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BBenenue

Hucuunnuna «IlpukianHas MexaHUKay SIBISIETCS OCHOBOW OOIIETEXHUYECKOW U
oOmenpodeccuoHanbHON TMOJArOTOBKM HWHXKEHepa Jo0oro mnpoduias, B YacTHOCTH,
MHKEHEpPA MOoXKapHOU O€30MaCHOCTH.

[IpuknagHass MexaHWKa — 3TO OTpAcib HAyKH, H3yyalollas JIBUXKEHHE JH0O0ro
BEILIECTBA, KOTOPOE MOXET OBbITh MCHBITAHO WJIM BOCHPHUHATO JIOJbMH 0€3 MOMOIIU
MHCTPYMEHTOB. JIpyruMu Ci1oBaMM, KOTJa KOHLENIMM MEXAHUKHA BBIXOIAT 3a PaMKHU
TEOPETUYECKHUX M MPUMEHSIOTCS M BBINOJIHSIOTCS, 00Ias MeXaHWKa CTaHOBHUTCSA
IIPUKJIATHON MeXaHUKOW. VIMEHHO 3TO pe3koe pasnuyue IenaeT NPUKIAAHYI0 MEXaHUKY
Ba)KHBIM MIOHMMAaHHUEM JIJIsl TPAKTUYECKON MOBCETHEBHOM M3HU. OHA UMEET MHOKECTBO
NPUMEHEHUH B CaMbIX pa3HBIX 00JAacTAX M AMCLUUIUIMHAX, BKIOYas, IOMHUMO MPOYEro,
IIPOCKTUPOBAHUE  KOHCTPYKLMM, METEOPOJOTHIO, THUIAPABINKY, MAIIMHOCTPOCHHUE,
HAHOTEXHOJIOTUHU, MPOEKTUPOBAHUE KOHCTPYKLMH, THAPOAUHAMHUKA U JIPYTUE HAYKUA O
#u3HU. CBs3bIBas MCCIEAOBAaHWS  MEXAY MHOTOYHMCICHHBIMM  JIHUCIUILIMHAMH,
NPUKJIAHAsI MEXaHUKA UTPAET BaXKHYIO POJIb KaK B HAYKE, TaK U B TEXHUKE.

Pa3BuTHE COBpEMEHHOM MOKAPHON TEXHUKU CTABUT NEPE] MHKEHEPAMM MOKAPHON
0e30macHOCTH CcaMble Pa3HOOOpa3Hble 3aJayM, CBSI3aHHBIE C PACUYETOM Pa3IUYHBIX
COOpY>KEHUM (3/1aHUii, MOCTOB, KAHAJIOB, IJIOTUH U T.I1.), C AKCILTyaTal[uell BCEBO3MOXKHBIX
MallluH, MEXaHU3MOB, JBUTaTelied M, B YACTHOCTU, TAKUX OOBEKTOB, KaK MOXKapHbIC
aBTOMOOMIIM, COCTaBISIIOIIME WX Y37bl (THIPONpPHUBOIbLI, Hacockl). KoHcTpyupoBanue
MAIlIMHbI HE3aBUCUMO OT TOTO, BBIITOIHAETCS OHO YYalIUMCs WIH OIBITHBIM MHXKEHEPOM, -
npouecc TBopueckui. Kaxnas KOHCTPYKTOpCKas 3anada, Kak IIPaBHIIO, MMEET MHOIO
pemeHuii. Onupasch Ha UMEIOIINECS TECOPETUUECKHUE 3HAHUS, YUaIllUHCs JOJKEH BhIOPATh
U3 MHOTMX BO3MOXHBIX pEIICHWM OIHO, Hawiydmee. [Ipu 3TOM emy mnpuxomgurcs
IIPUHAMAaTh  BO  BHHMMAaHWE  YacTO  NIPOTHUBOPEUYMBBIE  TEXHOJIOTMYECKHE U
AKCIUTyaTallMOHHbIE TpeOOBaHUS, MPEAbSIBISIEMbIE K MPOCKTUPYEMOMY  H3JCIHIO.
HecMoTpst Ha MHOrooOpasue Bcex 3THX MpoOJeM, pelIeHUsI UX B ONPEACIICHHONW YacTH
OCHOBBIBAIOTCSI HA HEKOTOPBIX OOIIMX MPUHIIMIAX U UMEIOT OO0 HAyYHYI0 0a3y.

Bosbmioit Bk1aa B pa3BUTHE HayKu BHECIH U pycckue yueHHsie. [[.1. XKypaBckomy
OPUHAAJICKUT TEOPHUsl pacueTa MOCTOBbIX (epM, a Takxke QopMmyna Juisi OnpeneneHus
KacaTelbHbIX HampsbkeHuil npu u3rude Oanku; A.B. [omomun pazpabortan MeTozbl
pacyeTa TOJCTOCTeHHbIX HUIUHAPOB; X.C. ['onoBUH mpou3Ben pacyer KpUBOro Opyca;
@®.C. EcuHCckMi pemms 3afady IO ONPEACNICHUIO KPUTUYECKUX HANPSIKEHUW MNpu
MPOJOJIBLHOM M3TrHOe B HEYNpyroi pabote Matepuana u T.1.

B XX cronmetun ponb pPYyCCKUMX YYEHHBIX B O0JIaCTH pacuera CTPOUTEIbHBIX
koHcTpyKiui crana Beaymed. A.H. KpsutoBem, W.I'. byoHOoBEIM 1 I1.D. [TankoBudem
ObL1a co3aHa olIast TEOpHsl pacyeTa KOHCTPYKIIHM, JIEKAIUX Ha TPYHTOBOM OCHOBAHUU.
B tpynax Bugnbix yuyeHHbix C.I1. Tumomenko, A.H. {unnuka, H.H. JlaBunenkosa, C.B.
Cepecena, B.B. bonoruna, B.3. Bmacoa, A.A. Unsrommuua, .M. PabunoBuua, A.P.
PxxanunpiHa, A.®. CMUpHOBAa U MHOTHX JIPYTUX OBLIM Pa3BUTHI HOBbIE HANPABJICHUS IO
CO3ZIaHUI0 YJIOOHBIX METOOB pacyeTa Ha MPOYHOCTb, YCTOMYMBOCTH M JUHAMUYECKUE
BO3JICVICTBHUS PA3JIMYHBIX CIOKHBIX TPOCTPAHCTBEHHBIX COOPYKEHHUM.

Ha coBpemenHoMm »Tame pa3BuUTHS OOJbIIOE BHUMAHUE YJENSETCA COJMKEHUIO
pPacCUETHBIX CXEM M OCHOBHBIX JONMYLWIEHUH C JEWCTBUTEIbHBIMU  YCIOBHUSMH
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AKCIUTyaTalluu 3JaHuil U coopyxkeHuil. C 3TOW 1eNbl0 MPOBOISATCS HMCCIEAOBAHUS IO
BBISIBJICHUIO BJIMSHUS Ha HaNpsHKEHHO-Ie(OPMUPOBAHHOE COCTOSTHUE KOHCTPYKUUN
MU3MEHYMBOIO XapakTepa MPOYHOCTHBIX MapaMeTpoB MaTepHualia, BHEIIHUX BO3JICUCTBUN,
HEJIMHEWHOW CBSI3M HampsDKeHUM U Jnedopmaruii, OOJBIIMX TEpPEeMEIIeHUH | T.1I.
Pa3paboTka COOTBETCTBYIOLIMX PACUYETHBIX METOJUK MPOU3BOAUTCS C MCIOJIb30BAHHEM
CHelUaIbHBIX pa3/lesioB MaTeMaTUKU. B Hacrosimiee BpeMsi CO3JaHO OOJIBIIOE YHUCIIO
CTaHJApPTHBIX mporpamMm i OBM, mo3BOJSAIONIMX HE TOJBKO OCYIIECTBUTH PACUETHI
Pa3IMYHBIX COOPYKEHUW, HO MPOU3BOJIUTH KOHCTPYUPOBAHUE OTIECIIBHBIX AJIEMEHTOB U
BBITIOJHATH pabOYne YepTEKU.

OCHOBHBIE TEOPETUUECKHUE TMOJOXKEHUsS, u3ydyaemble B auciuiuinHe «lIpuknagnas
MEXAaHUKa» MHUPOKO MCIOJB3YIOTCS MPU WU3YUYECHUH Psifa CHEUUAIbHBIX AUCHMIUIMH, a
MMEHHO: «3JaHhsl M COOPYXKEHUS M HMX YCTOMYMBOCTH NpU Tmoxkape», «lloxapHas
0€30macHOCTh B CTPOUTENBCTBEY, «PaccinenoBanne u skcnepTusa moxxapony, «lloxkapHas
0e30MacHOCTh ~ TEXHOJIOTMUECKMX TMpoleccoB», «Teopuss TOpeHHUS U B3pbIBaY,
«I'mapasnukay, «[IpoTuBonoxapHoe BOJOCHAOXKEHUE» U T. 1.

OPbheKTUBHOCTh OCBOCHUS TUCUUILTUHBI «[IpuKkiagHas MexaHuKa» B 3HAUUTEIIbHON
MEpe 3aBUCUT OT COJEpP>KaHUS M IMOCTAHOBKU JIAOOPATOPHOTO MPAKTUKYMa, MOCKOJIBKY
nabopaTopHble paOOThl SBISIIOTCSA CBSI3YIOUIUM 3BEHOM TEOPUHU M MPAKTUKHU, KYpCOBOTO
OPOCKTUPOBAHMS, NMPAKTHKyMa pPELICHUS NPUKIAIHBIX NPAKTUYECKUX 3anad. [laHHble
MEPOTPHUATHUS MO3BOJISIOT YTIYOJIATh U 3aKPEIUISITh TEOPETUUECKUE 3HAHMUS.
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MeToanuyeckue peKOMEeHAAIUHU 10 U3YYEeHHI0 TeM TUCHUILTHHBI
Tema 1. CtaTuka

JIBI>KeHUE SBISETCS CHOCOOOM CYIIIECTBOBAHMS MATEpHUHM, €€ OCHOBHBIM He-
OThbeMJIEMBIM CcBOMCTBOM. Ilog aBMKeHHMEM B OOIIEM CMBICIE MOHUMAETCS HE TOJBKO
MEepEMENICHUE TeJl B MPOCTPAHCTBE, HO U TEIJIOBBIE, XUMUUYECKHUE, FJIEKTPOMArHUTHBIE U
mo0bIe IPyrrue N3MEHEHUS U TIPOIIECChI, BKIIIOYAs HAIlle CO3HAHUE M MBICTT.

Mexanuka n3ydaet Hanbojee MpoCTyIO | JIETKO Habmo1aeMyto GopMy TBHKESHUS -
MEXaHHUYECKOE JBIKCHUE.

Mexanuueckum 08udCeHUEeM HA3bIBAEMCSl KAK NPOUCXoosiujee ¢ meuyeHuem 8pemenu
UBMEHeHUe NOJIOJNHCeHUs] MAmepUualbHblX mejl OMHOCUmMENbHO Opye opyed, maxK u
UBMEHeHUe OMHOCUMENIbHO20 HNOJONCEHUSL Yacmuy 00HO020 U MO20 JHce MAmepudibHo20
mena, m. e. e2o deghopmayusi.

Henb3si, KOHEUYHO, BCe MHOrooOpasue SIBJICHUW MPUPOABI CBECTH TOJBKO K
MEXaHUYECKOMY JBIKCHUIO W OOBSICHUTh MX HAa OCHOBAaHHMH IIOJIO)KEHUW OJIHOW Me-
XaHUKU. MeXaHW4ecKoe JIBHKEHHE HHUKOMM O0O0pa3oM HE HCUEpIbIBACT CYIIECTBA
pa3IMYHbBIX (HOPM JIBHKEHHS, HO OHO BCETrJa MPUCYTCTBYET B KAXKJOW U3 HUX U JIOJDKHO
OBITH UCCJICIOBAHO PAHBIIIE BCETO OCTAILHOTO.

B cBsi3u Cc KosloCCalbHBIM Pa3BUTHEM HAYKU W TEXHUKH CTajJ0 HEBO3MOKHBIM B
OJHOM JHUCUUIUIMHE COCPENOTOYUTHh HW3YyUYEHUE MHOXECTBA BOIIPOCOB, CBSI3aHHBIX C
MEXaHMYECKUM JBIKEHUEM PA3JIMYHOrO poja maTepuanbHbiX Teia. CoBpeMEHHas Me-
XaHUKa TPEJCTABISET COOOW IENbIi KOMIUIEKC OOMMX W CHEIUATBHBIX TEXHUYECKUX
JOUCLUIUIAH, TMOCBSIICHHBIX MPOCKTUPOBAHUIO W PACUETy pA3JIUYHBIX COOPYKEHUI,
MEXaHM3MOB U MalllyH.

Marepuanbhble Tella, C KOTOPBIMHU HMEIOT JI€JI0 B 3THUX AUCLHMUIUIMHAX, BEChbMa
Pa3JIMYHbI, HO JABUKEHUE UX 00J1a1aeT MHOTUMH OOIIIMMH CBOMCTBAMH, HE 3aBUCSAIIUMH OT
(hU3MYECKUX CBOMCTB CaMMX JBIDKYIIUXCS Tel. DTH OOIHME CBOMCTBA MEXaHUYECKOTO
JIBUKEHUSI MAaTEPUAIbHBIX TEJ U U3y4alOTCsl B TEOPETUUYECKON MEXAHUKE.

TeopeTnueckoli MeXaHUKOW Ha3bIBACTCS HayKa, H3ydaromias oOIHue 3aKOHBI
MEXaHUYECKOTO JIBI)KCHHUS MaTepHaIbHBIX TEJI M yCTaHABJIMBAIOIIAs OOIIME MPUEMBI U
METO/IbI JJIs1 PELICHUS] BOMPOCOB, CBSI3AHHBIX C ITUM JIBUKCHHUEM.

MexaHW4YeCcKMM JIBUKEHHEM HAa3bIBACTCSI HM3MEHEHUE C TEYEHHEM BpPEMEHU
B3aMMHOTI'0 MOJIOKEHUSI MATEPUAIIBHBIX TOUEK B POCTPAHCTBE.

MexaHUYEeCKMM  B3aMMOJICMCTBHEM  HAa3bIBA€TCA  TaKOE€  B3aUMOJICHCTBHUEC
MATEPUATIBHBIX TEJI, KOTOPO€ W3MEHSAET WJIM CTPEMHUTCA H3MEHUTHh XAapAKTEep HX
MEXaHUYECKOI'O JBUKCHHUS.

Teopernyeckas MexaHWKa CIIY>)KUT HAaydHbIM (PYHIAMEHTOM JJII MHOTHX TeX-
HUYECKUX NUCUUILUIMH. Ee MeTomamu M nmpueMaMu MOJb3YKOTCS NPU BCEX TEXHUYECKUX
pacueTtax, CBA3aHHBIX C TMPOCKTUPOBAHUWEM PA3JIUYHBIX COOPYKEHUM M MallUH U HX
JKCITyaTanuen. Pojap M 3HaU€HUE TEOPETUUECKOW MEXAHUKHU ISl TEXHUKH HEMPEPBIBHO
Bo3pacraeT. CloKHeHIme mpoodsieMbl, TOCTOSIHHO BO3HUKAIOIIUE B CBS3U C TMTAaHTCKUM
pa3BUTUEM TEXHUKH, OpraHU3alMed M pa3BUTUEM BCE€ HOBBIX M HOBBIX BHJIOB
MPOU3BOJCTBA U HOBBIX TEXHUUYECKHX CPEJCTB, YK€ HEJb3s PEllaTh Ha OCHOBE OJHHUX
OTIBITHBIX JAHHBIX, HA OCHOBE OJHOM MpakTUKU. TpedyeTcss HaydHOE MpEIBUIACHUE U
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CTPOTUI MpeABapUTEIbHBINA pacueT, OCHOBAHHbIE Ha TTyOOKOM 3HAHUM TEOPHH, IPUUYEM B
[IEPBYIO OYepeb HA 3HAHUHN 3aKOHOB U METO/I0B TEOPETUYECKON MEXAHUKHU.

MomenTt cuabl. [Tapa cui

Bo3HUKHOBEHHE TOHITHSI MOMEHTA CHJIbI OTHOCUTENILHO LIEHTPa CBSI3aHO C 3aJa4eit
o peryare. IlpencraBum cebe TBepmoe Teno (puc. 1.1), umeromiee cdhepuuecKyro
HIAPHUPHYIO OMOpY, MOMEUICHHYIO0 B LeHTpe O TshkecTu Tena. Ecinu Kk Temy NpuioKuTh
cuily P; Ha HEKOTOPOM pAacCTOSHUU /; OT HEMOJABMXKHOW TOouku O, TO TEIO HAYHET
BpAaIllaTbCsl BOKPYI ATOM TOUYKHU. Ecim ke K Teny NpWIOKUTH €IIe W APYryro cuily P,
CTPEMSIIYIOCS BpaIlaTh TEJIO B HAMPABICHUH, IPOTHUBOMOIOKHOM BPAILIEHUIO CUIION P; B
MJIOCKOCTH CHIIbI P; 1 Touku O, U €CIIU TIPU 3TOM OTHOILIEHUE Moaynel cul P, u P, Oyner
00paTHO MPOMOPIIMOHAIBHO UX PACCTOSIHUAM h, U h, OT HEMOJABWXKHOM Touku O, TO TEJIO
OyZeT ocTaBaThCsl B PABHOBECHUHU.

BpamarenbHoe neiicTBue cuiibl P, OydeT YpaBHOBEIIMBATHCS BpalaTeIbHBIM

NEUCTBUEM CHUJIIBI P, , €CIIU % =% U, CIIEA0BATCIIbHO, Ph = Ph,.

Z
Puc. 1.1. Bpamenue tBepaoro tena

Taxum o6pazom, Mepoii BpamareabHoro 3G GeKTa CUIbl OTHOCUTEIHHO KaKOH-TH00
TOYKU (ILIEHTpA) SBISACTCS npoussedeHue MooOyis CUuilbl HA Nie4o, m. e. Ha Kpamuaiiuiee
paccmosiHue ee JTUHUU OeluCmsusi Om yenmpa mMomenma. ITo TPOU3BEACHUE HA3blBAEMC s
MOOYIeM MOMEHMA CUTIbL OMHOCUMETLHO 21020 YeHmpad.

J7is SKBUBAJIGHTHOCTH BPAILlATEIbHOTO JACUCTBUS JBYX CHJI OTHOCUTEIBHO KaKOTO-
aub0 LEHTpa pPaBEHCTBA MOJIYyJIEH HMX MOMEHTOB OTHOCHTEIIBHO JTOr0 IIeHTpa
HegoctatoyHo. Heobxomumo emie, 4ToObl COBHAAANU IJIOCKOCTH, MPOXOISIINE uepe3
JUHUM JEUCTBUSA CUJ U LEHTP MOMEHTOB, M YTOOBI CHJIBI Bpalllajd TeJI0 BOKPYT IIEHTpa
MOMEHTOB B OJIHOM U TOM >K€ HalpaBlICHUH.

Takum oOpa3om, Ui TMOJHOTO OMpEAeNeHUs] BpallaTteabHOro 3¢p@deKTa CUbl
OTHOCHUTEIFHO KaKOoro-Tu0o IeHTpa HEOOXOIWMO 3HaTh HE TOJBKO MOIYJTh MOMEHTa
CWJIBI, HO M YKa3aTh IUIOCKOCTh, MPOXOMAILYI0 Yepe3 JMHUIO NEHCTBUS CUJIBI U IICHTP
MOMEHTA, a TAK)Ke€ CTOPOHY BpPAIIIEHUS B 3TOH IMIIOCKOCTH.

[Tono>keHre TMIIOCKOCTH B IPOCTPAHCTBE ONPEACIISAETCS, KAaK U3BECTHO, TIOJIOKEHUEM
NEPIICHINKYIIAPA K 3TON MIIOCKOCTH.

M3 Bcero CKa3aHHOTO BBITEKAET CIIEAYIONIeEe BEKTOPHOE OMpeeieHHe MOMEHTa
CWJIBI OTHOCUTEIBHO TOYKU: MOMEHMOM CUIbl OMHOCUMENbHO Kakou-iubo mouku O
(yenmpa) HazvIBAEMCA NPUNONCEHHBIU K JMOU MOoyKe B6eKMOp, HANpasieHHblll
NEPpNeHOUKYIAPHO K NIOCKOCHMU, 8 KOMOPOU DACHONONCEHbl JUHUSL OelUCmEUs CUlbl U
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yeump O, u npumom 6 my CmopoHy, omkyoa epaujeHue meaa Cuiou npeocmasiiemcs co-
8EPUUAIOWUMCS NPOMUB YACOBOU CIPETKU.

Bekrop momenTa cuibl P oTHOcUTenbHO LeHTpa O OyaemM 0003Ha4aThb CMMBOJIOM
M,(P).

Puc. 1.2. MoMeHT CHIEI

Mooynb momenma cuibl OMHOCUMENbHO YeHmpa paeeH, Kak ObLUTO CKa3aHO BBIIIE,
npou38e0eHU0 MoOYJisl CUlbl Ha ee nieyo, T. €. Ha JUIMHY MEepPIeHANKYIIsIpa, OMyIIEHHOTO
13 [IEHTpa MOMEHTA Ha JIMHUIO AEHCTBUS cuibl (puc. 1.2).

M, (P)=Ph. (1.1)

MOXHO cKa3aTb, YTO MOMEHM CUbl OMHOCUMENbHO KAK020-TUO0 YeHmpa paseH
BEKMOPHOMY NPOU3BEOCHUIO PAOUYCA-8eKMOPA 1, NPOBEOEHHO20 U3 YeHmpa MOMEHMA 8
MOYUKY NPUTONCEHUST CUTbL HA BEKMOP CUJLbL.

M,(P)=rxP. (1.2)

MoOMEHT CuIbl OTHOCHUTEIBHO TOYKH SIBISICTCS OJHMM W3 BaKHEUIUX TIOHSITHHA
MexaHnuku. O000Ias 3TO IOHATHE, MOKHO HaXOJUTh MOMEHT OTHOCHTEIBHO JIFOOOH
TOYKH, HE3aBUCUMO OT TOTO, MOXKET JIM B ICMCTBUTEIBHOCTHU TEJIO BPALATHCS BOKPYT 3TON
TOYKH.

Cucmema 08yxX pagHblX NO MOOYIIO, HAPANLIEIbHbIX U  NPOMUBONOLONHCHO
HanpasieHHvlx cun P u P' Haswvligaemcs napou cui. I1m10CKOCTh, B KOTOPOM HaxXoIATCs
JUHUM IEUCTBUS CWJI P u P’ Ha3bIBACTCs IJIOCKOCTBIO Oeticmaus napwl cu (puc. 1.3).

al d

e e

Pt

Puc. 1.3. ITapa cun

Ilapa cum He wWMeeT pPAaBHOACHCTBYIOIIEH, OJHAKO CHJBI IIApbl HE ypaB-
HOBEIIMBAIOTCS, TAK KAK OHM HE HAIIPaBJICHbl IO OJHOM npsMou. Ilapa cun ctpemurcs
IIPOM3BECTU BpAILIEHWE TBEPAOro Tea, K KOTOpOMYy OHa mpuioxkeHa. [lapa cun, He umes
PaBHOJICHCTBYIOIIEH, OYEBHIHO, HE MOXET ObITh ypaBHOBelleHa cuioil. Kparuaiimiee
paccTosiHUE d MEXIY JIMHUSAMU JEUCTBUS CUJL, COCTABIIAIOLINX Iapy, HAa3bIBACTCS NIeyoM
napul cui.
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JleiicTBre mapbl CUJ Ha TBEPIOE TEJIO XapaKTEpU3YeTCs €€ MOMEHTOM. Momenm

napwl cun onpeoensiemcs npoussedeHuem Mo0yJisk OOHOU U3 CUl Napsl Ha ee Nieyo.
M = Pd (1.3)

Ecnu cunel BbIpakaTb B HbIOMOHAX, a TJIEYO — B Mempax, TO MOMEHT Hapbl CUII
OyJzeT BeIpakaTbcs B HbIOTOH-MeTpax (H-m).

MoMeHT mapel CHUI  H300paKalOT BEKTOPOM. Bexkmop momenma M napul
P P' Hanpagnaom nepneHOUKYIapHo Ni0CKOCMU Oelcmeus napvl Cul 8 maxyr CHOpOHY,
YmooObvl, CMOMPsL HABCMPEY) IMOMY BEKMOPY, 8UOeMb NApy CUL CIpeMAuelcs 8pauamy
NJIOCKOCMb ee 0elicmaus 8 CMOpPOH, 00pamuyo epaweruio uacosou cmpexu (puc. 1.4).

/\H’ M

/
P T “"'-a

Puc. 1.4. BekTop MOMEHTa Mapbl CUJI

Bwmecto BCKTOpa MOMCHTA K&)K,Z[Oﬁ napsl CuJl, HECPINECHAUKYIIAPHOI'O IINIOCKOCTHU
YCPpTEIKA, YKA3bIBAIOT TOJILKO HAIIPABJICHUC, B KOTOPOM IIapa CHJI CTPEMUTCA BpalllaTb 3Ty
IIJIOCKOCTD.

B aToMm ciyuae momenm napvl cun onpeoensirom npoussedeHuem Mooyias Cuil Ha
njijed4o napsl Cuil, 634AmvlM CO 3HAKOM NJIIOC Uiu MUHYC, m.e. MOMEHN napsvl Cuul
pacemampuearom Kak aﬂze6pauqea<y}0 GelUHYUH) .

M =+Pd (1.4)

Momenm napsvl Cujl cHumaront noJosNCUMeNbHbIM, ecau napa Ccuil Ccmpemumcs
epawyamsb NJI0CKOCMb uepmesca 6 CnOopoRYy, NPOMUBONOJIOJNCHYIO 6pAUEeHUTIO 4yacosoll
cmpenku (puc. 1.4), u ompuyamenvHviM — 6 CMOPOH)Y 8PAUSEHUSL YACOBOU CIPETKU.

Ceasu. Peakuuu cBsaseit

3aoasaemvie cunvl BBIPAXKAIOT JEUCTBUE HA TBEPAOE TEJO JPYTUX TeJ, BbI3bI-
BAaIOIIUX WM CIIOCOOHBIX BBI3BATh U3MEHEHUE €r0 KHHEMATHUYE€CKOTO COCTOSHUS.

Peakyueii c6a3u Ha3bIBaeTCs CUJIa WM CUCTEMA CUJI, BBIPAXKAIOIAs MEXaHUYECKOe
JIEHUCTBUE CBSI3U HA TEJIO.

OgHuUM U3 OCHOBHBIX TIOJIO)KEHUM MEXaHUKU SIBISIETCS HPUHYUN 0CB0O0IMC-
oaemocmu meepoviXx meil Om ces3ell, COTIACHO KOTOPOMY Hec80O00HOe meepooe meslo
MOJICHO paccmampugams Kaxk c80000HOe, HA KOMOpoe Kpome 3a0d8aemvlx CUl
oelcmayom peakyuu ces3ell.

IlycTts, Hanpumep, Ha TJAOKOW HENOABMKHOM TOPU30HTAIBHONW IUIOCKOCTH
nokoutcs map (puc. 1.5). [InockocTs, orpaHnyYMBas JBUKEHUE 111apa, SIBISETCS JJI1 HErO
CBS3BIO.
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,a) d]
e S i N

Puc. 1.5. [IpuHun ocBOOOXKIEHUS OT CBS3H

Ecnu MbicieHHO ocBOOOIUTH map OT cBsi3u (puc. 1.5), To mist ynepskaHusi ero B
MOKO€ K HEMY B TOYKE KacaHUs C IUIOCKOCTHIO HYXKHO MPUIIOKUTH CUTy N, paBHYIO BeCy
mapa G MO MOAYNIO M TMPOTHUBOIOJIOXKHYIO eMmy o HampasieHuto. Cuna N u Oyner
peakmmen miockoctu. Toraa map, ocBOOOKACHHBIA OT CBS3H, OYJET CBOOOIHBIM TEIIOM,
Ha KOTOpOe ACMCTBYIOT 3aaBaeMasi cuia G M peakius mIocKocTu N.

['magkasi MIOCKOCTh HE MPOTUBOACUCTBYET MEPEMEIEHUIO Tejla BIOJb IIOCKOCTH
oJ JeMCTBUEM 3ajaBaeMbIX cuil (puc. 1.6, a), HO HE JOIMYCKAET €ro NnepeMeuieHusl B
HAIpPAaBIICHUH, MEPIEHANKYIIPHOM IJIOCKOCTU. [loaToMy neiicTBHE MIIOCKOCTH Ha TEJO
BBIpaXKaeTcsi HOpMaibHOW peakuued (puc. 1.62, 0). Peakyus enaoxoii niockocmu
HanpasieHa nepneHoOUKyIsApHO Ni0CKOCHU.

a) p [} P

[ [

Puc. 1.6. CBs3b — riajkasi HOBEpXHOCTh

Ecnu k xoHy B HUTH AB, NPUKPEIUIEHHON B TOYKE A, MOABECUTH Ipy3 BecoM G
(puc. 1.7, a), To peakuust S HUTH OyJIeT MPUIIOKEHA K TPY3y B TOUKE B, paBHA MO MOIYJIIO
€ro Becy S W HampaBlieHa BepTHKaIbHO BBepx (puc. 1.7, 0). Peakyus numu manpasiena
800716 HUMNU.

o) G EJl
s
8
?
te §6

Puc. 1.73. CBsi3b — TOHKUH CTEPKEHD
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[Tycts Ganka Becom G B TOUKe B ommpaeTcs Ha IIAJIKYI0 MMOBEPXHOCTh, @ B TOYKaX
A u D — Ha riagkue rOpu30HTAIbHYIO M BEpPTUKaIbHYIO MiockocTH (puc. 1.8). Torma
pEeaKIMK OMOPHON MOBEPXHOCTH U OMOPHBIX MJIOCKOCTEH OyAyT UMETh YKa3aHHbIE HA PUC.
1.8 HanpaBiieHUSI.

Puc. 1.8. Peakuuu cBsa3eli 0anxu

JUis onpeneneHuss KaKI0M peakuuy HYXXHO 3HaThb TPU €€ BJIEMEHTa: MOIYJb,
HalpaBJI€HUE U TOUKY MPUIOKEHUS. TOUKa MPUIOKEHUS PEAKIMH, KaK PaBUJIO, ObIBAET
n3BecTHa. HanpaBneHue e peakiuii H3BECTHO JIMIIb 1JI1 HEKOTOPBIX THUIIOB CBS3EH.

Ecnu cywecmeyrom 0ea 63aumno nepnenoukyIsapHuIX HanpasieHus Ha NI0CKOCMU, 8
OOHOM U3 KOMOPBIX CEA3b NPEnAmcmeyem nepemeweHuro meid, a B Opy2om — Hem, mo
Hanpaenenue ee peakyuu nPomuUEonoa0HCHO NEPEOMY HANPABTIEHUIO.

PaccMoTpuM 1Ba OCHOBHBIX THIIA ONOP OAJIOK U UX PEAKLUH.

Ha puc. 1.9 u3zobpaxeHa mapHUpHO-HENOABUKHASI ONOPA, KOTOPAsk NPENATCTBYET
J1000My TOCTYHAaTEIbHOMY JBMKCHHIO OalKkh, HO JaeT €l BO3MOXXHOCTh CBOOOIHO
IIOBOPAYMBATHCS BOKPYT OcH mapHupa. [1o cBoeil KOHCTpYKUMU Takas LIapHUpHAs ornopa
COCTOMT W3 JABYX O0OWM, M3 KOTOPBIX OJIHAa 3aKperuieHa Ha Oanke, a japyras — Ha
HEMOJIBYKHOM MOBEPXHOCTU. DTU 000HMBI COCAUHSAIOTCS C MOMOIIBIO0 HUIHHIPHUIECKOTO
BaJIMKa (IIOKA3aHO CPEHEE CEUEHUE KOHCTPYKLMH). B 3aBUCUMOCTH OT IEUCTBYIOIIHUX CUII
BaJIMK MOXET NPWKUMAThCS K PA3IUYHBIM TOYKaM 000iMblL. Peaknus R mapHHUpHO-
HETOJBUKHOW ONOPBI MPOXOAUT uepe3 LEeHTp mapHupa O U TOUKY CONPUKOCHOBEHUS A
(puc. 1.10, a, 6), HO ee MOJTyJIb ¥ HAITPaBJIEHUE HE U3BECTHHBI.

Se—+——H~
rL \.: T |

e

L/.r'f [ \'\

Puc. 1.9. lllapanpHO-HENOABUAKHAS OMOpa



Puc. 1.10. Bo3Mo>xHbIE HanpaBiIeHUsI peakLuii IIApHUPHO-HETIOABUKHOM OIIOPbI

Lllapnupro-noosusicnas onopa, HUXHsS 000KMa KOTOPOM MTOCTaBjieHa Ha KaTKU, HE
NPENsATCTBYET MEepEMENICHUIO OAJIKKU NMapaieabHO onopHO# miockocT (puc. 1.11). Eciu
HE YYUTBHIBATh TPEHUS KATKOB, TO JIMHUIO JIEWCTBUS PEAKLMH TaKOW OMOPHI CIIEIYET
CUMTATh MPOXOISIIECH 4Yepe3 LEHTpP ILIapHUpa MEPIEHIUKYISIPHO OMOPHOM IJIOCKOCTH.
Takum 00pa3om, He U3BECTEH JIUIITb MOAYJIh 3TON PEAKIIUU.

L

R |

Puc. 1.11. llapuupHO-nIOABUKHAS OTIOpA

[Tyctb B kakoi-HHOYAb KOHCTPYKIIUU CBSI3BIO SIBJISIETCSI CMEpICeHb, 3aKPEIUICHHBIN
Ha KOHIAxX mapHupamu (puc. 1.12). IlpumeM, 4TO BECOM CTEpXKHS MO CPABHEHUIO C
BOCIIPUHUMAEMON MM Harpy3koil MoOKHO mpeHeOpeub. Torma Ha crepkeHb OyayT
J€MCTBOBATh TOJBKO JIBE CWJIbI, NPUIOKEHHbIE B IIapHUpax 4 u B. BooOiie 3Tu cuibl
MOTyT OBbITh HamlpaBJieHbl IPOU3BOJIbHO. Ho ecnu cTepixeHb AB HaXOAUTCS B paBHOBECHUH,
TO IO aKCHOME | MPUIIOKEHHbIE B TOUKaX 4 U B CuIbl TOJKHBI ObITh HaIlpaBJIEHbI BJIOJIb
OJITHOM TpsSIMOMH, T. €. BIOJb Ocu cTepkHsA. CienoBaTenbHO, HAarpy>KEHHbI Ha KOHIAX
CTEPKEHb, 8ECOM KOMOPO20 NO CPABHEHUIO C IMUMU HASPY3IKAMU MOJCHO npenedpeyb,
paboTaeT TOJIBKO Ha PACTHKEHUE WM Ha cykaTue. Eciu Takol cTep>KeHb SBISETCS CBSI3bIO,
TO peakyus N cmepoicHs 6yoem Hanpasiena 6007b OCU CEPICHSL.

Puc. 1.12. Peakuus B ToHKOM cTep:kHe AB
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Axcuoma ceszeii. PaBHOBecHe H€CBO6OI[HBIX TCJI H3Yy4aCTCA B CTATHUKE Ha OC-
HOBaHHNU CJIC,Z[YIOH_ICﬁ AKCHOMEBI: 8CAKOE Hec80000HOE Mesl0 MONCHO pacemampueanib Kak
C@O600H0€, eciu OI’I’Z6POCMI7’Zb C653U U 3AMEHUMb UX Oellcmeue pPeaxkyuimu smux cesizell.

OHpCI[CJICHI/IC pCaKHI/Iﬁ CBSI3€H UMEET TO MMPaKTHYCCKOEC 3HAYCHHUC, UTO, 3HAA UX, MBI
6y,Z[CM 3HaTb MW CHWIIbI OaBJICHUA Ha CBA3HM, T. €. TC HCXOJHBIC OAHHBIC, KOTOPLIC
HCO6XOI[I/IMLI AJI pacdeTa IMPOYHOCTHU COOTBCTCTBYIOIIHX JacTeu KOHCTPYKIIHUH.

AHaJIUTHYECKHE YCJIOBHS PABHOBECHS NIPOU3BOJIBHOM CHCTEMbI CHJI

HeoOxomumblie U JOCTaTOUHBIE YCIOBUS PaBHOBECHSI JIIOOOM CHCTEMBI CHJI AAIOTCS
paBeHcTBamu R=0, M,=0. Haiinem BBITEKaOIIHE OTCIO/Ia AHATUTUYECKUE YCIOBHS
paBHOBECHSI IJIOCKOW CUCTEMBI CHIL. IX MOXKHO MOJIYYUTh B TPEX Pa3IMUHbIX (hopMax.

1. OcHoBHas (opma ycnoBuil paBHOBecHs. Tak Kak BEKTOp R paBeH HyJO, KOT/a
paBHBI HYJIO ero npoekunu R,=0 u R,=0, TO 1uIs1 paBHOBECHS JOJLKHBI BBIITOJIHATHCS
paBeHctBa R,=0, R,=0u M,=0, rie B faHHOM ciiyuyae M, - anredpanyeckuii MOMeHT, a O
- m00asi TOYKa B IUIOCKOCTH JEHCTBUS CHIL

D F.=0,>F, =0,>M/(F)=0. (1.5)

DopMyJibl  BBIpAXKAIOT CICAYIONIME AHAIUTHYECKUE YCIOBUS PaBHOBECHS: 0.
PpasHogecust NPOU3BOJbHOL NAOCKOU CUCIEMbl, CUl HeOOXO00UMO U OOCMAMOYHO, UmMOoObl
CYMMbL NPOEKYUll 8CeX CUL HA Kaxicoyro U3 08YX KOOPOUHAMHBIX OCell U CYMMA UX
MOMEHMO8 OMHOCUMETILHO 100020 YeHMPA, 1eHCaAuie2o 8 NI0CKOCMU 0eticmaus Cul, ObLIU
pasuvl Hyato. OTHOBpEMEHHO paBeHCTBA (1.5) BbhIpa)karOT YCIOBUSI pPaBHOBECHSI TBEPIOTO
TeJla, HAaXOISIIErocs Mo ICHCTBUEM IIIOCKON CHCTEMBI CHII.

2. Bropas dbopma ycrnoBu pPaBHOBECUS: 0/i1 PABHOBECUS NPOU3BOJILHOU NJIOCKOLL
cucmemsl CUl HeoOXo0UMO U OOCMAMOYHO, YMOObL CYMMbl MOMEHMOB 6CEX IMUX CUT
OMHOCUMENILHO KAKUX-HUOYOb 08YX yenmpos A u B u cymma ux npoexyuii va oce Ox, He
nepneHOUuKyIApHyI0 npsamotl AB, dviiu pasHvl HYIO:

M (F)=0,>M(F)=0,>F, =0 (1.6)

3. Tperbs ¢dopma ycnoBuidi paBHOBecHs (ypaBHEHHS TpEeX MOMEHTOB): IS
paBHOBECHSI TIPOM3BOJILHOW IUIOCKON CHCTEMBI CHMJI HEOOXOAMMO M JOCTATOYHO, YTOOBI
CyMMBI MOMEHTOB BCEX 3THUX CHJI OTHOCHTENIBHO JIOOBIX Tpex 1eHTpoB A, B, u C, He
JIeKAIUX HA OJTHON TPSIMOM, OBLITA PaBHBI HYJIIO:

>M (F)=0,>M(F)=0,>M_(F)=0 (1.7)
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Tema 2. KuHeMaTHKa TOYKH, TBEPAOr0 TeJIa U MEXaHU3MOB
IIpeamer KNHEMATUKH

Kunemamuxou nazvieaemcs pazoei MexaHuxku, 8 KOmopom U3yuaemcs, 08UdiCeHue
MAMEPUAIbHBLIX Mell 8 NPOCMPAHCIBE C 2eOMeMmpPUYecKol MOYKU 3PeHUsl, 6He CESA3U C
CUTLAMU, ONPEOeTSTIOWUMU IO OBUNCEHUE.

Teno, monoxeHne KOTOPOTO MO OTHOIIEHWIO K BHIOPAHHON CHCTEME OTCUYeTa HE
M3MEHSETCS, HAXOAUTCS B COCTOSHHMH OTHOCHTEIBLHOI'O IMOKOS (IO OTHOIICHHIO K JTOH
CHCTEME).

[IpocTpaHcTBO B MEXaHHKE pacCMaTpPUBACTCA KaK TPEXMEPHOE EBKIUIOBO
MPOCTPAHCTBO, W BCE U3MEPEHHUS B HEM TPOU3BOMATCS HA OCHOBAHHUS METOOB
€BKJIUJIOBOM TE€OMETPUU. 3a €IUHUILY JUTMHBI MPU U3MEPEHUU PACCTOSIHUN MPUHUMAETCS
METP.

Bpemss B Kiaccmueckol MeEXaHUKE IMPEANONaracTcs YHHUBEpPCAIbHBIM, T. €.
OJIMHAKOBBIM BO BCEX CHCTEMax OTCYETA M HE 3aBUCSIIMM OT JIBM)KCHHS OJJHOM CHCTEMBI
OTHOCHUTEIbHO Jpyroi. OHO paccMaTpuBaeTCs KaK HEMPEPBIBHO HW3MEHSIONIAsACS

BEJIMYMHA. 3a CAWHNIY BPCMCHH IIPUHUMACTCA CCKyHOA, paBHasA %24-3600) Cp€aHux

COJTHEYHBIX CYTOK. Bce KuHemaTHueckue BEIWYHMHBI, XapaKTePU3YIOIIME JBIKEHUE
TBEPAOTO Tella U JBMKEHHE OTJEIbHON €ro TOYKH (PAacCTOSHUS, CKOPOCTH, YCKOPEHUs U
T.J1.), paCCMaTPUBAIOTCS KaK (PYHKIIUU BPEMEHHU.

XOTsl €BKJIHMJOBO MPOCTPAHCTBO M YHHUBEPCAIBLHOE BpEMsl OTPAXalOT pealibHbIe
CBOICTBA MPOCTPAHCTBA U BPEMEHH JIUIIb MPUOINKEHHO, TEM HE MEHEE, OHU MO3BOJISIOT C
JAOCTAaTOYHOM JJIsl MPAKTUKA TOYHOCTHIO M3Y4aTh JBUKEHHUS, CKOPOCTU KOTOPBIX JAJECKH
OT CKOPOCTH CBETA.

Bce xnHeMaTnueckue XapakTepPUCTUKU JBM)KEHUS TBEPAOTO Tella UM OTIENbHBIX
€ro TOYEK OJMHAKOBBI JIJISl «MATEPHUATBHBIX» U «T€OMETPHUECKUX» TOUEK, TI03TOMY HUXKE
yrnoTpeOnsieTcs TepMUH  «TOYKa» 0e3 TMOSICHEHUs, «MaTepuaibHas» OHa WM
«reoMeTpudecKas.

CKoOpoCTh M YCKOPEHHE TOUYKH

Ckopocmb — 2mMO GeKMOPHAS GeIUYUHA, XAPAKMEPU3YIowas ovicmpomy u
Hanpasiexue 08UNCEHU MOYKU 8 OAHHOU cucmeme omcdemad.

Ecnu mouka 3a pagnvle npomedcymku 8pemenu npoxooum pasHvie OmpesKu nymu,
Mo ee 08UdICeHUe HA3bI8AECMC sl PAGHOMEPHbIM.

CKOpOCTh paBHOMEPHOTO JIBHXKEHHSI U3MEPSIETCS] OTHOIICHUEM IyTH, MPONIEHHOTO

TOYKOM 332 HEKOTOPBIN MPOMEKYTOK BPEMEHH, K BEJIMYMHE 3TOTO IPOMEKYTKA BPEMEHU

S
y== 2.1)
t
Ecnu orce mouxa 3a PABHbLIE NPOMEINCYMKU 6PEMEHU npoxodum HepaeHvle nymu, mo
ee Oeuafceﬂue Hasvleaemcsl HepaeHOMEPHbBIM.
N3 »Toro onpcAcCIICHUA SACHO, YTO CKOPOCTb HCPABHOMCPHOI'O JIBHIKCHHA CCTb

BEJIMYMHA IEPEMEHHAas U SABJseTCs (PyHKIMEH BpeMEeHHU:
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V=71 (2.2)

YacTto ObIBa€T HEOOXOJIUMO OIPEIACTUTh CPEeOHIO CKOPOCHb HEPABHOMEPHO20
0BUICEHUS 3a HEKOMOPDbILL NPOMENCYMOK 8DEMEHU, M. e. CKOPOCHb MAKO020 PABHOMEPHO2O
0BUICEHUS, NPU KOMOPOM MOYKA NPOXOOUM 3d ONPeOesieHHbIll NPOMEI’CYMOK 8peMeHU
MaKou Jxce nymv, KaKk U npu HepagHOMEPHOM OBUNCEHUU.

Ilycte S - myTh, NMPOXOAWMBIM TOYKOW IIPU HEPABHOMEPHOM IBW)KECHUH, U ¢ -
BpeMs, 32 KOTOpOE TOYKa MPOXOAUT 3TOT MyTh. CpeaHsisi CKOPOCTb OIMpPENeTUTCs IO
bopmyre
v, =2 (2.3)

t

PaccmoTpuM TOUKy A, KOTOpasi MmepeMeliaeTcsl Mo 3aJaHHOW TPAaeKTOPUU  TIO0

HEKOTOPOMY 3aKOHY S = f(¢) (puc 2.1).

Puc. 2.1. Tpaektopus IBUKEHUS TOUKH

3a IpOMEKYTOK BPEMEHU Af TOUKA A NMEPEMECTUTCS B MOJOXKEHHUE 4, , IO IyTe A4, .
Ecimn npomexyTok BpeMeHU At MaJl, TO AyTY AA, MOXHO 3aME€HUTh €€ XOPJIOW U HANTHU B
NEePBOM MPUOIMKEHUH BEJIMUMHY CPEeIHEN CKOPOCTH JBUKEHUS TOUKU
_AS
At
DTa CKOpPOCTh HAampaBlIeHA IO XOpAE OT TOYKU A K TOYKE A4,. MrHOBEHHYIO

CKOPOCTb HalJIeM IIyTEM MepexXoa K Mpeaeiay npu Ar—0:
V=lim’, - 25)
Ao At

Korma A¢r— 0, HampaBileHHE XOpIbl B IIpEeiie COBMNANAET C HAlpPaBICHUEM
KacaTeJIbHOM K TPACKTOPHUH B TOUKE A .

Utak, eeruyuna ckopocmu moyKu ONpeoensemcs Kak npeoel OMHOWEHUs.
npupaweHus nymu K COOMGEEmCmEYIouiemy npoMedCymKy 6pemMeHu npu CcmpemieHuu
nocieone20 K Hyn0, d HanpasieHue ee coenadaem ¢ KACAMeNbHOU K MpaeKmopuu 6
OaHHOU MouKe.

B o0mem ciiydae npu ABMKEHUU MO KPUBOJIMHEWHON TPAGKTOPUU CKOPOCTh TOUKH
U3MEHSAETCS U II0 HAIPaBJICHUIO, U II0 BEJIWYMUHE. M3menenue ckopocmu 6 eOuHuyy
8peMeHU ONpeoensiemcs yCKOpeHUuem.

IlycTh TOUKa A IBMKETCA MO KAKOW-TO KPUBOJIMHENHON TPACKTOPUH U 32 BPEMS At
nepenuia u3 NnoJiokeHus: A B nojoxenue 4,. IlyTb, NpoHaeHHBI TOYKON, MPEACTABISIET

(2.4)

YTy AA,, ee 1inuHy 0003HauuM AS (puc. 2.2).
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Puc. 2.2. BexTopa ckopocTell 1 yCKOPEHMH JBUKYIIEHCS TOUKU

B monoxeHun A4 TOYKAa MMeNa CKOPOCTh V , B MOJOXKEHHH A - CKOPOCTH V.
[eoMeTpUYeCKyI0 Pa3HOCTh CKOPOCTEH HaieM, MOCTPOMB M3 TOYKH A BEKTOp V.
[Tpuparienne ckopocTu n300pakaeTcsi BEKTOPOM AV .

CpenHee 3HadeHHME YCKOPEHHS, XapaKTEpU3YIOLIETO OTMEYEHHOE W3MEHEHHE
CKOPOCTH, MOKHO HAaWTH, TIIOJAEIMB BEKTOP MPHUPAIIEHUS CKOPOCTH AV  Ha
COOTBETCTBYIOILIEC BpEMs IBMIKCHUS At

AV

a, = v (2.6)
I[Tepexons K mpeaeny mpu At — 0 IIOJYYUM UCTUHHOE YCKOPEHHE TOYKH
. AV
a=lim~ - (2.7)
At—0 t

HalinenHoe ycKOpeHHME XapaKTepU3yeT U3MEHEHHE CKOPOCTH U 10 BEIWYMHE, U IO
HampasieHuto. s ynmoOcTBa ero packiaablBalOT Ha B3aMMHO TEPHEHAUKYISPHbBIC
COCTABJISIFOLIME 110 KacaTeJIbHOW U HOPMAJIM K TPAEKTOPHH JIBHKEHHS (puc. 1.2):

a=a,+a, (2.8)

KacarenpHast cocTaBisiomias a, COBMAJNAET 0 HANPABICHUIO CO CKOPOCTHIO WM

MIPOTHUBOIOJOKHA €. OHa XapakTepu3yeT W3MEHEHUE BEJIUYHMHBI CKOPOCTH H
COOTBETCTBEHHO OTpeAesieTcs no hopmye

a.=lim- (2.9)

HopmanbHas cocraBisiomias a, NEPIEHIUKYISIpHA K HANpaBICHUIO CKOPOCTH

Touku. OHA HE MOKET BIIMITH Ha BCIIMYUHY CKOPOCTH, HO 3aTO OIPCACIIACT U3MCHCHHC ee
HarpaBiieHus. HopmaiibHOE yckopeHue onpenenseTcs mo ¢popmylie
V2
n = 5
7
TI€ 7 - paauyC KPUBU3HBI TPACKTOPHUH B PACCMATPUBAEMOM TOUKE.

HOCKOJ’IBKY COCTaBJIAIOLIUEC a U a, B3aUMHO NECPIICHAUKYJIAPHBI, [TIOJTHOC

(2.10)

a

YCKOpPEHHUE MOXKET ObITh HalieHo o Teopeme [Tudaropa

a=+a’+a’ (2.11)

CnocoObI 3a1aHuA IBUKEHUSA TOYKH
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EcTtecTBeHHbI crioco0 3amanus ABMKCHUS TOYKH, IPUMEHSIEMBIA B CiIydae, KOormaa
TPAeKTOPHUsl TOYKH 3apaHee M3BECTHA. TpaeKkTopueill MOKeT OBbITh Kak mpsAmas, Tak U
KpuBas auHus (puc. 2.3).

Bribepem Ha TpaeKTOpUM HEMOABUAKHYIO TOUKY O, KOTOPYIO HA30BEM HAuyajJoM
oTcyeTa AyroBoil koopauHaTel. [lojoxkeHue IBMXKYILIEWCS TOYKM M Ha TPaeKTOpUU
OyneM omnpenensTh TyroBOdM KOOPAMHATOW, T. €. pacCTOSTHUEM OM =S OTIOKEHHBIM 10
TPAaeKTOPHUH OT Hayaja orcuera O.

Paccrosinus, OTIOXXKEHHBIE B OJHY CTOPOHY OT TOYkKHM O, OyaeM CYHTaTh
MOJIOKUTEIIBHBIMUA, & B IPOTUBOMOJIOKHYK) - OTPULATEIBHBIMH, T. €. YCTAaHOBUM
HAMNpaBJICHUE OTCYETA TyTOBOM KOOPIMHATHI.

a'i-

Puc. 2.3. EcrecTBeHHOE IBMKEHHE TOYKHU

[Ipu 1BMKEHUU TOYKU M PACCTOSHUE S OT ATOM TOYKH JI0 HETOJIBHKHOW TOUKHU O
U3MEHSETCS C TEUEHHEM BPEMEHHU, T. €. 0y208as KoopouHama S sensemcs QyHKyueu
epemenu: S=f(1).

DTa 3aBUCUMOCTb HA3bIBACTCS ypasHeHuem ogudxcenus mouxku. Ecnu Bug GyHKUMN
f(t) HU3BECTEH, TO IJd KaXXJO0ro 3HAYCHMS ¢ MOKXHO HAWTH 3HAYE€HUE S, OTJIO0KHUTH
COOTBETCTBYIOIIIEE PACCTOSIHUE IO TPACKTOPUU M yKa3aTh, I'A€ HAXOIWUTCS IBUKYIIASICS
TOYKa M B 3TOT MOMEHT BPEMEHH.

Takum o0pa3oMm, Oeuowcenue mouku oOnpedeneHo, eciu U3BeCmHbl Cledyruue
IIeMeHmbl: MPAeKmopusi Mo4KU, Ha4anio U HanpaeieHue omciema 0y2080u KOOpOUHAMbL
U ypasreHue osudicenus S = f(t).

JIyroByr0 KOOpAMHATYy TOYKM HE CIEOyeT CMELIMBaTh C JJIMHOM MyTU o,
MIPOMACHHOTO ABWKYLIEHCS TOYKOW. JlyroBass xoopauHara S TOYKM M B HEKOTOPBIU
MOMEHT BPEMEHHU ¢ MOXXET OBbITh paBHA MyTH o , MPOUIEHHOMY TOYKOW 32 IMPOMEKYTOK
BpeMeHu [0,7], TOIBKO B TOM Cllydae, €CJIM JBHKEHUE TOUKU HAYMHAETCH M3 TOYKH O W
COBEPLIAETCA B MOJIOKUTEILHOM HAIIPABJICHUH.

Ecnu B HavabHBIA MOMEHT BPEMEHM f, TOUKA 3aHUMAaja IOJOXKEHHE M,, a B
MOMEHT BPEMEHM { 3aHUMAET MojioxkeHue M (puc. 2.3), TO NPOWJCHHBIA €10 MYyTh 3a
NPOMEKYTOK [0,/] NpW IBMIKEHUM TOYKM B OJHOM HAlpaBJIEHHH OIPEAEISIETCS I10
dbopmyre:

o =|M,M|=|0M -OM |=|S -S| (2.12)

N3meHeHne nTyroBor KOOPAWMHATBHI S 3a 3JEMEHTAPHBIA MPOMEXKYTOK BPEMEHU df
paBHO nuddepeHmany ayru: ds= f'(t)dt; Ipu ABMKEHUU TOYKUA B CTOPOHY BO3pAaCTaHUs
IyT dS > 0; IpU IBHKEHUH TOYKH B IIPOTUBOIIOJIOKHYIO CTOPOHY dS <0.

[Ipupamienue 0yt  do (3IEMEHTapHOE  NEpeMElIeHHe  TOYKH)  BCernaa
TIOJIOXKHUTEIIBHO, T.¢ do =|dS|=|f'(t)d! .
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IIyTh, TNpPOWIEHHBIA TOYKOM 3a HEKOTOPBIA IPOMEKYTOK BpeMeHd [0,¢],

OMpeaeNseTCsl KaK Mpeiesl CyMMbI 3JIEMEHTAPHBIX MEPEMEIIEHUN TOUKU 3TOT MPOMEKYTOK
BpPEMEHHU:

o, = [ ()] (2.13)

Jlyrosast KoopauHaTa S U yTh o BBIPAKAKOTCA B METPax.

Koopounammnwiii cnoco6 3adanus ogudxcenuss mouxu. IlonoxeHue TOUYKH M B
CHUCTeME OTcYeTa Oxyz OIPEAENSeTCS TpeMsl JAEKapTOBBIMH KOOpPAWHATAMHU x,y,z (pHC.
2.4).

Miz,4.8)

pp——
Hl

o= —
\\
L

]

|

]
<
|

I
1
I

X
Puc. 2.4. KoopauHatbl TOUKH

IIpyn ABWXKEHWH TOUKM M €€ KOOPAMHATHI HU3MEHSIOTCSI C TEUYCHUEM BPEMEHU.
CrnenoBaTenbHO, KOOPAWHATHI x,y,z JBIDKYIICHCS TOYKH M SBISIOTCS (DYHKITUSIMU
BPEMEHU ¢ :

x=/@; y=10; z= f,) (2.14)

OTH ypaBHEHUS HA3bIBAIOTCS VYPAGHEHUSAMU OBUIICEHUS] MOUYKU 6 OeKaAPMmOBblX
Koopounamax. Y paBHEHUSIMU ONPEEIISIETCS JBUKEHUE TOUKH.

JIeCTBUTENBHO, UMES 3TH YPAaBHEHUS, MOKHO JJII KAXKJIOTO0 MOMEHTA BPEMEHM ¢
HAUTU COOTBETCTBYIOLIME KOOPAMHATHI X,y,z W MO HUM OIPEICINUTh MOJ0KEHUE TOYKHU B
IIPOCTPAHCTBE B OTOT MOMEHT BPEMEHMU.

JIBU>KeHME TOYKM M B OJHOM IUIOCKOCTH OIPEHENSETCS JABYMs YPABHEHUSIMU
IBIDKEHUS x = f,(t); y=/,(?).

[IpssMoIMHEWHOE  JBW)KEHUE TOYKH M ONPENENSeTCs OJHUM  YPaBHEHUEM
JIBHOKCHUS: x = f(¢).

B »TOoM ciydyae koopauMHATHBIN croco0 3afaHusl JBWKEHUS TOYKH CBOJMUTCS K
€CTECTBEHHOMY.

VYpaBHEHUS NBWKCHHsSI, ONPEACISIONINE KOOPAWHATHI TOYKH B JIFOOOM MOMEHT
BpPEMEHH, MOKHO pacCMaTPUBATh KaK napamempudeckKue ypasHenus mpaekmopuu moyku.
[Ipn wuckiroueHMH TmapaMeTpa ¢ W3 YPaBHEHUM JBWKEHUS TMOJYYAIOTCA YpasHeHUs
Mpaexmopuu moyku 6 KOOPOUHAMHOU popme.

[TycTh ypaBHEHUS IBUKEHUA TOUKU M UMEIOT BUI:

x=£0); y=10; 2= £0). (2.15)

PemuB nepBoe ypaBHEHHE OTHOCUTEIBHO ¢, TTOJIYYHUM ¢ = @(x).

IToxcraBuB MOJNIyd€HHOE Ui ¢ BBIPAXKEHUE B JBA APYTHX YpPaBHEHUs, HaWAEM
ypaBHEHHUS TPACKTOPUHU TOUKH B KOOPJAMHATHOU (popme:
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y=Lle@); 2= flp@)]. (2.16)
Kak u3BECTHO W3 AHAWINTUYECKOW TIE€OMETPUHM, JMHUU B IPOCTPAHCTBE
COOTBETCTBYIOT /IBa YPABHEHHUS C TPEMS KOOPAUHATAMH.
[lycTh nBMKEHUE TOYKH M B IJIOCKOCTH 33/1aHO YPABHEHUSIMU:
x=£0; y=10). (2.17)
HckirounB napameTp ¢, NOJIyYMM ypaBHEHHE TPACKTOPUU TOYKU B KOOPAMHATHOM
dhopme:
y=rlem)]. (2.18)
[IoMuMO J€KapTOBBIX KOOpPAMHAT JUIL ONPEIACICHUS II0JO0KEHHUsS TOYKM Ha
IJIOCKOCTH M B MPOCTPAHCTBE NPHUMEHSIOT U JPYTHE CHCTEMbl KOOPAMHAT (IOJIAPHBIE,
HWIMHIpHYECKHe, chepruueckue u ap.)
BexTopHbiii cioco0 3aganus ABMKEeHU TOUYKU. [lonoxkeHne TOYKU B MPOCTPAHCTBE
OJHO3HAYHO OIPEIEIACTCs 3aJaHUEM paguyca-BeKTOpa 7, MIPOBEICHHOIO U3 HEKOTOPOTO

HETIOJIBH>KHOTO IIeHTpa O B AaHHYIO TOUKY M (puc. 2.5).
M;

[
Puc. 2.5. Paguyc-BeKTOpBI ABMKYIIEHCS TOUKH

Jns ompeneneHus: NBUKEHUS TOUYKHA HYXKHO 3HATh, KAK M3MEHSIETCS C TEUYCHUEM
BPEMEHHU PaJNYC-BEKTOp 7, T. €. IOJDKHA OBITh 3a7jaHa BEKTOP-QYHKIIUS 7 apTyMEHTa ¢:
r=r(t).

Tpaexmopuss mouKku ABAAEMCA  2e0MeMpPUUeCKUM MeCmoM KOHY08 paouyca-
8EKMOpA 7 0BUNCYULEUCS MOUKU.

Jlunus, oOpa3oBaHHAsi KOHIIAMHM [E€PEMEHHOI0 BEKTOpa, Hadyallo KOTOPOro
HAaXOJUTCS B ONpPENEJIEHHON TOYKE MPOCTPAHCTBA, HA3BIBACTCS 20002paghom 3moco
sekmopa. Clei0BaTeNbHO, MmpaeKmopus mouku M saensemcs 20002pagom ee paouyca-
eekmopa r .

BekTopHblii crioco0 omnpeneneHus ABMKEHUS MaTEepUaIbHOM TOYKH WM CHUCTEMBI
MaTepHaJIbHBIX TOYEK MIUPOKO UCIIOIB3YETCS U B KHHEMATHUKE, U B TUHAMUKE, TaK KaK OH
3HAYUTETHHO YIIPOIAeT MHOTHE BBIBOJIBI M MHOT/A TIOTYEPKUBACT (PU3UUECKYIO CYIITHOCTD
SIBJICHH.

OT BeKTOpHBIX (HOPMYI JIETKO MEPEUTH K aHATUTHYCCKUM BBIPAKEHUSM, OOBITHO
Oonee y10OHBIM sl BBIYUCIICHUH.

IHocTynaTeabHOe 1 BpamaTeibHOe IBUKEHUE TBEPAOIo Teja
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Ilocmynamenvhovim O8udiceHueM meepoo20 mena HA3bl8Aemcs maxkoe OUIICEeHUe,
npu KOMOPOM BCAKASL NPAMAS, HEUSMEHHO CEA3AHHAS C OMUM MenoM, O8UICEMCs,
0CMAasasACh NapaiienbHol C80emy HAUAIbHOMY NOJOHCEHUIO.

[TpumepaMu mOCTyNaTeapHOrO JIBUKEHUS Tella MOTYT CIY>KUTh: JBHKEHHE Ky30Ba
aBTOMAILMHBI, IBWKYILEHCS MO NPSIMOJIMHEHHOMY IYTH, IBUYKEHUE MOPILIHS JIBUraTeNs U
T. A. HempaBunpHOo, oAHako, aymaTb, YTO HpPU [OCTYNATEIbHOM JIBUKEHUHM Tela
TPAEKTOPUHU €r0 TOYEK JOJDKHBI ObITh HEMPEMEHHO NMPSAMBIMU JUHUAMU. Tak, Hanpumep,
cnapHuk AB (puc. 2.6), coemunstommidi kpuommnsl O;4 u OB nByx oceit O; u O,
COBEpILIAET MOCTYNATENbHOE ABMKEHUE, XOTSI €ro TOYKH [0 OTHOIIEHHIO K KOpIIyCy
napoBoza W OyayT JBHUraThCsi O OKPYXKHOCTSM. B camom nene, mpu BpalieHUU
kpuBommnoB 04 u OB Bokpyr ux oceir O; u O, nonoxenue cnapHuka AB Oyner
u3MeHAThesA. Ho nmpu paBeHCTBE IMH KPUBOILMIIOB U MPH JUIMHE CIIAPHUKA, PABHOM pac-
cTosaHu0 Mexay ocamu O;0, uersipexyroiabHuk (0;4B0O; Oyner Bcerga OCTaBaThCs
napasuleJIorpaMMOM, CJIE0BATENbHO, CIApHUK AB Bcerna napaiieneH ocHoBaHuoo 0;0;
T.€. OH JABW)KETCS, OCTABAsICh MMAPAJUIEIbHBIM CBOEMY HAa4yaJbHOMY IOJIOKEHHUIO. B TO ke
BpeMsl TOUkU 4 U B crapHHKa, a, CIE€J0BAaTEbHO, U BCE OCTAJbHBIE €r0 TOYKH MO OT-
HOLLEHUIO K KOPIYCy IapoBO3a JIBUXKYTCS MO OKPYKHOCTSM, PaJnyC KOTOPBIX paBeH
JUIMHE KPUBOILIHUIIA.

‘?'-..,___—"""""--’""‘—""‘:- - 5
/” ] \,_““_-‘*_-; —_r—h./

Puc. 2.6. JIBu>KeHHE TOUYKU B PHIYQXKHOM MEXaHU3ME

TpaexTopusMu TOUYEK Tela MPHU €ro MOCTYNaTeIbHOM JBUKEHUU, MOTYT OBITh KaKue
yrogHO KpuBble. TEpMUH «IOCTYNATENbHOE ABUKEHUE)» MPUMEHUM TOJBKO K JBHUKEHUIO
TeJa, HO HE K JIBI)KEHUIO OJHOW TOukU. [IOHSTHE «IBMXKETCs, OCTaBasCh MapasuiebHON
CBOEMY HAYaJIbHOMY TIOJIOKEHUIO» HUKaK HE NPUMEHUMO K TOYKE, HE HMEIoNIei
pa3MepoB.

Bpawamenvnvim 0sudicenuem nazvleaemcs maxkoe 08udiceHue meepoo2o mena, npu
KOMOpPOM 8Ce €20 MOYKU, Jiedcaujue Ha HeKOMOopou NPAMOU, HA3bIBAEMOU OCbIO 8PALYEHUS,
0CMalomcsi HenoOBUNCHLIMU.

JIist Toro d9roOBl OCYIIECTBUTH BpallaTelIbHOE MBI)KCHHE Teja, JO0CTaTOYHO
3aKpEeNUTh HEMOJBIKHO JBE KaKHUe-HUOYJh €ro TOYKH, HANpuMep, NpH ITOMOIIH
noAmunHuka 4 v noanstHuka B (puc. 2.7), Toraa npsiMasi, NpoxXosilas 4epe3 3TH JBE
TOYKH, OYZIET OCHIO BpAIIICHUS TEIa.

[Ipu BpamaTeabHOM JIBUKEHUU Teja Pa3IMUHbIE €r0 TOYKHU JBHXKYTCS MO-PA3HOMY.
Opnako W JUIsi BpalIaTEIbHOTO JBHXKEHUS MOYHO OTBICKATh TaKME KUHEMAaTHYECKUe
XapaKTEPUCTUKHU, KOTOPbIE ObUIA Obl OOIIMMHU JIJIsl BCEX TOUYEK TeJa.
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[Tycts xakoe-HHOYAb TBepao€e Teno (puc. 2.7 B BUAE IIMJIMHIPA) BPAIIACTCS BOKPYT
HENOJBMXHOU ocH z. [IpoBeneM uepe3 och BpallleHUs Zz HENOBUKHYIO MOJIYIUIOCKOCTh P
U MOJIYIUIOCKOCTh (J, HEM3MEHHO CBSI3aHHYIO C BPAILAOIIMMCSI TEJIOM.

Yeon ¢ medxrcoy nenoosusicnou nonyniockocmoio, npoxoosuell yepe3 0Co 8PaujeHusl,
U NOJYNJIOCKOCMbIO, HEUSMEHHO CBA3AHHOU C 6PAWAIOWUMC MeiomM U Mmakxdice

npoxod;m;eﬁ yepes O0OCb 6paujeHusl, Has3vleaenicsa y2jiom noesopoma Uuiu y2ji06biM
nepemeujeHuem 0aHHO20 mena.

RO RNNNNNY

Puc. 2.7. BpaieHue Tena BOKpYT HEMOABUKHOWU OCH

YCcTaHOBUM Ha OCH BpalIeHHs z TMOJIOKUTEIBbHOE HAMpaBICHHE M YCIOBHMCS
CUMTaTh Yrojl TOBOPOTAa Tela IMOJIOKUTEIbHBIM, KOTJAa OH OTCUUTHIBACTCA OT
HETIOJBM)KHOM INIOCKOCTH P B CTOPOHY, IPOTUBOIIOJIOKHYIO X0y YaCOBOU CTPEIIKH,
€CJIM CMOTPETh Ha HETO C MOJIOKUTEILHOTO KOHIIA OCH BpallleHHsl. 3a/laHUeM BEJIUYHUHbBI U
3HaKa yIJia MOBOPOTA BIOJIHE OMPEIEISIETCs MOJI0KEHNE TOMYIUIOCKOCTH () U HEU3MEHHO
CBSA3aHHOT'O C HEHl BpaIllalOIIEerocs Tea.

[Ipu BpaiieHUH Tena BOKPYT OCH Z Yrojl MOBOpPOTa Teja U3MEHSAETCS C TeUCHHEM
BPEMEHHU, CJIEIOBATEIBHO, OH SIBJISIETCS HEKOTOPOH (DyHKIIMEH BpeMeHH

o=/t (2.19)

Ypasuenue (2.19), ycmanasnusarowee 3a8ucumocmos mexncoy yeiom nogopoma mend
U 8peMeHeM e20 OBUINICEHUS, HA3bIBAEMCS YPABHEHUEM 8PAUAMENTbHO20 O8UICEHUS meld.

VYT01 moBopoTa B MEXaHUKE OOBIYHO M3MEPSIOT B OTBJICUCHHBIX €IWHUIAX, T. €. B
pannanax. MHorma B MpakTUYECKUX 3a/JayaX yros MOBOPOTa BBIPAXKAIOT YHCIOM
000poToB N Tena. Tak Kak 3a 0IMH 000POT TEO MOBOPAYMBAETCS HA YIOJl B 27 pajiiaH, TO
@ =27nN .

Mepa usmenenus yena nogopoma mena ¢ meueHuem 8peMeHU HA3bIBAemcsl e20
V2Nl080U CKOPOCMbIO.

[TycTb B MOMEHT ¢ MOJIOKEHHUE TeNa ONpPEAEsAeTCs YoM MOBOPOTa ¢, & B MOMEHT
t+At YriaoM IIOBOPOTaA ¢ +Ag .

Omuowenue npupawjenus Ap yeia nogopoma meaa 3ad HEKOMOPbIU NPOMENHCYMOK
8pemeHU At K @eUdUHe IMO20 NPOMENCYMKA 8PeMeHU HA3bl8aemcs cpeoHell 3a OaHMbl
NPOMENCYMOK 8peMEHU Y2l080U CKOPOCMbIO med.

O603Hayas CpeIHIO0 YTIIOBYIO CKOPOCTh TeJa Yepe3 @, , 0yJ1eM UMETh:

cp?



22

Ap
=7 2.2
o v (2.20)

O4eBHUIHO, YTO YTJIOBAasi CKOPOCTh W Tella B JaHHBIA MOMEHT paBHA MpeEAeNy ero
CpeaHell yrioBOW CKOPOCTH 3a MPOMEXKYTOK BPEMEHH, HAUMHAIOUIUIICS B 3TOT MOMEHT,
KOT/Ia BEIMYMHA TIPOMEKYTKA BPEMEHH CTPEMHUTCS K HYIIIO:

a):lima)cpzlimM:%. (2.21)
At—0 At—0 At At

Venosas ckopocmv mena 6 OauHbll MOMeHnm pAGHA HNPOU3BOOHOU Om yaid
nosopoma meia no 8pemetu.

3HaueHUEe YIJIOBOH CKOPOCTH Tella MOXKET OBITh IOJIOKHTCIBHBIM  WJIH
OTPHUIATEIILHBIM B 3aBUCHMOCTH OT TOTO, B KaKyl0 CTOPOHY BpamiaeTcs Teno. Korma Temo
BpallaeTcss MPOTUB YacCOBOH CTPEJIKH, €CIIM CMOTPETh C TIOJOXKUTEIBHOTO KOHIIA OCH
BpallleHUus, TO Ap >0, 62—?> 0 W yIJIoBas CKOPOCTh @ TIOJIOKWTENbHA. Ecimu Teno
BpaIaeTcsl M0 4acoOBOHM CTpENKe, TO YIJoBas CKOPOCTh OTpulaTenbHa. CleaoBaTeNbHO,
3HAK YTJIOBOW CKOPOCTH yKa3bIBAET, B KAKYIO CTOPOHY B IaHHBI MOMEHT BpPAI[aeTCsI TEJIO.
Pa3MepHOCTH YIIIOBOM CKOPOCTHU pad/c uin ¢

Ha mpakTuke 9acTo yrioByl CKOPOCTh T€Ja BHIPAXKAIOT HE B paJiiaHax B CEKYHIY,
a B obopotax B MHUHYTY. [Ipr 3TOM OOBIYHO YTIIOBYIO CKOPOCTH, BBIPOKEHHYIO UHCIIOM
000pOTOB B MUHYTY, 0003Ha4arOT OYKBOM 7. HeTpymHO HalTH 3aBUCUMOCTh MEXKIY @ U M.
Tak xak oH 000POT TeJla COOTBETCTBYET €0 TIOBOPOTY HA yroJl B 27 pajidaH, TO

w=2T_T o/, (2.22)
60 30

HyxHo momunTh, uT0 B (opmyne (2.22) Bcerma o« BBIpaXaeTcs B pad/cek, n - B
006/MUH.

Ecim Teno BpamiaeTcss HEpaBHOMEPHO, TO €r0 YIVIOBas CKOPOCTb @ HW3MEHSETCS C
TEYCHHEM BPEMEHH U SIBJISICTCS, CJIEOBATENbHO, TAKXKE HEKOTOpOH (pyHKIMeH BpeMeHU
w=1"t).

Benuyuna, xapaxmepusyrowas uzmeneHue yeln080i CKOpOCMuU mead ¢ meyeHuem
8peMeHU, Ha3bIBAeMCsl €20 Y2Jl08bIM YCKOPEHUEM.

[TycTh B MOMEHT BpEMEHH ¢ TEJIO UMEJIO YTIIOBYIO CKOPOCTh @, @ B MOMEHT ¢+ At -
YTJIIOBYIO CKOPOCTh @ +Aw .

Omnowenue npupaujenus Ao yeln080t cKOpoOCmuU meia 3a NPOMeNCYMOK 8peMeHU
At K 2MOMY NPOMENHCYMKY 8PEMEHU HA3bIBAEHICSL CPEOHUM Y2N08bIM YCKOPEHUemM meia 3d
IMOM NPOMENCYMOK 8peMeHU At .

O6o3Hauas cpeaHee yriIOBOE yCKOPEHHUE TENa YEPe3 &,,, Oy1eM UMET:

g, =22 (2.23)
At

[Tpu At — 0 cpeaHee yriioBO€ YCKOPEHHE MPHOIMKACTCS K MPeeny, Ha3bIBaeMOMY
MT'HOBEHHBIM YTJIOBBIM YCKOPEHUEM TelIa.

O6o3Havas yrioBoe yCKOPEHHE Tejla B JaHHBI MOMEHT OyKBOU ¢, Oymem
UMETh:
g=lims, =lim2% (2.24)

A0 P A0 Af
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Yenosoe yckopenue mena 6 OanHbIl MOMEHmM pPABHO NEPEOU NPOU3BOOHOU Om
Vello8oll CKOpOCIU meid NO 8PeMeHU U BMOPOLl NPOU3BOOHOU OM Yella e20 N08opoma no
8peMeHU:

s=do_dy (2.25)
dt dt
Ecnu 3Haku yriioBoil CKOpPOCTH W YIJIOBOTO YCKOPEHHS Tejia COBIMANAIOT, TO €ro
yrjioBas CKOPOCThb YBCIMYHUBACTCA I10 36COHIOTHOMy 3HAa4YCHHUIO U TCJIO, CICIO0BATCIBHO,
BpamacTCsa YCKOPCHHO. Ecnu ke 3Haku nx Ppas3INdHbI, TO YIJI0Bass CKOPOCTh YMCHBIIACTCA
110 a6COHIOTHOMy SHAYCHHUIO U TCJIO BpaIACTCs 3aMCIJICHHO.

Pa3MepHOCTD YIIIOBOrO yCKOPEHHUS pad/c’ uium ¢,
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Tema 3. lunamuka
3axkonbl Mmexanuku ['aanies-HoroTona.

B ocHoBe nMHAMHMKHU JI€KaT 3aKOHBI, BIEpBbiEe chopMysrpoBaHHble Hpl0oTOHOM U
Ha3BaHHbBIC UM aKCHOMaMH, WJIM 3aKOHaMU JBMKeHUs (Axiomata sive leges motus).

1. 3akoH uHepuuu

MartepuanbpHas TOYKa COXpaHSET COCTOSHHE TIOKOS WJIM PaBHOMEPHOTO
NPSIMOJIMHEHHOTO ABMKEHUS, TTOKA BO3ACUCTBUE APYTUX TEJ HE U3MEHHUT 3TO COCTOSHUE.

2. 3aKOH NpOMOPLHMOHATIBHOCTH CHJIBI U YCKOPEHHS

Y cKOopeHre MAaTepHAIBHOW TOYKHM NPOINOPLUOHAIBHO MPUIIOKEHHON K HEU CUIIE U
MMEEeT OJMHAKOBOE C HEW HaIpaBJICHUE.

3. 3aKoH paBeHCTBA JACHCTBUSA U IPOTUBOAECHCTBHUS

BcesikoMy neficTBHIO COOTBETCTBYET PAaBHOE W MPOTUBOIOJIONKHO HAIMPaBIECHHOE
MIPOTUBOJICUCTBUE.

4. 3aK0H HE3aBUCUMOCTH NEHUCTBUSA CUJI

Heckosbko 0JHOBpEMEHHO JIEWCTBYIOIIMX HAa MATEPUATIbHYIO TOUKY CHJI COOOIAIOT
TOYKE TaKO€ YCKOpPEHHUE, Kakoe cooOImiIa Obl €l 0JJHa CUJIa, paBHAsl UX F€OMETPUUYECKON
CyMMe.

3agauu TMHAMUKH.

llepeas 3a0aua Ounamuxu. 3Has Maccy TOYKM m W YPaBHEHHUS €€ JBUKEHUS
(x=£2); y=1£(); z= £(t)), MOKeM HaliTH MOLYJIb U HAIPaBIEHHE PABHOAEHCTBYIOIIEH
CHJI, IPUJIOKEHHBIX K TOYKE.
OTa 3a/1a4a JIETKO PEeIaeTcsl CIEeAYIOUIIM MTyTeM:
P =mx", P, =my", P.=mz";

P=\P +P +P;

P
cos(P,i)=—=*, cos(P,j):Fy, cos(P,k)=

5 |
|

Bmopas 3a0aua ounamuxu. 3Has CUIIbl, IEUCTBYIOIINE HA MATEPHAIBHYIO TOUKY, €€
Maccy m, a TakKe€ HayajJbHOE MOJIOKEHHE TOYKH U €€ HayaJbHYI0 CKOPOCTb, MOTYYUTH
YpaBHEHUS JBUKEHUSI TOYKH.

Jlnst pemienust 3TOW 3amadyd  HEOOXOAWMMO B JIEBYHO 4acTh ypaBHeHuil (3.10)
MOJCTABUTh 3HAYEHUE MACCHI M1, @ B MPABYIO0 YACThb — CYMMBbI MPOEKIIUN MPUIT0KEHHBIX
CHUJI ¥ TIOJIyYEHHBIE YPABHEHHUSI ABAXK bl IPOUHTETPUPOBATH 110 BPEMEHHU.

Orta 3a1aya uMeeT 0OJIbIIOE MPAKTUUYECKOE 3HAYEHHE M B OOLIEM CiIyyae SIBIseTCS
0oJiee CIOXKHOM, yeM nepBasi.

[Ipu uHTErpUpOBAHUK KaX0Tr0 AU(dEepEeHINaTbHOTO YPaBHEHUS JBUKEHUS TOUKH
MOSIBJSIIOTCS JIBE MOCTOSIHHBIE, a TIOTOMY MPU MHTETPUPOBAHUU Tpex AuddepeHrarbHbIX
ypaBHEHUHN NBMXKEHHSI TOYKM OYJET 1IeCTh MOCTOSHHBIX. 3HAYEHHUS! 3TUX MOCTOSHHBIX
OMPENENSIOT M0 HaYaIbHBIM YCJIOBHUSIM JIBUJKEHUS: 3HAYEHHUSIM TPEX KOOPJMHAT TOUYKHU U
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MPOCKIIUN €€ CKOPOCTH Ha TPU OCH B HEKOTOPHIA MOMEHT BPEMEHH, OOBIYHO (HO HE
00s13aTeJIbHO) B HaYaJIbHBIA MOMEHT.
[IycTh B HaYaJbHBII MOMEHT BPEMEHU f={, W3BECTHBl KOOPAMHATHI TOYKH H

IMPOCKIMU €€ CKOPOCTH HA OCH, T. €.:

z‘:to;xz)co;y:yO;Z:zi> (3.1)
X'=xy5 V=yy5 z=12z,.

OTu 3HaAueHHUs TMOJCTABIAIOT B YpaBHEHHs, NPEACTaBISIONIME CO0OW obrme
peuieHus AudpepeHrnaIbHbIX YPaBHEHHH JBUKECHHS TOUKH.
N3 >TuX ypaBHEHMM ONPENENAIOT IOCTOSHHbIE HMHTEerpupoBanus C,, C,,...C, B

3aBUCUMOCTH OT Ha4aJIbHbIX KOOPJMHAT U MPOEKIMA HavdalibHOM ckopocTH. IloncraBiss
HalJIeHHbl€  3HAYEHUsI  IOCTOSHHBIX  MHTETPUPOBAHMS B oOIIee  pelleHue
muddepeHnanbHbIX YpaBHEHUM JABM)KEHHUS TOYKH, MOJIYHAlOT YpPAaBHEHUS JIBHIKEHUS
TOYKH B BUJIE€ ypaBHeHUs 3.12:

X = ﬂ(taXOaYOaZoaxéayéaZé)a
y:fz(taxmyoazwx(')’ ’92(’))9 (32)

z= fz(taxmywzwx(,)ay(’)azé)-

Nmvnyasc cuibl. KoJinyecTBO ABMKEHNSI MATEPUAIBHON TOYKHA U MEXAHUYECKOU
CUCTEMBI.

Ecnu mocrosiHHas Mo MOAYJII0 W HAlpaBICHUIO Cuila P JEWCTBYET B TEUCHHUE
IPOMEXKYTKA BPEMEHU f =1, —f €€ UMIYJIbCOM 3a 3TOT MPOMEKYTOK BPEMEHH SIBIISIETCS
BEKTOD

S=P-t (3.3)

HamnpaBneHue 3TOro BEKTOpa COBIMANAET C HAIMPABICHHEM CHUJIbI, a €ro MOJYJb

paBEeH MPOU3BEICHUIO MOTYJISI CUJIbI Ha BpeMsI €€ JIEUCTBUS, T. €.
S=P-t

Hunynve cunvl xapakmepuszyem nepeoauy MamepuaibHOU MOYKe MeXAHUYECKO20

OBUICEHUSL CO CIMOPOHBL OUICMBYIOWUX HA Hee mell 3 OAHHBIU NPOMENCYMOK PEeMEHU.

t
NmMmynbc nepeMeHHon Cuiel S = J'Pdt.
0

Monysap ¥ HampaBiICHHE UMIYJIbCAa MEPEMEHHOW CHJIBI MOXKHO OIPEICIIUTh 10
CrIoco0y MPOEKITUH.

[TpocyMMHpOBaB TPOCSKIIMU 3JIEMEHTAPHBIX HMITYJIbCOB W TIEpEHIsS K Mpeaeny,
MOJIyYMM  OTIPEJICJICHHbIC HMHTErpajbl 10 IEPEMEHHOW ¢, TPEICTaBJISAIONINEe COOOH
MPOSKIIMK UMITYJIbCa S Ha OCH KOOpPIUHAT:

S, :tfodt, S, :]%@dt, S, :tjﬂdt

i i h

KonnyecTBOM ABMXKEHHS MaTepUATIBHOM TOYKM HA3bIBACTCS BEKTOP, HUMEIONIUN
HANpaBJICHUE CKOPOCTH W MOJYJb, PABHBIA IMPOW3BEACHUIO MAcChl m Ha CKOPOCTb €€
JOBUXXEHUSA V .
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KonunuecTBo nBWXXEHUs, 3aBHUCAIEE OT MAcChl TOUKHM M €€ CKOPOCTH, SIBIISIETCS
MepOil MEXaHUYECKOTO JIBUKCHHS.

[TonaTue KomMuecTBa IBUKEHUS OBLIO BBEACHO B MEXaHUKY J(eKapToM U MOJI0KEHO
B OCHOBY MeXxaHHKU HpioroHOM. Enunuiieil n3mepeHus KoauuecTBa IBUKEeHUs sBisieTcs |
ke'm/c=1 H-c.

Konuuecmeom 08udiceHusi MexaHuyecKkol Cucmemvl HA3bIBACMCSA BeKMOp, PAGHbII
2eoMempuyecKkoll Cymme (21a8HOMY 8eKMOPY) KOIUYECME OBUINCEHUS BCeX MAaAmMepUuaIbHbIX
MoYeK >mou CUCHmeMbl.

Ecnu otnenpHas Touka cuctembl M, (i=1, 2,...n) ©UMEET Maccy m,, U CKOPOCTb

V,, TO BEKTOpP KOJIMYECTBA BUKEHUSI CUCTEMBI Q
[Ipeobpazyem Boipaxkenue (3.4):
mV, = = mt,
0= 2 dt dt Y
S = mr,
d dr.
=—(mr.)=m—=ml
Q= -{mrc)=m=t =mV,
Q=mV, (3.5)
Bripaxkenue (3.5) moka3bIBaeT, UTO 8EKMOP KOIUHUECMBA OBUNCEHUS MEXAHUYECKOT

cucmemsl umeem MOOleb, paeHblﬁ np0u3eedeﬂui0 MACCbL cucmemvl Ha CKopocnib ee
yeHmpa macc u Hanpaejiernue amoul CKopocmu.

[Ipoenupys BeKTOp O = Y m.r. = mr,. HOJIyIH/IM
Q zml ix
Zsz:y =mV,, (3.6)
Q zlezz = mV

HpO@KHI/IH KOIn4eCcTBa JOBHKCHUA MEXAaHMYECKOM CHUCTEMbl Ha KaXXyro
KOOPAWHATHYIO OCb, paBHAA CyMMC HpOCKHI/Iﬁ KOJIMYCCTB ABMXKCHHA BCCX TOUYCK CHUCTCMbI
Ha 3Ty OCb, OHNPCACIICTCA IIPOU3BCACHHECM MACChl CHUCTCMbI Ha IMPOCKIHWIO CKOPOCTHU
EHTPa MAacCC Ha 9Ty KC OChb.

Kunernyeckuii MOMEHT CHCTEMBI

KuHeTHuecKnii MOMEHT MEXaHUUECKOH cucTeMbl K, OTHOCHTENIBHO HEMOBUKHOTO
neHtpa O SBIAETCS MEPOUM IBHXKEHHUSI CUCTEMBbI BOKPYr 3TOoro neHrtpa. [lpu pemenun
337124 OOBIYHO MPUMEHSTCA HE caM BEKTOp K., a €ro MPOEKIHH Ha OCH HEMOJBUKHOM
CUCTEMBI KOOPJMHAT, KOTOPbIE HA3bIBAKOTCA KMHETUYECKUMU MOMEHTAMH OTHOCUTEIBHO
ocu. Hanmpumep, K, - KHHETUYECKUII MOMEHT CUCTEMBI OTHOCUTEIIbHO HEMOABUKHOW OCHU
Oz.

Kunetnueckuii MOMEHT MEXaHHUYECKON CHCTEMBI CKJIAJbIBACTCA M3 KMHCTHYCCKUX
MOMCHTOB TOYCK M TCJ, BXOJAIIMX B 0Ty CHCTCMY. PaCCMOTpI/IM CITOCOOBI OIpCACICHMA
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KMHETUYECKOr0 MOMEHTAa MaTepHUAIbHONM TOYKHU M TBEPAOIO Teja IIPU PA3JIMYHBIX CIydasx
UX JIBUJKCHHUS.

Jlns MaTepuanbHOM TOYKH C MAccoil m,, MMeIoIIel CKOpoCTh V, , KWHETHYECKuUii
MOMEHT  OTHOCHUTEJIbHO HEKOTOpOoil ocu Oz ompenensercss Kak MOMEHT BEKTOpa
KOJINYECTBA JIBUJKEHUS 3TOM TOUYKU OTHOCUTEIBHO BHIOPAHHOM OCH:

K. =m_(mV;)=rx (mV,).

Kunernueckuii MOMEHT TOYKM CUMTAETCS ITOJOKHUTEIIBHBIM, €CIIM CO CTOPOHBI
ITOJIOKUTENIBHOTO HANPABJIEHUS OCH JBWKEHME TOYKH IPOUCXOAUT NPOTUB YaCOBOU
CTPEJIKU.

Ecnm Touka coBepliaeT ClI0KHOE NBUKEHUE, Ul ONPENACICHUS €€ KUHETUYECKOTO
MOMEHTa CJeJyeT BEKTOp KOJIMYECTBA IBMKEHHS M), paccMaTphBaTh KaK CyMMY
KOJINYECTB OTHOCHUTEJIBHOTO U IIEPEHOCHOTO JBUKEHUMN

mVy =mV, +mb,,.
Torna
K. =m. (mV,)=m_ (mV,)+m (mV).
Ho V,, =wh,, tne h, - paccrosiHUE OT TOUKH /10 OCU BpallleHuUs, 1

m, (mkI7ke) = mka)he ) he - mkheza)'

Pabora cuinbl. MomHocTh. KnHeTHYeCcKasi JHEPrusi MATEPHATbHOM TOYKH U
MEeXaHUYECKON CHCTEeMbI

JIist XapaKTepUCTUKHU JIEHCTBUSI, OKa3bIBAEMOI'O CHJION Ha TEJIO MPU HEKOTOPOM €ro
NepeMEeNIeHUH, BBOAUTCS MOHATHE O paboTe CUIIbI, IIUPOKO UCIOJIb3yeMOE HE TOJIBKO B
MmexaHuke. CHauasna BBeJeM MOHATHE 00 AJIeMEHTapHOM padoTe.

Onemenmapnoti pabomoti cuibl F, mpunoxenHo B Touke M (puc. 3.1), Ha3pIBaeTCs
CKaJIsipHasi BeTMYMHA

dA=Fds, (3.7)

rae F.— TpoeKIMs CHIbl F Ha KacarelbHYH Mr K TpPAacKTOPUU TOYKA M,

HAMpaBJICHHYIO B CTOPOHY MEPEMEIICHUS STOW TOYKH (MM MPOCKIMs F Ha HalpaBlICHHUE

CKOPOCTH V' TOUKU M ; ds — MOIYJIb DJIEMEHTAPHOI'0 MEPEMEICHUA TOYKUA M .
b

Puc. 3.1. JIBuKeHUE TOYKH 110 TPACKTOPUHU
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Takoe ompeneneHne COOTBETCTBYET MPEICTABICHUIO O paboTe Kak O MEpe TOro
JNEUCTBUSA CHJIbI, KOTOpPO€ MPUBOAUT K HM3MEHEHHIO MOJYJs CKOpOCTH Touku. Ecnu
Pas3oKUTh CHITy F Ha cOCTaBisiomue F. U F,, TO U3MEHATh MOJYJIb CKOPOCTH Oyzaer F.,

dv = =
TaK KaK F, =ma, = m7 (cocraBisAromas F, U3MEHSET WM HANpPABJIEHUE BEKTOpa V , WK
t

MIpY HECBOOOTHOM JIBIDKCHHUH —CHUITY JaBJICHUS HA CBA3B).
3ameyast, 4TO F. = Fcosa , TAE a — Yroia MexXay F u Mr, nonyuum u3 (3.7) apyroe

BBIpaXXEHUE IS dA :
dA = Fdscosa (3.9)

Eciu yrom a octpbelii, To paboTa mnojoxurenbHa. B yacTtHOCTH, mpu o =0
arieMeHTapHast paboTa dA = Fds.

Eciu yron o« Ttymo#i, To pabora oTpuuarenbHa. B wacTHOCTH, mpu o =180°
aIieMeHTapHast pabota dA = —Fds.

Ecimu yron «=90°, T. €. eciu cuna HanpasieHa nepneHoOuK)IsApHO nepemeuienuo,
Mo 21eMeHmapHas paboma Cuiibl pasHa HyJio.

3HaK paboOThl WMEeT CHEAYIOIHUA CMBICT: paboTa TMOJOXKUTEIbHA, KOT/a
COCTaBJIAIONIAs F. HAlpaBJicHa B CTOPOHY JBIMIXKEHUS (CHJIa YCKOPSET JBIIKEHHE); paboTa

OTpULATCIIbHA, KOraa COCTaBJIAOIIAs F‘T HaImpaBJICHa IIPOTHUBOIIOJOXXHO HAIIPaBJIICHHUIO

JBMKEHUS (CUJIa 3aMeJIIET JBUKCHUE).
Ecnu yuects, ds=|dr|, TAe dF — BEKTOp JJIEMEHTApPHOIO IEPEMEILCHHS TOUKH, U

BOCITOJIP30BAaThCS HM3BECTHBIM W3 BEKTOPHOW anreOphl TOHSATHEM O CKaJIsIpHOM
MIPOU3BEACHUU JBYX BEKTOPOB, TO PABEHCTBO (3.8) MOXKHO MPEACTABUTH B BUJIE
dA=Fdr (3.9
CrnenoBaTenbHO, 2eMeHmapras paboma culvl paeHA CKANAPHOMY HPOU3BEOEHUIO
CUTIbI HA BEKMOP 2JIEMEHMAPHO20 NepeMeujeHus MOouKU ee NPUL0HCEeHUs.
Eciu B dopmyne (3.9) BbIpa3uth CKalsipHOE MPOU3BEICHUE YEpe3 NPOEKIUH

BEKTOPOB F M 7 Ha KOOPAMHATHBIC OCH M Y4€CTb, YTO 7, =X, 7, =y, r, =z, TO HOIy4YHM

anaiumuvyeckKkoe eoblpasicenue 3JZ€Jl/leHmapHOIZ pa50mbl
dA=F.dx+F dy+F.dz, (3.10)

B KOTOPOM x, ¥, z — KOOPAMNHATHI TOUYKH ITPUIIOKEHUS CUIIBI F .

Mownocme.

MOIIHOCTBIO Ha3bIBAETCA BEIMYMHA, OMpEAeINsionias paboTy, COBEpIIAEMYIO
cuiao B eauHuily BpemeHu. Eciau pabora coBepiiaeTcs paBHOMEPHO, TO MOIIHOCTH
N =dA/dt,Tne t - BpeMs, B TeYeHHE KOTOPOTO Mpou3BeicHa pabota 4. B o0miem ciayuae

deA/dtzﬂﬁzF,V
dt

CrneoBatenbHO, MOWHOCHb PABHA NPOU3BEOEHUI0 KACAMENbHOU COCMABIAowel
CUJIbL HA CKOPOCMIb.

Ennnauneit usmepenus montHoctr B CU sBisiercst samm (1 Bt = 1]1x/c). B Texauke
3a €IMHUILY MOIIIHOCTH YacTo NpuHumaetcs 1 1. ¢, paBHas 736 Br.
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PabGoTy, mnpou3BeNEeHHYI0 MAIMHOW, MOXHO HU3MEPSITh TMPOU3BEACHUEM €€
MOIITHOCTH Ha Bpems paboThl. OTCIO/1a BO3HUKIIA YIOTPEOUTENIbHAS B TEXHUKE C€IMHHIIA
U3MEpEeHUs padoThl KMJIOBATT Yac.

Beenem monsaTHe eme 00 OAHOWM OCHOBHOM JHHAMHYECKOW XapaKTEPUCTHUKE
JIBUKEHUS — O KMHETUYECKOU PHEpruu. Kunemuyeckou suepauel mMamepuaibHot mouku
HA3bLI6ACMCA CKANAPHAS 6euduHa mV>[2, pasnas nonosune npouseeo0eHuUs. Maccbl MoYKu

Ha K8aopam ee CKOpOCHIU.

Ennnauna n3amepenns KHHETHYECKOW SHEPTHH Ta ke, 9To U padoTsl (B CU — 1 JIx).

Kunemuueckoui snepeueii cucmemvl naszvigaemcs ckaisapHas eeauvuna 1, paenas
CYMMe KUHeMUYeCKUX dHepeuli 8cex mouex CUcCmemul.

S

Kunernueckass »Heprusi SBIAETCS XapaKTEPUCTUKOW U MOCTYNATEIBLHOrO, U
BpAIIATEILHOTO JIBMKCHUN CUCTEMBbI. [J1aBHOE OTIMYME BENUYMHBI T OT BBEICHHBIX
paHee XapaKTEPUCTUK KOJNYECTBA JBUKEHHS U KHHETUYECKOIO MOMEHTa COCTOUT B TOM,
YTO KUHETHYECKAS SHEPrusl SIBISIETCA BEIWYUHOW CKAJISIPHOM W NPUTOM CYLIECTBEHHO
MOJIOKUTENIBHOMN. [107TOMY OHa HE 3aBUCHUT OT HAIIPABJICHUN IBUKECHUS YaCTEN CUCTEMBI U
HE XapAKTEPU3YET U3MEHEHUMN ITUX HAIPABJICHUMN.

OTmeTHM ellle clenyrollee BaKHOe 00CTOATEIbCTBO. BHYTpeHHNE CUJIBI JEHCTBYIOT
Ha YaCTU CHUCTEMBI MO B3aMMHO MPOTUBOIOJOKHBIM HampaBiieHUuaAM. [1o 3Tol npuuuHe
OHH, KaK Mbl BUJEIIN, HE U3MEHSAIOT BEKTOPHBIX XapaKTEPUCTUK KOJUYECTBA JIBUKECHUS U
KMHETHYeCKoro MoMeHTa. Ho eciim moxa jaedicTBUEM BHYTPEHHUX CHII OYIyT M3MEHSIThCS
MOJYJIM CKOPOCTEH TOYEK CHUCTEMbI, TO MPU STOM OYyJIET HU3MEHSThCA W BeJIWYHMHA T .
CrnenoBarelibHO, KHHETHYECKAs DSHEPrus CHUCTEMbl OyAeT OTJIWYaThCsl OT BEJIUYUH
KOJMYECTBA JBMIKCHHMS M KMHETHYECKOIO MOMEHTA €Ille M TEM, YTO Ha €€ HM3MCEHEHHE
BIIMSIET JICVICTBUE U BHEIIHUX U BHYTPEHHHUX CHII.

T =
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Tema 4. CTPYKTYpPHBIii H KHHEMATHYECKHII AaHAIHM3 IVIOCKUX MEXaHNU3MOB
OcHOBHBIC NIOHATHS TEOPUU MEXAHMU3MOB U MAIIIUH.

Teopus MexaHM3MOB W MAIllMH - Hay4yHas JUCHUIUIMHA (WM pa3ienl HayKu),
KOTOpas U3y4aeT CTPOeHHUE (CTPYKTYpPY), KHHEMATUKY U JUHAMUKY MEXaHU3MOB B CBSI3U C
UX aHAJIU30M U CHHTE30M.

Ileap TMM - aHanu3 ¥ CUHTE3 TUIIOBBIX MEXaHU3MOB U UX CUCTEM.

3anaun TMM: pa3paboTka oOLUIMX METOAOB UCCIEIOBAHUS CTPYKTYPbI, T€OMETPUH,
KMHEMATHKU U TMHAMUKHA TUIOBBIX MEXaHU3MOB U UX CUCTEM.

TunoBeIMM MexaHW3MaMu OyJleM Ha3bIBaTh MPOCTHIE MEXAHW3MbI, UMCIOIINE TPU
pasnTuyHOM (PYHKITMOHAIIBHOM HA3HAYEHWW IHPOKOE TPUMEHEHHE B MAIMHAX, IS
KOTOPBIX pa3pabOTaHbl TUTIOBLIE METOJIbI M aJITOPUTMBI CHHTE3a U aHAJIHA3A.

PaccmoTpum B KkauecTBe npuMepa KPHUBOIIMIHO-TOJI3YHHBIM MEXaHU3M. OTOT
MEXaHU3M IIAPOKO MPUMEHSETCS B PAa3IMYHBIX MAIIMHAX: JBUTATEISX BHYTPEHHETO
CropaHusi, IMOPUIHEBBIX KOMIIpECCOpPAaX M HACOCax, CTAHKAX, KOBOYHBIX MAalllMHAX U
npeccax. B kaxaom BapuaHTe (PYHKIIMOHAJIBHOIO HA3HAYEHMsI NMPU NPOECKTHUPOBAHUU
HEOOXOMMO YYMTHIBATh chenuduyeckue TpeboBaHus K MexaHusmy. OJHaKo
MAaTeMaTUYECKHE 3aBUCHUMOCTH, ONUCBHIBAIOIIUE CTPYKTYPY, F€OMETPUI0, KUHEMATUKY WU
JUHAMUKY MEXaHW3Ma TpU BCEX pPA3NIMYHBIX MPUMEHEHHSIX OyAyT MpaKTUYECKH
ONWHAKOBBIMH. [71aBHOE winM OCHOBHOe oTmune TMM oOT y4eOHBIX JUCIHIUINH
M3YYalIIMX METOJIbl MPOECKTUPOBAHUS CICIIMATBHBIX MAIIUH B TOM, 4T0 TMM ocHOBHOE
BHUMAaHHE YJEISeT M3YYCHUI0 METOJOB CHHTE3a M aHanm3a, OOIUX JJIs JAHHOTO BHUIA
MEXaHU3Ma, HE3aBUCAIIMX OT €ro KOHKPETHOTO (DYHKIIMOHAILHOTO HAa3HAYCHHS.
CnenuanbHble AUCHUILIMHBI M3Y4alOT MPOEKTUPOBAHUE TOJIBKO MEXAaHU3MOB JaHHOTO
KOHKPETHOTO Ha3HA4YeHWs, YIesisi OCHOBHOE BHUMaHUE crienu(uaeckuM TpeOOBaHUSIM.
[Ipy 5TOM MMUPOKO MCHOJB3YIOTCS U OOILIME METOJbl CHUHTE3a M aHalu3, KOTOphIE
u3y4darorcs B kyce TMM.

3BEHO — TBEpPIOE TEJIO0, BXOJAIIEE B COCTAB MEXAHU3Ma, NPOCTEUIIMI AIEMEHT
MEXaHU3Ma.

CoeauHeHue JBYX COINPHUKACAIONIMXCS 3BEHBEB, OOECIIEUMBAIOIIEE BO3MOMXKHOE
JIBUKEHUE OJTHOTO OTHOCUTEINIBHO JPYTOr0 HA3bIBAIOT KHHEMATUYECKOU MapoM.

Knaccudukanus KuHeMaTHYECKUX map.
Kunemartnueckue nmapsi (KII) knaccupuiupyroTcs Mo ciaeIyronM NpU3HaKaM:
1. mo Buay MecTa KOHTaKTa (MeCTa CBSI3U) MOBEPXHOCTEHN 3BEHBEB:
o HU3IIWE, B KOTOPBIX KOHTAKT 3B€HHEB OCYIIECTBISETCS MO MIOCKOCTH WIIH
MOBEPXHOCTH ( mapbl CKOJIbKEHUS );
o BBICIIHE, B KOTOPBIX KOHTAKT 3BEHbEB OCYILECTBIISIETCS MO JIUHUSAM HIH
TOYKaM (Mapbl, JOMYCKAIOIINE CKOJIbXKEHUE C IEPEKATHIBAHUEM ).
2. MO OTHOCUTEILHOMY JIBH>KEHHIO 3BE€HBEB, 00pa3yIoLuX Mapy:
o BpallaTeIbHBIE;
o TOCTYIATEJIbHBIE;
o BUHTOBBIC;
o TUIOCKHE;
o chepudeckue.
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3. mo cnoco0y 3amMbIKaHus (00eCTIeueHNsI KOHTAKTa 3BEHBEB MapPhl):
o CHJIOBOE (3a CYeT JCUCTBUS CUJI BECa WM CHJIbI YIIPYTOCTH MPYKHUHBI);
o TEOMETPHYECKOE (3a CYET KOHCTPYKIIMH PAOOYUX MOBEPXHOCTEH Maphl).

2

Puc. 4.1 Puc. 4.2

4. 1o YMCIy YCJIOBUM CBSI3U, HAKJIAJbIBAEMbIX Ha OTHOCHUTEIIBHOE JIBUKEHUE 3BCHBLEB
(4MCII0 YCIIOBUH CBSI3U ONpeEeIseT KJlacC KHHEeMAaTHYeCKOH Taphl);
5. MO 4YuCy MOJIBUKHOCTEH B OTHOCUTEILHOM JBUKCHUH 3BEHBEB.
newxkenue B KII 3anpereHo (T.e. Ha JaHHOE OTHOCUTENIBHOE JIB)KEHUE HAJI0KEHA CBA3b).
Heckonbko 3BEHBEB, COCIMHEHHBIX KHHEMAaTHUYECKUMU TlapaMyd  Ha3bIBAIOT
KHHEMATHYECKOM 1IETbIO.
Kunematndeckue menu OBIBAIOT IJIOCKUE W TMPOCTPAHCTBEHHBIE, IMPOCTHIC U
CJI0KHbI€, OTKPBITHIE U 3AMKHYThIE.

OcHoBHbBIE BHJABI MEXaHU3MOB.

MexaHu3Mbl KJIaCCUDUIIMPYIOTCS MO CIETYIOUUM TPU3HAKAM:
1. Tlo obnactu npuMeHeHUs: U GYHKIMOHATIBHOMY Ha3HAUYECHHUIO:
o MEXaHU3MBbI JIETATEJbHbBIX allapaToB;
o MEXaHU3MbI CTAHKOB;
o MEXaHU3Mbl Ky3HEUHbBIX MAIIUH U MIPECCOB;
o MEXaHU3MBbI JIBUTATENIe BHYTPEHHETO CTOPAHUS;
o MEXaHW3MbI TPOMBITTUICHHBIX POOOTOB (MAaHUTTYJISATOPOKI);
o MEXaHU3Mbl KOMIIPECCOPOB;
o MEXaHU3Mbl HACOCOB U T.[I.
2. 1o BUIy MepelaTOYHON (DYHKIIMK HA MEXAHU3MBbI:
o C IMOCTOSSHHOM MepenaTouyHon (QyHKIMEH;
o C IEepeMEHHON epeaaTouHoN (PYHKITUEH:
*  C HEperyJIupyemMoil (CHHYCHbIE, TAHT€HCHBIE);
= C peryjJupyemomu:
= CO CTYIICHYATHIM pPEryJupoBaHUeM (KOPOOKH mepeaay);
» ¢ OeccTymeHYaThIM PETyIMPOBAHUEM (BapHATOPHI).
3. mo Buay npeoOpa3oBaHUs ABIKEHUS HA MEXAHU3MBI Pe0Opa3yIoIIHe :
o BpAIIATEJBHOE BO BPAIATENBHOE:
*  PEAYKTOPBI Wex > Wswix;
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*  MYJbTUIUIUKATOPHI Mex < Wppix;
*  MY(THI Msx = Wsmix;
o BpAIIATENBHOE B OCTYNATENBHOE;
o TOCTYIAaTEJIbHOE BO BPAILIATEIBHOE;
o TOCTYIATEIbHOE B MOCTYIATEIBHOE.
4. 1o IBMXEHUIO U PACTIOJIOAKEHNIO 3BEHBEB B IPOCTPAHCTRBE:!
o TPOCTPAHCTBEHHBIE;
o TUIOCKUE;
o chepudeckue.

Bce wMexaHu3mbl  SBIMIOTCA ~ MPOCTPAHCTBEHHBIMM  MEXAaHM3MAaMH, 4acTb
MEXaHU3MOB, 3BEHbSl KOTOPBIX COBEPIIAIOT JBUKEHHWE B IUIOCKOCTIX MapalIeNIbHBIX
OJIHOM IIJTOCKOCTH, SIBJISIFOTCSI OJHOBPEMEHHO M IUIOCKMMH, APyras 4acThb MEXaHU3MOB,
3BEHbSI KOTOPBIX JBMXKYTCSA MO C(HEPUUECKUM MOBEPXHOCTSIM SKHUBUAMCTAHTHBIM KaKOM-
1160 oHOM chepe, ABIAIOTCS OAHOBPEMEHHO U CHEPUUECKUMU.

5. 0 U3MEHSIEMOCTH CTPYKTYpPbl MEXaHU3Ma HA MEXAHU3MBI:

o C HEU3MEHAEMOU CTPYKTYPOU;

o C U3MEHSIEMOU CTPYKTYPOH.
B mnponecce pa®oThl KpHUBOIIMITHO-TION3YHHOTO MEXaHU3Ma Hacoca €ro CTPYKTypHas
CXEMa BCE BpEMsSI OCTAaeTCd HEM3MEHHOU. B MexaHW3Max MaHHUMOYJSATOPOB B MpOLECCE
paboThl CTPYKTYpHAsi CXeMa MEXaHU3Ma MOXKET U3MEHSThCS. Tak €Civ MPOMBIIUICHHbBIN
pOOOT BBHIMOJIHSIET COOPOUHBIE ONEpPalNU, HAIPUMED, BCTABIISIET [MIMHAPUYECKYIO JIETalb
B OTBEPCTHE, TO IIPU TPAHCIIOPTUPOBKE JIETAIIA €T0 MAHUITYJISATOP SBISETCS MEXAHU3MOM C
OTKPBITOM WM Pa30OMKHYTOM KHHEMAaTUYECKOW LEnbk. B TOT MOMEHT koraa aeraib
BCTaBJIICHA B OTBEPCTHE, KUHEMAaTWYecKas LENb 3aMbIKAE€TCA, CTPYKTypa MeEXaHu3Ma
U3MEHAETCS, MOJBM)XKHOCTh YMEHBIIIAETCS Ha YHUCIO CBsi3ed BO BHOBb OOpPa30BaHHOMN
KMHEMAaTHYECKOM NIape AeTalb-CTOMKA.

Puc.4.3
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CTpykTypa MaHUITYJISITOPAa U3MEHSETCS U TOTJa, KOTJa B OJHOW MU HECKOJIBKUX
KMHEMaTHYEeCKMX Tapax BKJIIOYAeTCs TOpMO3. Torga MOABMKHOE COSAMHEHHE ABYX
3BEHBCB 3aMEHSETCSl HETIOIBMKHBIM, J[BA 3BEHA Mpeodpa3yroTces B ogHo. Ha puc. 3 Topmo3
BKJItOUYEH B nape C.

Puc. 4.4

6. MO YKCITy IOJABUKHOCTEN MEXaHU3MA:
o C OJHOM MOJBHKHOCTHIO W=1;
o C HECKOJbKUMU MOABMKHOCTAMU W>1:
*  CyMMUPYHIOIIHE (MHTErPAJIBbHBIE);
= pasnenstomue (auddepeHIuaibHbIe).

- " P P —
EBIX EX
Py —» ¥, - » — d L » P
— - - »
Puc. 4.5

7. no Buny kuHematnyeckux nap (KII):
o ¢ aHu3mmmu KIT ( Bce KIT mexanusma Hu3mue );
o ¢ BeictMu KIT ( xoTst 661 ogHa KII Beicias );
o mapHupHble (Bce KII Mexann3ma BpalareabHble - HIapHUPHI).
8. 1o crnocoOy nepeaaur U npeodpa3zoBaHus MOTOKA YHEPTUU:
o (puKIMOHHBIC ( CLETICHUS );
o 3alleIICHUEM;
o BOJIHOBBIE (CO3/1aHME BOJTHOBOM JedopMaIiun);
o HMITYJIbCHBIE.
9. mo dhopme, KOHCTPYKTUBHOMY MCIIOJIHCHHIO M IBDKCHHUIO 3BEHBEB!
o PBIYAXKHBIC,
o 3yOdarbie;
o KYJa4KOBEIE;
o IUIAaHETapHbIE;
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o MAaHHUITYJIATOPBI

b

Puc. 4.6 Puc. 4.7

Puc. 4.8 Puc. 4.9

CTpYKTYpHBIH aHAJM3 U CHHTE3 MEXaHU3MOB.

Ctpykrypa m1000W TEXHMYECKOM CHCTEMBI ompenenserca (PyHKIHOHAIBHO
CBSI3aHHOW COBOKYIHOCTBIO JJIEMEHTOB M OTHOWICHMM MexAy Humu. llpum stom mis
MEXaHU3MOB MOJ 3JIEMEHTaMU IOHMMAIOTCS 3BEHbs, T'PYIIbl 3BEHBEB WJM THUIIOBBIE
MEXaHU3Mbl, a oA OoTHowmeHusAMH noaBwkHbIe (KII) M HenmoaBMKHBIE COEIUHEHHS.
[loaTOMy mOX CTPYKTYpOM MeEXaHM3Ma IOHUMAETCS COBOKYIHOCTb €r0 3JIEMEHTOB H
OTHOLIEHUH MEXIYy HUMH, T.€. COBOKYITHOCTb 3BE€HBEB, I'PYII WM TUIOBBIX MEXaHU3MOB
Y NOJABMXKHBIX WJIM HENOJBM)KHBIX COCIMHEHMU. ['eomeTpHueckasl CTpyKTypa MEXaHU3Ma
IIOJJHOCTBIO OIMCBHIBAETCS 33JaHUEM T'€OMETPUUECKONM (OPMBI €ro JJIEMEHTOB, HX
pacnojoKeHus!, yKazaHusl BUJa CBA3eH Mex 1y HUMH. CTpyKTypa MeXaHU3Ma MOXKET ObITh
Ha Pa3HbIX CTAIUSAX IPOCKTUPOBAHUS ONHCHIBATHCS PA3JIMYHBIMU CPEICTBAMM, C Pa3HBIM
YpPOBHEM aOCTparupoBaHus: Ha (PYHKIIMOHAIHHOM YPOBHE - (DYHKIIMOHAJIbHAS CXE€Ma, Ha
YPOBHE 3BEHBEB U CTPYKTYPHBIX I'PYIII - CTPYKTypHas cxema U T.1. CTpyKTypHas cxema -
rpaduyeckoe M300paKEHHE MEXaHH3Ma, BBIIIOJIHEHHOE C HCIOJIb30BAaHUEM YCIOBHBIX
ob6o3nauenuil pekomeHoBaHHbIX ['OCT (cm. Hanpumep 'OCT 2.703-68) unm npuHATHIX
B CIELMAJIbHON JIMTEpaType, CojepiKaiiee HH(POpPMAIMIO O YHUCIE€ U PACHOJIOKEHUU
AJIEMEHTOB (3BEHBEB, TIPYIIl), a TaKKe O BUIAE M KJIacce KHHEMAaTHUYECKHX Tap,
COCIMHSIONIMX 3TH JJIEMEHTBHL. B OTIMYMEe OT KMHEMAaTU4YeCKOM CXEMbl MEXaHU3Ma,
CTPYKTYpHasi CXeMa He COJAEPKUT UHPOpPMAIIUH O pa3Mepax 3BEHbEB U BbIUEPUMBAETCS O€3
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coOutoieHust MacTaboB. (/lpumeuanue: KUHEMaTHYECKasi cxema - rpadudeckas MoJenlb
MEXaHU3Ma, IpeIHa3HaueHHasl 1711 UCCIIEA0BAaHUS €r0 KNHEMATHKU. )

IloHsiTHE O CTPYKTYPHOM CHHTE3€ U aHAJIH3e.

Kak nHa mo00M »Tame NpOEKTUPOBAHUSI MPU CTPYKTYPHOM CHHTE3E Pa3IMYaroT
3aJla4d CHHTE3a 1 3aJ1a4u aHaIu3a.
3agaveil CTPYKTYpPHOTO aHajau3a SIBISETCS 3ajladya OMpeAesieHUs MapaMeTpoB
CTPYKTYPBI 33IaHHOTO MEXAHW3MA - YMCJIA 3BEHbEB U CTPYKTYPHBIX TPYIIN, YACIA U BUAA
KII, uncna mnoaBwxkHOCTEM (OCHOBHBIX M MECTHBIX), YHUCIAa KOHTYpPOB M YHCIIA
M30BITOYHBIX CBSI3CH.
3ajadyeil CTPYKTYPHOTO CHHTE3a SIBJISIETCSl 3ajadya CUHTE3a CTPYKTYpPbl HOBOTO
MeXaHu3Ma, O00JaJaloIIero 3aJaHHBIMM ~ CBOMCTBAMH:  UHCJIOM  ITOJABMIKHOCTCH,
OTCYTCTBUEM MECTHBIX IOJABM)KHOCTEH M W30BITOYHBIX CBS3EH, MHUHUMYMOM 4YHCJa
3BE€HbEB, C IMapaMu ONPEACICHHOTO BHAa (HANpUMep, TOJLKO BpallaTeIbHBIMHU, Kak
Han0oJsiee TEXHOJOTUYHBIMM) U T.II.
OCHOBHBI€C MMOHATHS CTPYKTYPHOI'O CUHTE3a U aHAJIu3a.
[TonBMYKHOCTh MEXaHU3MA - YUCIIO HE3aBUCUMBIX 0000IIEHHBIX KOOPAUHAT OJTHO3HAYHO
ONpEAETSAIONIECe MOJOKEHNE 3BEHbEB MEXAaHHM3Ma Ha IIJIOCKOCTH WIJIM B IPOCTPAHCTRBE.
CB43b - OTpaHUYEHUE, HAJIOKEHHOE HA MEpPEMENICHUE Teja MO JaHHOW KOOpAWHATE.
N30bITOUHbIE (ITACCHBHBIC) - TAKWE CBSI3W B MEXAaHHM3ME, KOTOPBIC MOBTOPSIOT WIIU
TyOIUPYIOT CBSI3H, YK€ UMEIOIINECS TI0 TaHHOW KOOPAWHATE, U TIOATOMY HE U3MEHSIOIIHE
peAIbHOM MOJBMYKHOCTH MexaHu3Ma. [Ipu 3TOM pacyeTHas MOJBUKHOCTh MEXaHU3Ma
YMEHBIIAETCS, @ CTENEHb €r0 CTAaTUYECKOM HEONMPEACIMMOCTH yBenuuuBaerca. MHorma
UCIIONIB3YETCSl UHOE ompezeneHne: M30bITOUHbIE CBSI3M - ATO CBSI3W YHCIO KOTOPHIX B
MEXAaHU3ME OIPEAEISIETCS PA3HOCTHIO MEXKAY CYMMApPHBIM YUCIIOM CBSI3€M, HAJOKEHHBIX
KMHEMAaTUYECKUMH TMapaMHi, U CYMMOUM CTENEeHEH MOABHKHOCTH BCEX 3BEHBEB, MECTHBIX
MOJABMIKHOCTEH U 3aJaHHOM (TpeOyemoil) TOABMIXKHOCTBIO MEXaHU3Ma B  IICJIOM.
MecTHbIC TOABUKHOCTH - TOABUKHOCTH MEXAHM3Ma, KOTOPbIE HE OKA3bIBAIOT BIIWSHUSA
Ha ero (yHKIMIO TOJIOKEHUsI (M mepenatoyHble (PyHKIHMH), a BBEICHBI B MEXAHU3M C
IPYTMUMH 1eMAMH  (HampuMmep, TMOJBHKHOCTh pOJMKA B KyJa4YKOBOM MEXaHHU3ME
obecrieynBaeT 3aMEHY B BBICIIICH MMape TPEHUs CKOJIbKEHUS TPEHUEM KaueHUs).

OcHOBHBIE CTPYKTYpPHBIE (DOPMY.JIBI.

OcCHOBHBIE CTPYKTypHbIE (OPMYJbI OBLIM COCTABIEHBI ISl ITUIOCKUX MEXaHHM3MOB
YeOpimeoim I1.JI. u I'probnepom M., mna mpoctpanctBeHHbix - ComoBbiM [1.O. u
ManbimeBsiM. Tak Kak NPUHIMIBL 3aJI0KEHHBIE B TMOCTPOCHHE BCEX ATHUX (POpMyT
OJIMHAKOBBI, TO UX MOXHO 3aMucath B 0000IIEHHOM BU/IE:

H-1
W=Hn + XY (H-i) -pi, (4.1)
i=1
rae: H - uicino creneHeil mNoABMKHOCTH TBEPAOTO Tea (COOTBETCTBEHHO MPU
paccMOTpeHUH MexaHu3Ma B ipocTpaHcTBe H=6, Ha miiockoctu H=3);
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A - YUCJIO TIOJIBMXKHBIX 3BEHbEB B MexaHu3Me; n =k - I,

k - oO11iee uynciio 3BeHbEB MEXaHU3Ma (BKIIFOYAsi U HEMOBUIKHOE 3BEHO - CTOMKY);
i - uncno noasmxHoctel B KII;

pi - YUCII0 KHHEMATHIECKUX Tap C i MOJBMKHOCTSIMHU.

CrpykrypHOU Tpymnmoi Accypa (Wid TYNHoW HyJIE€BOH TOIBHMKHOCTH) HA3bIBACTCS
KHHEMaTH4ecKas Ienb, OOpa3oBaHHAs TOJBKO TOJBMIKHBIMUA 3BEHBSIMU MEXaHH3Ma,
MOJABMYKHOCTb KOTOPO# (Ha MJIOCKOCTH M B IPOCTPAHCTBE) paBHA HYI0 (W, = 0).

Koneunsie 3BeHbs rpynn Accypa, BXOASIINE B 1BE KHHEMAaTUIECKUE TIapbl, U3 KOTOPHIX
OJlHA UMEET CBOOOJHBIN 3JIEMEHT 3BEHA, HA3bIBAIOTCS MOBOJKAMH. [ pYIIbI MOTYT OBITH
Pa3IMYHON CTEeTeHH CIOKHOCTH. CTpYKTypHBIE TPymImbl Accypa JenaTcs Ha KiIacChl B
3aBUCUMOCTH OT YKCJIa 3BEHBEB, 00Pa3yIOIIKUX TPYIIY, YACIa TTOBOJIKOB B TPYIIE, YUCIIA
3aMKHYTBIX KOHTYpOB BHYTpHW Tpynmbl. B mpegemax kmacca (mo Accypy) TpPyHIIbI
MOIPA3MICIISAIOTCS 110 YUCITY TOBOJKOB Ha TMOPSAKHA (TIOPSIOK TPYIIBI PAaBEH YHCIY €€
MOBOJAKOB). MexaHU3MbI KIaCCU(PHUITUPYIOTCS MO CTETICHU CIOKHOCTHU TPYIIT BXOMSIIUX B
ux cocrtaB. Knacc u nmposiiok MexaHu3Ma ONpeaeNsIeTcs KIaccoM M MOPSAKOM Hauboliee
CJIOKHOM M3 BXOJANMX B Hero rpymi. OCOOEHHOCTh CTPYKTYPHBIX Tpymm Accypa - uX
cTaTU4ecKas ompenenumocthb. Ecnu rpynmy Accypa cBOOOZHBIMH SJIEMEHTAMU 3BEHBLEB
NPUCOEIUHUTh K CTOWKE, TO oOpa3yercs cTaTH4ecku ompeaenumas depma. Mcmomnp3ys
rpynmbsl Accypa yA0OHO TPOBOAUTH CTPYKTYPHBINA, KHHEMAaTHYECKUI U CHUJIOBOM aHam3
MEXaHH3MOB.
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Tema 5. IIpocTsie BUABI Aedopmanuii
OcHOBHBbIC OHATHSA.

ComnpoTuBIIEHHE MAaTEpPUATIOB — HAyKa, B KOTOPOM W3JIOXKEHbl NPUHUUIIBI M
METOAbl pacueTa 4YacTeld COOPYKEHMHM M MallMH Ha MPOYHOCThb, KECTKOCTb U
YCTOWMYUBOCTb.

IIpounocms — cIOCOOHOCTh KOHCTPYKIIMH BBIAEP>KUBAThH 3a/laHHBIE HAarpy3ku 0e3
paspyLIEHUs.

Hecmrxocms — CIOCOOHOCTH JIETaIM BOCTIPUHUMATH 3aJJaHHBIC BHEIITHUE HATPY3KH,
HE M3MEHSS COM TEepBOHAYAIbHBIE (JOPMBI U pa3Mephbl BHIIIE HOPM YCTAaHOBJICHHBIX Ha
OCHOBE YCJIOBH €€ HOpMaIbHON pabOTHI.

Yemotiyueocms — criocOOHOCTh KOHCTPYKLIMU COXPAHSTH MEPBOHAYAIBHYIO (opmy
PaBHOBECHSL.

B omnnume oOT TeopeTMYecKOoW MEXAHUKH, B CONPOTUBICHUHM MaTEpHalIOB
paccMaTpHUBaIOTCS 3a7a4l, B KOTOPBIX BCE Tejla MPUHUMAIOTCS A€(POPMUPYEMBIMH, TO €CTh
CIIOCOOHBIMM H3MEHSTh MEPBOHAYAIBHYIO (OpMYy M pa3Mephbl NMpU JEHCTBUM HA HHX
BHEIIHUX cuil. Jledopmanuu, MOJHOCTHIO HCUE3alOUIME MOCIE Harpy3oK, Ha3bIBAIOT
ynpy2umu, a OCTalOIMECHd — IUIACTUYECKUMM HWJIM OCTaTOYHBIMH. Marepuan Ha3bIBaeTCA
aOCOJIIOTHO YIPYTUM, €ClId Toclie TpPEKpalleHusl JCHCTBUS Ha HEro BHEIIHUX CHII
MOJTHOCTHIO MCYE3al0T BBI3BaHHBIC CHiIaMH Jedopmaruu. B 1ensx co3maHus MpOCThIX H
YAOOHBIX IS WHXXEHEPHOW TPAKTUKH PACUYETOB HCIIONB3YIOTCS PA3JUYHbBIE TPHU-
OJIM>KEHHBIE METOBI, KOTOPBIE 3aCTaBIIAIOT MPUOETaTh K JOMYIMICHHUSM W TUIIOTE3aM O
CBOMCTBax MaTEPHAJIOB U XapakTepe AehopMarium.

OcCHOBHBIE JIOMYIIEHUSI O CBOMCTBaX MaTEPHUAaIOB:

1) I'unoTte3a CIJIOMIHOCTA U OAHOPOAHOCTH Matepuana. [lo 3Toil runorese mpesamnosara-
€TCsl, YTO MaTepual IMOJHOCThbIO 3aIOJIHSIET Bech 00beM 0e3 Kakux JHUOO IMyCTOT U
CBOMCTBa MaTepuaa He 3aBUCAT OT BEJIMUMHBI BBIIEIEHHOTO U3 Tela 00beMa.
2) I'unote3a uzorponHoctu. CruiouiHas cpea sBIsSeTcs U30TPOIHOM, TO €CTh (PU3UKO-Me-
XaHUYECKUE CBOMCTBA MATEPUAJIOB BO BCEX HANPABJICHUSX OJMHAKOBBL. Marepuansbl, HE
oOnagaronIe yKa3aHHbIM CBOWMCTBOM, HA3bIBAIOTCS AHU30TPOMHBIMU. AHHU30TPOITHO
nepeso, bymara, panepa.
3) I'unore3a uaeanbHOU ynpyroctu. [{o onpeneneHHbIX NpeieioB HarpyKeHus MaTepual
SABJISICTCSL WACabHO ynpyruM. [Ipu OOnbIIMX Harpy3kax BCE MaTEpHAIBl TEPECTAOT
o0JagaTh 3TUM CBOWCTBOM, a TIO3TOMY JIaHHAS TUTIOTE3a CTAHOBUTCS HEMTPUMEHUMOM.
Jlomy1ieHust CBSI3aHHBIE C XapakTepoM Jedopmariuii.
1) l'mmotesa manoctu aedopmanmii. [lepemenienrs BO3HUKAIOIMINE B YIIPYTUX TeJIax MO
BO3/ICIICTBUEM BHEIIHUX CHUJ, Majbl MO CPAaBHEHHIO C pa3MepoM Tella. DTa TUIOTe3a
MO3BOJISIET NPU COCTaBICHUM YPAaBHEHUW pABHOBECHUS HE YUYUTHIBATh H3MEHEHHS B
pPAaCIOJNIOKEHUU CUJI. YKa3aHHOE [OIYyIIEHWE HOCHUT Ha3BaHWE IMPUHLMIA HaYalbHBIX
pa3mepoB. [IponmuirocTpupyem JaHHOE MOJ0KEHUE MPOCTHIM MPpUMEPOM. MoMeHT cuitbl F
OTHOCUTEJILHO TOUKH A 3asienku cunutaloT paBHbIM Fl, a He Fl; , Tak kak paznuna mexnay |
U || He3HAUMTEIbHA.
2) N'unote3a nuueliHocTu Aedopmanuid. [lepeMenienuss Touek ynpyroro Tesia npsmo mpo-
NOPLIMOHANIBHBI IEUCTBYIOIINUM Harpy3kaMm. CyTh JOMYIIEHUS MTOKaKeM Ha rpuMepe. Eciau
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Oasika mipu AeiicTBuu cwiibl F mporuercst Ha BenuuuHy f, TO BABOE OOJBINAs CHJia BRI3OBET
nporu® Oanku B JABa paza Oosbmmii — 2f. Tena, AIsl KOTOPBIX CIIpaBeiMBa YKazaHHas
TUIIOTE3a HA3bIBAIOTCS JUHEWHO Je(DOPMUPYEMBIMHU.

3) IlpuHIun HE3aBUCUMOCTH JeHCTBUS CUJl. Pe3ynbraT AeiicTBHUS HA TEJIO CUCTEMBI CHUJT HE
3aBUCHUT OT MOPSJKA MPUIOKEHUS BHEUIHUX CUJI U PABEH CyMME PE3yJbTAaTOB JICMCTBUS
KaXJ0W CWJIbl B OTAEIbHOCTH. IlycTh Ha Teno neuctByer ase cuibl F; u Fr mipu sTtom
Touka A Oanku moayuuT nepemenienue f. Ecnu k Oanke npuioxuth cuiny F; Touka A
nonyuyuT mnepememienue f;, npu gedictBuu cuisl F, — mepememenue fp. Ilpu
OJTHOBPEMEHHOM JIEHCTBUM OOEUX CHJI TMEepEeMEIICHUE TOYKH A paBHO airedpanmdecKou
cymme nepemerenuii f; u fr: =f,+f,

YKa3aHHbBIN MPUHIWI HOCUT HA3BAHHUE CYNEPHNO3UIMU, U OH CIPABEJIMB JIMIIb JJIs
JTUHEHHO 1e(OopMUPYEMBIX TEll.

B conpoTtuBiieHMM MarepuanoB HMCCIEIOBAHME BOMPOCA O MPOYHOCTH PEATBHOIO
00bEeKTa HAYMHAETCS C BbIOOpa pacueTHOW cxewmbl. Ilpuctymnas k pacuery, HEOOXOIUMO
BBIJICJIUTh CaMO€ CYIIECTBEHHOE JIJII PAaCCMAaTPUBAEMOI0 3JIEMEHTa, OTOPOCHUB YAaCTHOCTH,
HECYILIECTBEHHBIE [JIsl PEIICHUS, HO 3HAYMTEIBHO €Tr0 YCIOXHSIOIIUE, TO €CTh CO3/aTh
PaCUETHYIO CXEMY DJIEMEHTOB.

PacueTHas cxema — 3TO peanbHbI 00BEKT, OCBOOOXKECHHBIN OT HECYIIECTBEHHBIX
0COOEHHOCTEM.

[Io reomeTpuuecKMM MpU3HAKAM BCE peajbHbIe Tela MOTYT ObITh OTHECEHBI K
TaKUM pacyeTHBIM CXemaM: Opyc, 000JI0YKa, MIacTWHHA M MaccuBHOE Teno. [[ms Toro,
9TOOBI PACCUMUTHIBAEMBIN DJIEMEHT OTHECTH K OJHOW M3 YKa3aHHBIX CXEM, HEOOXOIMMO
3HATh FT€OMETPUUYECKUE MMPU3HAKH KAXKJIOTO U3 HUX.

bpyc — Teno, oguH pasmep KOTOPOro — JJMHA — 3HAYUTEIBHO ABYX JPYIHUX —
MUPUHBI U TOMMUHEL. [lo Buay ocu Opychs MOTYT OBITh TMPSMBIMU U KpUBBIMU. Ecnim
CEUYCHHE U3MEHSETCS IO JJIMHE Opyca, TO OH Ha3bIBaeTCsA OPyCcOM NMEPEMEHHOTO CEUCHUS.

Obonouka — TeNO, OJJUH pa3Mep KOTOPOIro — TOJIIMHA — 3HAYUTEIbHO MEHBIIE
JIBYX IPYTHX — palyca KPUBU3HBI U JJIMHBI.

Ilnacmuny MOXHO paccMaTpuBaTh KaK YacCTHBIM clydail 000JI0YKH OECKOHEYHO
OOJIBIIIOTO pagnuyca KPUBU3HBI.

Maccue — Te1o0, Bce pa3MePbl KOTOPOTO COU3MEPUMBI.

IlenTpanbHoe pacTszKeHHe-CKATHE.

[lon pacmsoicenuem (cocamuem) MOHUMAIOT TAaKOW BUJT AedopMalliy CTEPKHS, MPU
KOTOPOM B €ro IIONEPEYHOM CEUYECHHHM BO3HMKACT JIMIIb OAWH BHYTPEHHUW CUJIOBOMU
¢dakrop - mpogosbHas cuia N.. IlockonabKy mpoaosbHas CHila YUCIEHHO paBHA CyMMeE
IPOEKIUH, IPWIOKEHHBIX K OHON M3 OTCEYECHHBIX YAaCTEH BHEIIHUX CHJI HA OCh CTEPIKHS
(171 IpSIMOJIMHEMHOIO CTEp)KHS OHA COBMAJNAET B KaXXIOM ceueHuu ¢ ocbto O.), TO
pacTspkeHue (C)KaTUe) MMEET MECTO, €CJIM BCE BHEIIHWE CHUIIbI, JEHCTBYIOIIHME MO OAHY
CTOPOHY OT JaHHOIO IIONIEPEYHOIO CEYEHMS, CBONATCA K PABHOJICHUCTBYIOLIEH,
HaIlpaBJIEHHOU BJ0JIb OCH CTepKHA. OIHA U Ta K€ MPOAOJbHas cuiia N, Ipu JeHCTBUM Ha
pazIM4HbIE YacTH CTEPKHA (JEBYH0 WJIM TPaBYH) HMMEET MPOTHUBOMNOJIOKHbIE
HampaBlieHus. 3HaK N, 3aBUCUT OT XapakTepa BbI3bIBaeMoii €0 nedopmanuu. [IpogonsHas
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CHhjIa CYHUTACTCA HOHO)KHTCHBHOﬁ, CCJIM BbI3BIBACT PACTIKCHUC JJICMCHTA, KW OHaA
OTpULATCIIbHA, €CJIU BBI3BIBACT CXKATHUC.

a™ p P M, =0 W, =0

Pl — —t e } o2 —H——H—

Ny F
i B + Ne<0 r———1 N, =<0
P . Py s P
JPCN0 B — l_____—
b, e &)
Puc. 5.1 Puc. 5.2

s Toro, 4To0bl cHOpMYIHPOBATH MPEANOCHUIKA TEOPUU PACTSDKEHUS (CKATHSA)
MPU3MATHYECKOTO CTEepPXKHS, oOpaTuMcs K dkcrepuMeHTy. [IpenctaBum cebe cTep)KeHb,
M3TOTOBJICHHBIA W3 KAKOTO-THOO TMOJATIMBOTO MaTepuaja (Hampumep, pe3WHbl), Ha
OOKOBYIO TIOBEPXHOCTh KOTOPOTO HAHECEHA CUCTEMa MPOJIOBHBIX M TOMEPEYHBIX PHCOK.
OTta OpTOrOHajbHAs CHUCTEMa PHUCOK OCTAeTCA TaKOBOW W TIOCHIE MPHUIOKEHUS
pacTsaruBaromiel Harpy3ku. [lOCKONBKY TMONEpPEYHble PHUCKH SBISIOTCS — CIIeaMu
MOTIEPEYHBIX CEYCHUH Ha TOBEPXHOCTH CTEPXKHS H  OCTAIOTCA TMPSMBIMH |
MEePIEHANKYJISIPHBIMU K OCH CTEPIKHS TO 3TO CBHJICTEILCTBYET O BBITIOJHEHUU 2UNOME3bl
ninockux cewenuii (Bepnyinu). C ydeToMm eunomeszvl 06 OmMCymcmeuu HnonepedHoco
83auMoO0elicmeusi NPoOOJbHLIX B0JOKOH TIPUXOJMM K BBIBOAY, YTO Jedopmarius
PaCTSDKEHUS CTEPKHS CBOJUTCS K OJTHOOCHOMY PacTsDKEHHUIO €T0 MPOJIOIBHBIX BOJIOKOH, U
B TIOTIEPEYHOM CEUYCHUHU CTEPIKHS BO3HUKAIOT JIUIIh HOPMAJIbHBIC HAMIPSHKCHUS d, HHIIEKC 2
y KOTOphIX omyckaeM. OpTOTOHAJIBHOCTh TMPOJOJBHBIX U  TOMNEPEUHBIX PHUCOK
CBUCTEIHCTBYET TaKke 00 OTCYTCTBHH CIIBUTOB, @, CJIEOBATEIBHO, U CBI3aHHBIX C HUMH
KacaTelIbHBIX HAMPSHKEHUN M B TIONIEPEUHBIX U MPOIOTBHBIX CEYCHHSIX CTEPIKHS.

— — Vi X

&)

Puc.5.3 Puc. 5.4

Torma mnpomonbHas cuiaa N" paBHas CymMMe TMPOCKIMU BHYTPEHHUX CHIIL,
JNEUCTBYIOIIMX B JJAHHOM TMOIMEPEYHOM CEUeHUHM IuTomaanio F (puc. 5.4) oueBuHO OyeT
paBHa

M=, ] oar G5.0)

DTO COOTHOILIECHUE SIBIIAECTCS YpPaBHEHHUEM pPABHOBECHUS CTaTHKHU, CBS3BIBAIOIIUM
IPOJOJIbHYIO CHITY N., 1 HOpMaJIbHOE HANpPsHKEHHE G, KOTOPOE B OOIIEM cilydae sIBIsIeTCS
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byHKIIMEH KOOPAMHAT X U ¥ U MO3TOMY HE MOXET ObITh HailleHO M3 OJHOTO JHIIb |
ypaBHEHUs CTaTUKM . TakuM 0OpazoM, 3ajada ONpeaesiCHUs] HANPSIKEHUN Jaxe B caMOM
IPOCTOM ciy4yae Ae(pOpPMHUPOBAHUS CTEPXKHS (PACTSKEHUM WINM CXKATHUM) OKa3bIBAETCS
CTaTUYECKU HEONPEIEITUMON.

HeoOxoaumoe 1st penieHyst 3Toi 3a1a4n JOMOJIHUTEIbHOE YPABHEHUE BBITEKAECT U3
TMIIOTE3bl IUIOCKUX cedeHUu. II0CKOJIBKY monepedyHble CEYEHHUsl CTEpXKHS, OCTaBasiCh
IUIOCKMMHU U NEPHEHAUKYJISIPHBIMU K OCH CTEP)KHS, B mpolecce 1ehopMUpPOBaHUS JIUIIb
MIOCTYIATENbHO IMEPEMENIAIOTCS BIOJb OCH CTEPKHS (YTO MNPUBOIUT K OJMHAKOBOMY
YVJIMHEHUIO BCEX MPOJOJBHBIX BOJIOKOH), TO MNPUXOJMM K YpaBHEHHIO &€=const, W3
KOTOPOTO BBUJY OJHO3HAUYHOCTH CBSI3U G U € (I JIMHEWHO-YIIPYroro marepuana 3To -
3akoH ['yka: c=Eg.) BbIT€KaET, 4TO

G = const.
Pemast coBMecTHO ypaBHEHUA OIYy4YUM, 4TO N,=GF unu
6 =N./F.

Takum oOpa3om, MpU pacTsDKEHHH (CHKaTHHM) NPU3MATHYECKOTO CTEP>KHS HOpMajlbHbIE
HanpsHDKEHUsT PaBHOMEPHO pACIHpeeNieHbl M0 TOMEpPeYHOMY CEUYEHHIO, a KacaTelbHbIe
HANpPsDKEHUSI B CEUEHHUSIX OTCYTCTBYIOT, UTO SIBJISIETCSl CIEACTBMEM THMIIOTE3bI TIOCKHX
CeUeHUH. YKa3aHHOE, HECMOTpPS Ha, Ka3aloch Obl, OUEBUIHOCTb U MPOCTOTY, SBISETCS
byHIaMEHTaNbHBIM  PE3YyJbTaTOM, CHPABEIJIMBBIM, CTPOTO TOBOpPS, JHUIIb IS
NpPU3MATHUECKOro cTepkHA. OJHAKO B MHKEHEPHON MPAKTHKE €ro HCIMOJB3YIOT U IS
npUOIMKEHHON OIEHKM HOPMAbHBIX HAIPSHKEHUNA B CTEPXKHSAX MEPEMEHHOIO CEUYEHHS.
[Tpu 3TOM, YTOOBI MOTPEHIHOCTE (POPMYJIbI ObliIa HEBEINKA, HEOOXO0ANMO, YTOOBI IIIOIIAIh
MONEPEYHOT 0 CEUEHHSI CTEPXKHS U3MEHAIAch JOCTATOYHO IJIaBHO BOJb €r0 OCH.

YcnoBre NpOYHOCTH MPHU PACTSHKEHUH (CKATUN) TPU3MATHUECKOTO CTEPKHS ISl CTEPHKHS
U3 TUIACTUYECKOTO Marepuaia (T. €. Marepuaia, OAMHAKOBO paboTaloIIero Ha pacTsKeHUe
U cKaTue) OyJieT UMETh BUI:

g=N,/F=[g], (5.2)
rae [c] - nomyckaemoe HampsbkeHue. HampsskeHHe G B YCJIOBUH IOJCTABISETCS IO
MOJYJIIO, TaK KakK 3HAK G B 3TOM Cllydae poJld He urpaer. Jis cTepKHeH M3 XPYIKHX
MAaTCpruajIoB, HCOAWHAKOBO COIPOTHUBIANOOIUXCA PACTIKCHUIO MW CKATHIO, 3HAK
HalpsAKCHUA HMMCECT IMPUHIOUIINAJIBHOC 3HAYCHUC, W YCJIOBHC IMPOYHOCTU HPUXOAUTCIA
(GOopMyIMPOBATH OTAENLHO IJIsS PACTSIKEHHS U CHKATHSL:

JP:NEIFE[JP] .
|':F|:' |:|NE|IF5[J.:],

IZle Gp U O. - HAIPSDKEHUS PACTSIKEHUS M CXKaTWs, a [Gp| U [Oc¢] - OTBETCTBYIOIIME UM
JOTyCKaeMbl€ HAMPsHKEHUS.

B npakTuke nH)KXEHEpPHBIX pacueToB, UCXO U3 YCIOBUS MPOYHOCTH, PEIIAIOTCS TPU
OCHOBHBIE 3aJ]a4yd MEXaHUKH MAaTepUAIOB KOHCTPYKIUH. B mnpumeHeHun K ciaydaro
pacTsbkeHHUsl  (C)KaTusl) TPU3MATHYECKOTO CTEpKHS OTH  3aadyd  (POPMYJTUPYIOTCS
CIEAYIOIIUM 00pa3oMm.
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[IpoBepka mNpovyHOCTH (MOBEPOYHBIM pacyer). ITOT pacyeT MHPOBOJAUTCS, €CIIU
Harpy3ka (B HallleM cllydae ee ImpeacTaBisieT N;), CEeueHHe CTepKHs F 1 ero martepuan [G]
3a/1aHBI.

Heobxoammo yoenuThCsi, 9TO BHITOTHSAETCS yCIOBUE MTPOYHOCTH:
=N I 7 =[a

[TpoBepouHBIli pacyeT 3aKIOYaeTcs B TOM, YTO ompeaensercs (aKTHIeCKUil
K02 PUITMEHT 3amaca MPOYHOCTH 7 U CPABHHUBAETCS C HOPMATHUBHBIM KO3(DPHUITMEHTOM
3araca [n/:

Ta  TFad

H=—=

o N
rjae G* - mpeaeabHoe (MM OMACHOE) HaIPSKEHUE, T. €. HANPSKEHUE, BbI3bIBAIOIIEE OTKA3
AIIEMEHTa KOHCTPYKIUH (HAIOMHHUM, YTO, HAampuMmep, I CTEP>KHS M3 IUIACTUYHOTO
MaTepuasa 3TO-TPEeAe TEKYUECTH ST UM YCIOBHBIHN Mpees TEKyUeCTH Go2).

[Ton6op ceuenus (mpoekTHBIN pacuet). B aTom pacdere mo 3aganHoi Harpyske (NV;)
OTIPEICTISIOTCA pa3Mephl MOMEPEYHOro0 CeueHus: crepkHsa (F) U3 3aaHHOTO MaTepuasa
([c] mano). MuHrManpHOE 3HA4YEHUE [ MOJyYHM, €CIM B YCIOBHHM IPOYHOCTH NPHUHATH
3HAK PABEHCTBA:

= [#]

a

[F] =N./[c] (5.3)

Onpenenenue donyckaemou Hazpy3Ku, TO €CTh MAKCUMaJIbHOTO 3HAYEHHUS Harpy3KH,

KOTOPO€ JOMYCKAeT JAaHHBIM 3JIEMEHT KOHCTPYKUMU (F M [G] AaHbl) IpU BHIIOTHEHUU
YCIIOBUS POYHOCTH:

[N] = [c]F.

3akon I'yka.

P

- —_——_—— - —_———_——_ Y —

L,

Puc. 5.5

Ilycts mepBOHavanbHasl JJIMHA PACTAHYTOTO CTEpXKHS paBHa L, a aiaumHa mocie
nepopmanuu L. Tlpupamenne nmuubl AL = L; — L — Ha3bpiBaeTcs aOCONMIOTHBIM
VUIMHEHUEM CTepkHs, a oTHomeHue AL / L = & — Ha3pIBaeTcss OTHOCHUTEIHLHBIM
yauimHeHueM. M3 MHOXECTBa OIBITOB YCTAHOBJICHA CIEAYIOIIAs 3aBUCHUMOCTB, KOTOpas
MOJIy4YHJIa Ha3BaHue 3akoH ['yka:
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e=c/E,

I'ZIe G — HOPMaJIbHOE HANPSKEHUE,

E — Moxyne ynpyroctu nepBoro pajna uiam moayiss FOnra.

B npepenax mManelx yJUIMHEHUH Ui OOJIBIIMHCTBA MAaTEPUAIIOB CIPABEIMB 3aKOH
I'yka - HOpMasbHBIE HANPSKEHHsT B IIONEPEYHOM CEYEHUU IPSIMO IPOINOPLHOHAIBHBI
OTHOCHUTEILHOM JIMHEHHOHN AedopMallll € o = Eg.

Kosddunuent nponopunonansHoctd E - Moxynb mOpoAoiabHONW YyNpPyrocTH, €ro
BEJIMYMHA NIOCTOSIHHA JIJIs1 KaK10ro Marepuana. OH XapakTepusyeT *KeCTKOCTh MaTepuaa,
T.€. CIIOCOOHOCTH CONPOTUBIIATHCA AEPOPMUPOBAHUIO IO/ JCHCTBUEM BHEILIHEH HArpy3KHu.

Cpennue 3HaueHus E U p 111 HEKOTOPBIX MaTepualoB AaHbl B Ta0auie 5.1.

Tabmura 5.1
3nauenus Mmoayns ynpyroctu E u kodddunmenta [lyaccona v
Marepnan E, MIla 1%
Craib (2-2.2)-10° 0.24-0.3
Turan 1.1-10° 0.25
AnmroMuHHNA 0.7-10° 0.32-0.36
Menp 1.0-10° 0.31-0.34
Hyryn (1.1-1.6)-10° 0.23-0.27
Pe3una 1.0-0.8 0.5
[TpoOka - 0
CrekioBosiokHo | (0.18-0.4)-10° 0.25
JlepeBo 1-10* -
AL =NL / ES, (5.4)

rae N — npoaosibHas cuia,
S — momane ceueHus,
L — nnunHa crepxHs,
E — Monyns FOHra.
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Puc. 5.6

HamnpsbxeHHOe cOCTOsIHHME, NMPU KOTOPOM Ha TPaHAX MPSAMOYTOJIBHOIO 3JIEMEHTA
BO3HHMKAIOT TOJIBKO KACaTeJIbHbIE HANPSKEHHUs 7, HA3bIBAETCS YHUCTBIM CABHUIOM.
OKCIEpUMEHTAIbHO YHUCTBIM CHBUT MOXET OBIThb OCYLIECTBICH TMpPU KPyUYEHUHU
TOHKOCTEHHOUN TpyOsI (puc. 5.6).

Paccmotpum snemeHT abced, Bblpe3aHHBIA W3 TOHKOCTEHHON TpyOsl. Ilpum
BO3HUMKHOBEHUU KacaTEJbHBIX HANpPSIKEHUM AJIEMEHT mnepekammuBaercs. Ecim cuurtath
rpaHb ab 3akperuieHHOH, To rpaHb cd clIBUHETCA B HojoxeHue c,d,. Bce mnpsmble

YIJIBL MEXAY TPaHSAMU HU3MEHATCS Ha BEIWYMHY ), KOTOPBIM Ha3bIBACTCA YIJIOM

caura. KacarenbHble  HampsokeHMSsT W Yrod  CABUTa  CBSI3aHbl  NPSIMOM
HPOTIOPIIMOHATILHOCTHIO, T.€. 3aKOHOM ['yka mpu casure:
=Gy (5.5)

rie G - Moxynb cuBura (MOIYJIb YIPYrOCTH BTOPOro pona); misi ctamu G =8-10°
Muna.
Mexny moaynem ynpyroctu E u G CylIecTBYET CBSA3b:

E
G =——— , KOTOpasi MOATBEPKIACTCS IKCIIEPUMEHTAIBHO.
2(1+ )
3nec u - xoaddumment Ilyaccona.

Kpyuyenmne.

4 Hedopmarus Kpy4eHUs BBI3BIBACTCS
( ( () CKPYYMBAIOIIMMHA MOMEHTAaMHM, IIJIOCKOCTH JIEUCTBUS

S KOTOPBIX TEPHEHIUKYISIPHBI MPOJOJIBHON OCH (pHC.
2.7).
IIpn kpydyeHMHM BO3HMKAae€T OJWH BHYTPEHHUN CHJIOBOU
Puc. 5.7. dakrop - KpyTsamuid MOMEHT M, .

XapakTep  pacupenencHus — HanpsHKEHHH 10
CEUCHHUIO BBIACHUM, PAacCMOTPEB T€OMETPUYECKYI0 KapTHHY nedopmanuu Bama. s
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ATOTO HAa TOBEPXHOCTH HAHECEM CETKY, COCTOSIIYI0 W3 JIMHWH, MapauieTbHBIX OCH,
¥ JUHUH, TPEICTaBISIIONINX COOOW TapasuielbHble KPYTH.

[locme mpWIOKEHWS  CKPYYMBAIOIIET0  MOMEHTA
HaOmojaeM  ciiefyrolee: oOpasyrone IMIHHIPA
NpeBpaliaroTcsl B JUHUH OJMHAKOBOTO HAKJIOHA K
ocH CTEPIKHS, napauiebHbIC KpyTu HE
UCKPUBISIIOTCSL W PACCTOSHUE  MEXAY  HHUMH
OCTaeTCsl HEW3MCHHBIM, paJWyChl, IMPOBEACHHBIC B
TOPIEBBIX CEUYEHUSX, OCTAIOTCA MNPAMBIMU (pucC. 5.8).

A/
; { m ) Taxum 00pa3oM, TIpH IOCTPOCHUH TEOPHHU
\
HaNpsHKEHHO-1e(OPMUPOBAHHOIO  COCTOSIHUS  Balia
npu Kpy4EeHHH TOJIb3YIOTCS CIENYIOIUMU
TUIIOTE3aAMHM:
Puc. 5.8

1. Ilonepeunble ceyeHUsi Bajla oOCTalOTCA MNpu JAedopMmalruu  IJIOCKUMU U
NEPHeHAUKYIAPHBIMU K OcH Bana. OHU JIMIIb TOBOPAYMBAIOTCS OJHO OTHOCHUTEJIHHO
JIPYroro Ha HEKOTOPBIA YTroyl 3aKpy4yuMBaHMs, 00O03HaYaeMmblii ¢ . (TUIOTE3a IJIOCKUX

CEUYEHUN).
2. PaccTosiHus Mexay MONEPEYHBIMU CEUYCHUSIMH OCTAIOTCS HEU3MEHHBIMH.
3. Pamuycel, mpoBeneHHBbIE B IONEPEYHBIX CEUEHHUSX, NpH Jedopmanuu He

HCKPUBJAKOTCA.
|

/'l : : ; PaccmoTpum  HEKOTOpBIA  y4acTOK
L :n\”l :n : Baja JUIMHOW dz, BBIOEIIEHHBIA W3 Baja.
R 1\ : M Tlycrs yron mnosopora cedeHus m —m
':"' y A 6:' ~ OTHOCUTEIBHO HEMOJIBIXKHOTO Oyaer @,

TOrJla yroia TOBOpPOTa CEYEHUs H—n,
pacmoJIOKEHHOT0  Ha  paccTosHuM  dg,
oyner @+de. CraegoBaTenbHO, yroi

3aKpYYMBaHMUS ydacTKa Baja JUIMHOW dZ

Puc. 5.9
paBeH dg.
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< Paccmotpum nedopmariuto PSMOYTOJIBHOTO
/‘I’\ snieMenta abcd ~ OECKOHEYHO  Majiod  TOJIIIUHBI,
my” 0 _m BBIJICICHHOTO y TmoBepxHOCTH Bana (puc. 5.10). Tak
") =g KaK pajuyChl OCTAIOTCS MNPSIMBIMH, TO OTpe3ok O'b
\o | moBOpauMBasCh B IIOCKOCTH MONEPEYHOTO  CedeHHs

1:"‘ JI, Y T Ha yrojd 3aKkpy4yuBaHus d@, 3aliMeT TIOJOKEHHUE
e ‘_ ,O‘v:: S | O'b,. Tlpu stom oOpasyromas ab nepeMecTUTCs B
n\_, T~ n HOBOE TIOJIOKCHUE ab,, COCTaBUB C MEPBOHAYANBHOM
b&/bl 2° yrol . AHaJIOrM4YHO o0pasyromias dc
do nepeMecTuTcss B mojiokeHue dc,. Tak Kak UIMHBI
Puc. 5.10 TUX OTPE3KOB MPAKTUYECKH HEU3MEHHBI,  TO

nedopmarsi  TPSAMOYTOJBHOTO — dneMeHTa  abed
COCTOMT B HM3MEHEHUM TNE€PBOHAYAIBLHO MPSIMBIX
VIJIOB Ha BEJIIMYMHY yTJa ¥ .

Takum 06pa30M, paCCMOTpCHHBIﬁ QJICMCHT HAaXOOUTCA B YCIOBUAX YHCTOTO
caBura ", CJICAOBATCIIbHO, Ha €ro rpaHiax I[CI;'ICTBYIOT KaCaTCJIbHBIC HAIIPSKCHUA T .

. bb,
sy =—_=V-
ab
do
VYuuteiBas, uto ab=dz, a bb, =r-dgp, yron casura: y = rd—.
Z
OtHomieHue d_¢ =0 Ha3bIBAETCS OTHOCUTEIIBHBIM TIOTOHHBIM  YTJIOM
Z
1 pan
3aKpy4YMBaHUS | — | WK | ——
M M
y=0-r
Ecmu paccMOTpeETh nedhopMaImio NPSIMOYTOJILHOTO 3JICMEHTA,

pPACIoJIOKEHHOTO  BHYTPH Baja Ha TPOU3BOJBLHON IWIMHAPUYECKON TOBEPXHOCTH
paguyca p, T0 yrom cisura y, =6p.
HaiimeMm 3aBUCUMOCTh MEXIy HampsOKEHUSIMH ©  AchOpMANMsIMU  TIpU
kpyuernn. C yderoMm 3akoHa ['yka mpu 9YUCTOM CIBUTE
1,=G-y,=G-0-p
W3 nByx mociemqHux ¢GopMyl CcleayeT, YTO YIJIbI CIABUTA W KacaTelbHbIC

HAIIPpSOKCHUA B IIOIMCPCHYHOM  CCUCHUM H3MCHAIOTCA 110 HHHCﬁHOMy 3aKOHY IIpsAMO
MPOIMOPHUOHAJIBHO PACCTOAHUIO p TOYCK OT HCHTPA CCUCHUA.
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O4eBUIHO, YTO MAKCHUMAaJIbHbIE KacaTelbHbIC
HanpsoKeHUust 7., OydyT BO3HUKAaTh Yy IIOBEPXHOCTH

Baja, TO €CTh NPH P =TF.
T, =T =G-0-r1.
Beimenum  Ha  paccrosHUM o OT  LEHTpa
ceyeHus DdJjeMeHTapHyro 1omaaky dA (puc. 5.11).
Kpyrsimmit moment M, :

M,=[t,0dA=G-6| p°dA=G-0-1,.
A A

OTcroia MOTOHHBIN Yroyi 3aKpy4UBaHUS
Puc. 5.11 g = M,
GI,

npakTHiecku Beipaxxenne G -1, - )KECTKOCTh Bajla NPU KPYYCHHH.

I - NONApHBIN MOMEHT WHEPIUU.

P
m-r ﬂ-(rH4—r4)

I, = S IUIsL KPYTJIOrO CEYEeHHS; 1, =#‘3 - g TpyduyaTroro

CEYCHMUS.
B3aumubBIM  yronm  3akpyyuMBaHUsA =~ BYX CEYEHHM, pACIIOJOKEHHBIX HA
paccrosiuuu [ :

)
M
o[ Ms gz,
OG'IP

Ecnn B mnpepenax UWIMHAPUYECKOTO Yy4YacTKa Baja JUIMHOW [ KpyTsIun
MOMEHT M, MMEET NOCTOSHHOE 3HAYEHHE, TO

M, - 3aKk0H ['yka 1mpu KpydeHUH.
p=0-1=—*
G-I,
Tak kak 7=G -0 - p, 710 M,
T= 7 pP.

MaxkcuManbHbIE  KacaTelIbHbIC HaIIPsSOKCHUA, I[CI‘/'ICTBYIOHH/IC M0  KOHTYpPY
CCUCHMUS.

M M
T ==K (5.6)
IP WP

1
rne W, =2 . HonApHBIA MOMEHT CONpPOTHBICHHMS [ez:3].
r

3 4

T-r ﬂ..(rH _rB4)
W, = - mua Kpyrnoro cedenus; W =—————7-

d 2 P 2-r,

- g TpyO4aToro

cCUcHHUI.
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Tema 6. IIpsimoii monepevyHsbIil U3rud

[Ipu npsiMOM MoOMEepevyHOM H3TUOe B CEYEHUSX CTEPXKHS BO3HMKAET W3TrMOarouui
MOMEHT M, u nonepeuHas cuna Q, (puc. 5.1), KOTopble CBSi3aHbl C HOPMaJIbHBIMU S U
KacaTeIbHBIMU Ty, HAPSKEHUSIMU

My=[[odF . Qp=] e pmdF

e
77%7777
i) g
4 P Y P Y P Y P Y P Y P Y P P Y P Y P PR Y PO
= 'I—g%
t e _%fgﬁ
+ | % /I/
T ! | ! 77%—/77 “h
&)

Puc. 5.1 U3ru6 6anku

BriBenennass B ciydae umcTtoro w3ruba crepkHS GopMmyna UL IPSAMOTO
MOTIEPEYHOTO W3THMba, BOOOIIE TOBOPS, HEMPUMEHMMA, TOCKOJBKY W3-3a CIBUTOB,
BBI3bIBAEMBIX KaCaTEIbHBIMU HANPSKEHUSMU Ty,, IPOUCXOIUT JAEIIJIaHALUS MONEPEUHBIX
cedeHnr (OTKIIOHEHHME OT 3aKOHAa IUIOCKHMX cedeHuit). OmHako s 0aloKk ¢ BBICOTOM
ceueHus h<l/4 (puc. 5.1) MOrpenIHOCTh, HEBEIUKA U €€ MPUMEHSIOT IS ONpeieieHus
HOPMaJIbHBIX HANpPsHKEHUH TMomnepeyHoro u3ruba kak npuOmmkeHHy. Ilpu BbeIBOIE
YCIOBUSI TIPOYHOCTH TIPU YUCTOM H3THOE HCIONB30BAIaCh THIOTE3a 00 OTCYTCTBUHU
MOTIEPEYHOTO  B3aMMOJICHCTBUSL MPOJOJBHBIX BOJOKOH. [Ipm momepedyHoM wu3rude
HAOIIOAAIOTCS OTKJIOHCHUSI OT ATOU TUTIOTE3BI:

a) B MeCTax TMPUJIIOKEHUS COCPENOTOYCHHBIX CcwiI. [log cocpemoTOYeHHOW CuiIon
HAIPSHKEHUS TTOMIEPEYHOT0 B3aMMOJICHCTBHSI MOTYT OBITh JOCTATOYHO BEJIMKHA M BO MHOTO
pa3 TPEeBHIIATH MPOJOIBHBIC HANPSDKCHUSI G,, yObIBas TPU 3TOM, B COOTBETCTBHH C
npunnunom CeH-BeHana, mo Mepe yaalleHus: OT TOUKH MPHIIOKESHUS CUITHI;

0) B MecTax MPHJIOKEHHUS pachpeleleHHbIX Harpy3ok. Tak, B ciy4ae, MpUBEICHHOM Ha
puc. 5.1, 6 HanpspDKEHUsT OT JaBJICHUS] HA BEPXHHUE BOJIOKHA Oanku Gy = -q/b. CpaBHUBas
WX C MPOJOJIBHBIMY HAMPSHKCHUSIME G, UMEIOIIIMHE TOPSTIOK

gltig 3g(IV (1Y
F, BN F, = =—=| = ===

nhdre 4BV LAY
NPUXOMM K BBIBOJY, YTO HANPSDKEHUS Gy << G, IIPU YCIOBHH, 4T0 h’ << [?, TaK Kak G,

/o, = (WP << 1.
[Tomyuum Qopmyny A KacaTelnbHbBIX HANpsDKEHUM Ty, Ilpumem, meroamka
pacdeTa HOpMaJIbHbIX HaHp}DKeHI/Iﬁ HN3BCCTHA, YTO KAaCATCJIbHBIC HAITPSIKCHHUA PABHOMCPHO
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pacrpeneneHbl Mo IIUPUHE MONepeyHoro ceuveHust (puc. 5.2). Dra mnpennochuika
BBITIOJIHAETCS TEM TOYHEE, YEM YKe IMOINEPEeUyHOe CEeUeHUEe CTepxKHsA. TodHoe pelieHue
3a/lauyd i MPSMOYTOJIBHOTO TMONEPEYHOr0 CEYEHHUS! MOKAa3bIBAET, YTO OTKJIOHEHHE OT
PaBHOMEPHOTO pacripejieiieHus tyz , 3aBUCUT OT OTHOIIeHusi ctopoH b/h. Ilpu (b/h)=1,0
oHo coctaseT 12,6%, nipu (b/h)=0,5 - Tonbko 3,3%.

2 I

Puc. 5.2 Dntopbl BHYTpEHHHUX CUJI TIPH U3THOE

HenocpenctBenHoe omnpezeneHle HampsHKeHUH Ty, 3aTPyIHUTENBHO, MOSTOMY HAaXOIUM
paBHbIE UM (BCJIEICTBHE 3aKOHA MAPHOCTH) KAacaTeJIbHbIE HAMPSDKEHUS Ty,, BOSHUKAIOINE
Ha TPOJOJBHON IUIONIAJIKE C KOOPAWHATOM Yy AJIEMEHTa JUIMHOW dz, BBIPE3aHHOTO W3
Oanku, (puc. 5.2). Cam snemMeHT moka3aH Ha puc. 5.3. OT 3TOro 3neMeHTa MpoAOIbHBIM
CeueHHeM, OTCTOSAIIMM OT HEUTPAJIHHOTO CJIOSI Ha ), OTCEKaeM BEPXHIOI0 4acTh, 3aMEHSIS
AeiicTBUE OTOPOLICHHOW HMKHEW YacTH KacaTeNbHBIMU HANpsHKEHUSMHU T (MHIEKC &) B
JalbHEHIIIeM OIyCKaeM), paBHOJACUCTBYIOIIas KOTOpbIX d1=thdz. 3mech, COTJIacHO
BTOPOU MpEANOoCcChIIKeT=const Mo mupuHe 3aeMenTa b. HopmanbHble HaNpsyKEHUS G U G +
dc, [eWCTByIOIIME Ha TOPUEBBIX IUIOIMIAAKAaX JJIEMEHTa, TaKkKe 3aMEHUM HX
pPaBHOACHCTBYIOIIUMU:

S P T

My +dM,
N, +dN, = L_J (o +da)ydf =———= 5

X
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T T td T i
= * * 7 Ny +d My
h ;
N e e o
y T ¢ . E:'-}' .
I‘ulh

S
N I
all dz B
Puc. 5.3
ITh
vt e M
e
B
:FII/
i
(1 X
WX T -
-} 'E:I '
Puc. 5.4
COI"J'I&CHO HCpBOﬁ MPCAITOCBIJIKC HOPMAJIBHBIC HAIIPSKCHUA OIIPCACIIAIOTCA YIiKE
SE = ydF
W3BECTHBIM CIIOCOOOM, F , Toe Sy® - craTmyecKknii MOMEHT OTCEYEHHOHN YacTH

Iiomaaun Honepequro CCUCHUA O OTHOCUTCIBHO OCHU OX.

PaccmoTrpum ycioBue paBHOBecHs djieMeHTa (puc. 5.4) COCTaBUB Il HETO
ypaBHEHUE CTaTUKU Xz = ():

N, +dT— (N, +dN,)=0,
OTKY/1a [TOCJIE HECIIOKHBIX MPE0O0Pa30BaHUM, YUUTHIBAs, YTO
i, o
dz ¥

nosydaeM (opMynny JUIS KacaTelIbHBIX HANpPsSKEHUM TPH HOPMaJIbHOM IONEPEUYHOM
I/IBFI/I6C IMPU3MATHYICCKOI'O CTCPIKHA

0,87
Jeby
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KOoTOpas Has3biBaeTca (opmyioit Kypasckoro. B atoit ¢popmyne b, - mmpuHa ceueHus B
TOM MECT€, TJIe ONPEICISIFOTCS KacaTeNbHbIE HANpPSHKEHUS, a CTaTHYECKUH MOMEHT,
MOJICTABJISIEMBI B 3Ty (OPMYITy, MOXKET OBITh BBIYHMCIICH KaK I BEPXHEW, TaKk W IS
HIDKHEW dYacTh (CTaTHUYECKUE MOMEHTBHI JTHX 4YacTell CEYeHHsS OTHOCHUTEIBHO €ro
IEHTPaIbHONH ocH OX OTIMYAIOTCS TOJBKO 3HAKOM, TaK KaK CTATUYECKUM MOMEHT BCETO
CCUCHUS PABEH HYIIIO).

[Tokaxkem, dYTO JAOMUHHUpYIOIIas pOJb B pacyeTax Ha TMPOYHOCTHh OaJKH,
MOJBEPTHYTOM TMOMEPEYHOMY H3ru0y, OyIeT MpUHAIJICkKATh pacdyeTy MO0 HOPMaTbHBIM
HampspKeHUsIM. {7151 3TOro OIeHUM TMOPSAOK max G W max T Ha MpUMepe KOHCOIHHOM
OaJKu:

maz M, P ¢y P
_ , e oe——e—

w, B Foope
M Pl Q, P, Fald  Wsh

e o=

7

TaK KakK "Torma
mas T Fi .322
=

max & Pifh7

=hl <=1

1

OTKyJa max T<<maxc, a mockojbsKy [t]/[c] = 0,5 TO ZOMHUHUPYIOLUIUM B 3TOM CIlydae
OyZeT pacueT MO HOPMAJIBHBIM HANPsDKCHHUSM M YCJIOBHE MPOYHOCTH, HANPUMEp, IS
OaJIKM W3 TJIACTUYHOTO Marepuaia, padoTarolie Ha MPsSMON M3rMd, Kak U B Cliydae

YUCTOTO U3ruda OyJeT UMeTh BUJ]

M
Az o= X 5]

X

PanuonaabHble (pOpMBI ONIEPEYHBIX CeYEHUH NPH U3rude

Haubonee pannoHanbHbIM ClIeyeT MPU3HATh CeUeHue, 00a1aoiee MUHUMATbHON
IUIOLIAABI0 TPU 33JaHHOM Harpy3ke (u3rubaroiieM MomeHTe) Ha Oanky. B sTom cimyuae
pacxo]i MaTepuaia Ha U3roTOBJIEHUE OalIK, OyJeT MUHUMAJIBHBIM. J{J1s mosty4eHus: Oanku
MUHUMAJIbHON MaTepuaioeMKOCTH HYKHO CTPEMHUTBLCS K TOMY, YTOOBI MO BO3MOKHOCTHU
HauOoONbIINK 00beM MaTepuasna padoTai MpU HANPSHKEHUSAX, PABHBIX JOIMYCKAEMbIM HIIU
Oonu3kuM K HuM. [Ipexxne Bcero paluoHadIbHOE CEYeHHE Oallku MPH U3TUOe JOJIKHO
yIIOBJIETBOPATH YCJIOBHUIO PABHOMPOYHOCTU PACTSIHYTOM M CkaTol 30H Oanku. MHBIMU
CJIOBaMU HE00X0auMO, 4TOOBl HauWOOJIBIIME HANPSKEHUsS pacTskeHus (max Gp) H
HauOOJIBIITNE HAIMPSKEHUST CXKaTUsA (max G.) OMHOBPEMEHHO JOCTUTAIH JOMYyCKaeMbIX
HaIpPsHKEHUN [Gp] U [Oc].

[TosTomMy nns Oanku W3 IMIACTUYHOIO MaTtepuaia (OJUHAKOBO pabOTaroliero Ha
pacTsbKeHue M ckarue: [Gp] = [Gc] = [C]), yclloBUE PaBHONPOYHOCTH BBINOIHAETCS IJIS
CEYCHHMM, CHUMMETPUYHBIX OTHOCUTEJIBHO HeWTpanbHOW ocu. K TakuM ceyeHusM
OTHOCHUTCS, HAIPUMEP, MPSAMOYTOJIbHOE ceueHue (puc. 7.16, a), mpu KOTOpoM 00ecreyeHo
YCIIOBUE DPABEHCTBA mMaxc,=maxc.. OJHAKO B 3TOM Cllydae MaTepHall, PABHOMEPHO
pacipesiesieHHbI 10 BBICOTE CEUEHHUS, MJI0XO HCIOIb3YeTCs B 30HE HEHUTpaJIbHOM OCH.
UtoObl noay4nTh 00JIEEe pallMOHATBHOE CeUEHUEe, HEOOXOAMMO BO3MOXKHO OOJIBIIYIO YaCTh
MaTepHasia epeMECTUTh B 30Hbl, MAKCUMAJIBHO yJlaJIeHHbIE OT HeWTpanbHOU ocu. Takum
o0pa3oM, MPUXOJUM K PaIlMOHATLHOMY /IS IUIACTUYHOTO MaTepualia CeYeHUuIo B Gopme
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CUMMETPUYHOTO ABYyTaBpa (puc. 5.5, 6), y KOTOPOro BO3MOXKHO O0JIbIlIasi YacTh MaTepuana
COCpEI0TOYEHA Ha MOJIKaX (FOPU30HTAIBHBIX MACCUBHBIX JIUCTAX ), COCAMHEHHBIX CTEHKOU
(BepTUKAIBHBIM JINCTOM), TOJIIMHA KOTOpoW (O) Ha3zHayaeTcs W3 YCJIOBUH NMPOYHOCTH
CTCHKH M0 KacaTeJbHBIM HAaIpPsDKEHUSAM, a TaKkkKe U3 cooOpakeHuil ee yctonumBoctu. K
JABYTaBpOMY CEUEHHIO OJM3KO TIO KPHUTEPUIO pPAIMOHAIBHOCTH TaK HAa3bIBAEMOE
KopoOuaToe ceuenue (puc. 5.5, B).

:I.-?.h

=
-

HIAX T,

g
N
N\

] i R
o
ey

u
N

FRAX O

¢l &) &)

Puc. 5.5 Pacnipenenenue HanpspKeHW B TIOTIEPEYHOM CEUCHHUH OaTKu

Paccyx(z(aﬂ AHAJIOTMYHO, IPpUXOIUM K BBIBOAY, YTO MIJIA 0amok U3 XPYIIKOT'O
MaTtcpuajia HanoOoee PaldlrOHAJIbHBIM 6y,[[€T CCUCHHC B q)OpMC HCCUMMCTPHUYIHOTO

JBYTaBpPa, yIOBICTBOPSIONICTO YCIOBHIO PAaBHOIIPOYHOCTH Ha PACTSIKCHUE U C:KaTHE (pHC.
5.6):

yﬂ({l&.:‘j{ _ [Up]
vin o]
KOTOpOE BBITEKAET U3 TPEOOBAHMUS
Max &, [r:r!,_j ]
Mas o, [, ]
}i' A
R
X 7
y P %g‘ﬂ i
i L
.
o S
i %\
v P77 .
Max op
@) &) g) 2)

Puc. 5.6 ®opmsl npodrteii 6anok

Nnes palliOHAIBHOCTH MOMEPEYHOT0 CEUCHUS CTEP KHEN MTPU U3rude peaan3oBaHa B
CTaHAAPTHBIX TOHKOCTEHHBIX MPOQUIIAX, MOTYydaeMbIX METOJIaMU TOPSUYETO MPECCOBAHUS
WM TPOKATKU W3 PSAJOBBIX M JIETMPOBAHHBIX KOHCTPYKIMOHHBIX BBICOKOKAYECTBEHHBIX
CTajed, a TakKe aJlOMUHUS U aJIOMUHHUEBBIX CIUIABOB, IMOJYYMBIIUX MIUPOKOE
pacrpocTpaHEHHE B CTPOUTENHCTBE, MAIIMHOCTPOCHUH, aBUAIIMOHHOM MAIlIMHOCTPOCHHUH.
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Hlupoko pacmpocTpaHeHbl NMOKa3aHHBIE Ha puc. 5.6: a - AByTaBp, 6 - ILIBEIUIEP, 6 -
HEpaBHOOOKHI YTroJIOK, r-paBHOOOKHM yroyiok. Pexke BCcTpedaroTcsi TaBp, TaBpPOIIBEIIED,
3€TOBbIM MPOPUIL U JIp. YHOTPEOISIIOTCS TaKXKe XOJOJAHOTHYTHIE 3aMKHYTBhIE CBapHBIC
npoduiIn.

[TockonbKy 10 COOOpaX)KEHUSIM TEXHOJIOTUU COPTAMEHT CTaHJIAPTHBIX MpOoduiIeH mo
pa3MepaM OrpaHudyeH (Hampumep, HauOOJbIIMKA MPOKaTHBIM nByTaBp corsacHo ['OCT
8239-72 umeet BbIcOTy 550 MM), TO aJis1 OOJBIIMX IMPOJETOB MPUXOMAUTCS MPUMEHSTH
COCTaBHbIE (CBapHbIC WUJIU KIICTIaHbIC) OaKH.
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Tema 7. Ci10:kHO€ CONPOTHUBJIEHHE
BHenleHTpeHHOe pacTsKeHHe-C:KaTHe.
BHeyenmpennvim pacmsoiceHuem-cicamuem Ha3bIBaeTCs ciryyai, KoTJa

pPaBHOJACHCTBYIOIIAs CUJI, NMPUJIOKEHHBIX K OTOPOILIEHHON YacTH CTEp>KHs, HalpaBjieHa
napaJijieIbHO OCU CTEpPIKHsI, HO HE COBIIAJIaeT C 3TOM ochlo (puc. 7.1).

OCb CMEpPHIHA

Puc. 7.1 BHenieHTpeHHOE pacTsHKEHUE IEeTanu

BrenenTpernHoe pacTspkeHHE (CKaTHE) HCTBITHIBAIOT KOPOTKUE CTEepKHU. Bcee
CEUYCHHUS SIBIITIOTCS PABHOOIIACHBIMH, MTOATOMY HET HEOOXOIUMOCTH B MOCTPOCHUHU SITIOP
BHYTPEHHHUX CHUJIOBBIX (DaKTOPOB.

[IpencraBuM, dro TmOCJIEe TPOBEACHUS pa3pe3a paBHOACHCTBYIOMmas F cui
JACHCTBYIONMX Ha OTOPOIICHHYIO YacTh M MPUJIOKEHHAS K OCTaBIICHCS MPOXOAMT Yepe3
TOYKY C KOOpPAMHATaMHU (Xp; V¢) B TJABHBIX IEHTPAIBHBIX OCSIX TOMEPEUYHOTO CEUYCHUS
(puc. 7.2).

F
X F X F lfd
y I Xe y My i Xe ! y My T Xe !
yF | yF | i _VF |
I P i : P i I P
2V Vo gy A v 4
a) b) c)

Puc. 7.2 IlpuBeneHue cuiibl K HEHTPY
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[IpuBenem cuity F'B LHEHTP TSXKECTH CEUCHMS, T.€. HAPABUM BJOJIb OCH CTEPIKHS.
IIpu 3TOM mosiBATCA ABE Napsl cuil M, u M, OTHOCUTENIBHO TJIABHBIX LIEHTPAJIBHBIX OCEU
(puc. 7.2.c).

Takum 00pa3oM, B TIONEPEYHOM CEUYEHUU CTEPXKHS TIPU BHEIEHTPEHHOM
PaCTSDKCHUM U CHKATUM BO3HHUKAIOT TPU BHYTPEHHUX CHJIOBBIX (DakTOpa: HOpMajbHas
cwia N=Fu nBa usrubaroumx MomeHTa M, =F-ypu M, = F"Xr OTHOCUTEIIBHO TJaBHBIX
HEHTPAIBHBIX OCEH MONEPEUYHOT0 CEUCHMUS.

dopmyna I HOPMaJIbHBIX HANpPSOKEHUN MOXKET OBITh IOJIydeHa Kak
anrebpandeckasi CyMMa HOPMAJIbHBIX HAMPSOKCHWNA, BO3HHUKAIONUX OT KaXJAOTO BHJIA
HArpyKCHHUS:

:£+My'Z+Mz-y

c
A J, J,
TA€ Vr, Zr — KOOPJAUHATHI TOUKU MPUIOKEHUS CUJIBI F.
My,=F-zp
M,=F-yp

I[JI}I OIIPCACIICHUA OIIACHBIX TOYCK CCUYCHHA HCO6XO,III/IMO HalTH II0JIOJKEHHUE
HEUTpaIbHON JUHUM (H.JI.) KaK TEOMETPUYECKOI0 MECTa TOUEK, B KOTOPHIX HAMPSHKCHUS
paBHBI HYIIIO.

F My-z M

—+ +—2z ¥ _g
A, J,

ypaBHCHI/IC H.JI. MOKET OBITh 3aITMCaHO KaK YpPpaBHCHUC HpHMOﬁ B OTPC3Kax:
y z

Z4+Z=1
a
cClin
-2
.2 1
YF ZF
5!

r7ae a u b — oTpe3kH, OTCeKaeMble H.JI. Ha OCSX KOOPIUHAT.

W3 dopmyn ciieayloT HEKOTOPHIE 3aKOHOMEPHOCTH, CBS3BIBAIOININE TOJIOKCHUS
nmoiroca (T.€. TOYKH TPHUIOKEHUS CHUIbI) W HEUTPAIbHOW JIMHUU, KOTOPBIE YyIOOHO
UCTIONB30BaTh ISl aHaiW3a pEIICHUs 3afadd. llepedynmciuMm caMble BaXKHBIE U3 JTHX
3aKOHOMEPHOCTEH:

- HeHlTpanbHas JWHHUS BCEr/a pacIojio’keHa B KBaJpaHTE, MPOTHBOIIOJIOXHOM TOMY, B
KOTOPOM HaXoJUTCsl moJitoc (puc. 7.3);

- €CIIi TOJIIOC HaXOAWTCS HAa OJHOW W3 TJABHBIX OCEH, TO HEWTpallbHAas JUHUS
NEepIICHINKYIIIPHA 3TOH OCH;

- €CIU TOJIOC TPUOIKAETCS K IICHTPY TSDKECTH CEUeHUs, TO HEHTpaibHas JTUHUS
yAQISETCs OT HETO.
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- €CJIM IIOJIOC ABHIKECTCA IIO HpﬂMOﬁ JNHHUH, TO HeﬁTpaana;{ JIMHHUA TIOBOPAYHBACTCA
BOKpPYT HCHOI[BPI)KHOﬁ TOYKH.

Puc. 7.3 Dnropsl BHYTPEHHUX CHJI IIPU BHELIEHTPEHHOM PAaCTSHKEHUU

I[JI}I CEYCHUHM CO CIIOKHBIM KOHTYPOM 3HAHHUC ITOJTOKCHHA HYHCBOﬁ JNHHUHN OYCHDb
Ba)kHO. HamOonwline 1o BelMYHHE HOPMAJIBHBIC HAIIPSKCHUA BO3HHUKAKOT B TOYKaAX
IMOTICPCYHOI'O CCUCHUA Hauooce YAAJICHHBIX OT HYHCBOﬁ JINHHMU.

Torma
. JJ’ - J
Iy = ( Iz = {

HelitpanbHas JWHMS — pa3ieisieT  IONepeyHOe CEYeHHWE Ha 30HBI  C
PACTATUBAIOIIUMH M C)KMMAIOIIMMU HaIPSHKCHUSMU.

Ecnu ceyenrne cuMMETPUYHO OTHOCUTENIBHO TJIABHBIX OCEH, TO YCJIOBHUE
IIPOYHOCTH 3aIUCHIBACTCS AJIS IJIACTUYHBIX MAaTEPUAIIOB, Y KOTOPBIX [s.] = [s,] = [s], B
BUJIC

N M
Omax =§+W—J}:+FZZS[O']

Jnst XpynKUX MaTepuaioB, y KOTOPBIX [S.]'[s,], YCIIOBHE MPOYHOCTH CIIEAYET
3aMMCBIBATH OTAENIBHO ISl ONTACHOM TOYKH CEYEHHUs B PACTSHYTOM 30HE:

F M, -zz M .-
S i W E 2P 4 W [0' ]

A J J P

¥y F4

3

W JUIA OIIaCHOM TOYKH CCUYCHHUS B C)KATOU 30HE:

ZE_My'ZZ_Mz'yz<[O_]
A J J, oo C

¥y z

o

b

TI€ Z;, Y1 U Z2, Y2 — KOOPJIMHATHI HanboJiee yIaJeHHbIX OT HEUTPAIbHOU JIMHUU TOYEK
CEUYEeHMS B pacTsIHYTOM | U cxKaToil 2 30HAX CEeUeHHUs.

BTophiM nipakTHYECKH BaXKHBIM CIIy4aeM CIOXKEHUs aedopmanuii ot u3ruda u ot

MPOJOJBHBIX CHUJI SBJISIETCS TaK Ha3bIBAEMOE BHEIIEHTPEHHOE CHKaTUE WM PACTSHKCHUE,
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BbBI3BIBACMOC OJHUMHU IIPOJOJbHBIMH CHUJIAMMH. OToT BHUJ HArpy>XcHusA JOBOJILHO
pPacipoCTpaHCH B TCXHHUKC, TdK KdK B pCaHLHOﬁ CUTyallu II04YTHU HCBO3MOKHO
IMPUIIOKUTD PACTATUBAIOIIYIO HAI'PY3KY TOYHO B OCHTPC TAKCCTHU.

HN3rud ¢ kpyueHuem.

N3rubd ¢ kpyuyeHueM — BHJI CIOKHOIO COMPOTHUBIICHHUS, IPU KOTOPOM B MOIEPEUHOM
CeueHUHU Opyca BOZHUKAIOT U3THOAIONINE U KPYTSIIUNA MOMEHTHI.

PaccMoTpuM citydaii, mpu KOTOPOM BHEIIHWE CHJIBI PACHOJaraloTcs B IMJIOCKOCTH
MOMEPEYHOT0 CEYEHHUsI, HO HE MEPECEKAI0T FeOMETPUYECKYI0 och X (puc. 7.4, a). Cuny F
pas3IoKUM Ha ee cocrasipironme [z, Fy. MeronoMm cedeHuM ONpencnuM BHYTPEHHHE
YCHJIUSL B TPOU3BOJIBLHOM cedeHuH x (puc. 7.4, 6).

CrpoenipoBaB Bce CHIIBI Ha KOOPAMHATHBIE OCH U COCTaBUB YPaBHEHUS MOMEHTOB
OTHOCHUTEJILHO KOOPAMHATHBIX OCEH, HailleM BHYTpEHHUE ycuind. M3 mecTu BHYTpEHHHUX
YCUJIUI HE PaBHO HYJIIO MATb.

2x=0:

>

2y=0; O,=F); XM,=0;, M~=F.,x;

> 3

z=0; Q.=F LM, =0; M=F,x

N=0; M. =0; T=F-e;

b

Ha Boinenennom snemente B (puc. 7.5, 6) moka3aHbl AEHCTBYIOLIUE MO €T0 TPaHIM
HanpspkeHus (puc. 7.5, a).

OT momnepeyuHbIX CUJl U KPYTAILIEr0 MOMEHTa BO3HUKAIOT KAacaTelIbHbIC HANPSKEHUS
tQy, 10z, 1T. OT u3rubarmux MOMEHTOB — HOPMaJIbHBbIC HampsDkeHus ¢’ u ¢". Jlms
JUTMHHBIX BaJIOB U 0Oanok (£ > 10 d) BIMsiHUEM MOMEPEYHBIX CHJI YacTO MPEHEOPEraroT.
Takum 00pa3oM, YYUTHIBAIOT TOJBKO TPU MOMEHTA: KPYTAIIMA U JBa m3rudaromux. Ot
HUX BO3HUKAIOT TPU HAIPSKEHUS: OJHO KacaTellbHOE U JIBa HOPMaJbHBIX (puc. 7.5, 0).

Puc. 7.4. Onpenenenre BHyTPEHHUX Puc. 7.5. AHanu3 Hanps>KEHHOTO
YCHJIU MPU U3TUOE C KpydEeHUEM COCTOSIHUSA
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Kocoii u3ruo.

[Ipu paHee pacCMOTPEHHOM TMPSAMOM IIONEPEYHOM HM3rHOE HArpy)KCHHE H
UCKPHUBIICHHUE OCH Opyca MPOUCXOIUT B OJTHON U3 2-X TJIABHBIX TUIOCKOCTEH ceueHus. Ecin
CHJIOBAsl IIOCKOCTh HMJIM TUIOCKOCTH JACHCTBUS M3THOAIONIETO MOMEHTA HE COJCPIKUT HHU
OJIHOM W3 TJIABHBIX ICHTPAJIBHBIX OCEH, TO TaKOW HW3rMO HAa3bIBACTCS KOCBHIM; MPHU ITOM
IUIOCKOCTh JICHCTBUSL M3THOAIOIIEr0 MOMEHTa 00s3aTeIbHO JODKHA TPOXOJUTH Yepes
LEHTp TsKECTH ceueHus (puc. 7.6).

y
q
z
(0) o [TnockocTh
X JNIEUCTBUS
Harpy3Ku

P
Puc. 7.6. Kocoii u3ru6b

Ha puc. 7.6 ocu Oy u Ox —rnaBHble IIeHTpajdbHble OocH ceueHus. Kocoit m3rud

yJ1I00HEe BCEro paccMaTpuBaTh KaK OJHOBPEMEHHBIM M3rH0 B 2-X IJIaBHBIX IJIOCKOCTSX.
Torga mosy4um aBe CUCTEMBI CHJI, KaXK/1as U3 KOTOPBIX BBI3BIBAET NPsIMOM M3rud. B aTom
clyyae B ceueHHM Opyca BOSHMKAET YeThIpe BHYTPEHHHX CHIIOBBIX (axropa: O, O,

M;n M,. llpu mpoBeACHWH pacyera Ha TPOYHOCTH Opyca KacaTeJIbHBIMH

HaNpsHKEHUSIMU OOBIYHO MTPEHEOperaror.
Boluucinum HanpspkeHHs: OT IEWCTBHSI COCPEOTOYEHHOM cuiibl P Ha KOoHLe Opyca B
HEKOTOpoii Touke A(x,y) MOIEpPevHOro ceuenns, yaaaeHHOro OT KOHIIA Ha PACCTOSHHUE Z.

PackmanpiBas cunmy P mo ocsim Ox u Oy, Oyaem umeTs (cm. puc. 7.7).
M,=P,-z=-Pcosa-z, M, =—P-z=—Psina - z.
HopmasbHbIC HANPSKEHUs: OT USTHOAOMMX MOMEHTOB M, u M, B TOUKe A(x,y)
Haiem o popmyne HaBbe
' Mxy o Myx -

o =—";
J, J
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Puc. 7.7. Kocoit u3ru6. Beruncnenre HOpMajibHBIX HaPSHKEHUM
CyMMapHOE€ HOPMAJIBHOE HANPSHKEHUE PABHO:

M M x :
=0 +o"=— xJy + y _ps ycosa  xsmo
Jx Jy Jx J

y

Takum 06pa30M, KOCOH H3TrH0 - BUO CJIOKHOT'O COIIPOTHUBIICHUA, IIPU KOTOPOM B
IMOTICPCYHOM CCUCHHNU 6pyca BO3HHKAIOT I/I3FH6aI-OHII/IC MOMCHTBI B JBYX B3dHWMHO-
MNCPICHANKYJIAPHBIX IINIOCKOCTAX.
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MeToauueckne PECKOMEHIAIMHA NJIA NOATOTOBKHA K leOMe)KyTO‘IHOﬁ aTrecranumu

[enp mpomMexyTOUHOW aTTecTallu OOy4arolIuXcsl - KOMIUIEKCHass U OOBbEKTUBHAsS
OILICHKA KayeCTBa YCBOCHHS O0YYaIOIIUMHUCS TEOPETUUECKUX 3HAHUM, YMEHUS PUMEHSTh
MOJIyYCHHbIE 3HAHMS B PEIIEHWM NPAKTUYECKUX 3aJad IPU OCBOCHHHM Yy4YEOHOMU
JTUCIUTUTUHBIL.

Hucuunnuna «[lpuknagnas mexanuka» wuzydaercs Bo 2 u 3 cemectpax. Ilo
OKOHYAaHHHM BTOPOTO CEMECTpa NPOMEKYTOYHAs aTTeCTalusl NPOBOAUTCS B ¢opMme
g epeHInpoBaHHOTO 3a4eTa. [10 OKOHYaHUM TPETHETO CeMEeCTpa CAAeTCsS SK3aMEH.

B nepuon moAroToBKM K 3a4eTy W dK3aMEHy 00ydaroniuecs BHOBL OOpaIaroTcs K
MPOICHHOMY yueOHOMY MaTepuairy. [Ipu 3 ToM OHM HE TOJIBKO 3aKPEIUISIIOT MOTYyYEHHBIC
3HaHWS, HO W TIOJNy4arT HOBBIE. [lomroroBka oOydaromuxcss K TPOMEKYTOUHOM
aTTECTAIlH JIOJDKHA BKIIIOYATh B C€0s TpH dTarma:

- caMOCTOsITeIbHAs padoTa B TEUEHHE CEMECTPA;

- HEMOCPEJICTBEHHAs] MOATOTOBKA B JIHU, MPEIIIECTBYIOIIME 3a4eTy/dK3aMeHy IO
TeMaM Kypca;

- MOATOTOBKA K OTBETY Ha BONPOCHI, COAEpKalecs B OuieTax.

OCHOBHBIM HCTOYHHKOM IPHU MOJATOTOBKE K 3a4€Ty U IK3aMEHY SIBJISETCS KOHCIEKT
JEKIMHA, TIe Y4eOHBIM MaTepuall JaeTcs B CHUCTEMaTU3UPOBAHHOM BHJIE€, OCHOBHBIE
MOJIOKEHUSI €ro  JIeTaJTU3UPYIOTCS, TMOJKPEIUIIOTCS COBPEMEHHBIMU  (akTaMu U
uH(popmaImen, KOTOpble B CHUJy HOBU3HBI HE BOIIM B OIYOJMKOBAHHBIC I€YATHBIC
UCTOYHMKU. B XO7e MOATOTOBKH K 3a4eTy W JK3aMEeHy OOydJaromuMmMcs HEO0OXOIMMO
oOpalllaTb BHUMaHHE HE TOJIbKO Ha YPOBEHb 3alIOMUHAHUS, HO U Ha CTENEHb MOHUMAaHUs
M3JIaraeMbIX MPoOJIeM.

JIns ycnentHoro npoxXoxJAeHUs MPOMEKYTOUHOM aTTeCTalluuy M0 AUCIUILIINHE
«[IpuknanHas MEXaHUKay HEOOXOAMMO MOATOTOBUTHCS 0 CICAYIONIEMY ITEPEUHIO
BOIIPOCOB U MPAKTUYECKUX 3aJaHUM.

[lepeueHs BOPOCOB IS MPOBEICHUS IPOMEKYTOUHOM aTTECTAIINH
(B hopme muddepeHIupoBaHHOTO 3aUeTa) 10 UTOTaM OCBOCHUS JUCIIUILIUHBI
«[IpuknamgHas MEXaHHKay

. [Ipeamet kunematuku. [lousarue 06 a0CONIOTHO TBEPIOM TeJIE.
. CKOpOCTh ¥ YCKOPEHUE TOUKHU.
. BexkTopHbIil crtoco0 3aaHust IBUKEHUS TOUKH.
. EcrecTBeHHbI# crtoco0 3ajaHusl IBUKEHUS TOYKH.
. KoopaunatHblii crioco0 3aanusi ABUKEHUS TOUKH.
. [loctynarenbHOE JBHKEHUE TBEPJOTO TENA.
. Bpaiienue TBep10r0o TE€Ia BOKPYT HEMOABUKHOM OCH.
. CkopocTu U yCKOpEHHUs TOYEK Bpallaroierocs Teia.
[Inockoe nBMKEHHE TBEPJOTO Tejla U JBWKEHHUE IIJIOCKOM (UIrypel B ee
MJIOCKOCTH.
10. Pa3znoxeHue MJIOCKOTO JBMXKEHHUS TBEPJOTO Teja Ha MOCTYNaTelbHOE U
BpaliaTeibHoe.
11. CxopocTH TOUEK TeJa MIIOCKOU (PUTYpHI.

O 00 AN AW~
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12. Yckopenus To4ek Tesna IIOCKOM QUrypsl.

13. AGCONIOTHOE ¥ OTHOCUTENBHOE JBUKEHUE TOUKHU. CI0KEHNE CKOPOCTEH.

14. Cnoxenue yckopenuil. Teopema Kopuonuca.

15. JlBwkeHue TBEpAOro Teja BOKPYI HEMOJBUXKHON TOYKM WM chepuyeckoe
JIBUKEHUE.

16. Ilpeamer nuHaMUKU U cTaTUKU. CUcTeMa CHUJL.

17. 3akonsl Mexanuku ["anunes-HeroToHa. 3a1aun JUHAMUKH.

18. CBsi3u 1 peakuuu CBS3EH.

19. IIpoekuus cuibl HA OCh M HA MJIOCKOCTb.

20. MOMEHT cuJibl OTHOCUTEIBHO IIeHTpa U ocH. [lapa cu.

21. AHanUTHYECKHUE YCIOBUS PAaBHOBECHUS TPOU3BOIBHOM CHCTEMBI CHUII.

22. lleHTp TSHKECTH TBEPAOIrO TeJla U €ro KOOPANHATHI.

23. Mexanuueckas cucteMa. Macca CHCTEMBL.

24. luddepennuanbHble ypaBHEHUS MEXaHUYECKON CUCTEMBI.

25. AMnyJibC CUJIBI.

26. KonnuecTBO IBUXKEHUS MATEPUATIbHON TOYKU U MEXaHUYECKOM CHCTEMBI.

27. MOMEHT KOJIMYECTBa JABM)KCHHUSI MaTepUabHON TOYKA OTHOCUTEIBHO LIEHTPA U
OCH.

28. Pabota cuibl.

29. MOIIHOCTE.

30. Kunernueckasi 3Heprusi MaTEpHAIBHON TOUYKH U MEXaHUYECKON CUCTEMBI.

[lepedyeHp mpakTHYECKUX 3adaHM (3a1a9, HABBIKOB, HOPMATHBOB H T.II.) JIJISI TPOBEICHUS
IPOMEKYTOUHOM aTTecTanuu (B popme audGepeHInpoBaHHOTO 3a4eTa) 10 UTOTaM
OCBOCHMS TUCIUTUTHHBI «[IpuKiamHas MexaHuka

1. I'py3 1 nomHumaercst ¢ momMonipio Jjedenku, O0apabaH 2 KOTOpOW BpalaeTcs
COrIIacHO 3aKOHy ¢ = 5 + 2t°. Ompemenurth CKOpocTh TOYKM M 6GapaOaHa B MOMEHT
BpeMeHu t = 1 ¢, eciiu ntuametp d = 0,6 m.

2. OnpenenuTts yroi B Tpaaycax MExay paBHoJercTByroniel AByx cuwi F; = 10 Hu
F,=8 Hwu ockro Ox, ecnu yros o = 30°.

h?"iit.._-_:

<Ny
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3. banka AE mapHUpHO 3aKperjieHa B TOYKe A W ONUPAETCs HAa BEPTUKAJIbHBIM
crepkedb CD. Onpenenuts B KH ycunue B crepxue CD, ecnu nnuHa AB =1 wm, BC = CE
= 2™, acuibl F;=2 kH u F, =4 xH BepTUKaIIbHBI.

. Fy
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4. TpakTop, IBUIasch ¢ YCKOPEHUEM a = | M/c? 110 TOPU30HTAIBHOMY Y4acTKy ITyTH,
nepemMeniaeT HarpykeHHble canu maccoid 600 kr. OnpenenuTs CUily TSATH Ha KPIOKE, €CIH
ko3 umeHT TpeHus ckonpxeHus canei f = 0,04.

5. I'py3 maccoit m = 60 Kr mojBEIIeH Ha HUTH, KOTOpasl HaMaThIBaeTcsl Ha OapabaH,
BpALIAIONIMICSA COITIacHO ypaBHeHUI0 ¢ = 0,6t°. OIpenenuTh HATSHKEHHE KaHaTa, €CJIH
paauyc r = 0,4 M.

6. Camoner mpu NOCagKe KacaeTcsi IOCAaJOYHOM IOJIOCHI C TOPHU30HTAJIBHOMN
ckopocTteio 180 km/4. Ilocne mpoGera 1000 M camoiier ocranaBiauBaercs. OnpeaennThb
MOZYJIb CPETHETO 3aMEIJICHUS CaMOJIeTa

7. Touka Mmaccoit m = 0,5 KI IBUXKETCS 110 TOPU3OHTAIIBHOM MPSMOM C YCKOPEHHUEM a
= 0,3t. OnpenenuTs MOAYJIb CHIIbI JENCTBYIOIIEH HA TOUKY B HAIIPABJICHUU €€ JBUKCHUS B
MOMEHT BpeMeHu t =3 c.

8. Ckopocth aBToMOOMIS 90 kM/4. OnpenenuTs MyTh TOPMOKEHHUS O OCTAaHOBKH,
€CJIU CpellHee 3aMelJIeHne aBTOMOOMIISL paBHO 3 M/cC.

9. Touka HauMHAET JBUKEHUE W3 COCTOSIHUS TOKOS M JBWXKETCS MO MPSIMOM C
IOCTOSHHBIM ycKopeHueM a = 0,2 m/c?. OnpenenuTs MyTh, KOTOPHIA TOYKa IPOMIET 3a
IIPOMEKYTOK BpeMeHH oT t; =4 ¢ 1o t, = 10 c.

10. 3amanbl ypaBHeHus1 ABWXEHUS Touku X = 1 + 2 sin 0,1t, y = 3t. Onpenenuts
KOOpPJIMHATY X TOYKH B MOMEHT BPEMEHH, KOTJ1a €€ KoopAuHaTay = 12 M.

11. Touka nBHIKETCS MO KPUBOJMHEWHONW TPACKTOPHUH C KACATEIbHBIM YCKOPEHHEM
a; = 1,4 M/c’. Onpenenurs HOPMAJIbHOE YCKOPEHUE TOUKH B MOMEHT BPEMEHH, KOI/a €€
TIOJIHOE YCKOpeHHe a = 2,6 m/c? .
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12.  OnpenenuTe MOAYIb PAaBHOJACHCTBYIOIIEH JABYX pPaBHBIX IO MOIYJIIO
cxonsmuxcst cun Fy = F, = 5 H, oOpasyromux mexay coboit yrom o = 45° .

13. Onpenenute HOpPMajJbHOE YCKOPEHHME TOYKHM B MOMEHT BPEMEHM, KOrja
YCKOpEHHE TOUKM a = 1,5 M/c?, a yroa Mex1y BEKTOpaMH yCKOPEHHUS U CKOPOCTH PaBeH
65°.

14. Touka IBUXKETCS 1O OKPYKHOCTH, pagnyc KOTopoi r = 50 M, co cKopocThio V =
2t. OnpenenuTs MOAYJIb MOJHOTO YCKOPEHUS B MOMEHT BpeMEeHU t = 5 c.

15. Ha 6pyc BC, 3akperuieHHbli B MapHUpe A, AEUCTBYIOT BEpTUKAJIbHbIE CUJIbI F,
= 4 xH u P,. Onpenenuts cuny F, B xkH, HeoOxoammyro mis toro, utoObl Opyc B
MOJIO’KEHUU PABHOBECHS OB TOPU30HTANBHBIM, eciii paccTosHust AC =2 M, AB = 6 M

I

8 % T

Z.

16. 3aiano ypaBHEHHE JABWKEHHS TOUKH 110 KPMBOJIMHENHON TpaekTopuu: s = 0,2t

+ 0,3 t. Onpenenutb NOJHOE YCKOPEHHE TOUYKUM B MOMEHT BpeMeHHU t = 3 ¢, €Clii B 3TOT
MOMEHT PaJInyC KPUBU3HBI TpaeKkTopuu p = 1,5 m.

17. Ha Ganky AB neiicTByroT BepTukaibhubie cuibl F; =1 kH, F, = 2 kH F; = 3 xkH.
Omnpenenuts B kKH peakuuto onopsl B, eciau paccrosanud AC = CD = DE= 1M, BE =2 m.

18. Touka ABMXKETCS MO OKPYKHOCTH paauyca I = 200 M U3 COCTOSHUSA MOKOS C
IIOCTOSIHHBIM KacaTebHbIM YCKOPEHHEM a; = 1 M/c’. Onpenenursh IOJHOE YCKOPEHUE
TOYKH B MOMEHT BpeMeHH t = 20 c.

19. K 6anke AD nipunoxena mnapa cui ¢ momentoM M = 200 H-Mm, pacnpenenenHas
Harpy3ka MHTEHCUBHOCTHIO ¢ = 20 H/M u cuna F. Kakoii 1okHa ObITh 3Ta CHJia, ISl TOTO
yT0OBI MOMEHT B 3ajienike A paBHsicsa 650 H-m, ecnu pasmepsl AB=BC=CD = 2M.

Foo
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20. Porop snekTpoaBuUraresnis, HauaB BpallaTbCs paBHOYCKOPEHO, ClIeial 3a MepBbie
5 ¢ 100 o60poToB. OnpenenuTh yriIoBO€ YCKOPEHHUE pOTOpa.

21. Ha 6anky, niauHa KoTopoiu / = 3 M, ACHCTBYIOT Mapbl CHJI ¢ MOMeHTaMu M; = 2
kH-m u M, = 8 xH-M. Onpenenuts B kH Monynb peakiuu onopst B.
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22. Ilpy paBHOMEpPHOM BpalICHHUH MaxOBUK jaenaeT 4 obopoTra B CeKyHAy. 3a
CKOJIBKO CEKYHJl MaxOBHK IIOBEPHETCS Ha yroJ ¢ = 24n?

23. OnpenenuTs UHTEHCUBHOCTh HAarpy3KH ¢, NMPU KOTOPOH MOMEHT B 3azeike A
paBen 400 H-Mm, eciiu pazmepsl AB =2 M, BC=4 M.

q
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24. Teno Bpamaercs BOKPYI HENOABMIKHOW OCH COIJACHO 3aKoHy ¢ = t
OnpenenuTbs CKOPOCTh TOYKH T€Ja Ha paccTOAHMM I = 0,5 M OT OcH BpalleHUsI B MOMEHT
BpPEMEHH, KOT/la yTroJj MoBopoTa ¢ = 25 pa.

25. Teno BpamaeTcs PaBHOIEPEMEHHO C YIJTIOBHIM YCKOPEHHEM & = 5 pam/c?.
Onpenenutb CKOPOCTh TOYKU Ha paccTossHUU ' = 0,2 M OT OCH BpAIllEHHUS B MOMEHT
BpeMmeHH t = 2¢, ecnu nipu to = 0 yriaoBasi ckopocts ® = 0.

Ilepedens BOIPOCOB ISl IPOBEACHUS IPOMEKYTOYHON aTTECTAUN
(B popme 3K3aMeHa) 110 UTOraM OCBOEHUSI TUCLUIUINHBI
«IIpukiagHas MexaHuka»

. OCHOBHBIE IOHATHS TEOPUU MEXAHU3MOB U MallIUH.
. OCHOBHbBIE BUbl MEXaHU3MOB.
. CTpyKTypHBII aHaJIU3 MEXaHU3MOB.
. Knaccudukanus knuaeMaTu4eckux nap.
. Knnaccugukanus MavH 1 MEXaHHU3MOB.
. Onpenenenue cTeneHy MoABMKHOCTH METO10M YeOblieBa.
. O6sacTh UCNOIB30BAHUS PhIUAXKHBIX MEXAaHU3MOB B IIO’KaPHON TEXHUKE.
. 'mpponpuBox MEXaHU3MOB.
. IIHeBMONIPHUBO MEXAHU3MOB.
10. DnekTponpuBo MEXaHU3MOB.
11. Be1bop THna npuBoI0B.
12. CteneHb NOJBUKHOCTH KHHEMATUUYECKHX Tap.
13. I[locnenoBaTeNbHOCTD MOCTPOEHUS IJIaH CKOPOCTEH.
14. ITocenoBaTenbHOCTh MOCTPOCHHUS IJIAHA YCKOPEHHM.
15. ITocenoBaTenbHOCTh MOCTPOCHHUS PhIYaKHBIX MEXaHU3MOB B MacIlITa0e.
16. ITpoBeneHne UCIIBITAHUI YTIIEPOAUCTON CTAIu Ha PACTKEHHUE.
17. IlpoBeneHne UCHBITAHUNA pA3NIMYHBIX KOHCTPYKIIMOHHBIX MAaTEpUAIOB Ha
CoKaTHe.
18. OcHoBHBIE BUbI feopMannii, U3ydyaeMblX B «CONPOTUBIIEHUE MATEPUATIOBY.
19. lehopmaninsi HEHTpaJIbHOE PACTSKEHUE — CXKATHE.

O 0 1O DN K~ WK —
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[TpononbHas cuiia. HopMmasibHble HAPSDKEHMS B TIONIEPEYHBIX CEYEHUSIX.
[Tepemerenus u neopMaliuy Ipu pacTKEHUH.

3akoH ['yka mpu pacTsHDKEHUN — CKATHH.

[TpoBeneHne UCIIBITAHUN YTIIEPOAUCTON CTAIN Ha KpyUeHUE

[TocTpoeHne auarpaMMbl pacTsSKEHUS MJIACTUYHBIX U XPYIIKUX MaTepUasoB.
[Ipsimoii roriepeyHbIit u3ruo.

dakTOophl, ONPEAETAIOUINE IPOYHOCTh OANIOK IIPU U3rnoe.

Pacuer 6asiok Ha MPOYHOCTH MPH U3THOE.

®DaxTopsbl, ONPEAEIIAIONINE POYHOCTh OPYChEB IPU KPYUECHHH.

[TonsiTue gedopmalui KOCOro U3ruoa.

[TonsiTue aedopmaliy BHELICHTPEHHOTO PACTSKEHUE WK CHKAaTHE.
[Tonsitue aedopmarun U3ruda ¢ KPy4eHHEM.

[Tonsitue kordduimenTa 3anaca MPOYHOCTU U GAKTOPHI €TO OMPEICTISIOIINE.
[TonsiTue nedopmanuu KOCOro U3ruoa.

PacyeT Ha IPOYHOCTH NPY BHELEHTPEHHOM PACTSHKEHUU UM CKATHH.
Pacyet Ha IpOYHOCTH IPU KOCOM H3THOE.

OCHOBHBIE MEXaHUYECKHE XapAKTEPUCTUKN MaTEpUaIOB.

Pacuer nrmxKynmxcs ¢ ycKOpEHHUEM 3JIEMEHTOB KOHCTPYKIIUH.
Omnpenenenne onacHOro ceueHus: 0anoK npu u3ruoe.

Pacyet Ha IPOYHOCTH U JKECTKOCTH IPU KPYUECHHH.

[Tonsitue aedopmarun u3ruda ¢ pacTHKCHHUEM.

Pacuer 6as10k Ha TPOYHOCTH NPU U3THOE C PACTSHKEHUEM.

[TonsiTe Moy yIpyrocTu Matepraa u akTopbl €ro OMpeeIAioIue.
[TpoBenenmne ucnpITAaHUNA KOHCTPYKIIMOHHBIX MaTEPHAIOB HA U3THO.
Onpenenenne MOIyJIs CABUTA PU KPYUYECHHH.

CriocoOslI onpeenenus nporuooB 0anokK.

[lepedenb npakTUUECKUX 3aaHU (3a/1a4, HABBIKOB, HOPMATUBOB U T.II.)

JUTSl IPOBEJICHUS TPOMEKYTOUHOM aTTecTaluu (B popMe sK3aMeHa) M0 UTOTaM OCBOEHUS

l.

JUCITHUITIIMHBI ((HpI/IKJIaI[Ha}I MCXaHHKa»

[IpoBepuTh MPOYHOCTH CTANBHBIX OPYChEB, M300PAKEHHBIX HA PUCYHKE, €CIIU

6] = 160 MIla .

a) 6) 6) 2) 0)
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2. Kak u3MeHHTCS yroJ 3aKpy4rBaHus CBOOOJHOTO KOHIA BaJla ¢, €CIIM JIJIMHA BaJia
[ yBenmmuuTCs BTPOE:

0
—

3. Kak u3meHuTcs BelM4MHA HOPMAIbHBIX HampsDKeHUM Ha ywactke I, ecnu qiuHa
ydacTKa yBEJIMYUTCA B 2 pasa.

4 24
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4. CranpbHON CTEPXKEHb KPYIJIOTO TMOMEPEYHOro ceueHus auameTpoMm 10 MM u
nmuHord 1800 MM mop apeiicTBueM pactaruBaronux cuia P oygmuHmics Ha 0,8 M.
OrnpenenuTs BEJIMUUHY CUJIBI P.

5. MenHblii CTep)KEHb KPYTJIOTO MOMEPEYHOTO CEYEHUS TUaMeTpoM 14 MM U ITTHHOM
800 MM moj aelcTBUEM pacTsaruBaromux cuil P ypmuaumics Ha 0,3 mMm. Onpenenutb
BEJIMYMHY CHUJIbI P.

6. CTyneH4aTblil CTEPKEHb MOABEPraeTcs BO3AEHCTBUIO OCEBBIX CHII, 4 — MapaMeTp
BEJIMYUHBI TJIOIIA/IM MOMEPEYHOro ceueHus. YeMmy paBHO nepemMenienure Touku C?

24 A 24
2F
\ X
e O <—
C
L3 2

7. CTyneH4aTblil CTEPKEHb MOABEPraeTcs BO3AEHCTBUIO OCEBBIX CHII, 4 — MapaMeTp
BEJIMYMHBI [JIOIIAIM ONEPEeYHOro ceueHus. Yemy paBHO nepemelienue Touku C?
24 A 24

8. CranbHOU cTepkeHb npsaMoyroiasHoro cedenus (b = 15 mm u h = 30 mm) nox
nerctBueM pactaruparomux cun P = 72 xH ypmuamics na 7,2 mM. Onpenenuthb
nepBoHavaabHyto 1iauHy ctepxkHs. (ITK-9).

9. CtyneHu4aTbiii cTepKEeHb MOABEPraeTcs BO3JACHCTBUIO OCEBBIX CUJI, 4 — MapaMeTp
BEJIMYMHBI IUIOIIAJM TOMEpeYHoro ceudenus. Yemy OyayT paBHBI HOpPMalbHbIC
HaIpSDKEHUS B CEYEHUU, HAXOASAIIEMCS Ha paccTossHud z = Sm, ecnm [ = [ m? (11K-9).



10. MenHblil CTepKeHb KBaJpaTHOrO cedueHus co ctopoHoi 10 mm u gimuHon 600
MM 10/ AeiicTBUEM pacTaruparomux cui P ynnunauncs Ha 0,5 Mm. OnpeenuTs BEITUUYUHY
cuisl P. (IIK-9).

11. CranpHON CTEp)KEHb KPYIJIOrO CEYEHUs JOJDKEH OBITh NMPUMEHEH B KaueCTBE
cTomba JyIsi YCTAaHOBKM JOPOXKHOTO 3HAKa, KaK yKa3aHO Ha pucyHke. Hambombiiee
NaBlIeHHE BETpa Ha 3HaK npeamnojaraercs pasHbiM 50 H/M% Vron moBopoTa CTEpKHS B
MEeCTe NMPUKPEIJIEHHs HIDKHETO 3aXBaTa 3HaKa He JO/DKeH mpesbiuars 1°. HanGombmme
KacaTeIbHbIC HAMPSHKEHUSI OT KPYUYCHUS B MOMEPEUHOM CEYEHUHU TPYObI HE JOJKHBI OBITh
oonbmie 25 Mlla. Onpenenuth auamerp cTepkHs. Cuurtarh, 4YTO JaBJIGHHE BeTpa
nepeaaéTces TOAbKO Ha 3alITpUX0oBaHHYIO iommanb. (I1K-9).
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2.25m
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12. K HmxHEMy KOHIy Tpoca nojaseunieH rpy3 secom P = 75 kH. Tpoc cocrainen u3
npoBosiok auamerpoM d = 2 mm. Jlomyckaemoe HampshKeHHe JJIsi MaTepuaia Tpoca PaBHO
[6] = 300 MITa. 13 kakoro koiau4ecTBa MPOBOJIOK JOJKEH ObITh cocTaiieH Tpoc. (ITK-9).

13. Kak m3MeHUTCs MPOYHOCTH Baja, €CIM JJIMHA Bajia / YBETUYHUTCS BTPOE MPH
npouux paBHbIX ycaoBusx: (I1IK-9).

M
A

0
—

14. JIga Bana oAMHAKOBOM JUIMHBI U JUAMETpPa, HO U3 PAa3HBIX MaTepUaloB G, =4G,,
CKPYYMBAIOTCA OJMHAKOBHIMH MOMEHTamMHu. Uemy OyaeT paBHO OTHOIICHHUE YIJIOB

3aKpy4YMBaHUS P9
2

15. TlonoOpaTh KBaJpaTHbIC MOMEPEUYHBIC CEUEHHUSI OTACJBbHBIX YAacCTEH KOJIOHHBI,
M300paKEHHOW Ha PUCYHKE, €ClId MpejebHas Harpy3ka Ha KoJaoHHY coctaBuT P = 100 T,
a JI0MyCKaeMbl€ HaMPSKEHUS HA CKATHUE CIETYIOLIUE:
st ctanu [o] = 140 Mlla;
st uyryHa [o] = 100 MI1a;

1151 TecaHoro kamus [6] = 4 Mlla;
u1s 0ytoBoi knaaku [o] = 1,5 MlIla;
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1 TpyHTa (ecok) [6] = 0,5 MlIla.

P

F

byTtoBan

Knagka
77 7

16. B Opyce xpyrioro momepedHoro cedenus guamerpom d=80 wmwm,
M3TOTOBJICHHOTO U3 CTalld C JIOMYCTUMBIM KacaTeJIbHBIM HAMPSKEHUEM [T]max = 40 Mlla,
TpeOyeTcs ONpeesIuTh KacaTelIbHOE HAIIPSKEHUE B TOUKE, YIaIEHHOM OT LIEHTpa CEUCHMUSI
Ha 20 MMm.

17. Monynb ymOpyrocTd NEpBOro poaa mias amomubnus E = 7-10° Mlla,
koapunment Ilyaccona u = 0,34. Uemy paBeH MOyJb yIpyrocTu pu casure G?

18. CranbHOM Baj Bpallaercs ¢ YrioBoi ckopocTbio n = 980 o6/MuH u nepemaér
momHocTh N = 40 xBt. Onpenenuts TpeOyeMblil AuameTp Bajia, €CIU JOIYyCKaeMoe
KacaTeJIbHOE HalpsbkeHne matepuana [t] = 25 Mlla.

19. JIByxcTyneHuaras KOJOHHA HarpyxkeHa cuiamu P; u P,. Marepuan KOJIOHHBI —
KOHCTPYKIIMOHHAsI CTaJIb C JOIYCKA€MbIM HOPMaJIbHBIM HanpsbkeHuem [6] = 180 Mlla.
Onpenenutps NpeAesbHO AOIMYCTUMYIO HArpy3Ky Ha 00€ 4acTH KOJIOHHBI.

V)l
|

P2 I P2

Tpynt

S1=2 cm2

N
I $2=5 cm2

7

20. JIBa Bana OJMHAKOBOM IJIMHBI U JUAMETPA, HO U3 Pa3HbIX MaTepuaioB G, =2G,,
3aKpy4YMBAIOTCS HA OJMHAKOBBIM yroa. Yemy OyaeT paBHO OTHOIICHHE KPYTAIIHUX

M ,
MOMEHTOB —— :
2
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CJIOBapL TCPMHHOB IO TUCHHUILJIMHE «Hpmc.ﬂazmaﬂ MEXaHHUKaA»

AGCONIOTHBIN - 9TO BEJIMYMHA HAWOOJBIIETO CMEIICHHUS YacTUIl Marepuaia Io
CIABUT OTHOUIEHUIO K UX NEPBOHAYAILHOMY TOJIOKEHHUE.
banka - 3TO KOHCTPYKTHMBHasi JeTajlb, KaKOro-JuOO COOpyKeHUs,
BBITIOJTHSIEMasi B OOJILIITMHCTBE CJIy4aeB B BHJIEC MPSIMOTO Opycka C
omopamu B 2-x (wim OoJjiee) TOYKAaX U HECyIash BEPTHUKAIbHBIC
Harpy3KH.
Bpyc - Ha3. TeJIo, OJIHO M3 U3MEPEHUM KOTOpPOro (JJIMHA) 3HAYUTEIHHO
MIPEBBIIIAET 1BA JPYTHUX.
- 3TO CIMOCOOHOCTD TeJla U3MEHATH (POpPMY U pa3Mep Mo ACUCTBUEM
Hedbopmarus
BHEIITHUX CHJL
Junamuka - U3y4aeT ABMKEHUE MAaTEPHAIIbHBIX TeJl O] JEHCTBUE CHUII.
Jlomyckaemoe - 9TO HANPSIKEHNUE, JUIsL KOTOPOTO KOHCTPYKLIS paboTocriocoOHas u
OHM COCTaBJIAIOT YacTb OT HAINpPSIKEHUH, KOTOPBIE SIBIIIOTCS
Harmpsixenue
ONACHBIMH.
K ECTKOCTE - 3TO CIOCOOHOCTh KOHCTPYKUMH (WJIM OTACJIBHOTO 3JIEMEHTA)
COTIPOTHUBIISITHCS YIIPYTUM JeOopMaIiusim.
N3rubaromuii - 3TO COCTaBJSIOIIME MOMEHTBHI, BO3HUKAIOIIUE B IIOCKOCTSAX
MowmeHT NEepHeHIUKYJIIPHBIX MONEPEUHOMY CEUeHUI0 Opyca.
- 3TO pa3fen MeXaHUKH, 3aHUMAIOIIMICS W3YyYEHUEM JIBHOKCHUS
KunemaTtuka MaTepualbHbIX TeJl 0€3 ydeTa WX MacChl U JECUCTBYIOIIMX HAa HHUX
CHJI.
Kpytsmmit - 3TO COCTaBIIAIONIAS TIaBHOTO MOMEHTA BHYTPEHHUX CHJI MOMEHT,

MoMeHT (Mkp)

BOSHI/IKaIOIHI/Iﬁ B IIJIOCKOCTH ITOINICPCYHOT'O CCUCHUS.

- 9TO TakoW BHJ HarpykeHus Opyca, NpU KOTOPOM B €ro

Kpyuenue MOTNIEPEYHBIX CEUYCHUSIX BO3HUKAET TOJBKO OJMH CUJIOBOU (hakTop -
KPYTSIIUHA MOMEHT.

MarepuanbHas i}

TOYKa - 9TO TeoMeTpUYeCKas Touka, 00JIaaro1as Maccoi

MeTtona ceueHus

- IPUMCHACTCA MJIA BBIABJIICHUA BHYTPCHHUX HJI B COIIPOTUBJICHUHU
MaTCpUAJIOB.

Hanpsoxenue - 9TO YMCJIOBask MEpa MHTEHCUBHOCTH BHYTPEHHHX CHJL.

Harpysxa - 9TO PABHOBECHAs! CHCTEMA BHEIIHHX CHII, COCTOSIIIAS M3 AKTHBHBIX
CHJI Ml PCaKIIMid CBS3CH.

Hopmainbhas - 9TO COCTaB/ISIONIAas TJIABHOTO BEKTOpPa BHYTPCHHHUX CHII,

(potoTbHAS ) HanpaBJICHHAs  TEPICHIUKYIAPHO  IIOCKOCTH  IOIEPEYHOTO

cuia cedeHus opyca.

TTapa cur - 3TO CHCTeMa JBYX NapaUIeIbHBIX CHJI, PABHBIX 10 MOJIYJIO U

HaIIPpaBJICHHLIX B IPOTHUBOIIOJIOKHBIC CTOPOHBI.

Imeuo cubl

- 3TO KpaTyailllee pAacCTOSHUE OT LIEHTpa MOMEHTA /0 JIMHUU
JIEHUCTBUS CUJIBL.

[Ipoexuus
BEKTOpA CHUJIbI

- 9TO IMPOU3BCACHUC MOAYJIAI BCKTOPA HaA COS yIJIa MCKAY OCbIO U
BCKTOPOM.
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- 3TO CIIOCOOHOCTH KOHCTPYKIIMHN (I/IJ'II/I OTACIBHOTO €C C-)J'ICMCHTa)

[IpouHocTh BBIJICP)KMBATh 3a/laHHYI0 HArpy3Ky He paspymascb u 0e3
MOSIBJICHUS] OCTATOYHBIX Je(OpMaLIU.
[TpuHIMIT
- 3TO TIepBOHAYaAIbHAS (popMa Tena (3eMeHTa KOHCTPYKIIMHN) U €T0
HavyaJabHbIX
HaYyaJbHbIX Pa3MEpOB.
pa3smMepoB
[Tonepeunsiit
- 3TO OTHOUIEHUE MOJSPHOTO MOMEHTAa MHEPLUUU CEUECHHS K €ro
MOMEHT B
CONIPOTHUBIICHUS Paycy.

IIpssmMol 4YMCTHIN
n3rud

- 9TO TakOW BHUJ HarpyXeHuss Opyca, MpH KOTOPOM B €ro
MIOTIEPEYHBIX CEUEHHUSX BO3HUKAET TOJBKO OJIUH BHYTPEHHUH
CUJIOBOM (haKTOp - U3THOAIOIINIT MOMEHT.

- 3TO JIMHCHWHBIC MEPCMCIICHUA HCHTPOB TAKCCTH IMPONU3BOJIBHBIX

[Tporu6 6pyca ¥

TIOTIEPEYHBIX CEUCHUH MPHU U3ruoe.
[Mpenen - 9T0 HauOoIblllee HANPSHKCHHWE IMKJIA, TPU KOTOPOM eIie He
BBIHOCITUBOCTH MPOUCXOUT YCTAIOCTHOTO Pa3pyIICHHUS O Oa3bl HCITBITAHMUS.

Peaxknung cBa3u

CO CTOPOHBI CBA3EH K TEJly IPUJIOKEHA CUIIA.

Cuna

- 3TO Me€pa MEXaHUYECKOro JEUCTBHS OJHOTO MaTEPHAIBHOIO Teja
Ha JIpyToe.

Cucrema cun

- OTO HCCKOJIBKO CHII, ,IICI‘/’ICTBYIOIHI/IX Ha KaKou-JIM0O0 OJHO TBCPIOC
TCJIO.

CBo0OoIHOE TEIIO

- 3TO TBEPOE TENO, KOTOPOE MOKET NEPEMELIATHCS B IPOCTPAHCTBE
B JJ100OM HaNpaBJICHHH.

CBsizu - 3TO Te€Ja, KOTOPbIE OrPAHNYUBAIOT EPEMEIICHUE TAHHOTO TeJa.
CKODOCTL - 3TO BEKTOpPHAasl BEJIMYMHA, XapaKTepU3yrolas B KaxAbli JaHHBIN
p MOMEHT BPEMEHHU HAMNPABJICHUE U OBICTPOTY JABUIKECHUS TOUKHU.
Crartuka - 9TO0 OOUIUH pa3zell, U3y4aroluil paBHOBECHE TeJl U TeJa B MOKOE.
. - 3TO CMOCOOHOCTh KOHCTPYKIMHU (MJIM OTIEIBHOTO 3SJIEMEHTA)

Y cTOMYNBOCTD

CONMPOTUBIISITHCS YIPYTUM I€POPMALIHSIM.

- 9TO BEKTOpPHAas BEJIWYMHA, XapaKTepu3yromas OBICTPOT
YckopeHnue p ’ p pH3y poTy

HN3MCHCHUS HAIIPABJICHWA U YMCJIOBOI'O 3HAYCHUS CKOPOCTH.

Ynpyras JIMHus

- 9TO U30THYTas OCh Opyca

[uxn
Hanpspoxkenus

- OTO COBOKYIIHOCTH IIOCJICA0OBATCIBbHBIX HaprDKeHI/Iﬁ 3a OJHH
Iepruoa nxX N3MCHCHMNA.

YucTeill CABUT

- OTO CABHUI, IIPU KOTOPOM MATCpUA]l PABHOMCPHO CMCHIIACTCA B
IMOoIICpeYHoOM CCYCHHHU MW IIPU KOTOPOM BO3HHKAIOT TOJIBKO
KaCaTCJIbHBIC HAIIPAXKCHUS.

Omnropa

- 3TO TpaQuK U3MEpEHUs NPOJOJBHON CHIIbI
BHYTPEHHUX CHUJIOBBIX (DAKTOPOB, MO JIJTMHE CTEPKHS.

WIN  JIpYTuX




		2023-07-20T14:19:06+0300
	Федоринов Александр Сергеевич




