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MEPBI BE3OITACHOCTH
ITPH BBIITOJIHEHUU OUBNYECKOI'O IPAKTUKYMA
B IABOPATOPUU «MEXAHUKA»

Oobwue nonorcenusn
1. B naGopatopuu HCIOJIB3YIOTCS YCTAHOBKH, UMEIOIIHNE MUTAHUE OT CETH

220B, 4ro coO374a€T NOTECHIIMAIbHYIO OMACHOCTh MOPAKEHUS 3JICKTPUUECKUM
TOKOM.

2. OTBETCTBEHHBIMH 32 TEXHHUKY O€30MaCHOCTH B JIA0OPATOPHSIX BO BpeMs
MPOBEJCHUS  YUEOHBIX 3aHATHI  SBISIIOTCA ~ IPENoJaBaTeNd, BEAyLIUE
71abopaTopHble pabOThI CO CTYACHTAMHU.
3anpemiaercs:

JOIyCKaTh K pabdoTe CTYJEHTOB, HE MPOIIECIIINX MHCTPYKTAX IO TEXHUKE
0€30I1aCHOCTH € POCIUCHIO B )KypHAJIE;

paboTa CTyIEHTOB B JjabopaTtopuu Oe€3 IMpernojaBarelis WId JabopaHTa,
KOTOPBIN UMEET TPyIIy AOMycKa Mo AekTpode3onacHocty He Huke 111

paboTaTh Ha YCTAaHOBKaX CO CHSATBIMH KOXXyXaMH, TOBPEKIECHHOM
U30JISIMEN TPOBOJIOB, PO3ETOK, BUJIOK;

NpPUKACaThCAd K aKTUBHOW MOBEPXHOCTH PAJMOAKTUBHOTO TMperapara; Mmpu
paboTe ¢ HMCTOYHUKOM U3IyYEHHsI paspeniaeTcss OpaTh mpemnaparbl TOJIBKO 3a
OOPTUKU TOJIOKKH.

Ilepen padoToii:

03HAKOMUTHCS C UHCTPYKIUSIMU T10 BBIMOJIHSAEMON paboTe;

OCMOTPETh YCTAHOBKY, YOEIUTHCS B €€ UCIPABHOCTH; YCTAHOBKHU, UMEIOLIHE
KJIEMMBI 3a3€MJICHHS, IOJDKHBI OBITH 3a3E€MJICHBI.

Bo Bpems padoThi:

HE 3axJIaMJIsiTh pabodee MeCTo; Ha paboueM MecTe He JIOJDKHO OBITh
MOCTOPOHHUX MPEJIMETOB;

HE TporaTh NpUOOpHI, HE HCIOJNb3yeMbI€ B BBIMOJIHSIEMOW padorte; 0e3
pa3pellieHus] TpenojaBareyis HE BBINOJIHATH ACHCTBUM, HE MPETyCMOTPEHHBIX

OIIMCaHUEM pa6OTI>I;



BKJIIOYATh YCTAHOBKHM TOJIBKO TIOCJI€ TMOJYy4Y€HUsl JIOMyCKa, YCTaHOBKa
JIOJKHA HAXOJIUTHCS T0]1 HAMPSHKEHUEM TOJIBKO BO BpEeMsl SKCIIEPUMEHTA, BKIIIOYAs
BpeMs, HEOOXOAMMOE [JIsi MPOrpeBa YCTAHOBKH; TOCJIE€ OKOHYAHMS H3MEpPEHUM
YCTaHOBKY CJIEyET 00ECTOUNTB;

BBIKJIIOYUTh YCTAHOBKY, IOCTAaBUTh B H3BECTHOCTh IMpEMNojiaBarelisi Mpu
MOSIBJICHUU MPU3HAKOB HEUCIIPABHOCTH - HAPYILICHUS pexXuMa pabOThl, UCKPEHUS,
MOSIBJICHUS JbIMA U 3aliaxa rapu, HOCTOPOHHUX 3BYKOB.

IHocsie paboThI:

YCTAHOBUTh PYYKH TMPUOOPOB B MCXOJHOE TMOJOXKEHUE, BBIKIIOYUTH

YCTAHOBKY, BBIHYTh BUJIKH MPUOOPOB U3 PO3ETOK;

CaaTb ﬂa6opaHTy IMOJIYYCHHBIC ITPUHAIJICKHOCTH.



ITPABUJIA BBITIOJIHEHUSA JTIABOPATOPHOI'O ITPAKTUKYMA
N NNOAI'OTOBKA K HEMY

1. IToaroToBKa K BHITOJHEHHUIO JJA00PATOPHON padoThI

JlabopaTopHbie pabOTHI HANpPABJICHBI Ha MPUBHUTHE CTYACHTAM OCHOBHBIX
HAaBBIKOB U YMEHHUH, HEOOXOJIMMBIX OYIyIIUM HWHXKEHEPHBIM pPabOTHUKAM IS
BBITIOJIHEHUS U3MEPEHUI TEXHUYECKHUX MapaMeTpOB pabOThI CUCTEM U YCTPOUCTB.

JlabopaTopHBIN TPAKTUKYM BBITIONHSACTCS 10 WHAWNBUAYATLHOMY Tpaduky
Opuragamu, COCTOSIIIMMHU U3 2-3 cTyAeHTOB. ['paduk BeIMOTHEHUS J1a00PATOPHBIX
pabor QopmupyeTcss mpenojaBaTeleM B Hadalle KaXIOro ceMmecTpa u
MIPEACTABIIACTCS CTYJAECHTAM Ha TEPBOM ayJWTOPHOM 3aHATHU J1abOpaTopHOTO
npakTUKymMa. MeTroaudeckue peKoOMEeHJAlMu K  JJabopaTOpHBIM  paboTam
cozepKaTcsi B OTACIBHOM IMOcoOMHu «METOMUYecKne yKa3aHWs K BBITIOJHEHUIO
71a060paTOPHBIX PadboOT».

[ToarotoBka k jabopaTopHOM pabOTE OCYIIECTBISETCS CTYACHTOM JI0
ayJIMTOPHBIX 3aHATHUN B YaChl, OTBEJCHHBIC HA CAMOCTOSTEIBHYIO padoTy.

[Ipu moaroToBke k jabopaTopHON pabOTE MOJHOCTHIO PYKOBOJCTBYHTECH
METOJMYCCKIMH YKa3aHUSIMH K BBITTOJIHCHHIO JIA0OpAaTOpHBIX pador. Omnucanue
KKJI01 1abopaTOpHO pabOTHI COAEPKUT: 11eIb PaboThI, 000PYyI0BaHHE, KPATKOE
U3JI0OKEHHE TEOPETHUYECKOro Marepuaiga [0 TeMme JabopaTopHOW padoThI,
oNHCaHue J1abOpPaTOPHOTO CTEHAA, TOPSAIOK BBIMOJTHEHHUS PaOOTHI, YKa3aHHS II0

00paboTKe MOTYyYEHHBIX PE3YJIHTATOB U3MEPEHHUS, KOHTPOJIbHBIC BOMTPOCHI.

[logroToBKka K NPAKTUKYyMy TpeOyeT HEMajoro BpEMEHH, MO03TOMY
1eIecoo0pa3Ho TUIAHMPOBaTh €€ 3apaHee. lIpeaBapuTenbHYI0 MOJATOTOBKY K

J'Ia60paTOpHI)IM 3aHATHUAM HGO6XOI[I/IMO Ha4YMWHATDh 34 HCCKOJIBKO I[Heﬁ A0 3aHATHUA U

1eJIeCO00Pa3HO MPOBOANTH B CICAYIOIICH MOCIEI0BATEILHOCTH:

e BrumaTtenpbHO mpouMTATH OMHCAHUIO JTAOOpaTOpHOW paboOTHl B
METOJMYECKOM MOCOOUH, YSICHUTD 3a/IlaHue U 1eJ1h SKCIIEPUMEHTA.

e licnonp3yss KOHCHEKT JIEKIMA H PEKOMEHIIOBAaHHYIO B OIMCAHUH

1abopaTopHO pabOThl YYEOHYIO JTUTEPATYPY, U3YUUTh TEOPETHUECKUE BOIPOCHI,



OTHOCSINIMECS K JIabOpaTOPHOMY OKCIEPUMEHTY. BBISICHUTH TeOpeTHdecKue
MIOJIOKEHUS, 3HAHUE KOTOPBIX HEOOXOUMO JIJIsl BEITIOJIHEHUS paOOTHI M TOHUMAHUS
MOJIYYeHHBIX PE3yJIbTAaTOB.

e l3yuuTh NpPUHUMOHUAIBHYIO CXeMy Ja0OpaTOpHOM  YCTaHOBKH,
MPUBEICHHYIO B omnucaHuu. O3HAKOMHUTBCS C MNPUMEHSEMBIM OOOPYIOBAHUEM,
KOHTPOJIbHO-U3MEPUTENbHBIMUA TPUOOpPaMH, IPUHIIUIIOM UX JIEUCTBUS, TpaBUIaMU
AKCILTYaTALMH.

e VYCBOUTHh METOAWKY M3MEpPEHUs] (U3MUCCKUX BEIWYUH B J1AOOPATOPHOM
HKCIIEPUMEHTE, TOCIIEIOBATEIBLHOCTh omepanuidi u  (opMmy MpeAcTaBICHUS
MOJIyYEHHBIX PE3yJIbTATOB.

e B unauBuayanbHOM J1a0OpPaTOPHOM KypHaje€ MOATOTOBHTH 3arOTOBKY
oTyeTa Mo JJAaHHOUM paboTe, B KOTOPOM yKa3aTh:

— Ha3BaHUE U 11eJIb pabOTHI;

— o0opyaoBaHue, NpUOOPHI U MaTEPHUAIIbI IPUMEHSIEMbBIE B IPOLIECCE U3MEPEHUM;

— KpaTKuW KOHCHEKT TEOPETHUYECKUX IMOJIOKEHUN IO TEeME HCCICAOBAHUS U
MOSICHSIIOIME TEOPETUYECKUI Marepuall PUCYHKH, BBIMOJHEHHBIE C Y4YETOM
TpebOoBaHM K OPOPMIICHHUIO OTUETA;

— IPUHIUIHATBHYIO CXEMY YCTaHOBKH;

— OMKMCAHUE METOJa U3MEPEHUS;

— 3arOTOBKHM TaOJIMI], B KOTOPBIX OyIyT MpPEICTaBIICHbI PE3yJbTaThl U3MEPEHUN U
pacueToB (IpuMephl TaOJIUIL TaIOTCS B METOAMYECKOM MTOCOOUH);

— pacueTHbIC GOPMYITBI HCKOMBIX BEIIMUHH.

OOpazery 3aroToBKM K JIabopaTopHOW paboTe W TpeOOBaHUA K €ro
odopmiieHHIO NpuBeaeHbI B [Ipunoxxenun 1.

6. IIpoBepuTh CTENEHb MOATOTOBIEHHOCTH K JIA0OPATOPHOMY 3aHATUIO TI0

KOHTPOJIbHBIM BOIIPOCaM, IPUBOJHUMBIM B OITMCAHUHU pa6OTBI.

Cmyodenm_o00sa3aH_npuxooums HaA_3aHamue _noozomosaennvim. Hanuuue

3a20mo6KU__ K JltlﬁOl)amODHOﬁ paﬁome A6JIAEMCA__00A3aMeIbHbIM ycioeuem

00NYCKa CMyoeHma K 6blROJIHEHUI0 J1adopamoprnoi paoomul. Cmyoenmol, He




20moeble K  3aHAmMuUAM, K 6blnOJIHEHUIO Jzaﬁopamopnoﬁ paﬁombt He

OORYCKAIOM CA.

2. BoinoJiHeHue J1a00OpaTOPHOM padoThI

BrimotHeHIE 1a00paTOPHOTO MPAKTHKYMa OPTaHU3YETCS MO MUKINIECKOMY
OPUHIMITY, HAa KaXAylo paboTy OTBOAMTCS 2 yHaca ayJUTOPHOIO BPEMEHH, B 3TO
BpEMs BKITIOYAETCS MOIYYEHHUE «JI0MyCKa» K paboTe U BHIMOJHEHUE HEOOXOAUMBIX

I/ISMepeHI/Iﬁ H «3amura» pa6OTLI BBITTOJTHEHHOM Ha MpCAbIAYIICM 3aHATHU.

Ilepen BbIONIHEHHEM pPabOThl MpENoJaBaTellb IPOBEPAET CTENEHb
HOJIFOTOBJIEHHOCTH Ka)0ro cryneHrta. KpurepueM nomycka k paboTe sBIsSETCS:
NOHMMAaHUE CTYACHTOM LeIu paOoThl, 3HAaHHE METOJa U MOPsSAKA BBIIOJHEHUS

9KCIICPUMCHTOB, a4 TAKKC IIPCACTABIICHUC 00 0K AACMBIX pE3yJIbTaTax.

3a BpeMms, OTBEIECHHOE Ha BBINOJIHEHUE JIa0OpaTopHOM pPabOThl B
1abopaTopuu, CTYJIEHT JOJIKEH:

o [lonmyunth «ugomyck» K paboTe, JUisi JTOTO CTYIEHT JIOJKEH
MPEIOCTaBUTh 3arOTOBKY OTYETa B HHIUMBUIYAIIbHOM JAa0OPATOPHOM KypHale
OTBETUTH HA CJIEIYIOLINE BOMPOCHI:

e KakoBa 1enp 3KcrepuMeHTalIbHOW 3amaun? KakoBbl OCHOBBI TEOpUU

M3y4aeMoro SIBJICHUSI, OCHOBHBIC MOHITHS U (hOPMYJIbI?
e KaxkoB npunimn paboThl SKCIepUMEHTAIbHON ycTaHOBKU? [lepeuncnure
OCHOBHBIE 3Talbl 3KCIIEPUMEHTA.

e (O3HAaKOMUTBCS C H3MEPUTEIBbHBIMH TPUOOpPAMH, HCIIOIB3YEMbIMH B
MpOIECCe BBITIOJIHEHUS PabOThl, TOJY4YUTh Y JiabopaHTa HEO0OXO0IUMOe
JOTIOJTHUTEIHHOE 000pY/TI0BaHKE.

e [loaroToBuTh 00OPYIOBaHME K MPOBEACHHUIO JKCIEPUMEHTA COTJIAcHO
METOJAMYECKOMY PYKOBOJACTBY, T.€. IMPOU3BECTU COOPKY AJIEKTPUUECKOW LEnu B
COOTBETCTBHUHM CO CXEMOW WM COOPKY OTHCNBbHBIX YacTe W3MEPHUTEIbHON
YCTaHOBKH.

o [IpenssaBuTh TOATOTOBIEHHOE K padboTe 000pyaoBaHHE (COOpPAHHYIO

ANEKTPUYECKYIO 1I€Mb) JJISI MPOBEPKHU JIA0OpaHTy WM MpenojaBareito. ToJbKO



IOClie €ro pa3pelieHus] MOKHO NPUCTYNaTh K BBHINOJHEHHIO u3MepeHuil. [lpu
BBIMIOJTHEHUH PabOThl cleAyeT coOMoJaTh MpaBHJIa TEXHUKH O€30MaCHOCTH.
OOpamarbea ¢ npudbopamMu U 00OPYIAOBAaHHEM CIENyeT OEpeXHO M aKKypaTHO.
[TpumensTh PUOOPHI TOIBKO B COOTBETCTBUHU C MX HA3HAYCHHEM.

e BrinonHUB Bce M3MEPEHUs, BBIKIIOYUTH YCTAHOBKY, (HO HE pa30oHpaTh
YCTAHOBKY WJIM DJIEKTPUUYECKYIO II€Tb), MPEIBSIBUTH MPENOIaBaTeI0 Pe3yIbTaThl
U3MepeHuil ams npoBepku. Eciau pe3ynbTar omnbiTa HE BEPEH, ONBIT MOBTOPSETCS
BHOBb. Ecnm pe3ynbTaTbl yAOBIETBOPUTENBHBI, MpEMoAaBaTesieM JelaeTcs
OTMETKA O BBIIIOJIHEHUHU CTYJEHTOM J1a00paTOpHOM paboThl (CTAaBUTCS MOAIUCH U
JlaTa B OTYETE CTYACHTA).

Omuemuvt 0e3 noonucu npenooaeameis 6 OdlbHeluuweM K 3a4émy He

npuHumaromc.

e Jlocne  moamucu  pe3yabTATOB npenojaBaTenieM,  IPUBECTH
71a00paTOPHYI0 YCTAaHOBKY B MCXOJHOE COCTOSIHHE (pa3o0parh 3JIEKTPUUECKYIO
LeNb), cIaTh JaOOPaHTy BbIIAHHOE JONOJHUTENIbHOE 000PYAOBaHNE U IPUBECTH B
NOpsJIOK paboyee MECTO.

OxonuatenbHOoe  odopmiieHHe  paboThl, 00paboTKa  PE3yJIbTaTOB
OKCIIEPUMEHTa M TOJrOTOBKA K OTYETY MO KOHTPOJBHBIM BOIIPOCAM MPOBOJUTCS

CTYACHTOM B 44aChbl CaMOIIOAI'OTOBKH.

3. OdopmiieHne 0TYETA M MOATOTOBKA K «3aIIUTE» J1a00PaTOPHOiIl pad0ThI

OdopmiieHne oT4eTa W TOATOTOBKA K 3aluTe J1AO0OpaTOpHOU pPabOThI
OCYILECTBIISIETCS CTYJICHTOM B Yachl, OTBEJCHHBIE Ha CAaMOCTOSITENIbHYIO padoTy. K
cienyronieMy (IMociae BBITOJHEHUS OYEpeIHON 1abopaTopHOM pabOThI) 3aHSATHIO
KK CTYIEHT MIOJDKEH MPEJCTABUTh OTYET O BBHIMIOJIHEHHOW JabopaTOpHOM
pabote. OH cocTaBiIeTCS HA OCHOBE 3arOTOBKM B JIA0OPAaTOPHOM >KypHAJie U
JIOJKEH COJIePHKATh:
® HOMeEp, Ha3BaHMUE, 11eJIb Pa0OTHI;
® [IepeueHb UCIOIB3YEMOTO B paboTe 000py0BaHuUs U TPUOOPOB;

L KpaTKI/Iﬁ KOHCIICKT TCOPHH 110 TEMC UCCICAOBAHUA,



® pE3yNbTaThl M3MEPEHUN W BHIYHCICHWN B BUAEC Tabmwi (WM WHOM BHJE,
COTJIACHO METOJAMYECKUM PEKOMEHAIUAM K JaHHOH TabopaTopHOi paboTe);

® pacyeTHbIC GOPMYIIBI, IO KOTOPHIM MTPOU3BOMINCH BBIUMCICHHS C TIPUMEPOM
BBIYHCIICHHSI 110 KaXKI0H opmyIie;

e cxembl, TpaduKH, AWArpaMMbl W T.II., B COOTBETCTBHHM C 3a/JaHWEM Ha
nabopaTopHyio paboTy (TpeOoBaHHS, MPETBABISIEMbIE K TpapUIecKoMy
MaTepuanam npuseaeHsl B [Ipunoxenun 2);

® CTAaTUCTUYECKYIO OOpa0OTKY pe3ysIbTaTOB (pacdyeT MOrpelIHOCTEN U3MEpPEHU);

® OCHOBHBIC BBIBOJBI II0 pe3yjbTaTaM pa0OThl HA OCHOBAaHWHM CPaBHEHUS

IMOJIYUCHHBIX PC3YJIbTATOB C TCOPCTUICCKUMU JaHHBIMU.

[Tocne odopmieHus oT4eTa CTYJIEHT TOTOBHUTCS K 3alllMTE JTAOOpaTOPHOM
paboThl, W3ydas TEOPETUYCCKHE OCHOBBI JAHHOW TEMBI, OPHUCHTHUPYSICh Ha
KOHTPOJIbHBIE BOMPOCHI, MPUBEICHHBIE B METOJIMYECKUX YKA3aHUSIX.

Jlns monydyeHus 3adera Mo JIabopaTOpHOM padOTe CTYAEHT MNpPEACTaBISET
MIpernoaBaTesito OPOPMIICHHBIM OTYET CO BCEMH HEOOXOIWMBIMH pacdyeTaMu |
3alUIIAET €ro B X0/1€ MOCJIEAYIONEro co0ece0BaHuUs.

«3anmTay BBINOJTHEHHBIX J1A00PATOPHBIX pA0OT MPOBOIUTCS MPENoIaBaTesieM
B YCTHOW (WM B NMHUCbMEHHOW) (hopMe B BHJAEC OTBETOB HA BOMPOCHI MO TeME
nabopaTopHoil paboTel. s ycmemHo «3ammThl» PadoOThl CTYIEHT OJDKEH
3HATh. TEOPETUYECKUH MaTepHasl TOJAHHON TeMe, METOAWKY JSKCIEpHMEHTa U
00pabOTKH Pe3ylbTaTOB, YMETh MPOAHATU3UPOBATH MOJIYUYEHHBIE PE3ybTaThl U
OOBSCHUTDH MPUIMHBI PACXOKIACHHUSA TCOPETUICCKUX M ONBITHBIX JTAHHBIX.

OtMmeTka 0 3adere jJaboOpaTOpHOU PabOTHI (B Clydae YCIEITHON «3allUThI)

JieaeTcsl MpernoAaBaTesieM B JIa0OpaTOPHOM KypHaJe.

Cmyodenm__00,13icer__pe2yyisipHO __ OMYUmMbIBAMbCA__NO __8bINOJIHEHHbIM

ﬂaﬁopamopubtm paﬁomaM CO2JlACHO_yCcmanoe6/jieHHomy zpad)ukv 3anamuu. He

00nycKaemcs___ 8blNOJIHEHUE __ CJ1e0VIOulell __ padompl __npU___ HAIUUUU ___08YX

8bINOJIHEHHBIX, HO He COAHHbIX padom !




Boinoanenue Jlaﬁopamopnbtx pa60m U omuem no HUM 8 NOJIHOM 00beme

A6AAEMCA__00A3aMeJIbHbIM yCjioeuem 00nvcr<a K IJ3K3aMEeHy no OaHHOU

oucuuniumne.

Tpeboeanus k ogpopmaenuto cpaguueckux mamepuanos

e ['paduueckuii MaTepuas K Ja00OpaTOPHBIM padoTaMm (Tpaduku, THarpaMMmbl U
T.I.) BBINOJHSAETCA Ha MUJUIMMETPOBOM Oymare KapaHIalloM C IOMOIIbIO
YEepTEKHBIX MPUHAIIICKHOCTEN.

e ['paduku JOMHKHBI UMETH pa3Mep HE MeHee MOJOBUHBI (popmara A4 (He MeHee
1010 cM), BBIOJHATBCS B TMPSIMOYTOJIBHOM CHCTEME KOOpAMHAT C
coOroIeHne MacTada 1o KOOpJAUHATHBIM OCSIM.

e Macmtad rpaduKOB JOKEH ObITh YIOOHBIM JJII TOCTPOEHUS H
nociueayromero ananusa. Jnas asroro ciexmyer Oparb B 1 cM  uucio
W3MEPUTENBHBIX eauHull kpaTHOe 10 mim ogHomy u3 umcen psaa 1; 2; 2,5; 5.
(Hanpumep: nis Hanpspbkenust macmrad my=10 B/cm, nns cunsl Toka — m=0,2
Alcm.).

e [Ipou3BoBHBIN EPEHOC HAYaJa KOOPJAUHAT HE JIOMYCKAETCS.

e Ecnu depe3 NojydeHHbIE ONBITHBIE TOYKU HEJIb3sI IPOBECTH MJIABHYIO KPUBYIO
U [IPU COEIUHEHMH MOIydaeTcs 3ursarooOpa3Hasi JMHU, TO BCE-TaKH CIEIYET
MIPOBECTH TUIABHYIO JIMHHIO, 3aXBATHIBAIOIIYI0 HAMOOIBIIIEE KOJIUYECTBO TOUCK
WIM 3aHUMAIOIIYIO0 CpeAHee MOJOKEeHHEe Mexay HumH. [ns 3toro ymoGHO
U CITOJIB30BATh JIEKAJIO.

Ecnu rpadukoM 3aBUCUMOCTH SIBISIETCS MpsAMasi, €€ NPOBOJAT TakK, 4YTOObI

KOJIMYECTBO TOYEK BBIIIC U HUKE JIMHUH OBLIO IIPUMCPHO OJNMHAKOBBI



Cmpykmypa omuema no 1a60pamopHoii pabome
JIABOPATOPHASA PABOTA Ne

(mema)

KPATKAA TEOPHA:

(KOHCIIEKT TEOPETUYECKOT0 Marepuasna, ONHUpPasCh Ha KOHTPOJIbHBIE
BOIIPOCHI)

CXEMA YCTAHOBKH

(4epTex BBIMOTHACTCS KapaHJAIIOM C MOMOIIBIO YePTEKHBIX MPUHAIICKHOCTEH,
AJIEMEHTHI 1ernen BeruepumnBatorcs cornacHo ['OCTa)

PABOYUE ©POPMYJIbI

......................................................................................................................

PE3YVJIbTATHI H3MEPEHHMY (Tabnuua, TOMOIHUTEIBHEIE JAHHBIC).

PACYETHI QUZHNYECKUX BEJIMYUH
(cnemyet NMPUBECTH 6ce pacuemnvl)
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JIABOPATOPAS PABOTANe ®-1-0.
OBPABOTKA PE3YJIbTATOB U3MEPEHUM

Beeoenue

Lenbro BEIOTHEHUS 00MIETO (PU3MUECKOTO MPaKTUKyMa SIBIISICTCS N3YUCHHE
TEOPETUYECKOTO MaTepralla U €ro NpakTUYECKOTO MPUMEHEHUS ISl ONPEACICHUS
3HaYeHUH (PU3MUECKUX BETUYMH M YCTAHOBJICHHE KOJIMUYECTBEHHBIX COOTHOIICHUMN
MEXIy HUMHU. Y YeOHBIN HKCIIEPUMEHT MO3BOJISIET PELIUTH CIEYIONIUE 3a/1a4u:

a) U3yYUTh U MPOWLUTIOCTPUPOBATH TEOPETUUECKUE TOJIOKEHHS (PUBHKHU;

0) TMO3HAKOMHTBCS C TEXHUYECKUM OOOpYyIOBaHHEM U Hpudopamu,
METOJMKAaMU IIPOBEICHUSI SKCIIEPUMEHTOB;

B) IPUOOPECTH OIBIT B IUITAHUPOBAHUHU U TPOBEICHUH SKCIIEPUMEHTOB.

[Ipu BbIMOIHEHUH J1aOOPATOPHBIX PabOT CilelyeT MPUIEPKUBATHCA OOIINX
MIPaBUIL

1. Heo6x0auMo MO3HAKOMUTBCS C OCHOBAMHU TEOPHH M3y4aeMOI'O SBJICHHS,
METOAMKON »sKcriepuMenTa. [IpoaHanu3upoBath BBIBOA paboueit  GHOpMyIIbl.
OOpatuTh BHUMaHUE HAa OCHOBHBIE TOJIOKEHHMS], C YUYETOM KOTOPBIX CIVIAHUPOBAH
HKCIIEPUMEHT.

2. Ilpexxnie yem MpucTynaTh K U3MEPEHUSIM, HEOO0XOAMMO M3Y4UTh paboTy
YCTAaHOBKHU, BBIMIOJHUTh HECKOJBKO H3MEpPEHUN O€3 3aHeceHus pPe3yJbTaTOB B
OTYeT.

3. PekomeHyeTcs qaxe OJHOKPaTHBIE U3MEPEHUS POBECTH HECKOJIBKO pa3,
4TOOBI U30€KaTh IPyObIX OMMOOK (ITPOMAXOB).

4. Bce pe3ynabTaThl CleAyeT 3aHECTH B OT4YeT Oe3 MpeaBapUTEIbHOU
00paboTKH.

He moJub3yiiTech 4epHOBMKAMH, TAK KaK NepeNUCbIBAHME SIBJISETCH
MCTOYHMKOM JOTOJHUTEIbHBIX OIIHOOK.

5. B otdere moibKeH OBITH yKa3aH CMBICT OYKBEHHBIX 00O3HAYEHUM BCEX

(I)I/IBI/I‘-ICCKI/IX BCJIMYMWH, YKa3aHbl CIMHUIBI U3MCPCHUS.



H3zmepenusn u nemounocmu (nozpeuwtnocmu)

N3meputh Kakyro-mub0 (U3HUECKYIO BEIWYWHY — 3HAYUT CPABHHUTH €€ C
OJTHOPOJHOM (pM3HYECKON BEIMUMHOMN, IPUHATON 32 €AMHUILY U3MEPCHHUS.

N3mepennss MOTYT OBITh OJTHOKPATHBIMH M MHOTOKPATHBIMH; TPSMBIMU H
KOCBEHHBIMU. [Ipy NpsAMBIX U3MEPEHUAX PE3YIBTAT MOTYy4atOT HEMOCPEICTBEHHO B
X0J1e PKcepuMeHTa. [Ipy KOCBEHHBIX U3MEPEHUSAX PE3YJIbTAaT PACCUUTHIBACTCS IO
ONPENECICHHOMY 3aKOHY WM MaTE€MaTUYeCKOMY COOTHOLIEHUIO (paboueit
dbopmyIie) 1o pe3ysibTaTaM MPSIMbIX U3MEPEHU.

JIto6oe n3MepeHue OCyLIECTBISETCS C ONPEACIICHHON CTENEHbIO TOYHOCTH,
MMO3TOMY  pE3yJbTAT  M3MEPEHUS  COAEPKUT  HEKOTOPYIO  HETOYHOCTH

(morpemHocTh). B nanpHeiinieM Oy/1eM KUCIIOIb30BaTh TEPMUH MOTPEIIHOCTb.

Buowt nocpemnocmeii

[lo xapaxkmepy nposenenua TOTPEITHOCTH PA3JCISIOT HA JBE OCHOBHBIC
TPYIIIBI.

1. Cucmemamuueckue TOTPEUIHOCTA COXPAHSAIOT BEIWYMHY M 3HAK OT
ompITa K OmbITy. K HAUM OTHOCSTCS, HampuMep, MOTPEITHOCTH H3MEPUTEITBHBIX
pruOOpOB.

2. Cnyuaitnble TIOTPEITHOCTH 00YCIOBICHBI BO3ICHCTBUEM OOJIBIIOTO YHCIIA
HEKOHTPOJUPYEMBIX MPUYNH, MOITOMY WX BEIMYMHA W 3HAK OT OMBITA K OMBITY
U3MEHSIOTCS. DTU TMOTPEUTHOCTH HE MOTYT OBITh yYTEHBI 3apaHee, OJHAKO OHU
TIOTYMHSIOTCS CTAaTUCTUYCCKUM 3aKOHAM W HMX BIIMSIHHUE MOXXET OBITh YYTCHO U
YMEHBIIICHO P MHOTOKPATHOM TIOBTOPEHUH OTIBITA.

Kpome Ha3zBaHHBIX TMOTPENIHOCTEH BCTpeUaroTcsl TpyObie  OMIMOKH,
Ha3bIBa€Mble MpoMaxamu. PesynbTaT, couepxanuid TpyOyr OIHOKY, PpPe3Ko
OTIIMYAETCS OT OCTAIBHBIX, U €T0 MOCJE MPOBEPKU CIEAYET UCKIIOUUTD.

I[Io @gopme npeocmaenieHusa  Pa3IUyalOT  TOTPEHIHOCTH
abcontomuvle, OMHOCUMEIbHbIE U NPUBEOEHHbIE.

OTKIIOHEHHE W3MEPEHHOTO 3HAYCHHSI BEIMYMHBI X OT €€ WMCTHHHOTO

3HA4YCHUA Xy HA3bIBACTCA abconromuou nozcpeutHocmbio:



Ax=x-x,
AOCOIIOTHAS TOTPEIIHOCTh HM3MEpsIETCSs B TEX K€ EeIWHMIAX, 4YTO U

n3MepsieMasl BeJIudnHa (anee: eo. uzm.).
Mepoit TOYHOCTH pE3YyJbTATOB H3MEPEHUS SBISICTCS OMHOCUMENbHAA
noepeutHocms , BBIPAKCHHAS B JTOJISX:

_Ax Ax

b

g
X, X

WJIM B IIPOLCHTAX:

5=g-100%_

%o

Ilpusedennoii  nocpewtHocmvlo Ha3bIBACTCA OTHOIICHHE aOCOTIOTHOMN
MOTPENIHOCTY K HEKOTOPOMY HOPMHPOBaHHOMY 3HaueHHI0. B  kadecTBe
HOPMHPOBAHHOTO 3HAYCHHSI MOXKET OBITh BHIOpaH, HAIPUMED, MPEaeT U3MEPEHUS
npubdopa Ha TaHHOM JIHara3oHe.

Ilozpewinocmu 00HOKpAMHBIX NPAMBIX UIMEPEHUTL

Ecnmu mpu MOBTOPHBIX M3MEPEHMSIX TOMYYalOTCS OJAMHAKOBHIC 3HAUCHUS
U3MEPSIEMON BEJIMUMHBI, TO TMOBTOPATH AKCIIEPUMEHT HE UMEET CMbIcia. B aTom
cllydae TOTPEIIHOCTh OMPENENSIeTCS TOYHOCTHIO — HM3MEPUTENBHOTrO Tpudopa.

[TorpemHocTh MpUOOPOB OMpEaEIseTCS KIacCOM TOYHOCTH. 3HAYCHHE Kiacca

TOYHOCTH Y BBIPpAKACT MPCACIIbHYIO IMTPUBCACHHYIO IMOTIPCITHOCTDL, BEIPAXKCHHYIO B

MPOIIEHTaX

7/=£-100%
N :

max

AOCOIIOTHAsT TOTPEITHOCTh B OTOM Clydae MOXKET OBITh OIpEJesieHa IO
dbopmyre

— 7/ ) xmax a
, €0. U3M.
100%
Ecnu morpemHocts m3Mepenus npubopa HE yKa3zaHa, OHA MPUHUMACTCS

PAaBHOM LICHE JCIICHUA.
[lorpemnocT mpuOOPOB, YACTO yHOTpPeOIsieMbIX B JabOpaTOpHOM

NpaKkTHKE, yKa3aHbl B Tabmure. 1.



Tabnuya 1
IorpemnocTy npuOOPOB.

[TpuGop v UHCTPYMEHT Ilena [IpenenbHas
JeTICHUS MOTPENTHOC
Th
N3mepurenpHas nuHEWKa 1 1 mm
MM/ J1eTT
[[ITaHreHIUPKYIIb 0,1 0,1 Mmm,
mm/men 0,05 0,05 Mmm
MM/ 1T
MuxkpomeTtp 0,01 0,01 mm
MM/ J1eTT
Becrol TexHudeckue - O,1r
Becnl ananuTuueckue 0,1 I mMr
MTI/ e
CexyHnomep 0,1 0,3c
3aIyCKOM c/nen
Yacsl CEeKyHIHOU 1 ¢/nen lc
CTPEJIKOU
TepmoMeTpsl T K/nen T, K

Hozcpewinocmu MHOZOKpAMHBIX NPAMBIX U3MEPEHUTL

CraTuctrueckylo 00pabOTKy pe3ylbTaToB MPOBOIAT B TOM CIIydae, €CIH

npun MU3MCPCHUAX B TOXIACCTBCHHBIX VYCIOBHUAX PCE3YJIbTAT HCE ITOBTOPACTCA.

PexomeHyeTcst cneayronuii nopsgok 00padboTKH pe3yibTaToB.

1. MckntouaroTcst M3BBECTHBIE CUCTEMATUUYECKHUE TTOTPEITHOCTH.

2. Onpenensior cpeaHee apupmMeTnyeckoe 3HaUYCHUE W3 71 U3MEPEHUM.

1 n
<x>=—Yx, =
n -
3. Onpenpenstorcst abCOTIOTHBIC MIOTPEITHOCTH 0MOeIbHbIX NU3MEPESHUM

AX,’ =X; - <x>

X, X+ X,

(1)

4. BeruucnsieTcsi cpeoHekeaopamuyHoe OmKIOHeHUe 0m cpeoHe2o 3SHAaUCHUS

)

S. JloBepUTENbHBIA WMHTEPBAJI CIYYAaMHOW IOTPEIIHOCTA HAXOIAT IO

dbopmye:



AX = tan-[ 'S<x> y (3)
I1I€ tyn.1 - KO3 unueHt CThIofeHTa.

J1J1st TOBEpUTENBHON BEPOSITHOCTH (X M YUCJIa CTETIEHEW CBOOO b
f=n-IxoddpPurmment CrprofeHTa HaxomAT Mo Tabnume 2. JloBepUTEIbHYIO
BEPOATHOCTH OOBIYHO IPUHUMAIOT paBHOU o = 0,95.

6. Pe3ynpTaT npencTaBIiiOT B BUJE:

x=<x>1Ax, eo.usm.,

a=.. ,&=(Ax/<x>)100% .

3anuch pe3yibTaTa B YKAa3aHHOM BHUJE ONPEIENSIET C BEPOSITHOCTBIO
JIOBEpUTENBbHBI WHTEpBal, B KOTOPOM HAXOAWTCA WCTUHHOE 3HAYCHHE
U3MEPEHHON BEINYNHBI.

Ilpumeyanusa. 1. Ecnu OTAENbHOE U3MEPEHUE PE3KO OTIUYAETCS OT

OCTAJIbHBIX, TO €TI0 CJICAYCT OT6pOCI/ITB KakK IIpoMax. Ecnu IMOTrpCIIHOCTDb

KaKoT0-JIN0O HN3MCPCHUA BCJIMKA, T.C.
Ax; > 3\/nS<x>,

TO ATOT pe3yJbTaT 0TOpachiBaeTcs Kak npomax. [locie ero UCKIOYEHHS pacuer
MOTPENTHOCTU MTOBTOPSIETCS.

2. Ecnu BblYMCIIEHHAs CiydailHass TOTPENIHOCTh Oyner OnmM3ka K
MOTPEIIHOCTU Mpubopa O, HEOOXOJUMO YYECTh COBMECTHOE BIIUSIHUE 00EuX
norpemHocteid. Ilpu  oTCyTcTBUHM  0COOBIX TpeOOBaHMI K  TOYHOCTH
PEKOMEHIyEeM YIPOIIEHHYIO (HOPMYITy NJIi CyMMapHOTO CPETHEKBAAPATUIHOTO

OTKJIOHCHU

2
5 =50ty 4)
CyMMapHasi TOTpentHOCTh OMpeaesseTcs o hopmyse

sztan_]'S<2>. (5)
biuskuit pe3yibTar AacT CYMMHUPOBAHHUC HE CPCAHCKBAAPATHUYHBIX

OTKJIOHCHI/Iﬁ, a TOBEPHUTCIIbHBIX HOFp@IHHOCTefI

Ax = \/Ax2 + 52

(6)



Ecniu  cnydaiiHas  morpemHocTh  OyJeT  3HAUMTENbHO  OoJblie
HOTPENIHOCTH Ipubopa, TO mocieaHed npeHeOperator. Eciam ke, HanmpoTus,
cllydaiiHas TOrPELIHOCTh HEBEJIMKA, TO 3a IOrPEIIHOCTh W3MEPEHHUs
IPUHUMAIOT TOTPENTHOCTD PUOOpa.

3. IIpoBOUTE yKa3aHHYIO BBIIIE CTATUCTUYECKYIO 00pabOTKY pe3yIbTaTOB
MO’KHO TOJIBKO JJIsl TAKOW CEpUH, B KOTOPOMl pazdpoc pe3ysbTaToB 00YyCIOBIEH
CIIy4yallHbIMM IpUYMHAMH. Eciam ke pe3ynpTaTbl  pas3iInyaroTCs BCIEIACTBHE
LIEJICHAIIPaBICHHOTO W3MEHEHUS YCJIOBHMM OIbITa, TO YCPEIHEHUE PE3YJIHTAaTOB

TaKoM CCPHHU HC UMCCT CMBICJIA.

Tabnuya 2

Kosgppunuentsl CThlogeHTa

Ywucino Hanexnocts o
CTEIICHEH
CBOOOJBI f

0,5 0,6 0,7 0,8 0,9 0,95 0,98 0,999
| 1,00 1,38 2,0 3,1 6,3 12,7 32 640
2 0,82 1,06 1,3 1.9 2,9 4,3 7,0 32
3 0,77 0,98 1,3 1,6 2.4 3,2 4,5 13
4 0,74 0,94 1,2 1,5 2,1 2,8 3,7 8,6
5 0,73 0,92 1,2 1,5 2,0 2,6 3,4 6,9
6 0,72 0,90 1,1 1,4 1,9 2.4 3,1 6,0
7 0,71 0,90 1,1 1,4 1,9 2.4 3,0 5,4
8 0,71 0,90 1,1 1,4 1,9 2,3 2.9 5,0
9 0,70 0,88 1,1 1,4 1,8 2,3 2,8 4.8
14 0,69 0,87 1,1 1,3 1,8 2,1 2,6 4,1
19 0,69 0,86 1,1 1,3 1,7 2,1 2,5 3,9
00 0,67 0,84 1,0 1,3 1,6 2,0 2,3 3,3

Ilpumeyanue. Yucno creneHeil cBOOOABI PaBHO YHUCIY HE3aBHCHUMBIX

u3MepeHHbIX BenudyuH [lpu pacuere S w3 n 3HaYEHUM TOJBKO 7-/ 3HAYCHUN OyIyT

HC3aBHCHMBIMU, T.K. BEJIMYNHBI Axi CBsA3aHbBI OJHHUM YPAaBHCHUCM!




n
ZAxl. =0.
i
[ToaTOMYy B JaHHOM ciTydae YuCiO CTeneHel cBo0o bl OyAeT paBHO f = n-1.

Ilozpewtnocmu KOC6eHHbBIX UBMEPEHUTL

Eciu wuckomas BenmuuuHa siBisieTcs (pyHKUIMEH HECKOJIBKHX MEPEMEHHBIX,
KOTOPBIE MOXKHO ONPEIEIUTh B XOJI€ IPSIMBIX U3MEPEHUH, TO ITOIPEIIHOCTh TAKOU
BEJIMYUHBI BBIYUCIISIETCS YE€PE3 MMOTPEIIHOCTH MPSMBIX H3MEPEHUI.

Cayuaii 00nott nepemennoii. 1lycts ickomas BelnunHa [ €CThb HEKOTOpast
U3BECTHAs! PYHKIUS MPSAMO U3MEPEHHOW BEIUYMHBI X , IOIPEIIHOCTh KOTOPOH Ax,

onpcaciacHa OJHUM U3 YKa3aHHbIX BBIIIC CITOCOOOB.

F=fx)

[Ipennoinaras BenuuuHy Ax Majaoi, HOTPEIIHOCTh BEJIMYUHBI I MOKHO HAWTH Kak
ouggpepenyuan GHyHKINU:

AF = f, (x) Ax (7)

r1e f; (x) - mpou3BoxHas GYHKIMH f{x) IO X.

Ciay4yail HeCKOJIBKHUX mepeMeHHbIX. [lycts nckomas BennunHa /' ecTh
U3BeCTHas! (DYHKIIMSI HECKOJIBKUX MEPEMEHHBIX X,) ..., IOTPEIIHOCTH KOTOPbIX AX,

Ay ... onpeqiesIeHbI paHee OJTHAM W3 YKa3aHHBIX BBIIIE CTIOCOOOB:

F=fxy ..)

Torna npaBuio quddepenurpoBanus gaet GopmyJibl

AF, =f. (x)-Ax

AF, = £, (x)-Ay, )
rae fi'(x), fi’'(x), .- 4dacTHble mNpou3BoAHbIe (PyHKuMM F = f(x,y, ...) HO
IIEPEMEHHBIM X, y, U T. 1. Bemnuunsl AFy, AF,, , ... Hy)XHO paccMaTpuBaTh Kak

yacmuvle NoZpewHocmu, BO3HUKAIOIIME 34  CYET IOTPEIIHOCTH KaKIOro
apryMeHTa B OTIEJIBHOCTH.
AOcoyIoTHasE TMOTPEUIHOCTh M3MEPEHUs BEIMYMHBI F ompenensercs

COOTHOLICHUECM .

AF = \JAFZ + AF2 + --- 9)



[Ipu wucnons3zoBanuu ¢opmynsl (9) goBepuUTeNbHAS BEPOATHOCTh AF

OKAa3bIBAECTCA TA K€, UTO U JIOBEPUTEIIbHAS BEPOSITHOCTh NOTPeIHOCTEN Ax, Ay, ...
PexomenayeTcs ciaeayromuid MopsiIoK pacyeTa NorpemHoCcTe:
1. OnpenensitoT MOrPEIIHOCTH MPSMBIX U3MEPEHUUW OJHUM M3 YKa3aHHBIX
BBIIIIE CIIOCOOOB.
2. HaxogsT yacTHble MPOU3BOJHBIE U OINPEACNSIOT YaCTHbIE MOTPEIIHOCTH
MCKOMOU BeJTMYHHBI TI0 popmyiie (8).
3. Pe3ynbTupyronlyto NorpeHocTb Haxoadat o ¢popmye (9).

Ilpumeuanue. Ecin oOIHA WM HECKOJBKO YACTHBIX MOTPEUIHOCTEU

OKaXXyTCsl 3aMETHO MEHbIIIE (B 3 pa3a ) OCTaJdbHbIX, TO B (POpMyJie UX MOXKHO HE
YYUTBIBATh 0€3 3aMETHOTO yIepOa TOYHOCTH.

OcHoéHble npaguna 3anucu pe3yivmama

To4HOCTH MPOUBBOAUMBIX B  OKCIEPUMEHTE BBIYUCICHUN  JOJDKHA
COOTBETCTBOBATh TOUHOCTH U3MepeHuil. PaccMorpum niBa uncina: 0.0204 u 0.02040
OTH JABa 4YuCIa HUMEIOT Pa3Iu4Hyl0 mouyHocmsb 3anucu. TOYHOCTH dYHUCHA
OTIPENENSAETCS YHUCIOM 3Hauawux yugp. 3nauawei yugpoi npubIUNCEHHO20
yucna 6 OecAMUYHOU 3aNUCU HA3bIBAemcs n100as yugpa, Kpome Hyuel,
PacnoiodiceHHblX cieea om nepeol Hewynesou yugpel. Tak, B uucie 0,02040
yeThipe 3Havamue 1udpsel. [lepBbie 1Ba HyNSI HE SBISIFOTCS 3HAYAIIMMHU U CITy>KaT
JUIS  yKa3aHWs paspsna. 3HAYalluMHU apisitorcss  uudpsl 2,04 U HyIb,
PaCIOJIOKEHHBIN CIIpaBa. ITOT HYJb YKa3bIBA€T HA YMCIECHHOE 3HAYECHHE pa3psa.
B uucine 0.0204 Tpu 3Havanue udpel.

AOCOIOTHAsT TOTPEIIHOCTh 3alMCH  YHUCJIa paBHA TIOJIOBUHE €IMHUIIGI
MOCJIEAHEr0 MPUBEACHHOTO B 3amucu pazpsga. Tak, yucio 0,0204 wmorno
MOJIYYUTHCSl OKpyTJIeHHeM Jito0oro uucia B uatepsaie 0,0204+0,00005. Cnenyer
MOMHUTb, YTO OTHOCUTEIbHAS TOYHOCTh YHUCJA OMPENENACTCS YHUCIOM 3HAYAUJUX
yugp, a He YUCIIOM 3HAKOB nocie 3ansamot. Tak, gucia 0,0204 (+0,00005) u 20,4
(£0,05) HMEIOT OAHHAKOBYIO TOYHOCTH, OTIIMYASICH JIHUIIb MHOKHTEIEM 107,

B Oompmux 4mciiax HynId copaBa MOTYT CIYXHTh Kak Ui yKa3aHUS

3HavaImmx mudp, Tak U JIJs8 onpeaeieHus paspsaa yucia. Tak, yucio 689 000 B



YKa3aHHOM 3aliCH MOET UMETh OT TpeX A0 IecTd 3Hadammx mudp. [losromy
OOJbIIME YUCIIa PEKOMEHAYETCA MPEACTABIATH B BUJE YKCIA MOPSAKA €AHHHIIBI C
COOTBETCTBYIOIIEH cTeneHbto uucia 10. YkazaHHOe BbIIIE YHUCIO CIEIYET
samucath B BHae 6,89 -10° | ec;M OHO MMeeT TPU 3Havamue IHUGPBL, HIH
6,8900 -10° , ecut OHO MMeeT mATh 3Ha4YamuX udp. TakuM xe 06pasoM ciienyer
3aIHChIBATh M Maibie yncia: 0,00204 = 2,04 <107 . YkasaHHOe paBHiIO obnerdaet
BBIYKCIICHUS C OOJIBITUMU U MaJIbIMU YUCIIAMH.

Cdopmynupyem OCHOBHBIE TIPABUIIA BHIYUCIICHUI ¢

1. Beruucienust cieayeT MPOU3BOJIUTH C TAKUM YMCIIOM 3Hadammx udp,
YTOOBl TOYHOCTHh BBIYUCIICHHM ObUIa Ha TMOPSIOK BBIIIE TOYHOCTH H3MEPEHUM.
TOYHOCTh BBIYUCICHUNW OTPAaHUYUBACTCS YUCIOM C HAUMEHBIIUM YHUCIOM
3Havamux mudp. Llenbie yncna cuutaroTcs 3aJaHHBIME aOCOIIOTHO TOYHO (T.€. C
OECKOHEYHBIM YMCJIOM 3HAUYaluX udp).

2. HeoOxoaumoe 4uciao 3HaYamux LU(Gp JOJKHBI UMETh W TaOJIMYHbIE
BEJINYMHBI. B MPOTUBHOM Cily4yae Mpu pacueTe NOTPEIHOCTEN CIEYET YUUTHIBATh
HETOYHOCTh 33JIaHUs ATUX BEJIUYHH.

3. B mpomexyTOUHBIX BBIUMUCICHUSIX YHUCIO 3HAYalMX HUQPP HE TOJKHO
MPEBBINIATh OOJiee YeM Ha €IMHUILY YHUCIO 3HAYaAIUX IUQP UCXOIHBIX TaHHBIX,
TaK KaK JUIIHUE 3Havalue udpbl, TOSBUBIIMECS MPU pacyeTe, HE MOBBIIIAIOT
TOYHOCTH BBIYMCIIEHUH.

4. Tlocne oKOHYAaHMSI BRIYMCIICHUN TOUHOCTH 3alUCH HEOOXOUMO TMPUBECTH
B COOTBETCTBHE C MOTPEIIHOCTAMH M3MepeHui. Tak, B 3amucu yuciaa 20,2240,2
yKa3blBaTh COTbIE€ OECCMBICIIEHHO, IOCKOJIbKY y)K€ JIecAThle COAepKaT
NOTPELIHOCTb.

5. BenuunHa MOTPENIHOCTH OKPYIIISIETCS 00 0OHou 3Hadamen nudpel. Bee
pacueTbl TOTPEIIHOCTEH JOCTATOYHO BECTH C JBYMsI 3HaudallUMH IUdpaMu.
Nuorma B 3amucu TOTPENIHOCTA OCTABJISIIOT JBE 3Hadamue Iu@phl, eciu
OKpYTJICHHE [0 OAHOW 3Hauamed Iupbl 3aMETHO H3MEHSET BEJIMYMHY YHCHA.
(Hampumep, okpyraenue norpemHoct 0,149 no 0,1 - nmepBas 3Havaras mudpa

paBHA €AMHULIE).



6. Pesynprar pacuera u3MepsSeMOil BEIWYHMHBI CIEAYET OKPYTJIUTh

YTOOBl €ro MNOCIEAHUN JECATUYHBIA pa3psAll COOMBEMmCmeo8anl NOCACOHEMY

paspsaoy nocpeutHocmu.

Tabauya 5
IIpuMepsl 3anucu pe3yJabTara
Ilpasunvho: Henpaeunvho: Owubka:
1,2+ 0,2 1,244+ 0,2 Jlumiane nudpsl B 3HAUSHUH pe3ybTaTa.
1,24+ 0,03 1,2438+ 0,0325 | JInmnue HQPEI B 3HAYCHUU
MOTPEIIHOCTH.
1,244+ 0,014 1,244 +£0,01 ['py6oe okpyrieHne MOTrpelHOCTH.
1,24 £0,03 1,24 +3-107 Muoxwurens 10" 10mKeH ObITh OOIIHUM.

I'pagpuueckoe npedocmasnenue pe3yipmamos.

Fpa(bI/ILICCKOG MMpCaACTABJICHUC PC3YJIbTATOB JOKCIICPUMCHTA IIO3BOJIACT HC
TOJIBKO IIPOBCPUTH 3aBUCUMOCTb MCAY pPa3JIMYHBIMU CI)I/I?;I/I‘ICCKI/IMI/I BCINMYHWHAaMU,
HO M YCTAHOBHUTHL PAHCC HCHU3BCCTHBLIC 3aBUCHMMOCTH, a TaKXC OIPCACIINTD

bu3nUecKue BeIMYUHBI, XapaKTePU3YIOIIUE CBOMCTBA CUCTEMBI (HAllPUMEpP: Maccy

HJIM MOMCHT MHCPLUHU CI/ICTGMBI).

Pucynok 1- xapakrtep wusmeHeHuss (QpyHkuuu: a - Bospacraromas (1) wu

yObIBaromias (2) 3aBUCUMOCTH; O - IKCTpEeMajbHBIA XapakTep 3aBUCUMOCTH; B -

CKOpPOCTh MU3MEHEeHUsI pyHKIMH Bo3pacTaeT (1), yObiBaeT (2); T - HAIMYKE TOYKH

neperu6a (1) u ygactka Hacwimenus (2 -3).

TakK,



[Ipu uccnenoBanuu rpaduyecKoil 3aBUCUMOCTH CIEAYET, NPEXKAE BCEro,
oOpaTUTh BHUMAaHHE Ha CJICAYIONME OCHOBHBIE OCOOCHHOCTH:

1. Xapaxmep uzmenenuss @yHxyuu. 3aBUCUMOCTb MOXET OBIThH
BO3pacTarollel, yosiBaromeil (puc. 1,a), a Takxke skcTpeMmaibHO (puc.1,0). B
MIOCIICIHEM CITydae CIeAyeT OTMETUTh SKCTPEMaTbHBIC 3HAYCHUS MTEPEMCHHBIX.

2. Ckopocmv uzmeHeHusi (yHKyuu MOXET BO3pacTaThb WJIA YOBIBATh
(puc.1,B) wiM TPOXOOUTH uepe3 IKCTpeMyM (B Touke meperuba- puc. 1, T).
Y4acTok HaCHIIICHUS XapaKTEPH3yeTCs TeM, YTO CKOPOCTh M3MEHEHHsS (PyHKIHUU
YMEHBIIIAETCS PAKTHUYECKU J0 HYJIS.

Hpaeuﬂa nocmpoOeHuA ZDCld)MKOG.

[Ipu mnoctpoeHun rpaduUKOB CcleAyeT NPUIEPKUBATHCS — CIEAYIOIIUX
OCHOBHBIX TPABHII:

1. Heobxomumo  mpaBWIbHO  BBIOpaTh  gopmy  npedcmasienus
GyHKIMOHATBLHOM 3aBUCUMOCTH.

Hamnpumep, npoBoAMMOCTh MOTYIPOBOAHUKOB A 3aBUCHUT OT TeMIiepaTypbl T

CJIEAYIOIINM 00pa3oMm:

AE

A=A
['padux 3TOM 3aBUCUMOCTH JTOCTATOYHO cioxeH. Ho ecau mponorapudpmMupoBaTh
ATy 3aBUCUMOCTh, TO JIETKO BHJETh, UTO /nA CBSI3aH ¢ BeTWYUHOUN 1/T HaArJISIAHOU

JIMHEWHOMN 3aBUCUMOCTBI0, BBITIOJITHEHUE KOTOPOU JIETKO IPOBEPUTH.

iz A8 L
2k T ™

2. HeoOGxomumo mnpaBUiibHO BBIOpaTh Macuimad W HAHECTH €ro Ha OCH
KoopauHat.  Macmtad — cleayeTr  BpIOMpaTh  Tak,  YTOOBI  JIMAla3oH
OKCTIIEPUMEHTAJIbHBIX 3HAYEHUW 3aHUMai OoJbIIyl0 YacTh ocu (puc.2).
[Ipon3BOANTE OTCUET 3HAYCHHWHA MCCICAYEMBIX BEIWYMH OyIeT ymoOHO, eciu
OJIHOMY CAaHTUMETPY (WM AEeJEeHUI0) cooTBeTCTBYET 1, 2, 5, 10, 100 u T.4. eauHUIL

HSMGPHGMOﬁ BCIIMYHHBI.
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PucyHnok 2 - HenmpaBuibHBIN (a) W MpaBWIbHBIN (0) BbIOOp MaciiTaba Ha
rpaduke.

3. HaHecTH sKCHepHMEHTAIBHBIE 3HAYEHUS B BHJIE YETKUX KPYKOUYKOB
auametpoM 1-2 MMm. Koopoumamer 3mux moueKk Ha 0cAaAXx
2papuka He yKazvieawmcsa!

4. TI'papuxk 1o TOYKAM JAOHKEH TMPOXOAUTH IJIaBHO, 0€3 pe3Kux
VCKPUBIICHUA W H3J0MOB. Mexay TOukamMHu rpapuk IOJKEH MNPOXOIUTh Tak,

YTOOBI TOYKM paCHoJIaraiNCh MO 00€ CTOpPOHBI OT Tpaduka Ha OJIMHAKOBBIX

pacctostHusX. [Ipumep noctpoenus rpaduka nokaszaH Ha puc. 3.
3aronoBoK rpacpuka
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Pucynok 3 - mpumep noctpoenus rpapuka.



Beruuciienue yriioporo ko3¢ gpuuuenta npsimoii y=A4 x+B.

1. BoiOpaTh Be NMPOU3BOJIbHBIE TOYKK HA OCU abCIUCC X| U X, . ToUuku x| U
X, JOJDKHBI OTCTOSITH APYT OT JApPyra Ha 603ModJCHO Oonvuem paccmosanuu. I1o
rpauKy IpPOBECTH OTCUYET COOTBETCTBYIONIUX 3HAYCHUN (DYHKITUH | U ), .

2.YrnoBoii Ko3pPUIUEHT HaXOUTCs 10 PopMyIie:

Y (13)
Xy =X
3. UtoObl k03hGUIMEHT HMeN ONpeneNeHHbI (U3UUECKUN CMBICI,
BEJIMYMHBI X U ) CIETyEeT BbIpAXaTh B OJTHON (PU3UUECKON CUCTEME €/IMHULL.
4. Tak Kak 4YHCICHHBIM MacmiTad IO OCAM BBIOMPAIOT, KaK IPaBUIIO,
HEOJMHAKOBBIM, YTJIOBOM KOA(@PUIMEHT HE paBeH (a JIMIIb MPOMOPIHUOHAJICH)
TaHICHCY YyIVIa HakJIOHAa npsaMo. [losTomy yrijoBoil KoIQPUUHMEHT HeJIb3s

HAXOJUTh, H3MEPASA Y T 0J1 HAKJIOHA MPSAMOM.

3aoanue Ne 1.
OBPABOTKA PE3VJBTATOB INPSIMbBIX 1 KOCBEHHBIX
U3MEPEHUI

Ilens. VI3yunTh TCOPUIO TOTPEITHOCTEH M OCBOMTH METOABI 00pabOTKH U
MIPEICTABIICHUS PE3YIbTATOB MPSIMBIX M KOCBEHHBIX U3MEPCHHMA.

PaGoTa BBIMONMHSAETCS KaXABIM CTYJACHTOM WHIWBHIyAIbHO. 3aJaHUC
BBIJIACTCS MPETIO/IaBaTEIIEM.

I[J'ISI BBIITOJIHCHU A pa6OTBI 3aroTOBUTH Ta6J'II/II_IBIZ

Ne X; (X) Axi Axl-z S ta,f Ax | x =(x) + Ax Ex»
I A
1
n

Uucno Tabnauil onpeaessieTcss YUCaoM MEPEMEHHBIX, BXOIAMNUX B (PYHKIIUIO

F (ue Gonee Tpex: X, y, Z).




3aoanue Ne 2.
U3MEPEHUE JIMHEMHBIX PASMEPOB
N ONPEAEJEHUE IVIOTHOCTHU TBEPJbIX TEJI

Llens. O3HAKOMUTBCA C TPUHUUIIOM pabOThl  IITAHTEHUUPKYJIS,
MHUKpOMETpa U TEXHUYECKUX BeCOB. OnpenenuTs IIOTHOCTh TBEPAOIO TENa.

Oobopyoosanue. MuxkpoMeTp, IITAaHICHIMPKYJIb, TEXHUYECKUE BECHI,
U3MEPSEMOE TEIO.

N3MmepuTesbHbIE TPUOOPHI

Illmanzenyupkyns  TpeNHA3HAYECH  JUII W3MEPEHHS BHYTPEHHHX M
HapyXHbIX pa3MepoB aAcTtaner. KOHCTpyKIMM INTaHTE€HUUPKYJIEH pa3Iu4HbIX
TUIIOB MOTYT Pa3IM4yaThCsl, OJIHAKO OCHOBHBIE 3JIEMEHTHI OCTAIOTCSI OOLIMMU (pHUC.
4).
ITaHreHIUPKYJIb COCTOUT W3 IUTaHTU 1, U3MEpUTEIBHBIX T'yOOK 2, paMKu 3,
3KMMa paMKd 4, HOHMYCa 5 W MHUKPOMETPHYECKOW mojxayu 6 Uil yCTaHOBKH

paMKH Ha TOYHBIN pa3mep.

1
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PucyHOK 4 - mTaHreHUUpKYJIb.

OtrcueT nNoOKa3aHWM IITAHTECHIMPKYJS MPOU3BOJIUTCS Cc MTOMOIBIO
HoHuyca. HoHMyC — 3TO NONOJHUTENBHAS 1IKana, Mpeaesl U3MEPEHUN, KOTOPBIN
pPaBEH LEHE JACJIEHHsS OCHOBHOW MWUIMMETPOBOM WIKAIBI a. HOHMyCBhl MMEIOT
pa3IMuHyI0 LIeHy JAesieHust mKaibl C U MOAyJlb %, KOTOPBI MOKa3bIBAET, Yyepes
KaKO€ YHCJIO JEJEHUA OCHOBHOW IIKaJbl PACMOJaraloTcs IITPUXUM HOHUYCA,

cMeleHHble Ha BennunHy C (puc.S).



Moaynbs y npuHUMaOT paBHBIM 1, 2 wim S, neny aenenus Houuyca — 0,1;
0,05; 0,02 mm. Yucno aenenuit Hounyca n = a/C, JjauHA  JEJIEHUS  IIKaJbl
HOHUYca b = ya - C, ToJHas JJIMHA KAkl HoHuyca [ =nb = (m — 1) a.

Ecnu Hynesoti mTpux HOHMYyCA COBIMAJIA€T CO IITPUXOM OCHOBHOM IIKAJIBI,
TO nepavlll TPUX HOHUYcA OyAeT cMelieH Ha paccrosiaue C, 6mopoti MTpUX — Ha
2C u 1.0. llpu nepeMelieHud paMku Ha pacctosiHue C ¢ OCHOBHBIM JI€JIEHUEM
COBIAJaeT MEPBBIA IITPUX  HOHUYCA, MPU IMepeMmenieHuu pamku Ha 2C —
COBIaJaeT BTOpPOW IITpUX U T.J. Eciam coBmagaer mrTpux ¢ HOMEPOM m , TO

0pobHas 9acTh ocHOBHOTO neneHust C oyner paBHa Al = mC.
C 5C

|
0 } 0‘.5
Pucynok 5 - ycrpoiictBo HoHuyca (y=2, C=0,1).

[lenoe yucno  AeneHU OCHOBHOM IIKaJIbl OMPENCHACTCA MO H)Y1e8oMy
JICJICHUIO HOHUYCA.

N3mepsiemyro eTaab MOMENaT MEXAY U3MEPUTETbHBIMH MTOBEPXHOCTIMH
ryook 6e3 nepekocoB (puc.4). Ecnu uaMepsitor BHyTpeHHHH pa3Mep neranu L, To
K T[IOKa3aHWIO0 INTAaHTEHIUPKYJIS CcileAyeT 1g00aBUTh TOJIIMHY TyOOK b.
[TorpentHOCTh M3MEPEHUS MTAHTCHIIMPKYJIEM MPUHUMACTCS PaBHOM IICHE JICTICHUS
C HOHHMYycCa.

Mukpomemp. OcHOBaHMEM MHUKpoOMeTpa CIyxkuT ckoba 1 (puc. 6). Ha
CKOOE 3aKperuieHa MATKa 2 ¥ MUKPOMETPHYECKOE YCTPOMCTBO, COCTOSIIEE W3
MUKpPOMETpUYECKOTO BUHTa 3, ctebns 4 u O6apabana 5. [Ipu Bpamenun 6apabana

NpoOUCXOAUT MCPEMCECIICHUC MHKPOMETPHUYCCKOIO BHHTA. I/IBMepHCMYIO ACTalIb

MOMEIIAIOT MEXTy paOOYMMH MOBEPXHOCTSAMH MATKH 2 ¥ BUHTA 3.
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PucyHOK 6 - ycTpOICTBO MUKPOMETpA.

Cronop 7 cayXuT JUIsl 3aKpeIIeHUsI MUKPOMETPUYECKOTO BUHTA. Bpaiienue
Oapabana Npou3BOAUTCA 3a TPEMIOTKY 6. [Ipy MIOTHOM CONMPUKOCHOBEHUU
MU3MEPUTEIbHBIX TTOBEPXHOCTEH C AETANBIO TPEUIOTKA MPOBOPAUMBAETCS C JIETKUM
TpeckoM. TpemoTka OrpaHMYMBAET U3MEPUTEIBHOE YCWIHE MHKPOMETpA.
Bpawams muxpomempuueckuii eumm 3a 6Oapadan Henv3s, TaK Kak MPH STOM
pa3BUBArOTCs OOJIBILINE YCUIIHS, CIOCOOHBIE IOBPEIUTH pPe3b0y UIIU IE€Tab.

Ha ctebne Bmosib MpoJOJBHOrO IITpHUXa HAHECEHAa OCHOBHAs ILKala, a Ha
KOHUYECKOM cpe3e OapabaHa - kpyrosas mkania. Llena nenenns mkanst credmns 0,5
MM, TIpUYEM JIJIsl yI0OCTBA OTCUETA YETHBIC IITPUXHU IIKAIbl PACTIOIOKEHBI HUKE
MPOJOJIBHOIO IITPUXA. YKa3aTelleM OCHOBHOM WIKalbl CTEOJIs SIBISIETCS TOPELL
Oapabana. llena nemeHust kpyroBoi mkanel OGapabana - 0,1 mm. Ykazarenem
KPYTOBOH IIKAJIbI SBISAETCS MPOJAOIBHBIN IITPUX CTEOIS.

[Tepen u3mepeHnem cuenyer MpOBEPUTh YCTAHOBKY MUKpomerpa Ha ’07’.
Jlnst aToro, Bpamias 60apabaH 3a TPEMIOTKY, HEOOXOAMMO CBECTU H3MEPUTEIIbHBIC
MOBEPXHOCTH JI0 CONMPHUKOCHOBeHUs. [Ipu 3TOM HyneBoW mITpux ImKaiel Oapabana
JIOJDKEH COBIIACTh C MPOAOJIBHBIM IITPUXOM IIKaJIbl CTEOs, a cpe3 OapabaHa - C
HYJIEBBIM IITPUXOM IIKaJbI cTeOus. [Ipu u3mepennn pa3mepoB JeTaau MUKPOMETP
CIIeyeT B35Th B JIEBYIO PYKY 3a CKOOY, a M3MEpsAEMYIO JeTallb MOJOKHUTh TMepe]
coboit Ha cton. Bpamas mnpaBoit pykol 3a Tpemorky OapabaHa, OXBAaTHThH
U3MEpSIEMBI pa3Mep HW3MEPHUTENIbHBIMU TOBEPXHOCTSAMHM HACTOJBKO IUIOTHO,
9TOOBI TPEUIOTKA MPOBEPHYJIACH HA HECKOJBKO IIETYKOB.

Pezynomam uzmepenus OTCUUTBHIBAEM KaK CyMMY OTCYETOB IO MIKaje

cTebns 4 u 6apabana 5 (puc.7).



Crnenyer mMeTh B BHUAY, YTO, €CIU Toper OapabaHa coBmaa ¢ JeleHUEM
cTebiis, a mkana OapabaHa eme HEMHOTO He doulla A0 HYJIEBOW OTMETKH, TO 3TO
neneHue credms He yuumovigaemces. Tax, Ha puc.4,0 orcuet paBeH 12,95 MM, a He

13,45 mMm. [TorpentHocts MUKpOMeETpa npuHUMaeTcs paBHor 0,01 mwm.
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PucyHnoxk 7 - oTCue€THOE YCTPOMCTBO MUKPOMETpPA:
a) orcuet 13,5 +0,25=13,75; 6) orcuer 12,5 + 0,45 = 12,95.

Texnnueckue Becbl. OCHOBHOI YacThIO BECOB SIBIISIETCS KOPOMBICIIO 1, K
KOHIIaM KOTOPOTO MOoJABEIEHbl Yamky 2. OCbl0 BpallleHHUs] KOPOMBICIA SIBISIETCS
IIpU3Ma, OIUpPAIOIAsCi Ha TBEPAYI IUIACTUHKY. Ilosoxenue Kopombicia
pPETHCTPUPYETCS C MOMOUIBIO CTPEJIKHU 3 W IKaisl 4. B MOJ0KEHUH paBHOBECHUS
CTpPEJIKA YKA3bIBAET HA HYJIEBOE JIEJICHHUE IIKaJIbl. BUHTHI 5 city»Kat 711 KOppEKIUU
IIOJIOKEHUsT paBHOBecHs. JlId 3aKpeIUIeHHsT KOPOMBICIA B  HENOABUKHOM
COCTOSIHUM CIY’KUAT appetup 6. ['Opu30HTanbHOE MOJIOKEHHE IIOIAJKH BECOB

MOYHO CKOPPEKTUPOBATh BUHTAMH /.
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PucyHOK 8 - TEXHUYECKHUE BECHI.

HpI/I B3BCIIIMBAHHUHN HGO6XOI[I/IMO BBIIIOJIHATD CIICAYIOIINEC OCHOBHBIC ITPABHJIA.



I. CHauana npoBepuUTh PABHOBECHE BECOB, MPU ITOM CTpEIKa JOJKHA
COBEpIIaTh KOJEOaHUs OKOJIO HYJIEBOM OTMETKHU IIKAJIbI.

2. B3BemmBaemblii IpeIMET MOJIOKUThH Ha JIEBYIO YaIlIKy, 4 pa3HOBECHI - Ha
npaByto. {711 KOppeKIMyu HEPaBHOIUIEUHOCTH BECOB MOYKHO MPOBECTU MOBTOPHOE
B3BEIIMBaHUE, IOMEHSAB MECTaMU MPEAMET U pa3HOBeChl. Pe3yibTaT onpenensercs
KaK CpeJIHee TeOMETPUUYECKOE U3 PE3YJIbTATOB B3BEIIUBAHMUS.

3. Kiacte Teno m pa3HOBEChl HAa YallKd BECOB MOXHO MOIbKO NpU
appemuposannvix ecax. 3aTeM BeChbl OCBOOOXKIAIOT OT appeTupa U MPOBEPSIOT
cocTosiHue paBHOBecus. llepen mnepekyagplBaHUEM PA3HOBECOB BECHI CIIEIYET
BHOBB appEeTUPOBATH.

4. PazHoBecHI clielyeT OpaTh nUHYEemoM.

5. IlorpemHocth BecoB ompeaensieTcs uUx kiaccoM. [IpuOmmxkeHHO OHa
paBHa MUHUMAJIBHOW BEJIMYMHE NEPETPY3Ka, BBI3BIBAIOIIEH BUAMMOE HApyLICHHE
paBHOBECHS.

Buinonnenue padbomuoi

1.3mepsieMbIM TeNOM sBIsieTCA UWIMHIAP. M3MmepuTh nuamerp Tena mnpu
MOMOILIM MUKPOMETpPA B pa3HbIX MECTax CIEAYET HE MEHee 5 pa3.

2. 3aHecTu pe3ysbTaThl U3MEPEHUN B TaONIMIly U3MepeHund 1.

Tabnuya 1.

Nenmn |D;, mm AD; , mm AD,-2 M’ <D> mm | AD, mm
1.

2.

2. VI3MepuTh BBICOTY TeJla LITAHT€HIIMPKYJIEM OJIUH Pas.
3. OmnpenenuTes Maccy Tena B3BEUIMBAHHEM Ha TEXHUYECKUMX BECax.
Pe3ynbpTaThl 3aHECTH B TAOJIMIy U3MEPEHUH 2.

Tabnuya 2.

No n/n h, mm Ah, um | g, m,2 |Am, 2 Em AD,,, | €D

1.




4. TIlpoBecTn CTaTUCTUYECKYI0 OOpabOTKy pe3yJabTaTOB H3MEpPEHUs
JMaMeTpa: ONpeNeNuTh CcpeaHee 3HaueHue <[>, aOCOMIOTHYIO NOTPEHIHOCTH
(moBepuTenbHbIA HHTEpPBaAN) AD. Pe3ynprarsl 3aHecTd B TaOMIy 1.

5. lomayto morpemrHOCTh AD,,, ONPEAeIUTh CyMMUPOBAHUEM a0COTFOTHOM

NOrPEIHOCTH AD ¥ MOrpenHocTd MUKpomeTpa AD,,, :

AD, = JAD? + ADjp _

3anectH 3HaueHus AD,,, u ep= AD/<D> B Ta0mn. 2.

6. AOCOJIIOTHBIC TIOTPEIIHOCTH H3MEPEHUS /4 W m ONpeneluTh Kak
PUOOPHBIC TOTPEITHOCTH INTAHTCHITUPKYJIS M BECOB. 3aHECTH ITH 3HAUCHUEC B
Tabn. 2.

7. BBIUMCIUTH TUIOTHOCTH HIMJIMHJIPA 110 (hOpMYyJIE:

B 4dm
T<D>*h

Bce pacuersl mpou3Boauth B CH, ¢ ydeTOM COOTBETCTBYIOLIMX MEPEBOIHBIX
MHOXUTeNeH. Pacuer mpou3BeCTH ¢ TOYHOCTHIO 10 4-5 3Havanux uudp. Yucno nt
JOJDKHO OBITh 33JIaHO C TOM YK€ TOYHOCTHIO.
8. HacTHbIE MOTPEIIHOCTH U3MEPEHUS 0 ONPENIETUTH TI0 PopMyiam:
App = (0p /G D)*AD,,
Ap, = (Op/dm)*Am
Apy = (cp/Ph)*Ah
B34Th COOTBETCTBYIOIME MPOU3BOJAHBIE W BBHIYMCIUTH YAaCTHBIC IOTPEUIHOCTH.

OHp CACJ/INTD IIOJIHYIO IOTPCIIHOCTD

Ap = AP} + AP + Ap;

9. PesynbTar 3amucaTth B YCTaHOBJIEHHOU (popme:

p=<p> + Ap, kt/™’
a=.., &= ...
OKpyrIUTh BEIWYMHBI <p> U Ap B COOTBETCTBUU C MNPABUIAMH OKPYIJICHUS

pe3ynbTaToB.



3ananme Ne 3.

T'PA®HNYECKAS OBPABOTKA PE3YJIBbTATOB U3SMEPEHUI

Ilens. 1. OcBouTh mpaBujia MOCTPOEHUSI TPapUKOB IKCHEPUMEHTAIBHBIX
3apucumocTeil. [loctpouts rpaduk 3aBUCUMOCTH )(X) IO JAaHHBIM IKCIIEPUMEHTA B
YCIIOBUSIX MHOTOKPATHBIX U3MEPEHUH (BBIMOIHAETCS MO KapToukam). OnpeaenuThb
YII0BOM KOAPGHUITUEHT MOTYICHHON 3aBUCHUMOCTH.

3adaua 1. Ilocmpoenue epaguka 3asucumocmu y(X) no OAHHLIM
IKCNEPUMEHMA 8 YCI0BUAX MHOCOKPAMHBIX USMEPEHUI.

Tabnuya 3nauenul

No X; Y, Y, Y;; Y Ys; <>
cepuu

1 X Y Yy Y3 Yy Y5, <Vj1>
2 X2 Y Yy Y3, Yy Ys; <2~
3 X3 Y3 Y>3 Y33 Y3 Ys3 <Vj3>
4 X4 Y Yoy Y3y Yy Y5y <Vjs~
5 Xs Y5 Y5 Y35 Yys Yss <)js>

B Tabnuiie 3HayeHWi yKa3aHbl 3HAYEHHUS HKCIIEPUMEHTAIBHBIX JIaHHBIX
3aBHCUMOCTH )(X) JJIs pa3iNdHbIX 3HAUCHUH apryMeHTa X;. Mi3MepeHue BeTMInuHbI
Vji TIPM 3aJJaHHOM 3HAY€HMM apryMEHTa X; NPOBOAMIIOCH MHOTOKpaTHO (j=1...5),
IZI€ j — HOMEp ONbITa U3MEPEHHUS B i-U CEPUMN.

< Vi

< Vs>

< Vi4>
< yf_','

< y’,':) -
y“, .

)ICf x> X3 X4 Xs ’x,-

Pucynok 9 - annpokcumariysi JMHEHHOW (QyHKIIUH.




Oopabomka pe3ynomamoe usmepeHuil.

1.Onpenennts cpeanee 3Ha4€HUE <)j; (X;)> B KaXKJIOW CEPHH.

2. Haiitu oTKI0OHEHHE OT cpenHero Ay;; Ul KaKIoro 3Ha4eHUs );; B CEpUH
o dopmyine: Ay;= yji - <;i>.

3. Ompenenutb A0BepUTENBHBIN HHTEpBan 1o ¢dopmyie CThlOJIEHTa B

KaXJI0W CEpPUU:

Ay = Ly s

4. 3aroToBUTH OCH KOOPAMHAT HA MUJUIUMETPOBOM Oymare (OCb OpAMHAT - ),
ocp abcuuce - x; ). OTMEThTE HAa 5TOM rpadMKe TOUKU <Vj; (X;)>.

5. Ornoxute o 06€ CTOPOHBI OT TOUYEK <)j; (X;)> BenuuuHy Ay, cM. pHc. 9.

6. IlocTpouTh anmPOKCUMUPYIOIIYIO KPUBYIO TaK, YTOOKI MpsiMasi HE BBIXOIUIA
3a TIPEACNIbl JIOBEPUTEIBHBIX HWHTEPBAJIOB AKCICPUMEHTAIBHBIX TOYCK ( WU
ONTUMAJIbHO COOTBETCTBOBAJIA UM ).

3aodaua 2. Onpeoenenue y2noo2o Koaghpuyuenma noay4eHHo20 spapuxa.

Jlns onpenenenust yriioBoro ko3 duimeHta Ha IpsMON BEIOMPAIOT JBE TOYKH,
rpauyuecku OmpeneNnsaioT 3HAYeHHE apryMeHTOB W (YHKIMH B BBIOPaAHHBIX
Toukax. Paccunrarph yrioBoil K03(UUKUEHT MO COOTHOLIECHHUIO:

A: yZ_yl
Xy =X

Konmponwvuwvie éonpocul

1. Kakue u3zmepeHus: Ha3bIBaOTCS IPSIMBIMU, KOCBEHHBIMU?

2. UeM paznuyaercs xapakTep MPOSIBICHUS CUCTEMAaTUYECKUX U CIydalHbIX
MOTPEIIHOCTEN?

3. Kak onpenensiroTcsi MOrpeHOCTA OJHOKPATHBIX U3MEPEHUIT?

4. C KakoM UEeIbI0  MPOU3BOJAAT  MHOTOKPATHBIE  HU3MEPEHUS?
ChopmynupyiiTe mnpaBwia OMNpeaeICHUS pe3yabTaTa M TMOTPEIIHOCTEH TaKuX

u3MepeHuil. YTo Takoe 10BepUTEIbHBIN UHTEPBAI U 1OBEPUTEIbHAS BEPOSITHOCTD?



5. Jns KakoM cepuM pe3yJbTaTOB MOXHO IIPOBOJMTH ONIEPALUIO
ycpeaHeHus?

6. CdopmynupyiiTe npaBwia pacuera MMOrPEIIHOCTEN MPU KOCBEHHBIX
U3MEPECHUSIX.

7. Yto takoe 3Hauvamas mudpa? CKoabKo 3Hayammx mudp cieayer Oparhb
IIPU BBIYUCIIEHUSX ?

8. ChopmynupyiiTe mpaBuiia OKPYTJICHUS pe3yJbTaTa U €ro MOTPEITHOCTH.

9. CdopmynupyiiTe mpaBuia OTCUYETa TOKa3aHUM MHUKpOMETpa U
ITaHTCHIMPKYJIA. YeMy paBHa NX HHCTPYMEHTAIbHAS TOTPEITHOCTD?

10. [laiTe ompeneneHus MIOTHOCTH Tena. Kak omnpenenseTcs MIOTHOCTh
HeogHOpoaHOTO Tena? Kak BBIUMCINTD Maccy Tella ¢ IEPEMEHHON MIOTHOCThIO?

11. Kakoe 3HaueHHE MJIOTHOCTH MOJYYUTCA B HAILIEM OMBITE, €CIU TEIO
OKaKETCSI HEOJTHOPOIHBIM (HAIIpUMEp, COJEPIKAIllEM ITyCTOTHI)?

12.ChopmynrpoBaTh OCHOBHBIE MPaBUIIa TOCTPOCHUS TPaA(UKOB.

13. Kak onpenensiercs yriioBoi Kod3pOUIIMEHT IpsiMOi?



Jlabopamopnas paooma Ne @-1-1
IMPOBEPKA BTOPOI'O 3AKOHA HBIOTOHA HA MAIIUHE ATBYJIA
Ileny. YCTaHOBUTH 3aBUCHUMOCTb YCKOPEHHSI CHCTEMBbI OT JCHCTBYIOUIEH CHIIBI.
OnpenenuTs Maccy CHCTEMBI.

Oobopyoosanue: nabopatopHsblii komiuieke JIKM-2 «3aKoHbl MEXaHUKI

Kpamkasa meopus

OcHOBHBIE 3aKOHBl JUHAMHKH — 3TO 3akoHbl HbroToHa. [Ins ompeneneHus
3aKOHOB JIBJKE€HHUSI ObLIA BBEACHBI CIEAYIOLINE TOHSATHS.
Cuna. SBnsercs BEKTOPHOW KOJMYECTBEHHOW MEPOU  UHMEHCUBHOCU
e3aumooeticmeus. [Ipupoaa cui onpenenseTcss BUAOM B3aUMOJCHCTBUS B IPUPOJIE
(TpaBUTALIMOHHOTO, 3JEKTPOMArHUTHOIO, CJIadOro M CHIbHOTO). Bektop cuibl F
MMEET TOYKY MPUJIOKEHUS M YKA3bIBAET HAIIPABJICHHE JNEHCTBUS OJHOTO Tejla Ha
npyroe. BozneicTere, 0OKa3plBa€MOE Ha HEKOTOPOE TEJIO, MOKET BBI3BATh SIBJICHHUS
JBOSIKOTO PpOJAA: M3MEHHUTh €ro CKOpPOCTb WJIM BbI3BaTh Aedopmanuio (Hamp.,
pacTsHYTh WM CXaThb MpyxkuHy). O0a 3Tu 3ddexra moamarTcs HU3MEpPEHUSIM.
[TosTomMy 11000 M3 HUX MOXKET OBITh MCIOJIb30BAH JIJIsl KOJTUYECTBEHHOM OLIEHKHU
BO3JCUCTBUM, T.€. IJI1 CPABHEHUS CUJL.
Bropoii 3axkon HbrworTona. CrneiacTBueM JE€HCTBUS CHJIbI Ha TeJla SIBJISIETCA
nosiBJieHue yckopeHusi. HbroTOHOM OBLJI0 YCTAHOBIIEHO, YTO MIPU B3aUMOJICHCTBUU
Te1 B HM30JIMPOBAHHOM cHcTeMe 00Ilee KOJWYECTBO JBMKEHUS HE H3MEHSIETCH.
KonuuectBom nBwkeHus HpOTOH HaszbiBall BenuuuHy P = m v, B HacTosllee
BpeMs 3Ta BEJIMYHMHA HA3bIBAETCS UMITYJIbCOM.
OcHOBHOM 3aKOH IMHAMUKH ObLT chopMynrnpoBaH HeloTOHOM B cienytomiem
BUJIE

dP/dt = F (1)
rae —P uMmnynbc Tena,

Eciu Ha Teno neHCTBYeT OfHA WJIM HECKOJbKO CHJI, UMIYJbC Tena Oyner
U3MEHATHCSA. CKOPOCTh U3MEHEHUS UMITYJIbCA TEJNa PaBHA F€OMETPUUYECKON CyMME

cun F, nelictByromux Ha tenno. ®opmyny (1) MokHO 3anmucath B BUIE



d(mv)
dt

I[JISI MaJIbIX CKOpOCTefI MacCy MOXHO CUHUTATb MOCTOSIHHOM U BBIHECTH HU3-11o4

F )

3Haka auddepeHimana:
a=F/m. (3)

Orta gopma BTOporo 3akoHa HbIOTOHa BbIpakaeT MPONMOPLMOHAIBHOCTh MEXIY
IIPUIOKEHHOW K TENly CUJIOM M yCKOpeHuMeM Tena. Ecim Ha Teno maccel m
neiictByer cuia F, Teno mpuoOpeTaeT yCKOpEHHUeE, NMPONOPLUOHAIBHOE CUJIE U
00paTHO MPOMOPIMOHAIEHOE Macce.

Macca. OnbIT NOKa3bIBAET, YTO OJMHAKOBBIE BO3JECHCTBHS BBI3BIBAIOT Y PAa3HBIX
TEeJ pa3InyHble U3MEHEHUSI CKOPOCTU. OTHOMY M TOMY K€ TEly Pa3jIudHbIe CUIIbI
COOOMIAIOT pa3inyHble yCKOpeHHs. OHAKO OTHOIIEHHE CUJIbl K YCKOPEHHIO IS

KaXI0T10 TCJIa BCCraa paBHO OIIHOﬁ 1 TOU K€ BEJIMYUHE:

F/a = const = m. 4)
CnenoBaTesibHO, Macca SIBJISIETCS KOJIMYECTBEHHOU Mmepou unepmuocmu tei. 1loa
WHEPTHOCTHIO MOHMMAETCS CBOMCTBO TEJ MPOTUBUTHCS H3MEHEHUIO CKOPOCTH.
OtHomenue F/a = const cipaBeIJTIUBO TOJIBKO MIPHU JOCTATOYHO MaJIbIX CKOPOCTSIX.
Cymma BenmuuuH P = m v. IMEEeT CBOMCTBO COXPAHATHCS B 3aMKHYTBHIX CHCTEMax.
[Ipr CKOpPOCTSIX, CpPaBHUMBIX CO CKOPOCTBIO CBE€Ta, COXpaHAThCA Oyner

peJIHTI/IBI/ICTCKI/Iﬁ HUMITYJIbC

m,v

J-w/e?

rJie m)— KOHCTaHTa, Ha3bIBaeMas MacCco mokos (Macca tefna npu npu v = 0),

p:mv:

)

¢ — CKOPOCTbh CBETa B BaKyyMe.

Omnpenenennas B popmyie (5) macca Tena m siisieTcs: GyHKIMEH ero CKOPOCTH:

m

0 . (6)
J1=(v/c)?

HpI/I CKOPOCTAX MHOI'O MCHBIIC CKOPOCTHU CBCTA V « ¢ MACCa TCJIa MAJIO OTJINYACTCA

m =



OT My U COOTHOIIEHUE (4) MOKHO CUMTATh crpaBeIUBbIM. YpaBHeHus (1) u (3)
dbopmaibHO SKBUBaJIEHTHBI. OMHAKO 3TO HMMEET MECTO TOJBKO TPH MajbIX
CKOPOCTAX ABIMKEeHHs. OKa3aloch, YTO B PENISITUBUCTCKOW JUHAMHUKE ypaBHEHUS
(1) m (2) ocraroTcsi cupaBeJIMBBIMU, €CIM MAacCy ONPEAENSITh B COOTBETCTBUU C
BbIpakeHneM (6). CooTtHomieHue (3) mpu OOJIBIIMX CKOPOCTSIX MepecTaeT ObITh

CIIPpaBCAJINBbIM.

Memoouka 3kcnepumenma
3adaua 1. Ilposepra emopozo 3axona Hviomona.
Maivna ATByJla cXxeMaTUUYECKH MpeJicTaBlieHa Ha puc.l. Uepes 010k nmepekuHyTa

HUTH, K KOHIIaM KOTOpOﬁ IMOABCIICHEBI I'PY3bI m; U ni).

)

T may

) 5

Xi

b

By

X

PucyHok 1 - skcnepumeHTanbHasi yCTaHOBKA: P, - CUJla TSOKECTH Tpy3a my;

T, u T, - cunipl HATSDKEHUS HUTH.

Paccmorpum citywai, korna m, > m; . Eciiv rpy3 m; IpuBeCcTH B KpalHEE HUKHEE
MIOJIOXKEHUE U OTIIYCTUTh, TO CUCTEMA IPY30B MPUAET B IBHXKEHHE O] IEUCTBUEM
cui TsokecTd. [Ipoananusupyem ato neukenue. [Ipu ananuse npuMem ciaeayronme
JOMYLIEHUS:

- UHEPTHbIE CBOMCTBA 0JIOKA HACTOJIBKO MaJIbl, YTO UX MOKHO HE YUUTHIBATD;

- TPEHUE MIPU BpAILIEHUHU 0JIOKa OYEHb MaJIO, UM MOXKHO MpeHeOpeyb;

- HUTb, Ha KOTOpOﬁ MMOABCIICHBI I'PY3bI, - HCBECOMA N HEPACTAKUMA.



Cunbl, [JEWUCTByIOIIME HA Tejla CUCTEMbl, YyKa3aHbl Ha puc.l.
HepacTsbkMMOCTh HUTH OPUBOAUT K TOMY, YTO YCKOPEHHSI TPY30B m; U m; (1O
MOJYJII0) OYyT OJTMHAKOBHI.
3anuiieM BTOpoil 3akoH HeroTOHA 1118 Tpy3a m;:

ma=PF+T.
CnopoennpyeM ero Ha ochb X:
m1a1=—P1+T1. (7)
AHQJIOTUYHO JIJISl Tpy3a m;:
m,a=P, +T,,
B npoeknusax Ha ocCh :
mya =P, =T,. (3
B cuiy npuHATBIX BbIIIE AOMYIIEHUAM
a; = 4a, T 1= T 2.

CknanpiBas ypaBHenus (7) u (8), nomyunm:

(m; + my) a=P,-P,. 9
BBenem o6o3nauenusi: M =m; + m,, Torna

F=P,-P;=g(m;+my). (10)
Torna popmyna (9) npumer BuA:

Ma =F. (11)

Takum o6pa3om, paccMOTpeHHasi HAMU cucTeMa OyAeT IBUTaThCs C TAKUM Ke
YCKOpPEHHMEM, KaK TEJI0 MACChl M 1101 IEUCTBUEM CHIIBI [\

MamHa ATByAa NO3BOJSIET MPOBEPUTH CIIEACTBHE M3 BTOPOTrO 3aKOHA
Herotona ms cuctemsr tenm B ¢opme (11), tme momg M moapasymeBaercs
CyMMapHas macca CHUCTeMbI, moj F - sddekTuBHas cuia, YUCICHHO paBHAas
PA3HOCTH CHUJI TSDKECTH TPY30B 11, U M .

B pabGore HeoOXOAMMO SKCHEPUMEHTAIbHO IOKa3aTh, YTO MEXAy a u F
CYILIECTBYET MPSMO MPOMOPIIMOHATBHAS 3aBUCUMOCTh

a=(I/M) F (12)

¢ K03 (HULIUEHTOM MPONOPIIMOHATIEHOCTH, OOPATHBIM MOJIHOM Macce€ CUCTEMBI,



k=1/M. (13)
B skcnepuMeHTanbHON yCTaHOBKE (CM. pUC. 2) TPy3 Mm; COCTOUT U3 OCHOBHOTO
rpy3a m, W TMeperpyska m,, aHaJOITMYHO TPy3 M, - U3 OCHOBHOTO rpy3a m, U
neperpyska m,, IpuaeM m,>m,.
Torna Beipaxkenue (10) mpumeT BUI:

F=g(m,-m,. (14)

/
— /f | =
Harmpyreme el A |

PucyHOK 2 - cxeMa 3KCIEPUMEHTAIbHOW YCTaHOBKHU

J11st IpOBEPKH TPOTMOPIIMOHATBLHOCTH MEXKTY a U F KaKaas U3 dTUX BEIIMYUH
J0JDKHA OBITH OTIpe/ielieHa HE3aBUCHMBIM CITOCOOOM.
1. TlepekmanpiBass Teperpy3kd C JICBOTO Tpy3a Ha TIpaBbli, HW3MEHSIEM
b (deKTUBHYIO CWIIy TpPU HEU3MEHHOW TIOJHOW Macce cucrembl M = const.
DddekTrBHas cuna F onpenensieTcs Kak pa3HOCTh CHIT TSDKECTH JIEBOTO M IPABOTO
rpy3oB 1o ¢opmyie (14).

2. YcKopeHHe Tpy30B OMNPEAENSIOT MO BpPeMEHHM t MOBOpPOTa IIKMBA Ha



ONPEAEIEHHBIN YTOa (. YTIIOBOE YCKOPEHHUE IIKMBA

20
g:l‘_z-

YckopeHnue rpy3oB

2¢0R

ot (15)

a=¢&R =

rae R — paauyc 60ybIIOro MIKMBA CTOMKH.

Paguyc 601b1110T0 MIKKBA U3MEPSIOT IITAHT€HIUPKYJIEM.

Ha nepexkuHyTyro uepe3 LIKMB HHUTH MOJBEIIMBAIOT JBAa HAOOPHBIX Ipy3a
pa3HbIX Macc. JIerkuil rpy3 OIyCKalT U YJIEpKUBAIOT MPUXKATbIM K OCHOBaHUIO
yctaHoBKH. [loBopaunBasi IIKMB, YCTAaHABIMBAIOT 1IEb B 3a30pe (poTomaTunka (Ha
nanenu MCM 3aropaercsi HHANKATOP, OH JIOJIKEH TOpeTh Bce BpeMs). OTiycKaroT
rpy3 U (PUKCHpPYIOT MEpBOE IOCIE Hayaja JBWKEHHUS MOKa3aHue Taiimepa. Eciu
TymOsep «:1/:2/:4» B nmonoxkeHuu «:1», TailiMep MOKa)keT BpeMs OJHOro obopora
mkuBa (Q=2m), ecinu TyMmMOJep B MOJIOKEHUH «:2», TalMep MOKaXKET BPEMs JIBYX

000pOTOB MIKKBA (p=4T).

TEHEPATOPR [MPOCKOR
YACTOTA AMOAMTYOA YACTOTA

. @ s -@ B8O e
K1 4 OBHOKP Q}’ ~  TOPM TPMB1 MATK

Pucynok 3 - Bun nepenneii nanenu nqudpoBoro Tadio

[Teperpy3ku ¢ JI€BOTO Ipy3a MEpeKIaiblBaéM Ha MpaBblil (IPU 3TOM MOJIHAsS
Macca CHUCTEMbI OCTaeTCs HEU3MEHHOW: M = const) TeM caMblM H3MEHSEM
sbdextuBHyto cuiy (14), BCIeACTBUE YEeT0 M3MEHSETCS YCKOPEHHE CHUCTEMBI IO

3akony (12).



Jns mpoBEpKM IPONOPUHMOHAIBHOCTH MEXIY a W F' KaxIas W3 3TUX BEJIWYHH
JOJIKHA OBITH onpcacicHa HC3aBUCUMbIM CIIOCOOOM.
F onpenensercs u3 BeipaxkeHus (14), a yCKOpeHHE BBIUUCIISIETCS U3 COOTHOIIECHUS
KMHCMATHUKU.

a =28/t (16)
ract - BpCMs ABUKCHUA I'PY30B,

S - myTh, NPOUJIEHHBINA OJTHUM TPY30M 32 BpeMs f .

2
t
3aodaua 2. l[Iposepka popmynvl nymu: S = a?.

JU1s 1aHHOTO DKCIEPUMEHTA HCIIOJIB3YIOT CTaHAAPTHBIE MEPETPY3KH Maccou
10 r xaxapiii. [ToMenmaoT oAUH Neperpy30K Ha IpaBbiil rpy3 m,. JIeBblil rpy3 (6e3
NEpPEerpy3koB) TMPUBOAAT B KpailHEE HIKHEE TMOJOKEHHE U  (PUKCHUPYIOT
AJIIEKTPOMAarHuTOM UIIU PYKOM.

[IpaBblii Tpy3 YCTaHABIMBAOT HAa MAKCUMAJIbHOE pPacCcTosHHE  S; OT
w1aT(opmbl (HAIPOTUB OTBEPCTHUS B CTOUKE).
JleBbIli Tpy3 OTHYCKAIOT W H3MEPSAIOT BpPEMs IBWKEHUS CUCTEMBI Ha IyTH ;.
DKCHEPUMEHT MOBTOPSIOT HE MEHEE S5 pa3 U ONPEACNSIOT CpelaHee Bpems <7>
IIPOXO’KJICHUS y4acTKa S;. BEIYHCIIAIOT YCKOPEHUE CUCTEMBI:

28,

a .
<t>

(16)

3aTeM YCTaHABJIMBAIOT PACCTOSHUE S,. ONBIT MOBTOPAIOT, ONPEAEIAs HOBOE
3HauYeHUE <t,> I MyTHU S,.
AHanoruyHble U3MepeHUs MpoJeibiBatoT npu S;. [JJanHble 3aHOCAT B TaOIUIyy 2.
Heo0OxomuMo nmokasars, 4To:

28 28 28
a=—4="2 =" _=const. (17)
<t > <t,> <t;>

N3 Tpex 3HaueHUN a HAXOoOAT <g>. 3aTeM KJIaayT Ha MpaBblil Tpy3 m, €ue
OJVH TEPErpy30K M MOBTOPSAIOT BCE MNPEAbIAYIIME ACHUCTBUA. Tak Kak macca
CUCTEMBbl W3MEHWIHCh, TO €€ YCKOpEeHHE OyJIeT HHBbIM, HO W B 3TOM CiydYae

CIpaBEMAJIMBO paBeHCTBO (17).



JloGaBmsisi meperpy3kud Ha mpaBblii Tpy3 (0OmIyr0 Maccy meperpy3koB Oynem

0003HAYaTh 71;), IOJy4aeM HOBBIC 3HAUCHUS ISl YCKOPEHHS CUCTEMBI <a>;.

3apava 3. Oyenxa enuanus unepyuu 610Ka Ha pe3yabmamvl UsMepPeHU.
B 3amaue 1 mpenmonaraioch, YTO MOMEHT HHEpIUU OjoKa [ MpeHeOperuMo
mai. [IpuHuMas ero paBHbIM HYJIIO, IPOBEPSIOT MPONOPLUOHAIBHOCTh MEXY F' 1

a, Tie Kod(pPUIMEHT TPOMOPIUOHATBFHOCTA - BEJIMYMHA, oOOpaTHas TMOJHOU
Macce cucrembl: K = M; B JTaHHOM ciydae 3(pQexTuBHas cuiia F' BBIUUCTSAETCS

0e3 ydera pasuunbl cuin 1; u T, , BHocumoil OsokoMm (cM. dopmyny (14)).
BcenenctBue Takoro mpubimkeHus koddduiment 1/M, onpenensieMbiii U3
rpaguka 3aBucHUMOCTU a=f(F), Oyner OoTau4yaTbCs OT 3HAYEHUS, MOJYYEHHOIO
MyTeM HEMOCPEJCTBEHHOTO B3BEIIMBAHUS CHUCTEMBI Ipy30B. Paznuia mexay M,
HalJICHHbIM U3 Tpaduka, u M’, HalileHHbIM B3BelMBaHueM (AM), oObsICHsETCS
HECKOJIbKUMHM NPUYMHAMM: TNPEHEOpEKEHHUEM MAacCOil HHUTH, CUJIOW TPEHUS B
MOJIIUITHAKE OJIoKa, MpeHEeOpeKeHHeM WHeplend OJI0Ka, TOTPENIHOCTHIO B
OTIpe/IeTICHUH BPEMEHU JIBIKEHUS IPy30B Af U MPOXOIUMOTO UMHU MYTH S.
B sToM 3amanuu mpesiaraeTcsl OICHUTH BIMSHHE WHEPIUU OJIOKA Ha JBIIKEHUE
CUCTEMBI U CJIeaTh BBIBOJI O MPABWIILHOCTH JOMYIIICHUH, MPUHATHIX B 3a7a4e 1.
PaccMOoTpuM 3aKOH JBHXKEHHUS TPY30B M3 NPEIBIIYILIErO HKCHEPUMEHTA.
VYyer uHepuuun OJ0Ka NPUBOJAUT K HapyuieHUto paBeHcTBa 1; u 15, (cMm. puc.3).
Cuna HaTsKEHUS HUTEH co3faeT BpaulaTelbHbli MOMEHT. COIVIacHO OCHOBHOMY

3aKOHY JMHAMHKHN BpallaTCIbHOI'0 IBUXKCHUA:

le =Tor-Tir, (13)
rje / - MOMEHT UHepLuH OJI0Ka;
&- €r0 YIIIOBOE YCKOpPEHHE.
O6o3uaunm M; = T;r u M, = Tor — momeHTsl ¢ 1; 1 T, OTHOCUTEIILHO OCH
BpanieHus 6soka (Y).
Ecnmu HUTH HE CKONB3UT MO OJOKYy, TO ¢ = a/r, u ypaBHeHue (18) MoOxHO

nepenucarb



fer,-T,. (19)
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Pucynok 4 - yuer unepuuu 0J10Ka.

3anumemM II 3axkon HeroTona ML TPY30B HAa KOHIIAX HUTHU U CIIPOCHHUPYCM €TO Ha

och X, UMEEeM:
JUTSl TIPABOTO Tpy3a
(m, +my)g-T,= (m, + my)a; (20)
JUTSL IEBOTO TPy3a
myg - T; = -mya. (21)
Brerauraem (21) u3 (20), morygaem:
(2m, + myja=mg-T;+ T, (22)

Uckirouast u3 ypaBuenuii (19) u (22) senuuuny 7; + 75, HAXOAUM BBIpAXKEHUE

1
(Zm0 +m, +—2ja:mig,
r

OonpcacianuM BCIINYNHY

L8 )
rz—[m{a 1) 2m0] (23)
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OTtHo1ieHHE MMEIOIIIee Pa3MEPHOCTh MAcChl, OyJIeM Ha3bIBaTh 3(P(HEKTUBHOM

Maccou

1

D¢ dexTuBHas Macca m, gy, YACIEHO paBHA Macce 0JI0KA C TAKUM ’KEe MOMEHTOM

WHEPIIMK, B KOTOPOM Macca paBHOMEPHO pacipejiesieHa o 0001y.

CpaBHHBaH BCIIMYUHY Ml,pg C HOJYYCHHBIM 3HA4YCHHUCM AM, MOXHO OIICHHNTD

BJIMSITHUC MHCPTHBIX CBOMCTB OJI0Ka Ha JABHKCHHNEC CUCTCMBI.

Buvinonnenue paoomot

3adaua 1. Ilposepka emopozo 3axona Hviomona.

1. Onpenenute Macchl rpy30B U IEPETPY3KOB.

2. YcTaHOBUTE JIEBBIM I'PY3 B KPAHEE HUKHEE MOJIOKECHUE.

3. Tlomectutre Ha TpaBbld Tpy3 OOJBIION TEPErpy30K, Ha JIEBBIA TI'py3 — BCE
MaJICHbKHE MEPETPY3KH.

4. YcTaHOBHTE 1€ HA MIKUBE B 3a30pe PoToaaTurka. [I[poBepbTe MHAUKAITUIO HA
MTaHEIIN.

5. Haxxmure kHOTIKY «I"0T» [71s1 OOHYJIEHHS pE3yIbTaTOB.

6. OTnycTHUTE JIEBBIN I'PY3 U U3MEPHTE BPEMS ABUKEHHUS TPY30B.

7. IlepeHocst O OJHOMY NIEPETPY3KY C JIEBOTO I'Py3a Ha MPABbIN, IOBTOPSUTE OIBIT
0 TeX IIOp, IOKa Ha JIEBOM Ipy3€ HE OCTAHETCS HM OJHOIO IIeperpyska.
PesynbTaTel n3MepeHuit 3aHecuTe B TAOIHILY.

Tabnuua

2
Ne i/ m,, T My, T t, C F . H a, M/c




1. O0padoTKa pe3yJIbTATOB BPY4YHYIO.

1. Haueptuts koopaumHatHeie ocu. Ilo ocm abcumcc OTIOXUTH 3(PPEKTUBHYIO
CUIIy, a TI0O OCH OpJUHAT - YCKopeHue. M300pa3uth ToukaMu 3HAUeHHs] YCKOPEHU
IIPU COOTBETCTBYIOLIUX UM 3HAYEHUSAX dPPEKTUBHOMN CUJIBI.

2. Ilo ToukaM MOCTPOUTH TpaPHK 3aBUCUMOCTH a = f(F), yunuThIiBasi, 4TO mpsMas
JOJDKHA TPOXOJMUTHh Yepe3 Hauajo KOOPAMHAT M MO 00€ €€ CTOPOHBI JIOKHO
HaXOJUTHCS MPUMEPHO OJMHAKOBOE KOJIMYECTBO TOYEK.

3. Onpenenuth 1o rpaduky KodPGUIMEHT TPOMOPIUOHATBLHOCTU npamou (k) u
ero oopatHyo Benuuuny (1/k).

4. HaliTu MOJHYIO MacCy CUCTEMBI U3 ITapaMeTpoB rpaduka.

5. CpaBHUTPH NOJyYEHHBIN PE3yNbTaT C MACCOW CUCTEMBI U ONPEIEIUTH CTEIICHb

HecoBMaAeHus 1o hopmylie
_Am  M-m
M M

- 100%,

rae M — macca rpy3os;

m — Macca Ipy30B, ONpeaeIeHHas 3 3aBUCUMOCTH a = f (1m).

Oo0paboTka pe3yjabTraTtoB Ha IBM.

1. Haueptuth koopaunatHele ocu. Ilo ocu abcuucc OTIOXKUTH 3PPEKTUBHYIO
CUILy, a TI0O OCH OpJUHAT - YyCKopeHue. M300pa3uTh TouKkaMu 3HaUeHHUs] YCKOPEHUI
IIPU COOTBETCTBYIOMIMX UM 3HAUECHUAX 3PPEKTUBHOMN CUJIBI.

2. B COOTBETCTBMM C HWHCTPYKIMEH K MporpaMMme oOpabOTKH JHMHEHHBIX
3aBUCHUMOCTEMl  METOJOM  HAWMMEHBIIUX  KBaJapartoB, BBectTHk B OBM
HKCIIEPUMEHTAJIbHbIE 3HAYEHUS F; M @; U BBIYUCIHUTH IApaMETPhl MPSMON a =
HE).

3. Ha rpaduke HaHECTH KOHTPOJIbHBIE TOYKU U IIPOBECTH Y€Pe3 HUX ONTHUMAIIbHYIO
psIMYIO.

4. OnpenenuTh MOJTHYIO MacCy CHUCTEMBI U3 MapaMeTpoB 3aBUCUMOCTH a=f(F) u
NOTPEUIHOCTH €€ U3MEPEHHUS.

Coopmynuposams 6v1860001:



1. Kakoii xapakTep UMEET IKCIIepUMEHTAIbHAS 3aBUCUMOCTh a=(F)?
2. CpaBHUTH pe3yJIbTaThl OMPEACIICHUS MacChl CUCTEMbI U3 TTapaMeTPOB MPSIMOM U

MCTOJOM B3BCIIMBAHUA.

2
at

3aodaua 2. I[Iposepka popmynvt nymu S = BN

1.  3aroroBbTe TaOmHIy 2.

2. IlpuBecTu NeBBIA Tpy3 m, B KpailHee HUKHEE MOJIOKEHUE U 3aUKCHPOBATH

€rOBPYUHYIO.

3. YcranoBuTth paccrosaue S; (~10cM) OT HUKHETO Kpasi IPaBoro rpysa my,.

Tabnuya 2.

No S m;= my= mz;= my= ms=

S 1=

t <t>

<a>

Sg 1=

Ll AN W N~ &
it

~

<t>

<a>

S3 =

w| N ~| 8
it




5 ts=
t <t>
a <a>

4. IloMecTuTh Ha IPaBbIN TPYy3 My OJUH MEPETPY30K MACCOM /1), OTIYCTUTh I'PY3 U
U3MEPUTh BpPEMs JBU)KEHUSI CUCTEMBI { HA PACCTOSIHUU 3.

5. TloBTroputh OmBIT 5 pa3 W HAWTU cpeaHee BpeMs <>, no (opmyne (16)
BBIYHCIINTH YCKOPEHUE Q.

6. 3menuts nonoxkeHue miat@opmel: S,. [loBTopuB skcnepument (1. 3-4), HaliTH
BpeMs <t,> 1 COOTBETCTBYIOIIEE EMY YCKOPEHHE a;.

AHaJIOTUYHO ONpPENENUTh a3 U1 HMHTEpBaJa JBWKEHUSA S; (CM. METOIUKY
HKCIIEPUMEHTA).

7. Halitu cpenHee 3HaueHHUE <a;>, COOTBETCTBYIOILEE MacCe m; Neperpys3Ka.

8. IloBTOopuTh NyHKTHI 1-6 nnsi Apyrux 3HAYEHUH m;, NO0ABIAS MO OJHOMY
CTaHJApTHOMY MEPErpy3Ky Ha MpaBblil Ipy3.

9. [IpoBeputh BhINOTHEHHE paBeHCTBA (17).

3anaua 3. Oyenka enusaHus unepyuu OJ10KA HA pe3yibmamol UsMePeHUlL.
1. Mcnionb3ys naHHbIE Ta0J. 2, BBIYUCIHTD M,y 10 (opMyiie (23) 1uis pa3IudHbIX
m; ¥ COOTBETCTBYIOIIUX UM <a>;. JlaHHbIE 3aHECTH B Ta0. 3.

Tabnuya 3.

m; <a=>; Mg

2. Haiitu cpennee 3HaYeHHE <M,yq>, CPABHUTH €10 ¢ AM, onpenenseMbiM B

3aaHUU

3. CaenaTh BBIBOJIBI O MPABWIIBHOCTH JOIYIIEHUN, IPUHATHIX B 3a1aHUU



Konumponwvnsie eonpocut

1. Jlatpb ompenmencHue CIEAYIOMHUM (PU3NIECKUM BEITUYMHAM: CKOPOCTD,
YCKOpEHHE, CHIIa, Macca, uMnyJibc. Kak 3aBucuT Macca ot CKOpocTu?

2. llepeuncnuth BHABI B3aUMOAECUCTBHS B mpupoxe. K kakum Bugam
B3aMMOJICHCTBUSL OTHOCSTCSI CHJIBL: TSDKECTH, BEC TE€Ja, BCEMUPHOIO TATOTEHUS,
TPEHUsI, YIIPYTrOCTH?

3. 3amummurte aBe ¢opmymupoBku Il 3akoHa HproToHa, ykaxkuTe o0macTH WX
MIPUMEHEHUSL.

4. Haueptute cxemy ycraHoBku. Ha cxeme ykaxuTe Bce CUIIbI, JEUCTBYIOIIME HA
cucreMy. BeIBequTe 3aK0H, ONPEIEIISIONINN YCKOPEHUE CUCTEMBL.

5. O0bsacHUTE, TOYEMY B TaHHON pab0Te MOXKHO MPUHSAThH TOMYIIEHUS a; = a;, 1]
= T, OIMCaHHBIE B METOJUKE IKCIIEPUMEHTA?

6. O0BsicHUTE, UTO O3HAYaeT TepMUH dhPexTuBHAs Macca?



Jlabopamopnas paooma Ne ®-1-2

W3YUYEHUE 3AKOHOMEPHOCTEM IEHTPAJIBHOI'O YIAPA

I]enw: uccnenoBaTh 3aKOHOMEPHOCTH LIEHTPAIIBHOTO YJapa; ONPEACIUTh CUITY
yaapa, MOTEepPH MEXAaHWMYECKOW IHEpruu U KOI(PPUIIMEHT BOCCTAHOBIICHUS TPHU
LIEHTPAJIbHOM yAape LIapoB.

Ooopyoosanue: yCTaHOBKA ISl WCCIENOBAaHUs Mpolecca ylapa IIapos,

Ha0Op IApOB U3 PA3IUYHBIX MaTEPUAIIOB.

Kpamkasa meopus

[lox cTONKHOBEHMEM JBYX HWJIM OOJBUIErO YMCIA Tel, B IIMPOKOM CMBICIE,
[IOAPA3yMEBAIOTCA TaKUE MX B3aUMOICHCTBUSA, IPU KOTOPBIX MEXAY TelaMu
BO3HUKAIOT KPaTKOBPEMEHHBIE CUJIbl. BennunHa UX CTOJIb 3HAYUTEIBHA, YTO POJIb
BCEX JIPYTUX, HOCTOSIHHO JAEUCTBYIOIIMX CHJI, MOKHO CUMTATh HECYIIIECTBEHHOM.

Pu3nyecKue 3aKOHOMEPHOCTH, BOZHUKAIOIKE IPU yAape ABYX TeJl, LIUPOKO
WCIIOJB3YIOTCS B HAyKe M TEXHUKE, HalpuUMep, NPU pPACUETE MEXAHU3MOB U
UCIIBITAHUM PA3JIMYHBIX MAaTEpUAIIOB U KOHCTPYKIMH Ha IIPOYHOCTb, U3Y4YECHUU
pacxojia v NoTepb SHEPruu B MOAOOHBIX mpoueccax. [Ipumepsl coynapenuii: yaap
OMJIbSIpJTHBIX IIAPOB, CTOJIKHOBEHUE MAIIMH HA JOPOrax, CTOJIKHOBEHUE MOJIEKY U
aToMOB T.1. VI3yueHue CTOJKHOBEHUM (paccesiHuil) MUKPOYACTHUIl B YCKOPUTEIAX
MO3BOJIAET ONPEACIIATh XapaKTep NOJIEW, CO3JaBAEMBbIX UMM, U JIPYTHE BAKHBIC
CBOWCTBA.

B ommcannn mpouecca ynapa BaXKHYH POJIb UIPAOT 3aKOHBI COXPAHEHUS
MMITYJIbCA U MEXAHUYECKON SHEPIUH.

3aKoH coxpaHeHHusi HUMIYJbca. B 3aMKHYTOl cucTeMe Tell MOJHBIN
UMITyJIbC C TEYEHHEM BpeMeHUW He usMmeHserca. I[IpoucxoauT nuiib oOMEH
UMITYJIbCAMH MEXAY pa3JIMdYHbBIMA TeJaMu cuctembl. Ha mnpakTuke 3akoH
COXpPAaHEHMS MMITyJIbCA NPUMEHAETCS U B HE3AMKHYTBIX CHCTEMAax B CIEHYIOLIUX

Claydasx.



1. BoemHue cuiibl Mallbl M JACHUCTBYIOT KOPOTKOE BpEMs, TaK YTO
U3MEHEHHEM HUMITYJIbCa CUCTEMbI MOKHO TIPEeHEOpeyb.

2. PaBHa HyJI0 MPOEKUHMsS BHENIHUX CHJI Ha Kakoe-TuOo HampasiieHue. B
ATOM CITy4ae COXPaHAETCS JUIIb COOTBETCTBYIOIIAS TPOCKIUS UMITYJIbCA.

3aKkoH coxpaHeHMs HepruM. Mepoil U3MEHEHHUS U MTPEBPALLECHUS SHEPTUU
B MEXaHMKe sBisieTcss pabora. Ecnu B cucteMe NEeHWCTBYIOT HEKOHCEPBATHUBHbBIC
CWIbl — CHJIbI TPEHUs, HEYNPYrou jaepopMaliii,— TO MPOUCXOIUT MPEBpaLICHUE
YaCTH MEXaHUYECKOM HSHEPrud BO BHYTPEHHIOIO. PaboTa BHEMHUX CHII
XapaKTEpHU3yeT OOMEH IHEPTUel C IPYTUMH CUCTEMAMH.

[ToaToMy MexaHWYecKass OJHEpPrusi CHUCTEMbl OYyJIET COXPaHATHCS €CIU
OTCYTCTBYIOT  JUCCHUIIATUBHBIE  IIpolecchl, (T.e. PpaBHa Hymwo pabota
HEKOHCEPBATUBHBIX CHII), @ TAKKE paBHA HYJIIO pab0OTa BHEITHUX CHJI.

IIpouecc ymapa. OcHoBHBbIe ompeneneHus. Ilpu coymapeHusx apyr c
Ipyrom, tena mpetepreBatoT Aedopmanuu. [Ipu 3TOM KUHETHYECKash SHEprus,
KOTOpOW OHM 00JIaJaloT Mepesl yaapoM, Ha KOPOTKOE BpeMs IpeoOpasyercs B
NOTEHIMAIBHYIO PHEPrui0  JaedopManuu WU MpEeBpallaeTcsl BO BHYTPEHHIOO
DHEPIUI0 3TUX Tel. Bo BpeMs ynapa MMeEEeT MECTO MepepaclpeiesieHue 3HEPruu
MEXK]ly TeJIaMHu.

PaznuuaroT ynpyrue u Heynpyrue coyiapeHusi. [IpenenbHbIMU
UJ1€aTN3UPOBAHHBIMU Cly4yasMu CTOJIKHOBEHHI SBIIIFOTCS. AOCONIOMHO
YRpy2uit 1 abconiomuo Heynpyzuil yoapul.

[Ipu abcontomno ynpyzom ynape MexaHuyeckasl SHEPTUs T€J HE TePEeXOUT
B JIpyrue, HEMEXaHW4eCKrue BUIBI dHepruu. [ledopmaruiss Ten HOCUT yHpyruit
XapakTep, a Mocie yAapa Teja MMEIT CyMMapHO TaKyl K€ KHHETHYECKYIO
DHEPTUI0, YTO W JO yaapa. AOCONIOTHO yOpyrud ymaap — 3To (u3MYecKas
abcTpakiys, OH B Ipupoje He mpoucxonut. CreoBaTenbHO, YACTh MEXaHUUYECKOU
HHEPrUU BCErJa MPEeBPAILAETCS BO BHYTPEHHIOIO SHEPIHIO - TEIUIOTY, HEYIPYTYIO
nedopmaruio u T.11. Ho ecnm 5t 3d(HEeKThl HUYTOKHBI U TIOTEPSIMH DSHEPTUHU, B

1€JI0M, MOKHO MPeHeOpeyb, TO yAap HA3bIBAETCS MPOCTO YHPY2UM.



Ecnin mocne CTONKHOBEHHST BHYTPEHHEE COCTOSHUE Tl H3MEHsSEeTCs,
HampuMep, Tela HEe BOCCTAHABIMBAIOT CBOI TMEPBOHAYAIbHYIO (opMmy, wiIn
CTOJIKHOBEHHE COIMPOBOXKIAETCA MPEBPALICHUEM KHHETUYECKON HSHEpPruud Tell B
JIpyrue BUIBl SHEPTUH, TO TAaKOE CTOJIKHOBEHUE Ha3bIBaeTcs Heynpyeum. [lpu
HEYNpPYyroM yJape B TellaX BO3HHUKAIOT Pa3HOOOpa3HbIC SIBJICHUS: COXPaHSIETCS
octaro4yHas naedopManus; MpOSIBISIOT ce0si TakXKe CHIbl TPEHUs, B Telax
BO30YX/IatOTCSl KOJeOaHusi W BOJHBL. [l03TOMy NOpPHHATO TOBOPUTH, 4YTO MpPHU
HEYNPYroM yJlape MEXIy TelaMu JeHWCTBYIOT CHJIbl HEYNpyrou nedopmaiuu,
UMEIOIINEe HEKOHCEPBATHUBHBINA XapaKTep.

Ecniu B pesynapTare paboOThl 3THX CHJ, K MOMEHTY OKOHYaHHUA YyaAapa,
CKOPOCTU TE€J CTAHOBSITCS OJIMHAKOBBIMH, U B JIaJIbHEHIIIEM Tella JBUXKYTCS Kak
OJTHO IIeJIO€, TO CTOJIKHOBEHHE TEJ HA3bIBACTCS adcoitiommuo neynpyzum. B sToM
cllyuae MMEET MECTO 4YacTU4Has WIM TMOJHas NOTepsl MEXaHWYECKOH »SHEepruu
BCJIE/ICTBUE NIPEOOpa30BaHNUs €€ B HEMEXaHUUECKUE (POPMBI.

[Tpumepamu aOCOMOTHO HEYNPYTHX CTOJKHOBEHHN SIBISIOTCS TIOMAaHHe
MyJId B MOJBWKHYIO MUILIEHb, HAIIpUMED, B Tu1atopmy ¢ neckom. [lyms, 3acTpsB B
NeCKe, JBIDKETCS aanbline BMecTe ¢ miatdopmoit. [llaper u3 miactunmHa, Bocka
WJIH TJIMHBI IPY CTOJIKHOBEHUHU OOBIYHO CIIUMAIOTCS U 3aTEM JABIMXKYTCS KaK €IUHOE
nenoe. AHAJOTMYHOE TOBEJCHHE HAOMIOAeTCsl MpU  CTOJIKHOBEHMU JABYX
pPa3HOMMEHHBIX MOHOB, COMPOBOXKIAIoIIeecss 00pa3oBaHUEM MOJICKYJIbI, 3aXBaTe
CBOOOIHOTO 3JIEKTPOHA MOJIOKUTEIBHBIM HOHOM U T.]I.

Yaap MOXeT OBITh TPSIMBIM HJIM KOCHIM B 3aBUCUMOCTH OT HamlpaBlICHUS
BEKTOPOB CKOpPOCTEW IEHTPOB MAacC COYIapsIONIMXCsS Tel. Yaap Ha3bIBaeTCs
IPSMBIM U LEHTPAIBHBIM, €CIIM OO0IIas HOpMalib K MOBEPXHOCTAM TEJI B TOYKE
KacaHus (JMHUA yJiapa) MPOXOJUT Yepe3 X IeHTphl Macc (puc.l, a). Ilpu kocom
yIape 3To ycioBHe He BoinonHseTcs (puc.l, 0). (B nanbHeiimeM paccMaTpUBalOTCS
JIUIIH MPSMbIE IIEHTPAIbHBIC yIaphl).

PaccmaTpuBasi CTOIKHOBEHUSI, MBI TAaKXKe JIOIyCKaeM, 4To:

a) UCXOJHAs CHCTeMa OTCUeTa MHEPIUAJIbHAS;

0) cucTemMa U3 IByX IIapOB 3aMKHYTA;



B) TOTEHUMAJbHOM  DBHEpPruel  B3aUMOJCUCTBUA  IMIAPOB  (HAOpUMED,

TPAaBUTAIMOHHOTO0) U UX BpaIllEHUEM MTpeHeOperaem.

Vi Ty Y2
(
G_‘- X E Vi
}7?1

m, __I_Vi____‘

d

v, 9 v, ,
\ /-: V2

a) 0)

Pucynok1- nentpanbHblii (a) 1 kocol (0) ynap mapos

[Ipu CTONKHOBEHUU W3MEHEHHE UMITYJIbCa KaKJO0Tro Iapa Ap 3a BpeMms Af B

COOTBETCTBHH CO BTOPBHIM 3aKOHOM HbI0TOHA paBHO
Ap = F At, (1)
rae F— cpennss 3a BpeMs At cuia, IeUCTBYIOIIAs Ha MIap.

Eciu cucrema 3aMkHyTa, MEXIYy TelaMHM IPOUCXOIUT JIMIIL OOMEH
umnynscamu. [10THbIH ke UMITYITEC CHCTEMBI OCTAETCSl HEU3MEHHBIM.

B nepBoit ¢aze ynmapa cunbsl aedopManuu ypaBHUBAIOT CKOPOCTH Ted. B
o0IIeM ciiydae, KHHETUYECKasi SHEPTUSI OTHOCUTENIBHOTO JBMKCHHUS Ha KOPOTKOE
BpeMsi IpeoOpasyercs B TMOTCHLMAIbHYIO SHEPrui0 yrnpyro aepopmanuu u
YaCTHUYHO — B SHEPTHUIO MOJICKYJISIPHOTO JIBIYKEHUS (BHYTPEHHIOIO SHEPTHUIO).

Bo BTopoi#i ¢aze ynapa ¢opma Ten BOCCTaHABIMBAETCS, M MOTCHIMAIbHAS
HHEPrys BHOBb MPEBPALIAETCS B KHHETHUECKYIO (TeJa pa3yieTatoTcs).

IIpu aOconoTHO YHPYroMm yaape OTCYTCTBYIOT Heympyrue naedopmanu,
M0TOMY BO BTOpO (pase yaapa moTeHIMAIbHAs YHEPTHsi BHOBH MPEBPAIACTCS B
KUHETUYECKYI0, PaBHYIO CYMMAapHOM KMHETHYECKOW SHEpruM LIapoB 10 YyAapa.
CrnemoBaTebHO, BBITIOJHAIOTCS 3aKOHBI COXPAHEHHS MUMITYJIbCAa ¥ MEXaHUYECKOU

OHCPIUH. CpaBHI/IBaH COCTOSAHMA 10 U TTIOCJIC yidapa MOKHO 3aIIMCAaTh:

myv; + myv, = mv +tmyv, (2)
2 2 2 '2
mq 171 mq 172 mq v1 mq 172
+ = + 3)
2 2 2 2

Pemenne »ToM cUCTEMBI YPaBHEHMH ITO3BOJIAET BBIYMCIMTH CKOPOCTH TEIl

nocJie yaapav ;U v ,.



B ciydae aGCONIOTHO HEYNpPYroro yjapa BTopas (ha3a OTCYTCTBYET, NPH
9TOM MCXAHMUUCCKAA SHCPIUsd HC COXPAHACTCA, U TCJIa ABWIKYTCA B OOHY CTOPOHY C
OJIMHAKOBOI CKOPOCTBIO (HE Pa3IeTaiorcsi): v ; =v ,=v . [10 3aKOHY COXpaHEHHS
MMITYJIbCa

myv; + myv, = (my + my)v 4)

TIpHMeHsIs 3aKOH COXPAHEHHS SHEPTHH B CTydae JaCTHYHO YIIPYToro yaapa,
HEOOXOMMO Y4ecTh MOTEPH MEXaHHWUYECKOH BHEprHHM, CBSI3aHHBIC C paGoTOl
MOJIEKYJIAPHBIX CHJT (CHJI HEYTIPYTO# AeopMarium):

2 2 "2 "2
mq Vg _l_mlvz _ M1y +m1v2

2 2 2 2

+ A (5)

Cxema ycmanoexku

JlaGopatopHas ycTaHOBKa JJisl HCClelOBaHUs Impolecca yaapa (puc. 2)
MpEACTaBIsAeT cO00il MOayib, cocTosMi u3 nanenu (1) ¢ AByMs Iikanamu, Ha
KOTOpPOW YCTaHOBJIEHBl JBE ocu (2) nans MmojaBecoB IapoB, appetup (3) c
3KUMHBIM BHHTOM (4) ©W ¢ TMYyCKOBBIM ycTpoicTBOoM (5), ykasareib
MaKCUMaJbHOTO OTKJIOHEHUS (6). [loBec mapa coep XUt Npy>KUHHBINA Jep>KaTeIh
(7) m nerkuit crepkeHb (8) ¢ KPIOYKOM JUIsl TIOJIBEIIMBAHKS HA OCH MaHenu. B
nepskarenp BeraBisiercs map (9). PaccTosiHue neHTpa mapa oT OCH MoJBeca paBHO
300£1 mm.

Bpems ynapa onpenensieTcs 0 BpEMEHU 3JIEKTPUUYECKOTO 3aMbIKaHUs 1IApOB
npu ynape. st atoro xabens (11) moakitodaercst K ocsiM MOJBECA, a C APYrou
CTOPOHBI K THE3My «5» Ha 3aJHeld maHenau uzMmeputenbHoil cuctembl MCM-1,
pacrnosoxxeHHou noj miaatdopmoit ycranoBku. Cxema nepeaneit manenun MCM-1
MoKa3aHa Ha pucyHke 3. Bpems paspeuienus taitmepa ycranaBinuBaetcs 0,1 mc.
[Mudper HA dKpaHe IUCIUICS] YKA3bIBAIOT BpPEMs B MHUKpPOCEKyHAaX. TymoOiep
BbIOOpa umncna wusMmepeHuit «IIUKJI/OIHOKP» nomxeH ObITH yCTaHOBJIEH B
no3utiuu «OJITHOKP».

Jlns mpoBeneHUsI IKCIIEPUMEHTa IaHelb MOHTUpyeTcs Ha KojoHHe (10)
cToiku. Appernp (3) OTKJIOHSETCS Ha 3aJaHHBIA Yroyl M Clerka 3aKHMaeTcs

BuHTOM (4). IlomBec mapa OTKIIOHSETCS HAa HECKOJIBKO OOJBIIHMI YTroJi, TOJIOBKA



CIIyCKOBOTO YCTpOWCTBa (5) MOBOpayMBaeTCs TakK, YTOObI COCIWHEHHBIN C HEH
HITHIPb PACTIOJIOKUIICS TOPU3OHTAIBHO, TTOCIIE YEro JAepiKaTelb IIapa OIMyCKaeTCs
Ha JTOT INTHIph. JIJIsl OMyCKaHWs MIapa HY>KHO TOBEPHYTh T'OJIOBKY CITYCKOBOTO

o 0 o
ycTporicTtBa Ha 907, cTapasch He BbI3BAaTh KOJICOAHMS CTOMKH.

NIMEPUTEMEHAA| 1M

CHUCTEMA 0,01c
PY4H I'OTCE OOHOKFP 2 CETE

MUK 1

a) 0)
PucyHok 2 - a) ycTaHOBKa JIJIsl KICCIIEIOBAHHS ITpoIiecca yaapa; 0) mepeaHsis

naHelnb u3MepurenbHon cucrembl MCM-1

Memoouka 3kchepumenma
Jlis ocylecTBICHHs yJapa HEOOXOAUMO appeTHp YCTAaHOBUTHh Ha HYXHBIN
YTOJI HAYaJIbHOTO OTKJIOHEHHUSI IIOJIBECA (L] U 3ALETIMTh NOJBEC I1apa 3a CITyCKOBOE
yCTpOMCTBO, 3aTeM Haxarth KHoOnkKy «['OTOB» Ha mnaHenu H3MEpUTENBHOU
cucteMbl. [IoBepHYB T'OJ0BKY CIIyCKOBOT'O YCTPOWCTBA, OCBOOOAUTH MpaBbIi IIap.
[locne coymapeHusi mpaBoro mapa C NEPBOHAYAIBHO HEMOABUKHBIM JIEBBIM
mapoM, 3aUKCUpPOBaTH Yroid o', , HAa KOTOPBIM OTKJIOHWJICS JIEBBIA IIIap
BCIIEICTBUE yhapa. Bpems ymapa mnpouyuTaTh Ha JWCIUIEE  TanWMepa
M3MEPUTEIILHOIO YCTPOUCTBA.
BOnu3un  monokeHuss  paBHOBeCHS.  MPOEKIMS  BHEHNIHMX CHJI  Ha
TOpPU30HTAJIBHYIO OCh paBHA HYIIO. Tak Kak MPOJOJKATEIBHOCTh y1apa Mania, TO B

TCUCHUC TIpOoHcCCa CTOJKHOBCHHA Iapbl HAXOIATCA BOJIM3H PaBHOBCCHOI'O



MOJIOXKEHUS, TOATOMY IPU yAape MPOUCXOAUT JIUIIb OOMEH MMIYJIbCAMU MEXIY
mapamu. CyMMapHBIH K€ UMITYJIbC IIAPOB HE U3MEHSIETCS.

CxopocThb 1mapa v B HIDKHEN TOYKE MOYKHO BBIYHUCIIHTH MO €ro OTKIIOHEHUIO
IIpU MTOMOIIM 3aKOHA COXPAaHEHMs HHEpPruu. B cucreme map — rpaBUTALIMOHHOE
nosie 3eMJM JEUCTBYET KOHCEpBAaTHBHAs cuia TspKecTH. Cuila HATSDKEHHST HUTH
paboTel He coBepmaeT. [103TOMy Ha yyacTke pa3roHa MOTEHIMAIbHAS SHEPrUsd

niapa B MoJje TsHKECTH OyAeT MpeBpaliaThCs B €r0 KHHETUYECKYIO SHEPTHIO (puc.

3).

muv?

2

= mgh, (6)

rac h — BBICOTA moabeMa 1apa, CBA3aHHaA C €ro OTKJIOHCHHUCM.

Torma v=.,/2g-h .

BBICOTy moabemMa 1apa 1 €ro CKOpOCTb MOKHO BBIYHUCIUTD 110 OTKIIOHCHHIO

h=1-1- cosa=2l-sin2(g),

v=25in%,/g-lza,/g-l. (7)

3nech Mbl y4id, 4TO JUIsl MalbIX YIVIOB sino = o. Takas ke Qopmyina
CBA3BIBAET CKOPOCTh KaXJOro INapa M IOCIE yAapa € €ro MOoCIEIyHLIUM

OTKJIOHCHHUECM.

R

PucyHok 3 - Kk pacueTy CKOpOCTH I1apa mo yrily OTKJIOHEHUS
[TockonbKy CKOpPOCTh V4 MPaBOro Iapa Mociie yJaapa Ha JaHHON yCTaHOBKE
HEJIb351 YCTAHOBUThH C JOCTATOYHOM TOYHOCTBIO, UCKIIOUYMM €€, UCMOJIb3Ys 3aKOH
coxpaHeHust ummyinbca. [Ipu m; = m, = m wu v, = 0 u3 dopmynsl (2) HaxoAUM:

vy =V — vy (8)



Kunernueckass sHeprusi CUCTEMBbI JO yJapa OMNPEACNSIETCS CKOPOCThIO

MIPaBOTO II1apa, TaK KaK JICBBIA ObLT HEMOABIKCH

mv?

Ee =" 9)

Kunernueckas s3Heprus mapos Mocie yaapa

Comod | mof

Eo=—++—*% (10)

C yuetom (8), popmyiy (10) MOKHO BBIPA3UTh Yepe3 U3MEPSIEMBIC BEITMUNHBI

ViU Uy

v m(vl—v'z)z muv.?

Ee=—"2+— (11)

KoadduirieHT BoccTaHOBIICHHS YHEPTUM HAXOJUM KaK OTHOIIIECHUE

Ex
K = o (12)

[lonctaBnsast B (12) Beipaxkenus (10) u  (11), mociae HECTOXKHBIX

npeodpazoBaHuid, moayuum it koddduimenta K cieayroliee BhIpakeHue:

K=E=142 (ﬁ)z—ﬁ (13)

K 41 V1

PaGoty cun neynpyroit nepopmanuu (A) MOXHO HANTH, BBIpa3UB €€ W3
dbopmyinbl (5) ¢ ucnons3oBanuem Gopmyn (9) u (11). Ilocne mpeoOGpazoBaHuit

IPUXOIUM K PABECHCTBY:
A= =) 14
=m(vv,—v, ). (14)
Cuny ymapa 1enecooOpa3HO BBIYHCIHTH 10 W3MEHCHHIO MMITYJIbCA JIEBOTO

miapa, Tak Kak ero CKOpocTh 110 ynapa v, = 0, a mocie ynapa v, - U3MepsieTcs B

XoJie FKcrepuMenTa. B coorBeTcTBUM ¢ hopmyoii (1) momyyaem

F = Ap; — m<v2_v2> — mv'z ’ (15)
At At At

rae At — Bpems yaapa.



Botnonnenue pabomut

[ToaroTOoBBTE YCTAHOBKY K paboTe (CM. «METOJUKA SKCTICPUMEHTA ).

l.

3aroToBbTE TAOTHUITY:

a, rpag |5 10 15 20 25 30 35 40 45

Vq, Mm/c

o', Tpajg

v, , M/C

At, ¢

A, JIx

F,H

K

. 0
. OtBenute mpaBblii map Ha yroil o; = 5° ot Beptukanu. OcBoboauTe Iap,

MOBEPHYB TOJIOBKY CITyCKOBOI'O YCTpPOMCTBa, 3aduKCUpylTe yroia o',, Ha
KOTOPBIM OTKJIOHWJICS JIEBBIM IIap, BpeMs ynaapa Af CUMTaWTe C JIUCILIES

CCKyHIOMCPA. HaHHBIe 3aIIMIINTC B Ta6JII/IIly.

. Ioropure .3 s apyrux yriuos a; (10°-40°, ¢ unrepsaom B 5°).

. Beruuciaure v; , v/, mo dopmyne (7), rae yroi o HEOOXOJUMO BBIPA3HUTH B

paanaHax.

. Berancnure cuny yaapa F no gpopmysne (15).

. Beruucaure  pabotry  Heynpyroit  gepopmanuu A U KOIPPUIKEHT

BOCCTaHOBJEHU dHepruu K o popmynam (14) u (13), COOTBETCTBEHHO.

. [locTpotite rpaduku 3aBucumoctu F' = F(o;) u A = A(a,).

. [Ipoananu3upyiite xapakTep BbIIIEYKAa3aHHBIX 3aBUCUMOCTEH. 3aBUCUT JIU

KOd(PIUIIMEHT BOCCTaHOBJICHUS H2HEpruun K OT HUCXOJHOW MEXaHWYECKOU

sHepruu cuctembl? CrenaiTe BHIBOIBI.

Koumpwlbubze eonpocol

1.
2.

Kakue B3anmMo1eCTBYSI HA3bIBAIOT CTOJIKHOBEHUEM (y1apom)?

Jaiite onpenenenue npsAMoOMy LEHTPAIBHOMY yIapy, KOCOMY yIapy.

B 4em 3akirodaeTcss 3aKOH COXpaHEeHHMs uMIlyibca? B kakux cucremax OH
BoinosHseTcs? [louemy oH siBIsieTCs pyHIaMEHTAIBHBIM 3aKOHOM ITPUPOIbI?
Ha kakoMm ywacTke TpaeKkTopuu B J1a0OpAaTOPHOM YCTAHOBKE BBIIIOJIHSAETCS

3aKOH COXpaHCHHUA I/IMHy.IIbca? Ha xakom - He BbINIOJIHSAETCS ?



10.

11

12.

B dem ¢usmueckas CymHOCTh 3aKOHA COXPAHEHUS W TMPEBPAIECHUS dYHEPTUU?
[Touemy oH siBIsieTCS HyHAAMEHTATBHBIM 3aKOHOM TPUPOIBI?

B yem 3akirouaeTcs 3aKOH COXpaHEHHUs MeXaHW4yecKou sHepruu? [[ns kakux
cucTeM OH BhIMoOJHsETCA? [louemMy MexaHW4YecKas SHEPrusi HE COXpaHseTCs
IPU YaCTUYHO YIPYroMm yaape?

Kaxkoit ynap Ha3sIBaloT aOCOMIOTHO yrpyrum? AOcommtoTHO Heynpyrum? Kakue
3aKOHBI COXPAHEHHUSI BBITIOJIHSIOTCS B CIIy4ae TaKuxX yJaapoB?

Onummre npeBpanieHus HEPTUM B mpolecce yaapa. Kakas yacTe 3Hepruu
UCIIBITHIBAET MPEBPAILICHUS?

Kak ompenenutb CKOPOCTH Te€ MOCJIE LIEHTPAIbHOrO a0CONIOTHO YIPYIroro
yaapa? CneacTBUEM KaKHUX 3aKOHOB SIBJISIFOTCS] 3TH BBIPAXKEHUS ?

Kak B sKcnepuMeHTe oOIpeaensercs CKOpOCTh Iapa OO0 M Mocjie ynapa?

Brieegute dhopmyiy (8).

. BeiBenure dopmynsl anga pabotel Heynpyrodt nedopmamuu A (14) u

ko3 duimenTa BoccranoBienus sueprun K (13).
Kak B nmanHoil pabote ompexaensercs cuia ynapa F? Kakoit 3akoH JeXHUT B

OCHOBE Ccrioco0a ee onpeIeacHus?



Jlabopamopnasa paboma Ne @-1-3
N3YYEHUE IMHAMUKHU BPAIIATEJIBHOI'O ABUXEHUSI.

Ienw:

1. M3y4eHne 3aKoHa JUHAMHKH BPAMIATeIILHOTO JIBHYKCHUS.

2. OnpeneneHne MOMEHTA HHEPLIMM CTOJIA.

3. M3MepeHne MOMEHTOB HHEPIIMH ITPOU3BOJILHBIX TEIL.

4. ITposepka Teopemsl Ll TeiiHepa.

Oobopyoosanue: naboparopupii komiuieke JIKM - 2, crepkenp ¢
OTBEPCTHSIMHU, TIONyIIap, JBa 1ucka i cOopku MastHuka OOepOeka, aBa

9TAJIOHHBIX MUJIMHAPA, IITAHT'CHIUPKYJIb.

Onucanue yCTAaHOBKH

OO6ummit  Bux  ycraHoBku — JIKM-2
MIPUBEJEH Ha pUCyHKel.

Ha 1aTopmMe-oCHOBAHUU
CMOHTHPOBAHBI: MOBOPOTHBIM CTOJI U CTOMKA
KoMOMHHpOoBaHHas1. [[OBOPOTHBIN CTOJ MMeeT
OTBEpCTUSl i (UKCAUUMU  HM3y4aeMbIX
OOBEKTOB,  TPEXCTYNEHUYAThId  IIKUB  CO
mTu@TamMu  JUIs 3aKpelvieHUusT  HUTEH.
[TnaTtdopma croma 3aKperuieHa Ha CTOWKE,
KOTOpasi BpalacTcsl Ha MOJIIMITHUKAX BOKPYT

BEPTUKAJBbHOM  OCHM,  3aKpEIUICHHOM B

OCHOBAaHUU CO MIKAJIOW. YKa3zarellb MEPEMEIIACTCA BIOJIb IIKAJIbI, MO0 KOTOPOU
OTCUMTHIBACTCS YIIOBas KOOPAMHATA cToma ¢ paspemenmem 1°. Ilpm
MPOXOXKJIEHUU TPOpe3u uepe3 3a30p (oTomarymka cpabdaThIBaeT TalMep
mMepurenbHor  cucteMbl MMCM. CHuU3y K CTOWKE TMPUKPEIUIEH JUCK C
JWaMETPAJIBHO  ITPOTUBOIIOJIOKHBIMA ~ PAJUaIbHOM  IPOPE3BI0 U PUCKOU-
yKaszarejaeM. PA0M CO CTOJIOM YCTAaHOBJIEH MEXAHUYECKHI TOPMO3 C 3aIEIKOM.

JI1s1 oTIycKaHusi TOpMO3a CABUHYTH 3allleNIKy Ha ceOsl.



Croiika KOMOWMHUpPOBaHHAs TpeAHA3HA4YEHA [JII MOHTaXa 00OpYyIOBaHUS
JUISL TIPOBEACHUS OKCIEPUMEHTOB, HMEET KPYroBYIO IIKAJIy U IIKUB JIJIsi
nepedbpocku HUTH. B m000M MecTe KOJOHHBI MOKHO YCTAaHOBUTH IIKUB-POJIUK, K
KOTOPOMY MO>KHO MIPUKPENUTh MPY>KUHBI WU IEPEKUHYTh HUTb.

N3mepurenvHass cucrema HWCM-1K BbImoiiHEHa B BUAE 3JIEKTPOHHOIO
0JI0Ka B MJIaCTMAacCcOBOM Kopmyce. OpraHbl yIpaBieHHUs U UHAUKAIMN BHIHECEHBI
Ha TMEPEAHIO IMaHeab pPUCYHOK 2. U3MmepeHne BpEMEHU BBINOJHIETCA
AJIEKTPOHHBIM CeKyHAOMepoM. Pazpelienue talimepa BeiOMpaeTcss TyMOiIepoM 2 u
MoxeT ObITh paBHbIM 0,1mc,1 mc wau 10 mc. 3amyck cyeta BpEeMEHHM U 3aIluCh
MOKAa3aHUM TMPOU3BOJUTCS TMPU BHIXOJE WIEIAM JUCKa M3 3a30pa (oTomaTyHKa.
«IUKII/OOAHOKPATHO»- Tymbiiep BbIOOpa Unciia U3MEPEHHUM «ITUKI»- CUCTEMA
pearupyeT Ha BC€ MOCTYNArOUIME CUTHAJIBI 3aIyCKa M OCTAHOBKHU CEKYHIOMEpa,

«OIOHOKP.»-CUCTCMaA IIPOU3BOAUT OAHOKPATHOC U3MCPCHHUC.

1 2

MCM-1 ~ gime HYACTOTA AMMI

FAGF|9< 0O O <~

my
=2 '-'-V'K" roTOB

AT@ 4op,H0KP ©©@@

r

@3 O

0 O OSTh
 PY4H. TOK Bu.l, :

cooce @ _ @Bblx @
03 2 .5.-.6' 7 s 5 ]

Pucynox 2 — usmepurenbHbIi 070K
IIpu naxatum kHonku «['OTOB» cxema wu3MepeHHII TPUBOIUTCA B
COCTOSIHUE€ TOTOBHOCTM K H3MEpPEHHsIM U BbIpalOaTbiBaeTcsi curHan «Yct.0»,
KOTOpPbIA OOHYJIIET CYETUYMK U MHAMKATOp. OTCUET BpEMEHHM HAYHETCS MpHU
noctyrieHuu nepsoro curnana [TYCK.
[TonkiroueHne MoayJield KOMIUIEKCA IPOU3BOAUTCS YEPE3 PA3bEMBI

Ha 3a



Kpamkas meopus

—

Ilyctp k MaTepuanpHOM TOYKE Macchl m TPUIIOKEHA cwia F; ee

COCTABJISIFOIIME B TUIOCKOCTH 0003HAUEHBI Kak F ; (pUCYHOK 3).

PucyHOK 3 — K ONpeaeneHnio MOMEHTA CHJIBI

MoMeHTOM CHJIbI [ OTHOCUTEJIBHO HCIIOBMXXHOI'O Haydalla O Ha3bBIBaIOT

BEKTOP, ONPEENsIeMblid BEKTOPHBIM ITPOU3BEIECHUEM PANyCa-BEKTOPA HA CHITY:

—

M =7 F| 0
Monyns MOMEHTA CUIIBI ONIPEAEIISIETCS. COOTHOILICHUEM

M=r-F-sma, M=F-d (2)
II€ 7 - 3TO BEKTOp, MPOBEACHHBbIK OT TOYKM O K MarepuaibHOU TOUKE.

(pucyHoxk 3), ;

d = rsina - nae4o cunwvl - Kpardyaiuiee pacCcTOSHUE OT JIMHUM JEHCTBUS
cuibl 10 Toukdn O; BEKTOp MOMEHTa CHJIbI HalpaBji€H COrJacHO MPaBUILY
BEKTOPHOTO MPOU3BEACHUS (MPABIITY «OypaBUnKay).

PaccmoTpum  BpamieHue Tena MNpPOU3BOJBHON (OpMBI BOKpYyr ocu Z.

ITonoxenne 10601 TOUKM B TeNle ONPEAEIAETCS PaJjuyCOM-BEKTOPOM 7 | MOMEHT

_—
CHJIBI OTHOCHTENBHO Toukn O, Jexamnieit Ha ocu Z — 9TO BEKTOp M.



PrcyHOK 4 — MOMEHT CHJIBI OTHOCUTENBHO OCH

BpamarensapiM = geiicTBueM — o0JjlaaeT  COCTABJSIIONIAS ~ MOMEHTA
HMITYJIbCA, HATIPABJIEHHAS BJ0JIb OCU Z, T03TOMY MOMEHT CHUJIbI OTHOCUTEIHLHO

OCH — 3TO IICCBAOBCKTOP HIIHU aKCHaJIbHBIN BCKTOD.

M. =l ] G)
MarepuainbHas TOUYKa, ABMXKYIIAsCA HAa HEKOTOPOM PacCTOSTHUU OT TOYKUA O
o0nagaeT UMIYILCOM P (pucyHOK 5).
MoMeHTOM HMMIYJIbCA OTHOCHUTEIIBHO HEMOJABWXHOTO Haudama O

Ha3bIBACTCA BECKTOP, OHpCI[GJIHeMBIfI BCKTOPHBIM ITPON3BCACHUCM paInyCa-BCKTOPA

Ha UMITYJIbC!:

—

L= [F;mﬁ], (4)

L

PucyHOK 5 — K onpeneneHno MOMEHTa UMITYJIbCa
1t MOAyJI1 MOMEHTA UMITYJIbCa CIIPABEIINBO BBIPAKECHUE:

L =rmwvsino =mv-d,



TJIE O - YTOJI MEXKJLy BEKTOpaMH 7 1 v ,
d - KpaTyaiiiee pacCTOsSTHUE OT JJUHUU JACUCTBUS UMITyJIbca 10 Touku O,
¥ - paanyc-BeKTOp, MPOBEACHHBIH 0T Touku O K JBIKYIIEHCS TOUKe.
Ecnu Teno BpamaeTcs BOKpYr ocu (PUCYHOK 6), TO aHAJOTUYHO TMOHSITHIO

MOMCHTA CHJIBI MOKHO BBCCTH ITOHATHC MOMCHTA UMITYJIbCAa OTHOCUTCIIBHO OCH.

PucyHOK 6 — MOMEHT UMITyJIbCa OTHOCHUTEIIBHO OCH
MoMeHTOM UMITyJIbca Tejla OTHOCUTEIHHO OCH HAa3bIBAETCS COCTABIISIOIIAS
MOMEHTAa UMITYJIbCA 110 3TOU OCH:
L, = [’72 > V] (5)
YpaBHeHUE MOMEHTOB.
[IpongudpepermupyeM  COOTHOLIGHHWE  JJII ~ MOMEHTa  HMITYJIbCca
OTHOCHUTEJIbHO HEMOABUAKHOTO Havana (4). [lonyuum BeIpakeHUE:

dL a7 = . dP
el e R [ (6)

IIponsBogHas OT paauyca-BEKTOpa IO BPEMEHU - 3TO €CThb CKOPOCTb.
BekTop ckOpOoCTH U BEKTOP MMIIYJIbCA COHAIIPABIICHBI, [I0ITOMY IIEPBOE CIAracMoe
paBHO HyIr0. [Ipon3BO/HAs OT UMITyJIbCA 110 BPEMEHH, COTJIACHO BTOPOMY 3aKOHY
HrroToHa, 310 cuia. TakuM 00pa3om, UMeeM:

dL _ 15 2

— =7 F] (7)

T.e. B mpaBOM 4aCTH ypaBHEHHUsI CTOUT BBIPAKEHHE 11 MOMEHTA CUJIBL:

dlL =
— =M (8)



Beipaxxenue (8) Ha3pIBaeTCs ypaBHEHHMEM MOMEHTOB: IPOM3BOJHAS IO
BPEMEHH OT MOMEHTA HUMITYJIbCA OTHOCHUTEIBHO HEMOABMKHOIO Hayajlga paBHA
MOMEHTY CHUJIbI OTHOCUTENIBHO TOTO K€ Havasa.

IlonsiTHE MOMEHTA HHEPLMH.

Ecnu Teno Bpamaercss BOKpyT OcH Z € YII0BOW CKOPOCTBIO @, TO KaxKJ1as i-s
TOYKA MAacCol 7,; MMEET MOMEHT UMITyJIbCA:

L. =mv,r; = omr ; C YU4ETOM, 4TO V=@ F 9)

OnpenenuM MOMEHT HMMITYJbCa BpAIAIOMIETOCsl Tela, JJig ATOr0 HaiJieM

CYMMY MOMCHTOB HUMIIYJIbCOB BCCX TOYCK TCJIA:

L=w- Y, mr? (10)
Bripaxenue

Ha3zrsiBaeTcst MOMEHTOM HHCPpLHUH TCJIA.

MomMmeHT HHCPpIHU TCJIa 3aBHCUT HC TOJBKO OT MacCCbl, HO H OT ¢€C
pacpeaciiCHuss OTHOCUTCIbHO OCH BpalllCHHUS.

MOMEHT HWHEpIMH Teda SBSETCS MEpOW HWHEPTHOCTH Teja MPH €ro
BpaliaTCJIbHOM ABHIKCHUM. OH 3aBHUCHUT HE TOJIBKO OT MAacCChI m, HO U OT €€ pacIIpc-
ACJICHUA OTHOCHUTCIILHO OCH BpalllCHUA.

Ecmu Teno OIHOPOAHOC, TO MACCy MOKHO OMPCACINUTDL 4Y€PE3 IJIOTHOCTDL p U
BBIPpAKCHHUC HJISI MOMCHTA MHCPIUHU TCJIa IIPUMCT BU/I:

I= j p-r’dv

y (12)

rac p — IVIOTHOCTDb BCIICCTBA.

MomeHT HHEPIHH, KaK CICAYCT M3 OINPCACICHHA, BCIMUMHA aJJAWTHBHAsL.
910 3HAYUT, 4TO CCJIM Bpallaromasacsa CHUCTCMa COCTOHUT M3 HCCKOJIbKUX TCJI, TO
MOMCHT HMHCPHHUH CHUCTCMbI OIIPCACIIACTCA CYMMOﬁ MOMCHTOB MHCPIHUHU BCCX TCJI
OTHOCHUTEIBbHO TOI'O 7K€ Hayajaa UM OTHOCUTEJIBLHO TOM K€ OCH.

MoMeHT umnyJibea Juisl Tella, Bpallarouierocs BOKpyT ocu Z:
L,=1,-@ (13)



YriioBoe yckopeHue
BeKTOp YITIOBOTO YCKOPEHHUS & ONpenelseT OBICTPOTY M3MEHEHHs BEKTOpa

YIJIOBOM CKOPOCTH () C T€YEHUEM BPEMEHHM:
do
— =&

dt
HampaBneHue  yriioBOH CKOPOCTH CBSI3aHO C HAIpPABJICHHEM BpAILCHHUS Tela
npaBuiioM "mpaBoro OypaBuuka". Ecnu nBH>KeHHE PaBHOYCKOPEHHOE, TO BEKTOPHI
YIJI0OBOM CKOPOCTHU U YTIOBOI0 YCKOPEHHSI UMEIOT OJUHAKOBOE HAIIPaBJICHUE, €CIIN
PaBHO3aMEIJIEHHOE — IIPOTUBOIIOIOXKHBI.

3aKOH IMHAMUKH BPaliaTeJbHOI0 ABU/KEHHUS.

Eciu Ha cuctemy MarepuaibHBIX TOYEK JACHCTBYIOT M BHYTPEHHUE H
BHEIIHUE CHWJIBI, TO BpAIlalOUIMii MOMEHT MOTYT CO3JaBaTh M BHYTPEHHUE U
BHelmHUE cuibl. CyMMa MOMEHTOB BHYTPEHHHUX CHJI paBHa HYJIO, MO3TOMY
BpallaTebHbIi MOMEHT CO3/1al0T TOJIbKO BHEIIHWE CHJbL. TBEpIO€ TeI0-3TO
CUCTEMA MATEpPUAIBHBIX TOYEK JUII KOTOPOM ypaBHEHHME MOMEHTOB MOYKHO
3aMnMcarh B CICIYIOIIEM BUJIE:

T —

=M (14)

OTO BBIPAXEHUE W €CTh OCHOBHOM 3aKOH JWHAMUKH BpaIlaTEIbHOTO
JNBUKEHUS: CKOPOCMb U3MEHEHUs. MOMEHMA UMNYIbCA PABHA MOMEHM) BHEeUIHUX
Cull, 0eticmeyowux Ha meJo.

[logcTaBuM B mMoOJdydyeHHOE BbIpakeHwe ¢opmyny (12) u npousBenem
oneparuio gudPepeHIupoBaHUs, TOTIa MOIYUYUM JIPYryio (HOPMYIUPOBKY 3TOTO
3aKOHA: )2l080€ YCKOpEeHUe MAamepuarbHou MmMOYKU HNPIMO HNPONOPYUOHATLHO

MOMEHNTY CUblL U 06pamH0 NponopyuUoOHaAIbHO MOMEHNTY UHePpYUU.

-
E =

(15)

~ 1=

Teopema IllTeiinepa.
Pacyer MOMEHTOB WHepUMU ISl T€lA MPaBUIBHONW (OPMBI OTHOCHUTEIHHO

OCei, MPOXOAIIMX Yepe3 LEHTP Macc Tena (i1 CAMMETPUYHBIX TEJl 3TO U LIEHTP



CUMMETPHUM) MOKHO IMPOBOJUTH MO cooTHomieHuto (12). B kauectBe mpumepa

paccurTaeM MOMEHT UHEPLUU CTEPKHS IIMHOU [ (PUCYHOK 7).

{1— "G

i 1

Pucynox 7 - crepxeHb

3anuieM cooTHotieHue (12) B Bue:

I={ r?dm; dm == dr;
=], 77 dm; nua crepkns dm = - dr;

B pe3ynbraTe MHTErpupOBaHUS MOJTYUHUM:

l
_(zmo2g. M
I—félrdr—12 (16)

I[JISI pacd€Ta MOMCHTAa HMHCPHHHU TCJIa OTHOCHUTCIBHO HpOPI?;BOJ'IBHOfI ocu

BpaIleHUs] MOKHO BOCIOJIb30BaThCs (hopmyrioit Teopemsl LllTeiinepa
I =1I;+md? (17)

rne I u Ic - MOMEHTBI WHEPIMU Tella MacChl 7 OTHOCHUTEIHHO OCH,
MPOXOJAIIMNA Yyepe3 UEeHTp Mace Tena (Ic) v mapamienbHON el MPOU3BOJILHON OCH
(1), oTcTosIel HA pacCTOSHUM d COOTBETCTBEHHO. B pe3yibTaTe pacdera moiaydyum
BBIPAKCHHE:
ml?2  mil? mi?

I=12+4=3 (18)




B Ttabmuue mnpuBeaeHbl MpUMEpPHl MOMEHTOB

HHCPpUOWH Pa3JIMYHbIX TCII.

Temo IoJ10:keHNne ocH BpalieHsd MoneHT HHepUHH

Iombri TOHKOCTSCHHBIH Ocb CHMMETPHH mR*

OUIHHP pajuyca R

CnnomHol THIHHAP HIH To ke 1 ;

JIHCK pajuyca R 5 mR*

IIpsamoit TOHKUH CTEPIKSHB Ocpb mepIeH MKy ILIPHA 1 )

JUTHHOI [ CTSPIKHIO H HPOXOUT Uepe3 A mi”

€T0 Cepe/THHY
IIpsamoit TOHKUH CTEPKSHB Ochb mepIeH IMKYILIPHA 1
JUTHHOT / CTEPIKHIO U IMPOXOIUT Uepes —ml”
€ro KOHeIl -

ITap pammycom R Ochb IpOXOIHUT Yepe3 USHTP 2 )

mapa o mR-

Buvinonnenue paoomot

3adanue 1: npogepka 3aKOHA OUHAMUKU 8PAUAMENbHO20 O8UNCEHUS

Memoouka 3kchepumenma

JUis TpoBepKH 3aKOHa JAMHAMUKHM BpPALIATENIbHOTO JABM)KEHUS Ha CTOMKe
HeoOxoauMo cobparb MasTHUK O6epOeka. Ha ocu G0ka 3akpenuTh CTEPIKEHb C
OTBEPCTUSIMH, OTHOCUTEIBLHO OCH, TPOXOsIIeH yepe3 neHTp macc. Ha crepxue ¢
JIBYX CTOPOH 3aKpenuTh Aucku. Ha 6110ke 3akpenuTh HUTH € Tpy3aMu (pUCYHOK 8).

Bpamaromuii MOMEHT CO3HA€TCA CHUJIOM HATSKEHHWS HUTH, TOTJA 3aKOH

JUHAMHKH MOKHO 3aIlucCaTb B BUC:

1e=M=RT, (19)

rae M - BpamarouMii MOMEHT, CO3JA€TCS CHUJIOM HATSOHKEHUS HUTH 7,

KOTOpasi UMEET IIeUo R - paauyc IIKUBA.
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PI/ICYHOK 8 — cxema YCTaHOBKH

['py3 ABuXKeTCS paBHOYCKOPEHHO, 32 BPEMs ¢ OMYCKAeTCs Ha BBICOTY /A TO

cro HHHeﬁHOG YCKOpGHI/Ie MOXHO OHpeI[eJII/ITL 10 (1)0pMYJI€2
a=2h/t . (20)

YuuThIBas, 4TO YCKOPEHHE Tpy3a PABHO TAaHIMCHUHAIBHOMY YCKOPEHMIO

TOYEK 000/1a IKUBA U a = & R, MOIy4uM:
e=2h/Rt . (21)
ITo BTOpOMYy 3aKk0HY HbpIOTOHA MOKHO ONPEAEINTh YCKOPEHHUE TPY3a
md=mg+T . (22)
CrpoekTupoBaB BEKTOpHOE ypaBHeHUE (22) Ha 0Ch X, TOJIyYUM
ma=m;g—T.
OTcroa HalieM CUILy HaTSKEHUSI HUTU T M MOMEHT 3TOM Cuiibl M.
T=m,(g-2h/Y) , (23)

M=m,R(g-2h/t) . (24)



Ecmm ydects, uTo nuamerp mkuBa D=2R momxydum HOpMYJIbI:
e=4h/(Dt) , (25)
M=m,D)/2-(g-2h/¥). (26)

BI)ICOTy MMaJgCHUA I'py3a MOXKXHO OIIPCACINTL UCXOO M3 IICpUOAa BpAIICHUA

0JI0Ka ¢ TTOMOIIBIO0 U3MEPUTEIFHOTO YCTPONCTBA:
h = 2nRN (27)
rae R —paauyc mkuBa; N- yucio o00poToB HMIKKMBA OJI0Ka.

Bpemst mageHus ¢ 3aBUCHT OT 4Yuciaa OOOPOTOB IIKMBA WU OMPEACIISICTCS
nepecuetHbiM ycrpoiictBom MICM. TloncraBum cootHomenue (27) B (25) u (26) ,

MOJIy4rM paboune popMyIIbL:

e="2; M= 2(9’11—,% (28)
Buvinoanenue padomut
1. 3aroToBUTH TAOIUILY H3MEPEHUH.
Tabnuya 1.
No, n/n | D, m t, c h, m my, ke | M, Hwm | g ¢!

2. VI3MepuTh MITaHTEHITMPKYJIEM THaMeTphl mKuBa D OoKa.

3. 3akpenuTh HUTh Ha IIKUBE, MOCTABUTH IIKUB HAa TOPMO3, YTOOBI
MPEIOTBPATUTh BpalleHue mKkuBa. [lepexknnyTs HUTH yepe3 Omok. Ha koHile HUTH
3aKpENuUTh IPy3.

4. BKJIIOYUTh U3MEPUTEIBHYIO CUCTEMY B CE€Th. Y CTAHOBUTH MEPEKIIOYATEID
B nonoxenune K2. Ilepexmouarenem «lluki» BBIOpaTh 4Ynciio 000pOTOB (IO
YKa3aHUIO TIpenoaaBaTers).

5. Jlna usmepenust BpemeHu N 0OOpOTOB COBMECTHTH MPOpPE3b IIKUBA C

nonoxxkenrem «0» (3aroputcs nepexitouarens (3) Ha iuneBod nanenu UCM-1K).



Haxatp m oTmycTtuTh KHONKY «l'0T.». Pe3ynprar m3amepeHuss BpeMEHH NaJcHUs
MOSIBUTCSA Ha 1TU(POBOM TabII0.

6. I3MeHuTh MacCy MaJarollero rpysa u oBTOpUTh OnbIT 5-10 pas.

7. I3MEHUTH TOJIOKEHUE TPY30B HA CTEPKHE U MOBTOPUTH IKCIIEPUMEHT S -
10 pas.

Paccuntath MOMEHT CWJIBI U YTJIOBOE YCKOPEHHE IO COOTHOLIEHUSAM (28).
3aHecTu pe3yabTaThl B TAOIUILY.

8. Iloctpouth rpauky 3aBUCUMOCTH YIJIOBOI'O YCKOPEHHS OT MOMEHTA
JIEVCTBYIOIIEH CHIIBI JJIS1 IBYX MOJIOKEHUMN TPY30B HA CTEPKHE.

9. Paccunrarp, ucnonb3ys rpaukyd, MOMEHT MHEPLMH MasTHUKA IS ABYX

MOJI0KECHU I I'PY30B Ha CTCPIKHC.

OLEPABOTKA PE3YJIbTATOB

1. O6pabdoTKa pe3yJbTATOB BPY4YHYIO.

1. Beruucioure £ m M st kaxkaoro onbita. [locTporite rpaduk 3aBUCUMOCTH
& = f(M): mocTpoiTe OCH, HAHECUTE MacCIlITad U HKCIEPUMEHTAIbHbIE TOUKH (M;, &
;) cormacHo Ta6.1.

2. Yepe3 HSKCIEPUMEHTAIbHBIE TOUYKHM M HA4yajlo KOOPJAMHAT MPOBEIUTE
NpsMYIO0 TakK, 4TOObl MO 00€ CTOPOHBI OT HEEe OBUIO PACHOJ0XKEHO OJMHAKOBOE
YHUCJIO TOYEK HA MPUMEPHO OJUHAKOBOM PACCTOSIHUU.

3. Berunciure yrioBoi kosdduimeHnTt nanHoil npsmoir 4. CormacHo (2)
Benu4nHa //4 Oyner paBHA yCpEJHEHHOMY 3HAYCHUIO MOMEHTA HHEepIUn </>.

4. ITponenaiite m.m. 1.1-1.3 amg apyroro nojaoxXeHusi rpy30B Ha CTEPHKHSIX.

2. O6padoTka pe3yabTaToB Ha DBM.

1. Bemonuure m. 1.1.

2. B cooTBeTcTBMM € MHCTpPYKIMEH K Mporpamme oOpabOTKH JMHEWHBIX
3aBUCUMOCTEM METOJIOM HAWMEHBIIMX KBaJpaTOB MPOU3BEIUTE O0OpadOTKY

AKCTIEPUMEHTAILHON 3aBUCUMOCTH (& ;, M).



3. IlpoBeaute Ha rpaduke MPsAMYIO dYepe3 paccuuTaHHble Ha OBM
KOHTpPOJIbHbIE TOYKHU. JlanHas mpsimas OyneT onmTuManbHbIM Trpaduxom Bameit
DKCIIEPUMEHTAJIbHON 3aBUCHMOCTH.

4. Cornacao (2) oOpatHas BedauuuMHA YriaoBoro koddduuuenta (1/4)

MOJTYYeHHOU TIPSMON OyJIeT paBHA YCPEIHCHHOMY 3HAYCHHIO MOMEHTA WHEPIUU
<J>.

2.5. Pe3ynbTaT 3aluIINATE B BUE:
[ =<I>+Al

JloBeputenbHblii uHTEpBan Al BbIYMCISETCS OOBIUHBIM CIIOCOOOM IO
CpEeIHEKBAAPATUIHOMY OTKJIOHEHUIO S(1/A4).

Buieoowt

1. Kakoii xapakTtep UMeeT norydyeHHast Bamu 3aBUCUMOCTD & OT M.

2. Kak orHomieHue M/& 3aBUCUT OT TOJOXKEHUS TPy30B Ha CTEP)KHE,
JMaMeTpa IIKMBA, MAcChl MOABEIIMBAEMBIX Ipy30B? OTBET OOOCHYWTE CCHUIKOM Ha
COOTBETCTBYIOLUE TPApUKH.

3. Kako# reoMeTpuyeCcKuil CMBICII UIMEET MOMEHT HHEPLIMM HA 3aBUCUMOCTHU
EOTM?

OHNPEAEJIEHUE MOMEHTA MHEPIINHN.

3adanue 2: onpedenenue MOMeHMa UHEPYUU NOBOPOMHO20 CIONIUKA

Ha mtudgTe O01bpIIOr0 MIKMBA MOBOPOTHOTO CTOJIA 3aKPENUTh HHUTH,
paguanbpHyO0 IPOpE3b IUCKAa Ha OCU CTOJIA MOMECTUTh HAPOTHUB HYJS KPYTrOBOM
mKaiabl. [lepekunyTh HUTH uepe3 OJOK-POJIMK U OJOK CTOMKH. 3aKpenuTb Tpy3
maccoi 100 rpamMmm Ha HUTH.

Hute Oynem cuuTaTh HEBECOMOM W  HEPACTSHKUMOW, WHEPTHBIMU
CBOMCTBaMHU MIKMBA KOMOMHUPOBAHHOW CTOWKH MOXHO MpeHEOpeyh B CUITy OYCHD
MaJiolt ero mMacchl. TakuM 00pa3oM, Cujia HATSDKCHUSI HUTU HE U3MEHSETCS BIOJb
BCEU HUTHU U OYyJIET paBHA CHJIE TSHKECTU TPy3a 3aKPEIICHHOTO Ha HUTH.

MoMeHT cuiibl OyJIeT paBeH:

M = mgR,

rae R — paguyc mKMBa CTOJIA.



VYTI10BO€ YCKOPEHHE IPy3a MOYKHO OIPEAEIIUTD [0 COOTHOIIECHHUIO (28).
MoMEeHT nHepLIUY TOBOPOTHOTO CTOJIA PACCUMUTHIBAEM IO (PopMyJIe:

__ mgRt?
T am

I (29)

M3mepeHne BpeMeHH MOBOpPOTA CTOJIa MPOBECTH COTJIACHO IMyHKTaM 4,5
3afanud 1. 3amucaTh 3HaYeHHE MOMEHTA WHEPLIUH CTOJIA B OTYET.

Tabnuya 2.

m, K2 R m t, c [ ke'm

3aoanue 3: onpedeneHue MomMeHmMa uHepyuy NOAYUapa

Memoouka Ixcnepumenma

MOMEHT UHEPIMH 11apa OTHOCUTEIBHO OCH, IPOXOSIIECH Yepe3 LEHTP Macc
MOYHO PaCCUUTATh IO COOTHOUIEHUIO:

= 2MRyy°
=—",

re m -macca noiymapa, R, - paauyc noiyuapa.

J11s1 OMTHOPOAHOTO, T.€. MOJIyIIapa ¢ HOCTOSIHHOM MJIIOTHOCTBIO, CITPABEIJINBO

BBIPA)KECHHE:

(30)

Ecan Ha HOBOpOTHBIfI CTOJI TNOMCCTUTHL IOJIyHmiap, MOMCHT HWHCPIHUU
HOHY‘ICHHOﬁ CHCTCEMBI, 6y,21€T CKJIaabIBAaTbCA HW3 MOMCHTA HWHECPIHMU CTOJAa H

MOMEHTa UHEPIIUH ITOJIyLIapa.
[ =1+, €29)

I[JI?I ONIpCACIICHUA MOMCHTA MHCPIHUU CHUCTCMBbI BOCIIOJIB3YyCMCA MGTOI[HKOﬁ

3aJaHusA 2. MoMeHT WHEPpIHHU ITOJyliapa OIpCcaAcIMM U3 BbIPAKCHUA!

Ir[m =1- ICT (32)



Buvinoanenue padomut

1. ITomecTuTh HAa TOBOPOTHBIN CTOJUK MOJIyIIap TAKUM 00pa3om, 4TOOI OCh
MOJIyIIapa COBIIA/Ialia ¢ OChIO CTOJIA.

2. 3aroToBUTH TAOIUILY

Tabnuya 3

2

MNo, m, ke t, c L, kem” | <[> Al AIl-z Al o)

n/n

IMPOBEPKA TEOPEMBI IITEMHEPA

3adanue 4: nposepra meopemot LlImeunepa

Memoouka 3xkcnepumenma

st mpoBepku Teopemsbl lllteiiHepa HeoOX0IUMO coOpaTh YCTaHOBKY C
WCITOJIb30BAaHUEM TIPYKHH, KaK MMOKa3aHo Ha pucyHke 1. Ilpu oTmmyckannm Topmo3a
MTOBOPOTHBIM CTOJIMK HAYMHAET COBEPIIATh KPYTHIBHBIC KOJCOAHUS BOKPYT
BepTUKAIbHON ocu. Cuila HaTSHXKEHUS HUTU, 3aKPETUICHHOW Ha OOJIBIIOM INKUBE

3aBHUCUT OT CHJIBI YIIPYI'OCTH, BO3HHK8IOH.[€I>1 B IIPY>XKHWHAaX:

F = 2kx (33)
Cuna HaTsHKEHUSI HUTU CO3Ja€T BpAalaloIIMi MOMEHT

M = 2kxR, (34)

rae R — paauyc 1IKUBa,
k-xoa¢duireHT xxectkocTu npykunsl kA~=21,8 H/Mm.,

Ecmu Y4E€CThb, 4YTO IIpH MaJIOM IIOBOPOTC CTOJIa CMCIICHHUC IIPYKNHDBI
MMpONOPHUOHAIIBHO YIJIy IIOBOpPOTa )C:R(p, TO HJaHHOC COOTHOIICHUEC MOXKHO

nepenucaTh CICTYIONUM 00pa3oM:

M = 2kR%¢ (35)




VYpaBuenue konebaHuii (BpalaTeIbHOTO JABUKECHHS) CTOA B OTOM Cllydae

HUMECCT BU:

¢ _ _51R2 ) 2. _
Idtz— 2kR“@p wmm Idt2 + 2kR“p =0 (36)

kR?

Kos()HIHMEHT TpONOpIUOHATEHOCTH w2 = OnpeaensieT UUKINIECKYIO

qaCcTOTy KoJIcOaHM cToA.

ITepuon xonebanuii

I

T =2m
2kR?

(37)

N3 »TOoro cootHomeHUs: MoaydyuM GopMyITy i pacueTa MOMEHTa UHEPIIUU

KOJIEOJTIOIIEICA CUCTEMBI:

272
[ = 2KkR“T (38)

4772

Ilepuon konebaHuit cTOJNIAa H3MEPSETCS C TMOMOIIBI0 U3MEPUTEITBLHOU

cucrtembl UCM.

Ecnu Ha cTton momecTuTh Jt0Oble MPOU3BOJIBHBIE Tena (B HAIEM cCllydae
UJIMHAPKI), TO MOXKHO MpoBepuTh TeopeMy llITeitHepa, u3aMeHsss UX MOJIOKEHHE
OTHOCUTEIIBHO OCH BpalleHus. MOMEHT HWHEpPIUU CTOJIa C TpPy3aMH MOXKHO
OMpPE/CIUTh KaKk CyMMY MOMCHTOB HMHEpLUH CTONa W rpy30B [ = I+ I,
MOMEHT MHEpPUHUHU TPY30B MOKHO 3aBUCUT OT MX MOJIOKEHUS OTHOCUTEIIBHO OCH

BpAILICHUS:

mR3

Ip=2—7+ 2mr? (39)

rac m - MacCa nDUJIMHAPA, RO - paanyC nuimHApa, » — pacCTOAHUC OT OCH

CTOJIa JI0 OCH IUJIMHAPA.

Buvinonnenue pabomur

1. 3aroToBUTH TAOIUILy U3MEPEHU I



Tabnuya 4

No T c T2,c2 v, M y)

2|y 2 I 2
p, KM KM acu, KM

2. PaccunTtaTh MOMEHT UHEPLUHU TeJa 3aJaHHON (OPMBI, U3MEPUB UX Maccy
Y pa3Mepbl C MOMOIIBI0 TEXHUYECKUX BECOB M IITAHTCHLMPKYJISI COOTBETCTBEHHO.
MoMmeHT uHepLUU cToJIa ObLT OMpEIEeTICH B MPEIbIAYIIEM 3aJaHUH.

3. IlepekunyTh HUTH Yepe3 OONbIINN MIKUB cTOJA. KOHIIBI HUTH COCITUHUTH
¢ npyxuHamu. [IpyXKUHBI NPUCOECIWHUTH K IITBHIPSIM HAa OCH IIKHUBA-pOJIMKA
cToiiku. B cBOOOAHOM coOCTOSTHUM 00€ MpYKUHBI JOJDKHBI OBITh  HATAHYTHI
PaBHOMEPHO 03 MpOBHUCAHUS.

4. Ha wusMmeputrenpHOM cucteme ycTaHOBUTH pexuMm «OJJHOKPATHO»
TymMOsiepoM «1/2» B monoxeHue «2», TymOnep TaiiMepa YCTaHOBUTH B CpEJIHEE
MIOJIOKEHHUE.

5. Tlpoepuyts miatdopmy croma Ha 30°, yCTAaHOBHB pHCKY IHCKa-
yKazaTelis B COOTBETCTBYIOIIEE MOJIOKEHUE. 3aUKCUpOBaTh IMOJIOKEHUE CTOJIA
TOPMO30M.

6. Haxarp xkHOnkKy «I'OTOB», 3ateM OTIyCTUTH TOPMO3 CTOJIA. 3aUCaTh
MOKa3aHUsl CEKyHJIOMEepa B TaONMIly. DKCIEPUMEHTAIbHOE 3HAYEHUE MOMEHTa
WHEPIUH orpeaenuTs 1o popmyse (39). Usmepenns mosroputh 5-10 pas.

7. PaccunTaTh MOMEHT MHEPLIUHU CUCTEMBI L;e, IO popmymte (30).

8. CpaBHUTH pe3yabTaThl pacyeTa C pe3ysibTaTaMu dKcnepuMmenTta. Caenarb

BBIBOJI.

KoHTpoJibHBIE BONIPOCHI.
1. [aiiTe ompeaeneHrne yriioBOTO YCKOPEHUS Tela. YKaXWUTE HANpaBJICHUE

BCKTOpa yIrjIoBOIro YCKOPCHUA Ha CXCMC.



2. JlaiiTe omnpenereHUE MOMEHTa CHJIbI OTHOCHUTEIBHO HEMOJIBHXKHOIO
HayaJla U OTHOCHUTEJIIbHO OCH I BpAUIAIOLIErocs Tejad. YKaKUTE Ha CXEeMe
HaIlpaBJeHUE BEKTOPA BPAIAIOIIEr0 MOMEHTA.

3. JlaiiTe ompeneseHME MOMEHTA WMITYJIbCA MATEPUAIBHOW TOYKM U
BpalIaloUIerocs TBEPAOro Tena. Y KaXuTe HalpaBJICHHE BEKTOPa Ha CXEME.

4. 3anumuTe ypaBHEHUE MOMEHTOB.

5. ChopmynupyiiTe OCHOBHOHM 3aKOH TUHAMUKH BPAIIATCILHOTO ABHUKCHUS.

6.Yto Ha3bIBa€TCS MOMEHTOM MHEPLUMH? 3anuimnTe GopMysibl s MOMEHTa
WHEPIIMM MaTepuajJbHON TOYKHM, MPOU3BOJBHOTO Tena. KakoBa poyib MOMEHTa
WHEPIIUU BO BPAIIATEIIbHOM JIBUKEHUU?

7. Homyuute dhopmyy AJiE MOMEHTA UHEPIIUU CTEPIKHSI OTHOCUTEIBHO OCH,
MPOXOSIIEN Yepe3 UEHTP Macc.

8. Chopmynupyiite TeopeMy Lllrelinepa. Kak mpoepsieTcst 3ta TeopeMa B
JaHHOM J1abopaTopHOM padboTe?

9. llonyuute ¢opmyiy mJis MOMEHTAa WHEPIUU CTEPKHS OTHOCUTEIHLHO
m0001 OCH, MapaJIeIbHON OCH, IPOXOJIAIICH Yepe3 IEHTP Macc.

10. Kakne MeToauKy MCIIOIB3YIOTCS I ONPEACICHUS MOMEHTA UHEPLIUU B

JTAHHOM ITocoOun?



Jlabopamopnasa paooma Ne D-1-4

MN3YYEHUE 3AKOHOB COXPAHEHUA MOMEHTA UMITIYJIBCA
U SHEPI'MH ITPU ITOMOIIIA KPYTUJIBHOI'O MASITHUKA

IJens. Ormpenenutb CKOPOCTb CHapsAa, MCIOJB3Ys 3aKOH COXPaHEHMS
MOMEHTa UMITYJIbCa, IPU B3aUMOJICHCTBHU CHApsa C KPYTHILHBIM MasiTHUKOM.
Ooopyoosanue. llpyxuHHas NylIKa, KPYTWIbHBIA MAasTHUK C YIJIOBOU

HIK&JIOﬁ, BHCKTpOHHl)If/'I CCKYHIOMCD, CUYCTYHK IICPHUOI0B.

Kpamkasa meopus
Momenm umnynsca. MarepuanpHas TOYKa, [BWXKYLIAsACs Ha

HEKOTOPOM PACCTOSIHUM OT OCH CIOCOOHA MepefaBaTh BpallaTelIbHOE JABUKEHHUE
TeJlaM, BpAIlaloIIMMCs BOKPYT 3To ocu. Koan4ecTBEHHOM Mepoil BpalaTeabHOTIO
JIBWOKCHUS SIBJISIETCSI MOMEHT MMITyJibca. Eciu mMarepuanbHasi TOYKa JIBHXKETCS B
MJIOCKOCTH, NEPHEHIUKYISIPHON HEKoTopoil ocu, (puc.l a), TO ee MOMEHT

UMITYJIbCa OTHOCHUTEIIBHO STOW OCH OIPEEIISIeTCS] PABEHCTBOM:
L= [r; m v] , (1)
na mooynsa momenma umMnynbca cnpageodiuso 8blpadceHue
L=rmvsing=mvd,
TIIE @ - YTOJI MEXy BeKTopamu 7' u V|
d - KpaTJaiiiee pacCTOSTHUE OT JIMHUH JBU)KECHUS JI0 OCH,
¥ - paguyc-BEKTOP, TPOBEACHHBIN OT OCH BPAILICHHS K JBIKYILEHCS TOUKE.
JInst Tena, BpANIArOIIErocsi C YIJIOBOW CKOPOCTBIO @, Kaxnaas i-si TOYKa
Maccoil m; UMeEeT MOMEHT umiyJibca (puc.l 0).

I = _ 2
i T MVt = Oy
IHonupii MOMCHT HMITYyJIbCa Bpalaromeroc: TCJa MOJIYUNTCA

CYMMHPOBAHUEM MOMCHTOB UMITYJIbCA BCEX TOUCK

Lzoo-Z:mlJ;.2 =Iw (2)
i=1



rac J = Zn:mil/f - MOMCHT MHCPIHHU TCJIA.
i=1
Ecau Ha CUCTCMY HC HCﬁCTBYIOT MOMCHTBI BHCHIIHHMX CHJI, TO B TaKoM
CUCTCMC BBLIIOJHACTCA 3daKOH COXPAaHCHHA MOMCHTA HMMIIYJIbCA: CYy MM A P H bl u
MOMEHM umnyivca cucmembul He uamensaemc:s 60
epemernu, Hecmomp:A Ha gzaumooelrcmeue omoenbHbLX

yacmeu cucmembl.

—

L = const

PucyHOK 1 - k onpeneneHno MOMEHTA UMITYJIbCA.

Kunemuueckas 9Hepeus  melda, BPALIAIOWIETOCAd  BOKPYT
HEMOIBUKHOW OCH, pAaBHA:

T — l[w{ 3)
2

K
Ota  ¢opmyna  aHaioruyHa  ¢Gopmysie  KHHETHUYECKOM  DHEprum s
MOCTYIIATEILHOTO ABMKCHUS.
3axon ynpyeocmu. Ilpu 3akpyuriBaHUU yIPYTOW HUTH WIH CTEPKHS

BO3HUKAET YIIPYTMid MOMEHT CHUJI, MPONIOPLUHOHAIBHBIN YTy IIOBOPOTA &

—

M = ya, (4)

rae y - KO3(QQUIHEHT MPOMOPLHOHAIBHOCTH, HA3bIBAEMBINH MOOYIeM Kpy4eHus..
Moynp Kpy4eHHsT YUCIEHHO PaBEH MOMEHTY CHJI, BOZHUKAIOIIEMY MPH TIOBOPOTE

CTep>kHA Ha 1 paguaHn.



@®opmyna (4) anamornuHa ¢Gopmyne s CWiIbl  ynpyroctd. Ponb
KO3 UIIMEHTa KECTKOCTH HIpaeT MOJYJdb KpPy4YeHHUs, a pacTsDKEHUs- Yroll
IIOBOPOTA.
Illomenyuanvunasa sunepeusn nebpopMalMy Npu CKPYYUBAHUU HUTU
paBHa
AL
2, (5)

KOTOpasi  TakkKe  ONpeleNsercs  aHAIOTMYHO  IMOTCHIMANBHOM  SHEPruu
nehopMUPOBAHHON NIPYKUHBI.

Memoouka Ixcnepumenma

YcraHoBKa IpeICTaBIsIeT CO00i OaNIMCTUYCCKUA KPYTHIBHBIH MasSTHHK C
OoabmUM MEepHUOTOM KojcOanmii. CTepikeHb |1 ¢ yCTaHOBICHHBIMU HA HEM
TIOJIBIDKHBIMH TPY3aMH 2 W YalllKaM¥ C TUTACTHJIMHOM 3 JIJIS yJIaBJIMBaHUS CHapsia

MOJIBEIICH Ha YIPYTUX pacTskkax 4 (puc.2).

PucyHok 2 - cxema yCTaHOBKH.

Cuapsin Maccoid m , BBUIETEBIIUN U3 MPYKUHHOW MYIIKUA 5 CO CKOPOCTHIO V,
BKJIEMBAETCS B YALIKY 3 ¥ BBI3BIBAET OTKJIOHEHUE MAaITHUKA HA HEKOTOPBINA yroJl Q.
B omnbITe MOXHO BBIACIUTH TPH OCHOBHBIX JTAIla.

l. Bwicmpen u3 npyxcunnou nywku. B cucremMe CcHapsa-pyXHHA
BBITIOJHACTCS] 3aKOH COXpaHEHUs MexaHudyeckoil sHepruu. CHapsia npuoOperaer

KHHCTUYCCKYIO DOHCPIHIO 3a CUCT HOTeHHHaHBHOﬁ OHCPIruu C)KaTou IMPY>XUHbI



2 2
ot 0

Ilpumeuanue. Ha COO6HICHI/IG KUHETUYECKOMN OHCPIUU ITYyJIUM HUACT HC BCA

NOTEHIMAIbHAS PHEPrusi ynpyro AehOpMHPOBAHHON NPYXKHUHBI, T. K. YacTh €€
npeoOpa3yeTcss B KMHETHYECKYIO DHEPTHI0 CaMOW MPYKHWHBI, HO OHAa Maja IIo
CPABHEHUIO C KUHETUUECKOM SHEPTHEH MyIu U €10 MOXKHO IipeHeOpeusb. [Ipu Takom
nomnyiieHun Gopmyiy (6) MOXKHO CUMTATh KOPPEKTHOMA.

2. Bzaumoodeiicmeue cHapaoa c KPYMUuJibHblM
masmuuxom. llpu B3aMMOAECHCTBUM C MasiTHUKOM IPOUCXOJUT HEYIPYroe
coynapenue. [Ipogo/DKUTENBHOCTh CTOJKHOBEHUS Malla 110 CPaBHEHHUIO C
NEepPUOJIOM KOJeOaHH, MOAITOMY 3aKpydYMBaHUEM MAasTHHKAa B TEYCHUE BPEMEHU
ylapa MOXHO MpeHeOpeub. [loka mOBOpOT MasiTHUKA MPEHEOPEKUTETHLHO Mall,
MOMEHT BHEIIHUX CHJI (CO3/JaBaeMblid TMOJBECOM) OTCYTCTBYET M MOMEHT
UMITYJIbCA CUCTEMbI CHAPSA-MasiTHUK Oy/I€T COXPAHATHCS.

[lyns, neTsmas co CKOPOCThIO V HA PACCTOSIHUM » OT OCH BpallleHHUs] MasiTHUKA,
CO3/Ia€T BpaIllATCIbHBIA MOMEHT, KOTOPBIA W SBJSETCS MPUYAHOW MOSBIICHUS
BpamieHusi. HauvanbHast yriioBass CKOPOCTh MAasiTHUKA, TNPUOOPETEHHAs] TMpHU
CTOJIKHOBEHHHM, MOXET OBbITh OIpejeieHa W3 PaBEeHCTBA MOMEHTOB MYJIH
OTHOCHUTEJIIBHO OCH Bpall€HUSI U MOMEHTA HMMITyJIbCa BPAUIAIOLIETOCs MasTHHUKA

(puc.2).

myvr=Il-w, (7)
MexaHnueckass SHEPrusi Py HEYNMPYroM CTOJKHOBEHHUU HE COXPAHSICTCH,

T.K. YaCTUYHO IPEBPAIIACTCS BO BHYTPEHHIOI SHEPTUIO.

3. 3akpyuuseanue masamuHuxa. llpn 3aKkpydyuBaHUM MasTHUKA
BO3HUKACT YNPYTH MOMEHT CWIBI B IIOJBECE, TOPMO3AIINM MasTHUK. Ha sToM
JTale JAUCCUIATUBHBIE IPOLECCHl NMPAKTUYECKU OTCYTCTBYIOT, IOITOMY 3aKOH
COXPAaHEHMS DHEPIMM B CHCTEME MAATHUK-TIOABEC BBINONHACTCA. Mexny
COCTOSIHUSIMU Hayaja JBW)KCHUS U OCTAHOBKU MasTHUKA KUHETUYECKasl dHEPIus
BpalllCHUs] MasTHUKA MPEBPAILACTCA B MOTCHLUAIBHYIO DHEPIUIO0 3aKpy4YUBAHUSA

MoJBeca.



2 2

lo® jya (8)

2 2

N3 paBenctBa (8) MOXHO ONpENeNUTh HAYAIBHYIO YIJIOBYIO CKOPOCTb

MasATHHUKA 9CpPC3 HpCI[@JIBHLIﬁ YTOJI 3aKpYYHUBaAHUA

1

N3 dopmyn (7) u (9) MOXHO TOIYYUTHh BBIPAKECHHUE JISI BBIYUCIICHUS

CKOPOCTH IYyJIA Y€Pe3 YroJl 3aKpyurBaHUS MasTHUKA

Vzﬁ.\/Z_ (10)
mr \ [

Onnako B ¢dopmyne (10) mpucCyTCTBYIOT JABE HEU3BECTHBIC BEIUYUHBI:
MOMEHT HWHEpLUHMH MasiTHUKAa [ W MOJyJb KpydeHus mnojBeca y. lloatomy
HEOOXOJMMO TMPOBECTU €€ [JBa OIbITa, MO3BOJISIIONIME OMNPEIEIUTh OTH
BEJINYMHBI.

N3BecTHO, YTO [ABMIKEHHE MAasSTHUKA HOCUT XapakTep KPYTHIbHBIX

kosjebanuil. Yactora konedanuii £2u nepuon 7" onpenenstoTcs paBEHCTBOM:

2 4
T 1
MoMeHT wuHepuuM MasiTHUKA [ CKJIIQJIbIBA€TCd W3 MOMEHTOB HWHEPIUU
KaXJ0T0 MOJABHXKHOTO I'py3a /. © MOMEHTAa HHEPLUMU OCTAJIBHBIX YAaCTEW MasTHUKA
Iy, Bxmrouas npwmnmuid  cHapsa. (Mbl  cuMTaeM  TOABMXKHBIE  TPY3bI
MaTepUaIbHbIMH TOUYKAMHU. )

I=1y+2L =1+ 2m.R’ (12)
HeussectHble BenuuuHbl [y U )y MOXHO OIPENEIUTh, U3MEPSs IMEPUOIbI

KPYTWIBHBIX KoieOaHuii 1 TpH JBYX Pa3IMYHBIX MOJOKEHUAX TPy30B R; U R, u3

CUCTEMBI IBYX ypaBHeHui (11).

I, +2m R} (13)




(13%)

Ecnu BeICTpEN nOpOWM3BOAUTCA NPU OAHOM U3 IIOJOKEHUM TIPYy30B R;
(HazoBeM ero pabounmm), T0 B ¢opmyry (10) craemyeT moOACTaBUTH MOMEHT
WHEpIUH [; NI TOTO ke moyoxeHus rpy3oB. Toraa u 7 - 3T0 nepuos KoneOaHui
JUISL TIOJIOKEHUsl TPY30B, MPU KOTOPOM IMPOU3BOAUTCS BBICTpEN, a 1, - Mepuoa
KoJeOaHul N KaKoro-J1ubGo JpYyroro MOJOXEHHUS TpPy30B R,
(Ha30BEM €ro KOHTPOJIBHBIM).

®opmyiy (10) MOKHO 3anucath B BUJIE:

yoax L _ax (14)
mr \y 2m-mr

Bripazus u3 cuctems! (13) - (13°) BenuuuHy )y (MCKIIOYUB /) U MOJCTaBUB

ee B BbIpaxkeHue (14), nomyuum padouyro (hopmyay s ONpeaeiaeHus CKOPOCTH

myJIu:

L _Aremp-a T (R - R)) (15)
mor (P -17)

rac m - Macca IIyJiu,
mpr - MaCCa IIOABHUKHBIX I'DY30B.

Brumanue! ®opmyna (15) conepxut pa3HOCTH KBaIpaTOB BEJIUYMH R 1

T, xoTOpble B Cilyyae UX HEOOJBIIOTO pa3fiuyus OyAyT AaBaTh 3HAYUTEILHYIO
OTHOCHUTENbHYI  MNOrpemHocTb. I[lo3TOMYy TmpM mpoBEAEHUH OIbITA
paznuuue BeIM4uH R; U R, cieayer 1eJaTb BO3MOXHO OONBIIHUM.

B paccMoTpeHHOM MasiTHHKE, Ha3bIBAEMOM Oa/UIMCTUYECKUM, YTOJ
3aKpYyUYMBAHUSI ¢ OMNPENENACTCS HMITYJIbCOM CHapsiga p=mv U TapaMeTpaMu
MasTHUKA. bBalimucThuueckuil MasiTHUK MOXET HMETh JPYTyl0 KOHCTPYKIIMIO,
OJIHAKO OOIIEeH YepTON TaKWUX YCTPOMUCTB SIBJISIETCS OOJBIION MEpUoJ KOJIeOaHUi

110 CPAaBHEHUIO C BpPEMEHEM B3aUMO/ICHCTBUSI.

Buinonnenue pavomut

1. 3aroToBUTH TAOIUILy U3MEPEHUIA.



Tabnuya.

No R], a, 7, t;, N], T], Rg, 1, Ng, Tg, v,
II11 CM rpaag (CM C C CM C C M/c
I.

2

2. BpiOparh mNpoOM3BOJBHO paboyee TMOJIOKEHUE TPYy30B. Y CTAHOBUTH

MasjATHUK Ha HYJICBOC ACJICHUC HIKAJIbI.

3. IlpomsBectT BBICTPEN U3 MPYKUHHOM MywKH. M3mepurs yron
OTKJIOHEHHUS MASITHUKA ¢ U PACCTOSIHUE ¥ OT OCH 10 TOUKU BKJICMBAHUS MYJIH.

4. U3zmeputs BpeMms ¢; 1ist N; konebanuit (N=10-15) u onpeaenuts nepuos
KOJICOAHHI C TOYHOCTBIO JI0 TPEX 3HAYaIMX HU(P. DTOT OMBIT MOKHO BBITIOJIHUTH,
HE OCTaHaBIMBas MAasATHHK 1mocie BbicTpena. CexkyHaomMep  BKIKOYUTCSA
aBTOMATUYECKH IOCJIe Hadaja KojaeOanuii. [[s ocTaHOBKM CeKyHIOMEpa HAXKMUTE
kHOnKy CTOIIL. CekyHaomep OCTAaHOBUTCS IIOCJIE€ 3aBEPLICHHUS OYEPEIHOTO
MOJHOTO MNEPHOJA.

5. [IpoBeanTe KOHTPOIBHBIA OMBIT MO OMPEICICHUIO MEepuoa KojeOaHu
JUTSL APYTOTO MOJIOKEHUS TPY30B R,. MasTHUK MpHU 3TOM OTKIOHUTH BpYUHYIO (0€3
BbicTpena). Ilyns ngomxHa ocraBatbest Ha cBoeM Mecrte. Paccrosuust R; u R,
JIOJKHBI OTJIMYATHCSL HE MEHEE, UeM Ha 4 CM.

6. [ToBTOopuTh Mm.11. 1-4 5-7 pa3. Pe3ynbTarsl 3aHECTH B TAOJIUIY U3MEPEHUM.

7. OnpenenuTts Maccy MmyJu.

8. Beruucauth ckopoctu myinb mo gopmyine (15) ana xkaxmoro ombita. (He
3a0ypTe 00 UCIIOJIB3YEMOM CUCTEME eIMHUIL!)

9. Bruuciuth MOMEHTBI MHEPUUHU [y U [ 1711 OAHOTO U3 TOJIOKEHUM IPYy30B
U MOJyJIb KPYUYEHUS MO/IBECA.

10. BpuncinTh HaYaJIbHYI0 KUHETUYECKYIO SHEPIHUIO MYJU, KUHETUYECKYIO
SHEPIrUI0 MAsATHUKA IOCJE CTOJKHOBEHHUS W MOTEPH SHEPTUU HPHU CTOJIKHOBEHUU

JJI1 OAHOI'O U3 OITIBITOB.



Konmponwvnsie éonpocul
1. [aiiTe ompenereHMe MOMEHTa HMMIYJbCa MaTE€pUATBLHOM TOYKU U

BpalIaIOIErocs TBEPAOro Teja. Y KaKUTe Ha PUCYHKE HalpaBJIEHUE BEKTOPa L.

2. CdopmymupyiiTe 3aKOHBI COXpPAaHCHHS MOMEHTAa WMIyJbCa W
MexaHuveckoil snepruu. Korja B jaHHOM paboTe BBITTOIHSIOTCS 3TH 3aKOHBI?

3. 3anumuTe BBIPAXKEHUE [JI1 YIPYroro MOMEHTa, KWHETUYECKOM U
MOTEHIIUAJIBHOW JHEPTHM TPU BpallaTeIbHOM JBHKEHUHU. COMOCTaBbTE HX C
aHAJIOTUYHBIMU (DOPMYJTIAMU MTOCTYMATEIBHOTO JBUKEHUS.

4. Ilepeuucnutre OCHOBHBIE dTalbl ONbITa, ONUIIUTE MPOLECCHI,
MPOUCXOJIAIINE B CHUCTEME Ha KaxkJaoM drare. Ha kakux 3akoHaxX COXpaHEHUs
OCHOBAH JAHHBIA METOJ U3MEPECHUS?

5. BeiBenute camoctosatenbHo dopmyny (10) nmas u3mMepeHuss CKOpPOCTH
nynd. JlocTaTtouHo M 3TON (HOPMYJIIBI JIJIsl BEIYUCICHUS CKOPOCTH IMYJIM B HAIIeM
omnbiTe? C Kakoi 1eJIbl0 B paboTe U3MEPSIIOTCS MEPUOIbl KPYTHIIHHBIX KOJICOaHMT?

BriBegute dhopmyiny (15).



Jlabopamopuas paooma Ne @-1-5
N3YYEHME BBIHYKJIEHHOMW NPEIIECCUU T'MPOCKOIIA

Ileny. V3yuuTh TperiecCUI0 TUPOCKOIA, OMPENEIUTh €ro MOMEHT HUMITyJibca U
MOMEHT UHEPIIHUH.
Ooopyoosanue. T'upockon FRM-10. VYcrpolictBo oTcuera yria Mpeleccuu,
TaxoOMeTp U CEKyHJIoMep (Ha MaHeu pruoopa).

Kpamkasa meopus

['mpockomomM Ha3bIBa€TCS MACCHBHOE TENO, OBICTPO BpAIIAIOIIEECs BOKPYT
OCH CHUMMETpuH. [HpOoCKOm Ha3bIBae€TCs CBOOOJHBIM, €CIHM OH CIIOCOOEH
MMOBOPAYNBATHCSI OTHOCUTEIBHO TPEX KOOPIWHATHBIX OCed. DTO MOCTHTaeTcs 3a

CUCT IIPUMCHCHHUA TAaK HA3BIBACMOI'O KapJaHHOI'O II0ABCCA (pHC 1)

PucyHok 1- rupockor.
[Ipu BpamieHUM THPOCKOMA BOKPYT OCH CHMMETPUH OH NpHOOpETaeT MOMEHT

UMITYJIbCa
=1t (1)

rac I() — MOMCHT MHCPLUHUHU T'MPOCKOIIa OTHOCHUTCIIbHO OC CUMMCTPHUH,

—

o,
0— yrioBas CKOPOCTb BpalLlCHUS.

—

@
Ha puc. 1 yrinoBasi CKOpoCTh THpOCKOIA ~ ° HalpapjieHa 10 MpaBUily MPaBOro

BHHTA BJOJIb OCH X, B Ty K€ CTOPOHY IIO OCH BpalllCHHA 6y,£[eT HarpaBJICH U

—

L
MOMCHT HMITYJIbCa THPOCKOIIa 0,



Ecau rupockon npu 3ToM BpamaeTcs U BOKPYT NEPHEHIUKYISAPHON OCH, TO

MOABJIICTCA JOIMOJHUTCIIbHAA COCTABJIAIOIIAA MOMCHTA UMITYJIbCa

—

Li = L(?)L . (2)

—

ITockonbKy 1) u I, He paBHbI, TO BEKTOphI ¥ 1 Vs y)Ke He OyIyT mapaijie/IbHbI.
YipouieHHas Teopys BBIHYKAECHHON NPENECCUNA TUPOCKOIA UCXOIUT U3 €T0
OBICTPOTO BpalleHUs BOKpPYr oOcu cummeTrpuun (@ >> @) Tak, 4TO
NEPIICHIUKYIAPHON COCTABIIAIONIEH MOMEHTA UMITYJIbca L ; MOXKHO IPEHEOPEYb.
Ecau meHTp mMacc rupockolia JIEKAT B TOYKE IEPECEYCHUs OCEW BpallEeHHUs, TO
CWJIa TSDKECTH He OyneT co3[aBaTh BpallAOIMIKUX MOMEHTOB. Ilpu Hamuuuu
MOMEHTOB CHJI XapakTep M3MEHEHUS MOMEHTA MMITYJIbCa TUPOCKONA BO BPEMEHU

6YII€T OIIPCACIIATHECA YPAaBHCHUCM MOMCHTOB!

d -
Pt 3)

—

rae M — MOMEHT BHEILHHX CHIL

Ecny MOMEHT BHELIHUX CHJI paBeH HYJI0, TO U3 (3) cieayer, 4YTo BEKTOp
MOMEHTA MMIIyJIbCa THPOCKONA L COXPAHSETCS, OCTAaBasCh HEM3MCHHBIM IIO
BeJIMUYMHE U HampaBieHuto. [IpuueMm, kak OyneT Moka3aHO B JaJIbHEHIIEM, 3TO
HaIpaBJICHUE OKa3bIBAETCS YCTOWYMBBIM K HEOOJBIIMM BO3MYyIIeHUsM. Eciun
MOMEHT BHEIIHUX CUJ OyJeT OTJIIMYEH OT HYJsA, TO BEKTOP MOMEHTa HMITYJIbCa
IHPOCKOIa L HAYHET M3MEHSTHCA.

ITonBecuM Ha OCh TMPOCKONA, Ha PACCTOSSHUM R OT LIEHTpa, IPy3 BECOM
F'=mg (puc. 2). Cuna TsecTH Ipysa, HAIpaBlIeHHAs [IPOTHB OCH Z, CO3IAET
BpALLIAIOIINN MOMEHT, KOTOPBIN HAIPABJIEH BAOJb OCH V:

M =[R; F]. 4)
Ecau ock rupockona ropu3oHTalIbHA, TO MO MOAYJIIO OH PABEH:

M=R'F. “4)

—

3a BpeMs Of 1oJ JeCTBHEM Bpallarolero MoMeHTa M B COOTBETCTBUU C

dopmysoit (3) mpomsoieT M3MEHeHHEe BeKTopa L Ha BeNWuuHY OL, mpHueM



BeKTOppl OL W M OynyT mapajuienbHbl (M HampaBlIeHBI BIOJIb OCH y). A 3TO
3HAYUT, YTO OCh TUPOCKOIIA TIOBEPHETCS B TOPU3OHTAIBHON TUIOCKOCTH X0y BOKpPYT
OCH Z Ha Yroi O, Kak I0Ka3aHO Ha pHUC. 2. DTOT MOBOPOT Ha3bIBACTCS

BBIHYKJCHHOM IIPELECCUEN THPOCKOIIA.

SL~ L

L
ool

PucyHOK 2 - BBIHYXJEHHas PELECCUS TUPOCKOTA.

VYrioBas CKOpOCTb MPELECCUU THPOCKOIA pABHA!

Q:%;
ot &)

I7ie O - yroj NPelecCUOHHOTO TOBOPOTA 3a BpeMs Of.

VYron noBopoTa (B paguaHax) MOKHO ONIPENETUTh U3 PUC. 2:

SL M-St
oo =—=— (6)

N3 Beipakennit (4') (5) u (6) momyunm (opmyiy, ONpPENESIONIyI0 YTIOBYIO

CKOPOCTL IPpCHCCCUU

) @
Takum oOpazoM, B OBICTPO BpallalOIIEMCSi THPOCKONE MOMEHT CHJI
BBI3bIBACT JBWKEHHUE HE C YIJIOBBIM YCKOPEHHEM, a C TOCTOSHHOW YTJIOBOM
CKOPOCTBIO, IPUYEM TPEIecCUsi BOZHUKAET MTHOBEHHO NPH TOSBICHUA MOMEHTA

ciwi. (3aMeTuM, OJHAKO, YTO B JAHHOW CXeMe Mbl HE YUYUTHIBAEM J100aBOYHBIN



MOMEHT HUMITYJIbCa, BBI3BAHHBIA BpaIlllEHUEM THUPOCKOINA BOKPYT OCH Z, YTO
CHpPaBEIMBO TOJBKO MpU OOJBIION CKOpOCTH BparieHus). [lpu HeOOIbIIUX U
KPaTKOBPEMEHHBIX BO3JCUCTBUSAX HW3MEHEHHE TMOJIOKEHHUSI OCH THUPOCKOMa O
OyJIeT HEe3HAYUTEIbHBIM M TEM MEHbIIEe, 4YeM OOJbIlle MOMEHT HMIIYJbca
rupockona (cMm. dopmyny (6)). CrenoBaTenbHO, OpPHUEHTAIMSA OCH OBICTPO
BPAILAIOIIEroCsi TUPOCKOIA MPOSBISET ONMPEICICHHYIO0 YCTOMUNBOCTh K BHEIIHUM

BO3JIEUCTBHUSM.

Memoouka 3xkcnepumenma
VYrioBasi CKOPOCTh MPELECCUH TUPOCKONa (2 B HAIIUX ONBITaX OMNPENesIeTCs
KaK OTHOIIEHHUE YIJIa MPELECCUOHHOr0 MOBOPOTAa & KO BPEMEHH IOBOPOTA 1:

(94
Q==
. (8)

U3mepenrss « W t B YCTAaHOBKY IIPOM3BOASTCS aBTOMATUYECKU U
(buKcUpyIOTCA Ha HU(PPOBBIX TA0IO YCTAHOBKHU.

[TockonbKy B Hallel YCTaHOBKE LIEHTP MacCc IMPOCKOIIA HE COBIALAET C
TOYKOM mepeceyeHus oceil (rupockon 0e3 rpy3a He ypaBHOBEIIEH), TO CYIIECTBYET
HECYPABHOBECIIECHHBII MOMEHT CHJIbl TSXKECTU M), KOTOpPBIM CIEAYET YYECTb.
MOXHO uU3MEpeHHs NMPOU3BECTU ABAXK/BI, IIPU ABYX PA3JIUYHBIX IUIeUax R; u R,
UCKJIIOUMB U3 PE3YJIbTaTOB HEM3BECTHYIO BeNIMUMHY M. bonee TOUHBIM siBIsieTCS

cnenyromuii Mmeron. M3 dopmynsl (7) ¢ ydeToM AOMOJHUTEIBHOIO MOMEHTa M,

CIEYET:

Q= %R + % )
T. e. yrioBasi CKOPOCTh TPEIIECCUU SIBIISCTCA JIMHEWHOW (DYHKITMEH TMOJIOXKEHUS
rpysa

Q=A4-R+B. (9"

[TocTpouB rpaduk 3KCIIEPUMEHTAIBHON 3aBUCUMOCTH {(R) M ONIpEIEIUB 10
rpaduky Ko3(pPUIUEHT MPOMOPIIUOHATBHOCTH A, MOXXHO OMNPEAETUTh MOMEHT

uMITyJbca Tupockona L (dhopmynna momydaercst U3 comnoctaBiieHus Gopmyn (9) u



(9")). Touka mepeceyeHus rpaduka ¢ OCbI0 aOCIUCC TA€T PABHOBECHOE TOJIOKCHHE
rpy3a Ry. V3MepuB mnpu MOMOIIM TaxOMETpa YIJIOBYIO CKOPOCTh BpaIECHUS
THPOCKONAa W HCTOiB3ys dopmyny (1), MOKHO OmMpeAeTuTh MOMEHT HHEPIUU

rupockona /.

Buvinonnenue padbomur

1. 3aroToBUTH TAOJINIY U3MEPEHU.

Tabnuya.
Ne i/ R, 107 M a, Tpaj a, paj t,C Q¢!
1
2

2. HaiiTu u 3anucarh NOJIOKEHUE Tpy3a R), COOTBETCTBYIOIIEE PaBHOBECHIO
TUpOCKoma (TP 3TOM TIOJIOKEHUW TIPH BKIIOUCHHOM JBUTATENEC TMPEIECChs
orcyTtcTByeT). [1o 3amanuto npenogaBaTesist yCTaHOBUTH 33JJaHHOE YHUCIIO 00OPOTOB
JBUTATENSI TUPOCKoma. [Ipon3BecTH OTCYET YrioBOW CKOPOCTH BpAIICHHUS 7 TI0
taxomeTpy. [1o kosie0aHusIM CTpEIKU TaXOMeTpa OIEHUTh MOTPEITHOCTb.

3. YCcTaHOBUTH TPy3 Ha OCH THUPOCKONA C MHUHUMAaIbHBIM TuieuoM. [lepemernas
Ipy3 BIOJb OCH THPOCKONA C 3aJaHHBIM ImaroM (1-2cM), U3MEpHUTH MOJIOKCHUE
rpysa Ha mkane R, yrom mosopora o (mpemenst 30°-40°) u Bpems moBopora f.
Pesynbrathl 3aHectn B Tabmuny (6-10 3Hauenuit). Ilpudem wusmewnernue
HanpasieHue TIPEIIECCUU CIIEYyEeT YUYUTHIBATh 3HAKOM YIJia MOBOPOTa W YIJIOBOM
CKOPOCTH.

4. B3sBIIUCH OJTHOU PYKO# 32 CKOOY THPOCKOTA, TOMPOoOyHTe (04€Hb OCTOPOKHO!)
CJIeTKa TMPUTOPMO3HTH MPENECCHI0. 3aTeM TOMBITAWTECh CJerKa YCKOpPUTH ee.

3anuiuTe pe3ysbTar.

Oopaoomka pe3yiomamoas.
1. Haueptuth ocH, BeIOpaTh MacmTad M HAHECTH TOYKH TIpaduka 3aBUCHMOCTH

L)(R) O TaHHBIM TAOJMIIBI.



2. TlpoBens uyepe3 TOYKH YCPETHSIONMIYIO TPSMYIO, OIPEACIUTh YIIIOBOM
ko3pbunreHT 4 nuHEeHHON 3aBUCHUMOCTH (2(R). BhUHMCINTE 3HaAYEHHME MOMEHTA
uMITyJanca L.

3. [IpousBecTu pacueT MOMEHTA UHEPIUU /), UCTIONB3Ys L U n.

4. Ha cxeMe rupockomna yka3aThb HallpaBJICHHE MOMEHTa CHJI MPU TOIbITKE
3amopmo3ums  (yckopums) npeyeccutro TUpockoma. Ilpu momomm  cxemsl

O00BSACHUTH IMOBCACHHUC TMPOCKOIIA B 3TUX CIIydasaX.

Konmponwvnwie éonpocul

1. aiiTe onpeneneHre CAeAYIOIMMX BEIUYNH: YTIIOBOW CKOPOCTH, MOMEHTA CHIIBI,
MOMEHTA UHEPIIUU, MOMEHTA UMITYJIbCA.

2. Yto takoe rupockon? CKOJBKO cTeneHel cBo0oabl nMeer rupockon? Kak ato
JocTuraercs’?

3. 3anumure ypaBHeHHME MOMEHTOB. Cdopmynupyiite 3aKOH JHUHAMHKHU
BpAIllaTEeIIbHOTO IBUKEHUS.

4. Yto o3HauaeT TepMUH CBOOOIHBIN TUpockon? UTo Takoe mpereccusi?

5. OObBsiCHUTE SBJICHHE TMPELIECCUH TUPOCKONAa Ha OCHOBE 3aKOHA JIMHAMUKHU
BpAIllaTEJIbHOTO IBUKEHUS C UCTI0JIb30BAHUEM YEPTEkKA.

6. BeiBenute pabouyro Gpopmyny aiis onpeaenaeHus L.



Jlabopamopnasa paooma Ne D-1-6

ITPOBEPKA 3AKOHA COXPAHEHMUSA SJHEPT U HA MASITHUKE
MAKCBEJIUIA
Ileny. OxcnepUMEHTANIBHO IPOBEPUTh 3aKOH COXPAHEHHS SHEPIHMHM Ha
MasiTHUKe MakcBemia. Onpenenutb CKOpPOCTh IOCTYINATENbHOIO JABMXKEHUS
MasTHUKA MO DHEPreTUYECKUM M KHUHEMATHYECKHUM COOTHOILUEHUSM U CPABHUTH

Hux.

Oobopyoosanue. MastHuk MakcBeia. B KOMIUIEKT YCTaHOBKH BXOJSAT
KOJIbLIA JUIsl N3MEHEHUSI MOMEHTa UHEPLUU MasATHUKA. BpeMs majeHus: MasiTHUKA

(UKCUpPYETCS ANEKTPOHHBIM CEKYHIOMEPOM.

Kpamkas meopus

HaunbGonee oOmieii Mepoll ABMKEHUST MaTepUH sIBIsieTCs ee 3Heprus. B
MEXaHUKE - 3TO MEXAaHHWYECKas JHEPrus, COOTBETCTBYIOIIAS MEXAHUYECKOMY
JBUKEHHUIO B3aUMOJCHCTBYIOIIMX Ted. PasnuyaroT aBa BUAAa MEXAHUYECKOMN
DHEPIUU - KUHETUYECKYIO U OTCHIIMAIBHYIO.

IToreHuuaIbHAsA JHEPIrUsl. DHEPIUs, ONpeesieMas B3aMMHBIM PaCIIONI0KEHUEM

B3aMMOJICUCTBYIOIIMX TENl W 3aBUCSIIAS TOJbKO OT KOOPAMHAT, Ha3bIBAaETCA

noreHuuanbHoM. Pabora A;,, coBepiiaeMas KOHCEPBATHUBHBIMU CHUJIAaMHU TpU

NepPeBOJIE CUCTEMA M3 OJTHOT'O COCTOSIHUS B PYroe, paBHA yObLIM MOTEHIUATLHON

HHEPrUU B 3TUX COCTOSTHUSX.

Ap=W,-W,, (1)

rne W, W, - noTeHuuaiabHas SHEPIHsl CUCTEMbl B COCTOSSHUM [-M H 2-M
COOTBETCTBEHHO.

KOHKpETHBIN BUJI NOTEHIIMATIBHON SHEPTUU 3aBUCUT OT XapaKTepa CUIOBOTO
noJist. B mose cuiibl TSKeCTH NOTeHIMANIbHASI SHEPT Ul TeJla MAacChl M UMEET BUJL:

W=mgh, (2)

r7ie g - YCKOpeHue CBOOOHOTO MaIeHus;

h - BbICOTa, OTCUMTAHHAs OT YPOBHS, € MOTEHIMaNbHas YHeprust W = 0.



Kunernueckas ’Heprusi. KuHernueckass sHEpruss — 3TO JHEpPrus, KOTOPOU
obnamaer Teno (OO cucreMa Ten) Onmaromapsi WX ABMXKEHUIO. B ciywae, ecnm
TEJO0 JABMIKETCS IOCTYIMATEIbHO CO CKOPOCTBIO V M OJHOBPEMEHHO BpallaeTcs
BOKPYT OCH, MPOXOJIAIIEH Yepe3 LIEHTP Macc, C YIIOBOM CKOPOCTHIO W, TO MOJHAS

KHHCTUYCCKAA SHCPI'UA €0 ABHIKCHUA paBHA:

IT.=—+"+1"> (3)

rZIe m - Macca Tena;
[ - MOMEHT UHEPIUH.

[Ipu BpamaTesbHOM JBH)KEHHH POJIb JIMHEWHOW CKOPOCTH MIPAET YIJIOBas
CKOpPOCTB, @ POJIb MacChl - MOMEHT MHepUMHA. MOMEHT uHepuuu / 3aBUCUT HE
TOJIBKO OT MAacChl, HO M OT €€ PAaCHpelIelICHUsI OTHOCUTEIBHO OCH BpPAlLCHMS.
3HaueHus / JUisi HEKOTOPBIX TeJl MPaBUIbHONW reOMETpHUUecKOr (popMbl (IJITMHHBIN
CTEp>KEHb, JUCK, IIAp, LWJIWHIpP) MPUBEIEHbI B y4eOHHMKax MO Kypcy oOuiei
busuku (cM. Takxke 1adopaTopHyto padoty Ne @-1-07).
3axon coxpamenus suepauu. MexXaHMUECKass SHEPIUsl 3aMKHYTOM CHCTEMBI Tl
OCTAETCs MOCTOSTHHOM. ECM B 3aMKHYTOM CHUCTEME IEUCTBYIOT KOHCEPBATUBHBIC
CWJIBI, TO DHEPIHus COXpaHsercs. B Takux cucremMax IpU JABWKEHUHM Tella
MPOUCXOJUT TMPEBpPALIEHUE KHUHETUYECKOM HSHEPruM B TMOTECHLUHUAIBHYIO U
00paTHO, a MOJIHASL PHEPTHS OCTAETCSI TOCTOSHHOM.

KoHcepBaTUBHBIMU Ha3bIBAIOTCA CHIIbI, pabOTa KOTOPHIX HE 3aBUCHUT OT
(bopMBbI ITyTH, a 3aBUCUT TOJIBKO OT HAYAJIbHOTO U KOHEUHOTO MoJiokeHus (padboTa
10 3aMKHYTOM TPaeKTOPUM paBHA HYJI0). K KOHCEpBATUBHBIM CHJIaM OTHOCSTCS:
IpaBUTALIMOHHBIE, YIPYrue, KyJOHOBCKHE U Jip. HexoHCepBaTUBHBIMU CHIIaMU
SIBJISIIOTCS CHJIBI TPEHUS, CONPOTUBIICHUS, HEYNIPYTUX JehopMalnii.

MexaHudeckass 3HEpPrUsi COXPAHSIETCS W B HE3aMKHYTBIX CHUCTEMAax, €CJH
BHEILIHME CHJIbl HE COBeplIaloT paboTy, Tak Kak MEpOll HM3MEHEHHUs HSHEpruu

SIBJISIETCS] COBEPIIIEHHAsA paboTa.



Memoouka 3kcnepumenma

[IpoBepka 3aKkOHAa COXpPAHEHUsS DHEPTrUM BBINIOJHSIETCA HA MAasTHUKE
MakcBenna. MastHuk MakcBemia - 3T0 JUCK, 3aKpeIUICHHBIM Ha ocH, (puc.l).
Ocb, B CBOIO Ouepe/lb, MOABEHICHA HA JABYX HUTSX, 3aKPEIUICHHBIX BEPXHUMU
KOHIIAMU Ha KpOHIUTEMHE. [IMCK JBMXKETCS IMOCTYyNaTeIbHO BHU3 W
OJIHOBPEMEHHO BpAILlA€TCS BOKPYI TOpPU3OHTAIIBHOW ocu. Korma Hutu
HAMaThIBAIOTCS HAa OCh, a 3aTe€M pACKPYUYMBAIOTCA MASTHHUK COBEPIIAET

IMOCTYIIATCIIbHO-BPAIIATCIIbHOC IBUKCHHUC, T.C. IIOAHUMACTCA U OITyCKACTCA.

Ly

\ Pg

Pucynokl- o6mwmii Bux mastauka Makcsemna: T - cuna HatskeHns HATH; P, -
CUJIA TSIKECTH

B mporiecce 3kcrieprMeHTa BbIJIETUM J1BA OCHOBHBIX COCTOAHUS. B cocTrosiHum
1 MasaTHUK Maccoil m HaXOJIUTCS Ha HEKOTOpOW BhICOTE A. MexaHuueckas

9HCPIrus CUCTEMEBI B 9TOM COCTOSSHHMH paBHaA TOJBKO HOTCHHH&HBHOﬁ 9HCPIruun:
E1=W1=mgh. (4)

OtnyctuM MasTHUK. [log nelicTBUEM CUIIbI TSXKECTH OH HAYHET aJlaTh BHU3
(mocTymnarenbHOE BUXXEHUE), @ CUJIbl HATSOHKCHUSI HUTEHW CO3/1ai0T BpallaTelbHbIN
MOMEHT IPUBEJAT €T0 BO BpaliaTebHOE IBHKEHUE.

B coctosstHum 2 MasTHUK, OITYCTHUBIIMMCS C BBICOTHI /A, JBUXKETCSA
MOCTYIATEIBHO CO CKOPOCTBHIO V, Bpallasch NPU 3TOM BOKPYT OCH, MPOXOASIICH

gyepe3 IMEeHTP Macc, C YIiIoBOM CKopocThio w. CremoBaTeNbHO, MEXaHWYecKas



SHCPIruss CUCTCMbI B COCTOSAHHU 2 CKJIaAbIBACTCA M3 KHHCTHYCCKUX 3H€pl"PII>i

HOCTyrIaTeJ'II)HOFO 41 BpaII_[aTCJ'H)HOI‘O JBHUKCHUA .
E,=" W (5)

B BbigeneHHoi cucteMe (MasTHUK B TIOJIE CHJI TSXKECTH) JIOJDKEH
BBIITOJTHATHCS 3aKOH COXpaHeHus dHepruu. Cuila TSHKECTH - KOHCEpPBATHBHAs
cuna. Cuia HaTSKEHUSI HUTHU SBJISIETCA BHEUIHEW CUIJIOM, HO OHA HE COBEpIIAET
paboThI, T.€. €€ TOUKa MPUJIOKEHHUS TTPU MAJIOM MTOBOPOTE MAaATHUKA OCTACTCS Ha
mecte. CnenoBaTeNnbHO [ MAasTHUKA BBINOJHAECTCS 3aKOH COXPaHEHUs

SHEPIUu:

2
mv Iw

CKOpOCTB IIOCTYIIATCIIbHOTO ABMIKCHHUSA MASATHHKA CBA3aHa C yrHOBOfI

CKOPOCTBIO COOTHOIICHUCM

vV=wr, (7)
i€ ¥ - palyc OCH MasiTHUKA.
Torna ¢popmyna (6) npuMeT BUL:
2gh=v’(1+1/(mr?)), (8)

a CKOPOCTb NOCTYHNATCIIbHOI'O ABMKCHUA MAasATHHUKA HpI/IO6p€TaCT 3HAa4YCHHUC:

2gh
1+ 1((mr?) - ©)

s mpoBEepKH 3aKOHA COXPAHEHHUS SHEPTUU BBIUKCIUM CKOPOCTh JIPYTHM
HE3aBUCUMBIM CIIOCOOOM, MCIOJIB3Ysl U3BECTHBIE KMHEMATUUYECKHUE COOTHOIICHHUS.
Tak kak ABM)KEHHE MasTHUKAa PAaBHOYCKOPEHHOE, TO €CJIM 3a BpeMsi HajeHus t

MasiTHUK IIPOIIEN MyTh 4, €r0 YCKOPEHUE OIpenemseTcs: GopMyoi:

a=2h/t’. (10)



OTCIOI[EI MMOJIYIYMM CKOPOCTb IOCTYHNATCIIbBHOIO ABWKCHUS MAsATHHUKA B

HWKHEN TOYKE:
v=a t=2h/t. (11)

Takum oOpa3oM, eciM CKOPOCTb, OINpEAe/ICHHAs 10 cooTHomeHuo (9), paBHa
CKOPOCTH, TMpEJCTaBICHHON cooTHomeHueM (11), To »3TO moOATBEp)KIAET
COXpaHCHUE OHHEPTUM JJI BBIACICHHOW CHCTeMBbI, Tak kak dopmyna (11)
CIpaBeIMBa IS PaBHOYCKOPEHHOTO JBMKEHUs, a ¢opMyna (9) BepHa B ciiydae
BBITIOJTHCHUS 3aKOHA COXPAHEHUS YHEPTHUH.

Cxkopocth B opmyiie (9) 3aBUCHT OT MOMEHTa MHEPIIUA MasiTHUKA, KOTOPBIi
MOXHO M3MEHSATH, YCTAaHABIMBAS HA JIMCK Pa3IMYHbIC KOJbIla. MOMEHT MHEPIIUN

MajATHHKaA OIIPCACIIACTCA KaK

I1=1+1,+1, (12)
rae /) - MOMEHT UHEPIIMH OCH;
Iy=m R20/2 - MOMEHT UHEPLIUU JIUCKA;
I.=m RZK - MOMEHT UHEPLUU KOJIbLIA;
Ry, R, - paamycCel 1UCKa ¥ KOJIbIA.

Panuyc konbpua Oepercss Kak CpelHee 3HAYEHUE MEX]y BHYTPEHHUM H
BHEIIHUM paauycaMu. Tak Kak paguyC OCH MAasTHHKA 3HAYUTEIBHO MEHBIIE

paauyca 1ucka, TO MOMEHTOM MHEPIUMU OCH MOXHO MpPEeHeOpeyb.

Boitnonnenue pabomut
1. Wsmeputh Bpems MaaeHUsT MasTHUKA C OJHUM U3 KOJell, YKa3aHHBIX

npernoaaBaTesieM.
2. IloBToputs n3mepenus S - 10 pas.
3. OTMETHTH BBICOTY, Ha KOTOPYIO TTOJHUMETCS MasTHUK Cpa3y MOCIIE MaeHu.
3. 3meputh BBICOTY MMaICHUS MasITHUKA.
4. W3mepuTh INTAaHTCHIIMPKYJEM JIUaMETp OCH MAasTHUKA, BHYTPEHHUU U

BHEIIIHUH AHaMETpP KOJbIIA.



Oopabomka pe3yibmamoa.
1. BeruuciauTe cpeaHee 3HAYEHHWE BPEMEHHM MNaACHUS <> U CTAaTUCTUYECKYIO
MOTPEIIHOCTh U3MEPEHHUS Al
2. PaccuuTath CKOpOCTH V; 110 cooTHOIIEeHHIO (11).
3. BBIYMCANT MOTPEMIHOCTh U3MEPEHUS CKOPOCTH AV; MO NPABUIY BBIYUCICHUS
MOTPEIIHOCTHU JJ151 KOCBEHHBIX H3MEPEHHUI.
4. BbIYUCIUTP MOMEHT MHEPLUHUM MAasTHUKA C KOJBLOM. Macchl AMCKa, KOJIbLA
HAaHECECHBI HA HUX.
5. BeIUMCIUTE CKOPOCTH MAsATHHKA V; IO COOTHOIIEHHUIO (9).
6. OnpenenuTs Mepy HECOBMaJeHUsI & = (V| — V,)/V| U CPaBHUTh C OTHOCUTEIbHON

MOTPEIIHOCTBIO &y = AV(/Vy.

Konmponwvnwie 6onpocol
1. Kakue cymiecTByrOT BUIbI MEXaHUUECKOHM sHEpTUM? JlaiiTe uX OnpeaeacHus.
2. Kak onpenensercs OTEHIMaIbHAas SHEPTUS B T0JI€ PA3JIMYHbBIX CUI?
3. ChopmynupyiiTe 3aKOH COXPAHCHUSI MEXAHMYECKOW SHEPruu CHUCTEMBI U
YCJIOBHUSI €r0 BBIIIOJIHEHUS B CIIy4yae HE3AMKHYTOU CUCTEMBI.
4. Kak omnpenensiercs KUHETUYECKAs: SJHEPTHS MMOCTYNATEIbHOIO U BPALIATEIbHOIO
NBIDKEHUA?
5. Kakue cunbel Ha3biBatoTCS KoOHcepBatuBHbIMU? Ilouemy B cucreme rae
JENUCTBYIOT KOHCEPBATHUBHbBIE CUJIbI PA0OTAET 3aKOH COXPAHEHUSI SHEPTUU?
6. OnummTe npeBpalieHrue SHepruu sl MasiTHUKa MakcBesia.
7. Uto Takoe MOMEHT uHepuuu Tena? Yemy paBeH MOMEHT HMHEPLMUS JHCKA,
KoJbla?

8. Kak ompegensiercs CKOpPOCTh MMOCTYNATEIbHOIO JBMXKEHHSI MasiTHHUKA

MakcBenna? PaccMoTpers Ba ciyyasi.



Jlabopamopnasa paooma Ne @-1-07

OINPEJAEJIEHUE MOMEHTA UHEPLUU TEJI ITPU ITIOMOLIHN
KPYTUJIIBHOI'O MASITHUKA

I]enb. DKciEpUMEHTATBLHO OINPEACTUTh MOMEHTHI MHEPIMU Tejla OTHOCUTEIHHO
pa3HbIX oceil BpamieHus. [locTpouTh TEH30p HMHEPUUU MCCIEAYEMOro Tea.
CpaBHUTH pe3yabTaT C PACYETOM.
Oobopyoosanue. KpyTWIbHBIA MasATHUK, HAO0Op Tea pazIuyHOM  (QOpMBI,
CEKYHJIOMEp, ITaHT€HIIUPKYIb.

Kpamkasa meopus
MomenT wummyabca. s onucaHus [MHAMUKH BpallaTEIbHOTO JIBHOKEHUS
UCIIOJIB3YETCs BEJIMUMHA, UMEHYeMasi MOMEHTOM UMITyJibca. MOMEHTOM HMMITYJIbCa
MaTEepUAIbHOU TOYKU OMHOCUMENbHO HenooguxcHo2o Havara O Ha3bIBaeTCs

BCJIMYMHA, paBHAs

—

L:[?;f?]’ (1)

rae P ="V . ummynsc MaTepuanbHOIM TOUKH;

—

V' - panuyc-BEKTOp, coeluHsomMK Hayano O ¢ MarepuaibHOW TOYKOM

(puc.1).

PucyHok 1- k onpeneneHuo HapaBieHUEe MOMEHTa UMITYJIbCa.

—

Bektop L B COOTBETCTBHMM ¢ NpaBHIaMH BEKTOPHOTO MPOM3BEICHMS HAIPABIEH

HePIECHANKYJIAPHO BekTopaMm ! u P aero MOJyJ1b paBeH



L=rpsina=pd=rp., (2)

TZie p, - IePICHINKYIISpHAs BEKTOPY I KOMIIOHEHTa UMITYJIbCa;

d - TJIeYO WMITYJIbCa, PABHOE PACCTOSIHUIO OT LeHTpa O 10 JIMHUK JEHCTBUS
VMITYJIbCA.

MomeHTOM HMITYJIbCa LZ OomHocumenbrHo ocu Z HA3bIBACTCA IIPOCKIOHUSA MOMCHTA

uMIyiabsca L orrocurensHo nentpa O, nexkalnero Ha OCH Ha 3Ty oCh (puc. 2).

YuuteiBas BBIPAKCHUC OJIsI BCKTOPHOI'O IIPOU3BCACHMS YCPC3 KOMIIOHCHTEI

e. e e
L=|R o r, 3
p. P P
MTOJTYyYUM
L.=Rp,, 4)
€..e.,e

rae "’ 7’77 — OpThI HWJIMHIPUYECKON CUCTEMbl KOOPJMHAT (CM. BCTaBKY pHC. 2);

R v r, — panuaiibHas U oceBasi KOMIIOHCHTHI pajyca-Bekropa 7 ;

D P: 4 p,— palHQNIbHAS, KacaTEIbHAS U OCEBAsi KOMIIOHEHTBI UMITYJIbCA.

PI/ICYHOK 2-K OIIpCACIICHNIO HAITPABJICHUA MOMCHTA UMITYJIbCA Bpallaroicro

TBEPJOTO Tea.



T.e. MOMEHT UMITYyJIbCa OTHOCHTEIILHO OCH OTPENENSeTCs KacaTelbHON K
OKPYXKHOCTH  BpAIlEHUS, COCTABJISIONIEH WMIyJbca W  PACCTOSHHEM  OT
MaTepUuaIbHOU TOYKH 00 ocu BpamieHus: O (0ceBbIM paanycoM R) U HE 3aBUCHUT OT
BbIOOpA noJioxkeHus enTpa O (cocTaBisitonel paauyca r,).

s TBepAoro Tena, BPAIIAIOMIETOCS OTHOCHTEILHO 3aKpeIUIeHHON ocu AA,
MOMEHT UMITYJIbCa OTHOCUTEILHO OCH ISl KaXKJIOH i-if TOUKH paBeH (CM. puc. 2)

AL /=R Ampy =AmR; - . (5)
[Tocnie cymMmmupoOBaHUS MOMEHTOB UMITYJIbCA BCEX TOUEK MOJTYy4aeM
L,=2AL,= WZAmiRiz (6)
Hcnons3ys o6o3Hauenue [, = ZAm,-R,-Z, MOKHO 3alHiCcaTh
L A =] 4@V . (7)
Bennunna /, Ha3pIBa€TCI MOMEHTOM MHEPLMU T€JIa OTHOCUTEIIBHO 3aJaHHOM OCH.

Moment wuHepuuu. MOMEHT wuHEpUMM [, 3aBUCUT OT Macchl Tejla W €€
pacnpeiesieHus OTHOCUTEIIBHO OCH BPAIEHHUS U HE 3aBUCUT OT JIBUXKCHUS TeEa.
OH sABnsieTcssT MEpPOM MHEPTHOCTH TeJla TPU BpaAIIATEIbHOM JBHXKEHUU.
AHaAJOTMYHO MACCE, OH CBSI3bIBAET KOJMYECTBO JIBWXKEHHUSI TMPU BPAIICHUU C
YIJIOBOW CKOPOCTBHIO. MOMEHT MHEPLUMHU ONMPENCISIET TAKKE YTIIOBOE YCKOPEHHE
TeJla & MPHU JCUCTBYIOIIEM HAa HETO MOMEHTE CHJI M OTHOCUTEIIbHO HETOABUKHOU
OCH: TeJO0 C OOJBIIMM MOMEHTOM HHEpPUHMH OYyJIeT HUMETh MEHbIIEE YTI0BOE
YCKOpPEHHUE TIPU TOM K€ JCHCTBYIOIEM MOMEHTE CHJI (OCHOBHOM 3aKOH JUHAMMKHU
BpAIlaTEILHOTO ABUKCHUSA ).

E =

M
I, ' (8)

Pacuem momenma unepyuu - mei. MowmeHT HHECpOHUHU  TCI HpaBHHBHOﬁ

reOMeTpUUECcKOi (POpMBI MOXKET OBITH BBIYUCIECH TeopeTuuecku. B dopmyne (6)



9JICMCHTAapHas Macca Ami paBHA IPOMU3BCACHUIO INNIOTHOCTU TCJIa O; B ,HaHHOﬁ

TOUYKE Ha COOTBETCTBYIOIINHI dJIEMEHTapHbI 00beM AV
Am;—pAV; . )
CrnenoBaTellbHO, MOMEHT HHEPLIUHA MOYKHO MPEACTABUTH B BUJIE:

n
_ 2
i=1 (10)
I[JBI CIUIOONIHOTO TCJIa 3aldad4d HAXOXACHHUSA MOMCHTOB HHCPHOHUHM CBOJUTCA K

HHTCITPUPOBAHHNIO!
V V

MIPUYEM BEJIMUMHA O pacCMaTPUBAETCS KaK (PYHKIMS KOOPIUHAT.
B kayecTBe mpumMepa HaiijieM MOMEHT MHEPIIMU OJIHOPOJHOrO JIUCKa paauyca R
OTHOCHUTEJIBHO OCH, MEPIICHANKYJISIPHON K IJIOCKOCTH AUCKA U MIPOXOASIIEH uepes

ero ueHtp (puc. 3).

PrcyHoK 3- 0AHOPOIHBIN AHCK.

Pazo0beM AKCK Ha KOJBIEBBIE CIOU TOJIMMHON dr. Bce Touku omHOTO Ciiost OyayT
HaXOJIUThCS Ha OJIMHAKOBOM PACCTOSHUM OT OCH, paBHOM 7. OOBEM TaKOTro CIIOS
paBeH

dV=2mrdr-b,
rze b TonmMHA TUCKa.

HOCKOHBKy AUCK OOHOPOACH, INIOTHOCTDb P MOXHO BBIHCCTH 3a 3HAK MHTCIpajia:



R R
I = pIerV = pJ.r227z7fbdr.
0 0

I/IHTGFpI/Ipy}I IMOCJICAHCC BBIPAKCHUC W YUYUTBIBAA, YTO MaACCa [HCKAa paBHA

m = 7R’ pb, monyunm

1

_ 27pbR*  mR’

4

2

®opMyibl JUisl pacueTa MOMEHTOB MHEPLUUU HEKOTOPBIX TEJ MNPaBHIBHONU (OPMBI

MaCCBI m OTHOCHTCJIBHO OCGﬁ, IMPpOXOIAIIUX YCPC3 NCHTP MACC, IIPUBCIACHBI B Ta0I.

l.

Tabauya 1. MoMeHTBI HHEPUUM HEKOTOPBIX TeJl

dopma Tena Opuenranust ocu dopmyna
1.OgHOpOAHBIN AUCK (LIUIIUHIIP) I=mR°/2
2.OHOPOHBIN AP 1=2/5mR’

3.
IIPSIMOYTOJIbHBIN

napaJuiCJICIUIICq

OnHOopOAHBIN

(=
-
/|

I=m(a’+b°)/12

Tenzop wHepuum. B npumepax, NpUBEICHHBIX BBINIE, PEYb HUIA O MOMEHTE

MMITYJIbCa OTHOCHUTEJIBHO OCH. BEKTOp MOMEHTa UMITyJIbCa KaXA0W MaTepUaIbHON

TOYKHM TBEPJIOTO TeJa HE MapaljIeieH OCH BpallleHus (CM. puc. 4), o3TOMy U s

BCCI'0 TE€j1a BCKTOP L, KakK IIpaBUJI0, OpUCHTHUPOBAH I1O0A YIJIOM K OCH BpalllCHUA,




KOoTOpas, B CBOIO O4YCpPCAb, MOXKCT HWMCTb IIPOU3BOJIBHYIO OpPUCHTAIHIO

OTHOCHUTEJILHO OCeil koopauHart (puc. 4).

PucyHOK 4 - opueHTanus BEKTOpa MOMEHTA UMITYJIbCA OTHOCHTEIIBHO OCEN

BpallCHUA.

—

Ho u B aTOM cityyae BexkTtop L siBisieTcsl JIMHEHHON (yHKIMEH BEKTOpa yriioBOH

—

CKOPOCTU. JTO O3HAYaeT, YTO Kaxcoass KOMIIOHEHTa BekTopa L sBiseTrcs

NMHeiTHOM QyHKIMeH 6cex Tpex KOMIIOHEHT BeKTopa O
L =lLwo + Lyo, + 1.0
L=l a+1,0,+]. 0. (12)
L= Lo+ Lyo, + ..

CoBOKYIHOCTB KOA(DPUIIUEHTOB [,,, 00pa3yroT meHn30p unepyuu (TEH30p 2 paHra).

xx ] xy Xz
I =7 I I
mn x »y vz (1 3)
] zZX zy zz

TJIe M U 1 - UHJEKChI, 0003HAYAIOIINE OCH X, V, U Z.



Tenzop umnepyuu I,, xapaxmepuzyem umepmHbvle CE0UCMEA MBEPO020 mead U

YCMaHasIueaem JIUHEUHYI0 C853b Mex 0y KOMNOHeHmamu eekmopos L u (O 0z
NPOU3BONbHOU OPUEHMAYUU OCU BPAUEHUSL.
Kaxnas xommnonenta [1,, MOXeT OBbITh BBIYUCICHA CJCAYIOMUM O0OpazoM.

CkopocTs JIF000M YacCTHIIbI IIPU BpallleHHH paBHA (CM. puc. 2)

—

v, =[o;7]
MoMeHT nmnyJibca 4aCTUIbl PaBEH

L =Am[r;v,]1= Am[7;[o;7]]
PackprpiBast IBOMHOE BEKTOPHOE MPOU3BEICHUE, MIOJTYIUM

e =22 .
(75l 1] = an” =1 (7 0)

ITocne CYMMMHPOBAHU ITOJTYIUM JJISI X-KOMIIOHCHTBI BEKTOPA L

2, 2, 2
L, = Zmi[a)x(xi +y +z;) - x5 (X0, TV, +Zia)z)]:
i

_ 2, 2
= a)xzmi(yi + z )_wyzmixiyi _a)zzmi'xizi'
i i i

Koa¢ddunuenTs! npu @, @, U @. ABASAIOTCA COOTBETCTBYIOIIUMH KOMIIOHEHTAMU
TeH3opa uHepuumu Iy, I, u I, BbIpaxeHus I IpyruX KOMIIOHEHT MOXHO
IIOJIyYUTh LMKINYECKOU 3aMEHON KOOPAMHAT.

Kak BumHo w3 dopmynsl (12), mpu BpallleHHH Tella BOKPYT OOHOU W3 OCe
(manpumep, x) kodbdummeHT [, CBA3BIBACT YIJIOBYID CKOPOCTH @ C
COOTBETCTBYIOIICH MPOEKIMEeH BekTopa Ly, T.€. OuUacoHaNbHble KOMNOHEHMbL

menszopa uHepyuu umeront CmblCii MOMeEHNno6 uHepyuu o5t coomeemcmeyrouux

oceitl. [IpaBaa, Mpu 3TOM CYIIECTBYIOT U JIPYTrUe KOMIIOHEHTHI BekTopa L.
TeH30p WMHEpUUU SBISAECTCS CUMMETPUYHBIM, T.€. [,, = I[,, ¥ MO3TOMYy HMEET

TOJILKO 6 HE3aBHCHUMBIX KOMIIOHCHT. HpI/I HN3MCHCHHHN OpPUCHTALINH ocen



—

KOOPJMHAT KOMIOHEHTH BekTopoB L u @  usMmensiorcs, H3MEHSIOTCS U
KOMITOHEHTHI TeH30pa /,,,. B TeH30pHOM aHanu3e JoKa3bIBAeTCs, YTO IS JIF000TO
CUMMETPUYHOTO TE€H30pa CYIIECTBYET TaKasi OpUEHTALMS OCeHl (enasHvie ocu), 4TO

BCE€ HEJIMaroHaJbHbIE KOMIIOHEHTHI (m # 1) 00panalTcs B Hyb.

~

=

0
1

mn

<

(14)

oS O

0
0
0 I

I[I/IaI‘OHaJIBHI)IG KOMIIOHCHTBI HA3BIBAIOTCA 2/A6HbIMU MOMeEHmamu uHepyuu H

yacTo 0003HAYarOTCA OOHUM HHIeKcoM I, =1.. Torna:

Ly =L
L=l (15)
LZ = [Za)Z

Jns cUMMETpUYHOrO Tela TIJIaBHBIE OCH KOOpPAMHAT COBHAJAIOT C OCSIMHU
cuMMmeTpu Tena. M3 paBeHcTB (15) BUAHO, 4TO IIPU BpalIEHUU TeJla BOKPYT 0OHOU

rJIaBHOW oOcH (OCHM CHMMETPUM Teja) CYHIECTBYET TOJBKO OOHOUMEHHAs

—

KOMITOHEHTa BEKTOpa L , T.e. B OTOM ciiydae BekTopsl L u @  nHampapieHsl

BIOJIb OJTHOM ocH. B oOmieM ke ciydae ecnu Benndunsl Iy, [, u I, He paBHBI, TO

BEKTOPBI L u O HEKOJIJTUHEAPHBI.
['1aBHBICE MOMEHTBI UHEPUUH [,, MOTYT OBITh BBIUUCIICHBI KaK MOMEHMbl UHEPYUU
omHocumenbHo mpex 2nasHvix ocei (cMm. Tadn. 1). Kak BbUHUCIUTE MOMEHT
WHEPIIMM OTHOCHUTENIbHO npousgonvHoti ocu BpamieHus AA'? B auHamuke
BpaIllaTeJIbHOTO JBIKEHUS JI0Ka3aHO, YTO KUHETHYECKAasi SHEPTHUsl Bpallalolerocs
TeJla paBHA

1 1 5

1 =
K=—(L-0)==Low=—-10
2( ) S Lo =21, (16)



C mpyroii cTopoHsl, ckamsiproe npomsseaerne (L - @) MoxHO paccuuTarth depes

KOMITIOHCHTBI BEKTOPOB B I''TABHBIX OCsX.

(L-0) =L+ Lo+ Lo = Lo’ + Lo’ + Lo’
YuuteiBas popmyiy (16) u To, uTo
W, = wcosa, ®,= wcosP, . = wcosy,

noJIy4rM (hopMyJTy, TTO3BOJISIFOLLYIO PACCUYMTATh MOMEHT MHEPLUUU OTHOCHUTEIIBHO

HpOHSBOHBHOﬁ OCH BpalllICHU:A:

1= xcos2a+1ycoszﬁ+lzcos2)/, (17)
r7e cosq, cosfB U cosy ONPENESIOT OPUEHTAIIMIO OCH BPAILEHUS OTHOCHUTEIIHHO

oceil KoopaAuHAT (CM. puc. 4).

Memoouka Ikcnepumenma

Ecnu Teno umeer cinoxHyo Ggopmy (MaxoBoe K0JIeCco, KOJIEHYaThI Bajl, BUHT U
T.A.), TO TEOPETHYECKH OIpPEAEIUTh €r0 MOMEHT HWHEpIUH TpyAHO. B Takux
CllydasiX MOMEHT WHEpILHU ONPENEeNSIOT ONBITHBIA myTeM. B manHo#t pabote
MOMEHT MWHEpPUMH HM3Yy4aeMOro Teja OINpEeaseTcss METOIOM KpPYTHIbHBIX
KojeOanuil. [[ns 3TOro ucCmonb3yercss 3aBUCHUMOCTh MEPUOAA KPYTHUIBHBIX
KOJIeOaHWM OT MOMEHTA HHEPIIHH 1.
[logBecuM HCHBITYyEMOE TBEPAOE TEJIO HA YHNPYTOW METALIMYECKOW IPOBOJIOKE
(puc.5).

[Ipyn 3akpydyMBaHMM HWUTH Ha YTOJ ¢ BO3HUKAET MOMEHT CHJI YINPYTOCTH,
IIPONIOPLMOHANIBHBINA, N0 3aKOHY ['yka, yriy 3akpy4yMBaHWs W HaIlpaBJICHHBIA B

MPOTHUBOIIOJIOKHYIO CTOPOHY:

M =—xp. (18)

I7ie K - MOJlyJIb KPYUYEHUsl yIPYTrol HUTH.



Ha ocHOBaHMM 3aKOHA JUHAMUKH ISl BPAILATEIBHOTO JBMXKEHHS (8) cyMMa Bcex
JEUCTBYIOIIMX MOMEHTOB CHJI paBHA POU3BEAECHUI0O MOMEHTOB HHEPLIUHA CHCTEMBI

Ha €€ YIJIOBOC YCKOPCHHUC!

=M. (19)

PuCYyHOK 5 - KpyTHUIIbHBIN MASITHUK.

C yueroMm dopmyisl (18), momyunm:

VYpaBuenue (20) saBusercs aud@epeHIMaTbHBIM YPAaBHEHUEM TapMOHUYECKHUX
KoJieOaHUM KPYTWJIBHOrO MasTHHKa. COoOCTBEHHAsl 4acToTa KOJICOAHWH CHUCTEMBI

@p 3aBUCUT OT MOAYJISI KPYUCHHA HUTH U MOMCHTA MHCPIUU TCJIA:

-
N1 1)

[lepuoa kpyTHIIbHBIX KOieOaHUI MasiTHUKA OyJIeT paBeH:

1



KauecTBeHHO 3aBUCUMOCTH TEpuOAa KOJIEOaHUSI OT MOMEHTAa HHEPLUUU

MOHO TMOHSITh, €CJIM BCIOMHUTb, YTO TEJIO C OOJBIIUM MOMEHTOM WHEPIUU MpHU
pPaBHOM 3aKpy4YMBaHUU HHUTH OYJET HUMETh MEHbILIEE YIJIOBOE YCKOPEHHUE W,
CJIEIOBATEIIBHO, M03KE JOCTUTHET MOJIOKEHUS] PABHOBECHS.
B Hamel ycTaHOBKE MOMEHT UHEPLIMM PAaBEH CYMME MOMEHTA HHEPLMH /) pAMKH U
MOMEHTa UHEpILUHU Tela [, , 3aKperuieHHoro B pamke: [=1,+1,. U3mepus nepuoa 7'
KoJIe0aHUN MasTHUKA, MOXKHO ObTO OBl MO (opmyne (22) BBIUMCIAUTH MOMEHT
uHepruu [, Tena. OMHaAKO MOMEHT UHEpIHH /) paMKu B KO3(PGUITUCHT KPYICHUS K
YOPYrol HUTU HEU3BECTHBI. JIJIsl MCKIIFOUEHUS STUX HEU3BECTHBIX MPOBOASATCS €IIIE
JIBa HE3aBUCUMBIX OIbITA MO OMPEEICHUI0 MEPUOJOB KOJCOAHUU IS NYCcmoll
paMKH U JUIsl TeJla C U38eCMHbIM MOMEHTOM MHEPLIMH (3TaJOHA).

I[JBI HN3y4acMOro Tciia

(23)
Jst aTamona
T, =
’ (24)
Jns mycroit pamku
1 0
Iy =2m\ = (25)
Bossens dopmynst (23)-(25) B kBagpaT u 3ameHuB /) uepes 1) , HOTydum
k
2 2
Ty -1, = =1, (26)
K

=1,

I -T¢ —
47T2 ! (27)

y



Otkyna crnemyetr pabodas (Gopmyna Juisi MOMEHTa MHEPIIMUA ITOTO Tena Iy

OTHOCHUTCIIbHO OCH BpaIllCHUS:

ri-r
[, =1, ———
A o
P (28)
Buvinonnenue paoomot
1. 3aroToBUTH TAOJINIY pPE3yJIHTATOB U3MEPEHHUN.
Tabnuya.
m\?’ D3’ mA, a’ b’ C) TO’ C T3’ C TA} c Tx, C Tyy c TZ; c
K2 MM | K2 MM | MM | MM

2. B3sTb Teo, MPUHATOE 3a ATAJIOH (LMIMHAP), ONPEACIUTH €r0 Maccy U JUaMeTp.
Pe3ynbrarhl 3aHECTH B TaOJIMILy U3MEPEHUM.

3. CornacHO MHCTPYKLMH TOJIb30BaHUsl mnpubopoM "KpyTWibHBIA MasTHUK"
OTpENENUTh TepuoJ 1, KPYTHIBHBIX KOJIEOAHUN IyCTOM paMKu Mpuodopa.
Omnpenenuts niepuoa 1, KojieOaHUM paMKH C dTAJTOHOM.

4. 3akpenuTh B paMKe puOOpa UCCIeAyEeMOE TEIIO C YKA3AHHOU npenoodasamenem
opuenmayuel 1 N3MEPUTH NEepHOJ KosiebaHuil 74 paMKH C 3TUM I'PYy30M.

5. Onpenenuts nepuonsl konedanuii 7y, 7, u T. paMKu ¢ HCCIEAYEMBIM IPY30M

OTHOCHUTENBHO TpeX ocell cuMMeTpun. Bee naHHble 3aHeCTH B TaOIUILY.

Oopabomka pe3yivmamos uzmepeHuil.

1. Beruuciants MOMEHT UHEpIUU [ dTaloHa, UCTIONB3Ys Ghopmyssl Tadm. 1.

2. Onpenenutb MOMEHT HMHEpUMU [ Tela OTHOCUTEIBHO HAKIOHHOU OCH TIO
dbopmyiie (28).

3. Onpenenuts 2nasuvie momenmot naepuMu Iy, I, u I, Tena OTHOCUTEIBHO OCEH
cumMmetpuu o popmyiie (28). CpaBHUTH pe3yJIbTATHI C BEIUUCIECHUEM 110 (opMyIie

tadn. 1.




4. Iloka3zarhb Ha CX€M€ OPHEHTAIMI0 OCH BpalleHus ucciexyemoro tena. [lpum
MOMOIIIM YepTeKa BBIUUCIUTL cosa, cosff u cosy. OnpenenuTb MOMEHT UHEPLUU
ATOTO K€ TeJIa Yepe3 IIaBHbIe MOMEHTHI HHepuu /;, (hopmymna (17)).

5. OueHHTh MOTrPEUIHOCTh JKCHEPUMEHTA, T.€. HAWIUTE OTHOCHUTEIIbHYIO

MOTPENTHOCTD & IO PopMyIIe:

&= (Iakcn - [meop)/lakcn

Konumponwvnwie éonpocul

1. [aiite onpexaeneHne MOMEHTAa HHEpHUU Tena. OT Yero 3aBUCUT MOMEHT
uHepuuu Tena? KakoB pusndeckuii cMbICI MOMEHTa HHEPLIUN?

2. 3anumute (HOpMYJIBl I pacdeTa MOMEHTA MHEPUUU TeJl MPaBUILHOU (OPMBI
OTHOCHUTENIBHO OCH, MPOXOJAIIECH 4Yepe3 LIEHTP MacC Tena: NUIMHAPA, TOHKOIO
CTEPIKHS, IIapa, IPSIMOYTOJIBHOIO MapajuieIenuneaa.

3. PaccunTaiiTe MOMEHT HHEPLMHA OJJTHOPOJHOTO JIUCKA.

4. Yrto Takoe TteH30p uHepuuu? Kakoil ¢uznyeckuil CMBICT HMEIOT €ro
KOMITIOHEHTBI?

5. Kak omnpeaenuTb MOMEHT MHEPIMU Tela OTHOCUTEIBHO 3aJaHHOM OCH 4Yepe3
KOMITOHEHTBI TEH30pa.

6. Kakum oOpazoM ompexpensercds MOMEHT HMHEPLHMHM Tell B JaHHOW pabote?

BriBeaute pabouyrto hopmyiy.



Jlabopamopnasa paooma Ne @-1-8

OIIPEAEJIEHUE YCKOPEHUSA CBOBOAHOI'O MAAEHUS C
IMOMOIBIO OBOPOTHOI'O MAATHHUKA

Ilens. V3yunts Teopuio ¢uznyueckoro mMasTHHKa. ONpenennuTh yCKOpeHHUe
CBOOOTHOTO Ma/ICHHUS.

Oobopyooeanue. OG0pOTHBIN MAITHUK, CEKYHIOMED.
Kpamkasa meopus

Paguyc wnepuuu. Ilpu ommcanuu BpamiaTeiabHOrO ABMXKEHUS YIOOHO
IIOJIB30BAThCSL IOHATHEM paadyca HHEPLHUH L, KOTOPBIA CBA3aH C MOMEHTOM

HHCPIHHU TCJIa COOTHOIICHHUCM

I =mp’ = Z:Aml.rl.2 1

i=1
RN (1)
2 2
=— Y Amyr

N3 pasenctBa (1°) BHAHO, YTO paadyC HHEPUUU MMEET CMBICIH
CPEHEKBAJPATUYHOTO PACCTOSIHUS OT OCH BpAIlEHHs 10 TOYKM Tena. Pammyc
WHEPLHH - 3TO TO YCPEIHEHHOE PACCTOSIHUE, HA KOTOPOM HYKHO PACIOJIOKHUTH
BCE€ TOYKH Tela, 4ToObl MOJYyYUTh TOT K€ MOMEHT MHepuuu. Kaxmas ock
BpAILICHUs UMEET CBOW paanyC MHEpUMHU. Pannyc MHEpUUU IS TEJ MPaBUIBHOU
GopMbl CBA3aH C pa3MepaMH TeJd MPOCTBIMH COOTHOUIEHUSIMU, 3TH JaHHBIE

IpeCTaBICHbBI B Ta0. 1.

Tabauya 1. Pagnychl HHEPUUH TeJI Pa3Iu4HOH (POPMBI.

MowmeHT naepumun Pamnyc naepuun Teno
7 — %m R® = mp? _ \/1_ R JUTSL CIUIOIIHOTO LIUJIMHIpa
7 Lm P = mp? B _[ j TS CTEPIKHS (ocw
12 J3 MIPOXOJIUT Yepe3 IICHTP)
2 2 2 2 JUIS TI1apa




DU3NYECKNN MAATHUK - 3TO MPOU3BOJIBHOE TEJIO0, BpALIAIOIIeeCs] BOKPYT OCH,
HE MpPOXOASIIEN dYepe3 €ro NEeHTp Macc. Takoe Teno HUMeeT MNOJIOKEHUE
YCTOMYMBOTO pPaBHOBECHS M CHOCOOHO coBepmiaTh Kojebanusi. PaccMoTpum
JTUHAMUKY (u3nueckoro mastHuka (puc.l). OTKIOHUM MasiTHUK OT IOJIOKEHUS
paBHOBecHsd Ha Mayblii yron ¢@ <</. Cuja TSKECTH CO3AAET BO3BPAILAIOIINAN

MOMCHT CHIJIbI

M = - mgasinp ~- mga e,
TI€ a - pacCTosiHuE Mexay HeHTpoM Macc C u Toukon noaseca O.
B cooTrBercTBMM € 3aKOHOM JIMHAMHMKM BpalIaTEJIbHOIO  JIBHXKCHHSI
(TeopeMoii MOMEHTOB) €r0 YIIOBOE YCKOPEHUE £ PaBHO OTHOUICHHIO MOMEHTA CHJI

M k MOMeHTYy uHepuui [:

M mga
1 I
C ydyeTom TOro, uto € = @ | MoMy4YnM ypaBHEHUE ABUKECHUS IS
o0 mga . B O
Q-+ 7 ¢ = (2)
O
/@
[
C
Ing

Pucynok 1 - ¢u3znueckuii MasTHUK.

Mps1 nonyunnu auddepeHuaibHoe ypaBHEHHE FrapMOHUYECKUX KOJeOaHMi

(cipaBenyIMBOE AJI MaJbIX @ <</ ) C 4aCTOTOM



mga
I 3)

S
|

u niepuoaoM T =27 .
Hpyroii cnocod omnpeneneHus 4acTOThl COCTOMT B cieayromeM. Ecnu B
IPOU3BOJIBHBIX OOOOLIEHHBIX KOOPAMHATaX ¢ KUHETHYECKas M MOTEHIUaJIbHas

OHCPIrUu MOT'YT OBITH IMPCACTABJICHBI KaK KBAJAPATUYHLIC q)YHKHI/II/I KOOpAHWHATBI U

CKOPOCTH
.2
W, =1
2
2
w =P
2

rne @ u f - KodPPUIUEHTHI, 3HAUEHUS KOTOPBIX OMNPEIENIAIOTCS BBHIOOPOM
KOOpPJIMHAT W 3aBUCAT OT YCTPOMCTBA CHUCTEMBI, TO YacTOTa KoJieOaHUN Takoi

CUCTEMBI paBHa (0€3 J0Ka3aTeIbCTBA),

14
a

a =

(ITpoBepwTe 3TO [Tt IPY>KUHHOTO MasiTHUKA.) J[J1st hru3mdeckoro MasiTHUKA

mgag’

W, = mgh = mga(l—cos @) ~ 5

Orcrona takke cinenyet dhopmyna (3).

HpI/IBe}IeHHaﬂ AJIMHA. I[J'ISI MAaTEMATHYCCKOTO MasATHHKA (BCHOMHI/ITB

onpenenenue!) [ =ml’ u a=I, cnenoBaTeIbHO
w=.g/l (4)

Ilpusedennoii onunoti  Qusuueckoeo maamuuka L Hazvleaemcs onuna
MAmMemMamuyecko2o mMasmuuka [, umerowezo mom dice nepuoo konebanuti. 3

ypaBHenus (3) u (4) cnenyet



=1 5)

ma
MomeHT nHepiuu GU3nIecKoro MasiTHUKa 1o Teopeme lllteitHepa paBeH
2
I1=1)+ ma (6)

rae /) - MOMEHT MHEPLIMU OTHOCUTEIBHO MAPAJUICTBHON OCH, MPOXOISIIIEN

yepes neHTp macc. Toraa

2
sz—+a, (7)
a

IJie p - pajnyc HHEPIHH JUIs OCH, IIPpoXo et gepes ueHtp Mace (Iy=mp’) .

N3 popmyibl (7) BUIHO, YTO MOHATUE paguyca UHEPUUU CHIIBHO YIPOIIAET
bopMyIbl, nenas sICHOM CTPYKTYypy MX pa3MepHocTH. I'paduk 3aBucumoct L(a)
s o= 1 mpuBeneH Ha puc. 2.

— 2

LT e

' . | ' |
; Gz a
Pucynok 2 - rpaduk 3aBucumoctu L(a) nns p= 1.

[Ipu manblX a OCHOBHYIO pPOJIb UTpaeT NEpBbIM uieH B paBeHcTBe (7)
(runepbomna), a mpu OOJBIIUX - BTOPOM (JMMHEHHAs 3aBUCUMOCTH). Jlerko
TIPOBEPHTH, UTO MPHUBEACHHAs JUTHHA L (a cliejoBaTeNbHO, 1 epron I°~L) nMeer
MUHUMYM TpU a=p . OTO 3HAYMT, YTO TPH TOJBECE MasATHHKA Ha OCH,
MPOXOJAIICH Ha PacCTOSHUU O OT IIEHTpa Macc, OH OyAeT MMeTh MUHUMAIbHO
BO3MOKHBIN MIEPUO/I.

J{nst ipyrux npuBEeAEHHBIX JIUH L>L,,;,. BOSMOXHBI 11 B A PACCTOSIHUS - d; U

a,, JAIOUIUX ATy MPUBEICHHYIO JUTMHY (M IEPHO.).



Teopema I'oiirenca. 3 popmyns (7) ciemyer, 4To TENO, MOBEIICHHOE HA
OCH, TIPOUCXOJISIICH Yepe3 JTF0OYI0 TOUYKY OKPY>KHOCTH PaJUyCOM d, UMEET OJINH
U TOT ke mepuona (puc.3). ITta OKpYKHOCTh SIBJISIETCS T€OMETPUYECKHUM MECTOM
TOYEK MOCTOSIHHOTO Tiepuoja. [Ipudem s kaxnoro 3HaueHust L>L,,;, BO3SMOXKHBI
JIBa 3HAUCHHS a. a; U a, . DTO ClIeAyeT M3 TOro, 4ro ypaBHeHHE (7) sBiseTcs

KBaaApPaTHbIM, OTHOCHUTCJILHO a.

a-La+p =0 (7°)

N3 cBOMCTB KOpHEW KBAAPATHOTO YPABHEHHUS CIEIYET:
aja,=p’ (8)
aj + a, = L (8’)

Pucynok 3 - k Teopeme ['tolirenca.

DTO 03HAYaAET YTO:

1) ecniu o/lHa OKPYXHOCTh UMEET PauyC MEHbIIIE P, TO Jpyras - OOJbIIe
(HamOMHUM, YTO COBMNAJIEHUE KOPHEH JaeT MUHUMAJIBHBIN MEPUO/] KOJICOaHU );

2) mapaJiieNbHBIA MEPEeHOC OCU MOABEca MO MPSMOM, MPOXOAsIIeH depes
IIEHTP MacC Ha paccTosiHue L, He W3MEHSeT mepuoj] KoieOaHuil (PU3NIEecKOro
MasiTHUKA.

Bropoe yTBepxaeHNE COCTABISIET COAEPHKAHUE TEOPEMBI | TolreHca.

JleficTBuTenbHO, Kak cieayeT u3 (8’), HOBas OCh MOMaAET Ha BTOPYIO
OKPYHOCTb MIOCTOSIHHOTO TIEPHO/IA.

OOpaTHOe yTBEpXACHHE, CTPOTO TOBOps, HEBEPHO: JBE OCH TIOJBeca,

JAaroninuec O,III/IHaKOBI:Jﬁ nepuoa, HeE 00s13aHbI HaXOJUTCA Ha paCCTOSHHUH L, OHH



MOT'YT HaXOJIUThCSI Ha OJTHOM OKPY>KHOCTH, T.€. HA PACCTOSIHUAX 2a; u 2a, JPyT OT
npyra (cM. puc. 3).

Touka O’ Ha BTOPOIl OKPYKHOCTH HA3bIBACTCS IEHTPOM KadyaHUs IJI1 TOUKH
noaseca O. U naobopor, Touka O OyaeT LEHTPOM KaudaHWs JUIsl TOYKU MOJIBECA
O’.

Memoouka 3xcnepumenma

B Hammx 9SKCHepHMEHTaxX UCIIOJNB3yeTCs OOOpPOTHBIA MAATHHK C
NOABWXHBIMU yacTsiMu (puc. 4). Ha crepxkne 1 3akperuieHsl 1Be ONOPHBIE TPU3MBI
2 1 2’°, HA KaXJIOM U3 KOTOPBIX MOXKET KadaTbCs MasTHUK. OOUH U3 TPy30B 3
3aKpeIUIsieTcsl HEeMOABUKHO, IPYTOd B XOJ€ dKCIEepUMeHTa nepemeniaercs. Oana
U3 npusM (Jo0asg) NPUHUMAETCS 3a HA4YaJlo KOOPAMHAT, M  IOJIOKEHUE
MOABUYKHOTO I'py3a 4 OTCUUTHIBAECTCS OT ATOM MPU3MbI HE3aBUCHUMO OT TOTO, Ha

KaKou u3 IIPpU3M IIOABCIICH MAasATHHUK.

|

b4 L ]
Pucynok 4 - 000pOTHBII MasTHUK.

[Ipu “3MeHeHuu MOJI0KEHUs TPY30B U3MEHSIOTCS Nepuobl konebanuit 7; u
T na xaxaou mnpusMme. Eciu npu KakOM-TO TMOJIOKEHUM Tpy3a IEPHUOJbI
COBIAJIAI0T, TO PACCTOSHUE MEXAY pu3MamMu L OyneT paBHO MPUBEACHHOMN AJIMHE
MasTHHUKA, T. €. B HAIIUX DKCIIEPUMEHTAaX MepeMenieHueM rpy3a 4 koHpurypanus
MasiTHUKAa “TOATOHSIETCS TOJA YX€ 3aJaHHYI MPUBEACHHYIO JJUMHY L, a He

ONnpeCACIACTCA NPUBCACHHAA JJIMHA 3aJaHHOTI'O MasATHHUKA.



3Has MPUBEACHHYIO JUIMHY MasTHUKAa HalIEHHOW KOH(UTypaluu U H3MEPUB
COOTBETCTBYIOIIMA MEPHUOJ KOJEOAHWI, MOXKHO ONPENEIUTh YCKOPEHHUE

CBOOOHOTO majeHus 1o popmye (4).

Ilpumeuanue. HamomuHaeM, YTO COBIIAJEHHUE TIEPUOIOB KOJCOAHWI ISt
JIBYX oced He o0s3aTesNbHO JaeT paccrosiHue L. OJHaKo eciau OJIMH Tpy3
nepeMeniaeTcst Mexay Mpu3MaMHu, a IPyrou pacronokeH cHapyxu, To npu 1, =T,
o0e OCH HE MOTYT JIe’)KaTh Ha OJHOU OKPY>KHOCTH, TaK Kak B 3TOM CIydae IEHTP

MaCC MasATHUKA OOJIKCH HAXOJAUTHCA MCXKAY IIPU3MaAMU.

Buvinonnenue padomoi

1. 3akpenuTh HEMOABUXHBIM TPy3 U TMPU3MBI OOOPOTHOIO MAaSITHHUKA B
MOJIOKEHHUSIX, YKA3aHHBIX MTPEIMOIaBATEIIEM.

2. 3MepuTh paccTosiHUE MEXKy Ipu3Mamu L.

3. IlonBecuTh MasiTHUK Ha OJHY M3 OINOpP, BHIOPAHHYIO 32 HA4ajlio OTCUETa, U
nepemenias NOABWKHBIM TPy3 BAOJIb CTEPKHS C MHTEPBAIOM | CM, U3MEPUTH
nepuoibl konebanuit T;. PacueTsl mOKas3pIBalOT, YTO MPU TMEPEMEIICHUU TPY3a,
HaXOJISIIETOCsS MEXIy IPU3MaMHU, IEPUOJT KOJIeOaHU U3MEHSIETCS Majio, TOATOMY
nepeMeniarh CiaeAyeT TOT TPy3, KOTOPbIA HAXOIUTCS BOJU3M KOHIIA CTEPXKHS.

PesynbpTaThl 3aHeCTH B TAOJIUIlY U3MEPEHUMN:

Tabnuya.

X, CM

t1, C

t, C

T],C‘

Tg,C‘

4. TlonBecwB MasiTHUK Ha APYTYIO MPU3MY, U3MEPUTH MEPUOIBI KOJICOAHMI
T, nos TeX ke MOJIOKEHUM TTOABUKHOTO Ipy3a.

IIpumeuanus.

1. JIyist u3mepeHus KaxxJ0ro neprojia u3Mepsth Bpemsi He MeHee 10 moJHbIX
KOJIeOaHHUIA.

0
2. OTKJI0HEHHE MasITHUKA JOJDKHO OBITH JOCTATOYHO Majlo, He Oojiee 5.




3. [ocTpouTs Ha MacITAOHO-KOOPAMHATHON Oymare rpaduKu 3aBUCUIMOCTH
T) u T, OT x U ONpPENEeNUTh MOJIOKEHUE Tpy3a X, , NPU KOTOPOM IEPUOJIBI
coBnanawT. (1; = T, = Ty)

4. YTOYHUTH TpU TNOMOIIM TpaduKa TMOJIOKEHHE Tpy3a H MEpPHOJ
OOpaIIeHHOr0 MAasTHUKA: BBIMIOJHUTH M. 3-5 B OKpecTHOCTH (10 00€ CTOPOHBI)
TOYKHU TMepeceueHus rpa@uKoB, onpeaesss Nepuo sl mo SO MoJIHbIM KOJIeOaHUsIM.

5. YcraHOBHUB JUIMHY MaT€MaTHYECKOTO MAasTHUKA, PABHOM MPHUBEICHHOM
JUTMHE, U3MEPUTh €ro mnepuon kojeOaHuil. CpaBHUTH ¢ MEpUOAOM (PU3NYECKOTO
MasiTHUKA.

6. OmnpenenuTs YyCKOpeHHUE CBOOOJHOrO TAACHUS 4Yepe3 Mepuoa u
IPUBEICHHYIO JUIMHY (PU3MYECKOro MasiTHUKA, (Iepuoj KojeOaHuM 3amucarh C
YEThIPbMS 3HAYAIIUMU [Uppamu).

7. BoiBecTu (hopMyily AJisl HOTPELIHOCTH U3MEPEHUS YCKOPEHHSI CBOOOIHOTO
NaJcHUs KOCBEHHbIM MeToJoM. OLEHUB MNpeABapUTEIbHO MOTPEIIHOCTH

HN3MCPCHUA LnT, 0, BBIYUCJIUTDH NOTPECITHOCTDL OIMMPCACICHNA BCJIMYNHBI &.

Konmponwvnwie 6onpocut

1. YUto Takoe pu3nUecKuil MasiTHUK, MaTeMaTuueckuii MasTHUK? BriBenure
dbopmyny nepruoza Konebanui GuU3NIECKOro MasTHHKA.

2. JlaiiTe onpeneneHrue MpUBEACHHOMN JUIMHBI (DPU3UUECKOTO MasTHUKA.

3. JlaiiTe onpeaeneHue paanyca HHEPIIUU.

4. Chopmynupyiite u fokaxute Teopemy [ toiirenca.

5. 3amummure 3aKOH BCEMUPHOTO TAroTeHusa. Jlalte onpexneneHue
(bu3nYeCcKoi BETUYMHBI — YCKOPEHUE CBOOOHOTO MageHus. OT KaKuxX mapameTpoB
3aBUCHUT YCKOpPEHHE CBOOOIHOTO TIafIeHUs?

6. Kak ompenensiercss yckopeHrue CBOOOTHOTO TaJeHUs B JIaHHOW paboTe?

BriBectu pabouyro dhopmyy.



Jlabopamopnasa paooma Ne ®-1-09
ONPEJAEJIEHUE YIIPYTUX MOJYJIENA TBEPJBIX TEJIL.

Ienw. Onpenenennie momynst FOHra 1151 pa3IudHBIX MaTEPHATIOB 0 U3THOY OaKu
¥ METOJIOM KOJICOaHUIA.
Ooopyoosanue. Jlabopatopubiii koMmiuiekc JIKM-2, Habop MmeTamim4ecKkux

cTep)kHel, Habop rpy30B, GOTOIATUHUK.

Kpamkasa meopus

Jedopmannu U HAnNpsiZKeHUsI B TBePAbIX Tesjaax. Bce TBepbie Tena moj
JNEeUCTBUEM CUJ JIe(POpMUPYIOTCS, T.€. U3MEHSAIOT 00beM U gopmy. Paznmnuarorcs
nedopmalii OTHOPOJIHBIE U HeoAHOpoAHbIe. OMHOPOAHBIE AepopMallid  3TO
nedopmalii - pacTsbkeHust  (CKaTus), CABUTA  OTHOCSTCS AedopMaivu;, K
HEOHOPOHBIM - U3TU0a, KPy4CHUSI.

Ecnu nedgopmaniuu ncuesaroT mociie npeKkpaiieHus 1edCTBUS PUI0KEHHBIX
CUJ, TO OHU HasbiBatoTCs ynpyrumu. [ledopmannu, 4aCTUYHO COXPAHSIOIIMECS
MOCJIe CHATHS Harpy3kH, Ha3bIBaIOTCs IIacTUueckuMmu. Paznenenue nedopmaruit
Ha YIPYyrue W IJlacTu4eckue ycinoBHO. CTporo roBops, mocie 00l Harpys3ku,
COXpaHSIOTCS ocTaTouHble Aedopmaiuu. Ho eciaum oHU NpeHEeOpEeKUMO Malibl, TO
nedhopMalii CUUTAIOTCS YIIPYTUMU.

Ecnu Be3bIBatomas nedopmaruio cuia HE CIUIIKOM BEIUKa, TO
BBITIOJTHSIETCST 3aKOH ['yka: oTHOcuTeNbHas aedopManus B Mpenaesiax ynpyroctu
MPOTMOPIIMOHAILHO  BBI3BIBAIOIIEMY €€ ycunuio. Kaxaelii Bua jaedopmanuu
XapakTepu3yeTcsi CBOUM KOA(DPUIIMEHTOM, UM MOJyJieM (BEJIMYMHOM, 0OpaTHOM
kodpdunmenty). Tak kak BU0B AedhopMaIliid MOXET ObITh MHOT'O, TO CTOJIBKO K€
oynet kodddurmenToB u moaynaei. OgHAaKO B TEOPUU YIPYTOCTH MOKA3aHO, UYTO
paznuuHble K0P UITUEHTHI (MOAYJIM) CBSI3aHBl MEXIY COOOUM ompe/ieIeHHBIMU
COOTHOIIEHUSIMU. [Ipy 3TOM 4YKCIIO COOTHOILIEHWM Ha JBa MEHBIIE, YEM YHUCIIO
K03 PUIMEeHTOB. DTO 3HAYUT, YTO JIOOOE TEIO BCEr/la UMEET J1BA HE3aBUCUMBIX

kod(duimenTa, XapakTepu3ylIluX ero ynpyrue cBoicTBa. PU3MYECKH HTO



OOBsICHAETCS CIeAyromuM oOpa3oMm. Bceskas medopmanus mpeacTaBiseT coOoit
CMEIICHNE MOJICKYJI Tella, a BCAKOE JBWIKEHHE MOXET OBITh CBEICHO K
MOCTyNaTeIbHOMY U BpalllaTeIbHOMY JBHXXKEHHUIO. Tak Kak JTH JIBHOKCHUS
HE3aBUCUMBI, TO U AehOpMaIliy, CBSI3aHHbIC C HUMH, HAPUMEp, YIIMHECHUE U
KpydeHue, OyayT He3aBUCUMBI. Bce ocTalibHbIC 1edopMaliui MOXKHO OYyJIeT CBECTH
K 9TUM JIBYM.

Jlnst ynpyrux Teda MEeXAy JSHCTBYIONIUMH CHUJIaMH W BBI3BAaHHBIMH HMHU
neopManusaMy  CYIIECTBYET OJIHO3HAYHAsT 3aBUCHUMOCTh (MIPU TUIACTHYECKUX
nedopManusax Takoi 0JHO3HAYHOCTHU HET).

PaccmoTpum cTepkeHb JJIMHOW [ M TOMEPEYHBIM CEUEHHEM S, OJIUH KOHEIl
KOTOPOTO JKECTKO 3aKpeIUIeH, a BTOPOM KOHEI II0JBEepraercs JACHCTBHIO
HEKOTOPOUW BHEIIHEN CUIBI Fypy. 1101 TEMICTBUEM BHEIIHEW CHJIBI JJIMHA CTEPKHS
yBEIMYMBACTCS Ha BenmnunHy A/l BenmmumuHamu, XapakTepH3YyHOIIMMH CTEIEHb
neopmanmm, sBIsAOTCS  abcomoTHas  gedopmaruss A/ M OTHOCHUTEIbHAs
neopManmss €, paBHas COOTHOIIEHWIO aOcomoTHOM nmedopmaruun Al K

NEPBOHAYAIILHOM JJIMHE CTEP>KHS [

€= (1)

OTtHOcuTenbHas Aedopmamysi HE 3aBHCHT OT pa3MepoB AePOpPMHPYEMOTO
o0beMa M B Ciydae HEOJHOPOJIHOW JedopMaluu ONpeaesseTcss B OECKOHEUHO

MaJIol OKPECTHOCTHU Kad#cOOU TOYKH, T.€. ABIAETCS (DYHKIIMEH KOOPAUHAT.

Hanuuue pedopmanum CTep>KHS TPUBOIUT K W3MEHEHHIO PACCTOSHUS MEXKIY
YacTUIIAMHU, & 3TO, B CBOIO OYEPE/]b, MPUBOAUT K MOSBICHUIO YIPYTHX CHII B
cTepkHe. Ympyras cujga OyneTr MNpensTCcTBOBaTh JajbHEWIel nedopmariuu
cTepkHsl. Paguyc NEeWCTBUS CU MEXAY YacTUIAMH TBEPJIOrO TEIa COCTABISET
HECKOJIbKO MEXATOMHBIX PAaCCTOSHUM, TO3TOMY JIsi OOBEMOB, BKIIFOYAIOIIUX
OYCHb OOJIBIIOE YKCJIO aTOMOB, CHJIbI MOXXHO CUMTaTh NPHIOKEHHBIMH K

MIOBEPXHOCTH, Pa3AeIIOIIEH 1BE YACTH Tela.



[IpoBenem MBICIEHHO B cTepxkHE ceueHue ab (puc.l). DTo cedueHne pa3aenut
CTEp>KEHb HA MPABYIO U JIEBYIO YacTH. JIeBas yacTth cTEepkHsI OyAeT AeHCTBOBAaTh

Ha MpaByIO 4acTb ¢ HEKOTOPOW CUIOi '), a IIpaBas 4acTh - HA JIEBYIO C CHIIOW

F”ynp.
_bl _bll —
.}gkp!a. ynp -Zz;p Ighm
[ T Y
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_______ 4_________________
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Pucynok - nedopmanust pacTskeHUs
OTH BHYTPEHHHUE CHJIbI OYIyT paBHbI MEX1y coOO0H 1O TpeTheMy 3akoHy HbioTOHa,

a U3 YCJIOBHA PABHOBCCHA HpaBOﬁ HaCTH CTCPKHA CIICAYCT UX PAaBCHCTBO BHECILIHEH

CHIJIC:

F’ = F”ynp = F@Hem (2)

ynp
Benmuunna ynpyroi Cuiibl, TpUXOASIIA’ACAd Ha E€IUHUIYY IUIOIIAAA CEUYEHHS,

Ha3bIBACTCA 6HYMPEHHUM HANPAINCEHUEM O
o =Fy,,/S = Fe/S. 3)

B CU nanpsokenue usmepsercs B H/m’.
Ecin BbIOpaTh NPOU3BOIBHOE CEYEHUE dS B TBEPAOM TeJ€, TO HAIpPABICHUE
cwibl dF M HOpMalnM n K IUIOIIAJKE B OOIIEM CIy4yae HE COBMAJIAET, MOITOMY

BCKTOP HAIIPSKCHUA MOYKHO PA3JIOKUTH Ha ABC COCTABJIAIOIIUC. TAHI'CHIIUAJIbHYTO

1 HOpMaJIbHYIO (10 OTHOIIICHHUIO K HOPMAJIN ).

Pucynox 2 — ceuenune nepopmupyemoro tena



[Tpu nedopmaruu pacTssKeHUS BETMYWHA CHITBI, IPUXOJISAIIEHCS HA €IUHUAILY
IJIONIA/IA TONEPEYHOTO CEUCHHUsSI, HA3bIBACTCS MEXAHWYECKUM HampspKeHueM (4).

s nepopmanuu cxaThsi — MEXaHWUYECKUM JIaBlieHuEM (95).

F
F
P=5 )

Tak kak npu AepopMalMd PACTSHKEHUSI pa3MEpbl YBEIMUYUBAIOTCS, a IMpU
CKaTUM YMEHBIIAIOTCA MEXAHUYECKOE HAIIPSIKCHUE UM MEXaHWYECKOE J1aBJIICHUE
UMEIOT Pa3jIMYHbIC 3HAKU.

P=-T
Mexannueckue HaIIpsKEHUS IIPOIIOPLIMOHAIIBHBI OTHOCUTEJIbHOU

nedopmanyu:

C yuerom cooTHomieHUsi (1) MOMyd4rM BBIPAKEHHE, KOTOPOE SIBISETCS
3akoHoM ['yka mis ynpyrux nedopmaruii.

T=E-¢ (0)
rne £ - kodpUIMEHT TPONOPIHOHATBLHOCTH, Ha3bIBaeMbIM Mmoodyrem FOHea.
Mopyne FOHra 4nciieHHO paBe€H HOPMaJbHOMY HANPSHKEHUIO, KOTOPOE BO3HHUKIIO
Obl B TeJ€ MPU €ro OTHOCUTEIHHOM YJJIMHEHUM, PABHOM EIWHHUIIEC, €CIU Obl
nedopmarius octaBasiack ynpyroi. [Ipu 3Tom qrHa Tena yBenuuuiaach Obl B JBa
pasza.

[Ipu nmedopmarnuu pacTsDKeHHS (CKaTHsA) U3MEHSIOTCA HE  TOJBKO

IIPpOAOJIBHBIC Pa3MCPEI TCJIa, HO KU ITOIICPCYHBIC.
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PucyHok 3 - n3MeHeHre onepevHbIX pa3MepoB Mpu JehopMaIiui CHKaTHUsI.

OO003HaYUM  OTHOIIICHWE OTHOCHTEIBLHOTO HM3MCHCHHS  ITONCPECUHBIX
pa3MepoB K OTHOCHTEIILHOMY YIUTHHCHHIO Yepe3 M.
Aa Al

——t—=u
a lo (7)

OtHocutenbHas aedopmaius MornepeyHbIX pa3MepoB:

_Aa_

a

&

n

Ucxonss w3 BbIIE TPUBEACHHBIX COOTHOIIEHHWM MOKHO — 3alucaTh
COOTHOIIIEHHE MEXKIAYy OTHOCHUTEIbHOW Jnedopmainmed W  OTHOCHUTEIHLHOM
M3MEHEHHEM MONIEPEYHBIX PA3MEPOB

E, =HU-&

(8)
Koadduiment nponopuronaibHOCTH ¢ Ha3zbiBaeTcsa MoayseM Ilyaccona
O6BeM 1eopMUPOBAHHOTO DJIEMEHTA CTEPIKHS

V=r-a’-l

[Iponmorapudmupyem, a 3atem npoaudGepeHipyemM 1aHHOE COOTHOIIIEHUE.

InV=mhz+2ha+In/

B pesynbrare nosyuum:



Otkyaa cienyer, 4To MoAy b [TyaccoHa MOXET NpUHUMATh 3HAUECHHE

1
M=

2 9)
Monynmu IOunra u IlyaccoHa MOJHOCTBIO XapaKTepU3yIOT aedopmaiuu

PaCTsKCHUA U CIKaTHA.

Ecnun I[C(bOpMpreTCH TBCPAOC TCJIO, TO HAIIPAKCHUA BO3HUKAIKOT BO BCCX

HanpasieHusaX. B koopauHatax XYZ HOpPMallbHOE HANPSKEHUE HMEET TPHU

KOMIIOHCHTHI.

(10)

Torga Ha KaXayr rpaHb OyIyT AEHCTBOBATH CHIIBI YIPYTOCTH (3HAK MUHYC

03HA4aeT, YTO HOPMaJb BCETja HalpaBJIeHa HAPYXKY).
F=0.,§, F=0,8, F=0_-§..

Kaxnoe cnaraemoe B cootHomenuu (10) B koopauHatax XYZ uMeeT Tpu
MPOCKIMU, TMOATOMY B OOIIEM clly4ae BHYTPEHHHE HAIPSKEHUS MOXKHO

npeaACTaBUTh B BUAC TCH30pa HaprDKeHI/II\/'I.

o

xx xp O.
yx O-yy O-yz
0. Gzy 0. (1 1)
KomnoHneHThI TCH30pa, CTOAIIHC B rJIaBHOM Juaro”Hajii, HMCIOIIHEC
OIWHAKOBBIC HHJICKCHBI COOTBCTCTBYIOT TIJIABHBIM OCsSM TCH30pa H&Hpﬂ)KCHHfI.

Tensop HaNpsKEHUH ABASETCS CHMMETPHYHBIMG, =0, (1,j=X,),2).



3aBHCHUMOCTH HOPMAJIbHOT'O HAIIPSPKCHUA G OT OTHOCHUTCIIBHOI'O Y/ JIMHCHUWA

¢ wu3o0paxkeHa Ha pucyHke 2. Ilpm maneix gepopmanusax (or 0 mo g,)

BBIIIOJIHACTCS 3aKOH ['yKa; 9TO TIIpakTUYECKH JIMHEWHBIM YydacTok Oa

MakcumanbHoe HaIIpsI’KEHUE G, , COOTBCTCTBYIOLICC 3TOMY YYACTKY, HA3bIBACTCA

npeacjioM IMpOInoOpuHruOHaJIbHOCTH. Hpez[eﬂ YIOPYroctu o y 9TO MAaKCHMAJIbHOC

HaIpsDKEHUE, MpPU KOTOPOM €IIE COXPAHSIIOTCA YNpyrue cBoicTBa Tena. Ha
ydactke ab nedopmanusi HenuMHEHHas, HO emie yrpyras (0OObBIYHO STOT Y4YacTOK

OYEHb MAJbIi: G, Oojblle G, HA J0JIM NpoeHTa.) lIpu HaNpsLKEHUSX, OOMIBIIMX

o I[C(i)OpMaHHH CTAHOBUTCS IIJIACTUYECKOM: B TEJI€ IIOCJIE€ CHSTHS Harpy3kKu

v
HaO0JaeTcsl ocTaTouHast AegopMmanusi €y. llpu HanpsokeHUsIX oy yIJIMHEHHE
HapacTaeT NPAKTUYECKH Oe3 YyBEJIMYCHUS Harpy3ku. ITO 00JacTh TEKy4ecTd
Matepuana (ydactok cd). Ha ydacTke de mpouCXOIUT HEKOTOpOE YIPOUCHUE
obpasua. I[locne nocTrkeHNsT MaKCUMaIbHOIO 3HAYEHUS G,; — IPEJeNa MIPOYHOCTH

— HamnpspKEHUE pe3Ko YMEHbINaeTcs, W oOpazen paspymiaercs (Touka f Ha

rpaduxe).
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PucyHOK 4 - 3aBUCUMOCTh HOPMAJIBHOTO HANIPSIKEHUS G

OT OTHOCHUTCIIBHOI'O YAJIMHCHUS €



Kauecmeennuie 6onpocul
1. IloueMy ympyrue CHJIbl CUMTAIOT MOBEPXHOCTHBIMH cuiiamu? YUTto 31O
3HAYUT?
2. B xakom ciyyae Juis OMCaHus YIPYTUX B3aMMOJECUCTBUN HCIIOIb3YyETCS
BEKTOp HanpsikeHui? TeH30p HaNpsHKEeHU?
3. Kakoii cMbICT UMEIOT KOMIIOHEHTBI T€H30pa HanpsbkeHui? Kakue u3 Hux
OMKCHIBAIOT HOPMAJIbHBIE HAMPSKEHNUS, & KaKUe- TAHT €HIIHAJIbHBIE?
4. UYto Takoe riaBHbIE OCH TeH30pa HanpspkeHui? Kakue HanpsbkeHus
CYILLECTBYIOT B I'JIaBHBIX OCSX?
5. Cozpator a1 neopmManuio B HEKOTOPOM HAIpPABIEHUU MONEpPEYHBIE K
ATOMY HaIlpaBJICHUIO HATIPSKEHMSI? 3alHUIINTE COOTBETCTBYIOLIYIO (OPMYITY.
6. Kakue HanpsykeHHUs BO3HUKAIOT NpU U3rude Oayku?
7. Kakue  HampspKeHUS  BO3HMKAIOT IPU  PACTSDKEHUM — IIPYXKUHBI,
CKpYYHMBaHUM CTEPIKHS?
8. Tlouemy xoaddunuent [lyaccona y He moxet ObITh OosbiIe 0,57
9. IloueMy npu OJTHOCTOPOHHEM PACTSIKEHUM Cpefibl AedopMalliid MEHbIIIE,
4YeM IPU CBOOOTHOM PaCTSHKEHUU CTEPHKHS?
Memoouka Ikcnepumenma
OOmmii BUA YCTAHOBKM, OCHOBHBIMH YacCTAMH KOTOPOUM  SIBISIOTCS

7a060paTOPHBIN CTOJ U U3MEPUTENIbHAS CHCTEMa, TMOKa3aH Ha PUCYHKE 5.

2 |
HCM-1 g 3¢

EEEE)E-0 OO

K2 2 HET I'OTOB

B0 ®O®d

K1 40IHOKP CeTh
PYUH u

w|®**ee é QO® S

d 3 4 5 6 7 8 9 d

Pucynok 5 - nmaboparopssiii komriekc JIKM-2.



OpHuM M3 METOJOB HaXOXAEeHHS MOAyJs FOHra ciry)kKUT METOZ U3MEpPEHUs
YKECTKOCTH OAJIKU TIpH U3THoe.

Uccnenyemas Oanka (cTepeHb, MPOBOJIOKA) 3 3aKpEIUISETCS C MOMOUIBIO
KpOHIITeHa [ Ha KOJOHHE CTOWKKM 2 (PUCYHOK 6). 3a TPOTOYKY BOIU3U
CBOOOJTHOTO KOHIIa OajdKy 3aKpeIvIsieTCss HUTh 4, MEepeKUHyTas depe3 IIKUB J
croiiku. K KoHIly HUTH mnonaBemuBaeTcs rpy3 6. banky HeoOxonumo
COPUEHTUPOBATh MEPIEHIUKYISIPHO HUTH (IIOTPEIIHOCTh MOXKET COCTAaBJISATH HE
Gombime 5°). IIpwkpMaeM HHTh K IIKade MIKMBA 5, IPH 3TOM YCTaHABIMBACM
yKaszaTelnp LIKMBAa Ha HyJIeBoe AerneHue mkaiel. [lo cBeyenne naaukaropa MCM
yOexgaeMcs B TOM, 4YTO IIENb JAMCKA IIKMBA CTOMKA HAXOJIUTCA B 3a30pe

dboTomaTUMKA.

PHUCYHOK 6 — DlIEMEHTBI DKCTIEPUMEHTATILHON YCTaHOBKHU

B npenenax ympyroil nedopmanuu  yIJIMHEHUWE TPOBOJOKU  MPSMO
IPONOPLMOHAIIBHO PAaCTIATMBAOIIEH CHIIE, IEpBOHAYAIbHONW JyIMHE / U 0OpaTHO

IMPOMOPHHUOHAJIBHO INIOIIaAN €€ IMOIICPCUHOIO CCUCHUA S:
F
A=kl (12)

rae Al - yJuIMHEHHWe, k — TIOCTOsSIHHAasg BelnyuHa (KO3(p(UUIHMEHT yHpyroctu),
3aBUCAINAsl OT Marepuaia MpoBoyiokd. OObHO B GopMmylly BBOJAT HE L, a
BEJIMUYMHY, 00paTHyIo eil: E=1/k. Bennuuna E - MoAynb ympyroctua (MOIyib
FOnra). [loncrasnsis B ypaBHeHue (1) BMecTo k& BelMuuHY E , HOTYyYUM

Fl

Al==—,
ES



OTKyJa

_F A

E :
S 1

(13)

U BennuvHa P=F/S HOCUT Ha3BaHUE YCWIHA WU XapaKTEpU3yeT BEINYUHY
YIOPYTUX CHJI, Pa3BUBAIOIIMXCS B JeGopMHUpYyeMOM MaTepuasie (HampsKEHHE).
BHyTpu TBEpAOro TEjIa BOSHUKAET CONPOTUBIICHUE TAKOMY YCUJIUIO, KOTOPOE €CTh
BHYTPEHHE HAIPSDKEHUE C.

s onpenenenus Mmoayis FOHra Heo0OX0QuMO U3MEPUTH YIJIMHEHUE, & TaK
KaK OHO OOBIYHO OYEHb MaJI0, TO HYXHbI 0COOBIE IPEIOCTOPOKHOCTU U OOJbIIAs
TIIATEJILHOCTH B IIPOU3BOACTBE OTCYETOB.
KoadpuimeHT KecTKOCTH k YMCIEHHO paBEH BEIMYMHE YNPYTrod CHIIbI, KOTOpas
BO3HUKAET NPU €AMHUYHOU aOCONIOTHON Aedopmanuu, KOTopas 3aBUCHUT Kak OT

CBOI?ICTB, TaK U OT pa3sMCpPoOB TCJIA.

k=S-E/I (14)
KectrkocTte Oaniku  ompenensieTcs ee pasmepamu, ¢Gopmoi, crnocoboM
3aKperieHuss U Moayiem ymnpyroctu E (momynem FOnra) ee marepuana. s
KpPYTJIOTO CTEPKHS IUMETPOM d W IIUHOW L, KECTKOCTh OYJET pacCUMTHIBATHCA

KakK:

k =E-3nd"/64L’, (15)
JI1st 6anku npsIMOYTOJIBHOTO CEYEHUs LIMPUHON @ U TOJIIUHOU b:

k=E-ab’/4L’, (16)
BMmecte ¢ 3THM KeCTKOCTh Ok MOXKET ObITh OLIEHEHA M0 U3MEHEHUIO CMEILIEHUS

rpy3a Ha BEJIMYUHY X, IpU U3MEHEHUU MaCChI rpy3a Am M0 COOTHOLIECHHUIO:

k=g Am/Ax (17)
JIpyruM HaJS)KHBIM METOJOM YCTAHOBJICHHS JKECTKOCTH OajKd CIIY)KHT METOJ
U3MEpEeHUs Tepuojia ee kKoyiebanus 7; ¢ TPy30M m;, B COOTHOIICHUH C TICPUOJIOM

Kojebanrem T, ¢ TPY30M ;.

k=47’ (my-my)/( T, TIZ) (18)



BHyTpeHHee HanpsbKeHHe G BBIYUCISIETCs o (popmyie:

_4mg
_7z'D2’

(19)

rae D - auameTp NpoBOJIOKH, M - Macca rpy3a, pacTATUBAOIIETO MPOBOJIOKY.

Takum  oOpazom,

MOJTYJIb

Osra F

HUMCCT

CMBICJI

ko3 punreHTa

MMPOMOPHUOHAIIBHOCTHU MCKIY HAIIPSAKCHHUCM G U OTHOCHUTEJIbHOM ,He(i)OpMaHHCﬁ &

Buvinonnenue paoomot

1. IloaroToBUTH TAOIULIBI:

Tabnuya 1.
No O6pazenr 1 | OOpazer 2 O6paszern 3 O6pa3zen 4
n/m
Marepuan Crainb JlatyHb JlatyHb AJFOMUHHN
(A16)
Pasmepsl ceuenus, |d = d= d= a=
MM
b:
JlimHa, MM L= L= L= L=

Macca rpyza my, T

Macca rpyza my, T

[Tonmoxenne rpysa

X1, MM

[Tomoxenne rpysa

X5, MM




k, Hm

E, 10’ H/™m"

Tabnuya 2.

No O6pazenr 1 | OOpazern 2 O6paszern 3 Oo6pazen 4

/o

Marepuan Craib JlatyHb JlatyHb AJFOMUHHN

(A16)

Pasmepsl ceuenus, |d = d= d= a=

MM

JlimHa, MM L= L= L= L=

Macca rpy3a my, r

Macca rpyza m,, r

ITepuon

koneOanmii Ty, Mc

ITepuon

koneOanwnii T,, Mc

k, Hm

E, 10’ H/m"

2. VYcTaHOBUTE CTpPEXEHb, HUTh U I'Py3 B COOTBETCTBUM C METOJUKOMN

JKCIIepUMEHTa. 3apuKcupyiTe Habmomaemoe Oe3 Harpys3ku aenenue. JloGaBbTe




JOTIOTHUTENBHBIA TPY3 M U3MEPHTE PACCTOSHUE, MPONIECHHOE IBYMS TPYy3aMHU.
Pe3ynbTaThl 3anuiure B Tadauiy 1.

3. YcraHOBUTE CTPEKEHb, HUTh U TPy3 B COOTBETCTBUM C METOIUKOMN
skcriepuMenTa. Cierka HaxkaB Ha Oaliky, OTIYCTUTE €€ M u3MephTe nepuop T, ee
KojebaHuii ¢ rpy3om maccoil m;. M3menute maccy rpy3a Ha m, U U3MEpbTE
nepuon T, konebanuit ¢ rpy3om. [loBTopute omeIT 2 pasza, 3alUIIMTE CpEHEE
3HAYCHHUE Mepro/ia B TAOIHIy 2.

4.  AHaJOTUYHO MOBTOPHUTE OIBITHI JJIsl CTEPKHEN U OAJIOK U3 pa3IMYHBIX
MaTepHayioB (CTaslb, JIATyHb, MIOPATIOMUHUI). Pe3ynpTaTel 3anuImmmTe B TaOJIUITY
oTYeTa.

5.

Oopabomka pe3ynibmamos

1.  PaccuurtaTh  3HaYEHUE MKECTKOCTH HU3MEPEHHOW MeTojmoM 1 1o
dbopmyze (17) u merogom 2 o popmyne (18). 3anectu nanubie B TadauIy 1 1 2.

2. PaccuutaTth 3HaueHuss Mmoayias FOHra juist Oanku U CTEp>KHSA, UCXOAS
u3 BeipaxkeHuit (15) u (16). 3anectu nanHbie B Ta0IUILYy 1 1 2.

3. OnpenenuTh 3HaAUYEHUA BHYTPEHHETO HapshkeHus o gopmyiie (19).

4. Haiitu  cooTHOmIEHHE MEXAYy BHYTPEHHUM  HAlpPsKEHUEM U
OTHOCHTENIBHBIM YJIJTMHEHHEM COTJIacHO 3akoHy ['yka (popmyia (6)).

3. HauepTture ocu rpaduka 3aBUCHMOCTH ¢ OT & I MeToaa 1 U MeToja
2, BeIOepUTE MacTab ¥ HAHECUTE PKCIICPUMEHTANIbHBIC TOUKHU (O}, & ).

6. [IpoBenute yepe3 Havaao0 KOOPAMHAT MPSMYIO TakK, YTOOBI MO 00e
CTOPOHBI OT MPSMOMN PaACIIOJIaraioCh OJIMHAKOBOE KOJIMYECTBO TOYECK.

7. Onpenenuts yrioBod K03 UIIMEHT 3aBUCUMOCTH O (&), KOTOPBIH
onpenenseT 3HaueHue Moy FOnra.

8. CpaBHuth 3HaueHue moxayis FOnra mns meronma 1 u mMeroma 2.
CnenaTh BBIBOJBI O TOYHOCTH METOJOB ompexaeieHus monayns FOHra, cpaBHHB

MOJIYYCHHBIC 3HAYCHU C TaOJIMYHBIMU.



Konumponwvnsie eonpocut

1. Jlaiite ompeneneHue aOCOMIOTHOTO M OTHOCHUTENBHOTO Y/UIMHEHUS CTEPXKHS.
Kakas nedopmanivist Ha3pIBaeTCS ynpyrom?

2. JlauTe oOIpemeneHWe MEXaHW4YeCKOoro HanpspkeHusd. Kak — omnpenenutsb
HaIpsKEHHUE B CTEPIKHE B HAILIEM CIIy4ae, €CJIM pacTsIruBarollas cuia paBHa F?

3.  Cdopmynupyiite 3axkoH [I'yka. Haueptute rpaduk  3aBUCUMOCTH
OTHOCUTEJIBHOIO YUIMHEHHUS! OT PACTITUBAIOLIErO HANpPsDKEHMs, HAOI0JaeMoil B
HKCIIEPUMEHTaX. YKaXUTe Ha rpaduke 00JacTh ynpyroi aedopmaiuu.

4. [aiite ompenenenue monyis FOHra. B kakux eauHuIax OH H3MEpsETCA?
3anuiuTe 3HaueHue moayJier KOHra 1Jist HEKOTOPBIX MAaTEPUAJIOB.

5. Kak OoIIpCACIIACTCA JKCCTKOCTD HpOBOJIOKH?
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