puc. [14.1



TlpakTuyeckoe 3ansTHe 4 153

PacueTHile dopMyanl N onpenesieHns TlapaMeTpPoB
BPAalllaTEIbHOTO IBMXEHUA

Touxn Tesa NBIXYTCA N0 OKPYXHOCTSM BOKPYT HENOOBMXKHON OCH
(ocu painiennus).
3aKOH pABHOMEPHOTO BPAINATENILHOTO OBMXKEHAL: ¢ = g + wt.

3akon PaBHOIIEPEMEHHOI'0 BPAalllaTENBLHOIO JBVKCHAA:
2

et
90=<Po+wot+—2—-

3aKoH HEPABHOMEDHOIO BPALIATENLHOTO OBINKeHus: ¢ = f(t3).

3nech p — yros nosopoTa Tena 3a BpeMs i, pal;

W — YTVIOBAs CKOPOCTh, pan/c;

o — YTOJ NOBOpPOTA, Ha KOTOPHI pa3BepHY/OCH TEJO O HAYANIA
oTCueTa;

Wy —— HaYANILHAL YTJIOBas CKOPOCTD;

£ — yrioBoe ycKopeHnue, paj/c?;

Yrnosas ckopocTs: w = ¢'; w = wy + €t;

¥Yranosoe yckopenue: € = w'.

KunemaTuueckye rpadguxn BpamaTensHON0 JBMXEHNS IPENCTaBe-
Hp Ha puc. 114.2.

0,0,6 ¢,0,6
12
¢ = Qo+ 0!
o W= const
(
[@] ) o t
a) 6)
Puc. I14.2

Yucno 060poToB BpalueHus Tena: z = ¢/ (2x).
Yrnosas 4acTOTa BpAILEHUS: 7, 06/MuH.

2Tn wn

T 60  30°
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® [TapameTpnl IBMXKEHMSA TOYKM BpAlLaio-
1IN werocs Tena (puc. I14.3):
X o v -—— &MHeHWHAs CKOpOCTb Toukm A:
' v =uwr, M/c;
N @y — KacaTelnbHOe yCKOpeHne Touku A
ay = er, M/c?;
@, — HOPMATBHOE YCKOpEeHUe TOuky At
Pucll4.3 an = w?r, M/c?.
PeKOMeHﬂaIIHH OJIA PpeLICHNA 3anadvd
pacueTHO-rpadundecKkoit paGoTh
3ananue 1

1. OnpenenuThb BUI OBMXEHUS HA KAXKIOM Y4acTKe 10 IIPUBEIEHHO-
MY KMHEeMaTHU4eCcKOMY rpaduky.

2. 3amucaTh 3aKOHEl DBMXKEHHS IIKMBA HA KaXHoM yuacTke. Ila-
paMeTDHl ABIXKEHUS B KOHLIE KAXIOrO Y4YacTKa ABIAIOTCA HAaYAILHBEIMH
napaMeTpaMU ABIXKEHUS Ha KAXKOAOM MOCIIEeNYIOIIEM.

3. OnpenesnTh NOMHBIA IO IIOBOPOTA, WIKUBA 38 BPEMA BPAIUCHUS.
Hcnonr3osaTs dopmMyny Ang nepexona OT YIJIOBOH 4aCTOTH BPAILEHHS
K YITIOBOMY YCKOPEHHIO.

4. OnpenenuTs MOMHOE YUCIIO0 0GOPOTOB IKKUBA, UCIONB3Y s GOPMYITY

.
T oon’
5. Iloctpouts rpaduky YrJIOBRIX TIEPEMEILIEHMH M  YIJIOBRIX
YCKOPEHMIA.

6. OnpenennTL HOpMAaJIbHOE N KacCaTeCJIbHOEe YCKOpPpEHHs TOUYKH Ha
obone mkuBa B YKa3aHHbBIE MOMCHTRI BDEMEHHU.

3anaune 2

1. TloncTaBus 3anannnle k03 duuMEeHTHI B obllee ypaBHEHNE IBH-
*KeHNH, ONIPENENUTh BUI ABUXEHUMA,

2. Onpenenuts ypaBHEHNE CKOPOCTH M YCKODEHHA I'PY3a.

PacueTHo-rpadpuueckasn paGora

3anaume 1. YacTora BpallleHus MIKNBA OUaMeTPOM d MeHsAeTCs Co-
riacHo rpaduky. OnpenenuTs MOTHOE YMCIO 060POTOB LIKKMBA 38 BPEMA

ABMXKCHHMA U CPEOHIOK yI'NOBYXO CKODOCTB 38 3TO XK€ BpeMi. HOCTpOHTb
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rpaduK YriIoBBIX IlepeMeIlleHNI U YIVIOBHIX yCKopeHMW mikusa. Onpene-
JINTh yCKOPEHUs Todek obona Kojeca B MOMEHTH BpeMeHH i) u ta.

n, 00/MHH n, ob/Mun
Y n, oﬂcnm
1000 1000 1000
800 800 300
600 600 600
400 400 400
200 200 200
0 > 0 > 0 >
2 4 6 8 10 rc 2 a4 6 8 10 s¢ 2 4 6 8 10 4¢
a 6) 8)
n. ol/mum 7, of/mmn n, oA
A A A
1000 1000 1000
800 800 300
600 600 600
400 400 400
200 200 200
>
T T TR 0T, L R R e d D B I N
2 9) e)
Bapuanr
INapamerp

3[41516)7)1819ij10

Huamerp mkuse, » |0,2 10,3 (0,4 (0,6 0,5 (0,8 |0,2 |0,6 |0,5 {0,8
t1, 2 1 1211121 2 1 2 |1
ta, C 8|9 (8|98 |6 |9 |8 |9]|6

3anauue 2. Isuxenne rpysa A 3anaHo ypaBHeHUEM
y = at? + bt +c, rze [y] = M, [t] = c. OnpenennTs CKOPOCTD M yCKOpeHMe
rpy3a B MOMEHTHI BPEMEHH t) ¥ i3, & TaKXe CKOPOCTh M YCKOPEHHE TOYKH
B na obGope GapaGana neGenku (puc. 114.4).
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‘ BapnauTt
/- Ilapamerp

Q 112|345 {6|7]{8]|09]10
B\ “lawmic® {20303 |3 [2|0]4]0
Y [oomfc O[3 |4 2|0 4|03 |4]2
ALl v ¢, M 3{alolsl2]o]af2]01i3
l., r,v |0,2 (0,4 |0,6 {08 [0,5 |04 {0,3 [0,2 0,8 |06
ty, c 121 f{2lr2T121112
Puc. I14.4 ta, ¢ 31434 4 1314314

Hpﬂ 3alumre paﬁo'rm OTBETUTH HA BOIIPOCHI TECTOBOIO 3aaHUS.

Tema 1.9. KnunemaTuka.
IIpocTeiliine ABMXXEHNUK TBEPAOro TeJja

Bonpocwu OTBeTH Kounxn
1. ITo 3ananHOMy 38KOHY BpAlLEHMA Basla Pasnomepnoe 1
@ = 0,25¢t> 4 4t onpenenuTL BUA NBHXEHHS

(y — B panuanax; t — B CeKyHIax). PasHoyckopennoe 2

PaBHo3aMenneHHoe 3

Ilepemennoe 4

2. 3axoH BpAIIATENILHONO ABHKEHNS KOJ1ECA 6¢ 1
@ = 4t — 0,25¢t%. Onpenenurs BpeMs Ko NONHOMN

OCTAHOBKH. 8c 2

10c 3

12¢ 4

3. OnpenennTs uncno o6opoTos 1o nonHoft ocra~ 0 1
HOBKH kojieca. JIBMxenne onucano B sonpoce 2.

1,25 o6opoToB 2

2,55 o6GopoToB 3

3,65 o6opoTor 4
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IIpononxenne
Bonpocwu OrBeTH |[Kon

4. Koneco Bpauaercs ¢ yraosoil CKOpOCTBIO 71,7 M/c2 1,

52 pan/c. Panuyc koneca 45 Mm. Onpenennts . -

MOJIHOe yCKOPeHMe Todek Ha obome Koleca. 101,6 M/c2 T2
121,7m/c? 3
173,7m/c? 4

5. YacroTra Bpaliens Bala MEHIETCH COracHO 2530 pan 1

rpaduky. Onpenenurh NonHOE YUCIO 0GOPOTOB

3a BpeMsA NBHMXKeHHA. 385,4 2

n, o6/Mun 402,9 3

420t ——
2420 pan 4
0 5 60 re
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IIpaxTuueckoe 3ausaTue 5
Temsnr 1.14, 1.15. PaGoTa 1 MOLIIHOCTb.
O6ue TeopeMbl TUHAMUKU

3name aasucumocmu 0ag onpedesenud MOWHOCTIU NEY NOCMYna—
meabrom u epawjamesvron deuncenugr. KIIII.

3nameb ocHOGHbIE YPABHENUL OUHAMUKY NPU NOCTMYNATNEALHOM
8pawamesbHoM JBUNCENUIT MEepdo2o Mmeaa.

Ymempb paccuumbléams MOWHOCTIL C YUEMOM NOMEPL HO MPEHY
U CUsL UHEPYUL.

Ymemv onpedeagmv napamempul J6UNCEHUT C NOMOWDBIO MEOPEM
JunamMuK.

Pacuernnie ¢popmynnl

Mowmnocmb npu nocmynameavnom deudcenuy
P = Fvcosa,

roe F — nocrosnnas cuna, H; v — ckopocTs neuxenus, M/c; @ — yroa
MEXy HAIPABJICHUSIMHU CUJILI M IE€DPEMEILEHNU .

Mownocms npu epawenuu

P=Muw,

roe M — ppamatormit momenT, H-M; w — yriosas ckopocTs, pan/c.

Kosgguyuenwm noaesnozo deticmeus

KIIII = _P'H.,

P 3ATp
rae Pron — MONE3Has MOLHOCTD, BT; Psarp — 38TPaueHHas MOILHOCTS, B

Cuaa unepyuu
Fyy = —ma,

rme a — yckopeHme Touku, M/c?; m — macca, K.

Ocnosnble ypashenus JURGMUKY
IMocrynaTensnoe nemxenue Tepnoro tena: F = ma.
BpamaTensHoe nsuxeHne TBepaoro Tena: M, = Je,
roe M, — cyMMapHBIit MOMEHT BHEILHUX CHJI OTHOCUTENBLHO OCH BDPAIle -
unsa, HwM; J — MOMEHT MHepUMH OTHOCUTEILHO OCH BpallleHUs, KI-
€ — yrIoBoe yckopenue, paj/c?.
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PacuerHo-rpadmueckas paGora

3ananue 1. CxkopocTs KabMHE audTa Maccoit M N3IMEHSeTCS CO-
rnacHo rpadukaM. OnpenennTs BEWYHHY HATIXKCHUS KaHaTa, Ha KO-
TOPOM NOOBeIleH JUPT, [IPU NOABEME N ONYCKAaHMH. Ilo MakcuMaILHOR
BeIMYMHE HATSXEHHUS KaHATa OINPENeNUTD ITOTPebHYI0 MOLLHOCTL 3JIeK-

TPONBUTATENS.
U AM/C 1)4\.“/6 v A M/e
5 5 s
4 4 4
3 3 3
2 2 2
1 1 i
L A R TP < ™3 62| 2 4 6 10
o c 6 te o) tc
v Mase v Mse v wusc
5 5 sk
4 41 4
3 3 3
2 2 2
t 1 1
0246810’>c 0 3 10’>c 0246810'>c
2) 9) ' ¢
Bapunaur
INapametp
1 2 3 4 5 6 7 8 9 | 10
Macca m, xr 500 | 700 |750 | 800 |600 | 800 |600 | 450 |900 | 850
KILI mexauuama| 0,8 (0,75 | 0,8 10,75 {0,8 10,75 | 0,8 10,75 | 0,8 (0,75
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PekxoMeHIauu U no BHENOJHEHUIO 3ANBHUS.

1. Vconssys npurmen JanaMGepa, ONpenesnThb HATAXKEHUE KAHAT
xaburu ymdra Ha KAXIOM yuacTKe asmxenus (Jlexms 14, mpumep 3

2. OnpenesMTh MAKCHMAJILHOE HATSXKECHHE KAHATA.

3. TTo MaxcHMAaTLHOMY HATIXKEHUIO KAHATA ONPEIESINTD MAKCUMAN:-
HYI0 NOTPe6GHYI0 MOILHOCTD IIA NOAbeMa Ipy3a.

4. Tlo 3apamuoit penuumue KIIJI MexaHuU3Ma ONpENEIMTbh MaKCH-
MAJILHYIO MOUIHOCTb OBUTATENA.

@ 3ananune 2. IIlxus Maccoit m Top—

N MO3HTCS 38 CIeT MPMKATHSL KONQNOK CU—

namu 2 xH (puc. I15.1). Onpenenuts Bpe-

9 Q wa TOPMOXEHNS IUIKUBA, €CJIM B MOMEHT

HAJIOKEHUs KOJIONOK YacTOTa BPAUIeHMS

wkusa pasHa 450 06/mun. IIpu pacyeTte

Puc. 115.1 IWIKKB MPUHATD 38 CIWIOWHOM auck. e
XEHUe CUMTATh PABHO3AMEIIEHHEIM.

Bapuant

Iapauerp
1{2(3(4|516|7|8]9]10

d, v |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|0,4210,42}0,350,45}0,44]0,43 (0,36 0,370,38

Pexouennauuuno BREIITOJTHEHU1IO 3aJI8HNA.

1. ITo BeMmMuMHE yCHINA IPMXKATHS KOJONOK K IMCKY Y 38JaHHOMY
KO3 dHIMEHTY TPEHHS ONPENEUTb MOMEHT TPEHMA KOJIONOK.

2. OmpenenuTh MOMEHT MHEPLMH IUCKA.

3. Vicnonp3ys OCHOBHOE YpaBHeHHe TUHAMMWKH, ONPENEIUTh YTIIOROE
ycxopenne (3aMenneHne) IpU TOPMOXEHUH.

4. VI3 ypaBEEHHS CKODOCTH NIPX PABHONEPEMERHOM IBHXEHHH OHPe-
HOeJIRTh BPpEMSA TOPMOXEHUA.

IIpn 3anmTe paboTH OTBETHUTEL Ha BOIPOCH TECTOBOTO 38LAHUA.
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Temnr 1.14 1 1.15. Inpamuka. Pa6oTa ¥ MOIIHOCTD.
O6ue TeopeMbl AMHAMMKN

Bonpocu Oreerm |Kon
1. lleGenkoit momummaloT rpy3 maccoit 300 xr 0,079 1
co ckopocTrio 0,5 M/c. MotiHocTs mBUraTens
2 xBr. Onpenenuts o6umit KIIII mexanuama. 0,935 2
0,625 3
0,736 4
2. OnpenennTh BEIMYNHY TOPMO3HON CHIIBI, 52H 1
ecnu 3a 4 ¢ ero CKopocTh ynana ¢ 12 M/c
10 4 M/c. Cuna taxecru — 104 H. 15,9 H 2
10,6 H 3
212 H 4
3. Uemy paBna paGoTa CHJI, IPH/IOKEHHLIX K 11,25 xJlx 1
NPpAMOIUHERHO ABMXYILUEMYCSA TEIy, €C/H €ro
CKOpPOCTH yBenuuuaack ¢ 15 m/c mo 25 M/c. 20 xIlx 2
Macca Tena 1000 xr.
75 xJIx 3
112,5 xJlx 4
4. CnnourHoi onHoponHe! uuanHAp Maccoit m | Tonbko oT 7 1
BPAaILlACTCA OTHOCHTCIILHO CBOCH IPONOJILHON
ocut. OT 4ero 3aBUCHT 3HAUCHUNE Ormur 2
MOMEHTA MHEepUUM LMIMHApPA?!
Orlum 3
Orl,munr 4
5. Mon neicTpueM BPAIMAIONIEr0 MOMEHTA 23,8 kr - M2 1
M = 200 H - M xoneco BpawuaeTcs paBHOYCKO-
PEHHO U3 COCTOSHMA NOKOA 1 38 4 C ero cKo- 48 xr - M2 2
pocTh pocturiaa 320 06/MuH.
OnpenennTs MOMEHT MHEPLIMU KoJjleca. 96 kr - M° 3
108 kr - M2 4

y = ROo6()



162 Jlexuns 18

PA3NEJI 11

ConpoTnsiieHne MaTepHAIIOB

JIEKOUA 18

Tema 2.1. OcHOBHBIE TIOJIOXXEHNA.
I'mnoTesn u nonylueuns

Huems npedcmasaenue o 6udaz pacuemos 6 CONPOMUBAEHUL MO—
MEPUAL08, O KAACCUPUKOYUU HAZPYIOK, O GHYMPEHHUT CUL06bLIT ax—
MOPAT U 603HUKAOWUT JEPOPMAYULT, O METAHUNECKUT HANDANCEHUTE

3namb ocnoenbie nonwgmug, 2unomedvt U JONYWeEHUL 6 COnPomi—
84CHUYU MAMEPUALOS.

«Conpomussenue mamepuaioe» — 3TO pasnen «TexHndeckon Me -
XaHUKU®, B KOTOPOM M3JIaraloTCA T€OPEeTUKO-3KCIIEPUMEHTANIBHBIE OCHO—
BBl ¥ MeTONHl pacueTa Haubollee PacCHpPOCTPAHEHHLIX 3JIEMENTOB KOH-
CTPYKUMH Ha MPOYHOCTh, XKECTKOCTb U YCTONUMBOCT.

B conpoTuBneHMM MaTEpHAJIOB TMONb3YIOTCA OAHHBIMU CMEXKHBIX
OUCLMILIMH: GU3UKY, TEOPETUYECKO MEXaHUKY, MaTepHUaJIOBeIeH U, Ma-
TeMaTUKM U Ap. B ¢Bolo ouepens compoTuBieHMe MaTEPUAJIOB KaK HayKa
SBJISETCS ONOPHOMI 6a30i OIS 1eJIoro pAaa TEXHUYECKUX IUCLIUIIIUH,

Jliobrie coznaBaeMble KOHCTPYKUNU JOMXKHE! GBITH HE TONBKO IIPOY-
HBIMM U HAJEXHBEIMHU, HO ¥ HEIOPOTUMH, IIPOCTLIMY B U3TOTOBJIEHUH U 06-
CIIyXMBaHNU, C MUHMMAJIBHEIM PACcXOOOM MAaTEpPUaJIOB, TPY.Ia U SHEPT UM,

Pacuern conporuBieHUs MaTepuasioB sABiagi0oTCS 6a30BrIMM ANA
obecricyeHUs OCHOBHBLIX TpeOoBaHMil K JETaIIM U KOHCTPYKUUSM.

OcHOBHBIE TpeﬁOBaHﬂﬂ K neTajisM U KOHCTDYKIUAM
1 BUOBI PACYETOB B CONIPOTURBJIIEHNN MaTe€puayoB

Mezanuuecxue ceolicmea mamepuaaoe

IIpounocms — criocobHOCTL He Pa3pyIaThLCA TOI HArDY3KOA.

Xecmxocmy — CHOCOOHOCTH HE3HAUMTENBHO OePOPMUPOBATHLCA
Ion HAT'PY3KOM.
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Buinocausocmb — cnocobHOCTH OIMTENBHOE BPeMs BHIIEPXKUBATH
TepeMEHHEIE HATPY3KHU.

Yemotinueocmbs — criocoGHOCTD COXPAHATH NEPBOHAYANILHYIO GOp-
MY YIPYTOrO PaBHOBECHS.

Ba3kxocmb — cnocobHOCTE BOCIIPUHUMATL YIOAPHEIE HArDY3KU.

Budst pacuemos
Pacuem na npounocmp obecneunBaeT HepaspylIeHKEe KOHCTPYKIUH.

Pacuem na scecmrocmoy obecneunBaer nedpopManuu KOHCTPYKIIMY
1ozl HArpy3KOo#l B NpefesiaxX HOMYCTUMBIX HODM.

Pacuem na suinocausocmsy obecneunBaeT HEOOXOOMUMYIO IOITOBEY-
HOCTB 3JIEMEHTOB KOHCTPYKIIMH.

Pacuem na ycmotinusocms obecneunBaeT cOXpaHeHue Heo6XomMMon
¢$OpMEI PaBHOBECHS 1 IPENOTBPALIAET BHE3AITHOE UCKPUBJIEHUE IJTMHHBIX
CTepKHel.

Ilns ofecneueHnss MpPOYHOCTHM KOHCTPYKIN, paGoTaolUmx OpHu

yOApHHIX HArpy3Kax (IpH KOBKe, IITAMIIOBKE K NOMOGHRIX CIIyYasx ), Ipo-
BOIATCS pacxemyst Ha yodap.

OcHoOBHBIE rUNIOTE3E U AOOIIYyUICHNA

IIpucTynas x pacyeraM KOHCTPYKUMH, CjledyeT PEIUNTH, UTO B JaH-
HOM CJIy48€ CYLUECTBEHHO, & YTO MOXHO OTODOCHTD, T.K. pElleHne TeX-
HUYECKOH 3al1auy C ITOJIHEIM YYeTOM BCEX CBOMCTB pealibHOro obneKkTa
HEBO3MOXHO.

Honywenua o ceotcmear mamepuaaos

Marepuann odnopodusie — B m1060ii Touke MaTepHaIbl MMEIOT OLNH-
HAKOBHIE (DU3NKO-MEXaHUIeCKUe CBOMCTBA.

Marepualibl IPENCTABIAIOT CRAOWHYIO CPEdy — KPUCTAIIINUIECKOe
CTPOEHME M MUKPOCKOIINYECKUE NeeKThl HE YUYNTHIBAIOTCS.

MaTepuansl uzomponnbl — MeXaHUYECKNE CBOWCTBA HE 3aBUCAT OT
HaIIpaBJIEHUS HarpyXKeHUs.

Marepnanul ob6nanaioT udeaavrotl Yynpyeocmpio — MOITHOCTHIO BOC-
CTAHABIMBAIOT GOPMY ¥ PA3MEpPHI IIOC/IE CHATHUA HArPY3KM.

B peansHBIX MaTepuaaX 3THU DONYLIEHNA BLIOJHAIOTCA JIMLIL OT-

4aCcTHU, HO IPUHATHE TAKUX OOMYyLUeHuil ynpowaer pacyeT. Bee ynpore-
HUA IPUHATO KOMIIEHCHPOBATH, BBENA 3aI1aC MPOYHOCTH.
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onywenus o zapaxmepe dedopmayuu

Bce mamepuaabt nod nazpysxoti deopmupyromes, m. e. MengIOT
dopmy u pasmepbr.

XapaxTep medopMauynu JIETKO IPOCIIEAUTH PN UCHOBITAHUN MATE-
PUAJIOB Ha DACTKEHUE.

Tlepen ncnprTaHNsIMKM UHIIMHAPUYIECKHH 00pa3el 3aKpersiseTcs B 3a-
XBaTax Pa3pHIBHOM MAIINHEI, PACTATUBAETCA U JOBOMUTCH O Pa3pylIe-
uus. [Ipn 5TOM 3alUCEIBAETCS 33BUCUMOCTE MEXAY NPHIIOKEHHLIM yCH—
aveM u medopmanmeit. IlonydyaroT rpaduk, HA3HLIBAEMBIX OUATPAMMOH
pacTsxenns. I{ns npuMepa ua puc. 18.1 npencrasnena nuarpamma pa-
CTAXEHUA MaJloyrilepoaucToN CTalm.

Ha ammarpamMMe oTMe4aroT

F.H 4 ocobble TOYKU:
4 5 AF — oT Toukn 0 mo Toukm 1 —
73 Pasrpysxa npamag muHUA (necopManus npa-

MO MPOMOPUMOHALHA HAIPY3Ke);
— OT TOYKU 2 1O TOUYKHU 5

F neopManuy OLICTPO HapacTAaIOT

0 B 1 obpaseln paspylIaeTcs, paipy-

N — Al wm LLICHNIO MPCIHLUECTBYCT [10ABJIEHNE
OCTATOYHAR M

ymonuenud (1ejiku) B Touke 4.
Puc. 18.1 Ecnu npepsaTh MCHLITaHUSA
0o Touxu 2, obpa3zen BepHETCH K
MCXOMHLIM pasMepaM; 3Ta O6JIaCTh HA3LIBAETCA 064acmbio ynpyaut de-
dopmayuil. Ynpyrne medhopMallii MOJIHOCTHIO MUCYE3RIOT NOCTE CHATHA
HArpy3Ku.

IIpu mponomxkeHNy UCOLITAHUI nocie ToukK 2 obpasen yxxe He BO3-
BpaltaeTcd K MCXOOHBIM pa3MepaM, AechOpMalMy HAUYMHAIOT HakKalllIH-
BATBCH.

ITpu BrIKTIOYeHNM MaIIMHBL B Touke A ofpa3ell HeCKOJILKO CKUMa-
etcs no muuun AB, napannensuoit munun 01, IebopManun nociie TOUKH
2 Ha3BIBAIOTCS NAGCTAUNECKUMY, OHU NOAHOCIILIO HE UCUEZQIOM; COXPar
HuBIUKECA NedOpMALUN HA3ZLIBAIOTCA OCMAMONHbLMU.

Ha yuacrxe 01 Bumonusercs 3axon 'yka:

B npedesaz ynpyzocmu deopmayuu npamo nponopyuoHalbtbl Na-
2py3xe.

CunTaloT, 4TO 8ce mamepuadbt nodwungomed 3axony I'yxa.

ITockoneky ynpyrue nedopMaumym maabt 0 CPABHEHMIO C TEOMET PH-
YECKNMMH pa3MepaMy JETaJH, [IPU pacyeTaxX CUNTAIOT, YTO pa3mepsl nod
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Xa2PY3IKOU He UIMEeNFIOMC.

PacueTh BenyT HCHONL3ys npuxyun HavatbHux pa3mepos. IIpu pa-
fome xoncmpyxyuu dedopmayuu JoaHHBL 0CTMABAMLCT YNPYSUMU.

K napyumeHuo NpoYHOCTH CleNyeT OTHOCUTE U BOIHUKHOBEHME IIIA-
cTuveckux aedopmaumit. XoTs B pakTike OLBAIOT C/1y4yan, KOria MecT-
Hble TTacTU4Yeckue nedopMaluy CHUTAIOTCA NOMYCTUMBIMMU.

Knaccupukaunsa Harpy3okK M 3JIeMEHTOB KOHCTPYKIIUU

Kaaccuguxayug nazpysox

FH

£l

NUVAV

6)
Puc. 18.2

Cmamuvecxue Harpysku (puc. 18.24) ue Mensitorcs co BpeMeHeM
WIM MEHAITCA OdYeHb MciulcHHO. [Ipu medcTBMM CTATHYeCKUX HA-
IPY30K NPOBOONTCS PacyeT Ha NMPOYHOCTH.

Moemopno-nepemennvie Harpyskn (puc. 18.26) MHOrOKPaTHO MeHs-
10T 3HAYEHYIE WITI 3HaYeHHe ¥ 3HaK. JleficTsre TAKMX HArPY30K BLI3LIBACT
yCTaoCTh METAaJlIa.

Hunamunecxue Harpysku (puc. 18.26) MeHAIOT cBoe 3HayeHUE B
KOPOTKHII NPOMEXYTOK BpeMeHM, OHM BhI3nBaloT Gonblime yckope-
HHS U CHJIhl MHEPUMM ¥ MOTYT IIPMBECTH K BHE3AMHOMY Da3pyLUEHMIO
KOHCTPYKLIMH.

W3 teopeTnueckoit MexaHUKM M3BECTHO, 4TO IO crniocoly mpusoxe-

HUR HArPY3KU MOTYT OLITh COCPEJOMOUEHHBIMU UITN DPACNPEJEEHHbLUY
10 TTOBEPXHOCTH.
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Peannno nepemava HArpy3KM MeXAy HETAISAMM IPOUCKXOOUT HE B
TOYKE, & Ha HEKOTOpPOH! IIOIIANKE, T.€. HArPy3Ka SBJISETCA pacupene—
JIEHHOM!.

Onnako ecim INIOIIANKa KOHTAKTa NpPEeHeOpeXUTEILHO Majla 1o
CPABHEHHUIO C PasMEpPAMH NETaJi, CUJIIy CUYUTAIT COCPEeNOTOYEHHOM.

Ilpn pacueTax peanbHBIX HeHOPMHUDPYEMEIX TeJl B COMPOTUBIICHHM
MATepHaJIOB 3aMEHATDL PACIpedelIeHHYI0 HAIDY3KY COCPENOTOYEHHON HE
cienyer.

AKCHOMBI TEOPETHYECKOH MEXAHHKH B CONMPOTHUBICHUN MATEPUAJIOB
HCIONBb3YIOTCA OrPaHNYeHHO.

Henwn3s nepeHocuTh mapy cuil B IPYCYIO TOYKY IETAJIM, TEpeMe-
1aTh COCPENOTOYEHHYIO CWIY BIOJL JIMHUM NENCTBUA, HENMb3s CHCTE-
MYy CUJI 3aMEHATbh PaBHOOEHCTBYIOIIEH NpH ONPENENeHUN ME€PEMEITICHMN
Bce BhilnenepeunciieHHOE MEHSET pacHpeneseHNe BHYTDEHHUX CHII B
KOHCTPYKLHMH.

DPopmbl IAEMEHTNOB KOHCTNPYKUUU

Bce Muoroo6pasue ¢opM CBOOMTCSA K TPeM BUAAM IO OOHOMY MpH-
3HaKYy.

1. Bpyc — moboe Teso, y KOTOPOro IJIMHA 3HAYUTEILHO GONBIUE
OPYTUX pPa3MepoB.

B 3aBncuMocTr 0T GOpM NMPONOIBLHOR OCH U IONEPEYHBIX CeYeHUH
pa3nuyaloT HECKOJILKO BHIOB OpycCheB:

— mpsMoit Opyc MOCTOSHHOIO nonepeyHoro ceyenus (puc. 18.3a);

Ocb Opyca
T [ =y
IMonepeusoe
ceyeHue Opyca a) 6) 6)

Puc. 18.3
— OpsMoi cTyneHyaTwi 6pyc (puc. 18.36);
— KpmBoIMHelHbIR 6pyc (puc. 18.3s).

2. ITaacmuna — moboe Tero, Y KOTOPOrO TOJIIMHA 3HAYNTE/ILHO
MeHblIlle ApYrux pasmepos (puc. 18.4).

Puc. 18.4
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3. Maccus — Teno, y XOTOporo Tpu pasMepa OTHOTO TIOpsIKa.

KoHTponbHEIE BOIPOCH! M 3aaHUA

1. Yro Ha3mIBaeTCs MPOYHOCTLIO, XECTKOCThIO, YCTORYRBOCTHIO?

2. Tlo xaxoMy mpuHIUNY Ki1acCUGUIMPYIOT HATPY3KH B COIPOTH-
BJIeHMU MaTepuaiioB? K kakoMy BuOy pa3’pylUeHUR MPUBOOAT IIOBTOPHO-
[IEPEMEHHKIE HATPY3KU?

3. Kakue HArpy3ky IPUHSITO CUUTATH COCPEOOTOYEHHBIMMU !

4. Kakoe Teno HasmBaioT 6pycom? Hapucyitre moboit 6pyc 1 yka-
XHUTE ochb Gpyca U ero nonepeyHoe cedeHre. Kakue Tena HA3LIBAIOT I71a-
CTUHAMHU?

5. Uto HazmBaeTcsa nedopmanueit? Kakpe medbopManum Ha3nlBaIOT
yupyrumu?

6. IIpu xaxux medopmanusx Brinonusercs 3akon ['yka? Cohopmynu-
pyiiTe 3akon ['yka.

7. UTo Takoe NpUHLMII Ha4yaJbHEIX pPasMepoB?

8. B geM 3ak/modaeTcs OONYLUEHME O CINVIOIIHOM CTPOEHNM MaTEPH-
anop? IloacHuTe monyuienue o6 OOHOPOOHOCTY ¥ U3OTPOIMHOCTY MATEPH-
aJIoB.
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JIEKIIVIA 19

Tema 2.1. OcHOBHELIE IIOJIOXKEHUSI.
Harpy3ku BHellHre u BHyTpPEHHME,
MeTOoo CedyeHUt

3namy memod ceuenuli, ewympennue cuaoevie axmopvi, cocma—
eagowue nanparcenul.

Yumemb onpedeagms sudor nazpymcenutl u eHympennue cusosble—
PaxmopbL 8 TONEPEUHBIT CeueHUAT.

OneMeHTEl KOHCTPYKUUM Ipy paboTe UCIBITHIBAIOT BHELIHEE BO3-
neficTBYe, KOTOPOe OLIEHUBAETCH BEIMIMHOM BHemH el cunnl. K sHemnmM
CIJ1aM OTHOCAT AKTHUBHLIE CUIIBI 1 PEAKLIMHU OIIOp.

Tlon meficTBHeM BHEMIHUX CUJI B OETAlM BO3HUKAIOT BHYTPEHHHE
CUMBL YIPYTOCTH, CTPEMAIIMECT BEpHYTh Telly nepBoHavalIbHYIo GopMy
U pasMepHI.

Bremnue cuiinl JOJDKHEL OLITE OnpenenesHnl METOIaMU TeOpeTude-
CKOM MEXaHMKM, & BHYTPEHHHE ONpEnessioTCH OCHOBHEIM METOMOM CO-
NPOTUBIIEHNS MATEPUATIOB — METONOM CEYEHUI.

B conpoTuBneHMN MATEpHANOB Tejla PAacCMATPUBAIOTCA B DABHOBE-
cuu. JIns pelienus 3a0a4 UCIObL3YIOT YPABHEHUS PABHOBECU S, IOy Y€H-
Hble B TEOPETUYECKOR MEXaHNKe IJis Teja B IPOCTPAHCTERE.

Hcnonwssyercs cucreMa KoopOMHAT, CBA3aHHAL ¢ TeaoM. Yarue npo-
IOJILHYI0 OChb IeTalum 0GO3HAYal0T 2z, Havallo KOOPAMHAT COBMELLAIOT C
JIEBHIM KPAEM ¥ Pa3MeIlaloT B IEHTpE TAXECTH CeYeHu .

MeTon ceueHmit

Memod ceuenutli 3axa08aeMCT 6 MBICACHHOM DGCCENEHUL TNEAL
NAOCKOCTbI0 U PACCMOMPEHUL PABHOBECUT 10601 U3 OTMCEUEHHDIT 4G—
cmeil.

Ecnn Bce Teno HaxonuTCs B PABHOBECHH, TO M KaxKIasd €ro 4acTh
HAXOOUTCS B PABHOBECHM IO HEMCTBHEM BHELIHUX M BHYTPEHHMX CIL
Buympennue cuabt onpedeadiomed u3 ypasHenuti paenosecud, COCMG—
BAEHHBIT 044 PaccMampusaemot vacmu meaa.

Paccekaem Teno momepek miockoctsio (puc. 19.1). PaccMarpusa-
eM npasylo 4acTh. Ha Hee meiicTsyior Baemnne cunul Fy; Fy; Fg v BHy-
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TPEHHME CWILI YIPYIOCTU (), PaclpenesieHHHE NO ceyeHuo. Cucremy
pacrpeneleHHbIX CUII MOXHO 3aMeHUTHb [VIaBHRIM BeKTopoM Ry, mome-
LWIEHHBIM B UEHTP TSKECTHU CEYEHMs!, U CyMMapHBIM MOMEHTOM cun My:

n n
Ro=3qi; Mo =3 my.
0 0

Paanoxus rinapHblit BekTop Ry N0 OCcsaM, NOAYUYUM TPU COCTABIAIOIINE:

ROZNZ+QU+QI;

rac N, — npogosibHas cuma;
Q. — monepevHas cuiia 10 OCH I
Q, — nonepevHas CHIa I0 OCH Y.

nasuuiit MOMEHT TOXE MIPUHATO OPEeACTaB/IATHL B BUAE MOMEHTOB
nap CUJ1 B TpeX INIOCKOCTX IIPOCKIUH:

My=M,+ M, + M,,

M_; — MonmeHT cun otHocuTensHo Or; My, — MOMEHT CHJT OTHOCHTENb-
HO Qy; M, — MOMEHT cui oTHOcuTensHO O2.

Hoayuennrle cocTassIOLIME CHIT YIPYIOCTY HOCAT HA3BAHME BHY-
mpennuz cuaoebls Paxmopos. Kaxnplil U3 BHyTPEHHMX CHIIOBBIX (hak-
TOPOB BBI3HIBAET ONPENE/IEHHYIO NedopMalnio neTajim. BHyTpenHue cH-
JIOBEIE GAKTOPHl Y PABHOBEILUBAIOT IIPUIJIOKEHHEIE K 9TOMY 3JIEMEHTY N~
Tany BHeIIHue cuibl. Mcnonb3ys 1ecTh ypaBHEHUI paBHOBECUS, MOXKHO
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HONTYYUTh BEIMYMHY BHYTPEHHUX CUJIOBBIX (aKTOPOB:

n n

Nz:Zsz; Mzzzmz(Fk);
0
n

QI = Z Fka:; Ma: =
0
n

Qy =3 Fiys M, =
0

W3 npuBeneHHBIX ypaBHEHUI CllEqyeT, YTO:

N, — npodoavnag cuaa, paBHas anreGpanyeckoil CyMMe npoeKuumik
Ha och Oz BHEIIHMX Cuil, NeACTBYIOILMX HA OTCEYEHHYIO HacThb Gpyca;
BBI3BLIBAET PACTSXKEHNE WM CXKATHE;

)z — nonepeunas cuaqa, paBHas anrebpanvecxoil CyMMe IpOeKLuii
Ha ocb OZ BHEIIHMX CHJI, HEACTBYIOIIMX HAa OTCEYEHHYIO YacCTh;

Qy — nonepeunaq cu.a, paBHas anreGpanmyeckoil CyMMe IpOeKumit
Ha ocb Oy BHELIHUX CWI, OEHCTBYIOLIUX Ha OTCEYEHHYIO YACTD;

cunbl Qz 1 (Qy BBI3BLIBAIOT CHBUT CEYEHUS;

M, — xpymawuiica momenm, paBHBIR aiireGpandeckoil cyMMe Mo-
MEHTOB BHEIUHNX CHJI OTHOCHUTEIBHO NpomoibHOM ocu (z; BHI3LIBAET
CKpy-IMBaHUe Gpyca;

M, — useubarowul momenm, paBHLLl anreGpanvyeckoil CyMMe Mo-
MEHTOB BHEILIHNX CHUJI OTHOCUTENLHO ocu O

M, — useubarowut momenm, paBHbIi ajrebpanveckoil cymMme Mo-
MEHTOB BHEUIHUX CHUJI OTHOCUTeNbHO ocn (Oy;

MOMeHTH M; u M, Bu3bBaloT m3rub 6pyca B cooTBeTcTByIoLei
IIIIOCKOCTH.

Hanpsxeuns

Memod ceuenutl NO3BONAET ONpPENENNTH BEIUYNHY BHY TPEHHETO CH-
noBoro ¢akTopa B CEYEHHMM, HO HE NaeT BO3MOXHOCTHM YCTAHOBHUTH 3a&-
KOH paclpeleseH!s BHYTPEHHMX CHII IO ceyeHMo. I[d OLeHKM IIPOYHO--
CTH HeOOXOMMMO OIIPENENUTh BEIMYMHY CUJIbL, IPUXOOAIILyIOcs Ha T00ya
TOYKY HOIEPEYHOTO CeYeHNUs.

BenmuuuHy MHTEHCMBHOCTH BHYTPEHHMX CHJI B TOYKE IOIEPEYHOIO-
cevyeHus HA3BLIBAIOT MeTanuueckum nanpgacenuenm. Hanpsxkenue xapak-
TepU3yeT BeINUNHY BHYTPEHHEW CHIILI, IPUXONAILEHCs Ha eqUHIy II0-
IIJa/IM TIONIEPEYHOr0 CeYeHu .
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PaccMoTpuM 6pyc, K KOTOpOMY TPUIIOXKEHA BHEINHAS HArpyska
(pue. 19.2). C momousio Memoda ceuenut paccedeM GpyC HomepedHoOn
[NIOCKOCTBI0, OTOPOCHM JIEBYIO YaCTh W PACCMOTPHM pABHOBECME OCTAB-
weiics MpaBoit YacTn. Beimenum Ha cekyimeil IOCKOCTH MAJIYIo IIIOWA-
ky AA. Ha a710ii naomanke neficTByeT paBHOOEHACTBYIOIATL BHYTPEHHUX
CuJl yIpyrocTH.

Hanpapinenue HanpspKkeHUs Pep COBIIALAET C
HalpaBlleHHEeM BHYyTDEHHE! CUILI B 3TOM cede-
HUW.

BexTOp pcp HA3LIBAIOT NOMAKDIM HATLPAHCEHU-
em. Ero npuHATO packiianniBaTh Ha [1Ba BEKTOpPA
(puc. 19.3): T — nexammit B mIOLLIALKE CEYEHUS 1
0 — HANPAaBJIEHHLI} NEePIeHAUKYIISPHO IFIOWa-
Ke.

p=+voi+ 712,
Ecnnm BekTOp p — HpPOCTPAHCTBEHHEIH, TO
ero pack/IanblBalOT Ha, TPH COCTABIIAIOLINE:

p= /o2 + T2 472, Puc. 19.3

HopmanbHoe HanpshXeHME XapaKTepusyeT
CONPOTUBIICHUE CEYEHUS PACTIKEHUIO UK CIKATHUIO.

KacarenbHoe HanpsxeHne XapakTepu3yeT CONPOTHRIICHUE CEYCHUS
CHBUTY.

Cuna N (npomonbHas) BHI3LIBAET MOSBIEHME HOPMAJIBLHOIO Hamps-
xeHus 0. Cunel Q; 1 @ BHI3LIBAIOT NOSABJIEHNE KACATENbHBIX HAIpI-
xeHuit 7. MoMeHTH marubatome Mz u M, BEI3LIBAIOT MOSBJIEHNE HOP-
MaJIbHBIX HANIPSXEHUN O, IEPEMEHHBIX [0 CEYEHUIO.

Kpyrsimit moMeHT M, BRI3BIBAE€T CABUT CeYeHMs BOKPYT [IPONOIb-
HOW OCH, [TOITOMY TOSABIAIOTCSA KACATEILHEIE HANIPSKEHUS T.

IIpuMmeps! peluenus 3agayg

IIpumep 1. OnpenenuTs BETUYMHY NMPONOILHOR CHIBI B CEYEHUM
1-1 (puc. 19.4).

Pewenue

n
HcnonbiyeM ypaBHenue paBHoBecus Y Fg, = 0.
0
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PaccemaTpusas nesyio yacts 6pyca, onpenensem N, =—12+8-5=9«H
Pacemarpusas npasyio yacTs Gpyca, onpenensem N, =23 — 14=9«kH

y i
12 xH 8 kH 5 kH 23 kH J 14 xH
- > ——— - > — -
12 xH 8 xkH 5xH|j{ Na
« - > il
b,
Puc. 194

BenuunHa 1poHONBLHON CUIBI B CEYEHMU HE 3aBUCUT OT TOrO, KaKad
4acTh Opyca paccMaTpHUBACTCS.

IMpumep 2. OnpenenurTs BHYTPEHBME CUNOBON (PAKTOP B CCUCHHAM
1-1 (puc. 19.5a).

Pewenue
1
\/ 7N ™ I\
AU SRR DRI U N N, e e — | b —1
i 7 9 :
_ ~ S ~7 g S 16KH -
m=102xH-m 0 o 40x1T M

my = 88 KH-M'
Puc. 19.5

Wenonbayem ypasuenne pasnosecus 9, m, = 0.
mo = mq + ma + ms + my; mp = 246 kH - m.
PaccmaTpusaem npasyio yacth Opyca. Ha orceuennyio yacts Gpy-—

ca MPMHATO CMOTPETh CO CTOPOHBI OTOGpOIUCHHOR YacTu (puc. 19.56)
[Mony4vaem M, = 246 — 40 — 16 = 190 xH - M.

KonTponbHubie Bonpockl U 3amanus

1. Kaxmue cunni B CONpOTUBIEHUN MATEPMAIIOB CHUTAIOT BHELIHUMHT
Kakue cunnl aBisioTca BHY TpeHHAMM?

2. KaxyMn MeTOooaMu ONpeneNnsioT BHeluHue cuinl?! Kax HasmpBaor
METON U1 ONpeHeSieHHst BHY TPEHHUX CUit?

3. ChopMynupyiiTe METOH CEYECHHMIA.
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4. Kak B CONpOTUBICHUN MATEPUAIIOB PACHOJIArAI0T CHCTEMY KOOD-
aOVHAT?

5. UTo B CONPOTUBIEHNN MATEPHUAJIOB HA3LIBAIOT BHYTPEHHUMH CH-
nosuiMu akTopaMu? CKOIbKO B 06IleM ciiydae MOXKeT BO3HMKHYTh BHY-
TPEHHMX CUIIOBHIX (pakTopoB?

6. 3anuiuTe cUCTEMY YPaBHEHMIA, UCIIOIB3YEMYIO [IPH ONlpeaeSICHUN
BHYTPEHHUX CHJIOBLIX ()aKTOpPOB B ceyeHnn?

7. Kax ofo3nauaeTca u Kak onpenenseTcs IPOAOILHAS CHIIA B cede-
unn? .

8. Kax 0603Ha4AIOTCS ¥ KaK ONPENeNAIOTCS MONepeYHEIe CUIIbT

9. Kax 0603HAYaI0OTCA U ONPENENsoTcs M3rubaionme U KpyTAILINAML
MOMEHTHI?

10. Kaxue nedopmanuu BHI3LIBAIOTCS KaXXOLIM M3 BHYTDEHHUX CH-
MOBBIX (HAKTOPOB?

11. Yto Ha3LIBAIOT MEXaHMYECKUM HAIpsXKEHNeM?

12. Kak 1o OTHOWIEHMIO K INIOLUAJKE HAIIPABJIEHL HOPMAaJILHOE U
KacaTesbHble HanpsokeHna? Kax onu ofosnauarorcsa?

13. Kakne vanpsi»xeHus BO3HHKAIOT B IIONIEPEYHOM CEUYEHUN TIpU Jei-
CTBUU [IPOIOIBHBIX CUIT?!

14. Kakue HanpsXeHNs BO3HUKAIOT NIPH JIEHCTBUH NIOIIEPEYHBIX CIIIT
15. C nomowpio MeToda CedYeHMil onpenenuTe BeJIWYNHy BHYTDEH-
HEro cunoBoro dakTopa B cedeHun 1-1 u Bug Harpyxenus (puc. 19.6).

2 ( 26H

28 xH g 10xH
1

1
Puc. 19.6

16. C momombio MeTona CeYyeHWil onpenenuTe BEIMYMHY MOMEHTA
M4, BEIMYUHY BHYTPEHHEro CHJIOBOrO (PAKTOpA B ceueHMM 2-2 u BUA
Harpyxenus (puc. 19.7).

m;=8 KH'M

A~ G~
L£13) __) 1)
UL/ A / ] 7
—-_/ e 3 _(
my=15KH-M my = 30kH-M

Puc. 19.7
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17. OTBeTbTE Ha BOMPOCHI TECTOBOIO 3a/TaHUAL.

Tema 2.1. OcHOBHEIE TIOJIOXKEHUS,

MeTOoll CEYEHUM, HAMPIAKEHUS

Bonpocmu

OTBeTHh

1. Kak Ha3eiBaeTcH COCOGHOCTD ITIEMEHTA KOH- IIpousocTsb
CTPYKIMM CONPOTHBIATLCA YNpyruM aedopMannam?
2KectkocTb
YcroitunsocTs
H3nococToitkocTs
2. llpencrabnensa aMarpaMmMa PAcTSXEHHUsS MaTe- OA
puana. Ha3saTe yuacTox ynpyrux aedopmanuit.
AB
BC
OF
0| Al MM
3. Kako# BHYTpeHHUI CUITOROI (PakTOpP BO3HUKAET B N
nonepeyHoM ceuenun Gpyca npu xpyuennu?
Qu
z
y M,
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TIpononxenue
Bonpocwh OreseTn |[Kon
4. ITonbaysachk METOAOM CeYEHHUM, ONpPENeIuTh Beu- 5 xH 1
YMHY MOMEpPEeYHOi CUBl B ceyerun 1-1.
y ] 15 xH 2
20 kH 10 xkH
13 xkH 3
N N
17} —Z
5H |1 12 xH 22 xkH 4
x 13 xkH
5. Kakne MexaHuveckye HANPSIXKEHUS B IONEePeYHOM Bosuukaromue
cedeHyn 6pyca Npu HATPY>XXEHHH Ha3biBAIOT HOP- npH HOpMaJILHOR 1
MaJbHRIMHT pabote
Hanpasnennuie
nepnesauKyISpHO 2
TLIOLIAOKE
Hanpasnenssle
NapasIiielIbHO 3
TIowanKe
Jlexawne
8 mUIoLIanKe 4
ceueHus
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Tema 2.2. PacTsaxeHnune u cxxaTue.
BuyTpennue cunoBble GakTOpPhbl, HAIIPSAXKEHMU .
IlocTpoenue snrop

Huemv npedcmasaenue 0 npodosbKblT CuiaT, O HOPMALLNYIT Ha—
NPAHCEHUAT 6 NONEPEUHBIT CEUEHUAT.

3namo npasuaa nocmpoenud 3P NPOJOLLHLIT CUA U HOPMAALHLUE
nanparcerul, 3ax0H pacnpedeaenud HOPMAALHLIT HANPANCERUT 6 none-
peunom ceuenuu bpyca.

Ymemb cmpoums 5n10pbt NP0JOALHOIT CUA U HOPMAALHLIL HATLPAHCEHU

Pacrsaxxenue u cxxarune

Pacmancenuenm unm cocamuem Ha3bIBAIOT BIUO HAIPYKEHUA, IPU KO-
TOpPOM B NOMNEPEYHOM ceueHuu O6pyca BO3HMKAET TOJBKO ONUH BHYTDEH-
HUiA cuNtoBOi GaKTOpP — MPOHOIbHAA CUJIA.

[Ipononsueic cunut MersioTes mo mimHe 6pyca. Ilpu pacyerax no-
clie onpeneNieHus BCIMYUH NPONOJBLHEIX CHJI II0 CEYEHNAM CTPOMTCS I'pa--
(UMK — 3UIOpa NPONOALHLIX CHUII.

Y CJIOBHO HA3HAYUAIOT 3HAK IIPONOIILHOM CUJIHL

o i S —

6
% Puc. 20.1 )

Ecnu npononbHas cUTa HAIPABIIEHA 0T CEYeNUA, TO OPYC PACTAHYT.
Pactsxenue cuntatoT nonoxuTensroi negopmanmeit (puc. 20.1a).

Ecnu npononbHas cuita HampasiieHa x ceuenuio, To 6pyc cxar. Cxa-
THE CYNTAIOT OTpUUATeNLHON Aepopmanneit (puc. 20.16).

IIpnMepbl MOCTPOEHNS AMIOPBI IIPOAOJAbHBIX CHJT

Paccmorpum 6pyc, HarpyXeHHLII BHEUTHMMM CMJIAMH BOOJL OCH.
Bpyc sakpennen B crere (3axpennenne «3anenka») (puc. 20.2a).

Ilesium 6pyc HA YUaCTKH HATDYXKEHWA.

Yuacmrom nazpysrcenud CUMTAIOT 4acTh 6pyca MEXOY BHEIIHUMHA
cuiaMu.
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Ha npencrasnenHOM pucyHke 3 y4acTKa HaCpY:KEHUA.

Bocnonbiyemes meToooM
CeYeHMI U OnpeneauM BHY-
TpPEHHME CHJIOBHIE (HAKTOPHI
BHYTDU KaXIOI'0 y4acCTKA.

Pacyem mnavunaem co

ce060dno2o xonya 6pyca, wmo-

OvL ne onpedeasmy 6eAuUNUHbL
peaxyut 6 onopaz.

Ywacmox 1: ) F, = 0,
—-3F + N; = 0; Ny = 3F.
TIpononbuas cuna nosnOXKHU-
TeJbHAa, yYacTOK 1 pacTAHYT.

Yuacmox 2: Y F, = 0;
—3F 4+ 2F + Ny = 0; N; =
= F. IlpomontHas cuna mo-
JIOXUTENbHA, YYACTOK 2 pac-
TAHYT.

| ceu. 2 cey. 3ceu,

(_3£____1__ 21"‘> 5F > _____ﬁ_

o

3F| Ny
3F 2F, N,

N
SF oF, __5_,}(_3
lya. |, 2 yu. 3 yu.

Puc. 20.2a

Yuacmox 3: ) F, = 0; —3F + 2F 4+ 5F — N3 = 0; N3 = 4F. IIpo-
NIOJILHASL CU/1a OTPULATENbHA, YYacTOK 3 cxkaT. IlomydeHHOe 3HaUeHUE

N3 PABIO peakKnM B 3aJIe1Ke.

[Mox cxemoit 6pyca cTPOMM 3MOPY HponoNibHOM cuitbl (puc. 20.26).

L 2h

3F '
:
¢ T &

Puc. 20.26

Oniopoti npodoavnott cu-
Abl HA3BIBaeTCA rpaduK pac-
TpenesieHus NPONOJILHOM CH-
JIHL BOOJIb ocK Bpyca.

Ocp smOpEl Napanelb-
Ha NPOINOJILHOM OCH.

Hynesass nunus mnposo-
IWTCA TOHKOH JNuHuen. 3Ha-
YeHUS CWI OTKIIAObLIBAIOT OT
ocH, MTOJIOKUTEIILHEE — BBEPX
OTPpHUATENbHEIE — BHU3.

B npenejiax OOHOIO y4acTKa 3Ha4YC€HHE CUJILlL HE MEHAETCsH, IIO3TO-
MY 3MI0pa O4Yep4YNBaeTCsA OTPE3KAMM IIPAMEBIX JIPIHPIi'I, napaJujieJIbHBIMHA

ocu Oz.

IIpaBusio KORTPONS: 6 MeCcTe NpuLodCENUT BHEewHed CULbL Ha INOPE
doadcen GbITNL CKAYOK HG 6EAUNUNY NPUAOHCEHHOT CUAbL.
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Ha snrope mpocrasnsiorcs 3nauenns N,. Bennuunn npomonbamx
CHJ OTKNANLIBAIOT B 3apaHee BLIGpaHHOM MacimTabe.

Omiopa 1o KOHTYPY 0OBOAMTCS TONCTOR JIMHUEH M 3aIITPUXOBBLIBA-
eTCsl nonepex OCHU.

N3yuas mepopMauum Npu pacTsSXEHNM U CKATHUM, OOHADYKUBAEM,
YTO BHIIOIHSAIOTCA 2UNOME3AQ NAOCKUT CEUEHUUT M NPUNYUN CMAZUEHUSL
2PAHUYHBIT YCA06UL.

I'unomesa nuockuzr ceuenuti 3aKIIIOYAETCA B TOM, UTO NOMEPEYHOE
cedenne Gpyca, MIOCKoe M MEPNEHAUKYIAPHOE IIPONOIIBHON OCHM, TOC/Ie
medopMauMy OCTaeTCs IOCKUM U IePIEeHANKYIISPHBIM [IPOIOIILEON OCH.

CiienoBaTenbuo, npododbhble BHYMPEHHUE 60A0KNA YOAURDIOMCH
00URAK060, @ BHYMPEHNUE CUALbL YNPYLOCTAL PACTIPEAEAERDL NO CEUEHUIO
DABHOMEDNHO.

ITpunyun cugeuenusd e2panuunbiz Yyeaosuli CIACHT: B TOUKAX Tella,
YOAJIEeHHEIX OT MeCT NPWIOKEHUA HACPY3KH, M00Yab GHYMPEHHUT CUA
MQA0 3a8UCUM O0M cnocoba 3axpendenud. IloaToMy npy perueEnn 3anad
HE YMOURMOM CNOCO6 3AKPENAEHUL.

Hanpsyxenus npu pacTsXeHUU M CXATHU
Ilpn pacTsxeHnn u CXKaTUN B CEYEHUH OEMCTBYET TOIBKO HOPMAIIb-
HOe HaIlpsAXeHwue.
HamnpsxeHus B nornepeyHbIX CEYeHUAX MOTYT PACCMATPUBATLCA KaK
CHJIBI, TIPMXOOAILNECS Ha eOVHUUY IUIOLIANH.
Taxum o6pa3oM, HANPABAEHUE U 3HAK HANPAHCEHUL B CEUEHUU CO-
6Na0AM € HANPABAERUEM U 3HAKOM cuabt 8 cevenuu (puc. 20.3).
Hcxona u3 rumoTesbl IVIOCKMX CEYEHHiA, MOXHO
TIPENIIONIOKMTL, YTO HANpPAXEHUs IIPM PACTXEHUH U
CXKaTHX B NIpefesiax KaxXxIoro cedeHns He Mersores. [lo-

o 3TOMY HANpAXKEHHE MOXHO PACCUMTATD 1O GOpMyJIe
N,
N o= 'Z:
Puc. 20.3

roe N, — mpomonbHas cuila B ceveHuu; A — mmowans
NONEPEYHOrO CEUEHNH.
Beauwuho nanpaycenus npamo nponopyLonaabta npodoasrot cuae
U 06PAMHO NPONOPYUOHALLHA NAOUAOU NONEPEUNROZ0 CEUEHUA.
HopMaJibHEE HaIpsXKEHNA QeHCTBYIOT IIPU PACTMKEHUH OT CEeUEHUS
(puc. 20.4a), a npu cxaTun k cevenno (puc. 20.46).
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PasmepuocTs (ennuuna namMepenns) Hanpsoxenuit — H/m? ([a), on-
HAKO 9TO CHUUIKOM MaJlas eIVHWHA, ¥ NPAKTHUECKN HANpPAKEHHS pac-
cuntmsaoT B H/MM? (MITa): 1MIla = 10%TIa = 1 H/MMm2.

Ilpn omnpeneneHun Hampsxe-
Huit 6pyc pas3buBaioT Ha yYaCTKU

6, G© o
HarpPY>XeHUi, B IIpenejiax KOTOphIX €] ® = © f—

[IPONOJIBHBIE CHIIBI HE M3MEHSIOTCH,
U YUUMBLEAWT MECTNA USMEHEHU
naowadu NONEPEUHBIT Cenenut.

a)  Puc. 204 0

PacCcYMTHBAIOT HANPIXKEHUA N0 CEUEHMIM, KM PACcUeT OHOPMISIOT B
BILIEE JMIOPLI HODMAJIBHEIX HANPSXKEeHM.
Crpourcs n ohopMiigeTcs Takasd a0IOpa TaK XKe, Kak ¥ 3I0pPa Mpo-

OOJNbHBIX CUJI.

3yu. ) 2y, 1 yu,
Ta 42 L
(3 14 24,
A_VSFL > 2F |1
7-_ . - L —
Fm)
1 3 0 "
2F 3niopa N
(S
2F/4,
o F/4,
F/A, Dniopa ©
g4 | O3 2 i
Puc. 20.5
N F

PaccMmorpum 6pyc, warpy-
JKeHHBI1 BHEILIHMMHU CHJIaMU
Baonb ocy (puc. 20.5).

Ob6uapyxuBaeM Tpu yua-
CTKa HAUPYXEHUA U OIpenens-
€M BeTMYUHE NPONOJILHBIX CHJL.

Yuaemox 1. Ny = 0.
BryTpeHHMUe npofonbHEIE CUIEL
PaBHEI HYJIIO.

Yuacmox 2: Ny = 2F. Tlpo-
OOJILHAS CUJIa Ha, YIaCTKE I0J10-
XKUTeNbHA.

Yuaemox 3: N3 = 2F~
—3F = —F. IlpomonsHas cuta
Ha Y4YacCTKe OTPHMLATEIbHA.

Bpyc — crynenyatnii.

C yueroM u3MeHeHuit Be-
JUYMH IUIOWIAAY TIONEPEYHOTO
CeueHHs YyUaCcTKOB HAIIPAKEeHM
6onpie.

REIACHE ~F

A, T

CTpouM 3MIOPH MPOMOILHEIX CHUJI ¥ HOPMAJIBHEIX HANPSKEHHI,
Macwrabel s3mop MoryT GHITH pa3nbimu M BHOUPAIOTCS WCXOAA W3

ynobcTBa IOCTPOEHMS.
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Ilpumeph! penieHus 3anay

Crynenvarhiit 6pyc HarpyXeH BIOJNb OCH OBYMs cuinamu. Bpyc 3a
memiien ¢ seBoit croporn! (puc. 20.6). Ilpenebperas secom 6pyca, ne
CTPOUTE 3IOPEI IPOHONLHEIX CHN M HOPMAJILHBIX HAINPAKEHUH.

4; -4, @Az-ZSOMMz {1 Ay =500 mm2
j\' ;= B0xH | F=100xH
._/ _________ N\ iy . — RN ] .—.’___.__z
1
2
2yy4 | yu. (l
N
Y Ny F\=100kH

N, ([ _F=[80kH Fi=100xH

100 xH

20xH +
RN Sniopa Nz
400 MIla

0 Mla P H
ATl [T ll| 2mopa o

Oy T3 [¢7) (o7}

Puc. 20.6
Pewenue

1. OnpenenseM y4acTku HarpyxeHus, UX OBa.

2. OnpenenseM NponoONbHYIO CUNY B ceveHMAX 1 u 2.

3. Crpoum anopy.

4. PacCynTHIBaEM BEMUMYMHLI HOPMANLHBIX HANDPSAXEHUR U CTPOUM

3MIOPY HODMAIBLHBIX HAIPSKEHUA B COOGCTBEHHOM NPOU3BOJNILHOM Mac-
mrabe. '

1. OnpenenseM nponosIbHLIE CHIIHL.
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ZFZ=0.

Ceuenue 1. —N1 + Fy = 0; N; = F; = 100xH.
Ceuenue 2. —80 — No 4+ 100 = 0; Ny = 100 — 80 = 20H.
B ofoux ceueHUsAX MpONOILHBIE CHIIBI TIOJIOXKUTENBHBI.

z
2. Orlpe,uenxeM HOpPMAaJIbHBIC HAIIPDS2KEHUSA 0 = ——,

A

ConocTaBass y4aCTKU HArPYXKEHUs ¢ FPAHUUAMM U3MEHEHUs IIO-
1aau, BUOUM, YTO obpa3syercsa 4 yJacTKa HaIpPsKEeHWH.
Hopmanbabie nanpsxenus B CEYEHUSX IO yJacTKaM:

N;  100-10° 9 N;  100-10° 9
= — = ——— = 200H : =— = — = H ;
o1 Al 500 00 /MM y 02 A2 250 400 /MM 9
N, 20-108 0 N,  20-10° 2
-z _ A 0Y : = —f=""_" =40H :
o3 A, 950 80H/MMm*; o4 A, %00 /MM

OTkmagpIBaeM 3HAYCHUS HAMPSKEHUIT BBEPX OT OCH, T. K. 3HAYEHM
X MONOXUTENbHBE (pacTsxenue). MacmuTab 5NI0p NPONOILHOM CHUITH
" HOPMAJILHBIX HAIIPAKCHUI BHIGMpAeTCs OTIHENbHO B 3aBUCHMOCTH OT
MopAAKa UM(pP ¥ UMEIOIHErocsH Ha JTUCTE MECTA.

Kon’rponbnme BOIIDOCHI 1 3aaHUsA

1. Kaxue BHyTpeHHUE CHIIOBHIE (PAKTOPEl BO3HUKAIOT B CEUYEHUM Opy-
ca MpU PaCTKEHUU ¥ CKATUN?!

2. Kak pacnpenensioTcsa N0 CEYEHNIO CUIIbI YIPYTOCTH IIPHU pacTs-
xenuu u cxarnu? (Mcnonb3oBaTs runoTesy MIIOCKAX CEUEHMH. )

3. Kaxoro xapakrepa HANPXCHUS BO3HUKAIOT B MOMEPEYHOM Ceue-
HUM TIPU PACTSAACHUM M CKATUN: HOPMAIBHBIE MITM KacaTebHbIE?

4. Kak pacnpefenennl HAIPAKEHUS 110 CEYEHUIO PU PACTIXKEHUN U
cxaTun?

5. 3anuumTe GOPMYITy 1A pacieTa HOPMAJIBHBIX HAMPSKEHUI IPU
PaCTXKEHUM M CKATUH.

6. Kak HasHAualOTCA 3HAKY MPOIOJBLHON CHJB M HOPMAJIBLHOIO Ha-
npsoKeHust?

7. Yro moka3wiBaeT 3Mmopa MPOHOILHOA CHITbI?

8. Kak usMeHUTCH BEJIMUMHA HALIPAKEHU, €CIIM [UIOIANE IIONEPeyY-

Oro cedeHus Bo3pacTeT b 4 pasa?
9. B kakux eQMHULIAX U3MEPAETC HAIPKEHUE?
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TeMma 2.2. PacTsizkeHue U cxKaTHe.
ITpononbubie n nonepeuynsie gedopmanum.
3akon I'yka

Hmemb npedcmasaenue 0 npodoabHbiz u nonepeunbis dedopmayuds
U UT c6A43U.

3name 3axon I'yka, 3asucumocmu u Gopmyavt dad pacuema Ha-
npgacenull v nepemewenud.

Yaemb nposodumb pacuemsl Ha NPOUKOCML U HCECTKOCMDL CMa-
muuecky onpedeaumbs 6pYcbes NPu PACTRANCERUL U CHCATNUY.

Hedopmanuy npu pacTsXKEHUM M CXKATUU

PaceMoTpum nedopmamiio 6pyca ron nefiCTBIEM NPOOOIBLHOM CHJIRL
F (puc. 21.1).
Havannune pasmepr 6pyca: [p — Ha-
yasbHAs QJINHA, Gy — HAYAJIbHAS [IUPUHA.
Bpyc ymnuusiercs Ha Bemmuuny Al;
Al— abcomoTnoe ynnunenue. [lpu pacrts-
YKEHUU TIOTIEpEYHHIE Pa3MePH YMEHBIIAIOT-
| aa/2 cs1, Aa — abcomoTHoe cyxenue; Al > 0;
Aa < 0.
al IIpu cxxaTuu BHIIOIHIETCA COOTHOIIE-
FY Hre Al < 0; Aa > 0.
Puc. 21.1 B conporusnennu MaTepuasioB NpuHS-
TO PacCUYMTHIBaAThL OedhopMaludl B OTHOCHU-
TeJbHBIX IUHULAX:

Iy

.
[+

[ 2N N

Al

g = ; € — OTHOCHUTEJIbHOE YOJINHEHUE,

, R

g = E — OTHOCHUTEJIbHOE CYXKEHHE.
0

Mexny npogonbHOR U MONEPedHOl aeOpMaldiMI CYLIECTBYET 3a-
BHUCHMOCTD

e = e,

roe p — kodbduuueHT nonepevHoll nedopMalMu, WUIN Koa(ptbuuneﬂ’r
ITyaccona, —xapakTepUCTHKA IVIACTUYHOCTH MATEPHUAJIA.
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3akon I'yka

B npepenax ynpyrux medopmauuit nebopManuy npsAMo I1POIOPLIAO-
HaJILHBl HArpy3ke:

F =FkAl,

rne F — peiicTByrolnas marpyska; k — ko3dduIueHT.
B cospemennoit dopme:

o=t o2
_A’ =

lo

Nonyuum 3aBucumocte ¢ = Ee, rne E — Mooynb YOPYroCTH, Xa-
PAKTEPU3YeT XKECTKOCTH MATEPHANA.

B npedeaaz ynpyeocmu HOPMAibHBLE HANDINCEHUA NPOTLOPYUOHAAD-
HbL OTNHOCUMEALHOMY YOAUHEHLIO.

Buavenve E mis craneit B npemenax (2+2,1) - 10° MIla.

IIpu npounx paBHLIX yCJIOBUAX, 1€M XKECTUYe MaTePHall, TeM MEHbILE
oH dedbopMupyeTcs: .

le= ET

®opmMynsl AJIA pacuyeTa IepeMeIlleHUN IoNepeyHbIX

ceueHuyi 6pyca Npu pacTsXKEHUN M CXKaTHU

UcnonsayeM naBecTHHIE (POPMYJIBL.
3akon I'yka o = Ee.
a

OTK}'[IE\ £ = .
E
Al

OrHocuTtenbHoe YOolIvHEeHue £ = —.

l

B pesynbTaTe momyuMM 3aBUCHMOCTH MEXIY Harpyskoil, pa3Mepa-
mu Gpyca u BO3HUKaloLied nedopManueii:

Al

0-. U—
l E’ -

»| 2

ol Nl
Al——-E' 28479 Al—-A—E,

rae Al — abBcooTHOE yOJIMHEHHE, MM;
o — HopMaJibHOe Hanpsuxenne, Mlla;
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| — HavaJbHadg IVIMHA, MM;

E — Monyns ynpyroctu marepuana, Mlla;

N — npogonshag cuna, H;

A — NJOImAb NONEPEYHOTO CeYeHNs, MM;
IIpoussenenne AFE Ha3BIBAIOT HCECTNKOCTMBIO CEUEHUS.

Brisoonr

1. A6comoTHoe yanuHeHHe Opyca OpsIMO TPONOPUHUOHAJILHO BEIM—
YYHe IPOJOSILHON CWIBL B CedMeHnd, anuue 6pyca u obpaTHO nponopumo-
HAJILHO IIIOMIAAM HONEPEYHOro CEYCHUS U MOLYIIIO YIPYTrOCTH.

2. CBa3b MeXKAY NPONOJILHONR ¥ MONepPeYHOl aedopManusiMi 3aBUCUT
OT CBOMCTB MaTepuaia, CBsI3b onpencnsercs xoadduyuenmon [lyacco—
Ha, HA3BIBAEMOM KodPdiuyuenmon nonepeunot deopmayuu.

Koadpdumment Ilyaccona: y ctamm p ot 0,25 o 0,3; y npobrn u = 0:
y pe3unst i = 0,5.

3. lonepeunsle neopMany MCHbIIIE ITPOIOITHHBLIX U PEAKO BIAMAIOT
Ha paboToCnocobHOCTE JeTaNy; Mpy HeoGXOMMMOCTH nonepeuiasi gedop—
MAIUA PACCUMTHIBACTCS YCPE3 NMPOMOILHYIO.

' Aa ’
¢ = pue; €= —; oTkynta Aa =c¢ap,
ap
rac Aa — UOHEPCUHOE CYXKEHUC, MM; (g — HAYAJIbHBIA MONCPCUHLINR

pa3smMep, MM.

4. 3akon ['yka BHIIONHAETCS B 30HC YNIPYruX OepopMaluil, KOTOpas
OIPEICIIACTCS TP UCHBITAHMIX HA PACTSKCHUC M0 HHAIPAMMC PACTA-
xenug (puc. 21.2).

£l [Ipu pabore wracruueckue ne-

dopManum e OOMKNILI BOIHUAKATH,
i ynpyrue ngedopMaluyd MaJkl MO
CPABHEHUIO C TIE€OMCTPUUECKUMHA
pasmepamu testa. OCHOBHEIE pacye-
Tbl B CONPOTUBJICHUN MaTEPUAJIOB
IIPOBOAATCS B 30HE yNpyrux aedop-
MAIui, CIe DedcTByeT 3aKkod ['yka.

al, MM
Puc. 21.2

Ha nuarpamme (puc. 21.2) aaxon I'yxa deticmsyem om mowxu 0 do
mouxu 1.
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5. Onpenenenne nedopMannn 6pyca OI HATPY3KOH U CpDaBHEHME €€
¢ nonyckaemoit (He Hapymaoleil paGoTOCHOCOOHOCTH Gpyca) Ha3bIBAIOT

pacyemom Ha HCeCTmKoCmb.

Ilpumepsl pellenus 3amad

Iana cxema Harpyxkeuus u pasMmepsl 6pyca mo nedopmanuu
(puc. 21.3). Bpyc 3amemien, onpenenuTs NepeMelIeRne cBOGOHOTO KOH-

ua.
Pewenue

1. Bpyc cTynenvyaTnii, Mo-
3TOMY CNELYET TOCTPOUTDH IMIOPLI
NPONONILHLIX CWJI M HOPMAJIbHBIX
HaANPXKCHUMN.

Henum 6pyc Ha ydacTKM Ha-
CPYXEHHS, ONpemeliseM IpPONOIb-
Hble CWIBIL, CTPOMM 3IOpPY IpO-
JONBHBLIX CHJI.

2. OnpepenseM  BEIMYHUHBI
HOPMATIBHBIX HaNpPsKEHUH Mo ce-
YCHUSAM C YUE€TOM M3MEHEHHIH TIo-
@AY TONEPETHOrO CeUeHN .

CTtpouM >mIOpy HOPMATBHEIX
HAIIPSKEHUN.

3. Ha xaxxnmom yuacTke onpe-
JgengeM  abCcONMIOTHOC — YIUTUHCHHC.
PesynsTarn anrebpanuecku cym-
MUpYEM.

Mpumeuanue Dan
KA 3auemaena, B 3A0EIKC BO3HUKa-
eT HeudeecmHad Peaxyud B OlOpe,
[I03TOMY pacyeT HaUMHAEM CO C60-
6001020 koHua (crpasa).

1. IIBa yuacTKa HarpyXeHUs:

yuacmox 1: Np = +25kH;
pacTAHyT;

A, = 1000 vm?
2( / A= 500mm?
‘l /
d 60 xH l 25kH
- L ______
7 i
2
Q4m ) 0dm | osm
2 yu. 1 yu.
25xH
&
Oniopa N
50 H/mm?
35xH
25H/Mm?
v
_ Inwpa &
35 H/NMZ
a3 O3 [&)]
Puc. 21.3
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yuacmok 2: 25 — 60 + No = 0; Ny = —35kH; cxar.
2. Tpu yyacTka IO HAaPSKEHUIM:

o1 = -%r—i; o] = 255‘01)03 =50 H/MMZ;
S
o3 Zz, g3 = —3150(')(1)03 = —35H/mm>.
3. Ynnunenus yuacTkos (MaTepuan — cTans E = 2 -10° MITa):
Al = ZIEE-; Al = 29—2—0’——?0,}(8 = 0,125 mm;
Aly = %; Aly = —25—20—’411-0—5193 = 0,05 mum;
Alz = @E—{%; Aly = :%%%7)—1—0—% = —0,07 mMm.

4. Cymmapuoe ynnusenue 6pyca (repeMelueHne csoGoqHOro KOHUa,).

Al = Aly + Al + Alz; Al = 0,125 4 0,05 — 0,07 = 0,105 mm.

KOHTpOJII:HbIe BOIIPDOCHI M 3alaHNA

1. CraneHoit cTepxeHp AIMHOM 1,5 M BBITSIYJICS MOA HATPY3KOMH
Ha 3 MM. Yemy paBno oTHOCHTCAbHOE yanuHcHne? YeMmy paBHO OTHOCK-
TensHoe cyxeune? (= 0,25.)

2. Uro xapakTepusyeT KoahPUUUEHT nonepeuHoi nedopmaumu?

3. Chopmynupyitte 3axoH ['yka B coBpemenHoit dopMme npu pacTs-
KEHMM U CKATUN.

4. Yro xapaxTepu3yeT MOLyib yrpyroctn matepuana’ Kakopa ean-
HULIa U3MEPEHNs MOOY/A yrpyrocTu?

5. Bammumre GopMyasl Mg onpedelieHUd yiuimHedans Opyca. Yro
xapakTepusyer npousBeneane AE u xak oHO HasulBaeTcsa?

6. Kak onpenmensioT aGCcoONMOTHOE yIIMHEHUE CTyneHuaToro Gpyca,
HArpyXeHHOTO HECKOJIBKNMU cuiaaMu?

7. OTBETHTE HA BOIPOCHI TECTOBOTO 3a[aHUA.
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Tema 2.2. PacTsaxeHue u coxxaTue

Bonpochs OreseTmi{Kon
1. BuibpaTh COOTBETCTRYIOUIYIO MIOPY NPONOILHBIX A 1
CHJI B NonepevHHIX ceyeHusx Gpyca.
, B 2
A - -
4‘1@9"7‘“\ 130 11 = = = B 3
o8B
40 k11| 9 == r 4
70xH
A, =500 mu? / A b B r
2. IIns Gpyca, n3o6pakeHHOTo HA CXeMe K Bonpocy 1, 70 xH 1
paccuMTaTh HauGoMbIIYI0 IPOLO/IBHYI0 CUIlY, BO3-
HMKILYIO B IIONEPEYHOM CeYeHHH. 130 xH 2
110 xH 3
200 xH 4
3. OnpeneauTh HOpMaliLHOE HanpsXKeHue B Touke BB 110 MIla 1
(cxeMa x sompocy 1).
220 MIla 2
80 MIla 3
140 MIla 4
4. MTposepuTs npounocth n3o6pakeHHoro B Bolpoce } o = (o} 1
Gpyca, eciM HollycKacMoe HallpsXeHue
[o] = 160 MI1a? o > [d] 2
o < [a] 3
Bepumuiit oTBeT 4
He NpUBeNeH
5. Onpenc/nTL nepeMelliene cBOOOIHOIO KoHua 0,42 MM 1
6pyca, ccnyu N3BECTHB! AIMHER YyacTxos Gpyca:
I =0,4d4Ml=0,6Ml3=0,4M 4, =0,2M 0,22 MM 2
(cxema x Bonpocy 1).
0,62 MM 3
0,66 MM 4
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JIEKIIUS 22

Tema 2.2. Mexaunyeckne uCHbITAaHNA,
MeXaHNYeCKNne XapaKTepPUCTUKM.
IlpenenpHble n HONyCKaeMbI€ HaNPsIXeHUS

Hmemp npedcmasaenue o npedeabnblx u 0ONYCKAEMbLT HANPINCCHU-
4z u Koaduyuenme 3anaca NPouHoOCMU.

3name Jduazpamsbl pacmgocenid U CHAMUST NAACTIUNHLE U TPYN-
KUT MAMEPUAI08, NOPIJOK PACUEMOE HA NPOUHOCTb.

TIpu BriGope maTepuasnon misd 31€MEHTOB KOHCTPYKIMM U PacieToB
Ha ITPOYHOCTH HEOOXOMMMO 3HATL MeXaHuvecKue xapaxkTepucTtuky. Heo6-
XOOVMEIC CBEOEHMs TIOIYUAIOT SKCMEPUMENTANILHO MPU UCMBITAIMAX HAa
PacTAKEHUE, CXKATHE, CPE3, KPYUYeHNe 1 N3rnb.

Mexaundeckue UCIIBITAHU.
CraTuyeckye UCHBITAHUS HA PACTXKEHUE U CXKATHE

Harpysxa OT0 CcTangapTHHC WCIBITa-
é%—@——)— HudA: 00OpymOBAHUC — CTAaHUAPT-
Itas pa3pLIBHAA MAIUUHA, CTAH-
d, F.H OapTHHIA o6paser; (Kpyranii uim
— ~Gpaser — IUIOCKMIA), CTAHOAPTHAS METONUKS
— N pacueTa.
Al mm Ha puc. 22.1 npenctasieHa
cxeMa ucnbrTaHui (dy — Hauaib-
2 — HbIA IMAMCT]p TOTNCPCUHOTO CeHe-
L-_..JE AnHHEHHe HuA; [p — HavanbHas OnuHa).
Puc. 22.1 Ha puc. 22.2 uzoGpaxena cxe-
Ma o6pasua o (puc. 22.2a) u nocne
(puc. 22.26) ucnntanuii (d,, — AUAMETpP LICHKH, CyXEHHMA TIEpen pa3-
PEIBOM).

O6pasen 3akpemiseTcs B 3axUMaxX PA3PRIBHOR MAILMHEL U PACT ACH-
BaeTCk 1O pasphipa. Mamunsa caabxena npn6opoM AN ABTOMATUYECKOR
3aMMCH OQUACPAMMEI DACTSHKEHHS — 3aBUCMMOCTH MEXIY HArDY3KOl 1
abCoOMOTHEIM yInuHeHdeM (puc. 22.3 — nuarpamMma pacTsKEHUs I
MAaJIOYTJIEPOANCTOR CTaIN).

Al My
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'd_o\ ‘!—m\ dI\OH
lo IKOH
a) 6
Puc. 22.2

Tlony4yeHHas OuUarpaMMa IE€PECYHMTBLIBAETCA U TNEPECTPAUBACTCS
(puc. 22.4 — npuBeneHHas OUarpaMMa PacTSKEHUS EPBOrO THIIA).

Ocobrie Touku auarpam-

MBI PACTSXKEHMs OGO3HAYEHHI 1 4
Toukamu 1, 2, 3, 4, 5: b

1) Touka 1 coorBercTBy- F 2
eT npedeay NPONOPYUONHALDL- F3
HOCTU: NIOCTIE Hee NpsAMast JIU- " Fmax
s (IpsAMas IPONOPHMOHAI B
HOCTh) 3aKAHYMBAETCA U 1ie- /
PEXOOUT B KPUBYIO; 0

yuactok 01 — ynnune-
nue Al pacter nporopumo-
HAJILHO HArpY3xe;, NONTBEp-
AOoaeTes 3akoH 'yka;

2) TOuKa 2 COOTBETCTBYET npedeay ynpy20cmu MATEPUAIIa: MaTePHU-
an TepseT YUIpYTHe CBORCTBA — CNOCOGHOCTNL BEPHYMLCA K UCTOIHBIM
PA3MEDAM,;

3) Touka 3 ABNAETCS KOHUOM y4yacTKa, HA& KOTOpOM obpasell cudb-
1o depopmupyemcd 6e3 yéeauuenud #azpy3xy. OTO ABJIEHUE HAZLIBAIOT
TMEKYLECTBIO; TMEKYUECTb — YOAUNEHUE NPU NOCTMOIHHOU HaA2DY3KeE,

4) TOuKa, 4 COOTBETCTBYET MAKCUMAAbHOY HA2PY3KeE, B ITOT MOMEHT
118, o6pa3sne obpasyercsa «wetka> — pe3Koe YMeHbINEHNE IOy 1o-
nepeuHoro ceuenns. Hanpsxenue B 3TOH TOYKE HA3LIBAIOT 6DEMERHBIM
COTPOMUBACHUEM DA3PBIBY, NI YCA06HbIM Tpedeaom npounocmu. 30Ha
3—4 Ha3’BRIBaETCsI 30HON YIPOYHEHHUs.

Alma* Al mm

Puc. 22.3

MexaHuuyeckue Xapak TEPMCTMKHK

IIpu mocTpoeHUM NpUBENEHHOW OMArpaMMEl PaCCUMTHIBAIOTCHA Be-
JIMYMHKEI, UMEIOIINE YCIIOBHEIA XapakTep, YCHIUsl B KaXXIOi M3 TOYeK
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OEIAT Ha BEIINYNHY HAYAALHOU n./mumdu nonepevyno20 cevenud, XOTR
B KaXXIbIil MOMEHT uaeT medopManus U IIoans obpasna yMeHblaeT-
Ci. HpnBeneHHaa auarpaMMa pacTsXKeHUs He 3aBHCHUT OT abCOTIOTHBIX
pasMepos obpasua (puc. 22.4).

G, MIla

Puc. 22.4

Ocnroandble TAPAKMEPUCTIUKY TLPONHOCTIU:

~— TIpelesl NPONOPUNOHAIBLHOCTH oy = F [Ag;

— npenes ynpyrocty oy = Fy/Ag;

— mpenen Teky4ectu oy = F3/Aq;

— mpenesT HPOYHOCTH, MM BPEMEHHOE CONPOTUBJICHME PA3PLIBY,
0 = Fax/Ao, e Ap = (d3)/4 — nHauaneHas miomans, cedeHns.

Xapanmepucmunu naacmuNrocTu mMamepuaaa
6 — MaxcuMaBHOE YRJIMHEHNE B MOMEHT pa3phblBa

d = _A_ZEP_’S 100 %,
lo

rie Almax — MAKCUMaJILHOE OCTATOUHOE yunuuenune (puc. 22.3);
3 — MaKCUMaJIbHOE Cy>XeHHe NpPH pa3phiBe

Ap— A

j— u .
Y= o 100 %,

roe A, — mioians ofpasua B MECTE pa3phHIBa.

XapakTepUCTHKH INTACTUYHOCTH ONPENENAIOT ClIOCOBHOCTL MaTEpH-
aNa K NepOpPMUPOBAHMIO, YEM BLILIE 3HAYEHUS 6 M 1), TEM MaTEpHUa
IvIaCTUYHEe.
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Buanr AuarpamMm pacCTAXCHUA

Pasmuunble MaTepUasihl HO-Pa3HOMY BELYT CeOs [OR HArpy3KOM, Xa~
pakTep neopMaumii ¥ PaspyIleHNs 3aBIUCUT OT TMIIA MATEPUAJIOB.

TIpUHATO NEMMTH MaTEPHAJIbl IO THITY MX AMarPaMM PacTsKEeHUs Ha
Tpu rpynmul. K nepBoit rpynme OTHOCAT N4acmuuHble MAMEPUALbL, STH
MaTepuasbl MMEIT Ha AuarpaMMe PacTXKEHUs NAowadKy mexywecmu
(nmarpammur nepsoro tuna) (puc. 22.5a). Ko sTopoit rpynmne oTHocATCS
IpYnKue Mamepuadbl, 3TN MaATEPUAILl Mato defopmupyromcd, paspy-
HIaloTes 1o XpynkoMy Tuny. Ha amarpamMMe HeT INIOMIANKH TeKy4ecTH
(puc. 22.56).

K TpeTbeil rpynne OTHOCAT MAMEPUAAbl, HE UMEOUUE TAOWA0-
KY Mmexyuecmu, Ho 3HAUNTETLHO AedOPMUPYIOIIECS IIOL HAr Py3KOM, X
Ha3bIBAIOT naacmuuno-rpynkumu (puc. 22.58).

o Mlla 4 o, Mlla o, MIa

Cuu

Puc. 22.5

TakuM obpasoM, zpynxut u NaAACMUNKO-TPYNKUTL MAMEPUALbL He
uUMENM nAowadky mexyuecmu, & B CIPABOYHUKAX OTCYTCTBYET Xa-
PAKTEPUCTHKA «IIpenenl TeKyduecTu». 1o 3Toil 0cOBEHHOCTN MX MOXKHO
Y3HATS.

[InacTHYHO-XPYNKMEe MATEpHMaJIbl 3HAUYNTENBHO IedopMUpyIOTCH,
3TOTO HENb3s JONYCTUThL B paboTalomell KoEcTpyKumu. [loaToMmy nx de-
Popumayuio obbinno oepanuyusatom. MakCUMAILIIO BO3MOXHAA OTHOCH-
tenbHag gedopmanus € = 0,2 %. [lo Bennunze MaxcMAIbLHO BO3MOXHOM
nehOpMALINH ONPENeIIeTCs COOTBETCTBYIOLIEe HOpMaJIbHOE HalpsKeHNe
00,2, KOTOPOE [PUHMMAIOT 34 IIPENIeILHOE.

IlpenenbHble 1 OONYyCTUMbIE HANIPSXKEHUSA

Hpedenbubm HANPDAWCEHUEM CUMTAIOT HAaNpsKEHNE, NpU KOTOPOM
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B MaTepHaJie BO3HUKAET OIACHOE COCTOsHME (paspylUeHue MM ONACHAs
nedomanus).

Ins naccmuunbls MATEPNAIIOB [IPENE/IBHBIM HANPAKCHIEM CUATA-
0T npedes MeEKYYECTU, T. K. BO3HUKAIOLIME TIACTUYECKHE NehOopManuy
He 1CYe3al0T IOC/e CHATUA HATPY3KHU:

Onpes = Or-

st zpynxur MaTepualios, roe miacTudeckue mechopMauuyu OTCYT—
CTBYIOT, a Pa3pyILIEHUE BOZHUKAET IO XPYIKOMY THUILY (lLIeiku HE 06pa—
3yeTcs), 32 NpeNenbHOE HANPSKEHUe IIPUHIMAIOT npedea NpouoCcmus:

Cupen = Op-

s naacmuyro-Ipynxus MaTEpPUAsIOB NpEeNe/IbHEIM HAIpsiKeHIeM
CUMTAIOT HAIPAXKEHUE, COOTBETCTBYIOLIEE MAKCHMANILHON AedhopMalmu
0,2% (00,2):

Onpen = 00,2-

Honycxaemoe nanpgocenue — MaKCUMAIIbHOE HANPsXeHUe, TIPX KO-
TOPOM MAaTepHaJl AOIKEH HOPMAJILHO paboTaTh.

HonyckaeMble HaNPsKEHNSA NONYYAIOT [0 INPEOCILHLIM C y4YeTOM
3aIraca nNpoYHOCTH:

o] = T2
- b
[s]
roe [o] — nomyckaemoe HaIpsxeHUE; § — KO3DOUIMEHT 3amaca Mpod-
HOCTH; 8] — monmyckaeMblil KO3(PUIMEHT 3amaca IPOYHOCTH.

IMMIpumeuanue. BxeagpaThex ckofxax nNpuUHATO 0GO3HAYATD
JOILyCKAaeMO€ 3HAUEHHE BEITUYUHLI.

Lonycrxaembrii xoddduyuenm aanaca npounocmu 3aBUCAT OT Kaue-
CTBa MaTepuasa, ycraosuil paboThl NeTasM, HA3HAYEHUs OeTas, TOUYHO-
cTu 06paboTKN ¥ pacyeTa U T. .

On moxer xonebaTtbes or 1,25 nng npoctweix meraseir oo 12,5 nns
CIIOXKHBIX JeTaJleit, paboTaloLux Py IepeMeHHBIX Harpy3KaxX B YCJIOBR-
sIX yHapoB U BUOpauumii.

Ocobernnocmu nosedenud MamMepuaioe NPUu UCTLUNAHUSE
Ha cicamue

1. IInacTuuunle MaTepuaibl IIPAKTUYECKM OOMHAKOBO paboTaloT
IpU PACTAXKEHUM N CXaTUU. MexaHUUyeckue XapakTepUCTHUKU TPU pa-
CTSXXEHUU M CXKATHUM OOVIHAKOBHI.
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2. Xpynkue MaTepuadibl OOBIYHO 06s1aNa10T GONbIIEH IPOYHOCTLIO
OpY CXKATHM, YEM IPU PACTANKEHUN: Ogp < Opc.

Ecnn momyckaeMoe HampskeHue IPM PACTSXKEHUH U CXKATUM pas-
nuyHO, NX obo3Havator [op) (pacTskenue), [o¢] (cxartue).

PacueTsl Ha NIPOYHOCTDL IIPM PACTAXKEHUU U CKATUM

PacuyeTH Ha NpoYHOCTH BEmyTCS IO YCIOBHSM IIPOYHOCTH — HEpa-
BEHCTBaM, BEHIIIOJIHEHNE KOTOPHIX [apaHTUPYET HPOYHOCTb NETAJIM IpY
NaHHHX YCIOBHAX.

Ina obecnieyenns MPOYHOCTH PacYETHOE HANPSKEHUE HE IOJIKHO
[IPEBHIIATDH JOIMYCKAEMOrO HAIPSKEHUS:

[o] = =22,

[s]

PacueTHoe HamnpsXKeHMe 0 32BUCUT OM HA2PY3KU U PA3MEPOE TIONE-
PEYHOro Ce4YeHMs, OOIYCKAEMOe TOJMLKO O MAMepuasa demad u ycio-
BUH paBGOTHI.

Cy11ecTBYIOT TpU BUIA PACYETA HA IPOYHOCTh.

1. IIpoexmuposounbiil pacuem — 3alaHa pacyeTHAT CXeMa K
HATDY3KH; MGMEPUAL UAU Pa3MePLl demaau nodbupawmes:

— OnpeneiieHNe pa3MepoB IONEPEYHOTO CEeUeHU:

N
A’

o< (o], tneo =

2 =
[o]
— nonbop MaTepHana
N{s]
Trven > 4
10 BeJIMYUHE Oppex MOXKHO NOA06paTh MapKy MaTepHadla.
2. IIposepounuiil pacuem — M3BECTHRl HAIPY3KM, MaTepHal,
pa3Mephl OeTalin; HeoOXoouMO nposepumb, obecneuena 4L NPOUHOCTNL.
ITposepserca nepapeHcTBO

N
o=~ < [o].
3. Onpedeaenue nazpysounott cnocobrocmu (MakCHMaIbHOMR

Harpysku): [N] = [o]A.
7 - 8060
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IIpuMmepnl pemnenns 3anad

IIpsmoit 6pyc pacTamyT cuioit 150 xH (puc. 22.6), maTepuan —
crans o = 570 MIla, o5 = 720 MIlla, 3anac npousoctu [s] = 1,5.
OnpenemnTs pa3Mepsl TIONEPEYHOrO cedenus Gpyca.

Pewenue

N
1. Ycnosue npousocTH: 0 = 1 < [o}.

2. ITorpebuas nnomaAL MOMEPeYHOro ce-

3y,

N
S —
Puc. 22.6 YeHus OIpenessieTCa COOTHOWEHNnEM A 2 Gh

3. HomyckaeMoe HampsKeHUe AJIS MaTe-
pyajia PacCYUTHIBAETCA M3 3aJAHHHX MEXAHUYECKHMX XapaKTePUCTHK.
Hanmnupe npenena TekydyecTn 03HAYAET, YTO MaTepUall — IUIACTUYHEIN,

o] = =, 570

[8]’ [0’] = 1—,5 = 380 MIla.

4. OnpenenseM BeIUYNHY MOTPeOHON IIOLIANYN IIONEPEYHOTO cede-
HUA 6pyca U nombupaeM pas’Meph! IS OBYX CIIydacB.

3
> 150 - 10
380

Ceuenne — Kpyr, ONpeneNseM OUaMeTp.

[A [394,7
= 2. =4/ == = .= =
A=7mR* R — R 314 11,2 mM.

IlonyuenHy10 BeMUUMHY OKpyriisseM B GONbiIyIO0 CTOPOHY d=25 MM,
A =491 cM?

Ceuenne — papromnonoynuit yrosok Ne 5 no 'OCT 8509-86.

Bimxaiiias niorua/ b IonepeyHoro ceveHns yronka— A = 4,29 em®
(d = 5Mmm). 4,91 > 4,29 (IIpunoxenue 1).

A = 394,7 MM2.

KOHTpOJILHhIe BOIIPDOCKI M 3a0aHUA

1. Kakoe sBleH)Ee HA3HIBAIOT TEKYy4eCTbIO?
2. Uto Takoe «ieiika», B KaKOi TOYKe OUArPAMMEI PACTSXKEHUS OHA
ofpasyeTca?
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3. Ilouemy mony4eHHbIE MDA UCILITAHUAX MEXAHMYECKUE XapaKTe-
PUCTHKY HOCAT YCJOBHBIA XapakTep?

4. Ilepeuncnure XapakTEPUCTUKY MPOYHOCTH.
5. Ilepeuncnure XapakTePUCTHAKY IJIACTUUHOCTH.

6. B ueM pazHuIa MEXIOy OUArPAMMON PACTSKEHUS, BEIYEPYCHHOMN
ABTOMATUYECKH, U TIPUBEIEHHON OUArPaMMON PaCTAKEHUs?

7. Kakas u3 Mexaamueckmx XapaKTEpUCTNK Bbl6Hpa.eTC$I B Ka4deCTBe
NpeneyIbHOro HAIIPSAXEHU O IUIACTUYHLIX M XPYIKUX MaTepHaJIOB?

8. B ueM paznmune Mexny npenebHLIM U IOy CKAeMEIM HaIpsiKe-
HuaMu?

9. 3anumuTe ycrosue NPOYHOCTH IIPU PACTAXKeHUH U cxKatun. OT-
INYAlOTCA U yCIIOBUS HNPOYHOCTH INPU pacueTe Ha PACTAXEHUEe U pac-
yeTe Ha cxaTue?

10. OTBeTnTE HA BOIIPOCHI T€CTOBOI'O 3a1aHUA.

Temnl 2.2. PacTsaxeHue u cxxkatme

Bonpocwm OrseTm|Kon
1. Bui6paTs Ha gMarpaMme PacTSKEHHUs yUaCTOK 01 1
ynpyrux nebopmanuit.
12 2
F=N
24 23 3
12
22 4
ol al
2. Tlo xaxoit XapaxTepUCTHKe ONpelelIseTcs IOoIyc- or 1
KaeMoe HallpsXeHUe JIUId IJIACTUYHRIX MaTepHUaloB?
Onu 2
oy 3
Op 4
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TIpononxeune
Bonpocmu OrTBerTn |Kon
N
3. Brbpats Haubonee TOYHYIO 3aMCh YC/IOBUA NIPOY- | O = i~ {o] 1
HOCTHM NPY PacTAXKEHHUH U CKATHH.
N
g = Z Z {0] 2
N
o= < [o] 3
N
g = 74- > [U] 4
4. OnpenenuTh NPefeN TEKYYeCTH MaTepHalla, eClIu: 280 MIla 1
Fou = 12kH; Fr = 14xH; Fpay = 20xH; A = 50 M2,
A — nnowank MOMEPeYHOro ceYeHus. 470 MIla 2
560 MIla 3
620 MIla 4
5. IlpoBepuTH POYHOCTEL MaTepHalla, eCllu: o > [o] 1
o = 320 MI1a; 0qu = 720 MIla; 0. = 800 MIla;
o, = 1000 MIIa; [s] = 2,5; s — 3anac NpoYHOCTY; o< o] 2
0 — pacyeTHOe HalpsXEHMe.
o = [o] 3
Hauubix 4
HEXOCTATOYHO
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JIEKIINA 23

Tema 2.3. IIpakTuueckue pacueThbl Ha Cpe3 M
cmaTue. OCHOBHBIE TPEAIIOCHISIKA
pacueToB M pacueTHbie POPMYIIbI

Humemb npedcmasaenue 06 0CHOBHBIT NPeINOCHIAKAT U YCAOSHO-
CAT pacuemos 0 demaadr, pabomauus Ha Cpe3 U CMAMUE.

3namo enympennue cusosbie Gaxmopsl, Hanpaicenud u defopma-
YuU Npu cdsuze U CMAMUU, YCAOBUL TPOUHOCTIU.

Yuems onpedeagmo naowadu cpesa u cuamud.

HNeranu coenuuenuit (60nTH, WTHGTH, WNOHKY, 3aKJENKH) pabo-
TalOT TAK, YTO MOXHO YYWTHIBATH TONBKO OOVWH BHYTPEHHUN CHUJIOBOM
daxTop — MonepevuHylo cuiy. Takne AeTalu pacCYUTHIBAIOTCS Ha COBHT.

Casur (cpes)

Cdsuzom Ha3HIBAETCS HATPYXKEHHE, DY KOTOPOM B IIONMEPEYHOM Ce-
yenuu 6pyca BO3HMKAET TONBKO OOUH BHYTPEHHMI CUIOBOM $akTop —
ronepeyHas CUJIa.

PaccMmorpnM 6pyc, Ha KOTOpHIA Oei-
CTBYIOT PABHHIE [0 BEJIMYKMHE, MIPOTHUBOIO-
JIOXKHO HATPABIEHHHE, TEPIEHONKYJISIPHLIE
nponosnHoi ocu cuwiet (puc. 23.1).

ITIpumenum MeTOn ceuenmii u ompene-
JIAM BHYTPEHHME CWJIR YIIPYTOCTH U3 YCJIO-
BUS PABHOBECHs KaXXIOM M3 dacTeil 6pyca: F

YF=0 F-Q=0, F=Q,
rne (Q — nonepeyHas cuna. EcTecTBeHHO
CUYMTATH, YTO OHE BHI30BET [OSIBIIEHUE TONb- B
KO KACATEJIbHEIX HANDSKEHUH T.

PaccMoTpuM nanpskerHOe cOCTOsHUE Fllo
B Touke B nonepeusoro ceyenus.

BrinenuMm 3neMedT B Bue GECKOHEYHO
MAaJIoro napajulesienumnena, K TPaHsIM KOTO-
poro npuiIokens HanpsxeHus (puc. 23.2).

o
T

ol
~|
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Hcxons n3 ycnosus paBHoBecHs Touxu B, BHyTDH
< 6pyca IpY BO3HMKHOBEHMM KACATE/ILHOTO HAIPSKEHUA
"T l:: T Ha MPaBOW BEPTUKAJIBLHOR IJIOLIAKE TAKOE XKe Halps-
A JKE€HUe NOKHO BO3HUKHYTDH M Ha JieBoit mowmanxe. Ouu
P obpasyioT napy cui. Ha ropusoHTanbHLIX miomanxax
Puc. 23.2 BO3HMKHYT Taxue e HanpsxeHus, obpasyiolime Takyo
xe napy obpaTroro Hanpasienus (puc. 23.3).

Takoe HaNpPsSXEHHOE COCTOSHNE HA3BIBAETCA YMCTHIM CHBHIOM.
3mech OEACTBYET 3aKON NAPHOCTNU KACATEALHDIE NANDINCENUL:

ITpu cdsuze 6 oxpecm-
HOCNAT MOUKU HA 63aAUM- T A
HO NEPNENIURYATPHBIT TA0-
wWadxaT B603HUKAIOM PA6-
Nble N0 6eAunuNe Kaca- T T Y
MeAbHbIE HANPANCENUL, HA-
NPasAENHbIE HA COCEOHUT

naowadxaz aubo om pebpa —t 5 Hedopmuposanoe
I peopd, HanpaxenHoe COCTORHHE

aubo x pebpy (puc. 233&) coCTORRME A — abcomorunift
B pesynbTaTe niowan- casur

KU COBUTalOTCA Ha Yrod v, a) Puc. 23.3 6)

Ha3hIBAEMEI y2a0M CO6U- T

2a.

TIpu cosure BrmonHsAeTcs 3axoH I'yxa, KOTOpHIA B IAMHOM Ciiydae
3aNMCHIBAETCA caenylowmM obpasom: T = G7.

3nect 7 — HanpsxeHue; G — MORYJL YIPYTOCTH COBHUIA; Y — yTO
COBUra.

Ilpn oTCYTCTBMM ClIELMANILHBIX MCILITaHN G MOXHO paccyuTaTh
no dopmyne G = 04F, E — Monynp ynpyrocTH NPU PacTsLKEHUM.
[G] = MIla.

Pacyer neTaneit Ha COABUI HOCMT YCJIOBHLIM XapaKTep.

Ins ynpoluenus pacyeToB NpMHNMAETCA pPAN OOMYLIEHWIA:

— mpu pacdeTe Ha COBUr M3rub meTayiell He YUUTHIBAETCHd, XOTHA
CMJIHl, NEAICTBYIOIIME Ha NEeTallb, 06pasyloT napy;

— IpH pacyeTe CUMTAEM, UTO CHUIIH YIPYIOCTH DPACIpPENeseHH M0
CEUYEHMIO PABHOMEPHO;

— eclu AN Nepeladd HArpy3KM UCIOIBL3YIOT HECKONILKO AeTasel,
CUMTAEM, YTO BHEIIHASA CUJIa PACHpeneNdeTcs MeXAy HUMH PABHOMEDHO.
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OTtkyna dopMmyna Oas pacyeTa HaIpsXKEeHUN UMeeT BUI:

Q.
A’

F
Te = Q=—,
z
rIe T, — KacaTeJbHOe HampsKeHue; () — nonepeusas cuia; A, — IUIo-

manb capura; F' — BHenIHas cnsuralomias CUia; z — KOJINYeCTBO JeTa-
Jen.

Ycaoeue npournocmu npu cdeuze (cpese)
Q
Te = < |7
c Ac X [ c]:

[TC] — JONMycCKaeMoe HalpsiKeHWe CIBUra, oObLIYHO €ro OnpenessioT IIo
tbopmyne
[7e] = (0,25+0,35)0 .

Ipu paspymennu netanib nepepe3aeTcs nonepek. Paspymenue ne-
TAJIM TION JeCTBUEM IIOIEPEeYHON CUIIbI HAa3hIBAIOT CPE3OM.

CmMmarne

MoBORBLHO YACTO OMHOBPEMEHHO CO CIBUIOM NPOUCXOOUT cMaTHe 60-
KOBOH IOBEPXHOCTH B MECTE KOHTAKTA B Pe3ybTATe Nepenadl Harpy3Ku
OT OIHOI MOBEPXHOCTHU K APYroif. IIpK 3ToM Ha NOBEPXHOCTY BO3HUKAIOT
COKMMAIOIIME HANMPSKEHNS, HA3LIBAEMBIE HANPINCCHUTMYU CMATIUL, Ocy-

PacyeT Takxe HOCUT YCROBHHIA xapakTep. HomymieHus monoGHEL
NPUHATHLIM TIPU pacyeTe Ha CABUC (CM. BHIIE), OQHAKO IPU pacdeTe
BOKOBON MUIMHAPUYECKON MOBEPXHOCTH HAIDSXKEHUs N0 IIOBEPXHOCTHU
pacIpeneneHnl e pacHOMEpHo, TIO3TOMY PacueT IMPOBONAT IUIs Haubo-
7ee HarpyxeHHon Touku (Ha puc. 23.46). Ilnsa sToro BMecTO GOKOBOMN
MOBEPXHOCTY LHWIMHIPa B pacyeTe UCNONAL3YIOT IIOCKYIO IIOBEPXHOCTD,
IPOXONAIIYIO uepes nuameTp. Ha puc. 23.4 nokasaHa npuMepHas cxeMa
nepeavy NaBIeHU Ha CTEPXEHb 3aKJIENKY.

TakuM 06pa3oM, YCIOBUE MPOUHOCTH IIPU CMATUN MOXHO BHIPA3UTh
COOTHOLIEHUEM

= — M

Tcm Ao X [Ucm]a
Aeq = d, rie d — nuamMeTp OKPYXXKHOCTH CeYeHUs; § — HauMeHbIIas
BBICOTA COEMUHAEMEIX MIACTUH; Agy — pacyeTHas IIOWIANbL CMSTHUS,
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nonycxaemoe Hanpsokenue cMATHA: [Oeu] = (0,35 + 0,4)0,; F — can
B3aMMOZEACTBYSL MEXIY NETANAMH.

7% i///////////////z%f*
-] § -

[
0) Puc. 23.4

IIpumepnl meTaneiir, paGoTaloilmux Ha caBur (cpe3)
U cMATHEe

1. Ocs (puc. 23.5).
B cnyyae, ecniu Tonmmua neranu 2 Menbie, Aqy = dé;

wd?
A = 1 ——1; 1 = 2 — KOJIMYEeCTBO IIOLUAJER Cpeda.

2. Bonr (puc. 23.6).
Ac = ndh;  Agy = %(132 - d?).
Cpes

o . D : /
Cb CMATHE
5 h /

F V*Jf F%/c?%

1 0] Cpe3
CuaTue T lF

Puc. 23.5 Puc. 23.6
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3. MInonku (puc. 23.7) paboTaloT Ha CPe3 U CMSATHE, HO PACCUMTHI-
BalOTCs TOJILKO Ha CMATHE.

A; = bl; Aeyy = It; roe | — noimHa mmnoHks;
t — BEICOTa BHICTYyHalolei yacTu; b —
LUMPWHA LITOHKU.

Puc. 23.7

4. 3aknenxa onHocpesnas (puc. 23.8), nByxcpesnas (puc. 23.9).

z 2 nd?
| d Ac=¥- > .

! . A =E:{1‘2=1__' CmaTue

|
Y | Y 1V ‘ s
F \J” N éﬁ/ //ﬁ > /2
: F F N | \ 5

? g>/////%_,p

Cpes

Puc. 23.8 Puc. 23.9

5. CapHoe coemunenue (puc. 23.10).

S{NT R T, |

LLERLLL LRALMLLLS

Puc. 23.10

YIJ10BO# LIOB pa3pylIaeTcs MOoR yriioM 45° K IJIOCKOCTHU pa3beMa B
pesyabTaTe cpesa. K — KaTeT yrioBOro IiBa, NoAGHPaeTCst IO TOILIIHE
CBApUBAEMOTO JIUCTA.

IByxcropouuuit mos: A; = 2-0,7Kb.
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JIEKIIVST 24

Tema 2.3. IlpakTnueckne pacuyeThbl Ha Cpe3 U CMIATHE
3namov ycao08UL NPOUHOCTIU NPU CPE3E U CMAMUL.
Yumempb nposodume pacuemst wa cpe3 u CMAMUE.

Ilpumeps! peulenus 3anmag

IIpumep 1. Onpenenuts NOTPeGHOE KOMUIECTBO 3AKIENOK I TIE-
pemauu HernHel Harpy3ku 120 xH. 3aksenxu pacroyioXUThL B OUH PAXR.
[TpoBepUTh MPOYHOCTH COEMMHSIEMBIX NCTOB. M3BecTHO: [0] = 160 MITa:
[Oen] = 300MITa; [r.] = 100 MIla; nuameTp 3axnenok 16 mMm.

Pewenue

1. OmnpenenuTh KOJMYECTBO 3aKJENOK M3 pacyeTa Ha CHOBUT
(puc. 24.1).

d YcoBue IpOYHOCTH HA CIBHT:

Q F
N = — g c ; — _’
8 Te A [l @ z

*—W 7
\\\\W -

N
roe A = mr*;

Puc. 24.1 2 — KOJIUYIECTBO 3aKJICTOK.
120- 103
;2= =597 = 6.
Acl7e) 3,14-82.100
Taxum obpaszom, HeoBX0IUMO 6 3AKIIEIOK.

2. Onpenemrrb KOJIMYECTBO 3aKJICTIOK U3 pac4yeTa Ha CMATHE.
Y cnosue OPOYHOCTHU HA CMATUE!

—+~
1
[
|
|
|
|

< [Tclx

OTkyna z 2

F F F
= < s =2y 22> —rr
Tou Acm = [UCM], z ACM[UCM],
Acy = ddpmin; F' — Harpyska na omuy 3AKJIETIKY .
120 -10°
Orkyma 22— = 3,12,

8-16-300
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Taxum o6paszoMm, Heo6XoAUMO 4 3aKJIENKM.

Iag obecneuenus npounocmu na cdeéuz (cpe3) u cmamue HeobTo-
dumo 6 zaxaenorx.

IIns ynobcrBa yCTAHOBKM 38KJIETIOK PACCTOSHNE MEXIY HUMM U OT
Kpas nmcra perniaMenTHpyercd. lllar B pany (paccTosHue MexXIy IeH-
Tpamn) 3akjenok 3d; paccrosHue mo xpas 1,5d. CrnemosatensHo, nnis
PacCIIONIOXEHNS LIECTH 3aKIIENOoK A¥aMeTpoM 16 MM HeoGxoouMa IIMPHHA
mucta 288 Mm. Oxpyrasgem Bemmunny mo 300 MM (b = 300 mm).

3. IlpoBepuM MPOYHOCTE JMCTOB Ha pacTsxkenue. IlposepseM ToH-
kuit mnet. OTRepCTHA MOoA 3aKJIENKN 0CNab/II0T ceYeHNe, PaCCINTHIBAEM
IJIOLIaab JIACTA B MeCTe, oclabieHHoM oTBepcTHsMH (puc. 24.2):

Puc. 24.2

A= (b—2zd)é = (300 — 6 - 16) - 8 = 1632 Mm>.
YcnoBue IIPOYHOCTH Ha PaCTsIXKEHHNE:
120-103

1632

73,53 MIla < 160 MIla. CnenosaTensHo, MpOYHOCTE JUCTa obecleyeHa.

op=N/AL [op); op= = 73,53 MIla.

TIpumep 2. [IpoBepuTH NPOYHOCTDH 3aKJIETICYHOIO COENUHEHMS Ha
cpe3 u cmaTne. Harpyska na coenunenue 60 xH, [7¢] = 100 MIla; [ocy] =
= 240 MITa.

Pewenue

1. CoenvHenye NBYXCPE3HBIMM 3aKJIENKAMU MOCIENOBATENBLHO BOC-
NPUHUMAETCA TpeMs 3aKNENKaMHU B JIEBOM 4Oy, & 3aTeM TPeMs 3aKJien-
KaM¥ B npaBoM pany (puc. 24.3).

[nowans copura Kaxmoit 3axnenku Ac = 2772,

ITnowans cMaTHs 60koBOR noBepXHOCTH Acy = dOmin.

2. IIposepuM NpPOYHOCTH COeOMHEHMs Ha caBur (cpes).
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Cpes 13

calB
] IR

Puc. 24.3

A

JERP

[
|
NN

| a)l

Q@ = F/z — nonepeynas Cujla B NONEPEIYHOM CEYEHUN 3AKIIEMKM:

F 60 -10°
Tc=—">7"7 Tc= mm = 75,4 MIla < 100 MIIa.

IIpounocTs Ha cosur obecneyeHa.
3. [IpoBepnM IPOYHOCTL COEMMHEHUA Ha CMATHE:

F 60 - 103
© gy = ————— = 102 )
A M= 37938 92,3 MIla < 240 MIla

Tem =

HpO‘IHOCTL 3aKJIENOYHOrO cCoenuHeHns obecrnevena.

ITpumep 3. IIposepuTs NPOYHOCTL CBAPHOLO COENMHEHUs YTIIOBHI-

MU miBamu ¢ Haknazpkoil. HeiicTByroman marpyska 60 xH, nonyckaemoe
HalpsKeHHe MeTanua wBa Ha casur 80 MIla.

Pewernue

1. Harpy3ka nepenaercs mocienoBaTeNbHO Yepes OBa LIBa cllieBa, a
Iajlee — OBa 1uBa cipasa (puc. 24.4). Paspylienre yrioBbX LUBOB mpo-

VICXOMUT MO IJIOLLIAKAM, PACHIONOXEHHBIM NTON YoM 45° K oBepXHOCTH
COENUHSAEMEIX JINCTOB.

2. TIpoBepuM NPOYHOCTH CBAPHOTO COGOMHEHUs Ha Cpe3.
IByXcTOpOHEMIT YTIIOBO#H IIOB MOXHO PACCYMTATDH TIO hopMyIIe

T = < [Tc]s

&

roe Q = F; A, =2-0,7Kb, A, — pacueTHas IIOLIaaL Cpe3a IIBa;
K — kaTer uiBa, paBeH TOJIMHE HAKJAIKY; b — mimHa mBa.
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6 0,7K

45 a5° I E

F F F{ 3 . (F
Ny - 120 :
E I :

a) 6)
Puc. 24.4
CreposaTensHo,
60 - 10°
= 59,5 MIIa,

©=5707-6-120

59,5 MIla < 80MIla. PacueTHoe Hamnps:keHue MeHbIlE HOIyCKAaeMOIo,
NIPOYHOCTDb Obecneuena.

KoHTpossHBIE BONTpOCHI U 3aaHMA

1. Kakve BuyTpenune cuiiosnle (aKTOPHI BOBHUKAIOT IPHU COBUIe U
cmaTun?

2. ChopMynupyiTe 38KOH NAPHOCTH KaCaTENNbHBIX HAIIPSXKEHWM.

3. Kak obo3nauaercs nedopMauus npu COBUre?

4. 3anumwrTe 3akoH ['yka npu cosure.

5. Kakoit ¢pusuyeckuil CMBICKT Y MOnOy/s yupyroctu?

6. YkaxuTe equHNULI U3MEPEHUS HANDMKEHNA CABUTA U CMATUSL U
MOZLYJS YyIPYTrOCTH.

7. Kak y4ecTb KONM4eCTBO AETAJIEN, MCIIOIb30BAHHEIX JJIA Iepefayin
HATPY3KH IIPM pacyeTax HA COBUT U cMsaTHe?

8. 3anumnTe yCIoBMS NPOYHOCTY Ha CIBUI M CMATHE. .

9. ITouemy npu pacuyeTe Ha CMATHE NWIMHAPUYECKMX AECTAJIEl BMe-
cT0 GOKOBOW UMIMHOPUYECKON IIOBEPXHOCTH IOACTABJIAIOT ILJIOCKOCTD,
[IPOXONALILYIO Yepe3 AuaMeTp?

10. YeM oTnuyaeTrcs pacueT Ha IPOYHOCTH IIPH CIBUIe OMHOCPE3HON
3aKJIENKH OT IBYXCPE3HOM?

11. 3anummre ¢opMyny ois pacyeTa CBAPHOIO COEOUHEHUS.
CTepxHM KpYTIIONO NONEPEYHOIO CEeYeHUs CBapeHBl yIJIOBHIM ILIBOM

(puc. 24.5).
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\_»

AV

d
ANNANNAANNANRANNANANY ¢
Puc. 24.5

12. OTBeTnTE HA BONPOCH TECTOBOIO 3aJaHUS.

Tema 2.3. IIpakTueckue pacuyeThbl HA Cpe3 M CMATHE

Bonpochsu OrsBeruwm|Kon
1. CeapHoe coennHeHNe BBHINOIHEHO YIIIOBLIMU 420 mm? 1 ‘
IBAMH ¢ Hakaaakoi. 8 = 10 mM; b = 120 MM. ;
PaccunTaTs cyMMapHYIO M/olaasb Cpe3a CBApHLIX 600 mm? 2 %
LIBOB NpH Nepenade cuiasl F. .
840 mm® 3
F F. —
AAMMANAAMWANNA :
| 1680 mm? 4
F | 5 F. ;
2. BribpaTs dopMyny Juis pacdera cBApHOTO coei- T = % 1
HeHnd, n300pakeHHOro Ha pUCYHKe K Bonpocy 1, Ha
o . F
MPOYHOCTD MNOK NeHCTBHEM BHEWNeHd CHIlbl. o= T F=0Q 2
M
= = 3
TTwW
N
=— 4
iy
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IIpononxenne
Bonpocm OrBerm|Kon
3. Bont narpyxen pactsrusaioleit cusoft, npu 3ToM 468 mMm? . 1
DO3HKKAET CMATHE ronopku Gonrta. PaccunTaTh Benu-
YRHY nAowany cMITUL 6ONTa NpH NellcTBUM CHNBL 224 mm? 2
F, ecnu d = 20 mm; H = 14 MM; D = 36 mm,
]
D \I, 1331 mm 3
R
!
j 703 MM? 4
F
4. N1 ycnoeus npounocty 601Ta Ka CMSTHe onpene- 22,40 xH 1
NUTL BEIMUKRY OonyckaeMoft Harpysku F', ecnn
[re) = 100 MITa, [0cs] = 240 MIIa, ucnonsrosars 84,3 xH 2
IS pacyeTa QaHHME BOnpoca 3.
168,7 xH 3
70,3 xH 4
5. TIpoBepuTH HPOYIOCTD 38KIICNIONIOTO CORAUHEHHA T < 7 1
Ha cpe3, ecnx F' = 80xH; [c] = 100 MITa;
[Cose] = 240 MITa; d == 17 mm; & = 5O mu; 2 = 3, T = (7] 2
[7e]s [0ese] — mOMycKaeMute HanpzxKeHUS.
s
/IZ WIII . '/I/// F
—— DA 7> (7] 3
w |
)
i
L— : ...9.-. —Jr_f)
- Iaunsix 4
] HeNOCTATOYHO
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Tema 2.4. 'eomeTpudyeckne XxapakTepucTUKM
IJTOCKUX CeYeHMM

Hmems npedcmasaenue o guauveckom camvicae u nopgoxe onpe-
Jdeaenud 0CesblT, UYEHMPOOEHCHHIT U NOAIPHLIT MOMENTIOE UHEPYUU,
0 24Q6HLIT YEHMPAALHLIT OCAT U 2AABHLIT UENMPAILHLIT MOMENTIAL
UNEPYUL.

3namb Hopmyabt MOMENTO8 UHEPUUU NPOCMETWUT ceuenul, Cno-
COObl BbLINUCAEHUT MOMENIIO8 UNEPUYUU NPU NAPGAIEABNOM TEPENOCE
ocetl.

IIpn pacTaxeHMH, CXKATHM, CMATHM ¥ COBUTE JETallb CONMPOTHBIIA-
eTcs nedopManyy BCeM CeYeHUEM ONMHAKOBO. 3l1eCh NeOMETPUYECKOI Xa-
PaKTEPUCTHKON CeYeHUS ABIAETCA IIOMIAlb.

IIpn xpyyennn u narnbe ceyenue CONPOTHBILETCS nedhOpMalUN He
OIMHAaKO0BO, IIPM PacyeTaX HaNpsKEHMA NOSABISAIOTCA ApYyrue reoMeTpH-
YyeCcKue XapakTePMCTUKH CE4YEeHMs, BAUSIOLINE Ha CONPOTHUBJIEHHS ceue-
HUg nedOPMUPOBAHMIO.

CraTuueckmii MOMEHT Iiomany cevgeHmnsa

PaccmoTpum npon3ssonbHoe ceuenue (puc. 25.1).

Ecnu pasbuts ceuenme Ha GecKOHEUHO
MaJiple momanky dA ¥ yMHOXHUTH KaxIylo
IUIOLLANKY Ha PACCTOSHME [0 OCH KOODAMHAT

¥ IPOMHTETPUPOBATH IOYYEHHOE BhIPAXE-
y g d4 HUE, MOy YNM CTATUYECKHA MOMEHT ILIOMIA-
M CeveHUs:
0 x 1) otHocuTenbHO ocu Oz Sy = [ ydA;
A
Puc. 25.1 2) otnocurensHo ocn Oy Sy = [ zdA.
A

y X

Ing cMMMETPUYHOIO CeYeHHUsl CTATHYECKMe MOMEHTHI KaXIoi mo-
JIOBMHEI MJOIIAAN PABHEL IO BEIMYUHE K UMEIOT pasHulil 3Hak. Crnenoba-
TEJIbHO, CTMAMUYECKUT MOMERTL OMHOCUMEALHO OCU CUMMEMPUL DABEH
NY10.

CTaTH4yecKuit MOMEHT HCIIOb3yEeTCA TIPH ONpPENeSeHHH TOJIOKEHNS
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LEHTpPa TAXKECTH CEHEHNA:

> Akzik }(:):Akyk n
T =5 Yo = —5—; ZAkyk“/ydA-

d)OpMyJIbI IJ1s1 OIIpeneyIeHU A INTOJIOXKEHU S HEeHTpa TAXKECTH MOXHO 3a-
nmucaTb B BAOE

n

ro=2; yo=22
A’ A

LlenTpo6exHbII MOMEHT MHEPIINN

Henmpobexcnoim MoMENMOM UHEPYUYU CEUEHNS HA3BIBAETCS B3ATAI
[0 BCel IUIOIAAM CYMMAa MPOM3BENEHUI 3JIeMEHTapHBIX IUIOLIANOK Ha
obe KOOpANHATHI:

Ty = /zydA.
A

IlenTpobGexxHEIT MOMEHT MHEPIMYM MOXeT GHITH MOJOXKUTEILHBIM,
OTpULATENbHEIM ¥ PaBHEIM Hyi0. LlenTpobek It MOMEHT MHEePLUH OT-
HOCHUTEILHO OCelf, IIPOXONSILMX Yepe3 LEeHTP TSKEeCTU CeYeHMs, PaBEH
HYJTIO.

Ocu, OTHOCUTENBLHO KOTOPHIX LIEHTPOOEXKHBIA MOMEHT PaBeH HYIIIO,
HA3LIBAIOTCA TJIABHBIMU. I JIaBHELIE OCH, NPOXOAALIME Yepe3 IIEHTD TsXKe-
CTH, HA3LIBAIOT 24Q6HbIMYU YEHTPAAbHOIMU OCAMU CEUEHUS.

OceBBle MOMEHTHI MHEPLAN

OceﬁblM MOMENTNOM UHEPYUU CEYECHHUSA OTHOCHUTEJIBHO HeKOTOpOﬁ
OCH, Nexaltiell B 9TOM e IJIOCKOCTH, HA3LIBAETCH B34Tad IO BCell miio-
Igaagyl cyMma npOHBBeneHKﬁ SJIEMEHTAPHAEIX IJIOLIAOOK Ha KBaapaT MX
PacCTOAHUS IO 3TOH OCH:

1) OCEBOM MOMEHT HHEpLMY CEUYEHUA OTHOCHUTEJIHLHO OCH O.’L‘
Tz = f y2 dA;

A

2) oceBOit MOMEHT MHEPLMU CEYeHMs OTHOCUTENLHO ocu Oy

Jy = [z?dA.
A
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IlonsapHeEIT MOMEHT MHEPUMU CEUEHUSA

IToagprvim MOMERMOM UHEPUUU CEUEHUA OTHOCUTEILHO HEKOTOPOH
TO4KM (IOMIOCA) HA3BIBAETCS B3ATas MO BCeil IVIOWANM CyMMa IIPOU3Be-
DEHMI DJIEMEHTAPHEBIX INUIOMIAJOK HA KBaApPaT MX PACCTOSHHMA NO 3TOM

TOYKU:
7= [ Faa,

A

roe p — paccTosiHue 1o nomoca (ueHTpa nosopora) (puc. 25.1).
ITockoneky ,o2 = 2% 4 yz, MOJIyHUM: TLOAAPNbIY MOMENT UNEPUUL
CeueHud PABEN CYMME OCEBDHLT:

Jp =Tz +Jy

OceBhble MOMEHTH MHEPINH XAPAKTEPU3YIOT COMPOTHMBIEHNE Cede—
HUS TIOBOPOTY OTHOCHTEILHO COOTBETCTBYIOLLEH OCH.

ITonApHLI MOMEHT MHEDIMSA XapaKTepusyeT CONPOTUBIICHUE Cede-
HUs TIOBOPOTY BOKPYT Nomioca (Hauana koopauuat). Enuunmur nsmepe-
HIS MOMeHTOB muepumm: M*; cm*; Mm?.

MOMEHTEBI MHEPUMU MPOCTERIINX CeUEeHUN

Oceeble momenmbl UHEPUUYU NLPIMOY20abHUKE (pHC. 25.2)
IIpencraBuM IpAMOYroNbHUK BHICOTONR h ¥ mm-
¥y puHOIt b B Be CeYEHU S, COCTABIIEHHOIO 13 GecKoHey-

d), HO TOHKMX ITOJIOC. 3anuilleM IIOIIAAEL TAKON II0I0CH
bdy = dA. lloncrasum B HOpMyJly 0CEBOIO MOMEHTA
% UHEpLXN OTHOCUTENLHO ocu O:
° i Jm=fby2dy=b/y2dy;
A A
L h/2 . iy
. 25.2 2bh b
Puc. 25 J:=0b f yidy = m; nonyuum: Jr = TR

—h/2

o anasoruu, ecnu pa3buTh NPAMOYIOJILHUK HA BEPTHKAJILHEIE 110~
JIOCH, PACCHUMTATD TIIOIIAAN IIOJNIOC M IIONCTABUTHL B GOpMYyNy O Oce-
BOI'O MOMEHTa MHEPIUK OTHOCHTENLHO ocyu (Y, MONyduM:
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hb®
2
= [zr“dA = —-.
Ty ,{ 12
OueBunHno, yro npn h > b CONPOTHBIEHNE IOBOPOTY OTHOCUTENILHO
ocu Oz 6onbie, yeM OTHOCUTEILHO Oy21
h
Oag xeadpama: h=b, T =Jy= TR

Ioagaprbili Momenm urepyuu xpy2a

Ilns Kpyra BHa4aJle BHIYMCISIOT NOJIAD-
HEII MOMEHT UHEPLMHU, 33T€M — OCEBHIE.

[IpencraBuM Kpyr B BUZle COBOKYIHOCTH
GeckoHeYHO TOHKMX KoJsen (puc. 25.3).

H.TIOHIB.III: Kaxnoro KoJjgbla MOXHO pac-
CUNTATh KaK Ioangp IIPAMOYIOJIBHUKA C
IOJIMHHOU CTOPOHOM, PaBHOR IJIMHE COOTBET-
CTBYIOIUEl OKPYXKHOCTH, ¥ BHICOTOH, DABHOMU
ToyuumHe Koubua: dA = 2mwpdp.

TMoncTasuMm 3TO BHIpaxeHue 1A ILIOLIA-

Puc. 25.3
Ou B GOPMYJTY IJIs NOJAPHOTO MOMEHTA NHEP-
105078
d/2 4 4
2nd nd
2 3
= 2rpdp = dp; = — = ——
Tp /p Tpdp 27r/p o Jp 18- 3
A 0
Honyuum bopMyny o4 pacdera NOJILPHOIO MOMEHTA HHEPIUMH KPYra:
wd*
=37

ITonobuEIM ke 06pa3oM MOXHO NOIyunTh GOPMYIy OIS pacyeTa
[IOJISPHOTO MOMEHTS MHEPIINHU KONIblIA:

m 4
jp = éE(d‘l - dnu)1
roe d — HAPYXXHHItT AMaMeTp Koibla; dpy ~—— BHYTPEHHUIA AMaMeTp Ko-

nblA.
Ecan o6o3uavuts dpy/d = ¢, TO
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Ocegble MOMEHIBL UHEPYUY KPY2Q U KOADYUA

I/ICIIOHI:ByH HU3BCCTHYIO CBA3bL MEXILY OCEBBIMH H NONAPHBEIM MOMEH-
TaMMN VMHEPLWH, IIOJIY1IHUM:

T =Tu+Jy; z:g:%;
d* d4
Te=Ty= %4— (xpyr); Je=Ty= z (1 ~ ¢*) (xonbuo).

MoMeHTBI MHEPIIMY OTHOCUTEIBLHO NapaslieIbHBIX ocel

Ocu Oz u Oz napannensus (puc. 25.4).

IIpu napannensHOM nepeHoce NPAMOYTONLHONR
cucremnl oceit yoOxp B HOBOE nIONIOXKeHue YypOT 3Ha~

\\\\ 4yeHuss MomeHTOoB uHepumn Jr, Jy, Jzy 3amaHHO-

\ ‘\\ xo [0 CeYEeHU MEHAIOTCA. 3amaeTcsa GopMyra nepexona
6e3 BrIBOOA.

N\

Puc. 25.4

2

X J:z: = ‘710 + Aa y
3nech J; — MOMEHT MHEPIUN OTHOCHTENLHO ocu O;
\710 — MOMEHT HHEepUHUU OTHOCHUTEIIBHO OCH

O.’Eo;
A — mnomans ceueHus;
a — paccroanue Mexny ocamu Oz u Oxg.

I'naBHBIE OCH M I'JIaBHbBIE MOMEHTEI NHEPIINN

T'saenbie 0cu — 3TO OCH, OTHOCUTENLHO KOTOPHIX OCEBEHIE MOMEH-
THEl VMHEPUMM [PUHUMAIOT 3KCTpPEMAaJIbHEIE 3HAUEHWs:: MUHVMAJBHEI K
MaKCUMAaJIbHKIM.

[nasurre HEeHTpaJIbHEIE MOMEHTEI UHEPIHN PACCYUTHIBAIOTCA OTHO-
CUTEJIbHO CJIaBHBIX OCeﬁ, IPpOXOOAIINX YePE3 LNCHTP TAXKECTH.

IIpuMmepr! pelrenus 3agad

Ipumep 1. OnpenenuTb BEIWYMHY OCEBHIX MOMEHTOB MHEpLKH
ITOCKON (UTyphl oTHOCUTeNMbHO ocelt Oz u Oy (puc. 25.5).
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| yl

DN

X 0N i X0
MR
a2 9 N20

Pewenue

1. OunpenmenuM OCEBOW MOMEHT
uHepluy orHOcuTensHo ocu Ox. Uc-
nosnb3yeM (GOPMYJIBI IS IIIABHBIX
UEHTPAJILHBIX MOMEHTOB. llpencra-
BUM MOMEHT WUHEpPUMU CEYEHHUS Kak
Pa3HOCTH MOMEHTOB WHEPLINH KPYyTa ¥

NpPAMOYTONILHUKA.
I 7 = wd*
200 1% xpyra Jo, =~
i bh3
Puc. 25.5 Ilns npamoyromsHuka Jyy, = TR

Ins npsmoyronsunka ocs Or we npoxonnt yepes I[T.
MomMmeHT MHepuun npsAMOyroILHUKA OTHOCHTENBHO ocu O:

sz = -.71:02 + a2A7

roe A — nnomans ceyeHus; a — paccTosHue Mexnay ocamu Oz u Oxg.

bh3  bh3  bA?
=t T =
MomeRT unepuuM cedeHus
ndt  bhd
‘.71:‘_"\71:1—\71'2’ \71’=E_T’

_3,14-2%.10% 50.2%.103
B 64 3

2. OceBoi1 MOMeHT MHEPUMHU OTHOCUTENLHO ocu Oy:

N

= 783,7-10° mm?; T, = 7837 oM.

nd? hb3
Jm - le —_ E. — KpyT; Jy2 = 1—2 — IIpAMOYI'OJIbLHMK.
MoMeHT nHepuuu cedeHus
md  h-b% _ 3,14-200*  20.50°

Jyz"‘——

—_ — _15 4.
6 TR Ty 760 - 10° Mmm™;

64 12
J, = 7600 cm?.
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IIpnmep 2. HaitTy rnapHEIT HEKTPAILHBIA MOMEHT MHEPILNM ceve-
Hus oTHOcuTensHO ocu Oz (puc. 25.6).

2 da, Y| C2 zo Pewenue
Ne 16 2177
— = = 1. Ceqemnve COCTABJIEHO U3 CTaHOAPT—
0; § HEIX NpOGdWiell, IaBHLIE LUEHTPAILHHA
1 Ng 2 MOMEHTHI UHEPLMN KOTOPHIX [PUBOMATCA
o 14 —
"o

T
I

B tabmuuax 'OCT, cM. [Ipunoxenne 1.
Ins neyTaspa Ne 14 no I'OCT 8239-89
Joz, = 572cm?.
Ina meennepa Ne 16 mo 'OCT 8240-89
Joz, = 757 cm.
Mnomans Ay = 18,1 cM?, Joy, = 63,3 omt
2. OnpenensgeM KOOPOMHATY LEHTPa TAXECTH INBENNIEpa OTHOCH-
TensHo ocr Ox. B 3amannom cedenmu INBeNsep MOBEPHYT M IIOIHAT.
IIpu 3TOM riaBHBIE HEHTPANLHEIE OCH NTOMEHAINCL MECTAMHU.
y2 = (h1/2) + d2 — z0,; mo T'OCT naxomum hy = 14 cM; dp = 5 MMm;
zo0 = 1,8 cMm.
3. MoMeHT WHepuuHM CeYEHMS paBEH CYMMe MOMEHTOB WHEpLMMW
IIBEJUIEPOB M ABYTaspa oTHocuTensHo ocu Ox. Venomesyem dopmyiry
MOMEHTOB WHEPLUNY OTHOCUTENILHO NMapajlielbHbIX OCe:

Jz = 0.701:1 + 2(0-761'2 + ygA)

gll/ /77
171/747,
0
5]

Puc. 25.6

B nannom cnyuae Jb,, = Joy, = 63,3 cm?;

y2 = (14/2) + 0,5 — 1,8 = 5,7 cM (paccTosnue MeXIy OCIMH KOODAMHAT
Oz’ u Oz);

Jr =572 +2(63,3 + 5,77 - 18,1) = 1874,7 cm*.

KOHTpOJIbHHe BOIIPOCHI M 3a0aHNA

1. IlnaMeTp CILIONIHOIO BAJA YBEIUYIIM B 2 pa3a. Bo ckonbko pal
nd*
yBesuuaTca oceBhle MoMeHTH uneptun? (7, = 3
2. OceBble MOMEHTEI CEUEHHUs PABHEI COOTBETCTBEHHO Jr = 2,5 MM
n Jy = 6,5 Mm. OnpenenuTe MoNSpHEIT MOMEHT CedeHN.
3. OceBoit MOMEHT MHEPLMH KOJIbLA OTHOCUTENBLHO ocu Ox

J= = 4 cM*. Onpenenure Benmuuuny Jp.
P Y Jp
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4. B xakom cnyyae J, HaumeHsmee (puc. 25.7)7

b4
N
\
I~ \
\\\\\\\0‘\\\\\\\\\ * O\‘ § K3
aj W
Puc. 25.7 6)

5. Kakas u3 npuseneHHbIX (opMyJ1 Ans onpenenenus J, nonoiner
IJ1 ceueHus, n306paxkeHHOro Ha puc. 25.87

BapunanTh oTBera:

LSRRt
12 4" 12 64’
o S Ve
12 32’ T32 12°

Puc. 25.8

6. MomeHT unepnuu msemnepa Nt 10 oTHOCHTENBEHO TNIABHOM LEH-
TpanpHOl ocH Jp, = 174 em?; mowane nonepeynoro cevenns 10,9 cm?.

Onpenenure 0ceBoit MOMEHT MHEPLUN OTHOCHUTENIBLHO OCH, IPOXONs-
1eif 4epes ocHoBauue wwsenepa (puc. 25.9).

7. CpaBHUTH MONAPHBIE MOMEHTHl MHEPLMHU ABYX CEYEHUil, MMero-
LLMX NpaxTHNYeCK ONMHAKOBHIE momany (puc. 25.10).

8. CpaBHUTL OCEBhIE MOMEHTHI MHEPLIMM OTHOCHTeNnbHO ocu O npg-
MOYTOJILHUKA ¥ KBAIPaTa, MMEIOLMX OMMHAKOBEIE mowaan (puc. 25.11).

y 20
N\e
o

X o) X0

40
|

LS

x x \\

Puc. 25.9 Puc. 25.10 Puc. 25.11
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JIEKIIWS 26

Tema 2.5. Kpyuenue.
BuyTpeHHue cuiioBble (pakTOPHI
Ipu KpyJYeHUM.
IlocTpoenne smnop KPpyTAINUX MOMEHTOB

Hmemp npedcmasaenue o deopmayuds npu Kpyuenul, o 6HYmpeN—
HUT CUALO0BBIT $axKmopar npu KpyueHuu.
Yuemov cmpoumd Inwopbl KPYMAWUL MOMEHMOS.

HedopManum npu XpydyeHUH

Kpyuenne kpyrnoro 6pyca NpOMCXONUT NP HATPYXEHUH €ro na-
pamy CuJl ¢ MOMEHTAMH B IFIOCKOCTSX, NEPNEHIVKYIIPHEIX ITPONOIBHOR
ocu. IIpu aToM obpasyioumme Gpyca HCKPUBIAAIOTCS H Pa3BOPAuNBAIOTCA
Ha YTOJ 7y, HashIBaeMHIl y2.ioM cdeuza (yroa moeopora obpasyioLei).
IMonepeusbie ce4CHN PA3BOPAYKBAIOTCS HA YTOM (o, HABHIBAEMEIN Yy210M
3axpyuusanud (yron nosopora ceyenns, puc. 26.1).

Inuua 6pyca ¥ pa3sMepsl MONEPeYHOro Ce4eHus MPHU KPyveHHH He
M3MEHAIOTCA.

Ha.npaancuk\

B3rAAa

a) 6) 8)
Puc. 26.1
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CBa3b MeXOy YIJIOBHIMH NehOpPMAIMsIMU ONPENENseTCs COOTHOUIe-
HUeM

! — nnuna 6pyca; R — panuyc cedeHus.

Hnuna 6pyca 3Ha4UTENBHO BONIBIIE PANUYCA CEUEHUs, CIIENOBATENb-
HO, © > 4.

Yrnosue negopManuy MpU KPy4YeHUH DPACCUNUTHIBAIOTCS B panua-
HaX.

I'mnoTe3nl NpU KPYy4YeHUN

1. Bemmonssercs runoTe3a MJIOCKMX CEYEHMIA: TNOMEepedHoe CedyeHue
bpyca, NII0CKOe M NEePNeHINKYIApHOe NPONOJIBHONA ocH, nocne nedopma-
1IIM1 OCTAaCTCA IINIOCKMM H NEPHNCHIOANKYIADHBIM rIpOlIOJ'IbHOﬁ OCH.

2. Panuyc, npoBeneHHH U3 LIEHTpa IONEpeYHOro cedeHus Gpyca,
nocsie pedopManuy ocTaeTcs npsAMol auHuel (He UCKPUBJISAETCS).

3. Paccrosinue Mex iy molepevHbEIMU cedeHUusaMu nocie aeopManun
HE€ MEHSEeTCi. OCb 6pyca HE HCKpPIBJ'IﬂeTCﬂ, aunaMeTpbl nonepequxx ce-
YeHUH He MEeHSTCd.

BHyTpenune cunoBele GpaKkTOpPhI PN KPYYEeHUN

Kpyuenuem Ha3nIBaeTCA HATDYXKEHHE, IPU KOTOPOM B NONEPEYHOM
ceyennuu Gpyca BO3HUKAET TOJBKO OIUH BHYTPEHHUM CHIIOBO (hakTop —
KPYTALLMIA MOMEHT.

BremxuMy HarpyskaMy Tak:e ABIAIOTCA IB€ IIPOTHBOIMOJIOXKHO Ha-
IpaB/IEeHHbIE TAPH CHJL.

PaccMmoTpuM BHyTpeHHME cWIIOBHE (DAKTODH! IPH KPYYEeHUU KpYT-
soro 6pyca (puc. 26.1).

Ins aroro pacceuem Gpyc mimockocToio I U paccMoTpuM paBHOBecue
orcevenHoit yactu (puc. 26.1a). Ceyenue paccmMaTpuBaeM CO CTOPOHHI
oTOpoILIeHHOM YacTu.

BremHnii MOMEHT mapul CUJ1 pa3sBopaqyuBaeT Y4acTOok Gpyca npo-
THB YaCOBOI CTPEJIKU, BHYTPEHHHE CUIIBI YIPYTOCTH CONPOTUBISIOTCH
HOBOPOTY. B Kaxxnoll To4uke cedeHUs BO3ZHUKaeT honepeyHas cuia dQ
(puc. 26.16). Kaxxnas To4Ka Ce4eHMs UMEET CUMMETPUYHYIO, [Iie BO3HU-
KaeT NOoIepeYyHas CUJIA, HAIPaBleHHai B OGPaTHYIO CTOPOHY. OTH CHUIIH
o0pa3yloT napy ¢ MOMeHTOM dm = pdQ; p — pacCcTOSHUE OT TOYKM
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oo ueHrTpa cedenus. CyMMa IONEpPEYHHX CHII B CEUEHUU paBHA HYJIIO:
>dQ =0.

C noMombi0 UHTECpUPOBAHMS IIOJIyYMM CYMMApPHHEIA MOMEHT CHUJ
YIPYTOCTH, HA3KIBAEMHI KPYTAIIMM MOMEHTOM:

MK=A/dm=A/de.

[IpaxTH4YecKN KPYTSALIMA MOMEHT ONPENEIISETCS U3 YCJIOBUS PABHO-
BecHs OTcedeHHON wacTu Opyca.

- Kpymawjull MOMENTL 6 CEMENUU PABEH CYMME MOMEHTIOB BHEWHUX
cua, dellcmeyowuz na omcevennyo wacmoy (puc. 26.18):

S m;=0, T.e. -m+M,=0;M,=m= M,.

OmIopH KPYTALLMX MOMEHTOB

KpyTsaume MOMEHTH MOryT MeHATbCA BIOab ocu 6pyca. Ilocne
ompenerneHns BEIMYHH MOMEHTOB IO CEYEHUSAM CTPOUM Cpaduk-3Iiopy
KPYTAIIMX MOMEHTOB BIOJIBL OcH 6pyca.

Kpymawuill momenm cuumaem noOAOHCUMEALHLIM, €CTIU MOMENTBL
SHEWNUT NAP CUa HATIPABJIEHHE N0 4aco80l CMpeaxe, B 3TOM ClIydae MO~
MEHT BHYTPEHHUX CHJI YIPYTOCTH HANPABJIEH NIPOTHB YaCOBOI CTPEIKM

(puc. 26.2).

Ilopsanmok mnocTpoenus
3MIOPHl MOMEHTOB aHAJIOTHU-
YJeH MOCTPOEHNUIO S0P IIPo-
nonbHEIX cun. Och SIIOpH
napajutenbHa ocu  Opyca,
3HaYeHUs] MOMEHTOB OTKJIa~
OBIBAIOT OT OCH BBEPX WJIH
BHU3, Macwtab nocTpoe-
Puc. 26.2 HUA BHLOEDXUBATHL 00sa3a-

TEeJIbHO.

Ilpumepn! peunreHus 3amad

ITpumep 1. Ha pacnperenurenbuoM Bany (puc. 26.3) ycTanonsnenn
YyeThIpe IIKNBa, Ha BaJ yepes WkuB 1 nogaerca MomHocTh 12 kBT, koTo-
pas yepes IIKMBHL 2, 3, 4 mepenaeTca NOTPebHUTENIO; MOLLIHOCTU pacIpe-
menswoTcs clenyrommM obpasoMm: P = 8kBt, P3 = 3kBt, Py = 1kBr,
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BaJl BpallaeTcsa C MOCTOAHHOM CKOPOCTBIO W
3MIOPY KPYTALIUX MOMEHTOB Ha BaJly.

25 pan/c. ITocTponts

WU

my=320H-m | m, M, =120H-m |M4=40H-u
320H-m
+
Jniopa
T a7, = M
t_:j 40H-m
- 160H M
Puc. 26.3
Pewenue

1. OnpenensieM MOMEHTH NAp CHUJ Ha MIKUBAX.
Bpauratoruit MOMeHT onpefiesiseM U3 GOpMYJIE MOLITHOCTH IIPH Bpa-
P
IUATENHLHOM OBUMXeHUM P = mw, m = —.

w
MowmenT Ha mkuBe 1 gBMXyIuMit, & MOMEHTHL Ha IKUBax 2, 3, 4 —

MOMEHTHI CONPOTUBJIEHNS MEXaHU3MOB, NMO3TOMY OHM MMEIOT MPOTHUBO-
HOJI0XHOe HanpaBleHe. Bpyc ckpyuuBaeTes MeXIy IBIXYIIIAM MOMEH-
TOM M MOMEHTaMu conporusieHns. [Ipn paBHoBecun MOMEHT OBYOKY LM
paBeH CyMMe MOMEHTOB COMPOTUBIEHUS:

12-10° 8103
ml————25 =480H - m; mg = 75 =320H - m;
3.108 1-108
ma = 35 =120H - m; myg = 5 =40H - Mm;

my1 = ma + ma -+ my; my

320 + 120+ 40 = 480 H - ™.
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2. OnpenenseM XpyTALIME MOMEHTH] B IIONEPEYHLIX ceyeHUAX Gpyca
C MOMOIULIO METONA CEeYEHUI.

Puc. 26.4

Ceuenue I (puc. 26.4a):

—my + My, = 0; My, = my; My, = 40H - M — xpyTsaumit MoMeHT
OTPHULATEIbHBIN.

Ceuenue II (puc. 26.46):

—myg —m3 + My, = 0; My, = mg+m3; My, =40+120 =160H - w
—— KPYTAIIMA MOMEHT OTPHLIATENbHBI.

Ceuenue III (puc. 26.48):

—my —m3 +my — My, =0; —My, = my +m3 — my;
—My, = 40 + 120 — 480; My, = 320H - M — xpyTsAIIMIA MOMEHT IIOJIO-
XKUTEILHBIA.

Ceuenue 1V:

My, =-mg—m3+my —ma=0.

3. CTpouM 5m0py KPYTALIMX MOMEHTOB, 3aMETUM, YTO CKAUOK MA
Inlope 6ce20a YUCAEHHO PAEEH NPUAOHCEHHOMY BPAUWAIOUWEMY MOMERT

BribupaeM cooTBeTCcTByIOLINN MacITaG.

OTxnaabIBaEM 3HAYEHUS MOMEHTOB, LITPUXYEM 3IIOpY nonepek, of
BOAMM II0 KOHTYDY, 3allUCLIBAEM 3HAYEHUSI MOMEHTOB (CM. SIIOPY IIOA

cxeMoit Basta (puc. 26.3)). MakcuMasbHEI KDY TAILINA MOMEHT Ha yJacT
ke III My, = 320H - m.

IIpuMmep 2. BrifpaTs paliMoHanbHOE PACIIOIOKEHNE KOJIEC Ha Badl
(puc. 26.5). m; = 280H - M; mg = 140H - M; m3 = 80H - M.

Il pumMeyanmne MeHss MecTamu Komteca (LUKMBHI) Ha BATY
MOXKHO M3MEHATH BEJIMYUHE! Kpy TALIMX MOMEHTOB. PamnonansHemM pac—
HOIOXKEHNEM ABJISETCs TAKoe, IPY KOTOPOM KPY TSIIIME MOMEHTHI TPAHN—
MalOT MUHHUMAJILHEIE N3 BO3MOXHEIX 3HAYEHHI.

mg = my +ma +m3 = 280 + 140 + 80 = 500 H - m.
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PacemoTpnM Harpysku Ha Banmy npu pa3lMuHOM PACIOIOXKEHMH
KOJec.

N3 npencraBneHHnIx BapunanToB Hanbosee pALUMOHAILHO Pacloio-
XeHHNe LIKMBOB B TPETbEM Cliyuae, 3[IeCh 3HAUEHUS KPYTSILMX MOMEH-
TOB MUHMMAJILHEL. BHIBOA: [IpY YCTAHOBKE IIKMBOB XKeIaTeILHO, YTOBH
MOLLHOCTE NOZABAJIACh B CEPEAVHE Bajla M 110 BO3MOXKHOCTH PaBHOMEDHO
pAacIpenessanack HAllpaBO M HAJIEBO.

-~ o

mo 4- L m
500

1

=0=
N
S

[

2

3

F

I

SR N S\
I/
.é 420 140

Hniny Smopa

80 LTI R My Hm

N W ] ’\mz ml\
)\ A A

T . mees
I

Puc. 26.5

yid

(=

28

Tepseiit Bapuant: M** = 500H - m.
Bropoit Bapuant: M** = 420H - M.
Tperuit BapuanT: MP** = 280H - M.

KOHTpOJ'IthIe BONPOCHI M1 3adaHNA

1. Kakue nedhopMauuy BO3HUKAIOT NPU KpyydeHUn?
2. Kakye runoTessl BRINOIHAIOTCA NpH edOpMauMu KpyYeHus?
3. NaMmenstores i QjuHA U AMAMETP BaJjla MOCHE CKPY4YMBAHUA?
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4. Kakue sryTpennue cunopnie HaxTOphl BO3HMKAIOT NIPH Kpyue-
aun?

5. Uro Takoe pauyOHANLHOE PACIIONIOXEHUE KOJIC Ha Bajy’

6. IIns samannoro Baja (puc. 26.6) BHIGPATL COOTBETCTBYIOLIYIO
3mopy KpyTsmx MoMeHTOB (a, 6, B). m; = 40H - M; mo = 180H - v

mg = 280H - M.
m 4‘&72

) T

0 U T A0

T Smepa

o) [ A
T Smopa

6) T Ve
) | T Smope
T il

Puc. 26.6

7. B xaxoM nopsnxe paiioHajibHEe PacNoNioKUTh LIKWBHW Ha Bary
I71s YMEHBUIEHNs] Harpy3ku Ha Baji (puc. 26.7)7

500 H-m /\120 Hv 80Hm
mj ma mj my

Puc. 26.7

BapuanTr oTBeTOB:

- Mo; M1; M2j M35 M4.
. m2; m3; Mo, Myq; M.
. mg; My; Mo; My; mM2.
« Thy; Mmg3; Mo; My1; my.

O N

mo
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JIEKIINS 27

Tema 2.5. Kpyuenue.
Hanpsxenns u nedpopmanmn
Np¥ KpPy4eHUNn

Huemd npedcmasaenue o nanpgocenuu u deopmayudrs npu Kpye-
HUU, 0 MOMEHNE CONPOTUBAEHUL NPU KPYUEHUU. ‘

3nams fopmyavt dag pacuema nanpaxcenull 8 mouke NONEPEUHOZ0
ceuenug, 3axon I'yxa npu xpyuenuu.

Hanpsxenuns npu KpydeHun

ITpoBonuM Ha mosepxHOCTH Gpy-
ca CeTKy W3 MNPONOJMbHBIX U IIONe-
DEYHBIX JVHUN M PACCMOTPUM pHCY-
HOK, oOpa3oBaBIIMifCd Ha IOBEPXHO-
ctyn nocne nepopmauun (puc. 27.1a).
ITonepeunnble OKPYXHOCTH, OCTABAiICH
TJIOCKUMMY, IIOBOPAYMBAIOTCS HA YTOJI
0, TIPOHOJILHEIE JINHUM MCKPUBIISIOT-
¢, NPAMOYTOJLHUKM IIPEBpalllaioT-
¢4 B napaJiienorpaMMul. PaccMoTpnm
snemeHT 6pyca 1234 nmocne medopma-

ony.

T
8) 2)
Puc. 27.1

ITpn BrrBODE hopMyn ucnoms3yeM 3akol ['yka npyu casure u runoTe-
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3y TUIOCKUX CEYEHHI W HEMCKPHUBIEHUS PAUYCOB MOMEPEYHEIX CEUYEHMH

IIpn KkpydeHum BO3HUKAET HANPSKEHHOE COCTOSHHUE, HA3LIBAEMOER
«4HCTHIA caBurs» (puc. 27.16).

Ilpu camsure Ha GoxoBO# mMOBEpXHOCTH 3/eMeHTa 1234 BO3HMKAKT
KacaTe/IbHbIE HANPSXKEHNs, paBHbIE 10 BenuuuHe (puc. 27.1B), aneMeHT
nedopmupyetea (puc. 27.1r).

Marepnan nomumusaercs 3axony ['yka. KacaTenbHoe HanpsixeHue
[IPONOPHMOHAILHO YTy CIBUCA.

3axon ['yka npu coBure 7 = Gv,

G — monynb ynpyroctu npu cosure, H/mM?; v — yron cosura, pan.

Hanpsaxxenue B m060if TOYKE IIONEPEYHOrO CeYEeHUSA

PaccMoTpuM monepedyHoe cedeHHe KpYIJIore
6pyca. Ilog melicTBMEM BHEIIHENO MOMEHTa B Ka-
XJIOM TOYKE MOMEPEYHOrO CeYEHNst BOSHUKAIOT CUJIE]
ynpyroctu dQ (puc. 27.2).

dQ = 1 dA,

Puc. 27.2

roe T — KacaTeJbHOe Hamnpsxenue; dA — sneMer-
TapHas IVIOLLANKA.
B cuny cummerpun ceyenus cunbl dQQ obpasyioT mapm (cM. Jjex-
o 26).
OneMeHTapHBIR MOMEHT cU dG) OTHOCUTENLHO UEHTPA KPYra

dm = pdQ,

roe p — paCcCTOSHME OT TOYKHU IO HEHTPa Kpyra.
CyMMapHBI MOMEHT CHUJI YIIPYTOCTH JIOMYYaeM CIIOXKeHueM (UHTe-
IPUPOBAHNEM) 3JIEMEHTAPHBLIX MOMEHTOB!

M,(=/dm=/de=/TpdA.
A A A

Iocse mpeobpasosanua nomydum GopMyITy LIS ONpenesle s HAPS
JKEHUII B TOYKe TONEepeyHOro CEYEHN:

Tk = MKp1 roe jp = /p2 dA.
T J
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Ilpu p =0 7 = 0; KacaTenbHOE HANPAXKEHUE NIPU KPYYEHHN NPO-
[OPLMOHAJIEHO PACCTOAHUIO OT TOYKHU 10 LUEHTPA CeYEHHs. 110y YeHH b
unTerpan Jp (nexuus 25) Ha3BIBAETCA MONSPHHIM MOMEHTOM MHEPILIMN
ceyeHus. Jp ABJIAETCA reOMETPUYECKOI XAPAKTEPUCTUKOM CEYEHUA NpU
kpy4dernu. OHa XapakTepusyeT CONPOTUBIIEHUE CEYeHUs CKPY4MBaHMIO.

Anamms nonyyenHoi dopMymbl 171 J), MOKA3LIBAET, YTO CIIOM, Pac-
[IOJIOXKEHHbIE NAJIbIIE OT LEHTPA, UCILITEBAIOT GONbINe HAIPAKEHN.

Onwpa pacnpedesenud KACAMEALHLUT HANLPANCEHUU TPU
xpyuenuu (puc. 27.3)
M, — KpyTaumii MOMEHT B ce-

YeHUH; My ™
pB — DACCTOsHHE OT TOYKM B \

IO UEeHTPAa; N
TB — HaNpshXeHue B Touke B; K{@ %
T 8% — MaKCUMaJIBHOE HAamps- N

XeHue. ' TP

Puc. 27.3
MaxkcuManpHbIE HANIPAXKEHMA IIPU KPYYEeHUN

W3 dopmymnet 0s1a onpeneneHus HaMpsKEeHW U 3MIOPLl pacipenesne-
HUS KACATEJIbHLIX HANPSDKEHWHA [IPU KPYYEHMM BUIHO, YTO MAKCUMAJIb-
Hble HaNpsXKEHUs BO3HMKAIOT Ha [IOBEPXHOCTHU.

OnpegennM MaKCHMAaJbHOE HAUDAXKEHMWE, YUMTHIBAA, YTO Pmax =
= d/2, rne d — nuameTp Gpyca Kpyrioro cedeHus.

Ins kpyraoro ceveHus MONSPHEIR MOMEHT MHEPUUHU PaCCUNTHIBA-
eTcs 110 dopMmyne (cM. nekumio 25).

7 = rd?
P 327
Maxcnma.nbnoe Hanpxxcerme BO3HUKAET HA HOBerHOCTH, IIOZ-)TOMy
numMeeM
e _ de/z-
Jp

O6e14H0 Jp/ pmax 0603Haua0T W), U HA3LIBAIOT MOMEHOM CONPO-
MUBAEHUL IIPU KPYUYEHHH, WIN TLOAZDHbLIM MOMEHMOM CONPOMUGAEHUTL
ceyeHusd

JIp

Pmax

Wy =

W QN
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Taxum o6pa3oM, AN PACUETE MAKCUMEALHOZ20 RANDINCEHUL HA NO-
seprrocmu kpyrioro 6pyca nonyuaeM ¢opMmyty

mex _ MK
" .
Wy
nd2  ndd
= — = —; W, ~0,2d
IIns xpyrnoro ceuenns Wy 2 dd3 R »~ 0 ;
Ilns konsuesoro ceverns Wy, = El-é—(l —ct),roec= —53

Ycaosue npounocmu npu xpyuenuu
Paspyenve 6pyca npy Kpy4yeHUN IPOUCXONUT C IIOBEPXHOCTH, NpPH
pacyeTe Ha NPOYHOCTh MCTIONL3YIOT YC/IOBUE IIPOYHOCTH

M,
max . K
Tx - Ww. < [TK]’
P
roe [7x) — momyckaemoe HampsKeHMe KPyYeHMS.

Buaer pacyeToB Ha IIPOYHOCTDb

CyecTByeT TpH BUAA PACYETOB HA NPOYHOCTE!
1. IIpoexmuposounnitl pacuem — onpenensercs nuamerp Hpyca
(sana) B onachom cevenuu:

My
<
oo Sl

Tx =

OTkyna

M,
0,2[n}

2. Ilpogepounsitt pacuem — npoBepseTcs BHIOJHEHHUE YCIIOBHS
IIPOYHOCTH
My
" = o < [Tx]-
Wy
3. Onpedeaenue nazpy3ounotd cnocobrocmu (MaxCuMasILHOIO
KPYTALIErO MOMEHTA)

[My] = [1]Wp.
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PacueT Ha XxecTkoCcTb

IIpn pacuere Ha XeCcTKOCTH ompenensercs nedopManus U CpABHU-
BaeTca ¢ gonyckaemoii. PaccmMoTpum medpopMmanmio kpyrioro 6pyca Han
IeiCTBMEM BHEIUHeN mapul CUil ¢ MOMeHTOM m (puc. 27.4).

IIpn xpywennu nedpopmarus oue-
HUBAETCH yTJIOM 3aKpPy4HBaHUA:

p 1

S R (cM. mexumro 26).

3nech p — Yros 3aKpydnBaHus; ¥ —
yron coeura; | — miuHa 6pyca;
R — paguyc; R = d/2. Orkyna

_¢R
7— l'

Puc. 27.4

3axon "'yka umeer sun 7, = G.
IloncTaBuM BrIpaXkeHMe M 7Y, MOMYIUM

o= c¥i/? Myd/2

] ; UCIIONIb3YEM Ty = 7
P

OTKyZa,
b Ml

¥=Gdi2 " G,

[Iponseenenve GJ, Ha3bIBAIOT XECTKOCTHIO CEYCHMS.

Monyns ynpyroctu MoxHO onpenenuTh kak G = 0,4F. Ilns cranm
G = 0,8 - 10° MIIa.

O6LIYHO PaCCYMTHIBAETCA YTOJI 38KPYYMBaHMsA, MPUXOOAILAIiCT Ha
OOMH MeTp ANuHH 6pyca (Bana) ¢g.

YcroBue xecTKOCTH NpH KPYy4YEeHMU MOXHO 3anMcaTh B BUIE

M,
o —— S ,
=G [©o)

e (o — OTHOCHTENbHBIl yroyl 3aKpyYnBaHus, @ = ¢/l
[po] = lrpam/m = 0,02 pam/m — HOMycCKaeMBbI OTHOCHTEIbHEIM
YIOJ1 3aKpyYMBaHUA.
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IIpumepsn!l pelieHus 3anay

VI3 pacueToB Ha TPOYHOCTH M 2XKECTKOCTb ONpenesnThb noTpeG-
HEIl quaMeTp Baja mid nepenayu Mowmoctu 63 kBt npm ckopocts
30 pan/c. Marepuan sana — cTaJjb, HONYCKaeMoe HalpsKeHUe IIPH
xpydenuu 30 MIla; momyckaeMBlil OTHOCUTENBHRIN YToJl 3aKpYUMBaHAA
(0] = 0,02 pam/m; Monyss ynpyroctu npu casure G = 0,8 - 10° MIla.

Pewenue

1. Oupenenenne pasMepoB IONEPEYHOIO CEYEHMs M3 pacyeTa Ha
IIPOYHOCTb.

Y csroBue IPOYHOCTH NIPY KDY YEHUM:
max M

T = W, < 7l

Onpenensem Bpalnaionmii MOMEHT u3 (OpMYTbl MOLITHOCTH P Bpa~
IIJeHNN:

P Br 63103 3
M,,p_;[paﬂ/c], My = oo =21 10°H-w; My = My.

M3 ycnoBus mpousocTH onpenenseM MOMEHT CONPDOTUBIIEHUS BaJla
Mp¥ KPY4eHUU

Wp 2 MK/ [TK]‘
3Ha‘{eH1‘l’S{ nmoacTraBnsieM B HBIOTOHAX U MM.
2,1-10%.108
30

OnpenenseM nuaMeTp BaJa:

nd® +[16W,
W, = ——: > —_— Z
Y4 16 H d = T 3 d =

2. Onpenenenue pa3MepoB TIONEDEYHOTO CedyeHMsl M3 pacyeTa HA
)KEeCTKOCTh.

YcnoBue xecTKoCcTH NPU KPYYeHun:

Wy, 2> =7-10% mn®.

= 71 MMm.
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W3 ycnoBus eCTKOCTH ONpenesseM MOMEHT MHEPUUHN CEYEeHUS IPU
KpY4eHUU:

My 2,1 108
et . * 2 ,
Ip 0,8-10%.0,02-10-3

Jp > 1312,5 - 103 mu*.

OnpenenseMm nuamMeTp Bajia:

nd* 41327, 4/32-1312,5-108
— —— > ___E.v — .
T 35 d> \/ — 3 Ta = 60,2 MM

3. Bribop noTpe6uoro muaMeTpa Bajla U3 pacueToB Ha IPOYHOCTh U
JKECTKOCTb.

Ilns ofecneueHns NPOYHOCTH U KECTKOCTU ONHOBPEMEHHO U3 OBYX
HaWNEHHBIX 3HAMIEHUN BhIOMpaeM Oonbiee.

[TonyyenHoe 3HavYeHmMe clenyerT OKPYTIIUTL, UCIONbL3YysS Pl Npel-
MOYTHUTENBHREIX uucen. [IpakTuyecky OKpyriseM IMONYyYEHHOe 3HAUYEHUE
Tak, 4YTO6nl umcio 3axaHuyuBanioch Ha 5 unu 0. [Ipunumaem snavenue
dpana = THMM.

s onpenenenns nuaMeTpa Baja XKeNATEIBLHO IOIb30BATHCS CTAH-
NapPTHBIM PAIOOM IHMaMeTpoB, npuseneHHoM B [Ipumoxenun 2.

KOHTpOJIbeIe BOIIPOCEHI M 3agaHUA

1. Kax Ha3smBaeTCS HANPSXKEHHOE COCTOSHME, BO3HMKAIOIIEE MpHU
KpyueHun Kpyrnoro 6pyca (Bana)?

2. Hanumuure 3axon 'yka npu cosure.

3. UeMy paBeH Monoy/p yHOpPYrocT MaTepHuasa NpH KPYy4YeHMH OJist
cranu? B kakux enunnnax o uszMepsercs?

4. Kakas cBs3b MEXIy YIJIOM CABULA M YIJIOM 3aKPYYUBAHMUA?

5. Kax pacnpenensercs kacaTelbHOE HANpPsKEHUE IIPY KPyveHUM?
UeMy paBHO HampsaXeHHE B LEHTPE KPYTJIOro NOMEPeYHOro ceuyeHus?

6. Hanuiunre dopmyny ans pacyeTa HANpPSiKEHUA B 000 TO4Ke
[OTIEPEYHOrO CeYEHMUH.

7. Uro Takoe monspHuiit MoMmeHT uuepuun? Kaxoi ¢usnyecknit
cMBEICT MMeeT sTa BemuuuHa? B kaxux egunnnax msmepserca?

Hanummre dopMyny ans pacuera MONAPHOTO MOMEHTA MHEPLIU
IOJ1A KpyTra.
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8. Hamuwmute dopMyny s pacyeTa HaIpsIKEHUS Ha IIOBEPXHOCTH
Bas1a Ipu KpydeHuu. Kax u3MeHUTCS HanpspKeHUe, e JUaMeTD BaJla
yBeUUNTCA B ABa pasza?

9. Iloyemy nons meraseii, padoTapomx Ha KpydeHue, BhIOMpaloT
KPYILJIO€ NONePeYHoe cedeHue”

10. B uem 3akiowaeTca pacyeT Ha MPOYHOCTh?

11. B yem 3akmoyaeTcs pacyeT Ha XECTKOCTh?

12. Tlo BesmuuMHE HOMYCKAEMBIX KPYTAILMX MOMEHTOB CPAaBHUTH He-
CYILY10 CHOCOGHOCTH OBYX BallOB M3 ONMHAKOBOTO MaTepHuasa, MMeo-
LIMX [PUMEPHO ONUHAKOBYIO ILIOIIANL nonepednnix cedeHuit ¢ = 0,58
(puc. 27.5). CpasHerue nposects 1o dopmyite (M) = [r|Wp.

Puc. 27.5

13. OTBeTbTE HAa BONPOCH TECTOBOIO 3aJaHus.

Tema 2.5. Kpyuenne

Bonmpocwu OrBetTw |Kon

[

1. Kaknmy 6ykBamu npuHATO 0603HAYATL ¥
nedopManyio npu kpydeaun?
Al
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Ipononxenne
Bonpochs O TBerT Kon
2. BuibpaTh nponyieHHyIo BeJIMUMHY B 3a~ U 1
xone 'yka npu cosure
1= D Y E 2
G 3
Wp 4
3. Kak pacnpepensercd HanpskeHue B IoMe- A
pEeYHOM cedeHuH Gpyca npu Kpyderuun?
2
3
\n: A % B T
" = % ' *
== |
4. Kakx ¥aMmeHMTCA MaKCUMaJbHOe HAIpPsKeHMe |YMeHnmwmnTcs B 3 pasa 1
B CEYEHMM IIpH Kpy4eHUH, eciiy quameTp Gpyca
yMeHbIUMTCS B 3 pa3a? YMenbmnTcs B 9 pas 2
Yseeauunrcs B 9 paa 3
Ysenuuurecs B 27 pa3 4
5. Obpas3ent nuamerpoM 40 MM paspyiInics npu 6,75 MIla 1
kpyraweM MoMenTe 230 H-m.
OnpenenuTs paspyuatolllee HaNpskeHne, 18 MIla 2
21,25 MIla 3
32,75 MIla 4
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Tema 2.5. Kpyuenne.
PacuyeTnsl Ha IPOYHOCTH M XXECTKOCTh
IIPU KPY4YEeHUN

HAmemd npedcmasacnue 0 payuonaabhbi Gopmar nonepeunozo ce-
YEHUS U PAYUOHAADHOM PACTLOAONCENUL KOAEC HA 6AAY.

3namb yeaosud nNPoOUHOCTNU U HCECTNKOCTNU NPU KPYLEHUL.

Yamemsb 6blnoAHAMb TPOEKMUPOGOUNbIE U TLPOBEPOUHIE DACUEMbL
Kpyaa020 6pyca 044 CMaMUUECKY ONPEJEAUMBIT CUCTTIEM.

IIpumepsl pellenus 3amay

Ipunmep 1. Iins 3ananHoro 6pyca (puc. 28.1) HOCTPOUTE 3MIOPEI
KPY TALLMX MOMEHTOB, PALMOHAJILHEIM PACIIONOXKEHUEM IIKUBOB Ha BAIY
NOBUTBCA YMEHbLINEHUS 3HAYEHUS MAKCUMAJBLHOTO KPYTALLENO MOMEHT&.
IMocTpouTh 2MIOPY KPYTALIMX MOMEHTOB IIPY PAlMOHAJBHOM DACIONO—
XeHUU IKMBOB.

no=1000H-™ m=200H-m m2=400 H- M my=400H-M

N VR

R
JlE

Jik

1 T + 4
3 yu. 2 y4. 1y4
Smopa
My
400 H-m
800 H-m
1000 H-m
Puc. 28.1

13 ycnoBus npoyHocTH ONpenennTs ANaMeTPH BaJia IS CIUIOLIHOTD
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den
U KOJIbIIEBOT'O CEYeHU, IPUHAB ¢ = v = 0,5. CpaBHUTD NOIy4EHHEIE

Pe3ysILbTATEL IO MOJIy9YEeHHBIM IUIOIIANSM IONEPEYHBLIX CeYeHHui. [Ty] =

= 35 MlIla.

Pewenue

1. Tlonb3ysch METONOM CeueHMI, OpENeNseM KpyTAIlje MOMEHTHI
Ha ygacTKax Baja (puc. 28.2).

@ @ @@)m,

|
3
a) 7
Puc. 28.2

Ceuenue 1 (puc. 28.2a): My = m3 = 400 H-m.

Ceuenue 2 (puc. 28.26): My = mgz + mo = 800 H-m.

Ceuenue 3 (puc. 28.28): My3 = m3 + mo + mq = 1000 H-m.

2. CtpouM 3mopy KpyTSAILMX MOMEHTOB. JHAYEHMA KPYTALMX MO-
MEHTOB OTKJIAJILIBAEM BHM3 OT OCM, T.K. MOMEHTHI OTPUIATEILHEIE.

MaxcuMalibHOe 3HaYeHNe KDY TSILUEero MOMEHTa Ha Bally B 9TOM Ciy-
yae 1000 H-m (puc. 28.1).

3. BuiGepeM paumoHajIbHOE PacHojoXenue Kojec Ha Bairy. HauGo-
Jtee 1e1eCO0BPa3HO TaKoe pasMeLeHHe KOJleC, NPy KOTOPOM HanGodblime
HOJIOKUTENbHEIE ¥ OTPALATENBHEE 3HAUYEHNS KPYTALIMX MOMEHTOB Ha

yuacTkax OyoyT MO  BO3- . 500 H.m o =1000 H-m
MOXHOCTH  OOVHAKOBHEIMH. my =400 H-m ;=400 H-M
. ~ —~ ~
W3 stux coobpaxennit Be- / / \l /
OYIIMIL [IKUB, Nepenaroimn == e
moment 1000 H-M, nomerna- 600H-m
eM Ommke K LEHTPy Baja, 100 H-u
BeIOMble LIKUBH 1 U 2 pa3s- [T 3;;"’93
MellaeM CJIeBa OT BEMyILETO éS .
¢ momenToMm 1000 H-m, uxus 400 1M

3 ocTaeTcsa Ha TOM XKe Mec- Puc. 28.3
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Te. CTpoMM 30m0py KPYTALLMX MOMEHTOB IIPU BEIOPAHHOM PaCIIOJIOKEHIH
mkusa (puc. 28.3).

MaxkcuMallbHOE 3HAYEHHE KPYTALLETO MOMEHTa Ha BaJly IPHM Bhl-
6paHHOM PaCIOIOXKEeHNH Kojiec Ha Basy 600 H-m.

4. OnpenenseM IMaMETPHl BaJla [0 CEYEHUSAM MPH yCJIOBUM, UTO Ce-
4eHne — Kpyr.

Y croBue npodHOCTH Npu KpydeHUn 1 = My /Wp < [7i].

MomeHT COnpOTHBIIEHNS KPYYEHUIO

M,
W, > —=.
(7«]
400 - 10°
W, = —-——00351 =11,4-10° mm?;
.103
W,, = 9993.51_— =17,1- 10 mmt®;
200 - 108
W, = —9(;—5—— =57 10% vndd.

OnpenensxeM INaMeTpPhl Bajla 110 CEYCHMIM!

7Td3 3 16W
Wp=—=—. d= L
T ™
/16 -11,4
di =10 ——3-54—— = 38,8 MM;
16 - 17,1
d2 =10 ——m—- = 44,25 MM;

16-5.6
ds = 10,/ 512 = Sl

OxkpyranseM nonydeHHble 3Havenus: d; = 40 mm; dy = 45MM; d3 = 35 MM.

5. OnpenensieM IMaMeTPhI Bala M0 CEYEHUAM IIPU YCIOBUU, YTO Ce-
YeHHe — KOJIbLO.

MoOMEHTE! CONPOTUBIIEHUS OCTAIOTCS TEMU XKe.
o ycnoBuio ¢ = dpy /d = 0,5.
TNonspHLIT MOMEHT CONMPOTHRIEHUS KOJIbIIa
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PopMyna O OnpenesieHHs HApYKHOrO AUaMeTPa, BAJla KOJIBUEBOrO
ceyeHus OynmeT cliemyroiien:

m(l—c?)’

Pacuer moxHO nposecty no gopMysie

r_ g8/ __1
d_d\/(l_d‘).

IMuameTpnl BAna IO CEUEHMAM:

[ 16-114
d =10/ c———r = ;
1 0 314(1 = 0.59) 39,6 MM;
16-17,1
=103 1 =452, Mv;
0V3J41—Q¥) 52,

16-5,6
— 3f - R
=10 314(1 = 0.59) 32 MM

t
2
/
3

Hapy:xHble nuaMeTpnl Bajia KOJIBLEBOIO CEYEHMs MPAKTHYECKH He
U3MEHWIINCE.

Ilns xonsuesoro cevenns: di = 40mu; df = 46 Mm; dj = 35 MM,

6. Ilna BeBooa 06 3KOHOMUH META/IA [IPpM MEPEXONEe Ha KOJbLIEBOE
cevyeHMe CPaBHUM Iutowwanu cedenuit (puc. 28.4).

Iipn ycnosum, uto ceuenme
— kpyr (puc. 28.4a):

A=Te N0
4 GO
G D
TIJIOLTHOE KPYTJI0e CEYEHHNe!: ]
6)
14 - 402 . 28.
A= 3’—40- = 1256 mm?; Puc. 28.4
,14 - 452
Ag = ?———- = 1590 Mmm?;

4
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4.35°
Az = 314357 _ 969 .
4
Tlpy yCnOBUM, YTO CEHYEHHME — KOABLO, € = duu/di
(puc. 28.46):
o wd? B deﬂ _ 7rd'2(1 B cz)
4 4 4 )
Konsuesoe ceuenue:
14 - 402
Al = i’—4—(1 - 0,5%) = 942 Mm%
14 - 462
Al = §14——(1 —0,5%) = 1246 mm?;
3,14 - 352
p="p— (1~ 0,5%) = 729 Mm’.

CpaBHUTENBHAS OLIEHKa Pe3ylIbTaTOB:

0,5

CrenopaTenbHO, IPU IIEPEXOIe C KPYTOBOIO Ha KOJILLIEBOE CeUeHHE

3KOHOMMS MeTaJljla IIo Becy cocTaBuT 1,3 pasa.

IIpumep 2. Craabnoii Baa nuametpom 40 MM nepenaeT MOIIIHOCTE
15xBT npu yrmnosoit ckopoctu 80 pan/c (puc. 28.5); nposepuTs mpod—
HOCTBb M XXECTKOCTL BaJjia, €Clid JONyCKaeMoe HalpsiKeHHe KpPydeHHS
20 MITa. Monyns ynpyroctu npu cosure 0,8 - 105 MIa. IonyckaeMnii
yroa sakpyumnsanus [po] = 0,6 rpan/m. ITocTponTs aniopy kacaTensHBX
HAIPSKEHNI ¥ ONpeleNnuTh 3HaUeHUe KacaTeIbHOIO HallpsXKeHUs B TOY~
Ke, YIaJIeHHON Ha H MM OT OCH BaJa.

= 14,56 MIla
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Pewenue

1. OnpenenseM BPAIUAIOIIMIA MOMEHT Ha BAJIY:

P 15 - 1000
Mo =3 Mo =55

= 187,5H - m.
2. IlpoBepka NMpPOYHOCTH BaJIA.

W3 ycnosus pasuoBecus my + mo = 0; my = mo = M.
¥YcnoBue npodHOCTH:

M,
<
Wp S [TK],

Tk =

4

rIe Ty — pacyeTHOE HAaIIpAXKeHHue B ceuyeHun; M, — KpyTAIIMHE MOMEHT
B cederny; W, — MOMEHT CONPOTHBIICHHUS; [Ty] — HOIyCKaeMoe Hampsi-
XKEHUE KPY4eHU. .
187,5- 10

3.1 = 12800 14,65 MIla.

W, = 0,2d°> = 0,2 - 40° = 12800 mm3.

4. IIpounocts obecneveHa. MakcMMallbHOE KacaTeNIbHOE HAIpsKe-
Hue B ceuennu 14,65 MIla < 20 MIla.

5. IIpoBepka. kecTKOCTH.

YcnoBue XeCTKOCTH:

K

=_—< )
©0 A [o]

riie (0 — OTHOCHUTEIILHBIR YTOoM 3aKpyYUBaHus; Jp — MOJIAPHEIH MOMEHT

MHEPUKH NPK KPYy4eHuH; [po] — MOmyckaeMulit yros 3aKpyduBAHNASA.
nd?
= — ~0,1d*
=3
Jp = 0,1-40% = 256 - 103 mm*.
187,5- 103

Yo =9.107% pan/mm.

=~ 0,8-10°-256- 108

YTo71 3aKpyUMBAHUA YUACTKA @o = 9-1076 pan/mMm = 9- 1073 pan/m.

[¢o] = 0,6 rpan/m = 0,01 pax/m > 0,009 pan/m.
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ZKectkocTh obecrieyeHa.
6. IlocTpouM smI0py KacaTelbHEIX HANPSKEHWIA B IIONEPeYHOM ceve-
Hun (puc. 28.56). OnpenenuM HanpsixxeHue B TOYKe, yIaJleHHON Ha 5 MM
OT OCH BaJIa.
7/p = Tmax/TB-

20 1465 14655

5 15 B 20

= 3,66 MIla.

KoHTposibHEIE BOITPOCH! U 3alaHUA

1. OnpenenuTe KpyTAIIMA MOMEHT B cevyeHun 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 Jn..

2. B kakoM mopsAake palMOHAJLHEE DPACNONOXUTL LIKWBLL, 4TO-
6L NONyYNThL MUHUMAJBLHYIO Harpysky Ha san’? UcnonbzoBaTh cxemy
puc. 28.6.

3. Kax u3sMeHnTCs HanpshkeHue B CEYEHMM, €CJIM JUaMeTp BaJla
YMEHBLINTH B OBa pa3a?

4. IIpoBeneny pacueTs Bala Ha MPOYHOCTH M XECTKOCTh, [lomyye-
HO: OMAMETP BaJjla M3 pacdeTa Ha MPOYHOCTH 65 MM, numameTp Baja M3
pacueTa Ha xecTkocTs 70 mM. Kaxum momxen GriTh Bas?

5. Kak m3MeHuTCHS yron 3akpy4umBaHUs BaJla, €CIM KPYTSIIUA MO-
MEHT yBeIUMYuTh B 4 pa3a, a IMAMeTD YMEHbUIUTE B 2 pa3a’

6. HanummnTe yc/I0BMS MPOYHOCTH U KECTKOCTM IPHU KPYYEHNH.
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Tema 2.6. Uarub.
Knaccnpukauus sunoB naruba.
BryTpenHune cuniioBbie ¢dakTophl npu nirube

Huemv npedemasaenue o 6udar u3auba U 6HYMPEHHUT CULOBLIT
gaxmopaxz.

3namp memodvl dag onpedeacHud 6HYMPENHUT CUAOGHIT HAKMOPOE
U YMEMb UMU NOAL306AMBCT 04 ONPEJEeHUT BHYMPENHUT CULOBLE
daxmopos npu npamon usaube.

OcHOBHBIE OnTpeAeICHNS

H32ubom Ha3bIBAETCS TaXOi BHI HAUDYXEHWS, IPU KOTOPOM B IIO-
IepeyHoOM ceueHun Gpyca BO3HMKaeT BHYTPEHHMIA CHiIoBOM (axkTop —

uzzubarowutl momenm. .
Bpyc, paboraioumii Ha

u3rub, Ha3LIBAIOT 6aax0oil.
m U3obpaxen 6pyc, 3a-
/ 2 KpENJeHHBN crnpaBa (3a-
Cunosas LLIEMIIEHNE), HarpyKeHHBIA
JL1ocKkocTh / BHEIHMMHN CHJIaMHA M MO-
)/ MeHTOM (puc. 29.1).
ITnockocTs, B KOTOpOMR
PaCIONIOXEHbI BHELIHUE CU-
NIBI B MOMEHTHI, Ha3hIBAIOT
Ccu060tU NA0CKOCTNHIO.

74 Ecim Bce cumim mexat
/ B OIIHOM IIJIOCKOCTH, U3rud
/4 Ha3BIBAIOT TMOCKUM.

o/ ITnockocTs, npoxonsiuas
yepe3 IPOOOILHYIO OCh 6py-
/4 Tnausie Ca ¥ OOHY W3 IJIABHLIX lIeH-
nnockocTH Gpyca TPalbHEIX OCEl €ro Iorme-
S PEeYHOro Ce4YeHus, HasbIBa-

€TCsl 24a6H0U NAOCKOCMBIO
Puc. 29.1 6pyca.

N

),
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Ecnu cut06a4 minockocTh cOBIANaeT C 24a6noti INOCKOCTHIO 6pyca,
n3rub HA3HBAOT npambiu (puc. 29.1).

Ecnu cunoBast mIIOCKOCTH HE NPOXOAUT 4epe3 IJIABHYIO IIJIOCKOCTh
6pyca, u3rub Ha3LIBAIOT Koctm udeubos (puc. 29.2).

Tnasnme wiockoct
Bpyca
Ir/
I z
q
¥y
L ——
F /
/
/
/ A
/
o\,
X / ¢ X
/
>
S Q?‘ Cnnosas
NNOCKOCTh
Puc. 29.2

BryTpennune cumnoBbie ¢pakTopbl npu uarnbe

IIpumep 1. PaccMoTpuM 6anky, Ha KOTOPYIO AEHCTBYeT napa Cuil
¢ MOMEHTOM m u BHemwHss cuna F (puc. 29.3a). Ilng onpenenenus BHy-
TPEHHUX CUIIOBHIX (DAKTOPOB HONL3YEMCH METOIOM CEYEHMIA.

Paccmorpum pasHoBecue yyacTka 1 (puc. 29.36).

Hon nmeiicTBmeM BHellHel maph CHJI yYaCTOK CTPEMMTCH pa3Bep-—
HYTbCsl IO 4acoBoil cTpenke. CUIBl yIIPYrocTy, BO3HMKAIOIINE B CeYe-
HuM 1, yOepxuBaoT y4acTOK B PABHOBECHH.

IIpononbuEle CHIIBL YIIPYTOCTH BHIIIlE ocu Opyca HallpaBJIEHBl HA
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7IeBO, a CHJIBI HWXKe OCH HAIpaBJjieHn! Hanpaso. Takum o6pa3som, npu
pasHoBecuM ywactka 1 momyuum: Y F, = 0. Ilpononsnas cuna N B
ceueHMM paBHa Hymo. MoMeHT cun ynpyroct# orHocuTensHo ocu Ox
MOXeET OBITb NOJIyYeH, €C/I CYMMUPOBATD 3JIeMEHTAPHEIE MOMEHTHI CUI
yInpyroctu B cedyenun 1-1 oTHocuTensHo ocu Oz

M, = / ydN.
A
OTOT MOMEHT HA3KBAIOT marubaromm MomeHToM M, = M,,.
y m 3
dN
y
a Hellrpansuntil
(4] cnolt z
m Mxl
&—_
6)
yp m F
1 2
4 -
- T
/10 o z
/ 2 2. Mx;
€ a 23
/ Py
% ?
Puc. 29.3 %)

W3 cxemul Bayta Ha puc. 29.36 B1ONHO, YTO YACTh BOJIOKOH (BHILIE OCH)
MCIILITHIBAIOT CX&THe, & BOJIOKHA HMKE OCH pacTAHY TH. CrienoBaTelnHO,
B CEYEHMU JIOJKEH CYLIECTBOBATL CJIOM He DACTAHYTHIA U HE CXKAaThIH,
rie HalpAXeHUs o paBHBl HYJIO.

Taxko# cnoit HasuBaT reumpaaskbin caoem (HC). Jlunua nepece-
4eH!S HEeTPAJILHOIO C/10S C MJIOCKOCTBIO IONEPEeYHOro cedeHus Gpyca
Ha3LIBAIOT HETPAaJIbHOW OChIO.

Hetlmpaabnoitl caotl IPDOXOOUT YEPE3 YEHMP MANCECTNU CEUEHUS.
3nech HEATpaNBHLIA COM coBnanaeT ¢ ocso O.

TIpaxTuuecku Benmuuna narnbaoniero MOMEHTa B CEYEHNN Ompene-
JIA€TCA U3 yPAaBHEHUs PABHOBECHS: ) My, =M — My, =0; My, =m.
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Takum o6pasoM, B ceuennn 1-1 npononbHas cuila paBHa HYNIO, H3-
rubarolnyit MOMEHT B CEYEHUM NOCTOSHEH.
W3aruG, npu xoTopoM B nonepedHoM ceyeHny 6pyca BO3SHUKAET TOIb-
KO M3rubajollinil MOMEHT, HA3EIBAETCS WUCTbLM U32uloM.
. PaccMoTpuMm paBHOBecue yuyacTka Opyca OT CBOGOOHOTO KOHLA ID
ceuerus 2 (puc. 29.38).
3anmieM ypaBHeHus PaBHOBECHs OJIs y4acTka Gpyca:

ZF’/:O; —-F+Q2=0; Q2=F = const.

B ceuyenun 6pyca 2-2 neiicTByeT momepeyHas CUlla, BEI3LIBAIOLIAS
CHOBHUT. Y Mg, , =0; m—F(2g—a)— Mg, =0.

Wsrnbaroumit MomenT B ceuenmn: My, = m — F(2; — a);
Zy — PAacCTOSHME OT CeyeHHs 2 [0 Havalia KOOpAMHAT.

Marnbalommit MOMEHT 38BMCUT OT PacCTOSHUS CEYEHUs N0 HayaJa
KOOpIMHAT.

M3ru6, npy k0TOpPOM B IONEpeYHOM ceyeHun Opyca BO3HUKAET U3TH-
Garotmil MOMEHT M TOTIEPEeYHAs CUIIA, HA3HBAETC NONEPEUHbIM U32ULOM.

IIpuHsTHIE B MAILMHOCTPOESHUM 3HAKM
MOIEPEYHbIX CUJI ¥ M3rn6aroimx MOMEHTOB

3naxu nonepeunbiz cus

h
F /7 N\ RN ITonepeunas cuna B ceve-

HIN CYUTACTCHA NOAOHUMEAL-

? Q 7 Q Hot, ecyi OHa, CTPEMUTCS Pa3-
6EPHYMb CEYEHUE NO YACOBO
® JF © cmpeaxe (puc. 29.4a), ecnm
a) 6) npomus, — OMPUYAMEIbHO
Puc. 29.4 (puc. 29.46).

3naxu uz2ubanyur MoMeRmos

Ecnu peficTeyroume Ha yuyacTke m M m
BHEIIIHNE CHJIEl CTPEMATCA M30THYTb (\ -
+
banky fbmymocmbw 6NU3, TO H3rU- u m M.
GarolmmMii MOMEHT CUMTAETCI NOAOHCU-
meabnoim (puc. 29.5a), eciiu naobopom a) 6)

— ompuyameabnbin (puc. 29.56). Puc. 29.5
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Buoisodot

ITpu wucmom u32ube 8 nonepeunom ceuenuu 6aaxu 603nuKaemMm
MOoAbKO u32ubauut MOMENT, TOCTNOSHHLIL N0 BEAUNUNE.

ITpu nonepeunom uszube 6 ceuenuu sosnuxaem uszubarowuil mo-
MENT U NONEPEUHAT CUAQ.

H3zubarowutll momenm 6 NPouz6OLbHOM CEUEHUU 6AAKU UUCAEHHO
pasen aazebpaunecxotl CymMMe MOMENOB8 BCET GHEWHUT CUA, TPUAO-
JCEHHBIT K OTNCENEHHOU HACTIU, OMHOCUMEALHO DACCMAMPUBLEMOZ0 CE-
yeHud.

ITonepeunag cuan 8 npou3soabHOM CEUEHUL 6AAKY YWUCLEHNO DAEHA
aazebpauveckol cymme npoexyull 6cexr GHEWHUT Cua, JedcmaYOUUT Ha
OMCeUeHHOT UaACTU HA COOMEBEMCMBYVUYIO OCH.

IIpumep 2. Ha Ganxy meficTByeT napa CHJ ¢ MOMEHTOM 11 ¥ pac-

npenejieHHas Harpy3ka HHTeHCHBHOCTHIO ¢. Danxa 3awemiieHa crpasa
(puc. 29.6).

L mo 2 q —
{ ! —
0 -\ Y\ A -
L__Zn____S] 2 ~
(___j -
a b
1 yu. 2 yu.
— {
m
R
4(z2-a) Q; |Mx,
«— ¥
Z2 -/ \(z22-4a)
2
Puc. 29.6

Pacceuem 6anky Ha yuacTke 1 Ha pacCTOSHMM 2] OT JEBOLO Kpas.
PaccMoTpum paeHoBecwe otTcedvennoit uvactu. M3  ypasuenns
Y- mg, = 0 nonyuum:

m— M;, =0; M,;, =m = const.
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Yuactok 1 — ywacTok wucmozo u3zuba.

PacceueM Gasky Ha y4acTke 2 Ha PACCTOAHUH 22 > @ OT Kpasd, 22 —
PacCTOsHUE CEYEHKS OT HAYAJA KOODAMHAT.

W3 ypasrenns ) F, = 0 nalinem nonepeunyio cmity Qa. 3a1vxeﬂf—
€M pacIpeaeneHHyIo HArpy3Ky Ha PAcCMaTpPUBAEMOM YYACTKE PaBHOHOEM -
cTByIOLIEH cunolt g(2g — a).

Y Fy=—q(z-0)+Q:=0; Q=gq(z—a)

M3 ypaBHeHHUss MOMEHTOB olpenenseM u3rnGalonmii MOMEHT B cede-

29— Q
HIM: ) Mg, = 0; Emrz=m"(I(ZZ—a)L2_-—M12=O§

Ha BTOpOM yuyacTke BO3HUKAeT nonepeqﬂzm.ﬁ u3rmb.
Mzz —-m - (I(ZZ a) .
Buieodovr 2
ITpu deticmeuu pacnpedeaennoti Ha2PY3KU 60IHUKEEM NONEPEUHARA
Cuaa, AunetiHO 3A6UCTWAT O KOOPJUHADBL CENENUA.
Haeubarowut smomenm na ynacmxe ¢ pacnpedesennoti na2py3xon

MEHAETNCH 6 3aA6UCUMOCTIU O xoopduuambt ceuerud no napa6o.4uuec—
CKOMY 3AKOHY.

IndpdepeHnnannLubsie 3aBUCMMOCTH
Npy NPAMOM IONEPeYHOM N3rube

ITocTpoenue 3moOp MonepedYHbIX CUNl ¥ u3rnbarolyx MOMEHTOB Cy-
LIIECTBEHHO YIIPOLIAETCA IIPH NCIONbL30BaHuK AudPpePeHIUNATbHEIX 3aBH—
CUMOCTEN MEXIY M3rubalonmM MOMEHTOM, NONePeYHON CHIIOR M MHTEH-
CMBHOCTBIO PABHOMEDHO paclpeneeHHoM Harpyiku (Teopema Kypas—
CKOr0):

ITonepeunas cuaa pasna npouseodnot om u32ubarule20 MOMEHMA
no daure 6asxuy:

Hnumencuenocmob pasromepno pacnpedesennotll Ha2py3Ku paeHa
npou3soonoti om nonepeurot cuablt 10 Jdaune baaru:
aQ
dz T
W3 BLIIIE YKA3aHHOTO CIIEMyET:
ecimn M, = const, To @ = 0; eciu @ = const; To q = 0.
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KoHTponpHblE BONPOCH!

1. Kaxyio IJIOCKOCTD HA3BIBAIOT CUJIOBOM?
2. Kakoil uaru6 Ha3pIBalOT NPSAMBEIM? UTO Takoe Kocoi uarut?

3. Kaxue cunoBnie (baxTOph BOSHHMKAIOT B CeYeHUM HajIKM IpU du-
cToM u3rube?

4. Kakue cunoBrle (bakTOPHl BO3HMKAIOT B CEUEHUM IIPU NONEPeYHOM
nsrube?

5. OnpenennTe nonepevnyo CUNy ¥ U3TrHOAIOIN MOMEHT B CEUCHIH
1-1 (puc. 29.7). Paccrosnue cedeHns oT ¢cBOGOAHOIO KOHUA GalKu 5 M.
6. Onpenemure peaxumio B onope B.

m = 15kH-mM
i (a [T a=3edtm |
LO 3M_4 3MT1T 4m _)E 6 M C 6m i

1 £ =21xH

Puc. 29.7 Puc. 29.8

7. OnpenenuTe BEMUYUHY TIONEPEYHON CHITBI 1 Marubaolnero MoMeH-
Ta B ceuenunn C, Benonb3oeas cxemy Gankn (puc. 29.8).
8. Onpenennte y4yacTok yucroro usruba (puc. 29.9).

g= 2xH/M F2=5xH
L
VYVVVVYVYVVVY F,=3xH =
4M 2m ] 2w 2m O
1 yu. 2yq. L 3yu. | 4yn. T

Puc. 29.9
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Tema 2.6. N3rub.
IlocTpoenue 3mop NonepevwHLIX CAJI
¥ N3Iarpbarnilnx MOMEHTOB.
OcHOBHBEIE ITpaBUJjia MOCTPOEHN 30D

3name nopadox nocmpoenus U KORMPOAT INW0P NOTEPEUHBLT CUL U
uI2uUbWOUWUT MOMEHTMOS.
Yamems cmpoums 3n10pbl ONEPEURLLE CU U U32UGAIOWUT MOMERTNOR

Oniop! ONePeYHBIX CUIT ¥ M3rNHaIONNX MOMEHTOB MOXHO CTPOUTD,
[IpenBapUTeNnbHO Pasnenus GallKy Ha YYaCTKU HArPY:KeHUS ¥ COCTABIIAA
YDaBHEHH, BRlpaXalome u3MeHeHns (@ u M, no yyacTkam.

HanoMH#uM, 4TO 2panuybl Yyuacmxos NOZPYNCEHUd — ITO CEUEHNS,
B KOTOPHIX IIPUJIOXKEHB BHEWHUE HA2DPYIKU.

IlpuMepr peinenus 3anayd

IIpumep 1. Ha Ganky meicTBYIOT COCpPENQTOYEHHLIE CHIIBI U MO—
mentT (puc. 30.1). IlocTpouTs 5MIOpHI NONEPEYHEIX CHI M M3rnbGaronmx
MOMEHTOB.

v M=15«kH-m
Fy=10xH s ¢ ¢ R
o W Tr=200H b2 B )5 ~
| Im 4™ Im
10 kH
Smiopa BRI
o LT .55 kH
10kH 25 kKH-M|_r
10xkH-M H
Aniopa ) , ! LU
Mx I\ ““I“.UJ‘J Jlesoe [lIpasoe
30 kH-M

Puc. 30.1
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Pewenue

IlocnenoBaTenbHO MO yYacTKaM HArDYKEHUS PaCCMATPHBAEM BHY-
TPeHHME CUIIOBHE GaKTOPH B ceueHnsx. CUIIOBHE GakTOpHI OnpenenseM
13 YCIIOBMHA DaBHOBECHUS OTCEYEHHOH 4acTu. IIns Kaxkmoro yvacrtka 3a-
MMUCHIBAEM YPaBHEHNA BHYTDEHHUX CHI/IOBHIX (PaKTOpOB.

Hcenoavayem ussecmuvie npasuaa:

—— moTiepedHas CHUJla YMCIIeHHO paBHa anrebpamueckol cymMMe TIpo-
€KUM BHeIUHNX cui Ha och Oy;

— n3rubaloivii MOMEHT YMCJIEHHO paBeH airebpandeckol cyMme
MOMEHTOB BHEIITHMX CWJI, NeACTBYIOIIUX HA OTCEYEHHYIO YaCTh, OTHOCH-
TEeJIBHO HEMTPAJILHON OCH, cOBNaxalomel ¢ ackio Or;

— NPUHATHE 3HAaKU IIONEPEYHBIX CHJI U M3rubajolImX MOMEHTOB

(puc. 30.2):

F H+ ' [—H R+ D
Q ¢
a) 6) 8)

Puc. 30.2

CocTaBuM ypaBHeHUs PABHOBECHS.
1. PaccmoTpuMm yyactok 1 (puc. 30.3a).

y 2y=0; ~F1 + Q1=0; Q1=F1; Q;=-10xH.
F1=10 xH Cuna @@, — orpunarensaa. Cuna Q Ha yuacT-
ke 1 mocToaHHS.
Ql) My, Zm,l =0; —Fiz; + le =0 le = Fyz.
M; — oTpnnarenLHLIl.
0< 2 <3m:
npu 21 = 0; Mz, = 0;
npu 21 = 3m; Mg, = —30kH.
Wsrubaroimit MOMEHT MEHAETCH MO JMHEHHOMY 38KOHY, rpaduk —
npsAMas JTUHUS.
2. Paccmotpum yyactok 2 (puc. 30.36).
YF,=0-Fi+F,-Qy=0;
Q:=—F1 + Fy;
Q2 =-10+20 = 10xH.
Cuna Q2 nonoxureabua.

Y mg, =0;

Puc. 30.3a
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~Fyz9 + F2(252 - 3) + sz ={;
MI2 = F122 - Fz(Zz - 3)

y 3M<zo €T ™
F|=10KHA ( npu z2 = 3M
0 Q2 M;, =10-3 =30xH - v;
Im Fy=20 xH M, — oTpHUATENbHBIIT;
N 22 N My, npu zo = TM
Puc. 30.36 Mg3ee2 = 10-7-20-4 = —10xH-m.

3nak cmenuics; My, cneBa oT ce—
yeHus B — NOnOXUTENbHEIH.

[lonepeunyo cuity n u3rubaolmMi MOMEHT MOXHO OIIPELENSATh Cpa-
3y u3 3aBucumocTeit Qy = Y Fy; My = ) myg, ne cocmasags ypasnenun
PABHOBECUT YNACTKA.

3nax xaxcdo2o u3 CaGRAEMbIT IMUT Ypasuenul onpedesfem OmM—
deavro (yuacTok 3).

3. PaceMorpum yuactoxk 3 (puc. 30.38).

Qs = ~10 + 20 = 10xkH — nono-

XKWUTeJILHA. Fi=10 xH m=15kH M
=10 k
2 My =0; ‘ A
M;, = -Fz3+ Fa(z3 — 3) + m. o 20 xi B 4\1{Q3
TM<23<10M . 2‘4M K y
npu 23 =TM X

<3

00—

MzpP?"*=—10-7+20-4+15=25kH - m;
npu z3 = 10m. . Puc. 30.3s
M, = -10-10+20-10+15 = 55kH M.

O6pariaeM BHUMAHME, YTO AJIsl TOYKM B nosydyeHo OBa 3HAYEHUS
3rubaioIMX MOMEHTOB: U3 ypaBHEHUs IJIA YYacTKa 2 JieBee TOUYKU B u
U3 ypaBHeHMA IS yYacTka 3 — npasee TOukM B.

D710 0BBLACHSETCS TEM, YTO MMEHHO B 3TOH TOYKEe IIPUJIOXKEH BHEWI-
HUI MOMEHT U IIO3TOMY BHYTPEHHMIA MOMEHT CUJ YIPYTOCTM MEHAeTCH

B Toukax npuiioxeHus BHEUIHErO MOMEHTA HA 3I0pe MOMEHTOR I6—
ABUTCS CKAYOK, PaBHEI BeIMYNHE IIPUJIOAKEHHOIO MOMEHTA.

Tlonepeunas cuna B Touke B A1 BTOPOTO U TPETLETO Y4acCTKaR
onuHakoBa. CrnefoBaTenbHO, NPUAOHCEHUE BHEWHEZ0 MOMEHMA HE OM-
paxcaemcd HG INWOPE NOMEPEUNLT CUd. I'patduk nonepeyHol cunbl Ha
y4YacTKe 3 — npsiMasl TAHUA.

Ipadux uameHeHus M3runbaiolMX MOMEHTOB Ha TPETHEM YYACTHE
TaKxe NpsMast JTUHNA.

b
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4. Tloctpoenne smop. Hopanok nocTpoenns 3mop OCTAETCA Npex-
HUM: MacIITabkI 5IMI0P BeIOMpAIOTCsA OTAENBHO, UCXOA U3 3HAYEHNH MaK-
CUMAJIbHRIX CUNl ¥ MOMEHTOB.

I'paduku o6BonATCS TONCTON OCHOBHOM JIMHMEN U 3aIlITPUXOBHIBA-
foTcs nonepek. Ha rpagukax ykKashIBaioTCA 3HAYEHUs NONEPEYHRIX CHJL,
u3rubarolnx MOMEHTOB H €AUMHUIBI U3MEPEHM .

ITpasuaa nocmpoerus 3nop (puc. 30.1 u 30.4):

1. IIns y4acTka, rie OTCYTCTBYeT paclpeleseHHasA Harpy3kKa, more-
peuHas Cuia MOCTOAHHA, a U3rnbalonuil MOMEHT MEHSIETCS MO JIMHEHHO-
MY 3aKOHY.

2. B yacTHOM Cy4ae, KOTIa IONEPeYHas CUJla Ha yYacTKe PaBHa Hy-
mo, M3rubarolmil MOMEHT MOCTONHEeH (YUCTHIA U3rKb), rpadbux — mps-
Mast JINHIA, Tapalile/bHas nponosbHo ocu (Ha puc. 30.1 orcyTersyer).

3. B ToM MecTe, rae k Ganke npusioxeHa BHEIIHAS COCPEIOTOUEHHAA
CWia, Ha 3mope () BO3HMKAET CKAYOK HA BEJINYUHY IPMIIOKEHHON CYJIILI,
2 Ha SII0Pe MOMEHTOB ~— W3JIOM.

4. B ceuenun, roe x Gaike npunoxena napa cui (CocpenoTOYeHHBIN
MOMEHT), Ha 3Mope M, BO3HMKAaeT CKadoK Ha BeJMYMHY MOMEHTa 3TOi
napul. [lonepeunasi cyita npn 3TOM He U3MEHSIETCs.

5. B ceuenun na, koHue 6aJIKi monepevHas CUI1a. paBHA IPUIIOXKEHHOM
B 9TOM CEYEHUM COCPENOTOYEHHO!N CHMJIe MM PEAKIUM B 3alEJIKE.

6. Ha cBoGomnoM konue 6anxu uiv mapHUDPHO ONEpTOM KOHIE MO-
MEHT PABEH HYJIO, 3a MCK/IIOYEHHEM CIYy4YaeB, KOIOA B 3TOM CEYEHUN
HpHJIOXKeHa apa CUJ (BHELIHUA MOMEHT).

IIpumep 2. Ha nByxonopuyio 6aiky OeCTBYIOT COCDPENOTOYEHHEIE
cunmst 1 MoMeHTH (puc. 30.4). IlocTpouTh 3MIOpH NONEPEYHHIX CHII U
n3rubarolx MOMEHTOB.

Ilns nByxonopHo#l 6aIky TIOCTPOEHHE SIII0P HAYMHAIOT C ONpesesie-
HUA OIOPHEIX peakumit 6anku. 1 Ux onpeneeHns UCTIONb3YEM CUCTEMY
YPaBHEHNI PaBHOBECUS, COCTABJISEM JBA YPABHEHNS MOMEHTOB OTHOCH-
TENbHO WIADHUPHHIX ONOP. 3aTeM MPOBOAMM IIPOBEPKY IPABMIILHOCTHU

n

pellIleHns [0 ypasBHeHuio ) Fi, = 0 (cM. nexumio 6).
0
Pewenue

1. Onpenenenne peakimit B onopax. Y paBHEHNS PABHOBECUS:
Y ma=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;

Rpg = 71xH.

Ymp=0; Ra-10+F-44+m+F,-2=0
Ry-10+80+35-4470-2=0;

R4 - 10 = ~80 — 140 — 140 = —360;

R4 = —36xH.
y;\ m=80 KH "M  F2=70xH
l Ry Rs
/;4 ¢ BA  D|:
x 6M Fi=35xH 4m T 2wm

70 xH
o
Smopa

LCHIEECAIIELLY 56 e TTRF

| mopa
136 xH-M 140 kH ™M
216 xH-M
1 yu. 2 yy, 3 yy.
y Yy ) y .
Puc. 30.4

Peakuus B onope Hanpasiena B 0O6paTHYIO CTOPOHY.

Hposepxa: 3 F, = 0;

—Roa+ L+ Rp—F,=0; —-364+35+71—-70=0.

Peaxumu onpenesieHsl BEPHO.

2. [Ins ynpoueHus PacdyeToB NPH IOCTPOEHHU JMIOP IONEPEYHbI
CHJT ¥ MATUGAIOLIIX MOMEHTOB MOXKHO IPOBECTH PACHET [0 TaAPAKIMEPRLIM
mouxam 6€3 COCTABIEHUS yPaBHEHNIA.

Ils 3TOr0 UCHOB3YIOT N3BECTHBIE CBA3H MEXIY NOTEPEYHOH CHIIOL
¥ M3rubAoIIMM MOMEHTOM M TPaBHMIIA TIOCTPOCHMS SIIIOP.

Yuacmox 1 (or Touku A no Touku C).
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B Touke A nmpunoxena peaxkius R4, HanpasneHHas BHu3. [loneped-
Has CUJIa Ha, yJacTKe MoCTosHHa: Q1 = R4 = —36kH.

MowmeHrT B Touke A paBen HymO.

Touka C (cnesa). Ilpunoxena sueumnss cuna Fy = 35«H, nanpa-
BIIEHHAs BBEPX, — 306Ch BO3HMKHET CKa4YOK BBEPX Ha Benuuuuy 35 kH.
MowmenT B Touke C (cneBa) MoXkeT GRITH PACCUMTAH [10 M3BECTHOMN 3aBU-
cumocT ME®* = —Ry - 6; ME*®* = —36 -6 = —216xH - m.

Yuacmox 2 (ot Touku C cnpasa no Touku B).

Tonepeunas cuna B Touke C (cnpaBa) pasHa Q¢ = —Ra + Fi;
Qc = -36+35=—1kH.

B Touxe C npunnoxkeHa BHemHss napa cui ¢ momeHEToM 80kH-M,
CJIENIOBATENLHO, 31ECh NPOABIAETCA CKAYO0K Ha BETNYAHY TPHIIONKEHHOTO
MomenTa: MG = M + m; MG = —216 + 80 = 136 xH-m.

Tonepeynas cuna Ha BTOPOM yYacTKe IOCTOAHHa: Q7 = QG ™",

MowMmeHT B Touke B onpenensieTcs 110 3aBUCHMOCTH
Mp=-R4-10+F)-44+m; Mp=-36-10+35-4+80 = —140xH-m.

CnpaBa u crieBa OT TOYKN B MOMEHT MMeeT ONMHAaKOBLIE 3HAUEHH,

Yuacmox 3 (ot Touku B (cnpasa) mo Touku D).

B Touke B npunoxena sHelunsa cuia Rp. 3necs noasiasercs cKavok
Ha Benmuunny T1kH, Qg = —1 471 = T0xH.

Hamnbiie no yyacTky HONEpeYyHas CUIa He U3MeHAeTCsa. MOMeHT B
Touke DD paBeH HyNIO, T.K. 30€Ch HE NPUJIOKEHa, BHEIUHSA Napa CHUIL
Mp =0.

PaccMoTpenue nonepeyHsIX cui1 U M3rubaiommMx MOMEHTOB MOXHO
GHIJI0 IIDOBECTHU M CIIPaBa HAJICBO.

1o nosy4YeHHKIM 3HAYEHNAM CHJI ¥ MOMEHTOB CTPOMM 3IIOpH! (31Ito-
PHI nox cxemoi BaJia, puc. 30.4).

KoHTposibHEIe BONIPOCKH! ¥ 3amaHus

1. OnpenenuTe BeaWYMHE! NONEPEYHEIX CUII B ce4eHHMH 1 M B ceue-
Hun 2 (puc. 30.5).

(! [0 2
) Yk

Puc. 30.5

15kH-m ]—

2. Hanwiuure ¢opMyity ans pacueTa u3rubaiomero MOMEHTa B ce-
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vernu 3 (puc. 30.6).

m

2k
F, 2m , 2,5M F, ., K &
4

Puc. 30.6

3. U3 npencraBnenHnx asmop Buifepere amopy NONEPEeYHOR CHITLL
s u3obpaxennon Ganku (puc. 30.7).

MNoscuenns

A. ObpaTuTh BHMMaHME Ha 3HAK CHIILI B cevenun 1 (3Hak +).

B. O6patuts BHMMaHNe Ha BEIUYMHY CKAUYKOB B MECTaX TIPUJIIOKE-
HUs BHEIIHWX CHJL.

B. llpunoxenue MOMeHTa maphl CWI HE MO/RKHO OTPAXKATHCA HA
amiope Q.

4. Tlo puc. 30.8 BHGpaTh 5mopy U3rubarollero MOMeHTa IS K30-
6paxkenHoit Ha puc. 30.7 Ganku.

40kH.m O3 KH-M

8kH-M 25kH-m 60 kH-m
4 B c D )
4m 6xH M 2m “ 52 xH-m 94xkH-M_|
ISKH 6 xH |UANARENINNEEEED] mrm‘rn’”m‘rl’mm T
a)ISKH “””I””““ 16 kH ““”” ‘M
e T e
&5 a1 [ o &7 _
2) 1 «H [T } ﬂ-
2) 8xH'M
Puc. 30.7 Puc. 30.8

MMoscuenu s

A. Ha xonne 6pyca npuioxes MOMEHT Maphl, CIIENOBATENBLHO, B 3TOM
MecTe U3rubalolmii MOMEHT HOJKEH ObITH paBeH 3TOMY XK€ 3HaYeHMIO.

B. O6parntr BHUMakMe Ha 3HAX MOMEHTA B ceueHuy 1.

B. B Ttouxe A mpunoxena Taxxe u cuiia, IO3TOMY JIMHUS, OYE€PTHUB-
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wIas dIIopy, OOkKHA OLITh HAKAOHHOLU.
5. OTBeTbTE HA BONPOCH TECTOBOIO 3a04HUA.

Tema 2.6. YIaruoG.
OmnpeneseHe BHY TPEHHUX CHJIOBBIX (DaKk TOPOB

Bonpocwm OTBeTH Kon
1. OmpenenuTh BEIMYMHY NONEPEYHON CHIBL B Ce- 142 xH 1
yenuu 1-1.
135 xH 2

60kH-m

!
)

20xH-m , I
J, /> J:LKH‘“ | 1 60 kH 3
SxH-M {S

12xkH- M N 195 kH 4
2. Buibparh dpopMmyny nns pacdera nsrubalowero tma + Fi(zs - 2) - 1
— F3(z-2)
MOMEHTA B CeYeHMH 3-3.
—my — Fi(z3 —2) 2
i ma F ( 2)
—my — I'1{(23 ~ +
F 3 3
‘ c__ EP + Fa(z3 - 4)
o14 ) B Rl 83 D N
M 2M M M —my = Fi(zs — 4) + .
+ F2 (Za - 4)
3. Onpenenuth Bennunuy uarubalonero MoMeHTa 55 kH - M 1

B Touke B. (CM. cxeMy k Bompocy 2.)

m; = 15kH - M; mo = 28xH - M; 100 xkH - M 2
F, =20xH; F» = 30kH.

25 kH - 3

3xkH - -™M 4
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IIpononxenue
Bonpochm OrseTwm{Kon
4. VI3 npencraBlieHHBIX HA cXeMe 3MMIOp HaltTH 3mopy A 1
MOTNEPEYHOIl CHIIRL.
16 kH
A12xkH 4xH
rnA-m 1M ﬁT IiMm i’" B 2
A IO T LI 4
(ALY
b
12 2 B 3
B IHHHHHHUI““ T D) 4
SRNEEVTRRO
I T T 4
12
A RREIDER RO . .
12
E
5. N3 npencraBneHHWX B Bonpoce 4 3Mo0p HalTH E 1
3MIOpy u3rubalomx MOMEHTOB.
B 2
I 3
A 4
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JIEKIIUSA 31

Tema 2.6. 13ru6.
ITocTpoenne 3mop nonepeyHnix cU ¥ m3rubaroimx
MOMEHTOB.
ITpunoXkeHbI cOCPEeNOTOUYEHHbBIE M pacIIpeae/IeHHbIe
Harpy3kKHu

3name Jufifepenyuatvnvie 3aA6UCUMOCTIU MENCTY UHMENCUEHO-
embio pacnpedeaennotl na2pysku, mnonepewnotl cuaol u us2ubaroujum
MOMERMOM, OCHOBHDIE NPABUAL TLOCTMPOENUT ITIOP.

Yumemb cmpoume 5n0pbl nonepenHott Cuabl U u32ubaouiezo MOMeN-
Ma 6 CAYUAE NPUAOHCEHUT COCPETOMOUEHNDIT U PACTPEJEAECHHDIT HAZDY-
Joxk.

IIpuMmepsl penreHns 3azad

IIpumep 1. OnHoomnopHas Gallka HATpYXKEHa COCPENOTOYEHHHRIMH
eunaMu ¥ pacnpenenennoi warpyskoit (puc. 31.1). IocTpours smopu
MONEPEYHHIX CUJIT U M3TUOAIOINX MOMEHTOB.

Pewenue

3811&‘{}' peuiaeM € MOMOIIILIO COCTABJICHUA ypaBHeHui& IIOTIEPEYHBIX
cuI1 1 u3rnbalormx MOMEHTOB B IIoNepeYHBIX CeYeHUAX 6anku.

IIpu mposepke amop ucnonsayem duddepenyuatbrsie 306 UCUMOCTIIU
MEX Iy MHTEHCHMBHOCTBIO DACIIPENesICHHOM HArpPy3KH, IIOMEPEeYHON CHUIION
W M3rubarolM MOMEHTOM:

1. TlpousBonHas OT momepeyHOR CUIIH 1O AJMHE Ganku paBHa UH-
"TEHCUBHOCTH PacCIIpelesIeHHON HArPpYy3KUu

aQ _
dz

2. IIpouseonHas M3rubaloIiero MOMeHTa 10 OyIuHe Gajik¥ paBHa II0-
MepEeYHON Cuie

dM,
dz

Q.
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F, =10kH
Y| Fy=15xH 4 g =6KkH/M, 3V
) N TR R
, B 22 Cl % D7
|~
x M 4m ZM X
1 yu. 2 y4. 3yu.
Oniopa
NIy Q
15 kH
39kH |
49 kH| Wil61 kH
0 e Smope
My
60kH M
168 kH- M WJWLLLL
\
Puc. 31.1 N278 kH- M

Paccemorpum yuactok 1, ceuenue 1.
ITonmepeunas cuna @1 = —F; = —15kH.
Ilo npuHATOMY TIpaBUIy 3HAKOB HONEPEYHas CUla OTPHUATENbHa I
MIOCTOSHHA Ha HTOM ydacTKe.
WaruGarotiuit Mmoment My, = —Fiz;.
02 <4 My =0; Mg =—-15-4=-60xH - m.
PaccmorpuM yyacTok 2, ceyenue 2.
Ionepeunas cuna Q2 = —F1 — q(z2 — 4).
4M < 29 < 8M: Qp = —Fy = —15kH; QF*°®* = —39xH.
Ionepeunas CUna U3MEHAETCA MO IUHEHHOMY 3aKOHY.
q(z2 — 4)°

Narubatornuit moment Mz, = —Fyzo — 3

AMm < 29 < 8M:



Tema 2.6. Uarué 257

npm zg = 4 M narnbaroumit MomenT Mg = —60kH - M. B Touxe B
HET BHELIHEr0 MOMEHTA, IT03TOMY M3ruGalolmit MOMEHT CJIEBa M CIIPABa
OT Touku B oguHaxoB. B 3TOM cilyyae PacCUMTHIBATL €ro ABAXIH HE
chemyeT;

6 - 42

npu z2 =8M Mg = -—15-8——2— = —168kH - M.

PaccMmoTpuM yuactok 3, ceyenue 3.

B Touke C npunoxena sHemHss cuna Fy, Ha smope momxen 6hITh
CKaYOK, PABHHI NPUIIOKEHHON CHJIe; Ha 3MIOPe MOMEHTOB IOMXKEH ORITHL
U3JIOM.

[Tonepeunas cuna Ha y4dactke 3: Q3 = —Fy — q(z3 — 4) — Fy;

npu 23 =8M Qg " =-15—6-4—10= —49xH;

Touka C: QF™® = 39xH; Q5 = 49kH;

mpu z3=10M Qp=-15-6-6—10 = —61kH.

Ilonepeynas cuna ¥3MeHsS€TCs IO JINHERHOMY 3&:;0Hy.

_a(z =4 Fa(z3 - 8).

Uarubaroumit MomenT My, = —Fj23 >

8M < 23 < 10M:
6(107 — 4)?
npu z3=10Mm MD=--15-10—-(——2——)——-10(10—8)=—278KH-M.

Ha yyacTkax 2 u 3 smopa nsrubarolimx MOMEHTOB OrpaHNYeHa KBa-
mpaTH4Hoil napabosion.

Ilo nonmyyeHHHIM pesyabTaTaM, yYuThIBas MuddepeHUMalbHEIE 3a-
BYICMMOCTY MeXI1y TIOTIEPEYHO CHJI0it M U3rnGalonmM MOMEHTOM, CTPO-
¥M 3mioph QQ u M. Ha emopom u mpembem Yy4acmraT nonepeunad cula
HE UMEETN HYAECBHIT 3HAUENUY, NOIMOMY HA INWVPE MOMENMOS8 HEM IKC-
MPEMYMOB.

OcCHOBHBEIE MIpPAaBUIIA MMOCTPOEHMUS 3MIOP B CiIydae
NPUJIOXKEHUs pacipenesieHHON Harpys3Ku.
KoHTpOons NMpaBUIILHOCTH PELIEHUR

1. IIna yuacTka Galxu ¢ paBHOMEDHO pacHpeNesIEeHHOR Harpy3Koi
nonepeyHas cuia (Q U3MeHsAeTCA IO JIMHEIHOMY 38KOHY, SIOpa OrpaHHU-
JeHa HaKJIOHHON npsaMoit. VaruGatonmit MOMEHT M3MEHAETCH IO KBaIpa-
TUYHOMY 3aKOHY, 3Mmiopa M, orpasuyeHns napaGosoll BTOPOro HOPAAKA.

2. B ceyennn, rae smopa () NepexonuT yepes HOMb (HaXsIOHHad Jm-
HUs [lepecexaeT OCh abcnuce), U3rnbaronmi MOMEHT SKCTpeMaJleH: Ka-
caTenbHas K amope M, B 5TOM MecTe mapaJuie/lbHa ocu abCcIucce.

9 - 8060
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3. Ilapa6onuyeckas U IPAMOINHERHAS YaCTH SIIOPLL MOMEHTOB TaM,
rOe KOHYaeTCA UMM HaYMHaeTcs pacupelelieHHas Harpy3ka, CONpAraioT-
cg miaaBHO, 6e3 U31IoMa, eCiIM B COOTBETCTBYIOIIEM cedyeHUM K Oajke He
NpIJIOXKEHA COCPENOTOYEHHAS CHJIA.

4. Ecnin pacnipenenessas Harpyska HallpaBiIeHa BHU3, TO SIIIOpa MO-
MeHTa oyepyeHa Tapabonoi, o6pallleHHOl BHIMYKIIOCTHIO0 BBEPX.

5. 3 Teopemul 2KypaBckoro cnenyer:

— ecnu Ha yvactke Q > 0, My pacrer;

— eciu Ha y4acTke @ < 0, M, y6uiBaer;

— ecnu Ha y4yacTke @ = 0, M3rnGarolMii MOMEHT TOCTOsHEH (4u-
cTHIA u3rub);

— ecnu B Touke Q@ = 0, u3arubaroumil MOMEHT DOCTUraeT SKCTpe-
MassHOro 3nadenus (M0 pou MDex),

Ipumep 2. Pacuer nByxonopHoit 6anku. IIByxomopHas Ganka Ha-
rpy»eHa PABHOMEPHO paclpele/leHHO Harpy3koit (puc. 31.2).

Pewenue

[Ipu onpenenenun peakuuit B OMOpe PABHOMEPHO DPACIPENENIEHHYIO
HATPY3Ky MOXHO 3apaHee 3aMEHUTH PaBHOOEMCTBYIOLIEN COCPENOTOUEH-
Hoit cunoit: G = ql; ¢ = 4xH/m; G =4 -6 = 24xH (puc. 31.2).

IIpu nocmpoeruu 3M10P NONEPEUHBIT CUA U UF2UGAIOWUT MOMENTILOB
pacnpedeaennad HazpyYIKa YuuUMbEAEMCT LOCTMENERKO.

PacueT 627111 MOXKHO IIPOBECTH 110 XaPAKTEPHEIM TOUKAM, IPH 3TOM
HeoOXOMMMO 3HATH NPABUJIa IIOCTPOEHHs JMIOP, [IEPEYUCIIeHHEIE BHILLE.

A
yAR,= 7,2 xH q =4xH/m R;=168xkH
( 1|
A .
) c BA °
4m > 3m T
oM O {
Puc. 31.2

Onpe,uenxeM Peakunn B Ornopax 6anku.
G-7 24-7
EmA =O; G7—RB].0 =0; RB = '1_0'; RB = T = 16,8KH.
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S mp=0;R4-10-G-3=0; Rg =

G-3
10

; Ra =

24-3
10

= 7,2xH.

[Iposepka: > F,=0; R4— G+ Rp=0;72~-24+168=0.

ITocmpoenue anwop
AHanmu3upyeMm cxemy Gallku.
PacemoTpum yuactok 1 mo ceuenus 1.
B omope A pefictByer cocpemorouenHas cuna R4 = 7,2xH. Ha
yuacTke 1 momepeyHas cuna ocTaerca mocTosHHON: Q1 = Ry = 7,2xH

(puc. 31.3).
yﬂ\Rﬁ= 7,2 kH Iz . C AH/n \R”=l6,8 <H
; G i
z2 52 T

EY] 6M

1 yu. 2 yu.

72 kH =0

| I”””l /Q Dniopa O
35,3kH M
28,8 kH'M el
QLL 16,8 kH
Omopa
2720 ‘Mmax M: =My
Puc. 31.3

Warubaronmuii MoMeHT B Touke A paBeH Hy o, T.K. 30€Ch HET MO-
MeHTa BelllHel maph cun: My = 0.
MomerT B Touke C (rpaHuna ydactka, 2 = 4M) Mo = Ry - 4;
Mc=72-4=288kH: M.

Omopa O4YepYMBAETCA NPIMOM JiMHHMEH, HakiOHHOM K ocu Oz

(puc. 31.3).
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PaccmoTpum yyactok 2 (puc. 31.3). 3nech meiicTByeT pacnpeneneH-
Has Harpyska uHTeHcuBHocThio ¢ = 4kH /M. IIpu mepemernenuu Bmons
ocu 6aJIkym HaIIPaBO paclpeleiieHHas Harpy3Ka CyMMHpyeTcs. Omiopa
Q2 — npsMas nuHMsA, HakJIoHHaA k ocn Oz. PacnpenenenHas Harpys-
Ka HanpasieHa BHU3 (cM. OCHOBHElE NPABUJIA [IOCTPOEHUS JMIOD, 1. 4),
3fech aniopa n3rubaollero MOMeHTa oyepyeHa napaboioi, o6parnernHoi
BRITYKJIOCTBIO BBEPX.

Peakuus B onope R4 ¥ pacnpeneneHHas Harpy3ka HallDaBjIEHHl B
pasHue cTopoHH. CnenoBaTensHO, BO3MOXHA TO4KA, B KOTOPOH, 1o Ipa-
BuIy 2, Q2 = 0, a usruGaronmii MOMEHT 3KCTPEMAJIEH.

Ilns mocTpoeHus aMopsx MOMEHTOB HEOGXOOUMO COCTABUTD YpPaBHe-
HI€e MONEPEYHOI CUMIEl Ha y4acTKe 2 M NIPUPaBHATh BEIIMUMHY IIOTlepey-
HOit cunkl Hymo. 113 ypaBHeHMs MOXHO OIIpeNe/TUTh KOOPOUHATY TOUKMY,
B KOTOpO#f M3rubalonmi MOMEHT 3KCTpeMaJieH.

IIpooguM HeoGxOAMMEIE pACYETH!, OMPEAEIEM BEIMUUHEI IIONEPEY-
HBIX CHJT ¥ M3rM6alonmx MOMEHTOB B XAPAKTEPHLIX TOUKAX.

PaccmoTpuM yuacTok 2, ceuenne 2 (puc. 31.3).

YpaBreHne nonepeyHo# cunkl Q2 = R4 — q(zg — 4) = 0.

OTtkyna: 29, = % +4; 23, = 74;2 + 4 = 5,8M, 22, — xoopauHaTa
TOYKH, re U3rnbaionmili MOMEHT 3KCTPEMaJieH, T.K. Q2 = 0.

YpaBHEHNE MOMEHTA HA YYACTKE 2:

29 — 4)?
M, =RA22—Q'(—2‘"2"—)‘-

Ilpn 23, = 5,8M Mz, = M™.

T2
MakcumansHoe 3HadeHme H3rubaloIllero MOMEHTa HA y4acTke 2

5,8 —4)?
M;!;ax = 7,2 . 5,8 - 4% = 35,3 kH . M.
3uavenus nonepetmoﬁ CHJIE M M3rubalolero MOMEHTa B Toyke B:
QB = Rp =16,8xH; Mp = 0.
CTpOHM 3MKPY nonepetmoﬁ CHJIHL. Hepan?'I y4acToOK — IpsiaMas -

Hus, napasnensias ocu Oz. B Touke C amopa CTaEHOBUTCA HAKJIOHHOM.
Ctponm smiopy usrubaronmx Momentos (puc. 31.3).

Yuacmox 1 amopa — npsamas aummnsa; Mg = 0; Mo = 28,8xH - M.

Yuacmox 2 asmopa — napafona ¢ 3KCTPEMYMOM B Todke 2 = 5,8 M;
Mrex = 353kH - M; Mg =0.
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Kon'rponbnme BOIIPDOCEI N 3adaHNA

1. Ecnu smopa nonepevHoil CHITEI OrpaHUYIeHa HAKJIOHHOR MPAMOM,
KAK BRITJISLOUT 3MMopa M3rnbarorero MOMeHTa?

2. Kak onpenenuth NooxeHue 3KCTPEMATLHOIO 3HAYEHNs u3ruba-
IOIEro MOMEHT& IPH JEHCTBMM pPACHpENeNeHHON HarpyskKu Ha ydacTke
Ganku?

3. Pacnpenenennas Harpyska HampasieHa BeepX. Kak BHrasout
napabosa, ouepumBalollasg SMIOPY M3THOAOIIMX MOMEHTOB BIOJIb OCH
6pyca?

4. OnpenenuTe KOOPAMHATY Z, B KOTOpPOIi MONepeYHas Cuia paBHa
mymo (puc. 31.4).

4 m=10kH-M Ar
YIR4=45xH g = 5xH/m Rs= 20xkH
25xH
A . 2
? h c AB:
2M M 8 M T

Puc. 31.4

5. OnpenenuTe BeaMunHy mirubalomero MomenTa B Touke C (z =
= 5 M), ucnonb3ys cxemy puc. 31.4.
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JIEKIINA 32

Tema 2.6. N3ruéb.
Hopmanbhbie HanpsxxeHuus npu usrnbe.
PacueTnl Ha npoyHOCTDH

3namb pacnpedesenue HOPMAALHBIL KANPANCEHUY No cevenurw baa-
KU NPU wucmom udzube, pacuemuble HopMYbl U YCAOBUT NPOUHOCTIU.
Yuemsv 6binoanambs NpoeKmuposouUNbie U TPOBEPOUHbIE PACUEMbL
Ha NPOYHOCTMD, GLIOUPAMb PAYUONAAbNLIE HOPMbL NONEPEUNLIT CEUENLT.

Hedpopmauuu npu yucTom uirube

ITpyu uncroM usrube B ceYeHNM BO3HUKAET TOMBKO OIMH BHY TPEHHUI
cunoBoit GpakTop — N3rnGarolLnii MOMEHT.

PaccmoTpuM pedopManmio 6pyca, HArPYKEHHONO BHEIUHER napoi
cun ¢ MmoMernToM m (puc. 32.1a).

TIpn yncTom uarube BEINOAHAIOTCS 2u-
© nome3vi naockuz cevenuil u nenadaeausa-
dz emocmu caoes.

s/ Ceuenug 6pyca, naockue u nepnendu-
4 KyagpHble npodoabrol ocu, nocae dedop-
4 MAYUL OCTAIOMCH NAOCKUMY U TIEPTIEHIU-
AL KYAIPHUIMU NPOJ0abHOL OCU.
IIpodoabrbie 6oaokna ne dasam dpyz
4 Ha Opyad, NodMoMY CA0U UCTILIMDBIEAOM
NPOCMOE PACTNANCENUE UL CHCATIUE.
4 HeficTBYIOT TONBKO HOpMAJILHEIE Ha-
HPSAXKEHUS.
; ITonepeuynkie pasMephr ceyeHUN HE Me-
HAIOTCA.
IIpomonsuas och 6pyca nocne medop-
% Mauu¥ Karuba mckpusliserca u obpasyer
Puc. 32.1a OYTY OKpY>HocTy paauyca p (puc. 32.16).
Marepuan noounusercs saxony I'yka.
MoxHO 3aMETUTB, YTO CIJIOH, PACHOJIOXKEHHEIE BHIIIE MTPOMOIBHOIM
OCH, PaCTAHYThI, PACIOIOKEHHEE HUXE OcH — CXaTHL (puc. 32.16). Taxk
Kak nediopManun Mo BHICOTE CEYEHUS MEHSIOTCS HENpEPEIBHO, MUMEeTCH
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CJIOH, B KOTOPOM HOPMAJILHEIE HAINIPSXKEHNUS ¢ PABHBI HYJIIO; TaKOW CJION
HaspBaloT netimpaavnbim caoem (HC). IlokazaHo, HEATPAJILHEIA CIIOK
[IPOXOOMT Yepe3 LEHTP TSKECTHU CEYeHUs; p — PaluyC KPUBU3HBI Heil-
TPaJILHOrO CJIOA.

Paccmorpum  medopma-
LMIO CNOA, PACHOIOXKEHHOI'O
Ha pacCTOAHUM Y OT Hei-
TpasibHoOl ocu (ygacTtok AB,
puc. 32.1).

Inuua ygacTka Oo ne-
¢dopMaluM paBHA IJIMHE HEH-
TPaJIbLHON OCH:

Puc. 32.16 lo = pdep.
A6comoTHOE yAIUHEHNE
cnos Al = (p+y)dy — pdyp = ydyp (puc. 32.16).
Al _yde _y
b’ pdp p

OTHOCUTENBbHOE YINIMHEHNE NPAMO IPONOPLMOHAILHO PACCTOSHUIO
CII0d OO HEWTPAaJIbHOM OCH.

Hcnonssyem 3akon ['yka npu pacraxenun: o = Fe.

TlonyynM 3aBHCHMMOCTb HOPMAJILHOTO HANpPsXKEHUs IIpU usrube oT
MIOJIOXEHUS CIIOA:

OTHocuTeNnbHoe YOJIMHEHNE £ = £

Ey
-

oy =

dopMmyna ass pacyeTa HOPMaJIbHBIX HAIPAXEHUHR
npu u3runbe

PaccMOTpuM M30THYTHIE yuacTok 6pyca dz (puc. 32.2).

dN — 3jeMeHTapHas IIpo-
LIOJIbHASL CUJIa B TOYKE CEYEHMUS;

dA — nmolans 3IeMeHTapHOM d4 UN
TIJTOLLIAIKH;

dm — snemenTapusiit MomenT, { HC Y
0bpa30BaHHEI CHJIOW OTHOCHUTENb- dN
HO HEWTPANbLHOIO CJI05. My

dA
Puc. 32.2

dN =o0,dA; dm =o,ydA.
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CyMmapHbIi n3rnGalolmii MOMEHT CUJ1 YIPYIOCTH B CEYEHUN

M, = /a,.ydA/ ydA-——/ydA

fy*dA = J, — oceoit MOMEHT UHepUMK ceueRUs (exums 25).
A
E
Taxum ob6pasoM, My = —7;.

Otxyna E/p = M,/J,. Pasnee nonyueno oy = @

p
Ilocne psana npeoGpasoBanuilt momyunM ¢opMyny A OnpeleaeHus
HOpMAJILHBEIX HAIpsKEHH B 0ob0M cj10e monepedHoro ceveHns 6pyca:

an"'%—y',
z

rae Jr — reoMeTpnyeckas xapakTEPHCTHKA CEYEHNA MpY naruGe.
Omniopa pacnpenesieHns HOPMANBHEIX HANpPAXEHudt npu usrnbe uso-
6paxeHa Ha puc. 32.3.
G Ilo smope pacrpernesieHus  Hop-
= MA&JILHBIX HAIPSKEHUI BHAHO, YTO
RN e :;niza:la:buoe HaNpANCERUE BO3NUKA-
8eprHocmu.

1\ Q§ IloncTaBuM B dopMyny Hampsxe-

HNA 3HAYEHUE Y = Ymax-

ecl;l"llx
TonyuynMm oy = M"ym“
Puc. 32.3 Tz
OTHOmeRuKE npuHATO 06o3HauaTs W, W, = Iz

Ymax Ymax
STa BEJINYVHA HA3BIBACTCA MOMEHTIOM CONPOTUBAENUL CECUYEHU

npu u3rnbe, WM OCEBBIM MOMEHTOM COBPOTHBJIECHMA.

PasmeprocTs — MM,

W, xapakTepusyeT BiMsaHNE (OPMHI ¥ PA3MEPOB CEYEHMs Ha MpOY-
HOCTB NIpu m3rube.

Hanpsxenne Ba NoBepxXHOCTH Of&* = —,
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PaunonanbHele ceuenns npm uirnbe

OnpenenuM pauMoHanbHEIE cedeHuMs TpHU u3rube, IJIA 3TOrO Cpas-
HMM MOMEHTHI COTIPOTUBIIEHUS MPOCTENIINX CEIEeHUIA.
OceBoil MOMEHT WMHEPUMH MPIMOYTOIbHUKA

(puc. 32.4, BrBOn hoOpMyIH B eKuuu 25) paBeH

o

bh3
=12 x

i

OceBoil MOMEHT CONPOTUBIEHUSA MPAMO- N
yroibHuka Puc. 32.4

T h/2 6

CpaBuuM compoTuBieHue M3rnby OBYX I[PSIMOYTOJIBHBIX CEYEHUi
(puc. 32.5).

N

MMM

N
a) ' 6) 6)
Puc. 32.5

BapuanT Ha puc. 32.56 o6aanaer 66IBIINUM COPOTUBIEHNEM U3TH-
6y npy NMpounx paBHHIX YCIOBHAX.
Ocenoit MoMeHT uHepuuu kpyra (puc. 32.6) pasen

wdd
o6
Ocepoit MOMEHT CONPOTHUBIICHUA KPYTa
W wd3
T 32"

Bce Heo6xomuMule pacyeTHBIE naHHbIE (IUIOIIAAN, MOMEHTH MHEp-
MK ¥ CONPOTUBIIEHNs) CTAHNAPTHHIX CEYEHMIl NIPUBOAATCS B TabIuuax
crannaptos (Ilpunoxenne 1).
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Jlns MaTepnasioB, OMMHAKOBO PABOTAIOMINX Ha PACTSKEHME M CXKa-
Tre, BEIGUPAIOT CeYeHUsl, CAMMETPHYHBIE OTHOCUTEINBLHO OCH, BOKPYT KO-
TOpoii coBepluaeTcs uarnb (puc. 32.7).

IIpumep

CpaBHUM MOMEHTHI COMMPOTUBIIEHNS ABYX CeYEHMI OMUHAKOBOM TJIO-
wanu: asyTaspa (puc. 32.7r) u kpyra (puc. 32.7a).

JIsyTaBp Ne 10 umeer muomanb 12cm2, oceBoil MOMEHT HHEpPLMM
198 cm*, MoMenT conpotusnenus 39,7 cmS.

Kpyr Toit xe nnowanu umeet auametp d = y/4A/m = 4 cmM, oceBoit
MOMeHT unepunn J, = 25,12 cm?, MomenT conporusnenus W, = 6,2 cm3.
Wy 39,7 6
We, 6,2 )

Conporusnenne n3ruby y OByTAaBpOBOi Gallki B 1IECThL pa3 BHILLE,
yeM y 6aJIKU KPYIJIOrO CEe4EHUsI.

N3 sToro mpmMmepa MOXHO CHellaTb BHIBOA: CEUEHHUS MPAMO-
yrojbHele, KBanpaTHbIE, KPYrJible ¥ POMOOBHOHEIC HEPAIIMOHAJILHLI

(puc. 32.7a, 6).
(e 1]
\ ?
HC_ N -
X

x|

Puc. 32.7

Ilns MaTepuanos, o6nanaiolmX pasHoil MIPOYHOCTLIO TIPU PacTsxKe-
HUM ¥ CXKaTuy (XpynKue MaTepuasbl 06IanaloT 3HAYNTeNbHO Gonbllei
IIPOYHOCTBIO Ha CXXATHe, YeM Ha PAcTshKeHue), BHOUPAOT aCMMMeTpUd-
HBIE CEYEHMs TaBp, PeNbC U Op.

Pacuem na npounocms npu udzaube
PaccuuTaTh Ha MPOYHOCTH — 3TO 3HAYUT ONPENENIUTD HANpSKEHNe
1 CPABHUTDH €r0 C OONYCTUMEIM.
¥YcnoBue npodrHocTy npu usrube:
max MI

oy = A < [owl,
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rme [oy] — Domyckaemoe HanpsiKeHUe.

o 3ToMy HepaBeHCTBY HPOBOLAT TPOGEPOUNBIE PACUEMBL MOCIE
OKOHYaHMs KOHCTPYUPOBaHUs Gajku.

Ilna 6anok U3 XpyIKAX MATEPUAJIOB PACIETHL BELYT IO PACTAHY TOM
M CXKaToM 30He OmHOBpeMeHHo (puc. 32.8).

Mgy
max 1
| 0-p P j:l: = [ P]?
HC n M o
X 0 a.gmx - zY < [Uc]-
Y2 ;71‘
I Ilpu npoexmupo6oumnom pacueme onpenens-
Puc. 32.8 0T NMOTpebHBIE pasMephbl MNONEPEYHBIX CEUCHU

6ayky nK nombupaloT MaTepuadl.
CxeMa HarpyxeHus U OEHCTBYIOILINE HATPY3KU U3BECTHEL.
ITo ycnoBmio NMPOYHOCTH MOXKHO OIPENENNTD HAZPY30UHYW CNOCo6-
nocmbv 6aaxu (M) = Wylo].

IIpuMeps! peulenus 3amgayu

Tlonobpath pasmepnl ceuenns Gajku B BUIe AByTaspa. V3BecTHa
cxeMa HarpyxxeHus 6anku (puc. 32.9), MaTepuasl — CTaJIb, JOMYCKAEMOE

HaIpsiKeHUe MaTepuada rpu usrube [op] = [o] = 160 MIla.
Pewenue
1. IIns s3ameMieHHOM F=asxn| mTRxHw
6anku peakuuMu B onope Y|4 B Cc D[
OIpeNeNaTh He ClelyeT. 4m oy om k =
IIposonum pacueTh o 80 xH
XapakTepHbIM ToukaM. Pas-  [Fi=20kH 55 «H
MEpEl CedeHUd Inoabmpaem 5kH-M
U3 pacueTa MO HOPMAalb-
HEIM HAIpPSXEHUSIM. OO~ 0 3"}*&1’3
X

Py HOIEpeYHBIX CUJI CTPO-
UTH HeoOs13aTeNIbHO.
OnpenenseM MOMEHTHI Puc. 32.9
B XapaKTEPHBIX TOYKAX.
Mps=0,Mg=F,-4, Mg =20-4=80kH - M.
B rouke C npuitoxkes BHELIHKMA MOMEHT NaphbI, IO3TOMY pacueT Ipo-
BOAMM [J1s J1eBOro cevyenus (6e3 MOMEHTa) U OJis MPABOrO — C MOMEH-

30 kH-Mm
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TOM M.

MFP=F,-6-F;-2; MZF®=20-6—45-2=30xH-m. MomenT
TIOJIOXKMTENLHEIM.

MZP*® = MZ® + m; MgP™ = 30 + 25 = 55 kH M.

MomeH'r B 3alelKe MD =F-8=—F,-4+m;

Mp=20-8-45-4+25=>5xHM.

Bri6bupaeM COOTBETCTBYIONMI MACIITA6 TI0 MAKCHUMAJILHOMY 3HAaue-
HMIO M3rnbaloniero MOMeHTa.

OrnacHoe ceyenue — ceueHue Gamku, rae NecTByeT MAKCHMANbHBIA
MomenT. Ilom6upaeM pasmepr GayKM B OIIACHOM CEYEHMM IO YCIIOBHIO
IIPOYHOCTH

M, Mg
max __ > 2.
Oy W:c [Uu] W, > [0_“]’
.10% - 108
W, = %9— = 500-10° MM3; W, = 500 em’.

OcHoBHBasACh Ha 3Hayenmn W, = 500cM® nmo Tabmuue 'OCT 8239-89
BeGupaeM asyTasp Ne 30a: MomenT compoTuBienns W, = 518 cm3; mio-
wans cevenns A = 49,9 cmB.

Ing cpaBHEHMS pACCYMTAEM pa3Mephl
6aku kBanpaTHoro cevyenus (puc. 32.10) mpu
TOM € MOMEHTE COIIPOTHBIICHUSA CEUYEHUs.

" \
§§ :"' Wz=b—’éj; b=h; Wz=963-
Puc. 32.10 W, = 500cm® = %; b> VeW,.

Cropona ksazpara b > v/6 - 500 ~ 14,5 cm. [Inomans cevenns 6an-
kn A = b% = 14,52 = 210,2 cm?.

Axaanpa’rn — 210»2
Anayranpa 49a9

=4,2.

Banka xkBagpaTHOro ceueHns B 4 pasa Tsaxkelee.

KoHTpoJbHEIE BOIPOCKH! U 33 0aHNA

1. Hanmunre opMyity miis ompenelleHNs HOPMAaJILHOTO HaIpsKe-
HNs IIpH M3rube B m060i TOUKE NONEPEYHOrO CEYEeHUs.
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2. HopManbHOe HampspkeHMe B TOYKe B monepedHoro cedyeHus
120 MIla. Onpenenure Hanpsixkenue B Touke C (puc. 32.11).

U8 25

1e N
&\\

I
Puc. 32.11

100

3. B xakom cnyuae (puc. 32.12) 6Ganka BhimepXuT 66mblIyiO
Harpysky?

oy
2

a)

8)
Puc. 32.12

4. Hanummre GbopMysasl Ijis onpeneneHnss MOMEHTa WHEpUMHA U MO-
MEHTa CONPOTHUBIEHKUS s IPIMOYTOIbHUKA. UTO XapakTepusyoT 3TH
BeNMMuMHEI? YKaXUTe eAUHNANL U3MEPEHUs 3TUX BEeIMYKH.

5. Hamummre ycnoeue nmpoyHocTH npu u3rube.

6. OnpenennTe usrnbatoumii MoMeHT B Touke B (puc. 32.13), uc-
MOJIB3YS] METON XapPaKTEPHHIX TOYEK.

20kH-Mm
2M 3Mm 2M 2m I
S xH
Puc. 32.13

7. IlonGepuTe pasMeprl NONEPEYHOTO CeYEeHNs GAIKM B BULE IIBEJI-
nepa. Maxcumannuniit usrubaromi Moment 15 xH-M; monyckaemoe na-
npsixenne Matepuana 6anku 160 Mlla.
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Tema 2.6. ITouaTHe O KacaTebHBIX HANPSIXEHUIX
npu u3rube. JInHeitHble U yrJyIOBEIE NepeMelleHns
npu n3rube, ux onpeneaeHue

Huemv npedcmasaenue 0 KACAMEADHBIT HANPINCEHUIT NPU UIF2U-
6e, 06 ynpyzod aunuu baaxu, o dedopmayugr npu uzeube © Memodaz
onpedesenud AUNETHDIT U Y2A06LIT nepemeusenutl.

3namb 0dun u3 memodos onpedesenus AUNETHBIT U Y2A06bIT TEPE-
meujenutl.
Ilonepeunsiit u3ru6. BuyTpenune cunossie GakTophl.
Hanpsxenus

PaceMmorpum marub Gasnku, 3alUeMIIEHHOM CIOpPABA M HATDYXKEHHOU
cocpenoTouenHoit cunoit F' (puc. 33.1).
T:

F T
4

——

dz
3mgpa LTI LI LEOER
Oniopa

—

T
Touxa B

8

) 6) rt17

TR

) !:l"‘y

Puc. 33.1 2)

B nonepeunom ceuenmmu BO3HMKaeT w3rubarommit MOMEHT, MEHSIO-
HUMACA 0 ANuHe 6aJIKu, ¥ NOCTOAHHAA NonepevyHas cuia (.

PaccmorpuM yyacrox Gankn anunoit dz (puc. 33.16).

MNarnbazorumit MOMEHT, KaK U3BECTHO, SBJISETCS PABHOAEHCTBYIO-
LIIMM 3JIEMEHTAPHLEIX MOMEHTOB, BO3HMKAIOIMX B Pe3yJbTaTEe IeiicTBus
NpONONBHEIX cun ynpyrocty. CBasb MeXAy HOPMAJIbHEIMM HAIDIKEHM-
AMU B TOUKaX IIONEPEYHOro CeueHus: U M3rubaroltuM MOMEHTOM yXe pac-
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CMaTpHUBaJIachb:

M, = /UuydA.
A

ITonepeunast cmna npencTaBnseT coboil PaBHOAEHCTBYIOIIYIO Ka-
CaTEeNbHEIX CWI YIPYIOCTH, BO3HUKAIOUIMX B IIONEPEYHBIX CEYEHUSX
(puc. 33.1B), ¥ cBsA3aHA C KACATEILHHIMY HANPSXKEHUSMU 3aBUCHMOCTHIO

Qy = / TdA.
A

B cuny mapHOCTU KacaTeNnbHBIX HANPSXKEHUH B NPOXOIBHBLIX Cede-
HUAX 6aJioK, mapasyiesIbHBIX HERTPAJILHOMY CJIOI0, BOZHMKAIOT TakKue e
N0 BeJMYNHE KacaTelbHble Hanpskerns (puc. 33.1r).

ITossnenue xacaTenbHBIX HANPSDKEHUN B MPOMONBHEIX CJIOAX 6aJsIok
MOATBEPXASETCA CIENYIOLIMM ONKITOM. PaccMOTpuM MonepeuHslil u3rut
nByx GaJjiok, omHa — ueNbHas, OPYras — COCTAaBJIEHHas U3 HECKONBLKUX
TOJIOXEHHKIX OPYT Ha npyra cioes (puc. 33.2). Ilenbhas 6aska N30THeT-
csa (puc. 33.2a), 6pyces BTOpOi Gasku casuHyTCs (puc. 33.26). Kaxasit
u3 6pycres nebopMupyeTcs HesaBucuMo. B nensHo 6aiike cABUTY CI0€B
NpPENATCTBYIOT BO3HUKAIOIIME KAaCATEIbHhEIE HAIIPDKEHN .

Puc. 33.2

Ha noeepxnocTH XacaTeNbHEIE HATIPSXKEHUS PABHBL HYJIIO.
®opMmyna nnsa pacueTa KacaTellbHHEIX HANpPsKEHWi O 6aJIKy KBa-
IPaTHOrO ceuyeHUs Owlma mosaydeHa B 1855 romy pycCKHMM HHMXKEHEpOM

IO. W. 2Kypasckum,
QS
Jzb’

rae (Qy — HonepeyHas CHia B CedeHur; Sy — CTATHYECKMIt MOMEHT OTCe-
YEeHHOW YACTH OTHOCUTEILHO OCH &, Sz = Aorc¥e, Aore — IIIOLIANL TIOLIE-
PEYHOro ceYeHus oTceueHHo! yacTu (puc. 33.3); Jr — MOMEHT MHepuuu
ceyeHus; b — mupuHa 6ayKy.
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v yb T Hau6Gonvuiee 3uauenue kKaca-
— TE/LHOIO HANPSXEHUS NIOCTHCaeT-
CA Ha HEHTDAaJNbLHOR OCH:
h g — Tmax = _1,5_Qy.,
X re) E3 A
A — nnomans ceyeHus.
Maxkcumannnoe HanpskeHne
Puc. 33.3 [pM nonepe4HoM narube B 1onTopa
pa3a 6osblile CpenHero 3Ha4YeHns
G:mx T Tcptm = Qy/A
\§ Tmax
:\\ HC O6HapyXuBaeTCd, YTO Max-
§* \ CHMaJIbHBIE HOPMA&JIbHLIE HAINpS-
:\\\\ XKEHUsT B CEYEHHM He COBNANAIOT
C MaKCUMAJILHEIMM KacCaTelbHEIMU
Puc. 33.4 (puc. 33.4).
Oy Ina nauHHBEIX 6ajloK pacyeT Mpo-
L\\\\Et“\“ BOOAT TOJILKO 110 HOPMAJIbHLIM HAIps-
N T max XEHMIM, T.K. KaCaTe/IbHEIE 3HeCh He-
N 3HaynTeNbHE. Jing xoporkux Gasok,
N : HArpyXEHHBIX 3HAYUTENBHEIMY TOMe-
AN @ PeYHBIMM CUNIaMHu BONU3M ONOp, Hpo-
Puc. 33.5 BOOAT pacyeT IO KACATEJIBHEIM Ha-

npsoxeHnaM. OOHAKO AN TOHKOCTEH-
HEIX Ipoduieit (OByTaBp, LUBeIEp) HeOGXOIMMO IIPOBEPATH IIPOYHOCTE
6aJIky B TOUKax, CAe MOJIKA COWIEHSAETCA CO CTEHKOM. 3Iech ¥ HOPMAITb-
Hule, M KacaTeNlbHEE HAIpSXKEHHs 3HadMTenbHul (puc. 33.5).

TlonsTHs 0 NMHEAHBIX ¥ YTIJIOBHIX NepeMelIeHNIX
upu n3runbe

Ilon meiicTBUEM IONEPEYHBIX HArPY30K IPOAOJIbHAS OCh MCKPUBJIA-
etcs (puc. 33.6). Ecrm MmaTepuas nogunnsercs 3axory ['yka, nocse cus-
THs Harpy30K 6PyC BRIIPAMIIAETCH, O3TOMY M30THYTYIO och Gpyca Ha-
3BIBAIOT ynpyeot nunumeil. [lo ¢popMe ynpyroit muHNM Gallkl MOXHO Cy-
I¥TH O IEPEMEeILIeHUAX TPy u3rube.

IIpu mpsiMoM nonepeyHoM n3rube 6pyca ero ocb, UCKPUBIAACH, OCTa-
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erca B culloBoil mimockocTu. B pesynbpraTe nedopmanum Opyca Kaxnoe
U3 €ro MONEePEeYHBLIX CEYEeHUH TOTYyHaeT BEPTUKAJTbHOE 1 TOPM30HTAJILHOE
IepeMeLLeHNe, & CaMO CeueHUe MTOBOPAYMBAETCS Ha HEKOTOPHIA yrou 6.
Hedopmanuu DOIXKHL UMETh YIPY-
Uit XapakTep, OHU JOCTATOYHO MAJIbl. F
B sToM cnyuae ropu3oHTaJbHBIE me- 7/QI 8
O

. A
peMelLleHUs CeYCHNN HUYTOXHO MaJIbl
" HE€ YYMTEHIBAKTCA. PaCCManYIBa.IOT % ﬁ
Y

Ymax

9,

BEPTUKAJILHBIE MepeMeELLeHUs [IEHTpa
TSXKECTH CeYeHMs, HA3LIBaE€MEIE IIPO-
rubamu (y). MakcumanbHble IpOruGh
0603HaYAIOT [ = Ymax. Hi1g obecneve-
HUA HOPMAJILHOW paboTHl ycTaHaBIMBaeMOro Ha Oankax ob0pynoBaHMA
[IPOBOAAT PacyeT Ha XKEeCTKOCTh.

Ycrnosue xecTKOCTH BHIPaXKAETCA HEPABEHCTBOM

f <1,
rue f — MakCUMANLHBIA pacdeTHHI npornb 6amkm; [ I ] — DNONyCKaeMEIA
nporud.

WHorna nposepseTcs yros noBopoTta cedenus § < [6].

Ionyckaemurit nporu6 nesenux: ot 1/200 no 1/1000 nponera 6anxu;
JOIMYyCKaeMBIN yroJl IoBOpOTa 1-1073 paxn.

CylLuecTByeT HECKOJILKO METONOB OIpENesIeHNs] TepeMeLleHNi cede-
Huit npu narube. OouUH U3 HUX OCHOBaH Ha nuddepeHUMpPOBaHNM yDaB-
HeHUs ynpyroi nuHuy, 6osee palMoOHAIBHLIN ClIoco0 — HMCMOIB30BAHUE
uHTerpasoB Mopa. Meton Mopa — yHuBepcanbHeIi criocob onpenere-
HUs JIMHEMHBIX ¥ YTJIOBHIX IepeMelleHUi B JTI00bIX CUCTeMaX.

Ilns obneryenns pacueTOB Ha XXECTKOCTh MOXHO UCIOJIL30BATh
¢hopMysEI Iporubos U YIJIOB MOBOPOTa ceYeHUi 6asiok 1A MpOCTEeNIImuX
cny4aeB HarpyxeHuii. Hanbonee pacrnpocTpaHeHHble ClTy4al Harpyixe-
HUA ¥ pacyeTHble (GOPMYJIBI IPUBENEHE! B Tabmuue.

Ilpu peluieHNN UCHONB3yeM NPUHIKIT HE3aBUCUMOCTH NEHCTBUS CHIIL.
3anaHunil ciydail HarpyXeHus OeIMTCSA Ha COCTAaBJAIOIINe, IJIS KOTO-
PHIX NpOrubH PacCUUTHIBAIOTCS IO U3BECTHRIM Tabiu4yHBIM dopMyiiaM,
pe3yIbTaTH pPacuyeTOB CyMMHEDYIOTCS.

Orpannuenue yria IOBOpOTa BBOONTCS A obecrieueHus HOpMaJIb-
HOit paboTHI MOOLINITHUKOB CKOJILXXKEHUSA M DOJIMKOBBIX IIONUINIIHAKOB.

B sTOM citywae npoBepseTcs DOMOIHUTENbHOE YCJIOBIE XKECTKOCTH:

Puc. 33.6

Omax < [6]-
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Dopmyavt dng onpedeaenud npo2ubos u Yyaa08 nosopoma
cevenutl 6aaox

Tabmuua 33.1

MakcuManbHR npo- | Yron nosoporta
Cxema narpyxenus Ganku ru6 f v nporub vk | 6 ykasammoro
B ceyenmn K ceveHus
M
A
]
Z M2 Ml
Z B = fp =
2 \ f f ST, B= %7
’ ! Ze
F
—_— 3 2
B _ Fl _ Fl
f = 0 = v———
\ f SEJI B ZEJI
. ! T
2 r
A
— Fa? a Fa?
Z B = (-2 8p = s
; a \ f f 2E7. ( 3) B=3% 7.
I SN
/ Ul
T 3
'/ ql4 _ q13
2 \ f f SET. O0p = 6ET,
e 1 8
M
o, Vx 5 — Ml
S — 5|, MP b4=387
2 i X T 16E7, o ML
L Z T 6ET.
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IIpononxenne Tabn. 33.1

Cxema narpyxenus 6aaxu

MakcuManbHE
nporu6 f u nporu6

¥Yron nosopoTa
0 yxazaHHOro

vk B cevenny K cedyeHus
L Nr
pr 12 it f 48E T, ba=0= 557
l
q
i AN AN AN, 5
b 5qld q®
! f= 04 =6p=
384E 7, 24E 7.,
— I >
a F b
0, K O Fa 0 = Fab(l + b)
Al B VK= BET " AT T6ETI
n vk Fab(l +a)
2 _ g2 - T
; x (312 — 4a?) fp oRA
q
GAA dANANANAYK B <o 5. — 3
e e o = 2l A= 18E7,
12 % K= 768E7, o 7ql®
! B~ 348E7,

IlpnMmeps! pemenus 3agau

ITposeputk xecTkoCTb ABYyTaBpOBOR Gamku (puc. 33.7). [Ipunsts

~2.10° MITa: [f] =
E =2-10° MIls; [f] = 5

Pewenue

—[. Ceuenne 6ankn — nsyrasp Ne 45.

Hcnonp3yem npuHIMN He3aBUCMMOCTH IecTBHA cmi. [To npusenen-




276

Jlexuua 33

HHIM B Tabnuiue ¢dopMysiaM pacCHUNTHIBaeM Nporub 6ajgku B TOdke OT
KaXxIOro BUua HarpyxeHus oTmensHo (puc. 33.7 (1, 2, 3)).

ITockonsky BCe IeitcTeyroume Ha-

m rpy3ku nporubaroT 6ajIKy BHU3, De3yiib-
4 49 F TATH OCHCTBUA HATPY30K MOXHO CJIO-
XX NI B XHThb. [lony4yeHHLI® cyMMapHEI nporub
3M CPaBHUM C JOIIyCKaeMbIM nporubom.
5000
oM Ionyckaemmit nporu6 (f] = —— =
m 200
. Rl = 25 MM.
; : Cymmapuui mporn6
! ; Fl « fz = fip+ fap + faB;
B
2% a. foo ME | Fo(l=af3) gt
q r= .
- 2E 2E 8E
XTI TIITT XX e T =
e l UcxonHele manunie:
= Mm=12.108H - m:
Puc. 33.7 m=12kH-m=12-10°H - m;

a=3m=23 103 mm;
F =40xH = 40- 103 H;

g=4xH/ m=4H/mm; | =5M = 5-103 mm.
Ins neyraspa Ne 45 'OCT 8239-89

T = 27696 cm? =
Torna

27,7 - 107 mm4.

12-10% - 52 . 108

fip = = 2,TmM;

2-2-105.27,7-107

.103.32.108.108
fop = 40-10° - 37 -107- 10 '(5—§)=12,99MM;

2-2-10°-27,7-107 3
4.5%.1012
= = ,64 ;
fan 82,105 277,107 ~ >04mM
fe = 2,7+12,99+564 = 21,33 mm.

21,33 < 25 — ycJI0BUE XECTKOCTH BHIIOJIHAETCA.
MakcnManbHEI Oporub He NPeBLINIAeT HOMYCKaeMOro 3HAYEHHUA.
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KoHTposnbHBIE BONPOCHI U 3alaHUA

1. Kakue BHyTpeHHME CHIIOBEIE PAKTOPb! BOHUKAIOT B CEYeHuU Ga-
KI MPU YUCTOM U TIONEpeyHoM uarubax?

2. IloueMy npu nonepeyHoM n3ruGe B MPOAOILHBIX CEYEHUIX GATKM
BO3HMKAIOT KacaTelblLle HApsKeHus?

3. Kakum ONnBITOM MOXHO MOATBEPAMTL BO3ZHMKHOBEHUE KACATENb-
HBIX HAIPSXKEHN B MPONOJILHLIX CeUEHMsX Ganku?

4. B xaxoit Touke mnonepewHoro ceyeHus (puc. 33.8) kacaTenbHbIE
HATIDSIKEHNS MPU TONIEPEYHOM N3rube MaKCUMAITLHEI?

Bapunanrn orseros:

1.A. 2.B. 3.C. 4.D. T

5. Bribepure BepHyio smopy pacmpemeneHus Q\\é\
HOPMAJIBHBIX HampshkeHnmit npu usrnbe (puc. 33.9). \é
Hannmnre hopMmysy asis pacdeTa HOPMAJILHBIX Ha- N
npskenuit npu narube. Uarubarommit MmomenT neii-

CTBYET B BEPTUMKAIILHOM IJIOCKOCTH. Puc. 33.8
yo M,
& N\
ENNE __?% _
N
& o =

Puc. 33.9

6. Kak n3MeHNTCS MakCMMaJIbHOE HOPMAJIbHOE HANpsKeHHue B ce-
yernu (puc. 33.10a), ecmn Gasky NPSMOYrOJBHOIO CEUEHUs IOJOXKHUTH
nnawmMs (puc. 33.106)? b = 20 Mm; h = 100 Mm.

¢ M,

\ 7. Bo cxonbko pas ysemm-

\ ! S ynrcsa nporunb baskm, ecnm pac-

l'_/ N \ ._\\\\\&&_ ‘= [penefleHHYIo TI0 BCEi O/IMHe Ha-
\\ & I\\\\\ IPY3KYy 3aMEHUTH COCPEXOTOYEH-

i HOIl, NIpPWJIOXKEHHON B cepenmuHe

Py 6 nponeta? Ucnons3osaTth dopmy-
9 JBl DN OUpenelieHus Nporu6os,
Puc. 33.10 npuBeneHHule B Tabnune 33.1.
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JIEKIIUS 34

Tema 2.7. CoyeTaHne OCHOBHBIX OedopMaImii.
I'mnoTesbl nmpoyHoOCTM

Huemv npedcmaeaenue 0 HANDANCEHHOM COCTOAHUUL 6 TMOUKE
YNpY2020 Meaa, 0 MEOPUU NPEJEAbHBIT HANDPANCENNVIT cocmognul, 06
IKBUBAAEHMHOM HANDINCEHNOM COCMOINUY, O 2UTLOME3AT NPOYHOCTNU.

3namb Gopmyavt dag IK6UBAIENMNHLIT HanpIxcenul no 2unomeldam
HAUGOABULUT KACAMEAHBIT Hanpaxcenut u anepauy GopMousmenerud.

Hanpﬂ)xeunoe COCTOsAHNE B TOYKE

HanpsixkenHoe cocTosHue B TOYKE XapaKTePU3yeTCs HOPMAaJIbHEI-
MM U KacaTellbHbIMU HANPSKEHUSIMY, BOZHMKAIOILMMH Ha BCEX TIOLUAM-
Kax (ceueHusx), NPOXONSIMX Yepe3 NaHHYI0 TouKy. OOBIYHO HOCTATOY-
HO OIpeNeNuTh HANPSKEHNS Ha TPeX B3aMMHO IEPIeHIMKYIIPHLIX IO
IIaKaX, IPOXOASIIMX Yepe3 PaCCMaTPUBAEMYIO TOUKY. TOUYKY NMPHUHATO
n300paxaTb B BHZE MAaJEHBKOTO 2jleMEHTa B (opMe mapasuielenunena
(puc. 34.1).

IToaoomcenug meopuu HANPANCENHO20 COCTNOANUL:

1. HanpsxeHHOEe COCTOSIHUE B NAHHOI TOYKE MONHOCTBHIO ONpenese-
HO, €CJIX M3BECTHB! HATPXKEHUs 10 J00HM TPEM B3aUMHO MepIeHInKy-
JISPHBIM IJIOLIAAKAM.

2. Cpenu MHOXECTBa IIOMIANOK, KOTOPHE MOXHO IPOBECTH 4epes
IAHHYIO TOYKY, ECTh TP TaK¥e B3aMHO NEPIEHAMKYIIIPHbIE MINOMAIKHY,
Ha KOTOPEIX OTCYTCTBYIOT KacaTelbHBIE HANPSKEHUS, 9TU INIOMIAIKM
HA3HIBAIOTCS 2406HbIMU, & HOPDMAJILHBIE HANPSXKEHUs, BO3HUKAIOIIME HA
HEX, Ha3bIBAIOTCSA 24A6HLIMU HANPANCENUIMY: O1; 07; 03 (puc. 34.1).

OnHo U3 5TUX HANMPSKEHUH — MaKCUMAaJIbHO, OHO — MUHUMAJIBLHO.
MakcumanbHoe 0603HAYAIOT 0], MEHUMAJILHOE — 03.

Knaccuguxauus BUIOB HAUPXKEHHOTO COCTOAHUS NPOM3BOOMTCS 1O
[JIaBHEIM HAIpPsKEHUAM:

— eCll1 BCe TP I'VIABHBIX HANPsKEHUs He PaBHHI HYIIO, TO HAIps-
’KEHHOE COCTOSHHE HA3HBAIOT 06bemubim (Tpexocunm) (puc. 34.1a);

— €eCJIM OHO U3 INIABHHIX HAIPAXEHUM PABHO HYIIO, HAIIPSXKEHHOEe
COCTOSHME HA3HBAIOT NocKuM (OByxocHmM) (puc. 34.16);

— ecjM [Ba U3 TVIaBHLIX HampsukeHuit (o2 = ) NpOTHUBOMOIONKHEL
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[0 3HAKY, HalpPsKEHHOE COCTOAHME HASHIBAIOT YNPOUEHHLIM TAOCKUM
COCTOSHUEM;

— €CJIN JIMIIL OXHO U3 TJIABHEIX HAIPSDKEHWI He PABHO HYJIO, Ha~
IpsikeHHOe COCTOsHME aunetinoe (puc. 34.18).

a2
O O [¢J] Oy [¢]] O
< < € P
(o]} 5 e 7]
g 6) 6)

Puc. 34.1

ITonsaTMe o crnoxxHoM meOPMUPOBAHHOM COCTOAHUN

CoBokynHoOCTs medopMaluil, BOSHUKAIOLIMX (10 Pa3lMUYHLIM HAIpa-
BJIEHUSIM U B Pa3JIMYHBIX IJIOCKOCTSIX, IPOXOAAINUX Yepe3 TOYKY, ompe-
IeNAIoT deopMuposantoe COCMogHUuE B STOH TOUKE.

CroxHoe nedopMUPOBAHHOE COCTOSIHUE BO3HUKAET, €CIIN AETAIb O~
HOBPEMEHHO IIOABEPraeTCs HeCKOJILKMM IIPOCTENINNM Har Py KeHUIM.

Taxue COCTOSHMS BO3HUKAIOT B 3aKJIETIOYHEIX COEOVHEHUsX (cpes u
cMaTHe), B GOITOBLIX COEAMHEHUsX (PACTs:KEHUe ¥ CKPyUMBaHUe), Ipu
nonepedHoM u3rube 6pyca (n3ru6 u capur).

YacTo OMHUM M3 HATDYXEHMil (He3HAYNTEILHBIM) IpeHeGperaoT.

Hanpumep, anuanbie 6alKy pacCUUTHIBAIOT TOJIBKO Ha M3rKO.

B pape cinydyaeB HOpMaJIbHEIE U KacaTeJbHEIE HANPSXEHUS, BO3HU-
Kalouime B JeTaJd, UMEIOT OJMHAKOBHIA MOPAOOK M UMM Hejb3s IIpeHe-
Gperath. Toraga pacueT mMpoOBOAST HpPH CIOXKHOM AehOPMUPOBAHHOM CO-
CTOSHUH.

CroxHOCTL pacdeTa 3aKII0YAETCS B OTCYTCTBUU SKCIEPUMEHTANb-
HBIX OAHHBEIX O IPEeNeNIbHEIX HaNpPsAXKEeHUsX, T.K. IPOBECTH MCIBITAHW
13-33 MHOXXECTBA BADMAHTOB HArPy>XXeHUs MPaKTUJIECK! HEBO3MOXHO.

HOns ynpomenus pacyeToB B 3TOM Ciydae MPUMEHAIOT MeEOPUU
npounocmu. CMBICT TeOpUM 3aKIIOYAETCA B 3AMEHE DEAabHO20 CAOHC-
1020 JePopMUPOEBANN020 COCTNOTHUSL PABHOONACHLIM NPOCTILBLM.

OnacHoe cocTosiHME MOXeT OHITH BHI3BAHO Pa3NUUHBIMU (GaKTOpa-
MU: HOPMAAbHbLE HANIPAXKEHNS MOTYT OOCTHTHYTBH IIpenefla TEeKYydeCTH



280 ' Jlexuus 34

UNM TIpefelta IIPOYHOCTH, KacamenbHblie HATPSXKEHUS MOT'YT NJOCTUIHYTh
OIIACHOTO 3HAYEHMs UM HAKONAEHHAT IHEP2UL depOopMUDPO8aHUT MOXKET
CTATh CIMIITKOM 60JILINION U BHI3BATL Pa3pyIUEHHE.

Ynusepcatbnozo xpumepud, NO3BONAIOIETO PACCUMTATD Npeneisb-
HOe COCTOSIHHE Oid mo6oro Martepuana, xem. Pa3paboTaHO HECKONMBKO
PAa3IUYHBIX THIIOTE3 NPedeabHblT cOCMOAHUl, DU PacYeTaxX MCIONb3y-
10T HanboJllee NOAXOOSIIYIO TRIIOTe3Y. PacueThI o runoTe3aM IpOYHOCTH
MTO3BOJISIOT U36eraTh HOPOTOCTOSNMX UCILITAHUA KOHCTPYKINH.

B HacTosUee BpeMA 11 pacyeTa BAJIOB IIPU COBMECTHOM AEHCTBUU
n3ruba 1 KpydeHUs MCIIOIL3YIOT TONBKO TPETHIO ¥ MATYIO TEOPUM IIPOY-
HOCTH.

Cpaenenue pagwomunubls cocmoaxutl npoudsodumcd ¢ NOMO-
WHI0 IKBUBALEHMHO20 (NPOCTO20) HanpAXcenno20 cocmoanud. O6bluno
CAOICHOE HANDANCEHHOE COCTNOAHUE 3AMEHAIOM TIPOCTLIM DACTNANCEHU-
ex (puc. 34.2).

PacueTHOoe HanpseHye, COOTBETCTByIOlIee BLIOpaHHOMY Ofn-

HOOCHOMY PpACTSKEHMIO, HA3LIBAIOT JK6USGAEHMHbIM HAIPIKEHUEM
(puc. 34.26).

(s 3]

Z

G . s ST Qae  Onpen T npen

3amensem CpaBHuBaeM

g3

w2 g 6 o)
Puc. 34.2

ITonyyenHoe pacYeTHHIM IIyTeM 3KBUBAJIEHTHOE HaAnNpAycenue dad
MOuKYU CPABHKBAIOT ¢ npedeabhbin (puc. 34.28).

HanpsixeHHoe COCTOSHNE B mMOuKe DABHOOTIACHO IKEUBAAEHINHOMY
HANPANCENHOMY COCTNOAHUM0. Y CIIOBUE MPOYHOCTH TOJIYyHHM, CONOCTa-
BHB 9KBMBAJeHTHOE HAMpPSXEHME C TpPeNeNIbHLIM, NOJIy4YEeHHEIM 3JKCIIe-

Onpen
PMMEHTASTLHO IS BLIGDAHHOTO MAaTepHalid: Ous < -—[-P]—, rme {s] —
s

nonycxa,emmﬁ 3anac IIpOYHOCTH.

Kax M3BECTHO, IIPENEJIbHBIM HAIIPAXECHUEM OJ14 IIJIACTUYHBIX MaTe-
PHNaJIoB ABJIAETCA NIpenell TEKY4eCTH o, & V1A XpYIIKOI'O — Ipene’ npoyd-
HOCTH Op. Hpenenbnoe HallpsXXE€HHOE COCTOAHME Y INIACTUYHLIX MaTepH-
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aJloB HACTYyNaeT B pesynbTaTe IlacTUdeckux Aedopmaluil, a y Xpyn-
KNX — B pe3yJIbTaTe pa3pylIcHus.

HJ'IH MJIaCTUUYHBIX MATEPUAJIOB pacdYeT MOXXeT BHINONHATLCA II0 2U-
noMmede MAKCUMAALHYIT KACATNEALHLIT HANDANCENUT: 06Q HAMPANCEHHBIT
COCMOAHUL DPABHOOTLACHDL, €CAU MAKCUMAALHLLE KACATNEADHbIE HANDA-
ocenud Y Hux 00unaKxoest (TPETh TEOPUSK NIPOYHOCTH).

Pacuer MoXHO IPOBOMUTL M 1O TEOPUH TOMENUUAALHOT IHEP2UU
Popmouamenenud: 06a HANPIANCEHHDIT COCTNOAHUL PAEHOONACHDL, €CAU
anepaud opmouamenenud y Hur oduraxosa (mATas TeOpeMa IPOYHO-
CTH).

Insg Xpynkux 1 Xpynko-IiacTUYHBIX MATEPUAIIOB NTPUMEHSIOT TEO-
puro npoyrnocTd Mopa.

PacueT 3kBUBAJIEHTHOrO HANIPAXKEHUS N1t TOUKY 11O TEOPHH MAKCHU-
MaJIbHBIX KaCATENbHRIX HAIPAXKEHUI1 BHIIOIHAETCH IO (POpMYyIe

Oss 111 = V02 + 472,

a Io Teopuy 3Hepruv GOPMON3IMEHEHNS N0 opMynte

Oxp V=YV o? + 37'2,

rne o ~— IeNCTBYIOLIEe B TOYKE HOpMaJlbHOE HAIIPSXKEeHNe; T — NENCTBY-
OlLIlee B TOYKE KACATE/ILHOE HaNpIXeHue.

PacueTr xpyrsoro 6pyca Ha n3ru6 ¢ Kpy4eHueM

B cnyyae pacuera xpyrsoro Gpyca npu neicTsBum usrnba u xpy-
yenus (puc. 34.3) HEOGXOMUMO YYUTHIBATL HOPMAJILHEIE M KACATEIbHbIE
HaAUpSKEHUs, T. K. MaKCUMAaJILHEIe 3HaUeHUs HalpsKeHuidl B oboux city-
yafX BO3HMKAIOT Ha TOBEPXHOCTH. Pacuer cienyer BeCTH 1o Teopum
TIPOYHOCTH, 3aMEHSS CJIOXKHOe HAIDSKEHHOE COCTOSHUE PAaBHOONACHBIM
NPOCTBHIM.

M,
My ? " Tk Oy

\ n, Lo
X

®

Puc. 34.3
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My
MakcumalibHOE HalpsiXXeHMe KpYy4eHus B CEHeHUH Ty, = W
P
M,
MaxcuMalIbHOe HanpsKeHue naruda B CEYeHUU gy = W
T

Tlo omHOI 13 Teopuil NPOYHOCTH B 3aBICMMOCTY OT MaTepuasna opy-
ca pPacCYMTHIBAIOT IKBUBAJIEHTHOE HAMpPSDKEHUE IS OMACHOrO CEYeHUs
U IIpOBEPAIOT 6PYC HA INPOYHOCTD, UCIOJL3Ysl OOYCKAaeMOe HalpsXKeHue
uaruba s MaTepuana 6pyca.

Ons xpyrinoro 6pyca MOMEHTH CONPOTHUBIIEHUSA CEYeHUs CIIedyro-
me:

d? W,
npu xpyuenun W, = % ~ 0,243 W,= _52;
nd3
npu narube Wy = 35 ~ 0,1d°.

IIpn pacuere no TpeTbeit TeOpUU NPOYHOCTH, TEOPUM MAKCHMAIb-
HHIX KacaTeJbHLIX HaIpsAKEHUMH, SKBUBaJICHTHOE HalpsKEHUE Daccdu-

THBaeTCcAd no dopmyJie
Osa 111 = Uﬁ + 47—1?

Teopus npuMeHHMa IS INTACTMYHEIX MaTEPUAJIOB.
IIpu pacuere no Teopuu sHepruu GoOpMOU3IMEHEHNS SKBUBAJICHTHOE
HAIIpsKEHNE PAcCYNTHIBaETCA Mo hopMyne

Ooxa V =\ 0%+ 372.

Teopus npuMeHEMa IS IIIACTUYHEIX M XPYNKUX MaTEPUaJIOB.
OKBUBAICHTHOE HAIPSHKEHNE IIPU pacudere 10 MEeOPUU MAKCUMALD-
HBIT KACATNEALHYIT HGNDAHCeHU:

o = _Aé 2+4 'I_w_'f_ 2__: MI%+M3 o =A/I3KBHI
aks 111 Wz ZWI "W" 12_ — - axs [1I W:r: 3

rae Mo 11 = \/ M2 + M? — sxBHBANIEHTHBI MOMEHT.
Ycenosune npogsocTH:
M:-)KB 111

Oake [1I = _W— < [U]
T
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OKBUBAJIEHTHOE HAIIPAKEHUE DU PACUeTE TI0 Meopuu Inepauy @op-
MOUBMEHENUST: :

v = (1) + 3(3) oy = LoV,

4

rae Maxs v = /M2 + 0,75M2 — 5KkBUBaJEHTHLII MOMEHT.
YcioBue pOYHOCTH:
Maxa \'

Osxs V = W, < [U]
z

IIpuMepsl pelenus 3agayg
Ins 3amaHHOrO HANpPSKEHHOro cocTosHuA (puc. 34.4), momab3ysCh
TUNOTE30l MAaKCUMAJIBHEIX KAacaTEJbHHIX HANPSXEHUA, BEIYMCIUTE KO-
3c¢dunuesHT 3anaca NpoyHOCTH, ecau o = 360 H /MM2.

Pewenue

O3k = V o2+ 4r2.
Taxp — V 202 +4- 1202 = 240,8 H/MM2. 20 H/mm? T 120 H/MMm*
S =0r/0xs = 360/240,8 22 1,5, /

s — KO3(MOULMEHT 3amaca IIPOYHOCTH.

Puc. 34.4
KoHTpoJsibHBEIE BOIPOCHI ¥ 3a0aHUA

1. Yem xapakTepusyeTcs n Kak n3o0paxkaeTcs HalpKEHHOE COCTO-
fgHUE B TOYKe?

2. Kakve naomankn ¥ Kaxue HApAXKEHNs HA3LIBAIOT TIIABHLIMU?

3. Ilepeuncnure BUOB HAIPSIKEHHEIX COCTOSHMIMA.

4. Yem xapakTepusyercs nehOpMUPOBAHHOE COCTOSHNE B TOUKE?

5. B Kakux cnyd4asx BOZHMKAIOT NMpeNelbHBIE HANPSXXeHHBIE COCTO-
AHUS Y TIACTUYHBIX U XPYIKUX MaTEepUaIoB?

6. UTo Takoe 3xBUBaJEHTHOE HaNpsxKeHue?

7. IloscHuTe HAa3HAYEHME TEOPUIl MPOYHOCTM.

8. Hanummre dopMynsl 0 pacyeTa 3KBUBAJIEHTHBIX HANPKCHUI
IpH pacyeTax [0 TEOPHUN MAKCHMAIBHEIX KACATENIbHEIX HAIPSKEHUN U
TeOpHU IHeprum ¢popmonsmernenus. I[loacHuTe, Kax UMK NOIB30BATHCS.
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Tema 2.7. PacueT 6pyca KpyrJyioro nonepe4Horo
CeYeHMs MPU COYETAHMU OCHOBHBLIX Hedopmaumii
3nams gopmyabt 04d FKBUBALENMMHBIT HanpAdcenul No 2unome3am
HAUBOALWAUT KACATMEALNHIT Hanpgocenutl U aHepauL GoPpMOUIMEHEHUS.

Ymemp paccuumbieamb 6pyc Kpyeao20 NOMEPEUHO20 CEUEHUS HA
NPOUHOCTNL TPU COUEMAHUL OCHOBHbIT dediopmayurl.

®dopMynel 019 pacdeTa 3KBUBAJIEHTHRIX HANPIKEHUNA

OKBUBAJIEHTHOE HallpAXKEeHNEe IIO0 TUNOoTE3€¢ MaKCUMaJIbHBIX Kaca-

TEIBHLIX HANDSAXKEHMNit
Ooxs = V02 + 472,
OKBUBATIEHTHOE HANPSKEHNE 10 TUNOTEe3e IREPrumn GOPMOUIMEHCHUA

Ooxs = V02 + 372,

roe T = My /W, — pacueTHoe xacaTeJIbHOE HAaIPsKEHHE;
o = M, /W, — pacueTHOEe HOpPMAJILHOE HANDSIXKEHHUE.

YCnonne MPOYHOCTM IPU COBMECTHOM HOecTBUM U3ruGa
M KpydeHus

- MBKB <
Oskp — ‘——W & [0'],
. > i
roe M,z — SKBUBAIIEHTHBIN MOMEHT.
OKBUBAJICHTHEIN MOMEHT IO TMIIOTE3€ MAKCHMAJILHEIX KACATENbHBIX

HaIpsDKeHAR
Maxa I = v M2 + M2

OKBUBaJIEHTHEI MOMEHT IO rlmoreae BHGPFHH cpopmonamenennﬂ
My v = /M2 + 0,75 MZ2.
Oco6GeHHOCTHL pacyeTa BaJIoB

BoibIMHCTEO BAJIOB MCIBITHIBAIOT codeTanue nebopManuil naruba
u kpydenns. OGLIYHO BaJIBl — OpPsSIMEBle GPYChA C KPYTIBIM MM KOJIbLIE-
BbIM ceueHMeM. IIpu pacueTe BaJIOB KacaTesbHBIE HANPSAXKEHHUA OT neil-
CTBHA [ONEPEYHLIX CHJI HE YUNUTHIBAIOT U3-3a MX HE3HAYMTEJILHOCTH.
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PacueTnl npoBoAsT no onacHuIM nonepeyHnIM ceueHusM. IIpu mpo-
CTPAHCTBEHHOM HArpPYXEHUN BaJla NONbL3YIOTCA TUIOTC3I0H HE3aBUCUMO-
CTH nedcTBMA cuUn ¥ u3rubaromme MOMEHTH! PacCMaTPUBAIOT B IBYX
B3aMMHO TIEPIICHONKYJIAPHEIX MJIOCKOCTAX, & CYMMAapPHBIH U3rubarommii
MOMEHT ONpefeNsioT reOMeTPHYEeCKUM CyMMIPOBaHHEM.

IIpuMmeps! pelienus 3anay

IIpumep 1. B onacHoM nonepeunoM ceuenuu xpyrioro 6pyca Bos-
HUKAIOT BHYTPeHHue cuiioBhle paxTopst (puc. 35.1) My; My; M,.

M; n M, — naruGaroume MomenTH B miockocTax yOz u 20z co-
oTBEeTCTBEHHO; M, — xpyTawmit MoMeHT. [IpoBepUTH MPOUHOCTH MO K-
norese HauGONBIIMX KacaTeJLHEIX HanpskeHusi, ecnn (o] = 120 MIla.
Wcxonnuie nannwe: M = 0,9kH - M; My = 08xH - M; M, = 2,2xH - u;
d = 60 MM.

Pewexue

Ctpoum mophl HOPMAJILHEIX HANPSXKEHUN OT AedcTBUA narubalo-
IIMX MOMEHTOB OTHOCUTeNbHO ocet Oxr m Oy M 3miopy XacaTesbHBIX
HANpsAXeHul OT kpydenus (puc. 35.2).

Cuy

.“‘llIIﬂjl+

Puc. 35.1 Puc. 35.2

MaxkcuManbHOe KacaTenbHOe HANPSXKEHHEe BO3HUKAET Ha IOBEPXHO-
e, MakcuMasibHEle HOPMAJIBHEIE HANIPAXEHUS OT MOMEHTa M, BO3HH-
KaloT B Touke A, MakCUMalIbHblE HOPMAJIbHBIE HANPAXKEHUS OT MOMEHTA
M, B Touxe B. HopMasibHble HANpsKEHNS CKIAALIBAIOTCH, IOTOMY YTO
KaruGarollme MOMEHTEI BO B3aMMHO NEPNEHTUKYISPHLIX TJIOCKOCTAX reo-
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METPHYECKN CYMMUPYIOTCH.
CyMMapHEIA wsrubarommit MoMenT: My = /M2 + Mg;

M, =+0,92+0,82 =1,2xH - M.
PaccunTriBaeM 9KBMBAJIEHTHBIN MOMEHT IO TEOPHUYN MaKCHMaJbHBIX
KacaTelIbHBIX HaNpPsKeHnil:

My = VM2 + M2 = /1,22 42,22 = 25xH - m.

M,
YcnoBue OPOYHOCTH:  Taxp = o K [0); Wocenoe = W = Wy
WOCEBOG
MoMeHT conpoTupieHNs ceueHus: Wocenoe = 0,1 - 603 = 21 600 mm3.
2,5-10%- 103

TIpoBepseM DPOYHOCTD: Caxp =

Teos = 1157 MIla <120 MIla.

TIpounocTs ob6ecreuena.

IIpumep 2. Y3 ycrnoBus npovHOCTH pacCYUTAThL HEOGXOMUMEI Aua~
MmeTp Basia. Ha Bany ycranosnenn nsa koneca. Ha xoneca neiicteyior
nee okpyxHsule cunnt Fy, = 1,2kH; Fy, = 2xH n nee pannansnbie cuib
B BEPTHMKaJIbHOl uiockoctu Fr, = 0,43xH; F, = 0,72xH (puc. 35.3).
Iuamerprr xonec coorBeTcTBeHHO paBHH di = 0,1 M; dy = 0,06 M.

Hpunats ans matepuana sana [o] =

= 50 MIla.

Paccuuratns pPa3Mephl BaJia KOJbLE-

Boro ceverus npuc = 0,8 (¢ = d—mi) Pac-
YeT INPOBECTHM IO IMIIOTE3€ MAKCHMAJb-
HRIX KacaTelbHHX HanpsxkeHuit. Becom
BaJIa ¥ KoJlec npeHebpeyus.

Pewenue

Y x a 3 a H u e. Ucnonpayem npus-
LIMIT He3aBMCHMOCTH OECTBUSA CHJI, COCTA-
BIIieM pacYeTHBLIE CXeMhl Bajla B BEpPTU-

Puc. 35.3 KaJbHOM ¥ TOPU30HTAJILHON IJIOCKOCTAX.
Ornpenensem peakuyuu B OIIOPax B TOPU30H-

TAJILHOK M BEPTUKAJLHON INIOCKOCTSX B OTAenbHOCTH. CTpPOUM 3MIopLI
marnGarorx MomeHToB (puc. 35.4). ITon neifcTBIEM OKPYXKHBIX CHIT BAIl
ckpyunBaerca. OnpenensgeM NeACTBYIOIIMIA Ha BTy KDY TALIMI MOMEHT.
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CocTtaBuM pacueTHyio cxeMy Bada (puc. 35.4).
1. KpyTsmuit MOMeHT Ha BaJty:

dl d2
My = Mgp = Ftl—z— =th7;
0,1
]L{K = 1,2- —2—- =0’06KH M= 6OHM.
H _ R;’;’ )
“ o4 xH Ft,=12 kH 28 KH Ft,= 2kH
A B ——Ynn H
O ¢
M
& Lnth\ Dmopa
1 M
200 H-M
v A )
R 0,5 KII Fr, ~043kH l J:Rb 0,79 ki
A#rn ”:B . V
il ””,WIM o
AM ‘”-H]-”'m' | Bmopa
60 H-m M
Smopa
M,
Puc. 35.4

2. M3ru6 paccMarpuBaeM B OBYX IIOCKOCTSAX: TOPH3OHTAJIBHOM

(wr. H) u sBeprukansHoit (1. V).
B ropu3oHTaNBHOM IIJIOCKOCTH ONPENENSEM PEakUny B ONOpe:

> m =Fia-RE(a+b)+ Fyla+b+c)=0;

1,2-01 - RE .0,4+2.0,5=0;

RH.04-12-03+2.01=0;

RE —28«kH.

> mf =RY(a+b)— Fyb+ Fie=0;

RH =0,axH.
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Onpe.uenxeM nsrubaronme MOMeHTHI B Toukax C n B:
MH =400-0,1=40H -»; ME =-2000-0,1 =200H - m.
B BepTPlKa.J'IbHOH HJIOCKOCTPI onpenenseM peaknum B ornope:
ZmA—Frla RE(a+b) — Fry(a+b+c)=0;
-RY-04+043-01-0,72-0,5=0; RY=—0,79xH.
SmY =RY(a+b)~F.,b-F,C=0
RY.0,4-0,43- 03 0,72-0,1=0; RY =0,5xH.
Onpe.uenxeM nam6axou.me MoMeHTHI B Toukax C u B:
=RYa; MY =500-0,1=50H"m.
M =F,,c; MY =1720-0,1=72H m.
CyMmmapHnnle nsrnbaionme MoMeHTH B Toukax C un B:

Mc = /(ME)? + (ME)?;, Mg =407+ 502 = 63H - m.
Mp = \/(M};’)"" +(MY)%  Mp = /(2002 + (72)? = 215H - m.

B Touke B MaxcuMalbHEIA M3rubaolliuii MOMEHT, 34eCh e neii-
CTBYET M XPYTAILMI MOMEHT.

Pacuer nuameTpa Bana BemeM M0 Haubonee HArPYXEHHOMY
CeYeHMIO.

3. OxBuUBaJEeHTHHH MOMEHT B TO4Yke B 1o TpeTheil Teopum
[IPOTHOCTH

Moys 111 = \/Ml% + ME, Misr = \/215E +60222223H - M.

4. OnpegengeM OuaMeTp Bajla KPYLJIONQ MOMEPEYHOTO CedeHUs U3
YCJIOBUSA TPOYHOCTM

M:, B
Oaks = = < [0]; -'L‘ = 0 1d3 O f;3 = [ ]

/ = /223 223-10° _
0,1[0]’ 01 50 oo

OxpyraseMm nony4yeHHyro BenuunHy: d = 36 Mm.

[Ipumevanue Ilpusubope iMamMeTpoB Basia NOIb3OBATHC
cTaHnapTHHM psaooM nuameTpos (IIpunoxenne 2).

5. OnpenensgeM HeoOXOOMMBIE Pa3MEPH! Bajla KOIBUEBOIO CEUEHUS

dBH -
npu c=0,8; c= -5 Tre d — HapYXHRIt IUaMeTp Baja.

MBKB
Oaxs 0,1d3(1 — 64) [0]
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M3KB
0,1(1 — A)o]’

uameTp Bajia KOIBUEBOTO CeYEHNA MOXKHO OIIpedeNnTh 1o hopMyJie

We = 0,1d3(1 — ¢') (xonswo); d >

dxpyr 1 3
= i d =d 1
dKOIlbuO \“/li ct HORRHO *pyr

dKOJ’lbuO = 36 V3 1- 0,84; d Z 42,5 MM.

IIpumeMm d = 42 MM.
IIeperpyska He3HauuTenbHas. dg, = 0,8d = 0,8 - 42 = 33,6 MM.
OxpyriseM n0 3HadeBns dgy = 33 MM.

6. CpaBHuM 3aTpPaTLI METANINA TIO TJIOARAM CeUeHNs Bajia B obonx
Ciy4asx.

I'Inoma.zn, IONEPEYHOIo CEYEHNs CINIOLIHOI'O BaJia

—

2
Axpyra, = —— = =2 = 1018 mm?.
HJIOI.[IaIlb IIONEPEeYHOro Ce4Y€Hus I0JIOro BaJia

2 2

T, 9 9 3,14(42 -33 ) 9

Akonbu52 = Z(d - dBHyTp ) Axonbu52 = __4_— = 530 MM”“.
HJIOLI.Ia.IIb IIONIEPEeYHON0 CeYeHus CIJIOITHOTO BaJia IIOYTH B OBa pa3a

6orblile BaJIa KOJIBIEBOIO CeUEHU:
A 1018 N

A, ~ 530

KOHTpOJIbeIe BOITDOCHL 1 3aJaHUA

1. Kaxoe HaIIpAXEHHOe COCTOsHNE BO3HVIKAE€T B IIONIEPEYHOM ceye-
HUM Basia IPH COBMECTHOM OENCTBHH M3ruba u xpywuenmns?

2. HammmuTe ycioBye NpoOYHOCTH OJI pacyeTa Baja.

3. Hanumure ¢hopMyIb 1A pacyeTa 3KBHBAIEHTHOTO MOMEHTA IIPH
pacyeTe II0 ruroTe3e MAaKCHMAJBHEIX KacCaTelIbHBIX Hanp;m(enm‘i H TH-
norese sHeprun POpMOU3IMEHEHN.

4. Kax BniGMpaeTcs onacHOe ceyeHHe NpH pacueTe Baja?
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Tema 2.10. ¥ cTORUNBOCTE CXKATHIX CTEPXHEM.
OcHOBHEIE OJIOXKEHHS

Huemp npedcmasaenue 06 yemotiuusnz u neycmoluusbis gopmaz
pasHrosecud, xpumuuecxotl cuae u xo3gduyuenme 3anaca ycmoiuuso-
CTMU, 0 KPUMUNECKOM HANPANCEHUY, 2UOKOCTU CTNEPHCHA U npedeabHot
eubxocmu.

3nams ycaosue yemotinusocmu cocamuiz cmepacnet, Gopmyay -
AEPQ U IMNUPULECKUE HOPMYAbL OAF PACUEMA KPUMUNECKOL CUAbL U KPU-
MUYECKO20 HANPANCEHUL.

IlounsaTue 06 ycTOMUMBOM M HEYCTOMUMBOM DaBHOBECUM

OTHOCHTEILHO KOPOTKME 1 MACCUMBHBIE CTEDXXKHYU PACCUNTLIBAIOT HA
CXaTHe, T.K. OHM BRIXONAT W3 CTPOSA B pe3ylsTaTe PaspyIUeHNA WU
OCTATOYHHIX nedopManmi. JInuHHbIe CTepXHU HEGOIBINOIO MOMEPEYHOIO
CeYeHUs TION NeACTBUEM OCEBLIX CXXUMAIOIUX CHIT M3rubaloTCa 1 TEPSIOT
paBHOBecue. Takue cTepXHN pafoTaloT Ha M3rub U cxaTHe.

PaBHoBecHe CYMTAIOT YCTOMYMBEIM, eclid 3a
F CYET CHJ YNPYNOCTH NOCNE CHATUSA BHEIIHENR OTKJIO-
¥ HAIOLUEH CHIIBI CTEPIKEHDb BOCCTAHOBUT MIEPBOHAYAIb-
Hyio ¢popmy (puc. 36.1).

Ecnu ynpyroe Teso nociie OTKIIOHEHUS OT paB-
HOBECHOTO IIOJIOXKEHUsS HE BO3BPAILaeTCs K UCXOOHO-
My COCTOSHMIO, TO FOBOPST, YTO MMPOU3OLLIA NOTEPS
YCTOMYMBOCTH, & PABHOBECHE GBLIJIO HEYCTOMYMBLIM.

LA -
Puc. 36.1 TloTepro ycroitumBoCcTHM 1OA IeicTBMEM LEH-

TpaJIbHO MPUJIOKEHHOR IPOTONLHON CXXUMAIOLLIEH CH-
JIBl HAa3BIBAIOT NPOO0AbHbLM U32UBOM.
Ha ycToRYMBOCTD PABHOBECHS BIMAET BEJIMYNHA, CXKNMAIOLIEH CHIIHL.
Haunbonbluee 3HaueHne CUMAIOIIEN CHIIH, IPY KOTOPOMH MPAMOIIHU-
HeilHas (JopMa CTEepPXHA COXPaHseT YCTONINBOCTD, HA3KBAIOT KPUMUYe-
cxoti cusot. Haxe npy HeGONBIIOM MPEBHIIEHMY KPUTUYECKOIO 3HAYE-
HUS CUJIBl CTepPKeHb HeOoomycTuMo JedopMUpyeTcs ¥ pa3pyluaeTcH.
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PacueT Ha yCcTOIMUMBOCTH

Pacyer Ha yCTONYMBOCTL 3aK/IIOYAETCA B ONpedeleHNMM NOIycKae-
MOt CXKMMAIOIIIEH CHIIEl M B CPaBHEHMM C HEll CUJIBI [eHCTBYIOLIEH:

Fo, pebe
[sy] [84]

rae ' — peiicTBylomas CxXuMarolas CUa;

[F] — momyckaemas cxumalolas cuia, obecrednBaeT HEKOTOPHIA
3anac yCTONYHUBOCTH;

Fyp — KxpuTuueckas cuna;

[sy] — JOIyCKaeMEIN KO3 PHUUNEHT 3amnaca yCTORYUBOCTH.

O6zruno nns cranei [sy] = 1,8+3; ans gyryna [sy] = 5; 404 nepesa
[sy] =~ 2,8.

F < [F];> [F] =

Cnoco6ul onpenesieHNs KPUTUYECKON CHJIIBI

Pacuem no gopmyae 3laepa
3anady onpeneneHus KPUTHYECKOM CHIIBI MaTeMaTHde-
cky pemna JI. Oiinep B 1744 1. F
Jlnst apHUPHO 3aKPEIIEHHOTO ¢ 0GENX CTOPOH CTEPXKHA E
(puc. 36.2) popmyna Ditniepa umeeT BUL

71'2 EJmin !
2 ’

Fop =

roe £ — monyns ynpyrocty;
Jmin — MUHAMAJILHEINA OCEBOf MOMEHT MHEPIWNM CTEDXKHS;
| — nnuHa cTepXHs. Puc. 36.2
Ilorepst yCTORYUBOCTH NPOUCXOOUT 6 NAOCKOCMU HAU-
Menbwel Hcecmrocmu, NO3ToMy B GOpMYyNy BXOOAUT MUHUMAILHEIR U3
OCEBBIX MOMEHTOB uHepuun cevenns (Jp uwmm Jy).
®opMyny pacrnpocTpaHuny Ha Opyrue HOpMBI 3aKpEIIEHNs CTEPXK-
Hel, pacCMOTPeB (GopMy IOTepH YCTOMYMBOCTH B KaxKIOM ClTydae.
IlnnHa cTepxKHS 3aMEHAETCS €€ IPUBENEHHLIM 3HAYEHUEM, YUMThl-
BaOIUM GOPMY HOTEPH YCTOMUMBOCTH B KaXZOM citydae: lnpys = pl,
rae p — K03 PUIUEeHT NNPUBeNeHUs IJIMHLL, 3aBUCALMEA OT crocoba 3a-
Kpemnsenus cTepxHs {puc. 36.3).
PopMmya oy pacyeTa KPUTUYECKOA CUIIB 71 BCEX CI1ydaeB
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F. = 7T2E\7min
P (ul)?
F F
¥ Xk
/ / /
/ / /
[w=2 | p=1 |
{ \ N
/’ AN
777777 77";7‘ rrT
a) 6)

Puc. 36.3

Kpumuuecmte HANPANCEHUAL.

Kpumuuecxoe nanpgocenue — HanpsaKeHHe CKATUA, COOTBETCTBY-
Iollee KPUTHIECKO cuite.

Hanpsxenue oT cxxuMmalomeii Cusl onpenenseTcs no gopMyne
2
F, Kp m Ejmin

7= 4= alpA

LIe Oyxp — HAIpAXEHVe CXKaTHUs, DU KOTOPOM CTEPXeHb ellle YCTOYNB.
KOpeHb KBa.IIpaTHHﬁ N3 OTHOIIEHNS MMHMUMAJILHOI'O MOMEHTAa WHEPLNU
CEeYCHHS K INIOIIAOM IIONEPCYHOr0 CEYEHHUA TPHUHATO HA3IBIBATHL MUHU-
MOALHLIM PAOUYCOM UHEPYUU tpnin:

Jmin . Jmin .2

lmin = A’ A = Ymin*
Torna dopMmyna nns pacyeTra KpUTUYECKOTO HANPIKEHUSA MEPEITHU-

IeTCA B BUIE

2702
o = TEZ
Xp = T 7 o

(ul)?
OtHomenue pl/iyin HOCUT HazBaHME 2UBKOCMU CTREPHCHA .

T'nbkocTs cTepxHs — BenuuuHa, 6e3pa3MmepHas, yeM 6olnbiie ru6-
KOCTb, TEM MEHBIIE HANPIKEHUE:
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\= ul niE

—, Okp = 75—
tmin A?

3ame'rnM, YTO 'NOKOCTHL He 3aBUCHT OT MaTepHuadJia, a OlpeneaseTcsa
TOJILKO T'eOMeTpUel CTepKH4.

Hpedeant npumenumocmu gopmyavr Fdaepa

®opmyna Diinepa BHITONHAETCA TONBKO B IpeNenax YIPYTUX Ie-
dopmarmil.

TaxuM 06pa3oM, Kpumuuecroe HanpaAcenue doadcro Gbimob MEHDULE
npedeaa ynpyzocmy Mamepuaia.

IIpenen ynpyrocTu mpyu pacyeTax MOXKHO 3aMEHATH NPENEIOM IIPO-
nopuuoHasibHOCTH. TakuM 06pa3oM, oxp < Oy X Oy, e 0y — Tpenen
YIOPYTOCTH; Oy, — NPEnes IpONOpLIMOHAJIBLHOCTH MaTepuadia,

nZE n2E
Oxp = BVE € Opy. OTKyna rubKOCTE CTEPXKHA: A 2 P
nu
n’E
Anpea = — mnpenenbHas rubKOCTb.
Onu

ITpedesvnas 2ubrocmo 3a6UCUTL O MAMEPUALE CTNEPHCHA.

B cnyuae, ecnmu A < Appea B MaTepuatie CTEPXKHS BO3HMKAIOT OCTa-
Toynnie nedopmaiyn. [JockonbKy B pealbHBIX KOHCTPYKUMAX MOTYT BO3-
HUKATb IUIaCTHYeCKKe nedopManyy, He IPUBOOALIME K noTepe paGoTo-

crocoGHOCTH, CO3OaHBl dMIMpUYecKkue GOPMYJEL O PACUEeTOB B 3THX
CIy4asx.

Pacuem xpumunecxozo nanpaxcenus no opmyae
@. 0. Acuncxoz20 dag cmaavruiz cmepchetd

Tabmuna 36.1

Marepnan a, MIla |b, MIla | Ao | Anpex
Crans C12 264 0,70 |60 | 105
Crans C13 310 1,14 |60 j 100
Crans 20, Ct4 328 1,15 (60| 96
Crans 45 449 1,67 |52 ] 85
Iiopamomun I116T 406 1,83 30| 53
Cocna, enn 29,3 0,194 — | 70
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Kputnyeckoe HampsokeHne ONPENENAETCH M0 GOpMyTe Oyxp = a — DA,
roe a 1 b — kxoadduuuenTH, 3aBUCAIINE OT MaTepHalia; UX 3HAYEHUs
NpEenCTABIEHEl B Tabmune.
Ha puc. 36.4 npencrasneHa 3aBUCHMOCTbL KPUTHYECKOrO HAIpSXKe-
HUS OT rMOGKOCTH CTEPXKHS.
Insa crepxuei Manoit rubko-
Gxp = Or CTU IIPOBOMMTCA PACYET HA CXKa-
Okp = @ - bA THE Ocx € [0)ex. Hnsa crepx-
Hell cpenHelt rubkoCcTM pacyeT
x nposoasT no dopmyie Slcurckoro

2
Crepinm Oxp = 53 E =q —
Manoft A Oxp = @ bA.

THKOCTH Crepm Gosuol Ins crepxueit Gonbinoit rn6-
rubkocty KOCTH pacyeT IpPOBOAAT 10 ¢dop-
0 Ao Anpen A myste Ditnepa oyp = T2 E/A2.
Puc. 36.4 . Kpurnueckyio cumy ripu pac-
YeTe KPUTUYECKOTO HAIpsKEHUs
no opmyie SIcHHCKOro MOXHO ONPENENUTDb Kak

FKP = UKpA = (a - bA)A.

Fy
Ycnosye ycroitunsoctn: F € =2

[s]

KoHTponbHBIE BONPOCHI 1 3aJaHMsA

UKP

Ony

1. Kakoe paBHOBecue Ha3HIBAE€TCS YCTORYMBHIM?

2. Kaxne 6pycpa cnemyeT PaCCUNTHIBATE Ha yCTONYMBOCTE?

3. Kakyro cuimy npu pacdeTe Ha yCTOMYNBOCTDL HA3EIBAIOT KPUTHYE-
CcKoit?

4. Hamnre gopMyny Oinepa s pacyeTa KpUTUYECKON CHIIBI U
HA30BUTE BXOSILME BEJIMYMHL ¥ MX €IMHHUIEI U3MEDEHHUS.

5. Uto HasnBaloT rubGKOCTBIO CTEPXKHS, KAKOM CMHIC] 3alOXEH B
aToM HasBanuu? HazoBuTe kaTeropunm cTepxHell B 3aBUCHMOCTH OT I'i6-
KOCTH.

6. OT kakux mapaMeTpoB CTEPXKHS 3aBUCUT IIpeNesIbHas ru6KOCTh?

7. Ilpu xakux ycioBuax MOXHO UCHOJb30BATE GOpMYITy Dinepa mis
pacueTa KPUTUYECKONR CHIEIT

8. B ueM 3akmouaeTcs pacieT CKATOro CTEpPxKH: Ha yCTONIMBOCTE?
Hanumure yenoBue yceroirunsocTu. YeM oTnuuaercs momyckaeMas Cxu-
Maolllas CHIIa OT KPUTHYIECKOH!
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Tema 2.10. YcTOMINBOCTE CXKATHIX CTEPXKHeM.
PacueThl Ha YyCTOMYNBOCTH

3nambv ycaosue ycmolivusocmu cacamur cmepicret, Hopmyast
Diinepa 0ag onpedesenusg xKpumuueckol cuabl, amnupuveckue Popmyiot
04T Pacuemos KpUmuyecko2o HanpIAHCeRUs u KPUMuLeckol cuabl.

Yamemb 6binoangmb TMPOGEPOUHBIE PACYEMbL HA YCMOUNUGOCTMb
cHcambvlr cmeprcHet.

HOPHHOK BBINIOJIHEHNA pacyeTa Ha yCTOﬁ‘IﬂBOCTb

1. Ionyyenue cBemenmit 0 MaTepuane CTEPIKHS I ONpeNeIeHUs
[IpeneNbHON 'MOKOCTY CTepKHS PACUETHBIM IIyTEM UM 10 TabjnLe:

mE
Anpen = || =
n

2. [Tonyuenue cBemeHHI O reoMETPUYECKHX pa3Mepax IIOHEPEeYHO-
ro cevyeHms, ONUHe U crnocobax 3aKkpenneHus KOHLOB OIS OnpeneIeHus
KaTeropuy CTEPXHS B 3aBUCHMOCTH OT rubkocTH:

jmin

imin = A y

rae A — nnowans cedeHus; Jmin— MUHMMAJILHBINR MOMEHT uHepuuy (13
OCEeBEIX);

=

Tmin

{1 — K03 PUUMEHT NPUBENEHHON AJIMHBL.

3. Bribop pacyeTHrx dopMyn AN onpenesicHUsS KPUTUYECKOH CHIIhI
¥ KPUTUYECKOTO HANPSIKEHUS.

Iipu Ap < A < Appen — pacueT no amnupuyeckuM dbopMmysam.

IIpu A > Appen — pacueT no dopmyste Ditnepa.

4. TlIpoBepka n obecneueHre yCTONINBOCTH.
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IIpu pacuere no ¢opmyne Diinepa ycIoBUE YCTONYNBOCTH:

2 .
F< ﬂ(_ FKp — w Ejmm’

P.
[sy)’ (ui)?
F — peficTByIOmIasn CKUMAIOLIAS CHIIA, [sy] — JOMyCKaeMulll ko3 puiu-
€HT 3aIaca yCTOWUMBOCTH.
IIpn pacyere no ¢opmyne Scuuckoro oy, = a — b, roe a, b —
pacyeTHble KOIG(UUMEHTH, 3aBUCAILNE OT MaTepuaya (BEIMYMHBI KO-
ad¢dummenToB NpuBoaaTca B Tabnuue 36.1)

Fep

[sy]

B ciyuae HEBRINONIHEHUs YCJIOBUH YCTOWYMBOCTH HEOGXOOMMO yBe-
JIMYMTD IIOMIAAb NOMEPEYHOI'O CeYeHU .

MHorna HeobxonuMmo onpenenuTh 3anac yCTOWYMBOCTH NPH 3818H-
HOM Harpy»KeHuu:

Fxp =0'|<pA§ F g

_ B
Sy =%
Ilpu npoBepke yCTORYKBOCTY CPABHUBAIOT PACYETHBINA 3a1aC BHIHO-
CIIMBOCTH C IONIYCKaEMbIM:

sy < [8y].
IIpumepsl peilleHus 3amay
ITpumep 1. PaccuuraTs rubkocTh crepxHd. Kpyrmmii crepixens
auaMeTpoM 20 MM 3aKpelsieH TakK, Kak IoKa3aHo Ha puc. 37.1.

Pewenue

1. 'ubkocThb cTepxHs ompenensercs 1o
dopmye
T A = pl/imin-

o
il
E4
RRNt

Puc. 37.1 2. OnpenenseM MEHMMAILHEIA PAIUYC
MHEpLMH 01 KpYra.

Tmin = V jmin/A-



Tema 2.10. YCTORYMBOCTE CXATHIX CTEpXKHeMR 297

ToncTasuB BuIpaxeHus MiA Jmin 1 A (ceuenne — xpyr)

wd* wd?
Tmin = o1 A= R
1Oy YNM
ndt 4 d

fmin = A/ — + —= = —.
min 64 nwd? 4
3. KoahdnuneHT NpnBeneHus IIVHEL 4715 NaHHON CXEMBI KPEIICHN
u=0,5.
0,5 - 1000
5

IIpnmep 2. Kak u3MmeHNTCS KpUTHYECKas CHIIa I CTEPXKHSA, ec-
I w3MEeHUTH crnocob 3akpensienns koHUOB? CpPaBHUTH NPENCTaBIICHHLIE
cxemnl (puc. 37.2)

pn=1 A,E‘Pl 1 j.l=0,5 FKPZ
Ar b ] =X

Y Puc. 37.2 6

4. T'nbkocth crepxusa OyneT paBHA A = = 100.

Pewernue

Fxp1 _ WzEJmin(ﬂZI)z_
FKPz (/"‘ll)zﬂ'zEJminy

3 12
Fyp, = FKPl;;g; Fyp, = FKP10_,5'§'

Kpnrnueckas cuna ypenmnuntes B 4 pasa. Fyp, = 4Fyp, -

IIpumep 3. Kak m3MmeHnTCs kxpuTHdecKas CUJa NPM pacyere Ha
YCTOMYMBOCTD, €CIIM CTEPXKEHb OBYTaBPOBOro cedeHus (puc. 37.3a, nBy-
Tapp Ne 12) 3amMeHUTD cTepXHEM NPAMOYILOILHOIO CEYEHU TOM XKe 10~
wanu (puc. 37.36)? OcranbHule NapaMeTPhl KOHCTPYKIMM HE MEHSIOTCH.
PacueT BrInonuuTs 1o ¢opmyne Siepa.
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Pewenue
y y
8 oés X \‘E 3
& 2
a) 6,
Puc. 37.3

1. Onpemenum WHMPUHY CEYEHRA NMPAMOYTOALEKKA, BHICOTA CeYEHNMs
paBHa BLICOTE CeueHMsA IByTaBpa. |'eoMeTpuyeckue napaMeTphl OBy Ta-
Bpa Ne 12 no I'OCT 8239-89 cnenyiomue:

nomank cevenns Ay = 14,7 cm?;

MMHMMAJILHEIN M3 OCEBLIX MOMEHTOB mHepuuu J, = 27,9 emd.

Ilo ycnopuio muoians NpAMOYTOJLHOTO CEYEHUS PABHA INIOLIAIM
ceveHus ABytaspa. OnpenenseM IIUPHEY NOJIOCH [pU BICOTe 12 cM.

14,7
Ay =bh =14,TcM?;, b= <3 = 1225em
2. OnpenenmM MUHUMAJLHBEIA M3 OCEBLIX MOMEHTOB MHEPIMHU.
hb® 12(1,225)3
jminz = jyg = —15; Jyz = "_12_—_" = 1,84CM4.
3. Kputnueckas cuna onpenenserca no ¢popmyne Dilnepa:
WzEjmin

Foo =y

4. TIpu npoynx paBHBIX YCIOBMAX OTHOMIEHNE KPUTHUECKIX CUJ PAB-
HO OTHOILIEHNIO MUHMMAJLHEIX MOMEHTOB MHEPLMN:

Lo _ 219 g5,
Fp, 1,84

5. Takum o06pazoM, YCTOMYMBOCTL CTEPKHS C CEYEHHEM ABYTABD
Ne 12 B 15 pas BHiIe, YeM YCTOMYNBOCTE CTEPXKHS BHIGPAHHOIO NPSMO-
YTOJILHOTO CEeYEHUS.
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IIpumep 4. IIposepuTh yCcTONUNBOCTL cTepXkHA. CTepXkeHb mmm-
HOM 1M 3allleMyIeH OOHUM KOHLIOM, ceuenue — iupermmep Ne 16, mare-
puan — Ct3, 3anac ycToiunsocTu TpexkpaTHBIA. CTepxeHb HarpykeH
cxumaorent cuioit 82 xH (puc. 37.4).

Peutenue

1. OnpenensemM OCHOBHBIE T€OMETPHUYECKNE NAPA-
MmeTpul ceuenus crepxus no [OCT 8240-89. F=82kH

Illsenep Ne 16: mnowans ceuenus 18,1cm?; mu-
HUMaJbLHBI oceBoit MoMenT ceuenus 63,3 cm?; munu-
MAJILHEIA PAANYC UHEPIHH CeYeHUSA imin = 1,87 cM.

L.
—1€

2. OnpenenseM KaTeropuio CTEPXKHS B 3aBUCUMO- [=1wm
ctu oT rubkocTu.
llpemenvnas rubkocts ans MaTepuana Ctd
Anpex = 100. s
PacueTnas rubKoCcTh CTEPXHA NpY LJIKHE Puc. 37.4

l = 1M = 1000 MM

2-1000

A= 18,7

= 106,95.

PaccuntriBaeMslil crepxkeHb — cTepXkeHb Gonbinoi rubkocTH, pac-
yeT BegeM No ¢opmyiie Jiyiepa.

7T2E..7min_

_3,14%-2.10%-63,3 - 10
(u)? ’

= 312000H = 312xH.

3. [omyckaemas Harpy3ka Ha crTepxeHb [F| = Fip/[sy].

12
(F,) = 3? — 105,5H.

4. Ycnosue ycroituusoctn F < [Fyl;
82kxH < 105,5xH. YcroitunsocTs crepxus obecneyesna.
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Tema 2.10. YCTONYNBOCTEL CXKATHIX CTEPXHEN

Bonpocwu OrBeTn |[Kon
1. Bui6paTh BepHYIO 3aIIMCh YC/IOBHMA YCTONYMBOCTH. Fex < oxpA 1
FCR( < GC”(A 2
Fex < Frp/[8y)] 3
Fc:x < Fxp 4
2. 3 npuBeneHHBIX XapaKTEpUCTUK MaTepHalia Ox 1
BHIGPATHL XapaKTEPUCTHKY, UCNIONB3YyEMYIO IIDH
pacyeTe Ha YyCTOUYHMBOCTb. Oa 2
HB 3
E 4
3. PaccuutaTh r'm6KoCTh CTEPXHA KpPYTJioro nore- 35,3 1
PEYHOTO CEeYEeHMA, eC/IM AUAMETP ero 85 MM, nauHa
1,5 M, cTepxkeHB IAPDHUPHO 3aKpeEIlIeH ¢ 06oMx 70,6 2
KOHLIOB.
140,2 3
162,4 4
4. Tlo xaxoit u3 ¢popMyn HeOGXOAUMO PACCYUTHIBATH Fyp = 0:A 1
Ha YCTOHHYMBOCTB CTEpXEHb, ONMCAHHLIA B Bornpoce 3,
€c/lu MaTepMal CTEPXKHA — CTaflb, peldenbHas Tu6- | Fyp = (a — bA)A 2
KOCTb Iiig KoTopoii 96.
2
1°E Tmin
Fop = ——— 3
T ()2
Fep =0cxA 4
5. OnpenenuTh OONYCKAaeMYIO HArPy3KY AJIS CTOWKH. 197 xH 1
MaTepuan — cranb, NONEpeYHOE CeYeHUe — WIBENep
Ne 20, sanac ycroitunBoctd — 4. E = 2. 10° MIIa. 165,8 kH 2
$opmyna Dilsiepa nMpuMeHUMa.
F _ - 663,3 kH 3
p
B ‘
7 48m ; 49,3 xH 4




Tema 2.8. ConpoTuB/Ierue yCTaIOCTH 301

JIEKITHST 38

Tema 2.8. ConpoTuBJIeHNEe YCTAJIOCTH

Hmeme npedcmasaenue 06 ycmasocmu mamepuatos, 0 Kpusol
yemaaocmu u npedede 8bIHOCAUE OCTIU.

3namb zapaxmep yemaaocmuhxr paspywenut, @axmopsl, eaugio-
WUE HA CONPOMUBAEHUE YCTNAAOCTIU, OCHOBbL PACUEMNA HA NPOYHOCTIL
NPU NEPEMEHHOM HANDPINCEHUU.

OcHoOBHBIE TOHATMS

Mpmuorue peranu MaluuH paboTaloT B YCIIOBMAX NIEPEMEHHEIX BO Bpe-
MeHU HanpshxeHuil. Tak, Bpalnalormecs: BaJlkl ¥ OCH, Harpy>XeHHBIE N10-
CTOSHHEIMH M3rubalolyMu cuiiaMu, paboTaloT IpPHU TlepeMEHHEIX HOp-
MAaJIbHEIX HAIIpsKEeHuaX usruba.

Cosoxynnocms nocaedosamebrbi 3HAYEHUT TLEDEMERHBIT HANPA-
acenutl 3a 0dun nepuod NPOYECCa UT USMEHENUT HA3BLEBAEMCT YUKAOM.

OG6LIYHO IIUKJI NPENCTABIAIOT B BUOE rpaduka, B KOTOPOM IO OCH

abcuyce OTKJIAOBIBAETCS BpEM:, a MO OCH OpPAWHAT — HAIpPAXEHU:A
(pmc. 38.1).
Oy
F M, | 3
TTT77 'Q./ TTT77 . \ t
3
1
Puc. 38.1

IInkn xapakTepu3yeTcsa MaKCUMAJIbHEIM Omax, MUHUMAJIBHBEIM Opmin
¥ CPENHMM HAaIpsDKEHWSIMH. PaccUnTHIBaeTCsA cpelnHee 3HAaYeHUe HAaIpH-
XEHUR Oy, aMIUINTYAA HUKITA 0, M KO3(G(PUNMEHT aCHMMETDHUH LHMKJIa
R .

__ Omax + Omin | __ Omax — Omin _ Omin
Um - 2 ? Ull - Pl R = -
2 Omax

Bce npuBeneHHble onpeneseHus U COOTHOLIEHNST MOXHO 3aIIACATb U

718 KaCATENbHBIX HAIpAXKeHUH.
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[Muxs1, npy KOTOPOM MaKCHMAJILHOE M MUHUMAJILHOE HAIPSKEHUS
PaBHH [0 BEJIMYMHE U OGPATHEHI IO 3HAKY, HA3EIBAIOT CUMMETMPUUHbIM
yuxaom (puc. 38.2).

om=0; 0q=0m; R=-1

0 \ba R S, i _______DEXR=0
\ o 0 Sy

r T
Puc. 38.2 Puc. 38.3

OcTaybHble UKL HASHIBAIOT acumMempuunbluy. JacTo BcTpeya-
eTCcs omuyesoll, uan nysvcupyrowud, UK, MUHIMANLHOE HallpAXeHUe
TIpY 3TOM HUKJIE PABHO HYJIIO, CpelHee HAIpsS:XKEeHHE PABHO aMILINTYIE
(puc. 38.3).

TlepeMeHHBIE HANDSIXEHUS BO3HUKAIOT B OCAX BATOHOB, PENILCAX,
peccopax, BaJjiaX MalluH, 3y6baX KOJeC U MHOTUX IPYTUX CIydasX.

ITog detlemeuem nepemennbiz HANPAKEHUNA B MATEPUAJIE 603HUKAET
MUKpPOMPEUURG, KOTOPAs NON NedCTBUEM NIOBTOPSIONINXCA HAIIPSIXEHUN
pacTter B ry0b nizemus. Kpas TpelmHn TPYTCS OPYT O OPYra, U Tpe-
mmHa 6p1cTpo yBenuuuBaeTcs. Ilonepeynoe ceyenre neTanu yMeHbIIAET-
Csl, U B OIpEIENEHHHI MOMEHT CIy4alHbIl TONYOK MM YOAD BHI3HIBAET
pa3pyileHue.

IlosBrieHne TpeNUIMH IOA HEHCTBUEM IEPEMEHHBIX HANPSKEHUR Ha-
3BIBAIOT YCMALOCTIHbLM DA3PYULEHUEM.

Yemaaocmybio Ha3LIBAIOT NPOUECC HAKOIIEHHS ITOBPEXIEHUN B Ma-
TepuaJie oL AeUCTBAEM MIOBTOPHO-IIEPEMEHHKIX HAIIPSKEHMH.

XapakTepHEIN BUA YCTAJIOCTHBIX PA3pYLUIEHU — TPELIMHL M YaCTh
noBepxHOCTH OlecTsiiags B m3jioMe. Takoit XapaxTep M3lOMa BHI3BAH
MHOIOKPATHBIM HaXaTHeM, 3alIndOBaHHOCTBIO YacTel JeTaJjIu.

OnEIT MOKA3BIBAET, YTO YCTAJIOCTHOE Pa3pYlIeHUe IPOUCXOIUT IPH
HaNPsDKEHUSX HIDKE IIpedesia MPOYHOCTH, & YacTO U Hudce npededa me-
KyUecmu.

CrnocoBHOCTHL MaTepHana TPOTMBOCTOATh YCTANOCTHBIM paspyilie-
HMSAM 3aBUCHUT OT 6peMeny JIeWCTBHUS HarpPYy3KH M OT YuKaa HaAnpgxce-
nutl. Ilpu mo6oit nehopMalyy HATDYKEHHE C CUMMEMPUUHBIM UUKAOM
Haubosee onacuo.
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ONBITHLIM 11y TEM YCTAHOBIIEHO, YTO CYLLIECTBYET MAKCUMAALHOE HA-
npgocenue, TP KOTOPOM MATEPUAJI 8LIJepHcusaem, He pa3pyuladcy 3Ha-
YUTENLHOE YMUCIIO UMKJIOB.

Hauboaviwee (MaKCuMatbrOE) HANPIANCENUE YUKAG, NPU KOTIOPOM
He NPoucTodum YCmaaocmuozo paspyutenug ob6pas3ya u3 JdanHozo Mma-
mepuaaa nocie moboro GONMBLUIOrO YMCia UUKJIOB, HASLIBAIOT Npedeom
BLIHOCAUBOCTNU.

Ilnga onpenenenusa npedesa 8biHOCAUBOCTIU UITOTABIUBAIOT CEPUIO
ONMHAKOBLIX O6DPAa3LOB ¥ MPOBOAAT UCIHITAHNA IIPU CUMMETPUYHOM LiM-
ke u3ruba. O6pasunl MMEIOT UWIMHAPUYECKYIO (POpMYy, TVIAOKYIO IIO-
BEPXHOCTH ([IOJIMPOBAHHYIO) M [UIABHEIE [IEPEXOLHL.

O6pasiubl yCTaHABIMBAIOT Ha UCIBITATEILHYIO MAIMHY M HATPY-
XAJOT TaK, YTOOLl HaNpskeHue cocTasiano mpumepHo 80 % ot mpene-
na mpouHocTH. Ilocrme HeKOTOpOro YMcia IMKIOB obpasell paspylaeT-
c. PuKCHPYIOT MaKCMMaJIbHOE HANPSDKEHUE M YUC/IO UMKJIIOB IO paspy-
LIEHUS.

VcnniTanysa MoBTOPSAIOT, IOCTENEHHO CHIXKAs HATPY3KYy Ha KaXIKIN
nocnenyionmii ofpaseny u (UKCUpYs YHUCIO NMKJIOB O PaspylIeHus
0o6pa3snos.

Ilo pesynbpTaTaM UCILITAHMIA CTPOAT 2padux 3a6UCUMOCTIU MENCOY
MAKCUMAALHLIM HANDINCEHUEM U YUCIOM YUKA06 nazpyxcenutd do pas-
pywenug. I'paduk HaszpBaloT kpusot yemaaocmu (puc. 38.4). B 6onb-
LLIMHCTBE CIIy4YaeB IOCIe 4NC/Ia UKIIOB HATpy:xKeHuit 6omee 107 xpusas
npubmuxkaeTcs K NIpIMOR, napaJjienbHOR ocu abenuce.

c

n — YMCIO LMKJIOB HarpyXxe- g ..

HUS;
OR — TIpemesl BBIHOCIUBOCTH:
01 — TIpenes BBIHOCIIMBOCTH
[IpY CUMMETPUYHOM LUKJIE
(R=-1); [
0p — TIpemesl BHIHOCIUBOCTH
npu oTHy/IeBoM nukie (R = 0);
Tlgas —— QHCJIO UUKJIOB, IIPU KO-
TOPOM OINPENEISAIOT Ipelesl BhIHO-
cnusocTy (6a30BO€ YMCIIO LIKKIIOB). Puc. 38.4

NGas = 107

Ecnu npoeecTH HCIILITAHKUA TPY ACMMMETPUYHOM LMKJIE, KPUBAsd -
JKEeT BHIIE, T.€e. BHIHOCIUBOCTh MaTepHualla MOBLICUTCS.
Ipedea svinocausocmu, OMPENETIEHHBIA IyTeM CTAHAAPTHBIX UCITH-
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Ta.HHfi, SABJIAETCSA OOHOM U3 METAHUUECKUT XapaKTEepHMCTHK MaTepuaJa.

®axKTOpLl, BAMAIOLLME HA CONPOTHUBIIEHUE YyCTAJIOCTH

1. Konyenmpayug nanpaocenud. B MecTax, rie UMeIOTCA pe3kue 13-
MEHEHHUs pa3MepOB, OTBEpPCTH, pe3bfa, OCTphIE YIilkl, BO3HUKAIOT GOJb-
IIe MeCTHLIE HanpsXkeHns (KOHLEHTpauus HanpsokeHui). B sTnx me-
CTaxX BO3HUKAIOT YCTaJIOCTHRIE TPELINHBLI, TPELINHH paspacTaioTcsd, U
3TO IPUBOOUT K pa3pyILIeHHUIO NeTaJIu.

MecTHbIE HATIPAXKEHUS 3HAINTENILHO BEILIE HOMUKAALHLIT HANPINCE-
Hutll, 603HUKAWUWUT 6 24a0KUT demandr.

Bananune KOHIEHTpAIMM HAMPAXKEHMI YYHTHIBAETCA K03th(pHUIueH-
ToM K.

Ky — 3dpdexTnBHbi K03 IHMUMEHT KOHUEHTPAUUM HAIPSXKEHUH,
3aBUCHT OT HOPMBI MOBEPXHOCTH.

2. Pasmepul demaau. B neransx GOnbIINX pa3sMEpOB BO3MOMKHE
BHYTPEeHHAs HEOOHOPOOHOCTb, MHOPOOHEIE BKJIIOYEHNs, HE3aMETHHIE MU-
KpOTpelwmHL. BnusHue pasMepoB yIMTHIBAETCH MacIUTabHBIM (axTo-
pom Kj.

K3 — maciitabuniit xoadhduumenT, xo3hGUuneHT BINAHuA abco-
JIIOTHBIX Pa3MepOB.

3. Xapaxmep obpabomxu noseprrocmu. IloBepXHOCTL MOXET GHITH
LIIEpOXOBATOM, IMOKPHTON cllefaMM OT pesla, T.e. OclabieHHON, a MOo-
*keT OLITh YCUIIEHHON CIElNaJIbHEIMM METONaMM YIIPOYHEHMA: a30THUPO-
BaHMEM, NIOBEPXHOCTHOM 3aKaJiKoi, ueMenTauuen. Ilpu oTcyTcTBHHM Ccne-
IMAJIBHOTO YNPOYHEHUS IIOBEPXHOCTHHIA KoaddunueHT Mensercs or 0,6
mo 1.

Ilpu cneumansHoit 06paboTke OH MOXeT OhITh GONbIIE €OMHMIIEL:
IIOBEPXHOCTEL OKA3hIBAETCA IIPOYHEE CEPALIEBUHEI.

Kp — x03¢(uIHNEHT BINAHNSA LIEPOXOBATOCTH;

K, — xos¢dunment snusuus ynpounenus, K, = 1,1+-2,8.

OnHoBpeMeHHHIt y4eT nefCcTBUA BeeX $Hak TOPOB, IOHMKAIOLIMX [Tpe-
el BBIHOCJIMBOCTH, MOXHO IIPOBECTH C IIOMOINBLIO KO3dduneHTa

K, 1 1
K =|l—-=—4+=——-1) =
( U)D (Kd+KF ) Ky
Ilpenen BHIHOCIMBOCTH B PACYETHOM cedeHuu GyneT paBeH

-2 = R
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OcHOBHEI pacyeTa Ha NMPOYHOCTH
IIPM TIePEMEHHBIX HANPSXEHUIX

Pacuern no HOPMaJIPHBEIM 1 KacCaTEJIbHBEIM HAIIDAXEHNAM IIDOBO-
OATCA aHaJIOrM4IHO.

Pacuernnle k03 hpUITMEHTH BRIGHPAIOTCS MO CMIENMAILHEIM TabIN-
HaM.

HpPI pacyeTax OorpeneisitoT 3arnachkl IPOYHOCTH II0 HOPMAaJIEBHBIM N
KacaTeJlbHbIM HAIIPDAXEHUSAM.

(0—1)1).

3anac MpOYHOCTH 10 HOPMAJILHKIM HANDSDKEHUAM: 8, =

3anac MPOYHOCTH IO KACATENLHEIM HANDSKEHUSAM: S, = (l—;l)—D,
a
e 0 — aMINIMTYOa [UKJIa HOPMAJILHEIX HAIIPSDKEHUMN; T, ~— aMIUII-
Tyda UNKJa KAcATEJbHEIX HAIDSKEHNM.
ITonyuennsie 3amacel MPOYHOCTH CPABHUBAIOT C HOMYCKAEMBIMH.
IlpencraBneHHnIl pacyeT SBISAETCA TPOGEPOUNLIM U IPOBOOUTCH INPH
KOHCTPYUPOBAHUY NETAIN.

KOHTpOJ’IbeIe BOIIDOCHI 1 3amaHHNsA

1. N306pa3sure rpaduki CUMMETPUUHOIO U OTHYJIEBOTO LUKJIOB M3-
MEHEHU S HAIIPSXKEHUIL IpU TOBTOPHO-~TIEPEMEHHEIX HAIPSXKEHUIX.

2. TlepeuncnnTe XapakTEPUCTUKN LIMKIIOB, [IOKAXKUTE Ha rpadukax
CcpenHee HampsiKeHHMEe M aMIUIMTYAy Hukiaa. YTo xapakTepusyeT Koad-
GUUKEHT acuMMeTpUK LMKIa?

3. OnnunTe XapakTep YCTANOCTHHIX PA3PYIICHUM.

4. TloyeMy mpoYHOCTL HPM HOBTOPHO-NIEPEMEHHBIX HAIPSXEHUAX
HMKe, YeM IIpY MOCTOSHHEIX (cTaTuuecknx)?

5. Yro nasniBaloT npenenoM BeIHocMBocTH? Kak crpouTces Kpusas
ycTanoctu?

6. [lepeyncnure GakTOpPH, BAKUMIOUINE HA CONMPOTHUBIEHUE YCTaJIO-
CTH.



306 IIpakTiyeckoe 3anaThe 6

NMPAKTUNYECKHUE 3AHSTUS 110 PA3BIEILY

«ConpoTuBiieHe MaTepuaIoB>»
IIpaxTnueckoe 3aHsTue 6
Tema 2.2. PacueThl Ha NPOYHOCTH M XXECTKOCTh
IpY PacTAXKEHUM M CKATHUU

3namb nopAdox Pacuemos na NPOUHOCTb U HCECTRKOCTL U PACUET-
Hole Popmyanl.

Ymempb npoeodumb nPpoexmuposoOuUnblE 1 POBEPOURbIE PACUETNbL HA
NPOUHOCTND U HCECTNKOCTNL NPU PACTNANCEHUU U CHCATMAUL.

Heo6xonumsbie $popMyIbl
HopMmanbuoe nanpsixenue
N
;Ia
roe N — mpononbras cuia; A — MIoLanb MONEPEYHOro CeYeHus.
Y nnunenuve (ykopouerue) Gpyca

o=

Nl
Al_—A—E )% 80%8 Al = —

E — Monyan ynpyrocTy; | — HavanbHas LIMHA CTEPXHS.
HomyckaeMoe HanpsKeHUe
o] = =22,
[s]
(s8] — momyckaembui 3amac npoYHOCTH.
YcnoBue MPOYHOCTY NPU PACTSXEHUM U CKATHU:

0=Z<[a].

Hpumepm pacuyeToB Ha NMPOYHOCTB U XKECTKOCTHb

IIpumep 1. I'pys 3akpellyieH Ha CTEPKHIX ¥ HAXOOWUTCS B PaBHO-
Becuu (puc. 116.1). MaTepnan cTepxHeit — cTanb, JOMyCKaeMoe Halps-
xeHue 160 MITa. Bec rpysa 100xH. Ilnuna crepxneit: nepsoro — 2 M,
proporo — 1m. OnpenenuTs pa3sMephl MONEPEYHOTO CeYEeHUs U yOJInHe-
Hue crepxxeit. PopMa MoNepevHoro Ce4eHus — KpyT.
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Y|
R
%:lsvo"J-L SRZ Ry 601Rl R

B B -
F] 2 FJ30
60
Y Puc. I16.1 %
Pewenue

1. OnpemenuTy Harpysky Ha CTepXHM. PaccMOTpUM paBHOBecHe
Touk¥ B, onpenennm peaxuun crepxueit. [To naroil akcuome craTucTi-
KM (3aKOHY AeACTBUS U NPOTUBONEHCTBUA) PEaKUus CTEPXKHs YUCIEHHO
paBHA HArpDY3Ke Ha CTEPXKeHb.

Hanocum peakuuu cBszeit, neitcTayronmx B Touke B. Ocsoboxnaem
Touky B ot csazeit (puc. I16.1).

Buibupaem cuctemy xoopauHaT Tax, 4ToOBI OJHA U3 OCell KOOpIH-
HAT COBIaJla C Hem3BecTHol cuioit (puc. I16.16).

CocTaBuM cucTeMmy ypaBHEHMII DABHOBECUS NI TOYKY B:

> Fy =—Rjycos60° + Ry = 0;
> F,=Rpcos30°— F =0.
PemaeM cucTeMy ypaBHEHMIt ¥ OnpenenseM PeaKIUy CTEPKHEN,

_F 100
2= 270,866

cos 30°’
Ry = Rycos60°; R; =115,5-0,5 = 57,4xH.

Hanpasnenve peaxuuit enibpano sepuo. O6a crepxHs cxaTel. Ha-
rpys3ku Ha crepxHu: Fy = 57,4xH; F, = 115,5xH.

2. Ompenensem NOTPeGHYIO MIIOIAAL TIONEPEYHOTO CEYEHUS CTEPHK-
HEll U3 YCIOBUI MPOYHOCTH.

YcoBne npodnocTy Ha cxkartue: 0 = N/A < o], orkyna

AZTO—-]‘.

= 115,5xH.

Crepxens 1 (N = F):

57,4-10°%
400

_ 2
60 = 358, 75 MM~
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Ins xpyra

A=7R?; szi:-; R1>‘/—g—81’§=10,68MM; dy=21,3MmMm.

Crepxens 2 (Np = Fy):

2
=722MM% Ry > Tz 15,2 Mm;

S 115,5-10%
3,14

A2 160
dg = 30,4 MM.
TMonyuennnle muameTpsl okpyriaseM: d; = 25 MM, do = 32 MM.

3. Onpenensem yanuHeHue cTepxkHeit Al = —

AE’
Yxopouenue crepxHus 1:
2 4. 2
Ay = w—dl; Ay = §-31——2—5- = 490MM2;
4 4
57,4-10%-2-10%

Al = =2 =1 )
1 2-105 - 490 17 m

Ykopouenue cTepxHs 2:

115,5-10%-1-10°
2-10% - 804

_3,14-32?

Az ,

=804mM?%; Al =

= 0,72 MM.

IIpumep 2. OnHoponnas xecTKas riuTa ¢ cuioi Tsokectu 10 xH,
Harpyxennas cunoit F = 4,5xH u momentomM m = 3kH-M, onepra B
Touke A u nonsemeHa Ha crepxxie BC (puc. I16.2). [Tono6paTs ceuenue
CTEPXXHs B BHIE UWIBENNIEPA U ONPENENUTDh €r0 YIIUHEHNe, eClli IIIMHA
crepxHa 1M, MaTepuan — crallb, npenen Tekydect 570 Mlla, 3amac
IIPOYHOCTH OJig MaTepuana 1,5.

Pewenue

1. OnpenenuTs ycuiMe B CTEPXKHE IIOX AEHCTBUEM BHELIHUX CHIL.

CucreMa HAXONUTCA B PABHOBECHM, MOXHO MCIIONb30BATh ypaBHe-
HUE paBHOBecUd ANA MWIMTH: y ma = 0.

Rp — peaxuus cTepXHs, peakIuy IIAPHUPa A HE DACCMATPUBAEM.

Y ma=m+G-5-Rp-T+F-10=0.
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Rg-7T=m+G-5+F-10.

. 4.5.
3+10 57+ 0 10=14KH.

ITo TpeTheMy 33KOHY HUMHAMUKK pe- L,
aKIUsA B CTEPXKHE paBHa CHUJe, HENCTBY- S M 4
IOlIeil OT CTEPXHSA Ha INIUTY. Y CUIUE B
cTepxHe papHo 14 xH.

2. Tlo ycnoBuIO NPOYHOCTH OIIpenesis-
eM noTpebHylo BemuyuHy miowaau mome- 4
peuHoro cedenns: 0 = N/A < {0}, orxyna v
A > N/[o]. k— M sl IM_y

Honyckaemoe HamnpsixeHue IJIS Ma- Puc. 116.2
Tepyasyla CTEPXHS

Orxyna Rp =

,QE

1=
i
™

[0] = -‘-’sl = 2= = 380 MITa.

14-10° 9 9

CnepoBaTensHO, Az —— =36,8Mm* = 0,368 cm”.

3. Ilonbupaem ceuyenue crepxus no 'OCT (ITpunoxenne 1).

Muunmansras miomwans weemtepa 6,16 cm? (Ne 5; TOCT 8240-89).

llenecoo6pa3nee UCMONL30BATL PABHOMOMOYHHIA yromoxk Ne 2
(d = 3mm), niomans nonepewnoro ceuenns xoroporo 1,13cm? (ITOCT
8509-86).

4. Onpenenuth yaoINHEHRE CTEPXHA:

_ NI

Al A5 E=2-10 a;
14-10%-1-103
AZ—W—O,GQMM.

Ha npaxmuueckom 3angmuu seinoangemed pacuemno-2paguueckag
paboma u nposodumcsg mecmoswvili onpoc.

PacueTHo-rpadmnueckxas paGora

3ananme 1. IlocTponTs 5MIOPH OPONOILHEIX CHJI M HOPMAJIBHEIX
HalpsikeHuit mo anuHe Gpyca. OnpemenuTs mepeMernieane cBOGOTHOrO
korIa 6pyca. IIByxcTynenuaTril cranbHoll 6pyc Harpyxes cmiamu Fi,
Fy; Fi. [Inomann nonepeyunnix ceyennit A; u As.
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Ipunsts E = 2 - 105 H/mm?.

. 42 4
e s F, 4 F 4. F3 A, 1 7 -
J:——Ti)————i-@ — e e ——— 2> >
7 a 2a L, d o | a a a a 7]
N TN

a 6)

3 2 A 4 A
j & *Fz ! F| 5 F3 \AFZ 2 1

A _ __1 —— —ﬁ -_ Cdi) T - ~— -
1 E
1L a a a 2a a a a a a

6 3
~ AZ y Az
1 K 4 F
3 F. 2 1 \ 1 3] 1 F Fi
e a a a a a a a 2a

) Y
9) e
Bapuant
Mapametp

1{2(|34f(5(6(7([8[9({10
Fi,xH |20126}20|17|16|10|26]|40|14}28
Fp,xH [10(20( 8 [13]25{12] 9 |55]|16]14
Fs,kH | 5110} 4|8 ([28[13]3[24(|10(5
Ay, em? [1,811,611,012,0]1,2/0,911,9(2,8]2,1]1,9
Az, em? 13,212,411,512,5(2,8{1,712,6(3,4]2,912,4
a,m }02l0310,410,510,6{0,4{0,3{0,2{0,5/0,6

3anaune 2. Banka AB, Ha XOTOpYIO IEHCTBYIOT yKa3aHHHE Ha-
IPY3KH, yOepXuBaeTcs B paBHoBecnu Taroit BC. Onpenenuth pasme-
PHI IIOCNEPEYHOIO CeYeHHUs TATH IS OBYX CIydaes: 1) cewenme — KpyT;
2) ceuenue — yromok pasHonododrnii o "OCT 8509-86. Ilpmuats
(o] = 160 MIla. CofcTBeHHEI BeC KOHCTPYKUMY HE YYHUTHIBATh.
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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)
Bapnaur
ITapamerp
1121314516718} 91}10
F, xH 1011512012530 (35(|40(45]50 {55
m, kH-m {1001110|120{130]140{1504160|170]180}190
g, xH/m | 4 1 6 | 8110121141618 {20 22

ITpu 3ammure paboTer OTRETUTH

Ha BONPOCHI TECTOBOIO 3alaHNA.
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Tema 2.2. PacTaxenue u cxkaTue.
Pacuernsr Ha INIPOYHOCTDL M 2XKECTKOCTb

Bonpocst OrBetwt |[Kon
1. OnmpenennTh MaKCUMAIILHYIO HPORONLHYIO CHITY 110 xH 1
B noriepeyHoM cedenun 6pyca.
A = 1000 m® |~ 140 xkH 2
110 kH | 50 xH o 140KH . - 160 xH 3
I~
N4 = 1250 mm? 300 «H 4
2. Onpenenuts MakCUMAlbHOE HAIPsAXKEHUE B Onac- 88 Mlla 1
HOM ceyeHnM 6pyca (cxeMa Bompoca 1).
128 MIla 2
160 Mlla 3
188 MIla 4
3. MporepuTh npouyHocTh Gpyca, U306paxeHHOro B o < (o] 1
Boripoce 1, eciin MaTepunan 6pyca — cTadb,
on = 550 MIla; o, = 290 MIla; o= [o] 2
IONycKaeMBbIf 3an1ac NPOYHOCTH [s] = 2.
o > o] 3
Hauupix 4
HENOCTATOYHO
4. T'pys nonsenren Ha cTepXHe 1 ¥ HAXODUTCH Ne 6,5 1
B paBHOBecuM. MaTepuall CTepXHI — CTaJIb,
nomnyckaeMmoe Hanpsxenue [o] = 160 MIla. Ne 10 2
TMono6paTts pa3mepsl ceveHns mis crepxHs. Popma
TONEPEYHOI0 CEYeHNA — LIBEIIEp. Ne 12 3
m=140kH 1
B
Ay 145 Ne 14 4
15Mm 0,5m
A€
5. OnpenenuTs ynianHenne ctepxua AB. Ycunue 1,07 MM 1
B cTepxHe 75,6 kH, nnuHa cTepxus 2 M, MaTepuan —
ctans, E = 2.10° MIla, cevenne — xpyr 2,12 MM 2
auaMeTpoM 30 MM.
0,1 MM 3
0,615 MM 4
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IIpakTuuyeckoe 3ansTue 7
Tema 2.4. 'eoMeTpuuecKkne XapaKTepPUCTUKNA
IMJIOCKMX CedYeHU

3name fopmyabt momenmos unepyuu npocmetiwur cevenutd, cno-
COObL GLINUCACHUT MOMENTLO8 UHEPYUU NPU NAPAALEADHOM TLEPEHOCE
ocedl.

Yumemdv onpedeagmd noOAgPHBIE U 2AABHBLE YEHTIPAALHBIE MOMENTTID
UHEPYUYL 0ad ceuenutl, UMEUUT 0Cb CUMMETMPUL.

MOMEHTHI MHEPUMANA MPOCTEHIINX CEYEHMI

yl IIpamoyzoabvrux u xeadpam (puc. I17.1)
\ \\ QOcesnie:
\\\ bh3
0 Jz — OTHOCHTENBHO ocH 2T Jp = ——;
_ |5 12
X X
| hb®
x ' J, — OTHOCHTENBHO ocH ¥y Jy = TR
Yy Hoaspuwit Jp = T + Jy-
Puc. 117.1

Kpye u xoavyo (puc. I17.2)

Ocesnte: Jp = J, = —— — KpyT;

32 Puc. 117.2
roe d — OuaMeTp Kpyra ¥ HADYXHEIA OUaMeTp

KOJBLIA; dpy — BHYTPEHHHIN OUaMETp Koabla; ¢ = dy,/d.

Momenmbr unepyuy OMHROCUMEALRO TAPAALEALHLIE oceli
{puc. 117.3)
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\§ w Tz = Jmo + a2A1
§\\\\§§§\\§§§ ] ;1;:(’: JI —— MOMEHT HHEPINN OTHOCHUTEIABHO OCH
Jry —— MOMEBT WHEPIMN OTHOCHTEJIBHO OCH
X x ZToZo; A — nmomane ceyeHus; a — paccTosHue
Puc. 117.3 MeXIy OCAMM.

PekoMennauum nnsg pelmneHus 3axayq
pacuyeTHO-rpadmueckoil paboThl

1. Momenm unepyuu caoxcrotd duzypot geagemcs Cymmot MOMENH-
moe unepyuu wacmet, Ha Komopole ee pasbusaom. Pazbute 3anaRHyIO
durypy Ha mpocreiiiine 4acTH, OIS KaXOOH ONpeNelUTh IJIaBHbIE LeH-
TpaJibHEle MOMEHThLI MHEPIIMY 1O K3BECTHHIM (QOpMYyIaM.

2. MoMeHTEI MHEpPIMH BHIPE3OB M OTBEPCTMIl MOXKHO TIPENCTaBUTh
OTPULIATEJILHLIMUA BEJTMYNHAMMU.

3. 3amaHHble CeYeHHMS] CUMMETDPHYHEL, I'JIABHEIE LEHTPaJILHBIE OCU
COBIANAIOT C OCAMH CHMMETPHUM COCTABHOIO CEUEHM.

4. MoMeHTH! MHepIUN YacTel, YbU [JIaBHble IEHTPAJLHBIE OCH He
COBNAJAIOT C IJIABHLIMY LEHTPAJIbLHLIMY OCAMM CEYEHUA B LEJIOM, Ie-
PECYMTHIBAIOT ¢ IOMOIUBIO GOPMYJIEl OJIs MOMEHTOB MHEPIUYN OTHOCH-
TeNILHO MapaJuielbHEX ocell. PaccTosnue Mexny nmapasiielbHEIMY OCSIMU
OIIPENeNUTh IO YePTEXY.

5. Ilpu BoimosHeHMM 3afaHUs 2 rJIaBHBIE NEHTPAJILHBEIE MOMEHTHI
HHEPLWH OTAEILHEIX CTAHAAPTHHIX Ipodusiel onpeneuTs N0 Tabauuam

['OCT (IIpunoxernwue 1).

Il ucrionb30BAHHBIX B COCTABHBIX CEUYEHMIX MOJIOC MOMEHTE! MHED-
LK ONpPENeINnTh 10 U3BeCTHON dopMyse O NPsAMOYTONBHIKA.

PacueTHo-rpagpmueckas pa6ora

r EoMempuUecKUE Tapaxmepucmuxu naAocKur ceuenuil

3ananmne 1. BuaucauTs ritaBHbEe NEHTPaIbHEIE MOMEHTH! HHEPLIUN
CEYeHU, NIPenCTaBIeHHbIX Ha cXeMax. IIpy pacueTax BOCIIOJIL30BATHCS
IaHHBIMY TabnuilLl, BHIOpaB HeoOXOAUMElEe BEIMYUHEL.
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NIRRT

a) 6)

2)

7}

ITapamerp

dy, MM |72 |80 188 196 {98 {72 {76 {88 {96 {104
dz, MM |12 |14 |16 |18 |10 |12 {14 {16 {18 { 20
h,mvM |72 180 |88 |96 |98 |72 {76 {88 {96 {104
b, MM |36 |42 |48 |54 160 {36 |42 {48 { 4 | 60
a, MM |48 |52 |56 |60 |58 |48 |48 |56 |60 | 64
hy, MM |16 118 |20 |22 124 |16 {18 |20 |22 { 24
by, MM [32 |36 140 }44 148 132 136 |40 {44 | 48
hayma |6 |8 106 |8 {106 |8 |10} 6
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3aganue 2. BoludcnuTh riaBHEE UEHTPAJIBHEIE MOMEHTHI MHEp-
MY COCTABHHEIX ceyeHuit. IIpu pacyere BOCNONL3OBATHLCS NaHHBIMHM Ta-
61uukl, BEIOpaB HeoOXOnUMEIE BeTMYMHEL. ['eoMeTpHueckne XapakTepu-
CTUKM CTajM ropadyexaTraHon snibpare no ['OCT 8239-89 (Banku aBy-
raspossie) 1 'OCT 8240-89 (IlIsennepnr).

| |

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

NN
| W20l 2777 )

I

\

NN MW /
/////////////////////.

e

TlapameTp

1]2]1314]516]7)]8}9]10
Ne meesuiepa {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 |14 |16 | 8 [10 |12 |14 |16
c, MM 10 {15 |20 |25 {30 |10 |15 |20 {25 |30

HpH 3aummTe paGOTI:I OTBETHUTH HA BONPOCH! TE€CTOBOIO 3aJaHusd.
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Tema 2.4. I'eomeTpuyeckne xapaxTepuCcTHUKN
IJIOCKMX CeYeHU

Bonpocwm OTrBeTn {Kon
1. [InameTp crijlolwiHOIO Bajla yBeAW4Mau B 3 pa3a. B 6 pas 1
Bo cko/lbkO pa3 yBenu4uiIMuch rNIaBHLE HEHTpabHLe
MOMEHTRI MHePIUu? B 3 pasa 2
B 9 paa 3
B 81 pas 4
2. OnpenenuTs OCeBOil MOMEHT WHEPUUH OTHOCUTeNb- | J, = 4cm? 1
no ocu Oy, ecmu T = 4eM?.
Jy = 0cum? 2
Jy = 8emt 3

3. Y yeThipex poM6OB OIHA M T2 XK€ IUIOMALS. YA a 1
B xakoM cnyuae 3xaueHune Jr HauMeHbllee?
x
y a 2
| x
y a
3
x
r y
@
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[Ipoposmxenue
Bonpoca OTrserTnt [ Kon
b wd?
4. Bu6paTh hopMyny 1118 OMpenenenus 0CeBoro Mo- TRy 1
MENTa MHEPUMK BCEro ceuelns OTHOCHTE/ILHO ero
nd* b3k
raaBHOl UEeHTpaNbHOA ocH . -1 2
@ 120
& md! _ bh? 3
" 64 12
]
b*h  wd? .
12 64
5. HafiTu rnasusiit ueHTPANLHLIA MOMEHT MHEPLMN 1137 cM® 1
BCero cevenns orHocutensHo ocy Oy.
1924 cm* 2
815 cm? 3
1602 cm* 4
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IlpakTuueckoe 3ausaTue 8
Tema 2.5. Kpyuenune. PacueThbl Ha
IPOYHOCTDb M XKECTKOCTb IMPU KPYUYEeHUn

3namo gopmyart dag pacuema nanpaxcenutl 8 MOUKE NONEPEUHO20
ceuenug 6pyca, YyCAOBUT NPOUHOCTNU U HCECTIKOCTNU NPU KPYUEHUU.

Yuemv 6bInoAHIMb NPOEKMUPOBOUNIE U NPOBEPOUNBIE DPACUEMbL
KPY24020 6pYca Oad CIAMUNECKU OMPEOeUMbIT cucmeM, nposodums
NPOBEPKY HA HCECTNKOCTD.

OcHoOBHBIE NOJIOXKEHUS PACUYETOB IIPU KPYYeHMM
Pacnpedeaenue xacameabubir nanpadicenutl no ceuwenuo

npu kpyuwenuu (puc. I18.1)
KacaTenbuoe nanpsxenne B Touxe A:

Mypa
TA = —F—,
Ip
roe p4 — PaccTOSHUE OT TOYKM A IO LeHTpa
ceveHud. Puc. l18.1

Ycaoeue npounocmu npu xpyuenuu

M 3
T = —= < [TK]; Wp = Z‘T]%‘ =~ Oy 2d3 (prl"),
P
3
W, = -711%—(1 - ) (xonbuo),

M, — xpyTsaummit MoMeHT B ceyenuu, H-m, H-mum;
W, — MOMEHT CONpOTUBNEHUA NIPY KPYUYeHuU, M3, MMS;
[r¢] — momyckaemoe manpsuxenune npu xpyuennu, H/m?, H/Mm?.

IIpoexmuposounbiii pacuem, onpedeaenue pa3mepos no-
nepeuroz0 ceuenusd

My

Ceuenwe — kpyr: d > ¢

0,2[r]

. : Z A,
Ceuenne — xonpuo: d 0,2(1 — cA)[ri]
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rue d — Hapy>XXHHI OuaMeTp KpYTJoro cedeHus;
dpy — BHYTDEHHMI OMAMETD KOJILLEBOLO CEUEHUs; ¢ = dpy/d.

Onpeaeaeuue PAYUOHAADHOZO PACNOAOAICEHUL KOAEC

Ha eaay
Payuonasvroe pacnoaoscenue Koaec — pacnosorcerue, npu xomo-
POM MAKCUMAALHOE IHAUEHUE KDPYMAWEZO MOMENMA HA 6GAY — HAU-

MENDULEE UI BOBMONCHDLT.
Ilna sxonomMun Merasna ceuenne 6pyca peKOMeHIyeTCsa BHIIONHNTD
KOJIBUEBHIM.

Yeaosue dcecmrocmu npu Kpyneruu

wo = < lpol; G =0,4E,

GJ,,

G — Monyns ynpyrocty npu casure, H/m?, H/mm?

E — Monynb ynpyrocTn npu pacTaKeHHH, H/M H/ MM2.

[wo0] — momycxaemmiit yron 3axpyumsauus, [po] = 0,5+1 rpan/m;
Jp — NONAPHEIA MOMEHT MHEPLUH B CeYeHMH, M, MM .

IIpoexmuposounbiti pacuem, onpedeaeHue HAPYHCHOZ0
duamempa cevenusd

My wdt ’ [327,
2 —_ = —— =0, ; 2 —i
T Gleol T 33 0,1d* (xpyr); d =

ndt
32

327,

Ip = (1l —ct)

—(1 - ¢*) (xonsuo); d> ¢

PekoMeHpauum no BHITOJIHEHUIO
pacuyeTHO-rpadpuyeckoin paboThl

1. ITocTpouTh 3M1I0PY KPYTALLMX MOMEHTOB 110 IJIMHE BaJIa IJ14 Ipen-
JIOXKEHHOM B 33JIAHUN CXEMHI.

2. BufpaTh painnoHanbHOE PACTIONOXEHVe KojeC Ha Baly M Jadlb-
HeHIre pacyeThl IPOBOONTD VI BaJla C PALMOHAILHO PACIIONIOXKEHHEIMU
IIKWUBaAMMU.

3. Ompenenuts noTpebHBIE OAMAaMETPHL BaJa KPYILJoro CedeHUus n3
pacdeTa Ha INPOYHOCTh M XECTKOCTh M BHIOpaTh Hamboiblliee M3 IIOJIY-
YEHHHIX 3Ha4YeHUH, OKPYTJINB BEJIUYUHY I¥aMeTPa.
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4. CpaBHUTb 3aTpaTH MeTaJljla OJIs CIIydas KPYIJIOoro M KOJIbLEBO-
ro ceyenuit. CpaBHEHME NPOBECTH MO IVIOLIANSM IONEPEYHBIX CedeHUH
BAJIOB.

TInowany Basos paccunTaTs B Hauboslee HarpyKEHHOM cedeHnH (1o
MaKCHMAJIbHOMY KDyTsIUEMY MOMEHTy Ha smiope MoMmeHToB). (IIprMep
peureHus B jekuuu 28.)

PacuerHo-rpaduuyeckas pabora

Ilis cTranbHOro Bajila KPYLJIOro MOMEPEYHOro CedeHHs ONpeneuTh
3HAYEHMS BHEIIHUX MOMEHTOB, COOTBETCTRYIOLIMX NEPENaBACMEIM MOLL-
HOCTSM, ¥ YpaBHOBEILLIECHHLI! MOMEHT.

IlocTpouts dniopy KPyTSLUIMX MOMEHTOB IO IUIMHE BaJa.

PanuoHabHBIM PaCIOOKEHUEM [UKMBOB Ha Bajly DOCUTHLCS yMEHb-
IIEHUA 3HAYEHHNsT MaKCIMAJILHOMO KPYTSILIEr0 MOMEHTA Ha BaJIy.

IMocTpouTk 30I0pYy KPYTAIIMX MOMEHTOB IJIA 3TOMO CIIydas.

IaneHeitine pacyeThl BeCTU VIS BAJIA C PAUOHAIILHBIM PaclloNno-
’)KEHUEM IIIKNBOB.

OnpenenuThs OUAMETPH BaJa O CEYEHUSIM M3 PACYETOB HA IIPOY-
HOCTBb M XXeCTKOCTb. [lonmydenustit 6oabplUMA pe3yNnbTaT OKPYLIIUTH IO
OnyKafiliero YeTHOTO MJIM OKaHYMBAIOLLIEroCs Ha b 4ucna.

Ilpu pacyeTe ncnonb30BaThL ClEOyMOLME HAHHBIE: BAJl BPAIllaeTCA
C YrJoBOM CKOpOCThio 25 pan/c; Marepuas Bajla — CTallb, [OMyCKa-
eMoe Hanpsxenue kpydenus 30 MIla, Momyns ynpyrocTd mpu cosure
8 - 10* MIla; nonmyckaemelit yron 3akpyuusanus [po] = 0,02 pan/m.

ITpoBecTn pacuer 4 Bajia KOJBLEBOTO Ce4eHUs, NpHHAB ¢ = 0,9.
CrenaTh BLBOORL O LENECOOGPAIHOCTH BHINOJIHEHUS BaJla KPYTJIOro UMK
KOJIBLEBOTO CEYEHNs, CPABHUB IJIOLIALY TIONEPEYHABIX CeYeHUMH.

Bapuant

MMapamerp
1 (2345|678 9]10
a=b=c,M (11{12 1311415116 |1,7118119120
Py, xBt 2,1 12,2 12,3 (2,4 12,5 (2,6 2,7 (28 (29 (3,0
P, xBt 2,6 12,7 12,8 12,9 13,0 13,1 |3,2 {3,3 (34 3,5
P, kBt 3,113,213,3 3,4 13,5 3,6 |3,7 3,8 |3,9 ]4,0
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i« a‘a b‘( ¢ a b cm
o = | 4
M; My, M zMo M My UM, Mo
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P 2
Moo [ | v
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A Ve A
‘4 a bz c a b c
- [; Ty | A v 1
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M3 /Mo M, M }M: M, ‘ZMz IZMl
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Hpﬂ 3anmTe pa60Tm OTBETUTH Ha BOIPOCH! TECTOBOTO 3allaHN.

Tema 2.5. Kpyuenue

He NpuBeneH

Bonpocwm Orserwm |Kon
1. BuibpaTh 3m0py, COOTBETCTBYIOIYIO 3alaHUIO. 1
Rom &% ;
T2 2B i
COH-ym 100H-M 600H-M 300H-M
AL200 mnrrmgﬁm(”(l(l(((( My
- 1 B 3
B ,ITHHTHII %
o LI ] l (H- v
1200
300
i e Bepmuiit omser |4
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[Iponosnxenne
Bonmpocat OreeTn (Kon
2. B xakoM mopsike panporallblee PaclioioXUTh ma; M1 M3; Mo 1
LIKUBLI, YTOOB! HOJNYUATh MHHUMAJIbHYIO HATPY 3Ky
na Ban? (CM. cxeMy k Bompocy 1.) my; ma; ma; My 2
ma; M1; Mo; M3 3
ms; My; Mo; M2 4
3. Yka3arTlh pasMCpIIOCTL BCJIMUUIILL B 31AMCHATCHC MIla 1
M,
Tmax = 37 -
W .
MM* 2
w3 3
H-Mm 4
4. OnpenenuTs nnamMeTp Gpyca H3 yC/10BUA IPOYHOCTH, 48 MM 1
€CNi MAKCUMAaJIbHBI KpyTsinit MonmenT 1300 Honm,
LollycKaemoe Hallpsikerue maTepuadna (7] = 50 MIla. 51 MM 2
5,1 MM 3
72 MM 4
5. Kak M3MeHUTCS yros 3akpydnBauus Bana, ecik Y Benuunrcs 1
KPYTSIIMA MOMEHT YBeMMUNTCH B 2 pa3a, a OMaMeTD B 4 paza
yBenuuuTcs B 4 pasa?
YBenuuurcs 2
B 256 pa3
Yumenbiunres 3
B 256 pas
YMeubmnTes 4
B 128 pas
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IIpakTuueckoe 3aHsarue 9
Tema 2.6. PacueTs! Ha IpoYHOCTH NpM u3rube

3namp pacnpedesenue HOPMAALHLIT HATPANCEHUL TIPU YUCTNOM U3-
aube, pacuemmubie Gopmyabl.

Ymemb empoumb 3N0Pbl NOMEPEUHBIT CUA U U32ULQOWUT MOMENH-
mos, GbLINOAHAML TMPOEKTNUPOSOUHDIE U TLPOBEPOUHDBLE DPACUEMbL KA
NPOUHOCTL, 6LIHUPAML PAYUOHALLHbLE POPMbL NONEPEUHBT cevwenull.

OcHOBHBIE ITOJIOXEHUA U pacueTHhIE HOPMYIIbI
npu u3rube

Pacnpedeneuue HOPMAALDHDIZ U KACATNEALHDIT HaanWCCH'U.ﬁ, npu u3aube

. T
707 M,y
~ é///' 1 Oy = \717 s
1,5
/ ? Tmax = __Q’
f A
Puc. IT9.1 roe M, — w3rubaromuit MOMEHT B cede-

HuY; () — MONepevHas CHila B CEYEHMM; ¥ — DPACCTOAHUE O HERTpasb-
Horo cios; J; — oceBoit MoMeHT uHepmnun ceueHus (puc. 119.1);
Tz
W, = ,

ymax

Wz — oceBoit MOMEHT COMpPOTUBIIEHUs ceyeHus; A — ruiomanb ceyeHns.
Ycaosue npounocmu npu u3aube

M,
o = _Wa: < [oul,
rze [oy] — momyckaemoe HampsxkeHwUe.

3naxu usaubarouwur momenmos u nonepeunbir cua (puc. 119.2)

o
M..M o

Puc. [19.2
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YnpaxxHeHUs PN NOATOTOBKE K CAMOCTOATEJILHOMN
paboTe
F2=2xH g = 4kH/m
Fy=12xH \
N
4m M ~ 4wm 5™
a) 2)
m=12kH-™ F,=15kH F,= 15 xH
4
5m < SM s M 6m <~__E
6) 0)
g= 4xH/m Fa=16kH }¢ =2xH/M
AR AR AR Fi=8KkH f
; a3
10m T OM 4m 2m
- F; = 8 xH
o Puc. 19.3 9
™~
3M 3Im 2Mm 4™
16 kH
12 xH
Ontopa
TN
8 kH 4xH
12XH |5mopa
n
IUJJ24 H 12kH-M
KHM 52 KH- M 20 KH- M 36 KH-M
Puc. I19.4

1. Ucnonn3ys mpaBuila MOCTPOEHMA S0P MONEPEYHBIX CHI M M3-
rubaonmx MOMEHTOB M OudxbepeHIuanbHbie 3aBUCUMOCTH MEXIY UH-
TEHCUBHOCTBIO HAarpy3Ky, ONEPeYHON CAION ¥ M3rubarormM MOMEHTOM,
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TIIOCTPOUTDL 3MIOPH M3rubarouinXx MOMEHTOB g m3o0paxkeHHbIX 6asok
(puc. 119.3). Pexomenpanuu B nekuusx 30 u 31.
Hns xaxnoro ciyyas onpenesuTb MAaKCUMAJbHBIE 3HAYEHUS MOMEHTOB.
2. Tlo npuBeneHHBIM 3MIIOPAM TIOIEPEYHON CUJILL M M3rUbaoero Mo-
MeHTa BOCCTaHOBUTL Harpy3kM Ha Gaske (puc. [19.4).
3. IloBTOPUTEL OCHOBHBIE MOJIOXEHUA NPU pacyeTe Ha U3rub.

PacueTno-rpagpuueckas pabora

3anaume 1. Ilna onHoonopnoit 6ajku, HarpyXeHHOW COCpPENOTO-
YEHHBIMM CHJIAMU M IIAPOMl CHJI C MOMEHTOM M, NOCTPONTSD 3MIOPHI Ioe-
PEUHBIX CUJI ¥ M3rubalomx MoMenToB. HaliTu MakcuMasbHEIA u3ruba-
IOUIMH MOMEHT U U3 yCJIOBUA IPOYHOCTM MONOOpAaTh IOMEpPevHoe cedeHne
nis 6anku B BUOE IBYTABpa U IIPAMOYTOJILHUKA C COOTHOIIEHNEM CTO-
pon h = 2b. MaTepuan — craius, nomyckaemoe Hanpsaxenue 160 Mlla.
Paccunrars wiomwamm nonepeytbix ceYeHit U CeIaTh BLBOM O Leneco-
00pa3HOCTH TPUMEHEHUs CeUeHu .

IIpnMep pacuera B nekuuu 30.

& mo R | ™R
y| . |
3( 2a 2a a 2a
<« « -
a 6
F F LAY K LS
, L
1 a 2a 2a 2a 2a a
- < <~
8) 2)
LY F F m F ]
. r '
a a 2a a 2a 2a
pad (__I
9) €)




IpaxTuuecxoe 3anaTue 9 327

BapuanTt
IMapameTp

1l2i3{4lsl 6 |7]8] 9 w0
F,xH [10[12 {14 {16 J18 [ 10 |22 [24 [ 26 |28
Fp,xkH (444878184 12 [12,8]17 |18 22,8 [24
mxHm |8 |76 |5 4|8 | 71615 |4
a,m (0210203103 [0,4 10,4 J0,5]05]06 |06

3ananue 2. I[ns nsyxonopHon 6ajiky, Har py»XeHHON COCPEenOTOYeH-
HEIMHM CHJIAMM UM Mapod CUIT ¢ MOMEHTOM, ONpenesuTh peaxiuy B Ono-
pax. Haiitu MakcmManbHmiil narubaolmit MOMEHT ¥, MCNONBL3Yd YCJIO-
BUe NMPOYHOCTH, NMomobpaThk HeobXonuMble pa3Mephl NONepedHbIX ceve-
HuM. MaTepuan — crans, nonyckaemoe HanpsikeHue naruba 160 MIla.
Ceuenne — wsennep.

IIpumep pacuera B nexuum 30.

F, Fi

‘LS

m
F, F >

AR

Fll F F le ﬁm

8) 2)

m m
—> | F < F)

0 e
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Bapuant
ITapameTp

1{2{3]4|5|6 7|8} 9|10
F,xH [10 {11 |12 1301415 [16 [17 [ 18 |19
F,xH |44 (48178 (8,4 [12 [12,8 [17 |18 [22,8 | 24
mxkHm [3 [4 5|6 |77 |6]5]4 |3
a,m (0270210303 o404 [o5]0506 Jo6

3apauue 3. Jlnsa uzobpaxceHHLIX GalloOK HOCTPOUTH 3IMIOPH! TIO-
nepeyHbx cuir u uarubalonmx mMoMentos. Cevenue Gajlok — COBOEH-
HBIA nByTaBp. Marepuail — CTajb, OOMYyCKAEMOC Hampsuxenue uiaruba
160 MIla. IIposeputs npounocts 6amok. B caywae, ecin IpO4YHOCTH He
obecneuena, nonobpaTts cevyenne GOIBUIETO pa3Mepa.

B Bapuanrax 1-5 ncronb3osan asyrasp Ne 20.

B papuantax 6-10 — npyTasp Ne 30.

Ipumep pacuera B aekunu 31.

LT Mfmi\ ,mfww

)

a) 6)
F m L
N g |F
I ww gt <
ap% c ”ﬁ’” b a b L c /ém
8) 2)

m

q F = S q
AR | R
&W a’,@;” [ ¢ Ié’”

9) €

a b c




lpaxtuyeckoe sanaTne 9 329
Bapnaut
ITapameTp
1 2 3 | 4 5 6| 718 9 110
m,kHmM |15 |17 |19 120 |21 |23 |24 |25 |26 | 28
F, xH 60 |65 |70 |75 |80 [85 [90 [95 1100 [105
¢, kH/M [ 4 [ 5 6 718 9 |10 [11 [12 [ 13
a, M 0,5 10,6 10,8 10,9 1,1 10,9 10,6 |10,8
b, ™ 1,5 11,6 11,8 11,9 | 2 1 12,3 (2,125 |23
c, M 1,6 (1,711,912 (2,1 1,8 (2,7 12,5 |2,6 |24
(DOPMZ]. MOMCPCUHOTO CCMECHUA
ITpu 3ammmTe paboOTHL OTBETUTH HA BOMPOCH! TECTOBOTO 3a0aHMS.
Tema 2.6. U3ru6. Pacyern Ha npoYHOCTDb
Bonpocn OTseThl Kon
1. OnpenennTs yuacTox 6pyca, Ha KOTO- 1 1
POM BO3HMKAET UUCThIN M3rub.
g=2xH/m 1| £y =30kH I 2
-
VAR R S 11 3
4
L M A [~ YueTriit narub 4
Fy=12xH ™~ HE BO3HMKAET
q(z - 2)°
2. BriGpaTs BEIpaXeHue nis marnGaionie- |Raz — Fi(z — 2) + — 1
ro MOMeHTa B J10GOM ceueHuy Ha yuacTke I1.
o2
y | 1 YLl RAZ_FI(Z_.2)__£I_(Z_2_2.)_ 2
ARA F (¥ N 4 ARy
2
A D B Rpz — = _ M 3
é’m z 2
2M 3m 3m 2
Rpz— L4 M 4
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Ilponoskenne
Bonpochsr OreerTnl [ Kon
3. N3eecTHo, uTO B cevennn Gpyca IonepevHas cuila 23,8 MIla 1
@ = 20xH, a marunbalommit Moment M, = 120 xH-mM.
OnpenenyuTh MakcuMadlbHOE Hanpsxetue u3ruba 16,2 MIla 2
B 3TOM ceuenun. Cevuenue Gpyca — nsyrasp Ne 45.
97,5 MIla 3
142,2 MIla 4
4. B xaxonm i3 papuaTon ceucinit 6allka BLUWCPKU'T A 1
66bIIYIO HArPY3KY ?
A b 2
_V
F i - B 3
!
Nl Nel6 r 4
5. [Ipu 1ucronm uarnbe B Touke A 1ouepeunoro 48 Mlla 1
cevenns BO3HMKIIO HOpManbiioe Hapiiskeuune 48 Mlla.
YeMmy paBno HOpMAJILHOE HaJIpsSKEHUEe B TOMKe [37 40 MIla 2
24 MIa 3
32 MIla 4
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IIpakTuueckoe 3ausTue 10
Tema 2.7. PacueT Gpyca KpyrJyioro ronepeyHoro
CedeHUs [IPU COYETAHUM OCHOBHBIX medopmanuii

Yamemsb paccuumams 6PYc KPY24020 NONEPEUN020 CEUENUT Ha NPOYU-
HOCTNb NPU COUEMAHUY 0CHOBHBIT dedopmanuil.

OcHOBHBIE NOJNIOXEHNS U pacyeTHLIEe (HPOPMYJILI

Teomempuneckue Tapaxmepucmusy Kpyaa u Ko4bya

Kpyr (puc. 1110.1) Koasuo (puc. 1110.2)
Jp = e
Puc. 1110.1
wd*
JI = jy = _ﬁz- jz. =

MoMeHTBl CONIPOTHUBIEHAA:

wd3
: Wy =W, = — ~0,1d3;
Kpyr . 33 0,
nd® 4 3 4
xoneuo: Wy =W, = E(l - ') = 0,1d°(1 — c*);
IInomanw ceuennii:
2
kpyr: A= W—Z—; KobUO: A = %(d2 —d2).

Yeaosue npounocmu npu coemecmmnom deticmeun us2uba u KpYueHud:

_ Mia
O3k = W
x

< [o).
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OKBUBAJIEHTHREIE MOMEHTAHI:
Opu pacdeTe o rmnore3e MakCMMaJILHLBIX KacaTEJIbHBIX HaIlpsi-

JKEHMIT:
Moo 111 = VMZ + MZ;
aks I11 n K

— I[OpM! pac4yeTe 110 BHGPFGTH‘IGCKOI}'X TUIoTe3e (bopmonaMeHemm:

Moo v = /M2 + 0, T5M2.

Ynpaxnenne. B onacHoM ceueHun Bana meHCTBYIOT u3rubalo-
uwe MoMeHThl Mp = 40xH-M u My = 50xH'M n xpyTsumii MoMeHnT
M, = 100xkH-Mm. MaTepnan Bajia — cTajib, OOIMYyCKAEMOE HAIPIXKEHUE
[¢]=100MIla. Onpenenurs noTpeGHEE pa3Mephl Badla, KPYTJIOTO ¥ KOdb-
nesoro ceuenus mnpu ¢=0,6. Pacuer nposecTn no Teopuu MakCUMaibHBIX
KacaTenbHbIX HAIPSIKEeHN!.

Hopsadox pacuema:
1. OnpenenuTs CyMMapHEIA M3TUGAIOIIMA MOMEHT B CEYEHUH.
2. OnpenenuTh 3KBUBAJIEHTHEI MOMEHT B CEYEHMU.

3. A3 ycnoBus mpOYHOCTH ONpeneuTb MOTPEGHBI MOMEHT COIpPO-
TUBJIEHUS C CEYEHUs. '

4. OnpenenuTs NOTPE6HBIA TUAMeTp Bajla KPYTJIOro CEYeHMUs .

5. Onpegenuts noTpeGHBIE BHEIIHAN W BHYTPEHHUE OUAMETDHI
KONbIEBOIO CeYeHUs.

6. CpaBHMTD 0JlyYEHHBIE PE3yJILTATHL MO MOJIYy Y€HHBIM ILIOLIAISM
TONEPEYHLIX CEYEeHMI.

PacueTHo-rpadpuueckas paGora

Ils1st TpoMeKy TOIHOTO BaJla PedyKTOpa, Nepenarollero MOIHOCTE P
IIpY YIJI0BOH CKOPOCTH w, ONPENENUTh BEPTUKAJILHYIO U [OPU3OHTAIb-
HYIO COCTABJIAIOLIME PEAKUUl ONMINIIHNKOB, IIOCTPOUTD SMIOPEL KPYTH-
ILEr0 MOMEHTA M M3rNGalolMX MOMEHTOB B BEPTMKAJILHONW M TOPHM30H-
TaJbHOM TIockocTsx. ONpenenuTs AMaMeTPhl Basia MO CEeYEHUSM, NpU-
HaB (o] = 60MIla u nonaras F, = 0,364F;. Pacyer npoussectu mo
TUNOTe3e MaKCHUMAJIBHBIX KaCATEIbHBIX HAMPSKeHMH.
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Iapamerp

P,xBr |40 {38 {36 |34 |32 |30 |28 |26 |24 |22

w,panfc | 70 165 {62 |58 [54 |50 [46 |42 |38 | 34
a,Mm. (60 170 180 {90 [100 {60 |70 | 80 | 90 {100

dy,Mm {60 [70 [80 |90 {100 {110 {120 {130 [140 [150

da, MM {250 (240 {230 {220 {210 {200 190 {180 (170 {160
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Y k a3auue OKpyXHYIO CHIY ONPEIeNNTh IO GOopMyJIe

2
F, = ———-M, rre M = B
d w
Ipumep pewenus B geknuu 35 (pumep 2).

HpPI 3aumTe pa.60Tm OTBETUTH Ha BONIPOCHI TCCTOBOTO 3a03HNIA.

Tema 2.7. CoueTaHue OCHOBHBIX medopManmii.
I'mnoTe3nl npoYHOCTU

Bonpocwn Oreernl {(Kon
1. Cpenu mpuBeseHHBIX CXeM BLIGPATh IIOCKoe Ha- 1 1
NpsXKeHHOe COCTURHUE.
2 2
Gy (o}
— <—- o~
(&3] G C3
v 7 / . .
1 2 3 4
2. IIns 3a0aHHOro HANPSXEHHOIO COCTOAEMA BBHIYKC- 120 1
JIWTh SKBUBAJIEHTHOE HAaNpsOkeHUe, NCIObL3YA
ruraoTesy HauboJIbUINX KacaTellbHBIX HANPAXKEHUM. 104 2
3 165 3
40 MIla \/,
200 4
3. Buibpats ¢opmyny mis pacyeTa SKBMBAJIEHTHOIO VME+ M 1
MOMEHTa II0 rufoTe3e 3Hepruy GopMoN3MEHEeHN .
VMZFM? 2
v M2 +0,75M2 3
M, + My 4
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MMpononxenue

Bonpocwm OrseTn |Kon
4. Ha npuBeneHHol cxeme Bajia BhIGPAThH y4aCTOK, 1 yuacTok 1
roe NeACTBYET KPyTSuini MOMEHT.
Fr 2 ygacTok 2
F,
Fy F, T~
oy o nha
3 yuacTok 3
ARY RaY v [\ e
1yy. 2yy. 3 yu. Takoro yuacTka 4
Ha CXeMe HEeT
5. Ilo cxeMe HarpyxeHus BaJjia ONpPENeNUTH 20,5 MM 1
HeoOXOOMMBINA OMaMeTpP B ONAaCHOM CEYEHUM.
Ionyckaemoe Hanpsxenue npu uarnGe 120 H/ MM2, 25 MM 2
Pacuer npoBecTy no runorese MaxkCHMasIbHBIX
KacaTeNbHbIX HalpsKeHnil. 28,5 MM 3
)FI. R4 H B Ry
\m 4 m B
N 160 H-m
102H - M m—m’
/ Jmopa
UL M,
32,5 MM 4
400H ™ ’
Jmiopa
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IMTPAJIO2KEHUE Ne 1
Cranb ropayekatanas. IIBEJIJIEPBI (o T'OCT 8240-89)

O6o3nagenns:

h — BBICOTA LIBENTIEpa; b — mMpuUHAa wBesuepa; d —
TOJIUMHA CTEHKW;  — CpenHas TOJIUMHA monku; A —
IoUIaAek wWBennepa; J — MOMeHT uHepuuu; W —
MOMEHT CONPOTHUBIIEHNS; ¢ — paOguyc uHepuuu; S —
CTATUYIECKUIT MOMEHT TIOJIyCEYEHMs; 29 — PACCTOAHUE
OT OCH Y IO HapYXXHOH I'paH¥ CTEHKM

Tabmuna 1

Ne PasMepu, MM A7 57.'1:1 W.’!:y Z_,,, S.’!:’ jyy Wua iy7 20,
1po- em? [ em* |em® [ em [em® |em? [emd | em | om
dunal h | b | d t

5 |50 |32 [44]70 {616 22,8 [9,1 |1,92 {5,509 |5,61 |2,75 0,954 |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 [4,5|74 [8,98]89,4 [22.4 (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 14,9 8,1 [15,6 | 491 702 |5,60 |40,8 |45.4 |11,0 | 1,70 |1,68
16 |160 |64 | 5 |84 [18,1| 747 [93.4 |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 |1,04
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

Crans ropsauyeKaTaHas.

BAJIKNA IBYTABPOBBIE (no 'OCT 8239-89)
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O6o3Ha4eHn:

h — BrIcOTA Ganku; b — mmpuna 6anky; d — TOMULIM-
HA CTEHKM; t — CpenHss TOJIUUHE noiku; A — mio-
wane ceuenuns; J — MoMenT uHepuun; W — MoMeHT
CONPOTUBIEHNS; 1 — PaOUyC MHepuny; S — crarude-
CKM{ MOMEHT IIOJIy CEYEeHUs

Tabauua 2

Tpo-

Pazmeprr, MM

A, \7:7 W:m 7::7 517 Jy7 Wyy iya

em? | em? oM [ em fem® [ em? |em® |em

duns

h

b

d

t

10
12
14
16

20
22
24
27
30

36
40
45
50
55
60

100
120
140
160
180
200
220
240
270
300
330
360
400
450
500
550
600

95

64

73

81

90

100
110
115
125
135
140
145
155
160
170
180
190

4,5
4,8
4,9
5,0
5,1
5,2
5,4
5,6
6,0
6,5
7,0
7,5
8,3
9,0
10
11
12

7.2
7.3
7,5
7.8
8,1
8,4
8,7
9.5
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 16,49 |1,22

14,7 | 350 |[58,4 [4,88 [33,7 [27,9 {8,72 1,38
174 | 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 | 1290 | 143 7,42 |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 49,9 |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

D

CTanp npokaTHas yriioBas paBHOIIOJIOUHAS

S

PR RN

Zo

(mo TOCT 8509-86)

O6o3Hauyenus:

b — nmpuna nonku; d — TonumHa, MONKU; J —
MOMEHT MHepLNM; i — paauyc uHepumn; W —
MOMEHT COINPOTMBJICHHUS; 29 — PaccTOAHUE OT
LEHTPa TAXKECTU OO HAPYXKHOM I'DAHU IIOJIKM;
A — nnowans yrosixa



Tabs

Pasmepbr, MM CrupaBo4Hble BeJTHYMHE /14 oceit
Homep A, rT—z To — To Yo — Yo
yroika | b d cm?2
j:rs va i:r jz()max, ixO max Jy()min, WyO min» iy()miny
com? |em? | em em? om? em? oM’ 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 10,50 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 11,16 (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 13,61 11,47 11,06 ] 5,71 1,32 1,52 1,02 0,68
4,0 |40 3 2,35 | 3,55 |1,22 |]1,23 | 5,63 1,55 1,47 0,95 0,79
4 3,08 14,58 11,60 {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
4,5 145 3 2,65 { 5,13 {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
5,0 |50 3 2,96 | 7,11 1,94 {1,655 | 11,27 1,95 2,95 1,57 1,00
4 3,89 19,21 [2,54 1,54 | 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
56 |56 4 4,38 13,10 {3,21 |1,73 § 20,79 2,18 5,41 2,52 1,11
ITpononxenue Tabs
Paamepnt, MM CrpaBoyHble BETHYWHLI OIS OCEH
Homep A, T—-z Tp — To Yo — Yo
yronka | b d cm?
j:z:, W:n i:z: ~71:0 maxs 7:1:0 max s ~7 0 min» W, in» i min,
emM? | em? | em cm? cm? ol !é(;,(? y(::M

5 5,41 115,97 13,96 1,72 | 25,36 2,16 6,59 2,97 1,10
6,0 |60 4 4,72 116,21 | 3,70 11,85 | 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 23,21 | 5,40 {1,83 | 36,81 2,31 9,60 3,99 1,18
8 9,40 129,55 { 7,00 1,81 | 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 7,28 (27,06 | 5,98 [1,93 | 42,91 2,43 11,18 4,44 1,24
70 |70 4,5 6,20 (29,04 | 5,67 |2,16 | 46,03 2,72 12,04 4,53 1,39
= noe 19vaateoar Io1e | 0 e~ o 79 12 90 1 09 1 2a




Oxonvanue tabmn. 3

Pasmepnl CrpapouHble BeJIMUMHDB! 711 OCe
Ho-
Mep A, T—z Ty — T Yo ~ Yo
yron- | & d cm? 20,
Ka \.7:1:, Wza iz {Tz0maxs [2z0maxs JyO mins WyO min, Z.yO min; cm?
cm? em? | em oMt om? em?d cM3 M
8 12,30 | 7336 [12,80 [2,44 [ 11639 | 3,08 | 3032 | 944 | 157 |227
9,0 |90 6 10,61 82,10 12,49 ]2,78 | 130,00 3,50 33,97 9,88 1,79 2,43
10 {1007 10 119,24 [ 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 1422,23 (47,06 13,82 { 670,02 4,82 174,43 34,94 2,46 3,53
14 | 33,37 | 481,76 | 54,17 |3,80 | 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 3 68
14 (1401 10 27,33 | 512,29 } 50,32 14,33 | 813,62 5,46 210,96 39,05 2,78 3,82
12 | 32,49 | 602,49 | 59,66 |4,31 | 956.98 | 543 |[24801 | 4497 | 276 |3.90
15 |150 | 15 | 43,08 | 908,38 | 84,66 |4.59 |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
20 200 | 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 {2871,47 [200,73 16,12 |4560,42 7,72 11181,92 | 146,62 3,93 5,70
30 111,54 |4019,60 {288,57 16,00 {6351,05 7,50 |[1698,16 | 193,06 3,89 6,07
22 1220 | 14 60,38 |2814,36 |175,18 |6,83 |4470,15 | 8,60 }1158,56 | 138,62 4,38 5,91
25 1250 ) 20 |96,96 |5764,87 (318,76 |7,71 {9159,73 9,72 12370,01 | 242,52 4,94 6,91
25 119,71 {7006,39 |391,72 |7,65 |11125,5 | 9,64 |[2887,26 | 287,14 4,91 7,11
30 }141,96 }8176,52 {462,11 |7,59 {12964,7 | 9,56 13388,98 | 327,82 4,89 7,31

0ve

1 suHoXouudf]
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IMPMJIO2KEHUWE Ne 2

OpMeHTﬂpOBOqHLIe 3HAYCHUI IIpeaesjioB
IMIPpOYHOCTM HEKOTOPbIX MAaTEepPHNAJIOB

Tabmuua 4
0, Mlla
Matepuan
Ha pacTsXeHKe |Ha cxarue

Cranse:

YIVIEpOOMCTast ropsdyeKaTaHas 310-600 —

YIIIepONMCTast KOHCTPYKUMOHHAN 330-750 —

JIerMpOBaHHAsA KOHCTDYKIIMOHHAS 430-780 —

B OTJIMBKAX 420-600 —
Yyryn:

cephlit 150-440 650-1000

KOBKUIt 300-630 no 1400
Jlatyun 320-600 —
Bponsa:

OJIOBAHHAS 300-900 —

6e30510BAHHAS 400-1500 —
AsmroMuHMit 150-300
IopanioMyuani 180-500
TuraHonhwii cnnas BT4 800-900 —
Bununnacr 50 —
HonusTumnen 65 —

Monynu yapyrocTu u xKo3¢gpuumeH ThI
Ilyaccona HekoTOpnIX MaTepuayioB

Tabnuua 5
Monyns ynpyroctu, I'lla
Martepuan Koadbdunuunent
E G Nyaccona
Crans:
yraeponucras |200-210 81 0,24-0,28
JIErMpOBaHHAA 210 81 0,25-0,33
JINThE 175 —_ 0,25-0,33
Mens:
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Monyne ynpyrocty, I'lla
MarTepuan Kospduiument
E G Iyaccona

npoKaTHas 110-150 40 0,31-0,34

XOJIONHOTAHY Task 130 49 —

JINThE 84 —_ —
IInatuua 170 —_— 0,39
Bponaa:

dochopucras kaTaHas 115 42 - 0,32-0,35

MapraHIOBUCTaA KaTaHas 110 40 0,36

aNMOMUHMeBas, IUThHE 105 42 —
JlaTyHsb:

XOJIOMHOTAHY Tas 90-100 35-37 0,32-0,42

KopabenbHasd, KaTaHas 100 -_ 0,36
Yyryn:

cepriit, Gemnerit 115-160 45 0,23-0,27

KOBKM# 155 — —
AnoMunuit KaTauuit 59-69 26-27 0,32-0,36
Cnnasnt:

AJTIIOMKHUEBHIE 70-72 27 0,32

MATrHHEeBLIE 40-45 —_ 0,34
HiopamoMuHKi KaTaHbl 71 27-37
Cnnabrl THTaHa 105-115 —_— 0,30

OpHeHTUPOBOYHEBIE 3HAYEHUA OCHOBHBIX
- OOIyCKaeMbIX HaNpAXKEeHWUN

Ta6nuua 6
Ionyckaemoe nanpsxenue
Martepuan [c], MIla

Ha paCcTsaXeHMe |Ha cxaTue
Crans yrneponucras ropsdyexaTasas 115-195 115-195
CTanb yrieponucTas KOHCTPYKLIMOHHAS 110-240 110-240
Crann nerupoBaHHas KOHCTPYKUMOHHAS 140-260 140-260
Cranbs B OTAMBKAX 90-160 90-160
YyryH B oTNUBKAX cepulit 33-100 145-310
UyTyn B OTIIMBKAX KOBKHI 85-110 95-125
Menn 30-110 30-110
JlaTyun 60-130 60-130
Bponsa 50-110 50-110
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ITpenenpHule TPpOrn6GhLl HEKOTOPLIX BJIEMEHTOB
cTajdbHbIX KOHCTPYykumit (CHull 1 1-23-82)
Tabnuna 7
BuleMeHT KOHCTPYKIUU OTHOCHUTENBHBIN
nporub
Basnka u ¢epma nyTeit 0o KpaHH ¢ peXUMOM PaboTHI:
nerknM {BxmioYas Py4HBIE KPaHHB, Tenbgeph, Taun) 1/400
CpemHuM 1/500
TSAXKENBIM U BECHMA THAXKEIBIM 1/600
Banka u depma NOKPHITHA ¥ YEPHAUHOIO [ePEKPHITHL:
¢ mouBecHbIM 060PYIOBAHMEM 1/400
6e3 TomBeCHOr0 o60pYNOBaHUA 1/250
NPOTOH 1/200
IPOGUNLHBI HACTH 1/150
Purens u HapecHas CTeHOBas NaHesb 1/300

CrannapTHBIA psal ANaMETPOB

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, manee uepes 10 mmM.
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OTBeTHl Ha KOHTPOJIBHBLIE BOIPOCHI

Jlexums 3 Bonpoc 2 2,31 xH
Hexuus 6 Bonpoc 2 —65 xkH-m
, Bonpoc 5 1262 xH-m
Jlekuua 7 Bonpoc 6 9,7 xH-m
Bonpoc 7 2,06 xH
Jlexunsa 8 Bonpoc 7 867 MM
Jlexuusa 10 Bonpoc 6 153 M
Jexunsa 13 Bonpoc 10 17 kH
Jexnus 16 Bonpoc 3 6,78 xIlx
Bomnpoc 7 0,8
Jlexuust 17 Bonpoc 2 4 H
Bonpoc 6 0,3 kr-m?
[IpakTuueckoe sanstue 2 Bonpoc 3 130 xH-M
Bompoc 5 3 kHmM
[TpaxTuyeckoe 3auaTye 3 Bomnpoc 2 3,9 cm
Jlekuusa 29 Bonpoc 6 4,5 xH
Bonpoc 7 4,5 xkH; 27 xH-M
Jlexkuus 31 Bomnpoc 4 8 M
Bonpoc 5 175 xkH-m
Jlexuma 32 Bonpoc 6 121 xH-M

Koan! npaBuiIbHBIX OTBETOB HA ONMPOCHBIE KAPThHI
Bonpocsr 1 2 3 4

Tema 1.2 (Jlexuus 3)

Temer 1.1, 1.2 (Ilpakt. 3ansTue 1)
Tema 1.3 (Jlekuns 4)

Tema 1.4 (IlpakT. 3anstue 2)
Tema 1.5 (Mlexums 7)

Tema 1.6 (IlpaxT. 3anatue 3)
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Temmr 1.7, 1.8 (JTekmus 10)
Tema 1.9 (IIpakT. 3austue 4)
Temer 1.10, 1.11 (Jlexunsa 12)
Temor 1.12, 1.13 (Jlexuus 14)
Tema 1.4 (Jlexuus 16)

Temnr 1.4, 1.5 (IIpaxt. 3ansatue 5)
Tema 2.1 (Jlexuus 19)

Tema 2.2 (JIekuus 21)

Tema 2.2 (Jlexkuus 22)

Tema 2.2 (IIpaxr. 3ausTue 6)
Tema 2.3 (JTexuus 24)

Tema 2.4 (IIpaxT. 3anstue 7)
Tema 2.5 (JTexuus 27)

Tema 2.5 (IIpakr. 3ansrue 8)
Tema 2.6 (JIekuns 30)

Tema 2.6 (IIpaxr. sansrue 9)
Tema 2.7 (Ilpakt. 3austue 10)
Tema 2.10 (JTexums 37)
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