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Beenenue

Hucuunnuna «lIpuknanHas MexaHukay SBISETCS OCHOBOUM OOLIETEXHUYECKOU U
oOmenpodeccuoHanbHON MOJATOTOBKM MH)KEHepa JII000ro mpo@uiisi, B YacTHOCTH,
UHKEHEpPA MOoXKapHOU O€30MaCHOCTH.

[IpuknagHass MeXaHuWKa — 3TO OTpAciib HAYKH, M3ydarollas IBUXKEHUE JI000T0
BEIIECTBA, KOTOPOE MOXET OBITh HCIBITAHO WM BOCHPUHATO JIOABMH 0€3 MOMOIIU
WHCTPYMEHTOB. JIpyrumu ciioBaMH, KOTJa KOHUENIMA MEXAHWKH BBIXOAST 33 PaMKH
TEOPETHUECKNX W TPUMEHSIIOTCS W BBIOJIHSIIOTCS, OOIIas MEXaHWKa CTaHOBUTCS
MPUKIAJHOM MEXAHUKOW. VIMEHHO 3TO pe3Koe pasinuyue [JeJIaeT MPUKIATHYIO
MEXaHHUKY BaKHBIM TOHUMAHHUEM JJIsl IPAKTUYECKON MOBCEAHEBHOM XU3HU. OHA UMEET
MHOXECTBO TPUMEHEHUW B CaMBIX Pa3HBIX O00JIACTAX W AUCIUIUIMHAX, BKIIOYas,
NOMUMO IIPOYET0, NPOECKTUPOBAHUE KOHCTPYKLHM, METEOPOJOTHI0, THPABIHKY,
MAaIllMHOCTPOEHUE, HAHOTEXHOJIOTHH, MPOEKTUPOBAHUE KOHCTPYKUUM, TUAPOJUHAMUKA
U Jpyrue Hayku O >KA3HU. CBA3bIBas HCCIECIOBAHUS MEXKIY MHOTOYHCICHHBIMU
OUCLHUIUIMHAMY, MPUKIAJIHAS MEXaHHKA WIPacT BAXKHYIO POJIb KaKk B HAyKe, TaKk U B
TEXHUKE.

Pa3BuTne COBpEMEHHOW NOXAPHOW TEXHUKA CTaBUT MEPEN HWHKEHEpaMu
MOKapHO 0Ee30MacCHOCTH caMble Pa3HOOOpa3HbIE 3a/lay, CBSI3aHHBIE C PACUETOM
Pa3JIMYHBIX COOPYKEHUH (3[aHU, MOCTOB, KaHAJOB, IUNIOTUH U T.II.), C AKCILUTyaTaluei
BCEBO3MOXKHBIX MAIIMH, MEXaHU3MOB, JIBUTATEICH M, B YACTHOCTH, TAKUX OOBEKTOB,
KaK MO)KapHble aBTOMOOWJIM, COCTABIAIOIIME HX Y376l (TUAPONPHUBOJBI, HACOCHI).
KoncTtpynpoBanue MammHbl HE3aBUCHUMO OT TOTO, BBINOJHSAETCS OHO YYallMMCS WIIA
ONBITHBIM MHXXEHEPOM, - IpoLEecC TBOpUECKuM. Kaxknas KOHCTpyKTOpCcKas 3axada, Kak
MPaBUJIO0, UMEET MHOro pemeHuil. Onupasch Ha UMEIOUIUECS TEOPETUUECKUE 3HAHUA,
yyaluics J0JKEH BhIOpaTh U3 MHOTHUX BO3MOXKHBIX pELIEHUH OJ1HO, Haumyuuiee. [pu
ATOM €My MNPUXOJUTCS TNPUHUMATh BO BHUMAHHE 4YacTO MPOTHUBOPEUUBBIC
TEXHOJIOTMUECKME M  JKCIUTyaTallMOHHbIE  TpeOOBaHUS,  MNpEAbsIBIsSEMble K
npoeKkTupyeMomy uzzaenuto. Hecmotpsi Ha MHOrooOpasue Bcex 3TUX Ipo0sieM, petieHus
UX B OMPEJEICHHON YacTH OCHOBBIBAIOTCS HA HEKOTOPBIX OOIIMX MPHUHIIMIAX U UMEIOT
o0111yr0 HayuHyI0 0a3y.

bonpmioli BxiIag B pa3BUTHE HAYKA BHECIM UM pycckue ydeHHbie. JI.I.
KypaBckoMy MpUHAATIEKUT TEOPHUsI pacueTa MOCTOBBIX (epM, a Takxke dopMmyna s
OTIpe/IeNICHUs KacaTeNIbHbBIX HalpshDKeHU mpu u3rude 6anku; A.B. ['ogonun paspaboran
METO/Ibl pacyeTa TOJICTOCTEHHbIX HUIHHPOB; X.C. ['0JIOBUH MPOU3BEIN pacyeT KPUBOTO
opyca; @.C. EcuHckuil pemmn 3afady MO ONPEAENEHUI0 KPUTHUYECKUX HAMpsKEHHM
IpU MPOJOJILHOM M3TH0e B HEYNpyron paboTe Marepuana u T.1.

B XX cronerun poib pycCKHMX YYEHHBIX B OOJAacTH pacuera CTPOUTEIbHBIX
KoHCTpyKkiui ctana Beayme. A.H. KpsimoBeim, .I'. ByonoBeiM 1 I1.D. [TankoBuuem
OblTa co3maHa oOIas Teopusl pacyeTa KOHCTPYKLMM, JEKallUX HAa TPYHTOBOM
ocHoBaHuu. B Ttpynmax BuaHbix ydyeHHbIX C.II. Tumomenko, A.H. [unnuka, H.H.
Hasunenkosa, C.B. Cepecena, B.B. bonoruna, B.3. Binacosa, A.A. Nnektomnna, .M.
PabunoBuya, A.P. Pxanunpina, A.®. CMUpHOBAa U MHOTUX APYTUX OBLIN Pa3BUTHI
HOBBIC HAIpaBIEHUSI MO CO3/IaHUI0 YIOOHBIX METOJOB pacyeTa Ha TMPOYHOCTD,
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YCTOMYUBOCTb U THHAMUYECKUE BO3IEUCTBUS PA3IIMYHBIX CI0KHBIX ITPOCTPAHCTBEHHBIX
COOPYKEHUU.

Ha coBpeMeHHOM 3Tane pa3BuTHs OOJIBLIOE BHUMAaHUE YJEISETCs CONMKEHUIO
pacyeTHBIX CXEM M OCHOBHBIX [JONYIIEHWH C JEHCTBUTEIBHBIMU YCJIOBHUSAMU
JKCIUTyaTalluu 34aHUi U coopykeHu. C 3TON LENbl IPOBOJATCS MCCIENOBAHMS I10
BBISIBJICHUIO BIIMSHUS Ha HANpPSHKEHHO-IE(OPMUPOBAHHOE COCTOSTHUE KOHCTPYKIIMM
U3MEHUYMBOIO  XapakTepa MPOYHOCTHBIX IAPAMETPOB  MaTepHUalla,  BHEIIHUX
BO3JCHCTBUI, HEIMHEMHON CBS3M HampsbkeHUd W npedopmanuii, OOJBIINX
nepemenieHnii U T.1. Pa3paboTka COOTBETCTBYIOIIMX  PACUETHBIX METOAMK
IIPOU3BOJIUTCS C MCIIOJIB30BAaHMEM CIELMAIBHBIX Pa3lej]oB MaTeMaTUKU. B Hacrosiee
BpEMS CO3/1aHO OOJIBIIOE YHCIIO CTAaHAAPTHBIX Mporpamm s DBM, no3Bosstommx He
TOJIBKO  OCYIIECTBUTH pAacyeTbl pPA3JIUYHBIX COOPYXKEHHMM, HO IPOU3BOJIMTH
KOHCTPYUPOBAHUE OTACIIbHBIX AJIEMEHTOB U BBITIOIHATH pA00UNe YEPTEKHU.

OCHOBHBIE TEOPETUYECKUE MTOJIOKEHHUS, U3ydaeMble B tucimIumHe «lIpukiagHas
MEXaHUKa» IHAPOKO HCIIOIB3YIOTCA IIPU M3YYECHHUH DPsAa CHIEHHAIBHBIX JUCLUIUIMH, a
UMEHHO: «34aHUs U COOPYKCHMS M HX YCTOMYMBOCTBH IIpu moxkape», «lloxkapHas
0€30MacHOCTb B CTPOMTENBLCTBEY», «PacciemoBaHme M JKcHepTus3a  IOXKApOBY,
«IloxapHass 0€30IIaCHOCTh TEXHOJIOTMYECKUX IpoleccoBy, «Teopuss ropeHus Hu
B3pbIBay, «['uapasiaukay, «IIpoTuBonoxkapHoe BOJOCHA0KEHUE» U T. 1.

O¢pdextuBHOCT  OCBOEHMs  AucuumuHbl  «lIpuknagHas MexaHuka» B
3HAYUTENIbHOI Mepe 3aBUCHUT OT COJEp)KaHWs M IIOCTAHOBKH J1aOOpaTOPHOTO
MPaKTUKyMa, MOCKOJIbKY Ja00paTopHbIE pabOoThI SBJISIOTCS CBA3YIOLIUM 3BEHOM TEOPUU
U TPAKTUKH, KYpCOBOIO MNPOEKTUPOBAHUs, NPAKTUKyMa PELIEHHUs IPHUKIAIHBIX
MpaKTUUECKUX 3a7ad. JlaHHbIE MEpONpPHATHS TMO3BOJSIOT YIUIYONSATh M 3aKPEIUIsTh
TEOPETUYECKUE 3HAHUS.
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MeToanyecKkue peKOMEHIAIUN 110 U3YYEeHUI0 TeM JUCHUILTHHbBI
Tema 1. CtaTuka

JIBI>KeHHe SIBJSIETCS CIIOCOOOM CYIIECTBOBAHUS MaTepUH, €€ OCHOBHBIM He-
oThemJIeMbIM cBoiicTBOM. Iloj ABM>KeHMEM B OOIIEM CMBICIIE MOHUMAETCS HE TOJBKO
repeMelleHe Tel B IPOCTPAHCTBE, HO U TEIJIOBbIE, XUMUYECKHE, JIEKTPOMArHUTHBIE U
Jr00bIe APYTrre U3MEHEHUS U MPOIIECChI, BKIIOYAas Hallle CO3HAHUE U MBICIb.

MexaHuka u3y4yaeT HauOojiee MPOCTYI0O U JIETKO HaOmonaeMyiro ¢GopMy JIBH-
KEHHSI - MEXaHUYECKOE JIBUKEHHE.

Mexanuueckum Ogudicenuem HA3bIBAEMCA KAK Npoucxoosujee ¢ meyeHuem
8peMeHU U3MEeHeHUe NONONHCEeHUS MAMEPUATIbHBIX el OMHOCUMENbHO Opye opyad, maK
U U3MeHEeHUe OMHOCUMENbHO20 NOJIOJNCEHUS 4acmuy O0O0HO20 U MOo20 e mame-
puanvHo2o mena, m. e. e2o 0epopmayus.

Henb3s, KOHE4YHO, Bce MHOrooOpasue SIBICHUH NPUPOABI CBECTH TOJIBKO K
MEXaHUYECKOMY IBIKEHUIO U OOBSICHUTh UX HAa OCHOBAaHHM IIOJIOKEHUIH OJHON Me-
XaHUKA. MexaHudeckoe IBM)KEHHE HUKOMM OOpa3oM HE HCUYEpIbIBAECT CYIECTBa
pa3nuyHbIX (OpPM IBMKEHUS, HO OHO BCETa MPUCYTCTBYET B KAXKIOM U3 HUX U JIOJHDKHO
OBITh UCCIIEZIOBAHO PAHbIIE BCETO OCTAIBHOTO.

B cBs31 ¢ KOJOCCAJIbHBIM Pa3BUTHEM HAyKH M TEXHHUKH CTAJI0 HEBO3MOXKHBIM B
OJTHOM JMCUHUIUIMHE COCPEAOTOYUTh H3YUYEHHE MHOXECTBA BOIPOCOB, CBS3AHHBIX C
MEXaHUYECKUM JABM)KCHHEM DPa3IMYHOTO poJia MaTepuanbHbIX Ten. CoBpeMeHHasl Me-
XaHHUKa TPEACTaBISAECT COOOW HENbI KOMILJIEKC OOIMIMX M CIEHUaTbHBIX TEXHUYECKUX
AUCLMIUIAH, TOCBALICHHBIX TMPOCKTUPOBAHUIO M PACUYETy Pa3IMYHBIX COOPYKEHUH,
MEXaHU3MOB U MAIIIHH.

MatepuanbHbie Tela, ¢ KOTOPBIMH HMEIOT JIeJ0 B 3THX AUCIMIUIMHAX, BEChbMa
pa3NIUYHbI, HO ABIKEHHE UX 00JIajaeT MHOTUMH OOIIMMH CBOMCTBaMHM, HE 3aBUCSIINMU
OT (U3UYECKUX CBOMCTB CaMHMX JBWXKYIIUXCS TeJl. OTH OOIIMe CBOMCTBA Me-
XaHUYECKOTO JIBYKEHHSI MAaTEPUANIbHBIX TEJ U U3YyYalOTCsl B TEOPETHUECKOM MEXaHUKe.

Teoperuueckoil MexaHMKOW Ha3bIBaeTCs HayKa, H3ydaromas oOOIIHMe 3aKOHBI
MEXaHMUYECKOTO JBM)KEHUSI MaTepUajIbHBIX TNl U yCTaHABJIMBAIOUIas oOIIMe IpUeMbl U
METO/bI JUIsl peIlIEHHs] BOIIPOCOB, CBSI3aHHBIX C 3TUM JIBUYKECHHEM.

MexaHnueckuM JBI)KEHHUEM Ha3bIBAeTCSl M3MEHEHHE C TEUYEHHUEM BpPEMEHH
B3aMMHOT'O TIOJIO’KEHUSI MAaTEpUaIbHBIX TOYEK B MPOCTPAHCTBE.

MexaHnyecKM  B3aMMOJICMCTBUEM  HA3bIBA€TCS  TAKOE  B3aUMOJICHCTBHUE
MaTepUaIbHBIX TeJI, KOTOPOE€ H3MEHSET WM CTPEMHUTCA H3MEHHUTbh XapakTep HUX
MEXaHUYECKOTO JBIKEHUS.

TeopeTnueckass MexaHMKa CIYXUT HAy4YHBIM (PYHIAMEHTOM JJii MHOTHX TEX-
HUYECKUX AUCUUIUIMH. Ee MeTomaMu U nprueMaMu Mojib3yI0TCs MPH BCEX TEXHUUYECKUX
pacueTax, CBSI3aHHBIX C MPOCKTHPOBAHHWEM DPA3JIMYHBIX COOPYXKEHMH M MAIIMH M HX
sKcIuTyatanueil. Ponb n 3HaueHne TeOPETHUECKON MEXaHUKH JIJIsl TEXHUKH HETIPEPHIBHO
Bo3pacTaeT. CloxHene npooieMbl, TOCTOSTHHO BO3HUKAIOIIUE B CBSI3U C TUTAHTCKUM
pa3BUTHEM TEXHHKH, OpraHu3alieil M pa3BUTHEM BCE HOBBIX M HOBBIX BHUJIOB
MpPOU3BOJICTBA M HOBBIX TEXHUYECKUX CPEJCTB, y’KE€ HeNb3sd peliaTh Ha OCHOBE OJHUX
OTIBITHBIX JTAHHBIX, HA OCHOBE OJHOW MpakTUKU. TpedyeTrcs HayyHOe MpeABUICHHUE U
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CTPOTHUI MPeIBAPUTENbHBIN pacyeT, OCHOBaHHbIE HA MIyOOKOM 3HaHUU TEOPUH, IPUUYEM
B [IEPBYIO OUYEpE/b Ha 3HAHUN 3aKOHOB U METOJIOB TEOPETUYECKOU MEXAHUKH.

Mowment cuibl. Ilapa cua

Bo3HUKHOBEHHE TOHATUS MOMEHTAa CHJIbl OTHOCUTEIBHO IIEHTPA CBS3aHO C
3ajadeit o peryare. [IpencraBum cede TBepaoe Teno (puc. 1.1), umeroiee chepuieckyro
HIAPHUPHYIO OIMOPY, TOMELIEHHYIO B LieHTpe O TshkecTu Tena. Ecnu K Telry IpuioKuTh
cuiy P; Ha HEKOTOPOM PACCTOSIHUM /; OT HEMOABHMKHOM TOukM O, TO TEIO HAYHET
BpAIllaTbCsl BOKPYT ATOM TOYKH. ECin ke K Telly NPUIIOKUTh €lle U APYryro cuiy P,
CTPEMSIIYIOCS BpalllaTh TEJIO B HANPaBJICHUU, TPOTUBOMOIOKHOM BPAILIEHUIO CUJION P
B IUIOCKOCTH CUJIbl P; U Touku O, U €ClIi IpU 3TOM OTHOIICHUE MOJyJiel cull P, u P,
OyneT 0OpaTHO MPOMOPIIMOHAIBHO UX PACCTOSIHUAM A, U h, OT HEMOJBHKHOU TOUKHU O,
TO TeJIo OYZET OCTaBaThCsl B PABHOBECHUHU.

BpamarensHoe neiictBue cuibl P, OyAeT ypaBHOBEIIMBATHCS BpallaTeIbHBIM

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

Z
Puc. 1.1. Bpamenue TBepaoro tena

Takum oOpa3om, Mepoii BpamareabHoro 3(QexTa CHiIbI OTHOCUTEIHHO KaKOM-
aub0 TOouku (ILIEHTpa) SIBIACTCS npouzgedeHue Mooyis CUlbl HA Nae4o, m. e. Ha
Kpamuatiuiee paccmosuue ee JIUHUU OeUCmBUs Om YeHmpa MOMeHma. ITO
MIPOU3BENICHUE HA3bIBACMCSA MOOYIEM MOMEHMA CUIbL OMHOCUMETLHO 3MO020 YeHmpa.

JIist  SKBUBAJCHTHOCTH BpAIIaTEIbHOTO JEUCTBUS JIBYX CHJI OTHOCHTEIIBHO
KaKoTO-JTM0O0 IEHTpa PABEHCTBA MOMYJIEH MX MOMEHTOB OTHOCHUTEIBHO ATOTO IIEHTpA
HegocTtaTouHo. HeoOxoaumo ere, 94ToOBl COBMAail MIOCKOCTH, MPOXOMASIIUE Yepe3
JUHUU JIEUCTBHSI CUJI U IIEHTP MOMEHTOB, U YTOOBI CHJIBI BpAIaJId TEJIO BOKPYT IIEHTPA
MOMEHTOB B OJTHOM U TOM >K€ HaIllpaBJICHUHU.

Takum oOpaszoM, I MOJTHOTO OMpEIETCHUs BpamareabHOro 3(dQeKrTa CHIbl
OTHOCHUTEIIFHO KaKOTO-IM0O IEHTpa HEeOOXOIMMO 3HATh HE TOJBKO MOIYJIh MOMEHTa
CWJIBI, HO U YKa3aTh IUIOCKOCTbh, MPOXOASAIIYI0 Yepe3 JTUHUIO TEHCTBUS CHUJIBI U LIEHTP
MOMEHTA, a TAK)Ke CTOPOHY BpPAIIIEHUS B 3TOH MIIOCKOCTH.

[Tomo>keHWE TIOCKOCTH B TPOCTPAHCTBE OMpPENENSIeTCs, KaK H3BECTHO,
MIOJIO’KEHUEM TIEPIICHANKYJIISpa K 3TON TIIOCKOCTH.

M3 Bcero ckazaHHOTO BBITEKAET CIEAYIOIee BEKTOPHOE OMpPEeICHHEe MOMEHTA
CHJIBI OTHOCUTEIIbHO TOUYKU: MOMEHMOM CUNbl OMHOCUMENbHO Kakou-iubo mouxu O
(yenmpa) HazvlBAEMCA NPUTONHCEHHBIN K JOMOU MOYKe BeKmop, HANpasieHHbll
NEPNeHOUKYIAPHO K NJIOCKOCMU, 8 KOMOPOU PACHOLONCEHbl TUHUSA OeUCMBUsL CUTbL U
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yeump O, u npumom 8 my cmopoHy, OmKyOad epaujenue mena Culol npeocmaeisemcs
COBEPULAIOWUMCS NPOMUE YACOBOU CMPETKU.

BekTop MoMeHTa cuiibl P OTHOCUTENBHO IeHTpa O OyaeM 0603Ha4aTh CUMBOJIOM
M,(P).

Puc. 1.2. MoMeHT CHIBI

Mooynb momenma cunbl OMHOCUMENbHO YEHMpA paeeH, Kaxk ObLI0 CKa3zaHo
BBIILIE, NPOU3BEOCHUI0 MOOYJIA CUNbl HA ee nieyo, T. €. Ha JJIMHY IEepIEeHIUKYJIpa,
OMYLIEHHOT'O U3 HEHTPa MOMEHTA HA JIMHUIO JEHCTBUA CUJIbl (puc. 1.2).

M, (P)=Ph. (1.1)

MOXHO CKa3aTh, YTO MOMEHM CUbI OMHOCUMENbHO KAKO20-TUDO YEeHMpPa paGeH
BEKMOPHOMY NPOU3BEOCHUIO PAOUYCA-BEKMOPA 1, NPOBEOEHHO20 U3 YEeHMPA MOMEHMA 8
MOYKY NPUNOHCEHUSL CUTbL HA 8EKMOP CUIBL.

M,(P)=rxP. (1.2)

MOMEHT CHUJIbI OTHOCUTEIBHO TOYKH SBJISICTCS OJHHUM M3 BAXKHEWUIIMX MOHSITHM
Mexanuku. O000Imas 3TO IMOHATUE, MOKHO HAaXOAUTh MOMEHT OTHOCHUTENIBHO 000
TOYKH, HE3aBUCHUMO OT TOTO, MOXKET JIU B JEHCTBUTEIBLHOCTH TEJIO BPAIAThCS BOKPYT
3TOM TOYKH.

Cucmema 08YX pasHbLIX NO MOOYIIO, NAPAIIENbHLIX U NPOMUBONONONCHO
HanpaesieHHvlx cul P u P' Hazvlieaemcs napoti cul. I110CKOCTh, B KOTOPOW HaXOIATCS
JUHUM IEUCTBUS CWJI P u P’ Ha3bIBACTCs IJIOCKOCTBIO Oeticmaus napwl cu (puc. 1.3).

al d

ret || e

Pr

Puc. 1.3. [Tapa cun

ITapa cun He HMEET pPaBHOACUCTBYIOLIEW, OJHAKO CHJBI IIapbl HE YypaB-
HOBEILIMBAIOTCS, TAK KAK OHU HE HAIPaBJIEHBI MO OAHOU mpsamoi. [lapa cuir ctpemures
IIPOM3BECTHU BpPAILIEHUE TBEPAOTO TENA, K KOTOPOMY OHa npuiiokeHa. Ilapa cun, He umes
pPaBHOJICHCTBYIOIIEH, OYEBUAHO, HE MOXKET ObITh ypaBHOBelleHa cuiioi. Kparyaiimee
paccTossHuEe d MEXAy JIMHUSAMH JEUCTBUS CWI, COCTaBIIIOLIMX I1apy, HAa3bIBAECTCS
nievyom napvl Cull.
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JleiicTBHE mapbl CHJI HA TBEPJOE TEJIO XapaKTEpU3yeTcsi ee MOMEHTOM. Momenm

napwul cun onpeoensiemcs npousse0eHuem Mo0yJisk OOHOU U3 CUl Napsl HA ee Nieyo.
M = Pd (1.3)

Ecnu cuiibl BeIpaxaTh B HbIOMOHAX, a TJIEUO — B Mempax, TO MOMEHT Mapbl CHJI
OyJzeT BeIpakaTthbcs B HbIOTOH-MeTpax (H-m).

MoMeHT mapbl CcUJl H300pa)xaroT BEKTOpOM. Bexkmop momenma M napwvi
P P'Hanpagnawom nepneHoOUuKyIsapHo NI0CKOCMU Oelucmseusi napvl Ccul 8 MmMaxyo
CMOpOHY, YmMOObl, CMOMPs HABCMpeEYy JdMOMY 6eKmopy, 6udemsv napy Cul
cmpemawelcs 8pawams NJI0CKOCMb ee 0elUcCmeusi 6 CMOpOH, 0OpAmMHYIO0 8PAUEHUIO
yacoeou cmpenxu (puc. 1.4).

Puc. 1.4. Bextop MOMeHTa napsl cui

Bwmecto BCKTOpa MOMCHTA KaX(I[Oﬁ napnsl CHJI, NCPHCHAUKYIAPHOIO IMIOCKOCTH
JCpTCiKa, YKA3bIBAIOT TOJIBKO HAIIPABJICHHUE, B KOTOPOM IIapa CHUJ CTPEMHTCA BpallaTbh
9TY IIJIIOCKOCTh.

B stom ciyuae momenm napwl cun onpeoensiom npouzeeoeHuem Mooyis CUl Ha
njed4o napsl Cujl, 634AmblM CO 3HAKOM nNJaOC Uiu MUHYC, m.e. MOMEHNT napsvl Cul
pacemampuearom Kak aﬂze6paulleCKy}0 6eIUHYUH) .

M =+Pd (1.4)

Momenm napsl cuil cuumarom noOJOACUMENIbHBIM, eClUu napa Ccuil cmpemumcs
epawyamsb nji10CKoCnb depnieixca 6 CMOPOHY, NPOMUBONOJIOJNCHYIO 6PAUEHUIO yacoeou
cmpenxu (puc. 1.4), u ompuyamenvuvim — 6 CMopoHy 8pAueHUsL YACOBOT CIMPETIKIL.

Ceasu. Peaknuu cBsa3ei

3aoasaemvie cunbl BHIPAXKAIOT ACHCTBHME Ha TBEPIOE TENO JIPYTUX TEN, BBI3bI-
BAaIOIIUX WM CIIOCOOHBIX BBI3BATh U3MEHEHUE €r0 KHHEMATHUYE€CKOTO COCTOSHUSA.

Peakyueii céa3u Ha3pIBaeTCs Cuja WIM CHCTeMa CHJI, BbIpaxkarouiass MeXaHU-
YeCcKOe JICUCTBUE CBSA3H Ha TEJO.

OgHuM H3 OCHOBHBIX TOJIO)KEHUH MEXaHUKH SIBISETCS MPUHYUN OCBOD0I1C-
oaemocmu meepovlx mejl Om ces3ell, COrIacCHO KOTOPOMY Hec80000HOe meepooe mejlo
MOJCHO paccmampueams Kaxk c80000HOe, HA KOMopoe Kpome 3a0a8aembviX Cull
oelcmayom peakyuu ces3ell.

IlycTp, Hanmpumep, Ha TJIAAKOW HENOJABHKHOW TOPU3OHTAIBHOW IIJIOCKOCTH
nokoutcss mwap (puc. 1.5). [lmockocTe, orpaHnuMBas BH)KEHHE IlAapa, SBIAECTCS IS
HETO CBS3bIO.
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Puc. 1.5. [IpuHIun ocBOO0XKIEHUS OT CBS3U

Ecnu MbiciieHHO 0cBOOOAUTH map oT cBs3u (puc. 1.5), To g yaepKaHus €ro B
MIOKOE K HEMY B TOYKE KaCaHUs C IUIOCKOCTHIO HY>KHO MPUIIOKHUTH CHILy N, paBHYIO BeCy
mapa G 0 MOAYJIO M MPOTHBOIOJOXKHYIO €My Mo HampaBineHuto. Cuna N u Oyner
peakmmei miIockocTu. Torma map, OCBOOOXKIECHHBIH OT CBSI3H, OyAE€T CBOOOJHBIM
TEJIOM, Ha KOTOpOE IEHCTBYIOT 3aaBaemasi cuiia G U peakius INOCKOCTH .

['magxast IIOCKOCTh HE MPOTUBOACHCTBYET MEPEMEIICHUIO TeJa BAOJb MIOCKOCTU
MO/ ACMCTBUEM 3aJaBaeMbIX cwil (puc. 1.6, a), HO HE TOMYCKAaeT €ro NepeMelleHus B
HAIpPAaBIICHUH, IEPICHIUKYISIPHOM TIOCKOCTH. [1o3TOMy nelicTBHE MIIOCKOCTH HA TEJO
BBIp@XKaeTCsl HOpMaNbHOM peakmueit (puc. 1.62, 6). Peaxkyus enaokoil niockocmu
Hanpasiena nepneHoOUuKyIsApHo niI0CKOCHIU.

a) p () P

b E

Puc. 1.6. CBsi3b — r1ajikasi HOBEPXHOCTh

Ecnu k koHIy B HUTH 4B, NPUKPEIJIEHHOW B TOUKE A, MOABECUTH Ipy3 BecoM G
(puc. 1.7, a), To peakius S HUTH OyAeT MPUIIOKEHA K TPY3y B TOUKE B, paBHA MO MO-
AyJI0 €ro Becy S U HampaBiieHa BepTUKalbHO BBepX (puc. 1.7, 6). Peaxyus numu na-
npaenena 60016 HUMu.

o) Glig )
A [
3
8
* ?
Ye y6

Puc. 1.73. CBsi3b — TOHKHUI CTEPKEHb
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[Tycte Oanka BecoMm G B TOUKe B ommpaercs Ha TIAKyl0 MOBEPXHOCTh, a B
Toukax 4 u D — Ha rmajkue TOpU30HTANIBHYIO U BEPTUKAIBHYIO IIIOCKOCTH (puc. 1.8).
Torga peakiuu OMOPHOM MOBEPXHOCTH M OMOPHBIX IJIOCKOCTEM OyAyT UMETh yKa-
3aHHbIC Ha pucC. 1.8 HampaBICHUS.

Puc. 1.8. Peakuu cBsi3en Oayiku

JIns onpeneneHus KakIOW peaklMH HYXHO 3HAaTh TPU €€ AJIIEMEHTa: MOIYJIb,
HanpaBJIeHUE U TOYKY NPWIOKEHUs. Touka MPUIOKEHUS PEaKIUu, KaK MPaBUIIO, Obl-
BaeT M3BecTHa. HampapieHue >xe peakiuil M3BECTHO JIMIIb JJIsi HEKOTOPBIX THUIIOB
CBsI3€EM.

Ecnu cywecmeyiom 06a 63aumHO nepneHOUKYJIAPHLIX HANPAGIeHUsi HA NI0C-
KoCcmu, 8 0OHOM U3 KOMOPbIX CE3b NPEnsmMCcmaeyem nepemeweHuro meid, a B 0py2om —
Hem, Mo Hanpasiexue ee peaKyuu nPomueonoI0HCHO NEPEOMY HaANPaBIeHUIO.

PaccMoTpuM iBa OCHOBHBIX THUIIA ONOP OAJIOK U UX PEAKIUU.

Ha puc. 1.9 u3obpaxena mapHUPHO-HETIOJIBIKHASI OMOpa, KOTOpasi MPEIsSTCT-
ByeT J0OOOMY IMOCTYyHaTEIbHOMY NBI)KCHHIO OalKM, HO JAeT €l BO3MOXKHOCTH CBO-
00THO TOBOPAYMBATHCS BOKPYr ocu ImapHupa. [lo cBoel KOHCTPYKIIMW Takas Imap-
HUpHAs OMOpa COCTOWT W3 JIBYX 000WM, M3 KOTOPBIX OJlHA 3aKperieHa Ha Oanke, a
Apyrasi — Ha HEMOJBWXHOW TMOBEPXHOCTU. DTU OOOWMBI COCIUHSIOTCS C TOMOIIBIO
WJIMHJIPUYECKOTO BaJIMKa (MIOKa3aHO CpeHEE CeYeHUE KOHCTPYKIUK). B 3aBucumoctu
OT JEUCTBYIOUIMX CHUJI BAJIMK MOXET MPMKUMAThCS K PA3IMUYHBIM TOYKAM OOOWMBI.
Peakiuss R mapHUPHO-HEMOJBMKHOM OIMOPBI MPOXOAUT 4Yepe3 LeHTp mapHupa O u
TOYKY cornpukocHoBeHus A (puc. 1.10, a, 6), HO ee MOAYJb U HaINpaBJIEHUE HE U3-
BECTHBI.

L 1'/ [ \'\._

Puc. 1.9. lllapaupHO-HENOABMKHASL OIIOpa




Puc. 1.10. Bo3Mo>xHbIE HalpaBIeH!s peakLUii IapHUPHO-HETIOABUKHON OIOPbI

lllapnupro-noosusicnas onopa, HUXHSSA 000iMa KOTOPOU MOCTaBJIeHa Ha KaTKH,
HE MPENATCTBYET NEpPEeMEeIeHHI0 OalKu MapauiebHO ONOpHOH miockocTu (puc. 1.11).
Ecnu HEe y4yuThIBaThb TpPEHUs KATKOB, TO JIMHUIO JIEWCTBUA PEAKLMU TAKOH OIOPBI
ClIeAyeT CUYUTaTh MNPOXOJAIIECH YEpe3 LEHTP IIapHUpPA MEPHECHANKYISIPHO OMOPHOU

MI0CKOCTH. TakuM 00pa3oM, HE U3BECTEH JIMILb MOTYJIb ATOU PEaKIUH.
L

R |

Puc. 1.11. llapHupHO-TIOABUKHAS OTIOpA

[Iycts B kakoil-HMOYIb KOHCTPYKIIMH CBS3BIO SIBISETCA CHEPIHCEHb, 3aKpPerl-
JEHHBI Ha KoHuax wmapHupamu (puc. 1.12). IIpumem, 4TO BecoM CTEpXKHS IO
CPaBHEHHIO C BOCIPMHUMAEMOW MM Harpy3Kol MOKHO IpeHeOpeub. Torma Ha
CTepXeHb OyIyT NEHCTBOBATh TOJIBKO JBE CUJbI, NPUIOKEHHbIE B IIapHUpax A U B.
BooOmie 3tu cuiabl MOryT OBITh HampasieHbl Ipou3BosibHO. Ho ecnu crepkenp 4B
HaxXOAMUTCA B PABHOBECHUM, TO IO aKCMOME | NPUIIOKEHHBIE B TOUYKaX A U B cuibl
JOJDKHBI OBITh HaIlpaBJIEHbl BJOJb OJHOM MpPsIMOW, T. €. BIOJb OCH CTEpPXKHS.
CrnenoBatenbHO, HArPYKEHHBIN HA KOHIIAX CTEPKEHB, 86COM KOMOPO20 NO CPAGHEHUIO C
IMUMU HASPY3KAMU MONCHO npeHeOpeub, pabOTaeT TOJIBKO HA PACTSDKEHHE WIM Ha
cxkatue. Ecim Takol cTepikeHb SIBIAETCS CBSI3bIO, TO peakyus N cmepowcus Oyoem
Hanpaenena 60016 OCU CHEPICHS.

Puc. 1.12. Peaknusa B ToHKOM cTepxHe AB
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Axcuoma cesszeti. PaBHOBecre HECBOOOMHBIX TEJI WM3Y4aeTCsl B CTAaTUKE Ha OC-
HOBAaHHMH CJICYIOIIEH aKCUOMBI: 8CAKOE HeC80O0OHOE MeN0 MOMCHO PACCMAMPU8anms
KaKk c80000HOe, eciu omOpoCUmsb C8A3U U 3aMEeHUMb UX Oelicmeue peaKyusimu Imux
ceszell.

OrnpeneneHre peakiuil CBI3el UMEET TO MPAKTUYECKOe 3HAUYCHHE, UTO, 3HAsl HX,
MbI OyJleM 3HaThb W CHWJIbl JABJICHHS Ha CBSI3U, T. €. T€ MCXOJHBIC JaHHBIE, KOTOPHIC
HEO0OXOUMBI ISl pacueTa MPOYHOCTH COOTBETCTBYIOIIMX YaCTEH KOHCTPYKIIUH.

AHaJTUTHYECKHE YCJIOBHS PABHOBECHS NMPOU3BOJILHOI CHCTEMBbI CHJI

HeoOxomumbie W J0CTaTOYHBIE YCIIOBHSI PaBHOBECHS JIFOOOW CHCTEMBI CHII
natotcsi paBeHcTBamu R=(0, M,=(0. HalineM BBITEKaONIME OTCIO/Ia AHAIUTHUYECKUE
YCJIOBHSI PABHOBECHS TIOCKOM CHUCTEMBI CHJI. IX MOXKHO MOJIYYHUTHh B TPEX Pa3TUUYHBIX
dhopmax.

1. OcHoBHas opMa yciaoBuii paBHOBecHs. Tak Kak BEKTOp R paBeH HYIJIIO, KOrja
pPaBHBI HYJIO €ro npoekuuu R,=0 u R,=0, TO 11 paBHOBECHUS JOJIKHBI BBIOJIHATHCS
paBenctBa R,=(0, R,=0u M,=0, rie B 1aHHOM ciiydyae M, - anredpanyeckuii MOMEHT, a
O - mo0as To4yKa B INIOCKOCTH JECHCTBHUS CHII.

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

@opMyIbl BbIpaXAOT CIAEAYIOIMINE aHAIUTUYECKHE YCIOBUS pPaBHOBECHS: O
PABHOBECUsL NPOU3BONLHOU NIOCKOU CUCMEMbL, CUT HEOOX0OUMO U OOCMAMOYHO, YmooObl
CYMMbl NPOEKYULl 8CeX CUNl HA KANCOVIO U3 08YX KOOPOUHAMHBLIX OCel U CYMMA UX
MOMEHMO8 OMHOCUMENbHO 00020 YeHmpda, excaue2o 8 NI0CKOCMU Oelcmaus CUul,
ovLiu pasnvl Hyno. OMTHOBPEMEHHO paBeHCTBA (1.5) BBIpaKArOT YCIOBHS PaBHOBECHS
TBEPJIOTO TeJla, HAXOASIIErocs Mo JEHCTBUEM IIJIOCKOM CUCTEMBI CHIL.

2. Bropas ¢opma ycrnoBuil paBHOBECHS: 0/151 pABHOBECUs NPOU3BOILHOU NJIOCKOU
cucmemvl Ccull He0O6X00UMO U OOCMAMOYHO, YMOObL CYMMbl MOMEHMOB 8CEX IMUX CUL
OMHOCUMENbHO KAKUX-HUOYOb 08YX yenmpos A u B u cymma ux npoexyuii na oco Ox, ne
nepneHOUuKyIApHyI0 npsamotl AB, dviiu pasHvl HYIO:

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

3. Tpetbst (opma ycnoBuii paBHOBecus (ypaBHEHHS TpPEX MOMEHTOB): IS
paBHOBECHUS MPOU3BOJIBHON TIOCKON CHUCTEMBI CHJI HEOOXOIUMO U JOCTATOYHO, YTOOBI
CyMMBI MOMEHTOB BCE€X ITHX CHJI OTHOCHTEIBHO JIOOBIX Tpex 1eHTpoB A, B, u C, He
JeXKAIUX HA OJTHON NPSIMOM, OBLITA PaBHBI HYJIIO:

>M (F)=0,>M/(F)=0,>M_(F)=0 (1.7)
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Tema 2. KuHeMaTHKa TOYKH, TBEPAOro TeJa U MEXaHU3MOB
IIpeamer KUHEMATHKU

Kunemamuxou naszvieaemcs paszoen Mexamuku, 6 KOMOPOM U3VHAEemCs,
O0BUdICEHUE MAMEPUATILHBLIX Mell 8 NPOCMPAHCMEe C 2eOMempudecKoll mouKu 3peHusl,
8He C853U C CULAMU, ONPEOETSIIOUWUMU IMO OBUICEHUE.

Teno, monoxeHne KOTOPOTO MO OTHOIIEHUIO K BHIOPAHHOW CHCTEME OTCYETa HE
M3MEHSCTCS, HAaXOJUTCS B COCTOSHHUU OTHOCHUTEIHLHOTO IMOKOS (TI0 OTHOIICHHIO K ITOM
CHUCTEME).

[IpocTpaHCTBO B MEXaHHWKE pPACCMATPUBACTCS KaK TPEXMEPHOE EBKIUIOBO
MPOCTPAHCTBO, M BCE HU3MEPEHHs] B HEM IMPOM3BOASATCS HA OCHOBAHUS METOJIOB
€BKJIUJIOBOI T€OMETPHUH. 3a SUHUITY IJTUHBI IPYU U3MEPEHUH PACCTOSHUN TPUHUMAETCS
METP.

Bpemss B kiaccHueckod MeEXaHWKE TPEJIoaraeTcs yHUBEpPCaIbHBIM, T. €.
OJIMHAKOBBIM BO BCEX CHCTEMax OTCUeTa M HE 3aBHCSIIMM OT JIBMDKCHHS OJIHOMN
CHUCTEMBbl ~ OTHOCUTENBbHO Jpyroi. OHO paccMaTpuBaeTcs Kak  HEMPEPBIBHO
MU3MCHSIONIASACS BEJIWYMHA. 3a E€AUHUIy BPEMCHHM IPUHUMACTCS CEKYyHJa, paBHas

%24 ] 3600) CpCaAHUuXx COJIHCYHBIX CYTOK. Bce KHMHECMAaTH4YCCKHUEC BCJIMYWHBI,

XapaKTEPU3YIOIINE ABUKEHUE TBEPAOrO TEla M JABWKEHUE OTAEIBbHOM €ro TOYKHU
(paccTosiHUS, CKOPOCTH, YCKOPEHHUS | T.1.), PACCMaTPUBAIOTCS KaK (PyHKINU BPEMEHH.

XOTsl €BKJIMJIOBO IMPOCTPAHCTBO M YHHUBEPCAIBHOE BPEMSI OTPAXAKOT peajbHbIC
CBOMCTBA MPOCTPAHCTBA M BPEMEHU JIMIIb MNPUOIMKEHHO, TeM HE MEHee, OHH
IO3BOJISIIOT € JOCTATOYHOM I NPAKTHUKU TOYHOCTBIO M3y4daTb JBUXKECHMS, CKOPOCTH
KOTOPBIX JAJIEKU OT CKOPOCTH CBETA.

Bce kuHeMaTnyeckne XapakTepUCTUKH JIBHKEHUS TBEPAOTO TEJIA WU OTAEIbHBIX
€ro TOYEK OAVHAKOBBI IS «MAaTEPUAIBHBIX» U «TE€OMETPUYECKUX» TOUYEK, MOITOMY
HIDKE YIOTPEOIsieTcss TEPMUH «TOYKa» Oe€3 MOSICHEHMs, «MaTepualibHas» OHa WU
«reOMETPUYECKasn».

CKopocTh ¥ yCKOpEeHUE TOUYKH

Ckopocmb — 9mMO BGeKMOPHAs BeIUYUHA, XAPAKMepuyiowas O0vicmpomy u
Hanpasiexue 08UNCEHU MOYKU 8 OAHHOU cucmeme omcdemad.

Ecnu mouxa 3a pasnvie npomedcymku epemenu npoxXooum pasHvle Ompe3Ku
nymu, mo ee 08UICEHUe HA3bIBAEMCS PABHOMEDPHBIM.

CKOpOCTh ~ PaBHOMEPHOTO  JBWKEHUS U3MEpSAETCS  OTHOLIEHUWEM  IIyTH,
NPOWIEHHOTO TOYKOM 3a HEKOTOPBIM MPOMEKYTOK BPEMEHH, K BEJIMYMHE 3TOTO

IPOMEKYTKA BPEMEHU

S
y== 2.1)
t
Ecnu orce mouka 3a PABHbIE NPOMENCYMKU 6PEMEHU I’lpOXOOle HepaeHbvle nyniu,

mo ee 0sudiceHue Ha3bleaemcs HEPABHOMEPHbIM.
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N3 sroro ompeneneHust sCHO, YTO CKOPOCTb HEPABHOMEPHOTO IBHKEHUS €CTh
BEJIMYMHA [IEPEMEHHAs U sIBIsieTcs (PyHKLINEH BPEMEHHU:
V=1a) (2.2)
YacTo ObIBa€T HEOOXOAUMO OMPENCIUTh CPEOHIO CKOPOCHb HEPABHOMEPHO2O
O0BUdICEHUSL 3A HEKOMOPbIL NPOMENCYMOK 6peMeHu, m. e. CKOpOCHmb MaKo20
DPABHOMEPHO20 OBUdICEHUS, NPU KOMOPOM MOUKA NPOXOOUM 30 ONpeoeseHHblil
NPOMENCYMOK 8peMEHU MAKOU Jice NYmb, KAK U NPU HEPABHOMEPHOM OBUNHCEHUU.
Ilycte S - myTh, IPOXOAMMBIA TOYKOM NPU HEPABHOMEPHOM JBUXEHUH, U [ -
BpeMs, 3a KOTOPOE TOYKA MPOXOAUT 3TOT MyTh. CpeaHsisi CKOPOCThb ONPEAEIIUTCS I10

bopmyie
= 7 (2.3)

PaccMoTpuM TOUKy A, KOTOpasi epeMeNIaeTcs Mo 3aJaHHOW TPAEKTOPUU  TI0
HEKOTOPOMY 3aKOHY S = f(¢) (puc 2.1).

V4
¥

Puc. 2.1. Tpaexktopus IBUKEHUS TOUKH

3a IPOMEKYTOK BPEMEHH AfTOYKAa A TEPEMECTHUTCS B MOJOXKEHHE A , IO Ayre
AA,. Eciii pOMEXKyTOK BPEMEHU Af Mall, TO IYTy A4, MOYKHO 3aMEHUTh €€ XOPAOH U
HAWTU B IEPBOM NPUOIMKEHUH BEJIMUYUHY CPEIHEW CKOPOCTH JIBUKEHUS TOUKU
_AS
@ = AL
OTa CKOpOCTh HAmpaBJIEHa MO XOpPAE OT TOYKM A4 K TOYKE 4,. MIHOBEHHYIO

CKOPOCTb HalJIeM ITyTEM MEPEX01a K MPeaety Ipu Ar —0:
7 =lim’y - 2.5)
Ao At

Korma Ar— 0, HampaBiieHHE XOpAbl B IpEZeiie COBIALACT C HANPAaBICHHUEM
KacaTeJIbHOM K TPACKTOPHUH B TOUKE A .

Utak, eenuuuna ckopocmu mouku onpeoensiemcs Kak npeoeil OmHOUleHUs
npupaweHus nymu K COOmMEemcmeyujemy npomMedlCymKy 6pemMeHu npu cmpemieHuu
nocieoHe20 K Hyn0, a HanpaeieHue ee cosnadaem cC KAcamenbHOU K mpaeKmopuu 6
OaHHOU mouKe.

B o6mem crmydae mpu ABMXKEHHH 1O KPUBOJIMHEHWHOM TPAaeKTOPUHU CKOPOCTH
TOYKM H3MEHSETCA W IO HAIPABICHUIO, U IO BEIWYMHE. M3meHnenue ckopocmu 6
eOuHUYY 8pemeHU Onpeoeisemcs yCKOpeHueM.

(2.4)
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ITycth TOUKa A OBUXKETCS MO KAKOW-TO KPUBOJIMHEWHON TPACKTOPHUH U 32 BPEMS
At mepenuia U3 TOJOXKeEHUs A B mojoxeHue 4. IlyTb, TpONJIECHHBIM TOYKOM,

NPEACTABIISCT YTy AA,, €e JuHy 0003HaunuM AS (puc. 2.2).

Puc. 2.2. BekTopa CKOpOCTEH U YCKOPEHUM ABUXKYILIECICS TOUYKH

B monoxennn A Touka Mmena CKOPOCTb V', B MOJIOKEHUU A4, - CKOPOCTb
I'eoMeTprueckyr0 pa3sHOCTb CKOPOCTEW HAWJEM, IIOCTPOMB M3 TOYKU A BEKTOP
[Ipupaiienue ckopoctu U300paxaeTcsi BEKTOPOM AV .

CpenHee 3HauUE€HHE YCKOPEHMS, XapaKTEPHU3YIOUIETO0 OTMEYEHHOE H3MEHEHUE
CKOPOCTH, MOHO HAWTH, TMOAECIUB BEKTOP MNpPUPALICHHUS CKOPOCTH AV  Ha
COOTBETCTBYIOIIIEE BPEMSI IBUIKECHUSA At

7.
V.

_AV

a, = (2.6)
[lepexons k nmpeaeny npu At — 0 TOJIy9HM UCTHHHOE YCKOPEHUE TOUKH
AV
a=l1tm—. 2.7
1A11—>0 At ( )

Halinennoe yckopeHue XxapakTepu3yeT U3MEHEHHE CKOPOCTH M IO BEJIUYUHE, U
no HampasieHuto. Jljig ynoOcTBa €ro packiaJblBalOT Ha B3aUMHO MEPHEHINKYISIPHbIE
COCTABJISIFOLIME TI0 KacaTeJIbHOW U HOPMaJIM K TPACKTOPHUHM JIBHKEeHUS (puc. 1.2):

a=a. +a, (2.8)

KacarenbHasi cocTaBismomas a, COBNAJAET N0 HAMPABICHUIO CO CKOPOCTHIO WIIN

IMPOTUBOIIOJOKHA ei. OnHa XapaKTCPpHU3ye€T HU3MCHCHHC BCIHMYHMHBI CKOPOCTH H

COOTBETCTBEHHO OIpesiensercs no Gpopmyre
LAV
a, = hm—m (2.9)
At—0

HopMmanbHas cocraBnsitomias a, NeprneHAUKYISIpHA K HAMpaBICHUIO CKOPOCTH

Toukd. OHA HE MOJKET BJIMATH Ha BCIMYUHY CKOPOCTH, HO 3aTO OMNpPCACIIAACT U3MCHCHHC
e€ HarnpanyieHus. HopmanbHOE yckopeHue onpeaenseTcs mo hopmylie
VZ
n I
r
I7i€ 7 - paAlyC KPUBHU3HBI TPAEKTOPUHU B pacCCMAaTPUBAEMON TOUKE.

IToCKOJIBKY COCTABIAIOIIME @, U @, B3aUMHO NEPIEHIUKYJIISAPHBI, TIOJHOE

a

(2.10)

YCKOpEHHE MOXKET ObITh HalieHo 1o Teopeme [ludaropa

a=airal @.11)
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Cnoco0bI 3a1aHNUA IBUKEHHUS TOYKH

EcrtecTBeHHBIN cnoco0 3aaHusi ABUKEHUSI TOUKH, NMPUMEHSEMbIH B Ciyyae,
KOI'/Ia TPaeKTOpHsl TOUYKU 3apaHee M3BECTHA. TpaeKkTopuell MoKeT ObITh Kak mpsimas,
Tak U KpuBas quHus (puc. 2.3).

BriGepemM Ha TpaeKTOPUM HEMOABMKHYIO TOUKY O, KOTOPYIO HAa30BEM HayajioM
oTcuera JyroBod koopauHaThl. [lonmokeHune ABMKYIIEHCS TOYKHM M Ha TPAeKTOPUU
OyzaeM omnpeAensiTh JyroBOW KOOPIAWHATOM, T. €. paCCTOSHUEM OM =S OTJIOKEHHBIM IO
TPACKTOPHUHU OT Hayaja oTcyeTa 0.

PaccTosinusi, OT/IOKEHHBIE B OJHY CTOPOHY OT TOYKM O, OyaeM CYHUTaTh
MOJIOKUTEIBHBIMU, @ B TPOTHBOIOJOXKHYIO - OTPHUIATEIbHBIMU, T. €. yYCTaHOBUM
HaIpaBlIEHUE OTCYETa JYyrOBONH KOOPAMHATHI.

a'i-

Puc. 2.3. EcTecTBEHHOE ABMKEHUE TOUKHU

[Ipu nBMXKEHUU TOUYKU M paCCTOSIHUE S OT 3TOW TOYKH JI0 HEMOJBUKHOU TOUKHU
O W3MEHSETCS C TEUYCHUEM BPEMEHH, T. €. 0Y208ds1 KoopouHama S se1semcs QyHKyueu
epemenu: S=f(1).

OTa 3aBUCHMOCTb HAa3bIBACTCS YpasHenuem Oeudxcenus mouxku. Ecam Bug
byHKIMHA f(f) W3BECTEH, TO MJIs KaXIOTO 3HAYCHHUS ¢ MOXKHO HAWTH 3HAYCHHE S,
OTJIOXKUTH COOTBETCTBYIOILEE PACCTOSIHUE IO TPACKTOPUM M yKa3aTb, 1€ HAXOIUTCA
JNBIKYLIASACS TOUKAa M B 3TOT MOMEHT BPEMEHH.

Takum 00pa3oM, OsudiceHue MOUKU ONPeOeleHO, ecil U3BeCMHbl Cledyiouue
JNeMeHmbl:  MpAeKmopus MOuKU, HAYAlo0 U HanpasieHue omcuyema O0y2080U
KOOpOUHamsl U ypasHenue 08udicenus: S = f(t).

JIyroBy10 KOOpAMHATY TOYKH HE CIEAyeT CMEIIMBAaTh C JJIWHOW NYTH O,
IIPOMACHHOTO ABWXKYIIEHCA TOYKOU. JlyroBas koopauHatra S TOYKM M B HEKOTOPBIU
MOMEHT BPEMEHH ¢ MOXET ObITh PaBHA IyTH o , TPOUIEHHOMY TOYKOHN 3a MMPOMEKYTOK
BpEMEHU [0,7], TOJIBLKO B TOM Cllydae, €CiId JBMXKEHHE TOYKH HAYMHAETCS U3 TOYKH O U
COBEpULIAETCA B MOJIOKUTEILHOM HAIIPaBJICHUH.

Ecnu B HauanbHbIE MOMEHT BPEMEHHM f, TOYKA 3aHHMaya MOJOKEHUE M,, a B
MOMEHT BPEMEHH ¢ 3aHMMAET MojoxkeHue M (puc. 2.3), TO OpOUJICHHBIA €10 MyTh 32
IPOMEXYTOK [0,¢] TpM JBMOKEHMH TOYKM B OJHOM HANpaBJIE€HHH ONPENESIETCS IO
dbopmyie:

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

N3MeHeHne 1yroBoil KOOPAWHATHL S 3a AJIEMEHTAPHBIN MPOMEKYTOK BPEMEHU dt
paBHO nuddepennmany Ayru: ds=f'(t)dt; TpU JABUKEHHUH TOYKH B CTOPOHY
BO3pACTAHUSA AYT dS >0; MPU ABUKEHUHU TOYKHU B IPOTUBOIOJIOKHYIO CTOPOHY dS < 0.
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[Ipupamenre 1myTd  do (JIEMEHTApHOE  MEpPEMENIEHHE TOYKU)  BCEraa
TOJIOXKHUTEIIBHO, T.¢ do =|dS|=|f'(t)d! .

IIyTh, OPOMAEHHBIA TOYKOM 3a HEKOTOPBI NPOMEXKYTOK BpemeHu [0.7],

OmpeneNseTcss KakK TMpelaed CyMMbl 3JJIEMEHTApPHBIX MEPEMEIICHUM TOYKUA 3TOT
IPOMEKYTOK BPEMEHHU:

o, = || ()] (2.13)

JlyroBasi KOOpJiuHaTa S M MyTh o BBIPAKAIOTCS B METpax.

Koopounammnuiii cnocod 3adanusi 0sudicenuss mouxu. IlonoxeHue TOYKU M B
CUCTEME OTcueTa Oxyz OMpPENeIsIeTCs TPeMs JEKapTOBBIMH KOOpPAWMHATAMU x,y,z (pHC.
2.4).

Mz, 4.2)

1:_..,._:-.__..-——.—
\\
H\\
b

o e e o e e

Puc. 2.4. KoopaunaTsl TOUKH

[Ipyn nBUXEHUM TOYKKM M €€ KOOPAMHATHI U3MEHSIOTCS C T€UYEHUEM BPEMEHH.
CrnenoBaresibHO, KOOPJAWHATHI x,y,z JBHXKYIIEUCS TOYKH M SABJSIIOTCS (DYHKITUSIMH
BPEMCHH ¢:

x=f@); y=10); z=10) (214)

OTH ypaBHEHUSI HA3BIBAIOTCS YPAGHEHUAMU OBUINCEHUSL MOYKU 8 OeKaAPMOBbLX
Koopounamax. Y paBHEHUSIMU ONIPEICIISICTCS TBUKCHUE TOUKH.

JlencTBUTENBHO, UMES 3TH YPABHEHUSI, MOXKHO ISl KAXJI0TO MOMEHTa BPEMEHH ¢
HAUTHU COOTBETCTBYIOIINE KOOPJIAUHATHI X,y,z W IO HAM ONPEIECIIUTD IOJIOKEHUE TOUYKHU
B IIPOCTPAHCTBE B OTOT MOMEHT BPEMEHMU.

JIBM>KE€HHE TOYKUM M B OJIHOW IUIOCKOCTH OIPENENSIETCS ABYMSI YPaBHECHHSIMHU
OBWKEHUS x= f,(t); y=f,(1).

[IpssMoIMHEMHOE ABMKEHUE TOYKH M ONPENENSIETCS OJHUM YPaBHEHUEM
JBUXXEHUS: x = f(?).

B »TOM ciyuae KOOpJIWHATHBIA CHIOCOO 3aJaHUs JIBM)KEHHUS TOYKH CBOIUTCS K
€CTECTBEHHOMY.

VYpaBHeHUS ABUKEHUS, OMPEACIAIONINE KOOPAWHATHI TOYKH B JIOOOM MOMEHT
BPEMEHH, MOJXKHO pacCMaTpUBaThb KaK napamempuyecKkue YpasHeHus mpaeKxmopuu
mouku. llpy WCKIIOUEHMH TmapameTrpa ¢ W3 YPABHEHUW JBHXKEHHUS MOJIYyYarOTCA
VPABHeHUsL MPAeKMOopUuY MoyKy 8 KOOpOUHaAmHoU ghopme.

[lycTth ypaBHEHUS IBUKEHUS TOYKU M UMEIOT BU/L:

x=f0); y=£0; 2= £Q). (2.15)

PemuB nepBoe ypaBHEHHE OTHOCUTEINIBHO f, TOJIYYHUM £ = ¢(x).
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IloncTraBuB MOMYyYEHHOE MJIA ¢ BBIPAXKEHUE B JIBa APYTMX YPAaBHEHHWs, HAUJEM
ypaBHEHUS TPACKTOPUU TOUYKHU B KOOPJIMHATHOM opMme:
y=hle@]; 2= filp@)]. (2.16)
Kak w3BeCTHO M3 AaHAIMTUYECKOM T'E€OMETPUU, JMHUA B NPOCTPAHCTBE
COOTBETCTBYIOT /IBa YPABHEHHUS C TPEMS KOOPAUHATAMH.
IlycTh nBM>KEHME TOUKM M B INTIOCKOCTH 33JaHO YPABHEHUSMMU:
x=£0; y=1£0). (2.17)
HckntounB mnapamerp ¢, MNOJYy4YUM YpPAaBHEHHE TPACKTOPUM TOYKUA B KOOp-
TUHATHOU (popme:
= flo)]. (2.18)
IloMuMO nE€KapTOBBIX KOOPAMHAT JUIA OINPEAEICHUs IOJIOKEHUS TOYKM Ha
IJIOCKOCTH M B MPOCTPAHCTBE NPUMEHSIOT U JPYTUE CUCTEMBI KOOPAUHAT (MOJSPHBIE,
HWIMHIpUYECKHe, chepruueckue u ap.)
BekropHpiii  cmoco® 3amaHusi  OBWKEHWS TOUYKHW. [lonokeHue TOYKH B
IIPOCTPAHCTBE  OJHO3HAYHO  ONpelensercs  3aJaHueM  paauyca-BeKropa 7,

MPOBEJICHHOTO0 U3 HEKOTOPOr0 HEMOJBHXKHOTO IIeHTpa O B JAaHHYIO TOUKy M (pwuc.
2.5).

My

0
Puc. 2.5. Pannyc-BeKTOpBI ABUKYIICHCS TOYKH

Jlns onpeneneHus ABUXKEHUS TOYKH HYXKHO 3HATh, KaK U3MEHSIETCA C TEUCHUEM
BPEMEHHU PaJNyC-BEKTOp 7, T. €. JOJDKHA OBITh 3aJaHa BEKTOP-PYHKIUS 7 apryMeHTa
tF=7().

Tpaekmopus mouKu A6AAEMC 2e0MempUdecKUM MeCmoM KOHYO8 paouyca-
8EKMOPA T 0BUNCYULEUCS MOUKU.

Jlunus, oOpa3oBaHHAas KOHIAMHU TIEPEMEHHOT0 BEKTOpa, Hayajio KOTOPOro
HaXOJUTCS B OMNPENEICHHOM TOYKE MPOCTPAHCTBA, HA3BIBACTCS 20002paghom 2mo2o
gexmopa. CleoBaTeNbHO, Mpaekmopus mouku M saeusiemcs 20002pagom ee paduyca-
gekmopa r .

BexTopHsbiii crioco0 ornpeaeseHnus IBMKSHUS MaTepUATbHOM TOYKH WIIH CHCTEMBI
MATEPUAIIBHBIX TOYEK IIMPOKO MCIIOJIB3YETCS U B KHUHEMATUKE, U B IMHAMHUKE, TaK Kak
OH 3HAYHTENIbHO YMPOIIAeT MHOTHE BBIBOJBI M HWHOTAA MOTYEPKUBACT (HU3UIECCKYIO
CYIIHOCTH SIBJICHUMU.

OT BeKTOpHBIX (HOPMYIT JIETKO MIEPEUTH K aHATTMTUIECKUM BBIPAKEHUSAM, OOBIYHO
0oJiee ya0OHBIM JIJIsi BBIYMCIICHUM.
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HOCTyHaTeJILHOC H BpamaTtejbH0€¢ IBHKCHUE TBEPAOI0 TEIAa

IlocmynamenbHbvim 08uUdCEHUEM MBEPO02O Meld HA3bIBAEeMC sl MAKoe 0BUMCEHUE,
npu KOMOPOM BCAKASL NPAMAS, HEUSMEHHO CBA3AHHAS C IMUM MeNoM, O8UNHCEMC,
0CMasasicy NapaiesibHOU C80eMy HA4aNbHOM) NOJLONHCEHUIO.

[IpumepamMu TOCTYNATENBHOTO JBWMKEHHUS Tela MOTYT CIIYXHUTh: JBUXKEHUE
Ky30Ba aBTOMAlIMHBI, ABUXKYIIECHCS MO MPSIMOJIMHEHHOMY NYyTH, ABUKEHUE MOPIIHS
aBuraTens u T. 1. HenmpaBuiibHO, OTHAKO, TyMaTh, YTO MPHU MOCTYINATEIbHOM JBUKEHNUN
Tela TPACKTOPUU €ro TOYEK JOJDKHBI ObITh HEMPEMEHHO MPSIMBIMU JUHHUSAMH. Tak,
Harpumep, crnapHuk 4B (puc. 2.6), coenunsrommii kpusowmmibl 04 nu OB nByXx ocei
O; u O, cOBepIIACT MOCTYNATEIbHOE NBUKEHUE, XOTS €ro TOYKH MO OTHOUIECHUIO K
KOPITyCy MapoBo3a U OyIyT ABUTATHCA IO OKPYKHOCTSIM. B camoM zene, npu BpaiieHuu
kpuBowunoB 0;4 u OB Bokpyr ux oceit O; u O; MOJOKEHUE CrapHUKa AB Oynet
u3MeHAThcs. Ho mpu paBeHCTBE MJIMH KPUBOIIMUIIOB W MpPU JUIMHE CIIAPHUKA, PABHOU
paccrosiauto Mexay ocsiMu O;0,, yetbipexyroibHUK O;ABO; OyneT Bcerjia ocTaBaThCs
napajijieJiorpaMMOM, CJIEA0BaTeNIbHO, CHapHUK AB Bcerna mnapajuieieH OCHOBAHMIO
0,0, T.e. OH IBUXKETCS, OCTABAsACh NapaJlJICIbHBIM CBOEMY HAUYaJbHOMY T0JIOKEeHHI0. B
TO e BpeMs TOUKU 4 U B crnapHuKa, a, ClieIoBaTeIbHO, U BCE OCTAJIbHBIE €r0 TOYKH 110
OTHOULIEHUIO K KOPITYCY MapoB03a JBMXKYTCS MO OKPYXKHOCTSIM, pauyc KOTOPhIX paBeH
JUTMHE KPUBOILIHUIIA.

A 5

AR TIIIIIIEY G

L — : "‘..,.__.'-H
A, | By

Puc. 2.6. [IBuxeHre TOUKH B pbIYQ)KHOM MEXAHU3ME

TpaekTopusMHu TOUYEK Teda MPH €ro MOCTyNaTeIbHOM IBUKEHUHU, MOTYT OBITh
KaKue YroJIHO KpuBble. TE€pMHUH «IOCTYNATEIbHOE JBHXKEHHE» MPUMEHUM TOJBKO K
JBWKEHUIO TeNla, HO HE K JIBUXKEHUIO OJHOUM Touku. [ToHSTHE «JIBMXKETCS, OCTaBasiCh
napajijieIbHOW CBOEMY HAauyaJbHOMY IOJIOKEHHI0» HUKAK HE NMPUMEHHMMO K TOYKE, HE
HMMEIOIIEN Pa3MEPOB.

Bpawamenvnvim O0gudicenuem Hazvieaemcs maxkoe 08UMCEHUe Mepoo2o med,
npu KOMOpOM 6ce €20 MOYKU, Jledcaujue Had HeKOMOpou NpsAMOU, HA3bl8AeMOU OCbIO
8pawjenusl, OCmaiomcs HenoOBUNCHLIMU.

Jlist Toro 49TOoOBI OCYIIECTBUTH BpAaIaTEIbHOE [BIKCHHE TeJa, JOCTATOYHO
3aKpPENUTh HEMOJBUKHO JBE KaKHe-HHOYAb €ro TOYKH, HANpUMEpP, TPH TTOMOIIU
MOAIUIHUKA A ¥ noAnATHUKA B (puc. 2.7), Toraa npsmasi, Npoxoasias 4epe3 3TU JIBe
TOYKH, OYZIET OChbIO BpallleHUs Tela.
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[Ipu BpamaTenbHOM ABW)KCHHH Tela pPA3JIHYHbIE €r0 TOYKH JABHKYTCA TIO-
pazHomy. OHAKO W IS BPAIIATEILHOTO ABUKEHHUSI MOXKHO OTHICKATh TaKWe KHMHEMa-
TUYECKUE XAPAKTEPUCTUKU, KOTOPBIC OBLIH ObI OOIIMMU JIJIsl BCEX TOUEK TeJa.

[Tyctp kakoe-HHOynb TBepaoe Teno (puc. 2.7 B BHUAE UWIMHIpA) BpamiaeTcs
BOKPYT HEMOJABIKHON ocu z. [IpoBemeM depe3 och BpallleHHs z HETOJIBHKHYIO
MOJYTJIOCKOCTh P ¥ TMONYIUIOCKOCTh (), HEM3MEHHO CBSI3aHHYIO C BpalIarOIIAMCS
TEJIOM.

Yeon ¢mescoy HenoOsudxiCcHou noIYnioCKOCmvlo, HPOXOOoAulel uepes O0cCb

epawieHus, U nojaynioCKocmvto, HEUSMEHHO CBA3AHHOU C spawiaroumumca mejiom u

makofce npoxod;m;eﬁ uepes 0Cob spaulerHusl, Hasvleaemcs y2jiom nosopoma uiu y2jio6bim
nepemeujeHuem 0aHHO20 mena.

4

‘/ﬁwﬂ
7 '
5{ ¥
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Puc. 2.7. Bpamienue Tena BOKpyr HEMOABUXKHOW OCH

YCTaHOBMM Ha OCH BpAICHUS Z IIOJIOXKUTEIBHOE HAMPABJIECHUE U YCIOBUMCS
CUMTaTh YroJ [OBOpPOTa TeJla MOJIOKUTEIbHBIM, KOrJla OH OTCYUTBHIBAETCSI OT
HETIOABUXHOW IIJIOCKOCTH P B CTOPOHY, TPOTUBOIOJIOKHYIO X0y YaCOBOU CTPEJIKH,
€CJIM CMOTPETH HA HETO € MOJIOKUTEIHLHOIO KOHIA OCH BpalleHHs. 3aJJaHUEM BEJIUYMHBI
M 3HAaKa yIjia MOBOPOTAa BIIOJHE OMNPEACNSAETCS TMOJIOKEHUE MOJYIUIocKocTh (O U
HEU3MEHHO CBSI3aHHOT'O C HEW BPAIarOLIErocs Tela.

[Ipu BpamieHnn Tena BOKPYT OCH Z YyroJl MOBOPOTA TEIA U3MEHSIETCS C TEUEHUEM
BPEMEHH, CJIEI0BATEIHLHO, OH SIBIISIETCS HEKOTOPOU (DYHKITMEH BpeMeH!

0= 1) (2.19)

Ypasuenue (2.19), ycmanasnusarowee 3a8ucumocms mexncoy yeiom nosopoma
mesa u 8pemeHemM e20 O8UNCEHUS, HA3bIBACMCS YPABHEHUEM 8PAUAMENbHO20 OBUNCEHUSL
meia.

VYroJs moBOpOTa B MEXaHUKE OOBIYHO U3MEPSIOT B OTBJICUYEHHBIX C€AMHUIIAX, T. €. B
panuaHax. MHorga B NIpakTHUYECKUX 3a7ayax yroJ MOBOPOTA BBIPAKAIOT YHUCIOM
000poTOB N Tena. Tak Kak 3a oiMH 000POT TEJIO MOBOPAYMBACTCS HA YIoJl B 27 paJikaH,
TO ¢ =27N .

Mepa uzmenenus yena nosopoma mena ¢ meyeHuem 6pemeHuU HA3bl8Aemcsl €20
V2710801l CKOPOCHbIO.

IIyctb B MOMEHT ¢ MOJIOKEHHUE TeJla OMPEAENSACTCS YIJIOM IIOBOPOTa ¢, a B
MOMEHT f+ At YIJIOM ITIOBOPOTa @+ Ag .
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Omuowenue npupawenus Ap yeia Rnogopoma meid 3d HEeKOMOpblil
NPOMENCYMOK BPEMEHU At K GelUUUHE IMO20 NPOMENCYMKA 6PEMEHU HA3bIBACM sl
cpeoHell 3a OAHHbBLL RPOMENCYMOK 8PEMEHU Y2N080U CKOPOCMbIO meid.

O0603Ha4as CpeTHIO YTIIOBYIO CKOPOCTh TeJa Yepe3 m,, , 0yJIeM UMETh:

e
0, =22 (2.20)
At

OueBHUIHO, YTO YIJIOBasi CKOPOCTh U T€Ja B JAaHHBIA MOMEHT paBHA MpEAeTy €ro
CpeIHel yrioBOM CKOPOCTHU 3a MPOMEKYTOK BPEMEHHU, HAUMHAIOIIUNCSA B ’TOT MOMEHT,
KOTI'JIa BEJIMYMHA POMEKYTKA BPEMEHHU CTPEMUTCS K HYJIIO:

a):lima)cpzlimM:%. (2.21)
At—0 A0 At AL

Yenosas cxopocmv mena 6 OanHbli MOMEHmM pAaHA NPOU3EOOHOU Om yena
nosopoma meia no 6PemeHu.

3HavueHWE VYTIOBOM CKOPOCTH Tella MOXET OBITh TIOJOXKHUTEIbHBIM WA
OTpPHUIIATENFHBIM B 3aBUCUMOCTH OT TOTO, B KaKyl0 CTOpOHY Bpamiaerca Teno. Korga
TEJO BpallaeTcs MPOTHB YaCOBOM CTPEIKH, €CIIM CMOTPETh C MOJOKUTEIBHOIO KOHLIA
OCH BpaLIEHUs], TO Ap >0, %>O U YIJI0Basi CKOPOCTh @ MOJOXKuTenbHa. Ecnu teno
BpalllaeTcs 110 YaCOBOM CTPEJIKE, TO YIJIOBasi CKOPOCTh oTpuuarenbHa. Cle10BaTeNbHO,
3HaK yIJOBOM CKOPOCTH YKAa3bIBA€T, B KAKyIO CTOPOHY B JAHHBI MOMEHT BpalllaeTCs
Te510. Pa3MepHOCTH YIII0BOM CKOPOCTH pad/c v ¢,

Ha mnpakTtuke 4yacTo yIrJOBYIO CKOPOCTh Tejla BBIPRXKAIOT HE B paguaHax B
CEKyH]y, a B 000poTax B MUHYTY. [Ipy 3TOM OOBIYHO YTIOBYIO CKOPOCTh, BEIPAKEHHYIO
YHCIOM O0OpPOTOB B MHUHYTY, 0003Ha4yaroT OykBo# n. HeTpynHO HailTh 3aBHCHMOCTH
Mexay o U n. Tak Kak ouH 000pOT Tella COOTBETCTBYET €ro MOBOPOTY HA Yroil B 27
panuat, TO

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

HyxHo momHuTb, uTO B (opmyie (2.22) Bcerna o BbIpakaeTcsi B pad/cek, n - B
00/MUH.

Ecnu Teno Bpamaercs HepaBHOMEPHO, TO €0 YIJIOBasi CKOPOCTh @ U3MEHSETCS C
TEYEHHEM BPEMEHU U SIBJIAETCS, CIEI0BATENbHO, TAKXKE HEKOTOPOH (PyHKIMEH BpEMEHU
w=1"t).

Benuuuna, xapaxmepu3syiowas usmerenue y2io60i cCKOpocmu meia ¢ medeHuem
8peMeHU, HA3bIBAEMCsl €20 Y208bIM YCKOPEHUEM.

[IycTb B MOMEHT BpEMEHHU  TEJIO UMENO YTIOBYIO CKOPOCTh @, @ B MOMEHT ¢+ At
- YTJIIOBYIO CKOPOCTh @ +Aw .

Omnowenue npupawenuss Ao yen060U CKOPOCMU meaa 3a NpOMeNCYMoK
epemenu At K 9MOMY NPOMEICYMKY 6PeMEHU HA3bI8Aemcsi CPEOHUM Y2ll08biM
VCKOpeHuem meaa 3a 3mom npomeNcymox epemenu At .

Oo6o3Havas cpeHee yrioBoe YCKOPEHHUE Tea 4epe3 ¢, , 0y/1eM UMETh:

cp?

Aw
=% 2.2
g, t (2.23)
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[lpu At —>O0cpenHee yIIIOBOE YCKOPEHHE TPHOIIKAETCA K  Tpeney,
Ha3bIBACMOMY MI'HOBCHHBIM YIJIOBBIM YCKOPCHHEM TCJIA.
O6o03Hauas yrioBOe YCKOPEHHUE Tea B JaHHbIM MOMEHT OyKBOH &, OyneM
HUMCECThH.
e=lime, = lim 22 (2.24)

A0 P A0 Af
Yenosoe ycrxopenue mena 6 OanHblll MOMEHM PABHO NEPBOU NPOU3BOOHOU OM
V2ll080U CKOpOCmU meld NO 8peMEHU UIU 8MOPOL NPOU3BOOHOU OM Y2lld €20 NOBOPOMdA
no e6pemeHnu.

d d?
e :7‘;’= dt;/’ (2.25)

Ecnu 3HaKM YIIIOBOM CKOPOCTH M YIJIOBOIO YCKOPEHHs Tela COBIIAJAIOT, TO €ro
YIJIOBas CKOPOCTh YBEJIMYUBAETCSA 110 a0COIIOTHOMY 3HAYEHHIO M TEJIO, CIIE0BATENBHO,
BpallaeTcsl YCKOPEHHO. EcioM e 3HakM MX paslIddHbl, TO YIIoBas CKOPOCTh
YMEHBIIAETCS 110 a0COTIOTHOMY 3HAYCHHIO U TEJIO BPAIIAETCS 3aMEICHHO.

Pa3MepHOCTB yIIIOBOrO YCKOPEHHUS pad/c’ uin ¢,
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Tema 3. IlunamMuka
3axkonbl Mmexanuku [N'aaniaes-HbproToHa.

B ocHOBe AuHaAMUKH JieKaT 3aKOHBI, BIiepBble chopmynupoBaHHbie HploTOHOM U
Ha3BaHHbBIC UM aKCHOMaMH, WJIM 3aKOHaMU JABMKeHUs (Axiomata sive leges motus).

1. 3akoH uHepuuu

MarepuanibHasi TOYKa COXpaHS€T COCTOSIHME TIOKOS WA PaBHOMEPHOTO
MPSMOJIMHEHMHOTO JBM)KCHUS, TIOKAa BO3JCHCTBHE JPYTUX TEJI HE W3MEHHT 3TO
COCTOSIHHE.

2. 3aKOH NpOMOPLHMOHATIBHOCTH CHJIBI U YCKOPEHHS

Y cKkopeHue MaTepruanbHOW TOYKHM IPONOPLUHUOHAIBHO MPUIIOKEHHON K HEU CHIIE
Y UMEET OJMHAKOBOE C HEM HaIpaBJICHUE.

3. 3aKoH paBeHCTBA JCHCTBUS U IPOTUBOACHCTBUSA

BesikoMy NeHiCTBUIO COOTBETCTBYET PaBHOE M MPOTHBOIOJIOKHO HAaIpaBiICHHOE
IIPOTUBOJICUCTBUE.

4. 3aK0H HE3aBUCUMOCTH NEHUCTBUSA CUJI

Heckonbko OAHOBpPEMEHHO JEHCTBYIOLIMX Ha MaTepUAIbHYI0 TOYKY CHII
COOOIIAIOT TOYKE TAaKO€ YCKOpPEHHE, Kakoe cooOmuia Obl el oJHa cuja, paBHAs UX
r€OMETPUUYECKON CyMME.

3aaaum TMHAMUKH.

llepsas 3a0aua Ounamuxu. 3Has MacCcy TOYKHA m U YpPABHEHUS €€ JIBHIKCHHUS
(x=£(); y=£0); z=£f(), ™oxeMm HallTH MOAYIL W  HANpPaBICHUE
PaBHOACHMCTBYIOIIEH CUJI, TPUJIOKEHHBIX K TOYKE.
OTa 3a/1a4a JEeTKO PeIaeTcsl CIEeAYIOUIM MTyTeM:
P =mx", P,=my", P.=mz",

P=P'+P+P,

x ¥y z

=Lt y=b 5
cos(P,i)= P cos(P, j) = R cos(P,k)= R

Bmopas 3a0aua ounamuxu. 3Has CUIIbI, JEMCTBYIOIINE HA MAaTEPUAIBHYIO TOUKY,
ee Maccy m, a TaKkKe HaydajJbHOE TMOJIOKEHHWE TOYKM M €€ HayalbHYI0 CKOPOCTb,
MOJIyYUTh YPABHEHUS JABI)KEHUS TOYKH.

Jlnst pemienusi 3TOW 3amadyu HEOOXOOAMMO B JIeBYIO YacTh ypaBHeHuid (3.10)
MOJICTaBUTh 3HAYEHHE MACCHI /71, & B MPABYIO YaCTh — CYMMBI MPOEKINI MPUIIOKEHHBIX
CWJI U TIOJIyYEHHbIE€ YPAaBHEHUS JBAX/bl IPOMHTEIPUPOBATH 110 BPEMEHHU.

Ora 3amaya uMeeT OO0NbIIOE MPaKTUYECKOE 3HAYEHHE M B OOILIEM ciydyae
ABJIsIETCS O0JIe€ CI0KHOM, YEM IepBasi.

[Ipy wmHTErpupoBaHMM KaxI0ro U epeHINATIBHOTO YpaBHEHUS ABW)KECHUS
TOYKM TOSABISAIOTCS JIBE€ IOCTOSIHHBIE, a IIOTOMY IIpU HWHTETPUPOBAHUU TpPEX
Iu(pepeHINanbHbIX ypPAaBHEHUH JIBUKEHUS TOUYKM OyAeT IIeCTh IOCTOSHHBIX.
3HaueHUsT 3TUX TMOCTOSHHBIX ONPEACISIOT MO0 HA4YaldbHBIM YCIOBUSM JBUKCHHUS:
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3HAYCHHUSIM TPEX KOOPJWHAT TOYKH U MPOCKINI €€ CKOPOCTH HA TPU OCH B HEKOTOPBIN
MOMEHT BpeMeHH, 00BIYHO (HO HE 00s3aTeIbHO) B HaYaIbHBI MOMEHT.
[Iyctp B HadadbHBIE MOMEHT BPEMEHHU f={, MU3BECTHHI KOOPIAMHATHI TOYKH U

MPOEKINH €€ CKOPOCTH HA OCH, T. €.:
[=ty; X=X,5 V=V, Z=2,; (3.1)

X' =xp5 V' =yo5 2= 2. }
OTu 3Ha4YeHMs MOJACTABISAIOT B ypaBHEHUs, MPEACTABIAIOMIKE CO00M obuue

pemenus auddepeHImanbHbIX YPABHECHUHN IBYKCHHS TOUKH.
N3 3Tux ypaBHEHUN ONMPENECIAOT MOCTOAHHbIE uHTerpupoBanus C,, C,,...C, B

3aBUCMMOCTH OT HAYaJIbHbIX KOOpJAMHAT W TMPOEKUUHA HAdyaJbHOM CKOPOCTH.
[loacTaBnsisi HalileHHbIE 3HAYEHUS MOCTOSHHBIX MHTETPUPOBAHMS B OOIIee pellieHue
muddepeHIranbHbIX YPAaBHEHUM ABUKEHUS TOYKHU, MOJTYYalOT YPABHEHUS JBUKEHUS
TOYKH B BUJIE€ ypaBHeHUs 3.12:

X = ﬂ(taxoayoazoaxéayéazé)a
V= [o(6X0 Vs Z0s Xs Vo 50) 5 (3.2)

z= fz(taxmywzwx(,)ay(’)azé)-

HNmvnyabce cuibl. KoinuecTBO ABMKEHUSI MATEPUAIBHON TOYKHA U MEXAHUYECKOU
CHCTEMBI.

Ecnu mocrosiHHas mo MOZYJIIO M HANpABICHUIO CUila P JEHCTBYET B TEUYEHUE
IPOMEXKYTKA BPEMEHU ¢ =1, —{, €€ UMITYJIbCOM 3a ATOT NPOMEXKYTOK BPEMEHHU SIBISACTCS
BEKTOD

S=P-t (3.3)

HamnpaBneHue 3Toro BEKTOpa COBIMANAECT C HAMPABICHUEM CHUJIbI, 2 €r0 MOIYJb

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

Hunynvc cunvl xapakmepuszyem nepeoayy MamepuaibHot mouke MexaHuiecko2o

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

t
NmMmynbc nepeMeHHon Cuiel S = J'Pdt.
0

Monysab ¥ HampaBlICHHE UMITYJIbCAa MEPEMEHHON CHJIBI MOXKHO ONPEACIHUTH IO
CrIoco0y MPOEKITUH.

[TpocyMMHpOBaB MPOCKIMH 3JIEMEHTAPHBIX UMITYJLCOB U TIEpeUIs K Mpeaeny,
MOJIyYMM OIPEICICHHBIE WHTErpalbl IO TEPEMEHHOH ¢, MPEeACTaBIAIOMUE COOOH
MPOSKIIMK UMITYJIbCa S Ha OCH KOOpPIUHAT:

S = tjﬂdt, S, = TPydt, S = ljgdt

h 4 4

KonnyecTBoM ABMXKEHHUSI MaTepualbHONW TOYKM HA3bIBAETCA BEKTOP, UMEIOLIUN
HANpaBJICHUE CKOPOCTU M MOAYJIb, PABHBIM MPOWU3BEACHUIO MAacChl m Ha CKOPOCTH €€
JOBUXXEHUSA V .
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KonuuecTBo nBUXkeHHs, 3aBUCSIIEE OT MAacChl TOUYKU U €€ CKOPOCTH, SBIIAETCS
MEpPON MEXaHUYECKOTO JIBUKECHHUS.

[lonsTe KkonMuecTBa JABWKEHUS ObUIO BBEJEHO B MeXaHUKY Jlekaprom u
IIOJIO)KEHO B OCHOBY MeXaHUKU HproroHOM. EnuHuneil wusMepeHus KoJIU4YecTBa
nBuxeHus sasisiercsa 1 kem/c=1 H-c.

Konuuecmeom osudicenus mexanuueckou cucmemvl Ha3vl8aemcs 6eKmMop, PasHblllL
2eOMempuiecKkol  cymme  (21A6HOMY  B€KMOpY)  KOAUYECME  OBUNCEHUS  CeX
MAmMepuanIbHblX MoYeK 3Mmou  CUCmeMbl.

Ecniu  otnmenpHas Touka cuctembl M, (i=1, 2,..n) uMmeeTr Maccy m,, U

CKOpPOCTH Vl , TO BEKTOP KOJIMYCCTBA ABMKCHUSA CUCTEMbI 0

[Ipeobpazyem Boipaxkenue (3.4):

Q=2 m¥,=2.m dt dt i
S sy =,

d d
0 :E(er): m%szc
O=mV, (3.5)

Beipaxkxenne (3.5) TmOKa3bIBa€T, UTO BeKMOp  KOAUYECMBA  OBUINCEHUS
MEXAHUYECKOU cucmemvl umeem Mooyib, PAGHbLIL NPOU3BEOCHUIO MACCHL CUCTEMbl HA
CKOPOCMb ee YeHMpa MAcc U HanpasieHue Mot CKOpoCmu.

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

IIpoexkuuss KoJnM4YecTBa JBWIKEHHS MEXAaHWYECKOM CHUCTEMBI Ha KaXIYyHO
KOODAMHATHYIO OCb, paBHasg CyMM€ IPOECKLUHMA KOJWYECTB JBH)KEHHUS BCEX TOYEK
CUCTEMBI Ha 3Ty OCb, ONPENEIACTCS IPOU3BEACHUEM MACChl CHCTEMBI HAa MPOEKLUIO
CKOpPOCTH LIEHTpa Macc Ha 3Ty ke OCb.

KuHeTu4ecKkuii MOMEHT CUCTEMBI

Kunetuueckuif MOMEHT  MeXaHMYeCKOH cucTeMbl K,  OTHOCUTENBLHO
HEINOJABW)XHOIO LIeHTpa O SBISAETCS MEPOM ABMKEHUS CHCTEMBI BOKPYT 3TOTO LIEHTpA.
IIpu peleHUH 337124 0OBIYHO IPUMEHSATCS HE caM BEKTOp K, a ero IpOeKIUK Ha OCH
HENOJABW)KHOM  CHCTEMBl  KOOpPJIMHAT, KOTOpPHIE HA3bIBAIOTCS  KMHETHYECKUMU
MOMEHTaMU OTHOCUTENBHO ocu. Hampumep, K, - KMHETUYECKMM MOMEHT CHCTEMBI

OTHOCHUTCIBHO HCHO,Z[BPI)KHOﬁ ocu Oz .
Kunernueckuit MOMCHT MEXaHUYECKOU CHCTCMBbI CKJIaAbIBACTCA H3
KHHECTHYCCKUX MOMCHTOB TOYCK M TCJ, BXOAJAIMIKUX B 3Ty CHCTEMY. PaCCMOTpHM

V4
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CHOCOOBI OMpeAeNeHUus] KMHETUYECKOr0 MOMEHTa MaTepuajbHOW TOYKH M TBEPIOTO
TeNa MPHU Pa3IUYHbIX CIy4asX UX JIBUKECHHUS.
Jlns MaTepuanbHOM TOYKU C MACCOU m, , IMEIOIEH CKOPOCTh V) , KHHETUYECKUU

MOMCHT OTHOCHUTCIIbHO HCKOTOpOﬁ ocu Oz ONpCACIICTCA KaK MOMCHT BCKTOpa
KOJIMYCCTBA ABUKCHUA ATOM TOYKH OTHOCHUTEJIBHO BLI6paHHOﬁ OCH:

K, =m, (mJV,)=rx (mJV).

Kunetnueckuii MOMEHT TOUKM CUYMTAETCS MOJIOKHUTEIBbHBIM, €CJIH CO CTOPOHBI
MOJIOKUTEIIBHOTO HAMPABICHUS OCU JBW)XEHHE TOYKH IMPOUCXOJIUT MPOTHB YACOBOU
CTPEJIKH.

Ecmn Touka coBepmiaer CIOXKHOE JBWKEHWE, ISl  ONPENCJICHUS €€
KUHETUYECKOTO MOMEHTA CJIEAYET BEKTOP KOJUYECTBA JIBUKEHUS mkl7k paccMaTpuBaTh
KaK CyMMY KOJIMYE€CTB OTHOCUTEIBHOTO U MEPEHOCHOTO IBUKECHUMN

mV, =mV, +mV,,.
Torna
K. =m, (mV,)=m (mV, )+m (mV,).
Ho V,, =wh,, tne h, - paccTossHUE OT TOYKH JI0 OCH BpaIleHUs, U

m, (mkl7ke) = mkwhe .he - mkhezw

Pabora cuibl. MomHocTh. KnHeTHYecKasi JHePrusi MATepUAIbHOM TOYKH U
MeXaHUYeCKON CHCTeMbI

J1s1 XapaKTepUCTUKH JACHCTBHS, OKa3bIBAEMOI'0 CHJIOM HA TEJIO IIPU HEKOTOPOM
€ro NepeMEeLIEHUH, BBOJIUTCS INOHATHE O paboTe CUJibl, IIMPOKO HCIIOIb3YyEMOE HE
TOJIBKO B MexaHHKe. CHaudasa BBEIEM MOHATHE 00 3J1eMEeHTapHO! paldoTe.

Onemenmapnoti pabomoui cunbl F, npwioxeHHor B Touke M (puc. 3.1),
Ha3bIBACTCs CKaJIsIpHas BEJIMYWHA

dA=Fds, (3.7)

rae F.— TpOeKIMs CWIbl F Ha KacaTtelbHYH Mr K TPAacKTOPUU TOYKH M ,

HANpPaBICHHYID B CTOPOHY NEpEMENICHUs] JTOW TOYKM (WM TpoeKkuus F Ha

HarpaBJICHUE CKOPOCTH V' TOYKH M ; ds — MOAYJIb DJIEMEHTApHOIO II€PEMELICHUS
TOYKU M .

Puc. 3.1. JIBuXKeHHE TOYKH 110 TPAEKTOPUHU
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Takoe OmnpcACIICHUC COOTBCTCTBYCT NPCACTABICHHUIO O pa60Te KaK O MCpPEC TOIo
JICUCTBUS CUJIbI, KOTOPOC INPUBOIUT K HM3MCHCHHIO MOAYJIA CKOPOCTH TOYKH. Ecnn

Pa3NoKUTh CHIIy F Ha cocTaBisitonme F. U F,, TO H3MEHATh MOJYJIb CKOPOCTH OynIeT

— dv —

F., TaK KaK F, =ma, =m7 (cocraBisiomas F, U3MEHSET WM HalpaBJICHHE BEKTOpa
t

V', WK TIPH HECBOOOTHOM JIBUYKCHUU —CHJTY JIABJICHUS HA CBSI3b).
3ameuasi, 4T0 F. = Fcosa, TIe o — Yroia Mexay F u Mr, nonyuum u3 (3.7)

APYroe BhIPAXKEHUE IS dA :
dA = Fdscosa (3.9)

Ecin yronm a octpblif, To paboTa mnoJjokuTenbHAa. B yacTHOCTH, mpu o =0
arieMeHTapHast paboTa dA = Fds.

Eciu yron o tynoii, To pabota orpuuareibHa. B wactHOCTH, mpu « =180°
aIieMeHTapHast pabota dA = —Fds.

Ecnu yron a =90°, T. e. eciu cuna Hanpasiena nepneHOUKYIapHO nepemeujenuro,
Mo 31eMeHmapHas paboma Cuivbl pagna Hyuo.

3HaK paboOThl WMEET CIEAYIOIMK CMBICH: paboTa TOJOXKHUTEIbHA, KOTa
COCTaBISIOINAsl F, HAlpaBlieHa B CTOPOHY IBWKEHUs (CHJIa YCKODSET ABHKCHUE);

pa60Ta OoTpULIaTClIbHa, KOI'Ja COCTaBJIAIOIIAA FT HaIripaBJICHa IIPOTHUBOIIOJIOKHO

HaIIPaBJICHUIO JBUKEHUS (CUia 3aMEUISIET JBUYKEHUE).
Ecnu yuects, ds=|dr|, Tie dF — BEKTOP 3JIEMEHTApPHOIO IEPEMEIICHHS] TOUKH, 1

BOCITOJIP30BAaThCS W3BECTHBIM W3 BEKTOPHOW aireOpbl TMOHATHEM O CKaJISIpPHOM
MIPOU3BEACHUU JBYX BEKTOPOB, TO PABEHCTBO (3.8) MOXKHO PEACTABUTH B BUJIE
dA=Fdr (3.9)
CrnenoBaTenbHO, 2leMeHmapHas paboma cuivbl pasHa CKAISPHOMY NPOU3BEOEHUIO
CUTIbI HA BEKMOP 2JIEMEHMAPHO20 NepeMeujeHus MOouKU ee NPUL0HCEeHUs.
Eciu B dopmyne (3.9) BbIpa3suTh CKalspHOE MPOM3BEJCHHE YEpe3 MPOECKIUU

BCKTOPOB F U7 Ha KOOPAWMHATHBIC OCHU U YUCCTb, UYTO 7, = x, r=y,nr=z, TO IIOJIYUIUM

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

B KOTOPOM X, ¥, z — KOOPAMNHATHI TOUYKHU ITPUIIOKEHUS CUIIBI F .

Mownocme.

MONTHOCTRIO ~ Ha3bIBACTCSl BEIWMYMHA, OMpEesstonas padoTy, COBEpPIIAEMYIO
CUJION B eauHuIly BpemMeHHU. Eciu pabota coBepiiaeTcs paBHOMEPHO, TO MOIIHOCTH
N =dA/dt, Tne ¢t - Bpems, B T€UEHHE KOTOPOTOo MpousBe/eHa pabora 4. B olmem
ciyvae

N:dA/dtzF,ézFrV
dt

CrnenoBatesbHO, MOWHOCHb PABHA NPOU3BEOEHUIO KACAMENbHOU COCMABNowel
CUJIbL HA CKOPOCMIb.

Ennmnuneit namepenust momuoctu B CU sBnsercs eamm (1 Bt = 1]]x/c). B
TEXHHUKE 32 €IMHUITY MOIIIHOCTH YacTo puHuUMaeTcs 1 J1. ¢, paBHas 736 BrT.
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PabGoTy, mpousBeneHHYI0 MAITUHOW, MOXHO W3MEPSATh IPOU3BEICHUEM €€
MOIITHOCTH Ha BpeMsi paboThl. OTCI0/1a BO3HHKIIA YIIOTPEOUTENbHAS B TEXHUKE €UHHUIIA
U3MEpEeHUs padoThl KMJIOBATT yac.

Beenem mnonsiTue emie 006 OJHONW OCHOBHOM JUHAMHYECKOH XapaKTEPUCTHUKE
JIBUKEHUS — O KHHETUYECKOU dHeprun. Kunemuueckou snepauel MamepuaibHou mouku
HA3bI6ACMCS CKANAPHAS 6euyuHa mV>[2, pasnas nonoeune npousse0eHus MAacchl

MOYKU HA K6aOpam ee CKOPOCmu.

Enunniia u3amepennsi KHHETUYECKOW SHEpruM Ta ke, uTto u padbotsel (B CU — 1
JIx).

Kunemuueckoti snepeueti cucmembvl Hazvieaemcs ckanapuas eeauvuna T, paeuas
cyMMe KUHEeMUYECKUX SIHEPeULl 6cex modex CUCmeMbl.:

_mV;
==k

Kunernueckass dHeprus sBISETCS XAPAKTEPUCTUKOW M MOCTYNATENBHOTO, WU
BpAILlaTEJIbHOTO JBWKEHUUW CUCTEMBI. | JIaBHOE OTIIMYME BENWYMHBI 7 OT BBEIAEHHBIX
paHee XapaKTEPUCTUK KOJIMYECTBA JIBW)KCHUS M KMHETUYECKOIO MOMEHTA COCTOMT B
TOM, YTO KHMHETHUYECKAsl JHEPIUs SABIAETCS BEJIMYMHOW CKaJAPHOM W IIPUTOM Cy-
LIECTBEHHO IOJOXUTENbHOU. [I09TOMYy OHa HE 3aBUCHUT OT HANPABICHUMN JIBUKCHUS
4acTel CHUCTEMBI M HE XapaKTEPU3YET U3MEHEHUH 3TUX HANPABJICHUN.

OTmeTHM elle Cleaylollee BaXKHOE OOCTOATENbCTBO. BHYTpeHHHE CHIIbI
JNEUCTBYIOT HA 4aCTH CHUCTEMBI II0 B3aWMMHO NPOTUBOIOJIOKHBIM HamnpasiacHusAM. 1o
OTOM IPUYMHE OHM, KAK Mbl BHUJCIHA, HE HU3MEHSIOT BEKTOPHBIX XapaKTEPUCTHUK
KOJIMYECTBA JBIKEHUS M KUHETHYECKOro MoMeHTa. Ho ecim nox nelictBuem
BHYTPEHHUX CUJI OyAyT U3MEHATHCSA MOJYJIM CKOPOCTEH TOYEK CUCTEMBI, TO IIPU 3TOM
Oyzaer m3MeHsATbcs U BenuuuHa 7. CienoBaTeNbHO, KUHETHUYECKAs YHEPIUsl CUCTEMBI
OyZeT OTIMYaThCs OT BEIMYMH KOJUYECTBA ABM)KCHHUS U KHHETMYECKOTO MOMEHTA elle
Y TE€M, YTO Ha €€ U3MEHEHNE BIMSET ACMCTBUE U BHEIIHUX U BHYTPEHHHUX CHIL

T
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Tema 4. CTPYKTYpPHBIii H KHHEMATHYECKHII AaHAIHM3 IVIOCKUX MEXaHNU3MOB
OCHOBHBIC IOHATHSA TEOPUU MEXAHNU3MOB U MAIIIUH.

Teopus MEXaHM3MOB M MalllMH - Hay4yHas IUCUUIUIMHA (WM pa3liel HaykKH),
KOTOpas M3y4aeT CTpoeHuEe (CTPYKTYpy), KUHEMATHKy U JUHAMHUKY MEXaHU3MOB B
CBSI3U C UX QHAJIM30M U CUHTE30M.

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

3amaun TMM: pa3paboTka OOIMX METOMOB HCCIEAOBAHUA CTPYKTYpHI,
reOMETPHUM, KHHEMATUKU U JUHAMUKHU TUIIOBBIX MEXAHU3MOB U UX CHUCTEM.

TunoBeIME MeXaHU3MaMH OyJIeM Ha3bIBaTh MIPOCTHIE MEXAHU3MbI, UMEIOIIHNE TIPH
pasnuyHOM (YHKIIMOHATHPHOM HAa3HAYCHUH IMPOKOE MPUMEHEHUE B MAIlWHAX, IS
KOTOPBIX pa3pabOTaHbl TUTIOBLIE METOJIBI M aJITOPUTMBI CHHTE3a U aHAJIH3A.

PaccmoTpum B KkauecTBe MpUMeEpa KPUBOLIMITHO-IION3YHHBIA MEXaHHM3M. OJTOT
MEXaHU3M IIMPOKO MPUMEHSIETCS B PA3JIUYHBIX MAIIWHAX: ABUTATESAX BHYTPEHHETO
CropaHusi, MOPIIHEBBIX KOMIIPECCOpPAaX M HACOCAX, CTAHKaX, KOBOYHBIX MAIlMHAX H
npeccax. B kaxxnom BapuaHTe (YHKIMOHAJIBHOTO HA3HAYEHHUS MPU NMPOEKTUPOBAHUU
HEOOXOMMO YYMTHIBaTh crHenuduueckue TpeOoBaHus K MexaHusMmy. OjHako
MaTeMaTH4YECKHE 3aBUCUMOCTH, ONMCHIBAIOIINE CTPYKTYPY, FTEOMETPUIO, KHHEMATHUKY U
JUHAMUKY MEXaHM3Ma MpU BCEX pPa3IUYHBIX MPUMEHEHUSIX OyIyT NpPaKTUYECKU
OJIMHAKOBBIMH. ['JlaBHOE wiM OCHOBHOE oTianmune TMM oOT y4eOHBIX TUCITUTIIINH
M3y4aroluX METOAbl MPOEKTUPOBAHMS CHEHHAIBHBIX MalmMH B TOM, uro TMM
OCHOBHO€ BHHMAaHHUE YJIENSET W3YYEHUI0O METOJO0B CHHTE3a W aHaim3a, OOIIUX IS
JAHHOTO BHJIAa MEXaHW3Ma, HE3aBUCAIIMX OT €ro KOHKPETHOTO (HYHKIIMOHAIHLHOTO
Ha3HaueHus. CrneuuanbHble AUCUHUIUIMHBI ~ U3Y4YalOT MPOEKTUPOBAHUE  TOJIBKO
MEXAHU3MOB JIaHHOTO KOHKPETHOTO HA3HAYE€HUWs, YICHsAsl OCHOBHOE BHHUMAaHHUE
cnenupuueckum TpeboBaHusAM. [Ipyu ATOM HIMPOKO MCHONB3YIOTCS M OOLIME METOJIbI
CHUHTE3a U aHAJIN3, KOTOPbIE U3y4yaroTcs B kyce TMM.

3BEHO — TBEPAOE TEJO, BXOJSAIIEE B COCTaB MEXaHU3Ma, MPOCTEUIININ SJIEMEHT
MEXaHU3Ma.

CoeauHeHue ABYX CONPHUKACAIOIIMXCS 3BEHBEB, 00ECIEUMBAIOIIEE BO3MOKHOE
JIBUKEHUE OJTHOTO OTHOCUTEINIBHO JPYTOr0 HAa3bIBAIOT KHHEMATUYECKOU Mapo.

Knaccudukanus kuHeMaTHYeCKUX nap.
Kunematnueckue napsi (KII) knaccupuiupyroTcst Mo ciaeIyronmM Npru3HaKaM:
1. mo Buay MecTa KOHTaKTa (MeCTa CBSI3U) MOBEPXHOCTEHN 3BEHBEB:
o HU3IIME, B KOTOPHIX KOHTAKT 3BE€HBEB OCYILECTBISECTCS MO INIOCKOCTU WIIH
MOBEPXHOCTH ( mapbl CKOJIbKEHUS );
o BBICIIHE, B KOTOPBIX KOHTAKT 3BEHbEB OCYIIECTBIISIETCS O JIMHUAM WUJIU
TOYKaM (Mapbl, JOMYCKAIOIINE CKOJIbXKEHUE C TEPEKATHIBAHUEM ).
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. MO 4YHCIy YCJIOBUH CBSI3M, HAKJIAJAbIBAEMBIX Ha OTHOCHUTEJIBHOE JBIKCHHE
3BEHBbEB (YMCIIO YCIIOBUM CBSI3U OMPEIEIIIeT KJIacC KHHEMAaTUUECKOM maphl);
5. MO YuCy MOJIBUKHOCTEH B OTHOCUTEILHOM JBU)KCHUH 3BEHBEB.
newxkenne B KII 3ampemieHo (T.e. Ha JaHHOE OTHOCHUTEIBLHOE JBIKCHHE HaJIOXKEHA
CBSI3b).
Heckonbko 3BEHBbEB, COEAMHEHHBIX KHHEMATUUYECKHMM TapaMu Ha3bIBAIOT
KUHEMATUYECKOH 1ETbIO.
Kunematnueckue 1enu OBIBAIOT IIJIOCKME W TMPOCTPAHCTBEHHBIE, MPOCTHIE H
CJI0KHbI€, OTKPBIThIE U 3AMKHYThIE.

OcHoBHbBIE BH/JIbI MEXaHU3MOB.

MexaHu3Mbl KJIaCCUDUIIMPYIOTCS O CIETYIOUUM TPU3HAKAM:
1. Ilo obmactu npuMeHeHus: M PYHKIIMOHATBHOMY Ha3HAYEHHUIO:
o MEXAaHU3MBbI JICTATEJIbHBIX allllapaToB;
o MEXaHU3Mbl CTAHKOB;
o MEXaHU3Mbl Ky3HEUHbIX MAIIMH U ITPECCOB;
o MEXaHU3MBbI IBUTATEJIEU BHYTPEHHETO CTOPAHUS;
o MEXaHHU3MbI IPOMBIIUICHHBIX POOOTOB (MAHUITYJISTOPOBI);
o MEXaHU3Mbl KOMIIPECCOPOB;
o MEXaHU3MbI HACOCOB U T.]I.
2. 1o BUIy NepelaTOYHON (QYHKIIMK HA MEXAHU3MBbI:
o C IMOCTOSSHHOM MepenaTouyHon (QyHKIMEH;
o C IEepeMEHHON epeaaTouHoN (PYHKITUEH:
*  C HEperyJlIupyemMoil (CHHYCHbIE, TAHT€HCHBIE);
= C peryjJupyemomu:
* CO CTYNEHYATBIM PeryInpoBaHueM (KOpoOKH mepeaay);
» ¢ OeccTymnmeHYaThIM PETyIUPOBAHUEM (BapHATOPHI).
3. mo Buay npeoOpa3zoBaHUs ABMKEHUS HA MEXaHU3MBI PeoOpa3yromIue :
o BpAIIATEJBHOE BO BPAIATENBHOE:
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*  PEAYKTOPBI Wex >~ Wswix;
*  MYJbTUIUIMKATOPBI Mpx < Wprix;
. Myq)TBI Mpx = Mppix,
o BpAalaTENIbHOE B NOCTYNATENBHOE;
o TOCTYIAaTEIbHOE BO BPAILIATEIBHOE;
o TIOCTYIATEJIBHOE B IIOCTYIIATEIBHOE.
4. MO JBMXEHUIO U PACIOJIOKEHHUIO 3BEHBEB B IPOCTPAHCTBE:
o TIPOCTPAHCTBEHHBIE;
o TUIOCKHE;
o chepuueckue.

Bce wmexaHu3Mbl SBISIOTCS  NPOCTPAHCTBEHHBIMM  MEXAaHM3MaMH, 4acThb
MEXaHU3MOB, 3BEHbSI KOTOPBIX COBEPIIAIOT JABMKEHHE B IUIOCKOCTSX MAapaJJIEIbHBIX
OJIHOW TNIOCKOCTH, SIBJSIFOTCSI OAHOBPEMEHHO U IIOCKMMHU, Apyras 4aCTb MEXAHU3MOB,
3BEHBSI KOTOPBIX JIBUXKYTCS MO C(hepuyeCKUM MOBEPXHOCTSIM SKUBUIUCTAHTHBIM KaKOM-
1100 oJiHOM cepe, SBISAIOTCS OTHOBPEMEHHO U C(HepUUSCKUMU.

5. MO W3MEHSIEMOCTH CTPYKTYpbl MEXaHH3MA HA MEXAHU3MBI:

o C HEU3MEHAEMOU CTPYKTYpPOM;

o C U3MEHSIEMOU CTPYKTYPOH.
B nporecce paboThl KpUBOIIMITHO-TIOJI3YHHOTO MEXaHHM3Ma HAcoca €ro CTPYKTypHas
CXEMa BCE BpEMsI OCTAeTCs HEM3MEHHOW. B MeXaHM3Max MaHHIYJIATOPOB B MpOLECCE
paboTHI CTPYKTYpHAs CXeMa MEXaHU3Ma MOYKET U3MEHATHCS. TakK ecliid MPOMBIIIICHHBINA
poOOT BBIMOJIHAET COOPOYHBIE ONEpaluy, HAmpUMEp, BCTABISET IMIMHIPUUECKYIO
JeTajgb B OTBEPCTHE, TO INPU TPAHCIOPTUPOBKE JETAIM €r0 MAHHUILYJISATODP SIBIACTCA
MEXaHU3MOM C OTKPBITOM WJIA Pa30MKHYTOM KMHEMAaTHYECKOM LENbl0. B TOT MOMEHT
KOrJa JeTajb BCTaBJICHA B OTBEPCTHE, KNHEMATHUYECKAs LEMb 3aMbIKAETCs, CTPYKTypa
MEXaHU3Ma H3MEHSETCS, MOJBM)XHOCTh YMEHBIIAETCS HA YHCJIO CBA3EH BO BHOBD
00pa30BaHHON KMHEMATHUECKOH Tape JAeTalb-CTOMKaA.

CIB

Puc.4.3
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CTpykTypa MaHHUITYJISITOpa U3MEHSAETCS U TOT/Ia, KOTJa B OJHON MJIM HECKOJIbKUX
KMHEMATUYEeCKHX Mapax BKIIOYAeTCss TOpMOo3. Torja MOABMXKHOE COEIUHEHHE ABYX
3BEHbEB 3aMEHSIETCS HEIMOJBMKHBIM, JBa 3BEHa IpeobOpasyrorcsa B oaHo. Ha puc. 3
TOpMO3 BKJItOueH B nape C.

H=3
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 — | Y - » — 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 (CO3/1aHNE 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

Puc. 4.8 Puc. 4.9

CTpyKTYpHbBIii aHAJIM3 U CHHTE3 MEXaHU3MOB.

Ctpykrypa m000H TEXHHYECKOW CHCTEMbI ompenenserca (yHKIHOHAIBHO
CBSI3aHHOW COBOKYITHOCTBIO JIEMEHTOB M OTHOLIEHWH Mexay HuMU. [Ipu stom mid
MEXaHU3MOB IO/ 3JE€MEHTAaMU MOHHUMAIOTCS 3BEHbS, TPYIIIbl 3BEHbEB WIIM THUIIOBBIE
MEXaHU3Mbl, a 1oj oTHoweHussMUA noaBrxkHble (KII) nnu HenmoaBUKHBIE COETMHEHNS.
[ToaTOMy mOZ CTPYKTYpOM MeXaHM3Ma IMOHHUMAETCS COBOKYIHOCTb €r0 3JIEMEHTOB U
OTHOLIEHUN MEXAY HUMH, T.€. COBOKYIIHOCTb 3BEHBEB, TIPYIIl WJIM THUIOBBIX
MEXaHU3MOB UM IOABWXKHBIX WJIM HENOJABWKHBIX COEAUHEHUHN. Il'eomerpuueckas
CTPYKTypa MEXaHU3Ma IIOJIHOCTbIO ONUCHIBAECTCSA 3aJaHUEM T'€OMETPUUYECKON (OPMBI
€ro AJIEMEHTOB, UX PACIIOJIOKEHUs, yKa3aHUs BUJA CBA3ed Mexay Humu. CTpykTypa
MEXaHHU3Ma MOXET ObITh Ha pa3HbIX CTAaUsAX IPOEKTUPOBAHUS OIHUCHIBATHCS
pa3IMYHBIMH CPEICTBAMH, C PA3HBIM YPOBHEM a0CTparupoBaHus: Ha (PYHKIIMOHAIBHOM
ypoBHE - (YHKIMOHAJIbHAs CXE€Ma, HAa YpPOBHE 3BEHbEB M CTPYKTYPHBIX TPYMI -
CTpyKTypHasi cxema © T.n. CTPyKTypHas cxema - rpaduueckoe Hu300paxKeHue
MEXaHW3Ma,  BBIIIOJIHEHHOE C  HUCHOJB30BAaHMEM  YCJIOBHBIX  O0OO3HAuUEHUU
pekoMengoBaHHbIX ['OCT (cm. Hampumep ['OCT 2.703-68) winM NOpUHATBIX B
CHelManbHOM JIMTepaType, cojaepikallee HMH(OPMALMI0 O YHUCIE U PaClOJIOKEHUU
AJIEMEHTOB (3BEHBbEB, IPYyIMI), a TAaKKE€ O BUAEC M KJIacce KUHEMATHUYECKHUX Iap,
COCIMHSIONIMX 3TU IEMEHTBHL. B OTIMYME OT KMHEMATHYECKOW CXEMbl MEXAaHHU3MA,




35

CTPYKTYpHasi CXeMa He COJIEPKUT WH(OpMAIUK O pa3Mepax 3BEHbEB U BBIUCPUUBACTCS
0e3 coOmoeHust MacTaboB. ([lpumeuanue: KuHeMaTHYECKas cxeMa - rpaduyueckas
MOJIeTh MEXaHU3Ma, TpeHa3HAYCHHAS [T UCCIICIOBAHUS €T0 KHHEMATHKH. )

IToHsiTHE 0 CTPYKTYPHOM CHHTE3€ M aHAJIU3E.

Kak Ha nr000M 3Tare MpOeKTUPOBAHUS NPHU CTPYKTYPHOM CHUHTE3€ Pa3inyaroT

3a/lauyu CHHTE3a U 3a/1a4d aHaJIN3a.

3amauell CTPYKTYPHOTO aHajiu3a SBISIETCS 3ajada OMpEeesICHHs TapaMeTpoB
CTPYKTYPHI 33JJaHHOTO MEXAaHHW3Ma - YKCJIAa 3B€HbEB M CTPYKTYPHBIX TPYMI, YUCIA U
Buaa KII, yucna moaBm>kHOCTE (OCHOBHBIX M MECTHBIX), YHCJIa KOHTYPOB M 4HUCIa
M30BITOYHBIX CBSI3EH.

3ajadeli CTPYKTYPHOTO CHHTE3a SIBJISICTCS 3a/1ada CHHTE3a CTPYKTYpPhl HOBOTO
MEXaHu3Ma, O00JalallIero 3aJaHHbIMA  CBOMCTBAMHU: YHCIOM  MOJABUKHOCTEH,
OTCYTCTBUEM MECTHBIX MOJIBM)KHOCTEH M W30BITOUHBIX CBS3€H, MUHHUMYMOM YHCIIa
3BEHBEB, C MapaMH OMNPENEJIECHHOTO BUAa (HalpuUMeEp, TOJBKO BpalllaTEIbHBIMH, KaK
HanOoJiee TEXHOJOTUYHBIMU) U T.11.

OCHOBHBIE MOHATHSI CTPYKTYPHOI'O CUHTE3a U aHAJIK3a.

[HoABMKHOCTh MEXaHHW3Ma - YHUCJIO HE3aBUCHUMBIX OOOOUIEHHBIX KOOpPJIMHAT
OJIHO3HAYHO OMpEENsIoniee MOJIOKEHUE 3BEHBEB MEXaHHW3Ma Ha IJIOCKOCTH WIH B
MIPOCTPAHCTBE.

CBs3b - OTpaHUYCHHE, HAIO)KCHHOE HA TIEPEMEIICHNE TeJla 10 JaHHOW KOOpIuHATE.

N36bITOUHbIE (TTACCUBHBIC) - TAKUE CBA3M B MEXAHU3ME, KOTOPHIE MOBTOPSIOT WIIH
OyOIUpPYIOT CBSI3M, YXKE HWMEIOIIHMECs 1O JaHHOW KOOpIWHATe, W TMOATOMY HE
M3MEHSIONINE PeaTbHOM TOBIKHOCTH MexaHu3Ma. [Ipu 3ToM pacdyeTHast o ABMYKHOCTh
MEXaHW3Ma YMEHBIIAETCSA, a CTEMeHb ero CTAaTUYECKONM  HEONMpeaeTMMOCTH
yBenuuuBaeTcs. IHorna ucnoisb3yercss mHoe omnpenaesieHue: M30bITOYHBIE CBSI3U - 3TO
CBS3M YHCIO KOTOPBIX B MEXaHU3ME OIPEACNACTCS PA3HOCTHIO MEXIY CYMMAapHBIM
YUCJIOM CBSI3€d, HAJIOKEHHBIX KUHEMAaTHUYECKUMHU TapaMH, W CYMMOM CTereHen
MOJIBMDKHOCTH BCEX 3BEHbEB, MECTHBIX MMOABMKHOCTEM M 3aJaHHON (Tpebdyemoii)
MOJIBU>KHOCTBIO MeXaHU3Ma B LEJIOM.

MecTHble TOABMXKHOCTU - TOABUHOCTH MEXaHHU3Ma, KOTOPhIE HE OKa3bIBAIOT
BIUSHUS Ha €ro (YyHKIMIO TOJIOXKEHUsS (M mepenatouHble (DyHKIMU), a BBEJCHHI B
MEXaHU3M C JPYTUMH LelsMu (Hampumep, MOJBMKHOCTh POJIMKA B KYJIA4YKOBOM
MeXaHuU3Me OO0eCleYnBaeT 3aMEHy B BBHICIICH Mape TPEHUS CKOJBKEHUS TPEHUEM
Ka4yeHwusl).

OcHOBHbIE CTPYKTYPHBIE (pOPMYJIbI.

OCHOBHBIE CTPYKTYpHbIE (POPMYJIbl OBUIA COCTABIEHBI JJIsi MJIOCKUX MEXaHU3MOB
YeopimesiM T1JI. u I'proGaepom M., mns npoctpaHcTBeHHBIX - ComoBbeiM [1.0. u
ManpimeBbiM. Tak Kak NPUHLMUIBI 3aJI0)KEHHbIE B MOCTPOEHHE BCEX ATUX (PopMyll
OJIMHAKOBBI, TO UX MOXKHO 3amucaTh B 0000IIEHHOM BUJIE:
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H-I
W=Hn+ X (H-i) -pi, (4.1)
i=1

rje: H - 9ucio CTemneHeu MmoJBMKHOCTH TBEPIOTO Tena (COOTBETCTBEHHO MPHU
paccMOTpeHHH MeXaHu3Ma B mpoctpaHcTBe H=6, na nmnockoctu H=3);
A - YUCJIO TIOJIBMXKHBIX 3BEHbEB B MexaHu3Mme; n =k - I,
k - oO11iee unciio 3BeHbEB MEXaHU3Ma (BKIIFOYAsk U HEMOABUIKHOE 3BEHO - CTOMKY);
I - gyucno noasmxkHoctel B KI1;
pi - YUCJI0 KHHEMATUYECKUX Tap C i MOJBUKHOCTSIMHU.

CrpykTypHOU rpynnoil Accypa (Wiau rynmnoil HyJeBOW MOJBUKHOCTH) Ha3bIBAECTCS
KMHEMaTu4eckasi 1Lienb, 00pa3oBaHHAS TOJIbKO MOJBM)KHBIMU 3BEHBSIMU MEXaHU3Ma,
MOJABUKHOCTh KOTOPOH (Ha MJIOCKOCTU U B MPOCTPAHCTBE) paBHa HYIO (W, = 0).

KoHeuHnble 3BeHbsl rpynn Accypa, BXOAAIIME B JIBE€ KMHEMATUYECKHE Iaphl, U3
KOTOPBIX OJJHA MMEET CBOOOIHBIN JIEMEHT 3BEHA, HA3bIBAIOTCS HOBOJKAaMU. [ 'pyImIbl
MOTYT OBITh Pa3JIMYHON CTENEHU CIO0KHOCTU. CTPYKTypHBIE TPyMNIbl Accypa JAensrcs
Ha KJIACChl B 3aBUCHUMOCTH OT YMCJIa 3B€HbEB, 00pa3yrOIIMUX IPYIIy, YMCIa IOBOJKOB B
rpymIe, Yucia 3aMKHYTBIX KOHTYPOB BHYTpH Ipynnsbl. B npenenax knacca (mo Accypy)
Ipynnsl MOAPA3JENAIOTCS 0 YHUCIy MOBOAKOB Ha MOPSAKU (MOPSAOK TPyHIbl paBEH
YHCITy €€ MOBOJKOB). MeXaHu3Mbl KJIaCCU(PHUIHMPYIOTCS MO CTENEHH CIOKHOCTH TPYIII
BXOJSIIMX B MX cocTaB. Kjacc W MposAOK MEXaHW3Ma ONPENENsieTCsl KIacCoM U
MOPSAIKOM Hanbosiee CI0KHOW U3 BXOASAIIUX B HEro Tpymi. OcoO0eHHOCTh CTPYKTYPHBIX
rpynn Accypa - UX cTaTHdeckas onpeaenumocts. Eciu rpymnmy Accypa cBOOOAHBIMU
AJIIEMEHTAaMU 3BEHbEB IMPHUCOCAMHUTH K CTOMKE, TO 0Opa3yeTcsi CTaTUYEeCKU
onpenenumasi ¢pepma. Mcnonessys rpynmbsl Accypa yaoOHO NMPOBOAWTH CTPYKTYPHBIH,
KMHEMATHYECKUN U CUJIOBOW aHAJIN3 MEXaHU3MOB.
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Tema S. IIpocTbie BUABI AedopManuii
OcCHOBHBIC IOHATHS.

ComnpoTuBiIeHHE MAaTepUAIOB — HayKa, B KOTOPOM M3JI0KEHbl NMPUHLHUIBI U
METOAbl pacueTra 4YacTel COOpPYKEHMH M MalluH Ha MPOYHOCTb, KECTKOCTh H
YCTOWUYUBOCTb.

IIpounocms — cOCOOHOCTh KOHCTPYKIIMHM BbIIEPKUBATh 3aJaHHBIC HArpy3KH
0e3 pa3pyiieHusl.

Kecmkocms — CIOCOOHOCTH J€Tald BOCHPUHHUMATH 3a/laHHBIC BHEIIHUE
Harpy3Kd, HE W3MEHSS COHW TMepBOHAYAIbHBIC (OPMBI M pa3Mephl BBIIMICE HOPM
YCTaHOBJICHHBIX Ha OCHOBE yCJIOBHI €€ HOpMaJIbHOU pabOTHI.

Yemotivueocms — CnOCOOHOCTh KOHCTPYKIIMHM COXPAHSTh MEPBOHAYAIBHYIO
(dbopmy paBHOBECHS.

B omimume OT TeopeTHyecKoll MEXaHWKH, B CONPOTUBICHUM MaTEpUaOB
paccMaTpHUBaIOTCS 33Jlayd, B KOTOPBHIX BCE Teja MPUHUMAIOTCS AehOPMHUPYEMBIMH, TO
€CTh CIOCOOHBIMU U3MEHSTh NEPBOHAYAIBHYIO (OPMY M pa3Mepbl MpH JACUCTBUU Ha
HUX BHEIIHUX cuil. Jledopmaliuu, MOJTHOCTHIO MCYE3AOIINE MTOCIE HATPY30K, Ha3bIBAIOT
ynpy2umu, a OCTArOIMECs — IIACTUYECKUMU UM OCTaTOYHbIMU. Marepuall Ha3bIBaeTCs
aOCOJIIOTHO YOPYTUM, €CJIM IOCJE MNPEKpallleHUus JACHCTBUS HAa HEr0 BHEIIHUX CHUJI
MOJTHOCTHIO MCYE3al0T BhI3BAHHBIE CUJIaMu JedhopMariii. B mensx co3nanus mpoCcThIX U
YAOOHBIX I WHXXCHEPHOW TPAKTUKH PACUETOB WCIOJIB3YIOTCS pAa3INYHbIE TIPH-
OJI>KEHHBIE METOJIbI, KOTOPHIE 3aCTABIISIIOT MPUOETaTh K JOMYIICHUSIM U THUIIOTE3aM O
CBOICTBaxX MaTepuasoB U XapakTepe aedopMaluu.

OCHOBHBIE TONYIIEHHS O CBOMCTBAaX MaTEPHAIOB:

1) 'unoresa CrIOMIHOCTH M OAHOPOAHOCTH Matepuana. [1o 3Toit runoTese npeamnosara-
€TCsl, YTO MaTepuaj MOJHOCTHbIO 3aIOJIHSIET BeCh 00beM 0e3 Kakux JIMOO MyCTOT U
CBOMCTBa MaTepuaa He 3aBUCAT OT BEJIMUMHBI BBIIEIEHHOTO U3 Tela 00beMa.
2) I'unore3a uzotrponHoctu. CrjiomHas cpea SBISAETCS U30TPOIHOM, TO €CTh (PUZUKO-
MEXaHUYECKUE CBOMCTBA MAaTEpUAJIOB BO BCEX HAIPABICHUSAX OAWHAKOBBI. Marepuaisl,
He 00Jajaronire yKazaHHbIM CBOMCTBOM, Ha3bIBAIOTCS aHU30TPOMHBIMUA. AHU30TPOITHO
nepeBo, bymara, panepa.
3) T'umore3a wunpeanbHOM ympyroctu. [lo ompeneneHHbIX MPEAeNioB HarpyXeHUs
MaTepuan SBISETCS uaeanbHO ynpyrum. [Ipu OombmMx Harpy3kax BCE MaTepUaibl
nepecTtalT o0iagaTh 3TUM CBOWCTBOM, a MO3TOMY JaHHAs THIOTE3a CTaHOBUTCS
HENPUMEHUMOM.

Jlomy1ieHus cBI3aHHbBIE C XapaKTepoM edopMariuii.
1) Tunote3a mamoctu aedopmanmii. [lepemerniennss BO3HUKAIONINE B YIPYTUX TeEIax
I0J] BO3/ICMCTBUEM BHEUIHUX CHUJI, MAJIbl 10 CPABHEHUIO C pa3MepOM Teja. ITa ruroTesa
NO3BOJIIET MPU COCTABJIECHWHW YPABHECHHI PABHOBECUS HE YUHUTHIBATh U3MECHEHUS B
PACIIONIOKEHUU CHII. YKa3aHHOE JIONYUIEHWE HOCUT HA3BAHUE IMPUHIMIA HAYAIBHBIX
pa3mepoB. [IporiumrocTpupyeM TaHHOE MOJI0KEHUE MPOCTHIM TPUMEPOM. MOMEHT CHJIbI
F ornocurensHo Touku A 3azenku cuutaioT paBHbIM Fl, a ne Fl; , Tak kak pasnuna
Mexay | u 1} He3HauuTenbHa.
2) T'unore3a nuHeHoOCcTH Aedopmanuid. [lepemenieHuss Touek ynpyroro Tejia mpsiMo
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MPONOPIUOHAIBHBI  JEUCTBYIOIMM Harpy3kam. CyTb JONYyLIEHUs TMOKaXeM Ha
npumepe. Ecnu Oanka npu aeiictBuu cuiibl F mpornercs Ha Benuuuny f, To BaBoe
OoJiplllasi cujia BBI3OBET Mporud Oanku B JBa pa3a Oonbinuii — 2f. Tema, ms KOTOphIX
CIpaBeUIMBa YKa3aHHas FUI0Te3a Ha3bIBAIOTCS JIMHEWHO 1e(POPMUPYEMBIMH.

3) IlpuHuKnI HE3aBUCUMOCTH AEUCTBUS CUjl. Pe3ynbTaT JeHCTBUS Ha TEJIO CUCTEMbI CUJT
HE 3aBUCUT OT MOPSJAKAa NPWIOKEHHS BHEIIHUX CHJI U PABEH CyYMME pE3YJIbTaTOB
JNIEUCTBUS KaXJIOW CWIbl B OTAEIBHOCTU. IlyCcTh HaA TEno meucTByeT nBe cuibl Fi u F
npu 3TOM Touka A Oanku noiay4dut nepemenienue f. Ecnu x Ganke mpunoxuts cuiny F;
Touka A momyuyut nepemeuieHue fi, npu neiictBuu cuibl F, — nepemenienne fr. [Ipu
OJTHOBPEMEHHOM JIEWCTBUU OOEUX CUJI MEepeMEIIeHNe TOUYKU A PaBHO airedpanyeckoi
cymme nepemertiennii f; u fr: =f,+f,

VYKa3zaHHBII NPUHLKI HOCUT Ha3BaHUE CYINEPIIO3ULIHMH, U OH CIPABEIJIUB JIHUIIb
U1 TMHEHHO 1e(OpMHUPYEMBbIX Te.

B conporuBiennn MarepuanoB HUCCIEI0BAaHUE BOIPOCA O MPOYHOCTH PEATBHOTO
00bEKTa HAYMHAETCS ¢ BbIOOpa pacyeTHOU cxembl. [Ipuctynas k pacuety, HEOOX0AUMO
BBIJICJIUTh CaMO€ CYUIECTBEHHOE JJIi paccMaTpUBAaEMOTO 3JIEMEHTa, OTOPOCHB
YaCTHOCTH, HECYUIECTBEHHBIE IJI PEUICHUS, HO 3HAYUTENBHO €0 YCIOKHSIOIINE, TO
€CTh CO3/1aTh PACUETHYIO CXEMY JIEMEHTOB.

Pacuetnas cxema — 3TO pealbHbIH  OOBEKT, OCBOOOXKIECHHBIH  OT
HECYILIECTBEHHBIX OCOOEHHOCTEH.

[To reomeTpryecKkuM MpHU3HAKAM BCE pealibHBIE Tella MOTYT OBITh OTHECEHBI K
TaKUM PacUYeTHBIM cxemaMm: Opyc, 000JouKa, MIaCTMHA M MaccuBHOe Temno. [[nst Toro,
YTOOBI PACCUYMTHIBAEMBIN 3JIEMEHT OTHECTH K OJHOW M3 YKa3aHHBIX CX€M, HEOOXOIUMO
3HATh FEOMETPUYECKHUE MPU3HAKU KaKJIOTO U3 HUX.

bpyc — teno, onuH pazMep KOTOPOro — JJIMHA — 3HAYUTEIBHO ABYX JAPYTHX —
HIUPUHBL U ToMUHBL [1o Buay ocu Opychbs MOTYT OBITH MpPSIMBIMU U KpUBBIMU. Eciu
CEYEHHE HU3MEHSETCS MO JJIMHE Opyca, TO OH Ha3bIBaeTCs OpycoM IEPEMEHHOIO
CEYEHUS.

Obonouka — TeNo, OJUH pa3Mep KOTOPOro — TOJIIMHA — 3HAYUTEIHHO MEHbIIIE
IBYX NPYTUX — paguyca KpUBU3HBI U JJIHBI.

IInacmumny MOXHO paccCMaTpUBATh KaK YAaCTHBIM ciyyall 000JI0YKH OECKOHEYHO
O0JBIIOTO paguyca KpUBU3HBI.

Maccues — temno, Bce pa3Mepbl KOTOPOTO COU3MEPHUMBI.

LenTpajbHoE pacTsKeHHe-C:KaATHE.

[lon pacmsocenuem (cocamuem) MOHUMAIOT TakOW BUJ AedOpMaIlUd CTEPIKHS,
IIPY KOTOPOM B €T0 ITONIEPEUYHOM CEYEHUHU BO3HUKAECT JIMIIb OJMH BHYTPEHHHUN CHIIOBOMI
¢dakrop - nponoabpHas cuia N.. [lockoibKy IpoAobHas CHila YUCIEHHO paBHA CyMMe
IPOEKIUHN, NMPUIOKEHHBIX K OJHOM M3 OTCEYECHHBIX YacTEH BHEIIHMX CWJI Ha OChb
CTEpKHs ()11 MPSIMOJIMHEWHOIO CTEPKHSI OHA COBIIAJIAE€T B KAXJAOM CEYEHUH C OChIO
0:), TO pacTsKEHHE (CHKATUE) UMEET MECTO, €CIIM BCE BHEIIHUE CUJIbL, JEHCTBYIOLIHUE 1O
OIHYy CTOPOHY OT AAHHOTO NONEPEYHOTO0 CEYEHMS, CBONATCS K PABHOACHCTBYIOLIEH,
HaIIpaBJIECHHOUN BIOJIb OCU cTepkHA. OHA U Ta ke MPOoAOJbHas cwia N, Ipu JEHCTBUN
Ha pa3au4Hble YacTH CTEpKHSA (JIEBYH0 WIM MPaBYHD) HMEET MPOTHUBOINOJIOXKHbBIE
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HampaBieHus. 3HaK N, 3aBUCHUT OT XapakTepa BBI3BIBAEMON €10 Jae(opMaiuu.
[IpononbHas cuiia CYUTAETCS TIOJIOKUTEIIBHOM, €CJIM BbI3bIBAET PACTSKEHUE DJIEMEHTA,
Y OHA OTpHUIIATENIbHA, €CJIM BBI3bIBAET CHKATHE.

"‘}\n P, P W, =0 A =0

L S — e NN —H—H—

Ny £y
P S S — e M= ————1+ A =0
P . —
s — I —
[
M
= p. &)

Jliis Toro, 4To0b CPOPMYTUPOBATH MPEANOCHUIKH TEOPUHU PACTSHKEHUS (CHKaTHs)
MPU3MATHUYECKOTO CTEPXKHS, 00paTuMcs K sKcriepuMenty. [lpeactaBum cebe cTepeHb,
W3rOTOBJICHHBIA M3 KaKoro-imbo MOJATIMBOTO MaTepuana (HalpuMep, pe3uHbl), Ha
OOKOBYIO TMOBEPXHOCTh KOTOPOrO HAHECEHa CHCTEMa IMPOJOJIbHBIX U TMONEPEYHBIX
pPUCOK. DTa OpPTOrOHaJbHAs CHCTEMA PUCOK OCTAETCS TAKOBOM M MOCIIE MPUIOKEHUS
pacTaruBarolield Harpy3ku. IIoCKONbKY MONEpedHble PUCKH SABISIIOTCSA  ClIeJaMu
MONEPEYHbIX CEYEHH Ha I[IOBEPXHOCTU CTEPKHSA M OCTAOTCS MPSAMBIMU U
NEPIEHANKYJIAPHBIMA K OCH CTEpPXKHS TO 3TO CBHJIETEIBCTBYET O BBIIOJHEHUU
eunomesvl naockux ceuenui (bepnyniu). C yderom cunomesvl 06 omcymcmeuu
NONEpeuHo20 83AUMOOCUCMEUs NPOOOIbHLIX B60JOKOH TPUXOAUM K BBIBOJY, YTO
aepopManusl pACTSKEHUS CTEPKHS CBOAUTCS K OJHOOCHOMY pPACTSDKEHHIO €ro
IOPOAOJBHBIX BOJIOKOH, M B IIONEPEYHOM CEYEHMHM CTEP)KHS BO3HHUKAIOT JIUILIb
HOpMaJIbHbIE HANpPSDKEHUS d, UHAEKC 2 y KOTOpBIX omyckaeM. OpTOroHaJbHOCTbH
IIPOJIOJIBHBIX U MONEPEYHBIX PUCOK CBUIETENBCTBYET TaAKKE 00 OTCYTCTBUH C/IBUIOB, 4,
CJIEIOBAaTEIbHO, U CBSI3aHHBIX C HUMH KACAaTEJIbHBIX HANPSDKEHHWH 71 B MONEPEYHBIX U
IIPOJIOJIBHBIX CEUEHUSIX CTEPKHS.

_ —_ ¥ 4

6)
Puc.5.3 Puc. 5.4

Torna mnpoponbHas cuna N'" paBHas CyMMe IIPOEKUMH BHYTPEHHHX CHJI,
JNEUCTBYIOUIMX B JIaHHOM IIONEPEYHOM CEYEHHMH IUIOIaap0 £ (puc. 5.4) o4yeBUAHO
Oynet paBHa

vy =[] oar

(5.1)
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DTO COOTHOIIICHHE SIBISIETCSI YPABHEHUEM PABHOBECHUS CTATHKH, CBSI3bIBAIOLIUM
IPOJOJIbHYI0 CUJy N., U HOpMalbHOE HANpSKEHHWE G, KOTOPOE B OOIIEM Ciyyae
saBisieTcsl QyHKIMEW KOOPAMHAT X U Y U TIO3TOMY HE MOKET OBITh HAWJIEHO W3 OJHOTO
mumib | ypaBHeHHs CTaTUKU . TakuM 00pa3oM, 3a7ada ONpeaesieHus HApsDKSHUH Take
B CaMOM IMIPOCTOM cCiy4dae aAeGOpMHUPOBAHUS CTEPKHS (PACTSIKEHUU WM CIKATHN)
OKa3bIBACTCS CTATUYECKHA HEOIIPEIEITUMOMN.

Heobxomumoe miist penieHrs 3Tol 3a7a4d JTOTOJTHUTEIIEHOE YPABHEHNE BHITCKACT
W3 THINOTE3bI INIOCKUX ceueHUU. [I0CKONMbKY MONepeUHble CEUEHUs CTEPKHS, OCTaBASICh
IUIOCKMMU U TIEPIEHAUKYIISIPHBIMU K OCU CTEPKHSI, B Ipouecce AehOpMUPOBaHUS JIUITh
MOCTYIATEIbHO MEPEMEIAIOTCS BJOJb OCH CTEPXKHS (YTO MPUBOJIUT K OJMHAKOBOMY
YIJMHEHUIO BCEX MPOIOJbHBIX BOJIOKOH), TO MPUXOAUM K YpaBHEHHUIO €=const, U3
KOTOPOTO BBUJlYy OJJHO3HAYHOCTHU CBSI3U G U € (I JMHEHHO-yNPYyroro Marepuania 3To -
3akoH ['yka: c=Eg.) BbIT€KaeT, 4To

G = const.
Pemrast coBMecTHO ypaBHEHUA NOIYy4YUM, 4TO N.=GF unu
c =N./F.

Takum oOpazom, IpU PacTHKEHUH (CHKATHH) MPU3MATHYECKOTO CTEPIKHS HOPMAJIbHBIE
HaNPsOKEHUS pAaBHOMEPHO paCIpelleieHbl 10 TOMEePEYHOMY CEUYCHHIO, & KacaTelIbHbIC
HaTPSOKEHUSI B CEYEHHSIX OTCYTCTBYIOT, UTO SIBIISIETCS CJIICJCTBUEM THIIOTE3bI TUIOCKUX
ceueHui. YKa3aHHOE, HECMOTPS Ha, Ka3aJloCh Obl, OYEBUIHOCTh U MPOCTOTY, SIBISICTCS
(GbyHIaMEHTaIBHBIM PE3yJbTaTOM, CIIPABEAJIUBBIM, CTPOTO TOBOPS, JHIIb JIS
NpU3MATHIECKOTO cTepHS. OHAKO B MHKEHEPHOH MPAKTUKE €T0 MCIONB3YIOT U IS
NpUOTMKEHHOW OIEHKH HOPMAJIbHBIX HAMPSDKEHUH B CTEP)KHSIX MEPEMEHHOTO CEUCHHS.
IIpu 3TOM, 4YTOOBI TOTpeIHOCTH (OPMYJIbI ObLIa HEBEIHMKA, HEOOXOJUMO, UYTOOBI
TJIOMIAh TTONIEPEYHOTO CEUCHUS CTEP>KHS M3MEHSJIACh JIOCTATOYHO IIJIAaBHO BIIOJIh €TO
OCH.

VYcaoBue MPOYHOCTH TPHU PACTSHKCHUHM (CXKATUH) TMPU3MATHUYECKOTO CTEPXKHS IS
CTEpXHS M3 IJIACTUYECKOro Martepuania (T. €. MaTepuasna, OAMHAKOBO pabOTAOIIEro Ha
pacTsHKEHUE U CKaTtrue) Oy1eT UMETh BH/I:

=N/ F=[g], (52)
rae [c] - momyckaemoe HampspbkeHue. HampspkeHue G B yCIIOBHM MOJCTAaBISETCS 110
MOJIYJNI0, TaK KaK 3HaK G B 3TOM CIy4yae pojid He urpaer. s cTepkHed U3 XPYyHKUX
MaTepUasIoB, HEOJMHAKOBO CONPOTUBIIIOIIMXCA PACTSIKEHUI0O W CKATHIO, 3HAK
HANpPSsDKEHUST UMEET MPHUHIMIIUAIBLHOE 3HAUYEHHE, U YCIOBUE MPOYHOCTH MPUXOJIUTCS
bopMynrupoBaTh OTAEIBHO ISl PACTSKEHUS U CHKATHUS:

l"_.'Fp:Nz.I'IFE[CFp] .
loe |=| 2| F 2le, 1.

IZIe Gp U G - HANPSDKEHUS PACTSDKEHUS U CKaTus, a [Gp| U [Gc] - OTBETCTBYIOIME UM
JOMyCKaeMble HAMPSHKEHUS.

B npakTuke MHKEHEPHBIX PacyeTOB, UCXO/I U3 YCIOBUSI MPOUYHOCTH, PEUIAIOTCS
TPU OCHOBHBIE 3aJja4ll MEXaHUKHA MaTepuagoB KOHCTPYKLHA. B nmpuMeHeHun K ciyyaro
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pacTshkeHus: (CKaTusl) TPU3MATUYECKOTO CTEPXKHS OTHU 3adadqd  (POPMYIHPYIOTCS
CIEAYIOIIUM 00pa3oMm.

[IpoBepka mpoyHOCTH (TTOBEPOUHBIM pacyeT). ITOT pacyeT MPOBOJIUTCS, €CIIH
Harpy3ka (B HallleM cllydae €€ MpeacTaBisieT V.), ceueHue CTep>KHs [ 1 ero marepuan
[c] 3amaHbI.

Heobxoammo yoenuThCsi, 9TO BHITOTHSAETCS yCIOBUE MTPOYHOCTH:
o=N I F=g],

[IpoBepouHBI pacyeT 3aKJIHYaeTCs B TOM, UTO ONpenensercs (paKTHYSCKUM
Kod(ppUIIMEHT 3araca NPOYHOCTH 7 U CPABHUBAETCS ¢ HOPMATUBHBIM KOA(DPHUITUEHTOM
3araca [n/:

F CF*F

2= = [x] .

ad N

rae o* - mpenenbHOE (WJIM OMACHOE) HAMPSDKEHHE, T. €. HANPSHKCHHE, BBI3BIBAIOIIECE
OTKa3 »JJeMEHTa KOHCTPYKUMH (HAallOMHUM, 4YTO, Hamnpumep, I CTEpXKHS U3
IUTACTUYHOIO MaTepuala 3TO-Ipe/iesl TeKYYECTH ST WJIU YCJIOBHBIA NpeleN TeKYy4YecTH
60,2).

[TonGop ceuenus (MpoekTHBIN pacueT). B aTom pacuere mo 3agaHHON Harpyske
(N:) ompenenstorcsi pa3Mepbl MOMEPEUYHOro cedyeHus:i crepxHa (F) U3 3aJaHHOTO
Marepuasia ([c] nmano). MuHuManbHOE 3HadYeHHE F MOJy4YUM, €CIIU B YCIOBHUH
IPOYHOCTH NMPUHATH 3HAK PABEHCTBA:

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

Onpenenenue odonyckaemou HA2py3Ku, TO €CTh MAaKCUMaJIbHOIO 3HAYEHUS
Harpy3ku, KOTOpO€ JOMYyCKaeT AaHHBIA 3JIEMEHT KOHCTPYKIuU (I u [c] mansl) npu
BBITIOJIHEHUU YCIIOBUSI POYHOCTH:

[N] = [o]F.

3akon I'yka.

L,

Puc. 5.5

Ilycts mepBOHaualibHasA JJIMHA PACTSAHYTOTO CTEpXkHA paBHa L, a mimHa mocnie
nedopmaruu L. Ilpupamenune mmuaet AL = L — L — HaspiBaeTcst aOCOIIOTHBIM
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yATUHEHUEM CTepkHs, a oTHomeHue AL / L = & — Ha3pIBaeTcs OTHOCHUTEIHHBIM
yaIuHeHneM. M3 MHOXECTBa ONBITOB YCTAHOBJIEHA CIIEAYIOIIAs 3aBUCUMOCTb, KOTOpas
[OJIy4MJIa Ha3BaHue 3aKoH ['yka:

e=oc/E,

I'ZIe G — HOPMaJIbHOE HANPSKEHUE,

E — Moxyne ynpyroctu nepBoro pajaa uiam moayiss FOnra.

B mpenenax manbIX yIIMHEHMH JUis OOJBIIMHCTBA MaTEpUAOB CIPABEIIUB
3aKkOH ['yka - HOpMaJbHBIE HAIlPsHKEHHWS B IIONEPEYHOM CEYEHUU MPSIMO
MPOMOPLUUOHATIBHBI OTHOCUTENBHOMN JIMHEHHON NedopMallui € o = Ec.

Koadpdunuent nponopruonansbHoctd E - MOAydas NpoOAOiIBHONW YHPYroOCTH, €ro
BEIMYMHA IIOCTOSHHA U1 Kaxaoro Marepuana. OH XapakTepu3yeT KECTKOCTh
maTtepuaia, T.e. CIIOCOOHOCTb CONPOTUBIATHCS AEPOPMUPOBAHUIO TOJ JEHCTBHEM
BHEIIHEH HATPY3KHU.

Cpennue 3HaueHus £ 1 4 111 HEKOTOPBIX MaTepyalioB JaHbl B Ta0iuie 5.1.

TaOmuma 5.1
3HavyeHus MoyJs ynpyroctu E u kodddunmenta [Tyaccona v
Marepuan E, Mlla v
Craib (2-2.2)-10° 0.24-0.3
Turan 1.1.10° 0.25
AmoMUHUI 0.7-10° 0.32-0.36
Menb 1.0-10° 0.31-0.34
Yyryn (1.1-1.6)-10° 0.23-0.27
Pe3una 1.0-0.8 0.5
[Tpobxka - 0
Crexi0BoJI0KHO | (0.18-0.4)-10° 0.25
JlepeBo 1-10* -
AL =NL / ES, (5.4)

rae N — nponosibHas cuia,
S — mIomaae ceueHus,
L — nnuHa crepxHs,
E — monyns FOHra.
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HamnpsbkeHHOE  cOCTOSIHME, TMpPU  KOTOPOM HA TpaHAX MPSAMOYTOJIbHOIO
AJIEMEHTa BO3HUKAIOT TOJIBKO KAacaTeJbHbIE HANpPsDKEHUS 7, HA3bIBA€TCd YHCTHIM
CABUIOM. OKCIEPHUMEHTAIbHO YHCTBI COBUT MOXKET OBITh OCYIIECTBIEH MpHU
KPYYeHUH TOHKOCTEHHOUW TpyOsI (puc. 5.6).

Paccmotpum snmeMeHT abced, BbIpe3aHHBI W3 TOHKOCTEHHOW TpyObl. Ilpm
BO3HMKHOBEHMHU KacaTeJIbHbIX HANpsDKEHUH JJIEMEHT MmepekamuBaercs. Ecau
CUMTaTh TIpaHb ab 3aKpeIuIeHHOH, TO TpaHb cd CABUHETCS B MOJOXEHUE cd,.

Bce mpsMble yriael MeXAy TpaHSAMH M3MEHATCA Ha BEIWYMHY ¥, KOTOPBIM

Ha3bIBaeTCsl yIrJaoM caBura. KacaTenbHble HanpspKEHUST M yroJl CABHUIA CBSI3aHBI
OpsMOM MPONOPLMOHANIBHOCTBIO, T.€. 3aKOHOM ['yka mpu ciaBure:
=Gy (5.5)
rae G - MOIyNb cABUra (MOIYJh YIPYTOCTH BTOPOTro poja); mms cramu G =8-10°
Mra.
Mexny moxyinem ynpyroctu E u G cyuiecTByeT CBS3b:

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

Kpyuyenue.

4 Hedopmarus Kpy4eHUs BBI3BIBACTCS
( ( () CKPYYMBAIOIIMMHA MOMEHTAaMHM, IIJIOCKOCTH JIEUCTBUS
S KOTOPBIX TEPHEHIUKYISIPHBI MPOJOJIBHON OCH (pHC.
2.7).
IIpyn kpydyeHMM BO3HHKAET OJWH BHYTPEHHHUU CHIIOBOM
Puc. 5.7. dakrop - KpyTsamuid MOMEHT M, .

XapakTtep  pacmpenesieHus  HanpshKeHWH 1o
CEUCHHIO BBISICHUM, PAacCCMOTPEB TE€OMETPUYECKYIO KapTUHY JAepopMaii Baja.
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JUis  9TOrO HA  TOBEPXHOCTH HAHECEM CETKy, COCTOSIIYI0 W3  JIMHUH,
napajuleIbHBIX OCH, W JIMHUH, MPEACTaBISIONIMX COOOW mMapayuieNbHbIe KpPYTH.
[locme mpWIOXKEHUS  CKPYYMBAIOIIETO  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 CEUYECHUSIX, OCTAIOTCA MNPAMBIMH (puC. 5.8).

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

1. Tlonepeynbie cedyeHUs Baja OCTAIOTCA MpU JAePOpMaALMHU TUJIOCKUMU H
NEPHeHJAUKYIAPHBIMU K ocu Baima. OHM  JHIIb  TOBOPAYMBAIOTCS  OJIHO
OTHOCUTEJIBHO JPYyroro Ha HEKOTOPBIM yroj 3akpyduBaHUs, OOO3HAYaeMbId @ .

(rumoTte3a MJIOCKUX CEUYEHUN).
2. PaccTosiHus Mexay MONEPEYHBIMU CEUYCHUSIMH OCTAIOTCS HEU3MEHHBIMH.
3. Paguycel, mpoBefeHHbIE B TMOINEPEYHBIX CEUEHHUAX, NMpHU JedopMmManuu He

HCKPHUBJAKOTCA.
|

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

N m 3 = TOrJla yroia TOBOpPOTa CEYEHUs H—n,
/ Z Z pacmoJIOKEHHOT0  Ha  paccTosHuM  dg,
oyner @+de. CraegoBaTenbHO, yroi

3aKpYYMBaHMUS ydacTKa Baja JUIMHOW dZ

Puc. 5.9
paBeH dg.



45

< 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 | ToBOpauMBasCh B IIOCKOCTH MOMEPEYHOTO  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 06p330M, paCCMOTpCHHBIﬁ QJICMCHT HaXOIHUTCSA B YCIOBHUAX YHUCTOI'O
caBura Hu, CJICHOBATCIIbHO, Ha €TI0 TIpaHAX I[efICTBYIOT KaCaTCJIbHBIC HAIIPAKCHUSA
7.

. bb,
gy =—,=V.
ab
do
VYuuteiBas, uto ab=dz, a bb, =r-dgp, yron casura: y = rd—.
Z
do
OtHomeHue A =0 Ha3bIBACTCS OTHOCUTEIbHBIM TOTOHHBIM  YIJIOM
v4
1 pan
3aKpy4YMBaHUS | — | WK | ——
M M
y=0-r
Ecmn paccMOTpeTh nedhopmaruio MPSMOYTOJIBHOTO 3JIEMEHTA,

pPacmoJIOKEHHOTO BHYTPH Bajla HAa TMPOW3BOJBHON IUIUHAPUYECKONW IMOBEPXHOCTH
paguyca p, T0 yrom cisura y, =6p.
HaiimeM 3aBUCHMOCTH MEXIy HaOpsDKCHUSIMU U JaeopManusMu  Mpu
kpyuernn. C yderoMm 3akoHa ['yka mpu YUCTOM CIBUTE
7,=G-y,=G-0-p
W3 nByx mocinemHux (GOpMyN cleAayeT, 4TO yribl CABUTAa M KacaTelbHbBIE

HAIIPpSOKCHUA B IMOIICPECYHOM CCUHCHHUM H3MCHAKOTCA 110 HHHCﬁHOMy 3aKOHY IIPpsAMO
IMPOIMOPHUOHAJIBHO PACCTOAHUIO p TOYCK OT HCHTPA CCUCHUA.
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OueBHIHO, YTO MaKCHUMallbHblE KacaTelbHbIE
HanpsoKeHUust 7., OyIyT 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, - nONAPHBIA MOMCHT MHEPLUH.

zort ﬂ-(rH4—rB4)
I, = 5 - s kpyrioro cedenus; I, B E—— Uisl TpyOUaToro

CCYCHMUS.
B3aumHBIM  yron 3akpydMBaHUsA ~JIByX CEUEHMM, pACIOJIOXKEHHBIX Ha
paccrosiuuu [ :

)
M
o= [Me iz,
OG'IP

Ecniu B mpexpenax UWJIMHAPUYECKOrO yd4acTKa Baja JJIMHOW [ KpyTsAIIMiA
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 o

MakcuManbHbIE KacaTEJIbHbIC HaIIPpAKCHUA, HCﬁCTBYIOMHC IO KOHTYpPY
CCUCHMUS.

M M
T ==K (5.6)
IP WP

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

3

w =2" .
PTT UL  KPYTJIOTO  CEUYCHUS; P Y

TpyO4YaTOro ceuyeHus.

- g
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Tema 6. IlpsiMoii monepevyHbI U3rud
[Tpu npsiMOM monepeyHoOM M3rude B CEYEHMSIX CTEP)KHS BO3HUKAET M3THOAIOLIMIA

MOMEHT M, u nonepeyHas cuia Q, (puc. 5.1), KOTOpble CBsI3aHbl C HOPMAJIBHBIMU S U
KacaTeJIbHBIMU Ty, HAPSKEHUSIMU

Mo=[[odr . Q=] cpdF

AP P P P PR P P P Y P PP Y Y P P P P P
— o %
o - !

«— | % 2

|

el ! ! A b

6)
Puc. 5.1 U3ru6 6anku

BriBenennass B ciydae YMCTOTO H3rMba CcTepkHs Qopmyna mis TpsSMOro
MOTIEPEYHOTO M3ruba, BOOOIE TOBOPS, HEMPUMEHHWMA, TMOCKOJBKY H3-32 CIBHUTOB,
BbI3bIBAEMBIX  KacaTeIbHbIMU  HANPSKEHUSAMU  Ty,, [POUCXOIAUT  JIEIUIaHALMS
TIOTIEPEYHBIX CeYCHHUH (OTKJIOHEHHUE OT 3aKOHA TUIOCKUX ceueHuit). OHaKo 11 0anok ¢
BBICOTOW ceueHust h<lIl/4 (puc. 5.1) MOrpemIHOCTh HEBEIMKA U €€ MPUMEHSIOT s
OTIpe/IeTICHUs] HOPMAIbHBIX HANpPsHKEHUH IMOMEPEeYyHOro M3rhda Kak MpUOIIKEHHYIO.
[Ipu BBIBOAE YCJIOBHS MPOYHOCTH TPHU YUCTOM H3rHOE HCIOJB30Bajach TUmore3a 00
OTCYTCTBHH TONIEPEYHOTO B3aUMOJICHCTBHUS MPOAOIBHBIX BOJIOKOH. [Ipu momepeunom
n3rude HAOFOMAFOTCS OTKIIOHEHUS OT 3TOW THIOTE3bI:

a) B MecCTax MPWIOKEHUS COCPEAOTOYCHHBIX cwmil. [loJ cOCpemoTOYEeHHOW CHIION
HaIpPSOKEHUST TTOTIEPEYHOTO B3aUMOJCHCTBUS MOTYT OBITH JTOCTATOYHO BEIWKHA W BO
MHOTO pa3 TMpeBHIIaTh TPOJOJBbHBIC HANPSHKEHUS O, yObIBas TpH 3TOM, B
cOoOTBeTCTBUM ¢ mpuHIMNoM CeH-BeHaHa, o Mepe yOaleHHUs OT TOYKH MPHUIIOKCHHS
CHIBI,

0) B MecTax MPHUJIOKEHUS pacTpeeIeHHbIX Harpy30K. Tak, B ciaydae, IpUBEICHHOM Ha
puc. 5.1, 6 HanpsDKEHUS OT JIABJICHHsI HA BEPXHHE BOJIOKHA Oanku oy = -g/b. CpaBHUBas
WX C MPOJOJIBHBIMY HAMPSHKCHUSIMH G, UMEIOIIMH TOPSITIOK

gi?i8 3q(1V g1}
O, Mmay F, =———=——| — | = —|—

Bil g AbLk bk

PUXOJUM K BBIBOJLY, YTO HAINPSIKEHHS Gy << G, IIPU YCIOBHH, 4TO A’ << [°, TaK KaK G,
/o, ~ (WP << 1.
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[Monyuum ¢opmyny A KacaTeldbHbIX HANpsDKEHU Ty,. Ilpumem, Mertonuka
pacueTa HOpPMaJbHBIX HAINPSDKEHUM HW3BECTHA, 4YTO KacaTelbHbIE HaNpsyKEHUs
PAaBHOMEPHO paCIpEAeNeHbl 10 IIUPUHE NONepeyHoro cedeHus (puc. 5.2). Ora
MPEANOCHUIKA BBIITOJHIETCS TEM TOYHEE, YEM YXKE IIONEPEYHOE CEUECHHUE CTEPIKHA.
TouHoe penieHne 3aaa4u sl TPSIMOYTOJIBHOTO IMONEPEYHOIO CEYEHHUs MMOKA3bIBAET, YTO
OTKJIOHEHHE OT PaBHOMEPHOIO pacHpeAesieHHs tyZ , 3aBUCHUT OT OTHOUIEHUS CTOPOH
b/h. Ilpu (b/h)=1,0 ono coctasmuset 12,6%, npu (b/h)=0,5 - Tomsko 3,3%.

2 I

NN Y W
<

s i FEy

Ch

Puc. 5.2 Dnropsl BHYTpEHHUX CHJI TIPH U3TH0E

HenocpencrBeHHoe ONpeneieHne HAPsKEHUH Ty, 3aTPYIHUTEIBHO, II03TOMY HAaXOIUM
paBHble UM (BCIEACTBHE 3aKOHA IIAPHOCTH) KacaTeJabHbIC HAMNPSIKEHUS Ty,
BO3HUKAIOIIME HA MPOAOJIBHOW IJIOUIAJKE C KOOPIWHATOW y 3JeMEHTa IJIUHOU dz,
BbIpe3aHHOTrO W3 Oanku, (puc. 5.2). Cam syneMeHT mokazaH Ha puc. 5.3. Ot 3T0ro
AJIEMEHTA MPOJOJIBHBIM CEYEHUEM, OTCTOSIIIMM OT HEUTPAJIBHOIO CJIOSA HA ), OTCEKAEM
BEPXHIOK YacTh, 3aMEHss JEHCTBHE OTOPOUIEHHOW HM)KHEW YacTh KacaTelbHbIMU
HaIpsOKEHUSMHU T (MHAEKC 2y B JTaJbHEHIIEM OIyCKaeM), paBHOAEHCTBYIONIAs KOTOPBIX
dT=tbdz. 3necp, cormacHO BTOPOM NPEANOCBUIKET=const MO IIMPUHE 3JIeMEHTa b.
HopmanbHble HanpskeHHss G U G + do, NEHCTBYIOIIME HAa TOPLEBBIX ILIOIIAIKAX
AJIEMEHTA, TAKKE 3aMEHUM UX PaBHOJEHCTBYIOIIMH:

Nw=ImjmfF=Imfﬂj: de:if—:Sf

+dM,

MX
N +dl =L_J (6 +d0)dF =——— 5

X
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Puc. 5.4
CornacHo TnepBOil MPEANOCHUIKE HOPMAJIbHBIE HAIPSIKEHUS ONPEICISIIOTCS YiKE
SP = [ ydF
U3BECTHBIM CIIOCOOOM, F , TJIe Sy® - cTaTMYeCKUM MOMEHT OTCEUEHHOM 4acTH

IIomaaun Honepequro CCUCHUA (O OTHOCUTCIIBHO OCHU OX.
PaccmoTtpum yciioBue paBHOBecHsi djeMeHTa (puc. 5.4) cocTaBUB Jisl HETo
ypaBHEHUE CTaTUKU Xz = ():
N, +dT— (N, +dN =0,
OTKY/1a [TOCJIE HECIIOKHBIX MPE0O0Pa30BaHUM, YUUTHIBAs, YTO
mMX_Q
dz ¥

nojiyuaem (QopMyiy ISl KacaTeldbHBIX HANpPsDKEHUM MpU HOPMAJIbHOM MONEPEUYHOM
U3ruoe NpU3MaTHYECKOTO CTEPIKHS

09,87
Jeby
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KOoTOpas Ha3biBaeTcs (popmyiioit JXKypasckoro. B atoit popmyne b, - mupuHa ceuyeHus B
TOM MeECTe, TJC ONPENENSIIOTCS KacaTelbHbIe HANpPSDKEHUS, a CTaTHYECKH MOMEHT,
MOJICTABIISIEMBIN B ATy (OPMYITy, MOXKET OBITh BBIYMCIICH KaK JIJISl BEPXHEH, TaK W IS
HIDKHEW dYacTH (CTaTUYECKME MOMEHTHI ATHX YacTell CEYeHHs OTHOCHUTEIHHO €ro
IEHTPaIbHON ocH Ox OTIMYAIOTCS TOJBKO 3HAKOM, TaK KaK CTATHYECKUM MOMEHT BCETO
CCUCHUS PABEH HYIIIO).

[Tokaxkem, YTO AOMUHHUpYIOIIas pOJb B pacdyerax Ha MPOYHOCTH OayKw,
MOJIBEPTHYTOM TOTIEpEYHOMY HM3THOYy, Oy/IeT MpUHAIS)KATh PacdyeTy M0 HOPMaTbHBIM
HaMpsHKEHUsAM. /{7151 9TOTOo OIeHUM TOPSIIOK max G U max T Ha TpuMepe KOHCOJIbHOU

OaJIKu:
maz M, P &, P
_— , A TH—— " —

W, i Foop?
M Pl Q, P, Fald  Wsh

e o=

7

TaK KakK "Torma
e T Fr ;22
=

max & Pijh7

=kl <<l

1

OTKyJa max T<<maxoc, a MocKoibKy [t]/[c] = 0,5 TO TOMHUHHPYIOIIMM B 3TOM CJIy4ae
OyZeT pacyeT M0 HOPMAIBHBIM HANPSDKCHHUSIM U yCIOBUE MPOYHOCTH, HATIPUMED, IS
OaJIKM W3 TUIACTHYHOTO Marepuana, paboTaromeid Ha MpsAMOl M3rud, Kak U B Ciydae

YUCTOTO U3ruda OyJeT UMeTh BUJ]

M
Az = o X ]

x

PanuonajbHble (pOPMBI NONEPEYHBIX CeYCHUH P U3rude

Haubonee pamnmoHanbHBIM — cleAyeT MpU3HATh CeYeHHe, oO0jajzarolee
MUHUMAJILHOM TUIOIIA/IbIO MPHU 33JJaHHOM Harpy3ke (M3rudaroieM MOMEHTE) Ha Oalky.
B sToM citydae pacxoa maTepualia Ha U3roToBleHUE OaiaKku, OyaeT MUHUMaIbHBIM. J{7st
NOJIy4eHHUs] OaJIKi MUHUMAJIBHOM MaTEepHATIOEMKOCTH HYXXHO CTPEMHUTHCA K TOMY,
YTOOBI M0 BO3MOXXHOCTH HAamOOJBIINN 00beM MaTepHuasia padoTall MPU HANPSHKEHUSIX,
PaBHBIX JIOMYCKAa€MbIM WU ONM3KUM K HUM. [Ipexae Bcero panuvoHaIbHOE CEUeHHUE
OaJIKM MpU U3rude JAOKHO YIIOBIETBOPSTH YCIOBHIO PABHOMPOYHOCTH PACTSHYTOU U
ckaTod 30H Oanku. MHBIMM croBaMu HEOOXOJIMMO, YTOObI HaMOONBIINE HAMPSHKEHUS
pacTshkeHus (max Gp,) H HauOoJIbLINE HANpsKEHUs cxkaTusd (max Gc.) OJHOBPEMEHHO
JOCTHUTaJIM JI0ITyCKAaEMbIX HANPSKEHUHN [Gp]| U [Gc].

[ToaToMy 1151 GaiKy M3 IJIACTUYHOTO Marepuana (0JWHAKOBO pabOoTarolero Ha
pacTsbKeHUe U ckatue: [Gp] = [6c] = [G]), yclioBHE paBHONIPOYHOCTH BBIIIOJIHAETCS IS
CEYEHUW, CUMMETPHUYHBIX OTHOCUTEJIBHO HEWTpajdpHOM och. K TakuM cedeHusm
OTHOCUTCS, HampuMmep, NpsMoyrojibHoe cedyeHue (puc. 7.16, a), mpu KOTOpOM
00ecrevyeHo YCIOBHE PABEHCTBA Maxc,=maxc.. OIHAKO B 3TOM cllyyae MaTepual,
PAaBHOMEPHO pACIPEACIICHHbIA MO BBICOTE CEUEHHUA, IUIOXO HCIOJIb3YETCS B 30HE
HEUTpabHOW oOcu. YTOOBI MoaydnTh OOJee palMOHAIBHOE CEYEHHE, HEO0OXOIUMO
BO3MOXKHO OOJIBIIYIO YaCTh MaTepraja IepeMeCcTUTh B 30HbI, MAKCUMAJIBHO y/IaJICHHbIE
OT HeUTpaibHOM och. TakuM 00pa3zoMm, NPUXOJUM K pallMOHATBHOMY JJI IUIACTHYHOIO
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Marepuansa Ce4eHWIo B (popMe CHMMETPHYHOTO AByTaBpa (puc. 5.5, 0), y KOTOpOTO
BO3MOKHO OoJibllIasi 4acThb MaTepHuaja COCPEelOTOYEHAa Ha MOJKaxX (TOpU30HTaIbHBIX
MAaCCUBHBIX JIMCTAX), COECAUHEHHBIX CTEHKOM (BEPTUKAJIBHBIM JIUCTOM), TOJIIMHA
KOTOpol (0) Ha3HA4aeTcs M3 YCIOBUM IPOYHOCTU CTEHKM II0 KacaTeJIbHbIM
HANpPSDKEHUSIM, a TakXke U3 cooOpakeHHil ee ycToiumBocTH. K nByTaBpoMy cedeHHUIO
OJIM3KO MO KPUTEPHIO PALIMOHAIBHOCTH TaK Ha3bIBaeMoe KopobuaToe ceuenue (puc. 5.5,

B).

Y4 ML O, y/l Y4
w77 T T
i e
7 v.A Lzz)
X Oy
) ) gl

Puc. 5.5 Pacnipenenenue HanpspKeHW B TIOTIEPEYHOM CEUCHUH OaTKU

Paccyx(z(aﬂ AHAJIOTUYHO, IIPpUXOAUM K BBIBOAY, 4YTO [IJIA 0anok wu3 XPYIKOro
MaTtcpuajia Hanooce PaldlrOHAJIbHBIM 6y,Z[CT CCUCHHC B q)OpMC HCCUMMCTPHUYIHOTO

JBYTaBpa, YJIOBJICTBOPSIONIETO YCIOBHIO PAaBHONMPOYHOCTH HAa PACTSHKECHUE M CIKATHE
(puc. 5.6):

P _ [op]
ik o]
KOTOpOE BBITEKAET U3 TPEOOBAHMUS
max o, _ [r:rp]
max o, [, ]
}F.h
PAE O
L -
v Wgéﬂ
s, .
.
%___ﬂi!'_ el e i (e
Vo] 0L é\
o
' v o 770 722

PRI I"_Tp
c) &) ) 2l

Puc. 5.6 ®opmsl mpoduteii 6anox

Wnest panvoHANbHOCTH TOMEPEYHOIO CEUEHHUs CTEpKHEeH TMpu  u3rubde
peain30BaHa B CTaHAAPTHBIX TOHKOCTEHHBIX MPO(UIIAX, MOIy4aeMbIX METOJIaMU
ropsY€ero NPECCOBAHUS WM IPOKATKU U3 PANOBBIX U JIETUPOBAHHBIX KOHCTPYKLIMOHHBIX
BBICOKOKAQYECTBEHHBIX CTajJed, a TaKXKEe QIIOMHHUSA W QJIIOMHUHHMEBBIX CIUIABOB,
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MOJIyYMBIIUX HIMPOKOE pPACIpOCTPAaHEHHE B CTPOUTEIBCTBE, MAIIWHOCTPOCHUH,
aBUALMOHHOM MalnHOCTpoeHHuH. [lInpoko pacnpocTpaHeHbl NMOKa3aHHbIE Ha puc. 5.6:
a - IByTaBp, O - LIBEJUIEP, 6 - HEPABHOOOKHUI YroJOK, r-paBHOOOKMH yronok. Pexe
BCTPEYAIOTCS TaBp, TaBPOIIBEJUIEP, 3€TOBBIM MPOPWIb U JIp. YHOTPEOISAIOTCS TaKxke
XOJIOJHOTHYTHIE 3aMKHYTbIE CBAPHbIE MPOPUIIH.

[Tockonpky 10 cOOOpakeHUAM TEXHOJOTHMU COPTAMEHT CTaHIAPTHBIX Mpoduieit
0 pa3MepaM OrpaHHueH (HarmpuMmep, HauOOJBIIMI NPOKATHBIA JABYTaBpP COIVIACHO
I'OCT 8239-72 umeer BbicoTy 550 MM), TO Ans OGOJBIIMX MPOJIETOB MPUXOIUTCS
MPUMEHSTh COCTaBHbBIC (CBApHBIE WU KJIETIaHbIC) OaJKH.
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Tema 7. Cii0:xHO€ CONPOTUBJIEHHE

BHeneHTpeHHOE pacTsKeHNe-CKATHE.
Brueyenmpennviym pacmsiceHuem-coicamuem Ha3bIBaeTCsl ciyyJait, Korja
paBHOJCHCTBYIOIIAs CUJI, MPUJIOKEHHBIX K OTOPOIICHHONW YacTH CTEPXHS, HalpaBlIeHA
napaJijieIbHO OCU CTEpPIKHsI, HO HE COBIIAJIaeT C 3TOM ochlo (puc. 7.1).

OCb CMEepPHIHA

Puc. 7.1 BHeneHTpeHHOE pACTsIKEHNE IETaIN

BrenenTpennoe pacTspkeHHe (C)KaThe) HCTIBITHIBAIOT KOPOTKHE CTepkKHH. Bce
CEUCHHS SIBJISIOTCS PABHOOIMACHBIMHU, TIOITOMY HET HEOOXOJMMOCTH B TIOCTPOCHUHU
SIIOP BHYTPEHHHUX CHUJIOBBIX (haKTOPOB.

[IpencraBuM, YTO TOCIE TIPOBEACHHS pa3pe3a paBHOACWCTBYIOIIAs £ cui
JCHCTBYIONUX Ha OTOPOIIEHHYIO YaCTh M MPUJIOKEHHAS K OCTABIICHCS TPOXOIUT Uepe3
TOYKY C KOOpJIWHATAMH (Xf; Vr) B TJIABHBIX HEHTPAIBHBIX OCSIX MOMEPEYHOTO CEUCHUS
(puc. 7.2).

F
X F X F lfd
y | ){F y My H 4 XF y My | XF i
yF | yF | _VF |
I Je i : Je I Je
4 4 Va4
a) b) c)

Puc. 7.2 IlpuBeaeHue cuiIbl K HUEHTPY
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[IpuBenem cuiy F' B IEHTP TSHKECTH CEUEHUS], T.€. HAIPABUM BJIOJIb OCU CTEPKHS.
IIpu sTOM nosiBATCS ABE Mapel cui M, u M, OTHOCUTEIIBHO IVIABHBIX LIEHTPAJIbHBIX OCEH
(puc. 7.2.c).

Takum oOpa3oM, B TIONEPEYHOM CEUCHHMHM CTEpPXKHS IIPH BHEICHTPEHHOM
PACTSDKCHUHM M CXKATUW BO3HUKAIOT TP BHYTPEHHHMX CHJIOBBIX (haKTOpa: HOpMaJIbHas
cwia N = F'u nBa uzru6aromux MmoMmeHnTa M, = Fyr u M, = F"Xxp OTHOCUTENIBHO IJIaBHBIX
HEHTPAIBHBIX OCEH MONEPEUYHOT0 CEUCHMUS.

dopmyna g  HOPMAIBHBIX HANPSOHKCHUH MOXKET OBITh IIOJyYeHa Kak
anredpandeckasi CyMMa HOPMAJIbHBIX HANPsDKCHHM, BO3HUKAIOMIMX OT KaKIOTO BHIA
HArpyKCHHUS:

:E_I_M.V'Z_I_Mz'y

A, J,

ag

TAE Vr, Zr — KOOPAMHATHI TOYKH NPUI0KEHUS CUIIBI F.

M, =F zp
M,=F-yp

Jlnst ompenenieHUs OMAcCHBIX TOYEK CEUEHUsT HEOoOXOJAMMO HAWTH TOJIOKEHHE
HEUTpaJIbHON JTMHUU (H.JI.) KAK T€OMETPUUECKOT0 MECTA TOUYEK, B KOTOPBIX HAIPSKEHUS
PaBHBI HYJIIO.

M, -z M.
A I, U,

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

Z+£:1
a
cClin
iZ i%
YF ZF

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

N3 popmyn crienyroT HEKOTOpbIE 3aKOHOMEPHOCTH, CBSI3BIBAIOIIME MOJIOXKCHHS
noyroca (T.e. TOYKH NPUIIOKEHHSI CUIIbl) M HEUTPAIbHOM JIMHHM, KOTOpBIE YIOOHO
UCIIOJb30BaTh Ul aHalu3a peuleHus 3afadd. [lepeuncinnm camble BaKHbIE U3 ITUX
3aKOHOMEPHOCTEM:

- HeWTpanbHas JIMHUS BCEr/la PAcIOJIOKEHA B KBAJpPaHTE, IPOTUBOIIOJIOKHOM TOMY, B
KOTOPOM HaXoJUTCsl moJitoc (puc. 7.3);

- €ClIM MOJIIOC HAaXOAWTCA Ha OJHOW W3 TJAaBHBIX OCEH, TO HEHUTpajgbHas JIHHMS
HEepIEHINKYJIIpHA 3TOH OcH;

- €CJM MOJIIOC NMPUOIMKAETCA K LEHTPY TSDKECTU CEUEHUs, TO HEUTpanbHas JUHMS
yAQIAETCs OT HETO.
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- €CJIM ITOJKOC ABHKECTCA IIO HpHMOﬁ JJMHHUHU, TO HeﬁTpaHBHaﬂ JIMHUA ITOBOPAYMBACTCA
BOKpPYT HCHOI[BPI)KHOﬁ TOYKH.

Puc. 7.3 Dnropsl BHYTpEHHUX CUJI IPU BHELICHTPEHHOM PACTSHKEHHUH

I[JI}I CEYCHHUM CO CIIOKHBIM KOHTYPOM 3HAHHUC ITOJIOKCHUA HYHCBOﬁ JIMHHUHW OYCHDb
BakHO. HamOompmme 1mo BeIWUYMHE HOPMAJIBHBIC HAIIPAKCHUSA BO3HHUKAIOT B TOYKaAX
IMOTICPCYHOI'O CCUCHUA Hauooce YAAJICHHBIX OT HYHCBOﬁ JIMHHMU.

Torma
. y - Jz
Iy = [ Iz = {

HelitpanbHas JmHUS  paszenser IOoNepeyHOe CeYeHHWe Ha 30HBI ¢
PACTATUBAIOIIUMH M C)KMMAIOIIMMU HaIPSHKCHUSMU.

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

N My z
=—F — 34 —=<L
Cmax =+ 7, + 7 <|o]

JInst XpynkHX MarepuasnoB, Yy KOTOPBIX [S.]'[s,], yCIOBHE MPOYHOCTH CIEAYET
3aMKCBIBATH OTAENIBHO ISl ONTACHOM TOYKH CEYEHHUS B PACTSHYTOM 30HE:

F My'ZI_I_Mz'ylg[O.P]

o=—+

A J J

¥y F4

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

ZE_MJ’-Zz_Mz-y2<[O.]
A4 J J, e

¥

g

5

TN€ Z;, Y1 U Z2, Y2 — KOOPJIAMHATHI HauOoJiee YIaJICHHBIX OT HEHUTpaJbHOW JMHUU
TOYEK CEUECHHMsI B paCTAHYTOM 1 U cxxaTol 2 30HaX CeUEHUSI.

BTopeiM mpakTHuecKkd BaXKHBIM ClTydaeM CJIOXKeHHUs AedopMaiuii oT u3ruda u

OT TPOJOJBHBIX CHJ SBJISIETCS TaK Ha3bIBAEMOE BHEUEHTPEHHOE C)KaTUe WIIU
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PaCTAKCHHUEC, BBISBIBACMOC OJHHWMH IPOJOJIbHBIMU CHUJIAMMH. OTOT BUJ HArpyKCHUS
HAOBOJIbBHO pPaCIIpPOCTPaHCH B TCXHUKC, TaK KaK B pCaHLHOﬁ CUTyallUl II04YTH
HCBO3MOJKHO IIPUJIOKUTDL PACTATHBAOIIYIO HAI'PY3KY TOYHO B HCHTPC TAKCCTHU.

N3rud ¢ kpyueHuem.

N3rub6 ¢ KpyuyeHHEeM — BHJ CIOXXKHOTO CONPOTHUBIICHUS, IPU KOTOPOM B

MOTIEPEYHOM CEUEHUHU Opyca BOZHUKAIOT U3THOAIOIIUE U KPYTSIIUA MOMEHTHI.

PaccmoTpuM ciyuai, mpu KOTOPOM BHEIIHHE CHIIBI PAclojaraiTcs B MIOCKOCTH
MONEPEYHOT0 CEUEHHUsI, HO HE TIEPECEKAIOT FEOMETPUYECKYI0 OCh X (puc. 7.4, a). Cuny F
pas3yIoKUM Ha ee cocrasipitomue Fz, Fy. MerogoMm cedeHui onpenesiiM BHYTPEHHUE
YCHJIUSL B TPOU3BOJIBLHOM cedeHuH x (puc. 7.4, 6).

CropoenupoBaB Bce CHUJIBI Ha KOOPAMHATHBIE OCH M COCTaBHB ypaBHEHUS
MOMEHTOB OTHOCUTEJILHO KOOPJMHATHBIX OCEH, HaliieM BHyTpeHHUE ycuins. W3 mectu
BHYTPEHHUX YCWJINH HE PABHO HYJIIO MSTh.

Xx=0; N=0; M, =0; T=F-e;

>

$y=0; O,=F: IM=0 M- Fx;

>

z=0; O,=F 2 M, =0, M.=F,x

Ha Beienennom anemente B (puc. 7.5, 6) nmoka3aHbl AEMCTBYIOIIUE TIO €TO TPAHIM
HanpspkeHus (puc. 7.5, a).

OT momepeyHbIX CUJI M KPYTSAIIEr0O MOMEHTA BOSHUKAIOT KacaTe/IbHbIC HANTPSHKCHUS
tQy, 10z, 1T. OT u3rnbarmux MOMEHTOB — HOpPMaJIbHBbIC HampspkeHus ¢’ u ¢”. Jlns
JUTMHHBIX BaJIOB U 6anok (€ > 10 d) BausiHMEeM MOTEPEYHBIX CHJI YaCTO MPEHEOpEeTaroT.
Takum 00pa3oM, YUYHUTHIBAIOT TOJBKO TPU MOMEHTA: KPYTAIIUN U 1Ba n3rubaronmx. Ot
HUX BO3HHUKAIOT TP HANPSKEHUSI: OJTHO KacaTeIbHOE U JIBa HOpMaJbHBIX (puc. 7.5, 6).

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 TPSMOM IONEPEYHOM U3rHOe HarpykeHue Hu
HCKPUBIICHHE OCH Opyca MPOUCXOAUT B OAHON U3 2-X TJIABHBIX IUIOCKOCTEH CEUeHUs.
Ecnu cunoBas TIUIOCKOCTh WIJIM IUIOCKOCTh JIEHCTBHSI M3TMOAIONIETO MOMEHTa He
COZEPKHUT HH OJIHOW M3 TJIaBHBIX IIEHTPAJIbHBIX OCEW, TO TaKOW M3rH0O Ha3bIBAETCS
KOCBIM; IIPU 3TOM IIJIOCKOCTb JIEHCTBHUS M3TMOAIOIIEro MOMEHTa 005S3aTEeNIbHO JTOJKHA
MIPOXOJIUTh YEPE3 UEHTP TsHKECTH ceueHus (puc. 7.6).

y
q
z
0) . [TnockocTh
X IEUCTBUA
Harpy3Ku
P

Puc. 7.6. Kocoii uzrud

Ha puc. 7.6 ocu Oy u Ox —riaBHble IIeHTpajdbHble ocu ceueHus. Kocoil n3rud

yJ1I00HEe BCEro paccMaTpUBaTh Kak OJHOBPEMEHHBIN U3rH0 B 2-X INIaBHBIX IIOCKOCTSX.
Torga moayyuMm ABE CHCTEMBI CHJI, KaKJas M3 KOTOPBIX BbI3BIBAE€T NpsiMOi m3rud. B
ATOM Cllyuyae B CEYCHHH Opyca BO3HUKAET YEThIpe BHYTPEHHHUX CUJIOBBIX (hakTtopa: O,

Oy, M;u M,. Tlpu nposeleHMH pacyeTa Ha MPOYHOCTH Opyca KacaTeIbHBIMH

HaIPSHKEHUSIMA 0OBIYHO MPEHEOPETaroT.
Brruncnum HanpsbKeHus OT ASHCTBHS COCPEIOTOYCHHOM Crilbl P Ha KOoHIe Opyca B
HEKOTOpOit Touke A(x,y) MONEPEYHOro CeueHHs, yAaIeHHOTO OT KOHIA HA PACCTOSHHUE

z. PacknmageiBas cuty P o ocsam Ox u Oy, Oynem umeTth (cM. puc. 7.7).
My =P, -z=—Pcosa-z, M, =—P,-z=—Psina - z.

HopmanbHble HANPSKEHNUS OT H3THOAIOIMX MOMEHTOB M 1 M ), B TOUKe A(x,y)

Haiigem o popmyne HaBbe

M M x
G':——xy; o"=—2"
J, J
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Puc. 7.7. Kocoit nu3ru6. Beruncienrue HOpMaabHbBIX HaNPSYKEHUM
CyMMapHO€ HOPMAJIBHOE HANPSKEHUE PABHO:

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

y

Takum o6pa30M, KOCOM M3rud - BHUA CJIOKHOI'O COIIPOTHUBIICHHUA, IIPU KOTOPOM B
IMOTICPCYHOM CCUHCHUU 6pyca BO3HHKAIOT 1/13m6a}0nme MOMCHTBI B ABYX B3aHUMHO-
MNCPICHANKYJIAPHBIX IINIOCKOCTAX.
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MeToauueckue PEeKOMEHIAINHA QA NOATOTOBKH K l'IpOMe)KyTO‘IHOﬁ arrecranumn

[learr mpOMEXYTOUYHOM arTecTallud OOYydYaloIIMXCA - KOMIUIEKCHAs H
OOBEKTHBHAsl OIICHKA KauyeCTBAa YCBOCHHUS OOYYAIONIMMUCS TEOPETUUYECKUX 3HAHUM,
YMEHHUSI TPUMEHATh IMOJYyYECHHbIE 3HAHUS B PEUICHUHU NPAKTUYECKUX 3a4ad MpH
OCBOCHHMH YYEOHOU JUCIUTIIIMHBI.

Hucunmnaa «[IpukianHas MexaHwka» u3ydaercs Bo 2 u 3 cemectpax. llo
OKOHYaHUHM BTOPOTO CEMECTpa MPOMEKYTOUHas aTTecTalus IpoBOAUTCA B Qopme
g epeHInpoBaHHOTO 3a4yeTa. [10 OKOHYaHUM TPETHETO CeMEeCTpa CAAeTCs SK3aMEH.

B nepuon noAroToBKM K 3a4E€Ty U 3K3aMEHY 00ydYaroluecs BHOBb OOpaIIatoTcs K
NpoWJIeHHOMY y4yeOHOMYy Marepuany. lIpy 3TOM OHM HE TOJBKO 3aKPEIUISIIOT
MOJIyYeHHbIE 3HAHUSA, HO MW TNoJy4aroT HoBble. IloaroroBka oOydarommxcs K
MPOMEXYTOYHOM aTTeCTaIllMH I0JDKHA BKIIIOYATh B ce0s TpHU dTama:

- caMoCTOsITeIbHAsl padoTa B TEUEHHE CEMECTPA;

- HETOCPEACTBEHHAs! OJITOTOBKA B JHM, MPEAIIECTBYIOIINE 3a4eTy/IK3aMEHY MO
TeMaM Kypca;

- IOATOTOBKA K OTBETY Ha BONPOCHI, COAEpKaluecs B OuieTax.

OCHOBHBIM HMCTOYHMKOM IIpU MOJATOTOBKE K 3a4€Ty M DK3aMEHY SIBIISIETCS
KOHCIIEKT JICKIUH, rAe yuyeOHbI Marepuan JaeTcsi B CUCTEMaTU3MPOBAHHOM BHJE,
OCHOBHBI€ MOJIOKEHUS €T0 JACTATUZUPYIOTCS, MOAKPEIUISIIOTCS COBPEMEHHBIMU (haKTaMu
u uH(popManuen, KOTOpbIe B CHJTy HOBU3HBI HE BOILIM B OMyOJMKOBaHHBIC MEYATHBIC
UCTOYHUKU. B X0Je MOArOTOBKM K 3a4eTy M 3K3aMeHy OOydaroluMcsi HE0OOXOIUMO
oOpamiaTh BHHMAaHHE HE TOJBKO HA YPOBEHb 3allOMHUHAHWS, HO W Ha CTENEHb
MOHMMAHHUSA U3JIaraeMbIX MTPOOIIEM.

JI1st ycriemHoro npoxoKAeHUsI MPOMEKYTOUHOM aTTECTAMK 10 JUCLHUIIINHE
«IIpuknagHas MexaHHKa» HEOOXOIMMO MOATOTOBUTHCSA IO CIAEAYIOUIEMY IEPEUHIO
BOIIPOCOB M IPAKTHYECKUX 3aTaHUM.

[lepeueHsb BOMPOCOB IS TPOBEICHUS TIPOMEKYTOUHOM aTTECTAIINN
(B bopme nuddepeHupoBaHHOTO 3a4eTa) 0 UTOTaM OCBOCHUS JUCITUTLIUHBI
«[IpuknagHas MEXaHUKa»

. [Ipenmet kunematuku. [lonsitue 06 adcomorHo TBepioM Tene. (OI1K-3).
. CxopocTts n yckopenue Touku. (OIIK-3).
. BextopHsiit cioco6 3aganus nuxeHus Touku. (OITK-3).
. EcrecTBenHsbIi ciocob 3amanus aprmxeHus Touku. (OITK-3).
. Koopnunatselii crioco6 3ananus asuxenus Touku. (OI1K-3).
. [loctynarensHoe nBxxeHue teepaoro tena. (OIK-3).
. Bpamenue tBepaoro tena BOKpyr HenoaBmxHou ocu. (OIIK-3).
. CkopocTH 1 yckopeHus Todek Bpamarorierocs tena. (OIIK-3).
[Inockoe nBUXKEHHME TBEPAOTO Tela M JIBHXKEHHE IIJIOCKOM (QUrypsl B ee
miockoctu. (OI1K-3).
10. PaznokeHue MJIOCKOTO JBMXKEHHS TBEPJIOTO Tejla Ha TOCTyNaTelbHOE U
BpamarensHoe. (OI1K-3).
11. Cxopoctu Touek Tena miockout purypsl. (OI1K-3).

O 00 AN AW~
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12. Yckopenus Touek tena miockon ¢purypsr. (OIIK-3).

13. AOGCOJIIOTHOE M OTHOCHUTEJIbHOE NBH)KEHHE TOYKU. CIOXKEHHUE CKOpPOCTEM.
(OIIK-3).

14. Cnoxenue yckopenuii. Teopema Kopuomnuca. (OIIK-3).

15. JIBuxeHue TBEpAOro Tejia BOKPYT HEMOABUKHOM TOYKU WM CcPepuyueckoe
newxkenue. (OI1K-3).

16. I[Ipenmer nunamuku u ctatuku. Cucrema cui. (OITK-3).

17. 3akonbl Mexanuku 'anunes-HeroToHa. 3agaun quHnamuku. (OITK-3).

18. CBs3u u peakiuu cBszeid. (OITK-3).

19. IIpoekius cuibl Ha och U Ha TI0CKOCTh. (OIIK-3).

20. MoMEeHT cuibl OTHOCUTENBHO IIeHTpa u ocH. [1apa cun. (OIIK-3).

21. AHanuTHuYecKHe YCIIOBHS paBHOBeCHs NMpou3BosIbHOW cuctembl cui. (OIIK-
3).

22. llenTp TspKecTH TBepAOTO Tena u ero koopauHatel. (OITK-3).

23. Mexannueckas cuctema. Macca cuctemsl. (OI1K-3).

24. Muddepennuanbabie ypaBHeHUsT MexaHuueckoit cuctemsl. (OI1K-3).

25. Umnynbce cubl. (OI1K-3).

26. KonudecTBO IBMXKEHMSI MaTepUaIbHOM TOYKM U MEXAHUYECKOW CHUCTEMBI.
(OIIK-3).

27. MOMEHT KOJIMYECTBA ABUKEHUSI MaTEpUAbHON TOYKM OTHOCUTENBHO IIEHTPA
u ocu. (OIIK-3).

28. Pabota cuibl. (OIIK-3).

29. MomnaocTs. (OIIK-3).

30. Kunernueckass sHEprusi MaTepUaJbHOW TOYKM M MEXAHUYECKOW CHCTEMBI.

(OTIK-3).

[lepeueHs MpakTHUECKUX 3aaHUH (337249, HABBIKOB, HOPMAaTUBOB | T.I1.) JJISI
POBEJICHUS MPOMEKYTOUHOM aTTecTaiuu (B popme nuddhepeHInpoBaHHOTO 3a4eTa)
110 UTOTaM OCBOEHUS TUCUHUIUINHBI «[IpuKkianHas MexaHuKay

1. I'py3 1 mogHuMaercs ¢ moMolblo Jiebenku, 6apaban 2 KOTOpOH Bpariaercs
cormacHo 3akoHy @ = 5 + 2t%. Onpenenurs CKOpOCTh TOYKd M 6GapabGaHa B MOMEHT
BpeMeHu t = 1 ¢, eciiu quametp d = 0,6 m. (OIIK-3).

2. Onpenenutsb yroJ B rpagycax Mexay paBHoJencTByromen 1syx cui F; = 10 H
u F, =8 Hu ockio Ox, ecnu yroa o = 30°. (OIIK-3).
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3. banka AE 1miapHUpPHO 3aKperieHa B TOUKE 4 M ONMUPAETCA Ha BEPTUKAJIbHBIN
crepxkeHb CD. Onpenenuts B KH ycunue B crepxue CD, eciu nimuHa AB =1 M, BC =
CE =2 M, & CHJIbI F;=2 xH u F>; =4 xH Beprukansusl. (OI1K-3).

- A
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4. TpakTop, OBHIasch C YCKOpeHHEM a = | M/c’ 10 TOPU30HTAILHOMY YYacTKY
MyTH, MEepeMelaeT HarpyXeHHble caHu maccod 600 kr. OmpenenuTth CWiy TATH Ha
KpIOKe, eciii ko3 huimeHT TpeHus ckoybxenus caneit f= 0,04. (OIIK-3).

5. I'py3 maccoit m = 60 Kr mojBelIeH Ha HUTH, KOTOpas HaMaThIBacTCs Ha
GapabaH, BpamaromMics COITAaCHO ypaBHEHUIO ¢ = 0,6t. OmpemenuTh HATSHKEHHE
KaHata, eciu paguyc T = 0,4 M. (OIIK-3).

my

6. Camosier mpH MOCaJKE KacaeTrcs MOCAJ0YHOW MOJIOCHI € TOPU30HTAIBHON
ckopoctbio 180 km/4. [Tocne mpobera 1000 m camosier octanaBimuBaeTcs. OnpenenuTh
MOAYJb cpenHero 3ameienus camonera. (OIIK-3).

7. Touka maccoli m = 0,5 Kr [ABWXKETCS MO TOPU3OHTAJIBHON HPSIMOUA C
yckopernremM a = 0,3t. OnpenenauTs MOIYyJIb CHJIBl JCUCTBYIOIIEH Ha TOUYKY B
HaIlpaBJICHUM €€ IBUKEHUsI B MOMEHT BpeMmenu t = 3 c¢. (OI1K-3).

8. Ckopocth aBromoOwiss 90 kM/4. OnpenenuTs MyTh TOPMOXKEHHUS 10
OCTaHOBKH, €CJIM CpeJIHee 3aMeiJieHne aBToMoomtst papHo 3 m/c. (OIIK-3).

9. Touka HauMHAET JBUXKEHUE U3 COCTOSHUSI TOKOS M JIBMDKETCS MO TPSIMOM ¢
IOCTOSIHHBIM ycKopeHueM a = 0,2 m/c?. OnpenennTs myTh, KOTOPBIA TOYKa IPOMIET 3a
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MPOMEXYTOK BpeMeHu oT t; =4 ¢ a0 t; = 10 c. (OIIK-3).

10. 3amanbl ypaBHEHHS IBUKEHUS TOYKU X = 1 + 2 sin 0,1t, y = 3t. Onpenenutsb
KOOPJAMHATY X TOYKA B MOMEHT BpEMEHH, Kor/1a ee koopauHara y = 12 m. (OIIK-3).

11. Touka ABHWXKETCS MO KPUBOJIMHEHHONW TPAEKTOPUU C KacaTEIbHBIM YC-
KopeHueM a, = 1,4 m/c’. OnpenenuTb HOPMAIbHOE YCKOPEHHE TOYKH B MOMEHT
BpEMEHH, KOTJIa €€ MOJIHOE ycKopenue a = 2,6 m/c?. (OIIK-3).

12. Onpenenuts MOZAYJIb PABHOAECHCTBYIOIIEH JBYX PAaBHBIX [0 MOJIYIIO
cxomsmuxcs cui Fi = F, = 5 H, obpasyrommx mexay coboit yron a = 45°. (OIIK-3).

13. Omnpenenuth HOPMallbHOE YCKOPEHHME TOYKM B MOMEHT BPEMEHH, KOTJa
YCKOPEHUE TOUKHM a = 1,5 M/C?, a yrosl Mex1y BEKTOpaMH YCKOPEHUS U CKOPOCTH PaBeH
65°. (OIIK-3).

14. Touka IBHKETCS 10 OKPY’KHOCTH, painyc KOTOpoil r = 50 M, CO CKOPOCThIO V
= 2t. OnpenenuTs MOIYJb OJHOTO YCKOPEHHs B MOMEHT BpeMenHu t = 5 c. (OIIK-3).

15. Ha 6pyc BC, 3akpernjieHHbIN B MapHUpE A, TeUCTBYIOT BEPTUKAJIbHbBIC CHJIBI
F, =4 xH u P,. Onpenenuts cuny F, B kH, HeoOxoaumyto mist Toro, 4to0bl Opyc B
MOJIO)KEHUH PABHOBECHUS ObLI TOPU3OHTAIbHBIM, e€ciiu paccTosiHus AC = 2 M, AB =6 M.

(OIIK-3).
L F
B c
A
16. 3amaHo ypaBHEHHE ABW)XEHHUS TOUKH MO KPUBOJMHEWHON TPACKTOPUU: S =
0,2t> + 0,3 t. OnpenenuTh MOJIHOE YCKOPEHUE TOYKH B MOMEHT BPEMEHU t = 3 ¢, €cin B
ATOT MOMEHT paJnyc KpuBU3HBI TpaekTopuu p = 1,5 M. (OIIK-3).
17. Ha 6anky AB neiicTByroT BepTukaibhble cuibl F; =1 xkH, F> = 2 kH F3; =3

kH. Onpenenuts B kH peakuuto onopsl B, ecnu paccrosaust AC = CD = DE= 1 m, BE
=2 M. (OIIK-3).

18. Touka ABMIKETCA MO OKPY>KHOCTH paguyca I = 200 M U3 COCTOSIHUS TTOKOSI C
IIOCTOSHHBIM KacaTeNbHBIM YCKOpEHUEM a, = 1 m/c?. Ompenenurs mOoIHOe YCKOPEHUE
TOYKH B MOMEHT BpeMenH t = 20 c. (OIIK-3).

19. K Oanke AD mnpunoxena mnapa cuin ¢ MomeHtoM M = 200 H-m,
pacmpenenieHHas Harpy3ka HHTEHCUBHOCTHIO ¢ = 20 H/m u cuna F. Kakoii qomkHa ObITh

3Ta cujia, A7 TOro 4yTOoOBI MOMEHT B 3ajenke A paBHsuics 650 H-m, ecnu paszmepsl
AB=BC=CD = 2M. (OIIK-3).
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20. Porop »snekTpoJBUTaTesisd, HAayaB BpaIllaThCi PABHOYCKOPEHO, CAEial 3a
nepsbie 5 ¢ 100 o6oportos. Onpenenuts yrioBoe yckopenue poropa. (OIIK-3).

21. Ha Ganky, qyimHa KoTopoit [ = 3 M, IEUCTBYIOT Maphl CUJI ¢ MOMEHTaMHu M, =
2 xH-Mm u M, =8 xH-M. Onpenenuts B kH Mmoayss peakuuu onopsl B. (OIIK-3).

M’ Mz

R
-

22. Ilpu paBHOMEPHOM BpallleHUM MaxoOBHUK JenaeT 4 o0opoTa B CEKyHIy. 3a
CKOJIBKO CEKYHJI MaxOBHK MoBepHeTcs Ha yroi ¢ = 24n? (OIIK-3).

23. OnpenenuTh MHTEHCUBHOCTh HArPy3KH ¢, TIPU KOTOPOH MOMEHT B 3ajieike A
paBed 400 H-m, ecu pazmepsl AB = 2 M, BC =4 m. (OIIK-3).

q

A4 _Byiyvy r

7, C

24. Teno Bpamiaercs BOKPYI HEMOJBMKHOW OCH COTJIACHO 3aKOHy ¢ = t°.
OnpenenuTbh CKOPOCTh TOYKH Tesla Ha paccTosHuu I = 0,5 M OT OcH BpalleHus B
MOMEHT BpEMEHH, KOTJa yroJl HoBopoTa ¢ = 25 paf.

25. Teno BpamiaeTcs PaBHONEPEMEHHO C YIJIOBBIM YCKOPDEHHEM & = 5 pan/c’.
OnpenenuTb CKOPOCTh TOYKH Ha paccTosHUM I' = 0,2 M OT OCH BpallleHUs B MOMEHT
BpeMeHH t = 2¢, eciu ipH to = 0 yriosas ckopocts ® = 0. (OIIK-3).

[TepedyeHs BOMPOCOB /JIsI TPOBEACHHMS TIPOMEKYTOTHOM aTTECTAIlUN
(B hopme sK3aMeHa) TIO UTOTaM OCBOCHHUSI TUCIIATIITAHBI
«IIpukmagHas MexaHuka»

. OCHOBHBIE MOHATHUS Te€OpUU MexaHn3MoB U MaivH. (ITK-3).

. OcHoBHBIC BUbI MexaHnu3MoB. (ITK-3).

. CTpykTypHbIi aHanmu3 mexanu3moB. (I1K-3).

. Knaccudukanus kunematnyeckux map. (I1K-3).

. Kimaccudukanus mamun nu mexanusmos. (I1K-3).

. Onpenenenue crenenu noaBmxHocTu MetogoM Yeonimena. (ITK-3).

. ObnacTh UCMOIB30BAHMS PHIYAKHBIX MEXAaHU3MOB B nokapHoil Texuuke. (I1K-

N O\ kW —

3).
8. 'mnponpuBoa mexanu3moB. (I1K-3).
9. ITneBmonpuBo Mexanu3moB. (ITK-3).
10. DnextponpuBoa mexanuzmos. (I1K-3).
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11. Beioop tuna npusoos. (I1IK-3).

12. Ctenenb NoaBWXHOCTH KnHemMaTudeckux map. (I1K-3).

13. [ocnenoBaTenbHOCTD NMOCTpoeHus miaH ckopoctei. (ITK-3).

14. ITocnegoBaTenbHOCTD NMOCTpOEHUs 1aHa yckopenuid. (I1K-3).

15. TlocnenoBaTenbHOCTh MOCTPOEHHUS PBHIYAKHBIX MEXaHM3MOB B MaciuTaoe.
(TTK-3).

16. IIpoBeaeHre uCnbITAaHUNA yriepoaucToi craimm Ha pactsbkenue. (ITK-22, TIK-
25).

17. IlpoBeneHue WCHBITAHUM PA3IUYHBIX KOHCTPYKLUMOHHBIX MaTEpUalIOB Ha
cxatue. (ITK-22, T1IK-25).

18. OcHoBuble Bunbl gedopmanuif, wusydaemMbix B  «CONpOTUBICHHUE
marepuanony. (I1IK-22, ITK-25).

19. ledhbopmanius nentpansHoe pactsbkenue — cxatue. (I11IK-22, TIK-25).

20. [IpoponbHas cuiia. HopmanibHbie HanpsbkeHus B onepeyHbix cedeHusix. (IK-
22, [1IK-25).

21. llepememienus u nepopmanuu npu pactsykenuu. (IK-22, TIK-25).

22. 3akoH I'yka npu pactsokenun — cxaruu. (I11K-22, TIK-25).

23. TlpoBenenue ucnbITaHUM yriepoaucTor cramu Ha kpydenwe. (I1K-22, TTK-
25).

24. IlocTpoeHue auarpaMmbl PacTSKEHUS MJIACTUYHBIX U XPYNKHX MaTEpPUAJIOB.
(ITK-22, TIK-25).

25. Ilpsamoit monepeunsiii nu3ru6. (IIK-22, T1IK-25).

26. dakTOopHl, ONpeaesionIre NpouyHocTh 6anok npu uzruode. (IK-22, I1K-25).

27. Pacuet 0anok Ha nmpoyHocTh npu u3ruoe. (I11IK-22, I1K-25).

28. dakTopbl, ONpeaeNIomnue TPOYHOCTh OpycheB npu kpyuyeHun. (I1K-22, ITK-
25).

29. Ilonstue nedopmaruu kocoro uzruoda. (I1K-22, TIK-25).

30. IlonsTue nedopmManu BHELEHTPEHHOTO pacTsbkeHue wian cxartue. (I1K-22,
[1K-25).

31. [lonsarue nepopmaruu uzruda ¢ kpyuenuem. (I11K-22, T1IK-25).

32. Ilonsarue xordduirerTa 3amaca IpOYHOCTH U (PAKTOPHI €ro OMpPeaesIOIIue.
(ITK-22, TIK-25).

33. [lonsarue nedopmaruu kocoro uzruoda. (I1K-22, TIK-25).

34. Pacuer Ha NMPOYHOCTH NMPU BHELEHTPEHHOM pacTskeHnd wim cxatuu. (I1K-
22, IIK-25).

35. Pacuer Ha npouHocTh nipu kocom u3rude. (I1K-22, I[1K-25).

36. OcHOBHBIE MEXaHNYECKHE XapakTepucTuku Marepuanos. (ITK-22, I1K-25).

377. Pacuer IBMXKYIIHUXCSA C YCKOPEHUEM DJIEMEHTOB KOHCTPYKLMH.

38. Onpenenenue onacHoro ceueHus: 6anok npu usruode. (I1K-22, I1K-25).

39. Pacuer Ha MpOYHOCTH U XKeCTKOCTh npu KpyueHuu. (I1K-22, TIK-25).

40. Ilonstue nedopmanuu usruoda c pactsxenuem. (I11IK-22, ITK-25).

41. Pacyet 6asiok Ha MpOYHOCTH TIpu U3rude ¢ pacrsokenueM. (I1K-22, TTIK-25).

42. TloHsiTue MOIyJNs yOpyroctu Marepuana U (akTopbl €ro Oomnpenessiolue.
(ITK-22, TIK-25).
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43. IIpoBeneHNE UCTIBITAHUNA KOHCTPYKLMOHHBIX MaTepuasioB Ha u3ruo. (I1K-22,

[1K-25).
44. Onpenenenne moayJis casura npu kpydenuu. (ITK-22, I[TK-25).

45. Crioco6sl onpeaenenus nporudos oanok. (I1K-22, T1K-25).

[lepevyens npakTUUYECKUX 3aAaHU (3a/1a4, HABBIKOB, HOPMATHUBOB U T.II.)
JUTsl IPOBEJICHUS TPOMEKYTOUHOM aTTecTaluu (B popMe sK3aMeHa) 10 UTOram
ocBOeHUs nuctUIUINHbI «IIpuknagHas MeXaHuKa»

1. IIpoBepUTH MPOYHOCTH CTAJIBHBIX OPYChEB, N300PAKEHHBIX HA PUCYHKE, €CIH

[c]=160MIla . (TIK-22, TIK-25).
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2. Kak M3MEHUTCS yTroJl 3aKpydrMBaHUsS CBOOOJHOTO KOHIIA Bajia ¢, €CJIH JJTUHA
Basna [ yBenuuutes Brpoe: (I11IK-22, TTK-25).
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3. Kak W3MEHMTCS BelIMYMHA HOPMAJbHBIX HAIpsSKEHUMM Ha ywactke I, ecinm

P

JUTMHA y4dacTKa yBenuuutes B 2 paza. (I1IK-22, TIK-25).
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4. CranpHOM CTepkKeHb KPYTJOTro MOMEPEeYHOoro cedeHus auamerpoMm 10 MM u
nmuHor 1800 MM mop nelcTBHeM pacTaruBaronmx cuin P ymiuHuncs Ha 0,8 MM.
Omnpenenuts Benmuuny cuiiel P. (ITK-22, TIK-25).

5. MenHplii CTEp)KEHb KPYTJIOTO IOMEPEYHOTO CEUYEHHUS IUaMeTpoM 14 MM u
nmuHor 800 MM moja JAEMCTBUEM pacTsAruBaromux cuil P yanuawics Ha 0,3 MM.
Omnpenenuts Benmnuuny cuiiel P. (ITK-22, TIK-25).

6. CryneHyaThlil CTEpKEHb IIOJBEpPraeTcs BO3JEHCTBUIO OCEBBIX CHUI, A —
rapaMeTp BEJIWYWHBI IUIOIIAAMA TMONEPEYHOro cedeHus. Yemy paBHO NepeMeElICHUE
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touku C? (I1IK-22, T1K-25).

24 A 24
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7. CrymeHuYaThlii CTEp)KEHb TIOJBEPracTCs BO3JACUCTBUIO OCEBBIX CHI, A —
napaMeTp BEIWYMHBI IUIOMIAJAM TIOTIEPEYHOTO cedeHus. UeMy paBHO TepeMelIeHHE
touku C? (I1K-22, T1K-25).

8. CranpHOU cTepkeHb MpAMOyToiabHOro ceueHus (b = 15 mm u h = 30 Mm) o
neicTBueM pactaruparonmx cwi P = 72 kH ymmswica Ha 7,2 mm. Onpenenutsb
nepBoHavaIbHYI0 JUIMHY cTrepxkHs. (ITK-22, TIK-25).

9. CryneHyaThlil CTEpKEHb IMOJBEPraeTcs BO3JACHCTBUIO OCEBBIX CHI, A —
napamMeTp BEJWYUHBl IUIOIIAAM [ONepeyHoro ceyeHus. Yemy OynyT paBHBI
HOpPMAJIbHbIE HANPSKEHUSI B CEUEHUH, HAXO/ISIIIEMCS Ha pacCTOSIHUU z = Sm, ecnu [ = ]
m? (ITIK-22, [1IK-25).
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10. Mensblii cTEp>KEHb KBAaJIPaTHOTO ceueHust co ctopoHoi 10 MM u nimmHOM 600
MM MOJI JeUCTBUEM pacTsaruBaronux cui P ynnunauncs va 0,5 mm. Onpenenutb
Benuuuny cuiel P. (ITK-22, TTK-25).

11. CranpHOi1 cTep>KeHb KPYTJIOTO CEUEHUS TOJDKEH ObITh MPUMEHEH B KaueCTBE
cTonba IIsl YCTAaHOBKM JOPOKHOTO 3HAKa, KaK yKa3aHO Ha pucyHke. HauOomblee
JlaBlIeHHE BETPa Ha 3HAK npejmoiaraetcs pasabpiM 50 H/M2. Yron mosopora cTepHs B
MeCTe NMPUKPEILIEHNUS HIDKHETO 3aXBaTa 3Haka He JoJDkeH npesbimath 1°. Haunbonbmme
KacaTelbHbIE HANpPsDKEHUS OT KPYYEHHUs B TOMEPEYHOM CEYEHHHM TPYyObl HE JIOJKHBI
ObITh OombiIe 25 MITa. Onpeaenuts AuameTp crepkHs. CuuTarh, 4TO JaBJICHHE BETpa
nepeaaéTces TOIbKO Ha 3alTpuxoBaHHYo momanb. (ITK-22, [TK-25).
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12. K HmkHEMy KOHILy Tpoca nojselieH rpy3 Becom P = 75 kH. Tpoc cocrapiien
U3 MpoBOJIOK nuameTrpoM d = 2 MMm. JlomyckaeMoe HampsiKeHHe JJi1 Marepuaia Tpoca
paBHoO [6] = 300 MIla. 13 kakoro koJmuecTBa MPOBOJIOK JOJIKEH OBITH COCTaBJICH TPOC.
(ITIK-22, TIK-25).

13. Kak u3MeHHUTCSI MPOYHOCTh Bajla, €CJIM JIJIMHA Baja / yBEJIIUYUTCS BTPOE MpHU
IPOYUX PABHBIX YCIOBHSIX:

M
A

(——f#

\
9
BEEES

14. JIBa Banma OJMHAKOBOW JUIMHBI U JUAMETpPa, HO W3 PA3HBIX MAaTEpHUaJIOB
G, =4G,, CKpyYMBaIOTCAd OJMHAKOBBIMM MOMEHTaMu. Uemy OyJeT paBHO OTHOUICHUE

yIi10B 3aKkpyunBanms —-? ([IK-22, [IK-25).

2

15. IlonoOpath KBaApaTHBIE MOMEPEYHbIE CEUEHUSI OTEIbHBIX YacTel KOJIOHHBI,
M300pa)KEHHON Ha PUCYHKE, €CJM IMpeesibHas Harpy3ka Ha KOoJoHHY coctaBut P = 100
T, a JOMyCKaeMble HanpspKeHus: Ha cxkatue crenyromue: (I1K-22, TIK-25).
s ctanu [o] = 140 MlIla;
st uyryHa [o] = 100 MllIa;
171 TecaHoro kamHs [o] = 4 Mlla;
st OyroBou knaaku [c6] = 1,5 Mlla;
1 TpyHTa (ecok) [6] = 0,5 MlIla.

P

byTtoBan

Knagka
77 7

16. B Opyce kpyrioro momepedHoro cedeHus amamerpom d=80 wm,
M3TOTOBJICHHOTO M3 CTAJM C JIOMYCTUMBIM KAacaTebHBIM HAMPSKEHUEM [T]max = 40
MIla, TpebyeTcst onpeAenuTh KacaTeabHOE HAPSDKEHUE B TOUKE, YAaIEHHON OT LIEHTpa
ceuenus Ha 20 mMm. (ITIK-22, TIK-25).

17. Moayns ynopyrocTu mepBoro poja s amomunus E = 7-10° Mlla,
koaddumment Ilyaccona u = 0,34. Uemy paBeH Moaynbs ynpyroctu mnpu casure G?
(ITIK-22, TIK-25).

18. CranbHOM Baj BpallaeTcs ¢ yriaoBol ckopocThio n = 980 06/MUH U nepenaér
momHocTh N = 40 kBt1. Onpenenuts TpeOyeMblii AMaMETp Balla, €CIHM JI0IMyCKAaeMOoe
KacaTelnbHOE HampshkeHue Mateprana [t] =25 MlIla. (I1K-22, [1K-25). (I1K-22, T1IK-25).

19. JIyxcryneH4yaTas KOJIOHHA HarpykeHa cuiamu P; u P,. Martepuan KOJIOHHBI
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— KOHCTPYKIIMOHHAsI CTajb C JIOIYCKAa€MbIM HOpPMaJbHBIM HampsbkeHueM [c] = 180
MIla. Onpenenuts MpeneabHo JOMYCTUMYIO Harpy3ky Ha o0e yactu konoHHsI. (I1K-22,
[1K-25).

S1=2 cm2

P2 P2

$2=5 cm2

2

20. JIBa Bajla OJMHAKOBOW JIMHBI M JUaMeTpa, HO W3 Pa3HbIX MaTepUasoOB
G,=2G,, 3aKpy4HMBalOTCid Ha OJMHAKOBBIM yroja. YUemy Oyner paBHO OTHOLICHHE

M, 5 (MK-22, TIK-25).

KpyTamux MOMCHTOB
2
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C.]'IOBapl: TCPMHUHOB 0 JTUCHUILJIMHE «le’lK.]IaIlHaﬂ MEXaHHUKaA»

AGCONIOTHBIN - 9TO BEJIMYMHA HAWOOJBIIETO CMEIICHHUS YacTUIl Marepuaia Io
CIABUT OTHOUIEHUIO K UX NEPBOHAYAILHOMY TOJIOKEHHUE.
banka - 3TO KOHCTPYKTHMBHasi J€Tajlb, KaKOro-JTMOO COOpYyKEeHUs,
BBITIOJTHSIEMasi B OOJILIITMHCTBE CJIy4aeB B BHJIEC MPSIMOTO Opycka C
omopamu B 2-x (wim Oosiee) TOYKAaX M 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 01 JEHCTBUE CHUII.
Jlomyckaemoe - 9TO HANPSIKEHNUE, JUIsL KOTOPOTO KOHCTPYKLIS paboTocriocoOHas u
OHM COCTaBJIAIOT YacThb OT HAIpPSIKEHUN, KOTOPbIE SIBIIIOTCS
Harmpsixenue
ONACHBIMH.
K ECTKOCTE - 3TO CIOCOOHOCTh KOHCTPYKUMH (WJIM OTACJIBHOTO 3JIEMEHTA)
COTIPOTHUBIISITHCS YIIPYTUM JeOopMaIiusim.
N3rubaromuii - 3TO COCTaBJSIOIIME MOMEHTBHI, BO3HUKAIOIIUE B IIOCKOCTSAX
MowmeHT NEepHeHIUKYIIAPHBIX MONEPEUHOMY CEUeHUI0 Opyca.
- 3TO pa3fen MeXaHUKH, 3aHUMAIOIIMICS W3YyYEHUEM JIBHOKCHUS
KunemaTtuka MaTepualbHbIX TeJl 0€3 ydeTa MX MacChl U JEUCTBYIOIIMX HA 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 CUJIOBOM (hakTop -
KPYTSIIUHA MOMEHT.

MarepuanbHas i}

TOYKa - 9TO TeoMeTpUYeCKas Touka, 00JIaaro1as Maccoi

MeTtona ceueHus

- IPUMCHACTCA MJIA BBIABJIICHUA BHYTPCHHUX HJI B COIIPOTUBJIICHUHU
MaTCpUAJIOB.

Hanpsoxenue - 9TO YMCJIOBask MEpa MHTEHCUBHOCTH BHYTPEHHHX CHJL.

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

Hopmainbhas - 9TO COCTaBJISIONIAas 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 KOHCTPYKIIMH (I/IJ'II/I OTACIBHOTO €C C-)J'ICMCHTa)

[IpouHocTh BBIJICP)KMBATh 3a/laHHYI0 HArpy3Ky He paspymascb u 0e3
MOSIBJICHUS] OCTATOYHBIX J€(OpPMALIU.
[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 IMPON3BOJIBHBIX

[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 - 9T0 OOUIUH pa3zell, U3y4aroluii 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
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