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Bsenenne

VYyebHoii nucuummHoi «TexHuyeckas MeXaHHWKa» MpelycMaTpUBACTCS
U3y4YeHUE OOIIMX 3aKOHOB JBUKEHHUS W PABHOBECHS MAaTEPHAIBHBIX TEJ, OCHOB
pacuera 3JIEMEHTOB KOHCTPYKLMM Ha MPOYHOCTb, KECTKOCTb U YCTOMYUBOCTD, a
TAKXe JIETAICN MalllMH U MEXaHU3MOB.

JluciuruinHa  COCTOMT M3 pasnenoB: «Teopetudeckas MEXaHUKay,
«ConpoTUBIEHNE MaTEPUAIOBY U «JleTanu Malmun.

[Io [maHHOM JUCHMIUIMHE NPEAYCMAaTPUBACTCS  BBIIIOJHEHUE OJHOU
JIOMaITHEe KOHTPOJIbHOM paboThl, OXBaThIBAIOIICH BCE pas3leibl y4eOHOM
MPOrPaMMBL.

Marepuan, BHIHOCUMBIM Ha YCTaHOBOYHBIE M OO30pHBIC 3aHATHS, a TAKXKe
MepEUYCHb BBINOJTHAEMBIX TPAKTUUECKUX 3aHSITHH ONPENETstOTCs y4eOHBIM
3aBeICHUEM HUCXO0As U3 MNpouis TMOATOTOBKH BBIMYCKHUKA, KOHTHHTEHTA
CTyJICHTOB (paboTarolmux U He paboTaIIMX MO U30pPaHHON CHEIUATbHOCTH) U
COOTBETCTBYIOIINX yU4€OHBIX TIJIAHOB.

Ha ycraHOBOYHBIX 3aHATHUAX CTYAEHTOB 3HAKOMAT C IIpOrpamMMou
JTUCLUUIUIMHBI, METOJUKON pabOThl HAJl MATEPUAIOM U BBIIOJIHEHUS JIOMAIIHEH
KOHTPOJILHOM paOOTHI.

BapuanTel  KOHTpOJIbHOM  pabOThl  COCTaBJIEHBI MPUMEHHUTEIBHO K
nercTBytolel pabodeil mporpaMMe Mo AUCIHILINHE.

BrinmonHenne jgomaiiHed KOHTPOJBbHOM pabOThl  OmpenesseT CTeneHb
YCBOEHUSI CTYJICHTAaMH M3y4aeMOIr0 Marepuaga U yMEHUE TPUMEHSTh ITOJTy4YEHHBIE
3HaHMA IIPU PELICHUU MTPAKTUYECKUX 3aa4.

OO030pHBIC JIEKITUW TIPOBOJATCS TIO CIOXKHBIM JJISI CaMOCTOSITEIIBHOTO
U3y4EeHUs TEMaM POrPaMMBbl.

[IpoBeneHre NPAKTUUECKUX 3aHIATUWA NPEAYCMATPUBAET CBOEH LEIIBIO
3aKPETUICHUE TEOPETUYECKUX 3HAHUW M MPUOOPETECHUE NPAKTUYECKUX YMEHWIA Mo
nporpaMMme yueOHOU JUCHUTLIIUHBI.

YueOHbI MaTepuan peKOMEHIYETCS M3y4yaTh B TOW MOCIEAOBATEIBHOCTH,
KOTOpasi JaHa B METOJUYECKUX YKa3aHUAX:

- O3HAKOMJICHME C TPUMEPHBIM TEMATUYECKUM IUIAHOM W METOJAUYECKUMHU
YKa3aHUSAMU 10 TEMaM;
- UI3y4EHHUE MMPOrPaMMHOT0 MaTepuasa o peKOMEH1yeMOM JIUTEpaType;
- COCTaBJICHME OTBETOB HA BOIPOCHI CAMOKOHTPOJISA, IIPUBEICHHBIE TIOCIE KAXKIOU
TEMBI.

B pesynbprare nu3ydyeHus JUCHUILIUHBI CTYIEHT JOJDKEH:

3Hamby:

— OCHOBBI TEXHUYECKON MEXAHUKWU;

— BHAbI MCXAaHU3MOB, UX KHHCMATHYCCKHUC U THUHAMHUYCCKUC XaAPAKTCPHUCTHUKH
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— METOJIMKY pacyeTa AJIEMEHTOB KOHCTPYKIMH Ha MPOYHOCTH, )KECTKOCTh U
YCTOWYMBOCTD MIPH Pa3IMYHBIX BHAX JchOpMaIIHH;

— OCHOBBI PacyeTOB MEXAHMYECKUX Tepenad M IPOCTCUITUX COOPOYHBIX
€IMHUIL OOIIEero Ha3HAYEHU .
ymemo:

— TPOU3BOJUTH PACUEThl MEXAaHMYECKHX TMepead U MPOCTEUIINX COOPOYHBIX
€IV HMII;

—  YUTaTh KHHEMATHYECKUE CXEMBI;

— OnpcAcCIAThL HAIIPAKCHUA B KOHCTPYKIIMOHHBIX 3JICMCHTAX.

OO0mue meToan4yecKkne yKazaHus
KontponbHas paboTra COCTOMT U3 3a/lad IO TEOPETUUYECKOW MEXaHUKE W
CONPOTHUBJIEHUIO MaTEPUAJIOB.
N3yyeHne IUCHMIUIMHBI JAEIUTCS HA JBAa JTama: OCBOCHUE TEOPUU U
BBITIOJIHEHUE KOHTPOJIbHON PabOTHI.

[TocnenoBaTenbHOCTh AEHCTBUM CTYJEHTOB MOXET OBITh CJICTYIOIICH:
3HAKOMCTBO C COJEp)KaHUEM 3a/laud; HU3y4YyeHHe YuyeOHOro wmarepuana 1o
PEKOMEHJOBAaHHBIM CIIUCKaM JIMTEPATYPhI; MPOBEPKAa YCBOEHUS — OTBETHI Ha
KOHTPOJILHBIE BOIIPOCHI, TMPUBEICHHBICE B Y4YeOHHMKE; pa300p MPUBEIACHHBIX B
JTAHHOM TIOCOOMHU MPUMEPOB U CaMOCTOSITEIbHOE MX BBITOJIHEHHE; BBITIOJHEHUE
KOHTPOJIbHOM paOOTHI.

BapuanT 3amanus BbeIOMpaeTcs IO IMOCHeTHeHd W MpeanocieaHed mudpam

mudpa.
TpebooBanus k 0popMJIEHUI0O KOHTPOJIBLHBIX Pa00T

1. KonTponpHast paboTa BBIIOJHSAETCS B TETPaad B KJIETOUKY, Ha OOJIOXKKE
KOTOpOM yKa3bIBaeTca (aMuiidsg, UMs, OTYECTBO, WK(Dp, HaMMEHOBaHUE
JTUCIUIUTAHBL, HOMEp KOHTPOJIbHOM pabOTHI.

.TeKCT BBINOJIHAETCS YEPHUIIAMH, CXEMBbI KapaH1alllOM.

Pemenune kax10M 3a1a4n HAUMHAETCS C HOBOM CTPAHULIBL.

ITocne 3anucu pemeHui Beex 3a4a4 yKa3aTbh UCIIO0JIB30BAHHYIO JIMTEPATYPY.

A

Pemienue 3amau mpeaBapseTcs 3amuchio YCIOBUS B TEKCTOBOW (opme, a

3aTeM B KOJIOHKY C YKa3aHMEM U3BECTHBIX U HEM3BECTHBIX BEITMUYMH.

6. Pernienue BBIMOJHSIETCS B MOCIEIOBATEIBHOCTH, YKa3aHHON MpPUMEpPOM B
METOJUYECKUX YKa3aHUSX, IEUCTBUS MOSICHAIOTCS TEKCTOM.

7. Bce BeIUMCIICHUS ClieyeT MMPOU3BOIUTH B eAuHUIIax cuctembl CH.

8. B koHIIe TeTpaau OCTaBUTh HECKOJIBKO CTPAHUIL ISl PELICH3UH.



Brimonnennass pabotra mpejacTaBisieTcss B y4eOHOE 3aBelieHHE Tepen
1a00paTOPHO-IK3aMEHAIIMOHHOM CecCueH.

Pexomenayemas jiureparypa

OcHoBHas1 TMTEpaTypAa:

1. MakcuHa, E. JI. Texanueckas MexaHuka : yueoHoe nocooue s CI1O
/ E. JI. Makcuna. — CaparoB : Hayunas kuwura, 2019. — 159 c. — ISBN 978-5-
9758-1899-7. — TeKcCT : AAEKTPOHHBINA // DIEKTPOHHO-OMOIMOTEYHAsT CHUCTEeMa
IPR BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/87082.html

2. Kopomnes, I1. B. Texunueckas mexanuka : yueoHoe nmocooue gt CI1O
/ 11. B. Kopones. — CapatoB : [IpodoOpazoBanue, At [lu Ap Menua, 2020. —
111 c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — TeKCT : 31E€KTPOHHbIN
/I DnextponHo-6mOmmoreunass cuctema I[PR BOOKS : [caiit]. — URL:
https://www.iprbookshop.ru/88496.html

JlonoJIHUTEIbHAS JTUTEPATypa

1. Cadonoa I'I'. Texnuueckass MmexaHuka: y4eO. s cpen. mnpod.
obpazoBan. — M.: UIH®PA-M, 2015, - 318 ¢. — 18 7k3

KanentreeB, B. A. Texuuueckass mexanuka : yueOHoe nocooue ansa CIIO / B. A.
KanentreB. — CapatoB : [Ipodobpazosanue, 2020. — 110 c. — ISBN 978-5-
4488-0904-0. — Tekcr : 2MeKTPOHHBIA // DIEKTPOHHO-OMOJIMOTEYHAS] CHCTEMA
I[PR BOO

CtpykTypa u coaepkaHue y4eOHOH IUCIUTIIHHBI
O0beM yueOHOM TUCHUIIMHBI M BBl Y4eOHOH padoThI

Bun yuebHoit paboThl Ob6beMm
4acoB

MaxkcumainibHasi yueOHasi Harpy3ka 250

OO0s3arenpHas ayAuTOpHas yueOHast Harpy3Ka ,BCETO 42

B TOM 4YHCJIC

IIPAKTUYECKUX 3aHITUN 20

CamocrosiTenbHas padoTa (BHEay IUTOpHAS) 208

Buasl camocTosTenbHOM paboThI (MIEPEUHCINUTD)

N3ydenne TeopeTu4ecKoro Marepuaia 1o TeMam.

CocraBiieHHE KOHCIEKTa IO IEpeuHto BompocoB. Pabora c
y4eOHOM U CHeHHaIbHOM TEXHUYECKOU JUTEPATYPOH.
Pemenue 3anau.

CocraBneHue OT4ETOB.

BelltoniHEHNE TOMalIHEl KOHTPOIbHOU padOThI

3 —ni cemMecTp- 3a4eT
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[IpomesxyTouHas artectauus B popMe FK3aMeHa

B nocobun npuBeneHbl METOAMYECKHE YKA3aHUS K pacuyeTHO-TpaduuecKum
3aJ]aHUsIM 110 TEOPETHYECKOW MEXaHHKEe, METOJMKa BBIIOJHEHUS paboT u
BapHUAHTHI 3aJaHHsI C HAOOPOM CXEM.

JlanHO€ TocoOMe NMPEeIHA3HAUEHO VI CTYI€HTOB 3204YHOT0 OTACICHUS.

1.MeToauueckue YKa3zaHud Mo U3YICHHUTIO y‘lEﬁHOFO mMaTepualjia 1o TeMmamM 1
BOIIPOCHI 1J1d CAMOKOHTPOJIA

BBenenue

HeoO6xomumMo ysSICHUTh MECTO TEXHUYECKOM MEXaHHMKH B COBPEMEHHOM
MPOU3BOJICTBE, €€ CBSI3b C JPYTMMH JUCIHUIUIMHAMU CHeNHalbHOCTH. MMmeTb
MOHSITUE O MATEepPUM, JBUKEHHHM, MEXaHUUYECKOM JIBUKCHHHM, PABHOBECHUU. 3HATh,
YTO U3y4aeT CTaTHKa, KHHEMAaTHKa, IMHAMHUKa.

Pa3nen 1 Teopernueckass MexaHuKa

Cratuka

CraTuka sBIsIeTCSl YaCThIO TEOPETUUECKON MEXaHUKHU, U3ydarolel yCIoBus,
IIpY KOTOPBIX TEJIO HAXOAUTCS MO/ ICHCTBUEM 33 IaHHON CUCTEMBI CHJI. Y CIICIIIHOE
OBJIaJICHUE YYEOHBIM MaTe€pualioM [0 CTAaTUKE — HEOOXOJMMOE YCJIOBHE s
M3yYECHUS BCEX MOCIEIYIONIMX TEM U Pa3e0OB Kypca TEXHUUECKOW MEXaHUKH.

Tema 1.1 OcHOBHbBIE NIOHATUSA U AKCHOMBI CTATUKH

[Ipn w3yueHWU TeMbl CIEAyeT BHUKHYTh B (DH3UYECKUNA CMBICT aKCHOM
cTaTuku. M3ydas CBSI3M M UX PEaKIUU, HY>)KHO UMETh B BUY, UTO PEAKLIHS CBSI3U
SIBJISIETCSA CUJION MPOTUBOACHCTBUSI U HANpaBlieHAa BCETJa MPOTUBOIOIOKHO CHUJIE
JEeHCTBHUS pacCMaTPUBAEMOTO TeJla Ha CBA3h (OIOpY).

Bonpocsl 1151 cCaMOKOHTpOJISA
1. HazoBute paszjiesibl TECOPETUUYECKON MEXAHUKU U YKKUTE, KAaKUE BOIIPOCHI B HUX
U3y4aroT.
2. Jlaiite onpenenenue marepuu. [lepeunciure Gopmbl IBUKEHUS MATEPUU.
3. B uem oO1mHOCTh NOHATUH a0COIIOTHO TBEPAOTO Tejla U MaTepUATBbHOU TOUKHU U
B UEM HX pazinuue?
4. JlaliTe onpenesieHue CUIbI.
5. Kakue cucTeMbl CHII Ha3bIBalOT CTATHYECKH DKBHBAJICHTHBIMH ?
6. UTo Takoe paBHOICHCTBYIOIIAsI CUCTEMAa CUJI, YpaBHOBEIIHMBAIOIIas cuiia?
7. ChopMynupyiTe aKCHOMBI CTATHUKH.
8. Kakue Tena Ha3pIBaIOTCS CBOOOJHBIMHM, a KaKMe HECBOOOJHBEIMU ?
9. Uto Ha3bIBaeTCS CBS3BIO?


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

10. Yto Takoe peakuus cBA3U?
11. IlepeunciuTe BUIBI CBA3EH M YKAKUTE HAINpaBIECHUE COOTBETCTBYIOIIMX UM
pEaKIIUA.

Tema 1.2 Ilnockasi cucTeMa CXOAAIINXCH CHJI

Ota cucTteMa 3KBUBAJIEHTHA OHOW CHJie (PaBHOACHCTBYIOIIEH) U CTPEMHUTCS
npuaarh Teny (B Ciy4ae, €CIM TOYKAa CXOXKIAEHHUS CHJI COBIAJAET C LEHTPOM
TSKECTH Tena) NPSMOJIMHEHHOe JBUKeHue. PaBHOBecue Tena OyJeT UMETh MECTO
B Cllydya€ pPAaBEHCTBA PABHOACHUCTBYIOLIEH HYJIIO. ['€OMETpUYeCKHM YCIOBUEM
paBHOBeCHUsI SIBISIETCS 3aMKHYTOCTb MHOTOYTOJBHHKA, MOCTPOEHHOI'O Ha CHJlax
CUCTEMBbI, aHAIIMTUYECKHUM YCJIOBHEM — PABEHCTBO HYJIO aNreOpanyecKux CyMM
MPOEKIINI CHJI CUCTEMBI Ha JIIOObIE IBE B3aMMHO MEPIEHINKYIISIPHBIE OCH.

HayuuTech pemars 3aauu Ha paBHOBECUE TeJ, 00paTUB 0CO00E BHUMAHUE
Ha paIMOHAJILHBIN BRIOOP HANpaBIEeHUs KOOPIUHATHBIX OCEH.

Bonpocsl 1151 CaMOKOHTPOJISA
1. 'eomeTpuueckuii crocod HaXOXKIEHUS PaBHOJACHCTBYIOIIEH MIOCKONW CHCTEMBI
CXOJISIINXCS CHUIL.
2. Yto Ha3bpIBaeTCs MPOEKIKENH CUibl HA OCh? B KakoM citydae MpOeKIusl CHIIbI Ha
OCh paBHa HYJIO?
3.Kak HaTM CUJIOBOE 3HAYECHHE W HANPABICHUE PABHOIACHCTBYIOUIEH CHUCTEMBI
CWJ, €CIM 3aJaHbl MPOEKUUHU COCTABJISAIOIIMX CHJI HA JIBE B3aWMHO
NEePHEHANKYISIPHBIE OCH.
4.ChopmynupyiiTe aHATUTHYECKOE YCIOBUE PABHOBECUS TUIOCKOH CHCTEMBI
CXOJISIINXCS CHUIL.

Tema 1.3 [Iapa cua

Cucrema map cuj SKBUBaJEHTHA OJHOW mTape (paBHOJEHCTBYIOIIEH) WU
CTPEMHTCSl TpHUAaTh TeNy BpallareabHOE ABWXKEHHE. PaBHOBecue Tena Oyner
MMETh MECTO B CJIy4Ya€ paBEHCTBAa HYJII0 MOMEHTA PAaBHOACHCTBYIOLIEH IMapHl.
AHaTUTUYECKUM  YCJIOBUEM  paBHOBECHUSI  SIBIISIETCA ~ PABEHCTBO  HYJIIO
anre0panveckol CyMMBI MOMEHTOB TMap cuctembl. Cremyer oOpaTHUTh 0coboe
BHUMAaHHE Ha OMNpE/eJIEHUEe MOMEHTa CHUJIbI OTHOCHUTEIHHO ToukH. HeoOxomumo
IIOMHUTB, YTO MOMEHT CHJIbI OTHOCHTEJIbHO TOYKH PABEH HYJIIO JIMIIb, B CIydae
€CJIM TOYKA JIKUT Ha JIMHUU JEUCTBUS CUJIBI.

Bonpocs! Aj1s1 CaMOKOHTPOJISA
1. Yto Takoe mapa cui?
2. UTo Takoe MOMEHT Hapbl CUJI, IJICYO Maphl CUII?
3. ChopMmynupyiite ycaoBrU€ PaBHOBECHUSI CUCTEMBI Map CHUJL

Tema 1.4 Iliockasi cucTemMa MPoOU3BOJIbLHO PACTIOJI0KEHHBIX CHJI

OTa cucTeMa SKBUBAJICHTHA OJIHOU cuJjie (Ha3bIBa€MOU TJIABHBIM BEKTOPOM)

U caMoi mape (MOMEHT, KOTOPbIA Ha3bIBAIOT TJIABHBIM MOMEHTOM) U CTPEMUTCS
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opuaarh Teay B oOWIEM cllydae NPSMOJIMHEMHOE W BpPAILATEIbHOE JBHUYKEHUE
OJIHOBpEMEHHO. V3yueHHble paHee CHCTEMbl CXOISAIIMXCS CHJI U CUCTEMa Map —
YacTHBIE Clydyau NPOM3BOJILHOM cHCTeMbl cuil. PaBHOBecue Tena OyIneT MMETh
MECTO B CJIy4Ya€ pPAaBEHCTBA HYJI M TJIABHOTO BEKTOPA, WM TIJIABHOIO MOMEHTA
CUCTEMBI. AHAJIUTHUYECKUM YCIIOBUEM PABHOBECHS SIBISETCS PABEHCTBO HYJIIO
anreOpandeckux CyMM IMPOEKIMHA CHUJI CUCTEMbl Ha JIOOble JBE B3aHUMHO
NEePHEHANKYJISIPHBIE OCH OTHOCUTENBHO Jt000i Touku. CrenyeT NoJIy4uTh HaBbIKA
B pELICHUM 33Ja4 Ha PABHOBECHE TEJ, B TOM YHCJIE HA OMNPEIEICHUE OIMOPHBIX
peakuuii 0amoK M CWJ, Harpy»KarolluX CTep>KHU, 00paTUB 0co00e BHMMAaHUE HA
pallMOHAJIbHBIA BHIOOP HAMpPaBJICHUS KOOPJIMHATHBIX OCEH M TOJIOKEHUS LIEHTpa
MOMEHTOB.

Bonpocs! Aj1s1 CAMOKOHTPOJISA
1. Uto Takoe MOMEHT CHJIbI OTHOCUTEIIBHO TOUKH?
2. Kak 6epeTcst 3HaK MOMEHTa CUJIbl OTHOCUTEIBLHO TOUKH ?
3. UTo Ha3bIBAETCS MJICYOM CHJIbI?
4. B KakOM cilly4a€ MOMEHT CHJIbl OTHOCHUTEJIBHO TOYKH PABEH HYJIIO?
5. YTo Takoe riIaBHbBIMA BEKTOP U JIaBHBIII MOMEHT IJIOCKON CUCTEMBI CHJI?
6. Chopmynupyiite Teopemy Bapunbona.
7.ChopMynupyiiTe aHAIUTHYECKOE YCIOBHE PABHOBECUSI IJIOCKOM CHCTEMBbI
IIPOU3BOJIBHO PACIIOJIOKEHHBIX CHUIIL.
8. YKaxkuTe TpH BUJa YPAaBHEHHs paBHOBECHS TJIOCKOW CHCTEMbI TPOU3BOJIBHO pac
MTOJIOKEHHBIX CUJL.
9. Vkaxure, Kak pallMOHaJIbLHO BHIOpATh HAIpaBJICHUS OCEH KOOPAMHAT W LICHTP
MOMEHTOB.
10. Kakue Harpy3Ku Ha3bIBalOTCSl COCPENOTOYEHHBIMU U PACIIPENECIECHHBIMU ?
11. Yro Takoe HHTEHCUBHOCTh PABHOMEPHO PACTIPEEICHHON Harpy3Ku?
12.Kak HaWTH 4YKCIOBOE 3HAYCHUE HANPABJICHUS U TOYKY MPUIIOKEHUS
PaBHOJICMCTBYIOLIECH PABHOMEPHO PACIPEAECICHHON HArPy3KHU.
13. Kakue cucteMbl Ha3bIBalOTCA CTATUYECKH ONPEAECIMMbBIMU ?
14. YTo Ha3bIBaEeTCSA CUIJIONW TPEHUS?
15. IlepeuncnrTe OCHOBHBIE 3aKOHBI TPEHUS CKOJIbKECHUS.
16. Yto Takoe yromu TpeHHs, KOHYC TPEHUS?
17. KakoBbl 0COOEHHOCTH TPEHUS KaueHUs?

Tema 1.6 IIpocTpancTBeHHAs cUCTEMA CHJT

Kak mockue, mpocTpaHCTBEHHbIE CUCTEMBI MOAPA3ACIAIOT HAa CUCTEMBI
CXOIUIMXCS WJIM TPOU3BOJBHO  PACHOJOXKEHHBIX CHJI. MHOrOyroJibHUK,
MTOCTPOEHHBIN Ha CXOASIIMXCS CHUJIaX CUCTEMbI, OKa3bIBAE€TCSA MPOCTPAHCTBEHHBIM,
YTO JEJAaeT HEBO3MOXKHBIM NMPUMEHEHHE I'pa@UUecKoro U rpagoaHaIMTUYECKOTrO

MCTOAOB PCIICHUA. AHanuTuyeckui MCTOA PCHICHHUA aHAJIOIHMYCH H3JIOKCHHOMY
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JUISl TTIOCKUX CHUCTEM C TOM JHIIb Pa3HUIIEH, YTO CHUJIBI MIPOCIUPYIOTCA Ha TpH (a
HE Ha JIB€) B3aMMHO MEPIEHIUKYJSPHbIE OCH, & MOMEHTBHI CHJI ONPEIENSIOTCA
OTHOCHUTEIIbHO 3THX ocell (a He Todyek). Heo0XxoqumMo NOMHUTE, YTO MOMEHT CHJIBI
OTHOCHUTEIBHO OCH PaBEH HYJIO B TOM CJIydae, KOTJla CHJIa M OCh JIEKAT B OJHOU
MJIOCKOCTH (T.€. JINHUS JEUCTBUSI CUJIbI MJIM NTapaJIebHa OCH, WU MIEPECEKAET €€).

Bonpocsl Aj1s1 CaMOKOHTPOJIsE
|.Hanummre ypaBHEHUsT paBHOBECUS JUIsl MNPOCTPAHCTBEHHOM  CHCTEMBI
CXOISALIUXCS CHIL.
2. Yto Takoe MOMEHT CHJIbI OTHOCUTEIBHO Ocu? B Kakux ciydasXx MOMEHT CHUJIbI
OTHOCHUTEJIBHO OCH PaBEH HYJIIO?
3. Hamummre ypaBHEHUS paBHOBECHUS ISl MPOU3BOJIBHOM IPOCTPAHCTBEHHOMU
CHUCTEMBI CHIL

Tema 1.7 LleHTp TsI2KeCTH Tesia

TeMa OTHOCHTENBHO TpOCTa Uil YCBOEHHWs, OJHAKO KpailHE BaXkHA IpuU
U3YYEHUU Kypca CONPOTUBIEHUS MaTepHaloB. [JaBHOE BHUMaHUE 3]€Ch
HE00X0AMMO OOpaTUTh Ha pElIeHUE 3a/1ay Kak C MJIOCKUMHU U T€OMETPUYECKUMU
dburypamu, Tak ¥ CO CTAaHAAPTHBIMH MPOKATHBIMU TTPOQPIITSIMHU.

Bonpocel 111 caMOKOHTPOJISA
1. YUTto Takoe neHTp napauiesIbHbIX CUJI?
2. Kak HaliTu KOOpAMHATHI [IEHTpa NapaIeIbHbIX CUJT?
3. UTo Takoe LEHTp TSHKECTH Tea?
4. Kak HaliTU LEHTP TSHKECTH NMPSAMOYTOJIbHUKA, TPEYTOJIBHUKA, Kpyra?
5. Kak HailTu KOOpAMHATHI LIEHTPA TSHKECTH TIIOCKOIO0 COCTABHOTO CEYEHUS?

Kunemaruka

Tema 1.8 OcHOBHBIEC NOHATHSA KMHEMATHKHU

N3yunB KUHEMATUKy TOYKH, OOpaTUTe BHMMAHH€ Ha TO, YTO
OpSIMOJIMHEWHOE JBMKEHHE TOYKHA KaK HEPAaBHOMEpPHOE, TaK M PaBHOMEPHOE
BCErJa XapakTepHU3yeTCcs HaJUYHMeM HOPMAJIbHOrO (LEHTPOCTPEMHUTEIBHOIO)
yckopeHus. Ilpm  mocTymarenbHOM — JBHJKEHHHM Tela  (XapakTepH3yeMOM
JIBMKEHUEM JF000M €ro TOYKH) MPUMEHHMBI Bce (OpMyJIbl KUHEMATHKU TOYKH.
@opMyJbl I ONPEACIICHUS YIJIOBBIX BEJIIMYMH TEJa, BPAIIAKOLIErOCS BOKPYT
HEMOJIBUKHOW OCH, MMEIOT MOJIHYI0 CMBICIIOBYIO aHAJOTHIO C (hopMmynamu uis
OMpEeNEeiIeHUs]  COOTBETCTBYIOIIMX  JIMHEHMHBIX  BEJIUMYMH  IMOCTYHAaTEIbHO
JBHKYILETOCs Tea.

Bonpocsl Aj1s1 CaMOKOHTPOJIS
1. YUro u3yyaer kuHemaTuka?
2.4Yt1o Takoe cucrema orcuéra?
3. Kakoii cMBICIT UMEIOT B KHHEMATUKE MOHATUS «ITOKON» U «ABUKEHUEN?
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4. JlaiiTe omnpeneneHUe OCHOBHBIX TIOHSTUW KUHEMATHKU: TPaeKTOpus,
paccTosiHue, MyTh U BPEMSL.

Tema 1.9 Kunematuka T04KH

WN3yunte ypaBHEHMS [IBUKEHUS TOYKH;, ONPEACICHUS YCKOPEHUS;
MOCTpOEHNE TPaPUKOB YCKOPEHHUSI, CKOPOCTH, ITyTH, PACCTOSHUS.

Bonpocsl Aj1s1 CaMOKOHTPOJISE
1. B 4yem 3akimto4aeTcs OTHOCUTEIBHOCTh MTOHATUH MTOKOSI U IBUXKEHUS?
2. Kakumu cioco6amu MOKeT OBITH 3a/1aH 3aKOH JBUKEHUS TOUKH?
3.Kak HampaBie€H BEKTOp MCTUHHONW CKOPOCTH TOYKM MPU KPUBOJUHEHHOM
JIBAKEHUU?
4. Kak HarpaBJIeHbl KacaTEIbHOE U HOPMAJIbHOE YCKOPEHUSI TOUKU?
5. Kakoe nBMKE€HHE COBEPIIAET TOUKA, €CIIM KACATEIbHOE YCKOPEHHUE PABHO HYIIIO,
a HOpMaJIbHOE HE U3MEHSETCS C TEUCHUEM BPEMEHU ?
6.Kak  BBIVISIAST ~ KUHEMaThueckue  rpadukd  TpU  PaBHOMEPHOM U
PaBHONEPEMEHHOM JIBUKECHUU ?

Tema 1. 10 IIpocTeiiune N1BUKEHUSA Tea

M3yuuTe mnocTymnareibHOE W BpallareapHOe IBWXKeHue Ttena. OOparute
BHHUMAHUE Ha OIpEIEJIECHUEe BCEX MapaMeTpPOB Bpall€HUsS Tella BOKPYT
HEMOJABUKHOU OCH.

Bomnpocsl Aj1s1 CAMOKOHTPOJISE
1. Kakoe nBu>KeHME TBEPIOTO TEJIa HA3bIBAETCA MOCTYNATEIbHBIM?
2. Ilepeuncnure CBOMCTBA MOCTYIIATEIBHOTO ABUKEHHS TBEPAOTO TENA.
3.JlaiiHEe omnpeneraeHue BpallaTEIbHOIO JBHXKEHUS TBEPHAOTO TEJIA BOKPYT
HEMOJABUKHOU OCH.
4.Kak 3amuceiBaeTcs B OOIEM BHJE YpPaBHEHHUE BPAIATEIbHOTO JBUXKEHUS
TBEPIOIO Tea?
5. Hanumure dopMyity, yCTaHABIMBAIOIIYIO CBA3b MEXKIY YacTOTOM BparieHus
T€JIa U YIIIOBOW CKOPOCTHIO BPALLICHUS.
6. [laiiTe omnpeneneHue PaBHOMEPHOTO W PABHOIEPEMEHHOIO BpaIlATEIbHOIO
JIBHUKCHHUS.
7. Kakas muddepeHnmranbias 3aBUCUMOCTh CYIIECTBYET MEXKIY YTJIOBBIM
MEPEMEILIEHUEM, YTIIOBOM CKOPOCTHIO U YTJIOBBIM YCKOPEHUEM?
8. Kakas 3aBUCMMOCTH CyHIECTBYET MEXKAY JMHEHHBIM IIEPEMEIICHHUEM,
CKOPOCTBIO M YCKOPEHHMEM TOYEK BpaIAIOUIErocs Tela W YIJOBBIM
MIEPEMEILIEHUEM, CKOPOCTBHIO U YCKOPEHHUEM TeENa.

Tema 1. 11 CioxHoe IBHKEHHE TOYKHU

[Ipu wu3yueHunm warepuana TeMbl, OOpaTUTE BHHMMaHHE Ha TO, KaKoe
JBUKEHUE SIBJIICTCS OTHOCUTEIBHBIM, IEPEHOCHBIM, a0COTIOTHBIM.

Bomnpocsl 1j1s1 CAMOKOHTPOJIs
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I. Kakoe JBM)KEHHME TOYKA Ha3bIBAETCS OTHOCUTEIBbHBIM, T[EPEHOCHBIM,
abcomotHbiM?  IlpuBenute mnpuUMeEpbl  OTHOCUTENBHOTO, TMEPEHOCHOTO U
a0COJIIOTHOTO JIBUYKEHUS TOYKH.

2. CdopmynupyiTe TEOpeMmy CIOKEHHUS CKOPOCTEH NpHU CI0XHOM JBUKEHUU
TOYKH.

Tema 1.12 Cii0:kHO€ 1BH:KEHHE TeJIa

M3y4nB IUIOCKOMAPAIIIENBHOE JIBUKEHUE TENA, €ro pasjokKeHUE Ha
MOCTyINaTeIbHOE M BpallaTeibHOE, HAYYUTECh pElIaTh 3aJlaud Ha OIpeJielICHHue
CKOPOCTEH JIFOOBIX TOUYEK TUIOCKMX MEXaHU3MOB.

[Ipyu w3M0)KEHWH TeMBI OOpaTWTe BHHUMAaHWE Ha  BO3MOXHOCTH
SKBUBAJICHTHON 3aMEHbl JBYX BpAIATENbHBIX [BUKEHUW Tella OJHUM JUIA
MapaJuIeNIbHBIX M IEPECEKAIOIIUXCA OCEH, OINPENEIICHHE YIIOBOM CKOPOCTH
a0COIOTHOTO BpaIeHUs Tea.

Bonpocsl 1151 caMOKOHTpOJISA
1. Kakoe nBu>XeHHE TBEPJIOrO TeJla Ha3bIBAETCA IIOCKOMAPATIIEIbHBIM?

2. Ha xakue IBUKEHUSI MOXKET ObITh Pa3JI0KEHO MIOCKONapalieIbHOE IBUKEHUE?
3. Uto Takoe MrHOBEHHBIN LIEHTP CKOPOCTEN?

4. Kak omnpenenurb abCONIIOTHYIO CKOPOCTh JIF000M TOYKM Tella, €CJIH MOJIO0KEHUE
€€ MCTHOBEHHOT'O IIEHTPa CKOPOCTEN U3BECTHO?

Jlunamuka

[Ipu u3ydeHuu pasjesia BHUKHUTE B (DU3NYECKUI CMBICT aKCUOM JTUHAMUKU,
HAay4yuTeCh UCIOJL30BaTh OCHOBaHHBIN Ha mnpuHnune JlamamOepa wmeTon
KUHETOCTAaTUKH, MO3BOJISIOIINN MPUMEHATh YPABHEHUSI PABHOBECUS CTATUKHU IS
JBUKYIIErocss ¢ yckopeHueM Ttena. Creayer MOMHUTh, YTO CHJIA HHEPUUHU
MPUJIATaeTCsl K YCKOPEHHOMY TEIly YCIOBHO, TaK KaK B JIEMCTBUTEILHOCTH HA HETO
He aeiictByeTr. Ocoboe BHUMAaHKE CIEAYET YACIUTh BOIPOCY TPEHUS CKOJbKEHUS
U TIOHSITUIO CAMOTOPMOXEHHUS, HMMEIONIUM Ba)KHEHIIee 3HAYEHUE B TEXHUKE.

dopmysl il onpeiesieHus] paboThl, MOITHOCTH M KUHETUYECKOW SHEPrUu
T€Jla, a4 TAaK)K€ OCHOBHOM 3aKOH JWHAMHMKH JUIS CIIy4aeB IIOCTYIIATEIBHOTO H
BpalIaTEIbHOIO JIBU)KEHUS T€JIa UMEIOT MTOJHYI0 CMBICIOBYIO aHAJIOTHIO.

Tema 1.13 OcHOBHEBIE NOHATHA U AKCHOMBI JHHAMHUKH

[Ipy wu3ydyeHHH TEMbl HEOOXOJUMO HAYYHTHCS, IMPU PEIICHUU 3ajad,
MPUMEHSTH aKCUOMBI IMHAMUKH U CJICICTBUS U3 HUX.

Bomnpocsl 1j1s1 CAMOKOHTPOJISI
1. ChopmynupyiiTe nepByt0 aKkCUOMY JUHAMUKH (IPUHIMI WHEPUUHU) U BTOPYIO
aKCUOMY IMHAMUKH (OCHOBHOM 3aKOH TMHAMUKH TOUYKH ).

2. ChopmynupyiiTe 1B€ OCHOBHBIC 33/1a4u JUHAMUKH.
3. U3noxuTe TpeThi0 aKCUOMY JMHAMUKH (3aKOH HE3aBUCUMOCTH JIEUCTBUS CHII) U

YETBEPTYIO AKCHOMY (3aKOH paBEHCTBA JACHCTBUS U TPOTUBOJICUCTBHUS).
12



Tema 1.14 JIBukenne MaTepuajbHOi TOYKH. MeTO KMHETOCTATUKH

N3yunre moHsATHUA O CBOOOJHON M HECBOOOJHON TOYKE, O CHJIE WHEPIIUHU.
Hayuutech pemare 3amaud Ha MOCTymaTelbHOE JBHKeHUE Tena ¢ [loMomisio
METO0/1a KHHETOCTATUKH JIJIs JTI000T0 BUA IBHXKEHHUSL.

Bomnpocs! Aj1si CAMOKOHTPOJIA
1. [aiite ompeneneHue cuiabl uHEpuuu. Kak omnpexpensercs e€e MOAYIb U
HanpasieHue? K uemy npuiiokeHa cuia uHepuuu?
2. B gem 3akitouaercs npuHimn Jamamoepa?

Tema 1.15 PaGotra u MOIHOCTH

[Ipy m3ydeHUn TeMbI HEOOXOIUMO YCBOUTH MOHSATUS PAOOTHI, MOIIHOCTH,
koddduireHTa mone3Horo naewcreus. M3yunre enuHuIbl U3MepeHus padOThl U
MoIIHOcTU. HayuuTech pemars 3aayu 1O ONpenesieHut0 paboThl U MOIIHOCTH
[IPU MTOCTYNATEIbHOM U BpPaIllaTeIbHOM JIBU>)KEHUU TEJ, IOTEPb HA TPEHHUE.

Bonpocsl 1151 cCaMOKOHTPOJISA
1. Kak onpenensiercss paboTa MOCTOSHHOW CUIIBI HA TIPSIMOJIMHEWHOM Ty TH?
2. YUto Ha3kIBaeTCAI MOITHOCTELIO?
3. Uto Takoe MeXaHWYECKU KOIPPHUIIMEHT MOJIE3HOTO ACHCTBUS?
4. HazoBute hopmyiy, O3BOJISIONIYIO OMPEACIUTh BPAIIAOIINIICS MOMEHT uepes
NepeaBaeMyl0 MOUIHOCTb M YIJOBYIO CKOpPOCTh BpalleHHs Telda Npu
PaBHOMEPHOM BpaIICHUU.

Tema 1.16 O01mme TeopeMbl JMHAMHKH

N3yuute obmme teopur AuHaMUKH. OOpaTUTe BHUMAaHUE: Ha pEIICHUE
3a/1a4 Ha MOCTYNaTEJIbHOE JBMXKCHUE TOYKU M TE€Ja C HUCIOJIb30BAHUEM TEOPEM O
KOJMYECTBE JBMIKEHUS M O KUHETHYECKON OHHEpPruy; Ha pelIeHUuEe 3ajad C
MCIIOJIb30BAHUEM OCHOBHOT'O 3aKOHA JIMHAMUKHU MJI1 BPAIATEIIBHOTO JIBUKEHUS
Tena.

Bomnpocsl 1j1s1 CAMOKOHTPOJISE
1. laitTe onpeneneHue UMIyJbca CHIIbI, KoMyecTBa ABMkeHUs. ChopMmynupyite
TeopeMy 00 U3MEHEHUHU KOJIUYECTBA IBMKEHHS TOUKH.
2. Yro Takoe kuHerumueckas sHeprus Touku? Cdopmynupyiite Teopemy 00
M3MEHEHUHN KUHETUYECKOW SHEPTUU MaTepUalibHOW TOUYKH.
3. Ilepeckaxure GHOpMYIMPOBKY OCHOBHOTO 3aKOHA JUHAMHKH BPaIIaTEIbHOTO
JBUKEHUST TBEPJIOTO Tea.
4. Yto Takoe MOMEHT uHepuuu tena? OT 4ero 3aBUCUT €ro 3HAUYCHHE?

Pa3znes 2 ConporuBiieHrne MaTepuaJioB
N3yyeHnne Kypca CONpOTHUBIECHUS MaTepHalioB (Hayka O HPOYHOCTH,
KECTKOCTH U YCTOWYMBOCTH, 1e(OPMUPYEMBIX MO HATPY3KOM 37E€MEHTOB MAILWH

M KOHCTPYKIHMI) CIEQyeT HayaTh C MOBTOpeHUs pazaena «CraTtukay (paBHOBECHE
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T€J, YpPaBHEHUS pPABHOBECUSA, TI'€OMETPUYECKHE XapPAKTEPUCTUKU CEUYEHMI).
HenpeMeHHbIMU YCIIOBUSIMH YCHEIIHOTO OBJAJACHUS Y4YEOHBIM MaTepHaioM
ABIIIOTCA: @) YETKOe IOHMMaHue (PU3MUYECKOr0 CMBICIA paccMaTpUBAEMBbIX
NOHATHH; 0) CBOOOIHOE BJIaJIECHUE METOJOM CEUYECHHI; B) OCO3HAHHOE MTPUMEHEHHUE
r€OMETPUYECKUX XAPAaKTEPUCTHK MPOYHOCTH U JKECTKOCTU MONEPEUHBIX CEYEHU;
I) CaMOCTOSITEIbHOE  pelIeHWe JOCTaTOYHO  OONBIIOrO  Yucia  3ajad.
[IpuHuunuanpHas cxemMa H3yYeHUs KaXKJIO0ro M3 BUIOB HarpykeHus Opyca
eAMHOoOOpa3Ha: OT BHEIIHUX CHUJI C MOMOUIbI0 METOAa CEYEHHs] K BHYTPEHHUM
CUJIOBBIM (paKTOpaMm, OT HUX — K HANPSHKEHUSIM, OT PACYETHOTO HANPSLKEHHS — K
YCJIOBUIO IPOYHOCTH Opyca.
Tema 2.1 OcHOBHBIE MOJI0KEHUSI CONPOTUBJICHUSI MATEPHAJIOB

BHyTpeHHue cuiibl, BOZHUKAIOUIME MEX/y YACTHIIAMU Tella MO/ JeHCTBUEM
Harpy3oK, SBJISIFOTCS TaKOBBIMU U Tejna B LenoM. Ilpm mpumeHeHuMu meTtona
CEUYEHMI ATU CUJIBI Il pacCMaTPUBAEMOM YacTH Tela SBJISIOTCS BHEIIHUMHU, T.€. K
HUM NPUMEHHUMBI METO/BI CTaTUKH. [[eficTByIOIIas B MPOU3BOJIBHO POBEIEHHOM
MOTNEPEYHOM CEYEHUU CHCTeMa BHYTPEHHHMX CHJI SKBHBAJICHTHA B OOLIEM clydae
OJIHOM CHJIE U OJHOMY MOMEHTY. Pa3noXMB MX Ha COCTaBISAIOIIKE, MOJYyYUM
COOTBETCTBEHHO TpU CHJIBI ([0 HAIMpPaBICHUIO KOOPAMHATHBIX OCEH) U TpHU
MOMEHTa (OTHOCHUTEIBHO JTHX OCEH), KOTOpblE Ha3bIBAlOT BHYTPEHHUMHU
cunoBbiMu aktopamu (BCD). BozuukHoBenue tex win uHbix BCD 3aBucur or
dakTuyeckoro HarpyxxkeHus Opyca. Ompenensitor BC® ¢ nmomoibio ypaBHEHUMN
paBHOBECHSI CTaTUKA. BHYTpEeHHHMM HOPMaJbHBIM CHJIaM COOTBETCTBYIOT
HOPMaJIbHBIE HAIIPSIKEHUSI G, KACaTEJIbHBIM CHJIAM — KaCaTEJIbHbIC HAIIPSKEHHUS T.

Bomnpocs! AJ1si CAMOKOHTPOJIA
1. JImsa yero u3yvaeTcsi CONpOTUBJIEHUE MAaTEPUATIOB?
2. Yem otnuyaercs ynpyras nedopmarus oT MiaacTUYeCKOn?
3. Cnenyer 1M y4uTHIBaTh U3MEHEHUE Pa3MEPOB TEJI IIPU COCTABICHUU YPABHEHUI
pPaBHOBECHUSI CUJI, TPUIIOKEHHBIX K HEMY ?
4. B kakux ciydasx Hpu JACUCTBUM HAa TEJIO HECKOJIBKHUX CHII 3PPEKT AercTBUA
KKJIOM CHJIBI MOYKHO CUMTaTh HE3aBUCHUMBIM OT JAeWcTBUS Apyrux cui? Kakoe
Ha3BaHUE, HOCUT 3TOT MPUHUMIT?
5. Kakumu pacyeTHBIMM CXEMaMH 3aMEHSIOTCS pealbHble OOBEKTHI pacuera?
KakoBbI reomeTpuyeckre Npu3HaKU, TPUCYIIME KAXKION PaCUeTHOU cxeme?
6. [Touemy Henb3sl OMPENEIUTh BHYTPEHHUE CUJIOBBIE (DAKTOPHI B MPOU3BOJIBHOM
CEUYECHHH, pacCMaTpUBas paBHOBECHE BCETO TeJla B LIEJIOM?
7. B ueM 3akiroyaeTcss METO/1 CEYEHUM ?
8. MOXHO 11 C MOMOILBID METOAA CEYEHUN YCTAHOBUTH 3aKOH PACHPEICIICHHS
BHYTPEHHUX CHJIOBBIX (DAKTOPOB MO MPOBEJEHHOMY CEYEHUIO?

9. Uto Takoe HanpskeHue? KakoBa pa3MepHOCTh HAIPSIKEHUSA?
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Tema 2.2 PacTsikenne u ckaTue
[Ipu u3ydeHumn TeMbl cleAyeT oOpaTuTh 0co00€ BHUMAHHME HA TUIIOTE3Y TIOCKHUX
CEUeHHUH, KOTopasi CIpaBeAuBa U IpHU JAPYrUX BHAAX HarpyxkeHus Opyca. Ilpu
PACTSDKECHUM HJIM CXKATUU HAIPSDKEHUS PaCHpENelsIoTCs 10 IONEPEYHOM Y
CEYCHUIO PAaBHOMEPHO, TE€OMETPUYECKOM XapaKTEpUCTHUKOM MPOYHOCTH H
KECTKOCTU CEUEHHUs SIBIISIETCS €ro IUIoLIaab, (opMa CeueHUs 3HaYCHUs HE UMEET,
BCE TOYKM CEUCHHS PABHOOIACHBI. [[O0CTaTOYHOE BHHMAaHUWE CIEAYET YAECIUTh U
BOIIPOCY MCIBITAHWS MATEPUATIOB, OCHOBHBIM MEXaHWYECKHM XapaKTEPUCTHKaM
IIPOYHOCTH MaTeEpHaa, MPeaeIbHbIM U JOIYCKAEMbIM HAIIPSKEHUSIM.

Bonpocsl Aj1s1 CAMOKOHTPOJISE
1. B kakom ciyuyae Opyc UCOBITHIBACT 1e(hOPMALINIO PACTSHKEHUS UM CKATHS?
2. KakoB 3aKOH M3MEHEHHSI HOPMAJIBHBIX HANPSIKEHUU 110 TUIOIIAAN MOIEPEYHOTO
CEYCHMS IIPH PACTSIKEHUU U CHKATUU?
3.Biusier nu  Qopma DONEpEeYHOro CEYEHUs Ha 3HAYEHUE HaIPSIKEHUH,
BO3HMKAIOIUX MPU PACTKEHUU U CHKATHU?
4.Yto Ha3pIBacTCI DIIOPOM HOPMAIBHBIX CHJI M DIIOPOM  HOPMAaJbHBIX
HaIpsKEeHUN ?
5. s gero crpost sntopsl N 1 6?7 Kakoe nonepeynoe cedeHue Opyca Ha3bIBaeTCs
ONacHbIM?
6.Uto Takoe MoIyJdb TMPOAOJBHOW YIPYroCTH MaTrepuajna, KakoBa €ro
pa3MepHOCTh?
7. KakoBa cBS3b MEXIy MPOJIOJIBHON U MONepeyHo Aeopmariueii?
8.UTo Takoe KECTKOCTb Ce4eHMsI Opyca M KECTKOCTb Opyca INpHU pPaCTKEHUU
(cxatum)?
9. KakoBa 11eJ1b MEXaHUUECKUX UCIIBITAHUNA MaTEPHAIIOB?
10. Yro Ha3bIBaeTCA mpeAeIaMu NMPONOPLUOHATBHOCTH, YIPYTOCTH, TEKY4YECTH,
MIPOYHOCTH?
11. KakoBbI XapaKTEpUCTUKHU IUIACTUYHBIX CBOMCTB MaTEPUAIOB?
12. B yem 3akiro4aeTcsi 3aKOH pa3rpy3Ku U IOBTOPHOT'O HArpy KEHHs?
13. Kakue cucTteMbl Ha3bIBalOT CTATHYECKH HEONIPEAETUMBIMU?

Tema 2.3 IIlpakTHuyeckue pacuersbl HA Cpe3 U CMATHE

[Tpu m3ydyeHun Tembl cieayeT oOpaTUTh BHUMAaHHE HAa pacueT 3aKIenok,
CBapHBIX COEAMHEHHUI U BpYOOK. SIBIEHHE cpe3a BCerja «OCI0KHEHO» HaIUYUeM
OpYyrux HanpsbkeHuid. Hago yMeTh mokasaTe Ha 4epTexe IUIOaAKU, Ha KOTOPBIX
BO3HUKAIOT HANIPSKEHUS CPE3A, CMSTHUS, CKaJIbIBAHUS.

Bonpocs! Aj1s1 CAMOKOHTPOJIS
1. Ha kakux 1ONyIIEeHUSIX OCHOBaHBI pacy€Thl Ha cpe3?
2. Ilo kakuM (hopmysiaM IPOU3BOAAT PACUET HA CPE3 U CMSITHE?
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3.Kak omnpenensercs IUIOmAnb  CMSATHSA, €CIM  IOBEPXHOCTb  CMSATHUSA
HWIMHAPUYECKAs, TIIOCKas?

Tema 2.4 'eomeTpuuecKHue XapaKTePUCTUKH IUIOCKUX CeYeHUil

B Tteopun wu3ruba BaKHYIO POJb UIPAIOT MOMEHTHI HMHEPLUU, MOITOMY
CIEAYET pacCMOTPETH 3TOT BOIIPOC B BUJIE CAMOCTOSITEIbHON TEMBI.

[lepen wm3ydyeHuneM HTOH TeMbl MO Y4YEOHUKY TEOPETHUECKON MEXaHUKU
IIOBTOPUTE MaTEPUAI O CTATUYECKOM MOMEHTE U O HAXOXKAECHUU LIEHTPOB TSKECTH
IJIOCKHUX (puryp.

[Ipu u3ydyeHuu TeMbl clieyeT 0OpaTUTh BHUMAHUE HA TEOPEMY O MEepPEHOCe
oceil. DOrta (opMmyna HarJIAIHO IOKa3bIBa€T, YTO HAMMEHBIIUM M3 MOMEHTOB
WHEpPLUUHA OTHOCHUTEIIbHO HECKOJbKUX IapajuIelIbHbIX OCEW SBISAETCS MOMEHT
MHEPLUHUH OTHOCHUTENIBHO TOM OCH, KOTOPAsi IPOXOAUT YEPE3 UEHTP TAKECTH.

B Teopunm wusrmba BakKHYIO pPOJb HIPAIOT TJABHBIE IIEHTPAJIbHBIE OCH.
OOparutre BHUMaHHE HA ONpPENEJICHUE MOJIOKEHUS TJIaBHBIX LEHTPAIbHBIX OCEH.
Ecnu ceuenue cOoCTOMT W3 psAga MPOKATHBIX Npoduiei, To HeoOXOauMO MpU
BBIYMCIICHUSIX TTOJIb30BATHCS JAHHBIMU TAOJIHUI] COPTAMEHTA.

Bonpocs! Aj1s1 CAaMOKOHTPOJISA
1. Yo Takoe cTaTU4EeCKU MOMEHT CEUCHUS?

2. YT0 Takoe 0CEBOI U LIEHTPOOEIKHBII MOMEHTBI MHEPLUH TIIOCKOTO ceYeHus?

3. WU3MeHs0TCS M LUEHTPOOEKHBIE U OCEBbIE MOMEHTHI MHEPIMH MPHU MOBOPOTE
ocei? [Ipu napannensHOM nepeHoce?

4. YTo Takoe INIaBHbIE LEHTPAIbHbIE OCU UHEPLIVH?

5.Kakas cCBA3b CyIIECTBYET MEXIY MOMEHTAMH WHEPLUU OTHOCUTEIBHO
napajuieIbHbIX OCEHl, U3 KOTOPBIX OJHA SIBJISETCS LEHTPAIBHOM ?

6.Hamumire ¢GopMynbl 171 BBIUKMCICHUS OCEBBIX MOMEHTOB WHEPIMH IS
MPSIMOYTOJIbHUKA, PABHOOEPEHHOTO TPEYTOIbHUKA, KPyTa U KOJIbIA.

7. Kak onpenensitoT 0CeBble MOMEHTBI MHEPIIUHU CII0KHBIX COCTABHBIX CEUEHU?

Tema 2.5 CaBur u Kpy4eHue

W3yyass martepuajibl TEMbl, cleAyeT OOpaTUTh BHUMAHUE Ha IMOJHYIO
CMBICIIOBYIO aHAJIOTHIO 3aKOHOB ['yka mpH CIABUTE U MPU PACTSHKEHUM (CHKATHUH),
CPaBHHUTb 3HAYECHHUS MOAYJEH YyOPYrOCTM MaTepuajia IpU CIABUIE€ U IIpHU
MPOAOJIbHOM JehOPMUPOBAHUM (PKECTKOCTh JIFOOOTO MaTepHuana IIpU CIBHUTE
MeHnble). [lpu KpydyeHHH HanpsDKEHHUs paclpeAessioTcss MO MOMEePEeYyHOMY
CEYECHHUI0 HEPAaBHOMEPHO (B JIMHEHHON 3aBUCUMOCTH OT PACCTOSIHUSI TOYKH J10
MOJIFOCa  CEYEHUs), OIMACHBIMU SIBIISIIOTCA BCE TOYKM KOHTypa CEUYEHUS.
['eomeTpuyeckumMu  XapakTEPUCTUKAaMU IPOYHOCTH M JKECTKOCTU  CEUYEHUS
ABJISIFOTCS  COOTBETCTBEHHO IOJISIPHBI MOMEHT COINPOTUBICHUS W TOJSPHBIN
MOMEHT HWHEPLHH, 3HAYEHUs KOTOPBIX 3aBUCAT HE TOJIBKO OT IUIOLIAIW, HO U OT

¢dopMbI cedenus. ParmoHabHBIM (T.€. JAIOIIMM SKOHOMHUIO MaTepuaia) sBIISETCS
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KOJIBLIEBOE CEYEHUE, UMEIOLIEE 110 CPABHEHUIO C KPYIJIBIM CIIOIIHBIM MEHBIIYIO
IJIOIIAAL TIPU PABHOM MOMEHTE CONPOTHUBICHUS (MOMEHTE UHEPLIUH).
Crnenyer oOpaTuTh BHUMaHHE Ha BBIUMCJICHHE BpAIIAIOIIEr0 MOMEHTa Ha
BaJly 110 3aJJaHHBIM MOILHOCTHU U YIJIOBOW CKOPOCTHU Baja.
Bomnpoce! AJ1si CAMOKOHTPOJIA
1. B uem coctout nedopmarus casura?
2. YTo Takoe MOyJib CIBUTA U KaK OH CBA3aH C MOAYJIEM MPOAOJIBHON yIPyrocTu?
3. Kak onpenensieTcss KpyTALIMII MOMEHT B IPOM3BOJIBHOM CEUYEHUN?
4. Kakas 3aBUCHUMOCTb CYIIECTBYET MEXKIY IEpeaaBacMoOil BaJiOM MOIIHOCTEIO,
BpalarouMM MOMEHTOM M YIJIOBOM CKOPOCTBIO?
5.Ha kakux rumore3ax H JOMYIIEHUSX OCHOBAHBI BBIBOABI (OPMYNT ISt
ONpENETIeHUs] KacaTelbHbIX HAaNpsKEHWM M YIJIOB MOBOpPOTa CEYEHHW MpHU
Kpy4eHHH Opyca KpyTJIoro ceueHus?
6. KakoB 3aK0H M3MEHEHUs KacaTeIbHbIX HAMPSIKEHUN MO MUIOU[AJAN MONEePEeYHOTO
CEUYEHUS MPU KPYUECHUH?
7.UT0 ABISETCA TE€OMETPUYECKHMMHU XapaKTEPUCTUKAMU CEUEHHsI Bajla MpHU
Kpy4EeHHU?
8. [ToueMy BBITOJIHEE MPUMEHSTH BAJIbl KOJIBLIEBOTO, & HE CILIOIIHOTO CEYCHUs?
Tema 2.6 Ilpsaamoii u3rud
Teopuss yactuyHOro m3ruba MMEET KaK BHEIIHIOI, TaK U CMBICIOBYIO
aHAJIOTUIO C TEOpHEH KPYyYEeHHs] — aHAJOTMYHOE paclpeeieHUe HalpsHKeHUH 1Mo
MIONEPEYHOMY CEUEHHIO: HAJIWYME OIACHBIX TOYEK CEYEHUs, aHAJIOTMYHbIC
F€OMETPUYECKHE  XAPAKTEPUCTUKH  MPOYHOCTH M IKECTKOCTH  CEUCHHS,
AQHAJIOTUYHBIA TOAXOJ K OIEHKE paIMOHAIBHOCTH (opMbl ceueHus. Ocoboe
BHUMaHUE CJEAyeT YAEIUTb IMOCTPOCHMUIO SMIOP H3rMOAIOIIMX MOMEHTOB IIO
XapaKTEPHBIM TOUKaM.
Bomnpocsl Aj1s1 CAMOKOHTPOJIsI
1. B xakoM ciydae 6anka paboTtaeT Ha U3rHb?
2. Yro Takoe 4YHUCTBIA W momnepeuHblid u3rn0? Kakue BHYTpEHHHE CHUIIOBBIE
(akTOphl BO3HUKAIOT B MOTIEPEYHBIX CEUEHUSIX Opyca B 3TUX CiIydasx?
3. KakuM MeToa0M OnpeessitoT BHYyTPEHHHE CUIIOBbIE (PaKTOPBI, IEHCTBYIOIINE B
MOTEPEYHBIX CEYCHUSIX Ha U3rH0?
4. YeMy paBHBI TIOTIEpEYHas CUJIa U U3TMOAIOIIMNA MOMEHT B TPOJOJIBHOM CEYEHUHU
Oaniku mpu n3rude?
5. 1715 4ero CTposITCs SMIOPHI MOMEPEYHBIX CUJT U U3THOAIOIIMX MOMEHTOB?
6. Chopmynupyiite MmpaBuiIO 3aKOHOB JIJIs MONEPEYHOM CHJIBI U W3THOAIOLIETO
MOMEHTA.
7. KakuMM JIMHUSAMHM OYEPUMBAIOTCS SMIOPHI MOMEPEUYHBIX CHJI U HM3THOArOIIMX

MOMEHTOB Ha y4acTKe JEHCTBUSI PABHOMEPHO pacipeaesieHHON Harpy3Ku?
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8. Kak MeHsieTcsi xapakTep SII0p MOMEPEeYHbIX CHUJI U M3THOAIoNMX MOMEHTOB B
TOYKaX MPUI0KEHHUSI COCPEAOTOUCHHBIX CUJI 1 MOMEHTOB?

9. Hanmummre GhopMymbl Jis ONIPEAETIEHUS] OCEBBIX MOMEHTOB CONTPOTUBIICHUS MPU
u3rude A NpsIMOYTroJIbHUKA, KPyTra U KOJbIla.

10.Kakumu nepeMeieHusiMUA COITPOBOXKAAETCS N3THO?

Tema 2.7 C10:xHO€ CONPOTUBJICHHUE

B sToll Teme paccMmaTpuBaeTCsa Ciydail CIOKHOrO conpotuBieHus. llepen
W3YUYECHHEM TEMbI NTOBTOPUTE IJIaBbl, B KOTOPBIX M3JIOKEHA MPOBEPKA MPOYHOCTU
npyu U3rude 1O TJIABHBIM HAINpPSDKEHUSM, KOTJa W3BECTHHI HOpPMAaJbHbIC
HaMpsHKEHUS ¢ U KacaTelabHbie T. B ciydae n3rnba ¢ Kpy4eHHeM TakKe BO3HUKAIOT
HOpMaJIbHbIE HAMIPSHKEHUS U KacaTelIbHBIE.

Bomnpocsl Aj1s1 CAMOKOHTPOJISE
1. TloueMy B ciydyae OJHOBPEMEHHOTO ACHCTBUS M3rHMOa M KPYUEHUS OLECHKY
MPOYHOCTH MPOU3BOIAT, IPUMEHSISI TUIIOTE3bI TPOUYHOCTU?
2. [lpuBenuTe mpuMephl AeTaliel, padoTaIoNUX Ha U3THO C KPYUEHHUEM.
3. Kakue TOYKM MONEPEeYHOT0 CEUEHUs SBISIOTCS OMACHBIMHU, €CJIM OpyC KPYTrioro
MOTIEPEYHOT0 CEYeHHS padoTaeT Ha U3rHb C KpydeHHEM?

Tembr 2.8, 2.9 ConporusBiaenue ycrajgoctd. IIpounocrs mnpu
AUHAMHUYECKUX HATPY3Ka

OOBIYHO pacyeTbl Ha YCTAJIOCTh MPOBOMASTCS HE KakK MPOCKTHBIC
(ompenesieHne pa3MepoOB CEYEHUs JETANN), a Kak MpoBepouyHble. OOBICHIETCS 3TO
TE€M, 4YTO JIOMYyCKAaeMOE HAMpsHKEHHWE HE MOXET OBbITh YCTAHOBJICHO 3apaHee
JOCTAaTOYHO TOYHO, TaK KaK OHO 3aBUCHUT HE TOJIbKO OT Marepuaia JeTajau, HO U OT
psiga ee KOHCTPYKTUBHBIX OCOOCHHOCTEH (pa3MepoB, KadecTBa 00pabOTKU
MOBEPXHOCTH, HAJTMYUS KOHLICHTPATOB HAIIPSIKEHUS ).

Bomnpocsl Aj1s1 CAMOKOHTPOJISE
1.Kak Ha3bIBaeTCsAd MEXaHMYECKasl XapaKTEPUCTUKA MaTepHUaia, ONpeaesomas ero
COMPOTHUBJICHUE NTEPEMEHHBIM HATIPSIKEHUSIM?
2.Uto Takoe KOHUEHTpauus HamnpsbkeHus? I[lpuBenute npuMepsl AeTalei,
MMEIOITUX KOHIIEHTPATOPhI HAPSIAKEHUN?
3. Kakue (axTopbl BIUSIOT HA CHUKEHUE TIPe/ieNia BEIHOCIUBOCTH ?

Tema 2.10 YCcTOHYHBOCTD C/KATBIX CTEPKHEN

[Ipyu w3yueHunm Tembl oOOpatuTe o0coO0O€ BHUMAHWE Ha Mpeaen
npuMeHUMOCTH Gopmyisl  Jitnepa. Crenyer NpeacTaBiiTh cede, YTo MpHu
pacyerax Ha YCTOMYMBOCTh B OTJIMYME OT PAcUyE€TOB HAa MPOYHOCTH MPEAEIbHOE
HanpspKeHue (371eCh — KPUTHUYECKOE HANpPSHKEHUE GOyp) 3aBUCUT HE TOJIBKO OT
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Marepuana Opyca, HO M OT €ro T€OMETPUUYECKUX pa3MepoB, (HOPMBI ceUeHUs, a
TaK)Ke Croco0a 3aKpernieHus: KOHIOB.

Bonpocsl Aj1s1 CAMOKOHTPOJISE
1. Ha npumepe cxatoro crep>kHsi OOBSICHUTE SIBJICHUE TOTEPU YCTOMUHUBOCTH.
2 Y10 Takoe KpUTH4ECKas cuia?
3. Uto Takoe ruOKOCTh CTEpXKHS M TpenesibHas THOKocTh MaTepuana? OT Kakux
(hakTOpOB OHU 3aBUCST?
4. Kakoe cedeHHne CTEp>KHS (CIUIOIIHOE WIM KOJIBIIEBOE) OoJiee parmoOHAIBHO C
TOYKHU 3PEHUST YCTOMYMBOCTH U TTOUEMY?

2.Meroanuyeckne yKa3aHUA K BbINOJHEHHUIO U 3aJaHUSI KOHTPOJIbHOU padoThl

B pekomeHJ0BaHHBIX y4YeOHUKaX, a TaKKe B PYKOBOJACTBAX CTYJICHTHI
HaWJIyT JIOCTaTOYHOE YMCJIO IPUMEPOB 3aj1au IMOJJOOHBIX TEM, KOTOPHIE BKIIOUCHBI
B KOHTPOJIbHYIO paboThl. [loaTOMYy HWKE JaHBI JHIIL HEOOXOJUMBIE KpaTKUE
METOJIMUYECKUE YKa3aHUs K PEIICHUIO 3a7a4 KOHTPOJbHOU Pa0OTHI.

» Ycnosue pasnosecus niockoii cucmemut cX00AMUXCA CUTL
3aoauy 1 cnenyet peumiats nociie udydenus tem 1.1 u 1.2.

Bo Bcex BapHaHTax paccMaTpuBaeTCs pPABHOBECUE IUIOCKOW CHCTEMBI
CXOIAUIMXCS CUld M TpeOyercss ONpeleNuTh peakiuu ABYX IMIApHUPHO
COCTUHEHHBIX MEXIy COOOW CTEp)KHEH, yIep>KMBaloImuX rpy3. MoxkHo u30pathb
TpU croco0a pelieHHs: aHATUTUYECKUU, rpapudyeckuil u reomerpudeckuit. s
JAHHOTO THIIA 33Jlayd LeJeco00pa3HO HCIOJIb30BATh AHAIUTHUYECKUH CIOCO0
peLIeHHus.

3agaua 1. OnpenenuTs peaknu CTEPKHEH, YIepKUBAOIIUX Ipy3 BecoM G.
Maccoii crep:xkHell npeHeOpeub. CxeMy CBOEro BapuaHTa CMOTPU Ha PUCYHKe 1.
UucnoBble JaHHBIE CBOETO BApUAHTA B3STh U3 TAOJHIIBI 1.

Tabnuna 1
Homep cxembl Ha pucyHke 1
1 2 3 4 5 6 7 8 9 0
Bapuantsl kH
1 2 3 4 5 6 7 8 9 10
10 11 [ 12 | 13 | 14 | 15 | 16 | 17 18 20
19120 [ 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 6blnoJIHeHUI0 3a0anus 1

Benuuuna IIPOCKIHH CHUJIBI HAa OCh paBHA ITPOU3BCACHHUIO MOAYJIA 9TOM CHUJIBI
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Ha KOCHHYC yTjla MEXTy HAlIPABJICHUEM CHJIbI M TIOJIOKUTEILHBIM HAPaBICHUEM
OCH.
F,=F * cos a

OnpenenuM BeTWYWHBI M 3HAKW MPOCKIIUH TPEICTABICHHBIX Ha PUCYHKE
cui
( B oO1miem Buje, puc. 2).
[Ipoekunu cuia Ha och X:

1) Cuna F mapannenbHa OCH U HallpaBjieHa B CTOPOHY MOJIOKUTEIIBHOTO
oTcyera ocu, T. €. a =0, a cos 0 = 1. [ToaTomy
Fix=Fi+xcos0=F,

2) Cuna F , nepnenaukynspHa ocu X, T. €. yroa o= 90 °, rorma cos 90°= 0 n
Fox=F32+c0s90=0

3) Cuna F;00pa3yer ¢ moJ0XUTEIbHBIM HallPaBJICHUEM OCH YTOJ 0., KOTOPBIH
/2 <o <m. CnemoBaTeibHo,
Fsxx=Fis«cosa=Fj3«cos(m—P)=-F3+cosf

F, F,

- =

ra 11
e——
il

PucyHoxk - 2
Wrak, npoexkuus F 3 oTpuuarenbHa, €CiM OTCYET JJIMHBI MPOEKIUU OT TOYKH
Hayaja BEKTOpa K €ro KOHIly, IIPOTUBOIIOJIO0KEH MOJIOKUTEIBHOMY HAIIPABIECHUIO
OCH.

4) Cuna F400pa3syer ¢ moJ0KUTeIbHBIM HAIIPaBIEHUEM OCH yroi o, < 90°
(OCTpBIil Yyroi) U HalpaBJIEHUE €€ COBIAAAET C MOJIOKUTEIBHBIM
HaIpaBJI€HUEM OCH, TOTJa

F 4=F4* cosa

IIpoekmu cvt Ha oChb Y:

e [IIpoexknus cuibl Fiy= 0, T. k. cuna F nepnenaukyispHa ocu Y;

e Cuna F ; napayensHa ocu Y W HalpaBjieHa B CTOPOHY
ITPOTUBOITOJIOKHYIO MIOJIOKUTEIBHOMY OTCUETY OCH, T. €. & =0, a cos 0 =
IHostomy F oy =-F 2
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e [Ipoeknuus cuibl F 3 Oyzer Takke OTpuLaTENbHA, T. K. HAIPABJICHUE €€
HE COBIIAJIACT C MOJI0KUTEIBbHBIM HAIIPABJIEHUEM OCH Y U COCTABUT
F3X:—F3* Sil’lB
e [Ipoexkmus cuibl F4
F x=Fs*sina
ChopoeumpoBaB  Cujiabl Ha OCH  KOOPAMHAT, MOJYYUM UM  IPOEKLIHH
PABHOJICMCTBYIOIIEH CHUJIBL:

o [Ipoexyus pasrnooeiicmgyroujeli Cucmemsbl CXOOAWUXCSL CUTL HA KANCOYIO U3
oceti KOOpOuHam pasHa an2edpaudeckol cymme npoeKyuti CoCmagiaioujux
CUJl HA Y JiCe OCb:

R.=XFy;
Ry=2F,

e Mooyne pasnooeticmgyrowel cucmembvl CX00AUWUXCsl CUIL PAGEH KOPHIO
K8AOPAMHOMY U3 CYMMbl K8AOPAMOE ee NPOeKyuli Ha 08€ 63AUMHO
NepneHOUKYIApPHbIE OCU.

R=VRZ+R2um R=Y (ZF)* +(ZF,)

e Hanpasnenue pasrnooeticmeyioweii onpeodensiemcsi ¢ NOMOWbIO Max

HA3bIBAEMBIX HANPAGTAIOUUX KOCUHYCOB:

cos Ox = Ry. / R
cos oy =Ry /R

[Ipuyem, KocuHYC yriia, 00pa3yeMOro BEKTOPOM pPaBHOACUCTBYIOIICH C
MOJOXKUTEIIBHBIM ~ HANpPABJICHUEM  OCH, PABEH  OTHOWIIEHHWIO  MPOEKUIUHU
PaBHOAECHUCTBYIOIIEH HA 3TY OCh K MOJYJII0 CAMOM PaBHOAEHCTBYIOILIEH

W3 BrIlIC IMPUBCACHHBIX BBIpa)KeHI/Iﬁ HCTIOCPCACTBCHHO BLITCKACT YCJIOBHC
PaBHOBCCHUA IIOCKOM CUCTEMBI CXOAIIUXCsA CUJI B QHAJIMTUYECKOU (bopMe.

Venosue pasnosecus nnockoti cucmemul CX00AUUXC CUTL:

1 paBHOBeCHs TUIOCKOM CHUCTEMBI CXOJSIIUXCA CHJI HEO0OXOIuMO U
JOCTATOYHO, YTOOBI alreOpanvyecKrue CyMMBbI IIPOCKIIMM BCEX CHJ CHCTEMBI Ha
KKJIYIO M3 IBYX OCEH KOOpIUHAT ObLIM PaBHBI HYJIIO, T. €.

2F=0;XF, =0, mum
R.=0;uRy=0

IMpumep Ne 1
JIBa cTepkHs CBS3aHbI MEXy COOO0M U CO CTEHOI mapHupamu (puc. 3).
K mapuupy B Ha aHutu noaseuien rpy3 secom 100 H.
OnpenenuTh yCUIHS B CTEPIKHSX.

Pewienue.
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[TockonbKy CTEpHU COETUHEHBI B TOUKe B, oHa OyneT ciyXuTh 0OHEKTOM
paBHOBecusa. Ha Hee OyaeT AeiicTBOBaThH Cujla HATSXKCHHUST HUTHU, paBHas BECy
rpysa P.

Pucynoxk - 3

Ceszamu i1 Touku B cimyxat crepxuu AB u BC.

OTOpaceiBas CBSI3M 3aMEHUM HMX PEAKIMAMH - >1 ¥ =1, KOTOPBIE HAIIPABJICHBI
BIOJb cTepxHs. HampaBnss ycunust B oT Touku B mpenmonaraem, 4ro o0a
CTEepXKHS pacTAHYThHl.. Ha Touky B IEeUCTBYIOT TpW CHIIBI, JIe)KalllMe B OJHOU
IIJIOCKOCTH M IEPECEKAIOIMEC B OJHOM TOYKE, TO €CTh IUIOCKAas CXOASIIAsCs
cUcCTeMa CUJI, U1 KOTOPOU MOKHO COCTAaBUTh J[BA YPABHEHUS PAaBHOBECHUSL:

2Fu=0, 2F=0.

B 5TuX ypaBHEHHSIX HaXOIUTCA 2 HEU3BECTHBIX - YCHIIMA S 11 S).

Ocu KOOpIMHAT HAIMPABUM BJOJIb CTEPKHEN, MPUYEM OJHA U3 OCEU JOJKHA
IIPOMTH Yepe3 OJHY HEU3BECTHYIO peakuuioo. B Hamem mnpumepe Mexay
crepskHAMH yroi 90°, mosToMy 0cu KOOpAMHAT IPOLLIM CPa3y Yepe3 ABE PEAKIHH.

CocraBnsieM ypaBHEHUSI PaBHOBECHSI.

YFix=S;-P-cos(60°)=0;
2Fiy=S,+P-c0s(30°)=0.

W3 nepBoro ypaBHEHUS] HAXOJIHM:
Si=P- cos(60°)=100-0,5=50 H,
U3 BTOPOTO:
S;= - P-cos(30°)=- 100-0,867= - 86,7 H.

Yeunue S, momyumnock OTpuIlaTeIbHBIM, TO €CTh cTepkeHh BC Oynmer He
pacTAruBaThCs, a CAKUMATHCS.
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B oannom PEULERUU UCNOTIb308AIICA AHaAIUMUYecKuil Memaoo.
Omeem: Oannas CcHUCTEMA HaxoanuTCa B COCTOSAHHUHN PABHOBCCHH, CCIIH

COOTHOIIIEHHE mapaMeTpoB (cuit) Oyaet TakoBo: S; =50 H, S,= - 86,7 H.

Peakuus cBsizu S; TOMKHA JEWCTBOBATh B MPOTHUBOMOJIOAKHOM OT 33JaHHOTO
HaIMpaBJIeHUs T. K. €€ 3HAYEHUE MOTYUYUIIOCh OTPUIIATEIbHBIM.

J{nst mpoBepKU MPaBUIILHOCTH PELICHUS IPUMEHSIEM 2paghuyeckuii memoo.

JI1s1 3TOTO HY’KHO ITOCTPOUTH U3 CUJI, IEUCTBYIOIINX HA TOUKY B BEKTOpHBIN
TpeyroiabHuK. BHavane B macmtabe M 1H 1 cm moctpoum cuity P (puc. 4).

N3 Hayana v KOHIIAa ATOM CUJIBI POBOJIUM MPsMbIC, MTapaIeIbHbIC YCUIIASIM

Siu S,, monyvasi, TakuM 00pa3oM, 3aMKHYTHIN CUIIOBOW TPEYTOJbHUK. [Ipu
ATOM JIJIsl 3aMbIKaHUS TPEYTOJIbHUKA Mbl ObLTH BBIHYKJIEHBI CMEHUTH HAIPaBIICHHUE
ycunus S;

a=F

=3
Pucynok - 4

W3 TpeyronpHuKa, B KOTOpOM ycuime P sBiseTcs runoTeny3ou, a Sy u Sp-

KaTe€TaMH, HaXOJIUM:
S1=P-cos(60°)=50 H,
S,=P-cos(30°)=86,7 H.

Pe3ynbTarhl pacyeToB aHAJIOTMYHBI.

OtBert: S;=50H; S,=86.7

Cnenyer OTMETUTb, UYTO 6EeKMOPHbBLIL  MPEY2ONbHUK  NOKA3bléaem
JelicmeumenvHoe, a He npeonoazaemoe HanpaeieHue UCKOMbLX CUIl.

> 2,2 OnpejnesieHne peakiuu onop 0ajJ04YHOI CHCTEMBI

3agaua 2. Onpenenuth peakiuyl ONOp JIBYXOMOPHOW Oanku (PHCYHOK 5).
JlaHHBIE CBOETO BapuaHTa B3SITh U3 TaOJIHUIIBI 2.
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Pucynok 5
Tabmaua 2
Howmep cxembl Ha pucyHke 3.2
F
1y 2 (3 (4|56 |7| 8|9 10
BapuanTsl kH
1y 2 (3 (4|56 | 7|89 10 20
11|12 (13 (14 | 15|16 | 17 | 18 | 19 20 30
21122 123 124 |25|26 |27 |28 |29 30 40
31132 (33 (34 |35|36| 37|38 |39 40 50

Memoouueckue ykazanusa K peuieHuio 3aoauu 2
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3adauy 2 cnenyet peuiars nocie udydenus tem 1.3 u 1.4.

Bo Bcex BapuanTax TpeOyeTcs OINpeAeNuTbh peakiuud omnop Oanok.
Crynentam HeoOXOIMMO MPHOOPECTH HABBIKM OMpENETICHUS Peakiuii Omop, Tak
KaK C 3TOr0 HaYMHAETCS PEIICHHE MHOTUX 337a4 10 COIPOTUBJIEHUIO MAaTEpUATIOB
U JIeTajasiM MalllvH.

IIapoit cuma Ha3bpIBAlOTCA [JBE paBHbIE U M[apajulelbHbIE  CHUJIBI,
HaIpPaBJICHHBIC B TPOTUBOMOJIOKHBIE CTOPOHBI M HE JIeXKAIllKe Ha OJTHON MPSIMOM,.

JelicTBue mapbl CUJI Ha TBEPJOE TEIO COCTOUT B TOM, YTO OHA CTPEMHTCS
Bpamarb 370 Teno. CrnocoOHOCTh mMapbl CWJI  MPOU3BOAUTH  BpAIllEHHE
OMpeeIIsIeTCS] MOMEHTOM Maphbl, PaBHbIM MPOU3BEICHUIO CUJIBI Ha KpaTyaiiliee
paccTosiHue (B34TO€ MO MEPIEHIUKYISIPY K CHJIaM) MEXKIY JIMHUSAMH JIeUCTBUS
cun. O603HaUYUM MOMEHT mapbl M, a kpaTyaiiliee pacCTOsTHUE MEXKIY CUJIaMu a,
TOTJ1a aOCOJIFOTHOE 3HAUYEHNE MOMEHTA!

M = Fa = F'a.

Mowment napsl B CU uzmepsiercst B HproToHoMmeTpax (H*M) unu B enunuiax,
KpaTHBIX HbloTOHOMETPY: KH*M, MH*M u T.1.
IIpaBuio 3HaKOB:

Momenm napwl cun 6yiem cuuTaTh Momenm napwi cun OyeM CUUTaTh,
NOJIOJCUMENbHBIM, €CIIU T1apa OTPULIATEIILHBIM, €CJIU Iapa CTPEMUTCS
CTPEMUTCA MIOBEPHYTH TEJIO 11O BpAILIATh TEJIO IMTPOTUB XOJ1a 4aCOBOM
HanpasieHuIo Xxo0a 4acogol cmpeixu CTPEJIKU

HpI/IHﬂTOe IIpaBUJIO 3HAKOB IJIsSI MOMCHTOB IIap YCJIIOBHO

Pucynok 6

MOMEHT CUJI OTHOCUTEIBHO TOYKH U OCH

0]

§)
4 0
F O \7

Pucynox 7
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MoMeHT cHiIbl OTHOCHUTEJIbHO TOYKH OINpelessieTcsl NMpPou3BeleHHeM
MO/1YJIsl CWJIbI HA UTMHY NEPIEeHINKYJIsAPAa, OMYIIeHHOr0 U3 TOYKH HA JTUHHIO
AeNCTBUS CHJIBI.

MowmenTt cunbl F otHOcuTensHOo O omnpenensercs: Mpou3BEIEHUEM CUJIbI Ha

M (Fi=Fa
JIe40

WU3mepsitor  MOMEHTHI cuid B HbloToHOMeTpax (H*M) wumum B
COOTBETCTBYIOIIUX KPATHBIX U JIOJIBHBIX €IUHUIAX, KAK 1 MOMEHTHI Hap.
Ilocnedosamenvrocms pewenus 3a0ayu:

1) u3o0Opa3uth OanKy BMECTE C Harpy3Kamu;

2) BBIOpATh PaCIONOKEHNE KOOPIMHATHBIX OCEH, COBMECTUB OCh X C OaJIKOMH,
a OChb y HaIlpaBUB NEPIEHINUKYIISIPHO OCH X.

3) mpousBecTH HEOOXOAMMBIE MPEoOpa3oBaHUs 3aJaHHBIX AKTUBHBIX CHII:
CUJIy, HaKJIOHEHHYI0 K OCH OajKu TOJA YIJIOM 0, 3aMEHHUTh JIByMsS B3aMMHO
MEPIECHIUKYISIPHBIMU ~ COCTABJISIIOIIMMHU, a PaBHOMEPHO  paclpeeiIeHHYIO
Harpy3Ky - €€ paBHOJCWCTBYIOUIEH, IPUIOKEHHOM B CEpPEIUHE Yy4dacTKa
pacrpeiesieHust Harpy3Ku

4) ocBoOOANTH OadKy OT OMOp, 3aMEHUB WX JIEHCTBHE PEAKIIUSIMH OTIOP,
HaIpaBJICHHBIMH B/IOJIb BEIOPAHHBIX OCEH KOOpIUHAT.

5) coCTaBUTh ypaBHEHHUS] PABHOBECHUS] CTATUKH JJISI MPOU3BOIBHOMN MIOCKOM
CUCTEMBbI CHJI TaKMM 00pa3oM U B TaKOH MOCIEN0BATEIHLHOCTH, YTOOBI pelIeHUEM
KQXKJIOT0 U3 ATUX YpaBHEHUM OBLIO OMpPEACICHUE OJHON U3 HEU3BECTHBIX PEaKIUid
orop.

6) IPOBEPUTH MPABUIIBHOCTh HAWJIEHHBIX OMOPHBIX PEAKIIUH 110 YPaBHEHUIO,
KOTOPOE HE OBbLIO UCIOJIB30BAHO JIJIsl PEIICHUS 3aauH.

IIpumep 2

OnpenenuThb peakiuu onop 0anku (puc. 8,a).
Pewenue
1. U300pa3um Ganky c 1elcTBYIOMUMH Ha He€ Harpy3KkaMu (puc. 8,a).

2. N3obpaxaem ocu KOOPAWHAT X U ).
3. Cuiny F 3amensiem ee cocrapnstoniumu F, =F cosa u Fy =F sin a.

[Ipu F = 20xH: F,=20 sin 30° = 10xH; F, =20 cos 30°= 17,3 xH.

PaBuogneiicteyromas q'CD  paBHOMEpPHO pacnpeAei€HHOW HarpysKu,
NPUJIOKCHHAS B TOYKE TEpPECCUCHHUsS aMaroHajeld mnpsaMoyroibHuka (puc. 8,0),
NEPEHOCUTCS 110 JTMHUM CBOETO IeUCTBUS B cepenuny ydactka CD, B Touky K

= g%l
Q=q%,
rae [ = CD .Q=12=2xH.

4. OcBobOoxgaeM Oajky OT OINOp, 3aMEHMB HX OMNOPHBIMH pPEaKUUSIMH
(pUcyHOK 8, B).
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5. CocraBnsieM ypaBHEHUsI PpAaBHOBECHS CTaTUKH M  OOpelessieM
HEWU3BECTHBIE PEAKIUU OMOP.

a) V3 ypaBHeHHMs CyMMbl MOMEHTOB BCE€X JEHCTBYIOILIMX Ha OalKy Cul,
COCTaBJIEHHOI'O OTHOCHUTEJIBHO OJHOUM M3 TOYEK OIOp, Cpa3y OINpEIesieM OAHY U3
HEU3BECTHBIX BEPTUKAIBHBIX PEAKIIUN:

' M=10rH
£ Q:J]KH/M
 — RERERERP
a ' a=30" 1L
O T N N
45 N
A Fx |8
J) 5
i F_Y
ﬁ) A x\|8
Rax P
y
Pucynoxk 8

Smy=F, AB+ M+ Q AK — Rp, AD =0

Rpy=(F, AB+M+ QAK)/AD = (101 +10 +2 3) /4 = 6,5 xH;
OmnpenernseM IpYryr0 BEPTUKAIBHYIO PEAKLIHIO:

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

OmnpenesnseM ropu30HTAIBHYIO PEAKLUIO:
2Xi=Ry, -FE=0;Ry =F =Fcosa=200,866=17,3 kH

6 IIpoBepsieM MpaBUIIBHOCTh HAJIEHHBIX PE3YyJIbTATOB:
XY; =RAy—Fy—Q +RDy=5,5— 10-2+6,5=12-12=0

Ycnosue paBHOBecus XY= 0 BBIIIOIHAETCS, CIEIOBATEIBHO, PEAKIIUHU OIIOP
HaWJICHbI BEPHO

IIpumep 2.

Onpenenuts peakiuu Z,, Y4 u My B xecTKoM 3ajenke (puc. 9).
[lpu P = 5kH"M,q = 2 KH/M.
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Pucynok 9

Pemenue.

1. PaccmarpuBaem paBHOBecue Oanku AB.

2. PaBHOMEpHO pacnpeAeneHHYI0 Harpy3Ky 3aMEHsIEM COCPENOTOYEHHOM,
MPUJIOKEHHOM mocpeanHe yyactka, Q = q-a =2-1.5 = 3 kH.

3. KoopaunatHyto och Z pacronaraem BioJib OcHu Oaliku, a OCh Y -
NEPIEHINKYIISIPHO EH.

4. B 3amiemieHur MOTYT BO3HUKHYTh JBE OMOPHbIEC peakiuu Z, u Y, (BIOIb
U TIEPIICHIUKYJISIPHO OCU OaJIKU) U PEaKTUBHBIA MOMEHT My . B nanHOM ciiyuae
peakuus Z, = 0, Tak Kak Ha 0ajgKe HET HU TOPU3OHTAIBHBIX, HU HAKJIOHHBIX CHJI.

5. CocrapisieM ypaBHEHUS paBHOBECUS JIJIS POU3BOJIBHO PACTIONO0KEHHBIX

CHIJI.
ZZ:ZA=O,
ZY=—P—Q+YA=0,

zMA(Pi) =Mr+Q-1,25—M+P-3=0.
(mpeamosaraeM, 4TO PEaKTUBHBI MOMEHT HAIpaBJICH IPOTHB YaCOBOM
CTPEJIKH).
W3 BTOpOrO ypaBHEHUS:
Yo=P+Q=5+3=8kH
W3 TpeThero ypaBHEHHUS:
Mgr=-Q-125+M—-P-3=-3-1254+4—-5-3 =—-14,75 kH.

3HaK MUHYC TIOKa3bIBAET, YTO PEAKTUBHBI MOMEHT HAIpPAaBJICH HE MTPOTUB
JaCOBOMW CTPENIKH, a B TIPOTUBOIOJIOKHYIO CTOPOHY. MeHsieM HarnpaBiieHue My Ha
yepTexke (cM. puc. 4).

CocraBnsieM ypaBHEHHUE JJIsI TPOBEPKH PEIICHUS.

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

VcnoBue paBHoBecHs ), Mg (P;) = 0 BBITOIHSETCS, CIIEI0BATENBHO, PEAKIIUH OIIOp
HAWJICHbI BEPHO.
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> 2,3 PacTsiskeHHe U CXKATHE: pacyeThl Opyca Ha MPOYHOCTD H
KECTKOCTh

3agaua 3. JIByxcTynmeHYarblii CTaJbHOW OpYyC, MJIWMHBI CTyINEHEH KOTOPOro

yKa3aHbl HA PUCYHKE 9, Harpy»keH cuiamu I u .

[TocTpouTh 3MIOPHI MPOAOIBHBIX CUJ U HOPMAJIbHBIX HANPSKEHUH 110 JUIHHE
opyca. Onpenenuts ymHenue (ykopouenue) opyca, npunss £ =2 - 10° MITa.

YucnoBele 3HAYEHUS TUIOIIAM NONEPEYHBIX CEYEHUM A U Ay I CBOEro
BapHaHTa B3ATh U3 Ta0MLbl 3. OceBble pa3MeEphI 1aHbI B MM.

Tabmnura 3.
Homep cxeMmbl Ha pucyHke 3
F1 Fz A] A2
112134 |5]6|7]8]9 10
Bapuantsl kH | kH | cm? | com?
12134 |5]6|7]8]|9 10 56 | 92 | 04 | 0,6
1111213 (14|15(16|17 18|19 20 1,2 | 366 | 05| 1,9
2112223124 |25(26|27 (28129 30 24 | 65| 1,2 | 3,2
31132(33(34|35|36|37|38]39 40 12 8 09 | 2,4
1 2 3 4 5
* 2 e B 4 e
= \Dlﬁ 4 8 : A2 a = _T/ 4 = } iy E O{—} 1;2
‘}\Fz | F, =] | l P N2
: o= i i
I ta glefla 8|1 ba \Egﬂ”m 3 4
S j P
g F F F TFI
6 7 8 9 10
o - 2 o .
o %l A S | =) OO\J %)) S 1
il e K & iy o L re 8 = A
N B & Fz | _j% F 2
? _T\ ) NP
= it~ o ] = i it
B Bl £ﬁ/ P ‘?T 120 = gﬂ .
A F 1Fl \§2) g\
Pucynok - 9

Memoouueckue ykazanus K peuwieHuro 3aoauu 3
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3amauya 3 MoxeT ObITh perieHa nocie ycBoenus teM 2.1 u 2.2. [pexnae yem
OPUCTYIUTD K €€ PEICHUI0, CTYACHT JIOJKEH HayYUThCsl O€3yKOPU3HEHHO BIA/IETh
METOJIOM CEUEHUH MJs OompeAesieHUs BHYTPEHHUX CHIJIOBBIX (DakTopoB. OTH
HABBIKM TIPUTOASTCS CTYACHTaM JUIsl BBINOJIHEHMS BCEX OCTAJbHBIX 3aj]ad
KOHTPOJIBHON pabOTEHI.

Bce neranu MamuH npu ux B3aMMOAECHCTBUM AEPOPMUPYIOTCS — U3MEHSIOT
pa3Mepsbl. Pa3nnyaroT HECKOJIBKO COCTOSHUM aedopmaiiuu: yrnpyras aedpopmariius,
IUIACTUYECKas U pa3pyLICHUE.

VYipyras — ucde3aer Mmocjae CHATHUS Harpy3oK, IUlacTHYecKass — OCTaeTCs.
Ecnu nerans geopmupyercst ynpyro, TO COCTOSSHUE Ha3bIBAE€TCS IPOYHOCTHIO.

CocrosiHue, MpU KOTOPOM B €ro MOMEPEYHBIX CEUECHUSIX BO3ZHUKAET TOJIBKO
OJIMH BHYTPEHHUM CHIOBOM (akTop — TmpojaoibHas cuwia N Ha3bIBaeTCs
PACTSKEHUEM WITH CKATHEM.

[IpononbHas cuiaa B MPOM3BOJBHOM IMONEPEYHOM CEUEHUU Opyca YHUCIECHHO
paBHa anreOpanveckoil cyMMe MpOEeKIUil Ha €ro MpPOoJ0IbHYI0 OCh BCEX BHEITHUX
CUJ1, IEUCTBYIOIMX HA OTCEYEHHYIO YaCTh.

Jliis pacueTa Ha MPOYHOCTh U OMPECICHUS ePEMELICHII He0OX0IMMO 3HATh
3aKOH U3MEHEHHUSI MPOAOIBHBIX CUJI 110 €ro JJIMHE.

Ilpaguno 3unaxoe: BHEUIHSA CWJIa, HANpaBJCHHAas OT CEUYEHUS, CUMTAETCA
MOJIOKUTENBHOM, T.€. JACT MOJOKUTEIbHYIO PACTSATMBAIONIYIO MMPOJOIbHYIO CHILY;
B ITPOTUBHOM CITy4ae BHEIIHSSI CHJIa OTPUIIATEIIbHA.

CocrosiHne wMmatepuana Opyca MpPOTUB PACTITUBAIOIMIMX  (CKUMAIOIINX )
JEHCTBUH (BHEIIHUX CHJI) OTIPEACIISIETCS TapaMeTPOM, Ha3bIBa€MbIM «HOPMaJIbHOE
HaIpsHKEHUE» 6, TeM OOoJIbIlle, YeM OoJbIlas ACHCTBYeT Harpys3ka. [lpu omHO# n
TON e Harpy3ke Oojee HampsDKEHHBIM OyaeT Opyc C MeEHbIIEH IUIomaabio
norniepedHoro cedeHus. CiemnoBaTeNbHO, HAMPSHKEHUE MPSMO MPOTOPIIHOHATHHO
Harpy3ke N 1 00paTHO MPOMOPITMOHATIBHO TUIOMIAIN CEUCHUS A.

VY ¢noBHE NPOYHOCTH IIPH PACTSHKEHUH U CKATUH UMEET BH
N
6 =—<[o],Ia (H/m?)

rae 6, N — COOTBETCTBEHHO HOPMaJbHOE HaNpsDKCHHE M MPOJOJIbHAS CUila B
OIAaCHOM CEUYEHUHU (T.€. B CEUEHUH, T]/Ie BOSHUKAIOT HauOOJIbIlIee HAMIPSKCHUE);

A — TII0IIIa b TTOTIEPEYHOTO CEUCHUS;

[6] — momyckaemoe HalpsiKEHUE.

Hcxonst U3 ycImoBUs MPOYHOCTH, MOXKHO pelaTh TPY BHJIA 33]1a4;

1) mpoBepka mpoYHOCTH;

2) monoop ceuenusi A > N/ [c];

3) onpenenenue gonyckaemon Harpy3ku [N] < [c]*A.

Hedbopmanus Opyca anmuHo#M | oT nelcTBUS pacTsKEHUs- CKATUsI HA3bIBACTCS
yanudaenueM Al. Ecnu pacemarpuBarot gedopmaniuio Kaxaoro Metpa opyca, To ee
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Ha3bIBAIOT OTHOCUTEIBHBIM YJTHHECHUEM.
e=Al/1

Mexny nedopmarueid B cTaaud yHpyrocTH M HANPSHKCHHEM CYIIECTBYET
3aBUCUMOCTB — 3aKOH [ yka:

o=FE*¢

OHa BBIp@KaeT MPSIMYIH MPOMOPIUOHAIBHYIO  3aBUCUMOCTh  MEXKIY
HalpsHKEHUEM U OTHOCUTENBbHBIM yiuymmHeHueM. Koaddunment E HazbBaercs
MOJTYJIEM YIIPYTOCTH.

E=0/¢, HM™M

Monyns ynpyrocts crami — 2*10° H/mm?, ayryna — 10° H/mm?.

Yrpyroe cocTosHHE TapaHTHPOBAHHO OXPAHSIETCS JO OMPEIeTICHHOTO
3HAUYEHUs HANPSHKEHHUs, KOTOpOEe Ha3bIBaeTcs JomycTuMbIM [G]. o mocTukeHus
ATOTO HANPSDKCHHWS MaTepuall CYMTACTCS JIOCTAaTOYHO NpodYHBIM. [losTomy
COCTOSIHME NMPOYHOCTH BhIpaxkaeTcs Hopmyioi

¢ < [o],

Jliist aHanm3a cocTosHUA JeTanei uMeronux Gopmy Opyca (JyiMHa 3HAYUTEIHHO
0OJIBITIE pa3MEPOB MOMEPEUHOTO CEUCHHS) CTPOSIT TPaduK — SIIOPY, 3aBUCHMOCTH
Hanpsokeauii 6 H/mm? (MITa).

Dmnropa Mo3BOJISIET ONPEETUTh HanboJee HaNPSXKEHHBIN yuyacTok Opyca.
HMpumep

Hns  naHHoro crymeHwyaTtoro Opyca (puc. 1, a) MOOCTpOUTH J3MIOPY
IIPOJIOJIBHBIX CHUJI, SIIOPY HOPMAJIBHBIX HANPSHKEHUN M OMPENeTUTh MepeMeleHre
cBoOOHOTO KOHIA, ecmu E = 2-10° MIla = 2-10!! [Ma; F,;= 30 kH=30x10% H;

F,=38 xH = 38-10% H; F3=42 xH = 42-10° H; A;= 1,9 cm® = 1,9-10* M2,
Ay=3,1 cM?=3,1x10* M%. [6] = 160 MI]a.
a) A
-2 —— A,
= 7
A s T A
Z
é y dv fml o on 1
.82~ | g4m_\0im) G5M_| 03
I 70707
S N, H
2 | Ll gana
50-10°
758 o, Mia
8 i
o) 1] TTIITIIT 25 8 N
153
Pucynoxk - 10

Ilocneoosamenvrnocmo peuternus 3a0ayu
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. Pa30burth Opyc Ha y9acTKH, HAYMHAS OT CBOOOHOIO KOHIIA.
['paHuIIaMH y9aCTKOB SIBJISIIOTCS CEYCHHS, B KOTOPBIX IMPHUJIOKECHBI BHEIII-
HUE CHUJIBI, a JIJIs HalpsOKEHUN TakKe W MeCcTa HM3MEHEHHUS pPa3MEpOB
TIOTICPEYHOTO CEUCHHS.
Onpenenuth 1o Metony cedenuit (PO3Y) npoonbHyI0 CUTy ISl KaKJI0TO
ydacTKa (OpAMHATHI 3MIOPBI V) ¥ MOCTPOUTH SITIOPY MPOAOJIBHBIX CHI N.
[TpoBeas mapamwienpbHO ocu Opyca 0a3oBYI0 (HYJIEBYIO) JHHHIO SITIOPHI,
OTJIOKHTH TIEPIICHAUKYJIIPHO € B MPOM3BOJIBHOM MaciTade MmoydacMbie
3HaYCHHsI OpauHAT. Yepe3 KOHIbI OpJWHAT MPOBECTH JIMHHUH, TTPOCTABHUTH
3HAKHU U 3aIITPUXOBATH SIIOPY JIMHUSIMH, TAPATUICTbHBIMU OpJUHATAM.
. s mocTpoeHHs 3MIOPbl  HOPMAJbHBIX — HAIpPSKEHUM  ONpeseliseM
HaIpsHKCHUST B MOMEPEYHBIX CEUCHMSIX KaKIOTO M3 ydacTKoB. B mpenmenax
KaXKJIOTO Y4acTKa HAMPSKEHUS TOCTOSIHHBL, T. €. 3MI0pa Ha JAHHOM Y4YacTKe
n300pakaeTcs MpsMou, mapajjIeIbHON ocH Opyca
. Ilepememienne cBOOOMHOTO KOHIIA Opyca ompeaenseM Kak CyMMy
yIJIMHEHUH (YKOPOUEHHUI) ydacTKOB Opyca, BBIYMCIICHHBIX MO (opMmyJie
I'ykxa

AL=(6*0)/E,Mm

rae E — monyns ynpyrocru, 11a
Pewmenue:
1. Pa3buBaem Opyc Ha ydacTKH, Kak Moka3aHo Ha puc. 10, a.;
2. OmpenensieM OpJUHATHI SIMIOPHI N Ha ydacTkax Opyca:
N; =0;
Ny = F;=30 kH;
N;;; = F;=30 kH;
N,y = F;- F, =- 8 kH;
Ny= F;- F, - F3=- 50 kH.
Crtpoum smropy npoaoabHbIx cui (puc. 10,0).
3. BpraucnseM opavHATHI SMIOPEI HOPMAJIbHBIX HAITPSYKEHUMN:

N" 30 ¢ 103

=19 10 158 - 10°Ila = 158 MIla;
I 7

O =

. 103
o= = 32 1% _968.10°Ia = 96.8 MIla;
A, 3.1-10

103
oy == —_758.10°Ta = —25.8 MIla;
A, 3.1-10

. 103
op = = 2010 —_163.10°Tla = —163 MIla;
A, 31-10
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Crtpoum smropy HOpMalbHbIX HamnpsbkeHuit (puc. 10, B).
4. OmnpenensieM nepeMelleHre cBOOOAHOr0 KOHILa Opyca (HauyMHATh HYXXHO C
MecTa 3a/ICJIKU €T0):
A= All + Aln[ + Al” + AlIV + Alv,
N['l[
Al =—=0;umu Al = (6 *0) /E=0m
E-A;

N"'l" _ 30103510_1

_ _ _ 104 v — .
Ay =t = g g = 3947107 M= 0394w
NIII " lIII 30 " 103 " 01
Al = = = 0.484-10~* M = 0,0484 Mm;
M="g A, 2-101-31-104 M M
Ay = M by 810741077 o Gty = —0.0516
VETTEa,  2-1011-31-104 M TR ML
Ny - L, 50103 - 0.2 )
Al, = — = = —161-10~* M = —0.161 mm;

E-4A,  2-10'1-3.1-10~*
IlomHOE MMCPCMCIICHNUC CBO60,ZIHOI‘O KOHIIa 6pyca COCTaBUIIO:
Al = 0.394 + 0.0484 — 0.0516 — 0.161 = 0.23 mMM;
S.AHaM3UpyeM MI0pYy.
- [lepBblii y4aCTOK — HANPS)KEHUE PABHO HYIIO. T.K. OTCYTCTBYIOT BHEIIHUE CUJIbI
-BTopo# y4yacTok — nmpo4eH U 3KOHOMUYEH

T.K.
o;; <[o], 158 MIla < 160 MIlIa

([o] - oyp) /[o]* 100 = (160-158) / 160*100 = 1,25% < 10% (Henorpyska).
- Tperuii y4acToK — IpOYeH:

o <[o], 96.8 <160 MIla
- YeTBepThIii y4aCTOK — IPOYEH, T.K.
o <[o], 25,8 <160 MlIla
- [IaTh1i1 yyacTok —
oy> [o], 163> 160 MIla

([o] - opp) /[o]* 100 =(160 — 163) /160*100 =1,87% < 5 % (nmeperpy3ka)
Ortsert: 1) Peakuus B 3aneinke papua 50%10° H;
2)OmnacHoe ceueHue Opyca HabJII0AaeTCsS B 5 — M CEUCHHUH, T. K. Omax = 163
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MIllIa, neperpy3ka yuactka coctasuia 1,87 %.
3) bpyc ynnunsiercst Ha 0,23 mm

» 2,4 Kpyuenue: pacuéTbl Ha MPOYHOCTH M KEeCTKOCTh

3apauya 4. [{ns crampHOro Bana (pUCYHOK 11) MOCTpOUTH SIMIOPY KPYTSIIMX
MOMEHTOB; ONPEACIUTh JAUAMETP BaJla HAa KaXXJOM Y4YacTKE€ M IIOJIHBIA YTroOJ
3aKpy4YUBaHHUSL.
JlaHHBIE JUIS pa3IUYHBIX BAPUAHTOB yKa3aHbI B TaOIHIlE 4.

MoruHocTh Ha 3y0uathix Kosecax npunsaTh P, = 0,5P;; P; = 0,3Py;

P4 = 0,2P;. lonyckaemoe Hanpspkenue [t] = 30 MIla, monynb casura G =
0,8-10° MI1a.

Vkazanue. [lomyyeHHoe pacuértHoe 3HaueHHE AuamMeTpa (B MM) OKPYTJIUTh
1o ommmkaiimero oosnpirero ynciaa no I'OCT 6636-69

Tabnuua 4
Howmep cxembl Ha pucyHke 11
® Py
I 121314516 | 7] 819 10

BapuanTsl pan/c | kBt

1121314516 | 7|89 10 48 18
11213 (14| 15|16 |17 | 18| 19 20 60 | 30
21 |22 123 124 |25]26|27 |28 |29 30 25 60
31 (32 (33 (3435|3637 |38 |39 40 62 16
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Pucynok 11

Memoouueckue ykazanus K peuwtenuio 3aoauu 4

K pemienuto 3a1aun 4 cienyer NpuUcCTynarh nocie u3ydeHus Temol « CIBUT U
Kpy4YEHUE».

Bpamaronuecs neranu (daiie BCEro 3TO BaJibl) UCHBITHIBAIOT Je(opMaiinio
Kpy4YeHHE — KacaTelbHOE OTHOCUTEIBHOE BpAILIEHUE MONEPEYHBbIX CEUYECHUM.
[IpoTuBOAEHCTBHE CEYEHUN Bajla KPYUYECHUIO ONPENEIACTCA KPYTAMM MOMEHTOM
T u KacaTenbHBIM HANPSKEHUEM T.

Kpydenunem Ha3bpIBalOT TakoWl BUJ HArpy>keHus Opyca, MpU KOTOPOM B €ro
MOTIEPEYHBIX CEYCHHUSIX BO3HUKAET TOJIBKO OJMH BHYTPEHHUH CHIIOBOU (HaKTOp —
KpYTALIUA MOMEHT.

YToO0Bl Bai ymnpyro CONpPOTHUBISUICS KPYUYEHHUIO, KPYTALIMHA MOMEHT CEUYECHMS

JIOJKEH YPaBHOBEIIMBATH Bpaliaroniie (BHEITHUE) MOMEHTHI CIIpaBa WX ClieBa OT
CEUYECHMUS, T.€.

clieBa_— CIIPABA_
KpyTsimii MOMEHT B NIpPOM3BOJIBHOM ITONEPEYHOM CEYEHHH Opyca paBeH
anreOpanyeckol CyMMe BHEIIHUX MOMEHTOB, ACWCTBYIOLIMX HAa OTCEYEHHYIO
4acTh: (MMeeTcsa B BUAY, YTO MJIOCKOCTH JEMCTBUS BCEX BHEUIHUX CKPYUYMBAIOIINX
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MOMEHTOB, MIEPIICHINKYJISPHBI IPOIOIHHOM OCH Opyca).
Pe3ynbrar OyaeT oauHakoB, KOO W MpaBasi U JieBask YaCTU JIEUCTBYIOT PaBHBIM
o0pa3zoM Jpyr Ha pyra Mo MPUHIIUAITY PABEHCTBA JCHCTBUS U TPOTUBOICHCTBUS
Byaem cuuTarh KpyTSIIMA MOMEHT MOJIOKUTEIbHBIM, €CIIHU JIs HaOIoaaTens,
CMOTPAILEr0 HAa MPOBEACHHOE CEYEHHUE, OH IPENCTABIIETCS HAMPABIECHHBIM 10
yacoBOoM crpenke. COOTBETCTBYIOUIMM BHEIIHWM MOMEHT HAaIlpaBJIEH NPOTHUB
4acoBOU cTpenku (puc. 12).
B nannoit pabote He0OXOIUMO BBIOTHUTD

M " IIPOEKTHBIN pacyeT Bajla KPYIJIOrO WIH
' KOJIBLIEBOT'O MTONIEPEYHOr 0 CEYEHUS U3 YCIOBUI
. @ , M IIPOYHOCTH U U3 YCIOBUM KECTKOCTH. 13 n1BYyX
D) S MOJIYYCHHBIX 3HAYCHUW TUAMETPOB CIEAYET

BbIOpaTh HauOOJIbIIIEE 3HAUCHUE.
OnHako KpyTAIIMA MOMEHT HENOCTaTOYHO XapaKTEPU3YET COMPOTUBIICHUE
Bajla KpyuyeHHt0. OYEeBUIHO Bajl MEHBIIETO JHaMETpa C TEM K€ KPYTSIIHM
MOMEHTOM MMEET MEHbIIIee conpoTuBiieHne. [loaTomy 11st 1oCTaTOUHOM
OLIEHKHU COINPOTUBIIIEMOCTH Baja KPYYEHHIO IMPUMEHSIOT APYrou Mapamerp —
KacaTeJIbHOE HaINPSKEHUE T.
KacarenpHOe HampspkeHUE YUYUTBHIBAET BEJIMYMHBL: KPyTAWEro mMomeHTa T,
nunameTpa Bana d, mromanu ceuenus (kpyra) nd? /4.
Paboune HampsikeHUs T, BO3HUKAIOIIME B CEYECHUHU Baja MpPU KPYUEHUU HE
JIOJKHBI TTPEBBILIATH JOMYCTUMBIE [T] AJIs1 JAHHOTO Matepuania, T. €.
T <|1].

Jns yctaHoBIeHUsI HanboJiee Harpy>KeHHOTO ydacTKa Bajia MOCTOSIHHOTO
CEUYEHUSI CTPOAT AIIOPY KPYTSIIETO MOMEHTA

[Ipu omnpenenenun HauOojiee HAMPSHKEHHOTO ydyacTKa CTYIEHYATOro Balia
CTPOSIT MIOPY KACATEIbHBIX HAMPSKEHUH.

Ilocnedosamenvrocmo peuterusd 3a0a4u:

1. OnpenenuTh BHENTHUE CKPYUYHBAIOIIME MOMEHTHI 110 (hopMmyJie
M = P/w, Hm
rjae P — moniHocTs,
® — yIJI0Bas CKOPOCTb;

2. OnpenenuTh  YpaBHOBEIUMBAIOIIMHA  MOMEHT, HCIONB3YS  YPaBHEHHE
paBHOBECHS
>M; =0,
TAK KaK NpH pPABHOMEPHOM BpAlICHMM Bala anredpamueckas cymMMa
NPUIOKEHHBIX K HEMY BHENIHMX CKPYYHMBAIOLIMX (BPAIIAOIIUX) MOMEHTOB
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paBHa HYIJIIO;

3. Tlonb3ysick metonoM ceuenuit (metomom PO3Y), moctpoutTs 3mopy
KPYTAILIUX MOMEHTOB MO JIJIMHE BaJa;

4. Jlns yyacTka Bajia, B KOTOPOM BO3HMKAeT HaMOOJbIIUN KPYTALIMNA MOMEHT,
ONPEIEIUTh AUAMETP BaJla KPYTJIOrO WM KOJIBLIEBOIO CEYEHUsS U3 YCIOBHS
OPOYHOCTH M IKECTKOCTH. /[l KOJNBLEBOrO CEYEHHsI Bajla IPHUHSATH
COOTHOIIIEHHE AUaMeTpoB ¢ = dy/d, dy — BHYTpeHHUU nuamMeTp Koibla; d
— HAPY’KHBIA JUAMETP KOJIbLIA.

H3 ycrosun npouHnocTu: H3 ycaosun scecrrkocru:
Mzmax Mzmax
Wy —— ., Ip = ——— .,
7= T = “Gledl
roe M, . — HaubGonblIHE KpYTH- rone [, — NoOAsIipHBIA MOMEHT HHep-
HiHH MOMEHT; LUHH CEeYeHHS,;
W, — nonsipHblii  MOMEHT CcoOMNpo- G — MonyJb YNPYFOCTH NMPH CABHIE;
THBJIEHUHA KPYUEHHIO,; |¢o] — monyckaembil yros 3akpydH-
[tx] — monyckaemoe kacaTenbHoe BAaHHA CEUEHHUS
Hanps>XeHue
Ceverue sara — Kpye
W nd? [ — nid*
2T 716 2T TI32
HeoG6xoaumeli o ONpo4HOCTH Heo6x0auMbBIH MO XKEeCTKOCTH AHa-
AunamMeTp BaJaa MeTp Bana:
3 IGMZ"’!&X 4 32M2max
d — — d =55 —_—
7 T nGlgol
CeuwerHue eana — KoOALLO
nd? nd?
W, = —/—— (1 —c%). I, = ——— (1 —c*).
Heo6xoauMBld 1O NMPOYHOCTH Ha- HeoG6xoanMBIH NO »XKECTKOCTH Ha-
PYHBIH AHaMeTp Konbua PY>XHbIA aHaMeTp KOoJhbiia
3 lGM,ma, 4 32Mzmax
7 el — ) nGleoj(l — %)
ITpumep

JUi cTanbHOTO Baja MOCTOSIHHOTO I10 JJIMHE CEUeHUs TpedyeTcs:
1) onpenenuthk 3HaYueHUsT MOMEHTOB M, U M3, COOTBETCTBYIOIIME I1€PEIABAEMBIM
MOIIHOCTSIM P, n P3 , a Tak)ke ypaBHOBEIMBAIOIINI

MOMEHT M;;
3 m L ‘:, 2) NOCTPOUTH BMIOPY KPYTSIIUX MOMEHTOB;
v e 2z 3) ONPEReNINTh TpeOyeMblil [JuaMeTp Baja U3
B w5 L\ - 777 pacueToB Ha IPOYHOCTh M KECTKOCTh, MOJIAras I10
. a BapuaHTy (@) MOINepeyHOe CEUeHHE Bajla — KpYT;
5 o T o BapuaHTy (0) — IONEpPEeYHOe CEUCHHUE Bajla —

2500
I e, 1o %

L

=




KOJIb1I0, UMEIOIIEE COOTHOIICHUE AUAaMETPOB
c=dy/d=0,8.

[Mpunsatse; [1,] = 30 MIla; [@] = = 0,02 pag/m = 0,02-10 pag/mm; P,= = 52
kBT; P;= 50 kBT;

o =20 pag/c;'

OxkonuarenbHOe 3HaueHue nuamerpa npussaTh o 'OCT 6636 -69.

Pewienue
1. OnpenensieM BHEIIHUE CKPYUYUBAIOIIE€ MOMEHTHI:
P, 52-103 _
2 —E—T—26OOH'M,
_ Ps _ 50-103 _ _
3 —E—T—ZSOOH'M,

2. OnpenensieM ypaBHOBEIIMBAIOIIUNA MOMEHT M :
YM; =0;M; — M, — M3 =0; M; = M, + M; = 5100 H - m.
3. OnpenensieM KpyTAIIAA MOMEHT IO y4acTKaM BaJia:
M, = M; = 5100 H - m;
My, = M; — M, =5100 — 2600 = 2500 H - m.

Ctpoum 3mropy KpyTsmx MoMeHToB M, (puc. 13, 0).
4. OmnpenensieM IUaMeTp Bajia U3 YCIOBUM MPOYHOCTH U HKECTKOCTHU:

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

a) Ceuenue sanra — Kpye

H3 ycaosua npounocru: H3 ycaosua amecrkocru:
f lGMzma,( 4 32Mzmax

v nGlho]

16.5 100. 10° 32.5100-10°

= = 95,2 MM . = o
T 3,14-30 3,14-8.10*.0,02-1073
= 75,0 Mm.
[IpuHumaem d = 95 mm. [Ipunumaem d = 76 mm,

TpeOyeMmblil tuameTp moaydusics OOJbIIE U3 pacueTa Ha MPOYHOCTh, TOATOMY
ero nmpuHUMaeM Kak okoHdarenbHbii d = 95 mm.Ilo TOCT 6636-69 npunumaem
d = 100mm.

» 2,5 N3ru6: pacyéThl HA MPOYHOCTh. BHIOOP panuoHaIbLHBIX
ceYeHui
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3agaya Ne 5. [lo ycnoBuio 3agaud 2, MOCTPOUTH SMIOPHI MOMEPEYHBIX CHIIL,
U3rUOAIOIIUX MOMEHTOB M, UCXOJs M3 YCI0BUS IpouHocTd npu [6] = 160 Mlla,
no100paTh HEOOXOUMBIN pa3Mep MOTEPEUHOTO CEYCHUS IBYTABPA.

Vkazanue. IIpu pemeHnn 3agauvl MCHOJIB30BAaTh CIPABOYHBIE MaTEpPHUAIIbI
MIPUIIOKEHUS A.

MemoouuecKkue ykazanusa K peuieHuro 3a0avu

K pemenuto 3agauu S5 cnegyer npucTynaTh rnociae n3ydeHus TeMsl «lIpsmon
U3TUOY.

[TonepeuHble CUIIbI, HANPaBIECHHbIE YEpe3 LIEHTP TAKECTH CEUCHHUs Oalkw,
BBI3BIBAIOT €€ JehopManuio — TPSMON TOINepedyHblid W3rub. Y W30THYTOU
BBINYKJIOCTbIO BBEpX OaJIkl BEpXHHE BOJIOKHA Y/UIMHSIOTCA, a HUXKHUE
cxuMaroTcsa. IIpensTcTByeT BO3HUKHOBEHUIO JTHUX IPOTUBOIOJIOXKHBIX IO
HarpaBjeHHuIo nedopmalruii mapa BHyTpeHHUX CUIL. JleficTBHe mapbl Oonpeensercs
napaMeTpoM, Ha3bIBAEMbIM M3THOAOIITUM MOMEHTOM My,

N3ru6 — »5TO0 TakoW BHUA HArpykeHuss Opyca, MpPU KOTOPOM B €r0
MONEPEYHBIX CEUCHUSIX BO3HUKAIOT M3rMOarolme MOMEHThl. B OoJbIIMHCTBE
CJIy4yaeB OJHOBPEMEHHO C M3TMOAIOIUMU MOMEHTAMU BO3HUKAIOT U MOMNEPEUHbIC
CWJIbl, TO TaKOM M3rud Ha3bIBAIOT MOIEpeYHbIM. Eciin momnepeyHble CUJbl HE
BO3HUKAIOT, TO U3TM0 HA3BIBAIOT YUCTHIM.

e N3rubarommii MOMEHT M, B TPOU3BOJIBHOM MOIEPEYHOM CEYEHUU
Opyca YMCIIEHHO PaBeH alireOpanvyeckKoi CyMMe MOMEHTOB BHEIIIHUX
CUJI, IEUCTBYIOIIUX Ha OTCEYEHHYIO YaCTh, OTHOCUTENILHO LIEHTPA
TSDKeCTH cedueHus: M, = Y M.

o [lonepeunas cusa B MpOU3BOIHLHOM MOMEPEYHOM CEUEHUH Opyca
YHCJICHHO paBHA aliredpandeckoil cyMMe BHEIIHUX CHUJI,
JEUCTBYIONIMX HA OTCEYeHHYO0 yacTh: Q = Y F.

e [Ipuuem Bce BHELIHKME CUJIIBI U MOMEHTHI AEMCTBYIOT B IJIaBHOU
MPOJIOJIBHOM TIJIOCKOCTH Opyca U PaciolOKEeHbI EPIECHANKYISIPHO
MPOJIOJBLHON OCHU Opyca.

[Ipu ompenenennu wu3ruOAOINIETO MOMEHTa B JIAaHHOM CEYEHHH Oajky
NPEACTABILIIOT COCTOAIIEH M3 JIBYX 4YacTEW: JIEBOM OT CeUeHMs WM IpaBou. Torma
U3ru0aroMM MOMEHTOM B CEUEHUHU OyJIeT BHYTPEHHUI MOMEHT B CEUCHUU JICBOU
yactu M,/  TIpOTHBOACHCTBYIOIIMM U PaBHBIM CyMME MOMEHTOB BHEIIHUX CHUJI
mpaBoit yactu y M, "P** | HA000pOT, U3TUOAFOIINIA MOMEHT — 3TO MOMEHT IPaBO
yactu My ™*, IpOTUBOAECHUCTBYIOIIUN U PaBHbIM CYMME MOMEHTOB BHEIIHUX CHJI
neBoi yactu Y M. [1oCKOJIbKY B JaHHOM CEUEHUHU U3rH0Aaroie MOMEHThI aBHBI,

HO IIPOTMBOIOJIOKHBI 10 HAIPAaBICHUIO, 3TO CIEAYET Y4YeCThb IPU INOCTPOCHUU
SMIOPHI U3TUOAIOIUX MOMEHTOB.

» Ilpasuno 3HaKo08 01 nNonepeyHou Cuibl: CUJAM, TIOBOPAYNBAIOIIUM
OTCEYEHHYIO YacTh OalKh OTHOCUTEIHHO PACCMAaTPUBAEMOr0O CEYEHUS IO
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XOJly 4acOBOW CTpEJIKH, MPUIIHCHIBAETCS 3HAK IUItoC (puc. 14, a), a cunawm,

TTOBOPAYNBAIOIIIAM OTCEUCHHYIO JacTh OaJTKu OTHOCHUTEITHHO

paccMaTpMBaeMOTO  CEYEeHHS  MPOTHB  XOJa  YacOBOW  CTPEIIKH,

NPUIIMCHIBACTCS 3HAK MUHYC (puc. 14, 0).

» Ilpasuno 3maxos 011 u3eudAOWUX MOMEHMOS: BHEIIHUM MOMEHTOM,
U3rMOAIONMM MBICIICHHO 3aKpEeIJICHHYI0 B pacCMaTpUBaeMOM CEYEHUU
OTCEUCHHYIO YacTh Opyca BBIMYKJIOCTHIO BHU3, MPHUITHCHIBACTCS 3HAK TUTFOC
(puc. 15, a), a MoMeHTaMm, HU3TMOAIONIMM, OTCEYEHHYI0 YacTh Opyca
BBINYKJIOCThIO BBEPX, — 3HAK MUHYC (puc. 15,6).

Mexny wusrubarommm MOMEHTOM M,, momepeyHor cuiok @, wu
WHTEHCUBHOCTBIO PacCIpe/iesIeHHON HArpy3Ku ¢ CYyIIECTBYIOT nuddepeHIaibabe
3aBUCUMOCTH:

dM, dQy
dz  dz

q

Ha ocnoBe Meroma ceueHudt u auddepeHIHATBbHBIX  3aBUCUMOCTEH
YCTaHaBJIMBAETCS B3aMMOCBSA3b OMIOp M,n QyMeXIy C000M W ¢ BHEIIHEH
Harpy3Koi, H03TOMYy JOCTaTOYHO BBIYMCIUTH OPAMHATHI 3IIOP A1 XaPAKTEPHBIX
CEYCHUI U COCUHUTD UX JINHUSIMU.

XapaKkTepHbIMU SIBIISIFOTCS CEYEHUs OalKH, TNI€ MPHUI0KEHBI COCPEIOTOYCHHBIE
CUJIBI W MOMEHTHl (BKJIIOYash OIOPHBIE CEUEHMs), a TakkKe CeUYCHUs,
OTPaHUYMBAIOIINE YYACTKU C PABHOMEPHO PACHPEICIICHHOW HArpy3Koil.

a) = +
M

M
TP

P .

!
5) i '
4 |
S TG

M M

Pucynok — 14 Pucynoxk - 15

lIpusedem nexkomopwie npasuia nOCMpoeHus Snop.
= J{ns 3niopvl nonepeuHvix Cuil.

1. Ha y4dacTke, Harpy>k€eHHOM paBHOMEPHO PaCIPEICIICHHON HArpy3Kou, JIopa
nu300pakaeTcs NpsMoM, HAKJIIOHEHHON K OCH OaJIKu.

2. Ha yyactke, CBOOOJHOM OT pacHpeieieHHONM Harpy3k, JIopa
n300paxkaeTcs NpsiMOl, mapaieIbHOW OCH OajKu.

3. B ceuenun Ganku, rje mpuioKeHa COCPEIOTOUCHHAS Mapa CuJl, MomepeyHast
CUJIa HE U3MEHSET 3HAYECHUSI.
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4. B ceueHum, rae mpuiaoKeHa COCPEAOTOUECHHAs CHIIA, 3HAYEHUE ITONEPEUYHOU
CUJIBI MEHSIETCSI CKAYKOOOPa3HO Ha 3HAYEHUE, PABHOE MIPUIIOKEHHOM CHUJIE.

s. B xoHIleBOM cedyeHuMM Oalkk TONEpevyHass CHila YUCICHHO paBHA
COCPEIOTOYEHHON cwiie (aKTMBHOW WJIM PEAaKTUBHOMW), MPUIIOKEHHONW B 3TOM
CEUYCHUU.

6. EcTm B KOHIIEBOM CEUCHHMH OAJIKM HE TIPIJIOKEHA COCPEIOTOUYCHHAs CHIIa, TO
IIOIIEpeYHas CHjia B 3TOM CEYCHUU PaBHA HYJIIO.

= J{na sniopul u32uOA0UUX MOMEHMO8:

1. Ha yyacTke, Harpy>K€HHOM PaBHOMEPHO pacIlpeeIeHHON Harpy3Koi, smopa
MOMEHTOB HM300pa)kaeTcs KBaJapaTudHON mapabosoi. Beimykimocts mnapabobi
HaIlpaBJICHa HABCTPEUy Harpys3Ke.

2.Ha yvactke, cBOOOJJHOM OT PaBHOMEPHO paCIpeAeIeHHOM Harpy3Ku, 3Mopa
MOMEHTOB U300paxkaeTcs MPsIMON JIMHHUEH.

3.B ceuenuu 6anku, r/ie MPUIIOKEHA COCPETOTOUCHHAS TTapa CHJI, U3TUOAOIINN
MOMEHT MEHSIETCS] CKauKOOOpa3HO Ha 3HAYE€HHE, PABHOE MOMEHTY IMPHUJIIOKEHHON
napkl.

4.3rubaronuii MOMEHT B KOHLIEBOM CEUYEHHM OalKu pPaBEH HYIIO, €CJIU B HEM
HE MPUJI0KEHA COCPENOTOYEHHAs I1apa CHJL.

5.Ecnu e B KOHIIEBOM CEUEHHH MPUJIOKEHA aKTHBHASI WUJIM PEAaKTHUBHAs Mapa
CHWJI, TO U3rUOAIOIINIT MOMEHT B CEUEHUU PaBEH MOMEHTY MPHUIIOKEHHOMN mapbl

6,Ha ydactke, rje nornepedHasi cujia paBHa HYJIO, 0ajgka UCHBITHIBAET YUCTHINA
M3rub, W JIMIOpa U3rHOAIOIIMX MOMEHTOB M300pakaeTcsi MPsIMOM, MapajuieTbHON
ocH OaJKu.

7.M3rubaromuii MOMEHT MPUHUMAET HKCTPEMaIbHOE 3HAYCHUE B CEUCHHH, TJIe
AIIOPA MOMEPEYHBIX CUJI IPOXOAUT YEPE3 HYJIb, MEHSSA 3HAKH C « +)» HA « - » WIH C
« = » Ha «+».

B paccmarpuBaemMoii 3aaue TpeOyeTcsi MOCTPOUTD AMIOPHI MOMEPEYHBIX CUIT
U U3rM0aronMXx MOMEHTOB, a TakKe MoJ00paTh pa3Mephl MOMNEPEUYHOr0 CEYEHUS
OaJiKy, BBITIOJIHEHHON U3 MPOKATHOTO NMpoduiis — AByTaBpa.
VYcaoBue mNpodyHOCTH It OajOK €  CEUYCHHSIMH, CHUMMETPUYHBIMU
OTHOCHUTENBHO HEUTPAIBHON OCH, UIMEET BHI:
Mx max

Omax = Tx < [0’]

rae W, — oceBoii MOMEHT COIPOTUBIICHUS CEUCHUSI.
st monOopa ceyeHust 6anku (MMPOEKTHOTO pacyeTa) U3 yCIOBHS MPOYHOCTH
OIpeAessAoT He0OX0JUMOE 3HAUEHUE OCEBOT0 MOMEHTA COIIPOTHUBIICHUS:
W, =

Mx max
[o]
[lo HalizeHHOMY MOMEHTY conpoTuBiieHus W,, moaduparoT COOTBETCTBYIOIIEE

CEUYEHUE [0 COPTAMEHTY (CM. IPHUIIOKEHUE A).
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JIist 3aKpeTieHHON OJHUM KOHIIOM OaJIKU CTPOWTH JIIOPHI 1EIIeCO00pa3HO
CO CBOOOMHOrO KOHIA (Y4TOOBI M30EKaTh OMPENCIICHUS OMOPHBIX PEAKIUi B
3a7IeTIKe).

v' TlocienoBaTeIbHOCTh PELIEHHUS 3a1auu:

1.banky pa3aenuTh Ha y4aCTKHU M0 XapaKTEPHBIM CEUCHUSIM.

2.0mnpenenutb BHUJ OJMIOPbl  TMOMEPEYHBIX CHUJ Ha KaXKJIOM Yy4YacTKE B
3aBUCMMOCTH OT BHEIIHEW Harpy3k, BBIYUCIUTH IIONEPEYHBIE CHUJIBI B
XapaKTEPHBIX CEUYCHUSX U MTOCTPOUTH SMIOPY MOMEPEUHBIX CHIL.

3.0npeaenuTs BHUJA JMIOPHI U3THOAOIIMX MOMEHTOB Ha KaXJIOM Yy4YacTKE B
3aBUCHUMOCTH OT BHEIIHEH Harpy3Kd, BBIYUCIWTH HW3rHOAONIME€ MOMEHTHI B
XapaKTEPHBIX CEUCHUSAX U IMTOCTPOUTH IMIOPY U3THOAIOIINX MOMEHTOB.

4.]lns naHHOM OaJiku, MMEIOLIEH MO BCEH JIMHE MOCTOSHHOE IOIEepeyHOe
CCUCHHE, BBINIOJHUTh MPOEKTHBIA pacyer, T. €. omnpeaenuts W, B omacHoM
CEUYEHUH, Ie U3rMOAOIINI MOMEHT UMEET HauOOJIbIIIEE 10 MOTYJII0 3HAUCHHUE.

IMpumep 1.
Jlyis 3a1aHHOM KOHCOJBbHOW OaKu (TorepeuHoe ceueHue-n1ByTasp, [o]= 160
MllIa) mocTpouTs 3mrops! @), 1 M, 1 1og100paTh CEYEHUE TI0 COPTAMEHTY.

Pemenue
1. Jenum Ganky Ha y4acTKH MO XapakTepHbIM cedeHusM A, B, C (puc. 16, a).
2. OmpenenseM 3HA4EHUS TONEPEIHOM CUIIBI (), B XapaKTEPHBIX CEYECHUAX
CTpOUM 31t0py (puc. 2, 6):
Qy" =—F, = —1xH
Qyp = —F, = —1xkH
Qyy =—-F+ FF=-F,+—-F, =-1+2=1kH
3. Onpenensiem 3HaYEHUST U3TUOAIONIETO MOMEHTa Mx B XapaKTEPHBIX
CEUECHUSIX U CTPOUM 31I0py (puc. 16, a):
My=0
MgP=F,-*AB =1 *3 = 3 KH-M;
ME®P=F, *AB+M=1*3+ 12 =15 KHM;
MP=F,*AC+M-F, «xBC=1%*5+12-2%2=13KHM;
4 Ucxonas uz smtopsl M, (puc. 16, B)
M, ax = 15 kH-M = 15 * 10° H-Mm;
My max 15+ 10°

We= =0 = e

93700 mm3 = 93,7 cm®

B cootBerctBuun ¢ I'OCT 8239—89 BeiOupaem nytaBp Ne 16 (cM. mpu-
JoxeHue A).
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Ipumep 2.

s 3amanHOM ABYX OnopHOM 6ayku (puc. 17, a) onpenenuTh peakiuu omnop,
MOCTPOUTH DIIOPHI TOMEPEYHBIX CHJI, M3THOAIONIMX MOMEHTOB U OINpPEAEIUTh
pa3mepsl nonepeunoro ceuenusd (h, b, d.) B hopme nmpsMOyrojibHUKa WU Kpyra,
NPHUHSB IS psiMoyroiibHuKa h/b — 1,5. Cuurats [o]= 160 MI]a.

e [locnemoBaTenbHOCTh PENICHUS 3aJa4d Ta K€, YTO WM B MPEABIAYILECH

3apaye. OTIMYKE JIMIIb B TOM, YTO JAHHYIO 33[la4y HAaYMHAIOT PelaTh C
ompenesieHUs] peakiuid omop Oalku U TMPOBEPKU MPABUIHHOCTU

HalJeHHBIX peaKIuii.
Y
a) “5:7‘5’“‘" \Rg=10xH ALE’:Z’;’;DKHH’? ESZZ;’(:_ \ M=20rHM ‘9/ )
0 7 3 77 ﬁqj O ~
. M é - f‘iM 6m A7 0") ) R o
J] &6 fﬁa __ELM‘“ M,
o 8 c ]
Rp
. 22 : 22
a, «H
o) PR S 11111
18 s
20
2 : 1 : A M, xHM
90 112
122
Pucynok 17

Pewmenue.
1. OnpenensieM ONOpHBIE PEAKIIMKA U TPOBEPSEM UX HaWICHHbIC 3HAUCHHUS:
YMp=0;YMp=-M, +F, *CD+ M, +Rg *BD -F;, * OD =0;

My —F,«CD—M, + F;xOD 20—30-6—10+18-15

Ry = — - — 10 kH;
ZMB=O;ZMB=_F1'OB+M2_F2'BC_RD_M1=O
—F, OB+ M, — F, . g¢c— —18-5+10—-30-4 - 20
RD= 1 2 2-BC M1= — _22kH

BD 10

Tak kak peakuusi Rp moiyduiaack cO 3HAKOM MUHYC, TO U3MEHSIEM €€
NEepBOHAYAILHOE HAMPABJICHHE Ha TPOTUBOIOJIOXKHOE. VICTHHHOE HampaBiieHUE
peakiuu Rp—sHu3 (puc. 17, 6).
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IIposepxa:
YYo=—F+Rgt+F,—Rp=-18+10+30-22=0.
Ycaoue cratukum ).Y;= 0 BBIIOJNHSETCS, CIIEIO0BATEIBHO, PEAKIIMH OIOP
OMpeIeNICHbI, BEPHO.
[Ipu mocTpoeHuu 3M0p UCIOIB3YEM TOJBKO UCTUHHBIC HAMPABICHUS PEaKIuid
OT10p.
2.Jlenum Gasiky Ha y4acTKu 10 XapaktepHbiM cedenusm O, B, C, D (puc. 17,
0).
3.0npenenseM B XapaKTEPHBIX CEYEHUAX 3HAYEHHUS MIONIEPEUYHOM CUITBI (0, U
CTPOUM JIIOPY clieBa Hamnpaso (puc. 17, 6):

o'=-F;=- 18 xH;
gB= -F,=- 18 xH;
an_ Fi+ Rg=-18+10= - 8 xH;
Q"= _F;+ Rz =- 18+10= - 8 kH;
Qr=-Fy+ Rg+F, =-18+10+ 30 =22 kH;
Q%eB: - F1+ RB + Fz =22 KH
4.BBI‘—II/ICJ'I$I€M B XapPaKTCPHLBIX CCUCHUAX 3HAYCHUA I/I3FI/I6aIOHJ;eFO MOMCHTA U
cTpoum 3mtopy (puc. 17, 2):
MOZ O,
Mg=-F;- AB=-18 * 5=-90kH ™m;
M¢E=_F; * OC+Rg*BC=-18* 9+ 10 * 4=- 122 kH"M;
M =-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 kH-m.
5.BpiuucnsieM pa3mepbl ceueHUs JaHHOM Oajakh M3 YCIOBHM MPOYHOCTH
Ha U3ru0 1o JByM BapuaHTaM:
a) cedyeHue — IPSAMOYTOJIBHUK C 3aJJaHHBIM
COOTHOIIIEHHEM CTOpOH (puc. 17, e);

0) ceuenue — Kpyr (puc. 17, 0). Berauciaenue pasMepoB NpsMOYyTroIbLHOTO

CEUCHUS:

W. = My max _ 122-10°
[ =

= = 0.762 - 10° mm3
[o] 160

2
Ucnonv3ys hopmyny W, = & U yuuThIBas, 4To h = 1,56, Haxoaum

b= S/ZVZV 3/6072622510 = 1023/2.06 = 127 MM

Ucnonb3ys hopmyny W, = , HAXOJIUM JUAMETP KPYIJIOTrO CEUCHUS

46



L c[paws _e[32-0762-100
- | 7 - 314 - IO MM

[Tpunumaet o 'OCT 6636-69 nuametp Bana paBusbiii 200 Mm.

3.Bonpockl K 3K3aMeHy

I. Cratuka. MexaHnueckoe JBHKEHHE, MaTepualibHasg TOYKa, CHUCTEMa
MaTepPHAIBHBIX TOUEK. AOCOITIOTHO TBepAble U JedopMHUpyeMbIe Tena;, Cujia —
BekTop. Cucrema cwi. OKBUBAIEHTHOCTh CWil. PaBHoAEHCTBYyoas cuia.
VYpaBHoBemmuBaromas cuia. OCHOBHBIC 3a/1a4d CTaTUKHU

2. AkcuoMmbl ctatuku. CBS3U U UX pPEAKIINU

3. Ilmockas cucremMa CXOASIIMXCA CHUJI: ONPEAEIEHUE, TEOMETPUUYECKUN METOJ
CJIOKEHHUS CWJI, IMPUIOKEHHBIX B OJHOM TOYKE. Y CIIOBUE PAaBHOBECHSI CUCTEMBI
CXOASIIUXCS CUIT

4. Tlpoekmus cuibl Ha och. [Ipoekiusi BEKTOPHON CyMMBbI Ha OCh. AHATUTUYECKOE
ONpPENCIICHUE 3HAYEHUS M HANpaBJICHUS PABHOACHCTBYIOIIEH IIOCKOW CUCTEMBI
CXOISIIMXCST CHIT (METOJI TPOCKIINI)

5. YpaBHEHUs paBHOBECHS MIJIOCKON CUCTEMBI CXOISAIIUXCS CHJT

6. [Tapa cun 1 MOMEHTHI CUJI: TIapa CUJI U €€ JICMCTBUE HA TEJI0; SKBUBAICHTHOCTD
nap. CiioeHre U paBHOBECHE Tap CUJI HA TNIOCKOCTH. MOMEHT CUJI OTHOCUTEIIBHO
TOYKH U OCH

7. Cucrema NpPOW3BOJIBHO PACHOJIOKEHHBIX CHJI: NPUBEICHUE CHIIBI K TOYKE;
NPUBEICHUE TUIOCKOM CHUCTEMBbI CHJI K JaHHOM Touke Teopema O MOMEHTE
PaBHOJICUCTBYIOIIEH IJIOCKOW CUCTEMBI cuil (TeopeMa BapunboHa)

8. YciioBHs paBHOBECHS MPOU3BOJIBHON MJIIOCKON CUCTEMBI CHII: TJIABHBII BEKTOP U
rJ1aBHBIA MOMEHT. Tpu (hOpMBbI, KOTOPHIMA MOTYT OBITh MPECTABICHBI YPABHEHUS
paBHOBECUS IMPOU3BOJIBHOM MIJIOCKOW CUCTEMBI CUJI

9. IlpocTpaHCTBEHHAs] CUCTEMA CHJI: OINPEIECICHUE; TJIaBHBIM BEKTOpP W TJIABHBIN
MOMEHT. Y CJIIOBUSI PABHOBECHS MMPOCTPAHCTBEHHOM MPOU3BOJIBHON CUCTEMBI CUJ
10. Peanpuble cBsizu. TpeHUE CKONBKEHHUS M €r0 3aKOHBI (CHJIa TPEHHS, Yroll
TpeHust, KO3GOUIIMEHT TPEHUs). Y CIOBUS CAMOTOPMOKEHUS

11. IlenTp TsKecTH Tena: ONpEAETeHUE; LEHTP MapauielibHbIX CHJI M €ro
KoopauHaThl. CTaTUYECKUE MOMEHTHI IUIOIIAEH OTHOCHUTEIBHO OCEU; CBOMCTBO
CTaTUYECKOrO0 MOMEHTA

12. OcHOBHBIEC MOHATUS U ONPENIETICHUSI B KUHEMATHKE (TPACKTOpHS, PACCTOSHHUE,
yTh, BPEMs, CKOPOCTh U yckopeHue). CrocoObl 3aaHus ABUXKEHUS TOYKU U UX
XapaKTEepUCTHKA

13. Cxopocth u yckopenue Touku. Kraccuduxanus JIBUKEHUS TOYKUA B
3aBHCUMOCTH OT CKOPOCTH U YCKOPEHMUS

14. ITocTtynaTenpHOE BU)KEHUE TBEPAOTO TEJla M €ro CBoWcTBa. BpaiieHue tena
BOKPYI' HENOABMXHOM ocH. OrmpeneneHne yriloBOM CKOPOCTM W YIIIOBOTO
YCKOPEHUSI PU BpAIIATENbHOM JABUKEHUH TBEPAOIO TEla
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15. CnoxHoe ABM)XEHHE TOYKHU: MEPEHOCHOE, OTHOCUTEIbHOE M abCOIIOTHOE.
TeopeMa 0 CIOKEHUM CKOPOCTEW M YCKOPEHUU TOUKH B CIIOKHOM JBMXKEHHH (0e3
BBIBO/JIA)

16. IInockonapasielbHOE JBUKEHHE TBEPAOrO TeJa: IOHATUE, pa3JIOKEHUE
IUIOCKOMAPAJUIENIbHOTO  JABMKEHHUS  (MOCTymaTelibHOE M BpALATEIbHOE).
OnpeneneHre CKOPOCTH JIIOOOM TOUKM Tejla. MrHOBEHHBIM WLEHTP CKOpOCTEH
(MIIC): onpenenenue; npaBuia, 10 KOTOPLIM MOKHO HaiTu nonoxxkenne MI[C

17. OcHOBHBIE MOHATHUSL U AKCHOMBI TUHAMUKH. [[BU)KeHUE MaTepUaIbHON TOUKHU:
ujicabHbIe U peasibHble CBs3U. [Ipunimn /I» Anambepa (METOT KWHHETOCTATUKH )
18. Pabota cuit mpu moCTynaTeIbHOM U BpallaTeIbHOM JBU)KEHUHU TEa.
MoIHOCTh HpU  NOCTYNATEIBHOM M  BpallaTebHOM  JBUKEHUU  Tela.
Koaddumment nonesnoro nerictus (K.I1.J1.)

19. Obuue TeopeMbl AMHAMUKH: TeopeMa 00 M3MEHEHHHU KOJIMYECTBA JBHIKECHUS
TOYKH; TeopeMa 00 U3MEHEHUU KUHETUUYECKOW SHEPTUH TOUKHU

20. CompoTuBiicHHE MaTEpHUaJOB: MOHATHE O JedopMaluv B YIPYroM Tele.
3agaun CoONpoOTUBIICHHS MarepuanoB. (OCHOBHBIE JONYLIEHUS W THUIOTE3bI O
CBOMCTBAxX mMarepuanaoB. Meron ceueHun

21. Buawl HarpykeHuil. HampspkeHusi: TOJNHOE, HOPMaJIbHOE W KacaTelbHOE.
Koaddunment 3anaca mpounoctu

22. HopmanpHbie CHJIBI W HaNpsHKEHUS B TONEPEYHOM CE€UEHUU Opyca.
Hanpsbkennoe cocTtossHUE TPy OJTHOOCHOM PACTSIKEHUN

23. HanpspkeHusl B MOMEPEYHBIX CEYEHUSX PACTSIHYTOro (CkaToro) opyca. Dmopsbl
HOPMAJIbHBIX CHJI U HamNpsDKeHHWH 1o JumHe Opyca. PacueTsl Ha MpoOYHOCTH Mpu
PACTSKEHUU U CHKATHU

24. Tlepememienusa u AedopMmaius Mpu yOpyroM pacTSHKEHUH U CKAaTHH. 3aKOH
I'yka

25. Monynb npogosibHOM yrpyroctd (Moayie FOura). Koadduuuent Ilyaccona.
XKecrtkocth ceuenus 6pyca

26. Cratnyeckue UCHObITaHUS  MaTepuanoB. (OCHOBHbIE  MEXaHUYECKHE
XapaKTEepUCTUKHU

27. Crarudecku HEONPEAEINMbIE CUCTEMBL. TemIepaTypHble HAIpPSKEHUS B
CTaTUYECKU HEONPEIEIUMBIX CUCTEMAX

28. PacueThl Ha cpe3 U CMSTHE: TIOHATHE O CPE3E U CMATHH, OCHOBHBIE PACUETHbIC
OPEANOChUIKH. Y CIIOBUS TPOYHOCTH IPU CPE3E U CMATUHU

29. Yucreiii casur. 3akoH ['yka mpu caBure

30. Kpyuyenue: oCHOBHbIE MOHSTHS. DMIOPbI KPYTSIIUX MOMEHTOB. PacueThl Ha
MIPOYHOCTH U KECTKOCTbh IPU KPYUEHHH Opyca KpyIJIOro CEYeHUs

31. OcHoBHBIE JOMYyHICHWS NpPU KpydyeHHHU. 3akoH ['yka mpu KpydEeHHUH.
['eomeTpuyeckue XapakTEPUCTHUKU IJIOCKUX CEYEHHM: CTaTHYECKME MOMEHTHI
IJIOCKUX CEYEHUM

32. U3rub: ocHOBHBIE MOHATHS (MONEpedyHbld U uyucThii u3rub). [lomepeunsie
CHUJIBI M M3rularole MOMEHTBHI B ceueHusx Oanok. IlocTtpoenue »srrop
MOMEPEYHBIX CUJI U U3THOAIOIINX MOMEHTOB T10 XapaKTEPHBIM TOYKAM
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33. HopmaibHble HampspkeHuss nOpu  u3rube. Pacuer Ha mnpodyHOCTH MpHU
MOTIEPEYHOM U3ruoe

34. CnoxHble BBl Je()OPMUPOBAHHOTO COCTOSIHUS: TOHSTHE O CIIOXHOM
ne(hOpMHUPOBAHHOM COCTOSIHUH. [ MTIOTE3bI MPOYHOCTH U UX 3HAYCHHE

35. VYcCTOHYMBOCTH CXAThIX CTEpXKHEW: TOHSITHE O MPOJOJIBHOM U3ruoe.
Kputnueckas cuma. ®opmyna Ditnepa. [Ipenen npumenuMoctu Gopmyisl Dimepa.
OMnupuyeckre GopMyIibl AJII KPUTUUECKUX HAIIPSKEHUN

36. Jleranu MalMH: OCHOBHBIE MOHSATHS WU ONpEIEICHUS (IeTanb, COOpOYHAs
eAUHUIA, arperar, MpuBojA, MamuHa). Cuiel, JIeWCTByOMHUE B 3y0OUaThIX
nepegavyax

37. Kimaccudukanus mamuH. CriocoObl H3rOTOBJICHUS JAeTajeii MalluH

38. MamuHocTpouTeabHbIE MaTepuaibl (CIUIaBbl METAJJIOB, HEMETaJUlbl,
KOMIIO3UTHI)

39. Kputepun pabotocnocobHocTH neraneil MamuH. [IpuunHbl BBIXOJA U3 CTPOS
netaneit MamvH. CiocoObl ypoOYHEHUSs AeTallell MalluH

40. Knaccudukamus ngeranedt  mamuH. CpaBHUTENbHAs  XapaKTEPUCTHKA
MEXaHUYECKUX Iepenad

41.®puknuonnbie nepenayn. Knaccudukamms, TOCTOMHCTBA U HEIOCTATKA

42. 3ybuarsie nepenaun. Knaccudukanus, o6iactb NpUMEHEHUs, JOCTOMHCTBA U
HenoctaTku. [lopsaok pacueTa OTKpPBITHIX IIepeaayd

43. 3ybuarsie nepenaun. Knaccudukaius, 061acTb NpUMEHEHHS, JOCTOMHCTBA U
HenocTtaTku. [lopsAnok pacuera 3akphITHIX Iepenay

44. llennsie mepenaun. Knaccudukarus, o6iacTb MpUMEHEHHs, JOCTOMHCTBA U
HenocTaTku. KoHCTpyKIus 1enei, crnocoObl HaTsHKEHUs

45. Pemennnie nepenaun. Knaccudukamus, o01acTh MPUMEHEHHSI, TOCTOMHCTBA H
HegocTatku. KoHCTpyKius, criocoObl HaTsKeHUs. PacyeT nepegaTouHoro yuciia
46. Yepssiunbie nepenaun. Knaccudukaims, 00J1acTh TpUMEHEHHS, JOCTOMHCTBA U
HenocTaTku. KoHCTpyKUHs, reOMETpHsl, pacueT TEMIIEPATYPHOTO pPEKUMA

47. BonnoBsie nepenaun. Kinaccudukanus, 0061acTh TpUMEHEHHUS, IOCTOMHCTBA U
Henoctatku. KoHcTpyknus. Pacuer nepenatoqHoro yucia

48. Bapuaropsl. O6nactb npuMmeHeHus. Kitaccuduxariys, KOHCTPYKITUS

49. Bansl u ocu. Knaccuduxkarius, KOHCTpYKIIHsI, IPEIBAPUTENbHBIN pacyer

50. Bansl u ocu. Knaccudukarus, KOHCTPYKIIHS, POEKTHBINA pacyeT

51. Tlommunuuku kadeHus. JloctomnctBa u Hepoctrarku. Krnaccudukarus,
KOHCTpYyKIMs. Pacuer qoiroseqHoctu

52. Tlommunauku KadeHus. JloctomnctBa u Hepoctarku. Krnaccudukanms,
KOHCTpyKLIMsA. MapKupoBka

53. [oammnuuku ckonbxeHus. JloctromHcTtBa u Hemoctatku. Kiaccudukarms,
KOHCTpyKuusA. Marepuaisl Bknaasimen. Pacuer

54. Mydte1. Knaccudukaiys, KOHCTPYKITUS, TOA00pP, TPOBEPKa

55. Pe3b6oBbie uznenus. [Ipodunu pe3db, OCHOBHBIE TEOMETPUUYECKHUE TTapaMETPhI
METPHUUYECKOM pe3bObl. PacueT pe3p00BhIX COeTMHCHUI

56. lllmonounsle coemuHeHus. [octomHcTtBa M Hemoctatku. Kiaccuduxanus,
KOHCTPYKIIUS, IPOBEPKA MPOYHOCTHU
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57. llmiuessle coenuHeHus. JloctomHcTBa M HepocTaTku. Kiaccugukanus,
KOHCTPYKLUS, IPOBEPKA MPOYHOCTH
58. 3aknenoynsle U cBapHbIC. [[OCTOMHCTBA U HEJIOCTATKHU, 00JACTh MPUMEHEHUSI.

CrocoOBbI BBIITOJIHEHHUS COEIUHEHUI

59. IlasHple M KJIE€eBble COEAUHEHHUSA. J(OCTOMHCTBA M HEIOCTAaTKH, O00JacCTh
npuMeHeHUsA. CriocoObI BBITOJIHCHUS COSTUHEHUM

60. Kunematuueckue CXeMbl OJIHO-, JABYX-, TPEX- CTYNEHYATHIX PEIYKTOPOB.
Ha3zBanue, kpaTkas XapakTepucTuka

IMpunoxkenue A

(cipaBo4HOE)
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Crane npoxatnas — Oamku asyraspossie (FOCT 8239—72)
¥ O003HAYEHUS:

5 h  — evicoma banku;
b — WHPUHA TIONKH;
d d — TONUMHA CTECHKH;
X x t — cpeaHss TOJNIUMHA IIOJKH;
=|7 T R — paauyc BHYTDEHHErO 3aKPYLACHUS;
b—d F o — pagMyc 3aKpyriaeHHs TONKH;
4, J — MOMEHT WHEpLHHM;
W — MOMEHT COIPOTUBICHHS;
|y S — craTMueckHil MOMEHT MOJyCceyeHHSs;
b i — pamuyc MHEpLWH.
Pasmepbr, MM Ino- CnpaBouHbIE BEJIMYMHBI 119 OCEN
Macea | Hiaab
ngﬁ;ﬁgﬂ M OTU- cei};- X—x Jr= 1
BBI, KT h b d t R r HMS,

em? | o M2 W omd | Do oM | Sy em? |y, emt W, cm? |y M

i0 946 (100 55 (4572 (70|25 12,0 198 39,7 4,06 230 79 6,49 1,22
12 1,5 (120 64 | 48 | 73 | 75| 3,0 | 147 350 58,4 4,88 337 27.9 8,72 1,38
4 13,7 (140 73 (49 | 7,5 | 8,0 | 3,0 17,4 592 81,7 5,73 46,8 41,9 11,5 1,55
16 159 [160} 81 | 5,0 | 7,8 | 8,5 | 3,5 | 20,2 873 109,0 | 6,57 62,3 58,6 14,5 1,70
18 184 [ 180 90 [ 5,1 | 81 | 9,0 | 3,5 | 234 1290 | 143,0 [ 7,42 81,4 82,6 18,4 1,88
18a 19,9 | 180 | 100 | 5,1 | 83 | 9,0 | 3,5 | 254 1430 | 159,0 | 7,51 89,8 1140 | 228 2,12
20 21,0 | 200) 100 | 52 ) 841|957 40| 268 1840 | 184,0 | 8,28 104,0 | 115,0 | 23,1 2,07
20a 22,7 {200 110 | 52 | 86 | 95| 4,0 | 289 2030 203 8,37 114 155 28,2 2,32
22 24,0 1220110 | 54 1 87 | 10,0 40 | 30,6 2550 232 9,13 131 157 28,6 2,27
22a 258 (220 120 | 5.4 | 8,9 [ 10,0 | 4,0 | 32,8 2790 254 9,22 143 106 34,3 2,50
24 27,3 | 2400115 | 56 | 9,5 | 10,5 4,0 | 34,8 3460 289 9,97 163 198 34,5 2,37
24a 294 | 240 125 | 5,6 | 9.8 | 20,5] 40| 37,5 3800 317 10,10 178 260 41,6 2,63
27 31,5 (2701251 6,0 | 98 [ 11,0 4,5 | 40,2 5010 37N 11,20 210 260 41,5 2,54
27a 339 | 270 [ 135} 6,0 | 10,2 111,0| 4,5 | 43,2 5500 407 11,30 229 337 50,0 2,80
30 36,5 {300 135 6,5 | 10,2]112,0 50 | 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 | 499 7780 518 12,50 292 436 60,1 2,95
33 42,2 1330 { 140 | 7,0 | 11,2 ] 13,0 5,0 | 53,8 9840 597 13,50 339 419 39,9 3,79
36 48,6 | 360 145 | 7,5 | 12,3114,0| 6,0 | 61,9 | 13380 | 743 14,70 423 516 71,1 2,89
40 57,0 | 400} 155 8,3 [ 13,0|150] 6,0 | 72,6 | 19062 | 953 16,20 545 667 86,1 3,03
45 66,5 | 450 160 | 9,0 | 14,21 16,0( 7,0 | 84,7 | 27696 | 1231 | 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 | 5501 180 ) 11,0 f16,5]18,0| 7,0 118 | 55962 | 2035 | 21,80 | 1181 1356 | 151,0 | 3,39

60 108,0 | 600 | 190 | 12,0 17,8 120,0| 8.0 138 | 76806 | 2560 | 23,60 | 1491 1725 | 182,0 | 3,54
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Pexomenayemasi iureparypa

OcHoBHas JuTepaTypa:

3. Makcuna, E. JI. Texanueckas MexaHnuka : yaeoHoe nocodue s CI1O
/ E. JI. Makcuna. — CaparoB : Hayuynas kuaura, 2019. — 159 c. — ISBN 978-5-
9758-1899-7. — TekcT : 31EKTPOHHBIN // DNEKTPOHHO-OMOIMOTEUHAs CUCTEMa
IPR BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/87082.html

4. Kopones, I1. B. Texanueckas mexanuka : yaeoHoe nmocooue mms CI1O
/ T1. B. KoponeB. — CapatoB : IIpodoOpazoBanue, At [Ilu Ap Meaua, 2020. —
111 c. — ISBN 978-5-4488-0672-8, 978-5-4497-0264-7. — TeKcCT : 2NEKTPOHHBIN
// DnektpoHHO-OMOMmMoreunas cucrema [PR BOOKS : [caiit]. — URL:
https://www.iprbookshop.ru/88496.html

JlonoiHUTEIbHAS JIUTEepaTypa

2. CadonoBa I'.I'. Texnuueckas MexaHuka: yueO. s cpen. mpod.
obpazoBaH. — M.: UIH®PA-M, 2015, - 318 ¢. — 18 7k3
KanenteeB, B. A. Texuuueckass mexanuka : yueOHoe nocooue ansa CIIO / B. A.
KanentseB. — CaparoB : IIpodoOpazosanne, 2020. — 110 ¢. — ISBN 978-5-
4488-0904-0. — TekcT : SJMEKTPOHHBIA // DIEKTPOHHO-OMOIMOTEYHAsT CHUCTEeMa
I[PR BOO
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