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Beenenue

VYyeOHolt mucuurinHOW «TexHuueckass MeXaHUKa» IpeaycMaTpUBaeTCs
U3ydeHue OOILIMX 3aKOHOB JIBMDKEHMSI M PABHOBECUS MATE€pUAIbHBIX TEJ, OCHOB
pacyeTa JIEMEHTOB KOHCTPYKIIMI Ha IMPOYHOCTh, KECTKOCTh M YCTOMYMBOCTH, a
TAK)KE JIeTAJIEW MaIlluH U MEXaHU3MOB.

JlucuuIiuiiHa COCTOMT U3 pasnenoB: «Teopermueckas MeEXaHUKA»,
«ConpoTHUBIEHUE MAaTEPUATIOB» U «/JleTann Mamun.

Ilo paHHOM AUCHMIUIMHE MPEIYyCMaTPUBACTCA  BBINIOJIHEHHUE OIHOM
JIOMAIllHe KOHTPOJIbHOW paboThl, OXBaThIBAIOIIEH Bce pasnenbsl y4uyeOHOM
POTPAMMBI.

Martepuall, BBIHOCUMbIA Ha YCTAHOBOYHBIE M O030pHBIEC 3aHATHS, a TaKXKe
NnepeuyeHb BBIMOJHIEMBIX MPAKTUYCCKUX 3aHSATUUA OMPEACNSIOTCS Yy4eOHBIM
3aBEICHMEM UCXOJs M3 MNpo@uis TOATOTOBKH BBIYCKHHUKA, KOHTHMHIE€HTa
CTYyJICHTOB (paboTamIux W HE padOoTarolUX MO0 W30paHHON CIEIUaTbHOCTH) U
COOTBETCTBYIOIUX YUECOHBIX TUIAHOB.

Ha ycTaHOBOYHBIX 3aHATUAX CTYAEHTOB 3HAaKOMST C MpOrpamMMoi
JTUCIUIUIMHBI, METOJIUKONW pPabOThl HAJ MATEpHUaOM M BBIIOJHEHHS JOMAalTHEH
KOHTPOJIBHOM paboTHhI.

BapuanTel KOHTpOJBHOW  pabOThl  COCTaBIEHBI MPUMEHHUTENBHO K
JeHCTBYIOIIEH pabodeit mporpaMMe 1Mo TUCIHUILIMHE.

BroimonHeHne poMaiiHed KOHTPOJIBHOW paboThl  ONpenemsieT CTeNeHb
YCBOCHMS CTYyJAEHTAMHU U3y4aeMOr0 MaTepUalla U YMEHUE IPUMEHSTH [10Jy4EHHbIE
3HAHUS IPU PELICHUU IPAKTUYECKUX 3a/1a4.

OO030pHBIE JIEKIIUM TPOBOASTCS TO CIOXKHBIM JIJII CaMOCTOSITEILHOTO
U3YUYCHUS TeMaM MPOrpaMMBbl.

[IpoBeneHue TPAKTUYECKUX 3aAHATHH MPEIyCMAaTPUBACT CBOEU ILIEIIBIO
3aKpeIUICHHe TEOPETUYECKUX 3HAHUN U TPHOOPETEHHE NPaKTUYECKUX YMEHWIA Mo
porpaMme y4eOHOM AUCIUTIIINHBI.

VY4eOHbIli MaTepuall PEKOMEHIYeTCsl M3ydaTh B TOW IMOCIENOBATEIHLHOCTH,
KOTOpas J1aHa B METOAUYECKUX YKA3aHUAX:

- O3HAaKOMJIEHHE C IPUMEPHBIM TEMATUYECKUM IUIAHOM H METOAUYECKUMU
YKAa3aHUSMHU I10 TEMAaM;
- U3yYEHHE IPOrPaMMHOI0 MaTepUaIa O PEKOMEHAYEMOM JTUTEPATYPE;
- COCTaBJICHHE OTBETOB HA BOIPOCHI CAMOKOHTPOJIS, IPUBEACHHBIE TIOCIIE KaXIOU
TEMBL.

B pe3ynprare nzydeHuss TUCUUILIAHBI CTYJIEHT JOJDKEH:

3Hamb:

— OCHOBBI TEXHUYECKON MEXaHUKH;

— BHAbI MCXaHNU3MOB, X KHHEMATHYCCKUC U JTUHAMHWYCCKHUEC XaPAKTCPHUCTHUKHU,
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— METOJIWKY pacdera 3JIEMEHTOB KOHCTPYKIIMHA HAa TPOYHOCTh, KECTKOCTh U
YCTOWYMBOCTH TIPH PA3TUYHBIX BUIAX IedopMaIuy;

— OCHOBBI PAcUETOB MEXaHMUYECKHX TIepenad M MPOCTEHIINX COOPOUYHBIX
€IMHUI] O0IIEero Ha3HAYEHU.
ymembo:

— TPOU3BOJUTH PacUYeThl MEXaHWYCCKHUX Iepeaady M MPOCTEHIITNX COOPOYHBIX
eJINHUIL,

—  YUTATh KHHEMATHYECKUE CXEMBI;

— OIpeAcCiIATh HAIPSAKCHUA B KOHCTPYKIIMOHHBIX 3JICMCHTAX.

OO0umue meToanyecKkne yKasaHus
KonrtponbHas pabora cCOCTOMT W3 3a7a4 10 TEOPETUUYECKOW MEXaHUKE U
CONPOTHUBIICHUIO MAaTEPUAJIOB.
N3ydyenrne aUCHMIUIMHBI JACIUTCA HAa JBa JTama: OCBOCHUE TEOpUU U
BBITIOJIHEHUE KOHTPOJIHHOUM pabOTHI.

[TocnenoBaTeIbHOCTH ACHUCTBUN CTYICHTOB MOXET OBITh CICAYIOIICH:
3HAKOMCTBO C COJIepXKaHWEM 3aJayd; H3y4YeHHe ydeOHOro wmarepuana Io
PEKOMEH/IOBaHHBIM CIMCKaM JIUTEpPaTyphbl; MpPOBEpKa YCBOEHHUS — OTBETHI Ha
KOHTPOJIBHBIE BOIIPOCHI, TMPHBEJCHHBIE B Y4YeOHUKE; pPa30op MPHUBEICHHBIX B
JTAHHOM TOCOOMY MPUMEPOB M CaMOCTOSATEIHPHOE MX BBHITIOJIHEHUE; BBITTOJTHEHUE
KOHTPOJIbHOM pabOoTHI.

BapuanT 3aganus BbIOMpaeTCsS MO TMOCJIEAHEH M TpeAnocieaHer nudpam

mudpa.
TpedoBanus Kk 0popMIeHHI0 KOHTPOJIBLHBIX Pa0d0T

1. KoHtponpHas paboTa BBINOJHICTCS B TETPaad B KIETOYKY, Ha OOJIOKKE
KOTOpOM yKa3bIBaeTcs ¢GaMmiius, WMs, OTYECTBO, IU(p, HAMMEHOBAaHHE
JTUCHIUTUIMHBI, HOMEP KOHTPOJIBHOM pabOTHI.

.TekcT BhINOIHAECTCS YEPHUIIAMHU, CXEMbI KapaHJAIIIOM.

Pemenne kax o 3a1a4ym HAUMHAETCS C HOBOM CTPAHUIIBI.

[Tocine 3anucu penreHnii Bcex 3aj1ad yKa3aTh UCIOJb30BAHHYIO JINTEPATYPY.

ok wn

Pemenue 3amay mpenBapsieTcsi 3aMChIO YCIOBUSI B TEKCTOBOW ¢opme, a

3aTEM B KOJIOHKY C YKa3aHHUEM W3BECTHBIX U HEM3BECTHBIX BEJIMYMH.

6. Pemenue BBITIONHSETCS B TOCIEIOBATEIHHOCTH, yYKAa3aHHOW MPUMEPOM B
METOJIUYECKUX YKA3aHUAX, JCUCTBUS MOSCHSIIOTCS TEKCTOM.

/. Bce BbluucieHus cieayeT Npou3BOAUTh B euHUIAx cuctemsl CH.

8. B xoHIIe TeTpaau 0OCTaBUTh HECKOJIBKO CTPAHUIL JTSI PEIICH3HH.



BeinonHenHast paboTa mpencTaBiseTcs B yuyeOHOE 3aBeleHHUE Iepe]
1a60paTOPHO-IK3aMEHAIIMOHHOMN cecCcUueil.

Pexomenayemas Jiureparypa

OcHoBHas JauTeparypa:

1. Makcuna, E. JI. Texuuueckas mexanuka : yueOHoe nocooue jis CI10
/ E. JI. Makcuna. — CaparoB : Hayuynas kuwura, 2019. — 159 c. — ISBN 978-5-
9758-1899-7. — TekcT : 3MEKTPOHHBIA // DIEKTPOHHO-OMONIMOTEYHasT cucTeMa
IPR BOOKS : [caiit]. — URL.: http://www.iprbookshop.ru/87082.html

2. Kopones, I1. B. Texunueckast mexanuka : yueOnoe nocodue s CI1O

/ T1. B. Kopones. — Caparos : I[IpodoOpazoBanue, Ait [lu Ap Meaua, 2020. —
111 c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — TekcT : 2IEKTPOHHBIM
/" DOnextpoHHO-OMOMUoTeunas cucrema IPR BOOKS : [caiit]. — URL:
https://www.iprbookshop.ru/88496.html

JJonmosiHuTEBHAS JJUTEPATYypa

1. Cadonora I'.I'. Texnudeckas MexaHuka: ydeO. s cpea. mpod.
obpazoBan. — M.: UHOPA-M, 2015, - 318 ¢. — 18 7k3
Kanentres, B. A. Texnuueckas mexaHuka : yueobHoe nmocodue mis CIIO / B. A.
KanentseB. — CapatoB : IIpodoOpazosanue, 2020. — 110 c. — ISBN 978-5-
4488-0904-0. — TekcT : ANEKTPOHHBIN // DIEeKTpOHHO-OMOIMOTEYHAs CUCTEMA
IPR BOO
CTpyKTypa u cofep:xkaHue y4eOHOM JUCHUNIUHBI
O0beM y4eOHOI JUCUUIIMHBI U BUIBI Y4eOHOIl padoThl

Bun yueOHO# paboTh O6bem
JacoB

MakcumanbHas yueOHasi Harpy3ka 250

OO0s3arenpHas aynUTOpHAs yuyeOHasi Harpy3Ka ,BCETO 42

B TOM 4YHCJIC

NPaKTUYECKUX 3aHITUI 20

CamocTosTenbHast paboTa (BHEAyAUTOPHAS) 208

Bunbl camoctosaTenbHONU pabOThI (IEPEUUCTUTD)

N3yueHne TeopeTUueCcKOro MaTepuana mno TeMam.

CocraBieHne KOHCIEKTa MO TMepedyHio BompocoB. Paborta ¢
y9eOHOW H CHCIUaIbHOW TEeXHHYSCKOM JIATEPATYPOH.
Pemenne 3amau.

CocraBneHne OTYETOB.

Boinonnenue 1oMaiiHei KOHTPOJIbHOU paboThl

3 —uii cemecTp- 3a4eT
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[IpomesxyTouHas arrectanus B popMe sK3aMeHa

B mocobun npuBeeHsl METOIUYECKHE YKa3aHUS K pacueTHO-rpadpuueckum
3aJaHUSIM [0 TEOPETHMYECKOM MEXaHWKE, METOJMKa BBIMOJHEHUS paboT u
BapUaHTHI 33J1aHUsI C HAOOPOM CXEM.

JlanHoe mocoOue mpeaHa3HaYeHO ISl CTYJEHTOB 320YHOTO OTAEICHHUS.

1. MeToauyecKkue yKa3zaHusl 0 H3y4YeHHI0 y4eOHOT0 MaTepuaja no TeMam u
BONPOCHI JI51 CAMOKOHTPOJISI

Beenenue

Heo6xoauMo ysICHUTH MECTO TEXHHYECKOW MEXaHUKH B COBPEMEHHOM
MPOU3BOJICTBE, €€ CBA3b C JPYIMMHU JUCIUIUIMHAMU CHEIUaTIbHOCTH. HMeTh
MOHSTHE O MATePUH, JTBIKCHHH, MEXaHMYECKOM JBW)KCHHH, PABHOBECHHU. 3HATH,
YTO U3y4aeT CTaTUKa, KHHEMAaTHKa, THHAMUKA.

Paznen 1 TeopeTnueckasi MexXaHUKA

CraTnka

Craruka gBIsIeTCA YacThl0 TEOPETUYECKON MEXAHUKH, U3yYarolel YCI0BUs,
IPU KOTOPBIX TEJIO HAXOAUTCA MO/ IEMUCTBUEM 3aJaHHOW CUCTEMBI CUJI. Y CIIEHTHOE
OBJIaJIeHNE Y4e€OHBIM MaTepHUaoM MO CTaTHUKE — HEOOXOIUMOE YCIIOBUE IS
U3YYEHUS BCEX MOCIEIYIOIINX TEM U Pa3/IesIOB Kypca TEXHUUECKOW MEXAHUKH.

Tema 1.1 OcHOBHBIC OHATHA U AKCHOMbI CTATUKH

[Ipy w3yyeHUM TEMbI cJleAyeT BHUKHYTh B (DU3UYECKUN CMBICT aKCHOM
cTtaTuku. M3ydas cBSI3U U UX peakiuu, Hy>KHO UMETh B BUJY, UTO pPEaKLMs CBA3U
ABJISIETCS CWJIOW MPOTHUBOJEHCTBUS U HANpaBi€HA BCETa MPOTHBOMOJIOKHO CHUIIE
JEUCTBUS pacCMaTPUBAEMOTO TeJla Ha CBSI3b (OTopy).

Bonpocsl 1iist cCaMOKOHTPOJISA
1. HazoBuTe paznenbl TEOPETUUECKON MEXAaHUKH U YKAXKUTE, KaKWe BOMPOCHI B HUX
M3Yy4aroT.
2. Jlaiite onpenenenune marepuu. [lepeuncnure Gopmbl IBIKEHUS MATEPHUH.
3. B ueM 0OIIHOCTH MOHATHI aOCOJIFOTHO TBEPJOTO TeJla U MaTCPUATBLHON TOYKH H
B UEM HX paznuuue?
4. JlaitTe onpeieIeHUEe CUIIBI.
5. Kakue cucreMbl CUJl Ha3bIBAIOT CTATUYECKU SKBUBAJICHTHBIMHU ?
6. Uto Takoe paBHOACHCTBYIOIIAs CUCTEMA CHJI, YPaBHOBEIIMBAIOIIAs CHIa?
7. ChopmynupyiTe aKCHOMBI CTATHUKH.
8. Kakue Tena Ha3pIBalOTCS CBOOOIHBIMU, a KAKHE HECBOOOTHBIMU?
9. Uto Ha3bIBAETCS CBA3BIO?


https://pandia.ru/text/category/vipolnenie_rabot/

10. YTo Takoe peakuus cBsi3u?
11. Tlepeuncnute BUIBI CBS3€d M YKAXKUTE HAIMPABICHUE COOTBETCTBYIOIIMX UM
pEaKLUH.

Tema 1.2 Ili1ockas cucreMa CXOAAIUXCH CHJI

Ota cucreMa SKBUBAJICHTHA OJHOM cuie (paBHOJAEHCTBYIOLIEH) U CTPEMUTCS
npuaaTh Teily (B cllydae, €ClM TOYKa CXOXKJACHHS CUJ COBHNAJAET C LIEHTPOM
TSKECTH TeJla) NpsIMOJIMHENHOE JBMKeHHe. PaBHoBecue Tena OyaeT UMEeTh MeCTO
B CJIydae pPaBEHCTBA PAaBHOJACUCTBYIOUIEW HYJIO. ['€OMETpUUECKUM YCIOBUEM
pPaBHOBECUS SIBISETCS 3aMKHYTOCTh MHOTOYTOJIbHMKA, MOCTPOEHHOIO Ha CHJIax
CUCTEMbI, aHAJIMTUYECKUM YCIOBHEM — PABEHCTBO HYJIO alreOpanvyeckux CyMM
NPOEKIMI CUJT CUCTEMBI Ha JIF00bIE IBE B3aUMHO MEPIEHANKYIISIPHBIE OCH.

Hayuurech pemats 3ajaui Ha paBHOBECHE Tel, 00paTUB 0c000€e BHUMAaHUE
Ha palMOHAIBHBIN BEIOOP HAINIPABICHUS] KOOPAMHATHBIX OCEH.

Bomnpocsl 1151 cCaMOKOHTP OIS
1. 'eomeTpuueckuii croco0 HAXOXKJEHUS PAaBHOJCHCTBYIOUIEH TMIOCKOW CHUCTEMBI
CXOJSALINXCS CHIL
2. Yto Ha3bIBaeTCs MpOEKIMel cuiibl Ha och? B KakoM citydae MpoeKIusi CHIIbI Ha
OCh paBHa HYJIO?
3.Kak HaliTu cuioBO€ 3HAYEHUE M HAIMpPABIECHUE PABHOJCHCTBYIOLIEH CHUCTEMBI
CWJ, €CIM 3aJaHbl IMPOEKUHUH COCTABJISIOIIMX CHUJ Ha [JBE B3aHMHO
NEPIEHIUKYISPHBIE OCH.
4.ChopmynupyiiTe aHAIUTUYECKOE YCIOBHME PABHOBECHS IUIOCKOH CHCTEMBI
CXOJSAILINUXCS CHIL

Tema 1.3 [Tapa cua

Cucrtema map cuji SKBHUBAJEHTHA OJIHOW mape (paBHOACHUCTBYIOIICH) U
CTpeMHTCS TPpUIATh Ty BpallaTeslbHOE [BIKeHHE. PaBHOBecwe Tena Oyxer
MMETh MECTO B CIlyya€ pPABECHCTBA HYJIIO MOMEHTAa PABHOACHUCTBYIOLIEH IapBbl.
AHQIUTUYECKMM  YCIIOBUEM  DABHOBECHUS  SIBJIISIETCSI  PABEHCTBO  HYIIIO
anredpandecko CyMMbl MOMEHTOB map cuctembl. Ciemnyer oOpaTuTh ocoboe
BHUMAaHHE Ha OMpEEJICHUE MOMEHTA CHJIBI OTHOCHUTENBHO TOYKU. Heobxommmo
IIOMHUTH, YTO MOMEHT CHJIBI OTHOCHUTEJIbHO TOUYKH PABEH HYJIO JIUIb, B CIy4yae
€CJIM TOYKa JIS)KUT HA JINHUU JACHCTBUS CUIIBIL.

Bomnpocsl 1yist cCaMOKOHTPOJISA
1. Yto Takoe mapa cumu?
2. UTo Takoe MOMEHT Taphl CUJI, TICYO MMAPhI CHJIT?
3. ChopmynupyiiTe ycioBrue paBHOBECHS CHCTEMBI Iap CHIL.

Tema 1.4 Ili1ockast cucTeMa NPOU3BOJIBHO PACIOIO0KEHHBIX CHJI

Ota cucTemMa SKBUBAJICHTHA OJJHOM Cujie (Ha3bIBa€MOW I'JIaBHBIM BEKTOPOM)

1 caMoi mape (MOMEHT, KOTOPBII Ha3bIBAIOT IJIaBHBIM MOMEHTOM) U CTPEMHUTCS
8



npujaTh Tey B 0OIIeM cllydae MNPSIMOJHUHEHHOE M BpallaTelbHOE IBUXKECHUE
OJIHOBpeMEHHO. M3ydeHHbIe paHee CHUCTEeMBbI CXOASIIUXCS CUJ M CUCTEMa Map —
YaCTHBIE CJIy4ad TMPOU3BOJIBHOW CHCTEMBbI cujl. PaBHOBecue Tena OyleT UMETh
MECTO B CJydyae pPaBEHCTBA HYJIO U TJABHOIO BEKTOpPa, W TJIABHOIO MOMEHTA
CUCTEMbl. AHAIUTHUYECKUM YCIOBUEM pPaBHOBECHS SIBJISIETCS PABEHCTBO HYJIIO
anreOpanyeckux CyMM TMPOEKIUMH CHJI CHUCTeMbl Ha JtoOble JBE B3aUMHO
MEePIEHIUKYJISIPHBIE OCH OTHOCUTEIBHO 000 Touku. CleayeT MoayuYuTh HaBBIKU
B pEIICHUM 3aJlady Ha PaBHOBECHE TEJI, B TOM YHCJIE Ha OMpEACICHUE OMOPHBIX
peakiuii 0ajgoK W CWJI, HArpy>KarwIlIuX CTEPKHH, OOpaTUB 0cO000O€ BHUMAHUE HaA
palMoHaIbLHBIA BBHIOOp HANPABJICHUS KOOPIAWHATHBIX OCEW U TMOJIOKEHUS IEHTpa
MOMEHTOB.

Bonpocel 1151 caMOKOHTPOJISA
1. Yto Tako€ MOMEHT CUJIbl OTHOCUTEIBLHO TOUKHU?
2. Kak Oepercs 3HaK MOMEHTA CHUJIbI OTHOCUTEIBLHO TOUKH ?
3. UTto Ha3bIBaETCS TICUOM CHUJIBI?
4. B kakoM clTy4ae MOMEHT CHJIbl OTHOCUTEILHO TOUKH PaBEH HYIIO?
5. Uto Takoe TyIaBHBIM BEKTOP U TJIABHBIM MOMEHT TIJIOCKON CUCTEMBI CHJI?
6. Chopmynupyiite Teopemy BapunboHa.
7.ChopMynupyiiTe aHaJTUTUUYECKOE YCIOBHE PABHOBECHUS TIUIOCKOH CHCTEMBI
IIPOU3BOJILHO PACIIOJIOAKEHHBIX CHUII.
8. Ykaxkurte Tpu BUJa ypaBHEHHs paBHOBECHS TUIOCKON CHCTEMBI POU3BOJIBHO Pac
MOJIOKEHHBIX CHIL
9. VkaxuTe, Kak palMoOHAJIbHO BHIOpATh HAMPABIEHUS OCEW KOOPAWHAT U IICHTP
MOMEHTOB.
10. Kakue Harpy3Kku Ha3bIBaIOTCSl COCPEOTOYCHHBIMU U PaCIpeIeTICHHBIMHU ?
11. Yto Takoe UHTEHCUBHOCTh PABHOMEPHO PacIpe/ieICHHON HAarpy3Ku?
12.Kak HalTH YKCIOBOE 3HAYCHHE HAMPABICHUS W TOUYKY MPUIOKEHUS
PaBHOJAECHCTBYIOILIEH PABHOMEPHO PACIPENECICHHON HArPY3KH.
13. Kakue cucteMbl Ha3bIBAIOTCS CTATUYECKH OMPEACTUMBIMU ?
14. Yro Ha3bIBaeTCS CUIION TpeHHUs ?
15. IlepeuricinTe OCHOBHBIE 3aKOHBI TPEHUSI CKOIbKEHUSI.
16. UTo Takoe yroy TpeHus, KOHyC TpEHUs?
17. KakoBbl 0COOCHHOCTH TPEHUS KaUEHUs?

Tema 1.6 IIpocTpaHcTBeHHas cUCTEMa CHJT

Kak mnnockue, mpoCTpaHCTBEHHbIE CHUCTEMBI MOJPA3JENSAIOT Ha CUCTEMBI
CXOJAIIMUXCA WJIM TPOU3BOJIBHO  PACHOJOKEHHBIX CHJI. MHOTrOYTrOJbHUK,
MMOCTPOCHHBIM HA CXOMSIIIMXCS CUJIaX CUCTEMBI, OKa3bIBACTCS MIPOCTPAHCTBEHHBIM,
YTO J€JaeT HEBO3MOXKHBIM MPUMEHEHUE TPaPUUEcKoro U rpadoaHaIuTUYECKOrO

MCTOAOB PCUICHUA. AHanuTHYECKUI MCTOA PCHICHHA aHAJOIMYCH H3JI0KCHHOMY
9



JUISL TTIOCKUX CHUCTEM C TOW JIMIIIb Pa3HUIICH, YTO CHIIBI MPOCIUPYIOTCS HA TpH (a
HE Ha JIB€) B3aMMHO MEPICHIUKYJSIPHBIE OCH, & MOMEHTHI CHJI OINpPEIEsSIOTCS
OTHOCHUTEJIBHO ATUX Ocel (a He Touek). HeoO0Xo1MMO MOMHUTH, YTO MOMEHT CHUJIBI
OTHOCHUTEJIBHO OCH PAaBEH HYJIO B TOM CiIy4yae, KOrja CHJIa U OCh JIeKaT B OJHOM
MJIOCKOCTH (T.€. JIMHUS JEHCTBUSI CUJIBI UJTK MapajijiesibHa OCH, HIIM TMIEPECEKaET €¢e).

Bonpocel 1151 cCaMOKOHTP OIS
1. Hanumure ypaBHEHUsT paBHOBECHs JJISI IPOCTPAHCTBEHHOM  CHUCTEMBI
CXOJISIIIUXCS CHIL.
2. Uto Takoe MOMEHT CWJIbl OTHOCUTEILHO OCU? B Kakux ciydasX MOMEHT CHJIBI
OTHOCHUTEJIBHO OCH PaBEH HYJIIO?
3. Hamumure ypaBHEHUsI paBHOBECHS JJIsI MPOU3BOJBHOM MPOCTPAHCTBEHHOMU
CHUCTEMBI CHUJL.

Tema 1.7 LleHTp TAXKECTH TejIa

TeMa OTHOCHUTENIBHO MPOCTAa Il YCBOEHHWS, OJJHAKO KpaWHE BaKHa MpHU
W3YUYCHUU Kypca CONPOTUBICHUS MaTepualioB. [J1laBHOE BHUMAHHUE 3/E€Ch
HE0OXOAMMO OOpaTUTh HA PElIeHUE 3aJlad KaK C IUIOCKUMHU M T€OMETPUYECCKUMHU
dburypamu, TaK U CO CTaHAAPTHBIMHU MPOKATHBIMU MPODUIISIMH.

Bonpocsl 1j1s1 CAMOKOHTP OIS
1. Yto Takoe LEeHTp NnapajuleIbHbIX CHIT?
2. Kak HaliTu KoopAMHATHI IIEHTpa NapauIeIbHbIX CUJT?
3. Uto Takoe IeHTp TSKECTH Tena?
4. Kak HaliTW UEHTP TSKECTU NMPAMOYTOJIbHUKA, TPEYTOJIbHUKA, Kpyra?
5. Kak HaliTu KOOpAMHATHI LIEHTPA TSHKECTH IJIOCKOTO COCTABHOI'O CEUEHMS ?

Kunemaruka

Tema 1.8 OcHOBHBIC MOHATHSA KHMHEMATHKH

N3yynB KWHEMAaTWKy TOYKH, OOpaTHTe BHHMMAaHHE€ Ha TO, 4TO
NPSIMOJIMHEWHOE JIBUKEHHWE TOYKM KaK HEPaBHOMEPHOE, TaK W PaBHOMEPHOE
BCErJa XapaKTepU3yeTCsd HaJUYUeM HOPMalbHOrO (LIEHTPOCTPEMUTEIBHOTO)
yckopeHusa. Ilpm mocrymarenbHOM — JBWKEHMHM Tela  (XapakTepu3yeMOM
JIBUKEHUEM JTFO00M €r0 TOYKH) MPUMEHUMBI BC€ (POPMYINIBI KMHEMATHKU TOYKH.
@opMynbl 11 ONPENENICHHs] YIJIOBBIX BEIMYMH TeJa, BPALIAIOIIErocsi BOKPYT
HETMOJBI)KHOW OCH, UMEIOT TIOJHYIO CMBICIOBYIO aHAJIOTHIO C (popmynamu s
ONpENENICHUs] ~ COOTBETCTBYIOIIMX  JIMHEHMHBIX  BEJIMYMH  MOCTYyHaTEIbHO
JBUKYIIErocs Tena.

Bomnpocsl 1y1st CaMOKOHTPOJISA
1. Yto uzyyaet kuHeMaTuka?
2.Yto Takoe cuctema orcyéTa?
3. Kakoii cMBICII UMEIOT B KHHEMATHKE ITOHATHS «IIOKOW» Y «BUKECHHUEY ?
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4. Jlaiite onpeneieHUE OCHOBHBIX IMOHATHUI KUHEMATUKH: TPAaeKTOpUS,
paccTosiHue, MyTh U BpEMSI.

Tema 1.9 KunemaTunka TOYKH

N3yunte ypaBHEHUsS [JBUXEHHS TOYKH; OIPEACICHUS YCKOPEHUS;
MOCTPOCHHE TpaUKOB YCKOPEHUSI, CKOPOCTH, IMYTU, PACCTOSHUSI.

Bonpocel 1151 cCaMOKOHTP OIS
1. B yeM 3axirodaeTcsi OTHOCUTEIILHOCTD ITOHSATHI IOKOS U JIBMKCHHUS ?
2. Kaknmu crioco6amMu MOKET OBITH 3aJ1aH 3aKOH JBMKCHUS TOUKH?
3.Kak HampaBlieH BEKTOpP HWCTHUHHOM CKOPOCTH TOYKH TMPU KPUBOJUHEHHOM
JIBKEHUN ?
4. Kak HarpaBJieHbl KacaTeJIbHOC U HOPMaJIbHOE YCKOPEHUS TOUKH?
5. Kakoe aBmKeHHE COBEPIIIACT TOUKA, €CIIU KacaTeIbHOE YCKOPEHUE PABHO HYJIIO,
a HOpMAJIbHOE HE M3MEHSIETCS C TCYEHUEM BpEMEHU?
6.Kak  BBITIAIAT  KMHEMaTH4ecKue  rpaduku mpu  paBHOMEPHOM  H
PaBHONIEPEMEHHOM JIBUKEHUU ?

Tema 1. 10 IIpocTeiimue ABUKEHUSA TeJIa

N3yuure mnocTymaTenpbHOE W BpamaTeiabHOe JBMXeHue Ttena. OOpartute
BHUMAaHUE€ HA OIPEICJIIEHHE BCEX MapamMeTpoOB BpaIllCHUS TeJla BOKPYT
HEIMOJABHKHOM OCH.

Bonpocskl 17151 CAMOKOHTPOJIA
1. Kakoe ABUKEHHUE TBEPIOTO TEJIa HA3bIBAETCS MOCTYMATEIbHBIM?
2. [lepeunciauTe CBOKWCTBA MOCTYMATEIHHOTO JBUKCHHS TBEPAOTO Tea.
3.JlaitHe ompeneneHre BpallaTeIbHOTO JBIKCHHS TBEPAOrO Tejla BOKPYT
HETIOABIDKHOM OCH.
4 Kak 3amuchiBaeTcss B OOIIEM BHJE YpPaBHCHHE BpaIIaTECIbHOTO JIBHIKCHHUSI
TBEPJIOTO Teja?
5. Hammmure dhopmyiy, yCTaHABIMBAIOIIYIO CBSI3b MEXKIY YaCTOTOM BpaIleHUS
TeJIa ¥ YTJIOBOM CKOPOCTBIO BPAIICHHUS.
6. Jlaiite ompeaencHue PaBHOMEPHOTO W PABHOIEPEMEHHOI'O BpallaTeIbHOTO
JIBH>KCHUSL.
7. Kakas nmuddepeHnranpbHas 3aBUCHMOCTh CYIIECTBYET MEXKIY YIJIOBBIM
MepeMEeIIEHUEM, YTJIOBOM CKOPOCTHIO U YIJIOBBIM YCKOPEHUEM?
8. Kakas 3aBHCHMOCTBh CYIIECTBYET MEXKAY JIMHCHHBIM IIEPEMCIICHHEM,
CKOPOCTBIO M  YCKOPEHMEM TOYEK BpAIIAIOMIErocs Tejla W YIJIOBBIM
MEPEMEIIEHUEM, CKOPOCTBHIO U YCKOPEHUEM TeEJa.

Tema 1. 11 Cio:xHoe ABHKEeHHE TOUYKH

[Ipy wu3ydyeHun wmarepuwana TeMbl, OOpaTUTe BHHMaHHE Ha TO, KaKOe
TBMDKEHUE SIBJIICTCS OTHOCUTEIBHBIM, IIEPEHOCHBIM, a0COIFOTHBIM.

BOIIpOCLI AJIA CAMOKOHTPOJIsA
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1. Kakoe nBWXEHHE TOYKM Ha3bIBAETCA OTHOCUTEIBHBIM, TEPEHOCHBIM,
abcomoTHeiM?  IlpuBeauTe mNpUMEpPbl  OTHOCUTEIBHOrO, TEPEHOCHOTO H
a0COJIFOTHOTO JABMKECHUS TOUKH.

2. ChopmynupyiTte TEOpeMy CIOXKEHHUS CKOPOCTEH MPU CIONKHOM JIBUKCHHHU
TOYKH.

Tema 1.12 CioxxHoe IBHKEHHE Tejia

N3yuuB mmockomapasuieibHOE JBHMIKEHHE TeJlla, €ro pas3jioKEeHHe Ha
MOCTyMNaTeIbHOE UM BpalllaTebHOE, HAYYUTECh peIllaTh 3aJaud Ha OMpPECIICHHE
CKOPOCTEH JIFOOBIX TOYEK MIOCKUX MEXaHU3MOB.

[Ipu wuznoxxeHun TEeMbl OOpaTUTE BHMMAaHWE Ha  BO3MOXKHOCTH
DKBUBAJICHTHOW 3aMEHBI JIByX BpalllaTeJIbHBIX JBIDKCHUN Tela OJHUM s
napajuieNIbHbIX W TEPECEKAIOIIMNXCS OCeH, OMpeeieHUE YIIOBOH CKOPOCTH
a0COJIFOTHOTO BpaIllCHUsI TeJla.

Bomnpocsl 1151 cCaMOKOHTP OIS
1. Kakoe nBu>keHHE TBEPAOTO TeJia Ha3bIBACTCS TIOCKOTapaIICTbHBIM ?

2. Ha xakue nBUXKEHUS MOXKET OBbITh Pa3I0kKEHO TUIOCKOMApAIIEIbHOE IBUKEHUE ?
3. UTo Takoe MIrHOBEHHBIHN IIEHTP CKOPOCTEH?

4, Kak ompeaenuTh aOCOIIOTHYIO CKOPOCTD JIFOOOW TOYKH Tea, €CIIM TOJIOKEHUE
€€ MTHOBEHHOI'0 IIEHTPa CKOPOCTE U3BECTHO?

JInnamuka

[Tpu u3ydeHuu pasaena BHUKHUTE B (PU3HYECKUN CMBICT aKCHOM JTMHAMUKH,
HAy4YWTECh MCIOJIb30BaTh OCHOBaHHBIM Ha mnpuHIune Jlamambepa MeTon
KMHETOCTATUKH, TMO3BOJISIONIMA MPUMEHSITh YPaBHEHUS PABHOBECHUS CTATUKHU JJIst
JIBIDKYILIETOCST € ycKkopeHueM Tena. CieayeT IMOMHHUTb, 4YTO CWia HHEPIUU
MpUJIaraeTcsi K yCKOpeHHOMY TeJly YCJIOBHO, TaK Kak B JEWCTBUTEIbHOCTH HA HETO
He aercTByeT. Oco00oe BHUMAHHE CIICIYET yIEIUTh BOIPOCY TPEHHS CKOJIbKCHUS
U TIOHSATUIO CaMOTOPMOXKEHUS, MMEIOIIMM Ba)KHEWIIEee 3HAYEHHE B TEXHUKE.

dopMyIibl 1S ONpeAesieHus padoThl, MOIIHOCTH M KUHETUYECKON HYHEPTUU
Tela, a TaKK€ OCHOBHOM 3aKOH JMHAMHUKHU [JI CIy4aeB IOCTYNATEIbHOTO M
BpalIATEIbHOIO JIBHXKEHUS T€JIa UMEIOT MOJIHYIO CMBICIIOBYIO aHAJIOTHUIO.

Tema 1.13 OcHOBHBIE OHATHS U AKCMOMbI TUHAMUKH

[Ipy wu3yueHun TeMbl HEOOXOJMMO HAY4YUThCS, NPH pEIICHUH 3ajady,
MPUMEHSTh aKCUOMbI IMHAMUKHU U CJIEJICTBUS U3 HUX.

Bomnpocsl 1iist caMOKOHTPOJISA
1. ChopmynupyiiTe mMepByr0 akKCHOMY TWHAMHUKH (IPUHITUI WHEPIUU) U BTOPYIO
aKCHOMY TMHAMUKU (OCHOBHOM 3aKOH JUHAMHKU TOYKH).

2. ChhopmynmupyiiTe 1Be OCHOBHBIC 3a/1a9H JTHHAMUKH.
3. MBnoxuTe TpeThi0 aKCHOMY JUHAMUKH (3aKOH HE3aBUCUMOCTH JCHCTBUS CHJ) U

YETBEPTYIO aKCHUOMY (3aKOH PaBEHCTBA JICMCTBUS 1 MPOTUBOJACHCTBUA).
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Tema 1.14 /IBu:keHre MaTePUAJBbHOM TOUYKH. MeTO KHHETOCTATHKHU

N3yunte noHATHS O CBOOOJHOM M HECBOOOJHOM TOYKE, O CHJIE MHEPIUH.
Hayunrtecr pemare 3aauud Ha MOCTyIATENbHOE ABWKEHUE Tena ¢ [loMomibro
METOJ]a KHHETOCTATUKHU JIJIsl JTI0O0TO BHUIa IBUKECHUS.

Bonpocel 1151 cCaMOKOHTPOJISA
1. JMlaiite onpenenenue cwibl uHepiuu. Kak ompexpensiercs ee MOAyidb U
HarpasiyieHne? K ueMy npuiokeHa cuiia HHEPIUU ?
2. B yem 3axmrovaetcst npunnun Jlamambepa?

Tema 1.15 PaGora u MmoiHocTH

[Ipu u3ydeHnn TeMbl HEOOXOIUMO YCBOUTH MOHSITUS PabOThI, MOIIHOCTH,
kod(uiMeHTa Mmoje3Horo aeucTBus. M3yunrte eauHUIBI U3MEPEeHUs PabOThl U
MomiHocTH. HaydyuTtech pemath 3afadu MO OMNpeeIeHUI0 paboThl U MOITHOCTU
P MOCTYINATENBHOM U BpallaTeIbHOM JBUKEHUU TeJl, IOTEPh HA TPEHUE.

Bomnpocsl 1151 cCaMOKOHTP OIS
1. Kak ompenensieTcss paboTa MOCTOSSHHOW CHUJTBI HA TIPSIMOJTMHEHHOM TTyTH?
2. YUto Ha3pIBaeTCSI MOIIIHOCTHIO?
3. Uto Takoe MexaHU4YeCKHuil KO PUIIMEHT MOJe3HOTO ACHCTBUS?
4. HazoBute ¢hopmyity, MO3BOJIAIONIYIO OMPEIETUTh BpAIAIOIUNACI MOMEHT Yepes
nepeaaBaeMyl0 MOIIHOCTh M YIJIOBYK) CKOPOCTh BpallleHUsT Teja IpuU
PAaBHOMEPHOM BpAILICHUH.

Tema 1.16 O01ume TeopeMbl IMHAMUKH

N3yuute obmue Teopun auHamukd. OOpaTuTe BHUMAHWE: Ha pEUICHUE
3a/1a4 Ha MOCTYMATENbHOE ABUKEHHUE TOUKH U TEJla C UCHOJIb30BAHUEM TEOPEM O
KOJMYECTBE [BUXKEHHUSA W O KUHETUYECKOM OHHEpPruM; Ha pEIICHHE 3aJad C
UCIIOJIb30BAHUEM OCHOBHOTO 3aKOHA JWHAMHKHU JUIsl BpPallaTEIbHOTO ABUKEHUS
Tena.

Bonpocsl 1yist cCaMOKOHTPOJISA
1. JlaliTe onpenencHne UMITYJIbCa CHIIBI, KoJmdecTBa JIBrkeHUs. ChopMmyaupynTe
TeopeMy 00 U3MEHEHUH KOJIMYECTBA JBUKECHUS TOUKH.
2. Uto Takoe kuHeTwyeckas sHeprus Touku? Cdopmynupyiite TeopeMy 00
W3MEHEHUH KUHETUYECKON DHEPIUU MaTEPUAIIBHOW TOUYKHU.
3. Ilepeckaxute GopMyIHPOBKY OCHOBHOTO 3aKOHA JIMHAMHUKH BPAIATEIHHOTO
JBUKEHHS TBEPJOTO Tea.
4. Yto Takoe MOMEHT uHepuuu Tena? OT 4ero 3aBUCUT €ro 3HaUYCHHE?

Pazngen 2 ConporuBjieHne MaTepuasioB
N3ydeHne Kypca CONPOTUBICHUS MaTepUaloB (Hayka O TMPOYHOCTH,
AKECTKOCTH U YCTOMYHUBOCTH, 1€POPMHUPYEMBIX O] HATPY3KOH 3JIEMEHTOB MalllMH

Y KOHCTPYKIIMI) CleAyeT HauyaTh ¢ MOBTOpeHUs paznena «Cratuka» (paBHOBECHE
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T€Jd, YpPAaBHEHUS PABHOBECHUS, T'E€OMETPUUYECKHE XaPAKTEPUCTUKH CEUCHUH).
HenpeMeHHBIMU  yCIIOBHSIMH  YCHEITHOTO OBJIAJCHUSI YYEOHBIM MaTepuaIoMm
SBJISIIOTCS: @) 4YETKOE TMOHMMaHuE (PU3MYECKOTO CMBICIA pPaccMaTpUBAEMBbIX
MOHSATHI; 0) CBOOOHOE BJIaJECHUE METOJIOM CEUEHUM; B) OCO3HAHHOE IPUMEHEHHE
FEOMETPUUECKUX XapPAKTEPUCTUK MPOUYHOCTU M KECTKOCTHU IMOIMEPEUHBIX CEUCHHUI;
I) CaMOCTOSITEIbHOE  pEIIeHHE JOCTAaTOYHO  OOJIBIIOTO  4YMcia  3ajad.
[IpuHuunuanpHasi cxeMa HW3YYeHMs] KaXXJIOro W3 BHUJOB HarpykeHus Opyca
eauHooOpa3Ha: OT BHEIIHUX CWJI C IMOMOIIBI0O METOJIa CEUCHHUs] K BHYTPEHHUM
CUJIOBBIM (DaKTOpaMm, OT HUX — K HaIpPSHKEHUSIM, OT PACUETHOTO HAMPSHKEHUS — K
YCIIOBUIO MPOYHOCTH Opyca.
Tema 2.1 OcCHOBHBIE NOJIOKEHHUS COMPOTUBJIEHUS MATEPHAJIOB

BuyTpeHHue cuiibl, BOSHUKAIONIME MEXKY YacCTHUIAMU TeJla TOoJ JeHCTBUEM
HArpy30K, SIBIISIFOTCS TAKOBBIMHU il Tena B 1einoM. [Ipu mpuMeHeHuu Mmeroja
CEUYEHUM 3TU CUJIBI JUISI pacCCMaTPUBAEMOM YacTH Teja SBISIIOTCS BHEIIHUMHU, T.€. K
HUM NPUMEHUMBI METOJbI CTAaTUKH. J[eMCTByIOIas B MPOU3BOJIILHO MPOBEACHHOM
MOTIEPEYHOM CEUYEHWU CHUCTEMa BHYTPEHHHMX CHJI DKBHUBAJICHTHA B OOIEM cllydae
OJIHOW CHWJI€ U OJHOMY MOMEHTY. Pa3lio)KMB WX Ha COCTaBJISIOIIHME, TMOIYyYUM
COOTBETCTBEHHO TpH CWJIBI (IO HANpaBJICHUIO KOOPJAWHATHBIX OCEH) U TpH
MOMEHTa (OTHOCHTEIIbHO JTHUX OCEi), KOTOpble Ha3bIBAIOT BHYTPECHHUMHU
cuinoBeiMH (pakTopamu (BC®D). BozuukHoBeHue tex win uHbIX BC® 3aBUCHT OT
dakTuyeckoro Harpyxkenus Opyca. Omnpenensitor BCO® ¢ momompio ypaBHEHUN
paBHOBECUSI CTaTUKU. BHYTpEHHUM HOpPMalbHbIM CHJIaM COOTBETCTBYIOT
HOpMAaJIbHbIE HANPSI)KEHUS G, KACATEIbHBIM CHJIaM — KaCaTEJIbHbIE HAIIPSKEHUS T.

Bonpocskl 1j1s1 CAMOKOHTPOJIA
1. JIns dyero uzydaeTcsi CONPOTUBICHUE MaTEPUATIOB?
2. Uem oTiimuaetcs ynpyras aedhopmaiys OT MIacTHYECKON?
3. CnenyeT nu yunuTHIBATh U3MEHEHUE PA3MEPOB TEJ MPU COCTABJICHUH YPABHEHUM
PaBHOBECHS CUJI, TPUJIOKEHHBIX K HEMY?
4. B kakux ciiy4asx MpH JEUCTBUHM Ha TEJNO HECKONBKUX CHI IP(DEKT neicTBUs
KO CHJIBI MOKHO CUMTaTh HE3aBUCHUMBIM OT JAeicTBUA Apyrux cui? Kakoe
Ha3BaHUE, HOCUT 3TOT IPUHIUIT?
5. KakuMu pacueTHbIMM CXEMaMU 3aMEHSIIOTCA pealibHble OOBEKTHl pacuera?
KakoBbl reomeTprueckue npu3Haky, IPUCYIIUE KaXI0W pacueTHON cxeme?
6. [louemy Henb3sl ONMpenenuTh BHYTPEHHUE CUJIOBBIC (PAKTOPHI B TIPOM3BOJIBHOM
CEUYEHUH, pacCMaTPUBAsi PAaBHOBECHE BCEIO TeJia B LIEJIOM?
/. B dem 3akir04aeTcsi METO] CEUYEHU?
8. MOXHO M C TIOMOIIBI0O METOJa CEYECHUN YCTAHOBHUTH 3aKOH PACIIPEICIICHHUS
BHYTPEHHUX CUJIOBBIX (PAKTOPOB IO MPOBEJCHHOMY CEYEHUIO?

9. YUro Takoe Hanpspkenne? KakoBa pa3MepHOCTh HAMIPSIKEHUS ?
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Tema 2.2 PacTsiskeHne U cxxaTue
[Ipu u3yueHun Tembl ciaeayer oOpaTUTh 0co00€ BHUMAHUE HA TUIIOTE3Y IJIOCKUX
CEUEHUM, KOTOpas CHpaBeUIMBa M MpHU JIPYTrUX BUAaX HarpyxeHus oOpyca. [lpu
PACTSDKCHMHM WJIM CXKATHM HANPSDKCHUST PACTpPENIeNIIOTCS MO TOMEPEYHOM Y
CEYCHHUIO PABHOMEPHO, TIE€OMETPUYECKOM XapaKTEPUCTUKOW IIPOYHOCTU U
AKECTKOCTH CEUCHMS SIBJIICTCS €ro IJIONIaab, opMa CEUCHHUS] 3HAYCHUS HE UMEET,
BCE TOUKHM CEUEHHUs paBHOOMAcCHBI. JlocTaTouHOE BHUMAHHUE CIEAYET YIEIUTh U
BOIIPOCY HCTBITAHUS MATEPUATIOB, OCHOBHBIM MEXaHUYECKUM XapaKTEPUCTHUKAM
IPOYHOCTH MaTepuasa, MpeaeabHbIM U JOIMYCKAEMbIM HAIMPSKCHUSIM.

Bonpocel 1151 cCaMOKOHTPOJISA
1. B xakoMm citydae Opyc UCTIBITHIBACT Je(POpPMAIINIO PACTSIKEHUS WIIH CIKATHS?
2. KakoB 3aKk0H M3MEHEHUS HOPMaJIbHBIX HAMPSHKEHUM MO TUIOMIAIN TMOTEPEYHOTO
CEUYECHUS MPHU PACTHKCHUH U COKATHU?
3.Bouser num  Qpopma momepedyHOro CeYeHUs Ha 3HAUYCHHE HaIpPsHKCHUM,
BO3HHMKAIOIIUX MPU PACTSHKCHUU U CKATUN?
4Yto Ha3pIBaeTCS OHIIOPOM HOPMAJIBHBIX CHJI W JIIOPOH  HOPMaJIbHBIX
HaIPSYKEHU ?
5. lnst wero crposr smropsl N 1 6?7 Kakoe nornepednoe ceueHue Opyca Ha3bIBaeTCs
OMacHBIM?
6.Yro Takoe MoOAydb MPOJOJBHOM yIPYrocTH MaTepuana, KakoBa €ro
Pa3MepHOCTH?
7. KakoBa CcBsI3b MEXy MPOJ0JIFHON M TIoTIepeuHoi nedopmarmeii?
8.UTo Takoe JKECTKOCTh CeYeHHs Opyca M >KECTKOCTh Opyca MpH PACTHKECHUH
(cxaTun)?
9. KakoBa 11e;1b MEXaHMYECKUX UCITBITAHUA MaTEePHAIOB?
10. Yro nHazbpIBaeTCs mpeaeraamMu MPONOPIUOHAIBHOCTH, YIPYTOCTH, TEKY4YECTH,
MIPOYHOCTH?
11. KakoBbI XapaKTEpUCTUKH MIACTUYHBIX CBOWCTB MaTEpUaAIOB?
12. B 4em 3akiroyaeTcsl 3aKOH pa3rpy3Ky U MMOBTOPHOTO HATPYKEHUS ?
13. Kakue cucteMbl Ha3bIBAIOT CTATUYECKU HEOTIPEIETUMBIMHU ?

Tema 2.3 IlpakTryeckue pacueTbl Ha Cpe3 U CMATHE

[Ipu u3yuyeHun TeMmbl cieayeT OOpaTUTh BHUMAaHUE Ha pacueT 3aKJIEMNOK,
CBapHBIX COCIMHEHU U BpYOOK. SIBIeHUE cpes3a BCerma «OCI0XKHEHO» HAIMYUEM
npyrux HampsbkeHuil. Hago yMeTh mokaszaTh Ha yepTeke IUIOMIAJIKU, Ha KOTOPBIX
BO3HHUKAIOT HAIMPSKEHUS CPe3a, CMATHUS, CKAJIbIBAHUSI.

Bomnpocs! 15151 cAaMOKOHTPOJIA
1. Ha xakux qomyIieHusIX OCHOBaHbI pacuéThl Ha cpe3?
2. ITo xakum GopmMyitam MPOU3BOIAT PACUET HA Cpe3 U CMATHE?
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3.Kak omnpenensercs  miIomaab  CMATHS, €CIM  IOBEPXHOCTb  CMATHS
UWIHHAPUYECKAS, TTIOCKas?

Tema 2.4 I'eomeTpuYecKHe XapAKTEPUCTHKH INIOCKUX CeYECHU I

B Teopun wu3ruba BaxKHYIO pPOJIb HMIpalOT MOMEHTHl WHEPIUHU, TMO3TOMY
CJIelyeT pacCMOTPETh 3TOT BOMPOC B BUE CAMOCTOSATEIbHON TEMBI.

[lepen u3yueHueM 5TOM TeMbl MO YYEOHUKY TEOPETUUYECKONM MEXaHUKU
MOBTOPUTE MaTe€pUal O CTATUHYECKOM MOMEHTE M O HaXO0XKJICHUH LIECHTPOB TSHKECTH
IJIOCKUX (Uryp.

[Ipu u3yueHuu Temsbl ciaeayetr oOpaTUTh BHUMaHUE HAa TEOPEMY O MEPEeHOCe
oceil. Drta ¢dopmyna HArJAIHO MOKAa3bIBAE€T, YTO HAUMEHBIIUM H3 MOMEHTOB
UHEPLIMH OTHOCUTENIbHO HECKOJbKUX MapauIebHbIX OCEH SBISETCS MOMEHT
MHEPLIMH OTHOCUTENIBHO TOM OCH, KOTOpasi MPOXOJIUT Yepe3 LEHTP TSHKECTH.

B Teopum wu3ruba BaKHYIO pOJb HWIPAIOT TIJIaBHBIE LEHTPAJIbHBIE OCH.
OOpatuTe BHUMaHHUE Ha OMpEEICHUE MOJOKEHHUS TJIaBHBIX IEHTPAJIbHBIX OCEH.
Ecnu cedenune cocTouT M3 psiga MPOKATHBIX Npoduied, TO HEOOXOAUMO MpH
BBIUMCIICHUSX TIOJIb30BATHCS TAHHBIMU TA0JIUIl COPTAMEHTA.

Bomnpocsl 1151 cCaMOKOHTP OIS
1. Yto Takoe cTaTHUEeCKUi MOMEHT CEUCHHUS ?

2. Uto Takoe 0ceBOM U IEHTPOOESKHBI MOMEHTBI MHEPIIUU TUIOCKOTO CeUeHUs1?

3. U3MeHstoTca 1M LIEHTPOOEKHBIE U OCEBbIE MOMEHTBHI MHEPIIUU MPU TOBOPOTE
oceit? Ilpu napamiensHoM nepeHoce?

4. Yo Takoe IJIaBHbIE [IEHTPAIbHBIE OCH HHEPLIH ?

5.Kakasi cCBA3b CyIlIECTBYET MEXKJIYy MOMEHTAMH HWHEPUUU OTHOCUTEIBHO
napajieNIbHbIX OCEH, N3 KOTOPBIX OJHA SIBJIAETCS UEHTPaIbHOM?

6.Hamumure ¢dopMynbl Uisi BBIYMCICHHS OCEBBIX MOMEHTOB WHEPIUHU IS
IpSIMOYTOJIbHUKA, PABHOOEIPEHHOTO TPEYTroJbHUKA, KPYyra U KOJIbIIA.

7. Kak onpenensitor oceBble MOMEHTBHI HHEPLIMU CIIOKHBIX COCTABHBIX CEUEHUM ?

Tema 2.5 CaBur u KpyueHue

N3yuyass matepuanbl TEMBbI, CJleAyeT OOpaTUTh BHHUMAHHE Ha TOJHYIO
CMBICJIOBYIO AHAJIOTHIO 3aKOHOB ['yKa Mpu CABUre W MPU PACTSHKEHUU (CHKATHM),
CPaBHUTHh 3HAYEHUS MOJAYJEH yOPYrocTd Marepuaia IMpU CIABUIe U MpU
IpOAOIBHOM Je(OpMUPOBaHUN (KECTKOCTh JIHOOOr0 Marepuaia MpH CIIBUTE
MeHblie). [Ipy KpydyeHuUM HamnpsKEHHs pacHpenessioTcs I0  MONEPEYHOMY
CEYECHHMIO HEPABHOMEPHO (B JIMHEHMHOW 3aBHCHMOCTH OT PacCTOSIHUSA TOYKH 10
MOJIFOCA  CEUYEHUS), OINACHBIMHU SIBJISIIOTCA BCE TOYKM KOHTYpa CEYEHHS.
['eoMeTpuUYECKUMU  XapaKTEPUCTUKAMHM IPOYHOCTH M IKECTKOCTU CEUCHUS
SBJISIFOTCSI  COOTBETCTBEHHO TIOJIAPHBIA MOMEHT CONPOTHUBJICHUS U TOJISIPHBIN
MOMEHT WHEpLUH, 3HAYEHUS] KOTOPHIX 3aBHUCAT HE TOJHKO OT IUIOIIAJAH, HO U OT

dbopmbl cedueHusi. PanioHanbHbIM (T.€. JAIOIIUM 3KOHOMUIO MaTepuana) siBIseTCs
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KOJIBIIEBOE CEUYEHHUE, UMEIOIEE MO CPABHEHUIO C KPYTJIbIM CILIONIHBIM MEHBIIYIO
IJIOIA/Ib IPU PABHOM MOMEHTE COMPOTUBIICHUSI (MOMEHTE UHEPIIHH ).
Cnenyer oOpaTuTh BHUMaHHE Ha BBIYMCICHUE BpAIllalONIETO0 MOMEHTa Ha
BaJIy 11O 3aJJaHHBIM MOIIIHOCTH ¥ YTJIOBON CKOPOCTH Bala.
Bonpocel 1151 cCaMOKOHTPOJISA
1. B uem coctout nedopmanus casura?
2. UTo Takoe MOyJb CABUTA U KaK OH CBSA3aH C MOJIYJIEM IIPOJIOJILHOM YyIIPYyTroCcTu?
3. Kak onpenensiercst KpyTAIIUi MOMEHT B MPOU3BOJILHOM CEUCHUU ?
4. Kakas 3aBHCHUMOCTb CYILECTBYET MEXAY MepelaBaeMOi BajOM MOIIHOCTHIO,
Bpalllalol[MM MOMEHTOM U YTJIOBOW CKOPOCTHIO?
5.Ha xkakux rwumore3ax | JIONYIICHUSX OCHOBAHbI BBHIBOABI (QOpMyn s
OTpeNeNieHus] KacaTebHBIX HANpsDKEHUW M YIJIOB TOBOPOTA CEUYEHUW MpH
Kpy4eHuHU Opyca Kpyrioro ceyeHus?
6. KakoB 3aKk0H M3MEHEHHS KacaTeIbHbIX HAMPSIKEHUH MO TUIOMIAIN TTOTIEPEUYHOTO
CEUYCHUS NMPU KpydeHUU?
7.Uto sBIsSETCS TEOMETPUUECCKUMU XapaKTEPUCTUKAMH CEUCHMsI Bajla MpH
Kpy4eHUun?
8. [Touemy BbITOJIHEE TPUMEHSTH BaJlbl KOJBIIEBOTO, a HE CIJIOIIHOTO CEYCHHUS?
Tema 2.6 IIpsamoii n3ru6
Teopust yacTuuHOro M3ruba HMMeEET KakK BHEIIHIOK, TaK M CMBICIOBYIO
aHAJIOTUIO C TEOPHEN KPYYEHHUs — aHAJIOTUYHOE pacIpele]ICHUE HaIpPSKEHUU Mo
NONEPEYHOMY CEUEHHIO: HAJIMYME OIACHBIX TOYEK CEYEHHUs, aHaJIOTUYHBIE
F€OMETPUYECKUE  XapPaKTEPUCTHKHW  MPOYHOCTHU U  IJKECTKOCTH  CEUCHMUS,
AHAJOTUYHBIA TOAXO0J K OICHKE palnHoHaIbHOCTH (opmbl ceueHusi. Ocoboe
BHUMAaHHE CIENYET YACIUTh TOCTPOCHHUIO JMIOP HW3rHOAIOIIUX MOMEHTOB IO
XapaKTEPHBIM TOUKaM.
Bomnpocsl 1151 CaMOKOHTP OIS
1. B kakom cirydae 6anka pabotaer Ha U3ruo6?
2. Uro Takoe YMCTBIA W TomepeuHbld m3ru6? Kakwe BHYTpEHHHE CHIIOBBIC
(bakTOpHl BOZHUKAIOT B MONEPEYHBIX CEUEHUAX Opyca B 3THX CIIydasx?
3. Kakum MeTosoM omnpenenstoT BHyTPEHHUE CHIIOBbIE (DAKTOPHI, ACHCTBYIOIINE B
MONEPEUYHBIX CEYEHUAX HA U3THO?
4. Yemy paBHBI TONEpEYHAs CHJIa U U3THOAOIIMN MOMEHT B MPOJ0JIbHOM CEYEHUHU
Oayiku ipu n3rude?
5. [Inst 9ero cTpOSITCSI SMIOPHI IOTIEPEYHBIX CHJT ¥ H3TUOAFOIINX MOMEHTOB?
6. ChopMmynupyiiTe MpaBUIO 3aKOHOB JJIs TMOTIEPEYHOW CHIIBI W W3THOAIOIIETO
MOMEHTA.
/. KakumMu JUHUSAMHU OYEPUYUBAIOTCS SIIOPHI MOMEPEUYHBIX CUJI U H3THOAOIIUX

MOMEHTOB Ha y4acTKE JI€MCTBHUS PABHOMEPHO PACIPEICIICHHON HAarpy3Ku?
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8. Kak meHsieTcss xapakrep SII0p MNONMEPEYHBIX CHJI U M3rMOAIOIIMX MOMEHTOB B
TOYKaX MPWIOKEHHSI COCPETOTOUEHHBIX CHJI U MOMEHTOB?

9. Hanumure Gpopmyiibl 1uisl OnpeaeaeHusl 0CEBbIX MOMEHTOB CONIPOTUBIIEHUS MPU
u3rube AJig npsIMOYyTroJIbHUKA, Kpyra U KOJIbLIA.

10.Kakumu nepeMeneHussMHu COITPOBOXKAAETCS U3TU0?

Tema 2.7 C1o:xHO0€ CONPOTHBJICHHUE

B sT0i1 Teme paccmarpuBaeTcsi ciiyyadl CIOXKHOro comnpoTuBieHus. Ilepen
U3Y4YEHHUEM TEMbl MOBTOPUTE TJIABBI, B KOTOPHIX M3JI0’KEHA MPOBEpPKa MPOYHOCTH
npyu u3rude Mo TJAaBHBIM HANPsKEHUSM, KOTJa W3BECTHBI HOPMaJbHBIC
HaIPsDKEHUS G U KacaTelibHbIe T. B ciydae u3ruda ¢ KpydyeHUeM TakKe BOSHUKAIOT
HOPMAaJIbHBIC HAMIPSIKEHUS U KacaTebHBIE.

Bonpocsl 1151 cCaMOKOHTP OIS
1. TlouemMy B ciydae OJHOBPEMEHHOTO IEWUCTBHUS M3THMOA W KPYUYEHHUS OICHKY
IIPOYHOCTHU MPOU3BOJISIT, MPUMEHSS TUIIOTE3bI MPOYHOCTH ?
2. [IpuBenuTe mpuMepsl eTajneid, paboTarouX Ha U3TH0 ¢ KpyYCHUEM.
3. Kakue ToukH MOonepeyHoro CeYeHusl sIBISIOTCS OMACHBIMU, €CIIi OpYyC KPYTJIOTro
MOTIEPEYHOTr0 CeueHus paboTaeT Ha U3rub ¢ KpydeHuem?

Tembr 2.8, 2.9 Conporuienune ycrajgoctu. IIpounHocts npwu
AUHAMHAYECKHX HATPY3Ka

OOBIYHO pacueTbl Ha YCTaJOCThb MPOBOJATCA HE KaK IMPOEKTHBIE
(ompeneneHre pa3MepoB CEUEHUS JeTalu), a KaKk mpoBepodHbie. OOBACHIETCS ITO
TEM, YTO JIOMyCKaeMOE€ HaIpsSHKEHUE HE MOXKET OBbITh YCTaHOBJICHO 3apaHee
JOCTAaTOYHO TOYHO, TAK KaK OHO 3aBUCHUT HE TOJILKO OT Marepuaia JIeTaju, HO U OT
psAla ee¢ KOHCTPYKTHBHBIX OCOOEHHOCTEH (pa3MepoB, KadecTBa OOpabOTKHU
MOBEPXHOCTH, HAIMYUS KOHUEHTPATOB HANPSHKEHUS ).

Bonpocsl 1yist cCaMOKOHTPOJIS
1.Kak Ha3bIBaeTCS MEXaHMYECKAsl XapaKTEPUCTUKA MaTepHaa, ONpeaesionas ero
CONPOTHUBIICHUE TIEPEMEHHBIM HAINPSKEHUSAM?
2.Uto Takoe KOHIeHTpamus HamnpsokeHus? IlpuBenutre mnpumepsl JeTane,
MMEIONIUX KOHIEHTPATOPbI HAMPSKEHU?
3. Kakue (axTopsl BIUAIOT HA CHIDKEHHE TPEJIeia BBIHOCIUBOCTH?

Tema 2.10 YCTOMYHUBOCTD CKATHIX CTEPIKHEN

I[Ipy wu3yyeHum Tembl O0OpaTuTe 0CO0O€ BHUMAHHUE Ha TMpenel
npuMeHumMoct  Gopmynsl  Ditnepa. Cremyer mNpeACTaBIsATh cede, 4YTo TpH
pacyeTax Ha YCTOWYMBOCTHh B OTJIMYME OT PAcUETOB HA MPOUYHOCTH MpPEAENIbHOE
HaIpspKeHUe (31eCb — KPUTHYECKOE HANpPSDKEHHE Gyp) 3ABUCUT HE TOJIBKO OT
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Marepuaia Opyca, HO U OT €ro I€OMETPUYECKUX pa3MepoB, GOpPMbI CEUYEHHs, a
TaK)Ke croco0a 3aKperyieHus: KOHLIOB.

Bonpocel 1151 cCaMOKOHTP OIS
1. Ha npumepe cxaToro crepxHsi 0OObSICHUTE SBICHHUE MOTEPHU YCTONUHNBOCTH.
2 Yro Takoe KpUTHYECKas cuiia?
3. Uro Takoe rmOKOCTh CTEp:KHS U MpenenbHas TMOKkocTh maTepuana? OT Kakux
(hakTOpOB OHU 3aBUCST?
4. Kakoe cedeHue CTepkHs (CIUIOIIHOE WM KOJbIIEBOE) OoJiee pallMOHAIBHO C
TOYKH 3pEHUS] YCTOMUHNBOCTH H MTOYEMY?

2.MeTonnyecKkue yKa3aHusi K BbINOJHEHUIO U 3aJaHUS KOHTPOJIbHOH padoThl

B PCKOMCHIOBAHHBIX y‘le6HI/IKaX, a4 TAKXC B PYKOBOACTBAX CTYACHTHI
HaﬁﬂyT AO0CTATOYHOC YHCJIO ITPUMCPOB 3a1a4 HO}IO6HBIX TEM, KOTOPBIC BKIIFOYCHBI
B KOHTPOJIBHYIO pa6OTLI. HOSTOMy HHWXXC JaHbl JIMIIb H€O6XOIII/IMBI€ KpaTKHue
MCTOANYCCKHC YKa3aHHWA K PCIICHUIO 3a1a4 KOHTpOJIBHOﬁ pa6OTBI.

> Ycnoeue pasnosecusn niockoii cucmemol CX00AUUXCA CUIL
3aoauy 1 cnenyet pemath nocie udydenus tem 1.1 u 1.2.

Bo Bcex BapuaHTax paccMaTpHUBAE€TCS PABHOBECHE IUIOCKOM CHCTEMBI
CXOASIIMXCA CHJI M Tpedyercs OIpeAeNiuTh peakluu JIByX IIapHUPHO
COCTMHEHHBIX MEXAY COOOH CTepKHEeH, yAepKHBAIIMMUX Ipy3. MoxHO HU30paTh
TPU CIIOCO0a pEIICHUS: aHATUTHYCCKHM, TpapuiyecKuii U reomeTpudeckuid. Jis
JAHHOTO THUIMA 3aJa4M I1€JeCO00pa3HO HCIOJIb30BaTh AHATUTUYECKUM CIIOCOO
peuieHus.

3apaua 1. Onpeaenuts peaklu CTEPKHEN, yaepKUBaOIIUX Ipy3 BecoM Q.
Maccoii crepxneit mpereOpedsb. CxeMy CBOEro BapuaHTa CMOTPH Ha pucyHke 1.
YurcnoBbie TaHHBIE CBOETO BapuaHTa B3SITh U3 Tabmuiibl 1.

Tabmuna 1
Howmep cxembl Ha pucynke 1
1| 2 3 4 5 6 7 8 9 ©
BapuanTsr kH
1| 2 3 4 5 6 7 8 9 10
10| 11 | 12 | 13 | 14 | 15 | 16 | 17 18 20
19| 20 | 21 | 22 | 23 | 24 | 25 | 26 27 30
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28129 | 30 | 31 | 32 | 33 | 34 | 35 36 40

Pucynok - 1

Memoouueckue ykazanus K vlnojinenuto 3a0anus 1

Bennuuna IMPOCKI MU CHUJIBI HAa OCh paBHA IIPOU3BCACHHUIO MOOYJIA ATOM CHUJIBI
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Ha KOCI/IHyc yrna MC)KI[y HaHpaBHeHI/IeM CHUIIBI U ITOJIOKUTCIIBbHBIM HaHpaBJ'IeHI/IeM
OCH.
F,=F*cos a

Onpenenum BEIUYMHBI M 3HAKKM MPOEKIUN MNPEJACTABICHHBIX HAa PHUCYHKE
CHII
( B oOmiem Buje, puc. 2).
IIpoeknuu cua Ha och X:

1) Cuna FinapasuienbHa OCH M HalpaBJIeHa B CTOPOHY TOJI0KUTEIIBHOTO
orcuera ocy, T. €. oo =0, a cos 0 = 1. [TorTomy
Fix =Fi1+xcos0=F

2) Cuna F , nepnenukynspHa ocu X, T. €. yron o = 90 °, rorga cos 90°= 0 u
Fox=F2+«c0s90=0

3) Cuna F3 00pa3yer ¢ MoJIOKUTEIbHBIM HAPABICHUEM OCH YTOJI (L, KOTOPbIi
/2 <o <m. CegoBaTeNIbHO,
Fax=F3xc0sa=Fg3z»cos(m—P)=-Fsz=«cosp

F, F,
—
/
’B)/ X
R

ra 11
e——

Pucynok - 2
Wrak, mpoeknust F 3¢ oTpumarenbHa, €CIM OTCYET JUIMHBI MPOEKIUUA OT TOYKH
Hadajga BEKTOpa K €ro KOHILY, IPOTHUBOTIONOKEH TOJOKUTEIFHOMY HAIPABICHUIO
OCH.

4) Cuna F400pa3syeT ¢ HOIOKHUTENbHBIM HAIIPaBIeHHeM ocH yroi o < 90°
(OCTpBIii YToJ1) ¥ HAIIPaBJICHUE €€ COBITAIACT C MOJ0KUTEIbHBIM
HaIlpaBJIEHUEM OCH, TOT/Aa

Fax=Fs>coOSa

ITpoexknuu cva Ha oCh Y.

e [lpoexuus cunbl Fiy= 0, T. k. cuna F, nepnenaukynsapHa ocu Y,

e Cuna F ; napayensHa ocu Y U HampaBjieHa B CTOPOHY
MIPOTHUBOIIOJIOKHYIO TTOJIOKUTEIIBHOMY OTCUETYy OCH, T. €. o0 =0, a cos 0 =
IMostomy Foy=-F5;
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e [lpoexuus cuibl F 3 Oyner Takxke oTpuuaTesbHa, T. K. HalIpaBJICHUE €€
HE COBIAJAET C MOJOXKUTEIbHBIM HaIlPaBJICHUEM OCH Y U COCTABUT
FgX:- Fg*SinB
o Tlpoekmus cuibl F4
Fa=Fs* sin a.
ChnpoenipoBaB  Cujbl Ha OCH KOOpDJIMHAT, TMOJAYYUM H  MPOECKUIUHU
PaBHOJIEUCTBYIOIIEN CUJIBI:

o [Ipoexyus pagnooeticmgyroujeti CUCeMbl CXOOAUWUXCS CUTL HA KAHCOVIO U3
oceli KOOpOUHAm pasHa aneedopaudecKol cymme npoekyull CoOCmagstouux
CUJl HA MY Jice OCb:

Ry=2 Fx;
Ry=2Fy

e  Mooyab pasHooelicmeyouell Cucmembvl CX00AWUXCSL CUT PABEH KOPHIO
K8AOPAMHOMY U3 CYMMbl K8AOPAMOE ee NPOeKYUll Ha 08e 83AUMHO
nepneHOUKyIApHblE OCU!

R=VRZ+RZum R=V (2 F)?2+(ZF)?

e Hanpasnenue pasrooeucmayowetl onpeoensemcs ¢ NOMOWbIO0 Max

HA3b186AEeMbIX HANPABIAIOWUX KOCUHYCOB.

cosS Px = Rx; / R
cos Qy Ry/ R

[Ipuuem, kocuHyC yria, oOpa3yeMoro BEKTOPOM pPaBHOJEHCTBYIOLIEH C
NOJIOKUTEIBbHBIM  HAMpaBICHUEM  OCH, PABEH  OTHOLICHUID  IPOECKLHUU
PaBHOJICUCTBYIOIIEH HA 3TY OCh K MOAYJIIO CAMOM PaBHOACHCTBYIOLIECH

W3 BplIIE NOPUBEICHHBIX BBIPAKEHUNW HEMOCPEACTBEHHO BBITEKAET YCIOBUE
paBHOBECHS IJIOCKOW CUCTEMBI CXOJSIITUXCS CHII B aHAJTUTHYECKon (popme.

Vcnosue pasrnosecus niockoil cucmembl CXO00SUUXCSL CUIL:

Jlns paBHOBECHS IUTOCKOM CHCTEMBI CXOISIIUXCS CHJI HEOOXOAMMO U
JIOCTAaTOYHO, YTOOBI ajareOpamdecKue CyMMBI MPOCSKIMH BCEX CHJI CHCTEMBI Ha
KKJIYI0 B3 JBYX OCEH KOOPJMHAT OBLIH paBHBI HYIIIO, T. €.

XF=0;2Fy =0, uu
Rx=0;uRy=0

IMpumep Ne 1
JIBa CTEPIKHS CBSI3aHBI MEXKTy COOOM M CO CTEHOM mapHupamu (puc. 3).
K mapnupy B Ha Hutn noasemen rpys secom 100 H.
OnpenenuTs yCUINS B CTEPKHSX.

Pewenue.
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[TockonbKy CTepHU COEIUHEHBI B TOuke B, oHa OyAeT ciyKUTh 00BEKTOM
paBHOBecusi. Ha Hee Oyner nelicTBOBaTh CHJIa HATSKEHUS HUTH, paBHAs BECY
rpysa P.

Pucynox - 3

Ces3samu 115 Touku B cimyxat crepxau AB u BC.

Ot6packiBast CBSI3U 3aMEHHM MX PEAKIUAMH - S1 M <1, KOTOPBIE HAIPABJIEHEI
BIOJIb cTepkHs. Hampapnas ycunuss B oT Touku B mpenmomaraem, yto o6a
CTEpkHs pacTsHyThl. Ha Touky B nelcTBYIOT Tpu CuIbl, JIeKAllME B OJHOM
IJIOCKOCTH M T€peceKaroluecss B OJHOW TOYKE, TO €CTh IUIOCKas CXOASMIAsCS
CUCTEMA CHJI, 111 KOTOPOW MOYKHO COCTaBUTH JIBA YPAaBHEHUS PaBHOBECHUS:

2F«=0, ZF=0.

B 31X ypaBHEHHSIX HAXOOUTCA 2 HEU3BECTHBIX - YCHIIHS S 14 S).

Ocu KOOpIMHAT HAIMPaBUM BJOJIb CTEPKHEW, IPUUYEM OJIHA U3 OCEH JOJIKHA
MPOMTH Yepe3 OJHY HEU3BECTHYK peakiuio. B Hamem npumepe Mexay
crepxHaMu yron 90°, mo3ToMy ocu KOOpAMHAT IIPOILIA CPa3y Yepe3 JBE PEaKIUH.

CocraBiisieM ypaBHEHUS paBHOBECHS.

>Fkx=S1-P-c0s(60°)=0;
2 Fiy=S,+P-c0s(30°)=0.

U3 nepBoro ypaBHeHUsI HAXOIUM:
S1=P- c0s(60°)=100-0,5=50 H,
U3 BTOPOTO:
So= - P-c0s(30°)= - 100-0,867= - 86,7 H.

VYeunue S; moiy4uinoch OTpULIATENbHBIM, TO €CTh cTep:keHb BC OyzaeT He
pacTIruBaThCs, a COKUMATHCHL.
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B oannom PEULEHUU UCNOTb30BAJICA AHATTUMUYECKUTL MEM OO .
Omeem: Oannasi CHUCTEMa HaxXoJUTCA B COCTOIHHWH PAaBHOBCCHUH, CCIIH

COOTHOIIIEHUE MapaMeTpoB (cui) Oyaer TakoBo: S1=50 H, S;= - 86,7 H.

Peakmus cBsizu Sy 10JKHA 1EHCTBOBATh B MPOTUBOIIOIOKHOM OT 3aJaHHOTO
HaIpaBJICHUS T. K. €€ 3HAUCHHE MOJTYYUIOCh OTPULIATEIbHBIM.

JJist IpoBEpKU MPABUIIBHOCTU PEIICHUS IPUMEHSIEM 2paghuueckuii memoo.

JI1s1 3TOro Hy»KHO ITOCTPOUTH U3 CUJI, JEUCTBYIOIIMX HA TOYKY B BEKTOpHBIN
TpeyronbHuK. BHauane B macmtabe M 1H 1 cm moctpoum cuny P (puc. 4).

W3 Hayana v KOHIIA 3TOM CUIIBI IPOBOJUM IPsIMbIE, MapajieIbHble YCUITUAM

S Sy, monyyast, TakuM 00pa3oM, 3aMKHYTHIN CUIIOBOM TpeyroiibHUK. [Ipu
ATOM JIJISl 3aMbIKAHUSI TPEYTOJIbHIUKA MbI ObLITM BBIHYX/IEHBl CMEHUTDH HAIlPaBJICHUE
ycwus Sy

a=F

=3
Pucynok - 4

N3 TpeyronbHuKa, B KOTOPOM ycuine P gBisieTcs THIOTEeHY30i, a S1 U Sp-

KaTeTaMM, HaXOJIUM:
S1=P-c0s(60°)=50 H,
S,=P-c0s(30°)=86,7 H.

Pe3ynpTarsl pacueTOB aHAJIOTMYHBI.

OrtBet: S1=50H; S,=86.7

Cnenyer OTMETUTh, UTO 6EKMIOPHbBLI  MPEY20iNbHUK  NOKA3bléaem
delicmeumenvHoe, a He nPpeononazaemoe HanpasieHue UCKOMbIX CUJl.

» 2,2 OnpenesieHue peakiuu onop 0ajJ04YHOH CHCTEMBI

3agaya 2. OnpenenuTh peakiiy OMOp JIBYXOMOPHOW Oalikk (PHCYHOK 5).
JlaHHBIE CBOETO BapyaHTa B3STh U3 TAOJIHIIBI 2.
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Pucynok 5
Ta0muna 2
Howmep cxembl Ha pucynke 3.2 E
112 |34 ]5|6|7]|8]|09 10
BapuaHnTsl kH
112 |34 ]5|6|7]|8]|09 10 20
11112 | 13|14 | 15| 16 | 17 | 18 | 19 20 30
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3aoauy 2 cnenyet pemath nocie udydenus tem 1.3 u 1.4.

Bo Bcex BapuaHTax TpeOyeTcs ONpeAeNUTh peaklud Omnop Oallok.
CrynentaM HEOOXOAMMO TPHUOOPECTH HABBIKH OMPEIECICHUS PEaKIuil Omop, Tak
KaK C 9TOTO HAYMHAETCS PEIICHHEe MHOTHX 3aJ]a4 M0 COMPOTUBICHUIO MAaTEPHAJIOB
U JIeTaJIsIM MaIlllvH.

IMapoii cua Ha3pIBaIOTCS JBE paBHbIE M MapajlieNbHBIE  CHIIBL,
HaIpaBJICHHBIC B TPOTHUBOIOJIOXKHBIE CTOPOHBI M HE JIC)KAIlNe Ha OJHOM MPSMOi,.

JleiicTBHEe Mapbl CHJI Ha TBEPJOE TEIO COCTOMT B TOM, YTO OHA CTPEMHUTCS
Bpam@aTth dT0 Teno. CHocoOHOCTh TMapel CWJI  TPOU3BOAWTH  BpallleHUE
OTIpe/IeTSICTCS MOMEHTOM Taphl, PaBHBIM MPOW3BEICHUIO CHIIBI Ha KpaTdaiiiiee
paccTtosiHue (B35ATO€ MO MEPHEHAUKYISPY K CHIIaM) MEXKIY JMHUSMHU JCUCTBUS
cwit. O603HaYMM MOMEHT mapsl M, a Kparyaiilee paccTOsIHHE MEXAY CHIIAMU a,
TOT/1a a0COJIOTHOE 3HAUYEHUE MOMEHTA!

M = Fa = F'a.
MowmenT napsl B CU uzmepsiercst B HptotoHomerpax (H*m) unu B eqununax,

KpaTHBIX HeloTOHOMETpY: KH*M, MH*M u 1.1
[IpaBuino 3HaKoOB:

Momenm napwel cun 6yneMm cuuTaTh Momenm napel cun 6yieM CUUTATh,
NoJI0JCUMeNlbHbIM, €CIIH Tapa OTPULATENIBHBIM, €CJIM IIapa CTPEMUTCS
CTPEMMUTCS IMOBEPHYTH TEJIO 11O BpalllaTh TEJIO MPOTUB XOJa YaCOBOU
HanpasieHuro xo0a 4aco8oll CmpeiKu CTPEJIKH

[IpuHATOE ITPAaBUIIO 3HAKOB JIsI MOMEHTOB I1ap YCIOBHO

PucyHnok 6

MOMEHT CUJI OTHOCUTEJILHO TOUYKH U OCH

d)
L 0
F O\

Pucynox 7
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MoMeHT cHJIbl OTHOCUTEJHbHO TOYKHU OINpenesieTcsl NMpou3BedeHueM
MOYJIsl CWIbI HA UIMHY MEePNEeHINKYJAPAa, ONYIIeHHOT0 U3 TOYKH HA JIUHUIO
AefiCTBHUA CHJIBI.

Mowmenrt cunbl F otHOcuTensHO O omnpenensieTcs NPoOu3BeACHUEM CUJIbI Ha

M (F)=F a
140

N3mepsitor  MomeHTHI cuil B HblOTOHOMeTpax (H*M) wmm B
COOTBETCTBYIOIIUX KPATHBIX U JOJbHBIX €UHHUIIAX, KAK 1 MOMEHTHI TIap.
IlocnedosamenvHocmy pewienus 3a0a4u:

1) u300pa3uth OaNKy BMECTE C HArpy3KaMu;

2) BBIOpaTh PaCIoIOKEHUE KOOPIMHATHBIX OCEH, COBMECTHB OCh X C OaJIKOM,
a OCh ) HaAIlPaBUB MEPHEHAUKYIISIPHO OCH X.

3) mpousBecTH HEOOXOIUMMbIE MPeoOpa3oBaHUsl 3aJaHHBIX AKTUBHBIX CHII:
CUJIy, HAaKJIOHEHHYIO K OCH OaJKd TIOJl YIJIOM 0, 3aMCHHTh JBYMS B3aUMHO
NEPHEHIUKYISIPHBIMUA ~ COCTABISIONIMMH, a PaBHOMEPHO paclpe/elIeHHYIO
Harpy3Ky - €€ paBHOJACHCTBYIOIICH, TNPUIIOKEHHONW B CEpEeIMHE Yy4acTKa
pacripeielieHus: Harpy3Ku

4) ocBoOOAWTH OanKy OT OMOp, 3aMEHUB UX JEHCTBUE PEAKIUSMU OTOp,
HAIPaBJIICHHBIMU BJI0JIb BBIOPAHHBIX OCEH KOOPAMHAT.

5) cocTaBUTh ypaBHEHUSI PABHOBECHUS CTATHKH JJI MPOU3BOJIBHOM IMJIOCKOM
CUCTEMBI CHUJI TAKUM OOpa30M U B TaKOW IMOCIEAOBATEIBLHOCTH, YTOOBI pelIeHueM
KaXXJI0TO U3 3TUX YpaBHEHUHN ObLIO OMpe/eseHue OJHON U3 HEU3BECTHBIX PeaKIi
OT1I0D.

6) mpoBepUTh MPABUIBHOCTH HAWIEHHBIX OMOPHBIX PEAKIIUH M0 YPABHEHHUIO,
KOTOpOE HE ObLIO UCIIOJIB30BAHO JIJISl PEIICHUS 3a/1a4u.

Ipumep 2

Onpenenuts peakiuu onop 6anku (puc. 8,a).
Pewenue
1. U3o6pa3um Ganky ¢ qeHCTBYIONMMHU Ha He€ Harpy3kamu (puc. 8,a).
2. N3o6pakaem ocu KOOPJWHAT X U ).

3. Cuny F 3amensiem ee cocrapystomumu Fy, = F cosau B, = Fsina.
Ipu F = 20xH: F, =20 sin 30° = 10xH; F, = 20 cos 30°= 17,3 xH.

PaBnogpeiictByromass q'CD paBHOMEpPHO pacnpe/leieHHOW HarpysKu,
MPUJIOKEHHAsT B TOYKE TMEPECEUCHMsl auaroHajgeid mpsMoyrojibHuUKa (puc. 8,0),
MEPEHOCUTCS 10 JUHUU CBOETO JCHCTBUS B cepeauny yyactka CD, B Touky K

Q=qa~l,
rane |l =CD .Q=12=2«xH.

4. OcBoOoxmaeM Oaliky OT OMNOp, 3aMEHHB HMX OINOPHBIMU PEAKUUSIMU
(pucyHoK 8, B).
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5. CocraBisieM ypaBHEHHsS pPaBHOBECHUA CTaTUKHM W ONPEACISEM
HEU3BECTHBIC PEAKIIMU OIIOP.

a) M3 ypaBHEHHS CyMMBbl MOMEHTOB BCE€X JEHUCTBYIONIMX Ha OajlKy CHII,
COCTaBJICHHOI'O OTHOCUTEJIBHO OJHOU M3 TOYEK OIOp, Cpa3y ONPEACIsAieM OIHY U3
HEU3BECTHBIX BEPTUKAJIbHBIX PEAKLIAM:

Y =
i M=10rH - 7/(/{//7
X A B HHiH
) oAy |
el o
yA
T B
A Fx |8 o
Wi o
Yy M g0
RAy =
ﬂ) A X8 C
Rax
YFy
Pucynok 8

my=FE AB+ M+ QAK-Rp,AD =0

Roy= (F, AB+ M+ QAK)/AD = (101 +10 +23) /4 = 6,5 xH;
OrnpenensieM Ipyryro BEPTUKAJIbHYIO PEAKIIHIO:

) mD:RA AD - E,-BD + M —Q KD =0
Ray= (F, - BD-M+QKD)/4=(103-10+22/2)/4=55xH

OrnpenensieM ropu30HTaIbHYIO PEAKIIUIO:
2X;i =Ry, -F,=0;Ry =F =Fcosa=200,866=17,3 kH

6 IIpoBepsieM NPaBUIBHOCTh HAWJIEHHBIX PE3YJIHTATOB:
EY-=RA —F—Q+RD =55-10-2+65=12-12=0

Ycnosue paBHOBecus XY = O BBITIOTHACTCS, CIEAOBATEIHLHO, PEAKIIHH OTIOP

HaliJIeHbl BEPHO
Hpumep 2.

Onpenenuts peakuuu Z,, Y4 1 My B jxecTKo# 3aaenke (puc. 9).
IIpu P =5KH-M,q = 2 KH/M.
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Pucynoxk 9

Pemenue.

1. PaccmarpuBaem paBHoBecue Oanku AB.

2. PaBHOMEpHO pacrpe/iesIeHHYI0 Harpy3Ky 3aMEeHsIeM COCPEI0TOUEHHOM,
NPUJIOKEHHOU MocpeinHe yyactka, Q = q-a = 2+1.5 = 3 KH.

3. KoopanHaTHy!o OCb Z pacnojiaraéM BJ10JIb OCH OaJIKH, a OCb Y -
NEPNEHIUKYIISIPHO €.

4. B 3amemiieHHMH MOTYT BOSHUKHYTH JBE ONOPHBIE peakuuu Z, u Yy (BAOIB
U TIEPIICHIUKYJISIPHO OCHU OAJIKK) U peakTUBHBIA MOMEHT My . B nanHOM ciyyae
peakuus Z, = 0, Tak Kak Ha 0ajgKe HET HU TOPU3OHTAIIbHBIX, HU HAKJIIOHHBIX CHUII.

5. CocrapnsieM ypaBHEHUS! PAaBHOBECHS Il POU3BOIBHO PACIIOIOKEHHBIX

CHIJI.
zZ = ZA = O,

2Y=—P—Q+YA=O,

zMA(Pi) — My +0Q-125-M+P-3=0.
(mpeamnosaraem, 4To peakKTHUBHBIM MOMEHT HaIlpaBJIeH MPOTUB YaCOBOMU
CTPEJKH).
N3 BTOpOTO YpaBHEHUS:
Y,=P+Q=5+3=8KkH.
U3 TtpeTpero ypaBHeHU:
Mp=—-0Q-125+M—-P-3=-3-1,25+4—-5-3 =-14,75 KkH.

3HaK MHHYC MOKa3bIBAET, UYTO PEAKTUBHBIII MOMEHT HAMPABJIEH HE TPOTHUB
YaCOBOUW CTPEJIKH, a B IIPOTUBOIIOJIOKHYIO CTOPOHY. MeHnseM HanpaBieHue My Ha
yepTexe (cM. puc. 4).

CocraBiisieM ypaBHEHUE 7151 IPOBEPKH PEILICHHUS.

ZMB(Pi)=—M—Q-1,75+YA-3—MR=4—3-1,75+8-3—14,75=0.

Ycnosue paBHoBecHs Y, Mg (P;) = 0 BBIIOJIHSIETCS, CIIEA0BATEIBLHO, PEAKIIUH OIIOP
HalJICHbI BEPHO.
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> 2,3 PacTsokeHuHe M c:kaTHe: pacyeThbl Opyca HA MPOYHOCTD U

KECTKOCTDb

3agaya 3. /IByXCTyneHYaTbli CTaJbHOW OpYC, HIJUHBI CTyNEHEH KOTOpPOIo

yKa3aHbl Ha pUCYHKe 9, HarpyxeH cuiamu F1 u Fo.

[TocTpouTs AIIOPBI TPOJOIBHBIX CHII I HOPMAaJIbHBIX HANIPSKECHUH IO JTJINHE
opyca. Onpenenuts yaauHenue (ykopouenue) 6pyca, npunsas £ = 2 - 10° MITa.
YucrioBble 3HAUYCHUS TUTOMIAAM TMOTEPEUHBIX ceueHM A1 U Az T CBOETO

BapuaHTa B34Th U3 Tabnuubl 3. OceBble pa3Mephl 1aHbI B MM.

Tabnuia 3.
Homep cxeMmbl Ha pucyHke 3
F1 F2 Ay Az
112134567 |8]9 10
BapuanTbt kH | kH | cm?® | cm?
112|134 |5(6|7|8]9 10 56 | 92 | 04 | 0,6
11(12|13|14(15|16(17|18 |19 20 1,2 | 36 | 05 | 1,9
21122(23|24|25|26|27|28|29 30 24 | 65 | 1,2 | 3,2
31(32|33(34|35|36|37|38]|39 40 12 8 09 | 24
/ 2 3 4 5
B V777 P /
~1
% = A g Ay g o]— "V Ay % L Ay E O\J_ ] ;{i
B F n F l
| = e e |
S 4 g §PV = 4 8 gpr 4 8 l 4
1 ;
3 T F £ £ TFl
6 7 8 g - 10
—-— 7 I -
o A ol V4 o i
E OOHZ ;"2 % 4 8 4 8 O\J F B | } iAz
B [ F | I F
— Ap g Q[Wr A = E]’ Ay % I ' Aj — %]- i A
ki 21 F *Fl 4|
Pucynox - 9

Memoouueckue ykazanus K peuienuio 3aoauu 3
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3anaya 3 MoxeT ObITh pelieHa nociie ycsoenus tem 2.1 u 2.2. Ilpexnae yem
MPUCTYIUTD K €€ PEICHUIO, CTYJIEHT JOJDKEH HAyUYUThCs 0€3YKOPU3HEHHO BIA/IETh
METOJIOM CEUYEHUH JUIsl OMNpeAeNeHHs BHYTPEHHUX CHIJIOBBIX (DaKTOpOB. ITHU
HaBbIKA TIPUTONSTCS CTYJEHTaM JJid BBINOJHEHUS BCEX OCTaJbHBIX 3aj]ad
KOHTPOJILHOM paboTHI.

Bce neranu MamumH npu uX B3aUMOJEUCTBUM Je(DOPMUPYIOTCS — U3MEHSIOT
pa3Mmepsl. PaznuualoT HECKOIBKO COCTOSHUN Aedopmanuu: ynpyras aedopmanus,
IUIacTUYECKasi U pa3pylIeHUeE.

VYhopyrasg — ucue3aer Mocie CHATHS Harpys3ok, IUIaCTUYECKas — OCTAaeTCH.
Ecnu nerans nepopmupyercs ynpyro, To COCTOSHUE Ha3bIBAETCS IPOYHOCTHIO.

CocTostHie, MpU KOTOPOM B €ro MOIMEPEYHbIX CEYEHUSX BO3HHKAET TOJIBKO
OJIMH BHYTPEHHHH CHJIOBOM (QakTop — mpomonbHas cwia N Ha3bpIBaeTcs
pacTsHKEHUEM WA CKATHEM.

IIpononpHas cuiia B MPOM3BOJIBHOM IONEPEYHOM CEUEHMHM Opyca YHMCIIEHHO
paBHa anredpanyecKkord CymMMme MPOEKIMA Ha ero MpoJoJIbHYI0 OCh BCEX BHEIIHUX
CHWJI, AE€UCTBYIOIIMX HAa OTCEYEHHYIO YacTh.

Jlnist pacyeTta Ha IPOYHOCTH U OMPEJEICHUS epeMelleHn He0OX0IUMO 3HATh
3aKOH U3MEHEHUS NPOAOJIbHBIX CUJI 110 €r0 JJIMHE.

Hpaeuﬂo 3HaKoe: BHCUIHAA CHIIA, HAIIpABJICHHAA OT CCUCHUA, CUHTACTCA
HOHO)KHTGHBHOﬁ, T.C. JAaCT IMOJIOKUTCIIbHYIO PACTATNBAIOIIYIO IIPOAOJIbHYIO CUITY,
B ITPOTHUBHOM CJIYy4a€ BHCIIHAA CUJIa OTPpHUIATCIIbHA.

Cocrosinne Marepuana Opyca TMNpPOTHUB pPACTATUBAIOMIMX  (CKUMAIOIINX)
JNEUCTBHM (BHEIIHUX CHII) ONPENESAETCA TapaMeTpOM, Ha3bIBAEMBIM «HOPMAaJIbHOE
HaIpsDKEHHUE» 6, TeM OoJblle, yeM Oojblnas AeicTByeT Harpy3ka. [Ipu ogHOl H
TOM e Harpy3ke OoJiee HaIpsHKEHHBIM OyJeT Opyc C MEHBIIECH IUIONMIAIbIo
nornepevyHoro ceueHus. ClenoBaTesibHO, HAMPSKEHUE MPSMO MPONOPIUOHAIBHO
Harpy3ke N u 00paTHO IPOMOPIIMOHATBHO TUTOIIAN CeUeHUs A.

YcnoBue IPOYHOCTH IPU PACTSIKEHUH M CHKATUM MMEET BUJ|
N
c=—<[o],Ila (H/m?)

rae 6, N — COOTBETCTBEHHO HOpPMaJibHOE HAaNpsKEHUE W MPOJOJbHAsA CUjia B
OMacHOM C€YEHUHU (T.€. B CEYEHUH, II€ BOZHUKAIOT HAaMOOJIbIIee HAMPSKEHUE);

A — miomaas NONepeyHoOro CEYeHUs;

[c] — nomyckaemoe HampsbkeHUE.

Ncxons u3 ycinoBusi NpOYHOCTH, MOKHO pelIaTh TPU BUJIA 3a/aY;

1) mpoBepka NpoYHOCTH;

2) moxoop ceuenus A > N/ [c];

3) onpenenenne ponyckaemoit Harpysku [N] < [c]*A.

Hedbopmanust 6pyca aauHoM | oT melcTBHS pacTsSKCHHUS- CXKATUS Ha3bIBACTCS
ynnuHerreM Al. Eciu paccMatpuBaroT e opMaiiyio Kakaoro Merpa opyca, To ee

31



Ha3bIBAIOT OTHOCUTEIBHBIM YIJIMHECHUEM.
e=Al/l

Mexny nedbopmanueil B CTaiud YNPYyrocTH U HANPSIKEHUEM CYIIECTBYET
3aBUCUMOCTb — 3aKOH [ yka:

o=E*¢

OHa BbIpaxkaeT TMPSMYI0 MPOMOPIHUOHAIBHYIO  3aBUCUMOCTh  MEXIY
HaINpsHKCHUEM W OTHOCHTEIbHBIM yanuHeHueM. Koaddunuent E HaspiBaetcs
MOJIyJIEM YIIPYTOCTH.

E=0/¢, HM

Moayns ynpyroctu ctanu — 2*10° H/mm?, uyryna — 10° H/mMm?.

VYrpyroe cocTosiHUE€ TapaHTUPOBAHHO OXPAHSAETCS JO  OINPEeIEHHOTO
3HAYCHUS HAIPSDKEHUs, KOTOPOE Ha3bIBa€TCs NOMYCTUMBIM [G]. Jlo mocTmxeHus
ATOTO HAMNpPsDKCHUS MaTepuaj CYUTAeTCsl JOCTaTo4yHO mpouyHbIM. [losTomy
COCTOSIHHE TIPOYHOCTHU BhIpaxkaeTcst GopmyIion

¢ < [o],

Jls aHanmm3a COCTOSIHMS AeTaie uMeromux Gopmy 6pyca (JyimHa 3HAYUTEITBHO
OoJIbIIIe pa3MepoB TMOMEPEYHOTO CEYCHHUS) CTPOST TpauK — IMIOPY, 3aBUCUMOCTHU
Hanpsxkenuit ¢ H/mm? (MIa).

Dmropa Mo3BOJISET ONPEACIUTh HanboJiee HaNPsKEHHBIN ydacToK Opyca.
IIpumep

Jlns  nmaHHOrO CTyneHuaroro Opyca (puc. 1, a) TOCTPOUTH DHIOPY
IIPOJIOBHBIX CHJI, SMIOPY HOPMAIBHBIX HAIPSHKEHUH U OMPENIeNIUTh TIepeMEeIICHHE
cBO6OIHOTO KOHIA, ecni E = 2:10° MIJa = 210! Ila; F,= 30 xkH=30x103 H;

F,=38 xH = 38:103 H; F3=42 xH = 42-10° H; A;= 1,9 cm? = 1,9-10* m?,
Ax=3,1 cm? = 3,1x10* M2 [6] = 160 MI1a.
a) A
Z o il
. T E
Z—-—‘—-:»—-—-(——r————_-——lr-—i»——-
7
é y VPR V] /
1 ‘[ZZM 0;41'1’ [Qimi G5m ‘0,3;9
P 70707
A MH
7 ] S 577
50-10°
758 \G,Mnla
%8 i
6) é TErTid 25_,5 -
1153
Pucynox - 10

Ilocrneoosamenvrocmeo peuernus 3a0ayqu
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Pa36uth Opyc Ha yyacTku, HAUMHASI OT CBOOOJIHOT'O KOHIIA.

['panuniaMu y4acTKOB SIBISIOTCSI CEYCHHSI, B KOTOPBIX MPHJIOKECHBI BHEII-
HUE CUJIbl, a Ui HalpsOKEHUN TakKe W MECcTa HM3MEHEHHUs pa3MeEpOB
MOMNEPEYHOr0 CEUECHHUS.

Omnpenenuts no metony ceuenuid (PO3Y) npoaosibHy 0 CUly AJI KaKJ10TO
ydactka (opauHathl dmopbl N) U TOCTPOUTH 3MMIOPY MPOa0TabHBIX cuil N.
[IpoBens mapamnensHo ocu Opyca 0a30BYI0 (HYJEBYIO) JMHUIO JMIOPHI,
OTJIOKUTh MEPIEHIUKYISIPHO € B MPOM3BOJILHOM MaciuTabe MojydyaeMble
3HaueHus opauHaT. Uepe3 KOHIbI OpAMHAT MPOBECTH JUHUU, NMPOCTABUTH
3HAKHU U 3aITPUXOBATh AMIOPY JUHUSMHU, MapaIeIbHbIMU OPJAMHATAM.

. A1 mocTpoeHHs SHIOpbl  HOPMAIbHBIX  HANPSHKEHUH — OmpenessieM
HaANpsDKEHUsI B MOMEPEYHbIX CEYEHUSIX KaXKJI0ro M3 y4acTKoB. B mpexpenax
KaXKJIOT0 YYacTKa HaIPSKEHUS! MOCTOSHHBI, T. €. II0pa HA JaHHOM Y4acTKe
n300paxkaeTcs MpsIMOii, mapasieabHOM ocu Opyca
[lepememienrie cBOOOMHOTO KOHIIAa Opyca ompefenseM Kak CymMMmy
yIJIUHEHUN (YKOpOYEHHI) y4acTKOB Opyca, BBIYHMCIEHHBIX MO (Gopmyse
I'yka

AL=(06*0)/E,m

rae E — monyns ynpyroctu, 11a
Pewenue:
1. Pa36uBaem Opyc Ha y4acTKH, Kak Moka3aHo Ha puc. 10, a.;
2. Ompegensem opauHatsl mtopsl N Ha yyacTkax Opyca:
N; =0;
N;;= F;=30 xH;
Ny = F;=30 xH;
N,y = F;- F, =- 8 xH;
Ny= F;- F, - F3=- 50 xH.
Ctpoum smropy nipoosbHbIX cuil (puc. 10,0).
3. Bwruucisiem opauHATHI SMTIOPHI HOPMATBHBIX HATIPSDKCHUH:

Ny _ 30 - 10° 158 - 106 a = 158 MII
A, 19 104 a= b

O =

. 103
o= = 220 -968.105Ta = 96.8 MIla;
A, 3.1-10

. 103
o= = 20— _758.10°Ma = —25.8 MIla;
A, 3.1-10

. 103
op = L= 220 - _163.10°la = —163 MIla;
A, 3.1-10
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CtpouM >1I0py HOpMaJbHBIX HanpshkeHud (puc. 10, B).
4. OmpenensieM nepeMelieHre CBOOOAHOTO KoHIa Opyca (HauyMHATh HYKHO C
MecCTa 3a/ICIKH €T0):
A=Al + Al + Al + ALy + Aly;

Al =Y = 0symmi ALy = (6 *0) /E =0 m
1

N”'ZH _ 30103510_1

Al = = =3.94-10* M = 0,394 MM;
W=, Tz iom-19-10% oo 10T M= 0394 M
NIII'lIII 3010301
Aly; = = = 0.484 - 10™* M = 0,0484 MM;
Ui E-A, 5> 1011-3.1- 10-* 0.48 07" M = 0,0484 mum;
NIV'llV 8103410_1 _a
Ay = ——— = — 50y = —0516 107" M = ~0.0516 Mn;
<A, . -3.1-
NV'lV 5010302 —4
Aly, = — = =—-161-10"*M = —0.161 MMm;

E-A,  2-101-31-107%
[TonHoe mepemenienre cBOOOIHOTO KOHIIA Opyca COCTaBHIIO:
Al = 0.394 + 0.0484 — 0.0516 — 0.161 = 0.23 mM;
S.AHanM3upyeM 3MIopy.
- [lepBbIil yyacTOK — HaNpsHKEHUE PABHO HYIIO. T.K. OTCYTCTBYIOT BHEIITHUE CHIIBI

-BTOpoi1 y4acTOK — IpOYEH U SKOHOMUYEH

T.K.
o <[ol], 158 MlIla < 160 MIla

([o] - op) /[o]* 100 = (160-158) / 160*100 = 1,25% < 10% (Hemorpy3ka).
- Tpetnit yyacTox — npoyeH:

o <|[ol, 96.8 <160 MIla
- YeTBepTHIM y4aCTOK — MPOYEH, T.K.
o <[o], 25,8 <160 MIla
- [IaTb1i yyacTOok —
oy> [o], 163> 160 MIla

([o] - o) /[o]* 100 =(160 — 163) /160*100 =1,87% < 5 % (nmeperpy3ka)
Ortser: 1) Peakuus B 3azenxe pasua 50*10% H;
2)OmacHoe ceyeHune Opyca HaOIIOJAETCS B 5 — M CEUCHUH, T. K. Omax = 163
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MIIa, neperpyska yuyactka cocraBuiua 1,87 %.
3) bpyc ynnunsiercs va 0,23 MM

> 2,4 Kpyuenue: pac4éTnl Ha MIPOYHOCTH U KECTKOCTD

3agaua 4. [Ing cranpHOro Bajda (pucyHOK 11) mocTpouTh 3MIOpY KPYTALIKMX
MOMEHTOB; OMPEICIUTh JUAMETP Baja Ha KaXJOM Yy4YacTKE W TMOJHBIM yroji
3aKpy4YUBAHUS.
JlaHHbIe 711 pa3IMYHBIX BAPUAHTOB yYKa3aHbl B Tabuiie 4.

MomntHocTh Ha 3y04aThiX KoJjiecax mpuHATh P2 = 0,5P1; P3 = 0,3Py;

P4 = 0,2P;. omyckaemoe Hampspkenue [t] = 30 MIla, moayns capura G =
0,8-10° MI]a.

VYkazanue. [lonyueHHoe pacu€THOE 3HAUYEHHE IUaMeTpa (B MM) OKPYIJIUTh
110 ommmkaiiiero oospiero yuciia no I'OCT 6636-69

Tabnuua 4
Howmep cxembl Ha pucynke 11
® Py
1123|456 | 7|8]09 10
BapuanTsr pan/c | kBt
1123|456 | 7|8]09 10 48 18
1112 |13 |14 | 15|16 | 17 | 18 | 19 20 60 | 30
21 | 22 | 23 | 24 | 25| 26 | 27 | 28 | 29 30 25 | 60
311323334 |3(36|37]38 |39 40 62 16
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1 P P P, Py 2 Py Ps Py P
0,2m | 0,8m ‘O,GM 0,3m | 0,5M | 0,.9m
3 P3 P Py P 4 Py Py P P;
7774 L p77/4 \ \ M.—
0,4m | 0,3Mm | 0,5Mm 02m | 0,4M | 0,7Mm
3 Py P3 Py Py 6 Py P Py Py
w/ W\ — L M) YL \
== F—-) |=— f=—— —> i )
Vo , Vo Ve Ve
0,5mM | 0,3m | 0,8M 0,4m | 0,7Mm | 0,8M
7 P Py Py By S Py P P Py
0,2m | 0,3m | 0,6 M 0,7mM | 0,4Mm | 0,8M
9 Py P P, Py 10 Py Py Ps P
p7774 L p7774 p774
3== =——4 ) L ‘} p =
0,6Mm | 02m | 0,7M 0,4m | 0,6M | 0,9M
Pucynox 11

Memoouueckue ykazanusa K peuwienuio 3aoauu 4

K pemenuto 3agaum 4 ciaegayer npuctynath nocie u3ydeHus: Tembl «CABUT U
KpY4YEHUE».

Bpamatomuecs: getanu (daie BCEro 3TO Basibl) HCHBITHIBAIOT JAehOpMAaIIIIo
KpPYYEHHE — KacaTeJIbHOE OTHOCHUTEIIBHOE BpAIICHUE IONEPEUYHBIX CEUYECHUMN.
[IpoTuBOAEHCTBUE CEUCHUM Bajla KPYUYEHHIO OINPEACISIETCA KPYTAIIUM MOMEHTOM
T m KacaTenbHBIM HAIPS)KEHUEM T.

Kpydennem Ha3pIBalOT TakoW BHUJ HarpyeHus Opyca, Ipu KOTOPOM B €ro
MOTIEPEYHBIX CEYCHHSIX BO3HHKAET TOJBKO OJWH BHYTPEHHHUI CHIIOBOH (akTop —
KPYTAIIUNA MOMEHT.

YtoOBl BaJ ynpyro COMPOTUBISIICS KPYYEHHUIO, KPYTSIIHA MOMEHT CEUCHUS

JIOJKEH YPaBHOBEIIMBATh Bpallarolye (BHEUIHNE) MOMEHTBI CIIpaBa MM CJIEBa OT
CEUYECHHH, T.€.

cleBa— CIIPABA—
T+YMgp =0 wm T+ XYMy =0
KpyTsmuii MOMEHT B MPOU3BOJILHOM MOMNEPEYHOM CEUYEHUM Opyca paBeH
anreOpanyeckol CyMMe€ BHEIIHMX MOMEHTOB, JCHCTBYIOIIUX HA OTCEYEHHYIO
4acTh: (MMEETCSl B BUAY, YTO MIIOCKOCTH JEUCTBUS BCEX BHEIIHUX CKPYUHUBAIOIIUX

36



MOMEHTOB, MEPIEHIUKYISIPHBI TPOJOJIBHONW OCH Opyca).
Pe3ynpraT Oyzner onuHaKkoB, MOO W MpaBas U JieBas YaCTU JIEUCTBYIOT PABHBIM
o0pa3oM JApyT Ha ApyTa MO NPUHLIUMNY PABEHCTBA JECUCTBUS U TPOTUBOACHCTBUS
Bynem cuutath KpyTALIMIA MOMEHT MOJOKUTEIbHBIM, €CIIH JIs1 HaOIoAaTeNs,
CMOTPSILETO HA MIPOBEACHHOE CEYECHUE, OH MPEACTABIIACTCS HAIPaBICHHBIM I10
yacoBoil crTpenke. COOTBETCTBYIOIIMM BHEIIHWM MOMEHT HalpaBi€H NPOTUB
4acoBoit cTpenku (puc. 12).
B nanHoit paboTe HEOOX0IUMMO BBIMOJIHUTH

M ‘ MPOEKTHBIN pacyeT Bajia KPYIrjioro Ui
% KOJIBIIEBOT'O TIOIIEPEYHOI0 CEUYECHUS U3 YCIOBHUI
5 @ , M MPOYHOCTH U U3 YCIIOBUU )KECTKOCTU. U3 n1BYX
® &) MOJIYYEHHBIX 3HAYEHUN TUAMETPOB CIIEAYET

BbIOpaTh HanOoJIbLIEE 3HAYCHUE.
OnmHAKO KPYTSIMIMA MOMEHT HEIOCTATOYHO XapaKTEPU3yeT COMPOTHUBIICHHUE
Basia KpydeHuto. OUEBHIHO Bajl MEHBIIETO JMAaMETpa C TEM K€ KPYTAIIAM
MOMEHTOM MMEET MEHbIIIee COMpOTUBIIeHHE. [109TOMY JIJIst JOCTATOYHOM
OIICHKH COMPOTHUBIIIEMOCTH BaJla KPYYECHHUIO MPUMEHSIOT IPyroi mapamerp —
KacaTesibHOE HANPsKEHHUE T.
KacaTtenpbHoe HampspkeHUE YYHMTHIBACT BEJIMYHMHBI: KpPyTSMmero mMomenra T,
nuamerpa Bana d, miomany cedenus (kpyra) nd? /4.
Paboure HampspkeHUs T, BO3SHHMKAIONIME B CCUCHHM BaJla MPH KPYYCHHH HE
JIOJDKHBI TIPEBBINIATH OMYCTUMBIC [T] U JaHHOTO MaTepuana, T. €.
T < |[1].

JInst yCcTaHOBJICHUS HauOoJiee HArpy)KEHHOI0 y4acTKa Bajia MOCTOSHHOIO
CCUCHHSI CTPOSIT SIIOPY KPYTSIIErOo MOMEHTA

[Mpu ompenencHuu HanbOJIee HAMPSHKEHHOTO ydYacTKa CTYICHYATOrO Baja
CTPOST 3MIOPY KACATECIbHBIX HAMIPSHKCHHI.

Ilocneoosamenvrocmo peuternus 3a0ayul.

1. Onpenenuth BHEITHUE CKPYYHBAIONIHE MOMEHTHI 110 (hopMyIie
M = P/w, Hm
rae P — momHocTs,
(® — YIJI0Basi CKOPOCTh;

2. Ompenenurs  ypaBHOBEIIMBAIOIIMM  MOMEHT, HCHONbL3YsS  yPaBHEHHE
paBHOBECHS
>M; =0,
TaKk Kak 0OpY PABHOMEPHOM BpallEHMU Bajda anre0pamdeckas CyMMa
IPUIOKEHHBIX K HEMY BHEIIHHMX CKPYYHMBAIOMIKX (BPAILAIOMINX) MOMEHTOB
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paBHa HYIIIO;

3. Tlonp3ysicb MetonmoM ceuenuit (metonom PO3Y), mnocTpouTh smropy
KPYTSIIAX MOMEHTOB TIO JUTMHE BaJIa;

4. Jlnsg ydacTka Bajia, B KOTOPOM BO3HHKACT HAHOOJBIIMKA KPYTAIIANA MOMEHT,
OMPECTUTh TUAMETpP Bajia KPYIJIOTO MIIM KOJBIIEBOTO CCUCHUS M3 YCIIOBUS
IPOYHOCTH M JKECTKOCTH. JIJIs KOJBIIEBOTO CEYEHHS Bajda MPHHATH
COOTHOIIICHHE auaMeTpoB C = dy/d, d, — BHyTpeHHHUH auameTp KoJibla; d
— HapY)KHBIN THAMETP KOJIbIIA.

H3 ycrosun npounocru: H3 ycaosun oxecTrKocru:
Mzmax Mzmax
Wy ——— g o ikl
7= e *= TGled
rne M, nax — HaHOGONbUWIHA KPYTS- rne [, — DnoJasipHblH MOMEHT HHep-
HHIHH# MOMEHT; UHH CEeYEeHHSN,
W, — nonsipebli MOMEHT COMNpO- G — MOAynb YNPyrocTH NPpH CABMre;
THBJIEHUS KPYUEHHIO; l9o] — nonyckaembii yros 3aKpyuH-
[tx] — monyckaemoe KacaTtenbHOe BaHHs CeYeHHs
HanpsixKeHue
Ceuernue s8ana — Kpye
W nd? [ — nd?*
27716 4 32
Heo6xoaumMbl#t MO NPOYHOCTH Heo6x0aHMbBIH MO 2XKECTKOCTH AHa-
AxaMeTrp BaJia MeTp BaJaa:
3 lGMzmax 4 32Mzma:
d — e — d o= —_—
nif T nGlgo]
CeueHnue sanra — KoAbLO
3 4
nd nd
W, = —— (1 —c%). Ip = —/—— (1 —c*).
Heo6xoauMblii MO NMPOUYHOCTH Ha- Heo6X0a1HMBIH MO »ECTKOCTH Ha-
PY>XHBIH AHaMeTp Koabua PYXXHLIA AHaMeTp KoJibliia
d l6Ml'"ﬁl d h 32Mzmﬂx
= == 4—
V. n[o il —eh) V 1Glepoj(1 — c¥)

Hpumep
JJ1st cTanbHOTO Bajia MOCTOSTHHOTO TI0 JIJTMHE CEUYeHUS TPEOyeTCs:
1) onpenenuts 3HaueHUs MOMEHTOB M, U M3, COOTBETCTBYIOIIKE ME€PEIaBAEMbIM
MOIIHOCTAM P, u P53, a Takke ypaBHOBEIIMBAIOIIHAN

MOMEHT M;;
" a2 {, 2) MMOCTPOMTH DIIOPY KPYTAIIUX MOMEHTOB;
v e \ 2z 3) OUpEACNUTh TpeOyeMmblil Inamerp Bana H3
TR Wy o 777 pacdeTOB Ha NPOYHOCTH M KECTKOCTh, IOJIaras o
. " BapHaHTy (a) MOMepeyHOe CEYCHHUE Bajla — KPYT;
& o i 1o BapuaHTy (0) — momepeyHoe CeueHHe Bajla —
T . &




KOJIBI0, UMEIOIIIEE COOTHOIICHUE TUAMETPOB
c=dy/d=0,8.

[punsars; [t,] = 30 MIla; [¢,] = = 0,02 pag/m = 0,02-10"° pan/mm; P,= = 52
kBTt; P;= 50 kBrT;

o =20 pan/c;'

OxkoHuatenbHOE 3HaUeHUe quametpa npuHsTh o I'OCT 6636 -69.

Pewenue
1. OmnpenensieM BHEUTHUE CKPYUYHUBAIOIIME MOMEHTHI:
P, 52- 103
MZ =Z=T=2600H'M;
P; 50- 103
M3 :Z:TZZSOOH.M;

2. OmnpenensieM ypaBHOBEIIMBAIOMINI MOMEHT Mj:
YM; =0;,M; — My, — M3 =0; M{ = My + M3 = 5100 H - m.
3. OnpenensieM KpyTSIIUA MOMEHT IO Y4acTKaM BaJia:
M, = M; = 5100 H - m;
M,1 = My — M, = 5100 — 2600 = 2500 H - m.

CrtpouM 31opy KpyTsamux MoMmeHToB M, (puc. 13, 6).
4. OmnpenensieM AuaMeTp Basla U3 YCIOBHUM MPOYHOCTH U KECTKOCTHU:

M, pax = 5100 H - . (puc.132, 6)

a) Ceuenue sara — kpye

H3 ycaosua npounocru: H3 ycaosusa xmcecrxocru:
._‘ , 16M ; max 4 32M ; max
1] nGlho]
16.5 100-10° 32-5100-10°
== = 95,2 MMm. = -
T 3,14.30 3,14-8-10*.0,02-107°
» = 75,5 MM.
[Tpunumaem d = 95 mm. [Tpunumaem d = 76 mm,

TpeOyemblii TuaMeTp MOIy4duscs OOJbIIEe U3 pacueTa Ha MPOYHOCTh, TIOITOMY
ero nmpuHUMaeM kak okoHdaTesbHbIi d = 95 MM.ITo TOCT 6636-69 npunuMaem
d = 100mm.

» 2,5 W3rud: pac4yérsl HA MPOYHOCTH. BHIOOP panMoHAIbHBIX
CeYeHU
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3agaya Ne 5. [lo ycioBuio 3amaud 2, MOCTPOUTH SMIOPHI MOMNEPEUYHBIX CHII,
M3rudarolmMx MOMEHTOB M, UCXOJs M3 yCJIOBUA NpodyHOocTU npu [G]| = 160 Mlla,
o100paTh HEOOXOAUMBINA pa3Mep MONEPEYHOT0 CEYEHHMSI IBYTaBpa.

Vkazanue. [Ipu pemieHun 3agayu UCIIOIB30BAaTh CIPABOYHBIE MAaTEpHasbl
MIPUIIOKEHUS A.

Memoouueckue ykazanusa K peuwieHuio 3a0a4u

K pemenuto 3agaum 5 ciaeayer npucTynarh nocie uzydeHus temsl «lIpsmon
U3ruo».

[lonepeunblie cuibl, HaNpaBiICHHbIC Yepe3 LIEHTP TSHKECTH ceYeHUs Oanku,
BBI3BIBAIOT €€ JaepopManuio — NpsIMOM MomepeuHblii u3rud. Y M30TrHYTOM
BBIMYKJIOCTBIO BBEpX OajKku BEpXHUE BOJOKHA YIJUHSAIOTCS, a HWXKHHE
cxuMaroTcs. [IpensTcTByeT BO3HHKHOBEHMIO J3THX HPOTHBOMOJIOKHBIX IO
HanpaBlIeHUIo aedopmalinii napa BHyTpeHHUX cuil. JlelicTBUe mapbl onpenensercs
napaMmeTpoM, Ha3bIBA€MbIM U3ruOaronmumM MoOMeHTOM M,

N3ru6 — »5TO0 Takoil BuUJ HarpykeHus Opyca, IpH KOTOPOM B €ro
MOMEPEYHBIX CEYCHMSIX BO3HHMKAIOT M3rHOammue MOMEHThl. B OonbiinHCTBE
CJIy4aeB OJIHOBPEMEHHO C M3TMOAIOUIMMU MOMEHTAaMU BO3HHMKAIOT M MOTMEpPEYHbIC
CWJIbI, TO TakOoW H3ru0 Ha3bpIBAlOT IMONEpEeyYHBbIM. EciM mnomepedHble CUIIBI HE
BO3HHUKAIOT, TO U3rMO HA3bIBAIOT YUCTHIM.

e MsruGaromuit MOMEHT M, B IPOU3BOJILHOM IOIEPEUYHOM CEUEHUU
Opyca 4HCIEHHO paBeH ajlreOpandyeckoil CyMMe MOMEHTOB BHEIIHUX
CUJI, IEUCTBYIOINX HA OTCEYEHHYIO YaCTh, OTHOCUTEIIBHO LIEHTpa
TsDKeCTH ceueHus: M, = Y M.

o [lonepeuHas cuia B MPOU3BOJIBHOM MONIEPEUHOM CEUEHHH Opyca
YHCJICHHO paBHA aJIreOpanyecKoi CyMMe BHEITHUX CHII,
JEWCTBYIOIINX Ha OTCEUCHHYIO YacTh: Q = Y F.

e [IpuyeM Bce BHEHIHHUE CUIIbI U MOMEHTHI ICMCTBYIOT B IJIABHOM
IPOJIOJIEHOM TUIOCKOCTH Opyca M pacroioKeHbl MePIeHIUKYIISIPHO
IPOJI0JILHOM ocH Opyca.

[Ipu ompenenennn wW3THOAONMIET0O MOMEHTAa B JaHHOM CEUEHUU OaliKy
MPEJCTABISAIOT COCTOSIIENH M3 JIBYX YacTEH: JIEBOM OT CEUYEHHUs WU NpaBou. Torma
M3TrU0AIONMM MOMEHTOM B CEUEHUHU OyIeT BHYTPCHHUI MOMEHT B CEUCHUU JIEBOU
yactd M,  IPOTUBOJIEUCTBYIOIIMA W PAaBHBIA CyMME MOMEHTOB BHEIIHHX CHJI
mpaBoit yactu y M, "™** | Ha000pOT, M3rUOAOINIA MOMEHT — 3TO MOMEHT MPABOU
yactd M, ™, MIpOTUBOAEUCTBYIOIIMIA U PAaBHbII CYMME MOMEHTOB BHEIIHUX CHII
neBoi yactu ) M,,"**. [1oCKOIbKY B JTAaHHOM CE€YEHUU M3THOAIOIME MOMEHTHI aBHBbI,
HO IPOTUBOINOJIOXKHBI [0 HAMNPABICHHUIO, 3TO CIEAYET YYECTh NPHU MHOCTPOCHUU
AMIOPHI U3THOAIOIINX MOMEHTOB.

» Ilpasuno 3Hako8 01 nonepeyHolu Cuivl: CUIaM, TOBOPAYMBAIOIIAM
OTCEYEHHYI0 YacTh OaJlku OTHOCHUTEJIPHO PAacCMAaTPUBAEMOTO CEUCHHS IO
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XOJly 4aCOBOM CTpENIKH, MPUIMUCHIBAETCS 3HAK IUIoC (puc. 14, a), a cunam,
MOBOPAYMBAIOIINM OTCEYEHHYIO 4acTh Oanku OTHOCHUTEIBHO
paccMaTpUBaEeMOro  CEUEHUs  NOPOTHB  XOJa  YacOBOM  CTpEIKW,
MpUIUCHIBaeTCs 3HaK MUHYC (puc. 14, 0).

» Ilpasuno 3maxkos 011 u3eubAOWUX MOMEHMOS8. BHEUTHUM MOMEHTOM,
U3ru0arouMM MBICIIEHHO 3aKpeIUIEHHYI0 B paccMaTpUBA€MOM CEUYECHHUH
OTCEYEHHYIO YacTh Opyca BBITYKIOCTbIO BHU3, MPUIUCHIBAETCS 3HAK ILTIOC
(puc. 15, a), a MOMEHTaMm, H3rHOAIONIMM, OTCEYCHHYI0 YacTh Opyca
BBIITYKJIOCTBIO BBEPX, — 3HAK MHUHYC (puc. 15,6).

Mexny wusrubarommm MoOMeHTOM M, momnepeuHoi cumon @, u
MHTEHCUBHOCTBIO paclpeeleHHOW Harpy3ku ( cylecTByOT quddepeHnnanbHble
3aBUCUMOCTH:

dM,  dQ,

dz= dz:q

Ha ocHoBe wMmeroma ceweHuil u auddepeHIuanbHbIX  3aBUCUMOCTEN
YCTaHABJIMBACTCA B3aUMOCBA3b OMIOp M,u Qy,Mexay coOOW W ¢ BHENIHEH
Harpy3kou, mo3ToMy JOCTATOYHO BBIYMCIWUTH OPAUHATHI DO IS XAPAKTEPHBIX
CEYCHUU U COCJUHUTD UX JIUHUAMMU.

XapakTepHbIMU SIBIISIFOTCSI CEUEHHUS OalKu, I/ie MPHIOKEHBl COCPEIOTOUCHHbIE
CWIBl M MOMEHTHl (BKJIIOYAash OINOPHBIE CEYEHUs), a TaKkKe CEUYCHHUS,
OTpaHUYMBAIOIINE YYACTKHU C PABHOMEPHO paclpe/ieIeHHOM Harpy3Koil.

a) r +q

PR Srepe e

!
8) *i

4 , i
S R

M M

7

i
i
|
j
T

Pucynok — 14 PucyHok - 15

IIpusedem nekomopule npaguia NOCMpPoOeHUsl FNIOP.
= J{na aniopbl nNOnepeuHsixX Cull:

1. Ha y4dacTke, Harpy’€HHOM paBHOMEPHO PaCIpEICIICHHON HArpy3KOu, SII0pa
M300pakaeTcs MpsIMOi, HAKJIOHEHHON K OCH OaJIKu.

2. Ha  ywactke, CcBOOOZHOM OT paclpelesieHHOW Harpy3ku, JImopa
n300paxaercs NpsMou, napajyeabHON OCH OaNKu.

3. B ceuenun Oainiku, rlie MpUI0KeHa COCPENOTOUCHHAs Mapa CUJl, OoNepedHas
CUJIa HE U3MEHAET 3HAUCHUS.
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4. B ceueHnu, rae NpuiaoKeHa COCPENOTOYEHHAs CUIlA, 3HAYCHUE IONEPEUHOU
CHJIBI MEHSETCSL CKaYKOOOPa3HO Ha 3HAYEHHE, PABHOE IIPUIIOKEHHON CHUIIE.

5. B KkoHIIEBOM cedyeHMH Oajkyd IMONEpeYHas CUja YHUCIEHHO paBHA
COCPEJJIOTOYEHHOW cuie (AaKTUBHOM WJIM pEAaKTUBHOMW), MPUIOKEHHOH B 3TOM
CEYCHUU.

6. Ecili B KOHIIEBOM ceueHUHU OajKy HE MPUIOKEHA COCPEAOTOUEHHAs CUila, TO
[OIIEpEYHast CUjla B 3TOM CEYEHUU paBHA HYIIIO.

= J{ns sniopsl u3eUOAOWUX MOMEHMOS!

1. Ha yyacTke, Harpy>keHHOM PaBHOMEPHO pachpe/ieIEeHHON Harpy3Koi, smopa
MOMEHTOB H300pa)kaeTcsi KBaJpaTH4YHOW mapabosiol. BeimykiocTs mnapabosl
HaIlpaBJI€HA HABCTPEUY HArpy3Ke.

2.Ha y4actke, cBOOOJJHOM OT paBHOMEPHO pacIpeieeHHON Harpy3Ku, SIopa
MOMEHTOB H300pakaeTcsi MPsIMOM JTMHUEH.

3.B ceuennn 6ayku, rae NpuUIoKeHa COCPEIOTOUCHHAs Mmapa CUJI, H3rUOAIOIIHit
MOMEHT MEHSETCS CKauyKoOOpa3HO Ha 3HAYCHHE, PABHOE MOMEHTY MPHJIOKEHHOU
naphl.

4. 3rubaroniuii MOMEHT B KOHIIEBOM CEUCHHMH OalIKu paBeH HYJIIO, €CITU B HEM
HE MPUJIOKEHA COCPEIOTOUEHHAs Mapa Cuil.

5.Ecin xe B KOHLIEBOM CEYEHUH MPWIOKEHA aKTHBHAs WIM peaKkTHBHas mapa
CHWJI, TO U3TrUOAIOIINI MOMEHT B CEYEHUHU PABEH MOMEHTY MPHIIOKEHHOU Maphl

6,Ha yuacTke, rie nmonepedHas cuiia paBHa HYJIO, Oajika HCTBITHIBAET YUCTHIN
U3rubd, W SIopa U3ruOaIoNMX MOMEHTOB M300pa)kaeTcsi MPsIMOM, MapajuieabHOM
ocH OaJKu.

7 .M3rubaromuii MOMEHT MPUHUMAET DKCTPEMAIIbHOE 3HAYEHUE B CEUCHHH, TJe
3II0pA MOMEPEYHBIX CHII MPOXOJIUT YepPE3 HYJIb, MEHSSI 3HAKH C « + » Ha « - » WIIH C
« - Ha «t»,

B paccmarpuBaemoii 3agade TpedyeTcsi HOCTPOUTH SMIOPHI OMEPEYHBIX CHIT
M U3ru0aronMx MOMEHTOB, a TaKXkKe MOJ00paTh pa3Mephl MOMEPEUYHOTO CEUCHHS
OaJIK¥, BBITIOJTHEHHON M3 MPOKATHOTO PO MiIsi — ABYyTaBpa.

VYcnoBue mpouHocTH Uil OQJOK € CEUEHUAMH, CHMMETPUYHBIMU
OTHOCUTEJIBHO HEUTPAJIBHOW OCH, UMEET BUI:

Mx max
6,0 = 2 < o]
max Wx

rae W, — oceBoli MOMEHT CONPOTUBIICHUS CEYEHUS.
s mopbopa ceyeHus Oayku (MPOEKTHOTO pacyeTa) U3 yCIOBUS MPOYHOCTH
OTIPEJISISIIOT HE0OX0TMMOE 3HAUYEHNUE OCEBOTO MOMEHTA COMPOTHUBIICHUS
W, =

Mx max
o]
[lo HaiinenHOMYy MOMEHTY compoTuBieHus W,, moaduparoT COOTBETCTBYIOIIEE
CCUCHHE TI0 COPTAMEHTY (CM. TIpHIIOKeHHUE A).
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JI1s1 3aKperyieHHOM OJTHUM KOHIIOM OalIk CTPOMTH SIIOPHI 11€J1eCO00pa3HO
co CBOOOJHOr0O KOHLA (YTOObI M30€XkaTh OMNpPENENICHUs OIMOPHBIX pEaKkuuid B
3a7IeNIKe).

v' TlocienoBaTeabHOCTD PEIICHHS 3a]aUu:

1.banky pa3enuTh Ha Y4aCTKH MO XapaKTEPHBIM CCUCHUSIM.

2.0mnpenenuTh BHUJ OMOIOPbl MOMEPEYHBIX CHJI Ha KaXJAOM YydacTKe
3aBUCUMOCTH OT BHEIIHEH HArpy3Kd, BBIYUCIUTH TIOTNEPEUHbIC CHJIBI B
XapaKTEPHBIX CEUCHUSIX U TTOCTPOUTD SIIOPY MOMEPEUHBIX CHIL

3.0mnpenenuTs BUJ SIIOPHl U3THOAIONIMX MOMEHTOB Ha Ka)XJOM Yy4YacTKe B
3aBUCUMOCTA OT BHEIIHEH Harpy3k, BBIYUCIUTh H3THOAIONINE MOMEHTHI B
XapaKTEPHBIX CEUCHUSIX U TTOCTPOUTH IIIOPY U3THOAIOIITUX MOMEHTOB.

4. ]JIns nanHoW Oalikk, UMEIOIIEH MO BCEHW JJIMHE TOCTOSHHOE IMOMEPEeYHOe
CEUYCHHUE, BBIMIOJIHUTH MPOEKTHBIM pacuer, T. €. ompeaenutb W, B omacHoM
CEUYCHUH, TJIe M3rN0aI0INi MOMEHT UMEET HauOOoJIbIIIee IO MOTYITIO 3HAUCHHE.

or}

Ipumep 1.
JI1st 3a1TaHHOM KOHCOJIbHOM OaJikH (ToTrepeyHoe ceueHue-aByTaBp, [o]= 160
Mlla) moctpouts 3mropsl ¢y, u M, 1 10100paTh CEYEHUE 110 COPTAMEHTY.
Pemenue
1. Jlenum Ganky Ha y9acTKHU IO XapakTepHbIM ceueHusm 4, B, C (puc. 16, a).
2. OnpeniensieM 3Ha4€HUs TIONIEPEYHON CHIIBI (), B XapaKTEPHBIX CEUEHUAX U
CTpOUM 3MI0py (puc. 2, 6):
Qy = —F,= —1kH
Qyy =—F, = —1xH
Qi =-F+F=-F,+-F=-1+2=1xH
3. OmnpenenseM 3HaYCHHS U3rHOAIONIETO0 MOMEHTa Mx B XapaKTepHBIX
CEUYEHUSIX U CTPOUM 3MIopy (puc. 16, a):
My=0
Mg’=F,* AB=1*3=3kHM,
Mg®*=F,* AB+M =1*3+ 12 =15 KkH"™;
MP=F, * AC+M-F; *BC=1*5+12-2*2=13 kH-M;
4 Vcxons u3 smtopel M, (puc. 16, B)
My pax = 15 kH-Mm =15 * 10° H-mm;
My max __ 15+ 10°
[o] 160

W, = = 93700 mm3 = 93,7 cM®

B cootBerctBun ¢ 'OCT 8239—89 BbeiOupaem naytaBp Ne 16 (cMm. mpu-
JoxeHue A).
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f =1 kH
M=12kHM

/%C J A
0)7 ,
M %Fz'_‘.’ﬁH
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Ipumep 2.

Jlist 3agaHHOM IBYX OnOpHOM Oanku (puc. 17, a) onpeaenuts peakiuu omop,
MOCTPOUTh JMIOPHI TONEPEYHBIX CHJI, H3THOAIOIIUX MOMEHTOB W OIPEACIHUTH
pa3mepsl nonepeunoro ceuenus (h, b, d.) B dopme mpsiMoyroiapHHKa WU KpyTa,
npuHsB s npsmoyrosibHuka h/b — 1,5. Cuurarte [o]= 160 MI]a.

e [lociie10BaTEIBHOCTh PEIICHUsS 3aJaud Ta K€, YTO W B MPEIbLIyIICH

3agade. OTIMYKE JIMIIb B TOM, YTO JaHHYIO 33[a4y HAYMHAIOT PelaTh C
ONIpENICNICHUs] peakiuii omop OaJlku W TMPOBEPKH MPABUIBLHOCTH

HalJeHHBIX peaKIuu.
. ,
a) |F=16xH \Ro=10xH ~ p\B=I0KH R ZnH o =201k m 8
“ [~ M,=70kH M & z
.0 3 3 72 ﬁ I ZZ
) % [lfM s 6m & 3 o 0
) T
0 8 C ]
Rop
¥ 22\ 22
5 1 TR AT g, e
TSI 4
18
2
2} . I l : MI,KHM
90 112
122
Pucynox 17

Pewmenue.

1. OHpeILeJ]}IeM OIIOPHBIC PCAKIIMU U IIPOBCPACM HUX HalCHHbBIC 3HAUCHUS
ZMD:O,ZMD :'Ml +F2 *CD+MZ +RB *BD'Fl*OD:O;

My —F,+CD—M, + F; 0D 20-30-6—10+18-15

R, = — 10 kH;
B BD 10 K
ZMB=O;ZMB=_F1'0B+M2_F2'BC_RD_M1=0
_ R OB+ My—Fppew _~18-5+10-30-4-20
D= BD = 10 - Tesk

Tak kak peakuusa Rp NOIy4usach CO 3HAKOM MUHYC, TO U3MEHSIEM €€
MIEpBOHAYAJILHOE HANpPaBJICHUE HA IPOTHMBOMOJIOKHOE. VICTMHHOE HampaBieHuE
peakiuu Rp—sBHu3 (puc. 17, 6).
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Ilposepka:
>Yy=—F+Rg+tF,—Rp=-18+10+30-22=0.
YcnoBue cratuku ».Y;= 0 BBINOJNHSAETCS, CJIENOBATENbHO, PEAKIMUA OIOP
OIpeJIeNIeHbI, BEPHO.
[Ipu mocTpoeHUH MIOP UCHOJIb3YEM TOIBKO UCTUHHBIE HANPABICHUS pEeaKIUi
or110p.
2.Jlenum Oanky Ha y4acTKu 1o xapakrepHbiM ceuenusim O, B, C, D (puc. 17,
0).
3.0npenensaeM B XapaKTEPHBIX CEYEHHUAX 3HAUCHUS TIONEPEYHON CHITBI (y
CTPOUM DMIOPY clieBa Harpaso (puc. 17, 8):
o= -F1= - 18 kH;
“B— -F;=- 18 xH;
Qo= - F1+ Rg = - 18+10= - 8 xH;

P=-F;+Rg =-18+10= - 8 kH;
Q= - F+ Rg+F, = - 18+10 + 30 = 22 xH;
QpP=-F;+Reg+F, =22 kH
4 BbrauciisieM B XapaKTePHBIX CEUCHUSX 3HAUCHUST U3TrU0aIoero MOMEHTa U
ctpouM 3mropy (puc. 17, 2):
My=0;
Mg=-F;- AB=-18*5 =-90xH w™;
M¢®®=-F; *OC+ Rg*BC=-18*9+ 10 *4=- 122 xH-wm;
Mc” =-F; *OC+Rg -* BC + M,=-18* 9+ 10* 4+ 10=- 112 kH'm;
Mp*®=-F;-*OD + Rg-*BD + M, + F,-*CD =-18 * 15+ 10 * 10 + 10 + 30-6 =

20 xH-m.
5.Beruncisiem pasmepsl cedeHUs JaHHOW Oallku W3 YCJIOBHH IMPOYHOCTH
Ha U3ruo 1Mo JBYM BapUaHTaM:
a) cedyeHue — MIPSIMOYTOJIBHUK c 3aJaHHBIM

COOTHOIIIEHHEM CTOpOH (puc. 17, e);

0) ceuenue — Kpyr (puc. 17, d). BeruuciaeHnue pazMepoB NpMOyTrOIbHOTO
CEUYEHUS:

_ Mymax _ 122-10°
W, =

= = 0.762 - 10° mm3
[o] 160

2
Ucnonwiysa popmyny W, = & ¥ yauThIBas, uro h = 1,56, Haxoaum

b= 3/6”’ 3/60762 10 1023/2.06 = 127 Mu
2.25 2.25

Ucnonwiysa popmyny W, = E , HAXOUM JUaMETP KPYIJOro CEUEHUs!
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L _cpaws _e[32-0762-10°
-7 3.14 - 7O MM

[Tpuaumaet o I'OCT 6636-69 nuamertp Bana paBusbiii 200 M.

3.Bonpockl K IK3aMeHy

I. Craruka. MexaHu4yeckoe [ABWKEHHE, MaTepuaiabHas TOYKa, CHUCTEMa
MaTepualbHBIX TOYEK. AOCOIIOTHO TBepAble U AehOopMUpYEMbIE Teia; Cujia —
BekTop. CucremMa cui. OKBUBAJICHTHOCTh CHJ. PaBHOAEHCTByIOIIAs CHUJA.
VYpaBHoBemmnBatonas cuia. OCHOBHBIE 3a7]a4l CTATUKU

2. Akcuomsbl ctatuku. CBSI3U U UX PEaKUU

3. Ilnockass cucTtemMa CXOASIIUXCS CHII: ONPEACICHUE, F€OMETPUYECKUN METON
CJIOKEHUS CWJI, TMPUIIOKEHHBIX B OJIHOM TOUYKE. YCIOBHE PABHOBECHUSA CHUCTEMBI
CXOJISIIIUXCS CUIT

4. Tlpoexuus cuiabl Ha och. [Ipoekiysi BEKTOPHOM CYMMBI Ha OCh. AHAJIUTUYECKOE
ONpeAeICHUE 3HAYCHHUS M HANpaBJICHUS PaBHOJCUCTBYIONIEH TJIOCKOW CHUCTEMBI
CXOISIIUXCS CHJT (METO TIPOEKIIHIA)

5. YpaBHeHUsI paBHOBECHS TIJIOCKOW CUCTEMBI CXOSIIUXCSA CUIT

6. [1apa cis1 1 MOMEHTHI CHJI: TIapa CHJI U €€ JIEUCTBUE HA TEJ0; SKBHUBAJIEHTHOCTD
nap. Ciio)keHue U paBHOBECHE Map CHJI Ha MJIOCKOCTU. MOMEHT CUJI OTHOCUTEIBHO
TOYKHU U OCU

7. Cucrema TpPOU3BOJIBHO PACHOJOKEHHBIX CHJI: MPUBEACHUE CHUJIBI K TOYKE;
NPUBEICHUE IUIOCKOM CHUCTEMBI CHUJ K JaHHOW Touke TeopemMa O MOMEHTe
PaBHOJICHCTBYIOIIEH TIIIOCKON cucTeMbl cull (Teopema BapruHboHa)

8. YcnoBus paBHOBECHSI TPOU3BOJIBHOM INTIOCKOW CUCTEMBI CUJI: TJIaBHBIN BEKTOP U
rJIaBHBIA MOMEHT. Tpu (OpMBI, KOTOPBIMU MOTYT OBITH MPECTaBICHBI YPABHECHHUSI
PaBHOBECHS MPOU3BOJIBHOM IIJIOCKON CUCTEMBI CHII

9. IlpocTpaHCTBEHHasi CUCTEMa CHUJI: OINpE/CJICHUE; TJIaBHBIA BEKTOpP M TJIABHBIN
MOMEHT. Y CJIOBHUSI PABHOBECHS MPOCTPAHCTBEHHOW MTPOU3BOJIBHONW CUCTEMBI CHII
10. Peanbnbie cBsizu. TpeHHE CKOJIBXKEHUS M €ro 3aKOHbI (Cuia TpEeHHs, yroiu
TpeHwust, KO3PPUIUEHT TpeHUs ). Y CIOBHSI CAMOTOPMOKEHHUS

11. IlenTp TsxKecTU Tena: ONPENEICHHE; LEHTP MapajuleNbHBIX CHJI M €ro
koopauHaTel. CTaTHUYeCKME MOMEHTHI IUIOIIA/IE OTHOCHTEIIBHO OCEil; CBOWCTBO
CTaTUYECKOIr0 MOMEHTA

12. OcHOBHBIEC MOHSATHS U ONPENEICHNUS] B KHHEMATUKE (TPACKTOPUs, PACCTOSIHUE,
MyTh, BPEMsi, CKOPOCTh U ycKopeHue). CrocoObl 3a7aHusl IBIKCHUS TOYKH M UX
XapaKkTepPUCTHKA

13. Ckopoctb u yckopeHHe TOYKW. Kraccudukarus IBWKEHHS TOYKH B
3aBUCUMOCTH OT CKOPOCTH U YCKOPEHUS

14. IloctynarenbHOE ABWKEHUE TBEPAOIO TeJla U €ro CBOMCTBA. BpamieHue tena
BOKPYI HEMNOJABWKHOW ocHu. OnpenenceHue yIrioBOM CKOPOCTH M YIVIOBOTO
YCKOpPEHUS MPHU BpallaTeIbHOM JABUKEHUU TBEPAOTO TEJIa
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15. CnoxHoe NIBM)XEHHME TOYKH: NEPEHOCHOE, OTHOCUTENIbHOE U aOCOIIOTHOE.
Teopema 0 CIHOXEHUU CKOPOCTEN M YCKOPEHHM TOYKHU B CIOXKHOM JBUXeHUU (0e3
BBIBO/IA)

16. IlnockomapasienbHOE [BHXKEHHE TBEpPAOrO Tela: IMOHSATHE; paslloKEeHHUE
IUIOCKOMAPANIEIbHOTO  JBMOXKEHMSI  (IIOCTyNaTelbHOE M BpalaTENIbHOE).
Onpenenenue CKOpoCcTH JIOOOH TOUYKHM Tejla. MTHOBEHHBIM LIEHTP CKOpOCTEM
(MIIC): onpenenenue; npaBuia, M0 KOTOPIM MOXHO HaiTu nosnoxxkenne MIIC

17. OcHOBHBIEC TOHATHS U aKCHOMBI JUHAMUKU. J[BUKEHUE MATEpUAIBHOW TOYKU:
ueanbHbIe U peanbHbie cBs3U. [Ipuniun I» Anamobepa (MeTOI KHHETOCTATHUKH )
18. PabGoTa cui npu MoCTynaTeaIbHOM U BPAIIATEIbHOM JIBHXKEHHUH Tea.
MoImHOCT, TpH  MOCTYNATEJIbHOM W BpAlIaTEJbHOM  JIBXKEHUHU  Teja.
Koaddunuent nonesnoro aeitcraust (K.I1.)

19. O0mue TeopeMbl JUHAMHUKU: TeopeMa 00 M3MEHEHUW KOJUYECTBA JIBUKCHUS
TOYKH; TeopemMa 00 N3MEHEHUN KMHETUYECKOU SHEPTUU TOUKHU

20. CompoTHBICHHE MaTEpHUANIOB: MOHATHE O JedopMalu B YIOPYroM Telle.
3amaun comnpoTuBieHHUs MaTepuanoB. OCHOBHBIE OMYIIEHUS U THUIIOTE3BI O
CBOMCTBax MaTepuanioB. MeToJ1 ceueHu

21. Bunel HarpyxeHuid. HampsikeHHs: NOJHOE, HOPMAajJbHOE M KacaTEIbHOE.
Koaddunment 3amnaca npoyHocTu

22. HopmaipHble CHJIBI W HaOpsDKEHUS B TOMEPEYHOM CEUYEHUM Opyca.
HarnpsixeHHOe coCTOsSIHUE PU OJHOOCHOM PACTSIKEHUMN

23. HampsikeHuUs B TIOTIEPEUHBIX CEUEHUSIX PACTIHYTOro (CKaToro) Opyca. DMIOpEI
HOpPMAJIbHBIX CHJI M HAaMNpsDKEHUW 1o anmuHe Opyca. PacdeTsl Ha MpOYHOCTH HpH
PACTSKEHHUH U CKaTUU

24. Tlepememienus U neopMmanus Mpu yOPyroM pacTsXKEHWU M CKAaTUU. 3aKOH
I'yka

25. Moaynes npogonbsHO# yrpyroctu (Moayiab FOnra). Koaddumument Ilyaccona.
KectkocTh ceuenus Opyca

26. Crarnueckue  ucHbITaHUA  MarepualioB. OCHOBHBIE  MEXAHUYECKHE
XapaKTEPUCTUKHU

27. Crathyecku HEOINpeNeNUuMble CUCTEMBbl. TemIiepaTypHble HAIMpSKEHUS B
CTATUYECKHU HEOMNPEICIUMbIX CUCTEMAX

28. PacueTsl Ha cpe3 U CMATUE: IOHSTUE O CPE3E U CMSATUU, OCHOBHBIE PACUETHBIC
MPEANOCHUIKH. Y CIIOBHS TPOYHOCTHU MPU CPE3E U CMSTUU

29. Yuctslii casur. 3akoH ['yka npu caBure

30. KpydeHue: OCHOBHbIE MOHSTHSA. DMIOPHI KPYTAIIMX MOMEHTOB. PacyeTsl Ha
MPOYHOCTH M JKECTKOCTh MPHU KPYyUEHUHU Opyca KPYyTriaoro ceueHus

31. OcHOBHbIE JONYIIEHUS TMpU KpydeHUU. 3akoH ['yka nOpu KpydyeHHUH.
['eomeTprueckne XapaKTEpUCTHUKUA IUIOCKUX CEYEHUM: CTATUYECKUE MOMEHTHI
IJIOCKUX CEYEHUN

32. M3ru6: ocHOBHbIE MOHATHS (TomepedHbld M 4yucThi u3rud). [lomepeunsie
CUJIBI M HW3rubarpIme MOMEHThI B cedeHusx Oanmok. Iloctpoenmwe smrop
MONEPEYHBIX CUJI U U3TUOAIOIINX MOMEHTOB IO XapaKTEPHBIM TOUKAM
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33. HopMmanbHble HampsikeHus Tmpu  u3rude. Pacduer Ha mNpodHOCTH TpHU
MONepeyHOM H3rude

34. Cnoxsble BBl J1e()OPMUPOBAHHOTO COCTOSIHUSI: TOHATHE O CIIOXHOM
neOpPMUPOBAHHOM COCTOSTHUU. [ UITOTE3bI MPOYHOCTH U UX 3HAUCHUE

35. VYcToH4YMBOCTb CXaThIX CTEpXKHEH: TOHATHE O TMPOAOIBHOM HU3rube.
Kpurnueckas cuna. ®opmyna Ditnepa. [Ipenen npumenumoctu GpopmMyssl Didepa.
OMnupudeckue GopMysbl i1 KPUTHIECKUX HAMPSIKEHUN

36. Jleranu MallvMH: OCHOBHbIE MOHATHS U OMNpefeneHus (AeTaib, cOOpoyHas
eIuHUIla, arperat, npuBojA, MamuHa). Cuibl, JIEUCTBYIOIIME B 3yOUaThIX
nepeaadax

37. Knaccudukanus mamud. CriocoObl U3TOTOBJICHHUS ICTAJICH MaIlluH

38. MamuHoCcTpouTeNbHbIE MaTepualibl (CIUIABl  METAJUIOB, HEMETaJLIbI,
KOMITO3HUTHI)

39. Kpurepun paborocriocoOHocTH AeTayneil MamuH. [I[puunHbl BBIXOAA U3 CTPOS
netaneit MamH. CriocoObl yIPpOYHEHUS JIeTalield MallluH

40. Knaccudukanus neraneit  MamuH. CpaBHUTENbHAsT  XapaKTEPUCTHKA
MEXaHMYECKUX Mepeaay

41.®pukrmonusle nepeaaun. Knaccudukanms, J0CTOMHCTBA U HEAOCTATKU

42. 3y6uatsie nepenaun. Knaccudukamus, o061acTh MPUMEHEHUS, TOCTOMHCTBA U
Henoctatku. [lopanok pacyera OTKPBITHIX Mepeaay

43. 3yOuatsie nepenaun. Knaccudukaims, 061acTh NPUMEHEHHUs, I0CTOMHCTBA U
HenocTaTku. [lopsaok pacueTra 3aKphITBIX Iepeaay

44. llennbie nepemaun. Kmaccudukanus, o0macTh mMpUMEHEHUs, JTOCTOUHCTBA U
HepoctaTku. KoHCTpyKIus 1iernei, crnocoObl HATSHKEHUS

45. Pemennnie nepenauu. Knaccudukanus, o61actb NpuMeHEHUs, JOCTOMHCTBA U
HepoctaTku. KoHCTpyKIns, criocoObl HaTsDKeHusI. Pacder nepegaTtoyHoro uncia
46. Yepssiunblie nepenaun. Knaccudukanus, 061actb npuMeHEHUs, TOCTOUHCTBA U
HegocTaTku. KoHCTpyKIus, reoMeTpusi, pacueT TEMIEPATypPHOro peKuMa

47. BonHoBble niepenaun. Knaccudukarus, 061acTb MpUMEHEHU I, TOCTOMHCTBA H
HenoctaTtku. KoHcTpykius. PacdeT nmepegaTouyHoro yucia

48. Bapuatopsl. Obnacts npuMmeHeHus. Knaccudukarus, KOHCTPYKIHS

49. Banwl u ocu. Knaccudukarus, KOHCTPYKIUS, IPEABAPUTEIbHBIN pacyeT

50. Banst u ocu. Kimaccudukanus, KOHCTpYKIUS, TPOSKTHBIA pacyeT

51. Tlomgmumuwmkyn kadeHus. JloctomHcTBa W HemoctaTku. Kmaccudukanms,
KOHCTpPYKIMS. Pacuer q10iroBe4HOCTH

52. Tlogmumuawmkyn kadeHus. JloctomHcTBa W HemoctaTku. Kmaccudwukanms,
KOHCTpYKIHs. MapKupoBKa

53. TogmumnHUKK CcKoJBXKeHUs. JloctromHcTBa M Hemoctatku. Kiaccudukarms,
KOHCTpYKIHs. MaTepuaisl BKiaapie. Pacuer

54. Mydre1. Knaccudukarms, KOHCTpYKIHS, TTOJ00p, MPOBEpKa

55. Pe3bbOoBble uznenud. [Ipogunu pe3db, OCHOBHbIE T€OMETPUUECKUE TapaMeTPhI
MeTpuyecKor pe3rObl. PacueT pe3b0OBBIX COSTMHEHUI

56. Illmonounsie coemuHeHusa. JloctomHcTBa W HemocTaTtku. Kmaccudukamus,
KOHCTPYKIIUS, TPOBEPKA MPOYHOCTH
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57. llnuueBble coenuHeHus. JloctomHcTBa W HenoctaTku. Kraccudukanms,
KOHCTPYKIIMS, TPOBEPKA POYHOCTH

58. 3aknenounsie U cBapHbie. [JOCTOMHCTBA U HEJOCTATKU, 00JaCTh IPUMEHEHHUS.
CriocoObl BBINOJIHEHUS! COEAMHEHUI

59. IlasHple M KjeeBble coeAuHEHHSA. JIOCTOMHCTBA W HEIOCTaTKH, O0JAaCTh
npumeHeHusi. CiocoObl BBIMOTHEHUS! COEAMHEHUM

60. Kunemartnueckue cXeMmbl OJIHO-, JBYX-, TPEX- CTYNEHYATBIX PEIYKTOPOB.
Ha3Banue, kpaTkasi XapaKTEpUCTUKA

IIpuinoxenue A

(cipaBo4YHOE)
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Cranb npoxkatHas — Oankm asyraspossle (FOCT 8239-—72)

.y O0o3HaAUYEeHUS:
r, h — evicoma banku;
b — WHPHHA TIOJIKH;
d d — TONUMHA CTCHKHU;
x_ X t — cpenHsisi TONILMHA IOJKY;
= ’ R — paauyc BHYTPEHHErO 3aKPYIJICHUS;
b—d ¥ — paguyc 3aKpVIJICHUA TIONKHU;
4 J — MOMEHT WHEDLMH;
W — MOMEHT COIIPOTUBIIEHMS;
y S — craTuuyeckuit MOMEHT TMOJIyCEYeHHUS;
b I — pagMyc HWHEpPLHH.
Pasmepnr, MM Ino- CnpaBouHble BeJIMUMHBI TS OCEH
Homep Macca 1 aab
M LU~ ceye- X=X Fre=
npois HBbI, KI h b d t R r HUS, )
em? | o M | W emd | B oM | S end | Uy, omd W, cm? |l M
10 946 (100 55 (45 72| 7,0 25 12,0 198 39,7 4,06 23,0 17,9 6,49 1,22
12 1,5 | 120 64 | 48 | 73 | 7,5 | 3,0 14,7 350 58,4 4,88 339 27.9 8,72 1,38
i4 13,7 (140} 73 | 49 | 7,5 | 8,0 [ 3,0 17,4 572 81,7 573 46,8 41,9 1,5 1,55
16 15,9 | 160 | 81 50178 | 851 35 20,2 873 109,0 6,57 62,3 58,6 14,5 1,70
18 184 (180 90 ( 5,1 | &1 [ 9,0 | 3,5 23,4 1290 1430 7,42 81,4 82,6 18,4 1,88
18a 19,9 | 180 | 100 | 5,1 | 83190 | 35 25,4 1430 159,0 7,51 89.8 114.0 22,8 2,12
20 21,0 1200} 100 | 52 | 8,4 | 9,51 4,0 26,8 1840 184,0 8,28 104,0 | 115,0 23,1 2,07
20a 22,7 |200]| 110 | 5,2 | 8,6 | 9,5 | 4,0 28,9 2030 203 8,37 114 155 28,2 2,32
22 24,0 1220) 110 5,4 | 8,7 | 10,0 4,0 30,6 2550 232 9,13 131 157 28,6 2.27
22a 25,8 1220 120 | 5,4 | 8,9 | 10,0] 4,0 32,8 2790 254 9,22 143 106 34,3 2,50
24 27,3 1240 | 115 | 5,6 | 9,5 | 10,5] 4,0 34,8 3460 289 9,97 163 198 34,5 2,37
24a 29,4 |1 240 | 125 | 5,6 | 9.8 | 20,5} 4,0 37.5 3800 317 10,10 178 260 41,6 2,63
27 31,5 {270 125 6,0 | 9.8 | 11,0 | 4,5 40,2 5010 371 11,20 210 260 41,5 2,54
27a 33,9 | 270 135 6,0 { 10,2 | 11,0] 4,5 43,2 5500 407 11,30 229 337 50,0 2,80
30 36,5 {300 135 6,5 {10,2112,0| 5,0 46,5 7080 472 12,30 268 337 49,9 2,69
30a 39,2 {300 145 | 6,5 | 10,7 12,0| 5,0 49,9 7780 518 12,50 292 436 60,1 2,95
33 42,2 (330140 | 7,0 [ 11,21 13,0 5,0 53,8 9840 597 13,50 339 419 59,9 3,79
36 48,6 360 | 145 7,5 [12,3114,0| 6,0 61,9 13380 743 14,70 423 516 711 2,89
40 57,0 {400} 155 | 8,3 | 13,0 15,0 6,0 72,6 19062 953 16,20 545 667 86,1 3,03
45 66,5 {450 160 | 9,0 | 14,2 16,0| 7,0 84,7 | 27696 | 123} 18,10 708 808 101,0 3,09
50 78,5 | 500|170 | 10,0 | 15,2 | 17,0 7,0 100 39727 | 1589 19,90 919 1043 123,0 3,23
55 92,6 |550] 180 | 11,0} 16,518,0| 7,0 118 55962 | 2035 | 21,80 1181 1356 151,0 3,39
60 108,0 | 600 | 190 | 12,0 { 17,8 | 20,0 | 8.0 138 76806 | 2560 | 23,60 1491 1725 182,0 3,54
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Pexomenayemas aureparypa

OcHoBHas JauTeparypa:

3. Makcuna, E. JI. Texunueckas mexanuka : yueOHoe nocooue jis CI1O
/ E. JI. Makcuna. — CaparoB : Hayuynas kuwura, 2019. — 159 c. — ISBN 978-5-
9758-1899-7. — TekcT : NIEKTPOHHBIN // DIEeKTpOHHO-OUOIMOTEYHAs CUCTEMA
IPR BOOKS : [caiiT]. — URL.: http://www.iprbookshop.ru/87082.html

4, Kopones, I1. B. Texunueckast mexanuka : yueOHoe nocodue nis CIIO
/ T1. B. Kopones. — Caparos : I[IpodoOpazoBanue, Ait [lu Ap Meaua, 2020. —
111 c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — TexkcT : 2IEKTPOHHBIM
/" DnextpoHHO-OMOMuoTeunas cucrema I[PR BOOKS : [caiit]. — URL:
https://www.iprbookshop.ru/88496.html

JonmosHuTENBHAS JJUTEPATYpPa

2. Cadonoa I'.I'. Texnuyeckas MexaHuka: y4deO. ajs cpea. mpod.
obpazoBan. — M.: UHOPA-M, 2015, - 318 ¢. — 18 7k3
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