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ONPEJEJEHUE NEPUOJA KOJEBAHUHN
PUZNYECKOI'O MASJTHHUKA U IIVIOTHOCTHU
BEIIECTBA, U3 KOTOPOI'O OH MU3I'OTOBJIEH

Hear padoOTBLI. TPOM3BOAUTCS O3HAKOMJIEHHE C  MPOCTEHUIIINMHU
U3MEPUTENIbHBIMM ~ NpUOOpaMM -  IITAHTEHUUPKYJIEM,  MHKPOMETPOM,
TEXHUYECKMMHU BEcaMu U ceKyHaoMepoMm. Ha mpumepe omnpeznenenus nepuoja
Kosie0aHuil (PU3MUECKOr0 MasTHHUKA MPOCTONM T€OMETPHUUECKON (HOPMBI MO €ro
pa3MepaM, a TaKXe IUIOTHOCTH BEIIECTBA, W3 KOTOPOTrO OH M3TOTOBJIEH,
M3Y4YarOTCSI OCHOBHBIE ITPUEMBI yU€Ta MOTPENTHOCTEN U3MEPEHU.

3amava Takke MOKET ObITh UCIIOJIb30BaHa B paszjeinax «BpaiieHue TBepaoro
tenay u «Konedanus».

IIpubGopsl ¥ NPUHANJIEIKHOCTHU: HCK, U3TOTOBJICHHBIA M3 OIHOPOIHOTO
BEILECTBA, MOJACTABKA ISl JAMCKA; MITAHTCHIMPKYJIb, MUKPOMETpP, CEKYHIIOMED,
TEXHUYECKHUE BEChI, HA0OP pasHOBeca.

[IpenBapuTenbHO cleayeT O3HAKOMUTCA ¢ pasfenamu «llorpemmnoctu
u3Mmepenuin» u «lIpocrelimme wuzMeputenbHble NpuOOps». [lo OKOHUaHUUM
U3MEPEHUI CJleAyeT MpPeICTaBUTh OTYET B COOTBETCTBUUM C  (POpMOi,
npuBereHHON B pasnene «Pekomennyemas Qopma ordyera» (CM. OMMCaHHME K
3agaye Nel).

OUSNUYECKUN MASATHUK

Du3HYeCKUM MASITHUKOM HA3bIBACTCS TBEPIOE TEJIO MPOU3BOJIBHOU
dbopMBI, KOTOpOE MOKET BpallaTbCsi BOKPYr TOPU3OHTAIBHOM OCH, HE
MPOXOJAIIEH Yepe3 ILEHTPp Macc Tena. MasTHUK HaXOIUTCS B YCTOMYHMBOM
PaBHOBECUM, €CIM €ro LEHTP MAacC HAXOJUTCA HUXKE OCH HA BEPTUKAIBHOMU
MPAMOM, MPOXOISIIEN Yepe3 OChb. BBIBEIEHHBIM W3 IIOJOXEHUS PAaBHOBECHS
MasTHUK COBEpIIAeT KOJeOaHs Mo JEHCTBUEM MOMEHTA CUJIBI TspkecTH. Ecim
npu KojeOaHWSIX JUHUSA, MPOXOMSANIasl Yepe3 IEHTP MacCc MasTHUKAa M OCh
OTKJIOHSIETCA OT BEPTUKAJIM HA Yroj, BEJIWYMHA KOTOPOIrO, BBIPAKCHHAsl B
paanaHax, majga Mo CPAaBHEHUIO C €IWHUIEH, TO 3aBUCUMOCTb ITOTO yIJia OT
BpeMEHU OJM3Ka K rapMoHMYeckoil. B 3ToM ciyyae 3aBUCMMOCTBH NepHoja
KoJieOaHui T OT BEJIMUMH, XapaKTEPU3YIOIIUX MASITHUK, UMEET BHU/T

T=2 J
=27 |——

Mgd’ (1)
Trac J = MOMCHT I/IHepHI/II/I MajATHHUKA OTHOCUTCIBHO OCHU BpaHIeHI/IH, d -

paccTosiHME OT OCH JI0 IIeHTpa Mace MasTHUKa, M - ero mMacca u (J - yckopeHue
CBOOOIHOTO TTAJICHUS.



MoOMEHT HMHEpUHMH TPEACTABISIET COO00M  (U3UYECKYI0  BEJIHYHHY,
XapakTEepU3yIOLIyl0 HMHEPTHBIE CBOWCTBA TBEPIOIO TEjA IIPU €ro BpallCHUHU
BOKpYT ocH. OH 3aBHCHUT OT paclpeiesieHuss MacChl Teja OTHOCUTENBHO ocH. I1o
ONPENIEIICHUIO OH PABEH

J = Z Am,17, @)

rae AM; - Macca 3neMeHTa Tena, I - paccTOsiHHE OT OCH JI0 3TOTO 3JEMEHTA.
JUis  COJIOIIHBIX Tel MOMEHT HMHEPIUH BBIUUCISIETCS 10  33JaHHOMY
pacIipeielIeHUIO IJIOTHOCTH Tejla C TIOMOIIbI0 HHTETPUPOBAHUS 110 00bEMY TeJIa.
OTH BBIYUCIICHUS CPABHUTEIBHO MPOCTHI 711 OJJHOPOIHBIX CUMMETPUYHBIX TET,
€CIIi MOMEHT WHEPIIMU BBIUUCISAETCS] OTHOCUTEIBHO OCH CUMMETpUHU. B manHOi
paboTe B KauecTBe (PU3MUECKOrO MAsTHHUKA HCIOJIB3YETCS OJHOPOJHBINA JHUCK,
KOJICOIOMMICS BOKPYI OCH, MNEPHEHIUKYJISAPHBIM €ro IIOCKOCTH. MOMEHT
MHEPLUK OJHOPOIHOro aucka ¢ auamerpom D m maccoit M otHocurensro ocw,
IPOXOJALIEH NePIEeHANKYISIPHO IUIOCKOCTH IMCKA Yepe3 ero LEeHTP Macc, paBeH
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Opnako oOCh, BOKpPYTI KOTOpOH Bpamaercss (u3nyeckuili MasTHUK TIpH
KOoJIeOaHUsIX, HE TMPOXOAUT dYepe3 IEeHTp Macc. B 3ToM ciydae crhemyet

BOCHOJIb30BaTbcsl Teopemoit [rourenca-llIteitHepa: MOMEHT WHEPUUHU J
OTHOCHUTEJIBHO OCH BpalllCHUsI MasTHUKA

2
J=J,+Md", (4)
rae Jo - MOMEHT HHEPLUM OTHOCHUTENEHO OCH, IIPOXOSALIEH Yepes LEHTP MacC U

napasIenbHoil ocu Bpamenus aucka, M - macca Tena, a d - paccrosHue mexmy
sTUMU ocsimu. 13 dhopmyn (3) u (4) nomydum

J:%M(Dz +8d?). (5)

[ToxcraBuB 3HaueHre MOMeHTa uHepmH (5) B popmyiy (1), HalimeM BoIpakeHHE
JUTs TIeproia KoJieOaHU JMCKa BOKPYT OCH, TIEPIICHIUKYIISPHOM €T0 MIIOCKOCTH

D? +8d?

T=x 2ad (6)

Takum oOpa3om, Ieproj] KoJaeOaHuil TUCKa HE 3aBUCUT OT €r0 MacChl
U ONpEeAeNsSieTCs. TOJIBKO TE€OMETPHUUYECKMMH MapameTpamMu: IUaMeTpOM
nucka D u paccrosuuem O Mexmy LEHTpOM IHCKa M OCBIO BpalllCHMS
MasiTHUKA.



Yupaxuenue 1

ONPEJEJIEHUE NEPUOJA KOJEBAHUM
OUBNYECKOI'O MAATHUKA

Onucanue yCTaHOBKHU

N3yvaemblii B JaHHOM paboTe pu3nuecKuil MasTHUK MPEACTaBISET cOO0M
CNIOWHOU OOHOPOOHDBIU OUCK, Ha KaKIOW CTOPOHE KOTOPOTO HAHECEHBI
ouamemp AB u xopoa EF (puc.1). Ha nepeceuenun nuamerpa u xopasl B
touke 0 Ha KaXJIOW W3 CTOPOH JUCKA UMEKTCA KOHUYECKue yeayOieHus,
HaXOJSIINECS APYT IPOTHB IPYTa.

[ToncTaBka I 3aKpeIuleHMss MasTHHKa (puc.2) uMeeT 08d KOHYCdA:
HEenooBUIICHbIU 1 1 NOOBUIICHBIU 2. BeplMHbI KOHYCOB pacIoararorcs Ha

OJIHOW TOPU3OHTAIBHON JUHUHA. BUHM 3 CIAyXUT IS 3aKPETUICHHS MTOABHKHOTO
KOHYycCa.
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N3mepenus
N3mepenue reoMeTpu4eCKUX NapaMeTpoB

M3MepsroT ITaHTeHIMPKYJIEM HE MEHEE IISTH Pa3 B Pa3IMUHbIX MECTAX JUAMETP
D nucka. Eciu ripy 5TOM KaKbli pa3 MoJIy4aeTcst OJHO M TO JK€E 3HAUEHHE, TO 3a
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MOJIHYIO aOCOJIOTHYIO TIOTPEIIHOCTh HM3MEpPEHHs] MPUHUMAIOT TPHOOPHYIO
MOTPEIIHOCTh IITAHTEHIMPKYJIA. B MPOTHBHOM ciydae pe3ysbTaThl H3MEPEHHIA
3aHOCST B TaOJHILy, UMEIOIIYIO B Tabmuiml 1 pa3nena «Pexomenayemas popma
OTYETa.

He MeHee Tpex pa3s M3MepSIOT IITaHreHIupKysiteMm mmHy L orpeska AQ
(cM. puc.l) ¢ o1HOM CTOPOHBI AUCKA U CTOJBKO k€ pa3 - ¢ Apyroil. Pe3ynprarel
MU3MEPEHUH 3aHOCSTCS B TAOJIUILY BHIICYIOMSHYTOH (HOPMBI.

N3mepenue nepuoaa KoJjiedaHU MasiTHUKA

3akperuisifoT AWCK Ha mojctaBke. J[ms 3TOro, 0OCBOOOXKITAIOT BHHT 3 |
OTOJBUTAIOT TIOJIBFKHBIH KOHYC OT HETOJBIKHOTO Ha PACCTOSTHUE, HECKOJIBKO
MPEBBIMIAONICEe TOMIMMUHY JUCKAa. J[MCK BCTaBISIOT B MPOMEXKYTOK MEXKITY
KOHyCaMHu TakK, YTOOBI OCTPHE HEMOJBIKHOTO KOHYyCa BOIILIO B YITyOJIeHHE Ha
oOpallleHHOW K HEeMYy CTOpPOHE JAHMCKa. 3aTeM OCTpHE MOABMXKHOIO KOHYca
BJIBUTAIOT B YIIyOJICHWE HA APYTrod CTOPOHE AWCKA 10 yIopa W IOIABUKHBIHA
KOHYC 3aKpEIlISIOT BUHTOM 3.

BBIBOIAT IHCK M3 IOJIOKEHUS PAaBHOBECHS TaK, YTO HWKHSASA TOYKA JHCKA
OTKJIOHSJIACh Ha 2-3 CM OT BEPTUKAJIIBHOM JIMHUH, U MPOBEPSIOT, JOCTATOYHO JIA
CBOOOIHO MPOUCXOJAT ero kosiebanus. Ecnum nuck A0 TMONHON OCTaHOBKH
coBepuIaeT MeHee 15 konebaHuii, TO, 0CBOOOANB BUHT 3, UyTh-UyTh BBIJBUTAIOT
MOJIBWYKHBIM KOHYC M CHOBA BJIBUTAIOT €r0 JI0 YIopa B yriIyOJIeHHe Ha IUCKE, HO
YK€ C MEHBIIIMM HaXXUMOM, YE€M JTO JIeJ1ajnoch paHee. KOHyc CHOBa 3aKperuisioT
BUHTOM 3. [Ipu 3TOM JUCK CclielyeT NpUAEpKUBATh PyKOM, oOeperast OT MaJIeHUs
U TIOBPEKICHUS OCTpUsIMU KOHycOB. (CHOBa IIPOBEPSIOT, AOCTATOYHO JIU
CBOOOMHO KayaeTcs MUcK. [Ipu HEoOXOAMMOCTH 3aTSKKY MOJIBHAKHOTO KOHYCa
MIPOBOAAT €UIE Pas.

[IpUBOIAT IUCK B KOIEOAHUS, K M3MEPSIOT CEKYHIOMEPOM BpeMs t mecaru
xosneOanmii. Takue mamepenus npogensBaroT N paz (N = 5+10 mo ykasanuro

TpenojaBarens), 3aHocs 3HaueHHe | B TaONMIly, MMEIONIyI0 BUI TaOaumbl 1
pasnena «Pexomenayemas gopma otuera» (cM. omucanue Kk 3amade Nel).

. Jlns monydeHus 3Ha4eHus IIEpUoAa | U ero morpemnocty Bpems 1 u ero
HOJIHYO0 a0COOTHYIO0 orpemHocts A U genst ma N.

Bbruncienue nepuoaa Ko0JIe0aHu MasiTHUKA 110 U3MEPECHHBIM
Ir¢cOMCTPHUYICCKUM pasMepam

[Tonb3ysice puc.l, Nerko HaWTH, YTO PACCTOSHUE MEXIY OCBIO BpallCHUS
MasTHUKA U €70 LIEHTPOM MacC paBHO
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[onctasus d B dopmyny (6), moayuuMm s U3MEpPEHMs Mepuoja KojeOaHHi
JIICKa TI0 U3MEPEHHBIM TTapaMeTpaM BhIpKECHHE

\/DZ +2(D - 2L)>
T=n

(D-2L)g ®)

[{enecoobpa3Ho BBeCTH 0003HAUCHUS:
A=D -2L, 9)
B=D>+2(D-2L)> =D +24". (10)

Cuauvana seruncisiior 3aauenus A u B. 3atem no popmyie

B B

PAcCUMTHIBAIOT MCKOMOE 3HaueHue tepuoga [. Ilpu pacdere ycKopeHue
cBOOO/IHOTO Na/IeHUs Ha MKUpOoTe MOCKBBI IPUHUMAETCS PaBHBIM

g = (9,816 £0,006) m/c” .

OueHka norpemrHOCTed B 3HAYEHUH MePUOIA

[Ipexme BCEro MOIDKHBI OBITH HAlIEHBI IIOJHBIE A0COIIOTHEBIE IIOTPEIIHOCTH
HENOCPENCTBEHHO H3MepsaeMbix Beanuun D u L.

HaxoXIeHHe IOTPEIIHOCTH BEIMYUHBI |, M3MEPSIEMOM KOCBEHHO JIydIIe
HAYMHATh C BBIYUCJICHUS OTHOCUTEIBHOM morpemHoct. Jlorapudmupys
bopmyiy (8), momyunm

1 1 1
InT= 1n7r+§ln[D2 +2(D - 2L)2]—51n(D— 2L)—Elng. (12)

C‘II/ITaH, 9TO IIPH BBIYHUCIICHHUAX Ha KaJbKYJIATOPC IOIPCINHOCTL 3HAYUCHUA 7T
HpeHe6pe)KI/IMO Majla, OHIpCACIMM YaCTHBIC OTHOCHUTCIIBHBIC IIOTPCHIHOCTH

BeJIMYMHBL |, 00yciosiennsie norpemmnoctamu D, L u . [lns sroro naiimzem

yacTHble npou3Bojnbie IN T 1o »TMM BenuuuHam, NpUHAB KX 3a TIEPEMEHHBIE U
yuuThiBas o0o3Hauenus (9) u (10):

A(nT)  D+2(D-2L) I D+24 1
oD ~ D*+2D-2L7 2D-21) B 24 13
A(InT) — 4D-2L) 1 4
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dInT) 1

e T <15>
Vmuoxus (13), (14) u (15) va AD, AL u AQ cooTBETCTBEHHO M BO3BEIS B
KBaJIPaT MOJYYEHHEIE BBIPAXKEHHs, HAllIEM KBaJAPaThl YaCTHBIX IOIPELIHOCTEN:

ATY  (D+2A 1Y,

T A (16)
D
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- 29 ) (18)
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CJ'ICI[yeT HAWTH YMCIICHHBIC 3HAUYCHUS ITHUX BBIpa)KeHI/Iﬁ U BBIXICHUTB, KaKas

N3 HU3MCPACMBIX BCIHWYHUH D NN L BHOCHUT B PC3YyJIbTAaT HaI/I6OJ'IBIHYIO
IOIrpCIIHOCTb, a TaK¥XKC C I[OCT&TO‘-IHOﬁ JA TOYHOCTBIO B3STO TaOJMYHOE

3HayeHue J.
N3Bnekas KBaapaTHBINM KOPEHb U3 CYMMBI YMCJICHHBIX 3HaueHui (16), (17) u

(18), HAXOAAT MONHYIO OTHOCUTENbHYIO norpemHocts AT/T Benmuuuusl nepuona
kojeOanuii T JaHHOro (M3MYECKOr0 MAATHHKA. YMHOXKUB OTHOCHTEIBHYIO
IOTPEIIHOCTL HA 3HAYEHUE |, MONYYaroT MOJHYK a0COIIOTHYHO MOIPEMIHOCTh
AT. Hakonen, npoBens HeoOXOAMMOE OKPYIJIEHHE BCEX YHCEJN, 3aIUCHIBAIOT

OKOHYATENIbHBIA PE3yJbTaT 3HAUCHUS IEPUOAA | ¢ y4ETOM IIOTPENIHOCTH,
MOJYYEHHBIN IMyTEM KOCBEHHBIX U3MEPEHUN €r0 FT€OMETPUUECKUX MapaMeTPOB.

OIleHKa MOrpelIHOCTHA NMPSAMOI0 UBMECPECHUA NIEPUOAaA MasITHUKA

3anonHsAT TaOMUIly, B KOTOPOM 3aHECEHbl Pe3yJIbTaThl M3MEPEHHH mepuoaa
KOJIeOaHUM MasiTHUKA CEKyHIOMEpPOM. 3alMChIBAIOT OKOHYATEIbHOE 3HAUYECHUE
nepuosa | ¢ yd4eToM IOAHOW morpeinHocTd. CpaBHUBAKOT 3TO 3HAYEHHE CO
3HAYEHWEM INE€pPUOJa, TIOJYYEHHOIO IyTEM KOCBEHHbIX u3MepeHuil. Ecim
U3MEPEHHsI TPOBEACHBI MPABUJIBHO, TO OINPEAEISIEMbIE NOTPEUIHOCTIMHU
WHTEPBAJIBI JOJKHBI IEPEKPHIBATHCA.



Ynpaxnenue 2

OITPEJHJIEHUE IIVIOTHOCTH BEIIECTBA, U3
KOTOPOI'O M3TI'OTOBJIEH JUCK

Kak M3BECTHO, IIOTHOCTh O OJHOPOJHOTO TeJlda PaBHA OTHOLIEHUIO MACCHI
— 2
M tena k ero o6vemy V. O6nem mucka V = 7D H/4, rne D - nuamerp aucka, a
H - ero roamuna. Takum o6paszom,

4M
aD*H
Maccy M HaxogAT HYTCM B3BCIIMBAHUA Ha TCXHHNYCCKHUX BE€CaAX H
3aIlIUCBIBAIOT €€ 3HAUCHUC C yfleTOM HpI/I60pHOI7'I HOFpeHIHOCTI/I BCCOB. I/IBMepﬂIOT
MukpomeTpoMm 10 pa3 TommuHy H aucka s pa3sHbIX MECTax M 3aHOCIT

pe3ynbTaThl M3MEpEHUW B TaOJUIly, MMEIONIYyI0 BUj Tabmuibl 1 paszgena
«Pexomengyemas popma otueta» (CM. orrcanue K 3agade Nel).

P (19)

3anosHAIT Bee rpadbl TabIMIBI ¥ 3alMCHIBAIOT pe3yabTar u3mepenus H ¢
Y4E€TOM IIOJIHOM TOTPEemIHOCTH u3MepeHus. Jlnsg numaMerpa AHMCKa MOKHO
BOCIIOJIL30BAThCA 3HAYeHHMEM D ¥ €ro IOrpemiHOCThIO, MONYyYEHHBIMH B
peabIAYIIEM YIPaKHEHUU.

CamocTosTenbHO  HaxXoAAT  (OpMyJbl IS BBIYMCIEHUS  YaCTHBIX
NOTPENIHOCTE B OINPEACIICHUH IJIOTHOCTH, BBIYHMCIAIOT OTHOCUTENBHYIO H
aOCOJIIOTHYIO TMOTPEIIHOCTH M 3alMChIBAIOT  OKOHYATENbHBIA  PEe3ysbTar
W3MEPEHHUS INIOTHOCTU € YYE€TOM HOTPEIIHOCTH.
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