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BBEJIEHUE

B kxypce mucuunnunbel «CTpOUTENIbHAsE MEXAHUKa» PacCMaTPUBAIOT TUIIMYHBIE 3JIEMEHTBI
KOHCTPYKLIMI: Opyc, MiacTHHKA, oOojiouka. BHemmHue Harpys3ku, OEHCTBYIOLME Ha 3JEMEHTHI
COOpPYXEHHM, IMOAPA3AEISIIOT HAa COCPEIOTOYEHHBIE U  PACIPEICICHHBIE, CTaTUYECKUE U
JUHaMHUYeCKHE. Bce peaslbHble CHUIIBI - 3TO CHJIBI, PACIIPEIEICHHBIE 110 HEKOTOPOU IIOILANAHA WU
o0beMy. OHaKO paclpeeNIeHHYI0 Harpy3Ky Ha HeOOJBIION IJIOLAH, pa3Mepbl KOTOPOH OYEHb
MaJIbl [0 CPAaBHEHHUIO C pa3MepaMH BCETO DJIEMEHTA, MOXHO 3aMEHHUTb COCPEIOTOYEHHOMN
PaBHOJECHCTBYIOIIEH, CUJION, YTO YIPOCTUT pacder. PacmpenesneHHble Harpy3Ku UMEKT €IUHULIBI
CHJIbI, OTHECEHHOM K €IMHUIIE JUIMHBI, WIX K €IMHULIE [IOBEPXHOCTH UM 00BEMA.

IIpu BO31EHCTBUM CTAaTUYECKUX U JUHAMMYECKUX HATPY30K HA KOHCTPYKIHUIO BCE €€ YaCTU
HaxOIATCS B PAaBHOBECHM; YCKOPEHHMS DJIEMEHTOB KOHCTPYKIIMM OTCYTCTBYIOT WJIM HACTOJIBKO
MaJibl, YTO UMH MOXHO IpeHeOpeub. Eciin e 3T yCKOpeHHUs 3HAYMTENbHBI, T. €. U3MEHEHUe
CKOPOCTH 3JIEMEHTOB MAIIMHBI TPOUCXOJIHT 33 CPABHUTEIBHO HEOOIBIION IEPHUO/I BPDEMEHH, TO MBI
UMEEM JIeJI0 C NPWIOKEHHEM IUHAMUYECKHUX Harpy3ok. IlpuMepamMu Takux Harpy3ok MOTYT
CIIY’KMTb BHE3AIIHO IIPUJIOKEHHBIE HArPY3KH, YAAPHBIE U IIOBTOPHO-IIEPEMEHHBIE. J[eiCTBHE TaKUX
Harpy30K CONPOBOXKJIACTCSI BO3HUKHOBEHHMEM KOJeOaHUH KOHCTPYKLHMH MIM COOPYKEHHUH.
BceneactBue uM3MEHEHHS CKOPOCTH  KOJEOMIOUMXCS MacC BO3HHMKAIOT —CHUJIBI  MHEPLHH,
MPONOPIIMOHAJIbHBIE  (COTIACHO BTOPOMY 3akoHY HploToHa) KoneOimonmmcs MaccaM U
YCKOPEHMSIM.

Mertonb! pacyeTa 2JIEMEHTOB KOHCTPYKIIUI U3J1aratoTCsl Ha OCHOBE CIIEAYIOIIMX

YIPOILCHU A
U JIONMYIIEHM: MaTepuai Tejaa UMEET CIUIOIHOE (HENPEPBIBHOE) CTPOEHUE, T. €. HE IPUHUMAETCS
BO BHUMAaHHE JUCKPETHAs aTOMUCTHYECKAs CTPYKTypa BEIIECTBA; MaTepUal Tejaa OJHOPOJIEH, T. €.
o0yajjaeT BO BCEX TOYKAX OAMHAKOBBIMU CBOWCTBAMU; MaTepuai Tella U30TPOIEH, T. €. 00JIanaeT
BO BCEX HAINPABICHUAX OJUHAKOBBIMM CBOWCTBAMM; B TeJI€ 1O NPHIIOKEHHS HArpy3KH HET
BHYTPEHHUX (HAYaJbHBIX) YCUJIMH; pe3yJlbTaT BO3AECUCTBUS HA TEJIO CUCTEMBI CHJI PaBEH CyMMe
pe3yapTaTOB BO3JECHCTBUS TEX K€ CHUJI, NPHJIaraéMbIX K Tely IOCJIEJ0BaTENIbHO U B JIIOOOM
MOpsZIKE.



BBenenue

[enpro METOIMYECKUX PEKOMEHIALINM 110 U3YYEHUIO TUCIUIUIMHBI BISIETCS 3aKPEIUICHUE U
yriIyOJIeHUe 3HAaHWUM, MOJTYYEHHBIX HPU M3YYEHUH TEOPETHYECKOro Marepuana Mo JUCLUILINHE
«CTpouTenbHas MEXaHUKA.

[enbro npoBeaeHUs IPAKTUYECKUX 3aHATUH SBIISAETCA:

- O0oO1eHne, cucTeMaTU3allMsl, 3aKpEIJICHHE MOMYyYeHHBIX TEOPETHUYECKUX 3HAHUH 1O
TéMaM KOHKPETHBIM TPEOOBAaHUSAM JUCIUIIINHBI

- opMHUpOBaHUE YMEHUN IPUMEHATH [TOJIyY€HHBIEC 3HAHUS HA IPAKTHKE

- Bpipa®oTka OoNTHMalbHBIX PELICHUI MPH PElIeHUH MPAKTHYECKHUX 3a/1ad MpPeIMETHON
obnactu

Benymeil nenpro NpakTUYECKUX 3aHATUN MO AucuuIuinHe CONpOTUBICHUE MAaTEpUaJIOB
sBiseTcss (opMHpoBaHUE MpOo(ecCHOHATbHBIX KOMIETEHUUH U YMEHUHM — BbIIOJHEHUE
OTIpeIeICHHBIX JIeHCTBUIN, HEOOXOUMBIX B MPEIMETHOM 00aCcTH.

Meronuveckre peKOMEHJaMK PU3BaHbl 00ecrednTh 3(P(HEKTUBHOCTh CaMOCTOSTEILHON
paboThI CTYAEHTOB C JIUTEPATYpPOil, HA OCHOBE pallMOHAIBHOM OpraHU3auu

€€ HM3yueHHus, OOJEryuTh MOArOTOBKY CTYJIEHTOB K cladye 3K3aMeHa, COPUEHTHUpPOBATh UX B
HAlPaBJICHUM W3y4eHUs MaTepuana II0 II0CTABICHHBIM BOIPOCAM, [JaTh BO3MOXHOCTb
0TpaboTaTh HABBIKM COCTAaBJICHHUS M OQOPMIICHHS DPA3IUYHBIX BHJIOB JOKYMEHTOB, KaK IOJ
KOHTPOJIEM MIPENOJaBaTeNs, TAK U CAMOCTOSATEIIBHO.

Ilepen mNOArOTOBKOM K 3aHATHUIO CTYAEHTHI JIOJDKHBI O3HAKOMHUTBCS C IUJIAHOM
MPAKTHYECKOT0 3aHATHS, @ TAK)Ke C YIeOHOH MPOrpaMMoOii IO TaHHOW TeMe UTO MTOMOXET CTYAEHTY
COPHEHTHPOBATHCS MPU NPOPadOTKE BONPOCa U MPAaBUIBHO COCTaBUTH IIaH oTBeTa. Cieayronmit
3Tal — W3y4eHHE KOHCIIEKTa JIeKLUH, pa3/iesloB yYeOHUKOB, O3HAKOMJIEHHE C JIOTOJHUTEIbHON
JUTEPATypo, PEKOMEHAOBAaHHOM K 3aHATHIO. CTYACHTHI JOJDKHBI TOTOBUTH KPATKUM KOHCIIEKT
OTBETOB Ha BCE BOIIPOCHI, 3HATH OIIPEIEICHUS OCHOBHBIX KaTETOPUH.

Pa3zpaboTtano mmst ouHo# popMbl 00yUEHUS.



IIpakTnyeckoe 3ansitue 1
Tema 1. O01mme MOHATHA U OIpe/ieJIe HHA.

CoopyXeHUs U UX DJIEMEHTHI;

Lens: maTh cTyAeHTY 3HAHUS B 00J1ACTH OCHOB KHHEMATHKH.

3HaTh: KHHEMATUUYECKUE XapaKTEPUCTUKHU TOUKH, T depeHIIHnaTbHbIC YPAaBHEHUS TBUKEHUS
TOYKH;

o01me TeopeMbl IMHAMUKHU

YMeThb: BBIYHCIATH CKOPOCTH M YCKOPEHHS TOUYEK MU TOYEK Tella MPH TMOCTYNATEeIbHOM,
BpalllaATEIbHOM M TJIOCKOM JIBUYKEHUAX

AxmyanvHocmb memul 3aKITIOYACTCS B TPUMEHEHNUN 3HAHUN B 00JIACTH KUHEMAaTHUKH Ha
MPaKTHUKE.
Teopemuueckas uacmy:

Kinaccupukanus ABUKe HUSI TOUKH:

1. Ecau B Te4YeHHE HEKOTOPOTO BpEMEHH a ;
PaBHOMEPHO U IIPSIMOJIMHENWHO;

2. Ecmu B TedyeHuwe HekoToporo BpemeHn d . # Owm an = 0, To Touka JBMIKETCS
HEPaBHOMEPHO U MPSIMOIHHEITHO;

3. Ecnm B Tedenme HekoToporo BpeMenn d: = Ou an # 0, TO TOYka IBHIKETCS
PaBHOMEPHO U KPUBOJIUHEWHO;

4. Ecnu B TedyeHHE HEKOTOporo BpeMeHM a . # Oum an # 0, To Touka ABMKETCS
HEPaBHOMEPHO U KPUBOJIMHEHHO.

Bujbl 1BUKe HUS TBEPAOTO Tejia:

1. Ilpocmeiiwue osudicenuss meepoozo mena:

a. [locmynamenvhoe OsudiceHue: MIOO0N OTPE30K Tella MEpeMeIaeTcs mapajielbHO
caMmoMy cebe;

0. Bpawamenvnoe oOsudicenue 60Kpye HENOOBUIICHOU OCU: JIBE TOYKU, HEPA3PHIBHO
CBSI3aHHBIC C TEJIOM, OCTAIOTCS HETIOIBUKHBI,

2. IInockonapannenvroe (n10ckoe) 0gudiceHue: Kaxaas TOUKa TeJa ABUKETCS B OJJHOU U
TOMH K€ MJIOCKOCTH;

3.Cghepuueckoe osudicenue: oaHa TOUKA, HEPA3PHIBHO CBsI3aHHAsl C TEJIOM, OCTAETCS
HETO/IBUKHA;

4.Ce0000H0€ Osudicenue. MIOOOE TIEPEMEIIICHUE TeJIa HUYEeM HE OTPAaHUYCHO.

[TnockonapamiensHoe (TII0CKOE), ChEepUIecKOe U CBOOOTHOE JBUKEHUS SABISIOTCS
COBOKYITHOCTBIO MPOCTEUIIMX ABUKEHUM.

[Ipu nocmynamenvrnom Oeusicenuu ece mouxu mena OnUCLIBAION OOUHAKOSblE (Npu
HANoJiCeHUU cosnadaroujue) mpaeKmopuu U UMerom 6 Kaxcoblii MOMeHm 8peMeHU 0OUHAKOBbLE
1O MOOYIIO U HANPABIEHUIO CKOPOCU U YCKOPEHUS.

[Tpu mocTynaTeTbHOM JIBHYKEHUN KHHEMATHYSCKIUMU XapaKTePUCTHKAMU TeJa SBJISFOTCS
JMHEWHAsI CKOPOCTH U JINHEHHOE YCKOPEHUE ITOTO TeJa

[lpu epawamensvnom Osurcenuu 15 ONpeNeNEeHUs MOJOXKEHUS BpAIIAIOILErocs Tena
UCIIOJIb3YIOT TIOHSITHE Y201 nogopoma mena ¢ (pUCyHOK 5). YT0JI TOBOPOTA CBA3aH CO BPEMEHEM
3aBHCHUMOCTbHIO, HA3BIBAEMOI YPAaBHCHHEM BPAIATEIIBHOTO JIBUKCHUS

o=F().

Ou an = 0, TO TOYKA IBUKETCS
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Pucynok 5.
Yanosasa ckopocms Tena paBHa epBOM MPOU3BOIHOM 110 BPEMEHHU OT yIrjla MOBOPOTA
Tena
0= 90
dt
Bexmop yenoeou ckopocmu HallpaBIIeH 110 OCH BpallleHHs Tejla B TY CTOPOHY, OTKyZAa
BpallleHuEe BUIHO MPOUCXOSAIIMM MPOTUB X0OJIa YaCOBOM CTPEIIKH.
Yanosoe yckoperue Tena paBHO NepBOU MPOU3BOIHON OT €T0 YIJIOBOM CKOPOCTH UIIH
BTOPOI MPOM3BOAHOM OT yrjia MOBOPOTA Teja IO BpEMEHU
e =do =d20
dt  dto
Bexmop yenoeozco yckopenuss HampapieH MO OCH BpAIIEHUS B Ty K€ CTOPOHY, 4YTO U
BEKTOP VIJIOBOWM CKOPOCTH, KOTJa BpalleHHWE YCKOPEHHOe, M B OOpaTHYI CTOpOHY, KOria
BpalllEHUE 3aMe]ICHHOE.
Benuuuna cxopocmu mouxku epawarowezocsi mena paBHA INPOU3BEICHHUIO YIJIOBOM
CKOPOCTH Ha PAaCCTOSIHUE OT TOYKH JI0 OCH BPAILECHUS
V=0 0OM
Bexmop cxopocmu mouku épawarowe2ocsi mena HaNpPaBICH NePHeHOUKYIAPHO NPAMOU,
COCIMHAIONIEH 3Ty TOYKY C OCBIO BpAIICHUS, U NEPHEeHOUKYIAPHO CAMOU OCU 8paujeHus: |
ornpenensiercs no Gpopmyne Diinepa
V=T,
rie I — paauyc-BEeKTOp, MPOBEIACHHBIM M3 JIOO0N TOYKHM, JIeXKallell Ha OCH BpallleHHs, K
paccMaTpuBaeMoM TOUKE TBEPIOTO Tea.
Ilonnoe yckopenue mouku eépawarouje2ocsi mena pasiaraercs Ha JIBE€ COCTaBISIOLIME:
spawamenvHoe (a:) U ocecmpemumenvbHoe (do), U €ro BeJIMUNHA PaBHA KOPHIO KBAJIPATHOMY U3
CYMMBI KBaJIpaTOB 3TUX COCTABIISIOLIMX

a:\/ag 2+a0) 2 .
Bpawamenvnoe yckopenue HaNpaBI€HO B Ty XK€ CTOPOHY, YTO MU CKOPOCThb, KOIJa
JIBIDKEHUE YCKOPEHHOE U B 00paTHYIO CTOPOHY, KOT/1a ABHYKEHHUE 3aMeJICHHOE.
Benuuuna epawjamensro2o yckopeHusAmouKy paBHa MPOU3BEICHUIO YIJIOBOIO YCKOPEHMUSI
TeJla Ha PaCCTOSIHUE OT TOYKH JI0 OCU BPALLCHUS
a:=¢- OM.
B BekTOpHOIT hopMme: e =€ XTI .



Ocecmpemumenvhoe  ycKopenue  HANpaBIEHO K OCH  BpalleHHs.  Beiuuuna
ocecmpemMumenbHo20 YCKOpeHUss mo4Ky paBHa TPOU3BEICHUIO KBAApaTa YriIOBOH CKOPOCTH Teia
Ha paCcCTOAHUEC OT TOYKHU OO OCHU BpallICHUA

ado=m2" OM.

B BekTopHOI Popme: 8o =@ - (0T .
—~ "\

Pucynok 6. HampaBiieHne BEKTOPOB CKOPOCTH M YCKOPEHUH TTPH

3aMEIJICHHOM JIBUKEHUU BPAIIAIOLIETOCS Tea.

Bexmop nonnozo yckopenus 110601 mouKku 8pawarue2ocs meia HaupapiieH M0/ yIioM
B x npsimMoii, COEIUHAIOMIEN 3Ty TOUKY C OCBIO BpAICHUsA. TaHI€HC 3TOrO yriia paBeH
OTHOUICHUIO YIVIOBOTO YCKOPEHUS TeNla K KBaJpaTy €ro yriloBO CKOPOCTH

€
e

IIpu naockonapannensnom (nnockom) osudicenuu:

Bcesikoe HenocTynarenbHOe epeMellieHIe TI0CKOH (GUTyphI B €€ MIOCKOCTH MOXKET OBITh
OCYIIECTBICHO KaK COBOKYIHOCTb IPOCTEUIIMXIBUKCHUU: NOCMYNAmenbHo20 BMECTE C
BBIOpDAaHHON TOYKOW (PUTYpBHI, HA3bIBAEMOW IOJIOCOM M 8paujeHus BOKPYr OCH, MPOXOIAIIEH
yepes IOIIoC.

KunemaTnueckuMu XapakTepUCTUKaMU SBISIOTCS MTHOBEHHAsl YIJIOBas CKOpPOCTb (,

MTHOBEHHOE YIJIOBOE€ YCKOPEHHE € IIJIOCKON (UTYphI, JMHEWHAas CKOPOCTh M JIMHEHHOE
YCKOpEHUE, TOYKH BHIOPAHHOM 3a MOJIIOC.

tgo=

¥B

-

YA

B(A) -

A YA
Pucynok 7. Onpenenenue CKOpocTel TOUEK MIOCKON (PUTYpHI.
®dopmyna pacrpeaeneHus CKOPOCTEH TOUEK MPH MITOCKOM JBUKEHUU(PUCYHOK T ):
EB = V_A +;B(A) y
I7€ ¥Ao — CKOPOCTh MOJTIOCA A

Vp — CKOPOCTB JIFOOOH TOYKH B;

¥ ( 4) — CKOPOCTb, KOTOPYIO MOJy4aeT Touka B mpu BpaleHun miockoit Gurypsl BOKpyr
moJtroca A;

Va(B)=0" AB;

BexTop ckopocTb ¥g ( 4) NEepHEeHAUKYISpEH npsiMoit AB.



Ckopocmv  n0bou mouku B ninockoii  ghueypei ceomempuyecku ckuaoviéaemcs u3
CKOpOCMU KaKoOU-HUOYOb Opy2oll mouKu A, npuHamou 3a nonoc, u CKOpocmu, Komopyio mouxka B
noxyuaem npu pawjeruu ueypvl 8OKpye 3mo2o noacd.

Pucynoxk 8.

Jia ompeneneHus CKOpocTeH IIOCKOH (UIypbl HCHOJB3YIOT HauOojee MpOCTOW U
yIOOHBI METO/, OCHOBAHHBIM HAa Meopeme 0 NPOEKUUAX CKOpPOCHiel O08YX mMOYeK mena:
npoexkyuu ckopocmeti 08yxX mMo4eK HaA OCb, NPOXOOAWYIO Yepe3 dSmu mouKu, pasHvl Opy2 opyay
(pucyHok 8)

Vg COSP 6.vaCOS QL.

Jpyroit mpocToii n HarJIAAHBIA CIIOCO0 ONpeIesIeHUsl CKOPOCTEN TOUEK IIIOCKOM (pUrypsl
(mM Tena npy NIOCKOM JABUKEHHUH ) OCHOBAH Ha MOHSATHU O MCHOBEHHOM YEeHmpe CKOpoCmell.

Menoeennviii yenmp ckopocmeti — mouKa, CKOpoCHb KOMOPOU 8 OAHHbLI MOMEHM
8peMeHU PasHa HYIIO.

Cropocmb moyek MIOCKOH (GUTYpBI paBHA MPOU3BEAECHNIO MTHOBEHHOH YIIIOBOM
ckopoctu Guryps (w, pan/c) Ha paccrossHue oT Touku 10 MIIC (pucyHok 9, a)

va =m- PA,
rae PA — paccrostaue ot MLIC (1.P) no Touku A.

BexTop ckopoctu niockoi GUrypsl Hanpasien nepnenouKyIapHo npamoll,

coequHsrome 3Ty Touky ¢ MLIC, 1 JIeXUT B TNIOCKOCTH (PUTYPHL

a)

Pucynok 9. HaxoxaeHre MrHOBEHHOTO LIEHTpa CKOPOCTEH.
OTHOIICHHE BEIMYUH CKOPOCTEH TOYEK TUIOCKOW (UTYPHI K PACCTOSHHIO OT 3THX TOYEK
no MIIC sBnsieTcss BeNMYMHOW IOCTOSHHOW JUIS BCEX TOYEK IIJIOCKOH (UIypsl U paBHO
MIHOBEHHOH YIJIOBOM CKOPOCTH (GUTYPHI (pUCYHOK 9, a U B)

Y Vv
A B
AP Bp T
Hnsa onpenenenust MLIC HeoOX0auMO K M3BECTHBIM BEKTOpaM CKOPOCTEH JIBYX TOYEK,
€CIM OHM HE€ [apajulelbHbl, IPOBECTH NEPIEHAUKYIAPBl — TOYKA IEPECEUECHUS

neprnenaukyisipos Oyner MLIC (T1.P).
Eciim  BekTOpel CKOpOCTEH JBYX TOYEK IUIOCKOW (QUTYphl paBHBI JPYr JPYry H
pacnonararTcs napamienbHo, To MLC HaxonuTcs B 06CKOHEUHO yajdeHHOM Touke (PUCYHOK 9,

6).



Pucynoxk 10. Onpenenenue yCKOpEeHUN TOYEK MIIOCKOH PHUTYPHI.
1. Ha pucyHKe CIUIOIIHAsE AyroBasi CTpENKa IOKa3bIBACT HAIPABICHHE YIJTIOBOW CKOPOCTH

(HampaBiieHHE BpalleHUs), a IYHKTUpPHAs — HalpaBiIeHUE YyIIIoBoro yckopenus €. llpu
YCKOPEHHOM BpallleHUH 00€ CTpeaKU OyAayT HalpaBiIeHbl B OJHY CTOPOHY, a IIPU 3aMEJIEHHOM —
B pa3HBbIE.

Jiis onipenenieHust yCKOpEeHUH ToUeK TIOCKoi uryps! (pucyHok 10, a) ucmons3yior
BBIpa)KEHHE

aB:aA+aB(A) ,

rIe a4 — YCKOpEeHUue noitoca A;

as — ycKopeHue o0oi Touku B miockoit purypsr;

aB(4) — yCKOpeHue, KOTOpoe MoJydaeT ToYKa B mpu BpalmeHnu miockoii GUrypsl BOKpyr

rmosroca A.

Vcexopenue nioboti mouxku B nnockou  ghucypvl ceomempuuecku CKiaobigaemcs U3z
VCKOpeHust Kakou-Hubyob 0py2oli mouxku A, npunamoui 3a nouoc, u yCKoOpeHus, Komopoe moykd
B nonyuaem npu spawenuu ¢pucypui 60Kpye 3mo2o noaca.

[lpu pemiennu 3ama4 Gonee ynoOHO BEKTOP @, 3aMEHUTH HA €r0 COCTABIAIONIME:

n

KacaTecJIbH a
YIO 85Uy qopmanbHylo & (4 (pucyHOK 10, 6), mOJIyuas BEIPaKEHHE CISAYIOLETo

BHUIa

_ _ _ _n

aB —a4t+a B(4) + & B(A4),
I7I€ BEKTOp @&1B(4) HampaBJeH NEprHeHAuKYyIsipHO AB B CTOPOHY BpallEHUs], €CIU OHO
YCKOPCHHOC, U IIPOTHUB BpallICHUsA, €CJIM OHO 3aMCIJICHHOC U ONPCACIICTCA

1. "Bu= 4B - ¢

BEKTOp 2 BnCET/la HalpaBJeH OT TOYKU B k momocy A u onpenensercs
B(A)

n 2
& B(4)1.AB - o°.
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Ecnu Touka B 1BUKETCS KPUBOJIMHEWHO U €€ TPACKTOPUS U3BECTHA, TO &3 MOXKHO
IIPEACTAaBUTH B BUJIE CyMMBI KaCaTEIbHON U HOPMAJIbHOM COCTABIISIIOLIMX
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[Tpu HemocTynaTeaIbHOM JBUKEHUU TIIOCKON (DUTYpHI AJIsl OTIpeeNIeHNs YCKOPEHUM
UCIIOJIb3YIOT TIOHSTHE MCHOBeHHbIU Yenmp yckoperuti (MLLY).



Pucynok 11. Onpenenenne MrHOBEHHOTO IIEHTPa YCKOPEHUH.

Menosennviii yenmp ycrxopenuii (Q) — mourxa, yckopenue Komopou 6 OaHHbLIL MOMEHM
8peMeHU PABHA HYITIO.

[ono’keHHe MTHOBEHHOTrO IieHTpa Yyckopenuit Q (pucyHok 11) ompenensercs
dopmynamu:
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OtknagpiBaeM yroi o OT YCKOPEHHsI 4, (B CTOPOHY MTHOBEHHOT'O BpallleHUsl, €CJIM OHO
YCKOPEHHOE, M B MPOTUBOIIOJOXKHYIO CTOPOHY, €CJIIM OHO 3aMEUIEHHOE), TIoJydaeM
HOJYNpsAMYIO, Ha KOTOpoH Ha paccTossHMM AQ JI€KUT MTHOBEHHBIH LEHTp yckopeHui Q
(pucynok 11, a).

Ecnu MrHOBEHHBIHN LEHTP YCKOPEHUI IPUHSTH 32 MOJIIOC, TO YCKOpPEeHHeE 1000 Touku B
iockoi ¢urypsl (pucyHok 11, 6) onpenensercs no popmyne

a =BQ rEg7Fw
b 4'

Ycxopenus mouex nnockoti puzcypwi onpedensaromes 8 0aHHbIL MOMEHM 8peMeHU MAK,
Kaxk eciiu Ovl 0sudcerue ueypul ObLIO0 8paujerHuem 80Kpye MEHO8EHHO20 yeHmpa yckoperuti Q.

OTHolleHNE BETMYUH YCKOPEHHU I TOUEK MJI0CKOM (DUTYpPhI K pACCTOSHUIO OT 3TUX TOUEK
1o MILY onpenensieTcs OTHOIIEHUEM

Vekopenus mouek niockoil gueypul NPONOPYUOHATbHLL  UX PACCMOSHUAM OM
MSCHOBEHHO2O0 YyeHmpa CKOpOCWlelZ.



Bonpocwt u 3a0anua:
1. Yro uzydaer kuHemaTuka?
2. Tlepeuncnure criocoObI 3aaHUST IBUKCHHS TOUYKH.
3. Banummre GopMyITy OMpPEISIICHHS MTOJIHOTO YCKOPSHUS TOUKH, BHKYIICHCS
BpALIATENEHO.
4. ]laiiTe onpesaeneHre MTHOBEHHOTO IIEHTPa YCKOPEHUSI.



IIpakTH4yeckoe 3auHsiTe 2
Tema 1. O0mme NOHATHA W ONpe/ieICHHS.

KunemaTnyecknii aHajau3 pacyeTHBIX CXEM.

Henb: npuobperenne yMeHU TPUBOJUTH MIJIOCKYIO TPOU3BOJIBHYIO CUCTEMY CHII K 33JJAHHOMY
LEHTDY.
3HaTh: pEAKIINH CBI3EH,
YCIIOBUHM PaBHOBECUS INIOCKOU U IIPOCTPAHCTBEHHOM CUCTEM CUI,
YMeTb: COCTaBIATh U pEIaTh ypaBHEHUS PABHOBECHUS;
Axmyanvrocmb memul OOBSICHIETCS CBEICHUEM CUCTEMBI C HECKOJIBKMMHU CUIIaMU K 33 JaHHOMY
LIEHTPY, TEM CaMbIM YIIPOLIAsl CXEMY U pacuer.
Teopemuueckas uacmey:

1. PaccmoTpuM TpPOU3BOJBHYIO  CHCTEMY  CHII (Fl,FZ R ).BLI6epeM



OpOU3BOJBHYIO TO4YKy (O 3a UEHTp MPHUBEACHHUS U, BOCIOJb3OBABIIMCH TEOPEMOH O
napajijieJIbHOM IEPEHOCE CUJIbl, IIEPEHECEM BCE CHUJIbI CUCTEMBI B IAaHHYIO TOUKY, HE 3a0bIBast
U IEePEHOCce KaX 101 CHIIbI T0OABIISITh IPUCOEIMHEHHYIO [Tapy CHUII.

[lonydeHHyt0 TakuM 0Opa3oM CHCTEMY CXOJSIIMXCS CUJI 3aMEHUM OJHOM CHIION R,
PaBHOM MTaBHOMY BEKTOPY UCXOTHOM crcTeMbl cuil. OOpa30BaBIIyIOCs MPH IMEPEHOCE CUCTEMY

nap CHUJI 3aMEHHMM OJHOW IIapol ¢ MOMEHTOM MO, PaBHBIM TI'€OMETPUYECKOU CyMMeE
MOMEHTOB BCeX Nap cui ( T.e. T€OMETPUUYECKON CyMMON MOMEHTOB MCXOJHOW CHUCTEMBI CHII
OTHOCHTEIBHO IIeHTpa O).

Takoif MOMEHT Ha3bIBACTCS 21ABHBIM MOMEHIMOM CUCHIEMbL CUTL OMHOCUMENbHO yenmpa O
(puc. 1.30).
$ E=NA$

Puc. 1.30. Ilpuseoenue cucmemul cuit K yeHmpy
Urak, mo0yio cHCTeMY CHJI BCETIa MOYXKHO 3aMEHUTD BCETO JIBYMsI CHIIOBBIMU (PAKTOpaMH -

2NIAGHBIM 6EKMOPOM U 2NIAGHBIM MOMEHMOM OMHOCUMENbHO NPOU3EOTbHO GbIOPAHHO20
uenmpa npugedenusn. OUeBUHO, YTO TTIABHBIA BEKTOP CUCTEMBI CHJI HE 3aBHCHUT OT BBIOOpa
[EHTpa IpUBeICHUS (TOBOPSIT, YTO TJIABHBIA BEKTOP MHBAPUAHTEH MO OTHOIICHHUIO K BEIOOPY
1eHTpa npuBeAcHus1). O4eBUIHO TaKXKe, YTO TIIaBHBI MOMEHT TaKUM CBOMCTBOM He 00OJajacT,
MO3TOMY HEOOXOJUMO BCETAA YKa3blBaTh, OTHOCHUTEIBHO KaKOTO ILIEHTpPa OMpeaesseTcs
TJIaBHBIN MOMEHT.
Bonpocwvi u 3a0anusn:

1. Yro Takoe ruaBHBIA BEKTOP?

2. UYro Takoe r1aBHbIII MOMEHT CUCTEMBI?

3. IlpuBenenue cucTeMbl K 3aIlaHHOMY LICHTDY.

4. TlapamienabHbIA EpeHOC CUII 3TO...?



IIpakTHyeckoe 3aHsTHE 3
Tema 1. O0mme NOHATHA W ONpe/ieICHHS.

Kunematnueckuii aHaian3 COOpPYKEHUI.

Henp: HaydnTHCSA pelIaTh 3aja4 Ha PACTSKEHHE - CIKATHE

3HaTh: NPUHIUIIBI COIPOTHUBIICHUS! KOHCTPYKIIHOHHBIX MAaTEPHAJIOB, METOJbI WU AJITOPUTMBI
IIPOCKTUPOBAHHUS PA3IUYHBIX MEXaHUYECKUX CUCTEM; METOBI U AJITOPUTMbI KOHCTPYMPOBAHUS
3JIEMEHTOB PA3JIMYHBIX MEXaHUYECKUX CUCTEM, METOIUKH PacyeTa Ha MPOYHOCTb, )KECTKOCTb U
YCTOMYUBOCTB 3JIEMEHTOB MAlllMH U UX KOHCTPYKLIHIA;

YMeTh: OCYHIECTBIATH PAIlHOHATIBHBIN BHIOOP KOHCTPYKIIMOHHBIX U 9KCIUTyaTallMOHHBIX
MaTepHaJIoB; IPOU3BOJUTE PACUEThl HA IPOYHOCTD U )KECTKOCTB IIPU PACTKCHUU -CKATUH,
KpY4EHUH, U3r10e U CI0KHOM HarpyK€HUHU, IPU CTATUYECKOM U YIaPHOM MPUIIOKEHUU
Harpy30K; BBIIOJHATH CTAaHJAPTHBIE BUABI IPOYHOCTHBIX PACYETOB.

Axmyanvnocms memwvl 00BICHAETCS OCHOBHBIMU IPUHLIUIIAMU ONIPEAETICHUS BHYTPEHHUX
($akTOpPOB BO3HUKAIOIIMX B 3a/1a4aX Ha PacTsHKEHUE — CIKATHE..
Teopemuueckas uacmo:.

1. mpupoze paznuyaroT ynpyroe, yrnpyromiacTU4HOE M BS3KOILUIACTUYHOE TBEp/bIE TEa.
Yopyroe Teno mociie CHATUS BHEIIHEM Harpy3skM BOCCTaHAaBJIMBAET CBOM I1€PBOHAYAJIbHBIE
pasmepsl u popmy. B aToM cirydae pedopmarius Teaa Ha3bIBaeTCs YIPYrod. YIpyronjaiacTHIHOE
TEJO BOCCTaHABIMBAET CBOM IE€PBOHAYAIbHBIE pa3Mepbl U (OPMY HEMOJIHOCTHIO, T. €. UMEEeT
MECTO OCTaTo4Has jaedopmarusi. B MHXEHEPHBIX COOPY)KEHUAX U MEXaHMUYECKUX MAIMHAX He
JOTTYCTUMO TMOSIBIIEHUE OCTaTOYHBIX AeQopMaIui.

OT neiicTBUS BHEIIHUX HArpy30K B IONEPEYHBIX CEYEHUSX BO3HUKAIOT BHYTPEHHHUE
CUJIOBbIE (DaKTOpBl, KOTOpBIE OMNpPENENSIIOT, MCIOJb3yd MeToA ceueHui. TBeppoe Teno,
HaxoJslIeecss MOJ JEHCTBUEM BHEIIHUX HArpy30K MBICIEHHO pacCceKaloT Ha JBE YacTH H
paccMaTpHUBaIOT paBHOBECHE OJHOM M3 yacTeil. JelicTBHE OTOPOIIEHHON YacTH Ha OCTABIIYIOCS
3aMEHSIOT BHYTPEHHHUMH Harpy3kamu, IHpPUJIO)KEHHBIMH B paccMaTpUBAEMOM CEUYEHUHU.
CocraBinisis ypaBHEHMsI paBHOBECHsSI OCTABIICICS YacTU OT ACMCTBHS BHEIIHUX M BHYTPEHHHX
CHJIOBBIX (PaKTOPOB, HAXOAT MOCIEIHUE.

BaxxHeImMy NOHATUSAME ABJISIOTCS HAPSDKEHUS U Ie(OPMAaIIHH.

[Ipun HarpyxeHuu Tena pacTATMBAIOLMHU WM CKUMAKOUMMU CHIIAMHU ONPEIEISIOTCS
HaNpsOHKeHHs, JeQopMaluu U yUIMHEHUs. BHYTpeHHss cuiia B3aMMOJEWCTBUS, OTHECEHHAs! K
€MHUIIE [IJIOIIA/H, BBIIEJICHHOM B OKPECTHOCTHU KaKOM-I1100 TOUKH IMONEPEUHOT0 CEUeHUsI Tela,
Ha3bIBAE€TCSl HANPSDKEHHWEM B 3TOM TOYke. TakuMm 00pa3oM BeJIMYMHA HANPSHKEHUN B KaKJIOM
TOYKE CEUEHHUs SBISIETCS MEpPOM BHYTPEHHHUX CHJ, KOTOpbIE BO3HUKAIOT B MaTephaie B
pe3yapTaTe BO3ACUCTBHS BHEIIHMX Harpy3ok. HopmasibHble HanpskeHUs ¢ NMPU PaCTIKEHUU-
C)KaTUM B MOMNEPEYHbIX CEYEHMSX Teja ONpEeNeNstoTcs U3 cooTHoumeHus o = N/S, rae N -
JCHCTBYyIONEE B CEYCHWU BHYTPEHHSS TMPONOJbHAas (HOpMaibHAas) cWia; S - IJIOURAMAb
nornepeyHoro ceueHus. Hampspkenus u aeopmannu B mpezenax ynpyroi nedopmaiiuu CBs3aHbl
Mexay coboit 3akoHoM ['yka, T. €. ¢ =¢E , rae E - Moaylnb ynmpyrocTu marepuana (MOIyib
IOnra), € — oTHOCHTENBHAS TPOAOIbHAS AehopMarus.

PacueTHble 3HaueHHsT HANpPSHKEHUM CpPaBHUBAIOT C JOIMYCKAaeMbIMH [0/, KOTOpBIE
OTIPE/ICISIIOT MyTeM JEJIEHUsI HEKOTOPBIX IMpeAeTbHBIX 3HAYeHHH Ha Kod(pQuIHMEeHT 3amaca
npouHocTH S(/o] =0nplS). 3a penenbHbIC 3HAUCHUS HANPSDKESHUH TPUHUMAIOT IPEIeIT TPOYHOCT U
(Anst XpyNKUX MaTEepHaJIOB) WIH IIpeied TeKYy4eCTH (71 MIaCTUYHBIX MaTEpPHAJIOB), KOTOPHIE



IOJIy4arOT IPU UCIIBITAHUAX CTAHJAPTHBIX 00pa3lloB Ha pa3pbIBHbIX ManmHax. [Ipu sToM cTposT
2. KOOpAMHATAX HampshDKeHHE-IedopMaIisl YCIOBHYIO IUArpaMMy pacTsDKEHHUsS. Y CIIOBHOM
JMarpaMMy Ha3bIBalOT MOTOMY, YTO HANpsDKEHUS U AedopMaluy BBIYUCISAIOT COOTBETCTBEHHO
10 OTHOIICHUIO K MEepPBOHAYAIBHOMN MJIOAM CEYeHUN U AnrHe oOpasua. Mcnonb3ys yciIoBHYIO
IyarpaMMy pacTsDKEHHS, HEOOXOIMMO YMETh OIpeAesTh MEXaHHUYECKHE XapaKTEePUCTHKU
MaTepuaia: Mpeaes MPONOPLUUOHAIBHOCTH, IPENEN YIPYroCcTH, Mpeaea TEKy4eCTH U Ipenes
MIPOYHOCTH U OTHOCUTEIIbHOE OCTATOYHOE YUIMHEHHE TP pa3phIBeE.

Wuornma aist u3ydeHus: 3HAYMTEIbHBIX IUIACTHYECKUX JegopMmanuii HeoOXOAUMO 3HATh
VCTUHHYIO JUarpaMMy pPacTsDKEHUs, MOJY4aeMyH0 ITyTeM [JEJICHMsI PacTATMBAIOIICH CHIIBI Ha
UCTHHHYIO IUJIOMA/b TOMEPEYHOro cedeHus oOpasma (C y4eToM YMEHBUICHHS TONEpeYHBIX
pa3MepoB CEUCHUS IIPU PACTSKEHUN ).

HeoOxomuMo oOpatuth BHHMaHHE, 4TO 3aKOH ['yKa, CBS3BIBAIONMN HANpSHKCHUS WU
nepopmManuu yepe3 MOAYIb YIPYTrOCTM MaTepuana, CIpaBeAJUB TOJIbBKO [0 Ipenena
IponopIuoHanbHOCTH. [IponoabHble nedopMaliy Npu pacTsHKEHUH CBA3aHBI C MOMEPEYHBIMU
nedopManusiMu ¢ momMotnpio kodddumuenta [lyaccona.

[Ipu onpeneneHuM HaNpsDKEHUHM W AepopManuii B CTATUYECKH HEOINpPEAEeTUMBbIX
CHUCTeMaxX HeOOXOIMMO YUMTHIBATh, YTO BO3HUKAIOLE MPU ITOM B CTEPIKHSIX CHUJIBI 3aBUCAT OT
KECTKOCTH CTEPKHA, T.€. OT ILIOIIAIEH ONEPEYHBIX CEYCHUI U MOLYJIEH YIPYTOCTH MaTepHaa.

Bonpocwl u 3a0anus:
Kaxue TBepable Tena BCTpedaroTces B ipupojie?
Kakue BHyTpeHHHE CUIIOBBIE (PAKTOPBI BOSHUKAIOT B CTEPIKHAX?
B uem 3akmrovaercs MeTOI cEUEHUN?
Cdhopmymupyiite 3akon ['yka.
, Uro Takoe UCTUHHAS AUarpamMma pacTshKeHUs ?



IIpakTHUeckoe 3ansaTHE 4
Tema 2. JIlunuu BJIAMSHUA ¥ UX NPUMEHEHUeE JJIsl pacueTa cTaTHYeCKH
onpeaeJuMbIX 0AJIOK.

Harpys3ku u BHyTpeHHHE CHJIOBBIE (DAKTOPHI,

HCJ’IBI HAaYIUTBHCA ONIPCACIIATE BHYTPECHHNUC YCUIIN A

3HaTk: MPUHOUIIBI COIIPOTUBICHUA KOHCTPYKIUMOHHBIX MAaTEpHUalIoB, MCTOAbI M aJIIOPUTMBI
IMPOCKTHPOBAHUSA PA3TIUUYHBIX MEXaHUYCCKUX CUCTEM, MCTOABI U aJITOPUTMbI KOHCTPYHUPOBAaHU S
3JICMCHTOB PAa3JIMYHBbIX MCXaHUYCCKHUX CUCTCM, MCTOJUKHU pacucTa Ha MPOYHOCTD, JKCCTKOCTh 1
YCTOIZHHBOCTB 3JICMCHTOB MalllMH N UX KOHCTPYKHHﬁ;

YMmeTh: OCYHICCTBIIATDH paI_[I/IOHaJ'IBHHﬁ BLI60p KOHCTPYKIIHOHHBIX MW JKCINIYaTalMOHHBIX
MaTepUuaJioB;, MPOU3BOAUTL PACUCTBI HA IMPOYHOCTH M KECTKOCTb HPHU PACTIKCHUU-CKATHUMU,
KpYy4CHHHU, n3rube U CI0XKHOM Harpy>x€Huu, IMpu CTATUYCCKOM U YAAdpHOM IIPUIIOKCHUN
Harpy3oK; BBIIIOJHATb CTAHAAPTHBIC BUIbI IPOYHOCTHBIX PACYCTOB.

Axmyanvrocms memwvl OOBICHAETCS OCHOBHBIMU MPUHIIUIIAMY OTIPEACTICHUS BHYTPEHHUX
(GakTOpPOB BO3HUKAIOIIMX B 33J]a4ax Ha pacTsHKEHUE — CIKaTHE..
Teopemuueckas yacme:

[Tpumep perieHus 3a1a4u Ha TEMY «PACTSHKEHHE U CKATHE

[MocTpouTs N0 AMHE Opyca, cormacHo cxeme HarpyxkeHus (puc. 1.1), smropsl

npoJoabHBIX cuil N, HOpMalIbHbIX HanpshkeHU O U epeMenieHni NonepevyHbIX CEUeHUH.
Crenate BBIBOJ, O IPOYHOCTH Opyca, CpaBHUB 3HAYEHU I HOPMaJIbHBIX HANPSKEHU I B OIIACHOM

E=20-10 5 [c]=240
CEUCHHH C JOMYCTHMBIM, €CH Martepuan Opyca — ctam 3 ( MIlla, Mlla).
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Pucynok 1.1

Hano:F1 =10 kH; F2 =12 kH; F3 =30 kH; S1= 200 MMZ; S2 =300 MMZ;
-=0,3m b=04m.

Pemenue:



Hmeem yetnipe yuactka Harpyxkenus (4B, BC, CD, DK), B npenenax
KOTOPBIX HAPSHKEHUS OYIyT UMETh TOCTOSIHHBIC 3HAYCHUSL.

Yuacmox 1 (AB). Pacceuém, MBICIIEHHO, CTEPKEHb B MECTaX, IJi¢ HEOOX0IUMO OIPENCIHUTh
3HAa4YeHHs BHYTPEHHUX YCWIMH M BHYTPEHHUX HanpspkeHui. OnHy U3 yacteil (JieByto) oTOpoCcUM

(puc. 1.2), a i OCTABIICHCS COCTABUM YpaBHEHHE PaBHOBECHUS 5 Fi = N - F3 =0 ,3aMCHHB
1

MIPU OTOM JIHCTBHE OTOPOIIIEHHON YacTH Ha OCTABIINYIOCS HEHU3BECTHOM BHYTpEeHHEH cuioit Ni.
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Pucynoxk 1.2
N =F=30
Torma, 3 kH.
6 =N ,=3010 * _yoq
3HavYeHNE HANPSDKEHUH Ha y4acTKe: 15 T 300 Mlla.
2

AbcomotHas gedopmanus yaacTka (OTHOCUTENbHbIE TePEMEIIeHNsT KOHIIOB y4acTKa):

Al =o = 100-900= 0,45 uy.
» TE 200"

Yuacmox 2 (BC).

N,1R=0,
N2 F3:30KH
3 N, =30 -10s

) =150 M1Ta.
S 200

E 2,0-10°

Yuacmox 3 (DC).



N -F+F =0
3 3 2 .
N3 =30 -12 =18 x#.
N

:218-10°_ 90 120

03 = — ——

S1 200

AI = 3 ‘IDC _ 90 '400 — 0,18MM
2,0-10°

DC E
Yuacmox 4 (KD).
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N -F+F+F =0

4 3 2 1

N,=30-12-10 8.u

o :& =8-10s _
451200

40 v,

Al :64'|KD _ 40-360
Kb E 2,0-10° 07

Omm.

J17151 TOCTPOEHUS SMIOPBI IEPEMENICHHUN MTOIIEPEYHBIX CEYEHH, ONTPEIEITNM PACCTOSHUSA,
Ha KOTOPBIE IIEPEMECTATCS KOHIIbI yUaCTKOB HAIPYKEHUSL OTHOCUTEIILHO KECTKO 3a/1€JJTaHHOIO

JIEBOTO KOHIIA CTePKHS (ToukH K).

[Tepememienne Touku D oTHOCUTENEHO TOUKH K.

Opk=Alkp=0,07 mm.

Torz(a, NEePpEMCUICHUEC TOYKH C OTHOCHUTENHHO TOUKH KCOCTaBUT:

dck=06pk +Alkp=0,07+0,18=0,25 mm.

AHaJIOrHYHO OonpeCaACINM ICPEMEIICHUA OCTAJIbHBIX KOHIIOB YU4aCTKOB:



08k=0ck +Alsc=0,25+0,22= 0,47 mm,

04k=08k +Al4=0,47+0,45= 0,92 mm.

[ocTpouB u npoaHanU3UPOBaB AMIOPHI MPOAOCILHBIX CHII N, HOpMaJIbHBIX HANPSKEHUIH

R u nepeMeneHI onepevHbIX ceueHuil (puc. 1.3), nemaeM BBIBOJ, YTO OMACHBIM
y4acTKOM BaJia siBjsieTcst yaacTok BC ¢ omax= 150 Mlla.

T.K. omax</o], TO yClI0BHE NPOYHOCTH BBIIOJIHSAETCS.
Omnpenenum CTeneHb 3arpy’>KEHHOCTH CTEPHKHS:

O = 190_ 0,625.
[c] 240

CrepreHb HarpyxeH Ha 62,5 %.
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Pucynok 1.3



Bonpocwt u 3a0anua:
1) Kaxkwue TBep/ple Telia BCTPEYATCs B pupoe?
Kak onpenensitorcst BHyTpeHHUE CUIIOBBIE (DaKTOPHI?
B uem 3axirouaercs METOJ] CEUEHM?
Chopmynupyiite 3akoH ['yka.
B YTO Takoe MCTUHHAs AUarpaMma pacTsHKeHus?



IIpakTHYecKkoe 3aHATHE O
Tema 2. JIlunuu BJIAMSHUA ¥ UX NPUMEHEHUeE JJIsl pacueTa cTaTHYeCKH
onpeaeJuMbIX 0AJIOK.

JIuHUM BIUSIHUSL B CTaTUYECKH ONIpCACINMbIX 6am<ax,

HCJ’IBI HAaY4YUTBHCA pCIIATh 3a/la4d HAa CABUT U KPYUCHUC

3HaTh: NpUHOUIIBI COIIPOTUBJIICHUSA KOHCTPYKIUOHHBIX MAaTCpHUaioB, MCTOAbI W aJITOPUTMBbIL
IMPOCKTHPOBAHUA PA3JIUYHBIX MEXAaHUYCCKUX CUCTEM; MCTOABI U aJITOPUTMbBI KOHCTPYHUPOBAHUA
3JICMCHTOB Pa3JIMYHbIX MCXaHUYCCKHUX CUCTCM, MCTOJUKHU pacucTa Ha MPOIYHOCTD, JKCCTKOCTH U
YCTOIZHHBOCTB QJICMCHTOB MalllMH N UX KOHCTPYKHHﬁ;

YMmeTh: OCYHICCTBIIATDH paI_II/IOHaJ'IBHHﬁ BLI60p KOHCTPYKIIHOHHBIX MW JKCINIYaTalMOHHBIX
MaTepUuaJioB;, MPOU3BOAUTL PACYCTBI HA MPOYHOCTb MU KCCTKOCTH IIPpHU PACTAKCHUH -CXKATHUMU,
KpYy4CHHH, n3rube H CI0KHOM Harpy>x€Huu, IMpu CTATHUYCCKOM U YAAdpHOM IIPUIIOKCHUN
Harpy3oK; BBIIOJJHATb CTAHAAPTHBIC BUABI TPOYHOCTHBIX paCYCTOB.

Axmyanvnocms membl OOBACHSAETCSI OCHOBHBIMM TNPUHIUIAMHU ONpEAETCHHUs] BHYTPEHHUX
(akTOpOB NPU CIIBUTE U KPYUCHHH.
Teopemuueckas yacmy:

CaBuroM Ha3bIBAIOT TaKOW BHJI HANPSHKEHHOTO COCTOSIHUS, KOTZIAa HA TPaHsIX dJIEMEHTA
JIEMCTBYIOT TOJIBKO KacaTelbHble HanpspKeHUs. [Ipu 3ToM Ha JBYX B3aMMHO MEPIEHANKYIISPHBIX
IUTOIIAIKAX JEHCTBYIOT paBHBIC MO BEIMYMHE M OOpaTHBIE MO 3HAKY KacaTelIbHbIE HAIPSDKEHUS.
DTOT 3aKOH Ha3bIBACTCS 3aKOHOM IMApHOCTH WJIM B3aMMHOCTH KacaTelbHBIX HAIpPSDKEHUH U
UMEEeT CHUJy KakK JUIi OJHOOCHOTO, TaK W Uil OOBEMHOTO HANPSHKEHHOTO COCTOSHHIMA.
Jedopmanyu, BOSHHKAIOMME NPHU CABUTE, HA3BIBAIOT YIJOBBIMH JIEPOPMANMSIMH HIH YIIIOM
caBura. ONBITHI TOKa3bIBAIOT, YTO MEXKIY HANPSHKCHUSMH W JeQOopMansMH TPU CIBUTE
CyLIECTBYET JIMHEWHAs 3aBHCUMOCTb, aHAJOTM4Has 3aKOHY l'yka mpu pactsbkeHuu. Iloatomy
3akoH ['yka mpu caure umeet Bua T =y G, rae y - yriosas negopmanusi, a G - Moxyib
C/IBUTA.

Cnenyer oOpaTUTh BHUMaHHE Ha TO, YTO MOJY/Ib MPOJOJIBHON YIIPYTOCTH, UM MOAYJIb
YIPYrOCTH TEPBOTO pojaa E ¥ MOAydb yNPYrocTH TMpPH CIBUTE, HJIU MOIYNIb YIPYTOCTH
BTOpOTrO pona G i OTHOTO M TOTO K€ MaTepuana cBsa3aH uepe3 kodhdunuent [Tyaccona p

3aBucuMocThio G = E/ [2(1+ ;,L)] IIpu pacueTax Ha cpe3 OOBIYHO MPUHUMAIOT, YTO KaCaTEIbHbIE
HaIpsHKEHUS paciipeieIeHbl PABHOMEPHO B ITONIEPEYHOM CEYEHHH CTEPIKHSA U YCIOBHE
IPOYHOCTH Ha Cpe3 UMEET BUJ

7= F/S< [7], tne F — BHenmss monepeydHas cua.

I[OHyCKaCMLIC HaIpsKCHU ['C ] Ha CABUT (cpe3) COCTABJIAKOT HCKOTOPYIO 4aCTh OT

JIOMYCKAeMBbIX HaIPsHKEHUM Ha pacTsbkeHue. PaccunThiBalOT Ha cpe3 COeTMHEHUS
3aKJICTIOYHBIC, O0JITOBBIC, CBAPHBIC, IMOHOYHBIC M HEKOTOPHIE IPYTHe TUTIBI COSIMHEHUM.

[Tpu nmpoBeneHNH MPOYHOCTHBIX PACUETOB HA CIIBUT (Cpe3) HEOOXOAMMO HAYUYUThCS
MPaBUIILHO ONPEACIIATH IUIOLIAIA Cpe3a ISl OTHOCPE3HBIX U MHOTOCPE3HBIX 3aKJICTIOK, a TAKKE
JUIS YIJIOBOTO CBApHOTIO IIBa, B KOTOPOM Cpe3 MPOUCXOIUT MO OMCCEKTOPHOM IIIOCKOCTH
NPSIMOTO yIJia MONEPEYHOr0 CEUCHUS 111BA.



Ecnu B nonepeyHOM CEUYEHHUM CTEPKHS NEUCTBYET KPYTSIMI MOMEHT MK , TO
CTEepKECHb HCTIBITHIBACT KpydeHue. HeoOxoammo, nenonbp3yst METO ] CEYCHHIA, HAyIUThCS
CTPOUTB JIIOPHI KPYTALMX MOMEHTOB I10 JUIMHE CTEPKHSA U ONIPEAECIIATh BOSHUKAIOIIME
KacaTeJbHbIe HallPSHKCHHU S, KOTOPBIE ONPEeISIIoTCs U3 cooTHomeHus ¢ = Mx [ Wp, tae Wp -
IIOJISIPHBI MOMEHT COITPOTUBIIEHUS CEUEHUS KDYYEHHUIO.
B MONEPEYHOM CCUCHUU CTEPIKHA KaCaTCJIbHBIC HAIPAXKCHUA pacCHpCACI€Hbl HEPAaBHOMEPHO.
TaK, JJIA CTCPIKHA C KPYIJIBIM IMONEPEYHBIM CCYCHHUEM KaCaTCJIbHBLIC HAIPSKCHUA HU3MCHAIOTCA I10
HHHeﬁHOMy 3aKOHY - OT HYJII Ha OCHU 1O MAKCUMAJIbHOT'O 3HA4YCHUSA
1. noBepxHocTu. Tak Kak ce4eHHUs, paCIIOJIOKEHHBIE Y OCU CTEPKHS, HATPY’KEHbI
HE3HAYUTEIBHO, TO C LIEIbI0 SKOHOMHUH MaTepHalla IIpy KPYYEeHUH 11eJ1ecO00pa3HO UCII0Ib30BATh
nyctoTensle npoduin. Kpyrsaumii MOMEHT B CEYEHMH CKPYYHMBAEMOI'0 CTEPKHs (BaJia)
YHCICHHO PaBeH aaredpandeckoil CyMMe BHEIHUX CKPYYHBAIONMX MOMEHTOB, ACHCTBYIOIIMX
110 OZIHY CTOPOHY OT CEYEHHS.
Bonpocwvl u 3a0anun:
1. Yro Takoe cuBur?
Urto Takoe kpydeHue?
3. 3axou I'yka npu casure .
4. OnpeneneHue KPyTsAIIEro MOMEHTA.



IIpakTHyeckoe 3aHsTHE 6
Tema 2. JIlunuu BJIAMSHUA ¥ UX NPUMEHEHUeE JJIsl pacueTa cTaTHYeCKH
onpeaeJuMbIX 0AJIOK.

Haxoxnenue ycuimuii 1o JIMHUASIM BIIUSTHUS.

OO0mue cBeaeHMS,

Lenp: HayduTHCA pelaTh 3a74a4U HA CIBUT U KPYUEHHUE

3HaTh: IPUHIUIBI CONPOTUBICHUS KOHCTPYKIIMOHHBIX MAaTE€pUAIOB, METOIbl U aJITOPUTMBI
IIPOCKTUPOBAHHUS PA3TUYHBIX MEXaHUYECKUX CUCTEM; METOBI U AJITOPUTMbI KOHCTPYMPOBAHUS
3JIEMEHTOB PA3JINYHBIX MEXaHUUECKUX CUCTEM, METOAUKH PacdyeTa Ha POYHOCTB, KECTKOCTh U
YCTOMYMBOCTB 3JIEMEHTOB MAalllMH U UX KOHCTPYKLIHIA;

YMeTh: OCYHIECTBISATh PANMOHAIBHBIA BBIOOP KOHCTPYKIIMOHHBIX W OKCIUTyaTallMOHHBIX
MaTEepUaJIOB; MPOU3BOAUTH PACUYEThl HA IPOYHOCTh M KECTKOCTh IIPU PACTSHKEHUH -CIKATHH,
KpY4€HUHU, U3ru0e U CIOKHOM HArpy)KeHUH, MPU CTAaTUYECKOM M YJApHOM MPHUIIOKEHUU
Harpy3oK; BBIIOJHATh CTaHIAPTHBIE BUJbI IPOYHOCTHBIX PACYETOB.

Axmyanvrocms memuvl 0OBSICHAETCS OCHOBHBIMH NPUHITUIIAMH OTIPEACTICHHS BHYTPEHHUX
(akTOpOB NpH CIIBUTE U KPYUCHHH.
Teopemuueckas wacmo:

[Ipumep Pemennus 3agaun Ha Temy «Kpyuenue»

C cTanpHOMY CTyNIEHYaTOMY Bajly, UMEIOLIEMY CILIOIHOE KPYIJIO€ CEUYEHHUE,
IPUIIOKEHBI YeThIPE BHEIIHUX 3aKkpyuuBaronmx MomenTa (741, 72, T3 u T4), IeBbIil KOHEI BaJjia
’KECTKO 3aKPEIIEH B OIIOPE, a IPaBblil KOHEL — CBOOOAEH U €ro TOpEL] UMEET yIIIOBbIE
IIEPEMEILECHNS OTHOCUTENIBHO JIEBOTO KOHILIA.

Tpebyercs:
1. mOCTPOUTH IMIOPY KPYTAIIMX MOMEHTOB;
2. ONpCACIIMTD AUAMCTPbI d1 u d2 Bana u3 pacycTa Ha IIPOYHOCTD, MTPH 3aJaHHOM 3HAYCHUH [T ],
OKPYTJIMTh BEIMUUHY HAWJCHHBIX JUAMETPOB 10 OJIMXKAHWIIEro OOJIBINEro 3HAUCHUS U3 Psa;
3) MOCTPOUTH IMMIOPY ACUCTBUTEIBHBIX HAPSLKEHUI KPYUSHHUS 10 JUTHHE Baja;

4) TOCTPOUTS 3MMIOpyY a6COMIOTHBIX yrilos 3akpydusanus @ , npunss G =0,8 -10 *MIla
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Pucynok 3.1
Ucxonnbie nannbie: a=b=c 1,6, 7 =57xHmT2=2,7kHw;T3= 1,7 kHm;

Ta=0,7 kHwm; [« ]= 45 Mlla.
Pemenue:

1. Onpenenum KpyTsme MOMEHTHI (puc. 3.2):

Yuacmox AB:

M,d:] 420;7 xkHm;

Yuacmox BC:
M
Ke= T4_ T3 = 017 _117 = _1;0 K[iﬂ/l,'
Yuacmox CD:
MK3: T4—T 3= T2:0,7_1,7_2,7:—3,7KH/V;
Yyacmox DE:

M ,=T,~T,—~T 4 T,=0,7-1,7—27+05,7= 2xHn.

1. Onpenenum 3HaUEHUS AMAMETPOB CTYIIEHEN U3 YCIOBUS IPOYHOCTH HA ONIACHBIX

yaactkax BC u DC.
; 3,710¢
] oo S =T44 un,
02[t] Vo2.45

dzz\% M, :\%1,0 '106:48,1/%%
02t] V0,2 -45

[Mpuaumaem d1 = 80 mMm.

[Mpuanmaem d2 = 50 ym.
2. JIJis MOCTPOCHHUSI ATIOP HAPSHKEHU W HaliJIeM 3HAYCHUS HAIIPSHKSHU I
Kpy4eHHUs, IEUCTBYIOIMX HA y4acTKax.

t = *=07-10° _ 28y

' vj\\/}f 0,2 -50°
v = 2=-10-10° _ _a0 g,
SRV 0,2 -503

pl



. L
Ty, 3710, 30t Mi

0,2 -80s
T ZMK4 =2,0-10°=19 MTa.
4 sz 0,2-80°

4. OTHOCHUTEIIBHBIE YITIOBBIE MEPEMEILIECHNS KOHIIOB y4aCTKOB.

[0) :Ml-l =0,7-10¢-1,6 -10 3=0,0224
K AL r

0,
“ G.J_ 08-10%01.50°
o =M, 1--10-10°16-10 0030
ao,
* G-J, 08-10° 0150 i
= M . I:— 3’7 '106 ‘1,6 '103 = -

® 0,0181
b Gos;o 0,1 804s---J
M 2,0 10 1,6 10
I = = — 0,0098
paa. PEG - I 2 0,8 105 - 0,1-80*
A6COJ’IIOTHI>I€ YIJIbI Bapr‘II/IBaHI/IH, OTHOCHUTECIIBHO XECTKO 3aACJIAaHHOI'O JIEBOT'O KOHIIA
Basia (ceueHue E).

e =0, +0.,=0,0098-0,0181=-0,0083 pao,
@z =@ce +@sc =-0,0083 — 0,0320 = -0,0403 pao,
@ =@z +@a =—0,0403 + 0,0224 =-0,0179 pq0.

pao,
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Pucynox 3.2

Bonpocwt u 3a0anua:
1. Yro takoe ciBur?
2. Yro Takoe KpydeHHE?
3. 3axoH I'yka npu casure .
4. OmpeneneHue KPyTSILIETO MOMEHTA.



IIpakTH4eckoe 3ansaTHE /
Tema 3. TpeximapHupHble aPKH M PaMBbl.

OO01mue cBegeHus,.

Lenp: HayunTHCA ONPEAETIATh T€OMETPUUYECKHE XapAKTEPUCTUKH ITONIEPEYHBIX CEYEHNU

3HaTh: NPUHIUIIBI COIPOTHUBIICHUS! KOHCTPYKIIHOHHBIX MAaTEPHAJIOB, METOJbI WU AJITOPUTMBI
IIPOCKTUPOBAHHUS PA3IUYHBIX MEXaHUYECKUX CUCTEM; METOBI U AJITOPUTMbI KOHCTPYMPOBAHUS
3JIEMEHTOB PA3JINYHBIX MEXaHUUECKUX CUCTEM, METOUKH PacyeTa Ha PO YHOCTD, KECTKOCTh U
YCTOMYUBOCTB 3JIEMEHTOB MAlllMH U UX KOHCTPYKLIHIA;

YMeTh: OCYHIECTBISATh PALMOHAIBHBIA BBIOOP KOHCTPYKIIMOHHBIX W OKCIUTyaTallMOHHBIX
MaTepHaJioB; MPOU3BOAUTH PACUYEThl HA MPOYHOCTh U KECTKOCTb IPU PACTSKCHHUU -CHKATHH,
KpY4eHUH, U3rM0€ M CIO0KHOM HArpyKeHHUM, IPU CTAaTUYECKOM U YAApHOM IPUIIOKEHUU
Harpy30K; BBIIOJHATH CTAaHJAPTHBIE BUABI IPOYHOCTHBIX PACYETOB.

AKmyaﬂbHOCmb memul OOBSICHICTCS OCHOBHBIMU IMpHUHIOUITIaMH OIMPCACICHUA FGOMeTpI/I‘I€CKI/IX
XapaKTCPUCTUK MTOMIECPEIHOTI0 CCUCHMH .
Teopemuqecmm yacms:

[Ipu pacuerax Ha MPOYHOCTH, )KECTKOCTh U YCTOUUYUBOCTD UCTIOJIb3YOTCS
reoMeTpUYECKHE XapaKTePUCTUKHU MOMIEPEUHOT0 CeUeHUst Opyca: niowujaos, ocesvle U NOJApHbLIU
MOMEHMbl UHEPYUU, OCEBbIE U NOJAPHLLU MOMeHMbl conpomusaenus. KpoMme Toro, mpu ux
OIIPEIEIIEHUH BCIIOMOTaTENIbHYIO POJIb UTPAIOT CMAMuUyecKue MOMeHmbl U YeHmpooeiCHvle
MOMEHMbl UHEPYUU CeYEHU.

HanomuuMm onpenenenusi, CBOMCTBA U METO/bI BEIYUCIICHUS MTEPEUNCIEHHBIX
xapaktepucTuk (puc. 2.1).

u

Pucynok 2.1

ITnowaow cevenus . S = .[ dS, rae dS — nomaas >neMeHTapHOM MIOMIAKHY.
S
Cmamuyeckuii MOMeHm RIOWAO0U ceyeHus — CyMMa MPOU3BEICHUH TUIOAAeH dJIeMEHTAPHBIX
IUTOINAIOK Ha UX PACCTOSHUSA 10 TaHHOM OCH, B3sTas 10 Bcel miomaau cedenus. Ctarnueckuit
MOMEHT CEUEHUs U3MEPSIeTCs B €IMHUIIAX JJIMHBI TPEThEH CTENeHU (MMS, CM3, M3).
Cratndeckre MOMEHTHI CEYeHUSI OTHOCUTENIBHO ocelt Ou u Ov:

Sy = JvdS=Sv. .

S, = JudS = Sue.



u

rne CH ¢

Cratndyeckuii MOMEHT CEUEHHUSI MOKET OBITh KaK MOJIOKUTENbHBIM, TaK U OTPULATEIILHBIM.
OTHOCUTENBHO JTF000I OCH, TPOXOASIIEH Yepe3 EHTP TKECTH CeYSHUS], OH PaBEH HYIIIO.

Ocegoti mMomenm uHepyuu cedeHus — CyMMa IMPOU3BENEHUI IUIOMIAAE 3JeMEHTAPHBIX
IUIOLIA0K Ha KBaJApaThl UX PACCTOSIHUM 10 JaHHOM OCH, B3siTasl 10 BCEH MJIOLIAAN CEYEHUS.

Je=lv ds:

— pacCToAgHUsA OT UCHTPA TAXKCCTH CCYCHUSA COOTBETCTBECHHO 10 oceit Owvu Ou.

J, =lu 2dS :

Tonsapnoiii Momenm unepyuu — CyMMa MpOU3BEICHUH TIIOIAACH 3JIEeMEHTapHBIX

IJIOMIAZ0K Ha KBAJAPAThl UX PACCTOSHUMN 10 TOUKH (TTOJII0CA), B3SITAs 110 BCEH MIIOMAIN CEYCHUSI.
— 2
J p = J- P ds.
S
OceBble ¥ TOMSPHBII MOMEHTHI HHEPIIHH — BETUYHHBI CYIIIECTBEHHO MOJOKUTENbHBIe. OceBble U
MOJISIPHBIE MOMEHTBI MHEPLIMHU CEUEHUSI U3MEPSIOTCS B €AMHULIAX JTMHBI YETBEPTOM CTENEHU
4 4 4

(MM, cM T, M ).

LlenmpobesncHuili MOMeHm UHepyuUu — CyMMa MPOU3BEICHHUH IJIOMAAEH JIeMEHTapPHbBIX
MJIOIIA/IOK HA MX KOOPAMHATHI, B3ATasl 110 BCEH IIOLIAU CEUCHHUSI.

szfuvdS.
S

HGHTpO6€)KHLIﬁ MOMCHT MHCPIIUU UBMCPACTCA B CIMHUIAX JJIMHBL ‘IGTBGpTOﬁ CTCIICHU

4, CM4, M4), MOKET OBITH MOJIOKUTCIIBHBIM, OTPUIATCIIbHBIM U PaBHBIM HYIIIO.

UYepes m00y10 TOUKY, B3ATYIO B IUIOCKOCTH CEUEHHSI, MOKHO MPOBECTH JIBE B3AUMHO
NEePIEeHAUKYISIPHBIE OCH, OTHOCUTEIHHO KOTOPBIX IIEHTPOOEIKHBII MOMEHT UHEPIIUU CEUCHHS
paBeH HYI0. DTU OCH HA3bIBAIOTCS 21a8HbIMU OcaMuy (MTHOTAA UX HA3BIBAIOT 2IA6HbIMU OCAMU
unepyuu). [IpakTnyecKkuii UHTEpEC MPEICTABISIIOT JIHILb TJIaBHBIE OCH, IPOXOASIIME Yepes3
LEHTP TSKECTH CEUEHHU s, OHU HA3bIBAIOTCS 2/1A8HbIMU YEeHMPANbHbIMU ocaAMU (17151 KPAaTKOCTHU B
nanpHeimeM OysieM B OOJIBIIMHCTBE CIIy4aeB HAa3bIBATh UX MIPOCTO 2IABHbIMU OCAMU).

OceBble MOMEHTHI HTHEPLIUU OTHOCUTEIIBHO ITIABHBIX OCEH (271a6Hble MOMEHMbl UHePYULL)
JKCTPEMaJIbHbI — OTHOCUTEIHHO OJIHOM U3 HUX MOMEHT MHEPLIMU MaKCUMaJIeH, a
OTHOCHUTEJIBHO APYroi — MUHUMaJeH. JlJ1g pacueToB Ha IPOYHOCTD U )KECTKOCTH IpHU U3TrH0e,
COYETaHMHU M3TU0a C PaCTSHKEHUEM H B PSJIe APYTUX CIIy4aeB HY)KHO 3HATH MOJIOKEHUE
TJIaBHBIX LIEHTPATIbHBIX OCEH M BETUYMHBI COOTBETCTBYIOUMX MOMEHTOB HHEPIINH.

B ciydae, ecniu ceueHue umeeT X0Ts Obl OJTHY OCb CHMMETPHUHU, TO 3Ta OCh U OCh K HEM
NEepHeHAUKYISIpHas, IPOXOAsIas Yepe3 LUEHTP TSKECTH CEUEHUs, SIBIIAIOTCS TJIaBHBIMU
LEHTPaJIbHBIMH OCSMH.

IIpu BBIMMCIEHNY TNIABHBIX MOMEHTOB NHEPLUHU CEYEHM I, COCTaBICHHBIX U3 IPOCTEHIIMX
TeOMETPUYECKUX (PUTYp WM CTAaHIAAPTHBIX MTPOKATHBIX MPOUIeH, MMPOKO MPUMEHSIOTCS
(bopMyIibl Tepexoia OT LEHTPAIbHBIX K MapajieIbHbIM UM HELEHTPaIbHBIM OCsSIM (pHc. 2.2).

Vi Yo

(MM

Pucynok 2.2

Ot q)OpMy.]'ILI UMCIOT cnenyfoumﬁ BUA: IJI1 OCEBOTO MOMCHTA HHCPLUU



J x=Jy *Ta%s;
1
JIs1 L[eHTpO6e)KHOFO MOMCHTA I/IHepL[I/II/I

Jy,

1 1

Xo

, +abs.

KOOpI[I/IHaTBIa n b)lOJ'I)KHBI OBITH IoaACTaBJICHBI CO CBOMMM 3HAKaMU ( awub- KOOPAUHATBI
Hayajla HOBOM CHCTEMBI KOOPAHHAT B CTAPbIX OCSIX). B gactHOM cJIydqac, €CJIM UCXOOHBIC OCHU

Oxou Oyornasubie, Jx, = 0 Torna umeem:
0
J = absS .
X1, )1
T[puseneM GOpMyIbI JUIs BEMUCIECHHS MOMEHTOB MHEPIIHH
IPAMOYTOJILHUKA, TPEYTOJIHUKA, KPYTa U K(k))ﬁbua.
3

A. Ilpsamoyzonvnux (puc. 2.3): J =——, rae b- cropona, napamuienbHas oc,

OTHOCHTCIIBHO KOTOpOﬁ BBIYUCIEICTCA MOMCHT MHCPUUH.

b s
i 2 A
N
FoR e
24l
= S = 7 &
WAL el | K
b
Pucynok 2.3
JIJiss OCH, COBMAJAroIIe C OJHOM M3 CTOPOH MPSMOYrOJbHHMKA (HE TJIABHBIA MOMEHT
bh °
uHepnuun): Jx = =
1

b. Pasnobeopennviii mpeyeonvrux (puc. 2.4).

Pucynok 2.4

bh 3 3
['MaBHBIC MOMEHTHI HHEPIUH: J _ :J =bh,
x 36 Y 48

3ameTnM, 9T0 popMyna Jx JaeT BeNMUMHY MOMEHTA HHEPLHH JII060r0 TPEyronbHHKA
OTHOCHTEIHHO OCH, MTapauIeIbHON €T0 OCHOBAHUIO, HO, €CIIH TPEYrOJIbHUK HEpaBHOOEIPEHHBIH,
yKa3aHHas OCb HE OyJIeT IJIaBHOM.

B. Kpye (puc. 2.5): Jx =Jy = md ,



md Pucynok 2.5
4
. Konvyo (puc.2.6): J =] ;= = (1 “c 4)’ rie: C :d—;, ko3 durment Tpyosl.

J
ST

o

o

( a

~PlzlcyHOK 2.6—.

3ameTuM, 4TO ISl Kpyra ¥ KOJbIa BCE L[EHTPAIbHbIC OCH TIAaBHBIE U MOMEHTBI HHEPIHH
OTHOCHTEIBFHO 3TUX OCEH PaBHBI MEKIY COOOH. DTUM e CBOMCTBOM 00Jsafaet ro0oe ceueHue,
Y KOTOPOr'o JiBa INiaBHbIX HEHTPAJIbHBIX MOMCHTA HHCPIIUU OJJUHAKOBBI.

[Ipu BBIYMCIIEHUH MOMEHTOB MHEPIUHU CIIOKHBIX CEYEHHH (COCTaBIEHHBIX U3 TPOCTEHIINX
Guryp WIM TpOKaTHBIX NpPOQHIEH) KOOPAMHATHI HMX LEHTPA TSDKECTH OINPENEISIOT II0

bopmymnam:
S v zs u
Uc = S — L
ZSi
V = Su _ Sv
|
rae: S; ‘U ; Vi — coorBercTBeHHO IUTOWAAL M KOOPJIMHATHI IEHTPA THKECTH KAkIOH M3

COCTAaBJIAIOIIUX (I)I/Il"yp, S, SV ; Su - Iomaab ¥ CTaTHYCCKUE MOMCHTBI BCCT'O CCUCHUA.

MoMeHTBI HHEpIUH (0CeBbIe U IIEHTPOOEKHBIE) CIOKHBIX CEYEHUI OTHOCUTENIBHO
JAHHBIX OCEH OIpeNeNIAI0T IIyTeM CyMMHUPOBAaHUS COOTBETCTBYIOLMX MOMEHTOB HHEPIIMH
COCTaBISIONMX (UTYP OTHOCHTEIBHO TEX )K€ OCEH.

[Tpu >TOM UCTIOB3YIOTCS (POPMYIIBI TEPEXOA OT LIEHTPAIBHBIX K MapalIeIbHbIM UM
HEI[CHTPATBHBIM OCSIM.

B Tex ClIydyadX, Koraga CCHCHUEC HC UMCCT HU OI[HOﬁ OCH CUMMCTpPHUH, CHa4adJia BbIYUCIIAOT
MOMEHTBI HHEPIIMH OTHOCUTEIBEHO HEKOTOPBIX 11€JIeCO00pa3HO BBHIOPAHHBIX IIEHTPAIbHBIX OCEH
Oxo 1 Oyo(MCXOJIHBIE OCH), 3aTE€M OIPECIISIOT YroJl HAKJIOHA TJIaBHBIX OCEH MO0 OTHOIICHUIO K
HNCXOOHBIM U BEJIMYHHBI I'NTABHBIX MOMCHTOB UHCPILIUHU.

Casi3b MEKIy MOMEHTAMHU HHEPIIMU OTHOCUTEIILHO HCXOIHBIX oceid (Oxo, Oy0) u oceid,
MIOBEPHYTHIX Ha IIPOU3BOJIBHBIN yroi a (puc. 2.7), UMeeT BUJIL:



J =Jx+Jy +Jx—-Jy cos2a-J

sin 2a
X1 < < >(()’y 0 !
J =J -y
X,y X,y COS 20 + — = SIn 20 .
y/ ya
X1
\ a
N Xo
£ e
Pucynok 2.7

Vron IMOBOPOTA I''TaBHBIX OCel IT0 OTHOIICHHUIO K HUCXOOHBIM OIIPEACIACTCA
N3 3aBUCUMOCTHU

tg2a0 =— 2J «y
RN
X g y
. ! 144 ! a o
Ora hopMyrna 1aeT ABa 3HaYeHnsA yraa O 0L u O =0 +90°. Tlpud  >J | yron
0 0 0 0 X0 Yo
ZIa€T MOJIOKEHNE IMIABHOH OCH, OTHOCHTENIBHO KOTOPOii MOMEHT HHEPLIM MAKCHMAIEH.,
(0]

ITonoxuTenbHbIM yroja 0 CJICAYCT OTKJIAABIBATH OT OCH XO0IIPOTHB X044 4acoOBOMU CTPCJIKHU.

JUist onpeienieHus NoJI0KeHU (YIi1a HaKJIOHA) TJIaBHBIX OCEH MOXKHO TPUMEHSITh
bopMyIIbL:

tg(x = 2\]X,y
0x \]xo—\]yn y

2J

tgooy= >
Te-Jy

rae: Olox , u Qloy , — YIJIbI, 06pa3yeMLIe TJIaBHBIMU OCSIMH X Uy COOTBETCTBEHHO C OCBIO X0, \J X "
J y — INTaBHbIC MOMCHTBI MHCPLHH.

I'maBHBIC MOMEHTEI HHCPUHUHN MOXHO BbIYUCIIUTD, ITOACTABJIAA B HEC ITOCJIICIOBATCIILHO (XO
=00’ u =00 , Ho MpaKTUYECKH yI00HEee MOJIb30BaThCs POopMyIamMu, He
COJepKAIMMHU TPUTOHOMETPUUECKHUX PYHKIIUN. ITU POPMYIIBI UMEIOT BHI
Jx , +J y 1 Vi

Jmax = —2—0-{—_2 (Jxo —\]yu ) +4J iy ;

J +J
J = X0 Yo

mi _2___12\/ (J)E_Jyo)2+4‘]x20yn'




Bonpocwl u 3a0anun:
1. OmnpeneneHue reOMETPUIECKUX XapaKTEPUCTUK IPOCTHIX CEUCHUN?
2. OnpeneneHne reOMETPUIECKUX XapaKTEPUCTUK CIOKHBIX CEUSHHI ?
3. OmpeneneHue MOMEHTOB UHEPIUU.
4. Yrto Takoe COpTaMEHT.



IIpakTHyeckoe 3anATHE 8
Tema 3. TpeximapHupHble aPKH M PaMBbl.

Pacuer TpexmapHUpHBIX apOK U pam

Henb: HayduThes pemiaTh 3a4a4d Ha MPSAMOM monepeyHblid U3rud

3HaTh: TPUHIUIBI CONPOTUBICHUS KOHCTPYKLIMOHHBIX MaTepuajoB, METOABl U aJITOPUTMBbI
IIPOEKTUPOBAHUS PA3INYHBIX MEXaHUUECKUX CUCTEM; METOBI U AJITOPUTMBI KOHCTPYHPOBaHUS
3JIEMEHTOB PA3JINYHBIX MEXaHUUECKUX CUCTEM, METOJIMKH PacueTa Ha IPOYHOCTh, )KECTKOCTD U
YCTOMYUBOCTB 3JIEMEHTOB MAIllMH U UX KOHCTPYKLIHH;

YMeTh: OCYHIECTBISATh PALMOHAIBHBIA BBIOOP KOHCTPYKIIMOHHBIX W OKCIUTyaTallMOHHBIX
MaTepHaJioB; MPOU3BOAUTH PACUYEThl HA MPOYHOCTh U KECTKOCTb IPU PACTSKCHHUU -CHKATHH,
KpY4eHUH, U3TMOE M CIOKHOM HAarpy)KeHUH, MpU CTATUYECKOM M YJApPHOM IIPUJIOKEHUU
Harpy30K; BBIIOJHATH CTAaHJAPTHBIE BUABI IPOYHOCTHBIX PACYETOB.

Axmyanonocmes  membl  OOBSICHACTCSI OCHOBHBIMHM TPHHIUIAMH ONPEICICHUS BHYTPEHHHX
¢baxTopoB mpu u3ruoe.
Teopemuueckas uacmy:

[Tpu n3rnbe cTep>KHU MOIBEPTAOTCS BO3/ICHCTBHIO TIOTIEPEUHON CHUITBI UJTA M3THOAIOIIETO
MoMeHTa. M3rub® Ha3pBaeTCs YUCTHIM, €CIU JEHCTBYET TOJIBKO H3THOAIONMUA MOMEHT, H
MOTEepPEeYHbIM, €Clii JIeUCTBYET Harpyska, NepneHAUKYIspHas ocu cTepxkHs. bpyc (cTepikeHs),
paboraronmii Ha U3ru0, OOBIYHO HaA3BIBAIOT Oankod. bamku sBIsIOTCS Hambojaee dYacTo
BCTPEUAIOUIMMHUCS DJIEMEHTAMH COOPYKEHMH M MAallhH, BOCIPUHUMAIONMMHU HArpy3KH OT
JPYTUX 3JEMEHTOB KOHCTPYKUMU M, MEPENAIONMMUA UX TEM YacTsAM, KOTOPbIE MOJAECPKUBAIOT
Oanky (4Jale Bcero onopam).

B cTpouTenbHBIX COOPYKEHUSIX U MAIMHOCTPOUTENIBHBIX KOHCTPYKLHSX 4Yallle BCETO
MOXXHO BCTPETUTH CJEAYIOIME CIIydau KperuleHHs OalloK: KOHCOJbHBIE - C OJHUM
3alllEMJICHHBIM KOHILIOM (C JKECTKOH 3aJesIKoi), IBYXOIOpPHbIE - C OJHOM IIApHUPHO-
HEMOJIBIDKHOM OMOpPOH M C OJHOM IApHUPHO-IIOABMIKHON OMOPOHl M MHOTOOINOpPHBIE OANKH.
Ecnu omnophble peakiuu MoryT ObIThb HaWJIeHbl M3 OJHUX YpaBHEHUH CTaTUKH, TO Oalku
Ha3bIBAIOT CTAaTHYECKH ONpeAeTuMbIMU. EciiM ke YMCIO0 HEM3BECTHBIX OMOPHBIX PEAKLIMM
0osbllle, YEeM YHCJIO YpaBHEHUW CTaTUKH, TO Takhe OaJKud Ha3blBalOT CTAaTUYECKU
HeompeaenuMbIMU. {1l ompeneneHus peakiuid B TaKuX OalkaX MPUXOJUTCS COCTABIATH
JIOTIOTHUTENIbHBIE YpaBHEHUS - ypaBHEHHs mnepemenieHui. [Ipu mimockoMm momepedyHoM u3rude
BCE€ BHEIIIHUE HATPY3KHU MEPIECHIUKYISIPHBI K OCH OAJIKH.

Onpenenenrie BHYTPEHHUX CHUJIOBBIX (PAKTOPOB, IEHCTBYIOIMX B MOMEPEUYHBIX CEYCHUSX
0anku, cleAyeT HaYuHATh C ONpeJeNieHUs OMOPHBIX peakiuil. [locie aToro ucnons3yem MeTon
CEUYEHU, MBICJICHHO paccekaeM, OaJiky Ha JIB€ YacCTH W pacCMaTpUBaeM PaBHOBECHE OJHOM
yactu. B3auMopeiicTBue dacteld Oanku 3amMeHseM BHYTPEHHHMH (PaKTOpaMu: H3THOAIONMM
MOMEHTOM U MIONIEPEYHOM CUIIOM.

[lomepeuynas cuna B CEYCHHHM paBHA anreOpanyecKod cymMMe MPOEKIHMA BCeX CHII, a
U3rudaronMii MOMEHT paBeH ajaredpanyeckoil CyMMe MOMEHTOB BCEX CHJI, PACTIOJI0KEHHBIX MO
OJIHYy CTOPOHY OT CE€YeHMs. 3HAaKU JCHCTBYIOIIMX CHJI U MOMEHTOB CIIEyeT ONpPEAeIsiTb B
COOTBETCTBUU C MPUHATHIMU IIpaBuiiaMu. Heo0xoauMo HaydnThCsA MPaBUIBLHO ONPEIEIIATh



PaBHOZCHCTBYIONIYIO CHITy M M3THOAIOIMA MOMEHT OT PAaBHOMEPHO PaCHpeIeIeHHON 10 JUTHHE
0aJIK1 Harpy3KHu.

Cnenyetr uMeTh B BUY, YTO MPU ONPEIEICHUN HAPsDKEHUH, BOZHUKAIONMX IpU U3ruoe,
OPUHUMAIOT CIEIYIOIMe JONMYIICHUS: CEYEHHUs IJIOCKUE /10 M3ruda OCTAaroTCs IUIOCKUMH U
nociue u3ruba (rumnoTesa MIOCKUX CEYEHMH); MPOJOIbHBIE COCEHNE BOJIOKHA HE JAAaBAT OJJHO Ha
JPYyroe; 3aBUCUMOCTb MKy HAIIPSDKEHUAMU U 1epopMaIusaMu THHETHasL.

Ilpu w3yuenun wu3ruba ciegyer oOpaTUTh BHUMaHuWE Ha HEPaBHOMEPHOCTH
pacmpeneieHus HOpMajbHBIX HANpsDKEHMM B MomepeyHoM ceueHuu Oanku. HopmanbHbie
HaIPsDKEHUS] U3MEHSIOTCS 110 BBICOTE IONEPEYHOrO CEYEHUS IPONOPLUOHAIBHO PACCTOSHUIO OT
HeliTpanbHOl ocu. Crenyer yMeTb ONpeAeNsaTh HANpPsHDKEHUS W3ruda, KOTOphIE 3aBHCAT OT
BEJIMUMHBI IEHCTBYIOLIETO M3TH0AIoero MoMeHTa M# 1 MOMEHTA CONTPOTUBIICHUS CEUCHUSI TPU
u3ruoe Wo (oceBoii MOMEHT COTIPOTHBIICHHUSI CCUCHUS).

Ycnosue npounocty npu usrube: o = Mu | Wo< [o]. 3nauerune Wo 3aBUCHT OT pa3MepoB,
(GOpMBbI U PacOI0KEHHUSI TONIEPEYHOTO CEUEHUSI OTHOCUTENIBHO OCH.

Hanuuue nomepeuHoil cuibl, AEWCTBYIOIEH Ha Oanky, CBA3aHO C BO3HUKHOBEHUEM
KacaTeJbHbIX HANPSHKEHUN B IONEPEYHBIX CEUEHHUSX, a 10 3aKOHY NapHOCTU KacaTesIbHbBIX
HaNpPsHKEHUH - ¥ B IPOAOJIbHBIX ceueHusX. KacarenbHble HapspKeHUs ONpeeisoT o Gopmyie
. 1. Xypasckoro.

Ilonepeynass cuia CABUraeT paccMaTpUBAEMOE CEYEHHME OTHOCHUTEIBHO CMEXHOTIO.
Wzrubaronmii  MOMEHT, CKJIQAbIBAIOIIMIICS M3 DJIEMEHTapHbIX HOPMAIbHBIX YCHIIWH,
BO3HUKAIONIMX B TIONEPEYHOM CEUEHUU Oaiku, IOBOPAYMBAET CEYEHHE OTHOCHUTEIBHO
CMEXXHOT0, UeM 1 00YCIIOBIICHO UCKPUBJICHHE OCH OalIKH, T. €. €€ U3THU0.

Kornma 6anka HCHBITHIBAET YUCTHINA U3THO, TO IO BCEH MIMHE OaJIKKA MIIM Ha OTIAEILHOM €€
y4acTKe B KaXXIOM CEUEHUU [eHCTBYyeT M3rHOaloNMii MOMEHT IOCTOSIHHOW BEJIMYMHBI, a
norepeyHasi cuiia B JIF0OOM CEUYeHHMH JTAHHOTO ydacTKa paBHa HY/0. [Ipu 3TOM B momnepedHbIx
CEYEHMX OalKH BO3HUKAIOT TOJIKO HOPMaJIbHbIE HAIIPSKEHMUSL.

JUist Toro 4To0BI TITy0)ke pa3o0paThest B (PM3MUECKUX SBICHHIX M3rH0a U B METOIHMKE
pelieHusl 3aja4 IOpU pacyeTe Ha MPOYHOCTh U IKECTKOCTh, HEOOXOJMMO XOpPOIIO YCBOUTH
TFEOMETPUYECKUE XAPAKTEPUCTUKU IUIOCKUX CEYEHUH, a HMMEHHO: CTaTMYECKHME MOMEHTHI
CEYEHMI, MOMEHThI MHEPLIUU CEYEHUH mpocTeiell popMBbl U CI0KHBIX CEUEHUM, ONPEICICHHE
LEHTpa TSDKECTH (Uryp, IJIaBHbIE MOMEHTHl MHEpPLUU CEYEHUH W TJIaBHBIE OCH WHEPLHH,
LEHTPOOEKHBIE MOMEHT HMHEpLUH, M3MEHECHHE MOMEHTOB HHEpPIUU MHpPHU IOBOPOTE OCEH,
TEOPEMBI O IEPEHOCE OCEH.

IIpy wm3yueHum »5TOro pasjaena CIEQYeT HAYYUTbCS IPaBUIBHO CTPOUTH SIIOPHI
U3rHOAIONIMX MOMEHTOB U TIONIEPEUHBIX CHJI, ONPEIENIATh OMAaCHbIE CEUEHUS M JICHCTByIONME B
HUX HampsbkeHus. [lomMuMo ompeneneHus HANPsDKEHHWM ClelyeT HAayduThCS OMpeessaTh
nepeMereHust (mporudel O6anku) npu u3ruode. Jims storo mcmonb3yercs nuddepeHinaibHoe
ypaBHEHHUE U30THYTOM ocH Oanku (ynpyroil JMHUM), 3alIMCAaHHOE B OOIIEM BHU/IE.

Jlnst onpeneneHuss NporuOoB MPOBOJUTCS MHTEIPUPOBAHUE YpaBHEHUS YIPYroi JIMHUH.
IIpu sTOM crenyeT MpaBUIIBHO ONpPENENATh MOCTOsIHHBIE MHTerpuposanus C u D ucxons us
yCIIOBHI onupaHus 6anku (rpaHWYHBIX ycioBuif). 3Has BenuuuHbl C uD, MOXHO onmpenenuTh
yroJl MOBOPOTa U Mporud Jr000ro ceueHus 6anku. M3ydeHne CiIoXHOTO COMPOTUBICHUST OOBIYHO
HAYMHAIOT C KOCOTO U3Tuoa.

SBnenne kocoro wu3ruba OCOOEHHO OMAcHO Ui CEYEHMM €O 3HAYUTENIbHO
OTJIMYAIONIMMUCS JPYyr OT Jpyra TJaBHBIMU MOMEHTaMHU HHEPLHH; OATKU C TAKUM CEUYECHHUEM
XOpoIIo paboTaloT Ha U3rHO B MJIOCKOCTH HAMOOJBINEH >KECTKOCTH, HO Jaxe MpHU HeOOJIbIIMX
yriax HakKJIOHA IUIOCKOCTH BHEIIHHMX CHJ K IUIOCKOCTH HauOOJbIIEH >KECTKOCTH B Oankax
BO3HUKAIOT 3HAYUTEIbHBIC JOMIOJHUTENbHBIE HANpshkeHUs U nedopmanuu. J{ns 6aaku Kpyrioro
CEUYEHHS] KOCOW M3TM0 HEBO3MOKEH, TaK KaK BCE LIEHTPAIbHBIE OCH TAKOTO CEYCHUS SBISIOTCS
[JIABHBIMM U HEUTpaJIbHBIM CJI0M Bcerga OyaeT NEepHeHAMKYISPeH IMJIOCKOCTH BHELIHUX CHIL.
Kocoit n3ru0 HeBo3MOXKeH U 111 OaIKU KBaJIPaTHOTO CEYEHUS.



IIpu ompeneneHuyn HaANpPsHKEHUW B Clydae BHELIEHTPEHHOI'O PACTSDKEHMSI WIIM CXKATHUs
HE00X0/IMMO 3HaTh MOJOKEHUE IJIaBHBIX LEHTPAJIbHBIX OCEM CEYEHHS; MMEHHO OT 3THX OCei
OTCUUTBHIBAIOT PACCTOSIHUS TOYKM IPUIIOKEHUS CHJIBI M TOYKH, B KOTOPOW OIPEAEIAIOT
HaIPSDKEHUSL.

[IpunosxeHHast PKCLIEHTPUYHO CKUMAFOILASI CHJIA MOXKET BbI3BaTh B IIONEPEYHOM CEUEHU U
CTEp’KHS pacTATMBAIOIIME HANpsDKeHUs. B CBs3M ¢ 3TUM BHEIEHTPEHHOE C)KaTHE SBISETCS
0COOEHHO OMAaCHBIM JUIS CTEPXKHEH M3 XpYNKUX MaTepHalioB, KOTOpBIE cl1ab0 CONMPOTUBISIOTCS
PaCTATUBAIOIMM YCUITUSM.

B 3akitoueHue cruegyeT U3Yy4UTh CIydadl CII0XKHOTO CONPOTHUBIEHMS, KOTZJa TeEJo
UCIBITBIBAET OJHOBPEMEHHO HECKOJIBKO Je(opMaluii: Hampumep, HU3rM0 COBMECTHO C
KpY4EHHUEM, PACTKEHHE-CKAaTHE COBMECTHO C U3ruOoM u T. A. [Ipu 3TOM cnenyer uMeTh B BUAY,
YTO U3rHOarNye MOMEHTHI, JEHCTBYIONME B Pa3IMYHBIX MNIOCKOCTSIX, MOTYT CKJIAJIbIBaThCA KaK
BEKTOPBI.

IIpuMep pemieHusi 321244 HA TeMY «IPSAMOM MonepeYHbIH H3rud>»

Jlnst 3amaHHOM cxeMbl Oaiku (puc. 4.1) TpedyeTcs HamcaTh BRIPKEHUS] BHYTPEHHUX
rornepevHsiX ¢l Q U M3rndarommx MOMEHTOB Mu ISl K&KJIOT0 ydacTka B 00IIeM BUJIE,

OCTPOUTH 3M0pbl Q U Mu, Haitn M X i o 106paTh CTATBHYIO IBYTABPOBYIO GAJIKY C

u

ykazaHueM e€ Homepa. JlomyckaeMoe HarpspKeHHe Ha H3TU0 TIPHUHSITH [T ]=150 MIla.

3HaueHUs MOMEHTOB COMIPOTUBICHUS cedeHus pHu n3rn6eWs st 6aJok JBYTaBpOBOTO CEUEHUS
(TOCT 8239-89).

Ucxonusie nanueie: a = 3,2 m,b =4,4 mc =2,4m, [ = 13 m,
M= 10«xHm, F = 13 kH, ¢ = 16 xH/m.

I I Il \Y
q F M Ri
A Qe (

a b

Rll

Pucynok 4.1
Pemenne:

1. Omnpenenum onopusele peakiuu R1 u Rz :
> Y=0R-g-a-F+R -q-c=0 ;
2 Ma (Fi )=0;

R 0,5qa°+Fa—M+qc(l-0,5¢) _

I-C

2
~0,5.1632.13.32 10 416 24(13 05 - 24) =535 «H.
13-2,4

Ri=ga+F—R2+0qc=16-(3,2+2,4)+13-53,5=49,1 x




ITposepxka: 2.ms (Fi)=0 .
_Ri(1-c)+ga(l-c—05a)+F(l-c—a)+M-05qc :=
=—491(13 _ 2 4116 - 3,2(13 — 24— 05 -32)+16(13 — 2,4 —32)+10 —05-16 24 *=0

OnopHbIe peakIiuy HaliIEHbI BEPHO.

2. Haiinem 3HaueHHs N3ru0aronmx MOMEHTOB My 1 monepedyHbix cui Q Ha
KOHIIaX Y4aCTKOB HArpyXEHHUsI METOJIOM CEUCHHUS.

| Vuacmox (puc. 4.2): 0<z La,
b g Yl e
Rl \ o

e Z1 - /Mm

Pucynoxk 4.2

Ql =R - Z
M =RYY 2,
ul 11 0,50z
npuz1 =a=3.2m, 2 = R T02=491-16-32=-21 sz,
M.a =Ri-a-0,50a. =49,1.-32-0,5:16-3,22 =752 «H.
Il Yuacmox (puc. 4.3): 0<z 2S a-+ b,

| q F oyl
R: 4

npu z1 = 0,

F——

Z2

Pucynok 4.3

Q. =Ri —qa-F=49,1-16-3,2-13=-151 xp:

Mu2 =Ri-22 _qa(z, —0,5a)- F (2 —a)

npu z2 = 3,2 m,

M , - F\Z a—qa(a-0,5a)-F (a —a)=49,1.3,2-16 -3,2(3,2-0,5-3,2)= 75,2

xHwm,
npuz2 =7,6 m,

M,,=49,176 -16 -3,2(7,6 — 05 -3,2)-13(7,6 —32)=8,76 «xHu.
IV Vuacmox (puc. 44):0<24 <c¢



Pucynok 4.4
Q =0z,
M =-0,5qz 2’
uld 4
npu za =0, Qs =0, M4 =0,
24y Q=1624= 384,

npu 24 =
M ,=-0516-2,4 ?=-46,08 rH.
I Yuacmox (puc. 4.5): ¢<2s <|l—a—-Db ¢ S5,4)
2,4<7;

yi R{
Z, AT

J—1
—l

Z3

|

|

A

Pucynok 4.5

Q=¢gc—R=16-24-535=-151 4
M3 =—qc(z3,-0,5¢)+ Ra (23 —c).
npuzz=24,  w=-16-2,4(2,4-0,5-2,4)+ 53,50 = 46,08 xHu.

npuzs=54y M,;=-16 2454 —05 24)+535(54 —24)= 0,78 u

Onpenenum KoopAUHATY cedeHust Z™  mpu kotopoii Q =0um M =max.
1 1 ul
R — qZ max = 0
11
49 1

max _ —_—
Z

1 o q1 = 16 =3,07 m.
M™% =Ry -z1m —0,5q(z4™ )2 =49,1-3,07-05 16 - 3,07 2 = 75,3 xH.
W3 noctpoenHsIx dmrop (puc. 4.6) BUIAHO, UYTO OTIACHBIM SIBJISICTCS CEUCHHE,

pacmnonoxeHHoe Ha 3,07 M OT JIeBOTO KOHIIA OaJKu ¢ M™%, =753 xHum.
Onpenenum MUHUMAITBHO HEOOXOIMMBI MOMEHT COMPOTHBIICHUS CEUCHUS OATKU

npu usrude W, | i3 yci0Bus IPOYHOCTH 10 HOPMAILHBIM HAIIPSKEHUSM.

Wan = MJ™ = 753 -10° _ 502050 03

[o] 150

Hasnagaem nByraBp Ne33 (I'OCT 8239-89) ¢ oceBbIM MOMEHTOM COMTPOTHBIICHHUS

ceuenns Wy = 597 exl.
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Pucynoxk 4.6

Bonpocwt u 3a0anua:
1. Yro Takoe uzruo?
2. Tloctpoenwue >mtop Npu u3ruoe.
3. Buyrpennue cuiioBbie (haKTOPHI .
4. OnpeneneHue N3rudAOIEro MOMEHTA.



IMpakTHyeckoe 3anaTue 9
Tema 3. TpeximapHupHble aPKH M PaMBbl.

Pacuer TpexmapHUpHBIX apOK Ha OJABWKHYIO HarpysKy,

Henb: HayduThes pemiaTh 3a/1a4u Ha U3TUO C KpydeHHEM

3HaTh: TPUHIUIBI CONPOTUBICHUS KOHCTPYKLIMOHHBIX MaTepuajoB, METOABl U aJITOPUTMBbI
IIPOEKTUPOBAHUS PA3INYHBIX MEXaHUUECKUX CUCTEM; METOBI U AJITOPUTMBI KOHCTPYHPOBaHUS
3JIEMEHTOB PA3JINYHBIX MEXaHUUECKUX CUCTEM, METOJIMKH PacueTa Ha IPOYHOCTh, )KECTKOCTD U
YCTOMYUBOCTB 3JIEMEHTOB MAlllMH U UX KOHCTPYKLIHIA;

YMeTh: OCYHIECTBISATh PALMOHAIBHBIA BBIOOP KOHCTPYKIIMOHHBIX M 3KCIUTyaTallMOHHBIX
MaTepHaJioB; MPOU3BOAUTH PACUYEThl HA MPOYHOCTh U KECTKOCTb IPU PACTSKCHHUU -CHKATHH,
KpY4eHUH, U3TMOE€ M CIOKHOM HAarpykKeHuH, NpU CTAaTUYECKOM U YyJApPHOM MPUIIOKEHUU
Harpy30K; BBIIOJHATH CTaHAAPTHBIE BBl IPOYHOCTHBIX PACUETOB.

Axmyanvrocme membi 0OBSICHICTCS OCHOBHBIMU ITPUHITUIIAMH ONIPEICIICHUS BHYTPEHHIX
(bakTOpOB MpH U3rHde ¢ KPyUEHUEM.
Teopemuueckas wacmo:

Jlnst pemienust 3a1a4 HE0OOX0IMMO YCBOUTH TeMy «l MIOTe3bl MPOYHOCTH U UX
IPUMEHEHHEe», TaK KaK B HUX PaCCMaTPUBAETCSl COBMECTHOE JICHCTBHE U3ru0a U Kpy4eHUs U
pacyeT NpOU3BOAMUTCS C IPUMEHEHHUEM IMIIOTE3 IPOYHOCTH.

VYcnoBue NpoYHOCTH B 3TOM CIIydae UMEET BUJIL:

(¢) = Mos S[G]’

X

rae: Msws - Tak Ha3bIBAEMBI YKBUBAJICHTHBIA MOMEHT.
[Tpu runore3e HanOONBIIMX KACATEIbHBIX HAMIPSHKEHUH (MHAYE - TPEThsI TUTIOTE3A):

axelll u Ko

[Ipu runoTe3e NOTEHIUATLHON 3Heprid GOpMOM3MeHeHHU s (MHaYe - NIATast [UN0Te3a):
M,, =M?*+0,75M}

B o6eux popmynax Mx u Mu - COOTBETCTBEHHO KPYTSIIMI U CyMMapHBIA H3rH0aONMi
MOMEHTHI B pacCMaTpUBAEMOM CEUEHUH Baja. YuCI0BOE 3HaU€HHE CYMMapHOIro H3ru0aroIero
MOMEHTAa PaBHO T€OMETPUUECKON CyMMe M3THOaI0IMX MOMEHTOB, BOSHUKAIOIIMX B JTAHHOM
CEYEHHH OT BEPTUKAILHO U TOPU3OHTAIBHO ACHCTBYIOIIMX BHEUIHUX CHUJI, T.€.:

My = \/sz +M,?
HOCJ’IGJIOB&TGJ’II)HOCTI: pEeIICHUA 3a1a4n:

1. IlpuBecTu AeicTByIOIIME HA BaJl HATPY3KU K €r0 OCH, OCBOOOIUTH Baj OT OMOp, 3aMEHUB
UX JIECTBUE PEAKLIMSIMU B BEPTUKAIBHON Y TOPU3OHTAIBHOM MIIOCKOCTSIX.

2. Ilo 3aaHHO# MOLITHOCTH P 1 YTIIOBO# CKOPOCTH () OMPENSTUTh BPAIAIOIIIE MOMCHTHI,
JIEUCTBYIOIIME Ha BaJI.
3. Beruucnuts Harpysku Fi, Fr1, F2, Fr2, mpunoxeHHbIC K Bay.



4. CocTaBUTh YpaBHEHUS PABHOBECHS BCEX CHJI, ICHCTBYIOIIMX Ha BaJl, OTICIBHO B
BEPTHKAILHOM TNIOCKOCTH M OTACIBHO B TOPU30HTAIBHOM IIJIOCKOCTH M ONIPEICIIUTh PEaKIIHH
OTIOp B 00€UX TIOCKOCTAX

5. TTocTpouTh AMIOPY KPYTSIIMX MOMEHTOB,

6. [TocTpOUTD SMIOPBI U3TUOAIOIMX MOMEHTOB B BEPTUKAILHOM ¥ TOPU30HTAIBHOM IIIOCKOCTSIX
(amropsl Mx u My).

7. OnpenenuTh HaUOOJIbINEE 3HAUCHHE YKBUBAICHTHOTO MOMEHTA!

M = 2 2 2

oxelll x y z

HnJIn

2 2 2
M, = [M?+M? +0,75M;
8. Cuuras, 9T0 G s I[G I, OTIpe/IeANTh TPEOYyEeMbIi 0CEBOIl MOMEHT CONTPOTUBIICHUS:

Wx B Make /[G] '

y‘-II/ITI»IBaﬂ, YTO AJId CIUIOHIHOI'O KPYIJIOro CE€YCHUA:

W :TCd3z0,1d3,
u 32

omnpenensieM d 1o cieyromiei Gopmye:

[TPUMEP BBIITOJIHEHMA 3ATAHUA
HA TEMY «M13I''lb C KPYUYEHUEM»

JIJ1st CTaIBbHOTO Bajia OCTOSHHOTO HONEPEYHOrO CEYEHHMS C ABYMS 3y0UaThIMK KoJecamH (
prc. 5.1,a ), nepesaoiero MowHoCTs P = 15 kBm npu yriuosoi ckopoctu @ = 30paodlc |
OIIpeICTUTh JUAMETP Bajla IO IBYM BapMaHTAM: a) MCIIOJIb3Ysl TPEThIO TUIIOTE3Y IIPOYHOCTH; 6)

HCIIOJIb3Y IATYIO TUIIOTE3Y NPOYHOCTH. HpI/IHﬂTB: [G] :160MHa , Fl = O;4Flv Fr 2 = 0)4F2
y T

Pemenue:

1. CocraBinsieM pacHeTHYIO CXeMy BaJia, IIPUBOJIA JICHCTBYIONIME HA BaJl HATPY3KU K OCH
(puc. 5.1, 6). IIpu paBHOMepHOM BpalueHuu Bajga M1 = M2, tne M1 u M2 - ckpyduBaromme
napsbl, KOTOpble JOOaBIAIOTCS MpH nepeHoce cui F1 u F2 Ha och Bana.

2. OnpenernsieM BpalAIOIMA MOMEHT, JICHUCTBYIOIIMIA Ha BaJI:

P
M1=M2=@ ~ =0,5-10° H-1=0,5xH -.

3. Berancnum Harpy3ku, NpUI0KEHHBIE K BaITy:

3
=M 20510 e yojo0m;  F =04-10 = 4kH
d1 0,1 rl
3
Fz _ 2M , _ 2-0,5-10 =4.10% H = AkH F = 0,44 :l,GKH.
d, 0,1 r2

4. OnpenenseM peakiy ONOp B BEPTHUKAIbHOU MmiockocTu (puc. 5.1, 6):



ZMA =F -AC+F -AD-R -AB=0

1 r2 B

F -AC+F -4D 4.0,05+1,6-0,25
=2xH .

r2 — A

RBV = AB )
ZMB :RA ‘AB-F -BC-F -DB=0

r r2 1

F . . . .

R = . BCHF DB_4025+16005 4. .

4, B 0,3 ’
DY=R, ~F -F +R; =2-4-16+36=0

¥

ZY =0 , ciezoBarenbHo, Re , u Rs HAJEHBI IPABUIIBHO.

y

OnpenensieM peakiiy OIOp B TOPU30HTAIBHOM mi1ockocTu (puc. 5.1, 6):
Z =F.-AC-F2- AD=10-0,05-4-0,25=-1,66xH
4
ABO0,3

3HaK MUHYC YKa3bIBaCT, HA TO, YTO UICTUHHOC HAIIPpaBJICHUE PEAKIUU IIPOTHUBOIIOJIOKHO

BBIOpaHHOMY:

Su,=R, AB-F -CB+F-DB=0

_ u R, HalineHsl BepHO.
ZX—O , cemoBarensho, R4, 7 8, P

5. CTpouM 3MI0pY KPYTAILMX MOMEHTOB M, (puc. 5.1,B).
6. OmpeiensieM B XapaKTEPHBIX CEUCHHSIX 3HAUCHUS n3rubdaronmx MomMmeHToB M x B

BepTHKAIBbHOI iockocTuu M y BTOPU30HTAJIBHOM MJIOCKOCTH U CTPOUM 31IOPHI (puc. 5.1, T,

n):
Mec, =R4, - AC=3,6-0,05=0,18xH - m;

Mo, = Ry - AD —F1-CD =3,6025-4-02=01kH -
Mc, =Ry, - AC =7,66-0,05=0,383xH - ;
Mo, =R -AD —F1 -CD =7,66-0,25-10-0,2 = —0,085kH - .

7. Boraucisiem HauOoJIblliee 3HAaUCHUE YKBUBAJICHTHOTO MOMEHTA 10 3a1aHHBIM
TUIIOTE3aM MPOYHOCTH. Tak Kak B JAHHOM IIpUMeEpe 3HaUY€HUE CYMMapHOTO U3TrH0AIOIIEro

MoOMeHTa B ceucHuu C 60J'IBI_I_IC, 4E€M B CCUCHUU D,

Muc=\M A +M 2 =018 +03832 =0423xH - -
M =g +M; =\ o7+0085% = 013kH u,

TO ceueHue C U SIBIACTCS OITACHBIM. Onpe;[enﬁeM SKBUBAJIEHTHBIA MOMEHT B ceuenuu C.

Bapuanr a):
Mo VM2 + M2 + M2 =\/0,182 +0,3832 + 0,5 =/0,429 = 0,655¢H - 1

BapuanT 0):
Mgy =/ M2 +M2 +075M ;° =\/0,182 +0,388 +0,75-0,52 =~/0,366 = 0,605k -




8. Onpenensiem TpeOyeMble pa3Mepsl Bajia 10 BApUAHTAM a U

0. Ilo BapuanTy a
de 0655107
01c] | o1160

\X M \/ 0,605-10°
d=3 —okeV =3 = 33,6mm
0,1[c] 0,1-160

Ilo Bapuanty 6

[punumaem d_ = 34mm .

eana



M, ,kH M

Mx, KHH

My’ KH'N

Pucynok 5.1

Bonpocwt u 3a0anusn:
1. Yro Takoe u3rud c kpyuyeHuem?
2. Tloctpoenwe >mtop Mpu U3rudEC KpyudeHUEM.
3. BuyTrpeHHUE CHUIIOBBIC (DAKTOPHI .
4. OmnpeneneHnre U3rudaOIIEr0o MOMEHTA TPH U3THOEC KPYUECHUEM.



IMpakTyeckoe 3ansitue 10
Tema 4. Ilnockue cTaTHYeCKHU onpeaeMmMbie (pepMbl.

Knaccudukanus ¢gepm, AHanuTuueckue MeETOJIbl pacuera hepM.

Lenp: maTe CTyACHTY MOHATHE O LIEHTPE MapajuIeIbHbIX CUJL.

3HaTh: YCIOBHI PaBHOBECHS NIJIOCKOM U POCTPAHCTBEHHOM CUCTEM CHIT,
YMeTh: IPUBOJIUTH CUCTEMY CHJI K TIPOCTEUIIIEMY

BUJY; COCTaBJIATh U pellaTh ypaBHEHUS PABHOBECUS;

Axmyanvrocmeb membl 00BSICHACTCS HAX0XKIECHUEM IIEHTpa MapajUlebHbIX CUJ, TEM CaMbIM
YIPOIIAETCSA pacyeTHas cXeMa.

Teopemuueckas uwacme:.
Cuctema JByX MNapajUleJbHBIX M OAMHAKOBO HaIpaBleHHBIX cuil Al U A@ wuMerT
paBHOzelWcTByIoNyl0 K=A!+A@, nuHHUS OEWCTBUS KOTOpPOH mpoxoauT uepe3 Touky C,
ornpenensieMyto cooTHoueHuem (1.5):

FIAC=F2BC

OueBuHO, YTO €CNIM MOBEPHYTHh cuibl A! U A(@ Ha OAMH M TOT K€ Yol a B OJHY M Ty XKe
CTOPOHY, TO Ha 3TOT K€ yroJl HOBEPHETCS U UX paBHOJECHCTBYIOIIAS, IPUYEM €€ JINHUS AeHCTBUS

OyzeT mpoXoJauTh uepe3 Ty ke Touky C,Tak Kak B ONpeAensiolee nojaoxeHne Touku C
Beipakenue (1.5) BxoaaT Tosapko moayiu cui F1u Fe.

Y
Puc. 1.37 Onpeoenenue nonoxcenus
YeHmpa napanienbHbIxX Cuil

PaccmoTrpum Temeph cuctemMy MapajuIeNbHBIX W OJWHAKOBO HAMPABICHHBIX Cuil (4!,
A@,AH#,...,A%), punokKeHHBIX B Toukax Ai(X1,y1,21), A2(X2,y2,22),. . ., An(Xn,yn,Zn) TBEpPIOTO TENA
(puc.1.34). Dra cucrema cun umeer paBHoxeicTByroyto K=CAS, a ee nmHus nencTBus
NpoxXoauT uepe3 Touky Ch-1, TOJOKEHHE KOTOPOM HaiaeMm, Ompenessis MOoCIeI0BaTEIbHO
nosoxenus Touek Ci, Cz...,Ch-1 ¢ TOMOUIBIO BBIPAKEHUN



K
(X Fn)-AC =F,-A C,

n=1 , 3anucanbx aug k=1,2,3,.,n-1 (1.18)
Tak kak B paBeHcTBa (1.18) BXOIAT TOIBKO MOYJIM PACCMaTPUBAEMBIX CHJI, IIOJIOKEHUE TOUKU
Ch-1 OTHOCUTEIIBHO TOUCK A1, A2, A3, . .., An HE U3MEHHTCS MPH JIFOOBIX OJIMHAKOBBIX

M3MEHEHUSAX OPUEHTALIMY CUJI CUCTEMBI.

Onpedenenue: mouka, uepez KOMoOpPyI0 nPOXOOuUn JTUHUA OCICHEUS PAGHOOCIICIMEYIOuiell
cucmembl RaApaineabHblX CUNl NPU AI00BIX ROGOPOMAX IMUX CUIL HA OOUH U MOm Jice Y207l
6 OOHY U my Jice CHOPOHY, HA3bIEAEMCA YEHMPOM NAPAIEIbHBIX CUIL.

HalineM KoopAMHATBI 3TOTO LIEHTPa B IPOU3BOILHOMN JEKAPTOBOM CUCTEME KOOPAUHAT.
Bocnonb3yemcs TeM, UTO €ro MoJIOKEHUE HE 3aBUCUT OT HaIlpaBJICHMsI CUJI M HaIIpaBUM BCE
CHJIBI CUCTEMBI TapaiieabHo ocH z (puc.1.34). Toraa mo Teopeme Bapunbsona

M, (R)= XM (F,) M, (R)=Rxcn- |
. YUuTHIBas, 4TO 1 E x
>k
k
ZMy(Fk):F1X1+F2X2+"'+Fan,HonyqaeMXCn—l: -

[Ipumenss reopeMy BapuHbOHA OTHOCUTENIBHO OCH X M1 OTHOCUTENIBHO OCH Z (B IIOCIEIHEM
cllyyae HalpaBUB BCE CHIIbI APAJUIEIBHO OCH Y) MOJIydaeM aHaJOTHYHbIE (POPMYITBI IS

nd_l 51 ZCn—l.
x =XFxk oy 2Fkyk  _ 2Fkzk
, Lz, =

cn-1 R ‘o R 2— R - (L19
1

[HonyuenHsle HopMysIbl HCIIOIB3YEM ISl ONPEACTICHHS OJI0KEHHS LICHTPOB TSHKECTHU TEJ,
HaxXOJAUMXCS B OJHOPOJHOM I'PaBUTALIMOHHOM I10JI€ 36MHOI'O TATOTEHHUSI. J[eiCTBUTENBHO,
CHUJIBI TSPKECTH OT/AEJIbHBIX YACTHUIL TeJa, Pa3MepPbl KOTOPOTO MaJibl [0 CPABHEHUIO C PaInyCOM
3eMiH, 00pa3yloT CUCTEMY NapaJuIeIbHBIX CUJI, AHAJIOTHYHYIO PACCMOTpPEHHOM Bhiiie. Ha3zoBem
PaBHOACHCTBYIOIIYIO CUJI TSHKECTH OTAEIBHBIX YaCTHUI] T€JIa BECOM 3TOr0 Tela 1 Oyaem
00o03HayaTh ero OykBoii 3. LleHTpom TskecTH OyzieM Ha3bIBaTh LIEHTP MapalIeIbHBIX CHII

TOKECTH K OT/IENBHBIX YacTHII Tea M 0003HauaTh ero Oykpoii  P. B HOBBIX 0003HAYEHHAX
dopmynsr (1.19) mepenuuryrcs B BHE:

E:Qka y _E,QkYK 7 = kZKk
P s P P P (1.20)

JIJ'I?I OOIHOPOJHBIX TCJI BEC pk OTACJIBHBIX YAaCTHII TCJIa ITPOIMMOPILHHMOHAJICH o0BeEMaM DTHX HqaCTUIll

“Pk=YVk, a BeC TeJa MporopiroHaieH o0beMy tena P=yV (y- Bec eanHuUIBI 00beMa).

[Moacrasnss nanuble BeipakeHus B (1.20), mocine cokpaiueHus Ha Y ,[1oiry4aeM (pOpMYITbI st
OHpeILeJICHI/IH LICHTpa TAXKCCTU O6’b€MaZ
2Vkzk

_vkxk o avkyk 20k
V V V (1.21)

I[JISI OILHOpO,HHBIX IIJIOCKUX ITIJIACTUH U I/IBI[CJII/Iﬁ nu3 OI[HOpOIIHBIX HI/IHCﬁHBIX DJICMCHTOB
(HarpumMep U3 OAHOPOAHON MTPOBOJIOKHU MOCTOSHHOTO CEUECHUS), BBOJI BEC €AMHUIIBI ILJTOIAIN
Y BEC SJMHUIIBI JUTMHBI, aHAJIOTHYHBIX 00pa3oM moxydaeM (popMyItbl I OIpeIeIICHHsI IEHTPa
TSAKESCTHU IIJIOIAIN U HGHTpa TAXKECCTU IUHUUN.

2skzk

Lskxk yP:E@&Lk,ZP: kzk

XP:

XP

XP =



(1.22)
rae S - miomaab BCeH MIACTHHBL, Sk - IJIOIIAIHN €€ YacTEeH.



:ZIka y :§|kyk , :ZIkzk
L 7P L P L (1.23)

rae L - nouna Beeli nunnd, lk - 1mMHa ee yacTeil.

Xp

Bonpocwt u 3a0anusn:
1. Omnpenenenue 1eHTpa MapauIeTbHBIX CHIL.
2. OrmpeneneHue KOOPAWHAT LEHTPA MapalyIeIbHbIX CHIL
3. Ompenenenue eHTpPA MapalIeIbHBIX CUJI C TOMOIIBI0 TeopeMbl BapuHboHa..



IIpakTyeckoe 3ansiTue 11
Tema 4. Ilnockue cTaTHYeCKHU onpeaeMmMbie (pepMbl.

MeTon ABYX WIIM HECKOJIBKUX CEYEHUU

Henb: nate cTyeHTy NOHATHS O KO3 (PUIIEHTE TPEHUS U €TO OIPEICTICHHH.

3HaTh: KUHEMaTHYECKUE XapaKTePUCTUKU TOUKH, U pepeHinanbHble YpaBHEHUS IBUKEHUS
TOYKH,;

o0mme TeopeMbl TMHAMUKHU

VYMeTh: BBUHUCIATH CKOPOCTH M YCKOPCHHA TOUYCK M TOYCK TCJja MpHU IMOCTYHaTCIbHOM,
BpalaTCJIbHOM U IMJIIOCKOM ABUKCHUAX

Axmyanvrocmes membi 00BSICHIETCS onpeieNieHneM K03(pPpHUIMeHTa TPeHUS Pa3InIHbIX
MaTepUaoB U CILIABOB.

Teopemuueckas wacmo:
Cuna mpenus ckonvycenus. Kak mokasblBaeT ONbIT, IPU CTPEMIIEHUH ABUTATh OJTHO TEJIO 110
MOBEPXHOCTH JIPYrOro B IJIOCKOCTH CONPUKOCHOBEHUS 3TUX TeJl BOSHUKAET CHJIA TPEHHUS,
KOTOpast MOXKET MPUHUMATh JTF0ObIe 3HAYCHHSI OT HYJIS IO HEKOTOPOTO PEeIbHOTO 3HAYCHHUS,
omnpenensiemoro 3akonoMm Kynona Fmpy = fN, rae f - 6e3pasmepnslit koapdunment tpenus
ckosbxenust, N - HopmanpHas peakius. KoahuuueHnT TpeHus CKOJIbKEHHsI ONpeIesIIeTCs
OIIBITHBIM ITyTEM U 3aBUCHUT OT MaTepHaja CONPHKACAIONIXCS TNl K COCTOSHUS UX
MOBEPXHOCTEH (XapakTep 00pabOTKU, CMa3KH, TEMIIEPATYPHI U T.11.). OMBITH TOKA3bIBAIOT, YTO
CHJIa TPEHHSI CKOJIBKEHUS B IIMPOKHX TpeJiesiax He 3aBUCHT OT Pa3MEPOB TPYILIMXCS
noBepxHocTeH Teu. Tak i TOro, YTo0kI CIBUHYTH OOBIYHBINA KUPITNY, HY)KHO ITPHIIOKHUTD
OJIMHAKOBYIO CHITy HE3aBUCHMO OT TOTO JIKHUT JIM OH IJIaIMst 1 Ha pebpe. [Ipu pemennn
3a/1a4 C yU€TOM CHJI TPEHHUS CKOJIBKEHUSI HE00X0IMMO YETKO pa3inyaTh OOBIYHOE U
npeaeIbHOE paBHOBECHE Tela. B mepBoM ciydae BeIM4YrHA CHITBI TPEHUS HEM3BECTHA U JTOJDKHA
OTIPENICIATHCS U3 PEIICHNUS COOTBETCTBYIOIMX YpaBHEHUH paBHOBecHs. Eciu ske B 3amaue peub
UJIET O IPEAETbHOM PaBHOBECHUH, TO CHJIa TPEHUS ompeensieTcs 3akonoM Kyrmona:

F mp = fN (1.28)
AT

Amp T
27 A

y 3

IIpocmetiwiuii npumep: nycmo Ha meso, Haxooaujeecs 8 paeHOBeCUU Ha 2OPU3OHMATLHOLL
wepoxosamou nosepxnocmu, oeticmeyem cuna F=10 H. Onpedenums, yemy pasna cuna mpenus
CKONbIHCEHUS.

Pewenue: 6 0annom ciyuae meno 3a6e00Mo HAXOOUMCA 8 PAGHOBECUU U CUNA

Mpenus: Onpeoeumcs u3 ypagHeHus. EGHOG@CM}I.'

— C o — )
Z kx mp omkyoa Fmp=Fcos30°=8,66H.

H3zmenum menepbo ycnosue 3adaqu: onpedeium MmunumanvHyro cuny F, cnocoonyio cogunyme
meino ¢ mecma, eciu e2o gec P pasen 10 H, a koagppuyuenm mpenus cxonvocenusi f =0, 1.



Pewenue: max KakK pedb uoem o l’lpeaeﬂbHOM COCMOAIRUU pABHOBECUA,

Fup=fN, N=P, Fup=fP=1H 2 Fiu =Fcos30 —Pf =0,

F= fP/cos30°=1,15H.
Kax n3BecTHO ONHYIO peakiius epOX0oBaTOM MOBEPXHOCTHU MPUHSTO MPEACTABIATH CYMMOM
JIByX COCTABIISIFOIIMX: HOPMaIbHOM peakiuu T u cuiibl TpeHus Arp (puc. 1. 38)

_____________ A Y

A O

o
=

" Amp
Id/////////// SIS
Puc. 1.38. Peakyusa wepoxoeamoii noéepxuocmu

CrnenoBatenbHO, noiHas peakuus K Oyzner oTkiIoHEHa OT HOpMaJH K IIOBEPXHOCTH Ha
HEKOTOpbIi yrou. [Ipu n3aMeHeH!H CHIIbI TPEHUSI OT HYJIS JI0 €€ IPEeIeIbHOr0 3HaYeHU s, CUla
K u3mensiercs ot T 10 cBOET0 MaKCHMMAJIBHOTO 3HAYCHHUS, @ €€ YTOJI C HOPMAJIBIO PACTET OT
HYJISl 10 HEKOTOPOTO MPEIeIbHOT0 3HAUYCHUS (OH , HA3bIBAEMOT0 yriioM TpeHwus. M3 pucyHka
BHUJIHO, 4TO tg pr=Fmp | N, TOrIA ¢ yueTom Toro, uto Fmp=fN , momygaem tg ¢pn=f.

Ecnu x Teny npuiokuTh cuiy 3 1moj yriioM a K HopManu (puc.1.34), To Tesio caBuHeTCs
TOJIBKO TOT/Ia, KOT/1a ciBuraroinee yeuiaue Pcosa Oynet 6oinbine Fmp=fN. 310 03Ha4aer , uro
HUKaKOH CHIION, 00pa3yrolieil ¢ HopMaibio yroi a < (H, TeJI0 BI0JIb JaHHON MOBEPXHOCTH
CABUHYTH HEJb3S.

B F

Ipumep 1 . Kaxoe 0ondicer Oblmb MUuHUMAanbHulil KO3pduyuenm mpenus ckonvicerus f 6
Mecme KOHmMaKma 0OHOPOOHOU K8aOpamuoll niacmuHsl ecom P ¢ sepmuxanvhotl
CMeHKoll, eciu NAACMUHA 8 3a0AHHOM NOJO0NHCEHUU HAXOOUMCs 8 pasHosecuu. Becom
cmepoicus BF npenebopeun.




Pewenue. Tax xax nunus oeticmeus noanou peakyuu K eepmuxanvroli cmenku npu pasHogecuu
naacmumvl Q0NHCHA npolimu yepe3 mouky B ((Ha ocnosanuu meopemul 0 mpex cunax), mo Fmp=N
UIU, NOCKOIILKY peudb 8 yeaosue 3a0ayu udem o npeoenviom pasnosecuu, Fmp= fN, fN = N, f =1.
Tom dice pe3yn1bmam MOMCHO NOAYHUUMb U U3 YPAGHEHUS PABHOBECUSL NIACTIUHbL.

D MB(Fk)=N-BC—Fup-AC=0, Fnp =N, IN=N, f=1.

Bonpocwt u 3a0anusa:
1. Yro Ha3bIBarOT TpeHUEM?
2. Uto Ha3bIBAIOT TPEHUEM CKOJIbKECHHS?
3. Urto Takoe TpeHue KaueHus?
4. Ompenenenue k03P PHUIEHTA TPEHHUS.



IMpakTHYeckoe 3ansiTHE 12
Tema 4. Ilnockue cTaTHYeCKHU onpeaeMmMbie (pepMbl.

Meton 3aMKHYTBIX cedueHUr, MeTo1 3aMEHbI CTEPKHEM.

Henb: nath cTyieHTy 3HAHUS B 00JJACTH COPOTUBIICHUS IPU KAaUeHUH.

3HaTh: KHHEMAaTHYECKUE XapaKTePUCTUKH TOUKH, TP PepeHInaNbHbIe ypPaBHEHUS ABUKCHUS
TOUYKH; OOIIME TEOPEMbI TUHAMUKHU.

YMeThb: BBIUHUCIATH CKOPOCTHM M YCKOPEHHsS TOYEK M TOYEK Tela NPU IMOCTYNATEIbHOM,
BpALLATEIbHOM U IJIOCKOM JBH)KEHUSIX

Axmyanonocms  memvl  OOBSICHSETCS  ONpPEACIEHUEM  CONPOTHBIECHHUS MNP  KauyeHUH
BO3HUKAIONIMX MTPU B3aUMOACUCTBHIY AePopMaIuu Tel.
Teopemuueckas uacmey:
Tpenue kauenue. Tpenuem Kauenusn Ha3vleaom cOnpomusieHue, 603HUKAIO U, ee

npu Kauenuu 00H020 meid no NOEePXHOCMU OPy2020.

[IpyunHBl BO3HMKHOBEHHUSI ATOTO COINPOTHUBIEHUS HEBO3MOXHO OOBACHUTH 0€3 ydera
nedopManuii TN, BO3HHMKAIONMX TMPU HMX B3aUMOJCHCTBUU. PaccMoTpuMm  Kpyribiid
MAJMHIPUYECKUI KaTOK pamuycoM R Becom 3, jexkaleli Ha rOpU30HTAJILHOM IIEPOXOBATOM
IJIOCKOCTH, KOTOpasi MO/ TSDKECThIO KaTKa clierka JiehopMHpoBasiach, Tak YTO KacaHHWE KaTKa C
MOBEPXHOCTBIO TEMEpPh MPOUCXOAUT HE B OJHOM TOUKE, a MO HEKOTOpoHl mmiomaake AB
(puc.1.39). Tlox neiicTBueM cHiIbl M, NPUIIOKEHHOH K LEHTPY KaTKa, NaBIeHHE y Kpas A
yOBIBa€T M BO3pacTaet y kpas B. B pesynbrare HopManbHas peakmus T

Y

Puc.1.39 Momenm conpomusnenus npu kaieHuu

SBJISIFOINASACS PAaBHOJACUCTBYIOIIEH paclpeleNieHHbIX Ha IUlomanke AB cui, cMemaercs B
cTopony aeiicteust cunbl M. C yBenmuenreM Q 10 HEKOTOPOTO MPeIeIbHOro 3Ha4eHNs Qup 3TO
CMEINCHUE PacTeT 10 HEKOTOPOW mpejaesibHOM BenuuuHbl fk. B 3TOT MOMEHT Ha KaTok OyayT
JIefiCTBOBATh JIBE YPAaBHOBEIBAOIIIE APy apyra mapsl ¢ (Mnp, Ap) u (T, 3) ¢ MOMeHTaMu
Msp = QupR u Mb= Nf$ coorBercTBeHHO. [Toka Q<Qnp KaTOK OyneT HaXOAUTHCS B MOKOE, MPU
Q>Qrp HauHeTcs kauenue. Bxogsmas B popmyny Me =Nfk (1.29)

avHeWHas BenuuynHa fk HaspBaeTCss KOAGQGUIMEHTOM TpeHUs KadeHus. J{as
00JIBILIMHCTBA MaTEPUAJIOB, BXOSILEE B BhIPAKEHUE 7S MIPEAEIbHOr0 3HaueHus Q:

Qu=(F/R)N (1.30)



otHoiuenue fk/R3HaunTensHO MeHbIne KO3 duineHTa TpeHus ckojbkeHus f u3 dpopmys
(1.28). DTuM OOBACHSCTCS TO, YTO B TEXHHUKE, BE3I€ /I 3TO BO3MOXKHO, CTPEMSITCS 3aMCHHUTh
CKOJIbKEHUE KaUCHHUEM.

Ipumep. Ha kakoti evicome h u kaxyio copuzonmanvuyio cuny F nyscno npunoscumeos, umoool
Kamox, cuna maxcecmu komopozo G=1000 H, pasnomepno ckonb3u no 20pu3soHmanrbHou
niockocmu oe3 kauenusi. Kosgpgpuyuenm mpenus kavenus fk = 0,01m, koaghgpuyuenm
mpenus ckonvoicenusf = 0,1 .

Pewenue. J[{ns mozco umobwvl kamok osueancs pasnomepto enpaso, cuia F oonoxcna 6vime
PABHA MAKCUMATLHOMY 3HAYEHUIO CUTIbL MPEHUSL CKOTbIHCEHUS!

F = Fmwp=fN =100 H. Kamok ne 6yoem spawjamucs, eciu Momenm, co30a8aemblii napo cui
(A, Amp) He 6yOem npesviuiams MaAKCUMALIbHO2O 3HAYEHUS MOMEHmMAa conpomugenus M=
fkN=KkG =10 Hm, m.e. maxcumanvroe 3naverue h = Mc/F = 0,1m .

Bonpocwt u 3a0anua:

1. Yro HaA3BIBAIOT KaYeHHEM?

2. [IpuurHBI BOSHUKHOBEHUS KAYCHUS?

3. Tlouemy B TeXHUKE, BE3/IC I/I€ 3TO BO3MOXKHO, CTPEMSTCS 3aMEHUTH CKOJIbKCHHE KaueHUEM ?



IMpakTyeckoe 3ansaTue 13
Tema 5. [TocTpoeHHe TUHUI BJMSAHUA YCUJIMHA B CTEPKHAX depm.

[TonsTHE TPY30BOIO MOSICA,.

Lenp: HAyuuTHCA ONPEACIIATH SIPO CEUEHHUS ITPU BHELIEHTPEHHOM COKATHH.

3HaTh: KUHEMAaTHYECKUE XapaKTEPUCTUKU TOUKH, MU pepeHInanbHble ypaBHEHUS ABHKECHUS
TOUYKH; OOIIME TEOPEMbI TUHAMUKU

YMeTh: BBUHCIATE CKOPOCTH M YCKOPEHHMS TOYEK M TOYEK Tela IIPH MOCTYNAaTelbHOM,
BpAIATEIbHOM U IIJIOCKOM JBUKEHHUSIX

AxmyanvHocms membl 3aKITI0YACTCS B IPUMEHEHUH 3HAaHUH B 00JIaCTH KUHEMATHKH Ha
MPaKTHUKE.
Teopemuueckas uacme:

[Tpu KOHCTPYHUPOBAHUH CTEPIKHEH M3 MATEPHUAJIOB, TIJIOX0O COMPOTHBIISIONMXCS PACTSIKCHHIO
(6eton), BechbMa KenaTeabHO T00UTHCS TOTO, YTOOBI BCE ceueHre padoTaso JHIlb Ha CKaTHE.
DTOT0 MOYKHO JOCTUTHYTH, HE JIaBasi TOUKE MPHIIOKCHUS CHIIBI P CITUIIIKOM Jalleko OTXOUTh OT
[EHTpPA TSHKECTH CEUCHHMS, OTPAHUYNBAsT BETUIMHY dKCIIECHTPUCUTETA.

KoHCTpyKTOpY JKenarebHO 3apaHee 3HaTh, KaKOH SKCICHTPUCHUTET MPH BRIOPAHHOM THIIE
CEUYCHUsI MOYKHO JIOTYCTHTh, HE PUCKYS BBI3BATh B CEUCHHUSIX CTEPIKHS HANPSKCHUH PasHBIX
3HAKOB. 3,E[CCB BBOIAUTCSA ITOHATHUEC O TAK HA3BIBACMOM ﬁ;[pe CCUCHU. STI/IM TepMI/IHOM
0003HavaeTcsi HEKOTOpast 00JIaCTh BOKPYT LIEHTPa TAKECTH CEUEHHsI, BHYTPH KOTOPOM MOXKHO
pacnonaraTb TOIIKy HpI/UIO)KeHI/IH CHJIBI P, HC BbI3bIBAs B CCUCHUU HaHpﬁI)KeHI/Iﬁ pa3H0r0 3HaKa.

[Toka Touka A pacrionaraeTcsi BHyTpH siipa, HEHTpallbHAsI OCh HE TIepeceKaeT KOHTYypa
CEYCHMS, BCE OHO JICXKUT IO OJJHY CTOPOHY OT HEHTPAIIbHOM OCH U, CTAJI0 OBITh, paboTaeT
JuIb Ha cxatue. [Ipu ynaneHun Touku A OT IEHTpPa TSHKECTH CEUSHUS HEHTpaibHAs OCh
OyzeT mpuOIMKATHCSA K KOHTYPY; TPAHUIIA AApPa OMPEACIIUTCS TEM, 4TO MTPH PACTIONOKECHUH
TOYKH A Ha 3TOW IpaHUIIC HEUTPaIIbHAS OCh MOJONIET BILIOTHYIO K CEUCHUIO, KOCHETCSI €ro.

Puc.1. KoMOUHAIMK MTOT0KEHUS CKUMAIOIICH CUJIBI M HEUTPAIbHOM JINHUN

Takum oOpa3om, eciii Mbl OyzieM IepemMeraTh TOUKy A Tak, YTOObl HEHTpallbHAsI OCh
KaTujach 10 KOHTYPY CEUEHUs, He IepeceKas ero, To Touka A 06oiieT no rpanule sapa
cedyeHus. Eciiu KOHTYp cedeHHsI UMeeT «BIaJUHbI», TO HEUTpaibHasi OCh OyJIeT KaTUThCS 10
orubaroreii KOHTypa.

YToOb! NOTYYUTH OUEpTaHUE AApa, HEOOXOIMMO J1aTh HEUTPAIbHON OCH HECKOJIBKO

o o s
ITOJIOKCHUHU, KaCAaTCIIbHBIX K KOHTYPY CCUCHU S, OIPECACTIUTD JJI 3TUX ITOJIOKCHHUU OTPE3KH Yu

@z¥ BBIYMCIIUTD KOOPAWHATHI ¥» M Z# TOUKH IPUIIOKEHHS CHIIBI IO OPMYJIaM, BHITEKAIOIIMM
13 U3BECTHBIX 3aBUCUMOCTEM:
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3TO U OyAyT KOOPJMHATHI TOUEK KOHTYpa siipa »Y#u Z7 .
[Tpu MHOrOYyroOaBHON (popme KoHTYpa ceueHus (Puc.2), coBmenas nociaenoBaTebHO

HeﬁTpaHBHYIO 0OCh C KaXXI0H U3 CTOPOH MHOTI'OYTOJIbHUKA, MBI ITO OTPE3KaM ﬂr" U %= onpeaciimm

KOOPJAMHATHI ¥ s U Z¢ TOYCK I'PAHULIBI SIJIpa, COOTBETCTBYIOIIMX 3TUM CTOPOHAM.

ITpu nepexone OT 0AHOM CTOPOHBI KOHTYpa CE€YEHMs K APYroi HeWTpalbHast oCh Oyaer
BPALIATbCs BOKPYT BEPIIMHBI, Pa3AeiAoLIel 3TH CTOPOHbI; TOUKA IPUI0KEHUS CHJIbI OyaeT
IEPEMELATCS 10 IPAHULIC SAApa MEXKY MOJyYEHHBIMH YK€ TOYKaMH. Y CTaHOBHMM, KaK JOJDKHA
nepeMenarbcs cuia P, 4ToObl HelTpanbHas 0Chb IPOXOAMIIA BCE BPEMS Uepe3 OJIHY U Ty XKe

Touky B (¥2,€2) — Bpamanace Obl 0koJio Hee. [101CTaBIsIs KOOPAMHATHI ATOM TOUKH
HEUTpaIbHOM OCH B U3BECTHOE ypaBHEHUE HEHTpaTbHOW OCH (JIMHUM), TOTYUHM:
z

i i

Puc.2. SInpo ceueHus 1yii MHOTOYTrOJIBHOM (POPMBI MOTIEPEYHOTO CEUEHUS

Takum 06pa3zoM KOOPAUHATHL ¥» U Z» TOUKH -1 mpusosxenns cuisl P cBa3ansl muHeitno. [Tpu
BpalllcHUU HEUTPaJIbHON OCH OKOJIO MTOCTOSSTHHOM TOUKH B Touka A mpUI0KEHUS CUITBI
JBIDKETCS 110 psiMoii. OOpaTHO, mepeMeleHne cuiibl P 1o npsimoii cBSI3aHO ¢ BpallieHueM
HEUTpaIbHON OCH OKOJIO ITOCTOSTHHOM TOYKH.

Ha Puc.3 n300paskeHbI TpH MOJIO0KESHUS TOYKH TPUII0KESHUS CHIIBI Ha dTOH MPSIMON U
COOTBETCTBEHHO TPH MOJIOXKEHUS HENTpanabHOU ocu. Takum o0Opa3om, Mpu MHOTOYrOJIbHOM
(dopme KOHTypa ceueHHs OUepTaHUE spa MEX/Ly TOUKaMH, COOTBETCTBYIOIIIMMHU
CTOPOHAM MHOTOYTOJIbHHUKA, Oy/I€T COCTOSTh U3 OTPE3KOB MPSIMBIX JIMHUH.

z

Puc.3. Jlunamuka noctTpoeHus sapa CeUeHUs



Ecin KOHTYp ceueHHUsI HETUKOM UM YaCTUYHO OTPaHUYEH KPUBBIMU JIMHUAMU, TO
IIOCTPOEHUE IPAHULBI sIPa MOXKHO BECTH 10 TOUKaM. PaccMOTpHUM HECKOJIBKO ITPOCTHIX
IIPUMEPOB ITOCTPOCHUS s1/Ipa CEUECHUS.

IIpu BBIMOIHEHUH HTOTO OCTPOECHMS JUISl IPSMOYTOJIBHOTO TOTIEPEYHOTO
CEYEHMSI BOCTIOIb3yeMCs MOTYyYeHHBIMU (OpMYyIaMu.

s onpeneneHus rpaHul] apa CEYEHUs MPU JBKEHUHU TOUKU A 110 ocu Oy HaiiieM To

€=¢ . .
3HAYEHHE U | mpu KOTOpOM HeMTpanbHas och 3aiiMeT nonoxenne H101. Mmeewm:

it B
> 2 12
OTKyza
o =2
°" 6

Taxum o6pazom, rpanuiibl siapa 1o ocu Oy OyayT OTCTOSTH OT LIEHTpa cedeHus Ha 1/6
BesimunHbl b (Puc.4, Touku 1 u 3); mo ocu Oz rpaHUILIbI SIpa ONPEACTATCS PACCTOSHUIMU
o

& (Touku 2 u 4).

J71s1 momydeHust OuepTaHus Sapa MEJTMKOM H300pa3uM MOJI0KEHUS HEUTPaIbHOM OCH
H2 Oﬂ

Hlolp[

, COOTBETCTBYIOIIME TPAaHUYHBIM TouKkaMm 1 u 2,

[pu nepemMenieHNH CUITBI U3 TOYKU 1 B TOUKY 2 110 TpaHuULIe Aapa HENTpatbHas OCh JOJKHA
nepeiiTy U3 monoxkeHns <211 B monoxenue 2%z | Bce BpeMs Kacasch CEUEHHUS, T. €.
MIOBOPAYMBAsICh BOKPYT TOYKHU D.

#y
.

Puc.4. nocrpoeHue sapa A NPAMOYTrOJAbHOIO CEUCHHUSL.

st 9TOTO CcHNa JOMMKHA ABUTATHCS MO NMpsAaMoit 1 — 2. ToyHO Tak e MOKHO JI0Ka3aTh,
YTO OCTAJIbHBIMU TpaHULIaMH Aapa OyayT nuHun 2—3, 3—4 u 4—1.

Takum oOpa3om, Ui IPSMOYTOJIBHOTO CEYEHUS SAPO OyAeT poMOOM € AMArOHAJISIMH,
paBHBIMH OJHOW TPETU COOTBETCTBYIOIICH CTOPOHHI ceueHus. [loaTomy mpsiMmoyronsHOe
CEUYEHHUE TIPH PACIIOIIOKESHHUH CHITBI 110 TIIaBHOM OCH paboTaeT Ha HAPsHKEHUS OJTHOTO 3HAKa,
€CJIM TOYKA MPUIIOKECHUS CUITBI HE BBIXOJUT 3a MPECIIbl CPETHEH TPETH CTOPOHBI CEUCHUS.
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Puc.S. /lunaMyka U3MEHEHUS HAIIPSDHKEHUM IIPU U3MEHEHUH DKCLICHTPUCHTETA.

DMIopsI pacipeeieH sl HOpMaIbHbIX HAMPSHKCHUH MO TMPSMOYTOIEHOMY CEUCHHUIO TIPH
SKCIEHTPUCHUTETE, PABHOM HYJIIO, MEHBILIEM, PABHOM U OOJIBIIIEM OJHOM MIECTON I PHUHBI
cedeHus1, n300pakeHsl Ha Puc.5.

OrMmeTHM, YTO IIPH BCEX MOJOKEHUAX CHITbl P HanpshkeHue B IEHTPE TSHKECTH CeYeHUs (ToUKa

i

O) onmmHAKOBO M paBHO & ¥ uTO cuiia P He MMeeT SKCIEHTPUCUTETATIO BTOPOid TJIABHOW OCH.

JI71st KPYIIOro CedeHus pafuyca I ouepTanue aapa OyaeT Mo CUMMETPHH KPYroM pamyca 1.

BosbpMem kakoe-n160 moioskeHne HERTpalbHOM OcH, KacaTenbHoe K KOHTYpY. Ock Oy

PacIIOI0KUM MEPIEHAUKYIISIPHO K 9TOM KacaTeJlbHOU. Toraa
4

Pi
il 2 7
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Puc.6. Snpo ceuenus s qByraBpa — a) U mmBesuiepa — 0)

Taxum 00pa3zoM, a1po npeacTaBiseT co00H Kpyr ¢ painycoM, BUETBEPO MEHBIINM, YEM painyc
CeueHusl.

JUis iByTaBpa HEUTpalibHas OCh IPU 00X0/1€ KOHTYpa He OyJeT nepeceKaTs MIIOoaIu
MIOTIEPEYHOTr0 CEYEHHU S, €CITU OylIeT KacaTbes NpsMoyroibHoro koutypa ABCD, onucannoro
okoo ByraBpa (Puc.6a). CnegoBaTenbHO, OUepTaHHeE sSapa A AByTaBpa UMeeT Gopmy
pomMOa, Kak U JJIs IPSMOYTOJIbHHUKA, HO C IPYTUMH pa3MepaMu.

Jlyist mBeuiepa, Kak v Juis 1ByTaBpa, Touku 1, 2, 3, 4 kouTypa siipa (Puc.6 6) COOTBETCTBYIOT
COBIIQJICHUIO HEUTPAJIBHOM OCH CO cTOpoHaMu npsMoyronbHuka ABCD.

Bonpocwt u 3a0anua:
1. Yro Takoe sApO ceueHus?
2. Kakwue ObIBatOT SMIOPHI pactpeaeIeHIs HOpPMaJIbHBIX HAIPSHKCHHIA.
3. Banmummre GopMyITy OMPEICIICHHS MTOJIHOTO YCKOPEHUS TOUKH, BHKYIICHCS
BpalaTeabHO.
4. JlaiiTe ompe/eieHre MTHOBEHHOTO IIEHTPa YCKOPEHHUSL.



IIpakTHYeckoe 3anaTHE 14
Tema 5. [TocTpoeHHe TUHUI BJMSAHUA YCUJIMHA B CTEPKHAX depm.

HOCTpOCHI/IC JIMHUW BJIMSIHUA YCHJINAL.

Henb: HayduThes pacuUTHIBATH OAJIKU HA YIPYTrOM OCHOBAaHUH

3HaTh: OCHOBHBIE MOJXOJbl K (opMajn3allud U MOJIECIUPOBAHUIO TBUKEHUS U PaBHOBECHUS
MaTepUaIbHbIX TEI,

IIOCTAHOBKY M METO/Ibl PELIEHNUS 33]1a4 O IBUKEHUU Y PABHOBECUM MEXAHMUECKUX CUCTEM;
KMHEMaTUYECKUE XapaKTePUCTUKU TOUKH, MU PepeH1InanbHble ypaBHEHUS IBUKEHUS TOUKH;
o0Ime TeopeMbl JUHAMHKH; TEOPUIO yaapa.

YMeThb: BBIUMCIATH CKOPOCTM M YCKOPEHHSI TOUYEK M TOYEK TeJla IPH TOCTYNaTelIbHOM,
BpALLATEIbHOM U IJIOCKOM JIBUYKEHUSAX

Axmyanvnocms memul OOBSICHSAETCS ONpeAeTIEHUEM CKOPOCTH U YCKOPEHUS TOUKH 110 3aJaHHBIM
YpaBHEHUSIM €€ JIBUIKEHUS.
Teopemuueckas uacmey:

K uucny cmamuuecku neonpedenumvix 6anox modicem Oblmbs OmMHeCeHA OANKA HA YNPYeOM
ocHosanuu. Tax Hazvieaemcs Oanka, onuparowasncs no eceu ceoeti oaune (Puc.l) na ynpyeoe
OCHOBAHUe, OKa3vbleaiouee 8 Kaicool mouke HA OanKy peaxkyuio, NPONOPYUOHATIbHYIO V —
npoeuby banku 8 amot mouke. Koagpguyuenm nponopyuonanonocmu oboznauaemces 6yxeoti k.

Bseoenue npeononosicenus 0 nponopyuoHaIbHOCMU peakyuil npocudy A61s1emcs
npuoOIUINCEeHUeM, XOMA U OOCMAMOYHO ONUSKUM K OeliCIM8UMENIbHbIM Y CI08USIM.

Wl

Puc.1. Pacuemnas cxema 6anku Ha ynpy20m 0CHO8AHUU.

Ilpeonoscenue esecmu 6 pacuem KoOIpDuyueHm nPONOPYUOHALILHOCIIU K, UMEHYeMblll
«Koahhuyuenmom nocmenu», ObLIO Bnepsvle COENAHO PYCCKUM akademuxkom Huxonaem
Hsanoseuuem @yccom 6 1801 200y. Illpunumas >mo npeononodxceHue, noOAyuaem, 4mo
UHMEHCUBHOCMb PEAKYUU OCHOBAHUSL 8 KAXCOOU mouKe cuna pasua Ky u usmepsiemcs 6 eQuHuyax
Cunbl U ONUHBL, paAsMepHoCmb Kodghguyuenma k npu smom Oyoem cuna u keaopam OJNUHDBL.
byoem cuumams, umo ocnoeanue oxasvigaem peakyuio npu npocubAx OAIKU KaK 6HU3, MAK U
88epX.

Ha npaxmuke 3adauu o pacueme OaiKu HA YNpyeomM OCHOBAHUU GCMPEUAOMCs 6
JHCeNe3H000poICHOM Oelle (pelbe, Wwnaia), 8 cmpoumenvbcmee — @QYHOAMEHMbL PA3IUYHBIX
coopycenutl, nepedaroujue Hazpy3Ky Ha cPYHM.

Cmamuuecku Heonpedeaumotl makas oaixka 6yoem nomomy, Ymo yCiosue Cmamuku— Cymma
HA2PY30K pasHa Gcell peaxkyuu OCHOBAHUS — He Odem B03MONCHOCMU YCMAHOBUMb
pacnpedenenue 3motl peakyuu no O1uHe 6AIKU, a 3HAYUM, 8bIYUCTUMD U3LUOAIOUUE MOMEHMbL U
nonepeyHvle CUbL.

Hnmencusnocmos peaxkyuu 6 Kaxcoou mouke cesazana ¢ npoeubamu oanku. Ilosmomy ona

peuienus 3a0auu HeobX0OUMO HAlMU CHAYAnNd ypashenue uzoeuymoti ocu ¥ =7 (xj, a yxce



3amem popmynvl 015 LIUUCIEHUS U3LUOAIOUE20 MOMEHMA U NONEPEeYHOU CUlbl. X0O0 pelueHusl
0Ka3b18aemcst 00PaAMHbIM 0OLIYHOMY.

Haiioem ypasnenue uzoenymou ocu 07151 6a1KU NOCMOAHHO20 CeYeHUsl, lexcaujeti Ha Ynpy2om
OCHOBAHUU U HASPYHCEHHOU COCPeOOMOYeHHbIMU cuiamu 1.43. ... (Puc.1). Hauano koopounam
803bMeM 6 1000l MouKe, OCb X HANPABUM 6NpPABo, OCb y 8epmuKkaivbHo esepx. Hanpasnenue

Ha2py3oK 6gepx Oydem cuumams noaoxcumenvHuiM. Hanuwem obwviunoe oughghepenyuanvroe
ypasHeHue uzeuba

d2
E7SY = M(x)
dx
Tax kax M(x) Ham HeuzgsecmeH, Mo NOCMAPAEMCA C8A3AMb NPOUOLL HENOCPEOCMBEHHO C
Hazpys3Kotl, 07151 3mo2o oug@epenyupyem 08axcovl npeodvloyujee ypasHeHue:

4
27 - o) &

By 7
20e ((X)—unmencusHocms CniIOWHOU HA2py3Ku, Oeicmeyroueli Ha OANKY 8 CeueHUU ¢ AbCYUccoll
X.

Cnnownoti Haepy3kot 015 Hawiell OANKU AGNAemcs Juldb peaKyusi ynpyeo20 OCHOBAHUSL.
HnmencusHocmo eii nponopyuoxanrbHa npo2ubam, 3ma Hazpy3Ka HAnpasieHd 6eepx, m. e.
NONOACUMENbHA, KO020a Hpocubbl UOYm 6HU3, m. e. ompuyamenvHvl, u Haobopom. Takum
o0bpazom, ama Hazpy3Ka umeem 3Hax, 0OPaAmmubslil 3HAKY NPO2UOO8:

glx)=—ky

Tozoa
d"y

B =- )
dxt by

d'y k

G Ky ©

2

Eciu o6osnauume 38T ,  mo obwuti unmeepan ypaenenus (25.3) umeem 6uo:

y=e"(Asin G+ Beos G)+e(Csin f+ Deos ) (25.4)

Ilocmosnnvie A, B, C, D 0ondtchbl 66imb onpedenenvl 8 KaxicOOM YACMHOM CLyyde Ha2py3Ku U
Onunwl 6anku. Benuuuna © umeem uzmepenue obpammnoe Onume.

Pacuem 6eckoneuno OIUHHOU OAIKU HA YRPY2OM OCHOBAHUU, 3AZPYHCEHHOU 00HOU cuaou P.

Haubonee npocmo pewaemcs 3a0aua 06 uzeude b6eckoneuno ONUHHOU OAIKU, HACPYHCEHHOU
00HOU  cocpedomouennolu cunot (Puc.2). Ilomumo HenocpeOcmeenHo20 npaKmuieckoeo
SHA4YeHusi peulenue >SMOU 3a0auu NO36OIUM NYymMeM NOCIe008aAMENbHbIX  NPUOIUINCEHUL
paccuumvléams U 6ANKU KOHEYHOU ONUHDBL.

¥
2

s ¥ fit
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Puc.2. Pacuemnas cxema b6anku 6ecKoHeuHOU ONUHbL.

Hauano xoopounam pacnonosicum 6 mouxe npunodicenus cuvl P. Onpedenum nocmosinuvie A,
B, C u D. Tax kax 6ca peakyus ocHoeanus, pagHas cuie P donoicna 6ims KoHeuHOotl enu4UuHoll,



mo npo2ubvl OANKU 8 MOYKAX, OECKOHEYHO YOANEHHbIX OM MOYKU NPULONCEHUS CUNbL, OOJIHCHBI
obpawamucs 6 Hyb:
Vo =1 ()

IIpu beckoneuno 60rbUIUX 3HAYEHUAX X 084 BMOPLIX CllA2AeMbIX 8 NPABoL yacmu gopmynvl (4)

obpawaiomcs 6 Hyib 61a200aps MHOICUMENIO € % | 06a Jice Nepevlx MO2ym 00pamumsCs 6 Hyib
UL npu

A=0, 5=0;

maxkum oopazom,

y=e'“(Cs1n G+ Deos ,&r) (6)
ﬂaﬂee, no cuMMempuu Hazpy3l<u u peam;uu OCHOBAHUA, KacamelbHasa K u302Hym01J ocu 6
mouyke npuﬂOcheHM}l CUJibl OOJZDfCHa udmu napaﬂ]le]leO ocu a6cuucc.‘

(d_yj .
dx /.o

Jugppepenyupys (6), nonyuaem:
dy

2 -0 =— & [sin &(C +D)+cos &(D-C)]
X

Ioocmasass 6 smo evipasicenue X = Oy npupaesnusas pesyromam nymo, naxooum:
D—C=0uC=D;
maxum oopazom, ypasHeHus 6yoym:

e E_‘MC(SM fr+cos ,ﬂxj )
D _ g 0eFC g G ©)
dx

Ins onpeodenenus nocneoueti nocmosinnon C umeem ewje 00HO YpagHeHUe: HAM U38ECMHA
8eUYUHA NONEPEYHOU CULbL 8 HAYAle KOOPOUHAM.

Paspezas danxy ceuenuem 6 mouke O cnpaséa om cunvt P u paccmampusas npasyro uacmo
banku, 6uOuM, 4YmMO NonepeuHas Cuma 8 OdMOM Ce4eHUU pAasHa peaxkyuu OCHOB8AHUS,
Oeticmgyrowell Ha Npasylo NON08UHY OANKU CO 3HAKOM MUHYC; MAK KAK peaxkyusi HanpasieHa
66epx (0151 npagou NOI0B8UHbL) U BCA peakyus OCHO8aHUusA pasHa P, 3nauum, nonepeunas cuna 6
ceuenuu npu x = 0 pasna

£
Q(X)x-o = —E
Ho, ¢ opyeoii cmoponwi
dy
B~ Ofx) ©)
x
Taxum obpazom,
d’ P
EJ(d—gJ = (10)
x ]
Boiuucnsiem, nonvsysicy (8), dr’ u dx’ :
2
‘;—{ = =20 8% *[cos fix - sin ] (11)
x
dgy - 12
=k HC e cos fx (12)

Iloocmasenss (12) 6 (10) u npupasnusas x nymo, noryuaem:



P

P (Ca=

4EJC,83=—§M 85Jﬁ3
Tenepwv 3Hauenus y u ee nPou3800HbIX NOJLYUAIONM BUO
Py P
=- e 7lsmn fx+cos K)=— :
Y17 ok e oot SEIE
d—y=9=+ Pge""smﬁr=+ =T
dx 48 4278
d* P : P
M(x)= E.fd—:;= +ﬁe ’@([cos Gx—sin ,&]z ﬁ m
dy P _ P
Q(x)= EJE =—§e A cos ,&r=—§~?32

Takum obpazom, HAnPANCEHHOe COCMOsAHUe U 0ehopmayuy OAIKU HA YRPY2OM OCHOBAHUU
6ceyeno onpedensiiomes nazpy3Koti u kosgpuyuenmom &, sasucsuum om coommowenus
Jrcecmrocmett OAIKU U YNPY2020 OCHOBAHUSL.

Bonpocwt u 3a0anusn:

1. KakuMu ypaBHEHMSIMH 3a/1a€TCs INIOCKONApAJLIeNIbHOE IBUYKEHNE?

2. Chopmynupyiite TeOpeMy O TPOSKITUSIX CKOPOCTEH ABYX TOUEK TUIOCKON (PUTYPHI.
3. Kakwe cymecTBYIOT criocoObI 3aJaHuUsT IBUKCHUS TOUKH ?

4. Ha3zBaTp citydau, KOrJia KOPHOJIMCOBO YCKOPEHUE TOUKH PABHO HYITIO.

5. AOCOIIIOTHOE, OTHOCHTEILHOE, TIEPEHOCHOE JIBIKCHHUE TOUKH.
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Tema 5. [TocTpoeHHe TUHUI BJMSAHUA YCUJIMHA B CTepPKHAX Gepm.

[locTpoeHne NMHUM BIMAHUSA OMOPHBIX PEAKLUN.

ens: HAyIUTH CTYIEHTA PACCYUTHIBATH 3aKJICTIKH Ha ITEpEepPE3bIBAHUE.

3HaTh: OCHOBHBIE TMOAXOMBI K (popManu3alii U MOJCIUPOBAHUIO JTBUKEHUS U PAaBHOBECHUS
MaTepHAIbHBIX TET;

MOCTAHOBKY M METO/bI PEILICHUS 33/1a4 O JBUKEHUH U PABHOBECUU MEXaHUUYECKUX CUCTEM;
KMHEMaTUYECKUE XapaKTePUCTUKU TOUKH, MU PepeH1InanbHble ypaBHEHUS IBUKEHUS TOUKH;
o01me TeopeMbl TMHAMHUKHU; TEOPHUIO yAapa.

YMeTh: BBIUHUCIATH CKOPOCTH U YCKOPEHHS TOYEK M TOYEK Tela TPU MOCTYIATelbHOM,
BpaIaTeIbHOM U TIJIOCKOM JBUKEHHUSIX

Axmyanvrocms memsl OOBSICHAETCS OINpPENEICHUEM CKOPOCTH M YCKOPEHUsl TOYEK 3BEHHEB
Mexann3Ma ¢ momouipro MILC
Teopemuueckas uacme.

Msbl u3ydanu, 4TO IPU NPOCTOM PACTSHKECHUM WM IPOCTOM CXKATUM JIBE YaCTU CTEPIKHS,
pa3leIcHHBIE HAKJIOHHBIM CEYCHUEM, CTPEMSTCS HE TOJIBKO OTOPBATHCSA IPYr OT Ipyra, HO U
CIABUHYTHCS OZIHA OTHOCUTEIIBHO APYroi. PacTsKeHUIO CONPOTUBISAIOTCS HOPMAJIbHBIE, & CIIBUTY
— KacaTeJIbHBIC HAPSHKEHUS.

Ha npaxTuke nenslii psij 1eTaneil 1 3J1eMEHTOB KOHCTPYKLIMM paboTaeT B TAKKUX YCIOBUSX, YTO
BHEIIHUE CHJIBI CTPEMSATCS UX Pa3pyIIUTh UMEHHO ITyTEM CJIIBUTA.

B coorBeTcTBHM € 3TMM IIpU HPOBEPKE IPOYHOCTH TAKMX HJIEMEHTOB Ha IIEPBBbIM IUIaH
BBICTYNAIOT KacaTesbHble HamnpspkeHus. Ilpocrelinmmu npumepamMu MOAOOHBIX JieTaneit
ABJISIIOTCS OOJNTOBBIE U 3AKJICIIOYHBIE COEIMHEHHMs. 3aKJIEIKM BO MHOIMX CIIydasx YkKe
BBITECHEHBI CBapKOM; OJTHAKO OHM UMEIOT €lle OYeHb OOJbIIOEe MPUMEHEHHUE Al COeTUHEHUS
gacTell BCSAKOTO poJia METAUTMYECKUX KOHCTPYKIHH: CTpommi, (hepM MOCTOB, KPaHOB, IS
COEMHEHMsI JINCTOB B KOTJIAX, CyldaX, pe3epByapax u T. m. i oOpa3oBaHUS 3aKJICHOYHOIO
COEIMHEHUsI B OOOMX JIUCTaX IPOCBEPJIMBAIOT WJIM IMPOJABIMBAIOT OTBEpCTHS. B HUX
3aKJIa/IbIBA€TCS] HATPETHIN O KPACHOT'O KAJIEHUS CTEPKEHB' 3aKJIETIKU C OJJHOM T'OJIOBKOM; ApYyroi
KOHEIl 3aKJICNIKM PpAaCKIEHbIBACTCS yOApaMH CIELUaIbHOIO MOJIOTKA WIM JaBICHHEM
THJIPAaBIMYECKOro mpecca (KJIenalbHOM MaIlMHBI) A1 00pa30BaHUS BTOPOMl rojoBku. Menkue
3aKJIENIKH (MAJIOro AaMeTpa — MEHBbIIIE 8 MM) CTaBATCS B XOJIOJAHOM COCTOSIHUM (aBHALIIOHHbIE
KOHCTPYKLIUH).

Jnst wm3ydeHus pabOTHl 3aKJIENOK pAacCMOTPUM MPOCTEHIMII HpUMeEp 3aKJIEHOYHOTO
coequHenust (Puc.1). IllecTp 3akienok, pacrnojioKEHHBIX B JBa psijia, COSAUHSIOT JBa JIUCTa
BHaxuecTKy. Ilog nelictBuem cuil P 3TH MMCTBI CTPEMATCS CABUHYTHCSA OAMH IO APYrOMY, 4EMY

HPENATCTBYIOT 3aKJIETIKHU, HA KOTOPbIE U OyJIeT MepeaaBaThbes JeHCTBUE CUIT E ).



Puc.1. PacueTHas cxema 3aKJI€IOYHOT'O COEIMHEHTS

JUis TpOBEPKHM NPOYHOCTH 3aKJICNOK MPUMEHHM OO MOpAAOK peleHus 3ajgad
COIIPOTHUBJICHUA MaTCpUaAJIOB.

Ha xaxxayro 3axiienky nepearoTcs 1o B paBHbIE U MPSIMO MPOTUBOIIOJIOKHBIE CUJIBI: OJJHA—
OT IIEPBOIO JIUCTA, APYras — OT BTOporo. ONbITHBIE NCCIIEA0BAaHUS T0KA3BIBAIOT, YTO OJIHU U3
3aKJICTIOK psila HarpyxaroTcsi Oosblie, npyrue — MeHble. OJHaKO K MOMEHTY pa3pyLleHus
YCHIIUS, TIEpe/laloIMecs] Ha Pa3iIMYHbIe 3aKJICNKH, Oojiee WM MEHEE BBIPAaBHMBAIOTCS 3a CUET
mwiactuyeckux aedopmanuid. IlosToMy NpUHATO CuUUTaTh, YTO BCE 3aKJIENKH pPabOTAIOT
oMHaKoBo. TakuM 00pa3oM, IIPH = 3aKJIENKaX B COEAUHEHNH, N300pakeHHOM Ha ¢ur. 1, Ha

P

KaXIyl0 U3 HUX JCUCTBYIOT IO [B€ PABHBIC U IIPOTHUBOIIOJIOKHBIC CHIIbI - ;(PI/IC.z); 3THU
CHJIBI IEPEJAOTCS Ha 3aKJIETIKY ITyTeM Ha)KMMa COOTBETCTBYIOLIETO JIMCTAa HA OOKOBYIO
TIONMYIIIHHAPHYECKYIO TTOBEPXHOCTh cTepkHsA. CHIBl <1 cTpeMATcs mepepe3aTh 3aKIENKy 110
iockocT mk paszena 000uX JIHUCTOB.

Puc.2. Cuibl, 1eficTByIOLME HA 3aKJICIIOYHOE COEIUHEHNE.

st BbIUMCIIEHUS] HANPSHKEHUM, NEUCTBYIOIMX IO ATOW IMJIOCKOCTH, Pa3/ieIUM MBICIEHHO
3aKJICMIOYHBIA CTepiKeHb ceueHrHeM MK u orbpocuM HIKHIOI 4acTh (Puc.2). BHyrpennue
YCUJIUSL, TIEPEAIOIIMECS 110 ’TOMY CEYEHHUIO OT HU)KHEH YacTH Ha BEPXHIO0, OyIyT
YPaBHOBEIIMBATh CUITy <1T. e. GyayT AeiiCTBOBATH MApALICNIbHO i B IIIOCKOCTH CEUCHHUS, U B

CyMMe JaJlyT paBHOJEIHCTBYIOIIyI0, paBHyIo <1 . Cie0BaTeIbHO, HAMPSKEHNS, BO3HUKAIOIIE B
9TOM CEYEHUHM M JEWUCTBYIOIIME KacaTelIbHO K IIJIOCKOCTH CEYEHHS, 3TO — KacaTeJbHbIe
HanpsokeHus: ©. OOBIMHO MPUHUMAIOT PABHOMEPHOE paclpeiefieHue 3TUX HamnpshKeHUH 1o
cedyeHuto. Torma npu nuamerpe 3akienky d Ha eqUHUIY IUIOUAAN CeYeHUs OylIeT MPUXOAUTHCA
HaIpsDKEHHE:

P S U
o
— n_

4 4

Bennununa AOITYCKACMOI'0O KaCaTCJIbHOI'O HAIPSAIKCHU A [T]z , UJIU, KaK TOBOPAT, JOIIYCKAaCMOr'o

HanpsyKeHHs Ha cpe3, PpUHsTO onpexesats B sune: 7= 0.7+ 0.81a]3naq [T | mpt nanmmenm
YCIIOBUE TIPOYHOCTH 3aKJIETKH Ha TIEPEPE3LIBAHME B TAKOM BHJIE:

P P
— e— T <
T 7 | i [T]x

.




T. €. IeHCTBUTEIILHOE KacaTeIbHOE HANPSHKEHUET B MaTepuae 3aKJIENKH JI0JDKHO ObITh PaBHO
JIOITyCKaeMOMY [T nome menpme ero.

N3 3T0r0 yCIoBUS MOKHO ONPESTUTh HEOOX0IUMBINA TUAMETP 3aKJIEIOK, €CIU 3a1aThCs UX
YHCIIOM, U Ha000poT. OOBIUHO 3aJaF0TCS TMAMETPOM 3aKJICTIOYHBIX CTEPKHEH 0 B COOTBETCTBHU

C TOJIIMHOI t CKIIeNbIBaeMBIX yacTeil (00buHO & & Zf ) 1 onpenensoT HeoOXOAUMOE YHCIIO
3aKJIETIOK * |
P
e ———
el
—[z]
4
3HaMeHaTeNb 3TOH (OPMYJIBI IPEACTABIAET COOO0 Ty CHITy, KOTOPYIO 0€30IaCHO MOXKET B35Th Ha
ceOs KaXkaasi 3aKJIeHKA.

Tycrs £ = 720KH d = 2eae, [T], = 1000772  Torna

= [, =" 100
4 4
1_”.‘.'

Puc.3. PacuerHast Mosienb 1eHCTBUS HOPMAJIbHBIX HAIPSKEHUN

HpI/I BBIBOJC (bOpMy.]'IBI pacucTa 3aKJICIKU Ha HICPEpEe3bIBAHUC, ITOMUMO OT'OBOPCHHBIX,

JIOTyIIIEHA eI OJHA HETOYHOCTh. JIe0 B TOM, UTO CHIIBI <1 IeHiCTBYIOIME Ha 3aKJICINKy, He
HaIpaBIICHBI TI0 OJTHOM TIPSMOM, a 00pa3yroT mapy. JTa mapa ypaBHOBEIIMBACTCS IPYrod mapou,
oOpa3yromeiics W3 peakiuii COeJIMHEHHBIX JHCTOB Ha TOJOBKY 3akienku (Puc.3) m Bemer k
HOSIBIICHUIO HOPMAJIbHBIX HANPSYKEHUH, IEUCTBYIOIIMX MO CeUeHUIo mk.

Kpome 5TUX HOpPMallbHBIX HaNpsHKEHUH, MO cedeHHi0 mk JeHCTBYIOT elle HOpMajbHbIE
HAMpsDKEHMS, BBI3BAHHBIE TEM, YTO MpPH OXJIAXKJIECHUU 3aKJICNOYHBIA CTEPKEHb CTPEMUTCS
COKpAaTUTh CBOIO JUTMHY, YEMY MEIIAET YIOp TOJIOBOK 3aKJIEHKU B JIMCTHL. ITO OOCTOSTEIBCTBO, C
OJIHOI CTOPOHBI, 0OecTieunBaeT CTATMBAHUE 3aKJICIKaMH JHCTOB U BOSHUKHOBEHHE MEXAy HUMU
CWJI TPEHHUsl, C JIPyroil — BbI3bIBAET 3HAUYMTEJIbHbIE HOPMAJIbHBIE HANPSDKEHMS M0 CEYCHUSIM
CTep>KHA 3akJienKu. OcOOBIX HEMPUATHOCTEN ATHU HANPsDKEHUs IPUHECTH He MoryT. Ha 3akiienku
UAET CTajb, 00JIQAA0NM@s 3HAYUTEIFHON TUIACTUYHOCTBIO; TIOATOMY Ja)Ke €Cld Obl HOpMaJbHbIC
HAMpPsDKEHHUS] JOCTUTIIM TpefeNia TEeKy4decTH, MOXKHO OXHUAATh HEKOTOPOro IUIaCTHYECKOro
VIUIMHEHUS] CTEP>KHSI 3aKJICNIKH, YTO BBI3OBET JIMIIbL YMEHBIICHUE CHJI TPEHUS MEXAY JIUCTaMU U
OCYIICCTBIICHUE B JIEHCTBUTEIBHOCTU TOM CXeMbl pabOThl 3aKJIENKH Ha Iepepe3blBaHHe, Ha
KOTOpYI0 OHa U paccuuTbiBaeTcs. [loATOMy 3TH HOpManbHbIE HAIMpPSHKEHHUS pacdeToM He
YUUTBHIBAIOTCS.

Bonpocui u 3a0anusn:

1. Kakoe aBukeHHE TBEPIOTO Teja HAa3bIBAETCS IIIOCKOMAPAILICIbHBIM?

2. Kak no ypaBHEHUSIM JIBUKEHUS IIIOCKOM (PUTYpBI HAWTH CKOPOCTD MOJIOCA U YTIIOBYIO

CKOPOCTb BpallleHUs] BOKPYT Iosoca?

Kak onpenenuTs CKOpOCTh JIF0O0H TOYKH TIJIOCKOH (PUTYpHI?

4. Yo Ha3bIBAETCSI MTHOBEHHBIM LIEHTPOM CKOPOCTEN IIIOCKOM (PUTYphI M KaK HalTH [1OJI0KEHUE
MIIC B pa3nnuHbIX cirydasx?

5. Chopmynupyiite TeopeMy 00 YCKOPEHHUAX TOUEK IIOCKOU (PUTYPBI.

w
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Tema 6. PacueT minpeHreibHbIX pepm.

depMbl € IPOCTOU PELIETKOM.

Henb: HayuuTh ONMpeAensiTh CKOPOCTH U YCKOPEHUS TOUEK IIIOCKON (UTYphI

3naTh: muddepeHnaTbHBIX YPaBHCHUH ABH)KCHUS TOUKH;

KMHEMaTHYEeCKUE XapaKTEPUCTUKH TOUKH, T PepeHInanbHbIe ypaBHEHUS IBHKEHUS TOUKH;
YMeTh: BBIUMCIATH CKOPOCTH M YCKOPEHHsI TOYEK M TOYEK Teda MPU IMOCTYNaTeIbHOM,
BpALLATEIbHOM U IJIOCKOM JBH)KEHUSIX

Axmyanvrocms memul OOBSICHAETCS ONPECIEHUEM CKOPOCTEH H YCKOPEHHH TOYeK (PUTYPHI B
IIJIOCKOCTH.
Teopemuueckas wacmy:
CKOpOCWlM mo4eK npu njioCKom OeuofceHuu
Jlnst ompeneneHuss CKOPOCTEM MpH IUIOCKOMAPAIIEIbHOM JIBUKEHUU HCIOIB3YIOTCS:
dopmyna pacnpedenenus ckopocmeii, meopema 0 NPOEKUUAX U NOHAMUE MZHOBEHHOZ0
uenmpa cxkopocmeii (MI]C).

a) @opmyna pacnpedenenus cKopocmeil

Puc. 2.25. K 61600y dhopmynst pacnpeoenenus ckopocmei

N3 puc. 2.25 BUIHO, YTO MOJIOKEHUE TIPOU3BOJIBHON TOYKHU B TI0CKOM GUTypsl S B
KQKIbIi MOMEHT BPEMEHH OIPEACTSCTCS CIECIYIONIMM BEeKTOPHBIM PaBEHCTBOM:

(B =rA+rBA

HpoI[HQ)(pepeHa(_?pyeM JTAHHOE BBIPA’KEHHE 110 BPEMEHU

I\ BA
V=V, + el
coryacHo opmyrie Ditnepa (2.38)
dr

TITBA=® X I'BA,



—

060! Haue 51 ® X BA = VB A tonyuaem @or my; y pacnpec enerue ckoj ocmei:

Vg= \7A +V_BA . Vigp =0 AB, \/BALAB. (2.41)

CornacHo (41), ckopocmb npoussonsrnoit mouku B ninockoit uzypvt pasna zeomempuueckoit

Cymme CKopocmu noJiroca VA U CKopocmu epauienusa moukKu B 6OKp)y2 noJjiroca - V BA

0) Teopema o npoekyusax:npu 11000M 08UIHCEHUU MEEPOO20 Meld NPOEKYUU CKOpOocm el
JII00BIX 08YX €20 MOYUEK HA NPAMYIO, COCOUHAIOULYIO IMU MOYUKU, PABHBL MeHCOY coboil(puC.

2.26).

Puc. 2.26. K meopeme o npoexyusix

CrpoerpyeM Ha 0Ch X, IPOXOJIAIIYI0 depe3 TOUku A u B dhopmyiny (2.41). Tak kak v BA LAB,
HOJTy9aeM

V, cosa=V g cosQ,

YTO M TPeOOBAJIOCH JI0KA3aTh.

6) Hcnonv3zoeanue nonamus MCHOBEHHO20 YEHMPA CKOpOCMmell.

Onpeodenenue.menogeennvim yenmpom ckopocmei (MI]C) nazvigaemcea mouxka niockou
duzypel, ckopocmv Komopou 6 Oanuwlii momenm epemenu paena uynw. MI[C npunamo
obo3nauams oykeoi P.

[Tokaxem, 4TO ecnu IUIOCKasi (UTypa HE JBMKETCS TOCTYIATENhHO, TO TaKas TO4YKa
CYIIECTBYET B KaXJbli MOMEHT BpeMeHH. JlJis 3TOro BOCCTAHOBUM MEPIEHIUKYISAPBl K
CKOPOCTSIM JIBYX MPOM3BOJIBHBIX TOUCK A U B M HaliIeM TOUKY UX repecedeHus (puc. 2.27).

Puc. 2.28. Ocnosnoti cnyuaii onpeoenenus nonosicerus M.1J.C.

[Tokaxkem, 4TO CKOPOCTh TOUKHU PpaBHa HYIIO U, CIIeOBATEIBHO, 3Ta TOYKA 110 OMPEACTICHUIO
SBJISIETCSI MTHOBEHHBIM LIEHTpOoM ckopocteii. CornacHo (2.41) umeem

VP =VA +VPA. VP VB +VPB.



V
Hockomb Ky 8eK1 | \Y A ¥ g HepPHEHIUKYIAPHEI OTPE3KAM AP wn BP no noctpoe HIO, a

BCKTOPBI VPA n V PB NEPpUCHAUKYIIAPHBI 3TUM OTPE3KaM I10 OIIPEACIICHHUIO, BCKTOP VA

JOJKEH OBITH OJJHOBPEMEHHO MEPIICHIUKYIIIPEH 000UM OTpe3KaM, YTO HEBO3MOXKHO, ecim
TOJILKO OH HE PaBEeH HYIIIO.

Ecnu Teneps B3sTh 3a moitoc Touky P, To st Touek 4 u B popmyna (2.41) 3anumercs B
BUJIC:

vA:vP +\7AP’ Vp=Vp+Vgp.

Y4auTeiBas, 4To

VP:O, 10 ydaem : V/_\=C0 AP’VB:(DBP WU
V,/AP=V 4 /BP=0. 2.42)

U3 (2.42) cnenyeT, 4TO CKOPOCTH TOUYEK IIOCKOW (PUTYphI MPOMOPLHOHAIBHBI UX PACCTOSHUSAM
OT MTHOBEHHOTO LIEHTPA CKOPOCTEH M JIBI)KEHHE TUIOCKOI (UTyphl MOKHO pacCMaTpHUBaTh KakK
BpallleHHE BOKPYI MEHSIOIIETO CBOE MOJIOXKEHNE MIHOBEHHOT'O IIEHTpa CKOpocTeil. MIrHOBEHHYIO
YIJIOBYIO CKOPOCTH 3TOTO BpAallleHUSI MOYKHO HaWTH, MOJETUB CKOPOCTH JIOOOM TOUKH Ha ee
paccTosHHE OT MTHOBEHHOTO IIEHTpa CcKopocTeil. Kpome OCHOBHOTO citydas HaxoOXAEHUS
nonoxeHusMI]C, pacCMOTPEHHOTO BbIlE, MPHU PELICHUM 3aJad BCTPEUAIOTCS CIIEYOIIe

BapUaAHTBHIL:

Ecnu uzsecmmuvt ckopocmuv kaxoui-1mub6o mouxku A u meHo-
8EHHASA Y2NI08Asl CKOPOCMb MO pAcCCMOoAHUEe Om 3MOU MOUYKU
00 MeHO8eHH020 yenmpa ckopocmeti P pasno AP = Vol

Ilpu nocmpoenuu npamou yeon omrkiaovieaemcs om gekmopa Vo

8 CMOPOHY 8paUeHUsl NIOCKOU (huzypol.

IU Cnyuaii menosenno- » -
nOCMYNamenbHo20 08U-
acenus. Ckopocmu ecex
mouexk mena pagHvl NO

geuyunHe U no HANpPaes-
nenuto, 3=0,MI]C na-

X00UMCA 8
OecKoHeuHoCc-miu.



Ilpu kauenuu mena no HeNOOBUNCHOU NOBEPX-
HOCMU, M2HOBEHHbLU YeHmp ckopocmeti P Haxoou-
mMcs 8 MOUKe KACAHUs 3mo meia ¢ HenoOBUNCHOL
HOBEPXHOCMbIO, M.K. OMCYMCMEUE NPOCKAIbIbIEA-
HUs 03HAYaem pagencmeo cCKopocmeli CONpuKaca-
IOWUXCSL MOYex.

Puc. 2.28. Yacmmnote cnyuau onpeoenenusn nonoxcenus ML C

3. Yckopenua mouek ¢ nnockom osuxncenuu. @opmyna pacnpeoesieHus yCKOPEHUIl.
JIist BBIBO/IA TAHHOM (POPMYJIBI pacipe/iesieHus] yCKOPSHUH 3anuiieM Beipaxenue (2.41) B
BUJIC:
V =V +0xT
B A AB

U, npoarddHepeHITPOBaB €ro M0 BPEMEHH, TTOTYIHM:

W =W +30xr Loxd,

B A (t BA dt
d(’j—g drea
— — 6 amn M C)7 1 — =
dt a o hopmyse Ditnepa dt

W =W +exr +ox(oxr )
B A BA BA

Y4auThiBas, 4To M X I'BA, unmeewm:

Beenewm crnenyronme o003HauYCHHUS:

WBA* =£XTBA, WY —=@X(®«r
WE, =0 X (0 xrBA).

- &p
BeKTOpBI W BA n W BA Ha3bIBAIOT BPAIIATCIIbHBIM U HCHTPOCTPECMHUTCIIbHBIM YCKOPCHUCM

TOUKH BB ee OTHOCHUTEIHLHOM BpallICHUH BOKPYT IIOJIIOCA A

6p
ITo onpeneneHno BEKTOPHOTO MPOU3BEIEHUS BEKTOP W BA TMEpIEeHIUKYISIPEH OTPE3KY

AB, 1eXUT B INIOCKOCTH JBUKEHUS, @ €T0 MOYJIh PaBEH € - AB, tak xak rea = AB . Ilo
dbopMyne ams IBOIHOTO BEKTOPHOTO MPOU3BEICHUS

ax(bxC¢)= b(a-¢)-c(a~b),

Toydaem WI;;A:(D (o TL!:A)_—II;A (o m):_OJ?BrAZ_(DZXB,

nockonsxy( ® - BA )= ® AB 0590 =0 . Taxum 06pa3oM, BEKTOp wBA” HATIPABIICH

2
BIOJIb 0Tpe3Ka AB oT Touku B K Touke 4 (cM. puc. 2.29), a ero moayib pasen @  AB.



Puc. 2.29. Hanwocmpayus hopmynst pacnpeodesienus ycKopeHuil

OxoHuarenbHO GopMyITy pacrpeeieHuss YCKOPEHUH MOKHO 3amicarh B BUJE:

W FWY WP 2.43
WB_WA BA BA 249

% Y [ — 6P —
B KOTOpOH WBA_ O)ZAB,WBA cAB.

dopmyny (2.43) HHOTIA HCITONIB3YIOT B BUJE W B =W A +WB A (2.43%)

€
rAc BCKTOP W =W g +W P HampaBJICH OO/ YTJIIOM Y= arCtg(_ )

BA BA BA o2 K OTpEsKy

AB n pasen o moxrymo W 5, = ABAJg 2+ @4

Ilpumep 1. HaiiTu yckopeHHe TOYKH B, YIJIOBO€ YCKOpEeHHE IaTyHa AB W yIriioBoe
yckopenue kpuponmma BC 4eThIPEX3BEHHOIO0 MEXaHHM3Ma B IOJIOKEHUHU, YKA3aHHOM Ha pHUC.

2.29. Kpuoumn OA Bpamaetcs paBHOMEPHO C yIIIOBOM CKOPOCTHIO M0 = 5 ¢l , JUIMHA IIaTyHa
AB pasna 0,8 m.

Puc. 2.29. Ilpumep ucnonvzosanusn gopmynsl pacnpeoeneHus ycKoOpeHui

Pewenue. OnpenenuM CKOPOCTh U YCKOPEHHE TOUKU A, KOTOPYIO 3aT€M BbIOEPEM B KauecTBE
MOJIIOCA:

Va=wo0A =2 m/c, Wa = (0200A =10 M/ceKZ.



Tak kak M.I[.C. 3BeHa AB HaxomuTcs B OeckoHeyHocTH (Mu mnapamwiener Mm), ®as = 0.
YckopeHue TOYKM B, Kak TOUYKM, NMpUHAAIEKalell 3BeHy AB, mo ¢opmyne pacnpeieneHus
YCKOPEHHH PaBHO:

W +Wep W ¢

—\W\ 1y 16p=WA , TaK KaK 2 =0.

g =WatWgatWgp BA pa = ©pgAB

C 1pyroii CTOpPOHBI, YCKOPEHHE TOYKM B , Kak TOYKHM MNpuHaIexamel 3BeHy BC u
Bpamaomeiicss BOKpyr Touku C, MOXHO MpPEACTaBUTh B BHJAE CYMMYy €€ KacaTeIbHOro M
HOPMAJIBHOTO YCKOPEHUI:

>
w =-Vg-5M _ £8CBC

We=WpBt+WBN, rze BN E: C—Z,WB’C
W

[IpupaBHUBas npaBble YaCTH BBIPAKECHUHN IS B MHOTydaeMm:

ao _ X}
WA+WBA_WBT +WBn . *)

[poextupys (*) Ha HanpaBieHus oTpe3koB BC u ABuMeeM :
0

0w 300=—Wa cos 30
Wgn=Wa -Wgacos 30 ,—Wgn cos60 BT C0s SV A €OS ST0

W, -W
OTKyZa WP = A B _ 578 m, €nB :W§£:7’22M ’
BA (o5 300 c? AB c?
w_ =(W -W )g300=2,89 % _ _WBT _3g1pa0
BT A BN 2 BC >
C BC c

w = [w? s’ =571"
B BN BT 02'

4. Mznoeennwiit yuenmp yckopenuii (M.11.Y)

MrHoBeHHBIM IIEHTPOM YCKOPEHHH HA3bIBAETCS TOUKA TUIOCKON (PUTYPBI, YCKOPEHUE
KOTOPOH B JJAHHBI MOMEHT BpeMEHU paBHO Hymt0. M.I[. ¥V npunsaTo o0o3HauaTh OykBoi Q.

[Mokaxewm, uto eciu miockas ¢purypa (puc. 2.30) He IBUKETCS TIOCTYNATENIBHO, TO TaKast

TOYKa CYHCCTBYCT B Kﬁ)K)IBIfI MOMCHT BPEMCHHU U €€ ITOJOKCHUE JICTKO ONPECACTIUTD (3Ha${

YCKOpEHUE KaKOH-1100 TOUKU WA semuunn on € ) CIEeaYIOIUM 00pa3oMm:

&
U3 BbIpAXKCHUS tgy = ONpPEICINM Yrog Y,

02



Puc. 2.30. K onpedenenuio nonoxcenus McH06EHHO20 YEeHMPA YCKOPEHUIL

OT TOYKHU 4 IIOJ YIJIOM Y K BEKTOPY W A Tposenem orpe3ok AQ. Ilpu sTom orpesox  AQ

JIOJKEH ObITh OTKJIOHEH OT BEKTOpa YCKOPEHUS B CTOPOHY HaIlPaBJICHUS YIJIOBOIO YCKOPEHHUS € .
Jlinna otpeska AQ omnpenenseTcsi paBeHCTBOM:

AQ=W e l+0?. (2.44)

Haiinennas tTakum oOpa3oM Touka Q ¥ OyJeT ABIATHCS MTHOBEHHBIM LIEHTPOM YCKOPEHUH.
JleiicTBUTENBHO, 10 POpMYIIE pacpeieNieHUs] yCKOPEHUH, UMeeM

Wo =Wa + Woa, e WA= A 82"'0)4.

Ioncrapnsst cioma  AQ w3 (2.44), naxogum, uto  Woa = Wa.  Kpowme Toro, BeKTOp WQ
A

JOJIKCH O6p8.30BBIBaTB C IMHHuEH AQ yroj 7y u, Ci€aoBaTe€JIbHO, BEKTOP W napauiCIcH

QA

W A » HO HaIIPaBJIEH B IIPOTHBOIIOJIOKHYIO CTOPOHY. [loaTomy

WQA =-WA u WQ =0. Ecm TEeTeph 3a MOJIOC BEIOpaTh TOuky  Q, TO yCKOpeHue
MIPOM3BOILHOM TOUukH M, cornacHo (2.43) OyneT paBHO:

W =W +W =W W =-MQ./cZ+o4

M Q MQ MQ M
CrnenoBaTenbHO, YCKOPEHHS TOUYEK MIOCKON (DUTYpBI ONPEESIOTCS B KAXKIbIM JaHHBII MOMEHT
BPEMEHU TaK, KaK €clii Obl ABHYKEHHUE MIIOCKOHM (pUryphl ObUTO BpallleHUEM BOKPYT MTHOBEHHOI'O
neHtpa yckopenuit Q(puc. 2.31). Ilpm 3TOM yCKOpeHHMsI TOYEK IUIOCKOW Qurypsl Oymyt
MIPONOPLMOHAIBHBI UX PACCTOSHUAM OT ML V.

wW W W W
M T_AT_BT C= = {g’+o
MQ AQ BQ CQ




Puc. 2.31. Onpeoenenue yckopenuii ¢ nomougvio M.11.Y.

Ipumep 2. Pagnocmoponnuii mpeyzonvuux ABC 0gudicemcs 6 niockocmu uepmedica.
Yexopenus eepuwiun A u B pagnel 6 0annwiii momenm epemenu 16

2
cmM/c” u Hanpaenenvl N0 CMOPOHAM MPEY2ONbHUKA.
Onpeodenumv  yckopenue mpemveti gepuiunol  C

mpey2oIbHUKA.
Pewenue. Onpedenum ycxopenue mouxku C ucnonwv3ys
5 nowsimue — MSHOBEHHO20  YeHmpa YycKopeunuu. [[ns

;. OnpeoesieHUs: €20 NON0NHCEeHUs HeOOX0OUMO 3HAMb V2Ol
. Ol:lﬂmeofcc)y eéexkmopom  1[ugn u ompeskom AB. (em. puc 2.30).
Ou Ouesuono, umo 6 nawem ciyyae smom y2oin paget 30°.
Tonooicenue meHosennozo  yeumpa  yckoperuu Q
onpeodenum KAk mMoOYKy nepeceyenus O08yX NpIMbLY,
npo8edenHbLX N00 y2iom Y K eekmopam Lm  u L. Tak
KaK paccmosiusi 8epulur mpey2oibHuxka om moyku Q

2
oounakxoevl, I[b=16 cm/c . Hanpasnenue smoco
8EKMOpPa NOKA3AHO HA PUCYHKE.

Bonpocwt u 3a0anun:

1. Kakoe 1BHKEHHE TBEPAOTO TeJla Ha3bIBACTCS IIOCKOMAPAILICTHHBIM ?

2. Kak o ypaBHEHUSIM JBHKEHUS MIIOCKOH (DUTYpBI HAWTH CKOPOCTD IOJTFOCA U YTIIOBYIO
CKOpOCTB BpaIlleHUsI BOKPYT Toroca?

Kak ornpenenutb CKOpOCTh JF000# TOUKH IIOCKOH QUTYPHI?

AOCOIIIOTHOE, OTHOCHUTEIIBHOE, TIEPCHOCHOE JIBHIKEHUE TOUKH.

Chopmynupyiite TeOpeMy 00 YCKOPEHUSAX TOUEK IIOCKOU (PUTYPBI.

oW



IIpakTH4eckoe 3ansaTHE 17
Tema 6. PacueT minpeHreibHbIX pepm.

[npenrenbubie GhepMBbl.

Lenp: HAyuuTHCA ONPEACIIATH SIPO CEUEHHUS ITPU BHELIEHTPEHHOM COKATHH.

3HaTh: KUHEMaTHYECKUE XapaKTEPUCTUKU TOUKH, U pepeHinanbHble YpaBHEHUS IBUKEHUS
TOUYKH; OOIIME TEOPEMbI TUHAMUKU

YMeTh: BBUHCIATE CKOPOCTH M YCKOPEHHsS TOYEK M TOYEK Tela NPU IOCTYNaTEIbHOM,
BpAIATEIIbHOM U IIJIOCKOM JIBUKECHUAX

AxmyanvHocms membl 3aKITI0YACTCS B IPUMEHEHUH 3HAaHUH B 00JIaCTH KUHEMATHKH Ha
MPaKTHUKE.
Teopemuueckas uacme:

[Tpu KOHCTPYUPOBAHUH CTEPIKHEH M3 MATEPUAIIOB, TUIOXO COMIPOTHUBIISIONIMXCS PACTIKEHUTO
(6eton), BecpMa KelaTeabHo T00UThCS TOTO, YTOOBI BCE CeUeHUEe padoTaso JHUIlb Ha CXKaTHE.
DTOT0 MOYKHO JOCTUTHYTH, HE JIaBasi TOUKE MPHIIOKCHUS CHIIBI P CITUIIIKOM Jalleko OTXOUTh OT
[EHTpPA TSHKECTH CEUCHHMS, OTPAaHUYNBAs BEIMUUHY YKCIICHTPUCHUTETA.

KoHCTpyKTOpY JKenarebHO 3apaHee 3HaTh, KaKOH SKCICHTPUCHUTET MPH BRIOPAHHOM THIIE
CEUYCHUsI MOYKHO JIOTYCTHTh, HE PUCKYS BBI3BAaTh B CEUCHUSIX CTEPIKHS HANPSHKCHUH PasHBIX
3HAKOB. 3,E[CCB BBOIAUTCSA ITOHATHUEC O TAK HA3BIBACMOM ﬁ;[pe CCUCHU. STI/IM TepMI/IHOM
0003HavaeTcsi HEKOTOpast 00JIaCTh BOKPYT LIEHTPa TAKECTH CEUEHHsI, BHYTPH KOTOPOM MOXKHO
pacnonaraTb TOIIKy HpI/UIO)KeHI/IH CHJIBI P, HC BbI3bIBAs B CCUCHUU HaHpﬁI)KeHI/Iﬁ pa3H0r0 3HaKa.

[Toka Touka A pacrionaraeTcsi BHyTpH siipa, HEHTpallbHAsI OCh HE TIepeceKaeT KOHTYypa
CEYCHHS, BCE OHO JIC)KHT IO OJHY CTOPOHY OT HEUTPAIILHOM OCH U, CTAJIO OBITh, paboTaeT
vk Ha ckatue. [Ipu ynaneHun Touku A OT IIEHTpa TSHKECTH CEYCHUS HeUTpalibHas 0Ch
OyzeT mpuOIMKATHCSA K KOHTYPY; TPAHUIIA AApPa OMPEACIIUTCS TEM, 4TO MTPH PACTIONOKECHUH
TOYKH A Ha 3TOW IPaHUIIe HEUTPaIIbHAS OCh MOJONIET BILIOTHYIO K CEUCHUIO, KOCHETCSI €ro.

Puc.1. KoMOMHAIMM TON0XKEHUS CKUMAIOIICH CUIIBl U HEUTPAIbHOM JTMHUH

Takum oOpa3om, eciii Mbl OyzieM IepemMeraTh TOUKy A Tak, YTOObl HEHTpallbHAsI OCh
KaTujach 110 KOHTYpY CEYeHUs, He IepeceKas ero, To Touka A 0o0OHIeT 1o rpaHuIIe sIpa
cedyeHus. Eciiu KOHTYp cedeHHsl UMEeeT «BIaJUHbI», TO HEUTpaibHasi OCh OyJIeT KaTUThCS 110
orubaromieii KOHTypa.

YToOb! NOTYYUTH OUEpTaHUE AApa, HEOOXOIMMO J1aTh HEUTPAIbHON OCH HECKOJIBKO

o o s
ITOJIOKCHUHU, KaCAaTCIIbHBIX K KOHTYPY CCUCHU S, OIPECACTIUTD JJI 3TUX ITOJIOKCHHUU OTPE3KH Yu

@z¥ BBIYMCIIUTD KOOPAWHATHI ¥» M £ TOUKH IPUIIOKEHHS CHIIBI IO OPMYJIaM, BHITEKAIOIIMM
U3 U3BECTHBIX 3aBUCUMOCTEH:



4 .2
‘l P,

Yp=""22Zp=

a, a,
3TO U OyAyT KOOPJMHATHI TOUEK KOHTYpa siipa Ysu s,

ITpu MHOTOYTrONBHOH opme KoHTYpa ceuenus (Puc.2), coBMmenias mocieaoBaTeabHO

o o s
HCHUTPATBbHYIO OCh C KaXXJI0U U3 CTOPOH MHOT'OYTrOJIbHHAKA, MBI 110 OTpE3KaM * 1 5F omnpeaciimm

KOOpAMUHATHI ¥ £ U Z.r TOUEK I'PAHULIBI APa, COOTBETCTBYIOLIMX dTUM CTOPOHAM.

[Ipu mepexoie OT OJTHOI CTOPOHBI KOHTYpa CEUEHUsI K APYroil HelTpambHas och OyaeT
BpalaThCs BOKPYT BEPIIHMHBI, Pa3AeIAIOMIEed 3TH CTOPOHbI; TOUKA MPUIOKEHUS CHIIBI OyIeT
NEpEMEIIAThCA 110 TPAHULIE AIPa MEXAY IOJYYEHHBIMU YK€ TOUKaMH. Y CTAHOBUM, KaK JTOJDKHA
nepeMenarbesi cuia P, 4ToObl HelTpanbHas 0ch IPOXOMIIA BCE BPEMS Yepe3 OJIHY U Ty XKe

touky B (¥2,%2) — Bpamanace Obl 0K0JIO Hee. [loicTaBIsisi KOOPIUHATHI ATOH TOUKH
HEUTpaIbHOW OCH B U3BECTHOE ypaBHEHHE HEUTPAJIbHOW OCH (JIMHUM), TOIYYHM:

.3
iy i,

1+)’p}’3+zf3 =0

Puc.2. SInpo ceueHus 1yii MHOTOYTrOJIBHOM (POPMBI MOTIEPEYHOTO CEUEHUS

TakuM 06pa3oM KOOPIMHATH Y 1 Z# Toukn <1 mpuitoxkenus cuitsl P cBsi3anbl nHeiino. Ipu
BpalllcHUU HEUTPaJIbHON OCH OKOJIO MOCTOSSHHOM TOUKH B Touka A MPUI0KEHUS CUITBI
JBIDKETCS 10 psiMoii. OOpaTHO, IepeMelieHe CHITBI P 10 psIMOii CBsI3aHO C BpallleHUEM
HEUTPaJIbHON OCH OKOJIO TOCTOSIHHOM TOYKH.

Ha Puc.3 n300paxeHsl TpU OJ0KEHUSI TOUKU PUIIOKEHUSI CUIIBI HAa 3TOU MPSAMOU U
COOTBETCTBEHHO TPH MOJIOKEHUS HEUTpaabHO ocu. Takum o0pa3om, Ipu MHOTOYTOJIbHOM
(dopme KOHTypa ceueHUs: OUepTaHHe sIPpa MEXK Ty TOUKaMH, COOTBETCTBYIOIIMMHU
CTOPOHAM MHOT'OYTrOJIbHHKA, OYyJIET COCTOATH U3 OTPE3KOB MPSAMbIX JTUHUH.

z

4

Puc.3. [luHamMuKa NocTpoeHus sapa CEUCHUs



Ecnu KoHTYp ceyeHus HeIMKOM WM YACTUYHO OPAaHUYEH KPUBBIMU JIMHUSAMHU, TO
IIOCTPOEHUE I'PAHULIBI S/IpAa MOKHO BECTH 110 TOUKaM. PacCMOTpHUM HECKOIBKO IPOCTHIX
MIPUMEPOB MOCTPOCHUS SIAPA CEUCHUS.

[Ipu BBITOTHEHUH 3TOTO ITOCTPOEHUS ISl IPSIMOYTOJIBHOTO ITOIIEPEYHOTO
CEUYEHUS BOCTIONB3YeMCS TTOJTyYeHHBIMH (POPMYJIaMH.

st onpeneneHus rpaHull iApa CEYEHUs PU ABUKEHUU TOUKH A 110 ocu Oy HalIeM TO

g2 =g o o
3Ha4YCHUE U, mpu KOTOpPOM He#TpanbHast och 3aiimeT nosokenue Hi01. meewm:

o3 =—£i=—- b2
»T 27 124
OTKYyOa

- &

=%

Takum 006pa3om, rpaHuiibl sapa 1mo ocu Oy OyayT OTCTOSITH OT IEHTpa ceueHust Ha 1/6
BesimunHbl b (Puc.4, Touku 1 u 3); mo ocu Oz rpaHUILIbI SIpa OMPEACTIATCS PACCTOSHUIMU
o

& (Touku 2 u 4).

JIns omydeHus O4epTaHus sSpa HEIMKOM H306pa3uM TI0N0KEeHH HEWTpanbHoi ocl 171 1

Hy0 , COOTBETCTBYIOIIME TPAHUYHBIM TOUYKaM 1 u 2.

[pu nepemMenieHNH CUITBI U3 TOYKU 1 B TOUKY 2 110 TpaHULIE sSipa HeUTpaibHasi OCh JOJDKHA
H2 OE

TepeHTH 13 MONOXKeHHs <2171 B onoxkeHue
MOBOPaYMBasiCh BOKPYT TOUKH D.

, BCC BpCMs KacCasACh CCUCHHA, T. €.

#
.

Puc.4. noctpoeHue spa Ais NPsMOYrOIbHOTO CEUECHHUSL.

Jl7ist 3TOTO0 CHia AOKHA ABUTAThCS MO mipsiMoit 1 — 2. ToyHo Tak jke MOKHO JJOKa3aTh,
YTO OCTAJIbHBIMU TpaHULIaMH Aapa OyayT nuHun 2—3, 3—4 u 4—1.

Takum oOpa3om, Ui IPSMOYTOJIBHOTO CEYEHUS SAPO OyAeT poMOOM € AMArOHAJISIMH,
paBHBIMH OJHON TPETU COOTBETCTBYIOICH CTOPOHBI cedeHus. [loaTomMy mpssMoyroiapHOe
CEUYEHHUE TIPH PACIIOIIOKESHHUH CHITBI 110 TIIaBHOM OCH paboTaeT Ha HAPsHKEHUS OJTHOTO 3HAKa,
€CJIM TOYKA MPHUJI0KEHU S CUITBI HE BEIXOJUT 3a MPEACIbI CPeIHEN TPETH CTOPOHBI CEYCHHUSI.
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Puc.S. /lunaMyka U3MEHEHUS HAIIPSDHKEHUM IIPU U3MEHEHUH DKCLICHTPUCHTETA.

DMIopsI pacipeeieH sl HOpMaIbHbIX HAMPSHKCHUH MO TMPSMOYTOIEHOMY CEUCHHUIO TIPH
IKCIICHTPUCHUTETE, PABHOM HYIIIO, MCHBIIIEM, PABHOM U OOJIbIIIEM OJHOM MIECTOMN MIMPHUHBI
cedeHus1, n300pakeHsl Ha Puc.5.

OTMeTHM, 4TO IIPH BCEX MOJI0KEHUSX CHITBI P HanpshkeHue B IEHTPE TSHKECTH CeueHHs (TOUKa

i

O) OINHAKOBO U PABHO & nuro cuna P He umeeT SKCHCHTPUCUTCTAIIO BTOpOfI TJ1aBHOM OCH.

I
JIJ1st KpYTJI0TO CeYeHHst pajuyca I ouepTaHue sapa OyIeT Mo CHMMETPHH KPYroM pajmyca .
BossmeM kakoe-1mb0 mosiokeHrne HeHTpaabHOM ocH, KacaTenbHoe K KOHTYpY. Ock Oy
PacIIOI0KUM MEPIEHAUKYIISIPHO K 9TOM KacaTeJlbHOU. Toraa

bia
i 4. 2 r
. zg=p=-t=-2T —__
Ay =7, g =0, a, r 4
5 . ¢
[
. I r——ﬂf
! o |
i | |
| sgme | 4oz |
i ! b
I I [
| |
| s s |
A : D Al 2
a) 6)

Puc.6. Snpo ceuenus s qByraBpa — a) U mmBesuiepa — 0)

Taxum 00paszoM, aapo MpeacTaBiseT co00i KPyr ¢ panycoM, BYETBEPO MEHBILIUM, YEM
panuyc ceueHusl.

Jliist iByTaBpa HEWTpasbHas OCh IPU 00X0/1e KOHTYpa He OyJeT mepeceKaTh IIIOMaIn
MIOTIEPEYHOTr0 CEYEHHU S, €CITU OylIeT KacaTbes NpsMoyroibHoro koutypa ABCD, onucannoro
okoo nByraBpa (Puc.6a). CnegoBaTenbHO, OuepTaHue sapa A AByTaBpa uMeeT Gopmy
poMOa, Kak U IS MPSIMOYTOJIBHUKA, HO C IPYTHMH pa3MepaMHu.

Jlyist mBeuiepa, Kak v Juis 1ByTaBpa, Touku 1, 2, 3, 4 kouTypa siipa (Puc.6 6) COOTBETCTBYIOT
COBIIQ/ICHUIO HEUTPAJIBHON OCH CO CTOpOHaMHU npsimoyrojbHuka ABCD.

Bonpocwt u 3a0anua:
5. Yo Takoe s1po ceueHus?
6. Kakwue ObIBatOT AIIOPHI pactpeaeIeHIsI HOpMaJbHBIX HAIPHKEHHI.
7. 3anummte GopMyIly OMpeIeTIeHUsI TOJTHOTO YCKOPEHUS TOUKH, IBUXKYILCHCS
BPAIIATENILHO.
8. aiiTe onpeneneHre MTHOBEHHOTO [IEHTPA YCKOPESHHSL.



IIpakTyeckoe 3ansTUe 18
Tema 6. PacueT mmpeHreJabHbIX pepm.

@DepMBl CO CIIOKHOU PELIETKOU

Henb: HayduThCs pacuUTHIBATH OAJKM HA YIPYTOM OCHOBAaHUM

3HaTh: OCHOBHBIC noaxoJbl K Q)OpMaJ'II/ISaHI/II/I U MOACIIMPOBAHUIO JIBUXKCHHA W PAaBHOBCCHA
MaTCpUAJIbHBIX TCII;

IMOCTAHOBKY U MCTO/JIbI pCHICHU A 3a1a4 O ABUKCHUU U PAaBHOBCCHUU MCXaHUYCCKUX CUCTCM;
KMHEMAaTHYeCKHE XapaKTEPUCTUKH TOUKH, TP PepeHIInaNbHbIe ypaBHEHUS IBI>KEHUS TOUKH;
o01me TeopeMbl JMHAMHUKH; TEOPHIO yaapa.

YMeTh: BBUHCIATH CKOPOCTHU U YCKOPCHHUA TOUYCK M TOYCK TCJa IMPH IMOCTYIMATCIbHOM,
BpalaTCJIbHOM U IMJIIOCKOM ABUKCHUAX

AxmyanvHocmes memuvl OOBSICHIETCS ONPEICIICHUEM CKOPOCTH U YCKOPEHUST TOYKH 110 33 JAHHBIM
YpaBHEHUSIM €€ JIBUKEHUS.
Teopemuueckas uacmy:

K wucny cmamuuecku neonpedenumvix 6anox modxcem Oblmvb omHeceHa OANKA HA YNPYyeoM
ocHosanuu. Tax Hazvieaemcs banka, onuparowasacs no ecei ceoeu onune (Puc.l) na ynpyzoe
OCHOBaAHUe, OKa3vléaiouee 8 Kaxcool mouke HA OanKy peaxkyuio, NPONOPYUOHATIbHYIO V —
npoaudy banxu 8 amou mouke. Koaghghuyuenm nponopyuonarvrocmu 0bo3navaemes Oykeou k.

Bseoenue npeononodicenus 0 nponopyuoHaIbHOCMU peaxkyutl npocuby a61aemcs
npuoOIUI CEeHUeM, XOMA U O0OCMAMOYHO ONUSKUM K OeliCM8UMENIbHbIM YCI08USIM.

Wl

Puc.1. Pacuemnas cxema 6anku Ha ynpy20m 0CHO8AHUU.

Ilpeonoscenue esecmu 6 pacuem KoOIpduyueHm nPONOPYUOHALILHOCIIU K, UMEHYeMblll
«Koahhuyuenmom nocmenu», ObLIO Bnepsvle COENAHO pYyccKumM axademuxom Hukonaem
Hsanoseuuem @yccom 6 1801 200y. Illpunumas >mo npeononodxceHue, NoOAy4aem, 4mo
UHMEHCUBHOCIb PEaKyUU OCHOBAHUSL 8 KAXCOOU mouKe cuia pasHa Ky u usmepsiemcsi 6 eQuHuyax
CUnbl U ONUHBL, paAsMepHOCMb Kodgguyuenma k npu smom Oyoem cuna u xeaopam OAUHDL.
byoem cuumams, umo ocnoeanue oxasvigaem peakyuio npu npocubAx OAIKU KaK 6HU3, MAK U
88epX.

Ha npaxkmuke 3adauu o pacueme OaIKu HA YNPYeOM OCHOBAHUU 6CMPEUAOMCs 6
JHCENe3HO00POHCHOM Oelle (pelbe, WNAala), 6 cmpoumenbCmee — @QYHOAMEHMbl PA3IUYHBLY
COOpydHCcenUll, nepedaroujue Hazpy3Ky Ha ePYHM.

Cmamuuecku Heonpedeaumotl makas 6aika 6yoem nOmoMy, Ymo YCio8ue Cmamuku— Cymma
HA2py30K pasHa 6celi peakyuu OCHOBAHUSL — He O0dem B03MONCHOCMU YCMAHOBUMD
pacnpedenenue 3moti peakyuu no OIuHe OaIKU, a 3HAYUm, 8bI4UCTUMb U3LUOArOUUe MOMEHMbL U
nonepeyHvle CUTbL.

Hnmencusnocmos peaxkyuu 6 Kaxcoou mouke cesazana ¢ npoeubamu oanku. Ilosmomy ona

peluenus 3a0auu HeobX00UMO HAlimU CHAYGNA YpasHeHue u302Hymoii ocu ¥ =J 'ix) a yace



3amem popmyvl 015 LIYUCIEHUS U3LUOAIOUe20 MOMEHMA U NONePeyHOU culbl. X00 peuileHus
0Ka3b18aemcst 00PaAMHbIM 0OLIYHOMY.
Haiioem ypasnenue uzoenymou ocu 07151 6a1KU NOCMOAHHO20 CeYeHUsl, lexcaujeti Ha Ynpy2om

OCHOBAHUU U HASPYHCEHHOU COCPeOOMOYeHHbIMU cuiamu 1.43. ... (Puc.1). Hauano koopounam
803bMeM 6 1000l MouKe, OCb X HANPABUM 6NpPABo, OCb y 8epmuKkaivbHo esepx. Hanpasnenue
Ha2py3oK 6gepx Oydem cuumams noaoxcumenvHuiM. Hanuwem obwviunoe oughghepenyuanvroe
ypasHeHue uzeuba
2
Ejd—’; = M(x)
dx
Tax kax M(x) Ham HeuzgsecmeH, Mo NOCMAPAEMCA C8A3AMb NPOUOLL HENOCPEOCMBEHHO C
Hazpy3Koul, 0151 3Mo2o ouggepenyupyem 08axicovl npedvioyujee ypasHenue:

4
E ZT{ =g¢(x) @)

20e ((X)—unmencusHoCcms CRIOWHOU HAZPY3KU, 0etiCmBYIouell Ha OAIKY 6 cedeHuu ¢ abCyuccoll
X.

Cnnownoll Hazpyskou O0na Hawieli OanKu AGNAemCcs IUlb Peakyus Ynpy2020 OCHOBAHUAL.
Hnmencuenocmo et nponopyuoHaibHa npo2udam,; 3ma HaAzpy3Ka HANpaeneHa 66epx, m. e.
NONOACUMENbHA, KO020a Hpocubbl UOYm 6HU3, m. e. ompuyamenvHvl, u Haobopom. Takum
o0bpazom, ama Hazpy3Ka umeem 3Hax, 0OPaAmmubslil 3HAKY NPO2UOO8:
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Ecau  o0b6o3nauumo 457 , mo obwuii ummeepan ypaswenus (25.3) umeem 6uo:

y=e"(Asin G+ Beos &)+ (Csin S+ Deos ,&:)(25 4)
Ilocmosnnvie A, B, C, D 0ondtchbl 66imb onpedenenvl 8 KaxicOOM YACMHOM CLyyde Ha2py3Ku U
Onunwl 6anku. Benuuuna © umeem uzmepenue obpammnoe Onume.

Pacuem beckoneuno OnuHHON 6ANKU HA YAPY2OM OCHOGAHUU, 3AZPYHCEHHOU 00HOU cunoi P.

Haubonee npocmo pewaemcs 3a0aua 06 uzeude b6eckoneuno ONUHHOU OAIKU, HACPYHCEHHOU
00HOU  cocpedomouennolu cunot (Puc.2). Ilomumo HenocpeOcmeenHo20 npaKmuieckoeo
3HQUeHUus pewleHue Mol 3a0ayu NO380IUM NYmeM NOCIe008AMENbHbIX  NPUOTUNCEHULL
paccuumvléams u OAIKU KOHEYHOU ONUHbI.
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Puc.2. Pacuemnas cxema 6aiku 6eckoHeuHOoU ONAUHbL.

Hauano koopounam pacnonoscum 6 mouxe npunodscenus cunvl P. Onpedenum nocmosinnvle A,
B, C u D. Tax xak cs peaxkyusi ocnosanus, pasnas cuie P oonxxcna 6bimeb KoHeuHoU 8eluyuHol,



Mo npocubvl OAIKU 8 MOYKAX, OECKOHEYHO YOALEeHHbIX OM MOYKU NPULONCEHUSL CUTLBL, OOTHCHBL
obpawamsvcs 8 Hyb:

Visw =0 ()

Ilpu beckoneuro OONLUUX 3HAUEHUSX X 08A 6MOPLIX CA2AeMbIX 8 NPABOU wacmu Gopmynst (4)
obpawaomes 6 Hylb 61a200aps MHOJICUMENIO € | 08a Jice nepevbix MO2Yym 06pAMUMbCA 6 HYIlb
UL NpU
A=0 u £=10,
maxkum oopazom,

y=e®(Csin &+ Deos fx) (6)

,ZZafzee, no cummempuu HAaZpy3Ku U peakyuu OCHOBAHUA, KacamelbHasd K u302Hym012 ocu 6
MmoYKe npuilosiCeHusl Cujisl OQ0NHCHA UOMU napaiiejllbHo ocu 61601/;1/[66‘.'
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Jugppepenyupys (6), nonyuaem:
-jl =8 =—&"[sin &(C+D)+cos &(D-)]
X

Iloocmasnss 6 smo svipascenue X = Uu npupasnueas pesynomam uynio, Haxooum:
D—C=0uC=D;
maxum oopazom, ypasHeHus 6yoym:

e E_‘MC(SM fr+cos ,ﬂxj (7)
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Ins onpedenenus nocneoueti nocmosinnot C umeem ewje 0OHO YpasHeHue: HAM U3BECMHA
8eUYUHA NONEPEYHOU CULbL 8 HAYAle KOOPOUHAM.

Paspezas danxy ceuenuem 6 mouke O cnpasa om cunvt P u paccmampusas npasgyio uacmo
banku, 6uOuM, 4YmMO NonepeuHas Cuma 8 OdMOM Ce4eHUU pAasHa peaxkyuu OCHOB8AHUS,
Oeticmgyrowell Ha Npasylo NOA08UHY OANKU CO 3HAKOM MUHYC, MAK KAK peakyus HanpasieHd
66epx (0115 npagou NOJ0BUHbL) U 8Cs peakyusi OCHO8aHUs paena P, 3nauum, nonepeunas cuna 6
ceuenuu npu x = 0 pasna
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Taxum obpazom,
3
EJ(‘;—{J = —g (10)
% x =l
dy dy
Boruucnsiem, nonwsysce (8), dx’ u dx’ :
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‘;Tf = 208%™ [cos G —sin ] (11)
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Iloocmasenss (12) 6 (10) u npupasnusas x nymo, noryuaem:
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Takum obpazom, HanpaxcenHoe cocmosnue u oeghopmayuu OAIKU HA YNPY2OM OCHOBAHUU

gceyeno onpeoensiiomcs Hazpy3Kkou u Kodghguyuenmom A, 3a8UCAWUM OM COOMHOUEHUSL HCECKOCTEU
OanKu u ynpy2020 0CHOBAHUA.

Bonpocul u 3a0anus:

6. Kakumu ypaBHEHUAMH 33/1a€TCs IIIOCKONapaieIbHOE IBIKEHUE?

7. ChopmynupyiiTe TeOpemMy 0 MPOCKIUIX CKOPOCTEH ABYX TOUEK MIOCKON (PUTYPHIL
8. Kakwue cymmecTBylOT ciocoObI 3aJaHNs ABHYKCHUS TOUKH ?

9. HasBaTthb cityyau, KOTJja KOPHOJIHUCOBO YCKOPEHHE TOUKH PABHO HYJIIO.

10.  AOGcon0THOE, OTHOCUTENBHOE, TIEPEHOCHOE JBHKEHIE TOUKH.
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BBEJIEHUE

B kxypce mucuunnunbel «CTpOUTENIBbHAs MEXAHUKa» PAaCCMATPUBAIOT TUIIUYHBIE DJIEMEHTBI
KOHCTPYKLIMI: Opyc, MiacTHHKA, oOojiouka. BHemmHue Harpys3ku, OEHCTBYIOLME Ha 3JEMEHTHI
COOpPYXEHHM, IMOAPA3AEISIIOT HAa COCPEIOTOYEHHBIE U  PACIPEICICHHBIE, CTaTUYECKUE U
JUHaMHU4YeCKHe. Bce peabHble CHUIIBI - 3TO CHIIBI, PACIPEIEICHHBIE 10 HEKOTOPOU IUIOLI@AIN WIH
o0beMy. OHaKO paclpeeNIeHHYI0 Harpy3Ky Ha HeOOJBIION IJIOLAH, pa3Mepbl KOTOPOH OYEHb
MaJIbl [0 CPaBHEHHUIO C pasMepaMU BCEro JJIEMEHTAa, MOXHO 3aMEHUTh COCPEIOTOYECHHOU
PaBHOJECHCTBYIOIIEH, CUIION, YTO YIIPOCTUT pacder. PacnpeneseHHbIe Harpy3Ku UMEIOT € UHULIBI
CHJIbI, OTHECEHHOM K €IMHUIIE JUIMHBI, WIX K €IMHULIE [IOBEPXHOCTH UM 00BEMA.

IIpu BO31EUCTBUM CTAaTUYECKUX U JUHAMHMYECKUX HArpy30K Ha KOHCTPYKIIMIO BCE €€ YacCTU
HaxOIATCS B PAaBHOBECHM; YCKOPEHHMS DJIEMEHTOB KOHCTPYKIIMM OTCYTCTBYIOT WJIM HACTOJIBKO
MaJibl, YTO UMHU MO’KHO NpeHeOpeub. Ecnu e 3TH yCKOpEeHMsI 3HAUUTENbHBI, T. €. U3MEHEHHE
CKOpPOCTH 3JIEMEHTOB MAIIMHBI TPOUCXOIHT 33 CPABHUTEIEHO HEOOIBILION EPHUO/I BPDEMEHH, TO MBI
UMEEM JIeJI0 C NPWIOKEHHEM IUHAMUYECKHUX Harpy3ok. IlpuMepamMu Takux Harpy3ok MOTYT
CIIY’KMTb BHE3AIIHO IIPUJIOKEHHBIE HArPY3KH, YAAPHBIE U IIOBTOPHO-NIEPEMEHHBIE. J[eICTBHE TaAKUX
Harpy30K COINPOBOXKJIAETCSI BO3HUKHOBEHHMEM KOJeOaHUN KOHCTPYKUUH MM COOPYXKEHHH.
BceneactBue uM3MEHEHHS CKOPOCTH  KOJEOMIOUMXCS MacC BO3HHMKAIOT —CHUJIBI  MHEPLHH,
MPONOPIMOHAJIbHBIE  (COTIACHO BTOPOMY 3aKkoHY HbroTOHa) KoOIeOmIOmmMMCs MaccaM |
YCKOPEHMSIM.

Mertonb! pacyeTa 2JIEMEHTOB KOHCTPYKIIUI U3J1aratoTCsl Ha OCHOBE CIIEAYIOIIMX

YIPOILCHU A
U JIONMYIIEHM: MaTepuai Tejaa UMEET CIUIOIHOE (HENPEPBIBHOE) CTPOEHUE, T. €. HE IPUHUMAETCS
BO BHUMAaHHE JUCKPETHAs aTOMUCTHYECKAs CTPYKTypa BEIIECTBA; MaTepUal Tejaa OJHOPOJIEH, T. €.
o0nazaeT BO BCEX TOYKAX OJUHAKOBBIMM CBOMCTBaMM; MaTepUall Teja U30TPOIIEH, T. €. 00naxaeT
BO BCEX HAINPABICHUAX OJUHAKOBBIMM CBOWCTBAMM; B TeJI€ 1O NPHIIOKEHHS HArpy3KH HET
BHYTPEHHUX (HAYaJbHBIX) YCUJIMH; pe3yJlbTaT BO3AECUCTBUS HA TEJIO CUCTEMBI CHJI PaBEH CyMMe
pe3yIbTaTOB BO3JEHCTBHS TEX K€ CHJI, MPHJIATAEMBIX K Telly MOCIEeNIOBATEIbHO U B JIIOOOM
MOpsJKE.



BBenenue

[enpro METOIMYECKUX PEKOMEHIALINM 110 N3YYEHUIO TUCIUIUIMHBI SIBIIETCS 3aKPEIJICHUE U
yriIyOJIeHUe 3HAaHWUM, MOJTYYEHHBIX HPU M3YYEHUH TEOPETHYECKOro Marepuana Mo JUCLUILINHE
«CTpouTenbHas MEXaHUKA.

Lenbro npoBeaeHUs IPAKTUYECKUX 3aHATUH SBIISAETCA:

- O0oO1eHne, cucTeMaTU3allMsl, 3aKpEIJICHHE MOMYyYeHHBIX TEOPETHUYECKUX 3HAHUH 1O
TéMaM KOHKPETHBIM TPEOOBAaHUSAM JUCIUIIINHBI

- opMHUpOBaHUE YMEHUN IPUMEHATH [TOJIyY€HHBIEC 3HAHUS HA IPAKTHKE

- Bpipa®oTka OoNTHMalbHBIX PELICHUI MPH PElIeHUH MPAKTHYECKHUX 3a/1ad MpPeIMETHON
obnactu

Benymeil nenpro NpakTUYECKUX 3aHATUN MO AucuuIuinHe CONpOTUBICHUE MAaTEpUaJIOB
sBiseTcss (opMHpoBaHUE MpOo(ecCHOHATbHBIX KOMIETEHUUH U YMEHUHM — BbIIOJHEHUE
OTIpeIeICHHBIX JIeHCTBUIN, HEOOXOUMBIX B MPEIMETHOM 00aCcTH.

Meronuveckre peKOMEHJAMK PU3BaHbl 00ecrednTh 3(P(HEKTUBHOCTh CaMOCTOSTEILHON
paboThI CTYAEHTOB C JIUTEPATYpPOil, HA OCHOBE pallMOHAIBHOM OpraHU3auu

€€ HM3yueHHus, OOJEryuTh MOArOTOBKY CTYJIEHTOB K cladye 3K3aMeHa, COPUEHTHUpPOBATh UX B
HAIIPaBJIICHUM W3y4eHUs MaTepuana II0 II0CTABICHHBIM BOIPOCAM, [JaTh BO3MOXHOCTb
0TpaboTaTh HABBIKM COCTAaBJICHHUS M OQOPMIICHHS DPA3IUYHBIX BHJIOB JOKYMEHTOB, KaK IOJ
KOHTPOJIEM MIPENOJaBaTeNs, TAK U CAMOCTOSATEIIBHO.

Ilepen mNOArOTOBKOM K 3aHATUIO CTYIOCHTBI JOJDKHBI O3HAKOMHUTBCA C  IUIAHOM
MPAKTHYECKOT0 3aHATHS, a TAKXKe C YUeOHOH MporpaMMoii o JaHHOW TeMe UTO MMOMOXKET CTYIEHTY
COPHEHTHPOBATHCS MPHU MPOpabOTKe BONPOCa U MPABUIIBHO COCTaBUTH IJIaH oTBeTa. Crenyronmii
3Tall — W3y4eHHE KOHCIIEKTa JIEKLUM, pa3/ielloB yYeOHUKOB, O3HAKOMJIEHHE C JIOMOJHUTEIBbHOU
JUTEPATYpOi, PEKOMEHA0BAaHHON K 3aHATUIO. CTyAEHTHI JOJKHBI FOTOBUTH KPAaTKMM KOHCHEKT
OTBETOB Ha BCE BOIIPOCHI, 3HATH OIIPEIEICHUS OCHOBHBIX KaTETOPUH.

Pa3zpaboTtano mmst ouHo# popMbl 00yUEHUS.



IIpakTHYeckoe 3ansaTHE 1
Tema 1. O01mme MOHATHA U OIpe/ieJIe HHA.

CoopyXeHUs U UX DJIEMEHTHI;

Lens: naTh cTyAeHTY 3HAHUS B 00JIACTH OCHOB KHHEMATHKHU.

3HaTh: KHHEMATUUYECKUE XapaKTEPUCTUKHU TOUKH, T depeHIIHnaTbHbIC YPAaBHEHUS IBUKCHUS
TOYKH;

o01me TeopeMbl IMHAMUKHU

YMeThb: BBIYHCIATH CKOPOCTH M YCKOPEHHS TOUYEK MU TOYEK Tella MPH TMOCTYNATEeIbHOM,
BpalllaATEIbHOM M TJIOCKOM JIBUYKEHUAX

AxmyanvHocms membl 3aKITH0YACTCS B IPUMEHEHUH 3HAaHUH B 00JIaCTH KUHEMATHKH Ha
MPaKTHUKE.
Teopemuueckas uacmy:

Kinaccupukanus ABUKe HUSI TOUKH:

1. Ecau B Te4YeHHE HEKOTOPOTO BpEMEHH a ;
PaBHOMEPHO U IIPSIMOJIMHENWHO;

2. Ecmu B TedyeHuwe HekoToporo BpemeHn d . # Owm an = 0, To Touka JBMIKETCS
HEPaBHOMEPHO U MPSIMOIHHEITHO;

3. Ecnm B Tedenme HekoToporo BpeMenn d: = Ou an # 0, TO TOYka IBHIKETCS
PaBHOMEPHO U KPUBOJIMHENHO;

4. Ecnu B TedyeHHE HEKOTOporo BpeMeHM a . # Oum an # 0, To Touka ABMKETCS
HEpPaBHOMEPHO U KPUBOJIMHEHHO.

Bujbl 1BUKe HUS TBEPAOTO Tejia:

2. [Ipocmetiwiue 0sudicenuss mgepooco mena:

a. [locmynamenvhoe OsudiceHue: MIOO0N OTPE30K Tella MEpeMeIaeTcs mapajielbHO
caMmoMy cebe;

0. Bpawamenvnoe oOsudicenue 60Kpye HENOOBUIICHOU OCU: JIBE TOYKU, HEPA3PHIBHO
CBSI3aHHBIC C TEJIOM, OCTAIOTCS HETIOIBHIKHBL,

2. [Inockonapannenvhoe (n1ockoe) 0gudiceHue: Kaxaas TOUKa Tea IBIKETCS B OJTHOU U
TOMH K€ MJIOCKOCTH;

3. Copepuueckoe Ogudicenue: OJHA TOYKA, HEPA3PBIBHO CBS3aHHAS C TEJIOM, OCTAETCs
HEIIOIBUIKHA,

4. Ce0600HOe Osudicerue. MIOO0E TIEpEMEIIICHUE TeJIa HUYEeM HE OTPaHUYCHO.

[TnockonapamiensHoe (TII0CKOE), ChEepUIecKOe U CBOOOTHOE JBUKEHUS SABISIOTCS
COBOKYITHOCTBIO TTPOCTEHIIINX JIBHIKCHUH.

[Ipu nocmynamenvnom oOeusricenuu 6ce mouxku mena ONUCHLIBAIOM OOUHAKOBblE (NpU
HANoJiCeHUU cosnadaroujue) mpaeKmopuu U UMerom 6 Kaxcoblii MOMeHm 8peMeHU 0OUHAKOBbLE
1o MOOYII0 U HANPABIIEHUIO CKOPOCIU U YCKOPEHUL.

[Tpu mocTynaTeTbHOM JIBHYKEHUY KHHEMATHYSCKIUMU XapaKTePUCTHKAMU Tea SIBISTIOTCS
JUHEHHAS CKOPOCTh M INHEWHOE YCKOPEHHE ATOTO Tela

[Ipu eépawamenvnom Osurcenuu A OMpeNEICHUs TOJOKEHUS BPAIIAIOIIETOCS Tela
HCIIOJB3YIOT TIOHSATHUE Y201 nogopoma mena ¢ (PUCYHOK 5). YTOJ MOBOpOTa CBSA3aH CO BpEMEHEM
3aBHCHUMOCTbHIO, HA3BIBAEMOI YPAaBHCHHEM BPAIATEIIBHOTO JIBUKCHUS

o=F().

Ou an = 0, TO TOYKA IBUKETCS



Kunemarndeckumu xapakTepuCcTUKaMH BPAIIATEIbHOTO JABHXKCHUS SIBISIFOTCSA V2/108a31
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Pucynok 5.
Yanosasa ckopocms Tena paBHa epBOM MPOU3BOIHOM 110 BPEMEHHU OT yIrjla MOBOPOTA
Tena
0= 90
dt
Bexmop yenoeou ckopocmu HallpaBIIeH 110 OCH BpallleHHs Tejla B TY CTOPOHY, OTKyZAa
BpallleHuEe BUIHO MPOUCXOSAIIMM MPOTUB X0OJIa YaCOBOM CTPEIIKH.
Yanosoe yckoperue Tena paBHO NepBOU MPOU3BOIHON OT €T0 YIJIOBOM CKOPOCTH UIIH
BTOPOI MPOM3BOAHOM OT yrjia MOBOPOTA Teja IO BpEMEHU
e =do =d20
dt  dto
Bexmop yenoeozco yckopenuss HampapieH MO OCH BpAIIEHUS B Ty K€ CTOPOHY, 4YTO U
BEKTOP VIJIOBOWM CKOPOCTH, KOTJa BpalleHHWE YCKOPEHHOe, M B OOpaTHYI CTOpOHY, KOria
BpalllEHUE 3aMe]ICHHOE.
Benuuuna cxopocmu mouxku epawarowezocsi mena paBHA INPOU3BEICHHUIO YIJIOBOM
CKOPOCTH Ha PAaCCTOSIHUE OT TOYKH JI0 OCH BPAILECHUS
V=0 0OM
Bexmop cxopocmu mouku épawarowe2ocsi mena HaNpPaBICH NePHeHOUKYIAPHO NPAMOU,
COCIMHAIONIEH 3Ty TOYKY C OCBIO BpAIICHUS, U NEPHEeHOUKYIAPHO CAMOU OCU 8paujeHus: |
ornpenensiercs no Gpopmyne Diinepa
vi=e-r ,
rie I — paauyc-BEeKTOp, MPOBEIACHHBIM M3 JIOO0N TOYKHM, JIeXKallell Ha OCH BpallleHHs, K
paccMaTpuBaeMoM TOUKE TBEPIOTO Tea.
Ilonnoe yckopenue mouku eépawarouje2ocsi mena pasiaraercs Ha JIBE€ COCTaBISIOLIME:
spawamenvHoe (a:) U ocecmpemumenvbHoe (do), U €ro BeJIMUNHA PaBHA KOPHIO KBAJIPATHOMY U3
CYMMBI KBaJIpaTOB 3TUX COCTABIISIOLIMX

a:\/ag 2+a0) 2 .
Bpawamenvnoe yckopenue HaNpaBI€HO B Ty XK€ CTOPOHY, YTO MU CKOPOCThb, KOIJa
JIBIDKEHUE YCKOPEHHOE U B 00paTHYIO CTOPOHY, KOT/1a ABHYKEHHUE 3aMeJICHHOE.
Benuuuna epawjamensro2o yckopeHusAmouKy paBHa MPOU3BEICHUIO YIJIOBOIO YCKOPEHMUSI
TeJla Ha PaCCTOSIHUE OT TOYKH JI0 OCU BPALLCHUS
a:=¢- OM.
B BekTOpHOIT hopMme: e =€ XTI .



Ocecmpemumenvhoe  ycKopenue  HANpaBIEHO K OCH  BpalleHHs.  Beiuuuna
ocecmpemMumenbHo20 YCKOpeHUss mo4Ky paBHa TPOU3BEICHUIO KBAApaTa YriIOBOH CKOPOCTH Teia
Ha paCcCTOAHUEC OT TOYKHU OO OCHU BpallICHUA

ado=m2" OM.

B BekTopHOI Popme: 8o =@ - (0T .
—~ "\

Pucynok 6. HampaBiieHne BEKTOPOB CKOPOCTH M YCKOPEHUH TTPH
3aMEIJICHHOM JIBUKEHUU BPAIIAIOLIETOCS Tea.
Bexmop nonnozo yckopenus 110601 mouKku 8pawarue2ocs meia HaupapiieH M0/ yIioM
B x npsimMoii, COEIUHAIOMIEN 3Ty TOUKY C OCBIO BpAICHUsA. TaHI€HC 3TOrO yriia paBeH
OTHOUICHUIO YIVIOBOTO YCKOPEHUS TeNla K KBaJpaTy €ro yriloBO CKOPOCTH

tgop= ¢

= _—.

2)2

IIpu naockonapannenvnom (nnockom) ogusricenuu:

Bcesxkoe HCIIOCTYIATCIIbHOC IIECPEMCIIICHUC IIOCKOM (bHprBI B €€ IJIOCKOCTH MOKET OBITh
OCYHICCTBJICHO KaK COBOKYIIHOCTb HpOCTCI\/'IH]I/IXI[BI/DKCHI/II\/JII nocmynamejlbHo2o BMECTC C

BBIOpDAaHHON TOYKOW (PUTYpBHI, HA3bIBAEMOW IOJIOCOM M 8paujeHus BOKPYr OCH, MPOXOIAIIEH
4epes MOMIC.

Kunematnueckumu XapaKTCPUCTUKAMU ABJIAIOTCA MIHOBCHHAA YIJIOBasA CKOpPOCTh @,

MTHOBEHHOE YIJIOBOE€ YCKOPEHHE € IIJIOCKON (UTYphI, JMHEWHAas CKOPOCTh M JIMHEHHOE
YCKOpEHUE, TOYKH BHIOPAHHOM 3a MOJIIOC.

¥B

-

YA

B(A) -

A YA
Pucynok 7. Onpenenenue CKOpocTel TOUEK MIOCKON (PUTYpHI.
®dopmyna pacrpeaeneHus CKOPOCTEH TOUEK MPH MITOCKOM JBUKEHUU(PUCYHOK T ):
EB = V_A +;B(A) y
I7€ ¥Ao — CKOPOCTh MOJTIOCA A

Vp — CKOPOCTB JIFOOOH TOYKH B;

¥ ( 4) — CKOPOCTb, KOTOPYIO MOJy4aeT Touka B mpu BpaleHun miockoit Gurypsl BOKpyr
moJtroca A;

Va(B)=0" AB;

BexTop ckopocTb ¥g ( 4) NEepHEeHAUKYISpEH npsiMoit AB.



Ckopocmv  n0bou mouku B ninockoii  ghueypei ceomempuyecku ckuaoviéaemcs u3
CKOpOCMU KaKoOU-HUOYOb Opy2oll mouKu A, npuHamou 3a nonoc, u CKOpocmu, Komopyio mouxka B
noxyuaem npu pawjeruu ueypvl 8OKpye 3mo2o noacd.

Pucynoxk 8.

Jia ompeneneHus CKOpocTeH IIOCKOH (UIypbl HCHOJB3YIOT HauOojee MpOCTOW U
yIOOHBI METO/, OCHOBAHHBIM HAa Meopeme 0 NPOEKUUAX CKOpPOCHiel O08YX mMOYeK mena:
npoexkyuu ckopocmeti 08yxX mMo4eK HaA OCb, NPOXOOAWYIO Yepe3 dSmu mouKu, pasHvl Opy2 opyay
(pucyHok 8)

Vg COSP 7.vacCOSaL.

Jpyroit mpocToii n HarJIAAHBIA CIIOCO0 ONpeIesIeHUsl CKOPOCTEN TOUEK IIIOCKOM (pUrypsl
(mM Tena npy NIOCKOM JABUKEHHUH ) OCHOBAH Ha MOHSATHU O MCHOBEHHOM YEeHmpe CKOpoCmell.

Menoeennviii yenmp ckopocmeti — mouKa, CKOpoCHb KOMOPOU 8 OAHHbLI MOMEHM
8peMeHU PasHa HYIIO.

Cropocmb moyek MIOCKOH (GUTYpBI paBHA MPOU3BEAECHNIO MTHOBEHHOH YIIIOBOM
ckopoctu Guryps (w, pan/c) Ha paccrossHue oT Touku 10 MIIC (pucyHok 9, a)

va =m- PA,
rae PA — paccrostaue ot MLIC (1.P) no Touku A.

BexTop ckopoctu niockoi GUrypsl Hanpasien nepnenouKyIapHo npamoll,

coequHsrome 3Ty Touky ¢ MLIC, 1 JIeXUT B TNIOCKOCTH (PUTYPHL

a)

Pucynok 9. HaxoxaeHre MrHOBEHHOTO LIEHTpa CKOPOCTEH.
OTHOIICHHE BEIMYUH CKOPOCTEH TOYEK TUIOCKOW (UTYPHI K PACCTOSHHIO OT 3THX TOYEK
no MIIC sBnsieTcss BeNMYMHOW IOCTOSHHOW JUIS BCEX TOYEK IIJIOCKOH (UIypsl U paBHO
MIHOBEHHOH YIJIOBOM CKOPOCTH (GUTYPHI (pUCYHOK 9, a U B)

Y Vv
A B
AP Bp T
Hnsa onpenenenust MLIC HeoOX0auMO K M3BECTHBIM BEKTOpaM CKOPOCTEH JIBYX TOYEK,
€CIM OHM HE€ [apajulelbHbl, IPOBECTH NEPIEHAUKYIAPBl — TOYKA IEPECEUECHUS

neprnenaukyisipos Oyner MLIC (T1.P).
Eciim  BekTOpel CKOpOCTEH JBYX TOYEK IUIOCKOW (QUTYphl paBHBI JPYr JPYry H
pacnonararTcs napamienbHo, To MLC HaxonuTcs B 06CKOHEUHO yajdeHHOM Touke (PUCYHOK 9,

6).



Pucynoxk 10. Onpenenenue yCKOpEeHUN TOYEK MIIOCKOH PHUTYPHI.
2. Ha pucyHke criommHasi ayroBas CTpEJIKa MOKa3blBaeT HAMPABICHUE YIJIOBOW CKOPOCTH

(HampaBiieHHE BpalleHUs), a IYHKTUpPHAs — HalpaBiIeHUE YyIIIoBoro yckopenus €. llpu
YCKOPEHHOM BpallleHUH 00€ CTpeaKU OyAayT HalpaBiIeHbl B OJHY CTOPOHY, a IIPU 3aMEJIEHHOM —
B pa3HBbIE.

Jiis onipenenieHust yCKOpEeHUH ToUeK TIOCKoi uryps! (pucyHok 10, a) ucmons3yior
BBIpa)KEHHE

aB:aA+aB(A) ,

rIe a4 — YCKOpEeHUue noitoca A;

as — ycKopeHue o0oi Touku B miockoit purypsr;

aB(4) — yCKOpeHue, KOTOpoe MoJydaeT ToYKa B mpu BpalmeHnu miockoii GUrypsl BOKpyr

rmosroca A.

Vcexopenue nioboti mouxku B nnockou  ghucypvl ceomempuuecku CKiaobigaemcs U3z
VCKOpeHust Kakou-Hubyob 0py2oli mouxku A, npunamoui 3a nouoc, u yCKoOpeHus, Komopoe moykd
B nonyuaem npu spawenuu ¢pucypui 60Kpye 3mo2o noaca.

[lpu pemiennu 3ama4 Gonee ynoOHO BEKTOP @, 3aMEHUTH HA €r0 COCTABIAIONIME:

n

KacaTecJIbH a
YIO 85Uy qopmanbHylo & (4 (pucyHOK 10, 6), mOJIyuas BEIPaKEHHE CISAYIOLETo

BHUIa

_ _ _ _n

aB —a4t+a B(4) + & B(A4),
I7I€ BEKTOp @&1B(4) HampaBJeH NEprHeHAuKYyIsipHO AB B CTOPOHY BpallEHUs], €CIU OHO
YCKOPCHHOC, U IIPOTHUB BpallICHUsA, €CJIM OHO 3aMCIJICHHOC U ONPCACIICTCA

2. TB(A): AB - g,

BEKTOp 3+ BnCerjia HaMpaBJieH OT TOYKH B K mosmocy A u onpenensercs
B(A)

n 2
& B(4)2.A4B - w°.
ECJ'II/I ITOJIFOC A JOBHUXXECTCS HE HpHMOHHHeﬁHO, TO €TI0 YCKOpeHI/Ie MOXHO Hpe)ICTaBI/ITL KakK

. T L
CYMMY KacCaTCJIbHOU & 4 1 HOPMAJIbHOU & 4 COCTaBJAIOIINX, TOTda
— N — —n

as=a 4 +a& 4 +& By +8&& BUY.
Ecnu Touka B 1BUKETCS KPUBOJIMHEWHO U €€ TPACKTOPUS U3BECTHA, TO &3 MOXKHO
IIPEACTAaBUTH B BUJIE CyMMBI KaCaTEIbHON U HOPMAJIbHOM COCTABIISIIOLIMX

T
2. B=& B +@& Ng.
[Tpu HemocTynaTeaIbHOM JBUKEHUU TIIOCKON (DUTYpHI AJIsl OTIpeeNIeHNs YCKOPEHUM
UCIIOJIb3YIOT TIOHSTHE MCHOBeHHbIU Yenmp yckoperuti (MLLY).



Pucynok 11. Onpenenenne MrHOBEHHOTO IIEHTPa YCKOPEHUH.

Menosennviii yenmp ycrxopenuii (Q) — mourxa, yckopenue Komopou 6 OaHHbLIL MOMEHM
8peMeHU PABHA HYITIO.

[ono’keHHe MTHOBEHHOTrO IieHTpa Yyckopenuit Q (pucyHok 11) ompenensercs
dopmynamu:

_ €
tgoc—m_2 :

AQ=__ %
\/S—Z-!Tﬂ,

OrknagpiBaeM yroi o OT YCKOpeHHsl 5, (B CTOPOHY MTHOBEHHOT'O BpAllleHUsI, €CJIU OHO
YCKOPEHHOE, M B MPOTUBOIIOJOXKHYIO CTOPOHY, €CJIIM OHO 3aMEUIEHHOE), TIoJydaeM
HOJYNpsAMYIO, Ha KOTOpoH Ha paccTossHMM AQ JI€KUT MTHOBEHHBIH LEHTp yckopeHui Q
(pucynok 11, a).

Ecnu MrHOBEHHBIHN LEHTP YCKOPEHUI IPUHSTH 32 MOJIIOC, TO YCKOpPEeHHeE 1000 Touku B
iockoi ¢urypsl (pucyHok 11, 6) onpenensercs no popmyne

a =BQ rEg7Fw
b 4'

Ycxopenus mouex nnockoti puzcypwi onpedensaromes 8 0aHHbIL MOMEHM 8peMeHU MAK,
Kaxk eciiu Ovl 0sudcerue ueypul ObLIO0 8paujerHuem 80Kpye MEHO8EHHO20 yeHmpa yckoperuti Q.

OTHolleHNE BETMYUH YCKOPEHHU I TOUEK MJI0CKOM (DUTYpPhI K pACCTOSHUIO OT 3TUX TOUEK
1o MILY onpenensieTcs OTHOIIEHUEM

Vekopenus mouek niockoil gueypul NPONOPYUOHATbHLL  UX PACCMOSHUAM OM
MSCHOBEHHO2O0 YyeHmpa CKOpOCWlelZ.



Bonpocwt u 3a0anua:
5. Yto u3yyaeT KHHEMaTHKka?
6. Ilepeuncnute crrocoObI 3a/TaHUSI IBHKCHUS TOYKH.
7. 3anuumte GpopMyiy onpesesieHUs OTHOT0 YCKOPEHHS TOUKH, ABUKYLIEHCS
BpALIATENEHO.
8. [aiiTe onpeneneHre MTHOBEHHOT'O LIEHTPA YCKOPEHHUSL.



IIpakTH4eckoe 3ansiTHE 2
Tema 1. O0mme NOHATHA W ONpe/ieICHHS.

KunemaTnyecknii aHajau3 pacyeTHBIX CXEM.

Henb: npuobperenne yMeHU TPUBOJUTH MIJIOCKYIO TPOU3BOJIBHYIO CUCTEMY CHII K 33JJAHHOMY
LEHTDY.
3HaTh: pEAKIINH CBI3EH,
YCIIOBUHM PaBHOBECUS INIOCKOU U IIPOCTPAHCTBEHHOM CUCTEM CUI,
YMeTb: COCTaBIATh U pEIaTh ypaBHEHUS PABHOBECHUS;
Axmyanvrocmb memul OOBSICHIETCS CBEICHUEM CUCTEMBI C HECKOJIBKMMHU CUIIaMU K 33 JaHHOMY
LIEHTPY, TEM CaMbIM YIIPOLIAsl CXEMY U pacuer.
Teopemuueckas uacmey:

1. PaccmoTpuM TpPOU3BOJBHYIO  CHCTEMY  CHII (Fl,FZ R ).BLI6epeM



OpOU3BOJBHYIO TO4YKy (O 3a UEHTp MPHUBEACHHUS U, BOCIOJb3OBABIIMCH TEOPEMOH O
napajijieJIbHOM IEPEHOCE CUJIbl, IIEPEHECEM BCE CHUJIbI CUCTEMBI B IAaHHYIO TOUKY, HE 3a0bIBast
U IEePEHOCce KaX 101 CHIIbI T0OABIISITh IPUCOEIMHEHHYIO [Tapy CHUII.

[lonydeHHyt0 TakuM 0Opa3oM CHCTEMY CXOJSIIMXCS CUJI 3aMEHUM OJHOM CHIION R,
PaBHOM MTaBHOMY BEKTOPY UCXOTHOM crcTeMbl cuil. OOpa30BaBIIyIOCs MPH IMEPEHOCE CUCTEMY

nap CHUJI 3aMEHHMM OJHOW IIapol ¢ MOMEHTOM MO, PaBHBIM TI'€OMETPUYECKOU CyMMeE
MOMEHTOB BCeX Nap cui ( T.e. T€OMETPUUYECKON CyMMON MOMEHTOB MCXOJHOW CHUCTEMBI CHII
OTHOCHTEIBHO IIeHTpa O).

Taxoit MOMEHT Ha3bIBACTCS 2TAGHBIM MOMEHMOM CUCHEMbBL CUL OMHOCUM EJIbHO uenmpa o

(puc. 1.30). P
$ E=NA$

Puc. 1.30. Ilpuseoenue cucmemul cuit K yeHmpy
Urak, mo0yio cHCTeMY CHJI BCETIa MOYXKHO 3aMEHUTD BCETO JIBYMsI CHIIOBBIMU (PAKTOpaMH -

2NIAGHBIM 6EKMOPOM U 2NIAGHBIM MOMEHMOM OMHOCUMENbHO NPOU3EOTbHO GbIOPAHHO20
uenmpa npugedenusn. OUeBUHO, YTO TTIABHBIA BEKTOP CUCTEMBI CHJI HE 3aBHCHUT OT BBIOOpa
[EHTpa IpUBeICHUS (TOBOPSIT, YTO TJIABHBIA BEKTOP MHBAPUAHTEH MO OTHOIICHHUIO K BEIOOPY
1eHTpa npuBeAcHus1). O4eBUIHO TaKXKe, YTO TIIaBHBI MOMEHT TaKUM CBOMCTBOM He 00OJajacT,
MO3TOMY HEOOXOJUMO BCETAA YKa3blBaTh, OTHOCHUTEIBHO KaKOTO ILIEHTpPa OMpeaesseTcs
TJIaBHBIN MOMEHT.
Bonpocwvi u 3a0anusn:

5. Yrto Takoe riaBHbI BEKTOp?

6. YTo Takoe rJIaBHBII MOMEHT CUCTEMBI?

7. IlpuBeneHue cUCTEMBI K 33JTaHHOMY LIEHTDY.

8. IlapannenbHbIl IEPEHOC CUII ATO...”?



IIpakTHyeckoe 3ansATHE 3
Tema 1. O0mme NOHATHA W ONpe/ieICHHS.

Kunematnueckuii aHaian3 COOpPYKEHUI.

Henp: HaydnTHCSA pelIaTh 3aja4 Ha PACTSKEHHE - CIKATHE

3HaTh: NPUHIUIIBI COIPOTHUBIICHUS! KOHCTPYKIIHOHHBIX MAaTEPHAJIOB, METOJbI WU AJITOPUTMBI
IIPOCKTUPOBAHHUS PA3IUYHBIX MEXaHUYECKUX CUCTEM; METOBI U AJITOPUTMbI KOHCTPYMPOBAHUS
3JIEMEHTOB PA3JIMYHBIX MEXaHUYECKUX CUCTEM, METOIUKH PacyeTa Ha MPOYHOCTb, )KECTKOCTb U
YCTOMYUBOCTB 3JIEMEHTOB MAlllMH U UX KOHCTPYKLIHIA;

YMeTh: OCYHIECTBIATH PAIlHOHATIBHBIN BHIOOP KOHCTPYKIIMOHHBIX U 9KCIUTyaTallMOHHBIX
MaTepHaJIoB; IPOU3BOJUTE PACUEThl HA IPOYHOCTD U )KECTKOCTB IIPU PACTKCHUU -CKATUH,
KpY4EHUH, U3r10e U CI0KHOM HarpyK€HUHU, IPU CTATUYECKOM U YIaPHOM MPUIIOKEHUU
Harpy30K; BBIIOJHATH CTAaHJAPTHBIE BUABI IPOYHOCTHBIX PACYETOB.

Axmyanvnocms memwvl 00BICHAETCS OCHOBHBIMU IPUHLIUIIAMU ONIPEAETICHUS BHYTPEHHUX
($akTOpPOB BO3HUKAIOIIMX B 3a/1a4aX Ha PacTsHKEHUE — CIKATHE..
Teopemuueckas uacmo:.

2. IpUpOJIe Pa3IUYalOT yIPYroe, YIPYyromiacTHYHOE U BSI3KOTUIACTUYHOE TBEPbIC Tela.
Yopyroe Teno mociie CHATUS BHEIIHEM Harpy3skM BOCCTaHAaBJIMBAET CBOM I1€PBOHAYAJIbHBIE
pasmepsl u popmy. B aToM cirydae pedopmarius Teaa Ha3bIBaeTCs YIPYrod. YIpyronjaiacTHIHOE
TEJO BOCCTaHABIMBAET CBOM IE€PBOHAYAIbHBIE pa3Mepbl U (OPMY HEMOJIHOCTHIO, T. €. UMEEeT
MECTO OCTaTo4Has jaedopmarusi. B MHXEHEPHBIX COOPY)KEHUAX U MEXaHMUYECKUX MAIMHAX He
JOTTYCTUMO TMOSIBIIEHUE OCTaTOYHBIX AeQopMaIui.

OT neiicTBUS BHEIIHUX HArpy30K B IONEPEYHBIX CEYEHUSX BO3HUKAIOT BHYTPEHHHUE
CUJIOBbIE (DaKTOpBl, KOTOpBIE OMNpPENENSIIOT, MCIOJb3yd MeToA ceueHui. TBeppoe Teno,
HaxoJslIeecss MOJ JEHCTBUEM BHEIIHUX HArpy30K MBICIEHHO pacCceKaloT Ha JBE YacTH H
paccMaTpHUBaIOT paBHOBECHE OJHOM M3 yacTeil. JelicTBHE OTOPOIIEHHON YacTH Ha OCTABIIYIOCS
3aMEHSIOT BHYTPEHHHUMH Harpy3kamu, IHpPUJIO)KEHHBIMH B paccMaTpUBAEMOM CEUYEHUHU.
CocraBinisis ypaBHEHMsI paBHOBECHsSI OCTABIICICS YacTU OT ACMCTBHS BHEIIHUX M BHYTPEHHHX
CHJIOBBIX (PaKTOPOB, HAXOAT MOCIEIHUE.

BaxxHeImMy NOHATUSAME ABJISIOTCS HAPSDKEHUS U Ie(OPMAaIIHH.

[Ipun HarpyxeHuu Tena pacTATMBAIOLMHU WM CKUMAKOUMMU CHIIAMHU ONPEIEISIOTCS
HaNpsOHKeHHs, JeQopMaluu U yUIMHEHUs. BHYTpeHHss cuiia B3aMMOJEWCTBUS, OTHECEHHAs! K
€MHUIIE [IJIOIIA/H, BBIIEJICHHOM B OKPECTHOCTHU KaKOM-I1100 TOUKH IMONEPEUHOT0 CEUeHUsI Tela,
Ha3bIBAE€TCSl HANPSDKEHHWEM B 3TOM TOYke. TakuMm 00pa3oM BeJIMYMHA HANPSHKEHUN B KaKJIOM
TOYKE CEUEHHUs SBISIETCS MEpPOM BHYTPEHHHUX CHJ, KOTOpbIE BO3HUKAIOT B MaTephaie B
pe3yapTaTe BO3ACUCTBHS BHEIIHMX Harpy3ok. HopmasibHble HanpskeHUs ¢ NMPU PaCTIKEHUU-
C)KaTUM B MOMNEPEYHbIX CEYEHMSX Teja ONpEeNeNstoTcs U3 cooTHoumeHus o = N/S, rae N -
JCHCTBYyIONEE B CEYCHWU BHYTPEHHSS TMPONOJbHAas (HOpMaibHAas) cWia; S - IJIOURAMAb
nornepeyHoro ceueHus. Hampspkenus u aeopmannu B mpezenax ynpyroi nedopmaiiuu CBs3aHbl
Mexay coboit 3akoHoM ['yka, T. €. ¢ =¢E , rae E - Moaylnb ynmpyrocTu marepuana (MOIyib
IOnra), € — oTHOCHTENBHAS TPOAOIbHAS AehopMarus.

PacueTHble 3HaueHHsT HANpPSHKEHUM CpPaBHUBAIOT C JOIMYCKAaeMbIMH [0/, KOTOpBIE
OTIPE/ICISIIOT MyTeM JEJIEHUsI HEKOTOPBIX IMpeAeTbHBIX 3HAYeHHH Ha Kod(pQuIHMEeHT 3amaca
npouHocTH S(/o] =0nplS). 3a penenbHbIC 3HAUCHUS HANPSDKESHUH TPUHUMAIOT IPEIeIT TPOYHOCT U
(Anst XpyNKUX MaTEepHaJIOB) WIH IIpeied TeKYy4eCTH (71 MIaCTUYHBIX MaTEpPHAJIOB), KOTOPHIE



IOJIy4arOT IPU UCIIBITAHUAX CTAHJAPTHBIX 00pa3lloB Ha pa3pbIBHbIX ManmHax. [Ipu sToM cTposT
3. KoOpauHATax HamnpsHKeHHe-AeopManus YCIOBHYIO AMarpaMMy pacTsDKEHUS. Y CIOBHOU
JMarpaMMy Ha3bIBalOT MOTOMY, YTO HANpsDKEHUS U AedopMaluy BBIYUCISAIOT COOTBETCTBEHHO
10 OTHOIICHUIO K MEepPBOHAYAIBHOMN MJIOAM CEYeHUN U AnrHe oOpasua. Mcnonb3ys yciIoBHYIO
IarpaMMy pacTsDKEHMs, HEOOXOJUMO YMETh OMNpEeNessTh MEXaHWYECKHE XapaKTepUCTUKHU
MaTepuaia: Mpeaes MPONOPLUUOHAIBHOCTH, IPENEN YIPYroCcTH, Mpeaea TEKy4eCTH U Ipenes
MIPOYHOCTH U OTHOCUTEJIBHOE OCTATOYHOE YJUIMHEHNE IIPU Pa3phIBE.

Wuornma aist u3ydeHus: 3HAYMTEIbHBIX IUIACTHYECKUX JegopMmanuii HeoOXOAUMO 3HATh
VCTUHHYIO JUarpaMMy pPacTsDKEHUs, MOJY4aeMyH0 ITyTeM [JEJICHMsI PacTATMBAIOIICH CHIIBI Ha
UCTHHHYIO IUJIOMA/b TOMEPEYHOro cedeHus oOpasma (C y4eToM YMEHBUICHHS TONEpeYHBIX
pa3MepoB CEUCHUS IIPU PACTSKEHUN ).

HeoOxomuMo oOpatuth BHHMaHHE, 4TO 3aKOH ['yKa, CBS3BIBAIONMN HANpSHKCHUS WU
nepopmManuu yepe3 MOAYIb YIPYTrOCTM MaTepuana, CIpaBeAJUB TOJIbBKO [0 Ipenena
IponopIuoHanbHOCTH. [IponoabHble nedopMaliy Npu pacTsHKEHUH CBA3aHBI C MOMEPEYHBIMU
nedopManusiMu ¢ momMotnpio kodddumuenta [lyaccona.

[Ipu onpeneneHuM HaNpsDKEHUHM W AepopManuii B CTATUYECKH HEOINpPEAEeTUMBbIX
CHUCTeMaxX HeOOXOIMMO YUMTHIBATh, YTO BO3HUKAIOLE MPU ITOM B CTEPIKHSIX CHUJIBI 3aBUCAT OT
KECTKOCTH CTEPKHA, T.€. OT ILIOIIAIEH ONEPEYHBIX CEYCHUI U MOLYJIEH YIPYTOCTH MaTepHaa.

Bonpocwl u 3a0anus:
Kaxue TBepable Tena BCTpedaroTcs B ipupojie?
Kakue BHyTpeHHHE CUIIOBBIE (PAKTOPBI BOSHUKAIOT B CTEPIKHAX?
B uem 3akmrovaercs MeTOI cEUEHUN?
Cdhopmymupyiite 3akon ['yka.
, Uro Takoe UCTUHHAS AUarpamMma pacTshKeHUs ?



IIpakTUeckoe 3ansiTHE 4
Tema 2. JIlunuu BJIAMSHUA ¥ UX NPUMEHEHUeE JJIsl pacueTa cTaTHYeCKH
onpeaeJuMbIX 0AJIOK.

Harpys3ku u BHyTpeHHHE CHJIOBBIE (DAKTOPHI,

HCJ’IBI HAaYIUTBHCA ONIPCACIIATE BHYTPECHHNUC YCUIIN A

3HaTk: MPUHOUIIBI COIIPOTUBICHUA KOHCTPYKIUMOHHBIX MAaTEpHUalIoB, MCTOAbI M aJIIOPUTMBI
IMPOCKTHPOBAHUSA PA3TIUYHBIX MEXaHUYCCKUX CUCTEM,; MCTOABI U aJITOPUTMBI KOHCTPYUPOBAHUSA
3JICMCHTOB PAa3JIMYHBbIX MCXaHUYCCKHUX CUCTCM, MCTOJUKHU pacucTa Ha MPOYHOCTD, JKCCTKOCTh 1
YCTOIZHHBOCTB 3JICMCHTOB MalllMH N UX KOHCTPYKHHﬁ;

YMmeTh: OCYHICCTBIIATDH paI_[I/IOHaJ'IBHHﬁ BLI60p KOHCTPYKIIHOHHBIX MW JKCINIYaTalMOHHBIX
MaTCepUuaJioB;, MPOU3BOAUTL PACUCTHI HA IMPOYHOCTH U KECTKOCTb HPU PACTIKCHUU-CKATHUMU,
KpYy4CHHHU, n3rube U CI0XKHOM Harpy>x€Huu, IMpu CTATUYCCKOM U YAAdpHOM IIPUIIOKCHUN
Harpy3oK; BBIIIOJHATb CTAHAAPTHBIC BUIbI IPOYHOCTHBIX PACYCTOB.

Axmyanvrocms memwvl OOBICHAETCS OCHOBHBIMU MPUHIIUIIAMY OTIPEACTICHUS BHYTPEHHUX
(GakTOpPOB BO3HUKAIOIIMX B 33J]a4ax Ha pacTsHKEHUE — CIKaTHE..
Teopemuueckas yacme:

[Tpumep perieHus 3a1a4u Ha TEMY «PACTSHKEHHE U CKATHE

[MocTpouTs N0 AMHE Opyca, cormacHo cxeme HarpyxkeHus (puc. 1.1), smropsl

npoJoabHBIX cuil N, HOpMalIbHbIX HanpshkeHU O U epeMenieHni NonepevyHbIX CEUeHUH.
Crenate BBIBOJ, O IPOYHOCTH Opyca, CpaBHUB 3HAYEHU I HOPMaJIbHBIX HANPSKEHU I B OIIACHOM

E=20-10 5 [c]=240
CEUCHHH C JOMYCTHMBIM, €CH Martepuan Opyca — ctam 3 ( MIlla, Mlla).

S

S
F, _F F
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12a b a 3a

Pucynok 1.1

Hano:F1 =10 kH; F2 =12 kH; F3 =30 kH; S1= 200 MMZ; S2 =300 MMZ;
-=0,3m b=04m.

Pemenue:



Hmeem yetnipe yuactka Harpyxkenus (4B, BC, CD, DK), B npenenax
KOTOPBIX HAPSHKEHUS OYIyT UMETh TOCTOSIHHBIC 3HAYCHUSL.

Yuacmox 1 (AB). Pacceuém, MBICIIEHHO, CTEPKEHb B MECTaX, IJi¢ HEOOX0IUMO OIPENCIHUTh
3HAa4YeHHs BHYTPEHHUX YCWIMH M BHYTPEHHUX HanpspkeHui. OnHy U3 yacteil (JieByto) oTOpoCcUM

(puc. 1.2), a i OCTABIICHCS COCTABUM YpaBHEHHE PaBHOBECHUS 6 Fi = N - F3 =0 ,3aMCHHB
1

MIPU OTOM JIHCTBHE OTOPOIIIEHHON YacTH Ha OCTABIINYIOCS HEHU3BECTHOM BHYTpEeHHEH cuioit Ni.

S
F

z N F_
‘7) .

Pucynoxk 1.2
N =F=30
Torma, 3 kH.
6 =N ,=3010 * _yoq
3HavYeHNE HANPSDKEHUH Ha y4acTKe: 15 T 300 Mlla.
2

AbcomotHas gedopmanus yaacTka (OTHOCUTENbHbIE TePEMEIIeHNsT KOHIIOB y4acTKa):

Al =o = 100-900= 0,45 uy.
» TE 200"

Yuacmox 2 (BC).

N,1R=0,
N2 F3:30KH
4.N, =30 -10s

) =150 M1Ta.
S 200

E 2,0-10°

Yuacmox 3 (DC).



N -F+F =0
3 3 2 .
N3 =30 -12 =18 x#.
N

:218-10°_ 90 120

03 = — ——

S1 200

AI = 3 ‘IDC _ 90 '400 — 0,18MM
2,0-10°

DC E
Yuacmox 4 (KD).

S
N

-Z-_—C— ————
) B

N -F+F+F =0

4 3 2 1

N,=30-12-10 8.u

o :& =8-10s _
451200

40 v,

Al :64'|KD _ 40-360
Kb E 2,0-10° 07

Omm.

J17151 TOCTPOEHUS SMIOPBI IEPEMENICHHUN MTOIIEPEYHBIX CEYEHH, ONTPEIEITNM PACCTOSHUSA,
Ha KOTOPBIE IIEPEMECTATCS KOHIIbI yUaCTKOB HAIPYKEHUSL OTHOCUTEIILHO KECTKO 3a/1€JJTaHHOIO

JIEBOTO KOHIIA CTePKHS (ToukH K).

[Tepememienne Touku D oTHOCUTENEHO TOUKH K.

Opk=Alkp=0,07 mm.

Torz(a, NEePpEMCUICHUEC TOYKH C OTHOCHUTENHHO TOUKH KCOCTaBUT:

dck=06pk +Alkp=0,07+0,18=0,25 mm.

AHaJIOrHYHO OonpeCaACINM ICPEMEIICHUA OCTAJIbHBIX KOHIIOB YU4aCTKOB:



08k=0ck +Alsc=0,25+0,22= 0,47 mm,

04k=08k +Al4=0,47+0,45= 0,92 mm.

[ocTpouB u npoaHanU3UPOBaB AMIOPHI MPOAOCILHBIX CHII N, HOpMaJIbHBIX HANPSKEHUIH

R u nepeMeneHI onepevHbIX ceueHuil (puc. 1.3), nemaeM BBIBOJ, YTO OMACHBIM
y4acTKOM BaJia siBjsieTcst yaacTok BC ¢ omax= 150 Mlla.

T.K. omax</o], TO yClI0BHE NPOYHOCTH BBIIOJIHSAETCS.
Omnpenenum CTeneHb 3arpy’>KEHHOCTH CTEPHKHS:

O = 190_ 0,625.
[c] 240

CrepreHb HarpyxeH Ha 62,5 %.

5
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Pucynok 1.3



Bonpocwt u 3a0anua:
2) Kakue TBepple Tena BCTPEYarTCsl B Ipupoe?
Kak onpenensitorcst BHyTpeHHUE CUIIOBBIE (DaKTOPHI?
B uem 3axirouaercs METOJ] CEUEHM?
Chopmynupyiite 3akoH ['yka.
B YTO Takoe MCTUHHAs AUarpaMma pacTsHKeHus?



IIpakTHYecKoe 3aHsITHE O
Tema 2. JIlunuu BJIAMSHUA ¥ UX NPUMEHEHUeE JJIsl pacueTa cTaTHYeCKH
onpeaeJuMbIX 0AJIOK.

JIuHUM BIUSIHUSL B CTaTUYECKH ONIpCACINMbIX 6am<ax,

HCJ’IBI HAaY4YUTBHCA pCIIATh 3a/la4d HAa CABUT U KPYUCHUC

3HaTh: NpUHOUIIBI COIIPOTUBJIICHUSA KOHCTPYKIUOHHBIX MAaTCpHUaioB, MCTOAbI W aJITOPUTMBbIL
IMPOCKTHPOBAHUA PA3JIUYHBIX MEXAaHUYCCKUX CUCTEM; MCTOABI U aJITOPUTMbBI KOHCTPYHUPOBAHUA
3JICMCHTOB Pa3JIMYHbIX MCXaHUYCCKHUX CUCTCM, MCTOJUKHU pacucTa Ha MPOIYHOCTD, JKCCTKOCTH U
YCTOIZHHBOCTB QJICMCHTOB MalllMH N UX KOHCTPYKHHﬁ;

YMmeTh: OCYHICCTBIIATDH paI_II/IOHaJ'IBHHﬁ BLI60p KOHCTPYKIIHOHHBIX MW JKCINIYaTalMOHHBIX
MaTepUuaJioB;, MPOU3BOAUTL PACYCTBI HA MPOYHOCTb MU KCCTKOCTH IIPpHU PACTAKCHUH -CXKATHUMU,
KpYy4CHHH, n3rube H CI0KHOM Harpy>x€Huu, IMpu CTATHUYCCKOM U YAAdpHOM IIPUIIOKCHUN
Harpy3oK; BBIIOJJHATb CTAHAAPTHBIC BUABI TPOYHOCTHBIX paCYCTOB.

Axmyanvnocms membl OOBACHSAETCSI OCHOBHBIMM TNPUHIUIAMHU ONpEAETCHHUs] BHYTPEHHUX
(akTOpOB NPU CIIBUTE U KPYUCHHH.
Teopemuueckas yacmy:

CaBuroM Ha3bIBAIOT TaKOW BHJI HANPSHKEHHOTO COCTOSIHUS, KOTZIAa HA TPaHsIX dJIEMEHTA
JIEMCTBYIOT TOJIBKO KacaTelbHble HanpspKeHUs. [Ipu 3ToM Ha JBYX B3aMMHO MEPIEHANKYIISPHBIX
IUTOIIAIKAX JEHCTBYIOT paBHBIC MO BEIMYMHE M OOpaTHBIE MO 3HAKY KacaTelIbHbIE HAIPSDKEHUS.
DTOT 3aKOH Ha3bIBACTCS 3aKOHOM IMApHOCTH WJIM B3aMMHOCTH KacaTelbHBIX HAIpPSDKEHUH U
UMEEeT CHUJy KakK JUIi OJHOOCHOTO, TaK W Uil OOBEMHOTO HANPSHKEHHOTO COCTOSHHIMA.
Jedopmanyu, BOSHHKAIOMME NPHU CABUTE, HA3BIBAIOT YIJOBBIMH JIEPOPMANMSIMH HIH YIIIOM
caBura. ONBITHI TOKa3bIBAIOT, YTO MEXKIY HANPSHKCHUSMH W JeQOopMansMH TPU CIBUTE
CyLIECTBYET JIMHEWHAs 3aBHCUMOCTb, aHAJOTM4Has 3aKOHY l'yka mpu pactsbkeHuu. Iloatomy
3akoH ['yka mpu caure umeet Bua T =y G, rae y - yriosas negopmanusi, a G - Moxyib
C/IBUTA.

Cnenyer oOpaTUTh BHUMaHHE Ha TO, YTO MOJY/Ib MPOJOJIBHON YIIPYTOCTH, UM MOAYJIb
YIPYrOCTH TEPBOTO pojaa E ¥ MOAydb yNPYrocTH TMpPH CIBUTE, HJIU MOIYNIb YIPYTOCTH
BTOpOTrO pona G i OTHOTO M TOTO K€ MaTepuana cBsa3aH uepe3 kodhdunuent [Tyaccona p

3aBucuMocThio G = E/ [2(1+ ;,L)] IIpu pacueTax Ha cpe3 OOBIYHO MPUHUMAIOT, YTO KaCaTEIbHbIE
HaIpsHKEHUS paciipeieIeHbl PABHOMEPHO B ITONIEPEYHOM CEYEHHH CTEPIKHSA U YCIOBHE
IPOYHOCTH Ha Cpe3 UMEET BUJ

7= F/S< [7], tne F — BHenmss monepeydHas cua.

I[OHyCKaCMLIC HaIpsKCHU ['C ] Ha CABUT (cpe3) COCTABJIAKOT HCKOTOPYIO 4aCTh OT

JIOMYCKAeMBbIX HaIPsHKEHUM Ha pacTsbkeHue. PaccunThiBalOT Ha cpe3 COeTMHEHUS
3aKJICTIOYHBIC, O0JITOBBIC, CBAPHBIC, IMOHOYHBIC M HEKOTOPHIE IPYTHe TUTIBI COSIMHEHUM.

[Tpu nmpoBeneHNH MPOYHOCTHBIX PACUETOB HA CIIBUT (Cpe3) HEOOXOAMMO HAYUYUThCS
MPaBUIILHO ONPEACIIATH IUIOLIAIA Cpe3a ISl OTHOCPE3HBIX U MHOTOCPE3HBIX 3aKJICTIOK, a TAKKE
JUIS YIJIOBOTO CBApHOTIO IIBa, B KOTOPOM Cpe3 MPOUCXOIUT MO OMCCEKTOPHOM IIIOCKOCTH
NPSIMOTO yIJia MONEPEYHOr0 CEUCHUS 111BA.



Ecnu B nonepeyHOM CEUYEHHUM CTEPKHS NEUCTBYET KPYTSIMI MOMEHT MK , TO
CTEepKECHb HCTIBITHIBACT KpydeHue. HeoOxoammo, nenonbp3yst METO ] CEYCHHIA, HAyIUThCS
CTPOUTB JIIOPHI KPYTALMX MOMEHTOB I10 JUIMHE CTEPKHSA U ONIPEAECIIATh BOSHUKAIOIIME
KacaTeJbHbIe HallPSHKCHHU S, KOTOPBIE ONPEeISIIoTCs U3 cooTHomeHus ¢ = Mx [ Wp, tae Wp -
IIOJISIPHBI MOMEHT COITPOTUBIIEHUS CEUEHUS KDYYEHHUIO.
B MONEPEYHOM CCUCHUU CTEPIKHA KaCaTCJIbHBIC HAIPAXKCHUA pacCHpCACI€Hbl HEPAaBHOMEPHO.
TaK, JJIA CTCPIKHA C KPYIJIBIM IMONEPEYHBIM CCYCHHUEM KaCaTCJIbHBLIC HAIPSKCHUA HU3MCHAIOTCA I10
HHHeﬁHOMy 3aKOHY - OT HYJII Ha OCHU 1O MAKCUMAJIbHOT'O 3HA4YCHUSA
2. TOBEpXHOCTH. Tak Kak CeueHUs], paCIOJIOKEHHBIE Y OCH CTEPXKHS, HArPY>KEHBI
HE3HAYUTEIBHO, TO C LIEIbI0 SKOHOMHUH MaTepHalla IIpy KPYYEeHUH 11eJ1ecO00pa3HO UCII0Ib30BATh
nyctoTensle npoduin. Kpyrsaumii MOMEHT B CEYEHMH CKPYYHMBAEMOI'0 CTEPKHs (BaJia)
YHCICHHO PaBeH aaredpandeckoil CyMMe BHEIHUX CKPYYHBAIONMX MOMEHTOB, ACHCTBYIOIIMX
110 OZIHY CTOPOHY OT CEYEHHS.
Bonpocwvl u 3a0anun:
1. Yro rakoe casur?
Urto Takoe kpydeHue?
4. 3axon 'yka npwu casure .
4. OnpeneneHue KPyTsAIIEro MOMEHTA.



IIpakTHyeckoe 3ansiTHE 6
Tema 2. JIlunuu BJIAMSHUA ¥ UX NPUMEHEHUeE JJIsl pacueTa cTaTHYeCKH
onpeaeJuMbIX 0AJIOK.

Haxoxnenue ycuimuii 1o JIMHUASIM BIIUSTHUS.

OO0mue cBeaeHMS,

Lenp: HayduTHCA pelaTh 3a74a4U HA CIBUT U KPYUEHHUE

3HaTh: IPUHIUIBI CONPOTUBICHUS KOHCTPYKIIMOHHBIX MAaTE€pUAIOB, METOIbl U aJITOPUTMBI
IIPOCKTUPOBAHHUS PA3TUYHBIX MEXaHUYECKUX CUCTEM; METOBI U AJITOPUTMbI KOHCTPYMPOBAHUS
3JIEMEHTOB PA3JINYHBIX MEXaHUUECKUX CUCTEM, METOAUKH PacdyeTa Ha POYHOCTB, KECTKOCTh U
YCTOMYMBOCTB 3JIEMEHTOB MAalllMH U UX KOHCTPYKLIHIA;

YMeTh: OCYHIECTBISATh PANMOHAIBHBIA BBIOOP KOHCTPYKIIMOHHBIX W OKCIUTyaTallMOHHBIX
MaTEepUaJIOB; MPOU3BOAUTH PACUYEThl HA IPOYHOCTh M KECTKOCTh IIPU PACTSHKEHUH -CIKATHH,
KpY4€HUHU, U3rH0e U CIOKHOM HArpy)KeHUH, MPU CTATUYECKOM M YJApHOM MPHUIIOKEHUU
Harpy3oK; BBIIOJHATh CTaHIAPTHBIE BUJbI IPOYHOCTHBIX PACYETOB.

Axmyanvrocms memuvl 0OBSICHAETCS OCHOBHBIMH NPUHITUIIAMH OTIPEACTICHHS BHYTPEHHUX
(akTOpOB NpH CIIBUTE U KPYUCHHH.
Teopemuueckas wacmo:

[Ipumep Pemennus 3agaun Ha Temy «Kpyuenue»

C cTanpHOMY CTyNIEHYaTOMY Bajly, UMEIOLIEMY CILIOIHOE KPYIJIO€ CEUYEHHUE,
IPUIIOKEHBI YeThIPE BHEIIHUX 3aKkpyuuBaronmx MomenTa (741, 72, T3 u T4), IeBbIil KOHEI BaJjia
’KECTKO 3aKPEIIEH B OIIOPE, a IPaBblil KOHEL — CBOOOAEH U €ro TOpPEL UMEET yIIIOBbIE
IIEPEMEILECHNS OTHOCUTENIBHO JIEBOTO KOHILIA.

Tpebyercs:
3. TOCTPOHTH AMIOPY KPYTSIIIMX MOMEHTOB,;
4, ONpCACIIMTD AUAMCTPbI d1 u d2 Bana u3 pacycTa Ha IIPOYHOCTD, MTPH 3aJaHHOM 3HAYCHUH [T ],
OKPYTJIMTh BEIMUUHY HAWJCHHBIX JUAMETPOB 10 OJIMXKAHWIIEro OOJIBINEro 3HAUCHUS U3 Psa;
4) OCTPOUTH MIOPY ACHCTBUTEILHBIX HAIPSDKCHUN KPYUCHHS 110 JUTHHE Baa;

4) nocTpouTh MIOpy abCoMOTHBIX yrilos 3akpydusanus @ , npunss G =0,8 -10 *MIla
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Pucynok 3.1
Ucxonnbie nannbie: a=b=c 1,6, 7 =57xHmT2=2,7kHw;T3= 1,7 kHm;

Ta=0,7 kHwm; [« ]= 45 Mlla.
Pemenue:

2. OmpenenM KpyTsIye MOMEHTHI (puc. 3.2):

Yuacmox AB:

M,d:] 420;7 xkHm;

Yuacmox BC:
M
Ke= T4_ T3 = 017 _117 = _1;0 K[iﬂ/l,'
Yuacmox CD:
MK3: T4—T 3= T2:0,7_1,7_2,7:—3,7KH/V;
Yyacmox DE:

M ,=T,~T,—~T 4 T,=0,7-1,7—27+05,7= 2xHn.

2. OnperenuM 3HAYCHUS TUAMETPOB CTYIICHEH U3 YCIOBUS MPOYHOCTH HA OMACHBIX

yaactkax BC u DC.
; 3,710¢
] oo S =T44 un,
02[t] Vo2.45

dzz\% M, :\%1,0 '106:48,1/%%
02t] V0,2 -45

[Mpuaumaem d1 = 80 mMm.

[Mpuanmaem d2 = 50 ym.
3. JIns mocTpOeHHUS S0P HANPSHKEHU W HalJIeM 3HAaYCHUS HAIIPSHKSHU I
Kpy4eHHUs, IEUCTBYIOIMX HA y4acTKax.

t = *=07-10° _ 28y

' vj\\/}f 0,2 -50°
v = 2=-10-10° _ _a0 g,
SRV 0,2 -503

pl



.2
Ty, 3710, 30t M

0,2 -80s
T ZMK4 =2,0-10°=19 MTa.
4 sz 0,2-80°

5. OTHOCHUTENBHBIE YITIOBBIE NTEPEMEILIEHNS KOHIIOB Y4aCTKOB.

[0) :Ml-l =0,7-10¢-1,6 -10 3=0,0224
K AL r

0,
“ G.J_ 08-10%01.50°
o =M, 1--10-10°16-10 0030
ao,
* G-J, 08-10° 0150 i
= M . I:— 3’7 '106 ‘1,6 '103 = -

® 0,0181
b Gos;o 0,1 804s---J
M 2,0 10 1,6 10
2. = = — 0,0098
pad.”G - J,20,8-105-0,1-80%
A6COJ’IIOTHI>I€ YIJIbI Bapr‘II/IBaHI/IH, OTHOCHUTECIIBHO XECTKO 3aACJIAaHHOI'O JIEBOT'O KOHIIA
Basia (ceueHue E).

e =0, +0.,=0,0098-0,0181=-0,0083 pao,
@z =@ce +@sc =-0,0083 — 0,0320 = -0,0403 pao,
@ =@z +@a =—0,0403 + 0,0224 =-0,0179 pq0.

pao,
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ao098
00083
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Pucynox 3.2

Bonpocul u 3a0anus:
2. Uro Takoe cBur?
2. Yro Takoe KpydeHHE?
4. 3axoH ['yka mpu cniBure .
4. OnpeneneHue KpyTsAILIEro MOMEHTA.



IIpakTHUeckoe 3ansiTHE 7
Tema 3. TpeximapHupHble aPKH M PaMBbl.

OO01mue cBegeHus,.

Lenp: HayunTHCA ONPEAETIATh T€OMETPUUYECKHE XapAKTEPUCTUKH ITONIEPEYHBIX CEYEHNU

3HaTh: NPUHIUIIBI COIPOTHUBIICHUS! KOHCTPYKIIHOHHBIX MAaTEPHAJIOB, METOJbI WU AJITOPUTMBI
IIPOCKTUPOBAHHUS PA3IUYHBIX MEXaHUYECKUX CUCTEM; METOBI U AJITOPUTMbI KOHCTPYMPOBAHUS
3JIEMEHTOB PA3JINYHBIX MEXaHUUECKUX CUCTEM, METOJUKH pacyeTa Ha MPOYHOCTD, )KECTKOCTh U
YCTOMYUBOCTB 3JIEMEHTOB MAlllMH U UX KOHCTPYKLIHIA;

YMeTh: OCYHIECTBISATh PALMOHAIBHBIA BBIOOP KOHCTPYKIIMOHHBIX W OKCIUTyaTallMOHHBIX
MaTepHaJioB; MPOU3BOAUTH PACUYEThl HA MPOYHOCTh U KECTKOCTb IPU PACTSKCHHUU -CHKATHH,
KpY4eHUH, U3TMOE€ M CII0)KHOM HAarpyXeHUH, HpPU CTATUYECKOM M YIAPHOM HPHIOKEHUU
Harpy30K; BBIIOJHATH CTAaHJAPTHBIE BUABI IPOYHOCTHBIX PACYETOB.

AKmyaﬂbHOCmb memul OOBSICHICTCS OCHOBHBIMU IMpHUHIOUITIaMH OIMPCACICHUA FGOMeTpI/I‘I€CKI/IX
XapaKTCPUCTUK MTOMIECPEIHOTI0 CCUCHMH .
Teopemuqecmm yacms:

[Ipu pacuerax Ha MNPOYHOCTH, )KECTKOCTh U YCTOUUYUBOCTD UCIIOJIb3YKOTCS
reoMeTpUYECKHE XapaKTePUCTUKHU MOMIEPEUHOT0 CeUeHUst Opyca: niowujaos, ocesvle U NOJApHbLIU
MOMEHMbl UHEPYUU, OCEBbIE U NOJAPHLLU MOMeHMbl conpomusaenus. KpoMme Toro, mpu ux
OTIpE/ICJICHUH BCTIOMOTATEIbHYIO POJIb UTPAIOT crmamuieckue MOMEeHMbl U YeHMpooOedcHble
MOMEHMbl UHEPYUU CeYEHU.

HanomuuMm onpenenenusi, CBOMCTBA U METO/bI BEIYUCIICHUS MTEPEUNCIEHHBIX
xapaktepucTuk (puc. 2.1).

u

Pucynok 2.1

ITnowaow cevenus . S = .[ dS, rae dS — nomaas >neMeHTapHOM MIOMIAKHY.
S
Cmamuyeckuii MOMeHm RIOWAO0U ceyeHus — CyMMa MPOU3BEICHUH TUIOAAeH dJIeMEHTAPHBIX
IUTOINAIOK Ha UX PACCTOSHUSA 10 TaHHOM OCH, B3sTas 10 Bcel miomaau cedenus. Ctarnueckuit
MOMEHT CEUEHUS U3MEPSETCs B €IMHUIIAX JIMHBI TPEThEH CTENeHU (MM3, CM3, M3).
Cratndeckre MOMEHTHI CEYeHUSI OTHOCUTENIBHO ocelt Ou u Ov:

Sy = JvdS=Sv. .

S, = JudS = Sue.



u

rne CH ¢

Cratndyeckuii MOMEHT CEUEHHUSI MOKET OBITh KaK MOJIOKUTENbHBIM, TaK U OTPULATEIILHBIM.
OTHOCUTENBHO JTF000I OCH, TPOXOASIIEH Yepe3 EHTP TKECTH CeYSHUS], OH PaBEH HYIIIO.

Ocegoti mMomenm uHepyuu cedeHus — CyMMa IMPOU3BENEHUI IUIOMIAAE 3JeMEHTAPHBIX
IUIOLIA0K Ha KBaJApaThl UX PACCTOSIHUM 10 JaHHOM OCH, B3siTasl 10 BCEH MO CEYEHUS.

Je=lv ds:

— pacCToAgHUsA OT UCHTPA TAXKCCTH CCYCHUSA COOTBETCTBECHHO 10 oceit Owvu Ou.

J, =lu 2dS :

Tonsapnoiii Momenm unepyuu — CyMMa MpOU3BEICHUH TIIOIAACH 3JIEeMEHTapHBIX

IJIOMIAZ0K Ha KBAJAPAThl UX PACCTOSHUMN 10 TOUKH (TTOJII0CA), B3SITAs 110 BCEH MIIOMAIN CEYCHUSI.
— 2
J p = J- P ds.
S
OceBble ¥ TOMSPHBII MOMEHTHI HHEPIIHH — BETUYHHBI CYIIIECTBEHHO MOJOKUTENbHBIe. OceBble U
MOJISIPHBIE MOMEHTBI MHEPLIMHU CEUEHUSI U3MEPSIOTCS B €AMHULIAX JTMHBI YETBEPTOM CTENEHU
4 4 4

(MM, cM T, M ).

LlenmpobesncHuili MOMeHm UHepyuUu — CyMMa MPOU3BEICHHUH IJIOMAAEH JIeMEHTapPHbBIX
MJIOIIA/IOK HA MX KOOPAMHATHI, B3ATasl 110 BCEH IIOLIAU CEUCHHUSI.

szfuvdS.
S

HGHTpO6€)KHLIﬁ MOMCHT MHCPIIUU UBMCPACTCA B CIMHUIAX JJIMHBL ‘IGTBGpTOﬁ CTCIICHU

4, CM4, M4), MOKET OBITH MOJIOKUTCIIBHBIM, OTPUIATCIIbHBIM U PaBHBIM HYIIIO.

UYepes m00y10 TOUKY, B3ATYIO B IUIOCKOCTH CEUEHHSI, MOKHO MPOBECTH JIBE B3AUMHO
NEePIEeHAUKYISIPHBIE OCH, OTHOCUTEIHHO KOTOPBIX IIEHTPOOEIKHBII MOMEHT UHEPIIUU CEUCHHS
paBeH HYI0. DTU OCH HA3bIBAIOTCS 21a8HbIMU OcaMuy (MTHOTAA UX HA3BIBAIOT 2IA6HbIMU OCAMU
unepyuu). [IpakTnyecKkuii UHTEpEC MPEICTABISIIOT JIHILb TJIaBHBIE OCH, IPOXOASIIME Yepes3
LEHTP TSKECTH CEUEHHU s, OHU HA3bIBAIOTCS 2/1A8HbIMU YEeHMPANbHbIMU ocaAMU (17151 KPAaTKOCTHU B
nanpHeimeM OysieM B OOJIBIIMHCTBE CIIy4aeB HAa3bIBATh UX MIPOCTO 2IABHbIMU OCAMU).

OceBble MOMEHTHI HHEPLIUU OTHOCUTEIIBLHO ITIABHBIX OCEH (271a6Hble MOMEHMbl UHePYULL)
JKCTPEMaJIbHbI — OTHOCUTEIHHO OJIHOM U3 HUX MOMEHT MHEPLIMU MaKCUMaJIeH, a
OTHOCHUTEJIBHO APYroi — MUHUMaJeH. JlJ1g pacueToB Ha IPOYHOCTD U )KECTKOCTH IpHU U3TrH0e,
COYETaHMHU M3TU0a C PaCTsHKEHUEM H B Psie APYTUX CIIy4aeB HY)KHO 3HATH I10JIOKEHUE
TJIaBHBIX LIEHTPATIbHBIX OCEH M BETUYMHBI COOTBETCTBYIOUMX MOMEHTOB HHEPIINH.

B ciydae, ecniu ceueHue umeeT X0Ts Obl OJTHY OCb CHMMETPHUHU, TO 3Ta OCh U OCh K HEM
NEepHeHAUKYISIpHas, IPOXOAsIas Yepe3 LUEHTP TSKECTH CEUEHUs, SIBIIAIOTCS TJIaBHBIMU
LEHTPaJIbHBIMH OCSMHU.

IIpu BBIMMCIEHNY TNIABHBIX MOMEHTOB NHEPLUHU CEYEHM I, COCTaBICHHBIX U3 IPOCTEHIIMX
TeOMETPUYECKUX (PUTYp WM CTAaHIAAPTHBIX MTPOKATHBIX MPOUIeH, MMPOKO MPUMEHSIOTCS
(bopMyIibl Tepexoia OT LEHTPAIbHBIX K MapajieIbHbIM UM HELEHTPaIbHBIM OCsSIM (pHc. 2.2).

Vi Yo

(MM

Pucynok 2.2

Ot q)OpMy.]'ILI UMCIOT cnenyfoumﬁ BUA: IJI1 OCEBOTO MOMCHTA HHCPLUU



J x=Jy *Ta%s;
1
JIs1 L[eHTpO6e)KHOFO MOMCHTA I/IHepL[I/II/I

Jy,

1 1

Xo

, +abs.

KOOpI[I/IHaTBIa n b)lOJ'I)KHBI OBITH IoaACTaBJICHBI CO CBOMMM 3HAKaMU ( awub- KOOPAUHATBI
Hayajla HOBOM CHCTEMBI KOOPAHHAT B CTAPbIX OCSIX). B gactHOM cJIydqac, €CJIM UCXOOHBIC OCHU

Oxou Oyornasubie, Jx, = 0 Torna umeem:
0
J = absS .
X1, )1
T[puseneM GOpMyIbI JUIs BEMUCIECHHS MOMEHTOB MHEPIIHH
IPAMOYTOJILHUKA, TPEYTOJIHUKA, KPYTa U K(k))ﬁbua.
3

A. Ilpsamoyzonvnux (puc. 2.3): J =——, rae b- cropona, napamuienbHas oc,

OTHOCHTCIIBHO KOTOpOﬁ BBIYUCIEICTCA MOMCHT MHCPUUH.

b s
i 2 A
N
FoR e
24l
= S = 7 &
WAL el | K
b
Pucynok 2.3
JIJiss OCH, COBMAJAroIIe C OJHOM M3 CTOPOH MPSMOYrOJbHHMKA (HE TJIABHBIA MOMEHT
bh °
uHepnuun): Jx = =
1

b. Pasnobeopennviii mpeyeonvrux (puc. 2.4).

Pucynok 2.4

bh 3 3
['MaBHBIC MOMEHTHI HHEPIUH: J _ :J =bh,
x 36 Y 48

3ameTnM, 9T0 popMyna Jx JaeT BeNMUMHY MOMEHTA HHEPLHH JII060r0 TPEyronbHHKA
OTHOCHTEIHHO OCH, MTapauIeIbHON €T0 OCHOBAHUIO, HO, €CIIH TPEYrOJIbHUK HEpaBHOOEIPEHHBIH,
yKa3aHHas OCb HE OyJIeT IJIaBHOM.

B. Kpye (puc. 2.5): Jx =Jy = md ,



md Pucynok 2.5
4
. Konvyo (puc.2.6): J =] ;= = (1 “c 4)’ rie: C :d—;, ko3 durment Tpyosl.

J
ST

o

o

( a

~PlzlcyHOK 2.6—.

3ameTuM, 4TO ISl Kpyra ¥ KOJbIa BCE L[EHTPAIbHbIC OCH TIAaBHBIE U MOMEHTBI HHEPIHH
OTHOCHTEIBFHO 3TUX OCEH PaBHBI MEKIY COOOH. DTUM e CBOMCTBOM 00Jsafaet ro0oe ceueHue,
Y KOTOPOr'o JiBa INiaBHbIX HEHTPAJIbHBIX MOMCHTA HHCPIIUU OJJUHAKOBBI.

[Ipu BBIYMCIIEHUH MOMEHTOB MHEPIUHU CIIOKHBIX CEYEHHH (COCTaBIEHHBIX U3 TPOCTEHIINX
Guryp WIM TpOKaTHBIX NpPOQHIEH) KOOPAMHATHI HMX LEHTPA TSDKECTH OINPENEISIOT II0

bopmymnam:
S v zs u
Uc = S — L
ZSi
V = Su _ Sv
|
rae: S; ‘U ; Vi — coorBercTBeHHO IUTOWAAL M KOOPJIMHATHI IEHTPA THKECTH KAkIOH M3

COCTAaBJIAIOIIUX (I)I/Il"yp, S, SV ; Su - Iomaab ¥ CTaTHYCCKUE MOMCHTBI BCCT'O CCUCHUA.

MoMeHTBI HHEpIUH (0CeBbIe U IIEHTPOOEKHBIE) CIOKHBIX CEYEHUI OTHOCUTENIBHO
JAHHBIX OCEH OIpeNeNIAI0T IIyTeM CyMMHUPOBAaHUS COOTBETCTBYIOLMX MOMEHTOB HHEPIIMH
COCTaBISIONMX (UTYP OTHOCHTEIBHO TEX )K€ OCEH.

[Tpu >TOM UCTIOB3YIOTCS (POPMYIIBI TEPEXOA OT LIEHTPAIBHBIX K MapalIeIbHbIM UM
HEI[CHTPATBHBIM OCSIM.

B Tex ClIydyadX, Koraga CCHCHUEC HC UMCCT HU OI[HOﬁ OCH CUMMCTpPHUH, CHa4adJia BbIYUCIIAOT
MOMEHTBI HHEPIIMH OTHOCUTEIBEHO HEKOTOPBIX 11€JIeCO00pa3HO BBHIOPAHHBIX IIEHTPAIbHBIX OCEH
Oxo u Oyo(MCXOJIHBIE OCH), 3aTE€M OIPECIISIOT YroJl HAKJIOHA TJIaBHBIX OCEH MO0 OTHOIICHUIO K
HNCXOOHBIM U BEJIMYHHBI I'NTABHBIX MOMCHTOB UHCPILIUHU.

Casi3b MEKIy MOMEHTAMHU HHEPIIMU OTHOCUTEIILHO HCXOIHBIX oceid (Oxo, Oy0) u oceid,
MIOBEPHYTHIX Ha IIPOU3BOJIBHBIN yroi a (puc. 2.7), UMeeT BUJIL:



J =Jx+Jy +Jx—-Jy cos2a-J

sin 2a
X1 < < >(()’y 0 !
J =J -y
X,y X,y COS 20 + — = SIn 20 .
y/ ya
X1
\ a
N Xo
£ e
Pucynok 2.7

Vron IMOBOPOTA I''TaBHBIX OCel IT0 OTHOIICHHUIO K HUCXOOHBIM OIIPEACIACTCA
N3 3aBUCUMOCTHU

tg2a0 =— 2J «y
RN
X g y
. ! 144 ! a o
Ora hopMyrna 1aeT ABa 3HaYeHnsA yraa O 0L u O =0 +90°. Tlpud  >J | yron
0 0 0 0 X0 Yo
ZIa€T MOJIOKEHNE IMIABHOH OCH, OTHOCHTENIBHO KOTOPOii MOMEHT HHEPLIM MAKCHMAIEH.,
(0]

ITonoxuTenbHbIM yroja 0 CJICAYCT OTKJIAABIBATH OT OCH XO0IIPOTHB X044 4acoOBOMU CTPCJIKHU.

JUist onpeienieHus NoJI0KeHU (YIi1a HaKJIOHA) TJIaBHBIX OCEH MOXKHO TPUMEHSITh
bopMyIIbL:

tg(x = 2\]X,y
0x \]xo—\]yn y

2J

tgooy= >
Te-Jy

rae: Olox , u Qloy , — YIJIbI, 06pa3yeMLIe TJIaBHBIMU OCSIMH X Uy COOTBETCTBEHHO C OCBIO X0, \J X "
J y — INTaBHbIC MOMCHTBI MHCPLHH.

I'maBHBIC MOMEHTEI HHCPUHUHN MOXHO BbIYUCIIUTD, ITOACTABJIAA B HEC ITOCJIICIOBATCIILHO (XO
=00’ u =00 , Ho MpaKTUYECKH yI00HEee MOJIb30BaThCs POopMyIamMu, He
COJepKAIMMHU TPUTOHOMETPUUECKHUX PYHKIIUN. ITU POPMYIIBI UMEIOT BHI
Jx , +J y 1 Vi

Jmax = —2—0-{—_2 (Jxo —\]yu ) +4J iy ;

J +J
J = X0 Yo

mi _2___12\/ (J)E_Jyo)2+4‘]x20yn'




Bonpocwl u 3a0anun:

2. Omnpenenennie TeOMETPUUECKUX XapaKTEPUCTUK MTPOCTHIX CEUEHUN?
2. OnpeneneHne reOMETPUIECKUX XapaKTEPUCTUK CIOKHBIX CEUSHHI ?
3. OmpeneneHue MOMEHTOB UHEPIUU.

4. Yrto Takoe COpTaMEHT.



IIpakTHyeckoe 3ansTHE 8
Tema 3. TpeximapHupHble aPKH M PaMBbl.

Pacuer TpexmapHUpHBIX apOK U pam

Henb: HayduThes pemiaTh 3a4a4d Ha MPSAMOM monepeyHblid U3rud

3HaTh: TPUHIUIBI CONPOTUBICHUS KOHCTPYKLIMOHHBIX MaTepuajoB, METOABl U aJITOPUTMBbI
IIPOEKTUPOBAHUS PA3INYHBIX MEXaHUUECKUX CUCTEM; METOBI U AJITOPUTMBI KOHCTPYHPOBaHUS
3JIEMEHTOB PA3JINYHBIX MEXaHUUECKUX CUCTEM, METOJIMKH PacueTa Ha IPOYHOCTh, )KECTKOCTD U
YCTOMYUBOCTD 3JIEMEHTOB MAlllMH U UX KOHCTPYKLIHH;

YMeTh: OCYHIECTBISATh PALMOHAIBHBIA BBIOOP KOHCTPYKIIMOHHBIX W OKCIUTyaTallMOHHBIX
MaTepHaJioB; MPOU3BOAUTH PACUYEThl HA MPOYHOCTh U KECTKOCTb IPU PACTSKCHHUU -CHKATHH,
KpY4eHUH, U3TMOE M CIOKHOM HAarpy)kKeHUH, MpU CTATUYECKOM M YJApHOM MPUIIOKEHUU
Harpy30K; BBIIOJHATH CTAaHJAPTHBIE BUABI IPOYHOCTHBIX PACYETOB.

Axmyanonocmes  membl  OOBSICHACTCSI OCHOBHBIMHM TPHHIUIAMH ONPEICICHUS BHYTPEHHHX
¢baxTopoB mpu u3ruoe.
Teopemuueckas uacmy:

[Tpu n3rnbe cTep>KHU MOBEPTAOTCS BO3ICHCTBHIO TIOTIEPEUYHON CHUITBI UJTA M3THOAIOTIETO
MoMeHTa. M3rub® Ha3pBaeTCs YUCTHIM, €CIU JEHCTBYET TOJIBKO H3THOAIONMUA MOMEHT, H
MOTEepPEeYHbIM, €Clii JIeUCTBYET Harpyska, NepneHAUKYIspHas ocu cTepxkHs. bpyc (cTepikeHs),
paboraronmii Ha U3ru0, OOBIYHO HaA3BIBAIOT Oankod. bamku sBIsIOTCS Hambojaee dYacTo
BCTPEUAIOIMUMUCS DBJIEMEHTAMHU COOPYKEHHH M MallMH, BOCIPHUHUMAIOINIMMH Harpy3Kh OT
JPYTUX 3JEMEHTOB KOHCTPYKUMU M, MEPENAIONMMUA UX TEM YacTsAM, KOTOPbIE MOJAECPKUBAIOT
Oanky (4Jale Bcero onopam).

B cTpouTenbHBIX COOPYKEHUSIX U MAIMHOCTPOUTENIBHBIX KOHCTPYKLHSX 4Yallle BCETO
MOXHO BCTPETUTh CIEIYyIOIME CIIydau KperuieHHs OalloK: KOHCOJbHBIE - C OJHUM
3alllEMJICHHBIM KOHILIOM (C JKECTKOH 3aJesIKoi), IBYXOIOpPHbIE - C OJHOM IIApHUPHO-
HEMOJIBIDKHOM OMOpPOH M C OJHOM IApHUPHO-IIOABMIKHON OMOPOHl M MHOTOOINOpPHBIE OANKH.
Ecnu omnopHble peakiuu MoryT ObIThb HaWJIeHbl M3 OJHUX YpPaBHEHHI CTaTUKH, TO OaJKu
Ha3bIBAIOT CTAaTHYECKH ONpeAeTuMbIMU. EciiM ke YMCIO0 HEM3BECTHBIX OMOPHBIX PEAKLIMM
0osbllle, YEeM YHCJIO YpaBHEHUW CTaTUKH, TO Takhe OaJKud Ha3blBalOT CTAaTUYECKU
HeompenenuMbIMU. J[7isl ompejeneHuss peakiuuid B TAaKUX OankaX MPUXOIUTCS COCTaBISITh
JIOTIOTHUTENIbHBIE YpaBHEHUS - ypaBHEHHs mnepemenieHui. [Ipu mimockoMm momepeyHoM u3rude
BCE€ BHEIIIHUE HATPY3KHU MEPIECHIUKYISIPHBI K OCH OAJIKH.

Onpenenenrie BHYTPEHHUX CHUJIOBBIX (PAKTOPOB, IEHCTBYIOIMX B MOMEPEUYHBIX CEYCHUSX
0anku, cleAyeT HaYuHATh C ONpeJeNieHUus OMOPHBIX peakuuii. [locie aToro ucnons3yem MeTon
CEUYEHU, MBICJICHHO paccekaeM, OaJiky Ha JIB€ YacCTH W pacCMaTpUBaeM PaBHOBECHE OJHOM
yactu. B3auMopeiicTBue dacteld Oanku 3amMeHseM BHYTPEHHHMH (PaKTOpaMu: H3THOAIONMM
MOMEHTOM U MIONIEPEYHOM CUIIOM.

[lomepeynas cuia B CEYCHHH paBHA alnreOpandeckoil cymMMme MPOEKIUWA BCEX CHII, a
U3rudaronMii MOMEHT paBeH ajaredpanyeckoil CyMMe MOMEHTOB BCEX CHJI, PACTIOJI0KEHHBIX MO
OJIHYy CTOPOHY OT CE€YeHMs. 3HAaKU JCHCTBYIOIIMX CHJI U MOMEHTOB CIIEyeT ONpPEAeIsiTb B
COOTBETCTBUU C MPUHATHIMU IIpaBuiiaMu. HeoOXoauMo Haydn ThCS IPABUIILHO OMPEEIIATh



PaBHOZCHCTBYIONIYIO CHITy M M3THOAIOIMA MOMEHT OT PAaBHOMEPHO PaCHpeIeIeHHON 10 JUTHHE
0aJIK1 Harpy3KHu.

Cnenyetr uMeTh B BUY, YTO MPU ONPEIEICHUN HAPsDKEHUH, BOZHUKAIONMX IpU U3ruoe,
OPUHUMAIOT CIEAYIOIME JOMYUICHUS: CEUEHHUs IUIOCKHE 0 M3ruda OCTAaroTCs IUIOCKUMH U
nociue u3ruba (rumnoTesa MIOCKUX CEYEHMH); MPOJOIbHBIE COCEHNE BOJIOKHA HE JAAaBAT OJJHO Ha
JPYyroe; 3aBUCUMOCTb MKy HAIIPSDKEHUAMU U 1epopMaIusaMu THHETHasL.

Ilpu w3yuenun wu3ruba ciegyer oOpaTUTh BHUMaHuWE Ha HEPaBHOMEPHOCTH
pacmpeniesieHUsT HOpMaJlbHBIX HANpsDKEHUM B MoOMNepeyHoM ceueHuu Oanku. HopmanbHbie
HaIPsDKEHUS] U3MEHSIOTCS 110 BBICOTE IONEPEYHOrO CEYEHUS IPONOPLUOHAIBHO PACCTOSHUIO OT
HeliTpanbHOl ocu. Crenyer yMeTb ONpeAeNsaTh HANpPsHDKEHUS W3ruda, KOTOphIE 3aBHCAT OT
BEJIMUMHBI IEHCTBYIOLIETO M3TH0AIoNero MoMeHTa M# 1 MOMEHTA CONTPOTUBIICHUS CEUCHHUSI TPU
u3ruoe Wo (oceBoii MOMEHT COTIPOTHBIICHHUSI CCUCHUS).

Ycnosue npounocty npu usrube: o = Mu | Wo< [o]. 3nauerune Wo 3aBUCHT OT pa3MepoB,
(GOpMBbI U PacOI0KEHHUSI TONIEPEYHOTO CEUEHUSI OTHOCUTENIBHO OCH.

Hanuuue nomepeuHoil cuibl, AEHCTBYIOIIEH Ha Oaliky, CBA3aHO C BO3HUKHOBEHHUEM
KacaTeJbHbIX HANPSHKEHUN B IONEPEYHBIX CEUEHHUSX, a 10 3aKOHY NapHOCTU KacaTesIbHbBIX
HaNpPsHKEHUH - ¥ B IPOAOJIbHBIX ceueHusX. KacarenbHble HapspKeHUs ONpeeisoT o Gopmyie
. 1. Xypasckoro.

[lonepeynass cwia CcOBUTaeT pPacCMAaTpPUBAEMOE CEUYEHHE OTHOCHUTEIBHO CMEXHOTIO.
Wzrubaronmii  MOMEHT, CKJIQAbIBAIOIIMIICS M3 DJIEMEHTapHbIX HOPMAIbHBIX YCHIIWH,
BO3HUKAIONIMX B TIONEPEYHOM CEUEHUU Oaiku, IOBOPAYMBAET CEYEHHE OTHOCHUTEIBHO
CMEXXHOT0, UeM 1 00YCIIOBIIEHO UCKPUBJICHHE OCH OalIKH, T. €. €€ U3rHo.

Kornma 6anka HCHBITHIBAET YUCTHINA U3THO, TO IO BCEH MIMHE OaJIKKA MIIM Ha OTIAEILHOM €€
y4acTKe B KaXXIOM CEUEHUU [eHCTBYyeT M3rHOaloNMii MOMEHT IOCTOSIHHOW BEJIMYMHBI, a
norepeyHasi cuiia B JIF0OOM CEUYeHHMH JTAHHOTO ydacTKa paBHa HY/0. [Ipu 3TOM B momnepedHbIx
CEYEeHMX OalKy BO3HUKAIOT TOJILKO HOPMaJIbHbIE HAIPSKEHUSL.

JUist Toro 4To0BI TITy0)ke pa3o0paThest B (PM3MUECKUX SBICHHIX M3rH0a U B METOIHMKE
pelieHusl 3aja4 IOpU pacyeTe Ha MPOYHOCTh U IKECTKOCTh, HEOOXOJMMO XOpPOIIO YCBOUTH
TFEOMETPUYECKUE XAPAKTEPUCTUKU IUIOCKMX CEYEHUH, a MMEHHO: CTaTUYECKHE MOMEHTHI
CEYEHMI, MOMEHThI MHEPLIUU CEYEHUH mpocTeiell popMBbl U CI0KHBIX CEUEHUM, ONPEICICHHE
LEHTpa TSDKECTH (Uryp, IJIaBHbIE MOMEHTHl MHEpPLUU CEYEHUH W TJIaBHBIE OCH WHEPLHH,
LEHTPOOEKHBII MOMEHT WHEPIMH, MU3MEHCHHE MOMEHTOB HMHEpPIUU HIpPU IOBOPOTE OCEH,
TEOpPEMBI O TIEPEHOCE OCEH.

IIpy wm3yueHum »5TOro pasjaena CIEQYeT HAYYUTbCS IPaBUIBHO CTPOUTH SIIOPHI
U3rHOAIONIMX MOMEHTOB U TIONIEPEUHBIX CHJI, ONPEIENIATh OMAaCHbIE CEUEHUS M JICHCTByIONME B
HUX HampsbkeHus. [lomMuMo ompeneneHus HANPsDKEHHWM ClelyeT HAayduThCS OMpeessaTh
nepeMereHus (mporuosl Oanku) mpu u3rude. (s satoro mcmonbzyercs muddepeHimaibHoe
ypaBHEHHUE U30THYTOM ocH Oanku (ynpyroil JMHUM), 3alIMCAaHHOE B OOIIEM BHU/IE.

Jlnst onpeneneHuss NporuOoB MPOBOJUTCS MHTEIPUPOBAHUE YpaBHEHUS YIPYroi JIMHUH.
IIpu sTOM crenyeT MpaBUIIBHO ONpPEAENATh MOCTOsSHHBbIE MHTerpupoBaHus C u D ucxons us
yCIIOBHI onupaHus 6anku (rpaHWYHBIX ycioBuif). 3Has BenuuuHbl C uD, MOXHO onmpenenuTh
yroJl MOBOPOTa U Mporud Jr000ro ceueHus 6anku. M3ydeHne CiIoXHOTO COMPOTUBICHUST OOBIYHO
HAYMHAIOT C KOCOTO U3Tuoa.

SIBnenne kocoro wu3ruba OCOOEHHO OMACHO JJIsi CEUEHUHW CO 3HAYUTEIBHO
OTJIMYAIONIMMUCS JPYyr OT Jpyra TJaBHBIMU MOMEHTaMHU HHEPLHH; OATKU C TAKUM CEUYECHHUEM
XOpoIIo paboTaloT Ha U3rHO B MJIOCKOCTH HAMOOJBINEH >KECTKOCTH, HO Jaxe MpHU HeOOJIbIIMX
yriax HakKJIOHA IUIOCKOCTH BHEIIHHUX CHJI K IUIOCKOCTH HAWOOJIBIIEH >KECTKOCTH B Oankax
BO3HUKAIOT 3HAYUTEIbHBIC JOMIOJHUTENbHBIE HANpshkeHUs U nedopmanuu. J{ns 6aaku Kpyrioro
CEUYEHHS] KOCOW M3TM0 HEBO3MOKEH, TaK KaK BCE LIEHTPAIbHBIE OCH TAKOTO CEYCHUS SBISIOTCS
[JIABHBIMM U HEUTpaJIbHBIM CJI0M Bcerga OyaeT NEepHeHAUKYISPeH IMJIOCKOCTH BHEUHUX CHUJL.
Kocoit n3ru0 HeBo3MOXKeH U 111 OaIKU KBaJIPaTHOTO CEYEHUS.



IIpu ompeneneHuyn HaANpPsHKEHUW B Clydae BHELIEHTPEHHOI'O PACTSDKEHMSI WIIM CXKATHUs
HE00X0/IMMO 3HaTh MOJOKEHUE IJIaBHBIX LEHTPAJIbHBIX OCEM CEYEHHS; MMEHHO OT 3THX OCei
OTCUUTBHIBAIOT PACCTOSIHUS TOYKU IPHIOKEHUS CHIBI U TOYKH, B KOTOPOM ONpPENEISAIOT
HaIPSDKEHUSL.

[IpunosxeHHast PKCLIEHTPUYHO CKUMAFOILASI CHJIA MOXKET BbI3BaTh B IIONEPEYHOM CEUEHU U
CTEp’KHS pacTATMBAIOIIME HANpsDKeHUs. B CBs3M ¢ 3TUM BHEIEHTPEHHOE C)KaTHE SBISETCS
0COOEHHO OMAaCHBIM JUISI CTEPKHEH U3 XPYNKUX MaTepHalioB, KOTOPBIE c1ab0 CONMPOTUBISIOTCS
PaCTATUBAIOIMM YCUITUSM.

B 3akitoueHue cruegyeT U3Yy4UTh CIydadl CII0XKHOTO CONPOTHUBIEHMS, KOTZJa TeEJo
UCIBITBIBAET OJHOBPEMEHHO HECKOJIBKO Je(opMaluii: Hampumep, HU3rM0 COBMECTHO C
KpY4EHHUEM, PACTKEHHE-CKAaTHE COBMECTHO C U3ruOoM u T. A. [Ipu 3TOM cnenyer uMeTh B BUAY,
YTO U3rHOarNye MOMEHTHI, JEHCTBYIONME B Pa3IMYHBIX MNIOCKOCTSIX, MOTYT CKJIAJIbIBaThCA KaK
BEKTOPBI.

IIpuMep pemieHusi 321244 HA TeMY «IPSAMOM MonepeYHbIH H3rud>»

Jlins 3amaHHOM cxeMbl Oaiku (puc. 4.1) TpedyeTcs HamcaTh BRIPaKEHUsS] BHYTPEHHUX
rornepevHsiX ¢l Q U M3rndarommx MOMEHTOB Mu ISl K&KJIOT0 ydacTka B 00IIeM BUJIE,

OCTPOUTH 3M0pbl Q U Mu, Haitn M X i o 106paTh CTATBHYIO IBYTABPOBYIO GAJIKY C

u

ykazaHueM e€ Homepa. JlomyckaeMoe HarpspKeHHe Ha H3TU0 TIPHUHSITH [T ]=150 MIla.

3HaueHUs MOMEHTOB COMIPOTUBICHUS cedeHus pHu n3rn6eWs st 6aJok JBYTaBpOBOTO CEUEHUS
(TOCT 8239-89).

Ucxonusie nanueie: a = 3,2 m,b =4,4 mc =2,4m, [ = 13 m,
M= 10«xHm, F = 13 kH, ¢ = 16 xH/m.

I I Il \Y
q F M Ri
A Qe (

a b

Rll

Pucynok 4.1
Pemenne:

1. Onpenenum onopHsle peakiuu R1 u R2 :
> Y=0R-g-a-F+R -q-c=0 ;
2 Ma (Fi )=0;

R 0,5qa°+Fa—M+qc(l-0,5¢) _

I-C

2
~0,5.1632.13.32 10 416 24(13 05 - 24) =535 «H.
13-2,4

Ri=ga+F—R2+0qc=16-(3,2+2,4)+13-53,5=49,1 x




ITposepxka: 2.ms (Fi)=0 .
_Ri(1-c)+ga(l-c—05a)+F(l-c—a)+M-05qc :=
=—491(13 _ 2 4116 - 3,2(13 — 24— 05 -32)+16(13 — 2,4 —32)+10 —05-16 24 *=0

OnopHbIe peakIiuy HaliIEHbI BEPHO.

3. Haiinem 3HaueHHs M3ru0aronmx MOMEHTOB My 1 monepedyHbIx cui Q Ha
KOHIIaX Y4aCTKOB HArpyXEHHUsI METOJIOM CEUCHHUS.

| Vuacmox (puc. 4.2): 0<z La,
b g Yl e
Rl \ o

e Z1 - /Mm

Pucynoxk 4.2

Ql =R - Z
M =RYY 2,
ul 11 0,50z
npuz1 =a=3.2m, 2 = R T02=491-16-32=-21 sz,
M.a =Ri-a-0,50a. =49,1.-32-0,5:16-3,22 =752 «H.
Il Yuacmox (puc. 4.3): 0<z 2S a-+ b,

| q F oyl
R: 4

npu z1 = 0,

F——

Z2

Pucynok 4.3

Q. =Ri —qa-F=49,1-16-3,2-13=-151 xp:

Mu2 =Ri-22 _qa(z, —0,5a)- F (2 —a)

npu z2 = 3,2 m,

M , - F\Z a—qa(a-0,5a)-F (a —a)=49,1.3,2-16 -3,2(3,2-0,5-3,2)= 75,2

xHwm,
npuz2 =7,6 m,

M,,=49,176 -16 -3,2(7,6 — 05 -3,2)-13(7,6 —32)=8,76 «xHu.
IV Yuacmox (puc. 4.4): 0<24 <c



Pucynok 4.4
Q =0z,
M =-0,5qz 2’
uld 4
npu za =0, Qs =0, M4 =0,
24y Q=1624= 384,

npu 24 =
M ,=-0516-2,4 ?=-46,08 rH.
1 Yuacmox (puc. 45) : c <2z <l—a—-Db ( S5,4)
2,4<7;

yi R{
Z, AT

J—1
—l

Z3

|

|

A

Pucynok 4.5

Q=¢gc—R=16-24-535=-151 4
M3 =—qc(z3,-0,5¢)+ Ra (23 —c).
npuzz=24,  w=-16-2,4(2,4-0,5-2,4)+ 53,50 = 46,08 xHu.

npuzs=54y M,;=-16 2454 —05 24)+535(54 —24)= 0,78 u

Onpenenum KoopAUHATY cedeHust Z™  mpu kotopoii Q =0um M =max.
1 1 ul
R — qZ max = 0
11
49 1

max _ —_—
Z

1 o q1 = 16 =3,07 m.
M™% =Ry -z1m —0,5q(z4™ )2 =49,1-3,07-05 16 - 3,07 2 = 75,3 xH.
W3 noctpoenHsIx dmrop (puc. 4.6) BUIAHO, UYTO OTIACHBIM SIBJISICTCS CEUCHHE,

pacmnonoxeHHoe Ha 3,07 M OT JIeBOTO KOHIIA OaJKu ¢ M™%, =753 xHum.
Onpenenum MUHUMAITBHO HEOOXOIMMBI MOMEHT COMPOTHBIICHUS CEUCHUS OATKU

npu usrude W, | i3 yci0Bus IPOYHOCTH 10 HOPMAILHBIM HAIIPSKEHUSM.

Wan = MJ™ = 753 -10° _ 502050 03

[o] 150

Hasnagaem nByraBp Ne33 (I'OCT 8239-89) ¢ oceBbIM MOMEHTOM COMTPOTHBIICHHUS

ceuenns Wy = 597 exl.



/ /! VA v
R | 7 F py A’z‘ 7
A T ( B
a=32 M b=t 4 M a=30 M =24 M
\ 4917 Jmpa nonegesksix cug 8 kH
\\ 87 |
7 o
Zw=307 1 ! bl
i Jmpa uzzuoauiux MomeHmol Msz kM
753752
AN
AT TN
/ N
N
/ \
/ N
/ \
D ||\
876
0
a78
S,
N\
Pv1|cyH0K 4.6 \,/ 4608

Bonpocwt u 3a0anusn:
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BBenenune
MGTOIII/ILIGCKI/IG yKa3aH1/m U 3adaHUS 1J1 BBIITOJIHCHU A CaMOCTOﬂTeHBHOfI pa6OTI>I CTyILGHTaMI/I

no nucuuriuHe « CTpouTeNbHass MEXaHUKay M0 HaIpaBIeHUIO MOAroToBKU OakanaBpos: 07.03.03
Jn3aiiH apXUTEKTYpPHOU CpPEJIBL.

Metoandeckoe mocodue CoIEP>KUT BECh HEOOXOUMBI MaTepual sl BHITOTHEHUS
CaMOCTOSATENLHOM PabOTHI 110 AUCTUTUIHHE « CTPOUTETbHASI MEXaHUKa)»

B nanHOM MeToaMUYECKOM IMTOCOOUH TPUBEIEHBI TEMBI U BOITPOCHI JJISl CAMOCTOSTEIHHOTO
W3y4YEHHUS.



1. OOmas xapakTepucTHKA CaAMOCTOSITeJIbHOI padoThl CTyeHTA

CaMmocrositenpHass paboTa — 3TO BHJ Y4eOHOW JEATEIBHOCTH, BBITOJHICMBIA ydammmcs 0e3
HEIOCPEICTBEHHOI0 KOHTAKTa C IPENoJaBaTelIeM WJIM YIPaBIIIEMBbIil [IPENOIaBaTEIEM OIOCPENOBAHO
yepe3 crenuaibHble yueOHble MaTepHalibl; HEOTHEMIIEMOE 005S3aTeIbHOE 3BEHO Ipoliecca 00ydeHus,
peaycMaTpUBalollee MpekIEe BCEro HHIMBUAYaJIbHYIO paboTy ydalmmMxcsi B COOTBETCTBUH C
YCTaHOBKOM IpernojaBaTelis uin yueOHuKa, IpOorpaMMbl 00ydeHus.

Ha coBpeMeHHOM 3Tare caMOCTOSITENBbHYIO pabOTy CTyJIEHTa CleayeT pas3lieiuTh Ha paboTy c
OyMaXHBIMH HWCTOYHUKAMU HWHGPOpPMAIUKM, T.e. YYCOHHMKAMH, METOJWYECKUMH ITOCOOUIMHU,
MOHOTpapusIMH, XypHaJaMHd M T.A. U DJIEKTPOHHBIMM HMCTOYHHKaMH WH(pOpMaIuu, T.€. AOCTYN K
3JIEKTPOHHBIM pecypcam uepe3 MHTepHeT.

CeromHsi CaMOCTOSITENTBHYIO Pa0OTy CTyZIEHTa HEBO3MOXKHO IPEACTABUTH 0€3 HCIOJIB30BAHMS
uHpopmarmonnor cetu — WurepHer. HeoOxomumocTs ucmonb3oBaHus MHTEepHETa BO3HUKAET HE
TOJIBKO IIPU MOATOTOBKE K IMPAKTUYECKUM U CEMHHAPCKUM 3aHATHSAM, HO, B OOJbILEH CTENEHHU, IPU
HAIMMCAaHUM PA3MYHBIX UCCIEA0BATEIbCKUX U TBOPUECKUX paboT. MHOTHE COBpeMEHHbIE MOHOTpaduu,
NEePUOJUYECKUE KYPHAJIbl U3JaHbl TOJBKO B AJIEKTPOHHOM BHJE M C HUMU MOXHO IO3HAK OMUTbHCS
TOJBKO B IHTEpHETE.

Hearn w 3agaum caMoCTOATeJIbHOW  paGoThl:  (OpMUPOBAHHE  CIIOCOOHOCTEH K
CaMOCTOSITEJIbHOMY MO3HAaHUI0 W OOY4YEHHIO, IMOHMCKY JHUTEepaTypbl, 00OOLIECHUIO, OQOPMIICHUIO U
MPEACTABICHUIO IIOJIYYEHHBIX pe3ylbTaTOB, HMX KPUTHYECKOMY aHaJM3y, IIOMCKY HOBBIX U
HEOPAMHAPHBIX pELICHUM, apryMEHTUPOBAHHOMY OTCTAaMBAHUIO CBOMX IPEUIOKEHUNM, YMEHUU
MTOATOTOBKH BBICTYIIJIEHUH U BEJEHUS JUCKYCCUM.

IlepeyeHb mNIAHHPYeMBIX Ppe3yJbTATOB O0y4YeHHMsl 1O [JAUCHUNJIMHE, COOTHECEHHBIX €
IJIAHUPYEeMbIMH pe3yJbTaTaMH 0CBO€eHHUs 00pa3oBaTeIbHOIl MPOrpaMMbl

Komnerenuus YpoBHU cPOPMUPOBAHHOCTU KOMITETECHIIU (1)
WH), UHIUKATO MunuMaIbLHEI o
(um), P MuHHUMAaJIbHBIA . .
(B1) YPOBCHB HC YPOBEHD Cpennuit Bricokuii
JOCTUTHYT (YIOBIICTBOPUTED YPOBEHB YpOBEHB
(HeynosnerBopuren Y H0) P (xoporo) (oTIMuHO)
BHO) 4 Gama 5 6amioB
2 Garia 3 Oamna

Komnemenyus: OIIK-4. CiocoOeH MpUMEHATh METOIMKH OTIPEICTICHUsI TEXHUYECKUX IMapaMeTPOB
MIPOCKTUPYEMBIX OOBEKTOB

Pe3ynbrathl He criocoben YactuuHo Criocoben Crioco6eH B
o0y4yeHus 1o BBINTOJTHSATD crocoOeH BBINTOJTHSTD MIOJIHOM Mepe
JTUCLUTUTNHE: CBOJIHBIM aHAJINU3 BBITIOJIHATH CBOJIHBII aHATU3 | BBINOJHATH
WuauxaTop: WCXO/IHBIX JIaHHBIX, | CBOJHBIM aHANN3 HCXO/HBIX CBOJIHBIN aHAJHN3
na-1 JAHHBIX 33IaHKS HA | UCXOJHBIX JIAHHBIX, | TAHHBIX, JAHHBIX | MCXOIHBIX
MIPOCKTUPOBAHUE JTAHHBIX 3aJaHUS 3a/laHus Ha TAHHBIX, TAHHBIX
CpPEIOBBIX OOBEKTOB | Ha MPOCKTUPOBAHUE | 3aJaHUS Ha
Y KOMIUJIEKCOB, U UX | MPOEKTHUPOBAHKE CPEIOBBIX MIPOEKTUPOBAHKE
HAIOJIHEHUS U CPEIIOBBIX 00BEKTOB U CPEIIOBBIX
MAaHHBIX 3aJaHUsI HA | OOBEKTOB U KOMILIEKCOB, 00BLEKTOB U
pa3paboTkKy KOMILJIEKCOB, U KX | X HAIlOJHEHUSA U | KOMILIEKCOB, U
MPOEKTHOM HAIOJHEHUS 1 JTAHHBIX 33JaHUS | UX HATIOJHEHUS U
JOKYMEHTAIUU. JAHHBIX 3aJaHUS Ha pa3paboTKy JTAHHBIX 3aJaHUS
[TpoBoauTH MTOKCK Ha pa3padoTKy MPOEKTHOM Ha pa3padoTKy
MIPOEKTHOTO MIPOEKTHOM JOKYMEHTAIUH. MIPOEKTHOM
pelieHus B JIOKyMEHTAIMH. [TpoBoauTh JIOKYMEHTAIWH.
COOTBETCTBUU C [IpoBOIUTH MOUCK | MOUCK [TpoBouTH




0COOCHHOCTSIMHU MPOEKTHOTO MPOEKTHOTO TTOUCK
MPOEKTUPYEMOTO pelieHus B pelieHus B MIPOEKTHOTO
o0beKTa COOTBETCTBUH C COOTBETCTBUHU C peuieHus B
APXUTEKTYPHOMN 0COOCHHOCTSIMU OCOOCHHOCTSIMH | COOTBETCTBHU C
cpenpl. IIlpoBoguTe | MpoekTHpPYEMOTrO IPOEKTUPYEMOT0 | OCOOCHHOCTSAMU
pacy€T TeXHUKO- o0BeKTa o0BeKTa MIPOEKTUPYEMOTO
SKOHOMHYECKUX ApXUTEKTYpHOI ApXUTEKTYpPHOUI 00BeKTa
rokasaresnen cpensl. [IpoBoauTh | cpenpbl. APXUTEKTYPHOI
[peaaaraeéMoro pacy€T TEXHUKO- IIpoBoauth CpeablL
MIPOEKTHOTO HKOHOMHUYECKHX pacuér rexuuko- | [IpoBoauTh
peLIEHUS. roKasaTesen SKOHOMHYECKUX | pacy€T TEXHUKO-
npeagaraeéMoro nokasarenei SKOHOMHUYECKHUX
IIPOEKTHOTO peaIaraéMoro roKasaresen
peleHus. MPOEKTHOTO MpeagaraeMoro
peleHus. IIPOEKTHOTO
pereHusl.

-2 He criocoben YacTuyHo CrocobeH Crioco0OeH B
MPUMEHSTh croco0eH BBIOMPATH IIOJIHOM Mepe
00BEMHO- MIPUMEHSITh MPUMEHSTH MIPUMEHSTh
MPOCTPAHCTBEHHbIE | OOBEMHO- 00BEMHO- 00bEMHO-

U TEXHUKO- MPOCTPAHCTBEHHbIE | MPOCTPAHCTBEHH | MPOCTPAHCTBEHH
SKOHOMUYECKHE 1 TEXHHUKO- bl€ U TEXHUKO- bl€ U TEXHUKO-
TpeOoBaHUS K SKOHOMHUYECKHE SKOHOMUYECKHE | SKOHOMUYECKUE

OCHOBHBIM THUIIAM
CPENOBbIX OOBEKTOB
1 KOMILIEKCOB,
BKJIIOYas
TpeboBaHus,
oTpesieNiieMble
(GyHKIIMOHAIbHBIM
Ha3HAYCHUEM
MIPOEKTHUPYEMOTO
00BeKTa U
0COOECHHOCTSIMH
y4JacTKa 3aCTPOHKH,
a Take TpeboBaHus
obecneyeHus
6e30apbepHOit
Cpelibl
JKA3HEIEATEILHOCTH
. OCHOBBI
MIPOCKTUPOBAHUS
KOHCTPYKTHUBHBIX
peneHnii 00BEKTOB
APXUTEKTYPHOU
cpenbl. OCHOBBI
MIPOCKTUPOBAHUS
CPEIOBBIX
COCTABIISIFOLIAX
ApPXUTEKTYPHO-
JM3alHEPCKUX
O0OBEKTOB U

TpeOOBaHUs K
OCHOBHBIM THUIIaM
CPEIIOBBIX
0OBEKTOB H
KOMILJICKCOB,
BKJTIOYast
TpeboBaHus,
ompeesieMble
(YHKIIMOHAJIBHBIM
Ha3HAYCHUEM
MPOEKTUPYEMOTO
00BeKTa U
0COOCHHOCTSIMH
ydacTka
3aCTPOMKHU, a
Tak)xe TpeOOBaHUS
obecrieueHus
0e30apbepHoit
Cpeb
KU3HEIEATEIHLHOCT
1. OCHOBBI
MPOSKTUPOBAHUS
KOHCTPYKTHBHBIX
peleHnit 00BEKTOB
APXUTEKTYPHOH
cpeabl. OCHOBBI
MPOEKTUPOBAHUS
CPEIIOBBIX
COCTABIISIOIIAX

TpeOOBaHUS K
OCHOBHBIM TUTIaM
CPEIIOBBIX
00BEKTOB H
KOMIIJICKCOB,
BKJTIOUAst
TpeboBaHuS,
ompeensieMble
(YHKIIMOHAJIBHBI
M Ha3HAYCHUEM
MPOEKTUPYEMOTO
0o0BeKTa U
0COOCHHOCTSIMH
y4acTka
3aCTPOMKH, &
TaKxe
TpeOOBaHUS
obecrnieyeHus
6e36apbepHOi
CpeIbl
KHU3HEJIEATEITHHO
ctu. OCHOBBI
POEKTUPOBAHUS
KOHCTPYKTHBHBIX
pelLIeHu
00BEKTOB
APXUTEKTYPHOU
cpeabl. OCHOBBI
MPOEKTUPOBAHUS

TpeOOBaHUS K
OCHOBHBIM THUTIAM
CPEIIOBBIX
00BEKTOB H
KOMILJICKCOB,
BKJTIOUast
TpeboBaHus,
oTpesieNisieMbIe
(YHKIIMOHAJIBHBI
M Ha3Ha4YCHHEM
MPOEKTUPYEMOTO
oOBbeKTa u
0COOEHHOCTSIMHU
y4JacTka
3aCTpPOMKH, a
TaKxKe
TpeOoBaHUS
obecrieyeHus
6e30appepHOit
Cpelib
KHU3HEACATEITHHO
ctu. OCHOBBI
MPOEKTUPOBAHUS
KOHCTPYKTHUBHBIX
peleHu
00BEKTOB
ApXUTEKTYPHOUI
cpeabl. OCHOBBI
MIPOCKTUPOBAHUS




KOMILJICKCOB,
BKJIIOYas,
OCBeEIIICHIE,
MHUKPOKJIUMAT,
aKyCTHKY, B TOM
YHUCJIE C YYETOM
noTpedHOoCTEH
MaJIOMOOMIBHBIX
TPYI TPaKJIaH v
i ¢ OB3
OCHOBHEBIE
CTpPOUTEIIbHBIC
MaTepHaIbI,
W3NS U
KOHCTPYKIIHH,
OOJIMIIOBOYHEIC
MaTepHuabl, uX
TEXHUYECKUE,
TEXHOJIOTUYECKHE,
JCTETHYECKHE U
AKCIUTyaTallUOHHBIE
XapaKTEPUCTUKHU.
OcCHOBHBIE
TEXHOJIOTUH
MPOU3BOJICTBA
CTPOUTEIBHBIX U
MOHTaKHBIX pa0oT.
MeTtoauku
MIPOBEICHUS
TEXHUKO-
YKOHOMHYECKHX
pacy€ToB
MIPOCKTHBIX
pELICHHUIA.

APXUTEKTYPHO-
JIM3aHHEPCKUX
00BEKTOB U
KOMILJIEKCOB,
BKJIIOYas,
OCBEILICHUE,
MHUKPOKJIMAT,
aKyCTHKY, B TOM
YUCJIE C YYETOM
noTpedHoCcTeH
MaJ0MOOMIbHBIX
TPYII TPaKIaH U
i ¢ OB3
OCHOBHBIE
CTPOUTEIbHBIE
MaTepHaIbl,
H3IEIINA U
KOHCTPYKIIHH,
00JIMIIOBOYHEIE
MaTepHuabl, UX
TEXHUUYECKHE,
TEXHOJIOTUYECKHE,
ACTETUYECKUE U
AKCILTyaTallHOHHBI

€ XapaKTepPUCTUKH.

OCHOBHEBIE
TEXHOJIOTUH
MPOU3BOJICTBA
CTPOUTENBHBIX U

MOHTAaXHBIX pa60T.

Metonnkun
MPOBEACHUS
TEXHUKO-
HKOHOMHYECKUX
pacy€ToB
MIPOEKTHBIX
pELICHU .

CPEIIOBBIX
COCTaBJISIOIIMX
APXUTEKTYPHO-
JIU3aHEPCKUX
00BEKTOB U
KOMILJIEKCOB,
BKJIIOUAs,
OCBEILICHUE,
MUKPOKJIUMAT,
aKyCTHKY, B TOM
YUCJIE C YYETOM
notpebHoCcTeH
Maa0MOOMIIbHBIX
TPYIII TPakJIaH v
i ¢ OB3
OCHOBHBIE
CTPOUTEIbHBIE
MaTepuallbl,
U3ICIUS U
KOHCTPYKIIHH,
00JINIIOBOYHBIE
MaTepHaIbl, UX
TEXHUUYECKHE,
TEXHOJIOTHYECKHUE
, OCTETHYECKHUE U
JKCIUTyaTallHOHH
bIC
XapaKTePUCTUKH.
OCHOBHBIE
TEXHOJIOTUH
MIPOM3BOICTBA
CTPOUTEIBHBIX U
MOHTAaKHBIX
pabot. Metoauku
MIPOBEACHUS
TEXHUKO-
DKOHOMHYECKHX
pacyéros
MPOEKTHBIX
pELICHHUI.

CPEIOBBIX
COCTaBJIAIOIIMX
aApPXUTEKTYPHO-
JTU3aNHEPCKUX
0OBEKTOB U
KOMILIIEKCOB,
BKJIIOYas,
OCBeEIIICHHE,
MHKPOKJIUMAT,
aKyCTHKY, B TOM
YHUCJIE C YYETOM
norpedHocTeH
MaJOMOOMIIBHBIX
TPYII TPaKIaH U
i ¢ OB3
OCHOBHBIE
CTPOUTEIbHBIE
MaTepHalIbl,
3NN U
KOHCTPYKIIHH,
OOJIMIIOBOYHEIE
MaTepHabl, UX
TEXHUYECKHE,
TEXHOJIOTHYECKHU
€, DCTETUYCCKHEC
u
AKCIUTyaTallHOHH
BIE
XapaKTEPUCTUKH.
OcHOBHBIE
TEXHOJIOTUH
MIPOU3BOJICTBA
CTPOUTENBHBIX U
MOHTAa>XKHBIX
pabor.
Metonuku
MIPOBEACHUS
TEXHUKO-
SKOHOMMYECKHX
pacyéroB
MPOEKTHBIX
pEIICHUH.




2. Ilnan - rpaduk BHIMOJTHEHHUS CAMOCTOSITEJIbLHOI pPadoThI

Ko Cpenctea u O0BEM 4acoB, B TOM YHCIIE
peanusyem TEXHOJOTUH CPC KonrtaktH | Bcero
BIX B OIICHKH as pabora
KOMITCTCHII U] IeATEIbHOCTH .
. CTY/ICHTOB
ni, mperoaBa
WHIUKATOP TeJIeM
a(oB)
3 cemectp ODPO
OIIK-4 CaMOCTOATENIBLHOE ColOecenoBanue 7,2 4 40
(na-1) M3Y4YCHHE JINTEPATYPHI
10 TEMaM
Ne 1-6
OIIK-4 IToxroroska k Otuér 54 0,6 6
na-1) HPaKTHYECKUM (YCTHBII)
3aHATUAM
Hroro 3a 3 cemecTp 12,6 5,4 18
Hroro | 12,6 54 18
4 cemectp O3D0
OIIK-4 CaMocTosTeENRHOE CobGecenoBaune | 17,2 4 40
(1a-1) H3YUYCHHE JINTEPATYPHI
10 TEMaM
Ne 1-6
OIIK-4 IToaroroBska x Otuér 5,4 0,6 6
(na-1) NPaKTHYECKUM (ycTHBIit)
3aHATHSIM
Uroro 3a 3 cemecTp 22,6 54 28
Hroro 22,6 5,4 28

3. MeToanyeckue peKOMeH/IAIHH 110 H3yYe HHI0 TeOpe THYE CKOr0 MaTe puaJia

3.1. Buo camocmoamensHoii pabomol: camocmosamesbHoe uzyuenue 1umepanmypl

W3ydyarp yuebHyto mucuumuinHy «CTpouTenbHass MeXaHMKa» pPEKOMEHIYyeTcs I0 Temaw,
MPEIBAPUTEIBHO 03HAKOMHUBIIMCH C COACPKAHUEM KaXKJIOW M3 HUX B IMpOrpaMMe JUCHUIUIHHBL [Ipn
TCOPECTUUCCKOM HU3YyUCHUU AJUCHUIIIINHBI CTYACHT MOOJDKCH  II0JIb30BATHCSA COOTBCTCTBYIOH_[Cﬁ
nutepaTypoii. [IpuMepHBIii IepeveHb TUTepaTyphl PUBEJICH B padoveii mporpamme

s Gojee TONHOTO OCBOCHHSI YU4EOHOTO MaTepuana CTyIEHTaM YHUTAIOTCS JIEKIUU I10
BOKHECUIIMM pasfesiaM M TeMaM YYeOHOW IMCHMILIMHBL Ha JeKIusX W3J1araroTcs W JICTAIbHO
paccMaTpuBarOTCs HauboJiee BaXKHBIC BOMPOCHI, COCTABJISIFOIIME TEOPCTHUSCKUH W MPAKTHUCCKUI
byHIaMEHT AUCIHUILIUHBL.

Hmozosvlit  npodykm:  KOHCHeKM — JIeKYuUll

Cpeocmea u mexnonozuu oyenxku: Cobecedosanue

Kpumepuu oyenusanun: OueHKa «OTIMIHOY» BBICTABISIETCS CTYACHTY, €CIIH B TIOJTHOM 00BeMe
W3Y4YeH KYpC JaHHOUW MUCIMILTAHBI U BBITOJHEHBI MPAKTUYESCKUE 3aIaHUS

OrneHka «XOpoIo» BBICTABISIETCS CTYIEHTY, €CIIM JOCTATOYHO MOJHO U3Y4YeH KypC JaHHON
JCIMILTAHBI U BBITOJIHEHBI MPAKTUYCCKUE 3aIaHUS

OneHka «yIOBIETBOPUTEIHLHOY» BBICTABISETCS CTYIACHTY, HEJIOCTATOYHO €CIIM TOJHO H3YydYeH
KypC JaHHOM JUCIUTIIMHBI U BBITOJHEHBI IPAKTUYCCKUE 3a/IaHUS

OHCHKa CHCYHOBJICTBOPUTCIILHO» BBICTABIIICTCA CTYACHTY, €CJIIM OTCYTCTBYIHOT 3HAHUA U
MPAKTHYECKHUE HABBIKU 110 IAHHOW TUCITUTUIHHE.



Tembl 1718 CaMOCTOSITEIbHOTO M3YYCHHS

OO1me NOHATHUSA U ONIPEAETCHHUSL.

JIuHUY BIUSHUS U MX IPUMEHEHHE JUI pacyeTa CTaTUYECKH ONPEIeIMMBbIX OaoK.
TpexmapHUpHBIE apKU U paMBbl.

[Tnockue cTaTHueCKU oNpeaAeaIuMble (hepMBbI.

[TocTpoenuie TMHUH BIUSHUS YCUIIUN B CTEPXKHAX (hepM.

Pacuer nmpeHrensHbIX GhepM.

ok wdE

3.2. Buo camocmoamenvnoii pabomol: 0020Mo6Ka K NPAKMUYECKUM Padomam

Hmozo6wlit npodykm: OTUET 110 IPAKTUIECKOMY 3aHATHIO

Cpeocmea u mexnonozuu OUeHKU: 3alUTa OTYETa

Kpumepuu oyenuganun: OueHKa «OTINYHOY BBICTABISETCS CTYIEHTY, €CITU B IIOJIHOM 00beMe
M3Y4YeH KypC JaHHOM AUCIUIUIMHBI U BBIIIOJHEHbI IPAKTUYECKUE 3aJaHus

OneHKa «XOpOILO» BBICTABISAETCA CTYACHTY, €CIIM JIOCTATOYHO IMOJHO H3Yy4eH KypC AAHHOMU
JUCHUIUIMHBI ¥ BBITIOJHEHBI MPAKTUYECKUE 3aTaHUS

OneHka «ynOBIETBOPUTENIBHO» BBICTABIAETCS CTYICHTY, HEIOCTATOYHO, €CJIM IOJHO H3Yy4YeH
KypC JTaHHOM JUCIUIUIMHBI U BBIIOJHEHBI IPAKTUYECKUE 3a/1aHUs

OneHka «HEYIOBIETBOPUTENIBHO» BBICTABIAETCS CTYACHTY, €CJIM OTCYTCTBYIOT 3HAHUS U
MPaKTUYECKHUE HaBbIKU MO JAHHOW TUCUHUIIIINHE

3.3. Buo camocmoamensbHoll padomol: nOO20MO6KA K 1A400PamopHbIM padomam

Hmozoebiii npodykm: 0TYET 10 JTAOOPATOPHOMY 3aHITHIO

Cpeocmea u mexnonozuu oyeHKu: 3alKTa OTYETA

Kpumepuu oyenuganun: OueHka «OTINYIHOY BBICTABISETCS CTYIEHTY, €CITU B IIOJIHOM 00beMe
H3Y4YCH KYypC IIaHHOfI JUCHUIINIMHBI U BBITTOJTHCHBI J1a60paT0prle 3alaHuA

OneHka «XOpoIlIo» BBICTABISIETCS CTYIEHTY, €CIIM JOCTaTOYHO MOJHO HW3Y4eH KypC NaHHOM
JUCHHUIINIMHBI U BBIITOJITHCHBI J'Ia60paTOpHI)IC 3alaHUuA

OneHka «yIOBIETBOPUTENBHO» BBICTABISETCS CTYICHTY, HEJIOCTATOYHO, €CIIU MOJHO H3y4YeH
KypC JaHHOM TUCHMIUIMHBI M BBIMIOJIHEHBI JJA0OPATOPHBIC 3aJaHUS

OrneHka «HEYIOBICTBOPUTEIHHO» BBICTABISICTCS CTYIACHTY, €CJIM OTCYTCTBYIOT 3HAHHS U
MPAKTHYECKHUE HABBIKY 10 TAHHOW TUCITUTUINHE

4. Me TOAUYECCKHNEC YKA3aHUA

1. Meroanveckne yKa3zaHUS JUIi [POBEICHHS MNPAKTHYECKHX paboT 10  JUCHHUIUIMHE
«CrtpouTenbHas MexaHuKa» cryeHTamu Hanpasienus noaroroBku 08.03.01 CtpourtenscTso.

2. Meromuueckne yKasaHHWs Ui NPOBEACHHUS JabOpaTOpPHBIX pabdOT MO JAUCHUIUIHHE
«CTpoutenbHas MexaHHuKay cTyaeHTaMu HanpasiaeHus noarotroBku 08.03.01 CtpoutenbCcTBo.

3. Meroanyeckue yka3aHHs Ui BBIIOJHEHMs] pacueTHO-rpaduyeckoi paboThl MO AUCHUIUIMHE
«CrtpouTenbHas MexaHuKa» cryneHTamu HanpasieHus moAarotoBku 08.03.01 CtpoutensCcTso.

5. MeToauuecKkue yKa3zaHHsl K IK3aMeHY

[Ipouienypa mpoBeneHUs HK3aMEHa OCYIIECTBISETCS B COOTBETCTBHH ¢ [lonokeHueM o
MPOBEJICHUU TEKYIIETO KOHTPOJIS YCIEBAEMOCTH M IPOMEKYTOYHOW aTTeCTallud OOyJaroIMXCs IT0
o0Opa3oBaTesIbHBIM IIPOrpaMMam Beiciero oopazoBanusi B CKOY.

B sk3aMeHaIMOHHBIN OWJIET BKITIOYAIOTCS TPH BOIIpoca (OJUH BOIIPOC I TPOBEPKU 3HAHUH U
JIBa BOITPOCA IS MPOBEPKU YMEHHUI M HABBIKOB CTY/ICHTA).

Jl1st moAroToBKH 1o 6unety oTBOAUTHCS 30 MUHYT.

[Ipr mOATOTOBKE K OTBETY CTYIACHTY IPEIOCTABISETCS TPABO IMOJIH30BAHUS CIIPABOYHBIMH
TabIMIaMu

[Tpu mpoBepke MPaKTUYECKOTO 3aJaHUsI, OIICHUBAIOTCS:

— 3HaAHUeE apameTpa;



— HOCJICAOBATCIIbHOCTE WU PAllMOHAJIbHOCTD BBIITIOJIHCHU .

Bormpocs! (3anaua, 3aanue) A TPOBEPKH YPOBHSA 00YIEHHOCTH

BOoo~NoTR~WDE
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0.

OcHoBHbIe 3a1aun TpeaMeTa «CTpouTenbHAs MEXaHUKa.

OnopHele yCTpOHCTBa, BUABI HATPY3OK.

Knaccudukaius coopy>KeHU U paCUETHBIX CXEM.

OcHoBHBIE pa3penaronme ypaBHeHUs « CTPOUTEIbHON MEXaHUKH.
ITnockast 1 IpOCTpaHCTBEHHAs CUCTEMA.

CrepikeHb, 000J104Ka, MIACTHKA-0IPEIe/ICHHE.

[IpuHIIMIT HE3aBUCUMOCTH ACHUCTBUS CUIIL.

['eomeTpuyeckast HE3aBUCUMOCTb CUCTEMBI.

CraTudeckoe OIpeieICHUE CUCTEM.

OnpeneneHne TMHAN BIUSHUA.

Kakue 3a1aum MOXXHO pelUTh C MPUMUPEHUEM JIMHUHN BIUSHUSL.
Marpuiia BIUSHUSA- ONIPEACIICHHUS.

Tpex mapHUpHBIE ApKU, paMBbl.

depmbl, Kak CTEP>KHEBBIC CUCTEMBI.

banounbie u KOHCOJIBHO-0a7109HbBIE (DEPMBI.

Mertofpl pacdera CTaTHUECKH ONPeIeTICHHBIX (hepM.

OpavHaThl TMHUHN BIUSHUA.

JIvHUY BIUSHUS [IAPHUPHO - ONEPTOM OaJIKH.

Jlnanm Bmustaus M u Q B ceueHHMSAX KOHCOJIbHOM OaJKH.

Jlunanu BmustHus M 1 Q B ceueHUSX OJTHOTIPOJICTHOM OaKH.

JluHuy BIUSHUS YCUIIMI B CEUEHUSIX TPEX MAPHUPHOU OaKu.

HyneBbie TOukH B TpeX MIAPHUPHBIX apKaxX U pamax.

[IpoyHOCTB CTPOUTENBHBIX KOHCTPYKIUWA. KpuTepun 1 OCHOBHBIE OLICHKH.
DNIeMEHTBI CTPOUTEIbHBIX KOHCTPYKITUM.

Junarpamma [Ipasis.

HopwmasnbHble 1 monepeyuHble CUITBI B TPEX MAPHUPHBIX apKax, KpUBas TaBICHHS.
MeTon AMHUN BAUSHUS IPU PACUETE CTATUYECKH ONPEETUMBIX CUCTEM.
Onpenenenne peakiiuy B paCliOPHbIX CUCTEMAX.

KruHemaTtnueckuii METO1 ONpeesIEHNs] YCHIIUHN.

CucremMa ¢ OJIHOU CTENEHBIO CBOOOIBI.

YcTaHOBUBIIMECS BBIHYKICHHBIE KOJIEOaHUSI.

CeiicMuueckue KoeoaHusl.

[Tonepeunslie kosiebaHus OaNKU C pacTpeIeICHHBIMY ITapaMeTPaMHU.
OCHOBHBIE BH/Ibl TUHAMUYECKUX HATPY30K.

UYto Ha3bIBaeTCS SBICHUEM PE30HAHCA.

[Tonepeunsie konebanus OANKK ¢ pacnpeeIeHHBIMHU TapaMeTPaMU.
JlaiiTe onpeneneHue CTENEHHOTO0 U CBOOOAHOIO KpydeHUSI.
OnpeneneHne NOHATHS CEKTOPAIbHOM IJI0MIaAd. TOUKa Ha3bIBAETCSl CEKTOPATIbHBIM IIOJIFOCOM.
OcHOBHBIE MOJIOKEHUS 6€3 MOMEHTHONW U MOMEHTHON TEOPUH 000T0YEK.
HunuHapudeckue 000I0UYKH KaK TeOMETPUUIECKIE (POPMBIL.

OCHOBHBIE MOJOXKEHUS ASPOPMAITMOHHON TEOPHUH TIITACTHIHOCTH.
[TonsTus penakcauuu.

ITpunuun Bonsrepa.

Onpenenenne CBOMCTB IJIACTUYHOCTH U MOJ3Y4E€CTH MaTEpUaJIOB.
®opmyna YeOyena.

[Tpunuun Jlarpanka B paBHOBECHBIX CHCTEMAX.

JIuHuY BAMSHUSA ONOPHBIX PeaKUi B KOHCOJIBHOM OaKu.

JluHuY BIUSHUS OMOPHBIX PEeaKIUi OJTHOMPONIETHBIX OaJIOK.

OCHOBHBIE TPYNIIBI Y3JI0B CTEPKHEBBIX CUCTEM
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Buipl cTep:KHEBBIX CUCTEM.

MCTOI[I)I ucciacaoBanuda yCTOfI‘-IHBOCTH CTCPKHCBLIX CUCTCM.

Onpenenenue yCUIHi OTHOMPOIETHON OaJIKU ¢ TOMOIIBIO TUHUN BIUSHUS (IeHCTBUE
COCPEIOTOYCHHBIX CHJI).

Onpenenenne yCUIHI OTHOMPOIETHON OAJIKH C TOMOIIBIO0 TUHUHN BIUSHUS (JIEHCTBHE PAaBHOMEPHO

pacrpeieIeHHON Harpy3KH ).

OnpeneneHre ONOPHBIX PEAKINi B TPEXIIAPHUPHBIX apKax.
Onpenenenrie BHYTPEHHUX YCUIIMMA B apKe MTPY TPOU3BOJIBHOM HAarpy3Ke.
Omnpenenenrie BHYTPEHHUX YCUIIMM B apKe MPU BEPTUKAJIBHOU Harpy3Ke.
VYpaBHeHUE pallMOHATBHON OCH TPEXIIAPHUPHOMN apKH.

IlocTpoeHne TUHUM BIUSHUA [IPU Y3JI0BOU Iepeladl Harpy3KHu.

MeTon nomycKaeMbIX HAMpPsHKEHU.

MeTton npuaenbHOro paBHOBECHS.

MeTton 1ByX MOMEHTOB.

MeTo 1 CTaTUYECKUX UCTIBITAHUM

3axoH ["aycca.

PacueT cTaTuuecku HEONPEAEIUMBIX CUCTEM CMEIIAHHBIM CIIOCOOOM.
PacueTt cTaTudyecku HEONpeIeIUMbIX CUCTEM KOMOMHUPOBAHHBIM CIIOCOOOM.

Pacuer KOHCTpYKIIMI MaTPUYHBIM METOAOM.
Pacuer cTaTnuecku HeONpeAeIMMBIX CHCTEM METOAO0M CHJI.

Pacuer cTaTnyecku HEOIPEAEIUMBIX CUCTEM METOA0M IIEPEMEILECHU.

[Ipenmer u 3a1a4n yCTOMYMBOCTH.

Kpurepuu onpesenenus ycTOM4UBOCTH YIPYTUX CUCTEM.

Y CTOWUMBOCTB CTEPIKHEN € PA3IMYHBIMUA KOHIIEBBIMH YCIIOBUSIMH UX 3aKPETLIICHUS.
Bripaxenue n3ru0aronmx MOMEHTOB U IIONIEPEYHBIX CUJI B KOHIIEBBIX CEYEHUSIX CTEPKHEH.
Y CTONYMBOCTE paM IIPU ACHCTBUM Y3JIOBBIX HATPY30K.

Onpenenenue nepeMeIeHil B CTEPKHEBOM CHUCTEME.

VYpaBHEHHE TPEX MOMEHTOB.

[IpenMer u 3a7a4n TUHAMUKHA COOPYKEHUH.

[Tonepeunsie konebanus 6aIKu ¢ pacnpeeeHHbIMI TapaMeTPaMHU.

MeTox KOHEUHBIX 3JIEMEHTOB.

Omnpenenenne npenenbHOro COCTOSIHUSA CUCTEMBI IIPU PACTSKEHUH — CKATUU.



CIIUCOK PEKOMEHIYEMOW JIUTEPATYPBI
OcHoBHas JIMTEpaTypa:
CrpouTtenpHas MEXaHHMKa U METaJUIMYeCKHe KOHCTPYKIMM MalMH : ydyeOHoe mocobue / B.A.
I'noros, A.B. 3aiines, B.IO. Urnartorun. - M. ; bepnun : Jupekrt-Menua, 2015. - 95 c. : uin.,
Tabin. - bubmmorp. B kH. - ISBN 978-5-4475-5266-4 ; To xe [DnexrponHusii pecype]. - URL:
/Ibiblioclub.ru/index.php?page=book&id=426940 (30.10.2016).
BeposiTHOCTHBIE METOJbl CTPOUTENBHON MEXaHUKUM U TEOpHUS HAJEKHOCTH CTPOUTEIbHBIX
KOHCTPYKIMH : yueOHoe mocoOue : 2-x yactsx / B.A. Ilmennukuna, I'.B. Boponkosa, C.C.
PexynoB, A.A. UypakoB ; Boarorpaackuii rocymapCTBEHHBIM apXUTEKTYPHO-CTPOUTEIbHBIN
YHUBEpCUTET, MUHUCTEPCTBO 0OpazoBaHus U Hayku Poccuiickoit @enepaunn. - Bonrorpan :
Bonrorpaackuii rocygapCTBEHHBIM apXUTEKTYpPHO-CTPOUTENbHBIA yHUBepcuTeT, 2015. - Y. L. -
92 c. : un., Tabmn., cxem. - bubmuorp. B kH.. - ISBN 978-5-98276-733-2 ; To e [DneKTpoHHBIH
pecypc]. - URL: //biblioclub.ru/index.php?page=book&id=434827 (30.10.2016).
CTpouTensCTBO W MeXaHMKa : KpaTkuil cmpaBounuk / B.B. JlemeneB ; MuHucrepctso
oOpasoBanus u Hayku Poccuiickoit @enepannn, denepanbHoe rocynapcTBEHHOE OIOHKETHOE
oOpa3oBaTelibHOE YYpeXJeHHUE BBICIIEr0 MpodeccuoHansHoro obpaszoBanus «TamOOBCKuit
rOCY/IapCTBEHHBI TEXHMUYECKUN yHUBepcuteT». - TamboB : M3marensctBo ®I'BOY BIIO
«TI'TY», 2015. - 244 c. : un., Tabn., cxeMm. - bubnuorp. B kH.. - ISBN 978-5-8265-1392-7 ;
To xe [DNeKTpOHHBIN pecypc].
URL.://biblioclub.ru/index.php?page=book&id=444650 (30.10.2016).

JlonoTHUTe IbHAS JIMTE paTypa:

Henunelinas wHKpemMeHTalbHas cTpouTenbHas wmexanwka / B.B. IlerpoB.M. : HWndpa-
Wmxenepust, 2014. - 480 c. - ISBN 978-5-9729-0076-3 ; To »xe [DnexTponHsIi pecypc]. - URL:
/Ibiblioclub.ru/index.php?page=book&id=234783 (30.10.2016).

CrpouTenpHasi MEXaHHWKa I apXUTEKTOpOB: y4eOHWK : B 2-x T. / F0.D. Cenunkwmii, A.K.
CunenbHUK ; MuHUCTEpCTBO OOpa3oBanus W Hayku P®, DenepanbHoe TrocyaapcTBEHHOE
OI0[DKETHOE 00pa3oBaTEeNIbHOE YYPEKICHHE BBICHIETO NPOPECCHOHAIBHOTO 00pa3oBaHUs
«CaMapckuil ToCyJapCTBEHHBIH apXUTEKTYpPHO-CTPOMTENbHBIN yHHUBepcuteT». - Camapa :
Camapckuii ToCyIapCTBEHHBIN apXUTEKTYPHO-CTPOUTENBHBIA yHUBepcuTeT, 2014. - T.II. - 280
c. ! mi. - bubnuorp. B kH. - ISBN 978-5-9585-0563-0 ; To e [Dnexrponnsiii pecypc]. -URL:
/Ibiblioclub.ru/index.php?page=book&id=256149 (30.10.2016).



