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BBenenue

Hucrmuimaa ~ «MexaHuKka»  SBISCTCA  OCHOBOM  OOIIECTEXHHYECKOW W
o0menpodecCHOHANBHON MOATOTOBKH CHEIMATNCTa TI000r0 Mpoduiis, B YaCTHOCTH, B
00J1aCTH TIPOBEICHUS MHKECHEPHO-TEXHUYICCKUX IKCIICPTH3.

Pa3BuTHe COBpPEMCHHOW IIOKapHOW TEXHUKH CTAaBUT TeEpe] HWHXKCHEPAMHU
MOKapHOH OE€30MacHOCTH caMble Pa3HOOOpas3HbIe 3a/adyd, CBSI3aHHBIE C PacdeToOM
Pa3IUYHBIX COOPYKEHUH (3MaHHUI, MOCTOB, KaHAJIOB, IUIOTHH U T.I1.), C 3KCIUTyaTaIruen
BCEBO3MOJKHBIX MaIllMH, MEXaHW3MOB, JBUTATENICH M, B YaCTHOCTH, TaKHMX OOBECKTOB,
KaK TIO)KapHbIC aBTOMOOWJIH, COCTAaBJISIOIIME WX Y37l (THIPOIPUBOILI, HACOCHI).
KoHcTpynpoBanue MamiuHbl HE3aBUCHMO OT TOTO, BBIMOJHSICTCS OHO yYallUMCS WA
OIBITHBIM WH)XEHEPOM, - TPOIecC TBOpUYeCKui. Kaxxaas KOHCTpyKTOpCKas 3aaada, Kak
MPaBUIJIO, UMEET MHOTO pelreHuid. Onupasch Ha MMEIOIIMECS TEOPETHUSCKHE 3HAHUS,
yUYaniuics J0/HKSH BBIOPATh U3 MHOTHX BO3MOJKHBIX PEIICHHMH OAHO, Hawmydiiee. [Ipu
3TOM €My TPUXOJWUTCS TPUHUMATh BO BHUMAHHWE YacTO IIPOTUBOPCUHBHIC
TEXHOJIOTUYECKHE W  OKCIUIyaTallHOHHBIC  TpeOOBaHUs,  MNPEABSIBISIEMBIE K
MPOEKTUPYEMOMY u3aenuio. HecMoTpst Ha MHOT0OOpasue BceX ITUX MPoOIIeM, pelIeHHs
WX B OMPECICHHOW YaCTH OCHOBBIBAIOTCS Ha HEKOTOPBIX OOIIMX MPHUHIIMIIAX U UMEIOT
o011yI0 Hay4YHYI0 0asy.

OCHOBHBIC TCOPETUYCCKHE MMOJIOKEHUS, H3ydaeMble B nucuiuinae «[IpukinagHas
MEXaHHMKay IIAPOKO WCITOIB3YIOTCS MPH M3YYEHUHW psjia CIEIUaIbHBIX JTUCIHIUIAH, a
UMEHHO: «3/JaHMs W COOPY)XCHHMS M WX YCTOMYHMBOCTH TpH moxape», «lloxapHas
0e30MacHOCTh B CTPOMTENBCTBE», «PacciemoBanme W OIKCHEpTU3a TMOKAPOBY,
«IloxxapHast 0e30MacHOCTh TEXHOJOTHYECKUX TporieccoB», «Teopust ropeHus u
B3phIBaY, «[ mapasiukay, «IIpoTuBonokapHOe BOAOCHAOKEHNE» U T. II.

D} PeKTUBHOCTh OCBOCHHS IUCIUIUIMHBI «MeXaHWKa» B 3HAYHMTEIBHOH Mepe
3aBUCUT OT COJICpXKaHUS W TIOCTAHOBKH JIa0OPATOPHOrO MPAKTHKyMa, ITOCKOIBKY
nabopaTopHbIe PabOTHI SBIISIOTCS CBA3YIOIIMM 3BEHOM TEOPHH U MPAKTHKH, KYpPCOBOTO
MIPOCKTHPOBAHHMS, TIPAKTUKYMa PEIICHHS NPHUKIAIHBIX MPaKTUYCCKUX 3anad. J[aHHbIC
MEPOTIPHUATHS ITO3BOJISIOT YIIIYOJISATh U 3aKPEIUIATh TCOPETUICCKUE 3SHAHMSL.
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1. Craruka

OcHOBHBbIE MOHATHS MEXaHUKH

JIBuKeHUe SBISIETCS CIOCOOOM CYIIECTBOBAHMSI MAaTE€pUU, €€ OCHOBHBIM He-
OTheMJIEMBIM CBOMCTBOM. [lon nBH)KeHHEM B OOILIEM CMbICIE MOHUMAETCS HE TOJIBKO
IIEpEMEILICHHE TEJI B IPOCTPAHCTBE, HO U TEIIOBBIE, XUMHUECKUE, DJIEKTPOMAarHUTHBIE U
Jo0BIe IPYrUe U3MEHEHMSI U MPOIIECChI, BKIIIOYAs HAIllE COBHAHUE U MbICIb.

Mexannka u3yyaeT HamOoJiee MPOCTYI0 M JIeTKO Habitonaemyro (GopMy ABH-
KEHUS - MEXaHUUYECKOE JIBUKEHUE.

Mexanuueckum OsudiceHueM HA3bIBAEMCA KAK Npoucxoosujee ¢ meyeHuem
8peMeHU U3MEHeHUe NOJIONCEHUsL MAMEPUATILHBIX mel OMHOCUMeNbHO Opye Opyad, mak
U U3MeHeHue OMHOCUMENbHO2O HNONONCEHUS YACMUY OOHO20 U MOo20 Jice Mame-
PUanbHo20 mena, m. e. e2o 0eghopmayusl.

Henb3s, koHeyHo, Bce MHOrooOpasue SBICHHN MPUPOABI CBECTU TOJIBKO K
MEXaHUYECKOMY JIBH)KCHHIO U OOBSICHUTh MX Ha OCHOBAaHUHU TOJOKEHUU OIHOU Me-
XaHUKU. MexaHuueckoe ABMKEHUE HUKOMM o0pa3oM HE HCUEpIBbIBAET CYyIIeCTBa
pa3nu4HbIX (OPM IBHXKEHHS, HO OHO BCEr/ia MPUCYTCTBYET B KaXKJI0M U3 HUX U JIOJKHO
OBITh UCCJIEIOBAHO PAHBIIIE BCETO OCTAILHOTO.

B cBA3M ¢ KOJOCCaNbHBIM Pa3BUTUEM HAYKHW M TEXHUKH CTajl0 HEBO3MOYKHBIM B
OIHOW JUCHHUIUIMHE COCPENOTOYUTh M3YYEHHE MHOYKECTBA BOINPOCOB, CBSI3aHHBIX C
MEXaHWYECKUM JBHKEHUEM Pa3JIMYHOTO poAa MaTepuaibHbIX Tel. CoBpeMeHHas Me-
XaHHMKa MPEICTaBIsAeT COOON LENbld KOMIUIEKC OOIIMX M CHEIHAIbHBIX TEXHUYECKHX
OUCLUUIUIAH, TIOCBSIIEHHBIX MPOEKTUPOBAHUIO M PACUYETy pPaA3JIMYHBIX COOPYKEHHU,
MEXaHNW3MOB U MAIlIVH.

MarepuanbHble Tena, ¢ KOTOPbIMU MMEIOT JEJI0 B ATUX NHMCIUIUIMHAX, BECbMa
pa3IuYHbI, HO JABMKEHHUE UX 00J1a1aeT MHOTUMHU OOIIMMH CBOMCTBaMU, HE 3aBUCSUIUMU
OT (U3MYECKUX CBOMCTB camMuX [BIKYIIMXCA Tel. OTH OO0IIMe CBOMCTBA Me-
XaHUYECKOTO IBMKEHUS MaTEPUAIBHBIX TEJ U U3YUYAIOTCSl B TEOPETUYECKON MEXAHUKE.

Teopemuueckou MexaHuKou HA3bIGAEMCS HAYKA, U3ydarowjas obujue 3aKoHbl
MEXAHUYECKO20 0BUNICEHUS MAMEPUATIbHBIX Mel U YCIMAaHasausaowas oowue npuemsl u
MemoObl 07151 peuletust BONPOCO8, C8A3AHHBIX C IMUM OBUNCEHUEM.

Mexanuueckum Ogudicenuem HaA3vl8aemcsi UMEHeHue ¢ medeHuem 6pemeHu
63AUMHO20 NONOIHCEHUSA MAMEPUATILHBIX MOYEK 8 NPOCMPAHCMEE.

Mexanuueckum — 3aumooelricmeuem HA3bIBACMCA  MAKOe  63aUMOOeUcmsue
MamepuanbHulX mes, KOmopoe usMeHsAem Uiy CMpeMumcs UsMeHUumb Xapakmep ux
MEXAHUYECKO20 OBUINCEHUS.

Jjist TOro 4ToOBl YCTAHOBUTDH 3aKOHBI IBMXKEHUS, 00IIME ISl BCEX MAaTepUaIbHBIX
T€ld, B TEOPETUYECKON MeXaHHKe MpUOEeraloT K HWJeadu3alud SBICHHH, T. €. K
BBIJICJICHUIO TJIABHOTO, OT YEro 3THU SIBJICHUS CYIIECTBEHHBIM OOpa30M 3aBUCST, U OT-
OpacbIBaHUIO BTOPOCTENIEHHBIX OOCTOATENLCTB, HE CYIIECTBEHHBIX B pACCMAaTPUBAEMbIX
ycioBusx. [Io3ToMy B TEOPETHUECKON MEXAHUKE pAacCMAaTpHUBAETCSA JBH)KEHHE HE TEX
bu3MYeCcKUX Tel, KOTOpble pealbHO CYIIECTBYIOT B TMPUPOJE, a HEKOTOPHIX
aOCTpaKTHBIX MOJIEJEH, OTPaKaIOIINX TOJIBKO OIpeiesieHHbIe O0II1e CBOMCTRA.
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B nunamuke m3yyaroTcs 3aBUCHUMOCTH MEXAY JBM)KEHUEM MATepHUalIbHbBIX TEN U
JNEUCTBYIOIIMMHU Ha HUX CUJIAMHU.

[TongoOHOe neneHue Kypca MPOTUBOPEUYUT CYIIHOCTH MEXaHUYECKHUX SIBICHUM.
ITokoi1 1 paBHOBECUE SIBISIOTCS JIUIIb YACTHBIMU CIIyYasiMU JIBUKEHUS, @ HE KAKUMU-TO
O0COOBIMHU CITy4asiMU, KOTOPBI€ JTOHKHBI OBITh PACCMOTPEHBI HE3aBUCHUMO OT JBH)KCHUS
U B Ka4eCTBE €ro MpeAnochUIOK. Bce MONOKEeHHsT CTaTUKU MOTYT OBITh BBIBEJICHBI U3
3aKOHOB JMHAMMKU. MIyT K€ Ha Takyl MOCJIEAOBATEIBbHOCTh B MOCTPOECHUM Kypca
TEOPETUYECKOM MEXaHMKH B BYy3aX MOTOMY, UYTO CJIOKHOCTh MAaT€MaTHUYE€CKOIro ara-
pata, TpeOyemMoro s U3y4eHUs] MEXaHUKH, BO3PACTaeT MOCTENIEHHO, U MOXHO BECTH
€€ U3y4YeHHE MapauiebHO C U3YYEHHEM Kypca BBICIIEH MAaTEeMaTUKH, & IOTOMY paHbIIIE
MEPEUTH K U3YUEHUIO CIEUUAIBHBIX TUCIUATIINH.

Teopernueckass MeXaHWKa CIY>XUT HAy4YHbIM (PYHIAMEHTOM ISl MHOTHX TEX-
HUYECKUX OUCHUIUIMH. Ee MeTomamu u mpueMamu MoJab3YIOTCS MPU BCEX TEXHUUECKUX
pacuerax, CBSI3aHHBIX C MPOEKTUPOBAHUEM PA3IUYHBIX COOPYKEHUW W MAIlIMH U HX
sKcIUTyaTauuei. Posib 1 3HaUEHHE TEOPETUUECKOW MEXAHUKHU JJIsI TEXHUKH HEMPEPBIBHO
Bo3pacrtaeT. CrnoxxHelme npooieMbl, MOCTOSHHO BO3HUKAIOIIHNE B CBSI3U C TUTAHTCKUM
pa3BUTHEM TEXHUKH, OpraHM3allMeid W pa3BUTUEM BCE€ HOBBIX U HOBBIX BHJOB
MPOU3BOACTBA U HOBBIX TEXHUYECKUX CPENICTB, YK€ HEJIb3sl pellaTh HA OCHOBE OJHUX
OTBITHBIX JTAHHBIX, HA OCHOBE OJHOM NpakKTUKU. TpedyeTcs HaydyHOEe MpPEABUICHUE U
CTPOTHUH MpeBAPUTEIIbHBIN pacueT, OCHOBAHHBIC Ha TJIyOOKOM 3HAHWUU TEOPHUH, IPUUYEM
B MIEPBYIO OUEpEIb HA 3HAHUM 3aKOHOB U METOJ0B TEOPETUUECKON MEXAHUKHU.

AKCHOMBI CTATHKH

AKCUOMBI CTaTUKH TPEJCTABISAIOT CO00I0 pe3yiabTar O00O0OIIEHHH MHOTOYHC-
JICHHBIX ONBITOB U HAOIIOJEHUM HaJl paBHOBECHEM M JBIKCHHEM TeJl, HEOJHOKPATHO
MOATBEPKACHHBIX TNMpakTUKoi. HexoTopble OCHOBHBIE 3aKOHBI MeXaHuku [ amunes —
HproToHa SBIAIOTCS OJHOBPEMEHHO U aKCUOMAaMHM CTaTHKHU.

1. Axcuoma unHepuuu. [1o0 Oeiicmeuem 83AUMHO YPAGHOBEUUUBAIOWUXCSL CUIL
MamepuanbHas mouxka (meno) HaAxoOumcsi 6 COCMOSHUU NOKOs UNU OBUNCEMCS Npsi-
MONUHEUHO U pagHomMepHo. AKCMOMa WHEPLIMM BBIpAXKaeT YCTaHOBJIEHHBIN ['anmuieem
3aKOH MHepIHH. AkcroMa | ompenenseT MpoCTeUIy0 ypaBHOBEIICHHYIO CUCTEMY CHII,
TaK KakK OMbIT MOKa3bIBA€T, YTO CBOOOJHOE TEJIO, Ha KOTOPOE JIEUCTBYET TOJIKO 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 UxX MOOYIU PAGHbL U eCiu OHU
HanpaeieHvl no 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 UCKIIIOUYUMDb CUCMEM)Y 63AUMHO YPABHOBEWMUBAIOUWUXCA 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, C€CJIN TCJIO B
ABHKCHHUHU, TO OHO 6YIICT ABHUTAaTBCA II0[ HCﬁCTBHCM HOBOM CHCTEMBI CHII

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

DKBUBAJICHTHA MpPEXHEW. OJTO K€ NPOU30MIET, €CIM U3 3aJaHHOM CHUCTEMBI CHII,
MIPUJIOKEHHBIX K TBEPAOMY Ty, UCKIIOUHUTh B3aMMHO YPaBHOBEIIMBAIOIIUECS CHUJIBI,
BXOJSIINE B €€ COCTaB.

Puc. 1.2. YpaBHOBeneHHas cuctema CHII B IIJIOCKOCTH

CnenctBue. He uzmenss KUHeMamuiecko2o COCMOAHUS AOCOIIOMHO MEePO020
mena, CUy MONMCHO NEePeHOCUMb 8001b IUHUU ee OelUCMBUs, COXPAHSSA HeUSMEHHbIMU ee
MOOYJIb U HANPAGeHue.

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



Puc. 1.3. Crnoxxenue cui 1o npaBuily napamuienorpaMma

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

5. Axcuoma JEHCTBUSL M TPOTUBOACHCTBUA. Bcaxomy Oeiicmeuro coomeem-
cmeyem pagHoe U NPomuBonoN0NCHO HANPAsleHHoe npomugooelicmeue. ITa akCuoma
YTBEPKAAET, YTO CHJIbBI JEWCTBUS JApPYTr Ha JApyra ABYX TE€l PaBHbl IO MOAYJIIO H
HaIpaBJeHbl MO0 OAHOW MPSMOMl B MPOTHBOIOJIOKHBIE CTOPOHBI. Takum oOpa3zom, B
IIPUPOJIE HE CYLIECTBYET OJHOCTOPOHHETO NEUCTBUS CUIbL. Bynyun MpUioKeHHBIMHU K
pa3HbIM TeEJIaM, 3TH CWJIbl HE YPaBHOBEIIMBAIOTCSA. AKCHMOMAa JEWCTBUS U INPOTUBO-
NEUCTBHUS yCTaHOBJIEHa HBIOTOHOM M H3BECTHA KAaK OJWH M3 OCHOBHBIX 3aKOHOB
KJIACCUYECKON MEXaHUKHU.

6. AxcuoMa COXpaHEHHsS PaBHOBECHUS CHUJI, MPUIOKEHHBIX K JAePOopMHUPYIO-
HIeMycsl Telly NIpU €ro 3aTBepAEeBaHUM. Pagnogecue cun, npunodiceHuvix K oegopmu-
pyrowemycs meny, COXpausaemcs npu e2o 3ameepoeHulu.

IIpoexuus CUJIBI HA OCh U IVIOCKOCTh

AHanUTUYECKUI METOJl PELICHUs 3aJlad CTaTHUKW OCHOBBIBAECTCS HA MOHITHU O
IIPOEKIUU CUJIBI HAa OCb. [Ipoexyueil cunvl Ha OCb HA3bIBAEMCA CKANAPHAA 6eIUYUHA,
PAasHas 83AMOl ¢ COOMBEEMCMEYIOUUM 3HAKOM ONUHE OMPe3Kd, 3aKTIOUEHHO20 MeHCOY
npoekyuamMu Havaia u Konya cuivl. IIpoexuus UMeeT 3HaK ILIIOC, €CIINA NepEeMELECHUE
OT €€ Hayaja K KOHIly IPOUCXOAUT B MOJIOKUTEIBHOM HAMNPABIEHUU OCU, U 3HAK MUHYC
— €CIlM B OTpHULATENIBHOM. M3 onpeneneHus ciieqyer, 4TO NPOEKIUU JAaHHOW CHIIBI Ha
mo0ble MapajiebHble U OJMHAKOBO HAIMPABIEHHBIE OCHU PaBHBI JIPYr APYry. OTUM
yJI0OHO MOJIb30BaThCS P BBIUKUCIECHUU MPOEKIIUU CUITBI HA OCh, HE JIEXKAIYIO B OJTHON
IUIOCKOCTH ¢ cuiiod. O003Ha4YaTh NMpoeKuio cuibl £ Ha ock Ox, OyaeM CUMBOJIOM F.
Torpa nns cun, n3oOpakeHHbIX Ha puc. 1.4, TOTydnM:

F =A4B,cosa=ab, Q. =—ED, =—de.
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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, €CIN YToJl 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 MeNCOy NPOeKYUsMU 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
3HAYEHUEM, 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¢ IMpOCKIUIO Ha IINIOCKOCTh, 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 temno (puc. 1.6), umeromiee chepuiyecKyro
HIAPHUPHYIO ONOPY, NOMEMIEHHYIO B LIEHTpe O TSXKECTU Tela. Bl K Teny IPUWIOKUTH
cuity P; Ha HEKOTOPOM pacCTOSIHUU /; OT HEMOABMAKHOW TOuku (O, TO TEJNO HAYHET
BpalaTbCsd BOKPYT ATOM TOUKHU. Ecnum ke K Telly MPUIOKHUTh €lIe U APYTYIo cuily P,
CTPEMSIILYIOCS BpallaTh TEJIO B HAIIPABIECHHUH, TPOTHBOMOJIOKHOM BPALLIEHUIO CHIION P;
B IUIOCKOCTU CHJIbI P; 1 Touku O, U €CIIA NPU 3TOM OTHOUIEHWE MOIYyJNEN cul P U P,
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Oyner oOpaTHO MPOMOPIMOHATIBHO UX PACCTOSIHUSAM h, U A, OT HEMOJABWKHOU TOUKH O,

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

JNEUCTBUEM CUJIbI P,, €CIIU A

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

Puc. 1.6. Bpamienue tBepaoro tena

Taxkum oOpazom, Mepoil BpamiaTeabHOro 3P (HeKTa CUIIbl OTHOCUTEIBHO KaKOM-
au00 TOUYKH (IIEHTpA) SBISCTCS Hpousgeoexue MOOYis Culbl HA Nie4o, m. e. Hd
Kpamuatiee paccmosiHue ee JUHUU Oelcmeus om YeHmpa MomeHma. 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, MPOXOAIINE Yepes
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
OTHOCHTEIIFHO KaKOTO-THO0 IEHTpa HEOOXOAMMO 3HATh HE TOJIBKO MOJYJTh MOMEHTa
CWJIBI, HO W yKa3aTh IJIOCKOCTh, TPOXOJIAIIYI0 Yepe3 JTUHUIO JCHCTBUS CHJIBI M IIEHTP
MOMEHTA, a TAK)Ke CTOPOHY BPAIIECHUS B 3TOH IMIIOCKOCTH.

[TonokeHne TMJIOCKOCTH B TPOCTPAHCTBE OMNPEIENSICTCA, KaK H3BECTHO,
MOJIOKCHUEM TIEPIICHIUKYJIIpa K 3TOM IJTIOCKOCTH.

M3 Bcero cka3aHHOTO BHITEKACT CIIENYIOIIEe BEKTOPHOE ONpeJeIeHHe MOMEHTa
CHJIBI OTHOCHTEIFHO TOYKHU: MOMEHMOM CUIbl OMHOCUMENbHO KaKkou-1ubo mouxku O
(yenmpa) Ha3LIBACMC NPULONCEHHBIL K OMOU MOUKe 6eKMOp, HANPAGIEeHHbIl
NEePReHOUKYIAPHO K NIOCKOCMU, 8 KOMOPOU PACNONONCEHbl JUHUSL OeliCEUs CUlbl U
yeump O, u npumom 6 my CMOpPOHY, OMKYOd 8paeHue meia CUIol npedcmaesisnemcs
COBEPUUATOWUMCSL NPOMUB YACOBOU CMPETKLU.

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

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

M, (P)=Ph. (1.3)

MOXHO cKa3aTh, YTO MOMEHM CUNbl OMHOCUMENTbHO KAK020-1Ub0 yenmpa paseH
8EKMOPHOMY NPOU3BEOCHUIO PAOUYCA-8EKMOPA 1, NPOBEOSHHO20 U3 YEeHMPA MOMEHMA 8
MOYKY NPULOICEHUS CUTIbL HA 6EKMOP CUJIbL.

M,(P)=rxP. (1.4)

MOMEHT CHJIBI OTHOCHUTEIBHO TOYKHU SBISCTCS OJHHUM M3 BaXKHESHIINX MOHITHM

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

TOYKH, HE3aBUCUMO OT TOr'0, MOXKET JIM B JECUCTBUTEIBHOCTU TEJO BPAILATHCS BOKPYT
9TOM TOYKH.

Momenmom cunvr P omnocumenvno ocu z naszvieaemcs 63amoe co 3HAKOM NIoC
UIU  MUHYC — NpousgedeHue MoOyis  npoekyuu P cunbl  PHa  Ni0OCKOCMb,
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 OTHOCHUTEJIBHO TOYKH () MEPECEUCHUs] 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 8udemb Npoekyuto 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 To4uku O B MOJIOKUTEIHLHOM HANpaBJICHUHU, €CIU M, >0, U B OTPULIATETILHOM —
ecim M, <0.

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

Puc. 1.8. MOMEHT CWJIbI OTHOCUTEIHHO OCH

MOMEHT CHUJIbI OTHOCUTEIBHO OCH PABCH HYJIIO B IBYX CIIy4asdX:
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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:

ecau Cuna U OCb 1excam 6 OOHOU NIOCKOCMU, MO MOMEHN CUNbl 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’ Ha3bIBa€TCs IJIOCKOCTBIO Oeticmaus napwi 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 OJHOU npsimoid. [lapa cum ctpemutcs
MIPOU3BECTH BpallleHHE TBEPJIOTO Tela, K KOTOpOMY OHa npuiiokeHa. [lapa cui, 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 XapaKTEPHU3yeTCs €€ MOMEHTOM. Momenm
napwvl Cuil onpeoesemcs npouzgedenuem Mooy 0OHOU U3 CUl Napvl HA ee Nieyo.

M = Pd (1.6)

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

MomeHT mapel cuUll U300pakaloT BEKTOPOM. Bexmop momenma M napul
P P'Hanpaénaiom nepneHoOuKyIapHo NI0CKOCMU Oelicmeus napbvl Cul 6 MmMakylo
CMOpPOHY, uUmMOObl, CMOMps HABCMPeYy OdMOMY 6eKmopy, 6udemsv napy Cui
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 CWJI, INCPICHAUKYILIPHOTO INNIOCKOCTHU
depTeiKa, YKA3bIBAKOT TOJBKO HAIIPABJICHUC, B KOTOPOM IIapa CHUJI CTPEMHUTCA BpalllaTb
9Ty INIOCKOCTD.
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B aTOM ciiydae momenm napul cui onpeoensirom npouzéeoenuem Mooy Cull Ha
njievo napsvl Ccuil, 634AmsblM CO 3HAKOM NJaHOC Ulu MUHYC, m.e. MOMEHmM napsvl CUjl
pacemampuedarom Kak aﬂee6pauquKy}0 6eIUHUUH) .

M =+Pd (1.7)

Momenm napol Cul cdumairom noJoNCUMENbHbIM, eClu napa cul cmpemunics
epauianib nja0OCKoCmbs depmeastca 6 CnoOopoHYy, NPOMUBONOJIONCHYIO 6pAUEeHUIO 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 WA CIIOCOOHBIX BBI3BaTh U3BMEHEHUE €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 cés3eli, COTIACHO KOTOPOMY Hec80000HOe meepooe mejlo
MOJICHO paccmampueams Kaxk c80000HOe, HA KOmMopoe Kpome 3a0asaembiX 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 IeicTBUEM 3ajaBaeMbix cui (puc. 1.12, a), HO HE JOMYCKAaeT €ro nepeMenieHus 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. CBs3b — ri1ajKast NOBEpXHOCTh

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 MOBEPXHOCTU M OMOPHBIX IIOCKOCTEH OyIyT HUMETh 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 MPaBUio, 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 NPoOMmu8ONOJ0HCHO 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 mmapHupa. [lo cBoell KOHCTPYKIMHM Takas Iap-
HUpHas OIopa COCTOMT M3 JBYX 00OHM, M3 KOTOpPBIX OJHA 3aKpeIuleHa Ha Oaike, a
Apyras — Ha HENOJBM)KHOW MOBEPXHOCTH. OTU OOONMBI COEIUHSIOTCS C MOMOIIbIO
HWIMHAPUYECKOT0 BajlMKa (IMOKa3aHO CpeHee ceyeHUue KOHCTpyKuuu). B 3aBucumocTu
OT JEUCTBYIOIIMX CHJ BAJIMK MOXET NPHXKHUMATHCS K PA3IMYHBIM 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 MapauiebHO OMOPHOM mitockocT (puc. 1.17).
Ecnu He yuyuThIBaTH TpPEHUS KATKOB, TO JIMHHMIO JIEWCTBUS PEAKLUUU TaKOM OMOpbI
ClelyeT CUUTaTh MPOXOJALIEH uepe3 LEHTP IIapHUpa MEPHEHIUKYISIPHO OMOPHOM

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 OYIyT NEeWCTBOBATH TOJIHKO JIBE CHJIbI, MPUJIOXKEHHBIE B IIapHUpax A u B.



16

Boobmie 3tu cunbl MoryT OBITh HampaBieHbl Ipous3BoibHO. Ho eciau ctepkenb AB
HAaXOAUTCS B PaBHOBECHM, TO IO aKCMOME | TpPUIIOKEHHbIE B TOUKaX A U B cuibl
JOJDKHBI  OBITh HAIlpaBJIEHbl BJOJb OJHOW TMPSMOW, T. €. BIOJb OCH CTEpPXKHS.
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 cTepkHe AB

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

Onpenenenue peakmii CBA3EH UMEET TO MPAKTUYECKOE 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 Pa3IMYHbBIX
dhopmax.

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

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

@opMyIibl BBIPAXKAIOT CIEAYIOLIME AHATUTUYECKUE YCIOBHUS PaBHOBECUS: 0.
PAasHo8ecus NPOU3B0IbHOU NJIOCKOU CUCIEMbL, CUT He0OX00UMO U 00CMAMOYHO, 4mobbl
CYMMbL NPOEKYULl 6Cex CUN HA KAXCOYI0O U3 08YX KOOPOUHAMHBIX 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 CHJI.

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

3. Tperbsi dopma ycloBHM paBHOBecHs (ypaBHEHUS TpPEX MOMEHTOB): IS
PaBHOBECHS NMPOU3BOJILHOM IIOCKOM CHCTEMBI CHUJI HEOOXOAMMO M IOCTaTOYHO, 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)

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

Ha imro0Oyro dYacTuily Tena, HaxXoHIAIIerocss BOJM3M 3EMHOW IMOBEPXHOCTH,
JCHCTBYET HalpaBJieHHAs BEPTUKAJIBHO BHU3 CHJIA, Ha3bIBaeMas CHIION TSKECTH.

Jlist Ten, pa3Mepbl KOTOPHIX OYEHb Majbl IO CPAaBHEHHUIO C 3€MHBIM PauycoM,
CHWJIBI TSDKECTH, JICHCTBYIOIIME HA YaCTHIIBI TEa, MOKHO CUMTATh MapajuICIbHBIMU IPYT
JAPYTY U COXPAHSIOMIMMH JUIA KaKIOH YaCTHIBl MMOCTOSHHYIO BEJIMYHMHY IPH JTFOOBIX
nmoBopoTax Tena. [loye TsokecTr, B KOTOPOM BBITIOIHSIOTCS TH JIBa YCIIOBHUS, Ha3bIBAIOT
O0OHOPOOHBIM NOSEM MANCECTIU.

PaBHOJEHCTBYIONTYIO CHUT TSDKECTH Pi, P2, ..., Pn, JACHCTBYIOIIUX Ha YaCTHIIBI
naHHOTO Tena, obo3HaumM P (puc. 1.19). Monmynb 3TOH cuibl paBeH BeCy Tela WU
OTIpEEIISICTCS PABEHCTBOM

p=Yn (L.11)

[Ipu 1r060M MOBOPOTE TENa CUIIBI Py OCTAIOTCS MPUIOKEHHBIMU B OJTHUX U TEX
K€ TOYKax Tejla M MapajuleIbHbIMU APYT APYTy; WU3MEHSAETCS TOJIBKO MX HaIlpaBJICHHE
no oTHomIeHWto kK Temy. CrenoBaTeNbHO paBHOAEHCTBYIomas P cun py Oyner mpu
JMOOBIX MOJIOKEHUSX Tejla MPOXOAUTh Yepe3 OAHY U Ty K€ HEM3MEHHO CBSI3aHHYIO C
TenoM TOUKy C, SBISIOMIYIOCSA LIEHTPOM MNapajuICNbHBIX CUJI TSKECTH Pk. JTa TOUKA U
Ha3bIBACTCA yYeHmpom msadxcecmu mena. Takum o0pa3oMm, yeHmpom msdcecmu
meepoo2o mena HA3bl8Aemcsi HEeUSMEHHO CEA3AHHAA C IMUM MeNoM MOYKd, yepes3
KOMOpPYI0 NpOXOOum JuHUs OeUcmeusi pasHoOeUCmsyowel Cul madcecmu Yacmuy
0aHHO20 mena npu 11060M NoI0dHCeHUY med 6 NPOCMPaHCcmee.

Puc. 1.19

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

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

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

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

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

zvkxk ZVkJ’k zvkzk
B T e (1.13)
V V V

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

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

xe =—z;"x" Ve =—z‘;"y" , (1.14)

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

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

Touno Tak ke nosydarorcs GopMyssl 111 KOOPAUHAT YEHMPAa MANCeCmu TUHUU.

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

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

ITo dopmynam (1.15) MOXHO HAXOAWUTh HEHTPHI THKECTH U3NCIUNA U3 TOHKON
MPOBOJIOKHA MTOCTOSTHHOT'O CEYECHUS.

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

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

B Teopermueckoii MeXaHWKE H3ydaeTCs MpoCTeHimas QopMa IBHKCHUS -
MEXaHUYECKOE IBHKCHHUE, T.C. MPOUCXOJAIICe BO BPEMCHH H3MCHCHHE 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, moI0keHNEe KOTOPOTO MO OTHOIICHUIO 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 MPOU3BOMATCS 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
CHUCTEMBbI ~ OTHOCHTENBHO aApyrod. OHO paccMaTpuBacTCS KaK  HEIPEPHIBHO
WU3MCHSIONIASACS BEJIIMYMHA. 3a CIUHUILy BPEMCHHM IPUHUMACTCS CEKyHJa, paBHas

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

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

XOTs €BKIMIOBO MPOCTPAHCTBO W YHUBEPCAIBHOE BPEMS OTPAKAIOT PEasIbHBIC
CBOWMCTBAa MPOCTPAHCTBA W BPEMEHU JIMIIL MPUONMKCHHO, TEM HE MCHEE, OHH
MO3BOJISIIOT C JOCTAaTOYHOM JJIsi MPAKTHKH TOYHOCTBHIO M3y4YaTh JIBIKCHHS, CKOPOCTH
KOTOPBIX JAJICKHU OT CKOPOCTH CBETA.

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

[lonstue yckopenusi BBeaeHo [ anuneem (1564-1642) u o6oOmeHo ans ciayyas
KPUBOJIMHEWHOTO JBWIKEHUSI TOJUIAHACKUM (pusukoMm [ roticencom (1629-1695).
['folireHc mepBhI NPUMEHIIT Pa3I0KCHHE YCKOPCHHS Ha KacaTeIbHYI) M HOPMAaTbHYIO
COCTaBIISIOIIIHC.

Pazsutne kunematuku B XVIII B. cBsi3ano ¢ paboramu Jleonapoa Oiinepa (1707-
1783). Diinep 3a710KUJ OCHOBBI KMHEMATHKH TBEPJOTO Teia, CO3/1aJl aHATUTHYCCKUE
METO/Ibl PEIICHUS 3a7a9 MEXaHUKH.
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breictpoe pa3BuTue TexHUKH B Hadase XIX B., B YaCTHOCTH MalIMHOCTPOCHUS,
noTpeOOBaIO CHEIHMATBFHOTO HCCICIOBAHUS TE€OMETPUYCCKUX CBOWCTB JIBUKCHHS TEJl.
KunemaTnka BBIACTMIACH B CAMOCTOSITENBHBIA paszies, NpudeM o0coboe 3HaueHHE
npuodpena KHHEMaTHKa MEXaHH3MOB.

KpymHble wuccrnenoBanus B 007acTH KHHEMAaTHKH MEXaHM3MOB M MalldH
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. Yeoviuesy (1821-1894), npodeccopam /I.B.
Accypy (1878-1920), H.U. Mepyanosy (1866-1948), JI. I1. Komenvrukosy (1865-1955)
u JIp.

Bce knHeMaTH4ecke XapaKTepUCTUKU 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 YCKOpeHHe TOYKH

Ckopocmb — 3mMoO 6eKMOPHAs BelUYUHA, Xapakmepusyrwas 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  JBHKCHHUS  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
BEJIMYHMHA TICPEMCHHAS U SBJISACTCS (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 ONpedesleHHblll
NPOMEICYMOK 8PeMeHU MAKOU JHce NYymbp, KaK U NpU HePpagHOMEPHOM OB8UNCEHULL.

[TycTh S - MyTh, MPOXOAUMBIA TOYKOW NMPHU HEPABHOMEPHOM JBWKCHHUH, U ¢ -
BpeMs, 32 KOTOpPO€ TOUYKa MPOXOJUT 3TOT MyTh. CpemHsisi CKOPOCTh OMPEIEIUTCS 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 MPEAEIE COBMNAJACT C HAIPABICHUEM
KacaTeJIbHOM K TPACKTOPUHU B TOUKE A .

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

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

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

MIPE/ICTABIISACT OYTY A4, , €e IIuHy 0003HauuM AS (puc. 2.2).

Puc. 2.2. BexkTopa CKOpOCTEN M YCKOPEHUI JBHKYIIENCS TOUKU

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

NN



22

CpenHee 3Ha4YECHHE YCKOPEHHs, XapaKTEPU3YIOIIET0 OTMEYCHHOE W3MCHEHHE
CKOPOCTH, MOXHO HaWTH, IIOAECIMB BEKTOpP MpUPALIEHUs CKOPOCTH AV Ha
COOTBETCTBYIOILIEE BPEMS IBHIKECHUS At

AV

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

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

a=a +a, (2.8)

KacarenbHas coCTaBiAoOIMAas a, COBIAAACT IO HAIPABICHUIO CO CKOPOCTBIO WM

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

aT = llm_ (2.9)

HOpMaJIBHaSI COCTaBJIAOIIIasA En MNCPINCHAUKYJIApHA K HAIIPABJIICHUIO CKOPOCTHU

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

YCKOpEHUE MOXET OBbITh HalifieHo 1o TeopeMe [Iudaropa

a=.la’+a; (2.11)

Cnoco0ObI 3a1aHUA IBUKEHUA TOUYKH

EctecTtBeHHbIl crioco® 3amaHus ABUKEHUS TOYKH, MPUMEHSEMBIM B Ciydae,
KOrJla TPAeKTOPHUS TOYKU 3apaHee W3BECTHA. TpaeKTopuer MOXEeT 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
MOJIOKUTEIIbHBIMA, @ B TPOTUBOIIOJOXKHYIO - OTPULATEIBHBIMH, T. €. yYCTAaHOBUM
HaIpaBJICHHE OTCUETa IyTOBOM KOOPIUHATHI.
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Puc. 2.3. EcTecTBEHHOE ABUXEHNE TOYKHA

IIpy nBUXEHUU TOUYKA M PACCTOSHUE S OT 3TOM TOUKH 10 HEIIOABUKHOM 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, OdsuoiceHue 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 CMEUIMBAaTh C JJIMHOW IIYTH O,
IIPOMJACHHOI0 JBMKYILIEWCSA TOUYKOM. JlyroBas KoopauHara S TOYKUM M B HEKOTOPBIU
MOMEHT BPEMEHHU ¢ MOXKET ObITh paBHA MYTH o , IPOUJEHHOMY TOYKOM 32 MPOMEKYTOK
BpeMEHU [0,7], TOIBKO B TOM Cllydae, eCiu JBMKEHHE TOUYKU HAUYMHAETCS U3 TOYKH O U
COBEPILAETCS B MOJIOKUTEIILHOM 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 4S > 0; Ipu ABMXKCHUU TOYKHU B IIPOTUBOIIOJIOKHYIO CTOPOHY dS <O0.

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

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

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

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

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

Koopounamuuoui cnoco6 szadanus osuscenus mouxu. IlonoxxeHwe TOYKU M B
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 JUUIsS KaXKJ0I0 MOMEHTA BPEMEHHU ¢
HAaWTU COOTBETCTBYIOIIME KOOPAUHATHI X,y,z U 110 HUM ONPENEIUTH IOJI0KEHUE TOUKHU
B IIPOCTPAHCTBE B 3TOT MOMEHT BPEMEHH.

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

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

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

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

Ilycth ypaBHEHUS IBUKEHUS TOUKUA M UMEIOT BUL:

x=fO); y=£0); 2= £0). (2.15)

Pemus nepBoe ypaBHEHHUE 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 YPaBHEHUSIMU:

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

HcknrounB nmapaMerp ¢, NOJYYHM YPAaBHEHUE TPACKTOPUU TOYKA B KOOp-

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

IToMrumMO nEeKapTOBBIX KOOpAMHAT [JIs ONPEACICHUs IIOJOKEHUS TOYKH Ha
IJIOCKOCTU U B MPOCTPAHCTBE MPUMEHSIIOT U JPYTrUe CUCTEMbl KOOPAMHAT (MOJISIPHBIE,
HWIMHApUYEecKue, chepruyeckue u ap.)
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BektopHbiii cnoco0 3amaHusi ABMKeHHUs Toukdu. [lomokeHuMe TOUKH 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 IBHKYILIEUCS 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 MPOCTPAHCTBA, HA3BIBACTCS 20002paAdom 2moco
gexmopa. ClieoBaTeNbHO, MpaeKmopus mouku M seniemcs 20002pagom ee paouyca-
gekmopa r .

BekTopHbIil criocod onpenesieHus IBIKCHUST MaTePUATIbHOM TOUKU WA CUCTEMBI
MaTEPUAIBHBIX TOYEK LIMPOKO HUCIOIB3YETCSA U B KHHEMATUKE, U B JUHAMHUKE, 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 H BPpAalIlaTEJIbHOC JIBHKCHHUE TBEP/IOIo TE€IA

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

[IpumepaMu TOCTYNATENBHOTO [BHXKEHUS TEJNAa MOTYT CIY)KUTh: JIBHOKCHUE
Ky30Ba aBTOMAIIWHBI, JABWXKYILEHCS MO MNPSIMOJIUHENHOMY IYyTH, ABUYKCHHE 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), coequnstomuiit kpupomunsl 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 ITAPAJUICIIBbHBIM CBOCMY HAYaJIbHOMY ITOJIOKCHHUIO. B
TO K€ BpCMA TOYKH AuB CIIapHHKa, a CJICA0BATCIbHO, U BCC OCTAJIbHBIC €TI0 TOYKH I10
OTHOIICHHIO K KOPIIYCY IapOBO3a ABUIKYTCA II0 OKPYKHOCTAM, PAINYC KOTOPBIX PABCH
IJIMHC KPHUBONIUIIA.

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

Puc. 2.6. /IBnkeHre TOUKH B phIYaKHOM 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 «IBHUXKETCS, OCTaBasCh
napajuieIbHOM CBOEMY HAaudallbHOMY IOJIOKCHHIO» HUKAK HE MPUMEHHMO K TOYKE, HE
AMEIIIEH pa3MepoB.

Bpawamenvnvim 0gudicenuem Hazvieaemcs maxoe O8udceHue meepoo2o meid,
npu KOmopom 6ce e20 MOUKU, Jedxcaujue Ha HeKOmopou NPAMOU, HA3bI8AeMOU O0CbIO
8pauie s, OCIMaromcs HenoOBUNCHBIMU.

Jlnst Toro 4ToOBl OCYIIECTBUTH BpallaTeIbHOE ABMIKCHHE Teja, JOCTaTOYHO
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 BpamatesbHOM [BMKCHHUHU TeJla pPAa3IUYHBIE €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-HMOynb 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 @medcoy Henoosudicholi nOIYNIOCKOCMbIO, NpOXoosuel uepe3 O0ch
8pawjeHus, U NoOJAYNI0CKOCMbIO, HEUSMEHHO CEA3AHHOU C 6paujarowumMcs 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 HAa HETO C MOJIOKUTEIIBHOTO KOHIIA OCH BpalleHus. 3aJJaHUEM BEIUYUHbI
M 3HAaKa yrjia MOBOPOTA BIIOJHE OMNPEAEISAETCS TOJIOKEHUE TNONYIUIOCKOCTH () U
HEU3MEHHO CBSI3aHHOTO C HEUW BPAILAIOIIErOCs TEA.

[Ipu BpalieHuu Tena BOKPYT OCH Z YroJl IIOBOPOTA TEla U3MEHSIETCS C TEUEHUEM
BPEMEHH, CJICIOBATEIILHO, 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 M3MEPSIOT 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 HaA3bl8aemcs 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${ CPCOAHIOIO YIVIOBYIO CKOPOCTH TCJIa 4YCPEC3 a)cp ) 6yz[eM HNMCTDb:

A
w0, =2 (2.20)
At

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

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

3HaueHHE VYIIOBOM CKOPOCTH Te€lda MOXKET ObITh MOJOXKUTEIbHBIM 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 dopmyine (1.26) Bcerna « BbIpakaeTcs B pad/cek, n - B
00/MUH.

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

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

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

Omnowenue npupawenus Ao Y21060U CKOpoCcmu meaa 3a NPOMeENCYMOK
gpeMeHu At K IMOMY NPOMEICYMKY 6PEeMeHU HA3bI8Aemcs: CPeOHUM Y2l08bIM
YCKOpeHuem meaa 3a 3mom npomeHCymox 6pemenu At .

O06o3nauas CPpCAHCC YITIOBOC YCKOPCHHUC TCJId YCPE3 & 6YI[CM HUMCThb.

97

Aw
=== 2.23
Eor At ( )

[Ipu Ar—OcpenHee YrioBoe YCKOpeHUWE NpuOIMXKaeTcss K Mpejeny,
Ha3bIBAEMOMY MTHOBEHHBIM YTJIOBBIM YCKOPEHHEM TeJa.
OO6o3Hauas yriioBoe yCKOpeHHE Tejla B JaHHBI MOMEHT OYKBOH &, Oynem
UMETh:
£=limeg,, =lim Ao (2.24)
At—0 At—0 At
Venoeoe yckopenue mena 6 OanHvlil MOMEHmM PAGHO NEPBOU NPOU3BOOHOU OM
Y2llo8oll cKopocmu meia no 8pemeHu Ul 8Mmopoti NPOU3BOOHOU Om yaid e20 N08opoma
no 8pemMeHuU:
g=do_do (2.25)
dt dt
Ecnu 3Haku yriioBod CKOpPOCTH U YTJIOBOTO YCKOPEHHMs Tella COBIAJAIOT, TO €Tro
yIJ0Basi CKOPOCTh YBEIIMYUBAETCA 10 a0COIIOTHOMY 3HAYEHHIO U TEJO, CIEA0BATENbHO,
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Bpamiaercs yckopeHHo. Ecnaum ke 3HaKM UuX pa3auyHbl, TO YIJIOBas CKOPOCTh
YMEHbBIIAETCs 10 a0COIIOTHOMY 3HAYEHHUIO U TEJIO BPALAETCs 3aMEIJIEHHO.
Pa3MepHOCTH yIIIOBOTO YCKOPEHUSI pad/c’ Wi ¢,

CKopocTH H YCKOPeHHsI TOYEK BPallalolierocs Tesa

Tak kak npu epawenuu meepoo2o mena BOKPYT HEMOJBHKHOW OCH PAcCCTOSIHUE
KaXIO0M M3 €ro TOYEeK 1O OCH BpAILCHUS JOJDKHO OCTaBAaThCSl HEU3MEHHBIM, TO
OYEBUIHO, UYmMO 6Ce €20 MOYKU ONUCHIBAloOm B OTOM JABUKEHHUH OKDYICHOCMU,
NJIOCKOCMU ~ KOMOPbIX  NEePNneHOUKVIApHbl K  ocu  epaujenus. Llenmpovr  smux
OKDYHCHOCMET 1edHCam HA OCU 8PAWEHUS U pAOUyC KA*COOU U3 HUX PABEH PACCMOAHUIO
coomeemcmeyioujell mouKu meia 00 0CU 8PaAUjeHUs.

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

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

Z A .

PAa3JIUYHON JJIUHBL.

Puc. 2.8. [lonoxeHne To4eK TBEPAOIO Teja IPU BPalaTEIbHOM JBH)KECHUN

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

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

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

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

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

Aneebpauueckoe 3HaueHue CKOpOCMU MOYKU 6pawjaoue2ocsi mena pasHo
npPOU3BeOeHUI0 Y2l080U CKOpOCMU meld HA pAcCmosHUue OAHHOU MOYKU OMm OCU
8PaAUEHUSL:

V =wR (2.28)

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

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

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

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

HOPMAJIBHOC YCKOPCHHUEC a,, HA3BIBAEMOC B I3TOM CJIYy4AC UYEHMPOCmMpeMUmelbHbIM

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

d—V:in:Rd—w:Rg, a, :V—2: R
tdt dt p R
Benuuuna epauianmenlbHoco YCKOpeHuUus nodKu paeHa np0u3eeaeﬂui0 yei06020
YCKOpeHUsA meld Ha paccnmosirue aaHHOZ/? mo4Ku om ocu epawierusl.
a. =R (2.29)
Mooyns yenmpocmpemumenbHo20 YCKOpeHuss MoYKU paseH Keaopamy Y2io60ll
CKopocmu mend, YMHONCEHHOM)Y HA pACCMOAHUE aaHHOﬁ mo4Ku om ocu epaiwierusl.
a =o’R (2.30)
HaHpaBJICHI/Ie BpamraTCJIbHOI'O YCKOPCHUA TOYKH COBIAAACT C HAIIPABJICHUCM €C
CKOPOCTH B Clly4ae YCKOPEHHOI'O BpallleHus Tena (puc. 2.9 a) u HammpaBJICHO B CTOPOHY,
MIPOTUBOIIOJIOKHYIO CKOPOCTH, B CIy4yae 3aMeJIEHHOTO BpaiieHus (puc. 2.9 0).

=Rw’.

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

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

Moaynb 3TOro yCKOpeHUs

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

Hnocxonapa.n.ﬂe.ﬂbnoe ABMIKCHME TBEPAOIO TEJIAa

IInockum unu naocKonapanienbHbiM O8UMCEHUEM MEEPO020 meild HA3bl8Aemc sl
makoe O8UdCeHUe, Npu KOMOPOM Kaxcods Mo4Ka mend O8UNCemcs 6 HNIOCKOCMU,
napanienvbHol HeKOmopou Heno0OBUNCHOU NAOCKOCHIU.

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

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

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

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

e .
R i
Hy— c

\-—// &

Puc. 2.10. /IBwxeHue I10cKoi pUrypsl

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

[IpennonoxxuM, 4Yro 1UIOCKas (uUrypa MepeMecTHiIach Ha IJIOCKOCTH U3
nosioxkenust [ B monoxkenue II (puc. 2). OTrmeruMm JBa moJoKeHHs oTpe3ka AB,
npuHaanexaniero ¢urype. Ilokaxxem, 4ro nepemenieHue GUrypbl MOKHO OCYIIECTBUTh
COBOKYITHOCTBIO JIBYX IIEPEMELICHUM: ITIOCTYIIATEIBHOIO IEPEMELCHUS U ITI0BOPOTA.

Puc. 2.11. Pa3znoxeHue mI0CKOTO ABVKEHUSI

1-u eapuanm. llepemectuMm GUrypy NOCTYNaTeNbHO W3 TMOJIOXKEHUs AB B
noyioxxenue A; B', T. e. Tak, 4ToObl TOUKa A MEpPeMECTUIaCh B HOBOE IMOJOXKEHHUE A;, a
TOYKa B onucaia TpaeKTOPHIO, TOKAECTBEHHYIO TPAEKTOPUU TOUKH 4. 3aT€éM NOBEPHEM
¢burypy BOKpYr TOUKU A;, HA YTOJ ¢, TaK, YTOObI TOYKa B’ coBmana ¢ TOukoi B;.

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

P1= @2

U3 smozo cnedyem, umo ecsaxoe HenocmynamenbHoe nepemeujerue nioCcKou
Queypbl 6 ee NIOCKOCMU MOJCHO pACCMAMPUEAMsb KAK COBOKYNHOCMb  08YX
nepemewjenuti. NOCMynamenbHo20 nepeMeujenus NIOCKou uaypvl emecme ¢
NPOU3B0ILHOU MOUKOU, HA3bIBAEMOU NOTIOCOM, U NOBOPOmMA 6OKpy2 noaroca. Ilpu smom
nocmynamenbHoe nepemewjeHue 3a6ucum om 6vl00pa Noaiocd, a YUci08as 6elUYUNHA
Yyena nogopoma u HanpasieHue nogopoma om 6bl6opa noICca He 3a6Ucsim.

W3 BBINIEU3T0KEHHOTO CIIEAYET, 4YTO JEHCTBUTENIbHOE JBI)KEHHE IIJIOCKOU
¢burypsl B €€ IUIOCKOCTH B KaXXJblii MOMEHT BPEMEHHM MOXHO pPacCMaTpUBATh Kak
COBOKYIHOCTb MOCTYMATEeIbHOTO ABMXKEHUS W BpamieHus. lloctynartenbHass 4YacThb
JIBUKEHUST GUTYPBI 3aBUCUT OT BHIOOpPA MOJIOCA M OMPEAEISETCA €ro ABMKEHUEM. Kak
COBOKYIMHOCTb IOCTYNAaTEeNbHOIO JBWXEHUs U BpauieHus. IloctymarenbHass dYacThb
IBUKEHUS (PUTYpBI 3aBUCUT OT BHIOOPA MOJTIOCA U ONPEIEISIETCS €ro ABUKECHUEM.

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

Yo = 15(0).

i

] -
—— a

i

¥ !

i ]

x
& T ]

Puc. 2.12.

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

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

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

IUIOCKOCTH, a CJIICAOBATCIIBHO, MW AOBHXXCHHUC BCCTO TCJIa OIIPCACIIAIOTCA TpPEMA
YPaBHCHUAMU, HA3bIBACMBIMU YPAGHEHUAMU NIIOCKO20 08UIICEHUS meepdoeo meaa.

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

Jlunamukotl Hazvieaemcs pazoen Mexamuxu, 8 KOMOPOM U3Y4aemcs O8UdCeHUe
MAmMepuaIbHuIX mejl 8 3a8UCUMOCINU OM OeUCMEYIOWUX HA HUX CUIL.

JuHamuka npeacTaBisieT co0oil Haubosee 001U pa3ies MEXaHUKH, UMEIOIINI
0co00€ 3HAYEHUE NJIsl pEeUIeHUS] MHOTUX NMPAKTHUYECKUX 3a/lady B Pa3jIM4HbIX 00JIACTAX
TEXHUKH.

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

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

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

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

O6nacTh NPUMEHEHHS 3aKOHOB KJIACCMYECKOM MEXaHUKH, co3faHHOW [ammieem
n HproToHOM, Kak nokasanu HoBeune OTKpbITHA KOoHIA XIX u nepBoi yerBeptu XX
BB., OFpaHUY€Ha. DTH 3aKOHBI HE COIIACYIOTCS C ONBITOM MPU U3YyUYECHHUH JIBUKEHUS TE,
CKOPOCTb KOTOPBIX OJHOTO TOpAIKa CO CKOpPOCThIO cBeTa. HoBas pensiTUBUCTCKas
MeXaHuKa (Teopusi OTHOCHTEIIbHOCTH), co3JaHHas B Hadajse XX BeKa HEMEIKUM
¢buzukom Anpbeptom OMHIITEHHOM (1879—1955), KOpeHHBIM 00pa3oM H3MEHMIIA
MIPEACTABICHNS] MEXaHUKH O MMPOCTPAHCTBE, BDEMEHU, MACCE M SHEPIUHU.

OnHako pe3ynbpTarhl, MOJYYEHHBIE HA OCHOBE 3aKOHOB KIIACCHYECKON W
PEAATUBUCTCKOM MEXAHUKH JISI T€J, CKOPOCTh KOTOPBIX HE COPa3MEPUMO MEHBIIIE
CKOPOCTH CBETa, MPAKTUYECKHU COBMAAALOT.

B cBeTe Teopur OTHOCUTENBHOCTHU Klaccuueckas mexanuka ["anunes — HeroTona
npuoOpelia xapakTep €e YaCTHOrO Cliydas U COXpaHSET CBOE 3HAUECHHE W B HACTOSIIEE
BpeMsi, SIBIISSCh HAYYHO-TEOPETUUECKON 0a30i OOJBIIMHCTBA OTPACIECH TEXHUKH.

Ha ocnoBe 3akoHOB ['anmuiies—HprOTOHA B JalbHENIIEM JOKa3bIBAIUCH TEOPEMBI
Y YCTAaHABIUBAINCH MPUHLMIIBI MEXaHUKHU, COCTABIISIIOLINE COAEPKAHUE COBPEMEHHOTO
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Kypca TEOPeTHYECKOM MEXaHUKH.

Teopema 00 M3MEHEHMHM KMHETHUYECKOW SHEPTHM WM, KaK €€ paHee Ha3bIBajH,
TeopemMa >KUBbIX cuil Obuia chopmynupoBaHa HMBanom bepuymmu (1667-1748) wu
Hanumnom bepnymiu (1700-1782). Teopema 00 M3MEHEHMM MOMEHTa KOJUYECTBa
JIBUKEHUS YCTAHOBJIEHA TMOYTH oOJAHOBpeMeHHOo (1746) Oiinepom wu Jlanuuiom
bepuymm. B 1716 r. 4. TI'epmanom (1678-1733), akagemukom I[letepOyprckoit
AxaJieMuH HayK, yCTaHOBJICH MPUHIUI MEXaHUKH, JAIOIIUNA OOIIUNA METO/, C TOMOIIbIO
KOTOPOTO YpPaBHEHMSIM JMHAMHUKU TpHUIaeTcs Mo ¢GopMe BUJ YpaBHEHUW CTaTHKH,
MOJIYYMBIINM Ha3BaHHE NMETEPOYPrcKOro MpUHIIMNA (METOJ] KUHETOCTATUKH)

B 1737 r. Diinep 00600mua 3TOT NPUHUUI U HPUMEHWI €ro i WU3Y4YCHHs
KOJIeO0aHU THOKUX Tell.

B 1743 r. JlamamOep BbICKa3al NPHUHIMIM, TMOJTYYUBIIMN Ha3BaHHE Hauaja
HanamOepa, mnocHyKUBIIUKA 0a30i MOCTPOECHUS MEXaHUKH CHCTEM, MOJYMHEHHBIX
cBs3siM. Havano JlanamOepa 1mo3Boiuiio paciMpuTh MpUMEHEeHHEe NMpuHIuna ['epmana —
DOliniepa Ha Cily4ail CJIOKHBIX CUCTEM, COCTOSIIINX U3 3HAUYUTEIBHOTO YUCIa CBSI3aHHBIX
Mexay coOoH Tel.

Jlarpamx (1736-1813) cpszan npunnun ['epmana — Diinepa — [lamambGepa ¢
OOLIMM MPUHIUIIOM CTaTUKH — MPUHLIMIIOM BO3MOXXHBIX MEPEMEIICHUI U MpUIal eMy
yII0OHYIO J1JIsl IPAaKTUYECKOTO IpUMEHEHUS hopmy.

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

lanuneit pomomHun wuccienoBanus CTeBUHA pPacCy>KIEHUEM O HAKIOHHON
IUIOCKOCTA M J1all 3HAMEHUTYI0 (OPMYJIMPOBKY 30JI0OTOTO IpaBUjia MEXaHUKU: YmMO
8bIUCPBIBACNCSL 8 CUTE, MO MEPEMCsl 8 CKOPOCHIU.

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

Axanemuk M. B. Octporpaackuii (1801-1862) 0600muia npuHIKUI BO3MOXKHBIX
NepeMENIeHUN 1 MPUMEHUII €T0 K PEIICHUIO MHOTHUX HOBBIX 3a7[a4 MEXaHUKH.

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

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

B XIX wu XX cronmetusax OOJBIIOE 3HAYCHHE ISl Pa3BUTHS JTUHAMUKHU
NpUOOPETAIOT PabOThl OTEYECTBEHHBIX YUYEHBIX, K YHCIYy KOTOPBIX B IEPBYIO OYepe.b
cienyetr otHectn A. M. JlamynoBa, H. E. Xykosckoro, C. A. Yamisiruna, M. B.
Memepckoro, K. 3. [luonkosckoro, A. H. KpblioBa u psiga apyrux.

A. M. JlsnynoB (1857-1918) — co3naTenb COBpEeMEHHOW TEOPUH YCTOWYMBOCTH
IBMKEHUS. EMy NMpUHAJIEKUT TakKe MCCIE0BAHUE YCTOMUUBOCTU (DOPM paBHOBECUS
Bpallaronieiics )KUIKOCTH, UMEIOIIEe OIPOMHOE 3HAYEHHE /1JI1 HAYYHOH KOCMOTOHUHU.

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

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

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

Tpynst . B. Memepckoro u K. 3. LIHMOJKOBCKOTO Jie)KaT B OCHOBE TEOPHUU
JBIDKCHHMSI COBPEMEHHBIX MHOTOCTYIEHYATBIX PAaKEeT, TMO3BOJIMBIINX 3allyCTUTh
HUCKYCCTBEHHBIE CIOYTHHUKH 3€MJIM, KOCMHYECKHE KOpaOJIHM-CIyTHUKHU, TIOCJIATh
aBTOMAaTUYECKUE MEXKIUIaHETHhIC cTaHUUM K JIyHe u B cTtopoHy Benepni. 12 ampens
1961 1. coBeTckMe YYEHbIE U MHKEHEPHl OCYIIECTBUIM JIaBHUIIHIOW MEYTY
YeJIOBeUeCTBA, 3allyCTUB KOCMUYECKHH Kopabyib ¢ TepBbIM KocMoHaBTOM [O. A.
['arapuHbIM, OTKpPBIB 3THM 3Py HEMOCPEICTBEHHOTO MPOHUKHOBEHHUS YEJIOBEKa B
KOCMUYECKOE IPOCTPAHCTBO.

Pabotsl akanemuka A. H. KpsutoBa (1863—1945) no teopumn kopaliusi, Teopuu
TUPOCKOTIOB, TEOpUU KoJIeOaHWM, YpaBHEHHSM MaTeMaTH4YeCKOW (DU3UKHU, BHEIIHEH
0aJNIUCTUKE M TEOPUU YIIPYTOCTU OKa3aiu OOJIBIIOE BIUSHUE HA Pa3BUTHE MEXaHUKU B
Halleil cTpaHe U CO3Jali €My MUPOBYIO CIIaBy.

3akonbl Mmexanuku IN'anumines-HproToHa.

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

1. 3akoH uHEPLMHU

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

2. 3aKoH NpONOPIIMOHATBLHOCTH CHUJIBI U YCKOPEHUSI

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

3. 3aKoH paBeHCTBA ACHUCTBUS U NPOTUBOACUCTBUS

Beakomy — oeticmeuro  coomeemcmeyem — pasHoe U NPOMUBONOJIOHNCHO
HanpaeienHoe npomusooetlicmaue.

4. 3aKOH HE3aBUCHUMOCTH JCUCTBHUS CHUII

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

Ilepsas 3ad0aua Oumamuku. 3HAss MAcCy TOUKH /M W yPABHEHHs €€ JBWKECHUS
(x=£(t); y=£f0); z=f()), ™oxem HaliThA MOIYIb U  HampabJeHHE
PaBHOAENCTBYIOIIEH CHII, IPHIOKEHHBIX K TOUKE.

Dra 3a71a4a JIETKO PEIIAETCS CIEAYIOIUM MyTEM:

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

P =P +P +P;
P

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

N |
~

Bmopas 3a0aua ounamuxu. 3Has CUIIbI, ICHCTBYIOIINE HA MAaTEPUATLHYIO TOUKY,
€e Maccy m, a TaKKe HadyaJlbHOE IOJOXKEHHE TOYKH M €€ HadaJIbHYI0 CKOPOCTb,
MOJIYYUTh YPAaBHECHUS JABMIKEHHUS TOUKH.

Jlist pemieHust 3To 3a7adyn  HEOOXOAUMMO B JIEBYIO 4HacTh ypaBHeHui (3.10)
MOJICTAaBUTh 3HAUYEHHUE MACCHI 71, a B MIPABYIO YaCTh — CYMMBbI MPOEKIUH MPUIT0KEHHBIX
CHUJI ¥ TIOJIyYEHHBIC YPABHEHUS JIBAXK bl IPOMHTETPUPOBATH IO BPEMEHHU.

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

[Ipu wuHTerpupoBaHUU Kaxaoro auddepeHInalIbHOr0 YpaBHEHUS JBHKCHUS
TOYKU TIOSIBJIAFOTCA JIB€ IIOCTOSIHHBIE, a TIOTOMY TIpM MHTETPUPOBAHUM TpeX
nuddepeHManbHbIX  YPaBHCHUN JBW)KEHUS TOYKM OyJIeT IIECTh IOCTOSIHHBIX.
3HayeHUsT JITUX IOCTOSHHBIX OMNPEACISIIOT MO HAYaJlbHBIM YCIOBUSM JIBHIKCHUS:
3HAYCHUSIM TPEX KOOPAMHAT TOYKH M MPOEKIUH €€ CKOPOCTH Ha TPU OCH B HEKOTOPBIN
MOMEHT BpEeMEHH, 00BIYHO (HO HE 00s3aTeIbHO) B HaYaIbHBI MOMEHT.

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

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

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

z= fs(t’xo’yoazo’x(’)’y(’)’z(’))'
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NMmnyabce cnibl. KosindecTBo ABHKEeHHS MaTePUATbLHON TOYKH U MEXaHUYECKOM
CHCTEMBI.

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

S=P-t (3.3)

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

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

Hmnynve cunvl xapakmepuzyem nepeoaiy MamepuaibHOU moyke MexaHuiecko2o

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

t
NMnynbc nnepeMeHHOoN CUIIbl S = j Pdt .
0

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

[TpocymMMHpOBaB MPOCKINH 3JIEMEHTAPHBIX HWMITYJILCOB M TIEPEHAs K Tpeaeny,
MOJTyYUM ONPEEICHHbIE WHTETrpalibl MO TIEPEMEHHOW ¢, TPEACTaBIsIoNINe CO0Oi
MPOEKIIMK UMITyJIbca S Ha OCH KOOPJIUHAT:

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

4 4 4

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

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

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

Konuuecmeom osudicenus mexanuueckoull cucmemvl HA3bl8AEMCsl eKMOpP, PABHbLU
2eOMempuyecKolu  cymme  (21a8HOMY  8eKMOpY)  KOJIUHECM8  OBUINCEHUST  B8CeX
MamepuanibHulX MOYeK SMOU  CUCHEMB.

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

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

0-Ymy =Y m e Ly,

“dt dt
S = mr,
d
0 —E(mrc):mitc: mV,

Q=mV, (3.5
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Boipaxxenne (3.5) T1OKa3bIBaeT, UTO BEKMOp  KOIUYECMBA  OBUIHCEHUS.
MeXaHu4eckol cucmemvl umeem MoOoylb, PAGHbIUL NPOUIBEOEHUI0 MACCbl CUCMEMbl HA
CKOpOCMb ee YeHmpa Macc U Hanpaegienue 3mou CKOpoCmu.

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

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

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

KuHeTrnueckuii MOMEHT CHCTEMbI

Kunetnueckuit MOMCHT MEXaHUYECKOM CHUCTCMBI K 19) OTHOCHUTCIIBHO
HCIIOABM)XKHOTO ICHTpPA O sBnseTcs MepOﬁ ABWIKCHUSA CUCTCMbBI BOKPYT 3TOrO HCHTpA.
HpI/I PCUICHUHN 3a1a4 OOBIYHO MMPUMCHATCSA HC CaM BCKTOP 1?09 a €ro IMPOCKIH Ha OCHU
HCHOIIBI/I)I(HOﬁ CHUCTCMBI KOOpPJAHHAT, KOTOPBIC Ha3bIBAIOTCA KHNHCTHYCCKUMMU
MOMCHTaMH OTHOCHUTCIBHO OCH. HaHpI/IMep, K, - KMHETHYECKHM MOMEHT CHCTEMbI
OTHOCHUTCIIBHO HCHOIIBH)KHOﬁ ocu Oz .

Kunetnueckuit MOMCHT MEXaHMYECKOMN CHUCTCMBI CKJIaAbIBACTCA u3
KHMHCTUYCCKUX MOMCHTOB TOUYUCK M TCJI, BXOAAINUX B 3Ty CHCTCMY. PaCCMOTpI/IM

CIIOCOOBI OIIPpCACICHUSA KHUHCTHUYCCKOIO MOMCHTA MaTepHaHBHOﬁ TOYKHN M TBEPAOTO
TCJIa IIPU PA3JIUMYHBIX CIIYUadX UX IBUKCHUI.

V4

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

MOMCHT OTHOCHUTCIIBHO HeKOTOpOﬁ ocu Oz OoNpeaAcCsICTCId KaK MOMCHT BCKTOpa

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

Eciu Touyka coBepuiaeT CIOXHOE JBWXKEHUE, JUIsl OINpEICNCHHUs ee
KMHETHYECKOr0 MOMEHTA CJIelyeT BEKTOp KOJIMUYECTBA JBIKECHHUS MV, paccMaTpHBaTh
KaK CyMMY KOJIUYECTB OTHOCUTEIBHOTO U MEPEHOCHOTO JIBHKEHUN

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

m_ (mVy,) =moh, -h, =mhio.
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Pa6ora cuibl. MomHocTh. KnHeTn4ueckasi JHeprusi MAaTepuaJbHOM TOYKH U
MeXaHMYeCKO# CUCTEeMbI

JIns XapakTepUCTUKU JIEUCTBHS, OKa3bIBAEMOI'O CHJIOM Ha TEJIO IIPU HEKOTOPOM
€ro InepeMeuieHUuU, BBOJUTCS MOHATHE O PAbOTE CUIbIL, HIIUPOKO HCIOIB3yEeMOE He
TOJIbKO B MexaHuke. CHayana BBeJieM MOHITHE 00 3JIEeMEHTapHOU padore.

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

dA=F.ds, (3.7)

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

HAMpaBJICHHYID B CTOPOHY IMEPEMENICHUs JTOW TOYKH (MM TpoeKnus F Ha

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

Puc. 3.1.

Takoe onpeneneHne cOOTBETCTBYET NPEACTABICHUIO O pabOTE Kak O Mepe TOro
JNEUCTBHS CUJIbI, KOTOPOE MPUBOJIUT K W3MEHEHHUIO MOIYJS CKOPOCTHM TOYKH. Ecin
Pa3NoXKKUTh CHIy F Ha cocTaBisiomue F. U F,, TO H3MEHATh MOIYJIb CKOPOCTH Oy/IeT

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

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

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

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

Eciu yron a Ttymoi, To pabora oTpuiarenbHa. B uactHocTH, TpH o =180°
alieMeHTapHas paboTta dA =—Fds.

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

3Hak paboOThl HMMEeT CICAYIONIUH CMBICI: paboTa TOJOXKUTEIbHA, KOI/a
COCTABIISAIONIAsT F. HaNpaBICHA B CTOPOHY JBHXKCHHS (CHJIa YCKOPSIET JIBIIKCHHE);

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

BOCIIOJIb30BAThCSl HM3BECTHBIM M3 BEKTOPHOM anreOpbl MOHSATHEM O CKAJIIPHOM
MPOU3BEACHUH IBYX BEKTOPOB, TO PAaBEHCTBO (3.8) MOXKHO MpEJCTaBUTh B BUJIE
dA = Fdr (3.9)
CrnenoBatenbHO, 31eMeHmMapHas paboma cubl pagHa CKAIAPHOM) NPOU3BEOEHUIO
CUTIbL HA 8EKMOP 2JIEMEHMAPHO20 nepemMeujeHusi MmoyKu ee NPUioHCeHUsl.
Eciu B ¢dopmyne (3.9) BbIpazuth CKalsIpHOE MPOU3BEICHUE Yepe3 MPOEKIINU
BEKTOPOB F M 7 HAa KOOPAHHATHBIE OCH U y4€CTb, 4TO r, =X, r, =y, 1, =z, TO HOIyYUM

anaaiumudecKkoe evlpasicenue QﬂeMeHmapHOiz pa60mbl
dA=Fdx+Fdy+F.dz, (3.10)

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

Mownocme.

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

N=dijdi-F 5 _Fy
dt

CrnenoBatenbHO, MOWHOCMb PABHA NPOU3BEOCHUIO KACAMENbHOU COCMABIAWel
CUJIbL HA CKOPOCMb.

Enununeit usmepenust momuoctu B CU sBnsiercas eamm (1 Bt = 1/x/c). B
TEXHMKE 32 €IMHUIlY MOIIHOCTH 4acTo puHumaercs 1 1. ¢, paBHas 736 Br.

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

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

Enununia n3mepenus KMHETUUYECKOW SHepruu Ta ke, yto u pabotsl (B CU — 1
JIx).

Kunemuueckoti snepeueii cucmemul Hasvleaemcs ckaiapuasn eeauvuna 1, pasuas
CyMMe KUHemu4yeCKux dHep2uli 6Cex mouex CUCmembl.

_mV
==k

Kunerndeckass sHeprusi sBIS€TCS XapaKTEPUCTHUKOW M TOCTYNATEIBLHOrO, M
BpAILIATEILHOTO JABWKEHUW CUCTEMBI. ['JIaBHOE OTIMYME BEIWYMHBI T OT BBEICHHBIX
paHee XapaKTEePUCTHK KOJUYECTBA JBMXKEHUS U KUHETUYECKOIO MOMEHTAa COCTOUT B
TOM, 4YTO KHWHETHUYECKas JHEPIrusi SIBISACTCA BEIWYMHOW CKAISIPHOM W MOPUTOM CY-
IIECTBEHHO TMOJO0XUTEIbHOU. [l03TOMYy OHa HE 3aBHUCHUT OT HANpaBICHUM JIBUKECHUS
4acTe CUCTEMBI M HE XapaKTEePU3yeT U3MEHEHUIN 3TUX HAPABICHUM.

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

T
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ITOU INPUYIHUHC OHH, KdK MblI BHICIIM, HC HUMCHAIOT BCKTOPHBIX XAPAKTCPUCTHK
KOJIMYCCTBAa ABHXKCHHA H KHHCTHYCCKOI'O MOMCHTA. Ho ecnu 104 HeﬁCTBHeM
BHYTPCHHUX CHJI 6YI[YT HU3MCHATHCSA MOJAYJIN CKOpOCTCﬁ TOYCK CUCTEMBI, TO IIPHU 3TOM
6YIICT U3MEHATHCA W BEeIUYWHA T . CJICIIOBaTeJIBHO, KHMHCTHUYCCKAA SHCPIUSA CUCTCMbI
6YIICT OTIIMYAaTbCA OT BCJIIMYHMH KOJIMYCCTBA ABHKCHHUA 1 KMHCTHYCCKOI'O MOMCHTA CIIC
n TECM, 4TO Ha €€ UI3BMCHEHUEC BIIMSICT HeﬁCTBHe 1 BHCIIHUX U BHYTPCHHUX CHIJI.

MoMeHT HHePUMH TeJIa OTHOCUTEIBHO ocH. Paguyc mHepuum.

[lonoxenue IEeHTpa Macc XapaKTEPU3YEeT paclpeeieHre Macc CUCTEMbl He
nosiHocThio. Hampumep (puc. 3.2), ecnu paccrossHust 74 oT ocu Oz KaxIOro u3
OJIMHAKOBBIX MIApOB A W B yBeNMUYUTh HA OJIHY U Ty K€ BEIMYHMHY, TO MOJOXKECHHE
LEHTPA MacC CHCTEMbl HE U3MEHMTCS, a paclpe/leIEHUE Macc CTaHeT IPYruM, U 3TO
CKa)XETCSl Ha JABW)KCHHHM CHCTEeMbl (BpallleHHe BOKpPYr ocu Oz TpH MPOYUX PABHBIX
YCIOBUAX OYJET NPOUCXOIUTh MEIJICHHEE).

I b fl‘ -
b ,.L\ ullig

| i |

P JI&

T
e

Puc. 3.2.

A=

IToaTOMy B MEXaHHUKE BBOJMTCS €L1E OJIHA XapaKTEPUCTHUKA PACIPEIAEICHHUS Mace
- MOMEHT uHepuuu. Momenmom unepyuu mena (cucmemvlt) OMHOCUMENLHO OAHHOU OCU
Oz (unu ocesviM MOMEHMOM UHEPYUU) HA3BIBACMCS CKANAPHAS GeIUYUHA, DABHAs
cymme npoussedeHuli Macc 6cex mouex mena (cucmemvl) Ha Kaopamvl ux paccmosHuu
om 3mou ocu

I, = zmkhlg

W3 onpeneneHusi cieayer, uYTO MOMEHT HWHEpPUUU Tena (WIM CHUCTEMBI)
OTHOCHUTEIBHO JIF000H OCH ABIISAETCS BEIMYMHOMN MOJOKUTEIbHON U HE paBHOM HYIIIO.

3aMeTUM TakkKe, 4YTO MOMEHT HHEPLUMM TeJa — 3TO TIeOMETpuyecKas
XapaKTEepPUCTHUKA TeJIa, HE 3aBUCALIASA OT €ro JABUKCHUS.

OceBoil MOMEHT MHEPLUHU UTPAET MIPU BPAILIATEIBHOM JBUKEHHH TEJIA TAKYIO KeE
pOJIb, KaKyI0 Macca IpH NOCTYNATENbHOM, T.€. YTO 0Ce80U MOMEHM UHEPYUU AGIACMCA
Mepou UHepMHOCMU Mela NPU 8PAuAmMeTbHOM OBUICEHUU.

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

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

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

_ 2
1 zZ M - Y u

b
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rne M - macca Ttema. M3 onpeaeneHuss ciueayeTr, 4ro paauyc HWHEPLUU
FEOMETPUYECKA PpAaBEH PACCTOSHUIO OT ocu Oz TOM TOYKH, B KOTOPOM HAIO
COCpPEIOTOYUTh MAacCy BCEro Teia, 4TOObl MOMEHT MHEPIMH OJIHON 3TOMW TOYKH OBLI
PaBEH MOMEHTY MHEPLIMU BCETO TEJNA.

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

I, = [h’dm I, = [ph*dV

") e, )

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

paccT OsHHE /1 3aBUCAT OT KOOPJAMHAT TOUYEK Tea.
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4. CTPYKTYPHBIi M KHHEMATHYECKUA aHAJIU3 IVIOCKUX MEXaHU3MOB
OcHOBHbBIEC NOHATHS TEOPUHU MEXAHU3MOB U MAIIIUH.

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

[lens TMM - anHanu3 U CUHTE3 TUIIOBBIX MEXAHU3MOB U UX CUCTEM.

3amaun TMM: pa3paboTka OOMIMX METOAOB HCCIEIOBAaHUS CTPYKTYPHI,
r€OMETPUM, KHHEMATUKHU U TUHAMUKHN TUIOBBIX MEXAHU3MOB U UX CHCTEM.

TunoBsiMU MexaHU3MaMU OyieM Ha3bIBATh MPOCThIE MEXAHU3MBbI, UMEIOLIUE TTPU
pa3snTuYHOM (PYHKIIMOHAJIBHOM HAa3HAYeHHM IIMPOKOE NpPUMEHEHWE B MalluHaX, JIs
KOTOPBIX pa3paboTaHbl TUMOBbIE METO/Ibl U AJITOPUTMbI CHHTE3a U aHAJIU3A.

PaccmoTpuMm B KauyecTBe IpuMepa KPUBOLIMIIHO-IOJ3YHHBIM MEXaHU3M. OTOT
MEXaHN3M IIUPOKO MPUMEHSETCA B PA3JWYHBIX MAIlWHAX: ABUTATEISAX BHYTPEHHETO
CrOpaHusi, INMOPIIHEBBIX KOMIIPECCOPAX M HACOCAX, CTAHKAX, KOBOYHBIX MaIIWHAX U
npeccax. B kaxaom BapuaHTe (YHKIHMOHAJIHLHOTO HA3HAYEHHUS MPU MPOEKTUPOBAHUU
HEOOXOIMMO YYMTHIBaTh cHenuduyeckrue TpeOoBaHus K MexaHuzMy. OjHako
MaTeMaTH4YECKUE 3aBUCHUMOCTH, ONUCHIBAIOIINE CTPYKTYPY, TEOMETPUIO0, KHHEMATUKY U
JUHAMUKY MEXaHHW3Ma IpU BCEX PANTMYHBIX MPUMEHEHUSX OyAyT MNpaKTHUYECKU
OJIMHAKOBBIMU. ['7aBHOe wuiauM ocHOBHOE oTianune TMM 0T y4eOHbIX JUCHUIUIMH
M3YYaIINX METOAbl NPOCKTUPOBAHUS CIELHANBHBIX MallMH B TOM, uro TMM
OCHOBHOE BHHMMAaHHE YJEISeT W3YYEHUIO METOJOB CHUHTE3a M aHajiu3a, OOIMX IS
JAHHOTO BHJA MEXaHW3Ma, HE3aBUCSIIMX OT €ro KOHKPETHOro (yHKIHOHAIBHOTO
HasHaueHus. CrnenuanpHble  JAUCUUIUIMHBI  M3Yy4alOT IPOEKTUPOBAHHE  TOJBKO
MEXaHU3MOB [JAaHHOIO KOHKPETHOIO HAa3HA4YCHUs, YAesis OCHOBHOEC BHUMAHUE
cnenupuyeckuMm tpedoBaHusAM. [Ipu 3TOM MIMPOKO HCHOIB3YIOTCS M OOLIUME METOJbI
CUHTE3a U aHajn3, KOTOphIE u3ydarorcs B kyce TMM.

Kak camocrodrenbHass HayuHas aucuumuimHa TMM, mnogoOHO aApyrum
IIPUKJIAAHBIM pa3JejlaM HAayKd, BO3HMKIIA B PE3yJIbTATE IIPOMBIIUICHHONW PEBOJIIOLUU
Hauyasio kotopoi oTHocHuTcs K 30-m rogam X VIII Beka. OHaKO MAIIMHBI CYIIECTBOBAJIN
3a gonro no otoud nparel. Iloatromy B ucropum pasButuss TMM MOXKHO YCIOBHO
BBIJICIIUTH YETHIPE NEPUOAA:

1-ii mepuon no Havana XIX Beka - MEpUOJ SMIIMPUYECKOIO MAIIMHOCTPOCHHS B
TEYEeHUE KOTOpPOro u3o0peTaeTcss OOJbIIOE KOJWYECTBO MPOCTHIX MAIIUH U
MEXaHU3MOB: NOJITbEMHUKH, MEJIbHULIbI, KAMHEAPOOWIIKH, TKALIKUE U TOKAPHbIE CTAHKHU,
napoBbeie MamuHbl (JIeonapao na Bunuu, Beiict, [lomsyHnoB, Yart). OgHoBpeMEHHO
3aKJIa/IbIBAIOTCS U OCHOBBI TEOPHUU: T€OpEeMa O U3MEHEHUM KUHETHUYECKOW DHEPIUU U
MEXaHUYEeCKOW paboThl, "3070TOE MPaBWIO MEXAHUKHU'", 3aKOHBI TPEHUS, MOHITHE O
[IEPEIaTOYHOM OTHOIIEHUH, OCHOBBI T'€OMETPUYECKON TEOPUM LMKIOUIAIBHOIO U
sBosIbBeHTHOTO 3aneruieHus ( Kapuo, Kynon, AmonTon, Kanano [x., Pemep, Diinep).

2-i1 mepuoJ1 OT Hayana 10 cepeanubl XIX Beka - nepuof Havyana pazsutuss TMM . B a0
BpeMsi pa3paldaThIBAlOTCA TaKue pa3zielibl KaKk KHHEMaTUYecKasi TeOMETPUsl MEXaHU3MOB
(Caapu, Illans, OnuBbe), kuHeTocTaTuka (Kapuonuc), pacuer maxoBuka (Iloncerne),
Kjaccudukanus MexaHu3MoB 1o GyHKIMM npeodpazoBanus aprkeHus (Moux, Jlany)
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u apyrue pasznensl. [lumyrcs nepBble HaydHble MOHOTpauu MO MEXaHUKE MallluH
(Bumnuc, bopunbn), ynTtatorcs nepsble Kypebl Jekuuii o TMM u u3naroTcsi nepBbie
yueOHuku (berankyp, Ymxkos, BelicOax).

3-ii _mepuwoa OT BTOpo mojoBuHBL XIX Beka A0 Hadaia XX BeKa - MEPHUOJ
¢bynnamenranbHoro pasButus TMM. 3a »TOoT mnepuon pa3paboTaHbl: OCHOBBI
cTpykTypHori Teopuu (YUeOwmmeB, I'probiep, ComoB, MainbliiieB), OCHOBBI TEOPUU
perynupoBanus MamuH (BeimHerpaackuii), OCHOBBI TEOPUH TUAPOIMHAMUYECKOUN
cmazku (I'proGiep), OCHOBBI aHaMUTUUECKON Teopuu 3areruieHus (OnuBbe, ['oxman),
OCHOBBI TpadoananuTuyeckoil auHamuku (Butrenbaysp, MepuanoB), cTpyKTypHas
Kiaccudukanuss W CTPYKTypHbIH aHanu3 (Accyp), METOJA IUIAHOB CKOPOCTEH U
yckopenuii (Mop, Manke), mpaBuiio npoBopaunBaeMoctd Mexanusma (I'pacrod) u
MHOrue apyrue paszaensl TMM.

4-ii nmepuoa oT Hayajma XX BeKa JI0 HACTOSIIETO BPEMEHHU - MEPUOJ HHTEHCUBHOTO
pa3ButHs Bcex HampaieHud TMM kak B Poccuu, Tak u 3a pyoexom. Cpenu pycckux
YUYEHBIX HEOOXOJMMO OTMETUTh oOobmatome pabdotel ApTtoboneBckoro W.I.,
JleButckoro H.M., ®ponoBa K.B.; B o0nacTtu CTPYKTYphl MEXaHM3MOB - pPabOThI
Mansmmesa , PemeroBa JI.LH., O3oma O.I'.; mo kuHeMaTHKe MEXaHU3MOB - PaOOTHI
Komuuna H.W., Cmupnosa JLII., 3unoBbeBa B.A.; mo reomerpun 3yOuaThiX nepeaay -
pa6otsl JlutBuHa @.J1., Kerora X.®D., 'aBpunenko B.A., HoBukoa M.JI.; mo nuHamuke
MamH 1 Mexanu3moB - ['opstukun B.II., KoxesnukoB C.H., Komosckuit M.3. u ap.
JlanHHoe mepeyucieHre HE OXBAaThIBAET M MAJOW N0 padOT BBIAAIOIIMXCS YUYEHBIX,
BHECIIMX CYIIECTBEHHbIH BKJaa B pazButue TMM B stOoT nepuon. M3 3apyOexxHbIX
yUeHBIX HEOOX0aMMO OTMETUTh paboThl Anbra X., berenbszaka I'., beiiepa P., Kpayca
P., Kpocnu @. u MHOTUX OpYTHX.

Cesa3b kypca TMM c o0meo0pa3oBare/ibHbIMH, 00 IIEHHKCHEPHBIMH 1
CIeMAJbHBIMH IUCHUILINHAMM.

Jlexumonusiii kypc TMM 6a3upyercs Ha 3HAHUSAX TOJYYEHHBIX CTYACHTOM Ha
MJIQAIIUX Kypcax NOpH H3ydyeHUW (U3UKH, BBICHIEH M TNPUKIATHOM MaTeMaTHKH,
TEOPETUYECKOM MEXaHUKH, WHXKXEHEPHOW TrpaduKu U BBIYUCIUTEIBHON TEXHUKH.
3HaHMs, HaBBIKM U YMEHUE MPUOOpPETEHHBIE CTYIEHTOM INpu u3ydeHun TMM ciyxar
0a30il s KypcoB JeTald MallWH, MOAbEMHO-TPAHCHIOPTHBIE MAIMHBI, CHCTEMBbI
aBTOMAaTU3UPOBAHHOI'O TPOEKTUPOBAHHUS, IMPOCKTUPOBAHHUE CIEHHAIBHBIX MAIIUH U
OCHOBBI HAYYHBIX HCCJIEIOBAHUM.

HNHXEeHEpHOE MPOEKTUPOBAHUE - ATO MPOLECC, B KOTOPOM HAay4yHas M TEXHUYECKas
uH(pOpMaIUs UCTIONIb3YeTCs NIl CO3aHMUsI HOBOM CHUCTEMBbI, YCTPOMCTBA WJIM MAaIlIHMHBbI,
MPUHOCAIIMX OOUIECTBY OMPEAEIECHHYIO MOb3Y.

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

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

CoenuHenue ABYX COMNPUKACAIOUIMXCS 3BEHBbEB, 00ECIIEUMBAIOIIEE BO3MOXKHOE
IBUKEHHE OJTHOI'O OTHOCUTEIBHO APYrOr0 Ha3bIBalOT KWHEMATUYECKOM Mapoil.

Knaccuduxkanus kuHeMaTHUEeCKUX map.
Kunematuueckue napsl (KII) knaccupuuupyrores 1o clieIyronuM Ipu3HaKkam:
1. mo BUIy MecTa KOHTaKTa (MeCTa CBSI3U) OBEPXHOCTEHN 3BEHBEB:
o HH3LIUE, B KOTOPBIX KOHTAKT 3BEHBEB OCYIIECTBISAETCA MO INIOCKOCTH WIIN
MOBEPXHOCTH ( Mapbl CKOJIbKEHUS );
o BBICIINE, B KOTOPBIX KOHTAKT 3B€HBEB OCYLIECTBISECTCS 1O JIMHUSIM WJIU
TOYKaM (Maphbl, TOMYCKAIOIINE CKOJIbKEHHE C TIEPEKaThIBAHUEM ).
2. 1O OTHOCUTEIBLHOMY JBUKEHUIO 3BEHbEB, 00PA3YIOIIHNX Mapy:
o BpAILATEIIbHBIC;
o TOCTYNATEIbHBIE;
o BHUHTOBBIE;

o TUIOCKHE;
o chepudeckue.

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

2

Puc. 4.1 Puc. 4.2

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

IIpeamer kunemaTuxku. IlonsiTe 00 A0COTIOTHO TBEPAOM TeJie.

Kunemamuxoii naszvieaemcs pasoenl Mexamuku, 6 KOMOPOM U3YUaAemcs,
08UdICEHUE MAMEPUATILHBIX Mel 8 NPOCMPAHCMEE C 2eOMeMmpUYecKoll MoUKU 3PeHUs,
8He C653U C CULAMU, ONPEOCTTIOWUMU DO OBUICEHIUE.

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

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

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

Terno, moyIokeHNUEe KOTOPOTO 0 OTHOIICHHIO K BEIOPAaHHOW CHCTEME OTCUeTa He
HU3MEHSETCS, HAXOIUTCS B COCTOSHMHM OTHOCHTEIIBHOTO IMOKOS (110 OTHOLICHHUIO K 3TOM
cucTeme).

[IpocTpaHCTBO B MEXaHUKE paccMaTpUBACTCS KaK TPEXMEPHOE CBKIHIOBO
MPOCTPAHCTBO, M BCE HM3MEPEHUS B HEM MPOU3BOMATCS HA OCHOBAaHHS METOJ0OB
EBKIIMIOBOM r€OMETPHH. 3a €IUHUITY JTUHBI P U3MEPESHUN PACCTOSTHUN PHHHUMACTCS
MeTp.

BpeMss B kiaccH4eckoil MeEXaHHWKE IpEIoJiaracTcsl yYHHBEPCAIBHBIM, T. €.
OJIMHAKOBBEIM BO BCEX CHCTEMaX OTCYCTa M HE 3aBHCSIIUM OT JBMIKCHHUS OJHOU
CHUCTEMBI ~ OTHOCHTENIBHO jApyrod. OHO paccMaTpuBaeTC KaK  HEIPEPHIBHO
WU3MCHSIONIASACS BEJIIMYMHA. 3a CIUHUILy BPEMCHH IPUHUMACTCS CEKyHJa, paBHas

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

XapaKTepU3ymoIIue JBHKCHHE TBEPJOTO0 Tella W ABMKCHHWE OTICIBHOW €ro TOYKHU
(paccTosiHUs, CKOPOCTH, YCKOPEHUS | T.J.), PACCMaTPHUBAIOTCS KaK ()YHKIIMU BPEMECHHU.

XO0Ts €BKIM0BO MPOCTPAHCTBO M YHUBEPCAIBHOE BPEMsl OTPAXKAIOT peatbHbIE
CBOWCTBAa TPOCTPAHCTBA W BPEMEHH JIWIIb NPUONIKEHHO, TeM HE MEHee, OHH
MO3BOJISIIOT C JOCTATOYHOW ISl TIPAKTHKH TOYHOCTBHIO M3Y4aTh JIBIKEHUS, CKOPOCTH
KOTOPBIX JTaJIeKH OT CKOPOCTH CBETA.

[IpencraBineHus OpPEeBHETO MUpa O JBIKEHHUS OTPaHUYHMBAIUCH PaBHOMEPHBIM
IBIDKCHHEM M €Tr0 CKOPOCTHIO KaK OTHOIICHHWEM IIyTH, MNPOHJEHHOTO TEJIOM, KO
BPEMCEHH, B TEUCHHE KOTOPOTO MPOUJICH 3TOT MyTh.

[lonsitue yckopenus BBeneHo [ anuneem (1564-1642) nu 060611eHO 1uisl cirydast
KPUBOJIMHEWHOTO JBWIKEHUSI TOJUIAHACKUM (pusukoMm [ roticencom (1629-1695).
['foiireHc TepBbIi MPUMEHIIT PA3I0KEHUE YCKOPEHHS Ha KacaTelbHYI0 U HOPMAIbHYIO
COCTaBJISIOIIHE.
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Pazsutne kunematuku B XVIII B. cBa3ano ¢ paboramu Jleonapoa Oiinepa
(1707-1783). Diimep 3al0oXWI OCHOBBI KHHEMAaTHKH TBEPAOro Teja, Co3/aall
AHATMTHYECKHUE METOIbI PEIICHUS 3a]1a4 MEXaHUKH.

breicTpoe pa3BuTHe TexHUKH B Hadaje XIX B., B YaCTHOCTH MaIIMHOCTPOCHHSI,
noTpedoBaJIO CHEUATBHOTO MCCIEOBAaHUS T€OMETPUUYECKUX CBOWMCTB JIBHIKEHUS TEIl.
KunemaTnka BblIEIMIIaCh B CaMOCTOSITENIbHBIA pasziels, MpU4YeM O0co00e 3HauyeHue
npuoOpesia KHHEMaTHKa MEXaHU3MOB.

KpymHble wuccnenoBanus B 00JacTH KWHEMAaTHKH MEXaHU3MOB W MalllMH
npuHaagexar ¢paHy3ckuMm yueHbM [loncene (1788-1876), Llano (1793-1880),
Kopuonucy (1792-1843) U pycCKUM Yy4Y€HBIM: OCHOBOIIOJOXHUKY PYCCKOW IIKOJIBI
TEOPUU MEXaHU3MOB U MaiuH akan. [1. JI. Yeovuuesy (1821-1894), npodeccopam /I.B.
Accypy (1878-1920), H.U. Mepyanosy (1866-1948), JI. I1. Komenvrukosy (1865-1955)
u Jp.

Bce kuHeMaTWyeckWe XapaKTEPUCTUKH JIBIDKCHHSI TBEPAOTO Teja WM
OTIENBHBIX €r0 TOYEK OJWHAKOBBI IS «MATCPUATBHBIX» U «T€OMETPUUYECKUX» TOUEK,
MO3TOMY HMXKE YMOTPEOISeTCs TEPMHUH «TOYKa» 0e3 MOsSCHEeHUS, «MaTepHallbHas» OHa
WIH «T€OMETpUYECKasy.

B Teopernueckoil MeXaHHMKE YaCcTO PacCMaTPUBAIOTCA Tea, PACCTOSIHUS MEX]Y
JTFOOBIMH  TOYKAMH KOTOPBIX OCTAIOTCS HEM3MEHHBIMH. Takuwe Tela Ha3bIBaIOTCS
abcontomno meepovbiMmu.

OcHOBHBIE BH/bI MEXaHHU3MOB.

MexaHu3Mbl K1aCCUPUIUPYIOTCS MO CIAEAYIOMINM MpU3HAKAM
1. Tlo obnactu npuMeHeHUs U GYHKIMOHAIBHOMY HA3HAYEHHUIO:
o MEXaHU3MBI JIETaTEJIbHbIX allllapaToB;
o MEXaHU3MBbI CTAHKOB;
o MEXaHU3MBbI Ky3HEUYHBIX MAIIMH U [PECCOB;
o MEXaHU3MBI JBUTaTeIed BHYTPEHHETO CTOPAHUSI;
o MEXaHU3MbI IPOMBIIIEHHBIX POOOTOB (MAaHUIYJISATOPOBI);
o MEXaHU3MbI KOMIIPECCOPOB;
o MEXaHU3MbI HACOCOB U T.[.
2. 1O BUJY MEepPeJaTOuHON (YHKIMUN HA MEXaHU3MBI:
o C MOCTOSIHHOM NepelaTouHoN (DyHKIMEH;
o C MEepeMEHHON nepeaaTouHol (yHKIUEH:
= ¢ HeperyJupyemou (CUHYCHBIC, TAHTCHCHBIE);
*  C PEryJIupyeMOu:
= CO CTYNEHYATbIM peryiaupoBaHueM (KOpoOKu mepenay);
= ¢ OeccTyneH4YaTbiM peryjIupoBaHUeM (BapuaTopsbl).
3. mo BuAy npeoOpa3oBaHUsl IBHKEHHS HA MEXaHU3MbI PE0Opa3yIoue :
o BpallaTeJIbHOE BO BPAILATEIILHOE:
*  PEAYKTOPHI Wex > Mepix;
=  MYJBTUILIUKATOPHI Wex < Mprix;
] MY(bTBI Mex = Oprix,
o BpallaTeJIbHOE B II0CTYNATEIbHOE,
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o TIOCTYMaTeIbHOE BO BPAIATEIIBHOE;
o TIOCTYMaTEeIhbHOE B MOCTYNATEIBHOE.
4. 1O IBWKEHUIO U PACIIOIOKEHUIO 3BEHBEB B IPOCTPAHCTBE:!
o TIPOCTPAaHCTBEHHBIE;
o IJIOCKUE;
o chepudeckue.

Bce wMexaHW3MBl SBISIFOTCS  TPOCTPAHCTBEHHBIMH — MEXaHW3MaMH, 4YacTh
MEXaHHU3MOB, 3BEHbS KOTOPBIX COBEPIIAIOT IBMKCHHE B IUIOCKOCTSX MapalieIbHBIX
OJTHOM TIIIOCKOCTH, SIBIISTFOTCSI OAHOBPEMEHHO U TUIOCKUMHU, Jpyras 4acTh MEXaHHU3MOB,
3BEHbS] KOTOPBIX JBIKYTCS TIO CPEPUISCKUM MOBEPXHOCTSAM SKHUBUIUCTAHTHBIM KaKOM-
60 oHOM cepe, ABISIOTCS OJJHOBPEMEHHO U ChEePUUECKUMU.

5. 10 U3MEHSIEMOCTH CTPYKTYPhl MEXaHU3Ma Ha MEXaHU3MBI:

o C HEU3MEHSIEMOU CTPYKTYpPOH;

o C U3MEHSIEMOU CTPYKTYpPOM.
B mpomecce paboThl KPUBOUIMITHO-MOM3YHHOTO MEXaHHW3Ma HAacoca €ro CTPYKTYypHas
cXeMa BCE BpeMs OCTAaeTCs HEM3MEHHOW. B MexaHm3mMax MaHHIYJISTOPOB B MpoOIecce
paboTHI CTPYKTYpHAsl CXeMa MEXaHH3Ma MOYKET U3MEHAThCS. Tak eciu mMpOMBIIUICHHBIH
pOOOT BBITIONHSET COOPOYHBIC OIEpaly, HampuMep, BCTABISET IMIMHAPUICCKYIO
JeTalb B OTBEPCTHE, TO MPH TPAHCIOPTUPOBKE NETAM €r0 MaHHUIYJSATOp SBISICTCS
MEXaHU3MOM C OTKPBITOH WM Pa30MKHYTOH KHHEMAaTHYECKOW IeTnbio. B TOT MOMEHT
KOTJla JeTallb BCTaBJieHA B OTBEPCTHE, KHHEMATHYECKas IEMb 3aMBIKAeTCs, CTPYKTYpa
MEXaHW3Ma H3MEHSETCS, TMOABMKHOCTh YMEHBIIACTCSI Ha YWCIO CBA3€H BO BHOBB
00pa30BaHHON KWHEMATHUECKOH Tape AeTalb-CTONKa.

Ce C,
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CtpykTypa MaHUNYJATOPA U3MEHSETCS U TOTJa, KOrJa B OJTHON MJIM HECKOJBbKHUX
KMHEMaTHYECKUX Mapax BKIIOYaeTcss TOpMo3. Torma MoABUXKHOE COEIMHEHHME JBYX
3BEHbEB 3aMEHSETCS HENOIBW)XHBIM, JIBa 3BE€Ha mpeoOpa3yrorcs B onHo. Ha puc. 3
TOpMO3 BKJIIOYEH B nape C.
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Puc. 4.4

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

— P P —
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— EEEEE—
Puc. 4.5

7. no Buay kunemarnueckux nap (KII):
o ¢ au3muMu KIT ( Bce KII mexanusma Huzmue );
o ¢ Boiciumu KIT ( xoTs 661 onna KII Beiciias );
o mapHupHsble (Bce KII Mmexanu3zma BpamiaTesbHbIe - IIapHUPHI).
8. 1o crnoco0y nepeaaydu U npeoOpa3zoBaHus MOTOKA YIHEPTUU:
o (puKIHMOHHBIE ( CLIETUICHUS );
o 3alleTIEHUEM;
o BOJIHOBBIE (CO3/ITaHKME BOJIHOBOM JlepopMaIium);
o WMIYJIbCHBIC.
9. mo popme, KOHCTPYKTUBHOMY HCIIOJTHEHUIO U JBUKECHHUIO 3BEHbBEB:
o PBIYAXKHBIE;
o 3yOuarhble;
o KYJIauKOBBIE;
o TUJIaHETapHBbIE;
o MaHUIYJISITOPHI
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Puc. 4.8 Puc. 4.9
CprKTypHLIi/i aHAJIU3 U CUHTE3 MEXaHU3MOB.

CtpykTypa 1000 TEXHUYECKOM CHCTEMBl ompeaensercs Q(YyHKIUOHAIBHO
CBSI3aHHOW COBOKYIHOCTBIO 3JIEMEHTOB M OTHOLIEHUH Mexay Humu. [Ipu sTtom s
MEXaHU3MOB TOJI AJIIEMEHTAMH IMMOHUMAIOTCSl 3BEHbS, I'PYIIbl 3BEHHEB WJIM TUIIOBbHIE
MEXaHU3MbI, a 1oj oTHoueHussMu noABuxkHbIe (KII) miu HenmoaBH)XKHBIE COEAMHEHUS.
[loaTOMy mOA CTPYKTYpOW MeXaHM3Ma MOHHMMAETCS COBOKYIHOCTb €r0 3JIEMEHTOB U
OTHOIIEHUH MEXAYy HUMH, T.€. COBOKYIHOCTh 3BEHBbEB, TIPYNI WJIM THUIIOBBIX
MEXaHU3MOB U TMOJABW)XHBIX WJIM HEMOJBWXKHBIX COeAMHEHUN. ['eomeTpuueckas
CTPYKTYpa MEXaHU3Ma MOJIHOCTHIO OMHCHIBACTCS 3aJaHHEM TI'E€OMETPUUYECKOM (POpPMBI
€ro DJIEMEHTOB, UX PACIOJIOKEHUS, yKa3aHMUs BUAA CBsi3ed Mexay HUMH. CTpyKTypa
MEXaHU3Ma MOXET OBbITh Ha Pa3HbIX CTaAUSAX NPOEKTHUPOBAHUS OMHUCHIBATHCS
pa3IUYHBIMU CPEJICTBAMHM, C PA3HBIM YPOBHEM aOCTparupoBaHus: HA PYHKIIMOHATIBHOM
ypoBHE - (DYHKIIMOHAJIbHAs CXE€Ma, Ha YPOBHE 3BEHBEB M CTPYKTYPHBIX TpPYII -
CTpyKTypHasi cxema u T.n. CTpyKTypHas cxeMa - rpaduyeckoe uzo0paxeHue
MEXaHU3Ma,  BBIIOJIHEHHOE C  KCIOJb30BAHMEM  YCJIOBHBIX  00O3HAUCHUU
pexomengoBaHHbix ['OCT (cm. nHampumep ['OCT 2.703-68) wunu NOpUHATBIX B
CHELMAIIBHON JIUTEpaType, coaepxkaliee HH(OPMALMI0O O YHUCIE UM PacCloJIOKEHUH
AJIEMEHTOB (3BEHBEB, TPYMM), a TaKXKEe O BUJE M Kilacce KUHEMAaTHYECKUX Iiap,
COCJIMHAIOMIMX 3TH JJIEMEHTHl. B OT/IMYMe OT KMHEMaTUYeCKOM CXeMbl MEXaHU3Ma,
CTPYKTYpHasi cXeMa He COJEPKUT MH(OpPMAIMU O pa3Mepax 3BEHbEB U BbIUEPUMUBACTCS
6e3 cobOmoaeHuss MacTaboB. (//pumeyanue: KUHEMaTHUYECKas cxema - rpaduueckas
MO/IeJIb MeXaHU3Ma, MpeAHa3HauYeHHas ISl CCIIEIOBAaHUS €r0 KHHEMAaTHKU. )
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IloHsiTHE O CTPYKTYPHOM CHHTE3€ M aHAJH3E.

Kak Ha mro06om »Tame MpOEKTUPOBAHMS TPU CTPYKTYPHOM CHHTE3E Pa3audyaroT

3aJlayd CUHTE3a M 3aJ]a4H aHaJIn3a.
3agadeil CTPYKTYPHOIO aHaiM3a SIBISETCS 3ajlada OIpejesieHUsl MmapaMeTpoB
CTPYKTYpBI 33JIJaHHOTO MEXaHHM3Ma - YHCJIa 3BEHhEB U CTPYKTYPHBIX TPYII, YucCla U
Buna KII, yucna moaBmwxHOCTEl (OCHOBHBIX M MECTHBIX), YMCJAa KOHTYPOB U UHCIIA
N30BITOYHBIX CBSI3E.
3agayeil CTPYKTYPHOTO CUHTE3a SBISETCSA 3ajladya CUHTE3a CTPYKTYpPhl HOBOTO
MEXaHu3Ma, OO0JIaJalolero 3aJaHHBIMH CBOMCTBAMM: YHCJIIOM IOJBHKHOCTEH,
OTCYTCTBHEM MECTHBIX IOJBH)XHOCTEH M M30BITOYHBIX CBSI3€, MUHUMYMOM 4YHCJIa
3BEHbEB, C MapaMu OINPEJEIEHHOT0 BHAA (HAmpUMEp, TOJIbKO BpallaTeIbHBIMU, Kak

HanboJiee TEXHOJIOTHYHBIMH) H T.I1.

OCHOBHBIE TTOHATHS CTPYKTYPHOT'O CUHTE3a U aHaJIu3a.

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

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

N36bITOuHbBIC (TACCUBHBIE) - TAKUE CBSI3M B MEXaHHM3ME, KOTOPBIC MOBTOPSIOT WU
OyONMUpyIOT CBSI3M, YK€ UMEIOIIUMecs I0 JaHHOM KOoOopAWHATe, U TO03TOMY HE
M3MEHSIOIINE peaJbHOM MOJBKHOCTH MexaHu3Ma. [Ipu 3ToM pacueTHasi Mo BUKHOCTD
MEXaHHW3Ma yMEHBIIIAeTCs, a CTeNeHb €ro CTAaTUYeCKOW  HeompenelIuMOCTU
yBenuuuBaercs. MHorna ucnonb3yeTcs uHoe omnpesencHue: 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 IIOJBIKHOCTEM U 3aJaHHON (TpeOdyemoii)
MTOBMYKHOCTBHIO MEXaHu3Ma B 1[ETIOM.

MecTHbIC TMOMBMKHOCTH - TOABMI)KHOCTH MEXaHHM3Ma, KOTOPhIE HE OKa3bIBAIOT
BIIMSHUS Ha €ro (YHKIMIO TOJIOKEHUs (M TepeaaTouHble (PYHKIMM), a BBEJCHBI B
MEXaHU3M C JAPYTUMHU LeIsIMH (Hampumep, IOJBIKHOCTh POJIMKA B KyJIa4KOBOM
MeXaHHU3Me O0eCleurBacT 3aMEHYy B BBICHICH Mape TPEHHUS CKOJIBKECHHS TPEHUEM
Ka4ueHUs).

OcHOBHBIE CTPYKTYpPHBIE (DOPMY.JIBI.

OcHOBHBIE CTPYKTYpHbIE (HDOPMYJIbI OBLIM COCTABIECHBI JUISl TJIOCKMX MEXaHU3MOB
YeoObimessiM [1JI. u I'probnepom M., mis mpoctpanctBeHHbIX - ComoBbiM [1.O. u
ManpbimeBbiM. Tak Kak NPUHLHUIIBI 3aJI0)KEHHbIE B TOCTPOCHHE BCEX 3TUX (HOPMYI
OJIMHAKOBBI, TO KX MOKHO 3aIKCcaTh B 0000IEHHOM BUJIE:

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

=1

rac: H - uucno crenexnen IMOABHUIKHOCTHU TBCPAOTO TCJIa (COOTBCTCTBCHHO npu
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paccMOTPEeHHH MeXaHu3Ma B npoctpancTBe H=6, Ha miockoctn H=3);

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

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

pi - YACTI0O KHHEMaTUYEeCKHUX Tap ¢ i TOJBUKHOCTSIMHU.

CrpykTypHO# rpynmoii Accypa (Win TYNmoW HYJIeBOW MOJBM)KHOCTH) Ha3bIBACTCS
KHHEMaTHYeCcKasl IIeTb, OOpa30BaHHAS TOJBKO ITOJABM)KHBIMH 3BCHBIMU MEXaHH3Ma,
MOJABMYKHOCTh KOTOPOH (Ha TNIOCKOCTH U B NMPOCTPAHCTBE) paBHA HYII0 (W = 0).

Koneunsle 3BeHbs rpymmn Accypa, BXOISIIME B JBE KMHEMATHYCCKUE Taphl, U3
KOTOPBIX OJHAa MMEET CBOOOJHBIM 3JIEMCHT 3BEHA, HA3BIBAIOTCS MOBOJKAMH. [ pYIIITBI
MOTYT OBITh Pa3IUYHON CTEICHH CIOXHOCTH. CTPYKTYpHBIE TpyIIbl Accypa JIensaTcs
Ha KJIaCChI B 3aBUCHMOCTH OT YHUCJIa 3B€HbEB, OOPA3yIOIIMX TPYIIY, YHCIIa ITOBOAKOB B
TpyIIe, YUCiia 3aMKHYTBIX KOHTYPOB BHYTPH Tpynibl. B npeaenax kmacca (rmo Accypy)
TPYNIIBI TOAPA3ACISAIOTCS 10 YUCITY IMOBOJAKOB Ha MOPSAKU (MOPSJIOK TPYIIIBI PaBeH
YHCITy €€ MOBOJKOB). MexaHU3Mbl KJIaCCH(PUITUPYIOTCS 1O CTEMEHU CJI0KHOCTH TPYIIIT
BXOJAIIMX B HMX cocTaB. Kimacc M Tposiok MexaHW3Ma ONpENesseTcs KIaccoM |
MOPSIIKOM HauOoJIee CIONKHONW M3 BXOIAIINX B HETo rpymil. OcoOEHHOCTh CTPYKTYPHBIX
rpynn Accypa - UX cTaTHYecKas onmpeneauMocThb. Ecim rpynmy Accypa cBOOOIHBIMU
DJIEMCHTAMH 3BEHBEB IPHCOCIUHUTH K CTOHKE, TO oOOpa3yeTcs CTaTHYeCKH
onpenenumas depma. Mcnons3ys rpynmsl Accypa yaIoOHO TPOBOIUTH CTPYKTYPHBIH,
KHHEMAaTHYECKUI ¥ CHIIOBOH aHAJIM3 MEXaHU3MOB.

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

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

CTENeHn, MM/MC ™).

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

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

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

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

KHMHCMATUYCCKUX IIap (B PBIYa’)XHbBIX MCXdHU3MaX HUX HCT). HOJ’IY‘ICHHOC YHUCIIO0
CcTeneHen CBO6OIIBI MCEXaHHU3Ma COOTBCTCTBYCT YHCITY HAYaJIbHBIX 3BCHbCB C 3aJTaHHBIMHU
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KHMHCMATUYCCKUMU IMapaMCTpaMH, TAK KaK TOJIBKO B 3TOM CJIy4aC€ OCTAJIbBHBIC 3BCHbA
6YIIYT ABUT'ATHCs BIIOJIHC OIIPCACIICHHBIM 06pa30M OTHOCHUTEJILHO CTOMKHM.

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

2. IIpoBonsAT CTpyKTypHBIM aHanu3 mexanuszma no JI.B.Accypy, cormacHo Teopun
KOTOpPOTO JI000W IJIOCKUH MexaHu3M ¢ W =1 cocTouT U3 NMEepBUYHOrO MEXaHHU3Ma
(OOHONOBUIKHOE HAYallbHOE 3BEHO W CTOMKa, oOpa3yrollide BpallaTEIbHYI WIH
MOCTYMATEIbHYI0 KHHEMATHYECKYIO Mapy) ¢ 3a1aHHBIM 3aKOHOM JIBH)KEHUS HA4YaJIbHOTO
3BeHa (W =1) ®W ONHOHM WIM HECKOJbKUX CTPYKTYPHBIX Trpynn (HE3aMKHYyTas
KMHEMaThueckasi LeMb, KOTOpas TMpU 3aMblKaHUM CO CTOMKOM oOpamiaeTcss B
HEMOJBIXKHOE coeuHeHue W y Kortopod W =0). B 3amanusx BcTpedaroTcs, Kak
MIPAaBUJIO, JIBYXIIOBOJAKOBBIE TPYMNIbL, COCTOSIIIME M3 JBYX 3BEHBEB U TpeEX
KMHEMAaTUYECKUX Tap.

CTpyKTypHBI aHaIuM3 HAYMHAKOT C YCTAHOBJEHHA IEPBUYHOTO MEXaHHU3MA,
3aKOH JIBM)KEHUSI KOTOPOTO 3aJaH. 3aTe€M BBIACISAIOT Ty CTPYKTYPHYIO TPYIITy, KOTOpas
ObUIa MPUCOEIUHEHA K MEXaHU3MY IOCIEAHEH, U Jlajee — OCTaBLIYIOCS CTPYKTYPHYIO
rpynmny, IpUMBIKAIONIYI0 K MEPBUYHOMY MEXaHU3MY (I MEXaHHU3MOB, UMEIOIIHUX I10
JIB€ CTPYKTypHble rpymnmbl). PacuneHeHue MexaHu3Ma Ha CTPYKTYpPHBIE TPYIIIbI
MPOU3BOJAT TaK, UTOOBI MOCIIE yAAJIEHUs TPYIbI U3 MEXaHU3Ma HE HapylIaJcs 3aKOH
JIBUKEHUSI OCTABIIMXCS 3BEHbEB MEXaHM3Ma M YHUCJIO €ro cTemneHeil cBoOoibl. [is
KOKI0M cTpykTypHOW rpynmbl 1o ¢opmyne A.IlManpimeBa HaxoIaT 4YHUCIO
M30BITOYHBIX CBSA3EH, YCTPAHSIOT UX YBEJIWYEHHEM MOJBUKHOCTEH KHHEMAaTHYECKHX
1ap, ¥ COCTAaBJIAIOT CXEMY CAMOYCTaHABIMBAOIIETOCS MEXaHU3MaA.

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

[TocTpoeHune miuaHOB CKOPOCTEN HaYMHAIOT CO 3BEHA, 3aKOH JABM)KEHUS KOTOPOIO
3agaH. OnpeaensoT CKOPOCTb TOUYKHM 3TOT0 3BE€HA, COCTABIISIOT BEKTOPHOE ypaBHEHUE,
CBSI3BIBAIOLIEE 3TY CKOPOCTh CO CKOPOCTSIMU TOYEK CMEXKHOI'O 3BEHA, U YCTAHABIINBAIOT,
KaKUe BEKTOPbI U3BECTHBI 110 BEJIMYMHE, KAKUE U 110 BEJIIMYUHE, U [0 HAMPABICHUIO WU
KaKue TOJIbKO IO HaIpaBieHHI0. PEKOMeH1yeTcsl BEKTOPBI, U3BECTHBIE 1O BEJIMYMHE U
[0 HaIpaBJCHUIO, TOJYEPKUBATh ABYMSI UYE€pTaMH, a U3BECTHBIE TOJIBKO MO BEIUYUHE
WIM TOJIBKO 1O HAaNpaBICHUI0 — OJHOM 4YepToil. 34ech ke OTMedalT OyKBamMu
HarpaBiieHHe BEKTOpOB. Eciau B BEKTOPHOM YpaBHEHUHU TOJBKO JIBa HEM3BECTHBIX, TO
OHO pemlaercs, U €ro rpaduueckuM pemeHueM Oyner IulaH ckopocted. Crpenku
BEKTOPOB Ha MJIaHE MPOCTABIISIIOT B CTPOIOM COOTBETCTBUU C 3aIMCAHHBIM YpaBHEHUEM,
coOr0/1asi MPaBUJIO BEKTOPHOI'O CYMMHPOBAHHUS; MIPU 3TOM OTHOCHUTENIbHBIE CKOPOCTH
IPOXOAAT BHE IOJIIOCA, a Hayajla BEKTOPOB a0COJIIOTHBIX CKOPOCTEN BCEr/la HaXOAATCS
B Mojtoce. M3 MOCTpOEHHOr o MilaHa HaXoAAT OTPE3KHU, MPONOPIHOHATIBHBIE CKOPOCTAM
TOYEK, W, 3Hasg MacmTad |l,, ONPEIEISIIOT CKOPOCTH, & HANpaBJIEHHE CKOPOCTEH - W3

IIJIaHA.

Ecnu u3BecTHBI a0COIIOTHBIE CKOPOCTH JIByX TOYEK OJIHOTO U TOTO e 3BEHa, TO
CKOPOCTh TPEThEW TOYKH, JIeKAIEW C HUMH Ha OJHOM MPIAMOW, HAXOIAT
MIPOTOPIIMOHANILHBIM JIeJIeHueM (HarpuMmep, Touka S»). [l 3Toro Ha miaHe ckopocTei
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OTPE30K OTHOCUTEJIBHON CKOPOCTH JAEJAT UCKOMOM TOYKOM B TOM K€ COOTHOIICHHUHU, B
KOTOPOM COOTBETCTBYIOIAS TOYKA JEIUT PEAIbHOE 3BEHO HAa CXeM€E MeXaHu3Mma. [[nuny
MCKOMOT'O OTpe3Ka OMPEEsIOT U3 MPOnopuu (OTHOUIEHUE JIMH Ha 3BEHE MEeXaHHU3Ma
pPaBHO OTHOILIEHHUIO OTPE3KOB Ha IuIaHe ckopoctei). CoeAnHssl MOMYYeHHYI0 TOUKY C
MOJIFOCOM, HAaXOJIAT OTPE30K UCKOMOI abCOIIOTHON CKOPOCTH.

AOGCOJIIOTHYIO CKOPOCTh TPEThEW TOYKM 3BEHA, HE JIeXKAIllel Ha OJHOM MPSIMOM ¢
JIBYMsI IPYTUMH €Tr0 TOYKaMH, CKOPOCTH KOTOPBIX M3BECTHBI, OMPEAECISAIOT METOI0M
nonobusi. [l 3TOro Ha MjaHe CKOpPOCTEH Ha OTpe3Ke HM3BECTHON OTHOCHUTEIbHOU
CKOPOCTH CTpPOAT TPEYTrOJbHHUK, MOJAOOHBIA TOMY, KOTOPHIH HMEETCS Ha CXeMe
MeXaHu3Ma, CcOoOIoJass OJMHAKOBOE HAmpaBjieHUE MPOYTEHUsS OYKB MO BEpIIMHAM
TpEyrojbHUKAa Ha TUIAHE CKOPOCTEW W Ha MexaHu3Mme. [Ipu 3ToM CTOpOHBI MOJAOOHBIX
TPEYroJIbHUKOB B3aWMMHO MEPNEHAUKYJISIPHb. B HUTOre mMNOCTpOCHHsS MOIydaeTCs
TPEYTrOJIbHUK, COCTaBJICHHbIM BEpPUIMHAMU OTHOCUTEIBHBIX CKOpocTed. CoenuHsis
MOCTPOCHHYI) BEPIIMHY TPEYrOJbHUKA C TIIOJIKOCOM, HAaXOISAT OTPE30K HMCKOMOU
a0COJIIOTHOM CKOPOCTH.

Ecnu nBa 3BeHa 00pa3yrOT MOCTYMATEIbHYI0 KMHEMAaTHUECKYIO0 Hapy, TO AJis
onpeesieHnsi aOCOMIOTHON CKOPOCTH TOYKH OJTHOTO M3 3TUX 3BEHBEB, T€OMETPUUECKU
COBMAJAONICH B JaHHBII MOMEHT C TOYKOM JApyroro 3BeHa (CKOPOCTh KOTOPOU
M3BECTHA), HCIIOJNB3YIOT BEKTOPHOE YpPAaBHEHHUE CIIOKHOTO JBHXKEHUA. AOCOIIOTHAs
CKOpPOCTh HMCKOMOM TOYKHM CKJIAQJbIBA€TCS U3 TMEPEHOCHOM W OTHOCUTEIBbHOMN
COCTaBIIAIOIINX; BEKTOP MEPEHOCHONW CKOPOCTH OOBIYHO HU3BECTEH.

3Hasg JUHEWHBIE CKOPOCTH TOYEK, OMPEIEIAIOT YIJOBbIE CKOPOCTH 3BEHBEB IO
BEJIMYMHE U MO HAIIPABIICHUIO.

I[naH yCKOpEHUW CTpPOSAT HAa OCHOBE BEKTOPHBIX YpPaBHEHHM B TOM ke
MOCTIEIOBATENLHOCTH, YTO M IUIAH CKOpoCTel. Kaxaplii U3 BEKTOPOB MPEIACTABISIOT
HOPMaJIbHOM a" W KacaTeabHOW a° cocTaBigomuMu. I[lpy 3TOM HOpMaiabHOE
YCKOpEHHE BCErjla M3BECTHO IO BEJIMYMHE (TaK KaK IUIaH CKOPOCTEH MOCTPOEH) M
HampaplieHUI0 (K IIEHTPY BpaIlleHHs), a KacaTeJIbHOE TMEePHEHAUKYIIPHO €My U
HEU3BECTHO IO BEJIMYUHE.

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

Meto nmponopirOHAIBHOTO JICJICHUS] U METO/ MOJ00MS MPUMEHSIOT TOJIBKO JIJIs
MOJTHBIX OTHOCHUTENIBHBIX yCKOpeHui. IIpu 3ToM mogobHyro Qurypy cienyer CTpouTh
Ha IUIaHE MO TPEM CTOPOHaM, BEJIIMYMHA OJHOM W3 KOTOPBIX M3BECTHA, a JBE JIPYyTHE
OTPEJIENSIIOT U3 COOTBETCTBYIOIIMX MPONOPLHNA, cOOMI0as OJIMHAKOBOE HaIpaBiIeHUE
oOxoma mpW 4YTeHUHW OYKB N0 BepIIMHaM (QUTYpbl, COCTAaBJIEHHOW W3 TOJHBIX
OTHOCHUTEJIbHBIX YCKOPEHUM JIaHa, U GUTYPHI HA 3BEHE MEXaHU3MA.

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

OTH

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

P

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

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

KaCaTCJIbHbIC YCKOPCHU:A, MMOACUHUTBIBAIOT BCINYHUHBI YI'TIOBBIX YCKOPCHI/Iﬁ € 3BCHBCB U
ONIPCACIAOT UX HAIIPABJICHU .
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5. IlpuBOaABI MEXaHU3MOB
DJIeKTPONPUBO MEXaHU3MOB.

DNEeKTPUIECKUM MIPUBOJ (Cokpari€HHO 3.1eKmponpusoo) — 3TO
AJIEKTpOMEXaHUYEeCKasi CHUCcTeMa ISl TPUBEACHUS B JABWIKEHHUE MCIOJHUTEIBHBIX
MEXaHHU3MOB Pa0OUYMX MAIIUH U YIIPABICHUS STUM JIBHIKCHUEM B LIEJISIX OCYIIIECTBICHUS
TEXHOJIOTUYECKOI0 Mpoliecca.

CoBpeMeHHBII AIEKTPONPUBOJ — 3TO COBOKYITHOCTb MHO>KECTBa
AJIEKTPOMAIIIMH, anmnapaToB W CUCTEM ympaBieHuss UMH. OH SBISETCS OCHOBHBIM
notpebutesnieM anekTpudeckoi dHeprunm (10 60 %) W TIaBHBIM MCTOYHHKOM
MEXaHWYECKOM SHEPTUU B MPOMBIIIIICHHOCTH.

Onpenenenue o 'OCTy P 50369-92 »snexkrponpuBoj - 3JIEKTpOMEXaHUUYECKAs
CUCTEMa, cocTosiIas u3 rnpeoOpazoBareseil IEKTPOIHEPTUH, HIEKTPOMEXAaHUUECKUX U
MEXaHWUYECKUX TpeoOpazoBaTesiei, yIpaBiIsiOmX U UHOOPMAIIMOHHBIX YCTPOUCTB H
YCTPOUCTB  COMNPSKEHUS C  BHEIIHUMM  DJICKTPUYECKMMH,  MEXaHMYECKHUMH,
YOPABISIOMMMUA W WH(QOPMAIIMOHHBIMM ~ CHUCTEMaMH, TIpeJAHa3HAuYCHHAs  JIs
MIPUBEJICHNS B JIBUKEHUE MCTIOJHUTEIIBHBIX OPraHoB pabouell MalvHbl U yHpaBICHUS
9TUM JIBIJKEHHEM B LIEJIAX OCYIIECTBICHUS TEXHOJIOTHUYECKOTo Ipoliecca.

Kak BugHO W3 ompejaesieHus, UCIOJHUTEIbHBIA OpraH B COCTaB MPHUBOJAA HE
BX0oAUT. OJIHaKO, aBTOPhl ABTOPUTETHHIX YUYCOHUKOB BKJIIOUYAIOT HCIOJHUTEIbHBIN
OpraH B COCTaB 3JIEKTPOINPHBOJA. DTO MPOTHBOPEUHME OOBACHICTCS TEM, YTO MpHU
MIPOCKTUPOBAHUM DJICKTPONPHUBOAA HEOOXOIMMO YYUTHIBATh BEIUYUHY U XapakTep
W3MEHEHMUs] MEXaHWYeCKOM Harpy3ku Ha Bajy DJJIGKTPOJBHUIaTelsis, KOTOpPbIC
ONpEJENSIOTCA TapaMeTpaMHu HUCIOJIHUTENbHOrO opraHa. [lpy HEBO3MOXKHOCTH
peanu3aiy IpsMOro MPUBOJIA JIEKTPOABUTATETh TPUBOIUT UCIIOTHUTEIBHBIN OpraHa
B JIBIDKCHHE uepe3 KuHemaTudeckyr mnepenaudy. KIIJ[, mepemaTtounoe dYucio u
MyJIbCalldd, BHOCHMBIE KHHEMATHYECKOW Tiepefadyeil Takke YUYUTBHIBAIOTCS MPH
MIPOCKTUPOBAHUH JICKTPOIPHUBO/IA. .

CeTb

n3MepuTenibHoe YCTPOWCTB

Puc. 5.1

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

o DnekTtpuueckuil mnpeoOpazoBatens (DII) mnpenHasHauen aisg  npeoOpa3oOBaHUS
AJIEKTPUYECKOM DHHEPruU CETU B PETYIUPYEMOE HANPSIKEHUE TMOCTOSIHHOTO WU
IIEPEMEHHOTO TOKa.

o DOnexTpoMexaHuueckuit mpeodpaszopatens (OMII) — nBurarens, nmpegHa3HAUYCH IS
npeoOpa3oBaHUs ISKTPUUECKON IHEPTUU B MEXaHUUECKYIO.

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

o YOp — ynpaBJISIOIIKE BO3AECHCTBHE.

e MO — ucnoJHUTENBbHBIA OpPraH.

OYHKIMOHAJILHBIC YACTHU:

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

. MexaHnyeckas 4acTh;

Buabl 3j1eKTPpONPUBOI0B.

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

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

. HeaBTomaTu3nupoBaHHbIE

. ABTOMAaTHU3UPOBAHHBIE

. JInHeHbIe — I YaCTHBIX CIIy4Yaes.

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

NEPpeMCIICHUEC TIOJAYYar0OT MCXAdHUYCCKUMU HpeO6paSOBaTeHHMI/I BpalmaTcJIbHOT O
JABMOKCHUA OBUTaTCIIA.

Ilox0op 31ekTpoaABUraTeJIs.

KauecTBO pa6OTBI COBPCMCHHOT'O JJICKTPOIIPHUBOAAa BO MHOTOM OIIPCACIIACTCA
IMpaBHUJIbHbIM BBI60pOM HUCIIOJIB3YEMOI'O JJICKTPUYCCKOI'O ABUIATCIII, 4YTO B CBOIO
oucpeab oOecrieunBaeT MMPpOAOJIPKUTCIIBHYTO HaIIé)KHYIO pa60Ty QJCKTpOIIpUBOaAa H
BBICOKYIO 3(1)(1)CKTI/IBHOCTB TCXHOJIOTUYCCKUX U IPOU3BOACTBCHHBLIX IIPOLCCCOB B
IMPOMBIINIJICHHOCTH, HAa TPAHCIIOPTC, B CTPOUTCIILCTBE U IPYIUX 001aCTAX.

HpI/I BBI60pe QJICKTPUYUCCKOIO ABUTATCIIA I IIPHUBOJA IIPOU3BOICTBCHHOTO
MCEXaHHN3Ma PYKOBOACTBYIOTCA CIICAYIOIMIMMU PEKOMCHIAIUAMMU:

] I/ICXOIIH N3 TCXHOJIOTHYCCKUX Tpe6OBaHHﬁ, IMpOU3BOOAT BBI60p AJICKTPUICCKOT'O
ABUTATCIIL IO C€ro TCXHUYCCKHUM XAPAKTCPUCTHUKAM (HO poay TOKa, HOMHHAJIbHBIM
HAIIPAKCHUIO 1 MOIMHOCTH, YaCTOTC BpAallICHUA, BUAY MEXaHUYECKOM XapaKTCPUCTHUKH,
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MPOJOJDKUTENBHOCTH  BKJIIOYEHHS,  MEPErpy304HOM  CIMOCOOHOCTH,  IyCKOBBIM,
PErYJIMPOBOYHBIM M TOPMO3HBIM CBOMCTBAMHU [ip.), @ TakKe KOHCTPYKTUBHOE
MCIIOJIHEHUE JIBUTATEIS IO CITOCOOY MOHTa)Ka U KpeIIeHUSI.

. Hcxons M3 SKOHOMHUYECKHX COOOpa)keHUM, BBIOMpaloT Haubosee MpocToM,
HSKOHOMHMYHBIA W HAIEKHBIM B SKCIUIyaTallMd JBUTATENlb, HE TPEOYIOUIUN BBICOKHUX
AKCIUTyaTallUOHHBIX PAacXoJ0B M MMEIOIIMNA HauMEHbIIHE TrabapuTbl, Maccy U
CTOUMOCTb.

. Hcxonss w3 ycnoBuMl OKpyKaromied cpeabl, B KOTOpbIX Oyner paboTarhb
JBUTaTeNb, a TAKKE U3 TpeOoBaHMM Oe30I1acHOCTH pabOThl BO B3PHIBOOIIACHOM cpeje,
BBIOMPAIOT KOHCTPYKTUBHOE UCIIOJIHEHHUE JIBUTATEINSI IO CIIOCOOY 3alUTHI.

[IpaBunbHBIA BBIOOP THUMA, WCIOJHEHUS W MOLIHOCTH D3JIEKTPUYECKOTO JIBUTaTENs
OIpeNeNsieT HE TOJIBKO 0€30IacHOCTh, HAJE&XHOCTh M SKOHOMMYHOCTH pabOThl H
JUIUTETLHOCTh CPOKa CIY>KOBI JIBUTaTessi, HO U TEXHUKO-DKOHOMHUYECKHE IMOKa3aTeIu
BCET0 IEKTPONIPUBO/IA B LIEIOM.

Crnenyer UMeTh B BUAY, YTO HE MOXET OBITb YHUBEPCAIBHOTO 3JIEKTPOIPHUBO/IA.
B kauectBe nmpumepa, npuBeEM CpeHUN MECIUIaBIIIbHBIN LIEX: IIEX UMEET HECKOIBKO
aHOJIHBIX TIeyeHd, medd paboTalT B pa3HBIX pEXKUMax: 3arpys3ka, IUIaBJICHHE,
BOCCTaHOBJICHHME, OKUCIIEHUE U 3TO HEMOJIHBbIN nepeueHb. Tpedyemble XapaKTepUCTUKU
MEXaHU3MOB [UJIl OTHUX PEKUMOB PA3JIUYHbl, HA KaXIOM Ipolecce ObIBaeT
3a/IeliCTBOBaHa pa3uy4Has Tpyma NpuBoAHON apMatypsl. Juametpsl pazustcs ot 200
10 900 MM, pa3nuyHbl W TOJAIOIIMECS CpPEeNbl — Mas3yT, ras3, BO3AyX W MpoY.,
TeMIIepaTypHbIE PEKUMBI TaK K€ U3MEHSIOTCS.

C npyroéi CTOpOHBI, KOHCTPYKIUSI DJIEKTPONPHUBOAA MOXKET OBbITh MOIYJBHOH,

YacTH NPHUBOJA MOTYT CBOOOJHO MEHATHCS, MPUUEM OJIOKM pPa3HBIX HCIOTHEHUMN
JOJIKHBI OBITh 110 BO3MOXXHOCTH YHU(DUIIMPOBAHBI U JIETKO 3aMEHSIThCSI.
JUisi HEKOTOpPBIX MEXaHU3MOB, PAa0OTAIOUIMX B MOBTOPHO-KPATKOBPEMEHHOM PEXUME
(xpanbl, Ju@dTHI), OONBIIYI0 4YacTh pabouyero uUWKIA JBUrateilb paboTaeT Ha
€CTECTBEHHOM XapaKTEPUCTUKE U TOJIbKO OTHOCUTENBHO HEOONBILIOE BpeMsl pabOTaeT Ha
PETryIMPOBOYHOM XapaKTEPUCTUKE, OOBIYHO HAa MOHM)KEHHOW YacToTe BpaileHus. B
TOM CiIy4ae IOTEPU IJIEKTPOIHEPTMM Ha PETYJUPOBOYHOM  XapaKTEPUCTUKE
CPaBHUTENIbHO HEBEJIMKHU, TaK KaK Majio BpeMs paboThl Ha Hell. [ToaToMy 371€Ch MOKHO
MPUMEHSTH MPOCThIE U JIEMIEBbIE CIIOCOOBI PETYIMPOBAHUS, JaKe €CJIM OHHU BBI3BIBAIOT
MOBBILLIEHHBIE TOTEPU MOIIHOCTH B o0OMoTkax. IlosTomy, Omaromapsi mpocToTe
peanuzanuu METOJa PEeryJMpoBaHUs CKOPOCTH NMYTEM H3MEHEHHUS CONPOTHBICHUS B
LEeNu POTOpa, TaKHe SJIEKTPONPUBOJbI HAILIM Hambojiee HIMPOKOE MPUMEHEHUE B
KPaHOBBIX CHCTEMaxX, M celYac OCTaBJISIIOT OCHOBHYIO YacThb HaxOJAIIUXCS B
AKCIUTyaTalluk U BBITYCKAEMbIX MPOMBIIIIEHHOCTBIO 3JIEKTPONPUBOI0B. KoMIiekTHbIE
AIEKTPONPHUBOABI  BKJIIOYAIOT B ce0sl CHUCTEMBI C CHJIOBBIMM  KYJQUKOBBIMU
KOHTPOJUIEpAaMH M MAarHUTHBIMM KOHTPOJUIEpaMH C LEMSIMU  YIOpPaBICHHUS Ha
NEPEMEHHOM M TMOCTOSHHOM TOKe. Takoe TMOCTpOeHHE PSIAOB 3JIEKTPONPUBOIOB
MO3BOJISIET B KAX/I0M KOHKPETHOM Cllydae OCYLIECTBUTH BbIOOp Hanbosee mpruemiaeMoil
CUCTEMBl C YYETOM YCJOBUH OKCIUTyaTallMM, TMPEIbSIBISEMbIX TpeOOBaHUN 1O
aBTOMAaTHU3alliy YIPaBJICHMSI, Macc, radapuToOB U CTOMMOCTH

OCHOBHBIMM THUIIAMH 3JIEKTPOJIBUTaTesIe, KOTOPHIE UCTIOIB3YIOTCA ISl IPUBOJA
MPOU3BOJICTBEHHBIX MEXaHHU3MOB C PETyJIUPYEMOW CKOPOCTBIO JBUXKEHUs pPabodero
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OpraHa, sIBJISIFOTCSI JBUTATEIN MTOCTOSIHHOTO TOKa U CHHXPOHHBIE C KOPOTKO3aMKHYTHIM
win ¢a3HeiM potopoMm. Hanboiee npocto TpeOyemble HCKYCCTBEHHBIE XapaKTePUCTUKU
MIOJIy4YarOTCsl y JBUraTesied MOCTOSSHHOIO TOKa, MO3TOMY /10 HEJABHETO BPEMEHHM OHHU
MIPEUMYIIECTBEHHO Y HAXOJWUJIU NPUMEHEHHUE [l PETYIUPYEMBIX JIEKTPONpruBoa0B. C
IPYroil CTOPOHBI, ACUHXPOHHBIE IBUTATEIIN, YCTyHask JBUTAaTENIAM IIOCTOSTHHOTO TOKA 10
BO3MOKHOCTSIM PEryJMPOBAaHUSI YacTOThl BpAUIEHUs, MO CPABHEHUIO C IOCIECIHUMHU
MPOILE B M3TOTOBJIEHWHM WU HKCIUIyaTallUM M HMEIOT OTHOCHUTEIBHO MEHBIIHE Maccy,
pa3Mepsl U CTOMMOCTb. VIMEHHO 3TH OTJIMYHUTENBHBIE CBOMCTBA ACHUHXPOHHBIX
JIBUTATENIEH ONPENEIIMIA HX TJIABEHCTBYIOIIEE MCIIOIB30BAHUE B IPOMBIILICHHOM
HEpETYyJINPYEMOM 3JIEKTPONPUBOIE. B HacTosIIee BpeMs IBUTaTelId MOCTOSIHHOIO TOKA
BBITECHSIOTCS ACHHXPOHHBIMU JIBUTATEISIMU C MpeoOpa3oBaTesIIMH YacTOThI, a TaKkKe
CUHXPOHHBIMM JBUTATEISIMA C TOCTOSHHBIMM MAarHUTaMH Ha POTOPE U IIArOBBIMHU.
Yuciio BBITYCKAEMBIX ABUIaTeNIel IOCTOSHHOIO TOKA COCTABISIET Juuib 4-5 % uucia
JBUTATEJIEN IEPEMEHHOI0 TOKA U HEYKJIIOHHO CHHKAETCS.

I'mpponpuBoa MeXaHNU3MOB.

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

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

DYyHKIUM T'MAPONPUBOAA.

OcHoBHast (QyHKIUS TUAPONPUBOAA, KaK W MEXaHUYECKOW mepenadu, —
npeoOpa3oBaHWE MEXaHWYECKOM  XapaKTEpPUCTHUKW  TMPUBOJHOTO  JBUTATeNs B
COOTBETCTBHUM C TpeOOBaHUSIMU Harpy3ku (mpeoOpa3oBaHuEe BUJA JABUKCHUS
BBIXOJTHOI'O 3BEHA JIBUTATEls, €r0 NMapaMeTpoB, a TAKXKE PEryJMpPOBAaHHE, 3AIIUTA OT
neperpy3ok u ap.). Hpyras pyHkums ruaponpuBojia — 3TO mepegada MOIIHOCTU OT
MPUBOJIHOTO JBUTATENsI K pabOyuM OpraHaM MalllMHbI (HampuMep, B OJHOKOBIIOBOM
AKCKaBaTOpE — Mepeadya MOUTHOCTH OT JABUTATENs] BHYTPEHHETO CTOpaHus K KOBILY WIIH
K TUAPOABUTATEIISAM MPUBOJA CTPEJIbl, K TUAPOJBUTATENISIM MIOBOPOTA OAITHU U T.1.).

B o0mmx deprax, mnepenaya MOIIHOCTH B THAPONPUBOJE MPOUCXOIUT
CJIEIYIOIIMM 00pa3oM:

1. [IpuBOmHON ABUTATENL NEPENAET BpAlalOIIM MOMEHT Ha BaJl HAcOCa, KOTOPBIU
COOOIIAeT FHEPTUI0 PabOUeH KUIKOCTH.
2. PabGoyast XMAKOCT, MO THAPOJMHHUSAM 4YEpe3 PEryJIUPYIONIYI0 anmapaTrypy

MOCTyMaeT B TUIPOJABUTATENb, TJ€ THApPABIAYECKass OJHEPrusi MpeodOpasyercs B
MEXaHUYECKYIO.

3. [Tocne aToro pabouas >KMAKOCTh MO THAPOJIMHUSM BO3Bpaiaercs Jubo B Oak,
MO0 HEMOCPEICTBEHHO K HACOCY.
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Buabl ruaponpuBoaoB.

FI/IJIpOHpI/IBOIIBI MOT'yT OBITH ABYX THUIIOB: THAPOINHAMHUYCCKHUC U 00BEMHBIC:

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

JaBlieHUs pabodeit )KUIKOCTH.

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

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

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

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

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

— TUIPONPHUBOJ BpAIIATEIbHOTO JABWKEHUS, KOTJa B KayecTBE TI'MIPOJBUTATENs
MPUMEHSIETCS TUIPOMOTOP, Y KOTOPOrO BEIOMOE 3BEHO (Baj MJIM KOPIYC) COBEpIIAET
HEOTPaHWYEHHOE BpallaTeIbHOE IBUKEHUE;

— IUAPONPUBO/J] TOCTYNATEIBHOTO JABMXKEHHS, Y KOTOPOTO B KaueCTBE TMAPOABUTATENS
MPUMEHSETCS TUAPOLUIUHIP — JBUTATENIb C BO3BPATHO-TIOCTYNATENIbHBIM JIBIXKEHUEM
BEJIOMOT0 3B€Ha (IITOKA MOPIIHS, TUIYHXKepa WK KOpIyca);

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

Ecnu ckopocTh BBIXOAHOTO 3B€HA (TUAPOLMIMHAPA, THAPOMOTOPA) PEryIUpPYETCs
M3MEHEHUEM YacTOThl BpallleHWsl ABUTATeNs, MPUBOASAIIET0 B paboOTy Hacoc, TO
TUAPONPUBOJ] CUMTAETCS HEPETYIUPYEMBIM.

Perynupyemblii TuAponpuBOA B KOTOPOM B TMPOLECCE €ro H3KCIUTyaTaluu
CKOPOCTb BBIXOJJTHOTO 3B€HA TMJIPOJIBUTATENSI MOXKHO U3MEHATD 110 TpeOyeMOMY 3aKOHY.
B cBo10 ouepenb peryampoBaHue MOXET ObITh:

. JPOCCETBHBIM
. 00BEMHBIM
. 00BEMHO-IPOCCETHHBIM.

PCFYJII/IpOBaHI/IC MO>KET OBITh: PYYHBIM I ABTOMATHYCCKHM.
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['unponpuBoj ¢ 3aMKHYTOM CXeMOMW HUPKYJIALHMHA, B KOTOPOM padboyasi KUJIKOCTb
OT TUAPOABUTATENS BO3BPAILAETCS BO BCACHIBAIOILYIO THAPOIMHHUIO HACOCA.

['unponpuBoj ¢ 3aMKHYTOM IUPKYJIALKUEd pabodel sKUIKOCTU KOMIAKTEH, UMEET
HEOOJIbIIYI0 Maccy M JIOMycKaeT OOJBIIYI0 YacTOTy BpallleHHs poTopa Hacoca 0e3
OMACHOCTU BO3HUKHOBEHHS KaBUTALlMU, TOCKOJBKY B TAKOW CHCTEME BO BCACHIBAIOIICH
JUHUM JIaBJieHUE Bcerja mpeBbliaeT atMochepHoe. K HegocTaTkam cieayeT OTHECTH
IUIOXUE YCJIOBUS IS OXJaXJIeHus pabodeil KUAKOCTH, a Takke HEOOXOIUMOCTh
CIycKaTh M3 THUAPOCUCTEMBbI pabOuyl0 JKUIKOCTh TPHU 3aMEHE WJIM PEMOHTE
TUAPOAIIapaTyphl;

['unpocucTeMbl ¢ 3aMKHYTOM CXEMOM HUPKYISIIIUU ppadoydeid sKUIKOCTH (CTIpaBa)
U ¢ pa3oMKHyToill cxemoil (cieBa). Ha cxeme cneBa BcachblBaloIas M CIHMBHas
TUAPOJIUHUN cooOmaroTess ¢ 0akoMm (pa3oMKHYTasi cxXeMma); Ha cXeMme chpaBa O0ak
UCIIOJIb3YETCs TOJBKO ISl BCIIOMOTaTeIbHON THAPOCUCTEMBI (CUCTEMBI TOANUTKH). H u
H1 — nacocel; M — ruapomotop; P — ruapopacnpenenurens; b — rugpobak; HI —
Hacoc cuctembl noanutky; KIIl, KII2, — Ilpenoxpanutensubie kinanana; KOl wu
KO2 — ob6patnble knanana. [Ipenoxpanurensubie knanana KII (na cxeme ciesa), KI11
n KII2 (ma cxeme cmnpaBa) cpabaThlBalOT B TOT MOMEHT, KOTrJa Harpy3ka Ha Bally
TUIPOMOTOPA CIUIIKOM BEJIMKA, ¥ AaBICHUE B TUAPOCUCTEME MPEBBIIIAET TOMYCTUMYIO
BenuuuHy. OOpatnbie kimanana KO1 u KO2 cpabarbiBaroT Torjaa, Korja JdaBlI€HUE
CJIMILIKOM MaJlo, U BO3HUKAET OMACHOCTb KaBUTAILlUU

['unponpuBog ¢ Pa3OMKHYTOW CHUCTEMOM LHUPKYISIMH, B KOTOPOM pabouas
AKHUJIKOCTh MOCTOSIHHO COOOIIAEeTCs ¢ TUAPOOAKOM HIIU aTMOC(EPO.

JIOCTOMHCTBA TaKOW CXEMbl — XOPOIIME YCIOBHS Js OXJAXKACHHUS U OYUCTKU
paboueit >xunkoctu. OJHAKO Takue TUAPONPHUBOILI TPOMO3JAKHM M HMEIOT OOJbLIYIO
Maccy, a 4YacTtoTa BpallleHHs POTOpa Hacoca OrpaHWYMBAETCS JOMYCKaeMbIMH (M3
yCIOBUN OECKaBUTAIMOHHOW paboOThl HAcoca) CKOpPOCTSIMHU JBMKEHUS paboueit
’KHUJKOCTH BO BCACBIBAIOIIEM TPYOOIIPOBO/IE.

[lo wuctounuky mnojgaun pabouedl >KUAKOCTH pazinyaloT HACOCHBIA THAPONPUBO/L,
MarvucTpaibHbIN THAPOIIPUBO, AKKYMYJISITOPHBINA THIPOIPHUBO/I.

B HacocHOM ruaponpuBojie, MOMYYUBIIEM HauOOJIbIIEE PacHpOCTpaHEHHE B
TEXHUKE, MEXaHU4ecKas OdHeprus mpeoOpa3yercs HAacoCOM B TUAPABIUYECKYIO,
HOCHTEJIb YHEPTUU — pabouas KHUAKOCTb, HATHETAETCA Yepe3 HAMOPHYI0 MarucTpajib K
TUAPOJIBUTATENIO, TJI€ DHEPrusi MOTOKAa KUAKOCTH IMpeolOpazyeTcs B MEXaHHUYECKYIO.
PaGouas XuIKOCTb, OTJAB CBOI SHEPrui0 TUIPOJBUTATENIO, BO3Bpamlaercs Jubdo
o0paTHO K Hacocy (3aMKHyTasi cXeMa THUAPOIpHBOJa), MO0 B 0ak (pa3oMKHYyTasl WU
OTKpBITasi cxeMa TuJiponpuBoja). B obmiem ciyyae B cocTaB HACOCHOTO THIPOIPUBOAA
BXOJAT THApONEpenaya, TUIPOAINIapaThl, KOHJIULIMUOHEPHI padodeil KUIKOCTH,
TUAPOEMKOCTH U THAPOTMHUY.

Haubonpmiee npuMeHeHHe B TUIPONPHUBOJIE MOJYUUIIU aKCUAIbHO-TIOPIIHEBBIE,
paanalibHO-TIOPIITHEBbIE, MJIACTUHYATHIEC U IECTEPEHHBIE HACOCHI.

B wMarucrtpanbHoM THIponpuBoJe paldodas JKUAKOCTh HArHETaeTcs HACOCHBIMU
CTaHIMSIMA B HAMOPHYIO MAarucTpajib, K KOTOPOW MOAKIIOYAIOTCA MOTpeOUuTeIn
TUIPABINYECKON 3HEpruu. B oTiauume oT HAaCOCHOTrO TMAPONPUBOJA, B KOTOPOM, KAk
MpaBUJIO, UMEETCs OAMH (pexe 2-3) reHepaTopa T'HJIpaBIMYeCcKOi 3Hepruu (Hacoca), B
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MarucTpajibHOM THIPOTPUBO/JIE TAKHMX FEHEPATOPOB MOXKET OBITH OOJIBIIIOE KOJIUYECTBO,
U IOTpeOuTeNIel rTuAPaBINYECKON S HEPTUU TAK)KE MOXKET ObITh JOCTATOYHO MHOTO.

B akkymynsTOpHOM T'HMAPONPHUBOJAE KUAKOCTH IIOJAETCA B THUIPOIMHUIO OT
3apaHee 3apsHKEHHOTO TMAPOAKKYMYJIATOpPA. JTOT THUII THIPONPHUBOAA WCIIOIB3YETCS B
OCHOBHOM B MallIMHAX U MEXaHU3MaX C KPATKOBPEMEHHBIMU PEXUMaMHU PaOOTHI.

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

CTpykTypa ruaponpusoja.

OOs3aTenbHBIMM  3JIEMEHTAMHU  THAPONPUBOJA  SIBISIOTCS ~ HAcoC U
ruapoasurarens. Hacoc sBIs€TcsT MCTOYHMKOM THIPABIMYECKOM DJHEPrUM, a
THJIpOJBUTATENb — €€ MOTPEOUTENEM, TO €CTh IPEOOPa3yeT rUAPABIMUECKYIO SHEPTUIO
B MEXaHUYECKYIO. YTIPABJICHHE JBWKEHHUEM BBIXOAHBIX 3BEHBEB T'MAPOJBUTATEIICH
OCYILECTBIISIETCST JIMOO € IOMOLIBIO PETYJIHPYIOLIEH amnmapatypel — JIpocceneid,
rujpopacnpefenurened u  Ap., Ju00 NyTéM HU3MEHEHHUs IapaMeTpoB C€aMoro
TUAPOABUTATENS U/WIIN HAacoca.
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[IpuHuun AEHCTBUS 30JO0THUKOBOTO THIPOpACTIPECTUTENS, YIPaBISIOIIETO
JBUKCHUEM IITOKA TUAPOIMINHAPA

Takxke 00s3aTCIBHBIMA COCTaBHBIMM YacTSIMH THIAPONPHUBOAA  SIBISIFOTCS
THIPOJIMHUH, TT0 KOTOPBIM JKUIKOCTh IIEPEMENIAcTCs B THAPOCUCTEME.
Kputndeckn BaXHOW TSI THAPONPHUBOJA (B MEPBYIO odepeab OOBEMHOTO) SIBIISICTCS
OunCTKa pabouel KUIKOCTU OT COJEPIKANIUXCS B HEM (M MOCTOSTHHO OOpa3yroIIuXcs B
mporecce paboThl) abpa3uBHBIX yacTuil. [loaToMy cuCTEMBl THAPOIPHUBOJA
00s13aTeNIbHO coJiepKaT GUIBTPYIONIHME YCTPOUCTBa (HApUMep, MaclsHbie (UIBTPHI),
XOTs IPUHITUITHATIBHO THAPOIIPUBOJ HEKOTOPOE BpEMSI MOXKET paboTaTh U 0€3 HHX.
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[Tockonbky pabouwe mapaMeTpbl THAPONPHUBOAA CYIIECTBEHHO 3aBUCAT OT
TeMIeparypsl paboueil KUJIKOCTH, TO B THAPOCUCTEMAaX B HEKOTOPBIX CIIydyasX, HO HE
BCErJla, YCTaHABIMBAIOT CHUCTEMBI PETYJIMPOBAHUS TEMIEpPaTyphl (IIOJOTPEBAIOIINE
W/UNW OXJIaJIUTEIIbHBIE YCTPOMCTBA).

ObsacTh NnpUMeHEeHUS.

OOBEMHBIA TUAPONPUBOJ MPUMEHSIETCS B TOPHBIX M CTPOUTEIBHO-IOPOKHBIX
MamuHax. B Hacrosiuee Bpems Oonee 50% oOmiero napka MOOMIBHBIX CTPOUTEIBHO-
JOPOXKHBIX MamuH (OyJbJI03epOB, IKCKAaBaTOPOB, aBTOIPEHAEPOB W [p.) SIBISIETCS
ruaApoUIUPOBAHHON. DTO CYHIECTBEHHO oTiMyaerca oT curyauuu 30-x - 40-x roaoB
20-ro Beka, Korja B 3TOM 00J1aCTU MPUMEHSIIUCH B OCHOBHOM MEXaHWYECKUE MepeaauH.

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

[IInpokoe pacrnpoCTpaHEHUE MOITYUNUII THAPONPUBOL B aBUanuu. HachleHHOCTh
COBPEMEHHBIX CaMOJETOB CHUCTEMaMU THIIPONPUBOAA TaKOBa, YTO oOOIas JJuHa
TpyOOIIPOBOJOB COBPEMEHHOI'O IACCAXUPCKOIO aBHajaiiHeEpa MOXET JOCTUTaTh
HECKOJIBKUX KHJIOMETPOB.

B aBTOMOOWIBHON MPOMBIIUIEHHOCTH CamMo€ IIMPOKOE MPUMEHEHUE HAalllIu
TUAPOYCUTIUTENN  PyJif, CYIIECTBEHHO TOBBIIIAIONIME  yIOOCTBO  YIpPABJICHUS
aBToMOOWIeM.  DTH  yCTpOMCTBAa  SABIAIOTCS  PA3HOBHUJIHOCTBIO  CIIEISIIUX
TUAPONPUBOJOB. ['MIpOyCHMIMTENM NPUMEHSIOT M BO MHOTMX JAPYrHMX 00JacTax
TEXHUKHU (aBUALMU, TPAKTOPOCTPOEHUHU, TPOMBIIINIEHHOM 000PYI0BaHUU U JIp.).

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

B nenom, rpanuipl o01acTd MPUMEHEHHUs THUIPONPUBOAA OMNPENEISAIOTCA €ro
MIPEUMYIIECTBAMU U HEJOCTATKAMMU.

IIpeumymecTBa ruApONpPUBOAA.
K ocHOBHBIM mpeuMylIecTBaM TUAPONPUBOAA OTHOCATCS:

° BO3MOKHOCTb YHUBCPCAJIBHOI'O npeo6pa3OBaHI/15{ MEXaHUYSCKOM XapPaKTCPUCTUKN
MMPpUBOAHOTO ABUTATCIIAA B COOTBCTCTBUU C Tpe60BaHI/IHMI/I Harpys3Kku,

] IMPOCTOTA YIIPABJICHUA 1 daBTOMATHU3AIINUH,

] MpoCTOTAa MPCHAOXPAHCHUA IIPUBOAHOIO ABUTATCIII W UCIIOJIHUTCIIBHBIX OPIraHOB

MAIlIFH OT TePerpy30K; HAPUMEp, €CIIH YCUIINE Ha IITOKE THAPOIMINHAPA CTAHOBHTCS
CIIUIIKOM OOJNBIINM (TaKO€ BO3MOXHO, B YAaCTHOCTH, KOTJla INTOK, COSAMHEHHBIN C
pabounM OpraHoM, BCTpEYAeT IMPEMSITCTBHE HAa CBOEM IyTH), TO JaBJICHHE B
THIPOCUCTEME  JOCTHUTaeT  OONBIIMX  3HAYSCHWH —  Torja  cpabaThIBacT
NPEOXPAHUTEIBHBIN KJIamaH B THAPOCUCTEME, U TIOCIIE ITOTO YKUIKOCTh UAET HA CIIUB
B 0ak, M IaBJICHUE YMEHBIIIACTCS;

. HaIEKHOCTD AKCIUTYaTalllH;

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

. OoJbllias mepegaBacMas MOITHOCTh Ha €IMHMILY MacChl MPUBOJA; B YaCTHOCTH,
Macca TUAPaBINYECKUX MalluH npuMepHO B 10-15 pa3 mMeHbllle Macchl AIEKTPUUECKUX
MAIIIMH TaKO# K€ MOIIHOCTH;

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

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

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

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

° BO3MOKHOCTb PABHOMCPHOI'O PpaCIIpCACICHUA YCI/IJII/Iﬁ Impu OI[HOBpCMCHHOﬁ
nepeaadc Ha HCCKOJIBKO IIPUBOJOB;

° yr[pOH_IéHHOCTB KOMIIOHOBKH OCHOBHBIX Y3JIOB T'MAPOIIPHUBOJA BHYTPU MAIIWH U

arperaTroB, B CpaBHCHUU C IPYIUMHU BUAaMU IIPUBOOOB.

Henocrarku rugponpusoja.

K Henocratkam ruiponprBoia OTHOCSTCS:
. yTEUKH paboue )KUIKOCTU Yepe3 YIUIOTHEHUS U 3a30Pbl, 0COOCHHO MPH BHICOKUX
3HAYCHUSAX JABJICHUS B TUJIPOCUCTEME, UYTO TPeOyeT BHICOKOW TOYHOCTH M3TOTOBJICHUS
JeTajael TUAPooOOPyI0BaHUS;
. HarpeB paboyeil KUIKOCTU MpH paboTe, YTO MPUBOJIUT K YMEHBIIIEHUIO BSI3KOCTH
paboueil >KHAKOCTH W YBEIMYCHUIO YTEUEK, MOATOMY B Psijie CIy4aeB HEOOXOIMMO
MPUMEHEHUE CIIEHUAIBHBIX OXJIAIUTEIBHBIX YCTPOMUCTB U CPEACTB TEIUIOBOM 3aILUTHI;
. 6osee Hu3kuil KIIJ] yeM y comocTaBUMBIX MEXaHUUYECKUX Mepeiay;
. HEOOXOIUMOCTh OO0EeCreYeHus B Mpoliecce HKCIUTyaTallud YHUCTOTHI padoueit
KUJKOCTH, TTOCKOJIbKY HaJIM4KME OOJIBIIOr0 KOJIMYECTBA a0pa3uBHBIX YACTHI] B paboueii
KUJKOCTU MPUBOJUT K OBICTPOMY M3HOCY JeTajel TUAPOOOOPYAOBaHUS, YBEIUUCHHUIO
3a30pOB M yTE€UEK uepe3 HUX, U, KaK CJICICTBUE, K CHIDKeHUI0 00bEMHOT0 KII/I;
. HEOOXOJIUMOCTh 3alllUThl THUIAPOCUCTEMBI OT IPOHMKHOBEHHUS B HEE BO3ayXa,
HaJu4ue KOTOPOro MNPHUBOAUT K HECTAaOWIBHOM paboTe TUAPONPHUBOAA, OOJIBIIUM
TUAPABIMYECKUM MOTEPSM U HArpeBy paboydeil )KUIKOCTH;
. M0KapoONacHOCTh B Cllydae MPUMEHEHUs] TOPIOYUX pabodyuX >KUIKOCTEH, UTO
HaJIaraeT OrpaHUYEHUs, HAIIPUMEDP, HA IPUMEHEHUE TUAPOIIPUBOIA B TOPSIYUX LIEXaX;
. 3aBUCUMOCTh BSI3KOCTH pabodveil >KUIKOCTH, a 3HAUYUT U pabodyux IapameTpoB
TUJPOINPUBOJA, OT TEMIEPATYPHI OKPYKAKOIIEH CPEIbl;
. B CPaBHEGHHMH C ITHEBMOIIPUBOJIOM — HEBO3MOXXHOCTh 3 ()EKTUBHON Mepenayn
TUAPABIMYECKON SHEPruud Ha OOJIBIIME PACCTOSHUSA BCJIEJACTBHE OOJBIIUX IMOTEPh
Hanopa B TUAPOJIMHUAX HA €AUHULLY JJIUHBI.



66

ITHeBMONIPUBOA MEXaHU3MOB.

[TneBMaTHyeckuii mpuBOA  (MMHEBMOIPUBOJ) —  COBOKYIHOCTH  YCTPOWCTB,
MpEAHA3HAYCHHBIX JUJISl MIPUBEACHUS B JBUKCHUE MAIMH U MEXaHU3MOB MOCPEINCTBOM
MHEeBMAaTUuecKor 3Hepruu. OOs3aTeabHBIMU 3JIEMEHTAMU MHEBMONPHUBOJA SIBISIOTCS
KoMIIpeccop (TeHepaTop MHEBMATHYECKOW SHEPTUH) U THEBMO/IBUTATENb.

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

OCHOBHOE Ha3HAUYCHHE ITHEBMOINPHBOAA, KaK M MEXaHMYECKON Iepenayu, —
npeoOpa3oBaHUE MEXaHUYECKOM  XapaKTEPUCTHUKW  TMPUBOJHOTO  JBUTATENd B
COOTBETCTBHUM C TpeOOBaHUSIMU Harpy3ku (mpeoOpa3oBaHuEe BUJA JABUKCHUS
BBIXOJHOI'O 3BEHA JBUTATENs, €r0 MapaMeTpoB, a TAKXKE PETYyJIHpPOBAHUE, 3allUTa OT
neperpy3oK u Jp.).

B oOmmux deprax, mnepenadya >SHEPrud B ITHEBMONPHUBOAE MPOUCXOIUT
CJIEYIOLIUM 00pa3oM:

l. IIpuBonHOM aBUrarens InepenacT BpAIAKOIMK MOMEHT Ha Ball KOMIIpeccopa,
KOTOPBIH COOOIAaET IHEPTHUI0 paboyemMy rasy.
2. PabGouuii raz mocne cnenuadbHOM MOJATOTOBKM IO IHEBMOJIMHMSM 4Yepes

PETrYIHMPYIOLIYIO anmnaparypy HOCTyHmaeT B IHEBMOJIBUraTelb, TIe MMHEBMaTHYeCKas
SHEPrus npeoOpaszyeTcsi B MEXaHUYECKYIO.

3. [Tocne aToro pabouuii ra3 BEIOpAChIBAETCA B OKPYKAIOIIYIO CPEAY, B OTIMYUE OT
TUAPONPUBOJIA, B KOTOPOM pabodasi KUJKOCTh 1O THAPOJIMHUSIM BO3BpAaIllaeTcs J1M00 B
ruipooak, 100 HEMOCPEACTBEHHO K HACOCY.

B 3aBucHMOCTH OT XapakTepa JABHKEHHUS BBIXOJIHOTO 3BEHA IMHEBMOJBHUratens (Baja
MMHEBMOMOTOpa WJIM IITOKAa ITHEBMOUMJIUHApPA), M COOTBETCTBEHHO, Xapakrepa
JIBUKEHUS paboyero opraHa IHEBMONPHUBOJ MOXKET OBbITh BpalllaTeIbHbIM WU
noctrynareiabHbiM. [IHEBMONPUBOABI € TOCTyNATENbHBIM ABMKEHUEM TMOJTYUUIIU
HanOOJIbIIEE PACTIPOCTPAHEHHUE B TEXHUKE.

ITHeBMONIPUBOABI € MOCTYNATEAbHBIM ABHKECHUEM.
[lo xapaktepy BO3AeHCTBUA Ha pabouuii oOpraH MHEBMOIPUBOABI C
MOCTYNATEIbHBIM JIBH)KCHHEM ObIBAIOT:

. JBYXIIO3UIIMOHHBIE, TIEpEeMeIlaoIne padounii OpraH MexXay ABYMsS KpaHUMHU
MTOJIOKEHUSIMU;
. MHOTOIO3UIIMOHHBIE, TepeMenarome padounii Oprad B pa3inyHbIe MOJT0KEHUS.

[To mpuHIMIY AEUCTBUS THEBMATYECKHE MPHUBOJLI C IMOCTYNATEIbHBIM JBUKCHUEM
OBIBAIOT:

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

OCYIICCTBIACTCA CKATBIM BO3YyXOM.
IIo KOHCTPYKTUBHOMY HCIIOJJHCHUIO ITHCBMOIIPHUBOJABI C IMOCTYIIATCIbHBIM JIBUKCHUCM
ACIISATCA Ha:
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. MOPIIIHEBBIC, MPEACTABIAIONINE COOON ITUIUHIP, B KOTOPOM IO BO3ACHCTBHEM
CKATOTO BO3AYyXa JIMOO MPYKUHBI TIEpeMeIIaeTCsl MOopIIeHb (BO3MOXKHBI JBa BapUaHTa
WCIIOJHEHUsA: B OJHOCTOPOHHUX TIOPIIHEBBIX ITHEBMOMNPHUBOAAX padouuii  X0J
OCYIIECTBIISIETCST 3a CYET CHKATOro BO3JyXa, a XOJIOCTOM 3a CU€T MNpPYKUHBI; B
JIBYXCTOPOHHUX — W PaOOUYUi, U XOJOCTOM XOJbI OCYIIECTBIISIIOTCA 3a CUET CIKATOTO
BO3/1yXa);
. MeMOpaHHbIe, MPEACTABISIONINE CO00M TepMETHYHYIO Kamepy, pa3iaeiéHHYIo
MeMOpaHOU Ha JIBE TIOJIOCTH; B JAHHOM CJIydae MWJIUHIP COSAUHEH C KECTKUM LICHTPOM
MeMOpaHbl, Ha BCIO TLJIOIIA/Ib KOTOPOH U MPOU3BOJIUT JICUCTBUE CXKATHIN BO3AYX (TaKKe,
KaK Y MOPIIHEBBIC, BHITIOJHSIIOTCS B ABYX BUJAX — OJHO- JTUOO JIByXCTOPOHHEM).
. CunbdonHbie mnpumeHsitoTcs pexke. [IpakTudyecku Bcerma OZHOCTOPOHHETO
JIEUCTBHS: YCUJIUE BO3BpaTa MOXET CO3/1aBaThCS KaK yIPYroCThIO caMOTo CHIb(OH, Tak
Y C HUCIIOJIB30BAaHUEM JIOTIOJIHUTEILHOM MPY>KUHBI.
B ocobpix cnydasx (korga TpeOyeTcsl MOBBIIIEHHOE OBICTPOACHCTBHUE) MPUMEHSIOT
CIIEUAJIbHBIA TUI TTHEBMOIIPUBOJIOB — BHOPAIIMOHHBIA MMHEBMOIIPUBOJ PEICHHOTO
THIIA.

OnHO U3 NMPUMEHEHUH THEBMAaTUUYECKUX TIPUBOOB SBIISCTCS UCIIOIb30BaHUE UX B
KaueCTBE CHUJIOBBIX MPUBOJIOB HA MTHEBMATHYECKUX TPEHAXKEPAX.

IpuHUMI JeHCTBUA THEBMATHYECKUX MAILIMH.

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

I[OCTOI/IHCTBa IMMHEBMOIIpUBO/a.

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

. MEHBIIINN BeC paboyero Tena Mo CPpaBHEHUIO C THUAPOMPHUBOJOM (AKTyalIbHO IS
PaKeTOCTPOCHHUSA);

. MEHBIINNA BEC UCTIOTHUTEIBHBIX YCTPOUCTB MO CPABHEHUIO C dJIEKTPHUCCKUMU;

. BO3MOXKHOCTh yNPOCTUTH CHUCTEMY 3a CYET UCIOJIh30BAaHUS B KAaueCTBE

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

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

] 6BICTpOTa Cpa6aTBIBaHI/I$I 1 OOJIBIIIME YaCTOTHI BpaliCHUA IMHCBMOMOTOPOB (I[O
HCCKOJIBKUX ACCATKOB ThICAY O60pOTOB B MI/IHYTY),

] HO)KapO6C3OHaCHOCTB n HeﬁTpaHBHOCTB pa60qel71 Cpcahbl, 06CCHC‘H/IBaIOH_[aH
BO3MOXHOCTb ITIPUMCHCHHUA  IMHCBMOIIPUBOJA4 B IAaXTaX W Ha XHMHUYCCKHUX
IMPpONU3BOACTBAX,

] B CpaBHCHUN C TUAPOIIPHUBOIOM — CIIOCOOHOCTH nepeaaBaTb MHECBMATHUYCCKYTO

SHEPIrui0 Ha OOJBIIME PACCTOSHUSA (10 HECKOJBKUX KHJIOMETPOB), UTO IO3BOJISCT
KCIOJIb30BAaTh MHEBMONPHUBOJ] B KAYECTBE MaruCTpajbHOIO B IIAXTAaX U HA PYJIHUKAX;

. B OTJIMYME OT TUAPONPHUBOJIA, MTHEBMOIPUBOI MEHEE YYBCTBUTEJIEH K U3MEHEHUIO
TeMIEpaTyphl OKpYXalIIeld cpeabl BciaeAcTBUE MeHbluend 3aBucumoctd KIIJ ot
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yreuek paboued cpensl (paboyero rasa), MO3TOMY H3MEHEHHE 3a30pPOB MEXIY
JeTaISIMU  TTHEBMOOOOPYIOBaHUS W BSA3KOCTHM paboueld cpelnbl HE OKa3bIBAIOT
CEepbE3HOr0 BIMSHUS Ha pabounme mapamMeTpbl ITHEBMONPHUBOJAA; OSTO  JIEJAeT
MTHEBMOIIPUBO/J YAOOHBIM [l UCIOJIb30BaHUS B TOPSYMX I[€XaX METaUTypruyecKux
MPEANPUATUN.

Hexocrarku mHeBMONPUBO/AA.
. HarpeBaHHe M OXJIaXKJeHHUEe paboyero raza B mMpolecce CKaTusl B KOMIIpeccopax U
paclIMpeHrds B IHEBMOMOTOpax; AJTOT HEJOCTaTOK OOYCIIOBJIEH 3aKOHAMU
TEPMOJMHAMUKH, U TIPUBOIUT K CJICIYIOIIUM ITPoOIeMaMm:
- BO3MOXHOCTh 0OMep3aHUsI THEBMOCHUCTEM;
- KOHJICHCAIIUsI BOJSHBIX MapoB U3 pabodvero rasa, ¥ B CBSI3M C 3TUM HEOOXOAUMOCTH
€ro OCylICHUS;
. BBICOKAsl CTOMMOCTb ITHEBMATHYECKOM SHEPIUU 10 CPABHEHHIO C JIIEKTPUUECKOU
(mpumepHO B 3-4 paza), 4TO BaXKHO, HAIIPUMEp, MPU UCIIOIH30BAHUU MTHEBMOIIPHUBO/IA B
Iaxrax;

. emié 6onee Hu3kuit KI1J1, yem y runponpuBosa;
. HU3KHUE TOYHOCTh CpadaThIBAaHUS M TUIABHOCTh X0J1a;
. BO3MOXKHOCTh B3PBIBHOTO pa3pbiBa TPYOONPOBOJAOB WU IPOU3BOICTBEHHOTO

TpaBMaTH3Ma, H3-3a 4Yero B IPOMBIIUICHHOM ITHEBMOIIPHUBOJAC IPUMCHSIOTCS
HeOoubIIMe JaBjieHUsT padouero raza (OOBIYHO J1aBJICHHME B ITHEBMOCHUCTEMAaX HE
npeBbimaer 1 Mlla, XOTS WM3BECTHBI IMHEBMOCHCTEMBI ¢ padOYUM JaBICHUEM 10 7
MIla — Hampumep, Ha aTOMHBIX JJICKTPOCTAHIHUAX), W, KaK CJICACTBHE, YCHIHS Ha
pabouyux opraHax 3HAYUTEIHHO MEHBIINE B CpPaBHCHUH C THAPONPHUBOJIOM). Tam, Te
TakoW MpoOJieMbl HET (Ha pakeTax M caMoJIeTax) WJIM pa3Mepbl CHCTEM HEOOJbIIHE,
naBiaeHus MoryT pocturath 20 MIla u naxke BbIIIIE.

. JUIsl  PeryJIUpOBaHUS BEJIWYWHBI IOBOPOTA IITOKA MPUBOAA HEOOXOIUMO
WCITIOJIb30BaHUE JIOPOTOCTOSIIUX YCTPOUCTB - IIO3UIIHOHEPOB.
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6. IIpocThie BuABI AedopmManmid
OcHOBHbBIC IOHATHS.

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

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

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

Yemotiuusocms — cocOOHOCTh KOHCTPYKIMU COXPAHSTh IEPBOHAYAIBHYIO
dbopmy paBHOBECHSI.

B omnnume OT TEOpPETHYECKOW MEXAHUKH, B CONPOTHUBIEHUM MATEPHUAIIOB
paccMaTpHUBaIOTCA 3aJlayd, B KOTOPBIX BCE Teja MPUHUMAIOTCA AehOpPMHUPYEMBIMH, TO
€CTh CHOCOOHBIMM M3MEHATH MEPBOHAYAIBHYIO (DOPMY U pa3Mepbl IpH JEUCTBUU Ha
HUX BHEIIHUX cuil. JledopmMaliuu, MOJTHOCTHIO UCYE3AI0IINE TTOCIEe HATPY30K, HAa3bIBAIOT
ynpy2umu, a OCTAIOIIUECS — IUIACTUYECKUMU WJIM OCTaTOYHBIMHU. Martepuasn Ha3bIBaeTCs
aOCOJIIOTHO YHPYTHM, €CJIM MOCJ€ NPEeKpalleHUus ACHCTBUS HA HEro BHEIIHUX CHUJI
MOJIHOCTBIO MCUE3al0T BbI3BaHHbIE cHiIaMU Jedopmalui. B nensax 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 AepopMallnu.

OcCHOBHBIE JONYIIIEHHS O CBOMCTBAaX MATEPUAJIOB:

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

2) I'unore3a uzorponHoctu. CriomHas cpea ABISeTCsl U30TPOIMHOM, TO €CTh (PUZUKO-
MEXaHWUYECKUE CBOMCTBA MATEPUAIIOB BO BCEX HAIIPABICHUAX OJWHAKOBBL. Marepualsl,
He o0Jajarouiue yKazaHHbIM CBOMCTBOM, Ha3bIBAIOTCS aHU30TPOIMHBIMU. AHU30TPOITHO
nepeBo, bymara, panepa.

3) T'umoreza wuaeanbHOM ympyroctd. Jlo omnpeneneHHBIX NPENesoB HarpyKeHHs
Martepuas sBiseTcss uaeanbHo ynpyruMm. [Ipu Oonblimx Harpyskax Bce MaTepHalIbl
nepecTaroT 00JiajaTh 3TUM CBOMCTBOM, a MOATOMY JlaHHas THUIIOTE3a CTaHOBHUTCS
HENPUMEHUMOM.

Jlomny1ieHus cBs3aHHbIE C XapaKTepoM AedhopMariuii.

1) T'unore3a manoctu negopmanuid. IlepeMeniennss BO3HUKAIOIIKUE B YIPYTUX Telax
10J] BO3JICHCTBUEM BHEIIHUX CHUJI, MAJIBI IO CPABHEHHIO C Pa3MEPOM TeJia. DTa TUIOTE3a
MIO3BOJISIET TPU COCTABJIECHUHM YPAaBHEHHUI pPAaBHOBECHUS HE YUMTHIBATh W3MEHEHUS B
PACIIONIOKEHUH CHJI. YKAa3aHHOE JIONYIIEHUWE HOCUT HA3BAaHWE NMPUHLMIA HadaJbHBIX
pa3mepos. lIponsurocTpupyeM TaHHOE MOJ0KEHUE MTPOCTBIM IPUMEPOM. MOMEHT CHJIBI
F otHOcutensHo TOukM A 3anenku cuutaroT paBHbIM Fl, a e Flj, Tak kak pasnuua
Mexay | u 1| He3HauuTenbHa.

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

3) IlpuHIUn HE3aBUCUMOCTHU JACHCTBUS CUil. Pe3ynbTaT nelCcTBUS HAa TEJIO CUCTEMBI CHII
HE 3aBUCHUT OT TMOpPSJKAa NPUIOKEHUS BHEIIHUX CHJI W PaBEH CyMME€ pE3yJbTaTOB
JNEVCTBUSL KaXIOW CWJIBI B OTAEIBHOCTHU. IlycTh Ha Teno aeunctByeT nBe cuibl Fi u Fo
pu 3TOM Touka A Oanku noiaydut nepemetneHue f. Ecnu k 6anke mpuioxuth cuiy Fi
Touka A mosyduT nepemenienue fi, npu aeiictBuu cunel F, — nepemenienue . [Ipu
OJIHOBPEMEHHOM JeHCTBHHM 00C€HX CHJI MEepeMelleHUue TOYKH A paBHO alire0pandeckoin
cymme nepemenenuit fi u fo:

=+,

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

B conpoTuBieHnn MaTepuagoB UCCIEAOBAHUE BOIMPOCA O MPOYHOCTU PEATHHOTO
00beKTa HAUMHAETCA ¢ BbIOOpa pacueTHOM cxembl. [Ipucrtymnas 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 0COOCHHOCTEH.

[Tpumep. TpeOyeTcs mpou3BeCTH pacueT Ha MPOYHOCTh KaHAT MoJbeMHUKa. B
MEPBYIO0 OuYepellb HA/0 YYECTh BEC IMOJHMMAEMOTrO Ipy3a, YCKOPEHHE C KOTOPBIM OH
JIBIKETCSI, @ MPU OOJIBIIION BBICOTE MOABEMA, BO3MOXKHO TaK)KE€ M BEC caMoro kaHarta. B
TOKE BpeMs HaJ0 OTOPOCUTH BIMSHHUE TaKUX HECYIIECTBEHHBIX (PAKTOPOB, Kak
a’pOIMHAMMYECKOE CONPOTHUBIICHUE, BO3HMKAIOUIEE MPU TMOABEME KIETH, CHJIIbI
0apoOMETpUUECKOTO JaBJICHUS Ha pa3HbIX BbICOTaX W T.1A. JJIs OAHOTO M TOrO *Ke
00BbEKTa MOXET OBITh MPEJIOKEHO HECKOJIbKO PACUETHBIX CXEM, B MEPBYIO OYepe/b 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 TBEPALIM TeloM. Ee KOHCTpYyKTUBHBIE OCOOCHHOCTH HAaJIo
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 AJIEMEHT OTHECTH K OJHOM M3 yKa3aHHBIX CXEM, HEOOXOJIUMO
3HaTh F€OMETPUYECKHUE MPU3HAKN KAXKIOTO U3 HUX.

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

IInacmuny MOXHO paccMaTpUBaTh KaK YacCTHBIN ciiydail 000J04KH OECKOHEUHO
OOJIBIIIOTO pajuyca KPUBU3HBI.

Maccue — teno, Bce pazMepbl KOTOPOTrO COM3MEPHUMBI.

LlenTpajibHOE pacTssKeHHe-CKATHE.

[lon pacmsowcenuem (cocamuem) NOHUMAIOT TaKOH BUJ AePOpMalUU CTEPXKHS,
[P KOTOPOM B €r0 MOMEPEYHOM CEUEHUN BO3HUKAET JIMIIL OJUH BHYTPEHHUN CUIIOBOU
¢dakrop - npoaoapHas cuna N.. IIockoabKy MpoosibHAS CUJIa YUCIEHHO paBHA CyMMeE
MPOEKIUN, MPUIOKEHHBIX K OJHOW M3 OTCEYEHHBIX YACTEHd BHEIIHUX CHUJI Ha OCh
CTEpXKHS (IJ1s1 TPSMOJMHEHHOTO CTEPXKHSI OHA COBIAJAET B KAKIOM CEUEHHUH C OChIO
0.), TO pacTspKeHHE (CKaTUE) UMEET MECTO, €CJIM BCE BHEIIIHHUE CHUJIbI, ICUCTBYIOIIUE 10
OJIHy CTOPOHY OT JAHHOTO MOINEPEYHOI0 CEYEHHUs, CBOASATCA K PaBHOACHCTBYIOIICH,
HaMpaBJIECHHOW BAOJIb OCH cTepkHsA. OIHA U Ta K€ MPOJ0iIbHAs cuia N; pu JeUCTBUU
Ha pa3JIMYHble YacTU CTEPXKHS (JIEBYIO WM TMPaBYK) HMEET MPOTHUBOIOJIOXKHBIC
HampaBlieHusl. 3HaK /N. 3aBUCHUT OT XapakTepa BbI3bIBaeMOW €0 jAehopMalum.
[IponosibHas cuia CUMTAETCS MOJOXKUTEIBHOM, €CIIA BBI3BIBACT PACTSXKEHUE DIIEMEHTA,
Y OHA OTPHUILIATENIbHA, €CJIN BBI3BIBAET CIKATHE.

”‘}\ p, P M =0 M =0

e

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

Jl1st Toro, 4To66I CHOPMYIHPOBATH MPEANOCHIIKA TEOPUHU PACTSIKEHUS (CHKATHA)
MPU3MATHYECKOT0 CTEPXKHsI, oOpaTuMcs K dkcriepuMenty. [IpencraBum cebe CTepiKeHb,
M3TOTOBJIEHHBIN M3 KaKOro-in0o MOAATIIMBOTO MaTepuana (Hampumep, pPe3uHbl), Ha
OOKOBYIO TIOBEPXHOCTh KOTOPOTO HAaHECEHAa CHUCTEMa MPOJIOJBHBIX M MOIMEPEYHBIX
pUCOK. DTa OpPTOrOHaJbHAsl CHCTEMA PUCOK OCTAETCS TAKOBOM M MOCIE NPHIIOKEHUS
pactsaruBaronieid Harpy3ku. IIOCKOJIBKY TIONEpeUYHble PUCKHA SBIAIOTCS CleAaMU
MOMEPEUHbIX CEUYEHHI Ha TOBEPXHOCTH CTEPKHS H OCTAIOTCA MPSIMBIMU U
NEePNEHAUKYJISAPHBIMU K OCH CTEpPXKHSI TO 3TO CBHUAETEIbCTBYET O BBINIOJIHECHUHU
eunomesvl naockux cedenuii (bepuynnu). C ydeToMm eunomeszvl 00 omcymcmeuu
NONEepeyHo2o B83auUMo0elcmeus NnpooOIbHLIX G0JOKOH TPUXOIUM K BBIBOAY, YTO
nedopManusi PaCTSHKCHHS CTEPXKHS CBOJUTCS K OJHOOCHOMY PACTSDKCHHIO €ro
MPOAOJIbHBIX BOJIOKOH, M B TMOMNEPEYHOM CEUECHUU CTEPHkHS BO3HMKAIOT JIUIIb
HOpPMAJIbHBIE HANpPSKEHUS d, WHIEKC 2 Yy KOTOPBhIX omyckaeM. OpTOroHaJbHOCTH
MIPOJIOJBHBIX U MOIMEPEUHBIX PUCOK CBUIETEIBCTBYET 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. 6.3 Puc 6.4

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

v, =|_|car 6.1)

DTO COOTHOIIEHHE SIBISETCSA YPABHEHUEM PAaBHOBECHUSI CTATUKH, CBSI3BIBAIOLIUM
NPOJOJIBHYI0 CUTy N., U HOpPMaJIbHOE HAMNpsKEHHWE G, KOTOpoe B 0oOIeM ciyyae
ABIAETCS (PYHKIMEH KOOPJIMHAT X U )y 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 asis pelieHus 3To 3a7auu T0NOJHUTEIbHOE 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 MPHUBOJIUT K OJUHAKOBOMY
YIJIMHEHUIO BCEX MPOJAOJBHBIX BOJOKOH), TO MPHUXOAMM K YpaBHEHHUIO £=const, U3
KOTOPOTO BBUY OJTHO3HAYHOCTH CBSI3U G U € (11 TMHEHHO-yIPyroro MaTepuasa 310 -
3akoH ['yka: o=Eg.) BeITE€KaeT, 4TO

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

Takum 006pazom, IpH PACTSHKEHUH (CKATUM) MPU3MATHYECKOTO CTEPXKHSI HOPMaJIbHbIE
HaIpsDKEHUs] paBHOMEPHO PaCIpeesieHbl N0 MONEPEUYHOMY CEUEHHUI0, a KacaTelbHbIe
HaIpsHDKEHUS] B CEUEHUSIX OTCYTCTBYIOT, YTO SIBJISIETCSI CIEACTBHEM T'MIIOTE3bI IIOCKUX
CeUeHMI. YKa3zaHHOE, HECMOTPS Ha, Ka3aJoCh Obl, OYEBUIAHOCTb U MPOCTOTY, SIBISIETCS
(byHIaMEHTAbHBIM ~ pe3yJbTaTOM, CHpPABEMJIMBBIM, CTPOTrO TOBOPS, JUIIb JUIS
MpU3MaTUYECKOro crepkHs. OAHaKO B MHXKEHEPHOW MPAKTHKE €ro UCIONb3YIOT U IS
NPUOTMKEHHON OLICHKH HOPMAJIbHBIX HANPSIKEHUI B CTEPKHSAX NEPEMEHHOTO CEUESHHUSI.
[Ipu 5TOM, 4TOOBI MOTpEeHIHOCTH (OPMYJbl ObUIa HEBEIHMKA, HEOOXOAMMO, YTOObI
IIOLIAAb MOMEPEYHOTO CEUEHUsI CTEPKHS 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, OAUHAKOBO pa6OTaIOH_IeFO Ha
PACTAKCHHUC U C)KaTI/IC) 6y2[eT HUMCTBb BUA.

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

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

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

B npakTuke MHXKEHEPHBIX PACUETOB, UCXOMS U3 YCIOBHUS MPOYHOCTH, PEIIAIOTCS
TPU OCHOBHBIC 33/1a4d MEXaHUKU MaTEPHUAJIOB KOHCTPYKIIUNA. B mpuMeHeHuu K ciiydaro
pacTsbKeHMsT  (CKaTvs) NPU3MATHUYECKOTO CTEPXKHS OTU 3a1add  (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(pduLMEeHT 3amaca MPOYHOCTH /7 U CPABHUBAETCS C HOPMATUBHBIM KOA()PUIIMEHTOM
3amaca [n/:

TFe Fed’
= ]

F N

=

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

[TonGop ceuenus (mpoekTHbIN pacuer). B aToM pacuere mo 3amaHHON Harpyske
(N.) ompenensroTcsi pa3Mepbl IMONEPEUHOTO CeYeHHs CTepxkHsA (F) M3 3aJaHHOTrO
matepuana ([c] maHo). MuHuUManbHOE 3HAaUeHUE F TIONYyYUM, €CIH B YCIOBHH
npovyHOCTH (1) MPUHSTH 3HAK PABEHCTBA:

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

Onpenenenue odonyckaemol HA2py3Ku, TO €CTh MaKCUMaJbHOIO 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.

Puc. 6.5

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

e=o/E,

I'7IE G — HOPMAJIBHOE HAIIpsKEHUE,

E — monyns ynpyroctu nepsoro paaa wiu moayis FOHra.

B mpenenax manbix ymasiMHEHMH JUisi OOJNBIIMHCTBA MAaTEpUAJIOB CIPABEIUB
3akoH ['yka - HOpManbHble HANpsHKEHUS B  IIONEPEYHOM CEYEHHM MPSIMO
MPOIMOPLIMOHATIEHBI OTHOCUTENIBHON JTUHEHHON eopmaluu € o = Es .

Kosddumuent nponopuuonanbHoctTd E - MOIylnb NpOAOABHON YyNPYrocTd, €ro
BEJIMYMHA IIOCTOSIHHA JUIsl Kaxzaoro marepuana. OH XapakTEpHU3YET KECTKOCTh
Marepuaia, T.e. CIHOCOOHOCTb COMNPOTHBIATHCA JAePOPMUPOBAHUIO TOJ ACHCTBUEM
BHEIIHEH HArpy3KH.

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

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

Marepuan E, MIla 1%

Cranb (2-2.2)-10° 0.24-0.3

Turan 1.1-10° 0.25

AJTFOMUHHA 0.7-10° 0.32-0.36

Menb 1.0-10° 0.31-0.34

Uyryu (1.1-1.6)-10° 0.23-0.27

Pe3una 1.0-0.8 0.5

[Ipo6Gka - 0

CrexnoBonokuo | (0.18-0.4)-10° 0.25

JlepeBo 1-10* -




75

AL =NL/ES, (6.4)
rae N — nponosibHas cuia,
S — mIomanak ceYeHus,
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. 6.6

HanpsikenHoe  cocTosiHME, TPU  KOTOPOM HA TpaHAX MPSMOYTOJILHOTO
AJIEeMEHTa BO3HUKAIOT TOJIBKO KacaTelbHble HAIpPSHKEHUS 7T, HA3bIBAETCSd YHUCTHIM
CABMIOM. OKCIIEPUMEHTAIbHO UHUCTHIM CHBUT MOXKET OBbITh OCYIIECTBICH MpHU
KPYYEHUH TOHKOCTEHHOUW TpyOsbI (puc. 6.6).

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,.

Bce mnpsmple yriel MEXIy TpaHAIMH HU3MEHSTCS Ha BEIWYMHY ¥, KOTOPBIA
HaspIBaeTCs yIrJjaoM caBura. KacarenbHble HANpsOKCHUS W yroJl CABUTA CBS3aHBI
PSAMOM MPOTIOPIMOHAIBHOCTRIO, T.€. 3aKOHOM ['yka TpH CIBHre:
7T=Gy (6.5)
rie G - Moaynab caBura (MOIYJIb YOPYTOCTH BTOPOTO poja); IS CTaIH
G =8-10* Mna.
Mexny moaynem ynpyroctd E u G CyImIEeCTBYET CBS3b:
G =——— , KoTopas MOATBEPKIAACTCS IKCIECPUMEHTAIBHO.
21+ p)
3necy u - xoapdunuent IlyaccoHa.

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

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

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

1. HOHCpC‘{HBIC CCUCHHUA BaJla OCTAKOTCA IIpHU I[e(i)OpMaLII/II/I INIOCKUMHN H
NCPHNCHANKYIIAPHBIMHA K oCcHu Bajia. Onu JIUIIb IMOBOPAYNBAIOTCA OJHO
OTHOCUTCJIbHO OPYTroro Ha HCKOTOpBIﬁ Yrojl 3aKpyduBaHUA, 0003HaYaeMBbIH Q.

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

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

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

3aKpy4YHMBaHUs Yy4acTKa Baja JUIMHOW dg

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

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

\ o | moBOpauMBAACh B IUIOCKOCTH TMONEPEYHOrO CeHEHHS

‘4, Foyd\T HAa yroil 3aKkpyduMBaHus d¢@, 3aiiMeT TOJIO)KECHUE
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. 6.10 ITUX OTPE3KOB TMPAKTHYECKH HEU3MEHHBI,  TO

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

. bb,
gy =——=V.
ab
do
VYuursiBast, uto ab=dz, a bb, =r-de, yron casura: y =r——.
dz
do
OtHouienue o =0 HA3bIBAETCS OTHOCUTEIBHBIM TOTOHHBIM  YIJIOM
Z
1 pan
3aKpy4YUBaHUA | — | WIH | ——
M M
y=0-r
Ecnu paccMoTpeTh nedhopMaluo MPSIMOYTOJILHOTO DJIEMEHTA,

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

Haiigem 3aBUCHMMOCTD MEXIy HamNpsbKEHUSIMH U JedopmanusiMd  TpH
KpYy4CHHU. C Y4C€TOM 3aKOHa FYKa npu 9UCTOM CIABHIC

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

4 3 ABYX TITOCJICAHHUX q)OpMyJI CJICOyCT, YTO YIJIbBI CABHId MW KaCaTCJIbBHBIC
HaIllpsOKCHUA B IMOIICPCYHOM CCUCHHMU U3MCHAINOTCA 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 MOTrOHHBIN YIroJl 3aKpy4HBaHHUS
Puc. 6.11 o M
G1,

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

I, - NOMSIpHBIT MOMEHT HMHEPLHH.

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

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

Ecnim B mpepenax UMIMHAPUYECKOTO Yy4yacTKa Baja JUIMHOW [ KpyTSimmit
MOMEHT M, uMeeT INOCTOSHHOE 3HA4YeHUe, TO

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

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

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

1
14 o
Trac Wp =—— - NOJIPHBIK MOMCHT COIIPOTHUBJICHUA [€ﬂ3].
r

3

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

TpyOUaTOrO CeUCHUsI.

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

MOMEHT M, u nonepeyHas cuia Q, (puc. 7.1), KOTopble CBsI3aHbl C HOPMAJIBHBIMU S U
KaCaTeJIbHbIMU Ty, HAIIPSKECHUAMHU

My=[[odr , 0= cpdF

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

Puc. 7.1

BreiBesleHHass B cilydae 4YHCTOrO W3THOa CTepKHA Gopmyia sl TMPSIMOTo
MOTIEPEYHOro M3ruba, BOOOIIE TOBOPS, HEMPUMEHUMA, ITOCKOJIBKY H3-3a CJIIBHIOB,
BBI3BIBAEMBIX ~ KacaTEeJIbHBIMU  HANPSOKCHUSMU Ty, TMPOUCXOAMT  JICTUIAHAIIHS
MOTICPEYHBIX CEUCHUHU (OTKJIOHECHHE OT 3aKOHA IUTOCKUX cedeHui). OaHako s 0aaokK ¢
BBICOTOM ceueHust h<[l/4 (puc. 7.1) mOTpenIHOCTh HEBEIMKA W €€ MPUMEHSIOT IS
OTIpEJICIICHUS] HOPMAJIBHBIX HANPSDKCHUH TOMEePEeYHOro M3ruba Kak NpHOIMKCHHYIO.
[Tpu BBIBOJIEC YCIIOBHSI MPOYHOCTH NMPU YUCTOM HM3THMOE HMCIOJIh30Bajach THIOTE3a 00
OTCYTCTBUHU IONEPEUYHOTO B3aUMOJACHCTBHUS IMPOJOIBHBIX BOJIOKOH. [Ipu momepedyHom
n3rude HaOJIF0Aar0TCA OTKJIIOHEHUSA OT dTOU T'MIIOTE3HI:

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

0) B MecTax MPUJIOKEHUS paclpe/IeICHHBIX Harpy3o0K. Tak, B cllydae, IPUBEICHHOM Ha

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

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

/o, = (W) << 1.
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[Monyunm ¢opmyny ans KacaTeNbHBIX HampsDKeHUi Ty, I[lpumem, Meroauka
pacdyera HOPMaJbHBIX HANpPSHKCHUH W3BECTHA, YTO KacaTelbHBIC HAIPSKCHUS
PaBHOMEPHO pacIpe/e/iecHbl 10 IIMHUPHUHE TomepeyHoro cedeHus (puc. 7.2). DOta
MIPEANOCHUIKA BBITIOJIHACTCS TEM TOYHEE, YeM YKE IONEPEUYHOE CEUCHUE CTEPIKHS.
TouHoe pemieHue 3a1a4u ISl IPSIMOYTOIBLHOTO MOTIEPEYHOT0 CEYCHHMSI TIOKA3hIBACT, YTO
OTKJIOHEHHWE OT PaBHOMEPHOI'O pacIpeiesieHus tyZz , 3aBUCUT OT OTHOIICHHS CTOPOH
b/h. Ilpu (b/h)=1,0 ono cocrasmusier 12,6%, npu (b/h)=0,5 - Tonbko 3,3%.

2 I

NN e W
<

s i EEry

Ch

Puc. 7.2

HenocpencTBeHHOe omnpezesieHue HaNpsDKEHUH Ty, 3aTPYAHUTENBHO, MO3TOMY
HaxXOJUM paBHblE UM (BCIIEJCTBUE 3aKOHA MApPHOCTH) KaCATEJIbHbIE HANPSIKEHUS Ty,
BO3HUKAIOIME Ha MPOJOJIBHOM IUIOIIAJKE C KOOPAMHATOM Yy 3JIEMEHTa JJIMHON dz,
BbIpe3aHHOro u3 Oanku, (puc. 7.2). Cam sineMeHT mnoka3aH Ha puc. 7.3. OT 3TOrO
AJIEMEHTa MPOAOJIBHBIM CEYEHHEM, OTCTOSIIIMM OT HEUTPAIBbHOIO CJIOS Ha Y, OTCEKaeM
BEPXHIOIO YacCTh, 3aMEHssl JEHCTBUE OTOPOIICHHOW HIKHEH 4YacTH KacaTelbHBIMU
HaMpsHDKEHUSIMU T (MHACKC 2y B JajdbHEHIIeM OnmycKaeM), paBHOACHCTBYIONIAs KOTOPBIX
dT=1tbdz. 3nech, COrIacCHO BTOPOU MPENOCHLIKE



Puc. 7.3

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

Mw=ImImfF=Imfﬂj—;de=if—;Sf

+dAf

X

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

X

e ..-'"

e I/
V] :
x

AR T

e
)

Puc. 7.4
CornacHo NmepBOil MPEANOCHUIKE HOPMAJIbHBIE HAIPSIKEHUS ONPEICIISIIOTCS YiKe
89 = [ »dF

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

PaccmoTpuM ycnoBHE paBHOBECHS DJIEMEHTAa COCTAaBUB I HETO ypaBHEHHE
cratuku Xz = (0:

N, +dT— (N, +dN =0,

OTKY/1a TIOCJIC HECJIOKHBIX MPeoOpa30BaHUM, yUUTHIBASI, UTO
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am,
oz

mojay4dacm (I)OpMy.Hy JJIs1 KaCaTCJIBHBIX HaHpﬂ}KCHI/Iﬁ IIpu HOPMAJIbBHOM IIOIICPCYHOM

n3ruoe MPU3MATHYICCKOI'O CTCPIKHA

0,89
J b,

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

[Tokaxkem, YTO MJOMHMHHUPYIOIIAss POJIb B pacueTax Ha MPOYHOCTh Oajku,
MOJABEPTHYTON MOMEPEUHOMY M3ruly, OyAeT MpuHajjIekKaTh pacueTy 1Mo HOPMAaJIbHBIM
HANpPsDKEHUSIM. 71 3TOro OUEHUM MOPSIOK max G U max T Ha MPUMEpPe KOHCOJIbHOU

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

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

measE o=

"Torna
max T Pl
max & P

TaK KaK

=kl <=1

E

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

YUCTOTO M3ruda OyAeT UMETh BU]

M
AR o= X <[]

X

PannonanbHbie GopMbI ONIEPEYHBIX CeYeHUI PH U3rude.

Haubonee pamnuoHanpHBIM  CleAyeT TMpU3HATh CEUeHue, oOaaarolee
MUHHMaJIBHOM TUIONIAJBI0 MPU 3aJaHHOM Harpyske (M3rudaroiieM MOMEHTE) Ha Oaliky.
B sToMm ciydae pacxon maTepuaiia Ha U3roTOBJICHHE Oaiku, OyJaeT MUHUMAIbHBIM. J[Jis
MOJTydyeHuss OaJKd MHUHUMAJIbHOW MaTepUaTIOEMKOCTH HYXKHO CTPEMUTBHCS K TOMY,
YTOOBI 1O BO3MOXKHOCTU HauWOOJBIINK 00beM MaTepHuana padoTal IMPHU HAMPSKCHUSX,
PaBHBIX JTOMYyCKaeMbIM WM OJMM3KUM K HUM. [Ipexae Bcero paluoHaabHOE CEUCHHE
O0aNKy TpU U3ruOe JOHKHO YAOBJICTBOPATH YCIOBUIO PABHOMPOYHOCTH PACTSIHYTOM U
cxaToil 30H Oanku. VIHBIMH clloBaMH HEOOXOAMMO, YTOOBI HAWOOJIBIINE HAMPSIKCHUS
pacTsbkeHust (max Cp) H HauOONbLIME HANPSKEHUs CKatus (max G.) OJHOBPEMEHHO
JOCTHTAJIM TOIIyCKAaEeMBbIX HAIIPSOKEHUN [G,] U [Cc].
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[ToaToMy 111 GajKky M3 TUIACTUYHOTO Marepuana (0JWHAKOBO pabOTArOIIETO Ha
pacTsbKeHue U ckatue: [Gp] = [oc] = [G]), yciaoBre paBHOIIPOYHOCTHU BBIOJIHAETCS IS
CCUYCHHMH, CHMMETPHUYHBIX OTHOCHTCIBHO HEHWTpanmbHOW ocu. K TakuM cedeHHsIM
OTHOCHUTCS, HampuMep, MPsAMOYroJIbHOe cedeHue (puc. 7.5, a), NpH KOTOPOM
o0ecreyeHo YCIOBUE pPaBEHCTBA maxc,=maxc.. OIHAaKO B 3TOM ciy4ae MaTepual,
PaBHOMEPHO pACIPEACIICHHBIA 110 BBICOTE CEYCHHS, IIOXO HCIIOJIB3YEeTCS B 30HE
HEeHUTpabHOH ocu. UTOOBI TONYyYnuTh OoOJiee palMOHAIbHOE CEYCHHE, HEO0OXOIUMO
BO3MOYKHO OOJIBIIYIO YacTh MaTepHalia MEPEMECTUTh B 30HbI, MAKCHMAJIBHO YIaJICHHBIE
oT HelTpanbHOH ocu. TakuM 00pa3oM, MPUXOIUM K PallMOHAITBHOMY ISl TUIACTHUYHOTO
Marepuaia Ce4eHHI0 B (opMe cHUMMETpUYHOro JByTaBpa (puc. 7.5, 0), y KOTOpOro
BO3MOXHO OOJIbIIIAas 9acTh MaTepuajga COCPEAOTOYCHA Ha MOJIKaX (TOPU30HTAIBHBIX
MAaCCHUBHBIX JIUCTaX), COCIWHEHHBIX CTCHKOW (BEPTHUKAJIBHBIM JIMCTOM), TOJIIIMHA
KOTOpoM (0) Ha3HayaeTcs W3 YCIOBUM TMPOYHOCTH CTEHKH II0 KacaTeJIbHbIM
HaIPSHKCHHUAM, a TaKKe U3 COOOpakKeHHH ee ycToHumBOCTH. K IBYTaBpOMY CEUCHHIO
OJIM3KO TI0 KPUTEPHUIO PAIMOHAIBHOCTH TaK Ha3bIBaEMOE KopoOUuaToe ceueHue (puc. 7.5,

B).

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

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

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

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

@) &) ) E)
Puc. 7.6

WUnes panuMoHanbHOCTH TOMEPEYHOTO CEUEeHHsl CTEep)KHEeW mpu  u3rude
peanu3oBaHa B CTaHAAPTHBIX TOHKOCTEHHBIX NPOQUISLX, MOJIYyYaeMbIX METOJaMU
ropsiYero MpeccoBaHMs WM MPOKATKHU U3 PSAIOBBIX U JETUPOBAHHBIX KOHCTPYKIIMOHHBIX
BBICOKOKAQYECTBEHHBIX CTaJIei, a TaKXke aJlOMUHHUS U aQJIIOMUHUEBBIX CIUIABOB,
MOJIYYMBIIMX IIMPOKOE PACHPOCTPAHEHUE B CTPOUTENIbCTBE, MAIIUHOCTPOEHUH,
aBMallMOHHOM MamnHocTpoeHud. [1Iupoko pacrpocTpaHeHsl MoKa3zaHHbIE HA pHC. 7.6:
a - AByTaBp, O - IIBEJJIEP, 6 - HEPAaBHOOOKUH YTroOJIOK, T-paBHOOOKHUI yrojok. Pexe
BCTPEUAIOTCSl TaBp, TABPOILUBEJUIEP, 3€TOBBIA NMpOoPuiIb U Ap. YHOTPeONIAIOTCA TaKxKe
XOJIOJIHOTHYThI€ 3aMKHYTbIE CBapHbIE MPO(PUIIH.

[TockonbKy MO COOOpa)KEHUSIM TEXHOJIOTMU COPTAMEHT CTaHJIAPTHBIX Ipoduiei
o pa3MepaM OrpaHvueH (HampuMmep, HauOOJBIINI MNPOKATHBIA ABYTAaBp COIJIACHO
I'OCT 8239-72 umeer Bbicory 550 mMMm), TO sl OOJNBIIMX TPOJETOB MPUXOAUTCS
MPUMEHSTH COCTaBHbIE (CBAPHBIE WJIM KJICTIaHbIE) OaJKH.
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8. OcHOBHBIC NOHATHSA U ONPeAeIeHus pasaea «/leTajgu Mamme»

[Ipu u3ydeHuu NTaHHOTO MaTepHualia cieAayeTr oco0oe BHUMaHHWE OOpaTUTh Ha TO,
YTO BCE JEeTald MalllMH JIOJDKHBI YIOBJIETBOPATH ONpeneNeHHbIM Kputepusm. K
OCHOBHBIM KPHUTEpHUSIM pabOTOCIOCOOHOCTH M pacyeTra JeTajedl MalluH OTHOCST:
MPOYHOCTh, KECTKOCTh, H3HOCOCTOHMKOCTb, TEIUIOCTOMKOCTb,  BHUOPOYCTOMYHUBOCTD,
TOYHOCTb.

HeoOxonumo yuecTts, 4T0 pabOTOCIOCOOHOCTD JeTalieil 3aBUCUT OT MaTepHala.
Brei6op Marepuana npu NpoeKTUPOBAHUU M3ACIHUNA JTOIKEH MPOU3BOJUTHCSA C MOJHBIM
3HAHMEM €ro CBOWCTB, TpeOOBaHUM, YCJIOBUWA OHKCIUTyaTallud W TEXHOJOTHUHU
U3rOTOBJIEHUA. B MalIMHOCTPOEHUU MPUMEHSIOTCS CTallM, YyT'YHBI, [IBETHbIE METaJLIbI,
MeTaJVIOKepaMUYecKue M HeMeTauimueckue Marepuanbl. C HX XapaKTepUuCTUKaMU
clelyeT O3HAKOMUTHCS B XOJ€ M3ydeHHs Kypca «MaTepuanoBeeHUE U TEXHOJIOTHUS
MarepuanioB». Takxke HEOOXOJUMO 3HAKOMCTBO C OCHOBaMHU B3aMMO3aMEHSEMOCTH, C
tpeboBanusimu  ECKJ] u  apyrumu  BONpocaMH, TMOJIOKEHHBIMU B OCHOBY
PalMOHAILHOTO KOHCTPYUPOBAHUS MAIIIUH.

B 3aBucumoctu OT XapakTepa pabodero Mpolecca U BBINOIHIEMBIX (YHKUIUN
MAalIuHBI YCIOBHO AENATCS Ha Kiacchl. Ha30BeM HEKOTOpbIE U3 HUX.

Mawunvi-ogueamenu  npeoOpPa3OBBIBAIOT  KAKOW-TMOO  BUJA  SHEPrUM B
MEXaHUYECKYyl0, HalpuMep, MapoBble MAIlMHbI, JABUTATEIUd BHYTPEHHErO CrOopaHus,
ANEKTPOABUTATENN U T. TI.

Mawunvl-eenepamopul, TpeoOPa30BBIBAIOIINE MEXAaHUUECKYIO SHEPTHUIO B IPYroi
BU/JI PHEPTUH, HAIIPUMEP, KOMIIPECCOPHI, TMHAMOMAIIUHBI U T. TI.

Texnonocuueckue mawiunbl CHY’XKaT Ui HENOCPEICTBEHHOTO IPOU3BOJICTBA
TOBapHOW MPOAYKIUU (CTAHKH AJi1 00pabOTKH KOHCTPYKIIMOHHBIX MAaTEPUAJIOB, CTAHKU
IUIsl IepepabOTKU ChIPhs, a TaK¥Ke CTPOUTENHHO-AOPOXKHBIE U CEIBCKOXO03SIMCTBEHHbIE
MAIITHBI).

Tpancnopmupyrowue Mmawiunebl: TOIBEMHbIE KpaHbl, JHUQTHI, 3JIEBATOPHI,
ACKaJIATOPhl, KOHBEHEPHI, TPAHCIIOPTEPHI, HACOCHI, IIIHEKHU U JIp.

Jlemany — u3nenve, U3rOTOBICHHOE U3 OJHOPOJIHOTO 110 HAUMEHOBAHUIO U MapKe
Marepuasiia 06e3 MpUMEHEHHs] COOPOYHBIX ONEpallMil; HalpuMep, U3JAeNue M3 Kycka
MeTasuia, JUTOU KOpIycC U T. 1.

Cbopounas edunuya — W3AENHE, COCTaBHbIE YAacTH KOTOPOIO MOJJIEkKAT
COCIMHEHUIO MEXAYy cO00i Ha MPeANPUITUH-U3TOTOBUTENE COOPOUHBIMU- ONEPALUIMU
(cBUHYMBaHUEM, KJIEMIKOW, CBApKOM, Mailkod u T. I1.), HAapUMep, aBTOMOOUJIb, CTAHOK,
PEAYKTOp, CBAPHOM KOPIYC.

Mawunou Ha3bIBAIOT YCTPOWCTBO (W3/€NUE), BBIMOJIHAIONIEE MEXaHUYECKUE
JIBUKEHUS JIJIs1 TpeoOpa3oBaHus YHEPTrUU MaTepUaioB U HH(OPMAIIUH C LIETbI0 3aMEHbI
uiau obJsierdyeHus: PU3NUecKoro 1 yMCTBEHHOTO TpY/la YyeloBeKa.

Mexanuzmom  Ha3bIBalOT  CUCTEMY  Je€Talled, IPEJHAa3HAYCHHYI0 I
npeoOpa3oBaHus IBH)KCHHM OJIHOM WM HECKOJIbKUX JieTajiell B TpeOyeMoe IABUKEHUE
apyrux getanei. [lonstue «MexaHu3m» gBisgercst 0ojee MUPOKUM, YeM MOHSITHE «Ma-
HIMHAY, «IpUOOpP» WU «IpucrnocobaeHue». Besakoe U3 Ha3BaHHBIX YCTPOUCTB ABIISIETCS
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OJTHOBPEMEHHO MeXaHu3MomM, HO He HaoO0opoT. TakuM o00pa3oM, MOKHO TOBOPUTH O
MEeXaHU3Max MalluH, MPUOOPOB U MPHUCTIOCOOTICHHIA.

Bce ngeramm MammH W MEXaHM3MOB JEISTCS Ha CICIHAIBHBIC W OOIIEro
HasHaueHus. K getaissM W COOpPOYHBIM EIUHUIIAM OOIIETO Ha3HAYCHHUS OTHOCSTCS
TaKhe, KOTOpPBIE BCTPEYAIOTCS TOYTH BO BCEX MamuHax (OOJTHI, Bajlbl, 3yO4aThIC
KoJjieca, MOAIIUITHUKN, MyQTHI U 1p.). OHU COCTABIISIOT MOAABIAIONIECe OOIBIIMHCTBO U
u3yJarorcss B Kypce «Jleramm wmamuma». K geramsaM w  COOPOYHBIM —eAMHHUIIAM
CIICIMAPHOTO0 HAa3HAYEHUS OTHOCSATCS TaKHWe, KOTOPBIC BCTPEUAIOTCS TOJBKO B OJTHOM
WM HECKOJbKHMX THIaX MallvH (IIMHHICIA CTAHKOB, MMOPIIHHU, IIATYHBI, KOJICHUATHIC
BaJIbl U JIp.).

Bce netanm m cOOpoYHBIC CAMHMIBI OOIIETO HA3HAYCHHS JEIATCS HA TpH
OCHOBHBIE TPYIIIIBI:

- coeouHumenbHvle (COEAUHEHUS) — Pe3b0OBbIC, NUIUIIEBbIC, 3aKJICTIOYHbIE, CBAPHbIE U
Ap-;

- Oemanu, nepedarowue epawjamenvhvle O0udiceHus (3yOuaTble Kojieca, IIKUBBHI,
3BE3/I0YKH);

- demanu u cbopouHvle eOuHUYsl, 0OCIYIHCUBaAOWUe nepedayu, (Bajbl, TOMIIUITHUKH,

MYy(TBI).

TpeOoBanusi K aerajasiM, KpUTePUH PadOTOCIOCOOHOCTH M BJIMAKINME HA
HHUX (paKTOpBI.

Pabomocnocobnoe uzoenue (neranb, cOOpoyHas €IWHUIIA, MAIIUHA) OOJHCHO
ObIMb HAOEHCHBIM U IKOHOMUYHbIM. TakuMm o00pa3oM, COBEPIIEHCTBO KOHCTPYKIIHMH
W3JIeJIHsI OLICHUBAIOT TI0 pab0TOCTIOCOOHOCTH, HAJIC)KHOCTH U SKOHOMUYHOCTH.

PaGoTocnoco0HOCTh - COCTOSIHME W3/€NUs, NP KOTOPOM OHO CIOCOOHO
BBITIOJIHATh 3aJaHHble (YHKIMKW C TMapaMeTpamMu, YCTaHOBJICHHBIMU TpPeOOBaHHUSIMHU
TEXHUYECKOUN IOKYMEHTAIIUU.

Hane:xxHocTh - CBOWCTBO M3CIHS BBIMOJHATH 3aJlaHHbIC (DYHKIIUU, COXpaHsIS
CBOM JKCIUTyaTallMOHHBIC TOKa3aTeIM B 3aJaHHBIX Mpelesia B TeYEHHUE TPeOyemMoro
MIPOMEXKYTKa BpeMeHU Wi TpebyeMmoin HapadoTku. (HapaGoTka - mpoaoKUTEIbHOCTh
uiu 00beM padoThl W3S, U3MEPSIEMbIE B Yacax, KUJIOMETpaX, KyOoMeTpax WId B
JIPYTUX CAUHUIAX ).

JKOHOMHUYHOCTD - OTPEJENACTCS] CTOMMOCTBhIO MaTepuasia, a TakKe 3aTpaTamMu
Ha MPOMU3BOJICTBO M3JEUS U €T0 IKCILTyaTaIlrIo.

I[Ipy »>TOM OAHMM U3  CYIIECTBEHHBIX  KPUTEPHUEB,  OMPEACISIONIUX
SKOHOMUYHOCTh KOHCTPYKIIMM U €€ COBEPIICHCTBO, SBISACTCS TEXHOJOTUYHOCTD.
TexXHOMOTUYHOCTh KOHCTPYKIIUUA 00ECTICUNBACTCS

- IpUMEHEHHEM B HOBOW MalllMHE JeTallel  mpocTeiiiedl KoHpurypauuu c
MHUHHUMaJIbHOU 00pab0TKOM (IITaMITOBKA, TOYHOE JTUThE, (PAaCOHHBIN MpoOKarT);

- palMOHAJILHBIM COKpAIIEHUEM MHOT000pa3usi BUIOB, TUIIOB W TUIIOPa3MEPOB
netasnel (y3JI0B) OJJMHAKOBOTO (DYHKIIMOHALHOTO Ha3HaueHusl (YHUpuKauen);

- CTaHAapTU3ALUECH KOHCTPYKTHUBHBIX AJIEMEHTOB JIeTaJeH;

- CUCTEMOH JOMYCKOB U MOCAJ0K U KJIacCaMU TOYHOCTH;
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- MPUMEHEHHWEM B HOBOM MalllMHE JeTajiell W CcOOpOYHBIX €IWHHUIl, paHee
OCBOEHHBIX B IIPOU3BOCTBE.

KoHCTpyKIIMSl TEXHOJNOTMYHA TOJBKO INPU YCIOBUH, €CIIM OHAa HM3rOTOBJIEHA C
MHUHHMMAaJIbHBIMU 3aTPATaMU TPY/Ja U CPEJACTB B YCIOBUIX KaXIAOT0O MPEATIPUATHS.

PaGoTocrnocoOHOCTh feTanell OLIEHMBAIOT MO MPOYHOCTH, H3HOCOCTOMKOCTH,
KECTKOCTH,  TEIJIOCTOMKOCTH, BUOPAIIMOHHONM  YCTOMYMBOCTH,  KOPPO3HOHHOMU
CTOMKOCTH U TOYHOCTH. DTO KPUTEPUH PAOOTOCIIOCOOHOCTH W3/EIHs, UIH BO3MOKHbIE
MIPUYUHBI BBIXOA €r0 U3 CTPOS.

IIpoyHoCTE.

OTO0 CHOCOOHOCTH JETald CONPOTHUBIATHCSA PA3PYIICHUIO WM BO3HUKHOBEHHIO
IUIACTHUECKUX JepopMaluid TOJ JeWCTBUEM NPHIOKEHHBIX K HEW Harpysok.
[IpoyHOCTh SBNIAETCS Ba)XHEUIIUM KpHUTEpUEM pPaOOTOCIOCOOHOCTH JeTajel MalluH.
PaccmaTpuBaroT MNpPOYHOCTH MO XapakTepy HArpy3oK: CTaTHYeCKas, YCTAJIOCTHas,
yJlapHasi.

KonTakTHasi Ipo4YHOCTH

[Tomumo pazpyiieHus aeTaneil B MpakTUKe HAOMIOAAIOTCS CIIy4au pa3pylIeHUs
MIOBEPXHOCTH JeTajed. OTU pa3pylIEHHUs CBSI3aHbl C KOHTAKTHBIMHM HAIPSKCHUSIMH.
[locnenHue BO3HUKAIOT B MECTaX CONPUKOCHOBEHHUS [BYX JAETalel B TeX ClydasX,
KOTI'/Ia pa3Mephbl TUIONIAa/IM; KaCaHUsl MaJibl 10 CPABHEHUIO C pa3MepaMu JeTanei (cxaTue
JBYX IIApOB, 1Iapa U MJIOCKOCTH, IBYX UUIUHAPOB U T.I1.).

YcranocTHass NPOYHOCTD

IIpn BO3IEWCTBUM 3HAKONEPEMEHHBIX HATPY30K C IOCTOSIHHOHM, NEPEMEHHOM,
CIIy4allHOM aMIUTUTYIOM.

N3HococTolKOCTH

OTO CHOCOOHOCTH JETalu COXpaHATh HEOOXOoAMMBbIE pasMmepbl U (opmy B
MIPOLIECCE AKCIUTYaTallui MAlIUHBI.

Paznuuarot cnegyronme BUIbl M3HAIIMBAHUS:

1 - Mmexannueckoe,

2 - MOJIEKYJISIPHO-MEXaHNYECKOE,

3 - KOPPO3MOHHO-MEXaHNYECKOE.

MexaHnueckoe H3HAIIUBAHUE MPOUCXOANUT IPU OTHOCUTEIBLHOM MEPEMEIIEHUN
KOHTAKTUPYIOIIMX TMOBEPXHOCTEM B  PE3ynbTaTe€ Cpe3aHUsl M  IUIACTUYECKOTO
n1eOpMHUPOBAHUS  MUKPOHEPOBHOCTEH. KpoMe TOro, moBEpXHOCTH MOTYT
M3HAIIMBATHCS N0 NIPUYHMHE MONAJAaHUA B 30HY KOHTAKTa TBEPABIX TOCTOPOHHUX YACTHII
(aOpa3uBHBIN U3HOC).

MouekynsipHO-MEXaHUYECKOe H3HAlllMBaHWe HalOmogaercs npu  OOJBIIMX
3HA4YEHUAX Oy. [Ipy ATOM moJ AEHCTBHEM CHII MOJEKYJISIPHOTO CUEIJIEHUS MPOUCXOIUT
CXBaTbIBAaHHE OTHEIBHBIX YYacCTKOB IMOBEPXHOCTH KOHTakTa. lIpu oTHOCMTEIBHOM
MEPEMEILIEHNN KOHTAKTUPYIOIINX MOBEPXHOCTEN Y3JIbl CXBATHIBAHUS PA3PYIIAKOTCA.

Koppo3noHHO-MEXaHNYECKOE  W3HAIIMBAHUE  3aKIIOYAETCS B HCTHPAHUU
HEMPEePbIBHO BO30OHOBISAIOMIMXCA Ha KOHTAaKTHPYIOUIUX IOBEPXHOCTAX IUICHOK
(OKHMCHBIX, TJIEHOK BTOPUYHBIX CTPYKTYP U IPYTUX).

HccnenoBannss M ONBIT JKCIUIyaTallMM MAalllMH TOKa3bIBAIOT BO3MOXXHOCTh
MpaKkTUYeCKu OE3U3HOCHON paboOThl MPHU YCIOBUM 0OECHEUECHUs THAPOJAMHAMHYECKOTO
pexuMa TPEHUs KOHTAKTUPYIOIIMX IOBEPXHOCTEW AeTanedl. ['nmaponuHaMU4yecKuil
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PEXKUM TPEHHUS XapaKTEPHU3yeTCs OTCYTCTBUEM IUCKPETHBIX MPOPHIBOB CMa30YHOTO
CJI0S1, Pa3/CIIAIONIETO KOHTAKTUPYIOIINE MOBEpXHOCTH. CIuloniHas MacisHas IJICHKa B
KOHTaKT€ MPEAOTBpAlla€T HEMOCPEACTBEHHOE COMNPUKOCHOBEHUE IMIOBEPXHOCTENH U
MpeoXpaHsAeT UX OT BOBHUKHOBEHHS TOTO WM MHOTO BHJIa U3HOCA.

KecTkoCTh

OT0 CHOCOOHOCTH JeTajed COMPOTUBISATHCS HU3MEHEHHUIO uX GOpMy TMOJ
NercTBUEM Harpy3ok. st HEKOTOpBIX JeTajied JKECTKOCTh SIBISETCS OCHOBHBIM
KpUTEpPHUEM MPHU OTNPEJICTICHUN UX PA3MEPOB.

Pacuer Ha XeCTKOCTh MpeaycMaTpUBaeT OTPaHMUYCHHE YHPYrux aedopmariuii
neTajged B 3aJaHHBIX Mpenesiax, JOMYCTHUMBIX Il KOHKPETHBIX YCJIOBUU pabOTHI.
Takumu  yclIoBUSIMH MOTYT OBITh yCJIOBHS pPabOThl  COMPSDKCHHBIX — JIeTalIeH
(MpaBUJILHOCTH 3allCTUICHUS JABYX 3yO4aThIX KOJIeC HapylaeTcss MpH  OOJBIINX
nmporu0ax BaJIOB, W3OTHYTHIM Ball MOXKET 3aKJIMHUTLCA B TMOJIIIUITHUKE), a TaKXKe
TEXHOJIOTUYECKHE YCIOBUS (TOYHOCTH M MPOU3BOJUTEIBHOCTh 00pabOTKH Ha
METAJUIOPEKYIIMX CTAaHKaX B 3HAYUTEIBHOW CTENEHW OMNPEACISIOTCA KECTKOCTHIO
CTaHKa U JICTAJIH).

HopMbl keCTKOCTH eTanell yCTaHaBIMBAIOT HA OCHOBE MPAKTUKHU KCILTyaTaluu
u pacueroB. CieayeT OTMETUTh, YTO aKTyaJIbHOCTh KPUTEPHUS >KECTKOCTH (3HAUCHUE
pacyeToB Ha JKECTKOCTb) HEMPEPHIBHO BO3PACTaeT, TaK KaK COBEPIICHCTBOBAHHE
MaTepuagoB TMPOUCXOAUT TJABHBIM O0O0pa3oM B HaIPaBJICHUH TMOBBIIICHUS WX
MIPOYHOCTHBIX XapaKTePUCTHK (G M Gr), a MOAYyJb ymnpyroctu E (xapakrepucruka
KECTKOCTH ) MOBBIIIACTCS MPU 3TOM 3HAYUTEIHLHO MEHBIIE WU OCTACTCS HEU3MEHHBIM.

TemiocTonKkoCcTh

DTO CMOCOOHOCTh KOHCTPYKIIUM PaboOTaTh B Mpejesiax 3aJaHHbIX TEMIIEpaTyp B
TEUEHHUE YCTAHOBJICHHOTO cpoka ciyxOnl. IleperpeB neranmeidi Bo Bpemsi pabOTHI
MIPUBOJUT K CHUKEHUIO UX MPOUYHOCTH M JKECTKOCTH, YXYIIICHHIO CBOMCTB CMa3Ku U
YBEJIUYCHUIO U3HOCA JIETAJICH, YMEHBIIICHUIO 3a30POB B TOJABUKHBIX COSUHEHHSX, YTO
MIPUBOJUT K 3aKJIMHUBAHUIO U TOJOMKE, TTOHMKEHUIO TOUHOCTH PabOThI MPEIEe3NOHHBIX
(TOYHBIX) CTaHKOB M T.I. JIj1s obecneyeHrss HOPMaJbHOTO TEIUIOBOTO PEeXHMa padOThI
KOHCTPYKIIMM TIPOU3BOJSAT TEIJIOBBIE pacyeThl (pacueThl UYEpPBAYHBIX Iepenad, IMOj-
ITUITHUKOB CKOJIBKEHHUSI U JIp.), OCHOBAaHHBIE Ha COCTABJIICHUU YPAaBHEHHS TEIJIOBOTO
OamaHca, W TIpU HEOOXOAUMOCTH BHOCST COOTBETCTBYIOIIUE KOHCTPYKTHUBHBIC
W3MEHEHHUsI (HampuMep, MPUMEHSIOT OXJIaXICHNE).

PacueTbl Ha TEMIOCTOMKOCTH AETajedl MaIluH, HaXOASIIUXCS B HAMPSHKEHHOM
COCTOSIHUH, 3aKJII0UYAIOTCSI OOBIYHO B TOM, YTO AT JE€TaIU PACCUUTHIBAIOT HA IPOYHOCTh
M0 TOHMKEHHBIM JOMYCKAaEeMbIM HANPSDKEHUSM C YYETOM BEJIIMUUHBI TEMIIEpaTypbl MX
Harpesa.

BuobpoycroitunBocth

[Tox BUOPOYCTOMYMBOCTHIO TMOHUMAIOT CIIOCOOHOCTh KOHCTPYKIIMH paboOTaTh B
HY)KHEH JHama3oHe PEeXMMOB 03 HEJOMyCTHUMBIX KosiebaHui. BuOpoycToHunBOCTH
SBJISIETCS. BAXXHBIM KPUTEpPUEM paOOTOCTIOCOOHOCTH JAETaIel OBICTPOXOMHBIX MAIIIHH.
PabGorta mocinemHUX XapaKTepHU3yeTCs CIOKHBIMU JAWHAMHUYECKUMHU Tiporieccamu. Ilox
JEWCTBHEM HHEPLUMOHHBIX H. BHEUIHUX MEPUOJUYECKUX CHUJI, B BBICOKOCKOPOCTHBIX
MEXaHHW3Max  BO30YXXJAarOTCAd  KojeOaHUs,  HCKaXalollue  BOCIPOU3BOJIUMBIC
KHHEMaThueckue (QyHKIMM  JBWKEHHUs 3BeHbeB. [lpu  sToM  dakTuueckue
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MaKCUMaJlbHble HAarpy3kd, BO3HHUKAIOIIME B MEXaHU3MaxX, MOTYT 3HAYUTEIIbHO
MPEBOCXOAUTh HOMUHAJIbHBIE, pacCUUTaHHbIE 0e3 yueTta kosiebanuil. Oco00 OnacHbBIMU
ABJIAIOTCS PE30HAHCHBIE KOJIeOAHUs, BO3HUKAIOUIME IPU COBMAJCHUH COOCTBEHHBIX
4acTOT KoJieOaHUM ¢ 4acCTOTaMH BO3MYILAIOIINX CHJI.

PacueThl Ha kKonebGaHUs TPEOYIOT KOMILIEKCHOro nmojaxonaa. OHU MpoBOJATCA HE
JUIsL OTNIETIBHBIX JleTaneil, a ;s cucrteM. [lpu aTom, uccneays TOT WM UHOW MEXaHHU3M,
HEOOXOJUMO YYUTHIBaTh B3aMMHOE BIUSHHE JPYTUX MEXaHU3MOB  MaIlIUHBI.
OTBICKaHMIO YHUCJEHHBIX 3HAYEHMM HMCKOMBIX AaMIUIUTYJHBIX W  YaCTOTHBIX
XapaKTepUCTUK pPAacCMaTPUBAEMOW CHCTEMbl MPEAIIECTBYET BBIOOP JUHAMUYECKON
MOJICNId MCCIEyeMOro MeXaHHW3Ma U cocTaBieHue au@depeHuanbHbIX ypaBHEHUN
JIBYKEHUSI.

Koppo3uonHasi cTOKOCTH

ConpoTuBiieHHE  METAJUIOB ~ XUMHUYECKOMY  MJIM  3JIEKTPOXUMHUYECKOMY
pa3pylIeHUI0 TMOBEPXHOCTHBIX CJIOEB U KOPPO3MOHHOW ycTanoctu. Onpenensercs
CPOKOM CITY>KOBI B KOPpO3HOHHO# cpene. CpeactBa 00phObI — JIETHPOBAHKE, TOKPHITHS.

ToyHoCcTh

CBolicTBO MamMH padoTaTh B 3aJaHHBIX Mpefesaax BO3MOXKHBIX OTKIOHEHHM
napamMeTpoB, Hampumep, pa3MepoB. TOYHOCTb AMKTyeTCs TpeOyemMoW TOYHOCTHIO
pabodero rmporiecca MaIlMHbI W HOpPMalbHOM paboToll MexaHHW3MOB. Briuser Ha
CKOPOCTb MAalllUH U UX JETaJICH.

Co0mrofieHe  pacCMOTPEHHBIX KpPUTEpHUEB pabOTOCIIOCOOHOCTH (TPOYHOCTH,
M3HOCOCTOMKOCTH, IKECTKOCTH, TEIUIOCTOMKOCTH W BUOPAIMOHHON YCTOWYHMBOCTH)
oOecreynBaeT HaJeKHOCTh KOHCTPYKIIMU B T€YEHUE YCTAHOBIEHHOT'O CPOKa CITYKOBbI.

bonee mompoOHO OCHOBHBIE 3aKOHBI M METOJMKY PacueTOB IO YKa3aHHBIM
KPUTEPHUSM PacCCMOTPUM HMXKE€ B MHXKCHEPHOU (PopMe U MPHUIOKEHHH K KOHKPETHBIM
AEeTaJIsIM U3y4aeMoro Kypca.

VYcnoBue NOPOYHOCTH — PAaCCUUTHIBAEMOM  JeTalld  MAllMHBl  BbIpaKaeTcs
HCPaBCHCTBAMHU: O < [0'],1' < [Tls 2 [s]

3necb G - pabouyee HOpMalIbHOE HANpsDKEHHE, BO3HMKAIOLIEE B JIETAlU MpU
JEHUCTBUU SKCIUTYyaTallMOHHBIX HArpy30kK; T - pabodee KacaTeabHOE HaIpsiKeHue; [G],
[T] - AomycKaeMble HaNpsKEHUS.

(ITpu  pacTsbkeHMM, CXXKaTUM W U3rHOE pacdyeT BeACTCS M0 HOPMaJIbHBIM
HaIpPsDKEHUSIM, a TIPU KPYUYEeHHUH - TI0 KacaTeJIbHbBIM).

S - nedcTBUTENBHBIM KO3(PUIMEHT 3amaca MPOYHOCTH JIS PacCUUTHIBAEMOMU
JeTalu;

[S] - nomyckaembIit KO3()PULIMEHT 3araca NPOYHOCTH.

Pacuer mo nmomyckaeMoM HamnpspDKEHUSIM OOBIYHO BBITMOJHSACTCS KaK MPOCKTHBIN
JUIsL OTIpe/ieNieHHs. OCHOBHBIX pa3MmepoB Aetanu. Pacuer mo koadduimeHtam 3amaca
BBITIOJTHSETCS KaK YTOUYHEHHBIM (IIPOBEPOUHBIN) pacyeT CKOHCTPYHPOBAHHOW JETallH,
Ha OCHOBE €€ pabouero yeprexa, Korja ecTb, BO3MOKHOCTh JOCTATOYHO TOYHO YUYECTh
BCce (DaKTOphl, BIUAIOIINE HA NPOYHOCTh JeTalu (KOHLEHTPALMIO HaIpsSKEHUH,
MacmTaOHbIN (HakTop).

o)
JlorycKaeMble HalpsHKEHHS ONPENEISIOTCs, Kak [o]=
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31eCh Oppen, T npex.  COOTBETCTBEHHO TPEJEIBHOE HOPMAIbHOE U MpeleiIbHOe
KacaTelbHOC HAaIPsSOKEHUE, TpPH JOCTH)KCHHH KOTOPBIX pacCUMThIBacMas JIeTajlb
BBIXOJUT W3 CTPOs BCJICICTBHEC BO3HUKHOBEHHUS HEIOIMYCTHMO OOJBIIONW OCTATOYHON
nedopMaIiy I BCISACTBUEC Pa3pyIICHUS.

Harpy3ku Ha netand MaliuH W BO3HUKAIONIUME B HUX HAMPSHKEHUS MOTYT OBITh
MTOCTOSIHHBIMHU ¥ TIEPEMEHHBIMH BO BPEMCHH.

[Ipu pacuerax Ha MPOYHOCTH MPHU TOCTOSHHBIX HAMPSHKCHUSAX B KAUYECTBE G ppex.
(T npex-) TPUHUMAIOT:

— IS CTJIBHBIX JI€TajeH - mpeiesl TeKy4ecTu (Gy, T1);
— I 9YTYHHBIX JCTaJICH - Tpe/ei MPOYHOCTH (BPEMEHHOE CONMPOTUBIICHUE) Op. (T

B)-

[lpy mnepeMeHHBIX HANPSDKEHUSX B KA4ECTBE Oppen. (T nmpexr) HPUHUMAIOT
COOTBETCTBYIOIIHH MPEIesl BBIHOCIUBOCTHU (YCTAJIOCTH) OR, (TR).

[lepemMeHHBIC HANPSOKCHHSI, BO3HUKAIONIUE B JICTANSAX MAIWH, B OOJBIIMHCTBE
CIIy4acB HM3MEHSIOTCS BO BPEMCHH IEPHOJUYCCKH, HATPUMEP, 10 CHHYCOHWIAILHOMY
3akoHy. M300pa3uM rpadvk M3MEHEHHUS HOPMaJIbHBIX (KacaTelbHBIX) HanpspDkeHuid. [1o
ocH aOCIHCC OTJIOKHUM BpeMs t, IO OCH OPJMHAT - BCJIIMYUHBI HANPSOKCHUH G (T)

(Puc.8.1).
G(r) . itk A

|

Gl'ﬂﬂ-h{

-
|
:

Omigj U

Puc.8.1.
COBOKYITHOCTh BCEX 3HAUCHUH, MPUHUMAEMBIX TIEPEMECHHBIMU HAPSOKCHUSMH 32
OJIMH TIEPHOJT UX U3MEHEHUS Ha3. [IUKJIOM HanpspkeHuid. Ha pucyHke 0003HaYCHO:
Omax — HAaUOOJIBITICE HATIPSDKCHUE IIUKIIA;
Omin — HAUMEHBIIICEC HAPSOKCHUE [THUKIIA;
o +0..

Om — CpCAHCC HAIIPSIPKCHHUE LUK, O, = 5 .

b

o) — O .
mi

max n

2
OTHollleHWEe HAaUMEHBLIEro HAMpsDKEHHUS IUKIa K HauOOJbIIEeMy, Ha3bIBaeTCS
K03 (PUIIMEHTOM acCUMMETPUU LUKIA R=0,, /o, .

G, — aMIUINTYJa LIUKJIA, O, =
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Ecnun HanpspkKeHUST Omax M Omin PaBHBI 1O aOCOJIOTHOW BEJIWYUHE, U
MIPOTUBOMOJIOKHKI TI0 3HAKY, TO IIUKJI HA3bIBAETCSI CHMMETPHUYHBIM.

[Ipy cUMMETPUYHOM LHUKIIE Gm = 0, R=-1 1 6, = Gmax.

[Ipenensl BRIHOCIUBOCTH (YCTAJIOCTH) MOTYT OBITh MPHUOJIMIKEHHO OIPEeSICHbI
kak 6.1 = (0,4...0,5) o, T-1 = (0,2...0,3) oB.

Ecnu HanpsieHUsS (Omax U Omin HE PAaBHBI MO aOCOJIOTHOW BEIWYUHE, TO LMK
HAa3bIBACTCS ACUMMETPUYHBIM.

ACUMMETPUYHBIC ITUKIBI, Yy KOTOPBIX Omax = O HIH Omin = 0 Ha3BIBAIOT
MyJbCUPYIOUIUMU (OTHYJIEBBIMH) (pHC.8.2).

6(7) G(r)

Puc.8.2. OTHyJIE€BbIE UKIIBI

[Tpu mynscupyromem nukie R =0 (unu R = - ©) 1 6, = om = 0,5 Omax.

Eciu R=1, To HampsskeHUs TOCTOSHHBI, T.€. HMMEET MECTO CTaTHYECKOe
HarpyXeHue JeTalu.

Bce ckazaHHO€ OTHOCHUTENBHO HOPMAJbHBIX IEPEMEHHBIX  HaNpPsHKEHHM
MOJIHOCTBIO OTHOCHUTCSI K KacaTeJIbHbIM MEepPEeMEHHBbIM HanpsbkeHusiM. COOTBETCTBEHHO
JUISL KacaTeJIbHBIX MEPEMEHHbBIX HAMPSXKEHUI B pOpMyliaXx BMECTO G CIIEyeT MUCATh T.

OCHOBBI IPOEKTUPOBAHMSI MEXAHU3MOB, CTAIUM Pa3padoTKu.

CoBpeMeHHBIE METOJbI pacyeTa KOHCTPYKIUM MOCTPOCHBbI HA OCHOBE aHalM3a
MIPUYMH BBIXOJA U3 CTPOs OTACJIBHBIX JeTaleil U pabounx 4yacTei, yTOUHCHUS BIUSHUS
Harpy3ok Ha pa0oTy OTAENbHBIX YacTed MallvuH. YCJIOBHUS PabOTHI JAeTajie MalluH
4acTo OBIBAIOT CTOJIb Pa3HOOOPAa3HBIMU, YTO MX HE BCErAa yAaeTcs MpOoaHaIU3UpOBaTh
u obneybr B (opMy TouyHOro pacuera. [lodTomMy B JAeTansx MalldH IIUPOKO
MPUMEHSIIOTCS ~ pacdyeThl 1O  MPUOIMAKEHHBIM  QopMylaM HW  AMIHPUYECKUM
3aBUCUMOCTSM.

llonamue o npoekmuposanuu u KoHcmpyupoganuu. (OCHOBHOW 3amadeit
MIPOCKTUPOBAHMS W KOHCTPYUPOBAHMS MAIIMH W MEXaHU3MOB SBISETCS pa3paboTKa
JOKyMEHTallMK  (4epTexed, TOSCHUTENbHBIX 3allMCOK, HWHCTPYKUUH ©  JIp.),
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HEO0OXOUMOM JIJISI U3TOTOBJICHUSI, MOHTA)Ka, UCIIBITAHUS U DKCILTyaTalliy CO37aBaeMOi
KOHCTPYKIIHH.

Tepmun npoexmupoganue OOBIYHO OTHOCHUTCS K pa3pabOTKe OOIMMX CXeM
PEIYKTOPOB, YCTaHOBOK. KOHCTpyHpoBaHHE BKIIOUAET JaJbHEHINIYIO JETaJbHYIO
pa3pabOTKy BCEX BOIPOCOB, PEIICHUE KOTOPBIX HEOOXOAUMO JJii BOIUIOUICHUS
MPUHIUITHATIBHON CXEMbI B pEAJIbHYI0 KOHCTPYKIIHIO.

JlokymeHTanusi, TMojydaemass B pe3yJbTare IPOCKTUPOBAHMUS U, B HTOrE,
KOHCTPYUPOBAHUSI, HOCUT €IMHOC HAMMEHOBAHUE — NPOEKM.

B umHXeHepHOM mNpakTUKE NPUHATHI JABE (POpMBI pacueTa — npoexmuas W
NnpPOBEPOYHASL.

Ilpu npoexmuom pacueme ONPENEIAIOT pa3Mepbl JeTanu 1o Gdopmyliam,
COOTBETCTBYIOIIUM TJIaBHOMY KPUTEPHUIO PaOOTOCIIOCOOHOCTH (ITPOUYHOCTH, KECTKOCTH,
M3HOCOCTOMKOCTH M JIp.). [IpoekTHBIE pacueThl OCHOBaHBI Ha psje JAOMYIIEHUNH U
BBITIOJTHSIOTCS KaK TIpeABapUTEIbHEIE.

Ilpu npogepounom pacueme TIpU TIOMOIINM TJIABHOTO KPUTEPHUS  pa-
00TOCIIOCOOHOCTH OTNpeEstOTCs (haKTUUECKUE HANpsKEHUS U Kod(PUIIMEHTHI 3amaca
MIPOYHOCTHU JE€Taju U CPAaBHUBAIOTCA C JOMYCKA€MbIMU BEJIMUUHAMHU, T. €. IPOBEPSETCS
yCJIOBHE TIPOYHOCTH.

[IpoBepouHbIii pacueT SBISAETCS YTOYHEHHBIM M MPOM3BOJIUTCS, Koraa (Gopma u
pa3Mepsl IeTalld U3BECTHHI U3 MPOEKTHOTO pacyeTa WUiIu MPUHSATHI KOHCTPYKTUBHO.

B nponiecce npoekTupoBaHus pacueT U KOHCTPYUPOBAHUE OPTaHUYECKHU CBSI3aHBI.
[Ipu 5TOM MHOTHE pa3Mepbl, HEOOXOIUMBIC ISl pacuera, OepyTcsl KOHCTPYKTOPOM M3
yepTeka, a caM pacyeT NmpuoOpeTaeT B OOJBIIMHCTBE CiiydyaeB (popMy IMPOBEPOUYHOIO
JUTSL TPUHSATON MJIM HaMeuaeMOU KOHCTPYKIIUH.

[IpoBepouHbIii pacdyeT MPUMEHSETCS TaKXXe JIJIs OMPEeNeSICHUs] HOPMbI Harpy3Ku
YK€ CYIIECTBYIOIIUX KOHCTPYKIIUM.

[Ipu pacuere nerajieil MallvH OJTHUM W3 OTBETCTBEHHBIX ITATOB SIBJISIETCS BHIOOP
MarepualnioB. [IpaBwibHO BHIOpAHHBIM MaTepuajd B 3HAYUTEIBHOW MeEpe OIpesenseT
Ka4eCTBO JeTallei M MaIluHbl B IedoM. J[JIg M3roTOBICHUS JETaliell MallluH
MIPUMEHSIIOTCS CaMble Pa3IMYHbIC METAUIMUECKUE U HEMETAININUECKUE MaTepralbl.

K meramnnyeckum maTepuaiaM OTHOCSITCS YE€pPHBIE METAILIbI (UYTYHBI U CTaln),
CIUIaBbl  I[BETHBIX MeTaUIOB  (OpoH3BI, JaTyHH, ©0aOOWTHI), JErKWe CIUIaBbI
(aIrOMUHHEBBIE M MarHHEBbIE), OUMeTauibl. YepHble METauIbl SBISIOTCS OCHOBHBIMU
MaIlIMHOCTPOUTEIBHBIMU MatepuaiamMu. OHU CpPaBHUTEIBHO JICIICBBI, 00JIaaloT
BBICOKOW MPOYHOCTHIO. CIUIaBbl I[BETHBIX METAJJIOB JIOPOTHU, HO HMMEIOT BBICOKHE
aHTU(PUKIIMOHHBIE CBOWMCTBA, XOPOIIO 00pabaThIBatOTCs pe3aHueM. Jlerkue cruiaBbl
(CWIyMHH, MIOPATIOMUHHUN U JIp.) UMEIOT Majyl0 IUIOTHOCTh M 00JaJal0T XOPOIITUMHU
JIMTEHHBIMHU CBOMCTBAMH.

K Hemeramimyeckum wmaTepuagaM OTHOCSATCS IUIACTMAcChl  (TEKCTOJMT,
BUHMIUIACT, JPEBECHOCIOWCTBIC TUIACTHKH), METANIOKEpAMUYECKHEe MaTepHualbl,
pesuna, rpadur. O61anas psAOM LIEHHBIX CBOMCTB, JIETKOCTHIO, TPOYHOCTHIO, TEIIO- U
ANEKTPOU3OJISAIUCH,  CTOMKOCTHIO  TPOTHB  JICMCTBUS ~ arpecCHUBHBIX  Cpej,
(OPUKIIMOHHOCTBIO WM aHTU(PPUKIHMOHHOCTBIO, IUIACTMACCHl HAXOJAT B Ma-
IIMHOCTPOCHUM  BCce  OoJiblliee  paclpocTpaHeHHe.  TeXHUKO-IKOHOMHYECKas
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3¢ ()EKTUBHOCT, TMPUMEHECHHS IJaCTMAcC B  MAIIMHOCTPOSCHUU  OMPEACISICTCS
CHI)KCHHEM Beca MallliH ¥ dKOHOMHEH METaJIJIOB.

[Tpu BRIOOpE MaTepHaIOB Il U3TOTOBJICHUS KOHKPETHBIX JIeTajacii HE0OX0IuMO
YUUTHIBATh CICAYIOMUE (PaKTOPHI:

- COOTBETCTBHE CBOWMCTB MaTepuaja IIABHOMY KPUTEPUI0 PabOTOCIIOCOOHOCTH
netaiu (IPOYHOCTh, KECTKOCTh, U3HOCOCTOUKOCTD H JIP.);

- rabapuTHBIC pa3Mepbl, MAcCy JIeTajCi M MAIIUHBI B IICJIOM;

- gapyrue TpeOOBaHUS, CBS3aHHBIC C HA3HAYCHUEM JICTATH W YCIOBUSMH €€
OKCIUTyaTallMM:  MPOTHBOKOPPO3WOHHAS  CTOWKOCTh, (DPUKIIMOHHBIE  CBOWCTRA,
DIIEKTPOU3OJISIIUOHHBIE CBOWCTBA U T. 11.;

- COOTBETCTBHE TEXHOJIOTMUECKHX CBOWCTB Marepuaia (popmMe U HaMe4acMOMY
crioco0y o0paboTku naetaiu (IITaMIyeMOCTh, CBAPUBAEMOCTh, JUTEHHBIE CBOMCTBA,
00pabaTbIBaeMOCTh Ha CTaHKaX);

- CTOUMOCTbH M ICPUITUTHOCTh MaTepuaa.

Bonpocsl 1151 caMONIpoOBEepPKM:

1. Kakue ¢akTopsl BIUSIOT Ha BHIOOp MaTepuaia JeTanu?

2.Kakue Buabpl Mamud Bel 3HaeTe?

3. Kaxkue Bugsl getainei Bel 3HaeTe?

4.HazoBuTe OCHOBHBIE TPEOOBAHUS, MPEIBABISIEMBIC K JIETAJIIM MAIlIUH.
5.HazoBuTE OCHOBHBIE KPUTEPUHU PAOOTOCIIOCOOHOCTH JeTalei MaIllyH.
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9. MexaHu4YecKHe neperavu

[Ipy u3yyeHuu TeMbl HauOoOJIbllIEE BHUMAHUE CIIEAYET YIEIUTh 3yOUaThbiM H
YEpBAYHBIM II€peIadam.

OOpature BHMMaHHE Ha TO, YTO OCHOBHBIM KpUTEpUEM pabOTOCIOCOOHOCTH
OTKpPBITBIX  Mepefad  sBISeTCS  NPOYHOCTh 3yObeB  HA W30,  3aKPBITHIX
(pa3memaromuxcs B 3aKPhITOM KOpPIyce) - KOHTaKTHas MNPOYHOCTh. (OCHOBHBIM
PacUETHBIM IIAPAMETPOM SIBIISIETCS MEKOCEBOE PACCTOSHUE UIIA MOAYJIb 3aLCTUICHUS.

BaxxHo MOMHUTB, 4YTO NpU pacyere YEpBAYHBIX MEpPeAayd JOINOJIHUTEIBHO
IPOU3BOAMTCS TEIUIOBOM pacyeT M0 YpaBHEHUIO TEMJIOBOIO OasiaHca.

JInd  ycBOEHHsI [aHHOM TEMBbl CIEAYyeT BBIIOJIHUTH CICAYIOIIUE 3a0auH:
KMHEMAaTHUYeCKUI pacyeT NpUBOJIA, NPOEKTHBIH W NPOBEPOYHBIA pacueT 3y0daTow,
YEpBAYHOM, PEMEHHOM U LIETHOM IIepeay.

3y0uaTsie mepegaun

3ybuamas nepeoaua - 3TO TPEX3BEHHBII MEXaHU3M, B KOTOPOM JIBa MOIABUAKHBIX
3BeHa SIBJISIOTCA 3yO4aTbIMU KoOJecamMH, OO0pa3ylolMMHU C HENOABUKHBIM 3BEHOM
BpallaTeIbHbIE WIN NOCTYNATEIbHBIE MaPBHI.

OTO OUH M3 CTapeinx crnocoOOB Meperayu BpallleHus Mexay Baiamu. Ermie
TBICSIYY JIET JI0 H.3. OB U3BECTHBI KOPOHUAmble U YyeBoyHble KOoJeca.

Pacnipoctpanenue mnonyuwnn JBe (GOpMBI 3YObEB — IHUYUKIOUOANbHAS W
9601b6eHMHAs. OJNULUUKIONWI0ON Ha3blBaeTcd KpuBas, oOpa3oBaHHas TOYKOM Ha
OKPYKHOCTH, TEPEKATHIBAIOLIEHCS IO BHENIHEH CTOPOHE HEMOJBHXKHOrO Kpyra. Ee
OTKpBUT B 1525 roay Benukuil XygoxkHUK U MateMaTuk Ansopext Hropep. Croycts 125
JeT MOSBWIMCh TEpBBbIE 3yOdaThle Kojieca € JMUIMKIOWIAIbHBIM mpoduiem 3yda,
MPEIJIOKEHHbIE U U3rOTOBJIEHHbIE (PPAHIY3CKUM MAaTEMAaTHUKOM U UHXKeHepoM JKronem
Hezaprom (1593—-1661), a B 1694 rony BBINIOJIHEH NEpPBbIA MaTeMAaTUYECKHUI aHaIMU3
AMULUKIOUIAIBHOrO 3anerieHusa. OgHako nuiib B nepBoil yeTtBeptu XIX croneruns
TOYHBIE METOABl pacyeTa TaKUX 3aLECIUVIEHUNA CTAIM JOCTOSHUEM HH)KEHEPOB-
MPAKTUKOB.

Hcropust 5BOJIBBEHTHOI'O 3alICIUICHHS €II€ KOpodye. OBOJIBBEHTA — YaCTHBIN
ClIy4ail SMUUMKIOUIBI, TPU KOTOPOM oOpasylolias OKPYXHOCTb MEPEKAThIBAECTCS IO
Kpyry O€CKOHEYHO OOJBIIOro paguyca, TO €CTh MO MPSAMOM JIMHHUM. 3alerieHHe 3TO
ObUIO TpemsiokeHo B 1754 romy BeNIMKMM MaTeMaTHKOM W MexaHukoMm JleoHapaom
Dilsiepom.

B nanHbIi MOMEHT HAaCUMTHIBAETCS OOJBIIOE KOJIMYECTBO 3yOuaThIX Mepenad,
BBITOJIHSIOIIMX PA3JIMYHbBIE 3aa4H.

Kunaccudukanus 3y0uaThix nepegaq
ITo pacnonoxeHuto 3yObeB Ha KOJecax pa3inyaroT Nepeaayu:

o psiMO3yObIe,
o KOCO3YOBIe,
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. [ICBPOHHBIE
o nepeaaydu ¢ Kpyrossim 3yoom (Puc.9.1).

IIo PaCIIOJIOKCHUTO ocCel BaJIOB Pas3InvaroT ICpcaadn:

o UUWIMHAPUYECKHE (C TapaJljIeIbHBIMU OCSIMU),
o KOHUYECKHE (C EPECEKAIOIIUMHUCS OCIMH),
o a TaK)K€ BUHTOBBIC U TUIIOUJIHBIE (C MEPEKPEIINBAIOIIUMHUCS OCIMH).

[To popme mpoduiisg 3yda paznuyaroT:

o 3BOJIbBEHTHBIC;
o C IUKJIOUJATIBLHBIM TTpoQuIeM;
. KpyroBele (3aneruienne HoBukoBa) mnepenmaun. (3anerienue M.UJL

HosukoBa, mnpennoxenHoe B 1954 roay, cuuTaeTanoch BecbMa IEPCIEKTUBHBIM,
Onmarojapss e€ro BBICOKOM Hecylied crnocoOHoctu. OIHAaKO B COBPEMEHHOM Malllu-
HOCTPOCHMM HMEET BeCbMa OIPAHUYEHHOE NPUMEHEHHE U3-3a  CJIOKHOCTH
M3TOTOBJICHUS U MOHTaXa).

B 3aBucumMocTH OT B3aMMHOIO pACIOJIOKEHHUS KoJec 3yOuaTble Iepeaadu
OBIBAIOT BHEIIHETO U BHYTPEHHETO 3alCIUICHUS.

CxemaTnyHOE N300paxKeHHE 110
I'OCT 2770-74

Bun nepenaun

B) IIEBpPOHHAs
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I') C KPYTOBBIM 3yOOM /
Puc.9.1. Knaccudukanus u cxemaTuaHoe 0003HauU€HHE 3y0UaThIX Mepeaay

B nacrosimee Bpemsi B Poccun pazpaboTana KOHIIEHIMS HOBOTO THIIA 3yOUaThIX
nepeqady ¢ MnapajuiebHBIMU M MEPECEKAIOIMMMUCI OCSIMH BpAIICHHUS C 3alellJIeHUeM
TOpIIEBBIX 3yObeB 1o ynuTKam [lackans. JlanHas pa3paOoTka y)ke Hallljla IPUMEHEHHUE.
B ywactHOCTH, Ha €€ OCHOBE cO3/1aHa MajiorabapuTHas KaHaTHas JieOe/lKa MOBBIIICHHON
Taru. CocToUT M3 2-X CTymneHed 3yOuaThiX KOJEC ¢ TOPIIOBBIM 3alleIJICHUEM II0
ynmutkaM [lackama. OOnamaer TakuMU NPEUMYIIECTBAMHU, KaK yBeJIWYCHHAas
Harpy3o4Hasi CmoCOOHOCTb, MaJlorabapuTHOE HCIOJHEHHE, KOMIIAKTHOCTh, JACT TPH
paBHOM Macce B 3 pa3za 0oJibllie TATOBOE yCUIIME, YeM OOBIUHBIE IIecTepeHyYaThie (Macca
- 25 kr, taroBoe ycunue - 4 000 kr, nepenatouHoe oTHomieHue - 36). Ha e€ ocHoBe
MOXHO TOJIYIUTh 00JIe€ BBICOKOIPOU3BOAUTEIBHYIO ClTacaTeIbHYIO TEXHUKY.

Puc. 9.2. HoBblii TUI 3y04aThIX Mepeaad ¢ TOPLEBbIM 3aLEIIICHUEM.

OCHOBHBIC TOCTOMHCTBA 3y0OUaThIX MEepeaay:

- BBICOKAsI Harpy304Hasi ClIoCOOHOCTH U, KaK CIIECJCTBUE, MaJIble Ta0apUThI,

- MPAaKTHYECKN HEOTPAHWUYCHHBIN CPOK CITY KOBI;

- Beicokuit KITJI (o 0,97-0,98 B ogHOI cTyneHn);

-IIOCTOSTHCTBO TIEPEIaATOYHOTO YUCIIA BCJICICTBHE OTCYTCTBHUS ITPOCKAIb3bIBAHUS;

- BO3MOYXHOCThH NMPUMEHCHHS B IIUPOKOM JHAINa30HE CKOPOCTEH, MOITHOCTECH U
MepPeIaTOYHBIX YHCEIT.

B kadecTBe HEIOCTATKOB 3yO4aThIX TEpeaad MOXXHO OTMETHTH TOBBIINICHHBIC
TpeOOBaHUS K TOYHOCTH HM3TOTOBJICHUS W IIyM IpPH pabOTe Ha BBICOKHUX CKOPOCTSX.
OTMeYeHHBIC HEIOCTATKH HE CHIDKAIOT, OJHAKO, CYIIECTBEHHOTO IPEUMYIIECTBA
3yO4YaThIX Iepeaad Iepes IpyrumMu. BeiaeacTBue 3Toro 3yOuarbie mepenadyd MMEHOT
HanOoJIee MUPOKOE PACTIPOCTPAHCHHUE BO BCEX OTPACIIAX MAITMHOCTPOCHHSI.

Bce mapameTphl, oTHOCSIIHUECS K TEOMETPUU M KMHEMATHKE 3yOuaThIX mepenad
cTanaapTu3oBanbl. CTaHIAPTHl YCTAHABIMBAIOT TAK)KE METOBI X pacyeTa.
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MeHnbliee W3 Tapbl CHCIUIAIOMMXCS 3yO4YaThIX KOJIeC TPUHATO HA3bIBATh
wecmepHeii, a Oonblliee - korecom. TepMUH 3yOuaToe KOJEco SBISETCS OOIIUM, T.C.
MMEEeT OTHOIICHHUE KaK K IIeCTepHE, TaK U K KOJIECY.

[TapameTpaM ImIecCTEpHH MPHUCBAMBAIOT, KaK NMPABWIO, UHACKC |, a mapameTpam
KoJieca 2.

3areruieHne 3y04YaThIX KOJIEC SKBHUBAJICHTHO KAYCHHUIO 0€3 CKOIBKCHHS JBYX
OKPYXXHOCTEH ompeneneHHOro auamerpa dywi, dw2. DTH OKPYKHOCTH Ha3BIBAOTCS
HA4anbHbIMU A UMEIOT CMBICH TOJIBKO IS TTaphl 3y0UaTHIX KOJIEC.

JUISs  OTACIBHO B3SITOTO KOJeca CYIIECTBYET OKPYXHOCThb, II0 KOTOPOM
oOKaThIBaeTCsI MHCTPYMEHT TPH Hape3aHuW 3yOdaTtoro kojieca. OHa HOCUT Ha3BaHHUE
Oenumenvuou. Y TIOAABIAIONIETO OOJBIIMHCTBA 3yOYaThIX Tiepeaad JAHaMETPhI
JICNATEILHBIX U HAYAJIBHBIX OKPYKHOCTEH COBITAJIAIOT.

- e o 8 s o o o =W

Puc.9.3. 3ybuaroe 3anereHue

t-t - 0O1Ias KacaTenabHas K HAYaJIbHBIM OKPY>KHOCTSIM.

n-n - JUHUS 3aueruieHus ( o01as HopMalib, HO KOTOPOH MepeMellaercs TouKa
3alleIUIEHUs S TIPU BpallleHUHU KOJIEC).

I1 - nmomtoc 3auemienus (TOYKa NMEpEeceueHUs JIUHUM 3alleUIeHUs] n-n ¢ JUHUEH
eHTpoB 010,

S -Touka 3aneruieHus (TOYka KacaHus npoduield CONPsSIKEHHBIX 3yObEB
HIECTEPHU U KOJeca).
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o - yroa 3ameruieHus: (yrosi, oOpa3oBaHHBIN JIMHUEH 3alleTuIeHUS N-n U 00IIei
KacaTebHOUM t-t K HaYaJIbHBIM OKPYXKHOCTSM). J[JIS HEKOPPUTHPOBAHIIBIX 3Y0YaThIX
nepenau o = 20°.

DneMeHT 3y0a, pacrojoKeHHBIM C BHEITHEH CTOPOHBI ACIUTEIILHON OKPYKHOCTH
Ha3bIBAETCs FOJIOBKOM 3y0a h,, a ¢ BHyTpeHHEH — HOXKOH 3y0a hy.

PacctosHne Mexay OJHOMMEHHBIMU NPOPWISIMU JABYX COCEIHUX 3YyObeB,
M3MEPEHHOE M0 HayaJbHOU OKPYXKHOCTU auaMetpa dyi Ha3bIBaeTCsl HAYAJIbHBIM 1IArOM
p. lnmuHa HayanbHON OKPYXHOCTH paBHA:

Zp=ndy—»dyw=2z(p/m) (9.1)

di, d» - nMameTphl OEIUTENbHBIX OKpYykHOCTeH. B cimydae paBenctBa dy = d
BeIpakeHue (1) mpeobpazyercs clieyomuM o0pa3om:

d=Zp/m.

Tak kak m — 4uCI0 HUppalrMoHaIbHOE, OBLJIO BBEJIEHO OOO3HAYEHHUE M= p / T -
MOJIyJIb 3alleTuIeHUs (JIMHEHasT BeJTMYMHA B 7T pa3 MEHbIIas 1mara p. Moaysiab NpUHST B
KaueCTBE OCHOBHOTO MapameTpa MpHU pacyeTax U HM3MEpPEeHUU 3yO0daThix Kojec. Jlis
napbl CHETUISIONIMXCS KOJIEC MOMAYJbh JOJDKEH OBITh OJIMHAKOBBIM. [[7s1 orpaHudeHus
KOJIMYECTBA 3yOOpPE3HOTr0 HWHCTPYMEHTa MOJAYJIM CTaHJApTU3UPOBAaHBI. 3HAuYCHHE
MoOAyJiel cTraHgapTu3oBaHbl B nuamazoHe oT 0,05 go 100 mm). OcHoBolt mis
ompeiesIeHHs pa3MepoB 3y0UuaTol nepeaadu sSBISeTCS MOAYJb M, KOTOPBIM BEIOUpaeTCs
n3 ctanaaptaoro psjga CTCOB 310-76.

I 0,1;0,12;0,15;0,2; 0,25; 0,3;... 0,6; 0,8; 1,0; 1,25; 1,5 u T. 1.

II 0,14; 0,18; 0,22; 0,28; 0,35; 0,45; 0,55; 0,7; 0,9; 1,125; nr. n.

[lepBsiii psia ciaeayeT NpeanouyuTaTb BTOPOMY. Zi, Zs. - YUCIO 3yObeB MIECTEPHU
1 KoJieca.

B 3aBUCMMOCTH OT OKPYXHOCTH IO KOTOPOW OMNpPEAECIEH MOAYJb pPa3InyaroT
JEIUTENbHBIN, OCHOBHOM, HadaibHBIM. J[JIT KOCO3yOBIX KoJieC €Ille M HOPMAaJIbHBIMH,
TOPIICBOM U OCEBOM MOAYIH. B psjie cTpaH UCIIONB3YETCs BEIMUYMHA 00paTHAsT MOIYJIIO,
KOoTOpasi HasbiBaeTcs mnutdeM. [lutu (IuameTpanibHBIF) - YuCIO0 3yObeB Kolleca,
npuxoAsieecs: Ha oMM auametpa. Mcxons u3 3Toro MoayJib MOKHO ONPEAECIUTb, KakK
YHUCJI0 MIJIMMETPOB JICJIUTEIILHOTO AUaMeTpa, IPUXOsieecs: Ha OJUH 3y0.

OcHOBHBIE pa3Mepbl HWINHAPUYECKON MPIMO3y0oii nepenaun 0e3 CMEeIeHUs :
h,- BeICOTa rooBku 3y0a; ha1= hay= m;

h¢- BeIcOTa HOXKKH 3y0a; hs = hp=1,25m;

h - BeicoTa 3y0a; h = hy+ h, =2,25m.

JlenuTenbHBIN THamMeTp

d1 = le, dz = Il’lZz; (92)
dai1; da2- TUaMeTphI BEpIIMH 3yOhEB IIECTEPHU U KOJIECa,
da1 = di+2m = m(Z;+2); daz = do+2m = m(Z,+2); (9.3)
JMaMEeTpHhI BIIaJIUH 3yObeB IIECTEPHU U KOJieca:
dr =di-2,5m = m(Z;-2,5); dp =d»-2,5m = m(Z,-2,5). (9.4)

a - MEX0CEBOE PACCTOSHHUE:
_d,+d, m(Z +Z,)
Tt T
3HaK (+) OTHOCUTCS K Hapy>KHOMY 3allEIUICHUIO, 3HAK (-) - K BHYTPEHHEMY.

(9.5)
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OTtHomenue yrHOBOﬁ CKOpPOCTH 1 BCAYLICTO SY6‘laTOFO KOJIECa K yrHOBOfI
CKOPOCTH BEAOMOTI'O KOJICCA HA3bIBAIOT IICPCAATOUYHBIM OTHOIICHUCM

112=m1 /o (96)
A oTHOIIEHNE OOJIBIIETO YHCIIA 3y6BeB K MCHbBIICMY — IEPCAATOYHBIM YHCJIIOM
u=Zz /Z1 n /n2=Zz/Z1= dz/d1 (97)

Jis  3amemIArommx Tmepenad aOCONOTHBIE 3HAYCHHMS 1 W U COBHAAaroT. B
CUJIOBBIX Tlepenayax u= 6 ... 8, a B kunemarudeckux u -» 12,5 (TOCT 2185-66).

OcHoBHas 3a/1aua J000¥ CHIIOBOH TIepe1adyn — BOCTIPUATHE KPYTSIIIETO MOMEHTA.
OH omnpenensieTcs 1o CASAYIOMNUM 3aBUCUMOCTSIM:

T1 = 1000P1/0)1; Tz = T1U.T], (98)
rJIe 1M — KIJI Iepeadm.

JlaHHBIC 3aBUCUMOCTH CIPABEIJIUBBI M IS IPYTUX KJIACCOB Iepeaad BpallcHus,
OTJIUYHBIX OT 3y0YaThIX.

PabGounii y4acTOK JMHUW 3allCIUICHHS - O3TO OTPE30K g, IO KOTOPOMY
nepeMeInaeTcsi Touka KoHTakTa 3yoneB S (puc.9.3).

CootBeTcTBYyIOIIAs pabouyell JUHUW 3aleTUICHUS JIyra HadadbHOW OKPYKHOCTH
Ha3bIBaeTCsA Jyrod 3amerieHuss (Ssa). OTHomeHue & = S;/p Ha3bIBaeTCs
KO3 (PUIIMEHTOM TOPIIOBOTO TIEPEKPHITUSA. € ONpPEAesieT CPEAHEB3BCIICHHOE 10
BPEMEHHU YHCJIO 3yObEB, HAXOISAIIMXCS OJHOBPEMCHHO B 3alleIUICHHH. UeM OoJbIie &,
TeM Oosiee OJArompusATHBIC YCIOBUSA pabOTBl Tmepedaud. Jlosd IHMIMHAPUYECKUX
npsAMO3yObIX Iepeaad 0e3 CMEIICHHUSI MOYKHO TOJIb30BaThCs MPUOIMKEHHON (DOPMYJIOH:

€= [1,88-3,2(1/z1£1/22)] (9.9)

BepxHue 3HaKM OTHOCATCS K BHEITHEMY 3allCTUICHHIO, @ HUKHUE K BHYTPEHHEMY.
€min = 1,2, a HamOoJIbIlIee BO3MOXKHOE ISl MPAMO3yOOH C BHEIIHUM 3alleTuICHUEM
nepenadu € = 2.

OcHoBHas1 TeopeMa 3y04aToro 3auenjieHus

Jis  taBHOW pa®oThl W 3(G(EKTUBHON TMepeayr DHEPTUW  BpAIICHUS
MOCPEJACTBOM 3y04aTOro 3aleIuIeHUs] HEOO0XOIUMO, YTOOBI 3YyObs HMENIH OCOOYIO
bopmy.

CyTb OCHOBHOH TEOpPEMBI 3aIlCTUICHHS COCTOMT B TOM, YTO JUISI OOCCIICUCHHSI
YCIIOBUS 1 = cOnst CONMpsKEHHBbIC MPOPMIH 3yObeB JOKHBI ObITh OYEPUYCHBI TAKHMHU
KPUBBIMH, Y KOTOPBIX HOPMajb N-n B 000 TOYKE B3aMMHOI'O KacaHHs 3yObeB Bcera
MIPOXOJIUT Yepe3 MOCTOsHHYI0 TouKy [1 Ha muHuM nieHTpoB kojec O; Os.

Teopeme yIOBICTBOPSIOT HECKOJIBKO BHJIOB KPHUBBIX, OJIHAKO TPUMCHCHHE
MOJIYYHJIa KpUBasi, Ha3bIBacMas 960.1b8eHmHuol. B HacTosIIee BpeMsi OHA TTPUMEHSIETCS
MOYTH Ha BCEX 3yOuaThIX KojecaxX. (DBOJBBEHTa — 3TO KPUBas, KOTOPYIO MPOYCPTHUT
KapaHJaIl Ha KOHIIC TYrO HATSHYTOH HUTH, CMaThIBAEMOM ¢ HEMOJBH)KHOTO KPYTrOBOTO
WIMH/IPA.) DBOIBBEHTA MOYKET OBITh MOJyYCHA KaK TPACKTOPHUS 000 TOUKH MPSMOH,
MEPEKATHIBAIOIIASCS 110 TaK HA3bIBAEMOW OCHOBHOM OKPY)KHOCTH paJnyca

IB] =T'w1°COS 0O, (9.10)

IJIC 0L — YTOJI 3aleryieHus (JUI1 CTaHaapTHOTO 3areruieHus a = 20°).

M3 OCHOBHOWM TeopeMbl 3alleIICHUs CJICAYeT, YTO B 3BOJBBEHTOH Iiepenaye
JIMHUS 3alleTUICHUS - HOpMaJjb N-n.
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OBONBBEHTA HWMEET paad NpeuMylIeCTB IO CPABHCHUIO C APYTUMHU KPUBBIMH,
YAOBJICTBOPAOIINMHU TCOPCMC 3alICIIIICHUA

- 3}76an51€ KoJIeCa Hape3aroT NPOCTBIM MHCTPYMCHTOM — OJHHUM U TCM KC IJIA
pas3Horo 9yuciia 3}76]':>CB.

- IIpu HU3MCHCHHUU MCIKOCCBOI'O pPacCCTOAHUA, HAIIPpUMEpP, U3-3d OIIHO0K
HU3TrOTOBJICHUA, U3MCHUTCA YI'OJl 3alCIVICHUA, AUAMCTPbI HAYAJIbHbBIX OKpY)KHOCTCfI, a
3BOJIbBCHTHI 6YI[YT KaCaTbCA APYIUMHU YIACTKAMHU, HC HApPpyHIasd 3aKOHA 3allCIIJICHU .

KpaTkue cBeeHusi 0 MeTOaX M3rOTOBJIEHHS 3y0UaThIX KoJIec.

3yOuaTble Kojeca MOTryT OBbITh M3rOTOBJIEHBI IOCPEICTBOM  CJIEAYIOIIUX
TE€XHOJIOTUYECKUX OTEepaLIniA:

1. 3ybodpesepoBanue (camblii pacHpOCTPAaHEHHBIM METOA) TIPU TOMOIIH
CIIEIUAJIBHBIX YEPBSYHBIX WIIN JUCKOBBIX MOJYJIBHBIX (Dpe3;

2. 3ybononbiieHHe MpU TMOMOIIM CIEHHATBHBIX PEXYIIUX HWHCTPYMEHTOB -
JTOJI0SKOB;

3. 3ybocTporanue - Kak IpaBuiIO ABYMs pe3LaMU;

4. HakaTka - U3roTOBJIEHUE KOJEC C MEJIIKUM 3yOOM.

5. Hape3anue pe31noBbIMHU TOJIOBKAMH.

B kauecTBe OTIENOYHBIX OMNEpanuidi MPUMEHSIOT NUIM(OBAHUE, IIEBUHTOBaHUE,
XOHHHTO-BaHHWE, TMPHUKATKY., NPUTHPKY 3yObeB, [lns oOecrnedeHus MOBBIIIEHHOM
MIPOYHOCTH MOBEPXHOCTH 3yObEB MOJBEPIatOT TEPMOOOPAOOTKE a30TUPOBAHUIO, 3aKAIIKE
TBY u 1.4.

TouHOCTh M3roTOBIICHUS 3y0UaThIX nepenay pernamentupyetrcss CT COB 641-77,
KOTOPBIN mpenycMarpuBaeT 12 creneHedt TouHoctu: 1,2, 3... 12 (B mopsiake yObIBaHUS
To4yHOCTH). Kaxas creneHb TOUHOCTU XapaKTEPU3yeTCs TpeMsl MOKa3aTesIMu:

1 - HOpMOiT KUHEMATUYECKOM TOYHOCTH;

2 - HOpMOH TJIAaBHOCTH PabOTHI:

3 - HOpMO# KOHTaKTa 3yObeB.

HauGonbiiee pacpoctpaneHre UMEIOT 6, 7 U 8 CTENEHU TOYHOCTH.

CrangapT nonyckaeT KOMOMHAIMIO CTENEHe TOYHOCTHU 10 OT/AEJIbHBIM HOPMaM.

Bo uzbexxanue 3akinMHUBaHUS 3yObEeB CTAHIAPTOM IPEIYCMOTPEHBI TAKHE HIECTh
BUJIOB compsbKkeHus 3y0daTeix kojiec A, B, C, /I, E, H (B mopsiike yMeHbIIeHUs 00KOBO-
ro 3a30pa B 3alEIUICHUH).

CraHjgapT ycTaHaBIMBAET TAKXKE JOMYCKM HAa MEXOCEBOE PacCTOSHUE, MEPEKOC
BaJIOB M HEKOTOPBIE APYTUE TapaMeTphI.

TpebGoBaHusi K TOYHOCTU CHUJIOBBIX MEpeaay MOBBIMIAIOTCS C POCTOM CKOPOCTH,
MOCKOJBKY JHWHAMUYECKHE HArpy3Kd, BbI3BAaHHBIE IOTPEIIHOCTSAMH HW3TrOTOBJICHUS
3yOuaTblX KOJeC U JeTaleld, ONpelesiolMX WX B3aUMHOE PAaCIOJIOKUTE,
MPOMOPLIMOHATIBHBI CKOPOCTH.
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Ozubegoniite K HIPOASKmopusm Ceucnile ¥ OCHOSUHIA ROCTE
CPESUFONIX  Hotier nOUPEIAHIS
BHCITED WHEHITI )
{ VT UHCHHBIE IGOT DECHITIS)
Puc. 9.4.

Ha pucynke 9.4 nokazano uaMenenue ¢Gopmbl 3y0a B 3aBUCUMOCTH OT 4YHCIIa
3yObeB KoJeca.

Kak Obu10 cKkazaHo BbIlIEe, Hape3aHHEe 3yObEB KOJEC MPOU3BOAMUTCS PEECUYHBIM
WHCTPYMEHTOM (4epBsSYHON (pe3oil) Wi JOJIOAKOM METOAOM ocubanus. llpu
Hape3aHuu 3y0a ¢pesoit (perikoil) e€ HauandbHas OpsiMas KaTUTCS 0€3 CKONBKEHUS IO
JEUTENBHON OKPYXXKHOCTH Hape3zaemMoro kosieca. HadanbHOW TpsMON MOXKET OBITh
JeNUTeNbHas MpsiMasi WK MapajiiesbHas el U OTCTOAIIAs Ha PAacCTOSIHUM Xm, TIe X —
K03 Puyuenm cmeujenusi ucxooHo2o koumypa. I1on0KUTENbHBIM MPUHATO CMELIEHUE
OT LIEHTpa KoJieca (+Xm), OTpHUIATEIbHBIM — K LIEHTPY (-Xm).

[Ipy MONIOKUTENIBHOM CMEIICHUM PEUKU YBEITUUYMBAIOTCS AMAMETPhl BEpPLINH
3yObeB W BIAJUH HA BEIMYMHY 2Xxm. JUuaMmeTrpel JeIUTEeNbHOM W OCHOBHOM
OKpYXHOCTEH ocTatorcs 6e3 u3mMeHeHus. TonmuHa 3y0a Mo JeIUTeNIbHOH OKPYKHOCTH
U Yy OCHOBAaHMS YBEJIMYMBAECTCS, YTO TMOBBIIIAET HECYIIYI0O CIHOCOOHOCTH NEepe/ayu.
OpxHako TOJIIMHA 10 OKPY>KHOCTH BEPILUH YMEHBIIAETCS.

C ymenbllleHHEM Z YMEHbINIA€TCs TOJIIIMHA 3y0a y OCHOBaHUS M BeplIUHBL. [Ipu
HEKOTOpOM Z<Zmin TPOUCXOJUT TMOAPE3aHUE HOXKH 3y0a pexyueid KpoMKOn
MHCTPYMEHTA, YTO PE3KO CHUXKAET MPOYHOCTh 3y0a. MUHMMAJIBHO JOMYCTUMOE YHCIIO
3yObeB, COOTBETCTBYIOIE IPaHUIIEC MTOApe3anus Z= 17.

Jnist  ycTpaHeHHMs SIBIEHUN moApe3aHus 3yObeB IMpu Z<Zmin NPUMEHSIOT
KoppuzsuposaHue — NOJI0XKUTENIbHOE cMelleHne peiiku. Kpome Toro, KoppurupoBanmuem
oOecreynBaeTcs:

- TMIOBBIIICHHE U3THOHON TPOYHOCTH 3yObEB 3a CUET YBETUUYEHUS UX TONIIUHBI;

- TIOBBIILIEHNE KOHTAKTHON MPOYHOCTH 32 CUET YBEIMUYEHUS pauyca KPUBHU3HBI B
TMIOJIFOCE 3alEIVIEHUS;

- IOJTyYEHUE 33JJAHHOTO MEXOCEBOT'0 PACCTOSHUS MEPEAayH.

YepsauHble nepeaavm.

Yepssunas nepedaya — 3TO MEXaHU3M JIJIS TIEpeIayll BPAIICHUS 3aICTNICHUEM C
HETIOCPEJICTBEHHBIM KOHTAKTOM BHTKOB UEpBSika M 3yObeB UEPBSIYHOTO Kojeca (pHcC.
9.5). Uepmsik / — 3TO BUHT C TpalnelueuaaIbHON Wik 6JIU3KOoN K Hel 1o hopme pe3bOoi.
YeppsiuHoe koseco 2 SBISETCS KOCO3YObIM 3yOuyaThIM KOJIECOM C 3YObsIMU 0OCOOOM
nyroBoit ¢opMmel. Takast popma 3yObeB 0OecIeUnBaeT YBEIMUYCHUE JJIMHBI H TIPOYHOCTH
3yObeB Ha U3ruo.



Puc.9.5. Ueppsiunasa nepegaua

YepBsiuHbIE TIEpeaud MPUMEHSIOT TPH HEOOXOIUMOCTH TIEpeaaud JIBHKCHUS
MEXIy TePEeKPEIINBAOIIMMUCS (KaK MPABUIIO, B3aUMHOIICPIICHIUKYJIIPHBIMK ) BaJTaMHu.
[Tpu BpamieHun YepBsKa €ro BUTKH IIABHO BXOJAT B 3alleIJICHUE C 3yObsIMH Kojieca U
OpUBOASAT €ro BO BpamieHue. llepemaum HWCMONB3yIOT B CTaHKaxX, aBTOMOOMIISX,
MOTbEMHO-TPAHCIIOPTHBIX M IPYTUX MaIlIMHAX.

JlocTOMHCTBa YepBAYHBIX Mepemad: 1) BO3MOKHOCTH IMOJNYYECHHS OOJBIIOTO
NepeaTOYHOr0 YMCiIa B OJHOM CTYIEHH; 2) TUIABHOCTh U MaJONIYMHOCTHh PaloOTHI; 3)
MOBBINICHHAS KHHEMATHYECKast TOYHOCTh; 4) Bo3MOXXKHOCTh CaMOTOPMOKCHHUSI.

Henocratku depBsiunbix mnepenad: 1) Hm3kuii KIIJ[; 2) HeoOxoaummocTh
U3TOTOBJICHHUA 3yObeB KoJleca W3 JOPOTHX aAHTH(PPHUKIMOHHBIX MaTepHalioB; 3)
MOBBIIIICHHBIE TPeOOBaHHMS K TOYHOCTH COOPKH, HEOOXOJMMOCTH PEryIupoBKH; 4)
HEOOXOAMMOCTh CIEIIHATIBHBIX MEP M0 HHTEHCU(UKAIINN TETUIOOTBOJIA.

[Io ¢dopme Tena dYepBSIKKM pa3IeNsioT Ha yuluHopuuyeckue, 21000UOHblE U
mopouodnvle. Hanboblliee mpruMeHEHUE HAXOIAT MIUJIMHAPUICCKUE YEPBIKU Kak Oojee
MPOCTHIE B HM3TOTOBJICHWH M OOECIICYMBAIONIUE TOCTATOYHO BBICOKYIO HArpy304HYIO
CIIOCOOHOCTb.

[Tpodriib BUTKOB uepBsKa MOKHO BapbHpPOBaTh, TaK KaK YEpPBSIYHBIC KoJjeca
U3TOTOBIISIIOT MWHCTPYMEHTOM, SIBJISIOMIMMCS aHAJIOTOM dYepBska. [lo dbopme OoxoBoii
MOBEPXHOCTH BHUTKA YEPBSIKH TMOJPA3NCISAIOT Ha apxumedosvl (0003HaueHue ZA),
Kongonomuvle (ZN), s60nbeenmuvie (ZJ), Henuneuuamvlie ¢ NOBEPXHOCMbIO,
obpaszosannoil konycom (ZK), n ¢ soenymuim npoghunem sumka (Z7T).

[TpranHBI BBIXO/Ia U3 CTPOS YEPBAYHBIX Mepeaad (B MOPsIKe YOBIBAHUS YacTOTHI
MPOSIBIICHUS OTKA30B).

1. Us3noc 3yObeB Kojleca OrpaHUYMBAET CPOK CIYKOBI OOJBIIMHCTBA Tepeaad.
MHTEeHCUBHOCTH N3HOCA YBEIMUMBACTCS MIPH 3arps3HEHHOM CMa30YHOM MaTepuaie, mpu
HETOYHOM MOHTaXX€ 3allelUICHHUs, NpPU TOBBIIMIEHHOW IIEPOXOBATOCTH paboueii
MTOBEPXHOCTH YEPBSIKa.

2. 3aedanue ipu TBEPIBIX MaTepUAIaX KOJIEC MPOUCXOAMT B SIPKO BBIPAKECHHON
(dbopmMe CO 3HAYUTEIBHBIMU IMOBPEKACHUSIMH TIOBEPXHOCTEH U MOCIICIYIONTUM OBICTPHIM
W3HAIIMBAaHUEM 3YObEB YaCTHIIAMH KOJieca, MPUBAPUBIIUMUCI K 4YEPBAKY. B cirydae
NPUMEHEHHUSI MITKHX MaTepHalioB KOJeC 3aeJaHhe MpPOSBISETCS B MEHEE OIacHOM
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dbopme, BO3HUKAET MepeHOoC («HaMma3bIBaHME») Marepuana Kojeca Ha padbouyio
MOBEPXHOCTh YEPBSIKa.

3. Yemanocmmuoe gvikpawueanue HabI0AAETCS TONBKO HA TOBEPXHOCTH 3yObEeB
KOJIEC, U3TOTOBJICHHBIX U3 MaTE€PUAJIOB, CTOMKUX K 3a€/1aHHUIO.

4. Ilhacmuueckas Oegopmayusi pabounX TOBEPXHOCTEH 3yObEB KoJyeca
BO3ZHUKAET MPU JEHCTBUU OOJIBIINX MEPErPY30K.

5. Yemanocmnaa nonomxa 3ybves koneca TPOUCXOAUT B pe3yibTaTe
3HAYUTEIBHOTO UX U3HOCA.

VYcTanocTHas moJIOMKAa BUTKOB HWJIM Tejla YEpBSIKA U YCTAIOCTHBIA pa3pbiB BeHIIA
KoJjieca Mo BMaJIuHe 3y0a BO3HUKAIOT PENIKO.

Matepualibl uepBska JeAT Ha Ipynnsl: 1) HeTepMooOpabaThiBaeMbIe,
2) ynyuiiaeMble, 3) TOBEPXHOCTHO-3aKaIMBaeMble, 4) IEMEHTYyEeMbIEC O] 3aKajKy, J)
MoJIBepraeMble a30TUPOBAHUIO U XpoMHUpoBaHuio. Hanbonee npuMeHsemblii MaTepuan
— ctanb [8XI'T, TBEpAOCTH MOBEPXHOCTH MOCIIE HEMEHTAMU U 3akaiku 56...63HRC;.
Ucnons3yror Takxke cranmu 40X, 40XH, 35XI'CA ¢ moOBEpXHOCTHOW 3aKajkol 10
tBepaoctu 45..55HRCs. Bo Bcex 3Tux ciyyasx HEOOXoauMbl HIIM(OBaHUE U
MOJINPOBAHUE YEPBSIKA.

qepBH‘{HOC KOJICCO OOBIYHO BBIITOJIHAIOT COCTaBHBIM: BCHCOD — U3
aHTI/I(l)pI/IKI_II/IOHHBIX, OTHOCHUTCIIbHO JOPOIruX U MAJIOIIPOYHBIX MATCPHUAJIOB, ICHTP — H3
CTalin, IIpH HEOOJIBIINX Harpy3kax — M3 YyI'yHa. MaTepI/IaHBI BCHIIOB YCPBAYHBIX

KOJIEC pa3lIefsitoT Ha TPYIIbI (B MOPSAKE CHMXKEHUS CONPOTUBISIEMOCTH 3aeaHUI0 U
yCwIeHHOMY u3HOcY): 1) omoBsHuCThIe OpoH3bl (bpO10d1, bpO10H1d®1, bpOSI5C6
u 1p.); 2) 6e3onoBsHucTbie OpoH3bl U datyHu (bpA9XK3JL, bpA10X4H4JI, JIAXKMu66-
6-3-2 u np.); 3) uyrynsl (CU15, CY20 u ap.). Uem Bl copep)kaHue ojioBa B OpoH3eE,
TEM OHa JIOPOKE, HO TEM BbIIIE CONPOTUBIICHUE 3aCAaAHUIO.

IlepenaTtoynoe 4YHMCI0 W TreoMeTpHYECKHE COOTHOIIEHMS B YepPBAYHOI
nepeaave.

MomHoCTh Py Ha YepBsKe IPU IITUTEIbHON paboTe 00BIYHO cOCTaBIsIeT 0KoJ0 30
kBT, npu noBTopHO-KpaTKOBpeMeHHOM pexume — a0 200 kBr. Ilepenarounsie uncna
BbIOMpalOT OT 8 110 80, B kuHeMaTuueckux nepegadax — 10 1000.

OcHOBHBIE T€OMETPUYECKHE pa3Mephbl uepBsiKa MpejcTaBieHbl Ha puc. 2.6. B
YepBSIYHBIX Tepenayax yroil mnpodpuias O0OBIMHO NPUHUMAIOT paBHbiM 20°. VY
apXUMEJIOBBIX YEPBSIKOB €ro OMNPENESIOT B OCEBOM CEYEHHHM, Y KOHBOJIIOTHBIX U
HBOJIbBEHTHBIX — B HOPMAJIBHOM ceueHuu (o = 20°), y HelNMHEeHYaThIX a HaXOJAT Kak
yroJl KOHyca MPOU3BOJALIEH MOBEPXHOCTH. [ mepenayd ¢ BOTHYTHIM YEpPBSIKOM YIoJl
npoduiis B 0CEBOM CEYEHHH BUTKA YEepBSKAa, U3MEPEHHBIA Ha JCIUTEILHOM JHAMETPE,
paBeH 22°.

Pe3nba uepBsika MOKET OBITH OHO3aXOAHOM U MHOT'03aXOHOM.

di = mq JeIUTENbHbINA JUaMETP MPUHUMAETCS KPATHBIM MOJIYJIIO

dy1 = m(q+2) (9.11)
drn = m(q-2,4) (9.12)

UYepBsiuHble KoJieca Hape3alT (pe3amu, pexyliue KpPOMKH KOTOPBIX MpHU

BpalleHUH 00pa3yloT MOBEPXHOCTH, HACHTHUYHBIE C MOBEPXHOCTHbIO BUTKOB YEpBsKa
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COKpAIllEHUsS HOMEHKJIATyphl 3yOOpPE3HOr0 HMHCTPyMEHTa

(puc.9.6). B nemsax

CTaHILapTI/ISOBaHBI MOI[y.HI/I nu KO:‘)(I)(I)I/H_H/IeHTBI I[I/IaMeTpa qepBHKa:
= 20° P
S

1 -

I
fu!

Puc.9.6.

MuHUMaANIBEHOE YMCIO SY6BeB YCPBAYHBIX KOJCC Zomin COCTABIIACT JIA

KHHEMAaTUYECKUX nepenad 17, B CUIOBBIX Mepefadax Zrmin =28. Haubomnee xenaTenbHO

JUIs1 CUIIOBBIX Tiepenad z2 = 30.. .90.
JenutenbHbIN nuameTp Koseca (puc. 9.7) paBeH d,=mz;.

Cmcmerme

JunameTpsl BepliuH d,» U BOAAUH df> ONPEACNSIOT B CPEIHEM CEUEHUM KOJeca;

LTSI KOJIEC, HApEe3aHHbIX 0€3 CMEIEHUs PEXYIIEero HHCTPYMEHTA, OHU PABHBI:
dap = m(z212) (9.13)
dp =m(z-2,4) (9.14)

Koy puuuenrt mosreznoro aeiicrus. Cuibl, 1eiicTByOIIHME B 3aleIVICHUMN.
[Ipu BpallleHUH BUTKHA CKOJIB3SIT MO 3YOBSIM KOJIECA; CKOPOCTh CKOJBXKEHUS Vs
HaIpaBjieHa 10 KacaTeJIbHOW K BMHTOBOW JIMHUM U MOXET OBITh BBIpaXKEHa dYepe3

CKOPOCTH KoJieca V2 U uepBska v (puc.9.8).

Vs = V1/C0S Y = Va/sin y (9.15)
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#uilh komeca  BWTOR MepRAKE
k! i
! I

|I|I|I'

L

(1)

—_— T

Puc. 9.8.

Cuna tpenus B uepBsiuHoil nepenade Frp, = F,f’ HampaBneHa mo kacatenbHOU K
BUHTOBOM JINHUM YEPBSKA.

3nadenus f (MpUBEAEHHBIN KOA(POUIMEHT TpeHus) U yria ¢° (MpUBEICHHBIN
yroJI TPEHUS) HETIOCTOSIHHBI M 3aBUCST OT CKOPOCTU CKOJIBKEHUSI U MaTepualia Kojeca -
YMEHBIIAIOTCS C YBEIIMUEHUEM CKOPOCTH CKOJIBKEHUS, TaK KaK IPH 3TOM YJIy4IIArOTCS
yCIIOBHsI 00pa30BaHUsl MACJISIHOTO CJIOSI.

IIpu uncne BUTKOB 71 = 1; 2; 4 — 7> ¢° B CUJIOBBIX IlepeAadax MOXKET TOXOIUTh
no 8°; kuHemMarnuecku 10 50°. C yBenMUeHHEM 4YHMCa 3aXOJ0B YEpPBSIKA BO3PACTAET
KIIl nepenaun, HO yMEHBIIAETCS NEPEAATOUYHOE YUCIIO.

K. II. 1. uepBsiuHOM nepeaadu:

a) MpU BEIYyILEM YEPBSKE

n = (Fuov2)/( Favi) = C(tg v)/(tg (y+¢°)); (9.16)
0) mpu BeaylIeM KoJiece
Fii = Fotg(y-0°)

n° = (Favi)/( Fovo) = (tg (y-0°)/(tg v)) <n 9.17)

JIBI>KeHME OT KoJieca K 4epBsIKY HEBO3MOXKHO, (N < 0), ecnu v < .

D10 mepeaaya caMOTOPMO3SIIAsCS.

[Tpu paboTre YepBAYHON Tepeaadn CHiIa HOPMAJLHOTO JaBiieHus F, oOpasyer c
cunoid TpeHus F;, BO3HUKamomedl MeXAy BUTKAMH uepBsiKa M 3yObsIMH KoJjeca
PaBHOJICHCTBYIONIYIO cuiTy F. KOTOpast MOKET OBITh pa3lioKeHa Ha TPH COCTAaBJISIONINAC
— OKpYXHYI0 Ha 4epBske Fy (paBHYI0 oceBoii Ha kKonece Fyp) 1 oceByro Ha uepBsike Fa =
Fv v pagnansuyro Fr.



(Fu = Futg(y+¢°)
{F; = Fotg o (9.18)
Lth = 2T1/d2

Cuna HOpMabHOTO JABJICHUS
Fn = Fu/(cos ycos a ) = 2T2/(d2cos a cos y) (9.19)

B strx 3aBucUMOCTAX T — Bpalllalollie MOMEHTHI Ha Bajax KoJieca, uepBsika, Hw;
o - yroi npoduss BUTKA YepBsika, d — TMHEHHBbIE pa3Mephl, MM.

Ili1anerapHbie nepexayu

[InaneTapHbIMH Ha3BIBAIOTCS I€pellaud, CoJeprKalue 3yOuarble Kojeca C
nepeMemaronmumucs ocsimu (puc. 9.10). Ilepenaya cocTouT U3 MEHTpPaILHOTO Kojeca 1
C Hapy>XHBIMH 3yObSIMH, LIECHTPAJLHOTO KoJjieca 3 ¢ BHyTPEHHUMU 3yObsiMu, Boawia H u
caresuToB 2. CaTenauThl BpalllalOTCsl BOKPYT CBOMX OCEM M BMECTE C OChIO BOKPYT
IEHTPAJIBLHOTO KoJieca, T.€. COBEPIIAIOT IBUKEHUE, MOJ00HOE IBIXKCHUIO IJIaHET.

[Ipu HEMmOABMKHOM Kojiece 3 IBMKEHUE MOXKET mepenaBatbest oT 1 k H wnm ot H
Kk 1; npu HenoxBmwxkHoM Bomuie H — ot 1 k 3 unu ot 3 k 1. IIpu Bcex cBOOOTHBIX
3BEHBAX OJHO JBIDKCHHE MOXHO packianpiBath Ha 1Ba (ot 3 x 1 u H) unm nBa
coenuHath B oaHo (or 1 m H x 3). B srom caywyae mnepenadyy Ha3bIBaIOT
b depeHnnaIbHOM.

GENTORSE-
FOTD NEEIETT

Puc. 9.10. IlnanerapHblii MEXaHU3M
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[TnanerapHbie Iepeayi UMEIOT CYIIIECTBEHHbBIE TPEUMYIIECTBA:

- Harpy3ka B IUIaHETApHBIX Mepeadax NnepeaacTcss OJHOBPEMEHHO HECKOJIbKUMU
caTeJUTUTaMH, CJIEAO0BATENbHO, CUJIbI, IEUCTBYIOIINE Ha 3yObsl KOJIEC, COOTBETCTBEHHO
YMEHBIIAIOTCS, YTO MO3BOJISIET UCIOIL30BaTh KOJieCa MEHBIIINX ra0apUTHBIX pa3MepoB
1 MacChl;

- B IUIAHETAPHBIX Tepe/ladyax palMOHAIbHO UCIIOIB3YIOTCS KOjeca BHYTPEHHETO
3alerieHus, ooOsajgaromue Oonpimoi (M0 CpPaBHEHHMIO C KOJIECAMH HApPYKHOTO
3alleTICHNUs) Harpy304HOI CIIOCOOHOCTHIO;

- PpaBHOMEpHOE paclpe/ielieHUe CaTeUIMTOB 10 OKPY>KHOCTH HPUBOJIUT K
YpaBHOBEIIMBAHUIO paualbHBIX CHUJ, JEUCTBYIOIIUX Ha KOJjeca, W, CIeJ0BaTEIbHO, K
pasrpy3Ke MOAMIUITHUKOB IIEHTPAIBHBIX KOJIEC U BOJIUIIA;

- TpUMEHEHHE IUIAHETAPHOTO MEXaHU3Ma TI03BOJISAET JIETKO OCYIIECTBUTH
KOMITAaKTHYI0 KOHCTPYKIIMIO COOCHOTO PEAyKTOpa, T.€. TAKOTO PEAyKTOpa, Y KOTOPOTro
OCH BEIyIEro W BEAOMOIO BajJOB COBMANAIOT. DTO HMMEET Ba)KHOE 3HAUEHHUE IS
MOPIIIHEBBIX M TYpOOBUHTOBBIX aBHAIMOHHBIX ABUTaTened. Hampumep, npu momoinu
Tak Ha3plBaeMOro Au¢depeHnaIbHOro MiIaHeTapHOTO PEAYKTOpa MOXKHO OT OJIHOTO
JIBUTATENISl PUBOJUTH BO BpaIllleHUE JIBA COOCHBIX BUHTA, CKOPOCTH BPAILICHHUS KOTOPBIX
OyIyT U3MEHSTHCS B MOJIETE B COOTBETCTBUU C U3MEHEHHUEM Illara BUHTA.

K HepoctatkaM IIaHETapHBIX TEepeaad OTHOCATCS TOBBIMICHHBIE TPEOOBaHUS K
TOYHOCTH U3TOTOBJICHUS U MOHTaXa.

BosiHoBbIE MeXaHHYeCKHE MepeIayun

BonHoBasg mepenaua oOcHOBaHa Ha MpPHHIUIE NpeoOpa3oBaHUs MapaMETpPOB
JBWKCHHUS 32 CUET BOJHOBOTO Je(hOpMHUPOBAaHUS TMOKOTO 3B€HA MeXaHu3Ma. BriepBbie
Takas nepenaya Obiia 3anareHroBana B CLIIA umxenepom Maccepom.

BonHoBeie 3yOuathie mepenaun (puc. 9.11) SBISIOTCS  Pa3sHOBHIHOCTHIO
TUTAHETAPHBIX MIepeiay, Y KOTOPBIX OJHO U3 KOoJec THOKoe.

BonHoBas mepemaua BrJIOYaeT B ce0s JKecTKoe 3yOuaToe Kojeco b ¢
BHYTPEHHUMH 3YOBSIMH W Bpaliaromeecs TMOKoe KOJeco g C HapyKHBIMU 3yObSMH.
['nbKxoe Koyeco BXOJUT B 3alICTUICHUE C KECTKHM B JIBYX 30HAX C IMOMOIIBIO F'eHEepaTopa
BOJIH (HampuMep, Boawia h ¢ AByMsI POIMKAMH), KOTOPBIA COCAMHSIOT C KOPITyCOM
nepeaauu b.

.-"".fl!

A

s

Puc. 9.11. BonHoBas 3yOuatas nepegada
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['mbkoe 3y0uyaToe KOJIeCO MPEACTaBIsAeT COOOW TMOKWMU NUIUHAD, OJWH KOHEI]
KOTOPOTO COSIUHEH C BAJIOM M COXpaHSACT MIJIMHIPHUYCCKYIO (GOpMYy, a IPYrol KOHEI]
uMeer 3yObs. ['eHepaTop BOJIH CIYXKUT JJii OOpa30BaHUS W JIBHOKCHUS BOJIHBI
nedopManuu Ha THOKOM 3y04aToM KoJiece.

['eHepaTopbl BOJIH OBIBAIOT MEXaHMYECKHE, MTHCBMATUYCCKUE, THIPABIMYCCKHUE,
AJICKTPOMAarHuTHbIC. MEXaHWYECKHE TEeHEepaTOpbl MOTYT OBITh JIBYXPOJHUKOBBIMH,
YETHIPEXPOJIMKOBBIMH, JTUCKOBBIMH, KOJIBIIEBBIMU W KYJA4KOBBIMHU. I'€HepaTop BOJH
MOJKET pacIoiaraThCsi BHYTPH THOKOTO KOjieca Wik BHE ero. Yncio BOJIH — JTr000e.

K OCHOBHBIM JOCTOMHCTBAM BOJIHOBBIX Iepeaad IO CPABHEHUIO C 3yO4YaThIMH
nepeaadyaMu CieayeT OTHECTH:

- UX MEHBIITUE MacCy U rabapuThI;

- KHHEMATHYECKYIO TOYHOCTb;

- BBICOKYIO JeMI(UPYIONTYIO CIIOCOOHOCTB;

- o0ecrieyeHue OOJBIIUX TEPEJATOYHBIX OTHOIICHWA B OJHOW CTYIECHHU
(50...300);

- BO3MOXXHOCTbH Tepeadydl JABMKCHHUS B TEPMETU3MPOBAHHOE IMPOCTPAHCTBO 0O€3
MPUMEHEHUS YIUTOTHCHUH.

Henocrarku:

- CJI0)KHOCTh KOHCTPYKITUH;

- OrpaHUYCHHE CKOPOCTH BpAIlleHUs BEAYIIETO Baja TEHEpaTopa BOJH IPH
OOJBIIMX qUAMETpax KOJIec;

- TIOBBIIIICHHBIC TIOTEPU MOIIIHOCTH Ha TPEHHE U Ha JeopMalinio ThOKOro KoJjieca
(KITT cocraBnset 0,7-0,85 npu U = 80-250).

BonHOBBIE TiEepemaud TPUMEHSIOT B TPUBOAAX JUIS Tepeaadydl JIBIKCHUS B
TepPMETU3UPOBAHHOE MTPOCTPAHCTBO B XUMHUYCCKOW, AaTOMHOW W KOCMHUYECKON TEXHHUKE;
B CWIOBBIX M KHHEMAaTHYCCKUX IMPHUBOJAX OOIIEro Ha3HAYCHUS C OOJBIINM
nepeIaTOYHBIM OTHOIIICHHEM; B WCIIOJTHUTETHHBIX MaJIOMHEPITMOHHBIX
OBICTPOJICHCTBYIONINX MEXaHM3MaxX CHCTEM aBTOMATHYCCKOTO PETYIMPOBAHUS U
YIIPaBJICHUS, B MEXaHU3MaX OTCUCTHBIX YCTPONCTB TOBBINICHHONW KHHEMATHYCCKOMN
TOYHOCTH.

PemenHblie nepeaaumn.

Pemennas nepenauva (puc. 9.12) coctout u3 Beaymiero 1 u Be1oMoro 2 MKMBOB U
HaJIeTOro Ha HUX peMHs 3. B cocTtaB mepenadyd MOTYT TakKE€ BXOJUTh HATSHKHBIC
YCTPOMCTBA U OTpaxJaeHus. BO3MOXHO TPUMEHEHHE HECKOJbKHX pEeMHEU U
HECKOJIBKUX BEIOMBIX IIKMBOB. OCHOBHOE Ha3HAUY€HUWE — Iepeadya MEXaHUYEeCKOU
SHEPrUU OT JIBUTATENS MEPEIATOUYHbIM U WCTIOJHUTEILHBIM MEXaHU3MaM, KakK MpaBuilo,
C MMOHWKEHUEM YaCTOThI BpaIlCHHUS.

Puc.9.12 Cxema peMeHHOU nepeadn
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Knaccugpuxayus nepeoau.

[To npunHIMIy paboTHl pa3auyaloTcs nepeaadu TpenueM (OONBIIMHCTBO Mepeaay)
U 3auervieHueM (3youato-pemenHsie). llepenaum 3y04aTbiMU pPEMHSIMU MO CBOUM
CBOWCTBAM CYILECTBEHHO OTIMYAIOTCA OT Ie€peay TPEHUEM.

PemHu mepenau TpeHueMm 1o (opme MONEepeyHOro CeYeHUs MOApa3JeisioT Ha
IJIOCKUE, KIIMHOBBIE, ITOJIMKINHOBBIC, KPYTJIbIC, KBAJPATHBIE.

VYcnoBueMm paboThl pEMEHHBIX NEpenad TPEHHEM SBIISAETCS HaJU4he HATSKEHUs
PEMHS, KOTOPOE MOKHO OCYILIECTBUTH CIEAYIOIIUMHU crioco0amMu: 1) mpeaBapuTesbHbIM
YIPYTUM PaCTSKEHUEM PEMHs; 2) MepeMEelleHUeM OJHOr0 M3 IIKUBOB OTHOCHUTEIBHO
apyroro;  3)  HaTSDKHBIM ~ pOJUKOM; 4)  aBTOMAaTHYECKHUM  YCTPOHCTBOM,
00€eCMeYnBaOIIUM PETYJIUPOBAHUE HATSXKEHHMS B 3aBUCHUMOCTH OT IepeaaBaeMoi
Harpy3Ku.

[Ipu mepBoM crnoco0e HaTsHKeHHE Ha3HayaeTcsl MO HaumOoJbLIEH Harpyske ¢
3almacoM Ha BBITSKKY PEMHS, MPU BTOPOM U TPEThEM CIOco0ax 3amac Ha BBITSKKY
BBIOMPAIOT MEHbIIE, MPU YETBEPTOM — HATSIKEHUE H3MEHSETCS aBTOMAaTHYECKU B
3aBUCUMOCTH OT Harpy3KkH, 4To 0OecreqrBaeT HauIyyllire YCIOBUS JJisg pabOThl pEeMHS.

KinHoBbI€, MONUKINHOBBIE, 3yOUaThle U OBICTPOXOIHBIE TMIOCKUE H3TOTOBJISIOT
OECKOHEUYHBIMU 3aMKHYThIMH. Illockue peMHU MpEeuMyIIEeCTBEHHO BBIYCKAaIOT
KOHEUHBIMU B BHUJIE€ JUIMHHBIX JICHT. KOHIBI TaKUX pEMHEN CKJIEUBAIOT, CIIUBAIOT WIIH
COCIMHAIOT METaJUIMYEeCKUMH CcKoOaMu. MecTa COeIMHEHHS PEMHEH BbBI3BIBAIOT
NVHAMUYECKHE HArpy3Ky, 4TO OIPaHUYMBACT CKOPOCTh peMH:A. PaspyiieHue 3tux
PEMHEN NMPOUCXOIUT, KaK IPABUIIO, I10 MECTY COCAUHEHMUS.

Jocmouncmea peMeHHBIX Tepefad TpeHueM: 1) BO3MOXKHOCTH THeperayu
JIBUKEHUS HAa 3HAYUTENbHBIE PACCTOSHUSA;, 2) BO3MOXXHOCTb pabOThl C BBICOKUMU
CKOPOCTSIMHU; 3) MJIABHOCTh U MaJIOIIYMHOCTb paboThl; 4) MpeJoXpaHEHUE MEXaHU3MOB
OT pe3KuX KoyieOaHMil Harpy3kd U yAapoB; 5) 3alluTa OT MEpPEerpy3ku B pe3ysibTaTe
MPOCKaIb-3bIBAaHUSI PEMHS MO IIKUBY; 6) MPOCTOTa KOHCTPYKIIMH, OTCYTCTBHUE
HEO0OXOIMMOCTH CMa30YHOM CHUCTEMBI; 7) MaJiasi CTOUMOCTb.

Heoocmampxu: 1) 3HaunTeNbHBIE TA0APUTHBIE PA3MEPDI;

2) 3HaYUTEIbHBIE CUJIbI, IEWCTBYIONIME HA BaJIbl U ONOPHI;

3) HEMOCTOSIHCTBO MEPEAATOYHOTO OTHOIICHHUS; 4) MaJIblil CPOK CITy OBl peMHEN B
OBICTPOXOJIHBIX Mepeaavax; 5) He0OXOAMMOCTb 3aIUThl PEMHS OT MOoNaJgaHus MacJa.

3ybuaTo-peMeHHas nepeaayda

3y0uaTble PEMHHU BBIMOJHSIOT OECKOHEYHBIMM TUIOCKUMHM C BBICTYNIaMH Ha
BHYTPEHHEH MOBEPXHOCTH, KOTOpPHIE BXOJST B 3allCIUVIEHHE C 3yObSIMH Ha HIKMBAaX
JlocToMHCTBA Tepeaayd: OTHOCUTENIbHO Majible TrabapuThl, MOCTOSHCTBO MEPEAATOYHOTO
yucna, Beicokuil KIIJ[, mManmpie cunbl, AEHCTBYIOIIME Ha Bajbl. VX NPUMEHSIOT NpHU
BBICOKHX CKOPOCTAX (10 S0M/c), mepeaaTouHbix yuciax a0 12, momuoctsx a0 100 kBrT.
HenocraTok — nmpuBoa He 3alUIIEH OT IIEPETPY30K 3a CYET MIPOCKAIBb3bIBAHUS PEMHSI.

PemHu fmomkHbl  00/anaTh  BBICOKOM  NMPOYHOCTBIO MpPU  MEPEMEHHBIX
HaMpPsHDKEHUS X, W3HOCOCTOMKOCTBIO, MAaKCUMaJbHBIM KO3(D(PUIMEHTOM TpeHus Ha
pabouyux MOBEPXHOCTAX, MUHUMATIBHON U3rHOHON HKECTKOCTBIO.

KOHCTpyKIIMI0O peMHEH OTIMYAET HAIUYHUE BBICOKOIPOYHOTO HECYIIETO CIIOA,
PacnoIOKEHHOT'O BOJIM3M HEHUTpaJIbHOW JMHUU ceueHusd. [loBbIeHHbI KO3 dULIUEeHT
TpeHHs: 00ecreynBaeTCs MPOMUTKON peMHSI WJIM TPUMEHEHUEM 00KIIAIOK.
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[Tnockue pemuu (puc. 9.13, a). Otauvarorcst 60IBIION THOKOCTHIO U3-32 MAJIOTO
OTHOIIICHUS TOJIIHUHBI pEMHS K ero mupuHe. Hanbonee mepcnekTHBHBI CHHTCTHYCCKUE
PEMHU BBUIY WX BBICOKOW MPOYHOCTH W JOJITOBEYHOCTH. Hecymmmii ciioit 3Tux peMHen
BBITIOJIHSACTCS M3  KAalpOHOBBIX  TKaHEH, NOMMAPUPHBIX HUTEH. Marepuan
(PUKIIMOHHOTO CJIOS — TMOJTHAMUJI WA KayqyK.

o /] g Pt )

Puc. 9.13. - Ceuenus peMHei

CHUHTETHYECKHE PEMHHM HW3TOTOBISIOT OCECKOHEUYHBIMH M HCIOJIB3YIOT, Kak
npaBwio, Mpu ckopoctu Oonee 30 wm/c. Ilpu MEHBIIMX CKOPOCTAX MOTYT
HCIIOIb30BaThCd KOHEYHBIC MPOPE3MHEHHBIE WM OECKOHEUHbIC KOPJUIHYPOBBIC H
KOpATKaHEeBble peMHU. I[Ipope3nmHeHHbIE pPEMHHM COCTOSIT W3 TKAaHEBOIO Kapkaca,
UMEIOIIEr0 OT TpeX JO0 IIeCTH CJIOEB U HAPYXHBIX PE3UMHOBBIX OOKIIAJIOK.
KopamaypoBbie peMHU COCTOSIT U3 HECYILETO CJIOsI, COASPKAIIET0 OJUH PsJi CHHTETH-
YECKOr0 KOPAIIHYpa, CBA3YyIOUIEH pPE3WHBbl M TKAHEBBIX O0OKIafok. KopiarkaHeBbie
PEMHH UMEIOT HECYIIIUIA CIION U3 JIBYX CJI0€B OOPE3MHEHHOW BUCKO3HOM TKaHH.

Knunossie pemuu (puc. 2.13, 0). IMeroT TpanenueBuaHOe CeUeHHe ¢ OOKOBBIMHU
pabourMHu CTOPOHAMH, CONPHUKACAIONIMMHUCS C KaHaBKaMHM Ha IIKUBax. biaromaps
KIIMHOBOMY JEWCTBHIO PEMHU ATOTO THIA 00JIaJlal0T MOBBIIICHHBIM CLEIUICHHEM CO
mkuBaMu. Cusa TpeHHUS:

Frp=2dF,f. (9.20)

KinuHOBBIE peMHU TIpU TOM K€ HATSHKEHHHM OO0ECleurnBarOT MPUMEPHO BTPOE
OOJIBIITYIO CHITY TPEHUS MO CPABHEHUIO C MJIOCKUMHU. M3-3a OOJIBIIION BBICOTHI CEUCHUS B
KJIIMHOBBIX PEMHSX BO3HHUKAIOT 3HAYUTEIbHBIC HANpPSKEHUSI MPU U3rUOE pPEMHS Ha
IIKUBAX. OTH HANPSKEHUS SBISIOTCS TIEPEMEHHBIMU W BBI3BIBAIOT YCTaJIOCTHOE
paspyiieHue pemMHs. KiIMHOBbIE pPEMHHU BBINTYCKAIOTCS TPEX THUIIOB: HOPMAJIbHOTO
CEUECHUs, Y3KUE U MUPOoKue (I BApHATOPOB) U PA3JIMUHBIX IO TUIONIAN CEUYSHUH.

CoBpeMEeHHBIMU CTaHJApTaMU TPEYCMAaTPUBACTCA CPAaBHUTEIBLHO HEOOJIBIIIOE
YUCJIO CEUYEHUW KIWHOBBIX W TOJUKIMHOBBIX peMHe. Tak wumeercs (B TOpsiaKe
BO3pACTaHUs UX Pa3MEpOB) IIECTh HOpMaIbHBIX ceuenuit (Z, A, B, C, D, E) u uetbipe
y3KUX CEUCHHS KIMHOBBIX pemHel, a Take Tpu ceuenus (K, JI, M) moaukIMHOBBIX
PEMHEN.

VY3Kkue peMHU JOMyCKaroT OOJIbIee HATsHKEHHUE M 00Jiee BHICOKHE CKOPOCTH (10
40m/c), mepenaroT B 1,5-2 pa3a OOJIBIIYI0 MOIMHOCTH MO CPAaBHEHUIO C PEMHSIMHU
HOpPMaJIbHOTO cedyeHus. B Hacrosiee BpeMsi MPUMEHEHHE Y3KUX PEMHEU CTaHOBSTCS
npeobiianaronM. PEeMHU BBITYCKAIOT Pa3IMUHBIMU MO TUIOMIAIU MTOMEPEYHOTO CEUSHUSI
U UCIOJB3YIOT MO HECKOJIBKO B OJHOM KOMIUIEKTE. JTO TMO3BOJSET YMEHBIIUTH JHA-
MeTpajbHbIE pa3Mephl nepenadd. YHUcio peMHEeW B KOMIUIEKTe OOBIYHO OT ABYX J0
BOCBMH U OTrPaHUYMBACTCS HEPAaBHOMEPHOCTHIO paclpefesieHus IepeaaBaeMoi
Harpy3kKu MeXIy PEMHSIMU.
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[TonmuknuHnoBeie peMHu (cMm. puc. 9.13, B). IlpeacraBnsioT coboii GecKOHEUHbBIC
IJIOCKME PEMHH C MPOAOIbHBIMHU KJIMHOBBIMU peOpaMH Ha BHYTPEHHEH MOBEPXHOCTH.
OTH peMHHU COYETAIOT TMOKOCTh IUIOCKUX PEMHEW M TMOBBIIIEHHOE CIEIUIEHUE CO
IIKMBAMHM, XapaKTEPHOE JIsl KIMHOBBIX pEMHEH.

KiiHOBBIE U MONMKIMHOBBIE PEMHH BBIYCKAIOTCA MPOPE3UHEHHBIMU C HECYILIUM
CJIOEM U3 CHHTETHMYECKUX HIHYpOB. J[Jsl MIHYpOB KOpAa MPUMEHSIOT MOJMAMHUIHBIE U
noyind(UpHbIE BOJOKHA, JIs Iepeayd ¢ 0co00 BRICOKON Harpyskoi — keBiap. Pemuu c
KOpPJIOM M3 KeBJapa MMEIOT BBICOKYIO MPOYHOCTh, MPAKTUYECKU HE BBITATHUBAIOTCS
(Mmomynb ynpyroctu npu pactskenuu E = 2500 MIla B otiinuue ot E = 300.. .600 MIla
JUISL KOpJia U3 IpYruX BOJOKOH). BhImyckaloTcs Takke KOpATKaHEBbIE KIIMHOBbIE PEMHU
C HECKOJBKMMH CJIOSMH TKaHHM, OHH MUMEIOT MEHBIIMA MOAYJIb YOPYTOCTH W JIydlle
paboTaloT Mpu yJIapHOi HarpyskKe.

Mmuoronpodunbhabie peMHU. COCTOST U3 ABYX-YEThIPEX KIMHOBBIX, COCIMHEHHbIX
MeXAy COOOW TKAHEBBIM CIIOEM, U NPHUMEHSIOTCS BMECTO KOMILUIEKTOB KJIMHOBBIX
PEMHEN.

Kpyrinbie pemuan (cm. puc.9.13, 1). BeinmoaHsaoT U3 pe3uHbl quaMeTpoM oT 3 o 12
MM, HUCHOJB3YIOTCS ISl Mepefayd HeOOJIbIIUX MOIIHOCTEH B mpubopax U OBITOBOM
TEeXHHKE.

Pemuu kBaapatHoro cedenust (cM. puc. 9.13, 1) mpuMmeHsIOT IS Tepeadu
HEOOJIBIINX MOITHOCTEN B MPUOOpax.

[Ipu npoekTUpOBaHUU PEMEHHBIX NIepeaay onpenemstor (puc. 9.14) yron y Mexay
BETBSIMHM DPEMHS, Yroji 0 OXBara pEeMHEM Majoro IIKWBa, IJIUHY peMmHs L u mpu
UCIIOJIb30BaHUM OECKOHEUHBIX pEMHEH — MEKOCeBOEe paccTrosiHue a. PacuerHble
IUaMeTpbl I[IKMBOB M JJIMHBI PEMHEH OMNpeAeNaioT M0 HEWUTpPaJIbHOMY CIIOIO
MOTIEPEYHOT0 CEUECHHUS PEMHSI.

Puc. 9.14. T'eomeTpuueckre napaMmeTpbl pEMEHHOMU Nepeiaun

VYros Mexly BETBIMU pEMHSI HaxoIAT u3 TpeyroibHuka O1AO;:
sin '/2 = (d»-di)/2a. Yron o6xBaTa MEHBIIETO IIKUBA:

o, =180 — 57d —d (9.21)

a
Olimin = 150 (17151 rockopemenHoi) u 120 aJ1st KITHHOPEMEHHOM.
JlnuHa pemus (6e3 ydeTa ero aeopManu Ha IIKUBAX):
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2
L=2a+0,57(d, +d,)+ % , (9.22)

I[JISI OECKOHEUHBIX peMHeﬁ CICAYCT YTOYHHUTH TNIPCABAPUTCIIBHO IIPHUHATOC
MCKOCCBOC paCCTOAHUC.

a= 0,25[(L—w)+\/(L —w)2 —2y] (9.23)

rope W= 035”(61’1 +d2); Y= (dz _dl)z-

SIBileHME TIPOCKaNb3bIBAHUS PEMHS Ha BEAYIIEM IIKUBE M3-3a pa3InyHOMU
ynpyroi nedopmanuu B BeAyllel W BEIOMOM BETBAX HAa3bIBAIOT YHOPYTUM
CKOJIbXKCHUEM.

YIpyroe CKOJIbXEHHUE PEMHS PABHO PA3HOCTU OTHOCUTEJIBHBIX YIJIMHEHUU
BETBEU PEMHSI:

E. =g, —E£
Sy I 2 (9.24)
BBIpaBI/IB €1 1 € B COOTBCTCTBUU C 3aKOHOM FYKa JJIA yqaCTKa peMHH CHHHHHHOﬁ
JJINHBI qepe3 CHJIBbI F, IIomaab CCUYCHUA A U MOIIy.IIB YHPYFOCTI/I E peMHH, nonyqaeM

F, -F,
R
Y EA (9.25)

OCHOBHBIE KPUTEPUHU pacueTa peMEHHOU nepenauu: 1) Tsaropasi CiocOOHOCTh WU
CIEIJIEHHE PEeMHS CO IIKMBOM; 2) JOJTOBEYHOCTh peMHs. Ecim HapymiaeTrcs mepBoe
yClIOBUE, BO3HHMKaeT OyKCOBaHUE Iepefauyd, €Clid HE BBIIEpPKAaHO BTOPOE YCIOBHE,
TpeOyeTcsi yacTas 3aMeHa pemHei. [y mpoBeneHusl pacyeTa mepegadyd HeoOXOJIUMO
ONPEAECIUTh CUIbl U HAIIPSI)KEHUSI B PEMHE.

Omax =91 7Oy +G0y - (9.26)

OTH HaNpsHKEHUS UCMIONIB3YIOT B pacueTax PEMHs Ha JOJITOBEYHOCTh, TaK KaK MpH
paboTe Tmepenauyd B pPEMHE BO3HHMKAIOT 3HAYUTEIbHBIC ITUKIWYECKUE HaIPSKEHUS
n3ruba U B MEHBIICH Mepe IUKINYECKUE HAIPSIKEHUS PACTSHKCHHUS H3-3a PA3HOCTH
HATSDKEHUS BEAYIIEH U BEIOMOM BETBEW PEMHS.

TsroBass croOcOOHOCTH TMOBBIIAETCS C  YBEJIUYCHHEM yrja oxBara d,
kod(pdunuenta Tpenuss f pemMHs Ha IIKHUBE, CHJIBI HA4YaJIbHOTO HaTsKeHUs Fo u
YMEHBIIIAETCSI C POCTOM CKOPOCTH PEeMHS V, M3-3a JEHUCTBHUS IIEHTPOOEKHBIX CHII,
OTPBIBAIOIIMX PEMEHb OT IKUBa. OJHAKO C pocToM cuibl Fy Harpy3ka Ha BaJbl
BO3pacTaeT, a JOJITOBEYHOCTh PEMHSI YMEHBIIAETCS. DTO OTPAaHUYMBACT MHPEACIBHOE
3HaueHue cuibl Fy.

Pacyer Ha TAroByr0 CHOCOOHOCTH OCHOBAaH Ha MCIIOJIB30BAHUM KPUBBIX
ckoipxkeHus (puc. 9.15), koropble CTpoSIT B KoopAauHaTax KOIDDUIMEHT TATH -
OTHOCHUTEJIbHOE CKOIkkeHne. Koadduiment tsru:

F__F _o
F+F, 2F 20y

{p =
(9.27)
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Puc. 9.15. KpuBas ckoyibxeHus

OH XapakTepHu3yeT ypOBEHb HATPYKEHHOCTU MEPENAYN BpallatollUM MOMEHTOM
U HE 3aBUCHUT OT €€ pazMepoB. OTCIO/1a MOKHO ONPENEIUTh HANPSKEHUS B PEMHE OT
OKPY’KHOU CHIIBI Gt = 2Go@

KpuBeie ckonbxenus u  KIIJ[ moka3plBaroT, 4YTO ONTUMalbHas Harpyska
PEMEHHOM Tmepeaaun JIeKUT B 30HE KpUTHUYEcKOro koddduuumenrta taru, rae KIIJ]
HanOonpmnii. [lpy MeHbIIMX Harpy3kax BO3MOXKHOCTHU MEpeAadyd HUCIOJIb3YIOTCS HE
nosiHocThiO. [lepexon 3a KpuTudeckoe 3HaueHHE KOIP(GUIHMEHTAa TATH AOMYCTHUM
TOJIbKO TIPU KpPaTKOBPEMEHHBIX meperpy3kax. Pabora B 3Toil oOiacTu cBsizaHa C
MOBBIIIEHHBIM U3HOCOM PEMHS, IOTEPSIMH YHEPTHUH B MIEPEIAYE U CHIKEHUEM CKOPOCTHU
Ha BEIOMOM ILIKUBE.

OnrTrManibHbIE 3HAYEHUS! OKPYKHOW CWJIBI M MEPENaBaEMON MOIIHOCTH HAXOJSAT

o ¢hopmyiam
F:‘n = z{pk ’ F;:'l s
_Fov _ 29Fw (9.28)

000 1000

I[OHYCKEICMBIC ITIOJIC3HEBIC HaHpH)KeHI/ISI JJIA KHI/IHOpCMCHHBIX Hepez[aq HpI/I
3alaHHbBIX YCJIOBI/ISIX pa6OTBI§
[o], =0,0CyChp, (9.29)
rac KOC—)(i)(l)I/ILII/IeHTBI (yLII/ITBIBaIOT TC XKC q)aKTOpBI, qTO U OJIA HHOCKOPCMCHHBIX
nepenay). Yucno pemHen

£
’ 9.30
AC.[o] ©-30)
S rjae C, — Koad puLMeHt, YUHTBIBAIOL U
HEPAaBHOMEPHOCTh PAaCIPEIEICHNs HarPy3KH MEXKAY PEMHSAMHU.

—

DpUKIHMOHHBIC NEepeIaYn
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[lepenaun, paboTra KOTOpPBIX OCHOBaHa Ha MCHOJIB30BAHMM CHJI TpPEHUS,
BO3ZHUKAIOLIUX MEXIY pabOYMMH MOBEPXHOCTSIMH JIBYX MPMXKATBIX JPYT K JIPYTy Tel
BpalleHUs], Ha3bIBAIOT (PPUKIIMOHHBIMU NIEPETauyaMHu.

Jliist HopManbHO# paboThI nepegaun HeoOX0AUMO, 4TOObI cuiia Tpenus Frp Obuia
Oobiie OKpykHOM cuitbl Fy, onpenenstoniei 3ajaHHbIN Bpalialomui MOMEHT:

Fi < Fp. (9.31)

Cuna tpenus Fr, = Fuf,

rae F, — cuna npmwxkarus katkoB; f— koappuuueHT tpenus.

Hapymenue ycnoBus (9.31) mpuBoautr K OYKCOBaHUIO U OBICTPOMY H3HOCY
KaTKOB.

B 3aBucumocTH OT HazHaueHUs (QPUKIMOHHBIE MEepeJayd MOXKHO pa3/eiuTh Ha
JIB€ OCHOBHBIE TPYIIbI: MEpeaydl ¢ HEPEryJIupyeMbIM NEPelIaTOYHbIM OTHOIICHHEM
(puc. 9.16); perynupyemble Mepeiadyd, Ha3blBa€Mble BapHaTOpaMH, IO3BOJISIOIIUMHU
M1aBHO (OecCTymneH4YaTo) U3MEHTh NepeaTouHoe oTHOoIIeHue (puc.9.17).

b

/ i : Ia:? max
B e
Fnt s

Tyun, 3||f
var

Puc. 9.17. Cxema Bapuaropa.

Paznuuaror nepepaud ¢ mapajyiebHBIMU U MEPECEKAIOUIUMUCSA OCSIMU BaJIOB; C
AJTUHIPUYECKON, KOHMYECKOH, IIapOBOW WM TOPOBOM IOBEPXHOCTHIO paboumXx
KAaTKOB; C TIOCTOSSHHBIM HJIM aBTOMATHYECKU PETyJIUPYEMBIM MPUIKATHUEM KAaTKOB, C
MIPOMEKYTOUYHBIM (DPUKITMOHHBIM AJIEMEHTOM WJIU 0€3 HEeTO U T.J.
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Cxema mpocreiileil HeperyiaupyeMoi nepeaaund u3odpaxena Ha puc. 9.16. Ona
COCTOHT M3 JIBYX KaTKOB C TUIAJKON HWIMHIPHUYECKON MOBEPXHOCTHIO, 3aKPEIICHHBIX
Ha TIapajIeIbHBIX BaJlax.

VY noGoBoro Bapuatopa (puc. 9.17) Beaymmii KaToK A MOXET MNepeMelniaThCcs
BJIONL CBoei ocu. [Ipm 3TOM mepenaToyHOE OTHOIICHHWE IIJIABHO W3MEHSETCS B
COOTBETCTBHH C U3MEHEeHUEM pabodero nuamerpa d; Bemomoro nucka b. Ilpu mepexome
KaTka A Ha JIEBYIO CTOPOHY HaIlpaBJICHHE BpallleHUs TUCKa b m3MeHseTcs — BapuaTop
o01aiaeT CBOWCTBOM PEBEPCHUBHOCTH.

@OpuKIMOHHBIE TMepeladyd C TOCTOSHHBIM  TEepeJaTOYHBIM  OTHOIICHHEM
NPUMEHSIOT CPaBHUTEIBHO peako. X o0macTh OrpaHWYMBacTCS MPEUMYIIECTBEHHO
KUHEMaTHYEeCKUMH LEMsIMUA TPUOOPOB, OT KOTOPBIX TPEOYETCS TUIABHOCTH JBUKCHHS,
OecrryMHOCTh paboThl, 6€3y1apHOE BKIIOUCHHE Ha XOY U T.1I.

@OpUKIMOHHBIE BapUATOPHl MPUMEHSIOT JOCTATOYHO MIMPOKO JJsi 0OecredeHus
OeccTylmeHyaToro peryjiupoBaHUS CKOPOCTH B CTaHKOCTPOCHUH, TEKCTUIIBHBIX,
OymarozenaTeNbHBIX U APYTUX MallMHAX U Ipubopax. B aBmactpoeHnn QppuKIHOHHBIC
nepenayn He MPUMEHSIOTCs. J(Mana3oH mepenaBaeMbIX MOIIHOCTEH OOBIYHO HAXOIUTCS
B mpenenax g0 10 xkBt, Tak kak mpw OONBIIMX MOIIHOCTSAX TPYIHO OOECIICYUTH
HEOOXOAMMOE yCHUITHE MPUKATHS KaTKOB.

CymiecTByeT aBa BHIa NPWKATHS KAaTKOB: C TIOCTOSTHHOM CHJIOW, KOTOPYIO
OTIPEIETISAIOT TI0 MAKCHUMAabHOW HArpy3ke Mepenayu; ¢ peryJIupyeMoil CHIIOi, KoTopas
aBTOMAaTHYECKH M3MEHSIETCS C M3MEHEHHEM Harpy3ku. Jlydinme mokasaTend MmojlydatoT
P CaMOPETYITHPYEMOM MPKATHH.

Croco6 mpmkaTusi KaTKOB OKa3bIBaeT OOJBINOE BIUSHUE HA KadueCTBEHHBIC
xapaktepuctuku nepenadn: KIIJ[, mMOCTOSHCTBO mepenaToyHOro  OTHOIICHHS,
KOHTAKTHYIO MIPOYHOCTh U U3HOC KATKOB.

CkoabikeHue B epeaave.

PaznuuaroT Tpu BUAA CKOJBKECHHSA: OyKCOBaHHE, YIPYTroe CKOJBXKCHUE W
re€OMETPUYECKOE CKOIBKEHHE.

BbykcoBanme HacTymaeT Tpu Teperpy3kax 3JeMeHTOB mepenadu. [lpm sTom
BEJIOMBIIl KaTOK OCTaHABIIMBAETCS, a BEAYIIMHA CKOJB3UT 1O HEMY, YTO MPHUBOIUT K
WHTCHCUBHOMY MECTHOMY M3HAIIMBAHUIO WM 3aIUPY Ha BEJIOMOM KaTKe.

Yrpyroe CKOJIBKEHHE XapakTEepHO I HOpPMalbHO paloTaoIel mepemadu.
YdacTky MOBEPXHOCTH BEAYIIEr0 KaTka MOIXOMST K TUIOIIAIKe KOHTAKTa CXKATBHIMU, a
OTXOJAT pacTsAHyThIMH. Ha BegoMom kaTke HabmogaeTcst oOpaTHas kaptuHa. Kacanme
CKaThIX M PACTSHYTHIX BOJOKOH KaTKOB MPHUBOIUT K MX YIPYTOMY CKOJIBKEHHUIO, YTO
BBI3BIBAECT OTCTABAHNE BEJJOMOTO KaTKa OT BEIYIIETO.

['eomeTprdeckoe CKOJNBKEHUE CBSI3aHO C TEM, YTO OKPYXHBIE CKOPOCTH
BpallleHUs] BEAYyNIETO M BEAOMOTO KaTKOB Ha IUIOMIAJIKE WX KOHTAKTa pa3IHYHBEIL.
Hanpumep, B 1060BOoM Bapuatope (cMm. puc. 2.17) okpykHasi CKOPOCTh V2 MEHSETCS C
u3MeHeHneM R, a ckopocTh V) Ha A3TOW IUIOMIAJIKE TMOCTOSHHA. |'eomMeTpudeckoe
CKOJIbXKCHHE SIBIISIETCS OCHOBHOW NPUYMHOW HM3HAIIMBAHUA PabOYMX TMOBEPXHOCTEH
DJIEMEHTOB (PPUKIIMOHHBIX TIepe/ad.
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Iennbie nepegayu.

Ilennas mepemaya — 3TO MEXaHM3M, COCTOSIIMK W3 Beaymed 1 u Begomon 2
3BE3/I0YEK M oxBaThiBaromel ux menu 3 (puc. 9.18). B coctaB mepenaun Takxe 4acTo
BXOJST HATSKHBIE M CMa304yHBbIE YCTPOMCTBA, orpaxkaeHus. Bo3MOXHO mpuMeHEHUe
HECKOJIbKUX BEJOMBIX 3Be3/104UeK. Llenb cOCTOMT M3 COeTMHEHHBIX IIAPHUPHO 3BEHBLEB,
3a cyeT uyero obecmeyumBaeTcsi THOKOCTh Iienu. llepemaun UCHONB3YIOT B
CEICKOXO3IMCTBEHHBIX, MObEMHO-TPAHCIIOPTHBIX, TEKCTWJIBHBIX M MOTUTpaPUISCKIX
MaIlllMHaX, MOTOIIMKJIaX, BEJIOCUTIEIaX, aBTOMOOMISAX, HEhTeOypOBOM 000PYI0BaHHH.

1 2 3

Puc. 9.18. Cxema 1enHou nepegayu

JlocToMHCTBa LENHBIX nepefay: 1) BOZMOKHOCTh NMPUMEHEHUS B 3HAYUTEIHHOM
Iuana3oHe MEXOCEBBIX pACCTOSHUN; 2) MEHbLIME, 4YeM Y pPEMEHHBIX Iepenad,
rabaputel; 3) oTcyrcTBUE mpockanb3biBaHus; 4) Beicokuit KIIJ; 5) oTHOcuTenbHO
Majble CUJIbl, JCHCTBYIOIIME HA Balibl; 6) BO3MOXKHOCTb Iepefauyd JBHXKEHUS He-
CKOJIbKUM 3B€3/I04KaM; 7) BO3MOKHOCTb JIETKOW 3aMEHBI LIETIH.

Henocratku nenusix nepegau: 1) Hen30€XKHOCTh MU3HOCA IIAPHUPOB LEMU U3-3a
OTCYTCTBHS YCJIOBUU JJIs )KUJIKOCTHOTO TPEHHUS; 2) HEMOCTOSIHCTBO CKOPOCTHU JIBUYKEHUS
LIENH, OCOOEHHO MPU MalbIX YKCIaX 3yObeB 3BE3/104€EK; 3) HEOOXOAUMOCTh O0JIEe TOUHOM
YCTaHOBKH BajOB, YeM JUIsl KIMHOPEMEHHOU nepenayu; 4) He0OX0AUMOCTh CMa3bIBaHUS U
PETYIIUPOBKH.

[lenn mo Ha3HAYEHWIO MOAPA3CNAIOT HA TPU Tpymmbl: 1) Tpy3oBble — JUIs
3aKpeIUICHUs TPY30B; 2) TATOBbIE — I NIEpPEMEIICHNS TPY30B B MAIlIMHAX HEMPEPHIBHOTO
TpaHcniopTa (KOHBedepax, MOABEMHHMKAX, SCKalaTtopax W Ap.); 3) NpUBOAHBIE — JUIs
repeiayu IBUKEHUS.

3Be3/10UKa — JJIEMEHT Iepefayu, Mepelarolinil KpyTaiuid MOMeHT. B nepenaue
pa3IM4aroT BEAOMYIO U BEAYIIYIO 3BE€3J0UYKHU.

Yucno 3yObeB 3B€3/104EK OTPAaHUUYMBAETCS M3HOCOM IIAPHUPOB, THUHAMUYECKUMHU
Harpy3kamu u IIyMoMm nepenayd. Yem MeHblIe 4uciio 3yObeB 3BE3J0YKH, TEM OOJIbIe
M3HOC, TaK KaK YroJj MoBOPOTa 3B€HA NpHU HAOETraHWM LENU Ha 3BE3JJ0UKY M COEraHuH C
Hee paBeH 360°/z.

MuHuManpHOE YUCIO 3yOhEB Majoi 3BE3I0YKHM JJisi CHJIOBBIX Iepenady OOIero
HA3HAYEHUS BHIOUPAIOT MO SMIIUPUYECKOIN 3aBUCUMOCTHU

Z1min=29-2u. (932)
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[Ipy HU3KHMX YacTOTax BPALIEHUS Zimin MOXKET ObITH yMeHbIIeHO a0 13. Jlus
BBICOKOCKOPOCTHBIX Miepeaad ¢ V>20M/C NPUHUMAIOT Zimin >35.

Yucino 3yObeB 00b1110# (BEJOMOI) 3BE30UKH
Zz=21u. (933)

[lo Mepe u3HOCa IIAr LENH YBEJIWYUBACTCS U €€ IIAPHUPHI MOJHUMAIOTCS IO
npoduiao 3y0a 3Be30YKH Ha OOJBIINNA JUaMETp, YTO MOXKET MPUBECTH B KOHEUHOM
cyeTe K BBIXOJAY LMW U3 3alelieHus co 3Be3aoukoil. Ilpu sTOM mpenenpHO
JOMYCTUMOE yBEJIMYEHUE Iara Lenu TeM MEHbIle, 4YeM OoJblIle YHCI0 3yObeB
3Be3710ukH. [loaTOMYy MakcuManbHOE YUCIIO 3yOheB OOJIBIION 3BE€3/10UKH

Zomax—=120. (9.34)

[IpennoyTuTeNIbHO NMPUHUMATh HEYETHOE YHUCIO 3yObeB 3Be370uek (0COOEHHO
Majoi), YTO B COYETAHUU C YETHBIM YHUCIOM 3BEHBEB IIEMH CIOCOOCTBYET
pPaBHOMEPHOMY HM3HOCY LIApHHUPOB LieHU U 3yObeB 3Be3fouek. [lo 3Toil ke mpuunHe
KEJIaTeIbHO BBIOUPATh YHCIIO 3yObEeB MaIOW 3BE3J0UKH U3 Psiia MPOCTHIX YHUCET.

Yacmomvel 8pawjenusi 36e3004eK U CKOpOCMb yYenu OTPAHUUYHUBAIOTCA CHIION
ylapa B 3allelUVICHHHM, W3HOCOM UIApHUPOB W HIymMoM nepefaud. CKOpPOCTb LIENH
OOBIYHO COCTaBJIsieT OKoJo 15 M/c, HO B mepeAadyax BBICOKOTO KauecTBa IpH
7 (PeKTUBHOM CMa3bIBaHUM JIOCTUTAET 35 M/C .

OnTumManbHOE MEKOCEBOE PACCTOSTHUE

a=(30...50)t, (9.35)

rjie t — mar I1emu.

[Ipu a<30P HaOmtogaeTcss YCKOpPEHHBIH W3HOC MIAPHUPOB LIETIH B CBSI3U C
MOBBIIICHHOW YaCTOTOM BXOJa KaKAOro ImapHupa B 3anerienue. [Ipu a > S0P maxe
HEOOJIBIION U3HOC KaXKJIOTO IIapHHUPA BHI3BIBAET 3HAYUTEIBHOE YAJIMHEHUE LIETH, YTO
NPUBOJUT K HAPYIICHUIO €€ 3allelieHUus ¢ 3yObsMH 3Be3/i04eK. OOBIYHO MEXO0CEeBOE
pacCTOsIHME OTPAHUYUBAIOT BEIMUMHOMN amax= S0t.

IMonGop uenei

[nacTuHbl 1ETEH JOJDKHBI 00J1a7aTh BBICOKMM COIPOTHUBJIICHUEM YCTaJIOCTH,
MMOATOMY WX U3TOTOBJISIIOT U3 CPEAHEYTICPOAUCTHIX KAYECTBEHHBIX WJIU JISTUPOBAHHBIX
craneit 40, 45, 50, 40X, 40XH, 30XH3A, tepmooOpaboTka — 0OBEMHas 3aKajika C
HU3KUM OTITYCKOM, TBepAO0CTh 00b14HO 40... 50 HRC:.

OcHoBHOe TpeOoOBaHHWE K JCTAsIM IIAPHUPOB — BaJIMKaM M BTYJIKaM —
M3HOCOCTOMKOCTh pPabounx TOBEpXHOCTEH. Banmwku u BTYJIKH NPEeUMYIIECTBEHHO
BBITIOJIHAIOT W3 LieMeHTyembIx ctaneit 15, 20, 15X, 12XH3, 18XI'T u apyrux, mocie
LIEMEHTAllMM WM Ta30BOTO I[MAHUPOBAHUS JAECTald 3aKAIMBAIOT 1O TBEPIAOCTH
noBepxHocTH 56...65HRCs- Tepmonuddy3nonHoe XpoMUpoBaHUE JeTajed MapHUPOB
MOBBIIIAET PECYPC LEMHU MO U3HOCY B 3-12 pa3 1o CpaBHEHUIO C IEMEHTAIUEN.

TBepoCTh MOBEPXHOCTH POIMKOB A0 KHA ObITh He HIbke 43,5 HRC.

[{enHbIie Iepeaun BBIXOASAT U3 CTPOSI MO CIEAYIONIUM MPUYHHAM.

1. U3n0c wapnupos, NpUBOAIINN K YIJIMHEHHUIO LENH, YBEJIMUYCHUIO 1Iara 1enu
U, KaK CJIeJICTBHUE, K HAPYUICHUIO €€ 3alleTUICHUs C 3yObsIMU 3BE3/10YEK.

2.Ycemanocmnoe paszpywenue niaacmun TO NPOYLIMHAM, XapaKTEpPHOE s
3aKPBITBIX OBICTPOXOJHBIX TSDKEJIOHArPYKEHHBIX TMepenad, pabdoTaromux Mpu
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XOpOIIEM CMa3bIBAHWH, KOTJa U3HOC IIAPHUPOB HE SBIISIETCS ONPEACIISIOIINM.

3.Ilposopauusanue 6anukos u 6myn0K B IIACTUHAX B MECTax 3allpeCCOBKH,
CBSI3aHHOE C HU3KUM Kay€CTBOM M3TOTOBIIEHUS.

4.Yemanocmuoe svikpawueanue u pazpyuieHue poIuKOB.

5.Heoonycmumoe npogucanue BeIOMON BETBU LEIH, XapaKTepHOE IS mepeaay
C HEpEryJupyeMbIM MEXKOCEBBIM PACCTOSIHUEM TIPU OTCYTCTBUM  HATSIKHBIX
YCTPOWCTB.

6. N3HOC 3yOBEB 3BE3/10YEK.

OCHOBHOHM pacyeTr NOPOBOIAT 1O YCAOBUIO UZHOCOCMOUKOCMU UWAPHUPOS
yenu. JlaBneHue B IIapHUpax HE JOJDKHO IPEBBIMIATH JOMNYCTUMOI'O B JaHHBIX
YCIIOBHSIX dKCIJyaTanuu. JlaBjaeHrue B MIApHUPAX p CBA3BIBAIOT C MyTEM TPEHUS Sy
3aBUCUMOCTBIO

piSp=C, (9.36)
rae C — st KOHKPETHBIX YCJIOBUM JKCIUTyaTallMd HEKOTOpas IMOCTOsTHHAs
BEJIMUMHA; M — TIOKa3aTesib CTEIEHU, 3aBUCSAIIUN OT BUJAa TPEHHUsS B IIapHUpaXx,
MPU XOPOIIIEM CMa3bIBAaHUU M~3, MPU HEJIOCTATOYHOM CMa3bIBAHUU M HAXOIUTCS
B Ipeaenax ot 1 go 2.
B npoekTHOM pacuere ompeiensioT mar Henu U3 YC108us U3HOCOCMOUKOCMU
WApHUPOB:

(9.37)

Jlist craHgapTHBIX Lieniel [p] ompenensieTcs Mo TabauiaM B 3aBUCHUMOCTH OT
mara P.
Kosdhdumuent oskcmnyatanuu K, npencraBinsioT B BHJIE — YAaCTHBIX
K03 (PUIIMEHTOB:
K, = K KKiKperKenKpex K. (9.38)
Kosdpdumuent K, yuutbiBaeT IMHAMHYHOCTH HArpy3Kd, MpU CIHOKOWHOMN
Harpy3ke K, = 1; npu Harpyske ¢ tomukamu 1,2... 1,5; mpu cuibHbIX ypapax 1,8.
Koadunment K, yunTsiBaeT BIusHUE JJIMHBI LIENH (MEXKOCEBOTO PACCTOSIHUS) — YEM
JUIMHHEE 1€, TEM PEXKE KAXKJI0€ 3BEHO BXOAUT B 3aLCIUICHHE CO 3BE3JO0YKON U TEM
MeHblIE M3HOC B ImapHupax; npu a = (30...50)t npuaumaror K, = 1; B apyrux ciy-

K, =3[L,/L, .
yasgx @ LO/ rac L() — JJIMHA LI CIIN HpI/I a — 4OP, L - JAJINHaA paCCLII/ITBIBaCMOI/I IICIIN.
KOC—)(i)(i)I/II_II/ICHT KH yLII/ITBIBaCT BIIMAHHUC HAKJIOHA JIMHHUUA I_IeHTpOB 3BC310UYCK Hepenan/I K
FOpI/I3OHTy; ycM 6OJIBH_IC HAKJIOH Hepez[aqn, TCM MCHBLBIIIC I[OHYCTI/IM]':Jﬁ CYMMapHBIﬁ

W3HOC Lenu; npu yrae HakioHa y<45° K,=1, nopu y>45° Ky =015{v.
Kosdpdumment Ky ydHuTBIBa€T BIUSHHE PETYJIUPOBKM LEMU; JJs Mepeaad ¢
PETYNIMPOBKON IIOJIOKEHUS OCU OJHOM M3 3Be3gouek Kper = 1, s mepemau ¢
HEperyJIupyeMbIM ToJokeHHeM 3Be3fouek Kper -1,25. Koaddunment Ky yuuThiBaer
BIIMSIHUE XapaKTepa CMa3blBaHUs; NP HENPEPHIBHOM CMAa3bIBaHMHM B MAaCIIIHOW BaHHE
nmm ot Hacoca Koy = 0,8; mpu peryisipHOM KaneibHOM WM BHYTPHUIIAPHUPHOM
cmaszbiBanuu Koy =1, mpu HeperynsapHom cmaszpiBanuu — 1,5. Koadduument Kpex
YUUTBHIBAET BJIUSHUE peXUMa paboThl mepenayu, u3 3aBucumoctd (16), yduTbiBas
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MPOMOPLMOHATLHOCTh MYTH TPEHUS M uucia cMeH Ngy paboThl mepegayv B CYTKH,
HOJTYYaroT Kpex =3 New - Koapdumment  K;  yuuThIBaeT BIMSHUE TeMIEpPaTyphI
okpyxatomiei cpenpl, npu 25<T<150°C npunumaror K; = 1 ; mpu s3kcTpemanbHbIX
ycioBusax K; > 1.

Ecnu mo pacuery 3nauenue koddduiuentra K, > 3, To BO3MOXKHOCTH Tepeadn
UCIIONB3YIOTCS HEAOCTATOYHO M CIIEAYET NPHUHATH MEphl MO YIYYIICHUIO YCIOBUU
paboTHI.

IMepenayu BUHT-ralKa:

[lepenaun BHUHT-Taiika NpeAHA3HAYCHBI I MPeoOpa3oBaHUs BpallaTeIIBHOTO
JBUKCHUS B MTOCTYIATEIbHOE U HA000pOT. B 3THX mepemayax UCIONb3YIOT IMaphl BUHT-
raiika ckosbxeHus (puc.9.19, a) wim xkauenus (puc.9.19, 6).

JlocToMHCTBaMH Tepead BUHT—TaiKa SBIISIOTCS OOJIBIIOW BBIMTPBINI B CHIIC,
BBICOKAsi TOYHOCTh IEpPEMEIIECHUH, Majas METAIOEMKOCTh, YTO ITO3BOJISET ITHPOKO
WCIIOJIB30BaTh UX B TPY30I0IbEMHBIX MEXaHU3MaX, HaIlPUMEp, B BHHTOBBIX JIOMKpAaTax,
B MEXaHW3Max I10J1ady CTAaHKOB M TPUBOJAX POOOTOB, a TAKKE M3MEPUTEIBHBIX U pe-
T'YJIMPOBOYHBIX MEXaHU3MaX.

K nemocratkam ciemyer otHectd Hu3kui KIIJ[ B mepemadax CKOJBXKCHUS H
CJIOXKHOCTh M3TOTOBJICHHS B TIEpeiadax KaueHUsI.

[lepenaun CKOJBKEHUS COXPAHHMIN MIUPOKOE MPHUMEHEHHUE BCIIEACTBUE IMTPOCTOTHI
KOHCTPYKITUM U OTPaOOTaHHOW TEXHOJIOTMH TOJYYCHHS Pe3bObl. B IENISIX MOBBIICHUS
KIIJI B mnepemauaX BHHT-TaliKa CKOJIBKCHHS HCIIOJNB3YIOT PpPE3bObl, HMEIONIUE
MOHW)KCHHBIA TPUBEACHHBIM KO3 duimeHT TpeHus. K HUM OTHOCATCS Tparie-
IeuaibHble W YIopHbie pe3pObl  (puc.9.20) ¢ yrmamm pabouero mpoduiis
COOTBETCTBEHHO 15 1 3°.

Puc.9.19 Ilepenaua BUHT-TaiKa: a — CKOJbXEHUS; O — KaueHUsI

%ﬁb %?n

Puc.9.20 Buasl ceuenunit BUTKa pe3bObl.

TpaneueunanbHyio pe3b0y B OCHOBHOM JHAla3oHE JIUAMETPOB BBIMOJIHSIOT
MEJIKOH, cpeiaHedl W KpynHoil. OCHOBHOE MPUMEHEHUE HAaXOJMUT CpelHss pe3boa.
VYnopHble pe3bObl MPUMEHSIOT MPHU JIEUCTBUM Ha rmepeavyy OONbIION OJHOCTOPOHHEH
Harpy3Ku, HalpuMmep, B [IPECCax Ui HAXKUMHBIX YCTPONUCTBAX IPOKATHBIX CTAHOB.
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[lapa BuHT-raiika J0DKHa 00JIaJaTh  BBICOKOM  HM3HOCOCTOMKOCTBIO U
COMPOTHUBIISIEMOCTHIO K 3aeAaHuio. [103TOMy OOBIYHO MCIOJIB3YIOT CTalbHbIE BUHTHI B
COUYETaHUU C OPOH30BBIMU, PEKE UYT'YHHBIMHU FaiKaMH.

Jliss BUHTOB OOBIYHO TPUMEHSIOT KOHCTPYKIIMOHHBIE YIYUIIEHHBIE CTaly,
HarpuMmep, ctayib 45 win ctanb 50; ecau npyu U3roTOBJIEHUU BUHTOB MPEyCMAaTPUBAIOT
3aKajky (¢ mocieayromied nm@oBKoi), TO IPEeANOYTUTEILHBIMU SBISIOTCS cTamu 651
n 40X. B nmensix yMeHblieHUs: KOpoOJeHHs] (MCKaKE€HUS Pa3MEpPOB) BMECTO 3aKaJIKU
IIPUMEHSIIOT a30TUPOBAHUE; B 3TOM cllydae Ucnoyib3ytoT ctanu tuna 40XPA, 18XI'T u
ap. llpu a3oTupoBaHWMM JOCTUTAeTCs HAMOOJbIIAs TBEPAOCTh IOBEPXHOCTH, YTO
o0ecreynBaeT NOBBIIICHHYIO H3HOCOCTOMKOCTh Mepeadn.

[aiikyu BBIMONHSAIOT U3 OJOBSHUCTBIX OpoH3, Hampumep, bpO10d1, B MmeHee
OTBETCTBEHHBIX KOHCTPYKIUAX U3 Oe3oioBsiHUCTOro cruiaBa LIAM 10-5, a npu manbix
CKOPOCTSIX M Harpy3Kax UCIHOJIb3YIOT aHTU(PUKIIMOHHBIN YyTYH.

[lepenaua BUHT-ralika MOKET OBITH BBINOJHEHA C BPAIAIOIIMMCS BUHTOM H
MOCTYINATEIBHO MepeMeniaeMoil raifkoi (Hanbosee pacnpocTpaHEHHOE UCTIOTHEHUE), ©
BpAallAlOIIMMCS ¥ OJHOBPEMEHHO IMOCTYNATEJIbHO NEPEMENIAEMbIM BHHTOM IpPH
HETIOJIBIKHOM Taiike (IIpocThie TOMKpaThl, puc.9.21), a Takxke ¢ Bpallarolencs: raikou
U MIOCTYNATENBHO NEPEMENIAEMBIM BUHTOM.

7.

],
0,5H.

-+

Puc.9.21 BunToBO# 1OMKpat

,-"'”I o
o/ ey

|
II [Uar & | Il Llfar &,
Puc.9.22. Ilepenaya BunT-raiika 1u@depeHanbHoro Tuma

JlJist oueHb MeIJIEHHBIX NepeMEeNIeHUN MPUMEHSIOT BUHTHI ¢ TudPpepeHranibHon
pe3pboii (puc. 9.22), T.e. ¢ AByMs pe3pOaMu OJHOTO HAIpaBIEHUS, HO C Pa3HBIMU
maramu Py u P,. Ilpu moBopore BuHTa 1 Ha oaMH OOOPOT MOABMXKHBIA y3ed 2
nepeMeniaeTcsi Ha BEJIMYMHY, PAaBHYIO PAa3HOCTH IIaroB pe3bd, KOTOpask MOXKET ObITh
OYEHb MAJION.
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[Ipu uncne 3ax010B z OOJbIIE ABYX Napa BUHT-Talika MOXKET ObITh UCIIOJIb30BaHa
B MEXaHHM3Max ¢ OOpaTUMBIM JBUKEHUEM, T. €. JUIsl MPeoOpa30BaHUs MOCTYATEILHOTO
JIBU)KEHUSI BO BPaILATEIIbHOE.

BaxxHoil XxapaktepuCTHMKOW mepenaunm BuHT-raiika ssisgercs ee KIIJ. KIIJ
BUHTOBOM Mapbl ONPENENIOT M0 OTHOUIEHUIO paboThl, 3aTpaueHHON HA 3aBUHYMBAHUE
raiiku Oe3 ydera cui TpeHus T,B, k pabore raiiku Ha TOM K€ NEPEMELIEHUH, HO C
yuetoM cui Tpenust T,'B, rae f — yrosi noBopoTa raiiku.

_ gy
n=———r.
gy +9) (9.39)

®opmyna (9.39) mokaspiBaeT, 4TO T Mepelayd BUHT-Taiika BO3pacTaeT NpH
YBEIMYCHUH yIJla ToabkemMa Y, 4YTo oOecredywBaeTcs TMPH  HCIOIb30BAHHH
MHOro3axoAHbIX pe3pd. B asToM ciaywae xomoBast pe3pba MOXKET  OBITH
HECAaMOTOPMO3SLIEN M MCIONB30BAThCSI  HE  TOJBKO JUId  NpeoOpa3oBaHMs
BpAIlaTEIbHOTO JIBIDKEHUS B IOCTyHaTeJIbHOE, HO W HAa00OpPOT. DTO CTaHOBHUTCS
BO3MOKHBIM, €CIIU YrOJ MOAbEMa OOJIbIIIE YTIiIa TPEHUS '

Pacuer Ha nIpoYHOCTH.

OCHOBHOW TNPUYMHON OTKaza Tepeaad BUHT-Tallka SBISETCS W3HOC BHUTKOB
pe3bObl. [l oOecrieueHrss HEOOXOIUMOTO COMPOTHUBICHHS HU3HAIIMBAHUIO Tepeavn

CICAyCT OIrpaHUYUTh JaBJICHUC B pe3b6e:

F
px———=pl,

mayHz (9.40)

riae F — oceBas cuiia, AedcTByromas Ha BUHT; dy — cpeaHuil quaMeTp pe3bObl;
H; - pabouas BeicoTa mpoduis (ais TpaneuneuaaibHoi pe3posl Hi=0,5P, miist ynopHoi
— 0,75P, rne P — mar pe3s0Onl); z = HrP — 4ucio BUTKOB pe3rObl HAa BBICOTE TalKu
Hr.

[ToacTaBuB B 3Ty Qopmyny 3HaueHus H; u z, momydum s TpamneneuaaaibHOM
pe3bObI

2F

~—— _<[p].
wd, H. (7]

p
(9.41)

Jl1st pe3b0 ¢ apyrum npoduiaeM 3ta popMyiia U3MEHUTCS.
Beenss o6o3nauenue wyuy = Hr/d, , momydaroT dopmyny s onpeaesieHHs
CpeIHETO AMaMeTpa TpareneuJanbHON pe3bObl:

2F

dy, 2 |———— .
} my [Pl (9.42)

3HadyeHus: \yy BBIOMpAOT 0OBIYHO B mpenenax 1,2...2,5; Ooyplive 3HAYCHUS —
JUTSL Pe3b0 MEHBIITNX TUAMETPOB.

JlonmyckaeMoe KOHTAKTHOE JIaBJICHHUE [p] 3aBUCUT OT OOJIBIIOTO YHCia (PaKkTOpOB:
Marepuajga TakKd W BHUHTA, UX MEXaHUYECKUX U (PUBMKO-XMMUYECKUX CBOMCTB,
IIIEPOXOBATOCTH TMOBEPXHOCTEH, BUAA MOBEPXHOCTHOTO MOKPHITHS, THIA CMAa30YHOIO
Marepuala. XapakKTepUCTUKH CMa30YHOTO MaTepualjia CaMbIM CYIIECTBEHHBIM 00pa3oM
BIIUSAIOT HA AKCIUTyaTallMOHHBIC XapaKTEePUCTUKU U HAIC)KHOCTh TIepeiad BUHT-TaiKa.
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K coxanenuto, wH3-3a HEAOCTATKA OSKCIEPUMEHTAIBHBIX JAaHHBIX YYECTh
nepevrcieHHbie (pakTopbl MPU pacueTe Nnepead BUHT-raiika B HACTOSIIEe BpeMs HE
MIPEACTABISAECTCS BO3MOXKHBIM. Jlomyckaemoe HaBiieHHE [p] YCIOBHO ONPEAEIISIIOT
TOJIBKO B 3aBUCHUMOCTH OT TEPMOOOPAOOTKM BUHTA, BBHIIIOJIHIEMOTO OOBIYHO CTAIbHBIM,
U MmaTtepuana raiku. B uactHocTH, miia map: 3akajeHHas crainb-Oponsza 10...15Mlla,
He3akajeHHas ctajb - Oponsa 7...8 MIla, Hezakanennas cranb - yyryH 5 MIla. Ecnu
BUHT HarpyaeTcsi He BO BpeMs BpalleHHs, JaBICHUE MOXKET ObITh 3HAYMTEIbHO
MTOBBIIIEHO.

[Tocne onpenenenust auametpa d, HaAXoAAT OMMXKAKMIIYI0 CTAHIAPTHYIO pe3b0y C
auameTpoM daer>do.

[Ipy MpoOEKTUPOBAHMM MEXAHHU3MOB, B KOTOPBIX OOpaTHMOE ABHKEHHE JTOJKHO
OBbITh HMCKIIIOUEHO, HANpUMeEp, B JIOMKpaTax, MPOBOAST pacyeT, MOITBEPKAAIOUIUN
BBIITOJIHEHUE YCIOBUS CAMOTOPMOKEHUS.

Bonpocsl 1151 caMOnIpoBepKM:
1. ITo xakuM TprU3HaAKaM KiIacCHPUIMPYIOTCs 3y0daThie mepeaadn?
2. IlpuBeauTe mociie0BaTENBHOCTD pacyeTa 3y0yaToi rnepeaayu.
3. Uto Takoe MOJYJIb 3alleTIICHUS ?
4. Kakue cuibl BOZHUKAIOT B YEPBSIYHOM mepeaayde?
5.Kakne Marepuanbl WCMONB3YIOTCS MPH HM3TOTOBICHUHM BEHIA YEPBSIYHOTO Koyieca U
noyemy?
6. UTo onpeenstoT MpHu pacyeTe Ha TATOBYIO CIIOCOOHOCTh PEMEHHBIX Mepeaay?
7. HazoBUTE OCHOBHBIE IPUYMHBI BBIXO/1a U3 CTPOS LIEMTHOW Mepenadn?
8. UTo ompenensoT Mpu MPOSKTHOM pacueTe Ha MPOYHOCTh BUHTOBOW Nepeaadn?
9. HazoBurte ycinoBue paboTocrnocoOHOCTH (HPUKLIMOHHON nepeaay.



124

10. BaJibl, 0cH ¥ HX ONOPBI

[Ipy wu3yyeHUHM TEMbl CTOMT OOpaTUTh BHUMAHUE HA TO, UTO BaJbl
MpeAHa3HaueHbl [ Iepefayd BpallaTeIbHbIX MOMEHTOB, OCH - TOJIBKO IS
nojAJiepKaHusl CcUIAUX Ha Hux jaeraneid. Kpurepuem pabGorocrnocoOHOCTH Baja
ABJIIETCS] YCTAJIOCTHAS MPOYHOCTh U HKECTKOCTh. OCHOBHBIMU CHJIOBBIMU (DaKTOpaAMH,
BBI3bIBAIOIIMMH KpY4YeHHE U U3TUO, sBIstoTCA KpyTsamuid T u uzrudaromuii M MomeH-
THI.

Crenyer yd4ecTb, YTO pAacyeT Bajla HAa YCTAJIOCTHYH) INPOYHOCTb CUHMTAECTCS
OCHOBHBIM, a Majasg BEJIMYMHA JOMYCKAEMbIX YHOPYIUX MEPEMENIEHUA WHOIrIa
BBIHYK/IAET OINPEIEATh pa3Mephl Baja HE MO YCJIOBHUSAM MPOYHOCTH, a MO YCIOBHUSM
KECTKOCTH.

[Ipu pacuere MOAMIMITHUKOB HEOOXOAMMO MOMHHTb, YTO JJIA Ka)XJAOro THUIA U
pa3Mepa  MOAIIMIIHUKOB  DKCIIEPUMEHTAIBHO  YCTAHOBIEHBI  KOA((DUIIMEHTHI
paboTOCIOCOOHOCTH U OMpeiesieHa JuHAMUYECKasi Tpy30101beMHOCTh. HyXHO yuecTs,
YTO SKBUBAJECHTHAs AUHAMHYECKas HArpy3ka ONpENEsAeTCS B 3aBUCHMOCTH OT THIIA
MOAIIMITHUKA W ONMOPHBIX PEAKIUH.

Banabl M ocH: KOHCTPYKL M.

Bpamaronuecs: uiam kavaroniyecs JeTald MEXaHH3MOB yCTaHABIMBAIOT HA Balax
WIH OCSX, KOTOpBbIE IICHTPUPYIOT 3TH JETall OTHOCHTEIBHO OCH BpAIECHUS WIH
KauyeHMUs.

Ban mopnepkuBaeT CUIAINIME HA HEM JeTalld U TepeAaeT KPYTSIIUA MOMEHT.
[Ipu pabore Banm UCHBITHIBACT HM3rHO M Kpy4YeHHE, a B OTACIBHBIX CIy4asx -
JOTIOJIHUTENIPHO PACTSHKCHHE U CKaThe (Bajl, HA KOTOPOM CHAMT YEPBIYHOE KOJIECO).

Och TOJNBKO TOJACPKUBACT BUASIINE HA HEH AeTanu. B oTiawune oT Bajga OHO HE
nepenaeT KpyTammii MoMeHT. OCh UCIIBITHIBACT B OCHOBHOM M3THO, HHOTAA — W3THO U
cxarue. Ocu OBIBAIOT BpallaroInecs U HENOIBMKHBIC. Babl - Bceraa Bpalaronmecs.

1. ITo popme reomerpuyueckoit ocu OBIBAIOT:

a) npsimele (paconnsie) (puc.10.1 a, 6);

0) xosnenuatsie (puc.10.1 B);

B) ruOkue (puc.10.1 r).

2. [1o KOHCTpYKIMH MIPSIMBIE BaJIbl U OCH OBIBAIOT:

a) rnagkue (puc.10.1 a);

0) crynenuatsie (puc.10.1 6).

3. Ilo Tumy cedeHHs BaJibl U OCH OBIBAIOT:

a) CIUIOIIHEIE;

0) moJsie.
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Puc.10.1. KoncTpykiuu BajioB: a) riafkuii; 0) CTyNeHUYaThIi; B) KOJIGHUATHIN; T)
TUOKUH.

dopma BaJoB M ocell pa3HOOOpa3Ha U 3aBUCUT OT BBITIOJIHAEMOE UMM (DYHKIIHIA.
Wnorpa, Bajmbl W3rOTABIMBAIOTCA COBMECTHO C APYTMMH JACTAIAMH, HampuMep,
HIECTEPHAMHU, KPUBOLIUIIAMU, SIKCLIEHTPUKAMH.

['uOxue Bajbl U3rOTABIMBAIOTCS MHOTOCIOMHON HaBUBKOW CTaJIbHON MPYXKUHHOM
MPOBOJOKM HAa TOHKUN LIEHTpPAJIbHBIM cTepkeHb. OHU COXPaHSIOT JIOCTATOYHYIO
rMOKOCTh JIMIIb MPU HEOONBIIUX JUaMeTpax, TaK KakK MpU YBEIUYECHHs TuaMerpa
MOMEHT MHEpPLHMH CEYEHHUs, a, CJIEAOBATEIBbHO, M JKECTKOCTh PE3KO BO3pacTaloT,
[ToaTOMy mMpu BceX MOJOKUTEIBHBIX KadeCTBaxX M yAOOCTBE MPUBOJA, TaKHE Balibl HE
MOTYT MepeaBaTh CKOJIbKO-HUOYb 3HAYUTEIBHOM MOIIHOCTH U UMEIOT CPABHUTEIBHO
y3KO€ MIPUMEHEHUE.

B kaudecTBe MarepuanoB il BaJOB MPUMEHSIOTCS CPEIHEYTJIEPOIUCThIE CTaU
tuna  Cr. 40, Crt. 45, Ct. 50, C1. 40X, C1.40XH 1 11p., 006I9HO C TEPMOOOPAOOTKOMA
no cpenneit tBepaoctu. Illeiiku BanoB, paboTaromue Ha TPEeHUE B MOAIIUITHUKAX
CKOJIBXKEHUS, TOJDKHBI UMETh OoJiee TBepayto nmoBepxHoctb (HRC=50-60), yto moxer
OBITH JOCTUTHYTO MpUMEHEHUEM 3aKkanku TBY win neMeHTaluuu u 3aKaiku.

XapakTepHOol OCOOEHHOCTBIO BajiOB SBJISETCS TO, YTO OHM pabOTaIOT MpH
HUKINYecKoM u3rude Hanbosee omacHOro CAMMETPUYHOTO 1IMKIA, KOTOPbI BOZHUKAET
BCJIEZICTBUE TOTO, YTO BaJjl, Bpallasich, IOBOPAYMBAETCS K JEHCTBYIOLUIUM H3TrHOAIOIINM
Harpy3kam TO OJHOW, TO Apyroil crtopoHou. [lpm pa3paboTke KOHCTPYKIMHU Baja
JOJIKHO OBITh OOpalieHo caMoe MPUCTAIbHOE BHUMaHUE Ha BHIOOP MpPaBUIBHOW €To
dbopmbl, 4TOOBI M30€KaTh KOHIEHTPAIIMU HAPSDKEHU B MECTaX MePeXo0B, MPUUUHOM
KOTOPBIX MOT'YT OBITh YCTaOCTHBIE paspyiieHus. C 3To 1enblo cieayeT n3oerarh:

a) pe3KHX MEePEX0/I0B CCUCHMUIA;

0) KaHaBOK M MaJIbIX PaJuyCOB CKPYTJICHUI;

B) HEKPYTJIBIX OTBEPCTHIA;

r) rpyooii 00paboTKN MOBEPXHOCTH.

JIJisi OLIEHKM MPaBWJIBHOTO BBIOOpAa reoMeTpUuYecKord (POpMbI Baja MOJIB3YIOTCS
TUIPaBINYECKON aHanoruei, koropas riaacut: "Eciau KOHTYp AeTanu mpencTaBUTh Kak
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TpyOy, B KOTOPOW JBUKETCS KUIKOCTb, TO TaM, IJi€ MOTOK TypOyJIeHTHBIH, BOSHUKHET
KOHLICHTPALUS HANpPSKEHU '

KoHncTpykius Banos

Ban ycranaBnusaeTcs Ha OIIOPBI.

Onopvl — 3TO YCTPOWCTBA, MOAJNEPNKHUBAIOIIME Bajbl W OCH B 3aJaHHOM
noJioxkeHuH. [langa — 2TO 4acTh Baja WM OCH, OXBaTbiBaeMas ornopoi. OHu JensTcs
Ha:

a) IINIIBL;

0) melKu;

B) TIATHI.

un — aTo nanda, pacnojgoKeHHas Ha KOHIIE BaJia.

Hlefika — 310 Handa, pacnoyiokeHHasi B CpeIHEH YaCTH Bajia WK OCH.

dopmMa MUNOB M IIEEK MOXET ObITh UIWIMHIPUYECKONW, KOHUYECKON H
chepuueckoil.

[Ipu nelicTBUM OCEBBIX HArpYy30K Har(bl HA3bIBAIOTCS MSATAMU.

Puc.10.2. KoHCTpYKTHUBHBIE 3JIEMEHTHI BaJIa.

Jliist ymoocTBa COOPKM M PaBHONPOYHOCTH BajIbl U3TOTABIMBAIOT CTYIICHUYATHIMH,
C KpYTJIbIM TIOTIEPEYHBIM cedeHHEeM. [lepexo ] OT 0JTHOTO TraMeTpa CTYICHH K IPYyroMy
BBITIOJIHSACTCS TI0 paauycy (TraiaTeinb); s oOJjerdeHus MIIUGOBAaHUS BMECTO TalTEIH
JICTAFOT KOJIBIICBYIO MPOTOYKY, OJHAKO CJICAYET YUHUTHIBATh, YTO TAITEIb U MPOTOYKA-
KOHIICHTPATOPhI HANPSDKEHUH, U HAJ0 CTPEMUTHCS K MUHIMH3AIIUHA WX YHCTIA.

K KOHCTpyKIHMM BajlOB MNPEIBSIBISAIOT CICIYIOININE OCHOBHBIC TCXHHUYECKHEC
TpeOOBaHUSI.

1) obecrnieyeHrEe COOCHOCTH TOCAI0YHBIX MECT;

2) OTCYTCTBHE HEKPYIJIOCTH, KOHYCHOCTH M OIPaHKH Yy IWIMHIAPUYCCKUX
Y4aCTKOB;

3) nepHeHANKYIIPHOCTH OTIOPHBIX TOPIIOB;

4) He0OXOIMMOE Ka4eCTBO MMOBEPXHOCTH, XapaKTEPU3yEMOE €€ IIEPOXOBATOCTHIO;
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CoocHOCTh MOCaJOYHBIX MECT oOecreunBaeTcs ykazanuem jomycka no CTCOB
636-76. Jlonycku Ha pa3Mepbl U KJIacChl IEPOXOBATOCTH HA MOCAJOYHBIE IOBEPXHOCTHU
OTIPEIETSAIOTCS. BEIOpAaHHBIM KBAIMTETOM Mocanku. s netanei, TpeOyrommx TOYHOO
MPOEKTUPOBAHUS HA BaTy MPUMEHSIOT IEPEXOIHBIC MTOCATKH, HO 7 1 8 kBanuTtety. [Ipu
TOM TMepefady KpyTALIEro MOMEHTa € Bajlla Ha TOCAKEHHYI0 Ha HEro JeTalb
OCYIIECTBJISIOT C TOMOMIBIO PAa3IUYHBIX COCAMHEHUH (IITH(TOBBIX, NIMOHOYHBIX,
IUTMIEBBIX). B MamoraGapuTHBIX penyKTopax TMpPOW3BOAAT (HUKcalMio JaeTanei
mTU(TOM, CTONOPHBIM BUHTOM, a TaKXKe C MMOMOIIbIO HETIOJBMKHBIX HACAJOK.

Ha paGouem ueprexxe Bajia yKa3bIBaIOT IIEPOXOBATOCTh IMOBEPXHOCTH, BUJ
MOKPBITHSI U TEPMUYECKON 0O0paOOTKH, BEIMYMHBI PAJUAIbHBIX U TOPIEBBIX OMCHHIM
MOCaOYHBIX TIOBEPXHOCTEH, MPH HAIMYUHU 3yObeB MPHUBOIAT 3yOOpe3HYIO0 TaOIUIly B
cootBerctBuM ¢ ['OCTom. Kpome TOro, Ha uepTexe YKa3blBalOT OCHOBHBIE
TEXHUYECKHE TPEOOBAHMUSI.

ITpumep:

1) [ToBepxHOCTB 3y0a azoTupoBaTh Ha TiIyouny 0,05 ... 0,1 MM,

2) tBepaocth azoTupoBaHHoi nmoBepxHocth HRC T 56. octanbubix HB= 310 ...
340.

3) [loBepxHocTH, 0003HaYeHHBIE X, HE a30TUPOBATh.

4) Pabouyto MOBEpXHOCTh 3y0a MpUTEPETh.

5) Heyka3aHHble npejelbHbIE OTKJIOHEHUS pa3MepoB, oTBepcTtuid - mo HI2,
BanoB h12, octanmsHbeIx 1T 14/2.

Pacyersl Ba/10B HA NPOYHOCTH U )KECTKOCTD.

IIpoeKTHBIN pacyer.

IIpy npoexkTHOM pacyere, KOIZa HW3BECTHBI IIepelaBacMble Harpys3Ku,
MUHUMAJIBHBII TMaMeTp BaJla BBIUUCISETCS NpHU €ro padoTe TOJBKO Ha KpydeHUe
(u3ru0 uCKIIOYaeTcs MyTEM MOHMXKEHMS JTONMyCcKaeMbIX HampspkeHuil). [lomyueHHBbIH
pacUeTHBIN AUAMETD:

(10.1)

JOJKEH OBbITh YBEJIMYEH Ha MIYOMHY HINMOHOYHOTO Ia3a U OKPYIJVIEH A0 OJMxKanIiero
CTaHJAPTHOTO 3HAYECHMUS.

rae (Tq)p—pacueTHoe 3HaUEHUE KPYTAIIET0O MOMEHTA,

[Tx] = 20 ... 50 Mna — pgomyckaemMoe HanpsbKeHUE Ha KpydeHue, s
CPEIHEYTJIEPOUCTHIX CTajleil MOHUKEHHOE 33 CUET UCKIIOUEHUS N3rnoa;

YTOUHEHHBIN pacueT BajOB MPOU3BOJAUTCS HAa COBMECTHOE JecTBHE M3rHba U
Kpy4Y€HHUs; HOpMajbHble OT HU3ruba W KacaTelbHble OT KpPYYEHHS HaNpsHKEHUS
cymmupytorcs o6sryHo 1o I (a unoraa no IV) Teopun npoyHocTH.

Oniopbl U3rudaOIMX MOMEHTOB CTPOATCS OTAENbHO B BepTUKanbHOU (Y) H
rOpU30HTaNBHOM (Z) miockocTsX. Bce cumbl pasnmararorcss Ha COCTaBJSIOLIUE,
JEUCTBYIOIINE B ATUX IUIOCKOCTAX. Pe3ynbTHpylomas 3miopa M3rubaroimx MOMEHTOB
MOJIy4aeTcsl BEKTOPHBIM CYMMHUPOBAaHUEM MOMEHTOB, AEHCTBYIONIMX B TIOCKOCTH (Y) U
(Z) (Puc. 3.3).
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Puc. 10.3. Dntopbl n3rubarwmux U KpyTAIuX MOMEHTOB Baja

PaCCMOTpI/IM pacucT Bajia Ha IPUMCPC YCPBIAKA.

PacyeTHBIIT MOMEHT:
_ 2 2
M, =M} +M; (102)

Pacuetnoe HaIIPAXKCHHC!

Lowold (10.3)

I[I/IaMeTp B OITaCHOM CCUYCHUM:

(10.4)

Pasmep d HyXHO yBeNIMYUTh Ha INIYOMHY IIMOHOYHOTO IMa3a, a €CJIM Baj
LUIMIEBOM, TO - Ha IBOWHYIO BBICOTY LIJIUIIOB.

Pacuert Ha cj10:KHOE COITPOTHUBJICHHE.

Tak kak BaJibl pa60Ta}0T Ha LII/IKJ]I/IIICCKI/IIZ H3FH6, TO KpUTCPUCM IMPOYHOCTU JIA
HHUX CIYXHUT MNOpPCACa YyCTaJIOCTHU (BBIHOCJ'II/IBOCTI/I) Marcepuajia Mnmpu CHMMCTPHUYHOM
IHKIIC.

HpI/I pacdeTe Ha CJIOXKHOC COIMPOTHUBJICHUC OLCHUBAIOT KO3(1)(1)I/II_II/IeHT 3aliaca
IMPOYHOCTHU B OIIACHOM CCYCHHU BaJia.
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Omnpenenstor k03hGUITMEHT 3amaca MPOYHOCTH S U CPABHUBAIOT C JOMYCTUMBIM

[s].

VYcnoBue NpOYHOCTH UMEET BU/L:
S >[S], (10.5)
rae [S] — nmomycTuMblil K03(pUIMEHT 3amaca yCTajJOCTHOM MPOYHOCTH, IS
BaJIOB PEIYKTOPOB 0011IeT0 Ha3HaYeHUs npuHumatot [S]=1,5...2,5;

S — k03 UIMEHT 3amaca ycTaIOCTHON MTPOYHOCTH;

S -8

— O T

§=— _t
s 10.6
\s2+s? (10.6)

A€ So, St - KOC—)(l)(I)I/ILII/ICHTBI 3araca IMpOYHOCTH IO KAaCATCIbHBIM W HOPMAJIbHBIM

HaIIPSKCHUAM.
(o2
S, = 7 - : (10.7)
o o, tY_ o
A a WO" m
T
S, = : (10.8)
voT YT
A a lV‘l’ m
rac 6.1, T-1 — OpCACiabl BBIHOCIIMBOCTH MaTCpHUajia IIPU I/IBI‘I/I6C U Kpy4CHUHN C

CUMMETPHUYHBIM [IUKIIOM;
c.1= 0,350+ (70...120) H/MMm?, 1. = 0,580;

ks, ke - addexTrBHBIE KOADPUIIMEHTHI KOHIICHTPALUN HAIPSKEHUH;

€c, €1 - MacIITaOHbIE (PAKTOPHI AJIs1 HANIPSKEHUN M3ruda v KpydeHus;

Yo, Ye - KOI(PPUUIUEHTHI, YUYUTHIBAIOUIUME BIUSHUE CPEIHETO HANPSHKCHHS
[MKJIA HA YCTAIOCTHYIO MPOYHOCTB;

Ga, Ta — AMIUIMTYbI [IUKIOB HOPMAJbHBIX U KacaTEIbHBIX HAIPSKEHUN MPH
U3rude u KpyyeHuwu;

M
o, = (10.9)
a 7Td3 4
e
r =0T (10.10)
©02d° '
Om, Tm — CpPCOHUC 3HAYCHUA HaHpH)KCHI/Iﬁ OUKJIOB HOPMAJBHBIX H

KaCaTCJIIbHBIX HaHpHX(eHHﬁ;
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PacueT Ba/10B Ha :KeCTKOCTb.

B HEKOTOpBIX CiTydassx MPOYHBIM Baj HE yAOBIECTBOPSET TPEOOBAHUAM KECTKOCTHU
- nedopmaruu u3ruda UM KPydeHHs MPEBBINIAIOT JIOMyCTUMbIE HOpMBI. B "yacTHOCTH,
HarpuMmep, OOJIBIION MPOrud BaJIOB MOXKET MPUBOJUTH K MEPEKOCY 3yOhEB IIECTEPEH B
3alCIUICHUH U, CJIEI0BATEIbHO, TOBBIIIEHHOMY WX U3HOCY.

KecTkocTh Bana Mpu KPydeHUM OLICHUBAIOT YIJIOM 3aKPYUYMBAHUS HA €IUHUILY
JUTUHEBI Baja

o= <[p]
G/, (10.11)

rae G — MozyJb yIpyrocTd Matepuaina npu casure (s cram G = 8-10% MITa)
1p - OJISIPHBII MOMEHT UHEPLIUH CEUEHUS Baja

1=0.1d*

[@]— momyckaeMblit yron 3akpyunBanus [@]= 5...22% 10 pag/mm.

IHoamunHUKY KaYueHusl, BLIOOP M pacyeT HA MPOYHOCTb.

[ToAIIMIHUKY Kau€HHUS - 3TO OMOPBI BPAIIAOIINXCS WA KAYaIOIUXCs IETANIEH, B
KOTOpPBIX JJIEMEHTAaMU KayeHUsl CilyXaT IIapuku uiau ponuku 2 (puc.10.4),
YCTAHOBJIEHHBIE MEXY HApYKHbIM | M BHYTpEHHUM 5 KOJIBLIAMU U YIAEPKUBAEMbI€ Ha
OMpeNIeIEHHOM PAacCTOSTHUU APYT OT Jpyra oOoimoil 3, Ha3pIBaeMoii cernapaTtopoM. B
npolecce paboThl OJHO W3 KOJIEL MOJAIIMIHUKA KaK MPaBWIO HEMOJABMXKHO, a Tela
KaueHHUsl KaTATCA MO jKeslobam Kojel - JOpoXxkaMm KaueHus 4. B HEKOTOphIX THIax
MOJAIIUITHAKOB OJHO WM 00a KoJiblla MOTYT OTCYTCTBOBATb [JIi YMEHBIICHUS
IUaMETPAJIbHBIX pa3MepoB (B HHUX Tella KAaYeHHs OMUPAIOTCS HEMOCPEACTBEHHO Ha
MOBEPXHOCTh Bajlla WM Kopryca). Pal NOAIIMIHUKOB Kauy€HUs BBIMYCKAETCA C
YVIUIOTHEHUSIMH. B HEKOTOpBIX TNOAIIMIHUKAX KAay€HUs MOKET OTCYTCTBOBATH
cenapatop. IlocamoyHble NOBEPXHOCTH BHYTPEHHETO M HAPYKHOIO KOJIbIA Kak
MpaBWIO THAJKUE MUINHAPUYECKHUE, HO UMEIOTCS Pa3HOBHUIHOCTHU KOJIEll ¢ OypTUKaMH,
C KaHaBKaMH, C IMJIUHAPUYECKUMU WU C(HEPUIECKUMU BbIEMKaMU, C OTBEPCTUSIMU IS
MOABOAA CMa3KH, C KOHHYECKOM pPACTOYKOW, C DKCIEHTPUCUTETOM IOCATOYHOU
MOBEPXHOCTH U TIOBEPXHOCTH OETroBOM JOPOXKKH, C BHYTPEHHHUM KOJIBIIOM Ha
Pa3)KUMHOU BTYJIKE U T. II.



Puc. 10.4. lllapukoBbIil paguanbHbIA OJTHOPSIAHBIN MOAIITUITHUK

Tunsl U1 KOHCTPYKTUBHBIE OCOOEHHOCTH TMOIIIMITHUKOB Kau€HUsS TPUBEACHBI B

I'OCT 3395-89, a Takke B HOpMAJISIX HOAIIMITHUKOBBIX 3aBOJIOB.
JIoCTOMHCTBA MOAIIUITHUKOB KaUeHUS:

- CPaBHUTEJILHO HEOOIbIIAsi CTOUMOCTD BCIIEJCTBUE MACCOBOTO MPOM3BOJICTBA;

- MaJible TOTEpPH Ha TPEHUE U HE3HAYUTENbHBIM HarpeB B mpolecce padboThl;

- MaJlble OCEBBIE Pa3Mephl;

- MPOCTOTa MOHTAXA;

- BBICOKAs CTENEHb B3aMMO3aMEHIEMOCTH.

Henoctatku moammnmHUKOB:

- OoubllIve pajralibHbIE Pa3MeEphI;

- BBICOKasl YyBCTBUTEIBHOCTH K y/IapHBIM M BUOPALIMOHHBIM Harpy3Kam;

- IIyM, YMEHbIIIEHUE JOJITOBEUYHOCTH MPH MOBBIIIEHUH YACTOTHI BpaAIICHUS.

[loAmMNMHUKK ~ KadeHUs  KIAaCCU(UUUPYIOT 1O  CIAEAYIOIIUM  OCHOBHBIM
MpU3HAKAM.

[lo popme Ten xayeHUs: MIAPUKOBBIE U POJUKOBBIE, MPUUYEM MOCIEAHUE MOTYT
OBITh WIMHIPUYECKUMH, KOHUYECKUMHU, UTOJIbYATHIMU, O0YKOOOPa3HBIMU U BUTHIMH.

[lo HampaBiIeHUIO BOCIPUHUMAEMOW HArpy3KH: pajvalibHble, pPaaWIbHO-
YIOpHBIE, YIIOPHO-PaIUaIbHbIE U YIOPHBIE.

[lo uMcny psaoB Ten KauyeHWs: OJHOPSAHBIC, JBYXPSIHBIC, TPEXPSAIHEIE,
YeTBhIPEXPSATHBIE U MHOTOPSITHBIE.

[Io cmocoOHOCTM CcaMOyCTaHaBIMBATHCS: HECAMOYCTAHABIMBAIOLIUECS U
camoycTaHaBlMBaromuecs (chepuieckue, TOMYyCKAIOUUe Yroa NepeKkoca BHYTPEHHETO
1 Hapy>XHOro Koserl jo 2-30).

[lo raGapuTHbIM pazMepaM: Ha cepuH (ISl KaXkA0ro MOAIIUITHUKA MPU OJHOM U
TOM K€ BHYTPEHHEM JIMaMETpE MMEIOTCS Pa3IMuHble CEpPUM, OTIIMYAIOIIHUECs Hecyuen
CIIOCOOHOCTHIO TOJIIIMITHUKA, T. €. pa3MepaMu KOoJIell U Ted KadeHus). B 3aBucumoctu
OT pa3Mepa Hapy>KHOTO AUaMeTpa MOJUIMITHUKA U HIMPUHBI, CEPUH TOIPA3JIEAI0TCA Ha
ceepxiérkue (puc. 10.5, mos.1), nérkue (puc. 10.5, mo3.2), cpeanue (puc. 10.5, m03.3),
Tsokénbie (puc. 10.5, mos.4), nerkue mupokue (puc. 10.5, mo3.5) U cpeaHue MUPOKHUE
(puc. 10.5, mo3.6).
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Puc. 10.5. OTHOCHTENBHBIE pAa3MEPBI CEPUN MOIIINUITHUKOB

1. IMapukoBbI paaHaIbHBIA - CaMblil MacCOBBIM, pacIpOCTPAaHEHHBIA U
JeueBblid THI. BocnpuHuMaeT paauanbHble U HEOOMbIINE oceBble Harpy3ku (1o 70%
OT HEUCIIOJIB30BaHHOM paauanbHoi). [IpuMenaTs cneayer Be3ne, e 3TO BO3MOXKHO.

2. IlapukoBbiéi chepuueckuil - camMoyCTaHABIMBAIONIUICA TUll. BocrpuHumaet
paavalibHble UM HE3HAYuTeIbHbIE OceBble Harpy3ku (10 20% OT HEUcnoIb30BaHHOU
paauanbHoi). IlpuMensieTcst Tam, Tlile OCH OMOpP CMEXHbI WM NMPU THOKUX JITMHHBIX
Bajiax, UMEIOMIMX OOJIBIION MPOTuo.

3. IlapukoBbli  paavalbHO-YIOPHBIM. BocnpuHuMaeT paauanbHble U
3HAUUTENbHBIE OCEBble Harpy3ku. Hmeer riyOOKHe KaHaBKH; pa3beMHBIA -
yCTaHaBIUBaeTcsa MomnapHo. [Ipumensercs Tam, rae oceBble Harpy3Ku CpPaBHUTEIBHO
BEJIMKU.

I T |
S - - N\
. | - | )

1 2 3 4 5

W Ra%‘k

@)}

7 8 9

Puc. 10.6. Tumsl MOANIMITHUKOB KAYECHUS.
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4. PoMWKOBBIA LMUIMHIPUYECKUN - BOCHPUHUMAET TOJIKO pajauajibHbIe, HO,
Oyilarosiapsi TIMHEHHOMY KOHTAKTY, OOJIbIINME IO BeIMUMHE HArpy3ku. [Ipumensiercs tam,
/i€ HET OCEBBIX Harpy30K.

5. PonukoBbIil cepuyueckuii - BOCOPUHUMAET OYEHb OOJIbUINE paJHalIbHbIE U
JOBOJILHO Oouibllie oceBble Harpy3ku. CamoycTaHaBiauBaromuiics tu. llpumensercs
TaM ke, rae TaIM (2), Ho pu OOJIBIITUX HArpy3Kax.

6. PonmukoBbI KOHMYECKHUI - BOCIIPUHUMAET OOJIbIIME pagualibHble U OOJbIINE
OCEBbI€ HArpy3KH, YHUBEpPCAJIbHbIN, pa3beMHBIN TUI MOAMIMIHUKA. Pexomenayercs, B
YaCTHOCTH, JUIsl KOHMYECKUX 3yOuaThIX Mepefad. YCTaHAaBIMBAETCS MOMApPHO, IMpU
M3HOCE pEryjlMpyeTrcss OCeBOW 3a30p, Uil 4ero 1moja  (uaHmamMu — KpbIIIEK
MpeaycMaTpUBaeTCsi Ha0Op pPEryJIMpOBOYHBIX MPOKIAIOK WA YCTaHaBIMBAIOTCS
PETyIHPOBOYHbBIE TaANKH.

7. PonuxoBeiii ¢ BUTbIMU ponukamu (Tun XAST) - BocnpUHHMAET TOJNBKO
paaualibHbIE Harpy3KH, XOPOILIO COMPOTUBIISIETCS yAapy Onarogapsi ynpyruM poiauKam,
U3TOTOBJICHHBIM M3 IUIOTHO HAaBUTOM MPOBOJOKUA NPSIMOYTOJbHOTO ceueHus. He
o0JazaeT BbICOKOW TOYHOCTBIO, TO3TOMY MPUMEHSETCA JJI1 TUXOXOJHBIX BaJIOB rPpy0oil
LEHTPOBKHU.

8. WrosnbyaToil - BOCHPUHHMAET TOJILKO pajHvalibHble Harpy3ku. Orianuyaercs
OYEHb MAJILIMU paJualbHBIMU TabapuTamMu, MOXKeT paboTaTh 6€3 0JHON 000HWMBI WU
BoOOIIE 0e3 000iiM, HE UMEET cenaparopa, UTOJKU YKIAJIbIBAIOTCA BIUIOTHYIO OJIHA K
apyroit. [IpenenbHoe 4ncio 060pOTOB MEHBIIIE, YEM Y IPYTUX MOJIIUITHUKOB.

9. IllapuKoBBII yNOpPHBIA - BOCIHPUHHUMAET TOJBKO OCEBBIE HArpy3KH.
YcranaBiMBaeTcs B mape ¢ APYrUM IMOAIIUIIHUKOM, BOCIPUHUMAIOIIUM PaadAIbHYIO
HarpysKy.

OO6oitMbl  (KOJbIIa) TOAIIMITHUKOB M TeJla KAueHHS W3rOTaBIUBAIOTCA U3
BBICOKOXPOMMCTOM M BbICOKOYyIIIepoaucTor cranu tuna HIX-15 ¢ 3akankoil 10 BecbMa
Bbicokor TBepaoct HRC = 50-66. Crtanp 3TOro Tuma mociie 3akajiku IpuodperaeT
OUYCHb BHICOKHE MEXaHMUECKHUE CBOMCTBA, HE CTAHOBSICH MIPU ITOM XPYIKOH.

VYcTaHOBIICHBI CIIEIYIONINE KIACChl TOYHOCTH TMOIIMITHUKOB, YKa3aHHbIE B
MOPSIAKE MOBBIIIEHUSI TOUHOCTH

0, 6,5, 4, 2, T - nyia MapUKOBBIX U POJUKOBBIX pPaTUAIBHBIX U IIAPUKOBBIX
paauagbHO-YIIOPHBIX MOIIITUITHUKOB;

0,6, 5,4, 2 - 115 yIOPHBIX U YIIOPHO-PAIUATIbHBIX TIOAIIUITHUKOB;

0, 6X, 6, 5,4, 2 -11 pOTUKOBBIX KOHUYECKHUX MOJIIIUITHUKOB.

VYcTaHOBIICHBI JTOMOJHUTENBHBIE KJIACCHl TOYHOCTH MOAIIMITHUKOB - 8 U 7 HUXKE
Kiacca ToyHocTH 0 JJIsi MPUMEHEHHUs IO 3aKa3y IMOTpeOuTeNeil B HEOTBETCTBEHHBIX
y3Jax.

Kiaccel TOYHOCTH MOJIIMITHUKOB XapaKTEPU3YIOTCA 3HAYCHUSMH MPEACIIbHBIX
OTKJIOHEHUN pa3MepoB, (HOPMBI U PACIIOJIOXKECHHS TOBEPXHOCTEH MOIIIMITHUKOB. B
o0IlIeM MAaIIMHOCTPOEHUU OOBIYHO MPUMEHSIOT Kjacchl TouHoctu 0, 6, u 5. Cnenyer
UMETh BBUJY, UTO CTOUMOCTH OJHOTO W TOT'O >K€ MOIIIMIHUKA Kjiacca TouyHOCTH O u
KJIacca TOYHOCTHU 2 oTinuyaercs B 10 pas.

B 3aBucuMoctu oT Hanmuuus TpeOOBaHUN MO YPOBHIO BHOpAIMU YCTaHOBJICHBI
TP KaTerOpuu MOAMMUIHUKOB - A, B, C.
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K kareropuun A OTHOCSTCS NOAIIMITHUKY KJIACCOB TOUHOCTH 5, 4, 2, T ¢ ogHUM U3
JOTIOJIHUTENIBHBIX ~TpeOOBaHWN 1O TOBBIIIIEHHBIM HOpPMaM YpPOBHA BHOpainuw,
BOJIHUCTOCTH U OTKJIOHEHUIO OT KPYIJIOCTH MOBEPXHOCTEW KAUYE€HUsI, MOMEHTY TPEHMUS,
yIay KOHTaKTa, paJHaIbHOMY OWEHHIO, OCEBOMY OHEHHUI0 U HMX COBMECTHOMY
3HAYCHHUIO.

K kxareropuu B oTHOCSTCS MOAMIMIHUKYN Ki1accoB TouHOCTH 0, 6X, 6, 5 ¢ ogHUM
13 JIOTIOJTHUTEIBHBIX TPEOOBaHMM, aHATOTUYHBIX KaTeropuu A.

K kareropumn C 0THOCATCS MOJIIUITHUKYN KJIACCOB TOUYHOCTH 7, 8, 0, 6, K KOTOpBIM
HE TPEIBSBIAIOTCS TPEOOBAaHUS IO YPOBHIO BHOpalMKM, MOMEHTY TPEHHUSI U JApPYTHE
TpeboBaHus 1Mo kaTeropusm A u B.

O0o3Ha4eHus

JIBe KkpaiiHue uHU@pPbH HOMEpa CIpaBa, YMHOXEHHBIE Ha TISTh, BBIPAKAIOT
auameTp Ieiku Basa d B MM; TpeThbs Ludpa crpaBa BbIpaXKaeT HOMEpP CEpUH;
yeTBepTas Ludpa crpasa BbIpakaeT TUM MOAIIMITHUKA, TaK: OTCYTCTBUE LUDPHI (HYIb)
- IIAPUKOBBIN paguanbHBIA, €AUHUIA - MIAPUKOBBIN CEepUUEcKHil, 1Ba - POIUKOBBIN
LWIAHAPUYECKUH, ... CEMb - POJIMKOBBI KOHUYECKUN.

[Istass u npyrue 1udpsl cupaBa, €Cld OHU €CTh, 03HAYAIOT KOHCTPYKTHUBHBIC
O0COOEHHOCTH JJAHHOTO THIIA.

X XX X X XX
5 4 3 2 1

| - nnameTp oTBEpCTUS, 1BA 3HAKA;

2 - cepust IMaMETPOB, OJIUH 3HAK;

3 - TUI NOIIUIIHUKA, OJIUH 3HAK;

4 - KOHCTPYKTUBHOE HCIOJHEHHE, 1BA 3HAKA;

5 - pa3mepHas cepus (Cepusi IIMPUH WU BBICOT), OJUH 3HAK.

3HaKu yCIOBHOTO 0003HAYEHUS:
Crnesa:

KaTeropus MOAIIUITHUKA;

MOMEHT TPEHUS;

rpynmna paguansHoro 3azopa no I'OCT 24810;
KJIACC TOYHOCTH.

Cnpaga:

MaTeprall JAeTalle;
KOHCTPYKTHUBHBIE U3MEHEHUS;
TeMIiepaTypa OTIyCKa;
CMa30YHbIA MaTepHa;
TpeOOBaHUS K YPOBHIO BUOpaIuu.
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IToxGop u pacyer HA NPOYHOCTH MOAIIMITHUKOB KAY€eHUSA

R
P2 P2
i
N
P1 P1
Po
Puc. 10.7. Pacnpenenenue Harpy3ku Ha Teje KaueHUs MOJALIMITHUKA (3a1a4a
Tpubexa)

JIna  onpeneneHuss KOHTAaKTHBIX HANpPsDKEHUW B NOALIMIIHUKE KAadyeHUS
HE0OXOIMMO 3HATh 3aKOH pACTpeeICHHs HAarpy3KH MEX]ly TeJlaMU KaueHHUs.
3agava pacupenesIieHUsl Harpy3KH Ha Tejla KaueHUsl CTATUYECKH HEONpeIeInMas
U peniaeTcsi Ha OCHOBE COBMECTHOCTH AedopManiuu cuctemsl. [IycTh 3a30pbl, HATATH U
CUJIbI TPEHUsI OTCYTCTBYIOT, TOI/JA U3 YCJIOBUS PAaBHOBECUS CIIEAYET BBIPAXCHUE IS
paauaIbHON CHUJIBL:
R =P, +2P +2P, +...+ 2P, = P, + 2P, cosy + 2P, cos(2y) +...+ 2P, cos(ny) (10.12)

rne Py — cuna, NelcTByomas Ha HanOoJiee Harpy>KEHHOE TEJIO KauCHHS;

Y — YIOJl MEXIYy COCETHUMHM TeJlaMU KadueHwusl, Y=21/7Z.

YuuteiBasi, 4TO COJMIKCHHE KOJIbIAa M Tejla KauyeHUs T0J ACHCTBHEM Harpy3ku P
onpezensiercd, kak d=cP?? a U3 reoMeTpuUeCKUX COOTHOIIEHUI ciexyeT &= Socos(iy),
IJIe { — HOMEP Tejla KauCHUS, TIOTydrM:

R= P{l+2§cos5/2(ig/)}
‘ , (10.13)

I'A€ N — IIOJJOBHHA TCJI KAUCHHS B Hal“py}KeHHOﬁ 30HC.

Brens ko dunuent
Z

1+2) cos™?(iy)
1

k:

: (10.14)
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MOJTYYHM:
By =kR1Z (10.15)

JUJist IapuKo- ¥ POJIMKOMOAIIMITHUKOB PUHUMAIOT K=5.

W3 BolenpuBeAEHHBIX COOOPAKEHUI MOYXKHO C/I€JIaTh BBIBOJIBI:

1. Harpy3ky BOCHPHUHMUMAIOT TOJBKO HWKHUE TeJla KA4YE€HHsS, a BEPXHUE H
OOKOBBIE - HE BOCTIPUHUMAIOT.

2. HaubGonpiias Harpy3ka MNPUXOJUTCS HAa LEHTPAJIbHBIM IIApUK WU POJIHUK;
pellIeHUE 3aJ]a4uM [TOKA3bIBAET, YTO OH HECET HArpy3Kky B 4 - 6 pa3 OOJbIlIyIO CpeIHEH,
KoTopass uMena Obl MecTO, ecidi Obl BCE€ Tella KauyeHUs BOCIPUHUMAIHM HArpy3Ky
MIOPOBHY.

Pacuer no craTuyeckoi rpy3o0noabeMHOCTH

Pacuer BBITIONIHSIETCS TOJNBKO JJISI TOJIIUITHUKOB, JIEJAIOIIMX MEHbIIE OIHOTO
o0opoTa WM MpU KadaTeJIbHOM ABMIXKCHHH, HAIpPUMEp, MOJAIIUITHUKOB MMOBOPOTHBIX
KpPaHOB, TPY30T0Ib€MHBIX KPIOKOB U TIP.

bazoBas crarndeckas Trpy30MOJAbEMHOCTh TOJIIUITHUKOB — 3TO  Takas
cTaTH4YecKasi Harpy3ka, KOTopasi BbI3bIBA€T OOIIYI0 OCTATOUHYIO JehopMaliio Koiabla u
Tela KayeHus B HauOoyiee HarpyXeHHOW 30He, npubiausutenbHo paBHyro 0,0001
auameTpa Teja KauyeHusl.

Pac4yer Ha 10JITOBEYHOCTD.

SIBnsieTcst OCHOBHBIM PacueTOM.

[Ipu ycrmoBum cMasbiBaHUsI 0€3 3arps3HEHHN OCHOBHOW MPUYMHOM BBIXOAA W3
CTpPOSI TOJIIUIIHUKOB KAUYCHHUS SBISCTCS YCTAJIOCTHOE BBIKpAIIMBAaHUE paboumXx
MOBEPXHOCTEN KOJEIl U TeJl KadeHHUs. DTO CBSA3aHO C IUKIMYECKUM H3MEHEHUEM
KOHTaKTHBIX HANPSOKCHUH MPpU BpalleHUH KOJIEI MOAIIUITHIKA U OTPAaHUYUBACT PECYPC
TTOIIIMITHHKOB.

Pecypc moammmnHuka KauyeHus - 3TO YUCIO 000pPOTOB, KOTOPOE CAEIAECT OJHO U3
KOJIEI[ OTHOCUTEIBHO JIPYroro /0 IMOSBJICHUS MPU3HAKOB YCTAJIOCTH MaTepuasa KoJell
WJIU TN KaueHus. Pecypchl MOANIMITHUKOB, BEIPAXKEHHBIE B MUJUTMOHAX 000POTOB L WK
B yacax L, (Ipu TOCTOSIHHOM 4YacTOTE BpAIllCHHs), CBS3aHBI MEXIy COOOW COOT-
HOIIICHUEM

Ly=10°L/(60n), (10.16)

IJI€ /1 - 9aCTOTA BPAIeHHs KOJIbIA HOMIIUITHUKA, MUH |,

VYpaBHeHHE KPUBOW YCTATIOCTH MOAMIMITHUKA MOYKHO MPEICTAaBUTh B BUJIC:

Lio =(C/P)¥, (10.17)
rne Lip - 0a3oBbIi pacueTHbi pecypc B MWUIMOHAaX OOOpPOTOB,
cooTBeTCcTBYIOMMK 90 % HageKHOCTH;

C - 6a3oBas AMHAMUYECKasi TPY30MOBEMHOCTD MMOIITUITHUKA;

P - okBuUBajeHTHas AWHAMHUYECKas Harpy3ka, KOTopas 3aBHCUT OT 3HA4YCHUU
paauaibHONM M OCEBOM HArpy3oK, YCJIOBUW pabOThl, a TakKe OT KOHCTPYKIUH
noammumnHuka. Maaexc 10 o6o3HavaeT BeposTHOCTH oTKaza 100-90 = 10%;
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k — mokazarenp creneHu. J{Jis MapuKko- U POJMKOMOAMIUITHUKOB COOTBETCTBEHHO
k=3uk=10/3.

®opmynsl cpaBeasiuBbl ToJbKO npu P < 0,5C, P < Cp u 4acToTe BpallleHUs
KOJIELl , HE MPEBBIIAOIIEH MPEAEIBHO JOMYCTUMYIO Ul JaHHOrO noamunyuka. [Ipu 1
<n <10 mun’! ycnosHo cuuraror n = 10 mun.

Pacuer Ha 1OATOBEYHOCTH MPOBOMASAT MO JUHAMUYECKOU I'PYy30MOABEMHOCTH. ITO
Harpy3ka, KOTOPYIO MOJIIMIHUK MOXET TEOPETUYECKH BOCIPUHUMATh B TEUCHUE
OJIHOTO MMJUIMOHAa O0OpOTOB (pajauaibHas Harpys3ka I pagualbHbIX U pajHalibHO-
YIOPHBIX MOJIIMITHUKOB; OCEBasi MJsi YINOPHBIX W YINOPHO-PAJUAIbHBIX). 3HAUCHUE
0a30BOM TUHAMUYECKON Tpy30moabeMHOCTH C yKa3bIBalOT B KaTajorax Jisl KakJ0ro
CTAHJAPTHOIO NOAIIMIIHUKA. B JAEHCTBUTEIBHOCTH TaKyK Harpy3Ky MNOAMIMIIHUK
BOCIIPUHUMATh HE MOXKET, TaK KaK HE BbINONHAETCA ycnoBue P < 0,5C. DKBUBaN€eHTHAs
IUHaAMUYecKas Harpyska P - 3To Takas YCJIOBHas Harpy3ka (paguaibHas s
palHAIBHBIX U PAJUAIBHO-YIIOPHBIX MOAIIMIIHUKOB; OCEBAsl JJIs YIIOPHBIX U YIOPHO-
pagualIbHbIX), IPU KOTOPOW OOECreYnBalOTCs TaKOM e Pecypc M HaleKHOCTh, KaK U
IIpY ICHUCTBUTENBHBIX YCIOBUAX HarpyxeHus. s paIualbHbIX U paIHAIbHO-YIIOPHBIX
MOAIIMITHUKOB DKBUBAJICHTHAS JUHAMUYECKAsl paJuajibHas Harpys3ka

P=P,=(XVF:+YF,)KsKr. (10.18)
I[JISI YIHOPHBIX IMOAIIUITHUKOB
P=Pa=Fa KEKT. (1 0.1 9)
I[JIH YHOPHO-paAUAIbHBIX TOAIIHUIITHUKOB
P=P,=(XVF+YF,)KsKr. (10.20)

B stux dopmynax F, u F, - COOTBETCTBEHHO pajuaibHasi U oceBasi Harpy3ku; X u
Y - k03 dumenHTsl paauanbHON U OCEBOM AMHAMHUYECKOW HArpy3ku; V - koadppuuueHt
BpamieHusi; Ky - kKo3pdUIMEHT IuHaMU4YHOCTH Harpy3ku; Kr - TemmeparypHbIi
K03 pULIHEHT.

Kosddumment Bpamenus V' yduTbIBaeT BIMSHUE HWHTEHCUBHOCTH M 4HCIA
MMOBTOPHBIX LHKJIOB KOHTAaKTHBIX HAaNpPSKEHWH BHYTPEHHETO KOJbLA HAa pECypce
MOAIINIHUKA. Eciii BHYTpEHHEE KOJBLO MOAMIMIHUKA HEMOJIBUKHO MO OTHOIIEHUIO K
BEKTOPY Harpy3k, To npuHuMaroT V = 1,2. Bo Bcex OCTalbHBIX ciaydasax V=I.
HckiroueHne cocTaBisioT cpepruueckre NOAUIUITHUKY, IS KOTOPBIX B JIIOOOM Ciy4yae
V=1. Hamnpumep, mjid NOAIINMIHUKOB, YCTAHOBIEHHBIX B CATEJUINT IUIAHETAPHOU
nepeaaydn, reHepaTop BOJIHOBOM Iepefadd, KaHATHBIM OJIOK WJIM B IIKUB PEMEHHOU
nepenadn, Bpalulaouics Ha pa3rpy304Hoil BTyske, V=1,2.

Kosdhdumuent Kp  yuuTbiBaeT  JIUHAMUYHOCTH  HArpy3kk HW  paBeH
OpUOMM3UTENIbHO  OTHOIICHMIO  3HAYEHUM  KPaTKOBPEMEHHOM  Meperpy3ku K
HOMUHAJIbHOW PAaCYETHOM Harpyske.

Temneparypusiii kodppuuueHT K7 YUUTHIBAET BIMSHHE TEMIEPATypbl CBBIIIE
100 °C. ITpu Temnepatype 100 - 250°C ans cranu IIX15 Kt = 1,05+1,4.

Bonpocsl 1151 caMONIpoOBepKM:

1.OcHOBHOE OTJIMYME BAJIOB OT OCEM?

2.IlpuBenure KiaccupuKaIyio BajJoB 1Mo (opMe reoMeTpUIECKON OCH.
3.Ha30BUTE OCHOBHBIE KOHIIEHTPATOPHI HATIPSY)KEHUHN Ha Baiy.
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4.Kakue Hanps>KeHUs UCIIBITBHIBACT Ball YEPBSIYHOM nepeaun?

5.UTto0 siBsIeTCS OCHOBHBIM KpUTEpHEM PabOTOCIIOCOOHOCTH Baja?
6.HazoBute npenmyiiecTBa, HEJOCTATKU U MPUBEIUTE KIIaCCU(PUKAITUIO
MOAIIMITHUKOB KauCHHS.

7.Kak nmonOuparoTcsi MOAMMITHUKA KaueHUsI?

8.UTo Takoe AMHAMHUYECKasi rPy30MOAbEMHOCTh?

9.YT0 Takoe ctaTuyeckasi rpy30MobEMHOCTD?
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11. CoequHenus gerajieii MalIuH

[Ipy wW3yYyeHWHM MAaHHOW TEMBbI HAJIO YSACHUTh, YTO OCHOBHBIM KpHUTEpHUEM
paboTOCTIOCOOHOCTH U pacyeTa COSTUHEHUN CUMTACTCS MPOYHOCTb.

Oco0oe BHUMaHHE TIPH pacyeTe pe3bOOBBIX COCAMHCHHUH ClIEIyeT OOpaTUTh Ha
HaJIMYHUe TPEIABAPUTEIBLHON 3aTSHKKHM 00JTa, CIIOCO0 €ro YCTAaHOBKH — C 3a30pOM MU
0es3.

Oco0oe BHMMaHHE NPU pacuyeTax CBAPHOTO COCAUHEHHUS CJCAyeT oOpaTUTh Ha
BHUJI CBapKH, MaTepHall 3JCKTPOJIa U BUJ CBAPHOTO IIIBA.

JIJIsi 3aKperuieHus JaHHOW TeMbl HEOOXOAMMO PEIIWTh 3aJa4dl [0 pacyeTy
TPyl 0OJITOB U pacdeTy CBAPHOTO COSIUHEHUS.

[Ton TEpMUHOM «COCIMHECHHE» B MAIIMHOCTPOCHHHM ITOHUMAIOT HEIOJABUKHBIC
CBS3M JCTAJICl, COCTAaBJIAIONIMX MAaIlMHY. Pa3audaroT pa3beMHBIE M HEPa3beMHBIC
COEIMHEHMS.

Pa3zbemHBIC CcOeOWHEHUS  JOMYCKAlOT WX pa3dopky ©Oe3  paspyuieHus
COCIMHSAIOIINX WIH COSAUHSAEMBIX 3JIeMEHTOB. K HUM OTHOCATCS pe3bOOBEIE,
MTH(PTOBBIC, KJIMHOBBIC, KIEMMOBBIC, IIIOHOYHBIC, MIIUICBBIC W MPO(IIbHBIC
COEIMHEHMS.

HepasbeMHBbIC COSAMHEHUS MOXKHO pa3o0paTh TOJBKO IOCIE YaCTUYHOTO WIIN
MIOJTHOTO pa3pylieHus AceTanei. K 3Toi rpyme COeTMHEHH OTHOCSTCS: 3aKIICIIOYHbIC,
CBapHbIC, IPECCOBBIC (C HATATOM), TAsHBIC M KJICCBbIC COeAUHEHUSA. lIpuMeHEHHE
HEpPa3bEeMHBIX COCAMHCHUN OOYCIIOBJIEHO, B OCHOBHOM, TEXHOJIOTHYCCKUMHU U
DKOHOMHYECKUMHU TpeOoBaHUSAMHU. lIpeccoBble COEAMHEHUS OTHECEHBI K TPYIIe
HEPa3bEMHBIX YCIOBHO, TaK KaK OHM IO3BOJISIOT MPOU3BOJHUTH IMOBTOPHYIO COOPKY U
pa30oOpKy, OJHAKO ¢ TPUMCHECHHUEM 3HAYUTEIBHBIX YCWIMA W  YaCTUYHBIM
MTOBPEIKICHUEM COTPSTACMBIX IIOBEPXHOCTEH JIeTaICH.

OCHOBHBIM KpHUTEpHEM pabOTOCITIOCOOHOCTH W pacueTra COCAMHCHHUH SBISCTCS
CTaTHYeCKas M yCTAJOCTHAs MPOYHOCTh. [IpyM 3TOM HEOOXOIUMO CTPEMHUTHCS K TOMY,
YTOOBI COSMHEHUE OBLJIO PAaBHOIIPOYHBIM C COSTUHSICMBIMU DJICMCHTAMH.

3akjienovyHble COeTMHEHUSI: KOHCTPYKIIHS U pacyeThl COeNHEHNH Ha
NMPOYHOCTH

3axnenounoe  coedumeHue - ITO HEpa3beMHOE COCIUHCHHE JeTalei,
OCYIIIECTBIISIEMOE 3aKjenKaMd. B COBpeMEHHOM MAIIMHOCTPOCHUU 3aKJICTIOYHBIC
COCIMHCHUS BBITECHSAIOTCS CBapKOd Kak OoJiee MPOCTBIM U JICIICBBIM BHJIOM
HepazbeMHOTO coeauHeHus. OO0JacTh NPAKTHYECKOrO0 TPUMEHCHHS 3aKJICTIOYHBIX
COCIMHCHUI OTPAaHMYMBACTCSI COCTMHCHHUSIMU JIeTalICH U3 HECBAPHUBAEMbIX MaTEpHAJIOB,
COCTMHCHHUSMH, B KOTOPBIX HEJOIMYCTHM HArpeB JeTajcil BCICICTBUE MX KOPOOJICHUS
WM W3MEHEHUs (PU3UKO-MEXaHUYECKUX CBOWCTB, COCAMHCHHUSAMH, BOCTIPUHUMAFOIIIMMHU
OoJbIIME YOapHBIC W BHOpAIMOHHBIC HATrpYy3KH (HApUMEpP, B CaMOJICTOCTPOCHHUH), a
TakKe O0CO000 OTBETCTBECHHBIMH COCIWHCHHSAMH, Hampumep, B depMmax xKe-
JIC3HOJAOPOXKHBIX ~ MOCTOB,  IIOXKapHO-CIIAcaTeIbHOM,  TOIBEMHO-TPAHCIIOPTHOM
000py1I0BaHUU OOJIBIION IPY30MOLEMHOCTH H T.1I.

Cxema 00pa3oBaHUs 3aKJICTIOYHOTO COSAMHEHHsI MpeacTaBieHa Ha puc.11.1.
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SRRy
D00 77

Puc. 11.1. Obpa3zoBanue 3aKJIEMOYHOTO IIBA:
l - nonnepxka; 2 - 3akjiajiHasi rOJIOBKa; 3,4 — COCIUHSEMBIE I€TaNIH;
5 - 3amBIKaroias rojioBka; 6 — 00KUMKa

Jlist oOpa3oBaHusl 3aMBIKAIOUIEH TOJOBKHU BBICTYNAIOIIMNA KOHEI 3aKJIETKH (puc.
11.1) momkeH BBIXOIUTH U3 OTBEPCTHS JA€Talnu Ha JuuHY [, ~ 1,5d,,.

Knenky mnpou3BoasT Ha KIENalbHBIX MalIMHAX (Mpeccax) WIM BPYYHYIO
(mHEBMaTH4YeCKUMHU MoOjoTKaMu). CTajabHbIE 3aKJeNKH AuamMeTrpoM 10 10 MM MOXXHO
CTaBHUTH XOJIOJHBIM CIIOCOOOM, TO K€ OTHOCHUTCS K 3aKJIEIIKAM U3 IIBETHBHIX METAJIJIOB U
criaBoB. IIpu ropsiaem crmocoOe CTabHBIE 3aKJIENKH HArpeBaroT 10 CBETIO-KPACHOTO
KaJIeHHs. ITOT cnocob obecneunBaeT 00jee BLICOKOE KaUeCTBO 3aKJICIIOYHOrO IIIBa, TaK
KaK 3aKJICNKW YKOPAYMBAIOTCS NPU OCTHIBAHWU W CTATUBAIOT JETalId, CO3/1aBas Ha
CTBIKE WX TMOBEPXHOCTEW OOJIBIIIME CHJIBI TPEHHS, MPEHSATCTBYIOIINE OTHOCUTEIBHOMY
CIABUTY J€TalIel Py AEUCTBUU HArPy3KH.

JloCTOMHCTBA:

1. BrpICcOKast HaJIC)KHOCTb COCTUHCHUS.

2. Y10o0CcTBO M HaJIE)KHOCTh KOHTPOJISI KaueCcTBa II1Ba.

3. Xoporrasi CONpOTUBIIIEMOCTh BUOPAIIMOHHBIM U YAAPHBIM Harpy3KaM.

HenocraTtku:

I. Beicokas cTOMMOCTb, TaK KaK MPOLECC MOJYyYEHHUs 3aKJICTIOYHOrO IIIBa
COCTOUT W3 OOJBIIOTO YMCIIa omepanuil (pa3MeTka, MpoJaBlIMBaHWE WM CBEPJICHUE
OTBEPCTUH, HArpeB 3aKkJenoK, WX 3akjajKa, KIemnka) u TpedyeT MpUMEHEHUs
JIOPOTOCTOAIIECTO 000PYI0BaHUS (TIPECCHI, KeNalbHbIE MAITUHBI).

2. Bonemmoit pacxon wmarepuana, Tak Kak M3-3a Ocla0JeHUs JeTrajiei
OTBEPCTHUSIMH TI0J] 3aKJICTIKU TpeOyeTcs yBeaudeHue Iuiomanu ceueHuir. Kpome toro,
HEOOXOUMOCTh MPUMEHEHUS HAKJIAJOK U MPOYMX JOTOJHUTEIBHBIX JJIEMEHTOB TaK)Ke
MPUBOJIUT K YBEJIMYEHUIO pacXoJa MaTepuala.
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3aKJenKu M3roTOBISIIOT W3 cranu (cT.2, ¢T.3), Meau, JIaTyHHU, aJIOMUHUS,
IBETHBIX CIUIABOB W JPYrUX MaTepuaioB. Marepuan 3akjenok I0/KeH o0JanaTh
IJJACTUYHOCTRIO M HE TMpPUHMMATh 3akaiku. [lpu BbIOOpe MaTepuana IS 3aKJIENoK
HEOOXOUMO TaKXe CTPEMUTHCS K TOMY, YTOOBI COEIWHSEMBIC JCTAIM M 3aKJICHKH
uMenu OJu3Kue Jpyr K Apyry Kod(PQUIIMEHTH JMHEHHOTO pacuIdpeHus HW He
00pa30BBIBAIN TAIbBAHUYECKHUE TIAPhl, pa3pyIIaoIUe COCTUHEHUE.

Pacuer 3aKkj1€eNOYHBIX IIBOB

Jletanu, coeauHsieMble 3akKJeNKaMU, B OOJBIIMHCTBE CIIy4aeB HAXOISATCS TOJ
nevicteuem cun F (puc. 11.2), cTpemsmuxcsi CABUHYTH OAHY J€Tajlb OTHOCHUTEIIHHO
IPYTOu.

Ha ocHoBHBIE pa3mepsl 3aKJICTIOYHBIX COCAMHEHUN (IuaMmeTp 3akienku d, mar
3aKJIenoK t U Ap.) pa3padoTaHbl HOPMBI B 3aBUCHMOCTH OT TOJIIIUHBI JIUICTOB O WIIH

pa3MepoB mpokatHoro mpodwuis. Tak, auamerp 3akienkd d ~(1,8..2)6, mar msa
t=03+6)d.

ITocne BBI60pa PasMEPOB 3aKJICTIOYHOI'O IIBA 3aKJICIIKH ITPOBECPAOT Ha CPC3:

S (11.1)
P Pz ‘
d COCAUHCHUC HA CMATUC:
F
GCV = S [G]C/\'l
od z

, (11.2)

rie T, [T]ep, O, [Glew - COOTBETCTBEHHO PAaCYETHOE U JOIIYCTHUMOE HAIPSLKCHMS Ha
Cpe3 U Ha CMSITHE;

[T]cp OIIPENENAIOT IO MaTEPUALY 3aKJICIOK;

[0]cw OIIpeensoT mo 6oJee cnaboMy MaTepuany 3akJIenku Uiu AeTallu;

Z - YHCJIO 3aKJIETOK;

1 - YUCJIO TJIOCKOCTEN cpe3a 3aKIIeIoK;

d - AmameTp MocTaBICHHOM 3aKJIEIKHU;

0 - HAaMMEHbIIasl TOJIIMHA COSUHSIEMBIX JIeTanei.

Jlonyckaemble HampspKEHUs JJis  3aKJIENOK 3aBUCAT, B OCHOBHOM, OT WUX
Martepuala, xapakrepa o0OpabOTKH OTBEPCTHUI U XapaKTepa BHEIIHEW Harpy3KHu.

[Ipu nelicTBUM Ha 3aKJIENOYHOE COEIUHEHHE 3HAKONEPEMEHHBIX Harpy3ok
JI0TyCKaeMble HaMpsHKEHUs! TOHIKAIOT B y pa3 (B cpenneM Ha 10 - 20 %).

Jlist cpetHeyTiaepoaUCTbIX cTallel

1

y = o (11.3)

1,2-0,8
F

max

3nech Foin 1 Fhax — HauMeHbIIass U HaWOOJbIas MO aOCOJIOTHOU BEJIUYHHE
CUJIbI, B3ThIE CO CBOMMHM 3HAKaMHU.
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Puc. 11.2. [TapameTpsl 3aKIEMNOYHOTO COEAUHEHUS

[Tpu MPOEKTUPOBAHUU 3aKJIETIOYHbIX COEIMHEHUI 1eJ1eC000Pa3HO
PYKOBOJICTBOBATHCS CJIECIYIOIIMMHU PEKOMEHAAIUSIMU:

1. HarpyxeHHble cTepxHU (YTOJIKH WK ApYyrue Npoduin) cieyeT pacioioKuTh
TaK, 4YTOOBI pacueTHbIe JTUHUU JEUCTBUS CUJI MEepeceKanuch B ogHou Touke (puc. 11.3).
B npoTtuBHOM cily4yae B COEIUHEHUHU, KPOME CHJI, TOSIBATCS HArpyXaroluue MOMEHTHI.

|
o
o
o
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Puc.11.3. PanmonanbHO€E pa3MeIIEHUE CTEPIKHEN

2. UYwucrno 3aKIenok s KaxA0ro yrojka JOJKHO ObITh HE MEHEe JIBYX.
3. 3aknenku cieayeT pa3MeniaTb BO3MOKHO OJMKE K OCH, MPOXOAsIIeil uepes
LEHTP TsKECTU ceueHus mpoduis (puc.11.4).
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Puc.11.4. Pazmenienue 3akienku
[Ipu cmemeHny 3akiIenKd OT 3TOH OCH B COCAMHEHWU BO3HHKAIOT MOMEHTHI,
paBusie F, u F,. VYcrpanuts BIusSHHE ASTHX MOMEHTOB MOXKHO TNPUMEHEHHEM
CUMMETPHUYHBIX npodueit (puc.11.5).

N
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Puc.11.5. TlpumeHeHne CUMMETPUYHOTO TIPOQUIIST

CBapHble cOeIMHeHNSI: KOHCTPYKIUA U PacyeThl COAMHEHUI Ha
MPOYHOCTb.

CBapkoll Ha3bIBAIOT TEXHOJOTUYECKUW TMPOIECC TMOJIyYeHUs HepazbeMHBIX
COCIMHEHUN TTOCPEJACTBOM YCTAHOBJICHHUS MEKATOMHBIX CBSI3€M MEXy CBapHBAEMbIMU
JeTalsIMU TPU WX MECTHOM HarpeBe WIM IUIACTHYECKOM Je)OpPMUPOBAHUM, WIIU
COBMECTHOM JICCTBUU TOTO UJIN JPYTOTO.

[Tpu knaccudukauu NporeccoB CBAPKU BBIACISIIOT TPU OCHOBHBIX (DPU3UYECKHUX
npu3Haka: (GopMy BBOJIUMOM SHEPruM, HaJIW4Ue JaBICHUS M BUJ HHCTPYMEHTA -
HOCHUTEJSl PHEpruud. B 3aBUCMMOCTH OT BBOJAMMOW B H3JCIHE SHEPTUU CBAPOUYHBIC
MpoLecchl (CBapka, Maiika u pe3ka) pa3zesieHbl Ha TPU Kilacca:

mepmMuyeckuil - OTHOCSTCS TaKUe BHJIbI CBapKH, KOTOPBIE OCYIIECTBIISIIOTCS
IJIaBJICHHWEM C MCIOJIb30BAaHMEM TEIJIOBOM HHEPruM: Jyromas, Ta3oBas BbI-
COKOYACTOTHAsi, TEPMHTHAsl, 3JEKTPOIJIAKOBas, IJIa3MEHHas, 3JIEKTPOHHO-TydeBas,
Ja3zepHasi;
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mepMoMexXanuyeckuili - OTHOCATCS TaKWe BUABI CBapKW, KOTOPBIE OCYILECT-
BISIFOTCA C HCIOJb30BAaHMEM TEIUIOBOM SHEPruM W JABJICHUA: KOHTAKTHAas,
nuddy3noHHas1, ra3omnpeccoBas;

MeXaHuuecKuil - OTHOCSTCA TAKUE BHIbI CBapKH, KOTOPBIE OCYILIECTBISIOTCS C
HCIIOJb30BAHUEM MEXAHUYECKOW JHEPIMU W [ABJICHUSA: YJIbTPa3BYKOBas, TPEHHUEM,
XOJIOAHAS.

K TexHuueckuM mpuU3HAKaM OTHOCATCS CIOCOO 3alllUThl 30HBI CBApKH,
HEIMPEPBIBHOCTD MPOLIECCA U CTEIIEHb MEXAaHU3AI[UU CBAPKHU.

[lo cnocoOy 3amuThl MeTalja pa3iuyaloT CBapKy B BO3JyXEe, BaKyyMe,
3allMUTHBIX Tra3ax, o ¢urocy, B MEHe U ¢ KOMOMHUPOBAHHOM 3ammuToi. B kauectse
3aIUTHBIX MOTYT OBITh MPUMEHEHBI aKTHUBHbIE T'a3bl (YTIEKHUCIBIN a3, a30T, BOJAOPO/I,
BOJISTHOM Map, cMeCh aKTUBHBIX a30B), MHEPTHBIE Ta3bl (aproH, rejivif, CMEeCcH aproHa c
rejiieM), a TaKKEe CMECh MHEPTHBIX U AKTUBHBIX Ta30B.

B Hacrosimiee Bpemsi OCBOEHA CBAapKa BCEX KOHCTPYKUMOHHBIX CTajl€H, BKIIOYAs
BBICOKOJIETUPOBAHHBIE, UYI'yHA, IIBETHBIX CIIJIABOB M HEKOTOPBIX IIACTMACC.

Ilo HenmpepbIBHOCTH TIpoLEcca Pa3inyarOT HENPEPBIBHBIE U MPEPBIBUCTHIE BUABI
CBapKM; MO  CTENEHM  MEXaHW3alMu -  py4YHble,  MEXaHU3UPOBAHHBIE,
aBTOMAaTU3UPOBAHHBIE U ABTOMATHYECKHE.

[lo cpaBHEHHMIO C 3aKJICTIOYHBIMU COSAMHEHUSIMU CBAPHBIE COEIMHEHUS 00J1a1al0T
CIEAYIOIMMHU JOCTOMHCTBAMH:

1) 3HaUUTENHbHO MEHBUIMM BeCOM KOHCTpyKUuW. [Ipum 3ameHe 3aKkienoyHbIX
COEIMHEHUN CBapHBIMU SKOHOMHS B BECE IOJYYAETCS 3a CYET OTKa3a OT NPUMEHEHUS
pPa3IUYHBIX HAKIAJIOK, HEOOXOJUMBIX B 3aKJIECTNOYHBIX COCIUHEHHUSAX, a TAKXKE 4YacTh
BECAa CaMUX 3aKJIETIOK; MPU 3aMEHE JUTHIX JI€Tallell CBapHBIMU KOHCTPYKUHUSAMHU BEC MX
yYMEHbIIIaeTCs 3a CYET 00JIee BHICOKUX MEXaHHMUECKUX CBOMCTB MPOKATHOTO METaIa;

2) MeHbLIEH TPYIOEMKOCTbIO, OOYCJIOBICHHOM CpaBHUTEIBHOW MPOCTOTOM
TEXHOJIOTMYECKOTO TIPOLIEcCa CBAPKH.

K HepocraTkaM cBapHBIX COEUHEHUN CIIEYET OTHECTH:

1) 3aBUCUMOCTH KayecTBa IIBa OT UCIIOJIHUTEINS U TPYJHOCTh KOHTPOJIS;

2) CKJIIOHHOCTb K 00pa30BaHMIO TPEUIMH B MECTaxX Mepexoja OT IIBa K LETbHOMY
METAJUTy BCJIEACTBUE TEPMUYECKUX HANPSHKEHUM, BO3HHMKAIOIIMX IPU OCTHIBAHUM.
TpeumHbl 0COOEHHO OMACHBI MPU TUHAMUYECKUX HArpy3Kax, HO3TOMY B TaKUX CIIydasx
CBapHBIE IIBBI CTAPAIOTCS HE MPUMEHSTh, 3aMEHSAS WX 3aKJICIMOYHBIMU COEIUHEHUSIMU.
TepMmuueckre HanpsHKEHUS MOTYT OBITh YAaCTUYHO WJIM TOJTHOCTBIO yCTPAHEHBI
TepMOOOPAOOTKOM  CBapHOrO  COEIMHEHMS]  (HU3KOTEMIIEPATyPHBIM  OTKUTOM).
Tepmuueckass o0pabOTKa MCKIIOYAET TaKXKE TMOCIEAYyIollee KOPOOJIEHHE CBapHbBIX
KOHCTPYKLIUH.

Tunel cBapHBIX IBOB M UX pacyer

OcHOBHBIM  TpeOOBaHMEM TMpPU TPOEKTUPOBAHUU CBAPHBIX  COEJUHEHUU
(KOHCTPYKLMIA) sBIIAETCS OOECIEYeHHe PABHOMPOUYHOCTH IIBA M COEIUHSAEMBIX WM
JeTaJIe.

CThIKOBO# 1IOB

VYcnoBue NpoOYHOCTH CTBIKOBOTO IIBA, HATPYKEHHOTO BHEIIHEN PacTATMBANOLIEH
(cxumatomeit) cwiiot F, umeet Bu:
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F '
o=—/—%< [G] p
b (11.4)
I7ie G - HOpMaJIbHOE HAIPSKEHUE B IIBE;
0 - MUHMMaJIbHAS TOJIIMHA JIETaJH;
b - nuuHa mIBa;
[6],” - momyckaeMoe HanpsKEHUE Ha pacTsKEHHUE (CKaTHE) B CBAPHOM 1IBE; [G]p,’
= (0,9-1)[ o], rme [c], momycTuMOE HaIpsDKEHHWE Ha pacTsbKeHue (cxkaTue) A
OCHOBHOT'O MeTaJlia.

Puc. 11.6. CTbIkOBOIi 1110B
[Ipu neiicTBUM Ha CcoeAWHEHHME H3THOAIONIEr0 MOMEHTa M B IIJIOCKOCTH,
MIePIEHIUKYIISIPHON K TUIOCKOCTH CThIKa (puc.11.7), pacdet npousBoadr no Gopmyse:
M  6M '
= 2 < [O-] P
w o o6-b _ (11.5)

Puc.11.7. Harpy:xeHue MOMEHTOM

IIpu coBmectHOM nevictBuu F u M:

+ T = o
b &b (11.6)
I[JISI YBCIIMYCHUA MJIMHBI IOB MHOT' AA BBITMIOJIHAKOT KOCBIM HUJIH (bHprHBIM.

CoenuHeHnne BHAXJIECT.

CoequHeHNE  BHAXJICCT  BBINOJHSAIOT  yIJIOBBIMH  ImBaMd.  (OCHOBHBIMHU
TCOMETPUICCKUMHU XapaKTEPUCTUKAMU YTJIOBOTO IIIBA SBIAIOTCS KarteT K m BhicoTa h
(puc.4.8). Ins nopmansHoro mBa h = k sin 45 = 0,7k.

[To yciaoBusM TeXHOJIOTHU TIPH 0>3 MM Kipin = 3 MM,

B GonpmmHCcTBE CityyaeB K=0.
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B 3aBUCUMOCTH OT pacmoJIOKEHHUS YIIIOBOTO IIBA OTHOCUTEIBHO JTUHUU JCUCTBUS
Harpy>karoIieil CUabl pa3audaroT JI00OBbIe, (DJIAaHTOBBIE, KOChIE U KOMOWHHUPOBAHHBIC
mBbl. [locineanue npeacTaBisitoT co0OM coueTaHWE ABYX WM BCEX TPEeX Ha3BaHHBIX
IIIBOB.

K

»> -t
Puc. 11.8. CoennHenne BHAXJIECT

JloGoBBIC BB BO HM30C)KAHME BO3HWKHOBCHHS ITOBBIMICHHBIX HM3THOAFOIINX
HAlpsODKCHUHM  ClIeIyeT HakiIaablBaTh C JIBYX CTOPOH. BenwunHa mepeKphITUs
COCIMHSCMBIX JIeTalicl JOJDKHA OBITh HE MeHee 40.

MaKkCHUMaJIbHYI0 JUIMHY JIOOOBBIX M KOCBIX IIIBOB HE OIpaHMYMBAIOT. [[muHY
(bIaHrOBBIX IIBOB peKOMEHyeTCsl BeIOUpaTh He Ooiiee (50 + 60) k. M3-3a HenzOeKHbIX
10 KOHIIaM IIBOB Je(PEKTOB, BIHUSAIOINIMX Ha WX IMPOYHOCTH, JJIUHY YIJIOBBIX IIBOB
BbIOMpalOT He MeHee 30 mMMm.

[To MeTomy, MPUHATOMY B HWH)KCHEPHOW IMPAKTUKE, YIJIOBBIC IIBBI BCEX THIIOB
PacCUYMTHIBAIOT HA Cpe3 M0 KacaTeIbHbIM HAINPSKCHUSAM 7 B CCYCHHH M - m. Y CIIOBUE
MPOYHOCTH YTJIOBOTO IIIBA, HATPY>KCHHOT'O BHEIIHEH pacTATHBaromiel (CHUMAIOIICH)
cunou F , umeer Bu;

P !
=<
Al (.7
rre [t]'cp - NommyckaeMoe KacaTeabHOe HalpspKeHUe ISl MeTalia 11Ba Ha cpes; K -
KaTeT IIBa.

[Tpu Harpy>xeHUH YTIIOBOTO IIIBA MOMEHTOM M:

'
M oM < [T]cp

=—— < 1.
w 0,7k’ (11.8)
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YriioBble H TaBPOBLIC IIIBbI.

77
a) )

Puc. 11.9. YrioBo#i a) 1 TaBpoBbIi 0) HIBbI

PaccmarpuBaroTcst Hanbosiee XxapakTepHble Cllydad Harpy>KeHHsl TaBpPOBBIX LIBOB,
KOTOpbIE MOTYT BCTPEUYAThCS TAK)KE U B KOMOMHAIUSX.

Ecnu npuBapuBaemas netanb kpyrias (puc. 11.10a) (1oB Kpyriblid KOJbIEBOH),
TO pacyeT LIBa IPOBOJUTCS Ha KPYUYEHHUE B KOJIBIIEBOM CEYEHUH, PACTIOIOKEHHOM 0]
yriaom 45° K OCHOBAHMIO IIBA.

LT
M K M K
(, / -
|3 |/E |z {
= 41 E
y
B 0,7K
- —
a) 6]
Puc. 11.10. Coenunenue aetaneil: a) Kpyrioi U IIOCKO; 0) IBYX MIOCKUX
= MR (11.9)
JP
3neck: J, - MOJApHBI MOMEHT UHEPLIMU PACUETHOTO CEUECHMS,;
JPZO-I(D4_d4> D=d+2-0.7K, (11.10)

R - paccrosiHue 10 Hanbosee yAaJIeHHOrO OT LIEHTPA BOJIOKHA CEYEHMSI 1IBA.

Ecin ceuenne mBa He Kkpyrioe (puc. 4.1006), To OHO BCE K€ YCIOBHO
pPacCUMTHIBAETCS [0 YPAaBHEHUIO KPYUEHHUsS ISl KPYIJIBIX CTepkKHel. B 3ToM ciydae
MPUHSATO MpeHeOperaTh BOZHUKAIOUIMM MIPH TaKOM pacuyeTHOM cxeMe KOpoOIeHuEM
CEUYEHUS U HEIMHEMHBIN XapaKTEPOM 3IIOP HAIPSIKEHUN:

= AikR <[1]. (11.11)

P
3nech: J, - YCIOBHBIN IOJISIPHBIA MOMEHT UHEPLIMM CEUCHUS;

[t]’ - nomyckaemoe HanpsiH>KEHUE KPYUYEHHUsl JJ1s1 HaIUIaBJICHHOrO METaJljia I11Ba.
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Ecnu marpyska coctout u3 wmsrubarormiero momeHta M = My wim M = Pl u
nepepesbiBaroniel cuiabl P (mpu Harpyske TOJIBKO MOMEHTOM M, mepepesbiBatromiasi
cuja OTCYTCTBYET).

[TomHOE KacaTenbHOE HAIpPSHKEHHE PaBHO BEKTOPHOM CymMMe HaNpsDKEHUU OT

MOMCHTA Tm H HCpCpC3BIBaIOHICﬁ CHIIBI Tp

M. =L (11.12)

O0603HaueHHe CBAPHBIX HIBOB

Ceapnbie mBbI n300pakaroT u 0603HavaroT 1o 'OCT 2.312-72. Bunumbie mBBI
M300paKaIOT CIUJIOIIHBIMU, a HEBUIWUMBIE - IITPUXOBBIMU JUHUSAMHU. OJMHOYHYIO
CBapHYIO TOYKY M300paxkaroT 3HakoM +. OT u300pa)keHusl 1IBa MPOBOJASAT JIUHUIO -
BBIHOCKY B BHJIE OJHOCTOPOHHEW CTpesku ¢ noskoi (puc. 4.11). Ha nonke (uium moj
MOJIKOW ) HAHOCST YCIOBHOE 0003HAUYECHHE 1IBA. Y CJIOBHOE 0003HAUYEHHUE COACPKUT:

1 - BcromorarenbHbie 3HakU (O - MIOB MO 3aMKHYTOM JMHHH, 2 - IIOB TIO
HE3aMKHYTOW JTUHUY, Z - IIOB NMPEPBIBUCTHIN U T.1.);

2 - HOMEp CTaHJapTa Ha TUIIBI M KOHCTPYKTUBHBIE 3JIEMEHTHI IIBOB, HAIIPUMED:

I'OCT 5.64-69 - ocHOBHBIE TUIBI U KOHCTPYKTHBHBIE 3JIEMEHTHI IIBOB, BBI-
MOJHEHHBIX pydHOl nayroBou cBapkoir, ['OCT 8713-70 - TO e mJis IIBOB,
BBITIOJTHEHHBIX aBTOMATHYECKOW WJIM IMOJyaBTOMAaTUYECKOW CBAapKoW moj ¢irocoMm, U
T.1.

3 - OykBeHHO-1IMGPOBOE 0003HAUCHUE IITBA, HATIPUMED:

C1...C25 - mBBI CTBIKOBBIX COCTMHECHMUIA;

T1...T16 - BBl TABPOBBIX COETUHEHU;

H...H8 - mBBI COCTMHEHUM BHAXJIECT,

Hudper mocne OykB 0003HAYAIOT PA3IUUYHYIO (HOPMY MOATOTOBKH KPOMOK (CO
CKOCcOM, 0e3 ckoca, ¢ OTOOPTOBKOM, 0e3 OTOOPTOBKH U T.1.);

4 -s3mak I\ u pasmep karera mBa (TOJBKO /IS YIIOBBIX LIBOB).

[OCT5264-69-H2-46 Ne1

o — 7

i N

Puc. 11.11. O603nauyenus cBapubix mBoB no 'OCT 2.312-72

1

Ha pucyHke 0003HaueH yriioBOH LIOB COEIMHEHUS] BHAXJIECT, 0€3 CKOCA KPOMOK.
[IIoB BBINIOTHEH PYYHOM AYrOBOM CBAapKOW MO 3aMKHyTOH JnHuM. Karer mBa 6 MM.
CBapHbIM ILIBaM NPHUCBAaMBAIOT NOPSAKOBbIE HOMepa. lIpu 3TOM OIMHAKOBBIM IIBaM
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MIPUCBAMBAIOT OJMH TOPSIAKOBBI HOMEpP, a 0003HAYEHHE OJMHAKOBBIX IIIBOB HAHOCST
TOJIBKO Y OJIHOTO U3 U300pakKeHHil.

Ecnu BooOmie Bce MIBbI CBapHOM Je€Tald OJMHAKOBBIC, JIONMYCKAETCs HE
MIPUCBAaMBATh MOPSAIKOBOIO HOMEpPA, a OTMEYATh JIMHUSMU - BHIHOCKaMH 0€3 MOJIOK.

[Ipu BBIMOJHEHUH BCEX IIBOB IO OJJHOMY CTaHAAPTY €r0 0003HAUYCHHE MPUBOJISAT
B TEXHUYECKUX TPEOOBaAHUSIX.

Pe3b00BbIe cCOeAMHEHUA: KOHCTPYKIMS U pacyer

KoHcTpyKkuusi pe3b00BbIX COeIMHEHU I

Pe3b00BbBIE COETMHEHUS CO3/Ial0TCS C TIOMOILBIO PE3bOOBBIX KPETEKHbBIX AeTallen
(BUHTOB, IIMWJIEK, TaeK W JAp.) WIM pPe3bObl, HAHECEHHOW HEMOCPEJACTBEHHO Ha
COEIMHSIEMBbIE JIETaJIN.

B Hactosmee Bpems HaubOoiee pacHpOCTpaHEHbl CIEAYIOUIME THUIBI pPe3b0
(puc.11.12):

- METpPUYECKAs;

- TpyOHas HUIUHAPUYECKAS;

- TpyOHasi KOHMYECKas;

- KOHUYECKAs AOWMOBAs;

- TpaneueuaaibHas;

- YIIOpHasl.

B Tol mnu MHOW Mepe HaXOOAT NPUMEHEHUE TaKXKe NIOWMOBas, Kpyrias U
npsiMOyroJibHass pe3bObl. Bece pe3bObl cTaHIapTU3UPOBAHBI B MUPOBOM Maciitade, TO
€CTh pe3b0bl HAIIMOHAIBHBIX CTAHAAPTOB COOTBETCTBYIOIIMX THUIOB B3aUMO3aMEHSIEMBI.

| % % AA

Puc. 11.12. Pe3s0nI: a) MmeTpruueckas; b) TpamneneuaaibHas; c) npsiMoyToJbHast; d)
yIopHasi
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Puc.11.13. 'eomeTpust pe3nObI

Pe3p0y xapakTepusyloT CieAyIOlMe OCHOBHBIE T€OMETPUUYECKHE IapaMeTphbl
(puc.11.13):

d — HapyXHbIH (HOMUHAIBHBIA JUaMeTp pe3bObl); dr - cpeTHUi AUaMeTp Pe3bObI.

3a HCKIIOYEHHEM MPSIMOYTOJIbHOM pe3bObl, CPEeIHUM JIUAMETPOM PE3bOBI
ABIIIETCS JTMAMETpP BOOOpakaeMoro UMIMHIPA, MOBEPXHOCTh KOTOPOIO MEepeceKaeT
pe3b0y B TAKOM MECTE, I NIMPHUHA BUTKA pe3bObl paBHA IIMPUHE €€ BIIaIUHBI.

di - BHyTpeHHU JuaMeTp pe3bObl;

p - 11ar pe3b0bl - pacCTOSTHUE MEXAY OJHOMMEHHBIMU CTOPOHAMU JIBYX COCEHUX
BUTKOB, U3MEPEHHOE B OCEBOM HalpaBJICHUH;

P1 - X0l pe3b0bl - PACCTOSHUE MEX1y OJTHOUMEHHBIMU CTOPOHAMHU OJHOTO U TOTO
K€ BHUTKAa B OCEBOM HAIIPaBJICHUU WJIM BEJIMYMHA TOCTYNATEIbHOTO MEpeMEIICHUS
BHHTA 33 OJJUH 00OPOT B HEMOJIBM)KHOW raike.

Jlnst omHO3ax0IHOM pe3bObl p; = p. s MHOT03ax0IHBIX pe3sd p; = Zp. 31ech Z
— yuciao 3axonoB. OJHO3aXOJHbIE TMPUMEHSIIOTCS JJsl KPENeKHbIX JeTanei.
MHoOro3axoHble - OOBIYHO /JIs1 CUJIOBBIX COCIMHEHU.

Metpuueckass pe3b0a sBISIETCS OCHOBHOW KpemekHOW pe3bOoi. Hmeer
TpeyrosbHbii poduib ¢ yrimom OC = 60°. Ctangapt npeaycMaTpuBaeT METPUUECKUE
pe3b0bl ¢ KPYIMHBIM U MEJIKUM IaroM. J[Jis 0HOTO U TOTO e HapyKHOro auamerpa d
MeJIKHe pe3bObl OTIIMYAIOTCS OT KPYIHOM BeIMYMHOM 11ara p. Hanpumep, aiist nuamerpa
d = 24 MM cTaHAapT npenrycMaTpUBaEeT KPYMHYIO pe3b0y, C Marom
p = 2,5 MM ¥ TIATh MEIKHUX pe3b0 ¢ maroMm p = 2; 1,5; 1; 0,75 u 0,5 mm. B o6mem
MalIMHOCTPOCHUH OCHOBHOE TPUMEHEHHE HMEIOT KpYMHbIE pPe3bObl, KaKk MeHee
YyBCTBUTEJIbHBIE K OIIMOKAaM H3TOTOBICHHS W H3HOCY. OJIHaKO pe3bObl C MEIKUM
maromM 001a/1at0T MOBBIIIEHHON CTOMKOCTBIO IPOTUB caMOOTBUHYMBaHUs. Kpome Toro,
UX Hape3aloT Ha JTUHAMHUYECKH HATrPY>KEHHbBIX, MEJIKUX U TOHKOCTEHHBIX JIETaJsX, T.K.
OHM, UMes Hapsy C MEHBUIMM IIaroM M MEHbIIYI TIyOHHY pe3bObl, MEHbIIE
OCIA0JISIIOT A€TaNIM, YeM Pe3bObl C KPYITHBIM LIArOM.
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Merpuueckre pe3bObl C KPYNHBIM IIarom oOo3HayaioTcs OykBod M u
nuametpoM d, Hanpumep, M 24, M 20 ut.n. Pe3p0bl ¢ METKUMHU 11araMu 0003Ha4aroTCst
oykBort M, nuamerpom d u marom p uepes 3Hak X, Hanpumep, M 12x0,5; M 20x1,5 u
T.J.

TpyOnble pe3bObl ABISIOTCS KPEMEKHO-YIUIOTHSAIOMUMU. VIMEIOT TpeyronbHbIN
npodpusb ¢ yrimom o - 55° Jlnd co3naHus HANEKHOTO YIUIOTHEHUS 3TH PE3bObI
BBITIOJIHAIOT C 3aKpYyTIeHUSIMU Mpoduiist u 0e3 3a30pOB MO BHICTYNAM U BIAJIMHAM.

TpyOnble pe3bObl UMEIOT MEJIKUH 1Iar, T.K. Ha TOHKOCTEHHOU TpyOe HEBO3MOKHO
Hape3aTh KPYMHYI0 METPUUYECKYIO pe3b0y 0€3 pe3Koro yMeHbIIEHUS MPOYHOCTU TPYOBbI.
3a HOMHHAJIbHBIA TUAMETp TPYOHOU pe3bObl YCIOBHO MPUHAT BHYTPEHHUN HAMETP
TpyObl. B MeXIyHapOAHOM CTaHIapTe sl TPYOHOU pe3bObl O HACTOSILETO BPEMEHU
elle COXpaHeHo aroiiMoBoe uzmepenue (1 aroim = 25,4 Mm).

Konnueckue pe3pObl 00€CTeUnBaOT BBICOKYIO T'€pPMETHUUYHOCTh COEJUHEHHUS 32
CYET IJIOTHOTO Mpuiieranus npoduieil no sepuuHaMm. [I1oTHOCTH 371€Ch AOCTUTAaETCs 3a
CUET IJJACTUYECKUX JepopMaluii BEpIIMH pe3bObl MPH 3aTAKKE COSAUHEHUS.

TpaneueunanbHass © yrHopHas pe3bObl SBISIOTCS OCHOBHBIMH — pe3bOamu
BUHTOBBIX MexaHu3MoOB. [lepBas umeer mpoduib B BUIE pPaBHOOOYHON Tpamenuu,
BTOpast - HEPaAaBHOOOYHOM.

TpaneueunanbHyto pe3p0y HCHONB3YIOT JUIsl  MepeJadd  JIBYCTOPOHHEIO
(peBepcUMBHOI0) NBUKEHHUS MOJ Harpy3koil. YmopHas pe3b0Oa mpegHa3Hauyaercs Jis
OJIHOCTOPOHHETO0 paboyero ABMKEHHUs MpU OoNblIUX Harpy3kax. [lpumensiercs s
BUHTOB JIOMKPAaTOB, MPECCOB M T.N. 3aKPYIJIEHWE BHAJAWH IMOBBIIIAET JUHAMHYECKYIO
MPOYHOCTh BUHTA. Manblil yron Hakiaona (3°) ymopHoW CTOpOHBI Mpoduiis pe3bObl
MOHIKAET MOTEPHU HA TPEHUE B CPABHEHUU C TPANelen1abHON pe3b0oi.

CrangapTHble BUHTHI U raiiku uzrotaBnuBatorcs u3 Cr.3, unoraa Cr.4 u Crt.5, a
Takoke ctaneit: A-12 (apromatnas), Ct.20, Ct1.35, C1.45 1 npyrux.

Jliist 6onee OTBETCTBEHHBIX HAIpsKEHHBIX coeauHeHuil npumensitorcs: CT.40X,
CT.40XH u npyrue.

Pacuer pe3b00BbIX COeTUHEHN H

OCHOBHBIM KpHUTEpUEM PabOTOCIIOCOOHOCTH PE3hOOBBIX COCAMHEHUN SIBIISIETCS
MPOYHOCT.

Pa3pyiienne »1eMeHTOB pe3b00BOTO COCTMHEHUS MOXKET MIPOUCXOIUTD MO OJTHOU
W3 CIEAYIOIINUX MPUYHH:

BO-TIEPBBIX, Pa3pbIB CTEPXKHS MO pe3p0e WM MO NEPEXOJHOMY CEUYCHHUIO Y
TOJIOBKU;

BO-BTOPBIX, TTOBPEKIACHNUE WU pa3pyIICHUE PE3bObI;

B-TPETHUX, Pa3pyLICHUE TOJOBKHU.

Bce crannmaptHbie BUHTHI (OOJITHI, IIMWJIBKU) U3TOTOBISIOT PaBHOMPOYHBIMHU IO
KOKJIOMY U3 Ha3BaHHBIX KpUTEpUEB. B 3Toil CBA3M cTaHAApTHBIE pPE3bOOBBIC
COCMHEHUs OOBIYHO PACCUUTHIBAIOTCS TOJBKO IO OJHOMY TIJIaBHOMY KPHUTEPHIO
paboTOCIIOCOOHOCTH - TPOYHOCTH HAPE3aHHOW YacTH UX cTepkHA. [lpu sTOoM
OTPENEIAIOT BHYTPeHHUI quameTp pe3bOnl di. KpoMe Toro, 6osbiias 4acTh pe3b00BBIX
COCIMHEHUN, MPUMEHSEMBIX B MAaIIMHOCTPOCHUHU, pabOTaeT CO 3HAYUTEIHLHOW CHIION
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HAaYaJIbHOM 3aTsDKKHU, YTO MPAKTUUECKH TMO3BOJISIET OFPAHUYUTHCS JIMIIb pacyeTamMH Ha
CTaTHYECKYIO MPOYHOCTb.

PaccMoTpuM OCHOBHBIE Cily4au pacueTa pe3b00BbIX COEIUHEHU:

1. Ha cTep>xeHb BUHTA JEUCTBYET TOJILKO BHEIIHSS OCEBasl pacTArUBAIOLIas Cuiia
F. 3arskka pe3p0oBoro coequHeHust orcyTcTByert (puc.11.14).

Haubonee xapakTepHbIM NPUMEPOM MOXKET CIYKUTh HApE3aHHbI y4acTOK
KpIOKa JJIs MOABEIINBAHUS IPy3a.

Pacuer cBoauTcs K OIpeneneHUI0 BHYTPEHHEro auamerpa d; H3 yciaoBusA
MPOYHOCTH HA PACTSKEHUE:

o= P2 <o, (11.13)
Zﬂd
4
OTKyJI1a
d, = e (11.14)
ZﬂLTL

3nech Z-unciio 60aTOB, [G], — AOMyCKaeMoe HarpsikeHue Ha pactskenue, Mlla.

Pi

sana

P!

Puc. 11.14. Pe3p00Bo€e coenuHeHre 0€3 3aTIKKU

B sToit popmyrie nis ynporieHus pacyeToB MPUHITHI HEKOTOPhIE JoMyIieHus. B
JEUCTBUTEIILHOCTH SIBJICHHUSA, TPOUCXOJAIINE B PACTIHYTOM CTEep)KHE OoiTa, Oosee
CJIOKHBI, W SIIOPa pachpeIesICHUs] HAMPsHKEHUH 10 CEYEHUIO HE BIIOJIHE PaBHOMEpPHA.
OTU  OTKJIOHEHHUS YYUTHIBAIOTCS TPU  BHIOOpE  JIONMYCKAEMBIX  HANpPsHKEHUH.
JlomyckaemMoe HampsiKEHHUE PaCTSHKEHHUS BBIOMPAIOT B 3aBUCUMOCTH OT TEXHOJIOTHUH
COOpPKH COCTMHEHUS.

[Ipu omnpeneneHun AOMYCKaeMbIX HANPSKEHUW HEOOXOIUMO YYUTHIBATH
TeMIepaTypHbIi pexxuM padoTel. Hampumep, mis 6ontoB u3 cranu Ct3, paboTarommx
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IIpM TOBBIMIEHHBIX Temneparypax no 130°, ngomyckaeMoe HamnpsHKEHUE CIEAYET
camwxkare B 1,5 paza, 1o 300° - B 3 paza u T.1.
2. bonT 3aTsHyT, BHEIIHSS HAarpy3ka orcyTcTByeT (puc. 11.15).

Qs

-

7

|

N

Puc. 11.15. Pe300BO€E coeqHEHME C 3aTHKKOUN O0oiITa

[IpumMepoM MOTYT CIIy’)KUTh OOJTHI JJii KPEIJIEHUS TePMETUUYHBIX KPBIIIEK U
JIIOKOB KOPITYCOB MAaIIIHH.

B stom cnydae crepkeHb O0dTa pacTAruBaeTca CuUiion 3aTspkku Q, O6onta, u
3aKpy4MBAETCs MOMEHTOM B pe3b0e Tp.

Hanpsixenue pactsokeHus oT cuitbl Qs:

0,
%= (11.15)

4
Hanpsi>xeHust kpyueHust or MoMeHTa B pe3poe T)p:

Tp N OSE ‘d2 _ Oasttg(ﬂ +g0np)
W, nd’/16 nd; /16
[Ipoynocth GosiTa B OTOM cllydae OMNPEACISIOT 10 SKBUBAICHTHOMY

HaHpH)KCHI/IIO:
o,, =0l +4r’ <[o,]. (11.17)

Bbruncienusi mokasblBalOT, YTO MJisi CTaHIAPTHBIX METPUYECKUX pe3b0d mpu
koddunuente tpenus f = 0,15 o, =1,30 ,. CregoBatensHo, OOIT, UCTIBITHIBAIONIHI

= (11.16)

OHHOBpeMCHHO paCTH)KCHI/IC nu prquI/Ie, MO>XKHO paCCqI/ITBIBaTB TOJIBKO Ha paCTH)KCHI/Ie
I10 JIOHYCKaeMOMy HaHpH)KeHI/HO Ha paCTSDKeHI/IC, YMCHBH_ICHHOMY B 1,3 pa3a, nJIn 110
pacTArMBarolieMy YCWINIO, yBeiauueHHOMYy B 1,3 pasa. Takum oOpa3om, yclioBue
HpOLIHOCTI/I:

L0, (11.18)

Op — 2 .
p
wwd;

4

OTKyJa



(11.19)

3.Pacuer 60nTOB NpU Harpy3Ke NMomnepeyHom casuraromieit cuinoi (puc.11.16).

B sTOM citydae BO3MOKHBI ClIeIyIOIIMe BapUaHThl pacuera:

Bapuant A - crangaptHeie 0oaTel ¢ 3a3opoMm (puc. 11.16a). IlogoOnas
KOHCTPYKIIUSI TPUMEHSIETCS TPU HEOOIBIINX MONEPEUHbIX Harpy3Kax.

Pacuer mpou3BOAMTCS Ha 3aTSXKKY COCIUMHEHHS OceBOM cuioi Qs Tak, 4TOOBI
BO3HUKAIOIAs B CThIKE cuia TpeHuss F mpoTtuBocTosima u Obula paBHA JAEHCTBHUIO
CABMIaroLIen cuisl P.

a) 0) B)

P3aT

T T T

N
sues R

P3aT

Puc.11.16. Harpy3ka 601TOB nonepeyHol cuioi

F=P=Q,f
1,30, L3P
c= 2 = 2 <[o], (11.20)
Z Ml Zf ﬂdl
4 4

rae f - koappuiueHT TpeHuss B CTBIKE; JJISl CYyXMX CTAJIbHBIX U YYT'YHHBIX
noBepxHocteil f= 0,1...0,15 (MeHblnne 3HaUeHUs IS HUTU(GOBAHHBIX MOBEPXHOCTEN);
IUIsl HeoOpaOOTaHHBIX MOBEPXHOCTEH B MeTalimyeckux KoHcTpykuusax f = 0,3; Z -
yucio Oonro; 1,3 - KodpPuUUUEHT, YUYUTHIBAIONIMN BIMSHUE KacaTelbHBIX
HaMpPsHKEHUN KpyUYeHUs, BOSHUKAIOLIUX MPHU 3aTsDKKE B CTEpKHE 00JITa.
Cuna 3aTspKku Ooutra:

Kﬂ‘l P

0, =m, (11.21)

rae Ky, - koagduuuent 3anaca, K, = 1,3...1,5 — npu crarnyeckoit Harpy3ke; Ky, =
1,8...2,0 — mpu AUHAMUYECKOI Harpy3Ke;

[ — YUCJIO CTHIKOB B COCIMHEHUHU.

B psige ciydaeB nisi yMeHbIICHHS AMaMeTpa 00JiTa B KOHCTPYKIIMHM COEIUHEHUS
MPEeIyCMaTPUBAIOTCS Pa3TPyKAIOIIME DJIEMEHTHl B BHJE IITU(TOB, HIMNOHOK, KOJEIl,
BOCIIPMHUMAIOIIE BHEITHIOW HArpy3ky (puc. 11.16 B).
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Bapuant b - npu3onHble (IUI0THBIE) OOATHI WM ITU(THI, BTYJIKH, IIMOHKH (pHUC.
11.16 O, B).

B »53TOoM cnydae Bce KpemeXKHble OTBEPCTHsSl JOJIKHBI ObITh 00pabOTaHbI
(pa3BepHyThl) B cOope, a OOATHl B OTBEPCTUSAX YCTAHOBIIECHBI MO IJIOTHOM MOCAJKe.
Tonbko mpu 3TOM 0OecreynBaeTCs BOCIPUATHE MONEPEUHON HArPY3KU BCEMH OOJITaMHU.
Takue KOHCTPYKIIUU NIPUMEHSIOTCS NMPU 3HAYUTEIBHBIX CABUTAIONINX HATPY3KaX.

KacarenbHoe HanpsikeHue cpesa:

1= Lz <[t]. (11.22)
7 d,
4

Mozxno npuaumats [t] = 0,7[c],.

[{unuHApUYECKHE MOBEPXHOCTH KOHTAKTa COSAMHAEMBIX JCTallel B yacTH OoiTa
0e3 pe3bOBl MPOBEPSIOT HA CMATHE.

P
w = <[o..], (11.23)
rJie / — BBICOTA JICTaHN.

JlocTomHCTBa BapuaHTa A B TOM, YTO TPUMCHSEMBbIC INPU HEM OOJTHI —
CTaHJApTHBIC, TEM CaMbIM OOCCICYHMBACTCS B3aMMO3aMEHSIEMOCTh COCIMHCHHS,
HEJI0OCTATOK - MTOTPEOHOCTH B OOJIBIIIOM KOJUYECTBE OOJITOB, KOTOPHIC HE BCErIa MOXKHO
pPa3MECTHTb.

JlocTOMHCTBO BapuaHTa b B MajoM KonmuecTBe HEOOXOIMMBIX JUISl Mepeaavu
Harpy3ku OOJITOB; HEJOCTATOK - IMOTEPS B3aMMO3aMCHSIEMOCTH IPU 3aMEHE OJIHOH W3
COCIMHACMBIX JIeTajiel (Hampumep, BCIEACTBUE U3HOcA). [l BOCCTaHOBICHUS
COCIMHCHUS HEOOXOIMMO COBMECTHO 00pab0TaTh OTBEPCTHUS HA OOJBIIHI pa3Mep IO
0OJITHI OOJIBIIIETO TUAMETPA.

Ecnu coenuHeHne HArpyXeHO KpPYTSAIIMM MOMEHTOM B IUIOCKOCTH CTBIKA, TO

M o
CHa4daJia onmpeacirsiCTCAa KaCaTCIIbHOC YCHUIINC P= Tk , KOTOPOC U ABJIACTCSA INOIICPCUHOU

CUJIOM, a 3aTeM IOCTYMNAloT TaK, KaK yKa3aHO BBIIIE M0 BapuaHTy A wiu b.

HITudroBbie coeaAMHEHUS.

tudTroM HaA3BIBAIOT MWIMHIPUYECKUN WM KOHUYECKUH CTEP)KEHb, IJIOTHO
BCTaBJISIEMbI B OTBEPCTHE JBYX COEAMHSEMbIX AeTaneld. [IpumeHstoT mTudTh 1
TOYHOT'O B3aUMHOT'O (PMKCUPOBAHUS J€Talel U JJI1 COCIUHEHUs eTajel, nepeaaronmx
HeOoJbIINE Harpy3ku. B 3aBUCMMOCTM OT Ha3HauyeHHs MWTUPTH JENSIT Ha
YCTAaHOBOYHbBIE U KPEIIEKHBIE.

[lo ¢dopme pasznuuaroT UWIMHApPUYECKHME W KOoHMYeckue mTUGTHL. [lo
KOHCTPYKIIMU pa0oyeil yacTu IITHU(THI BBHIMOJHAIOT TIAJKUMHU U MPOCEYHBIMU, T.€. C
HAaCEUCHHbIMM WJIM BbBIJABJICHHBIMU KaHAaBKaMH, 4YTO He TpeOyeT pa3BepThIBAHUS
OTBEpPCTHUA U CO3JAET HAJIEKHOE COCAMHECHHE, MPeAOXpaHstoniee ITU(PT OT BbIMNaJACHUSI
B Ipoliecce padoThI.

Ha puc. 11.17 npuBeneHsl OCHOBHbIE THIMBI IITU(TOB: HUIUHAPUUECKUM (a),
KOHMYECKHUH (0), KOHMUECKU pa3BOAHOM (B), IUIUHIPUYECKHIE, HACCUEHHBIE C KOHIIA U
nocpenuue (T), ¥ TpyOUaThIil NpyKUHHBIHA (11).
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HI/IJII/IHIIpI/I‘I€CKI/Ie IJ_ITI/I(l)TBI YACPKUBAIOTCA B OTBCPCTUAX 3da CUCT HATAra WIN
CUJIbl TPCHUA. I[J'ISI NpCaAynpexKaACHUA BbIIIAAAHWA HMUJIMHAPHUYCCKHUC II_ITI/I(i)TBI JOJI?KHBI
W3rOTAaBIMBATBCA C OOJBIIOM TOYHOCTBIO M BBICOKOM YHCTOTOM IMOBCPXHOCTHU.
OTBepCTI/ISI moa KpCIICKHBIC H_ITI/I(l)TBI B COCIOUHACMBIX OCTATAX CBCPJLIT H
Pa3BCPTBIBAOT COBMCCTHO, AJIA 9CTO ACTAJIN BPEMCHHO CKPCILJIATOT.

ﬂJi FJ! ﬂJ+ 2) [ 3)
_ - T (0) HT
L U | |

T Y O

Puc. 11.17. Buas! mtudros.

[Ipu MHOrokpaTHOM pa30opke M CcOOpKE HapylIaeTcsl XapakTep MOCAAKU U
COOTBETCTBEHHO TOYHOCTH COCTMHEHHS.

JUiss  yHemieBlIeHUs COSAMHEHUS TPUMEHSIOT HACCUYCHHBIE W TMPY>KUHHBIC
TpyOuatsie mTU(dTH. HaceuenHsie mTudTHl HE TPEOYIOT TOUHONH 0OPaOOTKU OTBEPCTUI
U OTJIMYAIOTCS MOBBIIIEHHON MPOYHOCTHIO CUEIJICHUSI C MAaTEPUAJIOM JIETall, HO MEHee
TOYHO  (QUKCHUPYIOT fetanu. [IpyxuHHBIE TpyOdaTble pas3pe3Hble  IMTHDTHI
00ecreynBaloT MPOYHOE COEIMHEHME AeTallel, JOMyCKAaloT MOBTOPHBIE COOPKU M HE
TpeOyIOT BBICOKON TOYHOCTU 0OpabOTKH OTBepcTHH. /[namerp OTBepCcTHs AJii TaKOTro
mtudTa npuHauMarot Ha 15 ... 20% MeHbIlle Hapy>KHOT0 TUaMeTpa mTudTa.

[Mummaapryeckre MWTUQTH TPUMEHSIOTCS U KaK yCTaHOBOYHBIC, OOecTieunBast
TOYHOE B3aMMOPACIIOIIOKEHUE COCTUHIEMBIX JIeTaleH.

Konnueckue  mtudTel  Omaromaps  koHycHoctd — 1:50  obecneuuBaror
CaMOTOPMOJKEHHE TIpW JCWCTBUM HAa HUX TMONEepedyHbIX Ccwi. OHU JIOMYyCKaroT
MHOTOKPAaTHYIO MOCTAHOBKY MX B OTBEPCTHE NPH COXPAHCHHH TOYHOCTH B3aHMMHOTO
pacloyIOKeHHsI COeIMHSIeMBbIX JeTraneil. M3rotoBneHue KOHMYECKUX IITU(PTOB U
OTBEPCTUN MO/ HHUX 0OJiee CIOXKHO MO CPaBHEHUIO C LHMIUMHAPUYECKUMHU IITHPTaAMU.
[ tudTel H3roTaBIMBAIOT U3 cTasel 45, A12, V8.

[maBHBIMH HeAOCTaTKaMU INTU(QTOBBIX COSAMHEHHUU SIBISIOTCS 3HAYMTEIHHOE
ocia0JieHHe CeYeHUs Baja OTBEPCTHEM TMOJA MTUPT U HEOOXOAMMOCTh TOUYHOM
00pabOTKU ATOTO OTBEPCTHS BO H30exkaHWe W3rHOa MTU(TAa WM €ro BbINAJCHUS.
[Toatomy muamerp mrudra (d) ans Bama auamerpom (ds) 3a7ar0T W3 COOTHOIICHUS
d <(0,2...0,25) ds, a 3aTeM pu HEOOXOAMMOCTH MPOBEPSIOT HA CABUT (Cpe3).

HInoHo4yHbIe coeAMHEHUS

[Inonounsie coenuneHust (puc. 11.18) cmyxaT ang mepenadd BpaliaroIiiero
(KpyTAILEr0) MOMEHTa OT Bajla K CTYIHIIE HAaCa)XKCHHOW Ha HEro Jeranu (3y04yaTtoro
Kojeca, KUBa, My(QThl W JAp.) UIUM HA00OPOT — OT CcTynuibl K Bany. LllnmoHouHbie
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COCAMHCHUA OCYHICCTBILAOT C IIOMOIIBIO BCIIOMOTATCIIBHBIX I[eTaJ'IeI\/JI — IITIOHOK,
YCTaHABJINBACMBIX B I1d3daX MCKAY BAJIOM U CTYHI/I]_ICI\/JI.

I[OCTOI/IHCTBaMI/I IIIOHOYHBIX COCI[I/IHCHI/Iﬁ ABJAOTCA IMPOCTOTA, HAICKHOCTH
KOHCTPYKIHNHU, HCBBICOKAA CTOUMOCTD, YI[O6CTBO C60pKI/I Hu p3360pKI/I, a HEO0CTaTKaMHU —
ocjiabjJicHHE Bajla H CTyIIHIlbl IIIMMOHOYHBIMU IId3aMU, HCYCTOI\/JI‘II/IBOCTB ITOJIOKCHUA
IITIIOHKH B I1a3ax (BI::IBOpaIH/IBaHI/Ie H_IHOHKI/I) u TPYOAHOCTD oOecrieueHus
B3aUMO3aMCHJICMOCTH, IIOBBIIIICHHBIC Tpe60BaHI/I$I K TOYHOCTH  H3T'OTOBJICHUA,
OTCYTCTBHUC (I)I/IKcaI_II/II/I IICTEUICﬁ B OCCBOM HaAIIPaBJICHUMU.

Puc. 11.18. [lIlnonka nmpu3maTuyeckas.

[IIrmoHKH MOTYT TPUMEHSTh B KaueCTBE HAIPABIAIONINX, 00ECIEeUHnBAIOIINX
JIeTKOe TepeMelleHue JeTajied BAOJAb Baia. Harpysky y IINMOHOK BOCHPHHHUMAIOT
OOKOBBIE TOBEPXHOCTH, KOTOPBIC COMNPSATAIOTCS C IMa3aMH 0 COOTBETCTBYIOIIUM
nocagkaMm. [Ipu3smMaTHYecKyro MIMOHKY C BaJiOM OOBIYHO COCIMHSIOT MO TEPEXOTHOU
MOCaJKe, a CO CTYNMHIICH — MO MOCAJKE C 3a30pOM. DTO MPEMATCTBYET MEPEMEIICHHUIO
IITIOHKA BJOJIb Bajla U KOMIIEHCUPYET C TOMOIIBIO 3a30pa HETOYHOCTH Pa3MEpPOB,
dbopMBI W B3aMMHOTO pACTOJIOKEHUs Ta30B. Takoll XxapakTep COCIUHCHUS
oOecrieyrBaeT JIOCTaTOYHYIO TOYHOCTh IIEHTPUPOBAHUS Bajla W CTynuibl. B
paauaIbHOM HaIpaBJICHUH IIPEeayCcMaTpUBAETCs 3a30p.

[Ipu3maTuyeckue MIMOHKH UMEIOT MPSIMOYTOJILHOE CEUYCHHE, OHU MOTYT OBITh C
OKPYTJIEHHBIMHU, IUJIOCKUMH W CMEIIAaHHBIMU TopuaMmu. [la3 mojx MmIMOHKY Ha Baly
JenaT Ha TIyouHy okojio 0,6 OT ee BBICOTHI, a Ma3 BO BTYJKE — Ha JUIMHY BCEH
crynuiel. [llupuna u BbicotTa mmoHku omnpeaeneHsl ['OCTom u BeIOMparOTCsS B
3aBUCUMOCTH OT JAuaMeTpa Bajia. PasMepsl BHICOTHI U IMIUPUHBI CTAHAAPTHBIX IITTOHOK
nmogoOpaHbl TakK, YTO NPOYHOCTh Ha CIABHUI OOECIEUMBAETCA C H3OBITKOM, U TPH
HEO0OXOUMOCTHU MPOBEPKY IITMOHOK HA MPOYHOCTH MPOBOJST Ha AehOPMAIIUIO CMSTHUS.

CerMeHTHBIE MITIOHKH TPeOyIOT OoJiee rI1yOOKUX Ma30B B BajlaX, YTO YMEHBIIAET
WX TPOYHOCTh. WX TpUMEHSIOT B Ciyyae IMepeayd He3HAYUTEIbHBIX YCHIIHM,
paboTaroT OHU KaK MpU3MaTUUYECKUe, HO Oojiee yI00HbBI B U3TOTOBJICHUHU.

[{unuHapUYeCKUe MIMOHKU Yallle BCETO MCIOJIB3YIOT ISl 3aKPETUICHHS JIeTallei
Ha KoHIile Baja. OTBepcTUe IS MIMOHKKA 00padaThIBalOT B COSAUHSAEMBIX ACTasIX (Ba
u ctynuiia) coBMecTHo. [lImoHka ycraHaBiIuBaeTcsi C HATATOM.

[IIrmoHOYHBIE COEAUHEHUs] MPUMEHSIOT OOBIYHO MPH Tepeaade 3HAUYUTEIbHBIX
BpalalommnxX MOMEHTOB NpH JUaMeTpe Bajla HE MeHee 6 MM. B KHHeMaTH4ecKHuX
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nepegayax W Iepedadax C BBICOKUM TpeOOBaHWEM 110 TOYHOCTH PEKOMEHIYIOT
HCII0JIb30BaTh MTU(HTOBBIE COSTUHEHUS.
[IImoHKHM U3roTaBIMBAIOT U3 CPEeHEYTIAepoaAucThIX cTanei 40, 45, Ct6.
[TpoBepsIOT MIMOHKK HA CMSITHE.

Ocn < [Oem] (11.24)

JIns cTambHOM CTYyHUIBI JONMYCKAEMOE HAaNpsKEHUE Ha CMATHE [Oew| = 120
H/MM?, 101sl 9yTyHHOU [Gey] = 60 H/mm? .

2T -10°
dh-t),°
rae l, — pabouas aynnHa mmnoHky; l,=1-b;
| — myIMHA MITTOHKH, MM;
b — mupuHA MIMOHKH, MM;
h — BeICOTA IIMTOHKHU, MM;
d — nruameTp Bajia B MECTE YCTAaHOBKH IITMOHKH, MM;
T — kpyTaMii MOMEHT Ha Baity, Hwm;
t; — rmyOuHa ma3a Bajia, MM.

Con= (11.25)

Ecnu ycnoBue mpoyHOCTH HE COONIOAAETCs, TO HY)KHO YCTaHOBHUTH 2 IIMOHKH
noa yriaom 180 rpagycoB WM MEpEedTH K NOCAAKE C HATATOM WIHA LUIALEBOMY
COEIMHEHUIO.

HInnueBbie coeMHEHUA

[InutieBble COENMHEHUS CIYXaT JUIsl TIepeJayd Bpallalolero MOMEHTa MEXIY
BaJlaMH M YCTaHOBJICHHBIMHU Ha HUX JCTASIMHU.

[InuiieBoe coeauHEHWE MOXXHO YCIOBHO MPEICTaBUTh, KaK MHOTOIITIOHOYHOE,
IITTOHKA KOTOPOTO BBHIMOJIHEHBI BMecTe ¢ BajoM. C TOMOIIBIO ATOTO COCIUMHEHUS
MOXHO 00€CTIeUUTh KaK MOJABMKHOE (C OCEBBIM OTHOCHUTEIBHBIM MEPEMEIICHUEM), TaK
U HEMOABWIKHOE CKperieHue aertaied. [lo cpaBHEHHIO €O MIMOHOYHBIMH ILIUIICBBIC
COCIMHEHUS HMMEIOT 3HAYUTENbHO OOJIBIIYI0 HAarpy304YHYIO CIOCOOHOCThH, MPOYHOCTH
BaJIOB, TOYHOCTH IICHTPUPOBAHUS U HAIPABJICHUS CTYIIUI] B MOJIBMYKHBIX COSTUHEHUSIX.

I[lo d¢opme mnomepedyHOro CceUeHUS IUIMIEB Pa3IU4aloT MPSIMOOOYHBIC
(puc. 11.19, a), sBombBeHTHBIE (puc. 11.19, 6) u Tpeyronbubie (puc. 11.19, B)
nUIMIEBble coeauHeHus. Haubombliee pacnpocTpaHeHUE TMONMYUYUIH TPSIMOOOYHBIC
IIUTHIIEBBIE COCIUHECHMS, BBIMOJHEHHBICE C YETHBIM uHcioM numneB (6, 8, 10).
IlenTpupoBaHue BO3MOXHO IO HapyXHOMY auamerpy D, mo BHyTpeHHemy d u
OOKOBBIM TOBEPXHOCTSIM. LleHTpupoBaHUE MO HAPY)KHOMY AHAMETPY PEKOMEHIYETCS
JUIST HEMOJBWKHBIX COCAMHEHUU, TO BHYTPEHHEMY JHAMETPY — JJIs1 TOJABUKHBIX
COCIMHEHUH, IO OOKOBBIM T'PaHIM — MPHU OOJIBIIUX NEepeaBaeMbIX HArpy3Kax U HU3KOU
TOYHOCTH COCJIMHEHUS.
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Puc. 11.19. Buap!l NUIMNEBBIX COSTUHEHUH.

OBOJILBEHTHOE INUIHUIIEBOE coeauHeHue (cM. puc. 11.19, 6) ornuuaercs ot
MPSMOOOYHOTO  TOBBIMICHHOW  TOYHOCTHIO  IIEHTPUPOBAHUS U MPOYHOCTHIO.
IlenTpupoBaHHE OCYIIECTBISIOT IO OOKOBBIM CTOpPOHAM, peXe — IO HapPyKHOMY
nuametpy. Yucio 3y0beB Z peKOMeHAYIoT > 6 pu m > 0,5.

CoenuHeHHE ¢ TPEYroJibHBIMU HutunaMu (cM. puc. 11.19, B) mpuMeHSIOT s
HETOJBIKHBIX  COCAWHEHUM Tpu  HEOONBIIMX HArpy3kax U  TOHKOCTCHHBIX
KOHCTpyKIMAX. Yucno uumues z = 20 ... 70, yrusl BnaauH Bana paBHbl 60, 72 u 90°.
IleHTprpOBaHHUE OCYIIECTBISIOT TOJIHKO IO OOKOBBIM T'PaHSIM.

IMpopuiabHbIe coeaUHEHUS

[IpodunbHBIM Ha3bIBa€TCAd pazbeMHOE COEIUWHEHHE, Y KOTOpPOTOo CTYIHUIA
Haca)xuBaeTcs Ha (DAaCOHHYIO MOBEPXHOCTh Bada. [IpocTedmmm TakuMm coeaMHEHUEM
ABJISIETCS COEUHEHNE BaJIa, IMEIOLIEr0 HAa KOHIIE KBAJPaTHBIE NONEPEUYHBIE CEUYEHHUS C
MaxOBUYKOM, pyKosATKoi. CTOpOHY KBajapaTa pPEKOMEHIYIOT IPUHHMAaThb pPAaBHOU
npuMmepHo 0,75 auamerpa Baa.

Puc. 11.20. [IpodunsHbie coequHeHUs

K npodunbHbIM coeAMHEHUSIM OTHOCST COEJAMHEHHs Baja CO CTYNUIEH IO
OBAJIbHOMY, HaNpuUMep, TpexrpaHHoMy KOHTYpy (puc. 11.20, a), coenuHeHne Ha JIbICKe
(puc. 11.20, 6). JlocToMHCTBaMU TaKUX COECIWHEHUMN SBISIOTCS Jydllee MO CPaBHEHUIO
CO IUMNOHOYHBIM LEHTPUPOBAHHE M OTCYTCTBHUE KOHIIEHTPATOPOB HANPSIKEHUU; K
HEJ0CTaTKaM CIEAYeT OTHECTH CIIOKHOCTb U TPYHOEMKOCTb, OTHOCUTEIBHO BBICOKYIO
CTOUMOCTb U3TOTOBIICHUS (PACOHHBIX TIOBEPXHOCTEH.
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Bonpocsl 1151 caMONIpoOBepKM:

1.Haz0BUTE OCHOBHBIE BUIbI HEPAZBEMHBIX COEIUHECHHIA.

2.Hanumure u 00bsICHUTE pacyeTHbIe (POPMYIIBI AJIs 3aKJICTOYHBIX COEAMHEHU.

3.Ha30BUTE OCHOBHBIE BUbI CBAPKH U TUIIbI CBAPHBIX IIBOB.

4.1lpuBeguTe METOAUKY pacyeTa IITOHOYHBIX COEANHEHN.

5.HazoBure Turel pe3b0 U yKaxuTe 0071acTh UX MTPUMEHEHUS.

6.11o kakuM npuU3HaAKaM KJIaCCUPUIUPYIOTCS IUTMLEBbIE COCTUHEHUS ?

7.Kakue [OCTOMHCTBA HMEIOT COEAWMHEHUS MPU3MATUYECKHMMH IIINOHKAMHU U
KOTJ]a UX PEKOMEHIAYETCSI IPUMEHSTH ?

8. Uto Takoe miar, XoJ pe3bObl?

9. HazoBuTe OCHOBHOI BUJ KPENEKHON Pe3bObl U €€ XapaKTePUCTUKHU.

10. ITpuBeauTte knaccupukanuo MyPpT M0 NPUHIUNY JESUCTBUS U XapaKTepy
paboTHI.

11. JlaiiTe KpaTKyt0 XapaKTepUCTUKY yIPYTON BTYJIOYHO-MATBLEBONH MY(THI.

12. YTO 1Mo0k€HO B OCHOBY TTo7100pa My () T?
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