Ol .9.02.03 TEOPUSA MAIINUH U MEXAHU3MOB
CUJIOBOM AHAJIN3 PBIYAKHBIX MEXAHU3MOB

Metouueckue yKazaHus K KypCOBOMY IPOEKTY

MeTtomnueckue yKa3aHUA COCTABACHDL A1 CTYACHTOB CNEUHAIBHOCTCH

170900 — «IToaBEMHO-TPAHCTIOPTHLIE, CTPOUTENBHBIE H JOPOKHBIE MAIUKHBI H

oo0opyaoBanue», 150200 — «ABTOMOOMIH H aBTOMOOHIIBHOE XO3BAHUCTBO».

291300 - «MexaHH3aupsa U ABTOMATH3aUUA CTPOUTEILCTBA», 170400 - «Mamu-

Hbl H OOOPYAOBAHUE JICCHOTO KOMITICKCA». BBIMOTHAIOMMX KYPCOBOH MPOEKT
IO TCOPHH MEXAHH3MOB H MCXAHUKE MAIIHH.

B VKasaHHAX pacCMOTPEH Ipa)MuIeCKHil METOA CUIOBOTO AHATIH3A ILUIO-

CEHX PBEMAZKHO-HIAPHHPHBIN MCXJIHH3MOB.



1. CWJIOBOH AHAJIU3 MEXAHU3MOB

B xypcoBom npoekTe nocsie NMPOBEAEeHHs CTPYKTYPHOIO H
KUHEMATUYEeCKOro aHanu3a MJIOCKOrO PhlYaXHO-LIAPHUPHOIO Me-
XaHuszMa Tpedyercst NPORECTH CUNOBON aHAAU3 3TOr0 MEXaHU3Ma,
KOTOPBII MPEAMONAracT PEIICHHE MePBOi 3anaun AMHAMHKH — IO
3a0aHHOMY 3aKOHY IOBIDKCHHS ONPEOECINUTb ACHCTBYIOLINE CHUIBL
Tak kaK 3aKOHBI ABW)KEHHS HA4abHBIX 3BEHBbEB U BHELIHHE CHJIbI,
JeHCTBYIOLHE HA 3BEHbA MEXaHH3MOB, 3aJaHbl, TO CHJIOBOH pac-
4eT CBOJAMUTCA B OCHOBHOM K OMpeae/eHHI0 CHJT B KUHEMAaTUUECKUX
napax.

PesynmbTathl CHIIOBOTO aHANM3a HEOOXOAMMBI AJIST NANBHCH-
LIHUX PACUYCTOB OCTANCH HA NPOYHOCTB, JKECTKOCTh, H3HOCOCTOM-
KOCTb, HaAEXKHOCTb, A5 BbIOOpAa THIMOB M pa3MepoB MOALIMIHH-
KOB, ornpezaeneHua koadPHuuneHTa noie3Horo AeHCTBH MEXaHH3-
Ma.

CuIOBOI pacyeT MOXHO MPOBOAUTL C YUETOM M 0Oe3 yueTa
CUJI TPCHUSI B KUHEMATHYECKUX mapax. B KypCcOBOM MpPOCKTE CH-
JIOBOH PAacyeT MPOBOAUTCA O€3 yUeTa CUIT TPCHUS.

OObIYHO TIpH pacueTax aerajeil MeXaHW3MOB Ha MMPOYHOCTb
HeoOX0AUMO 3HaThb U3MEHEHHE BEJIMYHMHbBI CHJI B KHHEMaTHYeCKHX
napax 3a LHkn. [Tpu BINONHEHUH KYPCOBOMO MPOEKTa MOKHO OT-
pPaHUYUTHCA PacU€TOM CHUJ A OAHOIO WM ABYX MOJOKEHUH Me-
XaHU3Ma, B KOTOPBIX ACHCTBYKT MAKCHMAJBHBIC BHCIIHUC Ha-
rpy3ku. K BHEIIHHUM Harpy3kaMm OTHOCATCA. CHIIBI TAKECTH 3BCHB-
eB ((r;), nBwxkywas cuia (F;), MomeHT conpoTuBnenus (M. ).

CunoBoil pacueTr, YUYHMTBHIBAKOLIMNA YCKOPEHHOE IBHXKEHHUE
MacC, MOKHO MPOU3BOJAUTL METOAOM, OCHOBAHHBIM Ha 3aKOHE
HbtoToHa, uau ke ¢ npumeHeHuwem npuHuuna Janamdepa. Tlpu
PELICHHH 30341 MOCICAHUM METOIOM K KaKIOMY 3BEHY, MOMUMO
BHEITHUX CUJl U MOMCHTOB, MPUKJIANBIBAKOTCS T[JIABHBII BEKTOP

cun uHepunu @; v rnaBHbIi MOMeHT cun unepuvn M .. B pe-

3YJAbTaTe BCA CHCTCMA CUJI K MOMCHTOB YCJIOBHO pPaCcCMaTpPHBACTCA



B PABHOBCCHH, 4 3HAYUT 3a1a41y JHUHAMHWKH MOXKHO PCIIATh METO-
AJaMH CTaTHUKH.

I'naBHBEIN BEKTOP €Ul MHEPUMH 3BEHA 51 W TJIABHBIH MO-

MEHT CUJT uHepuun M, onpenensrores no Gopmynam:

1

A€ Hi; - Macca i-T0 3BEHA;

a, - YCKOPCHUC LICHTPd MACC I — I'0 3BCHA,

€, - YIJIOBOE YCKOPEHHUE I — IO 3BEHA,

Jyi - MOMEHT WHepuuu i — ro 3BeHa OTHOCHTENBHO TJIABHOMH
LEHTPAJIbHON OCH, IPOXOISIIEH Yepes UeHTP Mace .S;

I'naBHbIiA BexTOp CUJl MHEpUUU @D, MPUKIAALIBAETCS B LEH-
Tpe Macc 3BeHa .S; H HaNpPaBAETCHA NPOTUBOMONIOKHO d_; .

Hucnoeble 3HAYEHHST MAacC U MOMEHTOB WHEPLHUU 3BCHBLCB
MEXaHU3Ma MPUBEICHBI B 3a/IaHUE HA KYPCOBOE MPOCKTHPOBAHUE.
JAns onpeneneHus BEKTOPOB CUJI UHEPUHH U [JIIABHBIX MOMEHTOB
CHJI UHEPLMH IUTSI BCEX 3BEHbLEB MEXaHH3Ma HeoOXOoauMOo orpene-
JUTB YTIJIOBbIE YCKOPEHHS 3BEHBEB U JIMHEHHBLIE YCKOPEHUS LIEH-
TPOB MACC. ITHU BEJUYNHBI HAXOAATCA MPU KMHEMATUUECKOM aHa-
JH3€ MEXaHM3Ma ¢ HMCHOMB30BAHUEM IpaHYEeCKOro, aHaIUTH4e-
CKOTQ MITH YUCIEHHOIO METOMOB HCCIEIOBaHUS,

Cuibl B3aMMOIEHCTBHS 3BEHBEB PEKOMEHIyeT st 0003HAYATh
Oykeoii Fj; ¢ nBoiaeiM nHzekcoM. lleppas umdpa namexca noxa-
3bIBAET 3BEHO, K KOTOPOMY NpPUIIOWEHa cuna, BTopas uudpa —
3BE€HO, CO CTOPOHBI KOTOPOrO AENCTBYET CUIIA, Hanpumep Fiz _cu-
Jia, ¢ KOTOPOU 3BCHO 2 ICUCTBYET Ha 3BEHO 1.

JUI1 IpoBEACHUST CUIIOBOTO pacueTa HY)»KHO PACUJICHHUTD 3a-
OAHHBINA TUIOCKMH PBIYAKHBIM MEXAHW3M HA TPYINY HAYAJIBHOTO
3BeHa (Ha4aJIbHOE 3BEHO CO CTOMKOI) M CTPYKTYPHBIE TPYIIIBI €
HYJIEBOH CTENeHbr) CBOOO/bI, TAK Ha3blBA€MbIE IPyMbl AcCypa —



CTaTUYECKH OIpENEIUMBbIC TPYIIbI, I KOTOPBIX YHCIO HEHs3-
BECTHBIX CUJI PABHO YUCIY YPaBHEHHUI.

Kunerocraruueckuii pacuer MexaHu3Ma HauMHAEM C IPyI-
nbl Accypa, HauboJjiee yaaneHHO! OT Ha4abHOrO 3B€HA, U MPOBO-
UM €ro B TaKOW MOCAENOBATENbHOCTH, KaK W pasfeieHue Ha
rpyIIbl ACCypa MPU CTPYKTYPHOM aHAJIM3E MEXaHU3MA.

PaccmoTpum Hambosiee 4acTo BCTPEUAKOIIUECS TPYIIBI, U3
KOTOPBIX COCTOAT PbIYAKHBIE MEXAHU3MBI, UCCIIEyEMBIE NTPU KYP-
COBOM MPOEKTUPOBAHUM.

2. CWJIOBOM PACYET I'PYIIIbI ACCYPA BTOPOI'O
KJACCA C ABYMi BPAIIATEJIbHBIMU 1 OAHOU
MNOCTYNATEJIBHON KHHEMATHYECKUMH ITAPAMHA

Takas rpynna npuHaaneKUT KPUBOLUUITHO-ILIATYHHOMY Me-
XaHU3MY U COCTOMT M3 LIATyHA 2, COETMHEHHOTO C MOJ3YHOM 3

(puc. 1).

Puc. 1. Cxema cun rpynnel Accypa 2-3 (BBIT), K;=..., M/MMm



Pacuer HauMHAaeM ¢ OMpeAeneHust CU TAXKECTH 3BeHbeB G2 U
(33, KOTOPBIC NMPHJIOKECHBI B HX LICHTPAaX TSLDKECTH 82 U .S3. Harpas-
NCHBI BEPTUKAIBHO BHU3 U ONPEACIAKTCA KaK IPOU3BCACHUEC Mac-
Cbl 3BEHA M; Ha YCKOpeHHe cBOOOAHOTO naaeHus g ~ 9,81

Gi=m;- g

Tak kak rpynma OCBOOOXKACHA OT CBA3CH, TO BMECTO HUX
NPUKIAALIBAEM COOTBETCTBYIOLIME peakuuu: peakumio F,,, neii-
CTBYIOLIYI B MOCTYMATENbHON Mape CO CTOPOHbI HEMOABUKHOTO
3BeHa 4 Ha 3BeHO 3, U peakumio F,,, neficTBylolyto B mapHupe A
CO CTOPOHbI 3BeHA | Ha 3BeHO 2.

Peakuus F HC HU3BCCTHA IO BCIHYHMHCE, HO HM3BCCTHA IIO

34
HaMpPaBJIEHUIO. OHA NMEPTNECHANKYJISIPHA HaNpaBsto e 4.

Peakuus F,, He M3BeCTHa HW MO BeNUYMHE, HU MO HAMpaBs-
nenmto. PacknaabiBaeM ee Ha ABE€ COCTaBASIOLIME. TAHTeHLHUab-
Hyto F.,, HanpaBfieHHYHO NeprneHAnKyaspHO 3BeHy AB, u Hop-

ManbHy10 F,;, HanpasieHHylo BAOJbL 36€Ha AB.

Cuna npou3BOACTBEHHOTO conpoTusineHus F,. aelicTeyer

HA TOJI3VH 3, TIPOXOOUT 4Yepe3 €ro LCHTP TSHKECTH 3 CoBMamaro-
WK ¢ TOYKOH B, HanpaBiieHa NMPOTHB ABWXKEHUA MOA3yHa (Ha-
NpaBlieHHE ABHXKEHHA OMNMpPEAENseTcsi MO HANpaBlEHHIO CKOPOCTH
TOUKH B M3 nnaHa ckopocTeil Ans AAHHOTO MOJOKEHUS MeXaHU3-
ma). BenuunHa cuibl 1ud0 3aaaHa, AMdo onpeaensercs no UHAU-
KaTOPHOU IuarpaMme.

JList Toro, 4TOOBI pacCMATPUBATE TPYIITY KAK HAXOIALIYIOCS
B PaBHOBECHM, NMPUKIAAbIBAEM B TOUKaX .57 H .$3 NaBHble BEKTOPbI

cun ynepunn @, u @, BennuuHbl 3TUX CHN ONpeaenseM no

dbopmynam:
D,=-mryug,; O ,=-mszag,



3HaK MHHYC B 3TuUX (hOPMYJIaxX ITOKA3bIBAET, YTO INIaBHbIE
BEKTOPbI CHJI MHEPLUHUU HAMNPABJIEHBl MPOTUBOMOJONKHO BEKTOPAM
YCKOPEHUH LIEHTPOB TAXKECTU 3BEHBEB.

BenuuuHbel U HampaBneHUST YCKOPEHHUH I[IEHTPOB TSKECTH

3BEHLEB A, U (., ONPEAENsieM MO MIaHy YCKOPEHHUI AN AaHHO-

r'o MOJQOKEHUSI MEXaHU3Ma.
K 3Beny 2 npHKnazbelBacM €ILUE T'JIABHBIH MOMEHT CHJI HHEP-
LHH:

Mr;,z = - Js253

BenuuuHy yriioBoro yCKOPEHHs OIpenenseM CICOyIOLIMM
obpazom:

!
ap,

£, =

I
BenuuuHy u HanpasneHue d,, ONPenesseM Mo MiaHy yCKo-
peuuii. Hanpasienue €, COBNafaer ¢ HANPaBIeHUEM d, .

HucneHHoe 3HauUeHHe MOMEHTa HHEPLIMH Js2 1aHO B 3a1aHUH
WU MOKET OBITh OIPENeICHO Mo (popMye;

2
] _ mZIAB
82 T
12
IlepexoaumM k ompeneneHuro peakimit F, u F,,, a Takxe

peakuuun F,,, neiicTByroluell B wapuupe B ¢co CTOpoHHI 3BeHA 2 Ha

3BeHO 3. PacyeTr npou3BOAMM B CIEAYIOLIEM NOPSAKE.
1. PaccmarpuBaem paBHOBECHE 3B€HA 2 U ONPEAENIEM CUIY

F,, . Tak kax 3BCHO 2 HAXOAUTCS B PABHOBCCHH, TO CYMMa MOMCH-

TOB BCEX CHJI, MPUIOKEHHBIX K 3TOMY 3BEHY, OTHOCUTEIBHO TOUKU
B paBHa HyIO:

M (F)=0,-M(F}, ) + Mp(G3) + Mo; - Mp(®) = 0
UJIH - F;‘, 'l,:1f5+(;2 heytMe:— @rher= 0,



G,-h;, +M,,-D,-h,,
1,18

B sToM ypaBHEHHH H Aasiee [IeHH chuil 0003HauCHH Yepes A
C MHAECKCAMM JTUX Cwi. Bce muedn onpenenstoress HEnocpencT-
BEHHBLIM HM3MEPEHHEM Ha YePTexKe ¢ YYETOM MACIITAOHOrO KO-
(uuuenta K;.

Ecnu cuna F'2; TONYyYATCs CO 3HAKOM MHHYC, TO 3TO 3HAYHT,
YTO OHA HAIMPABJIEHA ITPOTHBOIOIOKHO TOMY HANPABICHHIO, KO-
TOPOE MBI MIEPBOHAYANBEHO MOKA3a7H HA YEPTEKE U UCTIONb30BAIH
MpY COCTABJIEHUH YpaBHEeHHUs. B nanbHeAuInx pacHeTax Mbl 10JIK-
Hbl ﬁyﬂeM NMPUHUMATD €€ NEeUCTBHUTEJILHOE HarnpaBJeHHE.

2. PaccmaTpriBaeM paBHOBECHE BCEH TPYMMbI B 11€JIOM U O-

TOr 4 FH:

rn
penensieMm peakuuu F,;, n F,

Tak Kak rpynmna HaXOIHUTCS B PAaBHOBECHH, TO I'eOMETPUYE-
CKasi CyMMa BCEX CHJI, IeMCTBYIOLMX HA €€ 3BeHbs, PaBHA HYJIO:

ET+E3+52+(_;3+FRC+F_134 = 0.

JIBYMSl TMHUAMU MOAYEPKHYThI CUJIbI, U3BECTHbIE MO BEJIU-
qHe U 110 HAIpaBJICHUIO, ONHON JIUHUEH — CHNBL, ¥ KOTOPBIX U3-
BECTHBI TOJIBKO HalpaBIeHUS.

B COOTBETCTBUM C 3THUM YpPaBHEHHEM CTPOUM MHOTOYIOJIb-
HUK CHII (T71aH cuil). MHOTOYTONBHEK TOMKEH ObITh 3aMKHYTHIM.

Jlna 3Toro BoiOMpaeM NPoOU3BOABHO MacLUTAOHBEIH KO3(PPHU-

H
OHUCHT CHJ [KF] = —— H BBIMUCTIACM JJIHHBEI BCKTOPOB, KOTOPBIC
MM

OyayT n300pa:kaTh U3BECTHLIE CHITbI,

Yto0Bl MOAYYUTE JUIMHY BEKTOpPA CHUJIBI, HYKHO BEIUYUHY
CHJTBI pa3ACAUTL Ha MacIITAOHbIN KO3(QGUITUCHT.

3aremM, HaYHHAsI OT TOUKHM O (PUC.2), OTKIAABIBAEM IOCJIEN0-
BATEJIbHO BEKTOPHI HM3BECTHBIX CHI. B KOHLE Ka)XZOTo BEKTOpa
AenaeM CTPesIKy U CTaBUM OO03HAUEHHE CUIIbI,



[TocTpoeHne M3BECTHBLIX CHJI 3aKaH4lBaeM BekTopom F,. B
TOouke 6. YTOOBI 3aMKHYTH MHOTOYTOJIbHHK, MTPOBOJHM Y€pe3 TO4-
Ky 0 nHanpasaenue cunbl F,), a uepes TOUKY 6 — HaNpaBJIEHHE CH-

abt F,, . DT cunbl nepecekaroTes B TOUKE € M 3aMBIKaIOT CHJIOBOI
MHOroyronbHuk. Touka nepeceueHHs STUX CHJ ONMPeieNNT HX Be-

JUYHMHY: 0Tpe3oK g¢ u3obpaxaer cuny F,,  a oTpe3ok ce - cuny

Fr.

|

4

c
Puc. 2. [Inan cun rpynnsl Accypa 2-3 (BBII), Ki==..., H/mm

O]'I]DEI[E.I'IHE:M HX HCTHHHBIE BEIHYHHDI:
—— | p—
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Onpenenus F ";; u F '3, AyxkHO Ha nnaHe cUi HAliTH mon-
HYIO peakuui F;; kak uxX paBHOAEHCTBYIOLLYIO. MPOBEAEM Mps-

Myi0 u3 Hadana sexropa F,; (touka c¢) B konen Bekropa F,;; ato




u Oyzner nonHas peakuus F,,, neiicreyrowas B Touke A. Pazyme-

erea I, =-F,,.

3. PaccmaTpuBaem paBHOBeCHe 3BEHa 3 W OrpenesseM peak-
uuto F,, Tak Kak 3B€HO 3 HaXOAWUTCA B PaBHOBECHH, TO MEOMET-
pU4YecKas CyMMa BCEX CHIL, ACHCTBYIOIIHUX HA HErO, paBHA HYJIO:
&"'&"‘Fsc +F,+F;, =0

Bexropnas cymma (@, +G, +F,. +F,,) na nnaue cun

(puc. 2) y:xxe umeercsa. CoenuHus KoHeEN BekTOpa F

.. C HadajoMm

BekTopa @,, nonyuyaem nuckomblil Bektop F,,. Ha nnane cun on

nokasaH nyHktupom. Pasymeercs F,, = -F,,.

Ha 3TOM 3axkaH4mHBaeTCsl CHJIOBOC HCCHENOBAHHE NAaHHOM
CTPYKTYPHOH T'PYNIIbL

3. CWIOBOM PACUYET I'PYIIIILI ACCYPA BTOPOI'O
KJACCA C TPEMS BPAIIATEJABHBIMU
KUHEMATHYECKUMH NMAPAMHU

Cxema CHJT TakO# CTPYKTYPHOW I'PyNIbl NPUBEAEHA Ha PH-
cynke 3. CuioBOH pacyeT MPOBOAUM B ClEIyIOLIEH MocieaoBa-
TEbHOCTH.

1. OnpenensemM cunbl TsxkecTu 38eHbeB (2 u G

Gr=myzg, G;=m;g.
2. OnpenensieM riiaBHble BEKTOPbI CHJI HHEPLIMH (I_)_, U (I_)j.:

O,=—m, a, O,=-m, a,,.
BenuuuHBl M HampasaeHUA YCKOPEHUH LEHTPOB TKECTH
3BEHBEB (;, U d ,; ONPENCISIEM M0 IUIAHY YCKOPEHUH 111 JAHHO-

o NMNOJICKECHHUA MEXaHHU3Md.
3. Oﬂpeﬂe.ﬂﬂeM rN1aBHBIE MOMEHTBI CHJ1 HHEPLUHH 3BEHLEB!

Mcpz:_‘,sz'sz» Mcr)s:_']ss'ss



BenuunHbl 1 HanpaBieHHs YIJIOBbIX YCKOPEHHH €, H €, 0I-
penmensaeM 1o IUIaHY YCKOPEHHH!

I r

g, ey

Ez oS - E_! — a
s lae

HanpasneHusi £ U €3 ONPEAENSIOT M0 HANPABIEHHSM BEKTO-
POB YCKOPEHHUIT dy, W dyy .

M/MM

Puc. 3. Cxema cun rpynnst Accypa 2-3 (BBB), K;=..

LiE- )

4. PH,GCMH.T]JHBH.EM PaBHOBCCHE 3BCHA 2H onpeneiaaeM CHUty
F,,, nns 4ero cocTapiisieM ypaBHEHHE MOMEHTOB CHJI 3BeHA 2 OT-
HOCHTEJILHO TOYKH B, npenpapHTenbHo Bblﬁpaﬂ HarpasJjieHUe CH-
mn F)):

IM (F)=0; —-M,(F;,)+ M (G,)-M (®,)-M,,=0;
- F.:r 'Lm +Gr ’ h(,‘z _{pz ’ krpz _Mf.DE =0;
G: ; hr;z _‘Dzhm:* -M
"'.-m‘r

2

F.:r=

10



[neuun onpencyiaeM HErnocpencreeHHbiIMH H3MEPCHHAMHW HA
ueprexke ¢ ydetoM K;. Ecnu cuma F,, momyuurtcs co 3HaKOM M-

HYC, TO IPH JaJbHEHINUX pacdyeTax HY:KHO U3MEHUTH €€ Halpas-
JICHHE,
5. PaccmarpusaemM paBHOBECHE 3BCHA 3 U OIPEHEISACM CHIY

F_ ;4 , JAJIsT 4ero COCTaBJISIEM YpaBHECHHE MOMEHTOB CHJI 3B€HA 3 OT-
HOCHUTEILHO TOYKU B, npenBapuTeNbHO BbIOPAB HAINPABAEHHUE CH-
met F,
- r o ‘
M (F)=0;, M (F,)-M_(G,)+M_(®D,)+M,, =0,
r — -
F34 "BC _Gs '1’(;3 +(D3 'h¢>3 +M¢>3 - 03

F! = G; hy;, —@;-hy; M,
A ] *
Bc
6. PaccmarpuBaeM paBHOBECHE BCEH IPyMNIbl B LEIOM U OI-

penensaem cunsl F,; u F,,.

[Tockonbky rpynmna HaxOAUTCS B PABHOBECUU, TO E€OMETPHU-
HECKAasA CyMMa BCEX CHJI, NEHCTBYIOLUMX HA €€ 3BEHbsA, PaBHA HY-
T

n t N ~ t no__
F;, +F, +®,+G,+®,+G,+F; +F, =0.

B cooTBeTCTBHY C 3THM ypPaBHEHHEM CTPOMM IJIaH CHJT AJisL

BCel rpynnel Accypa (puc. 4).
[TocTpoeHue Beaem B NMPOH3BOJILHO BbIOPAHHOM Mac-
wrabe. Haunnas ¢ TOUkH @, OTKIAALIBAEM MOCAEA0BATENBLHO BEK-

Topel m3BecTHoIX cun F),,@,,G,,@. G, F, Ilpoogum uepes
TOUYKY € JIMHUIO, NnapaiesibHyto cuie F, | 1 uepe3 Touky o — ju-
HUIO, TAPAJUIENBbHYIO cHiie F,,, HaxoauM B MepecedeHut dTHX JIH-

HUH TOUKy €. MHOrOyrojpHHUK CUI 3aMKHyJcA, OnpenensieMm Hc-
KOMBIE€ HOPMAJIbHBIE COCTABJIIOLIIE

n__l n_ -
F/=e0-K., F] =ce K.

11



Puc. 4. ITnan cun rpynnel Accypa 2-3 (BBB), Ki-=..., H/mm

—

CoenuHus TOUKH € M a, nonyuyum nonnyto cuny F,, .

F,=eca-K, .

Pazymeercss F,, =—F,,.

AHanorudHo, coenunue Touku d 1 e, nonyunm cuny F,,
F, =de K,

Pasymeercs F,, = —F,,

7. PaccMaTpuBaeM paBHOBECHE 3BEHA 2 U ONPEACISIEM CUITY

F23:

F,,+®,+G,+F, =0

CyMMa TepBBIX TPEX BEKTOPOB HA IJIAHE CHUJT YK€ IMOCTPOE-
Ha. M3 xonua Bextopa (r, (M3 TOUKH €) MPOBOAUM TIPSIMYIO B Ha-
yaso Bektopa F,, (Touky e). INonyuaem cuny F,,, 3aMBIKaiONIyio

MHOTOYTOJIbHUK CHJI, NE€HCTBYKOIIUX Ha 3BEHO 2. MICTUHHAS BEJU-
YUHA 3TOU CHUJIBIL

12



sz = ge - KF ;
Ha sTom 3akaHuuBaeTcs CHIOBOE HCCIENOBAHHE CTPYKTYP-

HOIl rpynmnbl ¢ TpeMs BpallaTe/JbHbIMH KHHEMATHYECKHMH mapa-
MI,

4. CWJIOBOM PACUYET I'PVIIIIbI ACCYPA
BTOPOI'O KJIACCA C JIBYMA BPAIIATEJIbHBIMH
U BHYTPEHHEN MOCTYNATEJBHOM
KHHEMATHYECKAMHW MAPAMHA

Takas rpynna (puc. 5) COCTOMT W3 KYJHCHI 3 M KYJIMCHOTO
KaMHsl 2, IPUHAIJIEKUT KYJIHCHOMY MEXaHH3MY,

Fi L]

Puc. 5. Cxema cun rpynnel Accypa 2-3 (BIIB), K;=..., M/MM

13



1. Ilepen Tem, Kak ONpenensATb CUJIbl PEAKUWIA B KUHEMATH-
YeCKUX TMapax, HY)KHO OMNMpenesuTb CHUIY TsKeCTH KyJauchl G,

rJIaBHBIA BEKTOP Cuil uHepuuu @, rnaBHBI MOMEHT CHUJ WHEp-
uun M ., (cuny tsskectd G2 KyJIMCHOTO KaMHsi 2 MOXHO HE y4M-

ThIBaTh). Kak ompenensitoTcsi 3TM CHIIbl - B MPEABIAYIIMX MPHUMeE-
pax paccMOTPEHO MOAPOOHO.
2. CocTaBnsieM ypaBHEHUE€ MOMEHTOB CHUJI, MPUIIOKEHHbIX K

3BEHbSIM 2 U 3, OTHOCUTEJILHO TOUKHU C 1 HAXOaUM F s I
IM.(F)=0,
MC(F%)_MC(F.?Q)_MC((I)S’)_MC(G.?)_MCDS' =0;
F34 'hF34 _sz "AC _(Dj 'hcps _Gs 'hG3 _Mcps =0;
F. = F34 'hF34 _@3 'hcp3 _Gs 'hc73 _qus

32

IAC
3. CocTaBiisieM BEKTOPHOE YPaBHEHUE CHJI, MPUIOKEHHbBIX
K 3BEHY 3!

Pl + 0 0 FM = 0.

Crpoum nnau cun (puc. 6) cornacHo 3anMCaHHOMY BEK-
TOPHOMY YPaBHEHHIO W HAXOJAHM HeH3BeCTHy cuny F, .

Puc. 6. I'nan cun rpynnst Accypa 2-3 (BIIB), Kr=..., H/mm
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5. CWJIOBOH PACUYET I'PYNIbI ACCYPA
BTOPOT'O KJIACCA C JIBYMSI HOCTYHATEJIbHBIMH
W BHEIIHEHR BPAIIATEJIBHOMN
KHHEMATHYECKUMH NAPAMHU

Takas rpynma mpezacrtaBieHa Ha pucyHke 7. OmpeneneHue
CHJ B KMHEMATHUYeCKHX Mapax MpPOM3BOAWTCA B CIEOVIOLIEM TO-
pALKE.

Puc. 7. Cxema cun rpynmel Accypa 4-5 (BIIID), K;=..., m/mm

1. CocraBisieM BEKTOPHOE YPABHEHWE CHJI, ACHCTBYHOLINX
Ha 3BEHO 5.

F,+G,+®,+F, =0

CornacHo 3TOMY YpPaBHEHHIO CTPOMM IuiaH cui (puc. 8) u

HAXOJHM HeH3BecTHble cuinl F, u F, :
F,=as-K.; F, =ca-K_

54
Pazymeerca F,; =-F,
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|

4

9

P, F

y =)

g

Puc. 8. [lnan cun, aeiicTByomux Ha 3BeHO 5, Kr=..., H/Mm

2. CocraBidemM BEKTOPHOE VpPaBHEHHE CHJI, AEHCTBYIOLIMX
Ha 3BeHO 4:

F,+G,+®,+F, =0

CornacHo 3TOMy YpPaBHEHHIO CTPOHM IIaH CHII (pHC. 9) H

onpenensiem cuny F ;.

F,=cd-K,.

Puc. 9. [1Inan cun, geiicTByrowux Ha 3seH0 4, K- =..., H/mm

16



3. Haxoaum naeyo fipys U3 ypaBHEHUS MOMEHTOB CHJI, MPHU-
JIOPKEHHBIX K 3B€HY 4, OTHOCUTENBHO TOUKH A

M (F)=0; M (G,)+M (D,)+M (F,)=0;
_M (G, )+ M (D)

" F
4. Haxoaum mueuo hpsg U3 ypaBHEHUSI MOMEHTOR CHJI, TIPH-

JIO3KEHHBIX K 3B€HYS,0THOCUTEILHO TOUKU A
M (F)=0;
-M (G,)-M (D, )+ M (F, )+M (F,.)=0

- Gs ) h(,'s -@ 5° hrps - Fm ) h}-‘sa + Fs(_.' ’ kFﬁ(: =

Foc -hese U5 -hys — D5 - hys
h,. = - :

36
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6. CHJIOBOH PACUET HAYAJHHOI'O MEXAHH3MA

HauanbHbiil MexanusM (Mau MexaHusM 1™ knacca) cocTout
13 Ha4aJbHOI'O 3BEHA U CTOMKMH.

HauaneHBIM 3B€HOM HA3bIBAETCHA TO, KOTOPOMY NMPUINHCHIBA-
eTcs OJHA UIH HECKONLKO 0000LIeHHBIX KoopauHaT. B mexanus-
Max ¢ OJHOkH 0000LIeHHONH KOOPAMHATON UMEETCs OJHO Ha4allb-
HO€ 3BeHO. Yalue BCero TakumM 3BEHOM SABJSETCSH KPHUBOLLMIL, W 3a
O0OOLIEHHYID KOOPAHHATY B 3TOM CIy4yac NMPUHUMAETCS YIJIOBas
KoopauHata. HadanbHOE 3BCHO HE O0A3aTEIBHO MOJKHO BCEraa
COBITAJATh C BXOZHBIM (WM BeaymiuM). MokHO 32 HadaJIpHOE
3BEHO MPHUHSTH BHIXOAHOE MJIA MPOMEKYTOUHOE, eCln 3TO yao0HO
ISl QHAIM3A MEXaHU3Ma.

PaccmMoTpum npumep, KOrjaa HauajibHbIM 3BEHOM SIBJISETCS
KPHBOIIHNI, BPALIAOIIUACA C MOCTOAHHOH YIMOBOH CKOPOCTERIO, TO
€CTb paBHOMEpHO (puc. 10).

17



Puc. 10. Cxema cui Ha4allbHOrO MexaHu3Ma, K; =..., M/MM

Uto0b! NBUKEHUE KPUBOLIUIMA ObLIO PABHOMEPHBIM, HYKHO
NPUJIOKHUTH K HEMY YPaBHOBEIIMBAOIIMNA MOMEeHT M (i ypas-

HOBeUBAXOWYIO cuny F).

[Ipyu Begyliem Ha4valbHOM 3BE€HE YPaBHOBELIMBAIOLIUN MO-
MEHT SIBJII€TCSI MOMEHTOM CUJI ABMXKYIIHX, & MPU BEAOMOM — MO-
MEHTOM CUJI COMPOTUBJIEHHUS.

Ha cxeme cun (puc. 10) mpunokeHa ypaBHOBELIMBAOLIAS

cuna F . O1a cuna MOXKeT ObITh IPUIIOKEHA B TO00M TOUKE 3BEHA

U IEUCTBYET NMEPNEHAUKYISIPHO 3BEHY. Y 1OOHEE MPUIOKUTD 17y B

Touke A. BennuuHy 3Toi cunbl, a Takke peakuuro F,, cnenyer

onpenenuts, J{ns 3Toro A0CTaTOYHO COCTABUTHL U PELIUTH CKaJsAp-
HO€ YpaBHEHUE MOMEHTOB OTHOCUTENBHO TOYKU () U BEKTOPHOE
VPaBHEHUE CYMMBI CHIT.

IM,(F)=0; Ez'hmz _17)’ Aoy =G -hg, =0,

18



A FI;’ 'hf'r;’ _G: 'hm 2

¥ !;‘}.4

F,+®,+G, +F,,+F, =0.

Bextoproe ypasheHue pewaeMm rpaduueckum IMyTem [o-
crpoenust miana cui (puc. 11), n3 KoToporo onpeznesnsiem Hanpas-

, ¥ €e MOny/Tb:
F,,=ae-K,

JIEHHE CHIIbI FI

a
H/mm

-

Puc. 11. Ilnan cun HavYanbHOro MexaHusma, Ky =

PaccmoTrpen cnyyaii, korjga HadajibHO€ 3BEHO Bpaluaercs
HarnpasJeH

pasHomepHo. ['nasHelii BekTOp cun wHepuun @,
Bronb 3seHa OA, no3tomy rnaBHbI MOMEHT cunl uHepuuu M,

paBeH HYJHO.

B ciiy4ae HEpaBHOMEPHONO MNABHWKCHHA Ha4alnbHOI® 3BEHA,
KOTaa @; # const, npu onpenenennn F, B ypaBHEHUH MOMEHTOB
HYKHO YHYECTh €€ IIaBHbIH MOMEHT CHJ HHEPLIMH ﬁ_fq,_,, .
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7. OMPEJAEJIEHAE YPABHOBEIINBAIOIIEHA CHJIBI
METOAOM KECTKOI'O PBIYAT' A ) KYKOBCKOI'O

[1o 5TOMY METONY MOKHO OTNIPEAEIATH YPABHOBELIMBAIOLIYIO
CUITy, He OTIpeleNss PeakKlui B KHHEMAaTHYECKUX MMapax.

Ecnu BCe Cumbl, AeNCTBYIOLIHE HA 3B€HbS MEXaHH3Ma, nepe-
HECTH MapaieJbHO caMMM cede B COOTBETCTBYIOLIHE TOUKHU MO-
BepHyToro Ha 90° (B MmoGyI0 CTOPOHY) MiaHa CKOPOCTEHl, TO CyM-
Ma MOMEHTOB 3THUX CHIJI OTHOCUTENBHO IMOJIKOCa OYAET paBHA HYJIIO.

[Iman cxopocTell PacCMaTPHBACTCA KaK JKECTKHH pblyar ¢
onopoiu B noJioce P.

Ecnu Ha 3BeHO AENCTBYET mnapa CHUJ, TO Ha MOBEPHYTLIN
MJIaH CKOPOCTEH HY:KHO NEPEHECTH KAKAYH COCTABJSIOLLYIO 3TOM
TIAPBI OTACIBHO 0€3 N3MEHCHUS €€ HAIPaBIICHMUSL

[Io ycnosuio teopembl KyKOBCKOTO YPaBHEHHE MOMEHTOB
OTHOCHTEILHO MOJIKICA MOBEPHYTOTO TJIAHA CKOPOCTEH MOXHO B
obuem Buae npeﬂCTaBnTb TaK:

ZM (F)+ZM ((D)+EM¢I

[Tmeunu crt Ha prriare JKyKOBCKOIo peKOMeHIyeTcs 0003Ha-
yarh OYKBOH A ¢ COOTBETCTBYIOLIHM HHAEKCOM TOI CHIIBL, K KOTO-

POIi 3TO IMIIEHO OTHOCUTCS, Hanpumep Iwiedo cwibl F, o0o3Haua-
erca h. .

Benuuunapl nneu OnNpeaAC/OTCA HCMOCPCACTBCHHO H3 YCP-
TCKAa B MUJITUMECTPax.
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