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IMpenucaoBue

l'ocynapcTBeHHBIMU 00pa30BaTENIbHBIMU CTaHAAPTaMH JJIsSL CTYJEHTOB OOJIb-
IIMHCTBA HalpaBieHUU noarorosku HoBomockoseckoro uucruryra PXTY um. ..
MenpeneeBa NpeyCMOTPEHO U3y4YEHHE TEOPETHUECKON MEXaHHKH, a COOTBETCTBY-
IOIIMMY Y4eOHBIMU TIpOTpaMMaMH - BBINIOJHEHUE PacyETHBIX 3aJaHHui, UMErolee
CBOEH 11eNbI0 PHOOpeTeHre TBEPABIX HABBIKOB B PEIICHNUH 33/1a4.

Heo6xoamMocTh TOATOTOBKH HACTOSAIIETO y4eOHOTO TOCOOMS 10 TeopeTHde-
CKOW MeXaHWKe OOYCIIOBJICHA MHOTHUMH (haKTOpaMH. 3a TOCienHee BpeMs M3MEHH-
JIOCh MHOTO€: COJIEp)KaHNE YIEOHBIX IIPOTPAaMM 10 TEOPETHUECKON MEXaHUKE, 00BEM
CaMOCTOSITENIBHOW pPabOTHI CTYICHTOB, CPEJHUI ypOBEHb U COJACPKAHUE IOBY30B-
cKOro o0pa3oBaHUS. YPOBEHb Pa3BUTHS BBIYMCIMTEIBHON TEXHHWKH, IMIMPOKOE pac-
MPOCTPAHEHUE MOIIHBIX MAKeTOB Maremarudeckoro mozenupoBanus (MathCAD wu
Ip.), He TpeOyIOIMX CIEHHaTIbHBIX 3HAHUII B NMPOrPaMMHUPOBAHHM U BIOJNHE J10-
CTYIHBIX JUI CTYACHTOB, MO3BOJIIET HE TOJBKO PACIIMPUTH 00JACTh PEIlaeMbIX 3a-
Jla4 ¥ YMEHBIIUTh TPYAOEMKOCTh BBIYMCIICHHI, HO U YAECNATH OoJiblliee BHUMaHHUE
aHaJIM3Y MOJIY4YEeHHBIX Pe3yIbTaToB.

Hacrosimiee yyeOHOe mocoOue Mo TEOpEeTHYECKOH MEXaHUKe SIBISETCS IMO-
coOMeM [yl CaMOCTOSITEJIbHOW paboThl cTyaeHToB. OHO COCTOMT M3 y4eOHO-
METOJIMYECKNX MAaTepPHaJOB, NPEICTABIIOINX BCE OCHOBHBIE pa3/ieibl Kypca Teope-
THUYECKOH MEXaHUKH, TPEIyCMOTPEHHbIE y4eOHBIMU TporpaMMaMi. CTPYKTypa Kax-
J0T0 U3 8 pacdyETHBIX 3aaHMH, COCTABILIOINX MpeIaraeMoe mocodue, 0JUHAKOBA!
3alaHNe COAEPKUT KPAaTKUE CBEACHUS N3 TEOPUH, YKa3aHUS MO BBIOJIHEHHIO 3a7a-
HUsI, COOCTBEHHO 3a/laHMe, IIPUMEpP BBITIOJIHEHUS 3aaaHus. Pemenne 3agad mexa-
HHUKH HEBO3MOXKHO 0€3 M3yueHHsl TeOpHH (XOTsl Obl B MUHUMaJIbHOM 00bEMeE). Mcxo-
TSl I3 9TOT0, IIOCOOUE COMIEPIKUT JIMIIIb KPATKHUE CBEICHUS U3 TCOPHUH; MMOITOMY 00Y-
YAIOIIUMCS CJIEIyeT YUUThIBaTh, YTO HEOOXOIUMBIM YCIIOBUEM IIOJHOTO OBJIAJICHHS
KypCOM SIBJISIETCSI HCTIONIb30BaHME YIeOHMKA (YIeOHUKOB) M KOHCIIEKTa JICKITUH.

Ocob6oe BHHMaHHME OOpaIleHO Ha ANrOPUTMBI PEHICHUS 3a/a4, HEKOTOPHIE
13 KOTOPBIX SIBJISIOTCS COOCTBEHHBIMHI METOHMYECKIMHU Pa3paboTKaMH aBTOPOB.

[TpumMeps! BEINOTHEHNUS 3a/ITaHUH 3aKaHUMBAIOTCS! AHAIM30M IOJIyYE€HHBIX pe-
3yJbTaTOB.

[Moxenanust MO yIyYIIEHUIO U3JIOKEHHOTO B YU€OHOM ITOCOOMH MaTepHana
mpocuM HarpapiTh Ha Kadeapy OXIT HU PXTY um. I.M.Menneneesa 1o aape-
cy 301665 r. HoBomockoBck Tymnbckoit obmactu, yn. pykObl 8§ WM MO 3JIEK-
TpoHHoii noute kafohp@gmail.com.
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C1 ONPEJEJIEHUE YCI@IHFI B CTEPKHSAX
INPOCTPAHCTBEHHOU KOHCTPYKIINN

C1.1. KpaTkue cBeieHHs U3 TEOPHHU

Ilon cmeporcnem B MexaHUKE MOHUMAIOT TEJO, MONEPEYHBIMH pa3MepaMu
KOTOPOTO MOKHO IMpeHeOpeub MO CpPaBHEHHIO C ero UIMHON. Touka, B KOTOpOil
MePeceKaroTCsl HECKOJBbKO CTepkKHel, Ha3blBaeTcs y310om. KOHCTpYKTUBHO Yy3eln
MOJKHO NPEICTaBUTh KaK T€OMETPHUIECKYIO TOUKY (LEHTpP), K KOTOPOH MIAPHUPHO
MIPUCOEIUHAIOTCS CTEPXKHU. B 3amaHMM paccMaTpUBarOTCd KOHCTPYKIMH, COCTOS-
1Me U3 NPAMOJMHENHBIX cTepkHEeW. [I0CKONbKY NpH BBIIOJIHEHUU 3alaHusl Tpe-
HHEM B IIapHUPaX W COOCTBEHHBIM BECOM CTEPXKHEH NMpEHEOperaroT, a BHEIIHHE
HArpy3KH NPUIIOKEHBI B y311aX, MOXKHO CUHTATh, YTO HAa KaKIBIA CTEPKEHb HCii-
CTBYIOT JIMIIb JABE€ CHJIbI, IMPUJIOKCHHBIC MO €ro KOHIaM. Tak xak mo YCJI0BUAM
3aa4n CTCPKCHb HAXOAUTCA B PABHOBCCUM, CUJIbI O3THU JOJIXKHbBI HaXOJUTHCA Ha
OZ[HOﬁ HpﬂMOﬁ, 6I)ITL PaBHBIMH 1O BCIIMYUHE U MMPOTUBOIIOJIONKHO HAIPaBJICHHBI-
MHU. O4eBHUIHO, YTO €CJIM CHUJIBI, IeHCTBYIOIME HA CTepP:KeHb U IPUI0KEHHBIE K
€ro KOHIIaM, HampaBJICHBI OT CTEPXKHS, TO CTCPIKEHb PACTAHYT, B IPOTUBHOM CJIy-
yae oH ckaT. C Opyroil CTOPOHBI, CHJIbI, JeHCTBYIOIIME HA y3eJ €O CTOPOHBI
crep:kHei, B cootBercTBrH C |11 3akoHOM HblOTOHA, paBHBI IO BENUYMHE CHJIAM,
AeHCTBYIOIMM HAa CTEPHKHU €O CTOPOHBI Y3JI0B, H HPOMUEONOI0HCHO HANPAGB-
Jlenbl.

F" F’ F

F" F-F =F" = F

CnenoBatenbHO, €U CHJIA, AeiCTBYIOMIAs Ha y3€ll, HApaBJeHa 0T 3TOro
Y314, TO COOTBETCTBYIOIUI CTEP:KEHb PACTAHYT; €CJAH KE CHJIA, ICHCTBYIOIIAs
Ha y3€J, HalpaBJIeHa K 3TOMY Y3J1V, TO CTE€PMKEeHb CKaT.

Ha xaxxnplii y3en 3aJaHHOM CTEPIKHEBOM KOHCTPYKLUM AEHCTBYET IPO-
CTPAHCTBEHHAsl CUCTEMA CUJI, CXOJAIIMXCS B TOUKe. [[J1sl TAKOW CUCTEMBI CHUJI MOX-
HO COCTaBUTh TPH HE3aBUCHMBIX YPABHEHHUS PAaBHOBECHUS, C MOMOIIBI0 KOTOPBIX
MO3JKHO OTIPEJENINTh TPH HEU3BECTHBIX YCUIINS B CTEPIKHIX:

D> Fy =0,
> F, =0, (C1.1)

D> F, =0.

[TosToMy ompezeneHne ycuinii Npolle HAYMHATh C y3/1a, B KOTOPOM CXO-
TUTCS He OoJiee TpeX CTEpIKHEH.




C1.2. Yka3aHHuA 110 BBINOJHEHHIO 3a1aHNA

HpI/I BBITIOJIHCHUU 3a/laHN YCUIINA B CTCPIKHAX MOKHO 0003HAYUTE 6yKBOI71

S ¢ MHJIGKCOM COOTBETCTBYIOLIETO CTEPskHs. [10CKOIbKY HANMpaBJIEHUs 3TUX YCH-
JIMH, KaK TPaBHJI0, HEU3BECTHBI, UX OOBIYHO HANPABIISIOT OT Y3JI0B, CYMTAs], TAKHM
00pa3zoM, BCe CTEPXHHU PacTAHYThIMH. OTpHLIATEIbHBIH 3HAK NP TOACYUTAHHOU
BEJTMYMHE YCUJIHS 03HA4aeT, UTO COOTBETCTBYIOLIUII cTepkeHb cxkat. [Ipu nepexo-
Jie OT y3/1a K y3JIy HEOOXO/JMMO, YUUTHIBATh 3aKOH PaBEHCTBA AEHCTBUS U IPOTH-
Bogeiicteus (111 3axon HeroToHA), U, CllenoBaTe/IbHO, U3MEHHUB HATPABICHHE COOT-
BETCTBYIOIIETO YCHINSA HA NMPOTHBOIMOJIOXKHOE, TTOACTABIATh YHCICHHOEC 3HAUCHHE
MOJICYNTAHHOTO YCHJIHNS € Y4ETOM MOJIy4eHHOI0 3HaKa.

B ypaBHeHHs paBHOBECHs, COCTABICHHBIC AJIS IBYX Y3JIOB, BXOASAT TPHUIO-
HOMeTpHiecKne (QYHKIMH YIiaoB. [IoCKOIbKY B HACTOSIIEM 3aJlaHUU JaHbI pa3Me-
PBl KOHCTPYKINH, JIETKO BBIYHCINTG HEOOXOIMMBIC 3HAYCHUS ATUX (YHKIHH MO
W3BECTHBIM pa3MmepaM. [Ipu 3TOM MOJCUUTHIBATH 3HAYECHUS YTJIOB HET HEOOXOIH-
MOCTH.

B xauecTBe MpoBepKH HEOOXOAUMO COCTAaBUTh YpaBHEHHE PaBHOBECHS y3ia
D, zanucap ypaBHeHMe cyMMbl TIPOEKIHil CHJI, TIPHIOKEHHBIX K 3TOMY Y31y, Ha
0Cb, COBIIAJAONIYIO C INIABHOM JMAroHaNbi0 Mapajulesieuiena, 1 CPaBHUTh IMOMTY-
YEHHYI0 CyMMY C HYJIEM.

Pe3ynbraThl pac4eToB yI0OHO CBECTH B TaOJIHILY.

INocnenoBaTenbHOCTD BBITIOIHEHHS 3a0aHS.
1. VscHUTH ycioBHe 3a1aHNs, BBIIIOIHUTH PUCYHOK.
2. BrpiOpatp Temo (y3en), paBHOBecHE KOTOPOTO OYIET paccMaTpHBaTHCS
CHauaJa.
3. M300pa3uth cuibl, NeHCTBYIOIINE Ha BBIOPAHHBIH y3e€l: aKTHBHBIE U
peakiuu cBsizeit (cTepkHei). Y CTaHOBUTH BUJT TOTYYEHHON CUCTEMBI CHIL.
4. BpiOpath yI00HBIE OCH KOOPJIUHAT.
5. 3ammcath COOTBETCTBYIOIIHNE MOIYYEHHON CHCTEME CHJI YPaBHEHHS paB-
HOBECHSI M PEILUTH HX.
6. BpiOparh BTOpOil y3ein, paBHOBECHE KOTOPOTo OyAeT paccMaTpHUBaThCs
Tereps.
7. BEITOTHATE ASHCTBUA 3-5 LI BTOPOTO y37Ia.
8. BBINOIHUTH MPOBEPKY, COCTABUB YPAaBHEHHE CYMMBI ITPOEKIMH CHJI, TIPH-
noskeHHbIX K y31y D, Ha ock, coBmaarontyo ¢ riaBHoil IMaroHasbio napai-
JieJlenuIea, ¥ CPaBHUTH MOIYyYSHHYIO cyMMy ¢ HyiéM. [loacunTars oTHOCH-
TENBHYIO TOTPEIIHOCTb.
9. TIpoaHanu3upoBaTh MOJNYYEHHBIN PE3yIbTAT, CAENATh BHIBOJIBI.
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C1.3. CoOcTBeHHO 3a/1aHHe
MeTtogoM BBIpE3aHHs Y3JI0B HAWTH YCWIMS B CTEP)KHSIX MIAPHUPHO -
CTepXKHEBOH KOHCTpyKuuH. Cria P neiictByer B Hanpasnenun AB , cuma é -B
nanpasnenun DE . annsie n1s pacuera npusesnens! B Tabmuue C1.1, pacyeTHble
cxeMbl — B Tabmue C1.2.

Taoauna C1.1. Ucxoaubie JaHHbIE.

Ne P Q a b c N P Q a b c

kH «kH wm M M kH «xH m M M
1. 2 3 30 20 20 16. 9 4 30 35 40
2. 4 5 20 45 1,0 17. 2 5 40 50 30
3. 6 2 1,0 30 20 18. 4 7 20 30 40
4, 8 4 25 40 3,0 19 6 3 30 25 30
5. 3 1 30 45 20 20. 8 3 40 35 40
6. 5 2 40 50 3,0 21. 3 8 20 30 40
7. 7 4 40 55 4,0 22 5 4 40 50 4,0
8. 9 6 30 40 3,0 23 7 2 30 35 20
9. 2 3 20 30 4,0 24. 9 4 20 30 4,0
10. 4 2 40 50 3,0 25. 2 9 30 40 30
11. 6 5 20 20 4,0 26. 4 6 40 50 30
12. 8 7 30 40 3,0 27. 6 3 20 30 40
13. 3 9 40 50 4,0 28. 8 2 25 30 40
14. 5 2 20 45 2,0 29 3 7 30 40 30
15. 7 4 30 50 20 30 5 2 40 30 40



Taoéauna C1.2. PacuéTHble cXeMbl.
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C1.4. Ilpumep BbINOJHEHUS 32 JaHUS

C1 OIPEJIEJIEHUE YCUJIUI B CTEPXKH X
[IPOCTPAHCTBEHHOI KOHCTPYKIIMU

Pemenne: xé ____________________
Konctpykuus coct ¢

BIX MIAPHUPAMH,
npu 3toM B y3nax A u D npunoskenst akrusnbie cumst P uQ .

PaccMoTpuM cHavana paBHoOBecHe y3aa A, B KOTOPOM CXOIATCS TpH
CTEePIXKHA.

BripexxeM MbicienHo y3en A, otépocus ctepxkuu 1, 2, 3, U paccMOTpUM
€ro paBHOBECHE.

Ha ysen A geiicteyer aktupHas cuna P . JlelicTBue oTGpoIIEHHBIX
CTepiKHeil 3aMEHNM COOTBETCTBYIOLMMH peakuuaMu S, , S,, S, , paBHbIMU ycu-
JUSAM B CTep)KHSX. I1OCKONBKY HaIpaBieHHs YCHIMH B CTEpP)KHSIX HEHM3BECTHBI,
OylieM HalpaBJsITh UX OT y3Jla, CUUTasi BCE CTEPKHHU PacTIHYTHIMU.

Cucrema cwil, feiictByronmx Ha y3ead A, mpencrtapisieT coboii mpocTpaH-
CTBEHHYIO CUCTEMY CHJI, IMHUH JEHCTBUSA KOTOPBIX CXOIATCSA B OAHOM Touke. s
TaKOW CHCTEMBI CHJI MOXKHO 3alucaTh 3 HE3aBHCHUMBIX YPaBHEHHUSI paBHOBECHS, a
HMMEHHO 3 ypaBHEHUS MPOESKITHI.
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Bribepem ocu KOOpaMHAT, HAIPABUB UX IO CTOPOHAM IMPSIMOYTOJIBHOTO Ta-
paienenumnena.

1

NS

3anumem COOTBCTCTBYIOIIIUC HOHy‘IeHHOﬁ CUCTCMC CUJI YPABHCHUA paBHO-
BECHs U pCUINM UX.

ZFX =0; S, +Pcosa =0. 1)
ZFYzo; S;+Psina =0. )
ZFZZO; —SZZO. (3)
W3 ypasuenust (1):
S, =—-Pcosc.
U3 ypasuenust (2) Haiimém:
S; =—Psina.
U3 ypaBHenus (3):
S,=0.

3Ha4YeHNsT TPUTOHOMETPUUECKUX (DYHKIMA yIiioB O M ﬂ OIPEJIECIIUM HC-
X0/1sl U3 PaCU€THOM CXEMBI U pa3MEPOB MapasuIesenuIe ia:

a 2 _o62s,

CoOsa = =
Jal+b® |22 +25
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b 25
Jai+b? 22 +25°

sina = =0,781.

Brruncinum BENMYMHBI yCUIINH.
S, =—Pcosa =-5-0,625=-3125kH .
S, =—Psina=-5-0,781=-3905xH .
Juis onpeneneHust yCUIINI B CTEPXKHAX 4, 5, 6 BBIpEXKEM Terepb MBICICHHO

y3en D u, 0TO6pocuB 3Tn cTepkHM, pACCMOTPHM €TO PABHOBECHE.

Ha yszen D neiictByer axtupnas cuna Q. JleiictBue oTOGpOIIEHHBIX

CTGp)KHefI 3aMCHHM COOTBCTCTBYIOIIMMHU PEAKIHUAMU Sl y 84 , SS y SG y PaBHbBIMU

ycunusiM B cTepkHAX. [Ipu atom Oynem yuutsiBaTh |l 3akon HeproToHa: ycunue

—

Sl HAIIpaBJICHO B CTOPOHY, IMPOTHUBOIIOJIOKHYI HAIIPABJICHUIO COOTBCTCTBYIOLIC-

ro ycuius, mpuiaoxeHHomy k y3ny A. Kak u paHee, ycHiIus B CTEpkKHAX OyaeM
HAIPABJIATH OT y371d, CYUTAsl BCE CTEPKHU PACTAHYTHIMU.

2

IMomyueHnas cucTeMa CHII MIPEACTAaBISET cOOOH MPOCTPAaHCTBEHHYIO CHUCTE-
MY CHWJI, JMHHUH JICHCTBHUS KOTOPBIX CXOIATCSA B OAHOW Touke. J[yis Takoi cucTeMBbl
CHJI MOKHO 3alicaTh 3 HE3aBUCHMBIX ypPaBHEHHSI PaBHOBECHS, a UMEHHO 3 ypaB-
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HEHHUSI TIPOEKITUH.

CocTaBuM YpaBHCHU pAaBHOBCCUS y3Jjia D .

D> Fy =0; =S, —S,cos —Qcos B=0. (4)
ZFY =0; S;=0. (5)
> F, =0; =S, —Sssinf-Qsin =0. (6)

Pemas cucremy ypasuenuii (d), (e) u (f), momyunm:
U3 ypaeuenwust (4):
S
Sg=——"--Q
cos B

U3 ypaBuenus (5):
S, =0.
U3 ypaBuenus (6):
S,=—(S;+Q)sing.
3HaueHus TPUTOHOMETpHUECKUX QYHKIMIl yria [f omnpeienuM UCXojs U3

pacdy€THOH cXeMbl M pa3MepoB Hapajuiesenuiena. Haiinem Takxe 3HaUCHHS TpH-
TOHOMETPUYECKUX (QYHKLUH yIaa ), HEOOXOIUMBIE IJI BHIIOIHEHHS IPOBEPKH.

a 2
cos f = = =0,555,
Jal+c? 22+
sin = ——C 3 _os32.

JaZ+c? 2243
vaZ+b? V2% +25°
CoSy = = =0,730,
Ja?+b?+c? \/22+2,52+32
C 3

siny = = =0,684.
Ja?+b?+c? \/22+2,52+32
Brruncinum BeNMUYMHBI yCUIINH.
S _
5= : _Q=— 3'125—2=3,631KH.
cos B 0,555

S, =—(S; +Q)sin B =—(3,631+2)-0,832 = —4,685 .

B KauecTBe MPOBEPKM COCTABUM ypaBHEHHE paBHoBecus y3na D, sanmcas
ypaBHEHHE CyMMBI MPOEKLUI CHJI, IPUIOKEHHBIX K 3TOMY Y31y, Ha OCb, COBIAJat0-
LIyIO C TJIaBHOW JMaroHablo Mapajienenunea, 1 CpaBHUM MOIYyYEHHYI0 CyMMYy C
HYJIEM.

D F =S,c05aC0sy +S,5iny + S sinarcos y + (S, +Q)cos Bcos ar cos y +
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+(S, +Q)sin Bsiny = (-3125)-0,625- 0,730 + (- 4,685)- 0,684 + 0 +
+(3,631+2)-0,555-0,625-0,730 + (3,631 + 2) - 0,832 - 0,684 = —4,6303 + 4,6304 =
=-0,001~0.

OtHOcUTEIbHAS MOTPEIIHOCTD COCTABJIACT:

S = ‘_ O’OOJJ .100% = 0,021% YTO BIIOJIHE JOMyCTUMO B TEXHAYECKHX PacueTax.
4,6304
Pe3ynbraThl penieHus cBeieM B TaOJHILY.
Ortser:
NectepxHs 1 2 3 4 5 6
Ycunue B -3,125 0 -3,905  -4,685 3,631 0

xH

AHanu3 pe3ysIbTaTOB IOKa3bIBACT, YTO CTEPXKEHb 5 PACTAHYT, CTEPXKHU 1, 3

1 4 cxaTbl, CTEP)KHU 2 U 6 HE HATPY>KEHBI.
Hambomnee Harpy>KeHHBIM SIBISICTCS CTepKEeHB No 4.
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C2 ONPEJEJIEHUE PEAKITAH OTIOP
COCTABHOU KOHCTPYKIIUHN

C2.1 KpaTrkue cBeJleHHS U3 TEOPHH

IIpou3BoIbHOI MJIOCKOI HA3BIBAIOT CUCTEMY CHJI, TMHUU JEHCTBUSA KOTO-
PBIX KaK YrOJHO PacloJIOKEHBl B OJHOM MiIockocTH. Js Tena, HaXOJSIIerocs B
PaBHOBECHH IOJ ACUCTBHEM TaKOW CHCTEMBI CHJI, MOXKHO COCTaBUTb TPH HE3aBU-
CHMBIX YpaBHEHUS PABHOBECHS, HAIIPHMED:

D> F =0,
>R =0, (C2.1)

Zmo(lf):o.

B umkeHepHOM MpPaKTHKE 4acTO BCTPEYArOTCsA CIydad, KOrjJa HEKoTopas
CUCTEMA CHJI ACUCTBYET Ha MEXaHUYECKYI0 CHCTEMY, HAIpHUMEp, HA COCTABHYIO
KOHCTPYKIIHIO.

B sToM cimyuae ocHOBHas uies PELICHUs 3aJa4d COCTOMT B CIEAYIOLIEM.
Ecnu xoHCTpyKIMs, HaXoAsIIasACs 0] JEHCTBUEM IIPOU3BOJIbHON IJIOCKOU CHCTE-
MbI cun, coctout u3 N Tem, To A7 0JIHOTO M3 3TMX Tel MOYKHO COCTABHTh 3 He-
3aBUCHUMBIX ypaBHeHMs paBHoBecus, a aus cuctemsl N Ten — 3N ypasnenuii,

yTo mo3Bonser onpeneauts 3N HemssecTHpIX. [Ipu 3TOM, mepexons OT OJXHOTO
Tesla KOHCTPYKIMU K IPYTOMY HEOOXOAMMO YIUTBHIBATh 3aKOH PABEHCTBA JCUCTBHS
u npotuBoeiicteus (111 3akon HeroToHa).

Jlpyroii 0cOGEHHOCTBIO pEIlCHHs TAaKOW 3aJa4yul SIBISETCS HEOOXOIMMOCTh
MPOBEPKH CTATHYECKOW OMPEIeTMMOCTH 3a/laud, WHAYe TOBOPSI, MMPOBEPKH BO3-
MOJKHOCTH PELICHHS 3a]]a9i UCKIFOYUTEIIEHO METOAAMU CTATHKH.

3amada SBISIETCS CTATHYECKU OIMPEICITUMOM, €CIIM YUCIO HEU3BECTHBIX CH-
JIOBBIX (DaKTOPOB PaBHO YHCITY HE3aBHCHMBIX YPaBHEHHUI paBHOBecus. Eciu yucio
HEH3BECTHBIX CHJIOBBIX (hAaKTOPOB MPEBBINIACT YUCIO HE3aBUCHUMBIX ypPaBHCHHI
PaBHOBECHS, TO 3aJa4ya CTATHYCCKH HEOMpeae/inMa, U s e€ PElICHUus K ypaBHe-
HUSIM PABHOBECHS HEOOXOIMMO J0GABIIATE JOIOIHHTEIBHBIE COOTHOIICHHS

[pu cocTaBieHNH ypaBHEHHI PABHOBECHS CIIEMyeT UMETh B BHIY, YTO Hapa
cull (MJIM MOMEHT TIapbl) Ha OCh HE MPOCIHHUPYETCs (MMOCKOJIBKY CyMMa MPOEKIHiA
CHWJI IaphI Ha FOOYIO OCh paBHA HYIIIO), & BXOIUT JIUIIb B YPABHEHHE MOMEHTOB.

1 o
PaCKpLITI/Ie CTaTUYICCKOU HEONPEACIIUMOCTH U3YTIacCTCs B KypCe€ COIPOTUBJICHUA MaT€pUa-
JIOB.



18
C2.2. Yka3aHus 10 BbINOJHEHUIO 3aJaHUS

B 3aganuu C2 paccmartpuBaeTcsi KOHCTPYKLHS, COCTOSIIAs U3 ABYX MaTe-
PHUANBHBIX TeJN, COCAUHEHHBIX MPOMEKYTOUHBIM MIAPHUPOM; HAXOIAIIUXCSA TOJ
JIEICTBUEM NPOU3BOJIBHON IJIOCKOW CUCTEMBI CUIIL.

IIpesxxne yeM MPHUCTYNUTH K OMpPENETICHUIO pEaklUUid OMop W JaBICHUIO B
MIPOMEXYTOUHOM IIAPHUPE, HEOOXOJUMO BBISICHHUTD, SIBJISIETCA JIM JaHHAS 3a/a4ya
CTaTUYECKH ompeneauMoi. J{s 3Toro HeoOX0JuMO MOACUYUTATh YHUCIO HEU3BECT-
HBIX CHJIOBBIX (paKTOPOB, HPEACTABILIIONINX COOOH B JaHHOM CIy4ae COCTaBIIAIO-
IIMe peaxIii BHEITHUX CBs3ed (OMOop KOHCTPYKIWH) M BHYTPEHHEH CBs3M (TIpo-
MEXYTOYHOTO MHIApHHpPA), ¥ CPABHHUTH €r0 C YHCIOM HE3aBHCHUMBIX ypaBHCHHI
PpaBHOBECHS], KOTOPBIE MOXHO COCTABUTh I JaHHOM 3aJauH.

OCOOEHHOCTD pelIeHus JaHHOM 3aJadi COCTOUT B TOM, YTO IJISi KOHCTPYK-

UM, COCTOSIIEH M3 OBYX YacTel (N = 2), HEOOXOAUMO TIOCIIeOBATEIHHO pac-

CMOTpETh PaBHOBECHE JIBYX Tel (MEXaHHMUECKHX cucteM). [Ipu 3TOM BO3MOMKHBI
TpU BapuaHTa:

a) CHayaJla pacCMaTpUBaeTCs PaBHOBECHE OJHOTO M3 TENl CUCTEMBI, 3aTeM —
Apyroro;

0) cHawyana paccMaTpHBaeTCs PABHOBECHE OTHOTO U3 TEN CHCTEMBI, 3aTEM —
BCEW KOHCTPYKLMU B 1IEJIOM;

B) CHayalla pacCMaTPHUBAETCs PAaBHOBECHE NIPYTOTO Teja CHCTEMBI, 3aTeM —
BCEW KOHCTPYKLHUU B LIEJIOM.

Br16op BapuaHTa omnpeenseTcs yIoOCTBOM peIIeHU MIECTH He3aBHCHMBIX
YpaBHEHMI paBHOBECHS], 3aIIMCAHHBIX JJIs1 JAHHOM 3a7auu.

Jl1st BBIYHMCIIEHUS! MOMEHTA CHJIBI OTHOCHTENIBHO IIEHTpa HMHOTJA ObIBaeT
yI0OHO Pa3I0oKUTh CHITy Ha COCTABJISIOIINE U ONPEIEINTh, B COOTBETCTBHHU C TEO-
pemoit BapyuHboHa, CyMMy MOMEHTOB 3THX COCTABJISIFOIIMX OTHOCHUTEIHHO 3TOTO
LIEHTpa.

[Ipu BBIYMCIEHUH MOMEHTA OT CHWJI, PABHOMEPHO pPACTpeAeNEHHBIX BJIOJb
OoTpe3Ka MpsIMOM, CleJyeT YUYMThIBaTh, YTO BEJIWYMHA PABHOJEHCTBYIOIIECH TaKOH
Harpy3kd paBHa IPOU3BEACHHUIO MHTEHCUBHOCTH HAarpy3kud Ha [UIMHY OTpE3Ka;
TOYKA NPUIIOKEHHS pABHOAECHUCTBYIOLIEH HAXOUTCS B CEPEAMHE ITOrO OTpE3Ka.

B kadecTBe mpoBepKH HEOOXOIUMO COCTABHUThH YpaBHEHHE PaBHOBECHS IS
BCe KOHCTPYKLMH, 3alHCAB YPABHEHHE CYMMbl MOMEHTOB CHJI OTHOCHUTEJIBHO
MIPOU3BOJIBHOM TOUKH, U CPABHUTH MOTYUYEHHYIO CYMMY C HYJIEM.

B kagecTBe MOMOTHUTEIHHOTO WCCIEAOBAHMS IPEACTABISIET MHTEPEC H3Y-
YeHHE BJIMSHUS Pa3MEpPOB KOHCTPYKIIMHM Ha BEJIMYMHBI OMPENSISIEMBIX PEaKIIi.
Takoe nccnenoBanne yJ00HO IPOBOANTE C HCIOIB30BAHNEM KOMITBIOTEPA.

PesynbTaThl pacdeToB 1enecooOpa3HoO CBECTH B TaOJIMILY, a IPU HEOOXOu-
MOCTH - TIPEJICTABUTH B BUJI€ TPa(hUKOB.
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ITocenoBaTENbHOCTD BBITOJIHEHHS 3a1aHNUS.
10. YsicHUTB ycioBHeE 3a1aHHs, BBIIIOJIHUTH PUCYHOK.
11. BeiOpath Ten0o (MEXaHUYECKYIO CUCTEMY), PABHOBECHE KOTOPOTO (KOTO-
poit) OyaeT paccMaTpUBaTHCS CHaYaIa.
12. M3006pa3uth cuiibl, AEHCTBYIOIIME HAa BEIOpaHHOE TEJIO: aKTUBHBIE U pe-
AKIUH CBs3el. Y CTAaHOBUTH BH/ IMOJYYEHHON CHCTEMBI CHIL.
13.Br1OpaTh ynoOHBIE OCH KOOPAMHAT, IEHTP MOMEHTOB.
14. 3ancaTe COOTBETCTBYIOIINE TTOYYSHHOH CHCTEME CHJI YPaBHEHHS paB-
HOBECHSL.
15. BeiOpats Teno (MEeXaHHYeCKyI0 CHCTEMY), paBHOBECHE KOTOPOTO (KOTO-
poit) OyzeT paccMaTpUBAaTHCS TETIEPh.
16. BeImoTHUTE IeiicTBHSA 3-5 U1 BTOPOTO Tena.
17. PemuTh NONMy4EHHYIO CHCTEMY YPaBHEHHH.
18. BbIOJAHUTE TIPOBEPKY, COCTAaBMB JUIsl BCEH KOHCTPYKLUUHM ypaBHEHHE
CYMMBI MOMEHTOB; IICHTP MOMEHTOB (MOMEHTHYIO TOYKY) BHIOpaTh Tak,
YTOOBI B IMMPOBEPOYHOC YPABHCHNE BOIIJIN BCC BHECIIHNUC pCaKIIUH, BEININHBI
KOTOPBIX ObTH ompenesneHbl. CpaBHUTH NMOMYYEHHYI0 CyMMY C HyNéM, U
MoACHYUTATh OTHOCUTEIIbHYIO MOIPEHIHOCTD.
19. B cirydae He0OXOAMMOCTH, TIPOBECTH JIOTIOJIHUTENIHLHOE UCCIIEA0BaHHE.
20. TIpoaHanu3upoBaTh MOTYYCHHBIN PE3yIIbTaT, CIeTIaTh BEIBOIBL.

C2.3. CoOcTBEHHO 3a1aHHE

OmnpenenuTs peakyy ONop W JaBlICHHE B MPOMEXYTOUYHOM MHIAPHUPE CO-
CTaBHOW KOHCTpYKIMH. JlaHHBIE 171 pacuera npuBeeHs! B Tabnune C2.1, pacuer-
Hble cXeMbl — B Tabnuie C2.2.

BEINONTHUTE IPOBEPKY: COCTABUTH IS BCEH KOHCTPYKLIMH YPaBHEHHE CYMMBI
MOMEHTOB; IIEHTP MOMEHTOB (MOMEHTHYIO TOYKY) BBIOpaTh Tak, 4TOOBI B NPOBE-
pOYHOE ypaBHEHHE BOIUIM BCE BHEIIHHE PEAKIMM, BEIMYHMHBI KOTOPBIX OBLIN
onpeneneHbl. CpaBHUTH MOTYYEHHYIO CyMMY C HYJIEM, U MOJCUUTATh OTHOCHUTEIb-
HYIO TIOTPEUTHOCTb.

B kauecTBe OMONHHUTENHHOTO HCCIIEAOBAHNS HAWTH aHAIUTHYECKYIO 3aBH-
CHMOCTb PeaKIuy, ykasaHHoH B Tabmuue C2.1, oT BennunHbI yriaa ¢! W IOCTPOUTH
COOTBETCTBYIOIINMI rpaduK.
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Ta6auna C2.1. UcxoaHble JaHHbBIE.

L9 M 2 b € d @

kH kHm xHm M M M M  2p.

- 08 24 56 28 35 - 30
10 10 22 21 24 - - 30
9 12 20 66 27 20 - 45

- 14 18 13 43 66 20 30
- 16 16 53 23 37 19 40

8 18 25 24 13 34 - 45
7 20 20 43 35 50 - 60
6 22 15 42 26 28 20 60
- 24 10 33 26 35 - 45
- 26 12 25 39 13 - 45
5 28 14 24 18 - - 30
4 30 16 40 23 33 10 45
6 32 18 17 27 - - 30
- 34 20 37 - - - 30
8 36 22 14 27 20 - 30

10 38 14 13 34 20 28 30
12 40 26 30 15 20 08 30

10 35 18 26 21 - - 45
9 30 3 29 35 - - 30
- 25 25 35 45 20 - 45
7 20 20 33 26 143 - 45
6 15 15 40 34 14 49 45
5 14 10 30 59 13 - 60
4 13 5 32 55 25 - 30
6 1.2 7 25 17 07 - 45
8 11 9 33 14 - - 30
7 10 11 26 59 93 20 45
9 12 13 31 23 44 - 60
10 14 15 39 28 47 27 30
12 16 17 25 19 30 - 30

Taéauna C2.2. Pacuéruble cxembl.

ﬂOHOHHHTeHLHoe
HUCCIICA0OBAHUC
Ra= f(a)
R = f(a)
Ry = f(a)
Ry = f(a)
Ry = f(oc)
Ry = f(a)
Ra= f(a)
Ry = f(a)
Re = f(a)
M, = f(a)
Ry = f(a)
Re = f(a)
Ry = f(a)
M, = f(a)
Rs f(a)
Ry = f(oc)
Ry = f(a)
Ry = f(a)
M. = f(a)
Ry = f(a)
Ra= f(a)
Re = f(a)
Ra= f(a)
M, = f(a)
Re = f(a)
Ry = f(a)
Ry = f(a)
Ry = f(oc)
Ry = f(a)
M, = f(a)
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C2.4 TIpuMep BbINOJIHEHUSI 3a1aHUS

C2 OIIPEJIEJIEHUE PEAKIIMI OIIOP
COCTABHOI KOHCTPYKIUN

gaHO:
Fl = 9KH, C
F, =8xH — =i
M =12xHwm, c <14
EN =
q=12«xH/ m, - > \ ==
Fl
a= 4,0M, a
b= 2,0M, q a b
¢ =3,0m, WV
B

d =45n, D
o = 30°. d wd | . ]
Ormp.
Ra Rg, R-. R A

T &

Pemenue:

BreisichuM cHavana, sBisieTCS I JaHHAas 3a/a4ya CTaTUCTUYECKH OIpeiesu-
Mo#. UNCIIO HEM3BECTHBIX CHIIOBBIX (DaKTOPOB PaBHO 6: B KAKIIOM M3 TPEX IIApHHU-
po: A, B u C mMerorcs mo 2 HEM3BECTHBIX BEJIHMYMHBI — COCTABIISIOIIUE PeaK-
M mapHUpoB. i IByX Tell, COCTaBISAIOMIMX KOHCTPYKIIMIO U HaX OJSIINXCS O]
JEHCTBUEM MPOU3BOJIBHON TUIOCKON CUCTEMBI CHJI, MOXXHO COCTAaBUTh 6 HE3aBUCH-
MBIX ypaBHEeHUH paBHOBecHs. Takum 00pa3oM, 3ajjaua CTaTHUECKH OTpeIeMa.

Jns ompeneneHus peakiuil MIapHUPOB pacCMOTPUM CHayajga paBHOBECHE

JIeBOM yacTH KOHCTpykuuu. Ha Hee geiicTByeT cocpeqoToyeHHas cuja Fl, pac-

Tpe/ieieHHas Harpy3ka MHTEHCHBHOCTH (], mapa cui ¢ MoMeHToM M, cocTaBns-
romue peaxuun onopel A X, n Y, cocraBnsomye peakuuy npagoii 4acT KoH-

crpykumn Xg u Yg .

OTH cuIoBble (GAKTOPE 06Pa3yIOT MPOU3BONBHYIO IUIOCKYIO CHCTEMY CHIL.
JIyist TaKO# CHCTEMEBI CHJI, BEIOPAB MIPEABAPHTENHHO OCH KOOPAHHAT U LEHTP U MO-
MEHTOB, COCTABUM TPH yPABHEHHS PABHOBECHS.

ByzeM yuuTBIBATh, YTO PABHOAEHCTBYIOIIAS PABHOMEPHO paclpelensHHOM
10 JyIMHE @ HATPY3KU MHTEHCMBHOCTH (| paBHa mo BenuunHe (Ja, a TOUKa Npu-
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JIOKEHHS PaBHOMIEHCTBYIOMIEH HAXOIUTCS B CEPEeIMHE ITOTO OTPEe3Ka.

Jlnst ynpolieHus BBIYHCICHHS. MOMEHTa ciiibl | pasioxum oty cuy Ha

TOPU30HTATIBHYIO ( IEl Sin & ) u BepTuKaILHYIO ( F, cos &) cocrasnsromye.

_.>X
Al Xa
Ya
SF =0, X,+Xg—Fsina=0. 1)
>F =0, Y,+Y,—Fcosa—ga=0. @
ZmB<If)=0; X ,d-Y,b+ Flc05a~b+qa(b+%J+M =0. ®3)

VYpasuenus (1), (2) u (3) coaepxar 4 HEU3BECTHBIX BEJIUYHHbI, YTO HE T03-

BOJIICT Cpa3y MX HAWTH.
PaccmoTpuM Teneps paBHOBECHE BCEH KOHCTPYKIIHU.

Ha koHcTpykimio aeiicTytor cocpenorouennsie cunsl F u F,, pacmpe-

JieTIeHHas Harpy3ka MHTeHCHUBHOCTH (] (Ha ABYX y4acTKax), mapa CHJI ¢ MOMEHTOM
M , cocrapstomue peakiuu onopsl A X A H YA _ COCTaBJLAIOLIUE PEAKLUU OIIO-

put C Xc 51 Yc-

OTH cHIIBl 00pa3yIoT MPOU3BOJIBHYIO IUIOCKYIO cucteMy cui. Jlist Takoi cu-
CTEMBI CHJI, BBIOPAB NPEBAPUTEIILHO OCH KOOPAMHAT, IEHTP MOMEHTOB, COCTaBHM
TpU ypaBHEHUS PAaBHOBECHS.

Bynem yuuThIBaTh, UTO PABHOAEHCTBYIOIIME PABHOMEPHO PACIPENEICHHBIX
1o JyIMHaM d ¥ C Harpy30K MHTEHCHBHOCTH (] paBHbI 1o BenmumHe (A u (cC
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COOTBETCTBCHHO, & TOYKHU MNMPHUIOKCHUA paBHOHCﬁCTByIOHIHX HaxXoIATCA B CEpCau-
HaX 3THUX OTPE3KOB.

C Xc
Ty cmosocX .
| c ! q Ye
a | FEz \
I = I
F, c0s o« ;1 F,sing
q af b
INmn’as
D [Fsing [P
d M(3 b c b
[
A Xn >
Y, '

Jlnst ynpouieHust BhIYHCICHHs. MOMeHTa cuibl F, pasnoskum sty cuy Ha
TOPU3OHTAIBHYIO ( If2 SiN o) u BepTHKaTBHYIO ( |E2 COS & ) cocTapsifoIHe.
SF, =0, X,+Xc-Fsina+F,sina—-qc=0. )
Y R =0, Y,+Y.-Fcosa-F,cosa—ga=0. (5)

R c
ZmC(F):o; X, (d+b+c)-Y,(2b+c)+M —Go+

+qa(2b+c+%)+F1005a~(2b+c)— (6)

~Fsina-(b+c)+F,cosa-b+F,sina-c=0.
Pemms cucremy ypasHenwii (1) - (6), oTBeTHM Ha BOTIPOCHI 3a1a4H.
Bocnosnb3oasiuck Tem, uto ypasaeHus (3) u (6) comeprxkar 2 HEM3BECT-

HbIX BeuauHbl X 4 1 Y, , PELINM 3Ty CHCTEMY ypaBHEHHIA.

U3 ypasrenns (3) momyunm Boipaskenne st X 4 .
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b
Xa=Yag ™ d

IMoxcTaBuM 3TO BBIpaXKeHUE B ypaBHeHue (6).

Fbcosa + qa(b + aj +M

Fbcosa + qa(b + a) +M
2 @)

YAg(d +b+c)- (d+b+c)-

d

a’ —c?
—YA(2b+c)+M+q(2ab+ac+ , J+

+F[(2b+c)cosa — (b +c)sina |+ F,(bcos e + csinar) = 0.
U3 nocieAHero ypaBHEHHs: MOXKHO Haiftn Y, .

. b+c
sing | Fe(bcosa+csina)-M e

Y,=F|cosa— + +

b b
1- - _°
; (b+c)(l dj
2 2
gl a2b+c)+ & —° —a(b+aj(1+b+cj
2 2 d (8)

(b+c)(1—bj
d
2+3

sin30° 8(2cos30° +3sin30°)-12- s
Y, =9-c0s30° - + D

],
d

Torna mo dhopmye (7)

+

12{4(2 2+3)+
+
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9-2-cos30°+1,2-4-(2+gj+12

X, =322. 2 _ ——897kH .
4,5 4,5
U3 ypasrenns (1) naitném X .
Xg=—X,+Fsina. 9

Xg =897+9-sin30°=13,47xH .
U3 ypasuenus (2) Haiiném Y .
Yy =—Y,+Fcosa+qa. (10)
Yy =—3,22+9-c0s30°+1,2-4=9,37xH .

U3 ypasrenns (4) naitném X

X ==X, +Fsina-F,sina+qc=

=897 +9-sin30°—-8-sin30°+1,2-3=13,07xH .

U3 ypasuenus (5) Haiiném Y. .

Y. =—Y,+Fcosa+F,cosa+ga=

=-3,22+9-c0s30°+8-c0s30°+1,2-4 =16,30xH .

Jns mpoBepku cocTaBuM eni€ 0JIHO ypaBHEHHE paBHOBECHUS BCEM KOH-
CTPYKLHHU:

2
Zmo(ﬁ)= X,-d +q-a?+M —F,-cosa-(b+c)-F,-sina-b+

2
1Y, -(2b+0)— X, -(b+c)+q-c-(b+%) =—8,97-4,5+1,2-4?+

+12-8-¢0s30°- (2+3) —8-5iN30°-2+16,30- (2-2+3) —

~13,07-(2+3)+12-3- (2+g) =148,30 148,36 = —0,06 ~ 0.

OTtHOCHUTEeIbHAs MOTPEIIHOCTD COCTABJIACT:
0,06 , .
5 =" 100 /0 = 0,04 /0 , YTO BIIOJIHE JOITYCTUMO B TCXHUYCCKUX pacyeTax.
1

Pe3ynbrarhl pemeHus CBeAeM B TaOIHUITy.
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OrTseT:

Peaknus X A YA X 5 YB X c Yc
Ben-maBxH  -8,97 3,22 13,47 9,37 13,07 16,30

JlOTIOTHUTENHHOE UCCIICIOBAHNE

B kadecTBe NONMOJHUTEIBHOTO UCCIIEAOBAHMS HallleM 3aBUCUMOCTh JlaBje-
HHsL B IPOMEKYTOYHOM IIapHUpe oT Benuuuubl yria & @ Ry = Ry («) . Ansa sr0-

r0 BOCIIONIb3YEMCsI TeM OYEBUIHBIM (hakToM, uto dopmyisl (7) - (10) crnpasemu-
BBI JJIs1 TFOOBIX 3HAUCHMH yria & .

[Mpumensis st Tabynsrmu QyHKIUH YA(a) @), X A(a) (M), XB(a) 9)
u Yg (0{ ) (10) mporpammy Microsoft Excel, momyunm cooTBeTcTBYIOIINE (QYHK-
1uii, 3anannele B e tabmum, a1 0 < o < 90°.

Ry =/ X2 +Y2. (11)

[TpoTabynupoBaB aHAIOrHYHBIM 00pa3zoM BeipaxkeHue (11), ucrmonp3ys Ma-
crep aAnarpamm, ctpouM rpadux ¢pyrxuun Ry (0{ )

Ry, kH
30

25 -]

20 —

0 10 20 30 40 50 60 70 80 90 &,
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C3 ONPEJEJEHUE PEAKIIAM OMTOP TBEPJOI'O TEJIA

C3.1. KpaTkue cBeeHus1 U3 TeOpUH

Ilpou3eonvroii npocmpancmeenHoll Ha3bIBAIOT CUCTEMY CUJI, INHUU JEH-
CTBHUSI KOTOPBIX KaK YroJIHO PACIOJIOKEHBI B MPOCTPAHCTBE, TO €CTh HE JIEKAT B
OJIHOW TUIOCKOCTH, HE MapajUICIbHBI MEKIY cO00il U He MepeceKaroTcs B OHOU
Touke. [Ing Tema, HaAXOASIIErocs B PaBHOBECUHU TOJ| JEHCTBUEM TaKOW CHUCTEMBI
CHII, MOKHO COCTaBHUTh IIIECTH HE3aBUCHMBIX YPaBHEHHUI PABHOBECHSL:

> Fy =0,
Y R, =0,
> F, =0, (C3.1)
me(lf):o,
ZmY(If):O,
Zmz(lf)=0.

Momenmom cunbl OMHOCUMENbHO OCU HA3BIBAIOT MOMEHT MPOCKIUH ITO#
CHUJIbI Ha IIJIOCKOCTD, NCPIECHAUKYIIAPHYIO ZlaHHOﬁ OCH, OTHOCUTEJIBHO TOYKH NEPC-
CEUEHHMSI OCH C IUIOCKOCThIO. M3 3TOTO ClieiyeT, 4To MOMEHT CHIIBI OTHOCHTENIBHO
OCH PaBEH HYJIO B JBYX CJIydasx: €CJIM JIMHHS JCHCTBUS CHJIBI MapaijieabHa OCH,
JTH00 MepeceKaeT 3Ty 0Ch (MJIM CHJIA M OCh JIC)KAT B OJTHOM TUIOCKOCTH).

Bexmop-momenmom napel cun Ha3bIBalOT BEKTOP, MOJYJb KOTOPOro pa-
BEH MOMEHTY Mapbl, MEPIEHIUKYIISIPHBIA MIIOCKOCTH Mapbl U HANPABICHHBIN Tak,
YTO €CJIM CMOTPETh C KOHIIA €r0, BPAllleHUE Tella TO/1 ACHCTBUEM Maphl CHII KaXKeT-
Cs1 IPOMCXO/ISAIINM ITPOTUB XO/1a YACOBOM CTPEIIKH.

[MpuMeHUTENbHO K JaHHOMY 3aJaHui0 meopema Bapunvona moxer ObITh
chopMyarpoBaHa CleIyIOHIUM 00pa3om:

Momenm pasnoodelicmaylowieiil. CX00AUEICA CUCHEMbL CUL OMHOCU-
MebHO HEeKOMOPOU OCU PABeH An2efpAudecKoll Cymme MOMEHMO8 COCMAass-
IOWUX CUL OMHOCUMETbHO IMOTL OCU.

C3.2. Yka3anud 10 BBINOJHEHHUIO 3a1aHUHA

B 3anannun C3 paccMaTpuBaeTcsi paBHOBECHE IUIUTHI, 3aKPEIUICHHON B MOA-
IITHHUKE, MOIIINITHUKE ¥ IIOAACPKHBAEMOW HEBECOMBIM HeaehopMupyemMsIM
CTEp)KHEM, Ha KOTOPYIO ICHCTBYET IPOU3BOJIbHAS IPOCTPAHCTBEHHAs CHCTEMA
CHIL

[Ipu BEIMONHEHUHN 334aHUS JOMOJHUTEIBHO MOYXKHO HCIOIL30BaTh CIELY-
IOLUE METOAUYECKHUE IPUEMBI:

- IPU BBIYMCIEHUU MOMEHTOB CHJI OTHOCHUTENIBHO JAHHOM OCH HY>KHO cpasy
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MBICJICHHO OTOPOCHTH CHJIBI, TapaJUIeTbHBIC JaHHOW OCH WM TIepeceKkaronme eg,
MIOCKOJIKY OHH HE JIaI0T MOMEHTa OTHOCUTENBHO OCH;

- B HEKOTOPBIX CIy4yasX MPU BHIUKMCICHHUH MOMEHTA CHUJIbI OTHOCUTENIBHO
ocH OBIBacT YOOHO MPUMECHHUTH TEOpeMy BapuHbOHA: pa3ioKUTh CHITY Ha COCTaB-
JISIIOLUE U MTOACYUTATh CYMMY MOMEHTOB 3THUX COCTaBIISIOIIUX OTHOCUTENIBHO OCH;

- ISl BBIYUCJICHUS CYMMBI MOMEHTOB CHJI Mapbl OTHOCUTENIBLHO HEKOTOPOM
OCH JIOCTaTOYHO CIPOELIMPOBATh BEKTOP-MOMEHT Maphl Ha 3Ty OCh.

[MocnenoBaTenbHOCTD BBITIOJIHEHHS 3aaHMsI.
21. YscHUTP yCNOBHE 3aJaHus, BBIIIOJIHUTH PHUCYHOK.
22. BeIOpath Teno, paBHOBECHE KOTOPOTO OYIIET pacCMaTPUBATHCSL
23.300pa3uTh cuibl, NEHCTBYIOIINE Ha BBIOPAHHBIH Y3l aKTHBHBIE U
peaKIyHK CBsI3ei. Y CTAHOBUTH BUJ IIOTyYCHHON CHCTEMBI CHIL.
24.Br10paTh yooOHBIE OCH KOOPMHAT.
25.3ammcath COOTBETCTBYIOIIUE TTOMYYCHHON CHCTEME CHJI YPAaBHCHHUS paB-
HOBECHS U PEILHTh HX.
26. TIpoaHanmu3upoBaTh MOTYYCHHBIN Pe3yIIbTaT, CIeTIaTh BEIBOIBL.

C3.3. CoOcTBEHHO 3aJaHNE

Jnst uThl, 3aKpEIUICHHOW B MOJISATHHKE W TOALIMITHHUKE, TOAIEpKUBac-
MO HEBECOMBIM Helle()OPMUPYEMBIM CTEPIKHEM, ONPEACIUTh PEaKIUH ITHX CBsI-
3eif. [lnuTy cuMTaTh OAHOPOAHOM MmacTuHON BecoM P . JlanHbie anms pacuera
npuBenensl B Tabmume C3.1, pacuetHsie cxemsl — B Tadmmie C3.2.

BEINONMHUTE NPOBEPKY: COCTaBHTH ypaBHEHHE CYMMBI MOMEHTOB OTHOCH-
TeNbHO ocH, mpoxoasmeii uepes Touky C' u mapasmenbHOl 0HOM U3 3a1aHHBIX
KOOPJMHATHBIX OCEH; M CPaBHUTH IOJYyYCHHYIO cymMmy ¢ HynéM. KoopawunatHble
ocH, 3a7laHHbIe B pacyeTHhIX cxemax — B Tabmuue C3.2, n300pa’keHbl MCKIIOYH-
TEJIFHO ISl HATJBSITHOCTH AKCOHOMETPHM KOHCTPYKIMH; OKOHYATENbHBIH BBIOOD
ocell Il cOCTaBIICHNs] ypaBHEHUH paBHOBECHS ABISIETCS IPEPOraTUBOM MCCIEN0-
BaTeIs.

B kadecTBe JOMOTHHUTENHFHOTO MCCIEIOBAHHUS HAWTH aHAJMTHYECKYIO 3aBH-
CHMOCTb peakiivu, ykasanHoil B Tabmuie C3.1, ot Bennuunbl yraa 6 u noctpoutsh
COOTBETCTBYIOIINH IrpaduK.
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Tao6auna C3.1. UcxoaHble JaHHbIE.

Ne P G M a p c d ¢  [JomomHurensHOE
xH xH xH-w M M M M 2p. HCCIIeTIOBaHUE
1. 25 50 23 39 70 41 32 55 R, = f(0)
2. 30 54 20 45 62 35 21 40 Ry = f(0)
3. 27 53 31 45 62 35 32 40 Ry = f(0)
4, 90 59 40 96 24 32 27 9 R, = f(0)
5. 52 60 28 38 72 42 36 45 Ry = f(0)
6. 60 72 25 34 28 42 15 35 R, = (0)
7. 26 63 32 40 26 30 35 50 Ry = f(0)
8. 34 68 36 66 68 26 52 50 R, = f(0)
9. 55 76 21 92 65 27 32 55 R, = (0)
0. 41 74 36 38 72 41 32 45 Ry = f(0)
11. 57 80 28 51 40 58 40 25 Ry = f(0)
12. 28 61 20 87 50 59 39 30 R, = f(0)
13. 32 59 25 84 61 55 24 70 Ry = f(0)
14. 36 50 25 96 27 32 66 50 Ry = f(0)
15. 36 80 34 45 56 42 27 25 R, = f(0)
6. 52 70 34 98 41 58 19 30 Ry = T(0)
17. 50 69 35 102 73 41 54 15 Ry = f(0)
18. 27 52 22 86 50 61 20 10 R, = (0)
19. 46 58 32 60 54 45 27 25 Ry = f(0)
20. 39 74 30 36 72 41 48 15 R, = f(0)
21. 30 64 28 35 40 57 19 25 R, = f(0)
22. 36 72 30 90 51 76 39 30 Ry = f(0)
23. 42 68 2,7 87 58 49 27 25 Ry = f(0)
24, 26 60 40 66 59 34 42 45 R, = f(0)
25. 50 70 38 81 46 50 27 60 Ry = f(0)
26. 48 78 20 43 30 58 3 40 Ry = f(0)
27. 32 58 26 45 47 46 35 30 R, = (0)
28. 30 61 30 46 62 35 33 50 Ry = T(0)
29. 40 65 36 66 61 33 57 30 Ry = f(0)
30. 46 68 38 24 54 47 27 25 R, = f(0)

Taéauua C3.2. Pacuéruble cxembl.
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C3.4. IlpuMep BHIMOJTHEHUS 3aTaHUS

C3 OIPEJIEJIEHUE PEAKI[UII OITOP TBEPIOT'O TEJIA

aHO:
P=40«H,
G=6,4 xH,
M =2,8xHwm
a=18 wm,
b=4,2nm,
c=2,6m,
d=20m

11 °
‘AN

Pemenue:

—

PaccmoTpum paBHoBecue rumthl. Ha Hee neiictByror Bec mmthl P, mapa
cuit ¢ momentoM M |, cuna natskenus Tpoca, paBHast 1o BenuuuHe Becy rpysa G

W HaIIpaBJICHHAsA IO TPOCY, PCaKLHA CTCPIKHSA N , COCTABAOIIUC PCAKIIUN OO~

matauka A X,, Y,, Z,, cocrasusiiomue peaxuun nogmunanka B Xgn Yy .

OTU CUIBI COCTaBIISIIOT MPOU3BOJIbHYIO MPOCTPAHCTBCHHYIO CUCTEMY CHIL.
I[J'IH TaKOH CHCTEMBI CHII, BI)I6paB npeaBapuTeJIbHO OCH KOOPJAWHAT, COCTABUM
IECTh ypaBHeHI/Iﬁ PaBHOBECHA.

—

Jlns yrpomlieHus BBIYMUCIEHMS MOMEHTOB peakuuu crepxkus N oTHOCH-
TenbHO oceil X M Y, BBOJS B PACCMOTPEHHME JOTIONHUTENBHBIE YIIbl O U 3,
PAa3’0XkKUM 3Ty CUIIy Ha COCTaBIsifoInue mo ocsiM X, Y u Z . Bennuunsl cocras-

JIAONIUX PABHBI:
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Ny =N-cosa-cosf, N, =N-cosa-sinf, N, =N -sine.

Cuty Hatsokenns Tpoca G Takoke pasiokuM Ha cOCTaBIIOLIME TI0 0cAM X
u 'Yy, npu4yém

G, =G-cosfd=6,4-cos30° =5,543 kH ,
G, =G-sin@=6,4-sin30° =32 xH.

CocraBuM YpaBHCHUA PABHOBECHS.

D> F =0 X,+Xg =N, +G, =0; )
ZFYZO; Y,+Ys+N, +G, =0; )
>F, =0, Z,-N,-P=0; 3)

>'m, (F)=0; =Yg ¢—G,-d =N, -c=0; (4)
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2m (F)=0; XB-C+P%+M 1G,-d=0; )
> m,(F)=0; N,-a+G,-a=0. (6)
3HaueHus TPUTOHOMETPUYECKUX QYHKIMI yriloB & u [3 onpenenum u3
pHCYHKA.
2 2 2 2
cosq—— ot VI8 +42Z e,
Ja? +b>+¢%  J18° +4,22 + 2,67
sina = ¢ - 2.6 — 0,495,
JaZ +b%+¢%  |18° +4,22 + 2,62
cospo— 18 (304,
Jai+b? 182 +4,22
sinf = b 4.2 =0,919.

JaZ+b? /1,82 +4,27
Pemas cucremy ypasaenwuii (1) - (6), HaliJéM HCKOMBIC BETUUUHBI PEAKIIHUIA.

U3 ypapuenus (6) Haiiném N .
N, =—G,,uwm N-cosa-sin f=-G, =

N=- & — = — 32 =—4,007 kH .
cosa-sin g 0,869-0,919

Tornma

N, =N -cos« -cos f=—-4,007-0,869-0,394 = -1,372xH ,
N, =N -cosea -sin f=-4,007-0,869-0,919 =-3,2xH ,
N, =N -sina =-4,007-0,495=-1,984 xkH .

U3 ypasrenus (5) Haitném X .

P2 M-G,-d -4 28 5543.2
X, =—2 =2 = —6,725kH .
c 2,6

U3 ypasuenust (4) cnenyer:
y _—G,-d-N,-c_-32.2+32.26
° c 2,6
U3 ypaenenwii (3), (2), u (1) cnenyer:

=0,738xH .
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Z,=N, +P=-1984+4=2016xH,
Y,=-Y, —N, -G, =—0,738+3,2—-3,2=—-0,738xH ,
X, =-Xgz+N, —G, =6725-1372—5543=—0190xH .
HJ’IH_HpOBCpKI/I COCTaBUM YpaBHECHHUEC MOMEHTOB OTHOCHUTCIIBHO OCH u , 1a-

paienbHOM Ocu Z 1 NPOXOASILEN yepes T. c'’.
> m(F)=X,-b+X;-b+G, -b+G, -a=-0190-4,2-6,725-4,2+
+5543-4,2+3,2-1,8 =29,041- 29,043 =-0,002 ~ 0.

OtHOcUTEIbHAS MOTPEIIHOCTD COCTABJISACT:

S= ‘_ 0’002‘ .100% = 0,007%, YTO BIIOJIHE JOMYCTHMO B TEXHHYECKHUX pacyeTax.
29,041
PesynbTathl perieHust CBEAEM B TaOHILY.
OrtBer:
Peaknus X A YA Z A X B YB N

Benr-nas  -0,190 -0,738 2,016 -6,725 0,738 -4,007
xH

JIOTIOJTHHUTEIHbHOE UCCIICIOBAHNE

B kauecTBe AOMOJIHUTENBHOTO UCCIIEOBAHUS HAWIEM aHAJIMTUYECKYIO 3aBHU-
CHAMOCTb BEJIMYMHBI PEAKIIAN R A OT yria 0 u MIOCTPOUM COOTBETCTBYIOIIUN rpa-

¢uk. J{ns storo cHauyana u3 ypasaenuit (1) - (6) HaliéM 3aBUCHMOCTH BEJIHYUH
cocrapsommx R, oryrma 6.

___ G ___ Gsing
cosa-sinf  cosa-sinf
Ny =N -cosw-cos,Bz—G-w:—GEsine.
(o)} b
N, =N -cosa-sin f=-Gsind.
N, =N -sina =-Gtga s_me -G sing.
sin g b

P2 M-G.-d P-2iM+Gcoso-d
w2 _ 2
8 c c
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y =~Gd-Ny-c_ - —sing-d+sing-c =Gsin9( _QJ
® c c c

ZA=NZ+P:P—G%ﬂna @)

YA:A%—NY—GY:Gﬂng(}1+g+1—qz
C

:—Gsina-(l—%j. (8)
X, =—Xg+N, -G, =
P.24M g .
:2—+GK——1jcos¢9——sin 6’] %)
c c b

[Mpumenss amst Tadymsiiuu Gyukumii (7) - (9) nporpammy Microsoft Excel,
MONyYMM COOTBETCTBYIOIME (DYHKIMH, 3aJaHHBlC B BHae TaOmui, st

0<H<90°.
Ry=(X2+Y2+Z2. (10)

[poraGynuposas Tenepsb Bhipaxkenue (10), ucnonb3ys MacTep Auarpamm,
crpoum rpaduk Gpyskuun R A(H).
Ry, kH®

47
46,5 T~

46
45,5 —

45 N
44,5 N~
44 I

435
43
425
42

\

f.°
0 10 20 30 40 50 60 70 80 90 )

U3 rpaduka Buano, uro npu ysennuennn 6 or 0 no 90° semmunna R,
MOHOTOHHO yOBIBAET.
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K1 ONPEJEJIEHUE KWHEMATHYECKHUX
XAPAKTEPUCTHUK TOYKH

K1.1 KpaTkue cBeieHHsI H3 TeOpHH

Iloa mouxoit B xuHeMaTHKe IPUHUMAIOT TEJIO0, pa3MepaMu KOTOPOTO MOXK-
HO MpeHeOpeyb MPH PEIICHUH TaHHOH 3amaun. Teno, coBepiaromiee mocTynaTelb-
HOE JIBIDKEHHUE, TAKKEe MOXHO pacCMaTpUBaTh KaK TOUYKY, MOCKOJIbKY KHHEMAaTHY e-
CKHe XapaKTePUCTUKH BCEX €r0 TOYECK OJNHAKOBEI.

OcHOBHOH 3afaueil KMHEMATHKH TOUYKU SIBISIETCS onpedeneHue ee KuHe-
MamuyecKux XapaKkmepucmuKk — B TIEPBYIO OUepeb — CKOPOCTH M YCKOPEHHS.
Ora 3a7a4a BBIMOJHACTCS TOT/a, KOTJa JBIKCHUE TOYKH 33/1aHO (SBHO WMIIM HESB-
HO), TO €CTh YKa3aH METO/I, C IIOMOIIBIO KOTOPOTO MOKHO OTIPENIEIHUTh TOJIOKCHHE
TOYKH B JIF000I1 MOMEHT BPEMEHHU.

CyliecTByeT Tpu croco0a 3alaHusl ABHKCHHS TOUKH: 6eKMOPHbL, KOOp-
OUHAMHBLIL U ecmecmeeHHbll. B TIepBOM cllydae BIKEHHE TOUYKH 33aeTCs 3aBU-
CHMOCTBIO PaInyC-BEKTOPA JABIDKYIIEHUCS TOUKH, POBEJACHHOTO U3 HEMOABHKHOTO
LIEHTpPa, OT BPEMEHH:

r=r(t) (K1.1)

[pu koopounammnom cnocobe, SBIAIOMEMCS CIEICTBHEM BEKTOPHOTO,
IBIDKEHUE TOYKHU 3aJ1aeTCs YPaBHEHUSMH IBIDKCHUS — 3aBHCHMOCTSIMH COOTBET-
CTBYIOIINX KOOPIMHAT OT BpeMeHH. {151 JeKapTOBBIX KOOPAMHAT YPaBHCHUS JBH-
JKEHHS IMCIOT BH/I:

X= x(t),
y = y(t) (KL2)

z=1(t).

CKOpOCTh M YCKOPEHHE TOUKHU B 3TOM CITydae ONPEEISIOTCS 10 MPOEKIIUAM
BEKTOPOB CKOPOCTH M YCKOPEHHS Ha OCH KOOPAWHAT. DTH ITPOSKINH BBIUUCIISIOTCS
1 epeHnnpoBaHNeM 110 BpeMEHH KOOpP/IMHAT !

dx d’x dv
V =, = — = X
* O dt BT T d
dy d?y dVv
V, =—, K1.3 _oy_avy K1.4
Y gt (K1.3) a, = el (K1.4)
dz 2
V, =—. a:dz:dvz
dt 2702 dt
Torna

V=S +V+V7,  (KL5) a=.a; +a’+a;. (KL6)
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Hanpasienne BeKTOPOB CKOPOCTH M YCKOPEHUS B OO0 MOMEHT BPEMEHU
MOTYT OBITh OTIPEICIICHBI HAMTPABIISIOIIUMYU KOCHHYCAMHU YTJIOB, KOTOPHIC 3TH BEK-
TOPBI COCTABJISIIOT C KOOPJIMHATHBIMU OCSIMU:

cos V,szvvx, cos| a7 |=2x,
a
VilW (K1.7) ~"=] a
Cos| v, J _Vr : cos| a, j =_Y, (K1.8)
a
—’A" V A
cos| V ,k | = £, -"=) a
v cos| a,k |=—%.
a

ITpu ecmecmeennom cnocobe 3anaroTcs: TPAEKTOPUS TOUKH, HAYAJIO U I10-
JIO)KUTEIHHOE HaNpaBJICHUE OTCUETA JIyTOBOW KOOPAMHATBHI S , 3aKOH JIBHKCHUS —
3aBUCHMOCTbH JYTOBOM KOOPJIMHATH S OT BpeMeHH 1 :

S =5(t). (K1.9)
B sTom ClIydac BCJIMYMHA CKOPOCTHU ONPCACIACTCA KaK IPOU3BOAHAA OT AYy-
TOBOM KOOPpAUHATHLI IO BpEMCHU:

dt
YCKOPCHI/IG TOYKHN MMECT B €CTCCTBCHHBLIX OCAX KOOpAWHAT JABC COCTAaBJISA-
FOIHNE — KAaCaTCIbHYIO (TaHFeHL[I/IaJ'ILHyIO) 1 HOPpMAJIbHY1O:

d=3 +4 —a=,a’+a’ =a =.a’-a’. (K1.11)

KacarensHoe YCKOpPCHUE pPABHO II0 BEJIMYHHE HpOI/ISBOZ[HOﬁ OT MOAYJA
CKOPOCTH 110 BpEMCHU:
a = dv _Via, +Via, +Vsa,
I \Y

—

BekTop KacarenbHOro yCKOpeHusi d_HAaXOAUTCA Ha KacaTeNIbHOW K Tpaek-

(K1.10)

(K1.12)

TOPHH, BEKTOP HOPMAJbHOTO YCKOPEHHS &, HaXOIWTCs Ha TJIaBHOH HOpMaiu K

TPAaeKTOPUH U HAIIPABJICH B CTOPOHY BOTHYTOCTH TPACKTOPHUH.
HopmanbHoe yckopeHHe paBHO IO BEJIMYMHE KBAJApaTy CKOPOCTH TOYKH,
JIeTICHHOMY Ha PainyC KPUBU3HBI TPACKTOPHUH:
V2 V?
Vo ,- (K1.13)
P a,

a

n
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11.

12.
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K1.2. Yka3aHus o BbINOJTHEHUIO 3aJaHUusA

[MocnenoBaTenbHOCTD BBITIOJIHEHHS 3aaHHsI.
YsicHUTH ycii0BHe 3agaHus. B HacTosIIeM 3a1aHUU IBU)KEHHE TOYKH 3a-
JaeTcs ABYMs ypaBHEHHSIMH, CIICIOBATELHO TPAEKTOPUS TOUKU — ILIOC-
Kasi KpUBasl.
HaiiTn ypaBHeHue TpaeKTOpuHM TO4YKH. /[yl 3TOro HEOOXOAMMO HC-
KJIFOUUTH BpeMst t U3 ypaBHEHHUH JBHIKECHHUS.
HN300pa3uTh TpaeKTOPHI0O HA PUCYHKe. BBIICHUTD, BCS JM 3Ta KpUBas
SIBISIETCSI TPAGKTOPHEH TOYKH, [UIS YE€T0 HY)XHO B YPaBHEHUSX IBHKCHHS
HalTH o0xacts onpeneneHns Gynkumid X(t) u y(t) w 0<t<oo.

OnpenenuTs MOJIOKeHNE TOYKH B HAYAJBLHBIN W 3aJaHHBII MOMEHT
BpeMeHH. /Iy 3TOTO B ypaBHEHHE JBHKECHUS ClEIyeT MOICTAaBUTh 3Ha-
yeHusa t =0 u t =1, U NOACYUTATH COOTBETCTBYIOLINE KOOPAUHATEIL.
HaiiTu npoekuuu BeKTOpPa CKOPOCTH HA OCH KOOpPAUHAT. /{1151 3TOrO0 1o
¢dopmyne (K1.3) cHauana HAWTH NPOEKIUKM BEKTOPA CKOPOCTH Kak (yHK-
LIUM BPEMEHH, a 3aTeM IOACYUTATh UX 3HAYCHUS JUIA 3aJaHHOI'O MOMEHTa
BpPEMEHU.

ITo popmyie (K1.5) HaliTh BeIMUNHY BEKTOPa CKOPOCTH.

M300pasuTh Ha pUCYHKe BeKTOp ckopoctd V M ero cocrapisiiomue

V, , V, aas 3apanHoro momenta Bpemenn. [Ipu 5ToM y00HO CHavana

noctpouts Bektopst Vy , Vi, u VB BoiOpannoM mMacmraGe, a 3atem, uc-

nosb3ys Gpopmyisl (K1.7), moacunTaTth 3HaYEHUS HAMPABISAIOIINX KOCH-
HYCOB YTJIOB, KOTOPBIE 3TH BEKTOPHI COCTABJIAIOT C KOOPJAUHATHBIMU OCSI-
MH, & 10 HUM — COOTBETCTBYIOIIKE YTibl. OTIOKUB 3TH YTIIbl, HEOOXOIU-
MO yOeAHMThCS, YTO PE3YJIbTAThl MOCTPOSHHSI B TOM M JPYroM cCIocoOe
COBITAJIAOT.

AHAJIOTHYHBIM 00Pa30M HAITH BeKTOPbI Ay , 8y ¥ a .
Mo dopmyne (K1.12) moacuuraTh BeJIUYUHY KACATEILHOI0 yCKOpe-
HUSI TOYKH & M OTJOKHTH BeKTOP d_ Ha KacaTelbHOii K TPaeKTo-

puu ¢ y4éTOM 3HaKa.
Mo ¢opmyae (K1.11) moacyuraTh BeJIUYHUHY HOPMAJIBLHOTO YCKOpe-

HUSl TOUKH d, M OTJIOKUTBH BEKTOP &, Ha IJIABHOH HOPMAIM K Tpa-
eKTOpPHUH.
Mo ¢popmyse (K1.13) moacuurarh paauyc KPUBU3HBI TPAEKTOPHH 1151

3aJaHHOI'0 MOMEHTA BPEMEHMU.
l'lpoananmuponaTL l'lO.l'ly‘leHHLlﬁ pe3yJbTart, caejiaTb BbIBOAbI.



Ilo 3apaHHBIM YpaBHCHUAM ABUKCHUSA TOUKH HCOGXOI[I/IMOI
1.

4,

N

10.
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K1.3. CoOcTBEHHO 3a1aHKe

Haiitu ypaBHeHUE TpaeKTOPUHU U MOCTPOUTH COOTBETCTBYIOIIYIO

KPHBYIO, YKa3aB IIPHU ATOM, BCS JIU KPUBas SBJISIETCS TpaeKTOpHen
ToukH. [TocTpoUTh TPAEKTOPUIO TOUKH.
OnpenenuTs NOJI0XKEHNUE TOUKY B HAYAJIBHBIN U B 3aJaHHBIH MOMEH-

Thl BDCMCHH, I/1306pa3I/ITI) Ha pUCYHKE 5THU MOJIOKCHUA.

Haiiti BeIn4nHBI BEKTOPOB CKOPOCTH U YCKOPEHHSI TOUKH JJIS 3a-
JAHHOTO TTOJIOXKEHHS, H300Pa3UTh 9TH BEKTOPHI 1 HX COCTABIIIOLINE

Ha PHUCYHKE.

Haiitu paguyc KpuBU3HBI TPAEKTOPUU
Heo0xonnmere st pacdeTa qaHHBIe puBeAeHH! B Tabmmme K1.1.

Taoauna K1.1. UcxoaHble JaHHDBIE.

x(t)

M

—2t>+3
4cos(ztj+ 2
3
- Zcos(ztzj +2
3
O,55in2(ztj—0,5
6
2t

4t

—3sin(£tj
3
5t
2sint

2cos(zt2j—0,5
2

y(t)

M

5t
55in( tj—l
Zsin( tzJ—l

O,GCOSZ(%'EJ +03

w|y

w|y

4sint
4

t+1
Zcos(zt)+1
3
7t2 -3
4cos(2t)

4sin(zt2j
2

15

[EN



11.

12.
13.

14.

15.

16.

17.

18.

19.
20.

21.

22,

23.

24,

25.
26.

0,5c0s(7t)
-2t
—2t-2

8c032(£t]+ 2
6

2COS[£t2j+l
3

t+2
7t?

0,4- O,8cos(%tj

25in(£tj
6
4t

1+ 4cos(t2)

2t2 -3

t> —2t+3

23in(£t}
6

0,5 cos(zt]
2

4t — 4
2

t+1

—83in2(%tj -7

33in(£t2j
3

2t

3t+6
5t-1

O,8sin(%t)+0,2

1- cos[th
6

4cos(2t)

4sin(t2)—2

B 1
t°+0,5

2t —4t -1

2COSZ(£tj
6

0,5
13

0,75

0,75

3,5

0,75
0,8

1

[N w - O3|KC§J“I‘OO|§) N
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27.
1,53in2(£t2) +1 1,50032(Zt2J 1,2
6 6
28. 3sin(at®)+1 3cos(nt®)+1 0,9
29. —4t* +1 -3t? 06
30. 1-sint cos(2t)-1 %

K1.4. IlpuMep BbINOJHEHUS 3aaHUS

K1 OIMIPEAEJIEHVE KNHEMATUYECKUX
XAPAKTEPUCTUK TOUKHU

aHo: Pemenne:

t3j -1 ( M), Haiiném ypaBHenue tpaektopuu. s
3 HTOr0 MCKIIOUKMM BpeMs 1 M3 ypaBHeHUH 1BU-
L3 tgj 1 (M) JKEHUSL. BocnuonbsyeMcavaeCTHoﬁ TPUTOHO-
3 ! METpHYECKOH (GOpMYIIOii:

t, =1 (c) sina +cos’ a =1.
Bripasum U3 nepBoro ypaBHEHUS

Omp. y(x), VvV, a, o Sin(%tsj , 13 BTOpPOTr'O -COS(%t?’j , BO3BEIEM

B KBaJIpaT " CJIOKUM MOJTYUCHHBIC BBIPAKCHUS.

X—stm(gtej’ (Xg—zl):“”z(%tsj’ (1P (-1f

) " ly-1y 7w
_ T _
Y=o )| =1 cos?l 3 |
4 3 4* 3
Takum 00pa3oM, TPACKTOPUEH TOUKHU SBJISICTCS JUTUIIC C TIOIYOCIMHU 2M U
4y ¥ KOOpIMHATAMU [IEHTpa (— 1;1) .

<

N3o6paxkaeM TpaeKTOPHIO.
BBIHCHI/IM, BECH JIU DJIJIUIIC SABIIACTCA TpaeKTOpPIefI TOYKH.

Tax mpu 0 <t < oo, —lSSin(%ﬁjsl n-1< COS(%tgjﬁl,

10 —3< X = Zsin(%ﬁj—lél, -3< y:4cos(%t3j+1s 5.

Taxum 06pa30M, BECCh JJUIUIIC ABJIACTCA TpaeKTOpPICﬁ TOYKH.
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—-105°

ﬂ"“'"';ﬁ-_

Haiiném nonoxeHue TOYKU JIsi HA4aJIbHOTO U 33IaHHOTO MOMEHTOB Bpe-
MEHHU.
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X, = Zsin[z : osj “1=-1u| x = 25in(£ ~13j ~1=0,732m
3 3

Yo =4cos(%-03]+1=5m yl:4cos(%'13J+1:3M
Haiiném ckopocTh TOUKH.

V, = ox_ 27t? -cos(zﬁj,
dt

V=V +V2

Vv, = W g -sin(zt"“).
dt 3
Ilpu t;, =1C

V, =271 cos(%fj =314nlc,

V, =4z 12 -sin[%f’j =109/ c.

V= 271'-12\/1+ BSiH(%-f’J =113m/c.

cos[\7 fi”j _ Vi 34 0,276; (\7 fi*] =-73,9%
V113

cos(\7 : ]) Wy 109 4065, ( j ]) =-164°.
vV 113

Haiiném yckopeHue TOUKH.

ay = P ZtCOS(Etsj—m4Sin(£t3j ,
dt 3 3

a, :%:_47{ 2tsin[£t3j+7zt“cos(£t3j .
dt 3 3

Ipu ¢, =1c

a=,a; +a’ .



a, —27Z'|:2 1. cos(— 13j sm( 1 H:—lo,&wc?,
—47{2 1 sm(— 13j+7z 4 cos( 1 ﬂ.=—41,5m/c2.

a=1/(-10,8f + (-~ 415 =429/ c?.

cos[é’?f) _ac_ 108 _ 4o (afi”j —_105";

a 429
cos(af ij — %Y _ —%’g —_0,967. (af jj —165°.

Haiiném xacaTenpHOE yCKOPEHNE TOUKH.

dV Va +V,a,

Sy v
_314-(-108)+ : 5—3 10,9)- (- 41’5) =37,0m/c?

Haiiném HOpManbHOE YCKOPEHHUE TOUKHU.
a, = a’—a? = /42,92 37,0 = 21,7/ c*.

M306paskaeM Bce BEKTOPHI HA PUCYHKE.
Haiiném paguyc KpUBU3HBI TPACKTOPHH.

= V—2 = 113 =5,89m
a, 21,7
PesynbTaThl BHIYUCIEHHUS CBEIEM B TaOIHUILY.
Ortsert:
Vy Vy \ ay ay a a, a, P
mle mle mle  mlc? wmlc® mlc® mlc® mlc? M

314 -1089 113 -108 415 42,9 37,0 21,7 5,89
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K2 ONIPEJEJIEHUE ABCOJIIOTHOM CKOPOCTH
N ABCOJIIOTHOI'O YCKOPEHHUSA TOUYKH

K2.1 KpaTkue cBeieHHsI H3 TeOpHH

JI1060e He MOCTynaTeJibHOE H He BpamiaTeibHOE TBUKEHHE TBEPIOTO
TeJIa HAa3bIBAETCS CJIOKHBIM. [0 CBOCH CyTH Takoe JBMKEHHUE SBISICTCS COCTAB-
HBIM: OHO MOJET OBITh MPEACTABICHO KaK CyMMa HEKOTOPOTO KOJIMYECTBA IMPO-
CTEWIINX IBIKEHUH (IIOCTYMATENFHBIX M BPAaIIaTeIbHBIX), MHAYE TOBOPS, MOXKET
OBITH COCTABJIEHO W3 MTPOCTEHIINX JBIDKCHUI.

B HacTosmeM 3amaHWK paccMaTpPUBAETCS CIIydaif, KOTZa YHCIO IPOCTBIX
IBIDKEHUH, COCTABIIOMIMX CJIOXKHOE, paBHO ABYM. Kpome Toro, B mpemenax
HACTOSIIETO 3aJaHMs TEJO, COBEPIIAIOIIee CIOXKHOE INBIDKEHHE, MOXKHO CUHTATh
TOYKOH.

Jlis MccnemoBaHus CIIOKHOTO JBHMIKCHHS, COCTOSIIErO M3 JBYX MPOCTEH-
IIMX, HEOOXOAUMO BBIOPATH IBE CHCTEMBI OTCUETA: MOABMKHYIO M HETIOABIKHYO.

[Tpu BBIOOpE HENOABMKHBIX OCEH KOOPIMHAT MX HEOOXOAUMO CBSI3aTh C
HETIOIBIDKHBIM B YCJIOBHSIX TaHHOU 3a1a4H TEJIOM.

IMoxBHXHBIC OCH HY>KHO BBIOMPATh TaK, YTOOBI JBH)KCHHE TENIA [0 OTHOIIIE-
HUIO K MOJIBMYKHBIM OCSIM OBLIIO MPOCTBIM, W YTOOBI JIBIKCHUE TOIBIKHBIX OCEH
IO OTHOIUICHHIO K HEMOJBIKHBIM OBUIO MPOCTHIM. Hade ToBOps, OCH HY>KHO BHI-
OUpaTh Tak, YTOOBI CIOKHOE IBIKEHUE PACKIIAABIBAIIOCH HA TIPOCTHIE.

JIBMKeHHe Tejia 10 OTHOIIEHHIO K TOJABHIKHBIM OCSIM Ha3bIBaeTcsl OT-
HOCHTEJIbHBIM (MHIEKCAIUS: I OT JaTHHCKOTO relativus — oTHocuTe b HbIIH).

JIBM:KeHHEe MOJABHIKHBIX 0CEil 110 OTHOLIEHUIO K HEMOABHKHBIM Ha3bIBa-
€TCsl MePEeHOCHBIM (MHAEKcAus: € OT (ppaHIly3cKoro entrainer — ysiexarsn).

JIBHKEeHHE TejIa M0 OTHOIIEHWI0 K HEMOABHJKHBIM OCAM HA3BIBAETCS
20COJIOTHBIM.

A6comoTHas ckopocTh Touku V , TO €CTh CKOPOCTh TOUKH 110 OTHOLIEHHIO
K HEMOJBIDKHBIM OCSIM KOOPJIMHAT, ONPEAEIIIETCS C TIOMOIIBIO TEOPEMBI CIIOXKESHHUS
CKOpOCTEH:

3Z[GCB Ve - IEPEHOCHAasA CKOPOCTh — CKOPOCTh, KOTOPYIO UMEIa OBl TOYKa,

ecnu ObI OHa HEM3MEHHBIM 00pa30M Oblia CBsI3aHa C MOJABWIKHBIMHU OCSIMU;

Vr - OTHOCHUTCJIbHASL CKOPOCTb — CKOPOCTb TOYKH IO OTHOIICHHWIO K IIO-
JABUIKHBIM OCAM KOOPJAUHAT, KOTOPBIC B 3TOM CJIyda€ pacCMATPUBAIOTCA KaK HEIIO-
JBHIKHBIC.

—

AGCOMIOTHOE YCKOPEHNE TOYKH & , TO €CTh YCKOPEHHE €€ 10 OTHOIICHHUIO K
HETOJIBH)KHBIM OCSIM KOOP/IMHAT, ONPEIEISIETCs] TEOPEMOH CII0KEHHUST YCKOPEHUIA:

a=a,+4a, +a,. (K2.2)
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31ech @, - IEPEHOCHOE YCKOPEHUE — YCKOPEHUE, KOTOPOE MMeNna Obl TOUKa,
ecni OBl OHa HEM3MEHHBIM 00pa3oM OBIIa CBSI3aHA C TIOABIKHBIMH OCSIMU;
ar
JIBIOKHBIM OCSIM KOOPJIMHAT;

- OTHOCHUTEJIBHOE YCKOPEHUE — YCKOPEHHUE TOYKH IO OTHOIIEHUIO K I10-

éK - yckopenne Koprommca (HOBOPOTHOE yCKOPEHHE).
d,= 2(60e er), (K2.3)
TJie, B CBOIO O4€peb, (J, - BEKTOP YIIOBOH CKOPOCTH Tela B IIEPEHOCHOM JBHIKE-

HUM.

BektopHoe pasernctso (K2.3) monHoCcThIO ompenensieT yckopenne Kopuo-
JIFca: Kak [0 BeJIMYMHE, TaK U M0 HAIIPaBJICHHIO.

Besnunna yckopenus Kopunosnca:

a, =|a|=2a, xV.|= 20V, sin(c?)e’\\Z).

I[.]'Ifl onpeaeJeHusl HANpaBJIeHUS BEKTOpa éK H€O6XOI[I/IMO BCKTOP a)e

HEPEHECTH B JABIKYIYIOCS TOUKY M IPOBECTH ILIOCKOCTh YEPE3 BEKTOPHI (), H
V,.Bekrop 8y HepICHIHMKYISPEH STOMH IIIOCKOCTH M HAPABICH TaK, YTO CCIIH

CMOTPECTh C KOHIIA €ro, BpalmceHUue BEKTOopa a)e J0 COBMCHICHUA C BEKTOPOM Vr

KpaTdaiimmM o0pa3oM Ka)XeTcs IIPOUCXOIAIINM MPOTHB X013 YaCOBON CTPEIIKH.
WHorna nns onpeneneHus HaIIpaBIeHUs BeKTopa yckopenus Kopuomnca
HCTIONIB3YIOT CIIEJICTBUE BBIIETPUBENEHHOTO MpaBuiia - npasmio H.E. XXykoBcko-

0. 0714 onpedeenus Hanpaesienus 6eKmopa a, Heo0Xo0umo 6eKmop Vr
Cnpoeyuposams Ha NOCKOCHb, REPREHOUKYIAPHYIO 6eKMOpPY (), , U NOGEPHYNLb

na 90° ¢ nanpasnenuu nepenocnozo spawenus. Ionyuennoe nanpasnenue u

Oyoem nanpaenenuem eekmopa d .

2.2 YKa3aHHus 10 BBINOJHEHHUIO 3a4aHUA

i Toro, 4ToObl YCTIEUTHO PEUIUTh 33]ady M0 KHHEMAaTHKE CJIOKHOTO JIBU-
JKeHHsI, HEOOXOIMMO TIPOBECTH aHAIIN3 JIBMXKECHUS: YCTAHOBUTH, KAKOE JIBIKCHUS 6
YC08UAX KOHKPEMHOI 3a0auu SBISCTCS OTHOCHTEIBHBIM, KaKoe — IEPEHOCHBIM,
Kakoe — abCcONMOTHRIM. J[JIs1 IPOBEACHUS TAKOTO aHAIN3a, KaK ATO CIEeIyeT U3 OIpe-
JIETICHUS] OTHOCHUTENBHOTO, TIEPEHOCHOTO M aOCOJIIOTHOTO JBIDKEHMH, CIIEIyeT Tpa-
MOTHO BBIOPATh HEMOJABIKHBIC M TIOABIKHBIC OCH KOOPJHMHAT, 0€3 MPOBEACHU Ta-
KOT0 aHaJHM3a JAIbHEHIIee PEIICHUEe CMBICIIA HE UMEET.
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INocnenoBaTenbHOCTD BBITIOJHEHHS 3a0aHUS.

27. YSICHUTD yCJI0BHE 3a1aHUs.

28. U300pa3uth pacuérHyio cxemy (pucyHok). Eciu B 3anadye ects Heno-
JIBIDKHAsl OCh BpalICHUs, MEPIICHIUKYISIPHAS TUIOCKOCTH YepTeka, TO MPH
BBITIOJTHEHUH PACUETHON CXEMBI MOXKHO OTPaHUYHUTHCS OJTHOM (ppOHTaIBHOM
npoekuuerd (BUIOM crepenu). B mpoTuBHOM ciydae HeoOXoaMMO M300pa-
3UTh, 110 KpaiiHeW Mepe, /1Ba MPOCKIMH ([Ba BHJA), HApUMEp, HPOHTAIb-
HOW M BEpTHKANBHOU (BHJ criepeq W BUA cBepxy). K akcoHOMeTpuu mpu-
OeraTp HE pEKOMEHIYETCS.

29. HaiiTn moJiokeHHe TOYKHU B 32/IaHHBIH MOMEHT BpeMeHH M H300pa-
3UTh €ro Ha pUcyHKe. /{711 3TOr0 HyKHO B BBIPAKCHHE 3aKOHA JBH)KCHHS

TOYKH IIO TEITY S(t) IOACTaBHUTh BaZ[aHHLIﬁ MOMEHT BPEMEHU U OTJIIOXHUTH

nonydennoe paccrossaue BM .

30. BeiGpaTh HemoABHKHBIE OCH (0Ch) KOOPAHHAT. J[JIs1 3TOT0 HEOOXO0TU-
MO CBSI3aTh 3TH OCH (OCbh) C HETOABIKHBIM B yCIOBUSAX JAHHOU 3a/a4d Te-
JIOM.

31. BeiGpaTh moABMKHBIE OCH (0Ch) KOOPIAMHAT. DTH OCH (3TY OCh) Clie-
IyeT BBIOUPATh TaK, YTOOBI JBIDKEHHUE Tea (TOYKH) IO OTHOUICHHIO K ATHM
ocsM OBUIO TIPOCTHIM (TIOCTYHATENbHBEIM WM BpaIlaTeNbHBIM), U YTOOBI
JBIDKEHHUE TTOJIBIKHBIX OCEH MO OTHOMICHHWIO K HEMOIBUKHBIM OCSM OBLIO
npocteiM. HeoOXoanMo Taxke yka3aTh, ¢ KaKUM (PU3UICCKAM TEIIOM CBS-
3BIBAIOTCS ITOJIBHKHEIC OCH.

32. YcTaHOBHTH KaKoe IBH:KeHHE B YCJIOBUAX AAHHOM 32124 sIBJIsIeTCS
OTHOCHTebHBIM. ECITH OTHOCHTENBHOE IBHKEHHE COBEPIIAET TeJ0, HeoO-
XOAMMO yKa3aTh BHJ 3TOr0 ABWKEHMA (TIOCTyHAaTElIbHOE WM BpamiaTelb-
Hoe). [Ipu 3TOM B ciydae MOCTYyHaTeIbHOTO JBUKEHHSI HEOOXOJIMMO yKa-
3aTh (OpPMY TPAaeKTOPHH, B CIIydae BpamlaTeIbHOTO IBIDKEHHS — OCh Bpa-
meHusi. Ecium OTHOCHUTENbHOE JABMXKEHHE COBEpIIAaeT TOYKa, HEOOXOIUMO
yKa3aTh (pOpMy TpaeKTOpHUH.

33.YcTaHOBHTH, KaKoe IBIKEHHE B YCJIOBHSX JAHHOM 32/1a4d ABJIsAET-
cs mepeHoCHbIM. [Ipy 3TOM HEOOXOOMMO yKa3aTh TENO, CBSI3aHHOE C IIO-
JIBIDKHBIMA OCSIMH W COBEpIIAfoIee, CIeI0BaTeIbHO, MTEPCHOCHOE IBIDKE-
HIE.

34.OtBeTuTH Ha BONMPOCHI 3aAa4u. [Ipu 5TOM 0TBeUas Ha BOIPOC, CBSI3aH-
HBIH C OIpeAeTICHHEM CKOpOCTel, HEOOXOMMO BOCIIOJIE30BATHCA TEOPEMOM
CJIOXEHUsI cKopocTel. /sl 0TBETa Ha BONPOC, CBA3AHHBIN C ONpPEACIICHUEM
YCKOPEHHH, HEO0OXOIMMO BOCIIONIB30BATHCS TEOPEMOM CIOXKEHHS YCKOpe-
Hui. COOTBETCTBYIOIIHE BEKTOPHI HEOOXOAMMO N300pa3nuTh HA PUCYHKE.

35. ITpoaHaau3upoBaTh NOJTY4YeHHbIIi pe3yJibTaT, C1eJIaTh BHIBObI.
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K2.3. Co0cTBEeHHO 3a1aHNE

o Teny A, Bpamaroniemycsi BOKpYT HENOJIBUKHOI OCH, TIPOXO/ISIIEH Ue-
pes Touky (touku) O, B cooTBeTCTBHM € 3aK0HOM @ = @(t) , KBUKETCs Touka M
no zakony S = BM = S(t).

OnpenenuTs abCOMOTHYIO CKOPOCTh M abCONMIOTHOE yekopeHue Touku M
JUIsL MOMEHTa BPEMEHH 1 .

HeoOxonnmere s pacdera qaHHBIE IpHBeneHB! B Tabmuie K2.1, pacuer-
HBIE cxeMBbl — B Tabimie K2.2.

Taoauna K2.1. Ucxoanble JaHHDbIE.

p=¢(t) S=BM =S(t) t, R d a

Ne,
pao M c M M 2p.
1. et:—12t> 0,08t(t-1)+04 1 010
(7 2
2. 3 _t? 0,2sin| —t — 0,25
v oaslt) 2
15
3. _ 42 = t® 2 030 030
5t — 4t 800
i 08t 0,2sin(74) g 0,20
5. 4t+16t> 0.1+0,01sin(2xt) % 0,20
6. 12t—t? O,ZﬂCOS(%t) % 0,20 0,20
7. 6t2—3t3 0,37t(1-2t) 1 060 050
8. 0,5t+15t° 1,57t % 0,25
o. et*-12t> 008(t*—t)+004 1 0,10
10.  0,6t2 O,25in(%tj 1 60



11.

12.

13.
14,

15.

16.
17.

18.

19.

20.

21.

22.
23.
24,

25.

26.

217.

28.

29.

0,2sin(zt)

0,472

0,27t(4t? - 2)
0,02t(t +1)

0,2574(1+1)

0,06t°

0,8t?(2—t)+0,4

0,06t(1+ 0.5t)

0,03+0,14sin(zt)

01t +0,01t3
0,37 cos(ztj
6

O,lﬁSin(th
4

|

NN

0,08 cos(

OIW N NDDNIFP N P NPFP W

[ BN

[N

N WINDN P N wlo

w

N|[Ww wN

0,40
0,40

0,25

0,40

0,20

0,20

0,60

0,30

0,20

0,60

0,20

0,40

0,30
0,10

0,60

45

30
60

60

60
30

30
60

45



59
30.  2t3 5t 0,025t> 2 - - 45

Taoauna K2.2. PacuérHbie cxeMbl.
















64
K2.4 TIpumMep BbINOJIHEHUS 3adaHUs

C2 OIPEJIEJIEHUE ABCOJIFOTHOM CKOPOCTH
N ABCOJIFOTHOI'O YCKOPEHIA TOYKU

aHO:
Q= t(3 —t), pao,
S = BM :?(mz ~1) m,
R =0,3m,
d =0,4m,
T =1c.
Yomp. 'V, a.
ol
Pemenue: ‘LL{

IIpoananu3upoBaB yclIOBHE 3aJaud, YCTaHABIMBAEM, YTO TOYKA y4acTBYET
B IBYX JBHKEHUSAX: OHA BPAIIAETCS BMECTE C TEOM A M IBIKETCS, KPOME TOTO,
10 3TOMY Texry. Tak Kak oCh BpAICHNs HAXOJHUTCS B IUIOCKOCTH YepTexka, JOTOJ-
HUTEJBHO K (PPOHTATIBHON MPOEKIMH (BUAY CHIEpeIH) H300paskacM BH] BBEPXY.

Haﬁ,[[eM TMMOJIOKCHUEC TOYKHU B MOMCHT BPEMCHU tl’ OInpeacissa ero BeJIn4un-

HOH LIEHTPAJIBHOTO yriia O :

S =«
o= R §(2t2 —1).

Mpn t=t, =1 a:%(Z-lz—l):%~60°.

H3obpakaeM TOYKY B 3aJaHHOM ITOJIOKCHHH.
[IpoBeném aHamu3 aBmwkeHus. {7 3Toro BEIOEpeM ocH KoOpauHaT. HemoaBrkHbIE
ocu X, Y,Z CBSDKEM C MOJISTHUKOM U IOJAIMIUIHUKOM, Te Y - OCh BpallleHHs Te-

na A. TloasmxHsle ocu Xy, Y, cBsikeMm ¢ tenom A.

TOF}Ia B COOTBETCTBUU C ONPECACICHUAMU OTHOCUTEIIBHOTO U IMEPEHOCHOTO
JBIDKCHUH MOJTydaeM: OTHOCHTeIbHOe IBU/KeHHEe — KPUBOJIMHeiiHOe IBMKEeHHE
ToYKkH M 1o Ayre OKpy:KHOCTH paanyca R, mepeHocHoe IBHKeHHEe — BpaleHUue
Tesia A BOKPYT OCH Y.




s onpenenenus: abCONIOTHONW CKOPOCTH TOYKA M BOCIIONIb3yeMcs Teope-
MOM CJIOKEHHUS CKOPOCTEM:

Tak xak TIEPEHOCHOC JIBMKCHUE - BpallaTCIIbHOEC, TO
V, =a,h,

rac a)e - BCIIMYHWHA yFHOBOfI CKOpPOCTH B NEPEHOCHOM BpaIaTCJIbHOM IBHXCHUH,
h - paCcCTOAHUE TOUYKHN M OT OCH BpalllCHHUA y .

@, :%:3—2, h=d +Rcosax.

Mpu t=t, =1c
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@, =3-2-1=1paolc, h=0,4+0,3cos60° = 0,55 .

B 3agaHHBIIl MOMEHT BPEMCHHU 3HAKW BCIIMYUH a)e n (0 COBIIaJaK0T, 3Ha-

9uT BpameHue Teaa A MPOMCXOMMT MPOTUB XOJA YaCOBOH CTPEJKH, €CIU CMOT-
PETh C MOIOKUTENBHOTO HANPABICHHUA och Y . BekTop ), IeXUT Ha ocH Bpaie-

HUSI M HalIpaBJIeH B JaHHBIH MOMEHT BPEMEHH BBEPX.
BennuuHa nepeHoCHON CKOPOCTH

V, =h=1.055=055u/c.

Bekrop V, nepnennuxyspen miockocty, npoxoasiei epes rouxy M u

oCh BpalleHHs Y ; HalpaBIEeHHE €ro COOTBETCTBYET HAIPABJICHMIO YITIOBOH CKO-

poctu @, .

Haliném 0THOCHUTENBHYIO CKOPOCTh TOYKHU.

B4R ) ZgﬂRt.

"Tdt dt| 3
Mpu t=t, =1c

V., :gﬁ-0,3-1=1,26/vz/c.

TpaeKTOpHeﬁ TOYKH M B OTHOCHUTCJIBHOM IABWKCHUU ABIIICTCA OKPYIK-

—

HoCcThb. Bektop V, HaxonmTcs Ha KacaTelbHOM K 3TOH OKPYKHOCTH, TO €CTh IEp-

r

NEHIUKYJISIPEH Paguycy Oll\/l . Tak Kak B JIaHHBIH MOMEHT BPEMEHH 3HAKH O U

Vr COBIIAAAarOT, TO BEKTOP V HampasJICH B CTOPOHY, COOTBETCTBYIOLIYIO YBECJIU-

r
YCHHIO S .

U3o6pasus Bextopel V, n V, Ha pucynke, HaiifieM BelnmunHy aGcomoTHOMI

ckopoctr Toukn M .
Tak kaxk V, LV, , 1o

V = V2 +V?2 =/055% +1,26? =1,37.u/c.

Jlns onpenenenus aGcomoTHOro yckopenuss Toukn M Bocmombsyemcs
TEOPEMOH CIIOXKEHUSI YCKOPEHUH:
da=ada,+a +a;. 2)
Tax xak B JaHHOU 3ajjaue NEPEHOCHOE IBMKEHHE — BpalllaTelibHOE, a Tpa-

eKTOPHS TOYKH B OTHOCHUTEIIFHOM JBI)KEHHUS — KpHBas (OKPY)KHOCTB), TO PaBEH-
¢TBO (2) MOXXHO Tepernucars B pa3BEPHYTOM BUJIE:
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5=_ =N, 57 , 5" | 5T | =
a=a +a  +a'+a’ +a,. A3)
Haiiném BeKTOPBI, BXOASAIINE B MPABYIO 9acTh paBeHcTRa (3).
BenuunHa HOpMaabHON COCTaBIAIOLIEN IEPEHOCHOIO YCKOPEHUS

Q' =’ -h=1-055=055x/c?.

AN
Bekrop @, HanpaBlleH K OCH IIEPEHOCHOIO BpalieHus Y .
Benuunna kacatenbHOM COCTABIIAIOILEH YCKOPEHUS B NIEPEHOCHOM Bpalla-
TEJIbHOM JBIKCHUHU
r = .
a, =¢,-h,
rae &, - YIJIOBOE YCKOPEHUE B 3TOM JBHKEHUH.

dw, d
=—*2——(3-2t)=—2paolc’.
&= g =g B 2)=—2padlc

B BaﬂaHHHﬁ MOMCHT BPpEMCHHU 3HAKU a)e n ge Ppa3JaInvHbl, 3HAYUT, pa3Ind-

HBI ¥ HATIPABJICHUS NIEPEHOCHBIX YIJIOBOI CKOPOCTH U YIJIOBOTO yCKopeHus. M300-
pa3uB Ha PHUCYHKE JCHCTBHUTEIBHOE HAIPABICHHE YTIOBOTO YCKOPEHUS, CUUTAEM

N 2
& =2paolc”.
Torma
2
a’ =2-055=11m/c?.
Bexrop ﬁer NEPIEHIUKYJISPEH TIOCKOCTH, IPOXOASIIEN Yepe3 TOUKY M u
OChb BpallleHWsd Y ; HalpaBJIEHHME €ro COOTBETCTBYET HAINPABJIEHUIO YIJIOBOTO
YCKOpeHUs &, .
BennyrHa HOpMaIbHOTO YCKOPEHHUS TOYKU B OTHOCUTENILHOM JIBH)KEHUHT
2 2
. VZ 126
a =—=
r
R 0,3

KN
Bexrop a, HampaBiieH K LEHTPY KPUBU3HBI TPAEKTOPUHM TOYKH B OTHOCH-

=526m/c’.

TEJIbHOM JBUKECHUU — K LEHTPY Ol OKpy*kHOCTH paauyca R .

Benuuuna kacatenpHOM COCTaBJ’IfHOIHeﬁ YCKOpECHUA B OTHOCUTCIIBHOM JIBU-
KCHHUHU

al ave 414 o :fﬂRzﬂn-os:l,zﬁM/cz.
dt  dt\3 3 3

37 o o
BGKTOp ar HAaXOJUTCA HAa TOMU KE KAaCATCJIIbHOU K TPACKTOPUU TOYKHU B OT-

T_

HOCUTCJIBHOM JABHKXCHUH, YTO U BCKTOP OTHOCHTEIIbHOM CKOpPOCTH VI’ . Tak xak B
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JJaHHBIM MOMEHT BPEMCHHU 3HAKH a: u Vr COBIIAAAarOT, TO COBNAAArOT HaIlpaBJic-

HUS BEKTOPOB é: I/I\/r .

JLuist ompesiesieHus BEJINYMHBI U HANPABIEHUs. BEKTOpa yckopenus Kopuo-
nvca Boctonb3yeMmcst popmyoit (K2.3):

a=2@,xV.).
HHH OIMPCACIICHUA HaIlpaBJICHUA BCKTOpPa éK NEPEHOCUM 0_59 B TOYKY
M 1 IPOBOAWM INIOCKOCTH Y€PE3 BECKTOPHI g)e u \7', , OTa IJIOCKOCTh COBIIAAAEcT C
IWIOCKOCThIO X, Y, . BekTop 8, meprneHamKyspen 3Toif IIOCKOCTH 1 HAIIPABICH B
CTOpOHY BO3pacTaHust Z : €cIH CMOTPETh ¢ KOHLA BEKTOPa 8, , BPAllleHNe BEKTO-

pa @), 70 coBMelleHns ¢ BekTopoM V, Kpardaiimmm 06pasoM KaxeTcs IpOHCcXo-

JALIIAM [IPOTUB X0/ YaCOBOU CTPEIKU.
Bennuuna yckopenus Kopuonuca

o= AT ; 2
a, =20V, sin(@,"V, ) =2-1-1,26-5in60° = 218/’
W306pa3uB Ha pUCYHKE Hall/leHHbIE COCTaBJIIIONIME BEKTOPa abCOIIOTHOIO
YCKOPEHHUS TOYKH, HaliieM BeINYMHY 3TOro yckopeHus. CnpoenupoBaB BEeKTOpHOE
paBenctBo (3) Ha ocu X, Y, Z, HaiiiéM MpoeKIMK BeKTOpa abCOIIOTHOTO YCKOpe-
HUS Ha 3TU OCH:

a,=-a, —a,/cosa—a, sina=
=-0,55-5,26-€0s 60° 1,26 -5in 60° = —4,27m/ c?,
a, =—a, sina+a; cosa = —5,26-sin 60° +1,26 - c0s 60° = -393m/c?,
a,=a +a, =11+2,18=328m/c*.
Bennunna abCcoIroTHOrO YCKOpPCHUS
a=,[a’+a’+a’ =+/(-4,27)* +(-393)" +3,28” =667/,

Pe3ynbraThl penieHus cBeieM B TaOIHILY.

OrtBeT:

V, 'V, V a & a a a @

e r

mle  mle wmle  mic? mlc? mlc® mlc® mlc® mlc?

05 126 137 05 11 526 126 218 6,67
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JI1 UCCJAEJTOBAHUE JIBUKEHUA MATEPUAJIBHOM TOUKH

J1.1. KpaTkue cBeieHUs U3 TEOPHHU

OCHOBHBIM METOAOM pEIICHUS 3aJay AWHAMHMKHM MaTepUaIbHOM TOUKM SB-
JsieTCsl UCToIb30Banue AU hepeHnnaTbHbIX YPaBHEHUH JBIDKEHUST MaTepHaIbHON
TOUYKU. B mpoeknusx Ha JeKapTOBBI OCH KOOPJMHAT 3TH YPaBHEHHS UMEIOT BUJ!

d*x
M~ 2P
2
mSY-YF, (L)

d’z
mF:ZFZ.

3nece M - macca MmarepuanbHOM Toukd, X, Y, Z - e KOOpAMHATHI,

Z FX , Z F y Z FZ - CYMMbI HpOGKHI/Iﬁ CHII, HeﬁCTByIOMHX Ha MaTcpuaib-

HYIO TOUYKY, Ha OCH KOOPJHHAT.

C nomomipto ypasuenuii (JI1.1) MoxeT ObIThb, B YaCTHOCTH, pelieHa BTOPas
(ocHOBHas1) 3aJja4a JUHAMMKHU: N0 U3BECTHBIM CHJIaM, ACHCTBYIOLIMM Ha MaTepH-
AIBHYIO TOUKY, TPEOYeTCsl OIPEeNUTD, KaK 3Ta TOUKa JABHKETCS.

Pemenne BTOpO# 3amauM JUHAMHKH OCYIIECTBISIETCS MHTETPHPOBAHHEM
1 epeHnnanbHbIX YpaBHEHUH IBHKCHUSL.

Jnst uaTeTprpOoBaHus AU GEPEeHINATBHBIX yPaBHEHUH IBIDKCHUS MOTYT
OBITH MCIIOJIE30BAHBI JIIOObIE U3BECTHBIE M3 Kypca MaTeMaTHKH METOIBI.

B wactHOCTH, IS TOHMIXKEHHS TMOpsaKa (BTOoporo) audgepeHIraIbHbIX
ypaBHEHHH HCIIOJIB3YIOT 3aMEHY TIEPEMEHHBIX C MOCIIEAYIONIMM pa3JielieHUeM Iie-
PEMEHHBIX U MHTETPUPOBAaHUEM B KBaJpaTypax (eciu 3To BO3MOXKHO). J[Be Hanbo-
Jiee pacipoCTpaHEHHbIE 3aMEHbI IEPEMEHHBIX YacTO HA3bIBAIOT MEPEOIl U 6MOpOIl
noocmanoexkamu.

IlepBas noACTaHOBKA:

d_2X = dVX ) (a1.2)
dt*>  dt
Bropas moacraHoBKa:
A% _y dVy (1L.3)
dt2 % dx

Kak n3BecTHO, Ipu MHTErpUpOBaHNK U (EepeHIIHANTBHBIX YPaBHEHUH BTO-
pOro Mopsiika BO3HUKAET IBE IPYMIIBI MOCTOSHHBIX MHTETrpHpoBaHus. 1x omnpene-
JISIFOT M3 HEKOTOPBIX JIOTIOJHUTEBHBIX YCIOBHUI.

C 3T0i1 TOUKH 3peHHsl COOTBETCTBYIOIIME 33/1a4l MOApPA3JeAIoT Ha 3a/1a-
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gy Komm (3amaun ¢ Ha9aJbHBIMH YCJIOBHSMH) W KpaeBble 3a/adM (3aJadu ¢ rpa-
HUYHBIMH YCJIIOBHSIMH).

[IpumenuTenbHO K TuddepeHranbHbIM ypaBHEHUAM IBIKeHHs (nudde-
PEHIMAJIbHBIM YPAaBHEHUSIM BTOPOTO TOPsAKA) STH JIBE 33Ja4ll MOTYT OBITh chop-
MYJIMPOBaHBI TaK:

3anaua Konwm Kpaepas 3a1aua
3afa0Tcs HaYaJbHbIe YCJIOBHS 3apatores rpaHuYHbIe

(HY) - 3Havenus koopauHaT u ux mep- (Kpaesbie) yciousi (I'Y) - sHade-
BBIX MPOU3BOJHBIX (MpoeKLuil BekTopa HHS KOOPIMHAT WM HX TICPBBIX
CKOPOCTH HAa OCH KOOpIMHAT) B Hauaje HPOM3BOIHBIX (IPOEKUHI BEKTOpa

MHTEPBAJa BPEMEHU: CKOPOCTH Ha OCH KOOPOUHAT) B

Hpu t=t,, X=X, Vy =V, p =%, . gir.iane U KOHIIE MHTEpBaJa BpeMe-

OGbrano npunnmaror t, = 0. Mpu t=t, X=X; mpn t=t,
X X=X,.

Bo3MmoxHBI M Apyrue BapHUaHTBL

Jutst rpaHul uHTepBana: [ X, u X,],
[X, 1 X,]
X

|
P X5
I

<

0 [ L, t

B nunamuke gaiie UCTIONIB3YIOTCS HavYadbHble yejaoBus (HY).

[Tpu unTerpupoBanuu aAnddepeHInaIbHbIX YPaBHEHUH ABIKCHUE HApSIy
C HEONpeAeIEHHBIMA MOTYT UCIIOJIb30BaThCA U ONpPENeNIEHHbIE HHTErpansl. B mo-
CJIEZIHEM CTydae MOTYT OBITh JIBa BapHAHTA.

Ecnu B 3amaue TpeOyeTcs ONpenennuTh YHCIEHHbIE 3HAUEHHs KOOpAMHAT,
CKOPOCTEH M JIPYIMX KMHEMAaTHYECKHX XapaKTEPUCTHK, HCIOJB3YIOT ONpeNenEH-
HBIE€ UHTETpallbl ¢ KOHEYHBIMHU MPeeIaMi UHTETPUPOBAHHUS.

Ecnm xe B 3amadye TpeOyeTcsi onpeiesnTh COOTBETCTBYONIME (GYHKIUU, B
Ka4yecTBE HIDKHUX MPEAeIOB MHTETPUPOBAHMS OepyT HadaJbHBIE 3HAYEHUS (QYHK-
muii (B3ateie w3 HY), B kadecTBe BEpXHHX — TEKyIIHe (TIE€peMEHHBIE) 3HAUCHUS
9TUX (PYHKITHH.
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J[1.2. Yka3zaHusl 0 BbINOJTHEHHIO 3a1aHUSA

B HacTosmem 3amaHuu peuacTcsa BTOpad 3adada AWHAMHKH TOYKH. ,/:[J'ISI
peuaicHusA 3TOU 3a/1a4l MOKHO PEKOMCHAOBATH CICAYIONIYIO OCICA0OBATCIbHOCTD.

INocnenoBaTenbHOCTD BBITIOJHEHHS 3a0aHMS.

1. VYsacHute ycnoBue 3amaud, BBIIOJHHUTH pacuéTHYIO cxemy. Omnpenenutsb
THUII pEIIacMOH 3aJauu.

2. BriOpath Teno, IBMWKEHHE KOTOpOro OyneT paccMaTpuBaThcs. Bolsic-
HHUTB, MOXKET JIM 3TO TEJIO CUUTATHCS MaTepUaIbHOIM TOYKOH.

3. M300pa3uth BeIOpaHHOE TENO (MaTepUAIbHYIO TOUYKY) B IPOMEXKYTOY-
HOM (TEKYILEM) TTOJIOKECHUH.

4. U3ob6pa3uTh cHiBI, IEHCTBYIOIINE Ha BHIOpAHHOE TEJO: aKTUBHBIC U
peakuu cBs3ei.

5. BriOpats ynoOHble ocu kKoopamHat. [Ipu pemieHun BTOpOH 3amadn
JVHAMUKH 3aMUCaTh Ha4YalbHBIC YCIOBHSL.

6. 3ammcaTe COOTBETCTBYIOUINE BBIOPAHHBIM OCSM KOOpPIHWHAT IH(de-
peHIMAIBHBIC YPAaBHEHUS U PEIIUTh UX.

7. TlpoaHann3upoBaTh MOJYYESHHBIH pe3ybTarT, CIEIaTh BHIBOJIBI.

J11.3. CoOcTBEHHO 3a1aHHe

Martepuanshoe Teno M maccoit M mukercss uz Toukn A 1o ydactky
AB  mmoit | nmo maknomHoii mmockocTH, cocTaBsIONIel yroa (f ¢ TOPU30H-
TOM, B TeueHue 7 CekyHs. HauanbHast CkopocTsio Tena pasHa V, , kosGduument
TPEeHHs CKOJIBXKEHHS TeJIa 10 TIockocTH - f . Ha 5ToM ydacTke KpoMe CHII TshKe-

CTH M TPEHHUS HA TEJO MOYXKET JIeHCTBOBATH MOCTOSIHHAS BIKyIuas cuna P (cxe-
ma 3, Bapuantsl 11-15). B Touke B rteno mokumaer miockocts co ckopoctsio Vi
U, COBEpIIMB CBOOOIHOE JIBMKEHHUE B TeueHHe | ceKyHj, nomajgaeT B Touky C
HaxozsIIytocs Huke Toukn B Ha N MeTpos u orcrosmyto ot Heé o ropusonTa-
nm Ha paccrosuun 0 . B cxemax 1-2 (Bapmanthl 1-10) Touka C mHaxoamutcs Ha
HaKJIOHHOM MJIOCKOCTH, COCTaBIIAIONIEH yro ﬂ C TOPU30HTOM.

Ucxonueie nanubie npuBeneHsl B Tabmuie J1.1, pacueTHbie cXeMbl — B
tabmune 11.2.

HccnenosaTh apukenue Tena M, ompenenuB BelUYUHBIL, YKa3aHHBIE B
cronbne «Haiitm» Tabmuier A1.2. Jlns BenWYMH, YKa3aHHBIX B 3TOM CTOJIOIE,

npunsTel 06o3Hauenus: V - ckopocts Tena Ha yuactke BC, y(x)- ypaBHEHHE

TPACKTOPHUH TEJIa HA DTOM y4aCTKE.
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Taoauua /[1.1. UcxoaHble JaHHBIE.

Ne Cxema VA V, « | T f g h d P m Haiitu
mlc  wm/ic ep. M c - cp. M M H ke
1. 0O - 3 10 - 0260 - - - - 7,h
2. 2 - 15 - 52 02 45 - - - - Id
3.1 25 - 30 8 -015 - - 10 - - VT
4, 0O - -98 2 0 60 - - - - a,7T
5. 0O - 3098 3 - 45 - - - - f\,
6. 200 - 20 - 0201 30 40 - - - 1V,
7. 6 - 15 5 - 01 45 - - - - VT
8. 2 - 10 20 - 0301560 - - - - V.d
9. 15 - 15 - 03 01 50 40 - - - V.V,
10. 2 11 15 - - 01560 - 50 - - 1,y(x)
11. 0 45 30 40 - 0 - - 3 #0 - 7,h
12. - 45 30 40 - 0 - 15 3 - v,.d
13. 3 0 - 30 40 20 0 - 15 2 400 P.T
14. 0 - 30 40 20 0 - - 5 3 400V,V,
15. 0 8 205 - 0 - 2 - 2 - mT
16. 0O - 3 3 - 02 - 5 - - - T
17. - v, 40 6 09 - - - 3 - - f,h
18. 4 0 - 3 2 - 01 - - 3 - - 1,h
19. - 3 15 3 15 #0 - - 2 - - V,,h
20. 06 - 45 - 0803 - - 2 - - 1V,
21. 1 - 3 - 1501 - 10 - - - V,d
22 0 - 45 10 2 - - - - - - f,yx
2. 9 03 - 60 - 14 01 - 20 - - - I.T
24. 0o - 3 10 - 02 - 12 - - - rtd
25. 0 - 3 6 - 015 - 45 - - - TV,
26. 7 - - 8 - 02 - 2 - - - d\V,
27. 4 - - - 2 01 - - 2 - - 1Lh
6.6 - 3 . 3 03 - 5 - - - Vv, T
29. 3 1 - 25 - %0 - 20 - - - f.d
30. - - - 4 -025 - 5 3 - - V1

Taoauua J1.2. PacuéTHble cXxeMbl.
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11 UCCJIEOBAHUE JIBIKEHN ST MATEPUAJIBHOM TOUKHN

aHO:
VA=VO=0 A M
— 250 d
a = 25°, B
T =2C, 7o ~
f =0,15,

h=5m. N
Omp. N
I, d, VC. ///6

Pemenne:

Tak kak B 3amade TpeOyeTcs HaWTH KHHEMAaTHYECKHE XapaKTEPHCTHUKHU,
JlaHHas 3a/1a4a SBJSIETCS BTOPOM 3ajadyell AMHAMUKU MAaTepUaJIbHOM TOUKHU.

Paccmotpum sipmkenue tena M . Tak kak 9To Teno COBepIIaeT MOCTYyMa-
TEIbHOE JABW)KECHUE, €T0 MOXXHO CUUTaThb MaTE€PUAIBLHOM TOYKONH HE3aBUCUMO OT
pasmepoB.

Paccmotpum cHavana aswkenne Tena M ma ywactke AB . Mzo6pasum
TENO B MPOMEXKYTOUHOM IOJIOKEHUH B BUAE MaTepuanbHOU Touku. Ha Heé nei-

CTBYIOT CUJIa TSXKECTHU mg , HOpMaJibHas p€akiusd IJIOCKOCTU N " cujia TpECHUA

cKOMbKeHnsT F .

Bribupaem koopauHaTHBIE ocH. COBMECTHB Hadajao KOOPAWHAT C Hadaib-

HBIM TOJIO’KeHHeM Tesia A, HanpapisieM och X BJI0JIb HAKIOHHOM MJIOCKOCTH, OCh
Y - NEpNEeHANKYIAPHO K HEM.
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HauanbHele ycnopus aug yaactka AB zanmunyres Torna B Bue:
mput=0 x=0,V =V, =0. (0

3anuiem )In(b(bepeﬂunanbﬂoe YpaBHCHUC NABUIKCHHA B IPOCKIHUHU HA OChb

X:
2
m% => F,, wm
2
mF:mgsina—F. 2
Bennunna cuibl TpEHUA
F = fN.

Jnst onpenenenust HopMainbHOW peakuuu iockoctd N 3anmmiem nudde-
PEHIIMAIbHOE YPaBHEHNE JBIDKCHNUS B IIPOSKINH Ha och Y !

d?y

m_
dt?

ZZFy, WIn
2y
m—>-=N -mgcosc .
dt? 9
2

d
Tak kak Y = CONSt, to dtgl =0, torma 0=N —mgcos«, orkyna

F = fmgcosa .

IMozcTaBisis 3SHAYCHHE CHIIBI TPEHHS B BBIpakeHue (2), momyunm
2

X i
mF: mgsina — fmg cos ¢, wm

d?x : 3
——=g(sina - f cosa). 3)
dt
Jlns onpenenenns ckopoctu Tena M B Touke B mpumennm x ypasnenuio
(3) mepByro MOJACTAHOBKY U UCIIOJIL3YEM OTPeeIEHHBIN HHTErPall.

c:j_\:: g(sina — f cosa).

Paznenum nepemMeHHbIE U IPOUHTETPUPYEM.

dV =g(sina - f cosa) dt.

Vg T
J.dV =g(sina - f COSa)jdt.
0

0
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V, = g(sina — f cosa)z. @)
V, =9,81-(sin25°—~0,15-c0s 25°)- 2 = 5,62m/ c.

Jlnst onpenieienns AnuHbL yuactka | mpumennm x ypasuenuio (3) BTopyio
MO/ICTAHOBKY U HUCIOJIb3YEM ONpeAeNEHHBIA HHTETPalL.

V(ZI_\;: g(sina — f cosa).

Pazgenum TMCPEMCHHBIC U IPOUHTCTPUPYEM.

VdV = g(sina — f cosa) dx.
Vg |
_[VdV =g(sina— f COSa)J.dX.
0 0

2

?B: g(sine — f cosa)l.

_ Vs
29(sine — fcosar)’
C yuérom dopmysl (4) monydum:

- 9°(sina— fcosa) 7° _ g(sina - f cosa) 7’

2g(sina— fcosar) 2 )
. o_ . o). 92
_981-(sin25 (;,15 C0525°)-2° g

PaccmoTpum Teneph aBukeHue Touku Ha ydactke BC . M306pasum Touky
B IPOMEXYTOYHOM IIOJIO)KEHUN W CHILy, Ha He€ NEHWCTBYIOIIYIO - CHIIy TSDKECTH
mg .

Bribupaem ocu xoopauHat. COBMECTHB Hadalo KOOPAMHAT C HAYaJIbHBIM
nonoxenueM Touku B, ock X HanpasiseM Mo ropusOHTAIM BIPABO, OCh Y -TIO
BEPTHUKAJIM BHU3.

Hauanenble ycnous aist yuactka BC 3anmmryrest Torna B Buze:

x=0,| V,=Vgcosa,
mpu t =0 . . ®)
y=0,] V, =V;sina.
B X
77 (24 -
\\\\/B d
M\
h .
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3anumieM auddepeHnnanbHble YpaBHEHUS IBU)KEHHUS TOYKH B IPOCK-

muuHa ocu X u Y !

d>*x d>x
m —2 = Z FX ’ m—2 = 0,
dt dt
47 LY
m—=>F, m—- =mg.
dt dt
Cokparmag Ha M, moxy4uM
d’x
— =0,
d?v,
dt?
[Mpounrerpupyem ypaBuerus (6). [IpumMeHss nepByro MOACTAHOBKY, MOTY-
YUM:
v, _,
dt
dvy _ |
d
Paspenum nepemeHHbIE U IPOMHTEPUPYEM, UCIIOJIB3YS HEONIPEACTIEHHBIN
HHTErpal.

dv, =0,
dv, =g dt.
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fav, =0,
fav, =gfdt
V, =C,
Vj = gtl+ CZ} @

ITocTosiHHBIE UHTErPUPOBAHUS Cl u C2 HaiJIEéM W3 Ha4aJIbHBIX YCIOBUU.
Jlist aTOTO TIeperuieM paBeHcTBa (7) ¢ yuéroM HavambHBIX ycmosuii (5):

Vycosa =C,, } C, =V, cow,}
= =

Vgsina=g-0+C,, C, =Vgsina.
Torna
V, =V, cosa,
R } (8)
V, =Vgsina + gt.
X :%, %=VBC030(,
dt dt
Tak xak dy TO dy
=—, — =V, sina + gt.
Tt e J
Paspenum nepemeHHbIE U IPOMHTEPUPYEM
dx =V, cos« dt,
dy =V sina dt + g tdt.

'[dx:VB cosajdt,
[dy=Vgsina[dt+g]tdt.

Xx=Vzcosa-t+C;,

: t? ©)
y=VBsma-t+gE+C4.

IlocTostHHEIE HUHTCTPUPOBAHUS C3 u C4 HaﬁHéM M3 HadaJIbHBIX YCHOBHﬁ.

Jlst atoro neperuiieM paBercTsa (9) ¢ yuérom HauanbHbIX ycmosuii (5):
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X=Vgcosa-0+C,,

C,= }
: 0? =
y:VBsma-0+g-?+C4. C,=0.
Torna
X=Vgcosa -t,

: t? (10)
y:VBsma~t+gE.

B moment nanenus (B touke C')
t=T, x=d, y=h. (11)
3amucaB ypaBHenus asikenuns (10) ¢ yu€rom ycnoswuii (11), momyunm cu-

CTEMY JIBYX alreOpandecKuX ypaBHEHHMI, U3 KOTOPHIX HaiiiéM Bpems | U paccro-
suue d

d=Vcosa-T,

: T? (12)
h=Vgsina-T +g?.

Pemus BTopoe U3 ypasHenuil cuctemsl (12), aitném spems T .

912,V sina-T-h=0.
2

—VBsinai\/(VBsina)z +49h

2
T, = -
29
2
 —V,sina =V, sina) +2gh
] .

OTpunaTenbHOEe 3Ha4YeHHEe | He MMeeT B JIaHHOH 3ajaue (PU3NIECKOrO
CMBbICIIa, TOTAa

T —V,sina ++/(V,sina f + 2gh _
g
| —5,62-5in25°+/(5,62-sin25°) +2-9,81-5
9,81

Pemmms nepBoe u3 ypaBHeruii cuctemsl (12), Haiiném paccrosuue d .

=0,796c.
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d=V,cosa-T =5,62-c0s25°-0,796 = 4,05 .
Jlnst onpenenenust ckopoctu Vi noacrasum B paenctsa (8) t =T u

HalAEM POEKLUH BEKTOPA CKOPOCTH \7C Haocu X U Y !
Vey =V C0sa =5,62-c0s25° =5,09m/c,
Vey =Vgsina +gT =5,62-sin25°+9,81-0,796 =10,18x/ c.

Torma Ve = V2, +V2, =1/5,09% +10,18> =11,38x/c.

Ortser:
| d V.
M M m/c

5,62 4,05 11,38
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A2 MTPUMEHEHHUE TEOPEMbI Ob NI3BMEHEHUHW KHHETUYE-
CKOU SHEPI'MU IS UCCJIEJOBAHUSA IBUXKEHUSA
MEXAHUYECKOM CUCTEMBbI

J2.1. KpaTkue cBeieHus U3 TEOPHHU

MexaHHuecKO! CHCTEMON Ha3bIBAIOT MBICICHHO BBIAEICHHYIO UCCIIEA0Ba-
TeJIEM COBOKYITHOCTh MaTepHaJIbHBIX TOUEK (TeJ), B3aUMOAEHCTBYIOLINX MEXIY
co0oii.

Kunernueckoil sHEprueil MEXaHMUECKONH CUCTEMbI HAa3bIBAIOT CYMMY KUHE-
THYECKUX YHEPTUii TOUEeK (TEJT), BXOSIINX B COCTAB CHCTEMBI, TO €CTh

T=>T. (A2.1)
k=1

rae N - yucio Tovex (Tem), BXOIAIINX B COCTAB CUCTEMBI.
KuneTndeckas SHEprus Tena, COBEPIIAIOIIETO MTOCTYNATENbHOE JIBIKCHHE,
OINIpE/eNsIeTCs TaK XKe, KaK U I MATePHaIbHON TOUKH:
T-MVT (122)
rne M - macca tena, V - ero ckopocts.
KuneTnueckast SHEprust Tena, COBEPLIAIOLIETO BPALIATENbHOE ABIKCHHUE,

2
T - _Jzzw | (12.3)

rae J, - MOMEHT HHEpLMK Tella OTHOCHTEIBHO OCH BPALLEHHs, () - YIIOBask CKO-

POCTB Teda.

Kunernueckas sHeprus Tena, COBEPIIAIOIIET0 CI0KHOE IBUKEHHE, CKIIa-
JIBIBAETCS N3 KHHETHYECKOM YHEPIHH TeNa B IOCTYNATEIILHOM JIBI)KCHUH CO CKO-
POCTBIO IIEHTpa Macc Teja M KHHETHUECKOH SHEPTUH Tella BO BPAIIEHHH €T0 BO-
KpPYI' MTHOBEHHOW OCH, TIPOXOAAIIEH Yepe3 LEHTpP Macc:

MVZ . J.o |
2 2

3neck V. - ckopocts nentpa mace Tena, M - macca Tena, @ - yriosas CKOPOCTb

T= (12.4)

BpallleHUs TeJla BOKPYT MTHOBEHHOM LIEHTpabHOM OCH, JC - MOMEHT UHEPLIUH

TeNna, OTHOCUTEIBHO 3TOH OCH.

PaboToii cuibpl Ha HEKOTOPOM NEpPEMEIIEHUN Ha3bIBAIOT MEpYy JEHCTBHA
CUJIBI, PaBHYIO ONpPENEICHHOMY MHTErpaiy, B3STOMY IO MEPEMELICHUI0, OT dJie-
MEHTapHOH pabOTHI CHIIBI, KOTOpasi, B CBOIO O4epe/lb, paBHA MPOU3BEACHUIO MOJTY-
JIs1 CHJIBI Ha 3JIEMEHTApHOE NEpPEMEIIEHHE M Ha KOCHHYC YIa MEXIy BEKTOPOM
CHJTBI ¥ BEKTOPOM CKOPOCTH TOYKH MPHIIOKEHHS CHIIBL:
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4 = [dA = [F cos| F .V |ds, (12.5)
S S

Dopmyna ([12.5), sBiseTcss yHUBEpPCATIbHOM, OJHAKO, IIPU ONpPENAEIEeHUH pa-
00T B KOHKPETHBIX CIIydasx darie OblBacT yJOOHO IMOJb30BAThCS YacTHBIMU (op-
MyJamu, BeITeKarommmu u3 (2.5).

Tak, paboTa CHIIBI TSDKECTH TBEPJOTO Tella BEIYUCIIAETCS aHaJOTUIHBIM 00-
pasom:

A, =Mg(ze, - 2), (112.6)

rae M - macca tena, Z., —Z. - pa3HOCTb BHICOT HAYAIEHOTO H KOHEYHOTO T10-
noxenuit nentpa Tsokectn C Tema.

OnemeHTapHas padoTa mapbl CHI (MOMEHTA) paBHA MPOU3BEICHUIO MOMEHTA
M na snementapnsiii yron (1¢) mosopota Tena noj EHCTBHEM STOTO MOMEHTA:

d4,, =M de, (12.7)
PaboTa cribl TpeHUS CKOIBKEHISI MOXKET OBITh BBIYHCIICHA IO (hOpMyIIe

TP.

rie f - xospdumment tpenns cxompxenns, N - BeqmdmHA HOPMAJBHOI

peaxnmuu (I/IJII/I CHJIBI HOPMAaJIBHOT'O ,HaBJIeHI/IH), S - DCPEMCIICHUC TOYKH

NIPUIOKECHHUS CUJIBL.
Pabota cunsl ynpyroct# ynpyrou cBsizu

Iﬁzgﬁ—f) (12.9)

rIe  C - KeCTKOCTh (KO3((HUIMEHT YIPYroCTH) yIPYroH CBSI3H, /10 u A -co-

OTBETCTBEHHO HadaJbHAas U KOHEYHas AehopManus yrupyroil cBs3u.
Teopema 006 U3MEHEHNH KHHETHYECKON 3HEPTHH CUCTEMBI MOXKET OBITH 3a-

IIMCaHa B BUIC:
T-To=)A+>A. (12.10)

3)160]) T u TO - KHHCTUYECKasA SHECPTHUA CUCTEMBI B KOHCYHOM M Ha4daJlbHOM €€

e i
MOJIOKEHHUSAX, Z Al u E A¢ - cymma paGoT BHEIIHMX M BHYTPEHHHMX CHJI CH-

cteMbl. [{i1 aGCOMOTHO TBEPOTO Tea U I MEXaHHIECKOW CHCTEMBI, COCTOSIIECH
U3 TaKuX TeJ, COCTUHEHHBIX HeAe(HOPMUPYEMBIMHU CBS3IMH (HEU3MEHSEMOH CH-
CTEMBI), CyMMBI pa0OT BHYTPEHHHX CHJ paBHBl Hymo. Boobmie rosops,

I
E A: = 0 I MEXaHUYCCKUX CUCTEM C BHYTPEHHUMMU UICATIbHBIMU CBA3SIMMU.
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J2.2. Yka3aHus 110 BBINOJHEHHIO 3aJaHUA

1. VsacHuTh ycnoBue 3a1a4H, BBIIOJHUTH PACUETHYIO CXEMY.

2. BpiOpaTh MEXaHUUYECKYIO CHUCTEMY. JBIXKEHHE KOTOpPOW Oyaer paccmart-
pHUBaThCA.

3. H300pa3uTh BHEUIHHE CHIIbI, JEHCTBYIONINE HAa BHIOPAHHYIO MEXaHUYe-
CKYIO CUCTEMY, a TAK)Ke peaKkllMi BHYTPEHHUX HEHJICaJIbHBIX CBS3CH.

4. 3anwucaTh ypaBHEHHE T€OPEMBbl 00 N3MEHEHHH KHHETUYECKOH SHEPIHH.

5. .IlomcunTaTh KMHETHYECKYIO SHEPTUIO CHCTEMbl B KOHEUYHOM M Hadallb-
HOM €€ IOJIOKEHUSAX.

6. IlomcumraTh pabOTHI CHII, YKa3aHHBIX B 1.3, HA COOTBETCTBYIOIINX IEpe-
MEIIEHUSIX TOUEK UX MPUIIOKCHNUS.

7. TloxcraBuTh HaliicHHBIC 3HAYCHHS SHEPTUH U pabOT B ypaBHEHHE TEO-
PEMBI K pENIUTH €r0.

8. IIpoaHanu3upoBaTh MOJTYyYEHHBIH PE3yJIbTAT, CAEIaTh BEIBOJIBL.

J12.3. Co6cTBEHHO 3a1aHKNe

MexaHuueckas cUCTeMa COCTOMT U3 Ipy3a 1 maccoit M, , ABMXKymIerocs 1o
LIEPOXOBATON HAKJIOHHOW IJIOCKOCTH, COCTABISIIOIICH yroin (f C TOPU3OHTOM,

HOJBMKHOTO OJIOKa MM KaTka 2 Maccoii M, , cTynendaroro Ooka 3 maccod My,

HEMOABIKHOro 0710ka 4 Maccoi M, , COCIMHEHHBIX HEPACTKUMBIMU HEBECOMBI-
MU HUTAMU. B Bapuanrax 3,4 11, 12, 13, 18, 22, 27 xaTok 2 IBUKETCS MO MIOCKO-
cTH, cocTaistomel yron [J ¢ TOpU30HTOM. Y4acTKu HUTEH MapaieibHbl COOT-

BETCTBYIOMIMM INIOCKOCTSIM. K OfIHOMY M3 yKa3aHHBIX TeJl MPUKPEIUICHa HEBECO-
Mast IpY>KHHA ¢ K03(HUINEHTOM >KECTKOCTH C .

Ilox neiicteuem cumsl F = F (S) , The S - mepeMelleHHe TOUYKH HPUIIOKeE-

HUS CUJIBI, CUCTEMA MNPUXOJUT B JBHKCHHUC U3 COCTOSIHMS IIOKOS, I[e(i)OpMaL[I/IH
MPY>XXHMHbBI B MOMCHT Ha4dajla JIBH)KCHUS PpAaBHA HYIIIO. HpI/I JABHJKCHHWHW Ha IIKHB 3

HGﬁCTByeT IMOCTOSIHHEIA MOMEHT COIIPOTUBJICHUA M .
OHpe,Z[CJ'II/ITB 3HA4YCHUEC BCJIMYMUHBI, yKaSaHHOﬁ B CTOJ'I6I.[€ «Hainitu» Tabau-

upl J12.2 B MOMEHT BpEMEHH, KOTa IepeMeNIeHue rpysa 1 paBHo S, .
ITonBHKHBIH 6JI0K 2 CYUTATH OJHOPOAHBIM CIUIONIHBIM [IUJIMHIPOM, PAANyC

HWHEPpLUUU CTYIICHYATOI'0 HIKHWBA PABCH |3 , paaAnyChl OoJIbIIIEH U MEHBIIIEH ero CTYy-

MeHel COOTBETCTBEHHO PABHBI R3 u I, , Macca HEeTOABIKHOTO OJIoKa 4 pacrpene-
JIeHa TI0 ero 000.y.
Ko duuuent tpenns rpy3a 1 o naknonnyio miockocts T =0,1.

Ucxonueie naHHble B mpuBeneHbl Tadbmune 2.1, pacyerHble cXeMbl — B
Tabmure 12.2.
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
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N N B B P DN DN B DNDNDD ON DR OO RN DWW DN OOW DR OO WD

mev—\ﬁs
Ny

W NP WNFRP WP O RE WO R O REPE WODNDRE ODN RN

c

H/m
180
120
200

180

120
320
240
120
100
180
100
200
180
400
240
90
100
120
100
120
240
180
120
100
180
240
180
240
120
160

M

Hm
1,2
0,6
1,2
1,2
0,3
15
0,3
0,8
0,9
1,2
0,9
1,2
1,2
18
0,3
0,3
0,6
0,3
1,2
0,3
1,2
0,9
0,6
1,2
08
1,2
0,6
1,6
0,9
0,3

(04
2p.
60
60
30
60

30
45
45
30
60
30
60
30
45
45
60
60
60
45
60
30
60
60
45
45
45
45
45
30
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Taoauua /[2.1. UcxoaHble JaHHBIE.

g

2p.

60
60

60
60

60

Sl
M
0,28
0,26
0,24
0,22

0,20
0,21
0,23
0,25
0,27
0,29
0,28
0,26
0,24
0,22
0,20
0,21
0,23
0,25
0,27
0,29
0,28
0,26
0,24
0,22
0,20
0,21
0,23
0,25
0,27
0,29

|3

M
0,18
0,20
0,16
0,14

0,15
0,18
0,20
0,16
0,14
0,15
0,18
0,20
0,16
0,14
0,15
0,18
0,20
0,16
0,14
0,15
0,18
0,20
0,16
0,14
0,15
0,18
0,20
0,16
0,16
0,15

R3
M
0,24
0,26
0,20
0,18

0,18
0,24
0,26
0,20
0,18
0,18
0,24
0,26
0,20
0,18
0,18
0,24
0,26
0,20
0,18
0,18
0,24
0,26
0,20
0,18
0,18
0,24
0,26
0,20
0,18
0,18

Taoauua J12.2. PacuéTHble cXxeMbl.

F(s)

H

80(3+2s)
80(1+2s)
20(8+3s)

80(3+4s)

80(1+4s)
50(1+4s)
40(3+8s)
40(3+2s)
40(3+2s)
80(3+4s)
30(4+3s)
20(8+3s)
80(3+4s)
80(4+5)
0(3+8s)
80(1+4s)
40(3+2s)
80(1+ 4s)
0(8+3s)
50(5+2s)
80(1+4s)
20(8+3s)
20(6+5s)
40(3+2s)
80(1+4s)
80(3+4s)
80(4+s)
50(5+2s)
20(8+3s)
60(4+s)

ey

Ny

< <

FSESFS T <g


















Jlano:
a =30°,

m, = 2xke,

m, =16xe,

m, = Bke,

m, = 4ke,
c=120H/ m,
F=2(5+4s)H,
M =0,9Hwm,

Ao =0,

f =01

R, =0,3m,

r, =0,Lu,

i, =0,2m,

T, =0,

s, =0,2m.

Omp. @, .
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J2.4. Ilpumep BbINOJTHEHUSI 32 IaHUS

J12 IPUMEHEHUE TEOPEMbI Ob U3MEHEHUU KUHETUYECKOM
OHEPI'MHU JIJI1 UCCJIEJJOBAHU A JIBKEHW A
MEXAHUYECKOM CUCTEMBI

Pemenue:

PaccMoTpuM ABM>XKEHUE MEXAHUYECKOW CUCTEMBI, CO-
cTosmel u3 rpysa 1, moaBMKHOro OJoKa 2, CTYNEHYaToro
IIKMBA 3, HEMOABIKHOTO 4, HUTEH U IPY>KUHBIL.

Tak kak B COCTaB CHUCTEMBI BXOJUT HpYy>KMHA — He-
uneanbHas (M3MeHsieMas) BHYTPEHHsII CBs3b, BBIOpaHHas
crcTeMa SIBIIsieTCsl M3MeHsieMol. [1300pasum Bee neifcTByro-

Ue Ha CUCTEMY BHCIIHHUEC CUJIbI: AKTUBHBIC F , CUJIBI TSXKC-

CTH mlg , ng, m3g , m4§, MOMEHT COIIPOTUBJIEHUS
M, peakuuu Nl, ﬁz, N3, N4, lfsﬁm) U CUIY TPEHHS

=

Cuna tpennss F, rpysa 1 o miockocts HanpasieHna B CTOPOHY, IPOTHBO-

TIOJIOKHYIO CKOPOCTH Irpy3a Vl’ MOMCHT COIIPOTUBJICHUA M HarpaBJICH B CTOPO-

Hy, IPOTUBOIOIOKHYIO YTIOBOM CKOPOCTH (), IIKUBA 3.

W3 BHyTpeHHNX CHII N300paXkaeM peaKkiuy HeueadbHON BHYTPEHHEH CBSI3U

— cuty ynpyroctu npyxunst .



Jlnst onpenenenus (; BOCHOIL3yeMCsl TEOPEMOH 00 M3MEHEHHH KUHETHYE-
CKOI OHEPIUu CUCTCMBI
_ e i
T—TO—EAF+§AF. (1)
Tak xak B HaYaJILHBIN MOMEHT BPEMEHHN CUCTEMA HAXO0JUJIaCh COCTOSHUN
MOKOs, TO
T,=0. )
Kunernueckas OHEPIrud MEXaHUYECKON CHUCTEMBI paBHAa CyMMC KHMHCETHUYC-
CKHUX 3HCpFHI>i MAaTCpHUAJIbHBIX TCJI, BXOAAIUX B COCTAB CUCTCMBbI:

T=T+T,+T,+T,, (3)
I'py3 | coBepiaeT nocrynareiabHOE ABHKEHUE.
2
1MV,
=
2
HemoaBrwkHbIH 6510k 4 BpaniaeTcss BOKPYT HEMOBUKHON OCH.
1. 5
T4 = E J4 604 .

Tak kak Macca 010ka pacmpesiesnieHa mo ero 0001y, TO MOMEHT HHEPIIHU €ro

2
OTHOCHUTEJIBHO OCY BpallleHUs J s=My 1 u

1
T, = E m, r42 a’f
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CrymeHJaTHIi IIKKB 3 Tak)Ke COBEPIIACT BpalaTeIbHOE IBIDKEHHUE

1
T3 :§J3w§

MoMeHT nHepLMHU HIKUBA OTHOCUTEIBHO OCH BpPAILEHUS
_ 2
J 3 =Ml
Torna
1
B 2 2
T3 = E m3 I; @5 .

[MonswxHBIH OJIOK 2 cOBepIIaeT CI0KHOE (B TaHHOM Cilydae - IUIOCKOMa-
payIenbHOE) ABIDKEHHE

2 2
_m, Ve, " 3o,

T2
2 2
MoMmeHT nHepIHu GJI0Ka OTHOCHTENLHO LIEHTPAJIbHOW OCH
2
J _ m2 Ir2
, =—=*%.
2
Torna
2 2 2
m,V m, r, w
— 2 ' C2 22 2
T, = +

2 4

IMoacTaBiss 3HAYCHUS Tl, TZ, T3, T4 B BeIpaxkeHue (3) Haiigem:

2 2 2 2 2 2 2 2
_mV " m, Ve, Jho Moy M, o, )
2 2 4 2 2

BeIpazuM BeHYHMHBI CKOPOCTEH, BXOSIIHE B (hopMyity (4), 4epe3 HCKOMYIO
YITIOBYIO CKOPOCTh (D,

T

Ve=w;-1,.

Tak kak Y4aCTKM HHUTH, HapaUICJIbHBIC COOTBCTCTBYIOLIUM IUIOCKOCTSM,

COBCPHIAOT NOCTYMATCIBHOC ABUKECHUE, TO VE :VL :V , TO €CTh Vl = CO3 . I’3.

Tak kak ygactox Hutyt KH memomsmwxen, To Touka H - mraosennsrit
LIEHTP CKOPOCTEH MOJABUKHOTO OJIOKa 2, ToTaa
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V, R
__C2 — — _ 3 — —
®, = Ve, =Vp =, Ry, 0, =0, =,V =2V, =2R, w;.
r2 rZ
IMoxcTaBuB HaiifeHHBIC 3HaYeHUS B (opmyny (4), ompenenuM KHHETHYE-
CKYIO DHEPTHUIO CUCTEMBI B KOHECYHOM ITOJIOKEHUH.

2 2 ) 2 9 2 2
T:m1V1 +m2Vc2+m2r2 Wy  [Mlyy M Ty @ _
2 2 4 2 2
2 2 2 2 2
:m1V1 +3m2ch+m3|3 @, +m4 y @, _
2 4 2 2
m, . 3m, R? m, i2 m, I
123 ? + Z3a)§+ 323 o + 423 w?

2(ml rZ2+mgiZ +m, r32)+ 3m,R; ,
2 ;. (5)

HOZ[C‘II/ITaeM CyMMYy pa60T BHCIIHUX CHUJI CUCTCMBbI 1JII MOMCHTAa BPEMCHHU,

T:

koraa rpys 1 mepemecturcs Ha BenuduHy S, . Ilpum 5ToM OymeM y4IHTBIBATh, 4TO

COOTHOIIICHUSI MEXIY MEepeMEIICHUSIMH TOYEK MPUIOKECHUs] CHUJI TaKUE XKe, Kak
COOTHOIIIEHUST MEX]TY COOTBETCTBYIOIIMMH CKOPOCTSMHU.
= = D N1 Y1 =
PaGora cun m,g, m,Qg, Rz , NS, N4 , Fym, paBHa HyJO, TaK KakK TOY-

K TIPUJIOXKEHNs! STHX CHII He nepeMematores. Pabora cuist N, rakke pasna 0,

TaK Kak B JIIOOOH MOMEHT BpeMEHH Nl J_Vl.
Tornma

DR =ATAL A A A ©
Ap = _[Fd5= _[2(5+43)d5 = 2(5+ZSB)SB = 2(5+4Scz)'2302 =
S 0

z[sﬂsljz_R{sﬁj&

r3 3 r3 3

Ay =—Mgs;Sinc.

R
Ang :ng-sc?_:m?_gr—%l :

3

P3 ] M
Ay :__([Md% =-M £d¢3 =-Mg, :_r_sl'

3
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A, =—fN;s,=—fmgcosas,.

[MoxacTaBss HaliieHHBIC 3HAUCHUSI PaboT B hopmyiy (6), momyunm
4R R . R M
Y A= 4{4+—351j—331 —m,gs,sina +m,g—=2s, ——s, —
r3 r3 3 r3
— fmgcose s,.

ZAE = {g{4(5+ﬂle&+m2&—ml(sina+ f cosa)}—M}sl. )
I I, I I

3
Haiinem paboTy BHYTpEHHUX CHIL.

A=A, =5 E)
Tak xak ﬂo=0, ﬂ=Sl,T0

ZAF——; 57, (®)

[oxcrasnss Beipaxkenus (2), (5), (7), (8) B Brpasxenue Teopemsl (1), momy-
UM
2(m 7 +m, i32 +m, r32)+3m2 R? v
4R R v
19 _3 m(sina + f cosar)|—— ;.
I r3 .
Torna
4R R TV o
45+—3s |2 —m(sina + fcosar) |- — ——L
I r3 . 5
w, =2 2( > N
I’ +m3'3 +m,r )+3m R;
981 -(sin30°+0,1- 005300) 09 120-02
2 ’ L
®, = _ o
3 (2 012+6 012 +4- 012)+3 16-0,3°
=24,97 paol c.
Orser:

@, =24,97 padl c .
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A3 IPUMEHEHUE METOJA KHHETOCTATHUKH LIS
HNCCIEJOBAHUA IBUKEHUA MEXAHUYECKOU CUCTEMBI

J3.1. KpaTkue cBeieHus U3 TEOPHHU

Jns penreHus 3a1a4d JUHAMUKY HAapsioy ¢ 0OU{UMU YPAGHEHUAMU OUHAMU-
KU VCTIONIB3YIOT 00ujue npunyunsl mexawuku. OTHAM U3 HUX SBISIETCS HPUHUUN
Janambepa, cnyxamuii OCHOBaHUEM ISl KUHEMOCMAMUKY — OCHOBBI TEXHHUYE-
CKHUX NPUMCHEHHH TMHAMHUKHA HECBOOOIHBIX CHCTEM.

CoBpeMeHHas TpakToBKa mpuHIUNa JlamamOepa BKIrodaeT B ceOs OHATHE
cun uHepyuw: P IBIKCHUH MEXaHWYECKOH CHCTEMBI B JTF0O0l MOMEHT BpEeMEHU
aKTUBHBIC CHJIBI, IEWCTBYIOIIME Ha CHCTEMY, H PEaKkLUH ee CBs3el ypaBHOBEIIH-
BAIOTCSI CHJIAMH MHEPLIUH.

n n n
Y F+D N+> D, =0. @
k=1 k=1 k=1
Cusioll MHEpLMU MATEPHALHON TOYKH HA3bIBAIOT CUIY, PABHYIO IO BEJIHU-
YHNHE MPOU3BECACHUIO MACChI 9TOI TOUKHU Ha €€ YCKOPEHHUE U HAITPABJICHHYIO B CTO-
POHY, IIPOTHBOMONIOKHYIO BEKTOPY YCKOPEHHS.

Cuutbl MHEPIMM MEXaHMYECKOH CHCTEMBI MOTYT OBITH NMPHUBEICHBI K IJIaB-
HOMY BEKTOpY U INTaBHOMY MOMEHTY.

O=—mad =>Dd=ma. @)

Memoc) KunemocmamukKu COCTOUT B TOM, UTO ypaBHCHI/IﬂM JABHKCHUA (,Z[I/I—
HaMI/IKI/I) MexaHH‘IeCKOﬁ CHUCTECMBI MOXXHO HpI/I,E[aTI) BUJ ypaBHeHI/If/'I paBHOBeCI/ISI
(cTaTukm), €CIH K aKMUGHbIM CUIAM U PEAKYUAM C8A3€ell 000asums CUbl UHEp-
yuu. [lomydeHHsle TakuM 00pa3oM YpaBHEHHS HA3bl6AIONM YPAGHEHUAMU KUHe-
mocmamukKu.

®dopmar (BUA M KOJIMYECTBO) YPaBHEHHH KMHETOCTATHKHU MOJHOCTBIO OTIpe-
JenseTcs BHJIOM CHCTEMbI CHJI (aKTHBHBIX, PEAKTUBHBIX M CHJI WHEpINH), AeH-
CTByIOH.[I/IX Ha TOYKH MGX&HH‘JCCKOﬁ CHUCTCMEBEI. TaK, B 4aCTHOCTHU, AJIA HpOI/ISBOJ'IB-
HOﬁ HHOCKOP'I CHUCTECMBI CUJI ypaBHGHI/ISI KHHETOCTATUKHU UMCHOT BU/:

> Fy =0,
> F =0, (5)

Zmo(lf):o.

I[J'IH INTIOCKOM CHCTEMEI napauieJIbHbIX CHUJI  YpPaBHCHUSA KHUHETOCTATUKHU
MOJKHO 3a1ucaTh B BU/JIC:

SF, =0, S 'm,(F)=0,
Zmo(lf):o; o ZmB(lf):O.

(6)
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IIpu cocraBieHNN ypaBHEHUH KHHETOCTATHKHA CIEAYET YIUTHIBATE, YTO IS
MOCTYMATENIbHO JBUKYLIETOCs Tela CUjla MHEPLUU OMpeessieTcs TaK ke, KaK I
MaTepHaaTbHON TOUKH:

d=-M3a =>d=Ma. (7
I[J'DI Bpama}omerocsi TBép,HOl"O TCIa I[efICTBHe CHUII I/IHepHI/II/I CBOJUTCS MO-
MeHTy (637 0] I/IHepI_[I/II/IZ

D - D
M&=-J,6 > MP=J,¢, ®)
rae ‘]Z - MOMCHT MHCPIUHU TCJIa OTHOCUTECJIBHO OCHU BpalllCHUA, £ - BE€IIMUMHA

YTJIOBOTO YCKOPEHHS Tena.

J3.2. Yka3aHusl 110 BHITIOJIHEHUIO 32 IaHUA

Oco0eHHOCTh HACTOALICTO 3aJaHHs COCTOUT B TOM, UTO HNPECKAC YEM OIIpC-
ACIATH UCKOMBIC pCAKIINU, HGO6XO,Z[I/IMO HalTH MOMEHT CHII HWHCPpLUUU CTYIICHYATO-
TO0 HMIKMBA; AJId ONPCACICHUSA 3HAUCHHS YIJIOBOI'O YCKOPCHHA, BXOAALICTO B BEIU-
YHUHY 9TOTO MOMCHTA MOKHO TAKXC UCIIOJIb30BATh METOA KHUHCTOCTATHUKH.

IlocnenoBaTenbHOCTD BBIOTHEHHUS 3a1aHHS

VYSACHUTB yclOBHE 3aJaHHS.

2. BpIOpaTh MEXHHYECKYIO CHCTEMY, JBIKEHHE KOTOPOW OyAeT paccMarpu-
BaTbCA.

3. H300pa3uth akTHBHBIE CHJIbI, JEHCTBYIOIIUE HAa TOYKU BBHIOPAHHOM CH-
CTeMBI M PEaKLINU BHEITHUX CBS3EH.

4. HN300pa3uth CHIBI HHEPIUN MEXaHWYECKOH CHUCTeMBI. [ MOMEHTa cui
HMHEPLMH CTYNEHYATOr0 HIKMBA IPEJBAPUTEIbLHO HANWTU YIVIOBOE YCKOpE-
HHUE.

5. BriOpaTh ynoOHBIE OCH KOOPAMHAT M LIEHTP MOMEHTOB.

3anucaTb COOTBETCTBYIOIUE YPABHEHHUS KNHETOCTATUKU U PELIUTH UX.

7. Ilpoanamu3upoBaTh HMOIYyYECHHBIN PE3YNbTaT, CIAEIaTh BHIBOIBI.

=

e

J13.3. CoOGcTBEHHO 3a1aHue

Crynenuatwiii mkus A maccoif, M 3akpenneHHbIH MIapHUPHO Ha JBY-
XOTIOPHOM WJIM Ha KOHCOJIHOM Oaike, MOXET BpallaThCs MOYTH O3 TPEeHHUs BO-

kpyr ocu O, NepreHMKYIAPHOI TIOCKOCTH YepTexka, MoJl AeHCTBIEM Ipy30B | u
2. I'pysbl 1 u 2 maccoit M, u M, CBA3aHBI CO CTYNEHYATHIM LIKUBOM A mnocpen-
CTBOM HEPACTSHKHMBIX TPOCOB, HAMOTAHHBIX Ha COOTBETCTBYIONINE CTYIECHU IIKH-

Ba. bonpmmii paguyc mkusa pasen R , menpmmii - I, paanyc unepimu ero - i .
OnpenenuTs peakii BHEIIHUX CBS3€H MEXaHHMYECKOW CHCTEMBI, MpeHe-

Operas Maccamu 0aJOK M CTEp)KHEW. BBINONHUTH MPOBEpPKY, COCTaBHB €IIE OJHO

YpaBHEHHE CYMMBI MOMEHTOB OTHOCHTEIIBHO IHPOW3BOJBHON TOYKH, W CPaBHUTH
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MOYYCHHYIO CyMMY ¢ HyJIéM. OnpenesiuTh TaK)Ke CHITy HATSHXKEHHsI TPOCa, HEeCyllle-
ro rpys 1.

B kadecTBe JOMOJHUTENBHOIO UCCIICIOBAHUS HAWTH TUHAMHUYCCKHE COCTaB-
JISIFOIIUE YKA3aHHBIX PEaKIIHH.

Hcxonueie manubie npuBencHsl B Tabmuie 3.1, pacueTHbie CXeMBI — B
tabmure 13.2.

Tab6mumna /13.1. Ucxoanble qaHHBIE.

No M m, m, R r [ | b
Ke Ke Ke M M M M M

1. 70 12 8 025 015 02 5,2 2,3
2. 75 16 10 0,35 - - 2,7
3. 80 25 10 045 015 04 - 3,2
4. 85 10 8 0,35 - 0,3 5,4 2,6
5. 90 8 4 03 015 02 - 2,9
6. 95 6 4 035 016 03 5,4 2,4
7. 100 12 8 045 035 04 4,8 2,1
8. 105 10 32 035 025 03 - 3,1
0. 110 10 14 0,25 - 0,2 - 3,4
10. 115 10 6 035 025 03 4,8 2,1
11. 120 8 6 0,45 - 0,4 - 3,3
12. 125 6 4 035 025 03 5,2 2,6
13. 130 12 10 - 015 02 5,8 2,5
14. 135 16 14 03 025 03 - 3,1
15. 140 14 12 0,55 - 0,4 - 2,9
16. 135 20 6 03 025 03 5,8 2,7
17. 130 8 6 - 015 02 - 2,9
18. 125 18 4 - 019 03 5,6 2,6
19. 120 12 8 - 035 04 5,8 2,7
20. 115 18 12 035 025 03 - 2,7
21. 110 32 10 025 015 02 - 3,2
22, 25 18 2 0,35 - 0,3 5,4 2,5
23. 100 16 14 - 032 04 - 2,5
24, 95 10 16 03 021 03 5,0 2,2
25. 12 8 6 025 015 02 6,2 3,3
26. 12 12 7 0,35 - 0,3 - 2,7
27. 20 10 8 - 035 04 - 34
28. 10 12 6 - 025 03 4,8 2,3
29. 8 8 14 - 015 02 - 2,9
30. 13 6 10 0,35 - 0,3 4,6 2,1

Taoauna J13.2. PacuérHble cXeMbl.















\\\\\
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A3 IPUMEHEHWE METOJIA KHHETOCTATUKHN JUL
NCCIIEJOBAHUA IBKEHNA MEXAHUYECKOUN CUCTEMBI

aHO!

M =120xke,
m, = 50xe, I

m, = 8ke,
R =0,35n,
r =0,15m,
i=0,2m,

| =4, B
b =3,

a = 30°.

Pemenne:

I[J'ISI ONIpEACICHUA YIJIOBOTO YCKOPCHHUS IIKKMBA & paCCMOTPHUM CHa4daja

D

JABHXKCHHUEC CUCTEMBI, COCTOHH.[Gﬁ U3 IKKWBa A , 'PY30B lu2u TPOCOB.

Ha 9Ty cucTeMy AeHCTBYIOT aKTHBHBIE CHUIBI —
cunsl sokecrn M@, MG, M,§ u peakuus

mapuupa N . Jlo6aBuM K >TUM cuIa CHIBI
uHepiuu. I'py3sl | 1 2 coBepmiaroT MmocTyma-
TEJNbHOE JBIDKEHHE, UX CHJIBI MHEPLHHU Ompe-
JIENIAIOTCS TaK ke, KaK JUIsI MaTepHanbHOM TOU-

ku: mo Bemmuuae D =ma,, O, =m,a,.

Bexroper @, u @, HampaBieHbl B CTOPOHBI,
TIPOTHBOTIONOKHBIE BEKTOPAM YCKODeHHii d; 1

a,. [lna Toro, 4ToOBI BBISAICHUTE HAIPABIICHUS
9TUX BEKTOPOB, BBIYUCIUM CYMMY MOMEHTOB
aKTHBHBIX CHJI OTHOCHTENbHO ocu O .

3" mg(F)=mgR—m,gr = g(mR—m,r)=

W\
A

[
(0]
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=9,81-(50-0,35-8-0,15)=16,3Hn > 0.

CJ'IeJlOBaTeJ'ILHO, IIKUB BpallacTCsa NpOTHUB XO4a 4acoBOM CTpPCJIKHU, T'PY3 1
OITYyCKacTCAd, a Irpy3 2 IIOJHUMACTCA.

CrynenuaTslii KB A COBEpINAET BpAIIATEILHOE ABUKEHME, JCHCTBHE
CHIl MHEPLMH CBOJUTCS K MOMEHTY CHJI HHEPIUH Mg) =Jo&, e Jg = Mi? -
MOMEHT MHEpIIMH Tela OTHOCHTEIBHO OCH BPAILIEHHS, & - BEJIMYMHA YIJIOBOTO
yckopeHus mKuBa. HanpapieHne MoMeHTa I\/I(()D IPOTHBOMOJIOXHO HATIPABICHHIO

.
N3zo0paxkaeM Ha PUCYHKE CHIIBI HHEPLIUH.

Bripa3uM BeTHUUHBI YCKOPSHHIH 51 31 E_iz Yyepe3 BETMYUHY YTIOBOTO YCKO-
peHus & : 81=éR, a, =& . Torma
®, =mRe, ®, =mre, M =Mi’e.

Jlns ompeneneHus] yrioBOro YCKOPEHHsS & COCTaBUM YpaBHEHHE KHUHETO-
CTaTHKH B (OPME MOMEHTOB:

ZmO(F): 0, mgR-m,gr—®R-d,r —MJ =0.
HOHCTaBI/IB B ITOCJICAHECC BBIPAKCHNUEC 3HAUCHUSA CUJI MHCPLIUH, HaﬁﬂeM & .

mgR —m,gr —-mR’s —m,r’s —Mi’e =0 =

mR—m,r
€=9 2 2 2
mR* +m,r° +Mi
50-0,35-8-0,15

=981 =14,40paol .

'50-0,35% +8-0,15 +120-0,2
@, =50-0,35-14,4 = 252H ,
®,=8-015-14,4=17,28H ,

M2 =120-0,22 14,4 = 69,12 Hu.

Jlnst ompeneneHus NCKOMBIX PEaKIMil pacCMOTPH Temeph JBHKEHHE MeXa-
HUYecKoii cuctemsl, coctosmmueit n3 6ankun BC | crynmenuatoro mxusa A, rpysos

1,2 u TpocoB. [IpuMeHUM METOJ KWHETOCTATUKU.
N3006pa3um neicTBYIOIUE HA CHCTEMY CHIBI. AKTHBHBIMU CHJIAMH SBJIS-

torest cutbl Tsokecrn M, MG u M, . Bremwnumu cBs3aiMu u1st BHIOPaHHO#

CHCTEMBI SABJISTFOTCSA Hel’lOJlBH)KHBIﬁ mapHUup B M HEBECOMBIN CTCPKCHDb CD

Uso6pakaem ux peakuuu: cocransiomme X v Y peakunu wapunpa B ycn-

nue B crepxkne S . Jlo6asnuM k otuM cuiaM cuisl naepiun @), @, u moment
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@
cun uepuun Mg . Bee 91u cuisl 06pasyioT IPOM3BONBHYIO IUIOCKYHO CHCTEMY
cui. I Takoil cMcTeMBl CHJI, BBIOpaB OcH KoopauHaT X M Y, a Takke LEHTp
MomeHToB B, 3amuieM Tpu ypaBHeHMs KHHETOCTATHKH.

Y A
I
I
I

<
@

SF, =0, Xg+Ssina=0. M

ZFYzo; Y; +Scosa—Mg—mg-m,g+d, — P, =0. )

ZmB(ﬁ)zo; Scosa-1-Mg-b-mg-(b—R)-m,g-(b+r)-
~M3 +®,-(b—R)-D,-(b+r)=0. 3)

U3 ypasnenus (3) Haiiném S .

_Mgb+Mg +(mg -, Jb-R)+(m,g +<D2)(b+r). @

S
|cosa
g _120-981-3+ 69,12 +(50-9,81—252)(3-0,35)+(8-9,81+17,28)3+0,15) _ 130004,
4.cos30°
U3 ypasrenns (1) naitném X .
Xg =—-Ssina =-1309,0-sin30° = -654,5H (5)

U3 ypasrenus (2) Haitném Y .

Y, =-Scosa+g(M+m +m,)-®, +D,. ©)
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Y, =—1309- c0os30° +9,81- (120 + 50+ 8)— 252 +17,28 = 377,8H .

I[Jlﬂ MPOBEPKHU MOJYYECHHOI'O pe3yJjibTaTa COCTaBUM e1é 0JTHO YpaBHCHUC
MOMCHTOB.

ch(lf):—YB A+Mg-(I-b)+mg-(I-b+R)+m,g-(I-b—r)-
~M2-®,-(I-b+R)+®, -(I-b—r)= -377,8-4+120-9,81x
x(4-3)+50-9,81-(4—3+0,35)+ 8-9,81-(4-3-015)—
—69,12-252-(4—3+0,35)+17,28-(4-3-015)=
=1920,77 -1920,52 = 0,25~ 0.

OTtHOCHUTEIbHAS TIOTPEITHOCTH COCTABJISACT:

025

= . 100% = 0,013% , YTO BIIOJIHC JOIMYCTUMO B TEXHUYCCKHUX pac-
1920,52

geTax.
Jns ompejeneHuss CHIBI HATSHXKEHUS TPOCa, HECYHIETO y
rpy3 1, paccMOTpUM IBHKEHHE STOTO Ipy3a. T
Ha rpys geiictByror cuisl: cuna sokecrn M §, Hars- 7
JKCHUC Tpoca -I:; n CHJIa I/IHepHI/II/I &)1. 3aHI/IH.[eM ypaBHeHI/IC (_b !
KHHCTOCTATHUKH H peH_II/IM €ro. 1 !
YR =0 -mg+T,+® =0= I
T,=mg-,. W | 1*
T, =50-9,81— 252 = 238,5H . m9
Pe3ynbTaThl pelieHns CBEIeM B TAOIHILY.
OrTBer:
Peaxnusa X 5 YB S '[‘1
Benmunna B kH ~ -654,5 377.8 1309,0 238,5

JIOIIOJTHATENHHOE UCCIICIOBAHNE

B xauectBe JOIIOJITHUTCIIbHOI'O HCCJICIOBAHUA HaﬁﬂeM JUHaAMHYCCKUE CO-
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CTaBJISIIOLIUE HAMJIEHHBIX PEaKIIHA.

HalifieHHBIE TIONMHBIE PEAKIMU CBA3EH CKIAIBIBAIOTCSA U3 CTATHYECKHX CO-
CTaBJIAIONIMX, BO3HUKAIOIIUX MOJ JEUCTBHEM AKTUBHBIX CHJI, U JUHAMHYECKHX
COCTaBIIAIONINX, BOSHUKAIOIIUX W3-3a TOTO, YTO HEKOTOPHIE TEJa, BXOSIIHNE B CO-
CTaB MEXAHUYECKON CHUCTEMBI, IBHKYTCS C YCKOPEHHAMH. Takum o6pasom, IUHa-
MHYECKHE COCTABIISIOIINE PEAKIIMI BOSHUKAIOT MO ICHCTBUEM CUJT HHEPIIUH.

JI71st TOTO, YTOOH! HAMTH BETMUMHEI JHHAMUYECKHX COCTABIIAIONINX PEAKIIUIA,
JIOCTATOYHO TOJIOKUTH B ypaBHEeHUsX kuHetocTatnku (1) - (3) akTHBHBIC CHIIBI — B

J@HHOM ciy4ae, cuisl Tsbkeetn MQ Mg u M, paeueiMu Hymo. Torma us
dopmyi (4) - (7) naitném:
goun _ Mg —®,(b—R)+®,(b+r) _
lcosa
 69,12-252-(3-0,35)+17,28-(3+0,15)
B 4.cos30°
X" =8 .sinq =157,1-sin30° = 78,6 H ;
Y = ~S*" cos o — @, + D, =157,1-0s30° — 252 +17,28 = -98,7H ;
T,=-®, =—252H.
AHanu3upys NOTY4YEeHHBIH pPe3ynbTaT, MOXKHO CIeNIaTh BBIBOJI: HAJIMYHE CHII

HMHEPIMH CYIIECTBEHHO BIIMSET HAa BEJUYUHBI PEAKIMI BHEIIHUX U BHYTPEHHUX
CBSI3eil MEXaHHMYECKOH CHCTEMEIL.

=-1571H ;
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