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BBenenue

Hucrtumunaa «[IpukinagHas MeXaHHUKa SBISETCS OCHOBOM OOIICTEXHUYECKOW M
o0menpodeccCHoHaNbHON MOATOTOBKH HWH)KEHEpa JTI000ro mpoduiis, B YaCTHOCTH, B
00J1acTH MOXKapHOU 6€30MaCHOCTH.

Pa3BuTHe COBpPEMCHHOW IIOXKapHOW TEXHUKH CTAaBUT TMeEpe] HWHKCHEPAMHU
MOKapHOH OE€30MacHOCTH caMble pPa3HOOOpas3Hble 3a/adyd, CBS3aHHBIE C PacdeToOM
Pa3IUYHBIX COOPYKEHUH (3MaHHUI, MOCTOB, KaHAJIOB, IUIOTHH U T.I1.), C 3KCIUTyaTaIruen
BCEBO3MOJKHBIX MaIllMH, MEXaHW3MOB, JBUTATENICH M, B YaCTHOCTH, TAaKHMX OOBEKTOB,
KaK TIO)KapHbIC aBTOMOOWJIH, COCTAaBJISIOIIME WX Y3Jbl (THIPONPHUBOILI, HACOCHI).
KoHcTpynpoBanue MamiuHbl HE3aBUCHMO OT TOTO, BBITOJHSICTCS OHO yYallUMCS WA
OTIBITHBIM WH)KEHEPOM, - TPOIeCC TBOpUYeCKHi. Kaxxmas KOHCTpyKTOpCKas 3aaada, Kak
MPaBUIJIO, UMEET MHOTO pelreHuid. Onupasch Ha UMCIOIIMECS TCOPETHUSCKHE 3HAHUS,
yUYalniuics J0/HKSH BBIOPATh U3 MHOTHUX BO3MOJKHBIX PEIICHHMH OAHO, Hawmy4diiee. [Ipu
3TOM €My TPUXOJWUTCS TPUHUMATh BO BHUMAHHE YacTO IIPOTUBOPCUHBHIC
TEXHOJIOTUYECKHE W  OKCIUIyaTallHOHHBIC  TpeOOBaHWs,  MNPEABSIBISIECMBIC K
NPOEKTUPYEMOMY u3aenuio. HecMoTpst Ha MHOT0OOpasue BceX ITUX MPoOIIeM, pelIeHHs
WX B OMPE/CICHHOW YaCTH OCHOBBIBAIOTCS Ha HEKOTOPBIX OOIIMX MPHUHIIMIIAX U UMEIOT
o011yI0 HayYHYI0 0a3sy.

OCHOBHBIC TCOPETUYCCKHE MMOJIOKEHNUS, H3ydaeMble B nuctuiuinae «[IpukinagHas
MEXaHMKa» IHAPOKO WCIOJB3YIOTCS TPH M3YYEHUHW psjia CIElUaIbHBIX JTUCIHIUIAH, a
UMEHHO: «3/JaHMs W COOPY)KCHHMS M WX YCTOMYHMBOCTH TpH moxape», «lloxxapHas
0e30MmacHOCTh B CTPOMTENBCTBE», «PacciemoBanme W OIKCHepTU3a TMOXKAPOBY,
«IloxxapHast 0e€30MacHOCTh TEXHOJOTHYECKUX TporieccoBy, «Teopus TropeHUs u
B3phIBaY, «[ mapasiukay, «lIpoTuBomokapHOe BOAOCHAOKEHUE» H T. JI.

D¢ddexTuBHOCTE OCBOCHHMS  AUCHUILUIMHBI  «[IpukiagHas MEXaHHKa» B
3HAYUTENFHOW MeEpe 3aBHCHT OT COJCP)KaHUS ¢ IIOCTAHOBKU JIa0OpATOPHOTO
MIPAKTUKYMa, IIOCKOJIBKY JT1ab0paTopHbIe paOOTHI SBIISIOTCS CBS3YIOIIMM 3BEHOM TCOPUHU
U TIPaKTUKH, KypCOBOTO IPOCKTUPOBAHUS, MPAKTUKyMa pEIICHUS MPHUKIaTHBIX

MMPAaKTUHYCCKUX 3a/a4. I[aHH]':»IC MCPOIIPUATHUA TTO03BOJIAIOT erIY6JISITB N 3aKpCIIIATH



TCOPCTUYUCCKUC 3HAHU.
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1. Ctaruka

OcHOBHBbIE MOHATHS MEXaHUKH

JIBuKeHHE SBISIETCS CIOCOOOM CYIIECTBOBAHMSI MAaTE€pUU, €€ OCHOBHBIM He-
OThEeMJIEMBIM CBOMCTBOM. [lon nBH)KeHHEM B OOLIEM CMbICIE MMOHUMAETCS 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 - MEXaHUYECKOE JIBUKEHUE.

Mexanuueckum OsudiceHueM HA3bIBAEGMCA KAK Npoucxoosujee ¢ meyeHuem
8peMeHU U3MEHeHUe NOJIONCEHUsL MAMEPUATIbHBIX mel OMHOCUMENbHO Opye Opyad, mak
U U3MeHeHue OMHOCUMENbHO2O HNONONCEHUS YACMUY OO0HO20 U MO20 Jice Mame-
PUanbHO20 mena, m. e. e2o oegpopmayusl.

Henb3s, koHeyHO, Bce MHOrooOpa3ue SBICHHM MNPUPOABI CBECTU TOJBKO K
MEXaHUYECKOMY JIBH)KCHHIO U OOBSICHUTh MX Ha OCHOBAaHUHU TOJOKEHUU OIHOU Me-
XaHUKU. MexaHuueckoe ABMKEHHUE HUKOMM Oo0pa3oM HE HCUEpIBIBACT CYyIIECTBa
pa3nu4HbIX (OPM JBHXKEHHS, HO OHO BCEr/ia MPUCYTCTBYET B KaXA0M U3 HUX U JOJHKHO
OBITh UCCJIEIOBAHO PAHBIIIE BCETO OCTAIBHOTO.

B cBA3M ¢ KOJOCCaNbHBIM Pa3BUTUEM HAYKW M TEXHUKH CTal0 HEBO3MOYKHBIM B
OIHOW JUCLHUIUIMHE COCPEAOTOYUTh M3YYEHHE MHOYKECTBA BONPOCOB, CBSI3aHHBIX C
MEXaHUYECKUM JBHKEHUEM Pa3JIMYHOTO poAa MarepuaibHbIX Tell. CoBpeMeHHas Me-
XaHHMKa MPEICTaBIsAeT COOOM el KOMIUIEKC OOIIMX M CHEIHAIbHBIX TEeXHUYECKHX
OUCLUUIUIAH, TIOCBSIIEHHBIX MPOEKTUPOBAHUIO M PACUYETy pPA3JIMYHBIX COOPYKEHHU,
MEXaHNW3MOB U MAIlIVH.

MarepuanbHble Tena, ¢ KOTOPBIMU MMEIOT JE€J0 B ATUX JAUCUUIUIMHAX, BECbMa
pa3IuYHbI, HO ABMKEHHE UX 00J1a1aeT MHOTUMHU OOIIMMH CBOMCTBaMU, HE 3aBUCSUIUMU
OT (U3MYECKUX CBOMCTB camMuX [BIKYIIMXCA Teld. OTH OO0IIMe CBOMCTBa Me-
XaHUYECKOTO IBMKEHUS MAaTEPUABHBIX TEJ U U3YYAIOTCS B TEOPETUYECKON MEXAHUKE.

Teopemuueckou MexaHuKou HA3bLIBAEGMCS HAYKA, U3yuarnowjas oobuwjue 3aKoHbl
MEXAHUYECKO20 0BUICEHUS MAMEPUATILHBIX Mel U YCIMAaHasausaowas oowue npuemsl u
Memoobl 0715l peulenust BONPOCO8, C8A3AHHBIX C IMUM OBUNCEHUEM.

Mexanuueckum O6udicenuem HaA3vl8aemcs: UMEHeHue ¢ medeHuem 6pemeHu
63AUMHO20 NONOIHCEHUS MAMEPUATILHBIX MOYEK 8 NPOCPAHCMEE.

Mexanuueckum  3aumoolelricmeuem HA3bIBACMCA  MAKOe  63aUMOOeUCcmsue
MamepuaibHulX meJsi, KOmopoe usMeHsAem Uiy CMpeMumcs USMeHUumb Xapakmep ux
MEXAHUYECKO20 OBUINCEHUS.

Jj1st TOro 4ToOBl YCTAaHOBUTDH 3aKOHBI IBMXKEHUS, 00IIMeE ISl BCEX MaTepUaIbHbIX
T€Jd, B TEOPETUYECKON MeEXaHWKe MpUOEeraloT K WJeadu3alud SBICHHH, T. €. K
BBIJICJICHUIO TJIABHOTO, OT YEro 3THU SIBJICHUS CYIIECTBEHHBIM OOpa30M 3aBUCST, U OT-
OpacbIBaHUIO BTOPOCTENIEHHBIX OOCTOATENBCTB, HE CYIIECTBEHHBIX B pACCMAaTPUBAEMbIX
ycioBusx. [Io3ToMy B TEOpETHUECKON MEXAHUKE pacCMaTpHUBAETCS JBH)KEHHE HE TEX
bu3MYeCcKUX TeN, KOTOpble pealbHO CYIIECTBYIOT B TMPUPOJE, a HEKOTOPBIX
aOCTpaKTHBIX MOJIEJEH, OTPaKaIOIINX TOJIBKO OIpeiesieHHbIe O0II1e CBOMCTBA.
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B nunamuke n3yyaroTcs 3aBUCUMOCTH MEXIY JIBH)KEHHEM MATepHUalIbHbIX TEN U
JNEUCTBYIOIIMMHU Ha HUX CUJIAMHU.

[TonoOHOe neneHue Kypca MPOTUBOPEUYHUT 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
M B Ka4eCTBE €ro MpeAnochUIOK. Bce MONOKEeHHsT CTaTUKU MOTYT OBITh BBIBEJICHBI U3
3aKOHOB JMHAMHMKU. MIYyT K€ Ha Takyl MOCJIEAOBATEIbHOCTh B IMOCTPOECHHUM Kypca
TEOPETUYECKOM MEXaHMKHU B By3aX MOTOMY, UYTO CJIO)KHOCTh MAaT€MaTHYE€CKOIro arra-
pata, TpeOyemMoro s U3y4eHUs] MEXaHUKH, BO3PACTaeT MOCTENEHHO, U MOXHO BECTH
€€ U3y4YeHHE MapauieIbHO C U3YYEHHEM Kypca BBICIIEH MaTeMaTUKH, & IOTOMY paHbIIIE
MEPEUTH K U3YUEHUIO CIEUUAIBHBIX TUCIUATIINH.

Teopernueckass MeXaHHMKa CIY>XUT Hay4YHbIM (PYHIAMEHTOM ISl MHOTHX TEX-
HUYECKUX OUCHMIUIMH. Ee MeTomamu 1 mpueMamu MOJab3YITCS MPU BCEX TEXHUUECKUX
pacuerax, CBSI3aHHBIX C MPOEKTUPOBAHUEM PA3IUYHBIX COOPYKEHUU W MAIIMH U HX
sKcIuTyaTauuei. Posib 1 3HaUEHHE TEOPETUUECKONW MEXAHUKH JIJIsI TEXHUKH HEMPEPBIBHO
Bo3pacrtaeT. CroxkHeume npooieMbl, MOCTOSHHO BO3HUKAIOIIHUE B CBSI3U C TUTAHTCKUM
pa3BUTHEM TEXHUKH, OpraHM3allMe€id W pa3BUTUEM BCE€ HOBBIX U HOBBIX BHJOB
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 TJIYOOKOM 3HAHWUU TEOPHUH, IPUUYEM
B MIEPBYIO OUEpEIb HA 3HAHUI 3aKOHOB U METOJ0B TEOPETUUECKON MEXAHUKHU.

AKCHOMBI CTATHKH

AKCUOMBI CTaTUKH TPEJCTABISAIOT CO00I0 pe3yibTaT O00O0OIIEHHH MHOTOYHC-
JIEHHBIX ONBITOB U HAOIIOJEHUM HaJl paBHOBECHEM M JBIKCHHEM TeJ, HEOJHOKPATHO
MOATBEPKACHHBIX TMpakTUKoi. HexoTopble OCHOBHBIE 3aKOHBI MexaHuku [ amunes —
HproToHa SBIAIOTCA OJHOBPEMEHHO U aKCUOMAaMHM CTaTHKHU.

1. Axcuoma unHepuuu. [1o0 Oeiicmeuem 83AUMHO YPAGHOBEUUUBAIOWUXCSL CUL
MamepuanbHas mouxka (meno) Haxooumcsi 8 COCMOSHUU NOKOs UMY O8UNCEMCs Npsi-
MONUHEUHO U pagHomMepHo. AKCMOMa WHEPLIMM BBIpAXKaeT YCTaHOBJIEHHBIN ['amuieem
3aKOH MHepIHnH. AkcroMa | ompenenseT MpoCTeUIy0 ypaBHOBEIICHHYIO CUCTEMY CHII,
TaK KakK OMbIT MOKa3bIBa€T, 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).
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Puc. 1.1. YpaBHOBeneHHas rapa CuI B INIOCKOCTH

3. Axcmoma MNPpUCOCAUMHCHNUA W HCKIIIOUYCHUS YPABHOBCIINBAIOIINUXCA CHIIL.
ﬂeﬁcmeue cucmemnsl Cujl Ha meepdoe mejlio He USMEHUMCA, eCclu K Hell npucoe()unumb
UlU U3 Hee UCKIIIOYUMb CUCMEMY 63AUMHO YPABHOBEUWMUBAIOUWUXCA CUL.

[IycTh, HanpuMep, K TBEPAOMY Tely HPHJIOKEHBI CUIbl PP, P, P,, TO1 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, CCJIN 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 Ty, UCKIIOUHUTh B3aMMHO YPaBHOBEIIMBAIOIIUECS CHUJIBI,
BXOJSIINE B €€ COCTaB.

Puc. 1.2. YpaBHOBeneHHas cuctema CHII B IIJIOCKOCTH

CnenctBue. He uzmenss KuHeMamuiecko2o COCMOAHUS AOCONIOMHO MBEEPO020
mena, CUy MONMCHO NEePeHOCUMb 8001b IUHUU ee OelUCMBUs, COXPAHSSA HeUSMEHHbIMU ee
MOOYJIb U HANPAGeHue.

4. Axcuoma mapasienorpamMmma cui. Pagnooeticmsyrowujas 08X nepecekanujuxcs
CUTl NpUNOdCEHA 8 MOYKe UX nepecedeHus U usoopaxcaemcsi OUASOHANbIO Na-
panienozpamma, nOCMpoeHHo20 Ha Imux cuiax (puc.1.3).



Puc. 1.3. Crnoxxenue cui 1o npaBuily napamuienorpaMma

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

5. Axcuoma JEHCTBUSL M TPOTUBOACHCTBUA. Bcaxomy Oeiicmeuro coomeem-
cmeyem pasHoe U NpomueonoN0NCHO HANPAsleHHoe npomugooelicmaue. 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 TeEJNaM, 3TH CWJIbl HE YPaBHOBEIIMBAIOTCA. AKCMOMa JEWCTBUS U TNPOTUBO-
NEUCTBHUS yCTaHOBJIEHa HBIOTOHOM M H3BECTHA KAaK OJWH M3 OCHOBHBIX 3aKOHOB
KJIACCUYECKON MEXaHUKHU.

6. AxcuoMa COXpaHEHHsS PaBHOBECHUS CHUJI, MPUIOKEHHBIX K JAeQopMHUpYIO-
HIeMycsi Telly NIpU €ro 3aTBepAeBaHUM. Pagnogecue cun, npunodiceHuvix K oegopmu-
pyrowemycs meny, COXpauaemcs npu e2o 3ameepoeHulu.

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 6€IUYUHA,
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 HAIMPABICHHBIE 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, OyneM 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=0cosa,, 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; €CJIU CUJla NEPIEHAUKYISIPHA K OCH, TO €€ MPOEKIIHUSA HAa OCh PaBHA HYIIIO.
IIpoexyueni cunvt F' na naockocms Oxy Hazwvigaemcs eekmop Fo,=0B; 3a-
KIIOYEHHBIU MeNHCOy NPOeKYUsAMU Havaia u konya cuivl F na asmy niockocmo (puc. 1.5).
Takum oOpazoM, B OTIMYME OT MPOEKLUUU CUJIbI HA OCh, TPOEKIIMS CHJIbI Ha MIOCKOCTb
€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 OMOPY, HOMEMIEHHYIO B LIEHTpe O TAXKECTU Tesa. Eci 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, TPOTHUBOMOJIOAKHOM BPALLIEHUIO CHIION P;
B IUIOCKOCTU CHJIbI P; 1 Touku O, U €CIIA NPU 3TOM OTHOUIEHWE MOIYyJNEN cul P U P,
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Oyner oOpaTHO MPOMOPIUOHATIBHO UX PACCTOSIHUSAM h, U A, OT HEMOJABWXXHOU 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 3P (HeKTa 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.

JIJIsT SKBHBAJICHTHOCTH BpAIATEIBHOTO JEWCTBHS JBYX CHJI OTHOCHTEIBHO
KaKoro-u0o0 IEeHTpa paBeHCTBA MOAYJIEH MX MOMEHTOB OTHOCHUTEIBHO 3TOTO IIEHTpa
HepocTaToyHo. HeoOxoammo ere, 4ToObl COBMAgaNH TIOCKOCTH, MPOXOJAIINE Yepes3
JUHUYU JEHCTBUS CHII M IICHTP MOMEHTOB, U YTOOBI CHJIBI BPAIlaN TEJIO BOKPYT IIEHTpa
MOMEHTOB B OJTHOM M TOM K€ HaIllPaBJICHHH.

Takum o00pa3zom, s TOTHOTO OIpPEAENCHHs BpallaTeabHOro 3(ddexta cuibl
OTHOCHTETFHO KaKOTO-TUO0 IEHTpa HEOOXOAMMO 3HAaTh HE TOJIBKO MOIYJIh MOMEHTa
CWJIBI, HO W yKa3aTh IJIOCKOCTh, TPOXOJIAIIYI0 Yepe3 JTUHUIO JCHCTBUS CHJIBI M IIEHTP
MOMEHTA, a TAK)Ke CTOPOHY BPAIIECHUS B 3TOH IMIIOCKOCTH.

[TonmokeHne TMJIOCKOCTH B TPOCTPAHCTBE OMNpENesieTcss, KakK H3BECTHO,
MOJIOKCHUEM TIEPIICHIUKYJIIpa K 3TOM IJIOCKOCTH.

M3 Bcero cka3aHHOTO BHITEKACT CIIENYIOIIEe BEKTOPHOE ONpeJeieHne MOMEHTa
CHJIBI OTHOCHTEIFHO TOYKHU: MOMEHMOM CUIbl OMHOCUMENbHO KaKkou-1ubo mouxku O
(yenmpa) Ha3LIBAEMC NPULONCEHHBIL K OMOU MOUKe 6eKMOp, HANPAGIEeHHbIl
NEePReHOUKYIAPHO K NIOCKOCMU, 8 KOMOPOU PACNONIONCEHbl JUHUSL OeliCEUs CUbl U
yeump O, u npumom 6 my CMOpPOHY, OMKYOd 8paweHue meia CUIol npedcmaesisnemcs
COBEPUUATOWUMCSL NPOMUB YACOBOU CMPETKLU.

BekTop MoMeHTa cuibl P oTHOCHTENBHO 1eHTpa O Oyaem 0003Had4aTh CHMBOJIOM
M,(P).

o
Puc. 1.7. MoMeHT cWJIBI
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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)

MOHO cKa3aTh, YTO MOMEHM CUTbl OMHOCUMENIbHO KAKO20-TUO0 YeHmpa pagen
BEKMOPHOMY NPOU3BEOCHUIO PAOUYCA-8EKMOPA 1, NPOBEOSHHO20 U3 YEeHMPA MOMEHMA 8
MOYKY NPULOICEHUS CUTIbL HA 6EKMOP CUJIbL.

M,(P)=rxP. (1.4)

MOMEHT CHJIBI OTHOCHUTEIBHO TOYKHU SBISCTCS OJHHUM M3 BaXKHESHIINX MOHITHM

MexaHuknd. O000Iast 3ToO MOHATHE, MOKHO HaXOJUTh MOMEHT OTHOCHUTEIBHO JIHOOOM

TOYKH, HE3aBUCUMO OT TOr0, MOXKET JIM B JCUCTBUTEIBHOCTU TEJO BPAILATHCS BOKPYT
9TOM TOYKH.

Momenmom cunvr P omnocumenvno ocu z naszvieaemcs 63amoe co 3HAKOM NIoC
UIU  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 udemb Npoekyulo P, cmpemaujelics 8pawjams niockocms L
B0KpY2 OCU 2 8 CIOPOHY, NPOMUBONONOICHYIO PAUEHUIO YACOBOU CIMPETIKU.

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

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

Puc. 1.8. MoMEHT CWJIbI OTHOCUTEIBHO OCHU

MOMEHT CHUJIbI OTHOCUTEIBHO OCH PABCH HYJIIO B IBYX CJIy4asaX:
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1) ecnu P, =0, T.€. TUHUA ICUCTBUS CWIbI TapajlielIbHA 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 pasHvix no MOOYIIO, NAPALIEIbHBIX U  HPOMUBONOJLONCHO
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
MIPOU3BECTHU BpallleHHE TBEPJIOTO Tela, K KOTOpOMY OHa npuiioxkeHa. [lapa cun, He umest
PaBHOJICHUCTBYIOIIEH, OUYEBUIHO, HE MOXET OBITh ypaBHOBeIIeHa cwiod. Kpartuaiiiiee
paccTosiHUEe d MEXIy JUHUSIMHU JICHCTBUS CHJI, COCTAaBISIONIMX Tapy, Ha3bIBAeTCS
njieyom napul Cull.

JleiicTBUE mapbl CUJI Ha TBEPAOE TEJIO XapaKTEPHU3yeTcsl €€ MOMEHTOM. Momenm
napwvl cuil onpeoensemcs npouzgedenuem Mooyisa 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 BEKTOPOM. Bexmop momenma M napul
P P'Hanpaénaiom nepneHoOuKyIapHo NI0CKOCMU Oelicmeus napvl Ccul 6 MmMakyio
CMOpPOHY, uUmMOObl, CMOMps HABCMPEYY OdMOMY 6eKMOopy, 6udemsv napy Cuil
cmpemawelcs 8paujams NI0CKOCMb ee 0elicmeus 8 CMOpPOH, 0OPAMHYI0 8PAUJeHUIO
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 CWUJI 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 JICWCTBUE 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 3a0as8aembiX CUull
oelicmayrom peakyuu cessell.

IIycTp, Hampumep, Ha TJIAAKOM HEMOABMKHOM TOPU3OHTAJIBbHOM IIJIOCKOCTH
nokoutcst map (puc. 1.11). InockocTh, orpaHuYMBas IBWKCHHUE IIapa, SBISICTCS IS
HETO CBS3BIO.

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 IeMicTBUEeM 3ajaBaeMbix cuil (puc. 1.12, a), HO He JOMYCKAaeT €ro rnepeMenieHus B
HaIlpaBJICHUH, MEPIICHINKYIISIPHOM IIJIOCKOCTU. [103TOMY AEHCTBHE MIIOCKOCTH HA TEJO
BbIpa)KaeTcs HopManbHOUM peakuuedt (puc. 1.12, 06). Peaxyusa enaokoti niockocmu
Hanpaeniena nepneHoOUKyIApHO NIOCKOCMU.
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a) p a P

3 6

Puc. 1.12. Cs3b — ri1ajKasi HOBEpXHOCTh

Ecnmn k koHly 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 omnupaercs Ha IJIaJKyl0 MOBEPXHOCTb, a B
Toukax A 1 D — Ha rjaajkue ropu3oHTaIbHYIO0 U BEPTUKAIBHYIO IIIOCKOCTH (puc. 1.14).
Torpga peakiuu OMOPHOW MOBEPXHOCTHU M OMOPHBIX IUIOCKOCTEH OyIyT MMETh yKa-
3aHHbIE Ha puc. 1.14 HanpaBieHUs.

Puc. 1.14. Peakuuu cBsa3e Oaiku

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 o0ea 63aumHO nepneHOUKyIApHbIX HANPAGIEHUS. 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-HENOABMKHASL OTIOpa, KOTOPasi MPEnsTCT-
BYET JIIOOOMY IOCTYHAaTEIbHOMY JBMKEHHUIO OalKd, HO JaeT € BO3MOYKHOCTH CBO-
00JTHO TMMOBOPAYMBATHCS BOKPYr OcH wmapHupa. [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 CWJ BAJIMK MOXET NPHXKUMATHCS K PA3NIMYHBIM TOYKaM OOOWMBI.
Peaknuss R miapHMpHO-HEMOJBM)KHOM OIMOPBI MPOXOAUT 4Yepe3 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).
Ecnum He y4uThIBaTh TpPEHUS KATKOB, TO JIMHUIO JIEWCTBUS PEAKLMH TAKOM OIOPHI
CleAyeT 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 MIapHUpax A u B.
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Boobmie 3tu cunbl MoryT OBITh HampaBieHbl Ipous3BobHO. Ho eciau ctepkeHb AB
HAaXOAUTCS B PaBHOBECHM, TO IO aKCMOME | TpPUIIOKEHHbIE B TOUKaX A U B cuibl
JOJDKHBI  OBITh HAIlpaBJIEHbl BJOJb OJHOW TMPSMOW, T. €. BAOJb OCH CTEpPKHS.
CrneoBarenbHO, HarpyKEHHbIA Ha KOHLAX CTEPKEHD, BECOM KOMOPO20 NO CPABHEHUIO C
IMUMU HASPY3KAMU MONCHO npeHebpeusb, PAbOTAET TOJIBKO HA PACTSIKEHHE WM Ha
ckarue. Ecam Takoil cTepkeHb SBISIETCS CBS3BIO, TO peaxkyus N cmepowchs Oyoem
HanpasieHa 8001b OCU CINEPHCHL.

Puc. 1.18. Peakuus B ToHKOM cTep:kHEe AB

Axcuoma ceazeu. PaBHOBecue HECBOOOIHBIX TeNl M3ydaeTcs B CTaTHKE Ha OC-
HOBAHUU CJIEYIOUIEH aKCUOMBI: 8CSIKOE HeC80000HOE MEN0 MOMCHO DPACCMAMPUBAMb
Kak c60000HOe, eciu OomOpoOcUms C8A3U U 3AMEHUMb UX O0elucmeue peaxyusimu dmux
cesizell.

Ornpenenenue peaklmii CBA3EH UMEET TO NPAKTUYECKOE 3HAYEHUE, YTO, 3HAS UX,
Mbl OyJeM 3HaTh W CWJIbl JIABJICHUS HA CBSI3U, T. €. T€ HCXOJHbIE JAaHHbIE, KOTOPbIE
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 BBITEKAIOLIUE OTCIOIa AHAIUTHYECKHUE
YCJIOBUS PABHOBECHUS IUIOCKOW CUCTEMBI CUJI. MIX MOXHO MOJY4YUTh B TPEX PA3JIUYHBIX
dhopmax.

1. OcHoBHas (opma ycioBuil 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 KAXCOYI0 U3 08YX KOOPOUHAMMHBIX OCel U CYMMA UX
MOMEHMO8 OMHOCUMENLHO 1100020 YeHmpa, excauje20 8 NiIOCKOCMU 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 HYIO!



18
> M (F)=0,>M(F)=0,>F,=0 (1.9)

3. Tperbsi dopma ycloBHM paBHOBecHs (ypaBHEHUS TpPEX MOMEHTOB): IS
PaBHOBECHS MPOU3BOJIBHOM IIOCKOM CHUCTEMBI CHJI HEOOXOAMMO M JI0CTaTOYHO, YTOOBI
CyMMbI MOMEHTOB BCE€X 3THUX CHJI OTHOCUTEJIHbHO 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)
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2. KuHemaTHKa TOYKHM U TBEPAOIo Teja
IIpeaMer KUHEMATUKH

Kunemamuxoii nasvieaemcss pazoen MexXamuxku, 6 KOMOPOM U3y4aemcs,
0BUdICEHUE MAMEPUATILHBIX Mel 8 NPOCMPAHCMEE C 2eOMeMpUYecKoll MOoUKU 3PEeHUs,
8He C653U C CULAMU, ONPEOeTSTIOWUMU IO OBUICEHUE.

CIoBO «KMHEMATHKa» MPOUCXOIUT OT IPEUECKOr0 CIIOBa «KHHEMay», 4TO 3HAYUT
JBIDKCHHE.

B Teopermueckoii MeXaHWKE H3ydaeTCs MpoCTeHimas QopMa IBHKCHUS -
MEXaHUYECKOE IBIDKEHHUE, T. €. MPOUCXOJSINECe BO BPEMCHH W3MCHCHHE ITOJIONKCHUS
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 u3ydeHNU ABMOKCHUH HA 3eMIIe 3a YCIIOBHO HEIMOJABMKHYIO CUCTEMY OTCUETa
OOBIYHO TPHUHUMAIOT CUCTEMY OCEH, HEM3MEHHO CBSI3aHHBIX ¢ 3eMIICH.

Teno, mo0kKeHNE KOTOPOTO MO OTHONIICHUIO K BEIOPAHHON CHCTEME OTCYETa HE
HU3MEHSETCS, HAXOIUTCS B COCTOSHHHM OTHOCHTCIHLHOTO IMOKOS (II0 OTHOLICHHUIO K 3TOM
cucTeme).

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

BpeMss B KiaccHYecKOW MeEXaHUKE MPEJI0JIaraeTcs YHUBEPCAIbHBIM, T. €.
OJIMHAKOBBEIM BO BCEX CHCTEMaX OTCYCTa M HE 3aBHCSIIUM OT JBMXKCHHUS OJHOU
CHUCTEMBI ~ OTHOCHTENBHO jApyroid. OHO paccMaTpuBaeTCS KaK  HEIPEPHIBHO
WU3MCHSIONIASACS BEJIIMYMHA. 3a CIUHUILy BPEMCHHM IPUHUMACTCS CEKyHJa, paBHas

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

XapaKTepU3YIOIIKE JBMKCHUE TBEPAOrO0 Tella W JBW)KCHHE OTICIBHOM €ro TOYKH
(paccTostHUs, CKOPOCTH, YCKOPEHUS H T.J.), PACCMATPUBAIOTCS KaK (YHKIIUHA BPEMEHHU.

XOTS €BKIMIOBO MPOCTPAHCTBO W YHUBEPCAIBHOE BPEMS OTPAKAIOT PEasIbHBIC
CBOWMCTBAa MPOCTPAHCTBA W BPEMEHU JIMIIL MPUOIMKCHHO, TEM HE MCHEe, OHH
MO3BOJISIIOT C JOCTATOYHOM I MPAKTHKU TOYHOCTHIO M3y4YaTh JIBMDKCHHSI, CKOPOCTH
KOTOPBIX JAJICKHW OT CKOPOCTH CBETA.

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

[lonstue yckopenusi BBepeHo [ anuneem (1564-1642) u o6oOiueHo ans ciaydas
KPUBOJIMHEWHOTO JBWIKEHUSI TOJUIAHACKUM (pusukoMm [ roticencom (1629-1695).
['folireHc mepBBI NPUMEHIIT Pa3IOKCHHE YCKOPCHHS Ha KacaTeIbHYI M HOPMAaTbHYIO
COCTaBIISIOIIIHC.

Pazsutne kunematuku B XVIII B. cBsi3ano ¢ paboramu Jleonapoa Diinepa (1707-
1783). Diinep 3a710KUJ OCHOBBI KMHEMATHKH TBEPJOTO Teia, CO3/1ajl aHATUTHYCCKUE
METO/IbI PEIICHUS 3a7a9 MEXaHUKH.
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breictpoe pa3BuTue TexHUKH B Hadase XIX B., B YaCTHOCTH MalIMHOCTPOCHUS,
noTpeOOBaIO CHEIHMATBFHOTO HCCICIOBAHUS TE€OMETPUUYECKIUX CBOWCTB JIBHKCHHS TEJl.
KunemaTnka BBIACTMIACH B CAMOCTOSITENBHBIA paszies, NpudeM o0coboe 3HaueHHE
npuodpena KHHEMaTHKa 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 /I.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 IJISI «MATEPUANBHBIX» H «TEOMETPUUYECKHX» TOYEK, MOITOMY
HIDKE YMOTpeONsieTcss TePMHUH «TOUYKa» 0e3 MOsSCHeHHs, «MaTepHaabHas» OHa WIH
«TEOMETPUUYECKASI.

CKopocTh U YyCKOpeHHe TOYKH

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

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

CKOpOCTh ~ PaBHOMEPHOTO  JBWKCHHUS  M3MEPSACTCS  OTHOIICHHUEM  IIyTH,
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
BEJIMYMHA TICPEMCHHAS U SBJISCTCS (YHKIIMCH BPEMCHH:

V=r 2.2)

Yacto ObIBaeT HEOOXOAMMO OMPEACIUTH CPEOHIO CKOPOCHb HEPABHOMEPHO20
OBUDICEHUS  3A  HEKOMOPbIL NPOMEICYMOK 6peMeHu, m. e. CKOPOCmb MAaKo2o
PABHOMEPHO20  OBUMNCEHUs, NPU KOMOPOM MOYKA HNPOXOOUM 34 ONpedeseHHblll
NPOMEICYMOK 8PeMeHU MAKOU JHce NYymbp, KaK U NpU HePpagHOMEPHOM OB8UNCEHULL.

[TycTh S - MyTh, MPOXOAUMBIA TOYKOW NMPHU HEPABHOMEPHOM JBWKCHHUH, 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 NEPEMECTUTCS B IOJOXKEHHE A, 10 Qyre
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
npupawjenuss nymu K COOmMeEemcmeyouemy npomedcymKy 6pemeHu 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 8peMEHU ONPeOeisemcs YCKOPEeHUeM.

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

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

Puc. 2.2. BexkTopa CKOpOCTEN M YCKOPEHUI JBHKYIIENCS TOUKU

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, XapaKTEPU3YIOIIET0 OTMEYEHHOE HW3MCECHECHME
CKOPOCTH, MOXHO HaWTH, IIOAECIMB BEKTOpP MpUPALIEHUs CKOPOCTH AV Ha
COOTBETCTBYIOILIEE BPEMS IBHIKECHUS 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. JIyist ynoOcTBa ero packiaJblBalOT HAa B3aUMHO MEPHEHAUKYJISIPHbIE
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 COCTaBJIArOIIIas En MNCPINCHAUKYJIApHA K HAIIPABJIICHUIO CKOPOCTHU

Touku. OHa HE MOXKET BIUATH Ha BCIIMYNHY CKOPOCTHU, HO 34TO OIPCACIIACT N3MCHCHUC

eé Hanpasienus. HopmanbsHOE ycKopeHue onpeensercs mo GopMyiie
V2

n 3

r

a

(2.10)

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

YCKOpPEHUE MOXET OBbITh HalifieHo 1o TeopeMe [Iudaropa

a=.la’+a; (2.11)

Cnoco0ObI 3a1aHUA IBUKEHUA TOUYKH

EctecTtBeHHbIl crioco® 3amaHus ABUKEHUS TOYKH, MPUMEHSEMBIM B Ciydae,
KOrJla 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
MOJIOKUTEIIbHBIMH, @ B TPOTUBOIOJOXKHYIO - OTPULIATEIBHBIMH, T. €. YCTAaHOBUM
HaIpaBJICHHE OTCUETa IyTOBOM KOOPIUHATHI.
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Puc. 2.3. EcTecTBEHHOE ABUXEHNE TOYKHA

IIpy nBUXEHUU TOUYKA M PACCTOSHUE S OT 3TOM TOUYKH 10 HEITOABUKHOM TOUYKHU
O W3MEHSIETCSl C TEUEHUEM BPEMEHH, T. €. 0y208as KoopouHama S Aeisiemcs QyHKkyueu
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 PACCTOSIHUE II0 TPACKTOPUM 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 ypasHenue ogudxicerus S = f(t).

JIyroByr0 KOOpAMHATy TOYKH HE CJIEAyeT CMEUIUBAaTh 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 HAIlPaBJICHUU.

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 dS > 0; Ipu ABMXKCHUU TOYKHU B IIPOTUBOIIOJIOXKHYIO CTOPOHY dS <O0.

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

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

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

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

0
I[erBaSI KOOpAnHaTa S u IIYyTh & BBIPAKAIOTCA B MCTpaAX.

Koopounamuuoui cnoco6 szadanus osuscenus mouxu. IlonoxxeHwe TOYKU M B
CUCTEME oTcueTa Oxyz ONpPEACNseTCS 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 YPaBHEHUS, MOXKHO IS KaXJ0I0 MOMEHTA BPEMEHHU ¢
HAaWTU COOTBETCTBYIOIIME KOOPAUHATHI X,y,z U 110 HUM ONPENEIUTH IOJI0KEHUE TOUKHU
B IIPOCTPAHCTBE B 3TOT MOMEHT BPEMEHH.

JIB>KeHUEe TOYKH M B OJHOW IIOCKOCTH OIPENENISIETCS ABYMsI YPaBHEHUSAMU
OBWKEHUS x= f,(t); y=1f,().

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

B sTtom ciyyae KOOpJAMHATHBIN croco0 3alaHus JABMXKCHHS TOYKH CBOJIUTCS K
€CTECTBEHHOMY.

VYpaBHEeHUS! ABWXKEHUS, OINpPEAEIAIONINe KOOPAUHATHI TOYKH B JIHOOOM MOMEHT
BpPEMEHHU, MOXXHO pacCMaTpuBaTh KaK napamempuyeckue YpaeHeHus mpaeKmopuu
mouky. Ilpu UCKIIOYEHUM nlapaMeTpa ¢ W3 YPaBHEHMM JBWIKECHUS 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 1ONydYeHHOE 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 YPAaBHEHUSIMU:

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,
HUWIMHApPUYECcKue, chepuyeckue u ap.)
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BektopHbiii cnoco0 3amaHusi ABMKeHHUs Toukd. [lomokeHuMe TOUYKH B
IIPOCTPAHCTBE  OJHO3HAYHO  ONpPEAENSIETCS  3aJaHUEM  paauyca-BeKkropa 7,
MPOBEJCHHOTO M3 HEKOTOPOro HEMOABMIXKHOIO 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 KOHIIAMH TIEPEMEHHOTO BEKTOpa, HA4YaJlo KOTOPOTO
HaXOJUTCS B OMNpPEACICHHON TOYKE NPOCTPAHCTBA, HA3BIBACTCS 20002paAom 2mMoco
gexmopa. Clie0BaTeNbHO, MpaeKmopus mouku M seniemcs 20002pagom ee paouyca-
gekmopa r .

BekTopHbIil criocod onpenesieHus IBIKCHUST MaTePUATIbHOM TOUKU WA CUCTEMBI
MaTEPUAIBHBIX TOYEK HIMPOKO HUCIOIB3YETCS U B KHHEMATUKE, U B JTUHAMHUKE, TaK KaK
OH 3HAYUTEJBHO YIPOIAeT MHOTHE BBIBOJABI M WHOT/IA TOJUYEPKUBACT (DU3UUECKYIO
CYLIHOCTb SIBJICHUHU.

OT BEeKTOpHBIX (POPMYJI JIETKO NEPEUTH K aHATUTHUECKUM BBIPKEHUSM, OOBIYHO
0oJiee ya0OHBIM JIJIsl BBIYUCIICHU.

HOCTyl’[aTeJIbHOE U BpaliaTeJIbHOC JIBHKCHUE TBEPAOIo TEJIa

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

[IpumMepaMu TOCTYNAaTENBHOTO [BHXKEHUS TEJNa MOTYT CIY)KUTh: JIBHOKEHUE
Ky30Ba aBTOMAIlWHBI, JABWXKYIIEHCS MO MNPSIMOJIUHEHHOMY IYyTH, ABUKCHHE IOPIIHS
InBUTaTens U T. . HempaBuiabHO, OAHAKO, TyMaTh, YTO MPHU MMOCTYNATEIbHOM JIBUKEHUU
TeJda TPAeKTOPUU €ro TOYEK JOJKHBI ObITh HEMPEMEHHO MPSMbIMU JUHUSMHU. Tak,
Harnpumep, crnapHuk AB (puc. 2.6), coequnstomuii kpusomunsl 04 n OB nByX oceit
O; n O, COBEPLIAECT MOCTYIATEIBHOE JBUKEHUE, XOTS €ro TOYKH MO OTHOIIEHUIO K
KOpHycy napoBo3a v OyAyT ABUTAThCS MO OKPYKHOCTAM. B camom nene, npu 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 0O;0;, yeTbipexyroiabHuk O;ABO, Oynet 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
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Puc. 2.6. /IBrkeHre TOUKH B PhIUYQKHOM MEXaHU3Me

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

Bpawamenvnvim 0gudicenuem Hazvieaemcs maxoe O8udceHue meepoo2o meid,
npu KOmopom 6ce e20 MOUKU, Jedxcaujue Ha HeKOmopou NPAMOU, HA3bI8AeMOU O0CbIO
8pauetusi, OCMaromcs HenoO0BUNCHLIMU.

Jlnst Toro 4TOOBI OCYIIECTBUTH BpallaTeIbHOE ABMIXKCHHE Tejia, JOCTAaTOYHO
3aKpENUTh HEMOJBIKHO JBE KakuWe-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 TMONYIUIOCKOCTh (J, HEM3MEHHO CBS3aHHYIO C BpAIAIOIIMMCS
TEJIOM.

Yeon @meocoy menoosudicnoii  nonyniockocmio, npoxoosujel  uepe3 O0Cb
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
HETIOJABUKHOW TJIOCKOCTH P B CTOPOHY, IIPOTHUBOIIOJIOKHYIO X0y YaCOBOU CTPEIIKH,
€CJIM CMOTPETH HA HETO C MOJIOKUTEIBHOTO KOHIIA OCH BpallleHUs. 3aJaHUEM BEJTUYUHBI
M 3HAaKa yrjia MOBOPOTAa BIIOJHE OMNPEAEISAETCS TOJIOKEHUE TNONYIUIOCKOCTH () U
HEU3MEHHO CBSI3aHHOTO C HEUW BPAILAIOIIErOCs TEA.

[Ipu BpalieHuu Tena BOKPYT OCH Z YroJl IIOBOPOTA TEla U3MEHSIETCS C TEUEHUEM
BPEMEHH, CJICIOBATENILHO, OH SIBJISIETCS HEKOTOPOU (yHKITMEH BpeMEeHH!

o=r(t) (2.19)

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

VYToJ1 MOBOPOTA B MEXaHUKE OOBIUHO U3MEPSIOT B OTBJICUEHHBIX €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 NPOMeHNCYmKa 6pPEeEMEeHU HA3bleaemc:
cpeonell 3a OAHHBLU NPOMENCYMOK 8PeMeHU Y2080l CKOPOCMbIO melld.

0603Ha‘{a${ CPCAHIOIO YIVIOBYIO CKOPOCTH TCJIa 4CPC3 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, HAUMHAIOIIUMCA B 3TOT MOMEHT,
Koraga BEJINMYNHA IIPOMCEIKYTKA BPEMCHH CTPEMUTCS K HYJITO:

wzlimwcp:limA—q):A—q). (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 MOJIOXKUTEIBHBIM HWJIU
OTpULIATEIbHBIM B 3aBHCHUMOCTH OT TOr'O, B KaKyl0 CTOpOHY Bpamiaercs teno. Korga
TEJO BpalllaeTcs MPOTUB YaCOBOM CTPENIKH, €CIU CMOTPETh C MOJOKUTEIBHOTO KOHIA
OCH BpallleHHs, TO Ap >0, cjl—qf>0 U yTJ0Basi CKOPOCTh @ TMOdoXKuTenbHa. Ecnu Teno
BpalllaeTCsl 110 YacOBOH CTpEJIKe, TO YIJIoBasi CKOPOCTh oTpuLaTesbHa. Cle10BaTeNbHO,
3HAK YIJIOBOM CKOpPOCTH YKa3bIBaeT, B KaKyl0 CTOPOHY B JAaHHBbI MOMEHT BpallaeTcs
Tes10. Pa3MepHOCTh yriloBOH CKOPOCTH pad/c wiu ¢ .

Ha npakTuke 4acTo YriioByl0 CKOpPOCTh Tella BBIpaXAalOT HE B pajJdaHax B
CEKyHJY, a B 000poTax B MUHYTY. [Ipr 3TOM 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, xapaxmepuzyrowas 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
gpeMeHu At K IMOMY NPOMEICYMKY 6PEeMeHU HA3bI8Aemcs: CPeOHUM Y2l08bIM
YCKOpeHuem meaa 3a 3mom npomeHCymox 6pemenu At .

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

97

Aw
=== 2.23
Eor At ( )

IIpu Ar—>OcpegHee YriIoBO€ YCKOpPEHHE TPHUOMIDKACTCS K TIpeieiy,
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
YVenoeoe yckopenue mena 6 OamHvlil MOMEHmM PAGHO NEPBOU NPOU3BOOHOU OM
V2llo8oll cKopocmu meia no 8pemMeHU Ul 8Mmopoti NPOU3BOOHOU 0Mm yaid e20 N08opPoma
no 6pemeHu.

do d*
g:?:% (2.25)
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3. CTPYKTYpPHBIi M KHHEMATHYECKUA aHAJIU3 IVIOCKUX MEXaHU3MOB

Cesa3b kypca TMM c o0meo0pa3oBare/ibHbIMH, 00IIEHHKEHEPHBIMH 1
CIeMAJTbHBIMH IUCIHUILINHAMM.

Jlexumonuslii kypc TMM 6a3upyercs Ha 3HAHUSAX TMOJYYEHHBIX CTYAEHTOM Ha
MJIQAIIAX Kypcax NOpH H3ydyeHUW (U3UKH, BBICHIEH M TNPUKIATHOM MaTeMaTHKH,
TEOPETUYECKOM MEXaHUKH, WHXKEHEPHOW TrpaduKu U BBIYUCIUTEIBHOW TEXHUKH.
3HaHMs, HaBBIKM U YMEHHUE MPUOOpPETEHHBbIE CTYIEHTOM INpu u3zydeHun TMM ciyxar
0a30il s KypcoB JeTalld MallWH, MOAbEMHO-TPAHCIOPTHBIE MAIMHBI, CHCTEMBbI
aBTOMAaTU3UPOBAHHOIO MPOECKTUPOBAHHUS, MPOECKTUPOBAHUE CHEHHUAIBHBIX MAIIUH U
OCHOBBI HAYYHBIX HCCJIEIOBAHUM.

HNHXEeHEpHOE MPOEKTUPOBAHUE - ATO MPOLECC, B KOTOPOM HAay4yHas M TEXHUYECKas
uHpOpMaIUs UCTIONIb3YeTCs JIJIsl CO3aHUsI HOBOM CHUCTEMBbI, YCTPOMCTBA WJIM MAaIIUHBbI,
MPUHOCAIINX OOUIECTBY OMPEAEIECHHYIO MOb3Y.

[IpoextupoBanune (mo ['OCT 22487-77) - »3TO0 mpoliecC COCTABIEHUS OIUCAHUS,
HEOOXOIMMOTO JJisi CO3/IaHMsI €lle HEeCYLIEeCTBYIOIIEr0o OOBeKTa (aJropuTMa €ro
(GYHKUMOHUPOBAHUS WIHM alropuTMa mpoluecca), myTeM InpeoOpa3oBaHus MEPBUYHOTO
OMMCAHMSI, ONTUMM3ALUU 3a/laHHBIX XaPAKTEPUCTUK OO0BEKTa (WM aJIropuTtMa €ero
(GYHKUMOHUPOBAHUS), YCTPAHEHUS HEKOPPEKTHOCTH MEPBUYHOTO ONUCAHUA U
MOCJIEIOBATENBLHOTO MpeACTaBIeHUs (TP HEOOXOJMMOCTH) ONMUCAHUNA HA Pa3IMYHBIX
A3bIKAX.

[IpoekT (OT JATUHCKOTO projectus - OpOILICHHBIA BIEpPEN) - COBOKYMHOCTb
JOKYMEHTOB W ONHCAHMM HA PA3JIMYHBIX S3bIKAX (FPAPUUYECKOM - YEPTEKH, CXEMBbI,
auarpaMMbl M Tpa@uKd; MaTeMaTHYeCcKOM - (OpPMYJIbl M pacyeThl, HMHKEHEPHBIX
TEPMUHOB U TIOHATHI - TEKCTHI ONMUCAHUM, MMOSCHUTEIbHBIE 3aITUCKH ), HEOOX0AUMasl 1JIsi
CO3aHMs KaKOr0-TUO0 COOPYKEHUS WA U3/IEIH.

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

CoenuHenue ABYX COMNPUKACAIOUIUMXCS 3BEHBbEB, 00ECIIEUMBAIOIIEE BO3MOXKHOE
JIBUKEHHE OJTHOI'O OTHOCUTEIBHO APYrOTr0 Ha3bIBAOT KHHEMATUYECKOM Mapoil.

Knaccudukanus kuHeMaTH4eCKuX nap.
Kunematuueckue napsl (KII) knaccupuuupyrores mo clieyronM NIpu3HaKaMm:
1. mo BUIy MecTa KOHTaKTa (MecTa CBSI3U) OBEPXHOCTEN 3BEHBEB:
o HH3LIUE, B KOTOPBIX KOHTAKT 3BEHBEB OCYIIECTBISAETCA MO INIOCKOCTH WIIN
MOBEPXHOCTH (Tapbl CKOJIbKEHHUS );
o BBICIIHE, B KOTOPBIX KOHTAKT 3B€HBEB OCYLIECTBIISECTCS 1O JIMHUSM WJIU
TOYKaM (Maphbl, TOMYCKAIOLINE CKOJIbKEHHE C TIePEeKaThIBAHUEM ).
2. 1O OTHOCUTEIBLHOMY JBUKEHUIO 3BEHbEB, 00PA3YIOIIHNX Mapy:
o BpAILATEIIbHBIE;
o TOCTYNATEIbHBIE;
o BHUHTOBBIE;
o IUIOCKHE;
o chepudeckue.
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3. mo cnoco0y 3aMbikaHus (0OecTieueHUsI KOHTaKTa 3BEHbEB TaAPhI):
o CHJIOBOE (3a CUET JICHCTBUS CUJI Beca WJIM CHJIbI YIIPYTOCTH MIPYKUHBI);
o TEOMETPUYECKOE (3a CUET KOHCTPYKIIMU PabOYMX MMOBEPXHOCTEH TIaphl).

2

Puc. 3.1 Puc. 3.2

4. MO 4YHCIy YCIOBUH CBSI3M, HAKJIAJbIBAGMBIX Ha OTHOCHTEIBHOE JBIIKECHHUC
3BCHBEB (YHCIIO YCIOBHH CBS3M OINPEACIIICT KJIacC KHHEMATHYECKOM Mmaphl );
5. 10 YHCTy MMOABUKHOCTEH B OTHOCUTEIIBHOM JIBFOKCHHUH 3BEHBEB.
nemxkenne B KII 3ampermieHo (T.e. Ha JaHHOE OTHOCHTEIBHOE IBMIKCHHEC HAIOXKEHA
CBSI3b).
Heckonbko 3BEHBEB, COCAMHCHHBIX KHHEMATHUYCCKMMH TIapaMH Ha3bIBAIOT
KHHEMaTHYECKOU IETTbIO.
KunemaTndeckue 1€y OBIBAIOT IUIOCKME W TPOCTPAHCTBEHHBIC, MPOCTHIC H
CJIOXHBIC, OTKPBITHIC ¥ 3aMKHYTHIC.

IIpeamer kunemaTuxku. IlonsaiTe 00 2A0COTIOTHO TBEPAOM TeJie.

Kunemamuxoii naszvieaemcs pasoenl Mexamuku, 6 KOMOPOM U3YUAemcsl,
0BUdICEHUE MAMEPUATILHBIX Mel 8 NPOCMPAHCMEE C 2eOMeMmpUYecKoll MoUKU 3PeHuUs,
8He C653U C CULAMU, ONPEOCTTIOWUMU DO OBUICECHILE.

CoBO «KMHEMATHKAa» MPOUCXOIUT OT IPEUECKOT0 CJIOBA «KMHEMa) YTO 3HAYHT
JIBIDKCHHE.

B Teopermueckoli MeXaHWKE H3ydaeTcs MPOCTEHIIass ¢GopMa JIBWKCHUS -
MEXaHMYECKOE IBIDKEHHUE, T. €. MPOUCXOJAINee BO BPEMCHH W3MCHCHHE ITOJIONKCHUS
OJIHOTO TeJla OTHOCHTEIBHO JAPYroro, ¢ KOTOPHIM CBs3aHa, CHCTeMa KOOpIHUHAT,
HaspIBaeMasi cucmemoti omcuema. CHCTEeMy OTCUETa MOXKHO CBSI3aTh C JIIOOBIM TEIIOM.
Dra cucTteMa MOXKET ObITh, KaK JBHIKYIICHCS, TAK U YCIOBHO HETTOABHUKHOM.

[Ipy w3ydeHWM ABWKCHUH Ha 3eMiie 3a YCJIOBHO HEIMOABMKHYIO CHCTEMY
oTcueTa OOBIYHO IPUHUMAIOT CUCTEMY OCEH, HEM3MEHHO CBSI3aHHBIX ¢ 3eMIICH.

Terno, moyIokeHUEe KOTOPOTO 0 OTHOIICHHIO K BEIOPAaHHOW CHCTEME OTCUeTa He
MU3MEHSETCS, HAXOIUTCS B COCTOSHHHM OTHOCHTEIIHLHOTO IMOKOS (110 OTHOLICHHUIO K 3TOM
cucTeme).

[IpocTpaHCTBO B MEXaHUKE paccMaTpUBACTCS KaK TPEXMEPHOE CBKIHIOBO
MIPOCTPAHCTBO, M BCE HU3MEPEHUS B HEM MPOM3BOMATCS HA OCHOBAaHHS METOJOB
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€BKJIMJIOBOM Ir€OMETPHUHU. 3a EUHUILY JUTMHBI IPU U3MEPEHUH PACCTOSIHUN MTPUHUMAETCS
METp.

Bpemss B kiaccuueckoll MeXaHHUKE TMpEIoiaraeTcsi yHUBEPCAJIbHBIM, T. €.
OJIMHAKOBBIM BO BCEX CHCTEMaxX OTCYETa M HE 3aBHUCSIIUM OT JIBHKEHHUS OJIHOU
CUCTEMBbl OTHOCUTENIBbHO Jpyrod. OHO paccMaTpuBaeTcsi Kak  HEMPEPHIBHO
U3MEHAIONIAsACS BeIMYMHA. 3a €AUHUIy BPEMEHHM NPUHUMAETCS CEKyHJa, paBHas

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

XapaKTepU3YIOIIKE JBHKCHUE TBEPAOrOo Tella M JBM)KCHHE OTICIBLHOM €ro TOYKH
(paccTostHUS, CKOPOCTH, YCKOPEHUS H T.J.), PACCMATPUBAIOTCS KaK (YHKIIUH BPEMEHHU.

XO0Ts €BKIIM0BO MPOCTPAHCTBO M YHUBEPCAIBHOE BPEMsl OTPAKAIOT peatbHbIE
CBOWMCTBA MPOCTPAHCTBA W BPEMEHU JIMIIL MPUOIMKCHHO, TEM HE MCHEe, OHH
MO3BOJISIIOT C JIOCTATOYHOM I MPAKTHKU TOYHOCTHIO M3y4YaTh JIBMDKCHHS, CKOPOCTH
KOTOPBIX JTaJIEKH OT CKOPOCTH CBETA.

[IpencrapiieHuss IPEBHETO0 MHUpaA O JIBMIKCHUS OTPaAaHUYHMBAINCH PABHOMEPHBIM
JIBHKECHUEM M €ro CKOPOCTBIO KaK OTHOIICHWUEM IIyTH, MPONJICHHOTO TEJIOM, KO
BpPEMEHH, B TEYCHHE KOTOPOTO MPOMICH 3TOT MYTh.

[lonsitue yckopenus BBeneHo [ anuneem (1564-1642) nu 06061eHO 1uist cirydast
KPUBOJIMHEWHOTO JBWIKEHUSI TOJUIAHACKUM (pu3ukoMm [ roticencom (1629-1695).
['foiireHc TepBbI MPUMEHIII PA3JI0KEHUE YCKOPEHHS Ha KacaTelbHYI0 U HOPMAIBbHYIO
COCTaBIISIOIIHNE.

Pazsutne kunematuku B XVIII B. cBa3ano ¢ pabGoramu Jleonapoa Oiinepa
(1707-1783). Diimep 3al0XWI OCHOBBl KHHEMAaTHKH TBEpPAOro Teja, Co3/aall
AHATMTHYECKHUE METOIbI PEIIICHUS 3a]1a4 MEXaHUKH.

BbreicTpoe pa3BuTHe TexHUKH B Hadaje XIX B., B YaCTHOCTH MAIIMHOCTPOCHHSI,
noTpeOoBaIO CHEIHMATBFHOTO HCCICIOBAHUS TE€OMETPUUYECKUX CBOWCTB JIBUKCHHS TEJl.
KunemaTuka BbBIACTMIACH B CaMOCTOSITENBHBIM paszies, NpudeM o0coboe 3HaueHHUe
npuodpena KHHEMaTHKa MEXaHH3MOB.

KpynHable wuccnenoBanus B 00JacTH KHHEMAaTHKH MEXaHU3MOB W MalllWH
npuHaanexar ¢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. Yeovuuesy (1821-1894), npodeccopam /. B.
Accypy (1878-1920), H.U. Mepyanosy (1866-1948), JI. I1. Komenvrukosy (1865-1955)
u Jp.

Bce kuHeMaTWyeckWe XapaKTEPUCTUKH JIBMDKCHHSI TBEPAOTO Teja WM
OTJICIBHBIX €0 TOYEK OJWHAKOBBI JIJISI «MATECPHAIBHBIX» H «T€OMETPUUYCCKHX» TOYCK,
MO3TOMY HIDKE YHOTPeOIsieTCs] TEPMUH «TOUKa» 0e3 MOsSICHEHUS, «MaTepuaibHas» OHa
WA «TeOMETpUIECKas.

B TeopeTtnueckoil MeXaHHKE 4acTO pacCMaTPHUBAIOTCS TEa, PACCTOSHUS MEXKITY
JIOOBIMM TOYKAMH KOTOPBIX OCTAIOTCS HEM3MEHHBIMH. TakuWe Tella Ha3bIBAIOTCS
abconomno meepovbimu.

OcHOBHBIE BH/bI MEXaHHU3MOB.

MexaHu3Mbl KJIaCCI/I(i)I/ILII/IPYIOTCSI 1o CJIICAYIOIIUM IIPHU3HAKAM
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1. Tlo obnactu npuMeHeHUs U GYHKIMOHAIBLHOMY HA3HAYEHHUIO:
o MEXaHW3MBbI JETATEIbHbIX allapaToB;
o MEXaHU3MBbI CTAHKOB;
o MEXaHHM3MBbI Ky3HEYHBIX MAIIMH U IPECCOB;
o MEXaHW3MBbI JBUTATEIIEH BHYTPEHHETO CTOPAHMS;
o MEXaHU3Mbl IPOMBIIICHHBIX POOOTOB (MAaHUIYJISTOPOBI);
o MEXaHU3MbI KOMIIPECCOPOB;
o MEXaHU3MBbI HACOCOB U T.[.
2. 1O BUAY MepeJaTOuYHON (YHKIUN HA MEXaHU3MBI:
o C MOCTOSIHHOM NepenaTouHon (DyHKIIMEH;
o C MEepeMEHHON nepeaaTouHol (yHKIUEH:
» C HEperyJupyeMmoi (CHHyCHbIE, TAHT€HCHbIE);
*  C PEryJIupyeMOu:
= CO CTYNEHYATbIM peryiaupoBaHueM (KOpoOKu mepenay);
= ¢ OeccTyneH4YaTbiM PEryJIupoBaHUEM (BapUaTophl).
3. mo BuAy npeoOpa3oBaHMsl IBHKEHHS HA MEXaHU3MbI PEe0Opa3yrolue :
o BpallaTeJIbHOE BO BPAILATEIILHOE:
*  PEAYKTOPHI Mex > Mepix;
=  MYJBTUILIUKATOPHI Wex < Mprix;
] MY(bTBI Mex = OBrIx,
o BpallaTeJIbHOE B II0CTYNATEIbHOE;
o TOCTYyHaTeJIbHOE BO BPAILIATEIILHOE;
o TOCTYHAaTEJIbHOE B IIOCTYIIATEIBHOE.
4. 1o IBMXEHUIO U PACTIOJIOKEHUIO 3BEHBEB B IPOCTPAHCTBE:!
o TPOCTPAHCTBEHHBIC,
o IUIOCKHE;
o chepudeckue.

Bce MexaHW3MBl SBIAIOTCA NPOCTPAHCTBEHHBIMHM  MEXaHU3MAaMH, 4YacThb
MEXaHU3MOB, 3BEHbS KOTOPBIX COBEPIIAIOT ABMKEHHUE B IUIOCKOCTAX MMapajuIebHBIX
OJTHOM IUJIOCKOCTH, SIBJISIFOTCS OJHOBPEMEHHO U IUIOCKUMHU, IPYyras 4aCTb MEXaHU3MOB,
3BEHbSI KOTOPBIX JABUKYTCS MO CHEPUUECKUM MOBEPXHOCTIM SKMBUAUCTAHTHBIM KaKOM-
160 oiHOM cepe, ABISIOTCS OJJHOBPEMEHHO U CHEePUUECKUMU.

5. MO W3MEHAEMOCTH CTPYKTYpPbl MEXaHN3Ma Ha MEXaHU3MBI:

o C HEU3MEHSIEMOU CTPYKTYpPOi;

o C U3MEHSIEMOU CTPYKTYpPOM.
B nponecce paGoTbl KpUBOLIMITHO-TIOI3YHHOTO MEXaHM3Ma Hacoca €ro CTPYKTypHas
CXeMa BCE BpPEMs OCTAECTCS HEM3MEHHOW. B MexaHW3Max MaHUIIYJIATOPOB B IIpoLiecce
paboThl CTPYKTYpHAsI CX€Ma MEXaHU3Ma MOKET U3MEHSAThCA. Tak eciau MPOMBIIIICHHbBIN
poOOT BBIMOJHSAET COOPOYHBIE OMNEpali, HAMPUMEpP, BCTABISET IUWIMHIPUYECKYIO
JeTajdb B OTBEPCTUE, TO IMPU TPAHCHOPTHUPOBKE AETANIM €r0 MAHUILYJSATOP SIBISETCS
MEXaHU3MOM C OTKPBITOM WM Pa30OMKHYTOW KMHEMATUYECKOW LENbl0. B TOT MOMEHT
KOrJa JeTajb BCTABJICHA B OTBEPCTHE, KHHEMATUUYECKas LIEIb 3aMbIKACTCs, CTPYKTypa
MEXaHW3Ma H3MEHSETCS, MOJBM)KHOCTh YMEHBIIAETCS HA YHCIO CBSI3€l BO BHOBB
00pa30BaHHON KMHEMAaTHUYECKOW Mape JAeTallb-CTOMKa.
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CtpykTypa MaHUNYJATOPA U3MEHSETCS U TOTJa, KOTJa B OJTHON MJIM HECKOJIBKUX
KMHEMaTHYECKUX Mapax BKJIIOYaeTcss TOpMo3. Torma MOJBHXKHOE COEIMHEHHE JBYX
3BEHbEB 3aMEHSETCS HENOJBMKHBIM, JBa 3BeHa NpeoOpasyrorca B onHo. Ha puc. 3.4
TOpMO3 BKJItOYEH B nape C.

Puc. 3.4

6. 1O YKCIy MOJBMKHOCTEN MeXaHHU3Ma:
o C OJHOM MOJABMKHOCTHEI0O W=1;
o C HECKOJBKUMH MOJABIKHOCTAMHA W>1:
*  CyMMUpYIOIIHE (MHTErpajbHBIC);
= pazaersitonue (quddepeHanbHbIe).
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7. no Buay kunemarndeckux nap (KII):
o ¢ Husmumu KIT ( Bce KII mexanuzma Huzmue );
o ¢ BeicimMu KII ( xotst 661 ogHa KII Beicimas );
o mapHupHbie (Bce KII Mmexanu3ma BpamnjaTenbHbIE - IIAPHUPHI).
8. 1o crnocoly nepeaadu U mpeoOpa3zoBaHUs MOTOKA IHEPTUU:
o (puKIHMOHHBIE ( CLIETUICHUS );
o 3alleTIEHuEM;
o BOJIHOBBIE (CO3/aHKME BOJHOBOM nedopmanun);
o HMITYJIbCHBIE.
9. no ¢popme, KOHCTPYKTUBHOMY MCIIOJTHEHUIO U IBUKEHUIO 3BEHbEB!
o PBIYAXKHBIE;
o 3yOuarsble;
o KyJauyKOBBIE;
o TJIaHETapHBbIE;
o MaHHUIYJSITOPHI

Puc. 3.8 Puc. 3.9
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CTpyKTYypHBIii aHAJIU3 U CHHTE3 MEXaHU3MOB.

CtpykTypa 1000 TEXHUYECKOM CHCTEMBl ompeaensercs Q(YyHKIUOHAIBHO
CBSI3aHHOW COBOKYIHOCTBIO 3JIEMEHTOB M OTHOLIEHUH Mexay Humu. [Ipu stom s
MEXaHU3MOB TOJI AJIIEMEHTAMH IMMOHUMAIOTCSl 3BE€HbS, T'PYIIbl 3BEHHEB WJIM TUIIOBbIE
MEXaHU3MbI, a 1oj oTHomeHussMu noABuxkHbIe (KII) nian HenoaBH>XKHBIE COEAMHEHUS.
[loaTOMy mOA CTPYKTYpOW MeXaHH3Ma MOHHMMAETCS COBOKYIHOCTb €r0 3JIEMEHTOB U
OTHOIIEHUH MEXAYy HUMH, T.€. COBOKYIHOCTh 3BEHBbEB, TIPYNI WJIM THUIIOBBIX
MEXaHU3MOB U TMOJABW)XHBIX WJIM HEMOJBWXKHBIX CcoeAuHeHU. ['eomeTpuueckas
CTPYKTYpa MEXaHU3Ma MOJIHOCTHIO OMHUCHIBACTCS 3aJaHHUEM TE€OMETPUUYECKON (POpPMBbI
€ro DJIEMEHTOB, UX PACIOJIOKEHUS, yKa3aHMUs BUAA CBsi3ed Mexay HUMH. CTpyKTypa
MEXaHU3Ma MOXET OBbITh Ha Pa3HbIX CTaAUSIX MPOEKTHUPOBAHUSA OIMHUCHIBATHCS
pa3IUYHBIMU CPEJICTBAMHU, C PA3HBIM YPOBHEM aOCTparupoBaHus: HA (PYHKIMOHAIBHOM
ypoBHE - (DYHKIIMOHAJIbHAs CXE€Ma, Ha YPOBHE 3BEHBEB M CTPYKTYPHBIX TpPYII -
CTpyKTypHas cxema U T.n. CTpyKTypHas cxeMa - rpaduyeckoe uzo0paxeHue
MEXaHU3Ma,  BBIIOJIHEHHOE C  MCIOJB30BAHMEM  YCIOBHBIX  00O3HAaYeHUU
pexomengoBaHHbix ['OCT (cm. wnampumep ['OCT 2.703-68) wunu NOpUHATBIX B
CHELMATIBHON JIUTEpaType, cojaepxkaliee HH(OPMALKI0O O YUCIE U PacCloJIOKEHUH
AJIEMEHTOB (3BEHBEB, TPYyMM), a TaKkKe O BHUJE M Kilacce KUHEMAaTHYECKUX IIap,
COCJIMHAIOMIMX 3TH JJIEMEHTHl. B OT/IMYMEe OT KMHEMaTWYeCKOM CXeMbl MEXaHU3Ma,
CTPYKTYpHasi cXeMa He COJEPKHUT MH(OpPMAIMU O pa3Mepax 3BEHbEB U BbIUEPUMUBACTCS
6e3 cobmoaeHuss MacTaboB. (//pumeyanue: KUHEMaTHUYECKas cxema - rpaduueckas
MO/IeJIb MeXaHU3Ma, NpeAHa3HauYeHHas ISl UCCIIEIOBAHUS €r0 KUHEMATHKU. )

IloHsiTHE O CTPYKTYPHOM CHHTE3€ M aHAJHU3E.

Kak Ha mro06om »Tame MpOeKTUPOBAHHS TPHU CTPYKTYPHOM CHHTE3E Pa3IudyaroT

3aJlayd CUHTE3a M 3aJla4H aHaJIn3a.
3agadeil CTPYKTYPHOIO aHaiM3a SIBISETCS 3ajlada OIpejesieHusl MmapaMeTpoB
CTPYKTYpBI 3aJIJaHHOTO MEXaHHM3Ma - YHCJIa 3BEHhEB U CTPYKTYPHBIX TPYIII, YucCla U
Buna KII, yucna moaBmwxkHOCTEH (OCHOBHBIX M MECTHBIX), UMCIa KOHTYPOB W UHCIIA
N30BITOUYHBIX CBSI3E.
3agaveil CTPYKTYPHOTO CHHTE3a SBISETCS 3ajladya CUHTE3a CTPYKTYpPhl HOBOTO
MEXaHu3Ma, OO0JIaJarolero 3aJaHHBIMM CBOMCTBAMH: YHCIOM IHOJBH)KHOCTEH,
OTCYTCTBHEM MECTHBIX IOJBH)XHOCTEH M M30OBITOYHBIX CBSI3€M, MUHHUMYMOM 4YHCJIa
3BEHbEB, C MapaMu OINPEJEICHHOT0 BHAA (HAmpUMeEp, TOJIbKO BpallaTeIbHBIMH, Kak

HanboJIee TEXHOJIOTHYHBIMH) U T.I1.

OCHOBHBIE TTOHATHS CTPYKTYPHOT'O CHUHTE3a U aHaJIu3a.

[HoABMIKHOCTh MEXaHWU3Ma - YKCJIO HE3aBUCUMBIX OOOOIIEHHBIX KOOPAHHAT
OJITHO3HAYHO OIIPENEIAIONIee IOJ0XKEHUE 3BEHbEB MEXaHM3Ma Ha IUIOCKOCTH WU B
IIPOCTPAHCTBE.

CBs3b - OTPAaHUYCHUC, HAJTOKCHHOC Ha MCPCMCIICHUC TCJIA I10 I[ElHHOﬁ KOOpAWHATC.
M30bITOYHBIE (HaCCI/IBHBIe) - TaKHC CBA3H B MCXAHU3MC, KOTOPBLIC IMOBTOPAIOT WU
IIY6JII/Ipy10T CBiA3H, YKC HMCIOIIUCCA II0 I[aHHOI\/JI KOOpAHWHATC, W II0O3TOMY HC
U3MCHAIOINC peanLHoﬁ IIOABMKHOCTH MCXaHH3Ma. HpI/I 9TOM pacCdYCTHAaA MOABHUKHOCTDH
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MEXaHHW3Ma yMEHBIIAeTCs, a CTeNeHb €ro CTaTUYeCKOW  HeompeneluMOCTU
yBenuuuBaercs. MHorna ucnonb3yeTcss uHoe onpenencHue: U30bITOYHBIE CBS3H - 3TO
CBSI3M YHUCJIO KOTOPBIX B MEXaHU3ME OMPEACISETCS Pa3HOCThIO MEXKIY CyMMapHBIM
YUCJIOM CBsI3€H, HAJIOKEHHBIX KHHEMAaTHUYECKUMM IapaMH, M CYMMOW CTeneHeu
MOJABMKHOCTH BCEX 3BEHbEB, MECTHBIX IIOJBIKHOCTEH U 3aJaHHON (TpeOyemoii)
MTOBM>KHOCTBHIO MEXaHu3Ma B 1[ETIOM.

MecTHbIC TMOABMKHOCTH - TOABMIXKHOCTH MEXaHHM3Ma, KOTOPhIE HE OKa3bIBAIOT
BIIMSHHUS Ha €ro (YHKIMIO TOJIOKEHUs (M TepeaaTouHble (PYHKIMM), a BBEJCHHI B
MEXaHHU3M C JAPYTUMHU LeIsIMH (Hampumep, IOJBIKHOCTh POJIMKA B KyJIa4KOBOM
MeXaHU3Me O0ecCleurnBacT 3aMEHy B BBICHICH Mape TPEHHS CKOJIBKECHHS TPEHUEM
Ka4ueHUs).

OcHOBHBIE CTPYKTYpPHBIE (DOPMY.JIBI.

OcHOBHBIE CTPYKTYpHBbIE (HDOPMYJIbI OBLIM COCTABIICHBI JUISl TJIOCKMX MEXaHU3MOB
YeoObimesiM [1JI. u I'probnepom M., mis mpoctpanctBeHHbIX - ComoBbiM [1.O. un
ManpbimeBbiM. Tak Kak NPUHLMIIBI 3aJI0)KEHHBIE B MOCTPOCHHUE BCEX 3TUX (HOpMYI
OJIMHAKOBBI, TO KX MOKHO 3aIKCaTh B 0000IIEHHOM BUJE:

H-1
W=H-n+ X (H-i) -pi, 3.1
i=1
rae: H - 4ucno cTenenei noABUAKHOCTH TBEPOTO Tesa (COOTBETCTBEHHO MPHU
paccMOTpeHur MexaHu3Ma B npoctpancTBe H=6, Ha nminockoctu H=3);
7 - YUCJIO TIOJIBU>KHBIX 3BEHbEB B MEXaHU3ME; n =k - I
k - ob1iee yncIo 3BeHbEB MEXaHU3Ma (BKJII0YAsi U HEMOJIBHIKHOE 3BEHO - CTOMKY);
i - uncao noasmxHoctent B K11,
pi - UACIIO KHHEMATUYECKHX Map C I MOJBUKHOCTSIMMU.

CrpykTypHO# rpynmoii Accypa (Wi TYNmoWd HYJIeBOW MOJBM)KHOCTH) Ha3bIBACTCS
KHHEMaTHYecKasl IIeb, OOpa30BaHHAS TOJBKO ITOJABM)KHBIMH 3BCHBIMU MEXaHH3Ma,
MOJABMYKHOCTh KOTOPOH (Ha TUIOCKOCTH U B MIPOCTPAHCTBE) paBHA HYII0 (W = 0).

KoHneunsle 3BeHbs rpymmn Accypa, BXOIAIIUME B JBE KHHEMATHYCCKHE Tapbl, U3
KOTOPBIX OJHAa MMEET CBOOOJHBIM 3JIEMCHT 3BEHA, HA3BIBAIOTCS MOBOJKAMH. [ pYIIITBI
MOTYT OBITh Pa3IUYHON CTEICHH CIOXKHOCTH. CTPYKTYpHBIE TpyIIbl Accypa JensaTcs
Ha KJIacChl B 3aBUCHMOCTH OT YHUCJIa 3BEHbEB, O0OPA3yIOIIMX TPYIITY, YHCIIa TTIOBOJIKOB B
TpyIIe, YUciia 3aMKHYTBIX KOHTYPOB BHYTPH Tpynibl. B npeaenax kmacca (rmo Accypy)
TPYIIBI TIOAPA3ACISAIOTCS 10 YUCITY MOBOJKOB Ha MOPSAKU (MOPSJIOK TPYIIIBI PaBeH
YHUCITy €€ MOBOJKOB). MexaHN3Mbl KJIaCCH(PHUITUPYIOTCS IO CTEIICHU CIIOKHOCTH TPYIII
BXOJAIIMX B WX cocTaB. Kimacc W Mposiok MeXaHW3Ma ONpPENeNsaeTCs KIacCoM |
MOPSIIKOM HauOoJIee CI0NKHONW M3 BXOIAIINX B HETo rpymil. OcoOCHHOCTh CTPYKTYPHBIX
rpynn Accypa - UX cTaTHueckas OmpeneauMocThb. Eciu rpynmy Accypa cBOOOTHBIMHU
DJIEMCHTAMH  3BEHBEB TPHCOCIUHUTH K CTOHKE, TO o0O0Opa3yeTcsl CTaTHYeCKH
onpenenumas depma. Mcnonas3ys rpynmsl Accypa yaIoOHO TMPOBOIUTH CTPYKTYPHBIH,
KHHEMAaTHYCCKUI M CHIIOBOH aHAJIM3 MEXaHU3MOB.
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4. IlpuBOaABI MEXaHU3MOB
DJIeKTPONPUBO MEXaHU3MOB.

DNEeKTPUIECKUM MIPUBOJ (cokparméHHo NEeKMPONpPUB00) — 3TO
AJIEKTpOMEXaHUYECKasi CHUCTeMa ISl TPUBEACHUS B JBWIXKEHHUE WMCIOJHUTEIBHBIX
MEXaHHU3MOB Pa00OUYMX MAIIUH U YIIPABJICHUS 3TUM JIBHIKCHUEM B ILIEJISIX OCYIIIECTBICHUS
TEXHOJIOTUYECKOI0 Mpoliecca.

CoBpeMEHHBIN JEKTPONPUBOJL — 3TO COBOKYITHOCTh MHOKECTBA AJIEKTPOMAIIINH,
ammapaToB M cUCTeM YyrpaBieHuss WMH. OH SBJISIETCS OCHOBHBIM THOTpeOuTeneM
aJIeKTpuUecKor sHepruu (10 60 %) u TIIaBHBIM UCTOYHUKOM MEXaHWYECKOW IHEPTUU B
MIPOMBIIIJIEHHOCTH.

Onpenenenune o 'OCTy P 50369-92 snekTponpuBOI - 3IEKTPOMEXaHUUYECKAs
CUCTEMa, cocTosIas u3 rnpeoOpazoBareseil IEKTPOIHEPTUHU, HNEKTPOMEXaHUUECKUX U
MEXaHWUYECKUX TpeoOpazoBaTesiei, yIpaBiIsiOmX U UHOOPMAIIMOHHBIX YCTPOUCTB H
YCTPOUCTB  COMNPSKEHUS C  BHEIIHUMM  DJICKTPUYECKUMH,  MEXaHUYECKHUMH,
YOPABISIOMMUMUA W WHQOPMAIIMOHHBIMM ~ CHUCTEMaMH, TpeJAHa3HAuYCHHAs  JIs
MIPUBEJICHNS B JIBUKEHUE MCTIOJHUTEIIBHBIX OPraHoB pabouell MalllMHbI U yHPaBICHUS
ATUM JIBIDKCHHEM B LIEJIAX OCYIIECTBICHUS TEXHOJIOTHUECKOT0 Ipoliecca.

Kak BugHO W3 ompejaesieHus, UCIOJHUTEIbHBIA OpraH B COCTaB MPHUBOJAA HE
BX0oaUT. OJIHaKO, aBTOPHl ABTOPUTETHHIX YYCOHUKOB BKJIIOYAIOT MCIOJHUTEIIBHBIN
OpraH B COCTaB JJIEKTPONPHUBOJA. DTO IPOTUBOPEUUE OOBSCHIETCS TEM, YTO MpHU
MIPOCKTUPOBAHUM DJICKTPONPHUBOAA HEOOXOIMMO YYUTHIBATH BEIWYUHY W XapakTep
W3MEHEHMUs]I MEXaHWYeCKOM Harpy3ku Ha Bajy DJJIGKTPOJBHUIaTelsis, KOTOpPbIC
OTIPENENAIOTCS TapaMeTpaMH HCIOJHUTENBHOrO opraHa. Ilpu HEBO3MOXHOCTH
peanu3aiy IpsMOTo MPUBOJIA JIEKTPOABUTATETh TPUBOIUT UCIIOTHUTEIBHBIN OpraHa
B JIBIDKCHHE uepe3 KuHemaTudeckyr mnepenady. KIIJ[, mepemaTtounoe dYucio u
MyJIbCAlldd, BHOCHUMBIE KHHEMATHYECKOW Tiepedadeil TakkKe YYHUTBIBAIOTCS TMpU
MIPOCKTUPOBAHUH JICKTPOIPHUBO/IA. .

CeTb

n3MepuTenibHoe YCTPOWCTB

Puc. 4.1 Cxema s51eKTponipuBOIa

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

o DnekTtpuueckuil mnpeoOpazoBatens (DII) mnpenHasHaueH g npeoOpa3OBaHMS
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) MoxeT H3MEHSATH CKOPOCTh BpallleHUs
JIBUTATENIS, @ TKAXKE XapaKTep JBMXKEHHUS (C MOCTYNaTeIbHOTO Ha BpallaTeIbHOE WIH C
BpaIllaTebHOrO Ha MOCTYIMATEIbHOE).

o YOp — ynpaBJISIOIIKE BO3AECHCTBHE.

e MO — ucnoJHUTENBbHBIA OpPraH.

OYHKIMOHAJILHBIC YACTHU:

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

. MexaHnyeckas 4acTh;

BI/IIIBI QJICKTPOIIPUBOIOB.

] HepeI‘y.III/IpyeMBIC, HpOCT@ﬁH.IHC, NpCAHA3HAYCHHBIC JJIA ITYCKA M OCTAHOBKHU
ABHUTATCIIA, pa60TaIOH_II/Ie B OOIHOCKOPOCTHOM PCIKUME.
] PCFYJII/IpyeMBIC, AOITYCKAIMHUC M3MCHCHHC YAdCTOTBI BPAIICHUA W YIIPABJICHHUC

MyCKOM H TOPMOXXEHHEM OJJICKTPOJBHUTATENS JUIS 3aJaHHOTO TEXHOJOTHYECKOTO
nporecca. Criocod peryaupoBaHUs 3aBUCHUT OT TUIA ABUTaTeNs. Tak, aJig MalluH
MEPEMEHHOT0 TOKa TPUMEHHMMO yIpaBJICHUE YacTOTOH, TOKOM B  POTOpE,
MEePEKIIIOUCHUEM Tap TMOJIOCOB crartopa. JlJIsi KOJJIEKTOPHBIX MAaIllMH MPUMEHHMO
pPEryJIupOBaHUE HATIPSHKCHUEM.

. HeaBTomaTu3npoBaHHbIE

. ABTOMAaTHU3UPOBAHHBIE

. JInHeHbIe — IS YaCTHBIX CIIy4Yacs.

. Bpamarenbable — HauOoJiee pacnpocTpaH€HHbIA TUN. Yamie Bcero JMHEWHOE

NEpeMCIICHUEC TIOJAYYar0OT MCXAdHHUYCCKUMU HpeO6paSOBaTCHHMI/I BpalmaTcJIbHOT O
JABIMOKCHUA OBUTaTCIIA.

I'mpponpuBoa MeXaHHU3MOB.

I'unpaBnuyeckuit  npuBoa  (THAPONPUBOJ) —  COBOKYIHOCTb  YCTPOWMCTB,
MIpEAHA3HAYCHHBIX JJISl IPUBEACHUS B JBUKCHHE MAIMH U MEXaHU3MOB MOCPEINCTBOM
TUAPABINYECKON SHEPTHH.

['unponpuBoj mpencTaBisieT cOOOW CBOEro poja «THIPABIUYECKYIO BCTABKY»
MEXAYy NPHUBOJIHBIM JIBUTATEIEM M HAarpy3kod (MallMHOW WJIM MEXaHU3MOM) U
BBINIOJIHSAECT T€ *e (YHKUMHU, YTO U MEXaHWYecKas mepenaya (peaykTop, peMEHHas
nepeaaya, KpUBOIIMITHO-IIATYHHBIA MEXaHU3M U T. 1.).

OcHoBHast (QyHKIUS TUAPONPUBOAA, KaK W MEXaHUYECKOW mepenayu, —
npeoOpa3oBaHUE  MEXaHWYECKOM  XapaKTEpPUCTHUKW  TMPUBOJHOTO  JBUTATENd B
COOTBETCTBHUM C TpeOOBaHUSIMU Harpy3ku (mpeoOpa3oBaHuE BUJA JABUKCHUS
BBIXOJTHOI'O 3BEHA JIBUTATEJs, €r0 MapaMeTpoB, a TAKXKE PEryJUPOBAHHE, 3AIIUTA OT
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neperpy3ok u ap.). Jpyras QyHKIus TUAponpuBOja — ATO Iepeaada MOIIHOCTH OT
MIPUBOJHOTO JBUTraTelis K pabodynM opraHaM MalluHbI (HampuMmep, B OJHOKOBIIOBOM
AKCKaBaTope — nepeaya MOITHOCTH OT JABUTATENS] BHYTPEHHEr0 CTOPaHUs K KOBIIY WIH
K TUJIPOJIBUTATEISIM TIPUBOIA CTPEJIbI, K TUIPOJABUTATENISIM TTOBOPOTA OAIIHU U T.1I.).

B o0mux deprax, mnepenadya MOIIHOCTU B THAPONPHUBOJAE TMPOUCXOIUT
CJIEAYIOIIHUM 00pa3oM:
1. [IpuBOmHOM ABUTATENL MEPENAET BpAAlOIIMI MOMEHT Ha BaJ HAacoca, KOTOPBIU
COOOIIAeT FHEPTUI0 paboUeH KUIKOCTH.
2. PabGoyass XMAKOCT, MO THAPOJMHUSAM 4Yepe3 PEryJIUupYIONIyI0 anmaparypy
MOCTyMaeT B TUIPOJABUTATENb, TJ€ THApPABIAYECKass OJHEPrusi MpeodOpasyercs B
MEXaHUYECKYIO.
3. [Tocne aToro pabouas >KMAKOCTh MO THAPOJIMHUSM BO3Bpaiiaercs Jubo B 0Oak,
100 HEMOCPEICTBEHHO K HACcOCY.

['uapornpuBoOBI MOTYT OBITH IBYX THUIIOB: THAPOAUHAMUYECKUE U 00OBEMHBIE:

. B Ir'maApOINHAMHUYCCKHUX MMpuBOAax HCIIOJIB3YCTCA B OCHOBHOM
KHMHCTHUYCCKAsA SHCPIUA IMOTOKA KUAKOCTH.
° B 00BEéMHBIX ruaponpuBOgax HUCIHOJIB3YCTCA IMOTCHHHUAJIbHASA OSHCPIUSA

JaBlieHUs pabodeit )KUIKOCTH.

OOBEMHBINA TUAPONPUBOA — 3TO THAPONPHUBOJ, B KOTOPOM HCTONB3YIOTCS OOBEMHBIE
rUApOMAIINHBL (Hacockl U ruapoasurarenn). OObEMHON Ha3bIBaeTCs TMAPOMAILIMHA,
pabouuii mpouecc KOTOpod OCHOBAH Ha MONEPEMEHHOM 3alloJIHEHUU pabouelt Kamepbl
KHUJKOCTHIO U BBITECHEHHH €€ u3 paboueil kamepbl. K 00bEMHBIM MalllMHAM OTHOCHT,
HalpuMep, TMOPIIHEBBIE HACOCHI, AKCHAIbHO-TIOPIIHEBBIC, pPaaUuaIbHO-IIOPIIHEBbIE,
necTepEHHbIE THIPOMAILIUHBI U JIP.

Ogna w3 ocoOeHHOCTEH, oTiauyaromas OObEMHBIA  TUAPONPUBOA  OT
TUIPOAMHAMUYECKOT0, — OOJBIINE AaBICHUS B THIpocucTeMax. Tak, HOMHUHAJIbHbIE
JaBJI€HUS B THJIPOCHCTEMAX SKCKAaBaTOpPOB MOTYT gocturath 32 Mlla, a B HEKOTOPBIX
ciayyasx pabouee naBieHue MoxeT ObITb Oonee 300 MIla, B TOo Bpems Kak
TUAPOIMHAMUYECKUE MAIIMHBI pabOTalOT OOBIYHO MPHU JABIEHUSX, HE MPEBBIIIAIOIMINX
1,5—2 Mlla.

OOBEMHBIN TUAPONPUBOJ HAMHOTO 00Jiee KOMITAKTEH UM MEHbIIE 10 Macce, YeM
TUAPOJAMHAMHUYECKH, ¥ TIOATOMY OH MOJIY4YUIl HAauOOJIbIIee paclpoCcTpaHEHHE.

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

[To xapakTepy IBUKEHHUS BBIXOJIHOTO 3B€HA THIPOJIBUTATENs Pa3INdatoT:

— TUIPONPHUBOJ BpAIlATEIbHOTO JABWXEHUS, KOTJa B KauyecTBE TIMIPOJBUTaTEls
MPUMEHSETCS TUIPOMOTOP, Y KOTOPOrO BEJIOMOE 3BEHO (Baj MJIM KOPIYC) COBEpIIAET
HEOTPaHWYEHHOE BpallaTeIbHOE BUKEHUE;

— IUAPONPUBO/J] TOCTYNATEIBHOTO JABMXKEHUS, Y KOTOPOTO B KaueCTBE TMAPOABUTATENS
MPUMEHSETCS TUAPOLUIUHIP — JBUTATENIb C BO3BPATHO-TIOCTYNATEIbHBIM JIBIHXKECHUEM
BEJIOMOT0 3B€Ha (IITOKA MOPIIHS, TUIYHXKepa UM KOpIyca);

— TUPOIPUBO TOBOPOTHOIO JABMKEHHMSI, KOT/Ia B KQUeCTBE THIPOJIBUTaTENsl IPUMEHEH
MOBOPOTHBIA THUJAPOJBHUraTedb, y KOTOPOrO BEJAOMOE 3BEHO (BaJl WJIM KOPILYC)
COBEPIIAET BO3BPATHO-IIOBOPOTHOE ABUKEHUE HA YroJl, MEHbIIHM 360°.
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Ecnu ckopocTh BBIXOAHOTO 3B€HA (TUAPOLMIMHAPA, THAPOMOTOPA) PEryIUpyeTcs
M3MEHEHUEM YacTOThl BpallleHHsl ABUTATeNs, MNPUBOASIIET0 B paboOTy Hacoc, TO
TUAPOIPUBOJ CYUTAETCA HEPETYIUPYEMBIM.

Perynupyemslii TruaponpuBoJ B KOTOPOM B MPOLECCE €ro HSKCILTyaTaluu
CKOPOCTb BBIXOJTHOTO 3B€HA TMJIPOJIBUTATENsI MOXKHO U3MEHATD 110 TpeOyeMOMY 3aKOHY.
B cBo10 ouepenb peryiampoBaHue MOXKET ObITh:

. JPOCCETHHBIM
. 00BEMHBIM
. 00BEMHO-IPOCCETHHBIM.

PerynupoBanue MOXET OBbITh: PYYHBIM UJIH aBTOMATHUYECKUM.

['uaponpuBoj ¢ 3aMKHYTON CXEMOU HUPKYJISIIIUU, B KOTOPOM paboyast KUIKOCTh
OT TUAPOABUTATENS BO3BPAILAETCS BO BCACHIBAIOILYIO THAPOIMHHUIO HACOCA.

[M'uapornpuBoj ¢ 3aMKHYTOUM HMUPKYJSLUEH padouei KUIKOCTH KOMIIAKTEH, UMEET
HEOOJIbIIYI0 MAacCy M JIOMycKaeT OOJBIIYI0 YacTOTy BpallleHHs poTopa Hacoca 0e3
OTMACHOCTH BO3HUKHOBEHHS KaBUTAIMHU, TTOCKOJIBKY B TaKOHW CUCTEME BO BCACHIBAIOIIEH
JUHUM JIaBJieHUE Bcerja mpesbliaeT atMochepHoe. K HegocTatkam cieayer OTHECTH
IJIOXUE YCJIOBHS Uil OXJaxAeHUs paboyed JKUIKOCTH, a TakKe HE0OXOIUMOCTH
CIIyCKaTh M3 THUJPOCUCTEMBI pPaOOUyI0 KHUIAKOCTH TIPU 3aMEHE WIH PEMOHTE
TUAPOAIIapaTyphl;

I'uapocucTeMsbl ¢ 3aMKHYTON CXeMOM IUPKYJISIIUK ppadodelt )KUIKOCTH (CIipaBa)
U ¢ pa3oMKHyToil cxemoil (cieBa). Ha cxeme cneBa BcachlBalolas M CIMBHas
TUAPOJIUHUN cooOmaroTess ¢ 0akoMm (pa3oMKHYTas cxXeMma); Ha cXeMme chpaBa O0ak
HCIIOIB3YETCs TOJIBKO sl BCIIOMOTaTeIbHONU THIPOCUCTEMBI (CUCTEMBI MOANUTKHU). H 1
H1 — nacocel; M — ruapomotop; P — ruapopacnpenenutens; b — rugpobak; HI —
Hacoc cuctembl noanutku; KIIl, KII2, — Ilpenoxpanutensubie kinanana; KOl wu
KO2 — obGpatnsie knanana. [Ipenoxpanurensubie knanana KIT (na cxeme cnesa), KIT1
n KII2 (ma cxeme cmpaBa) cpa0OaThIBalOT B TOT MOMEHT, KOIJIa Harpy3ka Ha Bay
TUAPOMOTOPA CIIMIIIKOM BEJIMKA, U IABJICHUE B THAPOCUCTEME TIPEBBIIIAET JOMYCTUMYIO
BennuuHy. OOpatnbie kimanana KO1 u KO2 cpabarpiBaroT Torjaa, Korja JaBlI€HUE
CJIMIIIKOM MaJio, U BOBHMKAET OMAaCHOCTh KaBUTAI[UU

['uapornpuBos ¢ Pa3OMKHYTOM CHCTEMOM IUPKYJAIMU, B KOTOpPOM pabouas
KUJKOCTh MOCTOSIHHO COOOIIAeTCs ¢ TUAPOOAKOM HIIH aTMOC(hEpOil.

JIOCTOMHCTBA TaKOW CXEMbl — XOPOIIHUE YCIOBUS IJIs OXJIAKJICHHUS U OUYUCTKU
paboueit xxunkoctu. OgHAKO Takue THUAPONPHUBOILI TPOMO3IKH U UMEIOT OOJIBIIYIO
Maccy, a 4YacTtoTa BpallleHHs POTOpa Hacoca OrpaHWYMBAETCS JOMYCKaeMbIMH (M3
yCJIIOBUM OECKaBUTAIIMOHHOM paboThl Hacoca) CKOPOCTAMH JBIDKCHHS paboueit
’KHUJKOCTH BO BCACBIBAIOIIEM TPYOOIIPOBO/IE.

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

B HacocHOM ruapomnpuBojie, TOJYYUBIIEM HAUOOJIbIIEE PACIPOCTPAHCHHUE B
TeXHUKE, MEXaHW4YecKasi DSHEpPrus Mpeodpas3yeTcss HACOCOM B THIPABIUYECKYIO,
HOCHUTEJb PHEPTUU — pabodasi )KUJKOCTh, HATHETACTCS Yepe3 HAOPHYIO MarucTpalib K
TUAPOJBUTATENI0, TJAE DHEPrys IMOTOKA MXUJKOCTH MPEeoOpa3yeTcs B MEXaHHUYECKYIO.
PaGouas XuaKoCTb, OTJAB CBOI SHEPrUI0 THUIPOJBUTATENIO, BO3Bpamlaercs Jubdo
o0paTHO K Hacocy (3aMKHyTasi cXema THIpOINpHBOa), MO0 B 0ak (pa3oMKHYyTas WU
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OTKpBITasi cXxeMa TUJIponpuBoja). B obmiem ciyyae B cOCTaB HACOCHOTO THIPOINPUBOAA
BXOJAT THApONepesaya, THApPOAIaparbl, KOHIUIMOHEPHI paboyel KUIKOCTH,
TUAPOEMKOCTH U THIPOJIMHUMU.

HauGonbiiee mpuMeHeHHe B THAPOINPHUBOJIC MOTYUYUIIN aKCHATbHO-TIOPIITHEBbIC,

paauaIbHO-TIOPIIHEBBIC, INIACTUHYATHIC U IIECTEPEHHBIE HACOCHI.
B wmaructpanbHOM ruzponpuBoae pabodas IKUIKOCTh HATHETAeTCS HACOCHBIMU
CTAQHIUSMU B HAMNOPHYIO MAarucTpalib, K KOTOPOWM MOJKIIOYAIOTCS TOTpeOUTenu
TUJPABINYECKOW SHEPTUU. B OTIMYMe OT HACOCHOTO THIPOIPHBOJA, B KOTOPOM, Kak
MIpaBUJIO, UMEETCS OJUH (pexe 2-3) reHepaTopa ruapaBiIuyecKoi dHepruu (Hacoca), B
MarvucTpajibHOM THAPOMPUBOJIC TAKUX FEHEPATOPOB MOXKET OBITH OOJIBIIIOE KOJIMYECTRO,
Y TIOTpeOUTENIeH THIPABINUECKON SHEPTUU TAKKE MOXKET OBITh IOCTATOYHO MHOTO.

B akkymynsiTOpHOM THIAPONPHUBOJE >KUAKOCTh MOJAETCA B TUIPOIMHUIO OT
3apaHee 3apsHKEHHOrO THAPOAKKYMYJSATOpA. DTOT TUI TMAPONPUBOAA UCIIOIB3YETCS B
OCHOBHOM B MaIlIMHaX U MEXaHU3MaX ¢ KPATKOBPEMEHHBIMH PEKUMaMU PaOOTHI.

[To TNy NPUBOJAIIETO ABUTATEINSI THIPOTPUBOIBI OBIBAIOT C AJIEKTPOTPUBOIOM,
npuBogom ot JIBC, TypOun u T.1.

[IInpokoe pacnpocTpaHeHUE MOJYYUI THAPONPUBOJ B aBUAlMU. HachIlleHHOCTH
COBPEMEHHBIX CaMOJIETOB CHUCTEMaMU THAPONPHUBOAA TaKOBa, YTO OOIas JiMHA
TpyOONpPOBOJAOB COBPEMEHHOIO MACCaXKUPCKOTO aBHUajlalHEpa MOXET JIOCTUTraTh
HECKOJIBKUX KHJIIOMETPOB.

B aBTOMOOWUIBHOW TPOMBIIIJIEHHOCTH CaMO€ IIMPOKOE TMPUMEHEHHE HalLIU
TUAPOYCUIUTEIN  PYJs, CYIIECTBEHHO IOBBIMIAIONIME  YAOOCTBO  yIpaBJICHUS
aBTOMOOWJIEM.  OTH  yCTpPOMCTBA  SIBJISIOTCS  PAa3HOBUIHOCTBIO  CIICHSIIHMX
TUAPONPUBOAOB. [UAPOYCHUIMTENNM NTPUMEHSIOT W BO MHOTHUX JPYrUX 0O0JacTax
TEXHUKU (aBUALIMH, TPAKTOPOCTPOCHUH, TPOMBIIIJIEHHOM 000pYI0BAaHUHU U JIP.).

B HekoTOphIX TaHKax, HampuMmep, B SAMNOHCKOM TaHke Tunm 10 npumensercs
TUApOCTaTHUYECKas TPaHCMHCCHs, TMpeACTaBistonias co0Ol MO CyTHM CHUCTEMY
00BEMHOTO  TUApPONpPHUBOAA  JBWXKHUTeNedl. Takoro ke TUma  TPaHCMHCCHUS
YCTaHABIIMBAECTCS U B HEKOTOPHIX COBPEMEHHBIX OYJIbI03epax.

B uenom, rpaHuiibl 00JacTH MPUMEHEHUSI THUAPOIPHUBOJA OIMPEICTSIOTCS €ro
MPEUMYIIIECTBAMU U HEAOCTATKAMH.

K ocHOBHBIM mpeuMylIecTBaM TUAPONPUBOAA OTHOCATCS:

° BO3MOKHOCTb YHHUBCPCAJIBHOI'O npeo6pa3OBaHI/15{ MEXaHUYSCKOM XapaKTCPUCTUKN
MMPpUBOAHOTO ABUTATCIIAA B COOTBCTCTBUU C Tpe60BaHI/IHMI/I Harpy3Ku,

] MMpOCTOTA YIIPABJIICHUA 1 dBTOMATHU3AIINUH,

] MpOoCTOTAa MPCHAOXPAHCHUA IIPUBOAHOIO ABUTATCIII U UCIIOJIHUTCIIBHBIX OPraHOB

MalllvH OT INCPCrpy30K; HAIPUMEP, €CJIN YCHUIINC Ha IITOKC THAPOIMINHAPA CTAHOBUTCA
CIIMIIIKOM OOJBIINM (TaKOC BO3MOXHO, B 4YaCTHOCTH, KOr'lga IITOK, COCI[HHéHHBIﬁ C
pa60q1/1M OpraHoM, BCTPCUACT IIPCIITCTBHUC HaA CBOEM HYTI/I), TO HJaBJICHUC B
r'napoCucTeMe JOCTUTacT 0O0JIBIINX 3HAYCHUM — TOoraa Cpa6aTBIBaeT
HpenoxpaHnTeanmﬁ KJIalmaH B THUAPOCUCTCMCEC, U ITOCJIC 3TOI'O KUIKOCTb I/II[éT Ha CJIUB
B 6a1<, N JaBJICHUC YMCHBIIACTCA,

° HaIIé)KHOCTB OKCILTyaTaluu,

] IJ_II/IpOKI/Iﬁ Aualta30H 6CCCTy1'IthlaTOFO PEeTyIIMpOBaHuA CKOPOCTHU BBIXOAHOI'O
3BCHA, HAIIpUMCP, AUAIIA30H PCTYIUPOBAHUA YaCTOTHI BPAIICHUA THAPOMOTOPA MOKET
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coctaBiATh oT 2500 o6/mMun 1o 30-40 006/MuH, a B HEKOTOPBIX ClydasX, Vy
THIPOMOTOPOB  CIIELUATBHOTO HCHOTHEHUS, AOXOAMT 10 1-4 00/MWH, dYTO IS
3IIEKTPOMOTOPOB TPYAHO PealIn3yeMo;

. Oonpiias mepeaBaeMasi MOIIHOCTh HA €IWHUILY MacChl MPUBOJA; B YAaCTHOCTH,
Macca THAPABINYECKUX MaIIuH npuMepHo B 10-15 pa3 MeHbIe Macchl IMEKTPHUECKUX
MAIIMH TaKOH K€ MOIITHOCTH;

. CaMOCMa3bIBAaEMOCTh TPYIIUXCS TOBEPXHOCTEH NpU MPUMEHEHUH MHHEPATHHBIX
U CHHTETHUYECKUX Macell B KayecTBe PabOYMX KHUIKOCTEH; HY)KHO OTMETUTh, YTO MPHU
TEXHUYECKOM OOCITYKHUBAaHUH, HATPUMEP, MOOMIBHBIX CTPOUTEIIbHO-TOPOKHBIX MAIIUH
Ha cMma3Kky yxomuT a0 50% Bcero BpeMeHH OOCTYXMBaHUS MAIIWHBI, TOATOMY
CaMOCMa3bIBa€MOCTh THIPOTIPUBO/IA SBIISIETCS CEPhESHBIM MPEUMYIIIECTBOM;

] BO3MOKXHOCTb ITOJIYYCHHUA OOJBIINX CUI U MOH_IHOCTCI‘/’I Ipu MaJIbIX pasMepax H
BCCC MICPCAATOTHOTO MCXaHU3MA,

° MIpOCTOTAa OCYHICCTBICHUA PA3JIMYHBIX BHAOB IABHKXCHUA — IIOCTYIIATCIBHOIO,
BpamaTeJIbHOI'O, IOBOPOTHOT' O,

] BO3MOXHOCTD HJaCThIX u 6BICTpBIX HepeKJIIOLICHI/Iﬁ pu BO3BpPATHO-
MOCTYIIATCIIbHBIX U BPAIIATCIIBHBIX IIPAMBIX H PCBCPCUBHBIX IBHIKCHUAX,

] BO3MOKHOCTb PABHOMCPHOI'O PpaCIIpCACICHUA YCI/IJII/Iﬁ Ipu OI[HOBpCMCHHOﬁ
nepeaadc Ha HCCKOJIBKO IIPUBOJ OB,

] yr[pOH_IéHHOCTB KOMIIOHOBKH OCHOBHBIX Y3JIOB T'MAPOIIPHUBOJAAa BHYTPU MAIIWH H

arperaToB, B CPABHEHUU C APYTUMU BUAAMU IIPUBOJOB.
K HepgocraTkaM ruiponpuBoia OTHOCATCS:

. yTEUKH paboueil )KUIKOCTH Yepe3 YIUIOTHEHHS U 3a30Pbl, 0OCOOEHHO IPU BHICOKHUX

3HAYEHUAX JABJICHHS B THJPOCUCTEME, YTO TPEOYET BBHICOKON TOYHOCTU M3TOTOBICHUS

neTayei ruApooOopyA0BaHUS;

. HarpeB padoyeil )KUAKOCTU MpU paboTe, YTO MPUBOAUT K YMEHBIIEHUIO BA3KOCTH

pabouell KUAKOCTH U YBEIMYECHHIO yTE€UeK, MOITOMY B psle CilydaeB HEO0OXOIUMO

IIPUMEHEHHE CIICLIUATIBbHBIX OXJIAJUTEIBHBIX YCTPONCTB U CPEICTB TEIJIOBOU 3aILUTHI;

. 6onee Hu3kuit KI1/1 yem y conmoctaBUMbIX MEXaHMUECKHUX Mepeaay;

. HEOOXOIMMOCTh OOEecCreYeHusi B Mpoliecce HKCIUTyaTallud YHUCTOTHI padoueit

KHUJIKOCTH, TTOCKOJIBKY HaJIM4KUe OOJBIIOr0 KoJuYecTBa a0pa3uBHBIX YACTHUIl B pabouei

KUJKOCTH MPUBOJUT K OBICTPOMY U3HOCY JAeTalield TuApooOOpyJ0BaHUS, YBEIUUCHHUIO

3a30pOB M yTE€UEK Uepe3 HUX, U, Kak CJICICTBUE, K CHIDKeHUI0 00BbEMHOT0 KIT/I;

. HEOOXOIUMOCTh 3alIUThl THAPOCUCTEMBI OT IMPOHUKHOBEHUS B HeE BO3/ayXa,

HaJIM4he KOTOPOro NPHUBOAMT K HECTaOWJIbHOM paboTe THAPONPUBOJA, OOJIBIINM

TUIPABINYECKUM MTOTEPSIM U HArpeBy pabouei KUIKOCTH;

. MOKapOOIACHOCTh B Clly4ae MPUMEHEHHUs TOpIOYUX pabdOuyuX >KUJIKOCTEH, UYTO

HaJjlaraeT OrpaHUYCHUs, HAIPUMEDP, HA IPUMEHEHNE THAPOIIPHUBOIA B TOPSYUX LEXAX;

. 3aBUCUMOCTb BA3KOCTH pabouedl >KUAKOCTH, a 3HAUYUT U pabouMx MapaMeTpoB

TUAPOIPUBOLA, OT TEMIIEPATYPBI OKPYKAIOIIEH CPEIbL;

. B CPaBHEHHH C ITHEBMOIIPUBOJOM — HEBO3MOXKHOCTh 3()PEeKTUBHON mepenadyu

TUIPABIMYECKON HSHEpPruM Ha OOJbIIME PACCTOSHUS BCIEACTBHE OOJBIIMX MOTEPh

Haropa B TUAPOJIUHUAX HA €IUHULLY JJIUHBI.
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ITHeBMONPHUBOA MEXaHU3MOB.

[THeBMaTH4eckuii mpuBOA  (THEBMONPHUBOA) —  COBOKYITHOCTH  YCTPOMCTB,
npeIHa3HAYCHHBIX IS TIPUBEICHUS B JBHKCHHE MAIIMH M MEXaHHU3MOB IOCPECTBOM
mHeBMaTH4eCcKoi sHepruu. OOs3aTeNbHBIMH DJIEMEHTAMHU IMHEBMOIPHUBOJA SBIISIOTCS
KoMIpeccop (TeHepaTop MHEBMAaTUYECKOW SHEPTUHU) U THEBMOIBUTATENb.

[TaeBMoOnprBOA, TOAOOHO THUAPONPHUBOIY, MPEACTABISIET COOOWH CBOETro pojaa
«ITHEBMATUYECKYIO BCTaBKY» MEXKIY MPUBOIHBIM JABUTATEIEM W HArpy3KO# (MarrmHON
WIM MEXaHU3MOM) M BBIMIOJNHAET T€ e (YHKIUH, 9TO M MEXaHWYecKas Mepenadya
(penykTop, peMEHHAA Mepenadya, KpUBOIIUITHO-IATYHHBI MEXaHU3M U T. 11.).

OcHOBHOE Ha3HAUYCHHWE MTHEBMOMPHUBOAA, KaK M MEXaHUYECKOW Mepenadyu, —
npeoOpa3oBaHUE MEXaHUYECKOW  XapaKTePUCTUKA  TMPHUBOJHOTO  JBHraTeNs B
COOTBETCTBHH C TpeOOBaHMSAMH Harpy3ku (mpeoOpazoBaHUE BHAA JIBWKCHUSA
BBIXOJIHOTO 3BEHA JIBUTATEIs, €r0 MapaMeTpoB, a TAaKKe PETYIMPOBAHHE, 3alIUTa OT
neperpy3oK u Jp.).

B o0mwux deprax, mepemaya OdHEPrud B IMHEBMOIPHBOJE MPOUCXOIUT
CIICAYIOIIUM 00pa3oM:

1. IIpuBonHOM aBUrarens InepenacT BpAIIAKOIMK MOMEHT Ha Bajl KOMIIpEccopa,
KOTOPBIH COOOIAaET IHEPTHI0 paboyemy rasy.
2. PabGouunii raz mocie cHnenuadbHOM MOJATOTOBKM TIO IHEBMOJIMHMSIM 4Yepes

PETrYIHPYIOLIYIO anmnaparypy HOCTyHmaeT B IHEBMOJBHUraTelb, TIe MMHEBMaTHYeCKas
AHEPrus npeoOpazyeTcsi B MEXaHUYECKYIO.

3. [Tocne aToro pabouuii ra3 BEIOpAChIBA€TCA B OKPYKAIOIIYIO CPEAY, B OTIMYUE OT
TUAPONPUBOJIA, B KOTOPOM pabodasi KUJKOCTh MO THAPOJIMHUSIM BO3BpaIllaeTcs J1U00 B
rupooak, 100 HEMOCPEICTBEHHO K HACOCY.

B 3aBucuMoOCTH OT XapakTepa JABM)XEHHS BBIXOJHOTO 3BEHA IMHEBMOJIBUratTess (Baja
MMHEBMOMOTOpa WJIM IITOKAa IHEBMOUMJIUHApPA), M COOTBETCTBEHHO, XapakTepa
JIBUKEHUS paboyero opraHa TIHEBMOINPHUBOJ MOXET OBbITh BpalllaTeIbHbIM WU
noctrynareiabHbiM. [IHEBMONpPUBOABI € TOCTyNATENbHBIM ABUKEHUEM TMOJTYUMIIU
HanOOJIbIIEE PACTIPOCTPAHEHHUE B TEXHUKE.

HHeBMOHpI/IBOJII)I C MOCTYNNATECJIbHBIM /IBUKCHHEM.

[lo xapaktepy BO3A€HCTBUA Ha pabouumii OpraH MHEBMOIPUBOABI C
MOCTYNATEIbHBIM JIBH)KEHHEM ObIBAIOT:

. JIBYXITO3UIIMOHHBIE, TIEpEeMeIlaoIne padounil OpraH Mexay ABYMsS KpaHUMHU
MTOJIOKEHUSIMU;
. MHOTOIO3UIIMOHHBIE, TepeMenarome pabounii Oprad B pa3inyHbIe MOJT0KEHUS.

[To mpuHIMIY AEUCTBUS THEBMATYECKHE MPHUBOJLI C IMOCTYNATEIbHBIM JBUKCHUEM
OBIBAIOT:

. OJHOCTOPOHHETO JEUCTBUA, BO3BpaT MPHUBOAA B HCXOJHOE IIOJIOKEHUE
OCYILIECTBIIAETCS MEXaHUYECKOU IPYKUHOM;
. JIBYXCTOPOHHEro JCHCTBUS, Mepemeniaroume paboyudl opraH MmpuBoja

OCYIICCTBIACTCA CKATBIM BO3YyXOM.
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[To KOHCTPYKTUBHOMY HMCIIOJIHEHUIO TTHEBMOIPHUBOJBI C MOCTYNATEIBHBIM JIBUKEHUEM
JeNsTCs Ha:
. MIOPIIIHEBBIC, MPEACTABIAIONINE COOON ITUIUHIP, B KOTOPOM IO BO3JACHCTBHEM
CKATOTO BO3AYyXa JIMOO MPYKUHBI TIepeMeIIaeTcsl MOopIIeHb (BO3MOXKHBI JBa BapUaHTa
WCTIOJHEHUsA: B OJHOCTOPOHHUX TIOPIIHEBBIX ITHEBMOMNPHUBOAAX pabouuii  X0.
OCYHIECTBIISIETCS. 3a CYET CHKATOro BO3JyXa, a XOJOCTOM 3a CU€T MNpPYXKUHBI, B
JIBYXCTOPOHHUX — W PaOOUYUi, U XOJOCTOM XOJIbI OCYIIECTBIISIIOTCA 32 CUET CIKATOTO
BO3/1yXa);
. MeMOpaHHbIe, MPEACTABISIONIME CO00M TepMETHYHYIO Kamepy, pa3iaeiéHHYIO
MeMOpaHOU Ha JIBE TIOJIOCTH; B IAHHOM CJTydae MWJIUHJP COSAUHEH C KECTKUM LIEHTPOM
MeMOpaHbl, Ha BCIO TIJIOIIA/Ib KOTOPOM U MPOU3BOJIUT JICUCTBUE CXKATHIN BO3AYX (TaKKe,
KaK Y MOPIIHEBBIC, BHITIOJHSIIOTCS B ABYX BUJAX — OJHO- JTUOO JIByXCTOPOHHEM).
. CunbdonHbie mnpumeHstoTcs pexke. [IpakTudyecku Bcerma OAHOCTOPOHHETO
JIEUCTBHS: YCUIIME BO3BpaTa MOXET CO3/1aBaThCS KaK yIPYroCThIO caMOTo CHIb(OH, Tak
Y C HUCIIOJB30BAaHUEM JIOTIOJIHUTEILHON MPY>KUHBI.
B ocobpix cnydasix (korjga TpeOyeTcsl MOBBIIEHHOE OBICTPOACHCTBHE) MPUMEHSIOT
CIIEUAJIbHBIA THUI TTHEBMOIPUBOJIOB — BHOPAIIMOHHBIA IMHEBMOIIPUBOJ PEICHHOTO
THIIA.

OnHO U3 NPUMEHEHUH THEBMATUUECKUX TIPUBOOB SIBJISCTCS UCIIOIb30BAaHUE UX B
KaueCTBE CHUJIOBBIX MPUBOJIOB HA MTHEBMATHYECKUX TPEHAXKEPAX.

IpuHUMIO JeHCTBUA THEBMATHYECKUX MAILIMH.
MHorue NHEBMAaTUYECKUE MAIIMHBI MMEIOT CBOM KOHCTPYKTHMBHBIC aHAJIOTHU
cpea OOBEMHBIX THAPABIMYECKUX MAIIMH. B YacTHOCTH, MIMPOKO NPUMEHSIOTCS
AKCUAJIBHO-TIOPIIHEBBIE ~ THEBMOMOTOPBI W KOMIIPECCOPBI,  LIECTEPEHHBIE U

IIACTUHYATBIC TIHCBMOMOTOPBI, ITIHCBMOIUIIMHAPHLI.

I[OCTOI/IHCTBa IMHEBMOIIpUBO/a.

. B OTJIMYKE OT TUJPOIPUBOJA — OTCYTCTBHE HEOOXOJMMOCTH BO3BpalaTh paboyee
Teno (BO31yX) Ha3al K KOMIIPECCOopY;

. MEHBILIUHN Bec paboyero Tena Mo CpaBHEHUIO C THAPONPUBOJIOM (aKTyallbHO JIS
PaKeTOCTPOEHHUSA);

. MEHBIIUHN BEC UCIIOJIHUTENbHBIX YCTPOUCTB MO CPABHEHUIO C AIEKTPUUECKUMU;

. BO3MOXHOCTh YNPOCTUTh CHCTEMY 3a CUYET MHCIOJb30BAaHUS B KadecTBe

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

] MMpoCTOTAa 1 SdKOHOMHUYHOCTD, O6YCJIOBJICHHBIC I[CHICBI/IBHOI\/JI pa60qer0 ra3sa,

] 6BICTpOTa Cpa6aTBIBaHI/I$I U OOJIBIIIME YaCTOTHI BpaliCHUA IMHCBMOMOTOPOB (JIO
HCCKOJIBKUX ACCATKOB ThICAY 060pOTOB B MI/IHYTY),

] HO)KapO663OHaCHOCTB u HeﬁTpaHBHOCTB pa60qel71 CpCahbl, 06CCHC‘II/IB3IOHI8.$I

BO3MOXHOCTb TIPUMCHCHUA  IMHCBMOIIPUBOJA B IAaXTaX W Ha XHMHUYCCKHUX
IMPONU3BOACTBAX,
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. B CPaBHEHUHU C TUAPONPHUBOJIOM — CIIOCOOHOCTH TEpeaBaTh IMTHEBMATUUYECKYIO
HHEPryi0 Ha OOJNbIIME PACCTOSIHUS (10 HECKOJIbKUX KHUJIOMETPOB), YTO IO3BOJSET
HCII0JIB30BATh ITHEBMOIIPUBO/] B KAUYECTBE MaruCTPajabHOIrO B IIaXTaX U HA PyJIHUKAX;

. B OTJINYME OT TUAPONPHUBO/A, THEBMOIIPUBOJ MEHEE YYBCTBUTEIIECH K U3MEHEHUIO
TEMIIEPATYPBhl OKpPY’KAIOIIEH cpeabl BeiieacTBue MeHblier 3aBucumoctd KII ot
yreuek paboued cpenpl (paboyero rasa), MO3TOMY H3MEHEHHE 3a30pPOB MEXKIY
JeTaISIMU  TTHEBMOOOOPYIOBaHUS U BA3KOCTU paboueld cpenbl HE OKa3bIBAIOT
CEepbE3HOT0  BIMSHUS Ha pabounMe mapamMeTpbl ITHEBMONPHUBOJAA; OSTO  JIETAET
MTHEBMOIIPUBO/ YAOOHBIM Il UCIOJIb30BaHUS B TOPSYMX I[€XaX METaUTypruyecKux
MPEANPUITUN.

Henocrarku mHeBMONPUBO/AA.

. HarpeBaHUe U OXJIAXKACHHUE pabovero ra3a B IpOLECCE CKATUS B KOMIIpECCOPAX U
paclIMpeHrds B  IHEBMOMOTOpax; AJTOT HEJOCTaTOK OOYCIIOBJIEH 3aKOHAMU
TEPMOJIMHAMUKH, ¥ TIPUBOJUT K CIAECAYIOIIUM MPOOIeMaMm:

- BO3MOKHOCTh OOMEp3aHUs THEBMOCUCTEM;

- KOHJIEHCAIUsl BOJSHBIX MapoB M3 pabodyero raza, ¥ B CBSI3M C 3TUM HEOOXOJIUMOCTh
€ro OCYyIIECHUS;

. BBICOKAsl CTOMMOCTh THEBMATUYECKOW SHEPIUU IO CPABHEHUIO C DJIEKTPUUECKOMN
(mpumepHO B 3-4 paza), UTO Ba)KHO, HAIIPUMEP, MPH UCIIOIH30BAHUU MMTHEBMONPUBOJIA B
1axTax;

. emié 6onee Hu3kuii KI1J1, yem y runponpuBosa;
. HU3KHUE TOYHOCTh CpadaThIBAaHUS M TUIABHOCTh X0J1a;
. BO3MOXKHOCTh B3PBIBHOTO pa3pbiBa TPYOONPOBOJAOB WM TPOU3BOIACTBEHHOTO

TpaBMaTHM3Ma, WH3-3a 4Yero B IPOMBIIUICHHOM ITHEBMOIIPHUBOJAC IPUMCHSIOTCS
HeOoubIIMe JaBjieHUs: padouero raza (OOBIYHO JIaBJICHHME B ITHEBMOCHUCTEMAaX HE
npeBbimaer 1 Mlla, XOTS W3BECTHBI IMHEBMOCHCTEMBI ¢ padOYMM JaBJICHUEM 10 7
MIla — Hampumep, Ha aTOMHBIX JJICKTPOCTAHIMSAX), M, KaK CICACTBUE, YCHIUS Ha
pabouyux opraHax 3HAYUTEIHHO MEHBIINE B CpPaBHCHUH C THAPONPHUBOJIOM). Tam, T1e
Takol MpoOJieMbl HET (Ha pakeTax M caMoJIeTax) WJIM pa3Mepbl CHCTEM HEOOJbIIHE,
naBiaeHus MoryT pocturath 20 MIla u maxke BbIIIIE.

. JUISL  PEryJIUpOBaHUS BEJIWYUHBI IMOBOPOTA INTOKA MPUBOAA HEOOXOIUMO
WCITIOJIb30BaHUE JIOPOTOCTOSIIUX YCTPOUCTB - IIO3UIIHOHEPOB.
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S. IIpocTeie BUABI Aedopmanuii
OcHOBHbBIC IOHATHS.

ConpoTuBieHnE MaTepuajoB — HayKa, B KOTOPOH H3JI0KEHbl NMPUHLMUIBI U
METO/bl pacuera 4YacTel COOpyXEHUH U MalIMH Ha MPOYHOCTh, KECTKOCTh U
YCTOUYHUBOCT.

IIpounocms — cIOCOOHOCTh KOHCTPYKLHMHU BBIICPKUBATH 3aJaHHBIE HArpy3Ku
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 ominune OT TeopeTHyecKkoil MEXaHWKH, B CONPOTUBIECHHUU MaTEpHUANIOB
paccMaTpHUBaIOTCA 3aJlayd, B KOTOPBIX BCE Teja MPUHUMAIOTCA AehOpPMHUPYEMBIMH, TO
€CTh CIHOCOOHBIMM M3MEHATH MEPBOHAYAIBHYIO (OpPMY U pa3Mepbl IpH IEUCTBUU Ha
HUX BHEIIHUX cuil. Jledopmaiinu, MOJTHOCTHIO UCUE3AIOIIKE TT0CIEe HATPY30K, HA3bIBAIOT
ynpyeumu, a OCTaloluecs — MIaCTUYECKUMH WM OCTaTOYHBIMU. Martepuan Ha3bIBaeTCs
aOCOJIIOTHO YHPYTHM, €CJIM MOCJ€ NPEeKpalleHUus ACHCTBUS HA HEro BHEIIHUX CHUJI
MOJIHOCTBIO MCUE3al0T BbI3BaHHbIE cHiIaMU Jedopmalnuu. B ensax coznanus npocThix U
yIOOHBIX JJII WHXXEHEPHOW MPAKTHUKUA pacyeTOB HCMOIB3YIOTCS pa3lInyHbIe MpHU-
OJIMYKEHHBIE METOJIbI, KOTOpbIE 3aCTaBIIAIOT MpHOEraTh K JAOMYIICHUSIM W TUIOTE3aM O
CBOICTBax MaTepuasoB U XapakTepe AepopMalnu.

OcHOBHBIE TOMYUIEHUSI O CBOMCTBaX MaTepuasoB:

1) 'unotesa CIUIOUIHOCTH U OJJHOPOAHOCTU MaTepuana. [1o 3Toit runorese npeamnonara-
€TCsl, YTO MaTepual MOJHOCThIO 3alOJHSAET BeChb 00beM 0e3 Kakux JU00 MyCcTOT |
CBOICTBa MaTepHalia He 3aBUCAT OT BEIMYMHBI BBIJICJICHHOTO U3 Tejla 00beMa.

2) I'unore3a uzorponHoctu. CriomiHas cpeia ABISIETCS U30TPOIHOM, TO €CTh (PUUKO-
MEXaHUYECKHE CBOWCTBA MaTE€pHAIOB BO BCEX HAMPABIEHUAX OJUHAKOBBI. Marepuasl,
He o0Jajarouiue 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 THUIIOTE3a CTaHOBHUTCS
HENPUMEHUMOM.

Jlomny1ieHus cBA3aHHbIE ¢ XapakTepoM Aedhopmariuii.

1) T'unore3a manoctu negopmanuid. IlepeMeniennss BO3HUKAIOIIUE B YNPYTHX Telax
M0J1 BO3/ICMCTBMEM BHEUTHUX CHUJI, MAJIbl IO CPABHEHHIO C Pa3MEpPOM Tejia. JTa TUnoTes3a
MO3BOJISIET TPHU COCTABJIEHWU YPAaBHEHUM paBHOBECHS HE YUYHUTHIBATH W3MEHEHUS B
pPacloyIOKEHUH CWII. YKa3aHHOE JOMYIIEHHE HOCUT Ha3BaHHE MPHUHIMIA HayalbHBIX
pa3mepoB. [IponmitocTpupyem JaHHOE MOJ0KEHHUE MPOCTHIM MPUMEPOM. MOMEHT CHUJTBI
F otHocuTenbHO TOukM A 3azenku cuutaioT paBHbIM Fl, a ne Fl; (puc.l), tak kax
pasHuia Mexnay | u l; He3HauuTenbHa.

2) I'unote3a nuHelHOCTH AedopManuii. [lepemenieHus 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 NMporud Oanku B ABa pasa Oonbiiuit — 2f. Tena, s KOTOPBIX
CIIpaBe/IJIMBa YKa3aHHAs TUIOTE3a HA3bIBAIOTCS JIMHEHHO AehOpMUPYEMBIMHU.

3) IlpuHIUn HE3aBUCUMOCTHU JACHCTBUS CUil. Pe3ynbTaT nelCcTBUS HAa TEJIO CUCTEMBI CHII
HE 3aBUCHUT OT TMOpPSJKAa NPUIOKEHUS BHEIIHUX CHJI W PaBEH CyMME€ pE3yJbTaTOB
JNEVCTBUS KaXIOW CWJIBI B OTAEIBHOCTHU. IlyCcTh Ha Teno aeuctByeT 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 MEpeMelIeHUe TOYKH A paBHO ajire0pandeckoun
cymme nepemenenuit fi u fo:

=+,

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

B conpoTuBieHnn MaTepuagoB UCCIEAOBAHUE BOIMPOCA O MPOYHOCTU PEATHHOTO
00beKTa HAUMHAETCA ¢ BbIOOpa pacueTHOM cxembl. [Ipucrymnas k pacyeTy, HeOOX0IUMO
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/0 YYECTh BEC IMOJHMMAEMOTrO Ipy3a, YCKOPEHHE C KOTOPBIM OH
JIBUKETCSI, @ MPU OOJIBIIION BHICOTE MOABEMA, BO3MOXKHO TaK)Ke€ U 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 citydyae. Tak, eciau B JaHHOM IPUMEPE HYKHO OLECHUTH
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 KOHCTpYKTUBHBIE OCOOCHHOCTH HAaJo
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, MJIACTHHA U MAacCUBHOE Teno. Jlis 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 —
IMUPUHBI U TONMMHBL [lo Buay ocu Opychsi MOTYT OBITh MPSIMBIMU U KPUBBIMU. Ecin
CEUCHUE H3MEHSeTCS Mo JJuHe Opyca, TO OH Ha3bIBaeTCs OpycoM IEpEeMEHHOTO
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 ciiydall 000704YKH OECKOHEUHO
OOJIBIIIOTO pajuyca KpUBHU3HEI (puc.5).

Maccue — teno, Bce pazMepbl KOTOPOTO COM3MEPHUMBI.

LenTpanbHoe pacTsKeHHe-CXKATHE.

[lon pacmsowcenuem (cocamuem) NOHUMAIOT TAaKOH BUJ JAePOpMalUA CTEPXKHS,
[P KOTOPOM B €r0 MOMEPEYHOM CEUEHUN BO3HUKAET JIMIIL OJUH BHYTPEHHUN CUIIOBOU
baktop - npoaoabHas cuna N.. [lockoabKy MpoosibHAS CUJIa YUCIEHHO paBHA CyMMeE
MPOEKIUN, MPUIOKEHHBIX K OJHOW M3 OTCEYEHHBIX YACTEHd BHEIIHHUX CHUJI Ha OCh
CTEpXKHS (IJ11 TPSMOJMHEHHOTO CTEPXKHSI OHA COBIAJAET B KAKIOM CEUEHHUH C OChIO
0.), TO pacTsoKeHHe (CKaTHE) UMEET MECTO, €CJIM BCE BHEIIIHHUE CHJIBI, ICUCTBYIOIIUE 10
OJIHy CTOPOHY OT JAHHOTO MONEPEYHOI0 CEYEHHUS, CBOASATCA K PaBHOACHCTBYIOIICH,
HampaBJIECHHOW BAOJIb OCH CTEpkHsA. OJIHA U Ta K€ MPOJ0ibHAas cuia N; pu JeUCTBUU
Ha pa3JIMuHble YacTU CTEPXKHS (JIEBYIO WM TMPaBYK) HMEET MPOTHUBOIOJIOKHBIC
HampaBlieHusl. 3HaK /N. 3aBUCHUT OT XapakTepa BbI3bIBaeMOW €0 jAchopMallum.
[IponosibHas cuila CUYMTAETCS MOJOXKUTEIbHOM, €CIIA BBI3BIBACT PACTSIKEHUE DJIEMEHTA,
Y OHA OTPHULIATENIbHA, €CJIN BBI3BIBAET CIKATHE.

”}\u P, P M =0 M =0

L — S EPN— HELN -t

Mg Fy
-+ —————— +—r M=0 ———— MN.=0
7 *. 5 SN I 1
L0 B0 U —— l_____—
<o, Ny &)
Puc. 5.1 Puc. 5.2

Jlst Toro, yTo66I CHOPMYITHPOBATH MPEANOCHIIKA TEOPUHU PACTSIKEHUS (CHKATHA)
MPU3MATHYECKOT0 CTePXKHs, oOpaTuMcs K dkcriepuMenty. [IpencraBum cebe cTepKeHb,
M3TOTOBJICHHBIH M3 KaKOro-inbo MOAATIIMBOTO MaTepuana (Hampumep, pPEe3uHbl), Ha
OOKOBYIO TIOBEPXHOCTh KOTOPOTO HAaHECEHAa CHUCTEMa MPOJOJBHBIX M IOIMEPEYHBIX
pPUCOK. DTa OpPTOrOHAJNbHAsl CHCTEMA PUCOK OCTAETCS TAKOBOM M IOCIE MPHIIOKEHHUS
pactsaruBatonieid Harpy3ku. IIOCKOJIBKY TIONEpEeYHbIe PUCKUA SABISAIOTCS CleAaMU
MOMEPEUHbIX CEUEHHI Ha TIOBEPXHOCTH CTEPKHS H OCTAIOTCA MPSIMBIMU U
NEePNEHAUKYJISAPHBIMA K OCH CTEpPXKHS TO 3TO CBHUAETEIbCTBYET O BBIIIOJIHECHUU
eunomeswvl naockux cedenui (bepuyanu). C ydeToMm eunomeszvl 00 omcymcmeuu
NONEepeyHo2o 83auUMo0elcmeus NnpoOoOJbHLIX GOJOKOH TPUXOIUM K BBIBOAY, YTO
nedopManusi PacTSHKCHHS CTEPXKHS CBOJUTCS K OJHOOCHOMY PACTSDKCHHIO €ro
MPOAOJIbHBIX BOJIOKOH, M B TOMNEPEYHOM CEUCHUU CTEPKHS BO3HMKAIOT JIMIIb
HOpPMAJIbHBIE HANpPSDKEHUS d, UHIEKC 2 Yy KOTOPBIX omyckaeM. OpTOroHaJbHOCTH
MIPOJIOTBHBIX U MOIMEPEUHBIX PUCOK CBUIAETEIBCTBYET Takke 00 OTCYTCTBUH 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. 5.3 Puc 5.4

Torna mnpomonpHas cuna N" paBHas CyMME NPOCKUMHA BHYTPEHHUX CHIIL,
JEUCTBYIOIIMX B JAHHOM IIONEPEYHOM CEYeHUU Iulomanesio F (puc. 5.4) oueBHIIHO
Oyner paBHa

v, =|_|car 5.0)

DTO COOTHOIIEHHE SIBISETCS YPABHEHUEM PAaBHOBECHUS CTATUKH, CBSI3BIBAIOLIUM
NPOJOJIBHYI0 CUTy N., U HOpPMaJIbHOE HANpsKEHHE G, KOTOpoe B 0oOIeM ciydae
ABIACTCS (PYHKIUMEH KOOPJIMHAT X U ) U MOATOMY HE MOXKET ObITh HalJIeHO U3 OJHOTO
muiib | ypaBHeHUs cTaTHKU . Takum 00pa3oM, 3aja4a onpeesieHus] HalpsDKeHU Jaxe
B CaMOM I[IPOCTOM ciyd4ae Ae(pOpMUPOBAHUSL CTEPXKHS (PACTSKEHUU WIM CXKATUHU)
OKa3bIBAETCS CTATHYECKU HEONIPEAEITUMOM.

HeoOxonumoe aiis pelieHus 3Tol 3a7aun TONOJHUTEIbHOE YPaBHEHHE BbITEKAET
U3 TUIIOTE3bI INIOCKUX ceueHM. [I0CKONIbKY MOnepeyHble CEUEHUsI CTEP/KHS, OCTaBasICh
IUIOCKUMU U TIEPHEHAUKYISAPHBIMHU K OCU CTEPKHS, B Iipoliecce 1ehOpMUPOBAHUS JTUIITh
MOCTYMATEIbHO MEPEMEIAlOTCsl BAOJIb OCHU CTEPXKHS (YTO MPUBOJIUT 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 NONYy4YnM, 4TO N, =GF unu
c=N./F.

Takum o06pazom, IpH PACTSHKEHUH (CXKATUM) MPU3MATHYECKOTO CTEPXKHSI HOPMaJlbHbIE
HaIpsDKEHUs] paBHOMEPHO PaCIpeesieHbl N0 MONEPEUYHOMY CEUEHHUI0, a KacaTelbHbIe
HaMpsHDKEHUS] B CEUEHUSIX OTCYTCTBYIOT, UTO SIBJISIETCSI CIEACTBHEM T'MIIOTE3bI IIOCKUX
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
NPUOIMKEHHON OLICHKH HOPMAJIbHBIX HANPSKEHUI B CTEPKHAX NEPEMEHHOTO CEUECHHUSI.
[Ipu 5TOM, 4yTOOBI MOTpeHIHOCTH (OPMYJIbl ObUIa HEBEIHMKA, HEOOXOAMMO, YTOObI
IIOLIAAb MOMEPEYHOTO CEYEHUsI CTEPXHS M3MEHSJIACh JIOCTATOYHO IUIABHO BJOJIb €0
OCH.
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YcnoBue IMPOYHOCTU IIPHU PACTAKCHUU (C)KaTI/II/I) MNPpU3MATHYCCKOIO CTCPIKHA IJIA
CTCPIKHA U3 INIACTHYCCKOI'O MaTCpHajia (T. C. Marcpuajid, OANUHAKOBO pa60TaIOH_[eFO Ha
PACTAKCHHUC U C)KaTI/IC) 6y2[eT HUMCTBb BUA.

a=MN, I F=[d], (5.2)

rae [c] - momyckaemoe HampsbkeHue. HampsbkeHwe G B yCIOBUM MOJCTaBIISIETCS IO
MOZYJIIO, TaK KaK 3HAK G B ATOM CJydae POJU HE Urpaer. [[ns crepikHer U3 XpymnKHuX
MaTepuagoB, HEOJWHAKOBO CONPOTHUBISIIOIIUXCA PACTSDKEHUIO M CKATHUIO, 3HAK
HaIpsDKEHHUS] UMEET NMPUHLUNHAIBHOE 3HAYEHUE, W YCIOBHUE NMPOYHOCTH HPHUXOIAUTCS
(bopMyIUpOBaTh OTACIBHO JJISl PACTSKEHUS U CHKATUSL:

T =N, .I"FE[CFP] .

o |= | W2 | F 2la,
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 33/1a4d MEXaHUKU MaTEPHUAJIOB KOHCTPYKIIUNA. B mpuMeHeHuu K ciiydaro
pacTsbKeHMsT  (CKaTvs) NPU3MATHUYECKOTO CTEPXKHS OTU 3anadd  GOpMYTUPYIOTCS
CJIEAYIOIHNM 00pa3oM.

[IpoBepka MpoYHOCTH (MOBEPOUHBIA pacyeT). ITOT pacueT MPOBOJIUTCS, €CIIU
Harpy3ka (B HallleM ciiy4dae ee IpeacTaBisieT N.), CeUeHHe CTepKHs F U ero marepual
[c] 3anaHbI.

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

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

e Fxa?
= >

F N

=

2= [%] .
rjae o* - mpenenbHOE (WM OMACHOE) HANpsDKEHUE, T. €. HaIpsKEHUE, BBI3BIBAIOIICE
OTKa3 »JJEeMEHTa 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 3aJaHHOTrO
matepuana ([c] maHo). MuHuManbHOE 3HAaYeHWE F TIOIYyYUM, €CIH B YCJIOBHH
MPOYHOCTH MPHUHSTH 3HAK PABEHCTBA!

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

Onpenenenue odonyckaemol HA2py3Ku, TO €CTh MaKCUMaJIbHOIO 3HAYEHUS
Harpy3Kkd, KOTOpPOE JOIMYCKAaeT JAaHHBIM 3JIEeMEHT KOHCTpykKuuu (F u [c] maHbl) mpu
BBITIOJTHCHUH YCIIOBUS IPOYHOCTH:

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

L

1
Puc. 5.5
[IycTp mepBOHauanbHAs JJIMHA PACTAHYTOTO CTEPXkHsS paBHA L, a mimHA mocie
nedpopmanuu L. Tlpupamenue mmuael AL = L; — L — Ha3biBaeTcsi aOCOMIOTHBIM

yIJIMHEHUEM CTepkHsA, a oTHomeHue AL / L = & — Ha3bIBaeTcsl OTHOCHUTEIbHBIM
yIMHeHHeM. M3 MHOXeCTBa ONBITOB YCTAHOBJIEHA CIIEAYIOLIASA 3aBUCUMOCTb, KOTOpas
IOJIy4MJIa Ha3BaHue 3aKkoH ['yka:

e=oc/E,

I'7IE€ G — HOPMAJIBHOE HAIIPsKEHUE,

E — Mmonyns ynpyroctu nepsoro paaa wiv moayis FOHra.

B mpenenax manbix ymasiMHEHMH JUIsi OOJNBIIMHCTBA MAaTEpUAIOB CIPABEIUB
3akoH ['yka - HOpManbHble HANPsSOHKEHUS B  IIONEPEYHOM CEYEHHM MPSIMO
MPOIMOPLIMOHATIEHBI OTHOCUTENIBLHON JTUHEHHON epopmaluu € o = Es .

Koaddumnuent nponopunonansHoctTd E - MOIylb NpOAOABHON yNpPYyroctd, €ro
BEJIMYMHA IIOCTOSIHHA JUIsl Kaxzaoro warepuana. OH XapakTEpU3YET KECTKOCTh
Marepuaia, T.e. CIHOCOOHOCTb COMNPOTHBIATHCA JA€POPMUPOBAHUIO TOJ JACHCTBUEM
BHEIIIHEH HArpy3KH.

Cpennue 3HaueHust £ U (4 AJi1 HEKOTOPBIX MaTepUasoB JaHbl B Tabnuie S.1.

Tabnuna 5.1
3nauenus Moayis ynpyroctu E u koaddunmenta Ilyaccona v

Marepuan E, MIla 1%

Craib (2-2.2)-10° 0.24-0.3

Turan 1.1-10° 0.25

AJTFOMUHHM 0.7-10° 0.32-0.36

Menn 1.0-10° 0.31-0.34

Hyryn (1.1-1.6)-10° 0.23-0.27

Pe3una 1.0-0.8 0.5

[Ipo6Gka - 0

CrexnoBonokso | (0.18-0.4)-10° 0.25

JlepeBo 1-10* -
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AL =NL/ES, (5.4)
rae N — npoaonbHas cuia,
S — mIomanak cedeHus,
L — nymna crepxHs,
E — monyns FOHra.

CaBur.

A Z % ]
—— L
< — /'X ﬁ/_ / e} /
\ X dp d Cpy ©
d ¢ d 1\ \ dZ
d\[ ¢ A \Z_ T \X_‘LT
\ \
a b \ T \ \4
4 T
R dx |
Puc. 5.6

HanpsikenHoe  cocTosiHME, TPU  KOTOPOM HA TpaHAX MPSMOYTOJILHOTO
AJIEeMEHTa BO3HUKAIOT TOJIBKO KacaTelbHble HAIpPSKEHUS 7T, HA3bIBAETCSd YHUCTHIM
CABMIOM. OKCIIEPUMEHTAIbHO UHUCTHIM CHBUT MOXKET OBbITh OCYIIECTBICH MpHU
KPYYEHUH TOHKOCTEHHOW TpYOBI.

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

BCC HpHMBIe er’IBI MC)KIIy FpaHSIMI/I N3MCHIATCA Ha BeJ'II/IIH/IHy }/ ) KOTOpBIﬁ
HA3bIBACTCIA yFJIOM CABUTIA. KacaTeJIBHBIe HaHpH)KeHI/ISI nu YFOJI cABUI'a CBJA3AHBI
HpHMOﬁ HpOHOpHI/IOHaJIBHOCTBIO, T.C. 3aKOHOM FYKa HpI/I CABUTIC:
7T=Gy (5.5)
rie G - Moaynb caBura (MOAYJb YOPYTrOCTH BTOPOTO poja); sl CTajH
G =8-10" Ma.
Mexny monynem ynpyroctu E u G CyIecTBYEeT CBS3b:

G =——— , KOTOpasi MOATBEP)KIAETCS IKCIIEPUMEHTAIBHO.
21+ p)
3necy u - xoapdunuent IlyaccoHa.



n
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~

Puc. 5.7.
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Kpy4enne.
Hedbopmarus Kpy4eHUs BBI3BIBAETCS

CKpy4YHUBAarOIIUMHU MOMCHTAMH, IIJIOCKOCTHU ﬂeﬁCTBHH
KOTOPBIX TCPIICHAUKYIIAPHBI HpOI[OHBHOﬁ OCH.

IIpn KpydyeHHM BO3HUKAET OJWH BHYTPEHHUN CHUJIOBOM

dakTtop - KpyTamuil MoMeHT M, .
Xapakrep  paclnpenciieHus — HaupsHKCHUN

I10

CEUCHUIO BBISICHUM, PACCMOTPEB TCOMETPUUECKYIO KapTUHY Jedopmaliuu Baja.
JInss  3TOrO Ha  TMOBEPXHOCTH  HAHECEM  CETKy, COCTOSIINYIO U3  JIMHHM,
NapajuieNIbHBIX OCH, W JIMHWUM, MPEICTABISIIONIMX COOOW MapasuiesibHbIe KPYTH.

.YJ@
\

Puc. 5.8

ITocne mpusoXkeHWsT  CKPYUMBAIOMIETO  MOMEHTA
HaOmoaeM  crieayrolee: oOpasyloliue LUIUHApPA
MpEBpAIIAIOTCS B JIMHUM OJIMHAKOBOTO HAKJIOHA K
ocH CTEPKHS; napasieabHbIe Kpyru HE
WCKPUBIIAIOTCS M pPAacCTOSIHUE  MEXIY  HUMH
OCTa€TCsl HEU3MEHHBIM, PAJAUYChl, IPOBEICHHBLIE B
TOPIIEBBIX CEUCHMSIX, OCTAIOTCS MpsMbIMU (puc. 6.8).

Taxkum o0pa3oM, TpU MOCTPOCHUH TEOPUHU
HaMpsHKEHHO-Ae(OPMUPOBAHHOTO  COCTOSIHUSL  BaJia
pu Kpy4EeHUH MOJIB3YIOTCS CIIEYIOIIUMU
TUIIOTE3aMH:

1. HOHCpC‘{HBIC CCUCHHA BaJla OCTAKOTCA IIpH I[e(i)OpMaHI/II/I INIOCKUMHU H
oCcHu Bajia. Onu JIUIIb IMOBOPAYNBAIOTCA OOHO
OTHOCUTCJIbHO OPYTroro Ha HCKOTOpBIﬁ Yol 3aKpyduBaHUA, 0003HaYaeMBbIH Q.

NCPHNCHANKYIIAPHBIMHA K

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

HNCKPUBJIAKOTCA.

A im

PaccMOTprM  HEKOTOPBIM  y4acTOK
Bajla JJIMHOW dZz, BBIJCICHHBIM M3 Baja

I\

I(P\

i B

(puc. 4). Ilycth yroi moBOpOTa CEUCHUS
{' " m-—m  OTHOCHUTEIHHO HETIOABHYKHOTO

; Oyner ¢, Toraa yrojl MOBOPOTa CEYEHMUS
n—n, PacHoOJO)KEHHOIO Ha PACCTOSHUU

Puc. 5.9

dz, Oyner @+de. CrnegoBaTenbHO, Yroj
3aKpy4YMBaHUs YYacTKa Baja JUIMHOW dZ
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 TNOJOXEHUEe ab,, cOCTaBUB C IepBOHAYAIBHOMN
b&/bl i “ yro y. AHaJIOTUYHO oOpazyromias dc
do nepeMecTuTcsi B mojoxeHue dc,. Tak Kak JJIMHBI
Puc. 5.10 ITUX OTPE3KOB TMPAKTHYECKH HEU3MEHHBI,  TO

nedopManusi  MPSMOYTOJIBHOTO  3jieMeHTa  abed
COCTOMT B HW3MCHCHUHU IIEPBOHAYAIBHO  MPSIMBIX
YIJIOB HAa BEJIIMYUHY yTJa ¥ .

Takum 06pa30M, paCCMOTpeHHBIﬁ 9JICMCHT HAXOOUTCA B YCIOBHAX YUCTOI'O
CABHUI'a H, CJICOOBATCIIBHO, HaA €TI0 TI'paHigX ,Z[CﬁCTBYIOT KaCaTCJIbHBIC HAIIPSAKCHUS
T.

) bb,
gy =——=V.
ab
do
VYuursiBast, uto ab=dz, a bb, =r-de, yron casura: y =r——.
dz
do
OtHonrenue a =0 HA3bIBACTCS OTHOCUTEIBHBIM IOTOHHBIM  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 cIBHra y, =0p.

Haiinem 3aBUCHMMOCTD MEXIy HamnpspKEHUSIMH U JedopManusiMd  TpH
KpY4CHHMU. C Y4C€TOM 3aKOHa FYKa npu 9uCTOM CIABHIC

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

13 ABYX TITOCJICAHUX q)OpMyJI CJICOyCT, YTO YIJIBI CABHId KW KaCaTCJIbHBIC
HaAIllPpSKCHUA B IMOIICPCYHOM CCUCHHMU H3MCHAINOTCA 110 JII/IHCI?IHOMY 3daKOHY IIpAMO
MNPOIMOPIUOHAJIBHO 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. 5.11 o M,

G I,
HpaKTI/I‘IeCKI/I BBIpa)KeHI/IC GIp - JKC€CTKOCTH Balia HpI/I prquI/II/I.

I, - nONSIpHBIT MOMEHT HMHEPLHH.

n-rt _ 71'-(1’:—1’34)
I, :T - I KPYTJIOrO CEYeHus, I, :# - s TpyO4daroro
CEUYCHHS.
B3anMHBIM  yronm 3akpyyuMBaHMS JIBYX CEUCHHMI, pACIOJOXKEHHBIX Ha
paccrosiauu [ :
LM
Q= I ——dz.
0G-1,
Ecnu B mpepenax UMAMHAPUYECKOTO YydYacTKa Baja JJIUHOW [ KpyTsamui
MOMEHT M, uMeeT NOCTOSHHOE 3HA4YeHUe, TO

M. 1 - 3ak0oH I'yka npu KpydeHuwu.
(0:9.]:—
G-I,
Tak kak T=G-0-p, 10 M,
T = 7 p.

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

. _Mgr_M, 6.6
max I W b .
P p
rne W, =2 . [ONApHBIA MOMEHT CONPOTHBICHHS [ez[3].
r
T-r ﬂ-(r4—r4)
W = - JUIL  KPYIJIOTO  CEUYCHHUS; W =—*=" 22 - s
p 2 p 2.r
H

TpyOUaTOro CeUeHUsI.
N3 BTOpO#l THIOTE3Bl CHACAYET, 4YTO HOPMAaJbHBIC HAIPSOHKEHUS G IPHU
KPYYCHUH PaBHBI HYIIIO.
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