9-11.2. H3mensomascsa Tpaekropus. OdopyaoBanue. /[Ba KaHIEIAPCKUX 3aKUMa (KIIUIICHI)
51 mm; raiika M10; Huth amuHOM 2,5 — 3 M; cekyHAoMep; IuHelKka anuHoi 50 cm, ntuct 6ymaru
A4, nBa nrcTa MIJITUMETPOBOM Oymaru A4 11 mocTpoeHus rpadukos.

3akpenure 3aKMMbI Ha Kparo cTojia Ha paccrosiHuu 40-45 cm apyr ot apyra. [Ipussoxure

KOHIIBI HUTH K ITPOBOJIOYHBIM <JIAIIKaM» 3a)KUMOB TaK, YTOOBI 7

nporu® AL cocrasisut 2 — 3 cM. K cepeaune 3toil HUTH npu- AL 1

BSDKUTE JIPYTYyI0 HUTH JUJIMHOW okosio 60 cM ¢ raikoil. Y Bac L
JIOJDKHA IOJIyYHUTHCS CHUCTEMa M3 HUTEH W TaliKu, MpencTaB-

neHHast Ha puc.l. V3MmeHsst paccTosiHue Mexay 3aKHUMaMu, O

Bbl MOXKETE PETYJIUPOBATh BEIUUYUHY «IIporuda» AL.

O0603Ha4MM BEPTUKAIBHYIO IJIOCKOCTh, B KOTOPOI HAaXOAATCS HUTHU U Taiika B MOJIOXKEHUHU
paBHOBeCHsI (IUIOCKOCTh PUCYHKA), CHMBOJIOM P.
3apanme. Ha nucre Oymaru nposenute npsmMyro juHuto. Ilomoxure auct Ha mos Tak, 4yToObI
HApUCOBaHHAs MpsMasi HAXOAUIACh CTPOTO MOJT KpaeM CToJIa U Obljla eMy MapasuiesbHa.
1) U3mepbTe nepuos 71 koneGaHu MaTEMaTHIECKOTO MAasgTHUKA, COBEPIIAEMBIX B INIOCKOCTH P,
IapaJuIeIbHOM Kparo cTos1a. MasgTHUK JOJKEH MEPEMEIaThCs Ha/l HAPUCOBAHHOM IIPSIMOM.
2) Usmepbre nepuoj 72 xkosebaHU MaTeMaTUYeCKOro MasiTHUKA, COBEPIIAEMbIX B BEPTHUKAJIb-
HOM IUIOCKOCTH, NEPIEHANKYIJIAPHON Kpato cToia. YToObl KOHTPOIMPOBATh ABUKECHUE MasiTHUKA,
pAacIoNIoKUTE Ha MOJy JIMCT TakK, 4TOObl HAapUCOBaHHAs MpsMas Obliaa MEpHEeHIUKYJISIpHA KParo
CTOJIA.
3) [lonoxkuTe AUCT HA MOy TaK, YTOOBI HAPUCOBAHHAS MIPsiMasi COCTABIISIA YIOJl IPUOIU3UTENb-
HO 45° ¢ mockocThio P. OTKIIOHUTE TaKy BIOJIb HAPUCOBAHHOW IMPSMON HE HECKOJIBKO CM B
BEPTUKAJIBHOM IUIOCKOCTH S, U OTIyCTUTE €€. ['alika HauHET coBEpIIATh JBUKEHHE 110 MEIJICHHO
M3MEHAIOIIENCS TpaeKTopuu. [Ipoeknus TpaekTopuyM Ha TOPU3OHTAIBHYIO IUIOCKOCTH CHadaja
Onu3Ka K MPSAMOii, 3aTeM MOCTENEHHO MPEBPAIIaeTCsl B AJUIUNTUYECKYIO, KPYTOBYIO U T.A. Bl
MOJKETE 3aMETUTh, YTO JBMKEHHE TaliKU SIBIISIETCS LIMKJINYECKUM, TO €CTh Y€pe3 HEKOTOPOE Bpe-
Ms T JBIJKCHHE TalKU BEPHETCS B MCXOJIHYIO TUIOCKOCTh S, M €€ TpaeKTOpuH OyaeT Onm3ka K
[IEpBOHAYAJILHOM IIpsAMON. M3MepbTe nepuon .
4) HccnenyiiTe SKCIEPUMEHTAIBHO 3aBUCUMOCTD T(AL), u3mensist AL B nuanasone 2 —7 cM (He
MeHee 5 Touek) Ipu nocTosHHOM 3HadeHuu L (50 cMm). Pe3ynbraTsl u3MepeHuil 3anuumre B Tabd-
JULLY.
5) MHccnenyiite skcriepuMeHTaIbHO 3aBUCUMOCTH T (L), m3menss L B muamazone 25 — 60 cm (He
MeHee 5 TOYeK) MpH MOCTOSTHHOM 3HaueHuu AL (2,5 — 4 cMm). Pe3ynbTaTel U3MEpEeHHiA 3aTUIINTE
B TaOJIHILY.

6) Ilpu AL—L « 1 3aBucumocts T(AL, L) MoxkeT 6BITh onucana popMyoit T = A - L* - ALP.

Hcnons3ys rpaduueckyro 00paboTKy SKCIEPUMEHTAIBHBIX PE3yIbTaTOB, ONPEACITUTE 3HAUYCHHS
auf.
7) TIpennoxure TeopeTHueckoe 0OOCHOBAHHE 3aBHCUMOCTH T = A - L* - ALP nomyunre Teope-
THYECKOE 3HA4YEeHHE MapaMeTpoB 3Toi 3aBucHMOCTH (A, @ u ). CpaBHUTE TEOpPETUYECKUE pe-
3YJbTAThI IJIA & U ﬂ C OKCIICPpUMCHTAJIbHBIMU.
Ilpumeuanue. Ipu padbote Haf 11. 4 BBl MOXKETE UCIIOIB30BATH MIPHOIMKEHHE

(1+x)" = 1 + nx, cnpaBegnuBoe mpu x < 1.
Brumanue! H3-3a oepanuieHno2o spemenu 8blNOIHeHUSA 3a0aHUsL NO2PEUHOCU OnpeoeneHUs: o
u f oyenueamo He mpebyemcs, 00HAKO MOYHOCMb NOTYYEHHBIX 8aMU NPOMENHCYMOUHBIX U KO-
HEUHbBIX Pe3yIbmamos 6yoem yuumvl8amsCs npu blcmagieHuu 6aniog!



9-11.2. Bo3mo:kHOe penieHue. DxcnepumeHmaibHvle pe3yivmamsl U ux 0opabomxa.
1) 3aBpems t1 =45,9 ¢ mastauk coBepiuia #1 = 30 konebanwmii. Torma, 71 = t1/n1 = 1,530 c.
2) 3aBpems 2 = 63,4 ¢ masaTHUK coBepuui n2 = 40 konebanuit. Torna, 72 = t2/n2 = 1,585 c.
3) IlonHbIN MOBOPOT IJIOCKOCTH KOJIEOAaHUN MasTHUKA TIpor301én 3a Bpems T = 63,0 c.
1T,
1=k

PacxoxneHue BPEMCHHU T, IMIOACUUTAHHOI'O I10 3TOM (I)OpMYJ'IC, 1 HCIIOCPEACTBECHHO U3MCEPCH-

HPUMe’-laHue. IIo TCOPCTUUCCKHUM BBIKJIaAKaM JOJI’KHO BBIIIOJHATHCA PABCHCTBO: 7 =

HOT'0, yKa3bIBaeT Ha TO, YTO TOUHOCTb U3MEPEHUs IepHoa0B 11 U T2 NOKHA ObITh OOJIBILE.
4) PesynbraTel u3mepenwuii 3aBucumocti T(AL) npu L = 60cM nipencrasneHs! B a0 1.

AL,cMm | T,C In AL Int
2,6 69 0,96 4,23
1,6 107 0,47 4,67
3,2 58 1,16 4,06
4.5 42 1,50 3,74
6,4 29 1,86 3,37
7,1 26 1,96 3,26
4.4 42 1,48 3,74
5,1 38 1,63 3,64
2,9 63 1,06 4,14
3,7 49 1,31 3.89

5) PesynbraTsl usmepenuii 3aBucumocty T(L) npu AL = 2,6 cM npeacraBieHsl B Tab. 2.

L,cM T,C InL Int
60 68 4,09 4,22
53,5 58 3,98 4,06
46 42 3,83 3,74
37,5 31 3,62 3,43
30 24 3,40 3,18
23 15 3,14 2,71

6) MWcnone3ys rpaduk Int ot (InAL) (puc. 2), onpenenum mnokaszarens [ ~ —0,94, a u3 yrio-
Boro kodddumment rpaduka In 7 (In L) (puc. 3) Haxoaum mokazatens « =~ 1,57.
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7) Teoperuueckoe onucanue. J[BixeHue rpysa (raiiku) sBsieTCsl Cynepro3ulen Koneoanu
BO B3aMMHO NEPHEHAUKYIISPHBIX BEPTHUKAIbHBIX MJIOCKOCTAX: IMJIOCKOCTU P (B HEH pacIoioxke-
Hbl HUTH C TPY30M) U IUIOCKOCTh R (OHA MEpPNEHIUKYJApHA Kpalw CTOJa M IUIOCKOCTH P).

B mnockoctu P mepuon konebammit Tp = 2m,/L/g. B mmockoctn R mepuoa paBeH

Tr = 2m/(L + AL)/g. B Hauane konebaHuii TpaeKTOpHs Tpy3a Oin3Ka K mpsMonnHeiHoi daza
konebanuil paBHa 0. C TeueHneM BpeMeHH KojeOaHHs B IUIOCKOCTH R oTcTaroT mo ¢a3e oT Ko-
neGanuii B rockoctu P. Ilpu 3TOM TpaeKTopusi CTaHOBUTCS 3JUIMIITUYECKOH, 3aTeM OnM3Ka K
KPYTOBO# (B 3TOT MOMEHT OTCTaBaHHUE MO (a3e paBHO 7T/2), U CHOBA CTAHOBHUTCS NPSAMOJIMHEH-
HOW (oTcTaBanme 1o (asze paBHO ). K MOMEHTY 3aBepiieHus [UKIa pa3HoCTh (a3 paBHA 27, TO
€CTb YMCJIa MOJIHBIX KOJIEOAHNH B IIEPIEHIMKYJIPHBIX IUIOCKOCTAX OTJIMYa0TCA Ha 1 (1 mOIHBIX
KoJIeOaHUi B IIOCKOCTH R U (n + 1) — yuco MOJHBIX KoieOaHui B IIIOCKOCTH P):

T=2n(n+1)\/L/g, T = 2nn,/(L + AL)/g.

Otcrona:

L+AL n+1
L  n

AL
VYuuTthiBas, 4To 7 <« 1, nonyuaem:

L+ AL 1+AL—1+1
L 2w
Toraa umnciio MonHBIX KOJIEOaHNUH B INIOCKOCTH S 10 3aBEPIICHUS [IUKIIA
2L
n~_—,
AL
a 17151 BPEMEHHU T MOJIy4aeM:
L+AL 4m
T=2mn |—— ~ —LYAL ™,

N

HOJ'Iy‘{eHHBIC OKCIICPUMEHTAJIBHO 3HAUCHUA @ U ,3 XOpoHIo COriiacyroTcs ¢ TCOPETUICCKUMU.



Ne | 9-11.2. Kpurepuu ouenuBanus (20 6au10B) Banbl

1 | U3mepen nepuon 71 1

2 | U3mepen nepuon 72 1

3 | Usmepen nepuon T 1

4 | UccnenoBana 3aBucuMocTh T(AL). IlpuBenena Tabnuma 3HaueHUU. 32 KKIYIO 2,5
TOYKY 3aBUCUMOCTHU cTaBbTe 0,5 Gayuta (ecim Touek Oosiee 5, OayuTbl HE T00aBIIsA-
FOTCSI)

5 | Uccnenosana 3aBucumoctb T(L). IlpuBenena Ttabnuua 3HaueHui. 3a KaKayro 2,5
TOYKY 3aBUCHMOCTHU cTaBbTe 0,5 Oayuta (ecim Touek Oosiee 5, OayTbl HE T00aBIs-
10TCS)

6 | IToctpoen rpaduk 3aBucumoctu In 7 (In AL) 1

7 | Ha ocHoBanuu ananu3a rpaduka 1. 3 moxydeHo 3Ha4eHue [ B HHTEpBae 2
(- 0,8 = —1,1) — 2 6ayna, a B uatepBaiie (—0,7+ —1,2) — 1 6amn

8 | IToctpoen rpaduk 3aBucumoctu In 7 (In L) 1

9 | Ha ocHoBanuu ananu3a rpaduka 1.5 mojiy4eHo 3HaueHue @ B MHTEpBaje 2
(1,35+1,65) — 2 6anna, B untepnane (1,2+ 1,8) — 1 6amn

10 | OT™mMeueHo, YTO IBUXKEHUE MPEACTaBIseT cO00M Cyneprno3uluio NepneHanKyJIsp- 1
HBIX K0JIeOaHUil ¢ pa3HBIMU [IEPHOJAMU

11 | OT™medeHo, 9TO ISl BO3BpPALICHHS K ICXOJHOMY COCTOSIHHIO I'PY3 JIOJKEH COBEp- 1
IIUTH B OJTHOM HampaBlIeHUH HA OJTHO KoJieOaHue OOJbIIe

12 | YcraHOoBIeHA CBSI3b MEXKIY YHCIOM KOJeOaHHH 1O OJHOMY M3 HAIpaBICHUH CO 2
3HaYCHUEM %

13 | IIpu ucnonb3oBaHuu M. 7, 8, 9 Wau U3 Ipyrux aHaJOTHUYHBIX PACCYKICHUH MOJY- 2

YeHBI BEPHBIE 3HAUCHUS & U [ (110 OAHOMY Oasuty 3a MoKa3aTelb)

Ipumeuanue. B nynkmax 11 u 12 603modcen anbmepHamugHulil N00X00, OCHOBAHHUBIL HA PacC-

CMOmMpeHUU cO8U2a 83AUMHO NePNeHOUKYIAPHBIX KolebaHul no gase na 21. I[lpu npasunbHom

UCNONIL30BAHUU MAKO20 NOOX00d 34 YKAd3aHHble NYHKNIblL cmasbme NOJIHbLL O




