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Lenpro MeTOAMYECKUX

Beenenne

pPEKOMEHJAUHUN IO

HU3Y4YCHUIO  JUCHUIJIMHBI

SABJIACTCA

3aKpPCIUICHUC U er'IY6J'IeHI/Ie 3HaHHI>'I, IMOJIYYCHHBIX ITPU U3YUCHHUH TCOPECTUUYCCKOr0O MaTepuaja mo
JUCHUILINHE « TeXHuUecKas MeXaHUKa.
]_IeJ'IBIO IIPOBCACHUA J'Ia60paTOpHBIX 3aHSATHH SIBIISICTCS:

1. O6ob6menue,

CHCTEeMaTH3alus,

3aKpeIUICHUE

IMMOJIYYCHHBIX TCOPCTUUCCKHUX

3HaHUH MO0 TeMaM KOHKPETHBIM TPEOOBAHUSAM JUCITUTITMHBI
2. dopmupoBaHHE YMEHHUI MPUMEHATH TOTYyYCHHBIC 3HAHUS HA MPAKTUKE
3. BrpaboTka ONTHUMAJIBHBIX PEIICHWA TPH PEHICHUHW MPAKTHUYECKUX 3ajad
MPEeIMETHOM 00JacTH
Benymeit 1nenpto 1ab0paTOpHBIX 3aHATHH MO JUCHUIUIMHE TeXHUYECKas MEXaHUKa SIBIISICTCS
dbopMupoBaHre MPOPECCHOHATHHBIX KOMIETCHIIMA U YMEHH — BBIIIOJHEHUE OMPEEICHHBIX
JIEHCTBUM, HEOOXOUMBIX B MPEAMETHOM 00JIACTH.

Mertonnueckue

PEKOMCHAAINN IIPpHU3BaHbI

o0ecneunThb 3P PEKTUBHOCTD

CaMOCTOSITEIbHOM pa6OTBI CTYACHTOB C HHTepaTypOﬁ, Ha OCHOBC paHHOHaHBHOﬁ OpraHu3anuu
€C H3Yy4YCHUA, 00JICTYUTh IIOATOTOBKY CTYACHTOB K CJa4€ 3K3aMC€Ha, COPHUCHTHPOBAThH HUX B
HAaIllpaBJICHUKU HU3YUCHUSA MaATCpUalla TI0 IMOCTABJICHHBIM BOIPOCAM, HaTb BO3MOXHOCTb
OTpa6OTaTI) HaBBIKM COCTaBJICHHUSA H O(i)OpMJIeHI/Iﬂ Pa3JIMYHBIX BHUAOB AJOKYMCHTOB, KaK IO
KOHTPOJIEM IIPpCIIoaaBaTeClIsl, TaKk H CaMOCTOATCIIbHO.

Kon, hbopmynupoBka
KOMIIETEHIINHU

Kon, hopmynmnpoBka HHIUKATOPA

[TnanupyemMble pe3yabTaThl 00yUCHHS
0 TUCIMILINHE (MOYJIIO),
XapaKTePU3YIOIIUE TAIIbI

(bopMUpPOBaHKS KOMIIETCHITHIA,

MHJUKATOPOB
OIIK-1 Cnocoben N-lonk-1 l'otoBHOCTB K KOHTPOJTIO
MPUMCHSITh OCHOBBI €CTECTBCHHOHAYYHBIX M | TEXHHYECKOTO COCTOSTHUS
€CTECTBEHHOHAYYHbIE | OOIIEUHKEHEPHBIX HAYK, TPAHCIIOPTHBIX CpenCTB C
U OONICHH)KEHEPHBIE | METOJ0B MaTEMaTHIECKOTO MCTIOJIh30BAHUEM CpeAcTB

3HAHUS, METOJIBI
MaTEMaTHYCCKOI'O
aHaym3a u
MO/ICIHPOBAHUS B
npodeccuoHaNbHOM
JCSITeIbHOCTH

dHaJIN3a U MOACIINPOBAHU.

TCXHUYCCKOTO JUArHOCTUPOBAHUA

N-20mx-1

[Ip¥MEHSTE €CTECTBEHHOHAYYHBIE
1 OOILIENHKEHEPHBIE 3HAHMS,
METObl MATEeMaTHYECKOTO
aHaIM3a ¥ MOJEJUPOBAHUS B

I'oToBHOCTE K opraHuzaliu H

KOHTPOJIIO Ka4yecTBa "
0€30I1aCHOCTH MPOLIECCOB CEPBHCA,
rapaMeTpoB TEXHOJOTHYECKHUX

IPOLIECCOB C y4YETOM TpeOOBaHMIA

npogecCuoHaNIbHON norpedurens

JeSATEeIBHOCTH.

W-3onk-1 Cnocoben aJlanTUPOBATh u
HaBbikom NPUMEHEHHsI | MOAU(PHUIIUPOBATH
€CTECTBEHHOHAYUYHBIX U | CHeHaTn3UPOBaHHOE
OOIIENHKEHEPHBIX 3HAHHUMH, | TPOrPaAMMHOE obecrievyenwe,
METO/IOB MaTeMaTHYECKOrO | METOIBl U  AITOPUTMBI  CHCTEM
aHaM3a W MOJICIIUPOBAHUS B | HICKYCCTBEHHOTO WHTEUIEKTA W
npodhecCHOHATbHON MAIIHHHOTO 00yueHus B
JeATETBHOCTH. po(heCCHOHATIBHOMN JIESITETbHOCTH




JlabopaTopHoe 3ansiTue 1
Tema: OnpeneneHue KHUHEMATHUECKUX XapaKTEPUCTUK TOUKH.
Llenb: gaTh CTyEHTY 3HAHUS B 00JACTH OCHOB KMHEMATHKH.
3HaTh: KMHEMAaTUYECKUE XapaKTePUCTHUKU TOUKH, MU depeHInaTbHble ypaBHEHUS JIBUXKEHUS
TOYKH;
o011re TeopeMbl TUHAMUKU
YMeTh: BBIUUCIATH CKOPOCTH M YCKOPEHMS TOYEK M TOYEK Tejaa IpPU IOCTYNaTeIbHOM,
BpalllaTeJIbHOM U TIOCKOM JIBUYKEHUSIX
AxmyanvHocms memuvl 3aKIIOYACTCS B NPUMEHEHMM 3HAHWKA B OOJIACTHM KHHEMATHKH Ha
MPaKTHKE.
Teopemuueckas yacme.

Knaccupukanus 1BMKEHUA TOUKH:

l. Ecniu B TedyeHue HEKOTOporo BpeMeHH ad: = 0 m an = 0, TO TOUKa JBUIKETCA
PaBHOMEPHO U MPSIMOJIMHENHO;

2. Eciu B TeueHue HEKOTOporo BpemMeHM d:; # 0 m an = 0, TO TOYKa JBHXKETCS
HEPAaBHOMEPHO U MPSIMOJIMHENHO;

3. Eciiu B Teuenue HeKoTOporo BpemMeHH d: = 0 mu an # 0, TO TOUka ABUKETCS
PaBHOMEPHO U KPUBOJIMHEHHO;

4. Ecnum B TedeHue HEKOTOporo BpeMeHH d: # 0 mu an # 0, TO TOYKa JBHXKETCS
HEPABHOMEPHO U KPUBOJIUHEIHO.

Buabl ABUKeHUs] TBEPAOIo TeJia:

1. IIpocmetiwue 0sudicenuss meepoozo mena:

a. Ilocmynamenvnoe Ogudcenue: NO00W OTPE30K Tejla IMEPEMEIIaeTCsl MapalieIbHO
camomy ceoe;

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

2.1Inockonapannenvhoe (niockoe) 0gudiceHue: Kaxaasi TouKa Teia JBIKETCS B OJHOW U
TOM e MIIOCKOCTH;

3.Cepuueckoe OsudiceHue: ONHA TOYKA, HEPA3PHIBHO CBSA3aHHAS C TEJIOM, OCTAETCS
HETOJIBUKHA;

4.Ce0600H0e OsudiceHue. 000 MepeMellleHUe Tejla HIYEM He OIPaHUYEHO.

[TnockonapamiensHoe (IUIOCKOE), cepudyeckoe MU CBOOOJHOE JBHKEHUS SBISIOTCA
COBOKYITHOCTBIO ITPOCTEUIIINX JIBUKECHUM.

[Ipu nocmynamensnom Osudicenuu éce mMouKku meida ONUCHLIBAIOM OOUHAKOBble (NpU
HANOJCEHUU COBNAOAIOwUe) mpaekmopuu U UMerom 6 Kaxcovlli MOMeHm 8peMeHU 0OUHAKOBble
1O MOOYIIIO U HANPABIIEHUI0 CKOPOCMU U YCKOPEHUSL.

[Tpu mocTynarenbHOM ABMKEHUH KHHEMATHYECKUMHU XapaKTEPUCTHKAMH TeJla SBISIFOTCS
JUHENHHast CKOPOCTb U JIMHEHHOE YCKOPEHHE 3TOro Tena

[Ipu eépawyamenvnom Oeuscenuu 1 ONPENEIICHUS IMOJIOKEHUS Bpallalollerocs Teia
UCTIONIB3YIOT TIOHATHE Y20 nogopoma mena @ (pUCYHOK 5). YT0Jl TOBOPOTa CBSA3aH CO BPEMEHEM
3aBHCHMOCTBIO, HA3bIBAEMON ypaBHEHUEM BPALATEILHOTO JBHKEHUS

p="1(@).

KunematnyeckuMu XapakTepUCTUKaMU BpallaTeIbHOTO IBUKEHHS SIBISIOTCS )2108as

CKOPOCMb O U Y2lI080€YCKOPEHUE €.
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Pucynok 5.
Yenosas ckopocmv Tena paBHa NepBON IIPOU3BOJHOW 0 BPEMEHM OT yrja IOBOPOTa

Tena
0=22
dt
Bexmop yenoeoti ckopocmu HarpaBlIeH IO OCH BpAllleHUs Tela B Ty CTOPOHY, OTKyHa
BpallleHue BUAHO MIPOUCXOISIIUM MPOTUB XOJa YACOBOM CTPEJIKHU.
Yenosoe yckopenue tena paBHO NEpPBOM MPOU3BOJHOM OT €ro YrilOBOM CKOPOCTH WJIU
BTOPOIl MPOU3BOAHOM OT yIiia MOBOPOTA TeJia MO0 BpEMEHU

dt  dt?

Bexmop yenosoco yckopenusi HampaBlieH TIO OCH BpAIICHUS B Ty XK€ CTOPOHY, YTO H
BEKTOP YIJIOBOM CKOPOCTH, KOTJIa BpalleHUE YCKOPEHHOE, U B OOpaTHYI CTOPOHY, KOTIa
BpallleHue 3aMeJIEHHOE.

Benuuuna ckopocmu mouxku epawjarowe2ocs menad paBHA TPOU3BEACHUIO YIIIOBOH
CKOPOCTH Ha PacCcTOSTHUE OT TOYKHU 70 OCH BpAIICHUS

V=w - OM

Bexmop cxopocmu mouxu epawaioujecocsi mena HaTPaBICH NePReHOUKVAAPHO NPAMOU,
COEIMHAIONIEH 3Ty TOYKY C OCbIO BpallleHUs, U NEePHneHOUKYIAPHO CAMOU OCU 8PAWeHUs U
omnpenensiercs mo ¢popmyse iepa

2
g_da)_d_(ol

V=w-T,
rae I — paauyc-BEKTOp, MPOBEACHHBIN M3 JI0OOOM TOUKH, JIeKalled Ha OCH BpallleHus, K
paccMaTpuBaEMOM TOYKE TBEPIOIO Tea.
Ilonnoe yckopenue mouku eépawjarowe2ocsi mena pas3laracTcs Ha JBE COCTABIIOIIUE:
gpawamenvHoe (ag) U ocecmpemumenvHoe (dy), 1 ero BeIMYrHA paBHA KOPHIO KBAaPaTHOMY U3
CYMMBI KBaApaTOB 3TUX COCTABJIAIOIINX

a=+a’'+a,’ .

Bpawamenvhoe yckopenue HaNpaBICHO B Ty XK€ CTOPOHY, YTO M CKOPOCTh, KOTJa
JBUKEHHE YCKOPEHHOE U B 00paTHYIO CTOPOHY, KOT/a IBH>KEHUE 3aMeJIEHHOE.

Benuuuna spawamenvhozo yckopenusimouxku paBHA MPOU3BEICHHUIO YTIIOBOTO YCKOPEHUS
TeJa Ha PACCTOSIHUE OT TOYKH JI0 OCH BpAIlEHUS

ds=¢€" OM.

B BekTopHO# Qopme: &, =& xT .

Ocecmpemumenvhoe  yCKOpenue  HANPaBICHO K OCH  BpalleHHs.  Benuuuhna
ocecmpemMumenbHO20 YCKOpeHus mo4Ky paBHa MPOU3BEICHUIO KBapaTa yriIoBOW CKOPOCTH Tela
Ha PAaCCTOSTHUE OT TOYKH JI0O OCH BPAIICHHS



ao=0? OM.
B BexropHoit popme: &, =@ - (@ - T).

Pucynoxk 6. Hanpapiienrie BEKTOPOB CKOPOCTH U YCKOPEHUIM MPHU 3aMEITIEHHOM
JBUKEHHUH BPAIIAIOIIErocs Tela.
Bexmop nonnozo yckopenus 11060t mouku epawjarouje2ocs meaa HanpasieH MO YoM
¢ K MpSMOM, COEAMHSIONIEW 3Ty TOYKY C OCBIO BpalleHus. TaHreHc 3TOro yria paBeH
OTHOLICHUIO YTJIOBOT'O YCKOPEHHUS Tesa K KBaJApaTy €ro yrioBOoi CKOPOCTH

&
g9 =—.
0

[Ipu nnockonapannenvnom (ni1ockom) oeuiicenuu:

Bceskoe HenoctynarensHoe MepeMenieHue mIOCKON GUrypsl B €€ MIIOCKOCTH MOXKET OBbITh
OCYIIECTBJIEHO KaK COBOKYNHOCTb IPOCTEUIIUXJBWKEHUN: nocmynamenbno2o BMECTE C
BBIOpaHHOW TOYKOM (DUTYpBHI, HA3bIBAEMOW MOIIOCOM U 6pauyeHus BOKPYT OCH, MPOXOAsIen
yepes MOoJIoC.

KunematnyeckuMu XapakTepUCTHKAMH SBIISIOTCS MTHOBEHHAs yrioBas CKOPOCTh ,
MTHOBEHHOE YTJIOBOE€ YCKOpPEHHE € IUIOCKON (Urypbl, JHHEHHas CKOPOCTh M JIMHEWHOE
YCKOpEHUE, TOUKU BRIOPAHHOH 3a MOIIOC.

Pucynok 7. Onpenenenue ckopocTeld Touek MI0CKON (QUTYpBHI.

®dopmyrna pacrpeaesieHus] CKOPOCTEN TOUEK MPH IIOCKOM JABUKEHUU(PUCYHOKT):
Vg =V, +Vgays
rjae V, — CKOpPOCTb IoJroca A;
V, — CKOpOCTb J11000# ToykH B;
V1)~ CKOPOCTB, KOTOPYIO MOJy4aeT Touka B mpu BpauieHun miockod Qurypsl BOKpyr
mojroca A;
Vaep) =@ AB;

Bekrop ckopocTh v, ,, TepIEeHANKYISPEH npsiMoii AB.

Ckopocms  n1060u mouku B niaockou ¢uaypvl 2ceomempudecku CKIAObl8aemcs U3
CKOPOCMU KAKOU-HUOYOb OpY2oti MOuKU A, npuHAmMOU 3a NOaC, U CKOPOCMU, KOMOPYIO moyka B
noxydaem npu epawjeHuu Quaypsl 80Kpy2 9mozo nooca.



Pucynok 8.

Jns ompeneneHus CKOPOCTEH IUIOCKOM (QUIypbl HCIONB3YIOT Haubojiee MPOCTONH U
yI0OHBII METO/, OCHOBAHHBI Ha Mieopeme 0 NPOEKUUAX CKOPOCHIell 06yX MOYeK mena:
npoeKyuu cKopocmeti 08yX mMo4ex Ha 0Cb, NPOXOOAWYIO Yepe3 dMmu MOUKU, PAGHbL Opye Opyay
(pucyHoK 8)

Vg COS =V, COSx .

Jpyroit mpocToii 1 HATJSIAHBIN CIOCcO0 OMpeieleHus CKOPOCTEH TOUeK MIOCKOH (PUTYphI
(uu Tena npy IVIOCKOM JIBU’KEHUH ) OCHOBAH Ha IIOHATUU O MCHOBEHHOM YeHmpe CKOpOoCcmell.

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

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

vV, =w-PA,

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

Bektop ckopoctd TIIOCKOH — (QUTYPBl  Hanpagien  NepneHOUKVIApPHO — NPAMOU,
coeauHAONIEH 3Ty Touky ¢ MLIC, U I&XHUT B IIIOCKOCTH (DUTYPHL.
0)

Va

—

1

1

1

1

b
Pucynok 9. HaxoxxneHrue MTrHOBEHHOIO LIEHTPA CKOPOCTEM.

OTHolIEHNE BEIMYMH CKOPOCTEN TOYEK IUIOCKOM (PUryphl K paCCTOSHUIO OT 3TUX TOYEK

no MIIC sBasiercs BeIMYMHON TOCTOSHHOW i BCEX TOYEK IUIOCKOW (UIYpbl M paBHO
MT'HOBEHHOM YIJI0OBOM CKOpPOCTH (UTYpPHI (DUCYHOK 9, a U B)

Va _ Ve _ _
Jnsa onpenenenus MLIC HeoOXoIuMO K M3BECTHBIM BEKTOpaM CKOPOCTEH ABYX TOYEK,
€CJIM OHM HE T[apajUleNbHbl, IIPOBECTH MEPHEHIUKYJIApbl — TOYKAa IIEpECEUEHUs

nepnesaukynsipos Oyner MLC (1.P).
Ecnu BekTOpsl CKOpOCTEH JBYX TOYEK IUIOCKOM (UIypsl paBHBI ApPYr ApPYry H
pacnionaratorcs napamienbio, To MLC nHaxoautcest B 66CKOHEYHO y/laleHHON TOYKe (PUCYHOK 9,

0).

10



Pucynox 10. Onpeznenenne yCKOpeHUH TOUEK MIOCKOH (GUTYPHI.
* Ha pucyHke CIUIOIIHAs IyroBas CTpEJIKa TOKa3bIBACT HANpPABJICHUE YTIIOBOW CKOPOCTH ©
(HampaBiieHHE BpalleHMs), a IYHKTUPHas — HalpaBjieHHE YIJIoBoro yckopenus &. [lpu
YCKOPEHHOM BpallleHUH 00€ CTpesIKu OyIyT HallpaBlieHbl B OJJHY CTOPOHY, a MPH 3aMeJIEHHOM —
B pa3HbIC.
Jlyist ompeneneHus YCKOPEHHUNM TOYEK IUIOCKOW (Gurypsl (pucyHok 10, a) MCHOIB3YIOT
BBIpaXKCHHE

g =a,+dg,
Ilie a , — YCKOPEHHUE Nooca A4;

a, — yCKopeHue no60i Touku B miockoil purypsr;
d (4 — YCKOPEHHE, KOTOPOE MOJIy4aeT TOUKa B npu BpamieHnu miockoi Gurypsl BOKpyT

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 nonyuaem npu epawjenuu ghucypoi 60kpye 3mozo noaroca.

Ilpu pemrenuy 3anad Oosiee yIOOHO BEKTOp @y, 3aMEHHTh HA €ro COCTaBISIOLIAE:

KacaTeNbHYIO @' p(4) ¥ HOPMATBHYIO @"s(4) (pucyHOK 10, 6), mosry4asi BBIpayK€HHE CIIEITyIOIIETO
BUJA
- _ = —7 —n
ap, =a,+a B +a B,
T7Ie BEKTOP &' p(4) HANPABIIEH TEPIEHANKYISIpHO AB B CTOpOHY BpamieHHs, €Cld OHO
YCKOPEHHOE, ¥ TIPOTUB BPAIICHHUS, €CIIH OHO 3aMEIJICHHOE U OTIPEENIIeTCs
—7T
a B4)=AB ¢
BEKTOp a"s(4) BCETJla HAIIPaBJIEH OT TOYKU B k moirocy A u onpenensercs
—nN
a B(4)=AB - 0.
Ecnu momroc A ABWKETCS HE TPSMOJIMHEWHO, TO €T0 YCKOPEHHE MOYKHO MPECTaBUTh KaK
CYMMY KacaTeJIbHON @ 4 W HOPMAIBHON @4 COCTABIAIOIINX, TOTIa
— —7 —n —7 —n
Ap =a 4+aA 414 B4) TA B(4).
Ecnmn toyka B nBukeTcs KpHBOIMHEHHO M €€ TPaeKTOpHsA M3BECTHA, TO &, MOXKHO
MPEJICTAaBUTh B BUJEC CYMMBI KacaTeIbHON M HOPMAIILHOM COCTABIISIOIINX
— —7 —n
a =a p+a s.
[lpn HemocTymaTeNTbHOM IBW)KCHWU IUIOCKOW (DUTYpBI I ONMpeAeeHUs YCKOPEHHH
UCIIONB3YIOT OHATUE MeHO8eHHblU YyeHmp yckopenuti (MLLY).

11



Pucynok 11. Onpenenenue MrHOBEHHOTO LIEHTPA YCKOPEHHUI.

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

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

&
tga =—-

g P
AQ = 2

Vel + ot
OrtknaapIBaeM yroi o OT YyCKOPeHHA a, (B CTOPOHY MTHOBEHHOI'O BPAILlEHHUS, €CIIA OHO
YCKOPEHHOE, ¥ B MPOTHUBOIOJOXHYIO CTOPOHY, €CIM OHO 3aMeIJICHHOE), I[OoJlydaeM
MOJIYIIPSIMYIO, Ha KOTOpOM Ha paccTosHuu AQ JIeKUT MrHOBEHHBIM IEHTp YCKOpeHui Q
(pucyHnok 11, a).
Ecin MrHOBEHHBIN LIEHTP YCKOPEHUN NMPUHSATH 3a MOIIOC, TO YCKOpeHue ardoi Touku B
iockoi ¢urypsl (pucynok 11, 6) onpenensiercs mo popmyie

a, =BQVe* +o* .

Yckopenus mouex nnockoii gpuzypvl onpedensitomes 6 OaHHbINL MOMEHM 8peMeHU MAK,
Kak ecau Ovl 0sudiceHue guaypsl 6b110 pawjeHuem 60Kpy2 MCHO8EHH020 yeHmpa yckoperuti Q.

OTHoIlIIEHUE BEMTUYNH YCKOPEHUI TOYEK IMIOCKON (PUTYphI K PACCTOSHUIO OT 3TUX TOYEK
1o MILY onpenensercss OTHOIIEHUEM

a a
B = A - =Vt
BQ AQ
Ycexkopenuss mouex  nnockoii  gucypvl  nponopyuoHanbHul  UX  PACCMOSHUAM — OM
M2HOBEHHO20 YEeHMPA CKOPOCmell.

Bonpocwt u 3a0anusn:
1. Yro uzyuyaer KuHeMaTHKa?
2. Tlepeuncaure ciocoObl 3aaHUs ABHKEHHS TOUKH.
3. 3ammmmre QopMyny oOmnpeAeNeHHs TIOJHOTO YCKOPEHHS TOYKH, JBIDKYIIEHCS
BpallaTesbHo.
4. JlaiiTe ompejieieHre MTHOBEHHOTO IIEHTPa YCKOPEHHS.
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JlabopaTopHoe 3ansiTHe 2
Tema: [lnockonapasmienbHOe IBUKEHUE TBEPAOTO TEa.
Llenb: mpuoOpeTeHne yMEHH MPUBOAUTH IUIOCKYIO TMPOU3BOJIBHYIO CUCTEMY CHII K 3aJJaHHOMY
LEHTPY.
3HaTh: peaKluu CBs3EH,
YCIIOBUH PaBHOBECHS IUIOCKOW U MPOCTPAHCTBEHHOM CUCTEM CHII,
YMeTh: COCTaBIATh U pelIaTh YpaBHEHUSI PABHOBECHS;
Axmyanvrocmes memol 0OBSCHIETCA CBEICHUEM CHCTEMbl C HECKOJIBKUMH CHJIAMH K 33JJaHHOMY
LIEHTPY, TEM CaMbIM YIPOILAsi CXEMY U pacyer.

Teopemuueckas yacmey:

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

IMPOU3BOJILHYKO TOYKY o 3a LOCHTPp IMPUBCACHUA H, BOCIIOJIb30BABIINCH TCOpCMOﬁ (6]
napaujiCJibHOM HNEPCHOCEC CHJIbI, IICPEHECEM BCC CHJIBI CUCTCMBI B JAHHYIO TOYKY, HC 3a0bIBas
IIpH IIEPCHOCE Ka)XJIOM CHJIBI ,Z[O63BJI$ITB MPUCOCAUHCHHYIO I1apy CUJL.

[ToyueHHyI0 TakuM 00pa3oM CHUCTEMY CXOJSIIMXCS CHJI 3aMEHUM OJHOM CHJION R,
PaBHOM IJIaBHOMY BEKTOPY MCXOJIHOU cucTeMsbl cuil. OOpa30oBaBILyIOCs [IPU HMEPEHOCE CUCTEMY

—

Iap CUJ 3aMEHUM OJHOW Iapod C MOMEHTOM M 0 > PaBHBIM r€OMETPUYECKOH CYMME MOMEHTOB

Bcex map cuil ( T.e. FECOMETPHYECKON CyMMOW MOMEHTOB UCXOJHON CHCTEMbI CHJI OTHOCHUTEIHLHO
nenrpa 0).
Takoif MOMEHT Ha3bIBACTCS 2IAGHBIM MOMEHMOM CUCHIEMbl CUIl OMHOCUmeNnbHo yenmpa O
(puc. 1.30).

BR3B  BEB7

Puc. 1.30. Ilpugeodenue cucmemul cui K yenHmpy
HTak, mo0yro cucTeMy CHII BCETja MOYKHO 3aMEHUTH BCETO ABYMS CHIIOBBIMH (PaKTOpaMu -

2/IAGHBIM 8EKMOPOM U 2NIAGHBIM MOMEHMOM OMHOCUMENbHO RPOU3EOJIbHO BbIOPAHHO20
yenmpa npugedenus. OUEBUIHO, YTO TIIABHBIA BEKTOP CHUCTEMBI CHJI HE 3aBHCHUT OT BbIOOpa
LIEHTpa MpHUBeJeHHs (TOBOPST, YTO IVIaBHBIM BEKTOp MHBAPHMAHTEH 10 OTHOLIEHUIO K BBIOOPY
HeHTpa npuseaeHus). OUeBUIHO TaKXKe, YTO TJIaBHBII MOMEHT TaKUM CBOMCTBOM He 0Oiajaer,
[OTOMY HEOOXOAMMO  BCErja YyKas3blBaTh, OTHOCHUTENBHO KAaKOIro IIEHTpa OIpeneNsercs
TJ1aBHBIA MOMEHT.
Bonpocwt u 3a0anun:

1. Yto Takoe riaBHBII BEKTOP?

2. Yro Takoe ri1aBHbIA MOMEHT CUCTEMBI?

3. IlpuBeneHue CUCTEMBI K 3aJaHHOMY IICHTPY.

4. TlapamienbHbIA epeHoc Uil 3T0...7
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JlabopaTopHoe 3ansiTue 3
Tema: IleHTpasbHOE paCTSHKEHHE U CHKATHE
[{enb: HayYuThCA pelIaTh 3a7ja4l Ha PACTSIKEHUE - CKaTUE
3HaTh: NPUHLUIBL CONPOTUBIEHUS KOHCTPYKLUOHHBIX MAaTEPHAIOB, METOIbl U aJITOPUTMBI
IIPOEKTUPOBAHUS PA3JIUYHBIX MEXAHMYECKHX CHUCTEM; METOJbl U AITOPUTMbl KOHCTPYHPOBAHMUS
JJIEMEHTOB Pa3JIMYHBIX MEXaHUYECKUX CHCTEM, METOJUKU PACYETa HA IPOYHOCTH, KECTKOCTh U
YCTOMYMBOCTD 3JIEMEHTOB MAIMH U UX KOHCTPYKLUU;
VYMeTb: OCYLIECTBIATh PpALMOHAIbHBIA BbIOOP KOHCTPYKLUMOHHBIX M 3KCIUIyaTallMOHHBIX
MaTEepUaOB; MPOU3BOJAUTH pacueThl Ha IPOYHOCTh U JKECTKOCTb IPU PaCTSHKEHUH-CKATHH,
KPY4YEeHUHU, M3rH0€ M CIOXHOM HAarpy)KeHWH, NpPU CTATUYECKOM MU YyJapHOM IPHJIOKEHUU
Harpy3oK; BBIIIOJIHATH CTaHAAPTHBIE BUbI IPOYHOCTHBIX PACUETOB.
AxmyanvHocme membl OOBACHACTCS OCHOBHBIMU IPHUHLUIAMM ONpPEIENCHUs] BHYTPEHHHUX
(axTOpPOB BO3HUKAIOIIMX B 33[]a4aX HA PACTSDKEHHE — CKATHE. .

Teopemuueckas yacmo.

B npupone paznnyaror ynpyroe, ynpyromjaiacTUUYHOE U BSI3KOIJIACTUUHOE TBEP/bIE TEa.
VYiopyroe Teno mocie CHATHA BHEIIHEW Harpy3Kd BOCCTAaHABIMBACT CBOM IIEPBOHAYAJIbHbBIC
pa3mepsl u Gpopmy. B aTom cnydae nedopmanus Tena Ha3bIBa€TCS YIPYron. YNPYyromiacTHYHOE
TEJIO BOCCTAHABJIMBAET CBOM IE€PBOHAYaIbHbIE pa3Mepbl U (HOpPMY HENOJHOCTHIO, T. €. UMEET
MecTO ocTarodHas aedopmarusi. B MHKEHEPHBIX COOPYXKEHHAX M MEXaHMYECKMX MAallnHAX He
JIOITYCTUMO HOSBJICHHE OCTATOUYHBIX AedopmMariuii.

OT geiicTBUSI BHEIIHMX HAarpy3oK B IIONEPEYHBIX CEYEHMSIX BO3HMKAIOT BHYTPEHHUE
CHJIOBBIE (DaKTOPBI, KOTOpBIE OIPENeNAloT, HCIONb3ys MeTox cedeHuil. TBepnoe Tero,
HaxoJsIIeecs IMOJ JIEHCTBUEM BHEIIHMX HArpy30K MBICJIEHHO pacceKaloT Ha JBE YacTH M
paccMaTpUBAIOT paBHOBECHE OJHON M3 yacTeil. JleficTBre OTOPOLIEHHOI YacTH Ha OCTAaBUIYIOCS
3aMEHSIIOT BHYTPEHHMMH Harpy3kaMy, @pPUJIOKEHHBIMU B pPacCMaTpUBAaEMOM CEYEHHUHU.
CocraBisisi ypaBHEHMsI paBHOBECHS OCTaBLICICS 4acTU OT JEHCTBHS BHEIIHHUX M BHYTPEHHHX
CUJIOBBIX (DaKTOPOB, HAXOAST MOCIIETHUE.

BaxxHeH MMy NOHATUSAMMU SBIISIOTCS HAPSDKEHUS U 1ehOpMalMH.

[Ipn HarpykeHuu Tena pacTATMBAIOUIMMH WIM CKUMAIOIIMMU CHUJIAMHU ONPEIEIIOTCS
HanpspKeHus, AedopMalii U yJUIMHEHUs. BHyTpeHHss cuiia B3aUMOJEWCTBUS, OTHECEHHas K
€MHMUIIE IJIOLAAN, BBIIEJICHHOW B OKPECTHOCTH KaKON-TH0O0 TOYKHM MONEPEUHOT0 CEUEHUs Tea,
Ha3bIBAETCS HAINPSDKEHUEM B 3TOM Touke. TakuM oOpa3oM BeNWYMHA HANpsOKEHUH B KaxJIOH
TOYKE CEYEHMs SIBJISIETCSI MEpPOW BHYTPEHHUX CHJI, KOTOpbI€ BO3HHKAIOT B Marepualie B
pe3ysbTaTe BO3JEHCTBUSA BHEUIHMX Harpy3ok. HopmanbHble HanpspkeHUs o NMPU PACTSKEHUH-
CKATHU B TONEPEYHBIX CCUCHHSAX Tella ompenenstorces u3 cooTHomenus o = N/S, rme N -
JIeMCTByIOIEE 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 , tne E - Moaynp yImpyrocTu MaTepuana (MOAyJb
lOnra), ¢ — oTHOCHTENBHAS TIPOOJILHAS IeopMarIusl.

PacueTrHble 3HaueHMs HaNpsHKEHMM CpPaBHUBAIOT C JIONyCKaeMbIMU [g], KOTOpBIE
ONpEAeNAIOT MyTeM JEJleHUsS HEKOTOpPBhIX NpeleNbHbIX 3HaueHUH Ha KoddduumeHT 3amaca
npouHocTu S(/a] =oyp/S). 3a penenbHbIe 3HAYCHUS HANPSHKEHUH TPUHUMAIOT MTPees MPOYHOCTH
(11 XpYIDKHUX MaTepHalioB) WM Mpeaen TeKydecTH (s IUIACTHYHBIX MaTepualioB), KOTOpHIE
MOJIYYaroT MIPU UCTIBITAHUSAX CTAHAAPTHBIX 00pa3loB Ha pa3pbIBHBIX MamnHax. [Ipu aToM cTposT
B KOOpJIMHATaX HampspkeHue-nedopManus YCIOBHYIO JAMarpaMMy pacTsHKEHHUS. Y CIOBHOU
JarpaMMy Ha3bIBalOT MOTOMY, YTO HANpsDKEHUS W Je(OpPMallii BBIUUCISIOT COOTBETCTBEHHO
[0 OTHOIIEHHUIO K NMEPBOHAYAIBHOM IJIOLIAAN CeUeHUN U JHe oOpasna. Mcnonas3ys ycnoBHyO
MarpaMMy pacTsDKEHHUS, HEOOXOAUMO YMETh OMNpENesITh MEXaHHYECKHE XapaKTepUCTUKU
MaTepuana: mpenen MpONOPUHOHAIBHOCTH, IPEAEN YHPYrOCTH, NMpEeAes TEKY4YeCTH U Ipeaei
IIPOYHOCTH ¥ OTHOCUTENBHOE OCTATOUHOE YAJIMHEHHUE NIPH Pa3phIBE.

WHuorpa nnst u3ydeHusi 3HaAYMTENBbHBIX IUIACTUYECKUX JedopMaliuii HeoOXOAUMO 3HATh
VUCTHUHHYIO JMarpaMMy pacTsDKEHUs, MOJYy4aeMyl0 IIyTEM JEJIEHUs pPacTATUBAIOLIEH CHIIbI Ha
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UCTUHHYIO TUIOIIA/Ib TONEPEYHOro CeyeHHs oOpasna (C y4eToOM YMEHBIICHHs IONEepEYHbIX
pa3sMepoB CEUYEHUS NP PACTKEHUN).

Heo6xomuMo o0OpaTtuTh BHUMaHHE, YTO 3aKOH ['yKa, CBSI3BIBAIOIIMN HANPSDKEHHUS M
nepopManuu  yepe3 MOAYJIb YIPYIOCTM MaTepuala, CIpaBeUIMB TOJIBKO J0 Ipeaesna
nponopuroHaabHOCTH. [IpojonbHble AedopManuy Npu pacTsHKEHUH CBS3aHBI C MOTEPEUYHBIMU
nedopmarusiMu ¢ momoinbio kodhdunrenta [lyaccona.

IIpu omnpeneneHuy HampsHKeHUH W AedopManuii B CTaTUYECKH HEOIPEICIUMBIX
cucTeMax HeoOXOJIMMO YUYHUTHIBaTh, YTO BO3HHUKAIOIINE IPU 3TOM B CTEPXKHSIX CHJIbI 3aBUCST OT
JKECTKOCTU CTEpKHs, T.€. OT IUIOLAACH IIONEPEYHBIX CEYECHUHM U MOAYJIEH YIPyrocTu
MaTepuaia.

Bonpocwt u 3a0anua:
1. Kakue TBepable Tena BCTpe4aroTcs B npupojae?
2. Kakue BHyTpeHHHE CHIIOBBIE (DAKTOPHI BOZHUKAIOT B CTEPIKHSX?
3. B 4em 3axirogaercss METO ceyeHMii?
4. Copmynupyiite 3axoH ['yka.
5. Uro Takoe UCTUHHASA AMAarpaMMa pacTsKEeHUs?
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JlabopaTopHoe 3ansiTue 4
Tewma: Onpezenenre BHYyTPEHHUX YCHINH, oTpeiesieHue AeopMaIfii ¥ mepeMenieHui
[{enb: HAyYUTHCS ONPEAENIATh BHYTPEHHUE YCUIIUS
3HaTh: NPUHUUIIBI CONPOTUBJICHUS KOHCTPYKLUMOHHBIX MAaTE€pUalIOB, METOJAbl M aJITOPUTMBbI
IIPOEKTUPOBAHUS PA3JIUYHBIX MEXAHMYECKHX CHUCTEM; METOJbl U AITOPUTMbl KOHCTPYHPOBAHMUS
3JIEMEHTOB PA3JIMYHBIX MEXaHUUYECKUX CHUCTEM, METOJMKHU pacueTa Ha IPOYHOCTb, JKECTKOCTh U
YCTOMYMBOCTD 3JIEMEHTOB MAIMH U UX KOHCTPYKLUU;
YMeTh: OCYIIECTBIISATh PALMOHAIBbHBIN BBIOOP KOHCTPYKIIMOHHBIX M 3KCILTyaTallMOHHBIX
MaTEepUaOB; MPOU3BOJAUTH pacueThl Ha IPOYHOCTh U JKECTKOCTb IPU PaCTSHKEHUH-CKATHH,
Kpy4eHUH, U3rude U CIOKHOM HAarpyXeHUH, MpU CTAaTUYECKOM U YIApHOM MPUIIOKEHUU
Harpy30K; BBIIOJIHATH CTAHAAPTHBIEC BUbI IPOYHOCTHBIX PACUETOB.

AxmyanvHocms membl OOBACHSACTCS OCHOBHBIMU TPHHLIMIIAMH ONpEICNCHHUs] BHYTPEHHHUX
(akTOpPOB BO3HUKAIOIIMX B 33]]a4aX HA PAaCTsKEHHE — CKAaTHE..
Teopemuueckas yacmeo:

[Ipumep peleHus 3aa4n Ha TEMY «PACTSKEHUE U CKATHEN
[Toctpouts no anuHe Opyca, corjiacHo cxeme Harpy:enus (puc. 1.1), snropsl

po0JbHBIX cril N, HOpMalbHbBIX HanpsokeHuit O U nepeMeIeHui TONepeYHbIX CEUYCHHUH.
CraenaTh BBIBOJI O IPOYHOCTH Opyca, CpPaBHUB 3HAYEHUSI HOPMAaJIbHBIX HANPSHKEHUH B OMACHOM

CEUEHMH C JIOITYCTUMBIM, €CITH MaTepual opyca — CTab 3 (E = 2,0 : 105MHa, [O'] =240 Mlla).

S

S
F, F F,

—— L

K |D cC |B A

ALNAANARANARTARRARANARRANRARARRRRNRN

12a | b | a 3a

Pucynok 1.1

Nano:F1 =10 kH; F2 =12 kH; F3 =30 kH; S1 = 200 mm?; S2 = 300 mm?;
a=03mb=04nm.

Pemennue:
Nwmeem uetwipe yuacTtka Harpyxkenus (458, BC, CD, DK), B mpenenax KOTOpbIX
HarnpsOKeHUs: Oy1yT UMETh ITOCTOSIHHbIE 3HAYCHHUS.

Yuacmox 1 (AB). Pacceuém, MBICTIEHHO, CTEPKEHb B MECTaX, I'71eé HEOOXOIUMO OTIPEIEIUTh
3HAYEHUS] BHYTPEHHUX YCUJIMI U BHYTPEHHUX HamnpsbkeHuid. OfHy U3 yactel (JieByro) oTOpocum

(puc. 1.2), a Ui ocTaBIIEHCS COCTaBUM ypaBHEHHE PaBHOBECHUS Z F = Nl - F3 =0 samenus

IIPU 3TOM JIEHCTBUE OTOPOIIEHHOM YaCTH Ha OCTABIIYIOCS HEU3BECTHON BHYTpeHHel cuioit Ni.
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Pucynok 1.2

Torna, N1 = F3 =30 x4
N, 30-10°

3HaveHHE HANPsOKCHUH Ha ydactke: O = _S 300
2
AOcomoTHas aedopmariis ydactka (OTHOCUTENBHBIE IIEPEMEICHUST KOHIIOB Y9acTKa):

o, 100900 o0
E  20-10°

=100 mi7a.

Al

Yuacmox 2 (BC).
S
z N F_
0 B A

N,-F, =0,

N =F,=30 u

N, 30-10°
. 150
) Sl 200 Mlla.
N -1, 150-300 —0,22m

Be E  20-10°

Yuacmox 3 (DC).

z
-

S S
N F F
C

0

N,-F,+F,=0,
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N, =30-12=18

N, 18-10°
*Ts, 200 ¢
AlDC _ O, 'IDC _ 90-400 — 018,
E 2,0-10°
Yuacmox 4 (KD).

N,-F,+F +F =0,
N,=30-12-10=8 xu.

N, 8-10°
o,=— = =40 mita.
‘s, 200 ¢
Al O 1y, _ 40-360
E 2,0-10°

=0,07 mm.

J71st MOCTpOCHUS MIOPHI ITEPEMEIICHUHN TTOTIEPEUHBIX CEUEHUMN, OTIPEIETTUM PACCTOSHUS,
Ha KOTOPbIE IEPEMECTSITCS KOHIIBI YYACTKOB Harpy»€HUs OTHOCUTENIBHO KECTKO 33J1€J1aHHOTO
JIEBOTO KOHIIA cTepxHs (Touku K).
[Tepemenienue Touku D otHOCHTEBHO TOUKHU K.
ook=Alkp=0,07 mm.
Torna, nepemenienre ToUku C OTHOCUTENHHO TOYKU KCOCTaBUT:
Oock=0pk +Alkp=0,07+0,18=0,25 mm.
AHAJIOTUYHO ONPEIEINM NEPEMEILIEHUS OCTATbHBIX KOHIIOB YYaCTKOB:
Osk=0ck +Algc=0,25+0,22= 0,47 mm,

Oouk=0pk +Al43=0,47+0,45= 0,92 mm.

[TocTpouB 1 MpoaHATU3UPOBAB SITIOPHI MPOIOIBHBIX ¢l N, HOpMaTbHBIX HAPSHKESHUN
O u nepeMelneHni OMEePEeYHbIX cedeHuit (puc. 1.3), qemaeM BBIBOJI, YTO OMACHBIM y4aCTKOM
Basa ABiysgeTcs ydacTok BC ¢ omax= 150 Mlla.
T.k. omax</a], TO yciI0BHE IPOYHOCTH BBIIOJIHSAETCS.
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Onpenenum cTeneHb 3arpy>KEHHOCTH CTEPKHS:

T 190 _ 5505
[o] 240
Crepxenb HarpyxeH Ha 62,5 %.
2 K |0 | |B 4
2360 | 40| 00| 00 i
Jwpa npodo/bHelx cul N kH
0
18
8
) ]
Jnwpa Hanpsxexuy g, Mia
150
B 100
40 ﬂ%
o [
Jpa nepeMeuler , My
a9
47
[ ]

Pucynok 1.3
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Bonpocwt u 3a0anusn:
1. Kakue TBepable Tena BCTpe4aroTcs B npupojae?
2. Kax onpenenstorcsi BHyTpEeHHHE CHIIOBBIE (haKTOPHI?
3. B 4ewm 3axirogaercss METO cedeHUit?
4. Chopmynupyiite 3akoH ['yka.
5. Uro Takoe UCTUHHASA AMAarpaMMa pacTsKEeHUs?
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JlabopaTopHoe 3ansiTHe S
Tema: Cnpur (cpe3)
Ilenb: HayduTHCS pelaTh 3a1a4d HA CABUT U KPy4YEHUE
3HaTh: NPUHLUIBL CONPOTUBIEHUS KOHCTPYKLUOHHBIX MAaTEPHAIOB, METOIbl U aJITOPUTMBI
IIPOEKTUPOBAHUSI PA3JIMYHBIX MEXAHUYECKUX CHUCTEM; METOJbl U arOPUTMbl KOHCTPYHUPOBAHUS
3JIEMEHTOB PA3JIMYHBIX MEXaHUYECKHX CHUCTEM, METOJUKH PAacyeTa Ha IPOYHOCTH, JKECTKOCTh U
YCTOMYMBOCTD 3JIEMEHTOB MAIMH U UX KOHCTPYKLUU;
VYMeTb: OCYLIECTBIATh PpALMOHAIbHBIA BbIOOP KOHCTPYKLUMOHHBIX M 3KCIUIyaTallMOHHBIX
MaTepUaJIOB; MPOU3BOJUTH PACUETHl HA IIPOYHOCTH M KECTKOCTb IPHU PACTKEHUM-CIKATHH,
KPY4YEeHUHU, M3rH0€ M CIOXHOM Harpy>KeHUH, MpPU CTAaTUYECKOM M YAAPHOM HPUIOKEHUU
HAarpy30K; BBIIIOJIHATH CTAHJAPTHBIC BUJIBI IIPOYHOCTHBIX PACYETOB.

AxmyanvHocms membl OOBACHSICTCS OCHOBHBIMU TPHHLUMIAMH ONpPEACTCHHUs] BHYTPEHHHX
(akTOpOB IIPU CABUIE U KPYUECHUHU.
Teopemuueckas uacme:

CaBuroM Ha3bpIBalOT TAKOW BUJ| HAIIPSHKEHHOI'O COCTOSIHMSL, KOTZla Ha IPaHAX JIEMEHTa
JIEHCTBYIOT TOJIBKO KacaTellbHbIC HaNpshKkeHud. [Ipyr 3ToM Ha JBYX B3aMMHO NEPIEHINKYIISPHBIX
IUIOINAAKaX JIEHCTBYIOT PaBHbIE IO BEJIMYMHE U OOpaTHBIE 110 3HAKY KacaTeJbHbIe HAIPSKEHHUS.
OTOT 3aKOH Ha3bIBA€TCAd 3aKOHOM MNApHOCTH WM B3aMMHOCTH KacaTeNbHBIX HANpsDKEHUN U
UMEeT CHUJIy Kak JUIsl OJHOOCHOIO, TaKk M M OOBEMHOI0 HaIPsDKEHHOIO COCTOSIHHM.
Jepopmanuu, BO3HUKAIOIIME NPU CIBUTE, HA3bIBAIOT YIJIOBBIMU JAcPOpMalMsIMH WIH YIJIOM
capura. ONBITBl OKa3blBAIOT, YTO MEXKJY HaNpPsDKEHUSAMH U jAedopMalusMU IpU CIABUre
CyILIECTBYET JIMHEWHAs 3aBUCHMOCTb, AHAJIOTMYHAsA 3aKOHY ['yka mpu pactsokenuu. Ilostomy
3akoH ['yka mpu cinBure umeer Bua =y G, rae y - yrioBas aedopmarus, a G - Momynb
CIBUTA.

Crenyer oOpaTUTh BHUMaHKE Ha TO, YTO MOJYJIb IIPOJIOJIBHON YIPYTOCTH, HJIM MOAYJIb
YIIPYTOCTH IIEPBOIO poja £ M MOAYJb YIPYTOCTH IIPHU CABUTE, WU MOJYJIb YIIPYTOCTH BTOPOIO
pona G a1t OJTHOTO M TOTO XKe MaTepuaiia cBsizaH yepes kodpduuument [lyaccona u

3aBUCHMOCTBIOG = E/ [2(1+ y)] [Ipu pacuerax Ha cpe3 OOBIYHO MPUHUMAIOT, YTO KacaTelbHbIE

HANPSDKEHUS paclpeieNieHbl PABHOMEPHO B MIOTIEPEYHOM CEUEHUU CTEPIKHS U YCIOBUE
MPOYHOCTH HA CPe3 UMEET BH/JI
t = FIS<[7], rne F — BHemHss noniepeyHast CHia.

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

JIOITyCKaeMBbIX HAIIPSHKEHUN Ha pacTsHKEHHUE. PacCUMTBIBAIOT HA Cpe3 COEAUHEHNUs 3aKIICIIOYHBbIE,
00JTOBBIE, CBAPHBIE, IINMTOHOYHBIE U HEKOTOPBIE APYTUE TUIIBI COSTUHEHUH.

[Tpu npoBeeHUN MPOYHOCTHBIX PACYETOB HA CIIBUT (Cpe3) HEOOXOIUMO HAYUUTHCS
IIPaBUJIBHO ONPEAEIIATH IUIOIIAN CPe3a JUIsl OJTHOCPE3HBIX U MHOTOCPE3HBIX 3aKJICIIOK, a TaKKe
JUIsl YTJIOBOT'O CBApHOTO 1IBa, B KOTOPOM CPe3 MPOUCXOAUT IO OUCCEKTOPHOM MIOCKOCTH
MIPSIMOTO yTJjia MONEPEYHOro CEYECHHUSI 1IBA.

Ecnu B nonepeyHoM CEUEHUU CTEPKHS ACUCTBYET KPYTALIUA MOMEHT Mk, TO CTEPKEHb
UCIBIThIBAeT KpydyeHue. HeoOXoaumo, NCHOb3ysl METO/ CEYeHHM, HAyYUThCS CTPOUTD SITIOPHI
KPYTSIIMX MOMEHTOB 110 JJIMHE CTEPKHS U ONPEAEIIATh BOSHUKAIOLIUE KacaTeIbHbIE
HAINpPsDKEHUs, KOTOPbIE ONpeessiFoTest u3 cooTHomenus T = My /! Wp, tae Wp - monsipabIit
MOMEHT COIIPOTUBIICHUS CEYCHUS KPYUCHHUIO.

B nomnepeyHomM ceueHnn cTep:KHS KacaTeabHbIE HAPSHKEHUS paCIIpEeIICHbI
HepaBHOMEPHO. Tax, JUIsl CTEpXKHS ¢ KPYTJIbIM IIONIEPEYHBIM CEUEHUEM KacaTelIbHbIE
HaIPSDKEHUS U3MEHSIOTCS 110 JTMHEHHOMY 3aKOHY - OT HYJISl HA OCH 10 MAaKCUMAJIBHOTO 3HAYEHUS
y HOBEPXHOCTH. Tak Kak CEUeHHUs], paCIIOJIOKEHHBIE Y OCH CTEPIKHS, HAIPy>KEHbI HE3HAYUTEIIBHO,
TO C LEJIbI0 SKOHOMUH MaTepHalla IpU KpydeHUH 1eJ1ecO00pa3HO UCIIOB30BaTh MyCTOTENbIE
npodwiu. KpyTsammii MOMEHT B CE4EHUU CKPYUYHMBAEMOI'0 CTEPIKHS (Bajia) YMCICHHO paBEeH
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anreOpanyeckoil CyMMe BHEIIHUX CKPYYHBAIOIIUX MOMEHTOB, ACHCTBYIOIIUX MO OJTHY CTOPOHY
OT CEYEHHS.
Bonpocwt u 3a0anua:

1. Yro takoe caBur?

2. Uro takoe kpyueHue?

3. 3axon I'yka nipu casure .

4. OnpeneneHue KpyTAILEro MOMEHTA.

22



JlabopaTopHoe 3aHsiTHE 6
Tema: PacueTsl Ha IPOYHOCTH IIPH CIIBUTE
Ilenp: HayduTHCS pelaTh 3a1a4M HA IPOYHOCTh
3HaTh: NPUHLUIBL CONPOTUBIEHUS KOHCTPYKLUOHHBIX MAaTEPHAIOB, METOIbl U aJITOPUTMBI
IIPOCKTUPOBAHUS PA3IUYHBIX MEXAHUYECKUX CHUCTEM; METOAbl U AITOPUTMBbI KOHCTPYUPOBAHUS
3JIEMEHTOB Pa3JIMYHBIX MEXaHUYECKUX CUCTEM, METOJUKH PAacyeTa Ha IPOYHOCTH, JKECTKOCTh U
YCTOMYMBOCTD 3JIEMEHTOB MAIMH U UX KOHCTPYKLUU;
VYMeTb: OCYLIECTBIATh PpALMOHAIbHBIA BbIOOP KOHCTPYKLUMOHHBIX M 3KCIUIyaTallMOHHBIX
MaTepUaJIOB; MPOU3BOAUTH PACUETHl HA IPOYHOCTH M KECTKOCTb IPHU PACTKEHUH-CIKATHH,
KPY4YEeHUHU, W3rH0€ M CIOXHOM Harpy)KeHUH, NpPU CTATUYECKOM M YAAPHOM HPUIIOKEHUU
HAarpy30K; BBIIIOJIHATH CTAHJAPTHBIC BUJIBI IIPOYHOCTHBIX PACYETOB.

AxmyanvHocms membl OOBACHSACTCS OCHOBHBIMU TPHHLIMIIAMH ONpEICNCHHUs] BHYTPEHHHUX
(akTOpOB IIPU CABUIE U KPYUECHUHU.
Teopemuueckas uacme:

[Ipumep Pemenus 3anaun Ha Temy «Kpyuenue»

K cranpHOMY CTyneHuaToMy Baily, UMEIOIIEMY CIUIOIIHOE KPYTJI0€ CEYEHUE, TPUITOKEHBI
YeThIpe BHEIIHUX 3aKpydnBaromux Momenta (71, T2, T3 u 14), JIeBbIi KOHEII BaJia )KECTKO
3aKpervieH B OMOpe, a MPaBblil KOHEIl — CBOOOIEH U €r0 TOpPEIl UMEET YIIOBBIEC MepEMEICHUS
OTHOCHTEJIBHO JIEBOI'0 KOHIIA.

Tpebyercs:

1) MOCTPOMTH 3MIOPY KPYTAIIUX MOMEHTOB;

2) omnpexaenuts nuameTpsl di u d2 Baja U3 pacueTa Ha MPOYHOCTb, IPH 33JAHHOM 3HAYCHUU [T],
OKPYTJIUTH BEIMYMHY HalIGHHBIX IUAMETPOB JI0 OJIKaiIIero OOIbIero 3HaYeHUS U3 PA/a;

3) TOCTPOUTH AMIOPY ACHCTBUTEILHBIX HAIPSHKCHUN KPYUCHUS 110 JUTHHE BaJia;

4) TOCTPOHTB BIIOPY aOCOMIOTHBIX YIJIOB 3aKPYUMBAHUS (), IPUHSB G =0,8-10° M11a

s

2 1, T e &

z f /

Z

4f »17 S - B g_‘ A

; A

Z

g \ \

A a b c a
Pucynok 3.1

Ucxonuble nanueie: a=b=c [,6 m; T1 = 5,7 kHw;T> = 2,7 kHm; T3 = 1,7 kHwm;
Ta= 0,7 kHw; [z ]= 45 Mila.

Pemennue:
1. Onpenenum KpyTsiiue MOMEHTSHI (puc. 3.2):

Yuacmox AB:

M, =T, =07 cHu
23



Yyacmox BC:
M, =T,—T,=0,7-17=-10x«Hu;

Yuacmox CD:
]\4K3 =T4 —T3 —T2 =0,7—1,7—2,7=—3,71<HM,‘

Yuacmox DE:
MK4 =T4 —T3 —Tz +Tl20,7_1,7—2,7+5,7:2KHM.

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

yaactkax BC u DC.
6
d, =: M, =3 3,7-10 =74,4 um,
0,2-[cf] {0,245

[Tpuanmaem di = 80 Mm.

6
d =y| M :3\/1,0-10 481
02-[z7] V0,2-45

[Mpunumaem dz = 50 am.

3. Jlsi HOCTPOEHHUS S0P HANPSKEHUH HalJIeM 3Hau€HUsl HapsDKEHUN KpydeHMUs,
JEHCTBYIOIMX HA y4acCTKaXx.

M. 0,7-10°
W, Tozese oM
rl !
6
T,= Avikz :—;’2 2%3 =—40 MIla,
rl &7
6
.
P2 &0
M 2,0-10°
, :W’“‘ =02.80° =19 MIla
p2 !

4. OTHOCUTENBHEIC YTJIOBBIC ICPEMCHICHUA KOHIIOB YUYACTKOB.

M,-1, 07-10°-16-10°

_ _ ~0,0224 pao,
Y%7°G.3, ~08-10°-01-50° P
. . 6 . . 3
g Ml 10001600 o
G-J, 0810°-01-50
M| 37-10°-16-10°
N L. —-0,0181 pao,
Yo = G.3, 7 0810°-01-80° P
6 3
g Ml 20-10°1610° (oo

"G-J, 08-10°-04-80°

AOGCOITIOTHBIE YTIIBI 3aKPYYHBAHUS, OTHOCUTEIIHLHO JKECTKO 33/ICJIAHHOTO JIEBOT'O KOHIIA
Bana (ceucnue E).
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Oop =Py, + ¢, =0,0098 —0,0181 =-0,0083 pao,
Pyr =P + @, =—0,0083 —0,0320 = —-0,0403 pao,
P =P+ Q= _010403 + 010224 = —0,0179 pao.

[

q7

28

% [/ I, 8 / I /
Ar /0 s| [ [c /BﬁJr
N N\ '\
7 16 M 16 M 16 M 16 M
20 Inmpa kouymauwux MomeHmol M. kM
B
0 L[]
10
37
Ingpa Hanpaxesud T Mia
79

76

Ipa nepemelequ , pag,

0qa098
+

Bonpocel u 3a0anusa:
1. Yro takoe caBur?
2. Yto Takoe KpydyeHue?
3. 3akon 'yka npu casure .

qoos3

Pucynok 3.2

4. OmnpeneneHue KPyTAIEro MOMEHTA.

q0403

qo179
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JlabopaTopHoe 3ansiTHe 7
Tema: I'eoMeTprUeCcKNX XapaKTEPUCTHK ITONIEPEYHOTO CEYCHHUS
Ilenb: Hay4dUTHCS ONPEAEIIATh TEOMETPUYECKUE XapAKTEPUCTUKH ITONIEPEYHBIX CEYECHUN
3HaTh: NPUHLUIBL CONPOTUBIEHUS KOHCTPYKLUOHHBIX MAaTEPHAIOB, METOIbl U aJITOPUTMBI
IIPOCKTUPOBAHUS PA3IUYHBIX MEXAHUYECKUX CHUCTEM; METOAbl U AITOPUTMBbI KOHCTPYUPOBAHUS
3JIEMEHTOB PA3JIMYHBIX MEXaHUYECKHX CHUCTEM, METOJUKH PAacyeTa Ha IPOYHOCTH, JKECTKOCTh U
YCTOMYMBOCTB 3JIEMEHTOB MAIIVH U UX KOHCTPYKLUN;
VYMeTb: OCYLIECTBIATh PpALMOHAIbHBIA BbIOOP KOHCTPYKLUMOHHBIX M 3KCIUIyaTallMOHHBIX
MaTepUaJIOB; MPOU3BOAUTH PACUETHl HA IPOYHOCTH M KECTKOCTb IPHU PACTKEHUH-CIKATHH,
KPY4YEeHUHU, M3rH0€ M CIOXHOM Harpy>KeHUH, MpPU CTAaTUYECKOM M YAAPHOM HPUIOKEHUU
HAarpy30K; BBIIIOJIHATH CTAHJAPTHBIC BUJIBI IIPOYHOCTHBIX PACYETOB.

AKmyaJleOCl’l’lb membl 00BICHSAETCS OCHOBHBIMU IIpuHOUIIaMH OIIPCACIICHUA FGOMeTpI/I‘ICCKI/IX
XapaKTEPUCTHUK IOIIEPEUHOI'O CCUCHUS.
Teopemuqecmm yacmeo.

[Ipu pacyerax Ha MPOYHOCTH, KECTKOCTh U YCTOWYHBOCTH UCIIOIB3YIOTCS T€OMETPHIECKUE
XapaKTEePUCTHKH MIONEPEYHOT0 CEYEHHsI Opyca: niowaos, ocesvle U NOIAPHbII MOMEHNbL
uHepyuu, oceswvle U NOIAPHLIIL MOMeHmbl conpomugienus. Kpome Toro, npu ux onpeneseHun
BCIIOMOTaTEIbHYIO POJIb UTPAIOT CIAMUYECKUe MOMEHMbL U YeHMPOOENCHbIE MOMEHMb]
uHepyuu ceveHus.

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

u

Pucynok 2.1

ITnowaow cevenus .S = J.dS , Te dS — moraap 3IeMeHTapHO! MTOIAKH.
S
Cmamuueckuii MOMeHM NIOWAOU ceyeHus — CyMMa POM3BENEHHIM TIoIa e
3JIEMEHTApPHBIX IJIOIIAI0K Ha MX PaCCTOSHUS 10 JaHHOM OCH, B3ATas 110 BCEH IUIOIIAIN CEUCHUS.
CraTHueckuii MOMEHT CedeHHs N3MEPSAETCs B eMMHNIIAX JUTHHEI TpeTheil cTerenn (MM, cvS, o).
CraTtudeckre MOMEHTBI CEUEHUsI OTHOCUTENBHO oceil Ou u OV:

S, =[vds =Sv,,
S

S, = [udS=Su,.
S

rie U, uV, — paccrostiaust oT neHTpa TSHKECTH CeYeH sl COOTBETCTBEHHO 10 ocelt Ovi Ou.

Cratnueckuii MOMEHT CEUEHHUS MOXKET OBITh KaK MOJIOKUTEIHHBIM, TaK U OTPHUIIATECIILHBIM.
OTHOCUTEIHHO JTFO00H OCH, TPOXOASIIEH Yepe3 EHTP TAKECTU CEUCHHUS, OH PaBEH HYIIO.

Ocegoul MOMeHm uHepyuu ceverus — CyMMa IPOU3BEICHUH IO el 3J1eMEeHTapHBIX
MJIOIIAJIOK HA KBAAPAThl MX PACCTOSIHUI 10 JaHHOW OCH, B3sITasi IO BCEH MIIONMIAIA CEYEHUSI.

J,=[vidS;
S

J, =[uds.
S
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Lonapuvliit Momenm unepyuu — cymma IpoOU3BEIEHUH IIIOMAAEH 371EMEHTapHBIX
IUIONIA/IOK HA KBAJPAThl UX PACCTOSIHUIA 1O TOUKH (IIOJIFOCA), B3sTas IO BCEH IUIONIAIU CEUCHUSI.

J, =[p*ds.
S

OceBble U MOJISIPHBI MOMEHTBI HHEPIIMH — BEJTHMYUHbBI CYIIIECTBEHHO MOJIOKUTENIbHBIC. OCeBbIC U
HOJISIPHBIC MOMEHTBI HHEPIIUU CEUCHHSI U3MEPSIOTCS B SIUHUIIAX JJTMHBI YETBEPTOH CTEIIECHH
(mm?, em?, m?).

LlenmpobesicHblii MOMeHm uHepyuy — CyMMa MPOU3BEIACHUN TTOMIAIeH 3JIEMEHTapHBIX
IUIONIA/IOK HA MX KOOPAMHATHI, B35Tas MO BCEH TUIOIIAIN CEUCHUS.

J,, = [uvds.
S

LleHTpOOEKHBII MOMEHT UHEPLIUU U3MEPSETCS B €AMHUIAX JJTMHBI YETBEPTON CTETIEHU
(mm?, cM?, M%), MOKET GBITh MOJIOKUTENLHBIM, OTPHIIATENLHBIM M PABHBIM HYJIIO.

Yepes 1100y10 TOUKY, B3ATYIO B IUNIOCKOCTH CEYEHHSI, MOKHO IIPOBECTH JIBE B3aUMHO
HEepPIEHIUKYIISPHbIE OCH, OTHOCUTEJIBHO KOTOPBIX EHTPOOESKHBIH MOMEHT HHEPLIUU CEYCHUS
PaBEH HyJII0. DTH OCH Ha3bIBAIOTCS 21AGHbIMU 0CAMY (MHOTA UX HA3BIBAIOT 21AGHbIMU OCAMU
unepyuu). IIpakTHUECKUN UHTEPEC MPEACTABIIAIOT JIHILIb I1aBHbIE OCH, IPOXOIAIINE Yepe3
LEHTP TSKECTU CEUCHMSI, OHU HA3BIBAIOTCS 2IABHbIMU YEHMPANbHLIMU 0CAMU (U1 KPATKOCTH B
JanpHeimeM OyneM B OOJIBIIMHCTBE CIIy4aeB Ha3bIBaTh UX MPOCTO 2ABHbIMU OCAMU).

OceBble MOMEHTBI HHEPLUU OTHOCUTEIBHO IJIABHBIX OCEH (21agHble MOMeHmMbl UHEPYULL)
9KCTPEMaJIbHbI — OTHOCUTEIBHO OJJHOM M3 HUX MOMEHT MHEPLIUU MaKCUMaJeH, a OTHOCUTEIbHO
JIpyroi — MuHUMaseH. Jljis pacyeToB Ha IPOYHOCTh U JKECTKOCTh IPU U3rK0e, COYeTaHuU
u3ruda ¢ pacTsHKEHUEM U B PsJie IPYTUX CIydaeB HY>KHO 3HATh IOJI0KEHUE INIABHBIX
LEHTPaJIbHBIX OCEH U BEIMYMHBI COOTBETCTBYIOIIUX MOMEHTOB UHEPIIUH.

B ciyuae, eciiu ceueHue uMeet XoTs Obl 0IHY OCb CHMMETPHH, TO 3Ta OCh M OCb K HEl
NEePIEeHIUKYIIApHAs, IPOXOAsIas Yepe3 HEHTP TAKECTH CEUEHHUs, SBISAIOTCS TJIaBHBIMU
LEHTPaJIbHBIMU OCSIMH.

[Ipu BBIYMCIIEHUY TTIaBHBIX MOMEHTOB MHEPIIUU CEYEHH, COCTaBIEHHBIX U3 MPOCTEHIINX
reOMEeTPUYECKUX (PUTYp MM CTAHIAPTHBIX MPOKATHBIX MPOdUIEH, IUPOKO MPUMEHSIOTCS
(bopMyIIbl Tepexoa OT LIEHTPAIbHBIX K MapajlIeIbHbIM UM HELEHTpaIbHbIM ocsM (puc. 2.2).

O

Pucynok 2.2

O1H GOopMYITBI UMEIOT CIASAYIOMNUMA BU/I: 1711 OCEBOTO MOMEHTA HHEPIIUH
_ 2.
Jy, =Jdy, +a’s;
JJI LleHTpoGe)KHOI‘O MOMCHTA MHCPIUU

J, . =J, +absS.

X5 V1 X01Y0
KOOpI[I/IHaTI)Ia u b)IOJ'DKHI)I OBITH IIOACTABJICHBI CO CBOUMHU 3HAKAMHN (a u b, KOOpAWHAaThI
Hayajia HOBOU CUCTEMBI KOOpAUHAT B CTAapbIX OCHX). B vyactHOM cJryvdac, €CJIih UCXOOHBIC OCU

Oxou Oyornasuble, J Xogh = 0 Torna umeem:

J.  =absS.

XN
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[TpuBenem hopMymbl A1t BBIYMCICHUS MOMEHTOB HHEPIIUH MPSIMOYTOJIbHHKA,
TPEYroJIbHUKA, KPyra U KOJblia.

3

A. Ilpsamoyzonvhux (puc. 2.3):  J, = E, rie b- cropona, mapamienbHas ocH,

OTHOCHUTCIIBHO KOTOpOfI BBIYUCIACTCA MOMCHT HHCPLIUH.

<

o7
s X

Pucynok 2.3
JIns ocu, coBmajaromedl ¢ OAHOW W3 CTOPOH MNPSIMOYroJbHHUKA (HE TJaBHBI MOMEHT

b
X1 3 '

b. Pasnobeopennuiii mpeyeonvrnuk (puc. 2.4).

uHepuun): J

Pucynok 2.4

bh® . bh

M =—, Jy = —
36 48

3aMeTI/IM, 4qTo (I)OpMyna ‘]X JAac€T BCIIMUYMHY MOMCHTA HMHCPHHUU JIF000ro0 TPECYroJIibHUKa

['maBHBIC MOMEHTHI MHEpIUA: J

OTHOCHUTEJIBHO OCH, MapaJlIeIbHON €ro OCHOBaHMIO, HO, €CJIM TPEYroJIbHUK HepaBHOOEIPEHHBIH,
yKa3aHHas OCb He OyJIeT IIaBHOIA.

4
B. Kpye (puc. 2.5): J, =, =”:_4

Pucynok 2.5
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4 do

[. Koneyo (puc. 2.6): J, =J = H(l— c? )’ rae: C= F , KOO HUIHEHT TPYOBIL.
y
Z4 v
8
0 %
// x
/4
J 2
. do
.d .
Pucynoxk 2.6.

3ameTuM, 4TO U Kpyra M KOJIbIIa BCe LIEHTPAJIbHBIE OCH TJaBHBIE 1 MOMEHTHI MHEPLUH
OTHOCHTEIJIBHO 3TUX OCEH PaBHBI MEXKIY CO00M. DTUM K€ CBOWCTBOM 00JIaaeT JIr000e ceueHue,
y KOTOPOTO /IBa TJIaBHBIX LIEHTPAJIBHBIX MOMEHTA HHEPLIUHU OJNHAKOBBI.

[Ipu BbIUMCIEHUH MOMEHTOB MHEPLIUU CJIOKHBIX CEYEHUH (COCTABJIEHHBIX U3 MPOCTEHIINX
duryp Wi mnpoKaTHBIX NpoduiIel) KOOpAMHATHI WX IEHTpa TSDKECTH OINPENENSIOT 0

dbopmynam:
2.5
S 25
rre: O;;Ui; Vi — COOTBETCTBGHHO MUIOMAAb M KOOPAMHATHI LEHTPA TSKECTH KakIOil M3

cocrapisonux duryp; S; SV ; Su - IUIOIAAb U CTaTHUYECKUE MOMEHTEI BCET'O CEUECHHUS.

MoMmeHTbI HHepIUH (OCEBBIE U IIEHTPOOEKHBIE) CII0KHBIX CEYEHUH OTHOCUTENIBHO TaHHBIX
OCEH OMPEEIAIOT IYTEM CYMMHUPOBAHUS COOTBETCTBYIOIIMX MOMEHTOB MHEPLIUU
COCTaBJIAIOIMX (PUTYp OTHOCUTENIBHO TEX K€E OCEH.

IIpu >TOM HCHONB3YyIOTCS (QOPMYNBI Mepexojia OT LEHTPAIbHBIX K MapajuleIbHBIM MM
HELEHTPAJIbHBIM OCSIM.

B Tex ciydasx, Korja ceueHue He MMEET HU OJTHOM OCH CUMMETPHUH, CHAYaJla BBIUYUCIISIFOT
MOMEHTbHI MHEPLUN OTHOCUTENIbHO HEKOTOPBIX I€JIeCO00Pa3HO BHIOPAHHBIX LEHTPAIbHBIX OCe
Oxo 1 Oyo(MCXOJHBIE OCH), 3aTEM OMNPEAEISAIOT Yrojl HaKJIOHA IJIaBHBIX OCEH MO OTHOLIEHHIO K
MCXOJIHBIM U BEJIMYUHBI ITIABHBIX MOMEHTOB UHEPLIUH.

CBsi3b MEKy MOMEHTAMH WHEPLUH OTHOCUTEIBHO HCXOMHBIX oceit (Oxo, Oyo) U oceil,
MOBEPHYTHIX HA IPOU3BOJIBHBIN yroi a (puc. 2.7), UMeeT BUJ:

J,+J, J
J, =— >+
' 2

Xo

—] _
*cos2a —J, , sin2a;
2 0150

XY Y %Yo

J.—J,
=J cosZa+fsm 200 .
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Vi | Yo

Pucynoxk 2.7

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

/ " / /
Ota ¢dopmyina naer aBa 3HaueHus yrina & 0y u &y = &y + 90°. Ilpu JXO >J y, » yrom &
J1aeT MOJIOKEHUE ITIaBHOM OCH, OTHOCHTEIBHO KOTOPOl MOMEHT MHEPLIUY MaKCHUMAJIEH.

(3 , (v
[NonoxxuTenbHbIi yron & cieayer OTKIaIbIBaTh OT OCH XoIIPOTHB XOa YaCOBOW CTPEIIKH.
Jns onpeneneHus NonokeHus (yriia HakJIOHa) TJIaBHBIX 0Ce MOKHO MTPUMEHSTh
(bopMyIIbL:

t 2J,
g an = - ;
J, —J
Xo Yo
tg aOy = J io’jo ’
Xo Yo

Trac: aOX , 1 O(Oy y — YIJIbL, 06pa3yeMLIe TITaBHBIMH OCSIMHU X M Y COOTBETCTBEHHO C OChIO X0, JX n

\]y — I'NIAaBHBIC MOMCHTBI HHCPIIUH.

I'maBHBIE MOMEHTEI HHCPIUU MOKXHO BBIYHUCINUTD, ITOJACTABJIAA B HEC ITOCIICA0OBATCIILHO ao

! 4
=0y n 0y=0C , HO IPAaKTUUECKU yJO0OHEE MOIB30BaThCs (POPMYIAMHU, HE COAEPKALUMHU

TPUTOHOMETPUUECKUX PYHKIMHA. DTU (HOPMYIIBI UMEIOT BUIL:

Jo+J3, 1

‘]max :%_‘_E\/(J)‘o _JYO )2 +4Jjo)’o ;
J,+J 1

Inn = =20, =3, f +adl,

Bonpocwt u 3a0anun:
1. Ompenenenuie reOMETPUUECKUX XapaKTEPUCTUK MPOCTHIX CEUEHUN?
2. OmpenienieHue reOMETPUIECKUX XapaKTEPUCTHK CIIOKHBIX CEUEHUI?
3. OmpeneneHrne MOMEHTOB HHEPIIHH.
4. YT0 TaKoe COpTaMeHT.
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JlabopaTopHoe 3aHsiTHE 8
Tewma: [IpssmMoit momepeyHbIit U3ruo
[enb: HayYuThCA pelIaTh 3aa4y Ha IPSAMOM MONEPEYHBIA N3N0
3HaTh: NPUHLUIBL CONPOTUBIEHUS KOHCTPYKLUOHHBIX MAaTEPHAIOB, METOIbl U aJITOPUTMBI
IIPOEKTUPOBAHUSI PA3JIMYHBIX MEXAHUYECKUX CHUCTEM; METOJbl U aJrOPUTMbI KOHCTPYHUPOBAaHUS
3JIEMEHTOB PA3JIMYHBIX MEXaHUYECKHX CHUCTEM, METOJUKH PAacyeTa Ha IPOYHOCTH, JKECTKOCTh U
YCTOMYMBOCTD 3JIEMEHTOB MAIMH U UX KOHCTPYKLUU;
VYMeTb: OCYLIECTBIATh PpALMOHAIbHBIA BbIOOP KOHCTPYKLUMOHHBIX M 3KCIUIyaTallMOHHBIX
MaTEepUaoB; MPOU3BOJAUTH pacueThl Ha IPOYHOCTb U JKECTKOCTb IPHU PaCTHKEHUM-CKATHH,
KPY4YEeHUHU, M3rH0€ M CIOXHOM Harpy>KeHUH, MpPU CTAaTUYECKOM M YAAPHOM HPUIOKEHUU
Harpy3oK; BBIIIOJIHATH CTaHAAPTHBIE BUbI IPOYHOCTHBIX PACUETOB.

Axmyanonocms membl OOBSICHICTCS OCHOBHBIMH TIPUHIIUTIAMHU OMPEICIICHUS BHYTPEHHUX
(bakTOpOB IIpH U3rHbE.
Teopemuueckas yacmy:

[Ipu u3rube crep:kHU MOABEPratOTCs BO3AEUCTBUIO MONEPEYHON CUIIBI MIIM U3TMOAI0ILEro
MoMmeHTa. M3ru0 Ha3bIBaeTCs YHCTHIM, €CJIHM JACUCTBYET TOJbKO H3TMOAIOIIMA MOMEHT, U
MOTNIEPEUHBIM, €CIIM JACHCTBYET Harpyska, MEepreHAUKYJIsIpHas OCH CTepxKHA. bpyc (cTepikeHs),
paborarommii Ha u3rHO, OOBIYHO HA3BIBAIOT Oankoi. bamku sBiIsrOTCA Hambonee dYacTo
BCTPEYAIOIIUMUCS DJIEMEHTAMH COOPY)KCHHH M MaIllWH, BOCHPUHUMAIOIIMMHU HArpy3Kd OT
JPYrUX 3JE€MEHTOB KOHCTPYKLMHI M, NEPENAIOIIMMHU MX TEM YacTAM, KOTOPbIE MOIIEPKUBAIOT
OaJsiky (gare BCero ormnopam).

B crpouTenbHBIX COOPYXEHUSAX M MAIIMHOCTPOUTENbHBIX KOHCTPYKLHUAX Yalle BCEro
MOXHO BCTPETUTH CIEIYIOUIME ClIy4au KperuieHus OajoK: KOHCOJbHBIE - C OJIHUM
3alIEMJICHHBIM KOHIIOM (C KECTKOW 3aJeNKOi), JBYXOMOpPHBIE - C OJHOM IIapHUPHO-
HETIOABIDKHOW OMOPOW M C OJHOW IMIAPHUPHO-TIOABIKHOW OMOPOW M MHOTOOIIOPHBIC OaiKH.
Ecnu omopHble peakiiuu MOTYT OBbITh HaWAEHBl M3 OAHHX YpPaBHEHHH CTaTHKH, TO Oalku
Ha3bIBAIOT CTATUYECKH OMNpPEACIMMBIMA. ECIN XK€ YHCI0 HEU3BECTHBIX OMOPHBIX PEAKIUN
OonpIle, YeM YHUCIO YypaBHEHUH CTaTUKH, TO Takue OaTKkd HA3BIBAIOT CTaTHUYECKU
HeomnpenenuMbIMU. J[Jisi ompeneneHus: peakiuuid B TaKuX OajlkaX TMPUXOIUTCS COCTaBISAThH
JOTIONTHUTEIbHBIE YpaBHEHUS - ypaBHEHUS nepemenieHuid. [Ipu mmockom momepedHoM u3rube
BCE€ BHEIIIHUE HATPY3KU MEPIEHIUKYIISPHBI K OCH OAJIKH.

Omnpenenenre BHYTPEHHUX CHIOBBIX (DAKTOPOB, NEUCTBYIOMIMX B MOMEPEYHBIX CEUCHUAX
Oasiku, ClielyeT Ha4MHATh C OMpPEACNICHUs OMOPHBIX peakiuii. [locme »Toro ucmoab3yeM MeTos
CEUEHHUH, MBICIEHHO paccekaeM, OalKy Ha JB€ YacTH M pacCMaTpHBacM paBHOBECHE OJHOM
yacTu. BzaumopelictBue uacteil Oalku 3aMeHsieM BHYTPEHHUMH (DakTOpaMu: H3TrHOAIOIUM
MOMEHTOM U NIONEPEYHON CUIIOM.

[Tonepeunasi cuiia B CEUEHMH paBHA alreOpanveckod CymMMe MPOEKIUHA BCeX CHJI, a
M3THOAIOIINNA MOMEHT PaBeH alure0pandyeckoil cyMMe MOMEHTOB BCEX CHII, PACIIOIOKEHHBIX IO
OJIHYy CTOPOHY OT CEUEHHMs. 3HAKU JCHCTBYIONIUX CHJI U MOMEHTOB CIIEyeT OMNpPEACNiATh B
COOTBETCTBUHU C MPHUHATHIMU TpaBwiaMu. HeoOXoAMMO HAy4YHThCS TMPABUIBHO OINPEAEISATh
PaBHOJCHCTBYIONIYIO CHUTY M MU3THOAIOIINI MOMEHT OT PaBHOMEPHO PacHpeIeICHHON M0 JTHHE
0ayKu Harpy3Ku.

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

I[Ipu w3ydenum w3ruba creayer oOpaTUTh BHHUMaHHE Ha HEPABHOMEPHOCTH
pacmpeieieHuss HOPMalbHBIX HAMPSHKEHUH B TONEpPeYHOM ceueHun Oanku. HopmanbHbie
HaIPSKEHUST U3MEHSFOTCS 110 BBICOTE MOMEPEYHOr0 CEYCHUS MPOMOPIUOHATBHO PACCTOSHHUIO OT
HeliTpanbHOU ocu. CleyeT yMeTh ONpEeNeNsTh HaNpsOKeHUs U3ruba, KOTOphbIe 3aBUCAT OT
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BEJIMYMHBI IEHCTBYIOMIETO M3rHOAa0IIero MOMEHTa My 1 MOMEHTA COTIPOTHBIICHUS CEUCHHSI TIPU
n3rude Wo (oceBoii MOMEHT COMPOTUBIICHUS CEUCHUS).

YcnoBue nmpounoctu npu u3rude: o = My | Wo< [o]. 3nauenne Wo 3aBUCHT OT pa3MepoB,
(bOpMBI U PACTIONOKEHHS MOMEPEYHOTO CEYEHHSI OTHOCUTEIHHO OCH.

Hanwuue momepeyHoi CwWiibl, NEHCTBYIOMEH HAa OalKy, CBS3aHO C BO3HHUKHOBCHHEM
KacaTeJIbHbIX HaIPSHKEHUM B IONEPEUYHBIX CEUYECHMSX, a II0 3aKOHY MAapHOCTU KacaTelbHBIX
HaNpsDKSHUH - U B IPOJIOJIBHBIX ceueHMX. KacaTenbHble HalpsHKeHUs ONPeNeNioT Mo Gopmyie
. . XKypasckoro.

[lonepeunast cuia cOBUraeT paccMaTpPUBAEMOE CEYEHHE OTHOCHUTEIBHO CMEXHOTO.
Wzrubaromuii  MOMEHT, CKJIQAbIBAIOUIMIICS M3  DJIEMEHTAPHBIX HOPMAJIbHBIX  YCHUIIUH,
BO3HHUKAIOIIMX B TIOMEPEYHOM CEYEHUH OalKe, IOBOPAUYMBACT CEYCHHE OTHOCUTEIILHO
CMEXHOT0, 4YeM U 00yCIIOBJIEHO UCKPUBIIEHUE OCHU OaJKu, T. €. ee U3ruo.

Korma 6anka MCOBITBIBAET YUCTHIN U3ru0, TO MO BCEH MIMHE OaIKd MM Ha OTAEIILHOM €€
y4acTKe B KaXJIOM CEUEHHHM ACMCTBYeT HW3rMOAOmUi MOMEHT MOCTOSHHOW BEJIWYHMHBI, a
HorepeyHas cuja B JIF0OOM CEYeHMM JJaHHOTO ydacTKa paBHa Hymo. [Ipu 3TOM B momepeyHbIx
CEUEHHUAX OaTKKU BO3HUKAIOT TOJILKO HOpMaJIbHbIE HAPSIKEHUSI.

Jlyist Toro 4to0Bl Ty0ke pa3oOpaThcsl B (PU3MYECKHUX SIBJICHHUSX H3THOA M B METOIHKE
pelieHuss 3ajad MIpU pacyeTe Ha IMPOYHOCTh U JKECTKOCTh, HEOOXOJHMMO XOpOIIO YCBOWTH
FEOMETPUUECKUE XapPaKTEPUCTUKH IIJIOCKMX CEYEHUH, a HMMEHHO: CTaTUYECKUE MOMEHTBI
CCYEHUN, MOMEHTHI HHEPIIUU CEYEHUI mpocTeiiiel (opMbl U CIOKHBIX CEUEHUH, OnpeeieHue
[EHTpa TsHKECTH (UTYp, TJIABHBIE MOMEHTBI WHEPIIMH CEYCHUW W TJIaBHBIC OCH WHEPIIHH,
HEHTPOOEKHBI MOMEHT HMHEPIUH, W3MEHEHHE MOMEHTOB HWHEPLHMHM IPH TMOBOPOTE OCEH,
TEOPEMBI O IIEPEHOCE OCEM.

[Ipn wu3yueHuu »5TOro pasaena ciaeAyeT HAyYUTbCA MPABWIBHO CTPOUTH SIIOPbI
M3ru0AIOIIUX MOMEHTOB M MONEPEYHBIX CHUJI, ONPEJEISITh ONACHbIE CEUEHUS U JACUCTBYIOIIUE B
HUX HanpspkeHus. llomMuMo onpeneneHus HanpspKEHUW CIeAyeT HaydUTbCsl OIPENENsTh
nepeMenieHus: (mporuObl Ganku) mpu usrube. s sroro ucnosb3yercs auddepeHnuanbHoe
ypaBHEHHE U30THYTON OcH Oanku (YIpyroil TMHUH), 3aMUCAaHHOE B 00IIIEM BUJE.

Jlia onpeneneHus NporuOoOB MPOBOIUTCS MHTETPUPOBAHUE YPABHEHMS YIIPYTOW JIMHHM.
[Tpu 5TOM creayeT MpaBUIBHO OMpEAeNsaTh MOCTOsHHbIe uHTerpupoBanus C u D ucxons us
ycIIOBUM onupaHus Oaiku (rpaHUYHBIX yciaoBuid). 3Has BeanuuHbl C uD, MOXXKHO ompenenuThb
yroJl TOBOPOTa U MPOruod ar060ro ceyeHus Oanku. M3yueHue cinoXHOTro COnpOTUBICHUS OOBIYHO
HA4YMHAIOT C KOCOTO U3ruda.

SIBnenne kocoro wu3ruba OCOOEHHO OMACHO Ui CEYEHHH CO 3HAYUTENbHO
OTJIMYAIOIIKUMHUCS JPYT OT Jpyra riaBHbIMA MOMEHTAMM WHEPIHH; OalKu C TaKUM CEUYEHUEM
XOpoIIo padoTaT Ha M3TH0 B MIIOCKOCTH HAUOOIBIIEH KECTKOCTH, HO JlaXke MpU HEOONBIINX
yriaXx HakJIOHA IJIOCKOCTH BHEUIHMX CHJI K IUIOCKOCTH HauOOJbIIEH >XECTKOCTH B Oankax
BO3HUKAIOT 3HAYUTEIbHBIC TOTIOTHUTEIbHBIC HAMIPsHKeHUs U Aedopmanuu. [[is 6amku Kpyraoro
CEUEHHUs KOCON M3rud HEBO3MOXKEH, TaK KaK BCE LIEHTPAJIbHBIE OCH TAKOI'O CEUEHMS SBIISIOTCS
TJIaBHBIMU W HEUTpaNbHBIA CIOW Bcerga OyAeT MepreHANKYISPEeH TUIOCKOCTH BHEIIHUX CHIL
Kocoit n3rnb HeBO3MOXKeH | /17151 OAJIKU KBaIPATHOTO CEUYCHHS.

[Ipu ompeneneHny HampsHKEHUM B CIydae BHELEHTPEHHOI'O PACTSKEHMSI WIIM CHKATUS
HEO0OXOUMO 3HATh IMOJIOKEHHE TJIAaBHBIX HEHTPAIbHBIX OCEl CeYeHHs; HMEHHO OT ATHX Ocei
OTCUMUTHIBAIOT PACCTOSHUS TOYKM MPHIOKEHUS CUJIBI M TOYKH, B KOTOPOW OIpPEAENSIOT
HaTPSKEHUSI.

[IpunoskeHHast 3KCUEHTPUYHO CKUMAOIIAsL CUJIa MOXKET BbI3BATh B IIOMIEPEYHOM CEUEHUH
CTEpXKHSl pacTATUBAIOLIME HANpsDKeHUsA. B CBS3M ¢ 3TUM BHELIEHTPEHHOE C)KaTue SBISETCS
0COOEHHO OMACHBIM ISl CTEP)KHEH M3 XPYIKUX MaTepHalioB, KOTOpbIE ClIad0 COMPOTHBIISIOTCS
PaCTITUBAIOIIUM YCUITHSM.

B 3akmtoyenue cieayeT M3y4ddTh CIIy4ail CJIOKHOTO CONpPOTHUBIICHMS, KOIJa Telo
UCIBITBIBAET OJHOBPEMEHHO HECKOJIbKO JAedopmanuii: Hampumep, H3rM0 COBMECTHO C
KpY4YECHHEM, pacTsHKeHHEe-CKaTHe COBMECTHO € M3rHOOM | T. 11. [Ipu 3TOM ciieyeT UMeTh B BULY,

32



4qTo I/I3I‘I/I6aIOH_[I/IC MOMCHTHI, HCfICTBYIOHIHC B PA3JIMYHBIX IJIOCKOCTAX, MOT'YT CKJIaAbIBATHCS KaK
BCKTODPBGI.

IIpumep pemeHus 3a1a41 HA TEMY «IPSAMOM MoNepeYHbIH U3rud»

Jnia 3ananHoi cxembl 6anku (puc. 4.1) TpeOyercs HanucaTh BRIPAXKEHUSI BHYTPEHHUX
nornepevHbIx cuil Q U M3rudaArIUX MOMEHTOB M, TSl KaXKJIOTO Y4acTKa B 00IIeM BUJIE,

) max
noCTpOUTH 31k0pbl Q 1 M., Haiitu M| 1 mogo6parh cTalbHyIO ABYTaBPOBYIO GAIKY C

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

3Ha4YeHUsI MOMEHTOB COIIPOTHBIICHUS cedeHus pu u3ruoeWy 1y1st 0aioK 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
Pemienne:

1. Onpenenum onopHele peakuuu R1 u Rz :

>Y =0,R-q-a-F+R,—-q-c=0;

ZmA(Fi):O;

0,59a* + Fa—M +qc(l -0,5¢)

—C
2
_05-16-3,2 +13.3,213—102216 24(13-05-24) oo

R=ga+F-R,+qc=16-(3,2+24)+13-535=491 «z.

IIpoBepxa: ZmB(Fi)z 0,
~R/(I-c)+qa(l-c-0,5a)+F(l-c-a)+M —05qc® =
=-491(13-2,4)+16-3,2(13-2,4-0,5-3,2)+16(13-2,4-3,2)+10-0,5-16-2,4° =0

OHOpHHC pCaKknuun HalJIeHbI BCPHO.

2. HaﬁHCM 3HA4YCHUA I/I31"I/I6aIOH_II/IX MOMEHTOB M, u TIOMEPCUHBIX CUIT Q Ha KOHIIax
Y4aCTKOB HArpy>XCHUA METOAOM CCUCHMU.

I Vuacmox (puc. 4.2):0< 2, < a,
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Rl q y‘\ tsz_
2|l

Pucynok 4.2

Q=R~-0z,

Mul = R121 _015q212’

npu 21 =0, Q1 = Rl =49 1xH; ]\lul =0

npuly =a=3,2m, Q1 = R1 —(a= 491-16- 3,2 =-21 xH:

M, =R -a—05qa’ =491-32—05-16-32 =752 i1
11 Yuacmox (puc. 4.3):0<2, <a+b,

L IF

Rofiaiineiettiing
a

Z2

oz

A

Pucynok 4.3

Q,=R -qa—F=491-16-32-13=-151 «#;
w2 Rl "L, — qa(zz _0’58‘)_ F(Zz - a)
npu 2 = 3,2 m,
M,=R -a-qa(a-05a)-F(a-a)=49,1-32-16-32(3,2-0,5-32)= 75,2
xHwm,
npuz; = 7,6 m,

M ,=491-76-16-32(7,6-05-3,2)-13(7,6 —3,2)=8,76 xtn.
IV Yuacmox (puc. 44):0<2, <c

Yi q
zZ_ i
0 B Z4 —‘
Pucynok 4.4
Q4 =0Qz,,
M , =-0,5qz;,

npu 24 = 0, Q4 =0, ]\4“4 =0,
npu 24 = 2,4 m, Q4 216-2,4238,4 kH;



M, =-05-16-2,4° =—46,08 «H.

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

Yi R

Pucynoxk 4.5

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

mpuzs=24, M ,=-16-2,4(2,4-05-2,4)+535-0=-46,08 xrix.
npuzs=54m M ,=-16-24(54-05-2,4)+535054—-2,4)=-0,78 xi.

OnpenesnM KOOpAMHATY CedeHus Z. , ipu koToport Q1 = 0 u M,,; = max.
p p y 1 p p

R —aqz™ =0
e =R B g7,

' g 16
M =R -z™ -05q(z™ ) =491-3,07-0,5-16-3,07" =753 «tn.
N3 noctpoeHHsIx 3mitop (puc. 4.6) BUAHO, YTO ONMACHBIM SIBJISIETCS] CEUCHHE,

max
pacriosnioxkeHnHoe Ha 3,07 M oT neBoro konua 6anku ¢ M, = 15,3 kHn.
OHpe)IeJ'II/IM MHUHHUMAJIBHO HGO6XOI[I/IMI)II71 MOMCHT COHpOTI/IBHeHI/Iﬂ CCUCHUA 6aﬂKI/I HpI/I

min
I/ISFI/I6€ Wx , U3 YCJIIOBHA ITPOYHOCTH IO HOPMAJIbHBIM HAIIPAKCHUAM.
6
M™  753-10

o]

Haznauaem neytaBp Ne33 (I'OCT 8239-89) ¢ oceBbIM MOMEHTOM COMPOTUBIICHHS

ceaerms W =597 cr.

W = = 502252 jurd’.
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Altiteititeteits /_ 5.
a=32 M = a=30 M =24 M
4917 1pa nonepebx cui 8. kH
AN 87|
0 0
2 7| é
Z///ax—_.;, 0 7 M ! 7-5 7
i Inmpa uszuoaaiyux MomesEmol Musa kM
7531752
et \\
A \
\
/ \
/ N\
/ \
/ i \
&) N
\ & 76
0 | 0
078
>)
\/ 4608
Pucynok 4.6

Bonpocwt u 3a0anusn:
1. Yro Takoe u3ru6?
2. TlocTpoeHue 3mrop MpH H3rHuode.
3. BuyTpenHue cuiioBbie GaKTOPHI .
4. Omnpenenenue U3rudaroIIero MOMEHTA.
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JlabopaTopHoe 3ansiTHE 9
Tema: U3rub ¢ xpydeHnem
Llenb: HAyIUTHCS pemiaTh 33a4K Ha U3TU0 ¢ KpyUeHUEM
3HaTh: NPUHLUIBL CONPOTUBIEHUS KOHCTPYKLUOHHBIX MAaTEPHAIOB, METOIbl U aJITOPUTMBI
IIPOEKTUPOBAHUS PA3JIUYHBIX MEXAHMYECKHX CHUCTEM; METOJbl U AITOPUTMbl KOHCTPYHPOBAHMUS
3JIEMEHTOB PA3JIMYHBIX MEXaHUYECKHX CHUCTEM, METOJUKH PAacyeTa Ha IPOYHOCTH, JKECTKOCTh U
YCTOMYMBOCTD 3JIEMEHTOB MAIMH U UX KOHCTPYKLUU;
VYMeTb: OCYLIECTBIATh PpALMOHAIbHBIA BbIOOP KOHCTPYKLUMOHHBIX M 3KCIUIyaTallMOHHBIX
MaTepUaJIoB; MPOU3BOAUTH PACUETHl HA IPOYHOCTH M KECTKOCTb IIPU PACTKEHUHU-CIKATHH,
KPY4YEeHUHU, M3rH0€ M CIOXHOM Harpy>KeHUH, MpPU CTAaTUYECKOM M YAAPHOM HPUIOKEHUU
Harpy3oK; BBIIIOJIHATH CTaHAAPTHBIE BUbI IPOYHOCTHBIX PACUETOB.

Axmyanonocms membl OOBSICHICTCS OCHOBHBIMH TIPUHIIUTIAMHU OMPEICIICHUS BHYTPEHHUX
(haKkTOpOB IIPH U3THOE C KPYUCHHUEM.
Teopemuueckas yacmy:

Jliia peieHus 3a1a4 He0OX0IMMO YCBOUTDH TeMY «l MIIOTE3bI IPOYHOCTH U UX
IPUMEHEHHE», TaK KaK B HUX pacCMaTPUBAETCsI COBMECTHOE AEUCTBUE N3ru0a U Kpy4yeHUs U
pacyeT NpOU3BOAUTCS C IPUMEHEHUEM TUIIOTE3 POYHOCTH.

YcnoBue IpOYHOCTH B 3TOM CIIy4ae UMEET BUL:

M
—_ IK6
=—<[o],
X
rae: My - Tak Ha3bIBAEMBIM DKBUBAJICHTHLIM MOMEHT.
[Ipu runore3e HaMOOIBIITMX KacaTeIbHBIX HAIPSDKCHHUH (MHAUYE - TPEThS THIIOTE3A):

MaK@I]I = VME +M}f :

[Ipu runorese nNoTeHUMAIBLHOU SHEPTUN POPMOU3MEHEHHUSI (MHAYE - TISITasi TUIIOTE3a):
2 2
M, =|M?+0,75M?
oxeV u K
B oGeux ¢popmynax My u M, - COOTBETCTBEHHO KPYTAIIMHA U CyMMapHBIN U3rHOaromuit
MOMEHTBI B pACCMaTPUBAEMOM CEUYEHUH Bajia. YHUCIOBOE 3HAYEHNE CYMMAapHOTO N3rH0aroIIero

MOMCHTA paBHO FGOMeTpI/I‘IeCKOﬁ CyMMC I/I3FI/I6aIOH_[I/IX MOMCHTOB, BO3BHUKAIOIIHUX B JAHHOM
CCUYCHUHU OT BEPTHUKAJIIBHO U TOPU3OHTAJIBHO HeﬁCTBYIOIHHX BHCIIHUX CUII, T.C.:

M,=IM;+M:

[TocnenoBaTenbHOCTD PELICHUS 3aJauu:

. [IpuBecTH neicTByrOMME HAa Bl HATPY3KH K €0 OCH, OCBOOOTUTH BaJl OT OTIOP, 3aMEHUB HX
JieiicTBUE peakUsIMHU B BEPTUKAJIBHON M TOPU30HTAIbHON TIOCKOCTSIX.

. ITo 3amanHO# MOIIHOCTH P U YTII0BO# CKOPOCTH (¥ ONPEAETUTh Bpallaloliie MOMEHTHI,
JIEUCTBYIOIIAE HA BaJl.

. Beruncnuts Harpysku Fi, Fr1, F2, Fr2, mpunoxxennsle k Baiy.

. CocTaBUThH YpaBHEHUS paBHOBECHS BCEX CHJI, IEHCTBYIOIINX Ha BaJl, OT/ICIHHO B
BEPTUKAJIBHOH MJIOCKOCTH U OT/AEIBHO B TOPU3OHTAIBHOM MJIOCKOCTU M ONPEAETUTh PeaKIuu
OTIOp B 00€HX TIJIOCKOCTSIX

. [TocTpouTh 3MIOPY KPYTALIMX MOMEHTOB,

. [TocTpouTh AMIOPHI H3TUOAIONIIX MOMEHTOB B BEPTHKAIBHOW U TOPU30HTAIBHOM MIIOCKOCTSX
(onropst My u M,).

. Onpenenuth HauOOJIIBIIIEE 3HAYEHUE SKBHBAJICHTHOTO MOMEHTA!

M, =[M?+M?+M?

9K6

W [\ —

AN DN

3

oxg I11

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

8. Cuuras, uto O, = o], ONpeIeTUuTh TPeOyeMbIil 0CeBO MOMEHT CONPOTUBIICHUS:

W =M, I[o].

OK6

y‘lI/ITBIBaH, YTO IJIs CIIOIITHOI'O KPYIJIOro CEUCHUA:

3
W =ﬂz0,ld3,
32

u

omnpezaessieM d o ciaexyrouield popmyie:

32M M
d 2 3 T 9K8 ~3 K8 .
\/ o] \/0,1[0]

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

J11g cTanbHOTO Bajia MOCTOSHHOTO MOMEPEYHOT0 CEYSHHSI ¢ IBYMsI 3y0UaThIMU KoJiecaMH (
puc. 5.1,a), nepenaroniero MomHocts P = 15 kBm npu yriosoii ckopoctu @ =30pad/c,
OTIPECIUTE AUAMETP BaJia TI0 IBYM BapHaHTaM: a) UCTIOJb3YS TPETHIO THIIOTE3Y MPOYHOCTH; 0)

HCTIONB3ys MATYIO THoTe3y npounocti. Ipunsats: [0] =160MI1a ; F,, =0,4F; F., =0,4F,

Pemenue:

1. CocraBisieM pacueTHYIO CXeMY Balla, IPUBOJS IEHCTBYIOIINE Ha Bal HArPy3KH K OCH
(puc. 5.1, 6). [Ipu paBHOMepHOM BpatieHuu Baina M1 = M, rne M1 u M> - ckpyduBaroume napbl,
KOTOpBIE J0OABISAIOTCS Npu niepenoce cun F1 u F2 Ha ock Bana.

2. OnpenensieM Bpallarouii MOMEHT, IEUCTBYIOIIMI HA BaJI:

P

M,=M,=—=05-10°H - m=05xH - m |
w
3. Beruncinum HarpyskKu, NpHuJIOKCHHBIC K BaJly:
2M, 2-05-10°
F=—~_t="1 =10"H =10kH ; F,=0,4-10=4xH ;
d, 01
2M, 2-05-10°
Fo== 2 = ’01 =4.10°H =4xH : F.,=04-4=16xH .
2 y

4. OnpezensieM peakiiy ONop B BEPTUKAIBHOM MI0ckocTH (puc. 5.1, 6):

Y M,=F,-AC+F,,-AD-R;-AB=0;

R, = F.,-AC+ Frz~AD:4-0,05+1,6-O,25:2KH;
’ AB 0,3
ZMB =R, -AB-F,-BC-F,-DB=0;
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_F,-BC+F,,-DB_4.0,25+16-0,05
AB 0,3
dY=R, -F,~F,+R, =2-4-16+36=0.

R, =3,6xH ;

ZY :O , CJICA0OBATCJIIbHO, RAV , 1 RBy HaﬁﬂeHbI IMpaBUJIbHO.

OmnpenensieM peakiiuy Ornop B TOPU3OHTAIBHOM MIIOCKOCTH (puc. 5.1, 6):

ZM _F-4AC-F,-4D 10-0,05-4-0,25 — _166KH
y 1B 03 o

3Hak MHHYC YKa3bIBaC€T, HA TO, YTO HUCTUHHOC HAIIPABJICHUEC PCAKIINHN IMTPOTHUBOIIOJIOKHO
BbIOpaHHOMY:

> M, =R, -AB—F-CB+F,-DB=0
ZX =0, crenosarensno, R 4 M R p, HaMJIEHBI BEPHO.
5. CtpouM 3mopy KpyTsimux MmomerTo M , (puc. 5.1,B).
6. OmpejienseM B XapaKTEpPHbIX CEUEHUAX 3HAYeHHs u3rubaromux MmomenTos M B

BepTHKaNbHOH mnockocTy u M » B TOPM30HTAJIbHOM INIOCKOCTH M CTPOMM 3II0pHI (puc. 5.1, T,

n):
MCX = RAV -AC=3,6-0,05=018xH - m :

M, =R, -AD~F,-CD=36-025-4-0,2=01H - u;
M. =R, -AC=17,66-0,05=0383«H -
M, =R, -AD-F,-CD=7,66-0,25-10-0,2=~0,085«H - u

7. BBI‘-II/ICJ'ISIGM HaI/I6OHI>HICC 3HAYCHHNC DKBUBAJICHTHOT'O MOMECHTA 110 3aIaHHBIM THUIIOTE3aM
npo4yHocTu. Tak Kak B JaHHOM MpUMepe 3HaU€HHUEe CYMMapHOT0 U3THOAIOIIEr0o MOMEHTA B
ceuenun C OoJble, 4eM B ceueHuu D,

M= M2 +M? =018 +0,383" =0,423xH - u;

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 = 0,655k -
BapuanT 0):

M,,, =|M?+M?+0,75M? =,/018% +0,383" +0,75-0,5° =+/0,366 = 0,605k - u

8. OmpenenseM Tpedyemble pa3Mephl Bajia [0 BapuaHTam a u 0.

[To BapuanTy a
6
d=:s Ma/ce]]] —3 0165510 _ 34,5]‘4.][/[ .
0] 0,1-160

ITo BapuanTy 6
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6
iMoo _ 060510 3360
01[c] 0,1-160

Ipurumaem d,,,, =34mm

0,=250mM

My’ KH‘N

My
Pucynok 5.1
Bonpocwt u 3a0anusn:
1. Yro Takoe u3rud c kpyueHuem?
2. Tloctpoenue 3MIop MpH U3rHOec KpyudeHHEM.
3. BuyTpenHue cuiioBbie PaKTOPHI .
4. OnpeneneHue N3rudaroIero MOMEHTa MPH U3rH0ec KPyYeHHEM.
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JlabopaTopHoe 3ansitue 10
Tema: LlenTp napamienbHbIX CHIIL.

[lenb: 1aTh CTYAEHTY MOHATUE O LIEHTPE NapAJUIEIbHBIX CHIL
3HaTh: YCIOBUM paBHOBECHS IIJIOCKOW U MPOCTPAHCTBEHHOM CUCTEM CHJI,
YMeTh: NPUBOIUTE CUCTEMY CHII K IIPOCTEHIIEMY BUAY;
COCTABJISITh M PEIIaTh YPABHEHUS! PABHOBECUS;
Axmyanonocms memvl OOBSCHSAETCS HAXOXKJIECHUEM LIEHTpa MNapajulelbHBIX CHJI, TEM CaMbIM
YIPOLIAETCS PaCUE€THASI CXEMA.

Teopemuueckas uacme.
Cucrema [ByX mapalUIeIbHBIX W OJUMHAKOBO HampaBieHHbIX cuil A! u A@ wumeroT
paBHOzeWcTBytomyl0 K=A!+A@, nuHus neicTBUA KOTOPOH NpoXomuT uepe3 Touky C,
onpenensieMyto cootHomieHueM (1.5):

OueBUIHO, YTO €CIM MOBEPHYTHh CHIIBI A! M A(@ HAa OJWH W TOT )€ Yroj a B OJHY M Ty e
CTOPOHY, TO Ha 3TOT € YroJl [IOBEPHETCS U UX PaBHOACUCTBYIOLIAs], IPUYEM €€ JIMHUS JEHCTBUSA

OyIer mpoxoauTh uepe3 Ty ke Todky C ,Tak KaKk B ONpEICIISIoNIee MOJIOKeHHe TOdku C
BeIpaxkeHue (1.5) Bxoast Tonbko moaynu cui Fi u Fo.
=

Y
Puc. 1.37 Onpeoenenue nonoscenusn
Uenmpa napanienbHuix cu

PaccmoTpuM Temepr cucreMy mapajUIeNIbHBIX W OJMHAKOBO HANpaBICHHBIX cui (4!,
A@,A#,...,A%), npunoxeHHbix B Toukax A1(X1,Y1,21), A2(X2,Y2,22),. . ., An(Xn,Yn,Zn) TBEpAOTO TEA
(puc.1.34). Drta cucrema cwi umeeT paBHojacicTByomyr0 K=CAS$, a ee nuHHMs aelcTBUS
npoXoAUT yepe3 TOYuKy Ch.1, TMOJIOKEHUE KOTOPOM HaiieM, OIpenenss MNOocIeqoBaTeIbHO
nonoxkeHus Touek Ci, C2....,Cn-1 C MOMOIIBIO BBIPAKEHUIN

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

Tak kak B paBeHcTBa (1.18) BXOJIAT TOJIBKO MOJIYJIM paCCMaTPUBAEMBIX CUJI, TIOJIOKEHUE TOUYKHU
Ch-1 OTHOCHUTENBHO TOUEK A1, A2, A3, . . ., An HE ©3MEHUTCS MPH JTFOOBIX OJIMHAKOBBIX
M3MEHEHUSX OPUEHTALMU CHUJI CUCTEMBI.

Onpeoenenue: mouka, uepe3 KOmopyr npoxooum JTUHUA 0eUCMEUs PAGHOOeICyouell
cucmemul RApaANIebHbIX CUI NPU JII0OBIX NOGOPOMAX IMUX CUL HA 0OUH U MOM dice Y201 8
00HY U my dce CHOPOHY, HA3bIBACMCA UECHMPOM NAPAIEIbHBIX CUIL.

Haiinem koopauHATHI 3TOTO LEHTPA B MPOU3BOJILHOM 1€KapPTOBOM CUCTEME KOOPAUHAT.
Bocrnonb3yemcst TeM, 4TO €ro MoJIOKEHUE HE 3aBUCHUT OT HAIIPaBJICHUS CHJI M HAIIPABUM BCE
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CHJIBI CUCTEMBI NapaiiesibHo ocu Z (puc.1.34). Torna no Teopeme Bapunbona

M y(F_é) :ZM y( Ifk) YuureiBas, 4To M y(ﬁ) - RXCn—l’

> M (Fy)=Fixg+FoXp+..+Fpx, x, = 2Fite

, momyuaem  °n-1 R
[IpumeHnsis TeopeMy BaprHbOHA OTHOCHTENBEHO OCH X U OTHOCHTEIBHO OCH Z (B TIOCIIEIHEM
Cilydae HaIpaBHMB BCE CHIIBI TAPAILIENBHO OCH Y) TTOJNYYaeM aHATOTHYHbIE (OPMYJIBI IS

nd—l u ZCn—l:

_ 2 FeXk _ 2 FeYk _ 2 Fiz
XCn—l o ! Ch-1 ! ZCn—l B
R R R . (119

[Tony4yennbie GOpMyIIbl UCTIONB3YEM JUISL OTIPEACTICHUS MOJIOKEHHUS IEHTPOB TSHKECTH TEl,
HaxOAIIUXCSA B ONHOPOJHOM I'PABUTALMOHHOM I10JI€ 3¢MHOTI'O TATOTEHHUS. [IeHCTBUTEIBHO,
CHUJIBI TSYKECTU OTJEIIBHBIX YaCTHUIl TeJa, pa3Mepbl KOTOPOTO Majibl 110 CPABHEHUIO C PAANYCOM
3emiH, 00pa3yroT CUCTEMY MapalIeIbHBIX CUJI, aHAJIOTHYHYIO PACCMOTPEHHOM BhIlie. HazoBem
PaBHOIEHCTBYIONIYIO CHJI TSHKECTH OTAETBHBIX YaCTHI] TEJIa BECOM 3TOTO Tea U OyaeM
o0o3HauaTh ero OykBoii 3. LleHTpoM TspxecTH OyJieM Ha3bIBaTh LEHTP MapauleIbHbIX CHII

TSAKECTH Pk OTJENLHBIX YaCcTHUI] TeJIa U 0003Ha4YaTh ero OykBor P. B HOBbIX 0003HaUEHUIX
dopmynel (1.19) nepenunnyrcs B Buze:

o 2Pk y _ 2Pk, _ 2PiZk
i p 7P p ' °F P (1.20)

JU1st OTHOPOAHBIX TeJ BEC Pk OTAEIBHBIX YaCTHI] TEJIa IPOMOPIHUOHATICH 00beMaM 3TUX YaCTHUIL

‘Pk=k, a BEC TeJla MPOMOPIUOHaAIeH 00beMy Tesia P=W ()~ Bec enuHuIIBI 00bEMa).

[ToncraBisis nannble BoipaskeHus B (1.20), mocne cokpaieHus Ha ¥, oiay4aeM Gpopmysasl s

OTIpeNieNIeHus! IICHTPA TSHKECTH 00beMa:

« _ 2V Xg 2 VY , D VZy
P="v YP——V P ET
(1.21)
ﬂﬂﬂ OI[HOpOI[HBIX TIJIOCKUX IIJIACTHUH U H3ﬂeﬂﬂﬁ n3 OI[HOpOI[HI)IX JII/IHCI‘/’IHLIX DIJIICMCHTOB
(HarpUMep M3 OXHOPOIHOM MPOBOJIOKH IIOCTOSHHOTO CEYEHUS), BBOAS BEC €IUHMUIILI TUIOIIAA 1

BCC €AWMHUIIBI JJIMHBI, aHAJTOTUYHBIX 06p2130M nojry4acm (bOpMy.]'ILI IJIg OIIPEACIICHUS LICHTPA
TSAKCCTH IJIOIIAa W HCHTpPA TAXKCCTH JIMHUM:

_ 2 SkXk y _ 2S5kYk _ 2SkZk

Xp » Yp Zp
S S S (1.22)
rae S - I101Iadb Bcel II1aCTUHBI, Sk - TJIOIIa AN €€ qacTeu.
o = 2hcX _2hye 2l
P _— =

L YPTT L e L (1.23)

rae L - qvna Beeit muauy, lk - 1uHa ee yacrei.

Bonpocwt u 3a0anusn:
1. Ompenenenue eHTpa MapaIeNbHBIX CHIL.
2. OmnpezeneHre KOOPAWHAT IEHTPA MapaJIeTbHBIX CHIL.
3. Ompenenenue NeHTpa NapasieTIbHBIX CHII C TIOMOIILI0 TeoOpeMbl BapuHboHa..
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JlaGopaTopHoe 3ansiTue 11
Tema: CiocoOsI onpeneneHus Ko3ppuimenTa TpeHus.
[lenb: naTh CTyIEHTY HOHATHS O KO3()(DUIIMEHTE TPEHHS U €T0 ONPEICICHUN.
3HaTh: KMHEMATHYECKUE XAPAKTEPUCTHKH TOUYKH, AU (epeHIraIbHbIC YPaBHEHHS JBHKCHUS
TOYKH;
o01ue TeopeMbl TMHAMUKA
YMeTb: BBIYUCIATH CKOPOCTH M YCKOPEHHS TOYEK W TOYEK Teja MPH IOCTYNaTelbHOM,
BPAIIaTEIbHOM U TNIOCKOM JBHKECHUSX
AxmyanvHocms memvl  OOBACHSACTCS oONpeaeicHueM Kod(h(UIMeHTa TPEHHs Pa3InYHbIX
MAaTepUaJioB U CILJIABOB.
Teopemuueckas yacmy:
Cuna mpenus ckonvycenus. Kak mokaspIBaeT ONbBIT, IPU CTPEMIICHUH JIBUTATh OJIHO TEJIO TI0
MOBEPXHOCTH JIPYTOTO B IJIOCKOCTH CONPUKOCHOBEHUS 3TUX TEJI BO3HUKAET CHJIa TPEHHUS,
KOTOpasi MOYKET IPUHUMATH JII00BIC 3HAYSHUS OT HYJIS 0 HEKOTOPOTO MPEIEIbHOTO 3HAYCHUS,
ompezensiemoro 3akonom Kynona F,, = fN, rae f- 6e3pazmepnsblit koadduiuenT tpenmst
ckomibkeHus, N - HopmanbHas peakiys. KosQpuIueHT TpeHns: CKOIbKEHUs OTpeaessieTcs
OTIBITHBIM ITyTE€M M 3aBHCUT OT MaTepHaa COMPHUKACAIOUINXCS T€J U COCTOSHUS UX
HOBEPXHOCTEH (XapakTep 00pabOTKH, CMa3KH, TEMITEPATYphI U T.11.). OIBITHI TOKa3bIBAIOT, YTO
CHJIa TPEHHSI CKOJIBKCHHUS B IIMPOKUX IPEJIesiaX He 3aBUCHT OT Pa3MEPOB TPYIIUXCS
noBepxHocTel Ten. Tak 1 Toro, Y00kl CABUHYTH OOBIYHBIA KUPITNY, HY>KHO TIPHIIOKHUTH
OJIMHAKOBYIO CHJTy HE3aBUCHMO OT TOTO JISKUT JIM OH IUIAIMs Wik Ha pebpe. [Ipu pemennn
3a/1a4 C Y4E€TOM CHJI TPEHHS CKOJIBKEHHSI HEOOX0IMMO YETKO pa3indaTh OOBIYHOE U TPEIeIbHOS
paBHOBecHe Tena. B mepBoM citydae BeTMUMHA CHIIBI TPEHHSI HEU3BECTHA U TOJDKHA
OTIPEJICTIATHCS M3 PELICHUS] COOTBETCTBYIOIMX ypaBHEHH paBHOBecHs. Eciu ke B 3a7a4ye peyb
UJIET O IIPEJeTbHOM PaBHOBECHH, TO CHJIa TPEHUS onperenseTcs 3akonoM Kyona:

F,,=MN (1.28)

T A
30°

7777777777

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

Pewenue: 6 dannom ciyuae meno 3a6e00M0 HAXOOUMCS 8 PABHOBECUU U CUNA MPEHUSL
onpeodenumcsi u3 ypasHeHus padHOBeCUsL:

Y Fy=Fcosa—F, =0,
"p omkyoa Fump=FC0s30°= 8,66H.

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

D F =Fcos30° —Pf =0,
Fmp=1N, N=P, F,=fP=1H,
F= fP/cos30°=1,15H.
Kax n3BeCTHO MOMHYIO peakuus MIEpOX0BATON MOBEPXHOCTH MPUHATO MPEICTABIATh CYMMOMN
JIBYX COCTaBJISIOLINX: HOpMaiabHOU peakuuu T u cuibl TpeHus Aqp (puc. 1. 38)
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7777777777007 77 7 7777777777777
Puc. 1.38. Peakyusa wiepoxosamoii nogepxnocmu
CrnenoBarenbHO, mosiHas peakius K Oyaer oTKIIOHeHa OT HOpMaJli K TOBEPXHOCTH Ha
HEKOTOPBIN yroi. [Ipyu u3MEeHeHNU! CHIIBI TPEHUS OT HYJIS JI0 €€ MpeaeIbHoro 3HaueHus, cmia K
u3MeHsiercs oT T 10 CBOEro MaKCHMMaIbHOTO 3HAYEHUS, & €€ YToJl C HOPMAJIBIO PacTeT OT HYJIs
JI0 HEKOTOPOTO MPEACILHOTO 3HAYCHUS (DH , Ha3pIBAEMOTO YIJIOM TpeHUs. V3 pucyHKa BUIHO,
uro tg ¢pn=F,, | N, Toraa ¢ yuerom Toro, 4ro F,,=fN , momaydaem tg ¢pu=f .

Ecan x Teny npuinoxuTh cuiy 3 moJ1 yrioMm a Kk HopManu (puc.1.34), To Teno caBuHeTcs
TOJIBKO TOT/a, Korjia caBuraroiiee ycuire Pcosa 6yaet 6ombiie F,p,=fN. D10 03Hauaer , uro
HUKAKOW CHIION, 00pa3yromiel ¢ HOpMaibio yroi a < (OH, TeJI0 BAOJb JAaHHOW MMOBEPXHOCTH
C/IBUHYTb HEJIb3sl.

B =

E

IIpumep 1 . Kaxoe dondicen 6blms MUHUMATbHBIU KO Puyuenm mpenus ckonvicenus f 6
Mecme KOHMAaKkma 0OHOPOOHOU K6AOPAMHOU NIACMUHbL 6ecom P ¢ sepmuxanbHoll cmeHKotl,
ecu nIacmuna 8 3a0aHHOM NOJIONHCEHUU HaxX00umces 6 pagrnosecuu. Becom cmepoicna BF
npereobpeub.

Pewenue. Tax kak nunus oeticmeus nonnou peaxyuu K eepmuxanvrotl cmenku npu pasnogecuu
naacmunsl 00IAHCHA Npoumu yepes mouxy B (Ha ocnosanuu meopemst o mpex cunax), mo Fpp=N
WU, NOCKOILKY peub 6 ycaosue 3a0ayu udem o npedenvrhom pasnosecuu, Fnp= TN, fN = N, f =1.
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Tom once Pe3Yibmant MOMNCHO NOYYUmMbd U U3 YPAGHERUA PABHOBECUA NIIACIMUHRbL.!

> My (F)=N-BC-F, -4C=0,F, =N, fN=N, f=1.

Bonpocwt u 3a0anua:
1. Yro Ha3wIBalOT TpeHUEM?
2. YTo Ha3BIBAIOT TPCHUEM CKOJIBKEHUS?
3. UTto Takoe TpeHue KaueHus?
4. Onpenenenne kodhduimenTa TpeHusl.
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JlaGopaTopHoe 3ansitue 12
Tema: ConpoTUBIICHHE NPU KAYCHHUH.
[lenb: 1aTh CTYACHTY 3HAaHUS B 00J1aCTH CONPOTUBIIEHUS IPU KAUYEHUH.
3HaTh: KMHEMAaTHUYECKUE XapaKTEPUCTHKH TOYKH, AU(QepeHunanbHble ypaBHEHUs JIBUKEHUS
TOYKH; OOIINE TEOPEMbl JMHAMHUKH.
VYMeTh: BBIYMCIATE CKOPOCTM M YCKOPEHHMS TOYEK M TOYEK Tela IpH IOCTYNATEIBHOM,
BpalllaTeIbHOM U IIOCKOM JIBUKEHUSIX
AxmyanvHocms — memvl  OOBSCHAETCS  ONPEAEICHUEM  CONPOTHBIECHUS IPH  KauyeHUH
BO3HHUKAIOIIUX ITPH B3aUMOJICHCTBUHU Ae(OpMaIuK TEl.
Teopemuueckas yacmo.
Tpenue kauenue. Tpenuem KaueHus HA3bI6AIOM CONPOMUGIIEHUE, 603HUKAIOUEEe NPU
Kayenuu 00H020 mena no n06epxXHocmu 0pyzo2o.
[IpyynHBI BO3HMKHOBEHHSI 3TOTO CONPOTUBJICHUS HEBO3MOXKHO OOBACHUTH 0€3 yuera
negopmanui  Ten, BO3HUKAOIMX @PU UX B3auMoAeHcTBUM. PaccMoTpuMm  Kpyrislid
LHWIMHJPUYECKUH KaToK paauycoM R Becom 3, nexaledl Ha rOpU30HTAIbHOM IIEPOXOBATON
IUIOCKOCTH, KOTOpast MOJ TSXKECThIO KaTKa clierka AeopMupoBanack, Tak 4TO KacaHUE KaTKa C
MOBEPXHOCThIO TENEpPh IPOUCXOAUT HE B OJHOM TOYKE, a IO HEKOTOpOoW Iomanke AB
(puc.1.39). Tlox neiicTBHeM CHiIbl Y, TIPUIOKEHHOH K IEHTPy KaTka, NaBleHHe y Kpas A
yObIBaeT U Bo3pactaer y kpag B. B pesynbrare HopManbHas peakuus T

vy M

LA

Puc.1.39 Momenm conpomuenenus npu kaueHuu
SBJISIONIASACS PaBHOJCHWCTBYIOIIEH paclpelesieHHbIX Ha Iulomaake AB cui, cMmeniaercs B
cTopony jeiicteus cunbl WM. C yBenmuenneM Q 0 HEKOTOPOTO HPENENBHOTO 3HAUYEHHs Q,y TO
CMEIIEHHE PAcCTeT 10 HEKOTOpOil mpeaenbHOH BenmuuuHb! fk. B 3TOT MOMEHT Ha kaTtok OymyT
NeficTBOBAThL [BE ypaBHOBemMBaiomme apyr apyra mapel cun (Mup, Aq) u (T, 3) ¢
MomeHTaMu My, = QR 1 Mb= Nf$ coorBercTBenno. [Toka Q<Q,, KaTok OyaeT HaXOAWUTHCS B
nokoe, ipu Q>Q,,, HauHeTcst kKauenue. Bxomsmas B popmyny M. =Nfx (1.29)
nuHeitHas BenmunHa fy HazpiBaeTcs ko3 duirenToM TpeHus kadeHus. s 6onpIMHCTBa
MaTepHaJoB, BXOISIIEE B BEIpAKEHUE JUTSI TTPEIEIbHOTO 3HaYeHns Q:
Qup=(f/R)N (1.30)
otHourenue fi/R3nauntenbHo MeHble K03 GuireHTa TpeHns ckonbxenus f u3 popmysr (1.28).
OTUM 00BSACHSETCA TO, UTO B TEXHUKE, BE3/I€ TJI€ 3TO BO3MOXHO, CTPEMSATCS 3aMEHUTh
CKOJIbYKCHUE KaUeHUEM.
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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. Kosgppuyuenm mpenus kavenus fx = 0,01u, kospuyuenm mpenus
ckonvorcenuss T=0,1.

Pewenue. [[na moeo umobwi Kamok 08ueaics pagnomepho enpaso, cuna F dondxcna dvimo
PABHA MAKCUMATILHOMY 3HAYEHUIO CUTIbL MPEHUSL CKOJIbIHCEHUSL:

F = Fup= fN =100 H. Kamok ne 6yoem spawamuocs, eciu momenm, co30a8aemvlil napotl Cu.l
(A, Amp) He ByOem npesviuames MAKCUMATLHOZO 3HAYEHUSL MOMEHMA CONPOMUBTIEHUS

M= fN=KG =10 Hm, m.e. maxcumanvroe 3nauenue h = Mc/F =0, 1m .

Bonpocwt u 3a0anusn:

1. Yrto Ha3bIBAIOT KauyeHUEM?

2. Tlpu4nHbBI BOBHUKHOBEHUS KaueHUs?

3. HO‘-IGMy B TCXHHUKE, BE3/IC I'/IC OTO BO3SMOXKHO, CTPEMATCA 3aMCHUTL CKOJIBKCHUC KaueHueM?
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JlabopaTopHoe 3ansiTue 13
Tema: Snpo ceyeHus MpU BHEICHTPEHHOM CXKATHH.
L{enb: HAYIUTHCS OTMPEACIIATH PO CCUCHUS IPU BHEIIEHTPEHHOM C)KATHH.
3HaTh: KMHEMAaTHYCCKUE XapaKTCPUCTHUKU TOYKH, MU(G(EpPCHIMATbHBIC ypaBHEHUS JIBHIKCHUS
TOYKH; O0IIHE TEOPEMbI JHHAMHUKHI
YMeTh: BBIYUCIIATH CKOPOCTH M YCKOPEHHS TOYEK M TOYEK Tejla IPH IOCTYNATCIIBHOM,
BpAIlaTEIbHOM U TUIOCKOM JIBHYKEHUSIX
Axmyanonocms memovl 3aKIIOYACTCS B NPUMEHCHUM 3HAHUM B O0JIACTH KHHEMATHKU Ha
MIPAKTHKE.
Teopemuueckas uacme.

[Tpu KOHCTPYHMPOBAHUU CTEPIKHEN M3 MATEPUAIIOB, TUIOXO COMPOTUBIISIOMIUXCS PACTSHKCHUTO
(6eton), BechMa KeNMaTesbHO JOOUTHCS TOTO, YTOOBI BCE CEUCHHE pabO0TaJIO JIMIIL Ha CKATHE.
DTOT0 MOXHO JJOCTUTHYTh, HE JJaBasi TOUKE MPHUIIOKEHUS CHIIBI P CITUIIIKOM JJaIeKO OTXOAUTH OT
[EHTPA TSHKECTH CEUCHHUS, OTPAHMYNBAs BEJTUYUHY SKCIICHTPHUCUTETA.

KoHcTpyKkTOpYy XenarenbHo 3apaHee 3HaTh, KAKOH SKCIICHTPUCUTET IIPH BHIOPAHHOM THIIC
CCUCHHSI MOXKHO JIONTYCTUTh, HE PUCKYS BBI3BaTh B CEUCHUSAX CTEPIKHSI HANIPSHKCHUN Pa3HBIX
3HAKOB. 3/1€Ch BBOJUTCS MOHSATHE O TaK HA3BIBAEMOM SIJIPE CEUCHHSI. DTHM TEPMHUHOM
0003HauaeTCss HEKOTOpasi 00JIACTh BOKPYT LIEHTPA TSHIKECTU CEUCHHSI, BHYTPH KOTOPOH MOXKHO
pacrojiarath TOYKY MPUIIOKEHUS CHIIbI P, He BBI3bIBas B CEUCHUH HAIPSHKCHUN Pa3HOTO 3HAKA.

[Toka Touka A pacrionaraercsi BHyTpH sijipa, HEHTpalbHask OCh HE MEPECEKaeT KOHTYpPa
CCYCHUS, BCE OHO JICXKUT I10 OJTHY CTOPOHY OT HEHTPATLHOW OCH H, CTAJIO OBITh, pabOTACT JIHIIb
Ha cxarue. [Ipu ynaneHun TOYKM A OT IIEHTpa TSHKECTH CEUCHHS HeHTpalibHas OCh OyJeT
NpHUOJIIKATECSA K KOHTYPY; TPaHUIIA SApa ONMPEACITUTCS TEM, YTO TIPU PACTIONIOKCHUH TOYKH A
Ha TOW TPaHMIIC HEUTPAJIbHAS OCh MOJIOW/IET BIUIOTHYIO K CCUCHHIO, KOCHETCS €ro.

Puc.1. KomOuHaum noioxeHus CAKMMAIOLIEH CHUIIbI U HEUTpalbHOU JIMHUM

Taxum oOpa3oM, eciau Mbl OyzZieM nepeMeInaTh TouKy A Tak, 4ToObl HeHTpaibHas OCh KaTHJIACh
110 KOHTYPY CEUYEHHUsI, HE IIepeceKast ero, To Touka A 000HAeT 1o rpaHuiie sapa ceuenus. Ecnu
KOHTYp CEUEHHs UMEET «BIaJUHBI», TO HEUTpalibHast OCh OyJeT KaTUThCS 10 orudaroei
KOHTYpa.

YroObl MOTyYUTh OUEpTaHUE Apa, HEOOXOIUMO J1aTh HEUTPAIbHOM OCH HECKOIBKO

o o cd
IMMOJIOKCHHNHU, KACATCIIbHBIX K KOHTYPY CCUCHUS, OIIPCACIINTD JJII 3TUX IMOJIOKCHUN OTPE3KU ‘u

“2 1 BEIYUCIINTD KOOpAUHATLI Yry £7 TOUKH MMPUITOKCHUS CUJIBI I1O (I)OpMYJ'IaM, BBITCKAOIIUM U3

W3BECTHBIX 3aBUCHMOCTEH:

.2 .2
I I

%
Il
e

]
3

3TO U OYAYT KOOPJAMHATHI TOYEK KOHTYypa sJpa »<u “7 .
[Tpu mHOTOYTONMBHOMU (hOopMe KOHTYpa ceueHus (Puc.2), copmerias mociae10BaTeIbHO

. . @
HEUTpabHYIO OCh C KQKJI0W U3 CTOPOH MHOTOYTOJIbHUKA, MBI 110 OTpe3kaM * U #=z onpeienum
KOOpAUHATHI +'# 1 “£ TOUEK I'PAHULIBI A]Ipa, COOTBETCTBYIOIIUX 3TUM CTOPOHAM.
ITpu nepexoze oT 0JTHON CTOPOHBI KOHTYpa CeYeHHUs K APyroi HeWTpaabHast och OyJeT
BpaIllaThCsl BOKPYT BEPUINHBI, PAa3AEISIONUIEH 3TH CTOPOHBI; TOUKA MPUIOKEHUS CUITBI OyIeT
IepeMEeNIaThCs 110 TPAHUIIE S/Ipa MEXAY IOJyUYEHHBIMU YK€ TOUKaMHU. Y CTAHOBUM, KaK JOJDKHA
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nepeMeniaThes cuia P, yToObl HeHTpalbHas OCh MTPOXO/IUIIA BCE BPEMsI Uepe3 OJHY U Ty Ke
touky B (#&,%2) — Bpamianachk Obl 0K0J10 Hee. [10CTaBsIst KOOPIUHATHI TON TOUKH
HEUTpaIbHOW OCH B M3BECTHOE YPAaBHEHHE HEUTPATLHOW OCH (JIMHHM), TOTYIHM:

z
1+ y‘”—fﬂ + % =0

Iz IJ-'

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

Taxum 00pa3oM KOOpIUHATHI +# U “# TOYKU A npuiioxenus cuisl P cBsa3ansl nmuHelHo. [Ipu
BpaIICHUU HEUTPAIBHON OCH OKOJIO TIOCTOSIHHOM TOYKH B TOouka A MpUII0KEHUs CUIIBI IBHKETCS
1o npsmoil. O6paTHo, epemMeltieHue cuibl P 1o npsiMoii cBsi3aHO ¢ BpallleHueM HEeHTpalbHOM
OCH OKOJIO IIOCTOSIHHOM TOYKH.

Ha Puc.3 nzo6paxeHsl Tpu MOJI0KEHUSA TOUKH TPUIIOKEHHSI CHIIbI HA 3TOH NMpsMOi U
COOTBETCTBEHHO TPH ITOJIOKEHUS HEUTpaIbHOU ocH. Takum 00pa3oM, Mpu MHOTOYTOJIBHOM
(dbopMe KOHTYypa ceueHHs OuepTaHue ]Ipa MEKIY TOUKAMH, COOTBETCTBYIOIIUMH CTOPOHAM

MHOTOYT'OJIbHUKA, OY/I€T COCTOSITh U3 OTPE3KOB MPSIMBIX JIMHUI.
2

Puc.3. /luHamMuka nocTpoeHus sApa CEUeHUs

Ecnn koHTYyp cedeHus LENMKOM WIM YaCTUYHO OTPAHUYEH KPUBBIMU JIMHUSAMU, TO IIOCTPOCHUE
TPAHMIBI JIpa MOKHO BECTH 110 TOYKaM. PaccMOTpUM HECKOJIBKO MPOCTBIX IPUMEPOB
IIOCTPOEHUS s/Ipa CCUCHHUS.

[Ipu BBINOJIHEHUH 3TOTO NOCTPOEHUS IS IPSAMOYTOJIBHOTO IONIEPEYHOIO CEYEHUS
BOCIIOJIb3YEMCS MTOTyYEeHHBIMH (DOpMyTIaMH.

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

&= o .
3HAYCHHE U mpu KoTOpOM HelTpanbHas ock 3akimer nonoxenue HiO1. Mmeem:
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Taxum oOpa3zoM, rpanulisl sapa no ocu Oy OyayT OTCTOSITH OT LIEHTpa ceyeHus Ha 1/6

]
Bemmunnbl b (Puc.4, Touku 1 u 3); no ocu OZ TPaHUIE! AAPa ONPENENATCA PACCTOSHUAME
(Touku 2 u 4).

JI71s IOTydeHns OuepTaHus Apa LETMKOM H300pasiM MON0KEH S HeHTpanbHoil ocu “Z1%h u

#30 | COOTBETCTBYIONINE IPAHUYHBIM TOuKaM | u 2.
[Tpu nepemenieHun CUIIbI U3 TOUYKU 1 B TOUKY 2 IO TPAHHULIE Apa HEUTpaIbHAas OCh JOJKHA

nepeiTy U3 nonoxkeHus ‘211 B monoxenne £2“2 | Bce Bpems Kacasch CeYSHH , T. €.
[IOBOpAYMBasiCh BOKPYT Touku D.

lﬁt.r 1,‘;:'?
Crr b
Ae o
1. .-
& i &

i

o § g

Puc.4. nocrpoenue aapa A NpSAMOYTOJIbHOTO CEUEHHUSL.

Jly1st aTOTO CMa IOJHKHA IBUTAThCs 1O TpsiMoit 1 — 2. TouHo Tak ke MOYKHO JI0Ka3aTh, YTO
OCTaJIbHBIMU T'paHHLIaMU siipa OyayT nunun 2—3, 3—4 n 4—1.

Taxum oOpa3om, AJi IPSIMOYTOJIBHOTO CeUeHus AApo OyaeT poMOOM ¢ AMaroHasAMH,
paBHBIMU OJIHOM TPETH COOTBETCTBYIOLIEH CTOPOHBI ceueHus. [loaToMy npsmMoyronbHoe
CEYeHHeE IIPU PaCIIOIOKEHUH CUJIBI IO TJIaBHON ocH pabOTaeT Ha HaNpsHKEHUs OJHOrO 3HaKa,
€CJIM TOUKA MTPHJIOKEHUSI CUJIBI HE BBIXOJUT 32 IPEEIIbl CPEAHEN TPETH CTOPOHBI CEUEHUS.

L §
2

g ¥
|

£ 20
T ﬂéﬁﬂﬂT

Puc.S. /IlnHamyka n3MEHEHUs HAIIPSHKEHUN IPU U3MEHEHNUH SKCLIEHTPHUCHTETA.

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

O) 0MHAKOBO U paBHO ¥ 1 uTO cHiia P He MMeeT SKCIIEHTPUCHTETA IO BTOPOil IIIABHO# OCH.
h
Jlyig kpyrioro cedeHus paauyca I ouepTanue saapa 0yaeT o CMMMETPUN KPYroM pajanyca .

BosbMeM kakoe-1100 nosiokeHrue HEUTpallbHOM 0CcH, KacaTelibHOe K KOHTYpY. Ocb Oy
PacMoIokKUM MepHeHANKYISIPHO K 3TON KacaTenbHO. Torna

AXEE SN

Puc.6. Snpo ceuenus 1uist IByTaBpa — a) U miBesiepa — 0)

Taxum oOpa3oM, s11po IpeAcTaBiIsIeT COO0M KPYT ¢ paAnycoM, BUETBEPO MEHBIINM, YEM painyc
CeUeHMUsL.

Jlns iByTaBpa HEUTpasabHAas OCh IPU 00X0/1€ KOHTYpa He OyeT nepecekaTh MJI0La 1
MIOTIEPEYHOT0 CEYCHHUs, ecli OyIeT KacaThCsl mpsMoyroiasHoro kourypa ABCD, onucannoro
okoJo aAByTaBpa (Puc.6a). CnenoBarenbHO, OUepTaHue sjipa i AByTaBpa UMeeT popmy pomoa,
KaK U JUIs IPSIMOYTOJIbHUKA, HO C IPYTUMH pa3MepamH.

Jns mBeniepa, Kak v Juid AByTaBpa, ToukH 1, 2, 3, 4 koHTypa sapa (Puc.6 6) cooTBeTCTBYIOT
COBIAJICHUIO HEMUTPAILHON OCH CO CTOpOHaMU TipsimoyronsHuka ABCD.

Bonpocwvt u 3a0anusn:
1. Yro Takoe sapo ceueHus?
2. Kaxkwue ObIBatOT IIOPHI paclpeieleH sl HOPMaIbHBIX HAIPSKEHUH.
3. 3amummre QopMyny oOmnpeAeNeHHs TIOJHOTO YCKOPEHHS TOYKH, JBIIKYIIEHCS
BpallaTesbHoO.
4. JlaiiTe omnpejeieHre MTHOBEHHOTO IIEHTPa YCKOPEHHSI.
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JlabopaTopHoe 3ansiTue 14
Tema: PacueT Gayiku Ha yIpyromMm OCHOBaHHH.
[{enb: HAYIUTHCS PACUUTHIBATH OAJIKM HA YIIPYTOM OCHOBAHHH
3HaTh: OCHOBHBIC MOAXOJbl K (hOpMaNM3aluyd ¥ MOJCIHPOBAHUIO JBWKCHUS M PaBHOBECHS
MaTepUaTbHBIX TET;
MIOCTAaHOBKY M METOJIbl PEIICHUS 33/1a4 O JIBMKCHUU U PABHOBECUU MEXaHUYECKHUX CHCTEM,
KMHEMAaTUIECKUE XapaKTePUCTUKU TOUKH, T PepeHInanbHbIe YPABHEHUS IBIKEHUS TOUKH;
o0II1e TEOPEeMbI JUHAMUKH; TEOPHIO yapa.
YMeTh: BBIUUCIATH CKOPOCTH M YCKOPEHHUS TOYEK M TOYEK Tela MPU TOCTYMaTeIbHOM,
BpaIaTeIbHOM H IUIOCKOM JBMIKEHHSIX
Axmyanvnocms memvl OOBSICHICTCS ONPEICIICHUEM CKOPOCTH U YCKOPEHUSI TOUKH TI0 331aHHBIM
YPaBHEHHSIM €€ JIBUKCHUSI.

Teopemuueckas yacmy:

K uucny cmamuuecku neonpedenumvlx 6anox moodicem Ovlmb omHeceHa OAIKA HA YNPY2OM
ocnosanuu. Tak Hazwieaemcs banka, onuparowascs no eceii ceoeti oaune (Puc.l) na ynpyeoe
OCHOBaHUe, OKa3vleaouee 6 KadxicOOU MOouYKe HA OANIKy pPeaxkyuio, NPONOPYUOHAILHYIO ) —
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 6anku Ha ynpy2om OCHOBAHUMU.

IIpeonoscenue esecmu 6 pacuem KodI(GuyueHm nponopYUOHATbHOCMU K, UMEHYeMblll
«Kodppuyuenmom nocmenuy, OviIO 6nepgvie coeirano pycckum arkademuxkom Huxonaem
Hsanosuuem @yccom 6 1801 200y. Illpunumas >mo npeononoxceHue, HOAYUAEM, YMO
UHMEHCUBHOCIb PeaKyull OCHOBAHUS 8 KaxcOol mouke cuia paena Ky u usmepsiemes 6 eounuyax
cunvl u ONUHbL, pasmepHocms Kodpguyuenma K npu smom 6ydem cuna u keaopam OnUHbL.
byoem cuumams, umo ocrosanue okasvieaem 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 PA3TUUHBIX
COOpydHceHUll, nepedaroujue HazpysKy Ha SPyHM.

Cmamuuecku Heonpederumou maxkas oaika 6yoem nomomy, 4mo yciogue Cmamuku— Cymmda
HAepy30K paBHA 6Cell peakyuu OCHOBAHUSI — He Odem 603MONCHOCMU YCMAHOBUNMb
pacnpeoenerue 3ol peakyuu no ONuHe OAIKU, a 3HAYUM, BbIYUCTUMb U32UOAIOUUEe MOMEHMbI U
nonepeunvie CUibl.

Humencusnocmv peakyuu 6 Kaxcooti mouke ceéazana ¢ npoeubamu oanku. I[losmomy 0s

pewenus 3a0auu HeobXOOUMO HAmu CHAYald ypasHeHue usocnymoii ocu ¥ =75 (x), a yoice
3amem popmynvl 05 BLIYUCTIEHUS U32UOAIOUIec0 MOMEHMA U NONepeyHoll cuivl. X00 peueHus
oKa3zvleaemcs 00PamHuIM 0OLIYHOMY.

Haiioem ypasnenue uzoenymoii ocu 0st 6aiKu NOCMOSHHO20 Ce4eHUsl, Jencawelt Ha Ynpyeom
ocHoBanuu U HaZpydIcenHoli cocpedomouennvimu cunamu ‘1<% . (Puc.l). Hauano xoopdunam
803bMeM 6 NI0OOU MOYKe, 0Cb X HANPAGUM 6Npaso, 0Cb )y 6epmMuKaIbHo 6sepx. Hanpasnenue
Hazpy30K 6sepx OyOdem cuumams norodxcumenvHvim. Hanuwem obviunoe ouppepenyuanvroe

VypasHenue us2udoa

iij
Ejﬁ = M(x)
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Tax xax M(x) Ham Heuzgecmewn, mo NOCMAPAEMCA C643amMb NPO2UObI HENOCPEOCMBEHHO C
Hazpy3Koul, 0l 3mo2o oughghepenyupyem 08axcobl npedvioyujee YpasHeHue:

4
BT j’TT = q[x) Q)

20e Q(X)—unmencusHocms CnIOWHOU HaA2Py3KU, Oeticmeyiowell Ha baIKy 6 ceueHuu ¢ abCyuccoul
X.

Cnnowrotl Hacpy3kou Ons Hawiel Oanku A6AAemcs TUb peakyusi ynpyeo2co OCHOBAHUSL.
Humencusnocms eii nponopyuoHaibHa npo2udam, 3ma Hacpy3Ka HAnpaenieHda 66epx, m. e.
NONOJCUMENbHA, K020a Npocubbl uOym 6HuU3, m. e. ompuyameivbHvi, U Haobopom. Takum
06pazom, sma Hazpy3Ka umeem 3HaK, 0OPaAmMHbull 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 dondchbl 6bimb onpedesieHvl 8 Kaxcoom 4acmHoM Ciydae Hazpy3Ku U
Onunwl 6anku. Benuuuna * umeem usmepeHue oopammuoe onuHe.

Pacuem deckoneuno OJIUHHOU OAIKU HA YRPY2OM OCHOBAHUU, 3A2PYHCEHHOU 00HOU cunou P.
Haubonee npocmo pewaemcs 3adaua 06 useube 6€CKOHEYHO ONUHHOU OANKU, HACPYHCEHHOU
00Holl  cocpedomouentou cunou (Puc.2). Ilomumo HenocpedcmeeHHo20 NpaKmuiecko2o

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

¥
1P

5 ¥ fit
Y A ¥ F A A L

Puc.2. Pacuemnas cxema 6aiku 6ecKOHEeuHOU OJIUHbBL.

Hauano xoopounam pacnonosicum 8 mouxe npunodxcenus cuivt P. Onpedenum nocmosiHHbie A,
B, C u D. Tak xax 6csa peakyusi ocnoganusi, pasnas cuie P oondxcna 6vims KOHeYHOU 8eUYUHOL,

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

u}?ﬁ'—}m = [:I (5)
Ilpu b6eckoneuno 6ONbUUX 3HAUEHUAX X 084 BMOPBIX CllA2aemMblX 8 npaegoll yacmu gopmyasl (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)
Jlanee, no cummempuu Hacpy3Ku U peaxKyuu OCHOBAHUS, KACAMENbHAS K U302HYMOU OCU 8
MOUKe NPUTLONCEHUS CUTLL OOINHCHA UOMU NAPAJLIENILHO OCU AOCYUCC:

(ff_f] ~0
':fx x =l

Huggepenyupys (6), nonyyaem:
dy

Yo =— & [sin &(C+D)+cos &(D- )]

Iodcmasnss 6 smo evipadcenue * = Yy npupasnusas pesynomam nynio, naxooum:
D—C=0uC=D;
Maxkum oopazom, ypasHenusi 0yoym:

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 CUTIbL 8 HAYALe KOOPOUHAM.

Paspezas banxy ceuenuem 6 mouxe O cnpasa om cunvl P u paccmampuseas npasyro uacmo
oanku, 6UOUM, UYMO NONEPeuHdas Ccuma 6 OJMOM CeYeHUU pPABHA pPeaKyuu OCHOBAHUSL,
Oeticmeyrowell Ha npagyio NOJOBUHY OAIKU CO 3HAKOM MUHYC, MAK KAK peakyus HaAnpaeieHa
86epx (0151 NPasoll NOI0BUHBL) U BCsL peakyusi OCHO8AHUsL paena P, 3nauum, nonepeynas cuna 6
cevenuu 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
d’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 8UO
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:

Kakumu ypaBHEHUSIMU 33/1a€TCsl TNIOCKOIAPAJUIEIBbHOE JIBUKEHHUE?
ChopmynupyiiTe TeopeMy 0 IPOESKIUIX CKOPOCTEH ABYX TOYCK TIOCKOH (PHUTYPHI.
Kakwue cymiecTByoT criocoObl 3a1aHUsI IBUKEHHS TOUKHU?

HazBatp ciyuau, Koraa KOpUoIMCOBO YCKOPEHHE TOYKHU PABHO HYIIIO.
AOGCOTIOTHOE, OTHOCUTENIBHOE, IEPEHOCHOE IBUKEHUE TOUKH.

agrwdE
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JlaGopaTopHoe 3anaTHE 15

Tema: Pacuer 3akienok Ha nepepes3blBaHue.

[{enb: HAy4YUTh CTYJEHTA PACCUUTHIBATh 3aKJIEIIKU Ha IIE€pEPE3bIBAHNE.

3HaTh: OCHOBHBIE MOAXOJbl K (hopManu3alvu ¥ MOAETMPOBAHUIO JBMXKEHUS M PaBHOBECUS
MaTepuaibHbIX TET;

IIOCTAaHOBKY M METOJIbI PELICHMSI 3a/1a4 O ABM)KCHUH U PABHOBECUU MEXAHUYECKUX CUCTEM;
KHHEMATUYECKHE XapaKTePUCTUKH TOUYKH, TU(PepeHIaTbHbIC YPaBHEHUS IBUKCHUS TOUKH;
o0111e TeopeMbl JUHAMUKH; TEOPHIO yapa.

YMeTh: BBIUUCIATH CKOPOCTH M YCKOPEHMS TOYEK M TOYEK Tejaa IpU IOCTYNaTeIbHOM,
BpAILaTEIbHOM U TUIOCKOM JIBHKEHUSX
Axmyanonocms membl OOBSACHSAETCS ONPENECIIEHUEM CKOPOCTU M YCKOPEHHUS TOYEK 3BEHBEB
MexaHu3ma ¢ rmomoimso MIIC

Teopemuueckas yacme.

Mpel n3y4anu, 4TO NPU MPOCTOM PACTSHKCHUM WM IIPOCTOM C)KAaTUU JIBE YAaCTU CTEPXKHS,
pa3JieNieHHbIE HAKJIIOHHBIM CEYEHUEM, CTPEMSTCS HE TOJIBKO OTOPBAThCS JAPYr OT Apyra, HO U
CABUHYTBCS OJIHA OTHOCUTENBHO APYroi. PacTsyKeHUIO CONMPOTUBIIAIOTCS HOPMAJIBHBIE, & CABUTY
— KacaTeJabHbIe HAIPSKEHUS.

Ha npaxTuke nensiii psj netaineil 1 3J1eMeHTOB KOHCTPYKLUI paboTaeT B TAKUX YCIOBUSAX, YTO
BHEIIHHUE CUJIbI CTPEMATCS UX Pa3pyILIUTh UMEHHO ITyTEM CJIBUTa.

B cooTrBercTBUM € 3TMM IpH INPOBEPKE IPOYHOCTH TAaKMX 3JIEMEHTOB Ha IIEPBBbIM IUIaH
BBICTYNAIOT KacaTelibHble HamnpspbkeHus. Ilpocrefimmumu  npumepamMu MOAOOHBIX —JeTanel
SBJISIIOTCSL OOJITOBBIE M 3aKJIEMOYHbIE COEAMHEHMs. 3akjieNKd BO MHOTHX CIydasx YyKe
BBITECHEHBI CBAapKOH; OJHAKO OHM MMEIOT €lle OYeHb OOJIbIIOE MPUMEHEHHE JUIsl COSAMHEHUS
4acTeil BCSKOro pojia METANIMYECKUX KOHCTPYKLMH: cTponwi, ¢pepM MOCTOB, KPaHOB, JUIS
COEIMHEHUS JIMCTOB B KOTJaX, Cylax, pe3epByapax u T. I. s oOpa3zoBaHMs 3aKJIEIIOYHOTO
COEMHEHUs B O0OMX JMCTaX MPOCBEPIMBAIOT WIM MPOAABIMBAIOT OTBEpCTHS. B HUX
3aKJ1a/IbIBA€TCS HarpeThIi 1O KPaCHOTO KAJIEHUS CTEPKEHB' 3aKJIENKU C OJHON I'OJIOBKOM; Ipyroi
KOHEI| 3aKJICIIKH paCKJIENbIBAETCS yJapaMH CIIEHHAJIbHOTO MOJIOTKA WM  JIaBJICHUEM
TUIPABIMYECKOro rnpecca (KIemaabHOM MalIMHbI) A1 00pa3oBaHUs BTOPOW TOJIOBKH. Menkue
3aKJIENIKU (MaJoro AuaMeTpa — MEHBIIE 8§ MM) CTaBSTCS B XOJIOJHOM COCTOSTHUM (aBHAllMOHHbIE
KOHCTPYKLIUN).

Jns  u3ydeHuss paOOThl 3aKJIEMOK PAacCMOTPUM MPOCTEHIIMHA TNpUMEp 3aKJIEHOYHOIo
coenuaenust (Puc.1). [llecth 3akienok, pacmojiOKEHHBIX B JBa psla, COSAMHSIOT JBa JIUCTA
BHaxJiecTKy. ITon nelictBueM cuit P 9TH IMCTBI cTpeMSTCS CABUHYTHCSA OIUH IO APYrOMY, YeMY

MPCIATCTBYIOT 3aKJICIIKHU, HA KOTOPBIC U 6y,[[eT nepeaaBaTbCs JIEHCTBHUE CHUII P )

Puc.1. PacueTHas cxemMa 3aKJIEIIOYHOTO COSTMHEHHUS

JUis  mpoBepKHM TPOYHOCTH 3aKJENOK MPUMEHUM OOHIMI MOpSNOK pelieHust 3aaady
COIPOTHUBIICHUS MATEPUAJIOB.

Ha kaxnyro 3akiienky nepenarorcs o JIB€ paBHbIE U MPSAMO MPOTHUBOIOJIOKHBIE CUJIBIL: OJJTHA—
OT IIEPBOTO JUCTA, Apyrasg — OT BTOpOoro. ONBITHEIE UCCIIEI0BAaHUS MOKA3bIBAIOT, YTO OJHU U3
3aKJIETIOK psiia HarpyxkaroTcs Oomblie, qpyrue — MeHblle. OJHAKO K MOMEHTY pa3pyLIeHUs
YCUJIHS, TIepealonIrecss Ha pa3fIMuHble 3aKJIENKH, Oojiee WM MEHee BBIPABHUBAIOTCS 3a CUET
wiactuyeckux aedopmanuii. [loaToMy MNpPUHATO CUMTaTh, YTO BCE 3aKIENKH paboTaroT
onuHakoBo. TakuM oOpa3om, MpH ~3aKjenKax B COEAMHEHUH, W300pakeHHOM Ha ¢ur. 1, Ha
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KOKIYI0 U3 HUX JCUCTBYIOT IIO JBE PABHBIE U IIPOTUBOIIOJIOKHBIE CHUJIBI % (Puc.2); stu
CWJIBl NEepeAaloTCs Ha 3aKJeNKy IIyTeM Ha)kKMMa COOTBETCTBYIOUIETO JHMCTa Ha OOKOBYIO

5

MOJYHUINHAPHUYCCKYIO IMOBEPXHOCTb CTCPIKHA. Cuiel 1CTpEMATCA IEPEPE3aTh 3AKIICIIKY II0

mockoctr MK pasaciia 000HX JIUCTOB.

Puc.2. Cunbl, 1efiCTBYIONIME HA 3aKJIETIOYHOE COCTUHEHHE.

JInsi BBIUMCIICHUs HANPsDKEHWM, NEUCTBYIOIIMX I0 3TOM IUIOCKOCTH, Pa3JeIuM MBICICHHO
3aKJICTIOUHbI CTepikeHb cedeHueM MK u oTOpocuM HIbKHIOW 4acTh (Puc.2). BuyrpenHue
yCUJus, Nepelarouiecss MO STOMY CEUEHUI0 OT HW)KHEW 4YacTM Ha BEpXHIO, OyayT

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

CyMMe JaayT PaBHOACHCTBYIOUIYIO, PABHYIO £ . CnenoBarenbHo, HaINpsHKEHUs, BO3HUKAIOIIKE B
3TOM CEYEHUM U JIEUCTBYIOIIME KacaTelIbHO K IUIOCKOCTHM CEYEHUs, 3TO — KacaTeJbHbIe
HarnpsokeHuss t. OOBIYHO TNMPUHUMAIOT PABHOMEPHOE PpACIpEACIICHHE STUX HANpPSHKEHWH 110
ceuenuto. Toraa npu quaMeTpe 3akienkd d Ha eAUHUILY TUIOMIAAN CEYEHUS OyIeT MPUXOAUTHCS
HaIpsHKEHUE:

AR F

e
—_— 'Jg_
4 4

BenuunHa fomyckaeMoro KacareabHOrO HalpsDKEHUS [z] , WM, KaK TOBOPAT, JAOMYCKaeMOIo
HaNpPsDKEHUS Ha Cpe3, MPUHATO ONPENENATh B BHUJE! [z]=(07-038)o]
YCIIOBUE MIPOYHOCTH 3aKJIETIKU Ha II€PEPE3bIBAHUE B TAKOM BHJIE:

F F
_——= 5
T 7 ) % [T]:

4

T. €. HCﬁCTBHTGHBHOC KacCcaTCJIbHOC HAIPsIHKCHUC TB MATCPHAJIC 3aKJICTIKU JOJI?KHO OBITh paBHO

3Has =], , MBI HaIIAILIEM

JIOITYCKAEMOMY [=L. vnn menbe ero.
M3 3TOro ycioBUs MOXKHO OIPENeIHTh HEOOXOAUMBIM JUaMeTp 3aKJIENOK, €ClIU 3a1aThCs UX
qucIoM, U Ha060poT. OGBIYHO 3a/IAF0TCS TUAMETPOM 3aKJIEMOYHBIX CTEP)KHEN d B COOTBETCTBUH

C TOJIIMHOMN t CKIeNbIBaeMBIX dacTeil (00baHO @ & 2£) y ompenensioT HeoOXOAUMOE UHCIIO
3aKJIETNOK 7

3HaMeHaTeNnb 3Toi (GOopMyJbl MPEACTaBIAET CO00M Ty CHIly, KOTOPYIO 0€30IaCHO MOXKET B3SITh
Ha ce0sl KaKaas 3aKJIenka.
HYCTL P = ?EDKH d = ECM, [T]3 =100 . TOTAA

b
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Puc.3. PacuetHas Mozenp AeCTBUSI HOPMAJIbHBIX HANPSKEHUM

[Ipu BBIBOZE (opMynbl pacyera 3aKiCNKH Ha Iepepe3blBaHHE, MOMHMO OTOBOPEHHBIX,
JIOMyIIEHA elle OJHA HETOYHOCTh. JIeNo B TOM, UTO CHJIBI 1 eiCTBYIOIIME HA 3aKJICIKY, He
HaIpaBJICHBI 110 OJHON MPAMOiA, a 00pa3yloT nmapy. Ta rmapa ypaBHOBEIIUBACTCS IPYTOil Mapowu,
oOpasyrouieiics U3 peaklUui COEJUHEHHBIX JHMCTOB Ha TOJIOBKY 3akienku (Puc.3) m Bemer k
HOSIBJICHUIO HOPMAJIbHBIX HAIPSIKCHUI, ICHCTBYIONIMX 110 ceueHuo MK.

Kpome 3THX HOpMajbHBIX HANPSDKEHUH, MO CeYeHHI0O MK IeHCTBYIOT ele HOpMalbHbIC
HAIpPSDKEHUS, BBI3BAHHBIE TEM, YTO IPU OXJAXKJIEHUU 3aKJICIIOUHBIM CTEpKEHb CTPEMUTCS
COKpAaTHUTh CBOIO JUIMHY, YEMY MELIAET yIOp I'OJ0BOK 3aKJIENKH B JIUCTbI. DTO 0OCTOSTENBCTBO, C
OJIHOI CTOPOHBI, 00ECIIEUMBAET CTATMBAHUE 3aKJICIIKAMU JIUCTOB U BOSHUKHOBEHHUE MEXAY HUMU
CWJI TPEHUS, C APYrOil — BbBI3BIBAET 3HAYUTEIIBHBIC HOPMAJIBHBIE HAIPSIKEHUS 10 CEUYEHUSIM
cTepHS 3aKyienku. OcoObIX HENPUATHOCTEN ITH HAIIPSKEHUsI IPUHECTH He MoryT. Ha 3aknenku
UJET CTallb, 00IaJaroIas 3HaYUTeIbHON IUIACTUYHOCTBIO; TO3TOMY J1aXKe €ClIM Obl HOpMaJIbHbIE
HANpsDKEHUsl JIOCTUIVIM TpefeNna TEeKy4yecTH, MOKHO O0)KMJaTh HEKOTOpPOro IIJIaCTUYECKOTO
YAJIMHEHUS CTEPKHS 3aKJIETKH, YTO BBI30BET JIMILb YMEHBIIEHUE CUII TPEHUSI MEXY JINCTAMU U
OCYIIIECTBJIEHUE B JEWCTBUTEIBHOCTU TOW CXEMbI padOThl 3aKJENKW Ha Mepepe3blBaHHe, Ha
KOTOPYIO OHa M paccuuTbiBaeTcs. lloaToMy 3TM HOpMaibHBIE HaNpPsKEHUS pacuyeToM He
YUUTHIBAIOTCS.

Bonpocwvt u 3a0anusn:

1. Kakoe nBukeHue TBEpOro Tejaa Ha3bIBaeTCs IIOCKONapaieIbHbIM?

2. Kak 1o ypaBHEHMSIM JBHXEHMS IJIOCKOM (Urypbl HallTM CKOPOCTh MOJIIOCA U YIJIOBYIO
CKOPOCTh BpPALLEHUS BOKPYT IoJoca?

Kak onpenenuts ckopocTh J1t000H TOUKH MIOCKOH purypsi?

Uro Ha3bpiBaeTCs MIHOBEHHBIM ILIEHTPOM CKOPOCTEM IJIOCKONM GUIypbl M Kak HaWTu
nosiockeHne MIIC B pa3nuuHeIX citydasx?

5. Chopmymnupyiite TeopeMy 00 YCKOPEHHSIX TOUYEK TIIOCKON (PUTYPHI.

~ow
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JlabopaTopHoe 3ansitue 16
Tewma: PacueTsl Ha MPOYHOCTH MPHU U3THOE IO HOPMAJIBHBIM HAITPSKEHUSM
[{enb: HAYYIUTH OTMPEACIIATH CKOPOCTH M YCKOPEHUS TOUYEK TUIOCKON (UTYPHI
3HaTh: AuddepeHnrnaaTbHbIX YPaBHEHUN JBUYKEHUS TOUKH;
KHHEMAaTHYECKUE XapaKTePUCTUKU TOUKH, MU PepeHIInaTbHbIC YPABHEHUS IBIKEHUS TOUKH,
YMeTh: BBIYUCIATH CKOPOCTH W YCKOPEHHS TOUYEK M TOYEK Tela MPHU IOCTYMATEeIbHOM,
BpallaTeIbHOM U IJIOCKOM JIBUKEHUSX
Axmyanorocms memvl OOBICHICTCS ONPEACIICHUEM CKOPOCTEH W YCKOPEHHMM ToueK (purypsl B
MJIOCKOCTH.
Teopemuueckas wacmo.

Cropocmu mouex npu nioCKoOM O8UNCEHUU

s ompeneneHUss CKOPOCTEW MpH TUIOCKOMAPALICIBHOM JABUKEHUU HCITONIB3YIOTCS:
dopmyna pacnpedenenus ckopocmeil, meopema 0 NPOEKUUAX U NOHAMUE MCHOGEHHOZ20
uenmpa ckopocmein (MI[C).

a) @opmyna pacnpedenenusn ckopocmeil

Puc. 2.25. K 6b18600y popmynwt pacnpedenenusn ckopocmeil

W3 puc. 2.25 BUAHO, YTO MOJIOKEHHUE MPOU3BOJILHONW TOUKHM B Iuiockoi ¢gurypsl S B
KaKJIbI1 MOMEHT BPEMEHHU OIPEIEIISIETCS CIECAYIOIUM BEKTOPHBIM PaBEHCTBOM:

I’B =r A + I’B A
[Tponuddepennnpyem naHHOE BBIpaKEHUE 0 BPEMEHH
N [
— BA

dt

cornacHo Gopmyre Ditepa (2.38)

—

drgy - y
a7 e
O6osmauas () X FB A =VB A T1onyuaem Gopmyny pacnpedeneHue cKopocmet:

Vg =V, +Vg,, Vga=wAB, Vg, A8 (2.41)

Cornacno (41), ckopocms npouseonvnoit mouku B nnockoiui ghuzypel pasna zeomempuueckoi

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

0) Teopema o npoexkyuax:npu 11000m 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

CrpoenupyeM Ha OCh X, IPOXOJIAILYI0 uepe3 Touku A u B popmyny (2.41). Tak kak VB A _AB,

nojry4aeM
V, cosa=V, Ccosg,

qTo U Tpe6OBaJ'IOCB JOKa3aTh.

6) Hcnonv3oeanue noHAmMuA MCHOBEHHO20 UEHMPA CKOPOCMell.

Onpeodenenue.mzhoseHnbim yenmpom ckopocmeii (MI]C) nazvieaemcsa mouxka niockou
duzypol, ckopocms Komopoii 6 OaHHwlil mMomenm epemenu pasena Hyaw. MIC npunamo
obo3nauams oykeou P.

[Tokaxkem, 4TO ecnm Miockas (Urypa HE IBMXKETCS TOCTYMATEeIbHO, TO TakKas TOYKa
CYLIECTBYET B KaXIblii MOMEHT BpeMeHHU. /[ 3TOro BOCCTAaHOBUM  NEPHEHIUKYISAPHI K
CKOPOCTSIM JIBYX ITIPOU3BOJIbHBIX TOUeK A W B U HalijileM TOuKy ux nepeceuenus (puc. 2.27).

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

[Tokaxkem, 4TO CKOPOCTh TOUKH PpaBHa HYJIO U, CIEI0BaTEIbHO, 3Ta TOUKA IO OINpPEIEIICHUIO
ABJIIETCS. MTHOBEHHBIM LIEHTpOM ckopocTeid. CornacHo (2.41) umeem

VP =VA +VPA, VP =VB +VPB.

ITockonbKy BEKTOPBI V A" VB MEePNEHAUKYISIPHBI OTpe3kaM AP u BP 1o noCTpOeHuIo, a

—

BCKTOPBI VPA u VPB NEPpHNCHAUKYIISIPHBI 9TUM OTPE3KaM I10 OIIPCACIICHUIO, BCKTOP VA

JIOJDKEH OBITh OJJHOBPEMEHHO MNEpPHEeHIUKYISIPEH O0OMM OTpe3KaM, YTO HEBO3MOXKHO, €CIH
TOJILKO OH HE PaBEH HYIJIIO.

Ecnu Teneps B3sTh 3a nostoc Touky P, To ans Touek A u B popmyna (2.41) 3anumiercs B
BU/IE:
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V, =V,

VYuuteiBas, 4To VP =O, nonyuaem:

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

N3 (2.42) cneqyer, 94TO CKOPOCTH TOYEK IIOCKOW (PUTYpHI IPOMOPIIMOHAIBHBI UX PACCTOSHUSIM
OT MTHOBEHHOT'O I[EHTPa CKOPOCTEH M IBMKEHHE IIOCKOW (PUTYpPBI MOKHO pacCMaTpUBATh Kak
BpallleHue BOKPYT MEHSIOIIET0 CBOE MOJI0XKEHHE MTHOBEHHOT'O [IEHTPa CKOpOocTel. MrHOBEHHYIO
YIJIOBYIO CKOPOCTH ATOTO BPAILCHHUS MOXKHO HAaWTH, MOAEIHB CKOPOCThH JIOOOH TOYKM Ha ee
paccTosiHue OT MIHOBEHHOTO IieHTpa ckopocTedl. Kpome OCHOBHOro ciydas HaxoKIeHUs
noy10keHUAMI]C, paccCMOTPEHHOrO BBIILIE, IPU PEUIEHUMM 33a7ad BCTPEHAIOTCS CIEAYIOLIUE

BAapHUAHTEI:

Ecnu uzeecmuwl ckopocms kaxoti-mub6o mouxku A u meHo-
BEHHAS Y2ll08ASL CKOPOCHIb Mo paccmosiHue om Mot MmouKu

00 M2HOBeHH020 Yenmpa ckopocmei P paeno AP = V &=H:

IIpu nocmpoenuu npsamot y2on omkiaovbl8aencs onm 6eKmopa M

Iy Coyuaii menoeenmo-
=~ _noCMynamenbHo20 O6u-
arcenusi. Ckopocmu 8cex
mouex mena pasHvl no
genuuune U nNo HANpas-

nenuro, TSEMI]C na-

Xo0umcst 6 6ecKkoHeyHoC-
mu.

IIpu xauenuu mena no HenoOBUNCHOU NOGEPX-

__ HOoCcmu, M2HOGeHHblll yenmp ckopocmet P naxoou-
WA 1050 6 moure kacanus smo mena ¢ nenodsudsCcHol

NOBEPXHOCMbIO, M.K. OMCYMCMEUE NPOCKAIb3bIEA-

MW wus osmavaem paseHcmeo CcKopocmeti CoOnpuxaca-

OWUXCA MOYEK.

Puc. 2.28. Yacmnuwie cnyuau onpedenenusn nonoxcenuns MI[C

3. Yckopenua mouek ¢ nnockom ogusricenuu. Dopmyna pacnpeoeneHus yCKOPeHuil.
Jlns BeIBOJA TaHHOW (OPMYJIBI paciipesielieHus] YCKOpEeHUH 3anuiieM BoipakeHue (2.41) B
BU/JIE:
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Vg =V, +oxT,,
u, npoaudQepeHnrpoBaB ero 1Mo BpEMEHH, MOTYIUM:

. -~ do . _dr,
WB=WA+—xrBA+wxﬂ
dt

di 07,
— =&, ano dopmyine Ditnepa

dt dt

WB =WA+gxrBA+a)x(a)xrBA)

YuuTeIBas, 4To =wX rB A> HMeeM:

Beenewm crnenyromue 0003HaYSHUS:

VP — 25T VY = (X
Wy =exrg,, Wgy=ox(oxrg,).

= e -
BCKTOpH WBﬁ n WBMA HAa3bIBAIOT BPAIlaTCIbHBIM W HCHTPOCTPCMUTCIIbHBIM YCKOPCHUCM

Touku BB ee oTHOCHTEIFHOM BpalllCHHUU BOKPYT ITIOJIOCA A.

A6
I[To ompeneneHuio BEKTOPHOIO MPOU3BEAEHHS BEKTOP WBI,; HEPIEHAUKYIAPEH OTPE3KY

AB, NeXWUT B IJIOCKOCTU JBKXKEHMS, a €ro Moayib pasen & + AB, tak kak rga = AB . Tlo
(GopMyJIe I JBOMHOIO BEKTOPHOTO MPOU3BEAECHHS

dx(bxC)=b(d-6)—¢E(a-b),
IOJTy4aeM Wé’A=a3(a3-FBA)—FBA(@-6)=—a)2FBA=—a)2AB,
HOCKOJ‘ILKy(C(_}‘ FBA)=0) AB cos 900 =0. Takum o6pasom, BekTOp WIgA HarpasJeH

BJI0JIb OTpe3Ka AB oT Touku B Kk Touke A (cM. puc. 2.29), a ero MoayJb paBeH ) 2 AB.

Puc. 2.29. Hnnrocmpayus ghopmynst pacnpeoesieHus ycKopeHui

OxoHuaTenbHO (GOpPMYITy pacpeAeIeHNs yCKOPEHUN MOXKHO 3allicaTh B BUJIE:
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4 WP (2.43)

Wg =W, +Wg, +Wpgy,

B KOTOpOU WIgA = —a)ZAB W 6p =cAB.

dopmyity (2.43) MHOTA UCIIOIB3YIOT B BUJIE WB =W A +WB A (2.43%)

rje BEKTOp WB —W Y +WB A HAIpaBIIeH 1oz yraom ) = arctg( —) K OTPE3KY
60

AB 1 paBeH 10 MOLYIIIO WB = ABVe? + 0t

Ilpumep 1. HailiTu yckopeHue TOYKM B, yIrioBOe YCKOpeHue wmaTyHa AB U YIioBoe
yckopeHue Kpupomuna BC 4eTbIPpEX3BEHHOI'O MEXaHHM3Ma B IOJIO)KEHUHU, YKa3aHHOM Ha pHC.
2.29. Kpusomun OA BpaliaeTcst paBHOMEPHO C yIJIOBOM CKOPOCThIO ap = 5 €1 | jymuHa maryna
AB paBHa 0,8 m.

Puc. 2.29. Ilpumep ucnonvzoseanun popmynsl pacnpeoenenus yCKopenuii

Pewenue. OnpenenuM CKOpPOCTh M YCKOpPEHUE TOUKH A, KOTOPYIO 3aTeM BBIOEpEeM B KauecTBE
MOJIIOCA:

Va= w004 =2 m/c, Wa= &?OA = 10 m/cex®.

Tak xak M.I].C. 3BeHa AB HaxomuTcsi B OeckoHedHOCTH (Mu mapaieneH Mm), was = 0.
YckopeHue TOukM B, KaKk TOYKM, NpUHAJUIekalled 3BeHy AB, mo dopmyne pacnpeneneHus
YCKOPEHHUH PaBHO:

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

C npyroii CTOpOHBI, yCKOpEHHME TOYKM B , Kak TOYKM HpuHa[uIexamed 3BeHy BC n
Bpataromieiics BOKpyr Toukd C, MOXHO MpEICTaBUTh B BHJIE CyMMY €€ KacaTelIbHOTO U
HOPMAJIbHOI'O YCKOPEHUI:

WB =W & CBC'
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[TpupaBHUBas MpaBble YaCTU BBIPAXKEHUH NI WB , TTOJTy4aeM:

—

A/ Y \/ *
W, +Wg, =Wg, +Wg,. *)

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

Wg, =W, —Wg, c0s30°,-W cos60° —Wy_cos30° = -W , cos30°
W, -W Wk ao
OTKyza WBA A—E”—S 78 AB ﬂ—? 22p—2,
cos30 AB c

M W 0
Wy, =(W, -Wg, )t9300=2,89—2, fpe =L =3612°7.
c BC c

2 2 M
W, = \/WBn +Wgp =577

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

MrHOBEHHBIM LIEHTPOM YCKOPEHMH Ha3bIBaeTCsl TOYKA IUIOCKOM (Urypbl, ycKopeHHe
KOTOPOH B JaHHBII MOMEHT BpEMEHH paBHO HYyIt0. M.L]. YV npunsTo 0603Ha4aTs OykBoil Q.

[Tokaxkem, uto ecnu miuockas ¢urypa (puc. 2.30) He JBMXKETCS OCTYNATENbHO, TO TaKas
TOYKa CYILECTBYET B KaXKJblii MOMEHT BPEMEHU M €€ I0JIO)KEHHE JIETKO OIpEeNeauTh (3Has

YCKOpPEHHUE KaKOU-THOO0 TOUKH W A Y BETHHHHBL (o1 £) CIEMYIONIIUM 00pa3oM:

U3 BBIPAKECHUS tg]/ = 5 OMpenenuM yron y,

Puc. 2.30. K onpeodenenuro nonoxicenus MCHOBEHHO20 UEHMPA YCKOPEHUIL

OT TOYKU A TOA YIJIOM ¥ K BEKTOPY W A TIPOBE/IEM OTPE30K AQ. IIpu stom otpe3ok AQ

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

AQ =W V&% + w0’ (2.44)
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Haiinennast takum oOpa3zom Touka Q U OyIeT SIBISATbCS MTHOBEHHBIM LEHTPOM YCKOPEHHUH.
JericTBuTensHO, 0 (hopMyJsie pacpeeieHus yCKOPEHUH, UMeeM

_. — — _ [ .2 4
WQ =WA+WQA’ rz[eWQA—AQ E +w .

[MoncraBnss cioga AQ w3 (2.44), maxomum, uto Woa = Wa. Kpome Toro, BekTop WQ A

—

JoJKeH 00pazoBbIBaTh ¢ JuHHe AQ yrom y u, clieoBaTeabHO, BEKTOP WQ A TapanencH

—

\NA , HO HaAITpaBJICH B IMIPOTHUBOIIOJIOXKHYIO CTOPOHY. HOBTOMy

—

WQ A= W A M Q =0. Ecm TeTephb 3a MOJIOC BBIOpaTh TOUKy Q, TO yCKOpeHHue

POU3BOJILHON Touku M, cornacHo (2.43) Oyzaer paBHO:

W,, =W, +W,,, =W W,, = MQVs? +0*
CrnenoBarenbHO, YCKOPEHUS TOYEK TUIOCKOW (PUTYPBI ONIPENENSIFOTCS B KQXK/IbI TAHHBIT MOMEHT
BPEMEHH TaK, Kak ecliid Obl JBUKEHHE IUTOCKOW (QUTyphl ObUIO BpallleHHeM BOKPYT MIHOBEHHOTO

nenrpa yckopenud  Q(pmec. 2.31). Ilpm 3TOM YyCKOpEHHS TOYEK IUIOCKOW (Urypbl OyayT
[IPONIOPLIMOHAIBHBI UX paccTOAHUsAM 0T M.I[. V.

W _Wa _We _We =...=Ve?+ 0.

MQ AQ BQ CO

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

Ipumep 2. Pasnocmopounnuil mpeyzonviux ABC dsudicemcs 6 niockocmu uepmedica. Yckopenus
séepuwun A u B pasnvl 6 danmviii momenm epemenu 16
cM/c* U Hanpasnemvi N0 CMOPOHAM MpPeEy2ONbHUKA.
Onpeodenums  yckopenue  mpemveu  epuiunvl  C

mpey2oIvbHuKaA.
Pewenue. Onpedenum ycxopenue mouku C ucnonvsys
— nousmue  M2HOGEHHO020  yeHmpa  yckopewuu. [na

= =33 onpeoenieHuss e20 NON0HCEHUs He0OX0OUMO 3HAMb Y20l
o Cug Mmeoicoy sekmopom Lmm u ompeskom AB. (cm. puc 2.30).
Ouesudrno, umo 6 Hautem ciydae smom yeoi pager 30°.
THonoocenue  menoeennoco yewmpa  yckopeuuti  Q

onpedenum Kak MOYKY nepeceyeHusi 08YX NpPIMbIX,

npoGeodeHHbIX No0 yenom y K eekmopam Lm u [m Tax
KaK paccmosiHusi @epuiun mpeyeoavHuxa om mouku Q
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oounakoevl, [[6=16 cm/c*. Hanpaenenue 3moz20 6eKmopa nokasano Ha pucymKe.

Bonpocwt u 3a0anun:

1. Kakoe BM>XEeHHE TBEPIOTO TEla HA3bIBAETCS MII0CKONApAIICIbHBIM?

2. Kak 1o ypaBHEHMSIM JABMXKCHHUS IUIOCKOM (UIypbl HATH CKOPOCTHh MOJIOCA U YIJIOBYIO
CKOPOCTb BpaIlleHUsI BOKPYT ToJitoca?

3. Kak onpenenuTb CKOpOCTh JIFOOOH TOYKH TUIOCKOH (pUryph1?

AOCOJIIOTHOE, OTHOCUTENIBHOE, IEPEHOCHOE JBUKEHUE TOUKH.

Cdopmynupyiite TeopeMy 00 YCKOPEHUSX TOUYEK IUIOCKOH (PUTYpHI.

ok
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™=
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BBenenne

MGTOI[I/ILICCKI/IG YKazaHud W 3adaHuA JJIsI  BBIIOJHCHUSA CaMOCTOSITCIILHOU pa6OTBI
CTyIEHTaMH TIO0 JAUCHUIUIMHE «TexHuueckas MeEXaHHWKa» [0 HaIpaBJICHUIO MOATOTOBKU
6akanaBpoB: 23.03.03 Dkcrutyaraiusi TPaHCIOPTHO-TEXHOJIOTHYECKUX MAIIMH U KOMIUIEKCOB

Metoauueckoe mocoOue COIAEPKUT BeChb HEOOXOMUMBIA MaTepuan AJis BBINOJTHEHUS
CaMOCTOSITENILHOM pa0oThI 10 auctuIUinHe « TexHuIeckas MeXaHuKa ».

B nannom meTtoanmueckoM MocoOuM MpUBEIEHBI TEMBI U BOIIPOCHI JJII CAMOCTOSATEIHHOTO
A3YYECHUSL.

69



1.001mas xapakTepucTHKA CAMOCTOSATEJIbHOM padoThl CTyAeHTa

CamocrosTenbHas padoTa — 3TO BUJA y4eOHOW AEATEIbHOCTH, BBIIOIHIEMBIA yJalUMCS
0e3 HEeNmoCpeICTBEHHOI0 KOHTAaKTa C MpernojiaBaTes]ieM WM YIpPaBIseMblil IpernojaBaTesieM
OTIOCPEIOBAHO Yepe3 CIeUabHBIe YUeOHbIE MaTepHalbl; HEOThEMIIEMOE 00s3aTeIbHOE 3BEHO
nporecca 00y4eHus, peycMaTpuBaroliee Ipex/ie BCero NHANBUIYaIbHYIO paboTy ydaluxcs
B COOTBETCTBHH C YCTAaHOBKOM MperoaaBatess Wi y4eOHUKa, IPOrpaMMbl 00yUYEHUSI.

Ha coBpeMeHHOM »3Tame caMOCTOATENbHYIO paboTy CTyAEHTa cielyeT pa3lesiuTh Ha
pabory ¢ OyMaXHBIMH HWCTOYHMKAMU HWHGPOpPMALUHU, T.€. Y4YEOHHKAMH, METOAWYECKHMHU
0CcOOUsAMHU, MOHOTpaQUSIMHU, KypHAJIaMU U T.J. ¥ JEKTPOHHBIMU UCTOYHUKAMHU MH(OpMaIuH,
T.€. IOCTYII K 3JIEKTPOHHBIM pecypcam uepe3 MHTepHer.

CerogHss caMOCTOSITENbHYIO pPabOTy CTyAE€HTa HEBO3MOXKHO IpEICTaBUTh  0e3
ucrnonp30Banuss uH(popmanuonHo cetn — HWHrepHer. HeoOX0oAMMOCTh WUCHOIB30BaHUS
HHTepHeTa BO3HUKAET HE TOJIBKO MPH MOATOTOBKE K MPAKTUYECKUM M CEMUHAPCKUM 3aHATHSIM,
HO, B OOJIBIICH CTETEHH, PU HANIMCAHUYU PA3JIMYHBIX HCCIIEOBATEIILCKAX U TBOPUYECKHUX padoT.
MHorue coBpeMeHHbIe MOHOTpaduu, NEPUOTUUECKUE KYPHAIbI U3JaHbl TOJIBKO B 3JIEKTPOHHOM
BUJIE U C HUMU MOKHO [T03HAaKOMUTHCS TOJIBKO B MIHTEpHETE.

Hesm wu 3agaum  camMoOCTOSITeNIbHOW PpadoThl: (HOPMUPOBAHME CIIOCOOHOCTEH K
CaMOCTOSITEIbHOMY ITO3HAHUIO U 00YYEHMIO, TIOUCKY JIUTEPATyphl, 00001IEHUI0, 0POPMIIECHUIO U
IPEJCTABICHNUIO IOJYYEHHBIX DPE3Y/IbTAaTOB, UX KPUTHMUYECKOMY aHAJIN3y, MOMCKY HOBBIX H
HEOpPAMHAPHBIX PELICHUM, apryMEHTHUPOBAHHOMY OTCTaWBAHMUIO CBOUX IPEAJIOKEHUN, YMEHUN
HOJrOTOBKU BBICTYIIJICHUN U BeJICHUS TUCKYCCHIA.

Komnerenuuu odyuaiomerocsi, opMmupyembie B pe3yJibTaTe 0CBOEHUS JUCHUILIMHBI

HaumeHoBaHue KOMIEeTEHIIMU

Kon, hbopmymnupoBka
KOMIIETEHITNA

Koz, popmynupoBka HHANKaTOpa | IlmaHupyemble pe3yabTaThl 00y4eHHUs
10 TUCIUTLTHHE (MOJIYITIO),
XapaKTepU3YIOIINE 3TaIbl

(hopMUPOBaHUS KOMITETECHIIHH,

HWHIUKATOPOB
OIIK-1 Cnocoben N-lomx-1 Tl'oTroBHOCTH K KOHTPOJTIO
PUMEHSTh OCHOBBI €CTECTBEHHOHAYYHBIX U | TEXHUYECKOTO COCTOSIHUS
€CTECTBEHHOHAy4YHbI€ | OOIIEHHKEHEPHBIX HaYK, TPAHCIIOPTHBIX CpeACTB c
U OOIIEMH)KEHEPHBIE | METOJIOB MaTEMAaTUYECKOTO UCIIOJIb30BaHUEM Cpe/CTB

3HaHHUA, MECTO/IbI aHaJIM3a U MOACITIUPOBAHUA. TEXHUYCCKOTO JUArHOCTUPOBAHUA

MaTeMaTU4eCcKoro
aHaJIu3a u N/I-20mnk-1 ['oroBHOCTE K oOpraHm3anuu u
MOJICJIUPOBAHUS B [IpuMeHATh ecTeCTBEHHOHAYYHBIE | KOHTPOJIIO KadecTBa u
npodeCCHOHATBHON 1 OOIIENH)KEHEPHBIC 3HAHUS, 0€301acHOCTH MPOIIECCOB CEPBUCA,
JeATEeTbHOCTH METObl MATEMATUYECKOTO rapaMeTpoB TEXHOJIOTHYECKUX

aHaJM3a ¥ MOJICIIMPOBAHUS B
npodeccroHanbHOI
JeATEILHOCTH.

MPOIIECCOB C y4e€TOM TpeOOBaHUU
noTpeouTens
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N -3omk-1 Cnocoben aJanTUPOBATh u
Hassikom MpPUMEHEHHS | MOIU(UIIPOBATH
€CTeCTBEHHOHAYYHBIX U | CIIeIUAIM3UPOBAHHOE
OOIICHHKEHEPHBIX 3HAHWH, | TPOrPAMMHOE obecrieyeHue,
METOIOB MaTEeMaTU4YeCKOTO | METOJIbI W  QJTOPUTMBI CHCTEM
aHaJI3a W MOACIUPOBAHHUA B | HCKYCCTBCHHOI'O HUHTCIIJICKTa )51
npodeCCHOHATLHON MAaIIuHHOTO o0y4eHHS B
NeSITeIbHOCTH. npodeccroHABHOM IeATEeTPHOCTH

2. Ilnan - rpaduk BbINOJHEHUS] CAMOCTOSITEILHOM PadoThI

Kompt CpencrBa u OObeM yacoB, B TOM YHCIIE
peanuzyem TEXHOJIOTUHU CpPC KonTaktH Bcero
BIX B OIICHKH ast pabora
KOMITETEHIL U/ IeATEITbHOCTH .
o CTYJCHTOB
ui, Ipero/iaBa
WHJ/INKATOP TeJIeM
a(oB)
2 ceMecTp
OIIK-1 CaMoCTOSTEILHOE Cobecenosaune | 109,38 11,82 121,2
(MA-1; UJ1-2; | u3ydeHue TUTEPATYPHI
1J-3) 10 TeMam
Ne 1-8
OIIK-1 ITonrorosxka k OTtuéTr 1,62 0,18 1,8
MA-1; U1-2; 1abopaTOPHBIM (mHCHMEHHBI)
1J1-3) 3aHATUAM
Htoro 3a 2 cemectp 111 12 123
3 ceMecTp
OIIK-1 CaMoCTOSTENLHOE Cobecenosaune | 109,38 11,82 121,2
MA-1; UN1-2; | u3ydeHue TUTepaTyphl
1J-3) 10 TeMaM
Ne 9-16
OIIK-1 IToaroroska k Otuér 1,62 0,18 1,8
(MA-1; UA-2; 1a00paTOPHBIM (MHCHEMEHHBII)
1J1-3) 3aHATUAM
Htoro 3a 3 cemecTp 111 12 123
Wrtoro | 222 24 246

3.MeToanyeckue peKOMeHIAMH 10 U3Y4YEHHIO TeOPeTHYECKOro MaTepuasa

3.1. Buo camocmoamenvnoit pabomol: camocmoamenvroe uzyueHue 1umepanmypol

N3yuars yuebHyro aucuuminby «TexHudeckasi MeXaHMKa» PEKOMEHIYETCs 0 TeMaM,
IIPEIBAPUTEIBHO O3HAKOMUBILIUCH C COAECPKAHUEM KaKIOW M3 HUX B MIPOrpaMMe JAMCLUILINHBI.
ITpu TeopeTHUECKOM M3yUYEHUHN JUCLMILINHBI CTYIEHT JOJDKEH M0JIb30BaThCs COOTBETCTBYIOLIEH
autepatypoil. [IpuMmepHBIii mepeueHs IUTepaTypsl NpUBEIEH B paboueil mporpamme

Jlnst Gosiee MOJIHOTO OCBOEHHs y4eOHOTO MaTepuana CTYACHTaM YHMTAIOTCS JIEKLIUHU T10
BaXHEHIIMM pazzienaM U TeMaM y4eOHOHN auciuruinHbel. Ha jexuusix msnaraiorcs U JeTallbHO
paccMaTpuBAIOTCS  Hambojee BaKHbIE  BOMPOCHI, COCTABJISIOIIME  TEOPETHUECKUH U
MpaKTUUYEeCKUN (PyHIaMEHT AUCIUILIUHBL.

Hmozoewtii npodykm: KOHCHEKm J1eKyuil

Cpeocmea u mexunonozuu oyenku: Codeceoosanue
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Kpumepuu ouyenusanun: OLEHKa «OTIMYHO» BBICTABIISIETCS CTYACHTY, €CIU B IOJIHOM
o0beMe U3yUYeH Kypc JaHHOM TUCLMIUIMHBL U BBIIIOJHEHbI IPAKTHUECKUE 3aJaHHsI

OneHka «XOpollo» BBICTABIAETCS CTYIEHTY, €CIIM JOCTaTOYHO IIOJIHO H3Y4YEH KypcC
JTAHHOM TUCLMIUIMHBI U BBIITOJHEHbBI IPAKTHUECKUE 3alaHUs

OneHka «yIOBJIETBOPUTEIBHO» BBICTABISAETCS CTYAECHTY, HEJOCTATOYHO €CJIM IIOJIHO
U3y4yeH Kypc JAaHHOM JUCLMIUIMHBI U BBIIIOJHEHbI IPAKTUUECKUE 3a/laHus

OneHka «HeyI0BJIETBOPUTEIBHO) BBICTABIISIETCSA CTYIAEHTY, €CJIM OTCYTCTBYIOT 3HAHUS U
IPAaKTUYECKHE HaBBIKU 110 JaHHOW AMCLUIIINHE.

TeMbl 17151 CAMOCTOSITEILHOIO U3YYeHHSA:
Tema 1. Onpenenenre KUHEMAaTUYECKUX XapaAKTEPUCTUK TOYKH.
Tema 2. [InockonapanienbHOe ABMKEHUE TBEPIOTO TENA.
Tema 3. [leHTpaJIbHOE PACTSIKEHUE U CHKATHE
Tema 4. OnpeneneHre BHYTPEHHUX YCUIIHMN, OnpeieNieHune Ae(opMaruii 1 nepeMeneH .
Tema 5. Casur (cpe3)
Tema 6. PacyeTsl Ha MPOUHOCTD MPU CABUTE
Tema 7. 'eoMeTprieCKrE XapaKTEPUCTUKHU TUIOCKUX CEYEHUI
Tema 8. [IpsiMoii morepeyHbIi H3TNO
Tema 9. M3rub c kpyueHuem
Tema 10. LlenTp mapamienbHbIX CHII
Tema 11. CiocoOs! onpeneneHus kodppuimenTa TpeHus.
Tema 12. ConpoTuBieHue pu KaueHUU.
Tema 13. Snpo ceueHus npu BHELIGHTPEHHOM CKaTHH.
Tema 14. Pacyer 6asiku Ha yIpyroM OCHOBaHUH.
Tema 15. Pacuer 3akiienok Ha nepepe3biBaHUE
Tema 16. PacyeTsl Ha MPOYHOCTD MPHU U3TUOE MO0 HOPMAIBHBIM HANPSKEHUSIM

3.2. Buo camocmosmenvnoii padomol: n0020Mo8Ka K 1a00PAmMopHbIM 3aHAMUAM

Hmozoewlii npodykm: oT4eT 10 TabopaTopHOU paboTe

Cpeocmea u mexnonocuu oyeHKu: 3a1UTa OTYETA

Kpumepuu ouyenusanua: OnieHKa «OTIUYHO)» BBICTABISETCS CTYIEHTY, €CIIA B MOJIHOM
00beMe U3yueH KypC TaHHOU TUCIUIIIMHBI U BHIIIOJTHEHBI TA0OPATOPHBIE 3a/TaHUS

OneHKka «XOpOIIO» BBICTABISAETCS CTYAEHTY, €CIM JOCTaTOYHO MOJIHO M3Yy4YeH KypcC
JIAHHOM JUCIUIUIMHBI U BBITIOIHEHBI JIJA0OPATOPHBIC 3a1aHHS

OueHka «yJOBJIETBOPUTEIBHO» BBICTABISETCS CTYIAEHTY, HEIOCTATOYHO, €CIU IOJHO
M3Yy4eH KypcC JaHHOMW AUCITUTUTMHBI U BBITIOJIHEHBI JJa0OpaTOpHBIE 3aaHus

OueHKa «HEeyI0BIETBOPUTEIBHOY BBICTABIIAETCS CTYACHTY, €CIIM OTCYTCTBYIOT 3HAHUS U
MPaKTUYECKHE HABBIKYU TI0 JAHHOM JUCIUILINHE

4. Metoauyeckue yKazaHHus
Metoanueckue yka3zaHHs 10 BBITOJIHEHHUIO JTJa00OPaTOPHBIX paboT 1Mo JucHMIUIMHE « TexHu4YecKas
MEXaHuKa», HampaslieHHs mnoaroroBku 23.03.03 - OKCIUTyatanysi  TPaHCIIOPTHO-
TE€XHOJOTMYECKHUX MAIIWH U KOMIIEKCOB.
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5.Meroanyeckne yKa3zaHHus M0 MOATOTOBKeE K IK3aMeHY

IIpouenypa npoBencHUS 3IK3aMEHAa OCYLIECTBIICTCA B COOTBETCTBUM C llosoxkeHuem o
NPOBECHUN TEKYILIEr0 KOHTPOJSI YCIIEBAEMOCTH M MPOMEKYTOYHON aTTeCTAIlMi OOYYAIOIMIMXCS I10
00pazoBaTeIbHBIM IMpOrpamMmaM BhIcIero oopazoBanus B CKOY.

B sx3aMeHaoHHbIi OMIIET BKJIOYAIOTCS TPU Bopoca (OAMH BOIIPOC /171l IPOBEPKU 3HAHUHN U
JIBa BOIIPOCa /I IPOBEPKU YMEHUI U HaBBIKOB CTYICHTA).

JU7st ToroToBKH 110 O6uiietTy oTBOAUTHCS 30 MUHYT.

IIpy monroroBke K OTBETY CTYIEHTY IPENOCTABIACTCS MPAaBO IOJb30BAHUS CIIPABOYHBIMU
TabJIMIaMu

ITpu npoBepke 1a60paTOPHOro 3aJaHsl, OLEHUBAKOTCSL:

- 3HaHME M1apaMeTpa;

- IOCJIE0BATEIIbHOCTD Y PALMOHAIBHOCTD BBIITOIHEHHUS.

Cnncok pekoMeH1yeMoii JJuTepaTypbl
IlepeyeHb OCHOBHOM JIUTEPATYPBbI
1. Mexenkuii, I'.JI. Texuuueckas wmexanmka / [.JI. Mexeukuit, [I'.I'. 3arpedun,
H.H. Pemetnuk. — 5-¢ uzn. — Mocksa : M3gaTenbcko-ToproBas kopropanus «Jlamkos u
K°», 2015. — 432 c. : mn. — Pexxum gocrtyna: no noanucke. — URL: . — bubnuorp. B kH. —
ISBN 978-5-394-02628-7. — TeKcCT : 3JIeKTPOHHBII.

IlepeueHnb 10MOJHUTEIbHOI JTUTEPATYPHI:

1. Texumueckas mexanuka / H.A. Kocrenko, C.B. banscaukosa, }0.D. Bomomanosckas u
ap. ; pen. H.A. Kocrenko. — Mocksa :[lupekt-Meaua, 2014. — 485 c. : puc., Tabm. —
Pexum JOCTyTA: o MO/IMHCKE.

URL.: http://biblioclub.ru/index.php?page=book&id=226084 . — bubnuorp. B KH. — ISBN
978-5-4458-6217-8. — TekcT : 2NEKTPOHHBIH.

Ilepeyens pecypcoB HH(POPMALHOHHO-TEJIEKKOMYHUKAIIMOHHOH ceTH «HTepHET»,
He00XO0IMMBbIX /ISl 0CBOEHUS! TMCHUTIIMHbI
1. DnexrponHo-oubnuoreunas cuctema IPRbooks
2. DnekTpoHHas OuOIHOTeUHas cucTeMa «YHUBepcuTeTcKas oudanoreka on-liney
3. DnekTpoHHO-OMOMMOTEeYHas cucreMa JIaHb
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