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HPEAUCJIOBUE

Mexanuka GopMupyeTr oOIIETEXHUUYECKYIO MOATOTOBKY MHKE-
HEPOB CIEIUATILHOCTEN MAIIMHO- U MPUOOPOCTPOUTEIBHOTO, TEXHO-
Jorudeckoro npoduiis. byaydn KOMIUJIEKCHON TUCIUIIMHON, MeXa-
HUKa BKJIIOYAET B c€0sl OCHOBHBIE TOJIOKEHUS KYpPCOB TEOPHUsI MeXa-
HU3MOB M MAIIIMH, JETajJyd MallliH U OCHOBBI KOHCTPYUPOBAaHUs, CO-
MPOTUBJICHUE MaTepUaioB. L{enb W3ydeHnss NUCHUILIMHBI - 1aTh CTY-
JIEHTY 3HaHUsI, YMEHUS U HABBIKU, HEOOXOAUMBIE JJIs1 TTOCIIEYIOIIETO
U3YUYCHHUS CTICIUANIbHBIX UHKEHEPHBIX JUCHMIUIMH, a TAKXKE B JJIb-
HEUIIEN €ro NEATENIbHOCTA B KAayeCTBE HWHKEHEPA-KOHCTPYKTOPA,
MHXKEHEPA-IKCIUTyaTallMOHHUKA W JAPYTUX BUAAX WHXKCHEPHOU Jes-
TEJIbHOCTH MO OCBOCHUIO HOBOW TEXHUKHU.

JlaGopaTopHble 3aHATHA 1O JUCHUIUIMHAM MEXaHUYECKOIO
npoduIIst IPOBOASATCSA C LIEIbIO MPAKTUYECKOT0 3aKPEIJICHUs] 3HAaHU,
MOJy4ae€MbIX CTYJCHTAaMH B JICKIITMOHHOM KYpCE€, W BBINOJIHSIIOTCS B
CIICIIMATU3UPOBAHHBIX JlTa0opaTopusix Kadeapbl TEOPETHYECKON Me-
XaHUKU W MexaTpoHuku HOro-3amajgHoro rocyJaapCTBEHHOIO YHH-
BepcuteTa. Kadenpoit TMuM HakoruieH O0raTblii OINBIT pa3paboTKu
71a00paTOPHBIX YCTAHOBOK, MAKETOB, METOJIMKHU MPOBEJICHUS JTabopa-
TOPHBIX padoT.

Kaxnas nmabopatopHas paboTa, KaK MPAaBUIIO, BBITOIHSAETCA
CTYJICHTaMHU B KOJMUYECTBE OoJiee 2-3 4eOBEK, YTO CIIOCOOCTBYET
Jy4IlIeMy YCBOEHHUIO M3y4aeMOTo Marepuala. 3amura jJadbopaTop-
HOU pabOTHI MPOBOJUTCS UHANBUIYAIbHO, KaK IPABUIIO, C UCTIOJb-
30BaHUEM WHAUBHUIYAJbHBIX KAPT KOHTPOJISI 3HAHWW W PEIICHUEM
3a7a4.

JlabopatopHbie pabOThl OPOPMIISIOTCS B OTJIETLHON TETPAIU B
BHuje otdueToB. OTUCT MO paboTe BKIOYAET B ce0s Ha3BaHHUE pabo-
ThI, €¢ 1I€J1b, KPATKUE TEOPETUYECKUE CBEIICHUS, U3II0KEHHBIEC CTY-
JICHTOM KOHCIIEKTHMBHO, @ TAaK)K€ XOJ| BBIIIOJHEHUSI PabOThI U MOJTY-
YEHHBIE PE3YyJIbTAThI.

[Ipenyiaraemoe mocoOue COAEPKUT TEOPETUUYECKHUE MPEATO-
CBUIKH, OMMCAHUE U KOHKPETHBIC METOJAMYECKUE YKa3aHUs K Jlabopa-
TOpPHBIM paboTaMm 1o KypcaM «Mexanukay, «[IpukianHas mexaHu-
Ka», « TexHuueckass MEXaHUKa» U Jp.



BBEAEHUE

Texnnueckasi MeXaHHKA — 3TO HayKa, HU3y4arollas METOIbI
CUHTE3a U aHaJIM3a MEXaHUYECKUX YCTPOMCTB, UX JABUKEHUE, U TIPU-
MEHEHUE B COBPEMEHHOM TEXHUKE.

TexHuueckas MexaHuKa JCIUTCS HA HECKOJIBKO pa3/ielioB:

e Teopus mexanuszmoB u MaiiuH (TMM)
® JIeTaJId MAIIIMH U OCHOBBI KOHCTPYHUPOBAHUS
® CONPOTHBIIEHHWE MAaTEPHAIIOB

ITox MaIIMHON NOHUMAKOT YCTPOMCTBO, BBINOIHAIOLIEE MeXa-
HUYECKUE JBUKEHUS I MpeoOpa3oBaHUs SHEPTUU, MATEPHAIOB U
uHGOPMAIIH C TEJIbI0 3aMEHbI UK 00JIeTYeHUs] (PU3UUECKOTO U YM-
CTBEHHOTO Tpy/a YeJoBeKa.

[IpuzHakamMu MamiuHbl SBISIETCS MCMOJIb30BAHHE KAKOW-THMOO
(OpMBI IBUKEHUS U COBEPIIICHHUE TTOJIE3HON pabOThl. DTUM MAIlIMHBI
OTIUYAIOTCA OT COOPY>KEHUU (CTPOUTETHHBIX KOHCTPYKIIMNA) U OT
pudOpOB.

PaznuuaroT sHEpreTHiecKue, TEXHOIOTUYECKHE, TPAHCIIOPTHBIS
¥ MH()OPMaLIMOHHBIE MAILIUHBI.

DHepreTuYecKrue MalllMHbl MPEJHA3HAUYEHBI JIJIs1 MpeoOpa3oBa-
HUSI JIFOOOTO BUa DHEPTUU B MEXaHUYECKYIO (MM HA000POT).

Maivsbsl 1711 ipeoOpa3oBaHusl MAaTEpUATIOB MOJPa3IEsSIOTCS
Ha TEXHOJIOTMYECKHE U TpaHcnopTHeie. [Ipeobpa3zoBanne maTepuana
B TEXHOJOTMYECKHX MAIMHAX COCTOMT B M3MEHEHUU €ro pa3MepoB,
(GopMBI, CBOMCTB U COCTOSIHUS. B TpaHCHOPTHBIX MallMHAaX O] Ma-
TEPHUAJIOM TTOHUMAETCS IEPEMELIAEMBII MPEIMET.

Maivsel, npeiHa3HauyeHHbIE JJIA MOJIY4YEHUs U MpeoOpa3oBa-
HUS UH(POPMAIINH, HA3bIBAIOTCS MHPOPMAIIMOHHBIMH.

MexaHu3M - cucTema Tel, IpelHa3HaueHHas Ui npeoOpaso-
BaHUS JIBH>KEHUS OJTHOTO MJIM HECKOJIBKUX TBEPHBIX TEI B TpeOyeMoe
IBUKEHUE APYTUX Tell.

OCHOBHBIM MPU3HAKOM MEXaHU3Ma SIBJISIETCS MPeoOpa3oBaHUE
MEXaHUYECKOTO JIBUXKCHHSI.

B mMammHax pa3nuyHOro HazHayeHUsl MPUMEHSIOT pa3Hoo0pas3-
HbIE MEXaHHU3MBbI — PbIYaXKHBIC, KyJAYKOBBIC, 3yOUaThie U JIp.




JIABOPATOPHAS PABOTA Nel

CTPYKTYPHBINA AHAJIU3 IIJIOCKOT'O PBIYAKHOI'O
MEXAHU3MA

Ilesb padoThI: BBISICHUTH 3aBUCHUMOCTbH CTEIIEHU MOJABUKHO-
CTH MEXAaHU3Ma OT €r0 CTPYKTYPHI, BBIIIOJHUTH CTPYKTYPHBIM aHa-
JIM3 MEXaHU3MA.

OO1ue TeopeTUdecKHe MOJTOKEHUS

1.1. 36enbsa u Kunemamuyeckue napol

PhluakHBIMM HA3BIBAIOTCSI MEXAHU3MbI C T€OMETPUUECKUM 3a-
MbIKaHUEM (3amupaHueM) 3BEHBEB BO BpallaTeIbHBIX M IIOCTYyIIa-
TEJIbHBIX KHHEMATHYECKUX Mapax.

bnarogaps 5ToMy OHHM MOTYT mepeaaBaTh OOJIBIIME YCWIHS U
MOIITHOCTH, YEM APYTUe MEXaHU3Mbl B aHAJIOTUYHBIX YCIOBUSIX. 3BE-
HbsI MEXaHU3MOB CPABHUTEIIHLHO MPOCThI B U3TOTOBJICHUH.

MexaHu3Mbl NPUMEHSIOT B OCHOBHOM JUIsl TpeoOpa3oBaHUSs
BpalaTeIbHOTO JABUKEHUS BXOJHOTO 3B€HA B KayaTEIbHOE WM BO3-
BpPaTHO-TIOCTYIATEIbHOE JBUKEHHUE BBIXOAHOTO 3BEHA.

Ecnu 3BeHbs MexaHU3Ma JBUXKYTCS B OAHOM MJIOCKOCTH, TO M€-
XaHU3M Ha3bIBAETCS TJIOCKUM.

Kaxaplii MEXaHU3M COCTOUT U3 OTAECIbHBIX 3BEHHEB, OJTHO W3
KOTOPBIX SIBJISIETCS HEMOJBWKHBIM W Ha3bIBaeTcsl cTokou. Ocralib-
HbIE 3BEHbS OTHOCUTEIIBHO CTOMKH COBEPIIAIOT BIOJIHE OIPEJIEIICH-
HBIE JBHKCHUS.

3BEHbSI MEXaHU3Ma B 3aBUCUMOCTH OT MX (YHKIIMU B MEXaHU3-
M€ Pa3AeNIIlOT HAa BXOJHBIE W BBIXOAHBIE, BEIYIIUME U BEIOMBIC.
BX0HBIM Ha3bIBAIOT 3BE€HO, KOTOPOMY COOOIIAECTCS ABUKEHHUE OT
JIBUTATEIS,, BBIXOAHBIM - 3B€HO, PEAIHM3YIONIECE JIBUKEHHE, NI KO-
TOPOTO U MPETHA3HAYECH MEXAHU3M.

[ToaBu>KHOE COEMHEHUE ABYX 3BEHbEB 00pa3yeT KMHEMAaTH4e-
ckyto napy. Haubobliiiee pacnpocTpaHeHHe MOTYyYniId KUHEMaTHYe-
CKHE Mapbl, B KOTOPBIX OJTHO 3B€HO OTHOCUTEIBHO JPYroro coBeplia-
€T BpAIIATEIIbHOE WJIM MOCTYMAaTeNbHOE JABHKEHUE. B cooTBeTCTBUM
C ATUM Mapbl HA3bIBAIOT BPAIIATENbHBIMY WIIH MMOCTYATEIbHBIMHU.

VYyacTky 3B€HbEB Mapbl, KOTOPHIMU OHHU BXOJAT B COIPUKOCHO-
BEHME HA3bIBAIOT BJIEMEHTaMU MHaphl. ECIM COMpUKOCHOBEHHE TPO-




UCXOJIUT TI0 TOBEPXHOCTH, TO Mapa HA3bIBAETCS HUBLICH, a €CJIU M0
JMHUW WIA B TOYKE, TO - Bbicuied. [[pumepamu HU3MIMX map MOTYT
OBITh TTOJ3YH U CTOMKA (HEMOJBUKHAS HAIPABJIAIONIAs), IAJIUHAPU-
YECKUM mapHup (Bajl ¥ NOALIUIHUK ) U T.J.

1.2. Knaccol Kunemamuueckux nap

OmnpezeneHre NBUKEHUS 3BEHHEB KHHEMATUYECKOM Mapbl 00b-
ACHSAETCA €€ CTPYKTYpou. M3BECTHO, YTO Ka)KI0€ 3BEHO B OTHEIBHO-
CTH UMEET 6 CTEreHel CBOOOIbI, T. €. MOXKET MOJIy4aTh 6 BO3MOKHBIX
nepemMenieHuid B MPOCTPAHCTBE - TPU MOCTYMATENIbHBIX BAOJIb KOOP-
JUHATHBIX OCEW U TPU BpaAIlATEIbHBIX OTHOCUTEIBHO 3TUX Oce (pucC.
1.1).

I

' )

Puc. 1.1. Bo3aMoxHbI€ IepeMeNIEHUs T€NIa B IPOCTPAHCTBE

[Ipu coenrHEHNN 3BEHBEB B KHHEMATUYECKYIO TPy, KAXI0€ U3
HUX HaKJaJbIBAE€T HA JPYroe OrpaHUYCHUS] B JBWXKCHUM (CBSI3H), B
pe3yibTaTe Yero TePsIETCsl ONMPEIeTICHHOE YUCIIO CTENeHEH CBOOOIbI.
ITo uncny cBsi3e, HATOKEHHBIX HA OTHOCUTEIIBHOE JBUKECHUE 3BEHb-
€B, KHHEMATUYECKHE Maphl ACIATCS HA 5 KIACCOB.

Haubonbiee pacnpocTpaHeHre UMEIOT napbl V-ro Kiacca (OHU
UMEIOT JIMIb OJHY CTENEeHb CBOOOJIbI): 3BEHbSI B HUX MOTYT IOJY-
yaTh JIMOO BpalareabHoe, MO0 MocTynaTeabHoe JBMXeHue. B ma-
pax IV-ro kiracca BO3MOXHO 2 OTHOCHUTEIBHBIX JIBUKCHUS 3BCHBEB,;
HarpuMep, CBOOOHBIN MWIMHAPUYECKUN mapHup (puc. 1.2) umeer



JIBE CTEMEHU CBOOOIbI - BPAIIATEIIbHOE BOKPYT OCHU M MOCTYIATEIb-
HO€E BIOJIb DTOU OCH.

Puc. 1.2. Kunematnueckas mapa IV kiacca

B takom xe ABWIKCHUHN HAXOAATCA 3BCHBA BCCX BBICHIMUX IIAp (B
IIJIOCKUX KHMHEMATHUYCCKUX HGHHX) U ITO3TOMY OHH OTHOCATCA K IIa-
paMm IV-ro kmacca. Takum 06pa30M, Imapbl V-ro kiacca OAHOIIOI-
BHJKHBI, IIAPbI IV-ro knacca - ABYXIIOABUKHBI .

1.3. Kunemamuueckue uenu u MexaHumol

COBOKYITHOCTh COCIMHEHHBIX MKy COOOM 3BEHbEB B KMHEMA-
TUYCCKHE Tapbl Ha3bIBAIOT KuHemamuyeckou yenvio. Kunemarnye-
CKHE IICIH Pa3AC/IAIOT HAa Pa30MKHYThIE M 3aMKHYTHIC, IIPOCTHIC U
cnoxnbie. PazomkHyTas 1ens (puc.1.3, a) uMeer cBOOOIHBIE DJIEMEH-
ThbI, K KOTOPBIM MOT'YT OBITh IPHCOCAUHCHBI APYTHe 3BCHbA. B 3aMK-
HYTOH 11NN BCE 3BCHBS 00pa3yloT 3aMKHYTHIH KOHTYD, HE UMCIOLTUI
CBOOOHBIX 2JIeMeHTOB (puc.1.3,0).

D C

B C
N\
A B
a)

0)

Puc. 1.3. Kunematuueckue 1enu: a) — pa3oMKHyTasi, 0) - 3aMKHyTas

[IpocTol HA3bIBAIOT LIETb, B KOTOPOM KAXJI0€ 3BEHO BXOAUT B
cocTaB He OoJsiee AByX KuHeMaTtuueckux nap. Ha puc.1.3,0 3BeHo 4B
BXOJUT B COCTaB JIBYX map - A u B. CinoxHasi 1lenb UMEET B CBOEM



cocTaBe 0a3MCHBIEC 3BEHBS, KOTOPbIE BKIIOYAIOTCS B TPU U O0Jiee Ku-
HeMaTudeckux mnap (Ha puc.l.3,a 6a3UCHBIM 3BE€HOM SIBJISIETCS 3BEHO
BCD).

B kuHemaTuuyeckux LEnsx BCE 3B€Hbs MOJBWKHBI. Eciu ke oa-
HO W3 3BEHBEB 3aKPENHUTh HEMOJBWKHO, TO LENb MpEeBpaIlaeTcs B
MexaHu3M. [lo xapakTepy JIBUXKEHHS TOYEK 3BEHbEB MEXAaHU3Ma OT-
HOCUTENBHO BHIOPAHHOM MIIOCKOCTH KUHEMAaTUYECKUE LENU U MeXa-
HU3MBI PA3JENSIOT Ha MJIOCKKUE U IPOCTPAHCTBEHHBIE. B miockux 1e-
IsIX ¥ MEXaHU3MaX TOYKH BCEX 3BEHBEB JIBMKYTCS MApAJIEIBHO O/I-
HOM MIOCKOCTH. Takoe ABMKEHHE B PHIYAXKHBIX MEXaHU3Max obec-
NEYMBACTCS MapajuieIbHbIM PACIOJIOKEHUEM Ocel mapHUpoB. Eciu
€ OCH IIAPHUPOB PACTIOJIOKEHBI HE TTAPAIETbHO, TO TOUKU 3BEHHEB
OMUCHIBAIOT MPOCTPAHCTBEHHBIE TPACKTOPHUU, T.€. IBUXKYTCS HE Ma-
pajuieIbHO OAHOM MIOCKOCTH.

Kaxp1ii MexaHu3M MMEET 3BEHbsI BEAyINE U BeaoMbie. Bemy-
iee 3BEHO, COBEpILAIOIIee BpallaTeIbHOE JBUXKEHUE C IMOBOPOTOM
Ha yroa 360 rpaaycoB, Ha3bIBalOT KpUBOMIMOOM (puc.l.4, a). 3BeHO
MOCTYNaTeIbHOTO JBMKEHHUSI Ha3bIBaIOT NoJ3yHOM (puc. 1.4, 0). 3Be-
HO, COBEpIIaloIIee KayaTeJIbHOE JBUKEHHUE HA3bIBAIOT KOPOMBICIOM

(puc 1.4, B).
C1\
/ /7 /
a) 0) 6)

Puc. 1.4. 3BeHpst MexaHH3Ma: a) — KPUBOILIHIT, 0) — TIOJI3YH 3; B) - KOPOMBICIIO

Kauaromeecss wim Bpararoimieecss 3BEHO, KOTOpPOE SIBIISIETCS
MOABWKHOM HAIIPABJISIIOIIEH JJIsl TOJI3YHA, HA3bIBAETCS KYyaucou (puc.
1.5,a). 3BeHO, coBepllIarollee MIOCKO-MapauieaIbHOE JBUKECHUE, Ha-
3piBaeTcs wamyrnom (puc. 1.4, 6, 1.5,0). OObI4HO MIATYH COEIHHSCT
KPHUBOIIIHII 1 MTOJI3YH, KPUBOIIUI M KOPOMBICIIO, KYJIUCY U MOJI3YH.
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a) 0)

Puc. 1.5. 3BeHbs MexaHu3Ma: a) — KyJiica; 0) — maTyH

1.4. Cmenens noosusicnocmu mexanuma
Yucno moABUAKHBIX 3BEHBEB, KOTOPOE HEOOXOIUMO JJIsi CO00-
IIEHUSI BEAOMBIM 3BEHBSIM 3aJIJaHHBIX JIBUKEHUM, 3aBUCUT OT CTPYK-
Typbl MEXaHW3Ma, T. €. OT YKCJa 3BEHbEB U YKCJIa KUHEMATUYECKUX
nap pasIMuHbIX KJIacCOB. JTa 3aBUCUMOCTb OTPAXKACTCS CTPYKTYP-
HOUM (hopMyJIO MEXaHHM3Ma, OIPEICAIONIeH CTENeHb MOJBUXHOCTH
(4MCII0 BEAYIINX 3BE€HBEB) B 3aBUCUMOCTH OT €TI0 CTPYKTYPHI.
JI71s TTOCKUX MEXaHW3MOB (popMyJia ISl OTIPEICIICHUS CTEIEHU
noaBuxkHOCTH (popmyna I1.JI.HeOrbIieBa) UMEET BU/L:
W =3n-2ps-py, (1.1)
TIE W -cTeneHb MOABUKHOCTH MEXAHU3MA;
N-YHCJIO IIOABUKHBIX 3BEHLEB;
ps-4mucio nmap V-To Kiacca;
pys-amcio nap IV-ro kiacca.

[Ipumep. OnpenenuTb CTENEHb MOJBUKHOCTH MEXaHHM3Ma, M300pa-
YKEHHOr0 Ha puc. 1.6.

Puc. 1.6. OnpeneneHue CTENEHU MOJABUKHOCTH INIOCKOI0 MEXaHU3Ma

Pemenne. Mexanusm umeetr 4 moaBvXHBIX 3BeHa (1, 2, 3, 4),
yrciio nap V-ro kiacca - S(Mexay 3BeHbsiMH 5-1, 5-2, 2-3, 3-4, 5-4),
yucino nap [V-ro knacca - 1 (mexny 3BeHbsiMu 1-2).
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Crenenb noABUXHOCTU OyAeT paBHa W =3-4-2.5-1=1.

CnenoBareibHO, ISl pabOThl ME€XaHHW3Ma HEOOXOJUMO OJIHO
Belyliee 38eH0. B nmpuHLMe, BEayIUM 3BEHOM MOXET OBbITh J11000€
3BE€HO, Harpumep, non3yH 4. OaHako, Jaiie BCEro BEAYIIUM 3BEHOM
SIBJISICTCS] KPUBOIIIMII.

L.5. Ycnosnoe o603nauenue 36eHbes U KUHEMAMUYECKUX AP

KunemaTtuueckue 1enu M MexXaHU3Mbl U300paxaroT rpaduue-
CKM B BHUJIE CXeM U I1aHOB. CXeMOl Ha3bIBaIOT N300pa’keHNE 3BEHb-
€B U Map C MOMOIIBIO CIEUATbHO MPHUHATHIX YCIOBHBIX 0003Haue-
HUM, HO 0€3 omnpeaeneHHoro Macmrada. [1nan nzoOpaxaer 1eny win
MEXaHHU3M B MPUHITOM MacIITabe C y4eTOM H3BECTHBIX JUIMH 3BEHb-
eB.

3BEHO PHIUAKHOTO MEXaHM3Ma U300PAKAIOT OTPE3KOM MPSMOM
C KpYy)KOUKaMH Ha KOHIIaX, M300pakaroIue 3JIEMEHTHhI 1isi 00pas3o-
BaHMs BpalareiabHbix nap (puc. 1.7,a). 3BeHO, coBeplilaroniee mMo-
CTynaTeJIbHOE JBM)XEHHE B HAMPABJIAIONIMX (TMOJI3YH), H300pakaeTcs
NPSIMOYTOJIbHUKOM C 3JIEMEHTOM BpalaTeabHo mapel (puc 1.7,0).
HenonmxHoe 3BeHO (CTOMKa) OTMEUaeTCs IITPUXOBKON WM H30-
OpakaeTcsi paBHOCTOPOHHUM TPEYTOJbHUKOM CO IITPUXOBKOM (pHUC

1.7,B).
O
/;i/

a) 0) 6)

Puc. 1.7. CxemaTnueckoe 0003HaUEHUE 3BEHBEB: a) — 3BEHO
BpalaTeIbHOTO MU TJIOCKOTO ABUKEHUS; 0) — MOJI3YH; B) - CTOMKA

Ecnu 3BeHbs1 MPUCOEIUHSIOTCS K CTOMKE, 00pa3ys BpaliaTesb-
HbIC IMapbl B HECKOJIBKMX MECTaX, YNAIEHHBIX IPYyr OT Apyra, TO
CTOMKa M300pakaeTcsi COOTBETCTBYIOIIMM YHCJIOM TpPEYroJIbHUKOB
CO WITPUXOBKOW, KOTOPast OTMEYAETCS OJHUM YHCIIOM.

1.6. Cmpyxkmypmnwte epynnwt JI.B. Accypa
Kaxnplii MeXaHu3M COCTOMT M3 OTIEIbHBIX CTPYKTYpPHBIX
TPyII. DTU TPYIIBI 00pa3yroTca U3 map V-To Kjiacca, KOTOpbIe IMO-
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CJi€ MPUCOEAUHEHHS UX CBOOOJHBIMU 3JIEMEHTaAMU K CTOMKE 00pa3y-
IOT JKECTKYIO CUCTEMY WJIM MEXAHU3M HYJIIEBOU IOJIBUKHOCTH.

TakuM oOpazoMm, cmpykmypHou 2pynnoii_Accypa Ha3bIBAIOT
TaKyl0 KMHEMAaTUYECKYIO LEMb, KOTOpas, Oyay4yd NPUCOECIUHEHHOM
AJIEMEHTAMU BHEIIHUX KMHEMATUYECKUX Map K CTOMKE, UMEET HyJIe-
BYIO CTEIICHb MOJBWKHOCTH. B CTPYKTYpHYIO IpYyIIILy BXOJIST KUHE-
MaTHYECKHE Maphl TOJIBKO V-TO KJacca.

CrpykrypHas popMmyia rpymnmsl Accypa UMEET BU:

W =3n-2ps=0. (1.2)

IIpocrenias CTpyKTypHasi Ipylna COCTOMT U3 JIBYX 3BEHbLEB,
o0pa3ylolux BpallaTeIbHYI0 WM MOCTynaTelbHyo mnapy. Takas
rpyImmna Ha3siBaeTcs auajaou. [Ipumepsl quan mokaszansl Ha puc. 1.8.

3BEHbS, KOTOPBIMU ITPUCOEANHSIETCSA TPyNIa K APYTUM 3BEHBAM
MEeXaHu3Ma U K CTOMKE, Ha3bIBAIOTCS HOBOOKAMU.

AN

Puc.1.8. Ilpumepsl IBYyXHOBOAKOBBIX CTPYKTYPHBIX TPYIII (1a)

bonee cioxHbIE CTPYKTYpPHBIE TPYHIIBI COCTOST U3 OOJIBIIETO
yucia 3BeHbeB (puc. 1.9). Ha puc 1.9, a mokazaHa cTpyKTypHas
rpylmna, COCTOSIAs W3 YEThIPEX 3BEHBEB, NPUYEM OJHO U3 HUX
(ABC) sBngercst 6a3UCHBIM.

B C
A
%\ }({ P £
a) 0)

6)
Puc. 1.9. CtpykTypHBbI€ IpYNIIBL: a) — TPEXITOBOJAKOBAS 3-I0 KJIacca;
0) — mapa 4-ro nopsiaka 3-ro Kjiacca; B) — napa 2-ro nopsjaka 4-ro
KJIacca

Ha puc 1.9, 6 nokaszana cTpykTypHas rpyIina, cocrosias u3 6
3BEHBEB MPHUYEM 4 U3 HUX MPEACTABILAIOT ToBOAKK. Ha pwuc.1.9,8 no-
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Ka3aHa TPYyMIA U3 YETHIPEX 3BEHBEB MPUCOCAUHIEMBIX K MEXaHU3MY
B TOUKax A u D.

1.7. Knacc u nopadok cmpyKmypHou pynnal

Kaxnas cTpykTypHas rpynmna XapakTepU3yeTcsi KIacCOM M IMO-
PAJIKOM.

Kilacc rpynmbl OpencTaBisieTCss YMCIOM KHHEMATHYECKUX
nap, oopa3yronmx HanOosee CI0XKHBIM 3aMKHYThIM KOHTYp. Tak Ha
puc.1.9, B cTpykTypHas rpyrmna OTHOCUTCS K 4-My KJaccy, IOTOMY
YTO HanboJiee CJIOXKHBIM KOHTYp oOpasyercs 4-ms napamu (BCEF).
Jlrnaapl OTHOCATCS KO 2-MYy KJIAcCy.

IHopsAaok CTPYKTYPHOHM IPYNIIBI ONPEACIAETCA YUCIOM CBO-
OOJHBIX 3JEMEHTOB, KOTOPHIMU OHA MPHUCOEIUHSIETCS K CTOMKE U K
MOJBUHBIM 3BEHbSIM MexaHu3Ma. [1opsgoK YMCIEHHO paBeH YHUCITY
NOBOJKOB CO CBOOOJHBIMU 3JEMEHTaMH. Benyiiee 3B€HO M CTOMKa
oOpa3yeT MexaHu3M 1-ro kjacca 1-ro mopsijaka, Ha3bIBaeMbIi «Ha-
YaJIbHBIA MEXAHU3M.

Kiacc u mnopsimok MexaHusma ONpeeNsitoTCS HauBBICIIUM
KJIACCOM H TOPSJIKOM, BXOJSIIUM B €r0 COCTaB CTPYKTYPHBIX TPYIIIL.
Tak, Hanpumep, MEXaHU3M U300pakeHHBIN Ha puc.1.10, oTHOCUTCS K
MEXaHU3MYy 3-TO Kjacca 4-ro nopsiaxa.

Puc. 1.10. Onpenenenue nopsiika u Kiacca MEXaHU3Ma

1.8. Oopazoeanue mexanuzmoes

HoBblii MexaHnu3M o0pasyercs IPUCOSIMHEHUEM K HaYallbHOMY
MeXaHu3My (U3 CTOMKHM W BEAYIIEro 3B€Ha) CTPYKTYPHBIX TpyIMI, B
pe3ysbTaTe Yero MEXaHu3M YBEJIMYMBAET YMCJIO 3BEHbEB U KUHEMa-
TUYECKUX TMap, HO COXPaHAET MPEKHIOI CTENEeHb MOJABUXKHOCTH.
Yucino npucoeIMHEHHBIX 3BEHBEB U Map OMPEACSeTCs U3 CTPYKTYP-
HOU opmyibl Tpynnbsl Accypa:

Ps=3n/2 (1.3)
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N3 dopmynsr (1.3) ciemyer, 4TO YMCIO MNPUCOECAMHECHHBIX
3BEHBEB JIOKHO OBITH YETHBIM, TOTJIA YHCIIO MPHUCOCAMHSICMBIX ITap
JOJDKHO OBITH KPaTHBIM TPEM.

TN B S F

Puc. 1.11. O6Gpa3oBaHre MEXaHU3MOB: a) — KPUBOIIUITHO-
KOPOMBICJIOBBIN; 0) — KPUBOIIMITHO-MIOJA3YHHBIN; B) KPUBOIIUITHO-
KYJIMCHBIN

Tak, Hanpumep, ipu n = 2, Ps = 3, €CIu IPUCOEIUHUTD CTPYK-
TYPHYIO TPYIIYy MEPBOro BUAA K KPUBOIIMIY U CTOWKE, MOTYyYUTCS
YEThIPEX3BEHHBI MEXaHU3M C BpauiaTeiabHbiMu napamu (puc 1.11,
a), a IpU MPUCOECTUHEHUH 3TOM K€ TPYIIIbI K HAYAIIbHOMY MEXaHU3-
MY U3 MOJ3YHA U CTOMKHU MOJYYaeTCsd KPUBOUIMITHO-MOJI3YHHBIN Me-
xanu3Mm (puc 1.11,0). Ilpu npucoegMHEHUH CTPYKTYPHOU TIpYIIIbI
TPETHErO BUAA K HaYaJIbHOMY MEXaHU3MY M3 KPUBOLIMUIIA U CTOMKH
noJTy4daeTcsi KyJucHbIN mexanus3Mm (puc 1.11,B)

1.9. Paznoscenue mexanuzma Ha cmpyKmypHble 2pynnol

[Ipy BBIMOJHEHUM CTPYKTYPHOI'O aHaIM3a MEXaHU3Ma IMPOU3-
BOJISIT €0 Pa3yioKEHUE HA CTPYKTYpPHbIE TpyNIbl. PasnoxeHnve Hauu-
HAIOT C OTCOEAMHEHUS KpalHUX TPYMI U 3aKaHYMBAIOT BbIJICJICHUEM
Ha4yaJIbHOTO MEXaHU3Ma

OOpazoBaHKe MEXaHU3Ma MTPOU3BOJIUTCA B OOpPATHOM MOPSIKE:
K HayaJbHOMY MEXaHU3MY IPUCOEAUHSAETCS MepBas CTPYKTypHas
rpyIa, a 3aTeM MOCJIeYIONIUE TPYIIIbI

[Topsimok mpucoeauHEeHUsT CTPYKTYPHBIX TPYII MIpu 00pa3oBa-
HUU BbIpaxaeTcsi (HOpMyJIOi CTPOCHHS MEXaHW3Ma.

O0beKThI BBINOJHEHUSA Pa0OTHI - IUIAHIIECTHI C MOJCIISIMU
PBIYKHBIX MEXaHU3MOB.
ITpumep. [IpoBecTn CTPYKTYpHBIM aHAIW3 MEXaHU3Ma, CXeMa KOTO-
poro n3obpaxeHa Ha puc. 1.12.
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b

7

Puc. 1.12. CtpyKTypHBIi1 aHATIU3 INIOCKOTO PBIYa)KHOIO MEXAHU3MA

K

1. OnpenensieM 3BeHbS W KMHEMATHYCCKHE IMapbl, COCTABIISIO-
ye JaHHBIM MexaHu3M (Tad:. 1.1)

Tabmura 1.1
XapaKTepUCTUKA 3B€HbEB U KWHEMATUYECKUX Tap
No 3BEHbS Kunemaruueckue napbl
i HaumenoBanue Ponp O6o3Ha- | 3BeHbs, | OTHOCHT. IBH-
3BEHbHECB 3BEHA YeHUs napel | )KEHUE 3BEHHEB
1 KpuBommn Benymee 0) 6-1
2 [TaTyn A 1-2
3 Kopomsbiciio Bexomoe B 2-3 | BpamarenbHoe
4 [laTyn C 3-4
5 [Ton3yH 0, 6-3
6 Crolika Henonsux. D 4-5 BpamarensHoe
D 6-5 |IlocrymnarenbH.

2. Beigensem cTpyKTypHbIe Tpynmsl (Tadm. 1.2)

3. OmnpenensgemM Kiacc U MOPSAJOK MEXaHU3Ma, CTENEHb €ro
MOABH>KHOCTH.

Knacc mexannsma - I1, nopsinok mexanusma - /1.

CrernieHp MOABUXXHOCTUA MexaHu3ma: W =3-5-2.7=1
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Tabauna 1.2.

XapakTepuUCTUKA CTPYKTYPHBIX TPYNIT MEXaHU3MA

[Iposepka crer. Knacc [Topsimok
Cxema CTpyKTYpHOM TPYIIIIBI
MOJABMIKHOCTH | TPYIIITBI TPYIIIIBI
C
A D
— = -
— 15 w=3n-2P;= . .
53363;3’5 32-23=0
B
A‘IZV‘O
C L
C W =3n -2P5 =32-
11 1
23=0
6 ; 0
A
A
1 W=3n-2P 5
1 1
v~ \.Oi =31-21=1
o
Fa
Conep:xxanue padoThbI
1. IlocTpouTh (HAYEPTUTH) MIIAH MEXAHU3MA.
JIunelHpIii MacTal: =lp/AB  (M/MM)

2. 3amonHUTh TAOIMILy XapaKTEPHUCTUK 3BEHHEB M KHWHEMaTH4Ye-
ckux mnap (mpumep: Taoim.1.1).
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3. Onpenenuth CTENEHb MOABUKHOCTH MEXAHU3MA:
W=3n-2ps-ps
riae W -creneHb MOABMXXKHOCTH MEXAHHM3MA; M-YUCIO TOJBUAKHBIX
3BEHBEB; ps-UUCIIO Map V-ro Kiacca; p,~uucio mnap [V-ro knacca.
4. Pa30uTh MEXaHU3M Ha CTPYKTYpPHBbIC TPYIIIbl. 3allOJHUTH Ta0-
muny (mpumep tada. 1.2).
5. ChopmynupoBaTh BBIBOJBI 110 padoTe.

KoHTpoJibHBIE BOIPOCHI

1.  Yrto Ha3bIBAIOT 3BEHBSIMU U KUHEMATHUYECKUMU TTapaMu?

2. Kak knaccubuuupyroTcs KHHEMAaTUYECKHUE Mapbl MO OTHOCH-
TEJILHOMY JIBUKEHUIO 3BEHBEB, BUaM 3JIEMEHTOB U KjiaccaMm?

3.  Uto Ha3bIBalOT KUHEMATHUYECKON 1IEThI0 U KaK KJIACCU(PUILIUPY-
0T KWHEMaTUYECKUE 1enu?

4. B dem oTimumne MexXaHW3Ma OT KuHeMatnueckod nenu? Kakue
3BE€HbS UMEET MEXaHU3M?

5. Kak onpenenuTs cTeneHb NOJABUKHOCTA MeXaHnu3Ma?

6. Urto Ha3pIBalOT CTPYKTypHOH rpynmoi? Kakux BUI0B ObIBa-
10T CTPYKTYPHBIE TPYIIIBI?

7.  Kak ompenenstor Kjiacc U NOPSAOK CTPYKTYPHOM TPYHITBI Me-
XaHu3Ma?

8. B dyem 3akmrouaercs NpUHIMIT 0Opa30BaHUA MEXaHU3MaA M3
CTPYKTYPHBIX TpyIIT?

9. B KakoM NOpsJIKE pacKIaIbIBACTCS MEXAHU3M Ha CTPYKTYPHBIE
rpynmsi?

10. VYMeHue mpoBOIUTH CTPYKTYPHBIN aHAJIU3 MEXaHU3MA
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JIABOPATOPHAS PABOTA Ne 2

KUHEMATHUYECKUHN AHAJIN3 KYJAYKOBOI'O
MEXAHU3MA

Ilegb pa0doOThl: U3YYUTh CTPYKTYPY U KMHEMATUYECKHE Iapa-
METPBI KYJaYKOBOTO MEXaHU3Ma.

OO0ue TeopeTuYecKHe MOJTOKEHUS

KynaukoBble MeXaHU3MBbI TPEAHA3HAUEHBI JIs1 TpeoOpa3oBaHus
IBWKEHUS (KaK MpaBUiIO, BpallaTeIbHOT0) BXOJAHOTO 3B€HA — KyJlay-
Ka B COIVIACOBAHHOE JBUYKEHUE MO CTPOTO 3aJaHHOMY 3aKOHY BBbI-
XOJTHOTO 3B€HA - TOJIKATENs. 3aKOH JBUKECHMS TOJIKATEJNs ONpeaes-
ercsi mpouiaeM Kyjlauyka U SBJISIETCS OCHOBHOM XapaKTEPUCTUKOU
KyJIa4KOBOT'O MEXaHU3Ma, OT KOTOPOM 3aBUCAT €ro ()yHKI[MOHATbHBIE
CBOMCTBA.

Cxema MexaHH3Ma NpeACTaBlIeHa Ha puc. 2.1, 2.2.

Puc. 2.1. Cxema 6apabaHHOTO KYJIaUKOBOTO MEXaHU3MA!
I — xymadok; 2 — TonkaTelb; 3 — CTOMKa; 4 — pOJIMK
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Puc 2.2. Cxema 1UCKOBOTO KyJIaUKOBOI'O MEXaHU3MA:
| - kyma4dok; 2 - ToykaTenp; 3 - CTOMKa

KoHTakT Kynadka ¢ TOJKATEIeM MOXKET 0OEeCIeunBaThCS 2e0-
MempuyecKuM 3amMblKaHuem 3a CUCT Ta30B, OXBATHIBAIOIINX POJIUKOB
(cMm. puc. 2.1) wnm cunosvim 3amvikanuem KUHEMATHYECKOM Mapbl
yTEM BO3ACHCTBHS CHJIBI: TSHKECTH, YIPYTOCTH MPYKHH, JTaBIICHUS
BO3/1yXa WU XKUAKOCTU (CM. puc. 2.2).

Pabovast moBepXHOCTh TOJIKATEJICH, BOCIIPHUHUMALOIIIAS HATPy3-
Ky OT KyJiauka, oJBepkeHa u3Hocy. UToObl YMEHBIINTH U3HOC, pac-
PEACIIUTh €r0 PABHOMEPHEE 10 KOHTAKTHOM MOBEPXHOCTH TOJIKATE-
7S ¥ YBEJIMUUTH HAIC)KHOCTh U JOJTOBEYHOCTh MEXaHU3MA, UCTIONb-
3YIOT OalliMaku pa3inuHON KOHCTPYKIIMU: POJIMKOBBIE, TapelibuaThle.
BrinonHenue GanmMakoB B BHUJIE POJIMKOB TMO3BOJISIET YACTUYHO HC-
KIIIOUUTh TPEHUE CKOJBXKEHUS, 3aMEHUB €ro TPEHHEM KaueHHs,
YMEHBIIUTh U3HOC 3JIEMEHTOB BBICIICH KUHEMATUYECKOW Mapbl U TO-
BBICHUTbH HaJICKHOCTh MEXaHU3MA.

Kpurepuem cumoBoil pabOTOCTIOCOOHOCTH SIBISIETCS yroJy JaB-
JICHUSA ¢, ONPEACIISIONUNA MOJIOXKEHNE HOPMAIIA K TPOPUITIO KyJlauka
B BBICIICH KMHEMATHYECKOH Mape OTHOCHUTEIbHO BEKTOpPAa CKOPOCTH
KOHTAaKTHOM TOYKH BEAOMOIo 3BeHa. UeM OoJibIlle yroja JaBJICHUS,
TeM OOJIbIlI€ PEAKIIUU B KHHEMATUUECKUX Mapax.

["abaputHble pa3Mepbl MeXxaHu3Ma, oOecreunBaromue hPek-
TUBHYIO pabOTy KyJIauKOBOTO MEXaHW3Ma, 3aBUCST OT 3aJaHHBIX yC-
JIOBUU M OTPaHUYCHUH, TAKUX KaK 3aKOH JBHXKCHUS TOJKATENs U J10-
MyCKaeMbIi yTroJl AaBJeHUs, TPEOOBAHUN K PEBEPCUBHOCTH KyJlaykKa.

Conep:xxanue padoThbI

1. TIloBepHyTh Kymadok 1 Tak, 4TOOBI TOJIKATEIb 2 3aHSI
KpanHee MOJI0KEHNE, COOTBETCTBYIOIIEE YTy TOBOPOTA Kynauka 0.
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2. lloBopaumBasi MOCJIEAOBATEIbHO KYyJauyOK Ha YIJIbl, KpaT-
Heie 10 rpagycaM, 3aMEpUTh BEIIMYUHBI IEPEMEIICHUS S; MM TOJIKA-
TEJNS 1O IIKaJE.

3. Ilo pe3ynapTaTam HU3MEpPEHUN MOCTPOUTH TpadUK 3aBUCH-
MOCTH NI€pEMENICHUN 2 TOJKATENs OT yIila ¢ KyJadka.

4.  OTMeruTh Ha IUArpaMMe 3aBUCUMOCTHU S,(¢) (pa3oBbIE yT-
JIbl: YOAJI€HUs, JAaIbHEro CTOSHUS, MPUOINAKEHUS U OJMXKHETO CTOS-
HUSL.

5. Omnpenenuth, MpU KaKUX YIJIaX MOBOPOTa Kyjladyka CKO-
POCTh TOJIKATENSI UMEET MAKCUMaJIbHOE U MUHUMAaJIbHOE 3HAYCHUE.

6. Omnpenenutb CTENEHb MOABUKHOCTA MEXaHU3Ma MO (op-
MYyJIE:

W=3n-2P 5= P 4
7. ChopMmyaupoBaTh BBHIBOIBI IO paboTe.

KoHTpoJibHBIE BONIPOCHI

Kak Ha3pIBatoTCs 3B€HbSI MEXaHU3Ma?

Kak Ha3piBarotcs ¢a3bl paboThl MexaHu3Ma?

YTO Ha3bIBAETCA YIJIOM JABJICHUS ?

KakoBo Ha3HaueHUE pojMKa B KyJIa4KOBBIX MEXaHU3Max?
YTto Takoe 3aMbIKaHUE?

OT 4ero 3aBUCAT MUHUMAaJIbHBIE pa3Mephl KyJiauka?

A S e
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JIABOPATOPHAS PABOTA Ne 3

KUHEMATHUYECKHUH AHAJIN3 3YBYATOI'O
MEXAHU3MA C HEITIOABUKHBIMU OCAMMU

Ilesab paGoThI: UCCIEIOBAHUE CTPYKTYPhl U KHHEMATHUKH 3y0Oua-
TOTO MEXAaHU3Ma, OIPENEICHUE NTEPENATOYHOTO OTHOILICHUSI.

OO1ue TeopeTUdeCKHe MOJTOKEHUS

Kunemarnueckuii aHajin3 3y04aThIX MEXaHU3MOB 3aKJIHOYAETCS B
OMPENCIICHUM YIJIOBBIX CKOPOCTEH BBIXOAHBIX M IPOMEKYTOUHBIX
3BEHBEB 10 U3BECTHBIM YTJIOBBIM CKOPOCTSIM BXOJIHBIX 3BEHbBEB.

3y0Ouarble MEXaHU3Mbl MOTYT OBITh IJIOCKUMH W MHPOCTPAHCT-
BEHHBIMU. Y TUIOCKUX MEXaHU3MOB 3BEHbS BPAIIAIOTCS OTHOCHUTEIHLHO
napauiesibHbIX oced. IIpocTpaHCTBEHHBIE MEXaHU3MBbI MPUMEHSIOT
JUISL TIepe/iadyd BPAIATeIbHOTO JIBXKEHUSI MEXTY MEPECEKAIOIIUMUCS
WM CKPEIIUBAIOIIUMHUCS OCSIMHU.

Kpome Toro, 3ydbuarsie MEXaHU3MBI MMOJIPA3ALISAIOT HA MEXaHU3-
MBI C HEMOJBHXHBIMHU W TOJBHKHBIMH OCSIMU BpallleHUs (TUTaHeTap-
HBIC MEXaHU3MBI).

JI71s1 BBITMOJIHEHUSI KHHEMAaTUYeCKOTO aHaJin3a HEOOXOJAMMO OIl-
peleauTh IepeIaToyHoe OTHOoIIeHue 3yOuartoil mepemaun. Ilepena-
TOYHBIM OTHOILIEHUEM U;, Ha3bIBAETCS OTHOIIECHHE YTJIOBOM CKOPO-
CTH @; BXOJHOTO 3y04aToro kKoyieca 1 K yrioBoi CKOPOCTH @, 3y0da-
TOr0 KoJjieca 2:

U12:0)1/0)2 (31)

VY IUIOCKMX MEXaHW3MOB IEPEIATOYHOE OTHOIICHUE TOJIOKH-
TEIBHOE, €CJIM 3yOUaThie Kojieca BpallaloTcs B OJHOM HaIlpaBiICHUH, U
OTpHULIATEIBHOE, €CJIM KOJIECa BPAI[alOTCA B Pa3HbIE CTOPOHBI.

VYTOBBIE CKOPOCTH KOJIeC, HAXOAATCA B 3alleTNICHUH, OOpPaTHO
MPONOPIIMOHANIHBI PAANyCaM HAYaJIbHBIX OKPYXKHOCTEM I W YHUCJIaM
3yObEB.

Takum oOpa3om, MmepenaTovyHOe OTHOIICHUE JJIS Taphbl IIHJIHH/-
PHUYECKHX 3y0YaThIX KOJIEC BHEITHEro 3anerieHus (puc. 3.1, a)

U;gza)]/a)z=n1/n2=r1/r2=—22/21 (32)
BHYTpEHHeT0 3arneruieHus (puc. 3.1 6.)
U]2: 601/602 =n1/n2=r1/r2 :ZZ/Z] (33)
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Ha kuHemaTudeckoil cxeme HaIlpaBJICHUE BPAIICHUS 3y04aThIX
KOJIEC MOKHO MOKAa3aTh CTPEIKAMHU.
I

| o

Puc. 3.1. CxeMbl 3y0UaThIX MEXAHU3MOB C NMAPAILICILHBIMUA HETIOBUK-
HBIMH OCSIMU.

OO6miee meperaToyHoe OTHOIICHNE MHOTO3BEHHOTO MEXaHH3Ma
Pa3HO IPOU3BEACHUIO MEPEAATOYHBIX OTHOIICHUN OTIEIBHBIX MeXa-
HU3MOB (CTyIICHEH):

Uii= U UpUsy .. U(i—])i
MHoro3BeHHbI€ 3y0UaThle MEXaHU3MBbI C HETOJBHKHBIMHU OCSI-
MU TIOJIPA3JENSIOT Ha PSAAOBbIE U cTyneHuyateie (puc. 3.2 a,6). Ilepe-
JaTOYHOE OTHOIIIEHUE MEXaHU3Ma U300pakeHHOTro Ha puc. 3.2, a:

Ui = (-22/21)(-23/22)(-24/23) = -2 4/2;

Puc. 3.2. CxemMbl MHOTO3BEHHBIX 3y0UaThIX MEXaHU3MOB

B oO1miem ciydae npu: i Koiecax B MEXaHU3ME M K BHEIIIHHUX 3a-
HeryieHusx Gopmysiia UMeeT BU:
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Uli — (_l)k =l
fze()yu/; (34)

rae [II - 3Hak npousBeneHus

OO11ee epeaTOYHOE OTHOILIEHUE PSIZIOBOIO MEXaHU3Ma HE 3a-
BUCUT OT 4YHCJia 3yObEB MPOMEKYTOUHBIX KOJEC. JTU KOJIeca MPHU-
MEHSIOT JI1 U3MEPEHUSI HAIIPABIICHUS BPAILICHUS] BBIXOJHOTO 3BEHA
OpyU HEU3MEHHOM HamlpaBJI€HUW BpallleHWs BXOJHOrO JHOO st
o0ecrnieueHurs nepeaadn IBUKEHUS MPU OOJIBIIIOM PACCTOSIHUM MEXITY
OCSIMH BPaIIEHHsI BXOJHOT'O M BBIXOJIHOT'O KOJIEC.

g crynenuaToro MexanusMma (puc. 3.2, 6) nepenaroyHoe OT-
HOILLIEHUE OompeensieTcs no Gpopmye
U4 = (z2/21)(-24/23) (26/25) = 222426/2123.Z5

3HaK MEepelaTOYHOr0 OTHOLICHUS! ONPEACISIOT TAKXKE IO Mpa-
BUJy cTpenok. [lonOupas urcna 3yObeB B CTYNEHYaTOM MEXaHU3ME,
MO>XXHO TIOJIyYUTh OOJIBIINE MEPENATOYHBIE OTHOIICHUS, YeM y Ps-
JIOBOM TEpEIayH.

OO0beKThI BBINOJHEHUSI PadOThI: 3y04yaTble MEXaHHU3MBI C
HEMOABUKHBIMU OCSIMH.

Conep:xxanue padoThbI

1. Vcnionb3yst MOJiEIb, COCTAaBUTh KHHEMATHYECKYIO CXEMY 3yO-
yaToro Mexanusma. OnpeaenuTh CTENEHb MOABUXKHOCTH MO (op-
myiie YeosimeBa. CocunTaTh 4ucia 3yObeB 3y0UaThIX KOJIEC.

2. CoctaBuTh (OopMyIy IJisl BBIYKCICHUS MEPEIATOYHOTO OTHO-
[ICHUSI OT BXOJHOTO K BBIXOJHOMY 3BEHY U OMPEACIUTh €ro 3Hayve-
HUE.

3. IIpoBepuTh nepenaTouHOe OTHOIICHUE, UCTIOB3YSl MOJIETh Me-
XaHu3Ma. /{711 5TOro moBEepHyTh BXOJHOE 3B€HO HA YTOJ (; U U3MeE-
PUTH YTOJ MOBOPOTA (; BBHIXOJHOIO 3BEHA, MOCJIE YEro BBIYUCIUTH
nepeaaToyHOe OTHOIICHUE 0 PopmyIie

Uii = 01/9
4. Pe3ynbTaThl BEIUMCICHUN MPEICTABUTh B TAOJIUIIE.
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Taomura 3.1
[TapameTtpbl 3y0UaToro MexaHm3ma

IlepenaTounoe ot-

Uucna 3yObeB
HOIIICHUE

Cxema MEXaHU3MOB

5. ChopmynupoBaTh BBIBOJIBI 110 padoTE.

KoHTpoJibHBIE BOIIPOCHI

1. st yero npuMeHsItoTCs 3y04aTble MEXaHU3MbI?

2. KakoBbI cX€Mbl MEXaHU3MOB C HEMOJABM>KHBIMU OCSIMU?

3. Uem oTiiMyaroTcs psAAOBbIE IEPEAYH OT CTYIEHYATHIX ?

4. Kak onpenensiercs nepeaaToyHoe OTHOLIEHUE MeXaHu3ma?

5. Kakue xoneca Ha3bIBalOT MAPA3UTHBIMU U HA YTO OHU BJIHSIFOT?
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JIABOPATOPHAS PABOTA Ne 4

M3YUYEHUE KOHCTPYKIIMU U KHHEMATUYECKHUI
AHAJIN3 ®PPUKIHAOHHOI'O BAPUATOPA

Heap padoTbl: HW3ydeHUE KOHCTPYKLIHMM M KHHEMATHYECKHUX
XapaKTEPUCTUK (PUKIIMOHHBIX NIEPEAAY.

OO1ue TeopeTUYeCKHe MOJTOKEHUS

OpUKUUOHHOM Iepefayerd Ha3bIBalOT MEXAHU3M, B KOTOPOM
JIBUKEHHE OJHOTO dKECTKOTO 3BE€HA Ipeoldpasyercsd B ABUKEHUE APY-
rOro KECTKOI'O 3B€HA 3a CUET CHJI TPEHUH.

Bo ¢puknuoHHBIX TNepegayax BpallaTEIbHOE JIBUKEHUE BEIy-
IIEro 3BeHa MpeoOpa3yeTcss WM BO BpalllaTeIbHOE WIM B MOCTYMa-
TEIbHOE ABUKEHUE BEAOMOro 3BeHa. [lepegaun MOryT uMeTh Kak Io-
CTOSIHHOE TepeaaTouHoe oTHolleHue (puc.4.1), Tak u nepemMeHHOoe
(puc.4.2 — 4.4). B nocnennem ciiydyae repeaada Ha3bIBaeTCsl BapHa-
TOPOM.

Puc.1.1. Cxema PppuKIIMOHHOTO M€XaHU3Ma: |- BeIyIuii KaToK; 2
— BEIOMBIN KaTOK; 3 — HEMOABUKHAS ONopa; 4 — MOJIBUKHAs OIopa

JlocTonHCcTBa mepeAay: NMpOCTOTa KOHCTPYKIHH, IUIABHOCTH M
OecIIyMHOCTh pabOThI, BO3MOXXHOCTh OECCTYIEHYaTOTO perynupoBa-
HUSl YTIIOBBIX CKOPOCTEM.
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‘-/‘:i

Ynoy2d R
nooxAadwa

Puc.1.2. Cxema ppuUKIMOHHOTO Bapuaropa:
1 — Bemymuii KaTokK; 2- BEAOMBIA TUCK

Henocratku: 0oybIloe JaBJICHUE HA BaJibl U OMOPHI, HEOOXOIU-
MOCTb PETYJUPOBKHU CWJIbI NMPUKATHUS KATKOB, CPABHUTEJIBHO BBICO-
KHU U3HOC.

OpPUKIIMOHHBIE MEXaHWU3Mbl XapPaAKTEPU3YETCS IMEPEAATOUHBIM
orHomeHneM. C yderoM ko3 duimeHTa npocKaab3bIBaHUsI & MOX-
HO 3aIucaTh IS Iepeaadn

= Cq = — d2 .
o d(-9° @1
AJI1 BapuaTtopa
u _ O] :_Rmax. u_ = @) :_ijn. 47
- (’OZmin Rl ’ %mx Rl ’ ( . )

e d, u d » - COOTBETCTBEHHO JUAMETPHI BEAYIIETO U BEAOMOTO
KaTKOB; Ry, Ryin 4 R; - COOTBETCTBEHHO PaJInyChl TUCKA U BEAY-
IIEr0 KoJieca.

B pa3nnuHbIX MEXATPOHHBIX YCTPOWMCTBAX HAIUIM MPUMEHE-
HU€ BapUATOPhI PA3TUYHBIX TUIIOB.

PaccMoTpuM HEKOTOPBIE KOHCTPYKIIMK BapUATOPOB.
Jloboswie sapuamopul (cM. puc.4.2). Benymuii kaTtok / pagnyca
R;, ycraHaBnvBaeTcs Ha Bally HA CKOJIB3SIIEH IIMOHKE U MOXET IIe-
peMelaThesa B0ab ocu. Begomelil kaTok 2 paanyca R, 3aKperieH Ha
BaJIy HEMOJBHMXKHO. 332 CUET HAXKUMHOI'O YCTPOMCTBA CO3/IA€TCSl CUJIa
TpeHusi, HeoOxoaumas sl padoThl BapuaTopa. beccrynmenuaroe us-
MEHEHHUE YIJIOBOM CKOPOCTH B 3TOM BapHaTOpPE NOCTHUTAETCS Tepe-
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MEIIIEHUEM BJIOJIb Bajla BEAYIIETO KaTtka 1; mpu 3ToM R; = const; R,
const. OTCI0/1a IEPENATOYHOE YHUCIIO
u~R,/R, #const,

31ECh HE YUUTHIBACTCS MPOCKAIb3bIBAHUE KATKOB, IO3TOMY PABEHCT-
BO IIPUOJIMIKEHHOE.

JIoOoBOI1 BapuaTtop MO3BOJIAECT U3MEHATH HANpaBJICHUE U YacTO-
Ty BpalleHus] BEJOMOrO Bajia, OCTaHABJIMBATh €r0 Ha XOAy O€3 BhI-
KJIFOUCHUS NPUBO/JIA.

Toposvie eapuamopwl (cM. puc. 4.3). Ha KOHIIbI BajloB Hacaxe-
HbI JIB€ TOPOBBIC Yamiku / u 2. BpaiieHue oT BeAylller Yallku K Be-
JOMOW TepeaeTcs MPOMEKYTOYHBIMU JAUCKaMU 3, CBOOOJHO Bpa-
HIAKOIIUMUCA HAa OCSAX 4. YTJI0Bas CKOPOCTh BEIOMOW YalllKh M3MeE-
HSIETCSl TIPU OJJHOBPEMEHHOM ITOBOPOTE OCEW 4 BOKPYT IIapHUpa J.
[Ipu sToM wu3meHnsAroTcs pamuycsl R; u R, wamek [/u 2, T. e.

R, # const ; R, # const . Orcrona u~R,/R, #const
£

Puc. 4.3. TopoBslil Bapuatop: / — Beayiast TOpoBas 4yaiika; 2 —
BEJIOMasi TOPOBas yalka; 3 — POJIMK; 4 — OCH JIUCKOB; 5 — IIapHU-
PBI Ocel

Bapuamop ¢ xonuuecxumu xamxamu (cm. puc. 4.4). Ha Beny-
IEM M BEJOMOM Bajly YCTAaHOBJIEHBI KaTku [ ¥ 2 ¢ paboOyuMMH IMO-
BEPXHOCTSIMU KOHUUYECKOW (opMmbl. Bparienue ot Benymiero karka 7
K BEIOMOMY 2 TIEPENAETCS MPOMEKYTOUYHBIM JUCKOM 3 LWJIMHIAPUYE-
ckoii (hopMBbI, CBOOOAHO BparmiaromumMcs Ha ocu 4. [lpyxuna 5 obec-
MEYMBACT HEOOXOIUMMYIO CHJIy Ha)KaTus JJii HOPMaJIbHON palOOThI
Bapuatopa. [Ipu nepemelieHur NpoMeKyTOYHOI0 AUCKa 3 BAOJb OCH
4 panuychl R; 1 R, Benyuiero / v BeI1OMOro 2 KaTKOB U3MEHsIOTCS. B
TAHHOW KOHCTPYKIIMU BapuaTopa R; =const; R, = const. OTcrona

u~R,/R, # const
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Puc.4.4. Konycnslii Bapuatop: 1 — ponuk, 2 — puxcarop, 3 - Beay-
U KaTOK; 4 — BEIOMBIN KaTOK; 5 — HampasJisitonias (CTOMKa).

OO0BeKT BbINOJIHEHUsI Pad0ThI: MaKeT KOHYCHOT'O BapuaTopa (puc.
4.4).

Conep:xxanue padoThbI
1. O3HaKOMUTBCS C KOHCTPYKLMEN BapuaTtopa U HApUCOBATH €T0
KMHEMATUYECKYIO CXEMY.
2. 3aMepUTh OCHOBHBIE TEOMETPUUYECKHUE MTAPAMETPHI .
3. C nomolillb TAaHTEHIUPKYIS U3MEPUTH TUAMETPHI d; BEIYILETO U
d> BEZIOMOTr0 KaTKOB B TOUKE UX KACAHUSI C POJIUKOM.
4. CoctaButh (POpMyIy JJIsl BBIYMCICHHUSI PAaCYETHOrO MepeaaTOuHO-
ro OTHOILIECHHUSI OT BXOJHOI'O K BBIXOAHOMY 3BEHY U OIPEIECIUTH €0
3HAYEHUE:
dp

Upacy = d_l (43)

5. OnpenenuTh (paKTHUECKOE IMEPEIaTOYHOE OTHOIIEHHE Yepes
YTJIbI TIOBOPOTOB BEAYIIETO M BeIOMOro Bama. J[jis 3Toro HeoO6xoau-
MO IIOBEPHYTh BEAYIIUK BaJl HA YIOJI ¢; U U3MEPUTH YIroJl IOBOPOTA
¢; BSAOMOTIO, ITIOCJIC YCr0 BBIYUCIINTL IICPCAATOYHOC OTHOIICHHUC II0

dbopmyiie

Uqbakm — Q1 /(02 (44)
6. Onpenenutb K03GGUIIMEHT TPOCKATL3bIBAHUS &
g=1——E (4.5)
Upakr

7. IlepeMecTUTh POJIMK B HEKOTOPOE CIEAYIOLIEE MOJIOKEHUE U I10-
BTOPUTBH IYHKTHI 3-6 JJIs1 3TOTO MOJIOKEHUS.
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8. Onpenenuth pacuyeTHoe M (haKTHMUYECKOE MEpPeaTOUYHOE OTHOIIIE-
HUE BapuaTopa, a Takxke Ko3((PUIMEHT NPOCKaIb3bIBAHUS JJIS IISTH
(UKCUPOBAHHBIX IIOJOKEHUH pOJIMKa, IepeMmelias ero OT OJHOI0
KpaitHero MoJIOKEHUsI 40 IPYroro.
9. ITonyueHHbIEC pe3yJIbTATHI 3aHECTU B TAOJIMILY.

10.0npenenuth CTeNEHb NOABUKHOCTA MEXAHU3MA!

1I.W=3n-2ps—py

Tabnuua 4.1- Pe3ynbraThl U3BMEpeHUM

JlnameTpsl Kat- VYroJs moBopora Koag-
ITepe- o ITepe-
ITepe- KOB KaTKOB, dunn-
JaToy- JaTo4-
Melle- €HT TIpOo-
HOE OT- HOE OT-
Ne | Hue po- CKaJlb-
maka S, | d; v | dyvm | oS HOMIE | Banms
VM | 2 HUE i & HUE -
Upacq U(baKT
1
2
3
4
5

12 ITocTpouTh rpauku 3aBUCUMOCTH PACUETHOTO MEPEAATOUHOTO

OTHOLIECHUSI (PPUKIMOHHOIO Bapuartopa ¥ Kod(pduiiMeHTa npocKalib-
3bIBAHUS OT TOJIOKEHUS POJIUKA.

13.ChopmynupoBaTh BBIBOJIBI IO padoOTe.

KoHTpoJ/bHbIE BOIIPOCHI
1. Kakas nepenaua HasbiBaeTcsi (ppuKIMoOHHON? YTO Takoe Bapua-
TOp?
2. IlepeuniciuTe MPEeUMYIECTBA U HEAOCTATKU (QPUKIIMOHHBIX ME-
XaHU3MOB.
3. Kak omnpenensiercs mepeaaToyHOE OTHOIIEHHE (DPUKIIMOHHOM
nepenaun? Kak MeHsieTcsl mepeaaToyHOEe OTHOLICHHWE MEXaHW3Ma
IPY U3MEHEHUH TOJIOKEHHS pOIUKa?
4. Yemy paBHa CTEIICHb MOJABUYKHOCTA MEXaHU3Ma?
5. W3 xakux 3BE€HbEB COCTOUT MEXAHU3M ]
6. Uto Takoe K03 (HUIIMEHT MPOCKATb3bIBAHUS U KaK OH OIpeIers-
erca’?
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JIABOPATOPHAS PABOTA Ne 5
MN3YYEHUE INEPEJAY C TMBKUMMU CBA3ZAMU

5.1. U3y4yeHue KOHCTPYKUMIA M KHHEMATHKU PEeMEHHbIX
nepenay

Heab padoThl — U3y4EeHUE KOHCTPYKIMN W KUHEMATHUYECKUX

CBOMCTB PEMEHHBIX IEpeay.
O01mue TeopeTHYeCKUE MOJOKEHU S

PemenHble mepegayu OTHOCSITCA K mepeaadyaM ¢ THOKUMU CBSI-
3siMu. PemeHHas nepenada siBisieTcss (PUKIUOHHBIM MEXaHU3MOM U
CIY>KUT JIJIsl TIEpeadyu BpalllaTeIbHOTO ABMXKEHUST Ha OOJIbIIuE pac-
CTOSIHUSI.

Pemennas nepegaya (puc.5.1) coCTOUT M3 ABYX HMIKKUBOB 1 U 2,
CBSI3aHHBIX pEMHEM 3 U HATSHKHOTO yCTpoiicTBa 4, o0ecrnieunBaroliie-
ro nepeaavy JIBUKEHUS 32 CUET CUJI TPCHMUSI.

S ot
(4440404
Puc.5.1. Cxema peMeHHOI niepenayu

[Io Tuny pemHerd mnepemaduv JEIAT HaA IUIOCKO-PEMEHHBIE

(puc.5.2, a, 6), KIMHOpEeMEHHbIE (pUC.5.2, B) KpyIJIOpEMEHHbIE (pHUC.
5.2,r,01).
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9)

Puc.5.2. Tumnsl pemHuen

Pemennas mepenaua siBJIsie€TCS OJTHUM W3 CTAPEHIITUX THUIIOB Me-
XaHUYECKHUX Tepeiad, COXPAaHUBIIMX CBOE 3HAYEHUE JI0 MOCIIECIHETO
BpeMeHr. OCHOBHBIE TTPEUMYIIIECTBA PEMEHHOM Tepeaadn: BO3MOXK-
HOCTb TIepeJiauu IBIKCHHS Ha 3HAYUTEIbHOE paccTosHue (10 15 M u
OoJiee); MIAaBHOCTh M OECIIYMHOCTh PaOOThI, 00YCJIOBJICHHBIE 3Jia-
CTUYHOCTBIO PEMHSI U TTO3BOJIIOITNE pabOTaTh MPU BHICOKUX CKOPO-
CTSX: MPEIOXPaHCHUE MEXaHU3MOB OT PE3KUX KOJeOaHWUW HArpy3KH
BCJICJICTBHE YIPYTOCTH PEMHS; NPEIOXpPAaHEHNE MEXaHU3MOB OT TIe-
PErpy3KH 3a CYET BO3MOXKHOI'O MPOCKAJIb3bIBAHUS PEMHS; IIPOCTOTA
KOHCTPYKIHUH U 3KCIUTyaTaluu (epenayda He TpedyeT cMa3Km).

OCHOBHBIMH HEJOCTAaTKAMH PEMEHHOW TmepeAadyu SBISIIOTCA:
MOBBIIIEHHBIE TA0APUTHI (JJ1s1 OAMHAKOBBIX YCIOBUH TUAMETPHI IIKHU-
BOB IIPUMEPHO B IATH pa3 OOJbIIE TUAMETPOB 3y0UYaThIX KOJEC); He-
KOTOPOE€ HEMOCTOSIHCTBO MEPEIaTOYHOTO OTHOIIEHUS, BEI3BAaHHOE 3a-
BUCHUMOCTBIO CKOJILKEHUSI PEMHSI OT Harpy3KH; MOBBIILICHHAS HArpy3-
Ka Ha BaJIbl U MX OIOPBI, CBA3aHHASA C OOJBIIMM MpPEIBAPUTEIIbHBIM
HATSHDKEHUEM peMHs (YBEJIMYEHUE HArpy3KH Ia Bajibl B 2...3 pasza Mo
CpaBHEHMIO ¢ 3yOuaTol nepenayeit); HU3Kask JOJITOBEYHOCTh PEMHEU
(8 mpenenax ot 1000 o 5000 ).

Pemennsie mepenaud MPUMEHSIOT MPEUMYIIECTBEHHO B TeEX
ClIy4asix, KOrja Mo YCJIOBHUSM KOHCTPYKIIMH BaJIbl PACIOJIOKEHBI Ha
3HAYUTENIbHBIX PACCTOSHUSX.

OCHOBHBIMH KPUTEPUSIMU PpabOTOCTIOCOOHOCTH PEMEHHBIX Iie-
penad SIBISIOTCS: TATOBask CIIOCOOHOCTDH, OMNpeeNsieMas CUIION Tpe-
HUS MEXJY PEMHEM U IIKUBOM, JOJITOBEYHOCTh PEMHS, KOTOpas B
YCJIOBUSIX HOPMaJbHOM SKCIUTyaTallu OTPAHUYUBACTCS pa3pyIIeHHU-
€M PEMHS OT YCTaJIOCTH.

OKpyKHBIE CKOPOCTH Ha IIKUBAX OMPEIEIAIOTCS 10 hopmyiaM

vi=md;n;/ 60; v, = mdy,n,/ 60.
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YuureiBas ynpyroe CKOJIbKEHUE PEMHS, MOXKHO 3aIUCATh V) <
V) WIN

v2=v(1-¢),
rae ¢ — kosdduuueHt ckonbxeHus. [Ipu 3Tom nepenaroyHoe OT-
HOLIEHHUE

u = I’l]/ ny, = V]dg/(ng]) = dg/[d](l- 8)]

BenuunHa ¢ 3aBUCUT OT HArpy3KHu, IIOITOMY B PEMEHHOM Iiepe-
Jaye IMepelaTOYHOE OTHOLICHUE HE SABJSIETCS CTPOrO MOCTOSHHBIM.
[Ipn HOpManbHBIX pabounx Harpy3kax & = 0,0.1...0.2. HebGombioe
3HAYECHUE € MO3BOJISAET NPUOIMKEHHO IPUHUMATh

Mzdg/d]

PemenHble Tmiepemadyn HCHONB3YIOT KAK IOHWKAKOLIME MPpU
MotHocTsX N<S50kBT, nuHelHbIX cKOpoCcTIX peMmHs V~5-15m/c
MepPEIaTOUYHBIX OTHOIICHUAX U < 4

O0beKT BBINOJHEHUS PA0OThI: MAaKET KIMHOPEMECHHOM Tepe-
Jayu.

Conep:xanue padoThbI

1. Ucnionws3ys MojieNb, COCTABUTh KHHEMATHYECKYIO CXEMY pe-
MEHHOM nepefaadyu. OnpenenuTh TUIT PEMHS.

2. OnpenenuTh OCHOBHbIE KHHEMATHYECKUE COOTHOIIEHUS (T1e-
peIaTOYHOE OTHOIIECHHUE, TUaMETPhl IKUBOB). IlomyueHHbIe JaHHbBIC
CBECTH B TaOJIHUITY.

3. IIpoBepuTh TepeaaTOuHOE OTHOIICHHUE, MCIOJIb3Ys MOJEIb
MexaHu3Ma. {11 3Toro moBepHyTh BXOAHOE 3BEHO Ha yTOJ (O U U3-
MEPHUTh YTOJI MOBOPOTA (p; BEIXOJAHOTO 3BEHA, MOCJIE YETO BHIYUCIIUTH
NepeIaTOYHOE OTHOIIEHHE TI0 opMyIie

Ui =01/ ¢

4. OnpeaenuTh CTENEHb MOABMKHOCTH MEXaHU3Ma.

W=3n-2ps—py

5. CpopmynupoBaTh BBIBOJIBI TTO paboTe

KoHTpoJsibHBIC BONPOCHI

1 .Kakue nepenauyn Ha3bIBAIOTCSI PEMEHHBIMU ?

2. HazoBuTE OCHOBHBIEC TUIIBI PEMEHHBIX NIEpeaay
3. JlocTOMHCTBA 1 HEAOCTATKH PEMEHHBIX MEpPEIay.
4. TTopsimok BIOOpa PEMEHHOM TIEpeaavH.
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5.2. N3y4yeHune KOHCTPYKIUI M KHHEMATHKY HEMHBIX Nepeaay

eab padoTbl — U3YyYCHUE KOHCTPYKIIMHM M KWHEMATHYECKHX
CBOKCTB LICITHBIX TIEpeIay.

O01mue TeopeTHYECKUE MOJOKEHU S

IlenHas mepegaya NMPUHAMICKUT YUCITY Mepeaad ¢ THOKUMU
cBsa3siMu (puc.5.3). I'uOkuM 3BEHOM SIBJICTCS 1I€Tlh, BXOASIIAS B
3aleryieHue ¢ 3yObsiMu 3Be3goueK. CienoBaTenbHO, IEMHYI0 mepe-
a4y MOKHO KjacCHU(UIMPOBATh Kak TMepeaady 3aleljeHUEM C
TMOKMMU CBSI3SIMU. 3alleTUICHUE MO3BOJISIET OOOWMTHUCH 0€3 mpenBa-
PUTEJILHOTO HATSIKEHUS 1ICTIH.

Puc. 5.3 llennas nepenaya:
I — Bemymias 3B€3/104Ka; 2 — BeJIoMas 3B€371049Ka; 3 — 1CTIb;
4 — HaTSKHOE YCTPOMCTBO

[{enuble nepenadn pa3AeisioT MO CISAYIOIIUM OCHOBHBIM MpPH-
3HaKaM:

1. ITo Tuny nenei: ¢ podukoBeIMU (puc.5.4,a), C BTYJIOYHBIMU
(puc.5.4,0), ¢ 3youateimu(puc.5.4,B);

2. Ilo uncny psiAoB LENU ACNIIT Ha OgHOPsAHbIE (puc.5.4,a) u
MHOTOpsiAHBIE (pHc.5.4,0);

3. Ilo ymcny BeIOMBIX 3BE3J0YEK: JBYX3BEHHbIE (puC.5.4) H
MHOT03BE€HHBIE (pHUcC.5.5).
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Puc. 5.4. Tunsl nenHeIx nepeaay:
@ — C POJIMKOBOM 1IETbI0; O — C BTYJIOUHOM IIETbIO;
6 — C 3y04aToil 11eTnbIo

Puc. 5.5. MHoro3senHas nensas nepeaaya

Ha puc.5.6 - 5.8 noka3zaHpl KOHCTPYKIIMY TPUBOJIHBIX LIETIEH.

Puc. 5.6. PonukoBas 1ens:
1 — ponuk; 2 — BTyJnKa; 3 — MJIACTUHBI BHYTPEHHETO 3BEHA; 4 — BaJIUK;
5 — nIacTUHBI HAPYKHOTO 3BEHA
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Puc. 5.7. Brynounas uens:
| - nnacTUHBI BHYTPEHHETO 3BEHA; 2 — ITACTUHBI HAPY>KHOTO 3BEHA

Puc. 5.8. 3y0Ouaras 1ierb:
| — nnacTuHbl; 2 — BAIMKH; 3 — HAIIPABJISIONINE MJIACTUHBI; 4 —
HIAPHUP; 5 - TPU3MBI

OCHOBHBIE TE€OMETPUYECKUE COOTHOIIEHUS LEMHBIX Mepeaay
CIICIYIOIIHE.
llepeoamounoe omnowenue
ul_ 4
w, Z°
TIE ;, W, — YII0Basi CKOPOCTh COOTBETCTBEHHO BEAYIIEH U BEAOMOM
3BC3/I0YKH; Z;, Z, — YUCO 3yObEB COOTBETCTBEHHO BEIYIICH M BEIO-
MOM 3BE3/I0YKHU
[lepenaTouHoe OTHOIICHHUE IEMHBIX Mepeaad 0OBIYHO HAXOIUT-
¢4 B quanazoHe U=2 - 6
Meorcocesoe paccmosnue
a>(30-50),
rZiC ¢ - mar Lenu.
Jlomyckaemas BeJIMYMHA CTPEJIbI TPOBUCAHUS
f=1(0,002-0,004)a.
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Jlenumenvuulii Ouamemp 36e3004KU
. 4
sin(180° / z)

HoctounctBo nenHoi nepenauu: Beicokut KIII (0.95 — 0.97),
OTCYTCTBHE MPOCKAJIb3bIBAHUS IIEITH, MEHBIIINE, YeM B PEMECHHBIX TIe-
penavyax Harpy3Kd Ha BaJibl, BO3MOKHOCTh Mepeadu KPYTAIIETr0 MO-
MEHTa Ha CPAaBHUTEIHHO OOJIBIINE PACCTOSHUS.

HenoctaTku: 1mrym, HEOOXOIWMOCTh TNPHUMEHEHHUS HATSIKHBIX
YCTPOMCTB.

Conep:xanue padoThbI

1. Wcnonw3ys Mojelb, COCTaBUTb KHUHEMATHYECKYH) CXEMY
nenHou nepegayn. OnpeaeanuTs TUM EIH.

2. OnpenenuTbh OCHOBHbIE KHHEMATHYECKUE COOTHOIIECHUS (T1e-
pelaToyHOEe OTHOIIEHHWE, IIar IEeNH, JASIUTEIbHbIC TUaMETPhl 3BE3-
nouek). [TomydeHHbIE JaHHBIC CBECTU B TaOJIHILY.

3. IIpoBepuTh nepeaaTOYHOE OTHOUIEHHWE, WCHOJIb3Ys MOJECIh
MexaHu3ma. J[Jig 3TOro nmoBepHyTh BXOJHOE 3BEHO Ha yIoJl (¢ U U3-
MEPHUTH YTOJI IOBOPOTA (; BEIXOJHOI'O 3BEHA, MOCJIE YEr0 BHIYUCIIUTH
NepeIaTOuHOE OTHOIIIEHHE TI0 opMyIie

Ui =01/ ¢

4. ChopMynupoBaTh BBIBOBI 10 padboTe

KoHTpoJ/ibHbIE BONPOCHI

1. Kakue nepenaur Ha3pIBalOTCA LETHBIMU?

2. JlocTOMHCTBA M HEAOCTATKH LIEMHBIX Mepeaay.

3. OcobGeHHOCTH MPUMEHEHUS TOW WM UHOU ICTIH.

4. Kak omnpenensiercsi nepeaaTouHOEe OTHOIIEHHUE LIEMTHOM mepe-
maumn’?
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HPUJIOKEHHUE

TecToBbIE 3a1aHUA I CAMOKOHTPOJIsA

Ne 3anaHue BapuaHTsl 0TBETa
Uucna 3yobeB KoJiec @ 0,5
HUATUHIPUIECKON 3y0- @ 2

1 4aTOW Mepelavn: z; = @ 1,5
20, z, =30, z3 = 40. 3 o 60
[lepenarounoe OTHO-
menue U;; paBHoO. ..
Ha pucynke n3zobpa- 0 PBIUKHBIN
XKEH ....... MEXaHU3M o KYJIAUKOBBIN
0 3y04aThIii

2 o MaJIbTUMCKUN
3BEHO 3 MEXaHU3Ma, @ KPUBOLLHI
U300pakeHHOTO Ha PU- 0 IaTyH
CYHKE, Ha3bIBaeTCS: 0 MOJI3yH

@ KOPOMBICIIO

3
Tosikatenb HA PUCYHKE o 1
o0o3HaueH 1udpoi o 3
....... o 2

4 o 4
Ha pucynke nokazana o PsnoBoii ¢ mapa-
cxXema ....... 3y0JaTou 3UTHBIMH KOJIECaMU
rnepeaayu O CTyNEHYaTOU

5 O TPOCTOM

O IUIAHETAPHOU




Ha pucynke n3zobpa- @ HenHas
KEHA ....... nepeayda o bpuKIMOHHAs
@ 3yOuaTas
6 @ peMeHHast
3BeHo () MmexaHu3Ma, @ KPHBOLLHII
M300paXEHHOT0 HA pU- 0 IaTyH
CYHKE, Ha3bIBACTCS: 0 MOJI3YH
7 o CTOMKA
Ponuk Ha pucyHnke o 1
ob6o3HaveHa 1udpoi o 2
g | sreeees o 3
o 4
Uucna 3yobeB KoJiec @ 10
UTUHIPUIECKON 3y0- o 90
4aToOM nepenaun: z; = o 33
20, z, = 60. YrinoBas o 27
9 | ckopocTh mectepHu 1
paBHa 30 pan/c.
VYrnoBas CKOpOCTb
(pan/c) xomeca 2 paB-
Ha...
CreneHpb OABUKHOCTH o) 0
MexaHu3Ma. u300pa- @ 1
’)KEHHOI'O Ha CXeMe, o 2
paBHa ...... o 3

10




