dopma ogpopmaeHus omyéma o 8binosaHeHUU pabomel.
dammnua Ums:

Ne rpynnbil:

Ne 1 Ha3BaHuMe PaboThbl:

Mpnbopbl U MaTepuansl:

3anncb UCXOAHbIX AaHHbIX B BUAE OTAE/bHbIX BEIMYNH AN B BUAE Tabauu,
3anucb pacyEeToB..

BbiBOA, NoO pe3ynbtatam paboTbl B BUAe: «B AaHHOM paboTe Mbl NOAYYUIU 3HAYEHUE
NCKOMOW BE/IMYMHbBI PaBHOE TOMY TO, KOTOPOE Mbl ONPEAENIUAN C TAKOM TO NOTPELLIHOCTHIO»

Ecnun B paboTe HE06X0ANMMO CTPOUTL rPadUKK, TO OHM BbIMOHAKOTCA HA MUIIMMETPOBOM
b6ymare, paamepom He meHee A5, c cobntogeHnem TpeboBaHNN K NOCTPOEHMIO rPadUKOB.

pad MK BKNENBAIOTCA B KOHLLE OTYETA.

OTBeTbl Ha KOHTPOJ/IbHblE€ BOMPOCHI.



J1TabopaTopHbIN NPAKTUKYM
no ¢pusunke ana 10 Knacca.
Paszgen «MexaHUKa»

Pa6ota Neoil:

«N3MEPEHUE MOMEHTA UHEPLIUUN C MTOMOLLBIO MAATHUKA MAKCBEJ1/IA»

[leab padoThl. M3ydyeHne 3aKOHOB BpaIlaTEIbHOTO ABMKCHUS HA IPUMEpE MasTHUKa MakcBea
1 U3MEPEHHE MOMEHTOB WHEPIIMH KOJICII.

Oo6opyaoBanue. JlabopatopHas yctanoBka «MasiTHuK MakcBelua», IITaHTeHIIUPKYJIIb, JINHEHKA,
3JIEKTPOHHBIC BECHI.

Onucanue YCTAHOBKH.

VYcTraHOBKa COCTOUT U3
MEXaHUYECKOU U
AJIEKTPOHHOM YacTeil.
MexaHuueckast 4acThb
COCTOHUT U3 IUCKA C OCBIO
1, moBEIIEHHOTO HA
HUTAX 3 (MassTHUK
Makcgerna), IyCKOBBIX
AJIEKTPOMATrHUTOB 4 1
doronaruuka 2. Hutu 3
KOHIIAMM NIPUBSI3aHbI K
ocu MasiTHUKa I 1
IIPOXOJST Uepe3
PEeryJIupOBOYHBIN BUHT 5.
PerynupoBo4HBIil BUHT §
MO3BOJISIET JJOOUBATHCS
TOPU30HTAIIBHOTO
MOJIOKEHUST OCU
MasiTHUKa 1.

Nmeercs Habop U3 Tpex
KoJiell 7 pa3IM4HOu
MaccChl, KOTOPbIE MOTYT
0J/1€BaThCs HA JUCK
MasiTHUKa 1.
DJIEKTPOHHAS YacTh
Mpe/ICTaBICHA
AEKTPOHHBIM CEKYHIOMEPOM, MOAKIIOYEHHBIM K TYCKOBBIM 3JIeKTpoMarHuTam 4 u poTonaTyuky 2.
DNEKTPOHHBIN OJIOK OCYIIECTBIISCT 3aIMyCK MasTHUKA ITyTEM OTKIIFOUEHUS MAarHUTOB ¥ U3MEPEHUE BPEMECHH
€ro JIBIJKEHHUSI C MOMEHTA OTKJIFOUEHUSI MarHUTOB /10 cpabarbiBaHus porofaruuka 2. 3mepenHoe Bpemst
oToOpaxaercs Ha UG POBOM TabI0. ENUHUIIBI — CEKYHIBI C TOYHOCTBIO JIO THICSYHBIX.

Pa3peunieHHbIe 1eiiCTBUS C VCTAHOBKOIA.

JomnyckaeTcsi perylinpoBKa MOJI0KEHUSI MAaITHUKA C TIOMOIIBIO PETYJIUPOBOYHOTO BUHTA 5.

[Ipy BOBHMKHOBEHUH HEOOXOIUMOCTH MPOBEICHUS IPYTUX ICUCTBUI Ha/l YCTAHOBKOM CIIeIyeT BHAYase
MOJIYYUTh pa3pellieHne y IpernojaBaTers.

ITo okOHYaHNM 3aAHATHS YCTAHOBKY HEO00X0IMMO BEPHYTh B IIePBOHAYAJIbHOE cOCcTOsIHUeE!!!

ITopsiioK IpOBeACHUS U3MEPEHU.

1) I[Tepen Hauamom U3MEHEHHH MPH BHIKIIFOYCHHOM JJIEKTPOHHOM OJIOKE yOeIUTECh, 9TO OCh MasiTHUKA I B
HUKHEM TOJIOKESHUH TOPU30HTANbHA. [Ipr HE0OX0MMOCTH MOKHO OTPETYIHPOBATH TOPU30HTATHHOCTH OCH
C TIOMOIIIBIO TIOBOPOTA PETYJIUPOBOYHOTO BUHTA 5, PEIBAPUTEIHLHO OCIA0MB CTOTIOPHYIO TaKy 6. [Toce
OKOHYAHUS PETYJIUPOBKHU TOPU30HTAIBHOCTH OCH 3aTSHUTE CTONOPHYIO Taiiky 6, yAepKuBast pu 3TOM
peryaupoBoYHBIi BUHT 5. Tak ke yoenurech B TOM, YTO HIDKHUN Kpai TMCKa IepeceKkaeT OTPE30K,
COCITMHSIONIUI CBETOINO M (JOTOIIEMEHT, BCTPOCHHBIE B poTonaTyrK 2 (MX MOKHO YBUIETH HA
BHYTpEHHEH cTOpoHe (OTOIaTIYMKA) U HAXOUTCS Ha BRICOTE HE MeHee 10 MM OT HIDKHEH 4acTh
(dboTonaTunka.

Cexynaomep saexrponimait




2) OnenbTe Ha TUCK MasiTHUKA I 0JTHO U3 KoJier 7. [Ijst 3Toro nmpomycTuTe OAHy U3 HUTEH 3 4epe3 mpopesb 8
Y Ha/IBUHBTE KOJIBIIO HA IUCK MagTHUKA. OOpaTuTe BHUMaHKUE Ha HalIu4yue y Kosblia 06oaa 9. Kombio
clleZlyeT HaJBUraTh Ha JUCK MasiTHUKA JI0 yIopa JAucka B 0601 9.

3) BrumrouuTe 251eKTpOHHBIN OJIOK M HAXKMUTE Ha HEM KHOTIKY «Cmony, TPy 3TOM BKJIIOYATCS
SJICKTPOMArHuThI. AKKypaTHO Bpaliad MasiTHUK 3a OCb, U CJICA 3a PABHOMCPHOCTBIO HaMaTbIBAHUA HUTH,
MOJTHUMUTE MAsiTHUK BBEPX JI0 SJIEKTPOMAarHUTOB. MasTHUK JOJIKEH NPUTSAHYTHCS K DIIEKTPOMATHUTAM.

4) Haxxmute kHONIKY «Cmapmy Ha 3JIEKTPOHHOM OJIOKE, IPU ATOM 3JIEKTPOMArHUThI OTKITIOYATCs, MasiTHUK
HAYHEeT JABUTaThCs BHU3 U HAUHETCS OTcUeT BpeMeHu. [Ipu goctumxeHnn MasTHUKOM (OTOAaTYNKA OTCUET
BPEMCHH OCTAaHOBUTCA.

5) CHUMUTE TIOKA3aHMs BPEMEHH C DJIEKTPOHHOTO OJIOKA.

IIpumeuanue: IoxkanyiicTa, BKIIOYAHTE 3J1eKTPOHHBIN 010K TOJIbKO HAa BpeMs BbINOJHEHHSA
usmepennid. [lo 3aBepuieHun CHATUA BceX HEOOXOAMMBIX BAM M3MeEPEHUI BBIK/IIOYNTE JI€KTPOHHbII
0J10K

Teopernueckas 4acThb.
YpaBHEHHsI IBI)KCHUS MasiTHHKA 0€3 yueTa CHJI TPEHUS UMEIOT BU/T;

ma =mg — 2T,
Je =2Tr,

a=é&r,
TJIe M - Macca MasiTHUKa (BMECTE C KOJBIIOM), J - MOMEHT WHEPITUN MasiTHUKA OTHOCUTEIHLHO €0 OCH,
2 - YCKOpeHHe CBOOOTHOTO MAJICHHUS, ¥ - Painyc cTepkHs, T — cuiia HAaTsDKSHUS OJTHON HHUTH, @ - YCKOPCHHE
MOCTYMATEFHOTO ABMKEHHS IIEHTPA MacC MasiTHUKA, € — YIIIOBOE YCKOPEHUE MasTHUKA. Y CKOpEHHE
MasiTHUKA MOKET OBITh HAMIEHO U3 KHHEMATHYECKUX COOOPAKCHHUIA:

at’

S =—

2

I/i€ § — IyTh, IPOUIEHHBIN LIEGHTPOM MacCc MasATHHKA, a f — BPEMS JIBI)KEHUS MasiTHUKA.
MoMeHT nHepIuH MasTHUKa MakcBelia MOKET OBITh TIPEJICTABJICH CIIESIYIONINM 00pa3oM:

J=J,+J

Koabya »

rae Jo- MOMEHT MHepLUU OCHOBHOM YacTH MasATHUKA, Jxormwya - MOMEHT UHEPIIMH KOJIbIIA, OJETOTO
Ha MasiTHUK.

Macca ocu masiTHHKa paBHa 19 r, Mmacca nucka MmasiTHuka paBHa 100 T.

MOMEHT MHEPLHH CIUIOIHOTO OJTHOPOAHOTO UMJIMH/IPA OTHOCUTEIBHO OCH, ITPOXOIAILIEH uepes
€ro LIEHTP NapajieIbHO 00pa3yIoLIei:

= l mR?
yurunopa 2 -
rae R — paguyc MWIMHIPA, @ M — Macca IWIHHIPA.
MOMEHT WHEPINH OJHOPOIHOTO TOJICTOTO KOJbIIa OTHOCUTEIHHO OCH, IPOXOISIICH Yepe3 ero
IEHTP NMEPICHIUKYIIIPHO €ro TIOCKOCTH PaBEH:

J =%m(R2 4+ R’ ).

Koabya GHewHul 6HYMpPEeHHUU

A€ Renewnui— BHEITHUN painyC KONbLUA, Renympenui— BHyTPEHHUN paguyc KOJbLA, a M — Macca KOJbla.
MoMeHTBI MHepLIMH OCHOBHOM 4acTH MasTHUKA U KOJIEll, PaCCUUTaHHbIE U3 MOCIEIHUX ABYX (hopMyi Oyaem
Ha3bIBATh TCOPETUYECKUMHU, & MOMEHTBI HHEPLIUH, IIOJIy4YCHHBIC U3 IIEPBOM CUCTEMbI YPABHEHMUI, -
JKCIIEPUMEHTAIILHBIMH.



Ilopsinok BbINOJAHEHUS PA0OTHI.

0) BHnMaTenbHO npounTaiiTe NOPSAOK IPOBEAECHUS U3MEPEHUM (CM. BBILIE).

1) BeimomauTe MyHKTHI 1- 3 OpsiiKa IpOBEICHUsI U3MEPEHUH (CM. BBIIIE).

2) IlpoBenuTe psi MPOOHBIX 3aITyCKOB MasTHUKAa MakcBesuia.

3) U3mephTe 1 3aHECUTE B OTUET MEpPEMEILICHNE [IEHTPa MacC MasTHUKA NP €ro IBUKEHUU U3 CTApTOBOTO

MOJIOXKEHUS B KpailHee HIKHEE (§).

4) C moMOIIbI0 MITAHTEHITUPKYJISI K3MEPhTE BHEITHUN W BHYTPEHHHUH paInyChl KaXKI0T0 U3 Tpex kosner. C

IIOMOUIBIO AJIEKTPOHHBIX BECOB OINPEAEIUTE MACCy KaX/10Tr0 U3 Kosell. Pe3ynbrarel nu3mepeHuit

3aduKCUpyiTe B TaONIHIIE.
| Ne xonwa | RBHeLHHHﬁ, MM ‘ RBHyTpeHHHﬁ, MM | m,T ‘
5) C noMouIb1o MTAHTEHIUPKYIISI U3MEPHTE PAINYChl OCH U IMCKa MagTHUKA. [1o 3TUM naHHBIM
paccuuTaiTe TEOPETUIECKUA MOMEHT MHEPLUU MasiTHUKA OTHOCUTEIBHO OCH, IPOXOIAIIEH Yepe3 LEHTP
MasTHHUKA MapaJuieIbHO 0Opa3yromeil. Pe3ynpTaThl U3MEpeHHid U pacueToB, a TaK e BbIBOJ (POPMYIIBI IS
MOMEHTAa WHEPIHH MaITHUKA 3apUKCUPYHTE B OTUETE.
6) OneHbTe OIHO U3 KOJIEL HAa MASITHUK U IIPOBEIUTE CEPUIO U3 15-u U3MEpeHN BpEMEHU JIBUKEHUS
MasTHHKA. Pe3yiabTaTel u3MepeHui 3anecuTe B Ta0auIly. To ke camoe mpojiesiaiTe C UCTI0Ib30BaHUEM JABYX
OCTaBIIMXCS KOJIEIL.
Ne ombiTa | Ne konbIia [t c |
7) st Ka)xaoro U3 KoJel HaliuTe cpeiHee BpeMsl IBIKEHUs (cpeaHee apudmMeTnieckoe) o 15-u onsitam.
C uCcnoyb30BaHUEM CPETHETO BPEMEHHU PACCUUTANTE YCKOPEHHUE KK I0ro u3 kosell. M3 yckopenus
MasiTHUKA PacCUMTATe SKCIIEPUMEHTAIIbHBIE MOMEHTBI MHEPLIUN OCHOBHOM YaCTH MasATHUKA C KaXKIbIM U3
KOJIeIl U SKCIIEpUMEHTaIbHble MOMEHTHI HHEPIIH KaXKI0T0 U3 KoJiel] 6€3 OCHOBHON 4acTH MasiTHUKA
(BBIYTHTE TEOPETUUECKUI MOMEHT MHEPLIMM OCHOBHOM 4acTH MasiTHUKA). Paccunraiite TeopeTueckue
3HAYE€HHS] MOMEHTOB MHEPLIUH KOJIELl HA OCHOBAHUM MX MAcChl U pa3mepoB. [lonyueHHble 3HaueHns
3aHeCUTe B TAOIUILY.

1-e KoNBIIO 2-e KOJIBIIO 3-e KOJIBIIO

tep, C
a, cM/c?

J SKCTICPUMEHTANBHBIH Jocnosanus + J KoJipLa, Krm?

J KOJIbLIA DKCIIEPHUMEHTAIIbHBIM KF* M?

Jxonbua TEOPETHUYECKHH, KI*m>2
8) Ha 6aze IMMOJIYYCHHBIX JAHHBIX U C UCIIOJIb30BAHUEM BBIJJAHHOT'O O60py,HOBaHI/I$I clieJIafiTe BBIBOJ, O TOM,
MPpaBUJILHO JIM B OITMCAHUN paGOTH YKa3aHbl MaCChbl OCH U JTUCKAa MAasATHUKA.

KOHTPOIJIbHbLIE BOIMPOCHI

1. Uto Ha3bIBaeTCSI MOMEHTOM MHEPLUHU TBEPIOTO Tea?

2. YUemy paBHa NOJIHAs KWHETUYECKAs SHEPTHUs BPAIAOIIEerocss TBEPAOro Tena?

3. SIBnsiercs v ABMKEHHE MasiTHUKA PaBHOYCKOpeHHBIM? OTBET 000CHYHTE.

4. SIBnsroTcs i KosiebaHusl MasTHUKA MakcBemia rapMoHndeckuMu? OTBeT 000CHYHTE.



JNTabopaTopHbIN NPAKTUKYM
no ¢msmke ana 10 knacca.
Paszpen «MexaHUKa»

Paborta Neo2:

« OMNPEAE/NIEHUE YCKOPEHUA CJ/Ibl TAXKECTU OBOPOTHbIM MAATHUKOM (METO/4 BECCE/14)»
Ilpunaonexcnocmu: 0O00POTHBIA MASITHUK, CEKYHIIOMED, PYyJIETKA.

Llenv padomoi: onipeienieHNe YCKOPEHUS CBOOOTHOTO MaICHHUS.

NMPUHUUIN PABOTbl YCTAHOBKU

[TpumeneHne 060pOTHOTO MasITHUKA OCHOBAHO HAa CBOMCTBE CONMPSKEHHOCTH LIEHTPA KauaHUsl U TOYKU
moJiBeca. ITO CBOMCTBO 3aKJIIOYACTCS B TOM, YTO BO BCAKOM (PH3UUECKOM MasiTHUKE MOJKHO HAWTH TaKue
JIB€ TOYKH, YTO MPH MOCIIECIOBATEIILHOM MMOBEIIMBAHIH MASTHUKA 32 TY WU JAPYTYIO U3 HUX MEPHOJ
KOJICOaHHH €T0 OCTAETCsl OJTHUM M TeM >Ke. PaccTosiHue MeXTy STUMH TOYKaMH ONpeIelisieT coO00
MIPUBEICHHYIO JUTUHY JTAHHOTO MasTHUKA.

Ecmu amrmmntyna konebaHuii MasTHUKA Majla, TO BPeMsl OJTHOTO IPOCTOTO KOJIEOaHUS €ro, T. €. IEPUO.T
KoseOaHus, onpeaenseTcs GopMyon

T =21 |- ()
gma

ITo TeopeMe 0 MOMEHTAX HUHEPLUU
] =], + ma® (2)
rae Jo— MOMEHT MHEPIMA OTHOCHUTEJIBHO OCH, MPOXOJIIEH Yepe3 LEHTP TSHKECTU U MapajulebHON OCH KayaHWUM,

J — MOMEHT UHEPIIMN OTHOCUTEIBHO OCH KayaHHs, M — Macca TeNa, a — PaCCTOSHUE MEXK/Ty LIEHTPOM TSDKECTH U OCBIO
kadanus. M3 ypaBHeHni

+ma? +ma3
T, =21 /]"gm—all nT, =2m /]‘)gm—azz nonyyaem T ga, — T#ga, = 4n%(a? — a3)

J171s1 BeJIMYMHBI YCKOPEHHS U3 MocTeHeH popMyIibl ocie mpeoOpa3oBaHui MOTydyaeM ypaBHeHHE, TaHHoe beccenem:
am? (a1 az)

9 = T7a, 17,

Ecu nepnozu)l paBHBI Mexy coboii (T;=T,=T), ypaBHeHue npuMeT BU1 (4)

g = 4n? = (4) foe L = a, + a, - npuBeaéHHaaA gavHa.

Hobutbcst HOJIHOFO paBeHCTBa IEPHOJOB Hejerko. Mopmyina beccenst MO3BOISET TOCTATOYHO MPOCTO M C HE MEHBIIEH
CTETICHBIO TOYHOCTH OTPE/IEITUTD BETMUMHY YCKOPEHUS TIPY MPHOIKEHHOM PAaBSHCTBE TIEPHOIOB KOJICOAHHIA.

[ycte Ty u T, Ou3Ky APYT K APYTY, 2 BEIWMYUHBI a; U 8, CHJIBHO OTIIMYAIOTCSI O[HA OT JIPYToi (0/1HA YeUeBHIA JIETKAS,
npyras Tspkénast). B 3ToM ciydae, Kak BUITHO U3 (OPMYIIbI, HET HEOOXOAUMOCTH OIPEACIIATh BEJIMUYKMHBI a1 U @) ¢ OOJIBIION
CTETICHBIO TOYHOCTH (HE TOuHee YeM 110 1 Mm).

OnucaHue npubopa.

OOOpOTHBIC MAsTHUKHA B 3aBUCHMOCTH OT TPSIBSBISIEMBIX K HUM TpPEOOBAaHUSAM HMEIOT CaMYIO <o
pazmuuHyro (popmy. OHM OOBIYHO COCTOST U3 METAIMYECKOro CTepXHs jmHON cBbime 1 M. Ilo

CTEP)KHIO MOTYT TMEPEIBUTaThCsl U 3aKPEIUIIThCS B TOM WM HMHOM IMOJIOKEHUU TSDKENbIE U JIETKUE M < B
Ye4eBUIIEI (TPY3bl) U OTMIOPHBIC IPU3MEL. PaziimdHpie KOMOMHAIIMN YSUCBHI] U VX MTOJIOKCHHUN HA CTEPIKHE

C OTOPHBIMU MTPU3MAMHU JAIOT PA3IMYHBIE THITHI OOOPOTHBIX MAsTHHKOB, & <A

B Hacrosmetli 3a1a4e npuMeHsieTcsl 000POTHBIN MasTHUK, N300PKEHHBIH Ha PHC. LierTp
Ha meranmueckom crepxue JI onopHbie mpu3mbl B skecTko 3akperuieHbl U He nepemMernaroTes. JKecTko M macc

3akperieHa U yeuesuia C, HAXOMSIIAACS MeXTy HUMU. Bropas dedeBnia D Haxomaurcs Ha KOHIE
CTEpXKHS (HE MEXJLY TPU3MAMH) U MOXKET MEPEMEIIATHCS 110 CTEPIKHIO M 3aKPEIUIATHCA B HYXKHOM
TIOJIOYKEHHH. ) <c¢
Paccrosiaue MeXTy MPU3MaMH [IOCTOSHHO.




N3mepeHus.

[Nonp3ysich CEKyHIOMEPOM, OIMPEACISIIOT MEPHOIBI KOJICOAHM MasTHUKA JUIS PA3IMYHBIX TMOJOKSHUN 4edeBUIbl D Ha
CTepKHE. DTO CIEAYET MPOIeNaTh, epeMeIas YSUEBHILy Yepe3 KaXK/Ible 2 CAHTUMETPA, T. €. IOIYYUTh CEMb, JICCATh 3HAaUC-
Huii iepuooB. Kaxneiii eprion onpenensiercs u3 30 konebaHuid.

Heobxonmumo mocTpouts rpadk 3aBUCUMOCTH TIEPHO/Ia KOJICOAHMIA OT MOJOKCHUS YCUCBHUIILI HA CTEPXKHE MAsTHHUKA,
OTKJIAJIbIBasi IO OCH a0CIIMCC MOJIOKEHUE YSUCBHIIBI, a [0 OCH OPJIMHAT BETHMYHUHY MIEPHO/Ia KOJICOaHHH.

[Nocie 3TOrO OCH BpalllcHUs! MasSTHHUKA U3MEHSIOT, T. €. 3aCTAaBJBIIOT MAsTHUK KOJICOAThCsS HA JAPYrod OMOPHON IMpU3ME.
BHOBB, B Tex ke Ipe/ienax, ¢ TeM JKe YKCIOM U3MEPSHHH, COBEPILICHHO TaK K€ M3MEPSIOT IepHoIbl Kotebanuii. Ha Toit xe
CHCTEME KOOpJHMHAT TIONYYCHHBIH MaTepHal TaKkKe NPEICTaBISIOT B Buie Tpaduka. Touka mMepeceucHUs] KPHUBBIX
OIIPE/ICIISICT MECTOHAXOXJICHUE TOABYKHOW UYCUCBHUIIBI, KOTOPOE JaacT Hauboree ONU3KHE NOPYyr K JPYry 3HAuCHUS
TIEPHOJIOB.

Jlnst yCKOpeHMsI SKCHEPUMEHTa U TOBBIIICHUE €r0 TOYHOCTH HEOOXOJMMO TMOJydYaTh 3HAYCHHE MEPUOJIOB JUIS JBYX
OTIOPHBIX ITPU3M Cpa3y Ui OHOTO TOJIOKEHHS YSUCBUIIBL, a Y)KE ITOTOM TepeMelaTh e€ B HOBOE MOJIOKeHHUE. Pe3ymbraThl
JIy4IIIe 3aHOCUTH B TAOJIHITY.

Onpenenure 3HaUCHHE YCKOPEHUS CBOOOHOTO TaieHus 1Mo hopmyiie (3)

No a Ywuco t, c T, c A, Yucio t, C T,, ¢ %, 5
KoJIeOaHmi BpeMs epuo.I KoJieOaHui BpeMs nepuon | M/c
KoJIeOaHui KoJIe0aHui

[NocuuTaiite cpeaHee 3HaYCHUE YCKOPEHHUS CBOOOTHOTO MaICHHs B Ta0IHIIE.

IocTpoiite Ha OHOM CHCTEME KOOPIMHAT JBa rpa(ka 3aBUCUMOCTH IepHoa KojicOaHUs OT IOJIOKECHHUS YCUCBHUIIBI (a; U
a,) ¥ 110 HEMY OIIPEJICIIUTE MOJOKEHUE YSUSBUIIBI TP KOTOPOM MEPHO, KoJcOaHUs MasTHUKA OyAeT OJWHAKOB B 00OMX
BapHaHTaX mojBeca. [locumnraiite yckopeHre cBoOOIHOro mageHus no dopmysie (4). CpaBHUTE TOTYUYSHHBIN pe3yIbTaT C
Ppe3yIIbTaToM, IOJyYeHHBIM 110 opmyie (3) U cienanTe BEIBO/I.

Brimonaenre paboTel TpeOyeT BHHMAHHUS M THIATENLHOCTH. HeaomycTrMbl KOIeOaHMs MasTHHKA C YITIOM OTKJIOHEHHS
Oounblie ueM 4°.

KOHTPOJIbHbIE BOINPOCHI

1. Yro Takoe npuBeAEHHAs AJUHA?
2. Or 4ero 3aBUCHUT BEIMYMHA YCKOPEHUSI CBOOOHOTO MaieHust i 3eMin?
3. KakoB TeopeTnyeckuii BU 3aBUCUMOCTH TIEPHOIa KOJIeOaHUH OT MoI0KeHus yedeBUIbI? OObSICHUTE.




JNTabopaTopHbIN NPAKTUKYM
no ¢msmke ana 10 knacca.
Paszpen «MexaHUKa»

Pa6ora Ne3:

«U3MEPEHUE YCKOPEHMUA CBOBOAHOIO NAAEHMA HA MALUUHE ATBYOA»

(AsTop — C. T. IncnubiH)

IIpubopel u npunadnexrcnocmu: MamiiHa ATBY/1a, 3JEKTPOHHBIN CEKyHIOMEp, HA0Op OCHOBHBIX U
N00aBOYHBIX TPY30B, IMHEHKA.

Llenvs padomot: onpenenenre yCKOPEHHsI CBOOOTHOTO MMaIeHUs Ha MalnHe ATBy/Ia.

BBEEHUE

YckopeHne cBOOOTHOTO MaleHUsT g MOXKHO ONPEICTUTh C TOMOIIBIO (hOPMYITBI

h=t g2 1
B =58t (1

\_ _,/ CBS3BIBAIOILIEH BBICOTY IaJieHUs Tena h u Bpems najieHus t, "3MEpUB UX
JKcrepuMeHTanbHo. Ho 111t Toro, 4ToObl MOrpentHocTs At Ipy TakoM
U3MepeHun Oblila HAMMEHBIIEeH, HYXKHO HCII0JIb30BaTh JTHM00 OOJbIIne
BBICOTHI /1, TM0O U3MEPSTh MaJible BpeMEeHa MaJJeHUsI ¢ BBICOKOW TOYHOCTBIO.
el P C moMotip0 MamHbl ATBY1a MOXHO OOOMTH 3TH CI0KHOCTH. MarmHa
1 T ATBy/1a COCTOUT U3 METAIIIMYECKOIO CTEPKHS, HA BEPXHEM KOHIIE KOTOPOIO
0 UMeeTCs JISTKUN aTiOMUHHUEBBIN 010K B, Bpararonuics ¢ MajabM TPEHHUEM.
Yepes 6510k NEpeKUHYTa TOHKAsi HUTh € Tpy3aMu Py U P, 0IMHAKOBOW MacChl.
['py3 610K MOKET yaepKUBATHCS dJIEKTpoMarHuToM. Macca rpy3oB P, u P,
3 MOYET OBITh YBEJNWYEeHA J0OaBOYHBIMU Ipy3amu (eperpyzkamu) D u E.
v AR Ecnu Ha oquH u3 rpy30B P; uinu P, MONOXKUTE NIEPETPYy30K, TO CUCTEMA
172 NPUJIET B ABIKCHUE C YCKOPEHHEM a<g. MI3MepuB, 3TO YCKOPEHUE, MOKHO
“ OTIpeNIeNIUTh M YCKOPEeHHEe CBOOOTHOTO MajieHus g. B camom nene, mycthb
Fuc. 1 Macca Ieperpyska paBHa mp. Tak Kak HUTb HEPaCTSKUMA, TO BEIIMYUHBI
YCKOpEeHHI 000uX rpy30B OyAyT oArHAKOBHI. Eciin, kpome Toro, npeHedpedn
TpPEHHEM B ocH 0JIoKa B 1 ero HHepIMOHHOCTbHIO, TO CHIIBI HATSDKEHUS! HUTH OyTyT OJJMHAKOBHI CIIeBa U
cripaBa ot Ooka. Toraa ypaBHEHHs JBHKEHUS TPy30B Py u P, OyayT cienyromue:

mg F

ma=T-mg
(m+my)a =(m+my)g -T,

IJIe @ — YCKOPEHHE TPY30B, T — crjla HATSDKEHUS] HUTH, M — Macca KaXKI0To rpys3a, m; — Macca rneperpyska.
CxutagpiBasi ypaBHEHHUsI, HAJEM a :
S )
a = g .
2m+m,

Wtak, eciiv U3BECTHO YCKOPEHHE a, TO U3 (2) MOKHO HAlTH YCKOPEHHE CBOOOHOTO MaeHUs 8. Y CKOpEeHHe
a MO>XHO ONPEeIeNUTh, U3MEPUB BpeMs t, 32 KOTOpPOE OJIMH U3 TPY30B, CKaKeM Pj, OImycKaeTcsi Ha BBICOTY

h:

h : t? (3)
=—a .
2
N3 (2) u (3) nonmydaem BeIpaxkeHue i g
2(2m + m,)h
=—— ().
m,t

CooTtHotieHue (4) MO3BOJIAET ONPEAETUTh g IO U3MEPEHHBIM t U h.

3n1ech, OTHAKO, HY>)KHO y4ecTh cleayoiiee. M3mepeHns BpeMeHH MPOBOISATCS CEKYHIOMEPOM, IIPUYEM MTPU
MyCKE M OCTAHOBKE CEKYHJIOMepa 00s3aTeIbHO JOMyCKaeTCs cucteMaTuieckas ommbka. Eciu B (4) Bb
MOJICTABJISIETe U3MEPEHHOE BpeMs t, TO U g Oy/IeT TOKe OMPEAENIEHO ¢ CUCTEMATUYECKON MOTPEITHOCTBIO.
[ToBBICHTH TOYHOCTD pPe3yabTaTa MOXKHO CIEeIYIONIM criocodom. [lepenuiem dpopmyiy (4) B UHOM BHJIE:



22m +m,)h

t? (5).
m, g
BBoxs 0003Ha4eHME
2(2m +m
2 22m+m) o,
m, g
n3BjIeUYeM U3 o0enx vactei (5) KBaapaTHBIA KOPEHb
t=Avh 7).

Takoe cooTHOIEHHE CIIPAaBEATUBO, Kak U HcXoqHasd (hopmya (4), eciu BpeMs t u3mMepsieTcst TOYHO, y Hac
Ke BpeMs tysy HE COBIAJACT € t U3-3a CHCTEMATU4YECKON OTPEIIHOCTH:

s = tHAteuer (8).

[ToacraBus B (8) t u3 (7), nony4yum:

t 4
tusm = AvVh +Ateper

Ecnu n300pa3uth 3aBUCUMOCTH t,; OT +h rpadudecku, To
MOJTYYUTCS TIPSIMast TUHUS, TAHTEHC yTla HAaKJIOHA KOTOPOM
paBeH A (puc. 2). Utak, nzo0paxkast 3aBUCUMOCTb tys, OT +h ,
MBI U3 3TOro rpaduka Haiinem A, u o hopmyse (6)

\ o OTIpe/IeTuM g:

Aeyer [ 22m+m,)

9
— \/ﬁg m A2 9)
C.

NOPALOOK BbINMOJIHEHNA PABOTbI

1.

8.

Y6enurech B UICIIPAaBHOCTH YCTAHOBKH (BCE MPOBO/IA BKIIFOUEHBI B THE3/A, STIEKTPOHHBIHA
CEKyHJIOMEp BKIIIOUEH B CETh, IPY3bl IPUKPEIUICHBI K HUTH, HUTh epedpoIliieHa yepe3 6JI0K, OJJUH U3
Ipy30B CBOOOJTHO OITyCKAaeTCs Ha PE3NHOBYIO IJIATPOPMY, IPOXOIsl Yepe3 CBETOBbIE BOPOTA, HE
3aneBas ux). [Ipu oOHapyKeHUH HEMoIag0K OOpaTUTECH K MPEIO aBaTelo.

BricTaBbTe uiaxkok Ha HEOOXOIUMYIO BBICOTY — BBICOTY, Ha KOTOPYIO OYEeT OMyCKaThes rpy3 B
JKCIepuMeHTe. BricoTa 10KHA OTCUUTHIBATHCS OT MOJ0KEHHS CBETOBOT'O JATUHUKA B CBETOBBIX
BOpOTax (€ro MoyjokKeHue M0Ka3aHo YEPHOU YepTOM Ha TOPILIE CBETOBBIX BOPOT) U 0 HMXKHETO Kpast
rpy3a B TOUKe cTtapTa. PekoMeHyeTcsl HaUMHATH ¢ BBICOTHI 10 CM € MOCHEAYIOINUM YBEIUYEHUEM Ha
SceMm.

[Tonoxxute MuHUMaNbHBIN 10BecOK (10) Ha Tpy3, KOTOPHINA MPOXOIUT YE€pPE3 CBETOBBIC BOPOTA.
Bxuttounrte cexynaomep. [logauMuTe rpy3 Ha 3aJaHHYIO BBICOTY. Y CTAHOBKA T'OTOBA K padoTe.
Haxwmure kHonky «Ilyck» Ha cekyHaoMepe. DIeKTPOMAarHUT pa30I0KUpYyeT OJIOK U 3aIyCTUT
CeKyHJIoMep. B MOMEHT, Korza rpy3 JOCTUTHET JaTYMKa Ha CBETOBBIX BOPOTaX, CEKYHIOMED
octa”HoBUTCs. [lomydeHHOE BpeMsl — BpeMs OIyCKaHUs Ipy3a.

[ToBTOpUTE NaHHBIN IKCIEPUMEHT elE ABa pa3a. g 3TOro rpy3 Hy»KHO BO3BpaIllaTh B UCXOAHOE
MOJIO’KEeHHE U HakuMaTh KHOMKY «Ilyck». Ilocne 3Toro Heo6XoAMMO BBIUKCIUTD CpeIHEE BpeMs [Tt
JTAHHOW BBICOTBI.

Tenepb yBeIMUbTE BHICOTY M TOBTOPUTE MYHKTHI 4 U 5 JJ1s1 TOM BBICOTHI. Y BEJIMYMBANTE BHICOTY /10
TeX MOp, MOKa XBaTaEeT JJIMHBI IITOKA.

3aHecHTe BCE MOAyYEHHBIE JAaHHbIE B TAOIMILY:
OxcnepumeHT Nel
m, K& mjp, K&
Ne h, M NIRRT ty, C ty, C t3, C tep, C A, chm | g wm/ic?
1
2
3
4
5

[Toctpoiite rpaduk 3aBUCUMOCTH t OT vh. Berauciure A (cmoTtpu nipunoxenue 1). Beruucnure g.




9. 3amenute nosecok (10) Ha Gonee maccuBHbIN (20). [ToBTOpUTE MyHKTHI € 4 110 8.
10. Tenepr Ha no06aBbTe ABa noBecka 10 u 20. [ToBTOpUTE MYHKTHI ¢ 4 110 8.
11. Berunciute cpeiHee 3Ha4EHUE g IO pe3ysibTaTaM TPEX IKCIIEPUMEHTOB M CAENANTE BBIBO/I.

KOHTPOJIbHbIE BOIMPOCHI

1. Kak BIustoT Ha pe3ynbTaThl ONPEIEIEHUs g CUjla TPeHUs U uHepuus 6aoka?

2. UYro HyXHO JenaTh U1 YMEHbUICHNS BIMSHUS CHJI TPEHHS U MHEPLIMOHHOCTH 0JI0Ka — YMEHbIIATh
WIN yBEJIMYUBATh Maccy neperpyska m;? OTBeT 000CcHYiiTe.

3. H3mepeHne Kakux BETUYUH B JaHHOW paboTe MPOU3BOIUTCS ¢ HAUOOJbIIEH TOTPEITHOCTHIO?
OneHnnTe MakKCUMaJIbHYI0 BEJIMYMHY ATON IOTPEIIHOCTH.

NMPUNOXEHUE 1

N306pa3ute Ha rpaduke, BAOIL OcH abcuuce, KOTOPOro OTIIOKEHbI 3HaueHus + h , a BIOJIb OCH OpAUHAT — 1 ,

HOJTyYEHHBIE BAMH 3HAYEHHs t JUIA pasiMYHBIX 3HaueHuit h. Fi300pasure 31ech e B BUJE BEPTUKATBLHBIX
OTPE3KOB OIIMOKU U3MEPEHHI At, OTJIOKHB 3TH OTPE3KH BBEPX U BHHU3 OT COOTBETCTBYIOIINX 3HAUCHUIA t .
Brl monmyunTe kapTuHy, TUIIA H300paKeHHOW HA puC. 3.

t 4 IIpoBeauTe NpsAMyIO 1O MOJIYYEHHBIM TOYKAM
ts L1 TaK, YTOOBI OHA MPOXOIUIIA KAK MOYKHO
/ 6JII/I)KC K 3TUM TOYKaM U I-ITOGI:I TOYKHN
t /’ pacnojarajiich o BO3MOKHOCTH
ts b PaBHOMEPHO IO 00€ CTOPOHBI OT MPSMO.
t Bennunny A , mo KoTopoii onpeaensercs g,
t .
! HaWJUTE KaK OTHOIIEHUE — (CMBICT
AtCI/ICT a
a o0o3HaueHus siceH u3 puc.3). C moMoIIbo

> /n (9) Haiinure g. DTO OyAET CpeaHee 3HaUCHHUE

\/E \/E \/E \/E \/E YCKOPEHHUsI cBOOOHOTO MazeHus. s Toro,

YTOOBI OLICHUTH MOTPEIIHOCTH U3MEPEHUS
Puc. 3 YCKOpEHUs: CBOOOTHOTO NafieHust Ag, MOXKHO

MOCTYIHUTH CIEAYIONUM 00pa3oM.
[TpoBeauTe Ha rpaduke eiie oaHy MPAMYIO dyepe3 ToukH (t;—At;) u (tp+At,) 1 ompenenuTe ee TaHTeHC
HAKJIOHA A; TaKUM e 00pa3oM, Kak U A . Paznoctb AA= ‘ A- A, ‘ MOHO [IPUHATH B KaYECTBE
MOTPEUTHOCTH OIpeeICHNs BEMUUHBI A. MOXHO OLIEHUTb, pazyMeercs, AA, ecliu IPOBECTH MPSMYIO Yepe3
TOYKHM t1+At u t,—At u B KauecTBe AA B34Th pa3HOCTh | A-A, | , TIe A, — TaHIeHC yrJia HaKJIOHA ATOM
npsMoii. Eciii BbI BEpHO HALUIN A, TO onpeneneHue AA U IEPBBIM B BTOPBIM CIIOCOOOM J1aCT BETUYNHBI
OJTHOTO TIOPSIKA. 3Hass A M MOTPEITHOCTH AA, JIETKO OMPEJIENHTh C TTIOMOIIBIO (9) ¥ OTHOCHTENBHYIO

Ag
MOTPEeIIHOCTh —

Ag AA
e=—=2— (10)
g A
A 110 € 1erko HaTH u Ag:

B (11) He yuTeHa NOTpelIHOCTh B ONPEEICHUN Macc rpy30B Am u neperpys3ka Ams. Jleno 31eck B TOM, 4TO
MAacChI OTIPEICIIIOTCS B3BEIIMBAHIEM HA BECaX C TOYHOCTHIO 10 + 1me , T.e. OTHOCHTENbHAS TIOTPEUTHOCTh

_ AA
He Gomee 107 , B TO BpeMs KaK T 3HAYUTEIBHO BbIlIe. NHBIMH CIIOBaMU, IOTPEIIHOCTIMUA Am 1 Am;

MO>KHO TIpeHeOpeyb. 3anHuIIuTe pe3yIbTaThl SKCIEPUMEHTA B BUJIE

g=gtAg.



J1TabopaTopHbIN NPAKTUKYM
no ¢pumsmke ana 10 knacca.
Paszgen «MexaHUKa»

Pabora No4:

« ONPEAE/IEHNE KO3®OULMEHTA ECTKOCTU NMPYXXUHbI MPU MOMOLLN KPYTU/IbHOIO
MAATHUKA»

Ipunadnescnocmu: KpyTHIBHBIN MasTHHK, CEKyHIOMED, PYJIETKA, SJIEKTPOHHBIE BECHL.

Llens padomui: onpeneneHre KodPpPpuureHTa KECTKOCTH NPYKUHBI HA CKpyYHBaHHE.

NMPUHLUN PABOTbl YCTAHOBKU

KpyTuiibHbie KosiebaHust — 3TO BeCbMa paclpoCTpaHeHHbBIN THI Koebannii. KpyTunbHbIe Kosle0aTenbHbIe
CUCTEMBI IPUCYTCTBYIOT B YACOBBIX MEXaHU3MaX, CTPEIIOYHBIX TPUOOPaX, pa3IMUHbIX TOBOPOTHBIX
YCTpOMCTBAX.

KpyrunsHbie konebaHus BOZHUKAIOT, €CIH MPHU MIOBOPOTE IPy3a TOSIBISETCS BO3BPAIIAIOIINNA MOMEHT CHUII
M.

[Iycts BO3Bpamaromuii MOMEHT CUI M MPSAMO MPOMOPLUOHAJIEH YTy TOBOPOTA (:

M=-k ¢ .3necb k -3T0 «yriaoBas >keCTKOCTb» IPYKHHBI HA CKpyurBaHHe. Toraa s TeJa ¢ MOMEHTOM
uHepuuu [ OTHOCUTENIBHO IIEHTpa MacC ypaBHEHHE IMHAMUKU BPaLIATEIbHOTO ABMXKCHUS IPUMET BU:
IB=-k ¢, roe B — yrioBoe yckopeHue Tena.

[Tocnennee ypaBHEHHE MPEACTABISET COOON ypaBHEHHE TAPMOHUYECKUX KOJICOAHUN C TIEpHUOIOM

T=2T[\/Z.
k

Takum oOpa3om, 3Hast IEPUOJ] KPYTHIBHBIX KOJIEOAHUN U MOMEHT UHEPLIUHU Tella MOKHO OMpPE/IEIUTh
«YTJIOBYIO JKE€CTKOCTb» MPYKHUHBI.

B nanHoM sKkcriepuMenTe TesaMu OYIyT SIBISTHCS JBa MACCUBHBIX I'py3a Maccoi m, 3aKperiEHHBIX Ha
JETKOM CTEpPIKHE, Ha PACCTOSIHUM I OT OCH BpalleHUsl. MOMEHT HHEPIIMM B 3TOM CIIy4yae BBIYUCIIAETCS 1O
dopmyne [=2 m . CreprkeHb ITPU ITOM TOXE OyIeT 001a/1aTh 3aMETHBIM MOMEHTOM MHEPIIUH, KOTOPHIN
BeIuHUCIseTcs 1Mo popmyne [ =1/12 m r*. MOMEHTBI WHEPLUU IIPU 3TOM CKJIAJbIBAIOTCS.

OnucaHue npubopa.

KpyTriibHBINM MasiTHUK TIPEACTABISIET COOOM JIETKUIA CTEPKEHb,
3aKpEIUIEHHBIA Ha TOPU30HTAIIBHOM OCH, 110 KOTOPOMY MOTYT
nepeMemarsces rpyssl. K ocu nmpukpemiena ynpyras JIeHTa, KOTopas IIpu
IIOBOPOTE CTEPKHs CO31aET BO3Bpallaromuii MomeHT. [lepemernas rpyssl
10 CTEPKHIO MO’KHO U3MEHATh MOMEHT UHEPLIUHA CUCTEMBI.

NOoPAAOK PABOTDI

1. Tlpu momoIiu BECOB ONMPEAECTUTE MACCY IPY30B U CTEPKHSI.

2. Ompenenure nepuoa KojaebaHus MasTHUKA. J[J1s1 3TOro He0OX0MMO
3aceub BpeMs 10 kosie0aHUI ¥ BBIYUCIUTE CPEIHUN TTeproa ogHoro kosedanus. [Ipoxenaiite
U3MEPEHHE BPEMEHH TPUXKIbI U BHIYUCIIUTE CpEHEE 3HaUeHUe neproia. JlaHHbie 3aHecuTe B
Ta0HIy.
Bpruucianute MOMEHT UHEPLIUH.
Onpenenure «yriioBYIO )K€CTKOCThY» MPYKUHBI.
3akpenuTe Tpy3bl HA ACTCHUAX, ONMKANIINX K OCH BPAIIEHUS U IOBTOPUTE ITYHKTHI 2-4.
[lepemecTuTe rpy3sl Ha CleAyONIEE AEICHUE U TIOBTOPUTE MYHKTHI 2, 3, 4, 5, 6. [ToBTOpsiiTE HX 10
TEX MOp, IOKA HA CTEP>KHE HE 3aKOHYATCS JICJICHUSI.
7. BbluMCINTE CPEIHIOIO «YTJIOBYIO )KECTKOCTh) MPY>KUHBL.

SNk

KOHTPOJ1bHbIE BOMNMPOCbHI

1. Kakoga Obla ObI omnOKa, BI3BaHHAS TEM, YTO MBI HE YWIH ObI MOMEHT HHEPIIMH CTEPKHS?
2. IloueMy B ypaBHEHUH AMHAMUKH BPAILATEIbHOTO ABHUKCHUS U1 KDYTUIBHOTO MasiTHUKA HE
YUUTBIBAETCSI CHJIA TSHKECTH?



JNTabopaTopHbIN NPAKTUKYM
no ¢msmke ana 10 knacca.

Paszpen «MexaHUKa»

Pa6ora Neo5:
«ONPELAE/IEHUE MOMEHTA UHEPLINU U ITPOBEPKA TEOPEMbI LUTEMHEPA METO4OM KPYTU/IbHbIX
KOJIEBAHUM» (AsTop — C. . JIcnLbIH)
Ilpunaonexcnocmu: TpuGUISPHBIA oBEC, 00PA3IBI A U3MEpeHHs! (LIITUH/IPHI), CEKYHIOMED,
IITaHTCHIIUPKYJIb, BECHI.
Llenv padbomui:
e OnpeaenuTh MOMEHT HHEPIIMH IFIIUH/IPA OTHOCUTEIBHO OCH, TPOXO/SIICH Yepe3 IEHTP TKECTH Tela
e [IpoBeputh Teopemy lllTeiinepa

NMPUHUUIN PABOTblI YCTAHOBKU

B I[aHHOﬁ pa60Te ONpeaACIICTCA MOMCHT UHCPIHHU TCJIa U ITPOBEPACTCA HA OIBITC CIIPABCAJIMBOCTb TCOPEMBI
[ retinepa. Jlis 3TO# HENU UCTIOIB3YETCS METOI KPYTHIIBHBIX KoJIeOaHUH, IPUMEHsIEMbII Ha pubope ¢
TpUPUIAPHBIM MTOJIBECOM, MPEICTABIAIONIIM cO00M Kpyriyto miaTgopmy, MOABEUICHHYIO Ha TpeX
CUMMETPUYHO PACTIONIOKEHHBIX HUTAX, YKPEIUIEHHBIX y KpaeB muatdopmbl. HaBepxy aTH HUTH Tak ke
CUMMCTPUYHO IMPUKPCIUICHBI K AUCKY HCCKOJIbKO MCHBIICTO ANaAMCTpa, YEM JUAMETP HJIaT(l)OpMBI.
[Tnardgopma MoxeT coBepiIaTh KPYTUIIbHBIE KOJIe0aHUS BOKPYT BEPTHUKAIBLHONW OCH, IEPIICHIUKYISPHOM
TUIOCKOCTH TIAT(OPMBI M IPOXOIAIICH Yepe3 ee CEpeIuny.

Llentp TspKECTH TUIATGOPMBI TIEpEMENIaeTCs IIPU 3TOM BBEPX U BHH3 BJIOJIb OCH BparieHus. [lepuon
kosnebanus T muaThopMbl 3aBUCUT OT €€ MOMEHTA WHEPIHH [. DTa 3aBUCUMOCTh BhIpaXKaeTcsl CIASIYIOIIeH
dopmyioit':

47 L1

T= 1
mgRr M

rae L qiuHa HUTH, m - Macca CUCTEMBI (IIaT(OPMBI WITH TIATHOPMEI C
rpy3oM), R - pannyc HuxHEN TUIaTGOPMEI, T - paInyC BEPXHETO AWCKa, | -
MOMEHT UHEPIMU cucTeMbl. Ha ncnonb30BaHuM 3TOM 3aBUCUMOCTH U
OCHOBaHa METOJIMKa Hallel paboThl.

N3 popmynst (1) momyuaem BeIpaXKeHHE TSI MOMEHTA HHEPITUU
1aThOPMBI:

B mgRrT?

4L
U €r0 OTHOCUTEIHHOU MOTPEIIHOCTH

Al AT
Puc.1 | T

3TO COOTHOIICHUE CIIPABEITIMBO, €CIIH MOTPEIIHOCTH U3MEPEHUS
ocTajbHBIX BenuyuH L, m, R, r — mansl. Jls1g TOro, 4T00BI ONpeAeInTs MOMEHT UHepuuu [, nunuHapa
OTHOCHUTEIIBHO OCH, IIPOXOJAIIEHN uepe3 ero HEHTP TSKECTH CIEAYEeT ONPENEIUTh MOMEHT UHEPLIMHU ITyCTOM
wiatdopmsl [y 1 MOMEHT uHepLIHH MIaTGOPMBI, HATPYKEHHONW HUIHHIPOM I}, pacronokeHHbIM
nocepeauHe mwiarGopmMel. B 3ToM ciydae ock BpaleHUs MPOXOAUT Yepe3 LEHTPhI TSKECTH MIATPOPMBI U

)

utrHapa. Ouesuano, uto |y = | g+, oTkyna:

Ic=11-lo 4)
B naGoparopHoii pabote npoBepsieTcsl Takke CIpaBeATUBOCTh TeopeMsl LTeitHepa, coriacHo KOTOpoit
MOMEHT uHepIuu Tena [ orHocutensHo 11060 ocu OO’ paBeH cyMMe MOMEHTA MHEPIIUU TOTOo Tena I,
otHOocuTenbHO ocu CC’ mapaienbHON JaHHOM U MPOXOAAIIEHN yepe3 LEHTP TSHKECTHU Tella U IPOU3BEACHUS
MaccChl TeJla m Ha KBaJpaT paccTossHus d OT IIEHTpa TSHKECTH Teja 10 OCH BpallleHus (CM. puc. 2):

I=l.+md?




Jlnist mpoBepKHU 3TOI TeopeMbl HEOOXOJMMO U3MEPUTh BenuuuHsbl I 1 1, a
Takke U3MepuTh pacctossaue d u Maccy tena m. [locie 3Toro cpaBHUTH O C
BennunHy -1, ¢ BenmmunHon md>.
Benuuuna I, onpenensieTcss B mepBoit yacTu paboThI. [[1s1 HAXOXKIeHUS
BEJINYUHBI | cienyeT nOMECTUTh CUMMETPUYHO OTHOCUTENIBHO OCH BPAILICHUS d e
10 KpasiM 11aT(OopMBbI JiBa OAMHAKOBBIX HWIHHIPA (pUC 3) U ONpPEIeTUTh
MOMEHT WHEPLHH MIaTPOPMBI, HATPY>KEHHOM
o 3TUMU nuauHapamu . Ecin Ip — MmomeHT
MHEpIUU HeHArpyKeHHOM MIaTdopMbl, TO, 0 '
OYEBHJIHO, YTO BETMYMHA Puc. 2
I = L-1, (5)
2
OyZeT MOMEHTOM WHEPIMH WIHH]IPA OTHOCUTEIBHO OCH, OTCTOSIIEH OT
€ro IEeHTpa TSHKECTH Ha paccTossHuu d. 3aTeM, u3MepuB paccrosiHue d,
clieTyeT POBEPUTH, OyeT iu BennuuHa I-1; paBHa Bennunae md?.

Puc. 3

NOPAAOOK PABOTbI
1. 3anummre 3HAYCHUS BEIWYMH My, R, 1, L:

mo= R= r= L=
2. CocraBbTe Tabiuny 1 pe3ynbTaToB U3MEPEHUN U BBIYNCICHUM.

Macca HeHarpy>KeHHOU TIaTPOpMBI: Mg = Tabnuua 1
! toi Toi To lo
1
2
3

2. MWzmepsre nepuoj koiebanuii Ty HeHarpyxeHHOW miaaTGopmsbl. i 3TOro coodmuTe HUKHEN T1aT-
dbopMe BpalaTeNIbHbII UMITYJIbC PE3KHM ITIOBOPOTOM BEPXHEI0 AMCKA TaK, YTOOBI HUXKHSS Tu1aTdopma
MOBEPHYJIACh Ha 6-8 rpaycoB, M3mepbTe t) — BpeMs 30 MOJHBIX KOJIeOaHHH, U BhIauciauTe To=to/30.

3. TloBTopuTe n3mepenus nepuonaa To; KojaebaHuil 3 pa3a, 3aHOCS PE3yIbTaThl B COOTBETCTBYIOIINE
CTPOKHU TaOIUIE 1.

4. Omnpenenute cpeHee 3HAUCHUE Meproia KoeOanuil Ty 1 3amuimTe ero B Tadbmuiry 1.

5. Tlo ¢popmyre (2) BBIYMCIUTE CpeHEE 3HAUEHUE MOMEHTA HHEPIIHH |o HEeHarpy>KeHHO! T1aThOpMBbI 1
3alUIIUTE 3TU Pe3yibTaThl B Ta0uIy 1.

Bce nanpHelinme u3MepeHns U BBIYMCIIEHUS IPOBOJSATCS B TOM K€ MOCIEA0BATEIbHOCTH, UTO U TOJIBKO YTO
onucanHble. OTIMYNE COCTOUT JIMILb B TOM, YTO BCE MOCIEAYIONINE U3MEPEHUS IPOBOAITCA € TU1aT(HOpMOH,
HArpy>KEHHOW ABYMS HUJIMHIPAMH.

Pa3mecture rpy3sl B HeHTpe MIaT(opMbl, IOCTABUB UX JIPYT HA Ipyra.

9. CocraBbTe TabMUILy 2 pe3ylbTaTOB BEIUMUCICHUIN U U3MEPEHUH.
10. M3mepbTe m — Maccy UMIIMHIPA, HAWJUTE Maccy mIaT(opMbl ¢ Tpy3aMu, 3alUIIUTE PE3YNbTaT Mepes
Taduuen 2.



11. IloBTOpUTE BCE M3MEPEHUS M BBIUUCIEHUS ONTUCAHHBIE B I1.11. (2) — (5), 3aHOCS pe3yJIbTaThl IO MEpPEe UX
MOJTy4eHUs B TaOIUILY 2.

Macca miaTgopMmsl ¢ Tpy3aMHu:  Mo+2m = Tabauua 2
Ne tyi Ty T, 1

1

2

3

Pa3mectute rpy3pl CHMMETPHYHO MO KPasiM IJIaT(OPMBI, TIOCTAaBUB WX HA OTMEUEHHBIE JJI TOT0 MECTa.

13.CocraBbTe TabnHITy 3.
14. TIponenaiiTe Bce MU3BMEPEHHS M BHIYUCICHUS B COOTBETCTBUU C T1.1I. (2)—(5), 3aHOCS pe3yJbTaThl B
Tabnuiy 3.

Macca matdopmsl ¢ rpy3amu: Mo+2m = Tabnuua 3
Paccrosinue ot ocu rargopmsl 10 rpysa:  d=

Ne tai Tai T2 l2

1

2

3

15.Haligure MOMEHT MHEPLHH [IJIMHIPA OTHOCUTEIBHO €TI0 OCH Tc =( Tl —TO )/2.

16.BpruncauTe MOMEHT MHEPLUHU [IUIIMHIPA OTHOCUTENBHO €TI0 OCH, U3MEPHB €ro AMaMeTp (Macca m yxe
U3MEpEHa).

17.CpaBHuUTe NTOJTYYECHHBIN pe3ybTaT C HAWJIEHHON BETUYUHOMN ..

18.3Has BenmuurnHy MOMEHTa UHEPLUUHU MycTol maaTdopmsl Iy, o popmyne (5) Haiinute I — MOMeHT
WHEPLUUU UUINH]IPA OTHOCUTENBHO OCH, OTCTOSIIIIEN OT €ro IeHTpa TSHKECTH Ha paccTosHue d.

19.CpaBHuUTe HAICHHYIO BEJIMYUHY T—Tc ¢ BenmunHoit md’, st gero M3MEPHTE IITAHTCHIIUPKYJIEM

paccrosiaue d 1 BeIYmCIMTE Ipon3BeneHue md-.

KOHTPOJIbHbIE BOIMPOCHI

1. Yrto Ha3bIBa€TCSI MOMEHTOM MHEPIIMU TBEPJIOTO Tea?
2. Chopmynupyiite Teopemy llTeiinepa.



JNTabopaTopHbIN NPAKTUKYM
no ¢msmke ana 10 knacca.

Paszpen «MexaHUKa»

Pa6ora No6:

«LYEHTPA/IbHbIA YIAP LLUAPOB»

IIpuéopel u npunadnexcnocmu: ycranoska «CoyaapeHue maposy», Habop mapos (2 mapbl), METpOBast
JIMHEIKa, BECHI.

Llens padomsl: T0O3HAKOMUTHCS C IPUMEHEHUEM 3aKOHOB COXPAHEHUS SHEPTHH U UMITYJIbCa K U3YYEHUIO
yZaapa JByX LIapoB, ONPEAETUTh KO3PPUIIMEHT BOCCTAHOBIEHUS MaTepuaa apos.

BBEJAEHUE

[lon cmonxHnosenuem B pusnke NOHUMAETCS HE TOJIBKO B3aUMOJICHCTBHUE TeJl IIPU UX HEMOCPEACTBEHHOM
COMPUKOCHOBEHUH (yAap JBYX WJIM HECKOJIbKUX IIAPOB, YAap MOJOTKA O MOBEPXHOCTh U T. I.), HO U
B3anMO/IeiicTBHE B 00Jiee MMPOKOM CMBICIIE, KOTja IEpBOHAYAIbHO TEJIa HAaXOMINCh JAJIEKO APYT OT Apyra
Y HE B3aUMOJICHCTBOBAIIH, B Ipoliecce CONMKEHUS OHU B3aUMOJICHCTBYIOT, B pe3yJIbTaTe Yero MPOUCXOIAT
pa3iIMyYHbIe MPOLIECCHl — Tella MOTYT COeIMHUTHCS BMECTE, MOTYT MOSIBUTHCS HOBBIE TEJIa WM T€la MOTYT
BHOBb Pa30HTHUCH 0€3 U3MEHEHUS CBOETO BHYTPEHHETO COCTOSIHUSA, T.€. MOXKET IPOU30UTH ynpyzoe
cmonkHogenue. CoynapeHusi, COPOBOXKIAIOLINECST U3MEHEHNEM BHYTPEHHETO COCTOSTHUS CTAIKUBAIOIINXCS
TEJ Ha3bIBAIOTCS, HEYNPYUMUL.

B texHuke ynap xapakTepusyroT BeMUnHON KodduimenTa BocctaHoBineHus. Koagguyuenmom
goccmaHognenus K Ha3pIBaeTCsl OTHOIIEHUE CKOPOCTH TeJla TOCIIe yJapa O CTEHKY V' K CKOPOCTH V TeJia 10
ynapa. bonee ctporo, eciau v' 1 v — KOMIIOHEHTHI CKOPOCTH TeJla HOpMajlbHbIE K CTEHKE TOCTe U JI0 yapa,
To K:

1

\

K=— (D
v

3navenue koddduinmenta Boccranopienus K 3axmoueno mexay 0 u 1 (0< K <1) u 3aBUCHT OT MaTepuasa

Tel.

B nameii pabote paccmaTpuBaeTCs HEHTPATBHBIN yaap ABYX IMApOB. Y Aap HA3BIBACTCS YeHMPAIbHbIM, CCIIH

CKOpOCTH LIApOB IEepel yAApPOM U MOCIIE HETO HAIIPABJIEHBI BAOJIb OJJHOM MpsAMOii. B aTom ciydae

K03 duIIMeHT BoccTaHOBNIEHUS K onpeenaeTcs Kak OTHOLEHUE MO0y sl OMHOCUMENbHOU CKOPOCHU

wapos nocie yoapa K Mooyio ux OMHOCUMENbHOU CKOPpOCMU 00 y0apa.

o a.‘

K :ﬁ ()

B namreii pa6ote MbI Oy71eM OTKJIOHSITH JIUIITb OJMH U3 IIAPOB, OCTABJISISI BTOPOH HEMOABUKHBIM. Macchl
[1apoB B OKCIICPUMCHTAX OAUHAKOBEI, TOI'Jd 3dKOH COXPaHCHHUA UMITYJIbCA OAcCT:
—_ = —
V,=Vi+V,
Nwmes B BUAY, 4TO 71’) - 72’) =K 71), MOJTy4aeM:

7

K=1-22 3)

V1
Tax kak CKOPOCTh IEPBOTO IIapa JI0 CTOIKHOBEHHS M BTOPOTO IIapa MOCje CTOJIKHOBEHUS OyIyT CO
HAIpPAaBIIEHBI, TO MPOEKIIMH BEKTOPOB MOYKHO CUUTATh MOJIOKUTEIBHBIMU U B popmyiie (3) BeKkTopa
3aMCHHUTH HAa MOYJIU.
OmpezenieHne CKOPOCTEH 1IapoB B JaHHOW pabOTe MPOU3BOIUTCS HAa YCTAaHOBKE, H300paKEHHON Ha
pucyske. Ecny oquH U3 mapoB OTKIIOHUTB Ha YroJl (g, a 3aTEM OTIIYCTUTh, TO IIOCJIE YAapa OHU
OTCKaKMBAIOT IPYr OT ApYyra U OTKJIOHSAIOTCS Ha YIJbl @1, ¢2. [loTeHIIManbHAasA S3HEPrus Kak10ro 1apa B
KpaiftHeMm nojokeHnu paBHa: U=mgh, rme m — macca mapa, h — MmakcuManbHast BBICOTa TIOTbeMa B KpaitHEM
ITIOJIOKCHHU.
N3 pucynka BUAHO, 4TO

hzf—f-am@:Z-ﬂst%,

riae  {— paccTosTHUE OT TOYKH MOJABECA JIO IIEHTpa Imapa.
Tornma

U =2-mg/-sin’ 4)

N |6



VYron ¢ onpenensiercs U3 COOTHOIICHUS

sing = % (%)
I'me b — oTkiIOHEHWE MIapa B TOPU30HTAIFHOM HAIpaBIICHUH (OMPENENsIeTCs] M0 TOPHU30HTAIBHOW MIKae
YCTaHOBKH), L — paccTostHEE OT TOYKH TOBECA JI0 IIEHTpa mapa.
HenocpencTBeHHO niepe] yiapoM SHEpTrus mapa COBIAIAET C ero

\ ~ ~
k\\\\\\\ KHMHETHUYECKOM dHEepruei, KOTOPYIO MOKHO 3alKcaTh KaK KWHETUYECKYIO
SHEPTUI0 MAaTEPUATILHOM TOUKHU:

E. . = 6
KHH 2 ( )’

MIOCKOJIBKY pa3Mephbl 11apa Majibl 10 CPABHEHUIO C JJIMHOW HUTH { .
Torga u3 (4) u (6) momyuuM HopmymTy IJisi CKOPOCTH IIapa MepeT yaapoMm:

V=2.af sin% .

3/ech g — YCKOpEHUE CUJIbl TSKECTH, /- paccTOsiHUE OT TOYKM TOJBeca 0
LEHTpa 11apa, (- Yroj OTKIOHEHUS HUTH.

AHaJOTUYHBIM CTIOCOOOM MOXHO OMPEIENIUTh KaKyl0 CKOPOCTh IPUOOPETET
BTOPOU 1Iap 1mocje cToIKHOBeHHs. Toraa, cornacHo (3), HoayunuM:

sin¥2

— 2
K=1-2 @ 8
Taxum oOpa3oM, 1715 BBIYUCICHUS K03 (PULIMEeHTa BOCCTAaHOBJICHUS HYKHO
3HaTh COOTBETCTBYIOIIHE YTJIbI OTKJIOHECHUSI.
DNEeKTPOHHBINA CEKYHAOMED YCTAaHOBKH (PUKCUPYET BpeMsi IEPBOToO coynapeHus. Mcrnonb3ys 3To Bpems
MOYHO OTIPEJICIIUTH CHITy B3aMMOAEHCTBHS IIApOB BO BpeMs COyJapeHHs TI0 BTOPOMY 3aKOHY HpioToHa B
UMIYJIbCHOM hopMme. Jlyuie Bcero 3amnucarh STOT 3aKOH IS BTOPOTO IIapa, T.K. €ro Ha4albHBIA UMITYJIEC

OBLIT paBeH HYJIIO.

sz

F =
t

Ecnu koadduiineHT BoccTaHOBIIEHUS MEHBIIIE €IUHHIIBI, TO 3TO O3HAYAET, YTO yAap HE ABIISETCS
a0COIOTHO yNpyruM. JIpyrumMu cioBaMH 4acTh MEXaHUYECKOM SHEPTUU TIEPEXOIUT BO BHYTPEHHIOKO.
Brrauciuts 3Ty 3HEPryi0 MOKHO TIO CIEAYyIoIIe ¢popmye:
Q = Ex1 — Ex2
I'ne Ejq1 — KuHETHYECKas SHEPTrUs IEPBOro 1apa nepes CTOJIKHOBEHUEM, a Ej, — KHHETHYECKasi SHEPT U
BTOPOTO I1apa MOocJie CTOJIKHOBEHUS (3/1eCh CYUTAEM, UTO KHHETUUYECKAasi JHEPTHsl IEPBOTO IIapa Mocie
CTOJIKHOBEHUS paBHA HYJIIO). YUUTHIBasi PaBEHCTBO Macc U hopmydsl (6) u (7) momydaem

2
Q= ngL((sm% — (sm%)z) (10)
T[lonmy4eHHas BeIMYKMHA caMa Mo ceOe He SABNsIeTcs MHPOPMATHBHOM, ropaso BaKHEE y3HATH KAKYKO 4acTh

SHEPTHUs, NepenIe/as B TEII0, COCTABIAET OT HAYaJIbHOM YHEPTUU CUCTEMBI, KOTOpasi paBHa
MOTEHIIMAJIBLHOM SHEPTUH MEPBOTO MIapHKa B Hauaje SKCIepUMEHTA.

Q_ (sin%)z—(sin%)z

©)

= * 1009% 11
U (sin% z 0 (1



MMOPAAOK BBIIIOJTHEHUS PABOTbI

1.

Nownkwbd

*

10.

11.

12.

13.

[TpoBepbTe TOTOBHOCTh YCTAHOBKH K padoTe: OCHOBaHHE TOPU30HTAIBHO (IIPOBEPSIETCS MO YPOBHIO
HA OCHOBAaHUM YCTaHOBKH), Iapbl BUCST B OAHON IUIOCKOCTH, HUTH B BEPTUKAJILHOM IOJIOKEHUH
COBMAJIAIOT C HAYaJIbHBIMU OTMETKAaMH FOPU30HTAIBHBIX KA.

Onpenenure AJIMHY HATU TIPU TOMOLIY JIMHENKN
Omnpenenure Macchl MIAPOB MPU TOMOIIH BECOB
Y6enutbces B TOM, YTO J1abopaTopHasi yCTaHOBKA IMOAKIIOUEHA K MUKPO CEKYHAOMEDY.

[ToaxmrouuTh CEKyHAOMED K 0HO(MA3HOM ceTH epeMeHHoro Toka 220B.

Bruttounts nmuTanue cekyHaomMepa TymMOJIepoM Ha 3a/IHeH IMaHeH.

OTBecTH OJMH U3 IIAPOB Ha 3aJJaHHBIN YTOJl Oy U YAEPKHUBATH €r0 Jep’KaTesIeM C MarHUTOM.
(CooTBeTcTBYET OTKJIIOHEHUIO Ha miKane b. b =L * sin ¢y. rae L anuna HUTH.)

Haxxatp kHOTIKy SB1 “COpoc” Ha maHe u JIEKTPOHHOTO MUKPO CEKYHAOMEpPA.

OTnmycTuth yaep>kKuBaeMblid 1map (mepeBecTd HIKHUM TymOnep B monoxkeHue «Ilyck»). Ilo mxane
MIPOM3BECTH OTCUYET OTKJIOHEHHUs IIapa b U ImepeBecTH B Yrojd OTKJIOHEHHUS IIapoB @1 U O
nocne coynapenust ¢=arcsin(b/L), rne L — nnuHa HUATH. DNEKTPOHHBIA MUKPO CEKYHIOMED
3auKCUpyeT BpeMs NepBoro coyaapenus At.

[ToBTOPUTE MYHKTHI 6-8 HE MeHee 5 pa3. Pe3ynbTaThl u3MepeHuii 3anectu B Tabnumy 1. O0paTure
BHHMAaHMe: B HaYajle KaKJI0ro SKCIIEpUMEHTa BTOPOH I1ap 0JKEH BUCETh HE MOJIBUKHO, U
MOJTyYeHHbIE BaMU PE3yJIbTaThl HE JOJDKHBI OTiIM4YaThes 6osee ueM Ha 10%, B MpOTHBHOM citydae
JaHHbBIE Pe3yJbTAaThl YUETY HE MOJIeKAT U SIKCIIEPUMEHT HYKHO IIOBTOPHUTD.

Tabnuma 1

mj KT L, M Ne 0o 02 Q2cp At, MKcC Atep, MKC

DN DWW —

3aMEeHUTH MIapbl MACChl M| Ha IIAPbl MAaCChI M, TIOBTOPUTH MTYHKTHI 6-9 1 3aHecTH B Tabmwmiy 1 mms
BTOPOTO 3KCIIEPUMEHTA.

Tenepb U1 KaXKJ0TO SKCTIEPUMEHTA BBIYUCITUTE: KOIPPHUIIMEHT BOCCTAHOBICHUS, CUITY
B3aHMO,Z[eI>'ICTBI/I$I BO BpEMs COyAapCHUs, KOJIMYCCTBO TCIUIOTHI, BBIACIIUBIICCCA IPHU COYAapCHUN, U
KaKyI0 4acTh 3Ta SHEPI'Hs COCTABIISIET OT HaYaJIbHOM 3Hepruu mapoB. Pe3ynbTaThl BEIUKCICHUMA
3aHECHUTC B Ta6JII/ILIy 2. I[JI}I BBIYUCIICHUA OTUX BCIINYUH HCHOHB3yﬁT€ CpCAHUC 3HAUCHUA
MOJIyYE€HHBIX PE3yJIbTaTOB.

Tabmuma 2

Ne m, Kr K F,H Q, Ix Q/U, %

1

2

CrenaiiTe BBIBOJ, KaK KaXK/asl U3 BEJIMYUH U3 BTOPOH TaOJIUIIBI 3aBUCUT OT MACChI IIapOB.
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