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1.Tema: Kparkwuii 0630p qucuuiuimasl «TeopeTndeckas MEXaHUKa U COTMIPOTUBIICHUE
MatepuanoBy. OCHOBHBIE MOHATUS U ONPENEICHUS] MEXaHUKU. AKCHOMBI CTATUKH.
XapaKTepUCTUKA CUJI U CUCTEMA CHJL.

2. Heab: O3HAKOMUTBHCS C OCHOBHBIMHM TMOHSTHSMH TEOPETUYECKOW MEXaHUKU, OCBOUTH
TEOPETUYECKUI MaTEpHaL.

3. Te3ucekl Jekumnu:

IInan nexuun:

1.Teopernyeckass MexaHUKa U KpaTKUil 0030p UX pa3/eibl.

2.IlonsAaTHEe TpOCTpaHCTBA, BpeMs M JBWXKeHUe. MexaHuueckoe JBHXeHHE. AOCOJIIOTHO
TBepbIE Tella U MaTepuabHas Touka. Be16op cuctemsl oTcuera.

3.XapakTepucTuka cui 1 cucrema cwil. CBsi3M M UX peakuuu. [Ipoeknus cumbsl Ha OCh.

Teopemuueckasn mexanuxka — HayKa O MEXaHUYECKOM JBUKEHUN MaTepUalbHBIX TBEPAbIX TEI
U WX B3aUMOJICUCTBUH. MeXaHHYeCKOoe BIDKEHHWE TOHMMAETCS Kak TepeMelleHne Tela B
MPOCTPAHCTBE M BO BPEMEHH 10 OTHOIIEHHUIO K IPYTUM TeJlaM, B YaCTHOCTH K 3eMJIe.

Jia ynoOcTBa M3y4YeHHs] TEOPETUUECKYI0 MEXaHUKY MOPa3IeisioT Ha CTaTUKY, KHHEMATUKY
U JUHAMUKY.

Cmamuka U3y4aeTt ycJIOBHsI paBHOBECHS TeJ MO/ ICHCTBUEM CHIL.

Kunemamuxa paccMarpuBaeT JBUKEHHME Tell KaK TIepeMelieHHe B IPOCTPAHCTBE;
XapaKTEPUCTUKH TeJ ¥ MPUYHMHBI, BHI3BIBAIOLIUE IBUKEHUE, HE PACCMaTPUBAIOTCSL.

Jlunamuxa uydaer IBUKEHHUE TeJ MO IEHCTBUEM CUIL.

B otnuume ot ¢u3MKM TeopeTHueckas MeXaHWKa H3y4aeT 3aKOHBI JBMXKCHUS HEKOTOPBIX
aOCTpaKTHBIX adCoNOMHO MeepOblX mejl. 31eCh MaTepualbl, (opMa Tell CyIIeCTBEHHOTO 3HauYeHUs
He umeroT. [Ipu nBmkeHNN aOCOTIOTHO TBEpAOE Teno He nedopMmupyercs U He paspymiaercsa. B
cilydae, KOrJia pa3MepaMu Tella MOKHO MpeHeOpeyb, TENO 3aMEHSI0T MaTepruaibHOU TOUKO.

MexaHndeckoe IBHKEHHUE - 3TO U3MEHEHHE B3aUMHOIO PACIOJIOKEHUS Tell WM UX YacTeil B
MIPOCTPAHCTBE. CoBOKYITHOCTb TeN, KOTOpas BbIJIeTICHA TUIs paccMOTpeHus,
HA3bIBAETCS MEXaHUYECKOU CUCTEMOM.

N3meneHnue nosokeHus J1ro00ro Teaa MOKHO YKa3aTh TOJIBKO MO OTHOIICHUIO K HEKOTOPOMY
npyromy Teny. Jliis onvcaHus IBHKEHUS] HE0OX0IMMO TaK ke onpenensath Bpems. Cucrema Ted, o
OTHOIICHUIO K KOTOPBIM DPAacCMaTpPUBACTCS JBWKEHHE M OTCUHMTHIBAIOIEE BPEMsI YacChl
HA3bIBAIOTCS CUCTEMOM oTcyeTa. J[BKeHHEe Telda OTHOCUTENbHO pPa3jMYHBIX CHCTEM OTCYeTa
MMeeT pa3Hbli Xxapakrep. B 3ToM cMmbicie ABMKEeHHE OTHOCUTENbHO. Hampumep, CKOpOoCTh U MyTh
YeloBeKa B IBUTAIOIIEMCS M0e37ie OTHOCUTENHHO BaroHa U OTHOCUTENBHO MIIaT()OPMBI pa3HbIE.

Teno, pasmepaMu KOTOPOTo B YCIOBHUSIX JTAHHOW 3aJladyll MOKHO TpeHeOpeub, Ha3bIBaeTCS
MaTepHUaTbHOM TOYKOM MK YacTulleH (T.e. MaTepualibHas TOUKa - MaTeMaTH4YecKas TOuKa, UMEroIast
Maccy Tena). MatepuanbHas TOUKa - MPOCTEHUIITNI 00beKT MeXaHUKH. OYEeBHIHO, YTO MaTepUaIbHAs
TOYKA - 3TO MPOCTEHIas MOJENb Tela, MO3BOJAOIIAs YIPOCTUTh MATEMATHYECKOE OINHCAHUE
nBukeHus. J[pyras mpocrtas Mojenb Tela - aOCOTIOTHO TBEPIOE TENO: ITO Temo, AedopManusiMu
KOTOpOTO B YCIOBUU JaHHOW 3a/Jadll MOXKHO TNpeHeOpedb. AOCONIOTHO TBEPAOE TEIO MOMXKHO
MIPEJICTABUTh KaK TEJ0, COCTOSAIIEE U3 OTPOMHOIO YUCa (TEOPETUUYECKH - U3 OECKOHEYHOTO YHCIa)
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MaTepUABHBIX TOYEK, B3aMMHOE PACIOJI0KECHUE MEXIY KOTOPHIMH HE MEHSETCS NpH JFOOBIX
YCIOBUSIX.

Cuia — BekTopHas (¢u3MYecKass BEIMYUHA, SIBJSIOMIASACS MEpO HHTEHCHBHOCTH
BO3JICHCTBUS HA JAHHOE TEJIO JPYTUX Tell, a TAKXKE MOJIEH.

Cuna kak BEKTOpHas BEIMUMHA XapaKTEpU3yeTCss MOIYJIEM, HAIIPaBICHUEM U «TOYKOW»
MPUJIOKEHUS CUITBL.

Taxxke ucnosp3yercs MOHSTHE JTUHUS ACUCTBUS CUJIbI, 0003HAYAOIIEE MPOXOJISAIIYIO
gyepe3 TOUKY IPUII0KEHHUS CUIIbI IPSIMYI0, 10 KOTOPOM HallpaBiieHa CHIIa.

Bce cunpl, neiicTByrolime Ha CHUCTEMY HECBOOOAHBIX TOYEK, MOXKHO Ppa3/eiUTh Ha
aKTUBHBIE (BBI3bIBAIOIINE IBUKEHHE CUCTEMbI) U NTaCCUBHBIE (peakuuu cBs3eit). Kpome toro,
CHJIBI JIETISITCS] HA BHEIITHUE U BHYTPEHHHUE.

B H e 11 H ¥ M ¥ Ha3bIBalOT CWJIBI, JCUCTBYIOIIME HA JBMKYIIYIOCS MEXaHHUYECKYIO

y F,
CHCTeMY U3BHE U €if He mpuHaIexar (= ¢ ).
BHyYyTpeHHUNM U cuiaMu Ha3blBAIOT CHJIBI B3AMMOJIEHCTBUS MEXKIAY OTAEIbHBIMU

TOYKaMU CUCTEMBI ( & ).BHyTpenHue cuibl 00671a/1a10T CAeNYIOIMIMMH CBOMCTBAMU.
MexaHn4ecKue CBSI3U U UX PEAKIIHH.
Mex.CBsI3b10 Ha3bIB. TEJI0, KOTOPOE OTPaHNYMUBAET U3y4aeMOTO Tejla B IPOCTPAHCTBE.
Peakuus cBsizu- cuiia, C KOTOPOU MEX. CBSI3b JACHCTBYET HA U3y4aeMoO€ TEJO.
Knaccudukanus cBs3u: B TeOp.MEXaH. BCe MeXaH. CBSI3U AENATCS Ha TUIBL. THI CBs3U
OTIpeJIeNIAeTCs IO TOMY MPU3HAKY, KaK HallpaBJeHa peaKkus ATON CBS3ZU:
a)rjaaskas  MMOBEPXHOCThb.  HampaBineHue  MEpHeHIUKYISAPHO  KacaTelabHOW K
COITPUKACAIOIINMCS TOBEPXHOCTAM. Peakiius 3ToM CBSI3M Yallle BCEro Ha3bIBACTCSI HOPMAIbHOM
peakuueit [N].

[Ipu onvpaHum Ha TOUKY peaKus NEPICHIUKYIIpPHA U3Y4YaeMOMY TEIYy.
0)mepoxoBaras MoBepxHOCTh. Cuiia TpEHUs BCEra MepIeHIUKYIIpHA HOPM. PEAKITHH.
HpOGKHI/IH CHJIbI HA OCH.

HpOGKHI/IH CHJIbI HA OCh — OTO anre6panqec1<aﬂ BCJIIMYMHA, paBHasi IIPOU3BCACHUIO MOYJIA
CHJIbI Ha KOCHUHYC YyIJjIa MCKAY ITOJIOKUTCIIbHBIM HAIIPABJICHUEM OCHU U BCKTOPOM CHUJIBI (T.e.
9TO OTPEC30K, OTKJ'IaI[bIBaCMHﬁ CUJIOH Ha COOTBCTCTBYIOLIIUEC OCI/I.PI/ICYHOK 1)

Fyx= Fcosa;

Px= Pcosp= P- c0s90°=0;

Rx=Rcosy = -R- cos(180°-y).

PI/I.C. 1.

[Ipoexmus cuiibl Ha OCh MOXET OBITh MOJOXKUTENsHOU, puc. 1.a (0 < a < 7/2), paBHOI
HyJ110, puc. 1.6 (f = 7/2 ) u oTpunarenbHoi, puc. 1. (/2 < y <n).
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I/IHOFI[a UL HaXOXKACHUSA NPOCKIHWU CUJIBI HA OChb CHa4dajla HY’>KHO HaAWTH ¢ MMPOCKIHIO

Ha IMJIOCKOCTh, a IOTOM MPOEKIIMIO Ha OCh (PUCYHOK 2):

P,= P sina;
Px= (P cosa)cosp;
Py= (P cosa)cosy = P cosa- cos(90°-p).

F

¥

r

Puc. 2

4 UnmocTpaTuBHbIA Martepuas: Jlisi mpoBemeHUs 3aHITHS HCIOJIB3YETCS CIEAYIOIee

MaTepuaIbHO- TEXHUYECKOE o0ecrieueHne: HOyTOyK, MyJIbTUMEIUIUHBIA TPOSKTOP, SIKPaH.
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2Bepo, 2014. - 256 ¢
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a11. ont. auck (CD-ROM). - 00. Tr
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a11. ont. auck (CD-ROM).https://aknurpress.kz/login

3. Konnan6aner mexanuka. YtebaeB M.H., Aiicaes C.VY., CyiieyoBa H.b. , 180
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apHaJFaH KypCTBIK JKYMBICTapAbl OpbIHIAayFa dmicreMenik Hyckay. - Opan: JKoHrip xan
ateigarsel BKATY, 2015. - 566.http://rmebrk.kz/

5. Mexanuka: xannsl ¢pusukansik npaktukym / C. U. HUcaraes, ©. C. Ackaposa, C. O.

Bbenerenona ; pen. K. Cobut; on-®apabu atein. Kaz¥V. - Tyzer., ToabIKT. 2-0ac. - AnmaTts : Kazak
yH-Ti, 2015. - 217, [1] 6 http://elib.kaznu.kz
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6.KonTposabHbie BONpochI
1.YT0 n3yuaeT TeopeTuyeckas MexaHuka?
2.Uto Takoe MeXaHU4eCKOe JIBUKECHUE?
3. Jlaiite onpenenenre abCOIOTHO TBEPAOIO Tea.
4.Y10 n3yyaer cratuka?
5.Y1o u3y4yaet KWNHEMaTHKa?
6.Yto uzyuyaer tuHamuka?

Jlekusa Ne2

1.Tema: IIpoennpoBanue IOCKUX U MPOCTPAHCTBEHHBIX CUCTEM CHJI. MOMEHT CHIIBI
OTHOCHUTEJIbHO TOUYKH M OCH. Cucrema cXoUMXcs U MPOU3BOJIBHO PACTIONOKEHHBIX CHIIL.
VYcnoBust paBHOBECHS CHCTEM CHIL.
2. Heab: OcBOUTh TEOPETUYECKUI MaTepuai Uil pellieHns TPaKTHUYEeCKUX 3a1a4.
3. Te3uchl JeKIUM:
Ilinan gekuun:
1.ITapa cn u ee nelicTBUE Ha TEJO.
2.MoOMeHTBI CUJ1 OTHOCUTENILHO TOUYKHU U 0cu. COCpe0TOUEHHBIE U PacIipeie]ICHHbIE HarPy3KHU.
Cucrema cXoAgIuXcs U HECXOASIIUXCS CUJT.
3.YcnoBus paBHOBECHS TUNIOCKUX CUJI. [[pOM3BOJIBHO pacmoioKEeHHAsi CUCTEMA CHII.
4.I'1aBHBIN BEKTOP U IJIaBHBINT MOMEHT CUCTEMBI CHJI. Y CIIOBUSI PABHOBECHS

[Tapa cui, MOMEHT TIapbl CUIT

Ilapoui cun Ha3bpIBaeTCS CHCTEMa JBYX CHJI, PaBHBIX II0 MOMIYJIIO, MapaUICIbHBIX H
HaIpaBJICHHBIX B PA3HBIC CTOPOHBI.

Paccmotpum cuctemy cunt (F; F ), o6pasyromux napy.

[Tapa crut BeI3BIBAET BpAIllCHHUE Tl U €€ JCHCTBUE Ha TEJO OlleHUBaeTCs MOMeHTOM. CHIIBI,
BXOJSIIKE B Mapy, HC YPaBHOBEIIMBAIOTCS, T. K. OHU MPHJIOXKEHBI K JByM Toukam (puc.45). Mx
JICHCTBUE HA TEJI0 HE MOKET OBITh 3aMEHEHO OJHON CHUJION (PaBHOICHCTBYIOIICH).

v

“—a

Pucynox 45.

MOMEHT mapbl CHJI YHUCICHHO PAaBEH MPOW3BEICHUIO MOJYJS CHIIBI Ha PACCTOSIHUE MEXKIY
TUHUSMU JICUCTBUS CUIT (NJleYo napwl).
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MOMEHT CYHMTAIOT MOJIOKUTEIBHBIM, €CJIM Mapa BpallaeT TeJIo 0 4acoBOM cTpelike (puc.45,0):
M(F;F') =Fa; M>0.

[Inockocte, mpoxonsuias 4epe3 JUHUM JEUCTBUS CHJI Iapbl, HA3bIBACTCS HIOCKOCMbIO
oelicmeus napul.

Cesoticmea nap (6€3 10Ka3aTEIbCTB):

1.mapy cun MOXKHO nepemeIarh B INIOCKOCTH €€ JeNCTBHUS,

2.9KBUBAJICHTHOCTh map. J[Be mapbl, MOMEHTBI KOTOPBIX paBHbI, (puc.46) SKBHUBAJICHTHBI
(melicTBHE UX Ha TEJIO AHAJIOTUYHO).

3.cnoxenue map cuit. Cuctemy map CriI MOKHO 3aMEHUTH PaBHOICHUCTBYIOIICH Mapoi.

MoMEHT paBHOJAEHCTBYIOIIEH TMapbl paBeH alreOpanvyecko cymMMe MOMEHTOB Iap,

COCTAaBIISIFOIIUX cUCTeMy (puc.47):
F], Fl Fz
F',FHF: X /b\a;/ \ &
Fia = Fa / G .
Fy
Pucynox 46. Pucynox 47.

F-;

n
My = Fiay + Feas + Fiaz + -+ -+ Fpan; Mg =) mg.
0

4.paBHOBECHE TIAp
Jlnist paBHOBECHS Map HEOOXOIUMO U JIOCTATOYHO, YTOOBI ajredpanyeckas CyMMa MOMEHTOB
nap CUCTEMbI PaBHsIACH HYJTIO:

M}3=0:>ka==0.

MoMEHT CUJIbl OTHOCUTENBLHO TOYKH.

Cuna, He MPOXOAAIIAs Uepe3 TOUKY KPETJICHHUS Teja, BEI3bIBACT BPAIllEHUE Tela OTHOCUTEIILHO
TOYKH, IOATOMY JIEHCTBHE TaKOW CHJIBI Ha TEJIO OLICHUBAETCS MOMEHTOM.

Momenm cunbi OTHOCHUTENBHO TOYKH YHCIECHHO pPaBEH MPOU3BEACHUIO MOJIYJS CHJIBI Ha
paccTosiHUe OT TOYKH JI0 JTUHHNA JEHCTBUS CUITBL.

[eprieHaMKyYAp, OMYIICHHBIA W3 TOYKH HA JIMHHIO JCHCTBUS cuibl (puc.48), Ha3pIBacTCs
NjleyoM CUJIBL
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Pucynox 48.
O6o3nauenue Mmomenta M o (F) wiu mo (F);
mo(F) = Fa.

Enununa uamepenust [Mo(F)] = Hwm.
MoOMEHT cuuTaeTCs MOJIOKHUTEIBHBIM, €CIIH CHJIa Pa3BOPAuMBaET TEJO IO YaCOBOH CTpEJIKE.

MOMEHT CHJIBI OTHOCHUTEIHPHO TOYKH PaBE€H HYIIIO, €CJIIN JIMHUA JICfICTBHH CUJIBI IPOXOOIUT Y€PE3
TOYKY, T. K. B 9TOM CJIy4dac€ paCCTOAHHUE OT TOYKH IO CUJIBI paBHO HYIIIO.

Cuny MOJICHO nepeHecmu napaiielbHo TUHUU ee Oelicmeus, TIPU TOM HYXKHO 000asums napy

CUl C MOMEHMOM, paBHBIM MPOU3BCACHUIO MOAYJIA CHUJIBI HA PACCTOSIHHUEC, HA KOTOPOC NCPECHECCHA

cujia.

F).

IFl=IFi=1F m=Fa
Pucynox 49.

Jano: cuia B Touked (puc.49).

Jlo6aBum B ToukeB ypaBHoBemenHyto cuctemy cun (F; F'').O6pasyerca mapa cun (F;
[Tosyunm cuity B TOUKeB ¥ MOMEHT MapBhl.

JIMHUM TEHCTBYSI IPOU3BOJIBHON CUCTEMBI CHJI HE MIEPECEKAOTCS B OJTHOM TOYKE, OATOMY JIJIst

OLICHKH COCTOSIHMSI TeJla TaKyl0 CHCTEMY CIEAYET YHNpOCTUTb. JlJIs 3TOro BCE CHIIBI CHCTEMBI
MEPEHOCAT B OJIHY MPOM3BOJLHO BHIOPAHHYIO TOUKY - TOUYKY IpuBeIeHHUs. [IpUMEHsI0T Teopemy
ITyanco. IIpu 1:060M nepeHoce cuilbl B TOUKY, HE JISKAIyI0 Ha JINHUY €€ IeHCTBUS, 100aBIISIOT apy
cui.IlosiBUBLIMECS IpU MIEpEHOCE Mapbl HA3BIBAIOT NPUCOCOUHEHHBIMU NAPAMU.

I[aHa IJI0CKad CUCTEMA IMMPOU3BOJIBHO PACIIOJIOKCHHBIX CHUJI (pI/IC.50.),HepeHOCI/IM BCC CHUJIBI B

Touky O. Ilonmyunm my4dok cui B Touke O, KOTOpBI MOKHO 3aMEHUTh OJHOM CWIIOW -21A8HbIM
gexkmopom cucmemvi. OOPa3yIOUIYIOCS CUCTEMY Map CHJI MOKHO 3aMEHUTh OJHOW DKBHUBAJICHTHON
NIAPOH -21A6HLIM MOMEHMOM CUCEMDbI.
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m,
Pucynoxk 50.

n
Fop= ZFk.
0

I nasnwiii sekmop pasen ceomempuyeckol cymme BEKTOPOB TPOU3BOJIBHOM IIIOCKOM CUCTEMBI
cun. [Ipoerupyem Bce CHIIBI CUCTEMBI Ha OCH KOOPJMHAT U, CJIIOKHB COOTBETCTBYIOIIHUE TTPOCKIIUN
Ha OCH, TIOJyYUM MPOEKIIUH TITaBHOTO BEKTOPA.

n n
Frn,;:ZFk:c; Frnyzszy-
0 0

[To BenMuMHE MPOEKIMI TIIABHOTO BEKTOpA HA OCH KOOPIMHAT HAXOJUM MOIYNb TIABHOTO
BEKTOpA:

AN 2 2
Frn— \/Frnw +Frny

Thasnviti momenm cucmemol cun paeer a.fzee6pauttec1<012 CYyMMe MOMEHNO06 CUul Cucnembvl
OMHOCUMENIbHO NMOYKU npuee()eﬁuﬂ.

Mrno =mp +me+m3+ -+ My;
n

Mo = Y mo(Fi).
0

Taxum o0Opa3oM, MPOU3BOJIbHAS MJIOCKAsk CUCTEMA CHJI MPUBOJUTCS K OJHOM cuie (2nasHomy
8EKMOpY cucmemyvl Cuil) U OJHOMY MOMEHTY (21a8HOMY MOMEHMY CUCTEMbL CUTL).

Bnusaue Touku npusesnenus. Touka npuBeaeHus BbIOpaHa Mpou3BoJbHO. [Ipu n3mMeHeHun
MOJIOYKEHMsI TOUKU MPUBEICHUS BEJIMUMHA IJTABHOTO BEKTOPA HE U3MEHUTCS.

BennuuHa riaBHOrO MOMEHTA MPH NEPEHOCE TOUKU NMPUBEACHUS U3MEHHUTCSA, T. K. MEHSIOTCA
PacCcTOSHUS OT BEKTOPOB-CHJI 10 HOBOM TOYKH IPUBEICHMUS.

Cnomoripto TeopemMbl BapruHbOHa 0 MOMEHTE PABHOAEHCTBYIOIIEH MOKHO ONPEIECTUTh TOUKY
Ha IUIOCKOCTH, OTHOCUTEJIBHO KOTOPOI! TJIaBHBI MOMEHT PaBeH HYJIO0. 1020a npouseonbHas nioCKas
cucmema cun modxcem Oblmb 3aMeHeHd OOHOU Culou. DTy CHUIy HA3bIBAIOT pagHooOelicmeyiowel
CHUCTEMBI CHIL

UucaeHHO paBHOJICHCTBYIONIAS paBHA TJIABHOMY BEKTOpPY CHUCTEMBI CHJI, HO HPUJIOXKEHa B
JAPYTO¥ TOYKE, OTHOCUTEIBHO KOTOPOM TIJIaBHBIH MOMEHT paBeH HYI0. PaBHOIEHCTBYIOIIYIO
NpUHATO 0003Ha4aTh Fx
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F x = F )

n 2 n 2
2 Fia | +{ 2 P | -
0 0

Touky npunoxeHus: paBHOACHCTBYIOIIEH MOXKHO ONPEENIUTh o popmyrie

Fy

FAN CJI
=7
T
HucneHHo ee 3Ha4€HHUE ONPENEISAETCS TaK K€, KaK TJIABHBIA BEKTOP CUCTEMBI CHIIL:
rne d - paccrosiHMe OT BBIOPaHHOW TOYKM TPHUBEACHUS [0 TOYKH MPUIOKECHHUS

PaBHOAEHCTBYIOIIECH;

M_,;- Benmn4ynHa TJIAaBHOTO MOMEHTa OTHOCHUTEIHLHO BRIOPAHHOM TOYKU MPUBEICHNUS,

F.,- BenmnunHa r1aBHOTO BEKTOpa CUCTEMBI CHJI.

YacTHble cilydan NPUBEICHHS CUCTEMBI CHII K TOUKe. [Ipu mpuBeneHrn cCucTeMbl CHIT K TOUKE
BO3MOYKHBI CIEAYIOIINE BAPUAHTHI:

1. FPJI - 0
= TeJIo BpalljaeTCsa BOK T HGI'IO,HBI’I}KHOfI OCH.,
MrnO 7é 0 by
2. Mrz0 =0 => TeJIo OBIIKE SAMOJIMHENHO
TCA IIp HEeHO YCKOPEHHO.

Fr-n?l—-o; FI‘JIZFZ

3- MI‘J’!O = 0
= TeJ10 HAaXOIUTCA B paBHOBeC]{IH.
F rn = 0

YciaoBue paBHOBecHsI IPOU3BOJIbHOM IUIOCKOH CHCTEMBbI CHJI
1.TIpu paBHOBeCHU TJIaBHBIN BEKTOP CUCTEMBI PaBEH HYIIIO

(Fex = 0).
AHaJ'II/ITI/ILIeCKOG OIIPCACIICHUC I'TTAaBHOTI'O BCKTOpa IMPUBOJUT K BBIBOJY:
i
E F, kx — 0;
—f AN 0
F., = \/Fr%,x +F2 =0={
> F ky =0,
0

Trac FkxI/IFky- IMPOCKIIMKU BEKTOPOB HA OCH KOOPAHUHAT.
Z.HOCKOHLKy TOYKa IMPHUBCACHHA BBI6paHa IMPON3BOJIBHO, SICHO, YTO IIPpHU paB-HOBECHUU CyMMa
MOMEHTOB CHJI CUCTEMBI OTHOCHUTEILHO 000 TOYKH Ha IIIOCKOCTH JAOJI’KHA PaBHATHCA HYIIHO:

Mrno =ZmO(Fk) =0= 1[-):
0 >_mp(Fy) =0,
0

roe A u B — pa3uble TOYKU IIPUBEICHUS.
YcioBue paBHOBECHS TIPOU3BOJIBHOM TUIOCKOW CUCTEMBI CUILMOJCem Obimb Chopmynupo8aHo
CReOVIouUM 00pazom:0is mo2o 4modvl meepdoe meno noo Oelcmseuem NPou3BObHOU NIOCKOU
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cucmembvl CUll HAXOOULOCh 8 PABHOBECUU, HEOOXOOUMO U 00CMAMOYHO, YmobObl aneedopauiecKast
CYMMA NPOeKyull 8cex CUl CUcmeMmbvl HA JH0OYI0 0Cb PABHALACL HYIIO U AleedpauyecKdas cymma
MOMEHMOB 8CEX CUL CUCEMbI OMHOCUMENbHO TH000U MOYKU 8 NIOCKOCHU OellCEUs CUI PABHSIACY
HYTIO.

[ToryanM oCHOBHYIO ()OpPMY YpaBHCHHS PABHOBECHS:

rn
%kazo;

M:
3 "3
S &
N
T o
I
2

—
Il
o

oy

>  YpaBHEHUA MOMEHTOB.

3 3
88
CIC
I
<o

oMze]soV]zo

-~

TeopeTnueckn ypaBHEHHS MOMEHTOB MOJKHO 3alHcaTh OECKOHEYHOE MHOMKECTBO, HO
MPAKTUYECKH JOKA3aHO, YTO HA TUIOCKOCTH MO>KHO COCTAaBUTh TOJHKO TPU HE3aBUCHUMBIX ypaBHEHHS
MOMEHTOB U IIPU 3TOM TPU TOYKH (LIEHTPHl MOMEHTOB) HE JIOJKHBI JISKATh HA OJTHOW JIMHUH.

Takum oOpa3om, UMeeM ISATh HE3aBUCUMBIX YPaBHEHUI paBHOBECHS.

[IpakTiuecku Uist pelieHus 3a1a4 Ha MI0CKOCTU JOCTaTOYHO TPEX ypaBHEHU paBHOBecHs. B
Ka)KJIOM KOHKPETHOM CJIy4ae UCIOJIb3YIOTCS YPAaBHEHHUS C OJIHUM HEU3BECTHBIM.

L[J'Iﬂ YaCTHOro Ciy4das, €CJIM YpaBHOBCHICHA CUCTEMA IMapaJUICIbHBIX CHJI, MOXXHO COCTaBHUTH
TOJIBKO JBAa YPABHCHUS PABHOBECHS:

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

Ocp OxcucreMsl KOOpAUHAT IapaJlICIIbHA JIMHUHN HeﬁCTBHH CHII.
4.I/IJ1JIIOCTpaTI/lBHLIﬁ martrepual: I[J'IH MMPOBEACHUA 3aHATHA HCIOJIB3YCTCA CIICAYIOIICC
MaTCpHUaJIbHO- TCXHHYCCKOC obOecreyeHue: HOYT6YK, MYHBTHMCﬂHﬁHBIﬁ IMIPOCKTOP, SKPaH.

S.JIuteparypa
OcHoBHas JuTepaTypa:
1. Apanos, b. P. TeopHsubIK ’KoHE HHKEHEPIIIK MeXaHuKa Herizaepi [MoTiH] :
okynbIK / b. P. Apanos. - Kaparanzas! : Medet Group, 2020. - 232 Ger. c.
2. Memepckuit, N1.B. 3agaun no teopernueckoil Mexanuke: yued. mocodbue / U. B.
Memepckuit ; mon pen. B. A. INanbmoBa. - 51-e u3z., crep ; 2012
JlonoTHUTEIbHAS JTUTEPATYpA:
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1. MapmonoB, b. M. PacueTHO-pOEKTHPOBOUYHBIE pPAOOTHI IO COMPOTUBICHUE
Matepuaios : coopauk / b. M. Mapnonos, M. 3. DOpramos, M. E. baiimupos. . - AnMarsi :
2Bepo, 2014. - 256 ¢

2. Xub66enep, P. U. Cratuka MeH marepuaigap MexaHukacel : T.1 : okynsiK / P.Y.
Xub6enep ; Kaz.tin.aya. E.b.Jlayceuros, C.)XKynicOekoB. - 4-6aceutbiM. - Anmats : JXKIIC
PIIBK "ayip", 2017. - 436 6. c

DNEeKTPOHHBIE PECYPCHI:

1. TeopusIbIK KoHE KOJITaHOAIbI MEXaHUKa [ DJIEKTPOHHBIN pecypc] : OKYIbIK /
A. Tycinos, K. Tycinos. - DnekrpoH. TekcroBbie aaH. ( 118M0). - Anmarsr : [0. u.], 2015. -
a1 onT. auck (CD-ROM). - 00. Tr

2. TeopusiIbIK KoHE KOJITaHOATbl MEXaHHUKa [ DIIEKTPOHHBIN pecypc| : OKYIBIK /
A. Tycinos, K. Tycinos. - DnekrpoH. TekcroBbie naH. ( 118M0). - Anmarsi : [0. u.], 2015. -
an. onT. auck (CD-ROM).https://aknurpress.kz/login

3. Konnan6aner mexanuka. Yrebae M.H., Aiicaes C.V., CyiteyoBa H.b. , 180
oet 2019. https://www.aknurpress.kz/reader/web/2121
4, Teopusinbik, kxoHe KoimanOansl Mexanuka: S5SB072000-"beiiopraHukanbik

3aTTapablH XHUMUSJIBIK TEXHOJIOTHUACHI" MaMaHIbIF bIHBIH 6aKaJ'IaBpI/IaT CT}’)IeHTTepiHC
apHAJIFaH KYPCTHIK KYMBICTapJbl OpBIHIAayFa dMicTeMelNik Hyckay. - Opan: JXKoHrip xan
areiaaarel BKATY, 2015. - 566.http://rmebrk.kz/

Mexanuka: xannsl Gusukanbik npaktukym / C. W. Ucartaes, ©. C. Ackaposa, C. O.

benerenora ; pea. K. Cobur; on-®apadu atein. Kaz¥V. - Tyzer., TonbIKT. 2-6ac. - Anmarsl : Kazak
yH-T1, 2015. - 217, [1] 6 http://elib.kaznu.kz

6. KoHTpoOJIbHbIE BONIPOCHI
1. Uto Takoe MOMEHT CHJIbI OTHOCHTENBHO Touku? Kak Oepercs 3HaK MOMEHTa CHUIIBI

OTHOCHTEIBbHO TOUKH? UTO Ha3bIBaeTCs IJIEYOM CHUIILI?

2. B kakoMm citydae MOMEHT CHJIbI OTHOCHUTEIIPHO TOYKH PaBeH HYITO?

3. YUto Takoe riaBHbIA BEKTOP U IVIABHBIA MOMEHT IUIOCKOM CUCTEMbI CHJT?

4. Chopmynupyiite Teopemy BapuaboHa.

5. ChopmynupyiiTe aHAIUTUYECKOE YCIOBUE PABHOBECHUS INIOCKOM CHCTEMBI IIPOU3-

BOJIbHO PACIIOJIOKCHHBIX CHIIL.

6. Yxaxxure TPpHU BUIA YPABHCHUS PABHOBCCHU IUIOCKOHM CHCTEMBI IIPOU3BOJILHO pac-

IIOJIOKCHHBIX CHIJI.

7. YkaxuTe, KaKk palldOHAJILHO BHIOpATh HANPABIEHUS OCei KOOpAUHAT U LECHTP

MOMCHTOB.

8. Kakue Harpysku Ha3bIBalOTCs COCPEAOTOUYEHHBIMU U PACIIPEIETICHHBIMU ?
9. YTo Tako€ NHTEHCUBHOCTh PABHOMEPHO PACIPENEICHHON Harpy3Ku?
10. Kak HaiiTi yicI0BOE 3HAUYCHHUE HANPABIEHUS U TOUKY MPUIIOKEHUS

PaBHOAEHCTBYIOIIEH PAaBHOMEPHO PacIpPEeIICHHON Harpy3KH.

Jlekmua Ne3

1.Tema :BBenenue B KHMHCMATHUKY. Kunemaruka MaTCPpUAIbHBIX TOYCK. ypaBHCHI/IC
ABUKCHUSA TOYKU U TPACKTOPUU .CKOpOCTB " YCKOPCHUC TOYKHU. Buasl 1BrKeHHS TOUKH.
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2. Heab: O3HaKOMHUTHCS ¢ OCHOBHBIMU TOHSITHSIMU KHHEMATHUKH, OCBOUTH TEOPETHUECKHUI
MaTepua Ui peIICHHs MTPAKTUYECKUX 3a1a4.

3. Te3uCHhl JeKIUM:

Ili1an Jekuun:

1.2OnemMeHThI 1 3a1a4 KHHEMATUKH.

2.BeKTOpHBIN, KOOPAWHATHBIA M E€CTECTBEHHBIM CMOCOO 3alaHus JBWKEHUUW TOYKH U
ONpEEJICHNE CKOPOCTU U YCKOPEHHS.

3.JIBIW>KEHHS TOYKH B 3aBUCHMOCTHU OT YCKOPEHUS U TPACKTOPUH.

4.PaBHOMEPHOE M PaBHOMIEPEMEHHOE, YCKOPEHHOE U 3aMEJJICHHOE JIBIYKEHUS TOUKH.

B kuHeMaTtuke u3ydaercs MEXaHUUECKOe JBIKEHNE MAaTepUaIbHBIX TOUEK U TBEPABIX Tell 6e3
yd4eTa MPUYNH, BI3BIBAIOIINX ATH JABMKEHUSA. KHHEMaTHKy 4acTO Ha3bIBAIOT T€OMETPHUEH
IBIDKEHUS. MexXaHU4eCKoe IBM)KEHHE MPOUCXOIUT B IPOCTPAHCTBE U BO BpeMeHH. [IpocTpaHcTBO,
B KOTOPOM MPOUCXOIUT ABMKEHUE TEJI, pACCMAaTPUBAETCS KaK TPEXMEPHOE, BCE CBOMCTBA €ro
MO JUUHSIOTCS CUCTEME aKCHOM M TEOPEM IBKIIMIOBOM reoMeTpuu. Bpems mosiararot Hu ¢ 4em He
CBSI3aHHBIM M TIPOTEKAIOIINM paBHOMEpPHO. B o01iemM ciiydyae pa3inuuHbie TOUKH TBEPIOTO Teja
COBEPIIAIOT pa3Hbie NBIKECHUS. [[09TOMY U BO3ZHHKAET HEOOXOAMMOCTh U3yYUTh B MEPBYIO OUYEPEIh
JBUKEHHE OTAETbHBIX TOUeK Tesla. UToObI OnpeAeuTh MOJI0KEHNE TOYKU B IPOCTPAHCTBE, HYKHO
MMETh KaKoe-TO HEMOIBUYKHOE TEJIO HIIN CBA3AHHYIO C HUM CHUCTEMY KOOPJIMHATHBIX OCEH, KOTOPYIO
Ha3bIBAIOT CUCMEMOIL omcyuema. J|BUKeHUe 33JaHHOTO Tella WIIM TOYKA 0OHapYKUBAETCSI TOJIBKO
MyTeM CpaBHEHUS C CUCTEMOI oTCcUeTa.

OcHOBHbBIE KUHEMaTHYECKHE ITapaMeTPhI.

Tpaexkropust

Jlunuio, KOTOPYK oOuYepuMBaeT MaTepuaibHas TOYKAa TMpPU JABMKEHUU B IPOCTPAHCTBE,
HA3bIBAIOT Mpaexkmopuel.

TpaekTopusi MOXKET OBITh MPSMON U KPUBOH, INIOCKOW U TTPOCTPAHCTBEHHOMW JTMHHUCH.

VYpaBHEHHE TPAEKTOPUH MPH IJIOCKOM JaBMKeHuu: y = f(X).

IIpoiigenHblil MyTh

[1yTb u3mepsercs BIOJIb TPAa€KTOPUU B HAIIPABJICHUU JBIKEHUS.

O6o3HaueHue -S, eAUHUIBI U3MEPEHHS - METPHI.

YpaBHeHue IBUKEHUS] TOUKH

VYpaBHeHHe, ONpEeIAolIee MOJIOKEHNE ABMKYIICHCS TOYKH B 3aBUCUMOCTH OT BPEMEHHU,
HA3BIBACTCS YPABHEHUEM OBUINICEHUSL.

[TonoxeHne TOYKM B KaXAblii MOMEHT BpPEMEHH MOXKHO ONPEACNUTh IO PACCTOSHUIO,
MPOUJCHHOMY BJOJb TPACKTOPUU OT HEKOTOPOl HEMOJBUYKHOW TOYKH, paccMaTpHBaeMOW Kak
Hayano orcyera. Takoif cioco0 3a1aHus IBUKCHHS HA3BIBACTCS eCmMech8eHHbIM.

Takum 06pa3om, ypaBHEHHE JBIKEHHS MOYKHO TpeacTaBuTh B Buze S-f(t). [Tonoxenue Touku
MOYKHO TaK)Ke OMPE/ICINTh, €CIIH U3BECTHBI €€ KOOPJUHATHI B 3aBUCHMOCTH OT BpemeHu (puc.l.).
Torga B cimydyae IBMKEHUS Ha MIOCKOCTH JOJDKHBI OBITh 33JIaHBI 1BA YPaBHEHHUS:
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Ma A

z = filt)
T T |y=ht)

Pucynox 1.

B ciiydae nmpocTpaHCTBEHHOTO JBMKEHUS T0OABIISIETCS U TPEThS KOOPAUHATA
z =f3(t)
Taxoit crioco0 3aganust IBHKEHUS HA3bIBAIOT KOOPOUHAMHBIM.
CxopocThb IBUHKEHUS
BekropHas BenWunMHA, XapaKTEPU3YIOMIas B JaHHBIH MOMEHT OBICTPOTY M HAlpaBJICHHE
JBIDKEHUS TI0 TPACKTOPHH, HA3BIBAETCSI CKOPOCHbIO.
Ckopocmb- BEKTOD, B 1000 MOMEHT HAMPABIICHHBIN MO KAacaTEIbHOU K TPACKTOPUH

24
gy AS

Ao
Pep

Pucynox 2.

B CTOPOHY HalpaBJIeHUs ABIKECHUS (puc.2.).

Eciu Touka 3a paBHBIC MPOMEXKYTKH BPEMEHH IPOXOJUT PaBHBIC PACCTOSHHS, TO JBIKCHHE
HA3bIBAIOT PABHOMEPHBIM.

Cpemnsisi CKOpOCTh Ha TIyTH ASOTpeenseTcst Kak

AS
Y = g

rae AS- IpoHICHHBIN MyTh 3a BpeMs Al; At- mpoMeXyTOK BpeMEHH.

Ecnu Touka 3a paBHBIE MPOMEKYTKH BpPEMEHHU IPOXOAUT HEPABHBICMYTH, TO IABUKECHUE
HA3BIBAIOT HEPAGHOMEPHBIM.

B aToMm citydae cCKOpOCTb - BeJMUHHA IIEPEMEHHAs U 3aBUCUT OT Bpemeru V = f(1).

ITpu paccMOTpEeHHH MaJbIX TPOMEXYTKOB BpemeHH (At—0) cpemHssi CKOPOCTh CTAHOBUTCS
PaBHOM MCTUHHOW CKOPOCTH JBUKEHHS B JaHHBIH MOMEHT. [103TOMYy CKOpOCTh B TaHHBI MOMEHT
OTIPEIEIISAI0T KaK MPOU3BOIHYIO MTYTH IO BPEMEHHU:

dS
v= .
dt
3a CANHUIY CKOPOCTH TPUHUMAKOT 1 m/c. HMuorma CKOPOCTb USMCEPAIOT B KM/‘{,

1 km/g == 0,278 m/c.

3600
Yckopenune TOYKH

BekropHas BelnMuMHA, XapaKTepu3yromias ObICTPOTY M3MEHEHMs CKOPOCTH MO BEJIMYUHE U
HAIPaBJICHUIO, HA3bIBAETCSl YCKOPEHUEM TMOUKU.
CpenHee 3HaYEHNME YCKOPEHUS 32 3TOT IPOMEXYTOK BPEMEHHU
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Av

a = —

PN AL

IIpu paccMoTpeHHHM OECKOHEYHO MAaJoro MPOMEKYTKa BpPEMEHHM CpeaHee YCKOpEeHHE

MPEBPATUTCS B YCKOPEHHE B JJAHHBI MOMEHT:
dv
@

OObIyHO 17151 yI0OCTBa paccMaTpUBAIOT JBE B3aMMHO MEPHEHAUKYISIPHBIE COCTaBISIOLINE
YCKOPEHHS: HOPMAIIBHOE U KacaTeIbHOE.

HopmanbHoe ycKOpeHHE a, XapakTeph3yeT H3MEHEHHE CKOPOCTH MO HAaIPaBICHHIO H
OTIPENIEeTISIETCS KaK

rJie I- paanyc KpUBU3HBI TPAEKTOPUH B TAHHBI MOMEHT BPEMEHH.

HopmanbsHoe yckopeHue Bcerjja HarpaBjieHo NepreHANKYISIPHO CKOPOCTH K IIEHTPY AYTH.

KacarenbHoe yckopeHHe agxapakTepu3yeT H3MEHEHHE CKOpPOCTH MO BEIMYMHE U BCerna
HaAIpaBJICHO MO KacaTebHOM K TPAeKTOpWHU; NMPHU YCKOPEHUHM €ro HaIlpaBlICHUE coenadaem c¢
HaIpaBJICHUEM CKOPOCTH, a MPU 3aMEUICHUU OHO HAIMpPABJICHO NPOMUBONONIOHNCHO HAIPABICHUIO
BEKTOpa CKOPOCTH.

dv
! 1
a=-—=1 =5".
dt
(DOpMy.]'Ia JJIA OHpCI[CJ'IeHI/Iﬂ KaCcaTCJIbHOI'O YCKOpCHI/IH NUMECT BUM:

a=ad+a

Omnpenenenrue CKOPOCTH M YCKOPEHUSI TOYKU MIPH BEKTOPHOM CIIOCO0€e 3a/1aHus BUYKCHHUSI
TOYKH.

BricTpoTy N3MeHeHus MOJI0KEeHUs TOYKY BO BPEMEHU XapaKTepu3yeT BEKTOpHas BeJIH4rHa V,
HaszbIBaeMasi CKOpPOCThbIO TOUYkH. [lycTh NBMKyIIasics TOYKa B MOMEHT BPEMEHU t HaXOIUTCS B
MOJIOKEHUH M, oTipeieisieMOM pailyCOM-BEKTOPOM T, @ B MOMEHT 6 = t+ At MPUXOUT B MOJI0KECHHE
M,, ompeznensiemoe paauycoM-BeKTopoM T, (puc. 3.1, a). [lepemeienue TOUKM 3a MPOMEKYTOK
BpeMeHH At ompesensercs BEKTOPOM MepemenieHuss To4ku A T =rr -T. OTHOILIEeHHEe BEKTOpa
MepeMeIeHUsI TOYKH K COOTBETCTBYIOIIEMY MPOMEXKYTKY BPEMEHU JaeT BEKTOPHYIO BEIUYHHY,
Ha3bIBAEMYIO CPEIHEH [0 MOYIIO M HAMPABICHHUIO CKOPOCTHIO TOUKH 32 TIPOMEKYTOK BpeMeHH At.

a)

Puc. 3.1
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V. =Ar/At.

cp

Hamnpasnen Bektop Vep Tak ke, Kak U BEKTOP A 2, BEKTOp Vep HENIPUIIOKEH K KaKOU-T100
TOYKE, OH SBJISIETCS XapaKTEPUCTUKOM IBHKEHUS TOUKH HA y4acTKe TpaeKTopuu. CKOPOCThIO
TOYKH B IaHHBI MOMEHT BpeMeHHU t Ha3pIBaeTcs BEKTOpHAs BeIMunHa V, K KOTOPOH CTpeMUTCS
CpenHsisi CKOPOCTh Vep IPU CTPEMIIEHUU MPOMEXKYTKA BpeMeHH At K HYJIIO:
V= lim(J7L_D )= lim(AF/AL), T.e. V zﬁ. wm V =r.
Ar—0 Ar—0 dt

Touka Hao 0bo3HaueHUueM 8eIUYUHBL eCMb CUMBO] OUGhhepeHyuposanus ee no pemeHu.

Takum 00pa3om, CKOPOCTh TOUKH paBHA MEPBOM MPOU3BOIHOM OT pailyca-BEKTOpa TOUKH 10
BPEMECHH.

Pasmepnocts ckopoctu L/T, T. €. juinHa/BpeMsi; B KaueCTBE €MHHI] U3MEPEHUS TPUMEHSIOT
OOBIYHO M/C, KM/Y.

[Ipu ecrecTBeHHOM cmocoOe 3amaHusi ABM)KCHHUS TOUKH 3a/Ial0TCSl €€ TPAeKTOPHS U 3aKOH
JIBMDKEHUS BJIOJIb 3TOM TpaekTopuu B Buae S=J{t).

Benmuuunbl V' u a onpenensior mo uX MPOEKIUsSM HE Ha OCH KaKOW-HUOYIh HEMOJABM)KHOU
cuctembl otcuera OXyz, a Ha ocu nOOBUICHOU NPAMOV2ONbHOU cucmembvl Koopounam Mxnb,
MMEIOIICH Hayaio B TOYKe M W JIBIKYIIEHCS BMECTE C HEl 1o Tpaektopuu (puc. 3.1). DTu ocu
Ha3bIBAIOTCA OCSAMU €CTEeCTBEHHOro TpexrpaHHuka. Ock Mx (kacarenbHasi) HampaBlieHa IO
KacaTeNbHOW K TPAGKTOPUHM B CTOPOHY IOJIOKUTENBHOrO OTcueTa KoopAauHatbl S. IlnmockocTs,
MPOBEJICHHYIO 4epe3 TOuKy M TepHneHIuKyIsSpHO KacaTelbHOM, HAa3bIBAIOT HOPMAIbHOLL
niaockocmoio. B 3TON MIIOCKOCTH PacoyioKeHbl ABE OcH. 110 nmuHuMM nepecedeHrs HOPMaIbHOU U
COMPUKACAIOIIEHCS TUIOCKOCTEH B CTOPOHY BOTHYTOCTHM TPAeKTOpUM (K ILIEHTPY KPHUBU3HBI
TpaeKTOpHH) HampasieHa ocb Mn (rnaBuas Hopmais). Oce Mb (GuHOpMAanp) — meprneHauKyIIpHa
MIEPBBIM JIBYM OCSIM U HallpaBJIeHa Tak, 4T0ObI 00pa30BaTh C HUMHU MPaByIo cucteMy oceit Mxnb.

Omnpenenenre CKOPOCTU U YCKOPEHHS TOUKHU MPU KOOPAWHATHOM CHOCO0€ 3aJaHus IBUXKEHUSI.

[Ipoekiusi CKOpPOCTM TOYKM Ha KOOPIMHATHBIE OCH pPaBHA IEPBBIM MPOU3BOJHBIM OT
COOTBETCTBYIOIIUX KOOPAUHAT TOYKHU IO BPEMEHHU:

V=B v, =Dy v Ry
dt Toodt - odt

Monyib CKOPOCTH U KOCUHYCHI YTJIOB, KOTOpbIE BEKTOp V 00pasyer ¢ ocsimMi X, ), Z, HalJeM
o gpopmynam:

A M A
cos(V. iY=V./V. cos(V. iy=V./V. costV. k)= V./V.

Jlna onpenenenus yCKOPEHUs @, coriacHo Gopmyne , ciaeayer npoauddepeHIupoBaTh Mo

BPEMEHU BBIPAKEHUS, MOTYIUM

PaBHomMepHOe 1BHKEHHE

Pasnomepnoe ogusicenue - 310 ABUKEHHE € OCTOSHHON CKOPOCTHIO:
V= const.

Jlist IpsSIMOJIMHEMHOTO paBHOMEPHOTO JBMKEHUS (puc.3,a)
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dy
a = E = a =0
M v
r=00=a,=—=0
a)
Ilonnoe yckoperne IBIKEHUS TOY-
Ky paBHO Hymo: a = (.
lel KpHBGﬂHHeﬁHGM ]J&BHOMEP-
HOM OBH¥EHNN 9

0}
r#E00=>a,=—#0.

r

Puc 3a.

[ToHOE yCKOpEHHE PaBHO HOPMATBHOMY YCKOPEHUIO: d= dn.

VYpaBHeHHE (3aKOH) JABM)KEHHS TOYKHM MpPHU PAaBHOMEPHOM JIBUKEHHUM MOXKHO TMOJYYHTb,
MPOJIeJIaB PsiJl HECIOKHBIX OTIEPAITHA.

Tak kak V=CONSt, 3aKk0H pPaBHOMEPHOTO IBI)KCHHS B OOIIEM BHUJIE SBJISETCS YpaBHEHHUEM
npsMoit: S = So+Vt,rneSo - myTh, MPOWACHHBIN 10 HaYajda OTCYETa.

PaBHonepemMeHHOE IBUKEHHE

Pasronepemennoe osusicenue 3TO IBMKEHUE C TIOCTOSHHBIM KacaTeJIbHBIM YCKOPEHHUEM:

ar=const.
JL1st IpsIMOJIMHEHHOTO PAaBHONIEPEMEHHOTO JIBMYKCHUS

r=00=a,=0; a=a;=const

[TonHOE YCKOpEHHE PaBHO KacaTelbHOMY YCKOpeHHI0. KpHBOJIHMHENHHOE paBHOMEPEMEHHOE
nBrkenue (puc.4):

a, #0; a; = const # 0.
dv
YuuThiBad, 94TO @ = —; a; = const U cOenap pam

dt
npeofpa3oBaHuii:

dv = adt; fd'u = atfdt,
v t

MOJIYYHUM 3HAUCHUC CKOPOCTHU IIPHU PAaBHOIICPEMCHHOM JABUIKCHUU

Puc. 4.
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v=vs+a; v=—.
’ dt

[locne unTerpupoBanus OyAeM UMETh 3aKOH PaBHOIEPEMEHHOMN JBWKEHUS B OOIIEM BUJE,

MIPE/ICTaBIISIONINY ypaBHEHNE TapaloJIbl:

t2
S=So+vot+?-t2—",

roe vy — HavaJIbHad CKOPOCTH JBMXEHUS;
So — NyTh, NPOANeHHHIA N0 Hadalla OTCUETA,
a; — IOCTOSHHOE KacaTeNnbHOe YCKOpeHHe.

HepaBHoMepHOe ABHKEHHUE

[Ipu nepasrnomeprom OsudceHuy YUCIEHHBIE 3HAUEHUSI CKOPOCTU U YCKOPEHUSI MEHSIFOTCSL.
VYpaBHEHHE HEPaBHOMEPHOTO IBIDKCHHS B OOIIEM BHJIE TMpEICTaBIseT cCOO0N ypaBHEHHE
tpetheit S = f(t) u BeImIe cTeneny.

4 UnmocTpaTuBHbIA Martepuas: JIisi mpoBeNeHUS 3aHATHS HCIOJIB3YETCS CIEAYIOIIee

MaTepHUaIbHO- TEXHUYECKOE 00ecredeHre: HOyTOYK, MyJIbTUMEIUINHBINA TPOEKTOP, IKPaH.

S5.JIutepaTtypa

OcHOBHas JUTEparypa:

1. Apamos, b. P. Teopusutbik xoHE MHKEHEPIIIK MeXaHHKa Heri3aepi [MoTiH] :
okynbIK / b. P. Apanos. - Kaparanael : Medet Group, 2020. - 232 6er. c.

2. Memepckuii, N1.B. 3agaun mo teopeTrueckoil MexaHuke: yued. mocobue / M. B.
Memepckuii ; oz pen. B. A. TlanpmoBa. - 51-e uzn., crep ; 2012

JlononHuTenbHAS TUTEpATypa:

1. MapnonoB, b. M. Pac4eTHO-IpOCKTUPOBOUYHBIE pPaOOTHI IO COMPOTHBICHUE
MarepuaioB : coopuuk / b. M. Mapaonos, M. 3. Dpramos, M. E. balimupos. . - Anmarsl :
OBepo, 2014. - 256 ¢
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1. TeopusbIK xKoHE KoJIJaHOaIbl MeXaHUKa [ DNEeKTPOHHBIN pecypc]| : OKYINBIK /
A. Tycinos, K. Tycinos. - DnekrpoH. TekcroBbie aaH. ( 118M0). - Anmarsr : [6. u.], 2015. -
1. ont. auck (CD-ROM). - 00. Tr

2. TeopusnbIk xKoHE KOJIIaHOAThl MEXaHUKa [ DNEeKTPOHHBIN pecypc]| : OKYNBIK /
A. Tycinos, K. Tycinos. - DnekrpoH. TekctoBbie aaH. ( 118M0). - Anmarsi : [6. u.], 2015. -
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3aTTapAblH XUMHUSAJIBIK TEXHOJIOT HSICBI" MaMaHIbIF bIHbIH 6aKaﬂaBpI/IaT CTy,[[eHTTepiHe
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apHaJIFaH KypPCTHIK JKYMBICTapAbl OpBIHAAyFa dmicTeMernik Hyckay. - Opam: JKoHrip xan
ateiHgarel BKATY, 2015. - 560.http://rmebrk.kz/
o. Mexanuka: xanmsl ¢usukanbik npaktukym / C. U. Hcaraes, O. C. Ackaposa, C. ©O.
benerenona ; pea. K. Cobur; on-®apadu atein. Kaz¥YV. - Tyzer., TonbIKT. 2-6ac. - Anmarsl : Kazak
yH-Ti, 2015. - 217, [1] 6 http://elib.kaznu.kz

6.KoHTpo/ibHBIE BONPOCHI

1. 3anummTe B 0OIIEM BUJIE 3aKOH JIBIDKEHUS B €CTECTBEHHOM M KOOPAMHATHOU (opme.

2. UTo Ha3bIBAIOT TPAEKTOPUEH ABMKEHUA?

3. Kak onpenensiercs ckopocTh IBUKEHUS TOUKH IIPU €CTECTBEHHOM crioco0e 3a1aHus
TIBYOKEHUA?

4. 3anuimute GopMyiny YCKOPEHHUS MpU MPSIMOJIUHEMHOM JABHKEHUU.

S. 3anuiuTe GopmMyiny ycKopeHus (MOIHOT0) Mpy KPUBOJIUHENHOM JIBUKEHHH.

6. 3anuiuTe ypaBHEHHE PAaBHOMEPHOIO MOCTYNATEIbHOTO IBUYKEHUS TBEPOTO Tena.

') 3anuunTe ypaBHeHUE paBHOIIEPEMEHHOTO TIOCTYIATEIbHOTO ABMKEHUS TBEPIOTO Tena?

8.  3ammmmre ypaBHEHHs PAaBHOMEPHOTO W PABHOMEPEMEHHOTO BPaNIaTEIhHOTO JIBHKCHUN

TBEPJIOTO TeJa.
9.  3Banmano ypaBHenue aprkenus tena S = f(t). Kak onpenensror ckopocTs U ycKopeHue?

Jlexnusa Ne 4

1.Tema: Kunemartuka TBEpJ0TO Teja. BpaleHue Teiaa BOKpYr HEMOABMKHOM OCH. Y paBHEHUE
BpAaIaTeJIbHOTO JBUKEHHUS. YTIIOBAsk CKOPOCTh M YCKOPEHHUE BpallaTesIbHOTo ABMKeHusA. CKOpocTh 1
YCKOpPEHHUE TOYEK BPALIAIOLIETOCS 10 OKPYKHOCTH.

2. lleab: OCBOUTH TEOPETHUCCKHUI MaTepHall I PEIICHUS TPAKTHYECKUX 3a/1a4.

3. Te3ucel Jekuuu:

IlnaH Jexknuun:

1.KacarenpbHO€ HOpMaIbHOE YCKOPEHHE.

2.AHanuTH4YeCKOE BhIpaKEHHE TUHEHHON CKOPOCTH U YCKOPEHHS TOUYEK TeJa, BPAIAIoerocs
BOKPYT HETOIBUKHOMN OCH.

3. CBs13b MEX Y TMHEHHBIMU U YTJIOBBIMU COOTHOIIICHUSIMHU.

4.PaBHOMEpHOE U paBHOINEPEMEHHOE BpalleHue. HampaBiieHne ¥ BeTWYHHA [OJIHOTO
YCKOpEHHUSI.

KacarenrHoe YCKOPEHUC TOYKHU PAaBHO HepBOﬁ HpOHSBOI{HOfI OT MOAYJIsL CKOPOCTU HUIIN
2 )
BTOpOfI HpOH3B0,[IH01>i OT paCCTOAHUSA 110 BPpEMCHHU. KacarennHOC YCKOPCHUC o0o3HauaeTcs —.
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a8 4's -
=" ¥

KacarenbHoe yckopeHHe B JaHHOM TOUKE HaIlpaBJIEHO M0 KacaTeJIbHOM K TPaeKTOPUU
JBUKEHMS TOUKH; €CIIN IB)KEHHE YCKOPEHHOE, TO HallpaBJIeHHE BEKTOpa KacaTeIbHOTO YCKOPEHUs
COBIIA/Ia€T C HAIIPaBJICHUEM BEKTOPa CKOPOCTH; €CIIN ABHKEHUE 3aMEJJIEHHOE — TO HaIlpaBJeHHE
BEKTOpA KacaTeJIbHOTO YCKOPEHUSI TPOTHBOIIOJIOKHO HAMIPABICHHIO BEKTOpa CKOPOCTH. (puc. 8.5.)

i 7
o

Puc. 4.1

HopmanbHbIM ycKOpeHMeM TOYKM Ha3bIBAE€TCS BEJNMYHMHA, paBHAas KBaJApaTy CKOPOCTH,
JIeICHHOMY Ha pajiiyc KpUBU3HBI.

BekTop HOpMalTbHOTO YCKOPEHUS HATIPABJICH OT JAHHOW TOYKH K IIEHTPY KPUBU3HEI, (pHC.8.6.).
i
HopmanbsHoe yckopeHue o003HauaeTcsl. a

N— HOpMaJIb K ﬂaHHOﬁ TOYKE Ha TPACKTOPHUHU JBUKCHH.

v
Z i
n &
ol -
z
// M\\\\
.,
a‘-“l

¥
j
Puc. 4.2

ITomHoe YCKOPCHUC TOYKHN ONpCHACIIAACTC U3 BEKTOPHOI'O YPABHCHUSA:
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Puc. 4.3

AHQJIUTUYECKOE BBIPAXXEHUE JIMHEWMHON CKOPOCTH M YCKOPEHHUSI TOUEK TeJa, BPAIAKOIIEroCs
BOKPYT HETIOJIBUKHOM OCH.
Touku Tena, BpalalOMIEToCsi BOKPYr OCH, IMEPEMEIIAIOTCS M0 OKPYXHOCTIM (puc.
30, a), paanycel KOTOPBIX I' paBHBI PACCTOSTHUSIM TOYEK OT OCH BPAIIICHHUSL.
Jluneiinas ckopocTh V TOUYKM A U YIJIOBasi CKOPOCTh (@ T€Ja CBsI3aHbI MEXIAy CO000
JIMHEWHOMW 3aBUCUMOCTBIO
Vi=wr.
[ToncTaBuB B dopmynmy s JIMHEHHOW CKOPOCTH TOYEK Teja, BPAIlarolIerocs BOKPYT
HEMOABWKHOM OCH, 3HaU€HHUE N yrioBOi CKOPOCTH B 000POTaX B MUHYTY, MOJTYYUM
S

Hampasnena Ym0 NEePICHIUKY/SIPY K paanycy I B CTOpoHy o (puc.4.4, a).

B oOmiem ciydae BEKTOp CKOPOCTH TOYKHU A, Bpamasich BOKpYr Touku O, U3MEHseTcs Mo
BeIMUYMHE U HampaBieHuto. [losTomMy y 53Toil TOukM OydeT HMETh MECTO HOpPMaJbHOE

— 3 ==
4 (XapakTepusyeT  H3MEHEHHE s o HaIpaBJICHHUIO) M TaHre€HIHaJILHOE
yCKOpEeHHE - (XapaKTepu3yeT U3MEHEHHe P 10  BeIWYMHE). BenuunmHa  HOPMAaJIBHOTO
ae:
YCKOPEHHSI ¢ TOUKH A ONPENeTUTCs KaK
pt
) £

a..‘i: o

&

YCKOPCHUC

il

[ToacraBnsis B 9TO BbIpakeHHE 3HAYEHUE CKOPOCTH V4= @ 7, TIOTy4aeM
Fl
a .
4 =@?r.
— 3L
.
Hamnpasneno ™+ mo paauycy I k ueHtpy O BpallleHHs..
KacarenbHoe yckOpeHHE TOUKH OMPEAEIAETCS U3 BBIPAKECHUS

.

v
® =g,

TAC & — YIJIOBOC YCKOPCHUC BpalllaromICrocs Teja.
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=

£
Hanpasieno ~+ nepneHAUKYISIPHO I' B CTOPOHY €.
[lonHoe yckopeHHME TOYKM Tpd HEPAaBHOMEPHOM BpalleHMM BOKpYyr ocu (puc.
4.4, 6) reOMETPUYECKHN CKJIAIBIBACTCS U3 KacaTeIbHOTO U HOPMAJIBHOTO YCKOPEHUN

Puc.4.4. CkopocTu 1 yCKOpEHHUs TOUKH BpallalOIIErocs Tela.

CBi13b MCXKIOY JIMHEHHBIMA 1 YIrJ1I0BbIMH COOTHOIICHUSAMMU.

MOI[y.]'IB BCKTOpa MNEPEMCIICHUA Ar N HU3MCHCHHC YyIja IIOBOpOTa 'ﬁ‘p CBs3aHbI
COOTHOILICHUEM:

|ﬂF|=|F|~sfn&-sin%=L§

A
sin2¥
2z

—

rae ¥ = paamyc—BEeKTOp TOYKH A , £~ e panuyc BpamieHuss Bektop nuHelHON

—

CKOpOCTI/I F n BeKTOp yrHOBOﬁ CKOpOCTI/I i H CBs3aHBbI BeKTOpHLIM paBeHCTBOM:
F=mxr=

1"

@~ p . B ckanspHOM BHjIe CIIpaBEIJIMBO PaBEHCTRO:
=@ [f|- sin0=|c3- |7

I[J'IH BCKTOPA ITOJIHOTO YCKOPCHUA fi HMECM CJIICAYHOIICC BEKTOPHOC paBCHCTBO!
a=ExF+ dx{DdxT)
H

G =ExF- i@ =i Fl-
rae T BCKTOp TAaHI'€CHIIUAJIBbHOT'O yCKOpCHI/I}I, =

HOPMAaJIbHOT'O YCKOPCHMU.

BEKTOP

—

[poexuuu Bektopa # naoprer ¥ u # papnsr:

—_
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B =& ' P EK:@}.,{}
: :
Moyiib TTOJTHOTO YCKOPCHHSI PABEH:
|Ei|= Jaicai=pAlE + &
PaBHOMepHOE 1 paBHOTIEpEMEHHOE BpallieHue. HampasieHue 1 BeIMurHa [OJIHOTO YCKOPEHUSI.
PaBHOMepHOe BpallleHHe - BpallleHUE Tella C MOCTOSHHOW YIIIOBOW CKOPOCTBIO ® = const.

@ =g, o
2= - YPaBHEeHHE PABHOMEPHOI0 BpaLLICHUA Tesa.
=
M=—
W3 ypaBHEHUS HAX0AUM £, TO ecThb YIJIOBasi CKOPOCTh PABHOMEPHOI0 BpalleHUsl Tea
paBHa OTHOILICHUIO TIPUPAIEHUS yrila TOBOPOTA 32 HEKOTOPBIM MPOMEKYTOK BPEMEHU K BEJINYMHE
3TOTO MIPOMEXYTKA BPEMEHU.
PaBHOnepeMeHHOe BpalleHHe - BpalleHWE Tela MpU  KOTOPOM  YIVIOBOE  YCKOPEHHE
MOCTOSTHHO (€=const) BO BCE BpeMsI JIBYOKCHHSL.
3aKkoH PaBHOIIEPEMEHHOTO BpAIICHUS, ecln nipu t=0, =00, W=wo.
A
£-1
@ =gty = W+ —
COOTBETCTBYIOIINX: «1, W

G =g '{?E'Es
T R T N S

[TonHoe yckopeHue NMpu KpUBOJIMHEWHOM JBHMKEHHH CKJIAJbIBAETCS U3 TAHT'€HIIMAJIBHOTO U
HOPMaJIbHOTO YCKOPEHUH MO MPaBHITy CI0KEHUSI BEKTOPOB U OIpeaesseTcs: GopMysoi

a’ =at+aZ

nnu

HaHpaBHeHI/Ie IMMOJIHOT'O YCKOPCHHUSA TAKIKC OIIPCACIISACTCS IIPABUIIOM CIIOKCHUA BEKTOPOB!
= = =
a=dadt+dy

4 AnaocTpaTuBHbIA MaTepuani: Jlns npoBeieHMs 3aHATHUS HCIOJB3YETCs CleAylollee
MaTepHalIbHO- TEXHUUYECKOE o0ecredeHrne: HOyTOyK, MyJbTUMEIUIHBIN IPOEKTOP, SKPaH.

S.JIuteparypa
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1. Apanos, b. P. TeopusuibIK ’kKoHe UHKEHEpIIIK MeXaHuKa Herizaepi [MoTiH] :
okynbIK / b. P. Apanos. - Kaparanzas! : Medet Group, 2020. - 232 6er. c.
2. Memepckuii, U1.B. 3agaun no teopernueckoil mMexaHuke: yued. mocodbue / U. B.
Memepckuii ; mon pen. B. A. IlanemoBa. - 51-e u3z., crep ; 2012
JlononHUTEIbHAS IUTEPATYpA:
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6. KOHTpOJIbHbIE BONIPOCHI

1.3anummte GopMyIbl AJis ONpeesieHus] KacaTelIbHOT0, HOPMaJIbHOTO U MOJHOTO YCKOPEHUIA.

2.Ut0o xapakTepusyeT KacaTeJbHOE YCKOPEHHE M KaK OHO HaIlpaBJIEHO IO OTHOIICHHUIO K
BEKTOPY CKOpOCTH?

3.Uto xapakTepu3yeT U Kak HaIpaBJIEHO HOPMAaJIbHOE yCKOpeHue?

4. KakuM COOTHOUICHHEM CBSI3aHBI MEXAy CO0O0I JTMHEHHAS U yIIIOBast CKOPOCTh TOUKU?

5.Kakum cooTHOIIEHHEM CBSI3aHBI MEXTY CO00I YTI0BOE YCKOPEHHE TOUKH C €€
TaHTeHIMAILHBIM YCKOpEeHUuEM?

6.Kakum cooTHOIIEHHEM CBSI3aHBI MEXY CO00H yrioBas CKOPOCTh TOUKH C €€ HOPMAaJIbHBIM
yCKOpeHueM?

7.Kax ompezensercsi HOJHOE yCKOpeHHue?

Jlekmusa Ne5

1.Tema: Bpamienue Tena BOKpYr HEMOABIKHOM OCH. YTJIOBas CKOPOCTh U YCKOPEHHUE MpHU
BpaliaTeIbHOM ABMKEHUU. CKOPOCTH M YCKOPEHHS TOYEK Tell , BPALIAIONIMXCS 10 OKPYXHOCTH.
BenuunHa ¥ HampaBlieHUE MOJHOTO YCKOpeHHs. PaBHOMeEpHOE M HEpaBHOMEpPHOE BpalllaTelbHOE
JIBIDKEHUE

2. Heab: OcBOUTH TEOPETUUYESCKUI MATEpUAI JUIS PEIICHUS TPAKTUYESCKHUX 3a/a4.

3. Te3uchl JJeKIMH:

Ilnan neknuu:
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1.IIpocThle U CI0XKHBIE JBUKEHUS TEINA.

2.YpaBHEHUE MOCTYNATEIbHOIO, BPAIIATEIBHOIO, INIOCKONAPAJIEIbHOTO ABWXKEHUN Tena..
3.¥YrioBas cKOpOCTb U YIIIOBOE YCKOpeHUE Tena. PaznoxkeHue miockonapauieNbHOTO IBUXKEHUS Ha
IIOCTYNATEIbHOE U BPAILATEIIBHOE.

4.Yckopenne Kopuosnuca. [IoHsiTHE 0 MTHOBEHHOM LIEHTPE CKOPOCTU U YCKOPEHUSI.

[IpocThiMH IBKEHUSMH CUMTAIOT NOCTYIATENbHOE U BpalaTenbHoe. CroxiCHbIM 08UdiCeHUeM
CUMTAIOT JBUKEHHE, KOTOPOE MOKHO Pa3JIOKUTh HA HECKOJIBKO MPOCTHIX.

JlJ1s paccMOTpEHUS CII0KHOTO IBUKEHUS TOUKU BHIOUPAIOT JBE CUCTEMBI OTCUETA: MOABMKHYIO
Y HETIOABIKHYIO.

JIBuKeHHE TOUKH (Tea) OTHOCUTEIBHO HEnoO8UNHCHOUCUCTEMBI OTCUETa HAa3bIBAIOT CIOJHCHBIM,
WIH abCONOMHBIM.

[loaBWKHYIO cHCTEMY OTCYETa OOBIYHO CBSI3BIBAIOT C JBHKYLIUMCS TEJIOM.

JIBuKEHUE nOO08UICHOU ~CUCTEMBl OTCUETa OTHOCHTEIBHO HEMOJBMXHOW Ha3bIBaIOT
NepeHOCHbIM.

JIBukeHne mMaTepuaibHOM TOYKHU (Teda) MO OTHOLIEHHUIO K MOJBMKHON CHCTEME Ha3bIBarOT
OMHOCUMETbHBIM.

[IpumepoM MOXET CIYXHUTb JBH)KEHHE UYEJIOBEKa I[10 J3CKajlaTopy MeTpo. JIBukeHue
JCKanaTtopa - MEPEeHOCHOE MABIDKEHHE, ABIKEHHE 4YelIOBeKa BHM3 WM BBEPX IO ACKAJIATOpy -
OTHOCHUTEJIbHOE, a JABI)KEHHE IO OTHOUICHHIO K HEMOJBM)XHBIM CTEHAM CTaHIMH - CJIOXKHOE
(abcomoTHOE) ABMKEHUE.

[Ipu perenun 3a1a4 UCTIOIB3YIOT TEOPEMY O CIOKEHUU CKOPOCTEN: MPHU CI0KHOM JBUKEHUU
TOYKH aOCONIOTHAsl CKOPOCTb B KaXJbli MOMEHT BpPEMEHH paBHAa TE€OMETPUYECKOW CyMMe
EPEHOCHOH (Ve) OTHOCHTENBHOM(Vr) CKOPOCTEH:

v = /12 +v2 + 2v.v.cos a,

O — YTOJI MeXIY BEKTOPAMH Ve U Vp.

IInockonapasuienbHOE IBUKEHHE TBEPAOTO TeJia

IInockonapannenvuviyv, WIA NIOCKUM, Ha3bIBa€TCS TaKO€ IBW)KCHHME TBEPJOrO Tela, MpH
KOTOPOM BCE TOYKM Tela [EepeMelIaloTCs MapauielbHO HEKOTOPOW  HEMOJBWKHOW B
paccMaTpuBaeMoil cucTeMe OTCYeTa MI0CKOCTH.

[TnockomapaniensHoe JBUKEHHE MOXHO M3ydaTh, paccMaTpHBasi JIF000OE€ TUIOCKOE CeYeHUE
Tela, mapajielbHOe HEMOABMKHOM IIOCKOCTH, Ha3biBaeMOU ocrosHotl (puc.5.1).

Bce Toukn Tena, pacnoyiOKEHHbIE HA MPSIMOM, MEPHEHAUKYISIPHON K OCHOBHOM IJIOCKOCTH,
JBUKYTCS OJIMHAKOBO.
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Puc.5.1

[InockomapainienbHoe JABIKEHHWE H3ydaeTcsl ABYMsI METOJaMHU: METOJOM pa3jioKeHUs
CIIOHOTO JIBIKEHHSI Ha TOCTYMaTeJbHOE W BpalllaTelbHOE UM METOJOM MTHOBEHHBIX IICHTPOB
CKOPOCTEH.

MeTton pa3ioskeHHs CJI0KHOTO IBHKEHHS HA MOCTyNaTe/lbHOe U BpalaTejibHoe

[TnockomnapanienbHoe IBHKEHUE PACKIaIbIBAIOT Ha /1B JIBMKEHUSI: HOCHYnamelbHoe BMECTE
C HEKOTOPBIM MOJIOCOM U 8paujamenbHoe OTHOCUTEIHHO 3TOTO MOJIIOCA.

Pa3noxxeHne ucnosab3yroT Ui ONpeesieHUs: CKOPOCTH JF000M TOUKHU Tella, IPUMEHSS TEOPEMY
0 CJIOKEHUHU CKOpocTeit (puc. 5.2).

Puc.5.2

Toukad nBwxeTcs BMecTe ¢ TOUKOM B, a 3areM mNoBOpaunMBaeTCABOKPYr B C yrioBoi
CKOPOCTBIO @, TOT/1a a0COJIIOTHAs CKOPOCTh TOUKaA OyJeT paBHa

[IpumepoM MUIOCKOMApAJUIEIBHOTO  JBMJKEHHMsSI MOXKET OBbITh JIBIJKEHHE KoJieca Ha
HPSIMOJIMHEHHOM ydacTke Joporu (puc.5.3).

Ckopoctb Touku M
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¢ A M

UM = Ve + Uy,

Ve — CKOPOCTD HCHT DA KOJICCA NEPCHOCHAA
Ur — CKOPOCTB BOKpPYI" LEHTpa OTHOCH=-

TEenbHas.
olTT 7 yOx — HenoABMIKHAK CHCTEMA KOOPAMHAT
y1012) — nOmBUXKHAA CHCTEMA KOODOM-

HaT, CBA3aHHaA C OCBIO KOJIECA.
Puc.5.3

VYrioBasi CKOpOCTh U YIII0BO€ YCKOpeHHe Tena.PaccMoTpuM IBMKEHHE MaTepuanbHONW TOUKU
110 OKPY)KHOCTH paamyca F- . 3a Bpems 2 ee m070/KEHIE N3MEHUTCS Ha YTO A% Ve MOBOPOTA

paccMmarpuBaoTca Kak BEeKTOpbl. Monyiab BekTopa 42 paBeH yrily MOBOPOTa, a €ro HampaBieHHE
COBIQJaeT C HaMpaBJICHUEM IOCTYNATEIbHOTO MABM)KEHHS OCTpPHS BUHTA, TOJOBKa KOTOPOTO
BpallaeTcs B HANpPABJIECHUU JBIKEHUS TOYKU IO OKPYKHOCTH, TO €CTh MOJYUHSIETCS MPaBUILY
[PaBOro BUHTA. YTJOBOW CKOPOCTHIO IPUHATO Ha3bIBaTh BEKTOPHAs BEJIMYMHA, PaBHAs IEPBOM
MIPOM3BOJIHOM yTJia MOBOPOTA 110 BPEMEHU

_ s Ap dU
W= =—

At 0 At

OHa HampaBJIeHa Mo OCH BpalleHHs 110 MpaBUITy mpaBoro BuHTA. Ee pasmeprocts [w]=c™?, a
i AS lm  RaAg
V= — N
enMHHUIA — pajg/cek. JIunPleiiHas CKOPOCTh TOYKH paBHA A 0at _at—=0 A
I  Ag

A 0 AL

B cnyuae ecu % = €905t 10 ppanieHue paBHOMEPHOE H €10
MOJKHO OXapakTepu30BaTh mepuojioM oOpamienuss T (Bpems 32 KOTOPOE TOYKA COBEPIIAET MOJIHBIN

T ¢ i -
060poT, TO ecTh moBopaumBaeTcs Ha ~7T), A= T cooTBercTByer - 2T Takum
2= Iz
W= - T=—1
06PA30M, T | otkyna W
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Vexopenue Kopuonuca (Kopuonucogo yckopenue) XapakTepu3yeT H3MEHEHHE OTHOCUTEIBHON
CKOPOCTH TI0 HATIPABIICHUIO 3a CYET MIEPECHOCHOTO BPAIICHHS M W3MEHCHHE BEJIMYHMHBI IIEPEHOCHOM
CKOPOCTH 3a CYET OTHOCHTEIILHOTO IBHKEHHSL.

CornacHo meopeme Kopuonuca, abCONIOTHOE ycKOpeHue TOYKA B CIOXHOM JIBHKCHHUU
OTIPE/IENIACTCS KaK TEOMETPUYECKas CyMMa OTHOCHTEIBHOTO, MEPEHOCHOTO M KOPHOJIMCOBA
yckopenuit (puc. 5.3)

da=arta tac

Puc. 5.3

HOCKOHBKy, B JaHHOM CiIydac, OTHOCHUTCIbHOC ABHMXKCHUC IPOUCXOTUT IIO HpHMOﬁ JIMHUH,
OTHOCHUTEJIBHOC YCKOPEHUE ar HAaIIpaBJICHO BIOJb JTOM HpHMOﬁ N OIIPEACTIACTCA BBIPAXKCHUEM

_d°OM
dt’

r
HepeHOCHHM YCKOPECHUEM Touku M saBisgercs YCKOPEHUEC Touku M JAUCKaA. I[I/ICK
COBCPUIACT BpalllaTCJIbHOC ABHKCHHUC, CIICAOBATCIBHO, IIECPECHOCHOC YCKOPECHUE OIIPEACTIACTCA
BBIPpAKCHUCM
Qe = ae"P + aem‘

rie a.”= g - OM — BpamarenbHOe yCKOpeHUE TOYKU M, HampaBiIeHHOE MEPICHIUKYISIPHO
otpesky OM;
ae"= w?- OM — LEHTPOCTPEMUTENLHOE YCKOPEHHE TOUKH M, HalpaBJIEHHOE K LIEHTPY JMCKA.

Vexopenue Kopuonuca niv NOBOPOTHOE YCKOPEHHUE OMPENENSETCS 10 GopMyIie

ac=2 we X vr

TAC (We — INepeHOCHAA yriioBasd CKOpPOCTh,
Vr — OTHOCHUTCJIbHAA CKOPOCTH TOYKH.

HaHpaBJIeHI/Ie YCKOPCHUA KOpI/IOJII/Ica ONPCHALCIIACTCA 110 MPAaBUIIY BEKTOPHOI'O MMPOU3BCACHUS
WJIN 110 IIPpaBUIIy X(VKOBCKOFO.

Beanunna YCKOPCHUA KOpI/IOJII/Ica ONpCACIIICTCS BBIPA)KCHUCM
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ac = 2 we vrsina.

/1€ 0 — YTOJI MEXKJY BEKTOPAMHU (e U Vr.

PaccmoTtpumM, kakoil Gu3HUecKuii CMBICT 3a10keH B yckoperne Kopuosmca. [lis mpocToTs
OyzneM cyHMTaTh, YTO JUCK BPAIIAeTCs C MOCTOSIHHOW YIJIOBOH CKOPOCTBIO, a Touka M mBmxercs
OTHOCHTEJILHO JVCKA C TIOCTOSTHHOW OTHOCHUTEIILHON CKOPOCTHIO (puc.5.4).

Puc. 5.4

[Iycte B MomeHT Bpemenu t; Touka M 3aHumalnia nojokeHue Mi U uMena OTHOCUTENIbHYIO
CKOPOCTh Vr1. 3a NPOMEKYTOK BpeMeHU Af Touka M nepemecturcs B mosoxeHue Mz, mpu stom
HaIpaBJIeHHE CKOPOCTH Vr U3MEHUTCS BCJIC/ICTBUE BpAIlICHUS JIICKA. Bekrop vr nosmyuut
npupaienue Ave. OtHouieHue Avi/At onpenenser cpelHee YCKOPEHHUE TOYKH 3a IMPOMEKYTOK
Bpemenu At. [penen otnouieuus Avy [ At ipu At— 0 ectsb npousBoaHast dvy /dt, kak mpou3BoaHAs OT
BEKTOpA IMOCTOSIHHOTO 0 BEJTUYHHE.

PaccMoTpuM, Kak U3MEHSIETCS NEPEHOCHAsi CKOPOCTh B 3aBUCUMOCTH OT OTHOCHUTEIBHOTO
JIBUIKCHHUSI. B MOMEHTBI BpeMeHH 11 u t; mepeHocHas CKOPOCTh ornpeAenseTcs
BBIPQKEHUSAMHU Ve1= @ X OM1u veo=w X OM,.  Torma  mpupalieHHe  BEKTOpa Ve3a  CUET
OTHOCHUTEIILHOTO JIBIYKEHUS OyZieT paBHO

Ave =@ X OM2 — w X OMy =
= X(OM2; — OM1) = @ X vr- At

Ortnotenue Avel At B ipenerne npu At— 0 naet npousBoaayio dve / dt = @ X vy,

Takum o6pazom, yckopenue Kopuonuca ¢ OZHOW CTOPOHBI XapaKTepH3yeT H3MEHEHUE
OTHOCHUTEIILHOM CKOPOCTH MO HAMPABJIEHUIO 33 CUET MIEPEHOCHOTO BPAILEHHUS U, C APYTrON CTOPOHBI,
M3MEHEHNE BEJTMYMHBI IEPEHOCHOM CKOPOCTH 32 CYET OTHOCUTEIBHOTO JIBMXKCHHUS.

Metoa onpeaejieHMs MTHOBEHHOI'0 LIEHTPa CKOpocTei

Ckopocmb 110601 mouKku meia MOXHO OIpPENesTh C TMOMOIIBI0 MCHOBEHHO20 YeHmMpdA
ckopocmeti. 1Ipu 3TOM CIOKHOE IBUKEHHUE TIPEICTABIAIOT B BUJIE LIEMH BPAIEHUI BOKPYT pa3HbIX
LIEHTPOB.

3amada CBOAMTCS K OMPENEICHUIO MOJI0KEHISI MTHOBEHHOTO IIEHTpa BpalleHuil (CKopocTeit)
(puc.55).



https://isopromat.ru/teormeh/obzornyj-kurs/uglovaya-skorost-i-uskorenie
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Puc.5.5

Menosennvim yenmpom crxopocmeu (MILC) siBasieTcss TOuka Ha TJIOCKOCTH, a0COJIOTHAS
CKOPOCTb KOTOPOM B IaHHBII MOMEHT pPaBHA HYIIIO.

Boxpyr 3T0i TOUKH TEJNO COBEPIIAET MOBOPOT CO CKOPOCTHIO .

CkopocTb TOUKNA B JaHHBIM MOMEHT paBHa

v4 = wOA,

T. K. Va- IuHENHas CKopoCTh TOUKH 4, Bpamatomieiics Bokpyr MLIC.

Cy1iecTBYIOT TpH crioco0a omnpe/esieHus M0JI0KEHNs MTHOBEHHOTO IIEHTpa CKOPOCTeH

Iepswiti cnocob. N3BecTHa CKOPOCTh OJIHOM TOUKM Tesa Va U yIJIoBas CKOPOCTh BpAllCHUS
tena w (puc.5.5).

ToukyOHnaxonum Ha EpHEHANKYISAPE K BEKTOPY CKOPOCTH Va.

A0 =24,

w
CoemmnsieM ToukyO ¢ Toukoii B, 3amepsieM paccrosiane OB. VB 1OB, vg = wOB.

Puc.5.6

CoenunsieM koHI1BI BeKTOpoB, MIIC HaxoauTes Ha nepeceueHuu JTMHUH, COEAUHAIOIIENH KOHLIBI
BeKkTOpoB ¢ juHuei AB(puc.5.6). [Ipu nocrynarensHoM npmxeHnd tena MI[C oTcyrcTByer.

4 UniarocTpaTuBHbIE MaTepuan: Jlns npoBeieHMs 3aHATHS MCIHOJIB3YETCs ClleAylollee
MaTepHalIbHO- TEXHUUYECKOe o0ecredeHre: HOyTOyK, MyIbTUMEUHHBIN TPOEKTOP, IKPaH.
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6. KOHTpOJIbHBIE BOIIPOCHI

1.Kakoe ABm>xeHHE Ha3bIBAIOT MPOCTHIMU?

2.Kakue nBH)XEHUS TBEPAOTO TeJla Ha3bIBAIOT CIOKHBIM?

3.Kakue cuctembl KOOpAMHAT BBIOMPAIOT MPHU ONPEACICHUU CKOPOCTEH TBEPHABIX Tel MpH
CJIOKHOM JIBUKCHHU?

4.Kakoe IBI)KEHUE CUUTAIOT MEPEHOCHBIM, a KAKO€ OTHOCHUTEIbHBIM?

5.ChopMynupyiiTe TeOpeMy CIOKEHHS CKOPOCTEit?

6.Kakoe nBmxeHNe Ha3bIBAIOT MJIOCKUM?

7.Kakue crmocoObl MPUMEHSIOT JUIsl  OMpENeNieHHMs CKOPOCTel TOYeK Tena MpH
TJI0CKOTApaIeIbHOM JIBUKCHUH?

8.UTo Takoe MrHOBEHHBIH LIEHTP CKOPOCTEH, KaK €ro ONnpeAemsSioT U IS Yero UCIIONb3YyIT?

Jlexkuus Ne 6

1.Tema: Jlunamuka. OCHOBHBIE IOJIOKEHHUS IVUHAMUKH./[MHAMMKAa MaTepUaJIbHON TOUKH.
OcHOBHBIE 3aKOHBI M TeopeMbl aAnHaMHKH./{uddepeHnnanbHble ypaBHEHHs IBUKCHUS TOYKH.
Teopus tpenust, Bunst Tpenus. [Mpunnun lanambepa.

2. Heab: OCBOUTH TEOPETUUECKUI MaTepHa JUIsl PEIICHUs MPAKTUYECKUX 3a7ad.
3. Te3ucel Jekuuu:
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IInan aexkuum:

1.OcHoBHBIE 3aKOHBI U TU(PepeHINaTbHbIE YPABHEHNUS JUHAMUKH.

2.Cuna nnepuuu. Paborta cuiibl Ha IPSIMOJIMHENHOM U KPUBOJIMHEMHOM HEpEMELICHHUH.
3.PaboTa cHIIBl TSXKECTH U CUITBI TPCHHUS.

4. Momnocts cuiibl 1 KIT/]. PaboTa 1 MOIIHOCTH IIpH BpalaTeIbHOM JBUKECHHUH.

Jlunamuxa - pa3aesl TEOPETUUYECKON MEXaHUKH, B KOTOPOM YCTaHABIIMBAETCS CBSI3b MEXIY
OIBUXXCHUEM TCII N I[CI\/'ICTBYIOHII/IMI/I Ha HUX CHUJIaMU.

B aunamMuke pemaroT ABa TUIA 33a4:

K OHpGI[GJ'ISIIOT napaMeTpm JABHMKCHUA 110 3aITaHHBIM CHJIaM,
- ONPENESAIOT CHUJIbl, ACHCTBYIOIIME Ha TEJO, MO 33JaHHBIM KHHEMaTUYECKUM
rnapaMmerpam JBIKEHUS.

HpI/I HOCTyHaTeJ'IBHOM JOBUXKCHHUHN BCC TOUYKHU TEJIa )IBI/I)KYTCH OAMWMHAKOBO, HOC)TOMy TECJIO MOXHO
HpI/IHHTI) 3a MaTepI/IaJ'II)HyIO TO‘IKy.

Ecnu pazMepsl Tena Malibl 0 CPAaBHEHUIO C TPACKTOPHUEH, €r0 TOKE MOMKHO pacCMaTpPUBATh Kak
MaTepPUANBHYIO TOUKY, TPU ATOM TOYKA COBMAAAET C IIEHTPOM TSKECTH TeJa.

HpI/I BpaHlaTeJ'IBHOM JOBHKCHUHN TCJIa TOYKH MOFYT ABUT'aTbCsd HECOAUHAKOBO, B 3TOM cnyqae
HEKOTOpPHIC TMOJOKEHUSA JUHAMUKH MOKHO TPUMEHSTHh TOJBKO K OTHAEIbHBIM TOYKaM, a
MaTepuaIbHBIN 00BEKT pacCMaTPUBATh KaK COBOKYITHOCTh MaTepUaIbHBIX TOYEK.

[TosToMy AMHAMUKY AEJAT HA JUHAMHUKY TOYKUA M TUHAMUKY MAaTEpPUATIbHON CHCTEMBI.

YckopeHue MaTepuagbHOM TOYKH MACChl M, IBWOXKYIIEHCS IO JEHCTBUEM TPUIIOKEHHBIX
k Hewt cun Fy, Fo,..., Fn, oipenensieTcst ¢ moMOIIbI0 OCHOBHOTO 3aKOHA JUHAMUKH (BTOPOTO 3aKOHA
HrproToHa) B coueTaHuu ¢ 3aKOHOM HE3aBHUCUMOCTHU JeiicTBus cuil: ma = Fi+ Fo+...+ F.

Juddepenunanbable ypaBHEHHs IBUKEHUS MaTe€pUaIbHOM TOYKU B MPOEKIHSIX Ha OCH
HEMOABWKHBIX JIEKAPTOBBIX KOOPIAMHAT UMEIOT BUJ

TE SF S
oA A " 7
mx'" = =i ,my" = - , mz" = &l .
I'mex", y'", z"-npoekuuu yckopeHus a, a Fix; Fiy; Fkz— npoexuun cunslF Ha
COOTBETCTBYIOIIUE OCH JCKAPTOBBIX KOOPIUHAT.
JuddepeHnnanbabie ypaBHEHUS IJIOCKOTO JBIXCHUS MaTEPUATBHOM TOUYKH B MOJISIPHBIX

#
>

2R 22y DR
KOOPAMHATAX UMEIOT BUA M(r''—r@'?) = #- , Fost =AF+
3[IECh I' — paJnyC-BEKTOP TOYKH, () — IOJISIPHBIN YTOJL

JuddepeHnnanbable  ypaBHEHHS JBMKCHHS MaTEPUANbHOM TOYKHM 3alMCHIBAIOTCS
COOTBETCTBEHHO BBIOpaHHOM cucTeMe koopauHart. Tak, muddepeHnnanbubie ypaBHEHUS MOYKHO
COCTaBUTh B IUIHHAPHUECKUX, CPEPUUECKUX U APYTHX KPUBOIMHEHHBIX KOOPANHATAX.

C nomompo auddepeHnnanbHbIX YpaBHEHHH JBHKEHUS MaTe€pHaIbHON TOUYKH MOXKHO
pelaTh JBE OCHOBHBIE 3a/1aud JUHAMMKH: IPIMYI0 1 oOpaTHyro. IIpsiMoii Ha3kIBaeTcs 3a1a4a, B
KOTOpPOH [0 3aJaHHBIM JBIDKEHHIO M MacCce MAaTepUAlbHOM TOYKH  ONpEHeIseTCs
pPaBHOIEWCTBYIOIAS CHJ, MPHIOKEHHBIX K 3TOM Touke. OOpaTHOI Ha3pIBacTCs 3amaya, B
KOTOPOIA TI0 3aJaHHBIM CHJIaM M Macce MaTepHaIbHON TOYKH OMPEICISETCS €€ IBUKECHHUE.

AKCHOMBI THHAMHKH
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3aKoHBI TUHAMUKA 0000IIA0T Pe3yIbTaThl MHOTOYHCIICHHBIX OIBITOB U HA0JIFOICHUN. 3aKOHBI
JMHAMMKH, KOTOPbIE MPUHATO paccMaTpuBaTh KaK akKCUOMBI, ObLIM cpopmynrpoBaHbl HproTOHOM,
HO TEpBbIA M YETBEPTHI 3aKOHBI ObuIM M3BeCTHHI ['aymmiero. MexaHHKy, OCHOBAaHHYIO Ha 3THUX
3aKOHaX, Ha3bIBAIOT KJIACCHUYSCKON MEXaHHKOH.

IlepBasi akcuoma (IpUHLIMIT HHEPLIMN)

Besikas u3osnmMpoBaHHas MaTrepuaibHas TOYKa HAXOJIUTCS B COCTOSIHUM IOKOSI  WUJIU
PaBHOMEPHOTO U MPSIMOJIMHEWHOTO JIBUKEHHS, ITOKA MPHIIOKEHHbIE CUJIbI HE BBIBEAYT €€ M3 3TOTr0
COCTOSIHUSI.

DTO COCTOSHUE Ha3bIBAIOT COCTOSTHUEM HHEpPUUU. BBIBECTH TOUKY M3 ATOrO COCTOSIHUSA, T.€.
COOOIIUTH €l HEKOTOPOE YCKOPEHHE, MOKET BHEIIHSAS CUJIa.

Bcesikoe Teno (Touka) obnamaet unepmuocmosio. Mepoit HHEPTHOCTH SIBJISIETCS Macca Tea.

Maccou Ha3bIBAIOT Koauuecmeo ewjecmea 6 obveme mend, B KIACCUYECKON MEXaHHKE ee
CUMUTAIOT BETMYMHOMN MOCTOSIHHON. Enununa n3mMepeHuss Maccbl — KUJIOTPaMM (KT).

Bropas akcuoma (Bropoii 3akoH Hpr0TOHA - OCHOBHOM 3aKOH TUHAMHKH)

3aBUCHMOCTh MEXJy CHJIOH, NEWCTBYIOIIEH HAa MAaTepUaIbHYIO TOYKY, U COOOIIAaeMbIM €10
YCKOPEHUEM CIIEAYFOIIAs:

F = ma,

re m — Macca TOYKH, K[}, @& — YCKOpEHMe TO4KM, M/c2.
Yckopenue, cCOOOIEHHOe MaTepUaIbHON TOYKE CHIIOHN, MPOTIOPITMOHAIBHO BEIUYHHE CHIIBI U
COBIA/Ia€T C HAMIPaBJICHUEM CHUIIBI.
OcHOBHOM 3aKOH TWHAMHKHU B quddepeHmansHoi hopme:

d2S d2S  dv
F=m—, T.XK. a=—— = —.
dt2
Ha BCC TCJIa Ha 3eMHe ﬂeﬁCTByeT culia Tﬂ)KeCTI/I, OHa COO6H.[aeT Teﬂy YCKOpeHI/Ie CBO60,HHOF0
InaacHus, HaHpaBHeHHoe K HeHpr 36MJ‘II/I:

G = mg,
roe g = 9,81 M/c?, ycxopenne cBo6ONHOTO mamerns.

TpeTbs akcuoma(tpeTuii 3akoH HproToHa)
Cunbl B3aMMOJAEWCTBUS ABYX TENl PaBHBI 10 BEIMYMHE M HAIPABIIEHBI MO OJHOW NpPSMOH B
pasHbie cTopoHbI(puc.61):

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

Otkyna
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m:z
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F mi
my as
mia] = Made W — = —,
ma ai
Pucynoxk 61.

[Ipu B3auMoeNCTBUN YCKOPEHHS 00OpaTHO MPONOPLHUOHATIBHBI MaccaM.

YerBepTasi akcuoMa (3aKOH HE3aBHCUMOCTH JICHCTBUS CHIT)
Kaxxnas cuna cucteMbl Cuil IEHCTBYET Tak, KaK OHA JIeHCTBOBasIa ObI O/THA.
Yckopenue, coobiaeMoe TOYKe CHCTEMOW CHJI, pABHO T€OMETPHUYECKON CyMME YCKOPECHHH,
COOOIICHHBIX TOYKE KayKI0H CHIION B OTIENBHOCTH (puc. 62):

F ay .
n
f 2! 2 w Fy =ma; a:Zak,
F‘.% a, 2 0

Pucynok 62.
IHonsitve o Tpennu. Buabl Tpenus

Tpenue- conpOTHBIICHUE, BO3HUKAIOIIEE TMPHU JBUKCHUU OJHOTO IIEPOXOBATOTO Teia IO
MOBEPXHOCTH Jipyroro. [Ipu ckobkeHuu Tel BO3HUKAECT TPEHUE CKOJIbKEHHUS, IPH KAYCHUH - TPCHHUE
kaueHus. [Ipupoaa conmpoTuBICHHI BUKE-HHUIO B PA3HBIX CIIydasX pa3ndHa.

TpeHne CKOJIbKEHUA

[IpuunHa - MexaHHuYecKoe 3alerieHue BhICTYNoB. Cuja CONPOTUBICHUS JBMKE-HHUIO MPH
CKOJIBYKEHUH HA3BIBACTCS CULOU MpeHUst CKovdceHus (puc. 63,a).

3aKOHBI TPEHUS CKOJIbKCHHUS:

1.Cuna TpeHus CKOJIbKEHHS MPSMO MPOTOPIHOHAIbHA CUJIE HOPMaIbHOTO JaBICHUS:

FTP=Ff=fR!

rze R - cuna HopManbHOTO AaBlEHMs, HapaBJIeHa MEPIEHIUKYISIPHO OTIOPHOM MOBEPXHOCTH;
f-koa(dHULHMEHT TPEHUS CKOTBKESHUSI.
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AR

T7TTTV7 7777 2

9 G %
Pucynox 63

Y \.;;q
ﬁ
N fa
]

B ciyuae nmBrKeHHS Tela MO HAKIIOHHOH miockocTu (puc.63,0)

R =Gcosa,

TJIe - YroJl HAKJIOHA TUIOCKOCTH K TOPH30HTY.

Cuna TpeHus BCeT/ia HampaBJicHa B CTOPOHY, OOpPaTHYIO HaNPaBIICHUIO JBUKCHHUS.

2.Cuna TpeHHsI MEHSETCS OT HyJsl 0 HEKOTOPOTO MaKCHMaJIbHOTO 3HAYEHUS, HAa3bIBAEMOTO
CUJIONW TPEHUS MOKOS (CTATHYECKOE TPEHHE):

0 < Fy < Fy,,

Fro-cmamuueckasn cuna TpeHus (cuiia TpEHUS TIOKOS).
3.Cuna TpeHus MpH TBHKCHUW MEHbBINE CHIIBI TpeHHS MOKOs. CHII TpEeHHS NpPU JBHKCHHUU
Ha3bIBaCTCs Ounamuyeckol cunoit tpenus (Fr)

Ff*<~Ff0'

HOCKOHBKy CHJIa HOPpMAaJIbHOI'O OaBJICHHS, 3aBUCALIAA OT BECAa W HaAIPaBJICHUSA 0H0pHOI>'I
IMOBEPXHOCTHU, HC MCHACTCS, TO pa3jindyaroT CTaTUYECKUU U ,Z[I/IHaMI/I‘IeCKI/Iﬁ KOB(l)(l)I/IHI/IeHTBI TPCHUA:

Ff = fR; Ffo = foR.

Koagpguyuenm mpenus ckonvorcenuss 3aBUCUT OT CIEAYIOIUX (PaKTOPOB:

-0T MaTepuasa: MaTepuajbl JeIATCs Ha ¢pukyuorHwvle (C 00NbIIUM KOO PH-ITUEHTOM TPEHUS)
U anmugpuxyuontwle (¢ MaabiM K03 puureHToM Tpenus ), Hanpumepf = 0,1+0,15 (npu cKoNbKeHAN
CTaJId MO CTaJI BCYXYIO),

f=0,2+0,3 (1pu CKOJILKEHHHU CTAJIN TIO0 TEKCTOJIUTY)

- ot Haymmuus cMmasku, Hanpumepf= 0,04+0,05 (mpu CKOIBKEHUN CTANU 10 CTATM CO CMa3KOK);

- OT CKOPOCTH B3aMMHOTO MEpeMeIeHHS.

Tpenne xaueHus

ConpoTuBieHHE NpH KAayeHMM CBS3aHO C B3aUMHOW jaedopmaimeld rpyHTa M Kojieca U
3HAYUTEIbHO MEHBIIE TPEHUS CKOJIbKEHHUSL.

OOBIUHO CUMTAIOT TPYHT MSATYe KOJIeca, TOrJa B OCHOBHOM J1e()OPMUPYETCs TPYHT, U B KaXKIbIH
MOMEHT KOJIECO JIOJDKHO MepeKaThIBATHCS Uepe3 BBICTYH IpyHTa. J{J1s1 paBHOMEPHOT0 KauyeHUs KoJjieca
HEo0X0JMMO NMPUKIAIbIBaTh CHIyF s (puc. 64).

VYcnoBue KadeHus KoJieca COCTOUT B TOM, YTO JABWXKYIIMNACS MOMEHT JOJKEH OBITh HE MEHBIIIE
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Pucynoxk 64.
MOMEHTa COTIPOTHBIICHHS:
Fror > NEk;
G
N = G! F as P k-"":
T

r7e K- MaKCUMaJbHOE 3HAa4YeHUE Ijieda (TMOJOBHMHA KOJIEW) MPUHUMAETCs 3a KOA(h UIIHMEHT
TPEHUS Ka4CHUsI, PAa3MEPHOCTh - CAHTHMETPHI.

OpureHTHPOBOYHBIC 3HAUCHHS K (OMPEACISIFOTCS SKCIEPUMEHTAIBHO): CTalb IO CTATH -K
=0,005 cm; pe3uHoBas muHa 1o mocce -k = 0,24 cm.

Pabora
Jlis XapakTepUCTUKU JEUCTBHSI CHIIBI HA HEKOTOPOM IEPEMELICHUN TOUYKU €€ MPUIIOKEHUS
BBOJISIT MOHATUE «paboTa CHIIBI».
PaboTa cimyxut Mepoil neicTBUs CUiIbl, paboTa — CKaJIApHasl BEJIUYMHA.
PadoTa nocTosIHHOM CHJIBI HA IPSIMOJIMHEHHOM Iy TH
Paborta cuibl B 00IIeM ciaydyae YHMCICHHO PaBHA MPOU3BENEHHIO MOIYNsS CHUJbl HA UIMHY

MPOMIEHHOTO IYTH U Ha KOCHHYC YIJIa MEKy HallpaBJICHUEM CHJIbI M HATIPABJICHUEM IIEPEMEIIICHUSI
(puc. 67):

W = FScoso.
F
204 2
M M
S S AL VAV AYAVEVA
S >

Pucynok 67.
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Enununs! n3mepenust paboThl:
1 JIx (oxoyns)= 1 H*m; 1 x/lx (xunomkoyns) = 103 Tx.
PaGoTa nocTosIHHOM CHJIbI HA KPUBOJIHHEHOM MyTH
[lycte Touka MuBmxeTcsl o ayre OKpY)KHOCTU M cuia FcocraBiisier HEKOTOPBIM yroi o ¢
KacaTeJIbHOU K OKpYXKHOCTH (puc. 68).
BekTop cHITbI MOKHO Pa3lioKUTh Ha JIBE€ COCTABIISIONIHE:

F =F, + F,.

Wcnonb3ys NpUHIMI HE3aBUCUMOCTU JIEHCTBUSL CHJI, OINpEAeauM paboTy KaxIod u3
COCTaBIIAIOIIUXCHIIBI OTIENBHO:

Pucynox 68.

W(F,) = F,AS; W(F,) = F,AS,
rme AS = M 1UM2 — NPOUOEHHEIA Iy Th.
AS = or.

HopmanpHas cocraBinsiomnias cuiisl FnBcera HanpapiieHa MepHeHINKYIIPHO EPEMELIECHUIO U,
clefoBaTeNbHO, paboTel He mpousBoaut: W (Fn) = 0.

[Ipu nepemeriennu no ayre 00e COCTaBIISIIOIIKE CHIIbI Pa3BOPAUMBAIOTCS BMECTe ¢ TOUKOM M .
Takum oOpa3om, KacaTelbHas COCTaBISAIONIAs CHJIBI BCErja COBIAJAaeT IO HaIpPaBJICHUIO C
MepeMeIeHUuEM.

Byoem umemn: W (F+) - Fror.

KacarenbHyto cuiny FtoObIUHO HA3BIBAIOT OKPYIHCHOU CUTLOU.

PaGota npu KpUBOJIMHEWHOM MYTH - 3TO pab0oTa OKPYKHOM CUJIBI:

WI(F) = W(F).

[IpousBeneHne OKpyKHOW CUJIbI HA PAANYC HA3BIBAIOT 8PAYAOUUM MOMEHIMOM.
MBp: Fir.

PaGota cuibl, mpuIoKeHHON K BpallaloleMycsi TeNly, paBHAa MPOU3BEIECHUIO BPAIAOIIErO

MOMEHTa Ha yroJ MoBOPOTa:
W(F) = Mgp0.
Pabora cuiabl T:KeCcTH

PaGoTa cuiibl TSKECTH 3aBUCUT TOJIBKO OT U3MEHEHHUS BBICOTHI 1 paBHA TPOU3BEICHUIO MOTYIIS
CUJIBI TSXKECTU Ha BEPTUKAJIBHOE NIEPEMEIICHHE TOUKU

(puc. 69):

W(G) = G(hi- hy) = GAh,
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raec Ah— N3MCHCHHUEC BBICOTEI.
h
M,
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X

Pucynox 69.

[Tpu onmyckanuu paboTa MOJIOKUTENbHA, TPU TIOITFEME OTPHUIIATEIIbHA.

Padora paBHoAelicTBYIOLIEH CHIIbI

ITonx aeiicTBHEM CUCTEMBI CHII TOYKA MAaCCOM m MEPEMENIAETCA U3 MOJI0KEHUS M1 B OJIOKEHUE
M2(puc.70.).

B cnyuae aBuxkeHUs moA JEHCTBUEM CHCTEMBI CHJI TIONB3YIOTCS TEOpeMoill o pabote
PaBHOJECHCTBYIOIIECH.

PaboTta paBHOneHCTBYIOMEH Ha HEKOTOPOM NEPEMENICHHMH paBHA anreOpandeckod CymMme
paboT CUCTEMBI CHJI Ha TOM K€ MepeMenIeHUN

F; M, Fy=F+F,+F3+---+ F,.

PaGora paBHONENCTBYIOIEN CHIIBI

. W (Fs) = ;W(Fk)-

Pucynoxk 70.
KoHTposibHBIE BOITPOCH! U 3a/1aHUS
1.Kakue cuibl Ha3bIBAIOT ABHKYILIUMU?
2.Kakue cuiipl Ha3bIBatOT CHJIAMU COIPOTUBIICHNA?
3.3anummre GopMyisl JUid ompeneneHus paboThl MPU MOCTYHNATEIbHOM M BpallaTeIbHOM
NBIDKEHUAX?
4. Kakyro cuily Ha3bIBatOT OKpYKHO#? UTO Takoe Bpalammui MOMEHT?

Padora u MOIIHOCTB.
Ko3¢ppunmenT noJiesHoro aeiicreus
Hmemo npedcmaeﬂeHue O MOouwiHocmu npu npﬂMOﬂuHeﬁHOM u Kpu@OJluH@IZHOM nepemeuienusx,
0 MOWHOCMU NONE3HOU U 3AMpAyeHHoUu, O Kod(h@uyuenme none3Ho2o oeucmeus.3namo
306UCUMOCIU OIS onpedeﬂeﬁuﬂ MOWHOCMU npU nocmynamelbHoM U epauiamelbHom 06149!C€H1/l}1x,
K11/
Ymemo paccuumamos mowHocms ¢ yuemom nomepsb Ha mpeHue u Cuil UHepyuu.

MolnHOCTh
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st XapakTepUCTUKU PabOTOCIIOCOOHOCTH M OBICTPOTHI COBEpHICHUS PabOTHI BBEACHO
MTOHSTHE MOIIHOCTH.
Mo1HOCTb - paboTa, BBINOJIHEHHAS B €UHUIY BPEMEHU:

%4
P=—.
i
EnuHuIel U3MEpEeHUs] MOIIHOCTH: BaTThI, KUJIOBATTHI,
H-Mm
1— =1Br; 10° Bt = 1xBr.
Mownocmo npu nocmynamenvrom osuxcenuu(puc.71.)
F
FScosa
P= . o
2 prd v
S
YuyuTHBaA, YTO 7 = Veps HOJTY 4UIM VAV AV AV AV AV SV AV v

P = Fug, cos
Pucynox 71.

rae F- Moaynb cuibl, AeMCTBYIOMIEH Ha TeNOo; Vep- CPEAHSsI CKOPOCTh IBUKEHHS Tea.
CpenHsst MOLTHOCTD MPH MOCTYNATEILHOM JIBUKEHUH paBHA MPOU3BEACHUIO MOYJISI CHIIBI Ha
CPEIHIOI0 CKOPOCTh NIEpEeMENIECHHUS U Ha KOCUHYC yTila MKy HalpaBJICHUSMU CHIIbI U CKOPOCTH.
MoOmHOCTH NPYU BpallleHUun
Teno nBwxercs Mo Ayre paanyc

F, r U3 Touku M) B Touky M.
M;i'l"fg = @,
Pab6oTa cunmr: W = Mype
Mg, = Fir, rone Myp — Bpaluaionm
MOMEHT.
P s Mﬂptp
R

Pucynox 72.
N ¥
HUTHIBAA, YTO — = Wp, NOIYHUM
t

P = Mypwep, riie wep — CPENHAA YTI0BAA CKOPOCTb.
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Mownocms cunbl npu 8pawjenuy pasHa NPou38eo0eHUIo 8payaoue20 MOMeHma Ha cpeoHion
V2ll08Y10 CKOPOCMb.

Ecnu nipu BeIMOTHEHUN PaOOTHI yCHUIIME MAIIWHBI U CKOPOCTH JBWKECHHS MEHSIOTCS, MOYKHO
OTIPENICIUTH MOIIHOCTD B JIF00OOW MOMEHT BPEMEHH, 3HAsl 3HAYCHUS YCHIIUS M CKOPOCTH B JaHHBIN
MOMEHT.

Ko puuueHT nosie3Horo aeiicTBus

Kaxnmas mammHa W MEXaHHM3M, COBepmias paboTy, TPaTUT 4YacTh DPHEPTUU HA TPEOJIOJICHHE
BPEIHBIX CONPOTHBIICHHIA.

Takum oOpa3oM, MmamuHa (MEXaHM3M) KpoMe I0Je3HOW paldoThl COBepIIaeT eue u
JOTIOJTHUTEIBHYIO paldoTy.

OTHOIICHUE TMOJIE3HON paboOThl K TOJHOW pabdoTe WM TIOJE3HOW MOITHOCTH KO BCEH
3aTpavyeHHOMN MOIITHOCTH Ha3biBaeTcsa koadunmenToM nosesnoro aevcraus (KI1/1):

Pron
P, 3aTp

n = KIIII = :

[Tone3nast pabGota (MOIIHOCTB) pacXoOayeTcs Ha JBH)XCHHE C 3aJaHHOW CKOPOCTHIO H
ompenesnsiercs mo GopMyam:

W =FScosa, P = Fuvcosa;

W = Myp, P = Mgpw.

3arpadeHHas MOITHOCTh OOJIbIIIE TOJIE3HOM Ha BEIMUMHY MOIIHOCTH, UIyIIeH Ha MPEOI0JICHUE
TPEHHS B 3BEHbSAX MAIMHBI, HA YTEUKH U TOMY MOJJOOHbIE MOTEPH.
UYewm Boimie KII/I, TeM coBepiiieHHEE MalllUHA.

4 MumocTpaTuBHBIH MaTepuan: /s [poBeleHUS 3aHITHUS HCIOIb3YETCsS CIEAYIolee
MaTepHUaIbHO- TEXHUYECKOE 00ecredeHre: HOyTOyK, MyJIbTUMEIUIHBIN TPOEKTOP, IKPaH.
S./IuTeparypa

OcHoBHast TUTEpaTypa:

1. Apanos, b. P. TeopusutbIK skoHE HHXKEHEPJIIK MeXaHHKa Heri3aepi [MoTiH] :
okyibIK / b. P. Apanos. - Kaparanas! : Medet Group, 2020. - 232 Ger. c.

2. Memepckuii, 1.B. 3agaun mo teopetuyeckoil MexaHuke: yueb. mocodue / U. B.
Memepckuii ; mox pen. B. A. IlanpmoBa. - 51-e uzn., crep ; 2012

JlononHuTENBHAS IUTEPATYpA:

1. MapnonoB, b. M. PacuerHO-IpoeKTUPOBOYHBIE PAOOTHI IO COMNPOTHBIICHUE
MaTepuaioB : coopHuk / b. M. Mapaonos, M. 3. Opramos, M. E. Baiimupos. . - AiMaThl :
3OBepo, 2014. - 256 ¢

2. Xubb6enep, P. U. Cratuka MeH MaTepuangap MexaHukachl : T.1 : okynslk / P.Y.
Xub6enep ; Kasz.rin.aya. E.b./laycentoB, C.JKynic6ekoB. - 4-0acbuibiM. - Anmartsl : JKILC
PIIBK "ayip", 2017. - 436 6. c

ONEKTPOHHBIE PECYPCHI:
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1. TeopusTbIK KoHE KOJITaHOATBI MEXaHHUKa [ DJIIEKTPOHHBIN pecypc]| : OKYIBIK /

A. Tycinos, K. Tycinos. - Dnekrpon. TekctoBbie gaH. ( 118M0). - Anmarsr : [6. u.], 2015. -
an. ont. guck (CD-ROM). - 00. Tr

2. TeopusutbIK XKoHE KOJITaHOATbI MEXaHHUKA [ DIEKTPOHHBIN pecypc]| : OKYIBIK /
A. Tycinos, K. Tycinos. - DnexTpoH. TekcToBbie naH. ( 118M0). - Anmarsi : [6. u.], 2015. -
a11. ont. auck (CD-ROM).https://aknurpress.kz/login

3. Konnan6aner mexanuka. Yrebae M.H., Aiicaes C.V., CyiteyoBa H.b. , 180
oer 2019. https://www.aknurpress.kz/reader/web/2121
4, Teopusinblk xoHe KonmanOansl Mexanuka: S5SB072000-"beiiopranukaibik

3aTTapJblH XUMUSJIBIK TEXHOJIOTUACH' MaMaHIbIFBIHBIH OakalaBpuaTr CTYACHTTEpIHE
apHaJFaH KypCTBIK JKYMBICTapJibl OpbIHJAyFa oJicTeMelnik Hyckay. - Opan: XKoHrip xan
ateiaaarel BKATY, 2015. - 566.http://rmebrk.kz/
5. Mexanuka: xanmnsl pusukanbik npaktukym / C. W. HUcaraes, ©. C. Ackaposa, C. O.
benerenona ; pea. K. Cobur; on-®apadu atein. Kaz¥V. - Tyzer., TonbIkT. 2-6ac. - Anmarsl : Kazak
yH-T1, 2015. - 217, [1] 6 http://elib.kaznu.kz

6.KoHTpO/IbLHBIE BONIPOCHI

1.3anummTe OCHOBHOM 3aKOH TWHAMUKHU B BEKTOpHOU  muddepennnansaon hopme?

2.Ha maTepuaibHyIO TOUKY JIEHCTBYET OCTOsIHHAS cruia. Kak aBuxkeTcst Touka?

3.Kakoe yckopeHue MOJy4YHT TOUYKa, €CJIM Ha HEE JCUCTBYET CHJIA, paBHAs YIABOEHHOU CHUIIC
TSDKECTH?

4.TToce CTOJKHOBEHHS JBYX MaTEPHAIBHBIX TOYEK ¢ MaccaMuMi = 6 KT u Mp= 24 Kr nepBas
TOUKa MOJTyurna yckoperune 1,6 m/c?. UeMy paBHO yCKOpEHHe, TIONYIeHHOE BTOPOil TOUKOMH?

5.B uem 3akirouaeTcs MPUHIUI HE3aBUCUMOCTHU ACUCTBUS CUTI?

6.Ilepeuncinte 3aKOHBI TPEHUS CKOJIbKEHUS?

7.Ilepeuncnute (GpakTOpsl, BAUIIONINE HA BEIUYUHY KOAPPUIIUEHTA TPEHUS CKOJIbKEHUS?

8.3anummure Qopmynbl sl pacyeTa pabOTHl MPU TMOCTYHNATEbHOM U BpallaTelbHOM
NBIDKEHUAX?

9.Baron maccoii 1000 kr mepeMemarT Mo TOPU30HTAIBHOMY MYyTH Ha 5 M, KoddduiueHT
tpenus 0,15. Onpenenute paboTy CUITBI TAKECTH?

10.Ko010104HBIM TOPMO30M OCTaHABJIMBAIOT OapabaH IOCie OTKIYeHUs apurareis (puc.73).
Omnpenenure paboTy TOPMOKEHHS 32 3 000pOTa, €CIIM CUjla MPIKaTUs KOJIOAOK K 6apabany 1 kH,
ko3 duruent tperus 0,37

11.Hatsoxenue BeTBeit pemennoit nepegaun S1=700 H, S; = 300 H(puc.74.)?

Omnpenenurte BpallamIIUi MOMEHT Mepeaadn?

™ 200 MM
o Q

120 MM
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Pucynox 73. Pucynok 74.

12.3anmummre GopMyibl IS pacdera MOIIHOCTH TIPU TOCTYNATEIhHOM M BpaliaTeIbHOM
IBIDKEHUAX?

13.0npenenuTe MOIHOCTh, HEOOXOAMMYIO TSt Moabema rpysa BecoM 0,5 kH Ha BeicoTy 10 M
3a ImuH.?

14.0Onpenenute obmmii K1/l mexanu3ma, ecimu ipu MOITHOCTH aBuraTels 12,5 kBt u oOmieit
CHWJIe COTIPOTHBIICHUS IBWKECHUIO 2 KH ckopocTh IBrKeHus 5 M/c?

Jlexusa Ne 7

1.Tema:. Jlunamuka CuiioBble XapaKTepUCTUKN MEXaHMUYECKOIo JBMKeHus .Pabora cun npu
MPSMOJIMHENHOM W KpUBOJIMHEHHOM JBrmxkeHud . Momuocte 1 u KIIJ[. Kunerndeckas wu
noTeHuuanbHas sHeprust. CoOXpaHeHHe U U3MEHEHNE MEXaHUYECKON DHEPruu.

2. desab: OCBOWUTH TEOPETHUUECKUI MaTEPHUAI I PEIICHUS TPAKTUYECKUX 3a1a4.

3. Te3uchl JIeKIMH:

Ilnan nexkuum:

1.OcHOBHBIE TEOPEMBI TUHAMUKH.

2.IMnysbC CHIIBI U KOJIMYECTBO JABUKEHHUIM.

3.IloreHnuanbHble ¥ KuHeTHYeCKUe HHeprun. OO0 H3MEHEHMSIX KOJUYECTBA JBMOIKCHHM.
Teopema 00 U3MEHEHHSIX KHHETHYECKOI SHEPTUH.

4 KuHeTnueckas SHEPrusi NP TOCTYHaTeJIbHOM, BpaIlaTeJIbHOM M IUIOCKOIMApaJUICIIbHBIM
JIBYKCHUH Tela.

OCHOBHBIE TEOPEMBI TUHAMUKH.
TeopeMa 00 U3MEHEHUH KOJIUYECTBA IBUKEHU S
Konuuecmseom oOsudicenuss MarepuanbHOW TOYKHM HA3bIBAC€TCsS BEKTOPHAs BEIIMYWHA, paBHAS
MIPOU3BEJICHUIO MACcChl TOYKH Ha €€ CKOPOCTh MV.
Bektop xonmyecTBa JBUXKEHUSI COBIAJACT MO HAMPABJICHUIO C BEKTOPOM CKOpocTH. Enunuia
usMepenus [mv] = kr¥*wm/c.
[IpousBeneHne NOCTOSAHHOTO BEKTOPa CUJIbl HA HEKOTOPBIA MPOMEKYTOK BPEMEHH, B TEUCHHE
KOTOPOTO JIEHCTBYET 3Ta CUJjla, Ha3bIBACTCS Umnyibcom cuuvl Ft.
BekTop ummymnbca CUIIbl 110 HAIIPaBJICHUIO COBIIAJAET C BEKTOPOM
Kr - M
[Ftf]=H:-c=—5—-c=xr - m/c.
CHUJIEI. C
Hcnonb30BaB OCHOBHOE YpaBHEHHE AMHAMHKH, TOCIE TpeoOpa3zoBaHUS MOXKHO TOIYYHThH
COOTHOIIIEHUE MEIKIY KOJMIESCTBOM IBHKEHHS U UMITYJILCOM CHIIBI(pHC. 75).
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Pucynox 75.
dv
!
F=ma a=-—=1".
dt
dv
F=m—. F dt = mdv.
dt
[Ipounrerpupyem o0e 4acTu paBeHCTBA:
dv
M3eecTHO, YTO acosa = a; = pre
dv
Orkynma Fcosa = m—.
dt
YMHOXHB 00€ 4aCTH MMOJIy4CHHOTO BRIPAKCHHS Ha HEKOTOPOE mepemMertienne dS, morydmm:
" dv dv
FcosadS =m—dS; m—dS =mvdv.
dt dt
t v
chosadS =mfvdv.
u Q vo
HTCTpUpyeM 066 YaCTU paBCHCTBA
3 mv?  muj
2 AR

[TomyueHHOE paBEHCTBO BBIpAXKAET TeOpeMy 00 U3MEHEHUU KHHETHUECKON YJHEPTUH TOUKH:

N3meHeHne KMHETHYECKOW SPHEPTUH HAa HEKOTOPOM MyTH paBHO paboTe BceX JEMCTBYIONIUX Ma
TOYKY CHJI HA TOM K€ MyTH.

OCHOBBI ITMHAMUKH CHCTEMbl MATEPHAJIBLHBIX TOYEK

COBOKYIMHOCTh MaTepHUATbHBIX TOYEK, CBA3AHHBIX MEXAY COOOM CHIaMH B3aMOJCHCTBUS,
Ha3BIBACTCS MEXAHUYECKOU CUCTNEMOI.

JIroboe maTepuanbHOE TENO B MEXAHHKE pPAacCMaTPHUBACTCS KaK MEXaHMUYECKash CHCTEeMa,
oOpa3yeMasi COBOKYITHOCTBIO MaTEPUATbHBIX TOUECK.
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U3 onpeneneHrss MEXaHUYECKOW CHCTEMBI CIEAYET, YTO JBH)KEHHUE KAXKIOW M3 TOYEK,
BXOJSILUX B CUCTEMY, 3a8UCUm OT ABUKECHUS OCTAIBbHBIX TOYEK.

Cuiibl, NEWCTBYIONIME HA TOYKH CHUCTEMBl, JCNATCS HagHewHue W euympeHuue. CUbl
B3aUMOJICHCTBUS MeHCOy MOUKAMU dMOU Cucmemvl HA3bIBAIOT HympenHumu. K enewnum cunam
OTHOCSITCSI CHJIBI, ICUCTBYIOIIUE CO CTOPOHBI TOUCK, He 8X00SAUUX B ITY CUCTEMY.

[TprumepamMy BHENTHUX CUJT SIBJISIFOTCS CHJIA TSKECTH, CUJIA JABJICHUS, CUJIa TPEHUS U Jp.

K BHYTpeHHHUM CUJIaM OTHOCSATCS CUJIbI YIIPYTOCTH.

JBHKeHHEe MEXaHUYECKOW CHCTEMBI 3aBUCHUT HE TOJIBKO OT BHEIITHUXCUL, HO U OM

n
m =Y Amg, roe Amp —

0 CyMMapHasi Macca CHCTEMBIMAcC OT/AEIbHBIX TOYEK
MEXaHMYECKOM CHCTEMBI.

JIBID>KEHHME CUCTEMBI 3aBUCUT M OT IMOJIOXKECHHSI IIEHTPA MacC CUCTEMBl — YCIIOBHOW TOYKH, B
KOTOPOM cocpenoTodeHa Bcs Macca Tenna. OOBIYHO CYMTAIOT, YTO B IEHTPE MACC NPUTONACEHBL BCE
BHeUlHUe CUTbL.

JIBI>KEeHME LIEHTPa MacC OMPEEIsIET IBIKEHUE BCEH CHCTEMBI TOJIb) KO TIPH TOCTYHATeIbHOM
JIBYDKEHUH, TP KOTOPOM BCE TOUKH TeJa JBUKYTCS OJUHAKOBO.

OcHOBHOE YpaBHEeHUE IMHAMHMKH MPH MOCTYNATEJIbHOM JABHKEHUU TeJIa

Jlnst ompeneneHus ABWKCHHUSI Tela (CHCTEMBl MaT€pUAIbHBIX TOUYEK MOYKHO HCIIOJh30BaTh

BTOpPOM 3aKOH TUHAMUKHI

Fy = ma,

e m — CyMMapHasi Macca Tella; de— YCKOPEHHE [IEHTpa Mace Teja.
B none 3emnoeo npumsiscenus IEHTP MAcC COBIIAIAET C IIEHTPOM TSKECTH.
OcHOBHOEYpaBHEHHE TMHAMHKH BPAIIAIOIIErocs TeJia
ITycts TBepaoe TENO MOJ JEHCTBHEM BHEIIHMX CHJI Bpamaercs BOKpyr ocu Ozc yrioBoi
CKOpPOCTBI0 AMi(puc.76.).
PaccmarpuBasi TBep/ioe TeJO0 KaK MEXaHHYECKYIO CHCTEMY, pa3o0beM e¢ Ha MHOXKECTBO
MaTepuajbHBIX TOYeK ¢ Maccamu AMg.Kakmas Touka OBHXKETCS MO OKPY)KHOCTH pamdyca rkC

ak = ery af = wry
KaCaTCJIbHbIM YCKOPCHUCM U HOPMAJIbHBIM YCKOPCHHUEM , FACE- YIIJIOBOC
YCKOPCHHUC.
I/ICHOHL?)yeM JJI Ka)KI[Oﬁ TOYKHU IMPHUHIIUII [[aJIaM6epa U IIPHJIOKUM CHUJIbI HHCPIUU:
fras D W™ t.
KACATEJIBLHYIO Aank = —Amyay;

— HOpMaubHylo AFR = —Amgay.

Cucrema CHJI, HeﬁCTBYIOHlHX Ha TOYKY, IO ITPUHIUITY [[a_naM6epa, HaxXoJUuTCA B PABHOBCCHUH.
HOC—)TOMy anre6pa1/1qecxa;1 CyMMa MOMECHTOB OTHOCHUTCIIBHO OCH BpPAICHMUS JOJDKHA OBITh
1

M, — ZAFfmkrk =0, rne M, —
0

paBHA HYJIIO: MOMCHTBHCIIHHUX CHII.
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MoOMEHTBI HOpMaJIbHBIX CUJI UHEPLIMU PABHBI HYIIIO,
T. K. CWJIBI TlepecekaroT och Z. Cuiibl, HalpaBJIeHHbIE IO
KacaTeJIbHON K OKPYKHOCTH, PaBHBI

AF,iHIc = Amral = Amgery,

r/ie &- o0l1as BEeIMUMHA, YIII0BOE YCKOPEHHUE Tea.
[ToacraBuB 3HaueHuwe cCwibl B QopMyly ISt
OTpeieJIEeHUsI MOMEHTOB, TIOJIyYUM

n n '
M, = EZ Amyri. z Amk'r’%
0 0

Pucynok 76.

BennunHnana3piBaeTCI MOMEHTOM WHEPIIMU Tela
OTHOCHUTEIIbHO OCHU BpalleHUs U 0003HavaeTcs Jz.

jz = i Amkrlzc‘
0

B pesynabTare moiiyuuMm BBIpaXKEHHE OCHOBHOTO
ypaBHEHUS JUHAMHKHU BPAIAIO-IIEro Teja:

M, = J.e,

rac M; - CymMMa MOMCHTOB BHCHIHUX CHII
OTHOCHUTEJIBHO OCH; € - YITIOBOC YCKOPCHHUC TCJIA.

MomeHT HHEPLIMUHU TECjJIa B 3TOM BBIPpAXKXCHUH OIPEACIACT Mmepy uHepmHocmu TEJla IIPU
BpalllCHUH.

Ilo BBIPAKCHHUIO UIT MOMCHTA MHCPLUUNW MOXXHO OIPCACIUTH, YTOCAMHUIA M3MCPCHUA 3TOH

BennuuHsbl B cucreme CU [JZ] R [m"'2] =Kr-M.

BunHo, 4T0 3HaYeHHME MOMEHTA WHEPLHMH 3aBUCHT OT PACIpeNeNICHHsI MacChl OTHOCHUTEIILHO
OCH BpalICHUs: TPH OJMHAKOBOH Macce MOMEHT MHEPIMH OOJIbIe, eCIi OCHOBHAS YacTh MacChl
pacrnosoXeHa Jaiblie OT OCH BpamieHus. s yBenndeHus MOMEHTa HHEPLUH HCIIOIb3YIOT Kojeca
CO CIUIIAMHU B OTBEPCTHSIMHU.
MoMeHTbI HHEPIHH HEKOTOPBIX Tell
MOMEHT UHEPIUHX CIUIOLTHOTO InHpa (puc.77.)
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r Pt P4
| »
r
=z
mr2
AT
Pucynoxk 77.

CymiecTByloT  J1B€  OCHOBHBIE  (OpPMBI ~ MEXaHHYECKOW  DHEPruu: MOTEHIIMAThHAsS
SHEPTHsI, WJIK SHEPTUS TOJIOKEHHUS, U KHHETHYECKasi SHEPT s, WM YHEPrusl ABMKeHHs. Yarie Bcero
MPUXOAUTCA MUMETh JEJI0 C MOTEHIMAIBLHON SHEepruer cuiibl TshkecTd. [loTeHunanbHOM 3HEprueit
CHWJIBI TSDKECTH MaTepUaIbHOW TOUKH WITH TeJla B MEXaHUKE Ha3bIBACTCSI CIIOCOOHOCTH 3TOTO TeJ1a WK
TOYKH COBEPIIATh PabOTy MPH OIMYCKAHWU C HEKOTOPOH BBICOTHI IO YPOBHS MOPS (0 KaKOTO-TO
ypoBHsi). [loTeHManbHasi SHEPrUsl YUCICHHO paBHA pa0OTEe CHIIBI TSKECTH, MPOW3BEACHHOU IMPH
MEepeMEIIEHN C HYJEBOTO YPOBHS [0 3aJaHHOTO ToJIokeHUs. O003HAUYNB TOTCHIIMAIBHYIO

E_ =GH,

sHepruto By, momyunm

rae G — cuna TshxecTH ToukH (Wi Tena); H — BBICOTa LEHTpa TAKECTH OT HYJEBOI0 YPOBHSI.

KI/IHeTI/II‘IeCKaﬂ 3Hepl“I/I5I OHpeI[eJIHeTC}I CHOCO6HOCTBI’O I[BI/I)KyH_[erOCﬂ TCJ1a (I/IHI/I TOqKI/I)
COBepI_HaTb pa60Ty. I[J'I)I MaTepHaHLHOﬁ TOYKHU KHUHCTHUUYCCKasAa BHCpFI/I}I YUCIICHHO paBHa
HOJIprOI/IBBe,I[eHI/I}O

€C MaCChl Ha KBaI[paT CKOpOCTI/I, T. €. mu2/2.

HOTeHHHaﬂBHaﬂ N KHUHCTHNYCCKasi SHGpFI/IH TaKKEC I/ISMep}IIOTCH B €AMHUIIAX pa60TbI:

[E . 1=[G][H]=H ™= JIx,
KT - M2

[E 1=[m][v?*]=——M=H M= Ix.
C

Bceskoe TBCPAOC TCJIO HIIM MCXAHUUYCCKasA CHUCTCMa COCTOUT M3 MHOXCECTBA OTHCIBHBIX
MaTCpHUaJIbHBIX TOYCK. HOE)TOMy KHUHCTUYCCKYIO SHCPrur0 TBCPAOro TCJIa WA KaKoM-JIn00
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MCX&HI/I‘ICCKOﬁ CUCTCMBI MOXHO HpeI[CTaBI/ITI) KaK CYMMy KHHCTHYCCKUX :-)HepFHﬁ BCCX TOYCK,
oOpasyromux Teno wiau  cucremMy. (OO003HAUYMB  KHHCTHYCCKYIO  SHEPTHIO  Tela MK
2
P dmv
K 2 4

cucremsbl Ey, momyanm m

rac dm— OJICMEHTapHas MacCa TOYKH,; 1 — CKOPOCThb 3TOM TOYKH, T — MacCCa BCCTO TBEPAOTO
TEI1a.

Kunernueckast sHEprus Tejla B pa3HbIX CIIydasX €ro JBHKCHUS

Haiinem kuHETHYeCKyI0 SHEPryI0 TBEPAOTO Tejla MPH MOCTYNATEIbHOM JIBUKEHUH (CM. PHC.
121). IlocTynaTtenbHoe OBMKEHHE Tella XapaKTEePU3yeTcs TeM, YTO CKOPOCTH JBHXKEHHUS BCEX €ro
TOYEK paBHbI MEKYy CO00H 1 UMEIOT OJIMHAKOBOE HAIIPaBJICHUE, T. €.

V=V, =Vpg =...=Vgq,

/1€ Ve — CKOpOCTb LIEHTpA TSKECTH Teja UK JIF000H Ipyroi TOUKHU Tena.
KuneTtnueckas sHeprus Tena i paccMaTpuBaeMoro ciydas

dmuv2 v2 muv2

2 2 26"
m

CnenoBarenbHO, KWHETHYECKAsi SHEPT Ul IOCTYNATENbHO ABMKYILErocs Tejla paBHa MOJIOBUHE
MIPOM3BEACHUS KBaJipaTa CKOPOCTH JIF000# TOUKH Tejla Ha Maccy Tela.

Haiinem kuHeTHUECKYIO SHEPTHUIO Tella, Bpalaloierocsi BOKPYT HENnoIBUKHOM ocu. Ecnu teno
BpaIaeTCsi BOKPYT OCH Y C YIJIOBOM CKOpPOCTBIO co (cMm. puc. 122 m 123, a), TO CKOpPOCTbH
MIPOM3BOJILHOM TOUKH TeJia MPOMOPLHOHANIBHA PACCTOSHUIO 3TOM TOYKH /10 OCH BpallleHus

U =rm,

IJIe T — PacCcTOSTHUE TOYKM OT OCH BpallleHUs — BEJIMYMHA TEepeMEHHas; co — YriioBas
CKOPOCTH (IS BCEX TOUYEK TEJIa UMEET OJMHAKOBOE 3HAYCHHE).

[ToacraBuB 3HadyeHue V B GOpMyny KWHETHUYECKOM SHEPTUU U BbI- HECS MOCTOSHHBIEC BEIUYUHBI
3a 3HaK CyMMBI, ITOJTy4UM

E, = [4m o [AmCor_ 07 a2,

m m m

K

YucaeHHOE 3HAYCHHE HHTCIrpajia Jdmrz, MMPEACTABIAOIICE CYMMY HpOPI3BC,Z[CHPII>i MacCChbl
KaXJOM YacTHUIIbI Ha KBagparT €€ pacCTOAHUSA O OCU BpALlCHHUA T', HA3bIBACTCA MOMCHTOM HMHEPIUU
MacChI TeJla OTHOCHTENBHO 3TOH ocH ¥ 0003Hauaercs J,. MoMeHT HHCPIUHU MACCBI TCJIa UT'PACT OYCHDb
6OJ'II>I_HYIO POJIb B JUHAMHUKE TBECPAOI'O TCJIA.

CJ'Ie,Z[OBaTCJ'ILHO, KHHCTUYCCKAasd DOHEpPIrusad TCJid, BpallatomIerocsa BOKPYT HEIOABMKHOM
OCH, paBHa IIOJIOBUHC IIPOU3BCACHUA KBaJApaTa yTJ'IOBOﬁ CKOpPOCTH Ha MOMCHT MHEPLUU MACCHI TCJIa
OTHOCHUTCIIBHO OCH €I'0 BpalllCHUA
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K Tz 9 y

[TnockonapaiienbHOE JIBIXKEHHE, KaK OBLJIO MOKAa3aHO B KMHEMATHKE, MOXKHO Pa3JIOKUTh Ha
JIBA JBIKEHUS: MTOCTYNATEIbHOE BMECTE C HEKOTOPBIM MOJIOCOM U BpallaTeIbHOE BOKPYT MOJIIOCA.
COOTBETCTBEHHO W KMHETHYECKasi DJHEpPrusi Tejla TMpd IJIOCKOMApaUIeIbHOM  JIBXKEHUU
CKJIA[IBIBACTCS M3 KUHETUYECKOW HHEPIHU MOCTYNATEJIbHOTO JBWKEHUS BMECTE C HEKOTOPBIM
MOJIFOCOM M KHHETHYECKOW SHEPTHH BPaIlaTEILHOTO IBM)KEHUS BOKPYT IMOJIIOCa

mv?  Je?
E = 2 + 5

IJI€ U — CKOPOCTh MOCTYNATEIbHOTO ABUKEHUS MOJIIOCA; CO — YIJIOBAasi CKOPOCTh BpalICHUS
Teja, He 3aBUCAIIAs OT BbIOOPA MOJIIOCA.

4 UnmocTpaTuBHbIA Matepuas: JIisi TpoBeNEeHUS 3aHITHS HCIOJIB3YETCS CIEAYIOIIee
MaTepHuaIbHO- TEXHUYECKOE oOecrieueHne: HOyTOyK, MyJIbTUMEUIHBIN MPOSKTOP, SKPaH.

5.JIuteparypa:

OcHOBHas JUTEparypa:

1. Apamnos, b. P. TeopusutbIk ’xoHe WHXEHEPIIIK MeXaHUKa Heri3aepi [MorTiH] :
okynbIK / b. P. Apamos. - Kaparanasl : Medet Group, 2020. - 232 Ger. c.

2. Memepckuii, U1.B. 3agaun mo teopetudeckoil mexaHnuke: yded. mocooue / U. B.
Memepckuii ; mox pen. B. A. Tlampmosa. - 51-e uzn., crep ; 2012

JlononHuTENbHAS TUTEpATypa:

1. MapnonoB, b. M. PacdeTHO-IpOEKTHPOBOYHBIE PAOOTHI IO COMPOTHBICHUE
MarepuaioB : coopuuk / b. M. Mapaonos, M. 3. Dpramos, M. E. baiimupos. . - Anmartsl :
2Bepo, 2014. - 256 ¢

2. Xub6enep, P. U. Cratuka MeH maTepuaigap MexaHukacbl : T.1 : okynbik / P.Y.
Xub6enep ; Kas.tin.aya. E.b./laycento, C.)KynicOekoB. - 4-6acbuibiM. - Anmatsl : JKIIC
PIIBK "oyip", 2017. - 436 6. ¢

DNEeKTPOHHBIE PECYPCHI:

1. Teopusnblk xKoHE KoJIJaHOaIbl MeXaHUKa [ DNEeKTPOHHBIN pecypc]| : OKYINBIK /
A. Tycinos, K. Tycinos. - 9nekTpoH. TekcToBbie AaH. ( 118MO). - Anmarsr : [6. u.], 2015. -
a11. ont. auck (CD-ROM). - 00. Tr

2. TeopusbIK xkoHE KOJITaHOa bl MeXaHHUKa [ DNEeKTPOHHBIN pecypc]| : OKYINBIK /
A. Tycinos, K. Tycinos. - DnekTpoH. TekcToBbie AaH. ( 118MO). - Anmarsr : [0. u.], 2015. -
a1. ont. auck (CD-ROM).https://aknurpress.kz/login

3. Konnan6aner mexanuka. YtebaeB M.H., Aiicaes C.VY., CyiieyoBa H.b. , 180
6et 2019. https://www.aknurpress.kz/reader/web/2121
4. Teopusinblk xoHEe KonmanOanmel Mexanuka: S5B072000-"beitopranukanibix

3aTTapIblH XUMISUIBIK TEXHOJIOTHACH" MaMaHIBIFBIHBIH OakajaBpHaT CTyAEHTTEpiHe
apHalIFaH KypCTBHIK JKYMBICTapIbl OpBIHAAyFa 9icTeMelNik Hyckay. - Opam: JXKoHrip xaH
arbiHaarsl BKATY, 2015. - 5606.http://rmebrk.kz/
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o. Mexanwuka: xannsl ¢usukansik mpaktukym / C. . Hcaraes, O. C. Ackaposa, C. O.

benerenona ; pea. K. Cobur; on-®apadu atein. KazYV. - Tyzer., TonbIKT. 2-6ac. - Anmarsl : Kazak
yH-Ti, 2015. - 217, [1] © http://elib.kaznu.kz

6.KonTposabHbie BOnpochl

1.Temo maccoii 10 kr moaHATO Ha BRICOTY 6 M. OmipeiennuTe MOTSHITUAIBHYIO YSHEPTHIO TeJla U
paboTy, KOTOPYIO COBEPILHUT TEJIO TPH MAJCHUN C ITON BBICOTHI?

2.MarepuanbHas TOUKa Maccoid 16 kr, aBrkymiasics co ckopocthio 10 M/c, ocTaHOBHIIACH Yepes
40 c. Onpenenure BETHYNHY TOPMO3HOU CHITBI?

3.Teno Maccoit 9,2 Kr ABUranock U3 COCTOSHUS MOKOS 3¢ ¢ ycKopeHneM 4 M/c? Mo JeficTBIeM
cuibl F. Onpenenure 3anac KWHETUYECKOW SHEPTUH, HAKOIUIEHHBIN TeoM?

Jlexkuusa Ne 8

1.Tema: ComnpoTvBIE€HHE MaTEpPUAIOB U €r0 OCHOBHbIC MOHATHUS. OCHOBHBIE
TUTIOTE3bI U AonynieHus. MaTtepuansl 1 popma 3JIEeMEHTOB KOCTPYKIIMKH. BHyTpeHHUE
ycuiiug u MeToj] ceduenuid. lehopmarum u nepeMenieHusl.

2. eab: OcBOUTH TEOPETUYECKHI MAaTEpUAl 1151 PELLICHUS] TPAKTUYECKUX 3a/1a4.

3. Te3ucol Jekuuu:

ILi1an Jexuuu:

1.OcHoBHble TOHATHS O cuiax. Knaccudukamus nmpocredmux ten. Pacuernas
cxema. 2.Kimaccudukaiys BHEIIHUX CHII, JCHUCTBYIOIIUX HA 3JIEMEHTBI KOHCTPYKITUH.
BuyTtpennue cuibl. PeakTUBHBIE CHUJTBL.

3.0Onops! 1 BUABI onop. PeaktuBHbIe cuiibl. [loHOE, HOpMaJIBHOE U KacaTENbHOE
HanpsbkeHue. 4.0nepieieHre BHyTPEHHUX CHJI METOJIOM CEUEHHIA.
«Conpomuenenue mamepuanoe» - 3TO HayKa, B KOTOPOM H3JIArarTCsi TEOPETUKO-
HKCIIEPUMEHTATbHBIE OCHOBBI M METOJbI pacyera HamOoJiee paclipoCTPaHEHHBIX
3JIEMEHTOB KOHCTPYKIMI HA MPOYHOCTb, KECTKOCTh U YCTOWYHUBOCTb.
B compoTtuBiieHMM MaTepUAIOB IOJB3YKOTCS JAHHBIMM CMEXHBIX JIUCLUIUINH:
bU3NKHU, TEOPETHUECKOM MEXaHUKH, MaTePUATIOBEICHUS, MATEMaTUKU U 1p. B cBoro
ouepe/lb CONMPOTUBIICHHE MATEPUATIOB KaK HAYKa SIBJISIETCS OMOPHOM 0a30i ISl LIeJI0ro
pAla TEXHUYECKUX JUCLUILIMH.
JIroObie co3nmaBaeMble KOHCTPYKIIMHU JOJDKHBI OBITh HE TOJBKO TIPOYHBIMH M|
HAJIe)KHBIMU, HO W HEJIOPOTMMH, MPOCTHIMU B HM3TOTOBJICHMH U OOCIY>KUBAHUU, C
MHHUMAJIBHBIM PACX0JA0M MATEPHUAIOB, TPYAA U SHEPTHH.
Pacuerbl cONMpOTHBIIEHUSI MATEPHUANIOB SIBISIOTCS 0a30BBIMU I OOECIeUEHUs
OCHOBHBIX TPEOOBAHUM K JETaNSIM U KOHCTPYKIUSIM.
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OcHOBHble TpeboBaHUA K AeTaNAM N KOHCTPYKLUAM
W BMAbI PacyeToB B CONPOTMBIEHUN MaTepuanos
Mexanuueckue c6oucmea mamepuaios
IIpounocms - cIOCOOHOCTH HE pa3pylIaThCs MO HArPY3KOM.
Kecmkocmp - cHOCOOHOCTh HE3HAYUTENBHO () OPMHUPOBATHLCS MO/1 HATPY3KOH.
Yemotiuusocmsb-  cIOCOOHOCTH  COXpPAHATH MEPBOHAYAIBHYIO (OpMY YIPYroro
paBHOBECHS.

Buow pacuemos

Pacuem na npounocms obecriednBacT Hepa3pyIICHHE KOHCTPYKIIUH.

Pacuem na scecmrxocme obecrieunBaeT AeGopMaliy KOHCTPYKIMH 0] Harpy3Koi B
npeenax JOMyCTUMBIX HOPM.

Pacuem na svinociugocms obecnieunBaeT HEOOXOAUMYIO JIOJITOBEYHOCTh DJIEMEHTOB
KOHCTPYKITHH.

Pacuem mna ycmotiuusocms obecrieunBaeT coxpaHeHHE HEOOXOAUMON (GopMbl
paBHOBECHS U MIPEAOTBpAIlaeT BHE3AMHOE UCKPUBJICHUE JIIMHHBIX CTEP)KHEH.

Jlist oGecnieyeHusi MPOYHOCTH KOHCTPYKIIMH, paOOTaroNMX MpU yIapHBIX Harpy3kax
(pu KOBKe, IITAMITIOBKE U MOJOOHBIX CIy4asx), MPOBOASTCS pacuemsl Ha yOap.

OcHOBHbIe rMnoTesbl U gonyLeHus
IIpuctynass Kk pacueraM KOHCTPYKIHMH, CIEAYEeT PEUINTh, YTO B JaHHOM Ciyyae
CYIIIECTBEHHO, & YTO MOYKHO OTOPOCHTb, T. K. PEIIICHUE TEXHUYECKOU 3a/1a4H C MTOJTHBIM
y4e€TOM BCEX CBOMCTB PeajbHOTO 00HEKTa HEBO3MOKHO.
Jlonywenusn o ceoiicmeax mamepuaog.
Marepuaibl 00HOpoOHble — B JII0O0H TOUKE MaTepHUAIIbl IMEIOT OJIMHAKOBBIC (DU3UKO-
MEXaHNYeCKHUE CBOMCTBA.

Marepuansl TpeACTaBISAIOT CHAOWHYIO cpedy — KPUCTAUIMYECKOE CTPOEHUE U
MUKPOCKOTTHYECKHE Ae(EKThl HE YUUTHIBAIOTCA.

Marepuansl ©uz3omponHbl — MEXaHUYECKHUE CBOMCTBA HE 3aBUCIT OT HAIPaBIICHUS
Harpy>XeHHs.

Marepuanbsl 00Jaal0T UOealbHOU YNPYyeoCcmvlo — TOJHOCThIO BOCCTAHABIMBAIOT

dbopMy U pa3Mepsl TTOCIIe CHATUS HATPY3KH.

B peanbHbIX MaTEpHanax 3T AOMYLIEHUS BBIIOJHAIOTCS JIMIIb OTYACTH, HO IPUHSATHE
TaKuX JONYLICHWH ympolaeT pacyeT. Bce ympomieHuss NpuHATO KOMIEHCUPOBATH,
BBE/S 3aI1ac MPOYHOCTH.

Kiaaccndukauus Harpy3o0k u 3JieMeHTOB KOHCTPYKINH
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Kaaccudukanus Harpy3ok:

Fil

f €

AR T D
¢ K e

Pucynox 79.

Cmamuyeckue Harpy3ku (puc./9) MEHSIOTCS CO BpPEeMEHEM WM MEHSIOTCS OYeHb
MeieHHO. 1Ipy 1eificTBUM cTaTUYECKUX HArPY30K MPOBOJMUTCS PacdyeT Ha MIPOYHOCTb.
Tloemopro-nepemennvie Harpy3ku (puc.79,0)MHOTOKPATHO MEHSIOT 3HAYCHUE WIIH
3HA4YECHUE U 3HAK. JIeHCTBHE TaKUX HArPY30K BBI3BIBAET YCTAIOCTh METAILIA.
Junamuueckue vHarpy3ku (puc.79,B) MEHSIOT CBOE 3HAYCHHE B KOPOTKUI MPOMEKYTOK
BpPEMEHH, OHH BBI3BIBAIOT OOJIBIIINE YCKOPEHHS U CUJIBl MHEPIIUU U MOTYT IPUBECTH K
BHE3AITHOMY Pa3pyLICHUIO KOHCTPYKIHUU.
W3 Teopetnueckoil MEXaHUKUA H3BECTHO, YTO MO CIOCOOY MPUIOKECHHUS HArpy3KH
MOTYT OBITH COCPEIOTOYCHHBIME WJIU pacnpedeneHHbiMU TI0 TIOBEPXHOCTH.
PeanpHO mepenada Harpy3kud MeEXAy JAETalsIMU MPOUCXOAUT HE B TOYKE, a Ha
HEKOTOPOW IUIOLIAJKE, T. €. HATPY3Ka SBJISAECTCS PaACIpPEACICHHOMN.
Onnako eciau IUIONIaJKa KOHTaKTa IMPEHEOPEKUTEIbHO Maja IO CPaBHEHUIO C
pa3MepaMu JeTalid, CUILy CYATAKT COCPEIOTOYEHHOM.
[Ipu pacyerax peanbHBIX ACHOPMHUPYEMBIX TEI B COMPOTHUBICHUH MAaTEPHAIIOB
3aMEHSTh PACIPEICIICHHYIO HATPY3KYy COCPEIOTOYEHHOW HECIIETyeT.
AKCHOMBI TEOPETUYECKOM MEXaHUKHU B CONPOTHUBJIECHUH MATEPUAJIOB MCIIOJIb3YIOTCS
orpann4eHHO.Henb3sl nepeHocuTs mapy CWi B JPYTYHK TOUKY JI€TalH, NEPEMENIATh
COCPEIOTOYEHHYIO CHJIY BJOJIb JIMHUM JEUCTBUS, HENb3S CHUCTEMY CHII. 3aMEHSTh
PaBHOJACHCTBYIOLIECH MPU OMNPEACICHUH IepeMelleHnil. Bce BbllenepeuncaeHHoe
MEHSIET pacnpeAeI€HNEe BHYTPEHHUX CUJI B KOHCT-PYKIIUU.

Dopmbul 31eMeHM 06 KOHCMPYKUUU
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Bce mHOTO00pa3ue popM CBOIUTCS K TPEM BHUJIaM MO OJJHOMY MPU3HAKY.

1. Bpyc- ntoboe Teno, y KOToporo A/ nHa 3HaunTeNbHO Honblue APYrMx Ppa3smepos.
B 3aBucumocty OT (OpM TPOMONBHON OCH W TIONMEPEYHBIX CEUYCHHWH Pa3IHyaroT
HECKOJILKO BUJIOB OPYCHEB:

- IpsIMOI1 OpyC MOCTOSTHHOTO MNornepeyHoro ceuenus (puc.80,a);

Ock Opyca
B =
Monepeunoe a) 6) 8)

ceueHue Opyca

Pucynoxk 80.

-psiMOM cTyreHdarbiii 6pyc (puc.80,0);

- KpuBOJIMHEHHBIN Opyc (puc.80,B).

2. IInacmuna- m000€ TEIO, Y KOTOPOTrO TOJIIWHA 3HAYUTEITHFHO MEHBIIE IPYTHX
pa3mepoB (puc.81).

Pucynox81.
3. MaccwB - Teno, y KOTOpOTo TpH pa3Mepa OJHOTO MOPSIIKa.

Paznuyarot BHEIIHNE U BHYTPEHHUE CHJIBI.

Buemrnumu cujamu (P ) Ha3pIBarOTCS CHIIBI, JACHCTBYIONIME Ha TOYKH (Teia)
JAHHOM CUCTEMBI CO CTOPOHBI MaT€pUaJIbHBIX TOUEK (TEJ), HE MPUHAJICKAITUX FTOU
cucteMe. BHeniHue cuiibl (Harpy3ka) — 3TO aKTUBHBIE CUJIBI U PEAKIIUU CBSI3H.

Buyrpennumu cujiamu (Q ) Ha3bIBAIOT CHITBI B3aUMOJCHCTBHUS MKy TOUKAMHU
(Teniamu) qaHHOU cucteMbl. OHU IEUCTBYIOT U B OTCYTCTBUU BHEIIHUX HArpy3ok. [lpu
JENCTBUM HA TEJIO BHELIHUX CUJI BOZHUKAIOT HOMOJHUTEJIbHbIE BHYyTPEHHHE CHJIBI ,
COTPOBOXKTAIOIINE Ae(POPMAITUIO. DTH CHUITBI COMPOTUBIISIIOTCS CTPEMJIICHHUTO BHEIITHUX
CWJI I3MEHUTH (HOPMY TeJa WIH OTACIUTH OJHY YacTh OT IPyroil. Ml OyeM n3ydaThb
TOJIbKO JOTOJHUTEIbHbIC BHYTPEHHHUE CUIIBI.

DIeMeHTbl KOHCTPYKUMH MpU pabOTE HUCIMBITHIBAIOT BHEIIHEE BO3ACHCTBHE,
KOTOpPOE OLICHMBACTCS BEJIMYMHOM BHEIIHEW CWibl. K BHENIHMM CHJIaM OTHOCST
aKTUBHBIE CHJIbI U peakuuu onop. [lox gelicTBreM BHEITHUX CUJI B IE€TAJIA BO3HUKAIOT
BHYTPEHHUE CUJIbl YIPYTOCTH, CTPEMSAILIUECS BEPHYThH Ty MEpBOHAYAIBHYIO POpMY
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1 pa3Mepsl. BHenrHue cuiibl HOMKHBI ObITh OMpPEACNICHbl METOAaMU TEOPETUUYECKOMN
MEXAaHUKH, a4 BHYTPEHHUE OIPEAEISAIOTCS OCHOBHBIM METOJIOM COIIPOTHUBIICHUS
MaTEepUaAJIOB - METOAOM CE€YeHHW. B  CONpOTHBIEHHMH MAaTEpUAIOB Tena
paccmaTpuBarOTCs B paBHOBecUM. Il pemieHuss 3aayd HCIOJIB3YIOT YpaBHEHUS
pPaBHOBECHS, IOJYYECHHBIE B TEOPETUUYECKOW MEXAHUKE JUISI Tejla B IPOCTPAHCTBE.
Hcnonp3yercss cucrema KOOpAMHAT, CBsi3aHHAs ¢ TejaoM. Yamie NpoaoJbHYH OCh
AeTai 0003HAYAIOT Z,Hayau0 KOOPJAMHAT COBMELIAIOT C JIEBBIM KpaeM M pa3MellaroT
B LICHTPE TAKECTU CCUCHHUS.

Omnopsl 1 BUABI onop. [Ipu pacuere KOHCTPYKIMA B OCHOBHOM BCTPEUYAIOTCA
AJIEMEHTHI, UCTIbIThIBAOIUE U3ru0. CTep>kHH, paOOoTaromue MPEUMYIECTBEHHO Ha
u3rud, Ha3piBatoT Oankamu. s Toro 4ToObl Oajka MOrjia UCIBITHIBATH HATPY3KY U
neperaBaTh €€ Ha OCHOBaHUE, OHA JOJDKHA OBITh COEIMHEHA C HUM OMNOPHBIMHU
cBs3siMU. Ha mpakThkKe NMPUMEHSIOT HECKOJBKO THUIIOB OMOPHBIX CBA3EH, WIIM, KaK
TOBOPAT, HECKOJIBKO TUITOB OTIOP.

PaznuyaroT Tpu OCHOBHBIX THIIA OTIOP:

a) IApPHUPHO-TIOABUKHAS OIOpa:

0) mapHUPHO-HETIOBUKHAS OTIOpa:

B) KECTKasl 3aJIeJIKa.

& A

Pucynoxk 4

Ha pucynke 4 nokazaHa mapHUPHO-TMIOJBH)KHAS OMOpa, TaKas Omopa MO3BOJSET
Oasike cBOOOHO MOBOPAYNBATHCS U MEPEMENIATHCS B TOPU30HTAIIBHOM HaIlPaBJICHUU.
[ToaToMy peakiusi B orope OyJeT 0JJHa - BEpTUKAJIbHAS CUja. Y CIOBHOE 0003HAUYCHUE
TaKOW OIMOPHI MOKA3aHO CIIPAaBA.

A

A
= ;& "
/ /

PucyHnok 5

Ha pucynke 5 mnokasaHa mIapHUpPHO-HENOJABWXKHAs oropa. Takas omopa
M03BOJIsIET Oajike CBOOOJIHO MOBOPAYMBATHCS, HO MEPEMENIATHCS OHA HE MOXKET.
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[To3TOMY MOT'YT BO3HUKATh JIBE€ PEAKIIUHU - BEPTUKAJIbHAS U TOPU30HTANIbHASA CUIIBL. X
MO>KHO CJIOKUTb U MOJIYYUTh OJIHY PE3yJbTaTUPYIOIIYIO CHILY, HO HY’HO 3HaTh Yrod,
MoJ KOTOphIM OHa Oyner HampaBieHa. bonee ynoOHO OyaeT MOib30BaThCA
BEPTUKAIBHON U TOPU3OHTAIBHOM COCTABIIAIOIIUMHU PEAKLINU.

Ha pucynke 6 mnokazaHa »xecTkas 3ajaenka. OHa He MO3BOJISIET Oanke HU
NOBOpAUYMBATLCA, HHU TepeMmemiarbea. [loaromy MOryT BO3HHMKATh TpPU OINOpPHbBIE
peakluu: MOMEHT, BepTUKaJIbHasl U rOpU30HTabHas cuibl. Eciu Ganka He uMeeT Ha
KOHIIE OIIOPBI, TO ITA YACTh €€ HA3bIBAETCSI KOHCOJIBIO.
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Pucynok 6

Metoa ceueHuit

Memoo ceuenuii 3aknouaemcs 8 MblCIeHHOM paccedeHuu meid, nioCKOCmbvio U
paccmMomperuu pasHogecus 000t U3 OmMceyeHHbIX yacmell.

Ecnm Bce Teno HaxoIUTCS B PAaBHOBECUU, TO M Ka)KJas €ro 4acTh HAXOAMTCS B
PAaBHOBECUU TIOJ JEHCTBHEM BHEUIHUX M BHYTPEHHUX CWJ. BHympeHHue Cuivl
onpeoensaiomcs U3 YPaeHeHUll paeHOBecUsl, COCMABIEHHbIX O/ pacCMampueaemou
yacmu meind.

Paccekaem Teno momnepek miockocThio (puc.82). PaccmaTpuBaem npaByro 4acTh.
Ha Hee neiictByroT BHemiHue CWIibl Fa;Fs;Fell BHYTpeHHUE CHUJIBI YOPYTOCTH (,
pacripefieiieHHble 1o cedeHuto. CucreMmy paclnpeles€eHHbIX CHII MOYKHO 3aMEHHUTH
IJIABHBIM BEKTOPOM Rg, MOMEIIEHHBIM B LIEHTP TSAXKECTU CEUYEHHUS, U CYMMAapHbIM
MOMEHTOM cH1 Mo!

Rozzqk ; R0=ka
0 0
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Pucynox 82.

Paznoxum rinaBHbl BEKTOp Ro 110 ocH, MOIyduM TpU COCTABIIAIOIIUE:
Ro=N; + Qy + Qx;
rae N;- nponosibHas cuna;
Qx- momepeyHas cuia 1o ocH X;
Qy- monepeyHas cuia Mo ocH .

['aBHBIN MOMEHT TOKE IPUHSTO MPEJCTABISATH B BUJIE€ MOMEHTOB Iap CUJT B TPEX
TUTOCKOCTSIX TIPOEKITNH:

Mo = Mx+ My + MZ1

My- MoMeHT cun oTHocuTenbHO Oyx; My- MomeHT cuit oTHocuTenbHO Oy; M;-
MOMEHT CHJI OTHOCUTENHHO O.

[Tony4yeHHBIE COCTABISAIONINE CHJI YNPYTOCTH HOCST HAa3BAHUE GHYMPEHHUX
cunosvix paxkmopos. Kaxiplii W3 BHYTPEHHUX CHIIOBBIX (DAKTOPOB BBI3HIBACT
ompefeneHHyo  AedopManuio  JAeTand.  BHyTpeHHHME ~— CUJIOBBIE  (DaKTOPBI
YpaBHOBEIIMBAIOT TPUIOKEHHBIE K OTOMY DJJIEMEHTY J€Tald BHEIIHWUE CHIIBL.
Ucnonb3yst ecTh ypaBHEHU PaBHOBECHS, MOKHO TOJTYYUTh BEIMYNHY BHYTPEHHUX
CWJIOBBIX (DAaKTOPOB:

N :%sz; Mz:%:mz(Fk);
Qx = ZU: Fra; M; = mz(Fk);

ki
Qy:zﬂ:Fky; y =
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W3 npuBeeHHBIX YPAaBHEHUN CIIEYET, UTO:

Nz-npooonvnas cuna, paBHas ajnreOpandeckod CyMMe NpPOEKIMA Ha och Z
BHCIITHUX CHUJI, JCHCTBYIOIIMX HA OTCEUCHHYIO YacTh Opyca; BBI3BIBACT PACTSIKCHUE
WM COKATHEC;

Qx-nonepeunas cuna, paBHas aireOpanyeckod CyMMme MNpoeKuuid Ha och X
BHENTHUX CHJI, JICHCTBYIOIIMX HA OTCEYECHHYIO YacTh;

Qy-nonepeunas cuna, paBHas anreOpanyeckod CyMMe MpOEKIUH Ha OochY
BHEITHUX CHJI, JICHCTBYIOIINX HA OTCEUYEHHYIO YacTh;

cmtbl Qyu QyBBI3BIBAIOT CABHUT CEUCHUS;

M, -kpymawuiics momenm, paBHbIN anreOpanyeckoi CyMMe MOMEHTOB BHEIIHUX
CHJI OTHOCHTEJIBHO TpoA0ibHOMN ocu O;BBI3BIBACT CKpYYHBaHUE Opyca;

My-useubarowuti momenm, paBHbIA aireOpandeckoi CyMMe MOMEHTOB BHEIITHUX
CUJI OTHOCUTENBHO OcU Oy;

My-uzeubarowuii momenm, paBHbIN anreOpanvyeckoil CyMMe MOMEHTOB BHEIIHUX
CHJI OTHOCUTENBHO ocU O);

MoMeHTBl Myt MyBBI3BIBAaIOT U3rub Opyca B COOTBETCTBYIOIIEH MIOCKOCTH.

HanpsixeHnust

Memoo ceuenuii TIO3BOJISIET OMNPEACIUTh BEIMYUHY BHYTPEHHETO CHIIOBOTO
dakTopa B CEYEHHMH, HO HE JAET BO3MOXKHOCTH YCTAHOBHUTH 3aKOH pacIpe/ielieHus
BHYTPEHHUX CHUJI MO CEeYeHHUI0. J[Jig OLIEHKM MPOYHOCTU HEOOXOJUMO OIMpEeAeiUTh
BEJIMYUHY CHJIBI, TPUXOISIIYIOCS Ha JIIOOYIO TOUKY MONEPEUHOTO CEYSHHUSI.

BennuuHy MHTEHCHMBHOCTH BHYTPEHHHUX CHJI B TOYKE IOMEPEYHOIO CEUCHUS
HA3bIBAIOT MeXaHuyeckum HanpsasxceHuem. HarpsokeHue XapakTepu3yeT BEIHYHUHY
BHYTPEHHEW CUJIBI, IPUXOIAIICICS HA €AMHUILY TUIOIIAIU TTOTIEPEYHOTO CEUCHUS.

Paccmotpum Opyc, K KOTOPOMY TIPUIIOKEHA BHEIIHsSSI HAarpy3Ka (puc.83).

C nmnomompbo Mmemoda ceweHuul paccedeM Opyc TMOMEPEHYHON TIOCKOCTHIO,
OTOpPOCHM JIEBYIO YacTh M PACCMOTPHM DPaBHOBECHE OCTABIIEHUCS MPaBOW YaCTH.
BoigenuM Ha cekymed MIOCKOCTH Manyro mmiomanky AA. Ha »Toil miomanke
JNEUCTBYET PABHOACHCTBYIOIIAs] BHYTPEHHUX CHII
YIPYTOCTH.

HampaBnenne  HampsoKeHHS — COBIIaaeT ¢
HaIpaBjie-HUEM BHYTPEHHEH CHIIBI B 9TOM CEUCHHH.

Bektop PcpHA3bIBAIOT noAHBIM  HanpsadiceHuem.
Ero nmpuHsTO packianbiBaTh Ha JBa BekTopa (puc. 83):

T-JISKAIUNA B IUTONIAIKE CEUCHUS

0- HAMPaBJIEHHBIN MEPIEHIUKYIISIPHO TIIOMIAIKE.




ONTUSTIK QAZAQSTAN SOUTH KAZAKHSTAN

MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTYCTiK KasakcTaH MeanuuvHa akapemusacol» AK AO «KOkHo-KasaxcTaHcKas MeEOUUUHCKAA aKaaemus»
Kadenpa nrxeHepHBIX TUCIUIIIHNH 76/11
2024-2025
1 ctp. u3 117

p=vo’+1?
Ecnu BekTOp p - IPOCTPAaHCTBEHHBIW, TO €ro
pacKIIa-AbIBalOT Ha TPU COCTABIIAIOIINE:

_ [ 2 2 2
p=4o" +74 +7,

Pucynox 83.

HopmanbHoe HanpsbkeHue XapakTepru3yeT COMPOTUBIICHUE CEUCHUS PACTSXKEHUIO
WU CHKATHIO.

KacaTtenbHoe HampsiKeHHE XapaKTepU3yeT COMPOTUBIICHUE CEUCHUS C/IBUTY.

Cuita N(mpos10sibHas) BBI3BIBAET MOSBICHHUE HOPMAJILHOTO HANpPsKeHUs 0. CUITBI
Qxu  QyBBI3BIBAIOT  MOSIBICHWE KacaTelbHBIX  HaMpsKeHUW tT.  MOMEHTHI
msrubatonmeMy u  MyBBI3BIBAIOT  MOSABJICHHUE HOPMAJBHBIX HAMNPSXKEHUU O,
NEepEeMEeHHBIX 1Mo ceueHuto. Kpytsmuii MoMeHT M ; BBI3BIBAET CABUT CEYEHUSI BOKPYT
IPOJIOJILHOM OCH, MTOATOMY TOSIBIISIIOTCSL KacaTellbHbIE HATPSKEHHUS T.

4 UnnocTpaTuBHBIA MaTepuan: /(s mpoBeAeHUs 3aHATUS HCHOJb3YeTCS
clenyroliee MaTepHallbHO- TEXHUYECKoe oOecreueHue: HOyTOyK, MyJIbTUMEAUMHBIN

IIPOEKTOP, IKPaH.
5.JIuteparypa

OcHoBHast TuTEpaTypa:

1. Apanos, b. P. TeopusisbIK sxoHE MHKSHEPJIIK MeXaHWKa Heri3aepi [MoTiH] :
okynbIK / b. P. Apanos. - Kaparanael : Medet Group, 2020. - 232 6er. c.

2. Memepcknii, U1.B. 3agaun mo teopeTrueckoil MexaHuke: y4ed. mocodbue / U. B.
Memepckuii ; oz pea. B. A. IlanpmoBa. - 51-e uzn., crep ; 2012

JlononHuTeNBHAS TUTEpATYypa:

1. MapponoB, b. M. PacueTHO-nIpoeKTUPOBOYHBIE PAOOTHI MO COMPOTUBIICHHE
Matepuanos : coopuuk / b. M. Mapaonos, M. 3. Opramos, M. E. baiimupos. . - AnMarsl :
OBepo, 2014. - 256 ¢

2. Xub06enep, P. U. Cratuka MeH maTepuaigap MexaHukacol : T.1 : okynsik / P.Y.
Xub6enep ; Kasz.rin.aya. E.b.[layceutos, C.XKynicoekoB. - 4-6acbuibiM. - Anmartsl : JKILC
PIIBK "[loyip", 2017. - 436 6. ¢

DNEeKTPOHHBIE PECYPCHI:

1. TeopusnbIk xKoHE KOJIIaHOaIbl MEXaHHUKa [ DNEeKTPOHHBIN pecypc]| : OKYNBIK /
A. Tycinos, K. Tycinos. - DnekrpoH. TekctoBbie aaH. ( 118M0). - Anmarsr : [6. u.], 2015. -
a11. ont. auck (CD-ROM). - 00. Tr

2. TeopusnbIK xkoHE KOJIJaHOaTbl MeXaHUKa [ DNEeKTPOHHBIN pecypc]| : OKYINBIK /
A. Tycinos, K. Tycinos. - DnektpoH. TekctoBbie aaH. ( 118M0). - Anmarsr : [6. u.], 2015. -
a. ont. auck (CD-ROM).https://aknurpress.kz/login
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3. Konman6aner mexanuka. Ytebaes M.H., Aiicaes C.VY., Cyiieyoa H.b. , 180
oer 2019. https://www.aknurpress.kz/reader/web/2121
4, Teopusiniblk koHe KoimanOansl Mexanuka: SB072000-"Beiiopranukalibik

3aTTapblH XUMUSJIBIK ~TEXHOJIOTHACH" MaMaHIBIFBIHBIH —OakallaBpHaT CTYJICHTTEpiHE
apHaJIFaH KypCTBIK JKYMBICTapAbl OpBIHIAayFa dmicTeMenik Hyckay. - Opam: JKoHrip xan
ateiaarel BKATY, 2015. - 5606.http://rmebrk.kz/
5. Mexanuka: xanmnsl pusukanbik npaktukym / C. U. HUcaraes, ©. C. Ackapona, C. O.
benerenora ; pen. K. Cobur; on-®apadu atein. Kaz¥YV. - Tyzer., TonbIKT. 2-6ac. - Anmarsl : Kazak
yH-T1, 2015. - 217, [1] 6 http://elib.kaznu.kz

6.KoHTpO/IBHBIE BONIPOCHI

1. Kaxkue cuiibl B COMPOTHBICHUN MaTEPUAIIOB CYMTAIOT BHCIITHUMHU ?
Kaxkue cuiibl SBISIOTCS BHYTPSHHUMHU ?

2. KakuMu mMeTomamMu onpenesisitoT BHENTHUE cuiibl? Kak Ha3bIBalOT
METOJT JUTsl OTIPEACIICHUS] BHYTPCHHUX CHJI?

3. ChopmynupyiiTe METO CCUCHUH.

4, Kak B compoTuBieHHH MaTepHAIOB PacIoyiaraloT CUCTEMY KOOp-
nuHaT?

3} UTo B CONPOTUBJICHUU MATE€pPUATIOB HA3bIBAIOT BHYTPEHHUMH CH-

noBbIMU akTopamu? CKOJIBKO B 00IIEM CiIy4ae MOXKET BO3HUKHYTh BHY-
TPEHHUX CHUJIOBBIX (haKTOPOB?

6. 3anuuiuTe CUCTEMY YPaBHEHHUMN, UCTIOIb3YEMYIO IIPU ONPEICICHUN
BHYTPEHHUX CHJIOBBIX (JAaKTOPOB B CEUCHUU?

1. Kakue nedopmany BBI3BIBAIOTCS KaXKIbIM M3 BHYTPEHHUX CH-
JOBBIX (DAKTOPOB?

8. UTO Ha3bIBAIOT MEXAHUYECKUM HaIpPs)KEHUEM ?

Q. Kakue HanpsbkeHus: BO3HUKAIOT B IONEPEYHOM CEUYCHUU MPU JI€H-
CTBUHU MPOAOJIbHBIX CHJI?

10. Kakue nanpsikeHus: BOSHUKAIOT MPU JEUCTBUH MONEPEUYHBIX CUIT?

Jleknus Ne 9

1.Tema: . OceBoe pacTsokeHMe M Ckarue. [IponosibHas cuina M HOpPMaJabHOE HamNpsKEHUE
Hedopmarus Opyca.. 3akoH ['yka. JluarpaMmbl ¥ SIIOPBI IPH PACTSKEHUN U CKATHH.

2. eab: OcBOUTH TEOPETUUYECKUI MAaTEpUall Ul PEILICHUS TPAKTUYECKUX 3aa4.

3. Te3ucel Jeknuu:

Ilnan Jeknumu:

1.OmnpeneneHrie BHYTPEHHUX CHUJI IIPU OCEBOM PACTSDKEHMM U cxxaTuM. [IpaBmiio 3HaKkoB Ui
BHYTPEHHEM IIPOIOJIBHON CUJIBL.

2.1Ipunuun Cen-BeHnana.

3.3akoH ['yka npu 1ieHTpanbHOM PaCTAKEHUN-CKATUN CTEPIKHEN.
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4.I'unore3a miuockux ceueHuit S. bepHymu.

5. lomyckaemMoe HampsKEHUE U MOJ00P CEUCHUM.

6.2m10pbl BHYTPEHHUX YCUIIMH NP LIEHTPAJIbHOM PaCTSHKEHUM-CIKaTUU CTEPIKHEH.

7.AuarpaMmbl pacTsDKEHUS U CHKATUS.

PacrsikeHue u cikatue

Pacmsaowcenuem vnu corcamuem Ha3bIBalOT BUJ HArpyXeHHs, IpU KOTOPOM B MONEPEYHOM
CeYeHHH Opyca BO3HUKAET TOJILKO OJIMH BHYTPEHHHIA CHIIOBOM (hakTop - mpoaoiibHas cuia (N).

[IpononbHbIE cHIIBI MEHAIOTCS TI0 AnuHe Opyca. IIpu pacuerax mocie onpeneneHust BeIuYnH
MPOJIOJIBHBIX CHJI IO CEYEHUSIM CTPOUTCS TpadUK - AMIOpa MPOJOJIbHBIX CHIL.

VY Ci10BHO Ha3HAYAIOT 3HAK MPOJIOJIBHOMN CHUJIBL.

S amre, S

a} 6)
Pucynok 84.

Ecnu npononbHas cuna HampaBiieHa om ceueHus, TO Opyc pacTsHyT. PacTskeHue cuurtaror
MOJIOXKUTEIBHOU nedopmarueit (puc. 84,a).

Ecnu mpononpHas cuiia HampaBieHa K ceweHuro, To Opyc cxar. Ckarhe CUMTaloT
oTpuIatensHOM aedopmanmeii (puc. 84, 6).

Cymuocth npuHiuna CeH-BeHaHa COCTOMT B CIIEIYIOIIEM: HEKOTOPYIO COBOKYIHOCTh
BHEUIHUX CHUJI, JCHCTBYIOIIMX Ha MaJoOll YacTH MOBEPXHOCTH, MOKHO 3aMEHUTh JIPYrou
COBOKYITHOCTBIO BHEIIHUX CHJI, CTATUYECKH SKBUBAJICHTHON HCXOJIHOM, MPH 3TOM BHYTPEHHUE
ycunusi U JaedopMaiii, COOTBETCTBYIOIIME 3TUM Harpy3kam, OyayT OTJIMYaThCS TOJBKO B
HEMOCPEJCTBEHHON OJIM30CTU OT MecTa MPUIoKEeHU 00enx coBokynHoctel cui. [lpu ynanenun
OT MeCTa MPUJIOKEHUSI ITUX COBOKYITHOCTEH CUJI BHYTpEHHUE yCuius U aedopmaiuu OyayT Bce
MEHBIIE OTINYAThCS OPYyr OT Apyra. MHaye roBops, cnocod npunodxcenus éHeuiHell HAZPY3KU
CKa3bl6aemca HA GHYMPEHHUX YCUTUAX U 0eopMaUUAX MOIbKO HA MAIOM PACCIOAHUU OM
Mecma ee npuiodceHus.

[Tpunnun Cen-Benana He UMEET TEOPETUYECKOTO OOOCHOBaHHS (OCHOBAH Ha OTIBITE), OJHAKO
urpaet O60JBIIYIO POJIb B MEXaHUKE J1e(hOPMHUPYEMOTO Tea, MO3BOJISI:

- 3aMEHUTH 3aJ]aHHYIO HArPY3KY Ha 3aJJaHHOM Y4acTKe JIPYroil Harpy3Koi, CTaTUYECKH eil
SKBUBAJICHTHOM;
- TpaBWIBHO OPraHU30BaTh dSKCIEPUMEHTAIIbHBIE UCCIEIOBAHUS JJS  MPOBEPKU
TEOPETUUECKUX MOJIOKEHU;
- MPaBWJILHO MPOBOJWTH aHAINU3 HANPSHKEHHO-Ie(OPMUPOBAHHOTO COCTOSIHUS B MECTax
KpEIUIeHHUS KOHCTPYKIUHU U ACUCTBUS HATPY30K.
3akon I'yka
B npenenax ynpyrux nedopmanuii qeopMaiiiiy mpsMo MporopIroHaIbHbI HATPy3Ke:
F = kAl
riae F- pelicTByromiast Harpy3ka; k- KO3 QUIIHEHT.
B coBpemenHoit ¢popme:
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Al
&=—
N I
o=—; 0
A
[Tonyuum 3aBucumoctbo= Ee, rthne E - Momynb ympyroctu, XapaKTepU3YeT >KECTKOCTb
Marepuala.
B npeodenax ympyeocmu nopmanbHbie HANPANCEHUS NPONOPYUOHATbHbI OMHOCUMENbHOM)
VOIUHEHUTO.

3uauenue Enns craneit 8 npegenax (2+2,1) « 10°MIla.
ITpu mpounx paBHBIX YCIOBHX, YEM JKECTUE MaTepHall, TEM MEHbBIIE OH JIehOPMUPYETCS:

e=-Z

ET

I'mnore3a miiockux ceuenuii Oputa yctanoseHa 1. bepHyJiM B pe3ysibTaTte SKCIEPHUMEHTOB:
IIpH paCTSKECHUN CTCPKHA IMPOAOJIbHBIC U IMTONCPCUHBIC PUCKW, HAHCCCHHBIC HAa €T0 IMTOBEPXHOCTU 10
)Ie(bepMaI_[I/II/I, OCTarTCA HpHMOHHHeﬁHBIMH 1 B3aUMHO MNEPINCHAUKYIAPHBIMU, U3MCHAIOTCA JIUIIb
paccTosHUg MeXAy HHMH (MEXAy IONEpeYHbIMU pPHUCKAaMU OHH YBEIMYMUBAIOTCS, a MEXAY
MIPOJIOJIbHBIMU — YMEHBIIAIOTCS).

B ocHOBe rumore3bl IJIOCKMX CEYEHHUH JIOKUT MPEINoJIOKeHHEe, YTO U BHYTPHU
CTepxHs AeopMaly UMEIOT TaKO! e XapakTep, Kak Ha nmoBepxHocTu. CreaoBaTenbHO, CEUCHNUS,
IJIOCKHE U HOPMAaJIbHbIE K OCH CTEPKHA A0 Ae(opMalny, OCTAIOTCS TIOCKUMU U HOPMaJIbHBIMH K
ero ocu u nocie aedopmanru. B 3ToM U 3aKi1r04aeTcs CMbICJ TMNOTe3bl IVIOCKUX CeYeHH .

IIpumMepbl NOCTPOEHNS INIOPHI MPOAOJIbLHBIX CHJI

PaccmotpuMm Opyc, Harpy)kKeHHBIM BHEITHUMHU CWJIAaMH BJIOJIb OCH. Bpyc 3aKkperieH B CTeHE
(3akperuieHue «3aaenkay) (puc.85,a).

Jenum  Opyc Ha  yd4acTKu
Harpy>kKeHusl.

Yuacmxom  maepyscenuscuvta- 1 cey. 2 ceu. 3 cey,
0T 4acTh Opyca MexXay BHENI-HUMHU

2F, SF

CHUJIaMU. &____..__ 3 — _H__t
o W
F

Y

Ha npencraBienHoM prucyHke 85
ydacTka Harpyxenus. Bocrnomnb-3yemcs
METOJJIOMCCUCHUN M OIPEACIUM BHY-
TPEHHUE CHUJIO-BbIe (DAKTOPhI BHYTPH
Ka)XJIOTO y4acTKa.

Pacuem wnauunaem co c60600- A\
HO20 KOHUa Opyca, umo Ovbl He j’—f
onpedensimob  eIUYUHbL  PeaKyull 8
onopax. (i 2F‘; | OF

L 4

1 yy. 2 yu. 3 yu.

Pucynoxk 85.

Yuacmokl: Y F; =0;-3F + N1 = 0;
Ni = 3F.
[IpomonbHas cuia MoNOKUTEIbHA, YYACTOK 1 pacTsHyT.



http://www.sopromato.ru/rastyazhenie-i-szhatie/prodolnaya-i-poperechnaya-deformatsiya

ONTUSTIK QAZAQSTAN SOUTH KAZAKHSTAN

MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTYCTiK KasakcTaH MeanuuvHa akapemusacol» AK AO «KOkHo-KasaxcTaHcKas MeEOUUUHCKAA aKaaemus»
Kadenpa nrxeHepHBIX TUCIUIIIHNH 76/11
2024-2025
1 ctp. u3 117

Yuacmok2: Y F, = 0;-3F + 2F + TV2- 0; N2 =-F.

[IpononbHas cuia MoJyIoKUTEIbHA, YYACTOK 2 PACTAHYT.

Yuacmoxk3: Y Fz=0; -3F + 2F + 5F— N3 = 0; N3 = 4F.

[IpononbHas cuna oTpuuaTenbHa, yyac-Tok 3 cxkar.IlomyuenHoe 3Hauenue N3paBHO peakuuu
B 3aaenke.ITox cxemoii Opyca CTpOUM 3IIOPY MPOI0IbHOMN criibl (prc.86).

B3 i KR 7 S 7 Ja———
J 2
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Pucynox 86.

Oniopotl npodonvHot cunebl Ha3biBaeTCs TpaduK pacnpeesieHus IPOoI0JIbHOM CUITBI BJIOJIb OCH
Opyca.Ocs >miopsl napajyienbHa MpoAoJbHOM ocu. HyneBast TMHUS TPOBOAUTCS TOHKOM JIMHUEH. 3HA-
YEHUs] CWJI OTKJIAIbIBAIOT OT OCH, IOJIO-XKUTEJIbHbIE- BBEPX OTpHULATENbHbIE - BHU3.B mpenenax
OJIHOTO y4acTKa 3HAYEHUE CWJIbl HE MEHSETCA, MO3TOMY AII0pa OUYEPUMBAETCS OTPE3KAMH MPSAMBIX
JTUHUH, napanienbHbiMu ocu Oz.

[IpaBuiio KOHTPOJISL: 8 Mecne NPUNONHCEeHUs BHeUlHell CUIbL HA dNIope O0JIHCeH DbIMb CKAYOK HA
BENUYUHY NPUTONHCEHHOU CUTBL.

Ha smrope pocrasisitorcs 3HaueHus Nz BenmuunHbl npo10JIbHBIX CHIT OTKIIAIBIBAIOT B 3apaHee
BBIOpaHHOM MaciTabe.

Omropa Mo KOHTYpY OOBOJIUTCS TOJCTOM JMHUEH U 3alITPUXOBBIBACTCA nonepex ocu.M3yqas
negopManuu Mpu pacTsHKEHUU U CKATHH, OOHAPY>KUBAEM, YTO BBIMOIHSIIOTCS 2unomesa NI0CKUX
ceuenull U NPUHYUN CMAYEHUS 2DAHUYHBLX YCT0GULL.

l'unomesa naockux ceuenuii 3aKIIOYAETCS B TOM, YTO MOMEPEYHOE ceueHue Opyca, MI0CKoe U
MEPIEeHIUKYIIPHOE MPOA0IBHON OCH, TIOcTe AeopMalK OCTAETCs IUIOCKUM U MEPIEHAUKYIISIPHBIM
MPOJIOJILHOM OCH.

CrnenoBarenbHO, nPOOOIbHbIE BHYMPEHHUE B0NOKHA YOIUHAIOMCA 00UHAKOBO, d GHYMPEHHUe
CUTIbL YNpYy20Ccmu pacnpeoesiensbl No Ce4eHU pasHOMEPHO.

Ilpunyun cmseyenus epanuyHvlX YCl06Ull TIACUT: B TOYKAX Teja, YHAAJIEHHBIX OT MECT
MIPUJIOKEHUS HATPY3KH, MOOYIb 6HYMPEHHUX CUN MALO0 3asucum om cnocobda 3axpeniienus. [loatomy
TIPY PEIICHUH 3324 He YMOUHAIOM CNOCOD 3aKpenieHus.

HanpsizkeHus1 npy pacTsKeHMU M CXKATUH

[Ipu pacTspkeHUU U CKATUM B CEUEHUHU JEHCTBYET TOJBKO HOPMAJIBHOE HANPSKEHUE.

HamnpsixeHust B TONEPEYHbIX CEYEHUAX MOTYT PacCMaTPUBAThCA KaK CHJIbI, IPUXOAIINECS Ha
€AVHUIY TUTOIIAIU.

Takum o6pa3om, HanpasieHue U 3HAK HANPAXCEHUs B CEUEHUHN CO8NA0AOm C HanpagieHuem u
3Haxom cunol 6 ceveruu (puc.87).
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Hcxonsa n3 rumoTe3sl MII0CKUX CEUCHUH, MOYKHO
MPEANONIOXKUTh, YTO HANPSDKCHUS TPU PACTSHKEHWH M CKATUU B
npezenax Kaxaoro ceuyeHus He MeHstorcsa. [losTomy HampsbkeHne MOKHO
- paccuuTaTh 1o hopmyie
_N;
O' Ny L)
N A
Pucynox 87.

rae N;-1ipo1osibHas CUila B CEYEHUH; A- IO b TONIEPEYHOTO CEUCHHUSL.

Benuuuna muanpsasxcenus  npamo  nponoOpYuoOHAnIbHA  NPOOOAbHOU  cule U 00pamHo
NPONOPYUOHANLHA NIOUAOU NONEPEUHO20 CeYeHUS.

HopmanpHble HanpsbKeHUs AEUCTBYIOT IIPH pacTsKEHUH OT ceueHus (puc.88,a), a mpu cxxaTuu
K cedenwuio (puc.88,0).

PasmepHOCTS (eMHUIA M3MepeHns) Hanpskeruit - H/m? ([1a), 0HAKO 9TO CIMITKOM Majas
eIMHNUIA, ¥ IPAKTHYECKH HANPSDKEHHS paccuuThiaioT B H/vm? (MITa):1 MITa = I0%TIa = 1 H/mm2,

[Ipn omnpeneneHun HampspkeHU Opyc pa3OMBarOT Ha Y4YacTKH HarpyXeHuil, B Ipenenax
KOTOPBIX MpPOAOJIbHBIE CHJIBI HE W3MEHSIOTCS, U YUUmbvlearom MeCcma U3MEeHeHull niowaou
NONepeuHblX Ce4eHUl.

4’ @£+£+91<—“

a) 0)

Pucynox 88.
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PaccunrteiBator HATPSDKCHUS 1o
o) { CCUCHHUSAM, W pacdyeT OQGOPMIISIIOT B BHJE
3)(‘-1. % . ¥, AMIOPbl HOPMaJIbHBIX HamNps-keHui.Ctpourcs
3 A[ 2 |, 1 opopmisieTcs Takasl 3IIopa Tak e, Kak U
A S e, 24, smIopa MpoAoJbHBIX cuil.Paccmotrpum Opyc,
A F N 2F ‘/'_ HArPY)KEHHBI BHEIIHAMH CHJIAMH BJIOJIb OCH
v o ey — s Y o e ] e (puc.89).
A OOnapyxuBaeM TpH YydacTKa Ha-
A 3 TPYKEHUS W ONpeAeiisieM  BeTUYUUHBI
12 I { TIPOJOIBHBIX CHIL.
Yuacmox1: Ny =0.
2F 3niopa N BHyTpeHHUE TPOJIOJIEHBIC CHIIBI PABHBI
HYITIO.
-, F Yuacmok 2: N; = 2F.IlponosibHas cuiia
IF / 7 Ha y4acTKE MOJIOKUTEIIbHA.
! Yuacmox3: Ns=2F - ZF =-
F.IlpononbHas cuia Ha ydacTke
& F / A OTpHUIIATENBHA.
F/. A nwopa G Bpyc - cTyneHuaThIi.
- Pucynox 89.
04 23] 02 o] .
e »E CyderoM M3MEHEHUH BEJIMYUH IUIOIIA U
MOTIEPEYHOTr0 CEYCHUS YUYAaCTKOB HaIPsHKEHUN
OoJibIe.

CTtpouM >MIOPHI MPOAOJIBHBIX CHJI U HOPMAaJIbHBIX HaIpshKeHU. Macitadbl 310p MOTYT OBbITh
Pa3HBIMUH BBIOMPAIOTCS UCXOJS U3 YA0OCTBA OCTPOCHUSI.

4 AnrocTpaTuBHBI MaTepuan: s npoBeieHMs 3aHATHUS MCIHOJB3YETCs CleAylollee
MaTepHalIbHO- TEXHUUYECKOe o0ecredeHrne: HOyTOyK, MyJbTUMEIUIHBIN IPOEKTOpP, SKPaH.

S.JIuteparypa
OcHoBHas JuTepaTypa:
1. Apanos, b. P. TeopusuibIK ’koHE UHKEHEPIIIK MeXaHuKa Herizaepi [MaTiH] :
okynbIK / b. P. Apanos. - Kaparanas! : Medet Group, 2020. - 232 6er. c.
2. Memepckuii, .B. 3agaun no teopernueckoil mexanuke: yued. nocodbue / U. B.
Memepckuii ; mon pen. B. A. IlanemoBa. - 51-e u3z., crep ; 2012
JlomoTHUTEIbHAS JIUTEPATYpA:
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1. MapmonoB, b. M. PacueTHO-pOEKTHPOBOUYHBIE pPAOOTHI IO COMPOTUBICHUE
Martepuaios : coopauk / b. M. Mapaonos, M. 3. Opramos, M. E. baiimupos. . - AnmMarsr :
2Bepo, 2014. - 256 ¢

2. Xub66enep, P. U. Cratuka MeH marepuaigap MexaHukacel : T.1 : okynsiK / P.Y.
Xub6enep ; Kaz.tin.aya. E.b.Jlayceuros, C.)XKynicOekoB. - 4-6aceutbiM. - Anmats : JXKIIC
PIIBK "ayip", 2017. - 436 6. c

DNEeKTPOHHBIE PECYPCHI:

1. TeopusiIbIK JKoHE KOJIJaHOAIbI MEXaHHKa [ DJIEKTPOHHBIN pecypc| : OKYNIbIK /
A. Tycinos, K. Tycinos. - DnekrpoH. TekcroBbie aaH. ( 118M0). - Anmarsr : [0. u.], 2015. -
a1 onT. auck (CD-ROM). - 00. Tr

2. TeopusiIbIK KoHE KOJITaHOATbl MEXaHHUKa [ DIIEKTPOHHBIN pecypc| : OKYIBIK /
A. Tycinos, K. Tycinos. - DnekrpoH. TekctoBbie naH. ( 118M0). - Anmarsi : [0. u.], 2015. -
an. onT. auck (CD-ROM).https://aknurpress.kz/login

3. Konnan6aner mexanuka. Yrebae M.H., Aiicaes C.V., CyiteyoBa H.b. , 180
oet 2019. https://www.aknurpress.kz/reader/web/2121
4, Teopusinbik, kxoHe KoimanOansl Mexanuka: S5SB072000-"beiiopraHukanbik

3aTTapablH XHUMUSJIBIK TEXHOJIOTHUACHI" MaMaHIbIF bIHBIH 6aKaJ'IaBpI/IaT CT}’)IeHTTepiHC
apHAJIFaH KYPCTHIK KYMBICTapJbl OpBIHIAayFa dMicTeMelNik Hyckay. - Opan: JXKoHrip xan
areiaaarsl BKATY, 2015. - 566.http://rmebrk.kz/
5. Mexanuka: xannsl Gusukanbik npaktukym / C. W. Ucartaes, ©. C. Ackaposa, C. O.
benerenora ; pea. K. Cobur; on-®apadu atein. Kaz¥V. - Tyzer., TonbIKT. 2-6ac. - Anmarsl : Kazak
yH-T1, 2015. - 217, [1] 6 http://elib.kaznu.kz

6. KOHTpOJIbHBIE BONIPOCHI

1. Kakue BHyTpeHHHE CHIIOBble (DAKTOphl BO3HUKAIOT B CEUYEHUU Opyca IMpu
PaCTSKEHUU U CHKATUU?

2. Kak pacnpenensitorcss Mo CEUEHUIO CUJIBI YIPYTOCTH IPH PACTSIKEHUU U
cxatuu? (Mcrnosib30BaTh TUIIOTE3Y TUIOCKUX CEYEHU. )

3. Kakoro xapakrtepa HampspKeHHUS BO3HHMKAIOT B IMONEPEYHOM CEUEHUU TpU
PACTSDKEHHUHU U CKATUU: HOPMAJIbHBIE MM KacaTesIbHbIE?

4. Kak pacnpenenenbl HanpsHKEHUS MO CEUSHUIO MPH PACTSHKEHUU U CHKATUU?

5. 3anuiute Gopmyiy T pacueTa HOPMAJIbHBIX HANPSKEHHUH MTPU PaCTHKEHUN
U cxKatuu?

6. Kak Ha3zHauaroTcs 3HaKU MPOJA0IbHON CHIIBI U HOPMAJIBHOTO HAMPSHKEHUS?

7. UT0 moka3pIBaeT 3MI0pa NPOJI0JIbHON CUIIbI?

8. Kax u3aMeHuTcs BelMunHa HanpspKeHM s, €CIH IJI01LA(b MOIEPEYHOro CEUEHUs
BO3pacTeT B 4 paza?

&\ B kakux eguHMIax u3MepsieTcs HanpskeHue?

10. B d4em pasHuna Mexay ~auarpaMMoll  pacTS)KEHMs, BbIYEPUYEHHOU
ABTOMAaTUYECKH, U MPUBEICHHON AUarpaMMOi pacTsHKeHUs ?

11. Kakas u3 MexaHWYecKHX XapaKTepUCTUK BBIOMpAaeTCs B  KauyecTBE
MPEAEIbHOTO HANPSHKEHUS IS TUTACTUYHBIX M XPYIIKUX MaTepuanoB?

12. B uem paznuuune mMexay npeieabHbIM U JOMYCKaeMbIM HANPSKEHUSAMU?

13. 3anummure YCJIOBHUC MMPOYHOCTH IIPHU PACTAKCHUU U CIKATUH. OtranyaroTcs Iu
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yCIIOBUSI IPOYHOCTH TIPU pacyeTe Ha PACTSHKEHHUE U pacueTe Ha cykaThe?

Jleknust Ne 10

1.Tema: Mexanuueckue xapakrtepuctuku wmartepuanoB. Kosdduunent Ilyaccona.
[Ipenenbubie U nomyckaembie Hanpsbkenus. KoadduimenT 3amaca npoyHocT.

Pe3ynbTaThl  MEXaHWYECKMX  HCOBITAHUM W HaydyHbIX  ucciaedaoBanuil.  [Ipeneinsr
MPOTIOPIMOHATBHOCTH, TTPOYHOCTH M TEKYYECTH MaTEPHAIIOB.

2. leab: OcBOUTH TEOPETUUECKHI MaTepUall I PEIICHUS] TPAKTUYECKUX 3a/1ad.

3. Te3uCHhl JeKIUM:

Iliian gexkuun:

1.ITlonepeunass aegopmammsi  TPH  PACTHDKEHHM U CkaThH. [loTeHIMalbHAs JHEPrus
nepopMauy Npu pacTsHKEHUH.

2.PacueTsl Ha MPOYHOCTH MPH PACTHKCHUH U CKaTHH. CTaTHYECKH HEOMPEACITUMBIC 32 IaUH.

3.MexaHn4decKkre XapaKTepPUCTUKH MaTePHAIIOB.

4. JlnarpaMma pacTsHKEHUS ~ MallOyrJIepoaucTON cTaynu. JluarpamMma cxaTusi XpYHKUX
MarepuanoB. [luarpamMMbl pacTsHKEHUS YIIPYro-TIACTHYECKUX MAaTEPHAIOB Y CIIOBHBIC THArpaMMBI
pacTshKeHuUs (CKaTUsT) HU3KOYTIICPOUCTHIX CTaJICH.

Hedopmanum npu pacTaKeHUH U CKATHH

Paccmorpum aedopmariuio Opyca mo AeicTBHEM IpoaoibHo# cribl F(puc. 90.).

Havanenbie pazmepsl Opyca: lo- HauanbHast JUIMHA, Go- HaYallbHas IIUPUHA.

bpyc ymnsercs Ha Benmuuuny Al;

Al - abcomotHOe ynHenne. [Ipu pacTsHKeHUN MOTEePEYHbIe pa3Mephbl YMEHBIIIAIOTCS,

Aa - abcoimotHOE cyxkenue; Al>0; Aa<0.

ITpu cxxatuu BeIOIHSETC cooTHOomeHHE Al<0; Aa>0.

_ﬂ//_///f’f‘//

fo

T Fvv

Pucynox 90.

B COIIPOTUBJICHUN MATCPHUAJIOB IHPHUHATO PACCUUTHIBATDH ,Z[e(l)OpMaL[I/II/I B OTHOCHTCJIBHBIX
CANHUIax:

Al
ETT
0 | & - OTHOCHTEIIbHOE Y/JIHHEHHE;
. Aa
g'=—
a !
0 , & - OTHOCHTEJBHOE CY)KEHHE.
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Me:x 1y po10JIbHON U MONIEPEYHON JeopMalusiMu CYIIECTBYET 3aBUCMOCTh
&' = e,
L

e - xosdduument mnomepeunoil medopmarmn, wm  kodbdunment Ilyaccoma,-
XapaKTepu3yeT IUIaCTUYHOCTh Marepuana.
3akon I'yka
B npenenax ynpyrux nedopmanuii jepopMani npsiMmo npornopuuoHaabHbl Harpy3Ke:
F = xAl,
rae F- neficTByromas Harpy3Ka; k- KO3QQUIUEHT.
B coBpemenHnoii popme:

o=—; lo
A

[Homyunm 3aBucumoctbo= Eg, trne E - Momynb ympyroctu, XapaKTepU3yeT >XECTKOCTh
MaTrepuana.

B npeoenax ynpyeocmu HOpMATbHblEe HANPAANCEHUS NPONOPYUOHALbHBL OMHOCUMETbHOMY
VOTUHEHUTO.

3nauenne Ennsa craneii B mpenenax (2+2,1) « 10°MITa.
[Tpu mpounx paBHBIX YCIOBUAX, YEM KECTUE MaTepHall, TEM MEHBIIIEC OH 1e(hOPMHUPYETCS:

le=2
ET
DopmyJibl 1JI51 pacyera nepeMeieHuil momepevHbIxX
cedyeHH Opyca Npu pacTsizKeHUHU U CKATUH
Hcnonb3yem uzBecTHbIE POPMYITHI.
3akoH ['ykac= Ee.

o
Otkyma € = —
Y E

|
OTHOcHUTENbHOE Y/UIMHEHUE 0
B pesynbraTe mosiyduM 3aBHCHMOCTh MEXJIy Harpy3Kou, pazMepamu Opyca ¥ BO3HUKAIOIICH
nedopmaruei:

Al

o

| E N
y O = —

A
a=2d M
E wmn E
raeAl - abconoTHOE YIUTHHEHHE, MM;
G- HOpMasbkHOE HanpspkeHue, Mlla;
|-HavanpHas AMHA, MM;
E-monyns ynpyroctu marepuaina, Mlla;
N-npoonbHas cuna, H;

A- IJIomaab MmornepeuyHoro CCUCHUs, MMZ;
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[IpousBenenrne AEHa3BIBAIOT )KECTKOCTBIO CEUEHUS.

IoTeHumanbHas IHeprusi 1eopMaANNHU MPH PACTSKEHUH U CKATUH

PaCCMOTpI/IM CTCPIKCHb IMOCTOAHHOI'O CCUCHUS, HaFPY)I(eHHLIﬁ Ha CBO6OZIHOM KOHIIC
cocpenotoueHnon cuior P(puc. 3.3). Ilpm mocremneHHOM Bo3pacTtaHuu Cujbl P ot Hyms 1o
Hekotoporo 3Hauenus P, (puc. 3.28) ona coBepmraer pabory JI Ha BBI3BAaHHBIX 3TOW CHJIOU
nepeMenieHusx. Boraucaum paboty A, yuuThiBasi, 4TO B YOPYTOM CTaJuM CUja MPOMOPLHOHAIbHA
YAJTUHCHUIO CTCPIKHA:

P=kAl

AP

f}

By oy

oL _
0" awanl| A ar

—_—

Puc. 3.28

Bxonsauuit B 310 paBeHCTBO KO3((UIIMEHT K 3aBUCUT OT CBOMCTB MaTepuaia M pa3MepoB
CTEPHKHSI.

DreMenTapHas padora Ha ymuirnHeHuu d(Al) uncieHHO paBHa 3alITPUXOBAHHOM Ha puc. 3.28
IUTOIIAIU WJIM IPOU3BEICHUIO CPETHEr0 3HaUCHUs CHIIbl P Ha 3TOM oTpe3ke Ha Bennuuny d(Al):

dA = Pd(Al).

[Tonnas pabora, 3aTpaueHHas Ha yUIMHEHHUE CTEP>KHS 0 BEIUYUHBI A/p ¢ yueToM (3.25) paBHa

Al Al A2
A:jfmﬂh:kjmmahzk—L.
)
] 0
[IpousBosas B TMOJIyYEHHOM BBIp@XKEHHUM 0OpaTHy0 3ameHy A/, = = Py/k, npuxonum

OKOHYATCJIbHO K CIICAYIOIMIEMY BBIPAKCHHUIO:

A:%P,m,.
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HerpynHo 3aMeTuTh, 4YTO MOJYYEHHOE BBIPAKEHUE PAaBHO IUIOMIAAM TMOJ JIMHEHHOMN
nuarpammoit P(Al), nokazanHoi Ha puc. 3.28.

[TockonbKY ClenmaHHbId BBIBOJ CIIPABEUIMB IS JIOOBIX 3HaueHUi P m A/, oTHOcsAmuXcs K
JUHEHHOMY y4yacTKy JAe(QOpMHUpPOBaHUS, OIIYCTUM HHJIEKC Yy COOTBETCTBYIOIIMX BEJIUYUH U

A= LPN.

BBIPAKCHHUC TJIA pa6OTI)I cuiel P npeacTaBuM B BUAC

Pabota, coBepiaemas cuioii P, compoBoXaaeTcsi HAKOIUICHHEM TMOTEHIUAIBLHON SHEPTUU
nepopmanuu crepkss U, a Taxoke HaTM4MeM KMHETHYeCcKor sHepriu CABMKEHUS €ro 4acTull.

HpI/I CTaTUYCCKOM HArpy>KCHHUU CKOPOCTH NCPEMECIICHNA YaCTHUL HC3HAYNTECIIbHA, B CUIIY YE€TrO
KHHETHYECKOM dHeprueit MokHo npeHedpeus. Kpome Toro, pu ympyroit padbore maTtepuaia MOKHO
HC Y4YUTbIBATb 4YaCTHU pa6OTLI, CBA3aHHBIC C BBIJICICHUCM TCILIA, C MPCOJOJICHUCM BHYTPCHHETO
TpeHHs U T.M. B cuity 3Toro MoHO NpuHATH, 4TO paboTa cuiibl P ynciieHHO paBHA MOTEHIIMAIBLHOM
SHEepPruu aAedopMaluy CTEPHKHSI:

]
A=U=—PAl
2

Mexanuyeckue UCNBITAHUS, MeXaHn4yecKkHne XapaKTepUuCTHKH.
IIpenesbHbIEe U JONyCcKaeMble HATIPSIAKEH U

Wmerts npeacTaBieHue o npeAeabHbIX U JOMYyCKaeMbIX HAMPSDKEHUIX U KoddduiineHTe 3amnaca
MIPOYHOCTU.3HATh IUArPaMMBbI PACTSXKEHUS U CXKaTHUS IJIACTUYHBIX U XPYIKUX MaTepUaoB, MOPSA0K
pacyeToB Ha MPOYHOCTb.

[Ipu BbIOOpE MaTepHaOB M DJIEMEHTOB KOHCTPYKIIMM M PACUeTOB Ha MPOYHOCTh
HEOOXOIMMO 3HATh MEXaHMYECKHE XapakTepucTHKH. HeoOxoaumble CBEACHUS IOIYydYaloT
AKCIEPUMEHTAJIBHO MIPH UCTIBITAHUSX Ha PACTsDKEHUE, CKAaTue, cpe3, KpyUeHUe U U3ruo.

PacueTbl Ha IPOYHOCTH NPHU PACTSIKEHUU U CKATHH

PacyeTbl Ha MPOYHOCTH BEIYTCS MO YCIOBUSM IMPOYHOCTH — HEPABEHCTBAM, BBIMOJIHEHHE
KOTOPBIX FapaHTUPYET MIPOYHOCTh JETANU IPU JAHHBIX YCIOBUSX.

Jliis obecrieyeHusi IPOYHOCTH PACUETHOE HAMPSHKEHHUE HE JOJHKHO MPEBBIIATH JOMYCKAeMOTO
HANPSDKEHUS:

o=

PacueTHoe HalIpsOKEHUE 3aBHCUT OT HArpy3km H PpasMEepoOBIIONIEPEYHOIO CEUYCHUA,
HOITYCKa€MO€ TOJIBKO OT MaTepuaJia 1€eTajauun YCHOBI/Iﬁ pa6OTLI.

N
< ) = '_4 )
o< [o], rneo

Cyl1ecTBYIOT TpH BHUJIa pacyeTa Ha MPOYHOCTb.

1. IIpoekTHPOBOYHBII pacyeT -3aJaHA pacyeTHasi cXxeMa M HArpy3KH;MaTepHal WJIH
pa3Mephl 1eTaau NoA0HPaloTCs:

-OIpe/ieNIeHHEe Pa3MepoB MONEPEYHOTO CEUEHUS:

N.
A?'i;']"s
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- moa0op MaTepuaa
N|s

10 BEJIMYUHE Onpex MOKHO MOJ00pATh MapKy MaTepHaa.
2. IIpoBepo4HbIii pacyeT - U3BECTHBI HArpy3kd, MaTepHall, pasMepbl JETalli; HEOOXOIMMO
NPOBEpPUTH, 00ecredeHa JIU MPOYHOCTD. [IpoBepsieTcss HepaBeHCTBO

O’=-;l-€[0']

3.0npenesienne HATPY30YHOI CMIOCOOHOCTH(MAKCHMAJIBLHOM HATPY3KH):

[N] = [c]A

MexaHnveckue XapaKTepuCTHKHI

[Ipn moCTpo€HHMH TIPUBEIECHHON JAMAarpaMMBbl pPAaCCUMTBHIBAIOTCS BEJIUYMHBI, HMEIOIIHE
YCIOBHBIM XapakTep, YCWIHS B KaXJOM W3 TOYEK JENSAT HAa BEIWYMHY HAYAJIBHOM IUIOIIAAN
MONIEPEYHOI0 CEUYEHUsI, XOTS B KaXKJIbIi MOMEHT UJIeT iehopMalius U IIomaas 00pasiia yMeHbIIaeT-
csi. [IpuBeneHHas quarpaMMa pacTsHKCHHUS He 3aBUCHT OT aOCOJIOTHBIX pa3MepoB oOpasma (puc.92.).

o, Mlla

Pucynok 92.

OcHOBHbIE XapaAKTEPUCTUKHU MPOYHOCTH

=|:1/'6‘0

o
mnpenen NponopuuoHaIbHOCTH ™
o,=F, 1A

o, =F,/
npenen Tekyyectu 3/ Ay
npeJea NIpOYHOCTH, UIM BPEMEHHOE COIPOTUBIIEHUE PA3PEIBY,

pesien yupyroctu

— 2
Oy = Fomc / Aorzle Ao:ﬂdO 4 HavaJlbHaS IUIOMAAh CEUECHHU.

XapakTepuCTHKH NJIACTHYHOCTH MaTepHasa
A-MakcUManbHOE YIUIMHEHHE B MOMEHT Pa3pbiBa
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Almax
(5 = * 100 %,

lo

r1ie Almax- MakCMaIbHOE OCTATOYHOE YTMHEHHE,
MAaKCUMAaJIbHOE CY>KEHHUE IIPU pa3pbiBe

Ag — A
= =2

Ao

- 100 %,

rae Aw - TJIOIAIL 00pasia B MECTE pa3phiBa.

XapakTepuUCTUKHU TIACTUYHOCTH ONPEICIIAIOT CIIOCOOHOCTh MaTepuaia K 1ehopMUPOBAHHIO.

IIpenesbHbIe M JONMYCTHUMbIE HATIPSIZKEHUST

[IpenenbHBIM HANPSHKEHUEM CUYUTAIOT HANPSHKCHUE, NMPU KOTOPOMB MaTepHalie BO3HUKAST
OTIaCHOE COCTOSTHUE (pa3pylIeHHUE WA oTlacHas aedopmarius).

JUTS TUTACTUYIHBIX MaTEPHAJIOB MPEACTbHBIM HANPSHKCHHEM CUHMTAIOT TIPEISNT TeKY4eCTH, T. K.
BO3HHKAOIIHE TUIACTUYCSCKUE IehopMaIliK HE UCUS3af0T IOCIE CHATHUS HArpy3Ku:

Onpex—Or

Jlia XpymnKUX MaTepualioB, Tae IacThuyeckue aedopMalud OTCYTCTBYIOT, a pa3pylleHue

BO3HMKAET MO XPYNKOMY TUly (LIeiiku He oOpasyercs), 3a IpelaebHOe HANpPsHKEHHE MTPUHUMAIOT
peies MPOYHOCTHU

Gnpen—Os

Jlig mIacTUYHO-XPYIKUX MaTepUajoB MPEeAeTbHBIM HANpsXKEHHEM CUUTAIOT HAaIpsDKEHUE,
COOTBETCTBYIOIICEe MakcuMaibHOU nedopmarmu 0,2% (Go,2):

Gnpen—00,2

Jlommyckaemoe HarpsiKeHHe- MaKCUMajbHOE HANpsyKEeHUE, MPU KOTOPOM MaTepHal J0JDKEH
HOPMaJIbHO paboTaTh.

HOHYCKaeMBIC HAITPsXKCHUA ITOJIYYArOT IO NPEACIbHBIM C YYETOM 3aliaca IIpoO4YHOCTH:

o] = =5

ls]

rie[6]-nomyckaeMoe HanpspKkeHue; O - K03 UIMEHT 3amaca MPOYHOCTH; [S] - IOMyCKaeMblii
Ko3(duimeHT 3anaca MpoOYHOCTH.

[IpuMeuanue. BxkBaapaTHbIX CKOOKaX IPUHATO 0003HAYATH IOMYCKAEMOE 3HAUCHUE
BEJIUYHHEI.

Jlomyckaemblii KO3QPHUIIMEHT 3amaca IPOYHOCTH 3aBUCUT OT KayecTBa MaTepuasa, YCIOBUMN
paboThI leTanu, Ha3HAUYEHUs JeTalu, TOYHOCTH 00pabOTKH U pacueTa u T. 1.

On moxer konebaTbcss oT 1,25 anms mpocThIX aetanei mo 12,5 i CIOXKHBIX AeTajei,
paboTaronux Mpy MepeMEeHHbBIX Harpy3Kax B YCIOBUSX YIapOB M BHOpAIIHiA.

Oco0eHHOCTH NOBEACHUS MATEPHAJIOB MPH UCIIBITAHUSX HA C/KATHE

1. TInacTuuHble MaTepHAaIbl MPAKTUYESCKH OJUHAKOBO paOOTAIOT MPH PACTSHKEHUHU U CHKATUH.
MexaHu4ecKue XapaKTepUCTUKHU MIPU PACTSHKEHUU U CHKATUH OJJUHAKOBBI.
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2.  Xpynkue Marepuaibl 0OObIYHO 00IaJaloT OOJbIIeH MPOYHOCTHIO IIPU CKATUHU, YEM IIPU

PacTsDKECHUM: Grp<GCisc.

Ecnu nomyckaeMoe HanpshKEHUE TIPU PACTSDKCHUU U CKATUH PA3JIMUHO, X 0003HAYANOT 6]

(pactspxenue), [oc] (cxarue).
Buabl nuarpamMm pacTtsKeHust

Pa3znuunble MaTepuanbl MO-pa3HOMY BeAYT ceOsi MoJ Harpy3kol, XapakTtep Aegopmanuil u

pa3pylIeHHs 3aBUCHUT OT THUIIA MAaTEPUAJIOB.

a, Mlia

o, Mila

o, MIla

Gy

of 0,26/0 AT =

Pucynox 93. Jluarpammsl aeopmaruu

[IpuHATO NEenUTH MaTepHalibl O TUITY UX JAMArpaMM pacTspKeHHs Ha Tpu rpynnbl. K nepsoit
IpyIIe OTHOCAT IUIACTMYHBIE MaTepHajbl, 5TH MaTephalibl UMEIOT Ha JMarpaMMe pacTsHKeHHS
IUIOIIAJKy TeKydecTd (auarpammbl nepBoro tuma) (puc. 93,a). Ko BTopoil rpymme otHocsATCS
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XPYIIKHAE MaTEepHUaiIbl, 3TH MaTEPUAIBI MaJIo 1e(OPMHUPYIOTCS, pa3pyIaloTCs 1Mo XpynkoMy Tumy. Ha
ararpamMMme HeT TUIONIaIku TeKydectu (puc.93,0).

K tperbeit rpynme oTHOCSAT MaTepuabl, He UMEIOIIUE IUIOMIAIKY TeKYYeCTH, HO 3HAYUTEIBHO
nedopMupyIOHecs 01 HArPY3KOH, X Ha3bIBAIOT TUIACTHYHO-XPYNKUMU (puc. 93,B).

Taxum 00pazom, XpYIKHiA M TNIACTUYHO-XPYIIKUI MaTeprajibl HE UMEIOT TUIOMIAIKUA TEKYUECTH,
a B CIPaBOYHUKAX OTCYTCTBYET XapaKTEPHUCTHKA «Ipenen TeKydecTm». 11o 3Toi 0coOeHHOCTH MX
MOJKHO y3HATh.

[TmacTHaHO-XpyNKHe MaTepUallbl 3HAYUTEIHHO ASHOPMHUPYIOTCS, ITOTO HEJB35 JIOMYCTUThH B
paboraromieit KoHCTpyKiuu. [loatomy ux aedopmanuio OOBIYHO OrpaHUYMBAIOT. MakCHUMaIbHO
BO3MOJKHasi oTHocutenbHas aedopmarms €=0,2 %. Ilo BenmuunmHE MaKCUMaIbHO BO3MOXKHOM
nedopmauu onpenenseTcsi COOTBETCT-BYIOIIEE HOPMAIbHOE HAMIPSDKEHHE G0 2, KOTOPOE IPUHUMAOT
3a MpeesbHOe.

4 UnmocTpaTuBHbIA Martepuas: JIisi TpoBENEeHUS 3aHATHS HCIOJIB3YETCS CISAYIOIIEe
S5.JIutepaTtypa

OcHOBHas nuTeparypa:

1. Apanos, b. P. Teopusuibik jkoHe HHXEHEPIIK MeXaHuKa Herizaepi [MoriH] :
okynbIK / b. P. Apamos. - Kaparanasl : Medet Group, 2020. - 232 6Ger. c.

2. Memepckuii, U.B. 3agaun mo teopeTrueckoil MexaHuke: yued. mocodbue / U. B.
Memepckuii ; mox pen. B. A. Tlamemosa. - 51-e uzn., ctep ; 2012

JlononHUTENBHAS TUTEPATYpa:

1. MapaonoB, b. M. PacyeTHO-pOEKTHPOBOYHBIE PAaOOTHI TIO COMPOTUBIICHUE
MarepuaioB : coopHuk / b. M. Mapaonos, M. 3. Dpramos, M. E. balimupos. . - Anmarsl :
OBepo, 2014. - 256 ¢

2. Xub6enep, P. U. Cratuka MeH maTepraigap MexaHukachl : T.1 : okynbik / P.U.
Xub6enep ; Kas.rin.aya. E.b.JlaycentoB, C.)KynicOekoB. - 4-6acbuibiM. - Anmatsl : JKILIC
PIIBK "[oyip", 2017. - 436 6. ¢

DNEeKTPOHHBIE PECYPCHI:

1. TeopusiIbIK KOHE KOJIaHOAIbI MEXaHHKa [ DJIEKTPOHHBIN pecypc] : OKYIBIK /
A. Tycinos, K. Tycinos. - DnekTpoH. TekcToBbie AaH. ( 118MO). - Anmarsr : [6. u.], 2015. -
a11. ont. auck (CD-ROM). - 00. Tr

2. TeopusbIK xKoHE KoJIJaHOaIbl MEXaHHUKa [ DNEeKTPOHHBIN pecypc]| : OKYNbIK /
A. Tycinos, K. Tycinos. - OnekTpoH. TekcToBbie AaH. ( 118MO). - Anmarsr : [6. u.], 2015. -
a11. ont. auck (CD-ROM).https://aknurpress.kz/login

3. Konnan6aner mexanuka. YtebaeB M.H., Aiicaes C.VY., CyiieyoBa H.b. , 180
oet 2019. https://www.aknurpress.kz/reader/web/2121
4., Teopusinblk xkoHEe KojmanOanel Mexanuwka: S5B072000-"beitopranukanbix

3aTTapblH XUMHUSJIBIK TEXHOJOTHACH" MaMaHIbIFBIHBIH OakalaBpHaT CTYJEHTTepiHe
apHaiFaH KypCTBIK JKYMBICTapAbl OpbIHJayFa dmicTeMenik Hyckay. - Opan: JKoHrip xan
ateingarel BKATY, 2015. - 566.http://rmebrk.kz/

5. Mexanuka: xanmnsl ¢pusukansik npaktukym / C. U. HUcaraes, ©. C. Ackaposa, C. O.
benerenona ; pea. K. Cobut; on-dapadu arein. Kaz¥V. - Tyzer., TonbIKT. 2-6ac. - AnmaTtsl : Kazak
yH-Ti, 2015. - 217, [1] 6 http://elib.kaznu.kz

MaTepHalIbHO- TEXHUYECKOe 00ecTedeHrne: HOyTOyK, MyJabTUMEIUINHBIN POEKTOP, SKPaH.
6.KoHTpO/IbHBIE BONIPOCHI
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1. CranbHOM cTepKeHb ATUHON 1,5 M BBITAHYJICS MO/ Harpy3koi Ha 3 MM. Uemy
paBHO OTHOCHTENIbHOE yayiuHeHHe? Yemy paBHO OTHOCHTEIbHOE cy:kenune? (u- 0,25.)
2. Uro xapakTepusyeT KodppuuueHT nonepednoi neopmanum?
e Chopmymupyiite 3akoH ['yka B coBpeMeHHOW (opMe NpH PaCTSIKCHUU U
cxatuu?
4. Uro xapakrepu3yeT MOAylb yopyroctd wmatepuana? KakoBa ennnHHIa
M3MEpEeHUst MOJLyJIsl yIpyroctu?
5. 3anumute GopMyIIbI IS OTpeieieHus ysinHeHns Opyca. Uto xapakrepusyer
npousBeaeHre AEu kak oHO Ha3bIBaeTcs?
6. Kak omnpenenstor  aOCoJIIOTHOE  YJIMHEHHWE  CTyNEeH4YaToro  Opyca,

Harpy>x€HHOIro HECKOJIbKUMHA criiamu?

Jeknusa Ne 11

1.Tema: ['eomeTpuyeckre XapaKTEPUCTHKU IUIOCKUX cedeHuil. CTaTHYeCKMd MOMEHT U
WHEPIMS MOMEHTOB CEYCHUH.

2. leap: OCBOWUTH TEOPETHUUECKUI MaTEpHUAIT ISl pEHICHUS TPAKTHYECKUX 3a/1a4.

3. Te3ucChI JEeKINH:

Ilnan nexkuum:

1.Cratnyeckuit MOMEHT mtonaau. Ilonsipaeiit MOMeHT nHepiu. OCeBOl MOMEHT UHEPLIMH.

2.CraTu4ecKrii MOMEHT ¥ MHEPIUS MOMEHTOB CEYEHU.

3.M3MeHeHre MOMEHTOB MHEPIIUU TIPH MapaJlIeIbBHOM MEPEHOCE U IIOBOPOTE.

4 I'maBHBIC OCH U TJIaBHBIC MOMCHTEI CEUCHMM.

[Ipu pactsokeHUH, CKATUW, CMSATHU WU CIOBUTE JeTalb CONMPOTHBIIAECTCSA NeGOpMaliu BCEM
CCUCHHEM OJIMHAKOBO. 371eCh TEOMETPHUYCCKON XapaKTEPUCTUKON CEUCHHUS SBIISICTCS TUIOMIA/Ib.

[Tpu xpy4eHnuu u n3rude ceueHue COMPOTUBIIIETCS IehOopMAITK HE OJIMHAKOBO, ITPH pacyeTax
HANPSDKCHUN TOSBIISIOTCS JPYTHE T'COMETPUUYECKUE XapPAKTCPUCTUKHU CEUYCHUs, BIMSIONIUE Ha
COIPOTHUBJICHUS CeYCHHUs Ae(HOPMUPOBAHUIO.

CraTndyecknid MOMEHT IJIOLIAAN CeYeHHUS
PaccmoTtpuM nipou3BoiibHOE ceucHue (puc.98).
Ecnu pa3outh ceueHne Ha OECKOHEYHO MaJlble IUIOMIA KU

y X
L dAH YMHOXKHUTH KaXIyl0 IUIOMIAKY Ha PacCTOSHHE 10 OCH
KOOpAUHAT K IPOUHTCI-PHUPOBATH IIOJIYUCHHOC BbIPA)KCHUC,
HOHy‘H/IM CTATUYECKUHA MOMEHT IIomaan CCUCHUS .
p
y d4 1) otsocurensro ocu Oz Sy = [y dA,;
A
0 g 2) orHocurensHo ocu Oy S, = [z dA.
- A

Pucynox 98.

JI71s1 CUMMETPUYHOTO CEYEHUs CTATUYECKUE MOMEHTBI KaXK/1I0M MOJIOBUHBI TJIOIIAIN PABHBI 10
BEJIMYMHE U MMEIOT pa3Hblil 3HaK. CIel0oBaTENbHO, CramuiecKuil MOMEHm OMHOCUMENbHO OCU
cumMmempuu pagex Hyro.

CraTtuueckuii MOMEHT UCHOJIb3YETCS MPHU ONPEACIICHUN MOJIOKEHUS [IEHTPA TAKECTU CEUCHUSL:
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n n
Z Akmk E Ak Yk n
0 0 . A
20O= o\h v Yo =5 ’ E :Akyk 7 ydA
2o Ak > A 0 A
0 0
(DOPMYJ'IBI JJIS1 onpeﬂ;eneHI/m ITIOJIOKCHUSA ueHTpa TSKECTHU MOXKHO 3allUCaTh B BUJIC
S S
] T

-’L'c=71'; yc=7i*-

Ionapuwlit momenm unepyuu ce4eHus
Honapuoim momenmom uHepyuu CEUYEHUS OTHOCHTENIBHO HEKOTOPOM TOUYKH (Mojroca)
Ha3bIBAETCS B35ATas MO BCEH IO CyMMa MPOU3BEICHUI AJIEMEHTapHbIX IJIOIIAJ0K Ha KBaapar
UX PacCTOSIHUS JI0 3TOM TOUKHU:

M2 2
Tp = | p*dA,
IJIe p- pacCTOsIHUE JI0 TOoJIroca (eHTpa mosopora) (puc.98.).
ITockonvky p?= x>+ Y2, noayuum: noaspuwlii MOMEHM UHEPYULU CCYCHUS DABEH CYMME OCEGbIX.

~7p=j:c+jy-

OceBble MOMEHTHl HMHEPUHUH  XapaKTEpU3YyIOT COMNPOTUBICHUE CEUEHUS IOBOPOTY
OTHOCHUTEJIbHO COOTBETCTBYIOIIEH OCH.
[TonsipHplii MOMEHT HMHEPIMS XapaKTepPU3yeT COIMPOTUBIEHUE CEYEHHUS MOBOPOTY BOKPYT

II0JIF0Ca (Haqana KOOpI[I/IHaT). E,I[I/IHI/IHBI HU3MEPCHHUSI MOMCHTOB HHECPLHUU: M4; CM4; MM4.

IleHTPOOEKHBIIT MOMEHT UHEPUHUHU
LlenmpobesicHvlm MoMenmoMm uHepyuy CEYeHNs Ha3bIBAETCs B35ATas MO BCEH IUIOMIAaN cCyMMa
MIPOM3BEACHUN DIIEMEHTAPHBIX IIJIOIAI0K HA 00€ KOOPAUHATHI:

Jay = | zydA.
A

HeHTpO6e)KHLIﬁ MOMCHT MHCPLUHUU MOXKET OBITH IMOJIOKUTCIIbHBIM, OTPULIATCIIbHBIM WU PaBHBIM
HYIIIO. HeHTp06e)KHBII>’I MOMCHT MHCPUOHUHU OTHOCUTCIIBHO Oceﬁ, MpOoXOAAIIUX YCPe3 HCHTP TAKCECTU
CCUCHU A, paBCH HYIITO.

OCI/I, OTHOCUTCIIBHO KOTOPBIX LICHTpO6€)KHBII71 MOMCHT paBCH HYJIIO, HA3bIBAIOTCS I''ITABHBIMH.
I'nmaBHBIC OCH, MPOXOAAIINE YCPE3 LCHTP TAKCCTHU, HA3BIBANOT clAGHbIMU UEHMPATbHbIMU OCAMU
CeYeHUA.

OceBble MOMEHTHI HHEPLUNH
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Ocesbim MOMEHMOM uHepyuu CE4EHUs OTHOCUTEIILHO HEKOTOPOH OCH, JIEXKAIIEH B 3TOH ke
IJIOCKOCTH, Ha3bIBaeTCs B34Tas MO BCEH IUIOUIAM CyMMa IMPOU3BEACHUI 3JIeMEHTapHBIX IIJIOMAA0K
Ha KBaJIpaT UX PACCTOSIHUS IO ITOU OCH:

1) oceBoit MOMEHT MHEPLMU CEYEeHNsA OTHOCUTENLHO ocu Ox

Tr = f y2 dA;
A
2) oceBOl MOMEHT MHEPHMHN CEYeHMs OTHOCUTENLHO ocn Oy
Ty = [ z* dA.
A

MoMeHTbI HHEPIMH NMPOCTEHIIINX ceYeHH I
Ocegvle momenmut unepyuu npamoyzoasnuka (puc.99)
[peacTaBuM NpsIMOYTOJILHUK BeICOTOW Nit tiupuHO#i DB Bre cevyenus,

y COCTaBJICHHOTO M3 OSCKOHEYHO TOHKHX ITOJIOC. 3alHIIeM IUIOIMab TaKou
dy noJjocer bdy = dA.
y
o x
Pucynox 99.
P N [ToncraBuM B QopMyilTy OCEBOrOMOMEHTAa HHEPLUU OTHOCHUTEIHHO
ocuOx:

Te =fby2dy=b/y2dy;
A

A
s 2bh3 bh3
=} / v dy = 535 TomymM: Jr = 15
—h/2

IIo aHaJIOI'uu, €CJIN pa36I/ITB MMpAMOYI'OJIbHHUK Ha BEPTUKAJIbHBIC I10JIOCHI, paCCUUTATh IIOIIa I’
II0JIOC U IIOJCTAaBHUTH B q)OpMy'J'Iy JJIs1 OCEBOT'O MOMCHTA HHCPUUH OTHOCUTCIIbHO OCH Oy, MOJIyUHnM:

hb®
Ty = f:z:2 dd = -

OueBuaHO, uTo Tpu h>D compoTuBieHHEe MOBOPOTY OTHOCUTEIBHO ocu OXOOJblie, YeM
otHocutensHO Oy.

h4
TJe=Ty= 'Th

s keaopama: h =b;
Honapuwiiit Momenm unepyuu Kpyea
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Jns Kpyra BHayajie BBIYMCISIIOT MOJAPHBIA MOMEHT
VWHEpLHUH, 3aTEM - OCEBBIE.

[IpencrtaBuM Kpyr B BHAE COBOKYINHOCTH OECKOHEYHO
ToHKUX KoJel (puc.100).

[Imomane KaXaoro KoOjabL@ MOXKHO pPACCUUTATh KaK
IIJIOIIA/Tb IPSIMOYTOJIbHUKA C JUIMHHOM CTOPOHOM, PABHOM JUIMHE
COOTBETCTBYIOIIEH OKPYXHOCTH, U BBICOTOM, pPaBHOM TOJIILIMHE
kostbiia: dA -2zpdp.

[ToacTraBuM 3TO BeIpakeHHE AJIs TUIOIIAIU B POPMYILY JIIst
MOJISIPHOTO MOMEHTa unepuuu: Pucynox 100.

[Monyuum ¢opmyny s pacuera MOJSIPHOTO MOMEHTa

T romd orat gt
Jp=]922ﬂpdp=27rfﬁ7p=§' “ ==

A
WHEPIIMH Kpyra:
[TomoOHBIM k€ 00pa3oM MOKHO TOJYYUTh (GOPMYILy JJIsi pacueTa TOJSIPHOTO MOMEHTa
WHEPIUH KOJIbIIA:

JP = %(dq N d:n)1

rae d- HapyKHBIH quaMeTp Kobla; Us- BHYTPEHHHIM IHaMETP KOJIbIIA.
Ecau 00031aunTh d4/d= ¢, TO

Jp = 5(1 - 4)-

Oceeble MOMeHmMbL uHepyuu Kpyca u Kojibvua
HCHOJ’ILSYH HU3BCCTHYIO CBAA3b MCIKIY OCEBBIMHU U IOJIAPHBIM MOMCHTAMHA MHEPIUHA, ITOJTYUUM!

I

Jp:j:r'l'Jy; J:z':jy: 5

4 4
Je =Ty = LY (kpyr); Je=Jy = E(-%—(1 ~ ¢*) (konbwo).
64 64
Momenmur unepyuu omnocumenbHo NAPAINEIbLHBIX 0CEll
Ocu Oy, u Oxmapatenshsl (puc. 101).
[Tpu mapanensHOM IepeHoce MPSIMOYTOJIBHON CUCTEMBI 0ceil 10Oy B HOBOE MOJ0KEHUE V,Ox
3HAUEHHsI MOMEHTOB UHEPIHHU Jx, Jy3aJaHHOTO ceueHHs MEHAI0TCA. 3agaeTcs popMyia nepexosa 0e3
BBIBO/IA.




ONTUSTIK QAZAQSTAN o'l SOUTH KAZAKHSTAN
MEDISINA [SKMA| MEDICAL
AKADEMIASY als, ACADEMY
«OHTYCTiK KasakcTaH meayumHa akapemuscobl» AK, - X )7/ AO «IOxHo-KasaxcTaHcKass MEAUUMHCKas akaaeMus»
Kadenpa nrxeHepHBIX TUCIUIIIHNH 76/11
2024-2025
1 ctp. u3 117
Tz = Jeo + Ad®
r — Jzxp a,
Yo
X9 §b‘~$ | X0
A\
x “\\ W | X
Pucynox 101.

3]1eCh Jx- MOMEHT MHEPIIUU OTHOCUTEIBHO OCHy;
Jxo “MOMEHT MHEPIIMH OTHOCUTEIBHO 0cH Oxo;

A- nnomans CeUCHMS,

a- paccrostaue Mex Ty ocsiMu Oxit Oxo.

I'1aBHBIE OCH M IVIaBHbIE MOMEHTHI HHEPUMHU
I’nagnvie ocu- 3TO0 OCH, OTHOCUTEIIBHO KOTOPBIX OCEBbIE MOMEHTHI MHEPLHH MPUHUMAIOT
SKCTpEeMaJIbHbIC 3HAUEHUS: MUHUMAJIbHBIN U MaKCHMaJIbHBIM.
I'maBHbBIE HEHTpaJIbHbIE MOMEHTHI MHEPLIHMH PACCUUTHIBAIOTCS OTHOCHUTENIBHO TJIaBHBIX OCEH,
MPOXOIAUINX YePe3 LEHTP TAKECTHU.

4 MamocTpaTuBHBIH Matepuan: s npoBeneHUs 3aHATHS HUCIHOJIB3YETCs CIeAYIolIee
MaTepHUaIbHO- TEXHUYECKOE 00ecredeHre: HOyTOYK, MyJIbTUMEIUINHBIN TPOEKTOP, SIKPaH.
5.JIntepaTypa

OcHoBHast TuTeparypa:

1. Apanos, b. P. TeopusisibIK sxoHE MHXKCHEPJIIK MeXaHHKa Heri3aepi [MoTiH] :
okynbiK / b. P. Apanos. - Kaparanael : Medet Group, 2020. - 232 6er. c.

2. Memepckuii, M.B. 3agaun mo teoperuyeckoil mexaHuke: yued. mocobue / U. B.
Memepckuii ; mox pen. B. A. Ilanemosa. - 51-e uzn., crep ; 2012

JlononHuTenpHas IuTepaTypa:

1. MapponoB, b. M. PacuerHO-mIpoekTUpPOBOYHBIE PAOOTHI TO COMPOTUBJICHHE
Matepuainos : coopuuk / b. M. Mapaonos, M. 3. Opramos, M. E. baiimupos. . - AnMarsi :
2Bepo, 2014. - 256 ¢

2. Xubb6enep, P. U. Cratuka MeH MaTepuaniap MexaHukacbl : T.1 : okyaslk / P.Y.
Xub6enep ; Kasz.rin.aya. E.b.Jlayceutos, C.2Kynic6ekoB. - 4-6acbuibiM. - Anmartsl : JKILC
PIIBK "[oyip", 2017. - 436 6. ¢

DNEKTPOHHBIE PECYPCHI:

1. TeopusbIK xKoHE KOJIJaHOaIbl MeXaHUKa [ DNEeKTPOHHBIN pecypc]| : OKYINBIK /
A. Tycinos, K. Tycinos. - DnekrpoH. TekctoBbie naH. ( 118M0). - Anmarsr : [6. u.], 2015. -
a1 onT. quck (CD-ROM). - 00. Tr
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2. TeopusTbIK KoHE KOJITaHOATBI MEXaHHUKa [ DJIIEKTPOHHBIN pecypc]| : OKYIBIK /

A. Tycinos, K. Tycinos. - DnexTpoH. TekctoBbie naH. ( 118M0). - Anmarst : [6. u.], 2015. -
a1. ont. auck (CD-ROM).https://aknurpress.kz/login

3. Konnan6aner mexanuka. Yre6aeB M.H., Aiicaes C.Y., CyiieyoBa H.b. , 180
oer 2019. https://www.aknurpress.kz/reader/web/2121
4, Teopusinbik  xoHe KoimanOansl MexaHuka: S5SB072000-"Beiiopranukalibik

3aTTapJblH XUMUSIIBIK TEXHOJOTUSACH" MaMaHIBIFBIHBIH OakajaBpHaT CTYACHTTEpIHE
apHaJFaH KypCTBIK JKYMBICTap/ibl OpbIHIAyFa 9JicTeMelnik Hyckay. - Opan: XoHrip xan
ateiaaarel BKATY, 2015. - 5606.http://rmebrk.kz/
o. Mexanuka: xanmnsl pusukanbik npaktukym / C. U. HUcataes, ©. C. Ackaposa, C. O.
Benerenora ; pen. K. Cobur; on-®apadu atein. Kaz¥YV. - Tyzer., ToibIKT. 2-6ac. - AnMartsl : Kazak
yH-T1, 2015. - 217, [1] 6 http://elib.kaznu.kz

6.KoHTpO/ILHBIEC BONIPOCHI

1. JvameTp CIUTONIHOTO Baja yBeIWYWiv B 2pa3a. Bo ckoyibko pa3 yBeauyarcs
OCEBBIC MOMCHTHI HHEPITUH ?
2. OceBble MOMEHTHI CEYCHHS PaBHBI COOTBETCTBEHHO Jx = 2,5 MM 1 Jy =6,5 Mm.
Onpenenure NOJAPHbIA MOMEHT CEYEHUS?
3. OceBoif MOMEHT MHEPITUH KOJIbIIa OTHOCUTEIRHO ocu OX, Jx = 4 cm??
4, Kaxkast n3 npuBeeHHBIX (OPMYIT IS OTpeneiacHust JxoIoUaeT sl CeUeHMS,
n3o0pakeHHOro Ha puc. 17
b BﬂpHﬂJ-ITLI OTBETA.
¥y
(MY bh3 . bh? bh3  md?
NI 1. 2L 28 9. 22 _IZ.
NN 12 7 4 12 64
1NN 3 4 4 3
TRELR bh® wd nd* bh
\x\\\\\ —_—t —— 4, — — ——,
MBNN 12 32 32 12
Puc. 1
5. MowmeHT nHepiuu mBesuiepa Ne 10 OTHOCHTENIBHO TJIaBHOM IIEHTPAJIBHON OCH
Jxo =174 cm*; mnomaze nonepeunoro ceuenus 10,9 cm?.
6. Onpenenure 0CEBOM MOMEHT HHEPLIUY OTHOCUTEIBHO OCH, TIPOXOIAIICH Yepes
ocHOBaHue 1mBesuiepa (puc. 2).
1. CpaBHHUTH TIOJISIPHBIE MOMEHTBHI HHEPIHH JBYX CEUEHUH, HMEIOIIUX

MPaKTHYECKH OTMHAKOBBIC Mionaau (puc. 3).
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8. CpaBHHTB OCEBbIE MOMEHTBI HHEPIIMU OTHOCUTEIBHO 0cH OXITPsIMOYroJbHIKA
y
WA 40
hd

X Q%x\i‘l
NN

Puc. 2

U KBaJIpaTa, UMEIOIINX OJTMHAKOBbIC IO (puc.5).

Jlexusa Ne 12

1.Tema: Casur. Jlebopmamuu u 3akon ['yka mpu caure. Moaynb crnsura. OO0bemHas
negopmarus U noTeHIHalbHas SHeprus. ['unoressl npounoctu. Pa3peiB, cMsATHE U Cpes.

2. Heab: OCBOUTH TEOPETUUECKUI MaTepUall ISl PEIIEHUS MPAKTUYECKUX 3a/1a4.

3. Te3ucsl JeKIUM:

ILnan neknum:

1.Hanpspxkenus nipu casure. PacyeTsl Ha MPOYHOCTD MPU CIIBUTE.

2. Jlebopmanus u 3akoH ['yka mpu caBure. 3akOH IMAapHOCTH KacaTeIbHBIX HAMPSDKCHHM.
HanpsikeHrs B HaKJIOHHBIX CEUECHHUSX MPU PACTSDKEHUU. [ 1aBHbIE HANPSHKEHUS.

3.Teopus npounoctu Mopa. OCHOBHBIE TEOPUH MPOYHOCTH.

4.Cwmsitue. KoHTaKTHBIE HAITPSKEHMUS.

5.Pacyer WIMOHOYHBIX coelWHEHUN Ha cMmsATHe. Pacdyer pe3bOOBBIX U 3aKJICMOYHBIX
COEIMHEHUI Ha TPOYHOCTb.

Casur (cpe3)

Cosucom Ha3bIBAETCSl HArpyXeHHe, MpU KOTOPOM B MOMEPEYHOM CEYCHHH Opyca BO3HHKAET
TOJIBKO OJIMH BHYTPEHHUI CHUTIOBOMU (haKTOP - MOMepeyuHas CUia.

PaccmMoTpuM Opyc, Ha KOTOpPbI JACWCTBYIOT paBHbIC IO BEIMYUHE, MPOTHBOIOJIONKHO
HarnpaBJICHHBIC, IEPIIECHIUKYIIAPHBIEC TIPOJI0JIb-HOM OCH cuitbl (puc. 17.).

[IpumenuM MeToJ ceYeHHl M ONpeNeuM BHYTPEHHHE CHJIBI YIPYrOCTH U3 YCIOBUA
paBHOBECHS KaXkI0# U3 yacTeil Opyca:

YFy=0; F-Q=0; F=Q, rue Q - monepeynas cuna. ECTecTBeHHO cUUTaTh, YTO OHA BHI3OBET
MOSIBJICHUE TOJIBKO KAaCATEIbHBIX HAMIPSKEHUH T.

PaccmoTpuM HamnpsiKE€HHOE COCTOSIHUE B TOUKES MONEPEYHOTO CEUCHMUS.

BoigenuMm snemMeHT B BuAE OSCKOHEYHO MAJOro MapaiieNenurea, K rpaHsM KOTOPOro
NPUIIOKEHBI HapsbkeHus (puc.94.).
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B
T -z
Fllo
Pucynox 94.
<
\
gt |
F A Pucynok 95.
’( ! E

Hcxons u3 ycnoBusi paBHOBECHs TOUKH B, BHyTpu Opyca mpu BOZHUKHOBEHHUHW KacaTeJbHOTO
HaNPsDKCHHS T Ha MPABOW BEPTHKAIBLHOW IUIOMIA/IKE TAKOE e HANpsKEHUE TOJDKHO BOZHUKHYTH U
Ha JieBoH twiomaake. OHK 00pa3yroT napy cui. Ha ropr30HTaBHBIX TUIONMAAKaX BO3HUKHYT TaKHE
Ke HalpsHKCHHsI, 00pa3yrolue Takyro ke mapy ooparHoro HampasieHus (prc.96.).

Takoe HanpsidiceHHOe COCMOsHUE HA3bIBAEMCs YUCMBIM CO8UcOM. 30ech Oeticmeyem 3aKOH
MApHOCTHU KacaTeIbHBIX HAIPSKCHUI:

[Tpu ciBUTE B OKPECTHOCTSX TOYKM Ha B3aUMHO IEPIICHIN-KYJISIPHBIX TUIOMAAKaX BO3SHU-KAIOT
paBHbBIC TI0 BEJIMYMHE KacaTeIbHbIC HAIIPSDKEHMsI, HAIIPABJICHHBIC HAa COCEIHUX IUIOMIAIKaX JTUOO0 OT
pebpa, 160 k pedpy(puc.96,a).

B pe3ynbrate miomiaiku CABUTAIOTCS Ha YTOJI Y, HA3bIBAEGMBIH yenom cosuea.

[lpu cnBure BeIIONHSETCS 3aK0H I['yka, KOTOpBIH B JaHHOM CIllydae 3aIlHChIBACTCS
creayromuM obpazom: 1= GY.

rae T- HanpsbkeHue; G - MOyib YIIPYroCTH CIIBUTA; Y - YTOJI

C/IBUTA.

[Tpu oTcyTcTBUM CIIEIMABHBIX UCTIBITAaHUNH GMOXKHO paccuuTarh 1o Gopmysie:

G = 0,4E, E- Moaynb ynpyrocTy npH pacTsSKEHHUH.

[G] = MIla.

1%————!;————- -

T Y
__"“—“ HAcdopuuporannoc
Hanpmxennoe COCTORNHE

COCTONMRNE A — abcomoTnmit
camsnr
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a) 0)

Pucynox 96.

Pacuer neraselr Ha CIBUT HOCUT YCIIOBHBIM XapakTep.

Jlnst ynpo1eHus pacyeToB IPUHUMAETCS PSIA TOMYIIEHUMN:

- IpY pacyeTe Ha CABUT U3TUO JeTanel He yUUTHIBAETCS, XOTS CUJIbL, IEHCTBYIOIINE HA JETAlb,
00pa3zyot napy;

- IIPY pacyeTe CUUTAEM, YTO CHJIIbI YIIPYTOCTH PACIIPEIEIEHBI M0 CEYEHUIO PABHOMEPHO;

- €CJIM JUIsl TIepelayy Harpy3Ky UCIIOIb3YKOT HECKOJIBKO JETAJIEH, CYUTAEM, YTO BHELIHSSA CUJIa

F
Te = 9—; Q = —,
A z
pacmpeenseTcs MeK1ly HUIMU PaBHOMEPHO, OTKy1a popMysia /utst pacueTa HanpsHDKEHUN UMEeT BU/T:
TJie T~ KacaTelnbHOe HanpspkeHne; Q - momnepeynas cuia; Ac- TIomaab casura; F- BHEIHSS
C/IBUTAIOIIAs CHJIA; Z- KOJIMYECTBO JAeTajei.
Ycnoeue npounocmu npu cosuze (cpeze)
[1c] - momyckaeMoe HanpspKeHHUE CIBUra, OOBIYHO €ro OMPENeIIAIoT Mo Gopmyrie

Q
Te = — £ [T
C Ac = [ C]!
[t] = (0,25+0,35)0+.
[Ipu pazpymienun aetanb nepepe3aercs nomnepek. PaspyimieHue netanu moj AEHCTBUEM

MOTIEPEYHON CHITBI HA3bIBAIOT CPE30OM.
3aK0H MAPHOCTH KacaTeJbHBIX HaNpsuKeHWil. HanpsokeHusl B HaKJIOHHBIX CEUYCHUSX IMPH

pacTshkeHuH. [ TaBHbIC HANPSHKCHUS.

Haiinem kacaTtenbHbIC HANpSOKCHHS, JICHCTBYIONIUE HA JBYX B3aMMHO MEPIEHIUKYISIPHBIX
TIJTOIIAIKAX (puc.
4.5):

T, =gSine . o0 = 2Sin (2rx+lH(]G):—95i|12rx .
2 o+ 2 2

NN

a + ';}”;;:‘\:

Puc. 4.5. KacatenbHble HANPSIZKeHUs HA B3AaHMHO NePHEeHINKYIAPHBIX CeYCHUAX
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3aKkOH MapHOCTHU KacaTEJbHBIX HAIPSDKEHUH TIJIACUT: HA B3aMMHO NEPIEHIUKYISPHBIX
IJIOLIa/IKaX KacaTelbHbIE HAIPSDKEHUS PAaBHBI 110 BEIMUMHE U IPOTUBOINOJIOKHBI 110 HAIPaBIEHUIO.
Ero wacto uHCHoOJIb3yIOT B CONPOTUBIEHUM MATE€PUAJIOB IPU MCCIEAOBAHUM HAIPSHKEHHOTO
COCTOSIHUS B OKPECTHOCTSIX HEKOTOPOH TOUKH Tea.

IlonsiTHE O IrIIABHBIX HATIPSZKEHUSIX

[ToapoOHO 0 ITaBHBIX HANPSKEHUSIX U UX ONpENeIeHnH peub noiaer B 1. 9 u 20. 3nech xe
nmoka ©0e3 BbIBOJA IMPHUBEIEM HECKOJIbKO HEOOXOIMMBIX [UId JaJlbHEHMIIEro HW3JI0KEeHUs
MOJIOKEHUU. [ 1a6HOl HA3bIBACTCA IUIOLIAAKA, TJ€ OTCYTCTBYIOT KacaTelIbHbIC HaIlpsSKEHUS.
HopmanpeHble HampspkeHUS Ha TJIABHOM IJIOIAJIKE HA3bIBAIOTCS 2A6HbIMU HanpsjxceHusmu. B
OKPECTHOCTSIX JHOOOW TOYKM MOXHO IPOBECTH TPU B3aWMHO TEPHEHAMKYISPHBIX TJIaBHBIX
TJIOLIA/IKH, Ha KOTOPBIX IEHCTBYIOT COOTBETCTBEHHO TPU TTIaBHBIX HAPSKEHHS.

Teopusi npounoctu Mopa (1siTast rUNIOTE3a MPOYHOCTH).

Teopus npounoct Mopa no3BoJII€T y4eCTh pa3INuHOE CONPOTUBICHUE MAaTEPHUAJIOB
PaCTSKEHUIO U CKATHIO.
Hanpumep, 6€ToH, KOTOPBI UMEET BBICOKYIO POYHOCTh Ha CXKATHE, HO COBEPLIEHHO HE MOKET
pabortarth Ha pactspkenue. [pu [op] = [oc] Teopust mpourocTn Mopa coBMaaeT ¢ TPEThe TeopHe
MIPOYHOCTH.

CmsaTue

JIOBOJIBHO 4acTO OJHOBPEMEHHO CO CABUIOM IPOMCXOIUT CMATHE OOKOBOW MOBEPXHOCTH B
MECTE€ KOHTaKTa B pe3yjbTare Mepeadu Harpy3Kd OT OJTHOM MOBEPXHOCTH K Npyrou. [Ipu stom Ha
MIOBEPXHOCTH BO3HUKAIOT C)KMMAIOLINE HANPSDKEHUS, HA3bIBAEMBbIE HANPANCEHUAMU CMAMUSL, Ocy.

Pacuer Taxxe HOCUT yCIOBHBIM Xapakrtep. JlomyieHus nogo0Hb! NPUHSITEIM IIPU pacyeTe Ha
CIIBUT', OJIHAKO IPH pacyeTe OOKOBOM LIMIMHIPUYECKON MOBEPXHOCTH HANPSKEHUS IO IOBEPXHOCTH
pacripeielieHbl He pasHOMEPHO, IOITOMY pacueT IIPOBOJAT Ui HauboJjee HarpyKeHHON TOUKU (Ha
puc.97,a). [Ins 3toro BMecto OOKOBOM MOBEPXHOCTH LMJIMHAPA B pacyeTe HMCIOJb3YIOT MIOCKYIO
IIOBEPXHOCTh, IPOXOAALLYI0 Yepe3 nuamerp. Ha pucynke 97 nokasana npumepHas cxema rnepeiadu
TIABJICHUSI HAa CTEP)KEHb 3aKJICTIKHU.

Taxum 06pa3oM, ycioBUe NPOYHOCTH IIPU CMATUU MOXHO BBIPA3UTh COOTHOLIEHUEM

Acv = do,rned-mramerp OKpY)KHOCTH CEUCHHUS; 0-HAMMEHBIIIasi BBICOTA COSANHIEMBIX TUIACTHH;

o “—f‘——<[a k;
CM_API"‘H. cM J1

Acm- pacueTHas TUIOIAAb CMSTHS;
nomnyckaemoe Hanpspkerne cmsatus: [ocm] = (0,35 + 0,4)or
F-cunaB3aumoieficTBUS MEX Ty JeTalIsIMU.
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al

Pucynox 97.

Pacyer mNoHOYHBIX COEAMHEHUHN Ha MPOYHOCTH OCYIIECTBISIOT OOBIYHO KaK MPOBEPOUHBIH

[Ipu3maTnyeckue MIOHKKA PAaCCYUTHIBAIOT HA CMATHE M Ha cpe3. s ynpoleHus pacyeToB
MIPUHUAMAIOT IIJI€Y0 CWJI, JACMCTBYIOIIMX Ha IIMNOHKY OTHOCHUTEIBHO OCEBOW JIMHUM Baja, PaBHBIM
paauycy Bana.

COOTBETCTBEHHO MPOBEPOYHBIN pacyeT MpU3MATHUYECKON IIMOHKH MPOU3BOAAT IO
CIIeyIOIUM (hopMyliaM Ha CMSITUE U CPE3.

Ha cmsatue

2T <
Usm_dlpK N Jsm

Ha cpe3

o
Tc_—dlpb N7,

I'ne T — kpyTamuii MoMeHT; d — 1uaMeTp Bana;
K — cnpaBouHbIil pazMep i1 pacueTa Ha CMSTHUE;

PacyeT Ha IPOYHOCTH Pe3b00BOI0 COEIMHEHUSI OOBIYHO NMPOU3BOAAT MO OJTHOMY KPUTEPHUIO
—MPOYHOCTH Hape3aHHOH YacTH. [Ipy 3TOM BHYTpEeHHHI TuaMeTp pe3bObl IPUHUMAIOT PAaBHBIM
d: =d-0.94p (10.8)
rae d - HapyKHbII (HOMUHAJIBHBII) THaMETP PE3bOB.
Tab6amna 1- ITapamerpsl pe3b0bl

Pe3n0a Pe3r0a
C  KpPYIHBIM c MEJKUM
raroMm 1aroM

HomunansHbI
JauaMeTp pe3nosr, d



https://metiz-bearing.ru/shponka.html
https://metiz-bearing.ru/val.html
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CpCIH. urar CpEaH.
I PEIRIEL p nrametp d2 pe3bObI p nrametp d2
15 9,02 1,25 9,18
1,75 10,86 1,25 11,18
14,7 1,5 15,02
2,5 18,37 15 19,02
22,05 22,7

Onpenenus no popmyiie (7) u (8) BHYTpeHHUN U CpeTHUIN TuaMeTp pe3bObl, 1o Taldnuie
10.1 Haxomum pasMep pe3pObl Oosita u ee mar. Hampumep, BBIYMCICHHOMY CpeIHEMY
auamerpy 6onra d; = 14,7 MM COOTBETCTBYET OOJIT C HOMHUHAIBHBIM THAMETPOM pe3bObl 16

MM M KpYIHBIM I1arom 2 Mm 1.e. M16 x 2.

CymectByet 6 cirydaeB pacdera pe3b0OBBIX COSANHEHHIA, pACCMOTPUM TIEPBEIC 1Ba U3

HHX.

Boar Harpy:keH TOJbKO BHelIHell pacTAruBamoieil CcHiI0i (TPYy30BOH KpIOK
MOJBEMHOTO KpaHa). ['aifka CcBOOOJHO HaBHMHYMBACTCS HaA CTEpPKEHb U (PUKCHUpyeTcs

mmHTOM (pucyHok 10.7).

Pucynox 10.7 — I'py30Boii Kprok

Buyrpennunii auametp di pe3sObl  00jTa, OMPENENACTCS M3 YCIOBHS MPOYHOCTH

Ha PaCTHAKECHUE

rac F- pacTdaruBaromiad cujiia,
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c.i=06
p OT JOIYCKaeMO€ HaNpsHKEHUE,

or - IpelieN TeKydecTH (110 TabuIe).
I[To 3nauenuto 01 U3 TaONUIIBI BEIOUPAIOT IIar U pe3b0y.
Bouar 3aranyr cuioi Fo, BHEWIHsAS Harpy3ka OTCYTCTBYET — OOJTBI AJIsl KpeIUICHUS
KpBIILIEK KOPITYyCOB MEXaHHW3Ma. 371eCh OOJIT UCHBITHIBACT PacTsKeHue M KpydeHue. OTu
CHUJIBI 3aMEHSIOT OAHOU Fpacy

Fpae=1,3F0, (10.11)

G' L Pty

rjae
or — TpeeN TeKy4yecTl MaTtepuaia 60mTa,

[
ES?E — ko3 durmenT 3anaca npoyHOCTH (10 TAOIUIIE).
B mHauame pacuera OPHEHTHPOBOYHO 3aJalOT IHAMETP PE3bObl M IO TaOIUIle

3
MPUHUMAIOT 53?3 . Ecnum mocne pacuera mosiydaeTcsi IuaMeTp, KOTOPHIM HE JEXKHUT B

HPHMHATOM MHTEpBaje, 3aJal0TCs APYTUM JHAMETPOM M PAacyeT MOBTOPSIOT. JIJIsl rpy30BbIX
COEMHEHUH JuaMeTp 00JITa MPUHUMAIOT PABHBIM HE MEHEE 8 MM.

OCHOBHBIMH BUJAaMHW HArpy3kKu 3aKJIICTIOYHOI'O COCAUMHCHUS SABJISAOTCSA CHUJIbBI F, 1 MOMCHTBI T,
,Z[GﬁCTBYIOI.HI/IC B IINIOCKOCTHU CTBIKaA. HpI/I OTOM YaCTh HArpy3ku IE€pcaaroT CUJIbl TPECHUSA Ha CTBIKE.
Teno 3akienKku MOABEPKEHO JASHCTBUMIO HANpsHKHME cpesa, cmaTHs W usruba. Ilpu pacuere
COCAMHEHUA YCIIOBHO IIOJIAararoT, YTO TPEHHUE Ha CTBIKE OTCYTCTBYCT (eFO YUUTBIBAIOT IIpU BBIGOpe
JIOMYCKaeMbIX HATIPSKEHUH).

B pacyeTe 3aKJICIIOYHBIX COC,HI/IHCHI/Iﬁ HeTaHeﬁ MallnH 0611161“0 HaszHa4YCHUA I10JararoT, 4To
LOCHTpaJibHaA CHJIa pacClIipEaCiCHA MEXKAY 3aKJICIIKaMH PABHOMCEPHO, 4 MOMCHT — IPOIIOPHUOHAJIBHO
PACCTOAHUIO OT 3aKJICIIKKW JO0 LHEHTPa MaccC CEUEHNHN 3aKJICIIOK (aHaJIOFI/I‘{HO pacupeaciIiCHUIO
Harpy3ku B I'pyIlmoBOM pGSB6OBOM CoeﬂHHeHHﬁ, Harpy>x€HHOM B IINIOCKOCTH CTLIKa). CyMMapHyIO
cuny Fyimax JeiicTByIOIIYyI0 HAa HauboJIee HArPYKEHHYIO 3aKIENKY (OHY U3 Haubosee yAaleHHbIX
OT HOCHTpa MaCC) OonpeaAcisIl0oT recoMCTpUICCKUM ClI Ycnosue MMPOYHOCTHU 3aKJICIIKU II0 CpEe3y
BBITJISUT CIEAYIOLIUM 00pa3oM:

Tcp = Fyimax / (1 d? 1 4),

1€ Fy imax— CyMMapHas cuna, d — 1uaMeTp 3aKIIenKH.

YcnoBue IMPOYHOCTH I10 CMATHUIO:

OoCM = FZlmax / d dmin < [G]CM,

1€ Smin — TOJMIMHA GOJIEE TOHKOM M3 COENMHIEMBIX AETajleH, [G]cm — MpPeIen MPOYHOCTH
MaTepuajia Ha CMATHE, OcMm — HAIIPAKCHUSA CMATHL.

Ecmn HeO6XOHI/IMO, MPOBEPAIOT NPOYHOCTL COCAUHACMBIX [[CTEUICI‘/’I C yU€TOM OCHa6ﬂeHI/IH nux
OTBCPCTHUAMMU I10J 3aKJICIIKH. YcnoBue MMPOYHOCTU COCAUHSACMBIX ﬂeTaHeﬁ Ha pacCTsKCHUC:

op=F/(b-2d)d1<[o]rocH,
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rae b - mmpuHa coeaMHSAEMON NeTau, [Gp.ocH - MPeAes MPOYHOCTU HA PACTSHKEHHE, Op -

PaACTATUBAIOIIKUEC HAITPAKCHHUA B COCAUHCHUU.

I[JI?I 9TOI'0 K€ COCAMHCHUA YCIOBUC MMPCAOTBPALLICHHA ITPOPC3aHUA ACTAIN 3aAKIICTIKAMU:

tcp =F /4 8 P <[t]cpr.ocu = [T]cp,

riae P - paccrosHue Mexay 3akienkamu, O - TOJIIMHA COSAMHSIEMOW AeTaiu, [T]cp.ocH -
npeena TPOYHOCTH Ha Cpe3 MaTepuaa I€Talld, Tcp - HAPSHKEHUS Cpe3a.
4 UnmocTpaTuBHbIA Matepuas: JIjisi mpoBeNEeHUS 3aHATHS HUCIOJIB3YETCS CIEAYIOIIee
MaTepuaIbHO- TEXHUYECKOE oOecreueHue: HOyTOyK, MyJIbTUMEUMHBIA TPOSKTOP, IKPaH.

S5.JIutepaTtypa

OcHoBHas nuTeparypa:

1. Apanos, b. P. Teopusuibik jkoHe HHXXEHEPIIK MeXaHuKa Herizaepi [MariH] :
okynbIK / b. P. Apamnos. - Kaparanasl : Medet Group, 2020. - 232 6Ger. c.

2. Memepckuii, U1.B. 3agaun mo teopeTrueckoil mexanuke: yued. mocodbue / U. B.
Memepckuii ; mox pen. B. A. Tlanemosa. - 51-e uzn., ctep ; 2012

JomonHuTenpHas IuTepaTypa:

1. MapnonoB, b. M. PacueTHO-pOeKTHPOBOUHBIE PAOOTHI MO COMPOTHUBIICHUE
Marepuaios : coopHuk / b. M. Mapaonos, M. 3. Dpramos, M. E. baiimupos. . - Anmars :
2Bepo, 2014. - 256 ¢

2. Xub6enep, P. U. Cratuka MeH maTepuangap MexaHukacbl : T.1 : okyasik / P.Y.
Xub6enep ; Kas.rin.aya. E.b./laycentos, C.)KynicOekoB. - 4-6aceuibiM. - Anmmatsl : JKILIC
PIIBK "[oayip", 2017. - 436 6. ¢

DIIEKTPOHHBIE PECYPCHI:

1. TeopusIbIK KOHE KOJIaHOAIbI MEXaHHKa [ DIIEKTPOHHBIN pecypc] : OKYJIBIK /
A. Tycinos, K. Tycinos. - OnektpoH. TekcToBbie AaH. ( 118MO). - Anmarsr : [6. u.], 2015. -
a11. onT. guck (CD-ROM). - 00. Tr

2. TeopusibIK JKoHE KOJIIaHOAIbl MEXaHHKa [ DJIEKTPOHHBIN pecypc] : OKYIBIK /
A. Tycinos, K. Tycinos. - OnektpoH. TekctoBbie AaH. ( 118MO0). - Anmarsr : [6. u.], 2015. -
a1 ont. guck (CD-ROM).https://aknurpress.kz/login

3. Konnan6aner mexanuka. YtebaeB M.H., Aiicaes C.VY., Cyiieyoa H.b. , 180
oet 2019. https://www.aknurpress.kz/reader/web/2121
4, Teopusiblk  koHe KosmanOansl MexaHuka: S5B072000-"beliopranukalibik

3aTTaplblH  XUMUSUIBIK TEXHOJIOTHACH" MaMaHIBIFBIHBIH OaKajaBpHaT CTyACHTTEpiHE
apHaJIFaH KypCTBIK JKYMBICTap/bl OpbIHIayFa omicreMenik Hyckay. - Opan: JKoHrip xan
ateiaarel BKATY, 2015. - 566.http://rmebrk.kz/

Mexanuka: xanmnsl ¢pusukaibk npaktukym / C. W. Ucataes, ©. C. Ackaposa, C. O.

benerenona ; pen. K. Cobut; on-®apabu atein. Kaz¥V. - Tyszer., ToabIKT. 2-0ac. - AnmaTtsl : Kazak
yH-Ti, 2015. - 217, [1] 6 http://elib.kaznu.kz

6.KoHTpO/IbHBIE BONIPOCHI

1. Kakune BHyTpeHHUE CUIIOBbIE (DAKTOPBI BOZHUKAIOT MPU CIIBUTE U CMSITUU?
2. CohopmynupyiitTe 3aKOH MapHOCTH KacaTeIbHBIX HANPSHKEHUI?

3. Kak o603Hauaetcst neopmanus npu cisure?

4. 3anumuTe 3aK0oH ['yka npu cisure?
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R Kakoii ¢pu3ugeckuii CMbICT Yy MOZIYJISL yIIPYTOCTH?
6. VYkaxuTe eIUHUIbl W3MEPEHHUS HANpsHKEHUM COBUIa U CMSTHS U MOAYIIS
ynpyroctu?
O Kak yudecTp KOJIMYECTBO AeTasiel, NCHOJIB30BAHHBIX IS IIEPEAAYN Harpy3Ku
IIpU pacyerax Ha CABUT U CMATHE?
8. 3anuIunTe yCIOBHs MPOYHOCTH HA CABMT U cMsTHE?
9. [Touemy mpu pacueTe Ha CMITHE IWIMHAPUYECKUX JleTaneld BMeCTo OOKOBOM
UMIMHAPUYECKON TOBEPXHOCTH MOJACTABIISIIOT INIOCKOCTh, IPOXOASILYIO Yepe3 AuameTp?
10. Uewm oTnmyaeTcs pacyer Ha NPOYHOCTH P CIBUTE OJHOCPE3HOM 3aKJIETIKU OT
JBYXCPE3HOM?

Jlexmsa Ne 13

1.Tema: Kpyuenue. PacueTsl Ha MPOYHOCTh M KECTKOCTh IpH KpydeHuu. [loTeHrumanbHas
sHeprus AeopManuu Mpu KPyueHUH.

2. Heanb: OCBOWTH TEOPETUUECCKUN MaTEpHa IS PEIICHHUS MTPAKTUYESCKHX 3a/1aY.

3. Te3uchl JeKIUM:

Ilnan Jgexknumn:

1.IlonsiTHE O KpYYEHHH KPYIJIOTO IWIHHApA. [leTanu MamuH, padoTaromue Ha nedopmanuio
KpY4YEHHS.

2. Kpyrsamuit MOMEHT U Aedopmariusi. DMopa KPYTAIIUX MOMEHTOB. YTOJ 3aKpyYHBaHUS TPU
KpyueHuu. [ 1aBHbIe HANPSHXKEHUS IPU KPYUEHUH KpyTioro Opyca.

3.YcnoBue MNPOYHOCTU IMpPU KPYYEHUU. YCIOBUE IMKECTKOCTH IpU KpydeHuu. Pacuer
UMAJMHIPUYECKIX BUHTOBBIX MPYKHH.

KpyueHuem HasbiBaeTcs Takod BuJI AedopMaluy, MOM KOTOPOM B JIFOOOM IOIEPEUYHOM
CeueHHH Opyca BO3HMKAET TOJBKOKPYT Il UH MOME HT.

Tak kak Ha KpydyeHue paboTaroT BaJibl, 0OBIYHO MMEIOLINE KPYIJI0€ UM KOJIBLEBOE CEUCHNUE,
TO PaCCMOTPHUM Kpy4YEHHE KPYIJIOro HMIIMHIPA, NOJBEprHEM Opyc AepopManun KpydeHHs.

1) ock nMIMHAPa, Ha3bIBaeMasi OCbO KPYUEHMsI, OCTAaHETCs MPSIMOJIMHEHHOM;

W3 3TOro MOXKHO 3aKJIFOUUTh, YTO MPH KPYYEHUH KPYIJIOro LHMIMHApA CIpaBeAInBa THIOTE3a
IUIOCKUX CEYEHUH, a TAKXKe NMPEAIOJIOKHUTD, YTO PAANYChI OKPY)KHOCTEH OcTaroTes npu Aedopmaruu
MPSIMBIMH.

W3 cka3aHHOTO BBILIE CIEAYET, YTO Jeopmanns KpydeHUs KpyIJIoro LUJIMHIpPA COCTOUT B
IIOBOPOTE MOINEPEUHBIX CEYEHUH OTHOCHUTEIBHO JPYT Apyra BOKPYr OCH KPY4YEHMsI, IPUUYEM YIJIbI
IIOBOPOTA UX MPSAMO NMPONOPLUOHAIBHBI PACCTOSHUSAM OT 3aKPETNIEHHOTO CEYECHMUS.

Ha sToM ocHOBaHMH 3aKiI0YaeM, 4TO MPU KPYYCHUH TaKke BO3HHMKAeT aedopMalius CABHra,
HO HE 3a CYET IIOCTYNATENbHOTO, & B PE3YJIbTaTe BPALIATEIILHOTO JBWKEHHUS OJHOIO NOIEPEYHOTO
CEUEHUSI OTHOCUTEIIBHO JIPYTroro.

CnenoBarenbHO, NPU KPYYEHUU B TONEPEYHBIX CEYEHHUSIX BO3HUKAIOT TOJIBKO KacaTEJIbHbBIE
BHYTPEHHHUE CUJIbI, 00pa3yIoNue KPyTALUINi MOMEHT.

Jdedopmanun npu Kpy4eHnu

Kpyuenne kpyrioro 6pyca mpOUCXOJUT MPHU HATPY>KEHUH €ro mapamMu CHJI ¢ MOMEHTaMHU B

IUIOCKOCTSX, IEPHEHIUKYISIPHBIX MPOJI0JIbHOM ocu. [Ipu aToM 06pa3yrolue 6pyca HCKpUBIISIOTCS U
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pa3BoOpauMBalOTCd Ha YroJ Y, Ha3blBa€MbIM yerom coeuea (Yroa moBOpoTa o0O0pas3yrouieil).
ITonepeunsle cedeHUs] Pa3BOPAUYMBAIOTCA Ha Yroil (,Ha3bIBAGMBI yenom 3akpyuueanus (yrodi
noBopora ceueHus, puc.13.1).

JlnuHa Opyca ¥ pa3Mepbl MOTIEPEYHOTO CEUYEHUS MPH KPYYCHUN HE M3MEHSIOTCSI.

_m_ M,
Ha.npaancukl A
B3NAJA
o
ﬁ
aj 6) &)

Pucynox 13.1

CBs13b MeX 1y YTJIOBBIMU JeopMaIUusiMU OTIPEAETSETCS] COOTHOIIIEHUEM

I-nna Gpyca; R- paanyc ceueHwus..
JlnuHa Opyca 3HAYUTENBHO OOJIBIIE pauyca CEUYeHUs, CICIOBATEIbHO, @ » V.
VYrioBbie eopMalui PU KPYYSCHHH PACCUUTHIBAIOTCS B PaJIHaHAX.

I'mnore3bl Npu Kpy4YeHUH
1. BoimonHsieTcss TUIMOTE3a MIOCKHX CEYCHUM: MOMepeyHoe cedeHue Opyca,
IJIOCKOE M MEPHEHAUKYIIPHOE MPOJI0JILHOM OCH, Tociie AeopMaluu OCTaeTcs MIOCKUM U
MEepIEHIUKYIISIPHBIM [IPOI0JIbHOM OCH;

2. Paguyc, mpoBeneHHBI W3 ILEHTpa MOMEPEYHOro ceueHus Opyca, mocie
nedopmanuu octaeTcs NpsAMON JIMHUEH (He HCKPUBIIAETCS);
3. PaccrosiHue Mexay HONEpEeYHbIMM CEYCHHMsMM Tocie jaedopMaluu He

Mmensiercs. Och Opyca He HCKPUBIIAETCS, TUaMETPhI MONIEPEUHBIX CEYCHUN HE MEHSIOTCS
BHyTpeHHue cuiioBble (PAKTOPLI IPH KPYYeHHUHU
Kpyuenuem Ha3bIBaeTCs HarpyXeHue, Ipyu KOTOPOM B NONIEPEUHOM CEYEHUHU Opyca BO3HUKAET
TOJIBKO OJINH BHYTPEHHMH CHUIIOBOM (haKTOp - KPYTALIMIA MOMEHT.
BremHnmMu Harpy3skaMu Takke sIBJIIOTCS JB€ IIPOTUBOIIOJIONKHO HAIPABJICHHbIE ITAPhI CUJL.
NMIOpPbI KPYTAILIMX MOMEHTOB
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Kpyrsimmre MOMEHTBI MOTYT MEHSThCA BAOJb ocu Opyca. Ilocne ompenencHust BeIWYUH
MOMEHTOB I10 CEYEHUSM CTPOUM IpauK-3II0py KPYTALUIMX MOMEHTOB BJOJIb OCH Opyca.
Kpymawuit momenm cuumaem nonoxcumenvHviM, €Clli MOMEHMbl GHEUIHUX RAp Cujl
HAIIPaBJICHbI 1O YACO0B0Il CMpeiKe, B 3TOM CIydae MOMEHT BHYTPEHHHUX CHUJI YIPYrOCTH HalpaBlieH
MPOTUB YacoBOU cTpeiku (puc.13.2).
[opsnok MOCTPOCHHS AMIOPHI MOMEHTOB aHAJIOTHYEH TIOCT-POCHUIO SITIOP MPOIOIBHBIX CHIL.
Ocp >rropel apaiensHa ocu Opyca, 3HaUSHHUsI MOMEH-TOB OTKJIaIbIBAIOT OT OCH BBEPX I BHU3,
Macmirad HOCTPOEHHUS
BBLIEPKUBATh 00s13aTEIIBHO.

Pucynox 13.2

YcnoBue TPOYHOCTH TIPU KPYYEHUH. YCJIOBUE JKECTKOCTH MpH KpydeHuu.  Pacuer
UMIMHAPUYECKUX BUHTOBBIX MPYXKUH.

W3 dopmynbl ans omnpenesieHUss HaNpsHKEHUN U OMHIOPBL  paclpeieieHusl KacaTelbHbIX
HaMpPsDKEHUH TPU KPYYEHUH BUIHO, YTO MaKCUMallbHbIE HAMPSHKEHUSI BOSHUKAIOT HAa MOBEPXHOCTH.

OmnpeneumM MakCHMAalIbHOE HAMpPSDKCHUE, YUUTHIBAs, YTOPmax= = 0/2, Toe d- quamerp Opyca
KPYIJIOTO CEYCHHUSL.

Jj1s Kpyrioro cedeHusl MOJSIPHBIN MOMEHT MHEPIIMU PacCUUThIBAETCS 10 hopMyie

7 md?
P 392
MaKCI/IMaJ'ILHOC HaHp}DKCHI/Ie BO3HHUKACT Ha HOBerHOCTI/I, HOSTOMy HMCCM
max _ Mid/2
Tx = —_J .
P

OO6bI4HO Jp/Pmax 0003HaUAIOT WpH HA3BIBAIOT MOMEHTOM COTIPOTHBJICHHS IIPH KPYUCHUH, UITH
MOJISIPHBIM MOMEHTOM COIPOTUBJIEHUS CEUEHUS

Tp

Pmax
Takum oOpazom, I pacyeTa MAKCMMAJILHOTO HANMPSKEHUS] HA MOBEPXHOCTHKPYTIIOrO
Opyca noiydaem Gpopmyiry

Wp=
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Tmax ) M, K
x L]
Wp
4 3
rd*2 nd
Ilna xpyraoro cevenns Wy, = = ;o W= 0,2d3,
32d 16
‘J‘l’d3 4 dnu
Ins xoneueroro ceuenus W, = Té—(l —c‘),rnec= -

Yca06u€e NPOUROCTNU NPU KPYNEHUU
Paspyurenue Gpyca npy KpyyeHRUM IIPOKCXORUT C ITOBEPXHOCTH, MIPH
pacueTe Ha POYHOCTH MCMONL3YIOT YCIOBUE IPOYHOCTH

M
T,r‘n BX = WK' < [TK]v
P
rje [t«] - JonmyckaeMoe HalpsHKEHHE KPYUeHHs.
Buabl pacyeToB HA MPOYHOCTH
CyuiecTByeT TpY BHIa pACUETOB Ha TPOYHOCTD:

1. Ilpoexkmupoeounwiii pacuem - omnpenernsieTcs aumameTp Opyca (Bana) B
ONACHOM ceueHul:

TA= < T,
“T 0,243 T rd
Otkyna
M
dz § ——.
0,2[7«]
2. Ilposepounviit pacuem - POBEPSACTCS BHITIOJIHEHUE YCIOBHSI IPOYHOCTH
M,
Tk = W, < [l
P
3. Onpedenenue nazpy3ounou  cnocoonocmu(MakKCUMAIBLHOTO — KPYTAIIETO
MOMEHTA)

[My] = [TK]WP'

Pacuer Ha KecTKOCTH
[Ipu pacuere Ha KECTKOCTh ompenenserca aedopmanus U CpaBHUBACTCS C JOMYCKAEMOW.

PaccMoTpuM nmedopmMaruio Kpyrioro opyca Haj ASWCTBHEM BHEIIHEH Mapbl CHJI ¢ MOMEHTOM M
(puc.13.3).
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wR
’Y N l A

3axoH ['yka umeer Bug = Gy.
[TosxcTaBuM BbIpaXeHUE ISy, TTOJTYIHM

=G cpd/2; UCTIONB3YEM Ty = M’
l Jp
OTKYIa,
ol Ml
Y=Gdr - CT
Pucynox 13.3

[Ipoussenenne GJpHA3BIBAIOT HCECMKOCNbIO CeUeHUs.

Monyns ynpyroctu MoxHO onpenenuTh kak G = 0,4F. Ilna cranu
G = 0,8 - 10° MIIa.
OOBIYHO PACCUYUTHIBACTCS YTOJI 3aKpyYUBAHHMS, MPUXOSAIIMNACI HA OJMH METP JJIMHBI Opyca (Basia)

Po-
VYcnoBue KeCTKOCTH IIpH KPYYCHUHU MOIKHO 3allMCaTb B BUJC

My
= =% < o),

T1IC (o~ OTHOCUTEIIBHBII YTOJI 3aKPYIUBAHUSL, (o-¢/]
[@o] =lrpan/m = 0,02pa/m - momyckaeMblit OTHOCUTEIBHBIN YroJl 3aKpYUYHUBAHUS.

[{unuHapuyeckue  BUHTOBBIE  TNPYXKHMHBI  SBISIOTCS ~ paclpoCTPaHEHHBIMU
KOHCTPYKTUBHBIMHU 3JIEMEHTaMH COBPEMEHHBIX MEXaHU3MOB U MailuH. [Ipu npoextupoBanun
IPYXUH MPOBOJAATCS PACUETHI HA IPOYHOCTD U KECTKOCTD.

PaccMoTpuM pacueTsl TONBKO IMJIMHAPUYECKUX BUHTOBBIX NMPY)KUH PACTSKEHUS WIH
C)KaTHs, U3TOTOBJICHHBIX U3 MIPOBOJIOKH KPYIJIOTO MONEPEYHOIO CEYEHHUS.

[IpyxuHa  XapakTepu3yercsi  CIEYIOIIMMHM  TeOMETPUYECKHMHU  IapaMeTpaMu
(Puc.13.4,a): nuamerp BuTka D; amamerp cedeHUs TNPOBOJOKU 0, M3 KOTOpO#l HaBHTa
MPY)KHMHA; YUCJIO PA0OUYMX BUTKOB N (KOHIEBBIE BUTKH, CIY)KAIIUE JUIS KPEIUICHUS IPY>KUHBI
K CMEXHBIM JIeTaJIsIM, HE YUUTBIBAIOTCS ); IIIar BUTKA MIPY>KUHBI h.
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OrpaHnynMcst pacCMOTPEHHEM BUHTOBOW TNPY)KMHBI C MaJbIM IIaroM BUTKOB h 1O
CPaBHEHHUIO C auaMeTpoM npykuHsl D. IIpu 3TOM ycIOBHM HAKIIOHOM BHTKOB MOHO
npeHedpedb U CYUTATh, YTO JH000E MOMEPEYHOE CEUYCHHE MPOBOJIOKU NapaIeNbHO cuiaM P,
PaCTATMBAIOILIMM MPYKHUHY.

a) 6)
Pucynoxk 13.4
Jlis omnpeneneHuss BHYTPEHHUX CHIIOBBIX (DaKTOPOB, BO3HHMKAIOIIMX B CEYCHHUH

MPYXUHBI, paccedyeM OJUH M3 BUTKOB IJIOCKOCTBIO, MPOXOJSIICH uepe3 OCh MPYKHUHbI, U
pPaccCMOTPHUM PaBHOBECHE OJIHOM M3 OTCEUCHHBIX yacTel, Harpumep, BepxHeit (Puc. 2.18, 0).
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Pucynoxk 13.5

Y4uuTeiBas, 9TO yroJl HaKJIOHA BUTKA TIPYXHUHBI MaJI, MOKHO TIPEHEOpEYh HATMYHUEM B
CEYCHHUH TMPOJOJIBHON CHJIBI M W3rM0Aroniero MOMEHTa, TOT/a M3 YCIOBUS PaBHOBECHS
HalIeM, 4TO B CEYCHUH JOJDKHBI BOZHUKATh MomepevHas cuia Q v KpyTamuil MOMEHT Mk,
paBHBIE:

Q=P;Mx=PD/2.

O6a 3T cuoBBIX (haKTOPa BHI3BIBAIOT TOJIBKO KacaTeabHbIe HAIIPSHKEHUSI.
[Ipeanonarass paBHOMEpHOE pacrnpesesieHne HanpsikeHud ot cuibl Q (puc.2.19, a)
MOJIYYUM IS 000U TOYKU CEUECHHUS:

(@) = 7

o
rae # - [UIOMmAL CEYCHUS TIPOBOJIOKH.

OT KpyTAIIEro MOMEHTAa HAIPSHKEHUs PACIpeesIeHbl BAOJL pajuyca CEUeHHUs II0

JIMHEWHOMY 3aKOHY, MaKCUMAaJIbHbIC M3 KOTOPBIX JOCTUTAIOTCS HAa TIOBEPXHOCTH CEUYCHHS U

PaBHBIL:
Mg

T (MK) = Wp
3
CCUCHUA.
Takum O6pa30M, B HamOoOJIee OIMACHOM COCTOSHHUHU HaxXoIuTCs TOYKaA, paCIIOJIOKCHHAA

Ha BHYTpCHHeﬁ CTOPOHEC CCUCHUA, I'IC PACCMOTPCHHLIC BBIIIC HAIIPSXKCHUA COBIIAAAIOT I1O
HaIIpaBJICHHUIO U CYMMUPYROTCH:

W, _ md

3
3]1eCh = / 16 - mOMApHBIA MOMEHT CONPOTHBICHHUS

4 UnarocTpaTuBHBI MaTepuan: Jlns npoBeneHMs 3aHATHS MCIOJIB3YETCs CleAylollee
MaTepHalIbHO- TEXHUUYECKOe 00ecTieueHrne: HOyToyK, MyIbTUMEUUHBIN TPOEKTOP, IKPaH.
S.JIutepaTtypa
OcHoBHas JuTepaTypa:
1. Apanos, b. P. TeopusuibIK ’KoHE UHKEHEPIIIK MeXaHuKa Herizaepi [MoTiH] :
okynbIK / Bb. P. Apanos. - Kaparanaer : Medet Group, 2020. - 232 6er. c.
2. Memepckuii, U.B. 3anaun no teopernueckoil MexaHuke: y4de0. mocobue / M. B.
Memmepckuii ; mon pen. B. A. INanemoBa. - 51-e u3z., crep ; 2012
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Jleknust Ne 14

1.Tema: M3ru6. Onopel 1 ux peaknuu. Bayrpenaue ycunus. [IpomonbpHBINA ¥ MTOTIEPEYHBIN
n3ru6. [loTeHuuansHas sueprust qeopMaliuii ¥ raBHbIe HANPSHKEHUS IPU U3ruoe.

2. Heab: OcBOUTH TEOPETUUYECKUI MaTepuall Ui PelIeHUs] MPaKTHUECKUX 3a/1a4.

3. Te3ucel Jekuuu:

IlnaH Jexknuun:

1.ITonsitTne o yuctom m3rube mnpsimoro Opyca. M3rubaromuii MOMEHT W TOMEpEYHas CHila.
Huddepenuuanbaple 3aBUCUMOCTA MEXKIY MMOMNEPEYHON CHIOH U M3rHOAIONIMM MOMEHTOM.
2.IlocTpoeHue SMOp U3rHOAIIUX MOMEHTOB U MONEPEeYHBIX cuil. HopmanbHbie HANpsKEHUsS TPU
usruboe.

3.Pacuetsl Ha mpoyHOCTH MpH u3rube. KacartenpHble HampsbkeHus npu usrude. dopmyna
XKypasckoro.

4.Yupyras nuHUA Oalku. Y CIOBUE MIPOYHOCTH MPH U3ruode.

H32u60m Ha3pIBaeTCs TaKOW BUJ| HAIPYKEHMs, IPU KOTOPOM B MOIEPEYHOM CEYEHUU Opyca
BO3HUKAET BHYTPEHHUHN CUIIOBOM (aKTOp - uzeubarowyuti MOMeHm.




ONTUSTIK QAZAGSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTYCTiK KasakcTaH MeanuuvHa akapemusacol» AK AO «KOkHo-KasaxcTaHcKas MeEOUUUHCKAA aKaaemus»
Kadenpa nrxeHepHBIX TUCIUIIIHNH 76/11
2024-2025

1 ctp. u3 117

Bpye, paboTarouuit Hau3ruo,
Ha3bLIBAIOT OANIKOIL.
”i

NG el = N306pakeH  Opyc,  3aKpEIUICHHBIN
MITOCKOCTE =
A | cupaBa  (3aleMIIeHHUE), Harpy>KE€HHBIH

——A BHCIIHUMU CHUJIaMU U MOMeHTOM (puc.108).
pe ! [110CKOCTh, B KOTOPOM PacIioio->KEHbI
/ 1 BHCIIHHWE CHJIBI W MOMEHThI, HAa3bIBAKOT
7 cunosoul niockocmoto. ECIM Bce CHITBI IeKaT
/ Ry B OJHOM IJIOCKOCTH, M3rMO Ha3bIBAIOT/IOC-

x 4 X
o’ K napHLIe Kum.
N nRocKocTH Epyca Pucynox 108.
< @dﬁ

ITnockocTs, MPOXOAIIAS qepes

MPOJIOJIFHYIO OCh Opyca M OJHY W3 TJIAaBHBIX
[IEHTPAITBHBIX OCEH €ro TOMEPEYHOTO CEUCHNUsI, Ha3bIBACTCS 21AGHOU NIOCKOCMbIO OpyCa.
Ecmu cunosas mnockocTh COBMAACT C 21a6HOU TUIOCKOCTBIO Opyca, N3rH0 HA3bIBAIOT NPAMbLM
(puc.108).
Ecnmu cuitoBasi TNIOCKOCTh HE MPOXOAMT Yepe3 TIABHYIO TUIOCKOCTh Opyca, M3ru0 Ha3bIBAIOT
kocvim uzeubom (puc.109).

HpI/IHHTBIe 3HAaKU TMOIIECPEYHBIX CHUII U I/I3FI/I63}OI_HI/IX MOMCHTOB

[Tomepeunas cuiia B CEYCHUN CUUTACTCS HOIOHCUM EIbHOIL,E€CITA OHA CTPEMUTCS PA36EPHYNLb
ceuenue no uacoeoit
cmpenke(puc.110,a),ecn npomue-

\
F ompuyamenwvno (puc.110,0).
/‘\ /——\

lle 1|
® . ©

—h =N a) 6)

3naxu nonepeurslx cuin
L

Pucynox 110.

3Haky U3rudaroIuX MOMEHTOB

Ecnu pelicTByromiye Hay4acTKe BHEUIHMECHIIBI CTPEMSTCS M30THYTh OajlKy BBIIYKI0CHBIO
6HU3, TO W3rUOAOLIMI MOMEHT cuMTaeTcs nonoxcumensuvim(puc.1l11,a), ecaiu naobopom -
ompuyamenvuvim(puc.111,6).
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Pucynox 111.

[Ipu yncTom M3rnde B MOMEPEUYHOM CEUEHUN OANIKU BOSHUKAET TOJBKO M3THOAIONTUH MOMEHT,
MIOCTOSTHHBIN 110 BETUYHHE.

[Tpu monepeyHoM U3rnde B CEYEHUH BO3HUKAECT U3THOAIOIIMI MOMEHT | MOTIepeYHas CHiIa.

N3rubaromuii MOMEHT B TPOM3BOJIBHOM CEUEHUH OAJIKM YHCICHHO PaBeH ajre0pamdecKoit
CyMME MOMEHTOB BCEX BHENIHUX CHJI, TMPWIOKEHHBIX K OTCEYCHHOW YacTH, OTHOCHUTEIHHO
paccMaTpuBaeMoOro CEUCHMSL.

[Toniepevnas cuna B MPOM3BOJILHOM CEUEHUH OAJTKM YHCJICHHO paBHA alreOpandecko cyMMme
MPOEKIMI BCEX BHEIIHUX CUJI, JEHCTBYIOIIUX HA OTCEYEHHOM YaCTH Ha COOTBETCTBYIOILIYIO OCh.

Anddepennuanbubie 3aBUCUMOCTH MPH NMPSIMOM TONEPEYHOM H3rude

[TocTpoenue »miop MOMEPEUHBIX CHJI U U3THOAIOIIMX MOMEHTOB CYIIECTBEHHO YIPOIIAETCS
IpU  HKCIOJIb30BaHUU U (depeHIINaNbHBIX 3aBUCUMOCTEH MEXIy H3rM0alolUM MOMEHTOM,
MOTIEPEYHON CHJIONW M MHTEHCUBHOCTBIO PAaBHOMEPHO pacmpeeieHHON Harpy3ku (Teopema XKypas-
CKOTO):

[Tonepeynas cuna paBHa IPOM3BOJHON OT M3TMOAIOIIET0 MOMEHTA 110 IJIMHE OaJKH:

dM,
dz ~ Q-

HHTEeHCUBHOCTH PaBHOMEPHO pacIpeie]IeHHON HAarpy3Ku paBHa MIPOU3BOTHOM OT MOTIEPEYHOMN
CHWJIBI TIO JJTMHE OaJIKu:

dz T
W3 BrI11IC YKa3aHHOT'O CJICOYCT:
ecnu M, = const, To Q = 0; ecin @ = const; To ¢ = 0.

Hedopmanuu npu yncTom u3rude

[Ipu umcrom u3rube B CEYCHHH BO3HUKAET TOJHKO OJMH BHYTPEHHUI CHUJIOBOW (akTop -
U3ru0aroMii MOMEHT.

PaccmoTtpum nedopmanmio Opyca, HarpyKe€HHOTO BHEIIHEH Mapoil CHJI C MOMEHTOM M
(puc.114,a).

[Tpu yncToM U3rude BHIMOIHIIOTCS TUIOTE3bI INTOCKUX CEUYSHUI 1 HeHAJaBINBAEMOCTH CJIOEB.

Ceuennst Opyca, TUIOCKHE W TEPIEHIUKYISPHBIE MPOJIOJIBLHON OcH, mocie aedopManuu
OCTarOTCS INIOCKUMH U NEPIICHIUKYISIPHBIMU ITPOJIOJIBHON OCH.

[IpomonbHbIE BOJIOKHA HE JABAT APYr Ha ApPyra, MO3TOMY CIIOHW UCHBITBIBAKOT IIPOCTOE PACTS-
JKEHHE UM CHKaTHE.

JIelCTBYIOT TOJIBKO HOPMAJIbHBIE HAIIPSIKEHUS.
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[Tomepeunsie pa3Mepbl CEYEHUN HE MEHSIFOTCS.
[IpononbHas ocpk Opyca mocie aedopmanmu wu3ruda HCKPHUBISETCS W 00pasyer Iyry
OKpYKHOCTH paguyca p (puc.114,6). Marepuan noguunsercs 3akony ['yka.

9 y Pucynok 114,a.

Pucynox 114,6.

MoOXHO 3aMETHUTh, YTO CJIOM, PACIOJOKEHHBIE BBIIIE NPOJOJBHOHM  OCH, PACTAHYTHI,
pacmojyio’)KeHHbIe HIDKEe Oocu - cxkarbl (puc.114,0). Tak kak nedopmaiuu Mo BBICOTE CEYCHHS
MEHSIIOTCSI HEMIPEPBIBHO, UMEETCACIIOM, B KOTOPOM HOPMAaJIbHBIE HANPSHKEHUS G PABHBI HYJIO; TAKON
cioit HasbIBatoT Heumpanvhvim cioem (HC). JlokazaHo, HEHTpanbHBINA CIOM MPOXOAUT Yepe3 LEHTP
TSHDKECTHU CEUEHUS; p- PAINYC KPUBU3HBI HEUTPAJIBLHOTO CIOSL.

PaccmoTpuM nedopmaruio ciosi, pacrojioKeHHOTO Ha PACCTOSIHUU y OT HEHTpadbHOU OCH
(yuactox AB).

JlivHa ygacTka 10 Aeopmaiuu paBHa JIUHE HEUTPAIbHON OCH:

lo = pdg.

OTHOCHUTENBHOE YATUHEHNE

Al ydp _y

£=—;¢ )
. lp’ d
0 pay p
OTHOCI/ITCJ'ILHOG YIIMHCHUC TIPSAMO HPOIOPHUOHATIBHO PACCTOAHHUIO CJIOA OO HeI\/’ITpaJIBHOI\/’I
OCH.
o = Eke.
Hcnonezyem 3akoH I'yka Ipu pacTsoKeHUN: :
HOJ’Iy‘-II/IM 3aBUCUMOCTH HOPMAJIbHOTO HAIIPAKCHUS IIPU I/I3FI/I6C OT ITOJIOXKECHUSA CJIOS:
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Ey
Oy = —.
P
®opmyJia 1Jisl pacyeTa HOPMAJIbHBIX HaNPSKEHU I
npu usruoe
PaccmorpuM  m30THYTBIM  ydacTok — Opyca
dz(puc.115).
dN- snmemeHTapHas NpPOJOJbHAS CHIA B TOYKE dA
CCUCHMUA, dN
dA- moraae 3JeMEHTAPHOM TIIOIIAIKH; HC Y
dm- a3JeMeHTapHBIi MOMEHT, 00pa30BaH-HbIH N
CUJIOM OTHOCUTEITBHO HEUTPAIBHOTO CJIOS. My dA

Pucynok 115.

dN =o,dA; dm = ouydA.
CyMMapHBIil U3ruOaroNIuii MOMEHT CHJI YIIPYTOCTH B CEUECHUU

[Mocne psma mpeoOpa3oBaHuii TOTYUIUM (HOPMYITY JUIS OTIPEaeIICHIS] HOPMAaIbHBIX HATPSHKECHHM
B JIIOOOM CJI0€ MOTIEPEYHOT0 CeUeHUs Opyca:

Myy
Iz’
T
raelx- reoMeTpudeckas XapaKTepUCTUKA CEUEHUS TPU H3TH0e.
Dmropa pacrpeaesieHuss HOpMaibHbIX HANPsHKEHUH py u3rubde n3o0paxeHa Ha puc.116.
[lo »smrope pacmpenesieHUsT HOPMAIBHBIX HAMNPSHKCHUHA BHUJIHO, YTO MaKCHMaJbHOE
HaIpsHKCHUE BOSHUKAET Ha MMOBEPXHOCTH.

[ToxcTaBuM B OPMYIly HAIPSIKEHUS 3HAUCHUE
Y= Ymax

K=

Cu

AN HC

N

Pucynox 116.

My Ymax
Op = .
ITomyunm: Tz
I, J.
= We: Wy = —.
OtHoulerne Ymax HPUHATO 0003HAYATh Ymax

OTa BeNWYMHA HA3BIBACTCS MOMEHMOM CONPOMUGIEHUs. CEUESHUSNIPU U3rube, MU OCeBbIM
MOMEHTOM COIIPOTUBJICHUS.
PasmepHOCTH - MM°.

Wiyxapaktepuzyet BIusiHie (GOpMBI U pa3MepoB CEYEHUs Ha POYHOCTh NP U3THOE.




ONTUSTIK QAZAQSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTYCTiK KasakcTaH MeanuuvHa akapemusacol» AK AQO «KO»xHo-KasaxcTaHcKas MeauunHcKasa akaaemMmus»
Kadenpa nrxeHepHBIX TUCIUIIIHNH 76/11
2024-2025
1 ctp. u3 117

PanyonanbHbIe cCeUeHUs nmpu u3ruoe

OnpenenuM  palMOHaJbHbIE CEUEHUs MpuU U3rude, A 3TOTO CPaBHUM MOMEHTHI
CONPOTHUBIICHUS TPOCTEUIINX CEUECHUM.

OceBoit MOMEHT UHEPIIUH MPIMOYroiibHuKa (prc.117) paBen

bh3
Jx = F5-

Pucynoxk 117. 2l

OceBoil MOMEHT COIPOTUBIICHUS
MPSMOYT OJIbHUKA!
J:  bh?
x

We=172=%

CpaBHHMM COMPOTHBIICHUE U3rHOY ABYX MPSIMOYTOJIbHBIX ceueHuit (puc.118).

¥
F N
|$ z §§ M-

a)

Pucynox 118.

OceBoil MOMEHT MHEpPLIMU KPYT'a PaBeH:

T wdd
* 64
Ocepoif MOMEHT CONPOTHBIIEHNA KPyra
3
wd
W, =

32 °
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Pucynox 119.

Bce HeoOxoammbie pacueTHbIE NaHHBIE (TIJIOMIAH, MOMEHTHI WHEPUUHA W COMPOTHUBIICHUS)
CTaHIAPTHBIX CEYCHUN TMPUBOIATCA B Tabmumax cTaHAapToB.J[7nsi MarepuanoB, OJMHAKOBO
paboTarOIIMX HAa PACTSDKEHHE M CKaTHE, BHIOMPAIOT CEUYCHHS, CHMMETPHYHBIC OTHOCUTEIBHO OCH,
BOKPYT KOTOPO# COBEpIAeTCst U3THo0.

Pacuem na npounocme npu uzzuoe

Paccuntath Ha NPOYHOCTH - 3TO 3HAUYMUT OMNPEICNIUTH HAIMpPsHKEHHE M CPAaBHUTH €ro ¢
JOTTYCTUMBIM.

YcnoBue npoyHOCTH MpHU U3rHoe:

M.
U}Tax = WE g_ [Uu]s
H
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rnie [ou] — nomyckaeMoe HamlpspKeHHeE.
[Io o2roMy HEpaBeHCTBY HPOBOIAT  HNPOGEpOUHble  pacuembl  IIOCIE  OKOHYAHUS
KOHCTPYMPOBaHUs OaJIKH.
st 6anmok U3 XpYMKUX MaTepUaIoB PacueThl BEAYT MO PACTSIHYTOM M CKATON 30HE
oxmHOBpeMeHHo (puc.120.).

Y Op’ P
Nt » op = % < [op);
2
O, oo ']‘L% < [od].
Pucynok120.

[Ipu npoexmuposounom pacueme ONPeNeNsIrOT MOTPEOHBIE pa3MeEpPhl MOMEPEUHBIX CEUCHUI
0aNKy WM MOJAOUPAIOT MaTepual.

CxeMa HarpyKeHus ¥ ICUCTBYIOIIHUE Harpy3KH U3BECTHBI.

Ilo ycnoeuio npounocmu MONCHO Onpeoenums HAepy3ouHylo cnocobnocms banku [My] =
Wp[O'].

®opmyna KypaBcKoro rno3BojsieT ONPEENUTh KacaTelbHble HANpsHKEHUS Ipu  U3ruoe,
BO3HMKAIOIIME B TOYKAX IOMEPEYHOr0 CEUYEHUH OalKky, HaXOAALIUMEeCs Ha PACCTOSHUU
OT HEUTPAJILHOM OCH X.

Bripexxem wu3 Oamku TpsIMOYTOJIBHOTO TMOTEpedHoro ceuenus (puc. 7.10, a) saemeHT

JUTMHOM Az y JIOTIOJTHUTEIHHBIM IPOJOJIbHBIM CEUEHUEM pacceyeM Ha JBe yactu (puc. 14.1 0).
PaccmoTpuM paBHOBecHe BEepXHEH YacTH: M3-3a OTIUYMS U3rHOAIONIMX MOMEHTOB BOZHUKAIOT

Z=0
pasHble CKUMarolue HanpsokeHus. UToObl 3Ta 4acTh OATKK HAXOAMJIACh B PABHOBECHH ( Z )

B €€ IPOJOJHHOM CEYCHHUH JOJ/DKHA BO3HMKHYTH KacaTejdbHas cuia dT . YpaBHEHHE PaBHOBECHS
qacTu OaKu:

> z= [o.dF- [(c, +do,)dF +dT =0

Orcrona

a7 J. do . dF = }’ M, dM

WdF = —=57™
A N

X X

TAC UHTCTPUPOBAHUEC BEACTCA TOJILKO IIO OTCEUYEHHOH YacTH IIomaau MmonepeIHoOro CCUCHUs
Lol tn
S = [ wdF

F A\
Oanmku ~ @ms(Ha puc. 121, B 3amTpuxoBaHa), Fome — CTAaTUYECKUM MOMEHT HWHEPIMHU
OTCEUEHHOH (3alITPUXOBAHHON ) YAaCTH TIJIOMIA/IU MOTIEPEYHOTO CEUYEHHUSI OTHOCUTENBHO HEHTPaTbHOM
OCH X.



http://www.sopromato.ru/kosoy-izgib/naibolshie-kasatelnie-napryazheniya-kosoy-izgib
http://www.sopromato.ru/pryamoy-izgib/gipoteza-ploskih-secheniy-izgib
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a) b P
| |
+ z .- dr s
A
& o) B,=b "
oA oatdog / dF
N £ N+aN  Fomr
= % 7
A =
W = — — — — [ H_;-"‘JH_-: |_ 1;1 1 |
i Ey ﬂ'l £
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T
|
|
|
|
I
|
|
I
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Puc.121 KacarenbHble HaNpsHKEHUS IPH U3rHO€ OaIKy.

[
[MpenamnonioxuM: KacaTeJibHble HanpsikeHust ( *7), BO3HHUKAIOIIAE B MPOJOJIHHOM CCUCHUU

b,
OaJIki, paBHOMEPHO PACIIPE/ICIICHBI 0 €€ MUpUHE ( ~) B MECTE CCUCHHUS:

dl =t b dz
[MosygrM BBIpKEHHE JUISL KACATEIBHBIX HAIPSDKCHHIA:
1 S
2\ dM_ S
dz 1b,
dM_ jdz=Q, T =T_ 7.
; ¥, a ¥ T, Torma popMysa  KacaTeJbHBIX  HampsokeHui (),

BOZHHUKAIOMIMX B TOYKaxX IOMEPEYHOTO CEYeHHs Oallku, HaXOAAIIUXCS Ha PACCTOSHHUH Y OT
HEUTPAIIbHOM OCH X:

Q0,5
I =———
= Ib

¥

- ¢popmyJia ’Kypasckoro

®opmy.ia Kypascekoro noinydera B 1855 r. JI.1. KypaBckum, 103TOMy HOCHUT €r0 UMsS.

Ynpyrast JuHus 0aJKu.

W3ornyras moja necTBHEM HArpy3oK OCh OalKM TpencTaBiseT co0Ooil MIaBHYIO KPHUBYIO,
KOTOpast Ha3bIBaeTCs ynpy2oui aunuei. Jlepopmarius 6aaku npu U3rude XxapakTepu3yercs: npozuoom
Y U y2/IoM ROBOpOmMA NONEPeuH020 ceyeHus, KOTOPbI paBeH YIJy a HAKJIOHAa KacaTelbHOM K
YIPYroil TNHUY N0 OTHOLICHHIO K OCH Z OaKu. YpaBHEHHUsSI TPOrHOOB M YTIIOB MIOBOPOTA CEUCHUN B
oO11eM BHUJIe 3alMChIBAIOTCS B BUAC Y = f(3), a =f2{7) *




ONTUSTIK QAZAQSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTYCTiK KasakcTaH MeanuuvHa akapemusacol» AK AO «KOkHo-KasaxcTaHcKas MeEOUUUHCKAA aKaaemus»
Kadenpa nrxeHepHBIX TUCIUIIIHNH 76/11
2024-2025
1 ctp. u3 117

W3 matemMaTuKu U3BECTHO, YTO PAMyC KPUBU3HBI KpuBoii Y = f(2),

p=[1+072]" Jyr.

B JIIO0O# TOYKE OTIpeeIisieTcst o Gopmyiie

2
A v d’y
y=—-=tga, y'=—3.
dz dz" Beuny MaJoCTH nedopmaruit npeHedperaem
BEJMUMHOM ()? (Tak KaKk OHA 3HAYMTENHHO MEHBINE eIMHUIBI) M Toraa p * 1 /p". Panee Mbl BhIBEIU

—=M,
bopmymy P ; TIOACTABJSASI B HEe TMOJydeHHOE TPUONKEHHOE 3HAYCHHE paauyca
KpUBHU3HBI, UMeeM Tu(depeHIInaIbHOe YpaBHEHNE YIPYTOoi TUHUH OaJKu:

Ely'=M, .

YroObl MOJNyYHTHh YpaBHEHHE YIJIOB TOBOPOTA CEUCHHMM a = /2 (Z), HAZO 3TO ypaBHEHHE
MPOMHTETPUPOBATH OJIMH pa3, IPUYEM BBUAY MaIoCTH Aedopmariuii Oyiem cuurtath, uto y’ =tga * a
, paa. UtoOsl motyunTh ypaBHeHHe mporu6os y = fi(z), Hamo 310 ke ypaBHEHHE MPOUHTETPHPOBATH
JIBAKJIBI.

4 MnniocTpaTuBHBI Matepuan: Jljis mpoBeneHUs 3aHATHS HMCIHOJB3YETCS CIEAYIoLIee
MaTepHUaIbHO- TEXHUYECKOE 00ecliedeHne: HOYTOYK, MYJIbTUMEIUIHBINA TPOEKTOP, SIKPaH.

5.JIuteparypa:
S.JIutepaTypa
OcHoBHasl uTeparypa:
1. Apanos, b. P. TeopusiibIK skoHE HH)KCHEPIIIK MeXaHuKa Heri3aepi [MoTiH] : OKyJbIK /
B.P. Apanog. - Kaparanas! : Medet Group, 2020. - 232 Ger. c.
2. Memepckuii, W.B. 3agauun mno TeopeTnueckoil wmexaHuke: y4eb. mocobue / U.
B.Memepckuii ; mox pexa. B. A. ITanemoBa. - 51-e u3z., crep ; 2012
JlononHUTEIbHAS TUTEPATYpA:
1. MapnonoB, b. M. PacyeTHO-TIpOEKTHPOBOYHBIE paOOTHI IO CONIPOTHBICHUE MAaTEPHUAIIOB :
coopuuk / b. M. Mapnonos, M. 3. Opraios, M. E. baiimupos. . - Anmatsl : 9Bepo, 2014. -
256 ¢
2. Xub6enep, P. U. Cratuka MeH MaTepuangap MexaHukacel : T.1 : okynbsik / P.U. Xub6enep
; Kas.rin.ayn. E.b.Jlayceutos, C.)KyHnicOekoB. - 4-6acbuibiM. - Anmatsl : JKIIC PIIBK
"Ioyip", 2017.-436 6. ¢
DNEeKTPOHHBIE PECYPCHI:
1. Teopusnblk xkoHE KOMAaHOANBI MeXaHWKa [DIEKTPOHHBIM pecypc]| : OKymbIK / A.
Tycinos, K. Tycinos. - DnekTpoH. TekcToBble AaH. ( 118M6). - Anmats! : [6. u.], 2015. - 1.
ont. auck (CD-ROM). - 00. Tr
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2. Teopusutblk KoHE KOJAaHOAIBI MeXaHWKa [DJIEKTPOHHBIA pecypc]| : OKyIbIK / A.

Tycinos, K. Tycinos. - DnexTpoH. TekcToBbie AaH. ( 118MO0). - Anmartsl : [6. u.], 2015. - .
ont. quck (CD-ROM).https://aknurpress.kz/login
3. Konmau6aier mexannka. Yrebaes M.H., Aiicaes C.VY., CyiieyoBa H.b. , 180 6et 2019.
https://www.aknurpress.kz/reader/web/2121
4. Teopusinbik xoHe KomaanOanel mexanuka: SB072000-"beliopranukanbiK 3aTTapabliH
XUMMSUIBIK TEXHOJIOTUSACHI" MaMaHIbIFbIHBIH OaKanaBpuaT CTyIEHTTEpIHE apHAJIFaH KYpPCThIK
AKYMBICTapIbl OpbIHAAYFa 9MIcTeMeNiK Hyckay. - Opan: XKoHrip xan arbiHgarsl BKATY,
2015. - 560.http://rmebrk.kz/
B Mexanuka: xannsl Gusukaibik npaktukym / C. U. Mcaraes, ©. C. Ackaposa, C. O.
benerenora ; pen. K. Cobur; on-®apadbu atein. Kaz¥'V. - Ty3er., TONBIKT. 2-0ac. - ATMaTHI :
Kazak yn-ti, 2015. - 217, [1] 6 http://elib.kaznu.kz
6.KoHTpO/ILHBIE BONIPOCHI

1. Kakyto maocKoCTh Ha3bIBAIOT CUIIOBOI?

2.Kakoit n3ru6 HaszpIBaroT npsiMeiM? UTo Takoe Kocoi u3ruod?

3.Kakwue cuiioBsie (akTOphl BOSHUKAIOT B CEUSHUH OAJTKU TIPU YHCTOM U3THOE?

4.Kakue cuioBble (paKTOpbl BOSHUKAIOT B CEUEHUU MPU MOMEPEUHOM U3rude?

5. Onpenenute peaxiuio B onopeB?

m=_13KH-M
=10« 1 o
|F ( tA TUTIT =3t |
LE__:"M jMTlT am 6 M C 6n ﬁm
£, =21xH =
Pucynox 112.

6. OmnpenenuTe BEIMYMHY MMONEPEYHON CHIIBI M M3THOAaroniero MoMeHTa B ceueHun C,
UCIIOJB30BaB cxeMy Oanku (puc. 112)?
7.0mpeaenuTe ydacTok yrcroro u3ruoda (puc.113)?

g= 2xH/M F»=35xH
[
AAANANAAN D Fi=3KH*_ v
4 M om T 2wm 2 M ::
Ly b 2 yu. 3yyg, | 4y T
Pucynok 113.

8. Kakue BHyTpeHHHE CHIIOBBIE (DAKTOphl BO3HUKAIOT B CEUEHHUU OalKM MpPU YUCTOM HU
norepeyHoM u3rudax?

9. Iloyemy npu MOMEPEYHOM U3THOE B MPOJOJIBHBIX CEUYCHUAX OalIKM BO3HUKAIOT KacaTelbHbIe
HanpspKeHus?
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10. KakuM OIIBITOM MOKHO MNOATBCPAUTHL BO3HMKHOBCHHC KaCaTCJIbHBIX HaHpH)KeHI/Iﬁ B

MIPOIOJIBHBIX CEUCHHIX OanKu?

11. B kakoii Touke nonepeyHoro ceueHus (puc.l) kacaTesnbHble HAMPSHKEHUS IIPU TOTIEPEUHOM

n3rude MakCUMaJILHBI?
BapuanTs! 0TBETOB:
1. A.2. B.3.C.4.D.

12. BoeiGepute BEpHYIO SMIOPY paclpeAesieHuss HOPMabHBIX

HarnpsDKEHUI Tpyu u3rube (puc.2).

Hanummure gopmyny 11s pacuera HOpMaibHBIX HaIlpsHKEHUM
npu usrube. Msrubaronuii MOMEHT JAEWCTBYET B BEPTUKAJIbHOI

IIJIOCKOCTH.

yQ M,

X

R =

® )

EN
=

"6) " 8)
Puc. 2

13. Kak n3meHuTcs MaKCHMalbHOE€ HOPMAaJIbHOE HANPsDKEHNE B cedeHUU (puc.3,a), eciiu 0anky

7 M,

O re
\\\F

4/

G4
i

MPSIMOYTOJIBHOTO CEYEHHUS MOJIOKUTh TUIALIMS
(puc. 3,6)? 6 =20 mm; h= 100 mm.

7. Bo ckoibKO pa3 yBEIMYUTCS MPOTHO
0anku, eciy pacrnpeieseHHYI0 M0 BCeH JUInHe
HArpy3Ky  3aMEHHTH COCpPEOTOUYEHHOM,
NPUJIOKEHHOM B cepeauHe  mposieTa?
Hcnonb3oBath (opMynbl A OMNpeaesieHus
Mporu0oB, IPHUBEICH-HbIC B TaOHIIE 1.

Jekmus Ne 15
1.Tema: CnoxxHoe compoTHBICHHE. BuIbl ClIOXKHBIX HedopManuid. YCTOWIMBOCTh CKATHIX

CTEPKHEH.

2. He.]'lb: OcCBOUTH TeOpeTI/IquKI/Iﬁ MaTepual Ui peICHUA ITPAKTHICCKUX 3a/1a4.

3. Te3ucel Jeknuu:
Ilnan Jekuumu:

1.Kocoit u3ru6. BHeneHTpeHHoe pacTsikeHne WM cKaThe CTep KHEH.
2.M3rub ¢ KkpyueHUeM CTepKHEH ¢ pa3IMyHbIM MONEPEUYHbIM CEYEHUEM.
3.IIpononbuelii m3ru6. Obmme ceenenus. Kputuueckas cuna. @opmyna Ditnepa. @opmyna

ScuHCKOTO.
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Ecnu cunoeas ninockocTb COBIANAET C 271a8HO1 IIOCKOCTBIO Opyca, U3TU0 HA3bIBAIOT NPAMbIM
(puc.108).

Ecnu cuioBasi 10CKOCTh HE MPOXOAMUT YEpPE3 TJIaBHYIO IIOCKOCTh Opyca, M3rud Ha3blBarOT
Kkocbim uzeubom (puc.15.1).

—— &> ToapMsie 1130 KoCT M
— Spy<a

CF? _@db L/ CTrncBan

MAOCHKOCTER

Pucynoxk 15.1

BHeneHTpeHHOE pacTsSKEHHUE I CoKaTUE CTEPKHEH.
Becbma yacto npoaosbHas Harpy3ka ObIBaeT MPHIJIOKEHA HE B [IEHTPE

Yy e
| mle e e
1 =t P
=3 — = e
1 v
cxy - = 7
Pucynox 15.2

TSDKECTH TOTIEPEYHOr0 CCUCHMS CTEPXKHS, a CMEIICHA C HEKOTOPBIM SKCUEHTPUCHTETOM
OTHOCHTEJILHO TJIaBHBIX Oceil ceueHus (puc.15.2, a).
[TpuMeHuM MeTOo]1 CCUCHHMIA, ONTPEICITUM B JTFOOOM MOTICPEYHOM CEYCHUU CTEPIKHS
npoosbHyo cuity N=F 1 usru6aromiyie MOMEHTBI, paBHbIC OTHOCHUTEIILHO OCH X
Mx=F- -y =N-y¢
Y OTHOCHUTEIILHO OCH )
My =F-x. =N-X:.
[ToaToMy HampsiKeHHE B TF000H TOUKE MOTIEPEYHOT0 CEUSHUs C KOOPAUHATAMH X U ) OyaeT
OTIpeNensaThes o Gopmyie
N Mx-y My-x

o=—+ +
A JX Jy

JIiisl ceueHMiT MMEFOIIUX BBICTYIAIOIINE YIIIOBBIC TOUKH, SKCTPEMAIbHBIC HAPSKCHUS
OTIPEIEISIOTCS 110 hopMyie:
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N , Mx K6 My
o=—t—t =
A Wx Wy

rac Wx u Wy - MOMCHTBI COITPOTUBJICHUA CCUCHUA OTHOCUTCIIbHO ocell x u V.

HauGomnsIee mosioxxurenpHoe HanpspkeHue Oynet B Touke E (puc.135, 6), T.x. 31¢Ch
CYMMUPYIOTCA PACTATUBAIOIINEC HAIIPSIKCHUEC OT HECHTPAJIBHOT'O HAIIPAXKCHUA U PACTATHBAIOIIINC
HAIIps>)KCHUA OT n3ruda B JABYX IIIIOCKOCTSX:

N Mx My
%= A T Wk Wy

Haubonpiiee otpuniatenbHoe HanpsokeHre O0yaeT B Touke D:
N Mx My

° A Wx Wy

[Tpu 5TOM OHM MOTYT OJTYYUTHCS KaK PacTATUBAIOIIMMU, TaK U COKUMAIOIIUMHU.
VYcnoBue NpOYHOCTH MO PACTATUBAIOIINM HAMPSYKEHHUSIM

N Mx My
oo =t <[or]
A Wx Wy
Ecmm Touka IMPUIIOKCHUS CUJIbI HAXOOUTCA Ha O,Z[HOI71 M3 TJIIAaBHBIX Oceil CCUCHU, HAITPUMED
Ha OCHy, TO TIpeAbIayIas (opmMysa ynpouiaeTcs:
N Mx
Op = - % [O-P ]
A WX
HpI/I HpOI/I3BOJ‘IBHOI7[ (bOpMe CCUCHUA OJI OIMPEACTICHUSA ITOJIOKCHHUA OITACHBIX TOYCK
HEO00XOJMMO HAWTH MOJIOKEHUE HYJICBOU JIMHUM. Y PaBHEHUE HYJICBOU JIMHUHU MOJIYIUM, TIPUPABHSIB
HaIIPsAXKCHUC HYIIHO:

E+N')’F'J/0+N'xF'xo

=0
A Jx Jy !
TIAC Xo U yo — TCKYILIUC KOOPAUHATHI TOYCK HyﬂeBOﬁ JIMHHUH.
BBeI[eM 0003HaYEHHE: iX — \J /A I y/A

N ’ JX - ,.Jy
BennuuHel IX - K ,Iy N K HAa3bIBAKOTCS paanyCaMu HHCPLUUU CCUCHUS

OTHOCHUTEJIBHO OCEH X nuy.

N, 1+2 yFyo 0.

|y i2
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N 0 XFXO+yFyO _|_1_0
Takkak x = 9 10 i2 i2 ¢
A y X

Oto u OyneT ypaBHEHHE HYJIeBOW JIMHUU. E = 0 MOKHO TIPEJICTAaBUTH B BUJIC YPAaBHEHUS
IIPSIMOM B OTPE3KAX:

Xo . Y
0 + 20 _ 1’
a 8
i,2 j 2
rae a=—-—, b =—=— npeacraBisioT co0OM OTPE3KH, OTCEKAEMBIE HYJIEBON JIMHUEN Ha OCIX
Xe Ye
XHY.

H3rud ¢ KpyuyeHueMm CTeps;KHeill C pPasjIMYHbIM MOINEepPeYHbIM cedyeHHeM. lIpu cioxHBIX
negopManusx B TOMNEPEYHBIX CEUEHHUSX CTEepKHEM JeMCTBYIOT OJHOBPEMEHHO HECKOJBKO
COCTaBJISIOLIUX BHYTPEHHUX CUJI, HAlpUMEP, KPYTAUIUN U U3THOAIOMINI MOMEHTHI, MONepeyHas u
MPOJI0JbHAS CHJIBL. PacueTsl Ha MPOYHOCTH B 3TOM CIIy4ae OCHOBAHBI HA MIPUHIIUIE HE3aBUCUMOCTH
NeUCTBUS CHJI C NPUMEHEHHEM BBIOpaHHOW TEOPUH MPOYHOCTH. BpiOOp rumoressl MpOYHOCTH
ONPEICIIAETCS MPEKIE BCErO0 COCTOSHUEM MaTeprala — INIACTUYECKUM MITU XPYIIKUM.

Pemaror Takue 3agaun B ciaepyromeM nopsake. CHadana B IMONEPEYHBIX CEYCHUSIX CTEPIKHS
ONPEICIAIOT C MOMOIIBIO METOJA CCUYEHUH BHYTpEeHHHE cuibl. g ompeneneHus MOJIO0XKEHUS
OMACHOIO CEYEHHs HEOOXOJMMO MOCTPOUTH SIIOPbl BHYTPEHHUX cuil. Jlamee omnpenensior
HOPMAaJIbHBIC U KAaCaTEJIbHBIC HAIPSHKEHUS OT KX 0N COCTABIIAIOIIEH BHYTPECHHUX CHJI. AHAIU3UPYS
pacripeie/ieHue HapsKeHUH 10 JUIMHE CTEPIKHS, ONPEAEISIIOT HanboJiee Harpy>kKeHHOE CeUYEHUe U
HanboJyiee HarpyXeHHyt0 TOuKy. s Hee COCTaBIAIOT YCIOBHE IPOYHOCTU C MPUBJICYCHUEM
HCII0JIb3YEMOU T'MIOTE3bl IPOYHOCTH.

Hedopmanuun u3ruba C KpydeHHEM NOJBEPraloTCs Ballbl Pa3JUYHBIX IEpeAaTOUYHBIX
MexaHu3MoB. Pacuer BajioB Ha IPOYHOCTh NpPU AECHCTBUM YKa3aHHbIX Aeopmanuii Ha3bIBAIOT
pacyeToM Ha CTaTUYECKYHO MPOYHOCTh 10 HAMOOJBIIUM YCUIIHSIM.
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Puc.15.3

Ha puc. 15.3, a mokazaHa cxema HarpyKeHus, JEHCTBYIOIIas Ha JIBYXOMOpPHBIA Bai. J[ns
yao0cTBa pacueTa MPOCTPAHCTBEHHYIO CHCTEMY BHEIIHMX CHJI MPEJCTABISIOT B BUAE CHII,
BBI3BIBAIOIINX OJHOBpeMeHHO HM3ru0 B BeprukanbHOW (Fiy, F2y) m ropusonrtameHoit (F1z, F2z)
IUIOCKOCTSIX. Banm mnpuHuUMaercs 3a CTAaTHUECKM OMNpeNeNnuMblii crepxkeHb (puc. 15.3, 0).
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COOTBETCTBEHHO peakluu OIOp ONPEACNsoT B BHJE COCTABISIIOIINX, JCHCTBYIOIIMX B
BepTukaiibHOU (Ray, Rey) 1 ropuzontanbHoii (Raz, Rez) mimockocTsix.

Ha yuactke Bama CD B momepeunsix ceueHHMsIX AEUCTBYeT KpyTsimuii MomeHT T,
PaBHBIM BHELIHUM CKpYy4YuBarOmUM MOMeHTaM Te. [lox neficTBreM MpuiioKeHHON Harpy3Ky B
CEUCHMSIX BO3HMKAIOT HOpPMajJbHBIE OT M3rHOa M KacaTelbHbIe OT M3rHba M KpydeHUs
HanpspkeHus. BennunHoM KacaTeNnbHBIX HANPSKEHUH OT U3rubda npeHeOperaroT, Tak Kak oHa
HE3HAYMTENIbHA II0 CPABHEHUIO C BEIIMYMHOM KacaTeNIbHBIX HANpPSKEHUM OT KPYYCHHS.
Wcnonb3ys NpUHLIKI HE3aBUCUMOCTHU AEUCTBUS CHJI, CTPOUM SIIOPHI U3rH0AIOIINX MOMEHTOB
OT BepTHKAIBHBIX (puc. 15.3, B) u ropmsoHTanbHbIX cwi (puc. 15.3, T), a Takxke JMOpy
KpyTSImuX MOMEHTOB (puc.15.3, n). CpaBHUBas IOCTPOCHHBIE SIIOPHI, BUIUM, YTO Hanbolee
OMAcHBIM SIBJISIETCSI ceueHue, npoxonsdiiee dyepe3 Touky C. B stom momepeyHoM ceueHUH
MMOMHUMO KPYTSIIEro JEHCTBYET U M3THOAIOMIMNA MOMEHT, BEIMYMHA KOTOPOTO ONpeAesieTcs
KaK

W3BecTHO, 4YTO MakcHMajbHble HOpMajbHbIE HANpPSDKEHUS IMPU U3rube OydayT B

>

6 =M,/ W=,[Mp, +Mp, (W

KpallHUX BOJIOKHAaX W pPaBHBI , rme W = 0,1d°—
OCEBOW MOMEHT CONPOTHBJICHHUS CE4YeHUs B Buae Kpyra amamerpom d. Haumbosmbinue
KacaTelbHbIE HANPSKEHUS MPU KPYYEeHUH BO3HHMKAIOT B HamboJsee yJalleHHbIX OT IIeHTpa
TOYKaX CEUCHUs M ompeaenstorcs kak 1 = T/Wp = T/(2W), rme Wp — TOJIIpHBIIT MOMEHT
CONpOTHBIEHHs cedeHus, 1 kpyra Wp = 0,2d>. IojcTapiss 3HaUEHUs 6 U T B 3aMUIIEM
COOTBETCTBEHHO YCIIOBHUS MPOYHOCTH Baja IMPHU HCIOJb30BAaHUU TPETbE M YETBEPTOM
TUIO0TE3 MPOYHOCTHU:

N
Gred =y Mg+ /W S Godyy (5.86)

J 2 0msTR W e
y Cred = Mo+0753T /WL o4, (5.87)

IJIe Oadm — JIOTIyCKaeMoe HampshKeHUEe Marepuaia Baja Mpu pacTskeHun. U3
BelpakeHut (5. 86) wm (5.87) MOXHO HaWTH 3HAYCHHE OCEBOTO MOMEHTA
conporussieHus: W nornepeyHoro CCUCHHMSI Basa

3 7, J 2 TZ
T NS TS e IMS 0.7 {
A WMy + 17/ Gadm el Wz My +0.75 G adu U Janee BEIHYHHY

Hrer
JIMaMeTpa Baya d=2;/W: 01 )

[Tonepeunsiit u3ru6. PaccmorpuM m3ru6 Oanku, 3aleMIIEHHOM clpaBa W Harpy:KeHHOU
cocpenoToueHHo#M cuitoit F(puc.15.4.).
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Pucynox 15.4.

B nonepeuHom ceueHUM BO3HUKAET M3rHOAOIUN MOMEHT, MEHSIOLIUICS M0 JUTMHE OalKu, U
MOCTOSTHHAS TIonepevHas cuia Q.

PaccmoTrpuM yuacTok 6anku mmHo# dz(puc. 15.4,0).

M3rubarommii MOMEHT, KaK W3BECTHO, SBISCTCS PABHOJCHCTBYIOIIUM SJIEMEH-TapHBIX
MOMEHTOB, BO3HHUKAIOUIUX B pe3ylbTaTe NEHCTBUS MPOAOJIbHBIX CHJI ynpyroctu. CBs3b Mexay
HOPMaJIbHBIMU HANpPSHKEHUSIMU B TOYKAX MOMEPEYHOrO CEUEHHUs W M3THOaloIMM MOMEHTOM YXkKe
paccMmarpuBaach:

M, = /a"ydA.
A

[Tonepeynas cuna npeAcTaBiseT cob0il paBHOJEHCTBYIOUIYIO KacaTeIbHBIX CHJI YIPYroCTH,
BO3ZHUKAIOIIMX B TOIMEPEUHBbIX ceueHusix (puc.47,B), U CBsi3aHa C KacaTeJIbHBIMU HAIpPSHKEHUAMU
3aBUCHUMOCTBIO

Q, = [ rdA.

B cuny nmapHocTH KacaTeabHBIX HANPSKEHHU B MPOIOJIbHBIX CEYEHUSAX 0aNoK, MapajiebHbIX
HEUTPaTBLHOMY CJIOI0, BO3HUKAIOT TaKWe K€ M0 BEIMYMHE KacaTelnbHble HanpshkeHus (puc.15.4, r).

[TosiBneHne KacaTeNbHBIX HAMNPSHKEHUH B MPOJOJIBHBIX CIOSIX OaloOK MOATBEPXKIAeTCs
CIIEYIONIUM OMBITOM. PaccMOTpuM momnepeuHblii u3rud aByx Oallok, OAHA - IeNbHAs, Apyras -
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COCTaBJICHHAs M3 HECKOJIbKUX TIOJIOKEHHBIX Npyr Ha japyra cioeB (puc.15.5). LlenbHas Oanka
u3or”ercst (puc.15.5,a), Opycwsi BTOpoi Oanku caBunyrcs (puc.15.5,0). Kaxnapiii u3 OpycheB
neGopMupyeTcsl He3aBUCUMO. B TeNbHOW Oajke CHBHTY CJIOEB MPEMATCTBYIOT BO3HUKAIOIIUE
KacaTeJbHbIE HAMPSHKCHUSI.

Pucynok 15.5.
Ha noBepxHocTH KacaTenbHble HANPsHKEHUs paBHbBI HY110. @opMyiia 11 pacuera KacaTeabHbIX
HaIpsDKEHUN 171 OaJIKK KBaJPaTHOTO ceueHus1 Oblia rmojaydeHa B 1855 roay pycckum nnxkenepom /1.
N. XKypasckum,

QS
Jzb

rame Qy - momepeyHas cuia B CEUCHUH; Sx- CTATHUYSCKUHA MOMEHT OTCEUYECHHOW dYacTh
OTHOCHTEIIBHO OCH X,Aomc - IUIOIIAIL MOMEPEYHOrO CEYEHHs OTCeYeHHOU uyacT (puc.126.); Jx-
MOMEHT WHEPIIMH CeUeHHUs; b - mmprHa Oaaku.

YcroitunBoCcTh CHKATHIX CTep KHeH.
ITonsiTHe 00 yCTOMYMBOM M HEYCTOMYMBOM PABHOBECUM

OTHOCHUTENHHO KOPOTKHE U MAaCCHUBHBIE CTEP)KHU PACCUMTHIBAIOT HA C)KaTHE, TaK KaK OHU
BBIXOJSIT U3 CTPOS B pe3ysbTaTe pa3pylICHUs WM OCTaTOYHBIX JNedopmMauuii. JTMHHBIE CTEPKHU
HEOOJIBIIOT0 MONEPEYHOr0 CEYEHUS MOJT IEHCTBUEM OCEBBIX CKUMAIOIINX CHIT U3TUOAIOTCS U TEPSIIOT
paBHOBecHe. Takue CTep)KHU paboTal0T HAa U3TUO U CHKATHE.

PaBHOBecHe CUMTAIOT YCTOWYUBBIM, €CIM 32 CUET CHJI

F i YIPYTOCTH TOCJIC CHATHUS BHEIIHEH OTKIIOHSIOIICH CHITBI CTEP)KEHB
BOCCTaHOBHT IepBOHaYAIbHYIO hopmy (puc.15.6).
K Ecnu ynpyroe Teno mocie OTKIOHEHHsSI OT PaBHOBECHOTO

IIOJIOKEHHUS HE BO3BpAIlaeTCd K HCXOJHOMY COCTOSHUIO, TO
TOBOPAT, YTO MPOU30IIIA MMOTEps YCTOMUMBOCTH, a paBHOBECHE
ObUIO HEYCTONYNBBIM.

Pucynox 15.6

IloTepro  yCTOMYMBOCTH TIOJT JICMCTBHEM IEHTPAIBHO
MPUJIOKEHHON  MPOJOJIbHOM  CKUMAIOIIEH  CHJIbl  Ha3bIBAIOT
NPOOOILHBIM U32UDOM.

Ha ycroiunBOCTE paBHOBECUS BJIMSIET BEJIMUMHA C)KUMAIOIIEH CUJIBL.

Haubonpiiee 3HaueHne CKUMAIOIIEH CUIIBI, IPH KOTOPOM MpsAMOIUHEHHast (GopMa CTEep:KHS
COXpaHSeT YCTOMYHMBOCTb, HA3bIBAIOT Kpumuyeckou cunou. Jlaxxe mpu HEOOIBIIOM MPEBHIIICHUN
KPUTHUYECKOTO 3HAUEHUS CHIIbI CTEP:KEHb HEAOMYCTUMO Ae(OpPMHUPYETCS U pa3pyIIaeTcs.

Pac4yer HA yCTOMYMBOCTH

Pacuer Ha yCTOMYMBOCTB 3aKIIFOYAETCS B ONPEACIICHUH JOIYCKAEMOU CKUMAIOILIEH CHUJIBI U B
CPaBHEHUU C HEW CWIIBI ICUCTBYIOLIEH:
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| F F,
. — P. Kp
FL[F); [Fl=—; Fs[ ,
[sy] Sy)

rae F— npelicTByromiasi cKMMaroIas CUia;
[F] — nomyckaemas cxxumaroras cuia, 00ecredrBaeT HEKOTOPBIH 3arac yCTOWYUBOCTH;

Fkp— xputnueckas cuia;

[sy] — nomyckaemblii K03 duineHT 3amaca yCTORYUBOCTH.

OObruno s craneit [Sy] = 1,8+3; ans uyryna [Sy] = 5; ans nepesa[sy] =2,8.

Crnoco0bl onpeaejieHNs] KPUTHYECKON CHJIbI

Pacuem no gpopmyne Iiinepa

3aiauy onpeaeieHus: KpUTUIECKON Crilbl MaTeMatuyecku pemni JI. Diinep B 1744 r.

JI1st apHUPHO 3aKPETUICHHOTO ¢ 00enX CTOPOH crepxHs (puc.15.7) dhopmymna Ditnepa nmeer
BH/I;

7T2E‘.7min
[2 ’

Pucynox 15.7

rae E- momgyne ynpyrocri;

Jmin- MUHUMAJIBHBIN OCEBOH MOMEHT WHEPIIUH CTEPIKHSI,

L -nmiuHa cTepkHS.

[Totepss yCTOHYMBOCTH TPOUCXOTUT 6 MIOCKOCMU HAUMEHbULEU JHCeCmKOCmU, TOITOMY B
bopMyy BXOJAUT MUHHMAIBHBIN U3 OCEBBIX MOMEHTOB WHEPIMK cedeHus (Jx uim Jy).

dopmyny pacnpocTpaHuUIN Ha Jpyrue (GOpMbI 3aKPEIUICHUsT CTEPXKHEH, paccMOTpeB Gopmy
MOTEPH YCTOMYMBOCTH B KaXKJIOM ClTydae.

JlnmuHa cTepXKHS 3aMEHSETCSI €€ TMPUBEACHHBIM 3HAYCHUEM, YYUTHIBAIOUIMM (hopMy moTepw
YCTOWYHUBOCTH B KOKIOM ciydae: lnpus= l, T11€ ft- K03 PUIIHEHT MpUBeACHHS ITHHBI, 3aBUCAIINAN OT
crioco0a 3aKpervieHus cTepkHs (puc.15.8).

dopmyna JuTst pacueTa KpUTUYCCKOW CHIIBI TSI BCEX CIydacB




ONTUSTIK QAZAQSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTYCTiK KasakcTaH MeanuuvHa akapemusacol» AK AO «KOkHo-KasaxcTaHcKas MeEOUUUHCKAA aKaaemus»
Kadenpa nrxeHepHBIX TUCIUIIIHNH 76/11
2024-2025
1 ctp. u3 117
T2 E T
FK \ min \
P (uh)?
F F F Fl
| $aE ¥k 353E
/' 4 rd
/ / / ’
fn=2 | w=1 { fn=07 | p=0,
{ ]
\, N \
! ~ AN \
A \ )
TIrie7 rrrrr- rn: L ar
a) 6) 8) 2)

Pucynok 15.8

Kpumuueckue nanpasxcenus

Kpumuueckoe nanpsicenue- HanpsiKeHUE CKATHsI, COOTBETCTBYIOIIEE KPUTHUECKON CHUIIE.
Hamnpsbkenne oT ckxuUMaromieil CHtbl onpeesieTcs o GopMmyiie

2
AL F, kp _ T E Jmin
. =
PTA T (u)?A”
TJIE Oip - HANIPSDKEHHE CXKATHA, IPU KOTOPOM CTEpKeHb elrle ycToiuuB. KopeHb KBaapaTHBbIi U3

OTHOIICHHUSI MUHUMAJIBHOTO MOMEHTA MHEPIMH CEUYEHHUS K TUIOIIAIU MOMEPEYHOr0 CEYCHUSI TPUHSITO
Ha3bIBATh MUHUMAILHBIM PAOUYCOM UHEPYUUImin:

Ji min N/ min _ .2

Imin = A ) A Ymin*

Torna q)opMyna AJIA pacuCTa KPUTUYCCKOT'O HAIIPSKCHUA IICPCITUIICTCA B BUAC

m2Ei?

i Min

Typ = W

OtHoteHue wilimin HOCUT Ha3BaHUE cubkocmu cmepoicusi A. THOKOCTb CTEPKHSI - BETUYHHA
0e3pa3mepHasi, 4eM OoJIbIlle THOKOCTh, TEM MEHBIIE HAMPSKEHHE:

2
ol _mE
A= NN Oxp = T

3aMeTHM, 4TO TMOKOCTh HE 3aBHUCHT OT MaTepuaya, a ONpeleseTcss TOJbKO TIeoMeTpHUei
CTEPXKHSI.

Ilpedenvt npumenumocmu hopmynvt Iitnepa
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®dopmyna Ditepa BBITIOIHIETCS TOIBKO B MpEeiax ylpyrux aedopmaiuu.

Takum obpazom, Kpumuueckoe Hanpaxcenue OOINHCHO OblMb MeHbule npedena Ynpyeocmu
mamepuana.

[Ipenen ynpyroctu npu pacyeTax MOKHO 3aMEHATH IIPEACIIOM MPONOPLUUOHATBLHOCTH. Takum
obpa3zom, Oxp & Oy
MaTtepuana;

~
~ Onus e Gy- NpeeNl yI-pyrocTy; omu- MpeAesl IPONOpPLIUOHAIBHOCTH

2 2
mFE a4 E
Okp = BVIR Onn- OTEyZa rubKoCcTh CTEPXKHA: A 2

2
/‘N E
Anpea = " — mpenenkbHag rUGKOCTh.
no

IIpedenvras cubkocms 3a8ucum om Mamepuaila CmepIHCHsL.
B cnyuae, ecnn A<Ampe; B MaTepuane CTEp)KHS BO3HUKAIOT OCTAaTOYHBIE Ae(opMaliui.
[TockonbKy B peanbHbIX KOHCTPYKIUSX MOTYT BO3HHMKaTh IIJJacTUYecKue naedopmanvu, He

MPUBOIALINE K MOTEPE pabOTOCTIOCOOHOCTH, CO3aHbI AMITUPHUECKHE (POPMYIIBI U1 pACUETOB B ATHX
ClIydasix.

/AN

»
Onn

Pacuem kpumuueckozo nanpsasxycenus no gopmyne @®. 0. HAcunckozo 0na cmaibHbIX
cmepoicHel

Taomumals. 1

Marepnan a, MIIa |b, MIla | Ao |Anpex
Crans Cr2 264 0,70 |60 | 105
Cram, C13 310 1,14 |60 | 100
Crans 20, C14 328 1,15 |60 96
Crans 45 449 167 |52 | 85
Mopamomun 16T 406 1,83 130 | 53
Cocua, enn 29,3 0,194 |— | 70
Kputnueckoe HanpspkeHue ompezaensercs mo Qopmyne ogp=a — bA, Tmea u b—

KOB(I)(bI/II_[I/IeHTBI, 3aBHUCAIIMUC OT MATCPHaAJId; UX 3HAYCHUA IIPCACTABJICHLI B Ta6J'II/II_Ie.
Ha pI/IC].59 mpeacTaBjicHa 3aBUCUMOCTb KPUTHYCCKOI'O HANIPSAKECHUA OT THOKOCTH CTCPIKHA.
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3 . < .
Jliia crepkHel Manoil THOKOCTH MPOBOJUTCS pacyeT Ha CyKaThue Oex S [alc"‘

L &2
Pl okp = Or
Tnn
Crep:acHy
aanoil
o S Crepoxil H Sosina o
rHOKRoOCTY
.’ Mo A n IT. A
[ 2=

Pucynox 15.9

Jnisa crepaHel cpeiHelt THOKOCTH pacdyeT MPOBOIAT 1o Gpopmyiie SCHHCKOro T«p = @ — bA.

Jlnst cTeprkHen OOoJIbITO rTMOKOCTH pacdeT MpoBoaAT 1o hopmyse Ditnepa

oxp = TEE /)2

Kputnueckyro cuity npu pacdere KpUTHIECKOTO HAMPSHKEHUS 10 hopmyre SICHHCKOTO MOXKHO
OTIPENICITUTh KaK

FKP = UKpA S (a - b)\)A.

Fep
[sy]

4 MumocTpaTuBHBIH MaTepuan: Jlis mpoBeneHUs 3aHATHS HCHOJB3YETCS CIEAyIoLee
MaTepHUaIbHO- TEXHUYECKOe 00ecredeHre: HOyTOyK, MyJIbTUMEIUIHBINA TPOEKTOP, IKPaH.
S.JIuteparypa

OcHoBHas nuTeparypa:

1. Apanos, b. P. TeopusiibIK skoHE MH)KCHEPJIIK MeXaHWKa Herizaepi [MoTiH] :
okyibIK / b. P. Apanos. - Kaparanas! : Medet Group, 2020. - 232 Ger. c.

2. Memepckuit, 1.B. 3agaun no teopermyeckoil mexanuke: yued. mocodue / . B.
Memepckuii ; mox pen. B. A. IlanemoBa. - 51-¢ uzn., crep ; 2012

JlononHuTENBHAS IUTEPATYpA:

1. MapnonoB, b. M. PacueTHO-pOeKTHPOBOUHBIE pPabOTHI MO CONPOTUBICHUE
MaTepuaiioB : coopuuk / b. M. Mapnonos, M. 3. Opramos, M. E. baiimupos. . - AnMaThl :
3OBepo, 2014. - 256 ¢

2. XuOb6enep, P. U. Cratuka MeH maTepuangap MexaHukacol : T.1 : okyask / P.Y.
Xub6enep ; Kasz.rin.aya. E.b.Jlaycentos, C.JKyHic6ekoB. - 4-0acbuibiM. - Anmartsl : JKILC
PIIBK "ayip", 2017. - 436 6. c

ONEKTPOHHBIE PECYPCHI:

¥Ycnosue ycrotiuneoctu: F <
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1. TeopusTbIK KoHE KOJITaHOATBI MEXaHHUKa [ DJIIEKTPOHHBIN pecypc]| : OKYIBIK /

A. Tycinos, K. Tycinos. - Dnekrpon. TekctoBbie gaH. ( 118M0). - Anmarsr : [6. u.], 2015. -
an. ont. guck (CD-ROM). - 00. Tr

2. TeopusutbIK XKoHE KOJITaHOATbI MEXaHHUKA [ DIEKTPOHHBIN pecypc]| : OKYIBIK /
A. Tycinos, K. Tycinos. - DnexTpoH. TekcToBbie naH. ( 118M0). - Anmarsi : [6. u.], 2015. -
a11. ont. auck (CD-ROM).https://aknurpress.kz/login

3. Konnan6aner mexanuka. Yrebae M.H., Aiicaes C.V., CyiteyoBa H.b. , 180
oer 2019. https://www.aknurpress.kz/reader/web/2121
4, Teopusinblk xoHe KonmanOansl Mexanuka: S5SB072000-"beiiopranukaibik

3aTTapJblH XUMUSJIBIK TEXHOJIOTUACH' MaMaHIbIFBIHBIH OakalaBpuaTr CTYACHTTEpIHE
apHaJFaH KypCTBIK JKYMBICTapJibl OpbIHJAyFa oJicTeMelnik Hyckay. - Opan: XKoHrip xan
ateiaaarel BKATY, 2015. - 566.http://rmebrk.kz/

o. Mexanuka: xannsl pusukaiblk npaktukyMm / C. U. Ucaraes, O. C. Ackaposa, C. O.
benerenona ; pea. K. Cobur; on-®apadu atein. Kaz¥V. - Tyzer., TonbIkT. 2-6ac. - Anmarsl : Kazak
yH-T1, 2015. - 217, [1] 6 http://elib.kaznu.kz

6.KoHTpO/ILHBIEC BONIPOCHI

1. B kakux cioydasix BOSHHUKAET BHEIICHTPEHHas edopmarius?

2.B kakux TOYKax TIMOIMEPEUYHOT0 CEUCHHUS CTEP)KHS BO3HUKAIOT BETUYMHBI HaWOOJBIIMX
HaIpPsDKEHUN U KaKuM 00pa3oM OHU BBIYUCIISIFOTCS TPU BHEIICHTPEHHOM PACTSHKEHUU WU CHKaTHUU?

3.Kakas JIMHUA Ha3bIBACTCA HEUTPATbHOM JIMHUEN U YTO OHA JIENAET C TUIOIIAaAbI0 OTIEPEYHOTO
CEUYEHUS CTEPKHS?

4. KakoBa BeIMUYMHA HANPSDKEHUS HA HEUTPAIbHOUM JTMHUN?

5. Kakoii KBaJIpaHT repeceKaeT HeUTpajbHas JIUHUS B TONEPEYHOM CEYEHUHU 110 OTHOIICHHIO K
TOYKE MPUIOKECHUS BHECIIHEH HATPY3KU?

6. Kakum oOpa3om omnpenensiercs mojI0KeHHe HEUTpaabHON JIMHUH ?

7.3 Kakoro BBIpaKEHUS OMPEIEIAeTCsS BeIMYMHA paJuyca MHEPUUU MOTIEPEYHOro CEYCHHS
OTHOCHUTEJIbHO LIEHTPAJIBbHBIX Ocen?

8.Kakoe paBHOBecHE HA3bIBACTCS YCTOMYMBBIM?

9.Kakue Opychs ciielyeT pacCUYUThIBATh HA YCTOWYMBOCTH?

10.Kakyro cuiny npu pacuere Ha yCTOMYMBOCTh HA3bIBAKOT KPUTUUECKON?

11.Hanumure dopmyny Dinepa aias pacdyera KPUTHUECKOW CHIIBI M HA30BUTE BXOISIINME
BEJTUYMHBI M UX €TUHUIBI U3MEPEHHUS ?
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