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BBenenue

[lenpr0 METOAHYECKHX PEKOMEHJAIMH II0 H3YYEHHIO JHCIHIUIMHBL  SBJISIETCS
3aKpEIUIEHHE H VITIYOIIEHHE 3HAHHH, TTOIYUYEHHBIX IIPH H3YYEHHH TEOPETHYECKOTO MaTepHaa I1o
THCIILIHHE «MexaHnKa (TeXHIYecKas MeXaHHKa ).

[{enpro ImpoBeeHN S IIPAKTHYECKHX 3aHSTHH SBIISETCA:

1. OO0oO01eHHe, CHCTEMATH3allMS, 3aKpeIIEHHE IIONYYEHHBIX TEOPETHUYECKHX
3HAHHIH 110 TeEMaM KOHKPETHEIM TPeOOBAHHAM JTHCIIHIUIHHEI
2. DopMHpOBaHHE YMEHHH IIPHMEHSTE ITOJIVUEHHBIE 3HAHH S Ha IPAKTHKE
3. Bripaborka ONTHMAJIbHBIX PEIIEHHH IIPH PeIleHHH ITPaKTHYeCKHX 3a7ay
IIPEIMETHOH 00IacTH
Bexymell Ienpl0 IIpaKTHUYECKHX 3aHSATHIL 110 JHCHHIDIMHe MexaHnka (TeXHHYecKas
MeXaHHKa)SIBIIeTCS (popMHpoBaHHEe IIpO(eCCHOHAIBHBIX KOMIIETEHIIMH H  YMeHHH —
BEITIOIHEHHE OITPEAEIIEHHBIX ACHCTRBHI, HEOOXOAHMBIX B ITPEeAMETHON OOIIACTH.

MeTogHueckue PEKOMEHIAIHH ITPH3BaHEI o0ecIIeunTh 5 PeKTHBHOCTH
CAMOCTOST €IILHOH PadOTHI CTYAEHTOB C IHMTEPaTypPOH, Ha OCHOBE PAI[HOHAIIBHOH OpraHH3aI[iH
ee M3YUYEHHS, OOJIErYHTh IIOATOTOBKY CTYIAEHTOB K cCJlaye SK3aMeHa, COPHEHTHPOBATh HMX B
HallpaBJIIEHHH H3VYEeHHS MarTepHanla II0 IIOCTAaBJIEHHBEIM BOIIPOCaM, JaTh BO3MOKHOCTH
OoTpadoTaTh HABBIKH COCTaBIICHHI H O(OPMIEHHS Pa3IHYHBIX BHIOB JOKYMEHTOB, KaK ITOJ
KOHTPOJIEM IIPENOAaBaTENIs, TaK H CaMOCTOSTEIBHO.
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IIpakTH4YecKoe 3aHATHE 1
Tema: OrnpefiesieHHe KHHEMAaTHYECKHX XapaKTePHCTHK TOYKIH.
[lenp: 1aTh CTYAEHTY 3HAHHS B O0JIACTH OCHOB KHHEMATHKH.
3HaTh. KHHeMaTHYeCKHEe XapaKTepPHCTHKH TOYKH, AH(pepeHIHaIbHEIE YPaBHEHHS IBHIKEHHS
TOUKH,
00I1He TeOpPEMBI JHHAMHKH
YMeTh. BBIUHCIISITE CKOPOCTH H VYCKOPEHHS TOYEK H TOYEK Tela IIPH IIOCTYIIATEIIBHOM,
Bpall[aTeIbHOM H INIOCKOM JBHKEHH SIX
Axmyansnocms memovl 3aKIOYAETCI B IIPUMEHEHHH 3HAHMH B OONAacTH KHHEMAaTHKH Ha
ITPAKTHKE.
Teopemuueckas uacno:

Kinaccupukanusa JBHKeHHS TOUKH:

1. Ecim B TedyeHHe HEKOTOporo BpeMeHH a: = 0 H an = 0, TO TOYKaA ABIKETCH
PAaBHOMEPHO H IIPSMOIHHEHHO,

2. Ecm B TeyeHHE HEKOTOPOro BpeMeHH d: # 0 M an, = 0, TO TOYKa JIBHKETCH
HEPABHOMEPHO H IIPSMOJIMHEHHO,

3. Ecrm B TeyeHHe HEKOTOPOro BpeMeHH d: = 0 M an, # 0, TO TOYKa JIBHIKETCS
PaBHOMEPHO H KPHBOJIHHEHHO,

4. Eci B TeUYeHHE HEKOTOPOro BpeMeHH a: # 0 H an # 0, TO TOUKa ABHKETCA
HEPABHOMEPHO H KPHBOJIHHENHO.

BHabI IBH/KeHHS TBEPAOro Teia:

1. IIpocmeiiuiite Osuiceriis meepoozo mea.

a. Ilocmynamenvroe oOeudcenue: TMOOOH OTPE30K Tela IepeMeEIacTcs IaparrielbHO
caMmoMmy cele;

0. BpawjamenvHoe O6LdiCeHIle B0KpY2 HENOOBUXMCHOIlI ociu: JBE TOUYKH, HEPa3pPhIBHO
CBSI3aHHBIE C TEJIOM, OCTAXOTCS HETIOABHKHEI,

2 Ilnockonapannenvroe (naockoe) oeuiceniie; Kaxaasa TOUKa Tella JBHKETCSI B OJHOH H
TOH 7K€ IDIOCKOCTH,

3.Chepuuecroe Oeiiceniie: OJHA TOYKA, Hepa3phIBHO CBS3aHHAS C TEJIOM, OCTaeTcs
HETIOABHIKHA,

4.Ceoboonoe deuicenile: TIO00e NepeMelleHHE Tella HIYEM He OIPaHHYEHO.

[TnockomapamwienbHOe (TTockoe), ceprueckoe M CBOOOTZHOe IBHIKEHHS SBISIOTCS
COBOKYITHOCTBIO IIPOCTEHNIIHX JBHKEHHH.

[Ipn nocmynamenvrHom 06uUMNCEHUU ece MOUKLL Mela ONUCLIEAIONT OOUHAKOGble (Npll
HAnoNCeHlll coenadanujiie) Mmpaexmopiiil il LUMem 6 Kadcobvlii MOMeHN épeMeHil 00UHaKOoable
10 MOOY/I0 U HANPAGNEHUIO CKOPOCHILL UL YCKOPEHLA.

[IpH mocTymaTreaIbHOM JBHKEHHH KHHEeMAaTHUECKHMH XapaKTePHCTHKAMH Tella SBIISIOTCS
JTHHENHAS CKOPOCTh M IHHEHHOE YCKOPEHHE ATOro Tela

lIpn épawiamensrnom OeusceHuu I OIPENCIICHHS ITOJIOKEHHS BPAIAIOIErOcs Tejla
HCITOJIb3VIOT TTOHATHE yeon nogopoma mena ¢ (PHCYHOK ). YTOI ITOBOPOTa CBSI3aH CO BPpEMEHEM
3aBHCHMOCTBIO, HA3bIBAEMOH YPaBHEHHEM BpaIlaTeIbHOTO JBHKEHH S

@=f(1) .

KnHeMaTHYeCKHMH XapaKTEPHCTHKAMH BpPAIaTeIBHOIO JBHKEHHS SBIIIOTCS V2108as

cKopocmb M H y21080eyCKOpeHiie E.
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AT

PHCYHOK 5.
Venoeas cxopocme Tela paBHa IIepBOM IIPOM3BOMHOI ITO BPEMEHH OT VITIa ITOBOpPOTa
Tena

_dg
dt
Bexmop yanoeoii cxopocmii HAIIPpaBJIEH IO OCH BpaIlleHHS Tela B TY CTOPOHY, OTKYya
BpallleHHEe BHAHO ITPOHCXOASIIIM IIPOTHB XO0/[a YaCOBOH CTPEIIKH.
Venoeoe yckopenie Telna paBHO IEPBOH ITPOH3BOJHOH OT €r0 VITIOBOH CKOPOCTH HJIH
BTOPOH IIPOH3BOAHOH OT yIJIa IIOBOPOTa Tela IO BPpeMeHH

)

do d’e
dt dt®

Bexmop yenoeozo yckopeniia HalpaBIIeH II0 OCH BpaAIlleHHS B TY K€ CTOPOHY, YTO H
BEKTOP VIJIOBOM CKOPOCTH, KOrjJla BpalllcHHE YCKOPEHHOe, H B OOpParTHYK CTOPOHY, KOrja
BpallleHHE 3aMEJIEHHOE.

Benuuuna crxopocmu mouku epawjaioujecocs mena PaBHA TIPOH3BEIEHHIO VYITIOBOH
CKOPOCTH Ha PacCTOSHHE OT TOYKH 0 OCH BpaIlleHHS

v=w - OM

Bexmop cxopocmu mouxu epawjaioujezocs mena HaIIPABIEH nepneHouKyIsSpHO HpAMOL,
COEUHSIOIEH ATY TOYKY C OCBIO BPAIIEHHS, H #epneHOUKVIIPHO CAMOIl ocu epaujeHus W
OnpeJienIeTCa o popMylle Diepa

E

V=w-T,
TJe ¥ — PagHyc-BeKTOpP, IPOBEAEHHBIN H3 JTOOOH TOYKH, JIeXKaIlleH Ha OCH BpallleHHS, K
paccMaTpHBAEMOM TOYKE TBEPAOIO TEIA.
Ilonnoe yckopenue moukiu eépawjarujezocs mena PaslaracTcs Ha JIBE COCTABIISIOIIHE:
epaujamensHoe (dz) 1 ocecmpemumensHoe (dy), H ero BeJINYHHA PaBHA KOPHIO KBaJ[PaTHOMY H3
CYMMBI KBaJ[paTOB 3THX COCTABRJISFOIIIX

\/ 2 2
a=+la, +a,
Bpawamenvnoe yckoperiie HaAIIPpaBIEHO B TY K& CTOPOHY, YTO M CKOPOCTh, KOrJa

ABHKCHHC YCKOPCHHOC H B DﬁpﬂTH}’TO CTOPOHY, KOI'Ta ABHKCHHE 3aMCIJIICHHOC.

Benuuuna epawgamenvnozo yckoperuamoyky paBHa IIPOU3BEICHHIO YITIOBOIO YCKOPEHHSI
Tella Ha PACCTOSHHE OT TOUKH JO OCH BPaIlleHUA

a:=¢  OM.
R rexTonHol thonMe: 7 = Ex 7
ONOKYMEHT NoanncAH
3NEKTPOHHOW noanncbio IPaBIICHO K OCH BpaIllcHHA. Benuuuna
CEDTHdJHHElTZ 12000002A633E3D113AD425FB50002000002A6 pﬂI[3EEﬂEHIE@ ImaﬂpaTa }THDBOﬁ GI{OPGCTII Tera
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B BekTOpHOMH QopMe: a

PucyHok 6. HarrpagsiieHie BEKTOPOB CKOPOCTH H YCKOPEHHH ITPH 3aMeIIeHHOM
IBHKEHHH BPaIl[arOIIErocs Tela.

Bexmop nonnozo vexopenus nwoboii mouxil epawjarouje2ocs meaa HaIllpaBJIeH IO YIJIOM
¢ K IIPSIMOH, COEIHHSIOIIEH 3Ty TOYKY C OCBIO BpaIlleHHS. TaHreHC 3TOro yria paBeH
OTHOIIIEHHIO VITIOBOI'O YCKOPEHHS TEla K KBaApaTy €ro YIIIOBOH CKOPOCTH

g
g =—7.
@

[Ipn nnockonapannensHom (N10CKOM) 06UNCEHUIL:

Bcskoe HenmocTyIaTelnbHOe IlepeMellleHHe TIOCKOH (PHI'YPHI B €€ IIIIOCKOCTH MOJKeT OBITh
OCVIIECTBJIEHO KaK COBOKVIIHOCTH ITPOCTEHIIMXIABIKEHUI: HOCMYynamenabHo20 BMECTE C
BBIOPAaHHOH TOYKOH (PHIYPHL, Ha3kIBacMOH ITOJIFOCOM H @paufertis BOKPYT OCH, ITPOXOISIIEH
yepes IOJIOC.

KiHeMaTHYeCKHMH XapaKTEePHCTHKAMH SBIISIOTCS MIHOBEHHAS VITIOBAS CKOPOCTH @,
MTHOBEHHOE VITIOBOE YCKOPEeHHE & IIIOCKOH (HIyphl, JIHHeHHas CKOPOCTh H JIHHEHHOE
YCKOPEHHE, TOUKH BEIOPAaHHOH 3a IIOJIIOC.

Pucynok 7. OmpezienieHIe CKOPOCTEH TOUeK ITTOCKOH (PHTYPHI.

DopMyna pacrpeielIeHHs CKOPOCTel TOUeK ITPH ITIOCKOM JBHKeHHH(PHCYHOK 7):

Vg = V4 T Vg4

rJle v, — CKOPOCTh ITOImoca A;

A
Vv — CKOPOCTh IIFOOOH TOYKH B;

Vg4~ CKOPOCTH, KOTOPYIO ITOTy4YaeT TOYKAa B IIpH BpaIlleHHH IUIOCKOH (PHIYPBI BOKPYT

Ioimoca A;
Vg = @ AB;

BeKTop CKOpOCTE v, ,, MEPIEHIUKYIISIPEH IPSMOH AB.

BEiA)

C'ronoemn  nmwboii_mourxu B nnocwoii  hueyper 2eomempuueckil  ckiaoviedaenica i3

OOKYMEHT NoArnncAH | . B
SMEKTPOHHO NOANUCHIO Mol 3a noJoc, U1 CKopocniid, Konopyio movirda
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PHCYHOK 8.
Jlnga omnpenelneHHS CKOPOCTeH IUIOCKOH (DHTYPBRI HCIIONB3YIOT HaHOOlIee ITPOCTOH H
YIOOHBEIH METOJ, OCHOBAHHBIH Ha MHieopeMe 0 NPOeKUUAX CKOpPOCHENl 06yX MmOouex med:
npoexuyuil cxopocnieii 08yX moyYex Ha OCb, HPOXOOAUWVIO depe3 5Nl NMOYKI, PAGHbl Opye Opyay

(PHCYHOK 8)
V,Cos f=v,cosc.

JIpyTO# IMPOCTOH M HAITIAHBIH CIIOc0o0 ompeielIeHHs CKOPOCTel TOUeK TNIOCKOH (PHTYPBI
(FUIH TeJIa IIPH IUIOCKOM JBHKEHHH) OCHOBAH Ha IIOHATHH O M2HOGEHHOM LJeHInpe CKOpocmell.

Meznoeenusiilt yenmp crxopocmeil — NOYKA, CKOPOCHIb KOMOPOU 6 OAHHUbIIL MOMEHN!
gpeMeHll paeHa HYIIO.

Cropocms movex IUIOCKOH (HIYPHI paBHA ITPOH3BEJEHHIO MIHOBEHHOH VYIJIOBOH
CKOPOCTH (pHTYPHI (@, pajy/c) Ha paccTosHHe 0T ToukH 10 MIIC (prcyHOK 9, a)

v, = - PA .

rae PA — paccrosame ot MI[C (1.P) 1o Touxu A.

BekTop CKOpPOCTH IUIOCKOH (DHIYPHL HanpaeieH  HeprneHOUKVIAPHO  NpPAMOIl,
COETHHSIONEH ATy TOUKy ¢ MIIC, M TeKHT B IITOCKOCTH (DHTYPHI.

6)

Va

‘—|%-

PucyHok 9. HaxoxaeHHe MTHOBEHHOI O IIEHTPAa CKOPOCTEH.
OTHOIIEHHE BEIHYHH CKOPOCTEH TOYEK INIOCKOH (PHIYPHI K PaCCTOSHHIO OT STHX TOYEK
1o MIIC sBngeTcsa BEIHUYHHOH ITOCTOSHHOH IS BCeX TOYEeK IUIOCKOH (HIYPHI H PaBHO
MTHOBEHHOH YTTIOBOH CKOPOCTH (PHTYPHI (PHCYHOK 9, a H B)

Ya _Ye _ _
AP BP
g onpepencHuss MLIC HeoOXOAHMMO K H3BECTHBEIM BEKTOpPaM CKOPOCTEH JIBYX TOUEK,
eCIH OHH He IlapajUIelbHBI, IIPOBECTH IIEPIIEHAMKYIISPEI — TOYKAa IepeceyeHHs

neprneHIuKynsapoB 0yaer MIIC (1.P).
Ecmi BeKTOpHl CKOpOCTeH [ABYX TO4YeK INIOCKOH (PHIYPHl PaBHBI APYT JAPYLY H

pacrojararrcs napamieibHo. To MIIC HaxonuTcs B 0eCKOHEUHO yAaJleHHOH TOYKe (PHCYHOK 9,
NOKYMEHT NOANMCAH
ANEKTPOHHOWM NOANUCLIO
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PrcyHok 10. OnpeneneHne yCKOpeHHH TOYeK ITIOCKOH (PHTYPHI.
* Ha pHCyHKe CIITIOIIHAS OYTroBasd CTpellka MOKa3kIBaeT HaIlpaBJIEHHE YITIOBOIl CKOPOCTH ®
(HarpaBIIeHHE BpaIlleHHS), a IIYHKTHpPHas — HallpaBIeHHEe VITIOBOIO YcKopeHHSI &. llpH
YCKOPEHHOM BpaIleHHH 00e CTpelKH OYAYT HallpaBIIEHEL B OAHY CTOPOHY, a ITPH 3aMeIJIEHHOM —
B Pa3HEIE.
Jlng ompeneneHHS YCKOPEHHH TO4YeK IUIOCKOH (PHIypel (pHCYHOK 10, a) HCIIONIB3YIOT
BBIPAKEHHE

A =d, T dgy
Tle a, — YCKOpPEHHe Iomoca 4;

@, — YCKOpeHHe M000H TOUKH B ImocKoi (GHrypsI;

d B(A) — YCKOPCHIIC, KOTOPOC ITOJIVHAET TOYKaA B ITPH Bpalll€HIH ILIIOCKOH (bHI'}prI BOKpPYT

romoca A.

Verkopenue nwoboii mouxu B nnockoii ueypvt 2eomempuueckit cxiaovieaemca i3
VCKOpeHUA KaKoil-HubY0b» Opyeoil mouku A, npunamoii 3a nonwc, 1 VCKOpeHis, Komopoe noukda
B nonyuaem npu epawenuu pucypur eoxpye smoezo nonioca.

IIpn pemeHnn 3agau Oonee yAZOOHO BEKTOP g, 3aMEHHTH Ha €r0 COCTABILTIOIIE:

KacaTeJIbHYI) & z(4) H HOPMAIBHYIO @”rc4) (PHCYHOK 10, 0), ITOITy4ast BeIpakKeHHE CIEIYIOMIET O
BHJIA

—Hn

— —T
Ay — A, +aA B(A) +dA B4,

IJIc BEKTOP & 4 HAlIPABIIEH IIEPIIEHAHKYIISPHO AB B CTOPOHY BpallleHHS, €CIH OHO
YCKOPEHHOE, H IIPOTHR BPAaIIeHIH A, €CIIH OHO 3aMEJIEHHOE H OIIPEAeIIeTCA

T
ad pA=AB - g
BEKTOP a'p(4 BCErJA HAIlpaBIEH OT TOUYKH B K Irmomocy A H oIpeensercs

— N

a pa=AB - .
Ecm momoc A ABHACTCH HC HPHIMIDJ]I]HEﬂHD, TO €I'0 YCKOPCHIIC MOMHO IIPEJACTABHTD KdK
CYMMY KacaTeJIbHOH & 4 H HOPMAJIbHOH & 4 COCTABIISIOIINX, TOTZa

a.=a as+a’ 4 ‘|‘|‘ETB{A} —I-EI“B:;A},

B
Ecm touka B OBIKETCS KpI[BGJ]I]HEfH—IG H €€ TpacKTOpPHA H3BECTHA, TO g, MOXHO

IPpEACTABHTDL B BHAC CYMMEBI KacaTelIbHOH H HDpMElJ]LHDﬁ COCTABILTOII X

— — M

— T
dp =d B +dAd B.
[Ipn HemocTymaTelbHOM JABHJKEHHH IDIOCKOH (DHTYPHI IS OIpeJeleHHS YCKOpPeHHH
HCITOJIb3VIOT TIOHSTHE M2HOGeHH b1l tjeHmp yekoperuii (MITY).
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PucyHok 11. OnpeneneHie MTHOBEHHOI'O ILIEHTPa YCKOPEHHI.

Menoeenuwiii yenmp ycxopenuii (Q) — mouka, ycxopeHile Komopoii € OaHHbIil MOMeHN
gpemMeHtil paeHa HYIIo.
[TomoxeHHe MIHOBEHHOIO IleHTpa YyckopeHH Q (pucyHOoK 11) ompenensgercs

(b OpMYyITaMH:

&
1go = —
o>
— HA
AQ = \/ 2 4
E +m

OTKIaJbIBaEM YIOII 0L OT YCKOPEHHS a, (B CTOPOHY MTHOBEHHOI'O BPAILEHHSL, €CIIH OHO

YCKOPEHHOE, H B IIPOTHBOIIOJIOKHYIO CTOPOHY, €CIH OHO 3aMeUIEHHOE), IIOIy4aeM
ITONVIIPSMYIO, Ha KOTOPOH Ha paccTOoSHHMHM AQ JeKHT MIHOBEHHBIH IIEHTP VCKOpeHHH Q
(pucyHOK 11, a).

ECIM MrHOBEHHBIH IIEHTP YCKOPEHHH IIPHHSITH 34 IOJIFOC, TO YCKOpeHHe IF000H TOUKH B
TUIOCKOH (pUTypEI (pHCYHOK 11, 0) onpenensercs mo gpopmyie

2
a, =BOVEe + @ .
Verkopenus mouex nnockoii guzypol onpedensomces 6 OGHHbLIL MOMEHN GpeMeHil Niak,

kax ecii bvl Oauxcerile (uzypvl Obl10 6paujeHiieM 80KPY2 M2HOGEHHO20 yeHmpa ycxopeHiii Q.
OTHOIIEHHE BEIHYHH YCKOPEHHI TOYEK IIJIOCKOH (PHI'YPBI K PAaCCTOSHHIO OT 5THX TOYEK

n0 MLIY orpenernsercs OTHOIIIEHHEM
g . o,
BQ AQ
Vexkopenusa mouex nnockoil  guzyput  NponopyuoHanvHul  UX  PACCHIOAHUAM — OM
M2HOBEHH 020 1JeHnpa cKopocnell.

— .. =+t

Bonpocst u 3a0 anua:
I. Ytom3yyaeT KHHEMATHKA?
2. llepeuncmire crmocoOBI 3aJaHH ABHKEHHSI TOUKH.
3. 3Bamummre ((QopMylIy ONpeleleHHS IIOJIHOTO VYCKOPeHHS TOYKH, JBHIKYIIEHCS
BpallaTeIbHO.
4. JlanTe ommpelelleHHEe MTHOBEHHOIO IIEHTPa YCKOPEHHS.

OOKYMEHT NnoarnmncAH
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IIpakTH4eckoe 3aHsATHE 2
Tema: lImockomnapaminenbHOe ABHKEHHE TREPIOTrO TENA.
[lens: nmpuHoOpeTeHHe YMEHHI IIPHBOAUTE IIOCKYIO ITPOH3BOIIBHYIO CHCTEMY CHII K 3aJJaHHOMY
IIEHTDY.
3HaTh. peaKIHI CBS3EMH,
YCIIOBHH PaBHOBECHS ITTIOCKOH M IIPOCTPAHCTBEHHON CHCTEM CHIL,
YMETE. COCTABIIATE H PEIaTh YPaBHEHH I PABHOBECHS,
Axmyanvrocms memst OOBACHAESTCSA CBEIEHIEM CHCTEMBI C HECKOIBKHMH CHJIIAMH K 3aJJaHHOMY
IIEHTPY, TEM CaMBIM YIIPOIIAasi CXEMY H PacyeT.

TE?GPE?HIH‘IECK{IH Yacmos.

1. PaccMOTpHM  IIPOM3BOIIBHVIO  CHCTEMY  CHII ( F,F,, ... ,FH ).Bmﬁepem

IIPOM3BOJIGHYID TOYKY () 3a IEHTP IPHBEAEHHS H, BOCIIOIB30BABIIHCH  TEOPEMOH O
ITapallyIelIFHOM IIEPEHOCE CHIIBI, IIEPEHECEM BCE CHIIBI CHCTEMEI B JAHHYIO TOYKY, He 3a0BIBas
IIPH TIepeHoce KaKI0H CHIIBI JOOABIISATh ITPHCOEIHHEHHYIO ITapy CHIL.

[TOMyYEeHHYI0 TAaKHM OOpa3oM CHCTEMY CXOMSIIIXCS CHII 3aMEHHM ORHOM ciioit K,
PAaBHOH I''TaBHOMY BEKTOPY HCXOIHOH CHCTeMBI CHII. OOpa30BaBIIYIOCS ITPH IIEPEHOCE CHCTEMY

I1ap CHII 3aMCHHM OJIHOH Hﬂpﬂﬁ C MOMCHTOM M 0> PaBHBIM I‘EGMETPH‘IEGKDﬁ CYNMMEC MOMCHTOB

BCEX II4dP CHIJI ( T.C. FEGMETPII‘IEGI{Dﬁ C}"I\ﬂ\.{ﬂﬁ MOMEHTOB HCXOIHOH CHCTEMBI CHII OTHOCHTEIIBHO

1eHTpa O).
Takoll MOMEHT Ha3BIBACTCS 2/IA6HLIM MOMEHIMOM CUCHIEMbl CUl OMHocumebHo ueHmpa O
(puc. 1.30).
LEAYS o =5
- =
(&
= V i'-_y
A

Puc. 1.30. IIpueederue cucmemsl Cil K UeHMpPY
Hrak, mro0yro cHCTeMy CHII BCETLAa MOKHO 3aMEHHTE BCETO JBYMS CIJIOBEIMH (paKTOpaMH -

ZIIA6HBIM 6EKMOPOM U 2IIAGHBIM MOMEHMOM OMHOCUMEbLHO NPOU3EOJILHO 6bl0PAHHOZO
yenmpa npueederus. OUeBHIHO, UTO TJIABHBIN BEKTOP CHCTEMBI CHJI HE 3aBHCHT OT BBIOOpa
I[eHTpa MpHBeAcHNSI (TOBOPSAT, YTO TJIABHEIH BEKTOP HHBAPHAHTEH ITO OTHOIIEHHIO K BHIOOPY
I[eHTpa NpHBeAeHH). OUeBHIHO TaKXKe, UTO ITIABHBIH MOMEHT TaKHM CBOMCTBOM He OO0IajaeT,
IIOATOMY HeOOXOZHMO  BCErJa VYKasblBaTh, OTHOCHTEILHO KaKOro I[eHTpa OIIPEIcISIeTCs
T'JIABHBEIH MOMEHT.
Bonpocet u 3a0 anuia:

1. UYto Takoe riiaBHBIH BEKTOP?

2. UYto Takoe riraBHRIH MOMEHT CHCTEMEI?

3. lIpuBemeHme CHCTEMSBI K 3aJJaHHOMY IIEHTPY.

4. IlapamnensHBIH IIEPEHOC CIII 3TO...7

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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IIpakTHYecKOe 3aHATHE 3
Tema: I]|eHTpaIbHOE pacTsKeHHE H CoKaTHe
[{enb: Hay4YHThCS PEIaTh 3aJadl Ha PACTsLKEHHE - CoKaTHE
3HATh. IIPHHIMIIEI COIMPOTHBJIEHHS KOHCTPYKIHOHHBIX MAaTepHalIOB, METOABLI H aJITOPHTMEI
ITPOEKTHPOBAHUS PA3/IMYHBIX MEXaHHYECKHX CHCTEM, METOABI H Al OPHTMBEI KOHCTPYHPOBAHH A
3JIEMEHTOB PA3THYHBIX MeXaHHYECKHX CHCTEM, METOAHKH pacyeTa Ha ITPOYHOCTh, JKeCTKOCTh H
YCTOHYHBOCTD 3IIeMEHTOB MAIIIMH H HX KOHCTPYKIIHI,
YMeTh. OCVIIECTRISTL PAILHOHAIBHELII BBIOOP KOHCTPYKIIHOHHBIX M  SKCIIIYAaTALHOHHBIX
MaTEpPHAJIOB, ITPOM3BOJUTE PacueThl HA IIPOYHOCTh M 2KECTKOCTH ITPH PaCTSIKEHHH-CKaTHIH,
KPYUEHHH, H3THOe H CJIOKHOM HArpyKeHHH, IIPH CTaTHYECKOM H YAapHOM IIPHIIOKEHHH
Harpy30K, BBIIIOIHSITH CTaHAApPTHBIE BHIBI IIPOYHOCTHBIX PAaCUETOB.
Axmyanvrocme memst OOBSICHIETCS OCHOBHBIMH TIPHHIMIIAMH OIIpeJelIeHHS BHYTPEHHHX
(paKTOpPOB BO3HHKAIOIIHX B 3aJlayaxX Ha pacTsDKeHHe — CXKaTHE. .

Teopemuueckas uacmy:

B mpHpoie pa3IHYaT YIIPYroe, VIIPYTOIUIACTHYHOE H BA3KOIIACTHYHOE TBEPBIE TEla.
YIIpyroe Teno IIOCIIe CHSATHS BHEIIHEH Harpy3KH BOCCTAaHABIHMBAeT CBOM IIEPBOHAYalIbHEBIE
pasMeprl H popMy. B 3TOM crmydae JedopMaliis Tejla Ha3bIBaeTCS YIIPYTOH. YIIPYroIUIacCTHYHOE
TeJI0 BOCCTAaHABJIHBAET CBOH IIepBOHAYalIbHBIE pa3Mepbl H (POpPMY HEMOIHOCTBIO, T. €. HMeeT
MECTO ocTaToyHas Aedopmaniia. B HHKEHEPHBIX COOPYKEHISIX H MEXaHHYECKHX MallHHax HeE
JOITYCTHMO ITOSIBIIEHHE OCTATOUHBIX Jle()OpMALTHII.

OT HeliCTBHS BHEIIHHX HArpy30K B IIONEPEYHBIX CEYEHHSIX BO3SHHKAIOT BHYTPEHHHE
CHJIOBBIE (DAKTOPHI, KOTOpHEIE OIIPeJelIaioT, HCIIONb3yd MeTOJ CcedeHHH. TBephoe Telo,
HaXOMMIIeecs ITOJA ASHCTBHEM BHEIIHHX HAarpy30K MBICIIEHHO pPacCeKaroT Ha JBE YacTH H
paccMaTpHBAaIOT PaBHOBECHE OJHOH M3 yacTeH. J|eHCcTBHEe OTOPOIIEHHON YaCcTH Ha OCTaBIIYIOCS
3aMEHSIOT BHYTPEHHHMH Harpy3KaMH, IIPIJIOKEHHBIMH B pacCMaTpHBAaeéMOM CEUYeHHH.
CocTaBiIsd YpaBHEHHS PaBHOBECHS OCTABINEHCS YACTH OT HEHCTBHSA BHEIIHHX H BHYTPEHHHX
CHJIOBBIX (PaKTOPOB, HaXOAT ITOCTIETHHE.

BaxHeHIIMMH ITOHATHSIMH SBIISIOTCS HAITPSKEHH S H Te(opMaIiiH.

[Ipn HarpyXeHHH Tela PacTATCHBAIOIMMI IUIM COKMMAFOIIMMI CIJIAMH OITPEICIISIEOTC S
HaIlpsDKeHH, Ae)OpMaIlHH H YUIHHeHHS BHYTpPeHHSI cHIa B3aHMOJEHCTBHS, OTHeCEHHAS K
eIHHHIIE TIJIOINAAH, BRIJIEIIEHHOH B OKPECTHOCTH KaKOH-THOO TOYKH ITOIIEPEYHOI0 CEUYEHH S Tella,
HA3bIBAETCS HAIIPSUKEHHEM B STOH TOYKe. TaknM o0pa3zoM BelIHYHHA HANPsSKEHHH B KaKIOH
TOUKE CEUYEeHHSI SBJIIETCS MEPOH BHYTPEHHHX CHII, KOTOPHIE BO3HHKAIOT B MaTepHalle B
pe3yIbTaTe BO3ASHCTBHA BHEIIHHX Harpy3oK. HopManabHEIe HallpsSKeHHS ¢ ITPH PacTsDKeHHH-
CoKaTHH B IIONEPEYHBIX CEUYEHHSIX Tela OIPENEIISIOTCS H3 COOTHOINeHHS ¢ = N/S, rae N -
JIeHCTBYIOIlEE B CeYeHHH BHYTIPeHHSIS MpoJolbHass (HOpMalbHas) CHIA, S - IIIOINAajb
TIIOIIePeYHOro ceyeHHsd. HanpsoxkeHH H leopMaliHH B IIpefieliaX YIIPYroH Je]opMaIiH CBI3aHbI
MeXIy coOoi 3akoHOM ['yka, T. €. ¢ =cE , rhe E - MOAYIb VIIPYTOCTH MaTepHala (MO YIIb
IOHra), &€ — OTHOCHT eTIbHAS MPOAOIBHAS JIe (POPMAITH.

PacyeTHple 3HAUeHHS HaIPSOKEHHH CPaBHHBAKOT C JOITyCKaeMBIMH [/, KOTOpEBIE
ONPEJIEITEOT ITyTeM JeleHHS HEKOTOPBIX IpelelbHBIX 3HAaYeHHH Ha Ko3((HIMEeHT 3araca
IIPOYHOCTH (/6 /=0wmy/s). 3a TIpeieIIbHbIE 3HAUEHUS HAITPSDKEHHI IPHHIMAFOT ITPeel IIPOYHOCTH
(1 XPYIIKHX MaTepHaJI0B) HIH ITpeAel TeKy4ecTH (IS INIaCTHYHBIX MaTE€pHalIOB), KOTOPHIE
ITOIIYYAOT IIPH HCIBITAHHSX CTaHJapTHBIX 00paslioB Ha Pa3phIBHBIX MaIlMHaX. [IpH 3TOM CTpoOsT
B KOOpAHHATAX HalpsoKeHHe-TedOopMaIHsd YCIOBHYIO JHAarpaMMy pacTSKeHHS. Y CJIOBHOH
THarpaMMy Ha3bIBAalOT ITOTOMY, YTO HaIIpPSDKEHHS H Je()OpMaI[HH BEIYHCIISIOT COOTBETCTBEHHO
110 OTHOIIIEHHIO K IIEpPBOHAYAIBLHOM TUIOINAMH CEYeHMH M JJIHMHe oOpasiia. MCIroms3ysa YCIIOBHVIO
AHarpaMMy PacTSDKEHHS, HeOOXOIHMMO VMETh OIIPEIENISTh MeXaHHYECKHE XapaKTepPHCTHKH

AOKYMEHT TOANUCAH ATl OCTIL. TIPelel TEKVUECTH H IIpelel
SNEKTPOHHOW NoAnNMChIO _'[[ YHpYT > TIPEA ¥ 1IpeA
CepTudmkat: ' 12000002A633E3D113AD425FB50002000002A6 ‘CHHCE IIPH Pa3pPbIBE.
Bnapeneuy; Lebayxopa TatbAHa AnekcalHapoBHa UIACTHYUYCECKIIX ,I[E(l)ﬂpMElI_[I]IHI HEG@KD,[[IMG 3HATb

YIO IIYICM JACIICHHA pﬂGTﬂI‘HEﬂIDH_[Eﬁ CHIIBI Had
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HCTHHHYIO TUIOINAAb ITONEPEeYHOro ceuyeHHS oOpasia (C y4eTOM YMEHBINEHHS IIONEPEeUHBIX
pPa3sMeEpPOB CeYeHHS IIPH PACTSDKEHHH).

HeoOxomuMo o0OpaTHThs BHHMAHHE, YTO 3aKOH ['yKa, CBSA3BIBAIOIIMIT HAIIPsDKEHHS H
gepopMallMH 4Yepe3 MOIYIb VIPYTOCTH MaTepHala, CIPaBe[UINB TOIBKO JO IIpejela
IIPONOPLHOHAILHOCTH. [IpogonpHBle JedopMalii IIPH PacTSKEHHH CBS3aHBI C ITOIEPEYHBIMIH
e opMaIHiIMH ¢ ITOMOIIBIO kKo3(gdrireHTa ITyaccoHa.

[Ipn omnpeneneHHH HapsDKeHHH W AeOpMallHii B CTAaTHYECKH HeOIlpeJelIHMbIX
cHCTeMax HEOOXOAHMO YUHTBIBATh, YTO BOZHHKAIOIIHE ITPH 3TOM B CTEPKHSIX CHIIBI 3aBHCIT OT
KECTKOCTH CTEpPXKHS, T.€. OT IUIOMAJEH TIONEPEYHBIX CEYEHHMH M MOAVIIEH VIIPYTOCTH
MaTepHaa.

Bonpocst u 3a0 anua:
1. Kakme TBepAble Telna BCTPeYaroTcsa B IIpHPoe?
2. Kakre BHYTpeHHHE CHJIOBBIE (PAKTOPHI BO3HHKAIOT B CTEPKHSIX?
3. B 4eM 3aKIroqacTCs METOJI CEUCHII?

4. Coopmymmpyiite 3aKoH ['yKa.
5. Uto Takoe HCTHHHAS JHarpaMMa pacTsDKEHH S?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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IIpakTHYecKoe 3aHATHE 4
Tema: OnpefienieHHe BHYTPEHHHX YCHIIHH, OIpelieleHHe Je(popMallHi H ITepeMeleH it
Llenb: HayuYHThCS OIPEIEIISTh BHYTPEHHIE YCHITH S
3HATh. ITPHHIMIIEI COIPOTHBIEHUS KOHCTPYKIHOHHBIX MAaTepHalIOB, METOABLI H aJIrOPHTMEI
ITPOEKTHPOBAHUS PA3IMUYHBIX MEXAHHYECKHX CHCTEM, METOABI M allTOPUTMBI KOHCTPYHPOBAHHS
3JIEMEHTOB Pa3/IMYHBIX MEXAHHYECKHX CHCTEM, METOJIHKH pacyeTa Ha ITPOYHOCTE, XKECTKOCTh U
YCTOHYHBOCTE 3IIEMEHTOB MAIIMH M HX KOHCTPYKIIHI,
YMETh. OCVIIECTBISTh PAIHOHAIBHEIN BBIOOP KOHCTPYKIIMOHHBIX M SKCIIIYAaTAIHOHHBIX
MaTEPHAIIOB, ITPOM3BOJUTE PacCUeThl HA IIPOYHOCTh M KECTKOCTH IIPH PaCTSKEHHH-CKaTHI,
KPYUYEHHH, H3rHOe M CIOKHOM HArpy’kKeHHH, ITPH CTaTHYECKOM M YIApHOM ITPHIIOKEHHH
Harpy3OK, BBITIOIHSTH CTaHIapTHEIE BHJIBI IIPOYHOCTHBIX PaCUETOB.

AR??nyLEbH ocmb memsl OOBSICHIETCI OCHOBHBIMH IIPHHITHITAMHI  OIIPCACIICHHA BHYTPCHHIX
d)ﬂI{TGpGE BO3HHKAIOIIIX B 3aJd4dX Hd PACTLKCHIIC — CHKATHE..
TEGPEHIH‘IECKELE Yacmo.

HPIMEP PEHICHIA 3dda9H Ha TEMY «PACTAKCHHE H CHKATHCH

[TocTponTs o JIHHe Opyca, COITTacHO cxXeMe HarpykeHHS (pHc. 1.1), sImopeI

IIPOJIOILHEIX CHII N, HOPMAJIbHBIX HAIpsDKEHHH O U IepeMelleH I ITOITePeYHbIX CEeYEHHH.
CJienaTh BBEIBOJ, O IIPOYHOCTH Opyca, CpaBHHB 3HaYeHHS HOPMAJIbHBIX HAIIPSYKeHHI B OITACHOM

CEUEHHH C JTOITYCTHMBIM, ECIIH MaTepHar Opyca — CTalb 3 (E =2,0- IUEMH.J::, [O' ] =240 Mlla).
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PucyHok 1.1

Nano:F; =10xH; F» =12 xH: F3; =30 «H: S; = 200 mm?; S2 = 300 mm?’;
a=03m b=04m

PereHue:
HMnmeem yeThipe yuacTka HarpyxeHus (48, BC, CD, DK), B ripefiefilax KOTOPBIX
HaITpsoKeHHI OyIyT HMETH ITOCTOSHHBIE 3HAYEHHU A

Yuacmox 1 (AB). PacceuéM, MBICIIEHHO, CTepKeHb B MecTaX, I'Jie HeOOXOHMO OITpeIeTHTh
3HaYeHHSI BHYTPEHHHX YCHIHI H BHYTPEHHHX HaIlpsKeHHi. OIHY H3 YacTeH (JIeByI0) OTOpPOCHM

(prc. 1.2), a 119 ocTaBIIIEeHCSI COCTaBHM YPaBHEHHE PABHOBECHS Z F. = N . JF_q - O,BEIMEHI[B

ONOKYMEHT NOoAanncAH - - -
SNEKTPOHHOWM NnoanNmncko ABIIYIOCH HEH3BCCTHOH BHYTPCHHCH CHIIOH Nf.
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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j
PucyHox 1.2 |
Torna, Nlr = Fj =30 xH
3HaueHHe HallpsOKeHHH Ha yJacTke: O, = i = 30-10 =100 MmrTa.
S, 300

AOcomoTHas AedopMalis ydacTKa (OTHOCHTEIIEHEIE ITepeMeleHHSI KOHI[OB Y4acTKa):
o, -l 100- 900
Al = IEAE = > 0.10° =0,45 mm.

Yuacmox 2 (BC).

B A
NE_F_::O}
N,=F =30
N, 30-10°
o, =—= =150 pmr17a.
S 200 ’
Ay = P2l 150-300 0.22 .

* E  20-10°

Yuacmox 3 (DC).

\ S S
L N/ F £
"o\ C |B A
!
AOKYMEHT NoarnnMcAH

SNEKTPOHHOW NOAMUCLIO
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N,=30-12=18 xz

N, 18-10°
O =— = — QOMH _
S 200 ’
Al :53-IDC - 00 - 400 :O,ISM-

pe E  20-10°
Yuacmox 4 (KD).

S

|
_;.;M f F. E E
"'Dal" D Cc |B A

N,-F+F,+F =0,
N,=30-12-10=8 xH

N, 810
s 200 ’
Al ZSJ-JE_4O-360:O?O7M.

.R_D - —
E 2,0-10
JIT1S1 TOCTPOEHHS SITFOPRI TIePEMEIEHHI TTOTIEPEYHBIX CEUEHHH, OIIPeIe/IHM PacCTOSHIU,
Ha KOTOPBIE TIEPEMECTSITCSA KOHI[BI VUaCTKOB HarpyKeHHsI OTHOCHTEIIFHO KECTKO 3aJEIIaHHOI O
JIeBOr0 KOHIIA cTep kHA (ToukH K).
[IepemMertieHre TOUYKH 1) OTHOCHTEIIBHO TOUKH K:
opk=Alxkp=0 07 mm.
Torga, mepeMertieHHe TOYKH C OTHOCHTEIILHO TOUKH KCOCTABHUT:
ocxk=0pk +Algp=0,07+0,15=0 25 mm.
AHAJIOTHYHO OIPENeINM IIEPEMEIEHHS OCTAIBHBIX KOHI[OB Y4aCTKOB:
OBr=0ck +Alsc=0,25+0,22= 0,47 mm,

O4k=0sr +Al4s=0,47+0,45= 092 mm.

-!_!-.-"'"-..-""'-"'!""!"""..-""'-."!"!"!".'- IS IO N RIS Ao TS AT rTE AT T Ty T
NOKYMEHT NOAMUCAH TDOOOJIBHBIX CIHII N:, HOPMAJIBHBIX HAIIPAAKCHHIT

SNEKTPOHHOW NOANUCHIO 1.3), AenaeM BBIBOJ, YTO OIIaCHBIM Y4aCTKOM

Ceptudhikar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa
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OHPE,I[EJIHM CTCIICHD 3al PYKCHHOCTH CTCPYKHA.

o 150

[o] 240

CTepKeHb HarpyKeH Ha 62,5 %.
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PucvHok 1.3
[IOKYMEHT MOAMNUCAH
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Bonpocst u 3a0 anua:
1. Kakme TBepanle Tena BCTPEYAOTCA B IIPHPOIE?

2. Kak omnpeziensrorcsa BHyTPeHHHE CHIIOBEIE (DAKTOPHI?
3. B 4eM 3aKmrovaeTcsa METOJ CEUEHHH?

4. ChopmympyiTe 3aKoH ['yka.
5. Uto Takoe HCTHHHAS JHarpaMMa pacTsDKEHH S?

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Heincreutened: ¢ 20.08.2021 no 20.08.2022
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IIpakTHYeCcKOe 3aHATHE S
Tema: CaBur (cpe3)
[lenb: HayuYHThCS PENIaTh 3aaull Ha CABHI M KpYUYEHHE
3HATh. ITPHHIMIIEI COIPOTHBIEHUS KOHCTPYKIHOHHBIX MAaTepHalIOB, METOABLI H aJIrOPHTMEI

ITPOCKTHPOBAHIA Pa3JIMYHBIX MCXdAHHYCCKILX CHCTCM, MCTOIBI H alI'OPHTMbI KOHCTPYHPOBAHHA
JJIEMEHTOB PA3JIHYHBIX MCXAHHYCCKIIX CHCTCM, MCTOJHEI PACUCTA Ha ITPOYHOCTE, KCCTKOCTh H
}’GTGﬁLII[BGGTB JJICMCHTOB MAIITHH H HX KOHGTP}’KI.[IIﬁ;

YMeTb: OCYIIECTRBIIATD paI_[IIDHElﬂLHB]IuI ELI@DP KOHCTPYKITHOHHBIX H SKCINIYATAITHOHHBIX
MATCPHAJIOB, IIPOH3BOAHIL PACHCTBEI Ha IIPOYHOCTE H KECTKOCTBE IIPH PACTAXKCHHI-CHATHI,
KPYYUCHHH, I3THOEe H  CIOXKHOM HaI' DY KCHHH, IIPH CTAaTHYCCKOM H YI4dpHOM IIPHIIOKCHIIH
HAI'PY30K, BBLIIIOIHATE CTAHAAPTHBIC BHABI ITPOYHOCTHBIX PACHUCTOB.

Axmyansnocms memost OOBSICHSIETCS OCHOBHBIMH ITPHHI[UIIAMH OITPEAENIEHHS BHYTPEHHHX
(paKTOpPOB IIPH CABHIE H KPYYESCHHH.
TEGPEHIH‘IECKELE YACHD.,

CJIBHIOM Ha3bIBAIOT TaKOH BHJ HAIIPSDKEHHOI'O COCTOSHHS, KOrJla Ha IpaHsX »JIeMeHTa
IeHCTBYIOT TOIBKO KacaTelIbHbIe HaIPsoKeHHS. [IpH 5TOM Ha JBYX B3aHMHO ITepIeHIHK YIIIPHBIX
TUIOMIaJKaxX JEHCTBYIOT PaBHBIE IT0 BEIMYMHE H OOpaTHHIE ITO 3HAKY KacaTelIbHBIE HaITPSDKEHHS.
OTOT 3aKOH HA3BIBAETCH 3aKOHOM ITAPHOCTH MM B3aHMHOCTH KacaTelIbHBIX HaIIPSDKEHHH H
HMeeT CHIY KaK IS OJHOOCHOTO, TaK H M OO0OBEMHOIO0 HAMPSDKEHHOTO COCTOSIHHIL.
Jledbopmalrii, BO3HHKAOIIHE ITPH CABHIE, HA3BIBAIOT YITIOBBIMH JAe(OpPMAI[HSIMH HIH YITIOM
caBura. OTIBITEI ITOKA3bIBAIOT, YTO MEXKIY HAIPSDKeHHSIMH H Jie(opMai[HIMH IIPH CIBHIE
CYIIECTBYET JIHHEHHAS 3aBHCHMOCTBH, aHAJIOIHYHas 3aKOHY ['yka mpH pacTsbkeHHH. [losTomy
3aKOH ['yKa IIpH cIBHIe HMeeT BHA T =y G, Tle y - yrioBad JgedopMaiis, a G - MOAYIIb
CIIBHTA.

CrremyeT oOpaTHTh BHHMAaHHE Ha TO, YTO MOAYIIb IIPOAOILHOH YIIPYTOCTH, HIIH MOYIIb

VIIPYTOCTH IIEPBOT0 poJa £ H MOAYIIb YIIPYTOCTH IIPH CABHIE, HIH MOAYIIb YIIPYTOCTH BTOPOIO
poxa G 1L OJHOTO M TOTO K& MaTepHala cBs3aH yepes3 kKoa(prineHT [lyaccoHa u

3aBHCHMOCTBIOG = Ef [2(1+ ;,z)] . IIpu pacderax Ha cpe3 OOBIYHO ITPHHHMAIOT, UTO KacaTelIbHbIE

HAaITPAKCHHA PACIIPEACIICHBL PABHOMEPHO B ITOIICPEYHOM CCHCHHI CTCPKHA H YCIIOBHC
ITPOYHOCTH Ha CPE3 HMECT BH/

T = F/S<[t], rme F — BHeIIHSIA ITONepeYHast CHIIA.
JlommyckaeMble HaIIpsDKEHH S [r] Ha CJIBHT (Cpe3) COCTABJIIIOT HEKOTOPYIO YacTh OT

I OITyCKaeMbIX HaIIPSDKEHHIH Ha pacTspKeHHe. PacCUHTRIBAIOT Ha Cpe3 COeHHEHHS 3aKIeIIOUHBIE,
OOIITOBEIE, CBAPHBIE, INIIOHOYHBIE H HEKOTOPBIE APYTHE THITEI COEIHHEHHI.

[Ipn rmpoBeieHHH IIPOYHOCTHEIX PacYeTOB Ha CABHT (Ccpe3) HeoOXOAHNMO HAyIHThCS
IIPABIJIBHO OIMPEENISTh INIOMAAH cpe3a A1 OQHOCPE3HBIX H MHOI'OCPE3HBIX 3aKIIEIOK, a TaKKe
IUIS YTIIOBOIO CBAPHOIO IIIBA, B KOTOPOM Cpe3 IIPOHCXOAHNT IT0 OMCCEKTOPHOMH ITIOCKOCTH
TIPSIMOTO YITIA ITOIEPEYHOrO CeYEHHS IIIBA.

EciH B IorepeYHOM ceUYeHHH CTeP KHA AeHCTBYET KPYTSIIHI MOMeHT M , TO cTepKeHb
HCIBITHIBAET KpydeHHe. HeoOX0HMO, HCITOIb3 Y METO/, CeYEeHHH, HAYYHThCS CTPOHTD SITFOPEI
KPYTSIIHX MOMEHTOB ITO JUIHHE CTEPKHS H OIPEJIEIISTh BOSHHKAIOIIHE KacaTelIbHBIE
HAITPSDKEHHSI, KOTOPBIE OIPeAEsIOTCS H3 COOTHOIEHN T = My / Wp, riie Wp - ITOIISIpHEIH
MOMEHT COITPOTHBIIEHHS CeYEHH S KPYUEHHIO.

B ronepeyHoM cedeHHH CTEP KHS KacaTelbHble HAIIPSDKEHHS pacIipe/IeIeHEI
HepaBHOMEPHO. TaK, JUIS CTepsKHSI C KPYITIBIM ITOIIepPeYHbIM CeYeHHeM KacaTelIbHbIe
HAITPSDKEHHS H3MEHSIOTCS I10 JINHEHHOMY 3aKOHY - OT HYJIS Ha OCH JIO MAaKCHMAJIbHOT'O 3HAYEHH S

AOKYMEHT [TOAMUCAH bI€ Y OCH CTeP/KHS, HarpyKeHbI He3HAYHTEJIHO,
FAEXTEOHHON TIORNYCHIO [ IIenecoo0pa3HOo HCIIOIb30BaTh ITYCTOTENbIE

Ceptudukat: 12000002A633E3D113AD425FBS0002000002A6
Bnaperiey: ' lleBayxoea TarsaHa AnexkcaHaposHa [BAEMOT'O CTEPKHA (Balla) YHCIIEHHO PaBeH
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arnredOpanyecKoil CYMME BHEIIHNX CKPYUYHBAIOIHMX MOMEHTOB, JEHCTBYIOIIX IT0 OJHY CTOPOHY
OT CEYEHHA.
Bonpocet u 3a0 anuia:

I. Yro takoe casur?

2. Yro Takoe KpydyeHHe?

3. 3akoH I'yka ITIpH CIBHTE .

4. OnpeneneHue KPYTAIIET 0 MOMEHTA.

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Heincreutened: ¢ 20.08.2021 no 20.08.2022
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IIpakTHYecKOe 3aHATHE 6
Tema: PacyueTsl Ha IIPOYHOCTE IIPH CIBHIE
[lenb: HayuYuThCS PEIaTh 3aJayil Ha IIPOYHOCTh
3HATh. ITPHHIMIIEI COIPOTHBIEHUS KOHCTPYKIHOHHBIX MAaTepHalIOB, METOABLI H aJIrOPHTMEI
ITPOEKTHPOBAHUS PA3IMUYHBIX MEXAHHYECKHX CHCTEM, METOABI M allTOPUTMBI KOHCTPYHPOBAHHS
3JIEMEHTOB Pa3IMYHBIX MEXAHHYECKHX CHCTEM, METOAMKH pacueTa Ha ITPOYHOCTH, JKECTKOCTh H
YCTOHYHBOCTE 3IIEMEHTOB MAIIMH M HX KOHCTPYKIIHI,
YMETh. OCVIIECTBISTh PAIHOHAIBHEIN BBIOOP KOHCTPYKIIMOHHBIX M SKCIIIYAaTAIHOHHBIX
MaTEPHAIIOB, ITPOM3BOJUTE PacCUeThl HA IIPOYHOCTh M KECTKOCTH IIPH PaCTSKEHHH-CKaTHI,
KPYUYEHHH, H3rHOe M CJIOKHOM HArpykKeHHH, ITPH CTaTHYECKOM H YIapHOM IIPIIIOKEHHH

HAI'PY30K, BBLIIIOIHATE CTAHAAPTHBIC BHABI ITPOYHOCTHBIX PACHUCTOB.

Axmyansnocms memst OOBSCHIETCS OCHOBHBIMH ITPHHIMIIAMH OIIPEJIelIeHHSI BHYTPEeHHHX
(paKTOPOB ITPH CABHIE H KPYYEHHH.
TEGPEHIH‘IECKELE YACHD.,

[Iprmmep Pemenng 3agaun Ha Temy «KpyueHme»

K cTanmpHOMY CTVIIEHYATOMY BaJIy, HMEIOIIEMY CIUIOIIHOE KPYITIOE CEUEHHE, ITPHITIOKEHEI
YyeThIpe BHENTHHUX 3aKPYUYHBAIOIMX MoMeHTa (7', 12, T3 1 T4), IEBBII KOHEI[ Bajla ’KeCTKO
3aKpPEIUIEH B OIIOPE, a IIPaBBIH KOHEI] — CBOOOIEH H €0 TOPELl HMEET VITIOBBIE IePeMEIIEHH
OTHOCHTEJIBFHO JIEBOr'0 KOHIIA.

Tpebyercs:

1) IIOCTPOHTH AITIOPY KPYTIIIHX MOMEHTOB;

2) OIpeAelHTh AHAMETPHI d; U d> Bajla U3 pacyeTa Ha IIPOYHOCTD, ITPH 3aJlaHHOM 3HaUeHHH [’I‘]
OKPYTIIIHTE BEIHYHHY HAaHASHHBIX JHAMETPOB A0 OIIKaHIero OONBIIEr0 3HAUEHH S H3 Psa;

3) IIOCTPOHTH SITIOPY ACHCTBHTEIBHBIX HAIIPSKEHHH KPYUEHH I 10 JUIHHE Bala,

4) TIOCTPOMTB SIEOPY aGCOMOTHBIX Yo 3akpyumsanns @, mpurss G = 0,8 - 10° MITa

/

AN
|"'~|-n.l
H
1 5: —

a b C a

— g i Ty —

PucyHok 3.1
Ucxomueie naHuble: a =b=c 1,6 m; T; =57 kHm; T2 = 2,7 kHm; T3 = 1,7 xHwm;

Ty = 0,7 kHu; |1|=45MIla.
Pertrerme:

1T MiTTnaTamirme 7 NUT arimmra A eneaTrrery {nrrn 3 2)

AOKYMEHT NoarnmMcAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: - 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

= 0,7 kHm;
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VYyacmor BC:
M_=T,~T,=0,7-17=-10xHu

Yuacmor CD:
M. =T,-T,~T,=0,7-17-2,7=-37 xHu;

VYvyacmor DE:
M, =T,~T,~T,+T,=0,7-17-27+57=2xHu

2. OHPE,I[EJ]IIM 3HAUYCHHA THAMCTPOB CT}*T[EHEﬁ H3 YCIIOBHA ITPOYHOCTH Hd OIIACHBIX

ydyactkax BC u DC.
6
d = #& — #3’7 0 _ 74,4 um,
0,2-[z] V0245

M \/ 1,0-10°
d., — 3 = — 3
> Vo,2-[z] V0,245
[IprHIM™MaeM d> = 50 mm.

3. JIIIS ITOCTPOEHHS 3IIIOP HAIIPSDKEHHH HAaHAEM 3HAUEHHS HAITPSKEHHI KPYYeHH S,
JNEeHCTBYIOIIIX HA YYACTKaX.

[IpuHIMaeM d; = 80 MM

— 48,1 mm,

6
= 0710 g
W, 02-50
6
r :ij _ 1,0-10 40 Mila
W, 02-50°
6
P My 370
W, 0280
t, :Mﬂ = 2!0.10? =19 Mila.
W, 02-80

4. OTHOCHTEJILHBIE YIJIOBBIC ITICPEMEIICHITA KOHITOB YHACTKOB.

0. :Mm A, _ 0,7-10_ -1,6-10 —0.0224 pao,
G'Jpl 0,810j0:1504
o, :Mrm2 [ _ 1,0- 105 1,6 - 10 — _0.0320 pao.
G'Jpl 0:810 0:1504
o - M, -l _ _3,7.10_ .1,6-10'4 00181 pao,
G-J,, 08100180
AOKYMEHT MOAMMCAH . .0 10°-1,6-10° —0,0098 pao.

SNEKTPOHHOW NOAMMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: Llebayxora TatkAHa AnekcaHapoBHa

Nencrentenen: ¢ 20.08.2021 no 20.08.2022

10 -0,1-80°

SHTCIIBHO FKECTKO 3aACIIaHHOIO JICBOI'O KOHILA
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(PCE — @gg + @gp — 050098 T 0501 81 — _0,0083 pad,
@iz = Pz + @5 = —0,0083 — 0,0320 =-0,0403 pao,

g /i, [ / / /. /
Z 1
2 / 0 s| [ |C 18s [ |4
_ \ \ I \
] 16# :__ 16 _\__ 6m | 16m E
20 - Jngpa kpymawux Momesmal M kit
07
0 &
10
37
Jgpa Hanpaxesu T Mia P
B i
0
J6 .- W0
| Jwpa repemeiery , pad
00098
0
00083,
S U o179
ke -~
|| P
00"
PucyHoOK 3.2

Bonpocst u 3a0 anua:

L.

YTo Takoe cIBHT?

2. Uto Takoe KpydyeHHE?
3. 3akoH I'yka IIpH CIBHIE .
4. OnpenaelneHNne KPYTAIErO MOMEHTA.

CepTtudmkar:
Bnapeneu:

Heincreutened: ¢ 20.08.2021 no 20.08.2022

NOKYMEHT MOAMUCAH
3NEKTPOHHOM MOANUCHIO
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IIpakTHYecKoe 3aHATHE 7
Tema: I'eoMETPHUECKHX XapaKTEPHCTHK ITOIIEPEYHOIO CEUEHHS
Llenb: HayuYHThCS OIPENIESITh TEOMETPHUECKHE XapPaKTEPHCTHKH ITOIIEPEUHBIX CEYESHII
3HATh. ITPHUHIMMIIEI COIPOTHRIEHHS KOHCTPYKI[HOHHBIX MAaTepHalIOB, METOMABI M AT OPHTMBI
ITPOEKTHPOBAHUS PA3IMUYHBIX MEXAHHYECKHX CHCTEM, METOABI M allTOPUTMBI KOHCTPYHPOBAHHS
3JIEMEHTOB Pa3IMYHBIX MEXAaHHYECKHX CHCTEM, METOIHKH pacyeTa Ha ITPOYHOCTh, JKECTKOCTh H
YCTOHYHBOCTD 3IIEMEHTOB MAIIMH M HX KOHCTPYKI[HIT,
YMETh. OCVIIECTBISTh PAIHOHAIBHEIN BBIOOP KOHCTPYKIIMOHHBIX M SKCIIIYAaTAIHOHHBIX
MaTEPHAIIOB, ITPOM3BOJUTE PacCUeThl HA IIPOYHOCTh M KECTKOCTH IIPH PaCTSKEHHH-CKaTHI,
KPYUYEHHH, H3rHOe M CJIOKHOM HArpy’kKeHHH, ITPH CTaTHYECKOM H YIapHOM IIPHIIOKEHHH
Harpy3oOK, BBIOIOIHSTH CTaHIapTHEIE BHLI IIPOYHOCTHBIX PaCUETOB.

AR??nyLEbHGCHIb membl OOBSICHSETCI OCHOBHBIMH ITPHHITHIIAMH OITPEACIICHHA FEGMETPH‘IECKHK
XAdPAKTCPHCTHK ITIOIICPECYHOI'O CCHCHIA.
TEGPEHIH‘IECKELE Yacmo.

[Tpu pacyeTax Ha IMIPOYHOCTD, KeCTKOCTh H YCTOHYHBOCTH HCIIONIB3YIOTCS F'eOMeT PHUECKHE
XapaKTEePHCTHKH TTONIEPEYHOr0 CeUeHH I Opyca: miowaos, oceevle i NONAPHBILL MOMEHIN b
LHepiLL, Oceable 1l NOJAPH blil MOMeHMbl conpomiienetiis. KpoMe TOro, IMpH HX OIpeelIeHHH
BCITOMOI'aTCJIbHYIO POIIb HI'PAKOT crmamiiyeckKiie MOMeHn ol 14 IfEHHIpGﬁEQ:‘CH bleé MOMEHTbL
LUHepLILL cedeHlis.

HarmomHIM ompejieeHHs, CBOHCTBA H METObI BRI CIEHHS ITepPeYH CIeHHBIX
XapaKTepHCTHK (pHc. 2.1).

T

PucyHok 2.1

IInowaow cevenus .S = IdS , THe dS — momaae 3J1eMeHTapHOH TUIOIIAIKH.
5

Cmamuyeckuil MOMeHn NAouaoll cedertis — CyMMa ITPOM3BEAEHUH IIIOIAAeH
3JIEMEHTAPHBIX ITIOIIAJ0K Ha HX PacCTOSHHSA 0 JAaHHOH OCH, B3sTas IT0 BCEH TUIOMIAIH CeUeHHS.
CTaTHYEeCKHII MOMEHT CEUeHH S H3MEPAETCS B €IMHHIAX JUIHHBI TPETheil CTEIeHH (MM®, CM™, M).

CraTHYecKHe MOMEHTHI ceyeHHS OTHOCHTeIIbHO ocen Ou H Ov:

S, = [vdS =Sy, ,
S = IudS = Su,_.

I'ac H{. H v[. — PAaCCTOAHHA OT IICHTPa TAXKCCTH CCHCHHA COOTBCTCTBCHHO 10O oceH OvH O

CraTHYeCKHI MOMEHT CeYeHH S MOKET OBITh KaK ITOJIOKHUTEIIbHBIM, TaK H OTPHI[ATEIbHBIM.
OTHOCHTEIILHO IIFOO0H OCH, ITPOXOAAIIEH Yepes LIEHTP TSAKECTH CEYEHHS, OH PaBEH HYIIO.
Oce@goii MOMeHM UHepylll cederHusa — CYMMa ITPON3BENEHHH IUIOINAAEH SIIeEMEHTaPHBIX

IIOIMA 0K Hd KBAAPdThl HX pﬂCGTD}IHI]IuI 10 JaHHOH OCH, B3ATd 110 BCEH TIJIOIIA H CEUEeHHSL

[AOKYMEHT NOAMNUCAH I J‘vz ds
SNEKTPOHHOW NMOANUCHIO _ ’
CepTucbukat:  12000002A633E3D113AD425FB50002000002A6 >

Bnapgeneu: lLleBayxoea TateAHa AnekcaHapoBHa - .[H de .
8
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lonapmviit Momenm unepijiyl — CYMMAa IIPON3BEIEHHI TUIOMIAIe 3JIEMEHTaPHBIX
TUIOMIaJOK Ha KBaJPaThl HX PACCTOSHHIL IO TOUKH (ITOIFOCA), B3STas 110 BCEH IIIOINAIH CeYeHH.

J :_..pzdS.

OceBbI€e H MOJIIPHBII MOMEHTHI HHEPLIHH — BEIIMUHHEI CYIIIECTBEHHO ITONIOKHTENbHEIE. OCeBEIE H
TTONSIPHBIE MOMEHTHI HHEPI[HH CEYeHHS H3MEPSIOTCS B e[HHHI[aX AJIHHEL YeTBEPTOH CTEIIeHH
(v, em?, MY).

[Jenmpobesicuviii Momenm uHepiil — CyMMa IIPOH3BeIeHHH TUIOIaieH IeMeHTapHbIX
IIOINAMOK Ha HX KOOPAMHATEI, B3ATas 110 BCEH IUIOIIAMH CeUeHHM .

J,, = [uvds .

[{eHTpoOeKHBII MOMEHT HHEPLIMH H3MEPSAETCS B e JHHHIIAX JUIHHBI YeTBEPTOH CTEIIEHH
(vM*, eM*, MY), MOKET GBITH TTOTTOKHTEIBHBIM, OTPHI[aTebHBIM H PABHBIM HYIIIO.

Yepes moOyr0 TOYKY, B3SITYIO B INIOCKOCTH CEUYEHHS, MOKHO IIPOBECTH JBE B3aHMHO
IePIeHANKYIISIPHBIE OCH, OTHOCHTEIIFHO KOTOPBIX LIEHTPOOEKHEIH MOMEHT HHEPIHH CEYeHH S
PaBEH HYIIIO. OTH OCH HA3bIBAIOTCS 21aeHbIMuUL ocamil (HHOTIa X HA3bIBAOT 2/1AGHbIMIL OCAMIL
uHepyuyy). [ IpakTHYeCKIIT HHTEPEC ITPeACTARIISIOT JIHIIb ITIaBHEIE OCH, IIPOXOSIIIE YEPES
I[EHTP TSDKECTH CeUEHHSL, OHH Ha3BIBAIOTCS 2/1a6H bIMLL 1je HMp anbH bimil ocamit (IS KPaTKOCTH B
HanbpHeHIneM OyeM B OOIBIIHHCTBE CIIy4aeB Ha3bIBaTh HX IIPOCTO 21AGHbIMIL OCAMIL).

OceBble MOMEHTHI HHEPIIHH OTHOCHTEIIFHO ITTaBHBIX OCEH (2/1a6Hble MOMeHNbl UH epijiilL)
SKCTPEMAJIbHEI — OTHOCHTEIBFHO OJHOH H3 HIMX MOMEHT HHEPIHH MAaKCHMalIeH, 2 OTHOCHTEJILHO
IPYrOH — MHHHMAaJIeH. [[J151 pac4eTOB Ha IPOYHOCTh H KECTKOCTh ITPH H3rHOE, COUYeTaHHH
H3rnda ¢ pacTsDKeHHEM H B psjie APYTHX clIydaeB HYKHO 3HATh ITONIOKEHHE TTIaBHBIX
I[EHTPaIbHEIX OCEH H BEIIHYHHBI COOTBETCTBYIOIIHMX MOMEHTOB HHEPITHH.

B cnydae, ecim ceueHHe HMeeT XOTS ObI OJHY OCh CHMMETPHH, TO 3Ta OCh H OCh K HEH
e PIEHANKYIISIPHAS, IIPOXO/IINAS Yepe3 IIEHTP TSKECTH CEUYEHHSL, SIBJITIOTCS ITIaBHBIMH
I[EHTPAIbHEIMH OCSIMH.

[TpH BBIMHCIEHNH ITTaBHBIX MOMEHTOB HHEPIIHH CEUEeHHIT, COCTaBJIEHHBIX H3 ITPOCTEHIIIIX
reOMEeTPHYECKHX (PHI'YP HIH CTaHAAPTHBIX IIPOKATHBIX ITPO(IIIEH, IMIMPOKO IIPHMEHSFOTCS
(p OpMYIIBI IIEpexXo/ia OT LEHTPAIBHEIX K MTapalIeIbHBIM HM HelleHTpallbHBIM OcsM (pHc. 2.2).

Vi }’n

"

PucyHok 2.2

OTH (bﬂpmyﬂm HMEIOT CIEAVIOIIHH BHI: IJIS OCEBOIO0 MOMEHTA HHEPIIHH
2.
J. =J. +a°5§;:
‘h:l ‘h:':J
JUIA I.[EHTpGﬁE}I{HGFG MOMCHTA ]?]HEpI_[I]II

J . =J +abs .

X0 KXoV
KGGPMIHHTBIH H bI[GH}IC[{BI OBITH ITOJCTABJICHBI CO CEOHMH SHaKaMI r'/ a ¥ b— KOOPIHHATEL

NOKYMEHT NOAMUCAH axX). B yacTHOM ciTy4dae, eCITH HCXOJHEIE OCH

SNEKTPOHHOW NOAMMCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu; LLleb3yxoea TateAHa AnekcaHapoBHa
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HPHEE:,I[E:M (I)GPI\{}"HLI AJLA BRI CIICHITA MOMCHT OB HHCPIII ITPAMOYIT OJIBHHKA,

TPeyroJbHHKA, KPyTra H KOIbIIA.
3

Jlimst ocH, cOBMaJaroIiell ¢ ONHOH H3 CTOPOH IIPSAMOYIOIbHHKA (He ITIaBHBIH MOMEHT

A. IIpamoyzonvrux (puc. 2.3): J = E , TJIe b- CTOPOHA, IIapaJIlieIbHAas OCH,
OTHOCHTEIIBHO KOTOPOH BEIYHCIISIETCSI MOMEHT HHEPITHH.
¥
[
A i B
3 ra v .
P
gl X
2T~ 4
2
vl ]
| i e o Ir
b
PucyHok 2.3
3
bh
uHepym): J = R
4

E. Paenobeodpennuiit mpeveonsHux (puc. 2.4).

PucyHok 2.4
3 3
['maBHbIE MOMEHTBI HHEPIH:  J = & s J = ﬁ .
36 48

3aMeTHM, 4To (opMyla J, JaeT BeIHUIHy MOMEHTAa HHEPIH JTIO00r0 TPEeyrolbHHKA

OTHOCHTCIIBHO OCH, Hﬂpﬂ]ﬂIEﬂLHDﬁ €10 OCHOBAHHIO, HO, €CIIH TPEYI'OJIbHIIK HEPEIBHG@E,I[I)EI—H—IB]IUI?

yKa3aHHas OCh He OVJIET ITIaBHOH.

4
B. Kpye (puc. 2.5) J,=J, = %

Y

7

NOKYMEHT NoanncAH

SNEKTPOHHOWM NOAMNUCHIO -

Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
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4
7l 0

I'. Komvyo (puc. 2.6): J =J = a(1 — ;;-4):, rae. ¢ = F: KO3(D(PHITHEHT TPYOHI.

X ¥

7
L
AT

0

C {II’}"'.
(% )
S

o T

= T

.d
PHuCyHOK 2.6.

3aMETHM, UTO JJIS Kpyra H KOJbIla BCe I[eHTPaJIbHEIE OCH ITIaBHBEIE H MOMEHTHI HHEPIHH
OTHOCHTEJIEHO 3THX OCEH PaBHEI MeXIAY COO0H. DTHM K& CBOHCTBOM 00JIajacT Ir00e CEUeHHE,
Yy KOTOPOT'O JBa ITIABHLIX I[eHTPaJIbHBIX MOMEHTA HHEPIHH OJHHAKOBEHL

[Tpn BRIUHCIEHHH MOMEHTOB HHEPIHH CIOKHBIX CeUeHHH (COCTaBIEHHBIX H3 ITPOCTEHIIHX
GHTYp HIH IIPOKaTHBIX ITpo(HiIeH) KOOPAHHATHI HX I[EHTpa TSKECTH OIPeJeIsIOT II0

(hopMymTaMm:
Sr L ZSEHE )

H =— :

s Ys
y = Su o ZSivi
s NS

— COOTBCTCTBCHHO IIIIOIIAAb H KOOPIHHATBEI IICHTPA THAMCCTH KaXJIOH H3

rJe: SE;M;-; V.

[

COCTAaBITOMI X (bm“}fp; S; Sv N S” - ITIOMaAb H CTATHUCCKIC MOMCHTEL BCCI'O CCHCHILA.

MoMeHTHI HHepIHH (0ceBEIe H IIeHTPOOeKHBIE) CIIOKHBIX CeUYeHHIH OTHOCHTEIBHO JaHHBIX
ocel OIMPeIelsroT IyTeM CYMMHPOBAHHS COOTBETCTBYIOIIHX MOMEHTOR HHEPIIHH
COCTABJLIIONIHX (PHIYP OTHOCHTEILHO TeX e Oceil.

[Ipn »TOM HCIIOIB3YIOTCS (POPMYIIBI Ilepexojia OT IIEHTPAIbHBIX K IapauielIbHBIM HM
HELIEHTPaJIbHEIM OCSIM.

B Tex ciyyas, Korja cedeHHe He HMeeT HH OJHOH OCH CHMMETPHH, CHayalla BEIUHCIISIOT
MOMEHTBI HHEPIMH OTHOCHTEIBLHO HEKOTOPHIX IIenec0o00pa3HO BRIOPAHHEIX IIEHTPAIBHBIX OCEH
Oxp 1 Oyp(MCXOIHBIE OCH), 3aTeM OIPeJelIII0T YroJl HaKIOHA ITIaBHBIX OCeH IT0 OTHOIIEHHIO K
HCXOJHBIM H BEIIHYHHEI TTITaBHBIX MOMEHTOB HHEPLHH.

CBS3b MEXKIY MOMEHTAMH HHEPILIHH OTHOCHTEIBHO HCXOMHEIX oceH (Oxp, Oyp) H OCEH,
ITOBEPHYTHIX Ha IIPOH3BONIBHEIH VIOl a (puc. 2.7), HMeeT BHJ;

J,+J, J. = _
L= 5 e 5 -cos2a—J,  sin2a;

J

J —J, .
J =J _ cos2a+— “sin 2cx.
X ¥y Ao Vo 2

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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PucyHok 2.7

Yrom ITOBOPOTaA I''TaBHBIX OCEH IT0 OTHOIIEHHIO K HCXOIHBIM OITPEACIIACTCAH H3
3dBHCHMOCTH

1g 20, =—

f " f f
. — o
Ora (hopMyTIa JaeT [Ba 3HaueHHus yraa &, : 0, u &, = 0y + 90°. Ilpu J x> J y, » YOIl a,
JaeT MOIOXKeHHe ITIaBHOH OCH, OTHOCHTEIBHO KOTOPOH MOMEHT HHEePIMH MaKCHMAaJEH.

- r -
[TonosxutenbHeIM yron &, ciueayer OTKIabIBATh OT OCH XoIIPOTHB XOJ[a YaCOBOM CTPEIIKH.
J11s1 onpeAeneHUA MOIOKeHHA (YIIa HaKIIOHA) TTIaBHBIX OCEH MOKHO ITPHMEHSTh

() OPMYTIBI:
2J .
18 &, = —
| J-’fu o JJ’ﬂ
r 2J,
g a,: ) — 00 “‘
) J-’fc] o JJ’u

rae: &g, , 1 &, , — YITBI, 00pa3yeMble TIaBHBIMH OCSIMH X H y COOTBETCTBEHHO C OCBIO Xo; J U

J y I''TdaBHBIE MOMCHTEI HHCPITHI.

| TaBHBIE MOMEHTEI HHEPIIH MOHO BBEIMHCIIHTD, ITOACTABIIAA B HCC ITOCIICJOBATCIIBHO CE.[]

f i
=0, n %=, , HO NMpaKTHYECKH yI00Hee ITONb30BAThCA (DOPMYIIAMH, HE COJEP KaII[HMH
TPHI OHOMETPHYECKHX (DYHKITHH. OTH (POPMYIIEI HMEIOT BH/I;

J +J. 1 2
J = “2"”+EJQ%—JM)+¢I

I T, ——
i == zJQ% J, f+ar?,

2

- L]
YoV

Bonpocet u 3a0 anuia:
1. OrmpenaeneHre reOMETPHYECKHIX XapaKTePHCTHK ITPOCTHIX CeUeHH?

i | T —

NOKYMEHT MOOMACAH . 07T HCTHK CIIOKHBIX CeUeHHI?

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: | 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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IIpakTHYecKOe 3aHATHE 8
Tema: [IpsaMolt rmonepeyHb H3rHo
[{enb: HayYHTHCS PEIIATE 3aJa4l Ha IIPSMOH ITOIIEPEYHBIN H3THO
3HATh. ITPHHIMIIEI COIPOTHBIEHUS KOHCTPYKIHOHHBIX MAaTepHalIOB, METOABLI H aJIrOPHTMEI
ITPOEKTHPOBAHUS PA3IMUYHBIX MEXAHHUYECKHX CHCTEM, METOABI H alITOPUTMBI KOHCTPYHPOBAHHA
3JIEMEHTOB Pa3IMYHBIX MEXAaHHYECKHX CHCTEM, METOIHKH pacyeTa Ha ITPOYHOCTh, JKECTKOCTh H
YCTOHYHBOCTE 3IIEMEHTOB MAIIMH M HX KOHCTPYKIIHI,
YMETh. OCVIIECTBISTh PAIHOHAIBHEIN BBIOOP KOHCTPYKIIMOHHBIX M SKCIIIYAaTAIHOHHBIX
MaTEPHAJIOB, ITPOM3BOJUTE PacCUeThl HA IIPOYHOCTH M JKECTKOCTh TIPH PACTSDKEHHH-CKaTHI,
KPYUYEHHH, H3rHOe M CJIOKHOM HArpy’kKeHHH, ITPH CTaTHYECKOM H YIapHOM IIPHIIOKEHHH
Harpy3OK, BBITIOIHSTH CTaHIapTHEIE BHJIBI IIPOYHOCTHBIX PaCUETOB.

Axmyansnocms memst OOBSCHIETCS OCHOBHBIMH ITPHHIMIIAMH OIIPEJIelIeHHSI BHYTPEeHHHX
(paKTOPOB ITPH H3THOE.
TEGPEHIH‘IECKELE YACHD.,

[Ipu ns3rude cTepKHU IMMOABEPrarOTCs BO3AEHCTBHIO ITOMEPEYHON CHIIBI HIIH H3THOAFOINET O
MOMeHTA. M3ru® Ha3BIBAETCS YHCTBIM, E€CIH JEHCTBYET TOIBKO H3THOAIOIIHI MOMEHT, H
ITONIEPEYHBIM, €CIIH JEHCTBYET HarpysKa, IEPIIeHANKYILIPHAS OCH CTEPKHS. bpyc (cTepkKeHb),
paboraronpmii Ha MH3rHdO, OOBRIYHO Has3bIBAlOT Oankon. balky SBISIOTCS HaHOoOIee YacTo
BCTPEYAIONMMIICSA SJIEMEHTaMH COOPYKEHHH H MAIllHH, BOCIPHHHMAIOIHMH Harpys3KH OT
IPYTHX 3IIEMEHTOB KOHCTPYKIMH H, IEPEeJaroIIMH HX TEM YacTsSM, KOTOPBIE ITOIJEPKUBAIOT
OanKy (JaIe BCErO OIopaM).

B CTPOHTENBHEIX COOPYKEHHSAX M MAIIHHOCTPOHTEIBPHEIX KOHCTPVYKI[MSX YaIlle BCETO
MOKHO BCTPETHTH CIEAVIOIHE CIIy4yal KpeIUleHHsS OaloK. KOHCOJIBHBIE - C  OJHIM
3allleMIIEHHBIM KOHIIOM (C JKeCTKOH 3aJlelIKOi), JBYXOIIOPHbIE - € OJHOH IIMAapHHPHO-
HETIOJABHKHOH OITOPOH M C OJHOH INMAapHHPHO-IIOABHKHOH OIIOPOH H MHOI'OOIIOPHBEIE OalKH.
Ecimi OIOpHBEIE peakiMH MOI'yT OBITh HAHIAEeHBl M3 OJHHMX VPaBHEHHMH CTAaTHKH, TO OaJKH
HA3BIBAFOT CTAaTHYECKH OIPENEIMMBEIMH. ECIH K€ YHCIO HEM3BECTHBIX OITOPHBIX PEAKIH
OoJbIle, 4YeM YHCIO VPaBHEHMH CTaTHKH, TO TakKHe OalKH Ha3pBalOT CTaTHYECKH
HEOIIpeAeIMMEIMA. IS ONpeleleHHS PeakiMi B TaKHX Oalkax IIPUXOJHTCS COCTABILATH
IOIIOIIHUTENBHEIE YVPaBHEHHS - YPaBHEHHS IIEPEMEIEHHH. [IpH ITIIOCKOM IoIepeyHoOM H3ruie
BCE BHEIIHNE HAr PY3KH IIEPIIEHINKYIIIPHBI K OCH OalKH.

OrnpeaeneHHe BHYTPEHHHX CHIIOBHIX (DAKTOPOB, AEHCTBYIOIIHX B ITOIIEPEYHBIX CEUeHHSIX
OalKH, CIeIVEeT HAUMHAThH C OIIPeJelIEHHS OIOPHBIX peakiHi. [lociie 3Toro HCIoinb3yeM METOJ
CEUEHHH, MEICIIEHHO paccekaeM, OalKy Ha JBe YacTH H pacCMaTpPHBAcEM PAaBHOBECHE OJHOH
yacTH. BzanmojmelicTBHe YacTell OalKH 3aMeHSIeM BHYTPEHHHMH (PaKTOpPaMH: H3THOAIOIIHM
MOMEHTOM H ITOIIEPEYHOH CHIIOH.

[lomepeuyHas cuila B CeYEHHH paBHa areO0paHdecKol CYMMe ITPOEKIMHI BCEX CHII, a
H3rHOAIOIMI MOMEHT PaBeH anreOpanvecKoH CyMME MOMEHTOB BCEX CIJI, PACITOIOKEHHBIX IT0
OIHY CTOPOHY OT CEUEHHSA 3HAKH JCHCTBVIOINMHX CHJI H MOMEHTOB CIEAYET OIPEAEISITH B
COOTBETCTBHH C IIPHHSTHEIMHM ITpaBHiIaMH. HeoOXOIMMO HAayUHTHCS IPAaBHIIBHO OIIPEHEIISTh
PABHOJECHCTRVIOIIYIO CHIIY H H3THOAOIIMII MOMEHT OT PABHOMEPHO PACIIPEAEIIEHHON 110 JJIMHE
OaJIKH Harpys3KIL.

ClenyeT HMETh B BHJY, UTO IIPH OIPEAeIIEHHH HAIIPSDKEHHI, BOSHHKAIOIIIX TTPH H3rHOE,
IIPHHUMAIOT CIeAVIOIHE JOITYINEHHS. CEeYeHHS IUIOCKHE JO M3rnda OCTAarOTCS IIOCKHMH H
mocyie H3ruba (THIoTe3a INIOCKHX CeYeHHH ), IIPOJOIIbHBIE COCEIHIE BOJIOKHA HE JABAT OJHO Ha
IPYIO€;, 3aBHCHMOCTE MEKIY HAIIPSDKEHISIMHI H e ()OpMAIlHSIMH JIHHEHHAS.

AOKYMEHT NOAMNUCAH YOpaTHTh BHHMAHHEe Ha HePaBHOMEDPHOCTH

SMNEKTPOHHOW NOANUCHIO P P P
Ceprudukar: ' 12000002A633E3D113AD425FB50002000002A6 TIONEPEYHOM CeueHHH Oanku. HopManbHEIe
Bnapeneu: Llebayxopa TateAHa AneKcaHgpoeHa QI'0 CCHCHITA ITPOITOPITHOHATIBHO PACCTOAHITKD OT

‘b HAIIPAKCHIA HBI‘H@E],:, KOTOPLRBIC 3aBHCAT OT
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BEJINYHHBI JIEHCTBYIOIIET O H3rHOArOIMEero MoMeHTa My 1 MOMEHTA COITPOTHBIIEHHS CEUESHHS ITPH
n3rnde Wo (oceBOH MOMEHT COITPOTHBIIEHHS CEUEHH ).

Y Cr1oBHE MPOYHOCTH ITpH H3THOe: 6 = Mpr/ Wo< [o]. 3HaueHne Wo 3aBHCHT OT pa3MEpOB,
() OPMEI H pacCIIONI0KEHH S ITOIIEPEYHOI0 CeYeHHS OTHOCHTEIIBHO OCH.

Hammyne 1ornepeyHon CHIIBI, JEHCTBVIOIIEH Ha OalKy, CBS3aHO € BO3HHKHOBEHHEM
KaCaTeIIbHBIX HAIPSDKEHMII B IIOIIEPEYHBIX CEYEHMSX, a IO 3aKOHY ITAPHOCTH KacaTEllbHBIX
HaITPSDKEHHI - H B IPOJONIBHBIX ceueHHIX. KacaTeabHble HAITpsDKEeHHS OIpeelIsIOT 110 (hopMYyTIe
J1. . JKypasckoro.

[lonepeuHas cuia CcAOBHTaeT pacCMaTPHBAEMOE CeYeHHE OTHOCHTEIBHO CMEKHOIO.
Marubarommpii ~ MOMEHT, CKIAJBIBAIOIMIICS M3  3JIEMEHTAPHBIX HOPMAJIBHBIX  YCHIIHH,
BO3HHKAIOIIMX B IIONEPEYHOM CEUYEHHH Oallki, IIOBOPAYMBAET CEYEHHE OTHOCHTEIIBHO
CMEKHOT 0, UeM H OOYCIIOBIIEHO HCKPHBIIEHHE OCH OalKH, T. €. €€ H3rHo.

Korpga 6aska HCIBITRIBAET YHCTHIH H3THO, TO ITO BCEH JIHHE OalKH HIH HA OTAEIIbHOM €€
YYACTKE B KaXKIOM CEYEHHH JEHCTBYET HM3THOAMOINII MOMEHT IIOCTOSHHOH BEIHYHHEL, a
IIOIEPEYHas Ciia B JIFOOOM CEYEHHHM JAaHHOI'O yyacTKa paBHA HYIIXO. IIpH 3TOM B ITONEPEUYHBIX
CEUEHH SIX OaJIKM BO3HHKAIOT TOJIBKO HOPMAJIPHEIE HATIPSKEHIIS.

Jlnng Toro yroOHl TIIyOXke pazodpaThbcsd B (PH3HYeCKHX SBIISHISIX H3THOA M B METOIHKE
pEIleHH 3ajlay TIPH pacyeTe Ha MPOYHOCTh H JKECTKOCTh, HEOOXOIMMO XOPOIIO YCBOHTH
FeOMETPHYECKHE XapaKTePHUCTHKH IUIOCKMX CEYEHHH, a HMEHHO. CTaTHYeCKHE MOMEHTBI
CEYEHHH, MOMEHTEI HHEPIHH CEYEHHH ITPOCTEHINEH (POPMEI H CIIOXKHBIX CEYEHHH, OITPeJeIeHHE
I[EHTpa TSCKECTH (PHUIYP, ITIaBHBIE MOMEHTHI HHEPIMH CEYEHHH H TIJIaBHBIE OCH HHEPIHH,
IIEHTPpOOEKHBIT MOMEHT HHEPI[HMH, H3MEHEHHE MOMEHTOB HHEPIMH IIPH IIOBOPOTE OCEMH,
TEOPEMBI O IIEPEHOCE OCEH.

[Ipn wH3y4YeHHH 5TOro pasjeiia CIeAyeT HAYYHTLCSI IIPABHIIBHO CTPOHTH SIFOPBI
H3rHOAOIIX MOMEHTOB H TTOIIEPEYHBIX CHII, OIIPEAEIISATh OITAaCHBbIE CEUYEHHS M JIEH CTBVIOIIHE B
HUX HampsokeHus. [loMimMo orpeAeneHHs HanpsDKEHHH CIeAVeT HAVUHTLCS OIPENENSTh
nepeMenieHHa (IMporuOpl Oankm) IpH H3rHOe. [ AToro mcmomb3yercs AH(}epeHIHaIbHOE
ypaBHeHHe H30THYTOH OcH Oank# (YIIPYroH JIMHHH), 3allHCaHHOe B OOINeM BHJIE.

J1s1 onpeiesieHH s IIPOrHOOB ITPOBOAUTCS HHTEIPHPOBAHHE YPAaBHEHHS VIIPYTOHM JIHHIH.
[Ipu 3TOM CIELYET IIPABIIIBHO OIPENEIISATH IIOCTOSHHEIE HMHTETPHPOBAaHMSI C' M D HCXOHSI U3
YCJIOBHIL OIMMpaHHA Oamky (TpaHHYHBIX YCIOBHI). 3Hasg BeMMUHHBEL C HD, MOXXHO OIIPeJeIHTh
YI'OJI ITOBOPOTA U IPOruo arodoro ceueHUs Oanku. MU3ydeHHe CIOKHOTO COITPOTHBRIIEHN S OOBIYHO
HauYMHAIOT ¢ KOCOro H3ruoa.

SBimeHne Kkocoro wH3rnba OCOOEHHO OINACHO IS CEeYEeHHH CO 3HAYHTEILHO
OTJIMYAFOINMMICS APYT OT JApyra CIIaBHRIMH MOMEHTAMH HHEPIIHI, OalIKH C TaKUM CEYEHHEM
XOpoIIo padoTaroT Ha M3THO B INIOCKOCTH HAHOONBINEH KECTKOCTH, HO JIaXKe IIPH HeOOJIBbINHX
VIJIaX HAKJIOHA IUIOCKOCTH BHEINMHMX CHJI K IDIOCKOCTH HAHOONIBINEH KECTKOCTH B Oalkax
BOBHHKAIOT 3HAYHTEIbHBIE JOIIOIHHTEIIbHEIE HAITPSDKEHH H JedopMaiiii. 11 GalnkH Kpyrioro
CEUEHH S KOCOM M3THO HEBO3MOXKEH, TaK KaK BCE I[EHTPAIbHEIE OCH TAKOI'O CEUEHHS SBIISFOTCS
IJIABHEIMH M HEHTPAJIBHEIN CIIOH BCErga OVIET IEPIIEHAHKYIIIPEH IIOCKOCTH BHEINHHX CIIL.
Kocorn u3rud HeBO3MOXKEH U 1 OaJIKH KBaJApPaTHOr'O CEYEHHS.

[Ipn ompeneneHHH HAIIPSDKEHHIH B CIIyYae BHELEHTPEHHOI'O PACTSKEHHS HIIM CKaTHA
HeOOXOMMMO 3HATh IOIOKEHHE ITIABHBIX IIEHTPAIBHBIX OCEH CEYEeHHS, HMEHHO OT BTHX OCeH
OTCUMTBIBAIOT PACCTOSHHS TOYKH TIIPHUIIOKEHHSA CIJIBI M TOYKH, B KOTOPOH OIIPEJEIISIOT
HAaIIPsDKEHUS.

[IprmoxeHHas 3KCIEHTPHYHO CKHMAIOIA CHIIAa MOKET BBI3BATh B ITOIIEPEYHOM CEUYEHHH
CTEpP/KHS PacTSATHBAIOIIME HAIPSDKEHHS. B CBS3H ¢ 3THM BHEIEHTPEHHOE C)KATHE SBIISIETCS
OCOOEHHO OITACHBIM IS CTEDKHEH H3 XDVIIKHX MaTEpHAJIOB, KOTOPhIE CIIab0 COMPOTHBIISIOTCS

LOKYMEHT MOAMNUCAH
SNEKTPOHHOW NOANMMCHLIO _

CepTudukar: 12000002A633E3D113AD425FB50002000002A6 Hali CIOMKHOI'O COIIPOTHBIICHIA, KOI'Ta TCIIO

Bnapeneu: |1,/ We63yxosa Tatbnna AnekcaHaposHa DOpPMAIHI. HaIIpHUMEP, H3rHO COBMECTHO C

3THOOM U T. . IIpH 5TOM cieyeT HMeTh B BHAY,
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YTO H3THOaroIIHe MOMCHTHEI, I[EﬁCTE}*TOH_[HE B Pa3JIMYHBIX INIOCKOCTSIX, MOI'YT CKIIaQABIBATECH KdK
BEKTOPHI.

IIpuMep pelmennd 33424l Ha TEMY «AIPAMOM MonepeYHbIA H3rH0»

J[is 3agaHHON cxeMbl OankH (puc. 4.1) TpeOyeTcs HarmcaTh BhIpakeHH I BHYTPEHHHX
TTOIEPEYHBIX CIUT () H H3THOAIOIHX MOMEHTOB M, I KaXXI0ro y4acTkKa B OOIIEM BHIE,

TOCTPOHTE 3EOPH Q U M, Haittn M :m H ITogo0paTh CTAIIbHYIO ABYTAaBPOBVIO OAlIKY C

yKa3aHHeM e€ HoMepa. J[ommyckaeMoe HalpsoKeHHe Ha H3THO ITPHHSTh [‘L'] =150 MTITa.

3HAUYEHU I MOMEHTOB COIIPOTHUBIIEHNS ceueHHA ITPH U3THOE Wi 11 6aIoK JBYTaBPOBOI'O CEYEHHU S
(I'OCT 8239-89).

HUcxonueie gadHeie. a = 3.2 mb =4 4dmec =24 m, [ = 13 m,
M=10kHm, F =13 kH, g = 16 kH/m.

fi v
R q
B
C
/ |
PrcyHOK 4.1

Penrenme:

1. OrpegemiM OIIOpHBIE PeaKIH R; U R :

>Y =0,R-q-a-F+R,—q-c=0;

Zma (Fe ): 0;

0,5ga’ + Fa—M + qc(l - 0,5¢)

Rﬁ p— p—
- [ —c
_ 0,5-16-3.2° +l3-3,212—) 1[2216-2,4(13_0!5 . 2,4) S35

R=qga+F-R,+qc=16-(32+24)+13-53,5=49,1 xH

[TpoBepka: ZmB(FE ): 0,
~R(l—c)+qall —c—-0,5a)+ F(I—c—a)+ M —-0,5gc" =
= —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

OITOpHBIE PEAKIMA HaH/I€HbI BEPHO.

2 _Hatimem RHausHUg URTUHAFOITTUY MOMEHTOB M), H ITOIepeYHBIX CIII () Ha KOHIaX
OOKYMEHT noanwncAH

INEKTPOHHOW NOANMCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lleBayxoea TateAHa AnekcaHapoBHa
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g 1Q

i z
V4 M;
PucyHOK 4.2
Q1 - Rl — 4z,
Mu:l — RIZ] - 055‘:?‘312’
nmpuz =0, Q=R =41« M, =0

npuzr =a = 3,2 m, Q, - R, —qa = 49,1-16-3,2=-21 kH:
M =R -a—05ga>=491-32-05-16-32> =752 xl
II Vuacmox (puc. 4.3):0<z, <a-+b,

PucyHOK 4.3

0,=R —ga—F =49,1-16-32—13 =151 x
M _,=R -z, —qa(z,-05a)- F(z, - a)

npu 72 = 3,2 m,

M, =R -a-qa(a-05a)-Fla—a)=491-32-16-32(3,2-0,5-3,2)= 75,2
KHm,

npuz2 = 7,6 m,

M, =491-76-16-32(7,6-0,5-3,2)-13(7,6 - 3,2)= 8,76 xHn.
IV Vuacmox (puc. 4.4):0< 7, < ¢

PucyHok 4.4

Q,=qz,,

JOKYMEHT NOAMNMWUCAH
SNEKTPOHHOW NOAMNMUCHIO
CepTuchukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLleBGayxoea TatkAHa AnekcaHapoBHa
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M, =-0,516-24" =—46,08 xH.

14 -

III Vuacmox (puc. 4.5) ¢c<z,<l—a—-b (2,4<z7,<5,4)

y R

PucyHOK 4.5

Q.,=qc—R, =16-24-535=-151 xH,

M, = _qc(z_‘i - 0=56)+ RE(ZH - E)-

npuzs =24, M, =-16-2,4(2,4-0,5-2,4)+53,5-0=-46,08 xHu
npuzs=54m M . =-16-24(54-0,5-2,4)+53,5(54-2,4)=-0,78 «xH

X "
OmnpeaeniM KOOPHHATY CEUYEHHT J, , IIPH KOTOPOH Q7 = 0 M AM); = max.

R —qz™ =0
R 49,1

2" =—=——=307 m
g 16

M™ =R -z™ —0,5¢(z™ ) =49,1-3,07—0,5-16-3,07> = 75,3 xHu.

1l

13 TTOCTPOEHHBIX S0P (PHC. 4.6) BUIHO, YTO OMACHBIM SBISETCS CEUEHHE,
e
pacrionokeHHoe Ha 3,07 M ot JeBoro kKonma 6amxu ¢ M~ = 75,3 xHwm.
OIpeIeM MUHHMATEHO HEOOXOJIHMBIIT MOMEHT COIIPOTHBIIEHHSI CEYeHHsT GaTKH MPH

mw3rn6e W™ | U3 yCIOBHS IPOYHOCTH 1O HOPMAIThHBEIM HAITPSDKEHISIM.

| Mnmx . 6
Wmn — 1 — 7593 10

C T o] T 150
Haznauaem aytaBp Ne33 (I'OCT 8239-89) ¢ oCeBBEIM MOMEHTOM COIIPOTHBIICHHS
ceuerna W_ =397 ca’,

= 502252 mwm’.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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Bonpocet u 3a0 anuia:

l.

YT1o Takoe HU3ruo?

PucyHOK 4.6

2. IlocTtpoeHue 3mmrop IIpH H3rHoe.
3. BHyTpeHHHe CHIIOBEIE (PAKTOPHI .
4. OmnpeneneHue H3rHOAKOIErO MOMEHTA.

CepTtudmkar:
Bnapeneu:

AOKYMEHT MOAMUCAH
ANEKTPOHHOW MOAMWCHIO

12000002A633E3D113AD425FB50002000002A6

lLleBayxoea TateAHa AnekcaHapoBHa
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IIpakTHYecKOe 3aHATHE 9
Tema: MU3rud ¢ KkpyyeHHEM
Llenb: HayuYHThCS peIaTh 3aayil Ha H3THO ¢ KpyUYeHHEM
3HATh. ITPHHIMIIEI COIPOTHBIEHUS KOHCTPYKIHOHHBIX MAaTepHalIOB, METOABLI H aJIrOPHTMEI
ITPOEKTHPOBAHUS PA3IMUYHBIX MEXAHHYECKHX CHCTEM, METOABI M allTOPUTMBI KOHCTPYHPOBAHHS
3JIEMEHTOB Pa3IMYHBIX MEXaHHYECKHX CHCTEM, METOJMKH pacyeTa Ha ITPOYHOCTh, JKEeCTKOCTh H
YCTOHYHBOCTE 3IIEMEHTOB MAIIMH M HX KOHCTPYKIIHI,
YMETh. OCVIIECTBISTh PAIHOHAIBHEIN BBIOOP KOHCTPYKIIMOHHBIX M SKCIIIYAaTAIHOHHBIX
MaTEPHAJIOB, ITPOM3BOJUTE PacCUeThHl HA IIPOYHOCTh M JKECTKOCTH IIPH PacCTSDKEHHH-CKaTHI,
KPYUYEHHH, H3rHOe M CJIOKHOM HArpy’kKeHHH, ITPH CTaTHYECKOM H YIapHOM IIPHIIOKEHHH
Harpy3OK, BBITIOIHSTH CTaHIapTHEIE BHJIBI IIPOYHOCTHBIX PaCUETOB.

Axmyansnocms memst OOBSCHIETCS OCHOBHBIMH ITPHHIMIIAMH OIIPEJIelIeHHSI BHYTPEeHHHX
(paKTOPOB ITPH H3THOE ¢ KPYUYEHHEM.

TEGPEHIH‘IECK{IH Yacmv.

,HJIH PELICHITA 3a/a9 HeoOXOIHMO YCBOHTDL TCMY «] ' HImoressr ITPOYHOCTH H HX
ITPHMEHCHHCY, TdAK KdK B HHX PACCMATPHBACTCAH COBMECTHOC IIeHCTBHE H3rHOa H KPYUCHHA H
pPacHcT ITPOH3BOAHTCA C ITPHMCHCHHCM I'TIIOTC3 ITPOYHOCTIL.

YcioBHe IMPOYHOCTH B 3TOM CJIYVHAac HMCCT BIH/I.

M
I:TE'?-.'E — — q:_: [I:r] ;]
W

X

rae: Ms. - Tak Ha3bIBaeMbIH SKBHBAJIEHTHBIH MOMEHT.
[Tpu rumore3e HAaHOOIBINNX KacaTelIbHBIX HAIIPSKeHHH (HHa4de - TPeThsS THIIOTE3a):

2 2
M, =M?>+M?
[Ipu rumorese MOTeHIMATBHOH SHePrHH (DOPMOH3MeHeHH S (HHAa4Ye - IIATasI THIIOTe3a):
2 2
M., =JM>+075M?

B o6enx popmymnax M u M, - COOTBETCTBEHHO KPYTSIIHI H CYMMapPHBIH H3THOAFOIIHI
MOMEHTEI B pacCMaTpHBAaEMOM CEYEHHH Bala. YHCIOBOE 3HAYEHHE CYMMAPHOIO H3THOAIOIIETO
MOMEHTA PaBHO I'€OMETPHUYECKON CyMMe H3THOArOIIIX MOMEHTOB, BOSHHKAIOIIHX B JITaHHOM
CEYEHHH OT BEPTHKAIILHO H TOPH30HTAIIBHO JEHCTBVIOI[HX BHEIITHIX CHII, T.€.:

M, = JM?+M?

[locnenoBare IbHOCTh PEIIEHNS 3a]auH:

1. [IpuBecTH AEHCTBYIOIIME HAa Ball HArPY3KH K €r0 OCH, OCBOOOJIHUTE BaJl OT OITOP, 3aMEHHB HX
IEHCTBHE PEAKI[UAMH B BEPTHKAIILHOH H TOPH30HTAIIbHOH ITITIOCKOCT SIX.

2. I1o 3agaHHON MOIITHOCTH P H YITIOBOH CKOPOCTH (¥ OIIPEIEIINTh BPAII[aroI[e MOMEHTEL,
IEeHCTBVYIOIIIE Ha BaJl.

3. BeIuMcimTes Harpys3ku Fi, Frj, F>, Fr2, IPHIIOXKEHHEIE K BaJTy.

4. CoCTaBHTH YPaBHEHHS PABHOBECHS BCEX CHII, IEHCTBYIOI[MX Ha Ball, OTACIBHO B
BEPTHKAILHOH IUIOCKOCTH H OTAEILHO B TOPH30HTAIILHOM INIOCKOCTH H OIPEIEIINTE PEAKIHH
OITOp B OOEUX ITIIOCKOCTSIX

5. IlocTpOHTS 3IXOPY KPYTAIIHX MOMEHTOB,

6. HDCTPDHTB SITHOPEBI H3rHOAIOIIIX MOMEHTOB B EEPTHKE[J]LHDﬁ H I‘DPHBDHTHJILHGﬁ INTOCKOCTAX

(arropsl My u M)).
7. O NOKYMEHT NOAMWUCAH HTHOT'O MOMEHTA;
ANEKTPOHHOW NOAMUCHIO > > >
Ceptuchukat: 12000002A633E3D113AD425FB50002000002A6 M+ M
Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa
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My, = M2 +M?+075M>

8. Cunras, uto O, = |0 |, ompenemite TpedyeMslit 0ceBOH MOMEHT COIIPOTHBIEHI:

W =M__J/lo].
Y‘IHTBIE&H, HTO JJIS CIDIOHIHOIO Kp}’THGI‘G CCYUCHIIA.
7d’
W =——=0,1d 7
32

oIpefielsieM d I10 cleAyIoIeH (opmyie:
32M M
d :_} 3 IKE ~ 3 IKE *
7lo] 0,[c]

I[TPUMEP BBITITOJIHEHWA 3AJJAHW A
HATEMY «U3I'Kb C KPYUEHHUEM»

J[71s1 cTalbHOTO Bajla IIOCTOSHHOTO ITOIEPeYHOr0 CeYEHHS ¢ ABYMS 3yOUaTBIMH KOIecaMH (
pHc. 5.1,a ), mepeJaroIero MOIMHOCTE P = 15 xBm TIPH YII0Boil ckopocTH @ = 30 pao/c
OIpPeJIeINTh JHAMeTP BaJja IT0 JBYM BapHaHTaM. a) HCIIOIb3YS TPEThIO THITOTE3Y IMPOYHOCTH, O)

HCIIONb3YS MATYEO THITOTe3Y IpodHocTH. [pnaars: [o]=160MI1a ; F, =04F,; F., =04F,

PenieHie:

1. CocTaBinsgeM pacuUeTHVYIO CXEMY Bala, IIPHBOIA AeHCTBYIOIIHE Ha Ball HATPY3KH K OCH
(puc. 5.1, 6). IIpn paBHOMepHOM BparieHHH Bana M; = Mo, rae M; v M - CKpy4YHBaroIIHe Iaphl,
KOTOPBIe JOOABILIIIOTC S IIPH IIepeHoce CII F'; 1 F> Ha OCh Baja.

2. OrnpegenseM BpalarIHH MOMEHT, JeHCTB VIOIIHMH Ha Ball:

M, =M, :EIO,S-IOBH-MZO,SM-M,
)

3. BeIyHcIMM Harpy3KH, IIPHIIOKEHHEIE K BalY:

2M, 2-0,5-10°

F = —10*H = 10xH - F,=04-10=4xH ;
d, 0,1 ”
3
pzzzfz _2 “;511” —410°H =4kH . F.,=04-4=1,6xH .

F =

4. OnpegensieM peaKI[HH OITOP B BepTHKAJIbHOH IIJIOCKOCTH (pHC. 3.1, 6):
Y M, =F, -AC+F,,-AD-R;-AB=0;

F,-AC+F,-AD 4-0,05+1,6-025

R, = OkH -
i AT 0 3
ONOKYMEHT NoanncAH *
SNEKTPOHHOWM NOANMMUCHLIO  _ ] . ) _ )
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6 5) F:-I BC F:-E DB _ O d
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
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o _F.BC+F, DB _4:025+16-0,05
= AB N 0.3

S>Y=R, -F,~F,+R, =2-4-16+3,6=0.

— 3,,6R'H :

Z Y =0, cnegoBaremsro, R 4 ¥ Ry HaliTeHsI MpaBIITBHO.

OrnpeaensaeM peaKIHH OIIOP B TOPH30HTaIbHOH ITTOCKOCTH (pHC. 5.1, 0):

M  F-AC—-F,-AD 10-0,05-4-0,25 Ry
4 AB 0,3 ” ‘

3HAK MHHYC VKa3bIBAET, HAa TO, UYTO HCTHHHOE HAITPpaRIEHHE PEAKIHH ITPOTHBOITOIOKHO
BEIOPAHHOMY:

DM, =R, -AB—F,-CB+F,-DB=0
ZX =0, cnegopatemsro, R, u R HaiigeHs! BepHO.

5. CTPOHM 5ITIOpY KPYTAIIX MoMeHToB M . (pmc. 5.1,B).

0. OHPE,[[EHHEM B XdPAKTCPHBIX CCHCHIAX 3HAYCHIA H3THOAIOIIIX MOMEHTOB M + B

BePTHKAITbHOI TTockocTH H M || B ropH30HTAIbHOI TIOCKOCTH H CTPOHM 3ITOPH (pHC. 5.1, T,

I):
MCI = RAv - AC =3,6-0,05=0,18xH - m :

M, =R, -AD-F, -CD=36-025-4-0,2=0,IxH -m;

M, =R, -AC=766-0,05=0383xH - u:
M, =R, -AD-F,-CD=7,66-025-10-0,2=—0,085xH - m

7. BerumcigeM HanOonIbIlee 3HaAUeHI e SKBHBAJIEHTHOI'O MOMeHTa I10 3aJlaHHBIM I'HIIOTe3aM
ITPOYHOCTH. TakK KaK B JaHHOM IIPHMepe 3HaUeHHEe CYMMApHOI0O H3rHOAIOIer 0 MOMeHTa B
ceueHHH C OombIlle, YeM B CeUeHHH D,

M= (M2 +MZ =018 +0383" = 0,423xH - u;

M= M} +M, =017+ 0085 =013xH - m

TO cedyeHHe C H SBIISIET CSI OITaCHBIM. OITPE,I[EJIHEM SKBHBAJIEHTHBIM MOMEHT B ceueHHH C.

BapmuaHT a):
M,y = M2+ M2+ M? =018 +0,383” +0,5° = /0,429 = 0,655¢H - m .
BapmuaHTt 0):

M, = (M2 +M? +0,75M? =018 +0,383% +0,75-0.5> = /0,366 = 0,605KH - 1

8. OnpegensgeM TpedyeMbIe pasMepHI Bajla 10 BapHaHTaM a H 0.

[Io BapHaHTy a
6
L, J0.655-10° s
NOKYMEHT I:IDﬂI'IHCAH 0.1-160 > *
SNEKTPOHHOW NOAMACHIO >
Ceptuchukar: 12000002A633E30113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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. 6
d =3 Mﬂm o— 3 0,605-10 = 33,6 mm
0dlc] \ 0.1-160

[Tpurmmvaem d, = 34MM .

PucyHok 5.1

Bonpocst u 3a0 anua:
1. UYrto Takoe H3rub ¢ KpyueHHEM?

2. IlocTpoeHHe S0P IMTPH H3THOEC KPYUEHHEM.

3. BHyTpeHHHEe CHIIOBHIE (DAKTOPHI .

4 Ommeneedus URTURANITIETO MOMAHTA T H3THOEC KPYUEHHEM.
ANOKYMEHT NoannucAH
SNEKTPOHHOW NOAMUCHIO
Ceptucbukat:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: le6ayxoea TateaHa AnekcaHgpoeHa
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IIpakruueckoe 3anarue 10
Tema: LleHTp naparienbHbBIX CHIL

Llenb: maTh CTYIAEHTY IIOHSTHE O I[EHTPE IapajulelbHbIX CHIIL.
3HATh. YCIOBHI PaBHOBECH S INIOCKOH M IIPOCTPAHCTBEHHON CHCTEM CHIL,
YMETE: IPHBOIUTE CHCTEMY CHII K IIPOCTEHIIIEMY BHIY,
COCTABIISITh U PENIaTh YPABHEHH I PABHOBECH S,
Axmyanvrocmos memwvt OOBSICHSIETCA HAXOXKJIEHHEM I[EHTPa IIapaUIelbHBIX CHII, TEM CaMbIM
VITPOIIAETCSA pacyeTHAas CXeMa.

Teopemuyeckas uacmo:
CHcTeMa JBYX Iapa/UIebHBIX W OIWHAKOBO HAaIpaBlIeHHBIX cwl Al U A(@ HMerorT
paBHOJeHCTBYOIYI0 K=A!+A(@, 1mMHHS JAeHCTBHS KOTOPOM IIPOXOMUT 4Yepe3 TOuky C,
OIIpeIeIIIEMYEO COOTHOIIeHHeM (1.5):

F,AC=F,BC

O4YEeBHTHO, YTO €CIIH TIOBEPHYTh CHIBI A! U A(@ Ha OAMH H TOT JKe YIOll a B OOHY H Ty XKe
CTOPOHY, TO Ha 3TOT K€ yIOJI IIOBEPHETCS H HX PABHOACHCTBYIOINAS, IIPHYEM €€ JTHHHS JeHCTBHS

OyJleT ITPOXOAHTh 4epe3 Ty ke Touky C ,TaKk KaK B OIIpeJesDIrolee ITONOKeHHe TOYKH C
BBIpakeHHe (1.5) BXOAST TOMbKO MOIYIIH cHII Fy 1 Fo.

Puc. 1.37 Onpedeneniie nonoxmce HliA
HEHMPa NaPALIeIbHBIX CILT

PaccMOTpHM Temneph CHCTEMY IIapaUIeIbHBIX H OJHHAKOBO HAaIlpaBIIEHHBIX CHII (A4/,
A@,A#,...,A% ), IPWIOKEHHBIX B TOUKaxX Aj(x1,y1,21), A2(x2,¥2,22),. . ., An(Xn,Yn, Zn) TBEPAOTO TETIA
(puc.1.34). DOra cucreMa cHn HMeeT paBHOAeHCTByIONylo K=CA$, a ee mHHA JeHCTBHA
IIPOXOMUT 4Yepe3 TOUKY C.;, TIONOXKEHHE KOTOPOH HAHAEM, OIPEeHelsas IIOCIIELOBaTeIbHO
ronoxeHus Touek Cy, Ca...,Cy.; ¢ TIOMOIIBIO BEIPaKEHHH

k
(2 Fn)ACr=Fp ;-Ar ,Cy

m=1 , 3allHcaHHBIX 1nd k=1,2,3,.,n-1 (1.18)
Tak xak B paBeHcTBa (1.18) BXOAST TOIBKO MOIYIH pacCMaTpPHBAEMBIX CHII, ITOIOKEHHE TOYKH
Cy-1 OTHOCHTEIBHO TOYEK A4;, A2, A3, . . ., Ay HE H3MEHHUTCSA IIPH JIFOOBIX OJIHHAKOBBIX
H3MEHEHN X OPHEHTAL[MH CHII CHCTEMEI.
OnpedenieHue: MouKa, uepe3 KOMopyw npoxooum JUHUA 0 eUCMeUs PASHOOelUCcCmyouiell
clUCHIEMbl NAP AL HBIX CUJL RPU JIF0 0bIX NOGOPOMAX IMUX CUJL HA OOUH U MO Jice Y2O0Il 6

BOKYMEHT MNOANMCAH 14 NAPAIEIbHBIX CUL
SNEKTPOHHOW NOAMUCHLIO | ap . -
Ceptuchukat:  12000002A633E3D113AD425FB50002000002A6 30JIBHOH ACKapTOBOH CHCTEME KOOPAHHAT.
Bnapeneu; LeBayxoea Tatbana AnekcaHapoBHa SHCHT OT HaIIpaBJICHIA CHII H HAITpaBHM BCC
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CHJIBI CHCTEMEI IapaiensHo ocH z (puc.1.34). Toraa mo Teopeme BapHHbOHA

M(R)=YM ,(F}) M (R)=Rx, ,

. YUHTBIBAL, UTO

>M (Fy)=Fx;+Fyx;+..+F,x, R O /57

c
, momyyaem 1~/ R

[IprveHsaq TeopeMy BapHHBOHA OTHOCHTEIBHO OCH X M OTHOCHTEIILHO OCH Z (B IOCTIeTHEM

CITy4yae HaIlpaBHB BCE CHIIBI ITapajlIelIbHO OCH ) ITOITyYacM aHaJTOTHYHbIE (hOPMYJIBI IS

, u =z .
yf-'n—f Cn—1.

_ 2 Fexy _2Fiyi _ 2 Fzy
Cn-1 R ’ yfn—f R ’ an—f R C(1.19)
HOJ‘I}*"IEHH&IE (bﬂpM‘y‘HLI HCITOIIB3YEM JJIA OIIPEACIICHITA ITOIMOKCHIMA IICHTPOB TXOKCCTH TCII,
HaXxXO/JAIHXCA B OJHOPOIHOM I'DABHTAIIIOHHOM IIOJIC 3€EMHOI'O TAT'OTCHH AL ,I[EﬁCTBHTEJIBHDj
CHIJIBI THMXCCTH OTACJIbHBIX YACTHIL TCJId, PA3MEPhI KOTOPOI'O MaJIBI 11O CPABHEHHIO C PaJHYCOM
3emMimH, 00pa3yIOT CHCTEMY ITapallJIENIbHBIX CHII, aHAJIOTHYHYIO PAaCCMOTPEHHOM BHIIIIE. HazoreM

PABHOJACHCTRVIOIIYIO CHII TSDKECTH OTHAEIIPHBIX YACTHIL TEIIA BECOM 3TOrO Tela U OYIIEM
0003HayaTh ero OYKBOH 3. LIeHTpOM TsKeCTH OyIeM Ha3kIBaTh I[EHTP MaparUieIbHBIX CHII

X

TSIXKEeCTH Pk OTAENBHBIX YaCTHI[ TejIa H 0003HavaTh €ro OYKBOH . B HOBBIX 0003HAUYEHHIX
dpopmymbl (1.19) nepermimyTcsa B BHAE:
Xp= 2. DXk yp = 2 DYk Zp = 2P i%k
P P P (1.20)
JI71s1 OMHOPOIHBIX TEM BEC Pk OTAEIBHBIX YaCTHI] Tejla IIPOIIOPIIHOHANIEH 00beMaM 3THX YaCTHI]

:Pk= Wk, @ BEC TeJIa ITPOIIOPIIHOHAIeH 00beMy Tenna P=7V (- BeC eQHHHIBI 00beMa).

[Toxgcrarnsas manHble BeIpakeHHA B (1.20), mocie coKpamieHHs Ha ¥, II0JTy4aeM (DOPMYIIBI JJIs
OIIpeJIENIeHI S LIeHTPpa TSKeCTH 00beMa:

. 2 ViXg y 2 ViV . 2 ViZg
P V 4 P V 4 P V

(1.21)

I[HH OAHOPOJHBIX TINIOCKIIX TIIIACTHH H H3IEIIHH H3 OOHOPOJHBIX JTHHEHHBIX 3JIEMEHT OB
(H&HIJHMEP 3 G,I[HGPG,[[HGﬁ ITPOBOJIOKIT ITOCTOAHHOI'O CE‘IEI—HIH): BBOAA BCC CAHHHIIBI ITIIOITTAAM H
BeC CAHHHIIBI AJIMHBI, dHAJIOT HYHBIX DﬁpﬂBDM IIOJIIYI4acM d)GpI\-I}fJIBI AJE OITIPCACIICHH A IICHTPA
THKECTH IUIOIIAAN H LHEHTPA TAXKCCTH JIHHIIH.

25 kX 2S5k Yk 25 kZk

X — ’ — ’ < — ’
P q yp q P q (122)
r7ie S - IUIomaab BCEH IIIACTHHBI, Sk - IUIOIAAH €€ YacTeH.
_ 2 lgxy 2y _ 2z
XP » y P y 4 P ’
L L L (1.23)
r'le L - JiHa BceH JIMHHH, [ - JIJTHHA €€ YacTeH.
Bonpocst u 3a0 anua:
1. OmpeneneHne LgHTPa ITapaiielIbHbBIX CHII.
2. OmnpemeneHne KOOPAHHAT I[EHTPa IMapaUIeIbHBIX CHIL.
3 “f‘ﬁg@;ﬁéﬁﬁ; AOANNMGAH 77T OTT € IIOMOIIBIO TEOPEME BapuHboHa. .

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6
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IIpakruueckoe 3anarue 11
Tema: CriocoGwI onpeelieHH s Ko3(pHI[HeHTa TPeHHS.
[lens: gaTh CTYAEHTY ITOHATHA O KO3(P(HIHEHTE TPEHHS H €r0 OIpeAelICHHH.
3HaTh. KHHEMAaTHYeCKHE XaPaKTepPHCTHKH TOYKH, AH((epeHIHaIbHbIE YPaBHEHHS JIBHKEHHS
TOYKI,
OOIIHE TeOpeMEI JHHAMHKI
YMETh. BBIUHCIIITE CKOPOCTH M VYCKOPEHHS TOUYeK H TOYEeK Tejla ITPH IIOCTYIATEIIbHOM,
BpallaTellbHOM U INIOCKOM JIBHKEHH X
AxmyansHocms memovr OOBSICHSETCS OIpeAeleHHeM Ko3(Q(QHIMEeHTa TPeHHsS Pa3IHYHbIX
MaTEPHAJIOB U CIUIABOB.
Teopemuyeckas uacmo:
Cuna mpenus cKobxceHuA. Kax 1oKa3pIBaeT OITBIT, IIPH CTPEMIIEHHH JBHIaTh OJHO TEJO 110
ITOBEPXHOCTH JIPYTOr'0 B INTOCKOCTH COITPHKOCHOBEHHUS 3THX Tell BOSHHKAEST CHIIA TPEHHS,
KOTOpPas MOXKET IIPHHHUMATE JTFOOBIE 3HAUEHHS OT HYIISI J0 HEKOTOPOIO ITPENIEILHOIO 3HAUEHHS,
OIpeIeIsIeMOT0 3aKOHOM KynoHa Fup = fN, The f- 6e3pa3MepHbIH KO3 IMIHEHT TPeHUS
CKOJIbKeHHS, N - HopMallbHas peakiis. Ko pHIHEeHT TPpeHHS CKOIbKEHHS OIpeelIseTCs
OIBITHBIM ITYTEM H 3aBHCHT OT MAaTepHalla COIPHKACAIOIIIXCS TEI H COCTOSHIS HX
ITOBEPXHOCTEH (XapakTep 00pabOTKH, CMa3KH, TEMIIEPATYPHL H T.I1.). OILITH ITOKA3BIBAKOT, YTO
CHIIA TPEHMS CKOIBXEHHS B IIMMPOKHX IPeeliaX He 3aBHCHT OT Pa3sMEPOB TPYIIHUXCS
IIOBEPXHOCTEHN TeJl. TaK 71 TOro, YTOOR! CABHHYTE OOBIYHEIN KHPITY, HYKHO ITPHIOXKHUTE
OJMHAKOBYIO CHIIY HE3aBHCHMO OT TOT'O JIEKHT JIM OH TUIAIIMS IIH Ha pelpe. IIpH perneHnm
3a]1a4 C YYETOM CIJI TPEHHS CKOIbKEeHHS HEOOXOIHMO YETKO PasiMyaTh OOBIYHOE H IIPe/elIbHOE
PaBHOBECHE TeJa. B IepBoM ciryyae BEITHYHHA CIIIBI TPEHHS HEM3BECTHA U JOIIKHA
OITPENETISTE CS M3 PEMIEHN S COOTBETCTBYIOIIMX YPaBHEHIH PaBHOBECHS. ECIIHM Ke B 3aa4e peyb
HIET O ITPEIEIFHOM PaBHOBECHH, TO CHIIA TPEHH S OIIPeAeIsIeTC S 3aKOHOM KyioHa:

F,,=IN (1.28)

30

- S - - - .

lpocmeiiwil npumep:. nycniv HA nejio, Haxooaujeecsa 6 paeHoeecUll Ha 20pU3OHM AT HOLL
uepoxoeamoii nogepxnocmii, deticmevem cuna F=10 H. Onpedenums, yemy paeia cuna mperiis
CKONbIHCEHLA.

Peuenue: e oannom cayuae meno 3a6e00M0 HAXOOUNICA 8 PAGHOGE CLILL 1L CLUTA MPEH1S
onpeoeinica 13 YPaeH eHUs paeHOo6e CLA.

» F,=Fcosa—-F,, =0,
s omxyoa Fpp=Fcos30°= 8,66H.

Hzmenum meneps ycnoeue 3a0a4il; onpeoem MUHUMAIbHYIO cuny F, cnocobnyo coeuHymb
meno ¢ mecma, ecau e2o eéec P paeen 10 H, a xosgpduyrienm mpenus cxonvocenun =0,1.
Pewenue: max xax peus uoem o npedenbHOM COCHIOAHULL PAGHOGE CLIA,

» F,=Fcos30° - Pf =0,

Fmpz_fN, N= P} Fmpszz IH,
F= fP/cos30°=1,15H.

Kar mrmpanTirn TN naarimia MrannavApaTaT TTORENXHOCTH HHSTO IIDEICTARIIITE G}Iﬁ.ﬂdﬂﬁ
OJOKYMEHT MNoarincAH P 1P pell

SNEKTPOHHOM NOAMUCHIO CHJIBL TPEHHUS Aqp (pHC. 1. 38)
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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Puc. 1.38. Peakuus uiepoxosamoi noéepxHocmil
Cre1oBaTeNbHO, ITOIMHas peakiug K Oyaer OTKIOHeHa OT HOpMAJIH K ITOBEPXHOCTH Ha

HEKOTOPBIH yroil. [IpH M3MeHEHHH CHIIBI TPEHHSA OT HYIIS 10 €€ IIPeJelIbHOrO 3HaYeHU s, ciiia K
H3MEHSAETCSA OT T 10 CBOEro MaKCHMAIBHOI'O 3HAUYEHI, a €€ YT OJI C HOPMAJIBIO PAacTET OT HYIIA
110 HEKOTOPOT O ITPeJAelIbHOI0 3HAYEeHH S (PH , HA3bIBAEMOI' O YITIOM TpeHHS. M3 pHCYyHKa BHIHO,
4TO 1g pu=Fup/ N, TOTIA C YUETOM TOTO, UTO Fip=fN , TIOTy4aeM tg ¢pr=f.

Ecmi K Teny NpHIIOKHTE CHITY 3 TTOJ YIJIOM a K HopMaiH (pHc.1.34), To Telno CaABHHETCS
TOJILKO TOrJa, Korja cABHrarolee ycHime Pcosa OyIeT O0nbIie Fip=fN. 3DTO O03HAYAET , UTO
HHKAKOH CHIIOH, 00pa3yIoIeil ¢ HOpMaIbIo yToll a < (pH, TEJIO BAOIb JaHHOH ITOBEPXHOCTH
CIBHHYTE HEIB 35

B

E

IIpumep 1 . Kaxoe oondicer 6uins MUHUMATL HbLLL KO3 (P huiienm mpenis ckonvxcenus [ e
Mecnie KOHMAaKma 0O0HOopOOH 0Ll Keaopamuoil naacmunst gecom P ¢ eepmuxanvroil cnernkotil,
eciu nIaAcmMuUHa @ 3a0AHHOM NOJOMCeHLLL Haxoouncs 6 paeiogecuil. Becom cmepowcha BF

npexneopeys.
D.*’!-!!!_-"!"_'_'!!_-"!' T.ﬂ:e.- SN TR oenn  Fmoan sawopom poem _.:I_._.:,L;_.-:.,T,_.-_.,:_.-: f."!'.""..".'f.'."".;-:'. C = W ' 7
NOKYMEHT NOONUCAH IR K GEPMMUKATOHOU CINEeHKU NP PpdEeHOEeClill
SNEKTPOHHOW noancCeio OCHOGAHUL MeopemMbl O Npex CILE{LT,}J mo Fmp=N
Ceptudbunkar: ., 12000002A633E3D113AD425FBS0002000002A6 IE?E?(?'E?HI:HGM}?HEHGEEEIHIJ Fmp=ﬁ\ﬁﬁv — N{.f=f.
Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa '

Nencreutened: ¢ 20.08.2021 no 20.08.2022
42



Tom xce pPe3viaosmdm MOMXCHO ROJVYHLUIIG U 1z VPAGHEHUA PAGHOGECUA FIACTNIIHBL.

>M,(F,)=N-BC-F, -AC=0, F, =N, {N=N, f=I.

Bonpocet u 3a0 anui:

1. UYrto Ha3pIBaIOT TPEHHEM?
2. Uro Ha3BIBAIOT TPEHHEM CKOJIbKEHIS?
3. Uro Takoe TpeHHEe KaueHH !

4. OrmpepaencHue KO3 QHIIHEeHTa TPEHH.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Heincreutened: ¢ 20.08.2021 no 20.08.2022
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IIpakrHueckoe 3anarue 12

Tema: COIpOTHBIEHHE ITPH KaUEHHH.

[lensb: maTh CTYAEHTY 3HAHHSI B OOIIACTH COITPOTHRIIEHUS ITPH KauyeHHH.

3HaTh. KHHEMAaTHYeCKHE XaPaKTepPHCTHKH TOYKH, AH((epeHIHaIbHEIE YPaBHEHHS JIBHKEHHS
TOYKH, OOIIME TEOPEMBI JIHHAMIKH.

YMETh. BBIUHCIIITE CKOPOCTH M VCKOPEHHS TOUYEK H TOYEK Tejla IIPH ITOCTYIIaTEIbHOM,
BpaIlaTelbHOM U INIOCKOM JIBHIKEHH X
Axmyanvnocms  memwvt  OOBSCHSIETCS  OIPEAECIIEHHEM  COIPOTHBIIEHHS IIPH  KaueHHH
BO3ZHHKAIOIIHX ITPH B3aHMOAEHCTBHH Je(pOpMAaIlHH TeIl.

TEGPEHHI‘IECK{IH Yacmos.
I'pernue kauenue. TpeHuem KaueHUA HA3LI6 AION CONPOMUGBIICHILE, 603HUKAIOULEe NP

KAUeHUU 00HO20 mejld no NO6EPXHOCHI 0PY2020.

[IpHYMHEI BO3SHHKHOBEHHS 5STOIO COMPOTHBIIEHHS HEBO3MOXKHO OOBSICHHTL 03 yuera
geopMaIliii Tell, BO3HHKAKOMIMX IIPH HX B3aHMOJCHCTBHH. PacCMOTPHM  KPYVITIBIH
IIUIMHIPHYECKIIT KaTOK PagHycoM R BecOM 3, JIeKallleH Ha TOPH3OHTAJIBHOMN IIEPOXOBATOH
TUIOCKOCTH, KOTOpas IOJ TSDKECThIO KaTKa clIerka Je(opMHpoBalach, TaKk YTO KacaHHE KaTKa C
IIOBEPXHOCTBIO TEIEPh IIPOMCXOAHUT HE B OMHOH TOYKE, a II0 HEKOTOPOH IUIomiaake AB
(puc.1.39). Ilog nmelicTBHEM CHIIBI U, IIPHIIOKEHHON K I[EHTPY KaTKa, JaBJIeHHe YV Kpas A
yOBIBAeT M BO3pacTacT VKpas B. B pesvyibTate HOpMalbHas peakims T

Puc.1.39 Momenm conpomui@neniis npi KadeHiil
SIBIISIIOINASICS  PAaBHOAEHCTBYIOIEH pacIpelelIeHHbIX Ha IUIOINaake AB CHI, CMeIaceTcsd B
cTOpOHY eficTBus ciwisl M. C yBemrueHHeM Q 0 HEKOTOPOTO IPeJelbHOrO SHAUEHHS Qip BTO
CMEIIEHHE PacTeT A0 HEKOTOPOH IIPEeJe/IbHOH BEIHYHHEL fi. B 3TOT MOMEHT Ha KaTOK OyayT
JeHCTBOBATh JIBE YPaBHOBEMIIMBAIOIHE JPYI JApyra IIapel CHII (IL/'IHP:, Ap) u (T, 3) ¢
MOMeHTaMH Mgy, = QR 1 M'b= Nf$ coorBeTcTBeHHO. [loka Q< Oyp KaTOK OYJIET HaXOMUTHCS B
1oKoe, IpH Q> Oy HauHeTCs KaueHne. Bxoasimasa B popmyny  Me =Nfr (1.29)
JTHHEeHHas BeJIMYHHA [ Ha3bIBaeTca KO3()(PHIHEHTOM TPeHHI KaueHH . J[11 OOJIbIIHHCTRA
MaTePHAIIOB, BXOASIIEe B BRIpaKeHHE IS ITPeJAeIbHOrO 3HaueHHI Q:
OTHOIIIEHHE fi/R3HAYHTEIHLHO MeHbIIe KO3 PHI[HEHTA TPeHHI CKOIbKeHNA f 13 (popMyTIsl (1.28).
OTHM OOBSACHSETCS TO, UTO B TEXHHKE, Be3/I€ TIe TO BO3ZMOKHO, CTPEMSTCS 3aMEHHTh
CKOIIbKEHHE KaUueHHEM.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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IIpumep. Ha xaxoii evicome h i kaxyio 20pu3onmanvhyo cuny F HysicHo npunoxcums, unobsl
kamok, cuna maxcecmu komopozo G=1000 H, pasrHomepro cxonv3u no 20pU30HNMATbH Ol

nnockocmii 6e3 kauernus. Kosgguyuenm mpenus xauenus fi = 0,01m, kxosppupienm mpenis
cxonvcerusa = 0,1 .

Pewenue. J{na mozo umobul xamok oeuzancs pasHomepHo enpaeo, cuna F oonacua 6vimo
PasHa MAKCUMQIb HOMY 3HAYEHUIO CLIbL MPeHIS CKOMbHCeHUA.

F = Fop= fN =100 H. Kamox ne bydem epawjamscs, eciu MOMeHnl, co30a8aemMbulii Rapoli Cu
(A, Amp) He 6YyOem npeeviuLamv MAKCUMAIbHO20 3HAYEHUS MOMEHNLA CONPOMIUGIEeHLS

M.= fiN= kG =10 Hm, m.e. maxcumanvroe 3uaverue h = M/F = 0,1m .
Bonpocet u 3a0 anuia:

1. YTo HAsRIBAIOT KaucHIEM?
2. llpHyiHEI BO3SHHKHOBEHH S KaueHI?

3. HG‘-IEEI\{}*' B TEXHHKEC, BC3/IC I'IC 3TO BO3MOHO, CTPEMATCA 3aMCHHTE CKOJIbKCHIIC KaueHHeM?

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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IIpakrHueckoe 3anarue 13
Tema: Axpo ceueHNs IIpH BHEIIEHTPEHHOM CKaTHH.
Llenb: HayuYHThCS OIPENENISITh SAPO CEUEHIS ITPH BHEIIEHTPEHHOM CKAaTHH.
3HaTh. KHHEMAaTHYeCKHE XaPaKTepPHCTHKH TOYKH, AH((epeHIHaIbHbIE YPaBHEHHS JIBHKEHHS

TOYKH, oO0I1He TCOPCMbI JHHAMIKII
YMeThb: BBIUYHCIISTH CKOPOCTH H YVYCKOPCHI TOHUCK H TOUCK TCla IIPH IIOCTVYIIATCIIBHOM,

BpalllaTeIbHOM H INIOCKOM JBHIKEHH SIX
Axmyanvnocms memsl 3aKIIOYAeTCI B IIPHMEHEHHMH 3HAHHH B OOJIacTH KHHEMATHKH Ha
IIPAKTHKE.

TEGPEHIH‘IECKELE YACHD.,

[IpH KOHCTPYHPOBAHHH CTEP)KHEH H3 MaTEPHAIIOB, INIOXO0 COIMPOTHRISIONIHXCS PACTSKEHHIO
(GeTOH), BechbMa JKelIaTelIbHO JOOHTHCS TOro, YTOOKI Bee ceueHHe padoTallo JINIIb Ha CKaTHE.
5TOro MOKHO JJOCTHTHYTh, He JjaBas TOUKe IMPII0KEHHS CHIIBI P CIIHIIIKOM JaleKO OTXOIHThL OT
I[EHTPa TSDKECTH CEYEHHS, Or PAHHYHBAS BEIINYHHY SKCIL[EHTPHCHTETA.

KoHCcTpyKTOpY KelnaTenbHO 3apaHee 3HATh, KaKOH SKCI[EHTPHCHTET IIPH BEIOPAHHOM THIIE
CEYEHH S MOJKHO JIOITYCTHTD, HE PHCKYS BBI3BaTh B CEUeHHSX CTEPIKHS HAITPSIKEHHI Pa3HbIX
3HAKOB. 3eCh BBOAUTCS IOHSITHE O TaK HAa3bIBAEMOM SJIPe CeUYeHH . OTHM TePMHHOM
0003HaYaeTCsAa HEKOTOpas 00JIaCTh BOKPYT I[EHTPA TSDKECTH CEYEHHSL, BHYTPH KOTOPOH MOKHO
pacronararb TOYKY IIPIJIOKEHHS CHIIBL P, He BEI3BIBAasA B CEUEHHH HaIIPSDKEHHI Pa3HOIO 3HAKa.

[Tokxa Touka A pacriomaraeTcs BHYTPH SApa, HeliTpalbHas Och He IepecekaeT KOHTypa
CEYEHHSL, BCE OHO JIEKHT 110 OJJHY CTOPOHY OT HEHTPaIbHOH OCH H, CTaJIO OBITh, pa00OTaeT JIHIIIb
Ha ckaTHe. [IpH yaaneHHH TOYKH A OT LieHTpa TSDKeCTH ceYeHHSI HEHTpalbHas oCh OyAeT
IIPHOIIIKATHCS K KOHTYPY, TPaHHIIA Spa OIPeJeIHTCS TEM, UTO IIPH PaCITONOXKEHHH TOUKH A
Ha 5TOH I'PaHHIle HENTPalIbHAasI OCh IMOJOHIET BIUIOTHYIO K CEUEHHIO, KOCHETCH €T0.

Puc.1. KoMOHHAINH ITONIOKEHHS CKHMMAOINEH CHIIBI H HEHTPAIIbHOH JIMHHI

Taxkmm o0pazoM, ecl MBI OyJIEM IIEPEMEINATh TOUKY A TaK, YTOOBI HEHTPallbHAs OCh KaTHJIIACh
IT0 KOHTYPY CEUYEHHSL, He IIepeceKas ero, To Touka A oOOHIET 110 TPaHHIIe Sapa ceueHHs. Ecin
KOHTYP CEUEHHS HMEET «BIIAJHHBI», TO HEUTpaIbHas OCh OyIeT KaTHThCS I10 OrHdaroIen

KOHTYpa.
Y100k IOJIYYHTE OUEPTAHHE SAPa, HEOOXOMHMO JaTh HEHTPAIbHOH OCH HECKOIIBLKO

- - id
ITOIIOKCHHI, KACATCJIbHBIX K KOHTYPY CCHUCHH A, OIIPCACIIMTDE JJIA 3THX ITOJIOKCHHH OTPE3KH Yu

“ = H BBIUHCIIHTD KOOPAHHATHI YeH ©2TOYKH IPHITOM¥CHHA CHIIBI ITO QJDPI\I}GI&B{, BBITCKAHOITIIM I3

H3BECTHBIX 3aBHCHMOCTEH

2 2
I ;

J}P - -, EP - — .
o o
5TO H OYVAYT KOOPAHHATEI TOYEK KOHTYpa sApa »#H ¢,
[Ipn MHOTOYTOIIEHOM (popMe KOHTYpa ceueHHs (Prc.2), coBMenas mociue oBaTeIbHO

[l

HEHTPAJIbHYIO OCh € Ka)KI0H H3 CTOPOH MHOTOYI OJIbHHKA, MBI ITO OTpe3KaM ¥ H ®s OIpeelim
AOKYMEHT NOANVCAH 3eTCTBYIOIHX STHM CTOPOHAM.
QNEKTPOHHOW NOAMNUCHIO N 5
Ceptuchukar: ' 12000002A633E3D113ADA25FB50002000002A6 [CHI K IPYT'OH HEHTPallbHasl OCb OYIET
Bnapeney: LWebayxosa TatbaHa AnekcaHapoBHa . CTOPOHBLI, TOYUKA ITPHJIOKEHH A CHJIBL 6}’,[[ET

THBIMIT VK€ TOUKAMI. YGTEIHGEI]I%-I:, KakK OOJIHa
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IICPEMEIIATE CA CHIIA P:, YTOOHRI HEﬁTpEIJ]I:HEIH OCBh ITPOXOAHIIa BCC BPEMA HCPE3 OJHY H TV JKC

TOUKY B (¥2,%3) — Bpamanace Obl 0KOJIO Hee. [loacTaBinsas KOOpAHHATEL 3TOH TOYKH
HEHTPaIbHOH OCH B H3BeCTHOE YpaBHEHHE HeHTPAIIbHOH OCH (JIHHHH), ITOTYIHM:

142208 2278
i I

Puc.2. SIapo ceyeHHS 719 MHOTOYTOIBHOMH (DOPMBI ITOIIEPEYHOI 0 CEUeHH S

Taxmm 00pa3zoM KOOPAHHATEL *'#H <2 TOUKH A ITPHIIOKEHNS CHIIBI P cBS3aHBI IMHEHHO. [1pH
BpaIlleHHH HENTPAIIbHOH OCH OKOJIO ITOCTOSHHON TOYKH B TOUKa A IIPIIOKEHHUS CHIIBL ABHKETCS
10 IpsMOH. OOpaTHO, IepeMEIEHIE CIIIBL P 110 IMPSAMOH CBSI3aHO ¢ BpallleHHEM HEHTPaIbHOM
OCH OKOJIO ITOCTOSHHOH TOYKH.

Ha Puc.3 n300pakeHbl TPH ITONOKEHHS TOUKH IIPHIIOKEHH S CHIIBI HA 3TOH IIPSMOH H
COOTBETCTBEHHO TPH ITONOKEHH I HEHTPAIbHOH OCH. Takum o6pa3oM, IIPH MHOTOYI'OJIbHOH

QJGPME KOHTYPa CCHCHIA OUCPTAHHC APd MCAHIY TOUKAMIL, COOTBCTCTB YIOIIHMII CTOPOH4AM
MHOTI'OVT' OJIBHI KA, 6}*’I[ET COCTOATD H3 OTPE3KOB ITPAMBIX TIHHHI.
2z

Puc.3. /luHaMIKa IIOCTPOEHNS SIpa CEUeHH S

Ecinn KOHTYP CCHCHHA LHCIIHKOM HJIM YaCTHYHO OI'PAHHYCH KPHBBIMIT JIHHHANMIL, TO IIOCTPOCHHC
I'PaHHIIBI AAPd MOKHO BECTH IIO TOUKAM. PHCCMGTI}HM HECKOJIbKO ITPOCTHRIX IIPHMEPOB
ITOCTPOCHHA A4pPa CCHUCHITA.

[IpH BBITIOIHEHHH 3TOrO ITOCTPOEHHS JIJIS ITPSMOYT OJIBHOI'O ITOIIEPEYHOTO CEYEHHS
BOCITIOJIb3YeMCS ITOTYYEHHBIMH (DOPMYIIaMH.

Tr'ITr.T MATTTMASTTASTTATLIITITIL TTYWATLITITT TTTTia aTTIaTITI i TTTWTIT 117 1
A TR 'BIKEHHH TOUKH A 110 ocH Oy HaiiZleM To
SNEKTPOHHOW MOANMUCHIO .
Ceprucbikar -~ 12000002A633E3D113AD425FB50002000002A6  3aiMeT 1ornokenre H,0;. UmeeM:
Bnapeneu: le6ayxoea TateaHa AnekcaHgpoeHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
47



’ 12e, ’
OTKYyJIa
-

Yg

Taxym oOpa3oM, TpaHHIIEL sapa 110 ocH Oy OyIYT OTCTOSATh OT IleHTPa ceueHHsI Ha 1/6

7]
BemauHEL b (Prc.4, Touxu 1 1 3); mo ocn Oz MpaHHIEI Spa ONpPeIeNsIcs PacCTOSHISIMI ©
(Touku 2 1 4).
T TIOIyYeHHSI OUePTaHHS SAPa LETHKOM H300pas3HM ITOI0KeH S Hel TpanbHoit ocH <% 1% ¢

#1504 . COOTBETCTBYIOIOIHE I'PAHHYHBIM TOYKA4M 1 u2.
HpII IICPEMCILICHHI CHJIBI H3 TOYKII 1B TOYKY 2 110 I'PAHIIIC A0]Pad HEﬁTpEl.]]LHElH OChk A OIIKHA

TTepeiiTH 13 MONIoXKeHN <2 1~1 B ronokeHne <22 Bce BpeMs Kacasich CeUeHH, T. €.
ITOBOPAYHBASICh BOKPYT TOUYKH D.

Puc.4. ITIOCTPOCHIIC APad AJIA ITPAMOYI'OJIBHOI'O CCHCHIA.

JIs1 3TOrO CHIa JOJIKHA JBHUTAaThCS IO IIPSMON 1 — 2. TOYHO Tak Ke MOXKHO JOKa3aTh, YTO
OCTAJIbHBIMH I'PaHHIIaAMH SAapa OyayT THHHH 2—3, 3—4 u 4—1.

TakrM oOpazoM, I IIPSAMOYTOIILHOIO CeYeHH S AP0 OyaeT poMOOM C JHATOHATISIMI,
PaBHBIMH OJHOH TPETH COOTBETCTBYIOIIEH CTOPOHEI CeYeHH. [103TOMY ITPSMOYTOIIBHOE
CEUEHHE IIPH PacIIOIOKeHHH CHIIBI IO ITIaBHOH OCH padoTaeT Ha HaIpsDKeHHS OHOIO 3HaKa,
eCJIH TOUYKA ITPHIOKEHHS CHIILI He BBIXOIHUT 3a ITPEIEiIbl CPeaHEN TPETH CTOPOHEI CeYeHH .

S S
I - 1

I oY

Puc.5. I[I[[—IE]MIII{E], H3MCHCHIA HEalH}I{EI-H[ﬁ IIPH H3MCHCHITH SKCILICHTPHCHICTA.

OMFOPHL pacIipeielIEHH S HOPMaJIbHbIX HAIIPSKEHHI ITO ITPSMOYTOJIbHOMY CEYEHHIO ITPH

SKCIICHTPDHCHICTE. PDABHOM HVIIIO. MCHEITICM. PABHOM H OOIILIIIEM 'D',I[HDﬁ IIeCTOH ITHPHHBI
NOKYMEHT NOAMMUCAH
SNEKTPOHHOWM MOANMCHIO
Ceptucmkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: le6ayxoea TateaHa AnekcaHgpoeHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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OTMETI]I%-I:, HTO ITIPH BCEX TTOJIOKCHITIX CHIIBI P HaIIpsOKEHIIC B IICHTPC THXKCCTH CCHCHHA (TGT-]I{E],
F

O) O4HHAKOBO H PaBHO F H 4TO cHia P He HMeeT IKCHCHTPHCHICTA I1O ETGpGﬁ TTIABHOH OCH.

f
TI11s1 KPYTIIOro ceYeH s paJiyca r odepTaHHe spa OyIeT 0 CHMMETPHH KPYTOM pajgHyca |.
BospMeM Kakoe-1H00 IONOKEHHE HENTPAJIBHON OCH, KacaTelIbHOE K KOHTYpPY. Ochk Oy

PACITIOJIOKHIM ITIEPIIEHANKYILIPHO K 3TOH KacaTelbHOH. Toraa

J:"F'4

i
a.o=r ‘e T
.]-'_ ’ﬁIE:E::'; I:IJ,I

2
T _

4. 75"
r
'

o R 8
-:h-‘:l."h '-_--|.'|:I h.--h" |||= "

Puc.6. Sapo ceueHns Ij1g ABYTaBpa — a) M MBeliepa — 0)

TaxrM oOpaszom, SApPOo MpeAcTaBIsgeT COO0H KPYI ¢ PagHyCcOM, BUETBEPO MEHBIIIM, YeM PaJIHYC
CEUCHM 5L

JIs AByTaBpa HeHNTpaIbHasa OCh ITPH 00X0e KOHTYpa He OVET IepeceKaTh IUIOMa I
IIOIIEPEYHOrO CEYEHHS, eCIIH OYIET KacaThC IMPSAMOYTOIBHOIo KoHTYpa ABCD, omnmmcaHHOro
okoJ10 aByTaBpa (Prc.6a). CnemoBarenbHO, OUepTaHHe sapa I ABYTaBpa HMeeT (popMy pomoa,
KaK M IS IIPSAMOYT OJIbHHKA, HO C JPYTHMH pa3sMEpPaMH.

Jlns mBennepa, Kak H 1A AByTaBpa, TOUKH 1, 2, 3, 4 KoHTypa gapa (Pic.6 0) COOTBETCTBYIOT
COBITAJEHHIO HENTPAJILHOH OCH CO CTOPOHAMH ITpsMOyTroiasHHKa ABCD.

Bonpocuot u 3a0 anuia:
I. Yrto Taxkoe Aapo ceueHHsI?
2. Kaxkue OpIBArOT SIMFOPHI pacIIpeielIeHHS HOPMAallbHBIX HaITPSDKEHHH .
3. Bammumre QOpMYIYy OIpeleleHHS IIOJIHOTO YCKOPEHHS TOYKH, JIBIDKYIIEHCS

BpaIlaTelbHO.
4. JlanTe oIpejielIeHHe MTHOBEHHOIO IIEHTPa YCKOPEHH L.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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IIpakrHueckoe 3anarue 14
Tema: Pacyer GankH Ha YIIPYTrOM OCHOBAaHHH.
[lenb: HAYIHTHCS pacUHTHIBATh OaJIKH Ha YIIPYTOM OCHOBAaHHH
3HaTh: OCHOBHEIE ITOAXOABI K (pOpMalH3allHH H MOJEIHPOBAHHIO JBHKEHHS H PAaBHOBECHSI
MaTEepPHAIbHBIX TE,
ITOCTAaHOBKY H METO/JIbI PEIIeHHS 3a/ja4 O JBHKEHHH H PaBHOBECHH MeXaHHYeCKHX CHCTEM,
KHHeMaTHYeCcKHe XapaKTepPHCTHKH TOYKH, JH(epeHIHaTbHbIe YPaBHEHH JIBHKeHHS TOUKH,
oOmrHe TeopeMbl JHHAMHKH, TEOPHIO yapa.
YMeTh: BBIUHCIISITH CKOPOCTH M YCKOPEHHS TOYeK H TO4YeK Tela IPH IOCTYIATeIbHOM,
BpaIaTeIbHOM H ITIIOCKOM JBIKEHHSIX
Axmyansrnocms memuvt OOBSICHIETCS OINpelelIeHHeM CKOPOCTH H YCKOPeHHS TOYKH ITO 3aJaHHBIM
ypaBHEHHSIM e€ JBHIKEHHS.

Teopemiveckasn uacmo:

K uucny cmamuuecku Heonpeodenumvlx 6anox mozxcem Ovimv omHeceHa OAAKa HA YHAPY2oM
ocnoeanuu. Tax Hazvieaemcs banka, onuparoujascsa no eceii ceoeti onune (Puc.l) na ynpyzoe
OCHOGAHIIe, OKA3bleAouee € Kaxdcooil mouke HA OAIKY peaxifilio, NpONOPYLOHANLHYIO V —
npoezuby banki e smoii mouxe. Kosgraguenm nponopyiionansrnocmit obosnadaenicsa 6ykeoii k.

Beeodenue npeononooicenus o nponopyuoHansHoCcmiL  peakyuil  npocuby  aensemcs
NpUOaLIXCeHIIeM, XOMA 1L OOCIAMOYHO OLBKLUM K OelicInELnte/ibH blmM VCIA0GLM.

! o 1 s X

o !

A FE L

Puc. 1. Pacyemnas cxema 6ankit Ha ynpy2oM OCHOGAHLIL.

IIpeonookceniie eeecmit e pacuem Ko3p@iujilenm HPONOPUYUOHATLHOCUL K, UMeHyeMblil
«kO3(uyienmom nocmenity, 6vlI0 6nNepEvle CcOeNAHO pycckuUM axademixom Huxonaem
Heanoeuvem Dyccom e 1801 eo00y. Illpunumaa 5mo npeononoxcewile, NOAYVHACM, YNMO
LUHIMEH CLUEHOCHIb PeaKijlill OCHOBAHUS 8 KaXCOOIl moykKe cuna pasia ky u uzmepsenics 6 eOUHUYAX
CLIbL U ONUHDBL, pasmMepHochny Kosgguipuenma k npu smom 6ydem cuna i keaopam OHbBL.
Byoem cuumams, umo ocHoeaHiie oxazviéaent peaxyiio Npil npo2ubax bankil Kax 6Hil3, Mmakx u

86epx.
Ha npaxmuxe 3a0auu o pacueme 6anxkii Ha VYAPYZOM OCHOGAHUIL 6CHIPEYAOMcsa @
JHCeNesH000PONCHOM Oelle (penve, wnana), € cmpoumenvcmee — @OVHOAMEHMbL PA3IUYHBIX

COOpPYIHCeH1ILl, nepedaroujiie Hazpy3Ky Ha 2PVHNL.

Cmamuyeckil Heonpeodenimoii maxkas banka 6yoen nomomy, umo ycioeile chamilki— cymmda
Hazpy30K paeHa e6ceil peaxyull OCHOBAHUS — He O0denl G03MONCHOCHIIL VCHIAHOGUNY
pacnpeodeneHiie SMoii peaxyjiiil NO ONUHe DANKL, A 3HAYUN, GbIYLCALNG 1U3210aI0ujile MOMEHINbL 1
nonepedHvie Cillbl.

Humencuenocmv peakuyuit € Kaxcoolli mouke ceszana c¢ npozubamu 6aaxu. Ilosmomy ons

peuteHus 3a0aui Heobxodumo Haiimu cHavana ypaeweHue uzonymoii ocu ¥ =4 'i"f:'; a yace
3amem QopmMynvl Ol 6bIMLUCACHLA U32LUOAIOUe20 MOMEHMA U NONepeyHoll cuivl. X00 peuleHis
OKa3blEeaenics 0OPamHbvIM 0OBIUHOMY.

Haiioem ypaerenite uzoecnymoii octi 015 6AnKi nOCMOSHHO20 CeYeHlls, Nedcaujeil Ha Ynpyeom

OCHOBAHLUL U HA2PYIHCEHHOTT cocpedomoyennvimu cunamu “1-42- . (Puc.1). Havano xoopounam
go3bMeM € NI000Iil mouKe, 0cb X HANPAGUM 6NpPAeo, OCb y GepmMuKaIbHO eeepx. Hanpaenenue

Hazpy30K eeepx bvoem cuimams RoRodcumenvuuvim. Hanuuwem obwvrunoe ougghepenyuansuoe
NOKYMEHT NOAMNUCAH
SNEKTPOHHOW Noannceio
CepTudukat: “12000002A633E3D113AD425FB50002000002A6
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Nencreutened: ¢ 20.08.2021 no 20.08.2022
50



Tax xax M(x) Ham HeiuzgecnieH, Mo nocmapaemcs cea3amv Npoubvl HenocpeocneeHHo C
Hazpys3Koil, 011 3moeo ouggepenyipyem 08axcovl Npedvioyigee YpaeHeHe:

4
oy
EF Z= =qlx] (1)
dx
20e (X )—uHmeHCLUEHOCIb CIOUIHOIL Hazpy3KuL, Oeticmeayiouyeil Ha banky 6 ceveHul ¢ abciiccoil

X.

Cnnowroil Hazpy3koili 011 Hauleil banku Aensemca Ny peaxijiia VHpY2020 OCHOGAHLIA.
Humencuenocms eii NpONOPYUOHATbHA Npo2ubaM; 3mdad Hapy3Ka HanpaeieHa eeepx, ni. e.

NONONCUMEeNbHA, Ko20a Npocubbl 1UOYVM 6HU3, N. e. ompuyamenvHsl, 1 Haobopom. Taxum
06pazom, sma Hazpy3Ka umeem 3HAK, 0OpamHblil 3HAKY HPOocUOOE:

glx)=—ip
Toeoa
E:L;lﬂl
o d_"f = —ky 5
X
.::!'4_)5' i
4t ¥ BF y=0 (3)
3 _’;: = A
Eenu o06031auumo A5

, mo obwuii uHmezpan ypaewenus (25.3) umeem @uO:

y=e"(dsin f+ Beos &)+ ([Csin frt Doos &) 55

Ilocmosnuvie A, B, C, D donxcuuvl 6uims onpeodeneHvl € KAXCOOM YACHIHOM CAYYAe HAZPYV3KLL U
Onunvt banxu. Bemruna © umeem LzMepeHie obpamHuoe OniHe.

Pacuem bdeckoHeuHo 0TUHHOU 0 JIKU HA YNPY2OM OCHOB6AHUU, 3AZPYHCEHHOU 00HOU culoil P.

Haubonee npocmo pewaemces 3adaua ob uzzube beckoHeuynHo ONUHHOIL OANKL, HAZPYHCEHHOI

o0Holl cocpedomouennoil cunoii  (Puc.2). Ilomumo Henocpeocmeenno2o HNpaxmiiueckoz2o

SHAYEHLUA pelieHiie 9Moll  3a0ayil 10360l FYHiem NOCe008aAMenlb HblxX F@?HﬁﬂIHEEHHﬁ
PAccCHUmbledmsb i bankil KOHeuHoll OLH bl.

1E:
=1 |
(]
1)

|
(]
~ g}

— - 4 lll===
i TR RRR A e

Puc.2. Pacuemuas cxema bankil beckoHeuHoil OMLHbl.

Hauano xoopounam pacnonosxcum e mouke npunoxcerus cunvt P. Onpedenum nocnosHHble A,
B, C u D. Tax xak eca peaxyua ocHoean1s, paeuas cune P oomicna 6vims KoHeuHOoll eentiuiiH oil,

Mo npo2ubvl bankil 6 MOoUKAX, DeCKOHeYHO VOWIeHHbIX OM MOYKU NPUTONCEHIUS CLUIbL, OONNCH bl
0bpauamvcsi € Hyib

-"l'r.'f—n:- = [:I (5)
IIpu 6ecroneurno GOMLULLIX 3HAYCHUAX X 064 GNOPHIX CAd2AeMblX € Npaeoii yacmit popmynst (4)

ﬂﬁ?’!!‘??!!ﬁ?ﬂ!’!!ﬂﬁ 2 TrANT Enﬂﬁﬂfqﬂﬂ” AATTANST I AT

NOKYMEHT NMOANMUCAH ' , oea xce HEPGLIX MOV Gﬁpﬂﬂﬂﬂﬂb CA € HVIb

SNEKTPOHHOW NOAMUCHIO
Ceptudukat: | | 12000002A633E3D113AD425FB50002000002A6
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y=e ¥ &+ Deos &) (6)

,LY{L"IE?E?J HO CUMMempPUlL HASPVIKI I pedrijiiili OCHOGAHUA, KdcdmelbHdA K H?GEHyﬂiﬂﬁ ocid 6
MOYKe NPUTOMNCERUA CLITblL OO0NHCHA LONILL napdiiejlbHo OCl ﬂﬁCI}HCCI

[ﬂf_f] 0
dx gl

Jugpgepenyupys (6), nonyuaem:
ji =8 = & |ain &0+ D)+ cos S0 — ]
X
Ioocmasnss 6 smo evipasxcenue % = Y npupaeniueas pesynsmam wynio, naxooum:
D—C=0uC=D;

maxum obpazom, ypaeHeHus 6yoym:

=60l f+cos ) (7)
Y _ - —2a™FC Fam (5)
adx

Jlna onpedenenus nocneoueii nocmosannoii C umeem euje OOHO YpAGHEHlle. HAM U36eCHIHdA
GeIYUHA NONepPeyHOoll CLUNbl 8 HaYale KOOPOUHAN!.

Paspesae b6anky ceuenuem ¢ mouxe O cnpaea om cunvl P u paccmampueas npaeyio uacmb
banku, euouM, uMO HNONepPeuYHdAs Ccumda € 3SNOoM CeYeHlUll pAeHa peakxijiil OCHOGAHLIS,
Oeiicmeyioueili Ha NPAGYI0 NONOGUHY OANKIL €O 3HAKOM MUHYC, MAaK KAK peaxyis HanpaeleHd
geepx (0112 Npaeoii NONOGLHYL) 1 6CS Peaxyls OCHOGAHUA paeHa P, snauum, nonepeunas cuia e
cevenui npu X = 0 pasna

‘!D
QI:I:]H-III - E
Ho, ¢ dpyeoii cmopon vl
4y
Bl ——=0lx (9)
dx’ I: )
Taxum obpazom,
Ay J=
o et R
2% -2 10
dy @y
2 ]
Buoruucnsem, nonvsysaces (8), ax” g, dx .
ol _
—f:—EUﬁEe'ﬁ[cc}sﬁr—zm ,ﬁr] (11)
dx
il!ilj
d—‘:l; = Mﬂﬁze"m cos (i (12)
X
Iloocmaensaa (12) e (10) u npupaenueas x wyaio, noaviaem:
F
Fom=c
AEJC T =3, S EIE
Tenepw 3nauenua y i ee Npoi3600HBIX HOLYVUAION L0
F . F
— - —
y=———¢& " (st Gr+cos ) =— ¥
3RJS [ j RRIE
ANOKYMEHT nNoanncAH

SNEKTPOHHOM NOAMUCHIO
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Taxum obpazom, HanpsaxiceHHoe cocniosiHue i1 Odegopmayin bAIKU HA YAPY2OM OCHOGAHLIL

gcerjeslo ONpeoensioncs Hazpyskoil u Kos3gguyuenmom A , 3aeuUcAuUM ONnl COONHOULeHUSA

Jrcecmrocmeti bankiL u VAPYVZ0e0 OCHOGAHLIA.

Bonpocst u 3a0 anua:

1. Kaxmnvu ypaBHEHHSIMH 33aeTCs ITIOCKOIIapallIe]IbHOE JBHKEHHE?

2. ChopMyIHpYyHTe TeOpeMy O ITPOEKIHSIX CKOPOCTEH JBYX TOYEK IUIOCKOH (PHI'YPHI.
3. Kakmue CyIeCcTBYIOT CITOCOOBI 3aJaHHs JIBHKEHH S TOUKH?

4. Haspatp ciydarn, Korjga KOpHOIMCOBO YCKOPEHHE TOYKH PAaBHO HVIIIO.

5. AOGCOIIIOTHOE, OTHOCHTEIBHOE, IIEPEHOCHOE IBIHKEHHE TOYKH.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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IIpakrHueckoe 3anarue 15

Tema: PacueT 3aKJIEIIOK Ha I€pepe3bIBaHHE.

[lenb: HayuYuTh CTYIEHTa PacCUMTRIBATE 3aKJIEIIKH Ha Ilepepes3bIBaHHE .

3HaTh. OCHOBHEIE ITOAXOJBI K (pOpMaH3allHH H MOJEIHPOBAHHIO JBHJKEHHS H PAaBHOBECHS
MaTEpPHAIIbHBIX TEIL,

ITOCTAHOBKY M METOJBI PEIIEHHS 3a4a4 O ABIDKEHHH H PABHOBECHH MEXAHHUYECKHX CHCTEM,
KHHeMaTHYeCKH e XapaKTepPHCTHKH TOYKH, U] depeHIHaIbHbIE YPaBHEHHS JBHKEHHS TOYKH,
oOIIHe TeOpeMbl JHHAMHKH , TEOPHIO Yaapa.

YMETh. BBIUHCIIITE CKOPOCTH M VYCKOPEHHS TOUYEK H TOYEK Tela IIPH ITIOCTYIATEIIbHOM,
BpaIlaTelbHOM H INIOCKOM JIBHIKEHI X
Axmyanvrocms memsr OOBSICHIETCS OIPEJEIIEHHEM CKOPOCTH H YCKOPEHHS TOYEK 3BEHBLEB
MeXaHH3Ma ¢ IomoInpo MIIC

Teopemuyeckas uacmo:

MBI H3y4aiy, 4TO IIPH IIPOCTOM PACTSKEHHH MM ITPOCTOM CIKaTHH JIBE YAaCTH CTEPKHS,
pasgelicHHBIE HAKIIOHHBEIM CEYeHHEM, CTPEMSITCS HE TOJIBKO OTOPBATHCSA APYI OT APYyra, HO H
CABHHYTECS OJTHA OTHOCHTEIIFHO JPYIOH. PacTsDKEHIIO COMTPOTHRILIIOTCS HOPMAJIbHEBIE, a CABHTY
— KacaTelbHbIE HAIPSDKEHHS.

Ha mpaxTHKe IenbIH P AeTaleHd U 3JIEMEHTOBR KOHCTPYKIMUH padoTaeT B TAKHX YCIIOBHSX, YTO
BHEIIHHE CIJIBI CTPEMSTCS HX Pa3pyIINTh HMEHHO ITYTEM CJIBHIA.

B COOTBETCTBHMM C BTHM IIPH IIPOBEPKE IMPOYHOCTH TAaKHX 3JIEeMEHTOB Ha IIEPBBIN IUIAH
BRICTYITAIOT KacaTelbHbIe HaNpsDKeHHS. [IpocTelinumM IIpUMeEpaMH ITOAOOHBIX JeTalied
SIBISIFOTCSA  OOJITOBBIE M 3aKJIEIOYHBIE COSAHHEHHMS. 3aKJIelKH BO MHOTHX CIIVUAsX ViKe
BBITECHEHBI CBAPKOH, OJIHAKO OHHM HMMEIOT €IIE OYEHb OOIIBIIOE INMPHUMEHEHHE IJIT COSIHHEHHU S
JacTeH BCSKOIO Pofa METANIMYECKHX KOHCTPYKLHMH: CTPONII, (PEPM MOCTOB, KPaHOB, IS
COeQUHEHHS JTHCTOB B KOTHIAX, Cyaax, pesepByapax M T. II. /[ oOpa3oBaHHSI 3aKIEIIOUYHOIO
COeQUHEHHS B OOOHMX JIMCTaxX IIPOCBEPIHMBAIOT IUIH IIPOJABIHBAIOT OTBEPCTHA. B HIX
3aKJIaJIbIBAETCS HArPETHIH O KPaCHOI'O KalleHH S CTEPKEHD' 3aKJIENIKH C OQHOH I'OIIOBKOMH, JPYIOM
KOHEI[ 3aKJIEeNKH PAaCKIENBIBAETCS VAapaMH CIIEIHAILHOIO MOJIOTKAa MM JTaBIEHHEM
THJIPAaBIHYEeCKOro npecca (KIeMalbHOH MAIIFHEL) IS 00pa30BaHMSA BTOPOH T'OJIOBKH. MenKkue
3aKJIEIKH (MaJIoro JHaMeTpa — MEHBIIe 8 MM) CTaBATCS B XOJIOJHOM COCTOSIHHH (aBHALIHOHHBIE
KOHCTPYKI[HH).

Jnst wu3ydeHHss palOoThl 3aKIEIOK PacCMOTPHM IIPOCTEHINMI TIPHUMEP 3aKIIEIIOYHOIO

COCOHHEHHA (PIIG.I). [IlecTn 3AKJICTIOK, PACIIOIOXKCHHBIX B JBd PAldd, COCAHHAIOT JBa JIHMCTa
BHAXJICCTKY. Ilox meficTBHEM CHII P 3TH IHCTBI CTPEMATCA CABHHYILCA OAMH ITO APYTOMY, HEMY

ITPEITATCTBYIOT 3aKJICIIKI, Ha KOTOPBIC H 6}*’,[[ET IIEPpEaaBaTbCA IIEHCTBHE CHII F )

Puc.1. PacueTHad cxXeMa 3aKJIeIIOYHOr0 COoeqHHEeHHS

JI1I IIpOBEpKH IIPOYHOCTH 3aKIENOK IIPHMEHHM OONIMHH IIOPSAOK PelleHHS 3ajad
COITPOTHRBIIEHH I MAaTE€PHAJIOB.

Ha KaXayro 3aKIIeNKy IepeJaroTcs IO JBE PaBHBIE H ITPSMO ITPOTHBOIIONOKHBIE CHIIBI: OJJHA—
OT IePBOrO JHCTA, APyrad — OT BTOPOro. OIBITHBIE HCCIEJOBAaHHS ITOKA3bIBAKOT, YTO OJHH H3

AOKYMEHT NOAMKUCAH — MeHbIle. OJHAKO K MOMEHTY pa3pyIleHHI

ANEKTPOHHOM NOANUCKHIO L G
Ceprudvikar:  12000002A633E3D113ADA425FB50002000002A6 KH, DOJICC HIIM MEHEC BbIPABHHBAIOTCA 3a CHET
Bnapeneuy;: LeBayxora TatbaHa AneKkcaHpoBHa ATO CHHTATLE, HYHTO BCS 34KIICIIKH paﬁﬂTElI'DT

B COeJHHEHHH, H300pakeHHOM Ha ¢ur. 1, Ha
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KaKIYI0O H3 HHX JeHCTBYIOT IIO JBE PaBHbIe H IIPOTHBOIIOJIOKHBIE CHIIBI % (Puc.2), stH
CHJIBI IIEPEJNAIOTCSI Ha 3aKIIeNKy ITYTeM HaXHMa COOTBETCTBYIOIIETO JIMCTa Ha OOKOBYIO

ITOINYIHIMHAPHYCCKYIO TTOBEPXHOCTDL CTCPZKHAA. CHIIBL £ CTPEMATCA IICPEPE3daTh 3aKIJICIIKY IIO
TIJIOCKOCTH mk pa3aciia 00O0OHX JINCTOB.

Puc.2. Clibl, IeHCTBVIOIIHE Ha 3aKIIEIIOYHOE COEIHHEHHE.

JU1st BRIUMCIIEHHS HAaIIPSDKEeHHIH, AEHCTBVYIOIMX II0 3TOH IUIOCKOCTH, PasHelIHM MBICIIEHHO
3aKIIEIIOYHEIN CTEPKEHh cedeHHeM mk H OTOpOoCHM HHXHIOK 4YacTh (Puc.2). BHyTpeHHHE
VCWIMS, TIEpefaroHecss II0 3TOMY CEUYEHHIO OT HIJKHEH 4YacTH Ha BEPXHIOKO, OYIYT

YPABHOBCIIHNBATE CHIIY "‘DlT. c. 6}*’,[[}"1‘ IIeHCTBOBATh ITapaJluICJIIbHO el B TUIOCKOCTH CCHCHI, H B

CyMMe JayT PaBHOEHCTBYIONIYIO, PaBHYIO <1 . ClleoBaTeIbHO, HAIPSUKEHH S, BOSHHKAIOIIHE B
A9TOM CEeYEeHHH H JeHCTBVIOIIHE KacaTelbHO K IUIOCKOCTH CeYeHHSd, 3TO — KacaTeJIbHEIE
HanpsoKeHHI ©. OOBIYHO ITPHHHMAIOT PaBHOMEPHOE pacIpelelIeHHEe STHX HalpshKeHHH I10
cedeHHIO. Toraa IpH JHaMeTpe 3aKiIenkH d Ha e JHHHITY TUIOINAH ceueHHSI OyIeT IIPHXOJHThCS

HaIpsoKeHHe:
K F
L= i = e
—— I}I_
4 4

BemiuiHa JOIIYCKAaCMOI'O KdaCaTCIIbHOI'O HAIIPAAKCHITA [T]-‘ , HIIH, KaK T'OBOPAT., JOIIYCKaCMOI'O

HaITPSDKEHHS Ha cpe3, IIPHHATO OMpeJelIsaTh B BHIE: 7= 0.7~ 08]e]3yaq [T, , MBI HaITHIIEM
YCJIOBHE ITPOYHOCTH 3aKJIETIKH Ha ITepepe3bIBaHHE B TAKOM BHJIE!

F F
—_—— = E
= gl

4

T. €. JeHCTBHTEIIbHOE KacaTellbHOe HAIIPAAKCHIHEC TB MATCPHAJIC 3aKJICIIKH JOIJIEHO OBITH PaBHO

HJOITYCKACMOMY [T]-‘ HIIH MEHBIIIC €T 0.
M3 sToro YCIIOBHA MOMXHO OIIPCACIIHTD He 00X OHMBIH AHAMCTP 3aKIICIIOK, CCJIM 3a1dTbCA HX
HHCIIOM, H HﬂﬂﬁGpGT. OOBIUHO 3aJal0TCS AHAMETPOM 3aKJICIIOYHBIX CTEP}I{HEﬁ d B COOTBETCTBHH

C TONIIMHOH t CKIeIbIBaeMbIX YacTeH (0OBIYHO F e 3) H ONpPEeJellTIoT HeoOXOMHMOE YHCIIO
3aKIIETIOK = :

3HaMeHaTelIb 3TOH (POPMYIIBI IIPEACTABIISIET COOOH TY CHITY, KOTOPYIO O0€30ITaCHO MOXET B3STh

Ha ce0s Kakmgas 3aKIIelKa. -
JOKYMEHT NOAMNWUCAH

SNEKTPOHHOW MOAMUCHIO Aa
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Puc.3. PacueTHasg MOZIeNb IeHCTBHS HOPMAIIbHBIX HAITPSKEHI

[Ipn BBIBOZE (OpMYIIBI pacueTa 3aKIENKH Ha Ilepepe3blBaHHe, IIOMHMO Or OBOPEHHBIX,
HNOITYII[EHA €Ille OJHAa HETOYHOCTh. JI€II0 B TOM, YTO CHIIBI Fl,[[eﬁcTEj,ffomHe Ha 3aKJIENKY, HE
HaITpaBJIEHBI 1O OJHOM IIPSIMOH, a 00pa3yIOT IMapy. 2Ta IIapa YpaBHOBEIIMBACTCSA APYIOH ITapOH,
oOpa3yroleHcsa H3 peaklMH COeJHHEHHBIX JTHCTOB Ha TONOBKY 3akKielnkH (PHc.3) H BeleT K
TTOSIBIIEHHEO HOPMaJIbHBIX HAITPSKEHII, JeHCTBYIOIIX 110 CEUEHHIO mK.

Kpome 3THX HOpPMAIbHBIX HAITPSOKEHHH, IO CEYEHHIO mK JIEHCTBYIOT €EIIE¢ HOPMAaJbHEIE
HaIIPSDKEHMS, BBI3BAHHEIE TEM, YTO IIPH OXJIAXKIECHHHM 3aKIIETIOYHBI CTEPKEHb CTPEMHTCH
COKpPaTHTh CBOIO JJIHMHY, YEMY MEINAET YIIOP I'OIOBOK 3aKIIEIIKH B JIMCTHEL. DTO OOCTOSTENBCTBO, C
OJHOH CTOPOHBI, OOECIIEUHBAET CTSATHBAHHE 3aKIIEITKaMH JIHCTOB H BOSHHKHOBEHHE MEXKIY HIMI
CHUII TPEHHS, C APYTOH — BBI3HIBAET 3HAYHTEIBHBIE HOPMAIILHBIE HAIPSDKEHUS II0 CEUSHHSIM
CTEPIKHS 3aKIENKH. OCOOBIX HEIIPHATHOCTEH 3TH HAITPSDKEHHS IPHHECTH He MOT'YT. Ha 3aKiernku
HIET CTallb, OONMaJaromnas 3SHaUHTEIIbHOH IINIACTHYHOCTBIO, TIO3TOMY JaKe CIIH Obl HOPMAJIbHBIE
HaIIPSDKEHHS JOCTHITIH IIpefiella TEKYYECTH, MOJKHO OXHAATh HEKOTOPOro IUIACTHYECKOIrO
VIUIHHEHH S CTEPIKHS 3aKIIEIIKH, YTO BBI3OBET JIMIIL YMEHBINEHHE CHII TPEHHSI MeXIY JTHCTAMH H
OCVIIECTBIIEHHE B JEHCTBHTEIIPHOCTH TOH CXeMBI pabOThHl 3aKJIENIKH Ha IlepepesbIlBaHHE, Ha
KOTOPYIO OHa H pacCYUTHIBaeTcs. I[lo3roMy 3TH HOpPMAJbHBIE HAIIPSLKEHHS PacueTOM HE
YUHTEIBAFOTCSL.

Bonpocst u 3a0 anua:
1. Kakoe IBMKeHHE TBEPIOro Tella HaskIBaeTCs IUIOCKOIIapaieIbHbIM?
2. Kak 1o ypaBHEeHHSM [IBHJKEHHS IDIOCKOH (DHI'YPHI HAaHTH CKOPOCTh IIOIMIOCA H VYITIOBYIO

CKOPOCTh BpallleHH s BOKPYT ITOIIOCA?

. Kak onpefeaHTh CKOPOCTh 000 TOUKH ITIOCKOH (PHTYPEI?

4. UYro Ha3pIBaeTCSI MTHOBEHHBIM IIEHTPOM CKOpPOCTeH IUIOCKOH (PHTYpRI H KaK HaHTH
ronoxeHne MI{C B pasiMyHBIX clIyyasx”?

5. ChopmyIHpyHTe TeopeMy 00 YCKOPEHHSIX TOYEK IUIOCKOH (PHTYPBHI.

s

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: le6ayxoea TateaHa AnekcaHgpoeHa
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IIpakTHueckoe 3anarue 16
Tema: PacueThl Ha ITPOYHOCTE ITPH H3THOE I10 HOPMAJIbHEIM HaIIPSKEHH SIM
[{enp: HayYHTH OMpeAelsarb CKOPOCTH H YCKOPeHHS TOYeK INIOCKOH (DHIYPBI
3HaTh. JH((PepeHIIHAIFHEIX YPaBHEHHH JBHKEHHS TOYKH,
KHHEMaTHYeCKIE XapaKTePHCTHKH TOYKH, (] epeHIHaIbHbIE YPaBHEHNS JBHKEHHS TOYKH,
YMETh: BBIUHCIIITE CKOPOCTH H VCKOPEHHS TOYEK H TOYEK Tella IIPH ITOCTYIIATEIILHOM,
BpaIlaTelbHOM U INIOCKOM JIBHIKEHH X
Axmyansnocms memsl 0OOBSICHIESTCS OIpelelIeHHeM CKOPOCTeH H YCKOPeHHI TO4YeK (PHI'YPHI B
TIIIOCKOCTH.
TEGPEHIH‘IE?CKELE Yacmos.

Cropocmii moyex npii N10CKOM OGUNCEHU

JInsg orpefeneHnss CKOPOCTEH IIPH TUIOCKOIIApajUIellbHOM IBHKEHHH HCIIOJIb3YIOTCS
gopmyna pacnpedeneHua cKopocmei, meopema 0 NPOEKUUAX U NOHAMUE MZHO6EHHOZ0
uenmpa cxkopocmeit (MI[C).

a) @ opmyna pacnpedeieHus ckopocmeil

Puc. 2.25. K 661600y hopmynsl pacnpeo eieHUs cKopocmell

M3 puc. 2.25 BHAHO, YTO ITOJIOKEHHE ITPOH3BOIBHOH TOUYKH B IIIIOCKOH (HIypel S B
Ka Kbl MOMEHT BpeMeHH OIpeJeIsaeTCs CIeAVIOIHM BEKTOPHEIM PaBeHCTBOM:
Fon=7V,+7r
A +

"p BA

[IpomnddepeHippyeM JaHHOE BhIpaKeHHE 10 BPEMEHH

V,=V, + —dBA .,,
[
cornacHo popmyne Siinepa (2.38)

drg, .

o =Xy,

OOozHayasgs W X F BA =V BA TIOVUaem opmyay pacnpeodenetiie ckopocmeii:

VB=VA+VB, Vo, =® AB, VBAJAB. (2.41)

CormacHo (41), ckepocms npouzéonsHoil mouku B nnockoil (puzypst pasna zeomempuyueckoil

—

CYyMMe CKopocmu noJiroca VA I CKopocmu 6pdi{eHHA MOUKH B 60KpPy¢Z noJjirocd - VBA .

AOKYMEHT NoanmncAH _
SNEKTPOHHOW MOAMNUCLIO [HCEHILIL 16 Epﬂ 020 mejid npoexkiid CKopocmel

Ceptudhmkar: . . 12000002A633E3D113AD425FBS0002000002A6 OUYI0 IMU MOYUKU, PABHDL MEJfEﬂy Cﬂﬁﬂﬁ(pﬂﬂ
Bnapeneu. lLlebayxoea TateAHa AnekcaHapoBHa ’
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Puc. 2.26. K meopeme o npoexijusax

CrpoeltHpyeM Ha OCh X, IIPOXOISINYIO uepes TOUKH A B B ¢popmyny (2.41). Tak kak VB A LAB,

ITOIIYHA €M
V, cosa=V, cose,

HTO H TpEﬁGEElHDCB JOKAa34aTh.

6) Hcnonv306 anue noHAMUL MCHO6EHHOZ0 UEHINPA CKOPOCHEIL.
OnpedeeHue:MZHO6eHHBIM UeHmpom ckopocmeil (MI]C) Hazbiéaemca mouxka njiocKou
Quzypel, cKkopocmos KOMOpPOU 6 OAHHLIIL MOMEHm 6épeMmeHu pasHa Hyr. MIJC npunamo

obo3nauams dyxkeou P.

[TokakeM, 4TO ecIH IUIOCKas (purypa He IBHIKETCS IIOCTYIIATEIBHO, TO TakKas TOYKa
CYILIECTBYET B KaXKIBIH MOMEHT BPEeMeHH. [[JI1 5TOr0 BOCCTAHOBHM  IIEPIIEHAHUKYIISPHEL K
CKOPOCTSIM JIBYX ITPOH3BOJIBHBIX TOUEK A4 H B H HaiJIeM TOYKY HX IepeceueHH (pHc. 2.27).

Puc. 2.28. Ocnoenoil cayyaii onpedenenusn nonosicerua M.1].C.

[IokaxeMm, YTO CKOPOCTh TOUYKH PpaBHa HVYIIIO H, CIEJOBATEIIbHO, 3Ta TOYKA IO OIPEIAEIIEHHIO
SIBIISIETCSI MTHOBEHHEIM IIeHTPOM cKopocTeit. CormacHo (2.41) mMeeM

—* —= — —=

p=VatVpu Vp=Vp+Vpe.

—

[IOCKOIBKY BEKTOPEI V A H V p TIEPNEHIHKYIIAPHBI OTPE3KaM AP u BP 110 IOCTPOEHHIO, a

— —=

BEKTOPEI VPA H VPB IEPIICHAHKYIIAPHBI 3THM OTPE3K4AM I10 OITPEACIICHIIKD, BCKTOP V/’-‘l

IIOTKEH OBITH OJHOBPCMCHHO IICPIICHIHKYIIAPCH 000HM OTPC3KaM, HTO HCBO3SMOXKHO., CCJIH
TOMRKO OH HE NARSH HVITHY

NOKYMEHT MOAMUCAH
SNEKTPOHHOW MOANNCHIO
Ceptudpmrar:  12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

1 Touek 4 u B popmyna (2.41) 3amHiercs B
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V=V +V ., V=V, +V,,.

YUHUTEIBASL, UTO VP = (), TTOITyIaeM. VA =m AP, VB =@ BP mn

VA/AP=VB/BP=aJ. (2.42)

M3 (2.42) cnepyeT, YTO CKOPOCTH TOYEK INIOCKOH (PHTYPHI IPOIOPIIHOHAIBHEI HX PAaCCTOIHISIM
OT MCHOBEHHOTI'O IIEHTPa CKOPOCTEH H JBHKEHHE IUIOCKOH (PHTYPBI MOJKHO pacCMaTpHBaTh KakK
BpallleHHEe BOKPYT MEHIIOINETO CBOE IOI0KeHHe MTHOBEHHOIO I[eHTpa CKOpocTelH. MTHOBEHHYIO
VIJIOBYKO CKOPOCTBH 3TOI'O BPAINEHHS MOKHO HAHTH, ITOAEIMB CKOPOCTH IXOOOH TOYKH Ha €€
PacCTOSHHE OT MIHOBEHHOIO IIEHTPa CKOpocTeH. Kpome OCHOBHOIO ciy4yass HaXOXKIEHHSI
IoNnoXeHUIMIJC, pacCMOTPEHHOIO BBIIIE, IIPH PEIIeHHH 3ajJay BCTPEYAKOTCS CIIeAVIOIIHE
BapHAHTHI:

Ecnu uzeecmuoi CKOpoCcmb Kakoli-n1b6o mouxku A u MeHO-
b CEHHUA VATIO6UA CKOPOCHb mo pacCmoAdHdiie om 2Moil MOoYKU

00 M2HOBeHHO20 yeHmpa ckopocmeti P pasno AP = 1V &F.

[Ipu nocmpoenul Npamoii y2on OmK1aobleaemca om 6eKmopa ¥

y/=5% J 7 Cnyyaii meHosenHo-
°a -NOCMYNAmesbHo20 O61i-
A < orcenus. Cxopocmu 6cex
mouex menia pasHbl Mo
ge/yUHe 1 NO Hanpaes-
: nenuro, F==EAI]C Ha-

| .

Xooumea 6 becKoHeuHocC-
.

IIpu xauenuu mena no HenoOOBUNCHOIL NOBEPX-

L _ Hocmu, MeHOBeHHblIL yyenmp ckopocmeti P Haxoou-
17y, 6 mouxe kacanus s5mo mena ¢ nenodsuxcHoii

NOBEPXHOCMbIO, M.K. OMCYMCMEUE NPOCKAIb3blEaA-

T J us osnauaem PaseHcmeo CKOpocmell Conpuxkaca-

FOU{UXCA MOYEK.

Puc. 2.28. Yacmusie civuau onnedenenusa nonoxcenua MI[C

[OKYMEHT MOAONWCAH
SNEKTPOHHOW NMNOANMUCLIO _
Ceptudmkar:  12000002A633E3D113AD425FB50002000002A6 . Dopmyna pacnpeodeyleHuA YyCKOPEHUIL.
Bnapeneu:  Web3yxosa TatkAxa AnekcaHipoBHa ‘eHHSI YCKOPEHHMII 3amHIeM BeIpakeHne (2.41) B
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VB=VA+a)xrAB

H, ITpoJH (e peHIIIPOBAB €TI0 IO BPEMeHH, ITOJTYYHM:

- - do _ . dr
W,=W,+—xTr,, +&x—54
dt dt

do . drp, . .
YuymuTeBasg, uTo ——— — & , a 1o gopmyne Ditnepa =wWXr HMEEM:

dt dt BA’

WB=WA+£><FBA+a)x(a)><rBA)

BBegem cnegyrone 0003HaAaYeHH .

— —_—

g e
BA A Wpa =@OX(@OXrp, ).

B

— —

8p Iy
BekToprl WB 4 H WB 4 HAa3BIBAIOT BPalaTENMbHBIM H LEHTPOCTPEMHTENIBHEIM YCKOPEHHEM

TOUKH BB €€ OTHOCHTEIIHLHOM EpalllCHHIT BOKPYT ITOJIKOCA A.

178
[To ompeaeneHIO BeKTOPHOI'O IIPOM3BENEHH BEKTOP WBﬁ IepIIeHAHKYIIIPpEH OTPe3Ky

AB, me¥UT B IDIOCKOCTH JBHJKEHHS, a €ro MOAYIh paBeH &+ AB . Tax xak rga = AB . Ilo
(popMyTIe I ABOHHOIO BEKTOPHOIO IIPOH3BEIEHH

Gx(bx¢)=b(a-c)—3c(a-b),

ITOIIy4aeM WEA=E)(5*FBA)—FBA(E)'E))=—Q)2 =—(Jt)2AB,

"BA
HGGI{GJ]LKy( (‘i—j . FB A )= @ AB cos 90 0 =() . Taxm o0paszoM, BEKTOp Wg 4 HallpaBIIcH

BJIOIIb OTpe3Kka. 4B oT ToukH B k Touke A (cM. pHc. 2.29), a ero MOAYIIb paBeH -{IJZAB :

Puc. 2.29. Huwocmpauua hopmyiisl pacnpeo eieHua yCKOpeHu

NOKYMEHT NoanncAH
SNEKTPOHHOW NMOANUCHIO *HHIT MOKHO 3aIlicaTh B BHIIE:
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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V =W VY 4 YA P
Wp=W,+W,, + W2, (2.43)
3 y _ 2 VP —
B KOTOpPOH WBA_ « AB"‘WBA EAB.

Dopmyny (2.43) HHOT Ia HCIIONB3YIOT B BHJIE WB =W A + WB A (2.43%)

~ ~ ~ g
IJle BEKTOP WBA = WEA +W,§1 HaITpaBIIEH MOJ yIIIoM ) = ﬂ?’Cfg( —2) K OTPe3Ky
)

AB y paser o Mogymo W, = AB\{S‘Q +w?

IIpumep 1. HanTH YCKOpeHHE TOUKH B, VITIOBOE YCKOpPEHHE INaryHa 4B M VITIOBOE
YCKOpeHHe KpHBoIIHIla BC YeTHIPEX3BEHHOI'O MEXAaHH3Ma B ITONIOKEHHH, YKa3aHHOM Ha PHC.

2.29. Kpusormra OA4 BpartaeTcsi paBHOMEPHO C YITIOBOi CKOPOCTBIO @y = 5 ¢!, IIIMHA IIaTyHa
AB pagrHa 0.8 M.

Puc. 2.29. IIpumep ucnonsv306anusa (popmyJisl pacnpeoeieHus yCKopeHu

Peuiernue. OnpefeiM CKOPOCTh H YCKOPEHHE TOYKH A, KOTOPYIO 3aTeM BBIOEpeM B KaueCTBE
TTOIOCA:

Via=av0OA4 =2 m/c, Wa = @rc0A = 10 m/cex”.

Tax xak M. I].C. 3BeHa 4B HaxomuTcs B OeckoHedyHOCTH (Muy mapamneneH Mm), @ap = O.
YckopeHHE TOYKH B, Kak TOYKH, IIpHHaJAeKalieH 3BeHy AB, 1mo (opMyle pachpeelIeHHS
YCKOPEHHH PABHO:

Vo — VY 760 — T 17 6P y _ 2 _
WB_WA+WBA+WBA_WA+WBA’ TaK Kak WBA—Q)ABAB—O,

C IOpyroH CTOPOHBI, YVCKOPEHHEe TOYKH B , KaKk TOYKHM IIpHHAJJIekallen 3BeHy BC H

BpaIfaroIeicss BOKPYT TOUKH C, MOXHO IIPeJCTaBHTh B BHJIE CYMMY €€ KacaTelIbHOIO H
HOPMAJIbHOI'O YCKOPEHHIT:

NOKYMEHT NoanncAH
SNEKTPOHHOW NOANMMCHLIO M
Ceprudmkar: _12000002A633E3D113AD425FB50002000002A6 5_ W —c BC
Bnageneu; LLle63yxoBa TaTbAHa ArekcaHapoBHa 2° BT = “BC :
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[IpHpaBHIBAS TIPABbIE YACTH BEIpakeHtit mig W, | momydaem:

~ ey R ~ |
W, +Wy =W _+W_, . (*)

[Tpoexktnpya (*) Ha HarpaBiIeHHI oTpe3koB BC u ABumMeeM

WBH = WA —WBA C()S3OG.,—WBH C()SéOU _WB (:()5300 =—W{jl C()Sj’()o
W. —W Wk ao
OTKY]Ia W§= A g'ﬂ =5,78%,8AB _7 22p2
cos 30 C AB C
_ 0 _ M Wer pad
%74 . _(WA_WBH )tg 30 —2,896—2, Epc BC =3,6]—— 7

Wy= W2, +W2 =577

C

4. Menosennsiii yuenmp yckoperuii (M.I].Y)

MrIHOBEHHBIM IIEHTPOM YCKOPEHHH Ha3bIBAeTCS TOYKA IUIOCKOH (DHIYPHI, YCKOPEHHE

KOTOPOH B JJAaHHBIH MOMEHT BPEMEHH pPaBHO HYIO. M. I]. V nipuHsaro obo3sHauaTts OVKBOH ().
[ToxakeMm, uTO ecm Imiockas ¢purypa (puc. 2.30) He ABIDKETCS ITOCTYIATEIBLHO, TO TaKas

TOHUKd CVYIICCTBYCT B Ka XKIbIHH MOMEHT BPEMCHH H €€ IIOIOKCHIC JICTKO OIIPCACIIHTD (BHEIH

yCKOpeHHe Kakoit-m6o Touxn W A M BEIHYHHBL 0H £ ) CIeIYIOIIHNM 00pa30oM:

&
13 BeIpaxkeHna [2) = 5 ONpEeIeHM YT oI 7,

Puc. 2.30. K onpeoenenurw nonoxiceHUus MCHOBEHHO20 WEHMPA YCKOPEHIULI

OT TOYKH A IO VIJIOM ¥ K BEKTOPY 14 A TIPOBEJIEM OTPE30K AQ. llpu stom orpe3ok AQ

IOIDKeH OBITH OTKJIIOHEH OT BEKTOpa YCKOPEHHS B CTOPOHY HAITPaBIEHHS YITIOBOI'O YVCKOPEHHS
¢ . JlimiHa otpeska AQ orpedensieTcsa PaBeHCTBOM:

NOKYMEHT NoanncAH
SNEKTPOHHOW NOANUCLIO
Ceptudhmkar:, 12000002A633E3D113AD425FBS0002000002A6 (2 44)
Bnapeneu: llebayxoera TateAHa AnekcaHapoBHa '
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HarimeHHass tTakuM obpasoM Touka ) H OVIET SBISATHCSA MITHOBEHHEIM I[EHTPOM YCKOPEHHH.
JlefiCTBHTEILHO, 10 (pOpPMYIIe pacIpeleleHH YCKOPEeHHIH, HMeeM

W, =W, +W,

[TomctaBrnsag cioma AQ wu3 (2.44), HaxommmM, uto Wpsa = Wa. Kpome Toro, BekTop WQ A

; I‘,I[EEWQA = AQ\/SZ +a)4 ,

IOIDKEH 00pa3oBBIBATh ¢ IHHHENlT A(Q Yyrol % H, ClIELOBaTelbHO, BekTop W IapaiencH

QA
W . . no HaIlpaBJIeH B IIPOTHBOIIOIOKHYIO CTOPOHY. IIo3roMy
WQ A= -W 4 M WQ =(0. Ecm TElePh 3a IOIFOC BRIOpaTh TOUKY (), TO YCKOPEHHE

IIPOH3BONBHONH TOUKH M, cornmacHo (2.43) OyzieT paBHO:

1/ 1/ 1/ 1/ 2 4
Wy, =W, +W,,,=W,,,. W, =MONs’+w?
Crie JoBaTeIbHO, YCKOPEHHS TOYEK IIIIOCKOH (PHI'YPHI OIPEeEeIISIFOTC S B Ka Kbl JaHHBIIT MOMEHT
BPEMEHH TaK, KaK eclIH OBl ABH KEHHE IIJIOCKOH (PHT'YphEI OBUIO BPallleHHEM BOKPYI MTHOBEHHOT' O
1ieHTpa yckopeHHii  Q(puc. 2.31). Ilpn »ToM YyCKOpeHHS TOYeK IIJIOCKOH (PHIYypel OYIYyT

ITPONOPILIHOHAJILHEL MX PACCTOSHHSIM 0T M.I] V.

W Wa _Ws _We_ _[Zvat
MQ AQ BQ CQ

Puc. 2.31. Onpeoenernue yckopeHuil ¢ nomouivro M.I[. V.

Ipumep 2. P asnocmoponnuii mpeyzonvuux ABC oeusicenica @ niockocmil wepmexca. Y cxopenis
gepuitii A u B paenwvl 6 OanHblili momenm @pemerit 16
cM/c® U Hanpasenenv. NO CMIOPOHAM MPey20.bHUKA.
Onpedenums  yckoperite  mpemveii  gepuitinol C
mpey2oabHUKA.

Peuternue. Onpedenum yckoperue mouku C UCHONb3YVA
NOHAMIEe  M2HOGEHHO020 ieHmpa  ycxkopeuuil. Jina
onpeodesieHls €20 NONONCeHUS HeoOXO00UMO 3HAMb V2o
medHcoy eexmopom Inmr u ompesxom AB. (em. puc 2.30).
Oueeuono, umo 6 Hautem cayuae smom yeon pager 30°
Ilonooxicenue meHogenHo20 yenmpa  yckoperuii

AOKYMEHT [OANMCAH (M KaK MOYKY nepecedeHus O08YX HNPAMDBIX,

INIEKTPOHHOW NOAMUCHIO
CepTichukat:  12000002A633E3D113AD425FB50002000002A86 IHBIX NOO yernom Yy k eexkmopam I u L Tax
Bnapeneu:  Lllebsyxosa Tatbana AnexcaHaposHa CHOSAHUA GepulLH mpey2oabHuxa om mouku
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oounaxosst, I[b=16 cm/c’. Hanpaenenite 5mozo eexmopa noka3amo Ha pLucyHKe.

Bonpocst u 3a0 anua:
1. Kakoe IBMKeHHE TBEPIOro Tella HaskIBaeTCs IUIOCKOIIapaieIbHbIM?

2. Kak 1o ypaBHeHHSM [IBHJKEHHS IDIOCKOH (DHIYPhI HAaHTH CKOPOCTh IIONMKOCA H YITIOBYIO
CKOPOCTh BpallleHH s BOKPYT ITOIIOCA?

3. Kak onpeieTHTh CKOPOCTH JIFO00H TOUKH ITIOCKOH (PHTYPHI?

4. AOGCOIIOTHOE, OTHOCHTEIBFHOE, IIEPEHOCHOE JIBHKEHHE TOUKH.

5. ChopmyrmHpyHTe TeopeMy 00 YCKOPeHHSIX TOUYEK IUIOCKOH (PHTYPBHI.

CMcok JIHTepaTypsbl
IlepevyeHb OCHOBHOH JIMTEPATYPbI

1. Mexenxuii, I'.J[. Texmmyeckas wmexanmka / [I'.]I. Mexemxui, I'.I'. 3arpeCmH,
H.H. PemetHuk. — 5-e u3a. — Mocksa : HM3gaTenbCcKo-TOproBas KOprioparms « /{alkos 1
K®», 2015. — 432 c¢. : wi1. — Pexum gocrtyima: 1mo noarmucke. — URL: . — bubmmorp. B KH. —
ISBN 978-5-394-02628-7. — TeKCT . 3lI€KTPOHHBII.

IlepeyeHs JOMOJTHHTEILHOH JIMTEPATYPhL:
1. Texumyeckasg Mexanuka / H.A. Koctenxo, C.B. bamsgcuuxona, 10.5. BonomaHoBckasd H
np. ; pea. HA. KocreHko. — Mocksa :Jlupekr-Memna, 2014, — 485 c¢. : pHc., Tabm. —

Pemm IOCTVIIA: ITO ITOJIIH CKE.
URL: http://biblioclub.ru/index.php?page=book&i1d=226084 . — bubnunorp. B kH. — ISBN
978-5-4458-6217-8. — TEKCT : 3IIEKTPOHHEBII.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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MUHUCTEPCTBO HAVYKHU U BLICIIIETO OBPA3OBAHUS POCCUNUCKOU OEJIEPAIIUU

OEJJEPAJIBHOE I'OCY JAPCTBEHHOE ABTOHOMHOE OFPA30OBATEJIEHOE
YUPEXJIEHHWE BEICHIEI'O OBPA3OBAHNWA
«CEBEPO-KABKA3CKUHA @EI[EPAHBHBIH YHUBEPCHUTET»

[Iarrropckit HHCTHTYT (prman) CKOY

MeToandyecKkue yKazaHusi

ITO BRIIOITHEHHIO PaCUYETHO-TpaHYeCKOH paOOTEI
10 JHCLHITIHHE « MexaHnKa (TeXHH1IeCKA s MeXaHHKA)»
IS CTYAEHTOB HaITpaBJIeHHS ITOJT OTOBKH

08.03.01 CTrpouTe /ILCTBO

[Isaruropck, 2022
NOKYMEHT NOANMCAH
ANEKTPOHHOWM NOANUCLIO
CepTucmkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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BBenenue

MeTtoanyeckie yKa3zaHHs U 3aJaHus IS BeOIOIHEeHHS PI'P cTryaeHTaMH 110 JUCIMIUIHHE
«MexaHNnKa (TexXHHYecKasl MeXaHHKa)» II0 HallpaBIIEHHIO ITOATOTOBKH OakamaBpoB: (8.03.01

CTpPOUTEIILCTRO.

MeTtoamyeckoe IocodHe COAEPKHUT BECh HEOOXOMMMBIN MaTepHal s BeOronHeHHs PI'P

10 JUCIIMIIIHHE «MexXaHHKa (TEXI—]II‘IEGKHH MEKEII—]III{E],) ».

B maHHOM MeTOIHYECKOM ITOCOOHH IIPHBEACHBI TEMbI H BOIIPOCHI JJIA CAMOCTOATCIIbBHOI'O

H3YUEHHS H BBINOJIHEHHS PI'P.

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa
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1.I1es1n, 3212494 M peaJin3yeMble KOMIIET eHIIHH
YueOHBIM IU1aHOM crieltHanbHOCTH 08.03.01 CTtponTens CcTBO, IIpeyCMAaTPHBAETCS
HaImcaHHe KOHTPOILHOH padoThl 110 AUCIHIIIHNHE. 3TOT BHJI IIMChMEHHOH PadOThI BEITOIHAET CS
Ka)KIBIH I'OJI, TI0 TEMaM BEIOpaHHBIM CAMOCTOSTEILHO. [IepeueHs TeM pa3pabaTeIBacTCs
ITPEITOAABATEIIEM.
PI'P — caMOCTOSITEIIFHBIHN TPYI CTYIAEHTa, KOTOPBIH CITOCOOCTBYET YITIYOJIEHHOMY
H3YVUYEHHIO IIPOHIeHHOr O MaTepHaa.

Ile,1b BHIIOJIHAEMOH PA0OTBL
- TIOJIYYHTH CIEI[HATIbHBIE 3HAHH S 10 BEIOPAaHHOIM TEME,

OcHOBHBIE 3229H BbINOJIHAEMOH PadOThI:

1) 3aKperuieHHe MOTYIEHHBIX paHee TeOpeTHYEeCKHX 3HAHHIT,

2) BEIpaOOTKa HABBIKOB CaMOCTOSTEIIbHOH PaOOoTHI,;

3) BRISICHEHHE TTOJTr OTOBIEHHOCTH CTYAeHTa K Oy ayInei MpaKkTHUeCKoH padoTe;

Becsk nmporiecc HarmcaHu I KOHTPOJIbHOH PadoThl MOKHO YCIIOBHO pas3felIiTh Ha
CIIEIYIOIIHE HTAITBL

a) BEIOOP TEMBI H COCTaBJIEHHE ITPeJBAPHTEIILHOIO TUIaHa padoTHI,

0) cOOp HayyHOH HH(OPMAIHH, H3VYeHHE THTePaTyPhI,

B) aHAIIM3 COCTAaBHBIX YacTel IIpoOIeMbl, H3T0KeHHE TEMBI,

r) o0paboTKa MaTepHala B IIEJIOM.
Tema PI'P Be1OHpaeTCcs CTYIEHTOM CaMOCTOSATENIFHO H3 ITPEAIOKEHHOIO CITHCKA TEM.

[TogroroBky PI'P ciieqyeT HauMHATh ¢ ITIOBTOPEHHS COOTBETCTBYIOIIETO pa3jieia
yueOHHKa, VUYEOHBIX ITOCOOMIH IT0 JAaHHOH TeMe H KOHCIIEKTOB JICKIIHI ITPOYHTAaHHBIX PaHEE.
[IpHCTYIIATh K BBITTOIMHEHIIO PA0OTHI 0€3 H3YUeHH S OCHOBHBIX ITOIOKEHHIT H TIOHSATHI HaYKH, HE
CIIeQyeT, TaK KaK B 3TOM CIIy4Yae CTYAEHT, KaK ITPaBHJIO, INIOX0 OPHEHTHPYETCS B MaTepHale, He
MOZKET OTTPAaHHYHTh CMEKHEIE BOIIPOCHI H COCPEAOTOYHTE BHHMAHHE Ha OCHOBHBIX,
TIEPBOCTEIIEHHEIX ITPOo0IeMax pacCMaTPHBAEMOH TEMEL.

IIocre Be1OOpa TeMBI HEOOXOMHMO BHHMATEIIBHO H3YUHTE METOAHYECKHE PEKOMEHIALHH
110 MoATOoTOBKE PI'P, cOCTaBHTE IUIaH padoThl, KOTOPKIH JOIKEH BKIIOYATh OCHOBHEIE BOITPOCHL,

OXBATBIBAIOMHIHEC B I[SJIOM BCIO HprﬂﬁﬂTLIEHEM}’TO TCMY.

KoMnereHua odyuaroiierocs, (popMupyeMble B pe3yIbTATe 0CBOEHH A JHCITHILIHHDI

HanmMeHOBaHHEe KOMIIETEHIHH

Kom, gopMymiporka Kom, popMynnpoBka HHIHKAaTOopa | IlmaHMpyeMble pe3ylIbTaTel O0yUeHH

KOMIIETEHI[HH 10 JTHCIIIUTHHE (MOIYIIIO),
XAPaKTCPH3IVIOITHE JTallkl

(OPMHPOBAHILA KOMIIETEHIIII,

HHIHKATOPOB
OIIK-1 CriocobeH HNJI-1omx-1 CriocoOHOCTE ITpeodpa3oBaTh
peIary 3agaun [IpruMeHsIeT MaTeMaTHYECKHI CHCTEMEBI CHII B BKBHBAJICHTHBIE
ITpo¢eCCHOHAIIBHOM armrapar aHaIHTHYECKOIN CHCTEMEI H YCTaHOBIIEHHE YCIIOBHH
IeATeJIbHOCTH Ha TeOMETPHH, THHEHHON anreOpel, | PaBHOBECHS CHCTEM CIHIL.
OCHOBE T pepeHITHATLHOTO H
HCITOIIb30BAHI HHTETPAJIBHOIO HCUHCIIEHHS
TEOPETHUYECKHX U (YHKIIHH OJTHOH ITepeMeHHOH.

NOKYMEHT NOANMCAH

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: le6ayxoea TateaHa AnekcaHgpoeHa
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ITPAKTHYCCKHX OCHOB
CCTCCTBCHHBIX H
TEXHHYCCKIIX HAVK, a
TakKKES
MATEMATHHYCCKOI'O
dllIlapdTa

M -2ormx 1

[IpuMeHsIeT MaTeMaTHYECKIHI
armrapaT TEOPHH () YHKI[HH
HECKOJIBLKHX IIEPEMEHHEBIX,
TeOPHH (PYHKIHHI KOMITIEKCHOT'O
IIEPEMEHHOTO, TEOPHH PSIIOB,
TeOpHH JTH(}(PepeHIHATbHBIX
YPaBHEHHH.

M-30rmx-1

[ IppMeHSeT MaTeMaTHYECKHI
armrapaT TEOPHH BEPOSITHOCTEH H
MAaTeMaTHYeCKOH CTAaTHCTHKI.

N1-4omx-1
[ IppMeH ST MaTeMaTHYECKHI
armrapaTr YHCJIEHHBIX METOMOB.

M -5ormx-1

J|eMOHCTPHPYET ITIOHHMAaHHE
(pH3HYECKHX SBIIEHHII H YMEET
IIPHMEHITH (PH3HYECKHE 3aKOHBI
MeXaHHKH, MOIEKYIISIPHOH
(PH3HKH, Te PMOIHHAMHKH,
SIMEeKTPHYECTBA H MarHETH3MAa IS
PeIlleHHs THIIOBBIX 3a]a4.

M J1-60rmx-1

JIeMOHCTPHPYET 3HAHHE
3IIEMEHTAPHBIX OCHOB OITTHKH,
KBAHTOBOH MeXaHHKH H aTOMHOH
(PH3HKH.

N-7ommx -1
JleMOHCTPHpPYeET ITIOHHMaHHE
XHMHYECKHX ITPOI[ECCOB.

["OTOBHOCTE HCCIIEIOBATh
reoMeTpHYECKHE CBOIICTBA
IBHKEHHS Tell. I OTOBHOCTh
ONpPeJelsTh MPHIOKEeHHbIE K TeTy
(MM MeXaHHYEeCKOH CHCTEME)
CHUIBI T10 3aJaHHOMY JBHKEHHIO.

Tema 1.
Bapunanr 1
SanaHue 1
Samadue 2

Bapuanr 2
SagaHue 1
Samadue 2

Tema 2.

Bapuanr 1
SanaHue 1
Samadue 2

2. ®opMyJHPOBKA 3aJaHHA H €ro 00beM

Hepmeoic 1.
Hepmeoic 2.

Hepmeoic 3.
Hepmeoic 4.

Hepmeoic 3.
Yepmesic 6.

OOKYMEHT NnoarnmncAH
SNEKTPOHHOW NOANUCHIO

CepTtudmkar:
Bnagenel;

12000002A633E3D113AD425FBS50002000002A6
Webayxopa TaTeAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
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Tema 3. [leHTpanbHOE PacTSKEHHE H CKATHE

Bapuanr l.

SanmaHre 1 Hepmeoic 9.
3ajiaHre 2 Hepmeoc 10.
Bapuanr 2.

Samaxme 1 Hepmeowc 11.
3ajaHre 2 Hepmeowc 12.
Tema 4. OrpefieieHHe BHYTPEHHHX YCHIHH, oITpejielieHHe Je()OpMaIHi H ITepeMelleHHHH.
Bapuanr l.

Samaxme 1 Hepmeoic 13.
3ajiaHre 2 Hepmeoc 14.
Bapuanr 2.

3aganue 1 Hepmeoic 135.
3ajaHre 2 Hepmeoic 16.
Tema 5. Cueur (cpe3).
Bapuanr l.

Samaxme 1 Yepmeowc 17.
3ajaHre 2 Hepmeoic 18.
Tema 6. PacyeThI Ha ITPOYHOCTE ITPH CABHIE.
Bapuanr l.

Samaxme 1 Hepmeoic 19.
3ajaHre 2 Hepmeowc 20.

3.00mue TpedoBaAHNA K HAMHCAHUIO H 0(pOPMIIEHHIO PADOTHI

B copepxaHHH KOHTPOJIFHOH padoThl HEOOXOMNMO IT0KA3aTh 3HAHHE PEKOMEHJOBAHH OH
JIMTEPATYPEI 110 JAHHOH TEME, HO ITPH 3TOM CIIEAVET IIPABHIIbHO II0JIb30BAThCS
TIEPBOHCTOYHHKAMH, H30eraTh Ype3MepPHOT0 IIMTHPOBAHHM . [IpH HCITOIb30BaHHH I[UTAT
HeOOXOMHMMO YKA3bIBATh TOUHEIE CCHIIKH Ha HCITOIb3YEMBIH HCTOYHHK: YKa3aHHE aBTOpPa
(aBTOPOB), Ha3BaHHe pabOThI, MECTO H TOJ H3JaHH S, CTPaHHIIBI.

B mportecce paboThl HaJl ITEPBOHCTOYHHKAMH 1[eJIecO00pa3HO JAelaTh 3aIlHCH, BBIIIHCKH
a03alleB, IIMTAT, OTHOCAIIMXCS K H30paHHON TeMe. [IpH n3ydeHmn crieriaabHOH O PHIHYECKOM
ITHTEepaTypel (MOHOTpadHil, cTaTel, pelleH3HH H T.[.) BaXKHO 00paTHTh BHHMAaHHE Ha Pa3IIHYHEIE
TOYKH 3PEHHS aBTOPOB I10 HCCIEAYEMOMY BOITPOCY, Ha €r0 IMPHBOINMYIO apIr'yMEHTAI[HIO H
BBIBOJIBI, KOTOPEIMH OITPOBEPrarOTCs HHBIE KOHIIEITIHH .

Kpome pekoMeHI0BaHHOH CITEIHAILHOM JIHTePaTyPhl, MO2KHO HCIIOIb30BaTh IMOOVIO
JIOTIONHHTENBLHYIO JIMTEPATYPY, KOTOpast HeoOXOaHMAa TSI PaCKPBITHSI TeMBI KOHTPOILH O
paborel. Ecim B IepHOI HAITHCAHHI KOHTPOILHOH pPadoThl OBUTH IIPHHATHI HOBBIE HOPMATHBHO-
ITPABOBEIE AKTHI, OTHOCAIIHECS K H3IIaracéMOH TeMe, HX HeoOXOQHMO H3YUYHTh H HCIIOIL30BaTh
ITPH €€ BBITTOIHEHHI.

B KOHIIe KOHTPOILHOH PabOTHI IMTPHBOIHTCA ITOIHBIH OHOIHOrpadpHIYeCKII IepeYeHb
HCIIOJIb30BAaHHBIX HOPMAaTHBHO-TIPABOBBIX aKTOB H CIIEI[HATIBHOI JIMTEPaTYpPhl. JJaHHEII CIIHCOK
YCIIOBHO MOYKHO ITOAPA3EIIHTD Ha CIIEAYIOIIHE YaCTH:

AOKYMEHT NOAMUCAH II0 HX IﬂpII,I[II‘IEGI{Gﬁ GH.'IIE).

SNEKTPOHHOM NO4NUCHIO
Ceptuchukar: 12000002A633E3D113AD425FBS0002000002A6 |
Bnapeneu: Llebayxoea TateAaHa AnekcaHapoBHa [HYECKHE ITOCOOH.
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[TeproncTOUHMKH 2,3,4 m1a10TCs 1O anaBHTY.

OdopmneHne OCHOMMOrpapHIeCKHX CChUIOK OCYINECTRIISETCS B CIEIYIOIIEM ITOPSIKE:

1. @aviumisg 1 HHHIHAJIEL aBTOpa (KOJUIEKTHB aBTOPOB) B HMEHHTEIIBHOM ITajexe. [IpH
HaJIMYHH TpeX H 00JIee aBTOPOB JIOITYCKAETCS YKa3bIBaTh (paMHIIMH M HHHIIHAJIEI IIEPBHIX JIBYX H
n00aBHTE «H1 Ip.». ECIM KHHTa HaIlcaHa aBTOPCKHM KOIUIEKTHBOM, TO CCBITIKA JEIAETCs Ha
Ha3BaHHE KHUTH U e€ pegakropa. DaMIIINIO H HHHITHATIBI PeJaKTOopa IMTOMEINAOT ITOCIIE
Ha3BAHHSI KHUTH.

2. IlomHoe HasBaHHE IIEPBOHCTOYHHKA B HMEHHUTEIIEHOM ITaJIeKe.

3. MecTo n3maHus.

4. I'ox U3TaHH AL

5. O011ee KOMMYECTBO CTPAHHUIL B paborTe.

CCHIIIKH Ha KYPHAIPHYIO HIH Fa3eTHYIO CTaThIO JOIKHEL COJIEPKaTh KPOME YKa3aHHBIX
BRIIIE JJTAHHBIX, CBEAEHHS O Ha3BaHHH JKYpHasla IIH ra3eThl.

CCBUIKH Ha HOPMAaTHBHBIH aKT JENIarTCs ¢ YKazaHHeM CoOpaHus 3aKOHOaTe/IbCcTRa PO,
HCKITFOUYEHHE MOI'YT COCTABIISTEH CCHUIKH Ha POCCHHCKYIO Ta3eTy B TOM CIIy4ae, €CII JaHHBI
HOPMATHBHBIH aKT elle He oIyOIHKosaH B C3 PD.

[Ipu HCIOIb30BaHHH IUTAT, HAEH, ITPOOIIEM, 3aHMCTBOBAHHEIX V OTAEIIFHEIX aBTOPOB,
CTAaTHCTHYECKHX JAHHBIX HEOOXOIMMO IIPAaBHIILHO H TOYHO JAEIAaTh BHYTPHU TEKCTOBBIE CCHIIIKU
Ha IIEPBOHCTOYHHK.

CCHIIIKH Ha HCITONB3YEMbBIE TIEPBOMCTOYHHKH MOKHO JIETIaTh B KOHIIE KaKIOH CTPaHHIIbI,
THOO B KOHIIE BCEH PabOTHL, HYMePAIH MOXKET HAUHHATHCS Ha Ka KON CTPaHHIIE.

CrpykrypHO KoHTponsHas1 paboTa COCTOHT TOINBKO H3 HECKOILKHX BOIMPOCOB (3-6), Oe3
ri1aB. OHa 00S43aTENBHO JIOIDKHA COJIEPKAaTh TEOPHIO H IIPAKTHKY PacCMaTPHBAEMOH TEMEI.

4.PexoMeHIAIHH 110 BLIMOJIHEHHIO 32 JaAHHS

KoHTpoimbHag paboTa H3naraeTcs I0rHYEeCKH ITOCIIEOBATEIIFHO, IPaAMOTHO H
pa3bopunBo. OHA 003aTENBHO JOIKHA HMETH THT VIIBHEIH JTHCT. OH COAEPKUT HAa3BaHHE
BBICIIIETO Y4eOHOIO 3aBeJIeHH S, Ha3BaHHe TeMBI, (PaMIUIHIO, HHHI[HAIBL, YYEHOE 3BaHHE H
CTEeIEeHh HaYYHOIO PYKOBOJHTEINS, (DaMIUTHEO, HHHITHAJIBI aBTOPa, HOMEP I'PYIIIIHI.

Ha ciaegyromeM JIHCTe IPHBOAUTCS COAep KaHHe KOHTPOJIbHOH padoThl. OHO BKIIIOYAET B
ce0s: BBeJeHHE, Ha3BaHHE BOITPOCOB, 3aKIFOUYEHHE, CITHCOK IHTEPATYPHI.

BeeneHne qomkHO OBITE KpaTKHM, He Oonee 1 crpa”Huisl. B HEM HEOOXOMMMO OTMETHTH
aKTYaJIbHOCTB TEMBI, CTEIIEHD €€ HAYYHOH pa3padOoTaHHOCTH, IIPpeAMET HCCIIeJOBaHNs, 1[EIb H
3aJlauM, KOTOPHIE CTAaBATCA B padoTe. M3moKeHHe KaKI0r0 BOIPOca HEOOXOAHMO HayaTh ¢
HaITMCAHH 3ar0JI0BKA, COOTBETCTBYIOIIEMY OITIABIIEHHIO, KOTOPHIH JOIKEH OTPaKaTh
COJIepKaHHe TeKCTa. 3ar0JIOBKH OT TEKCTA CleAyeT OTAEelSITh HHTepBaaaMi. KaKIbIi 3arojIoBOK
00s3aTEeNbHO JOIKEH IIPEAIIECTBOBATh HEIIOCPEACTBEHHO CBOEMY TEKCTY. B TOM ciydyae, KOorja
Ha OYEPEMHOH CTPaHHI[E OCTAETCS MECTO TOIBKO JJIS 3aIr0JIOBKA M HET MeCTa HH JJI OJHOH
CTPOYKH TEKCTa, 3ar OIIOBOK HYKHO ITHCaTh Ha CIIEAVIOIEH CTpaHHIIE.

HM3mmaras Borpoc, KaxKIbeIH HOBBIH CMBICIIOBOH ad3a1] HeOOXOJHMO HaYaTh ¢ KPaCHOH
CTPOKH. 3aKOHYHTh H3IIOKEHHE BOIIPOCcaA CIIeIYET BBIBOJAOM, HTOIOM IO COJEPKAaHHIO JAHHOI'O
pasjena.

M3moxeHHe cofepKaHHsI BCEH KOHTPOJIBHOH PadOoThI TOIKHO OBITE 3aBEPIIEHO
3aKIIIOYeHHEM, B KOTOPOM HeOOXOIHMO JaTh BEIBOALI IIO HAITHCAHHIO PaOOTHI B IIETIOM.

CTpaHHIBI KOHTPOIIEHOH paboTHl JO/KHEI HMETh HyMepallHio (CKBO3HOH ). Homep
CTPAHHIBI CTABUTCS BBEPXY B IIPABOM YITIY. Ha THTYIIEHOM JIHICTE HOMEDP CTPAHHIBI HE
cTaBUTCS. OINTHMAaIbHBIH 00BEM KOHTPOIBHOH padoThl 10-15 cTpaHHI] MAIITHHOITMCHOI'O TEKCTA
(pazMep mpHdTa 12-14) yepe3 MOTYTOPHBI HHTEPBAJI HAa CTaHAapTHBIX JIHCcTaxX hopMara A-4,

SNEKTPOHHOW NOANMUCHIO - 1IP '
Ceptudukar:  12000002A633E3D113AD425FB50002000002A6 KacTCA ITIPOHU3BOJIBHOC COKPALIICHHE CII0B
Bnapened; Lebayxopa TateaHa AnekcaHapoeHa
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[Io BCEM BOSHHKIIIHM BOIIPOCAM CTYAEHTY CIeAVeT 00paIarhcs 3a KOHCYIIbTALHEN
ITperogaBaTeiro. CPpoK BEITIOTHEHHS KOHTPOJIbHOH pabOTHI OIPEAENSIETCS IIperofaBaTelleM U
OHa JOJIKHA OBITH CIaHaA HE MO3HEE, YEM 3a HEJEIIIO 0 AK3aMeHa. 110 pesyinbTaTaM ImpoBEPKH
KoHTpomnpHasg padoTra OlleHHBaceTC Ha 2-5 0alyioB. B ciyyae oTpHI[aTeIbHON OIIEHKH, CTYIEHT
IOIDKEH O3HAKOMHTECS C 3aMEYaHISIMH H, YCTPAaHHB HEJIOCTAaTKH, IIOBTOPHO CIIaTh paboTy Ha

IIPOBEPKY.

S. I1u1aH — rpaMK BBINOJIHEHHS 32 JaAHISA

Ne | Dran BbIIOJIHEHH S 32 JaHH S O0bemM YacoB 4151 BLOIOJIHEHHA 3aJaHAA (acTp.)

1 2 3 4 5 6 7 3 9 10

Bbio/iHeHHe KOHTPOJIbHLIX 33 1aHHil
1 [TomydeHne 3a[aHHs Ha | +

YCTAHOBOYHOM 3dHATHI, dHAJIH3
€Ir'o C IIPCITIOJaBaT CIICM

2 HM3ydyeHHe  JmMTepaTypel 1A + + + + + + +
BBIITOTHEHHS 3aJaHHiT
KOHTPOJIILHOH PadOTHI

3 BrIImonHeHNe 3ajaHiuH + +
KOHTPOJIbHOH padoTHI, €€
opopmITeHIIE

6. Kputepun oneHHBaHHA PadoOTbI

Oyenxa «omauyHoy» BEICTABIIIETCS CTYAEHTY, €CJIM TEOPETHYECKOE COJIepKaHHEe Kypca
OCBOEHO IIOIHOCTRIO, O€3 ITpOoOeNIOB, HCYEPIILIBAIOIIE, ITOCIEA0OBATEIILHO, YETKO M JIOTHYECKH
CTPOMHO H3lIaracT MarTepHall, CBOOOMHO CIIPABISETCS C 3aJadaMH, BOIIPOCAMH H IPYTHMH
BHJIAMH TIpUMEHEHHMS 3HAHHII, HCIIOIB3YET B OTBETE JIOIOIHHUTEIIPHBIH MaTepHAalIBCE
ITPEAYCMOTPEHHBIE ITPOrPaMMOIl 3aJaHHS BBIIIOIHEHBI, KAYECTBO HX BBINIOJIHEHHS OIIEHEHO
ypciaoM OamioB, OMHM3KHMM K MAaKCHMaJIbHOMY, aHAIM3HPYET IIOINYYEHHBIE PE3YIILTATHI,
ITPOSIBIISAET CAMOCTOSATEIILHOCTD IIPH BEOTOITHEHIH 33 JaHHi.

Oyernxa «xopouio» BBICTABIIETCS CTYAEHTY, €CIIH TEeOPETHYECKOe COJIepKaHHe Kypca
OCBOEHO MOIHOCThIO, HEOOXOAHMBIE ITPAKTHYEeCKHE KOMIIETEHI[HH B OCHOBHOM C() OpPMHPOBAHEI,
BCE IIPeJYCMOTPEHHBIE IIPOrpaMMOH OOydYeHHS y4ueOHBIE 3aJaHHS BBIIIOIHEHBI, KaueCTBO HX
BBITTIOIIHEHH S JJOCTATOYHO BEICOKOEe. CTYAEHT TBepAO 3HAET MaTepHall, TPAMOTHO H ITO CYIIECTBY
H3IIaraeT €ro, He JOIIYCKas CYIIECTBEHHBIX HETOUYHOCTEH B OTBETE Ha BOIIPOC.

Oyenxa «vooenemeopunensHo» BBICTABIISIETCS CTYIEHTY, €CIH TEOPeTHYECKOe
COZEPKAHHE Kypca OCBOEHO YaCTHYHO, HO IPOOelkl HE HOCAT CYIINECTBEHHOIO XapakTepa,
OOJBINMHCTBO IPEAYCMOTPEHHBIX IIPOrPaMMON 3aJaHMI BBIIIOIHEHO, HO B HHX HMEIOTCH
OIIMOKH, ITPH OTBETE Ha ITOCTABIIEHHBII BOIIPOC CTYJEHT MOITYCKAeT HETOUHOCTH, HEJOCTATOUYHO
IIPaBIUIbHBIE (DOPMYIIMPOBKH, HAOIIOMAIOTCS HAPYINEHHS JIOIHYECKOH ITOCIeJOBaTEIIbHOCTH B
H3II0KEHHH ITPOrpaMMHOI0 MaTepHalla.

Oyenxa «HeyooeremeopumensHoy BBICTABISETCS CTYIEHTY, €CIH OH HE 3HAaeT
3HAUHUTEIPHON YacTH IIPOrpaMMHOIO MaTepHala, JMJOIIYCKAaeT CVIINECTBEHHBIE OIMHMOKH,
HEYBEPEHHO, C OOJBIIMMH 3aTPYAHEHHSIMH BBIOIOIHSET IPaKTHUYECKHE PabOoThI, HEOOXOMHMBIE
IIPAaKTHYECKHE KOMIIETEHIIMH HE  C(QOPMHPOBAHBEL, OOJIIMHHCTBO  IIPEXYCMOTPEHHBIX
ITporpaMMoN 0O0y4YeHHI YUeOHBIX 3aJaHHI HE BBIIIOIMHEHO, KAUECTBO MX BBINIOHEHHS OL[EHEHO
YHCITOM 0ATTOR. OMTHAKHM K MUHHMATTEHOMV.

NOKYMEHT NoanncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudumkar: 12000002A633E3D113AD425FB50002000002A6 IHTbI pﬂﬁﬂTbl
Bnapeneuy; Lebayxora TateAHa AnekcaHapoBRHa TOIKEeH BHHUMATEIIRHO 03HAKOMHUTELCS C

BCE YKa3aHH I HAyYHOI'O PYKOBOAUTEIS. Ecin
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padoTa He JOITYINeHa A0 3allHThI, HeOOXOMHMO 03HAKOMHTECS C PEIlEH3HEH, T0padboTaTh
KOHTPOJIBHYIO padoTy, VCTPAHHB BCE HeJOCTAaTKH, YKa3aHHEIE HAYVUYHBIM PYKOBOJAHUTEIEM, H B
HOBOM BapHaHTE CAATh HA IIPOBEPKY.

B ycTaHOBJIEHHBIH Ka(eIpoi CpOK HCITOJHHTENDL 00s3aH SIBHTHCS Ha 3aIl[UTy
KOHTPOJIBHOHN PabOTEI, MMes ¢ COOOH ITOCIIeHII BapHaHT, PEI[EH3HIO Ha II€PBEIH BapHaHT C
3aMEeYaHISIMH PYKOBOIHUTENS H 3a4ETHYIO KHHKKY.

[Ipu 3a1ure CTyAeHT QOIKEH OBITh TOTOB OTBETHTH Ha BOIIPOCHI HAYYHOIO
PYKOBOIHTEIS ITO BCEH TEME KOHTPOIILHOH PabOTHI.

OrieHKa padoTHI IMTPOMU3BOAUTCA IO YETHIPEXOAIBHON CHCTEME. «OTIIHYHOY, (XOPOILIIO»,
«YIOBIIETBOPHTEILHOY, «HEYAOBIETBOPHUTEIILHOY. I10CTIe 3alIMTHI MTOIOKHTEbHAS OI[EHKA
BBICTABJISIETCS B 3aUETHYIO KHIDKKY. 3allHINEHHBIE KOHTPOIbHEIE PA0OTHI HE BO3BPAIIAFOTCS H
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CnHcok pekoMeHayYeMOH JIUTepaTypPbI
IlepevyeHb OCHOBHOH JIMTEPATYPbI
1. Mexenxuii, I'.J[. Texmmyeckas wmexanmka / [I'.]I. Mexemxui, I'.I'. 3arpeCmH,
H.H. PemetHuk. — 5-e u3a. — Mocksa : HM3gaTenbCcKo-TOproBas KOprioparms « /{alkos 1
K®», 2015. — 432 c¢. : wi1. — Pexum gocrtyima: 1mo noarmucke. — URL: . — bubmmorp. B KH. —

ISBN 978-5-394-02628-7. — TeKCT . 3lI€KTPOHHBII.

IlepeyeHnb JOMOJTHHTEILHOH JIMT€PATYPBL
1. Texumyeckasg Mexanuka / H.A. Koctenxo, C.B. bamsgcumkona, 10.5. BonommaHoBckasa H
np. ; pea. HA. KocreHko. — Mocksa :Jlupekr-Memna, 2014, — 485 c¢. : pHc., Tadbm. —
PE}I{I]M IOCTVIIA: 110 IO CKE.
URL: http://biblioclub.ru/index.php?page=book&i1d=226084 . — bubnuorp. B KH. — ISBN
978-5-4458-6217-8. — TEKCT : 3IeKTPOHHBII.

OJOKYMEHT NoanmvucAH

SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022
73



MUHUCTEPCTBO HAVKH U BEICIIIETO OBPA3Z0OBAHUS POCCUUCKOU OEJEPAIIUU

OEJIEPAJIBHOE 'OCYJJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YUPEXJAEHUE BBICHIEI'O OBPA3SOBAHW A
«CEBEPO-KABKA3CKHWHU OEJAEPAJIBHBEIM YHUBEPCHUTET»

[Iaruropcxiit HHCTHTYT (proman) CKOY

METOJJNMYECKHNE YKA3ZAHIA

10 OpraHM3aIu 1 IPOBEJEHIIO CAMOCTOSATENILHEIX PadOT 10 JUCIIUIUINHE
«MexaHHKA (TEXHHYEeCKA MEeXaHHKA))»
IU1SI CTYIAEHTOB HaAIPABIIEHHS ITOAT OTOBKH

08.03.01 CTpouTEJILCTBO

AOKYMEHT NoannMcAH
SNEKTPOHHOW NOAMUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

[Iaruropck, 2022

74



Cogep:xraHue

|2y 21 (53 3 1 (=TT TSR PURUTRRPTTRORORRRNY | o |
1 .O0mas XxapakTepHCTHKA CAMOCTOSTEIIEHON PAOOTEL CTYIEHT A .uveeevvvreeeerrrneeeerieseeeerreeaerrneeeens 77
2. I1naH - rpadHK BEOTOTHEHHS CAMOCTOSITEIIBHOM PAOOTEL ....ecevveeeiierieeeieerieeeereereeesreesreeseessresseeens 78
3. MeToaHyecKHe pEKOMEHIAIHH 10 H3YUEHHIO TEOPETHUYECKOTO MATEPHAIIA .ovvvveeevrreceenveeevvnnen 78
3.1. Buo camocmosnmenvHoit pabomul. camocnosneisHoe U3VUeHIe TUMePAMYPbl ... ............. 18
3.2. Buo camocmoamenvhoii pabomuol. H0020MOEKA K NPAKMUYECKUM 3AHAMUIM .....vvvevevevennr. 19
4. METOMMUECKIE YVEKABAHII ...veeivvuteeeeiuiseeeeitaseeee ittt eeee irrseeesbsseses bbbt eses bbb aeas bbseees bbbt eees bbb asas brseseess 79
CITHCOK PEKOMEHTYEMOM TTHTEPATVYIBL vt eeetneeiaeseeeetrineereeeeesssseees e sanseeeesssnssseeeesssssesesnoessnnseeessnnnns 80
LOKYMEHT NOAMNUCAH

SNEKTPOHHOW NOAMUCLIO
Ceptudukar: 12000002A633E3D113AD425FBS50002000002A6

Bnapeneu: lLleBayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022

75



BBeaeHune
MeTognuecKHe VYKa3zaHHS H 3aJaHHS IS BBIIIOJIHEHHS CaMOCTOSTEIIbHOH PaloThI
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1.001mas XapaKTepHCTHKA CAMOCT 0ATEIbHOH PadoThl CTY/I€HTA

CaMocTosrebHas padora — 3T0 BHA YUeOHOHM AeATEIBHOCTH, BHITTOMHSIEMBIN YYAIIIMC I
0e3 HENOCPEACTBEHHOIO KOHTAaKTa C IIPENojaBaTelIeM IIH VYIIPaBIIEMBIN ITPEIIogaBaTelIeM
OITIOCPENOBAHO Yepes3 CIElHalIbHbIe YVUeOHBIE MAaTepPHAIIBI, HEOTheMIIEMOEe O0S3aTEeIIbHOE 3BEHO
Imporecca o0yYeHH S, IIpeAyCMaTPHBAIOIIEE TIPeXkAe BCEr0 HHAHBHAYAILHYIO paloTy Y4aIlHXCs
B COOTBETCTBHH C YCTAHOBKOH ITPEITOAaBaTels IWIH yueOHHKA, IIporpaMMbl 0OYUEHHS.

Ha coBpeMeHHOM 53Tale CcaMOCTOATENbHYIO PpaboTy CTVAEHTa CIeAyeT pas3feliTh Ha
pabory ¢ OyMaXHBIMH HCTOYHHKAMH HHpOpMaIlpH, T.e. Yy4eOHHMKAMH, MeTOIHYeCKHMH
ITOCOOH SIMH, MOHOT'pa(pHSIMH, KyPHaJIaMH H T.JI. H 3JIeKTPOHHBIMH HCTOYHHKAMH HH()OPMAIHH,
T.€. JIOCTVII K AIIeKTPOHHBIM pecypcaM uepes MHTepHET.

CeromHsa CcaMOCTOSTEILHVIO PpaboTy CTYIeHTa HeBO3MOKHO IIPEICTaBHTL  Oe3
HCIIONB30BaHHA HH(}OpMaIHOHHOH ceTH — MHTepHeT. HeoOXomHmocTh HCITONIB30BaHHS
HMHTepHEeTa BOSHHKAET He TOJBKO ITPH ITOATOTOBKE K MPaKTHYECKHM H CeMHHAPCKHM 3aHSITHSM,
HO, B OOIBINEH CTEIEHH, IIPH HAaIMCAHHH PAa3IMYHBIX HCCIEA0BATENLCKHX H TBOPUYECKHX PadorT.
MHorHe coBpeMeHHbIe MOHOI'pa(pHH, MEpHOAHYECKHE KypHAaIIbl H3JaHbl TOIIBKO B BIEKTPOHHOM
BHJE H C HUMH MOKHO ITO3HAKOMHTECS TOJIbKO B MIHTepHETE.

Iesn W 3aJa4Yl caMOCTOATE/IbHOH PadoThl: (OPMHPOBAHHE CIIOCOOHOCTEH K
CaMOCTOST eJIbHOMY TTO3HAHHIO H 00YUEeHHIO, TIOHCKY JINTePaTypPphlI, 0000IIEeHI0, 0 OPMIESHHIO H
IIPEICTARIIEHHIO IIONYYEHHBIX Pe3YIbTaTOB, HX KPHTHYECKOMY aHAaIH3y, ITOHCKY HOBBIX H
HEOPAHHAPHBIX PEIIEHHH, apryMEeHTHPOBAHHOMY OTCTAaHMBAHHIO CBOHMX IIPeIJIOKEHHI, YMEHHH
ITOATOTOBKH BBICTYIUIEHHH H BEACHHS JHCKYCCHI.

KoMnereHnuu odyuaronierocs, popMupyemMbie B pe3yJibTaTe 0CBOCHHA JHCITHILTHHbI

HanmMeHOBaHHEe KOMIIETEHIHH

Ko, hopMyImpoBKa Kon, dopMynHpoBka HHIHKATOpa | IITaHMpyeMEle pe3yibTaTkl O0yUeHH A
KOMIIETEHI[HH 10 THCIIIUTHHE (MOIYIIIO),
XapaKTePH3VIOIIHE ITallbI
(G opMHPOBAHILT KOMITE TEHITIIA,
HHJIHKATOPOB
OIIK-1 CriocobeH WJI-1omx-1 CI1ocoOHOCTE ITpe00pa3oBaTh
pelars 3aJaun [IprMeHsseT MaTeMaTHYeCKHIT CHCTEMEBI CHII B BKBHBAJICHTHBIE
ITpo¢eCCHOHAIIBHOM armrapar aHaIHTHYECKOIN CHCTEMEI H YCTaHOBIIEHHE YCIIOBHH
IeATeJIbHOCTH Ha TeOMETPHH, THHEHHON anreOpel, | PaBHOBECHS CHCTEM CIHIL.
OCHOBE T pepeHITHATEHOTO H
HCITOIb30BAHI HHTETPAJIbHOIO HCUHCIIEHHS
TEOPETHUYECKHX U | (pYHKIMH OIHOMH ITepeMEHHOH.
IIpaKTHYeCKHX OCHOB | M]I-20mx-1 ['OTOBHOCTH HCCIIENOBATH
€CTECTBEHHEIX H [IprMeHsIeT MaTeMaTHYeCKHI T€OMETPHYECKHE CBOICTBA
TEXHUYECKHUX HAYK, @ | armrapaT TeOpPHH (PYHKITHH IBIDKEHHS Tel. [ OTOBHOCTD
TAKXKe HECKOIIbKHX IIEPEMEHHBIX, OIPEHENATH ITPIIOKEHHBIE K TEITY
MaTEMaTHYECKOTI'O TeOPHH (PYHKIHHI KOMIDIEKCHOTO | (MIIHM MeXaHHYeCKOH CHCTEME)
arrapara TIEPEMEHHOI0, TEOPHH PSIOB, CHJIBI IO 3aJaHHOMY JIBHKEHHIO.
TeOpHH TH(PepeHIHaIbHBIX
YPaBHEHHIL.
M ]I-30mm1
NOKYMEHT MNOAMNNCAH ECKHI
ANEKTPOHHOWM MOAMMUCHIO locTeit u
CepTucbukar: 12000002A633E3D113AD425FB50002000002A6
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N-dorm-1
[ IpuMeHsIeT MaTeMaTHYECKIHI
armapar YHCIEHHBIX METOIOB.
W]I-Somm1
JIeMOHCTPHPYET ITOHHUMAHHE
(pH3HYECKHX SBICHHH H YMeeT
IIPHMEHATH (PH3HYECKHE 3aKOHBI
MEXaHHKH, MOJIEKYILIPHOM
(PH3HKH, TePMOIHHAMHKH,
3IEKTPHYECTBA H MarHeTH3Ma JIJIS
PEIIEHHS THIIOBBIX 3a1a4.
M 1-60rmx-1
JIeMOHCTPHPYET 3HAHHE
3JIEMEHTAPHBIX OCHOB OIITHKI,
KBAHTOBOH MeXaHHKH H aTOMHOH
| (pH3HKH.

M -7ormx-1
JIeMOHCTPHPYET ITIOHHUMAHHE
XHMHYECKHX ITPOIIECCOB.

2. I1.1aH - rpauK BbHINOJTHEHH S CAMOCTOAT eJIbHOM PadoThl

Koxrr Cpencrea u OOBEM YaCOB, B TOM YHCIIE
peanusyeM TEXHOJIOTHH CPC KOHTaKTH Bcero
BIX OIIEHKHU as pabora
KOMITETEHIT B gesgreIbHOCTH .
15150 CLYACHTOB IIPEIIoaBa
HHIHKATOP TeleM
a(oB)
4 ceMectp
OIIK-1 CaMOCTOITEIbHOE CobOecenmoarmie | 12,6 1.4 14
%ﬂ; I}I{ﬂﬂf H3YUEHHE JINTEePaTYPhI
H,I[S L 6 110 TeMaM
m_j) .NE l-l 6
OIIK-1 IIoaroToBKa K OTuér 8,1 0,9 9
(Hﬂ; I”I,I[f IPAKTHYECKHM (I CEMEHHBII)
%5 % 6 3AHSITHIM
MJ1-7)
g{fﬂﬂ{il ] Harmncanne PI'P PI'P 9 | 10
L3 T4
UA-5; UN-6;
IT-7)
Hroro 3a 4 ceMecTp 29,7 3.3 33
HUroro | 29,7 3.3 33

3.Metou4ecKHe peKOMEHJAIMH 110 H3YVICHHIO TeopeT HIeCKOro MaTepHuaJia
3.1. Buo camocmoamensHou padoomsl.: camocmoanmebHoe u3yueHue aumepantypol
T HOKYMEHT noanrcaH T «MexaHka  (TeXHH'UeCKAsi  MeXaHHKA)»
ANEKTPOHHOW NOANUCHIO [AKOMHBIIINCEH C COAePKaHHEM KaKJIOH M3 HHX B
Cepruchukar; 12000002A633E3D113AD425FB50002000002A6 |
OM H3YVYEHHH JUCIMIUIMHBLI CTVYAEHT JOIKEH
Bnapeneu: Lebayxoea TateAHa AnekcaHgpoBHa ¥ AicHt YA o
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ITOIIE30BAaThC COOTBETCTBYIOIIEH THTepaTypoH. I IpHMepHEII IIepeYeHb IMTEPAaTYPHl IIPHBEAEH B
paboueH IporpamMme

Jlist Goree IOIMHOIO OCBOEHHS Y4eOHOIrO MarepHaaa CTYIAEHTAM YHTAIOTCS JIEKI[HH ITO0
BaKHEHIIMM pas3fiellaM H TeMaM Y4yeOHOH AMCIMIUIMHBI. Ha JeKIpisx H3mararorcsa M JAeTalbHO
paccMaTpHBarOTCd  HaHOOlIee BaKHBIE  BOIPOCHI, COCTABIISIOINHE TEOPETHYECKHH U
MIPAKTHYECKHI (PYHAAMEHT JHCIIUIUIHHBL.

Hmozoeslit npo0ykm: KOHCnEeKm JIeKyILU

Cpeocmea u mexHonozuu oueHku: Cobecedoséarue

Kpumepuu ouenueanusa: OlleHKa «OTJIMYHOY» BBICTABIIAETCS CTYAEHTY, €CIIH B ITOJTHOM
00BEMe H3YUEH KYPC JaHHOH JHUCIHIUIHHEI H BBITIOTHEHEI ITPAaKTHUECKHE 3aJaHHs

OlleHKa «XOpPOIIO» BBICTABISETCS CTYIAEHTY, €CJIM JOCTAaTOYHO IIOIHO H3VYEH KYPC
TAaHHOH JHCIIIUIHHEI H BEITTOJIHEHEI IIPAKTHYECKHE 3aJaHHs

OlleHKa «YIOBIETBOPHTEIILHO» BBICTABIISETCS CTYAEHTY, HEIOCTATOYHO €CIH IIOIHO
H3YYEH KYPC JaHHOM AU CIMIUIMHEL M BBIITOITHEHEI IIPAKTHYECKIE 3aIaHHs

OlleHKa «HEYIOBIETBOPHTEIIEHO» BBICTABIISETCS CTYAEHTY, €CIIH OTCYTCTBYIOT 3HAHHS H
ITPAKTHYECKHE HABBIKH 110 JTAaHHOH JHCITHIUIHHE.

T emMbI 11 CAMOCTOAT €JILHOT0 H3YYECHHS:
Tema 1. OrnpeneneHne KHHEMaTHYECKHX XapPaKTEPHCTHK TOYKH.
Tema 2. [ImockomapaniensHOE ABHKEHHE TREPAOTO TEIA.
TeMa 3. [[eHTpabHOE pacTsSKEeHHE H CKaTHE
Tema 4. OnpeiesieHHe BHYTPeHHHX YCHITHIL, OIIpelelieHHe Ae]opMalliii H IepeMeleHHH.
Tema 5. CaBur (cpe3)
Tema 0. PacyeThl Ha ITPOYHOCTE TPH CABHIE
Tema 7. 'eoMeTpHUECKHE XapaKTEPHUCTHKH TUIOCKHX CEYeHHH
Tema 8. [IpsaMol nmonepeyHs H3rHo
Tema 9. M3rud ¢ kpyueHHEM
Tema 10. LleHTp mapaiebHBIX CHII
Tema 11. CriocoOHI onpeeneHH KO3()PHIHEHTa TPEHH .
Tema 12. CoIpoTHBIIEHHE ITPH KAYEHIH.
Tema 13. Axpo ceyeHHS ITPH BHELIEHTPEHHOM C/KATHH.
Tema 14. Pacuer Ganki Ha YIIPYTrOM OCHOBAHIH.
Tema 15. Pacuer 3akJIeNnOK Ha Iepepe3bIBaHHeE
Tema 16. PacueTrl Ha MPOYHOCTE ITPH H3THOE I10 HOPMAJIBHBIM HaIIPSKEHI SIM

3.2. Buo camocmoamesibHOU padomsl: RO020MOBKA K NP AKMUYECKUM 3AHAMUAM

Hmocoéwstii npodykm: OTUYET 110 IIPAKTHYECKOH padoTe

Cpedcmeéa it MexXHON02UN OUEHKIL. 3alllliTa OTYeTa

Kpumepuu ouenusanua: OlleHKa «OTIIMYHOY» BEICTABIIIETCS CTYAEHTY, €CIIH B IIOJTHOM
00BbEeMe H3YUYEH KYPC JaHHOH JHUCIHIUIHHBI H BBIITOTHEHEI IIPAKTHYECKHE 32 aHH I

OlleHKa «XOpPOIIO» BEHICTABISAETCS CTYIAEHTY, €CJIM JOCTAaTOYHO IIOJIHO H3VYEH KYPC
JAaHHOH JHCIMIUIMHEI H BBIITOJIHEHEI IIPAKTHYECKHE 3aaHH S

OlleHKa «YJIOBJIETBOPHTEILHO» BBICTABIISIETCS CTYIEHIY, HEQOCTATOYHO, E€CIIH IIOJIHO
H3VYEH KYPC JaHHOM JHCIUIUIMHEL H BBIITOITHEHEI IIPAKTHYECKIE 3aJaHH I

OlleHKa «HEYIOBIETBOPHTEIIEHO» BBICTABIISETCS CTYIEHTY, €CIIH OTCYTCTBYIOT 3HAHHS H
ITPAaKTHYECKHE HABBIKH 110 JJAaHHOH I CITHIUIHHE

4. Mertoanueckue YKa3aHHsA

AOKYMEHT [OATNUCAH SHHIO T1aBO0PATOPHBIX DAGOT IO THCIMIUIMHE

3NEKTPOHHOW NOANMUCHIO '. patop P AUHCLE |

Ceptudukar:  12000002A633E3D113AD425FB50002000002A6 a)», HampasiaeHHsa 1nogroroBku  (8.03.01
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THCIITIHHE «MexXaHHKa (TexXHIJecKas MeXaHHKa)», HalpaBlIeHHI IToAroToBkH 08.03.01
CTPOHTEBLCTBO.
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