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Beenenune

Llenpt0  METOAMYECKHX PEKOMEHJALUMH 10 HW3YYEHHIO JUCHUIUIMHBL  SIBJISETCS
3aKperuIeHUe U YIITyOJeHne 3HaHUH, TIOYYSHHBIX TP U3yYEHUH TEOPETHUECKOro MaTepHraia mo
mucuuruiiHe «CTpoUTeIbHast MEXaHUKay.

Llenpro mpoBeieHNsI MPAKTHUECKUX 3aHATHH SBISCTCA:

1. OO6oOmenue, cucTeMaTH3alMs, 3aKPEIUICHHE MOJYYCHHBIX TEOPETUYECKHX
3HAHMU 110 TeMaM KOHKPETHBIM TPEOOBaHMSAM TUCIUTUINHBI
2. ®opmHpOBaHHE YMEHHI IPUMEHSATH MTOJyYCHHbIC 3HAHUS HAa IPAKTUKE
3. BppaboTka ONTUMANBHBIX pEIICHHH TPH pPEHICHUH NpPAaKTHYECKUX 3ajad
MPEeIMETHOM 00JacTH
Benymeid 1enpr0 MpakTHUECKHX 3aHATHH 1O aucuuiuimiHe ConpoTHBICHHE MAaTepualioB

sBisieTcss  (popmupoBaHue TPO(HECCHOHATBHBIX KOMIIETEHIIMH W YMEHHH — BBITIOJHCHHE
OTpeieNIeHHBIX AeHCTBUN, HEOOXOAUMBIX B MIPEAMETHOM 00J1acTH.
Meroanueckue PEKOMEHIall1 MpU3BaHbI obecreunTh 3¢ (HEeKTHBHOCTH

CaMOCTOSATENILHON PabOTHI CTYIEHTOB C JIMTEPATypOi, HA OCHOBE PAallMOHAIBLHON OpTraHU3aLUH
€C H3Yy4YCHUA, 00JIErYUTh IIOATOTOBKY CTYACHTOB K CJa4€ 3K3aMCHA, COPUCHTHPOBAThH HUX B
HaNpaBJICHUU W3YYCHHs Marepuaja I10 IIOCTaBICHHBIM BOIPOCAaM, JaTb BO3MOXKHOCTb
OTpa6OTaTI) HaBBIKM COCTaBJICHUA H O(i)OpMJIeHI/Iﬂ Pa3JIMYHBIX BHUAOB AJOKYMCHTOB, KaK IO
KOHTPOJIEM IPENoIaBaTelis, Tak U CAMOCTOSATEIBHO.

Hepe)l HOI{FOTOBKOﬁ K 3aHATUIO CTYACHTBI OOJDKHBI O3HAKOMHUTBCA C IIJIAHOM
NPaKTHYECKOTO 3aHATHS, a TaKkke C y4yeOHOW NMporpaMMoil MO JAaHHOH TEMe YTO ITOMOXKET
CTYJEHTY COPHEHTHPOBAThCSI IPU MPOpabOTKE BOIpOCa U MPaBUIIBHO COCTaBUTh ILIaH OTBETA.
Crnenyromuii 3Tann — U3y4eHHE KOHCIEKTa JICKLUH, pa3fenoB Y4eOHMKOB, O3HAKOMJICHHE C
JIOTIOJTHUTEIILHOM JIMTEpaTypol, PEKOMEHI0BAaHHON K 3aHATHIO. CTYIEHTHl JOJDKHBI TOTOBUTH
KpaTKHii KOHCIIEKT OTBETOB Ha BCE BONPOCHI, 3HATh ONPEIEICHUS] OCHOBHBIX KaT€rOpPHH.

Pa3paborano 115t ouHON HOpMBI 00YUEHHUS.



JlabopaTopHoe 3ansiTHE 1
Tema 1. O0Iue NOHATHS U ONIPeAC/ICHUS.

COOpY)I(eHHH N UX 3JICMCHTHI,

Lenb: naTh CTyAEHTY 3HAHUS B 001aCTH OCHOB KUHEMAaTHKH.

3HaTh: KMHEMAaTUYECKUE XapaKTePUCTHUKU TOYKH, TudepeHIranbHble ypaBHEHUS JBHKEHUS
TOYKHU;

o011re TeopeMbl TUHAMUKU

VYMeTh: BBIUUCIATH CKOPOCTH M YCKOPEHHSI TOYEK M TOYEK Teja MIpPH MOCTYyHaTelIbHOM,
BpalllaTeIbHOM U TIOCKOM JIBUKEHUSIX

dopmMHpyeMbIe KOMIIETEHIUU:

Kon DopMynUpOBKa:

CrocoOHOCTh TMPOBOJUTH pacyeTHOE OOOCHOBAaHUE W KOHCTPYMPOBAaHUE
[K-3 CTPOUTENIBHBIX KOHCTPYKLIHMM 3JaHUNA U COOPYKEHUU IPOMBILIJIEHHOIO U
IpayKJaHCKOIO Ha3HAYCHHUSI

AxmyanvHocms membl 3aKIIOYACTC] B NPUMEHEHMU 3HaHMW B 0OO0JIaCTM KUHEMAaTHKM Ha
IIPAKTHKE.
Teopemuueckas yacme.

Kanaccndukanus 1BuKeHHs] TOUKHU:

1. Ecnu B Teuenue HekoTtoporo BpemeHH ad; = 0 m an = 0, TO TOYKA IBUIKETCS
PaBHOMEPHO U IPSIMOJIMHENHO;

2. Ecnu B TeueHue HEKOTOporo BpemMeHM d: # 0 m an
HEPAaBHOMEPHO U NMPSMOJIMHENHO;

3. Ecniu B TeueHue HekoToporo BpeMeHH d: = 0 m an # 0, TO TOYKa IBUXKETCS
PaBHOMEPHO Y KPUBOJIMHEWHO;

4. Eciiu B Te4yeHHE HEKOTOPOro BpeMeHM d: # 0 m an # 0, TO TOYKAa JBHKETCS
HEPABHOMEPHO ¥ KPUBOJIUHEIHO.

Buabl iBMKeHHS TBEpPAOIO TeJia:

1. Ilpocmeiiwue osudicenus meepdozo mena:

a. Ilocmynamenvnoe Oeudcenue: NIOO0H OTPE30K Teja MEPEMEILIAETCs MapallieIbHO
camomy cebe;

0. Bpawamenvnoe Osudicenue 60Kpy2 HENnOOBUICHOU OcCU: IBE TOYKH, HEpa3pbIBHO
CBSI3aHHBIE C TEJIOM, OCTAIOTCS HEMOIBUKHBI;

2.1Inockonapannenvhoe (niockoe) 0gudiceHue: Kaxaasi ToUKa Teia JBIKETCS B OJHOW M
TOM K€ TUIOCKOCTH;

3.Cepuueckoe OsudiceHue: ONHA TOYKA, HEPA3PHIBHO CBS3aHHAS C TEIIOM, OCTAETCS
HETOJIBUKHA;

4.Ce0600H0e 0sudiceHue. 000 MepeMellleHue Tejla HIYeM He OIrpaHuYeHO.

[TnockonapamiensHoe (II0CKOE), chepudeckoe U CBOOOJHOE JIBHKEHUS SBISIOTCA
COBOKYITHOCTBIO ITPOCTEUIINX JIBUKEHUM.

[lpu nocmynamenvnom oOsudricenuu 6ce mouku mena ONUCHLIBAIOM O0OUHAKOSBblE (NpU
HANOJHCEHUU CO8NAOarowue) mpaekmopuy U UMerom 6 Kaxicovlil MOMeHm 8peMeHU 0OUHAKOBbIE
1O MOOYIIO U HANPABILEHUIO CKOPOCMU U YCKOPEHUSL.

ITpu noctynareabHOM ABMKCHHH KHHEMATHYECKUMH XapaKTEPUCTUKAMM TEJIA SIBIISIOTCS
JIMHEWHAs1 CKOPOCTh U JINHEMHOE YCKOPEHUE ATOTO TeJla

[Ipu eépawyamenvnom Ouscenuu 11 ONPENCICHUS IOJIOKECHUS BPAIIAIOIIErocs Tena
UCIOJIB3YIOT IIOHATHE Y201 hogopoma meaa ¢ (pPUCYHOK 5). YTOJI IOBOPOTA CBSI3aH CO BPEMEHEM
3aBHCHMOCTBIO, HA3bIBAEMON YPaBHEHUEM BPAIATECIIBHOTO IBYKECHUS

o= f(t) .
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TOYKa ABHIXKCTCA




KunemaTnueckuMu XapakTEpUCTUKAMH BpPAILATEIbHOTO ABUKEHUS SBISIIOTCS Ven06as
CKOpOCMb O U Y2lI080€YCKOPEHUE .
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Pucynok 5.

Venosas cxopocmv Tena paBHa NEpBOW MPOU3BOJHON MO BPEMEHH OT yrjia MOBOPOTa

Tena
0=22
dt

Bexmop yenoeoti ckopocmu HarpaBlIeH IO OCH BpAallleHUs Tejla B Ty CTOPOHY, OTKyHa
BpallleHue BUAHO IPOUCXOISIIUM MIPOTUB XOJa YACOBOM CTPEJIKH.

Yenosoe yckopenue tena paBHO NEpPBOM MPOU3BOJHOM OT €ro yrilOBOM CKOPOCTH WJIU
BTOPOM MPOU3BOJHOM OT yrja MOBOpPOTa TeJla IO BPEMEHHU

do d%p
E=—= :
dt  dt?

Bexmop yenoeoeo yckopenus HampaBi€H MO OCH BpallleHUs B Ty XK€ CTOPOHY, 4YTO H
BEKTOP YIJIOBOM CKOPOCTH, KOTJa BpallleHue YCKOPEHHOE, M B OOpaTHYIO CTOpOHY, KOrja
BpalleHUE 3aMe/JIEHHOE.

Benuuuna cxkopocmu mouku epawjaroujecocs mena paBHa IMPOU3BEACHUIO YIIIOBOU
CKOPOCTH Ha PAaCCTOSTHUE OT TOUYKHU IO OCH BpalCHUs

V=w - OM

Bexmop cxopocmu mouxku épawaroujecocs mena HaUpPaBIEH NEPREHOUKVIAPHO NPAMOLU,
COEAMHAIONIEH 3Ty TOYKY C OCbIO BpallleHUs, U NEPHeHOUKYIAPHO CAMOU OCU 8PAWeHUs U
ompenensercs mo ¢popmyre Ditnepa

V=w-TI,
rae T — paauyc-BEKTOp, MPOBEAEHHBIN M3 JIO00W TOYKH, JIEKAIIEH HAa OCH BpaIeHUsA, K
paccMaTpuBaeMON TOUKE TBEPAOTO TENA.
Ilonnoe yckopenue mouku epawaroujecocs meaa pasjaraercs Ha JBE COCTaBIIIOIIME:
epawjamenvHoe (az) U ocecmpemumenvHoe (dy), U €ro BeINYMHA PaBHA KOPHIO KBaJPaTHOMY M3
CYMMBI KBaJIpaTOB 3TUX COCTABIISIFOIINAX

a=+a’'+a, .

Bpawamenvhoe yckopenue HampaBI€HO B Ty XK€ CTOPOHY, YTO U CKOPOCTh, KOTJa
JBIKCHHUE YCKOPEHHOE U B 00paTHYIO CTOPOHY, KOT/a JIBFDKEHUE 3aMeJICHHOE.
Benuuuna spawjamenbHoco ycKopeHuAmouKy paBHa MPOU3BEICHUIO YTIIOBOTO YCKOPEHUS
TeJa Ha PACCTOSIHUE OT TOYKH JI0 OCH BpallleHus
ad.=¢ - OM.
B BektopHO#t hopme: A =& xT .

&



Ocecmpemumenvrnoe — yckopenue — HalpaBIEHO K  OCH  BpalleHus.  Bemuuuna
ocecmpemumenbHo20 YCKOpeHs mo4Ky paBHa IIPOU3BENECHUIO KBaApaTa YIIIOBO CKOPOCTH Tela
Ha PaCCTOSHME OT TOYKHM [0 OCH BPAILCHUS

ao=0’ OM.
B BekTopHoii popme: &, =@ - (@ - T).

Pucynok 6. HanpaBiieHre BEKTOPOB CKOPOCTH M YCKOPEHUI TP 3aMEJIEHHOM
JBUKEHUM BPAIIAIOILIErocs Tela.
Bexmop nonnoeo yckopenus 1060t mouku epawjarouje2ocs mejia HampapieH MO YoM
¢ K MNpsAMOM, COEAMHSIIONIEH 3Ty TOYKY C OCBhIO BpalleHHus. TaHreHc 3Toro yrjia paBeH
OTHOILLIEHUIO YIJIOBOI'O YCKOPEHUS Tela K KBaJpaTy €ro yrioBOd CKOPOCTH

&
go=—.
a)

ITpu naockonapannenvrnom (niockom) oeusrcenuu:

Bcesixoe HenmocTynaTenbHOE nepeMelleHre II0CKOH GUTyphl B €€ MII0CKOCTH MOKET ObITh
OCYILIECTBJIEHO KaK COBOKYINHOCTb IPOCTEHIINXIBIKEHUN: nocmynamenvHoco BMECTE ¢
BbIOpaHHOW TOYKOM (DUTYpbI, HAa3bIBAEMOU MOJIOCOM U 6paujeHus BOKPYT OCH, MPOXOAsIen
4epes MOJoC.

KunemarnyeckuMu XapaKTEpPUCTHKAMH SIBJISIFOTCS MIHOBEHHAsl YTJIOBAasi CKOPOCTh O,
MT'HOBEHHOE YIJIOBO€ YCKOpPEHHE € IUIOCKOM (Uryphl, JMHEHHas CKOPOCTb M JIMHEHHOE
YCKOpEHUE, TOUKU BRIOPAaHHOM 3a MOJIIOC.

Pucynok 7. OnpeneneHue ckopocTeit TOUeK II0CKO pUrypsl.

dopmyna pacnpeieleHnsi CKOpocTel TOYeK MPU II0CKOM JABHKEHUU(PUCYHOKT):
Vg =V, +Vga)
rae V, — CKOpOCTh TOMIoca A;
V, — CKOpOCTb JIt000# Touku B;
V1)~ CKOPOCTb, KOTOPYIO MOJy4aeT Touka B mpu BpameHnu miockoi (Gurypbl BOKpYr
rmojroca A;
Vaey =@ AB;

BekTop ckopoCTh V) MEpHEHIUKYISIPEH npsiMoii AB.



Ckopocmb 10601 mouku B nnockoii gueypvl ceomempuuecku CcKIaovleaemcs u3
CKOpOCMU KaKoU-HUOYO0b Opyeoll mouku A, npuHamou 3a noarc, u CKOpocmu, KOmopyio mouxka B
noxyuaem npu paujenuu Queypsvl 60Kpy2 3mo20 noacd.

Pucynoxk 8.

Jnis ompeneneHuss CKOPOCTEH IUIOCKOW (UTYyphl HCHOJB3YIOT Hauboliee MPOCTON H
yIOOHBI METOJl, OCHOBAaHHBIM Ha meopeme 0 HPOEKUUAX CKOpocmell 08yX MoOYeK mena:
npoeKyuu cKopocmeti 08yX mMo4eK HaA 0Cb, NPOXOOAWYIO Yepe3 dMmu MoUKuU, pasHvl Opye opyay
(pucyHoK 8)

Vg COS =V, COS.

Jpyroii MpoCTOi M HArISIHBINA CIOCO0 OMpeIeTeHUs] CKOPOCTEH TOYEK TIOCKOH (UTYPHI
(unu Tena mpu IUIOCKOM JIBH)KEHUHU ) OCHOBAH Ha TIOHSTUU O MCHOBEHHOM YeHmpe CKOpoCcmell.

Menosennwiii yenmp ckopocmeti — MOYKA, CKOPOCHb KOMOPOU 6 OAHHbIU MOMEHM
8peMeHU PasHa HYJo.

Ckopocmb moyex TUIOCKOW (UTYpbl paBHAa TPOU3BEICHHIO MTHOBEHHOHW YIIIOBOM
cKopocTH QUrypsl (@, pan/c) Ha paccrosiaue oT Touku 10 MIIC (pucyHok 9, a)

V,=w-PA,
rae PA — paccrostaue or MLC (1.P) o Touku A.

Bektop ckopocTH IUIOCKOM — (QUTYpBl  Hanpaeien — NepneHOUKVIAPHO — NPAMOL,

coenuHstowei 3ty Touky ¢ MLIC, 1 1eXUT B JIOCKOCTH (PUTYPBI.

Pucynok 9. HaxoxxneHrue MrHOBEHHOIO LIEHTPA CKOPOCTEH.
OTHolIEHHE BEIMYMH CKOPOCTEH TOYEK IUIOCKOM (PUTyphl K pACCTOSHHUIO OT 3TUX TOYEK
no MIIC sBasiercss BeIMYMHON TOCTOSHHOW Mt BCEX TOYEK IUIOCKOW (UTYpbl M paBHO
MT'HOBEHHOM YIJI0BOM CKOpPOCTH (UTYpPHI (DUCYHOK 9, a U B)

v v
A _ B _  —w.
AP BP
Hns onpenenenuss MIIC HeoOX0IMMO K MU3BECTHBIM BEKTOpPaM CKOPOCTEH ABYX TOYEK,
€CIM OHM HE TMapajyieNibHbl, MPOBECTH MEPHEHIUKYISIpbl — TOYKa IepecedyeHus

nepneHaukysipoB 6yaer MIIC (1.P).
Ecnu BekTOpbl CKOpOCTEH MBYX TOYEK IUIOCKOW (UTYpPHI pPaBHBI APYr IpPYyry H

pacmonaratorcs napamienbHo, To MIC Haxoautcest B 66CKOHEYHO yIaTeHHON TOUKe (PUCYHOK 9,
0).



Pucynok 10. Onpeznenenne ycKOpeHUH TOUEK IIOCKON (DUTYPHI.
* Ha pucyHke CIUlONIHasi TyroBasi CTpeNKa IMOKa3bIBaeT HAIPABICHHE YIJTIOBOH CKOPOCTH
(HampaBiieHME BpalleHMs), a IYHKTUPHas — HalpaBl€HHE YIJoBOoro yckopenus e. [lpu
YCKOPEHHOM BpalIeHUH 00€ CTPEIKH OyAyT HalpaBieHbI B OTHY CTOPOHY, a IIPH 3aMEUICHHOM —
B pPa3HEIE.
Jlns ompeneneHus yCKOPEHHH TOYeK IUIOCKOi ¢urypsl (pucyHok 10, a) MCHONB3YIOT
BBIpAXKECHUE

g =d,+dg,
rac aA — YCKOPCHUC HOJ'IIOCB.A;

a, — yCKOpeHHe JIto00i Touku B mnockoit Gurypsr;
Ap(4) — YCKOPEHHE, KOTOPOE IMONy4aeT To4ka B npu BpamieHnn miockoi Gpurypel BOKpyr

nostoca A.

Yckopenue nwobou mouxu B niockou ¢gueyper ceomempuuecku CcKkaaovieaemcs u3z
YCKOpeHusl Kakou-Hubyob Opy2ou mouku A, npunamoul 3a noac, u yCKOpeHus, Komopoe mouxa
B nonyuaem npu epawjenuu ghucypoi 60Kpy2 3mozo noatoca.

Ipu pemennn 3ama4 Gonee ynoOHO BEKTOp @, ,, 3aMEHHTh HA €r0 COCTABJISIOLIME:
KacaTeJbHYIO @ p(4) U HOPMAJBHYIO a@"s(4) (pUcyHOK 10, 6), mosryyast BeIpaskeHUE CIIEAYIOIIEro
BUJA

- _ = —7 —n
A, =a,+a B +a B4),
I71€ BEKTOP &' p(4) HANPaBJIEH MEPHEHAUKYISIpHO AB B CTOpOHY BpalleHHs, €CIH OHO
YCKOPEHHOE, ¥ IPOTUB BPALLEHUS, €CJIM OHO 3aMEIJICHHOE U OIpEIeseTCs
— _
a py)=A4B - ¢
BEKTODP @ "r(4) BCET/Ia HAIIPABIIEH OT TOUKH B k momtocy A u omnpenaensercs
—nN
a'pa)y=AB - v’

Ecnu nmontoc A nBukeTcs He NPSIMOJIMHEHHO, TO €r0 YCKOPEHHE MOKHO MPECTaBUTh Kak

CYMMY KacaTteJbHON @ 4 W HOPMAJbHOM a4 COCTaBJISIOIINX, TOT/IA
— —T —nN —T —nN
g =a 4+a 4+a ) +a B4).

Ecin Touka B nBMXKETCS KPHUBOJIMHEMHO M €€ TPACKTOPHsA M3BECTHA, TO &, MOXKHO

MIPEJICTaBUTh B BUJE CYMMbI KacaTeJIbHON M HOPMAJIbHOM COCTABJISIOIINX
— — —n
Ay, =a’s+a s.

[Ipu HemocTymnareiabHOM JBHKEHUU IJIOCKOM (UIyphl A ONpeNeleHUs] YCKOPEHHM

UCIIONIB3YIOT IOHATUE MeHOBeHHblU YyeHmp yckopeHuti (MLLY).



Pucynok 11. Onpenenenue MrHOBEHHOTO LIEHTPA YCKOPEHHUI.

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

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

2 4
E +w
OrTKJ1aJblBaeM Yroi o OT YCKOPEeHHs! @, (B CTOPOHY MTHOBEHHOI'O BPAIEHHUS, €CIH OHO

YCKOPEHHOE, M B IPOTUBONOJIOXKHYIO CTOPOHY, €CIM OHO 3aMEUIEHHOE), IOJIy4aeM
NOJIyNIPSIMYI0, Ha KOTOpOM Ha paccTossHUM A(Q) JEXKUT MIHOBEHHBIM LEHTp yckopeHud Q
(pucynok 11, a).

Ecny MrHOBEHHBIM LIEHTp YCKOPEHUH MPHUHATH 32 MOJIIOC, TO YCKOpeHue 11000 Touku B
I10cKoM Gurypsl (pucynok 11, 6) onpexnensercs no popmyiie

a, =BQVe’ +" .

Yckopenus mouex nnockoii gpuzypul onpedensitomces 6 OaHHbINL MOMEHM 8peMeHU MAK,
Kak ecau Ovl 0sudiceHue guypsl 6b110 pawjeHuem 60Kpy2 MeHO8EHH020 yeHmpa yckopenuti Q.

OTHolIIEHUE BENTUYNH YCKOPEHUI TOYEK IMIOCKON (PUTYphI K PACCTOSHUIO OT 3TUX TOYEK
1o MILY onpenensercss OTHOIIEHUEM

a a 2 4
—B A - =N+
BQ AQ
Vekopenusi mouex  naockoll  ueypel  NPONOPYUOHATbHBL  UX —PACCHOAHUAM — OM
MEHOBEHHO20 YeHMPA CKOPOCmeil.

Bonpocwt u 3a0anusa:
1. Yro u3yuaeT KHHEMaTHKA?
2. TlepeunciauTe CrOCOOBI 3a/IaHUS JBUKCHHS TOUKH.
3. Bamummure ¢GopMyny ONpeAeNeHUs TMOJHOTO YCKOPEHUS TOYKH, JBIDKYIIEHCS
BpaIaTesbHo.
4. ]JlaiiTe onpeneneHre MTHOBEHHOTO IIEHTPa YCKOPEHHUSI.
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B.A. T'notos, A.B. 3aiinie, B.1O. Urnatiorud. — Mocksa ; bepnun : [lupexr-Menua, 2015. — 95
c. : WL, TabI. - Pexxum JIOCTYyTIA: o TTOJIITHCKE. -



URL: http://biblioclub.ru/index.php?page=book&id=426940. — bubmuorp. B kH. — ISBN 978-5-
4475-5266-4. — DOI 10.23681/426940. — TeKCT : 3JI€KTPOHHBI.

Hepeqenb JIONOJIHUTEJIbHOM JUTEPATYPhbI:

CrapueBa, JI.B. CrtpoutenbHas mexanuka B mpumepax u 3amadax / JI.B. Crapuesa,
B.I'. Apxumnos, A.A. CemenoB. — Mocksa : M3narensctBo ACB, 2014. — 222 c. : un., Tadm.,
CXEM. - Pexum JocTymna: o MOAIINCKE.
URL.: http://biblioclub.ru/index.php?page=book&id=274344. — bubauorp. B ku. — ISBN 978- 5-
93093-985-9. — TekcT : 3NeKTPOHHBIH.

Ilepeyenb pecypcoB HMHMPOPMANMOHHO-TEJIEKOMMYHUKAIMOHHON ceTH «UHTEepHeT»,
HEe00X0IUMBbIX /115l OCBOEHHUS TUCHUILINHBI

1. Onexkrponno-6ubnoreunas cucrema [IPRbooks Jforosop Ne5168/19 ot 13 mas 2019 rona

2. DnekTtpoHHass OuONMMOTeUHas cucTteMa «YHUBEpcUTeTckas Oubnmoreka on-line» JloroBop
Ne50-04/19 or 13 mas 2019 rona

3. DnexTpoHHO-0nbnuoTeyHas cucrema Jlanp JloroBop NeD410-19 ot 22 anpens 2019 r.

Ilepeyenb HMH(POPMAIMOHHBIX TEXHOJOTUH, MCHOJAb3YeMbIX HPH OCYUIECTBJIECHHU
o0pa3oBaTe/IbHOI0 mpoulecca MO0 JUCHUIUIMHE, BKJIKOYasi IepedyeHb NPOrPaMMHOIO
obecrieyeHusi U HHGOPMAIHOHHBIX CIPABOYHBIX CHCTEM

Hnpopmayuonnsie cnpagouHvie cucmembi:
1. www.biblioclub.ru - «YHuBepcuterckas OMOIHOTEKA OHITANHY;
2. OnexTponHo-omomoTeunas cucrema [PRbooks OOO «Ai [Tu Dp Menuay.

JlaGopaTopHoe 3aHsiTHE 2
Tema 1. O0mue NOHATHA U ONIPeEAEICHUA.

KunemaTnueckuil aHamn3 pacyETHBIX CXEM.

Lenb: mpuobpeTeHre yMEHUI MPUBOANTH IIOCKYIO MPOU3BOIBHYIO CUCTEMY CHIJI K 33JIaHHOMY
LHEHTPY.

3HaTh: peaKluu CBsI3eH,

YCJIIOBUI paBHOBECHUSI TJIOCKOW M MPOCTPAHCTBEHHOM CUCTEM CHII,

YMeTb: COCTaBIIATh U PELIATh YPAaBHEHUs PABHOBECHS,;

dopmupyemble KOMIETSHIIHH:

Kon DopMyIHpPOBKA:



http://biblioclub.ru/index.php?page=book&id=426940
http://biblioclub.ru/index.php?page=book&id=274344

CrocoOHOCTh MPOBOAWTH PAacYeTHOE OOOCHOBAHWE U KOHCTPYHUPOBAHUE
CTPOUTENIBHBIX KOHCTPYKLIMH 3JaHUKA W COOPYKEHUM NIPOMBILIJIEHHOIO WU
Ipa)KJaHCKOIO Ha3HAYCHHUSI

I1K-3

Axmyanvrocme memol OOBSICHIETCS CBEJCHUEM CUCTEMbI C HECKOIBKMMM CHJIAMH K 33JaHHOMY
LIEHTPY, TEM CaMbIM YIPOILAsi CXEMY U pacyer.
Teopemuueckas yacmey:

1. PaccmoTpuM  MOpOU3BOJBHYIO  CHCTEMY  CHII (Fl’FZ’ Ce ,Fn ).Bbl6epeM

IPOU3BOJbHYIO TOUKYy (O 32 ILEHTp MNPUBEIACHUS U, BOCIIOJIb30BABIIMCH  TEOPEMOM O
napajuieIbHOM MEPEHOCE CHUIIBI, IEPEHECEeM BCE CUJIbl CHCTEMBI B JIaHHYIO TOYKY, HE 3a0bIBast
IpY TIepeHOCe KaXKION CHITBI JOOABIATH MPHCOSTMHEHHYIO Mapy CHJL.

HonyquHon TaKHUM O6p330M CUCTCMY CXOIAINHUXCSA CHUII 3aMCHHUM O,Z[HOI>'I CHIION R,
paBHOﬁ TIaBHOMY BCKTOpPY HCXOJHOMN CUCTEMBI CHIL. O6pa3013aBLuyroc;1 IIpu NepeHOCC CUCTEMY

—

map Cuj 3aMCHUM OJIHOM nap0171 ¢ MOMCHTOM M 0’ PaBHbBIM FeOMeTqueCKOﬁ CyMMC MOMCHTOB

BCEX Map cui ( T.€. TEOMETPUUYECKON CYMMON MOMEHTOB UCXOHON CUCTEMBI CHUJI OTHOCUTEIHHO
nentpa 0).
Taxoil MOMEHT Ha3bIBACTCS 2/1AGHLIM MOMEHMOM CUCMEMbl CUl OMHOCUmMENbHo yenmpa O
(puc. 1.30).

(BRs | B84

Puc. 1.30. Ilpugeodenue cucmemul cui K yeHmpy
HTak, mo0yro cucTeMy CHII BCET]a MOYKHO 3aMEHUTH BCETO ABYMS CHIIOBBIMH (PaKTOpaMu -

2/IAGHBIM 8EKMOPOM U 2NIAGHBIM MOMEHMOM OMHOCUMENbHO RPOU3EOJIbHO BbIOPAHHO20
uenmpa npugedenus. OUEBUIHO, YTO TIIABHBIA BEKTOP CHUCTEMBI CHJI HE 3aBHCHUT OT BBIOOpa
LIEHTpa MpHUBeJEeHHs (TOBOPSAT, YTO IVIaBHBIM BEKTOp MHBAPHMAHTEH 10 OTHOLICHUIO K BBIOOPY
HeHTpa npuBeaeHus). OUeBUIHO TaKXKe, YTO TJIaBHBII MOMEHT TaKUM CBOMCTBOM He oOiajaer,
[O3TOMY HEOOXOAMMO  BCErjJa YyKa3blBaTh, OTHOCHUTENIBHO KAaKOIro IIEHTpa OIpenensercs
TJ1aBHBIA MOMEHT.
Bonpocwt u 3a0anun:

1. Yro Takoe riaBHBII BEKTOP?

2. Yro Takoe riaBHbI MOMEHT CUCTEMBI?

3. IlpuBeneHme CUCTEMBI K 3aJaHHOMY IICHTPY.

4. TlapamienbHbIA epeHoc Uil 310...7

ITepeyeHb OCHOBHOIM JIUTEPaTYpPBbI:

1. T'noroB, B.A. CrpourenpHas MeXaHUKa U METaJUIMYECKUE KOHCTPYKIIMM MAIIUH /
B.A. FJ'IOTOB A.B. 3aiinieB, B.}O. Urnattorun. — Mocksa ; bepnun : lupexkr-Meaua, 2015. — 95
c. ui., TabII. — Pexum JIOCTYyTIA: mno MOATHCKE. —
URL: http //biblioclub.ru/index.php?page=book&id=426940. — bubauorp. B ka. — ISBN 978-5-
4475-5266-4. — DOI 10.23681/426940. — TekcT : 2IEKTPOHHBIN.

IlepeyeHb 1OMOJHUTENBHON JIUTEPATYPDI:


http://biblioclub.ru/index.php?page=book&id=426940

Crapuesa, JI.B. CrpoutenpHas MexaHMkKa B mpumepax u 3amadax / JI.B. Crapuesa,
B.I'. Apxumnos, A.A. CemenoB. — Mocksa : M3narensctBo ACB, 2014. — 222 c. : un., Tadm.,
CXEM. - Pexum JocTymna: o MIOJIINCKE.
URL.: http://biblioclub.ru/index.php?page=book&id=274344. — bubauorp. B ku. — ISBN 978- 5-
93093-985-9. — TekcT : 2NeKTPOHHBIH.

Ilepeyenb pecypcoB HMHMPOPMANMOHHO-TEJIEKOMMYHUKAIMOHHON ceTH «UHTepHeT»,
HeO0XO0AUMBIX /IJIf OCBOCHHSI JUCIHUNJIMHBI

1. DnekTponHo-6nbIMoTeuHas cucrema [IPRbooks Jlorosop Ne5168/19 ot 13 mast 2019 rona
2. DnexTpoHHas OmOJMOTEYHass cucTeMa «YHHUBEpcUTeTckas OmOmmoreka ON-line» Jlororop
Ne50-04/19 or 13 mas 2019 rona

3. DnexTpoHHO-0nbMMoTeyHas cucreMa Jlanp JloroBop NeD410-19 ot 22 anpens 2019 r.

Ilepeyenb HMHQPOPMAIMOHHBIX TEXHOJOTHH, MCHOJAb3YeMbIX MNPH OCYLIECTBJIEHUH
o0pa3oBaTe/IbHOI0 mpouecca MO0 JUCHUILUIMHE, BKJIKYasi IepedeHb MNPOrPaAMMHOIO
obecrieyeHusi U HHGOPMAIHOHHBIX CIPABOYHBIX CUCTEM

Hngopmayuonnvie cnpasounvie cucmemvl:
1. www.biblioclub.ru - «YuuBepcuteTckast OMOIMOTEKA OHIIANHY;
2. DnexTponHo-6nbOIHoTeuHast cuctema [PRbooks OO0 «Aii ITu Dp Menmay.


http://biblioclub.ru/index.php?page=book&id=274344

JlaGopaTopHoe 3aHsTHE 3
Tema 1. O0mue NOHATHS U ONPeAeSICHUS.

KunemaTtudeckuit aHainu3 COOpy>KEHHU.

Ilenp: Hay4dUTHCS pelaTh 3a/1a4U HA PACTSKEHUE - CKATUE

3HaTh: NPUHLUIBL CONPOTUBIEHUS KOHCTPYKLHMOHHBIX MAaTEPHAIOB, METOIbI M aJITOPUTMBI
IIPOCKTUPOBAHUS PA3IUYHBIX MEXAHUYECKUX CUCTEM; METOJbl U AITOPUTMBbI KOHCTPYUPOBAHUS
3JIEMEHTOB Pa3JIMYHBIX MEXaHUYECKHX CHUCTEM, METOJUKH PAacyeTa Ha IPOYHOCTH, JKECTKOCTh U
YCTOMYMBOCTB 3JIEMEHTOB MAIIVH U UX KOHCTPYKLUN;

VYMeTb: OCYLIECTBIATh PpALMOHAIbHBIA BbIOOP KOHCTPYKLIMOHHBIX M 3KCIUIyaTal[MOHHBIX
MaTepUaJIOB; MPOU3BOAUTH PACUETHl HA IPOYHOCTb M KECTKOCTb IPHU PACTIKEHUH-CIKATHH,
KPY4YEeHUHU, M3rH0e M CIOXKHOM Harpy>KeHUH, NpPU CTAaTUYECKOM M YAAPHOM HPUIOKEHUU
Harpy30K; BBIIIOJIHATH CTAHJAPTHBIC BUJIBI IIPOYHOCTHBIX PACUETOB.

PopmupyemMble KOMIETCHIIMN:

Kon PopMyIMpOBKa:

CriocoOHOCTh MPOBOAUTH pacyeTHOE OOOCHOBAHHWE W KOHCTPYHUpPOBaHUE
[K-3 CTPOUTENIBHBIX KOHCTPYKIMM 3JaHUKA W COOPYKEHUU NIPOMBILIJIEHHOTO WU
rpakIaHCKOTO0 HA3HAYCHHUS

Axmyanonocms memvl OOBSICHSIETCS OCHOBHBIMU TMPUHLUIAMHU ONPEAENICHUS BHYTPEHHUX
(bakTOpOB BO3HUKAIOIIMX B 33/1a4aX Ha PaCTSKEHHE — CHKATHE..
Teopemuueckas uacme:

B npupone pasnnyaroT ynpyroe, ynpyromacTUH4YHOE U BSI3KOIIJIACTUUHOE TBEPJBIE TENA.
VYropyroe Teno mocie CHSTHUS BHEUIHEH Harpy3kd BOCCTAHABIMBAeT CBOU IE€pBOHAYajIbHBIE
pasmepsl U popMmy. B aToM ciaydae negopmarius Tena Ha3zblBaeTCs yIpyroil. YpyromiacTuuyHoe
TEJO0 BOCCTAHABIMBAET CBOM IE€pBOHAYaJbHbIE pa3Mepbl U (OPMYy HEMOIHOCTBIO, T. €. UMEET
MecTO ocTaTouHas Aedopmarus. B MHXEHEPHBIX COOPYKEHHMSIX U MEXaHHMUECKMX MallMHaX He
JIOTTYCTHMO MOSIBJIEHHE OCTaTOYHBIX Je(popMaIuil.

OT gelicTBHsI BHEIIHMX HAarpy3oK B IIONEPEYHBIX CEYEHMSIX BO3HMKAKOT BHYTPEHHUE
CUJIOBbIE (aKTOpbl, KOTOpbIE OIpPENEsIIOT, HCIONb3ysl MeToa ceueHuil. TBeppoe Teno,
HaxoJsIleecs IMOJ JEHCTBUEM BHEIIHMX HArpy30K MBICJIEHHO pacCceKaloT Ha JABE 4YacTH U
paccMaTpuBalOT paBHOBECHE OJHOW M3 4yacTel. JleiicTBHe OTOPOIIEHHON YacTh Ha OCTaBIIYIOCS
3aMEHSIOT BHYTPEHHMMH Harpy3kaMiu, IPUJIOXKEHHBIMH B PAacCMaTpUBacMOM CEYEHUHU.
CocraBisisi ypaBHEHHs] paBHOBECHSI OCTaBIIECICS YacTU OT JIEHCTBUS BHEIIHMX W BHYTPEHHHX
CHJIOBBIX (DAKTOPOB, HAXOAAT MOCIETHHE.

BaxknelmmMy moHATUSMHU SIBJISIOTCS] HANIPSDKEHUS U AeOopMaliui.

IIpn HarpykeHuM Tena pacTATMBAIOLIMMHM WIH CKUMAIOIUMHU CUJIAMH OIPEAEISAIOTCS
HaNpsDKeHus, AeQopMalii U yUIMHEeHUs. BHyTpeHHss cuia B3aMMOJEHCTBHS, OTHECEHHAsl K
€/IMHUIIE TJIOLIA/U, BBIICTICHHON B OKPECTHOCTH KaKOM-TM00 TOUKH MONEPEYHOro CeueHHs Tena,
HA3bIBACTCS HANpsOHKEHHUEM B 3TOM Touke. Takum o0Opa3oM BeJlMYMHA HANPSIKEHUH B Kaxaou
TOYKE CEYEHMs SBISAETCS MEpPOW BHYTPEHHUX CHJI, KOTOpbIE BO3HHMKAlOT B MaTepualie B
pe3ysbTaTe BO3/AEUCTBUS BHEUIHMX Harpy3ok. HopmanbHble HampspkeHUs o MPU PACTSKEHUH-
C)KaTMU B TIONEPEYHBIX CEUCHHAX Tella ompenenstorcs u3 cooTHomenus o = N/S, rme N -
NEWCTBYIOIIEE B CEUYEHUH BHYTPEHHSS NpPOJAONbHAs (HOpMalpbHas) CWia; S - TUIOmaib
nornepeyHoro ceyenus. Hanpspkenus u neopmanuu B npeenax yupyrou qegopmanuu cBsi3aHbl
MeXay coboit 3akoHoM ['yka, T. €. ¢ =¢E , tne E - MOIynb yNpyroctd Marepuana (MOIyJb
FOHnra), & — oTHOCHTENBHAS MPOAOIBHAS AePOopMALIHSL.

PacueTHpie 3HaUYeHUA HANPSIKEHUH CPABHUBAIOT C JOMYCKAaeMbIMH [0/, KOTOpbIE
OTIPENeNIAIOT MyTEM JEJEeHUS HEKOTOPBIX MpEeNbHBIX 3HAuYeHWH Ha KOX(pQHUIMEHT 3amaca
npouHocTu S(/a] =0,,/S). 3a ipeeNbHbIC 3HAYCHUS HANPSHKCHHI IPUHUMAIOT [IPEAes MPOYHOCTH
(11 XpYNDKHUX MaTepualioB) WM MPEAen TeKy4decTH (s IUIACTUYHBIX MaTepUalioB), KOTOPHIE




MOJYYal0T MIPU UCTIBITAHUSAX CTAHAAPTHBIX 00pa3IOB HA pa3pbIBHEIX MamuHax. [Ipu 3ToM cTposT
B KOOpJMHATaX HampspKkeHue-nedopmanus YCIOBHYIO AMAarpaMMy pacTsOHKEHHS. Y CIOBHOU
arpaMMy Ha3bIBAIOT MOTOMY, YTO HANpsDKEHUS U Je(OpMalMU BBIYUCISIOT COOTBETCTBEHHO
[0 OTHOIICHHUIO K NMEPBOHAYAIBHOH IJIOMIAAN CEUeHUN U JynHe oOpasna. Mcnomnas3ys ycnoBHYO
IUarpaMMy pacTsDKEHHUS, HEOOXOAMMO YMETh OINPEAeisATh MEXaHHMYECKHE XapaKTePUCTUKU
MaTepuaina: Impenuei MPONOPLUOHAIBHOCTH, HpPEesl YIPYrocTd, Mpeiesl TeKy4ecTH W Mperel
IPOYHOCTH M OTHOCHTEIBHOE OCTaTOYHOE YJIMHEHHUE TIPU pa3phIBeE.

WNuorpa nnst u3ydeHusi 3HaYMTENbHBIX IUIACTUYECKUX JedopManuii HeoOXOAUMO 3HATh
UCTUHHYIO JUarpaMMy pacTsOHKCHHSA, MOJMy4aeMylO IyTeM JeNICHUS PACTATHBAIOLICH CHIIBI Ha
UCTUHHYIO IUIOIIAh TMOMEPEYHOro cedeHus olpasna (C yueTOM YMEHbBIIEHHUS MOIMEepeuyHbIX
pa3MepoB CEUCHUS TP PACTSIKEHUN).

HeoOxonuMo o0paTuTh BHMMAaHME, YTO 3aKOH ['yka, CBSI3BIBAIOLIUIN HAINpSOKEHUS WU
negopManuu  Yepe3 MOAYJb YIPYrOoCTH MaTepuala, CIpaBeUIMB TOJBKO JIO TIpenena
npornopuruoHansHocTH. [IpononbHble nedopManuu Mpu PacTsHKEHUU CBSI3aHBI C MONEPEYHBIMU
nedopMarusaMu ¢ moMoinbsio kodddunuenta [Tyaccona.

[Ipu omnpeneneHun HanpsokeHUH W gedopManuii B CTaTUYECKH HEOMPEACTUMBIX
cucTeMax HeoOXOIUMO YYHTHIBATh, YTO BOZHHKAIOIINE MPH 3TOM B CTEP)KHAX CHIIBI 3aBHCAT OT
JKECTKOCTU CTEp)KHS, T.e. OT IUIONIaJIed TIOMEPEeUHbIX CEYeHUHW U MOJyJNed YIpyroctu
MarepHaa.

Bonpocwt u 3a0anusn:
1. Kakue TBepable Tena BCTPEUAOTCs B Mpupoe?
2. Kakue BHyTpeHHUE CHIIOBBIE (DaKTOPHI BO3HUKAIOT B CTEPKHSAX?
3. B uem 3akirodaeTcs METO CEYCHU?
4. Chopmynupyiite 3akon ['yka.
5. Uro Takoe UCTUHHAS AUarpaMMa pacTKEHUS?

IlepeyeHb OCHOBHOI JIUTEPaTYpPbI:

1. I'noroB, B.A. CrpourenbHas MeXaHUKa M METaJUIMYECKUE KOHCTPYKIMM MAIIUH /
B.A. FHOTOB A.B. 3aitues, B.}O. Urnattorun. — Mocksa ; bepnun : Iupexkr-Meaua, 2015. — 95
c. ni., TaoJI. — Pexum JIOCTyTIA: 1o MOJIITUCKE. —
URL: http //biblioclub.ru/index.php?page=book&id=426940. — bubmuorp. B kH. — ISBN 978-5-
4475-5266-4. — DOI 10.23681/426940. — TekcT : 2IEKTPOHHBIN.

ITepedyeHnb 10NMOJHATENBHON JTUTEPATYPBI:

Crapuesa, JI.B. CrpoutenpHast MexaHMka B mpumepax u 3amadax / JI.B. Crapuesa,
B.I'. Apxumnos, A.A. CemenoB. — Mocksa : MznatensctBo ACB, 2014. — 222 c. : un., Tadm.,
CXEM. — Pexum JI0CTyTIA: o MOJIITUCKE. -
URL.: http://biblioclub.ru/index.php?page=book&id=274344. — bubauorp. B ka. — ISBN 978-5-
93093-985-9. — TekcT : 2NeKTPOHHBIH.

Ilepeyenb pecypcoB HMHPOPMANMOHHO-TEJIEKOMMYHMKAIMOHHON ceTH «UHTEepHeT»,
HEO0XOAMMBIX [IJIsl OCBOCHUS M CIUIIJINHbI

1. DnekTpoHHO-OMbMMoTeuHas cucreMa [IPRbooks Jloroop Ne5168/19 ot 13 mast 2019 rona

2. DnexTpoHHas OMONIMOTEYHast cucTeMa «YHUBEpcUTeTckass Ombmmoreka on-line» [lorosop
Ne50-04/19 ot 13 mas 2019 rona

3. DnekTpoHHO-O0ubIMoTeuHas cucrema Jlane loroBop NeD410-19 ot 22 anpens 2019 r.

Hepeqenb I/IH(l)OpMaIII/IOHHLIX TeXHO.]'IOFI/Ii/’I, HCMOJbB3YyEMbIX MNPH OCYIICCTBJICHHH


http://biblioclub.ru/index.php?page=book&id=426940
http://biblioclub.ru/index.php?page=book&id=274344

o0pa3oBaTe/IbHOIO MpoLecca MO AUCHUILUIMHE, BKJIOYAs MNepedyeHb MNPOrpaMMHOIO
obecrieyeHus: U MHGOPMAIMOHHBIX CIPABOYHBIX CHCTEM

Hugpopmayuonnvie cnpasounvie cucmemyl.
1. www.biblioclub.ru - «YHuBepcureTckas 6uOIMOTEKA OHIAWHY;
2. DnexTponHo-0mOMoTeuHas cucrema IPRbooks OOO «Aii [Tu Dp Menuay.



JlabopaTopHoe 3ansiTue 4
Tema 2. /IMHUHU BJINSAHUA U UX NMPUMEHECHUE JIsl pacueTa CTATUIECCKHU

onpeaeJTUMbIX 0aJIOK.

Harpysku u BHyTpeHHHE CHIIOBBIE (DaKTOPHI,

[lenb: HAyYUTHCA ONPENEIIATh BHYTPEHHUE YCUIIHS

3HaTh: NPUHLUNBI CONPOTHUBIEHUS KOHCTPYKLMOHHBIX MaTEpPHUAJIOB, METOJbl U aJTOPUTMBbI
IIPOEKTUPOBAHUS PA3JIUYHBIX MEXaHUYECKHX CUCTEM; METOABI U AITOPUTMbI KOHCTPYHPOBAHMUS
AJIEMEHTOB PA3JIMYHBIX MEXaHUYECKUX CUCTEM, METOJMKHU pacuera Ha IMPOYHOCTb, KECTKOCTh U
YCTOMYMBOCTB JIEMEHTOB MAIIMH U UX KOHCTPYKLUH;

YMeTb: OCYIIECTBISTh PAMOHAIBHBIA BBHIOOP KOHCTPYKIMOHHBIX M 3KCIUTyaTallMOHHBIX
MaTEpUaJIOB; NPOU3BOAUTH pacyeTbl Ha IPOYHOCTb U JKECTKOCTb IPHU PaCTSHKEHHH-CKATHM,
Kpy4eHUH, U3rube U CIOKHOM HarpyXeHuH, HpU CTaTUYECKOM U YIAApHOM IPUIIOKEHUU
Harpy3o0K; BBIIOJIHATH CTAHAAPTHBIC BUBI IPOYHOCTHBIX PACUYETOB.

CDOpMI/IpyeMLIe KOMIICTCHIIMH

Kon PopMyIMpOBKa:

CrocoOHOCTh TMPOBOJUTH PaCUETHOE OOOCHOBAaHHUE W KOHCTPYMPOBAHUE
IK-3 CTPOUTENIBHBIX KOHCTPYKLMI 3JaHUA U COOPY>KEHUW MIPOMBILIJIEHHOTO U
Fpa’kIaHCKOTO Ha3HAYCHUS

Axmyanonocms memvl OOBSICHSIETCS OCHOBHBIMU MPUHLUIAMHU ONPEAENICHUS BHYTPEHHUX
(akTOpPOB BO3HUKAIOIIMX B 33]]a4aX Ha pacTsDKEHHE — CKaTHE..
Teopemuueckas yacmeo:

[Ipumep perieHus 3aa4u Ha TEMY «PACTSKEHUE U CKATHE

[Toctpouts 1o anuHe Opyca, coracHo cxeme Harpy:keHus (puc. 1.1), smropsl

npoaosbHbIX cuil N, HopMasbHBIX HampspkeHud O U mepeMelleHHi MOMepeyHbIX CeUCHUH.
Crenatp BBIBOJ O IPOYHOCTHU Opyca, CpaBHUB 3HAYEHUSI HOPMaJIbHBIX HANPSKEHUI B OMacHOM

CEUEHHH C JIOITYCTUMBIM, ECITH MaTepua opyca — CTab 3 (E =2,0- 10° MIlla, [G ] =240 Mlla).
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Pucynok 1.1

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

Pemenue:




Nwmeem uethipe yuactka Harpyxenus (45, BC, CD, DK), B npenenax koTopsix
HanpsDKeHUs: OyyT UMETh [TOCTOSIHHbIE 3HAYECHHUS.

Yuacmox 1 (AB). Paccedém, MBICIICHHO, CTEP)KEHBb B MECTaX, I7I¢ HEOOXO0IUMO OTPEICTUTh
3HAUEHUs BHYTPEHHUX YCUJIMH U BHYTPEHHUX HanpspkeHuil. OqHy u3 yactel (JIeBy10) 0TOpoCcUM

(puc. 1.2), a nyst ocTaBIIelics COCTaBUM YpaBHEHHE PaBHOBECUS Z F = N1 - F3 =0 samenus

IIPU 3TOM JEHCTBUE OTOPOILIEHHOM YaCTH Ha OCTABIIYIOCS] HEU3BECTHON BHYTpeHHEN cuitoit Ni.

S
N E

¥4
~—— ——

Pucynok 1.2

Torna, N1 = F3 =30 kH.

N, 30-10°
3HaueHue HaNpsHKeHUH Ha yyacTke: Oy = —— =~ = 100 Milla.
S, 300
AbcomoTtHas nedopmanys yuactka (OTHOCUTENBHBIC IEpEMEIISHHsI KOHI[OB y4acTKa):
N 100-
Al 2%l _ 00 90020’45 o

A8 E  20-10°

Yuacmox 2 (BC).

Z LES
0 B A

N,—F, =0,
N2:F3:30 xH.

N, 30-10°
o =2 00 g
*~’s 200 Mtla.
Al o, l,. _150-300 —0,22m

" F  20-10°

Yuacmox 3 (DC).



zZ
=

S S
N F F
C

0

N,—F,+F, =0,
N, =30-12=18
N, 18-10°
%2775 Tp00 MM
Al = o, ~|DC _ 90-400 — 018

" E 20-10°
Yuacmox 4 (KD).

N,-F+F+F =0,
N,=30-12-10=8 «n.

N, 8-10°
o, = =27 40w
“T5 00 MM

A Oal _ 40360

KD E  20-10°

=0,07 mm.

JJ1s MOCTpOEHMUSI SIIOPHI TEPEMEIIEHUI MONEPEYHBIX CEUEHUH, OMPeIeINM PaCcCCTOSHUS,
Ha KOTOPbIE IEPEMECTSITCS KOHIIBI YYACTKOB Harpy»€HUs OTHOCUTENIBHO KECTKO 33/1€JaHHOTO
JIEBOTO KOHIIA cTepxHs (Touku K).
[Tepememnienue Touku D otHOCHTETBHO TOUKHU K.
opk=Alkp=0,07 mm.
Torna, nepemenienre ToUku C OTHOCUTENBHO TOUKU KCOCTaBUT:

Ock=0pK +Alkp=0,07+0,18=0,25 mm.

AHaNnOTu4HO OmnpeaAcInM MEpEMCIICHUA OCTAJIbHBIX KOHIIOB Y4aCTKOB!:



Osk=0ck +Algc=0,25+0,22= 0,47 mm,
Ouk=08K +Al45=0,47+0,45= 0,92 mm.

ITocTpouB u poaHATU3UPOBAB SIIOPBI MPOIOJIBHBIX cril N, HOpMaIbHBIX HAIPSKEHUN
O u nepeMeleHnii TONEPEYHbIX cedeHuit (puc. 1.3), nenaeM BBIBOJ, YTO OIMACHBIM Y4aCTKOM
BaJia sBisieTcst yyactok BC ¢ omax= 150 Mlla.
T.K. omax</c], TO ycI0BUE POYHOCTH BBIIIOJIHSAETCS.

Onpenenum cTeneHb 3arpy>KEHHOCTH CTEPKHS:

Om 150 _ 605,
[c] 240

Crepxenb HarpyxeH Ha 62,5 %.
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Pucynok 1.3



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?
IlepeyeHb OCHOBHOIi JTUTEPATYPHI:

1. T'noroB, B.A. CrpourenpHas MeXaHUKa M METAUIMYECKUE KOHCTPYKIIMM MAIIUH /
B.A. I'nmotos, A.B. 3aiinies, B.}O. Urnattorun. — Mocksa ; bepnun : lupexr-Menua, 2015. — 95
c. : Ui, TabII. — Pexum JIOCTYyTIA: o MOATHCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=426940. — bubauorp. B ku. — ISBN 978-5-
4475-5266-4. — DOI 10.23681/426940. — TekcT : 2JIEKTPOHHBIN.

IlepeyeHb 10NMOJHUTENbHOI JUTEPATYPHI:

CrapueBa, JI.B. CtpoutenbHas mexanuka B mpumepax u 3anadax / JI.B. Crapuesa,
B.I'. Apxumnos, A.A. CemenoB. — Mocksa : UznatensctBo ACB, 2014. — 222 c. : un., Ttadm.,
CXEM. — Pexum JIOCTYyIA: o MTOJIMKCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=274344. — bubauorp. B ka. — ISBN 978-5-
93093-985-9. — TekcT : 3JIeKTPOHHBIH.

Ilepeuenb pecypcoB HHGPOPMANUMOHHO-TEJEKOMMYHUKAUMOHHOH ceTu «UHTepHeT»,
HEeOOXOAUMBIX /1J151 OCBOEHMS 1M CHUTLTHHBI

1. DnexTpoHHO-OMbMMoTeyHas cucreMa [IPRbooks Jloroop Ne5168/19 ot 13 mas 2019 rona

2. DnexkTpoHHas OuONIMOTEUHast cucTeMa «YHUBepcuTeTckass Ombimuorexa on-line» [lorosop
Ne50-04/19 ot 13 mas 2019 rona

3. DnexTpoHHO-0nbMMoTeyHas cucreMa Jlanp Jlorosop NeD410-19 ot 22 anpens 2019 .

Ilepeyenr HMH(POPMALMOHHBIX TEXHOJOTHH, MCHOJb3YeMbIX MNPH OCYILIECTBJICHUH
o0pa3oBaTeIbHOIO Ipolecca M0 AWUCHUILVIMHE, BKJIKYAasg Iepe4eHb IPOrPaMMHOIO
ol0ecrieyeHnst 1 MHGOPMALMOHHBIX CIIPABOYHBIX CHCTEM

Hnghopmayuonnvie cnpasounvle cucmemol:
1. www.biblioclub.ru - «YuuBepcureTckas OMOIHOTEKA OHIANHY;
2. DnexktpoHHo-6ubmmoTeunas cucrema [IPRbooks OOO «Aii ITu Op Meauay.


http://biblioclub.ru/index.php?page=book&id=426940
http://biblioclub.ru/index.php?page=book&id=274344

JlabopaTopHoe 3aHsITHE 5
Tema 2. /IMHUHU BJINSAHUA U UX NMPUMEHECHUE JIsl pacueTa CTATUIECCKHU

onpeaeJTUMbIX 0aJIOK.

JIMHUM BIUSHUS B CTaTUYECKU OIIPpCACIINMBIX 6aJ'IKaX,

Ilenb: HayduTHCS pelaTh 3a1a4d HA CABUT U KPy4YEHUE

3HATh: NPUHLUIBL CONPOTUBIIEHUS KOHCTPYKLHOHHBIX MAaTEPHAIOB, METOIbl U aJITOPUTMBI
IIPOCKTUPOBAHUS PA3IUYHBIX MEXAaHUYECKUX CUCTEM; METOIbl U AITOPUTMBbI KOHCTPYUPOBAHUS
3JIEMEHTOB Pa3JIMYHBIX MEXaHUYECKUX CHCTEM, METOJUKH PAacyeTa Ha IPOYHOCTH, JKECTKOCTh U
YCTOMYMBOCTD 3JIEMEHTOB MAIIMH U UX KOHCTPYKLMUU;

VYMeTb: OCYLIECTBIATh PpALMOHAIbHBIA BbIOOP KOHCTPYKLIMOHHBIX M 3KCIUIyaTallMOHHBIX
MaTepUaJIOB; MPOU3BOAUTH PACUETHl HA IPOYHOCTH M KECTKOCTh IPU PACTSKECHUHU-CIKATHH,
KPY4YEeHUHU, M3rH0e M CIOXKHOM Harpy>XeHUH, NpPU CTAaTUYECKOM M YAAPHOM HPUIIOKEHUU
Harpy3oK; BBIIIOJIHATH CTAHJAPTHBIE BUJIBI IIPOYHOCTHBIX PACUETOB.

DopmMupyeMble KOMIETEHIUU:

Kon DopMynUpOBKa:

CrnocoOHOCTh TMPOBOAUTH PACYETHOE OOOCHOBAaHUE W KOHCTPYUPOBAHHE
CTPOUTENIBHBIX KOHCTPYKIMH 3JaHUKA W COOPYKEHUU NIPOMBILIJIEHHOIO WU
IpayKJaHCKOIO Ha3HAYCHHUSI

[1K-3

AxmyanvHocms membl OOBACHSACTCS OCHOBHBIMU TPHHIMIIAMH ONpPEICIICHHUsS] BHYTPEHHHUX
(haKTOPOB NIPH CIBUTE U KPyUCHUH.
Teopemuueckas yacmo:

CBrTOM HA3BIBAIOT TAKOW BUJ] HAINPSHKCHHOTO COCTOSIHHSI, KOT/Ia Ha TPAHSIX dJIEMEHTA
JENCTBYIOT TOJIBKO KacaTelbHble HanpsikeHus. [Ipu 3ToM Ha ABYX B3aMMHO MEPIEHIUKYISIPHBIX
TUTOMIA/IKaX JEHCTBYIOT PaBHBIC 110 BEIMYMHE M OOpaTHBIC 10 3HAKY KacaTeJIbHBIC HATIPSKCHUS.
DOTOT 3aKOH HAa3bIBaeTCS 3aKOHOM MApHOCTH HIJIM B3aMMHOCTH KacaTelbHBIX HaMpsDKeHUN U
UMeeT CHWJIy KakK JUIsl OJHOOCHOTO, TaK W I OOBEMHOrO0 HANpPSDKEHHOTO COCTOSHHUM.
Jedopmaruu, BO3HUKAIOIINE MPU CIBUTE, HA3BIBAIOT YIJOBBIMU JAe()OpMalMsIMH WIH YTIIOM
capura. ONBITHI TIOKAa3bIBAIOT, YTO MEXKIY HANPSHKCHUSAMH W JeQOopMalHUsIMH TPU CHABUTE
CYIIIECTBYET JIMHEHHAs 3aBHCHUMOCTh, aHaJOrMyHas 3akoHy ['yka mpu pactspkenuu. [losTomy
3akoH ['yka mpu cnsure umeer Bua 7=y G, rae y - yrioBas aedopmanus, a G - Moaynb
CBHTA.

CrnemyeT 0OpaTUTh BHUMAHKE HA TO, YTO MOJTYJIb IPOJAOIBHON YIIPYTOCTH, WK MOIYJTh
VIPYTOCTH MEPBOTO poja £ ¥ MOAYJb YIPYTOCTH TIPU CABUTE, WIK MOAYIIb YIPYTOCTH BTOPOTO
pona G 1715 0JTHOTO U TOTO e MaTepHualia cBs3aH uepe3 kodddumuent [lyaccona u
3aBucuMOCThIO G = E/ [2(1+ ,u)] [Tpu pacderax Ha cpe3 OOBIYHO MPUHUMAIOT, YTO KacaTEIbHbBIE
HaANPSDKEHUS PacIpeiesicHbl PABHOMEPHO B TIOTIEPEYHOM CEUCHUHU CTEPIKHS M YCIIOBUE
MPOYHOCTH Ha CPe3 UMEET BHU]L

t = FIS<[7/, rne F — BHemHsS monepeyHas cuia.

JlormyckaemMbIe HANIPSDKEHUS [z-] Ha CIIBUT (Cpe3) COCTaBIISIFOT HEKOTOPYIO YacTh OT
JIOITYCKaeMbIX HaNPSOKEHUH Ha pacTsDKeHHe. PacCUMTHIBAIOT HA Cpe3 COSTUHEHHUS 3aKIICTIOYHbIC,
00NTOBBIE, CBAPHBIC, IIMOHOYHBIE U HEKOTOPBIC APYTUE THITH COSTMHEHHM.

[Tpu mpoBeneHnH MPOYHOCTHBIX PACYETOB HA CIBHT (Cpe3) HEOOXOIUMO HAYUUThCS
MPABUIIBHO OIPEIEATh IUIOMAAH Cpe3a sl OJTHOCPE3HBIX U MHOTOCPE3HBIX 3aKJICTIOK, a TAKXKe
JUTSL YTJIOBOTO CBAPHOTO IIBA, B KOTOPOM CPE3 MPOUCXOAMT IO OMCCEKTOPHOH MIIOCKOCTH
MPSIMOTO yTJIa MONEPEYHOr0 CEYCHHUS 1IBA.



Ecnu B nonepeyHoM CEUEHUH CTEPKHS ACHUCTBYET KPYTAIIUNA MOMEHT Mk, TO CTEPKEHb
UCTIBITBIBACT KpyueHue. HeoOxo1umo, HCI0ib3ysl METO/] CEYeHUH, HAYyUUThCSI CTPOUTD SIHOPhI
KPYTSAIIMX MOMEHTOB 110 JJIMHE CTEPKHS U ONPEACIIATh BOSHUKAIOLIUE KaCaTEIbHbIC
HAaIPSDKEHHSI, KOTOPBIE ONpeAesitoTes u3 cootHomenus © = Mg/ Wp, rne Wp - nosispHsiid
MOMEHT COIIPOTUBIICHUS CEYCHUS KPYUCHHUIO.

B nonepe4HoM ce4eHNHN CTEPXKHS KacaTeJIbHbIE HAIIPSHKCHUS PaCIIPECIICHBI
HEpaBHOMEPHO. Tak, JUIsl CTEpKHS C KPYTJIbIM IIOIIEPEYHBbIM CEUEHUEM KacaTelIbHbIC
HaANPSDKEHUS U3MEHSIOTCA 10 JIMHEMHOMY 3aKOHY - OT HyJISl Ha OCH 10 MAKCUMAJIBHOTO 3HAYCHMUS
y HOBEPXHOCTH. Tak Kak CEUYEHHUs], paCIIOJIOKEHHBIE Y OCH CTEPIKHS, HAIPy>KEHbI HE3HAYUTEIIBHO,
TO C 1IeJIbI0 SKOHOMUHU MaTepuaia Ipyu KpydeHUH 1esecoo0pa3Ho UCII0Ib30BaTh IyCTOTENbIE
npodwm. KpyTsmmii MOMEHT B CE4EHUU CKPYYHUBAEMOT'0 CTEPIKHS (Bajia) YMCICHHO PaBeH
areOpanyeckoil CyMMe BHEHIIHUX CKPYUYMBAIOIIMX MOMEHTOB, JEHCTBYIOIUX MO OJIHY CTOPOHY
OT CEUCHUS.

Bonpocwt u 3a0anusn:

1. Yro rakoe casur?

2. Uro takoe kpyueHue?

3. 3axon ['yka npu casure .

4. OmnpeneneHue KpyTsILIero MOMEHTA.
IlepeyeHb OCHOBHOM JIMTEPATYPbI:

1. T'notoB, B.A. CrpourenbHas MeXaHHKa W METAUIMYECKHE KOHCTPYKIIMH MAamiuH /
B.A. I'nmoros, A.B. 3aiiues, B.}O. Urnattorun. — Mocksa ; bepnus : Jlupexkr-Menua, 2015. — 95
c. ui., Tab. — Pexnm JIOCTYyIIA: 1o MOJIITUCKE. —
URL.: http //biblioclub.ru/index.php?page=book&id=426940. — bubnuorp. B ku. — ISBN 978-5-
4475-5266-4. — DOI 10.23681/426940. — TekcT : 2IEKTPOHHBIN.

ITepedyeHnb 10NMOJHATENBHON JTUTEPATYPBI:

Crapuesa, JI.B. CrpoutenpHast MexaHMka B npuMepax u 3agadax / JI.B. Crapuesa,
B.I'. Apxumnos, A.A. CemeHoB. — Mocksa : UznatensctBo ACB, 2014. — 222 c. : un., Tadm.,
CXEM. — Pexum JIOCTyTIA: o MIOJIITUCKE. -
URL.: http://biblioclub.ru/index.php?page=book&id=274344. — bubauorp. B ka. — ISBN 978-5-
93093-985-9. — TekcT : 31MeKTPOHHBIH.

Ilepeuenb pecypcoB HHGPOPMANUMOHHO-TEJIEKOMMYHUKAUMOHHOH ceTu «UHTepHeT»,
HEeOOXO0AUMBIX /1JIs1 OCBOEHMS U CIIUTIIMHBI

1. DnexTpoHHO-OMbMMoTeuHas cucreMa [PRbooks Jloroop Ne5168/19 ot 13 mast 2019 rona

2. DnexkTpoHHas OHONIMOTEYHast cucTeMa «YHUBEpcuUTeTckas Ombimumorexa on-line» [lorosop
Ne50-04/19 ot 13 mas 2019 roxa

3. DnexTpoHHO-0MbMMoTeyHas cucreMa Jlanp JloroBop NeD410-19 ot 22 anpens 2019 .

Ilepeyenr HMH(POPMALMOHHBIX TEXHOJOTHH, MCHOJb3YeMbIX MPH OCYLIECTBJICHUH
o0pa3oBaTeIbHOIO Ipolecca MO AWUCHUILVIMHE, BKJIKYAasg IepeYeHb IPOrPaMMHOIO
ol0ecrieyeHust 1 MHGOPMALMOHHBIX CIIPABOYHBIX CHCTEM

Hnghopmayuonnvle cnpasounvle cucmemvi:
1. www.biblioclub.ru - «YuuBepcuTeTckast OMOIMOTEKA OHITANHY;
2. DnexktponHo-6ubmmoteunas cucrema IPRbooks OOO «Aii [Tu Op Menuay.


http://biblioclub.ru/index.php?page=book&id=426940
http://biblioclub.ru/index.php?page=book&id=274344

JlaGopaTopHoe 3aHsTHE 6
Tema 2. JIMHUM BJIMSHHUA U HX NMPUMEHECHUE JIsl pacueTa CTATUIECCKHU

onpeaeJTUMbIX 0aJIOK.
Haxoxaenue ycunuit o JMHUSAM BIUSTHUS.

OOmue cBeneHus,

Ilenb: HayduTHCS pelaTh 3a1a4d HA CABUT U KPy4YEHUE

3HATh: NPUHLUIBI CONPOTHUBIICHUS KOHCTPYKLIMOHHBIX MAaTE€pPHaIOB, METOABI M aJIrOPUTMBbI
IIPOCKTUPOBAHUS PA3IUYHBIX MEXAHUYECKUX CUCTEM; METOIbl U AJITOPUTMBbI KOHCTPYUPOBAHUS
3JIEMEHTOB PA3JIMYHBIX MEXaHUYECKHX CHCTEM, METOJUKH PAacyeTa Ha IPOYHOCTH, JKECTKOCTh U
YCTOMYMBOCTB 3JIEMEHTOB MAIIVH U UX KOHCTPYKLINH;

YMeTh: OCYLIECTBIATh PALMOHAIbHBIA BbIOOP KOHCTPYKLMOHHBIX M 3KCIUTyaTal[MOHHBIX
MaTepUaJIOB; MPOU3BOJAUTH PACUETHl HA IPOYHOCTh M KECTKOCTb INPHU PACTIKECHUH-CIKATHH,
KPY4YEeHUHU, M3rH0€ M CIOXKHOM Harpy>XeHUH, NpPU CTAaTUYECKOM M YAAPHOM HPUIIOKEHUU
Harpy3oK; BBIIIOJIHATH CTAHJAPTHBIC BUJIbI IPOYHOCTHBIX PACYETOB.

DopmMupyeMble KOMIIETEHIUU:

Kon DopMynUpOBKa:

CrocoOHOCTh TMPOBOAUTH pacyeTHOE OOOCHOBAaHUE W KOHCTPYMPOBAHUE
[K-3 CTPOUTENBHBIX KOHCTPYKLUMH 3JaHUI UM COOpPYKEHUH TNPOMBIIUIEHHOTO U
pa)XTaHCKOTO Ha3HAYEHUS

Axmyanonocms memsl OOBICHIETCS OCHOBHBIMU TPUHIIUIIAMHU OMpEACNeHUs BHYTPEHHUX
(haKTOpOB IIPH CIBUTE U KPYUCHHH.
Teopemuueckas yacmy:

ITpumep Pemenns 3anaun Ha Temy «Kpyuenue»

K cranbHOMY cTyneHUaTOMY Bally, UMEIOIIEMY CILIOIIHOE KPYTJI0€ CEYEHUE, IPUIIOKEHBI
YeThIpe BHEIIHUX 3aKpy4yuBaroux MomeHTa (71, T2, T3 u T4), NeBbIi KOHEI] Baja )KECTKO
3aKpeIuieH B OOpe, a MpaBblii KOHEL — CBOOOJIEH U €ro TOpeL] MMEET YIJIOBbIE ITepeMeIIeHUs
OTHOCHUTEJIBHO JIEBOTO KOHIIA.

Tpebyercsi:

1) mOCTPOUTH 3MIOPY KPYTAIIUX MOMEHTOB;

2) omnpeaenuts nuameTpsl di u d2 Baja U3 pacueTa Ha MPOYHOCTb, TIPH 33JAHHOM 3HAYCHUHU [z‘]
OKPYTJIUTh BEIMUMHY HAWJCHHBIX TUAMETPOB /10 Okaiiiero 60ibIIero 3HaYeHus U3 psa;

3) TOCTPOUTH AMIOPY ACHCTBUTEIBHBIX HAIIPSHKEHUH KPYYECHUS 110 JUTMHE BaJIa;

4) HOCTPOMTH MIOPY aGCOMIOTHEIX yri1oB 3aKkpyuuBanus @, npunss G =0,8- 10° M1Ta
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Pucynok 3.1

Ucxonnbie nandeie: a=b=c 1,6 m; Th = 5,7 kHw;T> = 2,7 kHm,; T3 = 1,7 kHwm;
Ta= 0,7 kHw; [z]= 45 MITa.

Pemienne:

1. Onpenenum KpyTsiue MOMEHTHI (puc. 3.2):

Yyacmor AB:
MK1 = T4 20,7 xkHwm;
Yyacmox BC:
M, =T,—T,=07-17=-10xHu
Yuacmox CD:
[\JK3 =T4 —T3 —T2 =0,7 -1,7 —2,7:—3,7KHM,'
Yuacmox DE:

MK4:T4—T3—T2+Tl:0,7—1,7—2,7+5,7:2KHM.

2. OHpeI[eJ'II/IM 3HAYCHUA THAMCTPOB CTyneHeﬁ N3 yCJIOBHUA MPOYHOCTHU HA OMMACHBIX

yuactkax BC u DC.
6
d, =: M, =3 3710 =14,4 unm,
02-[z7] \0,2-45

[Tpuanmaem di = 80 MMm.

6
d, =: M, =3 10-10 = 48,1 um,
02-[z7] V0,2-45

[Mpuanmaem d2 = 50 mm.

3. Jlsi HOCTPOEHHUS S0P HANPSHKEHUM HalZIeM 3HaUY€HUsl HAPSDKEHUN KPYUeHMUs,
JEHCTBYIONIMX HA y4acTKaXx.

6
= M,y = 0,7 103 =28 MIla
W, 02-50
6
T =M'<2 _—1’0 10 =—-40 Mlla,



M, 37-10°

T, = =- - =—36,1 Mla,
W, 0280
6
T, = M, _20 103 =19 Mila.
W, 02-80

p2

4. OTHOCHUTEIIBHBIE YTJIOBBIE MIEPEMEIIECHNS KOHILIOB Y4aCTKOB.
M1, 07-10°-16-10°
J, 08:10°-01-50°

6 3

ol __1010°1610° o0

J 0,8-10°-0,1-50*

G-

M

G pl

M,-1  37-10°-16-10°
G-

M,

P = =0,0224 pao,

Pyc =

Pep = f] = =-0,0181 pao,

. 0810°-01-80°
1 20-10°16-10°

’ 212 0,008 pao.

P =G.3, " 08-10°-01.80° P

AOCOIIOTHBIC YIJIbI 3aKPYYHBaHHSI, OTHOCUTEIBHO JKECTKO 3a/Ie/IAHHOTO JIEBOIO KOHIIA
Bayia (ceuenue E).

QCE = (DDE + (DCD = 0’0098 - 010181 = _0,0083 pac),
Pur =P + @, =—0,0083 — 0,0320 = -0,0403 pao,
¢AE = ¢BE + ¢AB = _0,0403 + 0,0224 = —0,0179 pad
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Pucynok 3.2

Bonpocwt u 3a0anusn:
1. Yro rakoe casur?
2. Uro takoe kpyueHue?
3. 3akon ['yka npu casure .
4. OmpeneneHue KPyTAIIET0O MOMEHTA.

OcHoBHasi JuTepaTrypa

1. benmukoB, I'I. Texuuyeckas mexanuka. CompoTuBieHue matepuanon: OOyuaromiue
Moaynu : ydeOHoe mocobue / I'.M. benukoB ; Boarorpaackuil rocynapcTBEHHBIN
apXUTEKTYPHO-CTPOUTENIbHBIN yHUBEpCUTET, MUHHUCTEPCTBO OOpa30BaHUS U HAYKH
Poccuiickoit  ®@enepanmu. -  Bousrorpaa:  Boarorpaackuii  rocyaapCTBEHHBIN
aApXUTEKTYpHO-CTPOUTENbHBIN YHUBEpCUTET, 2014.

2. Comnportunenne Mmatepuayion: yueOHoe mocobue / H.A. Kocrenko, C.B. bansicaukosa,
10.3. Bonomanosckas u zp. ; nox pea. H.A. Kocrenko. - M. :Jlupekr-Menua, 2014.

3. Croponybuea, T.H. ComnporuBinenue wmaTepuasoB: ydeOHOoe  mocobue  /
T.H.CroponyOuieBa. - Boponex: Boponexckas rocynapcTBEHHasl JIECOTEXHUYECKas
akamemus, 2015.



JlonoiHUTeIbHASA JUTEpaTypa

Mexanuka. ConpoTHBICHHE MaTepuaioB (TEOpUs W NPAKTUKA) : ydeOHOe mocodue /
O.M. bonrenkoBa, O.lO. laBeinoB, B.I. Eropos, C.B.VYnpmuuH. - Boponex:
BopoHexckuii rocy1apCTBEHHbIM YHUBEPCUTET UHKEHEPHBIX TEXHOJOTH, 2014,
[Mpuknannas wmexanuka: ydeOnoe mocobue / X.C.T'ymepoBa, B.M. Kotsp,
H.IT. ITeryxoB, C.I'.CumopuH; MwuHHUCTEpPCTBO 0Opa3oBaHusi W Hayku Poccum,
denepanbHOE TOCYIAPCTBEHHOE OIOKETHOE 00pa30BaTENbHOE YUPEKICHHE BBICIIETO
npodeccuonanbHoro oobpazoBanus «KazaHCKHII HalMOHANBHBIA HCCIEIOBATENIbCKHIMA
TEXHOJIOTMUECKUI yHuBepcuret». - Kazans : U3natenscteo KHUTY, 2014.

HNHutepHer — pecypcbl

DIIEKTPOHHBIN 00pa3oBaTeNbHBIA pecypc [DIeKTpoHHBIN pecypc]. Pexxum mocryna:
http://www.edu.ru/

DNIeKTpOHHAs oubamoTeka [DnexTpoHHbI pecypcl]. Pexxum JOCTYyTIa:
http://www.elibrari.ru/

YuuBepcurerckas Oubmuoreka online [DnekTpoHHBIH pecypc]. Pexum mocryna:
http://www.biblioclub.ru/

OnekTpoHHas OMOJIMOTEKa TEXHUYECKOM JuTeparypbl [DIeKTpoHHbIN pecypc]. Pexum
nocryna: http://www.tehlit.ru/
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JlabopaTopHoe 3ansiTHE /
Tema 3. TpexmapHupHbie ApDKH U PaMbl.

OOmue cBeneHus,.

Ilenb: Hay4dUTHCS ONPENEIIATh TEOMETPUYECKUE XapAKTEPUCTUKHU ITONIEPEUHBIX CEUYEHUN

3HaTh: NPUHLUIBL CONPOTUBIEHUS KOHCTPYKLHMOHHBIX MAaTEPHAIOB, METOIbI M aJITOPUTMBI
IIPOCKTUPOBAHUS PA3IUYHBIX MEXAHUYECKUX CUCTEM; METOJbl U AITOPUTMBbI KOHCTPYUPOBAHUS
3JIEMEHTOB Pa3JIMYHBIX MEXaHUYECKHX CHUCTEM, METOJUKH PAacyeTa Ha IPOYHOCTH, JKECTKOCTh U
YCTOMYMBOCTB 3JIEMEHTOB MAIIVH U UX KOHCTPYKLUN;

VYMeTb: OCYLIECTBIATh PpALMOHAIbHBIA BbIOOP KOHCTPYKLIMOHHBIX M 3KCIUIyaTal[MOHHBIX
MaTepUaJIOB; MPOU3BOAUTH PACUETHl HA IPOYHOCTb M KECTKOCTb IPHU PACTIKEHUH-CIKATHH,
KPY4YEeHUHU, M3rH0e M CIOXKHOM Harpy>KeHUH, NpPU CTAaTUYECKOM M YAAPHOM HPUIOKEHUU
Harpy30K; BBIIIOJIHATH CTAHJAPTHBIC BUJIBI IIPOYHOCTHBIX PACUETOB.

DopmMHpyeMble KOMIIETEHIUU:

Kon DopMyIUpOBKa:

CrocoOHOCTh TMPOBOAUTH PacyeTHOE OOOCHOBAaHUE W KOHCTPYMPOBAHUE
[K-3 CTPOUTENBHBIX KOHCTPYKLUMH 3JaHUI UM COOpPYKEHUH TNPOMBIIUIEHHOTO U
rpa)1aHCKOI'0 Ha3HAYCHMUSI

AKmyaJleOCWlb membi O0BICHIETCS OCHOBHBIMU IMpUHOUIIAMH OIIPCACIICHUA FGOMCTpI/I‘IeCKI/IX
XAPaAKTCPUCTHUK HOMECPCUHOTI'O CCUCHUS.
TeopemulteCKaﬂ yacme:

IIpu pacyerax Ha MPOYHOCTh, KECTKOCTh U YCTOWYMBOCTh MCIIOJIB3YIOTCS T€OMETPHUUECKUE
XapaKTEPUCTHKH IIONEPEYHOT0 CeYEHHsI Opyca: niowaos, ocesule U NOIAPHbIIL MOMEHMbL
umepyuu, ocesvle U NOJAPHLIL MOMeHmbl conpomugnerus. Kpome Toro, npu Ux onpeaereHnu
BCIIOMOT'aTEeNbHYIO POJIb UTPAIOT CMamuyecKue MOMeHmMbl U YeHmpobedcHble MOMEHMbl
UHepyuU ceveHus.

HanomuuM onpenenenns, CBOHCTBA U METO/IbI BBIYHCICHHUS TIEPEUNCICHHBIX
xapakTepucTuk (puc. 2.1).

U

Pucynok 2.1

ITnowaow cevenusn .S = de , T1e dS — moraae 3JeMeHTapHOM TITOIIAIKH.
S
Cmamuueckutl MoMeHm niowau cedenus — CyMMa TIPOU3BEICHUH MO e
BJ'IeMeHTapHBIX TJIOIIA0K HAa UX paCCTOSIHI/ISI o }IaHHOfI OCH, B3dTasd 110 BCeﬁ Jromananu CCYCHUs.
Cratrdeckuii MOMEHT CEUECHUSI U3MEPSETCS B €MHULIAX JJIMHBI TPEThEH CTENEHU (v, e, MP).
CraTtudeckrue MOMEHTRI CEUeHHSI OTHOCHTEIIFHO oceit Ou 1 OV:

S, =[vds =5v,,
S
S, =udS=Su,.




rae U, uV, — paccrosHus OT LeHTpa TSKECTH CeYEHUsI COOTBETCTBEHHO 10 oceit Ovu Ou.

CraTudeckuii MOMEHT CeYEHHSI MOXKET ObITh KaK MOJOKUTEIbHBIM, TaK U OTPULIATEIIbHBIM.
OTHOCUTEIBHO JTI000H OCH, MPOXOAIIEH Yepe3 UEHTP TAKECTU CEUCHHUS, OH PaBEH HYIIO.

Ocegoul Mmomenm unepyuu ceverus — CyMMa IPOU3BEICHUH IIIOIACH 3JIEMEHTAPHBIX
IUIONIA/IOK HAa KBAJPAThl UX PACCTOSIHUIA 1O JAHHOW OCH, B3SITasl 110 BCEH MIIOMIAAN CEUCHHUS.

J=[vidS;
S

J, =[uds.
S

Lonapuvlii Momenm unepyuu — cymma poU3BEICHUH III0OMAAEH 371EMEHTapHBIX
IUIONIA/IOK HA KBAJPAThl UX PACCTOSIHUM 10 TOUKH (IOJIFOCA), B3sATas IO BCEH IUIONIA/IA CEUEHUSI.

Jp:IpzdS.
S

OceBbIe ¥ MOJSIPHBIA MOMEHTBI MHEPIIMH — BEJIMYMHBI CYIIECTBEHHO MOJOXKUTENbHbIE. OCEeBbIC U
HOJIIPHBIC MOMEHTBI HHEPLIUH CCUCHUSI U3MEPSIOTCS B SAMHHULAX UTMHBI YeTBEPTOU CTCIICHH
(v, em?, Mb).

LlenmpobesicHulii MOMeHm uHepyuy — CyMMa MPOU3BEICHUN TUTOIAICH JIEMEHTapHBIX
TUIONIA/IOK HA MX KOOPAMHATHI, B35iTas MO BCEH TUIOIIAN CEUSHUSI.

J,, =[uvds.
S

LleHTpOOEKHBIIT MOMEHT HHEPLUU U3MEPSETCS B €AMHUIAX JITUHBI YeTBEPTOU CTETICHU
(Mm*, em?, M*), MOKET GBITH MOJIOKHUTEIBHBIM, OTPULIATEIBLHBIM H PABHBIM HYJIIO.

Yepes 1100y10 TOUKY, B3ATYIO B IUNIOCKOCTH CEYEHHSI, MOKHO IIPOBECTH JIBE B3aUMHO
HEepIEHIUKYIISPHbIE OCH, OTHOCUTEJIBHO KOTOPBIX EHTPOOESKHBI MOMEHT HHEPLIMU CEUECHUS
paBeH HYJI0. DTH OCU Ha3bIBAIOTCS 21a8HbIMU 0CcAMU (MHOT/Ia UX HA3bIBAIOT 21A6HbIMU OCAMU
unepyuu). IIpakTHUECKUN UHTEPEC MPEACTABIAIOT JHUILIb T1aBHBIE OCH, IPOXOJSIINE Yepe3
LEHTP TSAKECTU CEUECHHUSI, OHU HA3BIBAIOTCS 21ABHbIMU YEHMPATbHLIMU OCAMU (111 KPATKOCTHU B
JanpHeimem 0yaeM B OOJIBIIMHCTBE CIIy4aeB Ha3bIBaTh X MPOCTO 2IABHbIMU OCAMU).

OceBble MOMEHTBI MHEPLIMK OTHOCUTEINILHO TJIABHBIX OCEH (2nasHble Momenmbl unepyuu)
AKCTPEMAIIbHBI — OTHOCUTEIBHO OJIHOM U3 HUX MOMEHT MHEPLIMU MaKCUMAaJIEH, @ OTHOCUTEIBHO
JIpyroi — MUHUMaseH. Jljis pacyeToB Ha MPOYHOCTH U JKECTKOCTh MPHU U3rH0e, COYeTaHn!
u3ruda ¢ pacTsHKEHUEM U B psiJie IPYTUX CIydaeB HY)KHO 3HATh MOJI0KEHUE TIIaBHBIX
LEHTPaJIbHBIX OCEH U BEIMYMHBI COOTBETCTBYIOIIUX MOMEHTOB UHEPIIUH.

B ciyuae, eciiu ceueHue uMeeT XoTs Obl 0IHY OCb CHMMETPHH, TO 3Ta OCh M OCh K HEl
NEePIEeHIUKYIIIpHAs, IPOXOASIIas Yepe3 UEHTP TSHKECTU CEUEHUs, SIBJSIOTCS IJIaBHBIMU
LEHTPaJIbHBIMU OCSIMH.

[Ipu BBIYMCIIEHUY TTIaBHBIX MOMEHTOB MHEPIIUU CEYEHH, COCTaBIEHHBIX U3 MPOCTEHIINX
reOMEeTPUYECKUX (PUTYp MM CTAHIAPTHBIX MPOKATHBIX MPOdUIEH, IIUPOKO MPUMEHSIOTCS
dbopMyIibl Tepexoa OT LIEHTPAIbHBIX K MapajuleIbHBIM UM HELEHTpaIbHbIM ocaM (puc. 2.2).

O

Pucynok 2.2

Otu GopMyIbl UMEIOT CIAEAYIOIIMM BU/I: UII OCEBOTO MOMEHTA WHEPIIHH



2Q.
Jy =Jy, +2a'S;
I I_[eHTpO6e>KHOFO MOMCHTa MHEPLUHU
Js =9y, +abS.

KoopauHatsia 1 bnomkHbI OBITh [OCTABICHBI CO CBOUMU 3HAKAMHU (@ U D— KOOpIUHATHI
Hayajia HOBOM CHCTEMbI KOOPJMHAT B CTAphIX OcsAX). B yacTHOM citydae, eciii HCXOHbIE OCH
Oxou Oyornasuble, J Yoy — O Torma umeem:

J, ,, =absS.

[TpuBenem hopmMyIbl AJisi BEIUMCICHUSI MOMEHTOB HHEPIIMH MIPSMOYTOJIbHHKA,
TPEYrojbHUKa, Kpyra U Kojblia.
3

A. Ilpamoyzonenux (puc. 2.3):  J, = E , e b- cropona, mapamnensHas ocu,

OTHOCHUTCJIBHO KOTOpOﬁ BBIYHCIIACTCA MOMCHT HHCPLIUHU.

4
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Pucynok 2.3
Jiga ocu, coBmajaroliedl ¢ OJAHOM W3 CTOPOH MPSIMOYTOJIbHMKA (HE TIJaBHBIH MOMEHT
bh?
MHEPLIH): JX1 =—.
3
b. Pasnobeopennviii mpeyzonvrux (puc. 2.4).
¥
1
S
&)
X
T
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Pucynok 2.4
3 3
bh® . bh
I'maBHBIE MOMEHTHI UHEpIIUK: J =——; J = ——.
X y
36 48

3ametuM, uTo (opmyIna JX JaeT BEJIMYMHY MOMEHTAa WHEPLHUHU JII00OTr0 TPEeyroibHHKA

OTHOCHTENILHO OCH, MAPAJIIENBHON €r0 OCHOBAHUIO, HO, €CIIM TPEYTOJIbHUK HEPABHOOEIPEHHBIN,
yKasaHHas OCh He OyJIET TJIABHOM.
ﬂd 4
B. Kpyz (puc. 2.5): J, =J, =——
64



Pucynoxk 2.5

4
. Konvyo (puc. 2.6): J_ =J _m (l C)

X Y , ko puuneHt TpyOsI.

Pucynoxk 2.6.

3aMeTuM, 4TO AJI Kpyra U Kojblla BCE IIEHTPAIbHbIE OCU IJIABHBIE 1 MOMEHTHI MHEPIIUU
OTHOCHUTEIIHO 9THUX OCEH paBHBI MEXKy COOON. DTUM K€ CBOMCTBOM 00J1asiaeT t00oe ceueHue,
y KOTOPOTO JIBa TJIaBHBIX IIEHTPAIBHBIX MOMEHTA WHEPIIMH OJUHAKOBHI.

[Ipu BbIUMCIEHUH MOMEHTOB MHEPIIUU CJIOKHBIX CEYEHHMH (COCTABIIEHHBIX U3 MPOCTEHIINX
buryp uiIM MpPOKATHBIX Mpoduieil) KOOpAWHATHI UX LEHTpa TSKECTH OMPEAeNsoT IO

dbopmynam:
S s 2S
SS2s
Si ;U ; Vi — cooTBeTcTBEHHO mMIIOmMAAL M KOOPAMHATHI LEHTPA TSKECTH KaKIOM W3

cocrapisonux duryp; S; SV : Su - [UIOIAAb M CTATUYECKHE MOMEHTHI BCErO CEUECHMU.

MOMEHTHI HHEPITUH (OCEBBIC U IICHTPOOECKHBIC) CIIOKHBIX CEYCHHI OTHOCUTEIILHO TAHHBIX
OCeli OTPEIEeNAIOT MMyTeM CYMMHUPOBAHUSI COOTBETCTBYIOIIMX MOMEHTOB MHEPIIUU
COCTABIISTIONINX (PUTYP OTHOCHUTEIBHO TEX )K€ OCEH.

[Ipu sTOM HCHONB3YIOTCS (OPMYIBI TMepexoja OT LEHTPATbHBIX K MapallIeIbHBIM UM
HET[CHTPATBHBIM OCSIM.

B Tex cnydasx, Korja ceueHue He UMeeT HU OJIHOM OCH CUMMETPHUH, CHaYalla BBIYUCIISIFOT
MOMEHTBI MHEPIIUA OTHOCUTEIIEHO HEKOTOPHIX IIeJIECO00Pa3HO BHIOPAHHBIX IICHTPAIBHBIX OCEH
Oxo 1 Oyo(MCXONIHBIE OCH), 3aT€M OMPEEINSIOT YroJ HAKJIOHA TTaBHBIX OCEH MO OTHOIIEHUIO K
MCXOJHBIM ¥ BEITMYNHBI TJIABHBIX MOMEHTOB WHEPITUH.

CBsI3b MEX1y MOMEHTAaMH MHEPIIUU OTHOCUTEIBHO UCXOIHBIX oceil (Oxo, Oyo) U oceid,
MOBEPHYTHIX HA MPOU3BOJBHBIN yroi a (puc. 2.7), UMeeT BU/I;



3+, 9,9

J, +——>"c0s2a—J, , sin2a;
1 2 01750
Jxo_Jyo H
Jyy. =9Iy, COS 2a+Tsm 2 .
yi| Yo

Pucynox 2.7

VYroa IIOBOPOTA I''TaBHBIX oceil 110 OTHOIICHHIO K HCXOOHBIM OIIPECACIIACTCA U3
3aBUCHUMOCTH

%01 Yo

tg 20[0 = —ﬁ .
XO yO

/ " / /
. —_ [e]
Ota (opmyia naer aBa 3HaueHus yraa Oy 10y u &y = &y +90°. Ilpn JXO >J y, » yrom &
JacT ITOJIOKECHUC TIIaBHOM OCH, OTHOCUTCIBHO KOTOpOI\/JI MOMCHT MHCPUIHH MAKCUMAJICH.

!
[TonoxuTeabHBIN yroi ao CJICAYCT OTKJIAABIBATD OT OCHU XoIIPOTHUB X04a 4YaCOBOU CTPCIIKH.

Jlnist onpenenieHust moyioskeHus (yriia HaKJIOHa) TJIaBHBIX 0Cei MOXKHO MPUMEHSTh
(bopMyIBI:

2‘]X0,y0
t9 o, = EREEE
XO yO
tg aOy = J j)’f;O I
Xo Yo

Tac. aOX , U Oloy y — YIJIBL, 06pa3yeMLIe TJIaBHBIMH OCSIMHU X M Y COOTBETCTBECHHO C OChIO X0, ‘]X n

\]y — INNIABHBIC MOMCHTLI HHCPIIUH.

I'maBHBIE MOMEHTEI HWHEPIHUHU MOXHO BbIYUCIIUTD, ITIOACTABIIAA B HEC IMOCIICIOBATCIIHHO ao

! 14
=0y n 0y=0C , HO IPAKTUIECKN yI00HEE MOIB30BaThCs (POPMYITaMH, HE COJEPKAITUMHE
TPUTOHOMETPUUECKUX QYHKIMH. DTU HOPMYIIBI UMEIOT BUI:

I+
Jpp=—e 0 ; % +%\/(JXO ~3, F+ad? .

J, +J 1
‘Jmin :OTJ;O_E\/(‘],VO - ‘]yo )2 +4J50y0



Bonpocwt u 3a0anusn:
1. OmpeneneHre reOMETPUUECKUX XapaKTEPUCTUK MPOCTHIX CEUEHUN?
2. OnpeneneHre TeOMETPUYECKUX XaPAKTEPUCTUK CIIOKHBIX CCUCHUI?
3. OnpeneneHre MOMEHTOB UHEPIIHUH.
4. YTO Takoe COPTAMEHT.

IlepeyeHb OCHOBHOIM JIUTEPaTypPBbI:

1. T'noroB, B.A. CrpourenpHas MeXaHUKa M METAUIMYECKUE KOHCTPYKIIMM MAIIUH /
B.A. I'nmotos, A.B. 3aiinies, B.}O. Urnattorun. — Mocksa ; bepnun : lupexr-Menua, 2015. — 95
c. : Ui, TabII. — Pexum JIOCTYyTIA: o MOATHCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=426940. — bubauorp. B ku. — ISBN 978-5-
4475-5266-4. — DOI 10.23681/426940. — TekcT : 2JIEKTPOHHBIN.

IlepeyeHb 10NMOJHUTENbHOI JUTEPATYPHI:

CrapueBa, JI.B. CrtpoutenbHas mexanuka B mpumepax u 3anadax / JI.B. Crapuesna,
B.I'. Apxumnos, A.A. CemenoB. — Mocksa : UznatensctBo ACB, 2014. — 222 c. : un., Ttadm.,
CXEM. — Pexum JIOCTYyIA: o MTOJIMKCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=274344. — bubauorp. B ka. — ISBN 978-5-
93093-985-9. — TekcT : 3JIeKTPOHHBIH.

Ilepeuenb pecypcoB HHGPOPMANUMOHHO-TEJEKOMMYHUKAUMOHHOH ceTu «UHTepHeT»,
HEeOO0XOAUMBIX /1JI51 OCBOEHMS IH CHUTLIUHBI

1. DnexTpoHHO-OMbMMoTeyHas cucreMa [IPRbooks Jloroop Ne5168/19 ot 13 mas 2019 rona

2. DnexkTpoHHas OuONIMOTEUHast cucTeMa «YHUBepcuTeTckass Ombimuorexa on-line» [lorosop
Ne50-04/19 ot 13 mas 2019 rona

3. DnexTpoHHO-0nbMMoTeuHas cucreMa Jlanp JloroBop NeD410-19 ot 22 anpens 2019 r.

Ilepeyenr HMH(POPMALMOHHBIX TEXHOJOTHH, MCHOJb3YeMbIX MNPH OCYILIECTBJICHUH
o0pa3oBaTeIbHOIO Ipolecca M0 AWUCHUILVIMHE, BKJIKYAasg Iepe4eHb IPOrPaMMHOIO
ol0ecrieyeHnst 1 MHGOPMALMOHHBIX CIIPABOYHBIX CHCTEM

Hnghopmayuonnvle cnpasounwvle cucmemvi:
1. www.biblioclub.ru - «YuuBepcureTckas OMOIHOTEKA OHIANHY;
2. DnexktpoHHo-6ubmmoTeunas cucrema [IPRbooks OOO «Aii ITu Op Meauay.
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JlaGopaTopHoe 3ansTHE 8
Tema 3. TpexmapHupHbie ApDKH U PaMbl.

PacueT TpexmapHUpHBIX apoK U paM

[enb: HayYuThCA pelIaTh 3a7a4y Ha IPSAMOM MONEPEYHBIA N3N0

3HaTh: NPUHLUIBL CONPOTUBIEHUS KOHCTPYKLHMOHHBIX MAaTEPHAIOB, METOIbI M aJITOPUTMBI
IIPOEKTUPOBAHUS PA3JIUYHBIX MEXAHUYECKUX CHUCTEM; METOJbl U AITOPUTMbl KOHCTPYHPOBAHMUSI
3JIEMEHTOB Pa3JIMYHBIX MEXaHUYECKHX CHUCTEM, METOJUKH PAacyeTa Ha IPOYHOCTH, JKECTKOCTh U
YCTOMYMBOCTB 3JIEMEHTOB MAIIVH U UX KOHCTPYKLUN;

VYMeTb: OCYLIECTBIATh PpALMOHAIbHBIA BbIOOP KOHCTPYKLIMOHHBIX M 3KCIUIyaTal[MOHHBIX
MaTEepUaloB; MPOU3BOJAUTH pacueThl Ha IPOYHOCTh U JKECTKOCTb IPU PaACTSHKEHUH-CKATHH,
KPY4YEeHUHU, M3rH0e M CIOXKHOM Harpy>KeHUH, NpPU CTAaTUYECKOM M YAAPHOM HPUIOKEHUU
Harpy3oK; BBIIOJIHATH CTaHJIAPTHBIE BUAbI IPOYHOCTHBIX PACUETOB.

DopmMHpyeMble KOMIIETEHIUU:

Kon DopMyIUpOBKa:

CrocoOHOCTh TMPOBOAUTH PacyeTHOE OOOCHOBAaHUE W KOHCTPYMPOBAHUE
[K-3 CTPOUTENBHBIX KOHCTPYKLUMH 3JaHUI UM COOpPYKEHUH TNPOMBIIUIEHHOTO U
rpa)1aHCKOI'0 Ha3HAYCHMUSI

Axmyanbnocms memvl OOBSCHACTCS OCHOBHBIMU NPUHIMIIAMU OIPEJCIICHUS BHYTPEHHUX
(dakTopoB npu u3ruoe.
Teopemuueckas wacmo:

[Tpu u3rube cTep>KHU MOABEPrarOTCs BO3ACUCTBUIO MONEPEYHON CHITBI MIIM U3THOAOIIEro
MoMmeHTa. M3rub® Ha3piBaeTCs YHCTBHIM, €CJIM JACHCTBYET TOJIBKO M3TMOAIOIHMI MOMEHT, U
MOTIEPEYHBIM, €CIIM JACHCTBYET Harpy3ka, MepreHIUuKyIsIpHas OCH CTepKHA. bpyc (cTepkeHs),
pabortaromuii Ha u3ru0O, OOBIYHO Ha3bIBAIOT Oankol. banku sBisroTCS Hambonee dYacTo
BCTPEYAIOUIUMUCS JJIEMEHTAMH COOPY)KEHUH M MaIllH, BOCIPUHUMAIOIIUMH HAarpy3kud OT
JIPYTUX SJIEMEHTOB KOHCTPYKIMHM M, MEPEAAIOIIMMH HX TEM YacTAM, KOTOPHIE MOJIEPKUBAIOT
Oarnky (4arie Bcero ornopam).

B cTpouTenbHBIX COOPYXEHUAX M MAIIMHOCTPOUTENBHBIX KOHCTPYKIIMSX Yalle BCETro
MOKHO BCTPETHTh CIEAYIOIIME CIy4yau KperjieHus OalloK: KOHCONbHBbIE - C OJHUM
3alIEMJICHHBIM KOHIIOM (C KECTKOM 3aJeNKOH), JBYXONOpHbIE - C OJHOM IIapHUPHO-
HEMOJIBIKHOW OMOpPON M C OAHOW IIApHUPHO-TIOABMXKHON OMOPOM M MHOTOOMOPHBIC OAaKu.
Ecnu omopable peakiuu MOTYT OBITh HAWACHBI W3 OJHUX YpPaBHEHUN CTaTHKHU, TO Oaiku
Ha3bIBAIOT CTATUYECKHU OINpEACIUMBbIMU. ECIH XK€ YHCI0 HEU3BECTHBIX OMOPHBIX pPEAKIUN
OoJpIlie, YeM YHCIO YypaBHEHWUW CTAaTHKH, TO TaKhe Oallkl Ha3bIBAIOT CTAaTHYECKHU
HeonpeAaenuMbiMH. J[7sl ompeneseHus] peakinuil B Takux Oajkax MPUXOAUTCA COCTaBISTh
JIOTIOJTHUTEILHBIC YPaBHEHUS - ypaBHEHHs nepemMemnieHuid. [Ipu miockoM momepedyHoM u3ruoe
BCE BHEIIHHUE HATPY3KU MEPICHIUKYISIPHBI K OCU OaJKu.

Ompenenenne BHYTPEHHUX CUIIOBBIX (PaKTOPOB, JEHCTBYIOIIMX B TOTIEPEYHBIX CEUCHHSIX
Oanku, cielyeT HAaYMHATH C OMpeAeNieHUs] OMOPHBIX peakiuil. [Tociie 3Toro ucnoap3yemM MeTon
CEUEHHUH, MBICIIEHHO paccekaeM, 0ajKy Ha JIB€ 4acTH M paccMaTpUBaeM paBHOBECHE OJHOMN
yacTu. B3aumonelicTBue uacTeil Oallku 3aMeHseM BHYTPEHHHMH (DaKTOpaMu: HM3THOaromuM
MOMEHTOM M IONIEPEYHOM CUIIOM.

[TomepeyHast cuia B CeUeHHM paBHAa aireOpandeckod cCymMMe MpOeKIuil Bcex cui, a
U3ruOAIOIIKUKA MOMEHT paBeH alre0panyeckoil cyMMe MOMEHTOB BCEX CHJI, PACTIONONKEHHBIX 110
OJIHYy CTOPOHY OT CEUEHHMs. 3HAKU ACHCTBYIOIIMX CHJI U MOMEHTOB CIEAYyeT OMNpEAeisiTh B
COOTBETCTBUHU C MPUHATHIMU MpaBwiaMu. HeoOXoauMo Hay4dHTbCsS MPaBUIIBHO OIPEAEIATh




PaBHOACUCTBYIOILIYIO CHIIY U M3TMOAIONINI MOMEHT OT PAaBHOMEPHO PaCHpeeNICHHOH Mo JJINHE
OaJIKu HArpy3KH.

Cremyer UMeTh B BHJy, YTO IIPU OTIPE/ICICHUN HANPSHKEHUH, BOSHUKAIOLIMX MPU U3rHOe,
NPUHUMAIOT CIEAYIOUIME JOMYLIECHUS: CEYEHHUs IUIOCKHE 0 M3ruba OCTAIOTCS IUIOCKUMHU U
nocie u3ruda (runore3a MIOCKUX CEUSHHI); MPOAOIbHBIC COCEAHNE BOJIOKHA HE JIaBsT OJHO Ha
JIpyroe; 3aBUCUMOCTb MEXKIY HalpsKeHUsIMU U 1ehopMalisaMy JTHHEHHAS.

IIpu w3ydyenum wusruba crexyer oOpaTUTh BHUMAHHE HAa HEPABHOMEPHOCTh
pacrpeziefieHuss HOPMalbHBIX HANpsHKEHUM B TMONEpeYyHOM ceueHuu Oanku. HopmanbHbie
HAIPSDKEHUS. U3MEHSIOTCS 110 BBICOTE IONEPEYHOr0 CEUEHUS NMPONOPLMOHAIBHO PACCTOSHUIO OT
HelTpanbHOU ocu. ClieyeT yMeTh ONpENeNiTh HanpshKeHUs M3ruba, KOTOphIe 3aBUCAT OT
BEJIMYHMHBI ICHCTBYIOLIETO U3TMOAIONIET0 MOMEHTA My 1 MOMEHTA CONPOTHUBIICHHS CEYCHUS TIPU
n3rude Wo (oceBoii MOMEHT COMPOTUBIICHUS CEUCHU).

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

Hanuumne mnomnepedyHoil cuibl, ACUCTBYIOIICH HAa Oaiky, CBSI3aHO C BO3HUKHOBEHHEM
KacaTeJIbHbIX HAIIPSKEHUM B IONEPEUHBIX CEUYECHMSIX, a [0 3aKOHY MAapHOCTU KacaTelbHBIX
HAINpsHKEHUH - U B TIPOJIOJIBHBIX ceueHHsAX. KacaTenpHble HapsHKeHUs OTIPENeISoT o Gopmyne
. 1. Kypasckoro.

[lonepeunast cuia cOBUraeT paccMaTpPUBAEMOE CEYEHHE OTHOCHUTEIBHO CMEXHOTO.
Wzrubarommii MOMEHT, CKJIQABIBAIOLIUICS H3 DJIEMEHTApHBIX HOPMAJbHBIX  YCHIIUH,
BO3HUKAIOIIMX B I[IONEPEYHOM CEYEHUM OalKkd, I[OBOPAYMBAET CEYEHHE OTHOCUTEIBHO
CMEXHOT0, YeM U 00yCIIOBIIEHO UCKPUBIIEHUE OCH OaJKu, T. €. ee U3ruo.

Korma 6anka MCIBITBEIBAET YUCTEIN U3ru0, TO MO BCeH IIMHE OaaKu WIIM HA OTAEILHOM €€
y4acTKe B KaXJIOM CEUEHHHM ACMCTBYeT W3rMOAIOMMA MOMEHT MOCTOSHHOW BENWYHHBI, a
norepeyHas cuja B JII0OOM CEYeHMM JJaHHOTO ydacTKa paBHa Hy:mo. [Ipu 3TOM B momepeyHbIx
CeueHMsIX OAJIKU BO3HUKAIOT TOJIBKO HOPMAaJIbHBIE HAMIPSKEHUSL.

st Toro 4to0Bl TIy0ke pazoOpaThesi B (U3UYECKUX SIBICHUSX M3THOA U B METOJIUKE
peleHus 3ajay IMpH pacdyeTe Ha IMPOYHOCTb M KECTKOCTb, HEOOXOJMMO XOpOLIO YCBOUTH
F€OMETPUUECKHE XapaKTEPUCTUKH IIJIOCKMX CEYEHWH, a HMMEHHO: CTaTUYeCKUE MOMEHTHI
CeUeHH, MOMEHTbI UHEPIIUHN CeUeHUH nmpocTeiiieil GOpMbl U CIOKHBIX CEUCHHH, OnpeiesIeHre
LEHTpa TshKeCTH (Uryp, IJIaBHbIE MOMEHTBHl WHEPLHM CEUYEHUH M TJIaBHBIE OCH HMHEpLUH,
LEHTPOOESKHBII MOMEHT WHEpLUH, HW3MEHEHHE MOMEHTOB HWHEpPLUH IpH IOBOPOTE OCEH,
TEOPEMBI O IIEPEHOCE OCEM.

IIpy wu3yueHum HTOro pasfena cCilelyeT HAY4YUTbCS MPABUIBHO CTPOMUTH 3IIOPHI
M3TrUOAIOIIMX MOMEHTOB U MOMNEPEUYHBIX CHUJI, ONPEENSITh ONACHbIE CEUEHUs U JIEUCTBYIOIINE B
HUX HamnpspkeHuda. lloMuMo omnpeneneHMsi HampsDKEHUH CIIEQyeT Hay4dUTbCsl OIpPENENSTh
nepeMenieHus: (mporuObl Ganku) mpu usrubde. s sroro wucnonb3yercs auddepeHnuanbHoe
ypaBHEHHE U30THYTOW OcH OaKu (ynpyroi JIMHUM), 3aIICAHHOE B 00ILEM BHJIE.

Jlis onpeneneHus NporuObOB MPOBOIUTCS MHTETPUPOBAHUE YpPaBHEHHs YIIPYTOW JTUHHH.
[Tpu >TOM creayeT MpaBUIBHO ONPEAENATh MOCTOsIHHbIE MHTerpupoBanuss C u D ucxons us
ycloBul onupanus Oanku (rpaHUYHBIX ycioBuif). 3Has BenuuuHbl C uD, MOXXKHO ompenenuThb
yroJl TOBOPOTa U MPOTUd Jr000T0 cedeHus Oanku. M3ydeHne clio)KHOTo CONPOTUBIICHUSI OOBIYHO
HAYMHAIOT C KOCOTO U3ruba.

SIBnenne kocoro wu3ruba OCOOEHHO OMACHO Uil CEYEHHH CO 3HAYUTENBHO
OTJIMYAIOIIUMHUCSA JPYT OT Jpyra TJaBHBIMM MOMEHTaMH HMHEpLUH; OaJK{h C TaKUM CEUYEHUEM
XOpOoUIO paboTalOT Ha M3TU0 B IUIOCKOCTH HAHOOJbIIEH KECTKOCTH, HO Jake MpH HEOOJBIINX
yriax HakJIOHA IJIOCKOCTH BHEUIHMX CHJI K IUIOCKOCTH HauOOJbIIeH >XECTKOCTH B Oankax
BO3HHUKAIOT 3HAUYUTENIbHBIC JOMOTHUTEIbHBIC HANIPsDKEHUs U Aedopmarun. [{ns Ganku kpyrioro
CEYEHHUs KOCON M3rud HEBO3MOXEH, TaK KaK BCE LEHTPaJbHbIE OCH TaKOTO CEUEHUS SBIISIOTCS
[JIABHBIMU W HEUTpasbHBINA ClI0i Bcerga OyaeT MEepHeHIUKYISPEH IUIOCKOCTU BHEIIHUX CHIL.
Kocoit n3ru6 HeBO3MOXKeH | 17151 OAJIKU KBaIPATHOTO CECUCHHMS.



IIpu ompeneneHnn HaNpsDKEHUH B CIyyae BHELEHTPEHHOI'O PACTSDKEHMSI WIM CHKATHSA
HE00XO0MMO 3HaTh I0JIOKEHHE IJIaBHBIX LEHTPAJIBHBIX OCEH CeueHHs; UIMEHHO OT 3TUX ocei
OTCUUTBIBAIOT PACCTOSHUS TOYKU NPUJIIOKEHUS CHIBI M TOYKH, B KOTOPOM OIpPENENSIOT
HaIPSDKECHUS.

[IpuiioskeHHass SKCLEHTPUYHO CKUMAIOLIAs CHJIa MOKET BbI3BAaTh B ITOIIEPEYHOM CEUEHUU
CTEPXKHS PACTATMBAIOIIME HANPsDKEHUA. B CBA3M ¢ 3TUM BHELEHTPEHHOE CIKAaTUE SBISAETCS
0COOEHHO OIACHBIM ISl CTEP>KHEH U3 XPYIKUX MaTepUalIOB, KOTOPBIE CJIA00 COIPOTHBIIIOTCS
pPacTATUBAIOIINM YCUIIUSAM.

B 3axiroueHMe cieqyeT U3y4UThb CIOydaid CJI0KHOTO CONPOTHUBIEHMSA, KOrJga TeJo
UCTIBITHIBAET OJHOBPEMEHHO HECKOJIBbKO aAedopMmanuii: Hanmpumep, H3rud COBMECTHO C
KpPY4YECHHEM, PacTsHKEHHE-CKaTHe COBMECTHO € M3rHOOM M T. 1. [Ipu 3TOM ciieyeT UMeTh B BULY,
YTO U3rHOaroIIe MOMEHTHI, AEHCTBYIOLINE B PA3JIMYHBIX IUIOCKOCTSAX, MOTYT CKJIaJIbIBATHCS KaK
BEKTODBI.

IIpumep pelieHust 3a1a4u Ha TeMy «IPAMOil ONepeYHbId H3rnd»

Jlnist 3a1anHoi cxeMbl 0anku (puc. 4.1) TpedyeTcs HanucaTh BRIPaKEHHSI BHYTPEHHHUX
nornepeyHsIx ¢l Q ¥ M3rudaroMxX MOMEHTOB M), /Ui KaXJI0ro yyacTKa B 0OLIeM BUe,

o max
MOCTPOUTS SME0psl Q 1 M, Haiitn M ™ 1 1og06path cTanbHyI0 IBYTaBPOBYIO GalKy ¢

ykazaHueM e€ Homepa. Jlormyckaemoe HanmpsbKeHrue Ha U3ru0 IpUHATH [Z'] =150 MITa.

3Ha‘leHI/I$I MOMCHTOB COIIPOTHUBJICHUSA CCUCHUSA IIPU 1/13r1/16eWx JJISL 6an01< ABYTABPOBOI'0 CCUYCHUA
(TOCT 8239-89).

Ucxonnbie nannbie: a = 3,2 mb =44 mc=24m |1 =13 m,
M=10xHm, F =13 xH, Q= 16 kH/m.
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Pucynok 4.1
Pemrenne:
1. Onpenenum onopHbie peakunu Ry 1 Rz :
>Y =0R-q-a-F+R,-q-c=0;
ZmA(Fi):O;
n 0502’ +Fa—M + qc(l -0,5¢)
a |—c -
 05-16-3,2° +13-32-10+16-2,4(13-0,5-2,4) S
- 13-2,4 IR

R =ga+F—-R,+qc=16-(3,2+2,4)+13-53,5=49,1 x/.



ITposepka: sz(Fi): 0,
~R(I-c)+ga(l—c—0,5a)+ F(I—c—a)+M —0,5qc* =
= -49,1(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

OnopHbI€ peakiuy HailIeHbl BEPHO.

2. Haitnem 3Ha4eHUs U3rMOAIONINX MOMEHTOB M, ¥ morepedyHbIx cuil QQ Ha KOHIax
Y4aCTKOB Harpy>kKeHusi METOJIOM CEUCHHUSI.

I Yuacmox (puc. 4.2):0<2, < a,

b g Y ‘\ IQ
R Z
- Z1 _ /M!l
Pucynok 4.2

Ql = R1 —0z,,

Mul = R121 _O’qulz’

npuz1=0, Q =R =491xH; M =0

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

M, =R -a-05qa’=491-32-05-16-3,2* =75,2 «H.
II Vuacmox (puc. 4.3):0<2, <a+b,

| 4 F I

R Z

—
T—

A

&)

A
|

Pucynok 4.3

Q,=R -ga—F=491-16-32-13=-151 x;

Muz = R1 L, — qa(zz —0,58.)— F(Zz - a)

npu 2 = 3,2 m,

M,=R -a- qa(a - 0,5a)— F(a — a) =491-32-16- 3,2(3,2 -0,5- 3,2) =752
xHwm,

npu iz = 7,6 m,

M, =491-7,6-16-32(7,6-05-32)-13(7,6 - 3,2)=8,76 «rin.
IV YVuacmox (puc. 4.4):0< 2, <c



0 )

—3 —

Pucynok 4.4
Q4 = qz4 )
M , =-0,5qz;,
npuzs=0, Q, =0, M ,h =0,
npu 24 = 2,4 m, Q4 =16-2,4=38,4 kH;
M, =-0516-2,4> =—46,08 «H.

I YVuacmox (puc. 4.5) :¢ <7, <l—-a-b (2,4<z2,<54)

Yi R
q

0 C

—
~—

/3

A

Pucynok 4.5

Q,=0c—R,=16-2,4-535=-151 x#,
M , =-qc(z, -0,5¢)+R,(z, —¢).

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

Onpenenum KOOpAUHATY CEUEHUS ermx , ipu kotopoit Q1 =0 u M,; = max.

R -qz™ =0
g 2B B 07
qg 16

M7 =R,-z™ -05q(z™ ) =491-3,07 -05-16-3,07* =753 «Hu.
N3 noctpoeHHbIX 3mtop (puc. 4.6) BUAHO, YTO OMACHBIM SIBJISIETCS] CEUCHHE,

max
pacrionoxeHHoe Ha 3,07 M ot neBoro koua Ganku ¢ M = 75,3 kHm.
OnpenenyM MHHAMAIBLHO HEOOXOIMMBIH MOMEHT CONPOTHBIIEHHUS CEUEHHS OATIKH ITPH

u3ruoe men , U3 YCIIOBUSI TPOYHOCTHU IO HOPMAJIbHBIM HAMPSKEHUSIM.
WM™  753.10°
WX = =
[o] 150
Haznauaewm nBytaBp Ne33 (I'OCT 8239-89) ¢ oceBbIM MOMEHTOM COMPOTUBIICHUS

ceuenns W, =597 ca®,

= 502252 mr®.
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Pucynok 4.6

Bonpocwt u 3a0anusn:
1. Yro Takoe u3ru6?
2. TlocTpoeHue 3mrop MpH H3rHuode.
3. BuyTpenHue cuiioBbie GaKTOPHI .
4. Omnpenenenue U3rudaroIIero MOMEHTA.



IlepeyeHb OCHOBHOM JIUTEPATYPbI:

1. I'motoB, B.A. CrpourtenbHas MEXaHMKa M METALINYECKUEC KOHCTPYKIIMM MAIIWH /
B.A. I'notos, A.B. 3aiinie, B.1O. Urnatiorud. — Mocksa ; bepiun : [lupexr-Menua, 2015. — 95
c. : Wi., TabI1. — Pexum JIOCTYyTIA: 1o MOJIITUCKE. —
URL.: http: //blblloclub ru/index.php?page=book&id=426940. — bu6mauorp. B k. — ISBN 978-5-
4475-5266-4. — DOI 10.23681/426940. — TeKCT : 3JIeKTPOHHBI.
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HquOpMaLﬂlOHHble CnpaeovHble cucmemol.
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2. DnexktpoHHo-OnbmmoTeunas cucrema [IPRbooks OOO «Aii ITu Op Meauay.
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JlaGopaTopHoe 3ansTHE 9
Tema 3. TpexmapHupHbie ApDKH U PaMbl.

PacueT TpexmapHUpHBIX apoK Ha MOJBUKHYIO HATPY3KY,

Llenb: HAyYUTHCS pemiaTh 33a4 Ha U3TU0 ¢ KpydeHHUEM

3HaTh: NPUHLUIBL CONPOTUBIEHUS KOHCTPYKLHMOHHBIX MAaTEPHAIOB, METOIbI M aJITOPUTMBI
IIPOCKTUPOBAHUS PA3IUYHBIX MEXAHUYECKUX CUCTEM; METOJbl U AITOPUTMBbI KOHCTPYUPOBAHUS
3JIEMEHTOB Pa3JIMYHBIX MEXaHUYECKHX CHUCTEM, METOJUKH PAacyeTa Ha IPOYHOCTH, JKECTKOCTh U
YCTOMYMBOCTB 3JIEMEHTOB MAIIVH U UX KOHCTPYKLUN;

VYMeTb: OCYLIECTBIATh PpALMOHAIbHBIA BbIOOP KOHCTPYKLIMOHHBIX M 3KCIUIyaTal[MOHHBIX
MaTepUaJIOB; MPOU3BOAUTH PACUETHl HA IPOYHOCTb M KECTKOCTb IPHU PACTIKEHUH-CIKATHH,
KPY4YEeHUHU, M3rH0e M CIOXKHOM Harpy>KeHUH, NpPU CTAaTUYECKOM M YAAPHOM HPUIOKEHUU
Harpy30K; BBIIIOJIHATH CTAHJAPTHBIC BUJIBI IIPOYHOCTHBIX PACUETOB.

DopmMHpyeMble KOMIIETEHIUU:

Kon DopMyIUpOBKa:

CrocoOHOCTh TMPOBOAUTH PacyeTHOE OOOCHOBAaHUE W KOHCTPYMPOBAHUE
[K-3 CTPOUTENBHBIX KOHCTPYKLUMH 3JaHUI UM COOpPYKEHUH TNPOMBIIUIEHHOTO U
rpa)1aHCKOI'0 Ha3HAYCHMUSI

AxmyanvHocms membl OOBACHACTCS OCHOBHBIMU IPHHLMIAMM ONpEIENCHUs] BHYTPEHHHUX
(GakTOpoB IpU U3rUOE C KPyUECHUEM.
Teopemuueckas yacmey:

Jlns perieHus 3a1a4 HE0OOXOMMO YCBOUTh TeMy «I MIOTEe3bl MPOYHOCTU U UX
PUMEHEHHEY», TaK KaK B HUX paccMaTpHUBaeTCs COBMECTHOE JAeMCTBUE N3rnda U Kpy4eHus u
pacueT NpOU3BOAUTCS C IPUMEHEHUEM TMIIOTE3 IPOYHOCTH.

VYcnoBue IpOYHOCTH B 3TOM CIIy4ae UMEeT BUL:

M
O-OKB = — S [0] 1
X
rae: Mois - TaK Ha3bIBa€Mbl DKBUBAJICHTHBIM MOMEHT.
[Ipu runore3e HanOONMBIIMX KAacCATEIbHBIX HAIPSDKEHUHN (MHAYE - TPEThs TUIIOTE3a):

MBKG[[[ = VME +MK2 '

[Ipu runotese NOTEHIMATBHON SHEPTUH (HOpPMOU3MEHEHUS (MHAUE - MATas TUIOTE3a):
M, =M?+075M? .

B ob6eux dpopmynax My u M, - COOTBETCTBEHHO KPYTAILIUN U CyMMapHbIi U3r1uOarouil
MOMEHTHI B pAaCCMaTPUBAEMOM CEUYEHUH Bajia. YNUCIOBOE 3HAYEHNE CYMMapHOTO N3rHOAIOIero
MOMEHTa PaBHO T'€OMETPUUYECKOI cCyMMe H3rHOaruX MOMEHTOB, BOZHUKAIOIINX B IaHHOM
CEUYEHNHU OT BEPTUKAIBHO U TOPU30HTAIBHO ACHCTBYIOIUX BHEIIHUX CUJL, T.€.:

M,=\M;+M:

[TocnenoBaTenbHOCTh PEIICHMS 3aa9H:
1. [TpuBecTu neicTBYIOMIME HAa BaJl HATPY3KU K €0 OCH, OCBOOOIUTH Bal OT OIOpP, 3aMEHUB UX
JIEUCTBUE PEAKIIUAMU B BEPTUKAJIIBHOW M TOPU3OHTAIBHOM MIIOCKOCTSX.
2. I1o 3ajaHHO MOIIHOCTH P 1 YIJI0BOM CKOPOCTH (U OMPEAEIUThH BPallalOIIME MOMEHTBHI,
JICUCTBYIOIIIME HA BaJ.
3. Beruucnuts Harpysku F1, Fr1, F2, Fr2, mpuoxxennsie k Baiy.




4. CocTaBUTh ypaBHEHUS PABHOBECHUS BCEX CUJI, IEHCTBYIOIMX Ha BaJl, OTACIBHO B
BEPTUKAJIIBHOM TUNIOCKOCTH U OTJENBHO B TOPU3OHTAIBHON INIOCKOCTH U OIPEIEIIUTD PEAKLIUU
OTIOp B 00EHX TUIOCKOCTSIX

5. ITocTpouTh 3MI0PY KPYTAIIUX MOMEHTOB,

6. ITocTpouTs 3MIOpBI U3rHOAIOIIMX MOMEHTOB B BEPTUKAILHON M TOPHU30HTAIBHON TIIOCKOCTSIX
(amropel My u M,).

7. Onpenenuth HauOOJbINIEE 3HAUYCHHE YIKBUBATEHTHOIO MOMEHTA:

MBK@I[I :\/Mf +M§ +M22

nJIn

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

8. Canras, uto O, =[0], onpenennts TpeGyeMblit 0CEBOIT MOMEHT COTPOTHBIICHHSL:

W =M, I[o].

IK6

YuuteiBas, 4TO ISl CIUIOIIHOTO KPYIJIOTO CEYEHUS:

3
W :ﬂ‘;zO,lds’,
32

u

omnpezesnsieM d 1o ciaexyrouien popmyie:

~ KB

3 32M 3 M
7[o] 01c]

d>

[TPUMEP BBIITOJIHEHUA 3AJAHUA
HA TEMY «(M13I'lb C KPYUEHUEM»

Jist cTabHOTO Bajia MOCTOSTHHOTO MONEPEYHOr0 CEYEHUs C IByMs 3yOuaThIMU KoJecaMu (
puc. 5.1,a ), mepearomiero MomuocTs P = 15 kBm npu yriaosoii ckopoctu @ =30padlc,
ONpeAeNuTh AUaMETp BaJla 10 IBYM BapuaHTaM: a) UCIOJIb3Ys TPEThIO TMIIOTE3Y MPOYHOCTH; 0)

HCTIONB3YA TSTYI0 THIoTe3y npounoctn. Hpuwsts: [0] =160MI1a ; F, =0,4F; F, =0,4F,

Pemenue:

1. CocraBisieM pacueTHYIO CXeMy Balla, IPUBOJIS ICHCTBYIOIINE HA Bal HATPY3KH K OCH
(puc. 5.1, 6). [Ipu paBHOMEepHOM BparieHuu Bana M1 = M, tne M1 u M> - ckpyduBaronye napsl,
KOTOpBIE JOOABISAIOTCS Tpu niepeHoce cun F1 u F2 Ha ock Bana.

2. OnpenensieM Bpallarolni MOMEHT, JIEUCTBYIOIIWIA Ha BaJ:

M, =M, :£:0,5'103H'M:0,5KH'M_

w
3. Beruuciaum Harpy3ku, pUI0KEHHbBIE K BAITY:
2M, 2-05-10°
F=—+1= =10°H =10kH ; F,=04-10=4xH ;
d, 01
2M, 2-05-10°
F= 2= 1 =4.10°H =4xH ; F.,=04-4=16xH .
2 ’

4. OnpezensieM peakiiy ONop B BEPTUKAIBHOM MI0cKocTH (puc. 5.1, 6):



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

_F,-AC+F,-AD 4.005+16-0,25

R, 2H -
AB 0,3

> M,=R, -AB—F,-BC~F,-DB=0;

R, _Fu'BC+F, DB _4:025+16-005 o0,

’ AB 0,3
Q2Y=R, -F,~F,+R, =2-4-16+36=0.

ZY =0, cnenoBarensno, R 45 R 5, HaiiICHbI IPABAIILHO.

OrmpenenseM peakiiuu ornop B TOPU30HTAIBHON MJI0CKOCTH (puc. 5.1, 0):

ZM _F-4AC-F,-4D 10-0,05-4-0,25 — _166xH
4 AB 0,3 , .

3HaK MUHYC YKa3bIBaeT, Ha TO, YTO UCTUHHOE HAIPABIIEHUE PEAKIIMH TPOTUBOIOIOKHO
BBIOPAHHOMY:

> M, =R, -AB—F,-CB+F,-DB=0
ZX =0, cnenosarensro, R 4 U RBX HalJIeHbI BEPHO.
5. Ctpoum smopy kpyTsmux momentos M, (puc. 5.1,8).
6. OnpejiensieM B XapaKTepHbIX CEUEHUAX 3HAYEHUs u3rubaromux Mmomentos M . B
BepTHKANbHOH TockocTa 1 M » B TOPM30HTAJILHOM IJIOCKOCTH M CTPOUM 3IIOpHI (puc. 5.1, T,

I):
M. =R, -AC=36-0,05=018xH - m;

My =R, -AD—F,-CD=36-0,25-4-02=0H - u;
M, =R, -AC=7,66-005=0383H - u;
My =R, -AD—F,-CD=7,66-0,25-10-0,2 = 0,085xH - .

7. Beruucnsiem HanOoJIblIIEE 3HAYEHNE DKBUBAJIEHTHOIO MOMEHTA 110 3aJaHHBIM THIIOTE3aM
npoyHocTH. Tak Kak B JAHHOM TpUMEPE 3HAUCHUE CYMMapHOTO U3THOAOIIEro MOMEHTA B
ceuenun C Ooiblie, 4eM B ceueHuu D,

MuC :\/Méx +M§y :,\/0’182 +0,3832 :0,423KHM’

M, = [M3 + M} =01 +0,085" =013kH -,

TO ceueHue C U sBiseTcs onacHbIM. OnpesiensieM SKBUBAJICHTHBIM MOMEHT B ceueHnu C.

Bapwuasnr a):
M, =M?+M?+M? =,/018” +0,383? +0,5? =/0,429 =0,655«H - .
BapuanT 0):

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



8. OmpenenseM Tpedyemble pa3Mephl Bajia 10 BapHaHTam a u 0.

[To BapuanTy a
6
d =g omin _ 00010 g1,
01o] 0,1-160
6
d—s M, ., _, 0,605-10 — 33 6.1
01o] 0,1-160

=34mm .

ITo Bapuanty 0

Hpunnmaem d

Pucynok 5.1

Bonpocwt u 3a0anun:
1. Yto Ttakoe u3rub ¢ KpydeHHeM?
2. Tloctpoenue 3mIop MpH U3rudec KpyueHHEM.



3. Buyrpennwue cuioBbie PaKTOpHI .
4. OnpeneneHue U3ruOArOIIEr0 MOMEHTA IIPH U3rHOEC KPYyUCHUEM.

IlepeyeHb OCHOBHOM JIUTEPATYPhI:

1. I'motoB, B.A. CrpourtenbHas MEXaHMKa M METALINYECKUEC KOHCTPYKIIMM MAIIWH /
B.A. I'motos, A.B. 3aiinie, B.1O. Urnatiorun. — Mocksa ; bepiun : [lupexr-Menua, 2015. — 95
c. : ui., TabII. — Pexum JIOCTYyTIA: 1o MOJIITUCKE. —
URL.: http: //blblloclub ru/index.php?page=book&id=426940. — bu6mauorp. B k. — ISBN 978-5-
4475-5266-4. — DOI 10.23681/426940. — TeKCT : 3JI€KTPOHHBIA.

Hepeqenb JIONOJIHUTEJIbHOM JUTEPATYPhbI:

Crapuesa, JI.B. CrpoutenpHast MexaHMkKa B mpuMepax u 3amadax / JI.B. Crapuesa,
B.I'. Apxumnos, A.A. CemenoB. — Mocksa : M3narensctBo ACB, 2014. — 222 c. : un., Tadm.,
CXEM. — Pexum JIOCTYyTIA: o MTO/IITHCKE.
URL.: http://biblioclub.ru/index.php?page=book&id=274344. — bubsuorp. B k. — ISBN 978- 5-
93093-985-9. — TekcT : 2NeKTPOHHBIH.

Ilepeuenb pecypcoB HHGPOPMANMOHHO-TEJEKOMMYHHUKANMOHHOH cetu «MHTepHeT»,
HeO0XOAUMBIX IJIf OCBOCHHSI JUCIUIIMHBI

1. Dnexkrponno-6ubmmoreunas cucrema [IPRbooks JloroBop Ne5168/19 ot 13 mas 2019 rona

2. DnexkTpoHHas OMONIMOTEUHast cucTeMa «YHUBepcuTeTckass Ombimumorexa on-line» [lorosop
Ne50-04/19 ot 13 mas 2019 rona

3. DnektpoHHO-OuONMMoTEeUHAasA cucteMa Jlanb Jlorosop NeD410-19 ot 22 anpens 2019 r.

Hepeqeﬂb HH(l)OpMaIII/[OHHI)IX TeXHOHOFHﬁ, HCIIOJB3YEMBIX TIPH  OCYHIECCTBJICHUM
06p33OBaTe.]IbHOF0 npomecca 10 JUCHMILIMHE, BKJ/IKOYasi MNEPEYCHb MNPOrpaMMHOro
o0ecnevyeHus u I/[Hq)OpMaIII/IOHHI)IX CIIPAaBOYHBIX CUCTEM

HH(pOpMaLﬂlOHHble CnpasoyvHble cucmembl.

1. www.biblioclub.ru - «YHuBepcuterckas OMOIHOTEKA OHITANHY;
2. DnexktpoHHo-OnbmmoTeunas cucrema [IPRbooks OOO «Aii ITu Op Meauay.


http://biblioclub.ru/index.php?page=book&id=426940
http://biblioclub.ru/index.php?page=book&id=274344

JlaGopatopHoe 3ansaTue 10
Tema 4. Ili1ockue cTaTu4ecku onpeaeanMbie (pepmbl.

Knaccuduxanus pepm, AnHanuTudeckue METo bl pacueta Ghepm.

[lenb: 1aTh CTYAEHTY MOHATUE O LIEHTPE NapAJUIEIbHBIX CHIL

3HaTh: YCIOBHUI paBHOBECHS IIJIOCKOW U MPOCTPAHCTBEHHOM CUCTEM CHJI,
YMeTh: NPUBOIUTE CUCTEMY CHII K IIPOCTEHIIEMY BUAY;

COCTABJISITh U PEIIaTh YPABHEHUS! PABHOBECUS;

®opmupyemble KOMIETEHIIMN:

Kon DopMynUpOBKa:

CrocoOHOCTh TMPOBOAUTH pacyeTHOE OOOCHOBAaHUE W KOHCTPYMPOBAaHUE
CTPOUTENIBHBIX KOHCTPYKIMH 3JaHUKA W COOPYKEHUM NIPOMBILIJIEHHOIO WU
IpayKJaHCKOIO Ha3HAYCHHUSI

[1K-3

Axmyanonocms memwvl OOBSCHSIETCS HAXOXKIEHUEM IIEHTpa MapaluiebHBIX CHII, TEM CaMbIM
YIPOIIAETCSl pacueTHAs CXeMa.

Teopemuueckas wacme.
CucremMa JBYX TMapajUIeIbHBIX W OJWHAKOBO HampaBleHHBIX cmil A! u A@ WuMEIOT
paBHOneHCTBYOIYI0 K=A!+A@, nuHusS AeicTBUS KOTOpOM mpoxoauT uepe3 Touky C,
omnpezensieMyto cooTHouieHueM (1.5):

F,AC =F,BC
OueBHIHO, YTO €ciU MOBEPHYTh CHibl A! 1 A(@ Ha OAMH M TOT € Yrojl a B OJHY U Ty XKe
CTOPOHY, TO Ha 3TOT € YroJl IOBEPHETCS U UX PaBHOAECUCTBYIOLIAs], IPUYEM €€ JINHUS JEHCTBUSA

Oyzer mpoxoauTh 4Yepe3 Ty ke Touky C ,Tak Kak B OIpenelnstoniee moyiokeHue touku C
BeIpaskeHue (1.5) BXoaaT Toapko Moxyau cui F1 u Fo.
=

3
\l
Puc. 1.37 Onpeoenenue nonoxcenusn
YeHmpa napanienbHuIX cu

PaccmoTpuM Temeph cucTeMy MapajuledbHBIX M OJMHAKOBO HANPABICHHBIX cuil (4!,
A@,A#,...,A%), npunoxeHHbIx B Toukax A1(X1,Y1,21), A2(X2,¥2,22),. . ., An(Xn,Yn,Zn) TBEpPIOTO TENA
(puc.1.34). Dra cucrema cun umeer paBHoueicTBytonyto K=CAS$, a ee nuHus nedcTBus
NpoOXoauT Yepe3 TOYKy Ch-1, TOJIOKEHHE KOTOPOW HaileM, OMNpenesss IOoCIeI0BaTeIbHO
nosiokeHus Touek Ci, Cz...,Cn-1 ¢ TIOMOILBIO BBIPAKEHUN




k
( Z |:m)’Aka - I:k+1' Ak+1Ck
m=1 , 3ancanbix g k=1,2,3,.,n-1 (1.18)

Taxk xak B paBeHcTBa (1.18) BXOAAT TOJIBKO MOJIyJIM pacCMaTPUBAEMBIX CUJI, ITOJI0KEHUE TOUKH
Ch-1 OTHOCHUTENILHO TOUCK A1, A2, A3, . . ., An HE ©3MEHUTCS MPH JTFOOBIX OJIMHAKOBBIX
M3MEHEHHUSAX OPUEHTALUN CHJI CUCTEMBI.

Onpeodenenue: mouka, uepez KOmopyo npoxooum JuUHUsA 0eiicmeus pasHooelcmayrouenl
cucmemul RAPAIIENbHbIX CUL NPU JI00BIX HOGOPOMAX IMUX CUTI HA 0OUH U MOM Jice Y20l 8
O00HY U my ce CHOpPOHY, HA3bI6ACMCA YEHMPOM NAPAIIEIbHBIX CUIL.

HaiieM KoOpAMHATHI 3TOrO LIEHTPA B IPOU3BOJIBHOM IEKapPTOBOM CUCTEME KOOPIMHAT.
Bocrnonb3yemcst TeM, 4TO €ro MOJIOKEHUE HE 3aBUCUT OT HAIIPaBJIEHUS CUJI M HAIIPaBUM BCE
CHUJIBI CUCTEMBI NapaiiesibHo ocu Z (puc.1.34). Torna no Teopeme Bapunbona

M y(R) - ZM y(Fk ) YuureiBas, 94To M y(R) - RXC“‘

ZM y(ﬁk):F1X1+F2X2+...+Fan X _M

c =
, moimydaem N1 R .

[IpuMeHss TeopeMy BapuHbOHA OTHOCHTENEHO OCH X M OTHOCHTEJIBHO OCH Z (B MOCIIEIHEM

CJlydae HaIPaBHMB BCE CHIIBI TIAPAIUIEBLHO OCH Y) MOIy4aeM aHATIOTHYHBIE (POPMYIIBI TS

1 ]

nd—l u ZCn—l:

_ 2 Fix _ 2Py

Cno1 R ! Ch-1 R !

2 Fyzy

Cn-1 R . (119
[TosryueHHble (GOPMYITBI UCIIONIB3YEM IS ONIPEIETICHUS MOJI0XKEHHS LIEHTPOB TSXKECTH Te,
Haxodgmuxcsa B OATHOPOAHOM I'PaBUTALITMOHHOM IT0JIC 3EMHOTI'O TAT'OTCHUS. HeﬁCTBHTeHBHO,
CHJIBI TAKECTU OTACIBHBIX YaCTHUII TCJIa, pa3MCpPbl KOTOPOT'O MaJibl IO CPABHCHUIO C paJlyCOM
3eMiH, 00pa3yIOT CUCTEMY MapajUIeIbHBIX CUJI, aHAJIOTHYHYIO PACCMOTPEHHOM BhIlie. HazoBem
PaBHOJIEHCTBYIOIIYIO CUJI TSDKECTH OTAENIbHBIX YacTHUIL TEJIa BECOM 3TOr0 Teja U OyemM
o0o3HauaTh ero OykBoii 3. LleHTpoM TspxkecTH OyJieM Ha3bIBaTh LEHTP MapauleabHbBIX CHII

—=

TSKECTH Pk OTJICTBHBIX YACTHII TeIa U 0003HAYaTh ero OyKBOi P. B HOBBIX 0003HAUCHUSX
dopmynsr (1.19) nepenurnyrcs B Bue:

_ 2 PkXk y _ 2 PyYk _ 2 PkZk
P 7F P P (1.20)

J171s1 OMHOPOIHBIX TEJ BEC Pk OTIEIBHBIX YACTHI] TeJa MPOMOPIHOHATIEH 00beMaM 3TUX YaCTHI]
‘Pk=/Vk, a BeC Tesa mponopIroHaieH oobemy Tena P=V () Bec eauHUIIBI 00BEMA).
[Toncrasmsis nanuelie BeipaskeHus B (1.20), mocne cokpaiieHus Ha ¥ ,moixydaeM Gpopmyssl Ais
ompeseNeHus IIeHTpa TsHKeCTH o0bema:

_ 2 VX yP_ZVkYk ZP_ZVka
= =k%k - =VkVk _ £Vk%k
\% \% \% (1.21)
I[J-IH O,[[HOpOI[HBIX TIJIOCKUX IIJIACTUH U I/I3,Z[CJII/II‘;I n3 OI[HOpO,Z[HBIX HHHeﬁHLIX DIJIICMCHTOB
(HampUMep U3 OJHOPOIHOM IMPOBOJIOKHU IIOCTOSIHHOTO CEYEHHS ), BBOS BEC €AMHUIIBI IIOMIAIN 1

BCC €AWMHUIIBI JJIMHBI, aHAJTOTUYHBIX 06pa30M noJjry4acm (bOpMyJ'IBI AJId OIIPEACIICHUS ICHTpPA
TSAKECTH IJIOIAaAu W HCHTpPA TAXKCCTH JIUMHUUA:

_ 2 SkXk Vo= 2.SkYk 7, = 2. SkZk
S S S (1.22)

rae S - mIoIaab BCEH MIaCTHHEL, Sk - IDIOIIAIN €€ YacTEH.

X Z

Xp

) VA P

Xp

Xp



o= 2leX y _2hye - 2l
P L °F L P L (1.23)

rae L - qvnaa Beeit imauy, ly - 1uuHa ee yacrei.

Bonpocwt u 3a0anua:
1. Omnpenenenue neHTpa napauiebHbIX CHUIL.
2. OmnpezneneHre KOOPAWHAT LIEHTPA MapaJIeIbHBIX CHIL.
3. Ompenenenue LeHTpa NapajuleIbHbIX CUII C IIOMOIIBIO TeopeMbl BapuHboHa..

OcHoBHasi JuMTEpaTypa

1. benukoB, I'M. Texunuueckas mexanuka. CompoTuBieHue marepuanon: OOydaromiue
Monynu : ydebnoe mocobue / I'.WM. benmukoB ; Bomrorpanckuii rocymapcTBEHHBIH
apXUTEKTYpHO-CTPOUTENbHBIN yHUBEpCUTET, MUHHUCTEPCTBO O0Opa30BaHUS U HAYKH
Poccuiickoit  ®enepaumu. -  Bousrorpaa:  Boarorpaackuii rocyaapCTBEHHBIN
apXUTEKTYPHO-CTPOUTENBbHBIN YHUBEpCUTET, 2014.

2. Comnportunenue matepuanoB: yueOHnoe mocobue / H.A. Kocrenko, C.B. bansicaukosa,
10.3. BonomanoBckas u ap. ; noa pea. H.A. Kocrenko. - M. :[lupexkr-Meaua, 2014.

3. Croponybnesa, T.H. ComnporuBienue MaTepuasioB: ydeOHoe  mocobue /
T.H.Ctopony6buesa. - Boponex: BopoHnexckas TrocyaapcTBEHHas JI€COTEXHHMYECKas
akagemus, 2015.

JlonmosiHuTEIbHAS JIUTEPATypa

1 Mexannka. ConpoTUBIEHHE MaTEpHAIOB (TEOpPHUsS M MpaKTHKa) : ydueOHOe mocobue /
O.M. bonrenkosa, O.IO. laBeinoB, B.I. Eropos, C.B.¥YnpmmH. - BopoHex:
Boponexckuit rocyjapcTBEHHbIN YHUBEPCUTET MHXKEHEPHBIX TeXHOJIOTui, 2014.

2 IlpuknagHas Mexanuka: ywyeOHoe mocobue / X.C.I'ymepoBa, B.M. Kotusp,
H.II. IleryxoB, C.I'.Cugopun; MunucrepctBo o0pa3oBaHus u Hayku Poccun,
denepanbHOE TOCYAAPCTBEHHOE OIOKETHOE 00pa30BaTENbHOE YUPEKICHHE BBICILIErO
npodeccuoHaibHOTO 00pa3oBanus «Ka3aHCKHII HAIMOHAIBHBIA HUCCIIEI0BATEIBCKUI
TEXHOJIOTHYECKUM yHUBepcuTeT». - Kazanp : U3natenscteo KHUTY, 2014.

HNurepHer — pecypcebl

1. DnekTpoHHBII 00pa3oBaTeNbHBIN pecypc [DnekTpoHHbIN pecypc]. Pexxum nmocryna:
http://www.edu.ru/

2. DneKkTpoHHas oubnmoreka [DnexTpoHHbIH pecypc]. Pexxum JIOCTyMa:
http://www.elibrari.ru/

3. VuuBepcutTeTckas Oubmmoreka online [DnekTpoHHBIH pecypc]. Pexxum pocryma:
http://www.biblioclub.ru/

4. DnexkTpoHHas OMOMMOTEKA TEXHUYECKOW IUTEpaTyphl [DIEKTpOHHBINM pecypc]. Pexum
noctyna: http://www.tehlit.ru/



http://www.edu.ru/
http://www.elibrari.ru/
http://www.biblioclub.ru/
http://www.tehlit.ru/

JlaGopaTopHoe 3ansTue 11
Tema 4. Ilinockne craTudecku onpeneanmbie pepmbl.

MCTOI[ ABYX HWJIN HCCKOJIBKUX CCUCHUM

[lenb: maTh CTyEHTY HOHATHUS O KOO (UIIMEHTE TPEHHS U €T0 ONPE/ICICHUH.

3HaTh: KMHEMATHUYECKUE XApPaKTEPUCTHKH TOYKH, Au(QepeHnnanbHble ypaBHEHUS JIBUKCHUS
TOYKU;

001111e TeopeMbl JUHAMUKH

VYMeTh: BBIYHCIATH CKOPOCTH M YCKOPEHHsT TOYEK W TOYEK Tella IMPH IOCTYNATEIbHOM,
BpamaTCJIbHOM U IIJIOCKOM ABHIKCHUAX

dopmupyemMbie KOMITETCHIIHH:

Kon dopMyIHpOBKa:

CrocoOHOCTh TMPOBOJUTH PaCUETHOE OOOCHOBAaHHUE W KOHCTPYMPOBAHUE
CTPOUTENBHBIX KOHCTPYKLMI 3JaHUKA U COOPY>KEHUW MIPOMBILIJIEHHOTO U
rpa’kIaHCKOT0 Ha3HAYCHUS

[1K-3

AxmyanvHocms memvl  OOBIACHSACTCS ONpeAeicHreM Kod(h(UIMEHTa TPEHHsI Pa3IdYHbBIX
MaTepUaioB U CILJIABOB.

Teopemuueckas wacmy.
Cuna mpenus ckonvycenus. Kak mokaspIBaeT ObIT, IPU CTPEMIICHHH JIBUTATh OJTHO TEJIO TI0
MIOBEPXHOCTH JIPYTOTO B IJIOCKOCTH CONTPUKOCHOBEHUS 3TUX TEJl BOSHUKAET CHJIA TPEHHUS,
KOTOpasi MOYKET IPUHUMATH JIF00BIC 3HAYCHUS OT HYJIA 10 HEKOTOPOTO IPEIEIbHOTO 3HAYCHUS,
omnpenensiemoro 3akonom Kynona F., =N, rae f- 6e3pasmepnslit koadduimeHT tpenmst
ckonbkeHus1, N - HopmanbHas peakius. KosQpHIMeHT TpeHUs CKOJIbKEHHS ONPeesIeTCs
OTIBITHBIM ITyTE€M M 3aBHCHUT OT MaTepHaa COMPUKACAIONINXCS T€J U COCTOSTHUS UX
NOBEPXHOCTEH (XapakTep 00pabOTKH, CMa3KH, TEMITEPATYphI U T.11.). OIBITHI TOKa3bIBAIOT, YTO
CHJIa TPEHHSI CKOJIBKSHHUS B IIMPOKUX TPEJIeNIaX He 3aBUCHT OT Pa3MEPOB TPYIIUXCS
noBepxHocTel Ten. Tak U1 Toro, YTo0bl CABUHYTH OOBIYHBIA KUPITUY, HY>KHO TIPHIIOKHUTH
OJIMHAKOBYIO CHJTy HE3aBUCHMO OT TOTO JISKUT JIM OH IUIAIMs 1K Ha pebpe. [Ipu pemennn
3aJa4 C Y4eTOM CHJI TPEHHS CKOJIbKEHHsI HE00XO0AMMO YETKO pa3iinyaTh OOBIYHOE U MpeaeIbHOe
paBHOBecue Tena. B mepBoM cirydyae BeTMUMHA CHIIBI TPEHUS! HEU3BECTHA U JIOJDKHA
OTIPEIETIATHCS M3 PELICHUS] COOTBETCTBYIOIMX ypaBHEHH paBHOBecHs. Eciu ke B 3a7a4ye peyb
UJIET O MpEeJeIbHOM PAaBHOBECHH, TO CHIJIa TPEHHUS onpeaensercs 3akoHoM Kyona:

F,, = fN

(1.28)

YzzzzzzzzzzzzzA

TIpocmetiwuii npumep: nycmo Ha Meo, HAX00AUeecs 8 PAGHOBECUL HA 20PU3OHMATIbHOL
wepoxogamoti nogsepxnocmu, deticmeyem cuna F=10 H. Onpeoenrums, uemy pasna cuna mpenus
CKObIICEHUSL.

Pewenue: 6 danHom ciyuae meno 3a6e00M0 HAXOOUMCSL 8 PABHOBECUU U CUNA MPEHUS.
onpeoenumcst u3 ypasHe sl PAGHOBECUsL:

Y Fo =Fcosa—F,, =0,
"p omkyoa Funp=Fc0s30°= 8,66H.

H3zmenum meneps ycinosue 3a0auu: onpeoesum Munumanvhyto cuny F, cnocobuyro cosunyms
meno ¢ mecma, ecau e2o éec P pasen 10 H, a kosghgpuyuenm mpenus cxonvorcenus f=0,1.




Pewenue: max kax peuv udem o npedenbHoM COCMOSAHUU PAGHOBECUS,
Y Fo =Fcos30° —Pf =0,

Fmp=1N, N=P, F,,=fP=1H,

F= fP/cos30°=1,15H.

Kaxk n3BeCTHO NOIHYIO peakuus LEepPOX0BAaTOW IIOBEPXHOCTH IIPUHATO IIPEICTABIATh CyMMOMR

o~

SN
T T T TTTTTTTTTTT7
Puc. 1.38. Peakyusn wiepoxoeamoii nogepxnocmu

CnenoBarenbHo, oaHas peakuus K Oyner oTkJIoHEHa OT HOpMaJid K TOBEPXHOCTH Ha
HEKOTOpPBIN yroi. [Ipyu u3MeHeHnu CUIIbI TPEHUS OT HYJS JI0 €€ MpeaeabHoro 3HaueHus, cuina K
u3MeHseTcs oT T 10 CBOEro MaKCUMAaJIbHOT'O 3HAUYEHUS, a €€ YTOJI C HOPMAJIbIO PacTET OT HYJIS
JI0 HEKOTOPOTO MPeAeNbHOr0 3Ha4eHUs (OH , Ha3bIBAEMOTO yIiIoM TpeHus. 13 pucyHka BuIHO,
uto tg pu=F,, I N, Toraa ¢ yuerom toro, uro F,,=fN , nonxyuaem tg ghu= 1.

Ecnu k Teny npunoxxuTs cuity 3 oJ yriioMm a Kk Hopmainu (puc.1.34), To Teno caBuHeTcs
TOJILKO TOT/Ia, KOTJa ciaBuraroinee ycuaue Pcosa 6yaer 6omnbiie F,p=fN. D10 o3Hauaer , uto
HUKaKOW CHJIOH, 00pasyromieil ¢ HopMaibio yroi a < (H, Telxo B0 JaHHOM MOBEPXHOCTH
CABUHYTH HEIb3.

B =

E

Ilpumep 1 . Kaxos dondicen 6vbims MUHUMATbHBLIL KO huyuenm mpenus ckonvoicenus f 6
Mecme KOHMAakma 0OHOPOOHOU K8AOPAMHOU NIACMUHbL 6ecom P ¢ sepmukanbHoll cmeHKol,
ecu nIACmuta 8 3a0aHHOM NOJIONHCEHUU HAX00umcs 6 pasnosecuu. Becom cmepoicus BF
npereobpeub.

= O




Pewenue. Tak xax aunus Oeticmaus noaHou peakyuu K eepmuxanvHotl cmenku npu pasHogecuu
NAACMUHBL O0IHCHA NPotimuU Yyepe3 mouky B (na ocnosanuu meopemul o mpex cunax), mo Fnp=N
WU, NOCKOILKY peub 6 yciosue 3a0adu udem o npedenvrom pasnosecuu, Fnp=fN, fN =N, f =1.
Tom dce pe3ynbmanm MOMNCHO NOTYYUMb U U3 VPAGHEHUS PAGHOGECUS NAACTUHDL.

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

Bonpocwt u 3a0anusn:
1. Yro Ha3zwiBatoT TpeHUEM?
2. YTo Ha3bIBAIOT TPEHUEM CKOJIBKEHUSA?
3. YUto Takoe TpeHue KayeHus?
4. Onpenenenne kodhduirenTa TpeHusl.

IlepeyeHb OCHOBHOIi JIUTEPATYPHI:

1. I'noroB, B.A. CrpoutrenpHas MeXaHUKa M METaJUIMYECKUE KOHCTPYKIMH MAIIUH /
B.A. I'moros, A.B. 3aiinie, B.1O. Urnatiorud. — Mocksa ; bepiun : [lupexr-Menua, 2015. — 95
c. : WL, Tal1. — Pexum JOCTyMa: o TIOJTITHCKE. -
URL.: http://biblioclub.ru/index.php?page=book&id=426940. — bubauorp. B ku. — ISBN 978-5-
4475-5266-4. — DOI 10.23681/426940. — TeKCT : 3JI€KTPOHHBIA.

Hepeqeﬂb JIONOJIHUTENbHOI JUTEPATYPLI:

Crapuesa, JI.B. CrpoutenpHast MexaHMka B mpumepax u 3agadax / JI.B. Crapuesa,
B.I'. Apxumnos, A.A. CemeHoB. — Mocksa : UznatensctBo ACB, 2014. — 222 c. : un., Tadm.,
CXEM. — Pexum JIOCTyTIA: o MOJIITUCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=274344. — bubauorp. B ka. — ISBN 978-5-
93093-985-9. — TekcT : 31MeKTPOHHBIH.

Ilepeuenb pecypcoB HHGPOPMANUOHHO-TEJIEKOMMYHUKANMOHHO ceTtu «WHTepHeTY,
HEeOO0XOAUMBIX /1J151 OCBOEHMS IH CHUTLITUHBI

1. DnexTpoHHO-OnbIMoTeuHas cucreMa [IPRbooks Jloroop Ne5168/19 ot 13 mast 2019 rona

2. DnexTpoHHass OmOIMOTEYHas cucTeMa «YHUBepcuTeTckas OmOmmoreka on-line» JloroBop
No50-04/19 ot 13 mast 2019 rona

3. DnexTpoHHO-OMOMoTeuHas cuctema Jlaub JJoroop NeD410-19 ot 22 ampens 2019 1.

Ilepeyenb HMH(POPMALMOHHBLIX TEXHOJOTHH, HCHOJAb3YyeMbIX IIPH OCYLUIECTBJECHUH
o0pa3oBaTe/IbHOI0 mpoulecca MO0 JHCHUIVIMHE, BKJIKOYasi IepeYeHb NPOrpPaMMHOIO
odecrneyeHUs1 M HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM

Hnghopmayuonnvie cnpasounvle cucmemvi:
1. www.biblioclub.ru - «YHauBepcureTckas OMOIHOTEKA OHIANHY;
2. DnexktpoHHo-O6ubmmoTeunas cucrema [IPRbooks OOO «Aii ITu Op Meauay.


http://biblioclub.ru/index.php?page=book&id=426940
http://biblioclub.ru/index.php?page=book&id=274344

JlaGopaTopHoe 3ansitue 12
Tema 4. Ili1ockue cTaTu4ecku onpeaeanMbie (pepmbl.

MeTton 3aMKHYTBIX C€4eHUH, MEeTO1 3aMEHBI CTEPKHEM.

[lenb: 1aTh CTYACHTY 3HaHUS B 00J1aCTH CONPOTUBIIEHUS IPU KAaUYEHUH.

3HaTh: KMHEMAaTHUYECKUE XapaKTEPUCTHKH TOYKH, AU(QepeHunnanbHble ypaBHEHUS JIBUKEHUSA
TOYKH; O0IIKE TEOPEMBI JUHAMUKHU.

VYMeTb: BBIYMCIATH CKOPOCTH M YCKOPEHHS TOYEK M TOYEK Teja IPH IOCTYNaTelbHOM,
BpalllaTeIbHOM U IIOCKOM JIBUKEHUSIX

dopmupyemble KOMIIETCHIHH:

Kon dopMyIHpOBKa:

CrocoOHOCTh TMPOBOJUTH PaCUETHOE OOOCHOBAaHHUE W KOHCTPYMPOBAHUE
CTPOUTENBHBIX KOHCTPYKLMI 3JaHUKA U COOPY>KEHUW MIPOMBILIJIEHHOTO U
Fpa’kIaHCKOTO Ha3HAYCHUS

[1K-3

AxmyanvHocms  memvl  OOBSICHAETCS  ONPEACICHUEM  CONPOTHBIEHHMS [P  KAYCHUHU
BO3HUKAIOIIMX [TPU B3aUMOJICHCTBUHU Ae(opMaIuu Tel.
Teopemuueckasn yacme.

Tpenue kauenue. Tpenuem KaueHus HA3bI6AI0M CONPOMUGIEHUE, 603HUKAIOW e NPU
KaueHuu 00H020 mena no NO6ePXHOCHmu 0py2020.
[IpyunHBl BO3HMKHOBEHHSI 3TOTO CONPOTUBIEHUS HEBO3MOXKHO OOBACHUTH 0€3 yuera
nedopManuii  Tel, BO3HHUKAIOUIMX TpH UX B3auMojeWcTBuu. PaccMoTpum — Kpyriabiid
IWIMHAPUYECKUH KaTOK paguycoM R Becom 3, nekamiedl Ha FOpU30OHTAJIBHOW HIEPOXOBATOU
IUIOCKOCTH, KOTOpasl MOJ| TSXKECTBIO KaTKa clierka Ae(opMupoBanack, Tak 4YTO KacaHUE KaTKa ¢
MIOBEPXHOCTBIO TENEPh NPOUCXOAUT HE B OJHOM TOYKE, a II0 HEKOTOpPOW IuIomanke AB
(puc.1.39). Tlox neiicTBHeM CHiIbI M, TIPUIOXEHHOH K IEHTPy KaTka, JaBlIeHHe y Kpas A
yObIBaeT M Bo3pacTaeT y kpas B. B pesynbrare HopmanbHas peakuus T

A OO

v M

| - | -

Puc.1.39 Momenm conpomueénenus npu kaieHuu
SBIISIONIASCS PABHOACUCTBYIOIIEH paclpeleNeHHbIX Ha TIUIOManke AB cuil, cMemaercs B
cTopony jeiicTeus cunbl WM. C yBemmuenneM Q 10 HEKOTOPOTO HPEAENBHOTO 3Ha4eHHs Q,yp TO
CMEIIEHUE PACTET JI0 HEKOTOpOil mpeaenbHOi BenmuuuHbl fk. B 3TOT MOMEHT Ha KaTtok OyayT
neficTBOBAThL [BE ypaBHOBemmBaiomme apyr apyra mapsl cun (Mup, Ap) u (T, 3) ¢
MomeHTaMu My, = QR 1 Mb= Nf$ coorBercTBenHO. [Toka Q<Q,, KaTok OyaeT HaXOAWUTHCS B
nokoe, pu Q>Q,,, HauHeTcst kKauenue. Bxomsmias B popmyny M. =Nfx (1.29)
JuHelHas BenuunHa fk Ha3piBaeTcs ko3 duimeHToM TpeHus KaueHus. J{ist 60IbIInHCTBA
MaTepuasoB, BXOJAIIEE B BbIpaKEHUE ISl IPEEIbHOr0 3HadeHust Q:

Qup=(f/R)N (1.30)




otHoureHue fi/R3HaunrenbHo MeHbIIe K03 duireHTa TpeHus ckonbxenus f uz popmynsr (1.28).
DTHM 00BSICHSIETCS TO, YTO B TEXHHUKE, BE3/IC TJI€ 3TO BO3MOXHO, CTPEMSTCS 3aMEHHUTh
CKOJIb)KCHUE KAUCHUEM.

Ipumep. Ha kaxou evicome h u kaxyio copuzonmanvuyio cuny F nyscrno npunosicums, umooul
kamok, cuna msicecmu komopozo G=1000 H, pasromepro cxorvzu no copuzonmanvhot
niaockocmu 6e3 kavenust. Koasgppuyuenm mpenus kavenust fx = 0,01m, koappuyuenm mpenus
cxonvoicenus T=0,1.

Pewenue. [[na mozo umobwl kamox dosueancs pagnomepHo enpaso, cuna F donoicna dvime
PAaBHA MAKCUMATIbHOMY 3HAYEHUIO CUTLbl MPEHUsL CKOTbIHCEHUSA!
F = F.= fN =100 H. Kamok ne 6yoem spawamucs, eciu momenm, co30a8aemvlil napotl Cu
(A, Amp) He 6yOem npesviuiams MAKCUMATLHO20 3HAYEHUSL MOMEHMA CONPOMUBTIEHUS.
M= fiN=KG =10 Hu, m.e. maxcumanvrnoe 3uauenue h=MJF =0,1m .
Bonpocwt u 3a0anua:
1. Yro Ha3bIBalOT KaueHHEM?
2. Ilpu4nHBI BOBHUKHOBEHUS KaueHUs?
3. Ilouemy B TeXHHKE, B€3/I€ I'/I€ 3TO BOZMOXKHO, CTPEMSTCS 3aMEHHUTh CKOJIbXKEHHUE KaueHUuem?

ITepeyeHb OCHOBHOIM JIUTEPaTYpPBbI:

1. T'noroB, B.A. CrpourenpHas MeXaHUKa ¥ METaJUIMYECKUE KOHCTPYKIIMH MAIIUH /
B.A. T'noroB, A.B. 3aiinies, B.1O. Urnatiorun. — Mocksa ; bepiun : Jlupexkr-Menuna, 2015. — 95
c. : ni., Tal1. — Pexum JIOCTyTIA: 1o MIOJIITUCKE. —
URL: http //biblioclub.ru/index.php?page=book&id=426940. — bubauorp. B ka. — ISBN 978-5-
4475-5266-4. — DOI 10.23681/426940. — TekcT : 2I€KTPOHHBIN.

IlepeyeHb 10MOTHUTEIbHOM JIUTEPATYPHI:

Crapuesa, JI.B. CrpoutenpHast MexaHMka B mpumepax u 3amadax / JI.B. Crapuesa,
B.I'. Apxumnos, A.A. CemenoB. — Mocksa : UznatensctBo ACB, 2014. — 222 c. : un., Tadm.,
CXEM. - Pexum JocTymna: o MIOIINCKE.
URL.: http://biblioclub.ru/index.php?page=book&id=274344. — bubnuorp. B ku. — ISBN 978- 5-
93093-985-9. — TekcT : 3NeKTPOHHBIH.

Ilepeyenb pecypcoB HMHPOPMANMOHHO-TEJEKOMMYHUKAIMOHHON ceTH «UHTEepHeT»,


http://biblioclub.ru/index.php?page=book&id=426940
http://biblioclub.ru/index.php?page=book&id=274344

He00XO0AMMBIX JIJIS OCBOEHUS JUCIUILIINHBI

1. DnekTponHo-6nbMMoTeuHas cucrema [IPRbooks Jlorosop Ne5168/19 ot 13 mast 2019 rona

2. DnexTpoHHas OmONMOTEYHass cucTeMa «YHHUBEpcUTeTckas OmOmmoreka on-line» Jloroop
Ne50-04/19 or 13 mas 2019 rona

3. DnekTpoHHO-O0ubaMoTeuHas cucrema Jlane JloroBop NeD410-19 ot 22 anpens 2019 r.

Ilepeyenb HMHQPOPMAIMOHHBIX TEXHOJOIHH, MCHOJIb3yeMbIX MNPH OCYLIECTBJIEHUH
0o0pa3oBaTe/ILHOIO MpoLecca M0 AUCHUILUIMHE, BKJIOYAs MNepedyeHb MNPOrpaMMHOIO
obecrieyeHus: U MHGOPMAIMOHHBIX CIPABOYHBIX CHCTEM

HUngopmayuonnvie cnpasounvie cucmemvl:
1. www.biblioclub.ru - «YuuBepcuTeTckast OMOIMOTEKA OHIIANHY;
2. DnexTponHO-0nbaHoTeyHast cuctema IPRbooks OO0 «Aii [Tu Dp Menuay.



JlaGopaTopHoe 3ansiTne 13
Tema 5. IlocTpoeHue JIMHUI BJUMSHUA YCHJIMH B CTEPKHAX (pepM.

[lonsiTue I'py30BOI'o I104Ca,.

Lenb: Hay4YUTHCS ONPEACIISTh SAPO CEUCHUS TPU BHEIIEHTPEHHOM CXKATHUU.

3HaTh: KMHEMaTUYECKUE XapaKTePUCTHKU TOUKH, AuddepeHIralbHble ypaBHEHUS JBHKEHUS
TOYKH; 0OIIHUE TEOPEMbI JUHAMUKHI

YMeTh: BBIYUCIATH CKOPOCTH U YCKOPEHHS TOYEK M TOYEK Tejla MPH IOCTYNATelbHOM,
BpallaTeJIbHOM U IJIOCKOM JIBUKEHUSIX

dopmupyemble KOMIETSHIIHH:

Kon dopMyIHpOBKa:

CrocoOHOCTh TMPOBOJUTH PacuyeTHOE OOOCHOBAHWE U KOHCTPYHUPOBAHHE
IK-3 CTPOUTENBHBIX KOHCTPYKLMI 3JaHUKA U COOPY>KEHUW MIPOMBILIJIEHHOTO U
rpa’kIaHCKOT0 Ha3HAYCHUS

AxmyanvHocms membl 3aKIIOYACTCS B NPUMEHEHWM 3HAaHWKA B OOJIACTHM KHHEMATHKH Ha
IIPAKTHKE.
Teopemuueckasn yacme.

IIpy KOHCTPYMPOBAHUHU CTEPKHEN U3 MAaTEPUAJIOB, IUNIOXO CONMPOTUBIISAIOIIMXCS PACTSIKEHUIO
(beToH), BeCchMa JKeIaTeIbHO TOOUTHCS TOTO, YTOOBI BCE CEUSHUE padOTaIo JIMIIb HA CKATHUE.
DTOro MOXKHO JOCTUTHYTh, HE JJaBasi TOUKE IPUIIOKEHUS CHIIBI P CIIMIIKOM JaJIeKO OTXOAUTH OT
LEHTpa TSKECTU CEUECHHUS, OTPaHUYNBasl BEJIMUNHY SKCIIECHTPUCHUTETA.

KoHcTpykTOpy *KenaTenbHo 3apaHee 3HaTh, KaKOi SKCLIEHTPUCUTET NPH BHIOPAaHHOM THUIIE
CEYEHHUS MOKHO JIONYCTUTh, HE PUCKYSI BHI3BATh B CEUCHUSIX CTEPKHS HAIPSYKEHUHN pa3HbIX
3HAKOB. 31€Ch BBOJUTCS MOHATUE O TaK HA3bIBAEMOM SJIpE CEYEHHSI. DTUM TEPMUHOM
0003HavyaeTcs HeKOTopasi 00J1acTh BOKPYT LIEHTPA TSKECTU CEUEHUs, BHYTPH KOTOPOH MOYKHO
pacrosaraTb TOUKY NPUIOKEHHS CUIIbI P, HE BBI3bIBAs B CEUEHNHN HANPSKEHUM Pa3HOIO 3HAKa.

[Toka Touka A pacnosiaraercs BHYTpH s7pa, HEUTpaibHasi OCh HE MepeceKaeT KOHTypa
CEUEeHMsI, BCE OHO JIEKUT 10 OJHY CTOPOHY OT HEHTpaibHOM OCH U, cTalo ObITh, pabOTAET JINIIb
Ha ckatue. [Ipu ynaneHnu Touku A OT LIEHTpa TSHKECTH CeUeHMsI HEUTpasibHasl oCch OyeT
NpUOJIMKATHCS K KOHTYPY; TPaHMIIA sipa ONPEAETUTCS TEM, UTO MPU PACIIOI0KEHUN TOUKH A
Ha TOW IpaHUIE HEUTPAIBbHASL OCh ITOAOKIET BIUIOTHYIO K CEUEHHIO, KOCHETCS €TO.

Puc.1. KomOuHaImMy moyioKeHus: CKUMAIOIIEH CHUITBI U HEUTPATBbHOUW JIMHUN

Taxum oGpas3om, eciii Mbl Oy/1eM TiepeMeniaTh TOUKy A Tak, 4TOObI HEMTpalbHas OCh KaTHJIaCh
M0 KOHTYPY CEUYEHHUs, HE TIepeceKast ero, To Touka A 000iAeT Mo rpaHuile sapa cedenus. Ecnu
KOHTYp CEUEHUS UMEET «BIAJAUHbBI», TO HEUTpaJbHas OCh OyJET KaTUThCS 110 Oruodaromen
KOHTYpA.

UToOBI MOMYyYNTh OYEPTAHUE SJIpa, HEOOXOIMMO AaTh HEUTPATLHON OCH HECKOJIBKO

. . a
IIOJIOKCHHUU, KaCaTCIIbHBIX K KOHTypy CCUCHUA, OHpeI[eJII/ITB JJIA OTUX TTOJIOKCHUHN OTpeBKI/I ¥ nu

=YW BBIYUCIUTH KOOPANHATHI Y U =¥ TOYKHU NPUIIOKECHUI CHJIBI ITIO (DOPMYJIaM, BBITCKAOIIIUM U3
2
N3BECTHBIX 3aBUCUMOCTCHU .
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9TO U OyIyT KOOPIMHATHI TOUEK KOHTYpa siipa -~ fu %7,

I[Ipu MHOTOYTONBHOM (hopme KOHTYpa ceueHus (Puc.2), coBMeIast ociae0BaTenbHO

o - s
HEUTPAIbHYIO OCh C KaX/I0H U3 CTOPOH MHOTOYTOJIBHUKA, MBI TI0 OTPE3KaM  * U “= ompeaennm

KOOPJMHATHI »'#1 <£ TOUEK IPAHUIIBI SIPA, COOTBETCTBYIOIIUX 3TUM CTOPOHAM.

[Ipu nepexozae OT OAHON CTOPOHBI KOHTYpa CEUYEHHUs K Ipyroi HelTpaabHas och Oyaer
BpaIIaThCs BOKPYT BEPLINHBI, pa3Aesaioniell 3TH CTOPOHBI; TOUKA MPUIIOKEHUS CHIIBI OyaeT
IepeMEIaThCs 10 TPaHULE AP MEKAY MOTYUYEHHBIMHU YK€ TOUKaMHU. Y CTAHOBUM, KaK JOJDKHA
nepemenaTbes cuia P, yToObl HelTpanbHast OCh MPOXOAMIIA BCE BPEMS Uepe3 OJHY U Ty XKe

touky B (*'2,%2) — Bpaianacek Obl 0k0J10 Hee. [1oCTaBIIsAs KOOPIUHATHI ATOW TOUKH
HEUTpaJIbHOW OCH B U3BECTHOE YpaBHEHHE HEUTPAIbHON OCH (JIMHUM), IOTYUUM:

14 228 2%
Iz EJ_,

Puc.2. Snpo ceuenust 1yt MHOTOyrojabHOU (hOpMBbI ONEPEYHOTO CEUECHUS

Takum 00pa3oM KOOPJAMHATBI »F U “# TOUKH A IIPUIIOKEHUS cUIIbl P cBsizaHbl uHeiHO. [Ipn
BpaIllEHUN HEUTPaIbHON OCH OKOJIO IIOCTOSIHHOM TOUKHM B TO4YKa A NpUIOXKEHNS CUIIBI JBUKETCS
no npsimoit. O6patHo, nepemelieHre cuibl P o npsiMoil cBsi3aHo ¢ BpallleHneM HelTpanbHOI
OCH OKOJIO TIOCTOSIHHOM TOYKH.

Ha Puc.3 uzo0paxeHsl Tpy MOJIOKEHUS TOUKU MPUIIOKEHUS CUIIBI Ha 3TOM MpsAMO 1
COOTBETCTBEHHO TPH IMOJIOKEHUS HEUTpaIbHOI ocu. Takum 00pa3oM, MpU MHOTOYTOJIbHOM
dbopMe KOHTYpa cedeHHs OUepTaHUE siipa MKy TOUKaMH, COOTBETCTBYIOIIMMU CTOPOHAM
MHOT'OYTOJIbHUKA, OYAET COCTOATH U3 OTPE3KOB npzﬂMLIX JIUHUM.

Puc.3. /luHamMuka ocTpoeHus sapa CeUeHus



Ecam xkoHTyp ceueHus LENNKOM WM YaCTUYHO OTPAHUYEH KPUBBIMU JIMHUSAMU, TO IOCTPOCHHE
TPAHMLBI AJIpa MOKHO BECTHU 110 TOYKaM. PacCMOTpUM HECKOJIBKO MPOCTHIX IIPUMEPOB
IIOCTPOEHUS s/1pa CEUECHHUS.

IIpu BBINOJIHEHUH 3TOTO IOCTPOEHUS VISl PSAMOYTOJIBHOTO IIOINIEPEYHOT0 CEUECHMS
BOCIIOJIb3YyeMCsl TOTYYeHHBIMU (OpMYTIaMHU.

Jlig onpeiesieHns TpaHull siipa CeUeHus IpU JBMKEHUH ToukH A 1o ocu Oy HaiiieM To

3HaueHHe |, IpU KOTOPOM HeifTpanpHas ock 3aitmer monokenne H101. Umeem:
b b
I:z.}' = ——=— .
2 1ig,
OTKyJa
&
&y = —
1]
&
Takum oOpa3om, rpanullsl aapa 1no ocu Oy OyayT OTCTOSATH OT LIEHTpa ceueHus Ha 1/6
)
Bemmunabl b (Puc.4, Touku 1 u 3); o ocu OZ rpaHUIbI APa ONPEAETSATCA PACCTOSHUAMU &
(Touku 2 u 4).
st mosrydeHust o4epTaHus sSApa HEeTUKOM U300pa3uM IMOJI0KEHUS HEUTPaIbHOM OCH Oy

Hzoz , COOTBCTCTBYOIINEC I'PAHUYIHBIM TOYKaM 1u?2.

ITpu nepemenieHny CUIIbI U3 TOYKU 1 B TOUKY 2 11O TPAHULIE AApa HEUTpaIbHas OCh AOJDKHA
IIEPEUTH U3 MOJIOKEHUS 1% g nonoxenne 12% | pee BpEMs KacasiCh CEYeHUs, T. €.
MOBOpaYMBasiCh BOKpYT Touku D.
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Puc.4. noctpoenue sapa Juist IpSIMOYTOJIBHOTO CEUECHMS.

st 5TOTO CcHJla TOJKHA ABUTAThCs MO npsiMoi 1 — 2. TouHO Tak ke MOKHO J10Ka3aTh, 4TO
OCTaJIbHBIMU TpaHHLIaMHU siipa OyayT nunun 2—3, 3—4 u 4—1.

Takum 06pazom, JI71st TPSIMOYTOJILHOTO CEYEHUS AIPO OyIeT pOMOOM C JUArOHAIISIMH,
PaBHBIMU OJIHOM TPETH COOTBETCTBYIOIIEH CTOPOHBI ceueHusl. [[oaTomMy npsMOyroiabHoe
CEUYCHHE TIPH PACTIOJIOKEHUHN CHITBI TT0 TJIABHOW OCH pabOTaeT Ha HANPSHKEHUS OJHOTO 3HAKa,
€CJIM TOYKA MPUJIOKEHUSI CUJTIbI HE BBIXOAMT 32 MPEJIEbl CPEIHEN TPETH CTOPOHBI CEUCHHUS.
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Puc.5. lunamuka n3aMeHEeHUs HANIPSHKEHUH TPU U3MEHEHUH SKCLIEHTPUCUTETA.

Onropsl pacnpeieeHus HOPMAJIbHBIX HANPSHKEHUH 110 TPSIMOYTOJIbHOMY CEYEHHUIO MPU
IKCIIEHTPUCUTETE, PABHOM HYJIIO, MEHBIIIEM, PAaBHOM M OOJIbIIIEM OJHOH IMIECTON IIMPUHBI
CeUeHMs1, N300pakeHbI Ha Puc.5.

OTmeTHnM, YTO IIPU BCEX MOJOKEHUSAX CUIIbl P HanpskeHue B IEHTPE TSXKECTH CeYeHUs (TouKa

F
0) 0IMHAKOBO U PaBHO * 1 uTO cuia P He MMeeT IKCLEHTPUCHUTETA [0 BTOPOil IIABHOI OCH.
B

JInst Kpyryloro cevyeHus paauyca I odepTaHue spa OyjaeT 10 CUMMETPUH KPYTroM paauyca .
BosbmeM kakoe-1100 mojaoxkeHne HeUTpallbHOM OcH, KacateabHoe K KOHTYpY. Ock Oy
pAacmoJIOkKUM MEPIEHAUKYISPHO K ATOM KacaTenpHOU. Toraa

??'4
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Puc.6. fAnpo ceyenus ayis nsyraBpa — a) U mBeiepa — 0)

Taxum 00pa3oM, sIPO TPEACTABISIET COO0H KPYT € paAHyCcoM, BUSTBEPO MEHBIINM, UM PATHYC
CeueHMUsI.

Jlnist IByTaBpa HEUTpaIbHAS OCh IPU 00X0/1€ KOHTYpa HE Oy/IeT IepeceKaTh IIIOIIaIH
MOTIEPEYHOT0 CeYeHHUs, ecli OyJIeT KacaThCsl npsiMoyroibHoro koutypa ABCD, onucannoro
okouio aBytaBpa (Puc.6a). CnengoBarenbHO, ouepTaHue sapa s AByTaBpa uMeeT popmy pomoa,
KaK U JIJIs IPSIMOYTOJIbHUKA, HO C IPYTMMHU pa3MepaMu.

Jlng mBennepa, Kak U Ui IByTaBpa, Touku 1, 2, 3, 4 konrtypa siapa (Puc.6 6) cooTBETCTBYIOT
COBIIAJICHUIO HEMTpaIbHON OCH CO CTOpoHaMu TpsimoyroiasHuka ABCD.

Bonpocwt u 3a0anun:
1. Yro Takoe sapo ceueHus?
2. Kakue ObIBaIOT 3MIOPHI pacpeeeHNss HOPMAIbHBIX HAPSKEHUH.
3. 3amummre QopMyny ompeAeNeHHs TIOJHOTO YCKOPEHHMS TOYKM, JBIIKYIIEHCA
BpAaILaTENBHO.
4. JlaiiTe onpeneaeHre MTHOBEHHOTO LIEHTPA YCKOPEHHUS.



IlepeyeHb OCHOBHOM JIUTEPATYPbI:

1. I'motoB, B.A. CrpoutenbHas MEXaHMKa M METAUIMYECKHE KOHCTPYKIIMH MAIIUH /
B.A. I'notos, A.B. 3aiinie, B.1O. Urnatiorun. — Mocksa ; bepiun : Jlupexr-Menua, 2015. — 95
c. : Wi., TabI1. — Pexum JIOCTYyTIA: 1o MOJIITUCKE. —
URL.: http: //blb|IOC|ub ru/index.php?page=book&id=426940. — bubmauorp. B k. — ISBN 978-5-
4475-5266-4. — DOI 10.23681/426940. — TeKCT : 3JIeKTPOHHBI.

Hepeqenb JIONOJIHUTEIbHOM JUTEPATYPhbI:

Crapuesa, JI.B. CrpoutenpHas MexaHMka B mpumepax u 3agadax / JI.B. Crapuesa,
B.I'. Apxumos, A.A. CemenoB. — Mocksa : M3narensctBo ACB, 2014. — 222 c. : un., Tadm.,
CXEM. — Pexum JIOCTYyTIA: o TTO/IMTHCKE.
URL.: http://biblioclub.ru/index.php?page=book&id=274344. — bubsmorp. B k. — ISBN 978- 5-
93093-985-9. — TekcT : 2NeKTPOHHBIH.

Ilepeuenb pecypcoB HHGPOPMANMOHHO-TEJEKOMMYHHUKANMOHHOH cetn «MHTepHeT»,
HeO0XOAUMBIX IJIf OCBOCHHSI TUCIUIIMHBI

1. Onexkrponno-6ubmmoreunas cucrema [IPRbooks JloroBop Ne5168/19 ot 13 mas 2019 rona

2. DnekTtpoHHass OuOnMMOTedHas cucrteMa «YHuUBepcUTeTckas Oubnmoreka on-line» JloroBop
Ne50-04/19 or 13 mas 2019 rona

3. DnektpoHHO-0ubNMMoTEeYHasA cucteMa Jlanb JloroBop NeD410-19 ot 22 anpens 2019 r.

Hepeqeﬂb HH(l)OpMaIII/[OHHI)IX TeXHOHOFHﬁ, HCIIOJB3YEMBIX TIPH  OCYLIECCTBJICHUM
06p33OBaTe.]IbHOF0 nmpomecca 10 IUMCHMIVIMHE, BKJIKOYasd MNEPeYeHb MNPOrpamMmMHOro
o0ecrnevyeHus u I/[Hq)OpMaIII/IOHHI)IX CIIPAaBOYHBIX CUCTEM

HquOpMaLﬂlOHHble CnpaeovHble cucmemol.

1. www.biblioclub.ru - «YHuBepcuterckas OMOIHOTEKA OHITANHY;
2. DnexktpoHHO-OnbmmoTeunas cucrema [IPRbooks OOO «Aii [Tu Op Menuay.


http://biblioclub.ru/index.php?page=book&id=426940
http://biblioclub.ru/index.php?page=book&id=274344
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Tema 5. IlocTpoeHue JIMHUI BJUMSHUA YCHJIMH B CTEPKHAX (pepM.

HOCTpOGHI/Ie JIMHUU BJIIUAHUSA YCUIINA.

Llenb: HAYYUTHCS paCUUTHIBATH OATKH HA YIIPYTOM OCHOBAaHUH

3HaTh: OCHOBHBIE MOAXOJbl K (hopManu3aluu U MOAEITUPOBAHUIO JBM)KEHUS M PAaBHOBECHUS
MaTepHaJIbHBIX TEII,

IIOCTAaHOBKY M METOJIbI PELICHMS 3a/1a4 O ABM)KCHUH U PABHOBECUU MEXaHUYECKUX CHUCTEM;
KHHEMATUYECKHE XapaKTePUCTUKH TOUYKH, TU(PepeHIaTbHbIC YPaBHEHUS IBUKCHUS TOUKH;
o0111e TeopeMbl JUHAMUKHU; TEOPHIO yapa.

YMeTb: BBIUUCIATH CKOPOCTHM M YCKOPEHHS TOYEK M TOYEK Tejaa IIPU IOCTYIATEIbHOM,
BpaILlaTeIbHOM U IUIOCKOM JIBUKEHUSX

PopMHpyeMble KOMIIETCHIUU:

Kon DopMyIUpOBKa:

CrnocoOHOCTh TMPOBOAUTH PacyeTHOE OOOCHOBAaHUE W KOHCTPYMPOBAHUE
[K-3 CTPOUTENIBHBIX KOHCTPYKIMM 3JaHUKA W COOPYKEHUU NIPOMBILIJIEHHOTO WU
IpayKJaHCKOIO Ha3HAYCHHUSI

AxmyanbHocms memvl OOBSCHACTCS ONPENEICHIEM CKOPOCTH U YCKOPEHHS TOYKH T10 33/IaHHBIM
YPaBHEHHSIM €€ JIBUKCHUSI.
Teopemuueckas wacmy:

K uucny cmamuuecku neonpedenumvix 0anok modxcem Obimb OmMHeceHd OANKA HA YNpy20M
ocHoganuu. Tax Haszvlieaemcs b6anka, onuparowasncs no eceti ceoeil onune (Puc.l) na ynpyeoe
OCHOBaHUe, OKa3vlearowee 6 KadcOOU MouKe HA OAanKy peaxyuro, NponopyYuoHAaiIbHyl0 y —
npoauby 6anku 8 smou mouxe. Koagghuyuenm nponopyuonansnocmu obosnauaemes 6yxeoii K.

Bsedenue  npeononodicenus 0  NPONOPYUOHANLHOCMU — peakyuil  npocudy  Aeisemcs
NPUOIUIHCEHUEM, XOMSL U OOCMAMOYHO OIUZKUM K OeUCMBUMENbHBIM YCIOBUSM.

R
c e

Puc.1. Pacuemnas cxema 6anku Ha ynpyeom OCHOBAHUMU.

IIpeonoscenue esecmu 6 pacuem KodIDOuUYUeHm NPONOPYUOHATLHOCMU K, UMEHYeMblll
«KoaPuyuenmom nocmenuy, 0vl10 6nepsvie COeNaHO pycckum axademuxom Huxonaem
Hsanosuuem @yccom 6 1801 200y. Illpunumas >mo npeononoxceHue, HOAYUAEM, YMO
UHMEHCUBHOCIb PeaKyull OCHOBAHUS 8 KaxcOol mouke cuia pagra Ky u usmepsiemes 6 eounuyax
Cunbl U ONUHBL, pasmMepHocms Kodpguyuenma K npu smom 6ydem cuna u keaopam OAUHbL.
byoem cuumams, umo ocHosanue okasvieaem peaxkyuio npu npo2udax OAIKu Kax 6HU3, max u

86epXx.
Ha npaxmuke 3aoauu o pacueme Oaniku HA YAPY2OM OCHOBAHUU 6CMPEUAOMCs 8
JHCENE3HOOOPONCHOM Oelle (pelbe, wnaua), 6 cmpoumenbcmee — @GYHOAMEHMbl PA3TUUHBIX

coopyaceHull, nepeodaioujue Hazpy3Ky Hd SpyHM.

Cmamuuecku Heonpedenumol makas 6aixka 6yoem nomomy, 4mo yciogue Cmamuku— cymma
HA2py30K pasHa 6celi peakyuu OCHOBAHUS — He 0daem 603MONCHOCMU YCMAHOBUMb
pacnpeoeneHue 3mot peakyuy no OIuHe O6aIKU, a 3HAYUm, 8blYUCIUMb U32UOAIOWUe MOMEHMbL U
nonepeumnbvie CUbL.

Hnumencusnocms peaxyuu 6 Kaxcoou mouke ceésazama ¢ npoubamu 6anxku. Iloosmomy ona

peutenus 3a0auu HeoOX00UMO HAUMU CHAYALA YPAGHEeHUe U302HYmou ocu ¥ =7 (x:' a yoce




3amem opmynvl 01 GbIYUCTIEHUA U32UOAIOWe20 MOMEeHMA U NonepeyHou cuivl. Xo0 peueHus
0KA3b18aemcst 00PAMHBIM 0ObIYUHOM) .

Hartioem ypasnenue uzoenymoti ocu 015 0AIKU NOCMOAHHO20 CeYeHUs, Jledcaujeli Ha Yynpyeom

OCHOBAHUU U HAZPYIHCEHHOU COCPEeOOMOYEHHbIMU CUNAMU .5, (Puc.1). Hauano xoopounam
803bMeM 8 NI0O0U MmouKe, 0Cb X HANPABUM BNPABO, OCb V 6epMUKANbHO 66epx. Hanpasnenue

Hacpy30Kk esepx Oyodem cuumamv nonoxcumenvHoiM. Hanuwem obviunoe ougppepenyuanvroe
ypasHeHue us2uba

ﬂ!ﬂ
Ejd—; = M(x)

Tax kax M(x) mam HeuzgecmeH, mo NOCMApPAEMCs C8A3amb NPO2UOLI HENOCPEOCMBEHHO C

Haepy3Kotl, 0Jisl 5Mo20 ouppepenyupyem 08axicovl npedvioyuee ypagHeHue:
4

EJ j’T{ =g [x) )

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

Cnnowmnoli Hazpyskou Ol Hawiell OanKu A61Aemcs JIUlb peakyusi Ynpy2020 OCHOBAHUSL.
Humencusnocms eii nponopyuoHanrbHa npo2udbam, 3ma Hacpy3Ka HANpaeneHa 66epx, m. e.
NONOJCUMENbHA, KO020ad Npo2ubbl udym 6Hu3, m. e. ompuyamenvbHvl, U Haobopom. Taxum
06pazom, sma Hazpy3Ka umeem 3HaK, 0OPaAMHbLIL 3HAKY NPOUDOE:

q(x)= iy
Tozoa

dty
Ei—=- 2)

dx* v
dty k
FRTd

R =8

Eciu  ob6osnauumo 487 , mo obwui uummezpanr ypagueHus (25.3) umeem 6uo:

y=e"[Asin f+ Beos fx)+e ™ (Csin fr+ Deos ,&)(25 5)
Iocmosinuvie A, B, C, D 0ondichbl bbimb onpedeneHvl 8 KaxicoOM YACMHOM Cyude HAzpy3Ku u
Onunvt 6anku. Benuuna © uneem usmepeHue obpammuoe OnuHe.

Pacuem deckoneuno OIUHHOU OAIKU HA YRPY2OM OCHOBAHUU, 3A2PYHCEHHOU 00HOU cunou P.

Haubonee npocmo pewaemcs 3adaua 06 uzeube 6€CKOHEUHO ONUHHOU OANKU, HASDYHCEHHOU
00HoU  cocpedomouentou cunou (Puc.2). Ilomumo HenocpedcmeeHHo20 NpPaAKMuU4ecKko2o
3HAYeHUs. peulenue dMOU 3a0auuU NO3GONUM NYyMeM NOCIe008AMENbHbIX  NPUOTUNCEHULL
paccuumvléams U OAIKU KOHEYHOU ONUHBL.

ip

o % it
A ] A F A5 G z.-*.-'lr

Puc.2. Pacuemnas cxema 6anku 6ecKoHeyHou OJIUHbI.

Hauano koopounam pacnonodxcum 6 mouke npunodxcerusi cuivl P. Onpedenum nocmosinnvle A,
B, C u D. Taxk kak écs peaxyus ocnoganus, pasras cuie P 0ondicha 6vimb KOHeUHOU 8eIUYUHOL,



Mo npocudvl OAIKU 8 MOUKAX, 6ECKOHEUHO YOAIEHHbIX OM MOYKU NPUTLOHCEHUS CUTbL, OONHCHDL
obpawjamucs 8 Hylb.!

n}??{—}m = |:| (5)
Ilpu b6eckoneuno 6ONbUUX 3HAUEHUSX X 084 BMOPBIX ClA2AeMblX 8 NPAgoll yacmu hopmyisl (4)

-
oopawaromces 6 Hyiv 61a200aps MHOJCUMento % =, 08a Jce Nepevix Mo2ym 00pamumscs 6 Hyjb
UL npu

A=0, 5=0;

maxum oopasom,

y=e"m[f:’sin e+ Deos ,ﬁx) (6)
Jlanee, no cummempuu Hacpy3Ku u peakyuu OCHOBAHUS, KACAMENbHAs K U302HYMOU OCU

MOYKe NPUTIOAHCEHUSL CUTLL QOJINCHA UOMU NAPATLIETbHO OCU AOCYUCC:

(d_f] -0
':fx ¥ =l

Huggepenyupys (6), nonyuaem:

j_i“’ =8 =— & *[sin &(C +D)+cos &(D -]
X

Iloocmaenss 6 smo evipadicenue * = 0y NPUPABHUBASL Pe3YIbMAM HYJI0, HAX0OUM.:
D—C=0uC=D;

MaxKum oopazom, ypasHenus 6yoym:

y= e"ml’:’(siﬂ fr+cos ﬁx) (7)
Y _ 9o 0O Bsin fr 8)
dx

Jna onpeodenenus nocneoueii nocmosinnoti C umeem ewje 0OHO ypaeHeHue: HAM U3BECMHA
6eUYUHA NONEPEUHOU CULbL 8 HaAYale KOOPOUHAM.

Paspezas banky ceuenuem 6 mouxe O cnpasa om cunvl P u paccmampuseas npagyro uacmo
oanku, 6uOUM, 4YMO NONepeuHas Ccuma 6 IMOM CeYeHUU pABHA peaKyuu OCHOBAHUA,
Oeticmeylowell Ha npagyio NOJOBUHY OAIKU CO 3HAKOM MUMHYC, MAK KAK peakyus Hanpaeiexa
66epx (015 nPasoli NOI0GUHbL) U BCs peakyus OCHOBaHUs pasna P, 3nauum, nonepeunas cuna 6
cevenuu npu x = 0 pasna

F
Q[x:lx-ﬂ - _E
Ho, ¢ opyeoii cmoponbi
dy
EJE = O[] )
Taxum obpazom,
dy| P
2. )
d'y  dy

Boiuucnsem, nonv3ysace (8), dr’ u dr’ :

2
j—f = —208% *[cos fr—sin G| (11)

x
4’y e
T = +4Cﬁ3.=3 cos G (12)

Iloocmasenss (12) 6 (10) u npupasrusas x wyno, noaydaem:



F
P o=
4EJC,6‘3=—E C= REIE

u
Tenepwv 3Hauenus y u ee NPOU3800HbIX NOAYUAIOM 8UO

P F
=- 2 s +cos =- .
Y- o fic cos ) T
IﬂiI—‘}?=E=+ Pje"msinﬁr=+ = T
ax 4578 4578
4
MEX):EJ%:-"%E [cosﬁx—sm ,ﬁx] —ﬁ-?}‘l
&y P _ P
Q(x)inyz—Eé’mmsﬁxz—E-?jg

Taxkum obpazom, HanpsdiceHHoe cocmosiHue u oeghopmayuu OAIKU HA YHAPY2OM OCHOBAHUU

sceyeno Onpeoesitomecs HA2py3Kou u Kodgguyuenmom & , 3Q8UCAUWUM OM COOMHOWEHUS
arcecmkocmett 6AIKU U YNPY2020 OCHOBAHUSL.

Bonpocwt u 3a0anun:

1. Kakumu ypaBHEHUSMU 33aeTCsl JIOCKOMapalljieIbHOE ABMKEHUE?

2. Chopmymnupyiite TeopeMy O TPOCKIIUAX CKOPOCTEH ABYX TOUYCK TUIOCKOH (PHUTYPHI.
3. Kakue cymectBytoT criocoObl 3aaHusl TBUKEHHS TOUKHU?

4. Ha3Batb ciyudad, KOTr/ia KOPUOIMCOBO YCKOPEHUE TOYKHU PABHO HYJIIO.

5. AGCONIOTHOE, OTHOCUTENLHOE, TEPEHOCHOE JBUKEHHE TOUKH.

IlepeyeHb OCHOBHOM JINTEPATYPHI:

1. T'noroB, B.A. CrpoutenpHas MeXaHUKa M METaJUIMYECKUE KOHCTPYKIIMH MAIIUH /
B.A. I'noros, A.B. 3aiinie, B.1O. Urnatiorud. — Mocksa ; bepyun : [lupexr-Menna, 2015. — 95
c. : Wi, TalI1. — Pexum JI0CTyna: o MOJIITHCKE. —
URL.: http: //blb|IOC|Ub ru/index.php?page=book&id=426940. — bubmauorp. B k. — ISBN 978-5-
4475-5266-4. — DOI 10.23681/426940. — TekcT : 3J€KTPOHHBIH.

Hepeqeﬂb JIONOJIHUTENbHOM JUTEPATYPHLI:

CrapueBa, JI.B. CrtpoutenbHas mexaHuka B mnpumepax u 3anadax / JI.B. Crapuesa,
B.I'. Apxunos, A.A. CemenoB. — Mocksa : UznarensctBo ACB, 2014. — 222 c. : wi., Tabm.,
CXEM. — Pexum JIOCTyTIA: o MOJIITUCKE.
URL: http://biblioclub.ru/index.php?page=book&id=274344. — bubmuorp. B kH. — ISBN 978- 5-
93093-985-9. — TekcT : 2NEeKTPOHHBIH.

Ilepeyens pecypcoB HMH(POPMALMOHHO-TEJEKOMMYHMKAUMOHHON cetH «HHTEepHeTY,
HEeO0XOAUMBIX [IJIf OCBOCHHSI JUCIHUNIMHBI

1. DnexTpoHHO-OnbMoTeyHas cucreMa [IPRbooks Jloroop Ne5168/19 ot 13 mas 2019 rona

2. DnexTpoHHas OmONMOTEYHas cucTeMa «YHHUBEpcuTeTckas OmOmmoreka on-line» Jloroop
Ne50-04/19 ot 13 mas 2019 rona

3. DnektponHo-6ubmMoTeynas cucrema Jlaub Jlorosop NeD410-19 ot 22 anpens 2019 r.

Ilepeyenb HMHQPOPMAIMOHHBIX TEXHOJOIHH, MCHOJAb3yeMbIX MNPH OCYLIECTBJIEHUH


http://biblioclub.ru/index.php?page=book&id=426940
http://biblioclub.ru/index.php?page=book&id=274344

o0pa3oBaTe/IbHOIO MpoLecca MO AUCHUILUIMHE, BKJIOYAs MNepedyeHb MNPOrpaMMHOIO
obecrieyeHus: U MHGOPMAIMOHHBIX CIPABOYHBIX CHCTEM

Hugppopmayuonnvie cnpasounsie cucmembl:
1. www.biblioclub.ru - «YHuBepcureTckas 6uOIMOTEKA OHIAWHY;
2. DnexTponHo-0mOMoTeuHas cucrema IPRbooks OOO «Aii [Tu Dp Menuay.
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Tema 5. IlocTpoeHue JIMHUI BJUMSHUA YCHJIMH B CTEPKHAX (pepM.

HOCTpOGHI/Ie JIMHUHU BJIIMSAHUS OIIOPHBIX peaKHHﬁ.

Ilenp: Hay4YUTh CTYACHTA PACCUUTHIBATD 3AKJICIIKA HA [IEPEPE3bIBAaHUE.

3HaTh: OCHOBHbIE MOAXOJbl K (hopManu3alMud M MOJAEIMPOBAHUIO JBMXKEHUS M PaBHOBECHS
MaTepHaJIbHBIX TEII,

IIOCTAaHOBKY M METOJIbI PELICHMS 3a/1a4 O ABM)KCHUH U PABHOBECUU MEXaHUYECKUX CHUCTEM;
KHHEMAaTUYECKHE XapaKTePUCTUKH TOUYKH, MU hepeHIInaTIbHbIe YPABHEHUS IBUKCHHUS TOUKH;
o0111e TeopeMbl JUHAMUKHU; TEOPHIO yapa.

YMeTb: BBIUUCIATH CKOPOCTHM M YCKOPEHHS TOYEK M TOYEK Tejaa IIPU IOCTYIATEIbHOM,
BpaILlaTeIbHOM U IUIOCKOM JIBUKEHUSX

PopMHpyeMble KOMIIETCHIUU:

Kon DopMyIUpOBKa:

CrnocoOHOCTh TMPOBOAHUTH PACYETHOE OOOCHOBAaHUE W KOHCTPYMPOBAHUE
CTPOUTENIBHBIX KOHCTPYKIMM 3JaHUKA W COOPYKEHUU NIPOMBILIJIEHHOTO WU
IpayKJaHCKOIO Ha3HAYCHHUSI

[1K-3

Axmyanvrocmes membl OOBICHAETCS ONPENETICHUEM CKOPOCTU U YCKOPEHHsI TOYEK 3BEHBEB
MexaHu3mMa ¢ nomompio MIIC
Teopemuueckas yacme.

MB!I u3ydanu, 4TO IPU NPOCTOM PACTSKEHWHM WM IIPOCTOM CXKATHUHU JIBE YaCTHU CTEPIKHS,
pa3leJICHHBbIC HAKIOHHBIM CEYEHHUEM, CTPEMATCS HE TOJIBKO OTOPBATHCSA APYT OT APYyra, HO U
CIABUHYTBCS OZJHA OTHOCHUTEIILHO APYTOM. PacTsyKeHHIO CONPOTUBIISAIOTCS HOPMAJIBHBIE, & CABUTY
— KacaTeJIbHbIC HAPSKECHMUS.

Ha npaxTuke 1ienblil psj neranei v 3J1eMEeHTOB KOHCTPYKIUI paOoTaeT B TAKUX YCIOBHUSX, UTO
BHEIIIHUE CUJIBI CTPEMATCA UX Pa3pyLINTh UMEHHO IIyTEM CIBUIA.

B coorBercTBMM ¢ 3TMM NpH IPOBEPKE NPOYHOCTH TAKUX JJIEMEHTOB HA IEPBBIM IUIAH
BBICTYNAIOT KacaTelbHble HanpsbkeHus. [IpocredimmMu  mnpumepamu HOJOOHBIX —JAeTaneit
ABIIAIOTCS OOJNTOBbIE M 3aKJENOYHbIE COEIMHEHHUS. 3akjeNKd BO MHOTMX CIydasx yke
BBITECHEHbI CBAapKOM; OJHAKO OHM MMEIOT €lle O4YeHb OOJIbIIOe MPUMEHEHHE JUIsl COeAMHEHUS
yacTel BCSIKOTO poJa METAJUIMYECKUX KOHCTPYKLHUH: CTpOINui, (epM MOCTOB, KpaHOB, AJIs
COEJMHEHUS JIUCTOB B KOTJIAX, Cylax, pe3epByapax M T. I. [[ng oOpa3oBaHus 3aKJIENOYHOTO
coeMHEHUs B O00OMX JHUCTaX MPOCBEPJIMBAIOT WM NPOAABIMBAIOT OTBepcTHs. B HuX
3aKJ1aJIbIBA€TCS HarpEThIM 10 KPaCHOTO KAJIEHUS CTEPKEHB' 3aKJIENIKH C OJTHOM rOJIOBKOM; 1pyron
KOHEIl 3aKJICTIKM PacKJIENbIBACTCS yAapaMHM CHEHUAJbHOTO MOJOTKAa WM JaBJICHUEM
THJIPABIMYECKOr0 Mpecca (KJIenaJlbHOW MAaIIMHbI) Ui 00pa3oBaHMs BTOPOM TOJOBKU. Menkue
3aKJIETIKH (MaJIoro JuaMeTpa — MEHbIIE § MM) CTaBSTCS B XOJIOJHOM COCTOSIHUU (aBHALIMOHHbBIE
KOHCTPYKLIUN).

Jis  u3ydeHus paboThl 3aKJENoOK pPAcCMOTPUM MPOCTEHUIIUI MpUMep 3aKJIEHOYHOTrOo
coequHenus (Puc.l). IllecTs 3akienok, pacmojIOKEHHBIX B JBa psza, COCIUHSIOT JIBa JINCTA
BHaxJecTKy. [log nefictBuem cui P 3TH HCTHI CTpEeMATCS CABUHYTHCS OJIMH IO IPYyromy, 4emy

MPEIATCTBYIOT 3aKJICIIKHU, HA KOTOPBIC U 6y,Z[CT nepcaaBaTbCs JeHCcTBHE CHI P )




Puc.1. PacueTHas cxema 3aKJIEIIOYHOI'O COEIUHECHU

JIns TpoBEepKM TPOYHOCTH 3aKJICTOK NPUMEHUM OOLIMH TOPSAOK pEelIeHUs 3aj1ad
COIIPOTUBJICHUA MaTCPHUAJIOB.

Ha xaxmyro 3aKJenKy nepenaroTcs Mo ABE PaBHBIC U MPSIMO MPOTHBOMOIOKHBIC CHIIBI: OTHA—
OT MEPBOro JIMCTA, Apyras — oT BTOporo. ONbITHBIE UCCIIEIOBAHUS MTOKA3bIBAIOT, YTO OJHU U3
3aKJICTIOK psila Harpy)KaroTcst Oosnblie, npyrue — MeHblne. OZHAaKO K MOMEHTY pPa3pyIICHHS
ycunusi, nepearoIuecs Ha pa3IMdHble 3aKJICNKH, Oojiee MM MEHEe BBIPABHHUBAIOTCS 3a CUET
lacTuyeckux aedopmanmid. [lodToMy mNpuHSATO CcuWTaTh, YTO BCE 3aKJIENKH PadOTArOT
onuHakoBo. TakuM oOpazom, MpH #3akKienKax B COSAMHEHUH, W300pakeHHOM Ha ¢ur. 1, Ha

g=~

KOKIYI0 U3 HUX JCUCTBYIOT IIO JBE PaBHBIC M IIPOTHUBOIIOJIOXKHBIE CHIIBI % (Puc.2); stu
CHJIBl NEpPeAaloTCs Ha 3aKIENKy IIyTeM Ha)KUMa COOTBETCTBYIOUIETO JIMCTa Ha OOKOBYIO

=

MNOJIYHUINHAPHUYCCKYIO IMOBCPXHOCTH CTCPIKHA. Cuiel 1CTpEeMATCs MIEpepe3arh 3aAKIICIKY IO

II0CKOCTH MK pasjena 000uX JHCTOB.

Puc.2. Cunbl, neficTBYIONINE HA 3aKJIETIOYHOE COCTUHEHNE.

JInst BBIYMCIICHUs HANPsDKEHWM, NEUCTBYIOIIMX IO 3TOM IUIOCKOCTH, Pa3/IeIuM MBICIEHHO
3aKJICHIOYHBIN CcTepkeHb cedyeHneM MK u oTOpocuM HukHIOK yacth (Puc.2). BryrpenHue
yCUJIUs, Nepelaroniecss MO STOMY CEUEHHI0 OT HIDKHEH 4YacTH Ha BEpXHIO, OyayT
A

YpaBHOBCUINBATL CHUITY T. €. 6y,Z[YT JIENICTBOBATh napaJjjieJIbHO el B IJIOCKOCTH CCUCHUs, U B

CyMMe JaayT PaBHOAECUCTBYIOLIYIO, PABHYIO 1. CnenoBarensHo, HaIPsOKEHUS, BOSHUKAIOILNE B
OTOM CEYECHUM U JCHUCTBYIOIME KacaTeJIbHO K IIIOCKOCTH CEYEHMs, ITO — KacaTelIbHBIC
HanpspkeHuss *. OOBIUHO MPUHUMAIOT PaBHOMEPHOE pacIpe/esieHHe ATHX HamnpsKeHUil 1o
ceuenunto. Toraa nmpu quaMerpe 3akienky d Ha eAMHUILY TUIOMIAAH CEYEHUS OyIeT MPUXOAUTHCS
HaIpsOKEHUE:

g P
T= — = 7
7E b
—_— ?2_
4 4
BenvuuHa J0MYyCKaeMOTo KacaTedbHOrO HaNpSKEHUs [ , MJIM, KaK TOBOPAT, JOMYCKAeMOTo
HANPSHKEHUs. HA CPE3, PUHATO ONPEAETIATh B BUIE: [7]= 0.7+ 0.8] ]34,y [7 , MBI HAIMIIEM

YCJIOBUC TPOYHOCTHU 3aKJICTIKH Ha MCPEPC3bIBAHUC B TAKOM BUAC!:

F F
T=E= m‘j E[TL
I:IAE_
4




T. €. I[CﬁCTBHTeHBHOe KacCaTCJIbHOC HAIPSKCHUC TB MATCPHUAJIC 3aKJIICIKHA HOJIKHO OBITE paBHO

J0ITYCKaCMOMY [T]-‘ WJIN MEHBLIC €I'0.
W3 storo YCJI0BUA MOKHO OHNPCACIUTDH HGO6XOI[PIMBIﬁ JAUaMCTP 3aKJICIIOK, €CJIX 3aJaThCA HUX
qucCJioM, U HaO60pOT. OOBIYHO 3a4ar0TCA JUaMETPOM 3aKJICIIOYHBIX CTep)KHeﬁ d B cooTBeTCTBUU

C ToNmuHOM t CKIenbIBaeMbIX YacTel (0OBIYHO d & E"5) U ONpPEIEIIOT HEOOXOIUMOE YHUCIIO
3aKJIETIOK * '

3HameHarenb 3Toi (HopMysbl IPEACTaBIseT OO0 Ty CHILY, KOTOPYIO O€30IacHO MOKET B3STh
Ha ce0st KaK/as 3aKJIeTKa.
P =720 d = 2ca, 7], = 100M7a .

ITycTp ; TOrJ1a
Hmj B 31-4?42[:11[]([13;:J =
=[], =100
4 4

.....,..15 B

Puc.3. PacuetHas Mozenp AeicTBUSI HOPMAJIbHBIX HANPSKEHUH

IIpu BBIBOAE (opMyabl pacueTa 3akKJENKH Ha Iepepe3blBaHHE, MOMHMO OTOBOPEHHBIX,
JIOTIyIIIEHA €lle OJHA HETOYHOCTh. Jlenmo B TOM, 4TO CI/mHPlz[ep”ICTBy}omHe Ha 3aKJIEIIKy, HE
HaIpPaBJIEHBI 110 OJHOM MPSIMOM, a 00pa3yroT napy. JTa napa ypaBHOBELIMBAETCS JPYroi mapowu,
oOpasyromielicss U3 peaklUuil COeJMHEHHBIX JIMCTOB Ha rojioBky 3akienku (Puc.3) m Bemer k
HIOSIBJICHUIO HOPMAJIbHBIX HAIPSIKCHUI, IEHCTBYIOIKX 10 ceueHHo MK.

Kpome 3THX HOpMaJbHBIX HANPSDKEHUE, MO Ce4eHHI0O MK IeHCTBYIOT elle HOpMalbHbIC
HANpsDKEHUS, BBI3BAHHBIE TEM, YTO MpPHU OXJAXKJIECHUU 3aKJICIIOYHBIM CTEpKEHb CTPEMUTCS
COKpATHUTb CBOIO JUTMHY, YEMY MEILIAET yIOp TOJIOBOK 3aKJIENKH B JIUCTBL. ITO 00CTOATENHCTBO, C
OJIHOI CTOPOHBI, 00ECTIEYNBAET CTATUBAHUE 3aKJICTIKAMU JIUCTOB U BOSHUKHOBEHHE MEXAY HUMU
CWJI TPEHUS, C APYrOil — BBI3BIBAET 3HAYUTEIIbHbIE HOPMAJIbHBIE HANPSIKEHUS 0 CEUYEHUSIM
cTepHS 3akyienku. OcoObIX HEMPUATHOCTEN AT HAIIPSHKEHUsI MPUHECTH He MoryT. Ha 3aknenku
UJIET CTallb, 00JIaaroIas 3HaYUTeIbHON TUIACTHYHOCTHIO; MMO3TOMY JIaXKe €ClI Obl HOpMaJlbHbIE
HANpsDKEHUs JIOCTUIVIM TIpefena TEeKy4yecTH, MOXKHO O0)KHMJAaTh HEKOTOPOro IJIaCTHUYECKOTO
YIJIMHEHUS CTEPKHS 3aKJIETIKHU, YTO BBI3OBET JIMILIb YMEHBIIEHUE CUJI TPEHUS MEXY JIUCTaMU U
OCYIIECTBJIEHUE B JEWCTBUTEIHHOCTU TOW CXEMbI pabOThl 3aKJENKW Ha Mepepe3blBaHue, Ha
KOTOPYIO OHa M paccuutThiBaercd. IloaTOMy 5TM HOpManbHBIE HANpsHKEHUS PacueToM He
YUUTHIBAIOTCSI.

Bonpocwt u 3a0anun:

1. Kaxoe nBurkeHHe TBEpJOro Tejla Ha3bIBAETCs IIOCKONAPAIUIEIbHBIM?

2. Kak 1o ypaBHEHHSIM JBWXXCHHS IJIOCKOM (HUrypbl HATH CKOPOCTH IOJIIOCA U YIIIOBYIO
CKOpOCTb BpALIEHUs BOKPYT Hojroca?

Kak onpenenuts CKOpOCTh JII000H TOUKH MIOCKOH purypsi?

Uto Ha3pIBa€TCSI MTHOBEHHBIM IIEHTPOM CKOPOCTEH TUIOCKOM (UTypsl W KaKk HaWTH
nosioskenne MILIC B pa3nuuHbIX ciyyasx?

~ow



5. Chopmymnupyiite TeopeMy 00 YCKOPEHUSX TOUYEK TUIOCKON PUTYPHI.
IlepeyeHb OCHOBHOI JIUTEPATYPHI:

1. T'noroB, B.A. CrpourenpHas MEeXaHWKa M METaUIMYECKUE KOHCTPYKIIMH MAIIUH /
B.A. I'nmotos, A.B. 3aiinie, B.1O. Urnattorun. — Mocksa ; bepnun : Jlupexkr-Menua, 2015. — 95
c. : Ui, TabII. — Pexum JIOCTYyTIa: o MOATHCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=426940. — bubauorp. B ku. — ISBN 978-5-
4475-5266-4. — DOI 10.23681/426940. — TekcT : 2JIeKTPOHHBIN.

IlepeyeHb 10MOJHUTENBHON JIUTEPATYPDI:

CrapueBa, JI.B. CrtpoutenbHas mexanuka B mpumepax u 3anadax / JI.B. Crapuesa,
B.I'. Apxumnos, A.A. CemenoB. — Mocksa : UznatensctBo ACB, 2014. — 222 c. : un., Tadm.,
CXEM. — Pexum JIOCTYyIIA: o MOAMUCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=274344. — bubauorp. B ka. — ISBN 978-5-
93093-985-9. — TekcT : 3JIeKTPOHHBIH.

Ilepeuenb pecypcoB HHGPOPMANUOHHO-TEJIEKOMMYHUKANIMOHHO ceTu «WHTepHeT,
HeO0XO0AUMBIX /IJIf OCBOECHHSI JUCIHUNJIMHBI

1. DnekTpoHHO-OubMMoTeyHas cucrema [IPRbooks Jloroop Ne5168/19 ot 13 mas 2019 rona

2. DnexTpoHHas OMONIMOTEYHast cucTeMa «YHHUBEpCUTETCKass OmOmmorexa on-line» Jlorosop
Ne50-04/19 ot 13 mas 2019 rona

3. DnexTpoHHO-0nbMMoTeyHas cucrema Jlanp JloroBop NeD410-19 ot 22 anpens 2019 .

Ilepeyenr HMH(POPMALMOHHBIX TEXHOJOTHH, MCHOJb3YeMbIX MNPH OCYILIECTBJICHUH
o0pa3oBaTeIbHOIO Ipolecca MO0 AWUCHUILVIMHE, BKJIKYasg Iepe4eHb IPOrpPaMMHOIO
ob0ecrieyeHnst 1 MHGOPMALMOHHBIX CIIPABOYHBIX CHCTEM

Hnghopmayuonnvie cnpasounvle cucmemvi:
1. www.biblioclub.ru - «YHuBepcureTckas OMOIMOTEKA OHIANHY;
2. DnektpoHHo-O6ubmmoTeunas cucrema IPRbooks OOO «Aii ITu Op Meauay.


http://biblioclub.ru/index.php?page=book&id=426940
http://biblioclub.ru/index.php?page=book&id=274344

JlaGopaTopHoe 3aHsTHE 16
Tema 6. Pacuer mmnpeHrejbHbIX GepM.

depMmbl C IPOCTON PEMIETKOM.

Llenb: HAYYUTH OMPENEINIATH CKOPOCTH U YCKOPEHUS TOUEK TUIOCKOH (PUTYPHI

3Hath: AU depeHInalIbHbIX YPaBHEHUHN IBUKEHUS TOUKH;

KHHEMATUYECKHE XapaKTePUCTUKH TOUYKH, TU(PepeHIaIbHbIC YPaBHEHUS IBUKCHUS TOUKH;
VYMeTh: BBIYMCIATE CKOPOCTM M YCKOPEHHMS TOYEK M TOYEK Tela IPU IOCTYNATEIbHOM,
BpalllaTeIbHOM U IIOCKOM JIBUKEHUSIX

dopmupyemMble KOMIETCHIIMN:

Kon dopMyIHpOBKa:

CrocoOHOCTh TMPOBOJUTH PaCUETHOE OOOCHOBAaHHUE W KOHCTPYMPOBAHUE
CTPOUTENBHBIX KOHCTPYKLMI 3JaHUKA U COOPY>KEHUW MIPOMBILIJIEHHOTO U
rpa’kIaHCKOT0 Ha3HAYCHUS

[1K-3

Axmyanonocms memvl 0OBIACHICTCS ONPEACIICHUEM CKOPOCTEM M YCKOPEHHMM TOueK (PUrypsl B
MJIOCKOCTH.
Teopemuueckas uacme:
Ckopocmu moyek npu nioCKOM 08UNCEHUU
[ns omnpeneneHuss CKOPOCTEW MPH IIOCKOIMAPAIIIETBHOM JIBUKEHUHM HCITOIb3YFOTCS:
dopmyna pacnpedenenus cxkopocmeii, meopema 0 NPOEKUUAX U NOHAMUE MZHOBEHHO20
uenmpa ckopocmeit (MI]C).

a) Dopmyna pacnpedereHus cKkopocmeil

Puc. 2.25. K 6b1600y ¢popmynst pacnpedenenusn ckopocmeil

W3 puc. 2.25 BUAHO, YTO TMOJIOKEHHUE MPOU3BOJILHONW TOYKHM B Iuiockoi ¢gurypsl S B
KQKJIbII1 MOMEHT BPEMEHH OIIPEIENSIETCS CIEIYIOINUM BEKTOPHBIM PaBEHCTBOM:

g =r,t+Iga
[Tpomuddepenurpyem JaHHOE BbIpaXKeHHE 110 BPEMEHU
N [
Vp =V, +—2A
dt
cormacHo gopmyne Ditnepa (2.38)

—

drBA _o
dt =W XIpp,




O6osmauas @ X FB A =VB pnonyuaen ¢opmyny pacnpedenenue ckopocmeil.

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

CornacHo (41), ckopocms npouseonvnoit mouku B nnockoii ghuzypel pasna zeomempuueckoii
cymme cKkopocmu noaoca V A U cKopocmu spauienus mouku B eoxpye nonrwca - VB A

0) Teopema o npoexkyuax:npu 110060mM 08UICEHUU MEEPOO20 MeNa NPOEKUUU CKopocmeil
JIH00bIX 08YX €20 MOUEK HA NPAMYIO, COCOUHAIOULYIO IMU MOUKU, PAGHBL MeXHcOy coboil(puc.

2.26).

Puc. 2.26. K meopeme o npoexyusx

CnpoeunpyeM Ha OChb X, IPOXOJALIYIO uepe3 Touku 4 u B ¢popmyny (2.41). Tak xak VB A LAB,

nojrygyacm
V, cosa=Vg cose,

4To U Tpe6OBaJ'IOCB JA0Ka3aThb.

6) Hcnonv3oeanue noHAmMUA MZHOGEHHO20 YEHMPA CKOPOCmeil.

Onpeodenenue.mznosennvim yenmpom ckopocmeii (MI]C) nazvieaemcsa mouxka niockou
duzypel, ckopocmv Komopoit 6 Oannviii momenm epemenu paena uyao. MIIC npunamo
obo3nauams oykeou P.

[Toxaxkem, yTO ecnu Miockas (urypa He ABUXKETCA IOCTYNaTelbHO, TO Takas TOYKa
CYLIECTBYET B KaXIblii MOMEHT BpeMeHM. [[1s1 3TOro BOCCTaHOBUM  IEPIEHIUKYIAPBHl K
CKOPOCTSIM JIBYX ITPOU3BOJIbHBIX TOUeK A U B U HaliJileM TOuKy ux nepeceuenus (puc. 2.27).

Puc. 2.28. Ocnosnoti cayuaii onpedenenus noaroxcernusi M.1].C.

[Tokaxkem, 4TO CKOPOCTh TOYKH PpaBHa HYJIO U, CIEI0BATEIbHO, 3TA TOUKA 10 OINpPEICIICHUIO
ABJIIETCS MTHOBEHHBIM LIEHTpOM ckopocTel. CornacHo (2.41) umeem

Vo=V, 4V, Vo =Vg+Vp,.



ITockonbKy BEKTOPBI V AN VB NEPIEHIUKYIApHBI oTpe3kaM AP u BP 110 nocTpoeHuo, a

BCKTOPLbI VPA u VPB NEPHNCHAUKYJIAPHBI 9TUM OTPC3KaM IO ONPCACICHUIO, BCKTOP VA

JOJKEH OBITh OJHOBPEMEHHO MEPHEHAUKYISIPeH O0OMM OTpe3KaM, YTO HEBO3MOXKHO, €Cld
TOJIBKO OH HE PAaBEH HYJIIO.

Ecnu Teneps B3TH 3a momtoc Touky P, To 1 Touek A u B dpopmymna (2.41) 3anuiiercs B
BUJIE:

VuuTHIBas, 9TO VP =0, nonyuaem: V

A=a)AP, VB =@ BP wm
V,/AP=V,; /BP=w. (2.42)

U3 (2.42) cnepyeT, 4TO CKOPOCTH TOYEK ILIOCKOW (DUTYpHI MPONOPIUOHATIBLHBI UX PACCTOSHUSAM
OT MTHOBEHHOTO IIEHTpPa CKOPOCTEH M JABIKEHHE TUIOCKOW (DUTYpHI MOKHO paccMaTpHUBATh Kak
BpallleHue BOKPYT MEHSIOIIETO CBOE MOJI0XKEHHE MTHOBEHHOTO [IEHTPa CKOPOCTel. MTHOBEHHYIO
YIJIOBYIO CKOpPOCTH 3TOIO BpAIEHUsS MOXKHO HAMTH, MOAEIUB CKOPOCTh JIIOOOW TOYKM Ha €e
paccTossHue OT MTHOBEHHOTO IIeHTpa ckopocTeil. Kpome OCHOBHOro ciydas HaxXoKIeHUs
nosiokeHuaMI]C, paccMOTPEHHOrO BbIILIE, NPU PEUIEHUM 3a7ad BCTPEHAIOTCA CIEAYIOLIUe

BAapUAHTLI:

Ecnu uzeecmmnuwi CKopocnib Kaxou-iubo mouxku A u meHo-
6EHHAA Y2/106A5l CKOPOCNb mo paccmosAaHue om 2MOU MOYKU

00 M2HOBeHH020 yenmpa ckopocmei P pasno AP = V &%

Ilpu nocmpoenuu npsamoul y2on omriaobleaemcs Om 6eKmopa M

Cnyuau MmeHO8eHHO-
-noCmMynamenbHo20 06U-
orcenus. Cropocmu 6cex
MmoyeKk mena pasHvl NO
geuyUHe U NO HANpAas-

nenuro, FSEMI]C na-

xooumcs 6 OeCKOHeuHOoC-
mu.




llpu kauenuu mena no HeNnOOBUNCHOU NOBEPX-
— _ Hocmu, MeHOGeHHblU yenmp ckopocmetl P naxoou-
DO 05 6 moure racanus smo mera ¢ nenodsuxcnoi
NOBEPXHOCMbIO, M.K. OMCYMCMeEUue NpoCcKalb3bléd-
MWD nus osmavaem PABEHCMB0 CKOpOCmel COnpuxaca-
FOWUXCST MOYEK.

Puc. 2.28. Yacmnuwie cnyuau onpeoenenusn nonoxcenus MI[C

3. Yckopenua mouek 6 nnockom osusxcenuu. @opmyna pacnpedenenusn yCKOpPeHuil .
Jlns BBIBOJIA TaHHOHM (pOpMYJIBI pacripeiesICHUs] YCKOPEHUH 3anuiieM BeipaxeHue (2.41) B
BUJIE:

do . . - drg,
do - 07, ,

—— =&, ano gopmye Diinepa

dt dt

WB =WA+8xrBA+a)x(a)xrBA)

YuuTeiBas, 4To =wX rB A> AMeeM:

BBenem cienyrome 0003HaUYCHUS:
V6P — 2T VY = (i x T
Wy =& xTIg,, W5, =wx(wxrg,).

=6 -
BCKTOpH WBﬁ u WBL!A HAa3bIBAOT BPAlIATCIbHBIM W LCHTPOCTPEMUTCIIBHBIM YCKOPCHUCM

TOYKH BB ee OTHOCHUTENTFHOM BpallleHHH BOKPYT mojitoca A.

YT
ITo ompeeseHn0 BEKTOPHOTO IPOU3BENEHHS BEKTOP WBIZ MEPIEHIUKYIIIPEH OTPE3KY

AB, NeXWUT B MIOCKOCTH JBUKEHHs, a ero Momymb pasen & - AB, tak xak rsa = AB . Ilo
bopmyIte as IBOHHOTO BEKTOPHOTO MPOU3BEICHHS

dx(bxC)=b(d-6)—C(d-b),
I0JTy9aeM WgA=0_5(0—3'FBA)—FBA(CB'O_})=—0)2FBA=—0)2AB,
nocxoany(a_}' FBA)=C() AB 008900 =0. Taxum o6pasom, BexTop WélA HarnpaBJcH

BJI0JIb OTpe3Ka AB oT Touku B k Touke A (cM. puc. 2.29), a ero Mo1yJb paBeH 2 AB.



Puc. 2.29. Hnnwocmpayus ¢hopmynt pacnpeodesenus ycKopeHuil

OxoH4aTensHO GOPMYITY paclpeaeseHNs] YCKOPEHNI MOKHO 3alucaTh B BUJE:

g =W tWgy +VWgj,, (2.43)

sroropoii W, =0’ AB W = £AB.

®opmyny (2.43) uHOTAa UCTIONB3YIOT B BUJIE WB =W A +WB A (2.43%)

T7ie BEKTOp WB —W 4 +WB ) HampaBJieH mojx yriom ) = arctg( —) K OTPE3Ky
(()

AB u pasen 1o monymo Wy, = AB e2+w*.

Ilpumep 1. HaiiTu yckopeHue TOYKM B, yIJIOBOe YCKOpeHue maryHa AB W yrioBoe
yckopeHue kpusomnna BC 4eTBIPEX3BEHHOIO MEXaHW3Ma B IIOJIOKEHWH, YKa3aHHOM Ha pHC.
2.29. Kpusommn OA BpaliaeTcsi paBHOMEPHO C yIIIOBOH CKOPOCTHIO ap = 5 ¢!, jutHa maryHa
AB pasna 0,8 m.

Puc. 2.29. Ilpumep ucnonvzoseanun popmynsl pacnpeoenenus yCKopenuii

Pewenue. OnpenenuM CKOPOCTh M YCKOPEHUE TOUKH A, KOTOPYIO 3aT€M BBIOEpEM B KaueCTBE
MOJIIOCA:

Va= woO0A =2 m/c, Wa= @&?dOA = 10 m/cex?.



Tak xax M.I].C. 3Bena AB nHaxoaurcs B OeckoHeyHocTH (Mu mapamreneH Mm), was = 0.
YckopeHue TOUKM B, Kak TOYKH, NMpPHHAIJIEXKAIIEH 3BeHY AB, mo dopmyne pacnpenencHus
YCKOPEHHUH pPaBHO:

W W +W” +W6p W +W TaK KaK WélA=wiBAB=O'

BA~

C npyroil CTOpPOHBI, YCKOPEHHE TOYKM B , Kak TOYKM NOpuHauIexamedl 3BeHy BC wu
Bpamjarouieicss Bokpyr Touku C, MOXKHO MpPEACTaBUTh B BHUJE CyMMY €€ KacaTeJIbHOTO U
HOPMAJILHOT'O YCKOPEHUI:
V 2
e W Sﬁ W
BN BC CZ

IIpupaBHUBas paBble YACTH BBIPAKEHUMN IS WB , IOJTyJaeM:

WB =WBT +W =£5.BC.

—

VVA +VV§2 =Wy, +Van' (*)

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

Wy =W, =W, c0s30°,-Wg,, cos60° —W_cos30° = -W , cos30°
W

W
A WBn_578 B BA 722pa@
cos30° AB 2

M
Wy, =(W, -Wg, tg30° = 2,890—2,

OTKyJa WB A=

W 0
—_ BT _ pa

2 2 M
Wy = W2, +WE, = 5777

4. Mznoeennwiii yenmp yckopenuii (M.1[.Y)

MrHOBEHHBIM LIEHTPOM YCKOPEHMH Ha3bIBa€TCS TOYKa IJIOCKOM (QUIypbl, YCKOpeHHe
KOTOPOH B TaHHBII MOMEHT BPEMEHH paBHO HyIt0. M.[]. YV npunsTo 0003Ha4aTh OyKBOi Q.

[Tokaxkem, uto ecnu miockas ¢urypa (puc. 2.30) He JBMXKETCS MOCTYMATENbHO, TO TaKas
TOYKa CYIIECTBYET B Ka)KIblii MOMEHT BpEMEHH M €€ IOJIOKEHHUE JIETKO ONpeNeNuTh (3Has

YCKOPEHHUE KaKOU-THOO0 TOUKH W A 1 BETHYHHBL (OH £) CIEenyIOIUM 00pa3oMm:

U3 BBIPA)XKEHUS tg}/ = — 5 ompesenmm yroin ,
@



Puc. 2.30. K onpedenenuto nonoxcenus MCHO8EHHO20 YEHMPA YCKOPEHUIL

OT TOYKH A TOJ yIJIOM ) K BEKTOPY W A TPOBEZIEM OTPE30K AQ. IIpu stom orpe3ok AQ

JIOJDKEH OBITh OTKJIOHEH OT BEKTOpa YCKOPEHHS B CTOPOHY HAIpPaBIICHHUS YTIIOBOTO YCKOPEHUS
¢ . Jlnuna orpezka AQ ompenensieTcss paBeHCTBOM:

AQ =W, Vel + 0. (2.44)

Hailinennas takum oOpasom Touka Q u OyneT ABIATHCS MTHOBEHHBIM IIEHTPOM YCKOPEHHUH.
JeiicTBuTensHO, 10 GopMyIie pactpeie/ieHrs yCKOPEHUH, UMeeM

— — — 2 4
— W., = A0
WQ _WA+WQA’ raeVop Qve+o™
[Moncrapnsst croma AQ w3 (2.44), maxomum, uto Woa = Wa. Kpome Toro, Bektop WQ A
JOJDKeH 00pa3oBbIBaTh ¢ uHUEH AQ yrom y W, cienoBaTenbHO, BEKTOP WQ A Tapajlienen

—

WA , HO HAITPAaBJICH B IIPOTHUBOIIOJIOKHYIO CTOPOHY. HO3TOMy

WQ A= W A 1 Q =0. Ecm TENeph 3a MOJIIOC BRIOPATh TOUKy Q, TO ycKOopeHwme
pou3BOJILHOM TOUKK M, cornacHo (2.43) Oyaer paBHO:
— — — . 5 7
W, =W, +W,, . =W W, =M +
CnenoBarenbHO, YCKOPEHHUSI TOUEK TUIOCKOM (UTYpbl ONPEeNIOTCs B KaXKIbIi TaHHBI MOMEHT
BpPEMEHH TaK, KaK eclid Obl ABIKEHHE MIIOCKOH (GUrypsl ObUIO BpallIEeHHEM BOKPYT MTHOBEHHOT'O

nenTpa yckopenuit  Q(puc. 2.31). Ilpm 3TOM yCKOpeHHUs TOYeK IUIOCKOH (GUTYpBl OyayT
MIPONOPLIMOHATBHBI UX pacCTOAHUSAM 0T M.I[. V.

Wi _Wa _We _We =. . .=\el+*.

MQ AQ BQ CQ




Puc. 2.31. Onpeoenenue yckopenuii ¢ nomouwivio M.I.Y.

Ilpumep 2. Pasnocmoponnuii mpeyzonvrux ABC osuorcemcs 6 niockocmu uepmedica. Y cxopenus
séepuiun A u B pasnvl 6 oannviii momenm epemenu 16
cM/c? U HanpasieMvl NO CMOPOHAM  Mpey2OlbHUKA.
Onpedenums  yckopenue  mpemveti  eepuiunblt  C
Mpey2orbHUKA.

Pewenue. Onpedenum yckopenue mouxku C ucnonv3ys
noHsAmue  M2HOGEHHO20  yeHmpa  yckopewut. /s
@ onpeoenieHUst €20 NOJONCEHUs HeoOX00UMO 3HAMb V2Ol
d Mmedxncdy eekmopom Lmm u ompeskom AB. (cm. puc 2.30).
Ouesuono, umo 6 nHawem ciyyae smom yeon pagen 30°.
Ilonoosicenue  menogennozo yewmpa  yckopenuu  Q
onpeoenum Kaxk mMOYKY nepeceyeHus O08YX NPSMbIX,

NpOBeOeHHbIX No0 y2iom y Kk eekmopam Lm u Im Tax
KaK paccmosnus eepuiun mpey2oivHuka om mouku Q
oounakoevl, Ib=16 cm/c?> . Hanpasienue 3mozo
8EKMOpa NOKA3AHO HA PUCYHKE.

Bonpocwt u 3a0anun:

1. Kaxoe nBurkeHHe TBEpOrO Tejla Ha3bIBACTCs IUIOCKONAPAIUIETbHBIM?

2. Kak 1o ypaBHEHHSIM JBIWXCHHS IUIOCKOM (HUTyphl HATH CKOPOCTH IIOJIIOCA U YIIIOBYIO
CKOPOCTB BPAILLEHUS BOKPYT IoJIroca?

3. Kak onpenenuts CKOPOCTH 000N TOYKH MIIOCKOH PHUTYpBHI?

4. AGComOTHOE, OTHOCUTEIBHOE, IEPEHOCHOE IBM)KEHUE TOUKH.

5. Chopmynupyiite TeopeMy 00 YCKOPEHHSIX TOUYEK MIIOCKON (PUTYPBHI.

IlepeyeHb OCHOBHOIM JIUTEPaTYpPBbI:

1. I'noroB, B.A. CrpourenbHas MeXaHUKa M METaUIMYECKUE KOHCTPYKIMM MAIIUH /
B.A. FHOTOB A.B. 3aitues, B.}O. Urnattorun. — Mocksa ; bepnun : upexkr-Meaua, 2015. — 95
c. ni., TabI1. — Pexum JIOCTyTIA: 1o MOJIITUCKE. —
URL: http //biblioclub.ru/index.php?page=book&id=426940. — bubmuorp. B kH. — ISBN 978-5-
4475-5266-4. — DOI 10.23681/426940. — TekcT : 2JIEKTPOHHBIN.

IlepeyeHb 10NOTHUTENLHOM JIUTEPATYPDI:

CrapueBa, JI.B. CrtpoutenbHas mexaHuka B mpumepax u 3anadax / JI.B. Crapuesa,
B.I'. Apxumnos, A.A. CemenoB. — MockBa : WUznatensctBo ACB, 2014. — 222 c. : wun., Tabm.,
CXEM. — Pexum JIOCTyTIA: o MOJIITUCKE.
URL: http://biblioclub.ru/index.php?page=book&id=274344. — bubmuorp. B kH. — ISBN 978- 5-
93093-985-9. — TekcT : 2MEeKTPOHHBIH.

Ilepeyens pecypcoB HHPOPMALMOHHO-TEJEKOMMYHMKAUMOHHON cetH «HHTEepHeTY,
HEeO0XO0AUMBIX [IJIf OCBOCHHSI JUCIUNJIMHBI

1. DnekTponHo-6nbmuoreunas cucrema [PRbooks Jlorosop Ne5168/19 ot 13 mas 2019 rona
2. DnexTpoHHas OMONIMOTEYHast cucTeMa «YHHUBEpcUTeTcKass Ombmmorexa on-line» Jlorosop

Ne50-04/19 or 13 mas 2019 roga


http://biblioclub.ru/index.php?page=book&id=426940
http://biblioclub.ru/index.php?page=book&id=274344

3. DnekTpoHHO-O0ubIMoTeuHas cucrema Jlane JloroBop NeD410-19 ot 22 anpens 2019 r.

Ilepeyenb HMHQPOPMAIMOHHBIX TEXHOJOIHH, MCHOJIb3yeMbIX MNPH OCYLIECTBJIEHUH
0o0pa3oBaTe/ILHOIO MpoLecca MO0 AUCHUILUIMHE, BKJIOYAs MNepedyeHb MNPOrpaMMHOIO
olecrieyeHus: U MHGOPMAIHOHHBIX CIPABOYHBIX CHCTEM

Hngopmayuonnvie cnpasounvie cucmemvl:
1. www.biblioclub.ru - «YuuBepcuTeTckast OMOIMOTEKA OHIIANHY;
2. DnexTponHo-6ubaroTeunas cucrema [IPRbooks OOO «Aii ITu Dp Meauay.
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Tema 6. Pacuer mmnpeHrejbHbIX gepM.

[lInpenrenbHbIe PEpPMBI.

Lenb: Hay4YUTHCS ONPEACIISTh SAPO CEUCHUS TPU BHEIIEHTPEHHOM CXKATHUU.

3HaTh: KMHEMAaTUYECKUE XapaKTePUCTHUKU TOYKH, TudepeHIranbHble ypaBHEHUS JBHKEHUS
TOYKH; 0OIIHUE TEOPEMbI JUHAMUKHI

YMeTh: BBIYUCIATH CKOPOCTH U YCKOPEHHS TOYEK M TOYEK Teja MpU IOCTYNaTeIbHOM,
BpallaTeJIbHOM U IJIOCKOM JIBUKEHUSIX

dopmupyemble KOMIETSHIIHH:

Kon dopMyIHpOBKa:

CrocoOHOCTh TMPOBOJUTH PaCUETHOE OOOCHOBAaHHUE W KOHCTPYMPOBAHUE
IK-3 CTPOUTENBHBIX KOHCTPYKLMI 3JaHUKA U COOPY>KEHUW MIPOMBILIJIEHHOTO U
Fpa’kIaHCKOTO Ha3HAYCHUS

AxmyanvHocms membl 3aKIIOYACTCS B NPUMEHEHWM 3HAaHWKA B OOJIACTHM KHHEMATHKH Ha
IIPAKTHKE.
Teopemuueckasn yacme.

IIpy KOHCTPYMPOBAHUHU CTEPKHEN U3 MAaTEPUAJIOB, IUNIOXO CONMPOTUBIISAIOIIMXCS PACTSIKEHUIO
(Oeton), BechMa KeNaTebHO JOOUTHCS TOTO, YTOOBI BCE CEUCHHE padOoTalIo JIUIIb Ha CKATHE.
DTOro MOXKHO JOCTUTHYTh, HE JJaBasi TOUKE IPUIIOKEHUS CHIIBI P CIIMIIKOM JaJIeKO OTXOAUTH OT
LEHTpa TAKECTU CEUECHHUS, OTPAaHUUNBAsl BEJIMUNHY dKCLIECHTPUCHUTETA.

KoHcTpykTOpy *KenaTenbHo 3apaHee 3HaTh, KaKOi SKCLIEHTPUCUTET NPH BHIOPAaHHOM THUIIE
CEYEHHUS MOKHO JIONYCTUTh, HE PUCKYSI BHI3BATh B CEUCHUSIX CTEPKHS HAIPSYKEHUHN pa3HbIX
3HAKOB. 31€Ch BBOJUTCS MOHATUE O TaK HA3bIBAEMOM SJIpE€ CEYEHMSI. DTUM TEPMHUHOM
0003HavyaeTcs HeKOTopasi 00J1acTh BOKPYT LIEHTPA TSKECTU CEUEHUs, BHYTPH KOTOPOH MOYKHO
pacrosiaraTb TOUKY NPUIOKEHUS CUIIbl P, HE BBI3bIBAs B CEUEHNUN HANPSKEHUIN PAa3HOIO 3HAKa.

[Toka Touka A pacnosaraercs BHYTpPU s7pa, HEHUTpaabHas OCh HE MepeceKaeT KOHTypa
CEUEeHMsI, BCE OHO JIEKUT 10 OJHY CTOPOHY OT HEHTpaibHOM OCH U, cTalo ObITh, pabOTAET JINIIb
Ha ckatue. [Ipu ynaneHun Touku A OT LIEHTpa TSKECTH CeUeHMsI HEUTpasibHask oCh OyeT
npUOJIMKATECS K KOHTYPY; TPaHMIIA siipa ONPEAETUTCS TEM, UTO NP PACTIOIOKEHUH TOUKU A
Ha TOW IpaHUIE HEUTPAIBbHASL OCh ITOJAONET BIUIOTHYIO K CEUEHHIO, KOCHETCS €TO.

Puc.1. KomOuHaImMy moyioKeHus: CKUMAIOIIEH CHUITBI U HEUTPATBbHOUW JIMHUN

Taxum oGpas3om, eciii Mbl Oy/1eM TiepeMeniaTh TOUKy A Tak, 4TOObI HEMTpalbHas OCh KaTHJIaCh
M0 KOHTYPY CEUYEHHUs, HE TIepeceKast ero, To Touka A 000iAeT Mo rpaHuile sapa ceuenus. Ecnu
KOHTYpP CCUCHUA UMECT «BIIAAUHBI», TO HeﬁTpaﬂbHaﬂ OChb 6y216T KaTUThCA 110 om6a10me171
KOHTYpA.

UToOBI MOMYyYNTh OYEPTAHUE SJIpa, HEOOXOIMMO AaTh HEUTPATLHON OCH HECKOJIBKO

o o ot
MOJIOKCHHNHU, KaCaTCJIbHBIX K KOHTYPY CCUCHUS, ONIPCACIINTD AJId 3THUX IOJIOKCHUUN OTPC3KU Yu

“z ¥ BEIYMCIIUTH KOOPAWHATHI »# ¥ <7 TOUKHU MPHUII0KEHHSI CHIIBI TI0 POPMYsIaM, BRITEKAIOIINM H3
N3BECTHEIX 3aBUCUMOCTEH:
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9TO 1 OyIyT KOOPAMHATHI TOYEK KOHTYpa siapa »#u %« .
[Tpu mHOTOYTONMBHOM (hopMe KOHTYpa ceueHus (Puc.2), coBmerias mociaenoBaTeabHO

o o i
HEUTPAJIBbHYIO OCh C Ka’XX/I0M N3 CTOPOH MHOT'OYI'OJIbHUKA, MBI I10 OTPE3KaM Yu = OoIpeaAcinM

KOOPJAMHATHI £ 1 ££ TOUEK TPaHUIBI SIPa, COOTBETCTBYIOIIUX 3TUM CTOPOHAM.

[Tpu nepexozae oT 0THON CTOPOHBI KOHTYpa CEYECHHUs K APYroi HeWTpaabHast OCh OyeT
BpAaLaThCs BOKPYT BEPLIMHBI, pa3Aeisatoliell 3TH CTOPOHbI; TOUKA IPUIIOKEHUS CHIIbI OyAeT
IIEPEMEIIATHCS 110 TPAHULE AAPA MEKAY ITOJTYUYECHHBIMU YK€ TOUKaMU. Y CTAaHOBUM, KaK JO0JDKHA
nepemenarbes cuiia P, yToObl HeWTpanbHast OCh IPOXOANIIA BCE BPEMS Uepe3 OAHY U Ty XKe

touky B (¥2,%2) — Bpamaiacek Obl 0koJ10 Hee. [TocTaBisAs KOOPIUHATHI TON TOUKH
HEUTPaIbHOU OCH B M3BECTHOE YPaBHEHUE HEUTPAIBLHOM OCH (JIMHUM), OTYYHM:

1+—y"_’fﬂ +—Zf3 =0
I, EJ_,

Puc.2. Snpo ceuenust 11t MHOrOyrojabHOU (POpMBbI IONEPEYHOTO CEUECHUS

Takum 006pa3oM KOOpAWHATHL +# U <7 TOUKH A npuiioxenus cuisl P cBsa3zansl nunHeliHo. [Ipu
BpAILIEHUU HEUTPATIbHOW OCU OKOJIO TOCTOSIHHOM TOYKH B TOuka A NpUITOKEHUS CHIIbI JBHKETCS
no npsaMoil. O6paTHO, nepeMelieHue cuibl P 1o npsMoit CBsi3aHO € BpallleHueM HEeHTpalbHOM
OCH OKOJIO IIOCTOSIHHOM TOYKH.

Ha Puc.3 nzo6pakeHbl TpU MOJ0KEHUS TOUKH MPUIIOKEHHSI CHIIBI HA 3TOM MPsIMOH U
COOTBETCTBEHHO TPH IMOJIOKEHUS HEUTpasibHOM ocH. TakuM 00pa3om, P MHOTOYTOJIbHON
(dbopMe KOHTYpa ceueHHs OuepTaHue pa MEKIY TOUKAMH, COOTBETCTBYIOIIUMH CTOPOHAM
MHOTOYTOJIbHUKA, OY/IET COCTOSITh U3 OTPE3KOB l'I‘p;IMI)IX JIUHUM.

Puc.3. /[unamuka noCcTpOCHUS AIpa CEYEHUS



Ecam xkoHTyp ceueHus LENNKOM WM YaCTUYHO OTPAHUYEH KPUBBIMU JIMHUSAMU, TO IOCTPOCHHE
TPAHMLBI AJIpa MOKHO BECTHU 110 TOYKaM. PacCMOTpUM HECKOJIBKO MPOCTHIX IIPUMEPOB
IIOCTPOEHUS s/1pa CEUECHHUS.

[Ipu BBIOJIHEHUH 3TOTO OCTPOEHUS IS IPSIMOYTOJIBHOTO IIOIIEPEYHOIO CEYEHUS
BOCIIOJIb3YyeMCsl TOTYYeHHBIMU (OpMYTIaMHU.

Jlig onpeiesieHns TpaHull siipa CeUeHus IpU JBMKEHUH ToukH A 1o ocu Oy HaiiieM To

g=g o o
3HAYCHUC 0 , l'IpI/I KOTOpOM HeI/ITpaJ'II)HaH OCBH 3aUMET ITOJIOXKCHHUEC H101. I/IMeeMi
b b

i, = =— .
2 12g,

OTKyJa
&y = —
&
Taxum o6pazom, rpaHuLisl siapa mo ocu Oy OyIyT OTCTOSITH OT IIEHTpa ceueHus Ha 1/6

)
BemuuHb! b (Puc.4, Toukn 1 3); o ocu OZ rpaHMIBI S1pa ONPEAEIATCS PACCTOSHHAME &
(Touku 2 u 4).
st mosmydeHust o4epTaHus sSApa HETUKOM U300pa3uM IMOJI0KEHU HEUTPAITbHOM OCH 1y
30 COOTBETCTBYIOIINE I'PAHUYHBIM TOUKaM 1 u 2.
[Ipu nepemenieHnH CUIIbI U3 TOUYKHU 1 B TOUKY 2 1O TpaHuULE AIpa HEUTpalibHas OCh JOJKHA
NEPEUTH U3 MOJIOKEHUS 1% g ionoxkenne 2%
MOBOPAYMBasiCh BOKPYT TOUKH D.

, BCC BpCMs KacasiCb CCUCHUS, T. €.

1#, ¥y
e .
g"j‘" Y
3
4

Puc.d4. MOCTPOCHUC dapa AJId MPAMOYTOJIbHOTO CCUCHUS.

Jlig aTOTO Ccnia JoJKHA JBUTaThCs MO NpsAMoi 1 — 2. TouHO Tak K€ MOYKHO JOKa3aTh, 4TO
OCTaJIbHBIMH TPaHHIIaMHU siipa OyayT nmuHun 2—3, 3—4 u 4—1.

Taxum oOpa3oM, It IPSIMOYTOJIBHOTO CEYEHUS PO OyaeT poMOOM C JUArOHaJISIMH,
PaBHBIMHU OJTHOW TPETH COOTBETCTBYIOIIEH CTOPOHBI ceueHHUs. [[0aToMy NpsAMOyTonbHOE
CeueHHe MPU PACIONOKEHUH CHIIBI IO TJIABHOM OCH pabOTaeT Ha HaIPsDKEHHsI OTHOTO 3HAKa,
€CJIM TOYKA MPUJIOKEHHUSI CUIIBI HE BBIXOAMT 3a IPEJIEIbl CPEHEN TPETH CTOPOHBI CEUECHMS.
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Puc.S. /lnHaMyKa U3MEHEHUS HAIIPSKEHUH IIPU U3MEHEHUHN dKCLIEHTPUCUTETA.

OMIopkl pacnpeesieHuss HOpMaJIbHbIX HAIIPSHDKEHUH 10 MPSIMOYTOJIBHOMY CEYEHMIO TpU
IKCLIEHTPHCUTETE, PABHOM HYIIIO, MEHBILIEM, PABHOM H OOJIBIIEM OJHOMW IIECTOH MIMPUHBI
cedeHus, n3oopaxensl Ha Puc.5.

OTMeTHM, YTO MPH BCEX MOJIOKESHUAX CHIIBI P HalpspKeHHE B IIEHTPE TSHKECTH CEYCHHUS (TOUYKa

F

O) 0MHAKOBO U paBHO ¥ ¥ uTO cHna P He MMeeT IKCIEHTPUCUTETA 110 BTOPO# ITIaBHOM OCH.
B
JI1st KpYTIIOTO cedeHus paauyca I ouepTaHue sapa OyIeT o CHMMETPHHU KPYTOM pajuyca .

BossMeM kakoe-1100 mosiokeHrue HEUTpabHON 0CH, KacaTelibHOE K KOHTYpY. Och Oy
PAacIIONIOKUM TMEPIICHINKYISIPHO K 3TOM KacarenbHo#. Torna

AN

Puc.6. fAnpo ceyenus ayis nsyraBpa — a) U mBeiepa — 0)

Taxum 0Opa3oM, sIIPO TPEACTABISIET COOO0H KPYT C paANyCcoM, BUETBEPO MEHBIIINM, YEM PaINyC
CeueHMUsI.

Jlnist IByTaBpa HEUTpaIbHAS OCh TPHU 00X0/1€ KOHTYpa HE OY/eT IepeceKaTh IIIOMIa i
MOTIEPEYHOT0 CeYeHHUs, ecli OyJIeT KacaThCsl npsiMoyroibHoro koutypa ABCD, onucannoro
okosio aBytaspa (Puc.6a). CnenoBarenbHo, ouepTaHue sapa s IByTaBpa uMeet (hopmy pomoda,
KaK U JIJIs IPSIMOYTOJIbHUKA, HO C IPYTUMHU Pa3MepaMH.

Jlng mBennepa, Kak U Ui IByTaBpa, Touku 1, 2, 3, 4 konrtypa siapa (Puc.6 6) cooTBETCTBYIOT
COBIIAJICHUIO HEMTpaIbHON OCH CO CTOpoHaMu TpsimoyroiasHuka ABCD.

Bonpocwt u 3a0anun:
5. Uro Takoe a1po ceueHus?
6. Kaxkue ObIBatoT 3MIOPHI pacipeeseHus] HOpMaJIbHbBIX HaMPsHKEHUH.
7. 3anummre (opMydy ONpeAeseHHs IOJHOTO YCKOPEHHMS TOYKM, JBIIKYIIEHCS
BpaIllaTeNIbHO.
8. JlaiiTe ompeneneHre MrHOBEHHOTO IIEHTPa YCKOPEHUS.



IlepeyeHb OCHOBHOM JIUTEPaTypPBhI:

1. T'noroB, B.A. CrpourenpHas MeXaHUKa M METAUIMYECKUE KOHCTPYKIIMM MAIIUH /
B.A. I'nmotos, A.B. 3aiinies, B.1O. Urnattorun. — Mocksa ; bepnun : Jlupexkr-Menua, 2015. — 95
c. : Ui, TabII. — Pexum JIOCTYyTIa: o MOATHCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=426940. — bubauorp. B ku. — ISBN 978-5-
4475-5266-4. — DOI 10.23681/426940. — TekcT : 2JIEKTPOHHBIN.

IlepedyeHb 1OMOJHUTENBHON JIUTEPATYPDI:

Crapuesa, JI.B. CrpoutenpHass mMexaHwka B mnpuMmepax W 3amavax / JI.B. Crapuera,
B.I'. Apxumnos, A.A. CemenoB. — MockBa : MznatensctBo ACB, 2014. — 222 c. : wn., Tabm.,
CXEM. — Pexum JIOCTYyTIA: o MOJIITUCKE. —
URL.: http://biblioclub.ru/index.php?page=book&id=274344. — bubauorp. B ka. — ISBN 978-5-
93093-985-9. — TekcT : 3JIeKTPOHHBIH.

Ilepeuenb pecypcoB HHGPOPMANUMOHHO-TEJEKOMMYHUKAUMOHHOH ceTu «UHTepHeT»,
HEeO0XO0AUMBIX /IJIf OCBOEHHSI JUCIHUNJIMHBI

1. DnexTpoHHO-OnbMoTeyHas cucreMa [IPRbooks Jloroop Ne5168/19 ot 13 mas 2019 rona

2. DnexTpoHHas OMONMMOTEYHast cucTeMa «YHHUBEpCUTETCKass OmOimmorexa on-line» Jlorosop
Ne50-04/19 ot 13 mas 2019 rona

3. DnexTpoHHO-0nbMMoTeyHas cucreMa Jlanp JloroBop NeD410-19 ot 22 anpens 2019 r.

Ilepeyenr HMHQPOPMAIMOHHBIX TEXHOJOIWH, MCHOJAb3yeMbIX MNPH OCYLIECTBJICHUH
o0pa3oBaTeIbHOIO Impolecca M0 AWUCHUILVIMHE, BKJIKYAasg Iepe4eHb IPOrPaMMHOIO
ol0ecrieyeHnst 1 MHGOPMALMOHHBIX CIIPABOYHBIX CHCTEM

Hnghopmayuonnvie cnpasounvle cucmemvi:
1. www.biblioclub.ru - «YHuBepcureTckas OMOIMOTEKA OHIANHY;
2. DnexktpoHHO-O6ubmmoTeunas cucrema [IPRbooks OOO «Aii [Tu Op Menuay.


http://biblioclub.ru/index.php?page=book&id=426940
http://biblioclub.ru/index.php?page=book&id=274344
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Tema 6. Pacuer mmnpeHrejbHbIX GepM.

DepMbl CO CIIOKHOU PENMIETKOU

Llenb: HAy4IUTHCS paCUYUTHIBATH OAJIKU Ha YIIPYrOM OCHOBaHUHU

3HaTh: OCHOBHBIE noaxoansl K (bOpMaHI/ISaHI/II/I U MOJCIHMPOBAHUIO ABHXXCHUA W PABHOBCCHA
MaTCpHAJIBHBIX TCII;

IMMOCTAHOBKY U MCTO/JbI pCHICHUA 3a/]a4 O ABUKCHHUU U PABHOBCCUN MCXAHUYUCCKHUX CUCTCM,
KMHEMATHUYCCKUEC XapaKTCPUCTHKHU TOUYKH, nn(l)(bepeHuHaanHe YpaBHCHU ABUKCHUA TOYKHU,
o01111e TeopeMbl AMHAMUKH; TEOPHUIO yaapa.

VYMeTh: BBIYHCIIATH CKOpPOCTH M YCKOPEHHMA TOYUEK M TOYCK TCJIa IIpHU IIOCTYIIATCIIBHOM,
BpamaTCJIbHOM U IIJIOCKOM ABHIKCHUAX

q)OpMI/IpyeMLIe KOMIICTCHII MU :

Kon PopMyIMpOBKa:

CrocoOHOCTh TMPOBOJUTH PaCUYETHOE OOOCHOBAaHHUE W KOHCTPYMPOBAHUE
IK-3 CTPOUTENIbHBIX KOHCTPYKLHI 3JaHUA U COOPY>KEHUW MIPOMBILIJIEHHOTO U
Fpa’kIaHCKOTO Ha3HAYCHUS

Axmyanvrocms memvl OOBSICHICTCS ONPEIICTICHHEM CKOPOCTH M YCKOPEHUS TOYKH 10 3aJaHHBIM
YPaBHEHHSIM €€ JIBUKCHUSI.
Teopemuueckas yacmy:

K uucny cmamuuecku Heonpedenumvix 6anox modcem Oblmb OmMHeceHa 0ANKa HA YHPYeoM
ocnosanuu. Tak Hazwvieaemcs Oanka, onuparowascs no eceii ceoeti oaune (Puc.l) na ynpyeoe
OCHOBAHUe, OKa3vlealoujee 6 KadxiCOOU MOouYKe HA OANKy pPeaxkyuio, NPONOPYUOHATLHYIO ) —
npoeuby banku 6 smoii mouxe. Koaghgpuyuenm nponopyuonanvrnocmu obosnauaemes 6yxeoii K.

Beeoenue  npeononosicenuss 0 - NpONOPYUOHANBLHOCMU — PeaKyull — npocuby  sAesemcs
npuUOIUICEHUEM, XOMS U OOCMAMOYHO OIUSKUM K OtiCMBUMENbHbIM YCIIOBUSIM.

I A
,1W

Puc.1. Pacuemnas cxema 6anku Ha ynpy2om 0CHOBAHUU.

IIpeonoscenue esecmu 6 pacuem KodI(GuyueHm nponoOpYUOHANLHOCMU K, UMEHYeMblll
«Kod(Puyuenmom nocmenu», OvLIO 6nepsvle COeNAHO pPYccKum akademuxom Huxonaem
Hsanosuuem @yccom 6 1801 200y. Ilpunumas smo npeononodicenue, noIyiaem, 4mo
UHMEHCUBHOCIb PeaKyull OCHOBAHUS 8 KaxcOol mouke cuia paera Ky u usmepsiemes 6 eounuyax
cunbl u ONUHBL, pasmepHocms Kodpguyuenma K npu smom 6ydem cuna u keaopam OIUHbL.
Byoem cuumams, ymo ocHoaHue okasviéaem peaxyuro npu npoeudax OaIKu Kax 6Hu3, max u

86€pX.
Ha npakmuke 3adauu o pacueme OaiKu HaA YNpyeom OCHOBAHUU GCMPEYAIOMCS 6
JHCENe3HOO0POICHOM Oelle (pelbe, Wnaia), 8 cmpoumenbcmee — @QYHOAMEHMbl PATUYHBIX

coopydrceHull, nepeoarouue Hazpy3Ky Ha SPYHM.

Cmamuuyecku neonpederumou makas oaika oyoem nomomy, 4mo yciogue cmamuKu— CyMma
HAaz2py30K pasHa 6celi peakyuu OCHOBAHUSI — He O0daem B03MONCHOCMU YCMAHOBUMb
pacnpeoenenue dmou peakyuu no OIuHe OAIKU, A 3HAYUM, GbIYUCTUMb U32UOAIOWUEe MOMEHMbI U
nonepeumsvie CUbl.

Humencusnocmv peakyuu 6 Kaxcoou mouke céazana ¢ npoeubamu oanku. I[loosmomy ona

peuienus 3a0auu HeobXo00UMo HAmu CHauaia ypashenue uzoenymoii ocu ¥ =7 'ix:' a yce




3amem opmynvl 01 GbIYUCTIEHUA U32UOAIOWe20 MOMEeHMA U NonepeyHou cuivl. Xo0 peueHus
0KA3b18aemcst 00PAMHBIM 0ObIYUHOM) .

Hartioem ypasnenue uzoenymoti ocu 015 0AIKU NOCMOAHHO20 CeYeHUs, Jledcaujeli Ha Yynpyeom

OCHOBAHUY U HAZPYIHCEHHOT cocpedomouentbimu cutamu 153 (Puc.1). Hauano xoopdunam
803bMeM 8 NI0O0U MmouKe, 0Cb X HANPABUM BNPABO, OCb V 6epMUKANbHO 66epx. Hanpasnenue

Hazpy30Kx eeepx Oydem cuumamv nonoxcumenvHoiM. Hanuwem obviunoe ouppepenyuanvroe
ypasHeHue us2uba

d?
Ejd—; = M(x)

Tax xax M(x) Ham Heuzgecmen, mo NOCMAPAEMCA CE43aMb NPO2UOLI HENOCPEOCMBEHHO C
Hazpy3Koul, 0 3mozo oughghepenyupyem 08axcobl npedvioyujee YypasHeHue:

4
BT ﬂ;‘T‘if = g[x) )

20e Q(X)—unmencusHocms CniOWHOU HA2Py3KuU, Oelucmayiowell Ha 6aiKy 6 ceueHuu ¢ abcyuccoul
X.

CnnowHoti Haepy3kou Oaa Hawel OanKu A6AAemcs JUlb peakyusi Ynpy2o2o OCHOBAHUL.
Humencusnocms eti nponopyuoHaibHa npoeudbam, 5ma HAcpy3Ka HANpAasieHda 66epx, m. e.
nONOdCUMENbHA, Ko20a Npocudvl uoym 6Hu3, m. e. ompuyamenvhvl, u Haodbopom. Taxum
06pazom, sma Hazpy3Ka umeem 3HaK, 0OPaAMHbLIL 3HAKY NPOCUDOE:

glx)=—iy
Tozoa
.:f"y
Al = 2
dx’ v @
dty &
i B ®)
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Ecau  ob6osnauumo , mo obwuil uwmezpan ypaeuwenus (25.3) umeem 8uO:

y=e"(dsin G+ Beos f)+e ™ (Csin fr+ Deos ,&)(25_4)

Hocmosnuvie A, B, C, D 0onicHbl bbimsb onpeodeniensl 8 KAiCOOM YACMHOM Clyyae Hazpy3Ku U
Onunbt 6anku. Beruuuna *© umeem usmepeHue obpamuoe onuHe.

Pacuem Heckoneuno OIUHHOU OAIKU HA YRPY2OM OCHOBAHUU, 3A2PYHCEHHOU 00HOU cuoul P.
Haubonee npocmo pewaemcs 3a0aua 06 uzeude OeCKOHeuHO OMUHHOU OAIKU, HASPYHCEHHOLU
o0Hou cocpedomouennol cunou (Puc.2). [lomumo HenocpeOcmeeHH020 NPAKMU4ecKo2o

SHAYEHUA peulerHue omoil  3a0auu  NO360JUM nymem noCne008amenbHblX npu@mofceHud
paccdumoslednms u OaNKU KOHEUHOU ONIUHbL.

4
P

o ¥ fht
o - 3 F ¥ Lp ! z-'z'lr

Puc.2. Pacuemnas cxema 6anku 6ecKoHeyHou OJIUHbI.

Hauano koopounam pacnonodxcum 6 mouke npunodxcerusi cuivl P. Onpedenum nocmosinnvle A,
B, C u D. Tak xak écsa peaxyus ocnoganus, pasras cuie P 0ondicha 6vimb KOHeUHOU 8eIUYUHOL,



Mo npocudvl OAIKU 8 MOUKAX, 6ECKOHEUHO YOAIEHHbIX OM MOYKU NPUTLOHCEHUS CUTbL, OONHCHDL
obpawjamucs 8 Hylb.!

n}i‘x—}ln = |:| (5)
Ilpu beckoneuno 6OILUUX 3HAYEHUSAX X 08A BMOPLIX CldeaemMblX 8 NPaesol yacmu gopmynvl (4)
-
obpawaomes 8 Hyib 01a200aps MHOXMCUMeN0 %, 08a Jice Nepevix Mo2ym 00pamumvcs 6 Hyb
JUWb npu
A=0, 5=0;
maxum oopasom,

y=e"m[ifsin e+ Deos ﬁr) (6)

ﬂaﬂee, no cummempuu Hacpy3Ku u peaxkyuu OCHO6AHUA, KacamelbHasl K u302HymozZ ocu 6
mouKe npujlodNCcerust Cujbl 00NHCHA UOMU napauieibHo ocu 6166’14116’6’.'

(d_f] _0
dx ¥ =l

Hugpgepenyupys (6), nonyuaem:

j_ﬁ’ =8 =— & "[sin &(C+D)+cos (D — )]
X

Toocmasnss 6 smo svipasicenue * = Yy npupasnusasn pesynomam nynio, naxooum:
D—C=0uC=D;
maxkum oopazom, ypasHenusi Oyoym:

y= e"mC[sm fr+cos ,ﬁx) (7)
j_i" = 9= —20FCGsin fix ®)

Jna onpeodenenusi nocneoneii nocmosnnou C umeem ewje 0OHO YpAGHEHUe: HAM U3BECMHA
BeIUYUHA NONEPEUHOT CUbL 8 HAUAle KOOPOUHAM.

Paspesag danky ceuenuem 6 mouxe O cnpasa om cunvl P u paccmampueas npagyio uacmo
banky, 6uUOUM, UMO NONepPeyHas Cuma 6 3MOM CeYeHUU pAGHA peaKyuu OCHOBAHUS,
Oeticmgylowell Ha nNpagylo NOA08UHY OAIKU CO 3HAKOM MUHYC, MAK KAK peaxkyusi HanpaeieHa
68epx (01151 NPasou NOIOGUHBL) U 8Cs peakyus OCHO8anus pasna P, 3nauum, nonepeunas cuia 6
ceuenuu npu x = 0 pasna

F
Q[x:lx-ﬂ - _E
Ho, ¢ opyzoii cmoponbl
dy
Bl ——=0Ix ©)
f.fxE Q( )
Taxum obpazom,
dy| _ F
). >
dy dy
Botuucnsiem, nonvsysce (8), dr’ u dr’ :
2
j—f = —208% ™ [cos fx —sin G| (11)
x
d 3;1: e
=7 = +4Cfﬁ3é' cos S (12)

Iloocmasnas (12) 6 (10) u npupasnusas x Hyaro, noay4aem:



F
__P Ca-
4EJC',83——E“ 8EJﬁ3

Tenepwv 3Hauenus y u ee NPOU3800HbIX NOAYUAIOM 8UO

P F
=- g s wtcos (n)=— :
T (sin Gr+cos ) Tk
I:2111—‘:LJ1=5'=+ F 2.=3""@""‘si:c1 Ar=+ = T
dx 4573 4573
d* Fo_ : F
Mix)= AT .:1’: +EE ’m[cosﬁx—sm ,ﬁx]:ﬁ-?}‘l

o) 282 =Lemeos =L,

Taxkum obpazom, HanpsdxceHHoe cocmosiHue u oeghopmayuu OAIKU HA YNPY20M OCHOBAHUU

sceyeno Onpeoensaomes Hazpyskou u KodphuyueHmom 8, 3a8ucsayuUM Om COOMHOWEHUS
arcecmkocmett 6AIKU U YNPY2020 OCHOBAHUSL.

Bonpocwt u 3a0anun:

6. Kakumu ypaBHEHUSIMHU 3a/1a€TCsl TUIOCKOMNapaieIbHOe ABMKEHHE?

7. ChopmymnupyiiTe TeoOpeMy O TPOCKIUAX CKOPOCTEH ABYX TOUYCK TUIOCKOH (PHUTYPHI.
8. Kakue cymiecTByrOT criocoObl 3a1aHUST TBUKEHHS TOUKHU?

9. Ha3Barb citydau, KOT/1a KOPHOJIMCOBO YCKOPEHHUE TOYKH PAaBHO HYITIO.
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