-2 JInckoBblii MasgTHUK

VYciioBue

Sanaya 11-2 JInuckoBbIii MasiTHUK.

ObopymoBanne: quctT KaproHa dopmara A4, HOXKHUILI, WO, IUPKY/Ib, JIBa OOITA C rafikamu,
MITATAB C JIAIIKOU W TBO3JIEM, CEKYH/IOMEP.

QopMmyJty JijId IIepro/ia MaTeMaTHIECKOrO MasTHUKA

[
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MHOT/1a HEOOOCHOBAHHO ITPUMEHSTIOT 17151 (PU3NIECKOTO MAsITHUKA (T10/1-
BEIIIEHHOIO  KOJIEOJIIOIErocsi TeJjia), CIuTas, 4ro [ - paccTosiHue OT
OCH BpallleHusI JI0 IeHTpa Macc Teja. B manHoil 3amate BaMm Ipe/-
CTOUT OIPOBEPIHYTH 9TO PACIPOCTPaHEeHHOE 3a0s1yxKIeHne. B padore
HCIIOJIB3YeTCsI TUCKOBBIM MasiTHUK: CILIONIHOM JINCK paJjuyca [, KoTo-
pbIit MOXKET K0J1e0aThCsl B BEPTUKAJILHOM ILJIOCKOCTH BOKPYT TOPU30H-
TaJBHOM OCH, TIPOXOIAIIE Yepes ero meHTp. B pabore ncmob3yercss KapTOHHBIH gucK. O6o3HaTIM
Maccy gucka m. Ha paccrogauu r oT ImMeHTpa JUCKa CHMMETPUYHO 3aKpPeIyieHbl JIBa rpysa, B Ka-
YeCTBE KOTOPBIX HCIIOJIB3YIOTC HeOoJIbIire 00ITh ¢ rafikamu. Maccy Kaxkoro rpysa o003HaYUM
mgy. Bam HeobXoauMo uccieloBaTh 3aBUCHUMOCTH Iepuoja KoJjebaHuil JIMCKa OT IapaMeTpa 2 -
PacCTOAHUS OT XOPJbI, COCAUHAIONEH IPY3bI J0 IIEHTPA JTUCKA.

Yactp 1. Teopernyeckas.

1.1 IlokaxkuTe, 9TO PACCTOSHUE Z MPOMOPITMOHAIBLHO PACCTOSHUIO [ OT MEHTpa JINCKa JIO IEHTPa
MaceC CUCTeMbI (yKayKuTe Ha PUCYHKe TPUMEPHOe IOJIOKEHNe TIEHTPa Mace):

[ =7z (1)

[Tonyunure bopmyity Jijist 3HaUeHUA KOIMDDUITUEHTa Y, BHIPA3UB €r0 Yepe3 MacChl JINCKa, I'PY30B U
reoMeTpuIecKne pa3sMepbl CHCTEMbI.

1.2 BpickazknuTe TPEJOJIOKEHNs] O BUJIE 3aBUCUMOCTH Ieprojia KoJsiebanuii or napamerpa 2. He
HAJI0 BBIBOJUTD (DOPMYJIY JIJIsI Ieprojia KoJiebaHuil, I0CTAaTOIHO yKa3aTh Bl 3apucuMoctu 1'(z).

Yacts 2. IIpousBoacrBeHHasi (Toxke oneHuBaeTrcs!)

PasmerpTe uct KapToHa — HapucyiiTe Ha HEM JINCK MaKCUMAaJIbHO BO3MOYKHOT'O JITaMeTPa, OTMETh-
Te OKPYZKHOCTD, 110 KOTOPOii BBl OyJieTe paciioyiaraTh 60JITHI ¢ rafikaMu (IIPUMEpPHO Ha, PaCCTOSHUM
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1 cM or kpas jgucka). Pazmerbre moJiozkeHust OTBEPCTHii jijist 60JITOB, TakK, 4T00ObI BaM ObLIO Y106~
HO IIPOBOJINTH M3MepeHus. BhIipexkbTe aKKypaTHO JIUCK, IIpojiesaiiTe HEOOJIbIIIOe OTBEPCTHE B €0
IeHTpe JJId OCcUu (B Ka4eCTBE KOTOPOH UCHOJIB3YyHTe I'BO3/Ib, 3aKPCIJICHHBIN B JIAIIKE mTaTHBa), apo-
Jenaiite orBepcTusd Jijisi 60aToB. [locie BbIoIHEHNsT PAOOTHI JTUCK CllafiTe YKIOpH, TOYHOCTH €ro
pPa3sMeTKH U U3rOTOBJIEHU OYIET OIeHeHaA.

Hactp 3. dkcriepuMeHTAJIbHAS.

3.1 Ha ocHoBe pe3yJsibTaToB H3MepeHuil (yKasKuTe Kakux) OoleHuTe 3HadeHue Kodbddurmenra v B
dbopmye (1).

3.2 NamepbTe 3aBUCHMOCTD TIepHOjia KOJIEDaHUN JIMCKOBOIO MasTHUKA OT rmapamerpa z. Ouenure
MOTPEINTHOCTE u3Mepenus nepuoja. [locrpoiite rpaduk morydeHHoll 3aBUCUIMOCTH.

3.3 Jluneapusyiite mosydenuyto 3apucuMoctb 1'(z) (T.e. IpejcTaBbTe ee B TaKUX KOODJMHATAX,
4T00OBI OHa, ObLTa JuHeiHA). [locTpoiiTe rpaduk JMHEAPHU30BAHHON 3aBUCHMOCTH.

3.4 PaccunraiiTe unc/ieHHbIE 3HAYMEHUS APAMETPOB TOJIydYeHHON 3aBucumoctu. OIEHUBATH I10-
CPEITHOCTHU 3TUX ITapaMeTpPOB HE HaJO.

3.5 CpaBHI/ITe IIOJIYYE€HHbIC 9KCIIEpUMEHTAJIbHBIE JJaHHBbIE C BalllUMU TECOPETUYICCKUMU IIPEIACKa3a-
HUAMMW — CﬂeﬂaﬁTe BBIBO/J O IIPUMEHUMOCTH (bOpMYJII)I JJId 1IepuoJa MaTeMaTUIeCKOI'o MadTHUKa
K HCCJIEIJOBaHHOMY IHCKOBOMY MadHUKY.

Pemenune

3angava 11-2 JInuckoBbIii MasiTHUK.

1.1 KoopauHnara 1meHTpa Mace JIUCKA ¢ TPY3aMU OIIPEJIe/IseTCs 110 CTaHIapTHON (hopmyie

2m0
l=20= ——2 (1)
2mo +m
[TosTomy mapamerp v = 27,210% U paBeH OTHOIIEHWIO MAaCChl T'PYy30B K MacCe BCETO MasdTHUKA.

CYHLGCTBGHHO, 9TO KOOp/IMHaTa IMeHTpa MacCC CaMOI'O JUCKa PaBHa HYJIIO.
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1.2 Jlns onpesiesiennst BUJa 3aBUCUMOCTH TIEPHOa KOJIEOAHUN OT PACCTOSHUS 2 MOXKHO BOCIIOJIb-
30BATHCS YHEPTETHIECKUM MOIX0M0M. OOO3HAYMNM YTOJI OTKJIOHEHUs] MAsITHUKA OT BEPTUKAJIUA .
Toryia KuHeTHYECKAasT SHEPIHUs TPOTIOPIMOHATIBHA KBAJPATy YIJIOBOH cKOpocTn w = ¢’ (t):

K== (2)

[Tpudyem kosbdurmenT nponopruoHagabHoCTH [ (MOMEHT WHEpIWN) He 3aBUCHT OT IOJIOKEHHUSI
I'Py30B Ha OKPY2KHOCTH, T.€. HE 3aBUCHT OT mapamMerpa z. [loTeHnuaabaas SHEPTUs ONpe/Ie/saeTcs

dopmyoit

2
U:—Mglcosgpz—Mgl( —% (3)

(3mecb M = m~+2my) 1 3aBUCHT OT [IOJIOXKEeHUsT TPY30B! 3aruceiBas ypaBHEHMs 3aKOHA COXPAHEHUST
SHEPIUU JIJIs KOJIEOATETLHOIO JIBUKEHUS MAATHUKA

[w2 2
T—I—Mgl% =F (4)

Bujum, 910 OHO OMHUCHIBAET TapMOHUYECKHE KOJIEOAHUS C TIEPUOIOM

1 1 C
T=2 — =2 —_— = —
W\/ Mgl Wv Mgyz  /z 5)

Hactp 3. IkcriepuMeHTaIbHAS.

3.1 [Tapamerp v Jierko u3mMeputhb. [ljag 3TOro J0CTATOYHO TOJBECUTD
MasTHUK 3 OJHO U3 OTBEPCTHH U C IIOMOIIBIO OTBeca (B KauecTBe KO-
TOPOTO MOYKHO HCIIOJIb30BATH, HAIIPUMED, JIMHEHKY ) OIPEJIeTUTh 0JI0-
JKeHune IeHTpa Mace [.

B narmeit ycraHoBKe IOJIyYeHBI CJIe/IyOIINEe 3HATEHU ST
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~ 0,12. (6)

3.2 B rabymuiie 1 nmpuBesieHbl pe3y/IbTaThl U3MEPEHUI TIEPUOJIOB KoJieba-
HUil OT mapameTpa z. s KaxK10r0 MOJI02KEHUsT TPY30B TPUK Bl U3Me-
penbl BpeMeHa t;, N = 5 kosiebanuii. B kauecTBe pe3y/ibTar u3MepeHus
[IePUO/Ia UCIIOIB30BAJIOCH CpEIHee 3HAUYCHIE BpeMeH KoJIeOaHuil, geieH-
HOE Ha UX YUCJIO

r= % - ij1:51 *, (7)

JL1st OTIEHKM MOTPENTHOCTH U3MEPEHUH ePBOHAYAIBHO PACCUUTHIBAIACEH MTOTPENTHOCTD N3MEPEHU
BpeMeHH 110 hOopMyJIe

Af — o, | 2zt = (8)? ®)

3necs n = 3. [lorpemuocTn u3Mepenns: MEPUOIOB PACCUUTAHBI 110 (DOpPMYJIe

At
AT = 7. (9)
Tabauma 1.

z, MM | Bpemena 5 kosrebannit (t), ¢ | Ilepnox xoebammit

ty, c la, C | t3, C T, c AT, c
19 7,66 7,73 | 7,82 | 7,737 | 1,547 0,037
30 6,79 6,74 | 6,76 | 6,763 | 1,353 0,012
39 6,33 6,38 | 6,34 | 6,350 | 1,270 0,012
49 5,72 5,71 | 5,73 | 5,720 | 1,144 0,005
58 5,37 5,32 | 5,35 | 5,347 | 1,069 0,012
68 5,14 5,13 | 5,11 | 5,127 | 1,025 0,007
78 4,86 4,85 | 4,81 | 4,840 | 0,968 0,012
85 4,58 4,49 | 4,52 | 4,530 | 0,906 0,021

Fpa(bm( HOHy‘{eHHOﬁ 3aBUCHUMOCTHU IIOKa3aH Ha CJICAYIOIIEM PUCYHKE.
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3aBHcHMoOCTh mepHoda oT mapameTpa T(z)
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Hactp 3. dkcriepuMeHTAIbHAS .

3.3 B mannoMm skcrepuMenTe BO3MOXKHA, CHCTeMaTHYecKasd OIMMOKa B U3MEPEHUH TapaMerpa z, 1o
HECKOJIBKUM IIpUYNHAM: HETOYHOCTD BbIPE3aHUd JNCKa; HEOAHOPOJHOCTh KapPTOHA, HETOYHOCTD BbI-
6opa ocu BpalleHus U OOJIBINON pa3Mep OTBEPCTHST; HETOYHOCTD MOJIOXKeHUs IPy30B U T./1. [losTomy
UCTUHHOE 3HAYEHUE ITOr0 IapaMeTpa MOXKET ObITh 3AIMCAHO B BUJie Z = 2+02, IJe 02 - HEKOTOPbI
CUCTEMATUYECKUIl, HO He U3BEeCTHDIN caBuT. [Ipn m3mepenun mepmojioB KojieOaHUl MPUCYTCTBYIOT
TOJIBKO CJTydaitable omubdkn. C 9Toi TOYKN 3peHwus JIydIieil InHeapu3aIueil SBseTcs 3aBUCHMOCTh
%(2) B sTom ciydae cucremaTndeckasi OMMOKa ImapaMerpa 2 MPUBEJET TOJBKO K CABUTY MPIMOIT
Jsmann. Ha pucynke nokazana 3Ta JMHeapU30BaHHAs 3aBUCUMOCTD. Fe TMHENTHOCTD MO/ITBEPK TaeT
HAJIEHHYI0 TEOPETUIECKYI0 3aBUCUMOCTD (5).
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INlnHeapusaumna sasBucumocTun T(z)
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3.4 Tonmy4yennast 3aBUCUMOCTD OITMCHIBACTCS JIMHEHHOM (DyHKITHEH

T72=0,01162+0,1876 = K(z + 0z). (10)
rae K = 0,0116¢72 - mm 1, 2 = 16 M.
Kax okazasiocnb, JeficTBUTEIBLHO, B U3MEPEHUH Z IIPUCYTCTBYET 3aMETHBIH CIBUT 0 2.
Hononnenune. JInkbGe3 NOBBIIIIEHHOTO YPOBHS.

Haﬂuque IIOCTOAHHOI'O CABUT'a 3aMETHO YXyAIIaeT Jpyrue «04eBU/IHBIC» CHOCO6bI JIMHEeapU3alluu.
Ha mepBblit B3IVIsI1 KaXKeTcsi, ITO XOPOIIIei JIuHeapu3alieil 3aBUCUMOCTI

C
T=— (/1)
Vz
fBisiercst 1BOIHOM JorapudMUYIECKIl MACIITad
InT=A+fnz (12)
Ecim B 3THX KoopanHATaX Ko3(DPUIIEeHT HAKIOHA (3 OKayKeTcs PaBHEIM 3 = —1, To skcmepument
paL 1L p 5 p

noareepxkfaer 3apucumoctb ([I1). Toemorpure, 9To Ke mOIydaeTcs IPU TaKOi JIMHEAPU3AINN:
kosddurpent HakioHa —0,33 (kopenb Kybuueckwuii!?). Eciin ke BBeCTH HAllJIEHHBINH CIABUD U TI0-
CTPOUTDH 3aBUCUMOCTH «CO casuromy» InT = A + [ln(z + 0z), To upu 4z = 16 xospdunuent
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HAKJIOHA OKAa3bIBACTCs paBHLIM OxKujgaemMomy 3uadenunio f = —0,49. Jlng gemoncrpanuu 3aBucu-
MOCTH PACCUUTAHHOI'O IOKAa3aTesd CTEIEHW OT CABUIa Ha PUCYHKE ITOCTPOEHA 3aBUCHUMOCTDL IIPHU

6z =10

051 In7 1+ ~
oz=16
& | “
0.4 \\\ \\\ ﬁ = —0,49
¥ ., v
‘:}‘\c \):
0,3 Ny N
™0 \\
02 / l“-'\ T, (
k) ’ \\h \‘\
52 = 0 \"\‘& ‘:3;
T 033 R
)8 — Y NN
it "
0.0 V\'\:\@
In(z+6z)
0.1
02 ‘
2 25 3 35 4 45 5

AnajioruvyHasi CUTyaIus CKJIabIBAETCS U IIPU JPYTOH «0ueBUIHO» JimHeapu3arun 1 (\%)

Ha ciemyrorem prucyHke 1moka3aHo HECKOJIbKO KPUBBIX 3aBUCUMOCTH 1’ (\/ﬁ) npu 0z = 0; 10; 16,
KOTOPBIE MOKA3BIBAIOT, KAK 9Ta 3aBUCUMOCTD BBIIPAMJISETCS DU IPABUILHO HalIEHHOM 3HAYCHUN
CJIBUTA.
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