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Beenenne

Lenbt0 METOAMYECKHX YKAa3aHUH M0 M3YYEHHIO TUCHMIUIMHBI SBISIETCS 3aKpEIUICHUE U
yri1yOjieHUe 3HAHUHM, MOITYYEHHBIX IPU U3yYECHUH TEOPETHYECKOro MaTepualla 1o JUCLUILUIMHE
«MexaHnka (TeXHUYECKasi MEXaHHUKA)».

Ilesbro poBeACHUS IPAKTUUECKUX 3aHATUH SIBIIACTCA:

1. OO6oOmenne, cucTeMaTH3alys, 3aKPEIUICHHE MOJYYEHHBIX TEOPETHUECKUX
3HaHUI 110 TeMaM KOHKPETHBIM TPeOOBaHUIM JUCLUILUIUHEI

2. ®opmHpOBaHHE YMEHHI IPUMEHSATH MTOJyYCHHbIC 3HAHUS HAa IPAKTUKE

3. BblpaboTka ONTUMaNbHBIX pPEIICHUWA @pPU PELIEHUH NPaKTHYECKUX 3ajad
MPEeIMETHOM 00JIacTH

Benymeld nenplo NpakTUYECKUX 3aHATUH MO AuUCHUIUIMHE MexaHuka (TeXHUYecKas
MeXaHuKa) sBisercss (popMupoBaHHE TPOPECCUOHATBHBIX KOMIIETCHIMH W YMEHHHA —
BBINOJIHEHHUE ONPE/IEICHHBIX 1eHCTBUNA, HEOOXOJUMBIX B IPEAMETHON 00JIAaCTH.

Metoanyeckre yKa3aHHMA NpU3BaHBI oOecrednTh 3(PPEKTHUBHOCTH CAMOCTOSTEIHHON
paboThl CTYAEGHTOB C JHUTEPAaTypoOi, Ha OCHOBE PAIMOHAIBHOM OpraHU3alMd €€ H3y4YeHHUS,
00JIErYnTh TOATOTOBKY CTYIEHTOB K cJade JK3aMeHa, COPHUEHTHPOBATh MX B HAIpPaBICHUU
U3y4eHHsl MaTepHuaja MO IOCTaBJIEHHBIM BOIPOCAM, J1aTh BO3MOXKHOCTh OTpabOTaTh HABBIKU
cocTaBiieHUS ¥ O(GOpPMICHHS pa3NUYHBIX BHJOB JIOKYMEHTOB, KaK TIOJ KOHTPOJIEM
IpernoJiaBaTessl, Tak U CaMOCTOSITEIbHO.



IIpakTyeckoe 3ansaTHe 1

Tema 1: Onpenenenue KHHEMaTHUYECKUX XapaKTEPUCTUK TOUKH.
Lenb: gaTh CTYAEHTY 3HAHUS B 00J1aCTH OCHOB KMHEMATHKHU.
3HaTh: KMHEMaTUYECKHE XapaKTePUCTHUKU TOUKH, AuddepeHlranbHble YpaBHEHUS JBUKEHUS
TOYKH;
o011re TeopeMbl TUHAMUKU
YMeTb: BBIUUCIATH CKOPOCTHM M YCKOPEHHS TOUYEK M TOYEK Tela NP IOCTYNaTeIbHOM,
BpalllaTeIbHOM U TIOCKOM JIBUKEHUSIX
Axmyanonocms memvl 3aKIIOYACTCS B TNPUMEHEHUM 3HAHUM B O0JAacTH KUHEMAaTHUKUA Ha
MPaKTHKE.

Teopemuueckas yacme.

Knaccupukanus 1BMKEHUA TOUKH:

I. Ecniu B TeyeHue HekoToporo BpemeHu a, = 0 m adp = 0, TO TOUKa ABUIKETCS
PaBHOMEPHO U MPSIMOJIMHENHO;

2. Ecou B TeyeHue HEKOTOporo BpemeHu ad. # 0 m ap
HEPaBHOMEPHO U MPSMOIHHEITHO;

3. Ecim B TeueHme HekoToporo BpemeHu d, = 0 m a, # 0, TO TOYKa IBUKETCA
PaBHOMEPHO U KPUBOJIMHEHHO;

4. Ecnum B TedyeHue HEKOTOporo BpeMeHu d. # 0 mu ap, # 0, TO TOYKa JBHIKETCS
HEPABHOMEPHO U KPUBOJIUHEIHO.

Bujbl ABHKEeHHS TBEPAOro Tejia:

1. IIpocmetiwue 0sudicenuss meepoozo mena:

a. Ilocmynamenvnoe Osudcenue: NO00W OTPE30K Teja IMEPEMEIIaeTCsl MapajuieIbHO
camomy ceoe;

0. Bpawamenvnoe O08udiceHue 60Kpy2 HENOOBUMCHOU OCU: JIBE TOYKH, HEPa3PHIBHO
CBSI3aHHBIE C TEJIOM, OCTAIOTCS HEMOIBUKHBIL;

2.1Inockonapannenvhoe (niockoe) 0gudiceHue: Kaxaasi ToUKa Tea JABWKETCS B OJHOW U
TOM K€ TIOCKOCTH;

3.Cepuueckoe Osudicenue: ONHA TOYKA, HEPA3PHIBHO CBS3aHHAS C TEJIOM, OCTaeTCA
HETOJIBUKHA;

4.Ce0600H0e 0sudiceHue. 000 MepeMellleHUe Tejla HIYEeM He OIPaHUYEHO.

[TnockonapamnensHoe (TUIOCKOE), chepuuecKkoe W CBOOOJHOE IBUKCHUS SIBIISIOTCS
COBOKYITHOCTBIO ITPOCTEUIIINX JIBUKECHUM.

[Ipu nocmynamenvnom oOsudricenuu 6ce mouku mena ONUCHLIBAIOM OOUHAKOBblE (NpU
HANOJACEHUU COBNAOAIOwUe) mpaekmopuy U UMerom 6 Kaxicovlil MOMeHm 8peMeHU 0OUHAKOBbIE
1O MOOYIIO U HANPABIEHUI0 CKOPOCMU U YCKOPEHUSL.

[Tpu mocTymarensHOM ABM)KCHUH KHHEMATHYCCKUMH XapPaKTEPUCTUKAMHU TeJla SBIISTFOTCS
JTUHEHHAst CKOPOCTh U JIMHEHHOE YCKOPEHHUE 3TOTO Tela

[Ipu eépawyamenvnom Oeusrcenuu 1 ONPENEIICHUS TMOJIOKEHUS BpAIIAIOIIErocs Tena
UCTIONIB3YIOT IOHATHE Y20 nogopoma meia ¢ (PUCYHOK 5). YTOJ MOBOPOTA CBSI3aH CO BpEMEHEM
3aBUCHMOCTBIO, Ha3bIBAEMOU YpaBHEHHUEM BPAIATEILHOTO ABUKECHUS

p=f(t).

KunemaTnyeckuMu XapakTepUCTUKAMH BPAIIATEIBLHOTO JABUXEHUS SIBISIOTCS Ven06as

CKOpOCMb O U Y2l1080€YCKOPEHUE €.

0, To TOuYkKa IBHIKETCS
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Pucynok 5.
Yenosasn cxopocme Tena paBHa NepBOH NMPOM3BOAHOM MO BPEMEHHU OT yIyia MOBOPOTa

Tena
0=
dt
Bexmop yenoeoti ckopocmu HarpaBiIeH IO OCH BpAallleHUs Tela B Ty CTOPOHY, OTKyHa
BpallleHue BUAHO MIPOUCXOISIIUM MPOTUB XOJa YACOBOM CTPEJIKHU.
Yenosoe yckopenue tema paBHO NEpPBOM MPOU3BOJHOM OT €ro yrioOBOM CKOPOCTH WJIU
BTOPOIl MPOU3BOAHOM OT yIJia MOBOPOTA TeJla 0 BpEMEHU

do d?p
E=—=—F.
dt  dt?

Bexmop yenoeoeo yckopenus HampaBi€H MO OCH BpalIE€HUs B Ty XK€ CTOPOHY, 4YTO U
BEKTOP YIJIOBOM CKOPOCTH, KOT/Ia BpalleHUE YCKOPEHHOE, U B OOpaTHYIO CTOPOHY, KOTIa
BpallleHUE 3aMEIJICHHOE.

Benuuuna cxopocmu mouxku epawarowecocs mena paBHA TNPOU3BEICHHUIO YIJIOBOU
CKOPOCTH Ha PAaCCTOSIHUE OT TOUYKHU JO OCH BpalleHUS

V=w - OM

Bexmop cxopocmu mouku epawarowecocs mena HanpaBieH nepneHOUK)IsAPHO NPAMOI,
COEIMHAIONIEH 3Ty TOYKY C OChIO BpAlllEHUs, U HEePHeHOUKVIAPHO CAMOU OCU 8pAWjeHUs U
ompenensiercs mo ¢popmye Ditnepa

V=ow-T,
rae r — paauyc-BeKTOp, MPOBEACHHBIM W3 JIIOOOM TOUKH, JIeXkKAIle Ha OCH BpalleHHS, K
paccMaTpuBaEMOM TOUKE TBEPJIOTO Tea.

llonnoe yckopenue mouku epawarouje20cs mena pas3naraeTcss Ha JBE COCTABIIAIOLIUE:
spawamenvHoe (a,) U ocecmpemumenvHoe (d,), i ero BeINYhHA paBHA KOPHIO KBaJAPAaTHOMY M3
CYMMI)I KBaI[paTOB 3TUX COCTABJIAOIINX

2 2
a=qa, +a, .

Bpawamenvhoe yckopenue HaNpaBICHO B Ty JX€ CTOPOHY, YTO M CKOPOCTh, KOTJa
JIBUKEHHE YCKOPEHHOE U B 00paTHYIO CTOPOHY, KOTJa IBH)KEHUE 3aMeNIEHHOE.

Benuuuna spawamenvhozo yckopenusimouxku paBHA MPOU3BEICHHUIO YTIIOBOTO YCKOPEHUS
TeJa Ha PacCTOSIHUE OT TOYKH JI0 OCH BpallleHuUs

a.=¢- OM.

B BekTopHO# opme: &, =& xT .

Ocecmpemumenvhoe  yCKOpenue  HANPaBICHO K OCH  BpalleHWs.  Benuuuhna
ocecmpemMumenbHO20 YCKOpeHus moyKy paBHa MPOU3BEICHUIO KBaIpaTa yriIoBOW CKOPOCTH Tela
Ha PACCTOSTHUE OT TOYKH JIO OCH BPAIICHUS



a,=0" OM.
B BexTopHO# popme: A =@ - (@ - T).

Pucynoxk 6. Hanpapiienrie BEKTOPOB CKOPOCTH U YCKOPEHUM MPHU 3aMEITIEHHOM
JBUKEHUH BPAIIAIOIIErocs Tela.
Bexmop nonnozo yckopenus 11060t mouku epawjarouje2ocs meaa HanpasieH MO YoM
¢ K TMpSMOM, COEAMHSIONIEW 3Ty TOYKY C OCBIO BpalleHus. TaHreHc 3Toro yria paBeH
OTHOLICHUIO YTJIOBOT'O YCKOPEHUS Tela K KBaJApaTy €ro yrioBOoi CKOPOCTH

&
g9 =—.
@

IIpu naockonapannenvnom (nn1ockom) osuricenuu:

Bceskoe HenocTynarensHoe repeMenieHue mIOCKON GUrypsl B €€ MIOCKOCTH MOXKET OBbITh
OCYIIIECTBJIEHO KaK COBOKYNHOCTb IPOCTEHIIMXIBUKEHUN: nocmynamenbHo2o BMECTE C
BbIOpaHHOW TOYKOM (DUTYpBI, HA3bIBAEMOU MOIIOCOM U 6pauyeHus BOKPYT OCH, MPOXOAsIeH
yepes MOoJIoC.

KunematnyeckuMu XapakTepUCTHKAMU SBIIAIOTCS MTHOBEHHAs YIioBash CKOPOCTh ,
MTHOBEHHOE YTJIOBOC YCKOPEHHE € IUIOCKOH (UTYpbl, JIMHEWHAas CKOPOCTh W JIMHEHHOE
YCKOpEHUE, TOUKU BRIOPAHHOH 3a MOJIOC.

Pucynok 7. Onpenenenue ckopocTei Touek MI0CKON (QUTYpBHI.

®dopmyna pacnpeielIeHHs] CKOpocTel TOUEK MPH MII0CKOM JABMKEHUU(PUCYHOKT):
Vg =V, + Vg
rae V, — CKOpOCTb IONoca A;
V, — cKopocThb 1100011 Touku B;
Vj(— CKOPOCTB, KOTOPYIO IOJy4aeT To4ka B mnpu BpaweHnu miockoil ¢purypst BOKpyr
mojroca A;
Vae) =@ AB;

Bexkrop ckopoctb V)

Ckopocms 000U mouku B niaockou ¢uaypvl 2ceomempuiecku CKIAOvleaemcs u3s
CKOPOCMU KAKOU-HUOYOb OpY2oti MOuKU A, npuHAmMOU 3a NOaC, U CKOPOCMU, KOMOPYIO moyka B
noxydaem npu epawjeHuu Qpuaypsl 80Kpy2 9mo2o noocd.

NEPIEeHIUKYIIApEH npsiMoil AB.



Pucynok 8.

Jns ompeneneHus CKOPOCTEH IUIOCKOM (QUIypbl HCIONB3YIOT Hauboliee MPOCTOH U
yIOOHBII METO/, OCHOBAaHHBI Ha Mieopeme 0 NPOCKUUAX CKOPOCHIell 06yX MOYeK mena:
npoeKyuu cKopocmeti 08yX mMo4eK Ha 0Cb, NPOXOOAWYIO Yepe3 dMmu MOUKU, PasHbl Opye Opyay
(pucyHoK 8)

Vg COS 3=V, COScr .

Hpyroii mpocTo#t W HATJISIAHBIA CIIOCO0 OMpEIETICHUS CKOPOCTEH TOUEK TUIOCKON (PUTYPBI
(uu Tena npy IVIOCKOM JIBU’KEHUH ) OCHOBAH Ha IIOHATUU O MCHOBEHHOM YeHmpe CKOpOoCcmell.

Menosennvlii yenmp ckopocmeli — MOYKA, CKOPOCMb KOMOPOU 8 OAHHbIl MOMEHM
8peMeHU pasHa Hyio.

Ckopocmb mouex TUIOCKOM (UTYphl paBHa MPOU3BEICHUI0 MTHOBEHHOW YTJIOBOM
CKopocTH GUrypsI (@, pan/c) Ha paccrostaue oT Touku 10 MIIC (pucyHok 9, a)

vV, =w-PA,

rae PA — paccrosinue ot MLIC (1.P) 10 Touku A.

Bektop ckopoctu TIOCKOH — (QUTYPBl  Hanpasien  NepneHoOUKVIApPHO — NPAMOU,
coeauHsronIei 3Ty Touky ¢ MLIC, 1 Ie)KHUT B TNIOCKOCTH (DUTYPEI.
0)

Va
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Pucynok 9. HaxoxxneHue MTrHOBEHHOIO LIEHTPA CKOPOCTEM.

OTHolIEHNE BEIMYMH CKOPOCTEH TOYEK IUIOCKOM (PUryphl K pACCTOSHUIO OT 3TUX TOYEK
no MIIC sBasiercss BeIMYMHON MOCTOSHHOW Ml BCEX TOYEK IUIOCKOW (UIypbl M paBHO
MI'HOBEHHOMH YIJI0BOW CKOpPOCTH (UTYpHI (PUCYHOK 9, a U B)

\' \'
A_Als = B—BP =.=0.
Hnsa onpenenenus MLIC HeoOXoIuMO K M3BECTHBIM BEKTOpPAaM CKOPOCTEH ABYX TOYEK,
€CJIM OHM HE TMapajUleNibHbl, NIPOBECTH MEPHEHIUKYJIAPbl — TOYKAa IIEPECEUEHUs

neprnesaukyisipos Oyner MLC (1.P).
Ecnu BekTOphsl CKOpOCTeH JBYX TOYEK IUIOCKOM (UIypsl paBHBI ApPYr APYry H
pacnionaratorcs napamienbio, To MLC nHaxoaurcst B 06CKOHEYHO y/laleHHON TOuKe (PUCYHOK 9,

0).



Pucynox 10. Onpezenenne yCKOpEeHUH TOUEK MIOCKOH (GUTYPHI.
* Ha pucyHke CIUIOIIHAs IyroBas CTpENIKAa TOKA3bIBACT HANpPABJICHUE YTIIIOBOW CKOPOCTH ©
(HampaBiieHME BpalleHMs), a IYHKTUPHas — HalpaBjieHHE YIJoBoro yckopenus &. [lpu
YCKOPEHHOM BpallleHUH 00€ CTpesIK OyIyT HAIlpaBleHbl B OJJHY CTOPOHY, a MPH 3aMeJIEHHOM —
B pa3HbIE.
Jlist ompeneneHus YCKOPEHHUH TOYEK IUIOCKOW (Gurypsl (pucyHok 10, a) MCHOIB3YIOT
BBIpaXKCHHE

g =a,+ag,
TI€ a, — YCKOPEHHUE 1oroca 4,

a, — ycKopeHue o00i Touku B mnockoi Gpuryper;
A4y — YCKOpEHHUE, KOTOPOE I0JIy4aeT TOUKa B mpu BpallleHHH MI0CKOH (Guryps! BOKpyr

nostoca A.

Yckopenue nwobou mouxu B niockou ¢gueyper ceomempuuecku CcKkaaovieaemcs u3z
YCKOpeHus Kakou-Hubyob Opy2ou mouku A, npunamou 3a noac, u YCKOpeHus, Komopoe mouxka
B nonyyaem npu spawenuu gpucypl 60Kpye 5moz0 noaocd.

Ilpu pemennyn 3a1a4 Oosnee yIOOHO BEKTOP @y, 3aMEHHTH HAa €r0 COCTaBIIIOLIHC:

KacaTeJIbHYIO0 & p(4) U HOPMAIBHYIO &5+ (pUCYyHOK 10, 0), mosydast BEIpa)K€HUE CIETYIOIIETO
BUJIA
- = —7 —n
ap, =a,+a B +a B,
I71€ BEKTOP & p(4)HANPABIEH MEPHEHIUKYIspHO AB B CTOpoHY BpalleHHs, €CIH OHO
YCKOPEHHOE, U IPOTUB BPALLEHUS, €CJIM OHO 3aMEIJICHHOE U OIpEIeseTCs
-7
a B4)=AB - g
BEKTOp & "s(4) BCETJla HAIIpaBJIEH OT TOYKU B k moirocy A u onpenensercs
—n 2
a B4)=AB - o°.
Ecnu momtoc A nBMXETCS HE MPSIMOJIUHENHO, TO €r0 YCKOPEHUE MOKHO MPEACTABUTH KaK
CYMMY KacaTeJbHON @ 4 W HOPMAIBHON @4 COCTABISIOIINX, TOT/A
— —7 —n —7 —n
Ap =a 4+a 4+a B)+a B).
Ecmn Touka B nBHXKeTCS KPUBOJMHEHHO M €€ TPAaeKTOPUS HM3BECTHA, TO a, MOXKHO
MPEACTaBUTH B BUJIE CYMMBI KacaTeIbHOM U HOPMAJIbHOM COCTaBIISIOIINX
— —7 —n
a, =a B+a B.
[Ipu HemocTymaTelbHOM ABWKEHUW TUIOCKOH (UTYPHI IS OMpENeiIeHUs] YCKOPEHUH
UCIIONB3YIOT OHATUE MeHO8eHHblU YyeHmp yckopenuti (MLLY).



Pucynok 11. Onpenenenue MrHOBEHHOTO IIEHTPA YCKOPEHHI.

Menosennvtii yenmp ycxopenuti (Q) — mouka, yckopenue KOmopou 6 OAHHbIL MOMEHM
8peMeHU pasHa HyJo.

[Tono>xeHne MrHOBEHHOro ILeHTpa yckopeHuit Q (pucyHok 11) onpenensiercs
dbopmynamu:

&
tga = —

g Py
AQ=——2a

Vet + ot
OtkiazpiBaeM yroi o OT YCKOPEHUs @, (B CTOPOHY MTHOBEHHOI'O BPAIIEHUs, €CJIH OHO
YCKOPEHHOE, ¥ B MPOTHUBOIOJIOXHYIO CTOPOHY, €CIM OHO 3aMEeIJICHHOE), IOoJlydaeM
MOJIYIIPSIMYIO, Ha KOTOpOM Ha paccTosHuu AQ JIeKUT MIHOBEHHBINM IEHTP YCKOpeHuil Q
(pucyHok 11, a).
Eciin MrHOBEHHBIN LIEHTP YCKOPEHUN MPUHSATH 3a MOJIIOC, TO YCKOpEeHUe I000ii Touku B
wiockoi ¢urypsl (pucynok 11, 6) onpexnensiercs mo popmyie

a, =BQJe* +o" .

Yckopenus mouex nnockoii gpuzypvl onpedensitomces 6 OaHHbINL MOMEHM 8peMeHU MAK,
Kak ecau Ovl 0sudiceHue guypsl 6b110 pawjeHuem 60Kpy2 MeHO8EHH020 yeHmpa yckopenuti Q.
OTHoIlIIEHUE BETUYNH YCKOPEHUI TOYEK IMIOCKON (PUTYyphl K PACCTOSHUIO OT 3TUX TOYEK
1o MILY onpenensercss OTHOIIEHUEM
B _ B _ [T
BQ AQ
Ycexkopenuss mouex  nnockoii  gucypvl  nponopyuoHanbHul  UX  PACCMOSHUAM — OM
MSHOBEHHO20 YeHmpa CKOpOCWl@IZ.

Bonpocwt u 3a0anusn:
1. Yro uzyuyaer KuHemMaTHKa?
2. Tlepeuncaure ciocoObl 3aaHUs ABHXKEHHS TOUKH.
3. 3ammmmre QopMyny omnpeAeNeHHs TIOJHOTO YCKOPEHHS TOYKH, JBIDKYIIEHCS
BpallaTesbHo.
4. JlaiiTe omnpejeieHre MTHOBEHHOTO IIEHTPa YCKOPEHHSI.

10



IIpakTH4eckoe 3ansTHE 2
Tewma 2: [lnockonapaiensHOE ABUKEHUE TBEPIOTO TEa.
Lenb: mproOpeTeHre YMEHUH MPUBOINTH IUIOCKYIO MPOU3BOJIBHYIO CUCTEMY CHII K 33JJaHHOMY
HEHTPY.
3HaTh: peaKluu CBSI3EH,
YCJIOBHI paBHOBECHS TUIOCKOM U MPOCTPAHCTBEHHOM CUCTEM CHIJI,
YMeThb: COCTaBIATh U PEIIaTh YPaBHEHUS PABHOBECHS;
AxmyanoHocms membl OOBSICHIETCS CBEJICHUEM CHUCTEMBI ¢ HECKOJIBLKHUMH CHJIAMH K 3aITaHHOMY
LEHTPY, TEM CaMbIM YIIPOIIasi CXeMY U pacuer.

Teopemuueckas wacmo.

1. PaccmMoTpuM  NOpPOM3BOJIBHYIO  CHCTEMY  CHJI (Fl’FZ’ Ces ,Fn ).BLIGepeM

MPOU3BOJBHYI0O TOUKy (O 32 IEHTp NPUBEICHHUS U, BOCIOJb30BABIINCH  TEOPEMOH O
napajuIeIbHOM TEPEHOCE CHUIIBI, TIEPEHECEM BCE CHJIBI CHCTEMBI B JIAaHHYIO TOYKY, HE 3a0bIBast
IIPU MEPEHOCe Kax A0 CHIIbI T0OaBISATh MPUCOECIUHEHHYIO Mapy CHUIL.

[TorydeHHYI0 TakUM 00pa3oM CHUCTEMY CXOJSIIMXCS CHJI 3aMEHUM OJTHOM CHIIOW R,
PaBHOI IIaBHOMY BEKTOPY MCXOJIHOM cucTembl cuil. OOpa30BaBIIyIOCS MPU IEPEHOCE CUCTEMY

—

1ap CWJ 3aMEHUM OJHOW Iapoil ¢ MOMEHTOM M 0 > PaBHBIM r€OMETPUYECKOH CYMME MOMEHTOB

Bcex map cuil ( T.e. FEOMETPHYECKON CYMMOW MOMEHTOB UCXOJHON CHCTEMbI CHJI OTHOCHUTEIBHO
nenrpa O).
Takoif MOMEHT Ha3bIBACTCS 2IAGHBIM MOMEHMOM CUCHIEMbl CUIl OMHOCUmeNnbHo yenmpa O
(puc. 1.30).

(W= X S ==

Puc. 1.30. Ilpugedenue cucmemul cui K yenmpy
HTtak, mo0yro cucTeMy CHII BCETJa MOYKHO 3aMEHUTH BCETO ABYMS CHIIOBBIMH (PaKTOpamMu -

2/IAGHBIM GEKMOPOM U 2NIAGHBIM MOMEHMOM OMHOCUMENbHO RPOU3EOJIbHO 6bIOPAHHO20
uenmpa npugedenus. OUEBUIHO, YTO TJIABHBIA BEKTOP CHUCTEMBI CHJI HE 3aBHCHUT OT BbIOOpa
LIEHTpa MpHUBEJIEHUs (TOBOPST, YTO IJIABHBIM BEKTOP MHBAPHAHTEH 1O OTHOIIEHUIO K BBIOOPY
HeHTpa npuBeaeHus). OYeBUIHO TaKXkKe, YTO TJIABHBI MOMEHT TaKUM CBOMCTBOM HE OOJajacrT,
[O3TOMY HEOOXOAMMO  BCerja YyKa3blBaTh, OTHOCHUTEIBHO KaKOTrO IIEHTpa OIpelensercs
TJ1aBHBIA MOMEHT.
Bonpocwt u 3a0anun:

1. Yro Takoe riaBHBIN BEKTOP?

2. Yro Takoe riaBHbI MOMEHT CUCTEMBI?

3. TlpuBeneHue CUCTEMBI K 3aJaHHOMY IICHTPY.

4. TlapamienbHbIH epeHoc Uil 370...7
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IIpakTnyeckoe 3ansaTHe 3
Tewma 3: IleHTpanbHOE PACTSHKEHHUE U COKATHE
[lenb: Hay4UThCA pelaTh 3a7a4l Ha PacTSHKEHUE - CoKaThe
3HaTh: NPUHLUIBL CONPOTHUBIECHUS KOHCTPYKLMOHHBIX MAaTEPHAJIOB, METOIbI M aJITOPUTMBbI
IIPOEKTUPOBAHUSI PA3JIUYHBIX MEXAHUYECKHX CHUCTEM; METOJbl U aIrOPUTMbl KOHCTPYUPOBaHUS
3JIEMEHTOB Pa3JIMYHBIX MEXaHUYECKUX CHCTEM, METOJUKH PAacyeTa Ha IPOYHOCTH, KECTKOCTh U
YCTOMUYMBOCTD 3JIEMEHTOB MAIlMH U UX KOHCTPYKLUH;
VYMeTb: OCYLIECTBIATh PALMOHAIbHBIA BbIOOP KOHCTPYKLUMOHHBIX M 3KCIUIyaTallMOHHBIX
MaTEpUaIOB; MPOU3BOJAUTH pacueThl Ha IPOYHOCTh U JKECTKOCTb IPHU PACTHKEHUU-CKATHM,
KPY4YEHUHU, M3rH0€ M CIOXHOM Harpy>KeHUH, MpPU CTAaTUYECKOM M YAAPHOM HPUIOKEHUU
Harpy3oK; BBIIIOJIHATH CTaHAapPTHBIE BUAbI IPOYHOCTHBIX PACUETOB.
AxmyanvHocme membl OOBACHACTCS OCHOBHBIMU IPUHLMIAMM ONpEIENCHHUs] BHYTPEHHHX
(axTOpPOB BO3HUKAIOIIMX B 33[a4aX HA PACTSDKEHHE — CKATHE. .

Teopemuueckas yacmo.

B npupone paznnyaroT ynpyroe, yopyroliacTUYHOE M BSI3KOILJIACTUYHOE TBEPJIbIE TEJIA.
Yopyroe Teno mocie CHATHA BHEIIHEH HAarpy3Kd BOCCTAaHABIMBACT CBOM II€PBOHAYAJIbHbBIE
pasmepsl u Gpopmy. B aTom ciryuae nedopmarnmst Tena Ha3bpIBAaeTCs YIPYrod. YTIPyroriacTUIHOE
TEJIO BOCCTAHABJIMBAET CBOM IE€PBOHAUYAJIbHBIE pa3Mepbl U (OPMY HEMOIHOCTHIO, T. €. UMEET
MecTO ocTarodHas Aedopmarus. B MHKEHEPHBIX COOPYXKEHHUAX M MEXaHMYECKHX MAallliHaX He
JIOITYCTUMO HOSBJICHHE OCTATOYHBIX Aedopmariuii.

OT pgeiicTBUSI BHEIIHMX HArpy3oK B IIONEPEYHBIX CEUEHMSIX BO3HMKAIOT BHYTPEHHHUE
CHJIOBBIE (aKTOPBI, KOTOpBIE OIpPENeNAloT, HCIONb3Yys MeTox ceueHuil. Tmeproe Tero,
HaxoJsIIeecs IMOJ JEHCTBUEM BHEIIHUX HArpy30K MbBICJICHHO PACcCEKalOT Ha JIBE YacTH U
paccMaTpUBaIOT paBHOBecHE OJHOU M3 yacTell. JleficTBre OTOPOIIEHHOM YacTH Ha OCTaBLIYIOCS
3aMEHSIIOT BHYTPEHHMMM Harpy3kaMmy, I[pPUJIOKEHHbIMU B PAcCMaTpUBAaEMOM CEYEHHUHU.
CocraBisist ypaBHEHMsI paBHOBECHS OCTaBLICICS 4acTU OT JCHCTBHUS BHEIIHUX M BHYTPEHHHX
CUJIOBBIX (DaKTOPOB, HAXOAST MOCIIETHUE.

BaxxHeH MMy NOHATUAMM ABJISIOTCS HAIPSDKEHUS U 1e(hOpMalMH.

[Ipn HarpykeHuUM Tena pacTATHBAIOIIMMM WIH CKUMAIOUMMHU CUJIAMM OIpPEAEISIOTCS
HanpspKeHus, aAedopMalii U yJUIMHEHUs. BHyTpeHHss cuila B3aUMOJIEWCTBUS, OTHECEHHas K
€MHMUIIE JIOLIAAN, BBIIEJICHHOW B OKPECTHOCTH KaKON-TM0O0 TOYKHM MONEPEUHOT0 CEUEHUs Tena,
Ha3bIBAETCSl HAINPSDKEHUEM B ATOM Touke. TakuMm oOpa3oM BeTMYMHA HAIMpPSDKEHUH B KaKaoH
TOYKE CEYEHMs SBISETCS MEpPOW BHYTPEHHUX CHJI, KOTOpbI€ BO3HHMKAIOT B MarepHajie B
pe3ysbTaTe BO3/JCHCTBUS BHEUIHMX Harpy3ok. HopmanbpHble HanpspkeHUs o NPU PACTSIKEHUU-
CKATMU B TOMEPEYHBIX CCUCHHSAX Tella ompenensiores u3 cooTHomenus o = N/S, rme N -
JIeMCTBYyIOIIEE B CEUYEHUM BHYTPEHHSAS NpPOJAOJbHAs (HOpMaibHas) cuia; S - Iuiomaib
nornepevyHoro ceueHus. Hanpsbxenus u nedpopmannu B rpenenax ynpyrou neopMaiiuu cBsS3aHbl
MeXIy coboi 3akoHOM I'yka, T. €. ¢ =¢E , rne E - MOaynp ynpyrocTu MaTepuana (MOIyJb
lOnra), ¢ — oTHOCHTENBHAS TIPOOJILHAS IeopMarIusl.

PacyeTrHble 3HaueHMs HaNpsHKECHWM CpPaBHUBAIOT C JIONYyCKaeMbIMU [0], KOTOpBIE
ONpEAeNAOT IMyTeM JEJIEeHHUS HEKOTOPBIX NpPEIEeNbHBIX 3Hau€HUN Ha KO3(PQUIMEHT 3amaca
npouHocTH S(/a] =0,,/S). 3a IpenenbHbIe 3HAUSHHUS HAIPSDKEHUI IPUHUMAIOT MIPEeIl IPOUYHOCTH
(11 XpYIDKHUX MaTepHalioB) WM Mpeaen TeKydecTH (s IJIaCTHYHBIX MaTepualioB), KOTOpHIE
MOJY4al0T MIPU UCTIBITAHUSAX CTAHAAPTHBIX 00pa3IOB HA pa3pbIBHBIX MamnHax. [Ipu aToM cTposTt
B KOOpJIMHATaX HampsbkeHue-nedopManus YCIOBHYIO JAMarpaMMy pacTsHKEHHsS. Y CIOBHOMU
JarpaMMy Ha3bIBalOT MOTOMY, YTO HANpsDKEHUS U JeOpPMAaldU BBIUUCISIOT COOTBETCTBEHHO
[0 OTHOIIEHHUIO K NMEPBOHAYAIBHOM IJIOLIAAN CeUeHUN U JHe oOpasna. Mcnonas3ys ycnoBHyO
MarpaMMy PpacTsDKEHHUS, HEOO0XOJUMO YMETh OINpENeisITh MEXaHHYECKHE XapaKTepUCTUKU
MaTepuaia: mpenen MpOoNOpLUUOHAIBHOCTH, MpEeesl YIPYrocTd, Mpeaena TeKydecTH M Ipenes
IIPOYHOCTH ¥ OTHOCUTENBHOE OCTaTOYHOE YAJIMHEHHUE IIPH Pa3pBIBE.

WNnorpa nns m3ydeHus 3HaYUTENbHBIX IUIACTUYECKUX Aedopmannii HeoOXOIUMO 3HATh
WUCTUHHYIO JMarpaMMy pacTsDKEHUs, MOJIY4aeMyl0 IIyTEM JEJIEHUs pacTATMBAKOLIEH CHIIBI Ha
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UCTUHHYIO TUIOIIA/Ib TONEPEYHOro CeYeHHs oOpasna (C y4yeTOM YMEHBIICHHs IMONEepEUHbIX
pa3sMepOB CEUEHUS MPU PACTKEHUN).

Heo6xomuMo o0OpatuTh BHHUMaHHE, 4TO 3aKOH ['yKka, CBS3BIBAIOIIMK HANPSDKEHUS WU
negopmManuu  yepe3 MOAYyJb YIPYrOCTM MaTepuala, CIpaBeUIMB TOJBKO JO0 Ipejena
nponopuroHaabHOCTH. [IpoaonbHble AedopManuy Ipu pacTsHKEHUH CBS3aHBI C MOTEPEUYHBIMU
nedopmarusiMu ¢ momoinbio kodhdunrenta [lyaccona.

[Ipu onpeneneHuy HaOpsHKEHUH W Ae@opManuii B CTaTUYECKH HEOINPEIETMMBIX
cucTeMax HeoOXOIMMO YUMTHIBATh, YTO BOZHHUKAIOILME MPH ITOM B CTEPKHAX CUJIbI 3aBUCSAT OT
JKECTKOCTU CTEpKHs, T.6. OT IUIOLIAACH IIONEpEYHBbIX CEYECHUHM U MOAYJIEH YIPYrocTd
MaTepuaia.

Bonpocwt u 3a0anua:
1. Kakue TBepable Tena BCTpeyaroTcs B npupoae?
2. Kakue BHyTpeHHHE CHIIOBBIE (DAKTOPHI BOZHUKAIOT B CTEPIKHSX?
3. B 4ewm 3axirogaercs METO cedeHUit?
4. Chopmynupyiite 3akoH ['yka.
5. Uro Takoe UCTUHHAS AMAarpamMMa pacTsKEeHUs?
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IIpakTHyeckoe 3ansaTHe 4
Tewma 4: Onpenenenre BHYTPEHHUX YCUIIHH, oripeesieHne aedopMalii v epeMenieHni
[enb: HAyYUTHCS ONPEAENIATh BHYTPEHHUE YCUIINS
3HaTh: NPUHUUIIBI CONPOTUBJICHUS KOHCTPYKUMOHHBIX MAaTE€pUalIOB, METOJbl U aJITOPUTMBbI
IIPOEKTUPOBAHUS PA3JIUYHBIX MEXAHUYECKHX CHUCTEM; METOJbl U AITOPUTMbl KOHCTPYHPOBAHMUS
3JIEMEHTOB PA3JIMYHBIX MEXaHUYECKUX CUCTEM, METOAUKH pacdyera Ha MPOYHOCTh, JKECTKOCTh U
YCTOMUYMBOCTD 3JIEMEHTOB MAIlMH U UX KOHCTPYKLUH;
YMeTh: OCYIIECTBIISATh PALUMOHANBbHBIN BBIOOP KOHCTPYKIIMOHHBIX M OKCILTyaTallMOHHBIX
MaTEpUaOB; MPOU3BOJAUTH pacueThl Ha NPOYHOCTh U JKECTKOCTb IPU PACTSHKEHUU-CKATHM,
KpyYeHUH, U3rude U CIOKHOM HArpyXeHUH, MpU CTAaTUYECKOM M YIAApPHOM MPUIIOKEHUU
Harpy3oK; BBIIIOJIHATH CTaHAapPTHBIE BUAbI IPOYHOCTHBIX PACUETOB.

AxmyanvHocms membl OOBACHSACTCS OCHOBHBIMU TPHHLMIAMH ONpPEICNCHUs] BHYTPEHHHUX
(akTOpPOB BO3HUKAIOIIMX B 33]]a4aX HA PaCTSKEHHE — CKaTHE..
Teopemuueckas yacmeo:

[Ipumep pereHus 3aa4n Ha TEMY «PACTSKEHUE U CKATHEN
[Toctpouts 1o nnuHe Opyca, COrjacHoO cxeme HarpykeHus (puc. 1.1), smropsl

po10JbHBIX cril N, HopMabHbBIX HanpskeHuit O U mepeMeIeHui TONMepeYHbIX CEYSHHUH.
Crenatp BBIBOJ O IPOYHOCTH Opyca, CpaBHUB 3HAYEHUSI HOPMAJIbHBIX HANPSKEHUI B ONaCHOM

CEUEHMH C JIOITYCTUMBIM, €CITH MaTepual opyca — CTab 3 (E= 2,0- 10° Mlla, [G ] =240 Mlla).

S

S
F, F F,

g L

K |D cC |B A

ALNAANARANARTARRARANARRANRARARRRRNRN

12a | b | a 3a

Pucynok 1.1

Tano:F1 =10 kH; F, =12 kH; F3=30 xH; S1 = 200 mm®; S, = 300 mn;
a=03mb=04m.

Pemennue:
Nwmeem uethipe yuacTtka Harpyxkenus (48, BC, CD, DK), B nmpenenax KOTOpbIX
HarnpsOKeHUs: Oy1yT UMETh TOCTOSIHHbIE 3HAYCHUS.

Yuacmox 1 (AB). Pacceuém, MBICIEHHO, CTEPKEHb B MECTaX, I'Jle HEOOXOIMMO OIPEIeIUTh
3HAYEHUS] BHYTPEHHUX YCUJINI U BHYTPEHHUX HarpsbkeHuid. OfHy u3 yactelt (JIeBy0) oTOpocum

(puc. 1.2), a Ui ocTaBIIEHCS COCTaBUM ypaBHEHHE PaBHOBECHUS Z F = N1 - F3 =0 3amenus

IIPU 3TOM JIEHCTBUE OTOPOIIEHHOM YaCTH Ha OCTABIIYIOCS HEU3BECTHOM BHYTpeHHel cuioil Nj.
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0 A
Pucynok 1.2 |
Torna, Nl = F3 =30 xH.
3 i 0_&_30-103_100]\/[]7
HAuYCHUE HANPSDKCHUI Ha yyacTke: O, 32 300 a.
AbcomoTHas gedopMaliusl yuacTka (OTHOCHTENIBHBIC IEPEMEIIICHHS KOHIIOB y4acTKa):
Al =%ily 100-900 0
E 2,0-10°
Yuacmox 2 (BC).
S
2 N F
0 B A
N,-F, =0,
N2 = F3 =30 «H.
N, 30-10°
o,=—2= =150 pm17a.
>, 200 ¢
Al = o, l,. 150-300 0,221

B E  20-10°

Yuacmox 3 (DC).

4
——

S S
N F F
C

0

N,-F,+F,=0,

15



N, =30-12=18 x

N, 18-10°
=—2=———=90Mm1
*Ts, 200 ¢
Al =2 Jpe (90400 _ 10,
E  20-10°
Yuacmox 4 (KD).
S
S
(N F F F_

O\DCB A

N,-F+F +F =0,
N,=30-12-10=8 «#.

N, 8-10°
o, S, ~ 200 Mia.

o, -1, 40-360
Al = =
E  20-10°

=0,07 mm.

JInst mocTpoeHus AMI0PHI MEPEMENIEHUN MONEPEYHBIX CEYEHUM, ONIPEIECTUM PACCTOSHUS,
Ha KOTOPbIE IEPEMECTSTCS KOHLIBI YYACTKOB Harpy€HUsI OTHOCUTENIBHO KECTKO 3aI€TTaHHOTO
JIEBOTO KOHIIA cTepxHs (Touku K).
[lepememnienue Touku D otHOCUTENBHO TOUKH K
5DK:AIKD:0, 07 mm.
Torna, nepemenienrue Touku C OTHOCUTENHHO TOYKH KCOCTaBUT:
Ock=0opk +Alkp=0,07+0,18=0,25 mm.
AHAJIOTUYHO ONPEEINM NEPEMEILIEHUS OCTATbHBIX KOHIIOB YYaCTKOB:
Opk=0ck +Alpc=0,25+0,22= 0,47 mm,

Oouk=0pk +A4l415=0,47+0,45= 0,92 mm.

[TocTpouB 1 MpoaHaTU3UPOBAB SMIOPBI MPOJOIBHBIX CHII N, HOpMaTbHBIX HAMIPSKECHHIMA
O u nepeMeleHni OMEePEeYHbIX cedeHuit (puc. 1.3), qemaeM BBIBOJI, YTO OMACHBIM y4aCTKOM
Bana siBisieTcsa y4actok BC ¢ omax= 150 Mlla.
T.X. omax</d], TO yclI0BUE IPOYHOCTH BBITOTHSIETCSI.
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Onpenenum cTeneHb 3arpy’KEHHOCTH CTEPHKHS:

O _ 190 _ 0,625.
[o0] 240

Crepxenb HarpyxeH Ha 62,5 %.

5
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Bonpocwt u 3a0anusn:
1. Kakwue TBepabIie Tella BCTpeyaroTcs B npupoje?
2. Kax onpenenstorcss BHyTpEeHHHE CHIIOBbIE (haKTOPbI?
3. B uem 3akmroyaercsa MeTOJ CeUeHUi?
4. Chopmynupyiite 3akoH 'yka.
5. Uro Takoe UCTUHHAS AUarpaMMa pacTKEHUs?

Pucynok 1.3

p it — - - -
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IIpakTHyeckoe 3ansaTHE S
Tewma 5: Casur (cpe3)
[lenb: HayYUThCA pelllaTh 3aJa4y HA CIBUT U KpYUEHHE
3HaTh: NPUHLUIBL CONPOTHUBIECHUS KOHCTPYKLMOHHBIX MAaTEPHAJIOB, METOIbI M aJITOPUTMBbI
IIPOEKTUPOBAHUSI PA3JIMYHBIX MEXAHUYECKUX CHUCTEM; METOJbl U aJTOPUTMbl KOHCTPYHUPOBAHUS
3JIEMEHTOB Pa3JIMYHBIX MEXaHUYECKUX CHCTEM, METOJUKH PAacyeTa Ha IPOYHOCTH, KECTKOCTh U
YCTOMUYMBOCTD 3JIEMEHTOB MAIlMH U UX KOHCTPYKLUH;
VYMeTb: OCYLIECTBIATh PALMOHAIbHBIA BbIOOP KOHCTPYKLUMOHHBIX M 3KCIUIyaTallMOHHBIX
MaTEpUaOB; MPOU3BOJAUTH pacueThl Ha IPOYHOCTh U JKECTKOCTb IPU PaACTSHKEHUU-CKATHM,
KPY4YEHUHU, M3rH0€ M CIOXHOM Harpy>KeHUH, MpPU CTAaTUYECKOM M YAAPHOM HPUIOKEHUU
Harpy3oK; BBIIIOJIHATH CTaHAapPTHBIE BUAbI IPOYHOCTHBIX PACUETOB.

AxmyanvHocms membl OOBACHSACTCS OCHOBHBIMU MPHHLUMIAMH OMNpPEACTCHHUS] BHYTPEHHHUX
(aKTOpOB P CIIBUTE U KPYICHHH.
Teopemuueckas wacmy:

CaBurom Ha3bIBAIOT TaKOW BHJ] HANPSDKEHHOTO COCTOSIHUS, KOTAA Ha TPAHAX dJIEMEHTa
JEMCTBYIOT TOJILKO KacaTeabHble HanpspkeHus. [Ipu 5ToM Ha ABYX B3aMMHO MEPIECHIUKYIISPHBIX
IUTOIIAIKaX JICHCTBYIOT PaBHBIC MO BEJIMYMHE U 0OpaTHBIC IO 3HAKY KacaTelbHbIC HAPSHKCHUSI.
OTOT 3aKOH HAa3bIBACTCS 3aKOHOM NApHOCTH WJIM B3aMMHOCTH KacaTEeNbHBIX HANPSKCHUHA WU
UMEeT CHIy KaK /s OJHOOCHOTO, TaK M /s OOBEMHOIO HAlpsDKEHHOTO COCTOSIHUM.
Jedopmariuy, BOSHHKAIOIIUE MPU CIBUTE, HA3BIBAIOT YIJIOBBIMU Je(OPMALUIMU WM YTIIOM
cnBura. ONBITBI TOKa3bIBAIOT, YTO MEXIY HANPSDKCHUAMH W Je(OpPMalUsIMA TIPU CIBHIE
CyILIECTBYET JIMHEWHAs 3aBUCUMOCTb, aHAJIIOTM4YHAs 3akOHY ['yka mpu pactskeHuu. Ilostomy
3akoH ['yka mpu casure mmeer Bun 7=y G, rae y - yrioBas nepopmanus, a G - MoIyib
C/IBHTA.

Cnenyer oOpaTUTh BHUIMAaHUE HA TO, YTO MOJYJIb IPOJOIBHON YIPYTOCTH, HIJIX MOJTYJIb
YIIPYTOCTH MEPBOTO poja £ 1 MOIYJb YIPYTrOCTH MPHU CABUTE, HIIM MOAYJb YIIPYTOCTH BTOPOTO
pona G a1t 0JJTHOTO M TOTO e MaTepuaiia cBsizaH uepe3 kodpdumment [lyaccona u

3aBucuMocThio G = E/[2(1+ 4)]. TIpu pacuerax Ha cpe3 06BIMHO MPHHUMAIOT, YTO KacaTelTbHbIE

HaANPSDKEHUS paclpeieNieHbl PABHOMEPHO B MIOTIEPEYHOM CEUCHUU CTEPIKHS U YCIOBUE
MIPOYHOCTH HA CPe3 UMEET BH/I
t = FIS<[7], rne F — BHemHss nonepeyHast CHia.

Jlomyckaemble HANIPSKEHUS [r] Ha C/IBHT (Cpe3) COCTaBISIOT HEKOTOPYIO YacTh OT

JIOTTYCKaeMBbIX HalPsUKEHUH Ha pacTsDKEHHE. PacCUNTHIBAIOT HA Cpe3 COEUHEHMS 3aKIIETIOYHbIE,
00aTOBBIE, CBAPHBIE, IINTOHOYHBIE U HEKOTOPBIE APYTUE TUIIBI COSUHEHUH.

[Tpu npoBeieHUN IPOYHOCTHBIX PACYETOB HA CIBUT (Cpe3) HEOOXOIMMO HAYUUTHCS
IIPABUJIBHO OIPENENATh IO cpe3a sl OJTHOCPE3HBIX U MHOTOCPE3HBIX 3aKJIETIOK, a TAKKe
JUIsl YTJIOBOT'O CBApHOTO 1IBa, B KOTOPOM CPe3 MPOUCXOAUT MO OUCCEKTOPHOM MIOCKOCTH
IPSIMOTO yIJia MONEePEeYHOro CeYeHHUsI 1IBa.

Ecnn B monepeyHoM CEUYEHUN CTEPHKHS AEUCTBYET KPYTSIIUNA MOMEHT M, TO CTEPKEHD
UCHBIThIBAeT KpydyeHue. HeoOXoaumo, NCHOb3ysl METO/ CEYeHHM, HAyUYUThCS CTPOUTD SITIOPHI
KpPYTAILIUX MOMEHTOB 110 JJIMHE CTEPKHA U ONPEAEIATh BO3ZHUKAIOIINE KAacaTeIbHbIE
HAINpPsDKEHUs, KOTOPbIE OMpeessiFoTest u3 cooTHomeHus T = Myl Wp, tie Wp - nmonsipHbIit
MOMEHT CONPOTHUBIIEHUS CEUEHUSI KPYyUEHHUIO.

B nonepeyHoM cedeHnr CTepKHS KacaTellbHbIe HAIPSHKEHUSI paclpeiesieHbl
HepaBHOMEPHO. Tak, U1 CTep’KHA ¢ KPYIJIBIM MOIIEPEUHBIM CEYEHUEM KacaTeIbHbIE
HaANPSDKEHUS U3MEHSIOTCA 10 IMHEITHOMY 3aKOHY - OT HYJIS Ha OCH /10 MaKCUMAJIbHOTO 3HAaYEHHSI
y MOBEPXHOCTH. Tak Kak CEYEHMsI, paCIOJI0KEHHBIE Y OCH CTEPKHSI, HAIPyKEHbI HE3HAUUTENBHO,
TO C LEJIbI0 SKOHOMUU MaTepHalia IpHU Kpyu4eHUH 1eJ1IeCO00pa3HO UCIIOB30BaTh MyCTOTENbIE
npodwiu. KpyTsmuii MOMEHT B CE4EHUU CKPYYHUBAEMOI'0 CTEPKHS (Bajia) YMCICHHO paBeH
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anreOpanyeckoil CyMMe BHEITHUX CKPYYHBAIOIIUX MOMEHTOB, IEHCTBYIOIIUX 10 OJHY CTOPOHY
OT CEYEHHS.
Bonpocwt u 3a0anua:

1. Yro rakoe caBur?

2. Uro takoe kpyueHue?

3. 3axon I'yka nipu casure .

4. OnpeneneHue KpyTAIEro MOMEHTA.
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IIpakTH4eckoe 3ansaTHE 6
Tema 6: PacdeTsl Ha IPOYHOCTH TIPH CABUTE
[lenb: HAy4UThCA pelIaTh 3aJa4y HAa IPOYHOCTh
3HaTh: NPUHLUIBL CONPOTHUBIECHUS KOHCTPYKLMOHHBIX MAaTEPHAJIOB, METOIbI M aJITOPUTMBbI
IIPOEKTUPOBAHUS PA3JIUYHBIX MEXAHUYECKHX CHUCTEM; METOJbl U AITOPUTMbl KOHCTPYHPOBAHMUS
3JIEMEHTOB Pa3JIMYHBIX MEXaHUYECKUX CHCTEM, METOJUKH PAacyeTa Ha IPOYHOCTH, KECTKOCTh U
YCTOMYMBOCTD 3JIEMEHTOB MAIIMH U UX KOHCTPYKLUU;
VYMeTb: OCYLIECTBIATh PALMOHAIbHBIA BbIOOP KOHCTPYKLUMOHHBIX M 3KCIUIyaTallMOHHBIX
MaTEpUaOB; MPOU3BOJAUTH pacueThl Ha NPOYHOCTh U JKECTKOCTb IPU PACTSHKEHUU-CKATHM,
KPY4YEeHUHU, U3rH0€ M CIOXKHOM Harpy)kXeHUH, MpPU CTATUYECKOM M YJApPHOM IPHIOKEHUU
Harpy3oK; BBIIIOJIHATH CTaHAapPTHBIE BUAbI IPOYHOCTHBIX PACUETOB.

AxmyanvHocms membl OOBACHSACTCS OCHOBHBIMU TPHHLMIAMH ONpPEICNCHUs] BHYTPEHHHUX
(akTOpOB IIPU CABUIE U KPYUECHUHU.
Teopemuueckas yacme.

[Ipumep Pemenus 3anaun Ha Temy «Kpyuenue»

K cransHOMY CTyneHuaToMy Baily, MMEIOIIEMY CIUIOIIHOE KPYTJI0€ CEYEHUE, TPUITOKEHBI
YeThIpe BHEIIHUX 3aKkpyunBaroimux Momenta (71, T, T3 u T4), JIEBBIH KOHEII BaJia )KECTKO
3aKpervieH B OMOpE, a MpaBblil KOHEIl — CBOOOIEH U €r0 TOPEI] UMEET YIIIOBBIC MepEMEIICHUS
OTHOCHTEJIBHO JIEBOI'0 KOHIIA.

Tpebyercs:

1) MOCTPOUTH 3MOPY KPYTAIIUX MOMEHTOB;

2) ompexaenuts nuameTpsl di u dy Baja U3 pacueTa Ha MPOYHOCTb, MPH 33J]AHHOM 3HAYCHUU [T],
OKPYTJIUThH BEIMYMHY Hal{IGHHBIX AUAMETPOB 0 OJIIKAMIIero OOIbIIEro 3HaYeHHs U3 PAa;

3) TOCTPOUTH AMIOPY ACHCTBUTEIBHBIX HAIPSHKCHUI KPYUYCHUS 110 JUIMHE BaJia;

4) TOCTPOMTH MMIOPY aGCOMIOTHEIX yri1oB 3aKkpyuuBanus @, npunss G =0,8- 10° MITa

o

2 1, T Ry &

z A

2

4L 0 s [ [C Y A

; A

Z

g \ \

A a b c a
Pucynok 3.1

Ucxonuble nandeie: a=b=c 1,6 m; T1 = 5,7 kHw;To = 2,7 kHm; T3 = 1,7 kHwm;
Ty = 0,7 kHw; [z]= 45 Mila.

Pemennue:
1. Onpenenum KpyTsII“e MOMEHTHI (puc. 3.2):

Yuacmox AB:

M,<1 =T4 =0,7 xkHwm;
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Yyacmox BC:
M, =T,—T,=07-17=-10xH

Yuacmox CD:
M, =T,—-T,~T,=07-17-27=-37xHu;

Yuacmox DE:
M, =T,-T,-T,+T,=0,71-17-2,7+57=2«Hn.

2. Onpenenum 3HaYEHUS TUAMETPOB CTYIIEHEW U3 YCIOBUS IPOUYHOCTH HA OMACHBIX

yuactkax BC u DC.
6
d, =3 M, :3\/3’7 10 =74,4 um,
0,2-[z7] V0,245

6
d, =3 My _ 10107 481,
02-[z7] \0,2-45

[Mpunumaem d; = 80 mMm.

[Mpunumaem d; = 50 aum.

3. J17s mocTpoeHUs S0P HANPSHKEHUH Hal/1eM 3HaYCHHsI HAPSHKSHUH KPydeHus,
JEHCTBYIOIMX HA y4acTKaXx.

M, 07-10°
W, 020500 20 M
pl !
6
T2=]V\62——é'2 ;%32—40 Mlla
rl &7
6
:. :x - g’; 313?,3 — 36,1 MIa
P2 &7
M, 20-10°
Cw, o280 M
p2 !

4. OTHOCUTENbHEIC YTJIOBBIC ICPEMCUHICHUA KOHIIOB YUYACTKOB.

M1, 07-10°-16-10°

_ _ ~0,0224 pao,
Yu=7G.3, T 0810°-01-50° P
M-l 10-10°-16-10°
e AL =-0,0320 pao,
Ve =G.3, " 08-10°-01-50° P
M| 37-10°-16-10°
S Ll —-0,0181 pao,
Yo =Gy, 08-10°-01-80° P
6 3
g Ml _2010°16.10° (o0

~G-J, 08-:10°-01-80°

AOCOITIOTHBIC YTIIBI 3aKPYYUBaHHUsI, OTHOCUTEIBHO JKECTKO 33JIeITAHHOTO JIEBOT'O KOHIIA
Bayia (ceuenue E).
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Oor = Ppr + @, =0,0098 —0,0181 =-0,0083 pao,
Ope = Pop + @, =—0,0083 —0,0320 =—-0,0403 pao,
@, =0 + ¢, =—00403 +0,0224 =-0,0179 pao.

s

q7

28

% [/ I, 8 / a /
A /0 s| [ [ /Bwer
N\ \
7 16 M 16 M 16 M 16 M
20 Inmpa kouymawux MomeHmol M. kM
B
0 L[]
10
37
Inpa Hanpaxesud T Mia
79

76

Jpa nepemelequ , pad,

qa098
+

Bonpocwt u 3a0anusn:
1. Yro takoe casur?
2. Uro takoe kpyueHue?
3. 3akon 'yka npu casure .

qa083

Pucynok 3.2

4. OnpeneneHue KPyTAIEro MOMEHTA.

q0403

qo179
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IIpakTuyeckoe 3ansaTue 7
Tema 7: 'eoMeTprUEeCKUX XapaKTEPUCTUK IIOCKUX CEUCHUS
[{enb: HAyYUTHCS ONPEAENIATH FEOMETPUUECKNE XapaKTEPUCTUKH MTONEPEYHBIX CEUEHUI
3HaTh: NPUHLUIBL CONPOTHUBIECHUS KOHCTPYKLMOHHBIX MAaTEPHAJIOB, METOIbI M aJITOPUTMBbI
IIPOEKTUPOBAHUS PA3JIUYHBIX MEXAHMYECKHX CHUCTEM; METOJbl U aJTOPUTMbI KOHCTPYHPOBAHUS
3JIEMEHTOB Pa3JIMYHBIX MEXaHUYECKUX CHCTEM, METOJUKH PAacyeTa Ha IPOYHOCTH, KECTKOCTh U
YCTOMUYMBOCTD 3JIEMEHTOB MAIlMH U UX KOHCTPYKLUH;
VYMeTb: OCYLIECTBIATh PALMOHAIbHBIA BbIOOP KOHCTPYKLUMOHHBIX M 3KCIUIyaTallMOHHBIX
MaTEpUaNOB; MPOU3BOJAUTH pacueThl Ha IPOYHOCTh U JKECTKOCTh IPU PACTSHKEHUU-CKATHH,
KPY4YEHUHU, M3rH0€ M CIOXHOM Harpy>KeHUH, MpPU CTAaTUYECKOM M YAAPHOM HPUIOKEHUU
Harpy3oK; BBIIIOJIHATH CTaHAapPTHBIE BUAbI IPOYHOCTHBIX PACUETOB.

AKmyaJleOCl’l’lb membl 00BICHSAETCS OCHOBHBIMU MpuHIUIIaMH OIIPCACIICHUA reOMeTpI/I‘-IGCKI/IX
XapaKTEPUCTHUK IOIMEPECIHOTIO CCUCHU .
Teopemuuecxaﬂ yacme.

[Tpu pacyerax Ha MPOYHOCTH, KECTKOCTh U YCTOWYMBOCTH UCIIOIB3YIOTCS T€OMETPHUECKHUE
XapaKTEePUCTHKH MIONEPEYHOT0 CeUYEHHsI Opyca: niowaos, ocesvle U NOIAPHbIIL MOMEHNbL
uHepyuu, ocesbvle U NOIAPHLLIL MOMEHmbl conpomugneHus. Kpome Toro, mpu ux OnpeaeneHnu
BCIIOMOT'aTENbHYIO POJIb UTPAIOT CIAMUYecKue MOMEHMbl U YeHMPOOeNCHbIe MOMEHMb]
uHepyuu ceveHus.

HamomHuM onpenenenus, CBOMCTBA U METO/IbI BBIYMCIICHHS TIEPEUNCICHHBIX
XapaKTepucTHK (puc. 2.1).

u

Pucynok 2.1

ITnowaow cevenus .S = IdS , Te dS — morazap 3IeMeHTapHOMN MITOIAKH.
S

Cmamuueckuti MoMeHm niowaou cedenus — CyMMa IIPOU3BeIEHUH TII0Iaei
AJIEMEHTAPHBIX IIJIOMAJ0K HA UX PACCTOSIHUSA 10 JaHHOM OCH, B3ATas 110 BCEH IUIOIIAN CEUEHUS.
Cratudeckuil MOMEHT CeUeHUs! U3MEPSIETCS B €IMHUIAX JUIMHBI TPEThEeH cTeneHn (MM3, oM’ M3).

Cratndeckre MOMEHTBI CEUEHUsI OTHOCUTENBHO ocell Ou n OV:

S, =[vds =Sv,,
S

S, =JudS =su,.
S

rae U, uV, — paccTosiHust OT eHTpa TSHKECTH CEYCHHS COOTBETCTBEHHO 10 oceit Ovi Ou.

Cratnueckuii MOMEHT CEUEHHUS MOXKET OBITh KaK MOJIOKUTEIHHBIM, TaK M OTPUIIATEITHHBIM.
OTHOCUTETBHO JTFO00H OCH, MPOXOASIIEH Yepe3 EHTP TSHKECTU CEUYCHHUs, OH PaBEH HYIIIO.

Ocegoul MOMeHm uHepyuu ceverus — CyMMa IPOU3BEICHUH IITOIAael 3J1eMEeHTapHbIX
MJIOIIAJIOK HA KBAAPAThl MX PACCTOSIHUI 10 JAaHHOW OCH, B3sITasi O BCEH IIIOIIA/IA CEYEHUSI.

J=[vids;
S

J, =|uds.
S
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Tonapuwiti MomeHm uHepyuy — CyMMa MPOU3BEICHHI TUIOIA ICH IIEMEHTapHBIX
IUTOMIA/IOK Ha KBAPAThl MX PACCTOSHHMN 10 TOUYKH (TI0JII0CA), B3SATAs 10 BCEH TUIONIA M CCUCHUS.
J,=[pds.
S
OceBbIe ¥ MOJSIPHBIA MOMEHTBI HHEPIIMH — BEJIMYMHBI CYIIECTBEHHO MOJIOXKHUTENbHBIE. OCEBBIC U
HOJISIPHBIC MOMEHTBI HHEPIIUU CEUCHHSI U3MEPSIOTCS B €JMHUIAX [UTMHBI YETBEPTOM CTEIICHH
(mm?, em?, m?).

LlenmpobesicHblii MOMeHm uHepyuy — CyMMa MIPOU3BEICHUN TITOIIAIeH JIEMEHTapHBIX
IUIONIA/IOK HA UX KOOPAMHATHI, B35iTas 1O BCEH TUIOIIAIN CEUCHUSI.

J,, =Juvds.
S

LleHTpOOESKHBIIT MOMEHT UHEPLUU U3MEPSETCS B SAMHULIAX JJTMHBI YETBEPTON CTETIEHU
(mm?, em?, M%), MOKET BBITH TIOMOKHTEBHBIM, OTPHLATEIBHBIM M PABHBIM HYJIIO.

Yepes 1100y10 TOUKY, B3ATYIO B IUNIOCKOCTH CEYEHHSI, MOKHO IIPOBECTH JIBE B3aUMHO
HEePIEHINKYIISPHbIE OCH, OTHOCUTEJIBHO KOTOPBIX LIEHTPOOESKHBIH MOMEHT HHEPLIMU CEUSHHUS
PaBEH HyJII0. DTH OCH Ha3bIBAIOTCS 21AGHbIMU OCAMY (MHOTIA UX HA3BIBAIOT 21AGHbIMU OCAMU
unepyuu). IIpakTHUECKUN UHTEPEC MPEACTABIIAIOT JIMILIb I1aBHbIE OCH, IPOXOIAIINE Yepes3
LEHTP TSKECTU CEUCHMSI, OHU HA3BIBAIOTCS 2IABHbIMU YEHMPANbHLIMU 0CAMU (U1 KPATKOCTH B
JanpHeimeM OyneM B OOJIBIIMHCTBE CIIy4aeB Ha3blBaTh UX MPOCTO 2ABHBIMU OCAMUL).

OceBble MOMEHTBI HHEPLIUU OTHOCUTEIBHO IJIABHBIX OCEH (2agHble MOMeHmMbl UHePYULL)
9KCTPEMaJIbHbI — OTHOCUTEIBHO OJJHON M3 HUX MOMEHT MHEPLIMU MaKCUMaJeH, a OTHOCUTEIbHO
Jpyroii — MuHUMaseH. s pacdeToB Ha MPOYHOCTh M KECTKOCTh MIPU U3rHOE, COUYSTaHUU
u3ruda ¢ pacTsHKEHUEM U B PsJie IPYTUX CIydaeB HY>KHO 3HATh IOJIOKEHUE IVIaBHBIX
LEHTPaJIbHBIX OCEH U BEIMYMHBI COOTBETCTBYIOIIUX MOMEHTOB UHEPIIUH.

B ciyuae, ecniu ceueHue uMeeT XoTs Obl OIHY OCb CHMMETPHH, TO 3Ta OChb U OCh K HEH
NEePIEeHIUKYIIApHAs, IPOXOASILAs Yepe3 UEHTP TKECTU CEUEHUs, SBISIOTCS TJIaBHBIMU
LEHTPaAIbHBIMU OCSIMH.

[Ipu BBIYMCIIEHUY TTIaBHBIX MOMEHTOB MHEPILIUHU CEYEHH, COCTaBIEHHBIX U3 IPOCTEHIINX
reOMEeTPUYECKUX (PUTYp WM CTaHJAPTHBIX MPOKATHBIX MPOdUIeH, IUPOKO MPUMEHSIOTCS
(bopMyIIbl Tepexoa OT LEHTPAIBbHBIX K apaJuIeIbHBIM UM HELEHTpalIbHbIM ocaM (puc. 2.2).

O

Pucynok 2.2

Otu GopMyIbl UMEIOT CEAYIOIIMM BU/I: U1 OCEBOTO MOMEHTA HHEPLIUH
_ 2q .
J, =J, +a’s;
JUTS IEHTPOOESIKHOTO MOMEHTAa HHEPITUU

J, . =J,, +absS.

X1, 1 X01Yo
Koopaunatela 1 bIomKHEL OBITE TIOICTABIEHB! CO CBOMMH 3HAKAMH (a2 U D— KOOpAMHATEI
Hayajia HOBOU CUCTEMBI KOOpAUHAT B CTAapPbIX OCHX). B wactHOoM cjIydac, €CJIh UCXOOHBIC OCU

Oxou OyorinaBHbIC, J Xoute = 0 torma numeewm:

J., =absS.

X1
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[TpuBenem hopMymbl A1t BBIYHCICHUS MOMEHTOB WHEPIIUH MPSIMOYTOJIbHHKA,
TPEYTrOJIbHHUKA, KPYTra U KOJIbLIA.

3

A. Ilpsamoyzonvhux (puc. 2.3):  J = E , e b- cropona, mapaiiensHast ocw,

OTHOCHUTCIIBHO KOTOpOﬁ BbIYUCIIACTCA MOMCHT MHCPLIUU.

=

\\\

N N
\\\\\\ \\

X

Pucynok 2.3
JIns ocu, coBmajaromedl ¢ OAHOW W3 CTOPOH MNPSMOYroJbHUKA (HE TJaBHBIH MOMEHT

b
X1 3

b. Pasnobeopennuiii mpeyeonvuuk (puc. 2.4).

uHepuun): J

Pucynok 2.4
bh® b*h
['naBHBIE MOMEHTBI MHEPUMH:  J, = g pdy = E .

3aMCTI/IM, 4qTo (I)opMyna JX JAac€T BCIIMUYMHY MOMCHTA HMHCPHHUU I000ro0 TPpEYroJibHUKa

OTHOCHTEJIBHO OCH, MapajIeIbHON €ro OCHOBaHMIO, HO, €CJIM TPEYTOJIbHUK HEPaBHOOEIPEHHBIH,
yKa3aHHas OCb He OyJIeT IVIaBHOIA.

7Zd4

B. Kpye (puc. 2.5): J, = Jy = 6_4

X

Pucynok 2.5
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4 d
I'. Koavyo (puc. 2.6): J, =J y = a(l - C4), rae: C= FO, K03 HULHEHT TPYOHI.
y
e v
7
0 %
// X
/
/ A
. do
.od L
Pucynoxk 2.6.

3aMeTuM, 4TO /ISl Kpyra U KOJIbIIa BCE IIEHTPAIbHBIC OCH TJIABHBIE U MOMEHTBI WHEPIUH
OTHOCHTEJIHO 3TUX OCEH paBHBI MEXAY COOO0W. DTUM e CBOMCTBOM 00JaaeT 1o0oe ceueHue,
y KOTOPOT'O JIBa TJIABHBIX IIEHTPAIBHBIX MOMEHTA UHEPIIMH OJIMHAKOBBHI.

[Ipu BbIUMCIIEHUH MOMEHTOB MHEPLIUU CJIOKHBIX CEYEHUH (COCTABJIEHHBIX U3 MPOCTEHIINX
GuUryp WM TNPOKATHBIX NPOQWICH) KOOPAWHATHI HMX IEHTPA TKECTH ONPEICISAIOT 110
dbopmynam:

Sv Zsiui .

U, =—r=<—"-+:
2.S
Su _ Zsivi

vV, =
s Ys,
rme: Si ;Ui; Vi — COOTBETCTBEHHO IUIONIAJb M KOOPJAMHATBHI LEHTPA TSHKECTU KAXKIOW W3

COCTaBJIAIOIINX (1)I/Il“yp, S, SV ) Su - Ijomaab U CTaTU4CCKUE MOMCHTBI BCEIrO CCUCHMUA.

MoMmeHTbI HHepLUH (OCEBBIE U LIEHTPOOEKHBIE) CII0KHBIX CEYEHUM OTHOCUTENIBHO TaHHBIX
OCEH OMPEEIAIOT IyTEM CYMMHUPOBAHUS COOTBETCTBYIOIIIMX MOMEHTOB UHEPLIUU
COCTaBJIAIOIMX (PUT'Yp OTHOCUTENIBHO TEX K€ OCEH.

IIpu >TOM HCHONB3YIOTCS (QOPMYNBI Mepexojia OT LEHTPAIbHBIX K MapajuleIbHBIM HM
HELEHTPAJIbHBIM OCSIM.

B Tex ciydasix, Korja ceueHue He MMEET HU OJIHOM OCH CUMMETPHUH, CHayaJla BBIYUCIISIOT
MOMEHTbHI MHEPLUU OTHOCUTEIIbHO HEKOTOPBIX 11€JIeCO00pa3HO BHIOPAHHBIX IIEHTPAIbHBIX OCEel
Oxo 1 Oyg(MCXOHBIE OCH), 3aTeM ONPEAEISAIOT YroJl HAaKJIOHA IJIaBHBIX OCEH MO OTHOLICHHIO K
MCXOJIHBIM U BEJIMYUHBI ITIABHBIX MOMEHTOB MHEPLIUH.

CBsi3b MKy MOMEHTAMH WHEPLUH OTHOCUTEIBHO HCXOMHBIX oceit (Oxg, Oyp) U oceil,
MOBEPHYTHIX Ha IPOU3BOJIBHBIN yroa a (puc. 2.7), UMeeT BUA:

3 +3, 3, -3
JX - 0 O+ 0
: 2

» cos2a—J, , sin2a;
0:Yo

Xl’yl

J, —-J, .
=J.y cos 2a + —— Y sin 2«1 .
Yo 2
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Pucynoxk 2.7

Vron IIOBOPOTA I'NTaBHBIX oceil M0 OTHOIICHHIO K HCXOJHBIM OIPEACTIACTCA U3
3aBUCHUMOCTH

X0+ Yo

tg 2a, = — :
g i JXO_JyO

lJ " ! !
. -— o
Ora dopmyna naet mBa 3HaueHus yria 010y u Oy = 0y +90°. Tpu J, >J, -, yron o
JIaeT MOJIOKEHHE TIIABHON OCH, OTHOCHTEIFHO KOTOPOH MOMEHT HHEPIIMH MAKCHMAJICH.

(3 ' (v
ITonoxxurenbHplit yron & cliegyeT OTKIaAbIBaTh OT OCH XoIPOTUB XO0J1a YACOBOH CTPEIIKH.
Jlns onpeneneHus nonokeHus (yriia HaKJIOHA) TJIaBHBIX OCeH MOXKHO ITPUMEHSTh
(bopMyIIbL:

t 23, ,
g an = - ;
J, -J
Xo Yo
tg aOy = J io’jo ’
Xo Yo

rae: Qoy, 1 O, , — yribl, 00pa3yeMble TIIaBHBIMU OCSIMH X H y COOTBETCTBEHHO C OCBIO Xo; J (U

Jy — I'NIAaBHBIC MOMCHTLI HHCPIIUH.

I'maBHBIE MOMEHTEI HHCPUUH MOXKXHO BBIYHUCINUTD, IIOJACTABJIAA B HEC TOCIICA0OBATCIBHO 050

! 4
=0, n 0= , HO IPAKTUYECKHU yI00HEE MOIB30BATLCA (POPMYIIAMHU, HE COAEPKALIMMU

TPUTOHOMETPUUECKUX QYHKIMMI. DTH HOPMYIIBI UMEIOT BU:

J%-+J%

NI =T+%\/(JXO -3, P +a37

Yoo

e td 1 R
T = 2\/(Jx0 3, F +43?

Bonpocwt u 3a0anun:
1. Ompenenenuie reOMETPUUECKUX XapaKTEPUCTUK MPOCTHIX CEUEHUIN?
2. OmpenieneHne reOMeTPUIECKUX XapaKTEPUCTUK CIIOKHBIX CEUSHUI?
3. OmpeneneHrne MOMEHTOB HHEPIIHH.
4. YT0 Takoe COpTaMeHT.
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IIpakTHyeckoe 3ansaTHE 8
Tewma 8: IIpsimoii monepevHbId U3TUO
[enb: HayYuThCA pelIaTh 3a7a4y Ha NPSAMOM MONEPEYHBIA N3N0
3HaTh: NPUHLMIIEI CONPOTUBIEHUS KOHCTPYKLMOHHBIX MaTEpUaAIOB, METOAbl M aJIrOPUTMbI
IIPOEKTUPOBAHUSI PA3JIMYHBIX MEXAHUYECKUX CHUCTEM; METOJbl U aIrOPUTMbI KOHCTPYHUPOBAHUS
3JIEMEHTOB PA3JIMUYHBIX MEXAaHUYECKUX CHUCTEM, METOAMKH pacyera Ha IPOYHOCTh, KECTKOCTh U
YCTOMUYMBOCTD 3JIEMEHTOB MAIlMH U UX KOHCTPYKLUH;
VYMeTb: OCYLIECTBIATh PALMOHAIbHBIA BbIOOP KOHCTPYKLUMOHHBIX M 3KCIUIyaTallMOHHBIX
MaTEpUaIOB; MPOU3BOJAUTH pacueThl Ha MPOYHOCTh U JKECTKOCTb IPHU PACTSHKEHUU-CKATHM,
KPY4YEHUHU, M3rH0€ M CIOXHOM Harpy>KeHUH, MpPU CTAaTUYECKOM M YAAPHOM HPUIOKEHUU
Harpy3oK; BBIIIOJIHATH CTaHAapPTHBIE BUAbI IPOYHOCTHBIX PACUETOB.

Axmyanonocms memsl OOBSICHSICTCS OCHOBHBIMHU TIPUHIIUTIAMHU OMPECIICHUS BHYTPEHHUX
(bakTOpOB IIpH U3rHOE.
Teopemuueckas yacmy:

[Ipu usrube crep:kHU MOABEPTratOTCs BO3AEHCTBUIO MONEPEYHON CUIIBI MJIM U3THOA0ILEro
MoMeHTa. M3ru0 Ha3bIBaeTCs YHCTHIM, €CJIH JACUCTBYET TOJbKO HW3THOAIOMINA MOMEHT, U
MOTNIEPEUHBIM, €CIIM JACHCTBYET Harpyska, MEepreHAUKYJsIpHas OCH CTepxKHA. bpyc (cTepikeHs),
paborarommii Ha u3rHO, OOBIYHO HA3BIBAIOT Oankoi. bamku sBiIsrOTCA Hambonee dYacTo
BCTPEYAIOIIUMUCS JJIEMEHTAMH COOPY)KCHUH M MAaIllH, BOCIPUHUMAIOIIUMH Harpy3Kd OT
JPYrUX 3JEMEHTOB KOHCTPYKLMI M, NEPENAIOIIMMHU UX TEM YacTAM, KOTOpPbIE MOIIEPKUBAIOT
Oasiky (Jare BCero ormnopam).

B cTrpouTenbHBIX COOPYXEHUSAX M MAIIMHOCTPOUTENBHBIX KOHCTPYKLHUAX Yalle BCEro
MOJKHO BCTPETHTH CIICAYIOIIME CIydad KpeIUICHHS OalloK: KOHCOJBHBIE - C OJHUM
3alIEMJICHHBIM KOHIIOM (C KECTKOW 3aJeNKOH), JBYXONOpPHBIE - C OJHOM IIapHUPHO-
HETIOABIKHOW OMOPOW M C OJHOW IIAPHUPHO-TIOABIDKHOW OMOPOW M MHOTOOIIOPHBIC OalKH.
Ecnu omnopHble peakiuu MOTYT OBbITh HaWAEHbl M3 OAHHX YpPaBHEHHM CTaTHKH, TO Oalku
Ha3bIBAIOT CTATUYECKHU OMNpPEACIUMBbIMA. ECIN K€ YHCIO0 HEU3BECTHBIX OMOPHBIX PEAKIUN
OonpIle, YeM YHUCIO YypaBHEHUH CTaTUKH, TO Takue OalKkd HaA3bIBAIOT CTaTHYECKU
HeomnpenenuMbIMU. J[Jisi ompeneneHus: peakuuid B TaKuX OajikaX TPUXOIUTCS COCTaBISTh
JIOTIOTHUTEJIbHBIE YpaBHEHUS - ypaBHEHUS nepemenieHuid. [Ipu mmockom momepeyHoM u3rube
BCE€ BHEIIIHUE HATPY3KU MEPIEHIUKYIISPHBI K OCH OaJIKH.

Omnpenenenre BHYTPEHHUX CHIIOBBIX (PAKTOPOB, NEUCTBYIOMIMX B MOMEPEYHBIX CEUCHUIX
Oasiku, ClielyeT HaUMHATh C OMpPEeNICHUs OMOPHBIX peakiuii. [locie »Toro ucmoab3yeM MeTos
CEYEHHUH, MBICIEHHO paccekaeM, OalKy Ha JB€ YacTH M pacCMaTpHBaeM paBHOBECHE OJIHOM
yacTu. BzaumopelicTBue uacteil OajikM 3aMeHsieM BHYTPEHHUMH (DakTOpaMu: H3TrHOAIOIUM
MOMEHTOM U NIONEPEYHON CUIIOM.

[Tonepeunasi cuiia B CEUEHMH paBHA alreOpanveckod CymMMe MPOEKIUHA BCeX CHJI, a
M3TUOAIIINNA MOMEHT pPaBeH ajare0panyeckoil cyMMe MOMEHTOB BCEX CHII, PACIIOJIOKEHHBIX IO
OJIHYy CTOPOHY OT CEUEHHMs. 3HAaKU JEHCTBYIOIIUX CHJI M MOMEHTOB CIIEJIyeT OIpEACNsITh B
COOTBETCTBUU C MPHUHATHIMU TpaBwiaMu. HeoOXoauMo HAy4YHThCS TPABUIBHO OIPEACTSATh
PaBHOJCHCTBYIONIYIO CHUTY M U3THOAIOIINI MOMEHT OT PaBHOMEPHO PacTpeIeICHHON M0 JJTHHE
0ayKu Harpy3Ku.

Crnenyer UMETh B BUY, YTO TIPH ONPEJICICHUN HAMIPSKEHUH, BOSHUKAIOIINX TIPH U3THOE,
MPUHUMAIOT CIEAYIONINE JOMYIIEHUS: CEYEeHUS IIOCKHE 10 M3ruba OCTAITCS IUIOCKUMHU U
nocJie u3rnba (TUMoTe3a MIOCKUX CEUYCHHH ); TTPOIOJIbHBIC COCETHUE BOJIOKHA HE JaBST OJHO Ha
JIpYToe; 3aBUCUMOCTh MEXKIY HAPSHKEHUSIMU U 1ehopMalvsiMu THHEIHASL.

I[Ipu w3ydenum w3ruba creayer oOpaTUTh BHHMaHHE HAa HEPABHOMEPHOCTH
pacmpeieieHuss HOPMalbHBIX HAMPSHKEHUH B TONEpPeYHOM ceueHun Oanku. HopmanbHbie
HaIPSKEHUST U3MEHSFOTCS 10 BBICOTE MOMEPEYHOT0 CEYCHHS MPOTMOPIUOHATBHO PACCTOSHHUIO OT
HeliTpanbHOU ocu. ClieyeT yMeTh OMNpENeNsITh HANpsOKeHUs HM3Tu0a, KOTOphIE 3aBUCAT OT
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BEJIMYHMHBI ICHCTBYIOLIETO U3rMOAIONIET0 MOMEHTA M)y 1 MOMEHTA CONPOTHUBIICHHS CEYECHUS TIPU
n3rude Wy (oceBoit MOMEHT CONPOTUBIICHUS CEUCHUS ).

YcnoBue nmpounoctu npu usrude: o = My | Wo<[o]. 3nauenue Wy 3aBUCHT OT pa3MepoB,
(bOpMBI U PACTIONOKEHHS MOMEPEUYHOTO CEYEHHSI OTHOCUTEIBHO OCH.

Hanuumne mnomnepeuHoil cuibl, ACUCTBYIOIIEH Ha Oalky, CBSI3aHO C BO3HUKHOBEHHEM
KacaTeJbHBIX HANpsHKEHUH B MOMNEPEYHBIX CEUEHHUSAX, a MO 3aKOHY IMapHOCTU KacaTeIbHBIX
HaNpsDKSHUH - U B IPOJIOJIBHBIX ceueHHAX. KacarenbHble HanpsHKeHUs ONPeeNsioT Mo Gopmyne
. . XKypasckoro.

[lonepeunast cuiia cOBUraeT paccMaTpPUBAEMOE CEYEHHE OTHOCHUTEIBHO CMEXHOTO.
Wzrubarommii MOMEHT, CKJIQJbIBAIOUIMIICS M3  DJIEMEHTApHBIX HOPMAJIbHBIX  YCHUIIUH,
BO3HHUKAIOIIMX B TIIOMEPEYHOM CEYEHUH OalKke, TIOBOPAUYMBACT CEUYCHHUE OTHOCUTEIHLHO
CMEXHOT0, 4eM U 00yCIIOBJIEHO UCKPUBIIEHUE OCH OaJIKu, T. €. €€ U3ruo.

Korma 6anka MCOBITBIBAET YUCTEIN U3ru0, TO IO BCEH MIHMHE OaIKd MM Ha OTAEILHOM €€
y4acTKe B KaXIOM CEUEHUHM JACMCTBYeT W3rMOAIOIMUA MOMEHT MOCTOSHHOW BEJIWYUHBI, a
HoTepeyHas Cuiia B JI0OOM CEYEHHM JaHHOTO Y4acTKa paBHA HYJo0. [Ipy 3TOM B momepeuHbIx
CEUEHHUAX OaTKKU BO3HUKAIOT TOJILKO HOpMaJbHbIC HAPSIKEHUSI.

Jliist Toro 4to0bl Ty0ke pa3oOparhcsl B (PU3MYECKHUX SIBJICHHUSX M3THOA U B METOIMKE
pelieHuss 3ajad MIpU pacyeTe Ha IMPOYHOCTh U IKECTKOCTh, HEOOXOJHMMO XOpOIIO YCBOUTH
FEOMETPUUECKUE XapPaKTEPUCTUKH IUIOCKMX CEYEHHWH, a MMEHHO: CTaTUYECKUE MOMEHTBI
CCYEHUN, MOMEHTBI HHEPILIUU CEYEHU mpocTeiiiel (opMbl U CIOKHBIX CEUCHUI, OnpeeeHue
LEHTpa TsHKECTU (QUryp, IJIaBHBIE MOMEHTHl MHEPLMM CEUYEHUH M TJIaBHbIE OCH HHEPIHH,
HEHTPOOEKHBI MOMEHT HHEPIUH, HU3MEHEHHE MOMEHTOB HWHEPLUHMH IPH TMOBOPOTE OCEH,
TEOPEMBI O IIEPEHOCE OCEM.

[Ipn wu3yueHum HTOro pasziena cilelyeT HAYYHTbCS MPABUIBHO CTPOUTH SIIOPHI
M3ru0AIOIIUX MOMEHTOB M MONEPEYHBIX CHUJI, ONIPEJENISITh ONACHbIE CEUEHUS U JACHCTBYIOIIUE B
HUX HampspkeHusa. [loMuMo ompeneneHusl HampsDKEHUN CleqyeT Hay4YUTbCs ONpPENeNsTh
nepemenieHust (mporudObl O6anku) mpu u3rude. s aToro mcnomib3yercs muddepeHIaIbpHoe
ypaBHEHHE U30THYTOU OcH Oasiku (YIpyroil TMHUM), 3alIUCaHHOE B 00IIEM BUJE.

Jlia onpeneneHus NporuOoB MPOBOIUTCS MHTETPUPOBAHUE YPABHEHUS YIIPYTOW JTMHHM.
[Tpu 3TOM creayeT MpaBHIBHO OMNpEAENsATh MOCTOsIHHbIE uHTerpupoBanus C u D ucxons u3
ycIIOBUM onupaHus Oaiku (rpaHUYHBIX yciaoBuid). 3Has BeanuuHbl C uD, MOXKHO ompenenuThb
yroJl TOBOPOTa U MPOruod Jr060ro ceueHus Oanku. M3yueHue cinoXHOTro cCOnpoTUBICHUS OOBIYHO
HA4YMHAIOT C KOCOTO MU3ruda.

SIBnenne kocoro wu3ruba OCOOEHHO OMACHO Uil CEYEHHH CO 3HAYUTENIbHO
OTJIMYAIOIIKUMHUCS JPYT OT Jpyra riaBHbIMA MOMEHTAMU WHEPIHH; OalKu C TaKUM CEYEHUEM
XOpOUIO paboTalOT Ha M3TH0 B IVIOCKOCTH HauOOJBIIEH KECTKOCTH, HO JIaXKe MPH HEOOJbIINX
yriax HakJIOHA IJIOCKOCTH BHEUIHMX CHJI K IUIOCKOCTH HauOOJbIIeH »ECTKOCTH B Oaykax
BO3HHUKAIOT 3HAUUTENIbHBIE JOMOJHUTEIbHbIC HANpsDKeHUs U aedopmarun. [{nsg Ganku kpyrioro
CEUEHHUs KOCON M3rud HEBO3MOXKEH, TaK KaK BCE LEHTPAJIbHBIE OCH TAKOI'O CEUEHMS SBISIOTCS
IJIABHBIMU U HEUTpasibHBIN Ci0il Bcerga OyaeT MEepHeHIUKYJSPEH IUIOCKOCTH BHEIIHUX CHIL.
Kocoit u3ru6 HeBO3MOXKeH U 17151 OaJIKU KBaIPATHOTO CEUCHHSI.

IIpn ompeneneHun HaNpsHKEHUH B CIy4yae BHELEHTPEHHOI'O PACTSDKEHUS WIHM CHKaTUs
HEO0OXOUMO 3HATh IOJIOKEHHE TJIABHBIX IEHTPAIbHBIX OCEHl CeYeHHs; MMEHHO OT 3THUX Ocei
OTCUUTBIBAIOT PACCTOSHUSA TOYKM INPUIOKEHUS CHJIbBI M TOYKM, B KOTOPOW OIPEIEISIIOT
HaIPSDKEHUS.

[IpuiioskeHHass SKCHEHTPUUYHO CKUMAIOLIasi CUJIa MOKET BbI3BAaTh B IIONEPEYHOM CEUEHUNU
CTEpXKHSl pacTATUBAIOLIME HANpsDKeHUA. B CBS3M ¢ 3TUM BHELIEHTPEHHOE C)KaTue SBISETCS
0COOEHHO OMACHBIM ISl CTEP)KHEH M3 XPYINKUX MaTepHalloB, KOTOpbIE CIab0 COMPOTHUBIISIOTCS
PaCTITUBAIOIINM YCUITHSM.

B 3akmroueHue crneayeT MU3Yy4HMTh CIy4yail CII0KHOIO CONPOTHBIIEHHS, KOIZa TEJ0
UCIBITBIBAET OJHOBPEMEHHO HECKOIbKO JAedopmanuii: Hampumep, H3rM0 COBMECTHO C
KpY4YEeHHEM, pacTsHKeHHe-CKaTHe COBMECTHO € M3rnOoM H T. 1. [Ipu 3TOM ciieyeT uMeTh B BULY,
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YTO U3TUOAIOIINE MOMEHTHI, JCHCTBYIONINE B PA3IMYHBIX IJIOCKOCTSIX, MOTYT CKJIQ/IbIBATHCS KaK
BEKTODBI.

IIpumep pemeHus 3a1a41 HA TEMY «IPSAMOM MonepeYHbI U3ruod»

Jnia 3ananHoi cxembl 6anku (puc. 4.1) TpeOyercs HanmucaTh BRIPAXKEHUS BHYTPEHHUX
nonepevHbIx cuil Q U M3rndarIMUX MOMEHTOB M, TSl KaXKJIOTO Y4acTKa B 00IIIeM BUJIE,

) max
nocTpouTh 31topbl Q u M,, naiitu M ™ v nopo6path cTanbHy0 1ByTaBPOBYIO GAIKY C

ykazaHueM e€ HoMepa. JlormyckaeMoe HanpsbKeHrne Ha U3ru0 IpUHATD [T] =150 MITa.

3Ha4YeHUsI MOMEHTOB COIIPOTHBIICHUS cedeHus pu u3rnoeW, st 6aiok AByTaBpOBOTO CEUCHHS
(I'OCT 8239-89).

Ucxonnbie nannbie: a = 3,2 mb =44 mc=24m | =13 m,
M =10kHm, F =13 «H, q = 16 kH/m.
/ il i) %
R F R

q
Alttitiiitiitiees

]

‘/’\i

Pucynok 4.1
Pemenne:

1. Onpenenum onopHsbie peakiuu Ry u Ry :

>Y =0,R-g-a-F+R,-q-c=0;

ZmA(Fi):O;

0,5qa° + Fa — M +qc(l - 0,5¢)

R2 — =
l-c
2
_05-16-3,2 +13.3,21;102+416 -2,4(13-0,5-2,4) 53 5H.

R =qga+F-R,+0c=16-(32+2,4)+13-535=491 /.
[TpoBepka: ZmB(Fi): 0,

~R(l-c)+qa(l-c-05a)+ F(l-c—-a)+M —0,5q¢® =
=-491(13-2,4)+16-3,2(13-2,4-0,5-3,2)+16(13-2,4-32)+10-0,5-16-2,4* =0

OHOpHHC pCaKknuun HalJIeHbI BCPHO.

2. Haiigem 3HaueHus I/ISFI/I6aIOH_II/IX MOMCHTOB Mu U OIICPCUYHBIX CUIT Q Ha KOHIIax
YYaCTKOB HArpy>XCHUs METOAOM CCUCHMUS.

I Vuacmox (puc. 4.2):0<2, <a,
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¢ 'l o
R \ t 2
& _;//Vb‘

Pucynok 4.2

Ql = R1 —qz,

M =Rz —0/5qz’,

npuz; =0, Q1 = Rl = 49,17<H; ]\4141 =0

npuly =a=3,2m, Ql = R1 —(a= 491-16-3,2=-21 «xH:

M =R -a-050a’=491-32-0,5-16-3,2* =75,2 «H.
11 Yuacmox (puc. 4.3):0<2, <a+b,

Ly |F VA

Rofiiineiettiing 4
a

Z2

A

Pucynok 4.3

Q,=R -ga-F=491-16-32-13=-151 x#;

M,=R -z, —qa(zz _0,53-)— F(Z2 —a)

npu Zy = 3,2 m,

M, =R -a-gala-05a)-F(a—a)=491-32-16-32(32-05-32)=752
xHwm,

npu; = 7,6 m,

M ,=491-76-16-32(7,6-05-3,2)-13(7,6 -3,2)=8,76 x#ix.
1V Yuacmox (puc. 44):0<2, <c

Yi q
zZ_ | i
0 B Z4 —‘
Pucynok 4.4
Q4 = q24,
M , =-05qz;,

npu 24 =0, Q4 =O, ]\4{4 =0,
npu 24 = 2,4 m, Q4 =16- 2,4238,4 kH;



M, =-05-16-24> =—46,08 .

1 Yuacmox (puc. 4.5) :c <7, <l—a-b (2,4<z2,<54)

Yi R\

Pucynoxk 4.5

Q,=0c—R,=16-2,4-535=-151x#,
M , =—qc(z, —05¢)+R,(z, —¢).

npuzs=24, M ,=-16-24(24-05-2,4)+535-0=-46,08 xsix.
npuzs=54m M, =-16-2,4(54-05-24)+535(54-24)=-078 xH.

Onpenenim KOOPAUHATY CeUeHus Z, , ipu kotopoii Q; = 0 u M,,; = max.
p p y 1 p p

Rl_qzlmax =0
e P L 507,
q 16

M™ =R 2™ —0,5q(z™ ) =491-3,07-0,5-16-3,07% = 75,3 «Hw.
W3 noctpoenHsIx 3mtop (puc. 4.6) BUAHO, UTO OMACHBIM SIBJISIETCS CEUEHHE,

max
pacrionoxennoe Ha 3,07 M ot sieBoro kouna Ganku ¢ M = 15,3 kHm.
OHpe)IeJ'II/IM MHWHUMAaJIBHO HGO6XOI[I/IMI)II71 MOMCHT COITPOTUBJICHHUA CCUCHUA Oasiku npu

u3ruoe mein , U3 YCIIOBUS MPOYHOCTH TI0 HOPMAITBHBIM HAMPSKEHUSIM.
WM™ 753.10°
WX = u =
o]
Haznauaem nytaBp Ne33 (I'OCT 8239-89) ¢ oceBbIM MOMEHTOM COMPOTUBIICHHS

CCUCHUA Wx = 597 CM3.

= 502252 mn®,
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Alitiitiiteteite /_ 5.
a=32M D=4 M a=30m =24 M
4917 pa nonepebx cui . kH
AN 87|
0 0
2 7| é
Zw=307 4 | Ll
i Inmpa uszuoagiyux MomesEmol Mua kM
7531752
et \\
A \
\
/ \
/| N\
/ \
/ i \
&) N\
\ & 76
0 | 0
a78
>)
\/ 46,08
Pucynok 4.6

Bonpocwt u 3a0anusn:
1. Yro Takoe u3ru6?
2. TlocTpoeHue 3mrop Mpu U3rHoeE.
3. BuyrpenHue cuiioBbie GaKTOpHI .
4. OmnpeneneHue N3rudaroIero MOMEHTA.
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IIpakTHyeckoe 3ansaTHE 9
Tema 9: M3ru6 ¢ kpydeHuem
Llenb: HAyIUTHCS peliaTh 33a4H Ha U3TU0 ¢ KpydeHHUEM
3HaTh: NPUHLUIBL CONPOTHUBIECHUS KOHCTPYKLMOHHBIX MAaTEPHAJIOB, METOIbI M aJITOPUTMBbI
IIPOEKTUPOBAHUS PA3JIUYHBIX MEXAHUYECKHX CHUCTEM; METOJbl U AITOPUTMbl KOHCTPYHPOBAHMUS
3JIEMEHTOB Pa3JIMYHBIX MEXAaHUYECKUX CUCTEM, METOJUKH PacyeTa Ha IPOYHOCTH, JKECTKOCTh U
YCTOMUYMBOCTD 3JIEMEHTOB MAIlMH U UX KOHCTPYKLUH;
VYMeTb: OCYLIECTBIATh PALMOHAIbHBIA BbIOOP KOHCTPYKLUMOHHBIX M 3KCIUIyaTallMOHHBIX
MaTEpUaNOB; MPOU3BOJAUTH pacueThl Ha NPOYHOCTh U JKECTKOCTb IPU PaCTIKEHUH-CHKATHH,
KPY4YEHUHU, M3rH0€ M CIOXHOM Harpy>KeHUH, MpPU CTAaTUYECKOM M YAAPHOM HPUIOKEHUU
Harpy3oK; BBIIIOJIHATH CTaHAapPTHBIE BUAbI IPOYHOCTHBIX PACUETOB.

Axmyanonocms memsl OOBSICHSICTCS OCHOBHBIMHU TIPUHIIUTIAMHU OMPECIICHUS BHYTPEHHUX
(bakTopoB NpH U3rHOE C KPYICHHEM.
Teopemuueckas yacmy:

Jliia peieHus 3a1a4 HE0OX0IMMO YCBOUTDH TeMY «l MIIOTE3bI IPOYHOCTU U UX
IPUMEHEHHE», TaK KaK B HUX pacCMaTPUBAETCs COBMECTHOE AEUCTBUE N3rM0a U Kpy4yeHUs U
pacyeT NpoU3BOAUTCS C IPUMEHEHUEM TUIIOTE3 IPOYHOCTH.

YcnoBue IpOYHOCTH B 3TOM CIIy4ae UMEET BUL:

M
— IK6
=——*<[o],
X
rae: M., - Tak Ha3pIBa€MbIA DKBUBAJICHTHEIII MOMEHT.
[Ipu runore3e HaMOOIBIIMX KacaTeIbHBIX HAIPSDKCHHUH (MHAUYE - TPEThS THIIOTE3A):

M3K8[11 = \/M142+MK2 '

[Tpu runorese NOTEHIMATBHON SHEPTHH HOPMOU3MEHEHUS (MHAYE - MATas THIIOTE3a):
2 2
M, , =\M?+075M?

B oGeux ¢popmynax M, u M, - COOTBETCTBEHHO KPYTAIIMNA U CYMMAapHBIN U3rnOaronuii
MOMEHTBI B pACCMaTPUBAEMOM CEUYEHUH Bajia. YNUCI0BOE 3HAYEHNE CYMMAapHOTO N3rH0aroIero
MOMEHTa PaBHO '€OMETPUUYECKON CyMMe H3THOaI0LIMX MOMEHTOB, BOSHUKAIOLIUX B JaHHOM
CE€YEHHUH OT BEPTUKAIBHO U TOPU3OHTAIBHO JIEUCTBYIOIIUX BHEIIHUX CHJI, T.€.:

M,=\M:+M?

[TocnenoBaTeabHOCTD PEIICHUS 3aJa4n:

. [IpuBecTH neicTBYOMME HA BAJI HATPY3KH K €0 OCH, OCBOOOIUTH BaJI OT OIOP, 3aMEHUB UX
NeNCTBUE peaklMsIMU B BEPTUKAIBHON M TOPU30HTAIBHOMN MIIOCKOCTSX.

. I1o 3amanHO# MOITHOCTH P U yIII0BOI CKOPOCTH (¥ ONPEAETUTH BpALIAIOIIHe MOMEHTHI,
JICHCTBYIOIIIME Ha BaJl.

. Berauciuts Harpysku Fi, Fr1, Fo, Fro, mpunoxennsie k Bamy.

. CocTaBUTh ypaBHEHHS PaBHOBECHS BCEX CHJI, ICHCTBYIONIUX HA BaJ, OT/ICIHHO B
BEPTHKAIBHOMN TUIOCKOCTH U OTJIETHHO B TOPU3OHTATBHON TUIOCKOCTH M ONPEJEIUTh PEaKIIUN
OTIOp B 00€HX TIJIOCKOCTSIX

. [TocTpouTs 3MI0pYy KPYTSIIHUX MOMEHTOB,

. [TocTpouTh SMIOPBI N3TUOAOIIIMX MOMEHTOB B BEPTUKAILHOW W TOPHU3OHTAIHLHOM TJIOCKOCTSIX
(omtopst M, u M,).

. OnpeienTh HANOOJTBITICE 3HAYCHUE SKBUBAJICHTHOTO MOMEHTA!

M, = M2+ M?+ M

JK6

W [\ —

AN DN

3

okelll

nJIn
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M, =\M?*+M?+0,75M"

8. Cuuras, uto O, = o], OTIPECIUTh TPEOyEeMbI OCEBOI MOMEHT CONIPOTUBIICHHS:

W =M, I[o].

oK6

y‘lI/ITBIBaH, YTO IJIs1 CIUIOIITHOI'O KPYIJIOro CCUCHUA:

3
W =ﬂ‘;z0,1d3,
32

u

OIpCaAcCIsICM d 110 CJ’IeI[yIOH.IefI q)OpMYHe:
32M M
d 2 3 T oK ~ 3 K6 .
[o] 0,o]

[TPUMEP BBIITOJIHEHUA 3AJAHUA
HA TEMY «(M3I'lb C KPYUEHUEM»

J11g cTaIbHOTO Bajia MOCTOSIHHOTO MOMEPEYHOr0 CEYSHHsI ¢ IBYMsI 3y0UaThIMU KosiecaMu (
puc. 5.1,a), nepenaroniero MomHoctsh P = 15 kBm npu yriosoii ckopoctu @ = 30padl/c ,
OTPENICTUTH AUAMETP BaJia MO JABYM BapUaHTAM: a) UCIIOJIb3Ys TPEThIO THUIIOTE3Y MIPOUYHOCTH; 0)

HCIIONIB3YS TATYI0 THIoTe3y npounoctu. Hpuusts: [0] =160M1la ; F,, =0,4F; F., =0,4F,

Pewrenne:

1. CocraBnsieM pacueTHYIO CXeMy Bajia, IPUBOAS JEHCTBYIOIINE Ha Bl HATPY3KH K OCH
(puc. 5.1, 6). Ilpu paBHOMepHOM Bpaiienuu Baia M1 = M, rne My u M3 - CKpy4uBarolIie napsl,
KOTOpbIE 100aBIsA0TCsA pu neperoce cui F1 u F, Ha och Bana.

2. OmnpenensieM BpalatoIiil MOMEHT, JEHCTBYIOIINN Ha BaJl:

P

M, =M,=—=05-10°H - m=05xH - m |

w
3. Beruncinum HarpyskKu, NpHuJIOKCHHBIC K BaJly:
3
F=2M 2205407 ey _q0um. L -04-10=4kH
d, 01
M .05-10°
F=t= 2 05110 =4.10°H =4xH . F.,=04-4=16xH .
2 y

4. OnpezensieM peakiy ONop B BEPTUKAIBHOI MI0cKkocTH (puc. 5.1, 6):
> M, =F,-AC+F,-AD-R,-AB =0;

F,-AC+F,-AD 4.0,05+16-0,25
. AB B 0,3 -
>M,=R, -AB-F,-BC-F,-DB=0;

R, 2xH :
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_F,-BC+F,,-DB_4.0,25+16-0,05
o AB 0,3
DY=R, -F,-F,+R, =2-4-16+36=0.

R = 3,6kH -

ZY =0, cnenosarensuo, R 4,5 M RB,V HaWJIeHbI MPABHIIBHO.

OmnpenensieM peakuy OMop B TOPU3OHTAIBHOM MI0CKOCTH (pHC. 5.1, 6):

S, - F,-AC—F,-AD :10-0,05—4-0,25:_166KH
4 AB 0,3 ’ '

3Hak MHHYC YKa3bIBaCT, HA TO, YTO HCTUHHOC HAIIPABJICHNUEC PCAKIINU IMTPOTHUBOIIOJIOKHO
BbIOpaHHOMY:

> M,=R, -AB-F, -CB+F,-DB=0
ZX = O , CJICO0OBATCIIbHO, RAx u RB,\' HaﬁI[eHLI BCPHO.
5. CtpouM >m10py KpyTSAILIUX MOMEHTOB M , (puc. 5.1,B).
6. OHpe,[[eJI}IeM B XapPaKTCPHBIX CCUCHUAX 3HAYCHUA I/ISFI/I6aIOIHI/IX MOMCHTOB M x B

BepTHKANbHOH TockocTu 1 M B TOPU3OHTAIIBHOM IIOCKOCTH M CTPOUM JIIOpbI (puc. 5.1, T,

n):
M. = RAy -AC =3,6-0,05=0,18xH - m :

M, = RAy -AD-F,-CD=36-0,25-4-0,2=01xH - m :
Mcy =R, -AC =7,66-0,05=0,383kH - m ;
MD}, =R, -AD-F,-CD=7,66-0,25-10-0,2=-0,085«H - m

7. BBI‘-II/ICJ'ISIGM HaI/I6OHI>HICC 3HAYCHUEC SKBHUBAJICHTHOT'O MOMCHTA I10 3aJaHHBIM I'II0TE3aM
npovyHocTH. Tak Kak B JaHHOM MpUMeEpe 3HaU€HUE CYMMapHOTO U3THOAIOIIEro MOMEHTA B
ceuenun C OoJble, 4eM B ceueHuu D,

MuC = \/ng +M§~y = \/0,182 +O,3832 = 0,423KH ‘M

M, = M§ + M} =01°+0,085" =013kH -,

To ceuenue C U siBIsieTcs: onacHbIM. OnpesiensieM SKBUBATICHTHBIN MOMEHT B ceueHun C.

Bapuanr a):
M, =M*+M?+M? =018 +0,383" +0,5? =/0,429 = 0,655kH - u
BapuanT 0):

M, = \/Mf +M?+0,75M? = /018 + 0,383 +0,75-0,5% = /0,366 = 0,605¢H -

8. OmpenenseM Tpebyemble pa3Mephl Bajia [0 BapruaHTam a u 0.

[To BapuanTy a
6
d =g Mo _[0055107 5/ p,
0.[c] 01-160

ITo BapuanTy 6

36



6
g o[Mow _,[060510° oo
0] 0,1-160

Ipurumaem d,,,, =34mm .

0,=250mM

My’ KH‘N

My
Pucynok 5.1
Bonpocwt u 3a0anusn:
1. Yro Takoe u3rubd c kpyueHuem?
2. Tloctpoenue 3MIop MpH U3rHdec KpyudeHHEM.
3. Buyrpennue cuioBbie GaKTOpHI .
4. OnpeneneHue N3rudaroIero MOMEHTa MpU U3rudec KpyueHHeM.
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IIpakTnueckoe 3ansaTue 10

Tewma 10: LlenTp mapayiienbHBIX CHJL.

[lenb: 1aTh CTYACHTY MOHATUE O LIEHTPE NapauIEIbHBIX CHIL.

3HaTh: YCIOBUM paBHOBECHS MIJIOCKOW M MPOCTPAHCTBEHHOM CUCTEM CHJI,

YMeTh: NPUBOIUTE CUCTEMY CHJI K IIPOCTEHIIEMY BUY;

COCTaBIISITh U pellaTh YpaBHEHUS PaBHOBECHS,;
Axmyanonocms memvl OOBSACHSAETCS HAXOXKJIECHUEM LIEHTpa MNapajulelbHBIX CHJI, TEM CaMbIM
YIPOILAETCs pacyeTHas cXema.

Teopemuueckas uacme.

Cuctema JByX TNapayiedbHBIX W OJMHAKOBO HANpaBJICHHBIX cwi A! u A@ wuMeOT
paBHOzeWcTBytomyt0 K=A!+A@, nuHus neicTBus KOTOpO NpoxomuT uepe3 Touky C,
onpenensieMyto cootHomieHueM (1.5):

F,AC=F,BC
OueBUIHO, YTO €CIM MOBEPHYTHh CHIIBI A! M A(@ Ha OJUH W TOT K€ YrOJI a B OIHY U Ty K€
CTOPOHY, TO Ha TOT K€ YI'OJI IOBEPHETCS U UX PaBHOJCIHCTBYOIIAs, IPUYEM €€ JIUHUS ACHCTBUSL

OyIer mpoxoauTh 4epe3 Ty ke Todky C ,Tak KaKk B ONpEICIISoNiee MOJIoKeHHe TOdku C
BeIpaxkeHue (1.5) BxoasT Tonbko moaynu cun Fi u Fo.
=

Puc. 1.37 Onpeoenenue nonoxncenusn
UeHmpa napanienbHvix cu

PaccmoTpuM Temeps cucreMy MNapasIeNbHBIX W OJUHAKOBO HANpaBlIEHHBIX cuil (4!,
A@,A#,...,A%), npunoxeHHbix B Toukax A1(X1,Y1,21), A2(X2,¥2,22),. « -, An(Xn,Yn,Zn) TBEpAOTO Tea
(puc.1.34). Drta cucrema cui umeeT paBHojackcTByomyl0 K=CAS$, a ee nuHHMs aelcTBUS
npoxoauT dYepe3 Touky Cp.q, TMOJNIOKEHHE KOTOPOW HalaeM, Omperenss IOoCIeI0BaTEIbHO
nosioxeHust Touek Ci, Cy...,Ch1 C TIOMONIBIO BRIPAKECHHM

k
( Z Fm)' Aka = |:k+1 ' Ak+1Ck
m=1 , 3armucanubix s k=1,2,3,.,n-1 (1.18)

Tak kak B paBeHcTBa (1.18) BXOIAT TONBKO MOJIYJIM PAaCCMaTPUBAEMBIX CHUJI, TIOJIOKEHUE TOUKU
Ch-1 OTHOCHUTENBHO TOUEK A1, A2, A3, . . ., An HE ©3MEHUTCS MPH JTFOOBIX OJTMHAKOBBIX
M3MEHEHUSX OPUEHTALMU CHUJI CUCTEMBI.

Onpeoenenue: mouka, uepe3 KOmopyr npoxooum JTUHUA 0eUCMEUs PAGHOOeICyouiell
cucmemul RApaANIeIbHbIX CUI NPU JII0OBIX NOGOPOMAX IMUX CUL HA 0OUH U MOMm dice Y201 8
O00HY U my dce CHOPOHY, HA3bIBACMCA UECHMPOM RAPALIEIbHBIX CUIL.

Haiinem koopaMHATHI 3TOTO LIEHTPA B MPOU3BOJIBHOM JIEKAPTOBOM CUCTEME KOOPIMHAT.
Bocrnonb3yemcst TeM, 9TO ero TMoJIOKEHUE HE 3aBUCHUT OT HAIIpaBJICHUS CHUJI U HAIIPABUM BCE
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CHJIBI CUCTEMBI NapaiiesbHo ocu Z (puc.1.34). Torna no Teopeme Bapunbona

M (R)=3M ,(Fy) My(R)=Rxc, .

Z‘4My(lfk):Fj|_)(;|_'|‘|:2X2-|-...-|-Fan X :M

C
, moiyyaem - N-1 R
[IpumeHsis TeopeMy BapiHbOHA OTHOCHTENBHO OCH X M OTHOCHTEIBHO OCH Z (B TIOCIIEIHEM
Cilydae HaIpaBHMB BCE CHIIBI IAPAILIENBHO OCH Y) TTOJyYaeM aHATOTHYHbIE (OPMYJIBI IS

nd—l u ZCn—l:

~ 2 FeXxy 2Ry , 2 Fzy
Cn-1 R ! Cn-1 R ! Ch-1 R . (1.19)
[TonyueHHble GOPMYIIBI HCIIOTB3YEM JUIS OTPEIEIICHUS MTOJOKEHHS [IEHTPOB TSHKECTH Tel,
HaxogAIuxcs B OHHOPOI[HOM rpaBI/ITaHI/IOHHOM I10JI€ 3€EMHOTO TATOTCHUS. HeﬁCTBI/ITeHBHO,
CHJIBI TAXKECTH OTACJIBbHBIX YaCTHII TCJIA, pa3Mepr KOTOpOFO MaJibl 110 CpaBHeHI/IIO C paﬂI/IYCOM
3eMHI/I, O6pa3yIOT CI/ICTeMy HapaJ'IJ'IeJ'ILHLIX CHII, aHaJIOFI/I‘lHyIO paCCMOTpeHHOﬁ BBIIIIC. Ha30BeM
paBHOHeﬁCTBonmyIO CUJI TSAXKECTU OTACIIBHBIX YAaCTHUIL TCJIa BECOM OTOI'0O T€j1a U 6yHeM
0603HaanI> ero 6yKBOI>i 3 I_[eHTpOM TAKCCTU 6yHeM Ha3bIBaATh I_[eHTp HapaJIJIeJILHBIX CUJI1

. YUUTBIBas, 4TO

X

TSKECTH Pk OTJENLHBIX YaCTHUI] TeJ1a U 0003Ha4YaTh ero OykBoi P. B HOBbIX 0003HaUEHHSIX
dopmynel (1.19) nepenunryrcs B Buje:

_ 2 PiX y _2PiYk o, 2Pk

JU1st OTHOPOAHBIX TeJ BeC Pk OTACTBHBIX YaCTHI] TeJIa MPOTIOPIHUOHATICH 00beMaM 3TUX YaCTHUI]
‘Pk=WNx, @ BEC TeJla MPOMOPIHOHAIEeH 00beMy Teria P=W ()~ Bec enuHuIIBI 00bEMa).
[ToncraBnsist nanHble BeipakeHus B (1.20), mocie cokpaliieHus Ha y ,moirydaeM (GopMyJIbl s
OTIpeNieNIeHus! IICHTPA TSHKECTH 00beMa:

_ 2V Xy _2ViYk o, 2ViZk

v IPTTY  PT Y (1.21)

I[J-IH OI[HOpOI[HBIX IINIOCKHUX IIJIACTHUH U H3Heﬂﬂﬁ n3 OI[HOpOI[HBIX HHHeﬁHLIX QJIECMCHTOB
(HarpuMep U3 OAHOPOAHOMN IIPOBOJIOKH IIOCTOSHHOIO CEYEHHMs ), BBOIS BEC €IMHUIIBI TUIOMIAAN 1

BCC €AWMHUIIBI JJIMHBI, aHAJTOTUYHBIX 06p2130M nojry4acm (bOpMyJ'IBI AJId OIIPEACIICHUS LICHTPA
TAKECTHU IJIOIAaA W HCHTpPA TAXKCCTH JIMHUMA:

_ 2 SkXk 2 SkYk _ 2.SkZy
- S ’ yP - S y ZP - S ]
(1.22)
rae S - I101Iadb Bceﬁ II1aCTUHBI, Sk - IJ10111aaun €€ qaCTeI‘/JI.
~ 2 hexy 2y 2z
xp=2oklk oy mklk g o &kt
L L L (1.23)

rae L - pvna Beeit mmauy, ly - 1uuHa ee yacrei.

Xp

Xp

Xp

Bonpocwt u 3a0anusn:
1. Ompenenenrue eHTpa MapaIeNbHBIX CHIL.
2. OmnpeneneHre KOOPAWHAT EHTPA MapAJUICITBHBIX CHIL.
3. Ompenenenue NeHTpa NapaieIbHBIX CHII C IIOMOIIBIO TeOpeMbl BapruHboHa..

39



IIpakTnueckoe 3ansaTne 11
Tema 11: CnocoOs1 onpeaeneHust KO3 HUIUEHTa TPEHUSI.
[lenb: 1aTh CTyEHTY HOHATHS O KO3((UIIMEHTE TPEHUS U €TO OTPE/ICICHUH.
3HaTh: KMHEMATHYECKUE XAPAKTEPUCTHKHU TOYKH, AU(P(PEepeHINANbHbIC YPaBHEHHUS JBHUKECHUS
TOYKH;
o01ue TeopeMbl TMHAMUKA
YMeTh: BBIYHCISATH CKOPOCTM M YCKOPEHHsSI TOYEK M TOYEK Tejla INPH MOCTYIATebHOM,
BPAIIaTEIbHOM U TJIOCKOM JBHKECHUSX
AxmyanvHocms memvl  OOBACHSACTCS oONpeaeieHueM Kod(h(UIMeHTa TPEHHsS pPa3InYHbIX
MAaTepuaioB U CIIJIABOB.
Teopemuueckas uacmy:
Cuna mpenus ckonvycenus. Kak mokaspIBaeT ONbIT, IPU CTPEMIICHUH JIBUTATh OJTHO TEJIO TI0
MOBEPXHOCTH JIPYTOTO B IJIOCKOCTH COITPUKOCHOBEHUS 3TUX TeJl BOSHUKAET CHJIAa TPEHHUS,
KOTOpasi MOYKET IPUHUMATBH JIIO0BIC 3HAYECHUS OT HYJIS 10 HEKOTOPOTO MPEIEIbHOTO 3HAYCHUS,
onpenensemoro 3akonoMm Kynona F,,,=fN, rae f- 6e3pasmepnsiii koaddunuent tpenus
ckombkeHus, N - HopmanbHas peakiys. KosppuIueHT TpeHus CKOJIbKEHHS ONpeessieTCs
OIBITHBIM ITyTEM U 3aBHCUT OT MaTepUalia CONPHKACAIOIIUXCS TEJI U COCTOSIHUS UX
HOBEPXHOCTEH (XapakTep 00pabOTKH, CMa3Ku, TEMIIEPATYphI U T.11.). ONBITHI TOKa3bIBAIOT, YTO
CHJIa TPEHHSI CKOJIBKCHHUS B IIMPOKUX IMPE/IesiaX He 3aBUCHT OT Pa3MEPOB TPYIIUXCS
noBepxHocTel Ten. Tak 1 Toro, Y00kl CIBUHYTH OOBIYHBIN KUPITUY, HY>KHO TIPHIIOKHUTH
OJIMHAKOBYIO CHJTy HE3aBUCHMO OT TOTO JISKUT JIM OH TUIaIMs win Ha pebpe. [lpu permennn
3a/1a4 C Y4€TOM CHJI TPEHHS CKOJIBKEHHSI HEO0OX0IMMO YETKO pa3indyaTh OOBIYHOE U MpeIelIbHOe
paBHOBecHe Tena. B mepBoM citydae BeTUYMHA CHIIBI TPEHHSI HEU3BECTHA U IOJDKHA
OIIPEICTIATHCS M3 PELICHUS] COOTBETCTBYIOIIMX ypaBHEHH paBHOBecHs. Ecnu ke B 3aaue peusb
UJIET O IPEJeTbHOM PaBHOBECHH, TO CHJIa TPEHUS onpezensercs 3akoHoM Kyrona:

F,, =M (1.28)

T A
30°

7777777777

Tpocmetiwutl npumep: nycms Ha meno, Haxoosujeecs 8 PAGHOBECUU HA 20PU3OHMANbHOLL
wepoxosamotui nosepxnocmu, oeticmayem cuna F=10 H. Onpedenums, uemy pasua cuna mpenusi
CKOTIbIICEHUSL.

Pewenue: 6 dannom ciyuae meno 3a6e00M0 HAXOOUMCSA 8 PABHOBECUU U CULA MPEHUs.
onpeodenumcst U3 ypaeHeHust PagHOBECUsL:

Y F =Fcosa—F, =0,
mp omkyoa F,,=Fc0s30° = 8,66H.

Hszmenum menepo ycnosue 3a0auu: onpedenum munumanvuyro cuny F, cnocoonyio cosunymeo
meno ¢ mecma, ecau e2o éec P pasen 10 H, a kooghgpuyuenm mpenus cxonvorcenus f=0,1.
Pewenue: max kax peuv udem o npedenbHoM COCIMOAHUU PAGHOBECUS,

o o O F=Fcos30° - Pf =0,
F.,=MN, N=P, F,,=fP=1H,
F=fP/cos30°=1,15H.
Kaxk n3BeCTHO MOIMHYIO peakius LIEpOX0BATON MOBEPXHOCTH MPUHATO MPEICTABIATh CYMMOM
JIBYX COCTABJISAIOLIMX: HOpMaJIbHOM peakuuu T u cuitsl TpeHus A, (puc. 1. 38)
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7777777777007 777 7777777777777
Puc. 1.38. Peakyusa wiepoxosamoii nogepxnocmu
CrnenoBarenbHO, mosiHas peakius K Oyaer oTKIIOHeHa OT HOpMaJld K TOBEPXHOCTH Ha
HEKOTOPBIN yroi. [Ipyu u3MEeHeHNN CHIIBI TPEHUS OT HYJIS JI0 €€ MpeaeIbHoro 3HaueHus, cuia K
u3MeHsiercs otT T 10 CBOEro MaKCHMMaIbHOTO 3HAYEHUS, & €€ YIoJl C HOPMAJIBIO PACTET OT HYJIS
JI0 HEKOTOPOTO MPEACILHOTO 3HAYCHUS (OH , Ha3pIBAEMOTO YIJIOM TpeHus. V3 pucyHKa BUIHO,
uro tg pn=F,,, I N, Torna c yuerom toro, uro F,,=fN , nonysaem tg ¢pn="f.

Ecnu k Teny npunoxuTh cuity 3 oJ yriioMm a Kk Hopmaiu (puc.1.34), To Teno caBuHeTcs
TOJIBKO TOT'JIa, Korjia cisuraroiiee ycuiaue Pcosa 6yzner 6omabue F,,=fN. Dt0 03Hauaer , yro
HUKAKOW CHIION, 00pa3yromiel ¢ HoOpMaibio yroi a < (H, TeJI0 BAOJIb JAaHHOW MMOBEPXHOCTH
C/IBUHYTb HEIIb3sl.

B

E

IIpumep 1 . Kaxoe dondicen 6blmv MUHUMATbHBIU KO Puyuenm mpenus ckonvicenus f 6
Mecme KOHMAaKkma 0OHOPOOHOU K8AOPAMHOU NAACMUHbL 6ecom P ¢ sepmukanvHoil cmenkol,
ecu nIacmuna 8 3a0aHHOM NOJIONHCEHUU HaxX00umces 6 pagrnosecuu. Becom cmepoicna BF
npereobpeub.

Pewenue. Tax kak nunus oeticmeus nonnou peaxyuu K eepmuxanvrotl cmenku npu pasnogecuu
NAGCMUMbL O0NICHA NPOUMU Yepe3 mouKy B (Ha ocnosanuu meopemvl 0 mpex cunax), mo F,,,=N
UnU, NOCKONLKY peub 8 ycaosue saoadu udem o npedenvhom pasrogecuu, Fn,= fN, fN =N, f =1.
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Tom once Pe3Yibmant MOMNCHO NOYYUms U U3 YPAGHERUA pABHOBECUA NIIACIMUHRbL.!

S M(F,)=N-BC~F,-4C=0, F, =N, fN=N, f=1.

Bonpocwt u 3a0anua:
1. Yro Ha3wIBAIOT TpeHUEM?
2. UTo Ha3BIBAIOT TPCHUEM CKOJIbKEHUS?
3. UTto Takoe TpeHue KaueHus?
4. Onpenencare kodhdUeHTa TPEHUSI.
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IIpakTnyeckoe 3ansaTHe 12
Tema 12: ConpoTuBieHUE IPH KaYCHUH.
[enb: 1aTh CTYACHTY 3HAHUS B 00J1aCTH CONPOTUBIIEHUS IPU KAaYEHUH.
3HaTh: KMHEMAaTHUYECKUE XapaKTEepPUCTHKH TOYKH, AU(QepeHlnanbHble ypaBHEHUs JIBUKEHUS
TOYKH; OOIINE TEOPEMBbl JUHAMUKH.
VYMeTh: BBIYMCIATH CKOPOCTH M YCKOPEHHS TOYEK M TOUYEK Tejaa IPH IOCTYNaTeIbHOM,
BpalllaTeIbHOM U IJIOCKOM JIBUKEHUSIX
Axmyanvnocme — memvl  OOBICHAETCS  ONPEAEICHUEM  CONPOTHUBICHMS IPU  KAYCHUHU
BO3HHUKAIOIIUX ITPH B3aUMOJICHCTBHHU Ae(hopMaIiu Tel.
Teopemuueckas yacmey:
Tpenue kauenue. Tpenuem Kauenusn Ha3vigarm conpomueéienue, 603HUKaOwee npu
KaueHuu 00H020 mena no NOGePXHOCmu 0py2020.
[IpyynHBI BO3HMKHOBEHHSI 3TOTO CONPOTUBICHUS HEBO3MOXKHO OOBSICHUTH 0e€3 yuera
nepopmanui  Ten, BO3HUKAOIMX HpU UX B3auMoAeHcTBUM. PaccMoTpum  Kpyriblid
LHWIMHJIPUYECKUH KaToOK paxuycoM R BecoM 3, nexaledl Ha rOpU30HTAIbHON IIEpOXOBATON
IUIOCKOCTH, KOTOpast MOJI TSYKECThIO KaTKa clierka ae(opMupoBanack, Tak 4YTO KacaHUE KaTKa C
MIOBEPXHOCTBIO TENEpPh NPOUCXOAUT HE B OJHOM TOYKE, a [0 HEKOTOpoW miomanake AB
(puc.1.39). Tlox neiicTBHeM cHiibl Y, TIPUIOKEHHOH K IEHTPy KaTka, NaBleHHe y Kpas A
yObIBaeT U Bo3pacTaer y kpas B. B pe3synbrare HopManbHas peakuus T

v m

vy -

Puc.1.39 Momenm conpomuenenus npu kaueHuu
SBJISIONIASACS PaBHOCWCTBYIOIIEH paclpelesieHHbIX Ha Iulomaake AB cui, cMmeniaercs B
cTopony eitcteus cutsl M. C yBemmaennem Q /10 HEKOTOPOTO TIPEIETBHOTO 3HAYEHHS Q,, 3TO
CMEIIEHNE PAcTeT 10 HEKOTOpOil mpeaenbHOi BenmuuuHbl fi. B 3TOT MOMEHT Ha kaTtok OyamyT
JICHCTBOBATh JIB€ YPaBHOBEIIMBAIOIIME Jpyr JApyra mapsl CHII (Vlnp, Ap) m (T,3) ¢
momeHnTamu M, = Q,,,R 1 Mb= Nf§ coorercTBenno. IToka Q<Q,, kaTok OyneT HaxOAUThCA B
nokoe, npu Q>Q,,, HauHeTcs kadeHue. Bxoxsamas B popmynry M. =Nf, (1.29)
nuHeiHas BenmuunHa fy HazpiBaeTcs ko3 duirenToM TpeHus kadeHus. s 6onpIIMHCTBA
MaTepHaJoB, BXOSIIEE B BEIpAYKEHUE JUTSI TIPEIEIbHOTO 3HaYeHns Q:
Qup=(f/R)N (1.30)
otHourenue fi/R3nauntensHo MeHble kKo3dduimenHTa Tpenus ckonbxenus f u3 popmysr (1.28).
OTUM 00BSACHSIETCA TO, UTO B TEXHUKE, BE3JI€ TJI€ 3TO BO3MOXHO, CTPEMSATCS 3aMEHUTh
CKOJIbYKCHUE KaUeHUEM.

43



Ipumep. Ha kaxou svicome N u kaxyio eopuzonmanvuyio cuny F nyscno npunoscums, umoool
kamok, cuna msaxcecmu komopoeo G=1000 H, pasnomepno cxonvsu no copuzonmanvhoii

naockocmu 6e3 kavenust. Kosppuyuenm mpenus kavenus fx = 0,01u, kospuyuenm mpenus
ckonvorcenuss T=0,1.

Pewenue. [[na moeo umobwi Kamok 08ueancs pagnomepro enpaso, cuna F donsxcna ovimo
PABHA MAKCUMATILHOMY 3HAYEHUIO CUTIbL MPEHUSL CKOJIbIHCEHUSL:

F =F,,= fN =100 H. Kamox ne 6yoem spawamucs, eciu momenm, cozoagaemvlii napoui cui
(A, Ayp) He 6yOem npegviuiames MaKCUMAIbHO20 3HAUEHUS MOMEHMA CONPOMUBTEHUS.
M.=HiN=KG =10 Hm, m.e. maxcumanvroe 3nauenue h=MJF =0, 1m .

Bonpocut u 3a0anusn:

1. Yrto Ha3bIBAIOT KauyeHUEM?

2. Tlpu4nHbBI BOBHUKHOBEHUS KaueHUs?

3. HO‘-IGMy B TCXHHUKE, BE3/IC I'/IC 9TO BO3SMOXKHO, CTPEMATCA 3aMCHUTL CKOJILXKCHUC KaueHueM?
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IIpakTnyeckoe 3ansaTHe 13
Tewma 13: SInpo cedeHus mpy BHEIICHTPEHHOM CKaTHH.
L{enb: HAYIUTHCS OTPEICIIATH PO CEUCHUS IIPH BHELIGHTPCHHOM CIKATHH.
3HaTh: KMHEMAaTHYCCKUE XapaKTCPUCTHUKH TOYKH, MU (GEpeHIMATbHBIC YPaBHCHUS JIBHIKCHUS
TOYKH; O0IIHE TEOPEMbI JHHAMHKHI
YMeTh: BBIYUCIATH CKOPOCTH M YCKOPSHHS TOYEK M TOYEK Tejla MPH IOCTYHATeIIbHOM,
BpAIllaTeIbHOM U TUIOCKOM JIBHYKEHUSIX
Axmyanonocms memobl 3aKIIOYACTCS B NPUMCHCHUM 3HAHUM B O0JIACTH KHHEMATHKU Ha
MPAKTHKE.
Teopemuueckas uacme.

[Tpu KOHCTPYHMPOBAHUU CTEPKHEHN M3 MATEPUAIIOB, TNIOXO COMPOTUBISIONINXCS PACTSIKEHUIO
(6eton), BechMa KeJIaTelIbHO JOOUTHCS TOTO, YTOOBI BCE CEUCHHE padO0TaJIO JIUIIb Ha CXKATHE.
DTOT0 MOXHO JJOCTUTHYTh, HE JJaBasi TOUKE MPUIIOKEHUS CHIIBI P CITUIIIKOM JJaIeKO OTXOUTH OT
IIEHTPA TSHKECTH CEUYCHHUS, OTPAHMYNBAs BEJIMYMHY SKCIICHTPUCHTETA.

KoHcTpyKkTOpY KenarensHo 3apaHee 3HaTh, KAaKOW SKCIICHTPUCUTET IIPH BHIOPAHHOM THUIIC
CCUCHHSI MOXKHO JIONTYCTUTh, HE PUCKYS BBI3BaTh B CEUCHUSIX CTEPXKHSI HANIPSHKCHUN Pa3HBIX
3HAKOB. 3/1€Ch BBOJUTCS IMOHSATUE O TaK HA3BIBAEMOM SIJIPE CEUCHHSI. DTHM TEPMHHOM
0003HauaeTCss HEKOTOpasi 00JIACTh BOKPYT LIEHTPA TSHKECTU CEUSHHSI, BHYTPH KOTOPOH MOYKHO
pacrojiarath TOYKY MPUJIOKEHUS CHIIbI P, He BBI3bIBAs B CEUCHHUH HAIPSHKCHUN Pa3HOTO 3HAKA.

[Toka Touka A pacrionaraercsi BHyTpH siipa, HEHTpalbHask OCh HE MIEPECeKaeT KOHTYpa
CCYCHUS, BCE OHO JICXKHUT I10 OJTHY CTOPOHY OT HEHTPATLHOW OCH H, CTAJIO ObITh, pabOTACT JIHIIIH
Ha cxarue. [Ipu ynaneHun TOYKH A OT IIEHTpa TSHKECTH CEUCHUS HeHTpalibHas OCh OyJeT
NpHUOJIIKATECSA K KOHTYPY; TPAaHUIIA SApPa ONMPEACITUTCS TEM, YTO TPU PACIIOIOKCHUHA TOYKH A
Ha TOU TPaHMIIC HEUTPATIbHASL OCh MOJIOWIET BIUIOTHYIO K CEUYCHHIO, KOCHETCS €rO.

Puc.1. KomOuHaIum noioxeHus CAKMMAIOLIEH CHUIIbI U HEUTpalbHON JIMHUU

Taxum oOpa3oM, eciau Mbl OyZieM nepeMeInaTh TouKy A Tak, 4ToObl HeHTpalibHas OCh KaTHJIACh
110 KOHTYpY CE€UYEeHHsI, HE IIepeceKast ero, To Touka A 000iAeT 1o rpaHuiie sapa ceuenus. Eciu
KOHTYp CEUEHHs UMEET «BIaJNHBI», TO HEMTpalibHas OCh OyJeT KaTUThCS 10 orudarorei
KOHTYpa.

YroObl MOTyYUTh OUEpTaHUE Apa, HEOOXOIUMO J1aTh HEUTPAIBbHOM OCH HECKOJIBKO

o o cd
MMOJIOKCHHNHU, KACATCIIbHBIX K KOHTYPY CCUCHUS, OTIPCACIINTD IJI STUX ITOJIOKCHHUU OTPE3KU *u

“z Y1 BBIYUCIINTD KOOpAUHATLI Yry #7 TOUKHU MMPUIIOKCHUS CUJIBI I1O (I)OpMy'J'IaM, BBITCKAOIIUM U3

HW3BECTHBIX 3aBUCHMOCTEH:

.2 .2
I I

%
Il
e

]
3

3TO U OYAYT KOOPAUHATHI TOYEK KOHTYypa s1pa »<u *7 .
ITpu MHOTOYTONBHOM (hopMe KOHTYpa ceueHus (Puc.2), coBMeras nociaen0BaTeabHO

. . @
HEUTpabHYIO OCh C KKJ0W U3 CTOPOH MHOTOYTOJIbHUKA, MBI 110 OTpe3kaM * U #= onpeienum
KOOpAMHATHI +'# 1 “£ TOUEK I'PAHULIBI A]Ipa, COOTBETCTBYIOIIUX 3TUM CTOPOHAM.
ITpu nepexoze oT 0JTHON CTOPOHBI KOHTYpa CEYEeHUs K APYroi HeUTpaibHast och OyJeT
BpalllaThCsl BOKPYT BEPUINHBI, PAa3AEISIONICH 3TH CTOPOHBI; TOUKA MPUIIOKEHHSI CUIIBI OyIeT
IepeMeNIaThCs 110 TPAHUIIE SJIpa MEXAY IOJyUYEHHBIMU YK€ TOUKaMHU. Y CTAHOBUM, KaK JOJDKHA
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nepeMeniaThes cuia P, yToObl HeWTpalibHas OCh MMPOXO/IUIIA BCE BPEMS Uepe3 OJIHY U TY Ke
touky B (#&,%2) — Bpamianach Obl 0K0JI0 Hee. [10cTaBIIsIsl KOOPAMHATHI ATOM TOUKU
HENTpaIbHOU OCH B U3BECTHOE YpaBHEHHE HEUTPATBLHON OCH (JIMHHH), TOTYUHM:

z
1+ y‘”—fﬂ + % =0

Iz IJ-'

Puc.2. Snpo cedyenus Uit MHOTOYTOJIbHOM (POPMBI IOTIEPEUHOTO CEUCHUS

Taxum 00pa3oM KOOpIUHATHI *# U “# TOUKU A npuiioxenus cuisl P cBsa3ansl nmuHelHo. [Ipu
BpaIICHUU HEUTPAIBLHON OCH OKOJIO MIOCTOSIHHOM TOYKH B TOuka A NMpUII0KEHUS CUITBI IBHXKETCS
1o npsmoil. O6paTHo, epemMelieHue cuibl P 1o npsmMoii cBsi3aHo ¢ BpallleHueM HeHTpalbHOM
OCH OKOJIO TIOCTOSIHHOM TOYKH.

Ha Puc.3 nzo6paxeHbl TpU MOJ0KEHUSA TOUKH ITPUIIOKEHUS CHIIbI HA 3TOM MPSIMOil 1
COOTBETCTBEHHO TPHU IOJIOKEHUS HEUTpaJIbHOM ocH. TakuM 00pa3oMm, TP MHOTOYTOJIbHON
(dbopMe KOHTypa ceueHHs OuepTaHue ]1pa MEKIY TOUKAMH, COOTBETCTBYIOIIUMH CTOPOHAM

MHOT'OYTI'OJIbHUKA, OY/I€T COCTOSITh U3 OTPE3KOB MPSIMBIX JINHUH.
z

Puc.3. JluHaMuKa OoCTpOEHUS s1ipa CEUEHUS

Ecnn koHTYyp cedeHus LENUKOM WIA YaCTUYHO OTPAHUYEH KPUBBIMU JIMHUSAMU, TO IIOCTPOCHUE
TPAHMIBI AJIpa MOKHO BECTH 10 TOYKaM. PaccMOTpUM HECKOJIBKO MPOCTHIX IPUMEPOB
IIOCTPOEHUS A/Ipa CCUCHUS.

[Ipu BBINOJIHEHUH 3TOTO OCTPOEHUS ISl PSAMOYTOIBHOTO TIONIEPEYHOTO CEUEHMS
BOCIIOJIb3YEMCS MTOTyYEeHHBIMH (DOpMyTIaMH.

Jlnst onipeiesieHnst TpaHull siApa CEYEHNs MpU ABUKEHUN TOUYKU A 1o ocu Oy HaiiieMm To

&= o .
3HAYCHHE U mpu KOTOpOM HelTpaabHas ock 3akimer nonoxenue HiO;. Mmeem:
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Taxum oOpa3oM, rpanulisl sapa no ocu Oy OyayT OTCTOSThH OT LIEHTpa ceyeHus Ha 1/6

]
Bemmunnbl b (Puc.4, Touku 1 u 3); o ocu OZ TPaHUIE! AAPa ONPENENATCA PACCTOSHUSAME
(Touku 2 u 4).

JI1s IOTydeHns OuepTaHus Spa LETMKOM H300pasiM MON0KEH S HeHTpanbHoil ocu Z1%h i

3% | COOTBETCTBYIONINE IPAHAYHBIM TOuKaM | 1 2.
ITpu nepemenieHnn CUIIbI U3 TOUYKU | B TOUKY 2 11O TPAHHULIE Apa HEUTpaIbHAas OCh JOKHA

nepeiTy U3 nonoxenus ‘<11 B monoxenne £2“2 | Bce Bpems Kacasch CEUCHH , T. €.
[IOBOpAYMBasiCh BOKPYT Touku D.

lﬁt.r 1,‘;:'?
Crr 0
d"ﬁ' Y
. .-
& i &
H
7 &g

Puc.4. nocrpoenue aapa A NpsIMOYTOJILHOTO CEUEHHUS.

Jly1st aTOTO CHa I0JHKHA IBUTAThCs 1O TpsiMoit 1 — 2. TouHo Tak e MOXKHO J10Ka3aTh, 4YTO
OCTaJIbHBIMU TpaHHULIaMU siipa OyayT nunuu 2—3, 3—4 nu 4—1.

Taxum oOpa3om, AJi IPSIMOYTOJIBHOTO CeUeHus AApo OyaeT poMOOM ¢ AMaroHasiMHu,
paBHBIMU OJIHOM TPETH COOTBETCTBYIOLIEH CTOPOHBI ceueHusd. [ToaTromy npsimoyrosnbHoe
CEYeHHUeE IIPU PacIIOIOKEHUH CUJIBI IO TJIaBHON ocH pabOTaeT Ha HaNpsKEHHs OJHOrO 3HaKa,
€CJIM TOYKA MTPHIIOKEHUSI CUIIBI HE BBIXOJUT 32 MPEEIIbl CPEAHEN TPETH CTOPOHBI CEUEHUS.

L §
2

g ¥
|

£ 20
T ﬂéﬁﬂﬂT

Puc.S. /IlnHamyka n3MeHEHUs HANIPSKEHUH TP U3MEHEHHUH SKCIIEHTPUCHUTETA.

ONIOpsI pacupeieIeHUs] HOPMAJIBHBIX HAPSKEHUH 110 TPSIMOYTOJIBHOMY CEYEHHUIO MPH
HKCIIEHTPUCUTETE, PABHOM HYJIIO, MEHBIIIEM, PABHOM H OOJIbIIEM OHOH IIECTOM HIMPUHBI
cedeHus, u3oopaxensl Ha Puc.5.
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OTMCTI/IM, 4TO IMPH BCCX MOJIOKCHUAX CUJIBI P HAIMpsKCHUC B ICHTPC TAKECTU CCUCHUS (TO‘{Ka
F

O) 0MHAKOBO U paBHO ¥ 1 uTO cHiia P He MMeeT SKCIIEHTPHUCHTETA 110 BTOPOil IIIaBHO# OCH.
h
Jlyig kpyrioro cedeHus paauyca I ouepTanue saapa 0yaeT o CMMMETPUU KPYroM pajauyca .

Bo3bMeM kakoe-1100 nosiokeHrue HEUTpaIbHOM OCH, KacaTesibHOE K KOHTYpY. Ocb Oy
PacMoIokKUM MepHeHANKYISIPHO K 3TON KacaTenbHou. Torna

AXEE SN

Puc.6. Snpo ceuenus uist IByTaBpa — a) U miBesiepa — 0)

Taxum oOpa3oM, s11po IpeAcTaBiIsIeT COO0H KPYT € paAnycoM, BUETBEPO MEHBIINM, YEM pajinyc
CeUeHMUsL.

Jlns iByTaBpa HEWTpaibHas Och IpU 00X0/1€ KOHTYpa He Oy/eT nepeceKkarhb III0Iaau
MIOTIEPEYHOT0 CEYCHHUS, ecli OyJIeT KacaThCsl MpsiMoyroibHoro Koutypa ABCD, onucannoro
okoJo aAByTaspa (Puc.6a). CnenoBarenbHO, OUepTaHue spa i AByTaBpa uMeeT popmy pomoa,
KaK U JUIs IPSIMOYTOJIbHUKA, HO C IPYTUMH pa3MepamHu.

Jns mBensiepa, Kak v Juid AByTaBpa, Touku 1, 2, 3, 4 koHTypa siapa (Puc.6 6) cooTBeTCTBYIOT
COBIAJICHUIO HEMUTPAILHON OCH CO CTOpOHaMH TpsimoyroisHuKa ABCD.

Bonpocwvt u 3a0anusn:
1. Yro Takoe sapo ceueHus?
2. Kaxkue ObIBatOT SMIOPHI pacrpeaeeHIs] HOpMaIbHBIX HAMPsHKEHUH.
3. 3ammmmre QopMyny oOmnpeAeNeHHs TIOJHOTO YCKOPEHHS TOYKH, JBIIKYIIEHCS
BpallaTesbHO.
4. JlaiiTe omnpejeieHre MTHOBEHHOTO IIEHTPa YCKOPEHHSI.
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IIpakTnyeckoe 3anaTue 14
Tewma 14: Pacuer 6anku Ha yipyroMm OCHOBaHHH.
[{enb: HAYIUTHCS PACUUTHIBATH OAIKU HA YIIPYTOM OCHOBAaHUU
3HaTh: OCHOBHBIC MOAXOIBl K (hopManu3anuu ¥ MOACTHPOBAHUIO JBM)KCHUS M PAaBHOBECHS
MaTepUaTbHBIX TET;
MIOCTAaHOBKY M METOJIbl PEIICHUS 33/1a4 O JIBMKCHUN U PABHOBECUM MEXaHUYECKHUX CHCTEM;
KHHEMAaTUYECKUE XapaKTePUCTUKU TOUKH, MU PepeHIinanbHble ypaBHEHUS IBIKCHUS TOUKH;
o0II1e TEOPEeMbI JUHAMUKH; TEOPHIO yIapa.
YMeTh: BBIUUCIATH CKOPOCTH M YCKOPEHHUS TOYEK M TOYEK Tela MPHU IOCTYMATEIbHOM,
BpaIaTeIbHOM H IUIOCKOM JBIIKEHHSIX
Axmyanvnocms memvl OOBSICHIETCS ONMPEICICHUEM CKOPOCTH U YCKOPEHHUS TOYKH 10 33JJaHHBIM
YPaBHEHHSIM €€ JIBUKCHUSI.

Teopemuueckas yacmy:

K uucny cmamuuecku neonpedenumvlx 6anox moodicem Ovlmb omHeceHa OANIKA HA YNPY2OM
ocnosanuu. Tak Hazwvieaemcs Oanka, onuparowascs no eceii ceoeti onune (Puc.l) na ynpyeoe
OCHOBaHUe, OKa3vléauee 6 KadxicOOU MOuYKe HA OANIKy pPeaxkyuio, NPONOPYUOHATLHYIO ) —
npoeuby banku 6 smoii mouxe. Kosghgpuyuenm nponopyuonanvrnocmu obosnauaemes 6ykeoii K.

Beeoenue  npeononosicenuss 0 NpONOPYUOHANLHOCMU — pPeakyull — npocuby  sAesemcs
npUOIUICEHUEM, XOMS U OOCMAMOYHO OIUSKUM K OtiCMBUMENbHBIM YCILOBUSIM.

N A W
— X
77777

Puc.1. Pacuemnas cxema 6aiku Ha ynpy2om OCHOBAHUU.

IIpeonoscenue esecmu 6 pacuem KodI(pduyueHm nponopYUOHATbHOCU K, UMEHYeMblll
«KoapPuyuenmom nocmenuy, 0vLIO 6nepsvie COeNaHO pyccKum axademuxom Huxonaem
Hsanosuuem @yccom 6 1801 200y. Illpunumas 5mo npeononoxceHue, HOAYUAEM, YMO
UHMEHCUBHOCIb PeaKyull OCHOBAHUS 8 KaxcOol mouke cuia paséna Ky u usmepsiemes 6 eounuyax
cunvl u ONUHbL, pasmepHocms Kodpguyuenma K npu smom 6ydem cuna u keaopam OnUHbL.
byoem cuumams, umo ocnosanue okasviéaem peaxyuio npu npoeudax OaiKu Kax 6Hu3, max u
86epXx.

Ha npaxmuke 3adauu o pacueme 6aiku Ha YHAPYeOM OCHOBAHUU GCMPEUAOMCs 8
JHCENE3HOOOPONCHOM Oelle (pelbe, Wnaia), 6 cmpoumenbcmee — @GYHOAMEHMbl PA3TUYHBIX
COOpydHceHUll, nepedaroujue HazpysKy Ha SPyHM.

Cmamuuecku Heonpedeaumou maxkas oaika 6yoem nomomy, 4mo yciogue Cmamuku— Cymmda
HAepy30K pABHA 6Cell peakyuu OCHOBAHUSI — He Odem 603MONICHOCMU YCMAHOBUNMb
pacnpeoenerue dmMou peakyuu no OIuHe OAIKU, a 3HAYUM, GbIYUCTUMNb U32UOAIOUUEe MOMEHMbI U
nonepeumvle CUbL.

Humencusnocmv peakyuu 6 Kaxcooui mouke ceéazana ¢ npoeubamu oanku. I[losmomy 0n1a

pewenus 3a0auu HeobX0OUMO HAlimu CHauania ypasHenue usoenymoii ocu ¥ =75 (x), a yoice
3amem popmynvl 015 BLIYUCTIEHUS U32UOAIOUec0 MOMEeHMA U NonepeyHol cuivl. X00 peueHus
oKa3vleaemcs 00PamHuIM 0OLIYHOMY.

Haiioem ypasnenue uzoenymoii ocu 0st 6aiKu NOCMOSHHO20 CeUeHUsl, Jencawelt Ha Ynpyeom
ocHoBanuu U Hazpydrcennoli cocpedomouennvimu cunamu ‘1<% . (Puc.l). Hauano xoopdunam
803bMeM 6 NI0OOU MOYKe, 0Cb X HANPAGUM 6Npaso, 0Cb )y 6epmMuKaIbHo 6sepx. Hanpasnenue
Hazpy30K 6sepx OyOdem cuumams noiodxcumenvHvim. Hanuwem obviunoe ouppepenyuanvroe

VypasHenue us2udoa

iij
Ejﬁ = M(x)
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Tax xax M(x) Ham Heuzgecmewn, mo NOCMAPAEMCA C643aMb NPO2UObI HENOCPEOCMBEHHO C
Hazpy3Kou, 0 3mo2o oughghepenyupyem 08axcobl npedvioyujee YpasHeHue:

4
BT j’TT = q[x) Q)

20e ((X)—unmencusnocms CRIOWHOU HASPY3KU, Oeticmeyloujell Ha OANKY 8 CeueHul ¢ abCyuccoll
X.

Cnnowrotl Hacpy3kou Ons Hawiel Oanku A6AAemcs TUb peakyusi ynpyeo2co OCHOBAHUSL.
Humencusnocms e nponopyuoHanrbHa npo2udbam, 3ma Hacpy3Ka HANpaenieHda 66epx, m. e.
NONOJCUMENbHA, K020a Npocubbl udym 6HuU3, m. e. ompuyameibHvl, u Haobopom. Takum
0b6pazom, sma Hazpy3Ka umeem 3Hax, 0OPaAmMHbuIUL 3HAKY NPOUDOE:

glx)= k>
Toeoa
dty
Ef s =- )
dx® o
dty k
FRI T ©
[E
Eciu  o6o3nauums 48] , mo obwuil ummezpan ypaewenus (25.3) umeem 6uo:

y=e"[dsin f+ Bros fx)+e™(Cein o+ Deos ﬁ’f)(25_4)

Ilocmosnnvie A, B, C, D dondcnbl 6bimb onpeoesieHvl 8 KaxcooM 4acmHoM Ciyiae Hazpy3Ku U
Onunwl 6anku. Benuuuna * umeem usmepeHue obpammuoe onuHe.

Pacuem deckoneuno OJIUHHOU OAIKU HA YRPY2OM OCHOBAHUU, 3A2PYHCEHHOU 00HOU cunou P.
Haubonee npocmo pewaemcs 3a0aua 06 uzeube 6€CKOHEYHO ONUHHOU OAIKU, HACPYHCEHHOU
00Holl  cocpedomouentou cunou (Puc.2). Ilomumo HenocpedcmeeHHo20 NpaKmMuiecKko2o

3HAYeHUs pewleHue IMOU 3a0auu NO3GONUM NYymMeM NOCIe008AMENbHbIX NPUOTUICEHUL
paccuumuléams U OAIKU KOHEYHOU ONUHB.

¥
1P

5 ¥ fit
Y A ¥ F A A L

Puc.2. Pacuemnasa cxema 6aiku 6ecKoHeuHOU OJIUHbI.

Hauano koopounam pacnonodxcum 6 mouke npunodxcerusi cuivl P. Onpedenum nocmosnnvle A,
B, C u D. Tak xax 6csa peakyusi ocnoganusi, pasnas cuie P oondcna 6vims KOHeYHOU 8enUYUHOL,

mo npocubvl 6AIKU 8 MOUKAX, 6ECKOHEUHO YOANEHHbIX OM MOYKU NPUTOHCEHUS CUTbL, OONHCHDL
obpawjamucs 8 Hylb.!

u}?ﬁ'—}m = [:I (5)
Ilpu b6eckoneuno OONLUUX 3HAUEHUAX X 084 BMOPBIX CllA2AemMblX 8 Npagotl yacmu hopmynsl (4)

-
06pawalomcs 8 Hyb 61a200aps MHONXCUMeNnio €~ , 08a Jce Nepevix MO2ym 00pamumvcs 6 Hylb
JUUb npu

Maxum oopazom,
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y:e"m[ifsm e+ Deos ,ﬁx) (6)
ﬂaﬂee, no cummempuu HAcpy3Ku U peaxKkyuu OCHOBAHUA, KacamelbHdasd K u302Hym0L7 ocu 6
mouKe npujlosCcerusl Cuibl 00JIDICHA UOMU napaiieibHo ocu 6166'141/{6'6'.'

(ff_f] ~0
':fx x =l

Hugpgepenyupys (6), nonyuaem:
dy

Yo =— & [sin &(C+D)+cos &(D- )]

Ioocmasnss 6 smo evipadcenue * = Yy npupasnusas pesynomam nynio, naxooum:
D—C=0uC=D;
maxum 0opazom, ypasHemnus 6yoym:

y= e'ﬁc(sm fr+cos ﬁx) (7)
Y _ o= —27C fsin fi (8)
fx

s onpedenenuss nocneoueti nocmosaunou C umeeM euje 0OHO YpAGHeHUe: HAM U3BECHIHA
BEUYUHA NONEPEUHOU CUbL 8 HAYALe KOOPOUHAM.

Paspezas banxy ceuenuem 6 mouxe O cnpasa om cunvl P u paccmampuseas npasyro uacmo
banku, 6UOUM, UYMO NONEPeuHds Ccuma 6 3MOM CeYeHUU pPABHA PeaKyuu OCHOBAHUS,
Oeticmeyrowell Ha npagyio NOJOBUHY OAIKU CO 3HAKOM MUHYC, MAK KAK peakyus HanpaeieHa
86epx (07151 NPasoll NOIOGUHBL) U BCsL peaKyusi OCHOBAHUsL paena P, 3nauum, nonepeunas cuia 6
ceyenuu npu x = (0 pagna

P
Q[x:lx-ﬂ - _E
Ho, ¢ opyeoti cmoponwl
d*y
El——=0Ix 9
—7=0lx) (©)
Taxum obpazom,
dy| P
2. )
dy  dy

Boiuucnsem, nonvsysce (8), dr’ u dr’ :

2
j—f = —208% *[cos G —sin g (11)

x
4’y e
3= A0 8% cos fr (12)
Iloocmasnsas (12) 6 (10) u npupasnusas x Hyaro, HOay4aem:

Pooo- £
4EJCﬁ3=—Eu BEJI,&E
Tenepo 3nauenus y u ee NPOU3BOOHbIX NOLYUAIOM BUO
P mr F

=- g Tl Sx+cos =- :
’ RREIE i f &) RREIE !
l:11—‘F=5=+ Pje"msmﬁx=+ = 7
ax 4578 4578
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d* P . P
MI[I)=EJ{£—§=+EE "“[cos A —sn .&]=E-?yl
&y P _ P
Q[I)= EJE=_E€'HCQSH&=_E'??2

Takum obpazom, HanpsaxcenHoe cocmosanue u oegopmayuu OAIKU HA YNPY2OM OCHOBAHUU

sceyeno Onpeodesiiomcs Hazpy3Kou u Kodgguyuenmom = 3asucawyuUM Om COOMHOWEHUS
arcecmkocmetl 6ANKU U YNPY2020 OCHOBAHUSL.

Bonpocwt u 3a0anusn:

Kakvumu ypaBHEHUSIMU 33/1a€TCSl TIOCKOIAPAIUIETBbHOE IBUKEHUE?
ChopmynupyiiTe TeopeMy 0 IPOESKIUIX CKOPOCTEH ABYX TOUYCK TIOCKON (PHUTYpPHI.
Kakwue cymiecTByoT criocoObl 3a1aHUsI TBUKEHHS TOUKHU?

HazBatb cinyuau, Koraa KOpHOJIHCOBO YCKOPEHHE TOYKU PABHO HYIIIO.
AGCOTIOTHOE, OTHOCUTENIBHOE, IEPEHOCHOE IBUKCHHUE TOUKH.

o E
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IIpakTnyeckoe 3anaTue 15
Tewma 15: Pacuer 3akienok Ha nepepe3bIBaHueE.
[{enb: HAy4YNUTh CTYJEHTA PACCUUTHIBATh 3aKJIEIIKU Ha IIEpEPE3bIBAHNUE.
3HaTh: OCHOBHBIE MOAXOJbl K (hopManu3alvud ¥ MOAEITMPOBAHUIO JBMXKEHUS M PaBHOBECUS
MaTepuaibHbIX TET;
IIOCTAaHOBKY M METOJIbI PEUICHMSI 3a/1a4 O ABH)KCHUH U PABHOBECUU MEXAHUYECKUX CUCTEM;
KWHEMATUYECKHE XapaKTEPUCTUKH TOUYKH, TU(PepeHIaTbHbIC YPaBHEHHS IBUKECHUS TOUKH;
o0111e TeopeMbl JUHAMUKH; TEOPHIO yapa.
YMeTh: BBIUUCIATH CKOPOCTH M YCKOPEHUS TOYEK M TOYEK Tejla IpU IOCTYNATEIbHOM,
BpAILaTEIbHOM U IUIOCKOM JIBHKEHUSX
Axmyanonocms membl OOBACHAETCS ONPENCICHUEM CKOPOCTH M YCKOPEHHUS TOYEK 3BEHBEB
MexaHu3ma ¢ rmomoimso MIIC
Teopemuueckas yacme.

Mpl n3y4anu, 4TO MPU MPOCTOM PACTSHKCHMM WIM IPOCTOM C)KAaTHUM [IBE YaCTU CTEPXKHS,
pa3/ielieHHbIE HAKJIOHHBIM CEYEHHEM, CTPEMSTCS HE TOJBKO OTOPBATbCS IPYr OT Jpyra, HO U
CABUHYTBCS OJIHA OTHOCUTENIBHO APYroi. PacTsyKEHUIO CONPOTUBIIAIOTCS HOPMAJIBHBIE, & CABUTY
— KacaTeJabHbIe HAIPSKEHUS.

Ha npakTuke nensiii paj 1eTaineil 1 31eMeHTOB KOHCTPYKIUI paboTaeT B TAKUX YCIOBUSX, UTO
BHEIIHHUE CUJIbI CTPEMSATCS UX Pa3pyILIUTh UMEHHO IyTEM CJIBUTA.

B coorBercTBUM € 3THUM IpU INPOBEPKE NPOYHOCTH TAKMX DJIEMEHTOB Ha IEPBBIM IJIaH
BBICTYNAIOT KacaTelibHble HampspkeHus. IIpocreiimimMu npuMepamu MOAOOHBIX — JleTasiel
SBJISIIOTCSL OOJITOBBIE M 3aKJIEMOYHbIE COEAMHEHMs. 3akjieNKd BO MHOTHX CIydasx YyKe
BBITECHEHBI CBApKOM; OJHAKO OHM MMEIOT €lle OYeHb OOJIbIIOE MPUMEHEHHE JUIsl COSAMHEHUS
4acTel BCSKOrO poja METANIMYECKUX KOHCTPYKLMM: cTponui, (epM MOCTOB, KpaHOB, JUIs
COEIMHEHUS JIMCTOB B KOTJaX, Cylax, pe3epByapax u T. I. s oOpa3oBaHMs 3aKJIEIIOYHOTO
COEMHEHUs B O0OMX JMCTaX MPOCBEPIMBAIOT WIM HPOAABIMBAIOT OTBepCTHA. B  HHX
3aKJ1a/IbIBA€TCS HarpeThI 10 KPaCHOTO KaJIEHUS CTEPKEHb' 3aKJIEIIKU C OJIHOM rOJIOBKOM; Ipyron
KOHEI| 3aKJICIIKH pacCKJICNbIBAETCS yJapaMH CIIEHHUAIbHOTO MOJIOTKA WM  JIaBJICHUEM
TU/IPABIMYECKOro rnpecca (KIemaJbHOM MallWHbI) A1 00pa3oBaHus BTOPOW TOJIOBKU. Menkue
3aKJICNIKU (MaJIoro uaMeTpa — MEHBIIIEe 8§ MM) CTaBATCS B XOJIOJHOM COCTOSIHUM (aBHAllMOHHBIE
KOHCTPYKLIUN).

Jns  u3ydeHuss paOOThl 3aKJEMOK pPAacCMOTPUM MPOCTEHIIMHA MpUMeEp 3aKJIECHOYHOIo
coenuaeHust (Puc.1). [llectp 3akienok, pacrmojiOKEHHBIX B JBa psla, COCAMHSIOT JBa JIUCTA
BHaxJlecTKy. [lon nelictBueM cuil P 3Tu IUCTBI CTpeMSITCS CABUHYTHCS OUH 10 APYTOMY, YEMY

MPCIATCTBYIOT 3aKJICIIKU, Ha KOTOPBIC U 6y,HeT nepeaaBaTbCA JIENCTBHUE CUIT P )

Puc.1. PacueTHas cxemMa 3aKJIEITOYHOTO COSTMHEHHUS

JUis  mpoBepKHM MPOYHOCTH 3aKJENOK MPUMEHUM OOHIMM MOpSAIOK pelieHus 3aaad
COIPOTHUBIICHUs MATEPUAJIOB.

Ha kaxxnyro 3akiienky nepenarorcs 1o JIB€ paBHbIE M MPSIMO MPOTHUBONOJIOKHBIE CHJIBL: OJTHA—
OT IIEPBOTO JUCTA, Apyrasg — OT BTOpOro. ONBITHBIE NCCIIEI0BAaHUS MOKA3bIBAIOT, YTO OJHU U3
3aKJIETIOK psila Harpykarorcsa Oonblie, qpyrue — MeHble. OJHaKO K MOMEHTY pa3pylIeHus
YCUJIHS, TIepelalolIiecss Ha pa3fUyHble 3aKJIEeNKH, Oojiee MM MEHee BBIPaBHUBAIOTCA 3a CYET
mwiactuyeckux aedopmanuii. [loaToMy MNpUHATO cuWTaTh, YTO BCE 3aKJIENKU pabOTaroT
onuHakoBo. TakuM oOpa3om, MpH ~3aKjenKax B COEAMHEHUH, W300pakeHHOM Ha ¢ur. 1, Ha
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=
KKy U3 HUX JCUCTBYIOT IIO JBE PABHBIE U IIPOTHUBOIIOJIOKHBIC CHUJIBI % (Puc.2); atn
CWJIBl NEepefaloTcs Ha 3aKJeNKy IIyTeM HakKMMa COOTBETCTBYIOLIEIO JHMCTa Ha OOKOBYIO

5

MOJYHUINHAPHUYCCKYIO IMOBEPXHOCTb CTCPIKHS. (@)78)131 1CTpEMATCA IEPEPE3aTh 3AKIICIIKY IIO

mockoctr MK pasaciia 000UX JIUCTOB.

Puc.2. Cunbl, 1eficTBYIONIME HA 3aKIETOYHOE COCIMHEHHE.

JInsi BBIUMCIICHUs HANPsDKEHWM, NEUCTBYIOIIMX I0 3TOM IUIOCKOCTH, Pa3/eIuM MBICIEHHO
3aKJICTIOUHBI CTep)keHb cedeHrneM MK u orOpocuM HipkHIOW 4Yacth (Puc.2). BHyTrpenHue
yCUius, NepeJalouiecss MO STOMY CEYEHHI0O OT HI)KHEW 4YacTM Ha BEpXHIOK, OyayT

YpABHOBEIINBATH CHIY *1T. €. GyayT AeiiCTBOBATh MAPAIUIEIbHO € B IIIOCKOCTH CEYCHHUS, U B

CyMMe JaayT PaBHOACHCTBYIOLIYIO, PABHYIO £ . CnenosarenbHo, HanpsHKEHUs, BOZHUKAIOIIUE B
3TOM CEYEHUM WU JIEUCTBYIOIME KacaTelIbHO K IUIOCKOCTHM CEYEHUs, 3TO — KacaTeJbHbIE
HarpspkeHuss t. OOBIYHO TNPUHUMAIOT PAaBHOMEPHOE pACIHpPEACIICHHE STUX HANpPSHKEHWH 10
ceuenuto. Toraa npu quaMeTpe 3akienkd d Ha eAUHUILY TUIONIAM CEYCHUS OyIeT MPUXOTUTHCS
HaIpsHKEHUE:

AR F

e
—_— 'Jg_
4 4

Benmuuna JOIYCKAeMOro KacaTCJIbHOT'O HAIIPsSXKCHUA [T]-‘ , HJIM, KaK roBOpAT, JOIIYCKA€MOI'O

HaIpsKEHUsI Ha CPe3, MPUHATO ONPEIEIATh B BUJE: [7]= 0.7~ 08]c]3yay [Fl , MBI HalHIIEeM
YCIIOBHE MPOYHOCTHU 3aKJIENKH HA MEpEPE3bIBAHUE B TAKOM BHJIE:

F F
= — = <
T 7 ) % [T]:

4

T. €. HeﬁCTBHTGHBHOC KacCcaTCJIbHOC HAIPSAKCHHUE TB MATCPHAJIC 3aKJICTIKU JOJI?KHO OBITh paBHO

JIOITyCKaeMOMY [=]. wom mens e ero.
U3 5TOr0 YCIOBHS MOKHO ONPEIEIUTE HEOOXOUMBIM JIHAMETpP 3aKJIENOK, €CIU 3a1aThCsl UX
YUCIIOM, ¥ Ha000pOoT. OGBIYHO 33AaI0TCS TUAMETPOM 3aKJICTIOYHBIX CTepKHEH d B COOTBETCTBUH

C TOJIIMHON t CKIembIBaeMbIX 4acTeil (00baHO & & ) ¥ ompedensioT HeoOXOANMOE YHCIO
3aKJIETOK #

3HaMeHaTenb 3Toi (GopMyIbl MPEACTaBIsAET CO00M Ty CHILy, KOTOPYIO 0€30I1aCHO MOXKET B35ITh
Ha ce0sl KaKaas 3aKJIenka.
HYCTL P = ?EDKH d = ECM, [T]3 =100 . TOTAA

b
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Puc.3. PacuetHas Mozenp AeCTBUSI HOPMAJIbHBIX HaNpsyKEHUI

[Ipu BBIBOZE (opMynBl pacdera 3aKICNKH Ha Iepepe3blBaHUE, MMOMHMO OTOBOPEHHBIX,

JIOMyIIIEHA elle OJHA HETOYHOCTh. JIeNo B TOM, UTO CHJIBI <1 JeiCTBYIOIIME HA 3aKJICIKY, He
HAIpaBJICHBI 110 OJHON MPAMOM, a 00pa3yloT mapy. ITa rnapa ypaBHOBEIIUBACTCS JPYTOi Mapoi,
oOpasyrouielicss U3 peakUui COEJMHEHHBIX JIMCTOB Ha rojioBKy 3akienku (Puc.3) m Bemer k
HOSIBJICHUIO HOPMAJIbHBIX HAIPSOKCHUI, ICHCTBYOIIMX 110 ceueHuo MK.

Kpome 3THX HOpMajbHBIX HANPSDKEHUH, MO CeYeHHI0O MK IeHCTBYIOT elie HOpMalbHbIC
HAIpPSDKEHUS, BBI3BAHHBIE TEM, YTO IPU OXJIAXKIECHUU 3aKJIECTIOYHBI CTEPKEHb CTPEMUTCS
COKpAaTHUTb CBOIO JUIMHY, YEMY MELIAeT yIOp T'OJIOBOK 3aKJIENKH B JUCThL. ITO 00CTOATENbCTBO, C
OJIHOH CTOPOHBI, 00ECIIEYMBAET CTATMBAHUE 3aKJICIIKAMU JIUCTOB U BOSHUKHOBEHHUE MEX1Y HUMU
CWJI TPEHUS, C APYrOil — BBI3BIBAET 3HAYUTEIIBHBIE HOPMAJIBHBIE HANPSIKEHUS 10 CEUYEHUSIM
cTepxHS 3akjienku. OcoObIX HENPUATHOCTEN ATU HAIIPSLKEHUS IpUHECTH He MoryT. Ha 3aknenku
UJET CTallb, 00JIaaroIas 3HaYMTeIbHON IUIACTUYHOCTBIO; TO3TOMY J1aXKe €I Obl HOpMaJlbHbIE
HAIpPsDKEHUS. JIOCTUIVIM Ipeliea TEKy4yecTH, MOXKHO O0XKHMJIaThb HEKOTOPOIo IUIACTHYECKOIO
YAJIMHEHUS CTEPKHS 3aKJIENKH, YTO BBI30BET JIMILb YMEHBIIEHUE CUJI TPEHUS MEXKIY JINCTAaMU U
OCYIIIECTBJIEHUE B JEWCTBUTEIBHOCTU TOW CXEMbl pabOThI 3aKJENKHW Ha Iepepe3blBaHHe, Ha
KOTOPYIO OHa M paccuutTeiBaeTca. [loaTOMy 5TM HOpManbHBIE HANpPSOKEHHS pPacdyeToM He
YUUTHIBAKOTCS.

Bonpocwvt u 3a0anusn:

1. Kakoe nBukeHue TBEpOro Tejla Ha3bIBaeTCs MIOCKONapaieIbHbIM?

2. Kak 1o ypaBHEHHMSIM JBHXEHMS IJIOCKOM (Urypbl HallTM CKOPOCTH MOJIIOCA U YIVIOBYIO
CKOPOCTh BpPALIEHHUS BOKPYT IoJtoca?

Kak onpenenuts ckopocTh J1I000H TOUKH MI0CKOH GUrypbI?

Uro Ha3bpiBaeTCs MIHOBEHHBIM ILIEHTPOM CKOpPOCTEH IJIOCKOM GUIypbl M Kak HaWTu
nosiockeHne MIIC B pa3nuuHeIX citydasx?

5. Chopmynupyiite TeopeMy 00 YCKOPEHHSIX TOUYEK MIIOCKON (PUTYPBHI.

~ow
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IIpakTnueckoe 3ansaTHe 16
Tewma 16: PacueTsl Ha MPOYHOCTH NMPHU U3THOE TI0O HOPMATBHBIM HAPSKCHUSIM
[{enb: HAYYIUTH OTPEACIATH CKOPOCTH M YCKOPEHUS TOUYEK TUIOCKOH (PUTYPHI
3uath: quddepeHINaTbHBIX YPaBHEHUH IBUKEHUS TOUKY;
KMHEMAaTUYECKUE XapaKTePUCTUKU TOUKH, TU(PepeHInanbHbIC YPABHEHUS IBHKEHUS TOUKH;
YMeTh: BBIYUCIATH CKOPOCTH U YCKOPEHHS TOYEK M TOYEK Teja MpHU IMOCTYNaTeIbHOM,
BpAIllaTeIbHOM U TUIOCKOM JIBHYKEHUSIX
Axmyanonocms membi 0OBSCHSAETCS ONPEICICHUEM CKOPOCTEH M YCKOpEHUH Touek (Urypsl B
TUIOCKOCTH.
Teopemuueckas uacme:

Ckopocmu moyek npu nioCKom 08UICEHUU

Jns ompeneneHus CKOpPOCTEH NpU IIJIOCKOMAPAJUIENBHOM JIB)KEHUH HCIOIb3YIOTCS:
dopmyna pacnpedenenus ckopocmeil, meopema 0 NPOCKYUAX U NOHAMUE MZHOGEHHOZ20
uenmpa ckopocmein (MI[C).

a) Dopmyna pacnpedenenusn ckopocmeil

Puc. 2.25. K 6v1600y popmynwt pacnpedenenusn ckopocmeil

N3 puc. 2.25 BUAHO, YTO MOJOKEHUE MPOM3BOJILHONW TOUKHM B 1uiockoi ¢gurypsl S B
KaKJIbI1 MOMEHT BPEMEHHU OIPEIEISIETCS CIEAYIOIIUM BEKTOPHBIM PAaBEHCTBOM:

rB =r A + rB A
[Tponuddepennnpyem naHHOE BBIpaKEHUE 0 BPEMEHH
- -
= _BA

dt

cornacHo Gopmyse Ditnepa (2.38)

dr, .

—d?A =@ X Ty,

O6o3Hauas @ X FB A =VB pnonyuaem Gopmyny pacnpedenerue ckopocmei.

Vg =V, +Vg,, Vg, = AB, Viga LAB. (2.41)

Cornacno (41), ckopocms npouseonvnoit mouku B nnockoii ¢huzypel pasna zeomempuueckoi

cymme CKopocmu noJqroca VA U CKopocmu épanienus modKu B BOKpYy2Z noJroca - VBA

0) Teopema o npoekyuax:npu 11000Mm 08UICEHUU MEEPOO20 Mela NPOEKUUU CKopocmeil

JII00bIX 08YX €20 MOYEK HA NPAMYI), COCOUHANOWLYIO IMU MOUKU, PABHBL MexHcOy coboit(puc.
2.26).
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Puc. 2.26. K meopeme o npoexyusx

CrpoerpyeM Ha 0Ch X, IPOXOAAIIYI0 yepe3 Touku 4 u B ¢popmyiny (2.41). Tak kak VB A LAB,

noJiydacM
V, cosa=Vg cose,

4qToO U Tpe60Ban0c5 J0Ka3aThb.

6) Hcnonv3oeanue noHAmMuUuA MCHOBEHHO20 UEHMPA CKOPOCHell.

Onpeodenenue.mechoseHnbim yenmpom ckopocmeii (MI]C) nazvieaemcsa mouxka niockou
duzypol, ckopocms Komopoii 6 OanHblii momenm epemenu pasna Hynio. MI[C npunamo
obo3nauams oykeou P.

[Tokaxkem, 4TO ecnm MJOcKas (urypa He IBMXKETCS MOCTYMATeNbHO, TO TaKas TOYKa
CYLIECTBYET B KaX/Iblii MOMEHT BpeMeHHU. /L1 3TOro BOCCTAaHOBUM  NEPHEHIUKYISAPHI K
CKOPOCTSIM JIBYX ITPOU3BOJIbHBIX TOUeK A U B U HalijileM TOuKy ux nepeceuenus (puc. 2.27).

Puc. 2.28. Ocnosnoii cnyuaui onpedenenus nonoxcerusi M.1].C.

[Tokaxkem, 4TO CKOPOCTb TOUKHM PpaBHa HYJIO U, CIEI0BATEIbHO, 3Ta TOUKA IO OINpPEAEIICHUIO
ABJIIETCS MTHOBEHHBIM LIEHTpOM ckopocTeld. CornacHo (2.41) umeem

Vo=V, +Vo, Vo=V +Voe.

ITockonbKy BEKTOPBI V A Y VB MEePNEHAUKYISIPHBI OTpe3kaM AP u BP 1no nocTpoeHuto, a

—

BCKTOPLI VPA u VPB NEPpHNCHAUKYIISIPHBI 9TUM OTPE3KaM I10 OIIPECACIICHUIO, BCKTOP VA

JIOJOKEH OBITh OJJHOBPEMEHHO NEpPHEeHIUKYIIPEH O00OMM OTpe3KaM, YTO HEBO3MOXKHO, €CIU
TOJIbKO OH HE PaBEH HYJIIO.

Ecnu Teneps B3sTh 3a nontoc Touky P, To ans Touek A u B popmyna (2.41) 3anumiercs B
BU/IE:
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VA =VP +VAP, VB =VP +VBP.

VYuuteIBas, 4To VP = 0, nonyuaem:

A=(0AP, VB=a) BP wm
V,/AP=V, /BP=0. (2.42)

N3 (2.42) cneqyer, 9YTO CKOPOCTH TOYEK IIOCKOW (PUTYpHI MPOMOPIIMOHAIBHBI MX PACCTOSHUSIM
OT MTHOBEHHOT'O I[EHTPa CKOPOCTEH M IBUKECHHE IJIOCKOW (PUTYpPBI MOKHO pacCMaTpUBATh Kak
BpallleHue BOKPYT MEHSIOIIETO CBOE MOJI0XKEHHE MTHOBEHHOT'O IIEHTPa CKOpOCcTeil. MrHOBEHHYIO
YIJIOBYIO CKOPOCTh ATOTO BpALICHUS MOXKHO HAWTH, MOAEIUB CKOPOCThH JIO00H TOUKH Ha ee
paccTossHue OT MI'HOBEHHOTO IieHTpa ckopocteil. Kpome OCHOBHOro ciydas HaxXoKIeHUs
noJ10keHUAMI]C, paccCMOTPEHHOrO BBIILIE, IPU PEUIEHMM 3a7ad BCTPEYAIOTCA CIEAYIOLIUE

BAapHUAHTHI:

Ecnu uzeecmuwi cxopocms kaxoti-nmub6o mouxku A u meHo-
BEHHAsL )2N108A51 CKOPOCHIb mo paccmosuue om 3motl MmouKu

00 MeHO8enH020 yenmpa ckopocmeti P pasno AP = V &8

Ipu nocmpoenuu npsamou y2on omriaosbleaemcs Om 6eKmopa M

Iy Coyuaii menosenmo-
> _noCmynamenbHo20 08uU-
arcenust. Ckopocmu ecex
mouex menda pasHvl Nno
GeUMUHe U NO HANPAS-

nenuro, TSEMI]C na-

xooumcs 8 OecKoOHeyHoc-
mu.

Ilpu kaueHuu mena no HenOOBUMNCHOU NOBGEPX-

__ Hocmu, MeHOGenHblll yeHmp ckopocmetl P naxoou-
A 3¢5 6 mouke kacanus smo mena ¢ nenodsuchol

NOGEPXHOCMbIO, M.K. OMCYMCMEUe NpoCKaib3vleéa-

AU wus osmavaem PaseHcmeo CcKopocmet conpuxaca-

FOUYUXCA MOYEK.
Puc. 2.28. Yacmnuwie cnyuau onpedenenusn nonoxcenuns MI[C

3. Yckopenua mouek ¢ nnockom oguxncenuu. Dopmyna pacnpeoeneHus yCKOPEeHuil.
Jlns BeIBOJA TaHHOW (OPMYJIBI paciipesielieHus] YCKOpEeHUH 3anuiieM BoipakeHue (2.41) B
BU/JIE:
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u, npoaudQepeHnrpoBaB ero 1Mo BpEMEHH, MOTYIUM:

- - do . _ dr,
WB =WA+E>< lgp + @ X d[?[A .
do - dr, .
v . BA _
VYuuteiBas, 4to =&, ano popmyne Diinepa =X rBA’ AMEEM:

dt dt

Wg =W, +& x5, +ox(wxrg,)

Beenewm crnenyromue 0003HaYSHUS:

W =& xTy,, Wi, = @dx(DxTy,).

BGKTOpH W p n W 14 HAa3bIBAIOT BpAaIlaTCIbHBIM W HCHTPOCTPCMHUTCIIbHBIM YCKOPCHUCM

Touku BB ee oTHOCHTEIBFHOM Bpalll€HHUU BOKPYT ITIOJIIOCA A.

Y
I[To ompeneneHuio BEKTOPHOIO MPOU3BEAEHHS BEKTOP WB];\ HEPIEHAUKYIAPEH OTPE3KY

AB, NeXWUT B IJIOCKOCTU IBMXKEHMs, a €ro Moayib pasen & - AB, tak kak rga = AB . Tlo
dopMyIie 11 JBOKHOrO BEKTOPHOTO MIPOU3BEACHUS

dx(bxC)=b(d-6)—¢E(a-b),
nonyaaem W, = (@ Fyp )= Fop (@ @) = ~0°F, =~ AB,
HOCKOJ‘ILKy(C() BA) o AB COSQOO =0. Takum o6pasom, BekTOp WBA HarpasJeH

BJI0JIb OTpe3Ka AB oT Touku B k Touke A (cM. puc. 2.29), a ero MoJlyJib paBeH (0 AB .

Puc. 2.29. Hnnrocmpayus ghopmynst pacnpeoesieHus ycKopeHui

OxoHuaTenbHO (GOpMYITy pacipeeIeHNs yCKOPEHUN MOXKHO 3allicaTh B BUJIE:
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V\7 W” +W P (2.43)

WB BA’

B KOTOpOU WEl,f = —0)2AB W gp =cAB.

®dopmymny (2.43) uHOTAA UCTIONB3YIOT B BUIE WB =W A +WB A (2.43%)

I7ie BEKTOP WB —W 4 +WB A HarpaBJIeH MOJI yriioM Y= arCtg( 2 ) K OTpPE3Ky

AB u pasen o monymo Wy, = AB e+t

Ilpumep 1. HaiiTu yckopeHue TOYKM B, yrioBoe yCKOpeHue wmaTyHa AB U YIJoBoe
yckopeHue Kpupomuna BC 4eTbIPEX3BEHHOI'O MEXaHHM3Ma B IOJIOKEHUH, YKa3aHHOM Ha pHC.
2.29. KpuBomun OA Bpaiiaercs paBHOMEPHO C YIJIOBOW CKOPOCTBIO ap = 5 ¢!, wmna maTyHa
AB paBHa 0,8 m.

Puc. 2.29. IlIpumep ucnonvzoseanusn popmynsl pacnpeoenenus yCKopenuii

Pewenue. OnpenenuM CKOpPOCTh U YCKOPEHHE TOUKH A, KOTOPYIO 3aT€M BBIOEpEM B KauecTBE
MOJIIOCA:

VA= wyOA =2 m/c, Wa= & OA = 10 m/cex’.

Tak xkak M.I].C. 3BeHa AB HaxomuTcs B OeckoHeyHOCTH (Muy mapaieneH Mum), wag = O.
VYckopeHue TOukM B, Kak TOYKM, NpUHAJUIekalleld 3BeHy AB, mo dopmyne pacnpeneneHus
YCKOPEHHU paBHO:

W W +W +W W +WBA’ TaK KaK WBLlA_a)ABAB 0.

C npyroii CTOpOHBI, YCKOpEHHE TOYKM B , Kak TOYKM NIpHHa[uIexaimed 3BeHy BC n
Bpataromeiics BOKpyr Toukd C, MOXHO MpEICTaBUTh B BHJIE CyMMYy €€ KacaTelIbHOTO U
HOPMAJIbHOI'O YCKOPEHUI:

WB =W £5cBC.
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[IpupaBHUBas mpaBble YaCTH BBIPAKEHUM 11 WB , IOJTy4aeM:
W, +WP =W__+W *)
A BA BT BN-

[TpoexTupys (*) Ha HanpaBieHus otpe3koB BC u ABumeeM :

0 0 0 0
WBn =W A —WB A cos30 ,—WBn cos60 —WBT cos30” =-W A cos30

W, -W Wk pao
OTK aW —Bn—578 =ﬁ=7,22—
T TBAT 00s 300 ABAB c?
M 0
Wy, = (W, W, )tg30° =2,89—2, epe =L =3,612°0
c BC c

Wy = W2 +W2 _577—

4. Mznosennwiit uenmp yckopenuii (M.1[.Y)

MrHOBEHHBIM LIEHTPOM YCKOPEHUH Ha3bIBaeTCsl TOUYKA IUIOCKOW (UIyphl, yCKOpeHHe
KOTOPOH B JaHHBII MOMEHT BPEMEHH paBHO HYyIt0. M.L[. YV npunsTo 0603Ha4aTs OykBoil Q.

[Tokaxkem, uto ecnu miaockas ¢urypa (puc. 2.30) He JBUXKETCS OCTYNATENbHO, TO TaKas
TOYKA CYILECTBYET B Ka)XKIblii MOMEHT BPEMEHU M €€ IOJIO)KEHUE JIETKO ONpEeNeNuTh (3Has

YCKOPEHHUE KaKOU-TH0O0 TOUKH W A ¥ BETHUHHBL 01 £) CIICAYIONMUM 00pa3oM:

U3 BBIPOXKEHUS tg7/ =~ 5 ompesenuM yron y,
@

Puc. 2.30. K onpeoenenuro nonoxicenus MCHOBEHHO20 UEHMPA YCKOPEHUL

OT TOYKU A TOA YIJIOM ¥ K BEKTOPY W A TPOBENEM OTPE30K AQ. IIpu stom otpe3ok AQ

JIOJDKEH OBITh OTKJIOHEH OT BEKTOpa YCKOPEHHS B CTOPOHY HAIpPaBJICHUS YTIIOBOTO YCKOPCHUS
& . lnuna otpeska AQ ompenensercs paBeHCTBOM:

AQ =W, Ve? +o* . (2.44)
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Haiinennast takum oOpa3zom Touka Q U OyneT SIBISATbCS MTHOBEHHBIM HEHTPOM YCKOPEHHUHU.
HetictBuTensHO, 0 (hopmysie pacpeeiecHus: yCKOPEHHUH, UMeeM

QA rHeWQA=AQ\/€2+a)4

IMoacraBnss crona AQ wu3 (2.44), naxoguMm, uto Wga = Wa. Kpome Toro, Bexkrop W

W, =W, +W

QA

JoJKeH 00pazoBbIBaTh ¢ JauHHEe AQ yrom y u, clieoBaTeabHO, BEKTOP WQ A Tapajenen

WA , HO HaAITpaBJICH B IIPOTHUBOIIOJIOXKHYIO CTOPOHY. HOBTOMy

WQ A= W A M WQ =0. Ecm Tenephb 3a MOJIIOC BRIOpaTh TOUKy Q, TO ycKkopeHue

MIpOU3BOJILHOM TOUKK M, cornacHo (2.43) Oyaer paBHO:
- ~ ~ —~ 5 7
W,, =W, +W,, =W = MQ+/
w =Wy +Wyo =Wyo. Wy =MQVe?+0?,
CrnenoBarenbHO, YCKOPEHUS TOYEK TUIOCKOW (PUTYPBI ONIPENENSIOTCS B KQXK/IbIA JTaHHBIA MOMEHT
BPEMEHH TaK, KaKk eclii Obl JBUKCHHE ILTOCKOW (QUTyphl ObLIO BpallleHueM BOKPYT MIHOBEHHOTO

nerrpa yckopernudd  Q(pmec. 2.31). Ilpm 3TOM YyCKOpEHHS TOYEK IUIOCKOW (uUrypbl OyayT
[IPONIOPLIMOHAJIBHBI UX pacCTOAHUAM 0T M.I[. V.

WM =WA=WB=WC=...=\/€2+CO4-
MQ AQ BQ CQ

Puc. 2.31. Onpeodenenue yckopenuii ¢ nomowivto M.I1.Y.

Ipumep 2. Pasnocmopounnuil mpeyzonviux ABC dsudicemcs 6 niockocmu uepmedica. Yckopenus
séepuun A u B pasnvl 6 danmwiii momenm epemenu 16
em/c u Hanpaenenvl No CMOPOHAM MPEY2OJIbHUKA.
Onpedenums  yckopenue  mpemveti  eepuiunvl  C
mpey2oIvbHuKaA.

Pewenue. Onpedenum ycxopenue mouku C ucnonvsys
nousmue  M2HOGEHHO020  yeHmpa  yckopewuu. [na
== onpeoeneHusi e20 NON0AHCEeHUs HeoOX00UMO 3HAMb Y2Oi
G-i Mmedncoy gekmopom L u ompeskom AB. (cm. puc 2.30).
OuesudHo, umo 8 Hawem ciydae 3mom yeon paser 30°.
Tonoocenue  menoeennoco yewmpa  yckopenuti  Q
onpedenum Kak MOYKY nepeceyeHusi 08YX NpPIMbIX,

npoGeodeHHbIX No0 yenom y K eekmopam Lm u [m Tax
KaK paccmosiHusi @epuiun mpeyeoivHuxa om mouku Q

62



oounakoewl, I[b=16 em/c?

Bonpocwt u 3a0anun:
Kaxkoe nBmxeHune TBEpIOro Teaa Ha3bIBAETCs MII0CKONapaIeIbHBIM?
Kak mo ypaBHeHHSIM ABM)KEHUS IUIOCKOM (UIypbl HAlTH CKOPOCTHh MOJIOCA U YIJIIOBYIO

1.
2.

3.

ok

CKOpOCTb BPALICHUs BOKPYT HoJIt0ca?

. Hanpaeﬂeﬂue amoeco 6eKknopa noKa3ano Ha pucyHke.

Kaxk onpenenuTs CKOPOCTh JT1000# TOUKH IITOCKOH GUTYpHI?
AOCOJIIOTHOE, OTHOCUTENIBHOE, IEPEHOCHOE ABUKEHUE TOUKH.
Cdopmynupyiite TeopeMy 00 YCKOPEHUIX TOUYEK IUIOCKOH (PUTYpHI.

Cnucok Jureparypbl

IlepeyeHb 0CHOBHOI1 JTUTEPATYPBHI

1. Mexenkunit, I'.J[. TexHuueckas MeXaHHKa

/

I 1. Mexenkuid,

I'.T". 3arpe6uHn,

H.H. Pemietnuk. — 5-¢ n3n. — Mocksa : M3narenscko-Topropast koprnopauus «J/lamkos u

K®°», 2015. — 432 c. : w1 — Pexxum gocryna: no nmoamucke. — URL:

ISBN 978-5-394-02628-7. — TeKkcT : 31EeKTPOHHBIMA.
IlepeyeHnb 10MOJIHUTEIbHOI JTUTEPATYPHI:

1. Texuunueckas mexanuka / H.A. Kocrenko, C.B. banscaukosa, F0.O. Bonomanosckast u
ap. ; pen. H.A. Kocrenko. — Mocksa :Jlupexkr-Menua, 2014. — 485 c.

Pexum JIOCTyTIA:

1o

IMOAIIUCKCE.

. — bubnmorp. B kH. —

. puc., Tabm. —

URL.: http://biblioclub.ru/index.php?page=book&id=226084 . — bubnuorp. B KH. — ISBN

978-5-4458-6217-8. — TekcT : 2NEKTPOHHBIH.
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MMHUCTEPCTBO HAVKHM U BBICIIIET'O OBPA30BAHU S POCCUMCKOM ®EIEPALINN
OEAEPAJIBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30BATEJIBHOE
YYPEX/JIEHUE BbICHIEI'O OBPA3OBAHIA
«CEBEPO-KABKA3CKUI ®EJIEPAJIbHBI YHUBEPCUTET»

[Iaturopckuit uuctutyt (punuan) CKOY

MeToanyeckue yKazaHus

M0 OPTaHM3aIlMU U IPOBEICHUIO CAMOCTOATEILHON PabOTHI
o aucuumniae «MexaHuKa (TeXHuYecKass MeXaHUKa)y
JUISL CTYJIEHTOB HaIlpaBJICHUs MTOATOTOBKU

08.03.01 CtpouTebCcTBO

HaIpaBJIeHHOCTH (Mpopuih) «CTPOUTENBCTBO 3aHUN U COOPYKEHUI

[Iaruropck, 2025
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BBenenue

MeTtoauyeckue ykazaHus MO OpraHU3alU U MPOBEACHUIO CAMOCTOSATEIBHON paboThI MO
quciumuinae «MexaHuka (TeXHHYeCKasi MeXaHMKa)» 10 HAIMPABJICHUIO TIOJrOTOBKU OaKaaaBpOB:
08.03.01 CtpoutenbcTBoO.

MeTonudeckoe yKazaHHE COACPKHT BECh HEOOXOJMMBIN MaTepuay ISl BBIMOJTHCHHUS
CaMOCTOSITENIbHOM pabOThI 10 NUCHUIUTMHE «MexaHuKa (TeXHUYecKasi MeXaHUKa)».

B nmaHHOM MeTOAMYECKOM  yKa3aHMM TMPUBEACHBI TEMbl UM BOMPOCHI IS
CaMOCTOSITENIbHOTO HU3yUYEHUSI.
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1.001mas xapakTepucTHKA CAMOCTOSATEJIbHOM padoThl CTyAeHTa

CamocrosTenbHas paboTa — 3TO BUJ y4eOHOH AEATEIBHOCTH, BBINOIHAEMBIH yJalIuMcs
0e3 HENOCPEICTBEHHOIO KOHTAKTa C IPENOAABATENIeM WU YIPABISAEMbIl IpernoaaBaTesieM
OIIOCPEIOBAHO Yepe3 ClelualIbHble YueOHbIe MaTepHalibl; HEOThEMIIEMOE 00sI3aTEIbHOE 3BEHO
npolrecca 00y4eHHsl, IpeyCMaTpUBalOIIee MPEXk/Ie BCEro HHANBUAYAIbHYIO padoTy ydaliuxcs
B COOTBETCTBHHM C YCTAaHOBKOH MpenoaaBares Wik y4eOHUKa, IPOrpaMMbl 00yUeHHUS.

Ha coBpeMeHHOM 3Tame caMOCTOSITENbHYIO PabOTy CTyJEeHTa CIeAyeT pa3[eluTb Ha
paboTy ¢ OyMaXHbIMH HCTOYHMKAMU HHGPOpPMALMU, T.e. Y4EOHHKAMH, METOAUYECKHMMHU
ocoOUsAMHU, MOHOTpApHSIMHU, )KypHAIAMHU U T.JI. ¥ 3JIEKTPOHHBIMUA UCTOYHUKAMHU MH(OpMAIIIH,
T.€. JOCTYH K 3JIEKTPOHHBIM pecypcam uepe3 VHTepHer.

CeromHsi caMOCTOSTEIbHYIO pa0OTy CTYAEHTa HEBO3MOXKHO IIPEACTaBUTH  0e3
UCMOJb30BaHUsl MHPOpMalMOoHHOW cetn — HMHurepHer. HeoOXoauMoCTh HCHOIB30BaHMS
I/IHTepHeTa BO3HHKACT HC TOJIBKO IIPHU MOATIOTOBKE K MPAKTUYCCKUM W CCMHUHAPCKHUM 3aHATUAM,
HO, B OOJIbIIEH CTENEeHH, IPU HAIMCAHUU PA3JIMYHBIX UCCIIENOBATEIbCKUX U TBOPUYECKUX paloT.
MHorue coBpeMeHHbIE MOHOTpa(uu, MEPUOANIECKHUE KYPHAIIBI U3/1aHbl TOJIBKO B 3JIEKTPOHHOM
BUJIE U C HUMHU MO>XHO [T0O3HAKOMUTBCSI TOJIBKO B VIHTEpHeTe.

Hesn u 3aga4um  caMOCTOAITENIBHOH PpadoThl: (HOPMUPOBAHHE CIIOCOOHOCTEH K
CaMOCTOSITEJIbHOMY TIO3HAaHUIO U 00YYEHHUI0, TOUCKY JINTEPATypbl, 00001EeHNI0, O)OPMIICHHUIO U
MNpEACTAaBJICHHUIO IIOJYUCHHBIX PE3YJILTATOB, HX KPUTHUYCCKOMY aHAJIM3y, IMOHUCKY HOBBLIX H
HEOPJIMHAPHBIX PEIEeHHH, apryMEeHTUPOBAHHOMY OTCTaMBAHUIO CBOMX IPEJUIOKEHUH, yMEHUH
IIOArOTOBKH BI)ICTYHJICHI/Iﬁ 1 BCICHU [[HCKyCCHﬁ.

KoMnerenuuu oﬁyqalomerom, (bopanyeMble B pe3yJibTaTe OCBOCHUSA NUCHUITIMNHBI

HaunmenoBanmne KOMIICTCHII

Kon, popmynuposka
KOMIIETEHILIUH

Kon, hopmynnpoBka HHIUKATOPA

[TnanupyemMble pe3yabTaThl 00yUCHHS
0 JTUCIMILINHE (MOYJIIO),
XapaKTePU3YIOIINE TAIIbI

(bopMUpOBaHKST KOMIIETCHITHIA,
HWHIHKATOPOB

OIIK-1 Cnocoben
pelaTh 3a1a4n
npodeccuoHanbHOM
NESITeTbHOCTH Ha
OCHOBE
UCTIOIb30BaHUS
TEOPETUYCCKHUX U
NPaKTUYECKUX OCHOB
€CTECTBEHHBIX U
TEXHUYECKUX HayK, a
TaKkKe
MaTeMaTHYECKOTO
ammapara

N-1onk-1

[IpuMeHnsieT MaTeMaTHYECKUI
anmnapar aHaJIMTUYECKOU
reoMeTpUH, JTUHEWHOH anredpsl,
Qg QepeHaIbHOro 1
MHTETrpaJbHOTO UCUUCTICHUS
(YHKIIMU OJJTHOM MepEeMEHHOM.

CrniocobHOCTh TPe0Opa3oBaTh
CHUCTEMBI CHUJI B OKBUBAJICHTHBIC
CHCTEMBI U YCTaHOBJICHUE YCIOBUH
PaBHOBECHUSA CUCTEM CHUJI.

N-20mk1

[Ipumensier MaTeMaTUYECKUN
anmnapat TeopuH (QpyHKINUN
HECKOJIbKUX ITEPEMEHHBIX,
TeOpHuH (PYHKITUNA KOMILIEKCHOTO
IIEPEMEHHOT0, TEOPUU PSAIOB,
Teopun U PepeHITnATBHBIX
YpaBHEHUM.

WA-3omk-1

[Ipumensier MmaTeMaTHUYECKUN
arrnapar TEOPUU BEPOSITHOCTEN U
MaTeMaTHYECKOM CTaTUCTHKH.

NU-4ork-1
[Ipumensier MaTeMaTHYECKUI
armnapar YUCICHHBIX METOJIOB.

I'oTOBHOCTE HCCIIEIOBATh
F€OMETPUUYECKHE CBOMCTBA
NIBIDKEHUA Tejl. | OTOBHOCTH
ONPENENATh MPUIOKEHHBIE K TEITY
(MM MeXaHUYECKOU crucTeme)
CHUJIBI 110 33JJAaHHOMY JIBUKEHHUIO.
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U-S0mk-1

JleMOHCTpHUpYET IOHUMAHUE
(bU3NYECKUX SIBICHUH U yMeeT
MPUMEHSATH (PU3HUECKUE 3aKOHBI
MEXaHHUKH, MOJIEKYIIPHON
(bU3MKH, TEPMOAMHAMUKH,
JJIEKTPUYECTBA U MarHeTU3Ma JUis
pelIeHNs TUIIOBBIX 3a4au.

U -6ork-1

JleMOHCTpHUpYET 3HaHUE
JJIEMEHTapHbBIX OCHOB ONTHKH,
KBAaHTOBOM MEXAHUKU U aTOMHOU
(buzuku.

WI-7onk-1

JleMOHCTpHUpyeT IOHMMAaHHE
XUMHUYECKUX MPOILIECCOB.

2. I1nau - rpa¢guK BbINOJHEHUS CAMOCTOSTEIbHOI padoThI

CpenctBa u OO0BeM 4acoB, B TOM YHCIE
Konwr TEXHOJIOTHH CPC Konrakta Bcero
peann3yeMbIxX Bun nesrenbHOCTH OILIEHKH ast pabora
KOMIIETEHIIUH, CTYJICHTOB c
UHIUKATOpa(OB) Mperno/aBa
TeJleM
4 cemecTp
OIIK-1 CaMOCTOSTENBbHOE CobecenoBanue 36 4 40
(MA-1; UAL-2; M3y4EHHE JIUTEPATYPHI
WJI-3; UT-4; UJI-5;
VJ1-6; V]I-7) o Temam Ne 1-16
OIIK-1 IToaroroska k Otuér 5,4 0,6 6
(MA-1; UA-2; MPAKTHYECKUM (TMCHMEHHBIIA)
WJI-3; UJT-4; UJI-5;
WIT-6: WJI-7) 3aHATHIM
OIIK-1 Hamucanue PT'P PI'P 7,2 0,8 8
na-1; NA-2;
WI-3; U-4; U-5;
nJ-6; UJ-7)
Htoro 3a 4 cemectp 48,6 5,4 54
HUroro | 48,6 54 54

3.MeToanyecKkue yKa3aHus M0 H3YYEeHUIO TEOPETHYECKOr0 MaTepuaJsia

3.1. Buo camocmoamenvnoit pabomol: camocmoamenvroe uzyueHue 1umepanypol

W3ydyarp  yuebHyro  aucuuiimHy  «MexaHuka  (TeXHH4YecKasi  MeXaHHKA)»
PEKOMEHIYETCSl IO TEMaM, MPEABAPUTEIBHO O3HAKOMUBILHNCH C COAEPKAHUEM KAKIOW U3 HUX B
nporpaMMe AMCUMIUIMHBL.  [lpu TeopeTMuyeckoM H3ydYeHUH AMCUMIUIMHBI CTYIAEHT JIOJKEH
I10JIb30BATHCSI COOTBETCTBYIOIIEH JIUTEpaTypoid. [IpuMepHBIil mepedyeHb TuTepaTypsl IPUBEACH B
paboueit mporpamme

Jlnst Gosiee MOJIHOTO OCBOEHHs y4eOHOTO MaTepuana CTYAEHTaM YHMTAIOTCS JIEKLIUHU T10
BaXHEHMIIMM pazzienaM U TeMaM y4eOHoHN auciuruinHbl. Ha jexnusix msnararorcs U JeTallbHO
paccMaTpuBAIOTCSl  HamOojee BaXKHbIE  BOMPOCHI, COCTABIAIONIME TEOPETHUYECKHH U
MpaKTUYEeCKUN (PyHIaMEHT AUCIUILTUHBL.

Hmozoewtii npodykm: KOHCHEKm J1eKyuil

Cpeocmea u mexunonozuu oyenku: Codeceoosanue
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Kpumepuu ouyenusanun: OLEHKAa «OTIMYHO» BBICTABISIETCA CTYACHTY, €CIIU B IOJIHOM
0o0beMe U3yUYeH Kypc JAHHOM TUCLMIUIMHBI U BBIIIOJHEHBI IPAKTHUECKUE 3aJaHHs

OneHka «XOpollo» BBICTABIAETCS CTYIEHTY, €CIIM JOCTaTOYHO IIOJIHO H3Y4YEH KypcC
JAHHOM TUCLMIUIMHBI U BBIIIOJHEHbI IPAKTHUECKUE 3aJaHHs

OneHka «yIOBJIETBOPUTENIBHO» BBICTABISAETCS CTYAEHTY, HEIOCTATOYHO €CIH IIOJHO
U3y4yeH Kypc JaHHOM JTUCLMIUIMHBI U BBIIIOJHEHbI IPAKTUUECKUE 3a/laHus

OneHka «HeyI0BIETBOPUTEIBHO) BBICTABIISIETCSA CTYJAEHTY, €CJIM OTCYTCTBYIOT 3HAHUS U
IPAaKTUYECKUE HaBBIKU I10 JaHHOW AUCLUIIINHE.

Tembl 17151 CAMOCTOATEILHOIO H3YYCHUS:
Tema 1. Onpenenenue KHUHEMaTHUECKUX XapaKTEPUCTUK TOUKH.
Tema 2. [InockonapaiieabHOE IBHXKEHUE TBEPAOIO Tea.
Tema 3. LlenTpasnibHOE pacTsSKEHHUE U CKATHE
Tewma 4. OnpeneneHue BHYTPEHHUX YCHIIMM, onpeiesieHre AeopMaIyii ¥ mepeMenieHun.
Tema 5. Casur (cpe3)
Tema 6. PacueTbl Ha IPOYHOCTH NIPU CIIBUTE
Tewma 7. 'eomeTprueckne XxapakTEpUCTUKH IUNIOCKUX CEYEHUHN
Tewma 8. [IpsiMoii monepedHbId U3ruo
Tema 9. M3rub c kpyueHuem
Tema 10. I{enTp napanieabHbIX CUI
Tema 11. CriocoOs1 onpeienienns kodhduimenTa TpeHusl.
Tema 12. ConpoTuBIIEHHE TPU KAUCHUH.
Tema 13. SAnpo ceyeHus Npu BHELIEGHTPEHHOM CHKATHU.
Tema 14. Pacyer 6asiki Ha yIpyromM OCHOBaHUHU.
Tema 15. Pacuer 3akienok Ha nepepe3bIiBaHUEe
Tema 16. PacyeTsl Ha MPOYHOCTH MPHU U3THOE IO HOPMATBHBIM HAMPSIKEHUSIM

3.2. Buo camocmoamenvHoil padomol: NOO20MOEKA K NPAKMUYECKUM 3AHAMUAM

Hmozoswtii npodykm: OTYET TIO PAKTHYECKON paboTe

Cpeocmea u mexnono2uu OyeHKu: 3alUTa OTYETA

Kpumepuu oyenusanusa: OnieHKa «OTIUYHOY BBICTABISETCS CTYNIEHTY, €CJIA B MTOJTHOM
o0BbeMe H3ydeH Kypce JAaHHOW AUCHUIUIMHBI U BBIIIOJHEHBI MPAKTUYECKUE 3aJaHUS

OreHKa «XOpOIIOY» BBICTABJISIETCS CTYACHTY, €CJIM JOCTATOYHO TOJIHO M3Yy4YeH KypC
JAHHOM JAMCIUIUIMHBI U BBITIOJHEHBI TPAKTUYECKUE 3aIaHUS

OreHKa «yJIOBJIETBOPUTEIHFHO» BBICTABISETCS CTYACHTY, HEIOCTATOYHO, €CIU IOJHO
M3Yy4YeH KypcC JaHHOM AMCIUIUIMHBI U BBIIIOJIHEHBI TPAKTUUECKUE 3aJaHus

OreHKa «HEYIOBIETBOPUTEIHHOY BBICTABIACTCS CTYACHTY, €CJIM OTCYTCTBYIOT 3HAHUS U
MPaKTUYECKHE HABBIKYU 1O JAHHOUN AUCLMILINHE

4. MeToauyecKue yKazaHus

1. Meroauyeckue yKa3aHUs 110 BBIMOJHEHUIO JIAOOPATOPHBIX pPabOT MO AMCIHUIUIMHE
«Mexanuka (TexHudeckas MeXaHWKa)», HampaBieHus mnoarorosku  08.03.01
CtpouTensCcTBo.

2. Meronuueckue yKa3zaHUS [0 BBIMOJHEHHIO pacyeTHO-Tpaduyeckoil paboT 1o
micnuruinHe «MexaHuka (TeXHHYecKasi MeXxaHuKa)y, HanpasieHus noarotosku 08.03.01
CrpourensCTBo.

3. Meroanueckne yKa3aHHs MO0 OPTaHU3AINUA U IPOBEICHUIO CAMOCTOSTEIBHBIX PadOT ITO0
muciuminHe «MexaHuka (TeXHU4Yeckas MeXxaHuka)y», Hanpasienus noarotosku 08.03.01
CtpouTensCcTBo.
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5. Metoguyeckue yKasaHus K 3a4eTy

1. Ilenu, 3a7auu ¥ METObI HAYKH O COIIPOTHBIIEHUH MaTEPUAIIOB.

2. JlomymieHusi 0 CBOWCTBaX MaTepHajoB U Xapakrepe neGopManuii, IPUHUMAEMbIC B
Kypce «CONnpOTUBIICHUS MAaTEPUATIOBY.

3. Bujpl 371eMEHTOB KOHCTPYKIIHH.

4. Bujpl BHEIIHUX HArpy30K 1 UX pa3MepHOCTb.

5. OmpeneneHue BHYTPEHHUX YCHIIUM METOJOM CEUCHUM.

6. BHyTpeHHUE yCUIIUS B IONEPEUHBIX CEYEHUAX CTEPHKHSL.

7. Pa3HOBUJIHOCTH BUJIOB HAarpy>KEHUsI 3JIEMEHTOB KOHCTPYKIUH (IIPOCThIE BUJIbI
HarpyXeHus).

8. IloHsiTHE BHYTPEHHETO MEXaHUYECKOTO HAPSHKEHUS. BUABI HAaITPsDKEHUH,
pa3MEepHOCTb.

9. Hanpspkenus u mpozoibHas aedopMaliust pacTsHKeHUus-CokaTus. 3akoH ['yka.

10. . [Tonepeunas nepopmaniust mpu pactskeHuu U cxatun. Koaddunment
Ilyaccona.
11.  YcnoBue MpOYHOCTH IPU pacTsKeHUU-CokaTuu. OCHOBHBIE BUJIBI 33/1a4 MPU

pacuere Ha MPOYHOCTb PACTSIHYTHIX (CKAThIX) CTEpPKHEN (IPOBEPOUHBIN pacyer,
IPOEKTHUPOBOYHBIN pacyer, onpeieIeHue JOMyCTUMOM Harpy3KH).

12.  VYcnoBue )KeCTKOCTH MPH pacTsDKEHUH-CKaTuU. OrpeesieHne nepeMerieHui
CEUEHHH pacTAHYTOro (CHKAaTOro) CTEPKHS.

13. JuarpamMma pacTsbKkeHus o0pasiia u3 MajloyriiepoaucTou cranu. [Ipenemns
HPOYHOCTH, TEKYUECTH, IPONOPLHUOHAIBHOCTH, YIIPYTOCTH. J(narpaMMbl pacTsKEHHSI U CHKATHS
XPYIKHUX U [JJACTUYHBIX MaTEPHAJIOB.

14.  OmnbITHOE onpezieNIeHNe MEXaHMUECKUX CBOMCTB MaTepuaioB. BiusHue
pa3nuyHbIX (PaKTOPOB Ha MEXAHHMYECKUE XapaKTEPUCTHUKU MATEPUATIOB.

15.  Kosdduuuenr 3amnaca. BeiOop 3HaueHMI 10MyCKaeMbIX HAMPsKEHUN

16.  IloreHumanbHas YHEPTHUs AeHOPMAIMH TPU PACTSHKEHUU U CKATUH.

17.  Casur, HanpspKeHUs U AeopManuy pu YUCTOM CABHIE.

18.  3akon I'yka npu ciBure. 3aBHCHMOCTh MEKIY MOIYJISIMH YIIPYTOCTH TIEPBOTO
poJia ¥ MOJYJIEM C/IBHTA.

19.  VYcnoBue mpoYHOCTH MPH CABHUTE (TPOBEPOYHBIN pacyeT, MPOSKTHPOBOYHBIH
pacuyer, olpeJesieHue JOMyCTUMON Harpy3KkHu).

20.  TlpakTtHueckue pacyeThl Ha CIBUT (Cpe3 3aKJICIIOYHOTO COSAMHCHHS).

21.  IIpakTuyeckue pacdyeThl Ha CIIBUT (pacyeT CBApHOTO COCTUHEHNUS).

22. Cratndeckuii MOMEHT IUIOIIAIN TJIOCKOTO CEYSHUSI, pa3MEPHOCTh, CBOMCTBA.

23.  OceBble MOMEHTBI HHEPLIUH IJIOCKOTO CEYEHHUs], pa3MEPHOCTb, CBOMCTBA.

24, [TonsipHBIN ¥ LIEHTPOOEKHBI MOMEHTHI HHEPIMH IIJIOCKOTO CEUEHHUS,
pa3sMepHOCTh, CBOICTBA.

25. MOMEHTBI MTHEPLIMH MPOCTBIX C€4eHUH. IIpsIMOYyroapHuUK.

26.  MoMeHTBI HHEpPIIMU NPOCThIX ceueHui. Kpyr, KobI1o.

27. MOMEHTBI MTHEPLIMH NPOCTBIX C€YeHUM. TpeyroibHuK.

28.  MoMeHTHI CONPOTUBIICHUS TUIOCKOTO CEUEHHsI, pa3MEPHOCTh, CBOMCTBA.

29.  MoOMEeHTHI CONPOTHBIICHHS MPSIMOYTOJIBHOTO CEUCHHSI.

30.  MoMeHTHI CONPOTUBICHUS KPYIJIOTO CIUIOIIHOTO CEYEHUS.

31.  MoMeHTBI CONPOTHBIIEHHS KPYTJIOTO CIUIONIHOTO CEYCHUSI.

32.  lleHTpanbHbI€ U INIaBHBIE OCU MHEPIMH, TJIABHBIE MOMEHTBI MHEPIUH U UX
CBOMCTBA.

33.  3aBHCHMMOCTbH MEXIY MOMEHTaMHU MHEPLMHU IPU MapajuIeIbHOM IIEPEeHOCE OCEH.

34. 3aBHUCUMOCTbh M€Ky MOMEHTaMU UHEPIIMU TTPU TOBOPOTE OCEil.

35.  3aBHCHMMOCTbH MEXAY LIEHTPOOEKHBIMH MOMEHTAMH HHEPLUU OTHOCUTEIBHO JIBYX

MapajieIbHbIX CUCTEM.
YmMmets, Bnagets
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36.  Ompenenenue HaAMPsHKEHUH B CTEPIKHSIX KPYTJIOTO CEUCHUS TP KPYUICHUU.
37.  Hedbopmaruu u nepeMenieHus Ipu KPyIeHUHU BajloB.

38.  YcimoBue NpoOYHOCTH NPHU KPyueHUH (IPOBEPOUHBINA PACUeT, MPOESKTUPOBOUHBIN
pacuyer, olpeaesIeHUue JOIyCTUMON Harpy3KkHu).

39.  IIpakTuyeckue pacyeTsl BaJOB KPYIJIOTO CIUIOMIHOTO U TPyO4aTOro ceueHusl.

40.  IloreHumanbpHas HEprus ynpyrou aedopmanuu npu KpyuyeHHH.

41. Kpydenue BanoB HEKPYIJIOrO CEUYEHHUS.

42.  PanumoHanbHble (hOpMBI ceueHui pu KpyuyeHUH. KoHLleHTpalys HanpskeHUd pu
Kpy4YEHUHU.

43, N3rud, Buabl n3rubda - OCHOBHBIC MTOHATHS U OTIPEICTICHUS.

44.  Twunsl onop 6anok, onpeneneHue peakuuid. OnpeneneHue BHYTPEHHUX YCHIIUI
npu u3ruoe, npasmio 3sakoB MU3I™ u Q.

45.  3aBHCHMOCTH MEXIY U3rHOAIOIINM MOMEHTOM, ITONIEPEUHON CHIION 1
MHTEHCUBHOCTBIO PaCIpPEIEICHHON Harpy3KH.

46.  HopmasibHble HampsHKEHUs IPU U3THOe.

47.  YcnoBue MPOYHOCTH MO HOPMAJIbHBIM HANPSDKEHUSM ITPHU U3rKoe (IIpOBEPOUHBIH

pacuer, IpOeKTUPOBOYHBII pacyeT, ONpeaeIeHIe 10IyCTUMOM Harpy3ku). Beioop
paLMOHATILHOTO CEYeHUs Oallku

48.  KacarenpHbIe HaNPsDKEHUS TIPU U3THOE.

49.  JluddepenuunanbHoe ypaBHEHHUE U30THYTOM OCH OajKu.

50.  Onpenenenne aedopmariii 6aJIoK C MOMOIIBIO YHUBEPCATbHBIX YPAaBHEHUH.

51.  TloreHumanbHas SHEPTHs MPU U3THOE.

52.  CnoxHOe CONPOTHBIICHHE - OCHOBHBIE TIOHSTHS, BUABI CIIOKHOTO COMPOTHBIICHHS.
[TpunuMMnEI pacyera.

53.  Kocoii u3ru6, pacmpeneneHie HanpsHKeHUH. Y CII0BUE MPOYHOCTH MTPU KOCOM
usruoe.

o4, YpaBHeHHE HEUTPATBLHOM JIMHUU TIPU KOCOM H3rude. OnpeeieHue moaoKeHus
HENTpaIbHOU JTMHUU.

55.  BuenenTpeHHOe pacTshkeHUe (CHKaTHe).

56.  CuBur ¢ kpydeHueM. PacueT nUIMHIPUYECKIX BUHTOBBIX MPYXHH C MaJIBIM

I1arOM BHTKa.

57.  W3rub c KpydyeHHeM.

58.  Cpasur ¢ kpydyeHueM. PacueT HIMIMHIPUYECKUX BUHTOBBIX MIPY)KUH C MaJIbIM
11aroM BHTKa.

59. Pacuet cxaTbhIX cTepkHEH Ha ycTOMYMBOCTH, (hopmyina Ditnepa. [Ipaktuueckas
(dopMyna a1 pacuera Ha yCTOWYMBOCTb.

60.  VYcranocTHbIE HAPSKEHMS.

Cnucok pekoMeH/1yeMoii JINTepaTypsbl
Ilepeyens 0CHOBHOI JTUTEPATYPHI
1. Mexeuxu#t, I'.JI. Texuuueckas wmexanuka / [.JI. Mexeukwuit, I.I'. 3arpebun,
H.H. Pemetnuk. — 5-e uzn. — Mocksa : U3natenbcko-Topropas koprnopauus «J/lamkos u
K°», 2015. — 432 c. : un. — Pexxum goctyna: no noxnucke. — URL: . — bubnuorp. B kH.
ISBN 978-5-394-02628-7. — TekcT : 3JeKTPOHHBIH.

IlepeyeHb 1ONMOTHUTENBHOM JTUTEPATYPHI:

1. Texunueckas mexanmka / H.A. Kocrenko, C.B. banscaukosa, K0.5. Bonomranosckast u
ap. ; pen. H.A. Kocrenko. — Mocksa :[lupext-Meaua, 2014. — 485 c. : puc., Tabm.
PC)KI/IM J0CTyna: mno MO/TKCKE.

URL.: http://biblioclub.ru/index.php?page=book&id=226084 . — bubnuorp. B KH. — ISBN
978-5-4458-6217-8. — TekcT : 2EKTPOHHBIH.
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MMHUCTEPCTBO HAYKHU U BBICIHIEI'O OBPA30OBAHUS POCCUMCKOM ®EJEPALIN
OEJIEPAJIBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YUYPEXJIEHUE BBICILIET'O OBPA3OBAHU A
«CEBEPO-KABKA3CKWI ®EJIEPAJILHBINM YHUBEPCUTET»

[Tsaturopckuit uaCcTUTYT (prmmnan) CKOY

MeToanueckune yKazaHus

IO BBITIOJTHEHUIO pacueTHO-TpaguuecKor paboThI
1o auctuIuimHe «MexaHuKa (TeXHHYecKasi MeXaHHKA)
JUTSL CTYZICHTOB HalPaBJICHHUS MOTOTOBKH

08.03.01 CTpourteabcTBo

HaNpaBIeHHOCTH (PO uiib) «CTPOUTENBCTBO 3aHUI U COOPYKEHHI»

[Taruropck, 2025
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6.Kpurtepuu onieHuBanust paboThI

7. IlopsiioK 3aIuThl pabOTHI

Cnucok peKOMeHIyeMO JIUTepaTypbl
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Beenenne

Meroaunueckue ykasanus 110 BoinoniHeHU0 PI'P crynentamu no gucnumimnze «MexaHuka
(TexHMUYECKasi MEXaHHMKA)» 110 HarpaBieHuIo nmoArotToBku 6akanaBpos: 08.03.01 CtpoutenbCcTBo.
MeTtoaudeckoe yKazaHue COICPKUT BeCh HEOOXOIMMBI MaTepual AJis BeimoaHeHus: PI'P
1o JucuuIuiae «MexaHuKa (TeXHHYeCKas MEXaHHKa).
B nmaHHOM MeTOAMYECKOM  yKa3aHMM TMPUBEACHBI TEMbl UM BOMPOCHI IS
CaMOCTOSITEJIBHOIO U3y4€HHUs U BblloHEHUs PI'P.
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1.lean, 3a1a4u U peau3yemMbie KOMIETCHIHU
YuebHbIM T1aHOM HampasieHus: moaAroToBku 08.03.01 CtpouTensCTBO, IPEAyCMaTPUBACTCS
HAIMCaHWE pPaCcYCTHO-TpadUUecKor padOThl MO JUCHUILUIMHE. DTOT BUJ MUCHMEHHOW PabOTHI
BBIMIOJHSCTCS KaXAbI TOJ, IO TeMaM BBIOpaHHBIM caMocTOsTeNbHO. [lepeueHb Tem
pa3palaThIBaeTCs MPENOJaBaTENIEM.
PT'P — camocTosiTenbHBIN TPy CTYACHTa, KOTOPBIA CIIOCOOCTBYET YIiyOJEHHOMY
W3Y4YEHUIO NIPOMACHHOIO MaTeprala.

Lennb BbInoOIHAEMON PadoOThI:
- IOJIyYUTh CHEHMATIbHbIC 3HAHUS 110 BEIOPaHHON TEME;

OcHOBHbIE 32/1a44 BBINIOJIHSIEMOH PadoThI:

1) 3akpernieHre NOJYUYEHHBIX paHee TEOPETUUECKUX 3HAHU;

2) BeIpabOTKA HABBIKOB CAMOCTOSTEIBLHON PaOOTHI;

3) BBISICHEHHE TTOITOTOBJICHHOCTH CTY/ICHTa K OYIylIei mpakTU4ecKou paboTe;

Becs npoiiecc Hanucanust KOHTPOJIBLHON paOOThI MOXKHO YCJIIOBHO Pa3JICIUTh HAa
CJICAYIOIINE ATAITBI:

a) BEIOOp TEMBI U COCTABJICHUE MPEIBAPUTEIIBHOTO IJIaHa Pa0OThI;

0) cOop Hay4YHOU HHPOPMAINH, U3YICHHUE JTUTCPATYPHI;

B) aHAJIM3 COCTABHBIX YacTel MPOOJIEMBbI, U3JI0KCHHUE TEMBI,

r) 00paboTKa MaTepuasa B LEJIOM.

Tema PI'P BbIOUpaeTcst CTyICHTOM CaMOCTOSITEIbHO M3 MPEIJIOKESHHOTO CITUCKA TEM.

[TonroroBky PI'P ciienyetr HaunHaTh ¢ MOBTOPEHUS COOTBETCTBYIOIIETO pa3aeiia
yueOHHUKa, y4eOHBIX MOCOOMIA IO JAHHOM TEME U KOHCIIEKTOB JICKIIHIA TPOYNTAHHBIX pPaHEe.
[Tpuctynarh K BBITOJIHCHUIO PabOThI 0€3 N3yUeHHUsT OCHOBHBIX TIOJIOKEHUH U IMOHSATUI HAYKH, HE
CJIEZIyeT, TaK KaK B 3TOM CJIy4ae CTYACHT, KaK MPaBUIIO, TUIOX0 OPUEHTHPYETCSl B MaTepuaie, He
MOJKET OTTPaHUIUTh CMEKHBIC BOIIPOCHI U COCPEIOTOYNTH BHUMAHHUE HA OCHOBHBIX,
MIEPBOCTEIICHHBIX MTPOOJIEMaX pacCMaTPUBAEMON TEMBI.

[Tocne BEIOOpa TEMBI HEOOXOIUMO BHUMATEITHHO U3YUIUTh METOIUICCKIE YKa3aHUS TI0
noaroroBke PI'P, cocTaBuTh minaH paboThl, KOTOPBIN JOMKEH BKIOYATh OCHOBHBIE BOIIPOCHI,
OXBAaTHIBAIOIIKE B IIEJIOM BCIO MPOPAOATHIBAEMYIO TEMY.

Komnerenuun odyuaromerocsi, opmMupyembie B pe3yJibTaTe 0CBOCHHUS M CUUIITIHHbBI

HanmeHoBaHHE KOMIIETEHITUU

Kon, hbopmymnupoBka Koz, hopmynuposka HHAMKaTOpa | IlnaHupyemble pe3ynbTaThl 00y4eHHMs
KOMIIETEHIINU M0 TUCIUTIINHE (MOYJITIO),
XapaKTEPU3YIOIIHE TAITBI

(hopMupOBaHUS KOMITETEHIHH,

HMHJIUKAaTOPOB
OIIK-1 Cnocoben W-lomk-1 CriocobHOCTh TPe0Opa3oBaTh
peumiaTth 3aa4n HpI/IMCHHeT MaTeMaTHYeCKHi CHCTEMBI CHNJI B OKBUBAJICHTHBIC
npodeccruoHaNbHON anmnapaT aHATUTHYEeCKOH CHCTEMBI U YCTaHOBJICHUE YCIIOBUIA
JEATEIIbHOCTH Ha reOMeTpUH, TUHEHHON anreOpbl, | paBHOBECHUS CHCTEM CHII.
OCHOBE Qg QepeHIaIbHOro U
HCII0JIb30BaHUA HUHTETpaJIbHOI'O UCUUCIICHUA
TEOPETHYECKHUX U (bYHKIIMH OJTHOI MepEeMEHHOM.
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NPaKTUYECKUX OCHOB
€CTCCTBCHHbIX U
TEXHUYECKUX HayK, a
TaKKe
MaTeMaTHIECKOTO
arrnapara

UI-20mk-1

[IpuMeHsieT MaTeMaTHYECKUI
anmnapat Teopuu pyHKIUN
HECKOJIbKUX MEPEMEHHBIX,
Teopuu (YHKIMI KOMITJIEKCHOTO
MIEPEMEHHOT0, TECOPHH PSIJIOB,
Teopur U hepeHITATBHBIX
YpaBHEHUMU.

NJ1-3onk-1

[IpuMeHsieT MaTeMaTHYECKUI
arrnapar TeOpUU BEPOSITHOCTEN U
MaTeMaTHYECKON CTaTHUCTHKH.

U-4omk-1
IIpuMeHnseT MaTeMaTU4ECKUI
anmnapar YACICHHBIX METOMOB.

N/1-50mk-1

JleMOHCTpHUpYyET IOHUMAHKE
(GU3NYECKUX SIBICHUH U yMeeT
MPUMEHSTH (PU3HUECKUE 3aKOHBI
MEXaHUKHU, MOJIEKYJIIPHON
(GU3MKH, TEPMOAMHAMUKH,
JIEKTPUUYECTBA U MarHeTU3Ma JJIst
pelLIeHUs TUIIOBBIX 3a4au.

N/1-60r1k-1

JleMOHCTpHUpYET 3HaHUE
3JIEMEHTAPHBIX OCHOB OITUKH,
KBaHTOBOM MEXaHMKH M aTOMHOM
bu3UKH.

WJ-7onk-1
JIeMOHCTPHPYET IIOHUMaHHE
XUMHNYCCKUX HpOHeCCOB.

T'oToBHOCTE HcCIEqOBATH
reOMETPUYECKUE CBOKMCTBA
JBUKEHUS Tell. | 0TOBHOCTH
ONPENIEIATH MPUIOKEHHBIC K TEITY
(WM MEXaHUYECKON CUCTEME)
CHJIBI 110 33JJAaHHOMY JIBUKEHHUIO.

Tema 1.
Bapuant 1.
3amanue 1
3amanmue 2

Bapuant 2
3amanue 1
3aganue 2

Tema 2.
Bapuant 1
3amanne 1
3amanmne 2

Bapuant 2
3amanue 1
3amganue 2

2. ®opMyJIMPOBKA 32JaHUS U €0 00beM

Yepmeonc 1.
Yepmeornc 2.

Yepmeonc 3.
Yepmeonc 4.

Yepmeonc 5.
Yepmeonc 6.

Yepmeonc 1.
Yepmeonc 8.

OHpCHGHGHI/Ie KHHEMATHUYCCKUX XaPAKTCPUCTHK TOYKH.

HJIOCKOHapaJ'IJ'ICJ'ILHOC ABWIKCHUC TBEPAOTO TCIaA.
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Tema 3. [{eHTpalibHOE PACTSIKEHUE U CIKATHE

Bapuanr 1.

3ananue 1 Yepmeonc 9.
3ananue 2 Yepmeonc 10.
Bapuant 2.

3ananue 1 Yepmeowc 11.
3ananue 2 Yepmeonc 12.
Tema 4. Omnpenenenne BHYTPEHHUX YCUIIMM, OTIpeiesieHue qeopMannii v epeMerieHui.
Bapuaunr 1.

3ananue | Yepmeonc 13.
3ananue 2 Yepmeowc 14.
Bapuaunr 2.

3ananue 1 Yepmeorc 15.
3agaHue 2 Yepmeonc 16.
Tema 5. Cnsur (cpe3).
Bapuanr 1.

3aganue 1 Yepmeowc 17.
3ananue 2 Yepmeonc 18.
Tema 6. Pacuersr Ha MPOYHOCTH TIPH CIIBHTE.
Bapuaunr 1.

3amanwue | Yepmeonc 19.
3agaHue 2 Yepmeonc 20.

3.00mue TpebGoBaHus K HANMCAHUIO U 0OPMJIEHUIO PadoThI

B conepxaHun KOHTPOIBbHOM paboThl HEOOXOAUMO MOKa3aTh 3HAHUE PEKOMEHIO0BAaHHOMN
JUTEpaTypel 1O JAHHOM TemMe, HO NpU OTOM CleAyeT NPaBWIbHO IOJb30BaThCS
NEpBOMCTOUYHUKAMH, H30eraTh upe3MepHOro uutupoBaHus. [Ipu HCHOIB30BaHMM IUTAT
HEOOXOUMO yKa3blBaThb TOYHBIE CCBHUIKM Ha HCIHOJb3YEeMbIH MCTOYHMK: YKa3aHHE aBTOpa
(aBTOpOB), Ha3BaHME PAOOTHI, MECTO U TOJ U3JaHUS, CTPAHULIBI.

B nporecce paboThl Haj MEPBOMCTOYHUKAMU Lielecoo0pa3HOo JAenaTh 3alHCH, BBITUCKU
ab3aneB, IUTAT, OTHOCAIIMXCS K M30paHHOU Teme. [lpu u3yueHun cnenuanbHOM IOpUIn4YecKon
auTepatypsl (MoHOrpaduii, ctatei, peleH3uil 1 T.1.) BaXXHO 00paTUTh BHUMAHUE Ha Pa3IMYHbIe
TOYKHM 3pEHHUSI aBTOPOB IO HCCIIEIyEMOMY BONPOCY, Ha €ro HNPUBOJUMYIO apryMEHTAlUI0 U
BBIBOJIbI, KOTOPBIMH OIIPOBEPTatOTCs NHBIE KOHLIEILIMH.

Kpome pexomeHIOBaHHON CIENUATBHON JIUTEpaTyphl, MOKHO HCIIOJIB30BaTh JIFOOYIO
JIOTIOJTHUTEIBHYIO JIUTEpPAaTypy, KOTOpas HeoOXoauMma sl PACKPBITUS TEMbl KOHTPOJIBHOM
pabotsl. Ecnu B mepuosa HanucaHusi KOHTPOJIbHON pabOThl ObLIM MPHUHSITHI HOBbIE HOPMATHUBHO-
NPaBOBBIE AKThI, OTHOCSIIMECS K M3JIaraeMoi Teme, UX HEO0O0XOAMMO M3Y4YHTh U HCIOJIb30BaTh
IIpY €€ BBINOJHEHUHU.

B koHIle KOHTPOJIBHON pabOThl MPUBOAUTCS MOJHBIA OuOIMOrpaduyeckuii nepeyeHs
MCIIOJIb30BaHHBIX HOPMAaTHUBHO-TIPABOBBIX aKTOB U CHEIHAIbHOM JIUTepaTyphl. JJaHHBINH crincok
YCIIOBHO MO>KHO IIOJIPA3ACIUTh Ha CIAEAYIOIINE YaCTH:

1. HopmaTuBHO-IIpaBOBbIE aKThI (AAIOTCS 10 UX IOPUAUYECKOI cuiie).

2. YuebHUKH, ydeOHbIE TOCOOuS.

3. Monorpadun, yaeOHbIe, y4eOHO-TPAKTHUECKUE TTOCOOHSI.

4. Ilepuoguueckast nevyars.
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[TepBoucrounuku 2,3,4 narorcs o angaBuTy.

Odopmnenne 6ubIMOorpadueCKUX CCHUIOK OCYIIECTBIISCTCS B CIECIYIOMIEM MOPSIIKE:

1. ®damMunus ¥ MHUIMAIBL aBTOpa (KOJUIEKTHB aBTOPOB) B UMEHUTENbHOM manexe. Ilpu
HaJIMYHMH TPeX U 00Jee aBTOPOB JOIMYCKACTCS YKa3bIBaTh (DAMHIIMKA M MHUITAAJIBI TIEPBBIX JIBYX U
n00aBUTh «H Ip.». Ecnu KHUTa HamMcaHa aBTOPCKUM KOJUIGKTHBOM, TO CCBUIKA JeacTcs Ha
Ha3BaHWE KHUTH U e€ pemakTopa. DaMWIMIO W HHUIMAIBl pEJaKTOpa IMOMEMIAIOT IOCTe
Ha3BaHHS KHUTH.

2. [lomHOE Ha3BaHKE NMEPBOMCTOYHUKA B UMEHUTEILHOM MaICKE.

3. Mecto u3nanus.

4. Ton u3ga”us.

5. OOuiee KOJIMYECTBO CTPAaHUI] B paboTe.

CchUIKM Ha )KYPHAIBHYIO WJIM Ta3€THYIO CTAaThIO JOJDKHBI COIEPKATh KPOME YKa3aHHBIX
BBIIIIE JIAHHBIX, CBEICHUS O Ha3BaHUU KypHaJa WIH ra3eThl.

CchUIKM HAa HOPMATUBHBINA aKT JenaroTcs ¢ ykazanuem CoOpaHus 3aKoHoaTenbcTBa PO,
MCKIIFOUEHHE MOTYT COCTaBJISITh CChUIKM Ha Poccuiickyio razety B TOM ciydae, €CJIM JIaHHBIHA
HOPMATHUBHBIN aKT emie He omyonrukoBaH B C3 PO.

[Ipu ucnonbp3zoBaHWU LUTAT, UACH, MPOOJIEM, 3aMMCTBOBAHHBIX Y OTIEIbHBIX aBTOPOB,
CTAaTHUCTUYECKUX JTaHHBIX HEOOXOJUMO MPABHIBLHO U TOYHO JIENaTh BHYTPH TEKCTOBBIEC CCHUIKU
Ha NIEPBOUCTOYHUK.

CchuUIKH Ha UCTOJIb3yeMble IEPBOUCTOYHUKH MOKHO J€NaTh B KOHIIE KaXKIOW CTPaHUIIBL,
1100 B KOHIIC BCel pabOThI, HyMepaIus MOKET HAYMHATHCS Ha KXKIOW CTpaHUIIE.

Crpykrypao KonTponbHas paboTa COCTOUT TOJIBKO U3 HECKOJIBKMX BOMpocoB (3-6), 6e3
r1aB. OHa 00s13aTebHO JODKHA COJIEPIKATh TEOPHUIO U MPAKTUKY pacCMaTPUBACMON TEMBI.

4.Yka3aHue 110 BbIIOJIHEHHIO 32/ IaHUS

KonrponbHast pabora wu3naraercss JIOTMYECKM IIOCIEOBAaTENIbHO, TIPaMOTHO U
pa3bopuuBo. OHa 00s3aTENBPHO JODKHA WMETh THUTYIBHBIA JIMCT. OH COASPXKHUT Ha3BaHHE
BBICHIETO0 Y4eOHOro 3aBelleHMs, Ha3BaHUE TeMbl, (paMMINIO, MHULIMAIBI, Y4€HOE 3BaHUE U
CTENEeHb HAYYHOTO PYKOBOJIUTEINS, (PaMUIINIO, MHUILIMAJIBI aBTOPA, HOMED IPYTIIbL.

Ha cnenytomeM nucre NpuBOANTCS COepKaHUEe KOHTPOJIbHOM paboThl. OHO BKIIIOYAET B
ce0si: BBE/IEHNE, HA3BaHNE BOIPOCOB, 3aKJIFOUEHUE, CIIMCOK JIUTEPATYpHI.

BBenenue 10mKkHO OBITH KpaTKUM, He Ooniee 1 cTpanuibl. B HEM HEOOX0IMMO OTMETUTH
aKTyaJIbHOCTh TEMBI, CTETIEHb €€ Hay4yHOH pa3paboTaHHOCTH, MPEAMET HCCIEAOBAHUSA, 1IeNIb U
3aJaun, KOTOpble cTaBATCS B pabore. M3noxkeHHe KakJoro BoIpoca HEOOXOAMMO HayaTh C
HAllMCaHMsl 3arojioBKa, COOTBETCTBYIOIIEMY OTIJIAaBICHHUIO, KOTOPBIM JIOJDKEH OTpakaTh
COJIep’KaHUE TEKCTa. 3ar0JIOBKH OT TEKCTa CIENYET OTAEIATh HHTepBalaMu. KaxKaplil 3arojIoBOK
00s3aTeNnbHO JOHKEH MPE/IIeCTBOBATh HEITOCPEICTBEHHO CBOEMY TeKcTy. B ToM ciydae, korga
Ha OYEPEIHOM CTpaHULE OCTAETCSI MECTO TOJIBKO JJISl 3arojIOBKa M HET MeCTa HU AJI1 OJHOMU
CTPOYKH TEKCTa, 3ar0JIOBOK HYKHO ITUCATh HA CIEYIOIIEeH CTpaHHULIE.

W3naras Bompoc, KakIplii HOBBIM CMBICIOBOM ab3al] HE0OXOAMMO HauyaTh C KpacHOMH
CTPOKHU. 3aKOHUUTH M3JIO)KEHUE BOMpOCa CIEAYET BBHIBOJOM, UTOIOM IO COJEPKaHUIO JTaHHOTO
pasnena.

W3noxenne copepxaHusi Bced KOHTPOJIbBHON pabOThl JMOMKHO OBITH 3aBEPILEHO
3aKJIFOYEHHEM, B KOTOPOM HEOOXOMMO J1aTh BHIBOJIBI I10 HAITUCAHUIO PAOOTHI B IIETIOM.

CrtpaHullbl KOHTPOJBHOW paboThl JOHKHBI WMETh HyMmeparuio (ckBo3HoM). Homep
CTpaHULbl CTAaBUTCA BBEpXY B IpaBoM yriy. Ha TUTyJIbHOM JMCTE HOMEp CTpaHUIBl HE
craBuTcsi. ONTHMAaTBHBIN 00bEM KOHTPOJIbHOW paboThl 10-15 cTpaHUI MAITMHOMMCHOTO TEKCTa
(pa3mep mpudTa 12-14) uepes MoNyTOpHBIM MHTEPBAI HAa CTaHJAPTHBIX JUCTax ¢opmara A-4,
noJisi: BepxHee —15 MM, HIkHEee —1 SMM, neBoe —25mM, mipaBoe —1 Omm.

B TekcTe KOHTpOJIbLHOW pabOThI HE JOMYCKAETCsl NMPOU3BOJIBHOE COKpAIEHHE CIIOB
(kpome OOIIETPUHSITHIX).
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[To BceM BO3HUKIIUM BOMpPOCaM CTYACHTY CleayeT oOpamiarbCs 3a KOHCYIbTaluei
npenogaBarento. Cpok BBIMOJHEHUS KOHTPOJBHOW paboThl OINpeaesnseTcs MpenoiaBaTeieM u
OHa JIOJDKHA OBITHh CJaHa HE MO3JHEe, YeM 3a HeleNlo 70 3k3ameHa. [lo pe3ynbTaram mpoBepKu
KoHnTtponbHast pabota orneHuBaeTcs Ha 2-5 6aioB. B ciyyae orpuiiareabHON OLIEHKH, CTYJISHT
JIOJDKEH O3HAKOMMTHCS C 3aMEYAHHUSIMU M, YCTPaHUB HEJOCTATKH, MOBTOPHO CIaTh pabOTy Ha
MIPOBEPKY.

5. Ilnan — rpa¢guk BHINOJHEHUS 3aaHUSA

Ne 9Tan BbINOJHEHUS 3aJaHusA O0beM yacon AJIsi BBINNOJIHEHUS 3aJaHUA (alca;[.)

1 2 3 4 5 6 7 8 9 10

BoinosiHeHune KOHTPOJIbHBIX 3agaHui

1 [Tomyyenue 3aaHus Ha | +
YCTaHOBOYHOM 3aHATHH, aHAIU3
€ro C Iperno/iaBaresieM

2 | U3yuenwe  muTepatrypbl s + + + + |+ |+ |+
BBINOJIHEHUS 3aJaHui
KOHTPOJIbHOM pabOThI

3 | Bommonnenue 3ananuii + |+
KOHTpPOJIbHOM paboThl, €€
odopmIIeHHE

6.Kputepuu onennBanusi padéoTbl

Oyenka «omauyHo» BBICTABISETCS CTYAEHTY, €CIIM TEOPETUUYECKOE COJAEpkKaHHE Kypca
OCBOEHO TMOJHOCTHIO, 0€3 MPOOENIOB; WCYEPIBIBAIOIIE, MMOCIEA0BATEIbHO, YETKO U JIOTUYECKU
CTpPOMHO H3JaraeT Marepuaj; CBOOOJHO CIIpaBIsSETCA C 3ajadaMH, BOIpPOCAMH U JAPYTrUMHU
BUJAMH TPUMEHEHHUS 3HAHWUW; MWCIOJNB3YyeT B OTBETE JOIMOJHUTEIbHBIA MaTepHuaaBce
npeayCMOTPCHHEBIC nporpaMMoﬁ 3alaHUsI BBIIIOJHCHBI, KAa4€CTBO HMX BbIIIOJIHCHHUA OIICHCHO
qucioM OainoB, ONM3KMM K MaKCUMalbHOMY; aHAIM3UPYET TMONYYCHHBIE pEe3yNbTaThl,
MMPOABIACT CAMOCTOATCIIBHOCTD ITPU BBIITOJTHCHUA 3aﬂaHHﬁ.

Oyenka «xopouio» BBICTABISETCA CTYIEHTY, €CIIM TEOPETUUYECKOE COJIepKaHUE Kypca
OCBOEHO IMOJIHOCTBIO, HEOOXOIMMbIE MTPAKTUYECKHE KOMIETEHIIMY B OCHOBHOM C(OPMHUPOBAHBI,
BCE MPEAYyCMOTpPEHHBIE MporpaMMoil oOydeHus y4deOHbIE 3a/JaHUs BBIMOJIHEHBI, Ka4eCTBO HX
BBITIOJIHEHHS JJOCTATOYHO BhICOKOE. CTYNEHT TBEP/IO 3HAET MaTEpHall, TPAMOTHO H TIO CYIIECTBY
M3JIaraeT ero, He JI0MYyCKas CYIIECTBEHHbIX HETOYHOCTEW B OTBETE HA BOIIPOC.

Oyenka «y0oeremeopumenvbHo» BBICTABIAETCS CTYACHTY, €CIM TEOPETHYECKOe
CoJlep’)KaHHWEe Kypca OCBOEHO YaCTUYHO, HO TPOOENbl HE HOCAT CYIIECTBEHHOTO XapakTepa,
OOJIBIIIMHCTBO npeaAyCMOTPCHHBIX nporpaMMoﬁ 33}13HI/II>1 BBIITIOJIHEHO, HO B HHUX HMCIOTCA
OIIMOKH, TIPH OTBETE Ha MOCTABICHHBIN BOMPOC CTYACHT JIOMYCKAaeT HETOYHOCTH, HEAOCTATOYHO
npaBUIbHbIE (DOPMYTUPOBKH, HAOJIOMAIOTCS HAPYIICHHS JIOTUYECKOW TOCIE0BATEIIbHOCTU B
W3JI0KEHUHU IPOrPaAMMHOTr0 MaTepuarna.

Oyenka «Hey00871€ME8OpUMENbHO» BBICTABIAETCS CTYACHTY, €CIM OH He 3HaeT
3HAUUTENBHONM YacTH MPOTPAaMMHOTO MaTepHuaia, JOMYCKaeT CyIIeCTBEHHBIE OIINOKH,
HCYBCPCHHO, C OOJIBIINMHU 3aTPYAHCHUAMMU BBITNIOJIHACT IMPAKTUYCCKUC pa6OTLI, HGO6XOJII/IMBI€
MPAKTUYECKHE  KOMIETEHIIMM HE  CPOPMHUPOBaHBI, OOJBIIMHCTBO  MPEAYCMOTPEHHBIX
nporpaMMoil oOyueHusi yueOHBIX 3aJJaHUl HE BBINOJIHEHO, KAYECTBO MX BBIIOJHEHHUS OLIEHEHO
YHCIIOM OaJIOB, OJIM3KUM K MUHUMATHHOMY.

7. Ilopsaok 3a1MTHI Pa0OTHI
[TonyunB mnpoBepeHHYIO paboOTy, CTYAEHT JOJDKEH BHHUMATEIbHO O3HAKOMUTHCS C
peleH3ueil, TOMeTKaMHl Ha TOJISIX M BBINOJIHUTH BCE YKa3aHUs HAyyHOTO pykoBoauTensd. Ecmu
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paboTa He [OMyIIeHA [0 3allWThl, HEOOXOAMMO O3HAKOMHUTHCS C peIeH3uel, aopadoTarh
KOHTPOJIbHYIO Pa0OTy, YCTPaHUB BCE€ HEIOCTAaTKH, yKa3aHHbIE HAyYHBIM PYKOBOIHUTENEM, U B
HOBOM BapHaHTE CIaTh HA IPOBEPKY.

B ycranoBnenHslii kadenpoll CpOK MCHOJIHHUTENb 00s3aH SBUTHCA Ha 3allIUTy
KOHTPOJIBHON pabOThI, UMEsI ¢ COOOM MOCIEeTHUN BapUaHT, PEIICH3WIO HA MEPBBI BApHAHT C
3aMEUYaHHUsIMH PYKOBOJIUTENS U 3a4ETHYIO KHUKKY.

[Ipu 3amuTe CTYOCHT MAOKEH OBITh TOTOB OTBETHTh HAa BOMPOCH HAYYHOTO
PYKOBOAMTENS IO BCel TeMe KOHTPOJIBHOM PaboThlI.

Onenka paboThl IPOU3BOAUTCS MO YETHIPEXOATHHONW CUCTEME: «OTIIMYHOY», «XOPOIIOY,
«YAOBIIETBOPUTEIBHOY», «HEYJOBIECTBOPUTEIbHO». [locie 3amuThl MOJIOKHUTETbHAS OLIEHKA
BBICTABIISICTCS B 3a4ETHYIO KHUKKY. 3alTUIIEHHBIC KOHTPOJIbHBIE pa0OTHI HE BO3BPAIIAIOTCS H
xpansTcs B poHae kadenpsl.
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