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3AJAHUE

1 Cmpykmypuulii anaau3 cioicHo20 nA0CKO20 PblUAHCHO20 MEXAHUZMA

1.1 BBIUEPTUTH CTPYKTYPHYIO CXEMY MEXAHU3MA;

1.2 BeIOpaTh  CTPYKTYypHYIO  (OpPMYJITy, COOTBETCTBYIOIIYIO  3aJaHHOU
CTPYKTYPHOU CXEME MEXAHU3MA,

1.3 onpeaenuTs BUA COBEPIIAEMOIO JBIKEHUS M KOJIMYECTBO BEPIIUH
MOJIBMKHBIX 3BEHBEB, (PE3yNbTaT NPEACTABUTH B BUIE€ TaOIHIIbI);

1.4 onpenenuTh Ha3BaHME, KJIACC, IOJBUKHOCTH, BUJl KOHTAaKTa U 3aMbIKaHUS
BCEX KHHEMAaTUYECKUX Tap (pe3ynbTaT NPeJCTAaBUTh B BUJIC TaOIHIIbI);

1.5 onpenenuTs BUA KUHEMATUYECKOH IIETH, BHISIBUTH KOJTUYECTBO DJIEMEHTOB
CTOMKH (YUCIIO MPUCOCTUHEHUHN MTOABUKHBIX 3BEHBEB K CTOMKE);

1.6 o6ocHOBaB 3HaUEHUS KOA(DDUIIMEHTOB, ONIPEACIUTH MOJBHKHOCTH (CTEIICHD
MOJIBUKHOCTH) MEXaHU3MA;

1.7 BBISIBUTH KOJTUYECTBO, KJIACC, BUJ U MOPSAIOK CTPYKTYPHBIX TPYII, a TAaKKe
YHCJIO ¥ TIOJIBIYKHOCTD TIEPBUYHBIX MEXaHH3MOB (TPYII Ha4YaJbHBIX 3BEHBEB);

1.8 chopmupoBaTh MoOAenb cocTaBa CTPYKTYpbl M OIpPENETUTbh Kiacc
MEXaHHU3Ma;

1.9 mpoBecTu MPOBEPKY MOIYIEHHBIX PE3yIbTaTOB.

2Mempuuec:<uﬁ cunme3 KUHeMamuudecCKux CXem CJI0HCHO020 NJ10CK020
PbluUaHCHO20 MEXAHU3IMA NO 3A0aHHbIM napamwempam

2.1 BbIOpaTh XapakTepHbIE TOYKM MEXaHU3Ma M BBISIBUTh TPACKTOPUH UX
JIBYKCHUS;

2.2 onpeeuTh MacTaOHbIN KO PUITUEHT JITHH;

2.3 mepeBecT BCE 3aJlaHHbIE T'E€OMETPUYECKHUE TMapaMeTpbl MEXaHU3Ma,
UMEIOIINE Pa3MEPHOCTD JITMH, M, B MacIITaOHBINA KO3 UIIHECHT;

2.4 110 TIONyYEeHHBIM 3HAYCHUSIM B BBHIOPAHHOM MaciITaOHOM KO3 UITUEHTE
OMpENIeNUTh KpaliHue (IpaHUYHbIC) MOJIOKEHUS BBIXOTHOT'O(bIX) 3BEHA(BEB) TUIIOBOT'O
MEXaHM3Ma JIeKAIIEr0O B OCHOBE CTPYKTYPhI CIOXXHOT'O IUIOCKOTO PBIYaKHOTO
MEXaHHU3Ma;

2.5 000cHOBaB  BHIOOpP HAYAIBLHOTO  IIOJIOKEHUS, BBINIOJHUTH  CHUHTE3
KMHEMAaTHYECKUX CXeM ISl 000MX KpalHWX (TPaHWYHBIX) IOJOXEHUW CII0KHOTO
TUTOCKOT'O PHIYAXHOTO MEXAHU3MA;

2.6 HauMHAsT C BBHIOPAHHOTO Hayajga OTCYETa, BBHIMOJHUTH CHHTE3 IUJIaH
MOJIOKEHHUM TIJIOCKOTO PhIUaXHOTO MexaHu3ma i 12(13) monmoskeHuilt Ha4albHOTO
3BEHA;

2.7 onipefienuB BEIUYMHBI (DA30BBIX YIJIOB paboOyero M XOJIOCTOrO XOOB,
BBITIOJTHUTh TIPOBEPKY YCIOBUS 3(PGHEKTUBHONW SKCIUTyaTallMd MEXaHU3MOB (MpU HE
BBITIOJTHEHUH YCIIOBUS IPOBECTH CMEHY HyMEepaIluy MOJI0KCHUN MEXaHU3Ma);
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2.8 ompefienuTh XOJ BCEX TMOJ3YHOB M KOI(DPUIMEHT HEPAaBHOMEPHOCTH
CpellHel CKOPOCTHU CI0KHOTO TUIOCKOTO PHIYa)KHOTO MEXaHU3Ma.

3 Kunemamuueckuit ananu3 cioHcHo20 ni0CcK020 Pbluayicio2o Mexanusma

3.1 cocTaBUTh BEKTOPHBIC ypPAaBHECHHS PACTPEICICHUS BEIUYUH CKOPOCTEH
MEXTY XapaKTEPHBIMU TOUKAMHU MEXaHU3Ma;

3.2 BbIOpaTh MacmTaOHBINA KOA(D(PHUITMESHT CKOPOCTEH;

3.3 peiiasi BEKTOPHBIE YPaBHEHHUS, BBIMIOJTHUTH CUHTE3 MJIAHOB CKOPOCTEH IS
3a/IaHHBIX (YETHBIX) MOJ0KEHUI HauaJIbHOTO 3BEHA;

3.4 onpenenuTh 3HAYCHHUS CKOPOCTEH XapaKTePHBIX TOUCK, a TAaK)Ke BETMIMHBI
Y HampaBJICHUS JESHCTBHS YTJIOBBIX CKOPOCTEH BCEX 3BEHHEB MEXaHU3Ma ISl KaXI0T0
TIOJIO’KCHUS HA4aJIbHOTO 3BEHA;

3.5 COCTaBUTh BEKTOPHBIC YpPAaBHEHHS PACTPEIACICHUS BEIWYUH YCKOPCHHMA
MEXKTY XapaKTEPHBIMU TOUKAMHU MEXaHU3Ma;

3.7 BbIOpaTh MacmTaOHBINA KOAD(PHUIIMEHT YCKOPEHUH;

3.8 peiasi BEKTOpHbIE YpaBHEHUS, BHIMOIHUTh CUHTE3 TUIAHOB YCKOPEHUN IS
3aJIaHHBIX (YeMmHbIX UTU HeYéMHbIX) TIOJI0KCHUI HAYaJIbHOTO 3BEHA;

3.9 onpenenuTh 3HaYEHUSI YCKOPEHUHN XapaKTEPHBIX TOUEK, a TAK)KE BEITMUYMUHBI
Y HaIpaBJICHUS JCHCTBUS YIIIOBBIX YCKOPCHHI BCEX 3BEHHCB MEXaHMU3Ma JIJIST KaX10T0
MOJI0’KEHUST HauaIbHOTO 3BEHA.

4 Cunosoit ananu3 ci9HCHO20 NJ10CKO20 PHIYAHCHO20 MEXAHUIMA

4.1 ompenenyB 3HAYEHUS U HAIIPABJICHUS CHIIOBBIX (DAKTOPOB, IEHCTBYIOMINX HA
3BEHBS] MEXaHU3MA, T. €. CHJI TSKECTH, CHJI U MOMEHTOB TIap CHJI MHEPITUH, BHITIOJTHHUTH
CUHTE3 PAacUeTHON MOjeNnu (CXEMbl), YCTAHOBHB JIJIsl MEXaHW3Ma KBa3HCTATHUYECKOE
paBHOBECHE JUIsl 33JJAaHHOTO MOJI0KEHUS HaYaIbHOTO 3BEHA;

4.2 BBITIOJIHUTh ~ CUHTE3 JAMHAMHYECKOM MOJEIM  CJIOXHOTO  IUIOCKOTrO
PBIYQKHOTO MEXaHU3Ma ISl CHJIOBOTO aHAIIN3A;

4.3 BBIMIOJHUTh CHUHTE3 MOBEPHYTOr'0 IUIAHA CKOPOCTEH 3aJaHHOTO (BTOPOTO)
MOJI0’KEHUST HAuaIbHOTO 3BEHA,

4.4 ucionb3yst Teopemy JKyKOBCKOTO, MEpEHECTH BCE CHIIOBBIE (DAKTOPHI C
pacdyeTHOM MojieNu (CXeMbl) B OJTHOMMEHHBIE TOYKH MTOBEPHYTOIO IJIaHA CKOPOCTEH;

4.5 onpenenuTh 3HAYCHUE CHIIOBOTO YIPABIISIONIETO BO3CHCTBUS;

4.6 cormacHO MOJIEIHM COCTaBa CTPYKTYPHI MJIOCKOTO PHIYAKHOTO MEXaHHU3Ma
(m.1.8) BBIUEPTUTH, B MacmTaOHOM KO3(h(HUIMEHTE IMH CTPYKTYPHBIE T'PYIIIbI
3BEHBEB U TIEPBUYHBIA MEXaHU3M JUIsI 33JIaHHOTO (BTOPOTO) MOJIOKEHUS HAa4aIbHOTO
3BEHA, a TAK)Ke MPWIOKHUTh K HUM BEKTOPa CHJI U MOMEHTHI Tap CHJI, COXPAHSS MX
HarpaBJIeHUE U JTUHUH JESHCTBUS COTJIACHO PAaCUYETHOM MO/IeNH (CXEeMbI) MEXaHU3Ma,

4.7 nuist CTpYKTYpPHO# Ipynibl 3B€HbEB 5-4
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4.7.1 ycTaHOBUTh COCTOSIHUSI CHJIOBOTO PaBHOBECHUS, NPWIOKUB K
COOTBETCTBYIOIIUM XapaKTEPHBIM TOYKaAM HEOOXOAMMBIE BHUIBI PEAKIUU CBsI3el
KHHEMaTHYECKHX Tap;

4.7.2 cocTaBUTh ypaBHEHHE KHHETOCTATUIECKOT'O PAaBHOBECHS,

4.7.3 BBISIBUTH CTETIICHh HEOMIPEACIIMMOCTH U PACKPHITH €€;

4.7.4 BpiOpaTh MacmTaOHBIA KOI(P(GUIMEHT CWI, BBITIOJIHUTH TEPEBOJ
CWJIOBBIX ()aKTOPOB B MaCIITaOHBIN KO3(PDHUIIMESHT CHUJI M CHHTE3 TUIaHA CHJT;

4.7.5 onpeneNuTh 3HAYCHUSI PEAKILIUN CBS3EHl;

4.8 11t CTPYKTYpPHOM rpymnibl 3BeHbEB 3-2

4.8.1 ycTaHOBUTH COCTOSIHUSI CHUJIOBOTO DPAaBHOBECHS, TMPHWIOKHUB K
COOTBETCTBYIOIIUM XapaKTePHBIM TOYKAaM HEOOXOIMMBbIE BHUIBI PEAKIUU CBS3eH
KMHEMAaTHYECKUX Tap;

4.8.2 cocTaBUTh YpaBHEHUE KUHETOCTATUYECKOTO PABHOBECHS;

4.8.3 BBISIBUTH CTEIICHb HEOMPEICTUMOCTH U PACKPHITH €€;

4.8.4 BpiOpaTh MacmTaOHBIA KOI(GOUIIMEHT CWI, BBHITOIHUTH TEPEBOJ
CWJIOBBIX ()aKTOPOB B MacCIITaOHBIN KO3 GUIMEHT CHUJI U CUHTE3 TJIaHA CUJT;

4.8.5 onpenenuTh 3HAYCHHSI PEAKIIUi CBA3CH;

4.9 nns nepBuyHOro Mexanusma 0-1

4.9.1 ycTaHOBUTh COCTOSIHMSI CHUJIOBOIO PAaBHOBECHS, NPWIOXKHB K
COOTBETCTBYIOIIUM XapaKTePHbIM TOYKAM HEOOXOJUMBIC BHJIbI PEAKIMH CBS3EH
KMHEMaTHYECKHX T1ap;

4.9.2 cocTaBUTh ypaBHEHNE KHHETOCTATUIECKOTO PAaBHOBECHS,

4.9.3 BBIIBUTH CTEIICHh HEOMPEICTUMOCTH B PACKPBITH €€;

4.9.4 BpiOpaTh MacmITaOHBIM KOI(PGUIIMEHT CHII, BBIOJHHUTH TEPEBOJ
CWJIOBBIX ()aKTOPOB B MacCIITaOHbIN KO3 OUIIMEHT CHUJI M CHHTE3 TUIaHA CHJT;

4.9.5 ornpenenuTh 3HAUYCHUS PEAKIIMM CBSI3eW U yPaBHOBEIIUBAIOIIEH CHUIIbI;

4.10 onpenenuTh 3HAUYECHUE YPABHOBEIIMBAIOIIETO MOMEHTA Mapbl CHI U
OTIPEIENNUTh MOTPEITHOCTH BHIMOJTHEHHBIX BHIYMCIICHU.

S /lunamuyecKuil ananu3 Ci0HCHO20 NOCKO20 PbIYAHCHO20 MEXAHUIMA:

5.1 ayis KaXAaoro mMoj3yHa B COOTBETCTBUM C BEIWYMHOW (ha3oBOro yria
pabouero xoja BBISIBUTH TOJIOKEHHUSI MEXaHU3Ma, B KOTOPBIX MPHU OMNPEACICHUU
3HAUYEHUU TPHUBEAECHHOTO MOMEHTA Maphl CUJI HEOOXOJUMO YYECTh JCHCTBUE CHII
M0JIE3HOT'0 CONIPOTUBIICHHUS,

5.2 BHIIOTHUTh  CHUHTE3 JWHAMHYECKOW MOJENH  CIOKHOTO  TUIOCKOTO
PBIUAKHOTO MEXaHU3MA ISl IMHAMUYECKOT0 aHAJIN3a;

5.3 cuHTE3 AUarpaMMbl IPUBEICHHOTO MOMEHTA CHJI MEXaHHU3Ma

5.3.1 ucionp3yst cneAcTBUE U3 TeopeMbl KYKOBCKOTO, TMEPEHECTH BCE
cuioBble  (haKTOpbI, JCHCTBYIOIIME HA 3BEHbS B  OJHOMMEHHBIC TOYKH
JNEUCTBUTENIBHOTO TJIaHA CKOPOCTEMN JIJIsl KaXK10T0 MOJI0KEHHUSI HaYaIbHOI'O 3BEHA;
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5.3.2 BBINIOJIHUB CHUHTE3 PACUYETHBIX MOJIENEH, YCTaHOBUTh CTaTHYECKOE
paBHOBECHE U BBIYUCIUTh BEJIWYMHY YpPABHOBEIIMBAIOIIEH CHJIBI IS KaXKJOTo
MOJIOKEHUSI MeXaHu3Ma (pe3yabTaT BEIYMCICHUN MTPEACTABUTH B BUJIE TAOJIUIIbI);

5.3.3 onpenenuTs 3HaYCHNUS MPUBEIACHHON CHIIBI U TIPUBEIEHHOTO MOMEHTA
map CwiI JUIS KaXJ0ro MOJIOKEHHS HayaJbHOTO 3BeHa (pe3ysbTaT BbIUMCICHUN
NpeACTaBUTh B BUJIC TaOJUIIbI);

5.3.4 BbiOpaB macmTabHbie KOA(G(GUIIUEHTH OCel MPUBEACHHBIX MOMEHTOB
map CuJl W yrja MOBOPOTa 3BEHA MPHUBEICHUS, BBIMNOJHUTH CHUHTE3 JHArpaMMbl
NPUBECHHBIX MOMEHTOB Tap CHUJ CONPOTUBJICHHUS M MPHUBEICHHBIX MOMEHTOB Tap
JBUKYIIUAX CHIT;

5.4 ocymiecTBUB TpeoOpa3oBaHUS JUArpaMMbl MPUBEACHHBIX MOMEHTOB Tap
CHWJI, BBINIOJHHUTH CHHTE3 JMarpaMMbl pa0OT U BBIUMCIMTH 3HAUYEHUE MAacIITaOHOIo
Kod(puimeHTa ocu padoT, a TaKKe MpupanieHre padboTbl U BEIUYUHY PaObOTHI IS
Ka)X/I0T0 TIOJI0KEHHS HAYaJIbHOTO 3BE€HA (PE3yAbTaT BHIYUCICHUI PEICTABUTD B BUJIE
TaOJIUIIb);

5.5 BbIOpaB 3HA4Ye€HHE MacIITaOHOro KO3(P(UIHMEHTa OCH HU3MEHEHHUS
KUHETHUYECKOU SHEpruH (pa3HOCTH padoT), BHIMOIHUTH CUHTE3 AUArpaMMbl U3MEHEHUS
KMHETUYECKOW »SHepruu (pa3HOCTU padoT), HUCIHONIb3ys MEeToH TIpaduyecKoro
BBIUMTAHUS (PE3YNIbTAT BEIUMCICHUN MIPEICTABUTh B BUE TAOJIUIIB);

5.6 cuHTE3 JuarpaMmbl IPUBEIEHHOIO MOMEHTA UHEPLIUU MEXaHU3Ma

5.6.1 nmpeacTaBUTh NPUBEIECHHBII MOMEHT HMHEpPLHUHM MEXaHWU3Ma B BUJE
CYMMBI IOCTOSIHHOM ¥ IEPEMEHHON YaCTeu;

5.6.2 mpeACcTaBMB MOCTOSHHYIO YacTh MPUBEACHHOTO MOMEHTA WHEPIUU
MEXaHHW3Ma B BUJIE CyMMbI MPUBEICHHBIX MOMEHTOB MHEPIIMH AJIEMEHTOB MPHUBOJIA
(SHepreTuyeckas MalllMHa, NepeJaTOYHbI MeXaHW3M U paboyas MalluHa),
OTIpPENIETTUTh €€ 3HAUCHHUE;

5.6.3 BbIBECTH YpaBHEHHE W pacCuMTaTh 3HAUYCHUS MEPEMEHHOM YacTu
NPUBEACHHOTO MOMEHTAa MHEPLMH JJI1 KaXJA0Tr0 MOJO0KEHUs MeXaHu3Ma (pe3ysibTar
BBIYUCJICHUH MIPEJCTABUTH B BUJIC TAOJIHUIIbI);

5.6.4 onpennenUTh,  BENMYMHY TMPUBEICHHOIO MOMEHTa HMHEpPUUU U
NPUBEIEHHOW MAaCCHI JUISI KKJOTO MOJIOKEHHU MeXaHu3Ma (pe3yabTaT BbIUMCICHUN
NpEICTaBUTh B BUJIE TaOJIUIIbI);

5.6.5 onpenienuB  3Ha4YeHUs ~ MacmITaOHBIX KO3 UIIMEHTOB  ocei
NPUBEIEHHOTO MOMEHTa MHEPIMU U YyIJia MOBOPOTA 3BE€HA MPUBEICHUS, BBINOIHUTH
CHUHTE3 JAMarpaMM TIPUBEACHHOIO MOMEHTa WHEpPUMM U TPHUBEACHHON Macchl
MEXaHN3Ma;

5.7 MeToioM rpauuecKkoro MUCKIIOYEHHs yTria MOBOPOTa 3BEHa MpPUBENEHUS,
BBIMIOJTHUTh CUHTE3 JHarpaMM <«QHEPTUS-TPUBEICHHBII MOMEHT WHEPIHUU» H
«QHEPrUs-Macca;

KIT 15.0302-123456 789 113

. | ucm N° dokuym, lodnuce | Jama

Pazpap. Mbarob AL /um. /ucm /ucmab
[lpobep. Mecskun M B Aranz v cummes vexasusmod croxsou | || 5

Peuens. MEXHUYELKOU CUCITIEMbI

H Kormp. (PY WUl zp. FHBT8-05h
Ymbepd




5.8 BBIYKMCITUB 3HAUCHUS YIJI0B HAKJIOHA, MPOBECTH KacaTeIbHBIC K 3aMKHYTOM
KPUBOW Ha IUarpamMmax <« HEpPTrusi-MPUBEACHHBIA MOMEHT WHEPIMH» U <«OHEPTHs-
Macca» (3HaueHHe Kod(duieHTa HEPaBHOMEPHOCTH XOJa BBIOpaTh M3 TaOIUIIbI
COIJIACHO MPUIOKCHHIO A);

5.9 onpenenuth 3HAYCHHE MOMEHTA HHEPITUN MaXOBOW MAaCCHI.

6 Ananu3 u cunmes npocmo20 NOCKO20 3y04ano20 MexXanuma:

6.1 BBIUEPTUTH CTPYKTYPHYIO CXEMY MEXaHU3Ma;

6.2 B COOTBETCTBUM C TpH3HAKAMH KJIACCU(UKAIMK TPOCTHIX 3yOUaThIX
MEXaHU3MOB, YCTAHOBHUTDH THIT 33JJaAHHON CTPYKTYPHOM CXEMbI MEXaHU3MA;

6.3 BBIOpaTh  CTPYKTYpHYIO  (OpMyJy, COOTBETCTBYIOIIYIO  3aJlaHHOU
CTPYKTYPHOM CXeMe MEXaHU3Ma;

6.4 orpenenuTh Ha3BaHUE U BUJ COBEPIIAEMOTO ABUKEHUS 3BEHbEB (PE3yNIbTaT
NpeACTaBUTh B BUJIE TaOIUIIbI);

6.5 BBISIBUTH Ha3BaHUE, KIACC, OJBIKHOCTD, BUJ] KOHTAKTa U 3aMBbIKAHUS BCEX
KMHEMaTUYECKUX nap (pe3yabTaT NPEeICTaBUTh B BUE TAOIUIIbI);

6.6 BBIMOTHUB MOAM(PUKANNIO KHHEMATHYECKUX TIap, HCKIIOUNTH Je(EeKTHI
CTPYKTYpBI (pe3yJIbTaT MPEACTABUTH B BUJIE TAOJIUIIbI);

6.7 onpenenuTh YNCIO W BUJ KWHEMATHYECKOW IIETH, BBISBHTH KOJUYECTBO
AJIEMEHTOB CTONKH (YUCIIO IPUCOECTUHEHUIN TTOJIBHYKHBIX 3BEHBEB K CTOMKE);

6.8 06ocHOBaB 3HaYeHUS KOIPHUIIMEHTOB, ONPEICTUTD MOJABUKHOCTH (CTENEHb
MOJIBUKHOCTH) MEXaAHU3MA;

6.9 ornpenenuTh BEIUYMHBI JOMOJHUTENBHBIX HCXOAHBIX JTAHHBIX (COTJIACHO
NpUIOKEHUIo b);

6.10 BBIYMCIUTh 3HAYEHHS] TEOMETPUUYECKUX MapaMeTPOB SBOJHBEHTHBIX
3y0uaThIX KOJIEC ¥ 3BOJIBBEHTHOIO 3allCIICHHS (COTIaCHO MpUIoKeHuio B);

6.11 mpoBecTH  TPOBEPKY  MPABUIBHOCTH  BBIYUCICHHWH  (COTJIacHO
npuaoxenuio I);

6.12 BrIOpaTh MacIITaOHBIM KOI(DPUITUEHT JJIHH;

6.13 mepeBecTH BCE BBIYMCICHHBIE 3HAYCHHUS T€OMETPUUYECKHX IapaMeTpoB
ABOJIBBEHTHBIX 3yOUaThIX KOJEC M DBOJIBBEHTHOTO 3allCIUICHHS B MACIITAOHBIH
KO3(hPUIIUEHT JJINH;

6.14 onpenenuTe pamuyc CONPSKEHUS TEPEeXOJHOW KpUBOM (COTJIacHO
npuioxenuto J1);

6.15 mo mony4eHHBIM 3HAYEHUSIM B BBIOPAHHOM MaciITaOHOM Koddduimente
JUTHH BBITIOJTHUTh METPUYECKUA CUHTE3 BOJBBECHTHOTO 3aIICTUICHUS 3y0UaThIX KOJIEC
MIPOCTOTO TUIOCKOT'0 3y04aTOro MEXaHu3Ma;

6.16 BBIMTOJIHUTh METPUYCCKUNA CHHTE3 KHHEMAaTHYECKOW CXEMBI IPOCTOTO
TUTOCKOT'0 3y09aToro MexaHu3ma.
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[ Ananu3 u cunmes C10HCHO20 NJIOCKO20 3y0UaAmM020 MEXAHUZMA:

7.1 BBIYEPTUTH CTPYKTYPHYIO CXEMY U HauMHAas C BeyIEro 3BeHa MIecTepHH 1,
0003HauuTh OyKBaMHU JIATUHCKOrO ajg)aBUTa TMOJBM)KHBIE COCIUHEHHUS 3BEHBEB,
coJiepKalllhecsl B CTPYKTYpe MEXaHU3Ma;

/.2 cornacHoO KJjacCU(pPUKAIUU CI0XKHBIX 3yOUaThIX MEXaHHW3MOB, YCTAaHOBUTh
THUT 33JaHHON CTPYKTYPHOU CXEMbl MEXaHNU3Ma,

7.3 BBIOpaTh  CTPYKTYpHYIO  (GOpMyNy, COOTBETCTBYIOIIYIO  3aJaHHOMN
CTPYKTYPHOI CXeMe MeXaHU3Ma;

7.4 ornpenenuTh Ha3BaHUE U BUJ COBEPLIAEMOrO ABMKEHUS 3BEHbEB (PE3yJIbTAT
HpPEICTaBUTh B BUJE TaOJIULIbI);

7.5 BBISIBUTH Ha3BaHME, KJIACC, MOABMKHOCTD, BUJI KOHTAKTa U 3aMbIKaHUS BCEX
KHHEMaTHUYECKHUX nap (pe3ysbTaT MpeiCcTaBUTh B BUJE TaOJIHIIbI);

7.6 orpeenuTh BUJI KUHEMATUYECKOM IIeMH, BHISIBUTH KOJIMYECTBO AJIEMEHTOB
CTOMKH (YMCIIO MPUCOETUHEHHUI MOIBUKHBIX 3BEHbEB K CTOMKE);

7.7 060cHOBAB 3Ha4YCHHSI KOI(DPUITUEHTOB, ONIPENETUTH OJBUKHOCTH (CTEIICHb
MOJIBMKHOCTH ) MEXaHU3Ma,;

7.8 onpenenuth yrcna 3yObeB BCEX KOJIEC MEXaHU3MA;

7.9 paccuuTaTh AMAMETPhI HAYAJIBHBIX (JIEIUTETBHBIX) OKPYKHOCTEHN KOJIEC;

7.10 BbIOpaTh MacmTaOHBIN KOG OUIIMEHT AJTNH;

/.11 nepeBens BBIUMCIICHHBIE 3HAUEHUS AUAMETPOB HAYaJIbHBIX (I€UTENbHBIX)
OKPYXHOCTEH KOJIeC B MAaCIITAOHBIN KO3(Q(PUIMEHT JJIMH, BBITIOJIHUTh METPUUYECKUN
CHUHTE3 KHHEMAaTHYECKON CXeMbl MEXaHU3Ma;

/.12 onpenenuTh XapaKTepHbIE TOUKH MEXaHNU3Ma;

7.13 BbIOpaB MacmTabHbIEe KO3()PHUIIMEHTHI OCel AJTUH U TUHEHHBIX CKOPOCTEH,
BBITMOJIHUTh CUHTE3 IUIAHOB JIMHEWHBIX U YTIIOBBIX CKOPOCTEH;

/.14 BEIYMCIUTh 3HAYCHUSI JIMHEWMHBIX CKOPOCTEH XapakTEepHbIX TOYEK U
YTJIOBBIX CKOPOCTEN 3BEHBEB;

7.15 BEIYMCINTE (paKTHUUECKHE MPSIMOE U 00paTHOE MepeIaTOYHbIEC OTHOIICHUS
MEXaHU3Ma U ONPEEIUTh NOrPEIIHOCTh BEIYMCIICHUN.
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1 CTpyKTypHBIii aHAJM3 CXeMbl CJOKHOIO IJIOCKOTO PBHIYAKHOIO

MEXaHHu3Ma

1.1 BeruepTuM CTPYKTYPHYIO CXEMY MEXaHHU3Ma

|

Pucynok 1 — CtpykTypHas cxema MexaHu3Ma

1.2 BeibepeM  CTpyKTypHYIO  (opmMysly, COOTBETCTBYIOIIYIO  3aJaHHOMU

CTPYKTYPHOU CXE€M€ MEXAHU3MA.
JUis TUIOCKKX MEXaHU3MOB UCHOJIb3YeTCs CTPYKTYypHas (popmyna YeOsbimena:

(1.1)

W =3n-2p,-p,,

rae N — konauuecTBO MOABMKHBIX 3BEHHEB;
P u P, — 4yncno kuHeMaTHUecKuX nap 4 u 5 K1accos;

W — DoaBMIKHOCTH MEXaHHU3Ma.
1.3 OnpenenuM  BHJI COBEPIIAEMOrO JBIKEHMS] M KOJIWYECTBO BEpIIU

MOJIBUKHBIX 3BeHbEB. Bce nanHbie peacTaBieHsl B Taduie 1.

H
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Tab6anma 1 — Buasl ABMKEHUN 3BEHLEB

Haspanwue 3Bena /
Cxema No 3Bena
BUJI IBHOKCHUS
Kpusorur / 1 1
BpaIaTeibHOE
[.

Hlatyn / >

CIIOKHOE
Kopowmsiciio / 3 5 3
BpaIlATEBHOE /

[]‘O/
Hlaryn / C_,: 2
CITOKHOE
.‘/’.)'

Moy / 7 z

BpaIaTeibHOE
« ©
'
)

Crotika / : g 0

HCITOABUIXHOC ~ <
7, R
{;:.'15,7
g .
Jluem
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OmnpenenuM Ha3BaHHWE, KJIAccC, MOABMIXKHOCTh, BHJ KOHTaKTa M 3aMbIKaHUE BCEX
kuHematuueckux nap (KII).

Kimacc KII ompenensiercs  KOJMYECTBOM  CBSI3€W, HAJOKEHHBIX  Ha
OTHOCHUTEIIbHOE JBUKEHNE 3BEHBHEB.

CBsi3b — OrpaHUYEHUE 3BEHbEB, KOHTAKT.

[ToaBUKHOCTD — KOJIMYECTBO JBUKEHUM, COBEPIIAEMbIX OTHOCUTEIBHO.

CreneHb MOABUKHOCTH TeJa B MPOCTPAHCTBE paBHA 6, TAKKE OHA paBHA CyMMeE
3HAYCHUU CBSI3€M U MOABUKHOCTH.

Ecnu koHTaKT WaeT Mo TOYKe WK JIMHUH, TO Tapa sIBJSETCS BBICIIEH, €CJIU 10
IJIOCKOCTH WJIM TOBEPXHOCTH — HU3LIEH.

PesynbTaThl npecTaBieHbl B Ta0IMIIE 2.

Tabnuia 2 — CBOICTBA KWHEMATHYECKUX Tap MEXaHHU3Ma

Buj xonTakTa / Knacc / No 3BeHbeB /
Cxema KII
3aMbIKaHHE TIOJIBU)KHOCTD Ha3Banue KII
[ToBepxHOCTB 7 5/1 0-1/
(uusmas) / BpalaTeIbHas
reOMETPUUECKOE "
[ToBepxHOCTH 5/1 1-2/
(au3mast) / BpaliareabHas
TeOMETPUIECKOE
[ToBepxHOCTH ‘ 5/1 2-3/
(an3mas) / BpauaTenbHas
FCOMETPUIECKOES
Jlucm
KT 15.0302-123456 789 113 0
. | /lucm N Jokym. lodnucs | fama




[ToBepxHOCTH J .0 5/1 3-0/
(am3mas) / . BpaIaTeibHast
rE€OMETPUIECKOE
=
g
[ToBepxHOCTH 5/1 241
(am3ias) / BpamaTeabHast
TreOMETPUYECKOe
IToBepxHOCTH 5/1 4-5/
(au3mas) / BpamaTeabHast
reOMETPUYECKOEe
IToBepxHOCTB /] 5/1 5-0/
(au3mas) / nocTynarenbHas
reoMeTpHYECKOe 7 s N Yoz NN\

1.4 OnpenenuM BU KHHEMAaTHYECKOHN MU U BBISBUM KOJIMUECTBO AJICMEHTOB

CTOMKH.

KunemaTnueckas uenb 3T0ro MeXaHu3Ma SIBIIIETCS CI0KHOM, TaK KaK HYJIEBOE
¥ BTOPOE 3BEHbS BXOJIST B COCTaB OoJiee 2-yX KHHEMAaTHUECKUX Tap, a8 UMEHHO — TPEX,
TAKXE€ 3Ta KUHEMATUYECKasl LEMb SBIISIETCA 3aMKHYTOM.

B nanHOM MexaHM3Me K CTOWMKE MPUCOEAWHEHBI 3 MOJABM)KHBIX 3BEHA: 3BEHBS

Nel, No3, Ne5.
1.5 Onpenenum MOJIBUKHOCTD MEXaHU3Ma, 000CHOBaB 3HAYCHUS
K02 PUITMECHTOB.
p-=7;, p,=0; n=5=>W=3.5-2.7=1.
Jluem
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[TonBmxHOCTh uccnenyemoro wmexanmama W =1, »3T0 oO3Hayaer, 4TO
JOCTATOYHO OJHOH OOOOIIEHHOW KOOPJHMHATBHI IS OJHO3HAYHOIO OIpeaeICHHUS
MTOJIO’KEHHMH BCEX 3BCHBEB MEXaHM3Ma Ha IMIIOCKOCTH.

1.6 BeIsIBUM KOJIMYECTBO, KJIACC, BUJI M TIOPSAOK CTPYKTYPHBIX TPYIIM, a TAaKKe
YHUCJIO U MOJBM)XHOCTh MEPBUYHBIX MEXAHHU3MOB.

JInst 3TOro ME€XaHu3M CIIEAYET pPa3JeiuTh Ha TPYNIbl 3BEHbEB, HAYMHAS C
BBIXOJHOTO 3B€HA B CTOPOHY BEAYUIEr0, YUYUTHIBAS MPU 3TOM, YTO €CJIU OAHO 3BEHO
y’K€ y4acTBYeT B KaKOU-JIMOO TpyIIie, TO B APYTOl OHO y4aCTBOBATh HE MOXKET U JIaXKe
CBOOOHBIM OBOJKOM.

[TepBUYHBIM MEXaHU3MOM HA3bIBACTCA 3JIEMEHTAPHBIN MEXAHU3M, COCTOSIIHNN
U3 CTOWKH U MPHCOEAMHEHHOr0 K Helt Bemyiero 3BeHa (W > 0).

CI'3 — 3T0 KMHEMaTH4YEeCKasl IeIb, COCTOSIIAS TOIBKO 13 MOABIDKHEIX 3BCHLEB,
MOABW)XHOCTh KOTOPOM paBHaA HYIIO, HE BIMSIONIAA HAa OCHOBHYIO MOIBH)XHOCTH

MEXaHH3Ma.
1) I'pymma 4-5.

e

Pucynok 2 — I'pynmna 4-5

KonnuecTBo moaBMKHBIX 3BeHbEB N=2. KuHemaTnueckue mapsl 5-oro kjacca:
2-4, 4-5, 5-0. KunemaTnueckue napsl 4-oro Kjiacca OTCyTCTBYIOT.

Torna moaBuxkHocTh rpymnbl W =3-2-2.-3=6—-6=0=53T0 CcTpyKTypHas
rpyrma 3BeHbeB (CI73).

Knacc CI'3 onpenensiercsi KOJIMYECTBOM IOJBHKHBIX 3BEHBEB, 00pa3yIOLIUX
TpyNIy, MOPSAIOK YUCIOM CBOOOIHBIX TTOBOJKOB, MIPUCOCTUHEHHBIX K TPYIIIE, a BU]
CTPYKTYpHOU (POpMYII0#1 TPYMIIBI, TO €CTh BUOM KMHEMATUYECKUX Tap.

Kiace rpynmst 2, nopsinok 2, Bug 2 (BBII).

2) I'pymnma 2-3.
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Pucynok 3 — I'pynmna 2-3

KonnyecTBo moaBMKHBIX 3BeHbEB N =2. KuHeMaTHyeckue mnapel 5-oro kjiacca:
1-2, 2-3, 3-0. Kunematnueckue mapsl 4-0ro Kjacca OTCYTCTBYIOT.

Torna mnoaBuxkHOCTh Tpymnbl W =3-2-2-3=6—-6=0=53T0 CTpyKTypHas
rpynna 3seHbeB (CI'3).

Knacc rpymmsr 2, nopsiiok 2, Bua 1 (BBB).

3) I'pynma 1-0.

Pucynok 4 — I'pynma 1-0

KonnuecTBo moaBmKHBIX 3BeHbeB N =1. KnHemaTuueckue mapel 5-oro kjacca:
0-1. Kunematuueckue napsl 4-0ro Kjiacca OTCYyTCTBYIOT.

Torpa nmonmwxHocTh Tpynnbl W =3:-1-2-1=3-2=1=>3Ta rpynna 3BEHbEB
SBJISIETCS IEPBUYHBIM MexaHu3MoM (I1IM).

1.7 CpopmupyeM Mozelb cOCTaBa CTPYKTYPBI M OMPEAETUM KIIaCC MEXaHU3MA.

CrpykrypHas popmyrna MexaHU3Ma UMEET CIEeTYIOIINM BUL:

[MexaHus’M] _ [HM] s [CFS’(Z —3)] s [CF3(4 —5)]
W=1 W=1 2«2nls 22126
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Uccnenyembiii mMexaHusMm oOnamaer mnoaBwkHoOCTbio W =1 u sBisercs
MEXaHU3MOM 2 KJlacca, KJIacC MEXaHu3Ma onpenensercs Hanbonpmmm kiiaccom CI'3,
BXOJISIIINX B €TI0 COCTAB.

1.8 IIpoBemeM MPOBEPKY MOTYUEHHBIX PE3YJIBTATOB.

[TogBMKHOCTH MEXaHM3Ma JIOJDKHA OBbITh paBHA CYMME MOJBHXKHOCTEMN
BXOJISIIIIUX B HET'O IPYIIN 3BEHHERB:

W=1+0+0=1.

JlaHHO€ 3HA4YE€HWE COBIAJAECT C pE3yJbTAaTOM, IIOJIYYEHHBIM paHee,
CJIEeI0BATENIbHO, MPOBEPKA BHITIOITHSAETCS.

2 MeTpuyeckuii CHHTe3 KHHEMATHYECKOI CXeMbI CJ105KHOT0 MJI0CKOT0
PBIYA:KHOT0 MEXaHU3MA M0 32JaHHBIM NapaMeTpam

2.1 Beibepem XapakTepHbIE TOYKM MEXaHW3Ma W BBIIBUM TPACKTOPUU HUX
JIBUYKEHUSI.

B nanHOM MexaHHM3Me XapaKTepHBIMHU TOUKaMU sBIsitoTcs Touku 4, B, C, D, O,
O1.

Touku O 1 O HENIOABUKHEIL.

Touka A MBUXKETCS IO OKPY>KHOCTH OTHOCUTENBHO TOUKHU O.

Touka B TBWXKETCSI 1O IyT€ OKPYKHOCTH OTHOCUTENHHO TOUKH (1.

Tpaexktopust Touku C NpeACTaBISIET COOOM CI0KHOE ABUKEHHE.

Touxa D nBuxeTcst nocTynaTeabHo.

2.2 OnpenenuM MaciuTaOHbIA KO3 PUIUEHT AJIUH.

Macmtabupiii KO3(PUIUEHT — ITO OTHOIIEHNE KAKOW-THOO MEeHCTBUTEIHLHON
BEIUYMHBI MTapaMeTpa MEXaHU3Ma, B3ATOrO B COOCTBEHHOM pPa3MEpHOCTH, K JJIMHE
OTpe3Ka B MM., 0TOOpa)KaroIIero JaHHbIM mapaMeTp Ha YepTexKe.

Macmtabubiit K03GGUIIMEHT ITTUH ONPEAENIIeTCs M0 JJIMHE KPUBOIIHUIIA:

lon | M
_ o | M) 2.1

rae |, — melicTBUTeNbHAS ANMHA KPUBOILUIIA;
‘OA‘ — MPOU3BOJIBHBIN OTPE30K, B3SITHIA B MM., KOTOPBIA CTPOUT KPUBOIIMI Ha
KUHEMAaTHYECKOU CXEME.
Bo3sMem ‘OA‘ paBHBIM 31 MM., TOor1a MacImTaOHBINA KO(PHUIIHECHT:
0,031 _10° | M
b=—0 = |
31 MM

2.3 IlepeBeneM OCTaBINIMECS T'€OMETPHYCCKHE pa3Mepbl B MM. C ITOMOIIIBIO
MacImTabHOro ko3 huImeHTa.
dopmyiia s OnpeeICHHS TEOMETPUIECKUX Pa3MEPOB:
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= 22)
Hy

rae | — 3BeHo JJIs1 KOTOPOT'O BBIYKCILSIETCS [UTHHA HA KHHEMAaTHIECKOH CXxeme.
ag|=te ~ 0125 g5 (1)
po 107
I
IBO,|= R 0’026 =56, (mm).
w10
BC|=1ee 2099 _g0 ()
# 10
cp|=te0 010155 (1.
1
|, 0,075
aj=-"= =75,
‘ ‘ ,U| 10—3 ( )
_ 0,109
bl == =109,
| | /J| 10 103 ( )
5 =25 =258 155, ()
Ay
I
BS,|=—== 0’0_235 =25, (mm).
w10
I
CS,|=—* =&_638 =68, (um).
w10

2.4 Tlo mony4YeHHBIM 3HAYEHUSM B BBIOpAaHHOM MaciITabHOM KO3 dUIMEeHTe
OmpeeNM KpaiiHue (TpaHWYHBbIC) TIOJOKCHHUS BBIXOJHOTO 3BEHA THIIOBOTO
MEXaHH3Ma, JIEKAIIeT0 B OCHOBE CTPYKTYpPHI CIOKHOTO IUIOCKOTO PBIYaKHOTO
MeXaHU3Ma.

B ocHOBe 1aHHOTO CIOKHOTO MJIOCKOTO PHIYaKHOTO MEXaHU3Ma JISKHUT TaKou
TUTIOBOM MEXaHU3M, KaK IIAPHUPHBIN YEeTHIPEX3BEHHBIN, €ro BBIXOJHBIM 3BEHOM
siBiIsieTcs: kopoMmbicio BO;.

Kpaiinue monoxeHnss MexaHuW3Ma — 3TO TAaKUE IIOJOXKEHHS, B KOTOPBIX
BBIXOZHOE 3BE€HO (BXO/IsIII€€ B KOHTYP TUIIOBOI'0) UMEET CKOPOCTH, PaBHBIE HYIIIO, U B
CIEMYIONMHA MOMEHT BPEMEHH MOXKET COBEpIIaTh JBW)KCHHE TOJIBKO B
IPOTUBOIOJIOKHYIO CTOPOHY, ATO JTOCTUTAETCS, KOTJ]a KPUBOIIHUIT U IIATYH JIeKaT Ha
OJHOU MPSAMOU JIMHUMU.

Kpalinue noynoxeHus: onpeaesitoT CIeIyomuM 00pa3oM:

1) Ha uywmctoM MecTe MNpPOM3BOJBHO CTAaBUTCSA TOYKA, IPHHAJICKAIIAS
HETOBMYKHON TOUKe KpuBoinuia (Touka O).

2) U3 touku O cTposTCA AYrH pajarycamu Rz‘OAH‘AB‘ u Rz‘AB‘—‘OA‘,
Jasiee JeNarTcs 3aCCUKH Ha TPAaeKTOPUM JIBIDKEHHUS TOYKH B BBIXOJHOTO 3BEHA, W3
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TIOJIYYHMBIIUXCS TOYEK CIICAYET MPOBECTU MpPSMBIE Yepe3 Touky O 10 TPacKTOPHH
IBWDKEHUS TOUKH A, OTpeiesisisi TAKUM 00pa30M TOJI0KEHNE KPUBOIIIUIIA U IIATyHA.

2.5 OO0OocHOBaB BBHIOOp HAYAIBLHOTO TIIOJNIOKCHUS, BBIMOJHUM CHHTE3
KWHEMATUYECKUX CXEM JIIsi 000MX KpaWHWX (TPaHUYHBIX) IMOJIOKEHUH CIIOKHOTO
IUTOCKOT'O PBIYAKHOTO MEXaHHU3MA.

VYTaBl MeXTY TIOJIOKCHHUSIMU JTMHHUN, Ha KOTOPBIX JIexkat KpuBomuil OA v maTyH
AB, U1 KpaitHUX MOJIOKEHUI TUTIOBOTO MEXaHU3Ma NOJTYYIUCh paBHbIMU 179°14" u
180°46".

Tak kak g IDIOCKAX PBIYQXKHBIX MEXaHHU3MOB pPa0O4YMii XOa JIOJDKEH
COOTBETCTBOBATh HAMOOJbBIIEMY YINIy TOBOPOTa KPHBOIIWIA W JIOJDKEH OBITH
MaKCHMAaJIeH 10 BPEMEHH, a MPH 3aIlyCKe MEXaHW3Ma B pabOTy €ro 3BEeHbs JOJDKHBI
HAYMHATH JIBUTaThCsi ¢ pabodero xoja, TO BEIOMpaeM 3a HayallbHOE TaKoe KpaiiHee

TIOJIOXKEHHE, TIPU KOTOPOM Touka B 1exuT oT Touku O Ha pacctosanu R = ‘OA‘ + ‘AB‘
, TAKAM 00pa3oM yroj MOBOpPOTa BEAYIETO 3BEHA, COOTBETCTBYIOIIUN XOJIOCTOMY

X0Jy, OyZIeT MeHblIIe, YeM COOTBETCTBYIOLIUN pabouemy.
CuHTE3 KHHEMAaTHYECKUX CXEM JUIsl 000MX KpalHuX (TpaHUYHBIX) TIOJIOKCHHMA

CJIOKHOI'O IJIOCKOTO PBIYAKHOI'O MEXAaHHW3Ma BBIIIOJIHUM, JIOCTPOUB IIOJIOKEHUS
OCTAaBILMXCS TOYEK C IIOMOLIBIO METO/IA 3aCEUEK.

2.6 Haumnasg c BbIOpaHHOrO Hauyajga OTCYETa BBIIOJHUM CHHTE3 IUIaHA
IIOJIOYKEHHUH IITOCKOI'0 PIYaKHOI0 MeXaHu3Ma i 13 nonoKeHui Ha4aubHOT O 3BEHA.

Jlns aTOr0 HymMepyeMm HaudajabHOW mosiokeHue mudpoi 0, a BTopoe KpaiiHee
mudpoit 7. Jlanee oT HavaJbHOrO MOJIOKEHUS KPHUBOILIMIA 0 XOJy BpALICHUS C
yrioBeiM 1maroM 30° ctpoum 12 ocTaBIIMXCS MMOJIOKEHUH, IpU 3TOM 13 MmonoKeHue
Oyner coBmajgaTh C HadaJlbHbIM. OT KaXIOTro MOJOKEHUs KPUBOIIMIA METOA0M
3aCe4eK ONPEACISIIOTCS MOJI0KEHUS BEAOMBIX 3BEHBEB.

2.7 OmpenenuB BEIUYUHBI (PA30BBIX YIJIOB pabOYEro M XOJOCTOTO XOJOB,
BBIMIOJIHUM TPOBEPKY YCHA0BUS 3(G(EKTUBHON HJKCIUIyaTallud MeXaHu3ma (mpu
HEBBINIOJIHEHUN  YCIIOBUS HYKHO TIIPOBECTM CMEHY HYyMEPALMU IIOJIOKEHUN
MEXaHHU3Ma).

Pabounii Xxon B 0JJHYy CTOPOHY U XOJOCTOM B OOPATHYIO COOTBETCTBYIOT YIIIY
IIOBOPOTA BBIXOJHOT'O 3BE€HA THIIOBOIO MEXaHW3Ma OT OJHOr0 KPAaWHETO IOJIOKEHHUS
110 IPYroro.

B nmanHOM ciydau, ecim paccMaTpuMBaTh THUIIOBOM MEXAHW3M, BXOIAIIUN B
COCTaB CJIOXKHOTO, TO @, =@, , CJICNOBATEIbHO, IPOBEPKA BBIMOIHICTCS, U CMCHA

HyMepaluy MOJIOKEHUM MeXaHu3Ma He TpeOyeTcs..

2.8 OmpegenuM Xoj MOJA3yHA U KOIDPUIMEHT HEPAaBHOMEPHOCTU CpeaHEl
CKOPOCTH CJIOKHOTO IJIOCKOT'0 PHIYaKHOI'0 MEXAaHU3MA.

Koadduuuenr HepaBHOMEpHOCTH  cpenHEll  CKOPOCTH  XapaKTepusyer
OTHOILIEHUE BPEMEHH X00cToro xona 7', K BpeMeHu pabouero xona 7,
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T. 7-6 180-0,77
T~ rx+60 180+0,77

pXx

k:

0,99 (2.3)

rne @=0,77" — yroa MexOy IOIOKEHWSIMH IIATyHa B KPaMHUX IIOJI0KEHUSIX
MEXaHHU3Ma.

XoJI MEXaHU3MA — PACCTOSAHUE MEXAY HAYaJIbHBIM U KOHEYHBIM MOJIOKECHUAMU
BBIXOJIHOTO 3BEHA. JI|aHHBIM MEXaHU3M HMMEET OJHO BBIXOJHOE 3BEHO, ATO 3BEHO 3
(MoN3yH).

Xon H nns monm3yna 5 paBeH pacCTOSHHUIO \Dlle\ Ha TUIaHE TMOJIOKEHUH, TO

CCTb B IICPCBOJAC B HCﬁCTBHTeHBHYIO BCIIMYHUHY:

H = D,,D, =|D,,D;|- 4 = 65,24-10° ~ 0,065, (x).

3 KuneMaTnyeckmii aHAIM3 CJOKHOIO ILJIOCKOIO PbIYAKHOTO
MEXaHMu3Ma

3.1 CoctaBUM BEKTOPHBIC YpaBHEHHUSI paCIpeieiCHUs] BEIUYUH CKOPOCTEH
MEXIy XapaKTEPHbIMU TOUKAMU MEXaHU3MaA.

VYcnaBnuBaemcs, uto kpusomnn (OA coBepllIaeT paBHOMEPHOE BpallaTeIbHOE
JIBIKCHHE.

w = ”3'(;]1 = const, (3.1)

-1.
rae @, — yriioBasg 4acrora BpallleHUs KpuBoLInIia, ¢

n, =250 — yacrora BpallleH!s1 KPUBOLIUIIA, munt,
Vpo =@ -l =cONSt, (3.2)

rae v, , — CKOPOCTb OTHOCHUTCIILHOI'O BpalllaTCJIbHOI'O ABMIKCHMA KPUBOIIUIIA, M lc.

BekTopHble ypaBHEHHUS paclpenesieHus: CKOPOCTEeH 3aluChIBaeM JJIs KaKI0H
TOYKH MEXaHM3Ma, HAYMHas C HEMOABM)KHOM TOUKHM KpuBoIHmna (Touka () B CTOPOHY
BBIXOJ/IHOT'O 3BEHA!

1) vo =0;
2) A =0 +Dno =Lno;
3) ISB=?)01 +l;|3o1 :l;Bq;
4) 0o, =0;
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5) vc =va +Uca;
6) Up =Uc +Upc.
3.2 Bribepem macmTaOHbIN KO3 OHUITUEHT CKOPOCTEH.

_ Vo M
Ho Ipal [ c-mm

, (3.3)

rue U,, — ACHCTBUTEIbHOE 3HAYEHHE CKOPOCTH OTHOCUTEIBHOIO BPAIaTEILHOIO
JBIKEHUS TOUKH A BOKpyT Touku O, m/ c.
‘ pa‘ — TPOU3BOJILHBINA OTPE30K, M300paKaIOIIMN Ha IJIaHE CKOPOCTEH BEKTOP

CKOPOCTH OTHOCHUTCIIBHOI'O BpalllaTCJIbHOI'O ABMKCHHA TOYKH A BOKPYT TOYKH O, MM

Ornpenenuim CKOpOCTh TOUKU A

Tak xak Touka O HENOJBHKHA, €€ OTHOCUTEIbHASL CKOPOCTh U, =0.

Torna va=vno.

dopmyna I HAXOXKACHUS CKOPOCTH OTHOCUTEIBHOTO BpalaTeILHOTO
JIBIKEHUS OJTHOM TOYKH OTHOCUTEIIBHO JAPYTOM:

(3.4)

r7e U,, — CKOPOCTh OTHOCHTEIFHOI'O BPAIIAaTENbHOIO JBMXKEHHUS TOYKH K BOKpyr
Touku M, m/c;
@ — yrI0Bas CKOPOCTh i-0T0 3BeHa, C
|, — nyuHA i-oro 3BeHa, M.
[ToncraBum yucioOBBIE JaHHBIE B (POPMYILY, COBMEILIEHHYIO U3 (hopmyn (3.1) u
(3.2):
0,0 =001 720 0812 (u/0).
30
[IpuHnMas ‘ pa\ =50 mm, BIOEpEM MacTaOHbINM KO PHUIMEHT, IOJCTABUB BCE

nanHbie B popmymy (3.3):

_0812 1604 [ M

v
C* MM

3.3 Pemasi BEKTOpHbIE YpaBHEHUS, BBHIIIOJIHUM CHUHTE3 MJIAHOB CKOPOCTEH st
3a1aHHBIX TOJI0KEHUI HAYaJIbHOTO 3BEHA.

Ecnu ckopocTh TOUKH, TPUHAUIEKALIEN MEXaHU3MY, PaBHA HYJIIO, TO 3T TOYKa
HAa IJJAaHE CKOPOCTEW HAXOAUTCA B ITOJIKOCE, & BEKTOP OTHOCUTEIBHON CKOPOCTH 3BEHA
JIEKUT HA JTMHUU, IEPIICHAUKYJIIPHON OCH 3BEHA.
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B nannoMm cityyau ckopoctu Touek O u (J1 BCEria paBHbI HYJIIO.
1) Touka O:

vo =0, crnenoBaTenbHO, TOUYKA O HAXOJUTCS B TOJIOCE HA IJIaHE CKOPOCTEH.
2) Touxka A4:

UA = Uo +UAo = UAo

Touka a NEXUT HA JIUHUY, IEPICHAUKYIAPHON ocH 3BeHa OA.
‘ pa\ =50 mm.

3) Touka O;:

501 =0, crenoBarenbHO, TOUYKA 01 HAXOIUTCS B MOJIOCE HA TUIAHE CKOPOCTEH.

4) Touxka B:

UB —Uol +UBol l)Bol

Touka JeXUT Ha JIMHUU, TEPIEHIUKYISIPHON OcH 3BeHa BO:.

Tak kak Touka B MpUHAAIEKUT 2 3BEHBSIM, TO HAIIPABJIEHUE €€ CKOPOCTH OyAeT
NEePICHIUKYISIPHO ocsiM 3BeHbeB AC m B(O1, a Touka b Ha miane ckopocteld Oyner
JeXaTb ~ Ha  IIEPECEUYCHUM  OTUX  IEPIEHAUMKYJSIPOB,  NPOBEIAEHHBIX U3

COOTBETCTBYIOIIHUX TOYEK.
5) Touka C:

Uc = UA + UCA,

Touka eKUT HA JTUHUM, TEPIECHIUKYISIpHON ocu 3BeHa AC.

B nanHOM ciydau 1715 onpenesieHus moyiokeHus: Touku C Ha 1iaHe CKOpoCTei
BOCITIOJIb3YEMCSI TEOPEMOM MOJ00MUSI.

Ecmu nnmga 2-yX TOUE€K OAHOTO 3BEHA BEKTOPHBIC YPABHEHHUSI COCTABJIEHBI M
PELICHBI, TO JJIA APYIUX TOUYCK 3TOI'0 K€ 3BCHA PCIIACTCA TCOPpEMaA HO,)IO6I/I$I, KOoTOpas
rJ1acuT, 4TO (blzlrypa, HMEIOIIASACS Ha IUIaHE MOJIOKECHUM, U (blzlrypa, IIOJIy4CHHAas Ha

IIaHe CKOPOCTEH, JOJIKHBI OBITh MOI00OHBIMHU.
6) Touka D:

UD = Uc + UDC
Touka D PUHALJICKAT MOJ3YHY, 4 3HAYUT UD || DOl.

[Tomoxxenne Touku O Ha TUIaHEe CKopocTel OyaerT OmpeneisaThCs Kak
nepeceueHrue JUHUM, NEPNeHIUKyIsapHoi ocu 3BeHa CD, u nuHMM, mapaienbHOU
JBIKEHUIO ron3yHa D.

[TonoxkeHns: TOYEK, COOTBETCTBYIOIIUX LHEHTPAM TSIKECTU 2-0r0, 3-€r0 U 4-0ro
3BeHbEB (S2, S3, S4), OMpeEACIAIOTCS TaKIKE Yepe3 TCOPEMY MOTO0US.

IlenTph!l TspKECTH 1-0r0 M 5-0r0 (S1 M Ss5) Ha IJIaHE TOJIOKEHUM COBITAJIAOT,
cooTBeTcTBeHHO, ¢ ToukamMu O wm D, criemoBaTelbHO, WX TIOJNOXKCHHSI Ha IUTAHE
CKOpOCTEH TakKe OyIyT COBITaIaTh.

[IpumeHenne TeopeMbl OJ00MS ISl BCEX TOJI0KCHUH MEXaHU3Ma:

ITonoxenue 0, 13:
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AB :125:2’5:‘61(:‘:@ 215_86 (un).
lab] 50 25 2,5
ABI_125 _, 5y fasy = 2% 155 5 (1)
lab|] 50 5 25
lbs,|=0, (aem).
[CO_ 150 =8,579=[cs,|= CS,| __68 7,926, (mm).
cd| 17,484 8579 8579
ITomoxxenwue 1:
ABI_125 4 ag1=spoci=12CL =90 5018 ().
lab] 28,02 4,461 4,461
ABI_ 125 _ se1—sfas,|= 125 = 155 a7 746, (uun).
|ab] 28,02 4,461 4,461
BOJ__56 1761 pps)= B3 2 14107, ().
bo| 31,798 1,761 1,761
CDI_ 150 _, g5g—jos,|= 15 = %8 _ 23785, (uun).
cd| 52,468 2,859 2,859
ITonoxxenue 2:
ABl_ 125 g oag—foc/=12CL = %0 _g 050 (um)
lab| 12,572 9,943 9,943
AB [AS,| _
=12,572=9,943=|as,| = _15,589, (2um).
|ab] 9,943 9 943
BO| __56 =1,194:>\bsg\=‘ B _ 25 _ 50938, ().
bo| 46,917 1,194 L194
CD‘: 0 =2,287 =|cs,|= CS,| __©8 =29,733, (mm).
cd| 65,584 2,287 2,287
ITomoxxenue 3:
[AB|_ 125 =164,882 = |oc| = BC| _ 90 =0,546, (n).
lab| 0,758 164,882 164,882
[AB|_ 125 =164,882 = [as,|= [AS)| _ 155 0,94, (wm).
lab] 0,758 164,882 164,882
B, _ =1102 = |bs;| = BS:| _ — 22,686, (wnm).
bo,| 50,833 1,102 1,102
CD‘: 0 =2,333=cs,|= CS4 _ 68 =29,147, (mm).
lcd| 64,302 2,333 2,333

V&
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Ilomoxenue 4:

AB| 125 |BC|

o)== % _9212 (aum).
jab| 12,794 9,77 9 77
AB|_ 125 :9,77:\asz\:‘ AS,|_ 185 1o o665 ().
jab| 12,794 9,77 9,77
BOy| _ 1208 s, =152 = 251926, (4w
lbo,| ~ 43,145 1,298 1,298
-C—m:@:3,205:>\cs4\: CS,| __8 =21,217, (mm).
cd| 46,8 3,205 3,205
IHomoxenue 5:
%:31,68: 6=Jec|= (ﬁi 3046~ 200 ()
M=H—5=3,946:>\a32\=‘ S| _ 155 3998 (un).
lab] ~ 31,68 3,946 3,946
BOJ_ 56 _ 5 a5t s =AB%L =25 11106, ().
lbo,| ~ 24,88 2,251 2,251
CD| _ 150 :8,045:>\cs4\=‘cs4‘ _ 58 8453 ()
cd| 18,646 8,045 8,045
ITomoxxenue 6:
ABI_ 125 o5 6= |oc| = BC| _ —35,77, (m).
[ab| ~ 49,687 2,516 2,516
QE\ 43 26?37 =2,516=as;| = LAsslze‘s - 21256 = 61,606, (au).
BOJ_ 50 _ g5 165 s, =252l __25 (63 ().
lbo,| 0,589 95,155 95,155
CD| _ 150 16,882 =>|cs,| = CS,| _ — 4,028, (wun).
cd| ~ 8,885 16,882 16,882
IHomoxeunue 7:
AB_125 5 5sioe= B9 _g6. (um)
[ab] ~ 50 25 25
AB :125:2,5:\a32\:‘ SZ‘:@:GZ, (vm).
[ab] ~ 50 5 25
lbs,| =0, (aum).
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D] _

cs,| 68

_ 150 =15,872=|cs,| = = =4,284, (mm).
\Cd \ 9,451 15,872 15,872
ITomoxxeunue 8:
ABl_ 125, apsoof=BCL_ 90 36462, ()
\ab\ 53,433 2,34 2,34
AB 125 —2,339:>\a52\:‘ 2‘ = 155 = 66,268, (mm).
\ab\ 53 433 2,339 2,339
BOJ_ 565701 s, =B B 11608 (aur
\bol\ 19,61 5701 5,701
CD‘: =5,701=|cs,|= G5, __%8 =11,928, (mm).
\Cd\ 26,312 5701 5,701
[Tonoxenue 9:
AB|_125 4 65| =JECL - %0 _ 57 645, ().
\ab\ 38,4 3,255 3,255
AB = 125 :3,255:>\a82\: ‘ASZ‘ = 155 =47,619, (mm).
\ab\ 38,4 3,255 3,255
BOy| _ _1504= |ps,| =123 -2 _15 684 (aun).
\bol\ 35,127 1,594 1,594
CD\: 0 =3,617 =cs,|= CS,| 68 =18,816, (mm).
\Cd \ 41,473 3,617 3,617
[Tonoxenue 10:
@212—5:23,25:@0\: ‘BC‘ = 0 =3,871, (mm).
\ab\ 5,376 23,25 23,25
@——5:23,25:\%2\: ‘ASZ‘ = 195 =6,667, (mm).
\ab\ 5,376 23,25 23,25
‘Bol‘: :1,154:>\bs3\: ‘883‘ = 25 =21,664, (amm).
\bol\ 48,517 1,154 1,154
‘CD‘: 0 :2,387:>\CS4\: ‘CS“‘ = 68 = 28,488, (mm).
\Cd \ 62,836 2,387 2,387
ITonoxenue 11:
ABI_ 125 5 51— pbel=JBCL =90 _ 57 008, ().
\ab\ 37,636 3,321 3,321
AB 125 —3,321:\&82\: ASZ‘ = 155 =46,673, (mm).
\ab\ 37 636 3,321 3,321
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BOJ__ 561 015 osy= 155l - 2524631 (un
bo| ~ 55175 1,015 1,015

CO[_ 150 1 919, 1es,|= S5 = 88 __ 35565, ()
cd] ~ 78,456 1912 1012

[Tonoxenue 12:

ABI_ 125 _ ;) 00a=sfocj=12 = 90 45 (i
ab| ~ 62,385 2,004~ 2,004

ABI_ 125 ) ooamsfas, =25l = 155 27 345 ()
ab| ~ 62,385 2,004~ 2,004

BOJ _ 1435 fps = B3l - B 17420 (un)
lbo, ~ 39,032 1435 1,435

CO[_ 150 __ 3 55— jes, =I5 - B8 51 053, ().
cd| ~ 46,437 323 323

3.4 OnpenenuM 3HAYEHHUST CKOPOCTEH XapaKTEPHBIX TOUEK, a TAaK)Ke BETUIMHBI

" HaIIpaBJICHHA I[CﬁCTBHSI YIJIOBBIX CKOpOCTCfI BCCX 3BCHLBCB MCXaHU3Ma JJI KaXKA0I'0
ITOJIOKCHUA HAYaJIbHOI'O 3BCHA.

Jlns ompeneneHusl 3HAYEHUM CKOPOCTEH XapaKTEPHBIX TOYEK MEXaHU3Ma M

LICHTPOB TSUKECTH 3BEHBEB 3aMepUM Ha IUIaHe ckopocteii orpesku | pb|, [pc|, |pd|, [ac]

, |Cd|, \psz\ \ps3\, \ps4\ U C MOMOLIBIO MAacTaOHOro Ko3((UIHEHTa f/, IOIy4uM

I[GﬁCTBI/ITGJ]LHLIG 3Ha4YCHUA CKOpOCTeﬁ OTHX TOYCK.

Vg =|pb|- 4, (3.5
v =|pc|- 4, (3.6)
Uy =05, =|pd|- 4, (3.7)
“lac|- 4, (3.8)
=lcd|- 4, (3.9)
v, =|Ps, |- 4, (3.10)
Vs =|PSy|- 4, (3.11)
K17 150300-123456789 113 -
VoS W I e




vs, =|psy|- 4, (3.12)

Pe3ynbTaThl pacdyera CKOpOCTEH TOUEK B KAXKIOM ITOJI0KEHUH Ha4yaIbHOT'O 3BEHA
npeAcTaBieHbl B Ta0auIe 3.

Tabnuma 3 — CKOpoCTH XapaKTEPHBIX TOUEK 3BEHBEB CIIOKHOTO TIJIOCKOT'0 PHIUaYKHOTO
MEXaHu3Ma

N Upo =Up | Vg, =Up | Upy | Up =Us | Ugys | Upes | Vs, | Uss | Usp
TIOJIOKCHHUSA , M/c , M/C Mm/c , M/c m/c m/c m/c Mm/c Mm/c
0,13 0 0,585 | 0,812 1,397 {0,284 | 0,195 | O 0,682
1 0,516 0,49 | 0,653 0,783 | 0,852 | 0,484 | 0,286 | 0,381
2 0,762 0,759 | 0,544 0,351 | 1,065 | 0,758 | 0,422 | 0,409
3 0,826 0,827 | 0,481 0,021 | 1,044 | 0,826 | 0,457 | 0,457
4 0,701 0,651 0,3 0,357 | 0,76 0,676 | 0,313 | 0,359
5 0,404 0,366 | 0,107 0,885 | 0,303 | 0,35 | 0,224 | 0,236
6 0,812 0,01 0,576 | 0,629 1,388 | 0,144 | 0,214 | 0,004 | 0,596
7 0 0,585 | 0,64 1,397 | 0,154 | 0,195 | O 0,606
8 0,319 0,795 | 0,918 1,492 | 0,427 | 0,438 | 0,176 | 0,826
9 0,571 0,753 | 0,885 1,07 |0,674 | 0,606 | 0,316 | 0,746
10 0,776 0,788 | 0,615 0,15 | 1,02 0,784 | 0,436 | 0,493
11 0,896 1,17 | 0,141 1,05 |1,274 | 0,974 | 0,496 | 0,596
12 0,634 1,221 | 0,514 1,744 | 0,754 | 0,809 | 0,351 | 0,891

ITocne onpenenenus OTHOCUTENIBHBIX CKOPOCTEN HYXKHO OIPEAEIUTD BEINYNHbI
Y HaIIPaBJICHUSI YIJIOBBIX CKOPOCTEM.

VYTII0BBIE CKOPOCTH 3BEHBEB ompenenstorcs mno dopmymnam (3.13), (3.14) u
(3.15).
YrnoBast CKOPOCTh 2-0r0 3BEHa:

= (3.13)

IIe Ug, — CKOPOCTb TOUKH C OTHOCUTEIBHO TOUKU A, M/C;
|, — aefictButensHas anuHa 38eHa AC, M.
VYrioBas CKOpOCTh 3-€ro 3BeHa:

L,
0, =2, (3.14)

T€ Ugo — CKOPOCTH TOYKH B otHocutensno Touku O1, M/C;

|Bol — nercTBUTENbHAs UTHHA 3BeHa BO4, M.
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VrioBast CKOpoCTh 4-0ro 3BeHa:

IlI€ Upe — CKOpocTb ToukH D oTHOCHUTEnbHO Touku C, M/c;

lcp — aeficTBuTensHas anuHa 3BeHa CD, M.

(3.15)

YroObl HAWTH HampaBiIE€HWE YIJIOBOM CKOPOCTH 3BEHA, HY)KHO Ha IJIaHE

CKOPOCTEH B35ITh BEKTOP OTHOCUTEIHLHON CKOPOCTH 3BEHA U MBICJIEHHO TIEPEHECTH €ro
Ha TUIaH MOJIOKEHUU B MEPBYIO TOUKY, CTOSIIYIO B MHJEKCE IPU BEKTOPE, a BTOPYIO
TOUYKY YCIIOBHO YCTaHOBMUTb, HAIlpaBJICHUE BpallleHHE 3BE€HA IPHU STOM OIpEAEIseT

HaIIPaBJICHUE YIJIOBOW CKOPOCTH.
Pe3ynpTaThl pacuera yrioBbIX CKOPOCTEH 3BEHBEB MEXAHHM3Ma B KaXJIOM

IMOJIOKCHUH HAYAJIbHOI'O 3BCHA, a TAKIKC UX HAIIPABJIICHUS IIPCACTABIICHLI B Ta6J'II/II_[€ 4,

Ta6J'II/II_Ia 4 — YraoBbIe CKOPOCTH 3BCHBLCB CJIOKHOI'O IINIOCKOTI'O PBIYAKHOI'O MCXAaHN3Ma

1

1

1

Ne monmosxkenus a, ¢t ,, C w;, C w,, C
6,498 0 1,893
0,13 > =
[IpotuB yacoBon | — 1o yacoBou
1 3,642 9,214 5,68
IIpoTus yacooii | ITo yacoBoit ITo yacoBoi
2 1,633 13,607 7,1
IIpotus yacoBoit | [1lo yacoBoi ITo yacoBoit
3 0,098 14,75 6,96
I1o yacoBou ITo yacoBou [IpoTuB yacoBoit
4 1,661 12,518 5,067
ITo yacoBoi ITo yacoBoi ITo yacoBou
5 4,116 7,214 2,02
ITo wacoBoi ITo yacoBoit ITo yacoBoi
6,456 0,179 0,96
6 26,18 v = v
ITo yacoBoi ITo yacoBoit [IpoTuB yacoBoit
6,498 0 1,03
7 v =
ITo yacoBoi — [IpoTuB yacoBoit
6,94 5,696 2,847
8 = = =
ITo yacoBoi [IpoTus yacoBoii | [IpoTus yacoBou
4,977 10,196 4,493
9 > = v
1o yacoBou IIpotus yacosoi | I[IpoTuB yacoBoi
0,698 14,071 6,8
10 = = ”
1o wacoBou [IpotuB yacosoi | I[IpoTuB yacoBoi
4,884 16 8,493
11 = > v
[IpotuB vacoBoi | [Ipotus wacoBoi | [IpoTuB yacoBoi
8,112 11,321 5,027
12 > = =
ITo wacoBoii [IpoTuB yacoBoii | [IpoTuB yacoBou
Jlucm
AT 15.0302-123456 789 113 P
. | /lucm N Jokym. lodnucs | fama




3.5 CocTaBUM BEKTOpHBIE YpPAaBHEHHUs PACHPENEIICHUS BEIUYMH YCKOPEHHUM
MEX1Yy XapaKTEPHBIMU TOYKAMHU MEXAHU3MA.

Touxu O u O1 ABAAIOTCSA HEMOABUKHBIMM, IIOATOMY UX YCKOPEHUS Oy1yT paBHbI
HYJIIO.

8o =ao =0 (3.16)

Bekrtopa ao u 501 SABIIAIOTCA TOYEYHBIMU BEKTOPAMH, KOTOPBIC Ha IUIAHE
YCKOPEHHM m300pakaeT TOYKa, COBMAAAIONIAs C TIOJIIOCOM TUTaHA.

Bektop yckopeHusi Touku A TpeACTaBiseT COOOM TreoOMETPUYECKYH) CyMMY
BEKTOpa yckopeHus (O MU BEKTOpa YCKOPEHHSI OTHOCUTEIBHOI'O0 BpaIaTEIbHOIO
JIBW)KEHUSI TOYKU A BOKPYTr TOUKU (), KOTOPBIA PACKIIAIbIBAECTCSI HA HOPMAJIbHYIO U
TaHTeHIMaIbHY0 cocTaBisitomue. Ho Tak kak 3BeHO OA — KpPUBOLIUI U OHO
COBEpIIAECT PABHOMEPHOE [BIKEHHME, TO €CTb () =CONSt, TO ero kacarenbHOE

YCKOpPEHHE B JII000I MOMEHT BPEMEHHU PaBHO HYIIIO.

aa=ano (3.17)

BekTtop HOpMalbHOTO YCKOpPEHHsI BCErJla HampaBji€H BHIOJIb OCH 3BEHA
napajuieibHO K LHEHTPY ero BpalieHus (0T mepBoi OyKBbI B MHAEKCE KO BTOPOH Ha
IUTaHEe TOJIOkKEeHUI). BekTop KkacaTenbHOro YCKOpPEHHS JIeKUT Ha JIMHHH,
NIEPIICHAUKYJIIPHON K OCH 3BEHA.

Bektop yckopeHusi TOYKM B, NpuHaaiexamui MaTyHy 2 U KOPOMBICTY 3,
IPEJICTaBIIAET COOOM T€OMETPUUECKYI0 CYMMY BEKTOpa YCKOPEHHS TOUKU A, BEKTOpa
HOPMAJIBHOTO YCKOPEHHMsI M BEKTOpPa TAHTCHIMAIBHOIO YCKOPEHHsS OTHOCHUTEIIBHO
BpalIaTEIbHOIO JABUKEHHSI TOYKU B BOKPYT TOUYKU A WA T€OMETPUUYECKYIO CYMMY
BEKTOpa YCKOpeHUsi TOYKM (1, KOTOpPOE pPaBHO HYJIO, BEKTOPa HOPMAJIBHOIO
YCKOPEHHUSI M BEKTOpPA TAHI'€HIMAJIBHOI'O YCKOPEHHsS OTHOCUTENBHO BPAIIATEIBHOIO
JNBWKEHHS TOUYKU B BOKpYT TOUKH O1.

— — — — —-n -7 all -7
as = ao, +aeo, =dog, +aso, + aso, = aso, + aeo, (3 18)

- - - - —n -7
ds =aa +dpa =da + daa +aApa

Tak kak Touka B npuHagiIexuT 2 3BeHbsIM (AC 1 BO1), TO ee MOJI0KEHUE HA
IJIaHe YCKOPEHUM OyeT OnpeaesIiThCs MepeceyeHueM JIMHUM TeUCTBUS KacaTelbHbIX

-7 -7
YCKOPCHHMM dsa M dBo, IIPOBEIACHHBIX, COOTBETCTBCHHO,, M3 TOYCK N, U N,

NEPIEHANKYJIIPHO MMOJ0KEeHUAM 3BeHbEB AC 1 BO1 HA IJ1aHE MOJ0KEHUN MEXaHU3Ma.
Bekrop yckopenus Touku C, MpuHAAIEKaNMi maTtyHam 2 U 4, npencraBisieT
co00l reOMETPUYECKYI0 CYMMY BEKTOpA YCKOPEHUS! TOUKU A, BEKTOpa HOPMAJIbHOTO
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YCKOPEHHUS M BEKTOpPA TAHI€HIMAJIBHOI'O YCKOPEHHS OTHOCUTEIBHO BPAIIATEIBHOTO
IBIXKEHUS TOUKH C BOKPYT TOYKH A.

- - - - —n -7
dc =a4 +acs =a4 +acs +aAcu (3.19)

Jlns onpenenenus noyoxkeHus: Touku C Ha IUITaHE YCKOPEHUM BOCIIOJIb3YEMCS
TEOpEeMO Mo100us1, KOTOpasi ClipaBeivBa 1Jist a0COTIOTHBIX YCKOPEHUM.

Bekrop yckopenuss touku D, npuHamnmexamuii matyHy 4 W HON3YyHY 3,
IPEJICTaBIIAET COOOM reOMETPUUECKYI0 CYMMY BEKTOpa yckopeHus Touku C, BEKTopa
HOPMAJIbHOTO YCKOPEHHMSI M BEKTOpa TAHIM€HUUAIbHOIO YCKOPEHHS OTHOCUTEIBHO
BpaIllaTeabHOro ABMKEeHUs: Touku D Bokpyr Touku C.

- - - - —n -
ap =ac +apc =ac +anc + anc (3.20)

Tax kak Touka D npruHaIeXUT NOA3YHY, KOTOPBII COBEPILIAET NOCTYATEIbHOE
JBU)KEHUE, TO €€ TOJOKEHUE Ha IUIaHE YCKOPEHUH OyneT onpenensiThCs Kak TOUKa
nepecedeHns JIMHUM, napamiensHoil auann DO1, u MuHUM NeicTBHUS KacaTelnbHOTO

-7
YCKOpEHUs apc .
3.6 Breibepem macitabHbIil K03(DPUIMEHT yCKOpEHUil.
JUis1 3TOro paccunuTaeM BEIMYMHY HOPMAJIbHOIO yCKOopeHus: kpuowuna OA 1o

dbopmyie:
2
ah, = g :0,031-(77;3—%%) =21,247, (m/c?) (3.21)

Torma macmraGHbIi K03 uImeHT paccuuraeM 1o Gopmye:

Ao
=20 (3.22)
| pal

rae \pa\ — IPOU3BOJIBHBIA OTPE30K, IPUHUMAEM \pa\ =90mm.

_ 21287 poags, N

Cc MM

a

3.7 Pemiasi BEKTOpHBIC YypaBHEHHS, BBIMIOJIHUM CHHTE3 IUIAHOB YCKOpPEHUH
3aJIaHHBIX (YETHBIX U KPaWHUX ) MOJIOKEHUH HAYaJIbHOTO 3BEHA.

Jlist 3TOro paccuuTaeM HOpPMallbHbIE YCKOPEHUS U MX [IJIMHBI Ha TUIaHe
yckopeHnuit o popmyie (3.23):

' =af I, (3.23)
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rje &' — HopMalbHOe yCKOpeHHe i-oro 3seHa, m/ ¢’

2 : -1.
@ — yrIIoBas CKOPOCTH I1-0T0 3B€HA, € ;

|, — netictBuTenbHas [uIMHA i-0T0 3BEHA, M .

Pe3ynbrarel pacdyera npeacTaBieHbl B TaOIuIE S.

Tabnmuna 5 — HopManbHble YCKOpPEHHS 3BEHBEB CIOKHOTO TIIOCKOTO PHIYa’KHOTO
MEXaHHU3Ma
Ne monosxkeHus a,’lo , MM ‘a{;A , MM agA , MM ‘agol , MM aBC , MM
0,13 12,421 21,363 0 1,266
2 0,784 1,348 24,399 17,796
4 0,812 1,396 20,651 9,063
6 50 12,261 21,088 0,004 0,325
7 12,421 21,363 0 0,375
8 14,168 24,369 4,276 2,861
10 0,143 0,247 26,092 16,322
12 19,357 33,294 16,89 8,92

B nmpou3BoibHOM MecCTe JINCTa CTaBUTCS TOYKA, MPUHSTAsA 3a MOJIIOC IUIAHA.
Touku O u O HaxomATCSd B MOJIOCE, TaK KaK HUX YCKOPEHUs paBHBI HyJ0. B

COOTBETCTBHH C ypaBHeHUEM (3.17), BEKTOp HOPMAJIBHOTO YCKOPEHUS o TOUKH A
BOKPYT TOUKHM O HaIpaBJIEH MAPAJUIEIBbHO BAOJIb OCU 3BeHa OA Ha IUIaHE MOJ0KEHUN
K LIEHTpYy ero BpamieHus (K Touke (). MepeHocs JaHHbIA BEKTOp B MOJIOC P IJIaHa,
MIOJIy4aEeM BEKTOP as. [TonyyeHHyt0 TOUKY MJIaHa 0003HaYUM OYKBOU a .

B coorBerctBun ¢ ypaBHenueM (3.18), B TOUKy a IJlaHA TEPEHOCUM

napajienbHbiii ocu 38eHa AC OTpE30K \anl\ :\agA , @ B TouKy O1, HAXOIAILYIOCS B

TIOJIFOCE, TIEPEHOCUM IapajuIeNbHbIi ocu 3BeHa BO1 OTPE30K \Olnz\ = Ha mane

n
aBOl‘.
-n
MOJIOKEHUI BEKTOP apa HANpaBJICH MapaJieIbHO 3B€HY AB K LIEHTPY €ro BpallleHUs
(x Touke A4), Ha IJIaHe YCKOPEHUHN — OT TOUKH a K Touke N,. Ha mnane monoxxeHni

BEKTOP 5;01 HampasJieH HapamienbHo 3BeHy BO;1 k meHTpy ero BpaieHus (K Touke
O1), Ha MjaHe yCKOpeHHH — OT TOYkKM O, K Touke N,. IlpoBens mpsiMele,
HnepHeHIuKyIIspHbIe ocsiM 3BeHbeB AC 1 BO; Ha miiaHe nmojoXeHui, U3 Touek N, u N,
, COOTBETCTBEHHO, Ha MX MEPECEUCHUH MBI IOJIyYUM TOYKY D, a oTpe3ok ‘pb‘ Oyner
COOTBETCTBOBATh AOCOJIOTHOMY YCKOPEHHIO TOYKM B. A TaHreHIUalbHbIM
YCKOPEHUSIM TOUKU B OyIyT COOTBETCTBOBATh BEKTOPBI, IPOBEIECHHBIE U3 TOUEK N, U
N, K Touke b Ha IU1aHe yCKOpPEeHUIL.

JIns moCTpoeHnsT TOYKM ¢ Ha IUIAHE YCKOPEHHM BOCHOJB3YEMCS TEOPEMOM
noo0ust AJis1 aOCONMIOTHBIX YCKOPEHUH.

B coorBerctBun ¢ ypaBHenuem (3.20), B TOUKYy ¢ IUJlaHa TEPEHOCUM
dll

HapaJIJIeJIBHHﬁ ocu 3Bena CD OTPE30K \an4\ = ‘agc ‘ Ha nnane nojoxeHuit BCKTOp dabc
Jluem
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HarpaBJieH napajienbHo 3BeHy CD k neHtpy ero Bpaienus (kK Touke C), Ha 1uiaHe
YCKOpPEHHUH — OT TOYKU C K Touke N, . I[IpoBens mpsMyro, NEpPIEHIUKYISAPHYIO 3BEHY

-7

CD, u3 Touku N,, KOoTOopass OyIeT COOTBETCTBOBATh JHMHUM dpc, U MPIMYIO,
napajuieJbHYl0 HalpaBJICHUIO JBWKEHUS II0JI3yHa, W3 IOJdIOca IUJIaHa, Ha MX
MEePeCeUCHUN MbI MONy4YnM TOYKy O, a oTpe3ok ‘pd‘ OyZner COOTBETCTBOBATH

a0COMIOTHOMY yCKOpeHHIo Touku D. BekTop ke TaHTeHIIMATIEHOTO YCKOPECHHSI aoc Ha
IJIaHEe YCKOPEHHH Oy/eT HalpaBIIeH OT TOYKHU N, K Touke d .

3.8 Onpenenum 3HAYEHUS] YCKOPEHHM XapaKTEPHBIX TOUEK, a TAKKE BEIUYHHBI
W HamnpaBJICHWS JCHCTBHS YIJIOBBIX YCKOPEHHH BCEX 3BEHBEB MEXaHHM3Ma IS
3aJIaHHBIX MMOJIOKEHUH HAYAJIbHOTO 3BEHA.

Jlist onpeieNieHnst 3Ha4eHUH aOCOIOTHBIX YCKOPEHUH XapaKTepHBIX TOYEK, a
TaK)Ke€ MX TaHTCHIMAJIBHBIX COCTABIIAIONIMX HYXHO Ha IJIaHE YCKOPCHHH U3MEPHUTH
OTPE3KH, COOTBETCTBYIOIIME OSTHUM YCKOPEHUSM, U C TIOMOIIBI0 MacIITaOHOTro
K03 PUIeHTa HAWTH UX JTCHCTBUTEIBHBIC 3HAUCHUS.

Aca = [Bca|" My (3.24)
a5, =[ake |- 4, (3.25)
a5c =|apc|" s (3.26)
a; =|ag|- 1, (3.27)
ac =[ac| 4, (3.28)
a, =[ap|- 44, (3.29)

Pe3ynbpTaThl pacueToB npeacTaBieHbl B Ta0IuUIE 6.

Tabnuna 6 — 3HaUeHUS TAHTCHIIMAIBHBIX U aOCONIOTHBIX YCKOPEHUW XapaKTEPHBIX
TOYCK MEXaHHM3Ma

Ne a, = a/rlo ag, ac, ap a(T:A’ algOl ' ar)c '
IMOJI0KEHUSA 1 M/02 Jl/l/62 Jl/l/62 Jl/l/62 M/CZ M/02 M/02
0,13 32,294 43,858 2,206 31,684 32,294 41,949
2 12,435 8,542 3,321 17,749 6,866 4,232
4 21,247 13,451 14,002 13,845 22,384 10,194 19,028
6 18,887 21,231 22,529 17,528 18,887 18,174
7 18,771 20,883 22,182 16, 18,771 17,92
Jluem
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8 14,122 9,41 5,849 7,829 14,005 11,516
10 14,662 37,384 18,455 56,848 9,593 18,953
12 26,529 31,497 30,973 6,376 25,605 50,448

UroObl HAaTH HamMpaBlIEHHWE YTIIOBOTO YCKOPEHHWS 3BEHA, HY)KHO Ha IJIaHE
YCKOPEHUH B34Th BEKTOP TAHT€HIIMAIBHOI'O YCKOPEHUS 3BE€HA U MBICJICHHO MTEPEHECTH
€ro Ha IUIaH MOJIOKEHUH B MIEPBYIO TOUKY, CTOSIIYIO B UHAEKCE TP BEKTOPE, a BTOPYIO
TOYKY YCJIOBHO YCTAaHOBUTbH, HAIIPABJICHUE BPALICHUE 3BEHA IPU 3TOM ONpPEAEISAET

HaIIPaBJICHUE YTJIOBOTO YCKOPEHUSI.
Benmnunna yrioBoro ycKopeHus onpeaensercs 1o hopmyiie:

T
_ G

&

: 2.
rae &; — yrioBo€ yCKOPEHHE 1-0ro 3B€Ha, ¢

(3.30)

a;m — TAHI'CHOHUAJIbBHOC YCKOPCHHUEC TOYKU K oTHOCHTEILHO TOYKH M I-0ro 3BCHA,

mlc

|, — nefictBuTenbHas JUIMHA i-0T0 3BEHA, M.

VYrioBoe yckopeHue KpuBomuna 1 paBHO HYJIO, TaK KaK €ro TaHreHIUabHAs
COCTaBJISIIOIIASl YCKOPEHHUsI paBHA TakKe HyHM0. Tak Kak MOJ3yH S5 COBEpIIAET

NOCTYIATENbHOE IBUKEHUE, TO €0 YIJIOBOE YCKOPEHUE TAKKE PABHO HYIIIO.

Pe3ynbpTaThl pacueTa yriioBbIX YCKOPEHUH MPHUBEACHBI B TAOIHIIE 7.

Tabmuma 7 — YriaoBble YCKOPEHHS 3BEHBEB CIOXKHOTO INIOCKOTO PBIYaKHOIO
MCXaHH3Ma
) ) ) ) -2
Ne nonosxkenus g, C g,,C &y, C &, C &, C
147,367 578,464 279,66
0,13 = v v
ITo gacoBoin ITo gyacoBoi ITo yacoBoi
5 82,554 122,607 28,213
Ilo yacoBoii ITo yacoBoit ITo yacoBoit
104,112 182,036 126,853
4 v v v
1o yacoBoii IIpotus yacoBoii | IIpoTus yacoBou
81,526 337,268 121,16
6 v v v
0 I1o yacoBou IIpotuB yacoBoii | IIpoTuB yacoBoin 0
78,935 335,196 119,467
7 v v v
1o yacoBon [IpotuB yacoBoii | IIpoTuB yacoBoi
8 36,414 250,089 76,773
IIpotuB yacoBoi | Ilpotus wacosoit | IIpoTuB wacoBou
264,409 171,304 126,353
10 = v v
[Ipotus yacoBoii | [Ipotus yacoBoit | [IpoTuB yacoBoii
29,656 457,232 336,32
12 v v v
IIpoTus yacoBoii | Ilo yacoBoii IIo gacoBoi
Jlucm
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4 CuyioBoOii aHAJIN3 CJI0KHOTO IJIOCKOI0 PBIYAYKHOI'0 MEXAaHU3MA

4.1 OnpenenuB 3HaYEHUSI U HAMPABICHUS CHIOBBIX (PAKTOPOB, EUCTBYIOIIUX
HA 3BEHbS MEXaHU3Ma, T. €. CWJI TSKECTH, CWJII U MOMEHTOB Iap CUJ HWHEPLHH,
BBIMIOJIHUM CHHTE3 pPACUETHOM MOjAenu (CXEeMbl), YCTAaHOBHUB JMJii MEXaHU3Ma
KBa3MCTATUYECKOE PABHOBECHE JIJISl 33/IaHHOTO TOJIOKEHHSI HA4alIbHOT'O 3BEHA.

JIns onpeneneHrst 3Ha4€HUM CUJ1 pACCYMTAEM MAcCCy 3BEHbEB. Macca JIMHEHHBIX
3BEHbEB, TO €CTh KPUBOILINIIA, KOPOMBICIIA U LIATYHA OIpenesseTcs no popMmyie:

(4.1)

rae k. — xkoadduuuent yaeapHoi Macchl 1-0ro 3BeHa, KI/M;
|, — nyuHAa i-oro 3BeHa.

Koadpdumuenr K mist KpuBOIIKIIOB IpUHUMAETCS paBHBIM 8 — 12 kr/m. Jlims
maryHoB 15 — 20 xr/m. g kopomsicen 25 — 40 xr/m.

[Mpuaumaem ko3 duieHT K paBHBIM:

- s kpuBormna OA: K =10 ke / wm;

- uis matynoB AC u CD: k =15 xe/ wm;

- s kopombiciia BO;: k=30 ke / .

Macca non3yHa onpenensiercs no gpopmyie:

m, =Kk, -m,, (4.2)

rae K, — koadunment yaensHoOM Macchl MON3YHA, KI/M;
m,, — Macca IIaTyHa, OOpa3yIOIIero C 3TUM IOJ3YHOM BpalllaTeIbHYIO

KMHEMAaTUYECKYIO Mapy, Kr.
st nomsynos npuHuMaercst paBHeM 0,5 — 0,7 kr/m. IIpunumaem K, =0,6

KI/M.
PaccuuTaem maccy Bcex 3B€HbEB MEXaHU3Ma, ITOJICTABUB YHUCIOBBIC 3HAYCHHS B

dbopmynsl (4.1) u (4.2):

m =k, 1o, =10-0,031=0,31, (xe).

m, =k, -1,. =15-0,215=3,225, (xe).

m, =k, - lg,, =30-0,056=1,68, (xe).

m, =K, -1, =15-0,15=2,25, (xe).

m, =k, -m, =0,6-2,25=1,35, (xe).

3HavyeHus cuil TspKeCTH G, BEKTOp KOTOPOHM MPHIIOKEH K TOYKE IIEHTPa Macc
3BeHa (Touku S,,S,,S;,S,,S,) 1 HanpaBiieH BEpTUKAIBHO BHU3, HailieM o ¢popmyie:

Gi — mi g , (43)
Jluem
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rae M — macca i-oro 3BeHa, Kr;

g — ycKopeHue cBO60AHOTo magerus, M/ c’.
G =m-g=0,31-9,81=3,041, (H).
, =M, -g=3,225-9,81=31,637, (H).
m,-g=168-9,81=16,481, (H).
m,-g=2,25-9,81=22,073, (H).
m, -9 =1,35-9,81=13,244, (H).
Cunel uHepuuu F,, BeKTOpa KOTOPBIX MPUIOXKEHBI K TOYKAM LIEHTpA Macc

ONONONO)

3
4
5

3BEHbEB HA IUIAHE MOJIOKEHUI U HAIIPABJIEHBI IPOTUBOIIOJIOXKHO BEKTOPAM YCKOPEHUS
LEHTPOB MACC 3BEHBEB, ONPENENAI0TCS N0 (hopMyJe:

Fui =m;-ag, (4-4)
rac mi — Macca i'OrO 3BCHA, KT,

a,, — YCKOpeHHe LieHTpa Macc i-oro 3eHa, M/ ¢,

Jlns onipeneneHus yCKOpeHUi HeHTPoB Macc 2, 3 U 4 3BEHbEB B 4 MOJIOKEHUU
HAYaJIbHOT'O 3B€HA BOCIIOJB3YEeMCs TEOPEMO MOA00us:

AB|_ 125 :4,08:>|aszl=|ASZ|=E=37,99, (wm).
ab] 30,636 4,08 4,08

BOJ__ 56 ) 760 jos)= 5% = B 14135 ().
bo,| ~ 31,654 1,769 1,769

COl__150 3 o3 fos,| =1L 88 20 713 ().
cd] ~ 45,687 3,283 3,283

OTkJaapIBast MOJTYy4EHHbIE 3HAYEHUS OTPE3KOB Ha IJIJAHE YCKOPEHUM U COSUHSS
IIOJIy4CHHbIC TOYKH C IIOJIFOCOM IIJIaHA, TII0Jy4acM OTpPE3KH ‘ pSz‘ ,‘ psg\ ,‘ pS4‘ ,

XapaKTepU3yIoLIMe BEKTOpAa YCKOPEHUN EHTPOB MACC MIATYHOB 2, 4 U KOpOMBICHaa 3.
3aMepyuB Ha IUIAaHE YCKOPEHHWHM JUIMHBI 3TUX OTPE3KOB, C IOMOIIBIO
MacmITabHOro Ko3((UIMEeHTa YCKOPEHMH /4, ONPEIEIUM 3HAYEHUS YCKOPEHUH

IIEHTPOB Macc:
as, =|ps,|- 11, =30,36-0,42494=12,901, (m/c?).
ag, =| Ps,|- 11, =14,132.0,42494 = 6,005, (a/c?).
as, =| ps,|- 1, = 23,611-0,42494 10,033, (n/ c?).

YcKkopeHHe meHTpa Macc KpuBommma ag, =0 m/c®, Tak kak Touka S

COBIIAJIa€T C HEMOABM)XHOM TOYKOU cToikHu O .
YcKkopeHne eHTpa Mace Mmoji3yHa 5 g, OyaeT paBHBIM yCKOpPEeHHUIo Touku D,

TaK KaK 9TH TOYKH COBIIAJAIOT Ha IUIAHE TTOTOKEHNH MeXaHU3Ma!
_ _ 2
ags =8y =13,845, (m/c”).
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HaﬁﬂeM SHAYCHUSA CHUJI HHCPIOHH, IIOACTABHMB BCC YHCICHHBIC 3HAYCHHUA B

bopmyny (4.4):
F,=m-a;,=031.0=0, (H).

F,=m,-a,,=3225-12,901= 41,606, (H).

F,=m,-a,=1686,005=10,088, (H).

F,=m,-a,, =22510,033= 22,574, (H).

F.=m-a, =13513845=18,691, (H).

MoMeHT nap CuJl THEPLIMK HAIIPaBJIEH B IPOTUBOMNOIOKHYIO CTOPOHY YIJIOBOTO
YCKOPEHHUSI 3B€HA U PACCUUTHIBAETCS 10 HOopMyIIE:

M, =1-¢, (4.5)
: 2 .
rae |y — MOMeHT mHepuuu I-0ro 38eHa, K2-M” |

. -2
&, — YIJIOBO€ YCKOpPEHHE I-0r0 3B€Ha, C .
MOMEHTBI HHEPIIUH 3BEHBEB OMPEACISIIOTCS 10 CICAYIOMUM (hopMyJiaMm:

2 2
|51= m, |OA _ 0,31 (0,031) =4,965°1075, (KZ-MZ) (4.6)
6 6
2 2
ISZ _ mz IAC :3,225 (0,215) :4’242.10—2’ (K2']I/l2) (47)
12 12
m 'IZ . 2
|y = o oo _LO8-(0.050) _ 09 104 (o ) (4.8)
12 12
m,-1&  2,25-(0,15)° _
I, = 412<:D — 1(2 ) =4,219-103, (ke- M%) (4.9)
lgs =0, (ke M%) (4.10)

Hap”meM MOMCHTBI IIap CHUJI MHEPLHH, ITOJACTAaBHB BCC YMCIIOBBLIC 3HAYCHUA B

dbopmymy (4.5):
M, =0, (H-m).

M, =104,112-1,242-107 =1,293, (H - m).

M, =182,036-4,39-10*=0,0799, (H -m).
M, =126,853-4,219-10° =0,535, (H - m).
M =0, (H-m).
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Cuna mone3sHoro compoTuBiIE€HUA FP,. JEHCTBYET Ha BBIXOJHOE 3BEHO

MexaHu3Ma (Moja3yH 5) Ha pabodyeM XOAy, BETWYMHA U HAMpaBJICHUE JAHHOU CHUJIBI
U3BECTHBI.

VYcTaHOBUM U1l MEXaHW3Ma KBa3UCTaTHUYECKOE PABHOBECHE IPU IOMOLIU
npuniuna /lanambepa: ecnv K BHEIIHUM CHJIOBBIM (hakTopaM, AECUCTBYIOIIMM Ha
3BEHbsSI TEXHUUECKOM CHCTEMbI, 10OaBUTh CHJIBI 1 MOMEHTHI Hap CWJI MHEPLHHU, TO
JnaHHas cucteMma OyleT HaXOAUThCS B KBA3UCTATUYECKOM PABHOBECHUU U CHUIIOBOM
aHAIM3 JTOW CHUCTEMBl MOXKHO BBIINOJHATH C HCIOJNb30BAHUEM YPABHEHUU
KHMHETOCTATUYECKOI'O PABHOBECHSI.

4.2 BRIMOMHUM CHHTE3 IWUHAMHYECKOW MOJEIH CJIOXKHOIO IUIOCKOTO
PBIUAKHOTO MEXaHU3Ma IS CHJIOBOT'O aHAJIN3a.

Hcrnonb3ysi KWHETOCTATHUECKUH METOJ] O0ecrnedeHus SKBUBAJIEHTHOCTH
JUHAMUYECKON MOJENH, MOCTPOUM JUHAMUYECKYIO MOJIETh MEXaHU3Ma, IPUTOIHYIO
JU1S1 BBITIOJIHEHUSI CUJIOBOTO aHAJIN3a.

HuHnamuyeckass Molenb Il CHJIOBOTO  aHaju3a  COCTaBISIETCS €
UCIIOJIb30BAaHUEM KMHETOCTaTUYECKOIO METO/1A, COINIACHO KOTOPOMY JUIsl COXPAaHEHUS
SKBUBAJICHTHOCTH MOJEIU MO OTHOLIEHUID K COCTOSIHUIO TEXHUYECKOW CHCTEMBI
JOCTaTOYHO YYECTh TOJIBKO CHJIOBBIE MTAPAMETPBI, T. €. CHJIbI U MOMEHTHI nap cuil. [lpu
TOM BCE€ CHJIOBBIE (DaKTOPHI, JACHCTBYIOIIME HAa IMOJABUKHBIC 3BEHbSI TEXHHUUECKOM
CHUCTEMBI, 3aMEHSIOTCA OJHOW CWJIOM, KOTOpas Ha3bIBAETCSA YpPABHOBEIIMBAIOLIEH
CUJION.

YpasHoBemuBaromas cwia F, — 310 TeopeTnyeckas cuia, ICHCTBYIONIAs Ha

3BCHO IIPHUBCACHUA C LICJIIBIO oOecreueHus 3aJaHHOI'O 3aKOHa ABUKCHUA.

BCKTOp ypaBHOBCH_II/IBaIOH_ICﬁ CHJIbI IMPUKIIAABIBACTCA K TOUYKE IIPUBCACHUSA, a
JIUHUA €TO0 I[efICTBI/Iﬂ SABJIACTCA IICPIICHAUKYJIIIPOM K OCH 3BCHA ITPUBCACHUA, 1 BEKTOP
JTOM CHIJIbI HaIlIpaBJICH I10 JABHXKXCHHIO 3BCHA IMPUBCACHUA. Hanuune
ypaBHOBGI]_II/IBa}OI_Heﬁ CHJIbI HAa 3BCHC IMPUBCACHUS CIIYIKUT HpPI‘HdHOﬁ BO3HHUKHOBCHMUA
YPAaBHOBCHINBAIOIICTO MOMCHTA I1aphbl CHUIIL:

M,=F,-1,, (4.11)

y

rae |, — paccrosiHMe MeXay TOYKOM NPHBEACHUS M OCBIO BpalleHHWs 3BEHA

NPUBEACHUS (JIJIMHA 3BEHA PUBEICHNUSA), M.

4.3 BbINOIHUM CUHTE3 TOBEPHYTOIO IIAHA CKOPOCTEN 3aJaHHOTO (UETBEPTOIO)
MOJI0’KEHUS] HA4aJbHOT'O 3BEHA.

JUIsL 3TOro BBINOJIHUM CHHTE3 IUIAHA CKOPOCTEH YETBEPTOrO IOJOXKECHHS
HAYaJIbHOT'O 3B€Ha B OoJibleM MaciiTade, yem ObLT Ha IJ1aHe CKopocTel Ha 1 nucre.

[IpuanMaeM OTpe30K \pa\:140 mm. Torma wmacmTaOHBIA KOIPPUITUESHT

CKOPOCTEM:
1 = Upo 0,812 _ 0.0058, | —
| pa| 140 C- MM
[Ipumenenue TeopeMbl O00US:
Jlucm
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ABI_ 125 _ 3 49— be) =12k - %0 95705, (uu).

ab] ~ 35,824 3,489 3,489

B ISPAT I S

|I§>oOl|| } 12c£)3 6805 =0,464=>bs;| = c|)B48§L 0 31564 =S3879, ().
1 ! ’ '

COI_ 150 145 )cs,|= 1S5 = 8 59380, (u).

cd| ~ 131,041 1145 1145

Jlamee mOBOpavMBacM TOJMYYUBIIHWICS TutaH ckopocter Ha 907 mo xomy
Bpatenus kpupomumna OA.

4.4 Ucnons3ys Teopemy JKyKOBCKOTo, MEpPEHECEM BCE CHIIOBBIE (haKTOPHI C
pacdyeTHOM MojieNu (CXeMbl) B OJITHOMMEHHbBIE TOYKH MOBEPHYTOIO IJIaHA CKOPOCTEH.

Ucnons3oBanue TeopeMbl KyKOBCKOTO [IJIsi BBITIOJHEHHSI CUJIOBOTO aHAIN3a
IUIOCKUX PBIYAXHBIX MEXaHU3MOB IO3BOJISIET OMNPENEIUTh CHIIOBOE YIPABJISIOIIEE
BO3/1EHICTBUE.

@opMyITUPOBKA TEOPEMbI: €CJIM KAKOHU-THMOO MEXaHU3M C MOABUKHOCTHIO,

paBHOM €IWHMIIE, N0 ACHCTBUEM CUCTEMbI CHUII Fi, F2, ..., Fn, MPUIOKEHHBIX K
toukam D, F, ..., G, HaxoauTCs B pPaBHOBECHU, TO B PABHOBECHH HAXOAUTCS U
noBepHYThIM Ha 90° MiaH CKOPOCTEW, PacCMaTpPUBAEMBIN KaK <GKECTKUW pblUary,
BPAIIAOIINICSA BOKPYT MOJIKOCA IJIaHA CKOPOCTEW U HATPYIKEHHBIN TOW K€ CUCTEMOM

cun Fi1, F2,..., Fn, npuiokeHHBIX K OMHOMMEHHBIM TO4KaM d, f, ..., g aToro miana.
Cnenys Tteopeme JKyKOBCKOro, TMEpEHOCMM C pPacye€THOM MOJIEIU B
OJTHOMMEHHBIE TOYKH ITOBEPHYTOIO IJIaHa BEKTOPA BCEX CHUII, ICHCTBYIOIIMX HA 3BCHbS

MexaHu3Ma (cuiibl TshkecTd G, cuibsl mHepuuu F ., crjia Mmojie3HOro ConpoTHBIICHUS
Prnc, ypaBHoBemmBaromas cuia F,). Ilpu stom mMomeHT map cun uHepuuu M,

packiajpiBaéM Ha TMapy CWI, KOTOpas NPWIOXKEHa K KpaHUM TOYKaM 3BeHa
NEPIEeHANKYIIPHO OCH 3BEHA B TPOTHBOIIOJIIOKHBIE CTOPOHBI JAPYr APYTY TaKuM
o0Opa3om, 4ToObI JaHHAs Mapa Bpaliaia 3B€HO B TOM K€ HAIpPaBIECHUU, YTO U MOMEHT
M,.

u
[Tapsl cui, 3aMEHSIIOIIME MOMEHTHI Mapbl CUJ WHEPIIMH, JEUCTBYIOIIME Ha
3BEHbSI MEXaHU3Ma, ONPEIEIAIOTCS 110 hopmyJie:

FMW = F'Mm = NIIW' (4.12)
FMl = FlMl = Mul :O’ (H M)
’ ’ IOA
M 1,293
F, =F', =-—2= =6,014, (H - ).
N N WIT (H-)
Jluem
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M., 0,079

F, =F', =—®- =1,427, (H - m).

M3 M3 IBol 0,056 ( M)
M 0,535

F, =F', =—ut=""2_3567, (H-u).

Yo m My 0,15

F,..=F'. =0, (H-m).

4.5 OnpenenuM 3HaYEHUE CUIIOBOTO YIIPABIISIOIIETO BO3AEHCTBUSI.
[ToBepHYTHI TMJaH MPEACTABISIETCS KaK J>KeCTKHM pblyar, MOJBHKHO
3aKpEIUICHHBIN B MOIIOCE, [ KOTOPOTO COCTABISIETCS YPABHEHUE PABHOBECHS:

2 M(F), =0 (4.13)

[Tpu 5TOM y4uTHIBa€M, YTO MOMEHTHI OTHOCUTENBHO ToNtoca i cui Gi, Gs u

—

F',.3 PaBHBI HYIIIO, TaK KaK JINHUK UX JEHCTBHUSA IIEPECEKAIOT MOJIIOC IIaHa.

2 M(F), =F, [pal+ G, |n|+G;- ||+ G, - |+ Fp -y + F - |+

+F,4 [N+ Fos - [y |+ Fri - [e|+ Fras - o]+ Fusea - || = F 1o [e |+ (4.14)
Pl P il =0
3aMEpHM TITeHH BCEX CIHIT:
Ih|=117,331, (aun).
Ih,|=66,865, (1u1).
Ih,| =60,479, ().
Ih,|=107,614, (aun).
Ihy|=50,721, (aun).
Ihy|=54,711, (3un).
Ih,|=51,703, ().
Ih,|=26,164, (aum).
Ihy| =120,805, (1u11).
Ih| =103,316, (acu).
Ih,|=87,783, (aum).
Ih,| = 27,725, ().
e e e e i sk




Ihs| =51,703, ().

U3 ypasuenns paBHoBecus (4.14) Beipaxkaem ypaBHOBeIMBarouyio cuy F,

_Gz '|hl|_Gs '|h2|_G4 |h3|_ Fu2 '|h4|_ Fu3 '|h5|_

_Fu4 '|h6|_ Fu5 .|h7|_ FMuZ |h8|_ FMu3 |h9 - |:Mu4 .|h10|+
F — +F'Mu2'|hn|_ F 'Mu4'|hlz +P17C |hl3 (4 15)
' [pal |

[ToncraBuB Bce umclOBbIe 3HaueHUE B dopmyny (4.15), HaiieM BeIUUUHY

YPaBHOBEIIMBaromeH cuibl F,

~31,637-117,331—16,481- 66,865 — 22,073- 60,479 —
—41,606-107,614—10,088-50,721— 22,574-54,711—
~18,691-51,703— 6,014 26,164 — 1,427 120,805 —
- _—3)567-103,316+6,014-87,783—3,567-27,725+515-51,703 _
y 50
~92,988, (H).
Bemnuuna YPaBHOBCIIMBAIOMICTO MOMCHTA Iapbl CHJI OHIPCACIIACTCA 110

dbopmymne (4.11):
M, =F, -1, =92,988-0,031=2,883, (H -m).

4.6 CoriacHo MOJIEIN COCTaBa CTPYKTYPBhI INTIOCKOTO PhIYayKHOT'0 MEXaHn3Ma (11.
1.8) BbruepTHM B MacTabHOM KO3 (h(pULIMEHTE NJTUH CTPYKTYPHbIE TPYIIIIbI 3BEHHEB U
NEPBUYHBIA MEXaHU3M JJIs1 33JJAaHHOTO (YE€TBEPTOr0) MOJI0KEHUS HaYalbHOr'O 3BE€HA, a
TaK)K€ MPHUJI0)KUM K HUIM BEKTOpa CHJI U MOMEHTHI I1ap CUJI, COXPAHSSA UX HAIIPABJICHHE
Y JINHUY JIEUCTBUS COIVIACHO PaCYETHON MOJENHN (CXEME) MEXaHU3MA.

Macurabubiii KO3(pPUIUEHT U1l BCEX IPYII 3BEHbEB OCTABIISIEM TAKUM K€, KaK
Ha IUIaHE MTOJIOKEHUN MEXaHU3Ma:

1 =107, {ﬁ}
MM

[Iprit0KKUM K 3BEHBSIM CTPYKTYPHBIX TPYIIIT U IEPBUYHOTO MEXAHU3MA BEKTOpPA
CHUJI U MOMEHTHI Map CWJ UHEPUWH, COXPaHSSl UX HAIPABJICHUE WU JIMHUM JCHCTBUS
COTJIACHO PacYETHOM MOJEIIH MEXAHU3MA.

Jlist cobnmoieHnst paBHOBECHsT OTOPOILEHHBIE CBS3M C JPYTMMH 3BEHBSIMU
MEXaHU3Ma 3aMEHAEM pPEaKIUsIMU CBS3M, MPUWIOKHUB HUX K COOTBETCTBYIOIIUM
XapakTepHbIM TOYKaM. B mnocTynarenbHOM Mape CBsA3b 3aMEHAECTCA pPEeaKUuel,
JICWCTBYIOIIEH Ha MOJ3YH U JIEKAIIEeW Ha JIMHUU, IEPIECHIUKYJISIPHOM HAIIPaBIIAIOLIEH
nonzyHa. Bo BpamarensHO# mape oTOpOIIeHHAsI CBA3b 3aMEHSETCS PEaKITNEH, KoTopas
pacCKIaAbIBACTCd  HA  HOPMAJIBHYHO M TAHICHUUAIBHYIO  COCTABIISIOLIUE.
TaHreHuuanpHas COCTABJAIONIAS HAIpaBiI€HA IEPIECHIUKYJSIPHO OCH 3BEHA, a
HOpMaJibHasl — BJIOJIb OCH 3BEHA.
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4.7 11t cTpyKTYpHOU Tpymiibl 3B€HbEB 4-5

4.7.1 VYcTaHOBUM COCTOSHHE CHJIOBOTO pPaBHOBECHS, MPUIOXKHUB K
COOTBETCTBYIOIIUM XapaKTEPHbIM TOYKAM HEOOXOIAMMBbIE BHUJbI PEAKIUU CBS3El
KMHEMAaTHUYECKUX Map.

B CI'3 4-5 B Touke C oTOpolieHHas CBA3b MIaTyHa 4 C MIaTyHOM 2 3aMEHSETCS

— —n

peakiueil Rz, KOTOpasi packiaabIBaeTCsl Ha JBE cocTaBisromue: Rz (HampaBieHa
—7T

BIOJIb OCH 3BeHAa) U Rz (HampaBiieHa NepHeHAMKYISIPHO ocu 3BeHa). B Touke D, S,

CBSI3b MON3yHa 5 co croiiko 0 3aMeHsieTcss peakiuein Ros, HaIIpaBJIECHHOU
HepIeHANKYISIpHO Hanpasisoniedd DO, nomsyHa.

4.7.2 CocTaBuM ypaBHEHHE KHHETOCTATUYECKOTO PABHOBECHSI.

OOmmii BU KHHETOCTaTUYECKOI'0 PAaBHOBECHS:

SFi=0 (4.16)

[Ipu STOM CTOWT Yy4YUTHIBATH, YTO B Hayaje BEKTOPHOH CYMMBI CTOUT
HEW3BECTHAs peakiysl, Jajiee UAYT BEKTOpa U3BECTHBIX CUJI JJIsl OJIHOTO, a TOTOM JJIsI
JIPYroro 3B€Ha W 3aKAHUYMBAETCS BEKTOPHAasi CyMMa TaKX€ HEU3BECTHOW peaKIueH.
HopmanbHast 1 TaHreHIIMaIbHas PEaKIMU 3aUChIBAIOTCS B YPABHEHUH PSJIOM.

> Fi=Rau+Ras + G +Gs + Fus + Fus +Prc + Ros =0 (4.17)

4.7.3 BbIsIBUM CTENEHb HEONPEIETUMOCTH U PACKPOEM €€.

B uccinenyemoil cucreMe 3 HEM3BECTHBIX: ﬁ;:;, Ros, Ros. CrnenoBarenbHO, OHa
2 CTaTUYECKH HEOoNpeaennma, TO €CTb HEOOXOJUMO CAeNaTh MUHUMYM 2 JIeHCTBHUA,
YTOOBI HAIITH BCE HEU3BECTHBIE.

JI71s1 pacKpbITHSI HEONPEAEIUMOCTH CTPYKTYPHOU IPYIIIBI 4-5 YMEHBIIIUM YHUCIIO
HEU3BECTHBIX, COJEp)KaIUXCA B ypaBHEeHUM paBHoBecust (4.17). usa »storo
PacCMOTPHUM COCTOSIHUE CHJIOBOTO PABHOBECHS IIaTyHA 4:

ZM(E)D =Ry, '|ZCD|_G4 '|hi|_F;4 ’|h2|_Mu4 =0 (4.18)
G4 |hl|+ Fu4 '|h2|+Mu4 .

T —
R24 - I
leo|
3aMepuM IUI€YH BCEX CHUII:

Ih|=69,214, (an).

Torpa:

4.7.4 Beibepem mMaciuTaOHbIN KO3(DPHUIIHMEHT CUII, BHIOIHUM MEPEBOJT CHIIOBBIX
(dbakTOpOB B MacITaOHBIN KOA((PHUITMEHT CUJT ¥ CUHTE3 CBS3CH.
Ji1st 3TOro BocnoabszyeMcs popMyIioi:
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Uy = (4.19)

rne k., — MakcuManbHOE 3HAYEHHE CHIIBI, ACHCTBYIOUICH Ha [NAaHHYIO TPYIILY
3BeHbeB, H ;
|F| — OTPE30K, XapaKTEPU3YIOIIUI BEIMYMHY MAKCUMAJIbHOW CUJIbI Ha IUIAHE CUJI,
MM.
Cuurtaewm, uro |F|=100 mu, F, =P, =515 H. Torxa:

515 H
_2D 55 | |,
HF =100 [ }

MM
[TepeBenem B MacmTabHBINA KOG PHUITMEHT BCE OCTABIINECS CHUJIIBI:
|Pic| =100, (aane).
Re,|=Res 104143081 ().
y7s 515
G| =S5 = 22973 _4 286, ().
M 515
Gy =5 =132 5 570 (o).
- 515
F|=Fua 22574 _ 4383 ().
e 515
F =i 18091 5609 (hum).
= 515

4.7.5 OnpenenuM 3Ha4YCHUE PEAKIIUNA CBA3CH.

[Io monmydenHsIM BenumuumHaMm cTtpouM IuiaH cuin g CI'3 4-5. Mcnonbe3ys
ypaBHeHHE paBHOBecus (4.17), mocienoBaTeibHO CTPOUM CYMMY BEKTOPOB (BEpIIMHA
IPEABIIYIIEr0 BEKTOpa SIBJISIETCS HAYaJOM IMOCJIEAYIOIIEro), Mpu 3TOM PaBEHCTBO
HYJIFO BEKTOPHOU CYMMBbI O3HAYAE€T, UTO IJIaH CUJI SIBIISIETCS] 3aMKHYThIM.

—N —T

Ha nanHOM 1utaHe poBOJMM paBHOJEHCTBYIOIIYIO R24 BektopoB R, m R,,.

Hcnonp3ys MacmTaOHbII KOX(p(UUIMEHT IUlaHa CWJI, I[OJIydaeM 3HA4eHUus
HEU3BECTHBIX PEAKLUN CBA3CH:

Ros =‘R05‘ - 1= =65,617-5,15=337,926, (H).

R,, :‘R24‘ - 1= =108,719-5,15=559,904, (H).

4.8 171t CTpyKTYpHOU TPYIIBI 3BEHBEB 2-3.

4.8.1 VYcTaHOBHUM COCTOSIHUE€ CWJIOBOIO PpaBHOBECHUSA, MPWIOKHUB K

COOTBETCTBYIOIIUM XapaKTEPHBIM TOYKAM HEOOXOAMMBIC BHUIBI PEAKIIUU CBs3EH
KMHEMAaTUYECKUX T1ap.

B CI'3 2-3 B Touke C oTOpOILIEHHAs CBA3b IATyHA 2 C IATYHOM 4 3aMeHseTCs
peakuueit Rs2, KOTOpast NpUHUMAETCSI paBHOM MO0 MOAYIIIO, HO IPOTUBOIOI0XKHON O
HalpaBJICHUIO peakuuu Rz, a Tak Kak ee HalmpaBJIeHHUE YK€ U3BECTHO, TO HE3aUEM €€
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pacKJIafbIBaTh HA HOPMAJIBbHYIO M TAHTCHIIMAIBHYIO cocTaBistomue. B touke O, cBs3b
Kopombiciia 3 co ctoikoil 0 3ameHsieTcst peakuueit Ros, KOTOpas packiaablBaeTCs Ha

—n —T
nBe cocraBisomue: Ros (HampaBieHa BAONIb OCU 3BeHAa) UM Ros (HampaBieHa
NEPIICHANKYIAPHO OCH 3BeHa). B Touke A CBs3b maTyHa 2 ¢ KPHUBOIIMIIOM 1

— —n
3aMCHACTCA PCAKIUCHU R12, KOTOpasd pacKIaAbIlBACTCA HA ABC COCTABJIAIOIINC: R

(HampaBJieHa BJIOJIb OCH 3B€HA) U Ri (HarpaBJieHa EPIICHAUKYJISIPHO OCH 3BEHA).
4.8.2 CocTaBuM ypaBHEHHE KHHETOCTATHUECKOTO PAaBHOBECHSI.
Jlnst aTOoro Bocnosib3yemcst popmyrioit (4.16), B KOTOpol mpeAcTaBiIeH OOIIHii
BUJI KHHETOCTATUYECKOTO PABHOBECHSI:

> Fi=Ri2+Ri2+ G2+ Fuz + Fus +Gs + Riz + Ros + Ros = 0 (4.20)

4.8.3 BbIIBUM CTEIIEHb HEONPEICIUMOCTH U PACKPOEM €€.

B uccnenyemoii cucreMe 4 HEM3BECTHBIX ﬁfz, Rz, ﬁgs, Ros. CrnenoBaTenbHO,
OHa 3 CTaTUYECKU HEOompeaAelnMa, TO €CTh HEOOXOIUMO cjenaTh MUHUMYM 3
JIECTBUSL, YTOOBI HAWTH BCE HEU3BECTHEIE.

JI71s1 paCKpBITHS HEOTIPEACTMMOCTH CTPYKTYPHOU IPYNIIbI 2-3 YMEHBIIUM YHCIIO
HEU3BECTHBIX, COAEPKALIMXCS B ypaBHEHUH paBHOBecHs (4.20).

JI71s1 3TOro paccMOTPUM COCTOSIHUE CHUJIOBOTO PaBHOBECHUS KaxKJIOrO0 3BEHA B
OT/ACJIbHOCTH:

D> M(F), =0 (4.21)

® JIJIs 1IaTyHa 2:

ZM(E)B =Ry '|ZAB|+G2 |]"1|_Fuz '|h2|_R42 '|h3|+Mu2 =0 (4.22)
® 11 KOpOMBbICia 3:
ZM(E)B:Rg3"lBOl‘+G3.‘}I’l‘+E43"h3‘_Mu3:0 (4.23)

Bripa3zum HensBeCTHBIE:

er __Gz |hl|+ Fu2'|h2|+R42'|h3|_M 2
, =

u

e

_ Gs '|h4|+ Fu3 '|h5|_Mu3

Ros

oo,

3aMepuM IIJI€YH BCEX CHUII:
‘hl‘ =11,731, (mm).
‘h2‘=0,962, (2m).
“13‘ =89,204, (mm).
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Ih,| = 24,977, (aum).
Ih,|=18,947, (aun).

Haiinem HeusBecTHBIE BEIUUNHBI:

RS, = —-31,637-11,731+ 41,606 - 0,962 + 559,904 - 89,204 —1293
, = =

125
=386,573, (H).
. 16,481-24,977+10,088-18,947 - 79,9
Roa = 56

4.8.4 Boibepem maciuTaOHbIN KO3(PPHUIMEHT CUII, BHIIOIHUM MEPEBOJ] CUIIOBBIX
(akTOpoB B MacIITaOHbIN KO3(P(ULHMEHT CUI U CUHTE3 CBA3EH.

Jlns aTOro Bocmosb3yeMcs popmyioit (4.19).

Cunraewm, uro |F|=50 mu, F =R,, =559,904 H . Torxa:

~9,337, (H).

gy =999 11 19808 {i}

50 MM
ITepeBeneM B MacIuTaOHbIH KO3()PHUIIMEHT BCE OCTABIIIMECS CHIIBI:
IRy| =50, (aum).

Ry SBBSTS o
. 1119808
G| =2 = 31037 _5 655 ()
. 1119808
6= = 10981 1 4o (o).
. 1119808
R ALEO6 o
4. 1119808
Ry 1008 o0
. 1110808
. R, 9,337
R —0,834, (aun).
Rl =", ~ 1119808 ()

4.8.5 OnpenenuM 3HaUYCHUE PEAKIIUNA CBA3CH.

[To momydeHHbIM BenwuumHam cTpouM Iuian cun ans CI'3 2-3. Ucmombsys
ypaBHeHue paBHOBecus (4.20), mociienoBaTelibHO CTPOUM CYMMY BEKTOPOB (BEpIIMHA
IPEABIIYIIErO0 BEKTOpa SIBJISIETCS HAYaJIOM IOCJIEAYIOIIEro), Mpu 3TOM PaBEHCTBO
HYJIFO BEKTOPHOW CYMMBbI O3HAYAET, UTO TJIaH CUJT SIBIISIETCS] 3aMKHYThIM.

— —n —T
Ha manHOM I1aHe MpoBOJMM paBHojackcTBYyrome Ri2 BektopoB R, u R, u
—Nn —7T

Ros BektopoB R, u R, . Hcnonp3ys macmTaOHbI KO()(HUIMEHT IUIaHA CHIL,
IIOJIyYa€M 3HAYCHHS] HEU3BECTHBIX PEAKLNN CBA3EH:

Ry =|Rus|" 44 =106,34-11,19808=1190,803, (H).
R, =|Ry|" 44 =56,672-11,19808=634,614, (H).
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4.9 Ins nepBuuHOoro Mmexanusma 0-1.

4.9.1 VYcraHOBUM COCTOSHHE CHJIOBOTO pPaBHOBECHS, MPUIOXKHUB K
COOTBETCTBYIOIIMM XapaKTEPHbIM TOYKAM HEOOXOIMMBbIE BHJIbI PEAKIMU CBS3EH
KMHEMATUYeCKuX map.

B IIM 1-0 B Touke A oTOpOIICHHAS CBS3b 3aMCHSETCS PeaKuen Ra1, KOTOpas
NPUHUMAETCS] PAaBHOW MO MOJYJII0, HO IPOTUBOMOJI0KHOM 0 HAMPABICHUIO PEAKIIUU
Ri2, a TaKk KaKk e¢ HANPABICHHE y)KE M3BECTHO, TO HE3a4eM €€ PAacKIaibIBaTh Ha
HOPMAJIbHYIO U TaHTEHIIMAIBHYIO cocTaBistomue.. B Touke O orOpolieHHas CBs3b

kpuBommna 1 co croiikoit 0 3amensiercst peakuuen Roi, KOTOopas packiiaJbIBaeTCsl Ha

nBe cocTasisoumme: Roi (HampaBiieHa BJOJIb OCH 3BEHA) H Rot (HampaBiieHa
NEPIEeHIUKYJISIPHO OCH 3BEHA).

4.9.2 CocTtaBuM ypaBHEHHE KHHETOCTATHYECKOTO PABHOBECHUSI.

Jlnst aToro Bocmosibdyemcs Gpopmyiioit (4.16), B KOTOpoi IpeacTaBieH OOIIHiA
BUJI KHHETOCTATUYECKOIO PABHOBECHUS:

ZI_fi :ﬁgl+ﬁgl+§1+ﬁ21+ﬁy =0 (4.24)

4.9.3 BpIsIBUM CTENEHb HEOMPEAETUMOCTH U PACKPOEM €€.

B uccnenyemoii cucreme 3 HEM3BECTHBIX: ﬁgl, Roi u I_fy. CrenoBaTenabHO, OHA
2 CTaTUYECKH HEOoNpeaennma, TO €CTb HEOOXOJUMO CAeNaTh MUHUMYM 2 JIeHCTBHUA,
9YTOOBI HAITH BCE HEU3BECTHBIE.

JUIs pacKpBITHS HEONIPEAECIUMOCTH CTPYKTYPHOM IPYIIIBI 2-3 YMEHBIIUM YUCIIO
HEU3BECTHBIX, COJEPXKAIIUXCA B YypaBHeHUM paBHoBecus (4.24). [ns storo
PacCMOTPHUM COCTOSIHUE CHJIOBOTO PABHOBECHUS KpUBOIIMIA 1:

ZM(E)A:_R51'|ZOA|+G1'|}H|:O (4.25)

G, -
Ro1 = : |h1|
loal

3aMepUM IIJI€YO CUIIBI TSHXKECTH KPUBOIIMUIIA 1:
‘hl‘:29,827, (rm).
Torna:
. 3,0411-29,827

Ry = 31

4.9.4 Bei6epem MaciTaOHbIN KO3(DGUIIMEHT CHII, BBITIOJIHUM MEPEBOJ CHIIOBBIX
(akTOpOB B MacIITAOHbIN KO3(P(ULHUEHT CHUI U CUHTE3 CBA3EH.

Jlns aTOro Bocmosb3zyeMcs popmyioit (4.19).

CuwnraeM, 4TO ‘F‘ =50 wu, F =R, =634,614 H. Torxa:

=2,926, (H).
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U = 634,614 _ 12,69228, [i} .
50 MM
[TepeBenem B MacmTabHBINA KOAG(DUIIMEHT BCE OCTABIIUECS CHUJIIBI:
IR,,| =50, ().
IRy|= Ry 2926 _ 531 (mm).
e 12,69228
|Gl| :i:ﬂzo,m, (mm).
ue  12,69228

4.9.5 Onpenenum 3HaYEHUE PEAKIUIl CBA3EH.

[To nmonydeHHBIM BenuuMHaM cTpouM IuiaH cun aiag [IM 1-0. Wcnonbs3ys
ypaBHeHHUE paBHOBecHs (4.24), MOCIEI0BATEIBLHO CTPOUM CYMMY BEKTOPOB (BEpIIMHA
NPEIBIAYIIEr0 BEKTOPA SBIIETCS HAa4daJOM IOCIEAYIOIIEr0), MPU 3TOM PAaBEHCTBO
HYJIFO BEKTOPHOW CYMMBI O3HAYAET, UTO IJIaH CUJI SIBJISIETCS] 3aMKHYTBIM.

—n —7

Ha nanHOM miaHe mpoBOIMM paBHOAEWCTBYIOMIYI0 Roi BekropoB R, m R, .
Ucnonp3yss wmacmtabHbI  KOX(DPUITMEHT TIlaHAa CHWJI, TOJdydaeM 3HAaueHUs
HEU3BECTHBIX PEAKLUN CBA3CH:

Row =|Roa|- 4 = 49,285-12,69228 = 625,538, (H).
F, =|F,| 1 =8,037-12,69228 =102,009, (H).

4.10 OmnpenenuM 3HA4Y€HHE YPABHOBEIIMBAIOLIEIO MOMEHTA Mapbl CHI U
OIPEIEINM MOrPEMIHOCTD BBIIIOJHEHHBIX BHIYUCICHUI.

BenuunHa ypaBHOBEMIMBAIOIIETO MOMEHTa Iapbl CHJI OIpEAessieTcsl 1o
dbopmyne (4.11):

M, =F, -1, =102,009-0,031=3162, (H-m).

y
IlorpemrHocTs U3MEpPEHU:

F_—-F_ _
o = Fymin 1000/, _ 102,009 92,088

F, 92,988

JlaHHast OrPEITHOCTh SABJISETCS TOMyCTUMOM, Tak Kak £ =9,7%<11%.

E =

-100% =9, 7%.

5 /luHAaMHYeCKHIlT  aHAJIM3  CJO0XKHOIO  IUIOCKOT0  PBIYA:KHOIO
MeXaHHu3Ma

5.1 Jlnsg mon3yHa B COOTBETCTBHUM C BEIMYMHOM (pazoBoro yria padodero xojaa
BBISIBUM TIOJIOKEHUS MEXAaHW3Ma, B KOTOPBIX IMPU OMNPEACIICHUA 3HAYCHUU
NPUBEJACHHOTO MOMEHTa Mapbl CHJI HEOOXOAMMO Y4YeCTh JIEUCTBHE CHJI TOJIE3HOIO
COIPOTHUBIICHUS.

PaGounii xo1 — 3TO X0/, HA KOTOPOM MEXaHU3M BBITIOIHSIET CBOE CIy>KeOHOE
Ha3Ha4YeHUe. XOJOCTOM XOj HEOoOXOAWM JJii OKOHYAHWS IHUKJIa JBWKCHUS,

MOJJIEPKAHUSI TEXHOJIOTUYECKOro Tpollecca U CHIATUSL C pabO4yuX MOBEPXHOCTEH
3BEHbEB HAIIPSKCHUU.
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Pabounii X0 NPOEKTUPYIOT TaKUM 00pa3oM, YTOOBI OH ObUT MaKCUMAaJIEH IO
BPEMEHU U MYTH, a XOJIOCTOM, COOTBETCTBEHHO MUHNUMaJeH. [Ipu 3anycke MmexaHu3ma
B paboTy €ro 3BeHbs JI0JKHBI HAUMHATH JIBUTAThCS C paboyero xoja.

JUIst IOCKUX phlYaXHBIX MEXAHU3MOB Pa0OUYMi XO/1 JOJIKEH COOTBETCTBOBATh
HauOosbllIeMy yIJdy IIOBOPOTa KPHUBOILIUIA MEXAY KpalHUMH MOJOKEHUSIMU
BBIXOJHOT'O 3BEHA.

B naHHOM cnydyan BenuMYMHA MPSMOIO XOJa MEHbIIE, YEM BEIUYHMHA
o0paTHOro, cie0BaTeIbHO, HAM HEOOXOJIUMO BBIMIOJHUThH MEPEHYMEPOBKY paboumx
IIOJIOYKEHM.

Tak kak KpallHUMU MOJOXKEHUSIMH TOJI3YHA SIBIIOTCA MojioxkeHus S u 11, To
npuHUMaeM noiiokeHue 11 3a HavalbHOe, TOrjJa MEpPeHYMEpOBKA pabodmx
NOJI0KeHUI Oy/eT BhITTISACTh TaK, Kak MpeIcTaBIeHo B Tabuuie 8.

Tabmuma 8 — [lepeHymMepoBKa MOT0KEHUNM MEXaHU3MA

Ne nonoxxenus mocie
Ne nmojyioxkeHust
TIEPCHYMEPOBKH

0,13 2

1 3

2 4

3 5

4 6

5 7

6 8

7 9

8 10

9 11

10 12

11 0,13

12 1

Teneprs npuauMaeM 3a pabouuii XO/;

Py = (0..7).
A 3a X0JIOCTOH:
@, =(8..13).

Cuna nonesHoro conporusieHus P,. yduTeiBaeTcs Ha pabodyeM Xony, He

CUMTasl KpailHUX MOJIOKEHUN MEXaHU3Ma, TO €CTh JIJIsl MOJIOKEeHHuit ¢ 1 o 6.

5.2 BBIIIOJHUM CHHTE3 JHHAMHYECKON MOJEIH CJIOXKHOIO IIUIOCKOTO
PBIYAXKHOI0 MEXaHU3Ma JJIsl JUHAMUYECKOT O aHAJIN3A.

HUcnons3ysi KHUHETOCTAaTHUECKUA METOJT OOeCredYeHUss HSKBUBAJICHTHOCTH
JTAHAMUYECKON MOJENH, MTOCTPOUM TMHAMHUYECKYIO MOJAEIb MEXaHU3Ma, ITPUTOIHYIO
JU1S1 BBITIOJIHEHUS] JUHAMHYECKOTO aHAJIN3A.

JlnHamuueckas MOJENIb JUISI JUHAMHYECKOTO aHaliu3a COCTABISACTCA C
VCIIOJIb30BAHUEM JHEPTETUYECKOTO0 METOAA, COINIACHO KOTOPOMY ISl COXPaHCHUS
SKBUBAJICHTHOCTH MOJEIU MO OTHOLICHUID K COCTOSIHUIO TEXHUYECKOW CHCTEMBI
HEOOXOIMMO YYECTh CHJIOBBIC U MHEPIMATbHBIC TTapaMeTphl. [Ipu 3TOM BCce cuiioBbIe
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dbakTophl, ACHCTBYIOIIKNE HA BEIOMBIC 3BEHbSI TEXHUYECKONW CHUCTEMBI, 3aMEHSIOTCS
OJIHOM CHJIOHM, KOTOpasi Ha3bIBA€TCS ITPUBEACHHOU

IIpuBeneHHast cujga — 3TO TEOPETHUYECKAsl CHJIA, KOTOpas BBIHYKIAET 3BEHO
MPUBEACHUS pPAa3BUBATh MIHOBEHHYI) MOIIHOCTb, PaBHYID CyMME€ MTIHOBEHHBIX
MOIIHOCTEM, pa3BUBAEMBIX ITPUBOIUMBIMH CUJIAMH:

N
F — .l

I '
UH

(5.1)

n
rac Z Ni — CyMMa MI'HOBCHHBIX MOHIHOCTef/'I, paBBI/IBaeMLIX HpI/IBOI[I/IMLIMH CHUJIaMU,
i=1
H;
UI7 — CKOpOCTb TOUKHN HpI/IBe):[eHI/ISI, M/ C,
N — KOJINYECTBO IMPUBOIUMBIX 3BCHLBCB TEXHUYECKOU CUCTEMBI.

BeKTOp HpPIBGI[GHHOfI CHJIBI HpI/IKHaJ:[BIBaeTCH K TOYKEC HpI/IBeI[eHI/IH,
HaHpaBJIeH HpOTI/IB ABUKCHHUS 3BCHA HpI/IBeI[eHI/IH, a JIMHUA €ro I[Gf/iCTBI/I?[ ABIIACTCA
MNCPIICHAUKYJIIAAPOM K OCH 3BCHA. Hamnuue HpHBeﬂeHHOﬁ CHUJIbI HAa 3BCHC IIPUBCOCHUA
CJIY)KI/IT HpH‘-IHHOfI BO3HHUKHOBCHUA HpI/IBeI[eHHOFO MOMCHTAa Hapbl CHUJI:

M,=F,-1, (5.2)

[IpuBeneHHBINT MOMEHT MAapbl CUJI — 3TO MOMEHT TEOPETHUYECKOU IMapbl CHIL,
KOTOPBIN BBIHYJA€T 3B€HO MPUBEICHUS Pa3BUBATh MTHOBEHHYIO MOIITHOCTb, PABHYIO
CYMME MTHOBEHHBIX MOIIHOCTEW, pa3BUBAEMBIX IPUBOJUMBIMU CHIIAMU.

Kaxxmoe 3B€HO TEXHMYECKOM CUCTEMBI 00J1a/IaeT MacCOM, ClIeI0BaTeIbHO, JIJIs
COXPAHEHHS SKBUBAJICHTHOCTH JTUHAMUYECKON MOJIEIN IO OTHOIICHHUIO K COCTOSTHUIO
TEXHUYECKOU CUCTEMBI MACCHI IIPUBOIUMBIX 3BE€HBEB 3AMEHSIOT IIPUBEIECHHON MaCcCOM.

ITpuBenennasi macca — 3TO TEOpPETUUECKAsl Macca, MPUKIaJblBacMas K TOUKE
OpUBECHUST U 00JIaiatonas KMHETUYECKOW SHEpruei, paBHOM YJIBOCHHOW CyMMeE
KMHETUYECKUX SHEPTUI MPUBOJUMBIX 3BEHBEB:

[IpuBeneHnass macca NPUKIAABIBAETCA B TOUKY IPUBEACHUS W SABJISETCS
IIPUYMHON BOZHUKHOBEHMS [IPUBEIECHHOIO MOMEHTA NUHEPLIUH:

l,=m,-I? (5.3)

[IpuBeneHHBIT MOMEHT MHEPLUHUM — 3TO TEOPETUUYECKUHA MOMEHT WHEPIIUH,
KOTOPBIM JIOJIPKHO 00J1afiaTh 3BEHO MPUBEAEHUS, YTOObI €ro KMHETUYECKasi IHEPrus
ObLIa paBHA YABOEHHOW CyMM€ KUHETHYECKUX HEPIUil MPUBOJUMBIX 3BEHbBEB.

5.3 CuHTE3 mUarpaMMsbl IPUBEIEHHOTO MOMEHTA CHUJI MEXaHU3MaA.

5.3.1 Hcnonb3ys cnencteue u3 TeopeMbl JKyKOBCKOro, IEpPEHECEM BCE
CWIOBbIE  (DAaKTOpbI, JEHCTBYIOIIME Ha 3BEHbS B  OJHOMMEHHBIE TOYKHU
JNENCTBUTENBHOTO TJIaHA CKOPOCTEHN JUISl KXKIOTO MOJIOKEHUS HaYaJIbHOI'O 3BEHA.

[TepeHocuM Ha IUTaHBI CKOPOCTEH BeKTOpa culil, moBepHyThie Ha 90 mpoTus
X0/la BpalleHUs KpPHUBOIIWIA, IPU OSTOM Mbl HE YYUTHIBAEM HWHEPIMOHHBIE

—

COCTaBJISIOLIUE, TO €CTh HE YUUThIBaeM F. u M .
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YYuTeIBaeEM CHIIEIL:
- Ha paboyeM XOy:

Gi, Fy, Puc (He cunTas KpalHHUX IMOJO0KEHUN);

- Ha XOJIOCTOM XOJ1y:

Gi, Fy.

Ha paboueM xoay ypaBHOBEHIMBAIOIIAs CHJIa OEPETCs CO 3HAKOM «+», Ha
XO0JIOCTOM XOJly — € ITPOU3BOJIBHBIM 3HAKOM.

5.3.2 DBBbINIONHUB CHUHTE3 pPACUETHBIX MOJEIEH, YCTAHOBUM CTaTUYECKOE
PAaBHOBECHE W BBIYMCIUM BEIMYMHY YPaBHOBEUIMBAIOIIEH CHJIBI JUISI KaXKIOro
MIOJIOYKEHUSI MEXaHU3Ma.

I[lman ckopocTel MNpEnCTaBIAETCA KAaK JKECTKUMH pblyar, MOJBUXKHO
3aKpeIUIeHHbIM B moitoce. Taku o0pa3oM cucTeMa HaxOOUTCS B CTaTUYECKOM
PaBHOBECHUHU.

JUiss  ompeneneHus: BEJIWYMHBI  yPaBHOBEIIMBAIOUIEH CHJIBI  COCTaBUM
YpPaBHEHHE PABHOBECHS MOMEHTOB BCEX CHJI, JCHCTBYIOIIMX HAa JAHHYIO CUCTEMY,
OTHOCHUTENBHO IMOII0CA TUIAHA CKOPOCTEH IS KaKI0T0 TOJI0KEHHSI MEXAHU3MA.

2 M(F), =0 (5.4)

Pe3ynbpTaThl pacueToB npeacTaBieHbl B Tadaue 9.

5.3.3 Onpenenum 3HAYEHUS MPUBEACHHON CWJIbI U MPUBEICHHOTO MOMEHTA
nap CHJI JUIs KaXJ10T0 IOJIOKEHUS] HAa4aJIbHOTO 3BEHA.

BennunHbl IPUBEIEHHOW W YPABHOBEIIMBAIOIIEH CHJI PABHBI IO MOIYJIIO U
IIPOTHBOITOJIOXKHBI I10 HAIIPABJICHUIO:

Fi-—F

(5.5)

Hannune npuBeneHHONW CUibl HA 3BEHE CIYXKUAT NPUYMHONW BO3HUKHOBEHHS
NPUBEJACHHOTO MOMEHTa Tapbl CHJI, KOTOPbIA BhIuuCiseTcs no ¢opmyine (5.2). 3a
3BEHO IpHUBeAeHUs npuHumaercs kpusowmun OA, Toraa gopmyna (5.2) Oyaer UMeTh
CIEIYIOLIAN BU:

M,=F,-1, (5.6)

Bennuunbl HpHBGZ[CHHOfI CUJIbI U MPHUBCACHHOIO MOMCHTA Iapbl CHJI AJIA
KaXXa0ro II0JOXKCHHUA MCXaHU3Ma IIPCACTABJICHLI B Ta6J'II/IHe 9.
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Ta6muna 9 — Pesynbprats! pacuera (1. 5.3.2 — 5.3.3)

Ne monosxeHus Fy, H F,, H M, H-m

0, 13 53,204 -53,204 -1,649
1 354,278 -354,278 -10,983
2 510,968 -510,968 -15,84
3 386,53 -386,53 -11,982
4 300,093 -300,093 -9,303
5 252,476 -252,476 -7,827
6 145,534 -145,534 -4,512
7 22,011 -22,011 -0,682
8 -3,454 3,454 0,107
9 -3,781 3,781 0,117
10 -22,005 22,005 0,682
11 -36,625 36,625 1,135
12 -50,59 50,59 1,568

5.3.4 BribpaB MacmrabHble KOX(PPUIMEHTH OCel MPUBEICHHBIX MOMEHTOB
map CcWil M yIyla NOBOPOTa 3BE€HA IPHUBEACHUS, BBIIOJIHUM CHHTE3 JHarpamMMbl
NPUBEACHHBIX MOMEHTOB Map CHUJ COINPOTHUBICHHUS M MPUBEICHHBIX MOMEHTOB
JBIDKYIIUX CHIL

PaccunraeM MacmtaOHbpIi KO3((QULIHEHT NPUBEIECHHBIX MOMEHTOB IIO

dbopmye:

M :
i, :| H,max|:15,84:0’1584’ I:H M:|’ (57)
" |y| 100 MM
rac ‘MIY, max‘ — MAKCHUMAJIbHOC 3HAYCHHUC IIPUBCACHHOI'O MOMCHTA, H-m ;
M =100, mm — [OpPOU3BOJALHO BBHIOPAHHBIA  OTPE30K, H300paKAFOIIHIA

MaKCHMaJIbHOE 3HAUYCHUE MTPUBEACHHOTO MOMEHTA Ha TUAarpaMMe.
Macmtabupiit K03()PUIUEHT yria MoBOpPOTa BEAYIIETO 3B€HA PACCUUTAEM IO
dbopmyie:

_2% 27 _ oag3, {p—“‘)]
|L| 130 MM

e ‘L‘ =130, MM — IPOU3BOIBHO BEIOPAHHBIN OTPE3OK.

M, (5.8)

JIns mocTpoeHusl 1uarpaMM NPUBEACHHBIX MOMEHTOB CUJI COIPOTHUBIIEHUS U
JBYOKYIIUX CHJI YCJIABJIMBAEMCS, YTO pPACCMATPUBAEMbIA MEXAHU3M OTHOCHUTCS K
MEXaHH3MaM JIBUTaTelIeH, TO €CTh:

M, =const; M;, = f(®) (5.9)

[IpuBeneHHBIM MOMEHT ABWKYIIUX CUJI sIBJsieTcs (DYHKIMEH yria MmoBopoTa
BEIYIIETO 3BE€HA, a NPUBEACHHBIA MOMEHT CHJI CONPOTUBJICHHUS — BEJIUYMHA
MOCTOSIHHASL, IEHCTBYIOIIAs HA IPOTSHXKEHUU BCETO IHUKIa paboThl MEXaHU3MA.

BI[OJ'IB OCH @ OTKJIaAbIBACM OTPE30K ||_ , 110 OCH IIPUBCACHHBIX MOMCHTOB B

COOTBCTCTBYIOIIUX ITOJIOXKCHHUAX MCXAdHHU3MaA OTKJIAAbIBACM 3HAUYCHUA ‘MH‘ B MM.

CoeanHUB TIONyYEHHbIE TOYKHM IUJIABHOM KPUBOM, MOJIy4yaeM AuarpaMmy
NPUBEICHHBIX MOMEHTOB JBIKYIIMX CHIl M, .
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Bennuuny npuBEACHHONO MOMEHTA CHJI CONPOTHBJICHUS pPacCUYUTaeM I10
dbopmyie:

S

M i
Iy :le " 59,176
g S 13

=—4,552, (H-m), (5.10)

S
riue Z M,, — cymMMa npuBe/IeHHBIX MOMEHTOB;
i=1
S — 4uCIO MOJIOKCHUI 3BEHA MPUBEICHUS 32 POMEKYTOK BPEMEHH.
B Tabnuue 10 mpeacTtaBieHbl 3HAYEHUSI MPUBEACHHBIX MOMEHTOB CHII
COTNPOTHUBJICHUS W JBMKYIIIUX CHJI, TIEPEBEICHHBIC B MM C ITOMOIIBI0 MACIITaOHOTO
kodduienra.

Ta6muma 10 — [MepecunTanHbie B MM. 3HaUYCHUS HAHUACHHBIX BETUYHH

Ne nonoxxenus ‘MHE ‘, MM ‘MHC ‘, MM
0,13 -10,41
1 -69,337
2 -100
3 -75,644
4 -58,731
5 -49,413
6 -28,485 -28,737
7 -4,306
8 0,676
9 0,739
10 4,306
11 7,165
12 9,899

5.4 OcymiecTBUB MpeoOpa3oBaHMs JHArpaMMbl PUBEICHHBIX MOMEHTOB Tap
CWJI, BBITIOJIHUM CHUHTE3 JHarpaMMbl paObOT W BBIUMCINM 3HAYEHUE MaCIITaOHOTO
kod(puieHTa ocu padoT, a TakKe MpUpainieHue padboThl U BEIUYUHY PaOOTHI IS
Ka)KJI0T0 TIOJIO’KCHHS Ha4aJIbHOTO 3BCHA.

27

A, =M, -dp (5.11)
0
27

do=[M, -dp=M, -¢ (5.11)
0

Ha auarpamme npuBeneHHBIX MOMEHTOB 3aMEpSIEM BEJIUYMHY MPUBEIECHHOTO
MOMEHTA B TOYKAaX, PACIIOJIOKEHHBIX IIOCEPEIUHE MEXIY COCETHUMH IOJIOKEHUAMHA
MexaHu3Ma. JlaHHyI0 BeNMYuHY JeTuM Ha KOG (GUIUMEHT AeeHUusI M U OTKJIagbIBaeM
Ha AuarpaMme padort. [y nocnenyommx nojiokeHnii BeJIMYUHY OTpe3Ka puodaBiisieM
K MOJYyYEHHOW paHee, TakK€ YMEHbIIas B M pa3 M OTKIAABIBAs HA Juarpamme.
Coenunsisi Bce MONYYEHHBbIE TOYKM IJJABHOM KPUBOM, MOJydaeM IuarpaMmy pador
mewkymux cun A, = f(¢). Coenuuss Ha4adbHYI0 M KOHEYHYIO TOYKH MPAMOH

JIMHAEH, TOTyYHM Anuarpammy cuil conpoTtusieHust 4. = f(¢,).
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Haitnem macmtabHbIi ko3 duiueHt padot no popmyiie:
4, = 11, -1, Ap-m=0,1584-0,0483-10- 4= 0,3060288 {@} (5.12)
MM

rne Ap=10, mm — 1rar ocu yriza moBopoTa 3B€Ha MPUBEICHHS;
m=12,3,...,00 — KO3pPHUIHMEHT aeIeHus, MPUHIMaeM M =4

Bennunna pa0GoThl Ui KaXIOTO TOJIOKEHHS MEXaHW3Ma Mpe/CTaBlIeHa B
Tabmuue 11.

5.5 BsiOpaB 3HaueHue wmacmTabHOro Kod(pduiMeHTa OCHU HU3MEHEHUS
KHHETUYECKOW YHEPTUH (PA3HOCTH pabOT), BBITIOJTHUM CHHTE3 JHUArpaMMbl H3MECHCHUS
KMHETUYECKOW »dHeprud (pa3sHoCTU padoT), HCIONb3ys METoH TIpaduyecKkoro
BBIYUTAHMS.

JlmarpamMma CTpPOUTCS METOAOM TpaUuecKoro BBIYMTAHUS 3HAYCHUU PadboT
A; n A, Tpu ycioBuM, YTO MACIITAOHBIA KOOPHUIMEHT KMHETUYECKOH SHEPrUM

Oyner paBeH macmTabHoMy K03hduimeHTy padbor:
Lo = 11, = 0,3060288, V—""’} (5.13)
MM
rne AE = A, — A, — n3MeHeHne KUHETHIECKOH dHeprum, J{ic.

W3mepum Ha juarpamMme pabOT pacCTOSHUS MEXAY JIMHUSAMU PpPaboOThI
JNBWKYIIUX CHJ U CUJI COIPOTHUBIIEHUS U OTJIOKUM JIAHHBIE BEJIMYMHBI HA JUArpPAMME
U3MEHEHMSI KHHETHYeCcKOW sHepruu. CoenuHssl BCE IONYYEHHBIE TOYKH IUIABHOU
KPUBOH, IOJTy4aeM IMarpaMMy U3MEHEHUS KHHETHIECKON sneprun AE =4, — 4.

Tabmuua 11 — Benuuusbl paboOT W U3MEHEHUS! KMHETHYECKOW 3HEPruu B KaxKIOM
N0JI0O)KEHUH MEXaHHU3Ma

Ne monosxeHus Aﬂ, L A, o AE, [
0, 13 0 0 0
1 2,824 2,168 0,656
2 9,908 4,336 5,572
3 16,825 6,503 10,321
4 21,807 8,671 13,136
5 25,96 10,839 15,121
6 29,129 13,007 16,122
7 30,145 15,175 14,97
8 30,1 17,342 12,758
9 30,052 19,509 10,543
10 29,879 21,678 8,201
11 29,438 23,846 5,592
12 28,743 26,013 2,73

5.6 CunHTe3 IuarpaMMbl IPUBEICHHOTO MOMEHTA UHEPLIMY MEXaHU3Ma.

5.6.1 IlpencraBuM NpUBEIECHHBINT MOMEHT MHEPLIUM MEXAHU3MA B BUJIE CYMMBI
MIOCTOSIHHOM M ITIEPEMEHHON YacTeMN.

IIpuBeneHHBII MOMEHT MHEPLUHUM MEXaHU3Ma OIpPENesIeTCs CYMMOM JBYX
4yacTew, rjae 1-as 4acTp ABIsSE€TCS MOCTOSHHOM, a 2-asi IEPEMEHHOM:
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I, =1, +1), (5.14)
rae |, — mocTosHHAS YacT;
|} — mepemMeHHas 4acTb.
m,=m, +m, (5.14)

Trac m1'7 — IIOCTOsAHHAas 4aCThb,

m,'; — NCPpECMCHHAsA 4acCThb.

5.6.2 llpeactaBUB NOCTOSHHYIO YacThb MPUBEINCHHOTO MOMEHTA WHEPLUU
MEXaHU3Ma B BUJE CYMMbI NPUBEIECHHBIX MOMEHTOB MHEPLUHU 3JIEMEHTOB IMPHUBOJA
(oHEpreTHUeckas MalluHa, epeaaToYHbI MEXaHU3M U pabouas MallliHa), OIIPEIeTUM
€€ 3HaUYCHHUE.

YroObl peasin30BaTh MPUBEIECHHYIO CUTY, HYKHO M0100paTh nBUraTens. J{is
PBIUAXKHBIX MEXaHU3MOB UCTIONB3YIOT TpeX(Pa3Hble aCHHXPOHHBIE 3JIEKTPOIBUTATENH,
KOTOpbIE UIMEIOT CBOU XapAKTEPUCTUKH (MOIIHOCTh, YACTOTY, MOMEHT BpaLICHUS).

[lepenatounplii WM NOPeoOpa3yOUIM  MEXaHW3M MpEeIHa3HA4YeH s
COIJJACOBAHMS MEXAHWYECKMX  XAPAKTEPUCTUK DSHEPre€TUYECKOW MAIUHBI  C
MEXaHUYECKUMU XapaKTepUCTUKAMU padodeli MalluHBbI.

[TonGop »nekTpoABUTATENS OCYIIECTBISETCS MO JABYM XapaKTePUCTHUKAM:
4acTOTE BpAllleHUs Baja 3Jekrpoiasurarens N, u ero momHoctu N, . Yactory

BpAILCHNS BajJa HAXOAUM M0 GopMmyIIe:

n, =n, (5.15)
rae h =Ny, =250, mun™ —vactoTa BpaieHus kpuBommna 1.

MomtHoCTh HaxX0IUM 1o GopMmysie:

N, =N

— MUHUMaJbHas TpeOyemMasi MOIIHOCTb JIBUraTens, Bm .

(5.15)

mp.og !

IDI(S Nmp. o
3anac MOIIHOCTH HEOOXOAHMM JUIsl TOrO, YTOObI CKaYKH SHEPrUHU, Pa3IHYHbIE

BUOpAIMK HE BBIBEIIN JABUraTeb U3 CTPOs. 3amac JObKeH cocTaBiaTh okosio 20%.
Nmp.og =My Oy (5.16)
rae M, , — cpenHee 3HAYEHHME NPHBEIEHHOTO MOMEHTA MEXaHM3Ma, Oepercs mo
mMoaymwo, H - m;
@, =26,18, ¢ — yrioBas ckopocTh BpalieHHs KPUBOIIMIIA.

> M, 59176
M, = =— =4,552, (H-m), 5.17
I, cp 13 13 ( M) ( )
Torna:
Nmp.ag =4,452-26,18=119,171, (Bm).

C.]'IGI[OBaTeJ'II)HO Hami ABUI'aTCJIb JOJIDKCH O6J'IaI[aTI> (02 (S147:0)010501%071

XapaKTEPUCTUKAMU:
n,, =250
N,, >119,171
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C yd4eTroM 3TOrO IO KaTaJory BBIOMpaeM aCHHXPOHHBIH IBUTaTelb CEPHU
-1 o
4ATtuna 4A71B8Y3 (N,, =250 Bm, n, =650 mun ), ero npuBeeHHbIH MOMEHT
unepiu potopa coctasnser |, =0,0019, (ke-m°).

ITocTossHHAsT ~4YacTh  NPUBEAEGHHOTO  MOMEHTAa HMHEPUUM  MEXaHH3Ma
NPEACTABISIETCA B BHMAE CYMMbI INIPUBEAEHHBIX MOMEHTOB MHEPLHMU 3JIEMEHTOB
MPUBOAA!

| _ 211 _12 -
=1+ + g =1 @+ ,) + 1, (5.18)
17
rme 1., 1]l, |y, — TmpuBelcHHBIE MOMEHTHI HMHEPIHUH, COOTBETCTBEHHO,

OHEPreTUYECKON MAIlIMHBI, TPEoOPa3yIoIIero YCTPOMCTBA ¥ BEOYIIETO 3BEHA
MJIOCKOTO PHIUAKHOI'0 MEXaHU3Ma paboyeil MallvuHBbI.
BenuunHa nepeaToyHOro OTHOIIEHUSI pacCUYUThIBAETCS Mo popMmysie:

_ N 850 _, 6 (5.19)
n, 250

3Has, uro | Sl=4,965-10_5, (ke- M%), HaiiieM 3HAYEGHHE TOCTOSHHOW YacTH

pl

PUBEICHHOTO MOMEHTA HHEPIIUU MEXAHU3MA, I0JICTABUB BCE YNUCJICHHBIE 3HAYCHHUS B
dopmymy (5.18):

|, =0,0019- (L+2,6) +4,965-10° =0,0069, (ke-m°).

5.6.3 BeiBenem ypaBHEHHME M PACCUATAEM 3HAUYCHUS IEPEMEHHOW YacTH
MIPUBEJAECHHOTO MOMEHTA MHEPLIMU JJIS1 KAXKOTO MOJ0KEHHS MEXaHU3MA.

IlepeMenHass 4YacTh NPUBEICHHOTO MOMEHTAa MWHEPUUU ONPENEIISIETCS
dbopmyIon:

2- > E
1= a% L (5.20)
'

rac Z Ei — CyMMa KUHCTUYICCKUX BHCpFHﬁ, Ppa3BUBACMBIX ITPUBOAUMBIMHA 3BCHbAMU,

-1
@, = 0,, =26,18, ¢~ — yriaoBas CKOPOCTb 3B€HA NPHUPAIICHHS.
Kunernueckasi 3Heprusi 3BEHbEB MEXaHH3Ma 3aBHCHUT OT BH/OB JIBUXKCHUS,

KOTOpbIE OHU COBEPIIAIOT. /{7151 3BeHbEB, COBEPILIAOIINX CI0KHOE JIBIKEHHE (IIaTyH),
KHHETUYECKAasi SHEPTHUS paCCUUTHIBACTCS IO PopmyIie:

2 2
m,.. -Us N I, o | (5.21)

E — wam
2 2

— Macca IIaryHa, Kr;

rge m

wam

Us — CKOPOCTh TOYKH LIEHTpa Mace IIaTyHa, M/c;
2.

|, — MOMeEHT nHepLuy maTyHa, K2 - M°;

(@ — YrJ10Basi CKOPOCTH LIATyHa.

Jlisi  3BEHBEB, COBEPIIAIONIMX BpaIlaTEIbHOE JIBIXKEHHE (KOPOMBICIO),

KHUHETUYECKasi SHEPTUS paCCUUTHIBAECTCS 1O opMyJie:
2

E-ls @ (5.22)
2
rae |y — MOMeHT uHepuuu KOpoMBICia, KZ'MZ;
Jluem
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riue

rac

rac

rac

rac

@ — yTIIOBasi CKOPOCTh KOPOMBICTIA.

I[J'ISI 3BCHLBCB, COBCpHIIAOMIMUX  IIOCTYIIATCIBbHOC
KHHCTHUYCCKAA OHCPTHUA paCCHUTBIBACTCA 110 (1)OpMy.]I€:

2
E — mnm; ) US ’
m, . —Mmacca [oJ3yHa, Kr;

noJ

Ug — CKOPOCTh TOYKH IICHTPAa MacC I10JI3yHa, M/C;

JIBIKEHUE  (MTOJ3YH),

(5.23)

Takum 06pazom, KUHETUYECKAast JHEPTHUS MIaTyHa 2 onpeaensercs no Gopmyre:

2
m, - v, .., w
_ 2 52+ S2 2

E,= 5 5 =k, -0, +k,- @,
k =e 32554 6105,
2 2
=152 1242 102 _ 0 gog21
2 2
Kunernueckas sHeprust KOpoMeicia 3:
L2
=52 % i,
k, = |—23 = 4’—39 .10 =0,0002195.
Kunernyeckast sHeprust maryHa 4:
2 2
W= m42z)54 + IS“Zw“ =k, -2, +K, - @},
=M~ 225995
2 2
ks = |74 = ﬁzlg -107° =0,0021095
Kunernueckas sHeprus noiasyHa 5S:
m, - U3 2
Es = 5 K; - Uss,
K =Ts =13 0675
2 2
OmnpenennM 3Ha4€HHE KOHCTAHTHI K,
2 2

k=5 =—°_-0,00292
o (26,18)

[IpeoOpazyem Boeipaxkenue (5.20):

I 2 2 2 2 2
1 =Ky (Ky - 02, + Ky @ +K, - f + kg - 0%, + kg - @)

(5.24)

(5.25)

(5.26)

(5.27)

(5.28)

(5.29)

Pe3ynbraThl pacdera mepeMEHHOMW 4YacTH MPUBEICHHOTO MOMEHTAa WHEPIUU
npeAcTaBlieHbl B Ta0auie 12.
5.6.4 OnpenenuM BEIWYUHY NPUBEAEHHOIO MOMEHTA MHEPLUU NTPUBEICHHOU
MacChl JUIsl K&KJI0TO MOJI0KEHUST MEXaHU3Ma.

V&
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3Has MOCTOSTHHYIO YacTh U MMEPEMEHHYIO JIJIS KaXKI0T0 TIOJI0KCHHS MEXaHU3Ma,
OTIpEICNINM BEJIIMYMHY TPUBEICHHOTO MOMEHTAa WHEPIMU TMPUBEACHHOW MACCHI NS
KaXX/IOr0 TIOJIOKEHUSI MEXaHW3Ma, IMOJICTABUB BCE YHUCIIOBBIC 3HAUCHUS B (HopMyIy
(5.14). Pe3ynbTaThl npecTaBieHbl B Ta0auIe 12.

Tabnuma 12 — IlpuBeneHHBIE MOMEHTHI HHEPITHH

Ne monoxenus I;Y,Kz-mz |1|7|,K2-]|/l2 |H,1<2-j|/z2 ||H|,MM
0,13 0,0072 0,0141 95,918
1 0,0078 0,0147 100
2 0,0038 0,0107 72,789
3 0,0031 0,01 68,027
4 0,0046 0,0115 78,231
5 0,0052 0,0121 82,313
6 0,069 0,0031 0,01 68,027
7 0,0012 0,0081 55,102
8 0,0029 0,0098 66,667
9 0,003 0,0099 67,347
10 0,0058 0,0127 86,395
11 0,0059 0,0128 87,075
12 0,0052 0,0121 82,313

5.6.5 OmnpenenuB  3HayeHUs: MacITaOHBIX  KOX(GOUIIMEHTOB  Oceit
NPUBEACHHOTO MOMEHTA MHEPIIMU W yrjla MOBOPOTAa 3BEHA MPUBEICHHS, BBITIOJTHUM
CUHTE3 JHUarpaMMm TPHUBEACHHOIO MOMEHTa WHEPIUH U TPHUBEACHHOW MacChl
MEXaHU3Ma.

Breibepem wmacmtaOHbIii KOd()PUIIMEHT MPUBEIESHHOTO MOMEHTa WHEPIUU
MEXaHH3Ma:

I, vex 0,0147
H, = T —

Y 100 Mm

2
=0,000147, {Ke M } (5.30)

y . 2.
roe |, .., — MakcCHMaJbHBIN IPUBEACHHBI MOMEHT HHEPLIUN MEXaHNU3Ma, K- M,
|X| — MPOU3BOJILHO BHIOPAHHBIN OTPE30K, MPUHUMAEM ‘X‘ =100, mm.

[TepeBonrM B MM depe3 MacIITaOHbI KOIPDUIIUEHT 3HAYCHUS TIPUBEICHHBIX
MOMEHTOB JIJIsl K&)KJO0TO TIOJIO’KEHUSI MEXaHU3Ma U 3aHOCUM B Tabiuiy 12.
[Toctpoum pauarpammy NpuBEAEHHOr0o MoMeHTa uHepuuu. Ilo ocu ¢

OTKJIQJbIBAEM OTPE30K |L|=130 MM, IO OCH TIPUBEIECHHBIX MOMEHTOB WHEPILIUU B

COOTBETCTBYIOIIUX TIOJOKEHHUSIX MEXaHW3Ma OTKJIa/JbIBAEM 3HAUYCHMUS |I ,7| B MM.
CoeanHuB MoTy4YeHHbIE TOUYKH IJITABHOM KPUBOM, OJydaeM JuarpaMMmy MpUBeEI€HHbBIX
momeHnToB uHepimu |, = f(¢,).

5.7 MeronoMm rpaduueckoro UCKIFOYCHHsI YTiia TTIOBOPOTA 3BE€HA MPUBEICHUS

BBIIIOJIHUM CHHTC3 JHUarpamMm <<3H€pFI/I}I-HpI/IBCII€HHLIﬁ MOMCHT HHCPpLHN» H
«OHCPrusg-maccar».
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Jns pacyera BEIWYMHBI JONOJIHUTEIBHONM MaxOBOW MacChl BOCHOJIB3YEMCS
merogoM Burrenbayspa, corjacHo KOTOPOMY 3HAuY€HHE MaxOBOW  MaccChl
IPOIIOPLIMOHAIBHO BEIMYMHE €€ MOMEHTa MHepuuu. I onpenesieHusl BEIUYUHBI
JOTOJIHUTEIbHOM MaxoBOW Macchl mocTpouMm aumarpammy AE = f(l,), koropas
SIBJIIETCS] 3aMKHYTON KPUBOW U HA3bIBACTCs IUArPAMMOU «QHEPTUSA—MACCay.

JlaHHas n1uarpaMMa CTpOUTCS METOA0M rpaduuecKoro nepecedeHmst 3HaueHUM
AE u |, B Ka)X10M NOI0KEHUH MeXxaHu3Ma. J{ist 3Toro MacitaOHble KO3 GUIUEHTBI

BBIOMPAIOTCSI PABHBIMH C MPEIUIECTBYIONIMX JUAarpaMM U KCIOJIb3YIOT MCKIIIOUEHHUE
oceu ¢,.

B kaxaoM COOTBETCTBYIOIIEM IMIOJOKECHHM Ha AuarpaMMax HW3MEHEHUS
KUHETUYECKOW SHEPTUHU U ITPUBEAECHHOIO MOMEHTA UHEPLUH ITPOBOJIUM IPSIMBIE 10 X
NIEpECEUYEHUs], MOJIYYEHHbBIM TOYKaM IPUCBAMBAE€M MOPSAKOBbIM HOMep. CoenuHss
MOCJIEOBATENBHO TOYKH, IOYYaE€M 3aMKHYTYIO KPUBYIO.

5.8 BriunciivB 3Ha4€HUS YIJIOB HAKJIOHA, TPOBEIEM KacaTelbHbIE K 3aMKHYTOM
KpPUBOM Ha JHArpamMMax <« HEPrus-IPUBEICHHBIA MOMEHT HUHEPIMW» U «IHEPrus-
maccay.

J11s1 onpenenieHrss MOMEHTa MHEPLIUA MaXOBOM MacChl K THarpaMMe «3HEprusi—
Macca» TPOBOAMM KacaTelbHbIE 10 IepecedyeHus ¢ ocbto AFE. YTibl HakiIoHA
KacaTeJIbHBIX OMpPENEeSoTCs 1Mo hopMysam:

W, =arctg 1A, @+9)- cozp (5.31)
2 Uy '
H 2
'//min = arCtg —-— (1_ 5) ) a)n.cp (531)
Hrg
rae @, ,, — CpeiHee 3HAYEHHUE YIIIOBOM CKOPOCTH 3BEHA NIPUBE/CHHUS, ¢t
1 1
o :2—0 +4—O —  Ko3(p(dUIMEHT HEPaBHOMEPHOCTH  XO/a, IPUHUMAEM
o= i =0,04.
25
Torpa:
1 0,000147
—arctg| =-———-(1+0,04)-(26,18)* |=9,71..
Viex =319 5 53060288 )-(26.18)
W, = arctg 1, 0,000147 -(1-0,04)-(26,18)* |=8,98".

2 0.3060288

5.9 Onpenenum 3Ha4eHUE MOMEHTA MHEPLIUA MaXxOBOM MacCBhl.
MoMeHT UHEpIIMM MaXxOBOM Macchl onpesensercs no Gpopmyse:

_[abl- e
MM 5 . a)’fep (532)
Jluem
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3amepus otpesok |ab

MEXTy KacaTeIbHbIMU, MOJIydaeM \ab\ =56,735 mm .

Torpa:
_56,735-0,3060288

mom. 0’ 04 . (26,18)2

=0,633, (ke-m).

AHaJu3 ¥ CHHTE3 IMpPpOoCTOro MmJIoCKOro 3y6an0r0 MEXaHHu3Ma

4.1. BeruepTuM CTPYKTYPHYIO CXEMY MEXaHU3Ma.

DU
NN\

Pucynok 4.1 — CrpykrypHas

cxema 3y04aToro MexaHu3ma

4.2. JlauHbI{ TPOCTOM 3yOUaThIii MEXAHU3M SIBIISIETCSA:

1) Hunuaapuyeckum;

2) Ilnockum;

3) C napaienbHbIMU T€OMETPUUYECKUM
4) C 2BONBBEHTHBIM TIpOdHIieM;

5) C xpyriasIMu KOJECaMu;

6) C BHEITHUM 3aIleIIJICHUEM.

1 OCSIMU;

) JICKAIIMM Ha OCHM M3MEHEHUSI KUHETUYECKOM 9HCPIrUuHn

4.3. OnpenenuM Ha3BaHUE U BUJI COBEPILIAEMOT0 IBIKEHHS 3BEHbEB, PE3YIIbTAT
npencraBuM B Tadsuue 10:

ATT
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Tabnuua 10 — 3BeHbst mpocToro 3M

Homep 3BeHa

Hazsanue 3Bena /
BUJI TIOJIBUKHOCTH

Cxema

[ectepns/
BpaIaTeIbHOe

T

3y6uaToe koneco/
BpaIiaTeIbHOe

Crotika/
HenoasuxxHoe

4.4, J1ns TOoro, 9To0BI ONPEASIUTD YUCIIO , Ha3BaHHUE, KJIACC, TIOJBIKHOCTD, BU]T

KOHTAaKTa

M 3aMbIKaHUS BCCX KHHCMATHYCCKHUX IIap pPacCMOTpUM KaXIAYIO

KHHEMaTHYeCKyIo nmapy. Pe3ynbrar npeactaBum B Bujae Tadbmuisl 11.

Tabnuua 11 — Kunemaruueckue napel npoctoro 3M

Homepa
P Kiacc / Bun xonrakra /
3BEHbEB / Cxema
MMOABIKHOCTD 3aMBIKaHHE
Ha3BaHUE
NN
0-1/ | | TIOBEPXHOCTh
BpaliaTelibHa 5/1 (Hm3IIas)/
o r€OMETPUUECKOE
Jlucm
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Oxonuanue tadaunsr 11

Howmepa 3BeHbEB / Cxema Knacc / Bun konTakra /
Ha3BaHHE TIOJIBM>KHOCTb 3aMbIKaHUE
JIMHUS
1-2/
4/2 (BICIIIAST)/
BpalllaTe/ibHas
2 r€OMETPUYECKOE
-
I
MMOBEPXHOCTh
0-2/
———t 5/1 (am3mas)/
BpalllaTeNIbHas AN
r€OMETPUUYECKOE

4.5. IlpoaHanu3upoBaB MEXAHU3M, MOJYYAEM, YTO €TI0 CTPYKTYpa HE COIAEPKUT
ne(eKTOB — M30BITOYHBIX CBSI3€M M MECTHBIX MOABMXKHOCTEH. MexaHu3M oOJagaer
palMOHAIBHOU CTPYKTYPOM.

4.6. UToOB!I onpeAenuTh BUJ KUHEMATHIYECKON IIeMH HEOOX0AUMO PAaCCMOTPETh
B COCTaBE CKOJIBKUX KHHEMAaTUYECKHX Tap CONEPKUTCS Kaxkoe 3BeH0. Her Hu omHOrO
3BE€HA, KOTOPOE COEPKUTCSA B COCTABE TOJIBKO OJJTHOM KUHEMATHUYECKOU Maphl. 3BEHbS
1, 2, 0 coneprkarcsi B COCTaBe B ABYX KHHeMaTHUeCKUX napax. CiaeaoBaTenbHO, JaHHAs
KMHEMaTH4yecKas 1eMb SBJSETCS IPOCTON U 3aMKHYTOM.

Croiika mnpexacraBieHa aAByMs 3jeMeHTaM. CoO CTOMKOH B3auMOJIEHCTBYIOT
mecTepHs 1 1 3yduaroe Kojeco 2, clieI0BaTeNbHO, YUCIO MPUCOESAUHEHUN PaBHO 2.

4.7 Ucxogs w3 Ttoro, yto 3M IJIOCKUM, IJIs1 OMNpPENENECHUS] MOJBUKHOCTH
MEeXaHH3Ma UCIOIb3yeM CTPYKTYpHYIO Gpopmyrny YelOriiiera:

W=3n-2ps—ps, (4.2)
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inv (“w) _ 2x¢xtg(20)

. 2%0.75%0.3639
inv(a,,) = ———

rac N — 9uciio HOABUXKHBIX 3BCHLCB

pi — YUCII0O KHHEMAaTHIECKUX Iap I-ro Kiiacca;

[Ipoananu3upoBaB paHHbie TaOaUIBl 10

BUJIMM, YTO JAHHAs CTPYKTypa
MexaHu3Ma 00pa3oBaHa IByMs MOJABHUKHBIMH 3BEHbSIMHU, CIIEOBATEILHO N=2,

N3 nanHbiX Tabauuel 11 BUIUM, 4TO CTPYKTYpa COAEPKUT 3 KHHEMATUUECKUX
napsl. J[Be U3 KoTopsix 5 kjnacca u ogHa 4, Ps=2,aps = 1.

Onpeaenum MOABMKHOCTh MeXaHu3Ma 1o dopmyiie (4.1)

W=32-2-2-1=1

PesynpTaT O3HayaeT, YTo IS OJHO3HAYHOI'O MAaTEMAaTHYECKOrO OIMCAHHS
B3aMMHOI'O PACIIOJIOKCHUSI 3BEHBEB MEXaHM3Ma JaHHOIO BHJA Ha IUIOCKOCTH
JOCTATOYHO OJHOM 000OIIEHHON KOOPINHATHI.

4.8. Ilo 3agaHHOMY OJIOKHpYIOIIEMY KOHTYPY OIpPEAEIUM BEIHYUHBI
JIOTIOJIHUTENBHBIX UCXOHBIX TaHHBIX:

Pucynok 4.2 — bnokupytonuii KOHTYp 3y04aToro MexaHu3ma

— =047
17 17
X1 = X1 min — 0,05 = 0,42

X, = x, —x; = 0,75 — 0,42 = 0,33

PaccunTaeM MUHUMAIBHbIA KOI(P(PHUIMEHT CMEIIEHHS [IIECTEPHU:
17—z 17-9
X1 min =

PaccunraeM MHBOIIOTY yIila 3allCIUICHUS

+ inv(20)

Zq +Zz

(4.2)

3249

+ 0.0149 = 0.028 => «a,, = 24,47°

V&
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4.9. BpluuciuM  3HAYEHHS TEOMETPUYECKHX  IAPAMETPOB

3allCIUICHUS

Paccuuraem guameTp IeNUTEIBHON OKPYKHOCTH:
Jlns mectepan: d; = m * z; = 0,006 *9 = 0,054Mm
Jlns xoneca: d, = m * z, = 0,006 * 32 = 0,192m

Paccuuraem ANaMETp HayajJbHOU OKPYKHOCTH:

. N cos(a) 0,94
Hns wecrepnn: d,, = d; * cos(@) 0,054 * oo1 = 0,056m
. _ cos(a) 0,94
Js koneca: d,, = d; * costa) 0,192 = oo1 = 0,198m

Paccuuraem quameTp OCHOBHOM OKPYKHOCTH:
Js mecrepun: dp, = dqcos(a) = 0,051m
Js koneca: dp,, = d,cos(a) = 0,18m

Paccuutaem quamerp okpyxHocTH BriaauH (hy=1.25):
Jns wecrepnn: dy, = dq + 2m(x1 — h}) = 0,044m
Jns xoneca: dg, = dj + Zm(xz — h]"é) = (0,181m

Paccunraem quamerp okpykHOCTH BepiwH (h, = 1):
Jns mecreprn: dy, = dq + 2m(hg +x; — Ay) = 0,07m
Jns xoneca: dg, = d, + 2m(hg + x; —Ay) = 0,21m

KoaddunueHT ypaBHUTEIBHOTO CMEIIICHHMS:
Ay =x,—y=0,75-0,67 = 0,08m

Kos(pdunreHt BocnpuHUMaeMOro CMeieHus :
ay—a
y=—=0,67m

m

YTOUYHEHHOE MEKOCEBOE PAaCCTOSTHHE:
_ dyy+dy,

@, = =2 = 0,127m

I[CJ'H/ITCJ'IBHOe MCIKOCCBOC PACCTOAHUC!
__dq+d;

a=— = 0,123m

Bricora 3y0ObeB:
h =41 = 0,013m

Vbl poduis Ha OKPYKHOCTH BEPIIUH:

dp
Jl1s mecTepHu: @y, = arccos (d—1> = 43,72°

ai

3y04aToro
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dp
Jlns xoneca: a,, = arccos (d—2> = 29,38°

az

TonmuHa 3y0a 1o OKpy)KHOCTH BEpILUH:

JIns miecTepHu: S; = m%(% + 2x;.tg(a) — z; (inv(aal) — inv(a))) =
0,0112m

Jns  Koneca: S, = m%{f{zz) <§ + 2x,tg(a) — z, (inv(aaz) — inv(a))) =
0,012Mm

4.10. BpimmonHuM OpoBEPKY:
Sa = [sql (4.3)

[se] =0,3m = 0,3 %0,006 = 0,0018m

O06a 3HavYeHHS TOJIIUHBI 3yObEB MO OKPY>KHOCTH BEPIIUH OOJIbIIIEC 3HAYCHUS
MUHUMAJIbLHOH TOJIIIMHBI, TPOBEPKA CXOIHUTCS.

4.11. Beibepem MacitaOHbIN KOA()IUIIUEHT IJTHH:

_nh —0’013—000033 M/
Mz—lxl— 40 MM

4.12. IlepeBeneM Bce reoMeTpUUECKUE MapaMeTphl 3yOUaThIX KOJIEC B JIaHHBIN
MacITaOHbINH KOAPOUITUESHT JITHH.
4.13.0npenenuM paanyc CONpsiKEHUs NMePEeXOHON KPUBOM:

r = 0,384 % 0,006 = 0,0023m

4.14. IlpuctynuM K METPUYECKOMY CHHTE3Y SBOJBBEHTHOI'O 3alCILICHUS
3y04aThIX KOJIEC:
OTnoxum mexoceBoe pacctosaue ( a,, ). [lpoBeaem HauanbHYIO, AETUTENbHYIO,

OCHOBHYIO OKPYKHOCTH, a TaK)K€ OKPYKHOCTH BEPIIMH W BIAJWH 3yObeB A
3y0uaToro Kojeca u MIeCTepHH.
Hauaneubie okpyxnoctu (d,, u d,) JOKHBI CONPATaThCA B TIOJIOCE

3aneruieHus (P ). OTkiaapiBaeM o yriaom ( ¢, ) OT auHuu 1eHTpos ( 0,0, ) 1is Kojeca

U JUIS [IECTEPHU JIY4H, MEPECEKaI0INe OCHOBHBIE OKPY>KHOCTU B TOukax A U B.
Yepes Toukn 4 U B pOBOAUM MPSAMYIO - JIMHUIO 3aneryieHus. OHa NpoXOoauT Yepes
nostoc 3anerieHus (P ). OTpe3ok OoT TOUKH comnpsikeHus (P) 10 TOUYKH TepeceueHus
(A4), menuM Ha miecTh paBHBIX 4acTel ;. [IpoermpyeM MoiydeHHbIE TOYKHA Ha
OCHOBHYIO OKPYKHOCTb, IIPOBOJIUM UY€pe3 KXY U3 HUX KacaTelbHYK K OCHOBHOM
OKPYXHOCTH, M Ha KacaTeJbHbIX OTKJIaJIbIBAEM BEIMUUHY OTpe3Ka ( PA4), Kaxablid pa3
yMEHbIIas Ha BENWYUHY ai. [lodydyeHHble TOYKH COEOUHSEM ILJIABHOM KPHUBOW H
MOJly4aeM HIDKHIOIO TOJOBUHY 93BOJBBEHTHOro mnpoduias 3yda. AHAJIOTHYHO
NOCTPOMM BTOPYIO MOJOBUHY Npo¢uis 3y0a, TOIbKO YBEIWYMBasi OTpe3ok PA Ha
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BeTnunHY ¢j. OTKIaAbpIBaeM TOJIIHUHY 3y0a 1O IETUTEIBHOW OKPY)KHOCTH U ITUPHHY
3y0a 1o OKPY>KHOCTH BepiTuH. CUMMETPUYHO 0TOOPA3HM BTOPYIO TIOJIOBUHY MTPOQHIIS

3y0a. AHaJIOTMYHO CTPOUM IPOQMIIbL 3y0a MIECTEPHHU.

4.15. BbINONHUM METPUYECKUN CHUHTE3 KHMHEMATUYECKOW CXEMBI IIJIOCKOIO

3y04aToro MexaHu3Ma:

6 AHaJU3 U CMHTE3 CJ0KHOI0 MJIOCKOIro 3y0UuaToro MexaHu3smMa

6.1 BoruepTuM CTpYKTYpHYIO CXEMY U HaUMHAs C BEIYILETO 3BeHa IECTEpHH 1,

0003HaYNM 6YKBaMI/I JJAaTHHCKOI'O aH(I)aBI/ITa IIOABMI)KHBIC COCOAMHCHHSA 3BCHLCB,

coJieprKalliecs B CTPYKTYpe MEXaHU3Ma.

1.5
N |
T
0
0 = & = k-

Pucynok 5 — CTpykTypHas cxema CJIOKHOI0 3y0uaToro MexaHu3ma

KIT 5.0302-123456 789 113

V&

ucm N Jokym. lodnucs | fama

Jlucm

67




6.2 CornacHo kiaccu(UKaIUU CIOXKHBIX 3yO4aThlX MEXaHM3MOB, YCTAaHOBHUM
THII 33IaHHOM CTPYKTYPHOU CXEMbI MEXaHU3Ma.

[IpoBenem kinaccupUKaLMIO JAHHOT'O CIIOXKHOI'0 3y04aToro MexaHu3ma.

PaccmarpuBaeMblii MEXaHU3M UMEET 4 CTYINEHU (TUIIOBBIE MEPEAAUHN):

1) 1-2 — TuroBas MUWIMHAPUIECKAs Tiepeada ¢ BHYTPSHHHUM 3alleTUICHUEM;

2) 3-4 — TumnoBas IWIMHIPUYECKAs Tiepeiada ¢ BHEITHUM 3allCTICHUEM;

3) 5-6 — TumoBas MITMHIPUYECKAs TIepeiada ¢ BHEITHUM 3allCTICHAEM;

4) H-7 — nByXpsAHbBIN IJIaHSTAPHBIN 3y0UaThlii MEXaHU3M C JIBYMs BHCIIIHUMU
3aleTICHUSIMH.

JlaHHBIA MEXaHM3M SBJISETCSI MHOTOMOTOYHBIM, TaK Kak KOJIHUYECTBO
caremuToB K=2>1.,

Mexanu3m coctouT u3 cTodku 0, MpeaCcTaBICHHOW MSATHIO IMIAPHUPHO-
HETOABKHBIMU oropaMu. MexaHu3m uMeer 3 0yioka 3yodatsix koiec: 2-3, 4-5, 9-8.
brok xonec paccMaTpuBaeTcs Kak OJTHO MOJBMKHOE 3BEHO.

CxeMa miaHeTapHOTrO MEXaHU3Ma COAEPKUT MOABUKHOE COJIHEUYHOE KOJIeco 7,
HEMOJBMXKHOE CoTHeuHoe kojieco 10, Boauno H He sBisieTcs 3y04aThiM KOJIECOM, OHO
NpeaCcTaBisieT co0Oi pblYar, Ha KOTOPOM YCTaHOBJIeHA caTeiuThl. CaTenauTsl B
CXeMe IJIaHETapHOr0 MEXaHU3Ma MPEICTABICHbI 0JIOKOM Koiec 9-8.

Bce 3BeHbsSI TaHHOTO CIOXKHOTO 3y04aToro MexaHu3Ma COBEPIIAIOT ABM)KECHUE
napajyieIbHO OJHOU MJIOCKOCTH, TIO3TOMY PaCCMaTPUBAEMbII MEXaHU3M OTHOCHUTCS K
TUTOCKAM MEXaHHU3MaM.

6.3 BeiOepem  cTpykTypHYI0  (OpMylly, COOTBETCTBYIOIIYIO  3aJaHHOMN
CTPYKTYPHOI CXeMe MeXaHU3Ma.

Jlnst  ompeneneHUsT TOABWKHOCTH IUIOCKAX MEXaHM3MOB TPUMECHSIETCS
cTpykTypHas ¢popmysa YeOrbiena:

W =3n-2p, - p,, (6.1)

rae N — KOJIWYECTBO MOABHKHBIX 3BEHLEB;
P, ¥ P; — YUCIIO KNHEMATHUYECKUX Nap 4 U 5 KI1accoB;
W — nmoaBm»XHOCTH MEXaHU3MA.

6.4 OnpenenuM Ha3BaHME€ M BHJ COBEPLIAEMOrO JIBI)KEHUS 3BEHBEB.
Pe3ynbpratel npeacrasiaeHsl B Tadnaune 13.
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Tabmuia 13 — 3BeHbs 3y0uaToro MexaHu3ma

Ne 3Bena

Cxema

Bug nsmxenus /
Ha3BaHUE 3BE€HA

Henonpmxuoe /

croiika 0, HEITO IBM>KHOE
coJIHeUHOe Kojieco 10
(IMMTMHAPUYECKOE KOJIECO ¢
BHELITHUMHU 3yObsIMU)

BpamatensHoe /
[IJIHHIPHYIECKOE KOJIECO C
BHYTPEHHUMHU 3YObSIMH

BpamarensHoe /
OJIOK LIMIMHIPUYECKHX KOJIEC
C BHEIIHUMU 3YObSIMU

BpamatensHoe /
OJIOK IMIMHIPUYECKHX KOJIEC
C BHEIIHUMU 3YObSIMU

BpamarensHoe /
BOJIUIIO

V&

/ucm N° dokym.

[Tadnuce

Lfama
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BpamarensHoe /

5 -, ,45’ caTeuiT (UIMHAPUYECKIEC
o KOJIECA C BHEITHUMH 3YObsIMH)
BpamarensHoe /
6 H— LMJIMHIPUYECKOE KOJIECO C

BHCIITHUMH 3}76B$IMI/I

W3 ananu3a TaOauUIbl CIEAYET, YTO CXeMa MEXaHU3Ma COJIEPKUT 7 3BEHBEB, U3
KOTOPBIX HETMOABMKHBIM siBiisieTcst 1 (cToiika 0), cienoBarensHo, N = 6. HemoasmxHOE

cojHeuHOe Koieco 10 Takyke OTHOCHUTCS K JIeMEHTaM CTOMKH.

6.5 BrisiBuMm Ha3BaHHUC, KJIAaCC INIOJBHXHOCTb, BUJ KOHTAKTAa N 3aMBbIKaHHUA BCCX

KMHEMaTUYeCKHX map. Pe3ynbTaThl peacTaBieHsl B Tabuie 14.

Tabnuna 14 — Kunematuueckue mapbl 3y04aToro MexaHu3ma

Bun konTakra / Kunacc / Ne 3BeHbeB /
Cxema KII
3aMbIKaHE MOABHMKHOCTD Ha3Banue KII
IToBepXHOCTH 4
RN 0-1/
(Hu3mast) / +—H 5/1
R BpamiaTeabHas
reOMETPUUECKOE
-l 5
Touka
(BbICIIAsN) / 412 1-2/
3yOuaras
reOMETPHUECKOE
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IloBepxHOCTB 0-2/
(Hu3mast) / 5/1
BpauiaTenbHas
reOMETPUUECKOE
5
b
H 'r
Touxka 3 i )
(BbICIIas) / 412 2-3/
3yOuaras
reOMETPUUYECKOE
‘\\\
7
— P 5
0
IToBepxHOCTB 4 L 0-3/
(Hu3mas) / 5/1
BpamiaTeIbHas
F€OMETPUUYECKOE
--_./"'”5
b —
Touka
(BbICIIAsN) / 412 341
3yOuaras
F€OMETPUUECKOE
--I [
"""-\-\.\_\_\_\_\_ ] ] -._\..
H
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IToBepXHOCTH 1 0-4/
(Hu3mast) / 5 5/1 BpamaTensHa
reOMEeTPHIECKOe
[ToBepxHOCTH
(Hu3mas) / 5/1 45/
BpalareabHas
reoOMeTpHIeCcKOoe
.H
9.
v 8
Touka 70\ 0-5/
(BbICIIasn) / 4/2
O 3yOuaras
TeOMETPUIECKOE oW
o T
™
Ny )
7
Touka
(BbICIIAsN) / 412 56/
3yOuaras
reOMEeTPUIECKOoe
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[ToBepxHOCTH N 0-6/
(am3mas) / J—— 5/1 BpaiaTe/bHast
TEOMETPUUIECKOE _'_YT P
]

——

6.6 OmpenenuM BUJ KHHEMATHYECKOW ICTH, BBISBUM KOJWYECTBO AJIIEMEHTOB
CTOMKH (YHCIIO MPUCOSAMHEHH I MOJIBHKHBIX 3BEHbEB K CTOMKE).

W3 ananuza tabiamir 13 u 14 MOXKHO cieaaTh BEIBOJ, YTO KHHEMAaTHYeCKas 11eb
ATOr0 MEXaHHW3Ma SIBJISIETCS CIIOKHOM, TaK KAaK Ha CXEM€ MNPHUCYTCTBYIOT 3BEHbS,
KOTOpBIE€ BXOJIAT B COCTaB OoJiee 2-yX KHHEMAaTHYECKHUX Map, a MMEHHO — TPeX, TAKKe
3Ta KUHEMAaTU4YeCKasi 1eTb SIBISETCS 3aMKHYTOM.

B nanHOM MexaHM3Me K CTOMKE MPUCOECAUHEHBI S TIOJIBUKHBIX 3BEHBEB.

6.7 O60cHOBaB 3HaUYCHUS KOA(DPHUITUEHTOB, OMPEICTUM ITOBIKHOCTH (CTEIICHb
MOJABM)KHOCTH) MEXaHU3MA.

JlaHHBIM MexaHu3M uMeeT 11 kuHeMaTu4eckux nap: 5 ¢ NoABMKHOCTh, PABHOM
2 (p,=5), u 6 c NOIBUKHOCTBIO, paBHOU 6 (P, =6).

Ps=6; P,=5 N=6=>W=3-6-2-6-5=1.

[TonBmxHOCTh uccnenyemoro Mexanusma W =1, »3T0 oO3Hagaer, d4TO
JOCTATOYHO OJHOH OOOOIIEHHOW KOOPJHMHATBHI IS OJHO3HAYHOTO OIpeaeICHHUS
MTOJIOKEHHH BCEX 3BCHBEB MEeXaHM3Ma Ha IMJIIOCKOCTH.

6.8 Ompenenum vuciia 3y0ObeB BCeX KOJIEC MEXaHU3Ma

s cTymeHe#, COCTOSIIMX W3 THIIOBBIX MPOCTHIX 3yOUaThIX MEXaHU3MOB,
noa0epeM urcia 3yObeB KOJIec, UCIONIb3Ys YCIOBUS METPUUECKOTO CHUHTE3a.

Pacrimmiem 06H1ee nepeaaTo4YHOC OTHOMICHUEC MCXaHU3MaA !

i17:i12'i34'i56'i1H07: L ) 1 ) 1 ) L = - (6.2)
(L1..8) (1..6) (1..6) (20..250) (22...72000)

HpOBGpI/IM BO3MOKHOCTD pCain3allvu 3aJTaHHOI'O IICPCAATOYHOI'O OTHOIICHMA

- _ - - - .10 _ - - - 1 _
b7 =l lgy - lsg Tz = by gy v lsg S0 T
74
Z Z Z 1
S 0 e’ R Y T N I [ = (6.3)
Z Z, Z B ﬁ @
Z; Zy
_h | || s | 1— 29" 4y =45.10°3
1 Zy Zg Zyy - Zg
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3HaK «+» O3HA4aeT, YTO BXOJHOE M BBIXOJHOE 3BEHBS CIOXKHOIO 3y04aToro
MEXaHHW3Ma BpAIIAIOTCS B OJMHAKOBBIX HampaBieHUsAX. [laHHas cxema MexaHHW3Ma
peann3yeT 3aJaHHOe MepeIaTOYHOE OTHOIICHHE |, .

Pa3noxuMm oOmiee mepemaTodyHOE OTHOLIEHHE I, MO CTymeHsAM (pspam) Ha

OCHOBE pean3alyy BO3MOKHOI'O IIpeieia NepeIaTOuHbIX YACE:
1111

R T _
by =l lgy lgg Iy ===~ =~ —=0,005 (6.4)
[TogGepem umncna 3yObeB MJisi TUIIOBOM IWJIMHIAPUYECKOW Tmepemadu 1-2 ¢

BHYTPEHHHM 3a1ieruieaneM. Vicxons u3 ycinoBusi uHTEpEepEHITNN WIH TTOIpe3a 3yOheB

KOJIeC JUIA TIepelayd C BHYTPCHHHM 3alleIUICHUEM YCTaHABIIMBAIOTCS HEKOTOpHIC

OrpaHUYEHMUS:
Zymp 2 20; 2,,285; |7, —2,,, 18 (6.5)
Torpaa uucno 3y0beB nepegauu 1-2:
1 .z :
s he=T"=40L=4"
8 Z,

[Tpunumaem z, =20=z, =160.

[TonGepeM umcia 3yObeB JIsl TUMOBOW MWJIWHAPWYIECKOW mepemaun 3-4 ¢
BHEIIIHUM 3alnerienneM. Mcxonst U3 ycioBusi UHTEpPEPEHIIUA WIN MOJpe3a 3yOheB

KOJIEC C BHEIIHUMU 3yObsIMU Z, > Z .., TJIe IpH yrie npoduist o = 20° MHHEMAaTBHOE

min ?
BO3MOKHOE uucilo 3yobeB z . =17. Toraa uucio 3y0beB nepenauu 3-4:
1 . 4

i __ %4 _ ;
==y =TT =2 =0y,

3) Z,
ITpuaumaem z, =17 =z, =85.

[TonOepem umncna 3yObeB Il TUIOBOM IWIMHIPUYECKOM mepenadu 5-6 ¢
BHEIIHUM 3alEIUIEHUEM. Y CIIOBUE OTCYTCTBUS MHTep(depeHIH AJis 3TOW Mepenaydn
OyzeT TakuM ke, Kak Jyuis nepenaun 3-4. Torga yucio 3yObeB nepeaaun 5-6:

1 4

_i __% i
—E=hke =TT = L= L5 g

5 Z
[Mpunumaem z, =17 =z, =85.
Jnsa crynenn H —7, coctosimeil U3 ABYXPSIHOTO IUIAHETApPHOTO 3yOuaToro
MeXaHH3Ma C ABYMs BHEUTHUMH 3aLEIUICHUSIMU, TTOJ0epeM ducia 3yObeB, UCIONb3YsI

MeTOJ COMHOXHuTene. OnpenenuM, KaKoe€ 4YUCIO IPUXOAUTCA Ha BHYTPEHHEE
NepeAaTOYHOE OTHOIIEHNE MEXaHU3MA:

1 9 1 1 . 1 1 . 1 24
— =0 =" =1-— =i = _— =1-i=1-—="" (6.6
25 "4 i 1Y 1 A 2525 OO
j (10)
I?H
BayTpeHHee nepegaTrouyHoe OTHOIIECHHUE IEPEJATOYHOI0 MEXaHU3Ma!
. 24 z Z Z, Z
|7(1HO)__: 8 || 20| -8 "0 (6.7)
25 Z, Z, ) 7, Z
BBenemM COMHOXUTENN:
Jlucm
KT 15.035.07-123456 789 113 48
. | /lucm N Jokym. lodnucs | fama




Z, 1 B D
z,=A 2,=B,2,=C,z,=D=>=2. L =—.— (6.8)

z, z, A C
PYKOBOI[CTBYHCI) mnpeaciaMu nepCaAaTOYHbIX HUCCII KaXa01ro paga
IJIaHCTAapHOI'0 MCXaHH3Ma, Hoz[6epeM TPpHU BapHaHTa OTHOLICHMA COMHOKUTEIIEH
TaKuM 06pa30M, I-ITO6I>I B IIPOU3BCACHNH JaHHBIC COMHOKUTCIIN AaBaJIv IICPCAATOTHOC

i(H)
OTHOILEHHE |71y .

CooTHolIeHUs PSAOB IJITAHETAPHOTO MEXaHU3MA:
- BHEILIHEE 3allCIUICHHE

B_n__1 (6.9)
A z, (1.6)

- BHCIIIHECC 3alICIIJIICHUC

D z,

—=10-(1..6 6.10
c L (1...6) (6.10)
Torna:

24 7,3, _38_ 4 6_2125 (6.11)
25 z, z, 55 1252 5 5

JIns maHEeTapHOW CTYNEHW 3alMChIBAEM YCIOBHE COOCHOCTH YEpE3 4vucia
3yObeB M COMHOXHUTEIHU. JlaHHOE YCIIOBHE TJIACHT, YTO OCH IIEHTPaJIbHBIX KOJIEC
JIOJKHEBI JI€XKaTh Ha OHOM JIUHUMU.

Z,+2,=2,+1, (6.12)
C y4eTOM COMHOKUTEIEH:

A+B=D+C (6.13)
[Ipeobpazyem k BUAY:

a-(A+B)=b-(D+C) (6.14)
Tornpa:

a=(D+C),b=(A+B)=

=z,=A-a-9,z,=B-a-q,z,=C-b-q, z,=D-b-q
rne q — HpOHSBOJ'IBHLIfI COMHOKUTCIIb, 06GCH€‘1HBaIOHII/Iﬁ BBITIIOJIHCHUC YCIIOBHUA
OTCYTCTBUA MHTEp(EpPEHINU 3yObEB U YCIOBUE OTCYTCTBUS 3aKJIIMHUBAHUS 3yObEB BO
BHYTPCHHCM 3allCIVICHUU.

B Tabmunie 15 mpeacraBiieHbl COMHOKHTEIM W YUCIIA 3YObEB IS KaXKI0IO
BapuaHTa mojaoopa.

(6.15)

Tabauua 15 — BapuanTel nogdopa uncen 3yObeB

N A B C D a b Z Zg Zq Zyg q

BapHaHTa
65 39 40 64
1 5 3 5 8 13 8 65 39 0 64 1

100 | 32 33 99
2 125 |4 2 6 8 16,5 100 |32 33 99 1

875 |35 35 87,5
175 |70 70 175

3 5 2 5 125 |175 |7
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[Tony4yeHHBI BEpXHUU psAl 3yObEB Ka)XXJAOr0 M3 BApUAHTOB IPOBEPSIEM IO
yCIOBUSIM  OTCYTCTBHsSL HMHTepdepeHumu. [l Kaxzmoro psna IUIaHETapHOTO
Mmexanusma: z. =17.

Bce BapuaHTBI ITPOXOAAT TaHHYIO NPOBEPKY, HO TaK Kak B 3 BapHaHTE 4yucCla
3yObeB Z, U Z;, OMYIHINCH HE LIEJIBIMHU, TO YMHOXKAeM JaHHBIN psii Ha (| =2.

[Tony4yeHHble HUKHUE PAJIbI YKCEI 3yObeB MPOBEPSEM MO YCIOBUSIM COCEACTBA
U COOpKH. YCJIOBHE COCEACTBA INIACHUT, YTO 3yObsl CATEINIUTOB HE JOJIKHBI KacaThCs
Apyr apyra. JlaHHoe ycioBue onpeaensercs no Gopmyie:

(7 max(z,,)+2
sm(—j> (25) , (6.16)
K Z, + 24
rae K=2 — 4uciio caTeInToB;
max(z&g) — Oonb1Iee U3 YnCEN 3yObeB KOJIEC CATEIIIUTOB.

[ToacraBinsst unciioBbie JaHHBIE B popMyity (6.16), monydaem:

(7 Z,+2 40+2
1) sin| = [=1> = =0,4 = yclIOBHE BBIOITHSICTCA.
2 Z,+2, 39465
2) sin Tlo1s5 2 = 33+2 =0,27 = ycnoBUE BBITIOTHSICTCSI.
2 z,+2, 32+100
3) sin Zlo1s5 +2 = 45+2 =0,48 = ycnoBue BBITIOTHSACTCS.
2 Z,+2, 55+44

[To ycioBHiO cOOpKH KOj€ca CaTEUIMTOB JIOJKHBI OJHOBPEMEHHO BXOJUTH B
3alleryieHde ¢ 3yObsMM IEHTPaJbHBIX Kojiec. JlaHHOE yCiIOBHE OIpeAensercs o

dbopmyie:

00 -Z—k7.(1+k- p)=B, (6.17)

rae Z, — 4ucio 3yObeB BEIYIIEro Kojeca;
P — m000e HaTypallbHOE YHCIIO;

B — mo6oe tienoe uncno.
VcnoBue cOOPKH BEITIOIHAETCS, €CIIU IIPH JIF000M mapamerpe P, B momyuaercs

TOJIBKO II€TTBIM YHCIIOM.
[ToacraBiisist unciioBbie JaHHbIE B popMydy (6.17), monyyaem:
- 1 1 BapuaHTa:

1 65
- e 1+ 2 . = B
25 2 ( p)
13
E . (1+ 2- p) =B = yclioBHe He BBITIOIHICTCS.
- JUIs 2 BapuaHTa:
1 100
- e . 1+2. = B
25 2 ( p)

2- (1+ 2- p) = B = ycioBue BeIMONHSIETCSI.

- U1 3 BapuaHTa:
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i.@.(l+2. p): B

25 2

3,5 (1+ 2- p) = B = ycioBue He BBIIOIHACTCS.

3a OKOHYATENIbHBIA BapUAHT YHCENl 3yObEB JJII YETBEPTOW CTyHeHU (psa)
BpIOMpaeM BapuaHt Ne2: z, =100, z;, =32, 7z, =33, z,, =99

6.9 PaccunTtaem auameTpbl HAYAIBHBIX (JIETUTEIbHBIX) OKPYKHOCTEH KOJIEC 0

dbopmyie:

d=m-z, (6.18)
rne Mm=175, mm=0,00175, m — moxyns.

d,=m-z,=0,00175-160=0,28, (m).

d,=m-z,=0,00175-20=0,035, (m).

d,=m-z,=0,00175-85=0,14875, (m).

d,=m-z,=0,00175-17 =0,02975, (m).

d, =m-z,=0,00175-85=0,14875, (m).

d, =m-z,=0,00175-17 =0,02975, (m).

d,=m-z,=0,00175-100=0,175, (m).

dg =m-z,=0,00175-32=0,056, (m).

dy =m-z,=0,00175-33=0,05775, (m).

d,=m-z,=0,00175-99=0,17325, (m).

6.10 Bribepem macmTabHbIi KO3 PuueHT ammH mo Gopmyiie:

1 = Qo _ 028 _ 5 g {ﬁ} (6.19)

|y| 100 MM

rjae |y| — IPOU3BOJIBHO BBIOPAHHBIN OTPE30K, MM.

6.11 [lepeBoas BbIYMCIICHHBIE 3HAUEHUS TUAMETPOB HauaJIbHBIX (1E€TUTENbHBIX)
OKPYXHOCTE Kojiec B MaclITaOHbIH KO3(PQGUUUEHT MAJIMH, BBIIOJHUM CHHTE3
KMHEMAaTHYECKOW CXEMbl MEXaHN3Ma.

[lepeBoguM  TONMyYeHHBIE 3HAYCHHUS JHAMETPOB 4Yepe3  MAacCIITaOHBIN
ko3¢ dunmenT mo dpopmye:
d.
|di|=—', (6.20)
H;
Pe3ynpTaThl npeacTaBieHsl B Tadauie 16.
Tabnuna 16 — Jluamerpsl 3y0UaThIX KOJIEC MEXaHHU3Ma
o] 2 3 4 5 6 | 7 | 8 | 9 10
KoOJI€Ca
d. w | 028 0,03 | 0,1487 | 0,0297 | 0,1487 | 0,0297 | 0,17 | 0,05 | 0,0577 | 0,1732
' ' 5 5 5 5 5) 5 6 5) 5
M
L, — 0,0028
MM
|d|, mM 12,5 | 100 | 53,125 | 10,625 | 53,125 | 10,625 | 62,5 | 20 | 20,625 | 61,875
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[TocTpouM KMHEMATUYECKYIO CXEMY JAaHHOT'O CIOKHOr0 3y0UaToro MexaHu3ma
B HaiijileHHOM MacmTabHoM kodddunmente. PaccrosHue Mexmay kojiecaMu Oepem
IIPOM3BOJIBHO, TaK KaK OHO HE BJIMSIET Ha MepeaTOuHyI0 (QYHKIMIO MEXaHU3Ma.

6.12 OmnpenenyM xapakTepHbIE TOUKH MEXaHU3MA.

[IpocTaBUM Ha KMHEMAaTHYECKOM CXEME XapaKTEpHbIE TOYKH, JUISI KOTOPBIX
ONPEAENSIOTCA BEJIWYMHBI JIMHEWMHBIX M YIJIOBBIX CKOPOCTEH. ODTUMHU TOYKAMHU
ABJISIFOTCS TOYKH, MPUHAJIEKAINE TEOMETPUUECKUM OCSIM KOJIEC, @ TAKXKE IOJroca
3allerieHus KoJiec.

6.13 Bri6paB macmtabHbIe K03 (PHUIIMEHTHI OCE AJTMH U JIMHEHHBIX CKOPOCTEH,
BBIIIOJIHUM CHUHTE3 IJIAHOB JIMHEWHBIX U YTIJIOBBIX CKOPOCTEM.

[IpaBee OT KMHEMAaTUYECKOW CXE€Mbl MPOBOAMM OCh [UJIMH MapajielibHO
PacmoNIOkKEHUIO 3y0UaThiX Kojiec MexaHu3zMa. Och JIMHEHHBIX CKOPOCTEH JICKUT Ha
OJTHOM TPSIMOM C OCBIO BEAYHIEro Kojeca. XapakTepHble TOUYKH MeEXaHH3Ma
OPOELUPYEM Ha OChb JJIHH.

Paccunraem JMHEHYIO CKOPOCTh MOABHKHOW TOUYKU A BEAYILIEro KoJieca Io
dbopmyie:

d d z-n 028 7-0001

Vy=—"0 = =0,147-10", /c), 6.21
AT T30 T2 T a0 (ufc) (6.21)
rie n = 1000° MUH " —4acTOTa BPAICHHS KOJIEC.
MacirtaOubiit KO3()pHUIHUEHT JIMHEHHBIX CKOPOCTEN orpeaenuM 1o ¢hopmyle:
-4
= a QL4107 a5 ggs | 2| (6.22)
|AA] 2 C MM

rae ‘AA‘ — OTPE30K, XapaKTePU3YIOIIHA CKOPOCTh TOYKU A, MM.
ITocTpoum IUIaH JMHEWHBIX CKOPOCTEH. Bce BEKTOpa JMHEWHBIX CKOPOCTEN

JeKaT IMapajuIeIbHO OCH CKOpPOCTEH. BeKkTop CKOpOoCTHM U4 NOABUKHOW TOYKM A
BEYILEro Koyueca OepeM B MOJIOKUTEIbHOM HANpaBICHUH OCH CKOPOCTEH, BEKTOpa
CKOpPOCTEH OCTaJbHBIX TOUEK MEXaHHM3Ma CTPOUM rojporpadamu, TO €CTh MPSMBIMU
JIMHUSIMH, TPOXOIAILUMU Yepe3 BEPLINHY BEKTOpA JIMHEHHOW CKOPOCTHU IOJBUKHOU
TOYKH 3BE€HA U €r0 MTHOBEHHBIHN 1IeHTp ckopocTteit MIIC.

Hwxe ocu ckopocTer napauiesibHO BBIUEPTUM OCh YIJIOBBIX CKOpocTer. Touka
IIEPECEUYEHUS OCH JUIMH C OCBIO YTJIOBBIX CKOpPOCTEN sABisieTcs Toukor O 1uiaHa. [lnan
YTIIOBBIX CKOPOCTEM IOCTPOUM, MCHOJB3Ysl METO NapajuIeIbHOr0 MEpPeHoca JIMHUM,
napajuieNibHbIX Togorpagam KakKaoro 3BeHa.

6.14 BoruncnuMm 3HaY€HUs JHMHEWHBIX CKOPOCTEH XapaKTEpPHBIX TOYEK U
YTJIOBBIX CKOPOCTEN 3BEHBEB.

3HaueHHUs JIMHEHHBIX CKOPOCTEW ONpENeNuM C IOMOIIBI0 MAaCIITa0HOTO
koa(ddunrerTa mo Gopmyse:

0 =X, 1, (6.23)

rjae |X|i — OTPE30K, XapaKTEPU3YIOIINI CKOPOCTh OMPEIEICHHON TOUKH, MM.

PesynbraThl npeacraBieHsl B Tabsmie 17.
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Tabnuna 17 — CkopocTH XapakTepHBIX TOYEK 3y04aToro MexaHusma
A B C D E F

v, mlc |0147-10* | 0,631-10* | 3154-10* | O | 24,49-10* | 0,735-10°

@ _ D3 s _ Do @ Dy

0 02,3 045 [06,H] |07 |08

YT0OBI OMPEIETUTh YTIIOBBIE CKOPOCTH BEJOMBIX 3BCHBCB MEXaHU3Ma, BBIPA3UM
MX Yepe3 yIriIoBYIO CKOPOCTh BEIYIEro Kojeca:

23 _zn 023 70001 3231
2“0 T30 o 30 04
48z [045_x-0,001 16155
wT% 0 T30 jof | 30 04
o lo6H|_zn 06H|_x-0001 80,773
TS o T30 Jodl 30 0,4 (6.27)
= 21146107, (¢)
07| z.n, [07] z-0,001 3,2
@ a’1|ou 30 [0 30 04
51089 _xon, (089 70001 522,573

(6.24)

-0,846-10%, (cY)  (6.25)

=4,229.10%, (cY)  (6.26)

~0,838-103, (¢ (6.28)

Wy q IOJJ 30 |01I R 04 76,004, (c™) (6.29)
6.15 Beruncnum pakTrueckoe nmpsiMoe U 00paTHOE TepeaaTOYHbIe OTHOLICHUS
MEXAHU3Ma.
HpsIMoe [epeJaTOYHOE OTHOIIECHHUE:
0
| ]'l 0.4 =0,125 (6.30)

W a)7 “lo7] " 32

O6paTHoe HIepeIaTOYHOE OTHOIICHHE:

07 _32_
I, = wl |O]J O 1 (6.30)
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