-1 JIBoiitHoit magTHUK. IIpmbopbl 1 06opyaoBaHME
YcioBue
3anauya 11-1 /IBoiiHoii MasiTHUK.

[Ipubopsl u 0boOpyfOoBaHMe: JBOMHON MasdTHUK, MAATHUK C TAXKEJBIM I'Dy30M, CHCTEMa I0JIBeca
MasITHUKOB, JTUHENKN N3MEPUTEJIHHBIE.

B kypce dusuku Bl uzydasin pasjimaHbie KoJiedaTe/IbHbIe CUCTEMbI, BCE OHU UMEJIM TOJILKO OJHY
cTerneHb cBOOOIBI. JlocTaTOIHO 9acTO BCTPEUAOTCS KOIe0ATETbHBIE CUCTEMbI UMEIOIINE HECKOIBKO
cTereHen CBO60,J:[‘bI. Ba}KHBIM IIPUMEPOM TaKHX CUCTEM ABJIAOTCA MOJIEKYJIbI, CIIEKTPAJIbHOE N3Yy4e-
HU€ 9aCTOT U aMILIATY/T ©X COOCTBEHHBIX KOJIEOAHMH JlaeT BaKHYI0 NH(MOPMAITHIO 00 UX CTPOCHUMN.

B nmannom 3ajianum BaM TPEJICTOUT UCCJIEIOBATH ITPOCTENITYIO KO-
JiebaTeIbHYIO CHCTEMY, UMEIOIIYIO JIBE CTEIeHU CBOOOJIBI — JIBOMHOM
MagTHUK. /IBOIHOI MasTHUK IIpeJ/ICTaB/IsieT cOOOI JiBa OJMHAKOBBIX i

IJIACTUJIMHOBBIX MIAPUKA, MOJIBEIICHHBIX HA HATAX OAWHAKOBON JJIU- Z

upl. [{lapu J0/KHBI KOJ1€0aThesd B OJHON BEPTHKAJIBLHON IJIOCKOCTH.
Koopannatamu, onmchIBalOMMMA JIBUZKEHUS MasdTHUKA, SBJISIOTCHA

YIJIbl OTKJIOHEHUA HUTEA OT BEPTUKAIUA (v1, (Vo. '

Ecan orkIoHUTh MasITHUKM HUTH MasTHUKOB Ha IIPOU3BOJIbHBIE YT- m
JIBI, TO MIAPUKU HAYHYT COBEPINATh JOCTATOYHO CJIOKHDBIE KOJIEOAHUA. |
O1HAKO TIPHU OTPEJIEJIEHHBIX COOTHONIEHUAX MEXKIY yIJIaMi OTKJIOHE- | Z
HUs KOJIeOaHUs MasTHUKOB ABJISIIOTCA YCTONYIUBBIMU U COXPAHSIONIN- a,

mu cBoto opmy. Takue KosiebaHmsi HA3BIBAIOTCS HOPMAaJIbHBIMU (UX
ere HasbIBaOT MojaMu Kosebanwmii). HaxoxeHue Tumos cobcTBeH-
HBIX KOJIeOAHUI M UX YaCTOT SIBJISIETCsI JOCTATOYHO CJIOYKHON MaTe-
MaTHYIeCKO 3aaadeii.

Yactp 1. Teopernyeckas.

1.1 PaccunTaiiTe 9acTOTBI COOCTBEHHBIX KOJIEOAHWMII M COOTBETCTBYIOIINE OTHOIIEHWUS AMILIATY/T
OTKJIOHEHUIT MagTHUKOB /i1 PacCMaTPUBAaeMOll CUCTEMBI.

[Tosnckaska. Bocronp3yiiTech aHajorueii MexJ1y JIBUXKCHUEM
OOBIYHOIO MATEMATUIECKOTO MASITHUKA B OJHOMN IJIOCKOCTH U €T0
KPYTOBBIM JIBUKEHUEM, TPU KOTOPOM YTOJI OTKJIOHEHWS HUTH
ocTaeTcs Hem3MeHHbBIM. [Ipu MaJIbIX yriiax OTKJIOHEHUS TEPUOJIbI
TaKUX JIBUXKEHNI coBnajgaoT! AHAJIOMMYHO IJIOCKOE JIBHYKEHHE
IBOMHOI'O MasTHHKA HMMEET T€ K€ YacCTOThl U TO K€ OTHOIIIECHUE
aMIIJIATYI, 9TO U WX BpalllaTeJIbHOE JIBUXKEHUE.
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Hactp 2. IkcriepuMeHTAIbHAS.

g 9KCIepUMEeHTAILHOTO HAXO0XKIEHUA MOJI, KoJIeOaHuil ya100HO

HCIIOJIL30BaTh SIBJIEHNE pe30oHaHca. [l mccienoBannst pe3oHaH-

ca HeOOXOJIMMO yMEeTh CO3/IaBaTh IEPHOIMIECKOe BO3MYIIEHHE C

u3MeHsgeMol JacToroit. s peanmnsanun 3Toil njien UCIoIb3yeTcs OOBIYHbIN MaTeMaTHIeCKIi Ma-
STHUK ¢ MACCHUBHBIM rpy3oM. Oba MagTHUKA ITOABEIINBAIOTCS Ha OJIHY NOPU30HTAJIBHYIO HUTh. Pac-
KAIMBAIOIIUIICS MACCUBHBIN MasiTHUK (JUIMHY KOTOPOTO MOYKHO M3MEHSITh) 3aCTaBIIsieT KOJIe0aThCst
TOPU3OHTABHYIO HUTH, K KOTOPO# TOJBeIeHbl 006a MadTHUKa. KojgebaHus 9TOH HUTH CO31AI0T
BBIHYKJIQIOIILYIO CHJIY JIJIs JIEFKOIO JBOMHOrO MagTHHKa. MOXKHO CUUTATh, 9TO KOJEOAHUA 3TOrO
JIETKOTO MAaATHUKA IMPAKTUIECKU He BIUAIOT Ha KOJIEOAHHUST MACCUBHOIO MAsAgTHUKA.

2.1 DKcrepuMeHTAIbHO UCCIeYTe 3aBUCUMOCTD aMILIATY/] BBIHYK/ICHHBIX KOJIe0aHuit JIBYX I'Dy-
3uKkoB Ay, Ay TBOWHOIO MasgTHUKA OT JJIMHBI MACCUBHOTO MasITHUKA L.

2.2 ITocTpoiiTe rpaduKkn 1MoJIyIeHHBIX 3aBUCHMOCTEIA.

Pexomenryemblit mar nsmenenns Jauabl MagaTauka™ AL = 5 cm. Ilpu Heob6xomuMocTy, n3MeHeHne

JUTMHBl MACCHBHOI'O MasgTHHKA MOXKHO yMeHbIHTh 10 1 cMm (0,5 em). Hauamo msmepenuii mpoms-
BouTh mpu jymHe {g = 70 ecm. L = 70 cm  BpicoTa OTKIOHEHUsT MACCUBHOTO I'py3a He TOJIXKHA
IPEBBINIATL 1 ¢ U OCTaBaTHCA MIPUMEPHO ITOCTOAHHOI.

2.2 I/ICHOJII)ByH OJIy9eHHbIE€ 3aBUCUMOCTHU, OIPEICJINTE JaCTOThI HOPMaJIbHBIX KoJ1ebannii W1, Wy
,ZLBOIL/'IHOFO MasdTHHUKa U OTHOIIEHUE aMIIJIUTY I OTKJIOHEHMIT HIapUKOB IIPHU 3TUX KOJIEOAHUIX.

2.3 Nzobpa3ure cxeMaTUYeCKH, KaK JBUXKETCs JIBOWHON MAagTHUK ITPU HOPMAaJIbHBIX KOJIeOAHUIX.

2.4 CpaBHuTe pe3y/IbTaThl TEOPETUIECKUX PACIETOB U PE3YIbTATOB M3MEPEeHMit. Y KarXKUTe BO3MOK-
Hble TPUYIUHBI UX PACXOXKJIEHUI.

Pemienune

Bamaua 11-1 /IBoiiHoiT MasiTHUK.

Yacts 1. Teopernyeckas.

1.1 TTokaxkem, 9TO NpUBE/IEHHAs B YCJIOBUM ITOJCKa3Ka «paboTaeTs.

Ha puc. nzobpazkeHbl cuiibl, JIelicTBYIONINE Ha HEOOJIBIIIOE TeJO, MO/IBe-
IIIEHHOE Ha HUTU U BPalllaollleecs 110 N'OPU30HTAJIBHON OKPY2KHOCTH C II10-
CTOSTHHO# YTJIOBOI CKOPOCTBIO Ww. SaIWIeM ypPaBHEHHUSI BTOPOTO 3aKOHA
HruroTona ji1g manHoro tena B MPOEKIUAX HA TOPU3OHTAJIBHYIO W BEPTH-
KaJIbHYIO OCH:

mw?lsina = N sin «

(1)

mg = N cos «
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N3 srux ypaBHeHUil cjeyer, YTO yrjoBasg CKOPOCTb TaKOI'0 YCTONYUBOIO
BpAalllcHUA paBHA

w= ] —— (2)

lcosa

HpI/I MaJIbIX OTKJIOHEHUAX COS (¢ =~ 1, IIO3TOMY II€EpHOo BpalleHNdA OKa3bIBacTCA PaBHBIM

2
7= o /L (3)
w g

Yro coBmajiaeT ¢ meproioM KojaebaHuil MaTeMaTUIECKOr0 MasTHUKA.

AHAJIOTUYIHO PACCMOTPUM JIBUXKEHHE JBOWHOTO MAasTHHUKA, PACCMATPUBAEMOTO B JIAHHOW 3ajade.
Haiijtem npum Kakmx 9acToTrax BpaIleHUs I'Py3bl MOT'YT BPAIaTbCs 10 FOPU30OHTAJIBHBIM OKPYK-
HoctaM. Ha puc. m3o0parkeHbl CUJIbI, JICHCTBYIONIME HA I'PY3bI JIBOMHONO MAATHUKA. Y PABHEHUS
BTOpOTo 3akoHa HbioTOHA JjIsi epBOro (BepxXHero) W BTOPOrO I'PY30B B JAHHOM CJIyYae UMEIOT
BUI;

mw?lsinay = Ny sinag — N sin ay
mg = N cosay — Ny cos ai (4)

mw?(lsina; + I sinay) = Ny sin ay

mg = Ng Ccos g

Cyuras yribl OTKJIOHEHUsT MaJIbIMU, ITOJIOXKUM coS iy =~ 1, cosas &~ 1, sina; &~ aq, sinas ~ ay. B
9TOM HPHUOINKEHUN CJIEIYeT, UTO
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Ny =mg
Ni =2mg’

Nz6aBisasach oT cuir HATSXKEHUS HUTEH, MOJIyINM CACTEMY yDaBHEHU

mw?lay = 2mgoq — mgos 5)

mw?l(ag + az) = mgas

ﬂﬂﬂ YIpomeHunsd ,ZLaJ'[bHefILHeI‘o aHajn3a 00O3HAUUM KPYTOBYIO 9aCTOTY OJMHAPHOI'O MadTHUKA

2 _ g

WO =17 u 1epenuiaeM CUCTeMy B BUIE
w? w?
—2041:20é1—062 2——2 041—042:0
w Wo
% = W? w? : (6)
—2(051+Ck2>2062 —2@1— 1——2 CKQZO
wo 0 wo

[Tonyuennag cucrema gBJIsIeTCd HEOOBIYHOM, 1O KpaiiHeil Mepe, Jijid MTKOJLHUKOB. Bo-11epBbIX, oHa
nMeeT OYEBHUJIHOE pellleHne o = g = (), KOTOpoe MHTepeca He IIPEJCTaBIIsSeT; BO-BTOPBIX, N3
KazKJOT'0 U3 3TUX yPaBHEHUII MOXKHO BBIPA3UTh TOJBKO OTHONICHUEC YIJIOB OTKJIOHCHUIA:

2

(0] w
- U3 [IepBoro: — =2 — —.
-1
ay  w? w?
- U3 Broporo — = — | 1 — —

Yrobb! cucrema ypasHenuit (6) Oblia COBMECTHA, STH OTHOIIEHUsI JOJZKHbBI ObITh PABHBI, 9TO BO3-
MOYKHO IIPH BBITIOJITHEHUH YCJIOBUS

2 2 2\ —1
w w w

2-—5=—>\l-—=) . (7)
Wy W wo

w?

DTO BBIpasKeHUe MPeJICTaB/IsgeT cODOI KBaIpaTHOE YpaBHEHNE OTHOCUTETHHO BEJTUINHBI el pertire-

0
HHUEM KOTOPOI'O ABJIAIOTCA

W _ V2
=2xv2

[Tosrygennbrit pe3yabraT O3HAYAET, UTO YCTOMYNBOE BpaIlleHHEe B TOPU30HTAIBHBIX ILJIOCKOCTAX BO3-
MOKHO TOJIBKO IIPU 9TUX YacToTax Bparnenus! [Ipuyem Kaxk oMy U3 9TUX 3HAYEHUI COOTBETCTBYET
CTPOTO OIPEJIeJIEHHOE OTHOIIEHNE YyTJIOB OTKJIOHEHHUIA.
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Ipu wi = wyV/'2 — V2 ono paBrO s = a1v/2. B 9TOM cilydae OTKJIOHEHNS HUTEH HAIPABICHBI B
OJIHY CTOPOHY — CUMMETPUYHOE BpallieHue. (puc. a).

Ipu wy = wyV/ 2 + /2 OTHOILIEHNE YIVIOB PABHO vy = —1y/2, TO €CTh HUTH OTKJIOHEHDI B IIPOTHU-
BOIIOJIOZKHBIE CTOPOHBI — AHTHCUMMETPUIHOE BparieHue (puc 0).

AnajlorngHpIMu OYIyT ¥ XapaKTePUCTUKHU JIBUXKEHUs JIBOMHOIO MasTHHKA: BO3MOXKHDI JIB& THIIA
cOOCTBEHHBIX KOJIeOaHmil (UX eIlle HA3hIBAIOT MOJAMU KOJIEeOAHMIT).

[lepserit Tur — cuMMeTprYIHBbIe KotebaHus (puc. )

Ix wacrora ompeensiercs GopMyIIoil w1 = wyy/ 2 — /2, IPH STOM OTHOIICHHE aMILTHTYJL Kojeha-

. (%)
HUit paBHO — = V2, OTKJIOHEHUs] HAITPABJIEHBI B OJHY CTOPOHY.
o
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BTopoit THI — aHTHCHMMETPHIHBIE KOJICGAHHUS ¢ OOJIBIION YacTOTOH ws = wpy/ 2 + V2 U OTKJIO-
HEHUEM HUTEl B IMPOTUBOIIOJIOXKHBIE CTOPOHBI C TEM K€ OTHOIIEHUEM aMILIUTY/T g—j = —v/2. Buzx
9TUX KOJIeOAHUI TTOKa3a Ha PUC.

OTHOIIEHNe YacTOT 9TUX KOJeOaHMil paBHO

we 2+\/§_
w—l_—m_uﬁ. (9)

Yactp 2. DKcnepuMeHTaJIbHasl.

2.1 Pesysbrarsl u3MepeHnii 3aBUCUMOCTH aMILIATY/IbI KOJIe-
bannit A, (BepxHero magTHUKa) U Ay (HUKHEINO MASITHUKA) OT  § - xonebanusn a8 - xonebanus
JIJIMHBI TSZKEJIOr0 MasgTHUKa | npusegensl B Tabaume 1. Or-
METHM, YTO 3HAYEHUs aMILIUTY/ L IPUBEIEHBI B MUJLIIMETPaX,
U3MEPEHHBIX 110 COOTBETCTBYIONMM JuHelikam. Ha pucynke
[OKa3aHbl, KAKNE OTKJIOHEHUS U3MEPSINChH IIPU CUMMETPUY-
HBIX (S) 1 aHTHCHMMETPUIHBIX (aS) Kosebanusx. [Ipu Masbx

YIJIaX 9TH BeJMIUHBI IPOLOPIMOHAJILHBI yIJIaM OTKJIOHEHUH, T 1 1 \%
IIO3TOMY OTHONICHUS aMILIATY/ HE 3aBUCAT OT CIUHUIL U3ME- 1
PEHUs. : 3
VKazkeM HeOOXOIUMBIC MOMEHTBI METOIUKH IPOBEICHUs M3~ : 4

: Ay

MepeHuil.

[Ipn dpukcupoBanun 3uadennii amrmty A, n Ay HeoOXOMM-

MO JIOKJIAThCsI, KOTJIa HEPIUsl, OCTYIAOIIAsi U3BHE, CDABHAETCS € HEpPruel norephb (yBeJndeHne
OTKJIOHEHWsI TPY3UKOB INpekparmaercs). [Ipu pesoHaHCHBIX dacToTax 9T0 Bpemsi At cocrabiiser
HECKOJIBKO CeKYH]I.

s nocTuKeHusi MPUTOKA TOCTOAHHOM SHEPTUU CO CTOPOHBI BHEITHEr'O BO3J/ICHCTBUS HA CUCTEMY,
HEOOXO/IUMO CJICJIUTh, YTOOBI MACCUBHBIN I'PY3UK OTKJIOHAJICA HA OJMHAKOBYIO BbIcOTY Ah = lcwm.
Taxum ob6pazoM, It IUCTOTHI SKCIIEPUMEHTa HEOOXOIMMO KOHTPOJUPOBATEL He aMILIUTYLY OTKJIO-
HEHUS MasiTHUKA [EPEMEHHON JIJINHBI, & 6blCOMY €ro MO THATHs!

Tabsmma 1.

l,cm 75170 | 65 | 60 | 55 | 50 | 45 | 40
Ayvmm |7 |14 120165341410 |5
A, [ 3 |6 |8 |27 (12|17 |4 |2
l,em 3513025201510 |5
Ag,mm |5 |5 |5 |3 |5 |10 (4
Ay, |3 |3 |3 |2 |4 | 158

['paduku mosyveHHoit 3aBUCUMOCTH TTOKA3aHbI HA CJIEIYIONIEM PUCYHKE.

Al,AQ MM
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[,cm

[Tonmydennble 3aBUCMMOCTH HAIVIS/THO IIOKA3bIBAIOT HAJIUYHE JBYX PE30HAHCOB. g yTouHeHHS
IIOJIOZKEHN ST MAKCUMYMOB W UX 3HAYEHUI CJIe/IyeT IPOBECTHU JOIOTHUTEIbHBIE M3MEPEHNS B 00IaCTH
O00HApY’KEeHHBIX MAKCUMyMOB. Pe3ysibTaThl 9TUX m3MepeHnit mpuse/ieHbl B Tabaunax 2 u 3.

Tabauma 2.
[,cm 64 | 63 | 62|61 |60 |595 |59 |585 |58 ]|57]|56
Ao, vm [ 23 125130 |44 |63 |75 105 | 112 | 83 | b7 | 45
Ay,vmm |9 [ 1214 |14 | 27 | 30 42 | b4 34123116
Tabmumna 3.
l,cMm 141131211105 110(95 |9 [85|8 |7 |6
Ay,mm |5 |6 |7 |7 |6 10 | 15 18120 |14 110 |8
A,mm (4 |6 |8 |9 |10 151323 |38 |47 [40 |25 15

['pacdukm >TUX yTOUYHEHHBIX 3aBHCHMOCTEl IMOKa3aHbl Ha pucyHkax. /s cpaBHEeHHMs IOKa3aHbI
y4JacTKHU, TOCTPOEHHBIE 110 JJaHHBIM TaOJIUIBI 1.

11 kjacc. DKCIepUMEHTAIBHBIN TyP.



[

L

Lo

PR

11

1

aL

daaa

._
N
3
1
B
B

57

55

[,em

JE T T O R T R

o

o

oTHOImIeHHuE YIJVIOB OTKJIOHECHHU

(10)
(11)
(12)
(13)

1 MOZKHO

) paBHOM lg

8,5 cMm. HacToThl 5TUX KOJIebaHn

ABJIAIOMICTOCA NCTOIYHUKOM BBIHYZKJTAIOIMEN CUJIbI
NHbBIX OTKJIOHEHUU I'DY-

o

41¢71
10,7¢71
~ 1,1.

2.4.

,8
586
9,8
085
112 — 54
54

9
0,
0,

Was
2 ~ 2.6,
Ws

=1+V2

9
ls
9
laS
wa
w1
Ay — Ay
Ay

ws
&%)
Qg

HO 9TUM JaHHBIM MOXKHO OIIp€AC/INTb, 9YTO PE30HaHC JJIsd CUMMETPHUYIHBIX KO.He6aHHﬁ HaCTyIla€eT
Was

Ipu JJIUHE TAXKEeJIOr0 MadTHUKa (
,HJIH aHaJin3a OTHOHICHUA aMILJINTY/ CJAeayeT HepeﬁTH OT USMEPEHHLIX JINHE

30B K yIVIaM OTKJIOHeHWs HuTeil. /[y cuMMeTpuIHbIX KoJieOaHmit

paccunuTaTh 10 U3BECTHON (hOopMyIIe /I MATEMATUIECKOTO MAasTHUKA
(cumrasi ©X MaJIbIMK) PACCUUTHIBACTCS TI0 POPMYIIe

58,6 cM, a JI/Isi AHTUCUMMETPUYIHBIX KOJIe0anuii mpu [ g
YTO JIOCTATOYHO OJIM3KO K TEOPETHIECKOMY 3HAYCHUIO

OTHomenne 3Tux 4acToT HpI/I6JII/IBI/ITeJIbHO PaBHO

11 kjacc. DKCIepUMEHTAIBHBII TYP.



JI1s1 aHTUCUMMETPUIHBIX KOJIEOAHHUI 9TO OTHOIIEHUE PACCINTHIBACTCS 110 APYToi hopMmyie

% A2+A1_47+20N

1,4. 14
(0%} Al 47 ’ ( )

B teopermyeckux pacderax paHee Mbl MOJYYUINA, 9YTO 9TO OTHOIICHUE B OOOUX CJIyYadAX JOJIZKHO
6bITh paBHO V2 ~ 1,4. YunTbIBas CJIOKHOCTH IIPOBEIEHNS SKCIEPUMEHTA, OCOOEHHO B H3Mepe-

HUN OTKJIOHEHHI COOTBETCTBUE MeXKAY paCdeTHBIMHU 1 U3MEPEHHBIMU JaHHBIMKU MOXKHO IIPpU3HATDL
BIIOJIHE YJIOBJIETBOPUTE/JIbHBIM.
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