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BBenenue

Hucrtmmumaa «[IpukinagHas MexaHUKay SIBISCTCS OCHOBOW OOIICTEXHUYECKOH U
o0menpodecCHOHaNbHON TMOATOTOBKM HHXEHepa Jo0oro mpodwuis, B YacCTHOCTH,
WH)KEHEpa MoKapHO# 0€301acHOCTH.

Pa3BuTHe COBpPEeMCHHOW IIOXKapHOW TEXHUKH CTAaBUT TeEpe] HWHXKCHEPAMHU
MOKapHOH OE€30MacHOCTH caMble Pa3HOOOpas3Hble 3a/adyd, CBSI3aHHBIE C PacdyeToOM
Pa3IUYHBIX COOPYKEHUH (3MaHUI, MOCTOB, KaHAJIOB, IUIOTHH U T.I1.), C 3KCIUTyaTaIruen
BCEBO3MOJKHBIX MaIllH, MEXaHW3MOB, JBUTATENICH M, B YaCTHOCTH, TaKHMX OOBEKTOB,
KaK TIO)KapHbIC aBTOMOOWJIH, COCTAaBJISAIOIIME WX Y37l (THIPOIPHUBOILI, HACOCHI).
KoHcTpynpoBanue MamiuHbl HE3aBUCHMO OT TOTO, BBITOJHSICTCS OHO yYallUMCS WA
OTIBITHBIM WH)KCHEPOM, - TPOIecC TBOpUYeCKHi. Kaxxaas KOHCTpyKTOpCKas 3aaada, Kak
MPaBUIJIO, UMEET MHOTO pelreHuid. Onupasch Ha UMEIOIIMECS TCOPETHUSCKHE 3HAHUS,
yUYalnIuics J0/HKSH BBIOPATh U3 MHOTHUX BO3MOJKHBIX PEIICHHMM OfHO, Hawmydiree. [Ipu
3TOM €My TPUXOJWUTCS TPUHUMATh BO BHUMAHHWE YacTO IIPOTUBOPCUHBHIC
TEXHOJIOTUYECKHE WM  OKCIUIyaTallHOHHBIE  TpeOOBaHUs,  MNPEABSIBISIEMBIC K
NpOEKTUPYEeMOMY u3aenuio. HecMoTpst Ha MHOT0OOpasue BceX 3TUX MpoOIIieM, pelIeHHS
WX B ONPE/CICHHOW YaCTH OCHOBBIBAIOTCS Ha HEKOTOPBIX OOIIMX MPHUHIIMIIAX U UMEIOT
o011y10 HayYHYI0 0asy.

OCHOBHBIC TCOPETUYCCKHE MMOJIOKEHUS, H3ydaeMble B nucuiuinae «[IpukinagHas
MEXaHMKa» IHPOKO HCIOJIB3YIOTCS TPH M3YYEHUHW psjia CIElUaIbHBIX JTUCIHMIUIAH, a
UMEHHO: «3/JaHMs W COOPY)KCHHMS M WX YCTOMYHMBOCTH TpH moxape», «lloxkapHas
0e30MacHOCTh B CTPOMTENBCTBEY», «PacciemoBanme W OIKCHEepTU3a TMOXKAPOBY,
«IloxxapHast 0e€30MacHOCTh TEXHOJOTHYECKUX TporieccoBy, «Teopust ropeHus u
B3phIBaY, «[ mapasiukay, «II[poTuBomokapHOe BOAOCHAOKEHUE» U T. II.

D¢ddexTuBHOCTD OCBOCHHMS  AUCHUIUIMHBI  «[IpukiagHas MEXaHHKa» B
3HAYUTENFHOW MeEpe 3aBHUCHT OT COJCP)KaHUS ¢ IIOCTAHOBKU JIa0OpPATOPHOTO
MPAKTUKYMa, IIOCKOJIBKY JJab0paTopHbIe paOOTHI SBIISIOTCS CBS3YIOIIMM 3BEHOM TCOPUHU
U TIPaKTUKH, KYpCOBOTO IPOCKTUPOBAHUS, IPAKTUKyMa pEIICHUS MPHUKIaTHBIX

MMPaKTUHYCCKUX 3a/a4. I[aHH]':»Ie MCPOIIPUATHUA ITTO3BOJIAIOT erIY6JI$ITB N 3aKpCILIATH



TCOPCTUYUCCKUC 3HAHU.
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1. Ctaruka

OcHOBHBbIE MOHATHS MEXaHUKH

JIBuKeHHE SBISIETCS CIOCOOOM CYIIECTBOBAHMSI MAaTE€pUU, €€ OCHOBHBIM He-
OTheMJIEMBIM CBOMCTBOM. [loj nBH)KeHHEM B OOILIEM CMbICIE MOHUMAETCS HE TOJIBKO
IIEPEMEILICHHE TEJI B IPOCTPAHCTBE, HO U TEIJIOBBIE, XUMHUECKUE, dJIEKTPOMAarHUTHBIE U
Jo0BIe IPYrue U3MEHEHUSI U MPOIIECChI, BKIIIOYAs HAIllE COBHAHUE U MbICIIb.

Mexanuka u3yyaeT HamOoJiee MPOCTYI0 MU JIeTKO Habronaemyro (GopMy ABH-
KEHUS - MEXaHUUECKOE JIBUKEHUE.

Mexanuueckum OgudiceHuemM HA3bLIBAEMCA KAK Hpoucxoosujee ¢ meyeHuem
8peMeHU U3MEHeHUe NOJIONCEHUsL MAMEPUATIbHBIX mel OMHOCUMENbHO Opye Opyad, mak
U U3MeHeHue OMHOCUMENbHO2O HNONONCEHUS YACMUY OO0HO20 U MO20 Jice Mame-
PUanbHOo20 mena, m. e. e2o 0eghopmayusl.

Henb3s, koHe4yHO, BCce MHOrooOpasue SBICHHM MPUPOABI CBECTH TOJIBKO K
MEXaHUYECKOMY JIBH)KCHHIO U OOBSICHUTh MX Ha OCHOBAaHUU TOJOKEHUU OIHOU Me-
XaHUKU. MexaHuueckoe IBMKEHHE HUKOMM o0pa3oM HE HCUEpIBbIBACT CYyIIeCTBa
pa3nu4HbIX (OPM IBHXKEHHS, HO OHO BCEr/ia MPUCYTCTBYET B KaXKJI0M U3 HUX U JIOJDKHO
OBITh UCCJIEIOBAHO PAHBIIIE BCETO OCTAIBHOTO.

B cBA3u ¢ KOJOCCaNbHBIM Pa3BUTUEM HAYKHW M TEXHUKH CTal0 HEBO3MOYKHBIM B
OIHOW JUCHHUIUIMHE COCPEAOTOYUTh W3YYEHHE MHOYKECTBA BOINPOCOB, CBSI3aHHBIX C
MEXaHWYECKUM JBHKEHUEM Pa3JIMYHOTO poAa MaTepuaibHbIX Tel. CoBpeMeHHas Me-
XaHHMKa MPEICTaBIsAeT COOOM IEnbld KOMIUIEKC OOIIMX M CHEIHAIbHBIX TEXHUYECKHX
JUCLUUIUIMH, TIOCBSIIEHHBIX MPOEKTUPOBAHUIO M PACUYETy pPaA3JIMYHBIX COOPYKEHHUI,
MEXaHNW3MOB U MAIlIVH.

MarepuanbHble Tena, ¢ KOTOPbIMU MMEIOT JE€JI0 B ATUX NHMCIUIUIMHAX, BECbMa
pa3IuYHbI, HO JABMKEHHUE UX 00J1a1aeT MHOTUMHU OOIIMMH CBOMCTBaMU, HE 3aBUCSUIUMU
OT (U3MYECKUX CBOMCTB camMuX [BIKYIIMXCA Tel. OTH OOIIMe CBOMCTBa Me-
XaHUYECKOTO IBMKEHUS MAaTEPUAIBHBIX TEJ U U3YYAIOTCS B TEOPETUUECKON MEXAHUKE.

Teopemuueckou MexaHuKou HA3bIGAEMCS HAYKA, U3yuarowjas obujue 3aKoHbvl
MEXAHUUECKO20 0BUNCEHU. MAMEPUATLHBIX Mel U YCIMAaHasausaowas oowue npuemsl u
Memoobl 0715l peuletust BONPOCO8, C8A3AHHBIX C IMUM OBUNCEHUEM.

Mexanuueckum O6udicenuem Ha3vl8aemcsi UMEHeHue ¢ medeHuem 6pemeHu
63AUMHO20 NONOIHCEHUSA MAMEPUATILHBIX MOYEK 8 NPOCMPAHCMEE.

Mexanuueckum  3aumooelricmeuem HA3bIBACMC  MAKOe  83aUMOOeUcmsue
MamepuaibHulX meJs, KOmopoe usMeHsAem Uiy CMpeMumcs UsMeHumb Xapakmep ux
MEXAHUUECKO20 OBUINCEHUS.

J1j1st TOro 4ToObl YCTAHOBUTDH 3aKOHBI IBMXKEHUS, 00IIME ISl BCEX MaTepuaIbHbIX
T€ld, B TEOPETUYECKON MeEXaHHKe MpUOEraloT K HJeadu3alud SBICHHH, T. €. K
BBIJICJICHUIO TJIABHOTO, OT YEro 3THU SIBJICHUS CYIIECTBEHHBIM 0Opa30M 3aBHUCST, U OT-
OpachIBaHUIO BTOPOCTENEHHBIX 0OCTOATENLCTB, HE CYIIECTBEHHBIX B pACCMAaTPUBAEMbIX
ycioBusx. [Io3ToMy B TEOpETHUECKON MEXAHUKE pacCMaTpHUBAETCA JBH)KEHHE HE TEX
bu3MYecKUX TeN, KOTOpble pealbHO CYIIECTBYIOT B TMPUPOJIE, a HEKOTOPHIX
aOCTpaKTHBIX MOJIEJEH, OTPaKaIOIIMX TOJIBKO OIpeiesieHHbIe O0II1e CBOMCTBRA.
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B nunamuke n3yyaroTcs 3aBUCUMOCTH MEXIY JIBH)KEHHEM MATepHUalIbHbIX TEN U
JNEUCTBYIOIIMMHU Ha HUX CUJIAMHU.

[TonoOHOe neneHue Kypca MPOTUBOPEUYUT CYIIHOCTH MEXaHUYECKHUX SIBICHUMU.
ITokoi1 1 paBHOBECHUE SIBISIOTCS JIUIIb YACTHBIMU CIIyYasiMU JIBUKEHUS, 2 HE KAKUMU-TO
OCOOBIMHU CITy4asiMU, KOTOPBIC JTOKHBI OBITh PACCMOTPEHBI HE3aBUCUMO OT JBH)KCHUS
U B KA4eCTBE €ro MpeAnochUIOK. Bce MONOKEeHHsT CTaTUKU MOTYT OBITh BBIBEJICHBI U3
3aKOHOB JMHAMHMKU. MIyT K€ Ha Takyl MOCJIEAOBATEIBHOCTh B IMOCTPOECHHUM Kypca
TEOPETUYECKOM MEXaHMKHU B By3aX MOTOMY, UYTO CJIO)KHOCTh MAaT€MaTHYE€CKOIro arra-
pata, TpeOyemMoro JJjisi U3y4eHUs] MEXaHUKH, BO3PACTAaeT MOCTENIEHHO, U MOXHO BECTH
€€ U3y4YeHHE NapauieIbHO C U3YYEHHEM Kypca BhICHIEH MAaTEeMaTUKH, & IOTOMY paHbIIIE
MEPEUTH K U3YUEHUIO CIEUUAIBHBIX TUCIUATIINH.

Teopernueckass MeXaHHMKa CIY>XUT Hay4YHbIM (PYHIAMEHTOM ISl MHOTHX TEX-
HUYECKUX OUCHMIUIMH. Ee MeTomamMu 1 mpueMamu MOJab3YIOTCS MPU BCEX TEXHUUYECKUX
pacuerax, CBSI3aHHBIX C MPOEKTUPOBAHUEM PA3IUYHBIX COOPYKEHUU W MAIIMH U HX
sKcIuTyaTauuei. Posib 1 3HaUEHHE TEOPETUUECKONW MEXAHUKH JIJIsI TEXHUKH HEMPEPBIBHO
Bo3pacrtaeT. CroxkHelme npooieMbl, MOCTOSHHO BO3HUKAIOIIHUE B CBSI3U C TUTAHTCKUM
pa3BUTHEM TEXHUKH, OpraHM3allMed W pa3BUTUEM BCE€ HOBBIX U HOBBIX BHJIOB
MPOU3BOACTBA U HOBBIX TEXHUYECKUX CPENICTB, YK€ HEJIb3sl pelIaTh HA OCHOBE OJHUX
OTBITHBIX JIAHHBIX, HA OCHOBE OJHOM MpakTUKU. TpebyeTcs HaydyHOE MPEABUICHUE U
CTPOTHUH MpeBAPUTEIIbHBIN pacueT, OCHOBAHHBIC Ha TUIYOOKOM 3HAHWUU TEOPHUH, IPUUEM
B MIEPBYIO OUEpeIb HA 3HAHUM 3aKOHOB U METOJ0B TEOPETUUECKON MEXAHUKHU.

AKCHOMBI CTATHKH

AKCUOMBI CTaTUKH TPEJCTABISAIOT CO00I0 pe3yibTar O0O0OOIIEHHH MHOTOYHC-
JIEHHBIX ONBITOB U HAOIIOJEHUM HaJl paBHOBECHEM M JBWKCHHEM TeJ, HEOJHOKPATHO
MOATBEPKACHHBIX TMpakTUKoi. HexoTopble OCHOBHBIE 3aKOHBI MeXaHuku [ amunes —
HproToHa SBIAIOTCA OJHOBPEMEHHO U aKCUOMAaMHM CTaTHKHU.

1. Axcuoma unHepuuu. [1o0 Oeiicmeuem 83AUMHO YPAGHOBEUUUBAIOWUXCSL CUL
MamepuanvbHas mouxka (meno) HaAxoOumcsi 6 COCMOSHUU NOKOs UU OBUNCEMCS Npsi-
MONUHEUHO U pagHomMepHo. AKCMOMa WHEPLIMM BBIpAXKaeT YCTaHOBJIEHHBIN ['amuneem
3aKOH MHepIHH. AkcroMa | ompenenseT MpoCTeUIny0 ypaBHOBEIIEHHYIO CUCTEMY CHII,
TaK KakK OMbIT MOKa3bIBAET, YTO CBOOOJHOE TEJIO, Ha KOTOPOE JIEUCTBYET TOJIBKO OJIHA
cuja, HaXOJUThCS B PABHOBECUU HE MOXKET.

2. AKcroMa paBHOBECHS JIBYX CHIL. /[6e cuiibl, NpULONXCEHHbIE K MBEPOOMY Mey,
83AUMHO YPABHOBEUUBAIOMCS MOILKO 8 MOM Cllyyae, ecliu Ux MOOyaU PAGHblL U eciu OHU
HanpaeieHvl N0 0OHOU NPAMOU 8 NPOMUBONOJIOJNHCHbIE CMOPOHbL (puc.1.1).



Py

Puc. 1.1. YpaBHOBeneHHas rapa CuI B INIOCKOCTH

3. Axcmoma MNPpUCOCAUMHCHUA W HCKIIIOYUYCHUS YPABHOBCHINBAIOIUXCSA CHIIL.
ﬂeﬁcmeue cucmemnvl Cujl Ha meepdoe mejo He USMEHUMCA, eclu K Hell npucoe()uHumb
Ulu U3 Hee UCKIIIOUYUMb CUCMEMY 63AUMHO YPABHOBEWMUBAIOUWUXCA CUL.

[IycTh, HanpuMep, K TBEPAOMY Tely HPHJIOKEHBI CUIbl PP, P, P,, T0o1 JeHCT-

BHCM KOTOPBIX TCJIO HAXOAUTCA B ITOKOC UJIM COBCPITACT KAKOC-TO ABUKXCHUC (pI/IC 12)
HpI/IJIO)KI/IM K TCJIy ABC PABHBLIC IIPOTHUBOIIOJIOKHO HAIIPABJIICHHBIC CHUJIbI Ql ’Qz , KOTOPBIC
B3aMMHO YpPaBHOBCHINBAKOTCA. Ecan teno B ITOKOC, TO OHO COXPAaHUT €10, C€CJIN TCJIO B
ABHKCHHUHU, TO OHO 6YIICT ABHUTAaTbCA II0[ HCﬁCTBHCM HOBOM CHCTEMBI CHII

0,.0,,P,P,,P,,P, Tak e, KaKk Noj AeicTBUeM cui PP, P, P,, T.e. HOBas CUCTEMA CHJI

DKBUBAJICHTHA MpPEXHEW. OJTO K€ NPOU30MIET, €CIM U3 3aJaHHOM CHUCTEMBI CHII,
MIPUJIOKEHHBIX K TBEPAOMY Te€lly, UCKIIOUHUTh B3aMMHO YPAaBHOBEIIMBAIOIIUECS CHUJIbI,
BXOJSIINE B €€ COCTaB.

Puc. 1.2. YpaBHOBeneHHas cuctema CHII B IIJIOCKOCTH

CnenctBue. He uzmenss KuHeMamuiecko2o COCMOAHUS AOCOIIOMHO MEePO020
mena, CUy MON*CHO NEePEeHOCUMb 8001b IUHUU ee OelUCMBUs, COXPAHASA HeUSMEHHbIMU ee
MOOYJIb U HANpAGeHue.

4. Axcuoma napasienorpamMma cui. Pagnooeticmsyrowujas 08yX nepecekanujuxcs
CUTl NPpUNOdCEHA 8 MOYKe UX nepecedeHuss U usoopaxcaemcsi OUASOHANbIO Na-
panienozpamma, nOCmMpoeHHo20 Ha Imux cuiax (puc.1.3).



Puc. 1.3. CnoxxeHue cui 1o npaBuily napauienorpaMma

R=P +P, (1.1)
Monynb paBHOJEHCTBYIOMIEH CHITBI OTIPEEIIACTCS 0 Cleayromel Gpopmyie:
R=1/P? + P} +2PP, cos ¢ (1.2)

5. Axcuoma JEHCTBUSL M TPOTUBOACHCTBUA. Bcaxomy Oeiicmeuro coomeem-
cmeyem pagHoe U NPomuBonoN0NCHO HANPAsleHHoe npomugooelicmeue. ITa akCuoma
YTBEPKAAET, YTO CHJIbBI JEWCTBUS JApPYTr Ha JApyra ABYX Te€l PaBHbl IO MOAYJIIO H
HaIpaBJeHbl MO0 OAHOW MPSMOMl B MPOTHBOIOJIOKHBIE CTOPOHBI. Takum oOpa3zom, B
IIPUPOJIE HE CYLIECTBYET OJHOCTOPOHHETO AEUCTBHS CUIbL. Bylydn NMpUIOKEHHBIMU K
pa3HbIM TeEJIaM, 3TH CWJIbl HE YPaBHOBEIIMBAIOTCSA. AKCHMOMAa JEWCTBUS U INPOTUBO-
NEUCTBHS yCTaHOBJIEHa HBIOTOHOM M H3BECTHA KAaK OJWH W3 OCHOBHBIX 3aKOHOB
KJIACCUYECKON MEXaHUKHU.

6. AxcuoMa COXpaHEHHsS PaBHOBECHUS CHUJI, MPUIOKEHHBIX K JAeQopMHUpYIO-
HIeMycsl Telly NIpPU €ro 3aTBepAECBaHUM. Pagnogecue cun, npunodiceHuvix K oegopmu-
pyrowemycs meny, COXpaHsaemcs npu e2o 3ameepoeHuu.

IIpoexuus CUJIBI HA OCHh U IVIOCKOCTh

AHanUTUYECKUN METOJl PELICHUs 3a/lad CTaTHUKW OCHOBBIBACTCS HA MOHITHU O
IIPOEKIUU CWIIBI HAa OCb. [Ipoexyueil cuivl Ha OCb HA3bIBAEMCA CKANAPHAA 6eIUYUHA,
PAasHas 83AmMol ¢ COOMEEMCMEYIOUUM 3HAKOM ONUHE OMPe3Kd, 3aKTIOUEHHO20 MeHCOY
npoekyuamMu Havaia u Konya cuivl. IIpoexuus UMeeT 3HaK IUIIOC, €CIINA NepEMELECHUE
OT €€ Hayaja K KOHIly IPOUCXOAUT B MOJIOKUTEIbHOM HANPABIEHUU OCU, U 3HAK MUHYC
— €cllM B OTpHULATEIBHOM. M3 onpeneneHus cieqyer, 4TO NPOEKIUU JAaHHOW CHIIBI Ha
moOble MapajiebHble U OJMHAKOBO HAIMPABIEHHBIE OCHU PaBHBI JIPYr APYry. OTUM
yJI0OHO MOJIb30BATHCS P BBIUKUCICHUU MPOEKIIUU CUITBI HA OCh, HE JISKAIYIO B OJTHON
IUIOCKOCTH ¢ cuitod. O003Ha4YaTh NMpoeKuio cuibl £ Ha ock Ox, OyaeM CUMBOJIOM F.
Torpa nns cun, n3oOpakeHHbIX Ha puc. 1.4, TOTydnM:

F =A4B,cosa=ab, Q. =—ED, =—de.
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& FI & brd ‘QI ¢
Puc. 1.4. [Ipoexuuu cui Ha OCh

Ho u3 ueprexa BUHO, UTO AB, = Fcosa, ED, =Qcosp =—Qcosq,. CieaoBaTenbHo,
F_=Fcosa, Q =-Qcosp=0cosq,, T.€. NPOEeKYyusi Cuibl HaA OCb PABHA NPOU3IBEOEHUIO

MOOYISL CUNbL HA KOCUHYC Y2Aa MeNHCOY CUNOU U NOJIOACUMENbHBIM HANPAGIEeHUEeM OCU.
[Ipu 3TOM mpoekius OYAET MONTOKUTEIBHOM, €CIM Yrol MEXAy HalpaBICHUEM CUJIbI U
MTOJIO’KUTENIbHBIM HAIPABIEHUEM OCH — OCTpPBIM, U OTPULATEIBHOW, €CIU 3TOT Yroyl —
TYIO; €CIM CUJla NEPIEHAUKYISPHA K OCH, TO €€ MPOEKIHUSA HAa OCh PaBHA HYIIIO.
IIpoexyueni cunvt F' na naockocms Oxy Hazwvigaemcs eekmop Fo,=0B; 3a-
KIIOYEHHBIU MeNCOy NPOeKYUsMU Havaia u konya cuivl F na asmy niockocmo (puc. 1.5).
Takum oOpa3zoM, B OTIMYHME OT MPOEKLUU CUJIbI HA OCh, TPOEKIUS CHIIBI HA MJIOCKOCTh
€CTh BEJINYMHA BEKTOPHAsI, TAK KaK OHA XapaKTEpPU3yeTCs HE TOJIbKO CBOMM YMCJIEHHBIM
3HAYEHHUEM, HO U HampasieHueMm B miockoctu Oxy. Ilo momyinto F, =FcosO, rae 0 —

yIOJl MEXKY HallpaBJIICHUEM CUJIbI F' U ee NPOEKLUHU F,.

Puc. 1.5. [Ipoekuus cuiibl Ha INIOCKOCTh

B HCKOTOPBIX CJIYHadX AJIAI HAXOXKIACHUA IIPOCKIUU CUJIBI HA OCh ObIBaeT YI[O6HCC
HaWTH CcHayajga ee¢ MMpOCKINUIO Ha INNIOCKOCTb, B KOTOpOﬁ 9Ta OChb JICKHT, a 3aTCM
HaﬁIICHHYIO MMPOCKINIO Ha IINIOCKOCTDL CIIPOCKTUPOBATHL HA JdAHHYIO OChb.

MoMeHT cWJIbl OTHOCUTEIBHO HeHTpa u ocu. [lapa cua

BO3HUKHOBEHHE IOHATHS MOMEHTA CHWJIBI OTHOCHUTEJIBHO LEHTPA CBS3aHO C
3anauert o peruare. [IpeacraBum cebe TBepaoe teso (puc. 1.6), umeromiee chepudyeckyro
HIAPHUPHYIO ONOPY, NOMEMIEHHYIO B LIEHTpe O TSXKECTU Tela. Bl K Teny IPUWIOKUTH
cuity P; Ha HEKOTOPOM pacCTOSIHUU /; OT HEMOABMAKHOW TOuku (O, TO TEJNO HAYHET
BpalaTbCsd BOKPYT ATOM TOUKHU. Ecnum ke K Telly MPUIOKHUTh €lIe U APYTYIo cuily P,
CTPEMSIILYIOCS BpallaTh TEJIO B HAIIPABIECHHUH, TPOTHBOMOJIOKHOM BPALLIEHUIO CHIION P;
B IUIOCKOCTU CHJIbI P; 1 Touku O, U €CIIA NPU 3TOM OTHOLIEHHWE MOJyJNER cul P U P,
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Oyner oOpaTHO MPOMOPIMOHATIBHO UX PACCTOSIHUSAM h, U A, OT HEMOJABWKHOU TOUKH O,

TO T€J0 OYAET OCTaBaThCsl B PABHOBECUM.
BpamarenbHoe nelictBue cuwibl P, OyleT ypaBHOBEIIMBATHCSA BpalllaTeIbHBIM

JNEUCTBUEM CUJIbI P,, €CIIU A

% :% W, CIIEJOBATENbHO, Ph, = Ph,.
2 1

Puc. 1.6. Bpamienue tBepaoro tena

Taxkum oOpazom, Mepoil BpamiaTeabHOro 3¢ @deKTa CUIIbl OTHOCUTEIBHO KaKOM-
au00 TOUYKH (IIEHTpA) SBISCTCS Hpousgeoexue MOOYis Culbl HA Nie4o, m. e. Hd
Kpamuatiee paccmosiHue ee JUHUU Oelicmeus Oom yYeHmpa Momenma. ITO
MIPOU3BENICHUE HA3bIBACMCA MOOYIEeM MOMEHMA CUTbL OMHOCUMENLHO 91020 YEeHmMPA.

JIJIs  SKBHBAJICHTHOCTH BpPAIATEIBLHOTO JEWCTBHS JBYX CHJI OTHOCHTEIBHO
KaKoro-1u0o IEeHTpa paBeHCTBA MOAYJIEH MX MOMEHTOB OTHOCHUTEIBHO 3TOTO IIEHTpa
HepocTaToyHo. HeoOxoammo ere, 4ToObl COBMAgaNH TIOCKOCTH, MPOXOSIINE Yepes3
JUHUY JEHCTBUS CHII M IIEHTP MOMEHTOB, U YTOOBI CHJIBI BPAIlaH TEJIO BOKPYT IIEHTpa
MOMEHTOB B OJTHOM M TOM K¢ HaIllPaBJICHHH.

Takum o00pa3zom, i TIOTHOTO OIpPEAENCHHs BpallaTeabHOrO 3(dexTa cuibl
OTHOCHTEIFHO KaKOTO-THO0 IeHTpa HEOOXOAMMO 3HATh HE TOJIBKO MOIYJTh MOMEHTa
CWJIBI, HO W yKa3aTh IJIOCKOCTh, TPOXOJIAIIYI0 Yepe3 JTUHUIO JCHCTBUS CHIIBI M IIEHTP
MOMEHTA, a TAK)Ke CTOPOHY BPAIIECHUS B 3TOH TIIOCKOCTH.

[lonokeHne TIIOCKOCTH B TPOCTPAHCTBE OMNpEnesieTcss, KakK H3BECTHO,
MOJIOKCHUEM TICPIICHIUKYJIIpa K 3TOM IJIOCKOCTH.

M3 Bcero cka3aHHOTO BBITEKACT CIIENYIOIIEe BEKTOPHOE ONpeJeIeHHe MOMEHTa
CHJIBI OTHOCHTEIFHO TOYKHU: MOMEHMOM CUIbl OMHOCUMENbHO Kakou-1ubo mouxku O
(yenmpa) Ha3LIBAEMC NPULONCEHHBIL K OMOU MOUKe 6eKmop, HANPAGIeHHbIl
NEePReHOUKYIAPHO K NIAOCKOCMU, 8 KOMOPOU PACNONIONCEHbl JUHUSL OeliCEus CUlbl U
yeump O, u npumom 6 my CMOpPOHY, OMKY0a 8pawjeHue meia CUIol npedcmasinemcs
COBEPUUATOWUMCSL NPOMUB YACOBOU CMPETKU.

BekTop MoMeHTa cuibl P oTHOCHTENBHO 1eHTpa O Oyaem 0003Ha4aTh CHMBOJIOM
M,(P).

o
Puc. 1.7. MoMeHT CWIBI
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Mooyne momenma cunbl OMHOCUMENbHO YeHmpa paeeH, Kaxk ObLIO CKa3aHo
BBIIIIC, NPOU3BEOeHUI0 MOOY/A CUIbl HA ee Hleyo, T. €. Ha JUIMHY NepHeHAHuKYIspa,
OMYIIEHHOT'O U3 IIEHTpa MOMEHTA Ha JIMHUIO IEUCTBUS cuibl (puc. 1.7).

M, (P)=Ph. (1.3)

MOXHO cKa3aTh, YTO MOMEHM CUNbl OMHOCUMENTbHO KAKO20-1Ub0 yenmpa paseH
8EKMOPHOMY NPOU3BEOCHUIO PAOUYCA-8EKMOPA 1, NPOBEOSHHO20 U3 YEeHMPA MOMEHMA 8
MOYKY NPULOICEHUS CUTIbL HA 6EKMOP CUJIbL.

M,(P)=rxP. (1.4)

MOMEHT CHJIBI OTHOCHUTEIBHO TOYKH SBISICTCS OJHHUM M3 BaXHESHIINX MOHSITHUM

MexaHuknd. O000Iast 3To0 MOHITHE, MOKHO HAaXOJUTh MOMEHT OTHOCHUTEIBHO JIHOOOM

TOYKH, HE3aBUCUMO OT TOr'0, MOXKET JIM B JICUCTBUTEIBHOCTU TEJO BPAILATHCS BOKPYT
9TOMN TOYKH.

Momenmom cunvr P omnocumenvno ocu z naszvieaemcs 63amoe co 3HAKOM NIoC
UM  MUHYC — NpousgedeHue MoOyIs  npoekyuu P cunbl  PHa  NIOCKOCMb,
nepneHOUKyIapHyI0 ocu, Ha ee nieyo d, omnocumenvHo mouku O nepeceueHus ocu ¢
NJ10CKOCMbIO .

M, =%Pd,. (1.5)

[Tonmoxxum, 9TO K TBEpAOMY Teldy B Touke A mnpwioxkeHa cuwia P. UtoOsl
BBIUMCIIUTH MOMEHT 3TOM CHJIBI OTHOCUTEIIBHO OCU z , CIEIYET CIPOEUUPOBATH CUIly P
Ha INIOCKOCTh L , IEPIECHIUKYIAPHYIO OCH z , @ 3aTEM BBIYUCIUTHL MOMEHT €€ MPOECKLIUN
P Ha 3Ty IUIOCKOCTh OTHOCHUTENBHO TOYKA () MEPECEUECHUs] OCU z C IUIOCKOCThIO L,
MIPUIIKMCAB 3TOMY MOMEHTY 3HaK IUTIOC WK MUHYC (puc. 1.8).

Momenm cunvl omHocumenbHo ocu Cuumaemcs NOJONCUMENbHBIM, eCliU, CMOMPAL
Hascmpeuy ocu z, MOJMCHO udemsb Npoekyuto P, cmpemaujelics 8pawjams niockocms L
B0KpY2 OCU 2 8 CIOPOHY, NPOMUBONOIONCHYIO 8DAULCHUIO YACOBOU CIMPEIKU.

MOMEHT CHJIBI OTHOCUTEIBHO OCH U300pakaeTcs OTPE3KOM, OTIIOKEHHBIM 110 OCH
r oT ToYyku O B MOJIOKUTEIHLHOM HAaNpaBJICHUU, €CIU M, >0, U B OTPULIATETILHOM —
ecim M, <0.

3HayeHUEe MOMEHTA CHUJIbI OTHOCHTEIBHO OCH MOXET OBITh TaKKe BBIPAYKEHO
YABOCHHOU TUIOMIAJbI0 TPEYTOJIbHUKA: M , = +2AA4,0B, .

Puc. 1.8. MoMEHT CWJIbI OTHOCUTEIBHO OCHU

MOMEHT CHUJIbI OTHOCUTEIBHO OCH PABCH HYJIIO B IBYX CIIy4asdX:
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1) ecnu P, =0, T.€. TUHUA ICUCTBUS CWIbI IapajlielIbHA OCH;
2) ecnu d, =0, T. €. TUHUS IEUCTBUS CUJIBI MepecekaeT ock. OTCroma cleayerT:

eciu Cuna U OCb a1excam 6 0OHOU NIOCKOCMU, MO MOMEHN CUlbl OMHOCUMENbHO MOl
OCU pagex HyJio.

Cucmema 08yX pasuvix nNo MOOYIO, NAPALIEIbHBIX U  HPOMUBONOJONCHO
HanpagnenHvlx cun P u P' Hazvieaemcs napoti cun. I110CKOCTh, B KOTOPOW HAXOASATCS
JIUHUU JEUCTBUS CUJT P u P’ Ha3bIBAe€TCs IJIOCKOCTBIO Oeticmaus napvi cun (puc. 1.9).

a d)

e e

Pi’

Puc. 1.9. [Tapa cun

[lapa cun He uMeEET paBHOJICUCTBYIOLICH, OJHAKO CHJIBI Taphl HE YypaB-
HOBEIIIMBAIOTCS, TaK KaK OHM HE HAMpaBJICHBI 1O OJHON npsimoid. [Tapa cum ctpemMutcs
MIPOU3BECTH BpallleHHE TBEPJIOTO Tela, K KOTOpOMY OHa npuiiokeHa. [lapa cui, He umest
PaBHOJICHCTBYIOIIEH, OUYEBUIHO, HE MOXET OBITh ypaBHOBelIeHa cwiod. Kpartuaiiiiee
paccTosiHUEe d MEXIy JUHUSIMHU JICHCTBUS CHJI, COCTAaBISIONIMX Tapy, Ha3bIBAeTCS
njieyom napul Cull.

JleiicTBUE mapbl CUJI Ha TBEPAOE TEJIO XapaKTEPHU3yeTCs €€ MOMEHTOM. Momenm
napwsl Cuil onpeoensemcs npouzgedenuem Mooy 0OHOU U3 CUl Napvl HA ee Nieyo.

M = Pd (1.6)

Ecnu cunel BelpakaTh B HbIOMOHAX, A TUIEUO — B Mempax, TO MOMEHT Hapbl CUII
OyneT BbIpaxkaTbcsl B HbIOTOH-MeTpax (H-m).

MomeHT mapel cuUll U300pakalOT BEKTOpPOM. Bexmop momenma M napul
P P'Hanpaénaiom nepneHoOuKyIapHo NI0CKOCMU Oelicmeus napvl Ccul 6 MmMakyio
CMOpPOHY, uUmMOObl, CMOMps HABCMPeYy OdMOMY 6eKmopy, 6udemsv napy Cui
cmpemawelcs 8paujams NI0CKOCMb ee 0elicmeus 8 CMOpPOH, 0OPAMHYI0 8PAULeHUIO
yacoeotu cmpenxu (puc. 1.10).

Puc. 1.10. Bektop MOMeHTa napsI CUjI

Bwmecto BCKTOpPa MOMCHTA Ka)I(HOﬁ mapbsl CWI, NCPICHAUKYIIIPHOTO INNIOCKOCTHU
depTeiKa, YKA3bIBAKOT TOJBKO HAIIPABJICHUC, B KOTOPOM IIapa CHUJI CTPEMHUTCA BpalllaTb
9Ty INIOCKOCTD.
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B aTOM ciiydae momenm napul cui onpeoensirom npouzéeoenuem Mooy Cull Ha
njievyo napsvl Ccuil, 634AmblM CO 3HAKOM NJaHOC UlU MUHYC, m.e. MOMEHmM napsvl Cul
pacemampuedarom Kak aﬂee6pauquKy}0 6eIUHUUH) .

M =+Pd (1.7)

Momenm napol Cul cdumairom noJoNCUMENbHbIM, eClu napa cul cmpemunics
epauianib nja0OCKoCmbs depmeostca 6 CmMOpPoOHY, NPOMUBONOJIONCHYIO 6PAUEHUIO uacoeou
cmpenxu (puc. 1.9), u ompuyamenvhvim — 6 CMOpPOHy 8paueHUsl HACOBOU CIPEIKLU.

CBa3u. Peakuuu cBsasei

3aoasaemvle cunvl BBIpAXKAIOT JACHCTBHE HAa TBEPAOE TEJIO APYTHX TEJ, BBI3bI-
BAIOIIUX WJIA CIIOCOOHBIX BBI3BaTh M3MEHEHUE €T0 KUHEMATHYECKOTO COCTOSIHHUS.

Peaxyueti cea3u Ha3zpIBaeTCs CUJla WM CHUCTEMa CHJI, BBIpa)karolias MEXaHU-
YEeCKOe JICHCTBUE CBA3U Ha TEJO.

OnHYUM W3 OCHOBHBIX TMOJIOKEHUNW MEXaHUKHU SBISCTCS HPUHYUN O0CBODOINC-
oaemocmu meepovlx mejl Om cés3ell, COTIACHO KOTOPOMY Hec80000HOe meepooe mejlo
MOJICHO paccmampueams Kaxk c80000HOe, HA KOmMopoe Kpome 3a0asaembiX CUull
oelicmayrom peakyuu cessell.

IIycTp, Hampumep, Ha TJIAAKOM HEMOABMKHOM TOPHU3OHTAJIBbHOM IIJIOCKOCTH
nokoutcst map (puc. 1.11). InockocTh, orpaHu4MBas IBWKCHHUE IIapa, SBISICTCS IS
HETO CBSI3BIO.

Puc. 1.11. IIpunuun ocBOGOXKIEHUS OT CBS3U

Ecnu mpicnenHo ocBoOOauTh map ot cBs3u (puc. 1.11), To ansg yaep:kanus ero B
IIOKOE€ K HEMY B TOUKE KaCaHUs C INIOCKOCTBIO HYXKHO IIPWIOKUTH CHITY IV, paBHYIO BECY
mapa G Mo MOAYJIO W MPOTHBOIOJOXKHYIO eMy Mo HampasieHuto. Cuna N u Oyner
peakuuen miuockocTd. Torma map, OCBOOOXKIEHHBIM OT CBsI3U, OylneT CBOOOJHBIM
TEJIOM, Ha KOTOPOE IEUCTBYIOT 3a1aBaeMasi cuia G U peakius MI0CKOCTH V.

['mankast MIOCKOCTh HE MPOTUBOJACUCTBYET NEPEMELIEHUIO TENA BIOJIb INIOCKOCTH
1o IeicTBUEM 3ajaBaeMbix cui (puc. 1.12, a), HO HE JOMYCKAaeT €ro nepeMenieHus B
HaIlpaBJICHUH, MEPIICHINKYIISIPHOM IIJIOCKOCTH. [103TOMY AEHCTBHE IITIOCKOCTH HA TEJO
BbIpa)KaeTcs HopManbHOUM peakuuedt (puc. 1.12, 06). Peaxyusa enaokoti niockocmu
Hanpaeniena nepneHoOUKyIApHO NIOCKOCMU.
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Puc. 1.12. CBs3b — ri1ajKast NOBEpXHOCTh

Ecnmn x koHIly B HUTU AB, NPUKPEIUIEHHON B TOUKE A, MMOABECUTH I'Py3 BecoM G
(puc. 1.13, a), To peakiusa S HUTH OyAeT MPUIIOKEHA K TPy3y B TOUKE B, paBHA MO MO-
IyJII0 €T0 Becy S W HampamjieHa BepTUKaiIbHO BBepx (puc. 1.13, 6). Peaxyus numu Ha-
npasnena 0016 HUMU.

ol
o)

8
D
fe ]

Puc. 1.13. CBsi3b — TOHKUI1 CTEP>KEHb

[Iycth Ganka Becom G B TOuKe B omupaercs Ha IJIaJKyl0 MOBEPXHOCTb, a B
Toukax A 1 D — Ha rjaajkue ropu3oHTaIbHYIO0 U BEPTUKAIBHYIO IIIOCKOCTH (puc. 1.14).
Torpga peakiuu OMOPHOW MOBEPXHOCTHM M OMOPHBIX IUIOCKOCTEH OyIyT MMETh yKa-
3aHHbIE Ha puc. 1.14 HanpaBieHUs.

Puc. 1.14. Peakuuu cBsa3en Ok

JInst ompeneneHusl KaXJI0M peakiuyu HY>XHO 3HAaThb TPU €€ BJIEMEHTAa: MOIYJb,
HaIpaBJIeHUE W TOUYKY NPWIOKEHMs. TouKa MPHIOKEHUS PEaKIuu, Kak MpaBUiio, Obl-
BaeT M3BecTHA. HampaBieHuwe k€ peakuuil M3BECTHO JIMIIb JJII HEKOTOPBIX THUIIOB
CBSI3CH.

Ecnu cywecmeyiom o06a 63aumHO nepneHOUKyIsApHbIX HANPAGIEeHUS. HA NIOC-
KOCMU, 8 00OHOM U3 KOMOPbIX CBA3b NPENsmcmeayem nepemeujeruro meida, a B Opyeom —
Hem, Mo HanpaesieHue ee peakyuu NPOMmu8ONOJ0NCHO NePEOMY HANPABIEHUIO.

PaccmoTpum 1Ba OCHOBHBIX THITA ONOP OAJIOK M UX PEaKIUU.
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Ha puc. 1.15 uzo0Opaxena mapHUPHO-HENOABMKHASI OTMIOpa, KOTOPasi MPEnsTCT-
BYET JIIOOOMY IOCTYHAaTEIbHOMY JBMKEHHUIO OalKd, HO JaeT € BO3MOYKHOCTH CBO-
00JTHO TMMOBOPAYMBATHCS BOKPYr OcH mmapHupa. [lo cBoell KOHCTPYKIMHM Takas Iap-
HUpHas OIopa COCTOMT M3 JBYX 00OHM, M3 KOTOpPBIX OJHA 3aKpeIuleHa Ha Oaike, a
Apyras — Ha HENOJBM)KHOW MOBEPXHOCTH. OTU OOONMBI COEIUHSIOTCS C MOMOIIbIO
HWIMHAPUYECKOTO BajlMKa (MOKa3aHO CpeiHee ceyeHue KOHCTpyKuuu). B 3aBucumoctu
OT JEUCTBYIOIIMX CHJ BAJIMK MOXET NPHXKHUMATHCS K PA3IMYHBIM TOYKaM OOOWMBI.
Peaknuss R miapHMpHO-HEMOJABM)KHOM ONMOPBI MPOXOAUT 4depe3 LeHTp mapHupa O u
TOUKY cornpukocHoBeHusi A (puc. 1.16, a, 6), HO ee MOIyJib U HaNpaBICHUE HE W3-
BECTHBI.

Puc. 1.16. Bo3Mo>xHbIe HanpaBiIeHUs peaknuii HIapHUPHO-HETIOABYKHOM OTIOPbI
Ulapnupro-noosudicnas onopa, HUXHsA 000MMa KOTOPOM MOCTaBJIeHa HAa KaTKH,
HE MPENITCTBYET NEPEMEIICHUIO OAJIKK MapauieIbHO OMOpPHOH miiockocT (puc. 1.17).
Ecnn He y4uThIBaTH TpPEHUS KATKOB, TO JIMHUIO NIEWCTBUS PEAKLMH TAKOM OIOPHI
ClIeAyeT CYMTaTh MPOXOJAIIEH Yepe3 LEHTP WIAPHHUpPA NEPHEHIUKYJSIPHO OIOPHOMU

IUIOCKOCTH. TakuM 00pa3oM, He U3BECTEH JIMIIb MOJYJIb ATOM PEaKIIMH.
L

PO

R ]
A N
I

Puc. 1.17. llapaupHO-TTOABUXKHASA OTIOpA

[Iycth B KakoM-HHOYIb KOHCTPYKLIUU CBS3bIO SIBIIICTCS CHIepoceHb, 3aKperl-
JeHHbIM Ha KoHuax mapHupamu (puc. 1.18). Ilpumem, 4TO BecoMm CTEepxkHS IO
CPaBHEHHUIO C BOCHPUHHUMAEMOM MM Harpy3koil MOXKHO mpeHeOpeub. Torga Ha
CTep>KeHb OYyIyT NEeWCTBOBATH TOJILKO JIBE CHJIbI, MPUJIOXKEHHBIE B IIapHUpax A u B.
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Boobmie 3tu cunbl MoryT OBITh HampaBieHbl Hpous3BoibHO. Ho eciau ctepkenb AB
HAaXOAUTCS B PaBHOBECHM, TO IO aKCMOME | TpPHUIIOKEHHbIE B TOUKaX A U B cuibl
JOJDKHBI  OBITH HAIlpaBJIEHbl BJOJb OJHOW TMPSMOW, T. €. BAOJb OCH CTEpPKHS.
CrneoBarenbHO, HarpyKEHHbIA HA KOHLAX CTEPKEHD, 8ECOM KOMOPO20 NO CPABHEHUIO C
IMUMU HASPY3KAMU MONCHO npeHebpeusb, PabOTAET TOJIBKO HA PACTSHKEHHE WM Ha
ckarue. Ecnam Takoil cTepkeHb SBISIETCS CBA3BIO, TO peaxkyus N cmepowcHs Oyoem
HanpasieHa 8001b OCU CINEPHCHL.

Puc. 1.18. Peakuus B ToHKOM cTepkHe AB

Axcuoma ceazeu. PaBHOBecue HECBOOOIHBIX TeNl M3y4daeTcs B CTaTHKE Ha OC-
HOBAHUU CJIEYIOUIEH aKCUOMBI: 8CSIKOE HeC80000HOE MEN0 MOMCHO DPACCMAMPUBAMb
Kak c60000HOe, eciu OomOpoOcUms C8A3U U 3AMEHUMb UX O0elucmeue peaxyusimu dmux
cesizell.

Onpenenenue peakmii CBA3EH UMEET TO MPAKTUYECKOE 3HAYEHUE, YTO, 3HAS UX,
Mbl OyJeM 3HaTh W CWJIbl JIaBJICHUS HA CBSI3U, T. €. T€ HUCXOJHbIE JAaHHbIE, KOTOPbHIE
HEO0OXOIUMBI JJI pacyeTa MPOYHOCTH COOTBETCTBYIOIIMX YaCTEH KOHCTPYKIIMH.

AHaJIUTHYECKHE YCJIOBUS PABHOBECHS NIPOU3BOJIBHON CHCTEMBI CHJI

HeoOxonumble W J0CTaTOYHbIE YCIOBUS pPaBHOBECHUS JIIOOOH CHUCTEMBI CHII
narTca paBeHcTBamMu R=(0, M,=(0. Haliiem BBITEKAIOIIUE OTCIOla AHAIUTHYECKHUE
YCJIOBUS PABHOBECHUS IUIOCKOW CUCTEMBI CUJI. MIX MOXHO MOJY4YUTh B TPEX PA3JIUYHBIX
dhopmax.

1. OcHoBHas (opma ycinoBuil paBHOBecHs. Tak Kak BEKTOp R paBeH HYJIO, KOrja
pPaBHBI HYJIIO €ro npoekund R,=0 u R,=0, TO 11 paBHOBECHS JOJIKHBI BBIIOJIHATHCS
paBenctBa R,=0, R,=0u M,=0, rae B 1aHHOM ciy4ae M, - anreOpandeckuii MOMEHT, a
O - mobas TouKa B MJIOCKOCTHU ACHUCTBUS CHUII.

> F.=0,>F,=0,>M/(F)=0. (1.8)

@opMyIibl BBIPAXKAIOT CIEAYIOLIME AHATUTUYECKUE YCIOBHUS PaBHOBECUS: 0.
PAasHo8ecus NPOU3BOIbHOU NIIOCKOU CUCIEMbL, CUT He0OX0OUMO U 00CMAMOYHO, 4mobbl
CYMMbL NPOEKYULl 6Cex CUN HA KAXCOYI0O U3 08YX KOOPOUHAMHBIX OCel U CYMMA UX
MOMEHMO8 OMHOCUMENLHO 1100020 YeHmpa, excauje20 8 NiOCKOCMU O0eucmeus Cul,
oviu pasnwvl Hya0. OTHOBPEMEHHO paBeHCTBA (2.11) BhIpa)KarOT yCJIOBHS PaBHOBECHS
TBEPAOTO Tela, HaXOSUIErocs Mo IeUCTBUEM IIIOCKON CUCTEMBI CHJL.

2. Bropas ¢opma ycioBHil paBHOBECUS: 0/ PABHOGECUSl NPOU3BOTIbHOU NIIOCKOU
cucmemsl Cul He0OX00UMO U 0OCMAMOYHO, YMOoObl CYMMbl MOMEHMOB 8CeX IMUX CUL
OMHOCUMENLHO KAKUX-HUOYOb 08YXx yenmpos A u B u cymma ux npoexyuil Ha ocv Ox, He
nepneHoOUKyIapHyo npsamou AB, Ovliu pagHbl HYO!
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> M (F)=0,>M(F)=0,>F,=0 (1.9)

3. Tperbsi dopma ycloBHM paBHOBecHs (ypaBHEHUS TpPEX MOMEHTOB): IS
PaBHOBECHS NMPOU3BOJILHON IIOCKOW CHCTEMBI CHUJI HEOOXOJAMMO M TIOCTaTOYHO, YTOOBI
CyMMbI MOMEHTOB BCE€X 3THUX CHJI OTHOCUTEJILHO JIFOOBIX Tpex LeHTpoB A, B, u C, He
JIeXKAITUX Ha OJTHOM TIPSIMOM, ObUTH paBHBI HYJIIO:

> M (F)=0, > M (F)=0, > M_(F)=0 (1.10)

HeHTp THKECTH OJJTHOPOAHOIO TE€JIA. KOOpl[l/IHaTbI HEHTPA THAKECTH
OITHOPOAHOIO TE€JIA

Ha imro0yro dYacTuily Tena, HaxoAsIIerocs BOJM3M 3EMHOM IMOBEPXHOCTH,
JCHCTBYET HalpaBJieHHAs BEPTUKAJIBHO BHU3 CHJIA, Ha3bIBaeMas CHIION TSKECTH.

Jliist Ten, pa3Mepbl KOTOPHIX OYEHb Majbl IO CPAaBHEHHUIO C 3€MHBIM PauycoM,
CHWJIBI TSDKECTH, JICHCTBYIOIIME HA YaCTHIIBI TEa, MOKHO CUMTATh MapajuICIbHBIMU IPYT
JAPYTY U COXPAHSIOMIMMH JUISA KaKJIOHW YacCTHIIBI MMOCTOSIHHYIO BEIHMYHMHY IPH JTFOOBIX
nmoBopoTax Teja. [loyie TsokecTH, B KOTOPOM BBITIOJTHSIOTCS 3TH JIBA YCIOBUS, HA3bIBAIOT
O0OHOPOOHBIM NOSEM MANCECTIU.

PaBHOJEHCTBYIONTYIO CHUT TSDKECTH Pi, P2, ..., Pn, JACHCTBYIOIIUX Ha YaCTHIIBI
naHHOTO Tena, oO0o3HaumM P (puc. 1.19). Monmynb 3TOH cuiIbl paBeH BeCy Tela WU
OTIpEEIISICTCS PABEHCTBOM

p=Yn (L.11)

[Ipu 1r060M NOBOPOTE TENAa CUIIBI Py OCTAIOTCS MPUIIOKEHHBIMU B OJTHUX U TEX
K€ TOYKax Tejla M MapajuleIbHbIMU APYT APYTy; WU3MEHSAETCS TOJIBKO MX HaIlpaBJICHHE
no oTHomeHuto k Temy. CrenoBaTeNbHO paBHOAEHCTBYIomas P cun py Oyner mpu
JMOOBIX MOJIOKEHUSX Tejla MPOXOAUTh Yepe3 OAHY U Ty K€ HEM3MEHHO CBSI3aHHYIO C
TenoM TOoUKy C, SBISIOIIYIOCS LIEHTPOM NapajuIeNbHBIX CUJI TSKECTH pPk. JTa TOUKA U
Ha3bIBACTCA yYeHmpom msadxcecmu mena. Takum o0pa3oMm, yeHmpom msdcecmu
meepooco mena HA3bl8Aemcsi HEeUSMEHHO CEA3AHHAA C IMUM MeNoM MOYKd, Yepe3
KOMOpYI0 NpOXOOum JuHUs OeUcCmeusi pasHoOeUCmeyowel Cul madicecmu Yacmuy
0aHHO20 mena npu 11060M NoI0dHCeHUY med 6 NPOCMPaHCcmee.

Puc. 1.19

KoopauHaTel eHTpa TSHKECTH, KaK IEHTpa MapaUICIbHBIX CHJI, OMPEACIISIOTCS
dbopmynamu (3) u OyayT:
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X, = ZI;kxk Yo = Zikyk , 7= zl;kzk ’ (1-12)

TI€ Xk, Yk, Zk — KOOPAUHATHI TOYEK MPHUIIOKEHHUS CUIT TSHKECTH Pk YACTHULL TENA.

IleHTp TSKECTM — 3TO TOYKA TIEOMETPUYECKAs; OHA MOXKET JIe)KaTb M BHE
MpeesioB JaHHOTO Teja (HampuMmep, AJis KOJbIa).

JlJisi OJHOPOAHOTO Teda BeC Pk JiItoOOM €ro 4acTu MpONOPLHOHANIEH 00BEMY Vi
ATOW YaCTU: Pk = Vk, a Bec P Bcero Tena nponopuroHanes oobemy V storo tena, T.e. P
=yV, re y — Bec eIMHUIIb 00beMa.

[loncraBuB >t 3Hauenuss P u px B Qopmynsr (1.12), Mbl 3amMeTuM, 4TO B
YUCIUTENE Y KaKk OOIIMA MHOXXHUTENIb BBIHOCUTCS 32 CKOOKY M COKpallaercs ¢ Y B
3HameHaresne. B pesynbrate u3 dopmy:n (1.12) nomyuum:

zvkxk ZVkJ’k zvkzk
B T e (1.13)
V V V

[leHTp TSHKECTH OMHOPOAHOTO TEJa 3aBHCHUT TOJBKO OT €ro T'eOMETPHYECKOH
dbopMbI, a OT BeMMUYUHBI Y HE 3aBUCHUT. [lo »ToM mpuumHe TOuky C, KOOpAWHATHI
KoTopoi onpenenstorcs hopmynamu (1.13), Ha3bIBaIOT yenmpom msscecmu obwvema V.

[TyTeM aHANOTUYHBIX PACCYKICHHH JIETKO HAWTH, YTO €CJIM TEJO MPEICTaBIISCT
co00i OJTHOPOAHYIO TIOCKYIO U TOHKYIO IJIACTUHY, TO JJIs Hee

xe =—z;"x" Ve =—z‘;"y" , (1.14)

rae S — IIomaab BCEH IUIACTHHBL, a Sk — IUIOLIaAH €€ YacTen.

Touky, koopauHaTel KOTOpoil ompenenstorcsa ¢opmynamu (1.14), Ha3bIBalOT
Yenmpom msaxicecmu niowaou S.

Touno Tak ke nosydarorcs GopMysasl 111 KOOPAUHAT YEHMPa MadiCecmu TUHUU.

Xe = ZZ{M » Yo = ZZ{yk » Zc = ZQZI( , (1.15)

rae L — nionnHa Beelt muHuM, Iy — JUIMHEBI e JacTel.

ITo dopmynam (1.15) MOXHO HAXOAWUTh HEHTPHI TSHKECTH U3NEIUNA M3 TOHKON
MPOBOJIOKHA MTOCTOSTHHOT'O CEYECHUS.

Takum oOpazom, HEHTP TSHKECTH OJHOPOIHOTO Teja OMpeNessaeTcs, Kak IEHTP
TSOKECTH COOTBETCTBYIOIIETO 00beMa, TUIONIAIN WU JIMHUY.
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2. KuHemaTHKa TOYKHM U TBEPAOIo Teja
IIpeaMer KUHEMATUKH

Kunemamuxoii nasvieaemcss pazoen MexXamuxku, 6 KOMOPOM U3y4aemcs,
08UdICEHUE MAMEPUATILHBIX Mel 8 NPOCMPAHCMBE C 2eOMeMmpUdecKol MoyKu 3pPeHusl,
8He C653U C CULAMU, ONPEOeTSTIOWUMU IO OBUICEHUE.

CIoBO «KMHEMATHKa» IMPOUCXOIUT OT IPEUECKOr0 CIIOBa «KMHEMa», 4TO 3HAYUT
JBIDKCHHE.

B Teopermueckoii MeXaHWKE H3ydaeTCs MpoCTeHimas QopMa IBHKCHUS -
MEXaHUYECKOE IBHKCHHUE, T.C. MPOUCXOJAIICe BO BPEMCHH H3MCHCHHUE ITOJIOXKCHUS
OJIHOTO Tejla OTHOCHUTEIBHO JpPYroro, C KOTOPHIM CBs3aHA CHCTEMa KOOpIWHAT,
HaspIBaeMasi cucmemoti omcuema. CHCTEeMy OTCUETa MOKHO CBSI3aTh C JIIOOBIM TEIIOM.
Ora cucTteMa MOXKET ObITh KaK JIBIKYIIICHCS, TaK U YCJIOBHO HETIOABHUKHOM.

[Tpu u3ydyeHNU ABMOKCHUH Ha 3eMIle 3a YCIIOBHO HEIMOJABHIKHYIO CUCTEMY OTCUETa
OOBIYHO TPHUHUMAIOT CUCTEMY OCEH, HEM3MEHHO CBSI3aHHBIX C 3eMIICH.

Teno, moI0kKeHNE KOTOPOTO MO OTHONIICHUIO K BEIOPAHHON CHCTEME OTCYETa HE
MU3MEHSETCS, HAXOIUTCS B COCTOSHHHM OTHOCHTEIBHOTO IMOKOS (II0 OTHOIICHUIO K dTOM
cucTeme).

[IpocTpaHCTBO B MEXaHHKE pacCMaTpPUBACTCS KaK TPEXMEPHOE CBKIIHIOBO
MIPOCTPAHCTBO, M BCE HU3MEPEHUS B HEM MPOM3BOMATCS HA OCHOBAaHHS METOJ0OB
EBKJIMIOBOM Ir€OMETPHH. 3a €AUHUITY JITUHBI P U3MEPESHUN PACCTOSHUN PHHUMACTCS
MeTp.

BpeMs B kiaccHYecKOW MeEXaHWKE TMPEJI0JIaraeTcs YHUBEPCAIbHBIM, T. €.
OJIMHAKOBBEIM BO BCEX CHCTEMaX OTCYSTa M HE 3aBHCSIIUM OT JBMXKCHUS OJHOU
CHUCTEMBI ~ OTHOCHTENBHO jApyrod. OHO paccMaTpuBaceTC KaK  HEIPEPHIBHO
WU3MCHSIONIASACS BEJIIMYMHA. 3a CIUHUILy BPEMCHHM IPUHUMACTCS CEKyHJa, paBHas

%24 . 3600) CpCaHUX COJIHCYHBIX CYTOK. Bce KHMHCMAaTHYCCKUC BCJIIMYUHBI,

XapaKTepU3YIOIIHE JBMKCHUE TBEPAOrO0 Tella WM JBW)KCHHE OTICIBHOM €ro TOYKH
(paccTostHUSs, CKOPOCTH, YCKOPEHUS H T.J.), PACCMATPHUBAIOTCS KaK QYHKIIUHA BPEMEHHU.

XOTS €BKIMIOBO MPOCTPAHCTBO W YHUBEPCAIBHOE BPEMS OTPaKAIOT PEasIbHBIC
CBOWMCTBAa MPOCTPAHCTBA W BPEMEHU JIMIIL MPUONMKCHHO, TEM HE MCHEE, OHH
MO3BOJISIIOT C JIOCTATOYHOM I MPAKTHKU TOYHOCTHIO M3y4YaTh JIBMDKCHHS, CKOPOCTH
KOTOPBIX JAJICKHU OT CKOPOCTH CBETA.

[IpencraBiieHuss IPEBHErO0 MHpa O ABWKCHHUS OTPaHUYHMBAINCH PAaBHOMEPHBIM
JIBUKECHUEM M €ro CKOPOCTBIO KaK OTHOIICHHUEM IIyTH, MPOHJICHHOTO TEJIOM, KO
BpPEMEHH, B TEYCHHE KOTOPOTO MPOMICH 3TOT MYTh.

[lonsitue yckopenusi BBepeHo [ anuneem (1564-1642) u o6oOueHo ans ciayyas
KPUBOJIMHEWHOTO JBWIKEHUSI TOJUIAHACKUM (pusukoMm [ roticencom (1629-1695).
['folireHc mepBBIi NPUMEHIIT Pa3IOKCHUE YCKOPCHHS Ha KacaTeIbHYI) M HOPMAaTbHYIO
COCTaBIISIOIIIHC.

Pazsutne kunematuku B XVIII B. cBsi3ano ¢ paboramu Jleonapoa Diinepa (1707-
1783). Diinep 3a710KUJ OCHOBBI KMHEMATHKH TBEPJOTO Teia, CO3/aJl aHATUTHYCCKUE
METO/IbI PEIICHUS 3a7a49 MEXaHUKH.
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breictpoe pa3BuTue TexHUKH B Hadase XIX B., B YaCTHOCTH MalIMHOCTPOCHUS,
noTpeOOBaIO CHEIHMATBFHOTO HCCICIOBAHUS TE€OMETPUUYECKIUX CBOWCTB JIBWKCHHS TEJl.
KunemaTnka BBIACTMIACH B CAMOCTOSITENBHBIA paszies, NpudeM o0coboe 3HaueHHE
npuodpena KHHEeMaTHKa MEXaHH3MOB.

KpymHble wuccrnenoBanus B 007acTH KHHEMAaTHKH MEXaHM3MOB M MalldH
npuHaaiexar ¢paHy3ckuMm yueHbM [loncene (1788-1876), Llano (1793-1880),
Kopuonucy (1792-1843) U pycCKUM Yy4Y€HBIM: OCHOBOIIOJOXHUKY PYCCKOW IIKOJIBI
TEOPUU MEXaHU3MOB U MaiuH akan. I1. JI. Yeoviuesy (1821-1894), npodeccopam /. B.
Accypy (1878-1920), H.U. Mepyanosy (1866-1948), JI. I1. Komenvrukosy (1865-1955)
u JIp.

Bce knHeMaTH4ecke XapaKTepUCTUKN ABUKCHHS TBEPAOTO TEIa UM OTACIbHBIX
€r0 TOYEK OJMHAKOBHI IIJISI «MATEPUANBHBIX» H «T€OMETPUUYECKHX» TOYEK, MOITOMY
HIDKE YMOTpeONsieTcss TePMHUH «TOUYKa» 0e3 MOsSCHeHHs, «MaTepHaabHas» OHa WIH
«TEOMETPUUYECKASI.

CKopocTh U YCKOpeHHe TOYKH

Ckopocmb — 3mMoO 6eKMOPHAs BelUYUHA, XaApaKkmepusyrwas Ovicmpomy u
Hanpaegierue 0BUICEeHUsI MOYKU 8 OAHHOLU cucmeme omcuema.

Eciu mouxa 3a paguvie NpoMedCymku 6pemeHu NpoXoOum pasHvlie Ompe3Ku
nymu, mo ee 08UdCEHUEe HA3bIBAEMCSA PABGHOMEPHBIM.

CKOpOCTh ~ PaBHOMEPHOTO  JBHKCHHUS  M3MEPSACTCS  OTHOIICHHUEM  ITyTH,
MPOWICHHOTO TOYKOW 3a HEKOTOPBIA IMPOMEXKYTOK BPEMCHH, K BEIIMYUHE DSTOTO
MIPOMEKYTKa BpEMEHHU

y=2 @.1)
t

Ecnu oice mouxa 3a pasHvle npomedcymru 8pemMeHUu npoxooum HepasHvle nymi,
Mo ee 0BUIICEeHUEe HA3bIBACMCS HEPABHOMEDHBIM.

W3 sToro ompeneneHus: SCHO, YTO CKOPOCTh HEPABHOMEPHOTO IIBHKEHHS €CTh
BEJIMYHMHA TICPEMCHHAS U SBJISACTCS (YHKIIMCH BPEMCHH:

V=r 2.2)

Yacto ObIBaeT HEOOXOAMMO OMPEACIUTH CPEOHIO CKOPOCMb HEPABHOMEPHO2O
OBUDICEHUS  3A  HEKOMOPbIL NPOMEICYMOK 6peMeHu, m. e. CKOPOCmb MAaKo2o
PABHOMEPHO20  OBUMNCEHUs, NpPU KOMOPOM MOYKA NPOXOOUm 3d ONpedeieHHblll
NPOMEICYMOK 8PeMeHU MAKOU JHce NYymbp, KaK U NpU HePpagHOMEPHOM OB8UNCEHULL.

[TycTh S - MyTh, MPOXOAUMBIA TOYKOW MPU HEPABHOMEPHOM JBWKCHUH, U ¢ -
BpeMs, 3a KOTOpPO€ TOYKa MPOXOJUT 3TOT MyTh. CpemHsisi CKOPOCTH OMPEICIUTCS IO
dbopmye
v, = (2.3)

PaccmoTpum TOUKy A, KOTOpas MepeMeNIaeTcs Mo 3aJaHHOW TPAeKTOPUU  TI0
HEKOTOPOMY 3aKOHY S = f(¢) (puc 2.1).
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Puc. 2.1. Tpaexropust ABUKEHUS TOUKH

3a IPOMEKYTOK BPEMEHU AfTOYKA A IEPEMECTUTCS B IOJOXKEHHE A, IO Jyre
A4,. Ecnu IpoMeXyTOK BpEMEHU Af Mall, TO AYTY AA, MOXHO 3aMEHUTb €€ XOpAOU U
HalTU B IEPBOM NPUOIMKEHUH BEJIMUYUHY CPEJIHEH CKOPOCTU JBUKEHUSI TOUKU
- (2.4)
DTa CKOpPOCTh HampaBj€Ha MO XOpJ€ OT TOYKH A K TOYKE A4,. MrHOBEHHYIO

CKOpPOCTb HalJIeM IIyTEM IIEPEeX0/1a K Ipeaeny nIpu Ar—0:
V=lim’, - 25)
a0 At

Korna Ar— 0, HampaBieHue XOpIbl B IPEAENIE COBNAJACT C HAINPABICHUEM
KacaTeJIbHOM K TPACKTOPUHU B TOUKE A .

Urak, eenuuuna crxopocmu mouku onpeodensemcs Kak npeoenr OMHOUEHUS
npupawienuss nymu K COOmeemcmeyouemy npoMedCymKy 6pemMeHu npu cmpemieHuu
nocieone20 K Hymo, a HanpaeieHue ee cosnaoaem ¢ KacamenbHOUu K mpaeKkmopuu 6
OaHHOU MoUKe.

B oOumiem cinydae mpu JBMXKEHMM TIO KPUBOJIMHEHMHOW TpPaeKTOPUU CKOPOCTh
TOYKM M3MEHSETCA WU II0 HANpPABICHUIO, U II0 BEJIWYUHE. M3MmeHeHue ckopocmu &
eOUHUYY BpeMeHU ONpeoeaemcs YCKOPEeHUeM.

Ilycth TOUKa 4 JOBUXKETCA 0 KAKOM-TO KPUBOJIMHEWHOW TPACKTOPUHU U 3a BpeMs
At Tiepenuia M3 NOJOXKEHUs A B mojoxeHue 4. llyTb, NpoilAeHHBIN TOYKOW,

MIPEJICTABIISACT OYTY A4, , €e IIuHy 0003HauuM AS (puc. 2.2).

Puc. 2.2. Bexktopa CKOpOCTEN U YCKOPEHNUN BHKYLIEHCS TOUKH

B nonoxenun A4 Touka MMeNa CKOPOCTh V , B MOJIOKEHUH A, - CKOPOCTH
['eoMeTpruuecKyt0 pa3HOCTh CKOPOCTEH HaWJIeM, MOCTPOMB M3 TOUYKU A BEKTOP
[Ipupaienue ckopocT U300pakaeTcst BEKTOPOM AV .

NN
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CpenHee 3Ha4YECHHE YCKOPEHHs, XapaKTEPU3YIOIIEr0 OTMEYEHHOE HW3MCHECHME
CKOPOCTH, MOXHO HaWTH, IIOAECIMB BEKTOpP MpUPALIEHUs CKOPOCTH AV Ha
COOTBETCTBYIOILIEE BPEMS IBHIKCHUS At

AV

Gy =~ (2.6)
[Mepexons K mpeeny npu Ar — 0 TIOJYIHM HCTHHHOE YCKOPEHHUE TOYKH
AV
a=lim—. 2.7
lAltaO At ( )

HalieHHOE yCKOpEHHE XapaKTEPU3yeT U3MEHEHUE CKOPOCTH U MO BEJIIMYMHE, U
no HampasieHuto. st ynobcTBa ero packiaJblBalOT HAa B3aUMHO MEPHEHAMKYJISIPHbIE
COCTaBIIAIONIME 110 KacaTeIbHON U HOPMAJM K TpaeKTopuu ABuxkeHus (puc. 1.2):

a=a +a, (2.8)

KacarenbHas coCTaBiAoOIMAas a, COBIAAACT M0 HAINPABICHUIO CO CKOPOCTBIO WM

IMPOTHUBOIIOJJIOKHA er. OmnHa XapaKTCpU3yCT HU3MCHCHUC BCJIMYHMHBI CKOPOCTH H
COOTBCTCTBCHHO OIIPCACIIACTCA 110 q)opMyJ]e

aT = llm_ (2.9)

HOpMaJIBHaSI COCTaBJIAOIIIasA En MNCPINCHAUKYJIApHA K HAIIPABJIICHUIO CKOPOCTHU

Touku. OHa HE MOXKET BIUATH Ha BCIIMYNHY CKOPOCTHU, HO 34TO OIPCACIIACT U3BMCHCHUC

eé Hanpasienus. HopmanbsHOE ycKopeHue onpeensercs mo GopMyiie
V2

n 3

r

a

(2.10)

IJI€ 7 - paInyC KPUBU3HBI TPAEKTOPUH B pACCMAaTPUBAEMON TOUKE.
ITOCKONIBKY COCTABIISIFOIINE @, ¥ @, B3aUMHO MEPIIEHANKYISIPHBL, IOJTHOE

YCKOpEHUE MOXET OBbITh HalifieHo 1o TeopeMe [Iudaropa

a=.la’+a; (2.11)

Cnoco0ObI 3a1aHUA IBUKEHUA TOUYKH

EctecTtBeHHbIl crioco® 3amaHus ABUKEHUS TOYKH, MPUMEHSEMBIM B Ciydae,
KOTJla TPAeKTOPHUsS TOYKU 3apaHee M3BECTHA. TpaeKTopuerd MOXeT ObITh Kak IpsiMas,
Tak ¥ KpuBas juHus (puc. 2.3).

BriGepeM Ha TpaeKTOpHUM HEMOABMIKHYIO TOYKY O, KOTOPYIO Ha30BEM HaudajioM
oTcueTa JAyroBod KoopauHAThl. [loyo)keHHWe IBIKYIIEHCS TOYKHM M Ha TPaeKTOPUU
OyzeM omnpenenaTh yroBOM KOOPJAUHATON, T. €. paCCTOSHUEM OM =S OTJIOKEHHBIM IO
TpaeKTOpUHU OT Hayajia orcuera O.

PacctosiHusI, OTJIO)KEHHBIE B OJIHY CTOPOHY OT TOYKH O, OyaeM CcUHUTaTh
MOJIOKUTEIIbHBIMM, @ B TPOTUBOIOJOXKHYI - OTPULATEIBHBIMH, T. €. YCTAaHOBUM
HaIpaBJICHHE OTCUETa IyTOBOM KOOPIUHATHI.



24

o

Puc. 2.3. EcTecTBEeHHOE ABMKEHNE TOYKHA

IIpy nBUXEHUU TOUYKA M PACCTOSHUE S OT 3TOM TOUKH 10 HEITOABUKHOM TOUKHU
O W3MEHSIETCSl C TEUEHUEM BPEMEHH, T. €. 0y208as KoopouHama S Aeisiemcs QyHKkyue
epemenu: S= f(t).

OTa 3aBUCUMOCTH HAa3bIBACTCA YpagHenuem oOuxcenuss mouyku. Eciu Bup
GyHKIUU f(f) U3BECTEH, TO JUIS KaXJOT0 3HAYCHMsS] ¢ MOXXHO HAWTH 3HAYCHHE S,
OTJIO)KUTH COOTBETCTBYIOILEE PACCTOSHUE IO TPACKTOPUU U yKa3aThb, 1€ HAXOIUTCS
JNBHXKYILASICA TOYKA M B OTOT MOMEHT BPEMEHHU.

Takum 00pa3oM, OdsudiceHue MOUKU ONPeOeseHo, eclu U3BECMHbL Cledyiouue
INeMeHmbl:  MpAeKmopusi MOYKU, HAYAl0 U HANpAeleHue omcyema 0y20801
KOOpOUHamvl U ypagHenue ogudxicerus S = f(t).

JIyroByr0 KOOpAMHATy TOYKH HE CJIEAyeT CMEUIMBAaTh C JJIMHOW IIYTH O,
IIPOMJACHHOI0 JBMKYILIEWCSA TOUYKOM. JlyroBas KoopauHara S TOYKUM M B HEKOTOPBIU
MOMEHT BPEMEHHU ¢ MOXKET ObITh paBHA MYTH o , IPOUJEHHOMY TOYKOM 32 MPOMEKYTOK
BpeMEHU [0,7], TOIBKO B TOM Cllydae, eCiu JBMKEHHE TOUYKU HAUYMHAETCS U3 TOYKH O U
COBEPILAETCS B MOJIOKUTEIILHOM HAIlPaBJICHUMU.

Ecnu B HayanbHBIM MOMEHT BPEMEHHU ¢, TOYKA 3aHMMaja IIOJOXKEHHUE M, a B
MOMEHT BPEMEHHU ¢ 3aHUMAaeT moyioxkeHue M (puc. 2.3), TO NPOMIECHHBIN €10 MYyTh 3a
IPOMEXYTOK [0,¢] TpM IBMIKEHMM TOYKM B OJHOM HAIPABICHUM OIPENENAETCS II0
bopmyie:

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

N3MeHeHne n1yroBoi KOOpAUHATEL S 3a AJIEMEHTAPHBIN IIPOMEKYTOK BPEMEHHU dt
paBHOo auddepeHunany ayru: ds=f'(t)dt; TpU ABUKEHUHM TOYKHM B CTOPOHY
BO3pacTaHusA OAyr 4S > 0; Ipu ABMXKCHUU TOYKHU B IIPOTUBOIIOJIOKHYIO CTOPOHY dS <O0.

[Ipupamenue nyTH  do (3NEeMEHTapHOE  MepeMelieHue TOYKHM)  BCerja
TIOJIOXKHUTENBHO, T.€ do =|dS|=|f"(¢t)|d: .

[IyTh, OPOMIEHHLIA TOYKOM 3a HEKOTOPHIM MPOMEXKYTOK BpeMeHu |[0,f],

ONpeneNsAeTcsl KakK Ipeaela CyMMbl DJJIEMEHTapHbBIX NEPEMENIEHUA TOYKH 3TOT
MIPOMEKYTOK BPEMEHH:

o, = [|f' ()] (2.13)

0
I[erBaSI KOOpAnHaTa S u IIYyTh & BBIPAXKAIOTCA B MCTpPaAX.

Koopounamuuoui cnoco6 szadanus osuscenus mouxu. IlonoxxeHwe TOYKU M B
CHUCTEME oTcueTa Oxyz ONpPEACNeTCS TPEMs JICKapTOBBIMH KOOpPAMHATAMH x,y,z (pHC.
2.4).
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Puc. 2.4. KoopauHaTsl TOUKH

IIpy nBuXKEHUM TOYKU M €€ KOOPAMHATHI U3MEHSIOTCS C TEYEHHEM BPEMEHU.
CrnenoBaTelibHO, KOOPJAWHATHI Xx,y,z JBIXKYIIEHCS TOYKH M SBISIIOTCS (DYHKUHMSIMU
BPEMEHH ¢ :

x=f0); y=10); 2= £ (2.14)

OTU ypaBHEHUS HA3bIBAIOTCS VPAGHEHUAMU OBUINCEHUS. MOYKU 6 OeKaApMmOBbiX
KoopOounamax. Y paBHEHUSIMH ONPENEIAeTCs IBUKEHUE TOUKH.

JIeHCTBUTENIBHO, UMES 3TH YPAaBHEHUS, MOXKHO IS KaXKJ0OIO MOMEHTA BPEMEHH ¢
HaWTU COOTBETCTBYIOIIME KOOPAUHATHI X,y,z U 110 HUM ONPEAEIUTH MOJO0KEHUE TOUYKHU
B IIPOCTPAHCTBE B 3TOT MOMEHT BPEMEHH.

JIB>KeHUE TOYKU M B OJHOW IIOCKOCTH OIPENEISIETCS ABYMsI YPaBHEHUSMU
OBWKEHUS x= f,(t); y=1f,().

IIpsMoniHEeiHOE JBW)KEHUE TOYKHA M OIPENENSIETCs OJHUM YpaBHEHUEM
JIBHOKCHUS: x = f(¢).

B sTtom ciyyae KOOpAMHATHBIN crocoO 3alaHus ABMXKCHHS] TOYKH CBOJUTCS K
€CTECTBEHHOMY.

VYpaBHEeHUS! ABWKEHUS, OIMpPEAEIAIONINe KOOPJAUHATHI TOYKH B JIHOOOM MOMEHT
BPEMEHHU, MOXXHO pacCMaTpuBaTh KaK napamempuyeckue YpaeHeHus mpaeKmopuu
mouky. Ilpu UCKIIOUYEHUM nlapaMeTpa ¢ W3 YPaBHEHHMM [BWIKCHUS I10Jy4aroTCs
VpaeHeHus mpaeKmopuuy mouKku ¢ KOoOpOuHamuou ghopme.

Ilycth ypaBHEHUS IBUKEHUS TOUKUA M UMEIOT BUL:

x=fO); y=£0); 2= £0). (2.15)

Pemus nepBoe ypaBHEHUE OTHOCUTENBHO ¢, IIOIYUYHUM = @(X).

IloncraBuB 1OMydYeHHOE Ui ¢ BBIPAXEHUE B JBAa APYIUX YpPaBHEHWs, HalaeM
yYpaBHEHHMsI TPAEKTOPUHU TOUKH B KOOPAUHATHOU (popme:

y="rle®]; 2= filp()]. (2.16)

Kak wW3BECTHO W3 AHAIUTHUYECKOM TE€OMETPUM, JMUHUU B IPOCTPAHCTBE
COOTBETCTBYIOT IBa YPaBHEHUS C TPEMS KOOpAUHATAMHU.

IlycTh nBUKEHUE TOYKU M B IUIOCKOCTH 331aHO YPaBHEHUSIMU:

x=f,(0); y=1,(0). 2.17)

HcknrounB nmapaMerp ¢, NOJYYHM YPAaBHEHUE TPACKTOPUU TOYKA B KOOp-

JTMHATHOU (hopme:
y=flo)]. (2.18)

IToMumMO nEeKapTOBBIX KOOpAMHAT [JIs ONPEACICHUs IIOJOKEHUS TOYKH Ha
IJIOCKOCTU U B MPOCTPAHCTBE MPUMEHSIIOT U JAPYTrUe CUCTEMbl KOOPAMHAT (MOJISIPHBIE,
HWIMHApPUYECcKUe, chepuyeckue u ap.)
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BektopHbiii  cnoco0 3amaHusi ABWKeHHUs Toukd. [lomokeHuMe TOUYKH B
IIPOCTPAHCTBE  OJHO3HAYHO  ONpPEAENSIETCS  3aJaHUEM  paauyca-BeKkropa 7,
MPOBEJCHHOTO M3 HEKOTOPOro HEIMOIBMIXKHOIO IIeHTpa O B JaHHYIO TOYKYy M (puc.

2.5).
M

Puc. 2.5. Pagnyc-BeKTOpBI IBHKYILEUCS TOUKH

Jlna onpeneneHuss NBUKEHUSI TOUYKUM HYXKHO 3HATh, KAK MU3MEHSIETCS C TECUCHUEM
BPEMEHH PaJNYC-BEKTOp 7, T. €. JOJDKHA OBITh 3a/laHa BEKTOP-(YHKIUS 7 apryMeHTa
t:r=r(t).

Tpaekmopus mouKku A61A€MCe 2e0MempUdecKUM MeCmomM KOHYO8 paouyca-
8eKMOpA T 0BUNCYUIEUCS MOUKU.

Jlunusa, oOpa3oBaHHasi KOHIIAMHU TIEPEMEHHOTO BEKTOpa, HA4YaJlo KOTOPOTO
HaXOJUTCS B OMNpPEACICHHON TOYKE MPOCTPAHCTBA, HA3BIBACTCS 20002paAdom 2moco
gexmopa. Clie0BaTeNbHO, MpaeKmopus mouku M seniemcs 20002pagom ee paouyca-
gekmopa r .

BekTopHbIil criocod onpenesieHus IBIKCHUST MaTePUATIbHOM TOUKU WA CUCTEMBI
MaTEPUAIBHBIX TOYEK LIMPOKO HUCIOIB3YETCSA U B KHHEMATUKE, U B JTUHAMHUKE, TaK KaK
OH 3HAYUTEJBHO YIPOIAeT MHOTHE BBIBOJABI M WHOT/IA TOJUYEPKUBACT (DU3UUECKYIO
CYLIHOCTb SIBJICHUHU.

OT BEeKTOpHBIX (POPMYJI JIETKO NIEPEUTH K aHATUTHUECKUM BBIPOKEHUSM, OOBIYHO
6oJiee ya0OHBIM JIJIsi BBIYUCIICHUN.

HOCTyl’[aTeJIbHOE H BPaliaTeJIbHOC IBHKCHHUE TBEPIOIo TEIA

Ilocmynamenvrvim OsudiceHuem meepoo2o mena Ha3vlaemcsi maxKoe O8UdiCeHuUe,
npU KOMOPOM 6CAKASL NPAMAs, HEeUSMEHHO CEA3AHHAS C dMUM MeNoM, OBUICEMCH,
0CMAasaACh NApaiiebHOU C80eMy Ha4anibHOMY NOJIOHNCEHUIO.

[IpumepaMu TOCTYNATENBHOTO [BHXKEHUS TEJNAa MOTYT CIY)KUTh: JIBHOKCHUE
Ky30Ba aBTOMAIlWHBI, JABWXKYIIEHCS MO MNPSIMOJIUHEHHOMY IYyTH, ABUKCHHE IOPIIHS
IOBUTATENS U T. . HempaBUibHO, OJHAKO, yMaTh, YTO MPHU MMOCTYIATEIbHOM JIBUKEHUH
TeJda TPAeKTOPUU €ro TOYEK JOJKHBI ObITh HEMPEMEHHO MPSMbIMU JUHUSMHU. Tak,
Harnpumep, crnapHuk AB (puc. 2.6), coequnstomuit kpusomunsl 04 n OB nByX oceit
O; n O, COBEPLIAECT MOCTYIATEIBHOE JBUKEHUE, XOTS €ro TOYKH MO OTHOIIEHUIO K
KOpHycy napoBo3a v OyAyT ABUTAThCS MO OKPYKHOCTIM. B camom nene, nmpu BpallieHuu
kpuBomnnoB 0;4 u OB Bokpyr ux oced O; u O; NojoxeHue crnapHuka AB Oyner
n3MeHATbCs. Ho mpu paBeHCTBE IJIMH KPUBOILIMIIOB M NP JUIMHE CHApHUKA, PAaBHOU
paccrosiHuio Mexay ocsimu O;0;, yetbipexyroabHuk O;ABO, 6ynet Bcerjaa ocTaBaThCs
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mapajuiejiorpaMmmomM, CJICAOBATCIIBHO, CIIAPHHUK AB BCCTAa IapaJlJICIICH OCHOBAHHIO
0102 T.C. OH ABUKCTCA, OCTABAACH ITAPAJUICIBbHBIM CBOCMY HAYaJIbHOMY ITOJIOKCHHUIO. B
TO K€ BpCMA TOYKH AuB CIIapHHKa, a CJICA0BATCIbHO, U BCC OCTAJIbHBIC €TI0 TOYKH I10
OTHOIICHHIO K KOPIIYCY IapOBO3a ABUIKYTCA II0 OKPYKHOCTAM, PAINYC KOTOPBIX PABCH
IJIMHC KPHUBONIUIIA.

A | 8
YR TITIIIETY =59
:J c?rl F i%
i‘ _.?‘FJ
N T AN
B

Puc. 2.6. /IBrkeHre TOUKH B PhIUYQKHOM MEXaHU3Me

TpaekTopusiMu TOYEK Tejia MPH €ro IMOCTYINATEIbHOM JBWKEHHHU, MOTYT OBITh
KaKde YTroJHO KpuBbIC. TEPMHUH «IOCTYMaTENIbHOE JBMXEHUE» MPUMEHUM TOJIBKO K
JBIDKCHUIO Tejla, HO HE K JBMXKCHHUIO OAHON TOouku. [loHSATHE «IBHUXKETCS, OCTaBasCh
napajuieIbHOM CBOEMY HAaudallbHOMY ITOJIOKCHHIO» HUKAK HE NMPUMEHHMO K TOYKE, HE
AMEIIIEH pa3MepoB.

Bpawamenvnvim 0gudcenuem Hazvieaemcs maxoe O8udiceHue meepoo2o meid,
npu KOmopom 6ce e20 MOUKU, Jedxcaujue Ha HeKOmopou NPAMOU, HA3bI8AeMOU O0CbIO
8pauie s, OCIMaromcs HenoOBUNCHBIMU.

Jlnst Toro 4TOOBI OCYIIECTBUTH BpallaTeIbHOE ABMIXKCHHE Tejia, JOCTAaTOYHO
3aKpENUTh HEMOJBIKHO JBE KaKWe-HUOyAb €ro TOYKH, HANpUMEp, MPH TOMOIIH
MOAIIMITHUKA A ¥ oANsATHUKA B (puc. 2.7), Torna npsmas, IpoxoJIsiiasi uepe3 3TH JIBe
TOYKH, OYZET OChIO BpAILEHUS Tea.

[Ipu BpamatenbHOM JBIKCHUHM Tella pPa3UYHbIE €ro TOYKH JBHXKYTCS IO-
pazHomy. OgHAKO W JUIsl BpalllaTeIbHOTO JBM)KCHHUS MOXKHO OTHICKATh TaKWe KWHEMa-
TUYECKHUE XapaKTEPUCTUKHU, KOTOPHIC ObUTH OBl OOIIMMU JJISI BCEX TOYEK TeJa.

[lycte kakoe-HMOyab TBepmoe Teno (puc. 2.7 B BUIE IWIMHAPA) BpAIIacTCs
BOKpYT' HEmoABMXKHON ocu z. IlpoBemem uepe3 oCh BpalleHUsS Zz HEMOIABUKHYIO
MOJIYIUIOCKOCTh P M TMONYIUNIOCKOCTh (J, HEM3MEHHO CBS3aHHYIO C BpAIAIOIIMMCS
TEJIOM.

Yeon @medcoy Henoosudicholi nOIYNIOCKOCMbIO, NpOXoosuel uepe3 O0ch
8pawjeHus, U NoOAYNI0CKOCMbIO, HEUIMEHHO CEA3AHHOU C 6paAuarowumMcs meiom u
makxoce npoxooauell uepe3 0Cb 8paujeHusl, Ha3blaemcsl YoM n08Opoma Uiy y2no8bim
nepemewjeHuem 0aHHo20 meia.
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Puc. 2.7. Bpaienue Tena BOKpYr HEMOIBM>KHOM OCH

YCTaHOBMM Ha OCH BpAILICHUS Z TOJOXKUTEIBHOE HANPABICHUE U YCIOBUMCH
CUMTAaTh YroJI II0OBOpPOTA TeEjla MOJOXKHUTEIbHBIM, KOrZla OH OTCUUTBIBAETCA OT
HETIOJABUXKHOW TJIOCKOCTH P B CTOPOHY, IIPOTUBOIIOJIOKHYIO X0y YaCOBOU CTPEIIKH,
€CJIM CMOTPETH HAa HETO C MOJIOKUTEIIBHOTO KOHIIA OCH BpalleHus. 3aJJaHUEM BEIUYUHbI
M 3HAaKa yrjia MOBOPOTAa BIIOJHE OMNPEAEISAETCS TOJIOKEHUE TNONYIUIOCKOCTH () U
HEU3MEHHO CBSI3aHHOTO C HEUW BPAILAIOIIErOCs TEA.

[Ipu BpalieHuu Tena BOKPYT OCH Z YroJl IIOBOPOTA TEJa U3MEHSETCS C TEUEHUEM
BPEMEHH, CJICIOBATEIILHO, OH SIBJISIETCS HEKOTOPOU (yHKITMEH BpeMEeHH!

o=r(t) (2.19)

Ypasnenue (2.19), ycmanasnusarowee 3a8ucumocms mexcoy yeiom noeopoma
mena u 8pemeHem e20 08UNCEeHUs, HA3bLBAeMCS YPABHEHUEM 8DAULAMENIbHO2O O8UNCEHUSL
meia.

VYTo0J1 MOBOPOTA B MEXaHUKE OOBIUHO M3MEPSIOT B OTBICUEHHBIX €AUHUIIAX, T. €. B
panuaHax. MHorga B IpakTUYECKMX 3a7adax yroJl MOBOPOTA BBIPAXKAKOT YHUCIOM
000poTOB N Tena. Tak kKak 3a oAMH 000POT TEJIO MOBOPAYMBACTCS HA YOI B 27 pajJiuaH,
TO ¢ =27N .

Mepa uszmenenus yena nogopoma mena ¢ medeHuem 8pemeHu Ha3bl8aemcs e2o
V2N080U CKOPOCMDBIO.

I[IycTe B MOMEHT ¢ TIOJIO)KEHUE TEla OMPENENSieTCS YIJIOM IOBOPOTa ¢, a B
MOMEHT ¢+ At YIJIOM IIOBOPOTA @ +Ag .

Omuowenue npupawenus Ag yeia nogopoma meia 3a HEKOMOPbIU
NPOMeNCYMOK 6pEeMeHU At K Beiudune >5moco NPOMeNCYmMKa 6pPEMEHU HA3bleaemcC:H
cpeonell 3a OAHHBLU NPOMENCYMOK 8PeMeHU Y2080l CKOPOCMbIO melld.

0603Ha‘{a${ CPCOHIOIO YIVIOBYIO CKOPOCTH TCJIa 4YCPEC3 a)cp ) 6yz[eM HNMCTDb:

A
w0, =2 (2.20)
At

O‘{eBI/IIIHO, 4dTO yTJIOBasA CKOPOCTH U TCJia B I[aHHI:Jﬁ MOMCHT padBHA IIPCACITY €Cro
CpPEIHEN YTIIOBOM CKOPOCTH 3a MPOMEKYTOK BPEMEHU, HAUMHAIOUIAMCA B 3TOT MOMEHT,
Koraga BEJINMYNHA IIPOMCEIKYTKA BPEMCHH CTPEMUTCS K HYJITO:

o =lim @, = lim —=—, (2.21)
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Yenosasa cxopocmv mena 6 Oanublii MOMEHmM pasHa NPOU3EOOHOU Om yaia
nogopoma mena no epemeHu.

3HaueHHE VYIIOBOM CKOPOCTH Telda MOXKET ObITh MOJIOKUTEIbHBIM HWJIU
OTpULIATEIbHBIM B 3aBHCHUMOCTH OT TOr'O, B KaKyl0 CTOpOHY Bpamiaercs teno. Korga
TEJO BpalllaeTcs MPOTUB YaCOBOM CTPENIKH, €CIU CMOTPETh C MOJOKUTEIBLHOTO KOHIA
OCH BpallleHHs, TO Ap >0, cjl—qf>0 U yTJ0Basi CKOPOCTh @ TMOdoXKuTenbHa. Ecnu Teno
BpalllaeTCsl 110 YacOBOM CTpEJIKE, TO YIJIoBasi CKOPOCTh OTpuaTesbHa. Cle10BaTeNbHO,
3HAK YIJIOBOM CKOpPOCTH YKa3bIBaeT, B KaKyl0 CTOPOHY B JAaHHBbI MOMEHT BpallaeTcs
Tes10. Pa3MepHOCTh yriloBON CKOPOCTH pad/c wiu ¢ .

Ha npakTuke 4acTo YriioByl0 CKOpPOCTh Tella BBIpaXAalOT HE B pajJdaHax B
CEKyHJY, a B 000poTax B MUHYTY. [Ipr TOM OOBIYHO YTIOBYIO CKOPOCTb, BHIPAXKEHHYIO
4uciioM 000pOTOB B MUHYTY, 0003Ha4aioT OykBoil n. HeTpyaHo HalTHU 3aBUCUMOCTH
MeXxay @ u n. Tak Kak oJluH 00OpOT Tejla COOTBETCTBYET €ro MOBOPOTY Ha Yroi B 27
paauas, To

o=20m _mm paorc. (2.22)
60 30

HyxHo noMHutb, uto B ¢opmyine (1.26) Bcerna « BbIpakaeTcs B pad/cek, n - B
00/MUH.

Ecnu Teno BpamaeTcsi HEpaBHOMEPHO, TO €r0 YIJIOBasi CKOPOCTh @ H3MEHSETCS C
TE€YEHUEM BPEMEHHU M SIBJISIETCS, CIE0BATENbHO, TAK)KE HEKOTOPOIl (DyHKIMEH BpeMeHn
o=1"t).

Benuuuna, xapaxmepuszyrowas usmenerue y2i060u CKOpocmu meia ¢ meyeHuem
8PEeMEHU, HA3bIBAEMCA €20 Y2N06bIM YCKOPEHUEM.

IIycT B MOMEHT BPEMEHH f TEJIO UMEJIO YIIIOBYIO CKOPOCTb @, @ B MOMEHT /+ At
- YIJIOBYIO CKOPOCTh @ +Aw .

Omnowenue npupawenus Ao Y21060U CKOpocmu meaa 3a NPOMedNCYMoK
8peMeHu At K JMOMY NPOMEICYMKY 6PeMEHU HA3bIAemcs CPEOHUM V2llo8biM
YCKOpeHuem meaa 3a 3mom npomeHCymox 6pemenu At .

O06o3nauas CpCAHCC YITIOBOC YCKOPCHHUC TCJIA YCPE3 & 6YI[CM HUMCThb.

97

Aw
=== 2.23
Eor At ( )

[Ipu Ar—OcpenHee YrioBoe YCKOpeHUWE NpuOIMXKaeTcss K Mpejeny,
Ha3bIBAEMOMY MTHOBEHHBIM YTJIOBBIM YCKOPEHHEM TeJa.
OO6o3Hauas yriioBoe yCKOpeHHE Tejla B JaHHBI MOMEHT OYKBOH &, Oynem
UMETh:
£=limeg,, =lim Ao (2.24)
At—0 At—0 At
Venoeoe yckopenue mena 6 OanHvlil MOMEHmM PAGHO NEPBOU NPOU3BOOHOU OM
V2llo8oll cKopocmu meia no 8pemMeHU Ul 8Mmopoti NPOU3BOOHOU 0Mm yaid e20 N08opPoma
no 8pemMeHuU:
g=do_do (2.25)
dt dt
Ecnu 3Haku yriioBod CKOpPOCTH U YTJIOBOTO YCKOPEHHMs Tella COBIAJAIOT, TO €Tro
yIJ0Basi CKOPOCTh YBEIIMYMBAETCA 110 a0CONIOTHOMY 3HAYEHHIO U TEJO, CIEA0BATENbHO,
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Bpamiaercs yckopeHHo. Ecnaum ke 3HaKM UuX pa3auyHbl, TO YIJIOBas CKOPOCTh
YMEHBIIAETCS 0 a0COIIOTHOMY 3HAYEHHUIO U TEJIO0 BPALAETCs 3aMEIJIEHHO.
Pa3MepHOCTH yIIIOBOTO YCKOPEHUSI pad/c’ Wi ¢,

CKopocTH H YCKOPeHHsI TOYEeK BPallaloIerocs resa

Tak kak npu epawenuu meepoo2o mena BOKPYT HEMOJBHKHOW OCH PAcCCTOSIHUE
KaXIOM M3 €ro TOYEeK 10 OCH BpaIllCHUS JOJHKHO OCTaBaTbCi HEU3MEHHBIM, TO
OYEBUIHO, UYmMO 6Ce €20 MOYKU ONUCHIBAloOm B OTOM JABUKEHHUH OKDYICHOCMU,
NJIOCKOCMU —~ KOMOPbIX  NEePNneHOUKVIApHbl K  ocu  epaujenus. Llenmpovr  amux
OKDYHCHOCMET 1edHCam HA OCU 8PAWEHUS U pAOUyC KA*COOU U3 HUX PABEH PACCMOAHUIO
coomeemcmeyioujell mouKu meia 00 0Cu 8PaAujeHuUsl.

OueBUAHO, UTO PAAUYChl BCEX ATUX OKPYKHOCTEHW MOBOPAYMBAIOTCS 3a OJWH U
TOT K€ MPOMEKYTOK BPEMEHHM Ar HAa OJMH U TOT XK€ Yroid A¢, paBHBII MPUPAIICHUIO

yria ¢ TOBOPOTA TENA 3a 3TOT MPOMEXKYTOK BPEMEHHU, HO TOUYKH, JIEKAIIUE HA PA3HBIX
PAcCTOSIHUSIX OT OCH BpalieHus (Touku M, u M, Ha puc. 1.10), onuiuryt npu 3ToM AyTu

Z A .

PAa3JIUYHON JJIUHBL.

Puc. 2.8. [lonoxxeHne Touek TBEPAOTrO TeJa IIPHU BPAIATEIbHOM JABHKECHUU

3Has YrJIOBYIO CKOPOCTb @ Te€Jla U PAacCTOSIHHME R KaKOW-HUOYIb TOYKH M Tela
OT OCH BpAlllCHUs, JIETKO HAUTH U CKOPOCTh ¥ 3TOU TOYKH.

Ilycth 3a MPOMEXKYTOK BPEMEHU Af, COOTBETCTBYIOLIMU IPUPALICHUIO A yria
MOBOpOTA TeJa, JaHHAs TOYKa NepeMellaeTcs U3 MOoJ0XKEeHUs M B mojoxkenue M’ (puc.
2.8). Hnmuna nyru MM', TpPOWIEHHOM TOUYKOM M 1O €€ TPaeKTOpUH, paBHA
IIPUPALLEHUIO AS NTYrOBOM KOOPJIMHATBHI S 3TOM TOYKH.

AnreGpandeckoe 3Ha4€HHE CKOPOCTU TOYKH, KaK U3BECTHO, PABHO MPOU3BOIHOMN

OT €€ HerBOﬁ KOOPAWHATHI 110 BpEMCHU
p=95 _im A5 (2.26)
dt At—0 Af
Ho HJIMHAa YT OKPYKHOCTH paBHA €€ paanycy R , YMHOXXCHHOMY Ha

COOTBETCTBYIOIINI LIEHTPAIBHBIN YroJl B paiuaHax, T. €. AS=R-do.
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[ToacTaBnsst 3HaueHUE AS B MPEIBIAYIEE PABEHCTBO, MOJIYYaeM:
VzlimﬁzlimM:RlimA—q):Rd—q):Rw. (2.27)
NS0 df A0 Af A0 At dt

Aneebpauueckoe 3HaueHue CKOpOCMU MOYKU 6paujaouje2ocsi meia pasHo
npPOU3BeOeHUI0 Y2l080U CKOpOCMU meld HA pAcCmosHUue OAHHOU MOYKU OMm OCU
8PaAUEHUSL:

V =wR (2.28)

HampapiieH BeKTOp ¥ CKOPOCTH TOYKH IO KacaTelbHOW K TPACKTOPUHM TOYKU B
CTOPOHY BpallleHHs Tesia. THBIMU ClIoBaMU, 3TOT BEKTOP MEPICHANKYISIPEH K paanuycy,
COCMHSIONIEMY OCh BpallleHUs C paccMarpuBaemoil Toukoil. M3 dopmymnsr (2.28)
CIEAYET, UTO CKOPOCMU MOYEK 8pauarouje2ocs meia nponopyuoHaIbHbl pacCcmoaHusiM
SMUX MOUEK OM OCU 8PAUYEHUS.

Taxk kak B ¢opmyne AS=R-dp TpHUpaAlICHUE yria d¢ JOIKHO OBITh
00s13aTeJIbHO BBIPAXKEHO B pajMaHax, TO U yIiioBas CKOpocTh B hopmyie (2.28) goimKHa
00s13aTEIIBHO BBIPAXATHCSA B ¢ ', mun ' W T. 1., HO HE B 00/cex unu B 06/mun. TOIBKO B
ATOM ciiydae OyAeT MoJydaThCsl MPUHSITAs Pa3MEPHOCTh CKOPOCTH V.

[Tpu mr000M BpalaTeIbHOM JIBUKCHUH TeJla CKOPOCTH V' €ro TOYeK HEMPEMEHHO
M3MEHAIOTCS (TOJIBKO IO HANPaBJICHUIO MPU PABHOMEPHOM BpallaTeIbHOM JIBUKEHUU
WIM U TIO HaMpaBJICHUI0O U TI0O MOJIYJIIO TMPH HEPABHOMEPHOM BpalllaTeIbHOM
JBIDKCHHUH), CJIEAOBATEIbHO, TOYKHM BpAIAIOMIErocsl Teja BCEerjaa JABHUXKYTCS C
HEKOTOPBIM YCKOPEHUEM.

YckopeHHe @ TOYKM BpaIllalolIerocsi Tejda, KaK W YCKOPEHHUE BCAKOTO
KPUBOJIMHEWHOTO JIBM)KCHHUS TOYKHM, MOXET OBITh pa3JIOKEHO Ha KacaTelbHOe
YCKOPEHHUE a,, YaCTO HA3bIBAEMOE B 3TOM CIIy4ae 6paujamenbHbiM YCKOpeHuem, W

HOPMAJIBHOC YCKOPCHHUEC a,, HA3BIBAEMOC B I3TOM CJIYy4AC UYEHMPOCmMpeMUmelbHbIM

YCKOpeHUeM.
Ilomarast 1 KacaTeIbHOTO M HOPMAJIBHOTO YCKOPEHUS TOUYKU V =wR W painycC
KPUBHU3HBl p TPACKTOPUU PAaBHBIM PAJAUYCY OKPYKHOCTH, ONUCHIBAEMOW TOYKOM,

d—V:in:Rd—w:Rg, a, :V—2: R
tdt dt p R
Benuuuna epauianmenlbHoco YCKOpeHuUus nodKu paeHa np0u3eeaeﬂui0 yei06020
YCKOpeHUsA melad Ha paccmosinue aaHHOI/? mo4Ku om ocu epauierusl.
a. =R (2.29)
Mooynb yenmpocmpemumenbHo20 YCKOpeHuss mMoYKu pageH Keaopamy Y2io80ll
CKopocmu mend, YMHONCEHHOM)Y HA pACCMOAHUE aaHHOﬁ mo4Ku om ocu epawjerusl.
a =o’R (2.30)
HaHpaBJICHI/Ie BpamraTCJIbHOI'O YCKOPCHUA TOYKH COBIIAAACT C HAIIPABJICHHUCM €C
CKOPOCTH B Clly4ae YCKOPEHHOI'O BpallleHus Tena (puc. 2.9 a) u HammpaBJICHO B CTOPOHY,
MIPOTUBOIIOJIOKHYIO CKOPOCTH, B CIy4yae 3aMeJIEHHOTO BpalieHus (puc. 2.9 0).

=Rw’.

OyJeM UMeTh: a, =
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a) jyoropentoe BpaweHue ) 30 MEGHIEHHTE BO0EHUE
Puc. 2.9. Bpamenue Touku

[leHTpOCTpEMUTEIPHOE YCKOPEHUE TOYKH BCETJa HAMpaBIEHO K IEHTPY
OKPY>KHOCTH, OIMCHIBAEMOW TOYKOW. 3Has BpaIIaTeIbHYIO U HEHTPOCTPEMUTEIHHYIO
COCTaBJISIIOIINE YCKOPEHHUS @ TOYKH, BCETJa MOXKHO HAWTH BEIUYMHY M HANpaBJICHHE
3TOTO YCKOPEHHMS, M300paKaeMoro JUaroHajbi0 MPSIMOYroJbHHKA, ITOCTPOSHHOIO Ha
BEKTOpax a ¥ a, (puc. 2.9).

Moaynb 3TOro yCKOpeHUs

2
a=,la’+a} :\/(gR)2+(a)2R2) =RVe*+o* . (2.31)
OcTpblil yron a MEXAy HalpaBICHHEM YCKOPEHHS a TOYKH W HalpaBJICHUEM
| | ar |g|
panuyca (BHYTpEeHHEH HOpMAaIU K TPaeKTOPHH) HalAeTCs n3 GOPMYIIBI tga = =
n

Hnocxonapa.n.ﬂe.ﬂbnoe ABMIKCHME TBEPAOIO TEJIAa

IInockum unu naocKonapanienbHbiM O8UMCEHUEM MEEPO020 meild HA3bl8Aemc sl
makoe OBUdCceHue, Npu KOMOPOM KaXCOds MOUKA mend O8UNCEMCcs 8 NIOCKOCHU,
napanienvbHol HeKOmopou Heno0OBUNCHOU NAOCKOCHIU.

[Inockass ¢Qurypa, oOpa3oBaHHasi ceye€HUWEM Tela JTOW HEMOJBHKHOM
IJIOCKOCTBIO (J, BO BCE BpeMs ABMKEHHUS OCTaeTcs B 3Toi miockoctu (puc. 2.10).
YCcTaHOBMM CBOMCTBA IUIOCKOTO JBUKEHUS TBEPAOTO TEIA.

PaccMoTpuM ABWXKEHHME TOYEK Tea, PACIOJOXKEHHBIX HAa OJHOM IIep-
MEeHAUKYJApe K HENOABWKHOU Tiockoctu (). Touka M, nBuxkercs B miockoctu (i, a
Touka M> - B mockoctu (>, 00€ MIOCKOCTH MapaulesibHbl HEMOABM)KHOU MIIOCKOCTH
0.

[Ipu nBuxkeHnu tena oTpe3ok MM, octaeTca NepHNEeHIUKYISIPHBIM IIOCKOCTH (),
T. €. OCTAeTCs Mapajule]IbHbIM CBOEMY HAYaJbHOMY IOJIOKEHUIO. JTO 3HAYMT, YTO BCE
TOYKM DTOr0 MEPHeHAUKYJApa, AaHAJOTMYHO TOYKaM Tella, JIBHKYIIErocs
MOCTYNaTEIbHO, OIUCHIBAIOT TOXKJIECTBEHHBbICE W TapajuIeNIbHbIe MEXKIy CcoOoM
TPACKTOPUM U B KAXKIAbIII MOMEHT BPEMEHU UMEIOT T€OMETPUUYECKU PABHBIE CKOPOCTH U
YCKOpEHMUS, T. €. Tpaekropuu A;B;, A>B2 AB Touek tena M;, M> M TOXIE€CTBEHHBI U
napajuIelIbHbI, ©X CKOPOCTH V =V, =V U YyCKOPEHUS @, =a, = a TAKIKE PABHBL

OCHOBBIBasICh Ha HTOM CBOWMCTBE IUIOCKOTO JBWXEHHS TBEpJOro Tela,
yCTaHABJIMBAEM, YTO JIBUKEHUE KaXKIOW TOYKH IUIOCKOM (PUTYpBl B HEIMOJBUKHOU
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IUIOCKOCTH () ompeneisieT coOoi JBMKEHME BCEX TOUYEK TBEPAOro Tea,
PACIIOJNIOKEHHBIX HAa NEPHEHAUKYISAPE K MIIOCKOCTU (J, BOCCTABIEHHOM B 3TOM TOYKE.
DTO MO3BOJISAET CBECTH M3YyUYEHUE IJIOCKOTO ABUKEHUS TBEPAOTO TEla K U3YUYCHUIO
JIBUKEHUS TIIIOCKON (PUTYpPHI B €€ TIIIOCKOCTH.

e .
R i
Hy— c

\-—// &

Puc. 2.10. /IBwxeHue I10cKoi pUrypsl

Tak kak mMoJIOXKEHHE IUIOCKOM (UIypbl Ha IUIOCKOCTH BIOJHE ONpEIeNseTcs
IIOJIOKEHUEM JIBYX €€ TOYEK MJIM IOJIOKEHUEM OTPE3Ka, COCAUHSAIOLIET0 BE TOUYKU
aToi Qurypsl (puc. 2.11), To ABMKEHUE TIIOCKOW (UTYPHI B €€ IIIOCKOCTH MOXHO
M3y4aTh KaK JBWIKCHHE MPAMOJMHEHNHOIO OTpe3Ka B O3TOW IUIOCKOCTU. bynem
CUMTaTh, YTO JABUKEHUE IUIOCKOW (UTYpbl MPOUCXOAUT B IUIOCKOCTH PHUCYHKA W,
CJIEI0BATENILHO, PUCYHOK ABJISIETCA HATYpaJbHBIM H300pakeHueM (PUTyphbI.

[IpennonoxxuM, 4Yro 1IOcKas (uUrypa IMepeMecTHiach Ha IIOCKOCTH U3
nosioxkenust [ B monoxkenue II (puc. 2). OTrmeruMm JBa moJoKeHHs oTpe3ka AB,
npuHaanexaniero ¢gurype. Ilokaxxem, 4to nepemenieHue GUrypbl MOKHO OCYIIECTBUTh
COBOKYITHOCTBIO JIBYX IIEPEMELICHUM: ITIOCTYIIATEIBHOIO IEPEMELCHUS U ITI0BOPOTA.

Puc. 2.11. Pa3znoxeHue mI0CKOTO ABVKEHUSI

1-u eapuanm. llepemectuMm GUrypy NOCTYNaTeNbHO W3 TMOJIOXKEHUs AB B
noyiocxxenue A; B', T. e. Tak, 4ToObI TOUKa A MEpPeMECTUIACh B HOBOE IMOJIOXKEHUE A;, a
TOYKa B onucaiia TpaeKTOPHIO, TOKAECTBEHHYIO TPAEKTOPUU TOYKH 4. 3aTeéM NOBEPHEM
¢burypy BOKpYr TOUKU A;, HA YTOJ ¢, TaK, YTOObI TOYKa B’ coBmana ¢ TOukoi B;.

2-1i eapuaum. llepemectuM (Qurypy mnocTymareabHO U3 TMOJOXKeHus AB B
noJyioxkeHue A'B;, a 3aTeM NOBEpHEM €€ BOKPYI TOUKH B;, HA YroJl ¢, TaK, 4TOObI TOYKa
A' coBmana ¢ TOUKOM A;.
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BapuanTtoB nepememnieHuii MOXET OBIThb CTOJBKO, CKOJIBKO TOYEK IJIOCKOM
¢burypsl, T. €. 6becuncieHHOe MHOXecTBO. Kak BUAHO, MOCTyNaTeNbHOE MEpeMEIIeHIE
IJIOCKOW (UTYpBI Pa3iuvHO B Pa3IUYHBIX BapUaHTaX, a Yrojl MOBOPOTa M HAIpaBiIeHUE
MOBOPOTA OJJUHAKOBBI:

P1= @2

U3 smozo cnedyem, umo ecskoe HenocmynamenbHoe nepemeujerue nioCKou
Queypbl 6 ee NIOCKOCMU MOJCHO pACCMAMPUEAMsb KAK COBOKYNHOCMb  08YX
nepemewjenuti. NOCMynamenbHo20 nepeMewjenus HNIOCKoU uaypvl emecme ¢
NPOU3B0ILHOU MOUKOU, HA3bIBAEMOU NOTIOCOM, U NOBOPOmMA 6OKpy2 noaroca. Ilpu smom
nocmynamenbHoe nepemewjeHue 3a6ucum om 6vl00pa Noaiocd, a YUci08as 6elUYUNHA
yena nogopoma u HanpasieHue nogopoma om 6vl60pa NOICaA He 3AGUCSMN.

W3 BBINIEU3T0KEHHOTO CIIEAYET, 4YTO JEHCTBUTENIbHOE JBI)KEHHE IIJIOCKOU
¢burypel B €€ IUIOCKOCTH B KaXIbIi MOMEHT BPEMEHHU MOXHO paccMaTpuBaTh Kak
COBOKYIHOCTb MOCTYMATEeIbHOTO ABMXKEHUS W BpamieHus. lloctynartenbHass 4YacThb
JIBUKEHUS! GUTYPBI 3aBUCUT OT BHIOOpPA IMOJIOCA M OMPENENSETCs ero ABMKCHHEM. Kak
COBOKYIMHOCTb IOCTYNAaTEeNbHOIO JBWXEHUs U BpauieHus. IloctymarenbHass dYacThb
IBUKEHUS (PUTYpBI 3aBUCUT OT BHIOOPA MOJTIOCA U ONPEIEISIETCS €ro ABUKECHUEM.

[IpuHsB 3a MmodtOoCc HEKOTOPYIO TOUYKy O U 0003HAUUB X), )}y €€ KOOPJIHUHATHI B
HenoABIXKHOU cucteme xO;y (puc. 2.12), MOXKHO oNpeAenuTh JBHxeHue noitoca O, a
CJIeI0BaTEIbHO, U MOCTYMATENbHOE JBUKEHUE BCE (PUTYpbl YpaBHEHUSIMU x, = f,(f) U

Yo = 15(0).

i

] -
—— a

i

¥ !

i ]

x
& T ]

Puc. 2.12.

JIns mosydeHMsl yria, XapaKTepHU3YIOIIEro BpallaTEIbHYIO YacTh JBUKCHUS
IJI0CKON (urypsl, nposeneM depe3 nomtoc O ase nonymnpsmbie Oa u Ob, U3 KOTOPBIX
Oa He TPUHAJICKUT IUIOCKOU (PUTYype U JBUXKETCS MOCTYIATEIbHO BMECTE C TOJIFOCOM
0O, a Ob npuHaIeXKUT 3TON (PUTrype U BMeCTe C Hel Bpamiaercst BOKpyr mnostoca O.

O603HauuUB ZaOb=¢@, MOXHO OMNPEICIUTh BpAIIATEIHHOE ABUKEHUE (PUTYPHI

ypaBHEHHEM BpalieHus ¢ = f,(r). Takum o0pa3oM, IBHKEHUE IJIOCKON (GUTYpHI B €€

IUIOCKOCTH, a CJIICAOBATCIIBHO, MW AOBHXXCHHUC BCCTO TCJIa OIIPCACIIAIOTCA TpPEMA
YPaBHCHUAMU, HA3bIBACMBIMU YPAGHEHUAMU NIIOCKO20 O08UIICEHUS meepdoeo mejaa.

X9 :f](l‘), Yo :fz(t)’ §0:f3(l‘). (232)
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3. IlmHaMuKa
IpeameT nuHaMuku. 3agaun TUHAMUKH.

Jlunamukotl Hazvieaemcs pazoen Mexamuxu, 8 KOMOPOM U3Y4aemcs O8UdCeHUe
MamepuanbHuIX mesl 8 3a6UCUMOCIU OM OeUCMBYIOWUX HA HUX CUI.

JuHamuka npeacTaBisieT co0oil Haubosee 001U pa3ies MEXaHUKH, UMEIOIINI
0co00€ 3HAYEHHUE NJIsi pEeUIeHUS] MHOTHX NMPAKTHUYECKUX 3a/lady B Pa3jIU4HbIX 00JIACTAX
TEXHUKH.

OCHOBOIIOJIO)KHUKOM JIMHAMHMKHU SIBWJICS BeNUKH yueHblt [ammneir (1564—
1642). On BrepBble BBEJI B MEXAaHUKY MOHSITHE CKOPOCTH U YCKOPEHHsS JBHXKYIIEHCS
TOYKH IIPY HEPABHOMEPHOM MPSIMOJIMHENHOM JIBUKEHUU M YCTAHOBUJ 3aKOHBI MAJICHHUS
Ten B mycroTe. ["anuneit chopmynupoBai nepBblil 3aKOH TMHAMUKN — 3aKOH MHEPLIHH,
YCTaHOBHJI, YTO JABUKEHUE TeJsla, OPOLUIEHHOTO O]l YIIOM K TOPU30HTY B MYCTOTE, CO-
Bepiaercs 1o mapadose. ['omnanackuit yuensiit ['oiirenc (1629—1695) BBen noHsitue
MOMEHTAa HHEPILHH, CO3/1aJl TEOPUIO0 MasTHHUKA, M300pes dYackl. OOOOIIMB TOHSATHE
YCKOPEHUsI Ha Ciy4yall KPUBOJMHEWHOTO JBWXXEHUS TOYKH, [FOMI€HC YCTaHOBHII
MOHSATHE LIEHTPOOESKHON CHUIIBI.

Hauvaras [Nanuneem paborta mo co3naHuio AMHAMUKHA ObLTa 3aBeplIEHA BETUKUM
aHrMickuM ydyeHbiM HbrotoHom (1643—1727), kOoTOphIi B CBOEM 3HAMEHUTOM
counHeHuu «Philosophiae naturalis principia mathematical (1686) cdhopmynuposain
OCHOBHBIE 3aKOHBI KJIACCUYECKOM MEXAaHMKM K Ha OCHOBE JTHUX 3aKOHOB Jall
CUCTEMATHYECKOE H3JIOKEHUE JUHAMUKH. HBIOTOH OTKpBUI 3aKOH BCEMHUPHOTO
TATOTECHHUS.

Oco0oe 3HaueHne uMes yCTaHOBICHHBbIH HbIOTOHOM 3aKOH paBEHCTBA JEUCTBUS
U TPOTUBOACHCTBUS, MO3BOJIMBIIMI MEPEUTH OT NUHAMUKU MaTEpUATbHOW TOUYKH K
JUHAMHUKE MEXaHUYECKON CUCTEMBI.

PaszBuBas unero [ekapra (1596—-1650) o coxpaHsieMOCTH KOJIUYECTBA JIBHKCHHUS,
HpBIOTOH yCTaHOBWIJ, YTO U3MEHEHUE KOJMYECTBA IBUKEHUS MEXAHUYECKONW CHCTEMBI
ONPENEIACTCS JUIIb BHEIIHUMH CUIIAMM.

O6nacTh NPUMEHEHHS 3aKOHOB KJIACCMYECKOM MEXaHUKH, co3faHHOU [ammieem
1 HprotoHOM, Kak nokasanu HoBeune OTKpbITHA KOoHIA XIX u nepBoi yerBeptu XX
BB., OFpaHUY€Ha. DTH 3aKOHBI HE COIIACYIOTCS C ONBITOM MPU U3YyUYECHHUH JIBUKEHUS TE,
CKOPOCTb KOTOPBIX OJHOTO TOpAIKa CO CKOpPOCThIO cBeTa. HoBas pensiTUBUCTCKas
MeXaHuKa (Teopusi OTHOCHTEIIbHOCTH), co3JaHHas B Hadajse XX BeKa HEMEIKUM
¢busukom AnbOeprom OiHmTeHOM (1879—1955), KOopeHHbIM 00pa3oM H3MeHUJa
MIPEACTABICHNS] MEXaHUKH O MMPOCTPAHCTBE, BDEMEHU, MACCE M SHEPIUHU.

OnHako pe3ynbpTarhl, MOJYYEHHBIE HA OCHOBE 3aKOHOB KJIACCHUYECKON H
PEAATUBUCTCKOM MEXAHUKH JISI T€J, CKOPOCTh KOTOPBIX HE COPa3MEPUMO MEHBIIIE
CKOPOCTH CBETa, IPAKTUYECKH COBMAAALOT.

B cBeTe Teopur OTHOCUTENBHOCTHU Klaccuueckas mexanuka ["anunes — HeroTona
npuoOpesia XxapakTep ee YaCTHOTO Cllydas M COXPaHAET CBOE 3HAUYEHHUE U B HACTOSIIEE
BpeMsi, SIBIISSCh HAYYHO-TEOPETUUECKON 0a30i OOJBIIMHCTBA OTPACIECH TEXHUKH.

Ha ocHoBe 3akoHOB ['anmuies—HprOoTOHA B JabHENIIEM JOKa3bIBAIUCH TEOPEMBI
Y YCTAaHABIUBAINCH MPUHLMIIBI MEXaHUKHU, COCTABIISIIOLINE COAEPKAHUE COBPEMEHHOTO
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Kypca TEOPeTHYECKOM MEXaHUKH.

Teopema 00 M3MEHEHMHM KMHETHUYECKOW SHEPTHM WM, KaK €€ paHee Ha3bIBajH,
TeopemMa >KUBbIX cuil Obuia chopmynupoBaHa HBanom bepnymmu (1667-1748) wu
Hanumnom bepnymiu (1700-1782). Teopema 00 M3MEHEHMM MOMEHTa KOJUYECTBa
JIBUKEHUS YCTAHOBJIEHA TMOYTH oOJAHOBpeMeHHOo (1746) Oiinepom wu Jlanuuiom
bepuymm. B 1716 r. S. T'epmanom (1678-1733), akamemukom IletepOyprckoii
AxaJieMuH HayK, yCTaHOBJICH MPUHIUI MEXaHUKH, JAIOIIUNA OOIIUNA METO/, C TOMOIIbIO
KOTOPOTO YpPaBHEHMSIM JMHAMHUKU TpHIaeTcs Mo ¢GopMe BUJ YpaBHEHUW CTaTHKH,
MOJIYYMBIINM Ha3BaHHE NMETEPOYPrcKOro MpUHIIMNA (METOJ] KUHETOCTATUKH)

B 1737 r. Diinep 006001ua 3TOT NPUHUUI U HPUMEHWI €ro IS U3Y4YCHHs
KOJIeO0aHU THOKUX Tell.

B 1743 r. JlamamOep BbICKa3al NPHUHIMIM, TMOJTYYUBIIMN Ha3BaHHE Hauaja
HanamOepa, mnoCHyKUBIIUKA 0a30i MOCTPOEHUS MEXAaHUKH CHCTEM, IMOJYMHEHHBIX
cBs3siM. Havano JlanamOepa 1mo3Boiuiio paciMpuTh MpUMEHEeHHEe NMpuHIuna ['epmana —
DOiinepa Ha CiIy4ail CJIOKHBIX CUCTEM, COCTOSIIIMX U3 3HAUYUTEIBHOTO YUCHIa CBSI3aHHBIX
Mexay coOoH Tel.

Jlarpamx (1736-1813) cBszan npunnun ['epmana — Diinepa — [amambGepa ¢
OOLIMM MPUHIUIIOM CTaTUKH — MPUHLIMIIOM BO3MOXXHBIX MEPEMEIICHUI U MpUIal eMy
yIIOOHYIO 1JIsl IPAKTUYECKOTO MpUMEHEHUs (popmy.

BriepBble npuHLKN BO3MOXHBIX MepeMelleHuid Obl1 ycTaHoBieH CTEBHHOM
(1548-1620).

lanuneit pononHun wuccienoBanus CTeBUHA PACCYKIECHUEM O HAKIOHHON
IUIOCKOCTA M J1all 3HAMEHUTYI0 (OPMYJIMPOBKY 30JI0OTOTO IpaBUjia MEXaHUKU: YmMO
8bIUCPBIBACNCSL 8 CUTE, MO MEPAEMCsl 8 CKOPOCHIU.

Hazg ctporo Hay4HbIM JOKa3aTelbCTBOM IMPUHIMIIA BO3MOXKHBIX IMepeMenIeHui
paboranu MBan bepnymnu, ®@ypre, [lyaccon, Ammnep u Jlarpamx.

Axanemuk M. B. Octporpaackuii (1801-1862) 0600muia npuHIKUI BO3MOXKHBIX
NepeMeNIeHU 1 MPUMEHUII €T0 K PEIICHUIO MHOTHUX HOBBIX 33]]a4 MEXaHUKH.

Huddepenunanbable  ypaBHEHUS JABW)KCHUS MEXaHMYECKOW CHUCTEMbI B
000011IEeHHBIX KOOPAMHATAX OBbLIM NOJydeHbl JlarpanxkeM U HOCST €ro UMsl.

VpaBuenust Jlarpanxka omnpenenstorT JIBHKEHHE MEXaHMYEeCKOM CHUCTEMBbl B
HauOosee obmieit hopme. Ot ypaBHeHUs JlarpaHK NPUMEHUIT K UCCIEAOBAHUIO MaJIbIX
KOJI€0aHHUM CUCTEMbI, UMEIOIUX O0JIbIIOE MPAKTUYECKOE 3HAUCHHE.

B XIX wu XX crojmerusax OO0dbIIIOE 3HAYCHHE IS PA3BUTUS JIUHAMUKHU
NpUOOPETAIOT PabOThl OTEYECTBEHHBIX YUYEHBIX, K YHCIYy KOTOPBIX B IEPBYIO OYepe.b
cienyetr otHectn A. M. JlamynoBa, H. E. Xykosckoro, C. A. Yamnsiruna, M. B.
Memepckoro, K. 3. [luonkosckoro, A. H. KpblioBa u psiga apyrux.

A. M. JlsnynoB (1857-1918) — co3naTenb COBpEeMEHHOW TEOPUH YCTOWYMBOCTHU
IBMKEHUS. EMy NMpUHAJIEKUT TakKe MCCIE0BAHUE YCTOMUUBOCTU (DOPM paBHOBECUS
Bpallaroieiics )KUIKOCTH, UMEIOIIee OIPOMHOE 3HAUEHHE /1JI1 HAYYHOH KOCMOTOHUHU.

H. E. XKykoBckuii (1847-1921) sBnsieTcss OCHOBaTeJIeM OJHOW M3 Ba)KHEHIIHUX
oOnacTeil MeXaHMKH — a’dpoauHamuku. Kpome TOro, oH Hamucaa OOJBIIOE YHCIO
BBIAIOIINXCA PpabOT MO THUJIPOMEXAaHUKE, THAPABIUKE M JUHAMHUKE TBEPIOrO Teja.
Pa6ora H. E. XKXykoBckoro «O mpuCOEIMHEHHBIX BUXPAX» MOCTYKUJIA TEOPETUUECKON
OCHOBOM /JI ONpeieNIeHus MOAbEMHON CUJIbI KpbLIa CaMoJIeTa.
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Axanemuk C. A. Yarmubirun (1869-1942) — yuenuk H. E. XKykoBckoro taxxke
ChIrpai OOJIBIIYIO POJIb B Pa3BUTHU pycckoil aBuaruu. OH BbIBENT 00OOIIECHHBIC
ypaBHEHUS JBM)XCHHUS, B KOTOPBIX OrPAaHUYMBAIOIIME YCIOBMS HAKJIAIbIBAIOTCS HE
TOJILKO Ha TMOJIO)KEHUE TOYEK, HO U Ha uX ckopocTu Co3ganHHas YarabIrMHBIM TEOPUS
HEYCTAaHOBMBIIIETOCS JBUKEHHUS KPblIa caMoJIeTa U adpOoIMHAMUKA OOJIBIIUX CKOPOCTEH
SABJSIETCS (PYHIaMEHTOM pacueToOB camoJieTa.

. B. Memepckuit (1859-1935) — aBTop u3BecTHOro CcOOpHHMKA 3adad IO
TEOpPETUYECKONM MeXaHHuke, B pabore «JluHamuka TOYkM mepemMeHHON macchl» (1897)
OTKPBUJI HOBYIO OTpacib MEXaHHUKH — MEXaHUKY TeJ NMEPEMEHHOM MacChl, OJHUM M3
pa3ziesioB KOTOPOIl SBIISETCS TEOPUSI IBUKEHUS PEAKTUBHBIX allllapaToB.

Co3nanue OCHOB pacueTa pPEeaKTUBHOTO  JABUIKEHUS NPUHAIC)KUT  BBI-
JaroIeMycsi pycckomy ydeHomy u - u3ooperaremo K. O. Iuonkockomy (1857—
1935), paspaboTaBiieMy KOHCTPYKIIMIO TIEPBOM KOCMHUYECKOW PAKETHI.

Tpynst . B. Memepckoro u K. 3. LIHMOJKOBCKOTO Jie)KaT B OCHOBE TEOPHUU
JBIDKCHHUSI COBPEMEHHBIX MHOTOCTYIIEHYATBHIX PAKET, TMO3BOJIMBIIUX 3allyCTUTh
HUCKYCCTBEHHBIE CIOYTHHUKH 3€MJIM, KOCMHYECKHE KOpaOJIHM-CIyTHUKHU, TIOCJIATh
aBTOMAaTUYECKUE MEXKIUIaHETHhIC cTaHUuM K JIyHe u B cTtopoHy Benepni. 12 ampens
1961 1. coBeTckMe YYEHbIE U MHKEHEPHl OCYIIECTBUIM JIaBHUIIHIOW MEYTY
YeJI0BeUeCTBA, 3allyCTUB KOCMUYECKHH Kopabyib ¢ TepBbIM KocMoHaBTOM [O. A.
['arapuHbIM, OTKpPBIB 3THM 3Py HEMOCPEICTBEHHOTO MPOHUKHOBEHHUS YEJIOBEKa B
KOCMUYECKOE IPOCTPAHCTBO.

Pabotsl akanemuka A. H. KpsutoBa (1863—1945) no teopumn kopaliusi, Teopuu
TUPOCKOTIOB, TEOPUU KoJIeOaHWM, YpaBHEHHSIM MaTeMaTH4YeCKOW (DU3UKHU, BHEIIHEH
0aJNIUCTUKE M TEOPUU YIIPYTOCTU OKa3aiu OOJIBIIOE BIUSHUE HA Pa3BUTHE MEXaHUKU B
Halleil cTpaHe U COo3Jali €My MUPOBYIO CIIaBy.

3akonbl Mmexanuku IN'anumines-HproToHa.

B ocHOBe TMHAMUKH JIe)KaT 3aKOHBI, BIIEPBbIC CHOPMYITHpOBaHHbIE HBIOTOHOM |
Ha3BaHHbBIE UM aKCHOMaMH, WJIM 3aKOHaMU ABWKeHus (Axiomata sive leges motus).

1. 3akoH uHEPLMHU

Mamepuanvnas mouxa coxpaumsem COCMOSAHUE NOKOSL UIU PABHOMEPHO20
NPAMOJUHENHO20 O0BUMNCEHUsl, NOKA 6030elicmeue Opy2ux menl He UBMEHUm 3mo
cocmosiHue.

2. 3aKOoH IMPOIOPIIMOHATBLHOCTH CHJIBI B YCKOPCHHSI

Yckopenue mamepuanvroti mouku nponopyuoOHaIbHO NPULOINCEHHOU K Hell cue U
uMeem O00UHAKOBOE C Hell HanpaesleHue.

3. 3aKOH paBeHCTBA JECUCTBUS U MPOTUBOAECHCTBUS

Beakomy — oeticmeuro  coomeemcmeyem — pasHoe U NPOMUBONOJIOHNCHO
HanpaeienHoe npomusooetlicmaue.

4. 3aKOH HE3aBUCUMOCTH JEHUCTBHUS CUJI

Heckonbko 00HO8pemenHO Oelicmeyrowux Ha MAmepuaivbHylo MmMoYKy CUl
coobwarom mouke makoe YCKOpeHue, KaKoe coodwuia Ovl el 00HA CUld, PABHAS UX
2e0MempuyecKoll cymme.
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3agaun TMHAMHUKH.

Ilepsas 3adaua Ounamuku. 3HAss MAacCy TOUKH /M W yPABHEHHs €€ JBMKECHUS
(x=£(t); y=£f0); z=f()), ™oxem HaliThA MOIYIb U  HampabJeHHE
PaBHOAENCTBYIOIIEH CHII, IPHIOKEHHBIX K TOUKE.

Dra 3a71a4a JIETKO PEIIAETCS CIEAYIOIUM MyTEM:

P =mx", P, =my", P.=mz",

P =P +P +P;
P

P
cos(P,i)= =, cos(P,j):Fy, cos(P,k)= "=

N |
~

Bmopas 3a0aua ounamuxu. 3Has CUIIbI, ICHCTBYIOIINE HA MAaTEPUATLHYIO TOUKY,
€e Maccy m, a TaKKe HadyaJlbHOE IOJOXKEHHE TOYKH M €€ HadallbHYI0 CKOPOCTb,
MOJIYYUTh YPAaBHECHUS JABMIKEHHUS TOUKH.

Jlist pemieHust 3ToM 3ajadyn  HEOoOXOAUMMO B JIEBYIO 4HacTh ypaBHeHui (3.10)
MOJICTAaBUTh 3HAUYEHHUE MACCHI 71, a B MIPABYIO YaCTh — CYMMBbI MPOEKIUH MPUIT0KEHHBIX
CHUJI ¥ TIOJIyYEHHBIC YPABHEHUS JIBAXK bl IPOMHTETPUPOBATH IO BPEMEHHU.

Ota 3a7aya uMeeT OOJIbIIOE MPAKTHUUECKOE 3HAUYCHHE M B OOIIEeM cliydae
SBJISIETCSI O0JIee CIIOKHOM, YeM TepBasl.

[Ipu wuHTerpupoBaHUU Kaxaoro auddepeHInaIbHOTO YpaBHEHUS JBHKCHUS
TOYKU TIOSIBJIAFOTCA JIB€ IIOCTOSIHHBIE, a TIOTOMY TIpM MHTETPUPOBAHUM TpeX
nudepeHManbHbIX  YPaBHCHUN JBW)KEHUS TOYKHA OyJIeT IIECTh IOCTOSIHHBIX.
3HayeHUsT JITUX IOCTOSHHBIX OMNPEACISIIOT MO HAYaJlbHBIM YCIOBUSM JIBHIKCHUS:
3HAYECHUSM TPEX KOOPAMHAT TOYKH M MPOEKIUH €€ CKOPOCTH Ha TPU OCH B HEKOTOPBIN
MOMEHT BpEeMEHH, 00BIYHO (HO HE 00s3aTeIbHO) B HaYaIbHBI MOMEHT.

[IycTh B HauajdbHBII MOMEHT BPEMEHHU f={, W3BECTHbl KOOPJIHUHATHI TOYKU U

MMpOCKIHUU €€ CKOPOCTHU HA OCH, T. C.:
L=ty X=X0; Y=Yy 2925 (3.1)
X'=x05 Y =y 2=2. }
OTU 3HAYeHUs] TOJCTABISIOT B ypaBHEHHUs, NpPEACTaBIAOMIMEe COOOW o00IIme
pemenus nuddepeHIaIbHbIX YPaBHEHUN IBUKEHUS TOYKH.
N3 >Tux ypaBHEHUHN ONPEACIAOT NOCTOSIHHBIE UHTerpuposanus C,, C,,...C, B

3aBUCHMOCTH OT HAyaJbHbIX KOOPAMHAT M IPOECKUHWM HAyaJbHOM CKOPOCTH.
[loncraBnsst HaliJleHHbIE 3HAYEHUS! MOCTOSHHBIX MHTETPUPOBAHUS B 00Ilee pelieHue
muddepeHIranbHbIX YpaBHEHUN NBIXKEHUS TOYKH, MOJYYalOT YpPaBHEHHUS JABMKCHUS
TOYKHU B BUJE ypaBHeHud 3.12:
x :fl(taxoayO’Zo’x(’)’y(’)’Z(’))a
y :fz(t’xo’yo’zo’x(’)’y(’)’ ’)9 (3.2)

z= fs(t’xo’yoazo’x(’)’y(’)’z(’))'



39

NMmnyabce cnibl. KosindecTBo ABHKEeHHS MaTePUATbLHON TOYKH U MEXaHUYECKOM
CHCTEMBI.

Ecnn moctosstHHAs 1o MOAYJIFO U HAIIPAaBJICHUIO CHJIIA P HeﬁCTByeT B TCUCHHUC
IMPOMCIKYTKa BPECMCHHU t= l‘2 —l‘] €C UMITYJIBCOM 3a 3TOT HNPOMCIKYTOK BPCMCHU ABJIACTCA
BEKTOP

S=P-t (3.3)

HanpagiieHue 3TOro BEKTOpa COBNAJAET C HANPaBICHUEM CHJIBL, a €r0 MOIYJb

PaBCH MMPOU3BCACHUTIO MOAYJIIA CUJIBI Ha BPCMs €€ HeﬁCTBHH, T. €.
S=P-t

Hmnynve cunvl xapakmepuzyem nepeoasy MamepudaibHOU moyke MexaHuyecko2o

OBUIICEHUSL CO CIMOPOHBL OCUCMBYIOWUX HA Hee mell 3d OAHHbIL NPOMENCYMOK 8PEMEHL.

t
NMnynbc nnepeMeHHOoN CUIIbl S = j Pdt .
0

Moayns M HanpaBJICHHE MMITYJIbCa MEPEMEHHON CHIIBI MOXKHO OMPEICIUTH 10
Croco0y MPOEKIIHA.

[TpocymMMHpOBaB MPOCKINH 3JIEMEHTAPHBIX HWMITYJILCOB M TIEPEHAS K Tpeeny,
MOJTyYUM ONpEEICHHbIE WHTETpalibl MO TIEPEMEHHOW ¢, TPEACTaBISIONINe COOOi
MPOEKIIMK UMITyJIbca S Ha OCH KOOPJIUHAT:

S = ]Z.det, S, = ]%Pydt, S = ]Z.Pzdt

4 4 4

Konuuecmeom osudicenus mamepuanbHol mouKky Ha3vleaemcs 6eKmop, umMerouuil
Hanpaeienue cKopocmu u Mooyjb, PAGHLIU NPOU3BEOCHUI) MACCHl m HA CKOPOCMb ee
osudiceruss V.

KonndecTBO IBMXKEHHUS, 3aBUCSIIEE OT MACChl TOYKW U €€ CKOPOCTH, SIBIIACTCS
MEpOU MEXaHWYECKOTO JIBUKECHUS.

[TonsiTue KoNMHMUYECTBAa JBIKEHHS OBUIO BBEACHO B MeXaHUKY JlekapTom u
MOJIOXKEHO B OCHOBY MexaHuku HproToHOM. EnuHuueid wu3MepeHus KOoJIUYeCTBa
nBrxenus ssisercs 1 keem/c=1 H-c.

Konuuecmeom osusrcenus mexanuueckou cucmemvl HA3bIBAEMCsl eKMOP, PABHbIU
2eOMempuyecKolu  cymme  (21a8HOMY  8eKMOpY)  KOJIUHECM8  OBUINCEHUST  B8CeX
MamepuanbHulX MOYeK MOl  CUCHIEMBL.

Ecmm OTHCJIbHASI TOYKAa CUCTEMBI M, (i=1, 2,...n) uMeeT mMaccy m,, U

CKOpPOCThH V,, TO BEKTOP KOJWYECTBA JBUIKEHUS CUCTEMBI O
0=> mV, (3.4)
[IpeoGpazyem Beipaxkenue (3.4):

0-Ymy =Y m e Ly,

“dt dt
S = mr,
d
0 —E(mrc):mitc: mV,

Q=mV, (3.5
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Boipaxxenne (3.5) T1OKa3bIBaeT, UTO BEKMOp  KOIUYECMBA  OBUIHCEHUS.
MeXaHu4eckol cucmemvl umeem Mo0oylb, PAGHbIL NPOU3BEOCHUIO MACCbL CUCEMbl HA
CKOpOCMb ee YeHmpa Macc U Hanpaegienue 3mou CKOpoCmu.

[Ipoenupyst BeKTOp Q = » m,r; = mr, MOTYYUM

Qx = zmiV;x = MI/cx
Qy :zmiKy ZMch (36)
0, :zmiViz =mV,,

HpO@KI/ﬂ/l}Z KOJIUYeCmea OBUINCEHUSL MeXaHU4YecKol cucmemvl Hd KanC'ayiO
KOOpauHClWIHyIO OCb, paeHasx Ccymme npoem;ud KOJIu4ecme OBUINICEHUSI 6CeX MOYeK
cucmemsl Ha 9my OCb, onpe()eﬂ}zemCﬂ np0u3eedeHueM MACCbl CUCMEMblL HA NPOeKyuio
CKopocmu yexHmpa macc Ha amy adice 0Cb.

KuHeTrnueckuii MOMEHT CHCTEMbI

Kunetnueckuit MOMCHT MEXaHUYECKOM CHUCTCMBI K 19) OTHOCHUTCIIBHO
HCIIOABM)XKHOTO ICHTpPA O sBnseTcs MepOﬁ ABWIKCHUS CUCTCMBI BOKPYT 3TOr0 HCHTpA.
HpI/I PCUICHUHN 3a1a4 OOBIYHO MMPUMCHATCSA HC CaM BCKTOP 1?09 a €ro IMPOCKIH Ha OCHU
HCHOIIBI/I)I(HOﬁ CHUCTCMBI KOOpJAHHAT, KOTOPHIC Ha3bIBAIOTCA KHHCTHYCCKUMMU
MOMCHTaMH OTHOCHUTCIBHO OCH. HaHpI/IMep, K, - KMHETHYECKHM MOMEHT CHCTEMbI
OTHOCHUTCIIBHO HeHOIIBI/I)I(HOﬁ ocu Oz .

Kunetnueckuit MOMCHT MEXaHMYECKOMN CHUCTCMBI CKJIaAbIBACTCA u3
KHMHCTUYCCKUX MOMCHTOB TOUYCK H TCJI, BXOIAINUX B 3Ty CHCTCMY. PaCCMOTpI/IM

CIIOCOOBI OIIPpCACICHUSA KHUHCTHUYCCKOIO MOMCHTA MaTepHaHBHOﬁ TOYKHN M TBEPAOTO
TCJIa IIPU PA3JIUMYHBIX CIIYdadX UX IBUKCHU.

V4

JIns MmaTepUaIbHOM TOYKU C MAaCCOM m, , UMEIOIIENH CKOPOCTh V), , KHHETUYECKUI

MOMCHT OTHOCHUTCIIBHO HeKOTOpOﬁ ocu Oz OoNpeaAcCsICTCId KaK MOMCHT BCKTOpa

KOJIMYECTBA JIBUYKEHUS STOH TOYKH OTHOCHUTEIHHO BHIOPAHHOW OCH:
K, =m, (mV,)=r.x (mV).
Kunerndyeckuii MOMEHT TOYKM CUMTAETCS TOJIOKUTEIBHBIM, €CIIA CO CTOPOHBI
MOJIOKUTEIBHOTO HAIPABICHUS OCH JBWKCHUE TOYKU MPOUCXOAUT MPOTUB YaCOBOM
CTPEJIKHU.

Ecniu Touyka coBepuiaeT CIOXHOE JBWXKEHHUE, JUIsl OINpEIeNCHHUs ee
KMHETHYECKOr0 MOMEHTA CJIelyeT BEKTOP KOJIMUYECTBA JIBIKEHHUS MV, paccMaTpHBaTh
KaK CyMMY KOJIUYECTB OTHOCUTEIBHOTO U MEPEHOCHOTO JIBHKEHUM

mV, =mV, +mV,,.
Tornma
K. =m, (mV)=m, (mV,)+m, (m,,).
Ho V,, =@h,, tne h, - paccTosiHuE OT TOYKH 10 OCH BpaIleHUs, 1

m_ (mVy,) =moh, -h, =mhio.
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Pa6ora cuibl. MomHocTh. KnHeTHYECKASI JHEPIHSI MATEPHAJIBHOM TOYKH U
MeXaHMYeCKO# CUCTEeMbI

JIns XapakTepUCTUKU JIEUCTBHS, OKa3bIBAEMOI'O CHJIOM Ha TEJIO IIPU HEKOTOPOM
€ro InepeMeuieHUU, BBOJUTCS MOHATHE O PAbOTE CUIbL, HIUPOKO HCIOIB3yEMOE He
TOJIbKO B MexaHuke. CHayana BBeJieM NOHITHE 00 3JIEeMEHTapHOM padore.

Onemenmapuou pabomou cwnbl F, npuwioxenHod B Touke M (puc. 3.1),
Ha3bIBAC€TCs CKaJIIpHas BEIUYHHA

dA=F.ds, (3.7)

rae F.— MpOeKIus CHibl F Ha KacaTelbHYI0 Mt K TPAacKTOPUH TOYKH M ,

HAMpaBJICHHYID B CTOPOHY IMEPEMENICHUS JTOW TOYKH (WM Tpoeknus F Ha

HampapJICHUE CKOPOCTH V' TOYKH M ; ds — MOIyldb DJICMCHTAPHOIO MNEPEMCUICHUS
TOYKU M .

Puc. 3.1.

Takoe onpeneneHne cOOTBETCTBYET NPEACTABICHUIO O pabOTE Kak O Mepe TOro
JNEUCTBHS CUJIbI, KOTOPOE MPUBOJIUT K W3MEHEHHIO MOIYJS CKOPOCTM TOYKU. Eciun
Pa3NoXKKUTh CHIy F Ha cocTaBisiomue F. U F,, TO H3MEHATh MOIYJIb CKOPOCTH Oy/IeT

— dv —
F_, Tak KaK F, = ma, =m7 (cocTaBnsmoomas F, U3MEHSET WM HAIpaBJICHUE BEKTOpa
t

V', WK TIPU HECBOOOTHOM JIBHXKCHHU —CUITY JIaBJICHHS HA CBSI3b).
3ameuas, yT0 F. = Fcosa, IJIe a — Yrod Mexay F u Mr, nonydum u3 (3.7)

JPYroe BbIPpaXKCHUEC IS dA :
dA = Fds cosa (3.8)

Ecaum yron a octpelif, To pabora mojoxkutenbHa. B uacTHocTH, mpu o =0
alieMeHTapHas paborta dA = Fds.

Ecou yron a Ttymoi, To pabora oTpuiarenbHa. B uactHOocTH, TIpH o =180°
alieMeHTapHas paboTta dA =—Fds.

Ecnu yron a =90°, 1. €. eciu cuna HanpasieHa nepneHoOuKyIsIpHO nepemeuyeHuro,
Mo /leMeHmapHas paboma cuibl pagHa HyJo.

3Hak paboThl MMEeT CICAYIONIUH CMBICH: paldoTa TOJOXKUTEIbHA, KOTAa
COCTABIISAIONIAsT F. HaNpaBICHA B CTOPOHY JBHXKCHHS (CHJIa YCKOPSIET JIBIIKCHHE);

pa60Ta OTpHULATCIIbHA, KOI'Ja COCTAaBJIAIOIIAA F'T HallpaBJICHA IMPOTHUBOIIOJIOXKHO
HaIlpaBJICHUIO JIBHIKCHHA (CI/IJIa 3aMCJIICT I[BI/I)KCHI/IC).
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Ecnu ydaecTs, ds=|dr|, TIe dF — BEKTOp JI€MEHTapHOTO MEPEMEIIEHHS TOUKH, U

BOCIIOJIb30BAThCSl HM3BECTHBIM M3 BEKTOPHOM anreOpbl MOHSATHEM O CKAJIIPHOM
MPOU3BEACHUH IBYX BEKTOPOB, TO PAaBEHCTBO (3.8) MOXKHO MpEJCTaBUTh B BUJIE
dA = Fdr (3.9)
CrnenoBatenbHO, 31eMeHmMapHas paboma cubl pagHa CKAIAPHOM) NPOU3BEOEHUIO
CUTIbL HA 8EKMOP 2JIEMEHMAPHO20 nepemMeujeHusi MmoyKu ee NPUioHCeHUsl.
Eciu B ¢dopmyne (3.9) BbIpazuth CKaJsIpHOE MPOU3BEJACHUE Yepe3 MPOEKIINU
BEKTOPOB F M 7 HAa KOOPAHHATHBIE OCH U y4€CTb, 4TO r, =X, r, =y, 1, =z, TO HOIyYUM

anaaiumudecKkoe evlpasicenue aﬂeMeHmapHoﬁ pa6ombl
dA=Fdx+Fdy+F.dz, (3.10)

B KOTOpPOM x, y, z — KOOPAUHATBI TOUKHU ITPHUIIOKCHHUA CHUJIbI F.

Mownocme.

MOoOIIHOCTRIO ~ HaA3bIBACTCS BEIWYMHA, ONpeesionias padoTy, COBEpIIaeMyro
cuioi B eauHuIly BpemeHU. Ecim pabora coBepiiaeTcs paBHOMEPHO, TO MOIIHOCTH
N =dA/dt, tne t - BpeMs, B T€UeHHE KOTOPOro Mpou3BeleHa pabora 4. B obmem
ciy4ae

N=dijdi-F 5 _Fy
dt

CrnenoBatenbHO, MOWHOCMb PABHA NPOU3BEOCHUIO KACAMENbHOU COCMABIAOWel
CUJIbL HA CKOPOCMb.

Enununeit usmepenust momuoctu B CU sBnsiercas eamm (1 Bt = 1/x/c). B
TEXHHKE 3a €IMHUIlY MOILIHOCTH 4YacTo puHumaercs 1 1. ¢, paBHas 736 Br.

PaboTy, npou3BeNECHHYI0 MAaIMHOW, MOXKHO H3MEPSATh MPOU3BEJCHUEM €€
MOIITHOCTH Ha BpeMs padoThl. OTCI0/1a BO3ZHUKIIA YIIOTPEOUTEIbHAS B TEXHUKE €IUHUIIA
U3MepeHus paboThl KUJIOBATT Yac.

Beenem mnonsatue emie 00 OJHONW OCHOBHOM JWHAMHYECKON XapaKTEPUCTUKE
JIBH)KEHUS — O KHHETUYECKOU dHepruu. Kunemuueckou snepauei MamepuaibHou moyuku
HA3bI6ACMCA CKAAPHAA 6eluduna mV>[2, paenas nonosune npou3eeoeHus Maccol
MOYKU HA K8AOpAm ee CKOPOCHIU.

Enununia u3mepenus KMHETUUYECKOW SHepruu Ta ke, yro u pabotel (B CU — 1
JIx).

Kunemuueckoti snepeueii cucmemul Hasvleaemcs ckaiapuasn eeauvuna 1, pasuas
CyMMe KUHemuyeCKux dHep2ull 6Cex mo4ex CUCmembl.

_mV
==k

Kunerndeckass sHeprusi sBIS€TCS XapaKTEPUCTHUKOW M TOCTYNATEIBLHOrO, M
BpAILIATEILHOTO JABWKEHUW CUCTEMBI. [JIaBHOE OTIMYME BEIWYMHBI T OT BBEICHHBIX
paHee XapaKTEePUCTHK KOJUYECTBA JBMXKCHUS U KUHETUYECKOIO MOMEHTAa COCTOUT B
TOM, 4YTO KHWHETHUYECKas JHEPIrusi SIBISACTCA BEIWYMHOW CKAISIPHOM W MOPUTOM CY-
IIECTBEHHO TMOJO0XUTEIbHOU. [03TOMYy OHa HE 3aBHUCHUT OT HANpaBICHUM JIBUKCHUS
4acTe CUCTEMBI M HE XapaKTEePU3yeT U3MEHEHUIN 3TUX HAPABICHUM.

OTMeTuM eme Cclenyrllee BaXHOE OOCTOATENbCTBO. BHYTpEHHHE CHIIBI
JNEUCTBYIOT Ha YAaCTH CHUCTEMBI MO B3aMMHO MPOTUBOIOJIOXKHBIM HampaieHusM. [lo

T
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ITOU INPUYIHUHC OHH, KdK Mbl BHICIIHN, HC HUIMCHAIOT BCKTOPHBIX XAaPAKTCPUCTHK
KOJIMYCCTBAa ABHXKCHHA H KHHCTHYCCKOI'O MOMCHTA. Ho ecnu 104 HeﬁCTBHCM
BHYTPCHHUX CHJI 6YI[YT HU3MCHATHCSA MOJAYJIN CKOpOCTCﬁ TOYCK CUCTEMBI, TO IIPHU 3TOM
6YIICT U3MEHATHCA W BEeIUYWHA T . CJICIIOBEITCJIBHO, KHHCTHUYCCKAA SHCPIUsA CUCTCMbI
6YIICT OTIIMYAaTbCA OT BCJIIMYHMH KOJIMYCCTBA ABHKCHHUA 1 KMHCTHYCCKOI'O MOMCHTA CIIC
n TEM, 4TO Ha €€ U3BMCHCHUEC BIIMSICT HeﬁCTBHC N BHCIIHUX U BHYTPCHHUX CHIJI.

MoMeHT HHEePUMH TeJIA OTHOCUTEJIbHO ocH. Pagnyc uHepuum.

[lonoxeHnue IEeHTpa Macc XapaKTEPU3YEeT paclpeleieHre Macc CHUCTEMbl He
nosiHocTeio. Hanmpumep (puc. 3.2), ecnu paccrossHust 74 oT ocu Oz KaxXIOro u3
OJIMHAKOBBIX MIApOB A W B yBeNMYUTh HA OJIHY U Ty K€ BEIMYMHY, TO MOJOXKECHHE
LEHTPA MacC CHCTEMbl HE U3MEHMTCS, a paclpe/leIEHUE Macc CTaHeT IPYTruM, U 3TO
CKa)XETCSl Ha JABW)KCHHHM CHCTEeMbl (BpallleHHe BOKpPYr ocu Oz TpH MPOYUX PABHBIX
YCIOBUAX OYJET NPOUCXOIUTh MEIJICHHEE).

I b fl‘ -
b ,.L\ ullig

| i |

P JI&

T
e

Puc. 3.2.

A=

IToaTOMy B MEXaHHUKE BBOJMTCS €L1E OJIHA XapaKTEPUCTHUKA PACIPEIAEICHHUS Mace
- MOMEHT uHepuuu. Momenmom unepyuu mena (cucmemvlt) OMHOCUMENLHO OAHHOU OCU
Oz (unu ocesviM MOMEHMOM UHEPYUU) HA3BIBACMCS CKANAPHAS GeIUYUHA, DABHAs
cymme npoussedeHuli Macc cex mouex mena (cucmemol) Ha Kaopamvl ux paccmosHuil
om 3mou ocu

I, = zmkhlg

W3 onpeneneHusi cieayer, uYTO MOMEHT HWHEpPUUU Tena (WIM CHUCTEMBI)
OTHOCHUTEIBHO JIF000H OCHU SABIISAETCS BEJIMYMHOMN MOJOKUTEIbHON U HE paBHOM HYIIIO.

3aMeTUM TakKe, 4YTO MOMEHT HHEPLUUM TeJa — 3TO TIEeOMETpuYecKas
XapaKTEepPUCTHUKA TeJIa, HE 3aBUCALIASA OT €ro JABUKCHUS.

OceBoil MOMEHT MHEPLUHU UTPAET MIPU BPAILIATEIBHOM JBUKEHHH TEJIA TAKYIO KeE
pOJIb, KaKyI0 Macca IpH NOCTYNATEIbHOM, T.€. YTO 0CEe80U MOMEHM UHEPYUU AGTIACMCA
Mepou UHepMHOCMU Meaa NPU 8PaAuaAmeIbHOM OBUICEHUU.

CornacHo (opmysie MOMEHT MHEpPUUHU Tejla paBEeH CyMME MOMEHTOB HHEpPILHH
BCEX €r0 4acTe OTHOCUTEIILHO TOW ke OCU. /{1 OJHOW MarepuaibHOM TOYKH, HAXO-

o 2
JAIICUC Ha paCCTOAHHUN h OT OCH, IZ =mh .

YacTo B XO04C pacdYCTOB IIOJB3YIOTCA IMOHATUCM pPalnyCa HHCPIUU. PaduyCOM
unepyuu TCJIa OTHOCHUTCIIBHO OCH Oz Ha3pIBaeTcad JIMHEWHAs BEIWYUHA P s
onpceacirsieMas paBCHCTBOM

_ 2
1 zZ M - Y u

b
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rne M - macca Ttema. M3 onpeneneHus Ccleayer, 4YTO pPaaUyC HHEPLIMHU
FEOMETPUYECKA PpAaBEH PACCTOSHUIO OT ocu Oz TOM TOYKH, B KOTOPOM HAIO
COCpPEIOTOYUTh MAacCy BCEro Teia, YTOObl MOMEHT MHEPIMH OJIHON 3TOM TOYKH OBLI
PaBEH MOMEHTY MHEPLIMU BCETO TEJNA.

B cnywae cromHoro Tena, pa3douBasi €ro Ha 3JIEMEHTApHbIE YacTH, HalJIeM, 4To
B IIpelelie CyMMa, CTOsIas B PaBEHCTBE [, =Y m,h, oOpatutcsi B uHTerpain. B
pe3yibTarte, yIuThIBas, uTo dm= pdV ,T1e p - IJIOTHOCTh, a V-00beM, MOTYyUYUM

I, = [h’dm I, = [ph*dV

") e, )

WuTerpan 3nech pacmpocTpaHsieTcsi Ha Becb 00beM J Tena, a IUNIOTHOCTh O U

paccT OsHHE /1 3aBUCAT OT KOOPJAMHAT TOUYEK TeNa.
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4. CTPYKTYPHBIi M KHHEMATHYECKUA aHAJIU3 IVIOCKUX MEXaHU3MOB
OcHOBHbBIEC OHATHS TEOPUHU MEXAHU3MOB U MAILIIUH.

Teopuss MexaHM3MOB M MAIllMH - HayyHas JUCUUIUIMHA (WM pa3fen HaykH),
KOTOpasi M3y4aeT CTpOeHUE (CTPYKTYpy), KMHEMATHKy U JWHAMUKY MEXaHH3MOB B
CBSI3U C UX aHAJIM30M U CUHTE30M.

[lens TMM - aHanu3 U CUHTE3 TUIIOBBIX MEXAHU3MOB U UX CUCTEM.

3amaun TMM: pa3paboTka OOMMX METOAOB HCCIEIOBAaHUS CTPYKTYPBHI,
r€OMETPUM, KHHEMATUKHU U TUHAMUKH TUIOBBIX MEXAHU3MOB U UX CHCTEM.

TunoBsiMU MexaHU3MaMU OyieM Ha3bIBATh MPOCThIE MEXAHU3MBbI, UMEIOIIKE TTPU
pa3snTuYHOM (PYHKIIMOHAJIBHOM Ha3HAYeHHM IIMPOKOE MPUMEHEHWE B MalluHaX, JIs
KOTOPBIX pa3paboTaHbl TUMOBbIE METO/Ibl U AJITOPUTMbI CHHTE3a U aHAJIU3A.

PaccmoTpuMm B KauyecTBe IpuMepa KPUBOIIMIIHO-NOJ3YHHBIM MEXaHU3M. OTOT
MEXaHN3M IIUPOKO MPUMEHSIETCA B PA3JWYHBIX MAIlWHAX: ABUTATEISAX BHYTPEHHETO
CrOpaHusi, NOPIIHEBBIX KOMIIPECCOPAX M HACOCAX, CTAHKAX, KOBOYHBIX MAalIMHAX U
npeccax. B xaxxgom BapuaHTe (YHKIHMOHAJIBLHOTO HA3HAYEHHUS MPU MPOEKTUPOBAHUU
HEOOXOIMMO YYMTHIBaTh cHenuduyeckue TpeOoBaHus K MexaHuzMy. OjHako
MaTeMaTU4YECKUE 3aBUCHUMOCTH, ONUCHIBAIOIINE CTPYKTYPY, T€OMETPUIO0, KHHEMATHUKY U
IUHAMUKY MEXaHHW3Ma IpU BCEX PA3JIUYHBIX MPUMEHEHUsAX OyAyT NpPaKTHUYECKU
OJIMHAKOBBbIMU. ['7aBHOe wuiau ocHOBHOE oTianune TMM oT y4eOHbIX JUCHUIUIMH
M3YYaIINX METOAbl NPOCKTUPOBAHUS CHELHANBHBIX MallMH B TOM, uro TMM
OCHOBHOE BHHMMAaHHE YJEISeT M3YYEHUIO METOJOB CHUHTE3a M aHalu3a, OOIMX IS
JAHHOTO BHJA MEXaHW3Ma, HE3aBUCSIIMX OT €ro KOHKPETHOro (yHKIHOHAIBHOTO
HasHaueHus. CrneuuanpHble  JAUCUUIUIMHBI  U3y4alOT IPOEKTUPOBAHHE  TOJBKO
MEXaHU3MOB [JAaHHOI'O KOHKPETHOIO HAa3HAYCHUs, YAEsis OCHOBHOEC BHUMAHUE
cnenupuyeckuM TtpedoBaHusM. [Ipu 3TOM HIMPOKO HMCMOIB3YIOTCS M OOUIME METOJIbI
CUHTE3a U aHajlnu3, KOTOphIE u3ydarorcs B kyce TMM.

Kak camocrodrenpHass HayuHas aucuumuimHa TMM, mnogoOHO apyrum
IPUKJIAAHBIM pa3JejlaM HAayKd, BO3HMKIIA B PE3yJIbTaTe IIPOMBIIUICHHONW PEBOIIOLUN
Hayasio kotopoi oTHocHuTcs K 30-m rogam X VIII Beka. OHaKo MallIMHBI CYIIECTBOBAIN
3a gonro no otoud nparel. Iloatomy B ucropum pasButuss TMM MOXKHO yCIOBHO
BBIJICIIUTH YETBHIPE NEPUOAA:

1-ii mepuon no Havana XIX Beka - MEpUOJ SMIIMPUYECKOIO MAIIMHOCTPOCHHS B
TEYEeHUE KOTOpPOro u3o0peTaeTcss OOJbIIOE KOJWYECTBO MPOCTHIX MAIIUH U
MEXaHU3MOB: NOJITbEMHUKH, MEJbHULIbI, KAMHEAPOOMIIKH, TKALIKUE U TOKAPHBIE CTAHKH,
napoBbeie MamuHbl (JIeonapao na Bunuu, Beiict, [lomsyHnoB, Yart). OgHoBpeMEHHO
3aKJIaJIbIBAIOTCS U OCHOBBI TEOPUU: TEOpEMa O U3MEHEHUM KUHETUYECKOU DHEPIuU U
MEXaHU4eCKOW paboThl, "3070TO€ MPABUIO MEXaHUKHU'", 3aKOHBI TPEHUS, MOHITHE O
[IEPEIaTOYHOM OTHOIIEHUH, OCHOBBI T'€OMETPUYECKON TEOPUM LMKIOUIAIBHOIO U
sBosIbBeHTHOTO 3aneruieHus ( Kapuo, Kynon, AmonTon, Kanano [[x., Pemep, Diinep).

2-i1 mepuoJ1 OT Hayana 10 cepeanubl XIX Beka - nepuof Havyana pazsutuss TMM . B a0
BpeMsi pa3paldaThIBAIOTCA TaKue pa3/ielibl KaKk KHHEMaTU4YecKas TeOMETPUsl MEXaHU3MOB
(Caapu, Illans, OnuBbe), kuHeTocTaTuka (Kapuonuc), pacuer maxoBuka (Iloncerne),
Kjaccudukanus MexaHu3MoB 1o GyHKIMH npeodpazoBanus aBrkeHus (Moux, Jlany)
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U Apyrue pasznensl. [lumryTcs nmepBble HaydHblE MOHOTpaUU MO MEXaHUKE MAalluH
(Bumnuc, bopunbn), ynTtatorcs nepsble Kypebl Jekuuii o TMM u u3naroTcsi nepBbie
yueOHuku (berankyp, Ymxkos, BelicOax).

3-ii mepuwoa OT BTOpo mojoBHHBL XIX Beka A0 Havaja XX BeKa - MEPHUOJ
¢dbynnamenranbHoro pasButus TMM. 3a »TOoT mnepuon pa3paboTaHbl: OCHOBBI
cTpykTypHori Teopuu (YUeOwmmeB, I'probiep, ComoB, MainbliiieB), OCHOBBI TEOPUU
perynupoBanus MamuH (BbimHerpaickuii), OCHOBBI TEOPUU TUIAPOJUHAMUYECKOU
cmazku (I'proGiep), OCHOBBI aHaMUTUUECKON Teopuu 3areruieHus (OnuBbe, ['oxman),
OCHOBBI TpadoanamuTuyeckoil auHamuku (Butrenbaysp, MepuanoB), CTpyKTypHas
Kiaccudukanuss W CTPYKTypHbIH aHanu3 (Accyp), METOJA IUIAHOB CKOPOCTEH U
yckopenuii (Mop, Manke), npaBuiio npoBopaunBaeMoctu Mexanusma (I'pacrod) u
MHOrue apyrue paszaensl TMM.

4-ii nmepuoa oT Hayajma XX BeKa JI0 HACTOSIIETO BPEMEHHU - MEPUOJ HHTEHCUBHOTO
pa3ButHs Bcex HampaieHud TMM kak B Poccuu, Tak u 3a pyoexom. Cpenu pycckux
YUEeHBIX HEOOXOJMMO OTMETUTh o0obmatome paboTel AptoboneBckoro W.I.,
JleButckoro H.M., ®ponoBa K.B.; B o0nacTtu CTPYKTYphl MEXaHM3MOB - pabOTbI
Mansmmesa , Pemeroa JI.LH., O3oma O.I'.; mo kuHeMaTHKe MEXaHH3MOB - PaOOThI
Komuuna H.W., Cmupnosa JLII., 3unoBbeBa B.A.; mo reomerpun 3yOuaThiX nepeaay -
pa6otsl JlutBuna @.J1., Kerora X.®D., 'aBpunenko B.A., HoBukoa M.JI.; mo nuHamuke
MamH 1 Mexanu3moB - ['opstukun B.II., KoxesnukoB C.H., Komosckuit M.3. u ap.
JlanHHoe mepeyucieHre HE OXBAaThIBAET M MaJOW IO padOT BBIAAIOIIMXCS YUYEHBIX,
BHECIIMX CYIIECTBEHHbIH BKJaa B pazButue TMM B stoT mepuon. M3 3apyOexHbIX
y4eHBIX HEOOX0aMMO OTMETUTh paboThl Anbra X., berenbszaka I'., beiiepa P., Kpayca
P., Kpocnu @. u MHOTUX OpYTrHUX.

Cesa3b kypca TMM c o0meo0pa3oBare/ibHbIMH, 00 IIEHHKCHEPHBIMH 1
CIeMAJTbHBIMM IUCIUILINHAMM.

Jlexumonuslii kypc TMM 6a3upyercs Ha 3HAHUSAX MOJYYEHHBIX CTYACHTOM Ha
MJIQAIMIAX Kypcax NOpH H3ydyeHUW (U3UKH, BBICHICH M TNPUKIATHON MaTeMaTHKH,
TEOPETUYECKOM MEXaHUKH, WHXKXEHEPHOW TrpaduKu U BBIYUCIUTEIBHOW TEXHUKH.
3HaHMs, HaBBIKM U YMEHUE MPUOOpPETEHHBIE CTYIEHTOM INpu u3ydeHun TMM ciyxar
0a30il s KypcoB JeTalld MalluH, MOAbEMHO-TPAHCHIOPTHBIE MAIMHBI, CHCTEMBbI
aBTOMAaTU3UPOBAHHOIO MPOECKTUPOBAHHUS, MPOECKTUPOBAHHUE CIEHHAIBHBIX MAIIUH U
OCHOBBI HAYYHBIX HCCJIEIOBAHUM.

HNHXEeHEpHOE MPOEKTUPOBAHUE - ATO MPOLECC, B KOTOPOM HAay4yHas M TEXHUYECKas
uH(pOpMaIUs UCTIONIb3YeTCs NIl CO3AaHUsl HOBOW CHUCTEMBI, YCTPOMCTBA MM MAaIIUHBbI,
MPUHOCAIIMX OOUIECTBY OMPEAEIECHHYIO MOb3Y.

[IpoextupoBanune (mo ['OCT 22487-77) - »3TOo mpoliecC COCTaBIEHHUS OIUCAHUS,
HEOOXOIMMOTO JJIsi CO3/IaHMsI €lle HEeCYLIEeCTBYIOIEr0o OOBeKTa (aJropuTMa €ero
(GYHKUMOHUPOBAHUS WIM aNropuTMa mpolecca), myTeM InpeoOpa3oBaHUs MEPBUYHOTO
OMMCAHMSI, ONTUMM3ALUU 3aaHHBIX XapPAKTEPUCTUK OO0BEKTa (WM aJIropuT™Ma €ero
(YHKUMOHUPOBAHUS), YCTPAHEHUS HEKOPPEKTHOCTH MEPBUYHOTO ONUCAHUA U
MOCJIEIOBATENIBLHOTO MpeACTaBIeHUs (TP HEOOXOJUMOCTH) ONMHUCAHUNA Ha Pa3IMYHBIX
A3bIKAX.
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[IpoekT (OT JATUHCKOTO projectus - OpOIICHHBIA BIEpPEN) - COBOKYMHOCTb
JOKYMEHTOB W ONHCAHMM HA PA3IMYHBIX S3bIKAX (FPAPUUYECKOM - YEPTEKH, CXEMBbI,
auarpaMMbl M TpauKd; MaTeMaTHYeCcKOM - (OpPMYJIbl M pacyeThl, HMHKEHEPHBIX
TEPMUHOB U TIOHATHI - TEKCTHI ONMUCAHUM, MMOSCHUTEIbHBIE 3aITUCKH ), HEOOX0AUMasl 1JIsi
CO3aHMs KaKOT0-TUO0 COOPYKEHUS WIIA U3/IEIH.

3BEHO — TBEPAOE TEJO, BXOISIIEE B COCTAB MEXaHU3Ma, NPOCTEUIINA 3JIEMEHT
MEXaHU3Ma.

CoenuHenue ABYX COMNPUKACAIOLIUMXCS 3BEHBbEB, 00ECIIEUMBAIOIIEE BO3MOXKHOE
JIBUKEHHE OJTHOIO OTHOCUTEIBHO APYTrOTrO Ha3bIBAlOT KWHEMATUYECKOM Mapoi.

Knaccudukanus kuHeMaTHUEeCKUX 1map.
Kunematuueckue napsl (KII) knaccupuuupyrores no clieyronuM Ipu3HaKaMm:
1. mo BUIy MecTa KOHTaKTa (MecTa CBSI3U) OBEPXHOCTEHN 3BEHBEB:
o HH3LIUE, B KOTOPBIX KOHTAKT 3BEHbEB OCYIIECTBISAETCS MO IJIOCKOCTH WU
MOBEPXHOCTH ( Mapbl CKOJIbKEHUS );
o BBICIINE, B KOTOPBIX KOHTAKT 3B€HBEB OCYLIECTBISECTCS 1O JIMHUSIM WJIU
TOYKaM (Maphbl, TOMYCKAIOIINE CKOJIbKEHHE C TIEPEKaThIBAHUEM ).
2. 1O OTHOCUTEIBLHOMY JBUKEHUIO 3BEHbEB, 00PA3YIOIIHNX Mapy:
o BpAILATEIIbHBIC;
o TOCTYNATEIbHBIE;
o BHUHTOBBIE;

o TUIOCKHE;
o chepudeckue.

3. mo cnoco0y 3aMbikaHus (0OecTieueHUsI KOHTaKTa 3BEHBEB TaPhI):
o CHJIOBOE (3a CUET JICHCTBUS CUJI Beca WIIM CHJIbI YIIPYTOCTH TIPYKUHBI);
o TEOMETPUYECKOE (3a CUET KOHCTPYKIIMU PabOYMX MMOBEPXHOCTEH TIaphl).

2

Puc. 4.1 Puc. 4.2

4. MO 4YHCIy YCIOBUH CBSI3M, HAKJIAJbIBAGMBIX Ha OTHOCHTEIBHOE JBIIKECHUC
3BCHBEB  (YMCJIO YCIIOBHM CBSI3U OMpEEsAeT KJIacC KHHEMATHYECKOM Maphl);
5. 10 YMCITy MMOABUKHOCTEH B OTHOCUTEIIBHOM JIBFOKCHHUH 3BEHBEB.
nemxenne B KII 3ampemieHo (T.e. Ha JaHHOE OTHOCHTENIBHOE JIBMIKCHHUE HAJIOXKCHA
CBSI3b).
Heckonbko 3BEHBEB, COCAMHCHHBIX KHHEMATHUYCCKMMH TIapaMH Ha3bIBAIOT
KHHEMaTHYECKOU IETTbIO.
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Kunematnueckue (S804 OBIBAIOT ILJIOCKHE U MMPOCTPAHCTBCHHLIC, TIPOCTBHIC U
CJIOKHBIC, OTKPBITBIC U 3aMKHYTBIC.

IIpeamer kunemaTuxku. IlonsiTe 00 A0COTIOTHO TBEPAOM TeJie.

Kunemamuxoii naszvieaemcs pasoenl Mexamuku, 6 KOMOPOM U3YUaAemcs,
08UdICEHUE MAMEPUATILHBIX Mel 8 NPOCMPAHCMBE C 2eOMeMpPUYecKoll MOoUKU 3PEeHUs,
8He C653U C CULAMU, ONPEOCTTIOWUMU DO OBUICEHIUE.

CoBO «KMHEMATHKA» MPOUCXOIUT OT IPEUECKOT0 CJIOBA «KMHEMAa YTO 3HAYHT
JIBIDKCHHE.

B Teopermueckoli MeXaHWKE W3ydaeTcs MpPOCTEHIIas ¢GopMa IBIKCHUS -
MEXaHMYECKOE IBIDKEHHUE, T. €. MPOUCXOJSINee BO BPEMCHH W3MCHCHHE ITOJIOKCHUS
OJIHOTO TeJla OTHOCHTEIBHO JAPYroro, ¢ KOTOPHIM CBs3aHa, CHCTeMa KOOpIHWHAT,
HaspIBaeMasl cucmemoti omcuema. CHCTEeMy OTCUETa MOXKHO CBSI3aTh C JIIOOBIM TEIIOM.
Ora cucTteMa MOXKET ObITh KaK JIBIKYIIICHCS, TaK U YCJIOBHO HETIOABHKHOM.

[Ipy wm3ydeHWM ABWOKCHUH Ha 3eMiie 3a YCJIOBHO HEIMOABWKHYHO CHCTEMY
oTcueTa OOBIYHO IPUHUMAIOT CUCTEMY OCEH, HEM3MEHHO CBSI3aHHBIX ¢ 3eMIICH.

Terno, moyiokeHNue KOTOPOTO O OTHOIICHHIO K BEIOPAaHHOW CHCTEME OTCUeTa He
MU3MEHSETCS, HAXOIUTCS B COCTOSHHHM OTHOCHTEIHLHOTO IMOKOS (II0 OTHOLICHHIO K 3TOM
cucTeme).

[IpocTpaHCTBO B MEXaHUKE paccMaTpUBACTCS KaK TPEXMEPHOE CBKIHIOBO
MPOCTPAHCTBO, M BCE HU3MEPEHUS B HEM MPOM3BOJMATCS HA OCHOBAaHHS METOJ0OB
EBKJIMIOBOM IreOMETPHH. 3a SAUHUITY JTHHBI P U3MEPESHUN PACCTOSHUN PHHUMACTCS
MeTp.

BpeMs B kiaccHyeckoil MeXaHHWKE MpEIoJiaracTcs yHHBEPCAIBHBIM, T. €.
OJIMHAKOBBEIM BO BCEX CHCTEMaX OTCYCTa M HE 3aBHCSIIUM OT JBMIKCHUS OJHOU
CUCTEMBI ~ OTHOCHTENIBHO jApyrod. OHO paccMaTpuBaeTC KaK  HEIPEPHIBHO
WU3MCHSIONIASACS BEJIMYMHA. 3a CIUHUILy BPEMCHH IPUHUMACTCS CEKyHJa, paBHas

%24 . 3600) CpCaHUX COJIHCYHBIX CYTOK. Bce KHNHCMAaTHYCCKUC BCIIMYUHBI,

XapaKTepU3ymoIIue JBHKCHHE TBEPJOrOo Tella W JABMKCHHE OTIEIBHOW €ro TOYKHU
(paccTosiHUs, CKOPOCTH, YCKOPEHUST | T.J.), PACCMaTPHUBAIOTCS KaK () YHKIIMU BPEMECHHU.

XO0Ts €BKIIM0BO MPOCTPAHCTBO M YHUBEPCAIBHOE BPEMs OTPAXKAIOT peaTbHbIE
CBOWCTBAa TPOCTPAHCTBA W BPEMEHHU JIUIIb NPUONKEHHO, TeM HE MeEHee, OHHU
MO3BOJISIIOT C JOCTATOYHOW [IJISl TPAKTHKH TOYHOCTBHIO M3Yy4aTh JIBIKEHUS, CKOPOCTH
KOTOPBIX JTaJIEKH OT CKOPOCTH CBETA.

[IpencraBneHus OpPEeBHETO MUpa O JBIKEHHUS OTPaHUYMBAIUCH PaBHOMEPHBIM
JIBIDKCHHEM M €Tr0 CKOPOCTHIO KaK OTHOIICHHWEM IIyTH, NPOHIEHHOTO TEJIOM, KO
BPEMEHH, B TEUCHHUE KOTOPOTO MPOUJICH 3TOT MyTh.

[lonstue yckopenus BBeneHo [ anuneem (1564-1642) nu 060611eHO 1ist cirydast
KPUBOJIMHEWHOTO JBWIKEHUSI TOJUIAHACKUM (pusukoMm [roticencom (1629-1695).
['foifreHc TepBbI MPUMEHIIT PA3JI0KEHUE YCKOPEHHS Ha KacaTelbHYI0 U HOPMAJIbHYIO
COCTaBJISIOIIHE.
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Pazsutne kunematuku B XVIII B. cBa3ano ¢ paboramu Jleonapoa Oiinepa
(1707-1783). Diimep 3al0oXWI OCHOBBI KHHEMATHKH TBEPAOro Teja, Co3/aall
AHATMTHYECKHUE METOIbI PEIICHUS 3a]1a4 MEXaHUKH.

breicTpoe pa3BuTHe TexHUKH B Hadaje XIX B., B YaCTHOCTH MaIIMHOCTPOCHHSI,
noTpedoBaJI0 CHEUATBHOTO MCCIEOBAaHUS T€OMETPUUYECKUX CBOWMCTB JIBHIKEHUS TEIl.
KunemaTuka BblIeIMIIaCh B CaMOCTOSITENbHBIA paszielsl, MpU4YeM O0co00e 3HauyeHue
npuoOpesia KHHEMaTHKa MEXaHU3MOB.

Kpynable wuccnenoBanus B 00JacTH KUHEMAaTHKH MEXaHU3MOB U  MalllMH
npuHaanexar ¢paHy3ckuMm yueHbiM [loncene (1788-1876), Llano (1793-1880),
Kopuonucy (1792-1843) U pycCKUM Yy4Y€HBIM: OCHOBOIIOJOXHUKY PYCCKOW IIKOJIBI
TEOPUU MEXaHU3MOB U MaiuH akan. I1. JI. Yeoviuesy (1821-1894), npodeccopam /.B.
Accypy (1878-1920), H.U. Mepyanosy (1866-1948), JI. I1. Komenvrukosy (1865-1955)
u Jp.

Bce kuHeMaTWyeckWe XapaKTEPUCTUKH JIBIDKCHHSI TBEPAOTO Teja WM
OTIENBHBIX €r0 TOYEK OJWHAKOBBI IS «MATEPUATBHBIX» U «T€OMETPUUYECKUX» TOUEK,
MO3TOMY HIXKE YNOTPEOIseTCs TEPMHUH «TOUKay 03 MOsSCHEHUS, «MaTepHualibHas» OoHa
WIH «T€OMETpUYECKasy.

B Teopernueckoil MeXaHHMKE YaCcTO PacCMaTPUBAIOTCA Tea, PACCTOSIHUS MEX]Y
JFOOBIMH  TOYKaMH KOTOPBIX OCTAIOTCS HEW3MEHHBIMH. Takue Tella Ha3bIBAIOTCS
abcontomno meepovbiMmu.

OcHOBHBIE BH/bI MEXaHHU3MOB.

MexaHu3Mbl K1aCCUPUIUPYIOTCS MO CIAEAYIOMINM MPU3HAKAM
1. Tlo obnactu npuMeHeHUs U GYHKIMOHAIBHOMY HA3HAYEHHUIO:
o MEXaHU3MBI JIETaTEJIbHbIX allllapaToB;
o MEXaHU3MBbI CTAHKOB;
o MEXaHU3MBbI Ky3HEUYHBIX MAIMH U IIPECCOB;
o MEXaHU3MBI JBUTaTeIed BHYTPEHHETO CTOPAHUSI;
o MEXaHU3MbI IPOMBIIIEHHBIX POOOTOB (MAaHUIYJISATOPOBI);
o MEXaHU3MbI KOMIIPECCOPOB;
o MEXaHU3MbI HACOCOB U T.[.
2. 1O BUJY MEepPeJaTOuHON (YHKIMUN HA MEXaHU3MBI:
o C MOCTOSIHHOM NepelaTouHoN (DyHKIMEH;
o C IEepeMEHHON nepeaaTouHol ¢ yHKIIUEH:
= ¢ HeperyJupyemou (CUHYCHBIC, TAHTCHCHBIE);
*  C PEryJIupyeMOu:
= CO CTyNEHYaTbIM peryiaupoBaHueM (KOpoOKu mepenay);
= ¢ OeccTyneH4YaTbiM peryjIupoBaHUeM (BapuaTopsbl).
3. mo BuAy npeoOpa3oBaHUsl IBHKEHHS HA MEXaHU3MbI PE0Opa3yIoue :
o BpallaTeJIbHOE BO BPAILATEIILHOE:
*  PEAYKTOPHI Wex > Mepix;
=  MYJBTUILIUKATOPHI Wex < Mprix;
] MY(bTBI Mex = Oprix,
o BpallaTeJIbHOE B II0CTYNATEIbHOE,
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o TIOCTYMaTeIbHOE BO BPAIATEIIBHOE;
o TIOCTYMaTEeIhbHOE B MOCTYNATEIBHOE.
4. 1O IBWKEHUIO U PACIIOIOKEHUIO 3BEHBEB B IPOCTPAHCTBE:!
o TIPOCTPAaHCTBEHHBIE;
o IJIOCKUE;
o chepudeckue.

Bce wMexaHW3MBl SBISIFOTCS  TPOCTPAHCTBEHHBIMH — MEXaHW3MaMH, 4YacTh
MEXaHHU3MOB, 3BEHbS KOTOPBIX COBEPIIAIOT JBMKCHHE B IUIOCKOCTSX MapajlieIbHBIX
OJTHOM TIIIOCKOCTH, SIBIISTFOTCSI OAHOBPEMEHHO U TUIOCKUMHU, Jpyras 4acTh MEXaHHU3MOB,
3BEHbSI KOTOPBIX JBIKYTCS TIO CPEPUIECKUM MOBEPXHOCTSAM SKHUBUIUCTAHTHBIM KaKOH-
60 oHOM cepe, ABISIOTCS OJJHOBPEMEHHO U ChEePUUECKUMU.

5. 10 U3MEHSEMOCTH CTPYKTYPhl MEXaHW3Ma Ha MEXaHU3MBbI:

o C HEU3MEHSIEMOU CTPYKTYpPOH;

o C U3MEHSIEMOU CTPYKTYpPOM.
B mpomecce paboThl KPUBOUIMITHO-MOM3YHHOTO MEXaHHW3Ma Hacoca €ro CTPYKTYpHas
cXeMa BCE BpeMs OCTAaeTCs HEM3MEHHOW. B MexaHm3mMax MaHHIYJISTOPOB B MpoOIecce
paboTHI CTPYKTYpHAsl CXeMa MEXaHH3Ma MOXKET H3MEHAThCS. Tak ecu mpOMBIIUICHHBIH
pOOOT BBITIONHSET COOPOYHBIC OIEpaly, HampuMep, BCTABISET IMIMHAPUICCKYIO
JeTalb B OTBEPCTHE, TO MPH TPAHCIOPTUPOBKE NETAM €r0 MaHHUIYJSATOP SBISICTCS
MEXaHU3MOM C OTKPBITOH WM Pa30MKHYTOH KHHEMAaTHYECKOW IIeTbi0. B TOT MOMEHT
KOTJla JeTallb BCTaBJieHA B OTBEPCTHE, KHHEMATHYECKas IEMb 3aMBIKAeTCs, CTPYKTYpa
MEXaHW3Ma H3MEHSETCs, MOABM)KHOCTh YMEHBINACTCS Ha YHCIO CBS3€i BO BHOBB
00pa30BaHHON KWHEMATHUECKOH Tape AeTalb-CTONKa.

Ce C,
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CtpykTypa MaHUNYJATOPA U3MEHSETCS U TOTJa, KOrJa B OJTHON MJIM HECKOJBbKHUX
KMHEMaTHYeCKUX Mapax BKIOYaeTcss TOpMo3. Torma MoJBUXKHOE COEIMHEHHE JBYX
3BEHbEB 3aMEHSETCS HEMOIBW)XHBIM, JIBa 3BE€Ha mpeoOpa3yrorcs B ogHo. Ha puc. 3
TOpMO3 BKJIIOYEH B nape C.
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Puc. 4.4

6. 10 YKCIy MOJBUKHOCTEN MeXaHU3Ma:
o C OJHOM MOABMKHOCTHI0O W=1;
o C HECKOJbKUMH MOJABIKHOCTAMHA W>1:
= cyMMHpYIolIKe (MHTErpajbHbIC);
«  paznpensroniue (auddepeHiuaibHbIe).
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Puc. 4.5

7. no Buay kunemarnueckux nap (KII):
o ¢ au3muMu KIT ( Bce KII mexanusma Huzmue );
o ¢ BeiciuMu KII ( xotst 661 ogHa KII Beictmas );
o mapHupHsble (Bce KII Mmexanu3zma BpamiaTesbHbIe - IIapHUPHI).
8. 1o crnocoly nepenayu U Mpeodpa3zoBaHUs TOTOKA IHEPTUH:
o (puKLHOHHBIE ( CLIETUICHHUS );
o 3aleIIeHUEeM;
o BOJIHOBBIE (CO3/ITaHKME BOJIHOBOM JlepopMaIium);
o WMIYJIbCHBIC.
9. mo popme, KOHCTPYKTUBHOMY HCIIOJHEHUIO U JBUKECHHUIO 3BEHbBEB:
o PBIYAXKHBIE;
o 3yOuarhble;
o KYJIauKOBBIE;
o TIUIaHETapHBIC;
o MaHUIYJISITOPHI
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Puc. 4.8 Puc. 4.9
CprKTypHLIi/i aHAJIU3 U CUHTE3 MEXaHU3MOB.

CtpykTypa 1000 TEXHUYECKOM CHCTEMBl ompeaensercs Q(YyHKIUOHAIBHO
CBSI3aHHOW COBOKYIHOCTBIO 3JIEMEHTOB M OTHOLIEHUH Mexay Humu. [Ipu sTtom s
MEXaHU3MOB TOJI AJIIEMEHTAMH IMMOHUMAIOTCSl 3BEHbSI, I'PYIIbl 3BEHHEB WJIM TUIIOBbIE
MEXaHU3MbI, a 1oj oTHoueHussMu noABuxkHbIe (KII) miu HenmoaBH)XKHBIE COEAMHEHUS.
[loaTOMy mOA CTPYKTYpOW MeXaHM3Ma MOHHMMAETCS COBOKYIHOCTb €r0 3JIEMEHTOB U
OTHOIIEHUH MEXAYy HUMH, T.€. COBOKYIHOCTh 3BEHBbEB, TIPYNI WJIM THUIIOBBIX
MEXaHU3MOB U TOJABW)XHBIX WJIM HEMOJBWXKHBIX CcoeAuHeHUH. ['eomeTpuueckas
CTPYKTYpa MEXaHU3Ma MOJIHOCTHIO OMHCHIBACTCS 3aJaHHEM TI'E€OMETPUUYECKOM (POpPMBI
€ro DJIIEMEHTOB, WX PACIIOJIOKEHUS, yKa3aHHs BUAA CBsize Mexay HuUMH. CTpyKTypa
MEXaHU3Ma MOXET OBbITh Ha Pa3HbIX CTaAUSAX NPOEKTHUPOBAHUS OMHUCHIBATHCS
pa3IUYHBIMU CPEJICTBAMHU, C PA3HBIM YPOBHEM aOCTparupoBaHus: HA PYHKIIMOHATIBHOM
ypoBHE - (DYHKIIMOHAJIbHAs CXE€Ma, Ha YPOBHE 3BEHBEB M CTPYKTYPHBIX TpPYII -
CTpyKTypHasi cxema u T.n. CTpyKTypHas cxeMa - rpaduyeckoe uzo0paxeHue
MEXaHU3Ma,  BBIIOJIHEHHOE C  MCIOJB30BAHMEM  YCIOBHBIX  00O3HAaYeHUU
pexomengoBaHHbix ['OCT (cm. nHampumep ['OCT 2.703-68) wunu NOpUHATBIX B
CHELMAIIBHON JIUTEpaType, coaepxkaliee HH(OPMALMI0O O YHUCIE UM PacCloJIOKEHUH
AJIIEMEHTOB (3BEHBEB, TPYyMM), a TaKXKe O BHUJE M Kjlacce KUHEMAaTHYECKUX Tiap,
COCJIMHAIOMIMX 3TH 3JIEMEHTHl. B OTiIMYMEe OT KMHEMaTUYeCKOM CXeMbl MEXaHU3Ma,
CTPYKTYpHasi cXeMa He COJEPKUT MH(OpPMAIMU O pa3Mepax 3BEHbEB U BbIUEPUMUBACTCS
6e3 cobOmoaenuss MacTaboB. (//pumeyanue: KUHEMaTHUYECKas cxema - rpaduueckas
MO/IeJIb MeXaHU3Ma, MpeAHa3HauYeHHas ISl CCIIEIOBAaHUS €r0 KHHEMAaTHKU. )
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IloHsiTHE O CTPYKTYPHOM CHHTE3€ M aHAJH3e.

Kak Ha mro06om »Tame MpOEKTUPOBAHMS TPU CTPYKTYPHOM CHHTE3E Pa3audyaroT

3aJlayd CUHTE3a M 3aJ]a4H aHaJIn3a.
3agadeil CTPYKTYPHOIO aHaiM3a SIBISETCS 3ajlada OIpejesieHUs MmapaMeTpoB
CTPYKTYpBI 33JIJaHHOTO MEXaHHM3Ma - YHCJIa 3BEHhEB U CTPYKTYPHBIX TPYII, YucCla U
Buna KII, yucna moaBmwxHOCTEl (OCHOBHBIX M MECTHBIX), YMCJAa KOHTYPOB U UHCIIA
N30BITOYHBIX CBSI3E.
3agaveil CTPYKTYPHOTO CHHTE3a SBISETCSA 3ajladya CHHTE3a CTPYKTYpPhl HOBOTO
MEXaHu3Ma, O0O0JIaJarolero 3aJaHHBIMM CBOMCTBAMH: YHCIOM IHOJBH)KHOCTEH,
OTCYTCTBHEM MECTHBIX IOJBH)XHOCTEH M M30BITOYHBIX CBSI3€, MUHUMYMOM 4YHCJIa
3BEHbEB, C MapaMu OINPEJEIEHHOT0 BHAA (HAmpUMEp, TOJIbKO BpallaTeIbHBIMU, Kak

HanboJiee TEXHOJIOTHYHBIMH) H T.I1.

OCHOBHBIE TTOHATHS CTPYKTYPHOT'O CUHTE3a U aHaJIu3a.

[HoABMIKHOCTh MEXaHWU3Ma - YKCJIO HE3aBUCUMBIX OOOOIIEHHBIX KOOPAHHAT
OJTHO3HAYHO OIPENEIAIONIee IO0JI0XKEHUE 3BEHbEB MEXaHM3Ma Ha IUIOCKOCTH WU B
IIPOCTPAHCTBE.

CBsi3b - OrpaHHYCHHE, HAJIO)KEHHOE Ha MepeMelleHue Tella Mo JaHHON KOoOpauHaTe.

N36bITOuHbBIC (TACCUBHBIE) - TAKUE CBSI3M B MEXaHHM3ME, KOTOPBIC MOBTOPSIOT WU
OyONMUpyIOT CBSI3M, YK€ UMEIOIIUMecs I0 JaHHOM KOoOopAWHATe, U TO03TOMY HE
M3MEHSIOIINE peaJbHOMN MOJBKHOCTH MexaHu3Ma. [Ipu 3ToM pacueTHasi Mo JBUKHOCTh
MEXaHHW3Ma yMEHBIIIAeTCs, a CTeNeHb €ro CTAaTUYeCKOW  HeompenelIuMOCTU
yBenuuuBaercs. MHorna ucnonb3yeTcss uHoe onpenencHue: U30bITOYHBIE CBS3H - 3TO
CBSI3M YHUCJIO KOTOPBIX B MEXaHU3ME OMPEACISETCS Pa3HOCThIO MEXKIY CyMMapHBIM
YUCJIOM CBSI3€H, HAJIOKCHHBIX KHHEMAaTHUYECKUMM IapaMH, MU CYMMOM CTerneHeu
MOJABMKHOCTH BCEX 3BEHbEB, MECTHBIX IIOJBIKHOCTEM U 3aJaHHON (TpeOyemoii)
MTOBMYKHOCTBHIO MEXaHu3Ma B 1[ETIOM.

MecTHbIC TMOMBMKHOCTH - TOABMI)KHOCTH MEXaHHM3Ma, KOTOPhIE HE OKa3bIBAIOT
BIIMSHUS Ha €ro (YHKIMIO TOJIOKEHUsS (M TepeaaTouyHble (PYHKIIMH), a BBEJCHBI B
MEXaHU3M C JAPYTUMHU LeIsIMH (Hampumep, IOJBIKHOCTh POJIMKA B KyJIa4KOBOM
MeXaHHU3Me O0eCleurnBacT 3aMEHy B BBICHICH MMape TPEHHS CKOJIBKECHHS TPEHUEM
Ka4ueHUs).

OcHOBHBIE CTPYKTYpPHBIE (DOPMY.JIBI.

OcHOBHBIE CTPYKTYpHBbIE (HOPMYJIbI OBLIM COCTABIECHBI ISl TJIOCKMX MEXaHU3MOB
YeoObimessiM [1JI. u I'probnepom M., mis mpoctpanctBeHHbIX - ComoBbiM [1.O. u
MasnpbimeBbiM. Tak Kak NPUHLMIIBI 3aJI0)KEHHBIE B MOCTPOCHHE BCEX 3TUX (HOPMYI
OJIMHAKOBBI, TO KX MOKHO 3aIKCcaTh B 0000IEHHOM BUJIE:

H-1
W=H-n+ X (H-i) - pi, (4.1)

=1

rac: H - uncno creneHen IMOABHUIKHOCTHU TBCPAOTO TCJIa (COOTBCTCTBCHHO nmpu
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paccMOTPEeHHH MeXaHu3Ma B npoctpancTBe H=6, Ha miockoctn H=3);

7 - 9UCTIO TTOJIBIKHBIX 3BEHBbEB B MeXaHU3Me; n =k - 1

k - ob1iee 4ncIo 3BeHbEB MEXaHU3Ma (BKJII0YAsi U HEMOJIBHKHOE 3BEHO - CTOMKY);
i - uncao noasmxHocTen B KII;

pi - YACTI0O KHHEMaTUYEeCKHUX Tap ¢ i TOJBUKHOCTSIMHU.

CrpykTypHO# rpynmoii Accypa (Win TYNmoW HYJIeBOW MOJBM)KHOCTH) Ha3bIBACTCS
KHHEMaTHYeCcKasl IIeb, OOpa30BaHHAS TOJBKO IOJABM)KHBIMH 3BCHBIMU MEXaHH3Ma,
MOJABMYKHOCTh KOTOPOH (Ha TJIOCKOCTH U B MIPOCTPAHCTBE) paBHA HYI0 (W, = 0).

Koneunsle 3BeHbs rpymmn Accypa, BXOISIIME B JBE KMHEMATHYCCKUE Taphl, U3
KOTOPBIX OJHAa MMEET CBOOOJHBIM 3JIEMEHT 3BEHA, HA3BIBAIOTCS MOBOJKAMH. [ pYIIITBI
MOTYT OBITh Pa3IUYHON CTEICHH CIOXHOCTH. CTPYKTYpHBIE TpyIIbl Accypa JIensaTcs
Ha KJIaCChl B 3aBUCHMOCTH OT YHUCJIa 3BEHbEB, O0OPA3yIOIIMX TPYIINY, YHCIIa ITOBOAKOB B
TpyIIe, YUCiia 3aMKHYTBIX KOHTYPOB BHYTPH Tpynibl. B npeaenax kmacca (rmo Accypy)
TPYIIBI TOAPA3ICISAIOTCSA 1O YUCITY MOBOJAKOB Ha MOPSAKU (MOPSJIOK TPYIIIBI PaBeH
YHCITy €€ MOBOJKOB). MexXaHU3Mbl KJIACCH(PUITUPYIOTCS IO CTEIICHHU CIIOKHOCTH TPYII
BXOJAIIMX B HMX cocTaB. Kimacc M Tposiok MexaHW3Ma ONpENesseTcs KIaccoM |
MOPSIIKOM HauOoJIee CI0XKHOW M3 BXOIAIIUX B Hero rpymi. Oco0eHHOCTh CTPYKTYPHBIX
rpynn Accypa - UX cTaTHueckas OmpeneauMocThb. Eciu rpynmy Accypa cBOOOTHBIMHU
DJIEMCHTAMH 3BEHBEB IPHCOCIUHUTH K CTOHKE, TO oOOpa3yeTcs CTaTHYeCKH
onpenenumas depma. Mcnons3ys rpynmsl Accypa yaIoOHO TPOBOIUTH CTPYKTYPHBIH,
KHHEMAaTHYECKUI M CHJIOBOH aHAJIM3 MEXaHU3MOB.

KunemaTnyeckuii aHaJIU3 U CHHTE3 MEXaHU3MOB.
CTpOﬂT CX€My MeExXxaHu3Ma 110 3aJaHHBIM pasMepaM METOAOM 3aCCUYCK B
IOJIOKEHHU U, OIIPEJC/ISIEMOM YIVIOM (O, HAYaJIbHOI'0 3B€HA, B Macuiraoe.

Macuirab maiun 6yner w, = AB/l,, (B MuumaMeTpax Ha MeTp); MacmTab riaHa
CKOpOCTEH [, (B MHJUIMMETPAX Ha METP-CEKYHIY B MHHYC MEPBOM CTENEHH, MM/MC™),
MaciuTad IUIaHa YCKOpeHMH |, (B MUJUIMMETpax Ha METP-CEKyHAy B MHHYC BTOPOU

CTENeHn, MM/MC™2).

JinHa orpe3ka (B MHU/UIMMETPAX), H300paxkaomiasi HA cxeMe HadajbHOe
3BeHO0, Oepercsi mpou3BoibHO. Ho mesecooOpa3zHo OpaTth ee KpPaTHOHl peajbHOM
AJMHe 3BeHa. Pa3Mepbl oCTAJIBHBIX 3BEHbEB HAXOAATCH C Y4€TOM BBIOPAHHOIO
MacmrTada aiuH. [locienoBaTelbHOCTL MOCTPOEHUS CXeMbl MeXaHHM3Ma JaHAa B
pasaede I.

1. OnpenenstoT 4uciio cTeneHer cBo6oapl Mexanusma 1o popmysie I1.JI1.YeObieBa
TUISL TNTIOCKUX MEXaHM3MOB (03 M30BITOYHBIX CBS3CH ):

W=3k-1)-2p, —1p, =3n-2p —1p,; (4.2)
31€Ch k — YHCJIO BCCX 3BCHBLCB, BKIJIHOYaAsA CTOﬁKy; n — YHUCIO INIOABUXHBIX
3BCHBCB; pH = p] — qucJio HU3IIIUX OJHOITIOABUKHBIX (Bpa]_HaTeJIBHBIX u

HOCTYH&TCJIBHBIX) KMHCMATUYCCKUX I1ap, p, = p, — YHUCIO BBICIHIHX ABYXIIOABHKHBIX

KHMHCMATUYCCKUX IIap (B PBIYa’XHbBIX MCXdHU3MaX HUX HCT). HonyquHoe YUCII0
CcTeneHen CBO6OIIBI MCEXaHHU3Ma COOTBCTCTBYCT YHCIY HAaYaJIbHBIX 3BCHBCB C 3aJTaHHBIMU
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KHMHCMATUYCCKUMU IMapaMCTpaMH, TAK KaK TOJIBKO B 3TOM CJIy4aC€ OCTAJIbBHBIC 3BCHbA
6YIIYT ABUT'ATHCs BIIOJIHC OIIPCACIICHHBIM 06pasoM OTHOCHUTEJILHO CTOMKHM.

HpI/I HU3YUCHHUU XapaKTCpa ABHIKXCHUSA 3BCHBCB W BHIAd KHHCMATHUYCCKHUX IIAp
oco00e BHHMaHHE CICOaycCT O6paTI/ITB Ha CJIOXKHOC JBHMIKXCHUC!: COUCTaHHuC
OTHOCHUTCIIBHOTO IMOCTYIIATCIILbHOI'O C IICPCHOCHBIM BpalllaTCIbHBIM.

2. IIpoBonsAT CTpyKTypHBIM aHanu3 mexanuszma no JI.B.Accypy, cornmacHo Teopun
KOTOpPOTO JI000W IJIOCKUH MexaHu3sM ¢ W =1 cocTOUT U3 MEepBUYHOIO MeXaHHU3Ma
(OOHONOBUIKHOE HAYallbHOE 3BEHO W CTOMKa, oOpa3yrollide BpallaTEIbHYI WIH
MOCTYMATEIbHYI0 KHHEMATHYECKYIO Mapy) ¢ 3a1aHHBIM 3aKOHOM JIBH)KEHUS HA4YaJIbHOTO
3BeHa (W =1) ®W ONHOHM WIM HECKOJbKUX CTPYKTYPHBIX Trpynn (HE3aMKHYyTas
KMHEMaThueckasi LeMlb, KOTOpas TMpU 3aMblKaHUM CO CTOMKOM oOpamiaeTcss B
HEMOJBIXKHOE coeuHeHue W y Kortopod W =0). B 3amanusx BcTpedaroTcs, Kak
MIPAaBUJIO, JIBYXIIOBOJAKOBBIE TPYMNIbI, COCTOSIIIME M3 JBYX 3BEHBEB U TpeEX
KMHEMAaTUYECKUX Tap.

CTpyKTypHBI aHaIW3 HAYMHAKOT C YCTAHOBJEHUSA IEPBUYHOTO MEXaHHU3MA,
3aKOH JIBM)KEHUSI KOTOPOTO 3aJaH. 3aTe€M BBIACISAIOT Ty CTPYKTYPHYIO TPYIITy, KOTOpas
ObUIa MPUCOEIUHEHA K MEXaHU3MY IOCIEAHEH, U Jlajee — OCTaBIIYIOCS CTPYKTYPHYIO
rpynny, IpUMBIKAIONIYI0 K MEPBUYHOMY MEXaHU3MY (I MEXaHHU3MOB, UMEIOIIHUX T10
JIB€ CTPYKTypHble rpymnmbl). PacuneHeHue MexaHu3Ma Ha CTPYKTYpPHBIE TPYIIIbI
MPOU3BOJAT TaK, UTOOBI MOCIIE yAAJIEHUs TPYIbI U3 MEXaHU3Ma HE HapylIaJcs 3aKOH
JIBUKEHUSI OCTABIIMXCS 3BEHbEB MEXaHM3Ma M YHUCJIO €ro cTemneHeil cBoOoibl. [is
KOKI0M CcTpykTypHOU rpymnmbl 1o ¢opmyne A.Il.ManpimieBa HaxogiT YHCIIO
M30BITOYHBIX CBSA3EH, YCTPAHSIOT UX YBEJIWYEHHEM MOJBUKHOCTEH KHHEMaTHYECKHX
1ap, ¥ COCTAaBJIAIOT CXEMY CAMOYCTaHABIMBAOIIETOCS MEXaHU3MaA.

3. CTposT MmjaHbl JMHEHHBIX CKOPOCTEN U YCKOPEHUH TOYEK 3BEHBEB M ONPEIEISIOT
YTJI0BBIE CKOPOCTH (® M YCKOPEHUSI € 3BEHBEB.

[TocTpoeHune miuaHOB CKOPOCTEN HaYMHAIOT CO 3BEHA, 3aKOH JABM)KEHUS KOTOPOIO
3agaH. OnpeaensoT CKOPOCTb TOUYKH 3TOr0 3BE€HA, COCTABIISIOT BEKTOPHOE ypaBHEHUE,
CBSI3BIBAIOLIEE 3TY CKOPOCTh CO CKOPOCTSIMU TOYEK CMEXHOI'O 3BEHA, U YCTAHABIMBAIOT,
KaKUe BEKTOPbI U3BECTHBI 110 BEJIMYMHE, KAKUE U 110 BEJIIMYUHE, U [0 HAMPABICHUIO WU
KaKue TOJIbKO IO HaIpaBieHHI0. PEKOMeH1yeTcsl BEKTOPBI, U3BECTHBIE 0 BEJIIMYUHE U
M0 HaIpaBJCHUIO, TOJYEPKUBATh ABYMSI UYE€pTaMH, a U3BECTHBIE TOJIBKO MO BEIUYUHE
WIM TOJIBKO 1O HAaNpaBICHUI0 — OJHOM 4YepToil. 34ech ke OTMedalT OyKBamMu
HarpaBiieHHe BEKTOpOB. Eciau B BEKTOPHOM YpaBHEHUHU TOJBKO JIBa HEM3BECTHBIX, TO
OHO pemlaercsd, U €ro rpauueckuM pemeHueM Oyner IulaH ckopocted. Crpenku
BEKTOPOB Ha MJIaHE MPOCTABIISIIOT B CTPOIOM COOTBETCTBUU C 3aIMCAHHBIM YpaBHEHUEM,
coOr0/1asi MPaBUJIO BEKTOPHOI'O CYMMHPOBAHHUS; MIPU 3TOM OTHOCHUTENIbHBIE CKOPOCTH
IPOXOAAT BHE IOJIIOCA, a Hayajla BEKTOPOB a0COJIFOTHBIX CKOPOCTEN BCEra HaXOASTCs
B Hojtoce. M3 MOCTpOEHHOrO MilaHa HaXoAAT OTPE3KHU, MPONOPIHOHAIBHBIE CKOPOCTAM
TOYEK, W, 3Hasg MacmTad |l,, ONPEIEISIIOT CKOPOCTH, & HANpaBJIEHHE CKOPOCTEH - W3

IIJIaHA.

Ecnu u3BecTHBI a0COIIOTHBIE CKOPOCTH JIBYX TOYEK OJIHOTO U TOTO € 3BEHa, TO
CKOPOCTh TPEThEW TOYKH, JIeKAIEW C HUMH Ha OJHOM MPIAMOW, HAXOIAT
MIPOTOPIIMOHANILHBIM JIeJIeHueM (HarpuMmep, Touka S»). [l 3Toro Ha miaHe ckopocTei
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OTPE30K OTHOCUTEJIBHON CKOPOCTH JAEJAT UCKOMOM TOYKOM B TOM K€ COOTHOIICHHWHU, B
KOTOPOM COOTBETCTBYIOIIAS TOYKA JEIUT PEAIbHOE 3BEHO Ha CXeMe MeXaHu3Mma. [[nuny
HMCKOMOT'O OTpe3Ka ONMPEEsIOT U3 MPONOpIUU (OTHOUIEHUE JUIMH Ha 3B€HE MEXaHHU3Ma
pPaBHO OTHOILIEHHUIO OTPE3KOB Ha IulaHe ckopoctei). CoeanHsss MOMYYeHHYI0 TOUKY C
MOJIFOCOM, HaXOJIAT OTPE30K UCKOMOI abCOIIOTHON CKOPOCTH.

AOGCOIIOTHYIO CKOPOCTh TPEThEW TOYKM 3BEHA, HE JIe)KAIlel Ha OJHOM MPSIMOM ¢
JIBYMsI IPYTUMH €T0 TOYKaMH, CKOPOCTH KOTOPBIX M3BECTHBI, OMPEAECISAIOT METOI0M
nonobusi. [l 3TOro Ha MjaHe CKOpPOCTE Ha OTpe3Ke HM3BECTHON OTHOCHUTENIbHOU
CKOPOCTH CTpPOAT TPEYTrOJbHHUK, MOAOOHBIA TOMY, KOTOPHIH HMEETCS Ha CXeMe
MeXaHu3Ma, coO0IoJass OJMHAKOBOE HampaBjieHUE MPOYTEHUs OYKB MO BEpIIMHAM
TpEyrojbHUKA Ha TUIAHE CKOPOCTEW W Ha MexaHu3Mme. lIpu 3ToM CTOpOHBI MOJAOOHBIX
TPEYroJIbHUKOB B3aWMMHO TMEPNEHAUKYJISIPHb. B HUTOre mMnOoCTpOCHHS MOIydaeTCs
TPEYTrOJIbHUK, COCTaBJICHHbIM BEpPUIMHAMU OTHOCUTEIBHBIX CKOpocTel. CoenuHsis
MOCTPOCHHYI) BEPIIMHY TPEYrOJbHUKA C TIOJIKOCOM, HAaXOASAT OTPE30K HMCKOMOU
a0COJIIOTHOM CKOPOCTH.

Ecnu nBa 3BeHa 00pa3yrOT MOCTYMATENbHYI0 KMHEMAaTHUECKYIO0 Hapy, TO AJis
onpenesieHnsi aOCOMIOTHON CKOPOCTH TOYKH OJTHOTO M3 3THX 3BEHBEB, T€OMETPUUECKU
COBMAJAONICH B JaHHBII MOMEHT C TOYKOM JApyroro 3BeHa (CKOPOCTh KOTOPOU
M3BECTHA), HCIIOJB3YIOT BEKTOPHOE YpPAaBHEHHUE CIIOKHOTO JBHXKEHUA. AOCOIIOTHAs
CKOpPOCTh HMCKOMOM TOYKM CKJIAQJBIBACTCS U3 TMEPEHOCHOW W OTHOCUTEIILHOM
COCTaBIIAIOIINX; BEKTOP MEPEHOCHONW CKOPOCTH OOBIYHO U3BECTEH.

3Hasg JUHEWHBIE CKOPOCTH TOYEK, OMPEIECIAIOT YIJIOBbIE CKOPOCTH 3BEHBEB IO
BEJIMYMHE U 10 HAIIPABIICHUIO.

I[naH yCKOpEHUW CTpOSAT HAa OCHOBE BEKTOPHBIX YpPaBHEHHM B TOM ke
MOCTIEIOBATENLHOCTH, YTO M IUIAaH CKOpocTel. Kaxaplii U3 BEKTOPOB MPEACTABISIOT
HOPMaJIbHOM a" W KacaTeabHOW a° cocTaBigomuMu. I[lpy 3TOM HOpMaiabHOE
YCKOpEHHE BCErjla M3BECTHO IO BEJIMYMHE (TaK KaK IUIaH CKOPOCTEH MOCTPOEH) M
HampaBlieHUI0 (K IIEHTPY BpaIlleHHs), a KacaTeIbHOE TMEePHEHAUKYISIPHO €My U
HEU3BECTHO IO BEJIMYUHE.

Ha muane yckopeHuil Hayano BeKkTopa aOCONIOTHOTO YCKOPEHHs BCerna
HaXOJUTC B IIOJIFOCE, & BEKTOP OTHOCUTEIIBHOTO YCKOPEHHUS IIPOXOIUT BHE MOJIFOCA.

Meto nmponopirOHAIBHOTO JICJICHUS] U METO/ MOJ00MS MPUMEHSIOT TOJIBKO JIJIs
MOJTHBIX OTHOCHUTENIBHBIX yCKOpeHui. IIpu 3ToM mogobHyro Qurypy cienyer CTpouTh
Ha IUIaHE MO TPEM CTOPOHaM, BEJIIMYMHA OJAHOM M3 KOTOPBIX M3BECTHA, a JBE JIPYyTHE
OTPEJIENSIIOT U3 COOTBETCTBYIOIIMX MPONOPLHNA, cOOMI0as OJIMHAKOBOE HaIpaBiIeHUE
oOxoma mpW 4YTeHUHW OYKB 1O BepHIMHaM (QUTYpbl, COCTAaBJIEHHOW W3 TOJHBIX
OTHOCHUTEJIbHBIX YCKOPEHHUM IJIaHa, U (UTYPHI HA 3BEHE MEXaHU3Ma.

ITonHOE yCKOpEeHME TOUYKHM, COBEPIIAIOLICH CIIOKHOE JBUKEHHE, COCTOUT U3
MEPEHOCHOI'0, OTHOCUTEIBLHOTO U KOPUOIMCOBOr0 yckopeHui. [locnennee 00yciaoBieHO
TEM, YTO 3BEHbS, UMECIOIINE JTUHEMHYK) OTHOCHUTEIBHYI CKOPOCTh V .. , COBEPILIAIOT

OTH

BpalraTCeJIbHOC IBUIKCHUC C YFHOBOﬁ CKOpPOCTBO ., BOKPYI' MTHOBCHHOI'O HLCHTpA

P

Bpamienus. Jlns 1wiockoro Mmexammsma a' =2®,..V,., TaK Kak B OTOM CIyd4ae
_ A

sin| ®zzr Vo |=1. HampaBnenue HaxoasT nmo mnpaBuily JKyKOBCKOro MHOBOPOTOM
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BEKTOpa Vo Ha 90° B HaIpaBlIEeHUM YIIOBOW CKOPOCTH . Onpenenus M3 ILIaHA

KaCaTCJIbHbIC YCKOPCHU:A, MMOACUHUTBIBAIOT BCINYHUHBI YI'TIOBBIX YCKOpCHI/Iﬁ € 3BCHBCB U
ONIPCACIAOT UX HAIIPABJICHU .
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5. IlpuBoaABI MEXaHU3MOB
DJIeKTPONPUBOJ MEXaHU3MOB.

DNeKTPUIECKUM MIPUBOJ (CokpaIni€HHo 3.1eKmponpusoo) — 3TO
AJIEKTpOMEXaHUYEeCKasi CUcTeMa ISl TPUBEACHUS B JABWIXKEHHUE MCIOJHUTEIBHBIX
MEXaHHU3MOB Pa0OUYMX MAIIIUH U YIIPABICHUS STUM JIBH)KCHUEM B LIEJISIX OCYIIIECTBICHUS
TEXHOJIOTUYECKOI0 Mpoliecca.

CoBpeMeHHBII AIEKTPONPUBOJ — 3TO COBOKYITHOCTb MHO>KECTBa
AJIEKTPOMAIIIMH, anmapaToB W CUCTEM ympaBieHuss UMH. OH SBISETCS OCHOBHBIM
notpeburtesnieM anekTpudeckoir dHeprun (10 60 %) W TIaBHBIM MCTOYHHKOM
MEXaHWYECKOW YHEPTHUU B MPOMBIIIIICHHOCTH.

Onpenenenue o 'OCTy P 50369-92 »snexktponpuBoj - 3JIEKTpOMEXaHUYECKas
CUCTEMa, cocTosIas u3 rnpeoOpazoBareseil IEKTPOIHEPTUH, HIEKTPOMEXAaHUUECKUX U
MEXaHWUYECKUX TpeoOpazoBaTesiel, yIpaBiIsiomUX U UHOOPMAIIMOHHBIX YCTPOUCTB H
YCTPOUCTB  COMNPSKEHUS C  BHEIIHUMM  DJICKTPUYECKHMHU,  MEXaHUYECKHUMH,
YOPABISIOMMUMUA W WH(QOPMAIIMOHHBIMM ~ CHUCTEMaMH, TpeJAHa3HAuYCHHAs  JIs
MIPUBEJICHUS B JIBUKEHUE MCTIOJHUTEIIBHBIX OPraHoB pabouell MallvHbl U yIpPaBICHUS
9TUM JIBIJKEHHEM B LIEJIAX OCYIIECTBICHUS TEXHOJIOTHUECKOT0 Ipoliecca.

Kak BugHO W3 ompejiesieHus, UCIOJHUTEIbHBIM OpraH B COCTaB MPHUBOJA HE
BX0oAUT. OJIHaKO, aBTOPHl ABTOPUTETHHIX YYCOHUKOB BKJIIOYAIOT MCIOJHUTEIIBHBIN
OpraH B COCTaB 3JIEKTPOINPHBOJA. DTO MPOTHUBOPEUHME OOBACHICTCS TEM, YTO MpHU
MIPOCKTUPOBAHUM DJICKTPONPHUBOAA HEOOXOIUMO YYUTHIBATH BEIWYUHY U XapakTep
W3MEHEHMUs] MEXaHWYeCKOM Harpy3ku Ha Bajy DJJIGKTPOJBHUIaTelsis, KOTOpPbIC
OTIPENIENAIOTCS TapaMeTpaMH HCIOJHUTENIBHOrO opraHa. [lpy HEBO3MOXKHOCTU
peanu3aiy IpsiMOTo MPUBOJIA JIEKTPOABUTATETh TPUBOIUT UCIIOTHUTEIBHBIN OpraHa
B JIBIDKCHHE uepe3 KuHemaTudeckyro mnepenady. KIIJ[, mepemaTtounoe dyuciao u
MyJIbCalldd, BHOCHUMBIE KHHEMATHYECKOW Tiepefadeil TakKe YYHUTBIBAIOTCS TMpU
MIPOCKTUPOBAHUH JICKTPOIPHUBO/IA. .

CeTb

n3MepuTenibHoe YCTPOWCTB

Puc. 5.1

CDYHKI_II/IOHEUIBHBIC OJICMCHTHEI.
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o Perynsaropel (P) nmpeaHazHadeH 1jisi ynpaBieHUs MPOIECCaMM, MPOTEKAIOIIUMU B
AIEKTPOIPUBOJIE.

o DnekTtpuueckuil mnpeoOpazoBatens (DII) mnpenHasHaueH aisg  npeoOpa3OBaHUS
AJIEKTPUYECKOM DHHEPrUU CETU B PETYJIUPYEMOE HANPSIKEHUE TMOCTOSIHHOTO WU
MIEPEMEHHOTO TOKA.

o DOnexTpoMexaHuueckuit mpeodpaszopatens (OMII) — nBurarens, nmpegHa3HAUYCH IS
peoOpa3oBaHUs IEKTPUUECKON IHEPTUU B MEXaHUUECKYIO.

o Mexanudeckuit npeoOpazoBarenp (MII) MoXkeT H3MEHSATh CKOPOCTh BpalleHUs
JIBUTATENIS, @ TKAXKE XapaKTep JBWKEHUS (C MOCTYNaTeJIbHOTO Ha BpallaTeIbHOE WIH C
BpallaTebHOTO HA MOCTYIMATEIbHOE).

o YOp — ynpaBJISIOIIKE BO3AECHCTBHE.

e MO — ucnoJHUTENBbHBIA OpPraH.

OYHKIIMOHAJILHBIC YaCTHU:

. CuioBas 4acTh WM 3JIEKTPONPUBO/] C PA30OMKHYTOM CUCTEMOM PEryJIMpPOBAHUS;

. MexaHnyeckas 4acTh;

Buabl 3j1eKTPpONPUBOI0B.

° HepeI‘y.III/IpyeMBIC, HpOCTCﬁH.IPIC, NpCAHA3HAYCHHBIC JJII ITYCKAa M OCTAHOBKHU
ABHUTATCIIA, pa60TaIOH_II/Ie B OOIHOCKOPOCTHOM PCIKUME.
] PCI‘y.III/IpyeMBIC, AOITYyCKAIMHUC M3MCHCHHC YACTOTbI BPAIICHUA W YIIPABJIICHHUC

MyCKOM H TOPMOXXEHHEM OJJICKTPOJBHUTATENS JUIS 3aJaHHOTO TEXHOJOTHYECKOTO
nporecca. Criocod peryaupoBaHUs 3aBUCHUT OT THIA ABUTaTeNs. Tak, s MalluH
MEPEMEHHOT0 TOKa TPUMEHHMMO yIpaBJIC€HUE YacTOTOH, TOKOM B  POTOpE,
MEePEKIIIOYCHUEM Tap TMOJIOCOB cratopa. JlJIsi KOJJIEKTOPHBIX MAaIllMH MPUMEHUMO
pPEryJIUpOBAHUE HATIPSHKCHUEM.

. HeaBTomaTu3nupoBaHHbIE

. ABTOMAaTHU3UPOBAHHBIE

. JInHeHbIe — I YaCTHBIX CIIy4Yaes.

. Bpamarenbable — HamOoJiee pacnpocTpaH€HHbIA TUN. Yalie Bcero JMHeWHOE

NEpeMCIICHUEC TIOJAYYar0OT MCXAdHUYCCKUMU HpeO6paSOBaTCHHMI/I BpalmaTeJIbHOT O
JABMOKCHUA OBUTaTCIIA.

Ilox0op 31ekTpoaABUraTeJIs.

KauecTBO pa6OTBI COBPCMCHHOT'O JJICKTPOIIPUBOAAa BO MHOTOM OIIPCACIIACTCA
IIpaBHUJIBHbIM BBI60pOM HUCIIOJIB3YEMOI'O JJICKTPHUYCCKOI'O ABUIATCIIA, YTO B CBOIO
oucpeab obecrieunBaeT MMPOAOJIZKUTCIIBHYTO HaIIé)KHYIO pa60Ty QJCKTpOIIpUBOAa H
BBICOKYIO 3(1)(1)CKTI/IBHOCTB TCXHOJOTHUYCCKUX U IIPOU3BOACTBCHHBLIX IIPOLCCCOB B
IMPOMBIINIJICHHOCTH, HAa TPAHCIIOPTC, B CTPOUTCIILCTBE U IPYIUX 0071aCTAX.

HpI/I BBI60pe QJICKTPUYUCCKOIO ABUTATCIIA I IIPHBOJAA IIPOU3BOIACTBCHHOIO
MCEXaHHU3Ma PYKOBOACTBYIOTCA CICAYIOIMMMU PEKOMCHIAIUAMMU:

] I/ICXOIIH N3 TCXHOJIOTHYCCKUX Tpe6OBaHHﬁ, IMpOU3BOOAT BBI60p QJICKTPHYICCKOT'O
ABUTATCIIA IO €ro TCXHUYCCKHUM XAPAKTCPUCTHUKAM (HO poay TOKa, HOMHHAJIbHBIM
HAIIPSAKCHUIO 1 MOIMHOCTH, 9aCTOTC BpallICHUA, BUY MEXaHUYECKOM XapaKTCPUCTHKH,
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MPOJOJDKUTENBHOCTH  BKJIIOYEHHS,  MEPErpy304HOM  CIMOCOOHOCTH,  IyCKOBBIM,
PErYIMPOBOYHBIM M TOPMO3HBIM CBOMCTBAMHU [ip.), @ TakKe KOHCTPYKTHBHOE
MCIIOJIHEHUE JIBUTATEIS IO CITOCOOY MOHTa)Ka U KpeIyIeHUS!.

. Hcxons M3 SKOHOMHUYECKHX COOOpa)keHUH, BBIOMpaloT Haubojiee MpoCTOoi,
HSKOHOMHMYHBIA W HAIEKHBIM B SKCIUIyaTalldd JBUTATENlb, HE TPEOYIOUIUH BBICOKHUX
AKCIUTyaTallMOHHBIX PAacXoJ0B M HMEIOIMNA HauMEHbIIHE TrabapuThl, Maccy U
CTOUMOCTb.

. Hcxonss w3 ycnoBuMl OKpyKaromied cpeabl, B KOTOpbIX Oyner paboTarhb
JBUTaTeNb, a TAKKe U3 TpeOoBaHMM Oe30IacHOCTH pabOThl BO B3PHIBOOIIACHOW cpeje,
BBIOMPAIOT KOHCTPYKTUBHOE UCIIOJIHEHHUE JIBUTATEINSI IO CIIOCOOY 3alUTHI.

[IpaBunbHBI BBIOOP THUMA, WCIOJHEHUS W MOLIHOCTH DJJIEKTPUYECKOTO JIBUTaTENs
OINpeNeNsieT HE TOJIBKO 0€30IacHOCTh, HAA&XHOCTb M SKOHOMMYHOCTH pPabOThl U
JUIUTETLHOCTh CPOKa CIY>KOBI JIBUTaTessi, HO U TEXHUKO-DKOHOMHUYECKHE IMOKa3aTeIu
BCET0 IEKTPONIPUBO/IA B LIEIOM.

Crnenyer UMeTh B BUAY, YTO HE MOXET OBITb YHUBEPCAIBHOTO 3JIEKTPOIPHUBO/IA.
B kauectBe mpumepa, npuBeaEM CpeHUN MEACTUIaBIIIbHBIN LIEX: 1IeX UMEET HECKOJIbKO
aHOJIHBIX TIeyeHd, medn paboTalT B pa3HbBIX pEXKUMax: 3arpys3ka, IUIaBJICHHE,
BOCCTaHOBJICHHE, OKUCIICHUE U 3TO HEMOJIHBbIN nepeueHb. Tpedyemble XapaKTepUCTUKU
MEXaHU3MOB [UJIl ATHUX PEKUMOB DPA3JIUYHbl, HA KaXIOM Ipolecce ObIBaeT
3a/IeiCTBOBaHA pa3IuyHas Tpymnna NpuBoAHON apMatypsl. JuameTpsl pasHsatcs ot 200
10 900 MM, pa3nuyHbl W TOJAIOIIMECS Cpenbl — Mas3yT, ras3, BO3AyX W MpoY.,
TeMIIepaTypHbIE PEKUMBI TaK K€ U3MEHSIOTCS.

C npyroél CTOpOHBI, KOHCTPYKIUSI AJIEKTPONPHUBOAA MOXKET ObITh MOIYJBHOH,

YacTH NPHUBOJA MOTYT CBOOOJHO MEHATHCS, MPUUYEM OJIOKH pa3HBIX HCIOIHEHUH
JOJIKHBI OBITh 110 BO3MOXXHOCTH YHU(DHUIIMPOBAHBI U JIETKO 3aMEHSIThCSI.
JUJisi HEKOTOpPBIX MEXaHU3MOB, PAa0OTAaIOUIMX B MOBTOPHO-KPATKOBPEMEHHOM pPEXUME
(xpanbl, Ju@THI), OONBIIYI0 YacTh paboyero uUWKIA JBUrateilb paboTaeT Ha
€CTECTBEHHOM XapaKTEPUCTUKE U TOJIBKO OTHOCUTENBHO HEOONBILIOE BpeMsl paboTaeT Ha
PETryIMPOBOYHOM XapaKTEPUCTUKE, OOBIYHO HA TMOHM)KEHHOW YacToTe BpaileHus. B
TOM CiIy4ae IOTEpU IJIEKTPOIHEPTMM Ha PETYJUPOBOYHOM  XapaKTEPUCTUKE
CPaBHUTEJIbHO HEBEJIMKHU, TaK KaK Majio BpeMs paboThl Ha Hell. [loaToMy 371€Cch MOKHO
MPUMEHSTH MPOCThIE U JIEHIEBbIE CIIOCOOBI PETYIUPOBAHUS, JaKe €CJIM OHHU BBI3BIBAIOT
MOBBIILIEHHBIE TOTEPU MOIIHOCTH B o0OMoTkax. IlosTomy, Omaromapsi mpocToTe
peanu3anuu METOJa PEryJMpoBaHUs CKOPOCTH NMYTEM H3MEHEHUS CONPOTHBICHUS B
LEeNd POTOpa, TaKHe SJIEKTPONPUBOJbI HAILIM Hambojiee HIMPOKOE MPUMEHEHUE B
KPaHOBBIX CHCTEMaxX, M celYac OCTaBJISIIOT OCHOBHYIO YacThb HaxOJAIIUXCS B
AKCIUTyaTallui U BBITYCKAEMbIX MPOMBIIIIEHHOCTBIO 3JIEKTPONPUBOI0B. KoMIiekTHbIE
ANIEKTPONPUBOABI  BKJIIOYAIOT B ce0s CHUCTEMBI C CHJIOBBIMM  KYJQUKOBBIMU
KOHTPOJUIEpAaMH M MArHUTHBIMM KOHTPOJUJIEpAaMH C LEMsMU YOpaBJICHHUS Ha
NEPEMEHHOM M TMOCTOSHHOM ToOKe. Takoe TMOCTpoeHHe PSII0B BJIEKTPONPUBOIOB
MO3BOJISIET B KAXK/I0M KOHKPETHOM Cllydae OCYHIECTBUTH BbIOOp Hanbosee mprueMiaeMoil
CUCTEMBl C YYETOM YCJOBUH OJKCIUTyaTalluM, TMPEIbABISEMbIX TpeOOBaHUN 1O
aBTOMAaTHU3alliy YIPABJICHUsI, Macc, radapuToOB U CTOMMOCTH

OCHOBHBIMM THUIIAMH 3JIEKTPOJIBUTaTENIeH, KOTOPHIE UCTIOIB3YIOTCS ISl IPUBOJIA
MPOU3BOJICTBEHHBIX MEXaHHU3MOB C PETyJIUPYEMOW CKOPOCTBIO JBHUXKEHHUs pPabodyero
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OpraHa, sIBJISIFOTCSI JBUTATEIN MTOCTOSIHHOTO TOKa U CHHXPOHHBIE C KOPOTKO3aMKHYTHIM
win ¢a3HeiM potopoMm. Hanboiee npocto TpeOyemble HCKYCCTBEHHBIE XapaKTePUCTUKU
MIOJIYHYalOTCSl y JBUraTesied MOCTOSSHHOIO TOKa, MO3TOMY /10 HEJABHETO BPEMEHHM OHH
MIPEUMYIIECTBEHHO U HAXOJWJIU NPUMEHEHHE [l PETYIUPYEMBIX dJIEKTPONpUBOa0B. C
IPYroil CTOPOHBI, ACUHXPOHHBIE IBUTATEIIN, YCTyHask JBUTAaTENIAM IIOCTOSTHHOTO TOKA 10
BO3MOKHOCTSIM PEryJIMPOBAaHUSI YacTOThl BpAUIEHUs, MO CPABHEHUIO C IOCIECIHUMHU
MPOILE B WM3TOTOBJIEHUHM WU HKCIUIyaTallUM M HMEKOT OTHOCHUTEIBHO MEHBIIHME Maccy,
pa3Mepsl U CTOMMOCTb. VIMEHHO 3TH OTJIMYHUTENBHBIE CBOMCTBA ACHUHXPOHHBIX
JIBUTATENIEH ONPENEIIMIA HX TJIABEHCTBYIOIIEE MCIIOIB30BAHUE B IPOMBIILICHHOM
HEpETYyJINPYEMOM 3JIEKTPONPUBOIE. B HacTosIIee BpeMsl IBUTaTeNId MTOCTOSIHHOIO TOKA
BBITECHSIOTCS ACHHXPOHHBIMU JIBUTATEISIMU C MPeoOpa3oBaTessiMU YacTOThI, a TaKkKe
CUHXPOHHBIMM JBUTATEISIMA C TOCTOSHHBIMM MAarHUTaMH Ha POTOPE U IIArOBBIMHU.
Yuciio BBITYCKAEMBIX ABUIaTeNIel IOCTOSHHOIO TOKA COCTABISIET Jumb 4-5 % uucia
JBUTATEJIEN IEPEMEHHOI0 TOKA U HEYKJIIOHHO CHHKAETCS.

I'mpponpuBoa MeXaHNU3MOB.

I'uapaBnudeckuii  mpuBoa  (TUAPONPUBOMI) —  COBOKYITHOCTH  YCTPOMCTB,
MpeHA3HAYCHHBIX JIJIsl MPUBEACHUS B JBWKCHHE MAIlMH U MEXaHW3MOB MOCPEICTBOM
TUJPABINYECKON SHEPTUMU.

['unponpuBoj mpencTaBisier cOOOW CBOEro pojia «THIPABIMYECKYI0 BCTaBKY»
MEXJy TMPUBOJHBIM JIBUTATEIEeM M HArpy3Kod (MallMHON WJIM MEXaHU3MOM) H
BBITIOJTHSET T€ K€ (PYHKIMHM, YTO W MEXaHWYecKas mepeaada (peayKTop, peMEHHas
nepejaya, KpUBOUTUITHO-IIIATYHHBINM MEXaHU3M U T. 11.).

DYyHKIUM T'MAPONPUBOAA.

OcHoBHast (QyHKIUS TUAPONPUBOAA, KaK W MEXaHUYECKOW mepenadu, —
npeoOpa3oBaHUE MEXaHWYECKOM  XapaKTEpPUCTHUKW  TMPUBOJHOTO  JBUTATENsd B
COOTBETCTBHUM C TpeOOBaHUSIMU Harpy3ku (mpeoOpa3oBaHUE BUJA JABUKCHUS
BBIXOJIHOI'O 3BEHA JIBUTaTEls, €r0 MapaMeTpoB, a TAKXKE PEryJUpPOBAaHHE, 3AIIUTA OT
neperpy3ok u ap.). Hpyras pyHkums ruaponpuBojia — 3TO Mepegadya MOIIHOCTU OT
MPUBOJIHOTO JBUTATENsI K pabOyuM opraHaM MalllMHbI (HampuMep, B OJHOKOBIIOBOM
AKCKaBaTOpE — Mepegadya MOIUTHOCTH OT JABUTATENs] BHYTPEHHETO CrOpaHus K KOBIIY WIIH
K TUAPOABUTATEIISAM MPUBOJA CTPEJIbl, K TUAPOJBUTATENISIM MIOBOPOTA OAITHU U T.1.).

B o0mmx deprax, mnepenaya MOIIHOCTH B THAPONPUBOJAE MPOUCXOIUT
CJIEIYIOIINUM 00pa3oM:

1. [IpuBOMHON ABUTATENL NMEPENAET BpAlAlOIIM MOMEHT Ha BaJl HAacOCa, KOTOPBIU
COOOIIAeT FHEPTUI0 PabOUeH KUIKOCTH.
2. PabGoyast XMAKOCT, MO THAPOJMHHUSAM 4YEpe3 PEryJIUPYIONIYI0 anmapaTrypy

MOCTyMaeT B TUIPOJABUTATENb, TJ€ THApPaBIAYECKass OJHEPrusi MnpeodOpasyercs B
MEXaHUYECKYIO.

3. [Tocne aToro pabouas >KMAKOCTh MO THAPOJMHUSM BO3Bpaiiaercs Jubo B Oak,
100 HEMOCPEICTBEHHO K HACcOCY.
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Buabl ruaponpuBoaoB.

FI/IJIpOHpI/IBOIIBI MOT'yT OBITH ABYX THUIIOB: THAPOIVNHAMHUYCCKUC U 00BEMHBIE:

. B Ir'maApOINHAMHUYCCKHUX mpuBOaax HCIIOJIB3YCTCA B OCHOBHOM
KHMHCTHUYCCKAsA SHCPIUA ITOTOKA KUAKOCTH.
] B 00BEéMHBIX ruaAponpuBOAax HUCIHOJIB3YCTCA IIOTCHIHAJIbHASA OSHCPIUSA

JaBlieHUs pabodeit )KUIKOCTH.

OOBEMHBIN TUAPONPUBOA — 3TO THAPONPHUBOJ, B KOTOPOM HCIONB3YIOTCS OOBEMHBIE
TUApOMAIINHBL (Hacochl U ruapoasurarenn). OObEMHON Ha3bIBaeTCs TMAPOMAILIMHA,
pabouuii mporecc KOTOpo OCHOBAH Ha MONEPEMEHHOM 3aIloJIHEHUU pabouell Kamepbl
KUJKOCTHIO U BBITECHEHHH €€ u3 paboueil kamepbl. K 00bEMHBIM MalllMHaM OTHOCSIT,
HalpuMep, TMOPIIHEBBIE HACOCHI, AKCHAJIBHO-TIOPIIHEBBIC, pPaaUuaTbHO-TIOPIIHEBbIE,
necTepEHHbIE THIPOMAILIUHBI U JIp.

Omna w3 ocoOeHHOCTEH, oTiauyaromas OObEMHBIA  THIPONPUBOA  OT
TUIPOAMHAMUYECKOT0, — OOJBIINE AaBICHUS B THIpocucTeMax. Tak, HOMHHAJIbHbIE
JaBJI€HUS B THJIPOCHCTEMAX SKCKAaBaTOpPOB MOTYT aocturath 32 Mlla, a B HEKOTOPBIX
ciydyasx pabouee naBieHue MoxeT ObITb Oonee 300 MIla, B TOo Bpems Kak
TUAPOMHAMUYECKUE MAlIMHBI pabOTalOT OOBIYHO MPHU JABIEHUSAX, HE MPEBBIIIAIOIMINX
1,5—2 Mlla.

OOBEMHBIN TUAPONPUBOJ HAMHOTO 00Jiee KOMITAKTEH M MEHbIIE 10 Macce, YeM
TUAPOJAMHAMHUYECKH, ¥ TIOATOMY OH MOJIY4YUIT HAauOOJbIlIee paclpoCcTpaHEHHE.

B 3aBUCHMOCTH OT KOHCTPYKIMU M THUIA BXOJAIIUX B COCTaB TUApPOINEpenauu
AIIEMEHTOB O0BEMHBIE THUIPONPUBOABI MOXKHO KIACCU(DUIMPOBATH IO HECKOJIbKUM
MpU3HAKAM.

[To xapakTepy IBUKEHHS BBIXOJIHOTO 3B€HA THIPOJIBUTATENs Pa3INyatoT:

— TUIPONPHUBOJ BpAIlaTEIbHOTO JABWXEHUS, KOTJa B KayecTBE TIMJIPOJBUTaTENs
MPUMEHSETCS TUIPOMOTOP, Y KOTOPOrO BEIOMOE 3BEHO (Baj MJIM KOPIYC) COBEpIIAET
HEOTPaHWYEHHOE BpallaTeIbHOE IBUKEHUE;

— IUAPONPUBOJ] OCTYNATEIBHOTO JABMXKEHUS, Y KOTOPOTO B Kau€CTBE TMAPOABUTATENS
MPUMEHSETCS TUAPOLUIUHIP — JBUTATENIb C BO3BPATHO-IIOCTYNATEIbHBIM JIBIHKECHUEM
BEJIOMOT0 3B€Ha (IITOKA MOPIIHS, TUIYHXKepa UK KOpIyca);

— TUJPOIPUBO TOBOPOTHOIO JABM)KEHHMSI, KOT/Ia B KQUeCTBE THIPOJIBUTaTENsl IPUMEHEH
MOBOPOTHBIA THUIAPOJBHUraTedb, y KOTOPOrO BEJAOMOE 3BEHO (BaJl WJIM KOPILYC)
COBEPIIAET BO3BPATHO-IIOBOPOTHOE ABUKEHUE HA YIoJl, MEHbIIHM 360°.

Ecnu ckopocTh BBIXOAHOTO 3B€HA (TUAPOLMIMHAPA, THAPOMOTOPA) PEryIUpPYETCs
M3MEHEHUEM YacTOThl BpallleHHWsl ABUTATeNs, MPUBOJASIIET0 B paboTy Hacoc, TO
TUAPONPUBOJ] CUMTAETCS HEPETYIUPYEMBIM.

Perynupyemblii TuAponpuBOA B KOTOPOM B TMPOLECCE €ro 3KCIUTyaTaluu
CKOPOCTb BBIXOJJTHOTO 3B€HA TMJIPOJIBUTATENSI MOXKHO U3MEHATD 110 TpeOyeMOMY 3aKOHY.
B cBo10 ouepenb peryampoBaHue MOKET ObITh:

. JPOCCETBHBIM
. 00BEMHBIM
. 00BEMHO-IPOCCETHHBIM.

PCFYJII/IpOBaHI/IC MO>KET OBITh: PYYHBIM I ABTOMATHYCCKHM.
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[M'uaponpuBoj ¢ 3aMKHYTOM CXEMOU HUPKYJISIIIAN, B KOTOPOM paboyast KUIKOCTh
OT TUAPOABUTATENS BO3BPAILAETCS BO BCACHIBAIOILYIO THAPOIMHHUIO HACOCA.

[M'uapornpuBoj ¢ 3aMKHYTOUM MUPKYJSALUEH padouei KUIKOCTH KOMIIAKTEH, UMEET
HEOOJIbIIYI0 MAaccy M JIOMycKaeT OOJNBbIIYI0 YacTOTy BpallleHHs poTopa Hacoca 0e3
OTMACHOCTH BO3HUKHOBEHHS KaBUTAIIMHU, TTOCKOJIBKY B TaKOHW CHCTEME BO BCACHIBAIOIIECH
JUHUM JIaBJIeHUE Bcerja mpeBblinaeT atMochepHoe. K HegocTaTkaMm cieayeT OTHECTH
IJIOXUE YCJIOBHS Uil OXJaxAeHUs paboued >KUIKOCTH, a TakKe HE0OXOIUMOCTH
CIIyCKaTh W3 THUJPOCUCTEMBI PAOOUYI0 KHUIKOCTH TIPU 3aMEHE WIH PEMOHTE
TUAPOAIapaTyphl;

['mapocucTeMsbl ¢ 3aMKHYTON CXeMOM IUPKYIISIIUKA ppadodeit )KUIKOCTH (CIipaBa)
U ¢ pa3oMKHyToill cxemoil (cieBa). Ha cxeme cneBa BcachblBalomias M CIHBHas
TUAPOJIUHUN cooOmaroTess ¢ 0akoMm (pa3oMKHYTasi cxXeMma); Ha cXeMme chpaBa O0ak
HCIIOIB3YETCs TOJIBKO sl BCIIOMOTaTeIbHONU TUIPOCUCTEMBI (CUCTEMBI MOANUTKHU). H 1
H1 — nacocel; M — ruapomotop; P — ruapopacnpenenurens; b — rugpobak; HI —
Hacoc cuctembl noanutku; KIIl, KII2, — Ilpenoxpanutensublie kinanana; KOl wu
KO2 — ob6patnble knanana. [Ipenoxpanurensubie knanana KII (na cxeme ciesa), KI11
n KII2 (ma cxeme cmpaBa) cpa0aTbiBalOT B TOT MOMEHT, KOIJIa Harpyska Ha Baiy
TUAPOMOTOPA CIIMIIIKOM BEJIMKA, U IaBJICHUE B THAPOCUCTEME MPEBBIIIAET JOMYCTUMYIO
BenuuuHy. OOpatnbie kimanana KO1 u KO2 cpabarbiBaroT Torjaa, Korja JdaBlI€HUE
CJIMIIIKOM MaJio, 1 BOBHMKAET OMAaCHOCTh KaBUTAI[UU

['uapornpuBos ¢ Pa3OMKHYTOM CHCTEMOM IUPKYJAIMU, B KOTOpPOM pabouas
AKHUJIKOCTh MOCTOSIHHO COOOIIAEeTCs ¢ TUAPOOAKOM HIIU aTMOC(EPO.

JIOCTOMHCTBA TaKOW CXEMbl — XOPOIIUE YCIOBUS IJI OXJIAKICHHUS U OUYUCTKU
paboueit xxunkoctu. OHAKO Takue THUAPONPHUBOILI TPOMO3IKH U HUMEIOT OOJIBIIYIO
Maccy, a 4YacTtoTa BpallleHHs POTOpa Hacoca OrpaHWYMBAETCS JOMYCKaeMbIMH (M3
yCJIOBUM OECKaBUTAIIMOHHOM paboThl Hacoca) CKOPOCTAMH JBIDKCHHS paboueit
’KHUJKOCTH BO BCACBIBAIOIIEM TPYOOIIPOBO/IE.

[To ucTtounmky mnomaun pabodeil >KUAKOCTH pazInyalOT HACOCHBIM THUIPOTPHUBOI,
MarvucTpaibHbIN THAPOIIPUBO, AKKYMYJISITOPHBINA THIPOIPHUBO/I.

B HacocHOM ruapomnpuBojie, TOJYYUBIIEM HAUOOJIbIIEE PACIPOCTPAHECHHUE B
TeXHUKE, MEXaHWYecKasi SHEprus Mpeodpa3yeTcs HACOCOM B THIPABIUYECKYIO,
HOCHUTEJb PHEPTUU — paboyasi )KUJKOCTh, HATHETAETCS Yepe3 HAIOPHYIO MarucTpalib K
TUAPOJBUTATENI0, TAEC DHEPrus IMOTOKA YXKUJIKOCTH MPeoOpa3yeTcs B MEXaHHUYECKYIO.
PaGouas XuIKOCTb, OTJAB CBOI SHEPrui0 TUIPOJBUTATENIO, BO3Bpamlaercs Jubdo
o0paTHO K Hacocy (3aMKHyTasi cXeMa THUAPOIpHBOJa), MO0 B 0ak (pa3oMKHYyTasl WU
OTKpBITasi cxeMa TuJiponpuBoja). B obmiem ciyyae B cocTaB HACOCHOTO THIPOIPUBOAA
BXOJAT THApoONepesaya, THApPOAIaparbl, KOHIUIMOHEPHI paboyed KUIKOCTH,
TUAPOEMKOCTH U THAPOTMHUY.

HauGonbiiee nmpuMeHeHHe B THAPOINPHUBOJIC MOTYUYUIN aKCHUAIbHO-TIOPIITHEBbIC,
paauagbHO-TIOPITHEBBIC, MIACTUHYATHIC U IIECTEPEHHBIC HACOCHI.

B wmaructpanbHOM ruzpomnpuBoae paboyas IKUIKOCTh HArHETAeTCS HACOCHBIMU
CTAaHIIUSIMU B HAMOPHYIO MAarucTpalib, K KOTOPOM MOJKIIOYAIOTCS TOTpeOUuTenu
TUAPABIMYECKON AHEPru. B OoTiMUMe OT HACOCHOTO THAPOIPHBOJA, B KOTOPOM, Kak
MpaBUJI0, UMEETCS OJUH (pexe 2-3) reHepaTopa ruapaBiIudecKoi dHepruu (Hacoca), B
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MarucTpajibHOM THIPOTPUBO/JIE TAKHMX FEHEPATOPOB MOXKET OBITH OOJIBIIIOE KOJIUYECTBO,
U IOTpeOuTeNIel rTuAPaBINYECKON SHEPTUU TAK)KE MOXKET ObITh JOCTATOYHO MHOTO.

B akkymynsTOpHOM THAPONPHUBOIAE KUAKOCTH IIOJAETCA B THUIPOJIMHUIO OT
3apaHee 3apsHKEHHOTO THAPOAKKYMYJIATOpPA. JTOT TUII THIPOIPHBOAA WCIIOIB3YETCS B
OCHOBHOM B MallIMHAX U MEXaHU3MaX C KPATKOBPEMEHHBIMU PEXUMaMHU PAOOTHI.

[lo Tumy NMpUBOASAIIETO ABUTATENS THAPONPUBOIBI OBIBAIOT C 3JIEKTPOIPUBOIIOM,
npusosiom ot [IBC, TypOuH u T.1.

CTpykTypa ruaponpusoja.

OOs3aTenbHBIMM  3JIEMEHTAMHU  THAPONPUBOJA  SIBISIOTCS ~ HAcoC U
ruapoasurarens. Hacoc sgBnIseTcssT MCTOYHMKOM THUIPABIMYECKOW DJHEPrUH, a
THJIpOJBUTaTENb — €€ MOTPEOUTENEM, TO €CTh IPEOOPa3yeT rUAPABIMUECKYIO SHEPTUIO
B MEXaHUYECKYIO. YTIPABJICHHE JBWKEHUEM BBIXOAHBIX 3BEHBEB T'MAPOJBUTATEIICH
OCYILECTBIISIETCST JIMOO € IOMOLIBIO PETYJIHPYIOLIEH anmapatypel — Jpocceieid,
rujpopacupenenuTened u  Ap., JuO00 NyTéM HU3MEHEHHUs IapaMeTpoB C€aMoro
TUIPOIBUTATENS W/WJIN HAacoca.
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[IpuHuun AEHCTBUS 30JO0THUKOBOTO THIPOpACTIPEICTUTENS, YIPaABISIOIIETO
JTBUKCHUEM IITOKA TUAPOIMINHAPA

Takxke 00s3aTCIBHBIMA COCTaBHBIMM YacTSIMH THIAPONPUBOAA  SIBIISIFOTCS
THJIPOJIMHUH, TI0 KOTOPBIM JKHUIKOCTh TIEPEMENIAcTCs B THAPOCUCTEME.
Kputndeckn Ba)XHOW TSI THAPONPHUBOJA (B MEPBYIO odepeab OOBEMHOTO) SIBISICTCS
OounCcTKa pabouel KUIKOCTU OT COJEPIKANIUXCS B HEM (M MMOCTOSTHHO OOpa3yroIIUXCs B
mporecce paboThl) abpa3uBHBIX YacTuil. [loaToMy cuCTEMBl THAPOIPHUBOJA
00s13aTeNIbHO coJiepKaT GUIBTPYIONIHME YCTPOUCTBa (HApUMep, MaclsHbie (UIBTPHI),
XOTs IPUHITUITHATIBHO THAPOIIPUBOJ HEKOTOPOE BpEMSI MOXKET paboTaTh U 0€3 HHX.
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[Tockonbky pabGouwe mapaMeTpbl THAPONPHUBOAA CYIIECTBEHHO 3aBUCIT OT
TeMIeparypsl paboueil KMJIKOCTH, TO B THAPOCUCTEMAaX B HEKOTOPBIX CIIydasX, HO HE
BCErJla, YCTaHABIMBAIOT CHUCTEMBI PETYJIMPOBAHUS TEMIEPaTyphl (IOJO0TPEBAIOIINE
W/UNW OXJIaJIUTEIIbHBIC YCTPOMCTBA).

OobaacTh npUMeHeHU .

OOBEMHBIA TUAPONPUBOJ MPUMEHSIETCS B TOPHBIX M CTPOUTEIBHO-IOPOKHBIX
MamuHax. B Hacrosiuee Bpems Oonee 50% oOmiero napka MOOMIBHBIX CTPOUTEIBHO-
JOPOXKHBIX MamuH (OyJIbJ03epOB, SKCKaBATOPOB, ABTOIPEHAEPOB U [p.) SIBISIETCS
ruaApoUIUPOBAHHON. DTO CYHIECTBEHHO oTiMyaerca oT curyauuu 30-x - 40-x roaoB
20-ro Beka, Korja B 3TOM 00J1aCTU MPUMEHSIIUCH B OCHOBHOM MEXaHWYECKUE MepeaauH.

B cTaHKOCTpOEHHMM TMAPOIPUBOJ TAKKE IIUPOKO NMPUMEHSETCS, OAHAKO B 3TOU
00JIaCTH OH UCIIBITHIBAET BHICOKYIO KOHKYPEHIIUIO CO CTOPOHBI IPYTUX BUIAOB NMPUBO/A.

[IInpokoe pacrnpoCTpaHEHUE MOITYUNUII THAPONPUBOL B aBUanuu. HachleHHOCTh
COBPEMEHHBIX CaMOJETOB CHUCTEMaMM THIPONPUBOAA TaKoBa, YTO oOmIas JJIMHA
TpyOOIIPOBOJOB COBPEMEHHOI'O IACCAXUPCKOIO aBHajaiiHeEpa MOXET JOCTUTaTh
HECKOJIBKUX KHJIOMETPOB.

B aBTOMOOWUIBHOI MPOMBIIUIEHHOCTH CamMo€ IIMPOKOE MPUMEHEHUE HAalllIu
TUAPOYCUTIUTENN  PyJif, CYIIECTBEHHO TOBBIIIAIONIME  yIOOCTBO  YIpPABJICHUS
aBToMOOWIeM.  DTH  yCTpOMCTBAa  SABIAIOTCS  PA3HOBHUJHOCTBIO  CIIEISILIUX
TUAPONPUBOJOB. ['MIpOyCHMIMTENM MNPUMEHSIOT M BO MHOTMX JAPYrHMX 00JacTsix
TEXHUKHU (aBUALMU, TPAKTOPOCTPOEHUHU, TPOMBIIINIEHHOM 000PYI0OBaHUU U JIp.).

B HekoTOpbIX TaHKaxX, HampuMmep, B snNoHCKoM TaHke Tun 10 mnpumensercs
TMJIPOCTAaTHUECKasl TPAHCMUCCUSA, TPEACTABIAOLAs COOOW IO CYTH CHCTEMY
O0OBEMHOTO  TUAPONpPHUBOAA  ABWXKHUTene. Takoro ke TUMa  TPAHCMHUCCHUS
YCTAHABIMBAETCS U B HEKOTOPBIX COBPEMEHHBIX OyJb03€epax.

B nenom, rpanuipl o0iacTd NMPUMEHEHHUs THUIPONPUBOAA OMNPENEISIOTCS €ro
MIPEUMYIIECTBAMU U HEJOCTATKAMMU.

IIpeumymecTBa ruApoONpUBoOAA.
K ocHOBHBIM mpeuMylIecTBaM TUAPONPUBOAA OTHOCATCS:

° BO3MOKHOCTb YHUBCPCAJIBHOI'O HpeO6p330BaHI/I5{ MEXaHUYSCKOM XapPaKTCPUCTUKN
MMPpUBOAHOTO ABUTATCIIAL B COOTBCTCTBUU C Tpe6OBaHI/I$IMI/I Harpy3Ku,

] IMPOCTOTA YIIPABJICHUA 1 daBTOMATHU3AIINUH,

] MpoCTOTAa MPCHAOXPAHCHUA IIPUBOAHOIO ABUTATCIII U UCIIOJHUTCIIBHBIX OPraHOB

MAIlIFH OT TePerpy30K; HAPUMEp, €CIIH YCUIINE Ha IITOKE THAPOIMINHAPA CTAHOBHTCS
CIIUIIKOM OOJNBIIMM (TaKO€ BO3MOXHO, B YAaCTHOCTH, KOTJla INTOK, COCAMHEHHBIN C
pabounM OpraHoM, BCTpEYAeT IMPEMSITCTBHE HAa CBOEM IyTH), TO JaBJICHHE B
THIPOCUCTEME  JOCTHUTaeT  OONBIIMX  3HAYECHWH —  TOrja  cpabaThIBacT
NPEeIOXPAHUTEIBHBIN KJIallaH B THAPOCUCTEME, U TIOCIIE ITOTO YKUIKOCTh UAET HA CIIUB
B 0ak, M 1aBJICHUE YMEHBIIIACTCS;

. HaIEKHOCTD AKCIUTYaTalllH;

. IIMPOKUI AWama3oH OeCCTYNMEeHYaToro pPeryJIupOBaHHUS CKOPOCTH BBIXOIHOTO
3BEHA; HaIPUMEp, AMAMa30H PETYIUPOBAHMS YaCTOTHI BPAIEHUS THIPOMOTOPA MOXKET
coctaBiATh OoT 2500 o6/mMun 1o 30-40 006/MuUH, a B HEKOTOPBIX ClydasX, Vy
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TUAPOMOTOPOB CIIEMAIIBHOTO UCIIOJHEHUsI, AOXOAUT A0 1-4 00/MuH, YTO JIs
AIEKTPOMOTOPOB TPYAHO PEATUZYEMO;

. OoJblliasi mepesaBacMas MOITHOCTh Ha €IMHHILY MAacChl MPUBOJA; B YaCTHOCTH,
Macca TUAPaBINYECKUX MalH npuMepHO B 10-15 pa3 MeHbllle Macchl AIEKTPUUECKUX
MAIIIMH TaKO# K€ MOIIHOCTH;

. CaMOCMAa3bIBAEMOCTh TPYIIUXCS MOBEPXHOCTEW MPU MPUMEHEHUH MUHEPATBHBIX
U CUHTETHYECKHX Maces B KauecTBE pab0odyuX KUAKOCTEH; HY)KHO OTMETUTb, UTO MPHU
TEXHUYECKOM 00CIIyKUBaHUH, HAIPUMEP, MOOMIIBHBIX CTPOUTEIHHO-TOPOKHBIX MAIIIMH
Ha cMma3ky yxoauT 10 50% Bcero BpeMeHU OOCTY)KHBaHUS MAaIIUHBI, MO3TOMY
CaMOCMa3bIBAEMOCTh TUAPOIPUBO/IA SIBISETCS CEPbE3HBIM TPEUMYILIECTBOM;

° BO3MOKXHOCTb ITOJIYYCHHUA OOJBIINX CUI U MOH_IHOCTCI‘/’I IIpu MaJIbIX pasMepax H
BCCC MNICPCAATOTHOTO MCXaHU3MA,

] IpOoCTOTAa OCYHICCTBICHUA PA3JIMYHBIX BHUAOB IABHXCHUA — IIOCTYIIATCIBHOIO,
BpamaTeJIbHOI'O, IOBOPOTHOTO;

° BO3MOXHOCTD YaCThIX u 6BICTpBIX HepeKJIIOLICHI/Iﬁ mpu BO3BpPATHO-
MOCTYIIATCIIbHBIX U BPAIATCIIBHBIX IIPAMBIX H PCBCPCUBHBIX JIBHIKCHUAX,

° BO3MOKHOCTb PABHOMCPHOI'O PpaCIIpCACICHUA YCI/IJ]Hﬁ pu OI[HOBpCMCHHOfI
nepeaadc Ha HCCKOJIBKO IIPUBOJOB;

° yr[pOH_IéHHOCTB KOMIIOHOBKH OCHOBHBIX Y3JIOB T'MAPOIIPHUBOJAa BHYTPU MAIIWH H

arperaTroB, B CpaBHCHUU C IPYIUMHU BUaMU IIPUBOOOB.

Henocrarku rugponpusoja.

K Henocratkam ruponprBoia OTHOCSTCS:
. yTEUKH paboue >KUIKOCTHU Yepe3 YIUIOTHEHUS U 3a30Pbl, 0COOCHHO MPH BHICOKUX
3HAYCHUSAX JABJICHUS B TUJIPOCUCTEME, UYTO TPeOyeT BHICOKOW TOYHOCTH M3TOTOBJICHUS
JeTajael TUAPooOOPyI0BaHUS;
. HarpeB paboyeil KUIKOCTU MpH paboTe, YTO MPUBOJIUT K YMEHBIIIEHUIO BSI3KOCTH
paboueil >KHAKOCTH W YBEIMYCHUIO YTEUEK, MOATOMY B psijie CIydaeB HEOOXOIMMO
MPUMEHEHUE CIIEHUAIBHBIX OXJIAIUTEIBHBIX YCTPOMUCTB U CPEACTB TEIUIOBOW 3aILUTHI;
. 6osee Hu3kuil KIIJ] yeM y comocTaBUMBIX MEXaHUUYECKUX Mepeiay;
. HEOOXOIUMOCTh OOecreyeHusi B Mpoliecce HKCIUTyaTallud 4YHMCTOThI paboueit
KUJKOCTH, TTOCKOJIbKY HaJIM4KME OOJIBIIOr0 KOJIMYECTBA a0pa3uBHBIX YACTHI] B paboueii
KUJKOCTU MPUBOJUT K OBICTPOMY M3HOCY JeTajel TUAPOOOOPYAOBaHUS, YBEIUUCHHUIO
3a30pOB M yTE€UEK uepe3 HUX, U, KaK CJICICTBUE, K CHIDKeHUI0 00bEMHOT0 KII/I;
. HEOOXOJIUMOCTh 3alllUThl THUIAPOCUCTEMBI OT NPOHMKHOBEHHUS B HEE BO3/ayXa,
HaJu4ue KOTOPOro MPHUBOAUT K HECTAaOWIBHOM paboTe THAPONPHUBOAA, OOJBIIUM
TUAPABIMYECKUM MOTEPSM U HArpeBy paboydeil )KUIKOCTH;
. M0KapOONacHOCTh B Cllydae MPUMEHEHUs] TOPIOYUX pabodyux >KHUIKOCTEH, 4TO
HaJIaraeT OTPaHUYEHUS, HAIIPUMEDP, Ha IPUMEHEHUE TUAPOIIPUBOIA B TOPSIYUX LIEXaX;
. 3aBUCUMOCTh BSI3KOCTH pabodveil >KUIKOCTH, a 3HAUYUT U pabodyux IapameTpoB
TUJPOINPUBOJA, OT TEMIEPATYPHI OKPYKAKOIIEH CPEIbl;
. B CPaBHEGHHMH C ITHEBMOIIPUBOJIOM — HEBO3MOXXHOCTh 3 ()EKTUBHON Mepenayn
TUAPABIMYECKON SHEPruud Ha OOJIBIIME PACCTOSHUSA BCJIEJACTBHE OOJBIIUX IMOTEPh
Harnopa B TUAPOJIMHUAX HA €AUHUILY JJIUHBI.
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ITHeBMONIPUBOA MEXaHU3MOB.

[TneBMaTHyeckuii mpuBOA  (MMHEBMOIPUBOJ) —  COBOKYIHOCTH  YCTPOWCTB,
MIpEAHA3HAYECHHBIX JJISl MPUBEACHUS B JBUKCHUE MAIMH U MEXaHU3MOB MOCPEINCTBOM
MHEeBMaTUYecKor 3Hepruu. OOs13aTeIbHBIMU 3JIEMEHTAMU MHEBMONPHUBOJA SIBISIOTCS
KoMIIpeccop (TeHepaTop MHEBMATHYECKOW SHEPTUH) U THEBMO/IBUTATENb.

[THeBMONpUBOA, MONOOHO THIPONPHUBOIY, IPEICTaBISIET COOOM CBOEro poja
«IMHEBMATUYECKYIO0 BCTABKY» MEXY MPUBOJHBIM JBUTATEIEM U HArpy3koil (MamImHON
WIM MEXaHU3MOM) U BBIMOJNHIET T€ XK€ (PYHKIMHM, 4TO M MEXaHHWYecKas mepenaya
(penyxTop, peMEHHas nepeiaya, KpUBOIIMUITHO-IIATYHHBIA MEXaHU3M U T. 11.).

OCHOBHOE Ha3HAUYECHHE ITHEBMOINPHBOAA, KaK M MEXaHMYECKOM Iepenayu, —
npeoOpa3oBaHUE MEXaHWYECKOM  XapaKTEpPUCTHUKW  TMPUBOJHOTO  JBUTATENd B
COOTBETCTBHUM C TpeOOBaHUSIMU Harpy3ku (mpeoOpa3oBaHuEe BUJA JABUKCHUS
BBIXOJHOI'O 3BEHA JBUTATENs, €r0 MapaMeTpoB, a TAKXKE PETYyJIHMpPOBAHUE, 3alllUTa OT
neperpy3oK u Jp.).

B oOmmx deprax, mnepemadya BSHEPrud B ITHEBMONPHUBOAE MPOUCXOIUT
CJIEYIOLIUM 00pa3oM:

l. IIpuBonHOM aBUrarens InepenacT BpalAKOIIMK MOMEHT Ha Bajl KOMIIpEccopa,
KOTOPBIH COOOIAET IHEPTHUIO paboyeMy rasy.
2. PabGouunii raz mnocie cnenuadbHOM MOJATOTOBKM IO ITHEBMOJIMHMSIM 4Yepes

PETrYIHMPYIOLIYIO anmnaparypy HOCTyHmaeT B IHEBMOJBHUraTelb, IIe MMHEBMaTHYeCKas
AHEPrus npeoOpazyeTcsi B MEXaHUYECKYIO.

3. [Tocne aToro pabouuii ra3 BEIOPACHIBAETCS B OKPYXAIOUIYIO CpeAy, B OTIIMYUE OT
TUIPONPUBOJIA, B KOTOPOM pabodasi KUJIKOCTh MO THAPOJIUHUSIM BO3BpaIlaeTcs J1U00 B
ruipooak, 100 HEMOCPEACTBEHHO K HACOCY.

B 3aBucHMOCTH OT XapakTepa JABWKEHHUS BBIXOJIHOTO 3BEHA IMHEBMOJBHUratens (Baja
MMHEBMOMOTOpa WJIM IITOKAa ITHEBMOUMJIUHApPA), M COOTBETCTBEHHO, Xapakrepa
JIBUKEHUS paboyero opraHa IHEBMOINPUBOJ MOXKET OBITh BpallaTeIbHbIM WU
noctynareiabHbiM. [IHEBMONPUBOABI € TOCTyNATENbHBIM ABUKEHUEM MOJTYyUUIIU
HanOOJIbIIEE PACTIPOCTPAHEHHUE B TEXHUKE.

ITHeBMONIPUBOABI € MOCTYNATEAbHBIM ABHKCHUEM.
[lo xapakrtepy BO3AeHCTBUA Ha pabouuid OpraH MHEBMOIPUBOABI C
MOCTYNATEIbHBIM JIBH)KEHHEM ObIBAIOT:

. JBYXITO3UIIMOHHBIE, TIEpEeMeIlaoInue padounil OpraH Mexay ABYMs KpaHUMHU
MTOJIOKEHUSIMU;
. MHOTOIO3UIIMOHHBIE, TepeMenarome padounii Oprad B pa3inyHbIe MOJT0KEHUS.

[To mpuHIMIY AEUCTBUS THEBMATYECKHE MPHUBOJLI C IMOCTYNATEIbHBIM JBUKEHUEM
OBIBAIOT:

. OJHOCTOPOHHETO JEUCTBUA, BO3BpaT IMPHUBOAA B HCXOJHOE IIOJIOKEHUE
OCYILIECTBIIAETCS MEXaHUYECKOU IPYKUHOM;
. JIBYXCTOPOHHEro JCHCTBUS, Mepemeniatonge paboyudl opraH MpuBoja

OCYIICCTBIACTCA CKATBIM BO3YyXOM.
IIo KOHCTPYKTUBHOMY HCIIOJJHCHUIO ITHCBMOIIPUBOJABI C IMOCTYIIATCIbHBIM JIBUKCHUCM
ACIISATCA Ha:
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. MIOPIIIHEBBIC, MPECTABIAIONINE COOON ITUIUHIP, B KOTOPOM IO/ BO3JACHCTBHEM
CKATOTO BO3AYyXa JIMOO MPYKUHBI TIepeMeIIaeTcsl MOopIieHb (BO3MOXKHBI JBa BapUaHTa
WCIIOJHEHUsA: B OJHOCTOPOHHUX TIOPIIHEBBIX ITHEBMOMNPHUBOAAX padoOuuii  XoJ
OCYHIECTBIISIETCST 3a CYET CHKATOro BO3JyXa, a XOJIOCTOM 3a CU€T MNpPYKUHBI; B
JIBYXCTOPOHHUX — W PabOUYUi, U XOJOCTOM XOJIbl OCYIIECTBIISIIOTCA 3a CUET CIKATOTO
BO3/1yXa);
. MeMOpaHHbIe, MPEACTABISIONINE CO00M TepMETHYHYIO Kamepy, pa3iaeiéHHYIo
MeMOpaHOU Ha JIBE TIOJIOCTH; B JAHHOM CJIydae MWJIUHIP COSAUHEH C KECTKUM LIEHTPOM
MeMOpaHbl, Ha BCIO TLJIOIIA/Ib KOTOPOH U MPOU3BOJIUT JICUCTBUE CXKATHIN BO3AYX (TaKKe,
KaK Y MOPIIHEBBIC, BHITIOIHSIIOTCS B ABYX BUJAX — OJHO- JUOO JIBYyXCTOPOHHEM).
. CunbdonHbie mnpumeHsitoTcs pexke. [IpakTudyecku Bcerma OZHOCTOPOHHETO
JEUCTBUS: YCUIIME BO3BpaTa MOXKET CO3/1aBaThCSl KaK YIPYroCThIO CaMOro CUIb(POH, TaK
Y C HUCIIOJIB30BAaHUEM JIOTIOJIHUTEILHOM MPY>KUHBI.
B ocobpix cnydasix (korga TpeOyeTcsl MOBBIIEHHOE OBICTPOACHCTBHE) MPUMEHSIOT
CIIEUAJIbHBIA TUI TTHEBMOIIPUBOJIOB — BHOPAIIMOHHBIA MMHEBMOIIPUBOJ PEICHHOTO
THIIA.

OnHO U3 NPUMEHEHUN THEBMATUUECKUX TIPUBOOB SBIISICTCS UCIIOIb30BAHUE UX B
Ka4yeCTBE CHUJIOBBIX MPUBOJIOB HA MTHEBMATHYECKUX TPEHAXKEPAX.

IpuHUMI JeHCTBUA THEBMATHYECKUX MAIIMH.

MHorue NnHEBMAaTUYECKUE MAIIMHBI MMEIOT CBOM KOHCTPYKTHMBHBIC aHAJIOTH
cpeau OOBEMHBIX THAPABIMYECKUX MAlIMH. B YacTHOCTH, MIMPOKO NPUMEHSIOTCS
AKCUAJIBHO-TIOPIIHEBBIE ~ THEBMOMOTOPBI W KOMIIPECCOPBI,  LIECTEPEHHBIE U
IUIACTUHYATHIE THEBMOMOTOPBI, THEBMOLMJIMHIPHI. . .

I[OCTOI/IHCTBa IMMHEBMOIIpUBO/a.

. B OTJIMYHME OT THIPOIPHBOJA — OTCYTCTBHE HEOOXOAMMOCTH BO3BpAIATh
pabouee Teo (BO31yX) Ha3a K KOMIIPECCOPY;

. MEHBIIINN BeC paboyero Tena Mo CPpaBHEHUIO C THAPOMPHUBOJIOM (AKTyaJIbHO IS
PaKeTOCTPOECHHUSA);

. MEHBIINNA BEC UCTIOTHUTEIBHBIX YCTPOUCTB MO CPABHEHUIO C dJIEKTPHUCCKUMU;

. BO3MOXKHOCTh yNPOCTUTH CHUCTEMY 3a CYET UCIOJIh30BAHUS B KAaueCTBE

MCTOYHUKA HHEPruu OajuioHA CO CXKAThIM ra30M, TaKU€ CUCTEMbl MHOT/IA UCIOJb3YIOT
BMECTO TUPOINATPOHOB, €CTh CUCTEMBI, TJie AaBieHue B 0amuione gqocturaet 500 Mlla;

] MMpoCTOTAa U 9dKOHOMHUYHOCTD, O6YCJIOBJICHHBIC I[CHICBI/IBHOI\/JI pa60qer0 rasa,

] 6BICTpOTa Cpa6aTBIBaHI/I$I U OOJIBIIIME YaCTOTHI BpaliCHusA IMHCBMOMOTOPOB ():[O
HCCKOJIBKUX ACCATKOB ThICAY O60pOTOB B MI/IHYTY),

] HO)KapO6CSOHaCHOCTB u HeﬁTpaHBHOCTB pa60qel71 CpcCahbl, O6CCHC‘II/IBaIOH_[a$I
BO3MOXHOCTb ITIPUMCHCHHUA  IMHCBMOIIPUBOJA4 B IAaXTaX W Ha XHMHUYCCKHUX
IMPpONU3BOACTBAX,

] B CpaBHCHUN C TUAPOIIPHUBOIOM — CIIOCOOHOCTH nepeaaBaTb IMHECBMATHUYCCKYTO

SHEPIrui0 Ha OOJBIIME PACCTOSHUSA (10 HECKOJBKUX KHJIOMETPOB), UYTO TIO3BOJISET
KCIOJIb30BAaTh MHEBMONPHUBOJ] B KAYECTBE MaruCTpajbHOIO B IIAXTAaX U HA PYJIHUKAX;

. B OTJIMYME OT TUAPONPHUBOJIA, MTHEBMOIPUBOI MEHEE YYBCTBUTEJIEH K U3MEHEHUIO
TeMIIEpaTyphl OKpYXalIIeh cpenbl BciaeAcTBUE MeHblerd 3aBucumocTtd KIIJ ot
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yreuek paboued cpenpl (paboyero rasa), MO3TOMY H3MEHEHHE 3a30pPOB MEXIY
JeTaISIMU  TTHEBMOOOOPYIOBaHUS W BSA3KOCTHM paboueld cpelnbl HE OKa3bIBAIOT
CEepbE3HOr0 BIMSHUS Ha pabounde mapamMeTpbl ITHEBMONPHUBOJA; OSTO  JIEJAeT
MTHEBMOIIPUBO/ YAOOHBIM Il UCIOJIb30BaHUS B TOPSYMX I[€XaX METaUTypruyecKux
MPEANPUSITUN.

Hexocrarku mHeBMONPUBO/AA.
. HarpeBaHHe M OXJIaXKJeHHUEe paboyero raza B mMpolecce CKaTusl B KOMIIpeccopax U
paclIMpeHrds B IHEBMOMOTOpax; A3TOT HEJOCTaTOK OOYCIIOBJIEH  3aKOHAMU
TEPMOJMHAMUKH, U TIPUBOIUT K CJICIYIOIIUM ITPoOIeMaMm:
- BO3MOXHOCTh 0OMep3aHUsI THEBMOCHUCTEM;
- KOHJICHCAIIUsI BOJSHBIX MapoB U3 pabodero rasa, ¥ B CBSI3M C 3TUM HEOOXOIUMOCTH
€ro OCylICHUS;
. BBICOKAsl CTOMMOCTb ITHEBMATHYECKOM SHEPTUU [0 CPABHEHUIO C JIIEKTPUUYECKOU
(mpumepHO B 3-4 paza), 4TO BaXKHO, HAIIPUMEp, MPU UCIIOIH30BAHUU MTHEBMOIIPHUBO/IA B
Iaxrax;

. emié 6onee Hu3kuit KI1J1, yem y runponpuBosa;
. HU3KHUE TOYHOCTh CpadaThIBAaHUS M TUIABHOCTh X0J1a;
. BO3MOXKHOCTh B3PBIBHOTO pa3pbiBa TPYOONPOBOJAOB WM TPOU3BOIACTBEHHOTO

TpaBMaTH3Ma, H3-3a 4Yero B IPOMBIIUICHHOM ITHEBMOIIPHUBOJAC IPUMCHSIOTCS
HeOoubIIMe JaBjieHUss padouero raza (OOBIYHO JaBJICHHE B ITHEBMOCHUCTEMAaX HE
npeBbimaer 1 Mlla, XOTS WM3BECTHBI IMHEBMOCHCTEMBI ¢ padOYUM JaBICHUEM 10 7
MIla — Hampumep, Ha aTOMHBIX JJICKTPOCTAHIHUAX), W, KaK CJICACTBHE, YCHIHS Ha
pabouyux opraHax 3HAYUTEIHHO MEHBIINE B CpPaBHCHUH C THAPONPHUBOJIOM). Tam, Te
TakoW MpoOJieMbl HET (Ha pakeTax M caMoJIeTax) WJIM pa3Mepbl CHCTEM HEOOJbIIHE,
naBiaeHus MoryT pocturath 20 MIla u naxke BbIIIIE.

. JUISl  PeryJIUpOBaHUS BEJIMYWHBI IOBOPOTA INTOKA MPUBOAA HEOOXOIUMO
WCITIOJIb30BaHUE JIOPOTOCTOSIIUX YCTPOUCTB - IIO3UIIHOHEPOB.
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6. IIpocTbie BuABI AedopmManmi
OcHOBHbBIC IOHATHS.

ComnpoTuBneHrne MaTepuajgoB — HaykKa, B KOTOPOM H3JIOKEHBI NPUHIUIB U
METOAbl pacyeTa 4YacTel COOpPYKEHMH M MallMH Ha MPOYHOCTb, KECTKOCTh H
YCTOUYHUBOCT.

IIpounocms — cIOCOOHOCTh KOHCTPYKLMHU BBIICPKUBATH 3aJaHHBIE HArpy3KH
0e3 pa3pyIieHusl.

Kecmkocms — CHOCOOHOCTh JI€Taqd BOCHPUHUMATh 3a/laHHbIE BHEIIHUE
Harpy3ku, HE HU3MEHSs COM IepBOHAYalbHble (OPMBI U pa3Mephbl BhHIIIE HOPM
YCTaHOBJICHHBIX HA OCHOBE YCJIOBHM €€ HOpMaJIbHOU PabOTHI.

Yemotiuusocms — cocOOHOCTh KOHCTPYKIMU COXPAHSTh IEPBOHAYAIBHYIO
dbopmy paBHOBECHSI.

B omnnume OT TEOpPETHYECKOW MEXAHUKH, B CONPOTHUBIEHUM MATEPHUAIIOB
paccMaTpHUBaIOTCA 3aJlayd, B KOTOPBIX BCE Teja MPUHUMAIOTCA AehOPMHUPYEMBIMH, TO
€CTh CHOCOOHBIMM M3MEHATH MEPBOHAYAIBHYIO (DOPMY U pa3Mepbl IpH JEUCTBUU Ha
HUX BHEIIHUX cuil. Jledopmaiinu, MOJTHOCTHIO UCUE3AIOIIKE TT0CIEe HATPY30K, HA3bIBAIOT
ynpy2umu, a OCTAIOIIUECS — IUIACTUYECKUMU WJIM OCTaTOYHBIMHU. Martepuasn Ha3bIBaeTCs
aOCOJIIOTHO YHPYTHM, €CIM IOCJE NPEeKpalleHus ACHCTBUS HA HEro BHEIIHHUX CHJI
MOJIHOCTBIO MCUE3al0T BbI3BaHHbIE cHiIaMU Jedopmalnuu. B ensax coznanus npocThix U
yIOOHBIX JJII WHXXEHEPHOW MPAKTHUKUA pacyeTOB HCMOIB3YIOTCS pa3lInyHbIe MpHU-
OJIMYKEHHBIE METOJIbI, KOTOpbIE 3aCTaBIISAIOT MpHOEraTh K JAOMYIICHUSIM W THUIIOTE3aM O
CBOICTBax MaTepuasoB U XapakTepe AepopMallnu.

OcCHOBHBIE JONYIIIEHHS O CBOMCTBAaX MATEPUAJIOB:

1) 'unotesa CIUIOUIHOCTH U OJJHOPOAHOCTU MaTepuana. [1o 3Toit runorese npeamnonara-
€TCsl, UTO MaTepuaj MOJHOCTBIO 3amojHsAeT Bechb 00beM 0e3 Kakux-Iu0o MyCTOT U
CBOICTBa MaTepHalia He 3aBUCST OT BEIMYMHBI BBIJICJICHHOTO U3 Tella 00beMa.

2) I'unore3a uzorponHoctu. CriomiHas cpeia ABISIETCS U30TPOIHOM, TO €CTh (PUUKO-
MEXaHWUYECKUE CBOMCTBA MATEPUAIIOB BO BCEX HAIIPABICHUAX OJWHAKOBBL. Marepualsl,
He oOJajarouiue ykazaHHbIM CBOMCTBOM, Ha3bIBAIOTCS aHU30TPOIMHBIMU. AHU30TPOITHO
nepeBo, bymara, panepa.

3) T'umoreza wuaeanbHOM ympyroctd. Jlo ompeneneHHBIX NpPENesoB HarpyKeHHs
Martepuas sBiseTcss uaeanbHo ynpyruMm. [Ipu Oonblimx Harpyskax Bce MaTepHalIbl
nepecTaroT 00JiajaTh 3TUM CBOMCTBOM, a MOATOMY JlaHHas THIIOTE3a CTaHOBHUTCS
HENPUMEHUMOM.

Jlomny1ieHus cBs3aHHbIE C XapaKTepoM AedhopMariuii.

1) T'unore3a manoctu negopmanuid. IlepeMeniennss BO3HUKAIOIIUE B YNPYTHX Telax
10J] BO3JICHCTBUEM BHEIIHUX CHUJI, MAJIBI IO CPABHEHHIO C Pa3MEPOM TeJia. DTa TUIOTE3a
MIO3BOJISIET TPU COCTABJIECHWHM YPAaBHEHUI pPAaBHOBECHUS HE YUHMTHIBATh W3MEHEHUS B
PACIIONIOKEHUH CHJI. YKAa3aHHOE JONYIIEHUE HOCUT HA3BAaHWE NMPUHLMUIIA HayaJbHBIX
pa3mepos. lIponsurocTpupyeM TaHHOE MOJ0KEHUE MTPOCTBIM IPUMEPOM. MOMEHT CHJIBI
F otHOcuTenvsHO TOukM A 3agenku cuutaroT paBHeM Fl, a e Flj, Tak kak pasHuna
Mexay | u 1| He3HauuTenbHa.

2) I'unote3a nuHelHOCTH AepopManuii. [lepemenieHuss ToUek ympyroro teja MpsMo
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MPONOPIMOHANIBHEI  IeMCTBYIONIMM Harpy3kam. CyTb JONyHIEHHS TOKaKEM Ha
npumepe. Ecnu Ganka npu nedictBuu cwiibl F mporrercs Ha Benuuuny f, TO BaBOe
OoJbIIas cuiia BeI30BET Iporud Oanku B ABa pa3a Oonbiuit — 2f. Tena, 1 KOTOPBIX
CIIpaBe/IJIMBa YKa3aHHAs TUIOTE3a HA3bIBAIOTCS JIMHEHHO AehOpMUPYEMBIMHU.

3) IlpuHIUn HE3aBUCUMOCTHU JACHCTBUS CUil. Pe3ynbTaT nelCcTBUS HAa TEJIO CUCTEMBI CHII
HE 3aBUCHUT OT TMOpPSAJKAa NPUIOKEHUS BHEIIHUX CHJI W PaBEH CyMME pe3yJIbTaTOB
JNEVCTBUSL KaXIOW CWJIBI B OTAEIBHOCTHU. IlycTh Ha Teno aeunctByeT nBe cuibl Fi u o
pu 3TOM Touka A Oanku noiaydut nepemetneHue f. Ecnu k 6anke mpuioxuth cuiy Fi
Touka A mosyduT nepemenienue fi, npu aeiictBuu cunel F, — nepemenienue . [Ipu
OJIHOBPEMEHHOM JeHCTBHHM 00C€HX CHJI MEepeMelleHUue TOYKH A paBHO alire0pandeckoin
cymme nepemenenuit fi u fo:

=+,

VYKa3aHHBIN MPUHIUMIT HOCUT HA3BAHHUE CYNEPIO3UIMHU, U OH CIPABEJJIUB JIUIIb
JUTSL TUHEHHO 1€ OPMUPYEMBIX TE.

B conpoTuBieHnn MaTepuagoB UCCIEAOBAHUE BOMPOCA O MPOYHOCTH PEATBHOTO
0o0beKTa HAaUMHAETCA ¢ BbIOOpa pacueTHOM cxembl. [Ipucrtymas k pacyeTy, HeOOXO0IUMO
BBIJICJIUTh CaMOE€ CYIIECTBEHHOE IS paccMaTpUBAeMOro dJIeMEHTa, OTOpPOCHUB
YaCTHOCTH, HECYUIECTBEHHBIC JJISI PEUICHUS, HO 3HAYMTEIBbHO €ro YCIOXHSIOUIUE, TO
€CTh CO3/1aTh PACUETHYIO CXEMY DJIEMEHTOB.

PacuetHass cxemMa — 9TO pealbHbIH  OOBEKT, OCBOOOXKICHHBIM  OT
HECYIIECTBEHHBIX OCOOCHHOCTEH.

[Tpumep. TpeOyeTcs mpou3BeCTH pacueT Ha MPOYHOCTh KaHAT MoJbeMHUKa. B
MEPBYIO0 OuYepellb HA/I0 YYECTh BEC IMOJHMMAEMOTO I'py3a, YCKOPEHHE C KOTOPHIM OH
JIBIKETCSI, @ MPU OOJIBIIION BBICOTE MOABEMA, BO3MOXKHO TaK)KE€ M BEC caMoro kaHarta. B
TOKE BpeMs HaJ0 OTOPOCUTH BIMSHHUE TaKMX HECYIIECTBEHHBIX (PAKTOPOB, Kak
a’pOIMHAMMYECKOE CONPOTHUBIICHUE, BO3HMKAIOUIEE MPU TMOABEME KIETH, CHJIIbI
0apoOMETpUUECKOTO MaBJICHUS Ha pa3HbIX BbICOTaX W T.1I. JJIS OAHOTO M TOTO K€
00BbEKTa MOXET OBITh MPEJIOKEHO HECKOJIbKO PACUETHBIX CXEM, B MEPBYIO OYepe/ib B
3aBUCUMOCTH OT TPeOYeMOM TOYHOCTH M OT TOTO, Kakasi CTOPOHA SIBJICHUS MUHTEPECYET
HCCIIeIOBATENsl B KOHKPETHOM ciiyyae. Tak, eciu B JaHHOM IPUMEpPE HYKHO OILEHHUTH
TOJBKO MPOYHOCTh KaHATa, TO KJIETh U T'PY3 JOMYCTUMO PACCMATPUBATH KaK >KECTKOE
1IeJIOE U CBECTH MX JCHCTBUE HAa KaHAT K CUJIe, MPUJIOKEHHOW Ha KOHIE KaHaTa. Eciu
HEOOXOJMMO PElIUTh BOMPOC O MPOYHOCTH CaMOM KIJIETH, TO TOCJICIHIOI YK€ HENb3s
cyuTaTh aOCOJIOTHO TBEPAbIM TeloM. Ee KOHCTpYyKTHBHBIE OCOOCHHOCTH HAaJ0
paccMaTpuBaTh OTACIBHO M B COOTBETCTBUHM C OTHUM BBIOMpATh IS HEE HHYIO
PACUETHYIO CXEMY.

[To reomeTpruyeckuM MpU3HAKaM BCE pEaIbHBIC Tela MOTYT OBITh OTHECEHBI K
TaKUM pPacUETHBIM cXemaM: Opyc, 000JI0uKa, MJIAaCTHHA W MAacCUBHOEe Teno. s Toro,
YTOOBI PACCUUTHIBAEMBIN JIEMEHT OTHECTH K OJHOM M3 yKa3aHHBIX CXeM, HEOOXOIUMO
3HaTh F€OMETPUYECKHUE MPU3HAKN KAXKIOTO U3 HUX.

bpyc — teno, onuH pazMep KOTOPOro — AJMHA — 3HAYUTENIBHO ABYX APYTUX —
UPUHBI U ToNUHBL. [0 By ocu Opychs MOTYT OBITh IPSIMBIMU M KPUBBIMU (pHC.4).
Ecnu ceuenue mamensiercs mo JjiuHe Opyca, TO OH Ha3bIBAE€TCS OPYCOM MEPEMEHHOTO
CCUYCHUS.
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Obonouka — T€N0, OJIUH pa3Mep KOTOPOTro — TOJIIIMHA — 3HAYUTEIbHO MEHbIIIE
JBYX IPYTUX — PaJinyca KPUBU3HBI U JIJIUHBI.

IInacmuny MOXHO paccMaTpUBaTh KaK YacCTHBIN ciiydail 000J04KH OECKOHEUHO
OOJIBIIIOTO pajuyca KpUBHU3HEI (puc.5).

Maccue — teno, Bce pazMepbl KOTOPOTO COM3MEPHUMBI.

LlenTpajibHOE pacTssKeHHe-CKATHE.

[lon pacmsowcenuem (cocamuem) NOHUMAIOT TaKOH BUJ AePOpMalUU CTEPXKHS,
[P KOTOPOM B €r0 MOMEPEYHOM CEUEHUN BO3HUKAET JIMIIL OJJUH BHYTPEHHUN CUIIOBOU
dakrop - nponoapHas cuna N.. IIockoabKy MpooJbHAS CUJIa YUCIEHHO paBHA CyMMeE
MPOEKIUN, MPUIOKEHHBIX K OJHOW M3 OTCEYEHHBIX YACTEHd BHEIIHUX CHUJI Ha OCh
CTEpXKHS (IJIs1 TPSMOJMHEWHOTO CTEPXKHSI OHA COBIAJAET B KAKJIOM CEUCHHH C OCBIO
0.), TO pacTspKeHHE (CKaTUE) UMEET MECTO, €CJIM BCE BHEIIIHHUE CHUJIbI, ICUCTBYIOIIUE 10
OJIHy CTOPOHY OT JAHHOTO MONEPEYHOI0 CEYEHHUs, CBOASATCA K PaBHOACHCTBYIOIICH,
HaMpaBJIECHHOW BAOJIb OCH cTepkHsA. OIHA U Ta K€ MPOJ0iIbHAs cuia N; pu JeUCTBUU
Ha pa3JIMYHble YacTU CTEPXKHS (JIEBYIO WM TMPaBYK) HMEET MPOTHUBOIOJIOXKHBIC
HampaBlieHusl. 3HaK /N. 3aBUCHUT OT XapakTepa BbI3bIBaeMOW €0 jAchopMalum.
[IponosibHas cuia CUMTAETCS MOJOXKUTEIBHOM, €CIIA BBI3BIBACT PACTSXKEHUE DIIEMEHTA,
Y OHA OTPHUILIATENIbHA, €CJIN BBI3BIBAET CIKATHE.

”‘}\ p, P M =0 M =0

e

A F
- ——— +—4> M=l ———1 N, =0
P * ] I
JPLIE S A — > l_____—
M
& p, &)
Puc. 6.1 Puc. 6.2

Jlnst Toro, yTo6bI CHOPMYIMPOBATH MPEANOCHUIKA TEOPUHU PACTSIHKEHUS (CKATHSA)
MPU3MATHYECKOT0 CTEPXKHsI, oOpaTuMcs K dkcriepuMenty. [IpencraBum cebe CTepiKeHb,
M3TOTOBJIEHHBIN M3 KaKOro-imbo MOAATIMBOTO MaTepuana (Hampumep, pPe3uHbl), Ha
OOKOBYIO TIOBEPXHOCTh KOTOPOTO HAaHECEHAa CHUCTEMa MPOJIOJBHBIX M MOIMEPEYHBIX
pUCOK. DTa OpPTOrOHAJIbHAsl CHCTEMA PUCOK OCTAETCS TAKOBOM M IOCIE MPHIIOKEHHUS
pactsaruBaronieid Harpy3ku. IIOCKOJIBKY TIONEpeUYHble PUCKUA SABISAIOTCS CleAaMU
MOMEPEUHbIX CEUYEHHI Ha TOBEPXHOCTH CTEPKHS H OCTAIOTCA MPSIMBIMU U
NEePNEHAUKYISIPHBIMA K OCH CTEpPXKHSI TO O3TO CBHUACTEIBCTBYET O BBINOJHEHUU
eunomesvl naockux cedenuii (bepuynnu). C ydeToMm eunomeszvl 00 omcymcmeuu
NONEepeyHo2o B83auUMo0elcmeus NnpoOoOIbHLIX G0JOKOH TPUXOIUM K BBIBOAY, YTO
nedopManusi PaCTSHKCHHS CTEPXKHS CBOJUTCS K OJHOOCHOMY PACTSDKCHHIO €ro
MPOAOJIbHBIX BOJIOKOH, M B TIONEPEYHOM CEUCHUHM CTEPKHA BO3HHMKAIOT JIMIIb
HOpPMAJIbHBIE HANpPSKEHUS d, WHIEKC 2 Yy KOTOPBhIX omyckaeM. OpTOroHaJbHOCTH
MIPOJIOJBHBIX U MOIMEPEUHBIX PUCOK CBUIAETEIBCTBYET TakKe 00 OTCYTCTBUM CJIBUTOB, a,
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CIICAOBATCIIbHO, U CBA3aHHBIX C HUMH KaCaTCIIbHBIX HaHpH}KCHI/Iﬁ m B IOIICPCUYHBIX U
MMPOAOJIBHBIX CCUCHUAX CTCPIKHA.

__ — V& X
dF
—! L x
=
s F F
B &) M
z
Puc. 6.3 Puc 6.4

Torna mnpomonpHas cuna N" paBHas CyMME NPOEKUMHW BHYTPEHHUX CHIIL,
JEUCTBYIOIIMX B JAHHOM IIONEPEYHOM CEYEeHUU Iulomanesio F (puc. 6.4) oueBHUIIHO
Oyner paBHa

v, =|_|car 6.1)

DTO COOTHOIIEHHE SIBISETCS YPABHEHUEM PAaBHOBECHUS CTATUKH, CBSI3BIBAIOLIUM
NPOJOJIbHYI0 CUTy N., U HOpPMaJIbHOE HAMNpsKEHHWE G, KOTOpoe B 0oOIeM ciy4ae
ABIAEeTCS (PYHKIMEH KOOPJIMHAT X U ) U MOATOMY HE MOXKET ObITh HalJ€HO U3 OJHOTO
muiib | ypaBHeHUs cTaTHKU . Takum 00pa3oM, 3aja4a onpeesieHus] HalpsDKeHU Jaxe
B CaMOM I[IPOCTOM ciyd4ae Ae(pOpMUPOBAHUS CTEPXKHS (PACTSKEHUU WIM CHKATHUH)
OKa3bIBAETCS CTATHYECKU HEONIPEAEITUMOM.

HeoOxonumoe aiis pelieHus 3Tol 3a7aun TONOJHUTEIbHOE YPaBHEHHE BbITEKAET
U3 TUIIOTE3bI INIOCKUX ceueHM. [I0CKONIbKY MOnepeyHble CEUEHUsI CTEP/KHS, OCTaBasICh
TUIOCKUMU U TIEPIEHANKYIAPHBIMU K OCH CTEPKHS, B IIpouecce 1ehopMUpOBaHUS JIUIb
MOCTYMATEIbHO MEPEMEIAlOTCsl BAOJIb OCHU CTEPXKHS (YTO MPHUBOJIUT K OJUHAKOBOMY
YIJIMHEHUIO BCEX MPOJOJBHBIX BOJOKOH), TO NPHUXOAMM K YpaBHEHHUIO £=const, U3
KOTOPOTO BBUY OJTHO3HAYHOCTH CBSI3U G U € (11 TMHEHHO-yIPyroro MaTepuasa 310 -
3akoH ['yka: o=Eg.) BeITE€KaeT, 4TO

C = const.
Pemas coBmecTHO ypaBHEHUS NOJIYy4YnM, 4TO N;=GF unu
c=N./F.

Takum o06pazom, IpH PACTSHKEHUH (CXKATUM) MPU3MATHYECKOTO CTEPXKHSI HOPMaJlbHbIE
HaIpsDKEHUs] paBHOMEPHO PaCIpeesieHbl N0 MONEPEUYHOMY CEUEHHUI0, a KacaTelbHbIe
HaIpsDKEHUS] B CEUEHUSIX OTCYTCTBYIOT, YTO SIBJISIETCSI CIEACTBHEM T'MIIOTE3bl IUIOCKUX
CeUYeHMM. YKa3zaHHOE, HECMOTPS Ha, Ka3aJoCh Obl, OYEBUIHOCTh U MPOCTOTY, SBIACTCS
(byHIaMEHTAbHBIM ~ pe3yJbTaTOM, CHpPABEMJIMBBIM, CTPOTrO TOBOPS, JUIIb JUIS
MpU3MaTUYECKOro crepkHs. OAHaKO B MHXKEHEPHOW MPAKTHKE €ro UCIONB3YIOT U IS
NPUOTMKEHHON OLICHKH HOPMAJIbHBIX HANPSIKEHUI B CTEPKHSAX NEPEMEHHOTO CEUESHHUSI.
[Ipu 5TOM, 4yTOOBI MOTpeHIHOCTH (OPMYJIbl ObUIa HEBEIHMKA, HEOOXOAMMO, YTOObI
IIOLIAAb MOMEPEYHOTO CEYEHUsI CTEPXHS M3MEHSJIACh JIOCTATOYHO IUIABHO BJOJIb €0
OCH.
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YcnoBue IIPOYHOCTU IIPHU PACTAKCHUU (C)KaTI/II/I) NPpU3MATHYCCKOIO CTCPIKHA IOJIA
CTCPIKHA U3 TNIACTHYCCKOI'O MaTCpHajia (T. C. Marcpuajid, OANUHAKOBO pa60TaIOH_[eFO Ha
PACTAKCHHUC N C)KaTI/IC) 6y2[eT HUMCTBb BUA.

a=MN, I F=[d], (6.2)
rae [c] - momyckaemoe HampsbkeHue. HanpspkeHue ¢ B yCIOBHHU IOACTAaBIISETCS 110
MOJIYJIIO, TaK KaK 3HAaK G B 3TOM Clly4ae poJid He mrpaer. I CTepKHEH M3 XPYIKHX
MAaTCpUaJIOB, HCOAMHAKOBO COIIPOTUBIIAIOMIUXCA PACTHKCHUIO MW CXKATHIO, 3HAK
HaIllPSOKCHUA UMCCT NPUHOUIINAIIBHOC 3HAYCHUC, H YCJIIOBUC IMPOYHOCTH IIPHUXOIAUTCIA
(OpPMYyIUpPOBATEH OTAEIBHO IJIsl PACTSXKEHUS M CHKATHSL:

T =N, .I"FE[CFP] .
|':F|:' |:|NE|IFE[JE .

IZle Gp U G - HAIIPSDKEHUS PACTSDKEHUS U CXKaThs, a [Gp] U [Oc] - OTBETCTBYIOLIUE UM
JOTTyCKaeMble HaIpsHKCHUS.

B npakTuke MHXKEHEPHBIX PACUETOB, UCXOMS U3 YCIOBHUS MPOYHOCTH, PEIIAIOTCS
TPU OCHOBHBIC 33/1a4¥ MEXaHUKU MaTEPUAJIOB KOHCTPYKIUHA. B mpuMeHeHuu K ciiydaro
pacTsbKeHMsT  (CKaTvs) NPU3MATHUYECKOTO CTEPXKHS OTU 3a1add  (GOpMYTUPYIOTCS
CJIEAYIOIHNM 00pa3oM.

[IpoBepka MpoYHOCTH (MOBEPOUHBIA pacyeT). ITOT pacueT MPOBOJIUTCS, €CIIU
Harpy3ka (B HallleMm ciydae ee IpeacTaBisieT V.), CeueHHue CTep>KHS [ U ero marepuat
[c] 3anaHbI.

Heo6xoauMo yoeauThesl, YTO BBITIOJIHSIETCS YCIOBUE TPOYHOCTH
g=N/F=ag],

[TpoBepouHbIli pacyeT 3aKJIIOYaeTCs B TOM, 4YTO ompenensercs (aKTHIeCKUM
Kod(pduLMEeHT 3amaca MPOYHOCTH /7 U CPABHUBAETCS C HOPMATUBHBIM KOA()PUIIMEHTOM
3amaca [n/:

TFe Fed’
= ]

F N

=

2= [%] .
rjae o* - mpenenbHOe (WM OMACHOE) HANpsDKEHUE, T. €. HaIpsKEHUE, BBI3BIBAIOIICE
OTKa3 »JJEMEHTa KOHCTPYKIUH (HAIOMHHUM, 4YTO, HAmpuUMep, OIS CTePXKHS U3
IUTACTUYHOTO MaTepHualia 3TO-TPeAesl TeKYUYECTH ST WM YCIOBHBINA MpEesl TeKy4eCTH
G(),z).

[TonGop ceuenus (mpoekTHbIN pacuer). B aToM pacuere mo 3amaHHON Harpyske
(N.) ompenensroTcsi pa3Mepbl IMONEPEUHOTO CEYeHHs CTepxkHsA (F) M3 3aJaHHOTO
matepuana ([c] maHo). MuHuManbHOE 3HAaYeHWE F TIOIYyYUM, €CIH B YCJIOBHH
npovyHOCTH (1) MPUHSTH 3HAK PABEHCTBA:

[F] =N./[c] (6.3)

Onpenenenue odonyckaemol HA2py3Ku, TO €CTh MAaKCUMaJbHOIO 3HAYEHUS
Harpy3Kd, KOTOpPOE JOIMYCKAaeT JAaHHBIM 3JIeMEHT KOHCTpyKuuu (F u [c] masbpl) mpu
BBITIOJTHCHUH YCIIOBUS IPOYHOCTH:

[N] = [o]F.
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3akon I'yka.

Puc. 6.5

Ilycts mepBoHauanbHas JJIMHA PACTSHYTOrO CTEPKHSA paBHA L, a mimHaA mocie
nedhopmanuu L. Tlpupamenue mmuael AL = L; — L — Ha3biBaeTcsi aOCOMIOTHBIM
yIJIUHEHUEM CcTepkHsA, a oTHomeHue AL / L = & — Ha3bIBaeTcsi OTHOCHUTEIbHBIM
yIMHeHHeM. M3 MHOXeCTBa ONBITOB YCTAHOBJIEHA CIIEAYIOLIAS 3aBUCUMOCTb, KOTOpas
MoJTy4yunsia Ha3BaHHUE 3aKkoH ['yka:

e=o/E,

I'7IE G — HOPMAJIBHOE HAIIpsKEHUE,

E — monyns ynpyroctu nepsoro paaa wiu moayis FOHra.

B mpenenax manbix ymasiMHEHMH JUisi OOJNBIIMHCTBA MAaTEpUAIOB CIPABENJIUB
3akoH ['yka - HOpManbHble HANpsHKEHUS B  IIONEPEYHOM CEYEHHM MPSIMO
MPOIMOPLMOHATIEHBI OTHOCUTENIBHON JTUHEHHON epopmanuu € o = Es .

Kosddumuent nponopuuonanbHoctTd E - MOIylnb NpOAOABHON YyNPYrocTd, €ro
BEJIMYMHA IIOCTOSIHHA JUIsl Kaxzaoro marepuana. OH XapakTEpU3YET KECTKOCTh
Marepuaia, T.e. CIHOCOOHOCTb COMNPOTHBISATHCA JA€POPMUPOBAHUIO TOJ JACHCTBUEM
BHEIIHEH HArpy3KH.

Cpennue 3naueHust £ v (4 AJi1 HEKOTOPBIX MaTepUasoB 1aHbl B Tabnuie 6.1.

Tabnuua 6.1
3uaueHust MoayIIst ynpyroctu E u ko dunuenra [Tyaccona v

Marepuan E, MIla 1%

Cranb (2-2.2)-10° 0.24-0.3

Turan 1.1-10° 0.25

AJTFOMUHHA 0.7-10° 0.32-0.36

Menb 1.0-10° 0.31-0.34

Uyryu (1.1-1.6)-10° 0.23-0.27

Pe3una 1.0-0.8 0.5

[Ipo6Gka - 0

CrexnoBonokuo | (0.18-0.4)-10° 0.25

JlepeBo 1-10* -
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AL =NL/ES, (6.4)
rae N — npoaonbHas cuia,
S — mIomanak cedeHus,
L — nymna crepxHs,
E — monyns FOHra.

CaBur.

AZ
m
— T
C_-D’X ﬁ/—/ e,’
\ X d. d ¢, €
d \c q 1| \ dz
dj\[ ¢ LZ ‘Z— T \X_\L’C
a b ‘\ T \\ v
N AN
| dx dx ﬂJ}"

Puc. 6.6

HanpsikenHoe  cocTosiHME, TPU  KOTOPOM HA TpaHAX MPSMOYTOJILHOTO
AJIEeMEHTa BO3HUKAIOT TOJIBKO KacaTelbHble HAIpPSHKEHUS 7T, HA3bIBAETCSd YHUCTHIM
CABMIOM. OKCIEPUMEHTAIbHO YHUCTBIM CIBUI MOXET OBbITh OCYIIECTBIECH IpHU
KPY4YEHUH TOHKOCTEHHOUW TpyOsbI (puc. 6.6).

Paccmorpum snemeHT abced, Bblpe3aHHBI W3 TOHKOCTEHHOW TpyObl. [lpu
BO3HUKHOBEHUHM KacaTeJbHbIX HaNpsKeHWM 3JIeMEHT repekamuBaercd. Ecnu
CUMTaTh TIpaHb ab 3aKpeIuieHHOW, TO TpaHb cd COBUHETCS B IOJOXKEHUE cd,.

Bce mnpsmple yriel MEXIy TpaHAIMH HU3MEHSTCS Ha BEIWYMHY ¥, KOTOPBIA
Has3pIBaeTCs yIrJjaoM caBura. KacarenbHble HANpsOKCHUS W yroJl CABUTA CBSI3aHBI
PSAMOM MPOTIOPIMOHAIBHOCTRIO, T.€. 3aKOHOM ['yka TpW cIBHre:
7T=Gy (6.5)
rie G - Moaynab caBura (MOIYJIb YOPYTOCTH BTOPOTO poja); IS CTaIH
G =8-10* Mna.
Mexny moaynem ynpyrocth E u G CyIIEeCTBYET CBS3b:
G =——— , KoTopas MOATBEPKIAACTCS IKCIECPUMEHTAIBHO.
21+ p)
3necy u - xoapdunuent IlyaccoHa.

Kpy4enne.
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m, Hedbopmarmst Kpy4YeHUs BBI3bIBACTCS
( ( () CKPYUYMBAIOIIMMH MOMEHTaMH, IUIOCKOCTH JEHCTBUS
< KOTOPBIX MEPHEHANKYJSIPHBI TMPOJOIBLHON ocHu (puc.
6.7).
[Ipn KpydeHUH BO3HHUKACT OJWH BHYTPCHHHH CHUJIOBOU
Puc. 6.7. bakrop - KpyTamuil MoMeHT M, .

XapakTep  pacHpeieieHuss  HalpsHKEHWH 10
CEYCHHMIO BBIICHUM, pAaCCMOTPEB TIE€OMETPUYECKYIO KapTUHY naepopManuy Baja.
JIng  3TOro Ha  TNOBEPXHOCTM HAHECEM  CETKY, COCTOSIIYHO U3  JIMHHM,
napajjiebHbIX OCH, W JIMHUW, MPEICTaBIAIOMIUX COOOM mapasuiesibHbIe KPYTH.
Ilocne  npunokeHUss  CKPYYMBAIOIIETO  MOMEHTA
HaOmoaeM crieayrolee: o0pa3yrolue LUIUHApPA
MPEBpPALIAIOTCS B JIMHUM OJWHAKOBOIO HAKJIOHA K
ocHu CTEPKHS; napasuielIbHbIC KpyTH HE
UCKPHUBIISIIOTCSI U PAaCCTOSIHUE  MEXIYy  HUMH
OCTA€TCS HEU3MEHHBIM, paJWYChl, IPOBEIACHHBIE B
TOPLIEBBIX CEUEHHUAX, OCTAIOTCS MpsMbIMU (pHC. 6.8).

i Y
4 €n Takum oOpa3oM, TIpH TOCTPOCHHH TEOpUHU
\
HaIpPsHKCHHO-ACHOPMHUPOBAHHOTO COCTOSIHUSI  BaJia
pH Kpy4YeHUHN TTOJIB3YFOTCS CIICTYFOIITUMHU
TUIIOTE3aMU:
Puc. 6.8

1. HOHCpC‘{HBIC CCUCHHA BaJla OCTAKOTCA IIpH I[e(i)OpMa]_II/II/I INIOCKUMHN H
NCPHNCHINKYIIAPHBIMHA K oCHu Bajia. Onu JIUIIb IMOBOPAYNBAIOTCA OOHO
OTHOCUTCJIbBHO OPYIroro Ha HCKOTOpBIﬁ yrojl 3aKpy4dHuBaHUA, 0003HaYaeMBbIH Q.

(rumores3a TUIOCKUX CEYCHUM).
2. PaccrosiHus MeXAy TONEPEYHBIMH CEUYCHHUSIMU OCTAIOTCS HEHW3MEHHBIMU.
3. Pagunychl, mpoBelneHHBIC B TOMEPEYHBIX CEUYCHUSAX, MpU AedopManuu He
HCKPUBJISIOTCS.

/'] : : ; PaccMOTprM  HEKOTOpBIM  y4acTOK
L :1{1 J1 : Baja JJIMHOW dZ7, BBIIECICHHBIM M3 Baja.
I 1\ m IIycte yrom mnoBOpOoTa CEYECHUSA M —m
':"' y ﬁj‘ " OTHOCHUTENBHO HEMOABMXKHOTO Oylner ¢,

: TOrJa yroJ T[OBOPOTa CEUEHU H—Hn,
pacmoyio)KEHHOI0 ~ Ha  paccTosHuu  dg,
oyner @+de. CnegoBaTeiabHO,  Yroj

3aKpy4YHMBaHUs Yy4acTKa Baja JUIMHOW dg

Puc. 6.9
paBeH d@.
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< d Paccmotpum aedopMaIuio IPSIMOYTOJIEHOTO
sneMeHTa abcd — OeCKOHEYHO  MajOil  TOJIIIMHEL,

mp” O _3m BBIICJICHHOTO Yy  TIOBEPXHOCTH Bayia. Tak  Kak
) —q pamuychl OCTArOTCS TMPSAMBIMH, TO OTpe3ok O'b

\ o | moBOpauMBAACh B IUIOCKOCTH TMONEPEYHOrO CeHEHHS

‘4, Foyd\T HAa yroil 3aKpyduMBaHus d¢@, 3aiiMeT TOJIOKECHUE
e —_J'rO_':E ~ / O'b,. Tlpu sTOoM oOpasylomass ab TmepeMecTuTcs B
n\_, \;T~, n HOBOE TMOJOXEHUEe ab,, cCOCTaBHB C IepBOHAYAIBLHON
b&/bl i “ yro y. AHaJIOTUYHO oOpazyromias dc
do nepeMecTuTcsi B mojoxeHue dc,. Tak Kak JJIMHBI
Puc. 6.10 ITUX OTPE3KOB TMPAKTHYECKH HEU3MEHHBI,  TO

nedopManusi  MPSMOYTOJIBHOTO  3yiemMeHTa  abed
COCTOMT B HW3MCHCHUHU IIEPBOHAYAIBHO  MPSIMBIX
YIJIOB HAa BEJIIMYUHY yTJa ¥ .
Takum 00pa3oM, pacCMOTPEHHBIA 3JIEMEHT HAXOAUTCSH B YCIOBHUSAX YHCTOTO
CIABUTA W, CIEJOBATCIbHO, HAa €ro TpaHAX JEHCTBYIOT KacaTeabHbIC HaIPSKCHUS
T.

. bb,
gy =——=V.
ab
do
VYuursiBast, uto ab=dz, a bb, =r-de, yron casura: y =r——.
dz
do
OtHouienue o =0 HAa3bIBAETCS OTHOCUTEIBHBIM TIOTOHHBIM  YIJIOM
Z
1 pan
3aKpy4YUBaHUA | — | WIH | ——
M M
y=0-r
Ecnu paccMoTpeTh nedhopMaluo MPSIMOYTOJILHOTO DJIEMEHTA,

PACIIOJIOKCHHOTO BHYTPU Bajla Ha HpOHBBOHBHOﬁ HI/IJII/IHI[I)H‘ICCKOﬁ IMOBCPXHOCTHU
paguyca p, TO yrom cIBura y, =0p.

Haiigem 3aBUCHMMOCTD MEXIy HamNpsOKEHUSIMH U gedopMmanusMd  IpH
KpYy4CHHU. C Y4C€TOM 3aKOHa FYKa npu 9UCTOM CIABHIC

Tp:G-}/p:G-O.p

4 3 ABYX TITOCJICAHHUX q)OpMyJI CJICAyCT, 4YTO YIJIbI CABHIda MW KaCaTCJIbHbLIC
HaIllPpsSOKCHUA B IMOIICPCYHOM CCUCHHMU H3MCHAINOTCA 110 JII/IHCI?IHOMY 3daKOHY IIpAMO
MNPOIMOPHMUOHAJIBHO PACCTOAHUIO p TOYCK OT LCHTPA CCUCHU.
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OueBUHO, 4YTO MAaKCHUMAaJIbHbIE KacaTelbHbIE
HanpspKeHus 7., OyIdyT BO3HHMKAaTb y IIOBEPXHOCTH
Bajga, TO €CThb NpU P =F.

T, =T, =G-0-r.

Beinenum  Ha  paccTosHMM P OT  LEHTpa
CeUYeHMs] dJIeMeHTapHylo Tuiomanky dA. Kpytsammii
MOMeHT M :

M, =[7,0d4=G-0[p’dA=G-0-1, .
A A

OTcroia MOTOHHBIN YIroJl 3aKpy4YHBaHHUS
Puc. 6.11 o M
G1,

MMPAaKTUICCKHU BBIpa)KeHI/IC GIp - KCCTKOCTb BaJla IIPHU KPYUCHHUMU.

I, - NOMSIpHBIT MOMEHT HMHEPLHH.

71'.,#4 ) ﬂ"(r:—r;)
I,= S ais Kpyrioro ceuenms; I, S g TpyOuyaToro

CEUYCHUSI.
B3aumMHBIi  yrom 3akpyduBaHHMS ~JIBYX CEUCHMM, PpACMOJIOKEHHBIX Ha
paccrosinuu [ :
LM,
Q= I —dz.
0 G * Ip

Ecnim B mpepenax UMIMHAPUYECKOTO YyyacTKa Bajda JUIMHOW [ KpyTsSimmit
MOMEHT M, uMeeT INOCTOSHHOE 3HA4YeHUe, TO

M. 1 - 3ak0oH I'yka npu KpydeHuwu.
(0:9.]:—
G-I,
Tak kak T=G-0-p, 70 M,
T = 7 p.

MaxkcuMalibHBIE KacaTEJbHBIC HaIIPSAKCHUA, I[CI\/JICTBYIOH_II/IC II0 KOHTYpPY
CCUCHUA.

Mr M,
Tmax = = (6.6)
I, W,

1
14 o
Trac Wp =—— - NOJIPHBIK MOMCHT COIIPOTHUBJICHUS [€I[3].
r

3

Tr
W = - s KpYIJOTO  CEYEHUS; =— >/
V4 2 p 2.r

TpyOUaTOrO CeUCHUsI.

- JJIA
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N3 BTOpPOl TUMNOTE3Bl CIEAYET, YTO HOPMAJIBHBIE HANPSKEHUA G IIPU
KPYYEHUU PaBHBI HYIIIO.
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7. U3ruod oajaxku
[Tpu npsiMoM MoONEepevyHOM M3ru0e B CEUCHUSX CTEPIKHS BO3ZHUKACT M3THOArONTUN

MOMEHT M, u nonepeuHas cuwia Q, (puc. 7.1), KOTOpble CBsI3aHbl C HOPMAJIBHBIMU S U
KaCaTeJIbHbIMU Ty, HAIIPSKECHUAMHU

My=[[odr , 0= cpdF

Fr
FrIFIATT 77%7777
a)
g
PR P Y PP P Y PP Y PP PO P P PO P P Pt P P
— *— u
'q}. _%._
P e ’./
777???7 ! iR ! 77%—/775:1
6)

Puc. 7.1

BreiBesleHHass B cilydae 4YHCTOrO W3THOa CTepKHA Gopmyia sl TMPSIMOTo
MOTIEPEYHOro M3ruba, BOOOIIE TOBOPS, HEMPUMEHUMA, ITOCKOIBKY H3-3a CJIIBHTOB,
BBI3BIBAEMBIX ~ KacaTEeJIbHBIMU  HANPSOKCHUSMU Ty, TMPOUCXOAMT  JICTUIAHAIIHS
MOTICPEYHBIX CEUCHUHU (OTKJIOHECHHE OT 3aKOHA IUTOCKUX cedeHui). OaHaKo s 0aaoK ¢
BBICOTOM ceueHust h<[l/4 (puc. 7.1) mOTpenIHOCTh HEBEIMKA W €€ MPUMEHSIOT IS
OTIpEJICIICHUS] HOPMAJIBHBIX HANPSDKCHUH TOMEePEeYHOro M3ruba Kak NpHOIMKCHHYIO.
[Tpu BBIBOJIEC YCIOBHS MPOYHOCTH MPU YUCTOM HM3THOE HCIOJIh30Bajach THIOTE3a 00
OTCYTCTBUHU IONIEPEUYHOTO B3aUMOJACHCTBUS IMPOJOIBHBIX BOJIOKOH. [Ipu momepedyHom
n3rude HaOJIF0Aar0TCA OTKJIIOHEHUSA OT dTOU T'MIIOTE3HI:

a) B MecCTax NPHIOKCHHUS COCPEAOTOYCHHBIX cui. [log cocpemoTOoueHHOW CHITON
HAIPSHKCHUS TIOTIEPEYHOT0 B3aMMOJICUCTBUS MOTYT OBITh JOCTAaTOYHO BEJIUKH M BO
MHOTO pa3 TMPEBBINATh TMPOAOJbHBIC HANPSDKCHHUS G, YyObIBas MpU OTOM, B
cooTBeTcTBHM ¢ npuHIHIOM CeH-BeHana, 1Mo mMepe yaajaeHUs OT TOYKH MPHIIOKCHHS
CHUTBI;

0) B MecTax MPUJIOKEHUS pPacHpe/IeICHHBIX Harpy3okK. Tak, B cilydae, IPUBEJICHHOM Ha

puc. 7.1, 0, HampspDKEHHUs] OT JaBJICHUS Ha BEPXHUE BOJIOKHA Oanku oy = -q/b.
CpaBHHUBas X C TIPOJIOJIBHBIMU HAIIPSIKECHUSMH G, UMCIOIIUMH TTOPSI 0K
2 2
gi?is 3N gl
F 7 A F, = I =X

whlre 4EVE &k
IPUXOUM K BBIBOJLY, UTO HAIPSKCHUSI Gy << G IPU YCIOBHUH, 4TO A’ << [?, TaK KaK Gy

/o, = (W) << 1.
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[Monyunm ¢opmyny Ans KacaTeNbHBIX HampsDKeHUi ty,. I[lpumem, meroauka
pacdyera HOPMaJbHBIX HANpPSHKCHUH W3BECTHA, YTO KacaTelbHBIC HAIPSKCHUS
PaBHOMEPHO pacIpe/e/iecHbl 10 IIMHUPHUHE TomepeyHoro cedeHus (puc. 7.2). DOta
MPEANOCHUIKA BBITIOJIHACTCS TEM TOYHEE, YeM Y)KE IONEPEYHOE CECUEHUE CTEPIKHS.
TouHoe pemieHue 3a1a4u ISl IPSIMOYTOIBLHOTO MOTIEPEYHOT0 CEYCHHMSI TIOKA3hIBACT, YTO
OTKJIOHEHHE OT PaBHOMEPHOI'O pacIpeiesieHus tyz , 3aBUCHUT OT OTHOIICHHS CTOPOH
b/h. Ilpu (b/h)=1,0 ono cocrasmusier 12,6%, npu (b/h)=0,5 - Tonbko 3,3%.

2 I

NN e W
<

s i EEry

Ch

Puc. 7.2

HenocpencTBeHHOe omnpezelieHue HaNpsDKEHUH Ty, 3aTPYAHUTENBHO, MOITOMY
HaxXOJUM paBHblE UM (BCIIEJCTBUE 3aKOHA MApPHOCTH) KacaTeJIbHbIE HANPSIKEHUS Ty,
BO3HUKAIOIME Ha MPOJOJIBHOM IUIOIIAJKE C KOOPAMHATOM Yy 3JIEMEHTa JJIMHON dz,
BbIpe3aHHOro u3 Oanku, (puc. 7.2). Cam sineMeHT mnoka3aH Ha puc. 7.3. OT 3TOrO
AJIEMEHTa MPOAOJIBHBIM CEYEHHEM, OTCTOSIIIMM OT HEUTPAIBbHOIO CJIOS Ha Y, OTCEKaeM
BEPXHIOIO YacCTh, 3aMEHssl JEHCTBUE OTOPOIICHHOW HIKHEH 4YacTH KacaTelbHBIMU
HaMpsLDKeHUSIMU T (MHACKC 2y B JajbHEHIIeM OnmycKaeM), paBHOACHCTBYIOIIAas KOTOPBIX
dT=1tbdz. 3nech, COrIacCHO BTOPOU MPENOCHLIKE



Puc. 7.3

T=const 1o mupuHe 31eMenta b. HopMmanbHble HanpsbkeHUs 6 U 6 + do, JeHCTBYIOIINE
Ha TOPLEBBIX ILUTONIAKAX AIEMEHTA, TAKXKE 3aMEHUM KX PABHOJCHCTBYIOIINMU

Mw=ImImfF=Imfﬂj—;de=if—;Sf

+dAf

X

MX
N, +adN, =L_J (o+do)dF =

X

e ..-'"

e I/
V] :
x

AR T

e
)

Puc. 7.4
CornacHo nepBoOil MPEANOCHUIKE HOPMAJIbHBIE HANPSXKEHUS OMPEICIISIIOTCS YiKe
89 = [ »dF

M3BECTHBIM CIIOCOOOM, F , e Sx® - cTaTHUYECKU MOMEHT OTCEUCHHOM YacTH
IJIONIAIY MOMEPEYHOr0 CEUCHUS (0 OTHOCUTENBHO ocu OX.

PaccmoTpuM ycioBHE paBHOBECHS BJIEMEHTAa COCTAaBUB Il HETO ypaBHEHHE
cratuku Xz = (0:

N, +dT— (N, +dN =0,

OTKY/1a TIOCJIC HECJIOKHBIX MPeoOpa30BaHUM, yUUTHIBASI, UTO



84

am,
oz

mojay4dacm (I)OpMy.Hy JJIs1 KaCaTCJIbHBIX HaprI}KeHI/Iﬁ Ipu HOPMAJIBHOM IIOIICPCYHOM

n3ruoe MPU3MATHYICCKOI'O CTCPIKHA

0,89
J b,

KOoTOpas Ha3biBaeTcs GpopMmyioit XKypasckoro. B 3toit popmyne b, - mupuHa ce4eHus B
TOM MECTE, TJI€ ONPENCIISIIOTCA KacaTeJIbHbIC HAIPSKEHUS, a4 CTaTUYECKUM MOMEHT,
MOJICTaBISIEMbIN B ATy (OPMYIy, MOKET OBITh BBIYHMCIICH KakK JUIsl BEpXHEH, Tak U IS
HIDKHEW 4YacTu (CTaTHYeCKUE€ MOMEHTBI JTHX YacTed CEYEHHS OTHOCUTENIBHO €ro
LHEHTPAIBHON och Ox OTINYAIOTCS TOJIBKO 3HAKOM, TaK KaK CTATUYECKUM MOMEHT BCETO
CEUYECHUS PaBEH HYJIIO).

[Tokaxkem, YTO JOMHHHUpYIOIIAs pOJIb B pacuerax Ha TMPOYHOCTh Oalkw,
MOJABEPTHYTON MOMEPEUHOMY M3ruly, OyAeT MpuHaJjIekKaTh pacueTy 1Mo HOPMAaJIbHBIM
HANpsDKEHUSIM. {71 3TOro OUEHUM MOPSAO0K max G U max T Ha MPUMEpPe KOHCOJIbHOMU

OaJIKH:
max M, Fi ¢, P
W— nasE e ——— & —

F::‘_! 2
It Fogl
MymPl, QyuP, Fal, Wysk

measE o=

"Torna
max T Pl
max & P

TaK KaK

=kl <=1

E

OTKyZa max T<<maxoc, a mocKoibky [t]/[c] ~ 0,5 TO TOMHUHHPYIOIIUM B 3TOM CIIy4ae
OyJeT pacuer Mo HOPMaJbHBIM HAIPSHKEHUSM U YCJIOBHUE MPOYHOCTH, HAmpuMmep, s
0aNKy W3 TUIACTHYHOrO MaTepuaia, paboTaromieil Ha mpsaMoN u3rud, Kak U B cliydyae

YUCTOTO M3ruda OyAeT UMETh BU]

M
AR o= X <[]

X

PannonanbHbie GopMbI ONIEPEYHBIX CeYeHU TP U3ruoe.

Haubonee pamnuoHanpHBIM  CleAyeT TMpU3HATh CEUeHue, oOaaarolee
MUHHUMAaJIBHOM TUIONIAJBI0 MPU 3aJaHHOM Harpyske (M3rudaroiieM MOMEHTE) Ha Oaliky.
B sToMm ciydae pacxon maTepuaiia Ha U3roTOBJICHHE Oaiku, OyJaeT MUHUMAIbHBIM. J[Jis
MOJTydyeHuss OaJKd MUHUMAJIbHOW MaTepUaTIOEMKOCTH HYXKHO CTPEMUTBHCS K TOMY,
YTOOBI 1O BO3MOXKHOCTHU HauOOJIBIINK 00beM MaTepHuania padoTall P HANPSHKCHUSX,
PaBHBIX JTOMYyCKaeMbIM WM OJMM3KUM K HUM. [Ipexae Bcero paluoHaabHOE CEUCHHE
OaNKy TpU U3ruOe JTOHKHO YAOBIECTBOPATH YCIOBHUIO PABHONPOYHOCTH PACTSIHYTOU U
cxaToil 30H Oanku. VIHBIMH clloBaMH HEOOXOAMMO, YTOOBI HAWOOJIBIINE HAMPSIKCHUS
pacTsbkeHust (max Cp) H HauOONbIIME HANPSKEHUs CKatus (max G.) OJHOBPEMEHHO
JOCTHTAJIM TOIIyCKAaEeMBbIX HAIIPSOKEHUN [G,] U [Cc].
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[ToaToMy 111 GajnKky M3 TUIACTUYHOTO Marepuana (OJWHAKOBO pabOTArOIIETO Ha
pacTsKeHue U ckatue: [Gp] = [oc] = [G]), yciaoBre paBHOIIPOYHOCTHU BBITOJIHACTCS IS
CCUYCHHMM, CHMMETPHUYHBIX OTHOCHTEJIBHO HEWTpaipbHOW ocu. K TakuM cedeHHsIM
OTHOCHUTCS, HampuMep, MPsAMOYroJIbHOe cedeHue (puc. 7.5, a), NpH KOTOPOM
00ecreyeHo YCIOBUE pPaBEHCTBA maxc,=maxc.. OIHAKO B 3TOM cily4yae Marepual,
PaBHOMEPHO pACIPEACIICHHBIA 110 BBICOTE CEYCHHS, IIOXO HCIIOJIB3YEeTCS B 30HE
HEHUTpabHOH ocu. UTOOBI TONYyYnuTh OoOJiee palMoOHAIbHOE CEYCHHE, HEO0OXO0IUMO
BO3MOYKHO OOJIBIIYIO YacTh MaTepHalia MEPEMECTUTh B 30HbI, MAKCHMAJIBHO YIaJICHHBIE
oT HelTpanbHOH ocu. TakuM 00pa3oM, MPUXOIUM K PallMOHATBHOMY JIJISl TUIACTUYHOTO
Marepuaia Ce4eHHI0 B (opMe cHUMMETpUYHOro JByTaBpa (puc. 7.5, 0), y KOTOpOro
BO3MOXHO OOJIbIIIas 9acTh MaTepuajga COCPEAOTOYCHA Ha MOJIKaX (TOPU30HTAIBHBIX
MAaCCHUBHBIX JIUCTaX), COCIWHEHHBIX CTCHKOW (BEPTHUKAJIBHBIM JIMCTOM), TOJIIIMHA
KOTOpo (0) Ha3HayaeTcs W3 YCIOBUM TMPOYHOCTH CTEHKH II0 KacaTeJIbHbIM
HaIPsHKCHHUAM, a TakKe U3 COOOpakKeHHH ee ycToHumBOCTH. K IBYTaBpOMY CEUYCHHIO
OJIM3KO 10 KPUTEPHUIO PAIMOHAIIBHOCTH TaK Ha3bIBaeMOE KopoOuaToe ceueHue (puc. 7.5,

B).

Y4 LR O,
MY
N x
7
LY 0T
) ) £)
Puc. 7.5

Paccyxmasi aHaJOTMYHO, MPUXOJUM K BBIBOAY, YTO I OajoK W3 XPYIKOTO
Marepuaiia Hauboyiee palMOHAIBHBIM OYACT CeuYeHHe B (GopMe HECHUMMETPUYHOTO
JBYTaBpa, YAOBJICTBOPSIOIICTO YCIOBUIO PAaBHOIPOYHOCTH HA PACTSIKCHUE W CIKATHE
(puc. 7.6):

v _ lop]
vy lae]
KOTOPOE BHITEKAET U3 TPEOOBAHMS
Max o, [r:rp ]

M o, [, ]
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Y1 FREX
Fmax (g:jll %/’//ﬂ
i
% '_tr'}'"_' ”éﬁ P o Hs
¥ 0 % é\
v 77 Ve
HIOX Oy

@) &) ) E)
Puc. 7.6

WUnes panuMoHanbHOCTH TOMEPEYHOTO CEUEeHHsl CTEep)KHEeW mpu  u3rude
peanu3oBaHa B CTaHAAPTHBIX TOHKOCTEHHBIX MNPOQUIISLX, MOJYy4aeMbIX METOJaMU
ropsiYero MpeccoBaHMs WM MPOKATKHU U3 PSAIOBBIX U JETUPOBAHHBIX KOHCTPYKIIMOHHBIX
BBICOKOKAQYECTBEHHBIX CTaJlie, a Takke allOMHUHHMS U aJTIOMUHUEBBIX CIUIaBOB,
MOJIYYMBIIMX IIMPOKOE PACIPOCTPAHEHHE B CTPOMUTENILCTBE, MAIIMHOCTPOEHUH,
aBMallMOHHOM MamnHocTpoeHud. [1Iupoko pacrpocTpaHeHsl MoKa3zaHHbIE HA pHC. 7.6:
a - AByTaBp, O - IIBEJJIEP, 6 - HEPAaBHOOOKUH YTroOJIOK, T-paBHOOOKHUI yrojok. Pexe
BCTPEUAIOTCSl TaBp, TABPOILUBEJUIEP, 3€TOBBIA NMpOoPuiIb U Ap. YHOTPeONIAI0TCA TaKXKe
XOJIOJIHOTHYThI€ 3aMKHYTbIE CBapHbIE MTPOPUIIH.

[TockonbKy 1O COOOpa)KEHUSIM TEXHOJIOTMU COPTAMEHT CTaHJApPTHBIX Mpoduiieit
o pa3MepaM OrpaHvueH (HampuMmep, HauOOJBIINI MNPOKATHBIA ABYTAaBp COIJIACHO
I'OCT 8239-72 umeer Bbicory 550 mMMm), TO s OONBIIMX MPOJETOB MPUXOAUTCS
MPUMEHSTH COCTaBHbIE (CBAPHBIE WJIM KJICTIaHbIE) OaJKH.
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