DHIeNbCCKUM TEXHOJIOTMUECKUA HHCTUTYT (puiinan) ¢enepaabHOro rocy1apcTBEHHOTO
O10/1>KeTHOTO 00Pa30BaTENILHOTO YUPEKIACHHUS
BBICIIIETO 00pa30BaHUs
«CapaToBCKHUli TOCYAapCTBEHHBIN TEXHUYECKUI yHHBEpcUTEeT UMeHH ['arapuna FO.A.»

Kadenpa «EcTecTBEHHBIX 1 MATEMAaTHYECKUX HAYK»

OPU3UKA

Meroanueckue yka3aHus K
BBINIOJIHEHHUIO JIA0OPAaTOPHON PabOTHI
«Onpenesenue MOMEHTAa HHepUuM MassTHUKA Q0epOexa»
JUISL CTYJICHTOB HANPaBJICHUIN

09.03.01 «MudpopmaTruka 1 BEIYACITUTEIbHAS TEXHUKA»

09.03.04 «IIporpamMMHasi HH)KEHEPHUS»

15.03.02 «TexHOMOTUYECKHE MAIIUHBI U 000PYIOBAHUE)

15.03.05 «KoHCTpYKTOPCKO-TEXHOIOrHYeCKOoe00eceYeHre MallnHOCTPOUTEIbHBIX TPOU3BOJICTBY
18.03.01 «XumMuueckasi TEXHOJIOTHSD)

23.03.01 «Hedrerazosoe nemno»

29.03.05 «KoHcTpynpoBaHue U31eIUN JETKOH IPOMBIIUIEHHOCTH

OYHOU M 32049HOM (HOpMBI 00YUECHUS

ureanc 2024
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MN3YYEHUME 3AKOHOB BPAILIEHUA
HA IPUMEPE MASITHUKA OBEPBEKA

HEJDb PABOTDBI: wn3yunuTe OCHOBBI TEOpPHUM KHHEMAaTUKUM W JUHAMHUKHU
BpAalllaTeJIbHOIO JBWKECHHS; MPOAHAIU3UPOBATh 3aBUCHMOCTh MOMEHTa WHEPLUUU U
YIJIOBOTO YCKOpeHUusi MasiTHuka O0epOeka OT pacmpeiesieHUuss MacChl OTHOCUTEIBHO

€ro OCH BPAILCHUH.
KPATKAS TEOPUA

BpamarenbHbIM TBHKEHHEM TBEPJIOTO TEJIA HA3BIBAETCS TAKOE JABUKEHHUE, MPU
KOTOPOM TPAaE€KTOPUHU BCEX TOYEK TeJa SIBJISAIOTCS KOHLIEHTPUYECKUMH OKPYKHOCTSAMU
C LEHTPOM Ha OAHOW MPSMOW, HA3bIBAEMOM OChIO BpamieHHus. OCh BpallleHUsT MOKET
HaxXOJIUThCS BHE TeJIa WIHM MPOXOJUTh YEPE3 HETO.

PaccMOTpuM Teno, Bpamiarolieecs BOKpYT HeroasuxHoit ocu OO/ (puc.1).

Q.

—
w
—=
¢
-

Puc.1

3a Bpems At Bce ero TOYKH IMOBOPAYUBAOTCS OTHOCHTEIBHO OCH BpalIEHUS Ha
yron Ag. UtoOsl 0AHO3HAYHO OXapaKTepU30BaTh MOBOPOT Teja 3a Bpems At BBeaem
BEKTOp moBopoTa A¢p. Ero monyns paBeH A@, a HalpaBiI€HUE OIPEAEISIETCS I10
npaBuiy OypaBuMka (mpaBoro BUHTA). [ ommcaHust BpamieHUs: TBEPAOro Tena
HCIIOJIb3YETCS] BEKTOPHAs BEJIMUYMHA @, Ha3bIBacMasi YIJIOBOM CKOPOCTBIO:

a-lim>2-52 @
a0 At dt

BekTop @ Bcerja coBMajaeT 10 HAPABICHUIO C BEKTOPOM ITOBOPOTA Af.

B o6meMm ciayyae mpu BpalleHMH TBEPAOIO Tela BEKTOP YIJIOBOW CKOPOCTH @
MOXET MEHSTBCS KaK [0 BEJIMYHMHE, TaK U N0 HarpasiieHuto. [loaTomy miid onucaHus
HEPaBHOMEPHOI'O BpaIIaTEIbHOIO JBW)KEHHUS CIY>)KHUT BEKTOpHAasi BEJIMYMHA &,
Ha3bIBa€Masl YIJIOBBIM YCKOPEHUEM:

.. A® da d%p
FElIM " T
At—0

(2)



VII0BOE YCKOPEHHE & ONpeseNseT XapakTep M3MEHEHHs yIIIOBOil CKOPOCTH CO
BpemeHeM. Eciu B mpolecce JBMKEHHs Tela & =const, BpaIleHHE MOKET ObITh KaK
PaBHOYCKOPEHHBIM, TaK M pPaBHO3aMEIJICHHBIM. B cllydyac yCKOPEHHOIO BpAIICHUS
BCKTOPBbI On & napajujiCjibHbl, a B CJIydac 3aMCJICHHOTI'O — aHTHUIIAPAJIJICIIbHBI.

[Ipu BpalleHUH Telda BCE €ro TOYKM MMEIOT OJMHAKOBOE 3HAYECHHE YIJIOBOIA
CKOPOCTH @. B cilydae yCKOPEHHOIO BpAIlEHHUS YIJIOBOE YCKOPEHHE & BCEX TOYEK
Tena Takke oAuHaKoBO. OJHAKO JIHMHEHHBIE CKOPOCTH M TAHTEHIHAIBHBIE YCKOPEHHUS
Pa3HbIX TOUYCK — PA3JINYHBI.

Mesxy JIMHEHHOM CKOPOCTBIO v JIF000H TOYKM BPAIAIOLIErocs TBEPAOro Tela
nu €ro yrHOBOﬁ CKOPOCTBIO CYIICCTBYCT IIPOCTAA CBA3b:

v=w-R (3)
rac R — paanyC TpaCKTOpHUHU I[aHHOﬁ TOYKH. AHAJIOTUYHASA CBSA3b UMEET MECTO TAKIKE
MCIKAY TaHT'CHIIUAJIbHBIM YCKOPCHUCM JIF0001 TOYKH a, TBEPAOTO TCJa U €ro yrjiioBbIM

YCKOpPEHUEM:
a=¢R 4)

CootHomieHuss 1-4  CcOCTaBISIIOT OCHOBY KHHEMAaTUKHU  BpaIlaTeIbHOTO
JBUKEHUS.

Ecnu TBepmoe Tenmo Bpamaercs BOKPYT KakoM-IHOO OCH, TO HWHEPTHOCTH
BpallleHUs 3TOr0 Teja 3aBHCUT HE TOJBKO OT €ro Macchl, HO TakKXke U OT
pacnpeneneHuss Maccbl B Tene. [103ToOMy MHEPTHOCTh BpalleHUs OINpPEAEINSeTCs HE
TOJIbKO MacCOM BpALLAIOLIETocsl Tejla (Kak 3TO HaOMI0JaeTcss B IMOCTYNATEIBHOM
JBUKEHUN), HO U (PU3HYECKON BEIMYMHON — MOMEHTOM MHepLuH |.

MoOMEHTOM HMHEpUMH MaTE€pUaIbHOW TOYKH HA3BIBAETCS MPOU3BEACHUE MAcChl
TOYKH Ha KBaJpaT pacCTOSHUSA OT TOUYKHU JJO OCU BpAIlCHHUS:

| =m-r? (5)

JUISL IPOTSKEHHBIX TE€J MOMEHT MHEPLIUH OIPEAEIeTCs KaKk CyMMa MOMEHTOB

MHEPLUHU OTAEIbHBIX YaCTHUIl ¢ MaccaMu 4AM;, Ha KOTOpbIe MOKHO pa30UTh BCe JaHHOE

TCJIO0:
=2 Am,-r? (6)

rze I — KpaTyauuiee pacCTOSIHUE YaCTULBI OT OCH BPALLICHMUS.

OnHo U TO e Teno 001a1aeT pa3TuYHbIMU MOMEHTAMHU UHEPLIUU OTHOCUTEIBHO
Pa3HBIX OCEH BpPAILEHUS.

JUist Ten, MMEIIIMX MPABWIbHYIO F€OMETPUYECKYI0 (DOpMY, MOMEHT HHEPLUU
OTHOCHUTENBHO OCH, MPOXOJAILIECH YEPE3 LEHTP TKECTH, BBIUUCIAECTCS NPOCTO. Tak,

2 2 l 2
Juid mapa — | :gm-r , JJ1s nucka — | zim-r .

Ecnu ocp BpameHuss He NPOXOAWUT 4Yepe3 LEHTP TKECTH Telna, TO MOMEHT

MHEPLHUU €ro pacCUUThIBaeTCs Ha ocHoBaHUU (popmysibl L TeitHepa:
I =1,+md? (7)

rae lo — MOMEHT MHEepLMH Tejla OTHOCUTENIBHO OCH BpalleHHs, MPOXOIdIlel uepes3
ICHTP TSDKECTH M MapaJuIeIbHON JaHHOW OCH; M — Macca Tena; d — pacCTosHUE OT OCH
BpAICHUS TeJa 0 LIEHTPA TSKECTH TelIa.

Ecnau teno umeer HempaBwibHYIO (OpMY, TO BBIUKMCIEHUE MOMEHTa MHEpPLUU
KpalHe 3aTPyAHUTENBHO, U IIOATOMY €TI0 ONPEACIISIIOT ONBITHBIM Iy TEM.



OCHOBHBIM YPAaBHCHHUEM JHMHAMHUKHN BpalllaTCIbHOIO ABUXKCHHUA CUMMCETPUYIHOI'O
OZHOPOJHOI'O TCJIa BOKPYT HCHOI[BI/I)KHOI\/'I OCH SABJIACTCA COOTHOIIICHUC:

1= M, (8)

rac | — MOMeHT HHCPLHU TCJIa OTHOCUTCIbHO OCHU BpAalICHUSI,;
Zl\ﬁi— paBHOIIefICTBYIOIHaH MOMCHTOB BCCX BHCIHIHHUX CHII, I[GﬁCTBYI-OHlPIX Ha TCJIO

i
OTHOCHUTCJIBHO OCH BpalllCHUA.

BpamaTem,Hoe ABHJKCHHUC TBCPAOTO TCJIa BO3HHKACT TOJBKO TOrdad, Koraa
I[GﬁCTBYI-OHI&SI Ha 3TO TCJIO CHJIa CO3O4aCT MOMCHT OTHOCHTCIBHO OCH BpPAIlICHMHA.
MOMEHTOM  CHJIbI M ;i OTHOCHUTCIIbHO OCH BpallICHUA  HA3bIBACTCA  BCJIIMYMHA,

onpenesieMasl BEKTOPHBIM IPOU3BEICHUEM:

rae i — BCKTOp, JJIMHA KOTOPOI'O paBHA KpaTqaﬁmeMy PACCTOAHUIO OT OCH BPAIICHUA
A0 TOYKH ITPHIIOKCHHA CHIIbL Fi. BGKTOp [ HaIIpaBJICH OT OCH BpPAIICHUA K TOYKC
IMPUIIOKCHUA  CHUJIBL. HaHpaBJ]eHI/IC MOMCHTa CHJIBI OIIPCACIACTCA IIpaBHIIaMHU
BEKTOPHOT'O IIPOU3BEICHMUS.

OIMUCAHUE YCTAHOBKHU U BBIBOJI PABOYEN ®OPMY.JIbI

Mastauk OOepOeka TpeACTaBIIeT COOOM KPECTOBUHY, COCTOSIIyI0 H3 4-X
CTEPKHEW, MPUKPEIUICHHBIX KO BTYJIKE C OCBIO (pHC.2).

Ha crepxHsX HaXoasATCs Tpy3bl Maccoil M, KOTOPhIE MOTYT ObITh 3aKpeIyIeHbI
Ha Pa3JIMYHBIX PACCTOSIHUAX OT OCH BpaileHus. Ha ock BpalieHus MasTHUKA HACAKEH
IIKMB PajnycoM I, Ha KOTOpbIM HamartbiBaeTcsa HUTh. K CBOOOJAHOMY KOHIy HUTH
IIPUKPEIUIEH TPy3 Maccoi M;. [lox neicTBreM rpysa HAUTh Pa3MaTbIBaCTCs U IPUBOAUT
MasgTHUK B PaBHOYCKOPEHHOE BpallaTeIbHOE JABWKEHHE. Bpems maneHus rpysa
OTPENENAIOT ¢ TIOMOIIBI0 CeKyHaoMepa. IlyTe h, mpoiiieHHBIH 3a 3TO Bpems,
M3MEpSETCs MPU MOMOIIY HITKAJIBI.

[Ipu nBMXkeHUM Tpy3a BHU3 HA HETO JICUCTBYIOT JBE CWJIBL: CUJIa TSXKECTH Ipy3a
P u cuna peakuuu Hutu T. Pe3ynbTaTom JeHCTBUS STUX CHIT (MCKJTIOYAsl CUITy TPEHUS,
TaK KaK OHa Maja) sIBJISIeTCS CUia, COOOIIaroas Teiy M; yCKOpeHue a.

ITo 3akoHy CJIOKEHHUsI CHJI MOKHO 3amucath (rmpoekius Ha ock OY):

P-T=ma,
OTKyJa
T=P-ma=m(g-a)



ITIo TpeTrpeMy 3akoHy HprOTOHA MOAYJIb CHJIBI peakuMu HUTH T paBeH MOIYIIIO
CUJIBI HATSDKEHUS HUTH F.
Cuiia HaTsDKEHMS HWTH, JAEHCTBYS Ha BaJl, CO3JacT BpallalOlnd MOMEHT M,
PaBHBIN POU3BEICHUIO CUJIbI HATSHKEHUS HUTH I Ha IJIEY0 CHJIBI T.
M =Fr-sina
TJIe T — paJuycC Bajia; oL — yroJl MeKIy BeKTopaMu F u T, KOTopblit paBeH 90°.
IToncrasiss 3Hauenue F, nomyynm:

M =mr(g-a) (10)
Perrast copmectHo ypaBHenus (8) u (10), momydvaror:

_ m i(g B a)
- &

YuuteiBast (4), u TOT (akT, 4TO B HAIlleM CJydae IOJHOE YCKOpEHHue a
JIBIKCHUSI TOYKH PABHO TAHTCHIIMATBLHOMY YCKOPEHHMIO dr KpaWHUX TOYEK Baja,
NEpENUILIEM MMOTYYEHHOE BBIPAKEHHE B BUJIE
_mr(g-a)r _mr’(g-a)

- a - a '

YckopeHue IBMKEHUS Teja Maccod M; JIETKO OMpPEAesIeTCs MO HU3BECTHOMY

nyTd N ¥ BpEMCHH JIBUKCHUS:

I

2h
Y
C y4eToM BCero BBHIIIEU3JI0KEHHOTO paboune (hopMyJsibl IJisi pacyeTa MOMEHTa
uHepiuu MasTHuka O0epOeKa M yIriioBOTO YCKOPEHHUS €ro BpallaTeIbHOTO JBUKEHUS
UMEIOT BUI:
_ mr?(gt® —2h)
- 2h

| (11)

2h
& :rt—z (12)

HOPAAOK PABOTbI



1. I3MepuTh MITAHI€HUUPKYJIEM AUAMETP LIKUBA U PACCUMTANTE €ro paguyc r
(cm.puc.2).

2. B Tterpamu ans mabopaTOpPHBIX pabOT BBIUEPTHTE TAOMUIYy JUIS 3alKcu
u3MepeHui u BeraucieHui. [lomyanTe y npemnomaBarens 3HaueHus BenuauH h, m; u R.
Heo0xonumbie 1aHHbIC 3aNTUIIUTE B TAOUILY.

3. IIpo4HO 3aKpenuTh Ha KOHIAX CTEP>KHEW Ha OJIMHAKOBOM paccTosHUU R oT
OCH BpallEHUs YEThIpE Tpy3a Maccoi M. Ecnu rpu paBeHCTBE pacCTOSHUSI MacC OT OCH
BpalllcHUsI KPECTOBMHA OCTAaeTCsl HEYPAaBHOBELIEHHOW, TO CJIEIyeT HEMHOIO
NEPEMECTUTH TPY3bl U TOOUTHCS YPAaBHOBEIIMBAHUS KPECTOBUHBI.

4. ToaxknrounTe nMUTaHUE K Mpubopy M Haxkmute KHOmky "Certp'", mpu 3TOM
WHJMKATOPbI CEKYHIOMEpa JOJKHBI ITOKA3bIBATh HYJIU.

5. Ha HUTH yCTaHOBHUTE TPy3 Maccou Mj.

6. Haxwvure knonky "llyck" u, paBHOMEpHO Bpamas pPyKOHM MasiTHHK, C
OJINHAKOBBIM HATSKEHUEM HAMAThIBAWTE HUTh C TPY30M M1 B *KeJI000K MIKUBA, O TEX
op, MOKa rpy3 Mp HE MOJTHUMETCS YyTh BBIIIE BEPXHETO (POTOIIEMEHTA.

7. llpunepxuBasg B TaKOM COCTOSIHUM MasTHUK OOepOeka pyKOW, OTOXMHTE
kHOnKy "Ilyck" m Haxkmute Ha kHONKy "COpoc", mpu 3TOM BpeMsl Ha CEKyHIOMEpe
OOHYJIHTCS M YCTaHOBKa Meperger B pabodee cocrosiHue. Yoepure pykKy. MasTHUK
IIPU 3TOM JOJDKEH HAXOAUTHCS B COCTOSIHUU MOKOSI.

8. Ilpucrynaiite k 3xcnepumenty. Haxxmute kHomnky "[lyck": rpy3 Ha HUTH
JOJDKEH HayaThb OIyCKaTbCs, a4 CEKyHIOMEp JIOJDKEH Hadarh OTcueT BpeMeHH. lIpu
JOCTHKEHUHM TPY30M M HUXKHEro (POTOIIEMEHTAa BpEMs OCTAHOBHUTCS M MAasTHUK
3a010KHUpyeTcs. 3HaueHUe BpEMEHH {1 3anuiuTe B TaOIuLLy.

9. IloBTOopuTe NMyHKTH 6, 7, 8 1Ba pa3a U B TAOJUIly 3alMILIATE 3HAUCHUE
BpeMeHH b u ts.

10. UsmennTte mMaccy rpys3a Ha HUTH Ha My [Ipon3BeauTe NeHCTBUS U U3MEPEHHUS
corjacHo ImyHKTam 6...9.

11. 3menute Maccy rpy3a Ha HUTH Ha M3 [IpousBenure nelcTBUS U U3MEPEHUS
corjacHo ImyHKTam 6...9.

12. BHUMAHHE! Bcio cepuro usMmepenuid (ot 6 10 11 myHKTa) MpOU3BECTH
erle JABa pasa: 1js paccrtosiHuii Ry u R,

13. BBIMOIHUB SKCIIEPUMEHTATBHYIO YacTh palOOTHI, MOKETE MPHUCTYIMATh K
HEOOXOIUMBIM pacdeTam.

14. ITo maHHBIM TaONHMIEI TOCTpOiTE rpaduk 3aBucumoctu | = f(R)

Pacuer Bectn mo ¢opmyne (11). Tlo rpaduky ompenenuT MOMEHT MHEPIIUU
MasiTHHKa 0e3 rpy30B lo (Touka mepecedyenus rpaduka ¢ ocsio OY). CHATh TPy3bl U
HaiT lo onmbiTHBEIM TTyTeM. CpaBHUTH 00a Pe3ysIbTaTa, BBIYUCIUTH MOTPEITHOCTb.

15. Tlpoananu3upyiite pe3yibTaThl BBIYMCICHUM M B 3aKIIOUYEHHH K paboTe
cJleJIauTe BBIBO/I:

1) cymecTByeT U 3aBUCMMOCTh MOMEHTa HMHepuuu MasiTHuka OOepOeka u
YTJIOBOTO YCKOPEHHMS OT paccTosiHUS R (0TBET He0OX01MMO 000CHOBATH);

2) CylIecTByeT JM 3aBUCHMOCTh MOMEHTa HHepuuu MasiTHuka OOepOeka u
YIJIOBOTO YCKOPEHHS OT MAacChl MOJBEIIEHHOTO HAa HUTHU Tpy3a (OTBET HEOOXOIUMO
000CHOBATH).
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YT10 HA3BIBAETCSI MOMEHTOM CHUJIBI?

KOHTPOJIBHBIE BOITPOCHI

Yto Ha3pIBacTCd MOMEHTOM HHEPLHMHM MATEPUAIBHOW TOYKH, TBEPAOTO Tena?

Ennnuiel usmepenus.

Kak onpenenuTe MOMEHT HHEPLIUM JIUCKA, I1apa?

CdopmynupoBats Teopemy Ll Terinepa.

N306pa3uth cxemy MastHuka OO0epOeka M yka3aTh BCE JACHCTBYIOIIUE CUJIBI U

MOMCHTHEI.

3anucarth YPaBHCHUA JUHAMUKHU ITOCTYHATCIBHOT'O U BPAIATCIIbHOTI'O ABUKCHUS

TBEPJIOTO Tea.
3amnmcarb
Oo6epbOexka.

YPaBHEHHE

JAWHaAaMHKN

BpalliaTCJIbHOTO  IBHUXKCHHUSA

MasTHHKa

BoiBectu popmyity asst onpenenaeHus MOMeHTa nHepuuu Masitaiuka Ooepoeka.



