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1. HccnenoBanue Kocoro yaapa 0 HAKJIOHHYIO IVIOCKOCTh

eab padoTsl
PaccMoTpeTh KMHEMATUKY IBHKEHHUS 1Iapa MOCIe yAapa O INIOCKOCTb; ONPEAEIINTD KO-
3¢ (ULIMEHT BOCCTAHOBJIEHUSI CKOPOCTH IIapa.
Teopernueckoe BBeIeHUE
B nanHoi#1 paboTe paccMaTpuBaeTcs KUHEMAaTHKA ABUKEHUS TeJla MO/ YTJIOM K TOPU30HTY
B PE3yJIbTAaTE COYAAPEHUs C HAKIIOHHON IIIIOCKOCTBIO.

CranbHOM mapHK, najgas ¢ HEKOTOPOU BbI-
COTBI, IEPE] YIAPOM O HAKJIIOHHYIO ITOCKOCTh

— —

UMEET CKOPOCTh V), , a OTCKO4UB OT Hee, — U,

(cMm. puc.2). Beibepem cuctemy KOOpauHAT, KakK
MOKa3aHo Ha puc.l, TOMECTUB Hayano KOOpAU-
HaT O B TOUKY IEPBOrO COYJapEHUs IapUKa C
HAKJIOHHOW TJIOCKOCThIO. [Ipoeknmu ckopocTei

—

V, n U, Ha oce X paBHsl, 10 ectb V. =U, .,

TaK KakK yJap MOKHO CUATAaTh MTHOBEHHbBIM, U
JIEUCTBUE NPOEKIUN HA OCh X CUJIBI TSKECTU U
CHWJIBI TPEHUS 3a KOPOTKOE BPEMS HE OKaXET
Puc.1 CYLLECTBEHHOT'O BJIMSHUS Ha UMITYJIbC IIAPUKA
BJI0JIb OCH X (3aKOH COXpaHEHUs MPOEKIINH
uMmnyibca). PaccessHue MexaHMueCKOM SHEPTUM MpHU yaape XapakTepusyeTcs: Koaphuiu-
€HTOM BOCCTaHOBJICHHSI CKOPOCTH K.
Koadduirentom BOCCTaHOBICHUS CKOPOCTH Te€Ja MPH yAApE O MACCUBHYIO He-

,rne U, u V, -- npoek-

HOJBMKHYIO IOBEPXHOCTh HAa3bIBAETCSl OTHOLLIEHUE k- = |U ulVn

IIUM CKOPOCTEH Tela COOTBETCTBEHHO TOCIIE H JI0 yIapa Ha HOPMAJIb K MMOBEPXHOCTH.

Jlyis manHO# paboThI COTMIACHO pUC.2

U,
o
kC = 4 (1)
v,
oy
rae U,, u V,, -- IpOEKIMK Ha OCh y CKOPOCTEN IIapuKa COOTBETCTBEHHO I10CJIE U JI0 IEp-

BOT'O yJlapa O HAKJIOHHYIO IJIOCKOCTb.
OTCKOYUB OT HAKJIOHHOW INIOCKOCTH B Touke O co ckopocThio U, , apuk OyAeT ABU-

raTbCsi B BO3/yXe C MOCTOSIHHBIM YCKOPEHUEM d = ¢ (COMPOTUBJICHUEM BO3/1yXa MpeHeo-

peraem) u BTOpOM pa3 yAapUTCs O HAKJIOHHYIO IIOCKOCTh. [looxkeHue mapuka npu BTO-
POM cOyAapeHUU OTHOCUTENILHO TOUKU O ONpeeuM U3 3aKOHA JIBUKEHHUS B MPOEKIUU
Ha OCb X

X=x, +U0xt+axt2/2
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[Tpu BEIOpaHHOM Hayajie KOOPJAMHAT M IMOJ0KUTECIIBHOM HAIPaBIICHUH X, KaK IMOKa3a-
HO Ha puc.2, x,=0, U=V, =V, sina, a,=gsino, T03TOMYy pacCTOSHHUE X MEXKIY ITEPBBIM 1
BTOPBIM COYJIapEHUEM
x=V,tsino+gsinar? /2 )
Bpewms ¢ Mmexay 1ByMs COyJapeHUsIMU HaliJIeM U3 3aKOHA JIBMKEHUS B MPOEKIIMK HA OCh Y
Y=y, +U0yt+ayt2/2

Voy|=kcV, cosa, a, =-gcosa . Iloaromy

Y

3necs y=0, y,=0, ¢ yaerom (1) U, = k¢

0=0+kcV, cosat—gcosat2/2
OTKy/a t=2kJV,/g 3)

V, onpenenuM 13 3aKOHa COXPaHEHUS MOJTHON MEXaHUYECKOU SHEPTrUM (OTEPsIMU Ha CO-
IPOTUBJICHUE BO3/TyXa MpeHeOperaem)

mgh = mV02 /2 (4)

rac mgh — INOTCHIOUAJIbHAS SHCPI'HA HIApUKa B TOUKC A, H3 KOTOpOﬁ OH HAYMHACT IIaJdaTb
0e3 HayaJIbpHOM CKOPOCTH (B Touke O MMOTCHIHUAJIBbHYIO OHCPI'UIO MIApHUKa IIPUHUMACM PaB-

HOU HYJIO); mVO2 / 2 — KUHEeTUYecKas 3Heprus mapuka B Touke O nepej y1apoM o Ha-
KJIOHHYIO TIJIOCKOCT.

N3 paBenctsa (4) umeem V, =+2gh %)
Toncrasus (3) u (5) B (2), Haiizem x =4k, hsino+4k>hsina

Otcrona kc2 +k, —x/4hsino = 0. Pemus 370 KBaPaTHOE yPABHEHHE, TIOTYIUM

1
ke == (6)
Cc
2
B peanbubIx ciyuasx 0< k. <1.
IHopsinok BbINOJIHEHUsS1 PAa00THI
n—— [ C 1. [lepememiennem My(GThl A yCTaHOBHUTH MPO-
B i o
T U3BOJIbHBIN HAKJIOH MIIOCKOCTH (mpuMepHo 10 —
_

\ oo 15°). Usmeputs Boicotsl H, 1 H,, 1mHy HakiI0H-
i Lyl e HOU TUIOCKOCTH [ Mekay auausiMu Ly u L, (cm.
"“{:‘Q::L“ _4/ R&“‘m . \‘x:h‘x . . Hl —H2

ST .. Ty PHC.2) H ONPEACNIHUTH SINOl : SIN0OL = ———= .
A, el S - A

AT e T gL
e e el TR IIpumeyanue. MOKHO NPOU3BOJIBHO U3MEHATH

e jj'__;“3$:;::__..-{¥5" JUIMHY HAaKJIOHHOM MJIOCKOCTH [/, U3MEHSs IIPH
sToM apyrue BoeicoTl H; 1 Hy.
2. Ilepememierriem MydThl B ycTaHOBUTH TIpO-
Puc. 2 13BOJIbHYIO BeIcOTY h (17 - 20 cm) Oynkepa C Hax
HAKJIOHHOM TUIOCKOCTBI0. OTLEHTpUPOBATh yCTa-
HOBKY OyHKepa Tak, 4TOObI IIapUK MOCIE OTCKOKA YAAPUIICS €Ille OAMH pa3 O HAKIOHHYIO
IJIOCKOCTh B HAIIPaBJIEHUHU €€ MPOJA0JIBHON OCH.
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3. I10/10XUTh Ha HAKIIOHHYIO IJIOCKOCTh Y3KYIO IIOJIOCKY OyMaru Kpaem BJIOJIb YEPThI
L, HaKpBITH CBEPXY KOMUPOBAILHOM OyMaroit u 3akpenuTh 00a aucta ckoboit. [1pu mpo-
BEJICHUH SKCIIEPUMEHTa CKOOY HE TpOraTh.

4. ITomecTtuTtsh mapuk B OyHkep C B ciieTKa OTKPHITOE OTBEPCTHUE (3TO MO3BOJUT OoJIee
TOYHO (PUKCHUPOBATh HAUAJIBHOE MOJIOKEHHUE IIapuKa). 3aTeM MEJUIEHHO OTKPBITh 3aCJIOH-
KY, /1aB IIAPUKY MPOBAIUTHCS. Y JAPUBIIKUCH O TUIOCKOCTD, IIAPUK OTCKOYUT, U OCTaBUT
cien Ha Oymare.

5. O603HauUTh TOUKY yAapa Ha Oymare Toukoil 1. OTornyTh OT iuHuu L; 1 monocky
OyMaru ¥ KOnupoBajibHYI0 OyMary TakuM 00pa3oM, 4TOObI TIOBTOPHOE IaJICHUE IIapuKa
u3 OyHKepa MPUILJIOCh HA METAJUINYECKYIO MOBEPXHOCTh; OTCKOYMB OT HEe, IIapUK BTO-
poii pa3 yaapuTcsi O HOBEPXHOCTh U OCTABUT CJIe]] HA Oymare.

OTy TOUKy 0003HAUUTh LUPpoit 1'.

6. [loBTOpUTH ONBIT IpU OTOTHYTOM OyMare 10 pa3, o603Hauas cieabl OT MOBTOPHBIX
yaapoB cooTBeTcTBeHHO 1, 2', ..., 3'.

7. CHATB JUCTHI C INIOCKOCTH, ONIPEACIIUTH PACCTOSHUE X; MEX 1y Toukamu 1 —1', 1—
2'.1-3", ..., 1-9'u 3anecTu B Tabx1.1.

8. BbiunciauTh cpeiHee 3HaueHue <x>, ONpeAeUTh CTAaHAAPTHOE OTKJIOHEHHUE CpEeaHe-
ro Juist x. OnpenenuTs CyMMapHY CUCTEMATUYECKYIO MOIPEIIHOCTh U OTHOCUTEIBHYIO
HOrpelHocTs 418 x, h, Hy, H,, [, sino. OnpenennTs MaKCUMalIbHYI0 OTHOCUTENIbHYIO

MOTPEIIHOCTh. He yYnThIBaTh NOTPEMIHOCTH TEX BEIUYUH, OTHOCUTEIIbHAS MIOTPENTHOCTD
KOTOPBIX MEHBIIIE MAKCUMAaJIbHOM B 3 pasa.

9. Berunciaute <kc> o gopmysie (6), MOACTABISIS X = <x> Y [IPUHHUMAs PaJinycC apu-

Ka r<<h.
10. BeIuuCINTh CTAaHIAPTHOE OTKJIIOHEHUE G} » PYKOBOJICTBYSACh IPaBUIIaAMH pacue-

TOB JJIs1 KOCBEHHBIX U3MepeHuil. CuuTars, 4to ko = f (x,h,sin oc) .

2 2 2
ok, N ok, N Ok,
Ok, = Ox Op . Osina
¢ ox oh osina
11. Beraucnuth noBeputenbHblil nHTEpBan Ak- (o0 = 0,8) 1 OTHOCHUTENIBHYIO OTPELI-
Ak
HOCTh F =—%,
c
12. Pe3ynbTaThl U3MEpPEHUN U pacyeToB 3anucaTh B Ta0a.1 u 2.
Tabmnura 1
X;, MM <x>, MM (<x>—x;), MM (<x>— xl-)z, MM
Ta0muma 2.
[, MM h, MM H;, mm H>, Mm sino.
G, MM Gp, MM GHi, MM OH2, MM Gsina
G[/l Gh/l’l GHI/HI GHz/Hz Gsim/sinoc

13. 3ammcath pe3ynsTar B Buae: k- = kg + Ake



KonTposbHbIE BONIPOCHI

1. Yro Takoe k03PPUIIMEHT BOCCTAHOBJICHHS CKOPOCTH, KAKOBA METOIMKA €T0 OIpe/iee-
HUS B IaHHOU pabote?

2. 3anucarh 3aKOH JIBM>KCHUS IIapUKa MEKy MEPBBIM M BTOPBIM COYJapEHUSIMHU C Ha-
KJIOHHOM TUTOCKOCTBIO KOOPJIMHATHBIM criocoboM. Kak onmpenenuTs paccTOsTHUE X U BpeMs
{ MEXAY 3TUMH COyAApECHUSIMU?

3. ChopmynupoBaTh 3aKOH COXpaHEHHUS IMOJTHON MeXaHU4eCcKoi sHeprun. Kak on mpume-
HSETCS B JIaHHOM paboTte?

4. Haittu BpeMsi 1O TOTO MOMEHTA, KOT/1a CKOPOCTh IIAPHUKA MOCJIE OTCKOKA CTAHET Ia-
paJIEIbHOM HAKIIOHHOW TJIOCKOCTH.

5. Hantu MakcumanbHOE pacCTOSAHUE OT HAKJIOHHOW IUIOCKOCTH 10 IIapuKa BO BpeMs I10-
JIeTa TOCJIe MEPBOr0 OTCKOKA.

6. BeruncauTe yroa Mexay CKOPOCTBIO IIapUKa U HAKJIOHHOW IUIOCKOCTBIO B MOMEHT
BTOPOTO yJapa.
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2. I/Isyqelme BpallaTCJIbHOI0 ABH/KCHHUSA
eab padoTsI
N3yunTth 3aBUCUMOCTB YIJIOBOI'O YCKOPEHUS TeJa, BPAIIAIOIIErOCs OTHOCUTEIIBHO HEMOI-
BH>KHOM OCH, OT PE3YJbTUPYIOLIETO MOMEHTA JCUCTBYIOIINX HA HETO CHIL.
YcTpoiicTBO M NPUHIUAT PA00THI YCTAHOBKH
VYcTaHOBKa NpeCTaBI€HA HA PUCYH-
K€ 1 BKJIIOYAET B CBOM COCTaB: OCHOBA-
1L/ HUeE |, BEepTUKAJIbHYIO CTOUKY 2, BEpXHUM
KPOHILTEWH 3, CpEHUI KPOHILUTEMH 4,
KPOHIITEHH 5 1715 yCTaHOBKU (OoTOAAT-
yuka, (porogaTduk 6.

OcnoBanme 1 cHaGXeHO TpeMs pery-

JUPYEMBIMU OTIOpamMH 7 U 3aKUMOM 8

/2 s pukcanuu cToiku. BeprukanbHas
CTOMKa 2 BBINOJIHEHA U3 METAININYECKOU
TpyOBbl, Ha KOTOPYIO HAHECEeHA MUJLITH-
MeTpoBas 1IKaja, 1 uMeeT Busup 19.

Ha BepxHeM kpoHiureiine 3 pazme-
1aeTcs y3e MOAIIUMITHUKOB 9 ¢ maio-
VMHEPLMOHHBIM HIKUBOM 10 M3MeHeHUs
HaIpaBJICHUS ABW)KEHUSI KalIpOHOBOM
HUTH 11, Ha KOTOpOIi Mo/IBEIIEH HAOOP-
HBIN Tpy3 12.

Ha cpeanem kpoHiuteiine 4 pazmerie-

HBI: y3€J1 OJIIUITHUKOB 13, Ha OCH KOTOPOT'O € OJHOM CTOPOHBI 3aKPEIUIEH IByXCTYIIEHUAThI IKUB
14, Ha KOTOPOM MMeeTCs PUCTIOCO0JIEHHE JUTsl 3aKpeIyIeHUs KalpoHOoBoM HUTH 11, a ¢ apyroii cropo-
Hbl HAXOJUTCSl KPECTOBHHA, TIPEACTABIISAONIAs COOON YEThIpe METAJUNIMUECKUX CTEpPKHA 15, 3aKper-
JICHHBIX B O0OBIIIKE 16 MO/ MPSMBIM YTJIOM JPYT K JIPYTY; 3JIEKTPOMarHUTHbIN TopMo3 17.
Ha Meramnmuueckux crepxusx 15 yepes kaxzasie 10 Mmm HaHneceHsl pucku. ['py3sl 18 3akperniie-
Hbl HA METALTMYECKUX CTEPKHIX 15 1 MOryT cBoOOIHO NepeMeIaThes U (PUKCUPOBATHCS Ha Kax-
JIOM CTEPIKHE, UTO AET BO3MOYKHOCTh CTYIIEHUYAaTOr0 U3MEHEHHSI MOMEHTOB UHEPLIUU KPECTOBUHBI.
DeKTpOMarHUTHBIN TopMo3 17 mpeaHasHaueH Juist pUKcaluy MoABUKHON CUCTEMBI B Hayae
9KCIIEPUMEHTA, BbIIa4M 3JIEKTPUUECKOI0 CUTHAJIA Hadajla OTCYETa BpEMEHU U TOPMOXKEHHUS MOJI-
BHYKHOM CHUCTEMBI ITOCJIE 3aBEPIICHUS OTCUETa BpeMeHHU. KpOHIITEIH 5 UMeeT 3aKuM U1 Kperuie-
HUS Ha BEPTUKAJIBHOM CTOIKE 2 1 31eMeHThl puKcanuu GoToAaTuHKa.
Teopernueckoe BBeIeHUE
[Ipu onyckanuu rpy3a 12 MasgTHUK BpamaeTcs BOKPYT HEMOABUKHON TOPU30HTAIbHON
ocu z. I3MepuB BBICOTY /4 ¥ BpeMs £, B TEUEHHE KOTOPOTO I'Py3 U3 COCTOSIHUS IMOKOS OIyC-
TUJICS HA &, MOKHO HAlUTHU MOJTYJIb TIOCTOSIHHOTO YCKOPEHUSI U3 3aKOHA JBUKCHUS

_ 2
Y=Y, tVytt+ayt /2

[Tpu BbIOpaHHOM OCH ), HAIIPABICHHOW BHU3, Y=Yo=hV,, =0,0a,=a

[TorTomy a= 2h/z‘2 (1)
Ecnu HuTh HEepacTskuMa, TO JiroOasi Touka MOBEPXHOCTH IIIKMBA UMEET TAHTECHITNATBLHOE
YCKOpEHHE, MOJlyJIb KOTOPOI'O PABEH MOAYJIIO YCKOPEHUs Ipy3a, T.€. a, = a . Tak kak

a, =¢er , 1o ¢ yuetoM (1) umeem
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€= 2h/ 27 2)

—

Ha rpy3 neiicTByIOT 1BE€ CUJIBI: CHUJIa TSIKECTH mg CO CTOPOHBI 3eMiiu U cuiia F' co cro-

POHBI HUTH. 3anuiueM BTOpoU 3akOH HbproTOHA 11 rpy3a, ABMKYIIETOCs ¢ MTOCTOSIHHBIM
YCKOPEHUEM d , HAIIPABJIECHHBIM BHH3!

ma =mg + F
B npoeknuu Ha 0Ch ) 3TO ypaBHEHHUE TIEPETUIIIEM TaK:

ma, =mg, +F),

IIpu BEIOpaHHOM IOJNOXKUTEIPHOM HAIPABICHUH OCH y BHU3, ), =d, g, =g, I}, =—F .
[Toatomy ma=mg—F

oTkyaa F =mg —ma unu ¢ yuetoM (1)

F=m(g—2h/t2) 3)

Bpamenue masiTHUKa CO34a€TCSI MOMEHTOM CHUJIbI HATSIKCHUS HUTU M = [F X Fl] , IPOEK-

111 KOTOPOr'0 Ha HEMOABUXKHYIO OCb z M, = Fr .

Hamnpasienne M onpenensercs IpaBuiaoM PaBoro BuHTa. [ = F 1pu ycio-

BUU HEBECOMOCTH HHUTH, IIOATOMY C y4eToM (3)
Mzzm(g—2h/t2)r )

IHopsnok BbINOJHEHUsSI PA00THI

1. [MoaxrounTh POTOAATUMK U FIEKTPOMATHUTHBIA TOPMO3 CPEHETO KPOHIITEITHA
YCTAaHOBKH K OJIOKY 3JIEKTPOHHOMY MpU oMo Kabesns. Buiky ¢ Mapkupokoit "@"
BCTaBUTh B PO3ETKY (DOTOAATUMKA, @ BUIKY C MAPKUPOBKOU "D" B pO3ETKY dJIEKTpOMar-
HUTHOTO TOPMO3a.

2. YCTaHOBUTB IPY3bI IO OCSIM KPECTOBHHBI HA PACCTOSIHUM R OT ocu BpaieHus. K
OJIHOMY U3 IIKUBOB 14 npukpenuth HUTH 11, K APyroMy KOHIy HUTH MOJBECUTH HAOOP-
HBIN Ipy3 12 U epeKMHYTh HUTh Y€pEe3 BEPXHUH IIKMB. Y CTAHOBUTH IIPH IIOMOLIU PA3HO-
BECOB OINPEACIICHHYIO Maccy rpysa.

3. YCcTaHOBUTH KPOHIITEHH C POTOAATYNKOM B HUKHEHN YaCTH IIKAJIbl BEPTUKAIBHOM
CTOMKH TaK, YTOOBI IUIOCKOCTh KPOHILTENHHA, OKpAIllEHHas! B KPACHBIH LIBET, COBIANA C
OJTHOM M3 PUCOK IIKAJbI, & HAOOPHBIN I'Py3 MPHU ABMKCHUH BHHU3 MPOXOIMII MO IIEHTPY pa-
O6ouero okHa ¢hoToAaTUMKA. 32 HUKHEE MOJI0KEHNE Tpy3a OepeTcsi OTMETKa IIKaJIbl, COOT-
BETCTBYIOIIAsl pUCKE Ha KOpITyce (POTOAATUMKA U ABIIAIOIIASICS KaK Obl MPOJI0KEHUEM
ONTUYECKOH OocH (pOTONAaTUNKA, KOTOPYIO IEPECEKAET IBHKYIIMICS TPY3.

4. Bpamast MasiTHUK, YyCTAHOBUTbH I'Py3 B KpailHEM BEPXHEM IOJIO)KEHUH TaKUM 00pa-
30M, 4TOOBI HUKHSS TUIOCKOCTh Tpy3a (BU3HP BEPTUKAIHHONU CTOMKH COMPUKACACTCS C
HIDKHEH MJIOCKOCTHIO IPy3a) COBNAJIA C OJTHOW M3 PUCOK IIKAJIbl BEPTUKAIBLHONW CTOUKHU.
3anucaTh 3TO 3HAaYECHUE.

5. 3adpukcupoBaTh rpy3 B 3TOM nojioxkeHuu. [ atoro Haxath kHOky "CETB" G10-
Ka, PY 3TOM JIOJKEH cpaboTaTh (PPUKIMOH JIEKTPOMArHUTHOTO TopMo3a 17.

6. Haxats knonky "[1YCK" 6noka. [Ipouncxoaut pactopmaxuBaHuE
AJIEKTPOMArHUTHOI'O TOPMO3a, IPy3 HAUMHAET OITyCKaThCs U TaliMep OJ0Ka HAUMHAET
orcueT BpemeHu. [Ipu nepeceueHun rpy3oM ONTUUYECKON ocu (HOTOJATUMKA OTCUET
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IIpu nepeceyennu rpy30M ONTHYECKONW OCH (POTOAATUMKA OTCUET BPEMEHU ITPEKPATUTCS.
3anucath B Tabnuily | mokasaHue Taiimepa, T.€. BpeMs ABMKEHUs rpy3a ¢ . [loBroputh
NYHKT 6 IATh pas.

7. IIpu nomo1M BU3MpA 110 IIKAJIE BEPTUKAIBHON CTOMKHU ONPEACIUTD IPONICHHBIN
IPy30M IyTh /1, KAK pacCTOSTHUE OT HUKHEHN MIIOCKOCTH IPy3a B BEPXHEM IOJIOKEHUU
rpy3a 10 ONTHYECKON OCH (POTOAATUHKA.

8. Onpenenuts cpeaHee Bpems <> najaeHus rpysa. [logcunrars Bpalarouyi MOMEHT
M. o popmyne (4) u yriaoBoe yckopenue € 1o dhopmyie (2). Bce nannbie 3anectu B Ta0-
muny 1.

9. IloBTOPUTH 7 pa3 MyHKTHI 4—8, U3MEHsIsI Maccy HaOOpHOTo rpy3a 12 npu Tom ke
MPOMAECHHOM ITyTH /1 .

Tabmnuma 1.

m, KT t, C <t>,c¢ | g,¢? | M,Hwm

10. TToctpouts rpaduk 3aBucumMocT M, (8) =Je+ M T - Hcnonws3ys MeTo HaUMEHb-

IIMX KBAJAPATOB, PACCYUTATDH MTAPAMETPHI NPAMOM J U M, a TAaKXKe IMOTPEIIHOCTH ITUX
napameTpoB AJ n AM ., .

KonTpobHbIe BONIPOCHI
1. Onucats MasTHHK OGepOeKa.
2. 3anucaTh 3aKOHBI M YpaBHEHUS ABMXKCHUS IS Tpy3a U MasitHuka O6epOeka.
3. Kak npaktudecku Ha MagTHHKe O0epOeKka MOKHO U3BMEHUThH MOMEHT UHEPIIUU U MO-
MeHT cuii? OT 4ero 3aBUCUT BpeMS JIBHXKEHUSA rpy3a?
4. JlaTh onpejieiieHuEe YIII0BOMY YCKOPEHUIO U MOMEHTY CHJI.
€ Kak onpenenuts MOAYJIb U HAIIPaBJICHUE YTIIOBOIO YCKOPE-
HUSI, MOMEHTA CUJIbI, BPAIIAIOIIETO MAsITHUK?
5. Ha pucyHke npeactaBieHbl JBa rpaduka 3aBUCUMOCTH YT-
JIOBOT'O YCKOPEHUSI OT MOMEHTA MHEPLIMU IIPU ITOCTOSHHBIX
MoMeHTax M BHemHux cui. Kakoi U3 3THX MOMEHTOB 00JIb-
M, me?
Ml

J
[;] 6. Ha Bammy (cM. puc.) yKperieHbl criuilbl ¢ Tpy3amu. [Ipu 3aganHoM
BpaIlaroieM MOMEHTE, IEUCTBYIOIIEM Ha Bajl, BEIYUCIISIOT YTIIOBOE
ot yckopeHue Bajna. Kak n3MeHHUTCs yIiioBoe YCKOPEHHUE Baia, €Ciu
Ll \)—D Ipy3bl IEPEMECTUTH OIMKE K OCH BpalieHusi? MOMeHT Cuil, IeUCT-
T BYIOIIIUN HA BaJI, COXPAHSICTCS TIPEKHUM.

|
0
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3. Onpenenenne MOMEHTOB MHEPIUHM METOAOM KoJieOaHMit
eab padoTsI
Onpenenuts 3KCIEPUMEHTAIIBHO MOMEHT MHEPLUUU OAHOPOAHOTO CTEPIKHS
OTHOCHUTEIIBHO JIBYX ITapaJlIEIbHBIX OCEH, PE3yJbTaT COIOCTABUTH ¢ Teopemoi llreitnepa
Teopernuyeckoe BBeeHne
B nannoii pabote MeTo0M KoJjie0aHui onpeaesieM

MOMEHTBI UHEPIIUU CTEPKHSI OTHOCUTEIBHO OCH, MPOXO0-
o\ / JAIIEN Yyepe3 UEHTP Macc, Jc, 1 OTHOCUTENBHO Mapai-
X %\\ ff JICJILHOW €U OCH, MPOXOSAIIECH Yepe3 KOHEL CTEPIKHSA, J 5.
Y A ‘ / Jlns onpeiesieHuss MOMEHTa UHEpIuU Jc HabI01aeM Ma-
I (P\\ N f JIBIe KOJIEOaHMsI CTEPIKHSI Ha OM(PUIIPHOM MOJIBECE
- (AN¢ frrelp (puc.1,2). JIns onpeaeneHnss MOMEHTa HHEPLUU CTEPKHS
oo N N Ja HaOmogaeM Mainble KojaeOaHus, II0JBECHB €T0 32 KOHELL.
2 3a cyeT TpeHus B TOUKax MOJBECa SHEPTHsl KoJie-
Bi Oanwuii crep>kHs yMeHbinaeTcs. OTHaKO €Cii OrPaHUYUTCS
Puc.1 HaOJII0JICHUEM HECKOJIBKUX KoseOanuii (B nmpeaenax 10-20

KoJiebaHuit), To paboTa cui TpeHus OyaeT HeBenuka, Ee
MOYHO HE YUHMTBIBATh H MPU MANBIX yIiIax oTKioHeHus (6-8°) koneGaHus cauTaTh rapMo-

. 2T
HUYECKHUMM: ¢ =0, sm?t (1)

rzie (¢, — yrioas amiutyaa; T — nepuon kojebanuii. Tak

KaK paboTOM CUJI TpeHUs peHedperaeM, To MOJIHAsI MEXaHU-
Yy, YecKasi JHEPrus CTEPKHS OCTaeTca Hen3MeHHou. [Ipu nmpoxo-
AKJACHHUU TTOJI0KEHUSI PABHOBECHSI CTEPIKEHb 00J1a/1a€T TOJIBKO

b s ~ 2
A, KMHETHYECKOH dHEPTHeH: K=Jw" /2, tne ® — MakcuMalib-
1
) /Q Hasl yriaoBasi CKOPOCTb.

O~ - [Ipy OTKIIOHEHUH CTEP>KHSI OT MOJIOKEHUSI pAaBHOBE-
A CHsl HA MAKCUMAJIbHBIIM Yo €ro MoJjiHasi MeXaHu4ecKast SHep-

rus (moteHmanbHas ) U=mgh, rae h -- MakcumanbHas BbicoTa

Puc. 2 MOJHATHUS LIEHTPA MACC CTEPHKHSI.
3anuiieM 3aKOH COXPaHEHUsl SHEPTUU
2
J&* /2 = mgh )

®opmyiel (1) 1 (2) M03BOIAIOT HAWTH MOMEHT MHEPIMH J, €CIIM U3MEPEH Ha OIbITE MEepU-
ox koiebanmii T.

1. Onpenenenne Jc — MOMEHTa HHEPI UM CTEP:KHA OTHOCHTEJIBHO OCH CHMMETPHH.
CrepxeHb Ha OU(UITPHOM IO/IBECE COBEPIIAET KpyTHIIbHbBIE KoseOanus (puc.1). Ompe-
JeJisisl ero MaKCUMAaJIbHYIO0 YIJIOBYIO CKOPOCTh ®, ipoauddepentupyem (1) nmo Bpemenu:

dp 2m 271 27
— =—@,C0S—1; => O =— 3
dt T(PO T T(PO ®)
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MaxkcumanbHasi BbICOTa IOJbeMa LIEHTPa Macc CTEpKHS onpezensercs yriom ¥,
(cm.puc.2):

2

rae b — qmHa HuTH nozeca; W, — MakcuManbHbIN yroyl OTKJIOHEHUS HUTH, OJTHO3HAYHO
CBSI3aHHBIM C MAKCUMAJIBHBIM YTJIOM OTKJIOHEHUS CTEPKHS OT MOJIOKEHUSI PABHOBECUS (.
[Ipu manbIx 3HaUEHUAX @, U ¥, KOHEIl CTEPKHA MPOXOAUT MyTh AA |, KOTOPBIN MpuOIH-
YKEHHO MOKHO CUMTATh PABHBIM JUIMHE AYTH AA;:

2
4 4
h:b(l—coS‘Po)=2bSin27osz( OJ ;

[ [
A4, = E(po ~b¥,, ¥, :z_b(PO'
Teneps BbIpazuMm h yepes yrom @,
2 2 2
v 1( 1 [ (p
h=2b| —2%| =2b—| — =—2. 4
( 2 ] 4(2[;%) 8b )
[Toncrasnsis (3) u (4) B (2), moryyaem
2
mgl
Je = g2 Té ()
l6m“b

2. Onpenesienue J, — MOMEHTA HHEPUHUHU CTEPKHSI OTHOCUTEJIBHO OCH, EPHEHINKY-
JIAPHOW eMy M NPOXOAsilIeil Yepe3 KOHeIl
A B ¢opmyny (2) noacrasisieM COOTBETCTBYIOIINE 3HAUCHHUSI

MaKCUMAaJILHOW CKOPOCTH TPH MPOXOMKICHUH TTOJIOKECHUS PaB-
Po HOBecHsl ® U3 (3) U MAaKCUMAJILHOM BBICOTHI MOAHSATHSI IICHTPa
b ! C macc h (puc.3). 13 puc.3 momydaeM CBs3b MEXKAY h 1 yriaoMm @,
b e ! !
® P I 2
h==(1-cosp,)==2sin> 2~ ]| T2 | =— 6
) 5 (1-cosg, ) == ( : j 7% (6)
-7 N3 pasenctBa (20) ¢ yueroMm (3) u (6) nosryyaem
Puc.3 mgl
Jy="% T A- (7)

81
Takum oOpa3zoM, U3Mepsisi Ha ONBITE MEPUObI KosieOaHu cTepxHs Tc U Ta, JUTMHY HUTH
MOJIBECA, JVIUHY CTEP>KHS, MOKHO BBIYUCIUTH MOMEHTHI UHEPLIUH Jc U J4 CTEPKHS OTHO-
CUTEJIBHO MapaJUIEIIbHBIX OCEH, a pe3yJIbTaT CONOCTaBUTh ¢ TeopeMon LlITennepa.
IMops0K BbINOJIHEHUS] PA00OTHI

1. ITogBecuTh CTEP’KEHb HA HUTSIX CTPOTO TOPU3OHTAIBHO, PACTIOJIONKHUB €0 MEXTY
HaIPaBJISIOIINMHU.

2. BasaThes 3a mpaByro HaIPaBJISAIONIYIO, IOJBECTH K CTEPIKHIO U TIOBEPHYTH €T0 Ha
yrox 4°. 3aTeM pesKo pa3BepHyTh HAMPABIAIOUIYIO [UIAHKY OT CTEPKHS, IIPEIOCTABUB EMY
BO3MO>KHOCTb COBEpIIaTh KPyTHIIbHBIE KoJieOaHust oTHocuTeabHo ocu CC' (em.puc.1).

3. I3MepuTh CEeKyHIOMEPOM BpeEMSI f¢ MOIHBIX N Kojiebanuii (n;=10, oTcuet BpeMeHu
HAYMHATH MIPU POXOKICHUHM MasTHUKOM JIFOOOT0 KpaitHero mojoxenws ). OmbIT MOBTO-
puTh 9 pa3 u onpeaenutsb cpeanee BpeMs 10 konedanuit <t>.
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4. 3amepuTth [ — paccTosTHUE MEXIy TOUYKaMH MojiBeca cTepkHs A u B; b — niuny Hu-
Tel nmojBeca. Macca cTep:kHs yKazaHa Ha HeM (B rpamMax). Hailtu G, u G,

5. I[logBecuThb cTepKEHb 3a KOHEIl A U MPUBECTH B KOJIeOaHKHE B BEPTUKAJIBLHOM IJI0C-
KOCTH. YTONI OTKJIOHEHHSI HE JIOJKEH HPeBbIIaTh 4.

6. Onpenenuts Bpems 10 koebanmii cTepkHA ¢4, ONBIT IpoenaTh 9 pa3 u onpene-

JIATH <f4~>.
7. PaccunTtarh cpegHue MEPHOJIbI KOJIeOaHMI <T C> = @ u <T A> = @ , 4 TAKXKE

m m
CTaHJAPTHBIE OTKIOHEHUS CPEAHEro S, U S, M CyMMAapHYIO CUCTEMATHYECKYIO I10-
IPEIIHOCTh G, U G 4 Ui nepuonos 1. u T .

8. ITo dhopmynam (5) u (7) BEIUUCIUTH MOMEHTBI MHEPIIUU CTEPHKHS OTHOCUTEIIHBHO
NEPHEHANKYISIPHBIX €My, HO MapauIeNIbHBIX APYT APYTY OCEH, IPOXOISIIHNX Yepe3 EHTP
Macc (J¢) ¥ KoHel cTepxHs (J4), moACTaBIIss B HUX cpeAHue 3HaueHus <7 u <7 />

9. Boraucanth Benuuunbl J,; — Jo 1 mi’/4. CpaBHUTb HX 3HAYCHHS, HCIIONb3YSI HAMICH-
HBIC TIOTPEITHOCTH H3MEPEHUH.

10. JlanHble U3MepEeHUIl ¥ BBIYUCICHU 3aHeCTH B Ta0d. 1-4.

Tabnuna 1. (Anamoruyno Tabmuna 2 s ty)

2 2
n lei, C <tc>, ¢ Aty ¢ (4t)°, c
<Tc> = SCZ o.=
Tabauma 3.
m, Ke O, K2 [, m o), M b, m Op, M

Ta0muna 4.

2 2 2 2 2 2 2
Jo, kem Oy, K2M Ju, KM OJg KM Jyi—Jc kem ml/4, kem

KoHTpoJIbHbIE BONIPOCHI

1. KakoB ¢u3nueckuii CMbICII MOMEHTA MHEPLIUK MaTEPUAIbHON TOYKH, TBEPAOIO Tena?
2. Kak BpIYHCINTh MOMEHT HHEPLIUH T€JIA OTHOCUTEIIBHO OCH, IPOXOIAIIEH Yepe3 LICHTP
macc?

3. Chopmymnupoath Teopemy llITeitHepa.

4. ITnosy4nTh CBA3b MEKIY MaKCUMAJIBHOU YIJIOBOW CKOPOCTBIO CTEPKHS U aMILIUTYOU
€ro KoseOaHu.

5. Ilonyunts popmyity U1 pacyeTa MOMEHTA HHEPLMHU 11apa, KOJIbLA, CTEPKHSA OTHOCH-
TEJIBHO OCH, MMPOXOSALIEH YEPE3 LEHTP MacC.
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4. Omnpenesenne paauyca KpMBU3HbI BOTHYTOM IOBEPXHOCTH

eab padoThI
N3yunTh 3aKOHBI IBUXKEHUS KaTAIOMIETOCs MO C(hepuiecKoit
BOTHYTOM IMOBEPXHOCTH IIapUKa, PACCMOTPETh YCIOBHSI €r0 FTapMOHUYECKUX KosieOaHu
Y ONPEJEIUTh PaJNyC KPUBU3HBI IOBEPXHOCTH
Teopernueckoe onucanue

Panuyc kpuBu3nbl R rmaakoit cgepuueckoit moBepxHo-
CTH MOXKHO OTpeNeNuTh, U3MEPHUB Niepuo konedanus T
1IapuKa, KaTarolerocs 1o 3TOM OBEPXHOCTH.

Ecnu npenebpeub moTepsiMu SHEPrUU, 3aTpauyruBaeMoil
Ha IIPEOJIOJICHUE AUCCUIIATUBHON CHJIbI TPEHHUSI, TO JUIS Ka-
Tarolerocs 6e3 MpocKaib3bIBaHUS IIAPUKA TOJIKEH BBIMOJ-
HATHCS 3aKOH COXPAaHEHUSI MEXaHUYECKOU dHepruu. Llentp

. i Macc C mapuka ABUXKETCS ITOCTYNaTeNbHO, HO, KPOME TOTO,
MT/M HIaPUK BPAIaeTCs OTHOCUTEIBHO OCH Z, TPOXOIAIIEN Yepe3
Pric.1 Touky C nepneHauKyasspHo miockoctd (puc.l). [Toatomy
IIOJTHASL MEXAHUYECKas SHEPrus LIApUKa

O

mVg  Jow
+
2
31ech m — Macca IapukKa; Jo=2/5mr* — ero MOMeHT WHEPILIMU OTHOCUTEIBHO OCH Z; T —
paauyc mapuka.
Mopynb yTriioBoi CKOPOCTH ® IIAPUKa BOKPYT OCH Z CBSI3aH C MOJIYJIEM CKOPOCTU V¢
MOCTYIATEILHOTO IBMYKCHUS IIEHTPa MAacC COOTHOIIICHUEM

E =

+ mgh = const (D)

.
® = @ __C )
dt r
[ToncraBnsist (2) u Beipaxenue 11 Je B (1), monydaem
7 5(dOY
E=—mr°| — | +mgh=const 3
10 ( dt j & ©)

Ho npu kauenuu mapuka 1o chepuyeckoi MoBepXHOCTH €0 IEHTP MacC OTKIOHSIETCS
OTHOCHUTEJIBHO LIeHTpa O MOBEPXHOCTH HA yrod ¢. 13 puc.l BUAHO, YTO yroJl ¢p CBSA3aH C
yTJIOM MOBOPOTA O MaprKa OTHOCUTENHHO OCH Z COOTHOIICHHEM

R '
0=—0 4)
r
rae R'= R —r. Kpome Toro, u3 npssmoyroasHoro tpeyroiasauka OBC cnenyer, 4to
h=R'-R'coso. (%)

[Toacrasmnss (4) u (5) B hopmymy (3), BepaykaeM MOJHYI0 MEXaHUUECKYIO SHEPTUIO
IapuKa 4yepe3 yroi ¢:

10
B BepxHel TOUKe TPAaCKTOPUH CKOPOCTh IApUKA PABHA HYJIIO U BCS MEXAHUYECKas
SHEPrHs IIApUKa NEPEXOIUT B MOTEHUMAIBHYIO0. [Ipy MPOX0XKIEHUH IIAPUKOM MOJI0XKE-
Hus paBHoBecHs (h=0) ckopocTh U KUHETHYECKasl SHEPIUs IIapUKa MaKCUMaJIbHBI.

2
E l m(R')2 (%} +mgR'(1—cos @) = const (6)
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PaccmoTprM kuHEMaTuKy IBYOKEHUS mapuka. CKOpOCTh VC ero uentpa macc C Bce-
r/1a HampaBJieHa Mo KacaTeabHOU K TpaekTopuu (puc.2). [lomHoe yckopeHue a 1eHTpa
Macc PaBHO CyMMeE TaHT'€HIUAIBHOIO @, ¥ HOpMaJIbHO-
IO d, YCKOPEHHH. YCKOpEHHUE d, HAIPaBJIEHO TAKXKE IO

KacaTeJIbHOU K TPAeKTOpHUH. ETO MOIyJb CBSI3aH C MOAY-
JIEM YIJIOBOT'O YCKOPEHHMS BPALLCHHS IIapuKa BOKPYT OCH
z hopmyion

d*o
e =V—= (7
) dt
VYckopeHue d,, HalpaBlIEHO K LIEHTPY KpUBU3HBL. Ero
V2
Puc. 2 MOJ1YJIb a, = ?C' (8)

OTH MOy U3MEHSIOTCA TIPHU KOJIEOATENbHBIX IBIKEHUAX IIapUKa Mepruondecku. B
BEPXHEH TOUKE TPACKTOPUU MPU HAUOOJIBIIIEM OTKIOHCHHUH IIIapUKa OT MOJIOKECHUSI paB-
HOBecCHUsA V( LIApUKa U a, paBHBI HYJIIO, & d, AOCTUraeT Makcumyma. [Ipu npoxoxaeHun
TIOJIOXKEHUS paBHOBECHS, HA000poT, a, =0, a V¢ U @, MaKCUMaJIbHEI.

Haiinem meprop xonebanwmii mapuka. J[jis 5Toro HeoOX0UMO TOJTYIUTh JUHAMUYE-
CKOE ypaBHEHUE KoJieOaHu# (T.€. ypaBHEHHUE TUHAMUKH JIJIsl TOCTYNATEIHHOTO WM Bpa-
IIATEJILHOTO JABMXKEHUSI KoJieOumoIerocs mapuka). Jiis aro0bIx He3aTyXaroluX rapMOHHU-
YECKHMX KOJIeOaHUN ITO YpaBHCHHE UMEET OO BT

2
d—zx +@x=0 9)
dt
du3nyeckoe TeJI0 0yeT CoOBepuIaTh rApMOHMYECKHE KOJIeOAHU B TOM CJIy4ae, ecJin
HA Hero JelCTBYeT CHJIA UJIM MOMEHT CHJIbI, IPONOPIHOHAJIbHbIE CMEIIEHUIO OT T0-
JIOJKEHHSI PABHOBECUS U CTpPeMsIIUeCcs BEPHYTH TeJIO B MOJIOKeHNE PABHOBECHSL.

Bocnonb3yeMcs 3aKkoHOM cOXpaHeHHsI MeXaHudeckon sHepruu (6). BozpMmem mpous-
BOJIHYIO TI0O BPEMEHHU OT 00EUX YacTei 3TOro ypaBHEHUSI, COKPATUM TOJyYCHHOE BhIpaxe-
Hue Ha mR'(dp/dt) n mpuBeaeM ero K BUIy, aHATOTHIHOMY (9):

2
Q—kéésin(pzo (10)
d? TR

Otcroa BUAHO, YTO MIAPUK OYJET COBEPIIATh TAPMOHUYECKHUE KOJIEOaHUsI OTHOCH-
TEJIBLHO MOJIOKEHUSI paBHOBECHSI B TOM cllydae, Korja sing ~@. T.e. yclioBUeM rapMoHu-
YECKMX KoJieOaHui B JaHHOM paboTe OyayT Majibie YIibl OTKJIIOHEHUS IapuKa OT MOJIO-
YKCHUSI PABHOBECHS.

B aTOM ciydae yrod ¢ U3BMEHSIETCS 110 TAPMOHUYECKOMY 3aKOHY (=@, sin(m,t+a), rae

_2n_ [5g

0 = 11
0= TR (11)

Ucnonwiys Beipaxenus (4), (7) u (8), MOKHO BBIYUCIIUTH 3HAYCHUSI CKOPOCTU U YCKOPE-
HUS IIapuKa B 11000 MOMEHT BpeMeHH. UTOObI HalTH 3aBUCUMOCTD pajuyca KPUBU3HBI
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R cdeprueckoit nosepxHoctu ot nepuoja T, koTopyro HaxoauM u3 popmydsl (11), moa-
CTaBUM B Hee R'=R—r:
2
R= > g . +7r (12)
77 4x?

[Tpu BBIYKCICHUN MBI HE YYUTHIBAIH, YTO MEXaHUYECKAst SHEPTHUS IIapHKa YMEHBIIIa-
eTcs 3a cUeT paboThl AUCCUTIATUBHOW CHIIBI TPEHUS U ITOTOMY B JICMCTBUTEIHHOCTH KOJIe-
OaHus mapuka Oy IyT 3aTyXalolMMU. 3aTyXaHueM KoJieOaHuil B paboTe npeHedperaem.
Ilopsiiok BbINOJTHEHHS PA0OTHI

1. C noMo1pio MUKpOMETpa S pa3 B pa3HbIX MECTaxX U3MEPUTH JuaMeTp mapuka d u
BBIYHCIIATH paanyc r=d/2.

2. BriBecTy mapukK U3 MOJIOXKEHHSI PABHOBECHUS TaK, YTOOBI YTOJ OTKJIOHEHHS ¢ (CM.
puc.1) 6bu1 Mait. OnpenenuTs BpeMs t ITH (n=5) MONHBIX Kojaebanuit mapuka. OmbIT
nposecTH 9 pas. Onpenenuts epuoa koedanuii Ti=t;/n. 3aHecTn g1aHHBIC B TA0M. 1.

3.BpIUHCINTD CpeIHNE 3HAUEHUS paJryca [apuKa <r> U TIepruoa KojieOaHuit <T > .

4. OnpenenuTs Ciy4yailHble U CUCTEMATUYECKUE TIOTPEIIHOCTH U3MEPSIEMBIX BEIUYNH

5. IloncraBiss <r> 17§ <T > B (hopmyiy (12), HailTu paanyc KpUBU3HBI TOBEPXHOCTH R.

6. Paccuntarh NOrpemiHOCTh pajguyca KpUBU3HbI MOBEPXHOCTH R, Kak KOCBEHHOMN
BEJIMUUHBI R = f (T ,r) (cm. popmymy (12)).

JlanHble M3MEpEeHUH U BBIUMCICHUH 3aHECTH B Tabm. 1-3.

Tabmuma 1
d, m <d>, M <> M

Gy =, S7j=..,0,=04/2=..., S5 =Sg/2.
Tabmuma 2. n=.....

ti) C ti> C Atia C (Ati)za CZ
6, =, S;=.., Op=0,/n=..., S7=5;/n
Tabnwnia 3

R, m Cp,M Sz, M AR, M E, %

KoHTpoJIbHBIE BONIPOCHI

1. VI3 KakuxX COCTABIISIOIINX CKJIAJBIBACTCS ITOJIHAS SHEPI U IIapuKa’?

2. Korpaa coxpansieTcs moJiHas MEXaHU4eCKasi SHEPrusi?

3. Kak HampaBiieHbl CKOPOCTh U YCKOPEHHE LIEHTPA MAcC IIapuKa?

4. YKaxxuTte MoJIoKEeHHUE 1apuKa, B KOTOPBIX €ro HEHTP OyAeT UMETh: a) MAaKCUMAaJIbHOE

YIJI0BOE YCKOPEHHUE; 0) MaKCUMaJIbHYIO JINHEHHYIO CKOPOCTh; B) TAHT€HIIMAJIBHOE YCKO-

peHHe, paBHOE HYIIIO; ') HOPMaJIbHOE YCKOpPEHHE, paBHOe HyIt0; OOBsSCHUTE Balll BBIOOP.
5. Kakoii BUJ1 UMeeT AMHAMUYECKOE ypaBHEHHE KoJieOaHuil mapuka?

6. Chopmynupyiite ycIoBusi, IpU KOTOPHIX BOZHUKAIOT FTAPMOHUYECKUE KOJIEOaHUSI.

7. IloueMy yroJ OTKJIOHEHUS 1IapuKa (OT MOJI0KEHUSI PaBHOBECHS) IOJIKEH OBITH Maj?
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5. Onpenesienne yckopeHue CBOOOTHOI0 MaeHUsI
€ MOMOIIbIO 000POTHOI0 MASITHUKA

Teopernuyeckoe BBeIeHUE
MaremMaTu4ecKUM MassTHUKOM Ha3bIBAETCA MaTE€pUaIbHASI TOU-
Ka, [IOJIBELICHHAs. HA HEBECOMOU U HEPACTSHKUMOU HUTU. DU3n-
YECKMM MasTHUKOM Ha3bIBaeTCs J1000€ TBEP0E TEJ0, CIIOCO0-
HOE COBEPIIATh KOJICOAHUSI TIOT IEHCTBHEM CHITBI TSHKECTH BO-
KpPyT HEMOJABW>KHOU TOPU30HTAIBHOM OCH, MIPOXOISIIEH Yepe3
touky O, nexaiyro Belie ero nesrpa macc C.

OTKJIOHUM MAasITHUK U3 TIOJIOKEHUSI pABHOBECHSI Ha He-
KOTOPBIX yroa ¢ (puc.l) u otrmyctuM. Bo3Hukaer Bpararomniuit

MOMEHT CHJIBI TSKECTH M = [a’ , mg] , TPOEKLUSA KOTOPOro Ha

Puc. 1

ochk z M, = — mgdsin@, rae m — Macca tena; d — paccTosiHue OT
ocu BpareHus z 10 1earpa macc C. 3HaK MUHYC BBIpakaeT TOT (PakT, 4TO MOMEHT M,
CTPEMHUTCS YMEHBIITUTH Yrodl @. [Ipu MaybIx KojieOaHUAX YTl ¢ Majl ¥ MOXHO ITOJIOKHUTH
sing =~ @, moaromy M, = —mgd@. [IlpuMeHss ypaBHEHUE TUHAMHUKH BPAIIATEIHHOTO JIBH-
xenust M, = Jd*q/dt*, momyunm nuddepeHinatbHoe ypaBHEHHE FrAPMOHNYECKUX Koneba-
Huit Gusnueckoro mastauka: Jd2g/dt* = — mgde nn d*/dt* + (mgd/J) = 0. CpaBHuBas
3TO ypaBHEHHME ¢ ypaBHEHHEM KoneOaHnii MaTepraabHoi Touk d*x/dt* + %) x = 0 MOX-

HO HAWTH COOCTBEHHYIO YACTOTY KOJ€OaHUH (PM3UUECKOTO MAATHUKA ®,=+/mgd /J win

Il
T=2—n=2n/ T _on = (1)
@, mgd g

rae l,,=J/md — npuBenenHas nnuHa GU3NYECKOro MasgTHUKA (IJIMHA HUTH MaTeMaTH4e-
CKOr0 MAasiITHUKA ¢ TAKMM 3Ke MIePHOAOM, YTO U Y (PM3MUYECKOr0).

TouHoe u3mepenue nepuoja KonedaHui Jr00ro PU3NIECKOro MasiTHUKA I0-
3BOJISICT B IPUHIIMIIE ONIPENETUTh YCKOPEHUE CBOOOAHOIO MaJCHUs g B 1000 TOUKe
3€MHOT0 1Iapa. ITU METObI ONpe/IeJIeHUs g OCHOBAHbBI HA 3aBUCUMOCTH MEPHOAA KOJIe-
O6anuii T ot g mo popmyie (1).

Ecnu ucnonb3zoBaHue Npou3BOIbHBIX (U3NUECKUX MAsTHUKOB yA00HO JUIsl OI-
peneneHus Bapualnuii g, T.e. HAX0XKICHUS OTHOILIEHUH 3HAYEHUH g B PA3JIMYHBIX TOUKAX
MOJISI TATOTEHHUS, TO TPU OTPEEICHUN CaMOTO 3HAYEHUS € BOSHUKAET TPYAHOCTh TOUHOTO
OTIpe/IeNIeHHs MOMEHTAa MHEPLIUY MasTHUKA.

DT0 3aTpyJHEHUE UCKIOYEHO B METO/IE€ OOOPOTHOTO MasiTHUKA, B KOTOPOM U3
pacueTHbIX (POPMyIT UCKITIOYAeTCS BETMUYMHA MOMEHTAa MHEPIIMHU MasiTHUKA J,,.

BBIPA3UTh IICPUOL
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MeTtoabl u3mMepeHmnin
DTOT METO OCHOBAaH Ha M3BECTHOM CBOMCTBE JABYX TOYEK (hu-
& p  3MYECKOTO MAaATHHUKA, TOYKH IIOJBECA U TOUYKHM Ka4aHHUs, IIPH T10-
| 5 CJI€0BAaTEIbHOM MOJIBEIIMBAHUY MAsITHUKA B KOTOPBIX €r0 MEPUOJ
OCTaeTCsl HEM3MEHHBIM. PaccTosiHue MEX 1y 3TUMHU TOUKaMH OMpe-
y AeNseTCs MPUBEACHHON JUIMHON (PU3NYECKOro MasATHHUKA /[pp.
Takum o6pazom, ecin y pu3MdecKoro MassTHUKA HAICHBI IBE
COTIPSHKCHHBIE TOYKH, KOT[a MeproIbl Kojiebannii Ha aux T u T,
/ TOYHO COBIIAJIAIOT, TO JIJIS ONPEIEICHHs g HEOOXOAMMO TOYHO U3MeE-
] puth T,=T =T, u [;,, paBHOE PACCTOAHUIO MEXKY STUMH TOUKAMHU

47'Ezlnp

T2

o

QeI

g (2)

Puc. 2 OnHaKO 3KCHEPUMEHTAIILHO HAUTH 3TH TOUYKHU C HEOOXOUMOMN

TOYHOCTBIO JJOCTATOYHO CJIOXKHO, U TpakTu4ecku Bcerna T # T,.
B aTom ciiydae (ucnonib3ys teopemy LlTelinepa)

J, +md} J, +md3

T, =2n O—ml’ T, =2n 0—m2’ (3)
mgd, mgd
N3 (3) nerko nosy4uTh
17 gd) ~ 15 gdy = 4 (df ~d3 ).
df —d3 ~ 4n’L
OTKyJ1a g= 4 12 2 5~ Tc2 4)
diy —dyT; T,
hL+7,

rne L =d;+dya Ty = ~T1 =T,.

B nanno#i pabote ucnonb3yeTcst 000pOTHBIN MasSTHUK, U300pakeHHBIN Ha puc. 2. Ha
METAJJINYECKOM CTEep>KHE A OMOpHbBIE MPU3MbI B )XKECTKO 3aKpeIICHbI U HE MepeMeIIaroT-
cs1. Paccrossane mexxny HuMu GpukcupoBaHo. Takke PUKCHPOBAHO M TIOJIOKCHUE YCUCBH-
el C. Bropas yedeBuiia D HaxoauTcst Ha KOHIIE CTEPKHS (HE MEXKIY MPU3MaMHU) U MOXKET
MIEPEMEIATHCA IO CTEPIKHIO, IPUYEM €€ TTOJI0KEHUE ompeessieTcs mo mkane. Lientp
Macc MasgTHHKa 0003HadeH Toukou O.

IMopsinok BbINOJIHEHUSI PA00THI

[Tonp3ysach CEKyHAOMEPOM, OTIPEICTISIOT TEPHOIbI KOJICOAHHMI MasiTHUKA JJIS Pa3JInd-
HbIX (He MeHee 10) monoxxenwuit ueueBuilbl D. U3mepsitot Bpems 20 konebanuit (11st
YMEHBIIIEHUS CYyObEKTUBHOM OIIMOKH), a 3aTeM pe3ysibTaT JAesaT Ha 20, moiayJas 3Haue-
Hue nepuoja. [lepeBopaunBas MassTHUK M MOJBENIMBAs €r0 HA MMPOTUBOIOI0KHYIO TTPU3-
My, MOOYEPEIHO HAXOAAT nepuoanl T u T, mys kaxxaoro nojgoxenus yeueBuilsl D. I1o
MOJIYYEHHBIM PE3yJIbTaTaM CTPOST rpadK 3aBUCUMOCTH TMEpUOJia KoJeOaHul OT MOJI0-
KeHUs yedyeBullbl D, oTKIapIBasi 0 OcH a0CHUCC JIETICHUS MIKaJbl, YKa3bIBAIOIIUE M10JI0-
KEeHUe yeyeBuIllbl D, o ocu opiMHAT — BEIMYUHY neprojia konebanuit. Ha rpadguk HaHo-
CAT JABE KPHUBBIE JUISl Pa3HbIX TOUYEK MojiBeca. [1o Touke nepecedyeHunst AByX KPUBBIX OIpe-
JEJISIFOT MOJIOKEHUE yedeBULbl D, npu kotopou T = T,. [yt 3TOr0 monoxkeHus 4€4eBUIIbI
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D nononuutensHo onpenensitoT nepuosl T u T, ¢ MakCUMalIbHOW TOYHOCTHIO (M3MeEpsi-
10T BpeMs 50 konebanuit u aensat Ha 50). B cymmapHoi#l cucteMaTHyeckoi MorpeiHoCTH

15 - T4
i nepuoja 1y ydects pasiuuue Mexny I u I, | © :%

ITo HaHECEHHBIM JENEHUSIM Ha CTEPKHE HAXOIAT pacCTOSHUE L MEXITy ONOPHBIMU
npusMamu B.

[To nmoxy4eHHBIM JaHHBIM OINPEIEIIAIOT BEIUYUHY € U CPABHUBAIOT MOJIYYEHHBIN pe-
3yJbTaT C TAOMMYHBIMY TaHHBIMU. [Ipy BBEIOTHEHUH pabOTHI CIEyeT IOMHUTD, YTO TPU-
BEJICHHAs TEOPHS BEpHA JIUIITH B MPUOIMKCHUN MaJIbIX aMILTUTY 1 KOJIeOaHUsI MasiTHUKA,
I109TOMY YroJI OTKJIOHEHHS MasiTHHKA [PH BCEX M3MEPEHHAX HE JOJKEH MPEeBbIIATh ~ 5.
Paccuurarh norpenHocTh KOCBEHHOW BETUYUHBI g U3 HOpMYIIbI (4).

KoHTposbHbIEe BONIPOCHI

1. [laiiTe onpeesieHre MAaTEMATUYECKOT0 U (PU3HUYECKOTO MaTHUKA.

2.BeiBeute popmyny nepuoa koiaebanuii pu3ndeckoro MasiTHUKA.

3. Uro takoe npuBeaeHHas anuHa? Kak oHa cBA3aHa ¢ MOMEHTOM MHEPIUU (HU3HUECKOTO
MasiTHUKa?

4. Yto Takoe CONpsIKEHHBIE TOUKH?

5. Chopmynupyiite Teopemy LlTeiinepa.

6. [llap 1 1UCK ¢ OAMHAKOBBIMU PAJANyCaMU U MacCaMu COBEpUIAIOT KOeOaHUs OTHOCH-
TEJIbHO TOPU30HTAIBHOW OCH, ITPOXOASAIIEH IO KaCaTeIbHOU K IMMOBEPXHOCTU. PaBHBI 1
YaCTOThI UX KOJICOAHUIT?
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6. HN3yuyenne koJ1e0aHNi PY;KUHHOTO MASITHUKA
eab padoTsl
N3yunth cOOCTBEHHBIC KOJICOAHUS MPYKMHHOTO MAasTHUKA B BO3AYXE, OMPEICTUTh KECT-
KOCTb MPY>KUHBI IBYMsI CLIOCOOaMHU.
Teopernueckoe BBeieHHE
I'apmoHMYecKkue KoaeOaHus.
I"apmoHnueckue koaebaHus MPEACTaBIAIOT CO00H Tie-
PUOIUYECKUI MPOIIECC, B KOTOPOM U3MEHEHUE BEJIUUUHBI
MIPOUCXOAUT MO 3aKOHY KocuHyca (1mim cuHyca). Harpumep,

F’ |
o
U x~  MPOEKIHUs paJinyca-BeKTOpa 7 TOYKH, JBWKYIIECHUCS MO OK-

PYKHOCTH, Ha OCb X, JISKAIIYIO B MJIOCKOCTH JIBUKCHHUS
TOYKH (puc.l), U3BMEHSETCS CO BPEMEHEM 110 KOCUHYCOU-
JTanbHOMY 3aKoHY. Ecim okpy»XHOCTh UMeeT paauyc A=|7 |,

Puc.1 a yrJIoBasi CKOPOCTbh BPAIICHUS TOYKH () ITOCTOSIHHA, TO
TPOCKITUS
YOI LSS x = Acos @ = Acos(wl +9,)
[Tepron n3MeHEHUs X, OYEBUIAHO, OyIET pa-
BeH T=21/m, rne T — BpeMst ogHOTO 000pOTa
; TOYKH, Yepe3 KOTOPOE BECh MPOIIECC B TOYHO-

o ! CTH MOBTOPSICTCS; (® — IUKJIHYECKast (Kpyro-
Bas) 4aCTOTAa; (), — HAYAJIbHBIN yTOJI TOBOPO-

| Ta OTHOCHUTENBHO OocH X. Cae10BaTeIbHO,

Al N OTJIMYAETCS MHOKHUTEIEM 27T OT YaCTOTHI V:

Al

Tak KaKk MakCUMaJlbHOE 3HAYEHUE
KOCHHYCa PaBHO €IMHUIIE, TO MAKCUMAJIbHOE
3HAYEHHE X PAaBHO A. DTO MaKCUMaJIbHOE
3HAYCHHE HA3bIBACTCS aMILUTUTYI0N Koieba-
HUM.

AprymeHT KocuHyca (®t+@,) HocuT Ha3BaHuE (a3bl KoneOaHui, a ¢, — Ha4YaIbHOU (ha3bl
KoJIeOaHui.
[TycTp Teneps rapMOHHYECKUE KOJIEOaHUs BJIOJIb OCH X COBEpIIAET MaTepHaibHas
TOYKA MacCcOM m. BBIACHUM Kakas MpU 3TUX YCIOBUIX HA HEE JOJKHA JIEMCTBOBATH CHJIA.
[Tpoekius CKOPOCTH TOYKH HA OCh X
vy = dx/dt = — Amsin(ot + @,)

W T

Puc. 2

4 O=21V
x

IPOEKLUS YCKOPEHUS
a, = dv,/dt = — Aw’cos(ot + ¢,) = — ®°x.
ITo BTOpoMy 3akoHy HbroTOHa

F.=ma, = —mw’x = —kx

rae k — MOCTOSTHHBIN KOAhDHUITUCHT.

Taxum 06pa30M, 07151 mo2o ymoowl mamepuanbras novka coeepuilana capmMoOHUYECKUe Ko-
]Z€6CZHM}Z, ()edcmeyrou;aﬂ HA Hee cuna 00aXCHA ObIMb nponopyuUoHAIbHA X U HANPpAaej1erHa 6
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CMOPOHY, NPOMUBONONOINHCHYIO cMewjeHuto X. Takas cuiia Ha3bpIBaeTCs yNpyrou (Win B
o01eM cirydae — KBa3uyInpyromn).

PaccMoTpuM cructeMy, COCTOSIIYIO U3 Tpy3a MacCcoi m, MOABEIICHHOTO Ha TIPYXKUHE,
Maccoi KOTOpor MOxKHO npenedpeds (puc.2). Ilycts [, — qyrHa npy)uHbl 6€3 mo/Be-
IIIEHHOT'0 K HEeH Irpy3a, TOrJa Mo/l TSHKECThIO Tpy3a NpyKuHa pacTsaHeTcs HaAl=1—1[,. B
MIOJIOKEHUH PAaBHOBECHS MOJIYJIb CUJTBI TSHKECTH Mg PaBEH MOYIIIO YIPYTOM CHJIbI kAl

mgzk(l—lo), (1)
rae k — ko3 duiment ynpyroctu npyxkunbl. Koadduiment k uucienno paseH cuie, Ko-
TOPYIO HY>KHO TIPUJIOKUTH K MPYKUHE TIPH YIIPYTrou Aedopmaiiuu, 4To0bl pacTsHYTh (WIn
CKaTh) MPY>KUHY HA €AUHUILY JJTUHBI.

Ecnu BeIBecTH rpy3 U3 nosioxkeHus: paBHoBecus 0, TO Ha rpy3 OyAeT AeHCTBOBAThH
JIOTIOTHUTEIbHAS CUJIa YIIPYTOCTH, TPOEKIIMS KOTOPO Ha HANIPABJICHHYIO BHHU3 OCh X
Oyner paBHa F' = — kx (3akoH ['yka). [log geiicTBrEeM 3TO# CUIIBI TPY3, MOCE CMEIECHUS
Ha X = A U IpeJIoCTaBICHHBIN camoMy cebe, OyJieT coBepIaTh rapMOHUYECKUE
kosebanusi. OCHOBHOE ypaBHEHUE JUHAMUKHU MOCTYMATEIIBHOTO IBUKEHUS (BTOPO 3aKOH
HeroToHa) ams rpy3a npuHUMAET BUJ

d2
m— = —kx )
dt
Pemienue atoro ypaBHeHust umeet Bu (puc.3)
X =Acosm,t 3)

Oynkuus (3) — 3TO 3aKOH JIBIXKCHUS Tpy3a Ha MPYKUHE, TNIe A — aMIUTUTY1a KoJieOaHusl,
T.€. HAaMOOJIbIIIeE OTKIOHEHHUE TPy3a OT MOJOKEHUS PABHOBECHSI.
[oncranss pemenne (3) B (2), monydaeM  — mam, Acosmot = — KAcosm,t.

OT1croa coOOCTBEHHAs YaCTOTa CUCTEMBL  ©, = ~/k/m

T =2nJm/k (4)

B paccMOTpeHHOM IIpUMEpe HE YUUTHIBAJIACh CUJjla COMPOTUBIICHHUS, IOATOMY KoJieOa-
HUS CYUTAJIUChH HE3aTYXaIOIINMHU.
IMopsinok BbINOJIHEHUSI PA0OTHI

1. ITpu nsiTH pa3nUYHBIX TPy3axX B NOJIOKEHUHN PABHOBECUS ONPEAECTUTD JITIMHY TIPY-
JKUHBI /.

2. ITocTtpouTts rpaduk 3aBUCUMOCTH y =mg OT x =/ . B 3TOM ciaydae mosydaercs

Tak kak T = 21/®,, TO

JIMHENHAs 3aBUCUMOCTb y = Ajx+ By, rae A4 = ki, By = kjly (cm. popmyny 1). Metogom
HAUMEHBIINX KBAaJpaTOB OLICHUTH KO3((MULIMEHT YIIPYTOCTU k| ¥ HAYAJIbHYIO JAJIHHY

npyxuHbl [y = By /k; . Macchl Bcex Tpy30B yKa3aHbl Ha HUX. JIaHHbBIE 3aHECTH B TaOI. 1.

3. IloaBecutsb rpy3 K 3TOM ke NPYKUHE U BBIBECTH MAsITHUK U3 MOJIOKEHHS paBHOBE-
CHsl, CMECTHUB BHHU3 Ha 2—3 MM, U OTILyCTUTb. CEKyHIOMEPOM U3MEPUTH BpEMsI ¢ TIOJIHBIX 1
= 20 kosie0aHuil (HAYMHATH OTCYET MIPHU MPOXOKIACHUH TPY30M BEPXHEr0 WJIM HUYKHETO
noyioxkeHus). Toraa mepuoa koyedanuii T = t/n.

4. Ilponenars MyHKT 3 1JIs1 YETHIPEX TPY30B Pa3IMYHON Macchl. J[aHHBIE 3aHECTHU B
Tab1.2.
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5. I[TocTpouts rpaduk 3aBUCUMOCTH Y = 4n’m or x=T? , icxons u3 gpopmynel (4). B
ATOM CJIy4ae NoJlydaercs JUHEHas 3aBUCUMOCTh V = A, x+ B, ,tne 4, =k, . Merogom
HalMEHbIIUX KBaJpaToB ONPEAEIUTh 3HaUeHue Kod(duunenTa ynpyrocta k, .

6. CpaBHuUTb k| U k, , HCTIONB3YS paCCUUTAHHBIE MOTPEIIHOCTH KOA(P(PUIIUEHTOB YTI-
pPYroCTH B IBYX 3KCIIEpUMEHTax. JlJi1 3TOro BBECTH Pa3HOCTb 3TUX YHCEN z =kj —ky , U

paccuuTaTh ee MorpemHocTs Az . Ecnu OyAeT BBIMOIHATHCS COOTHOIIEHNE z < Az, TO
MO’KHO CUMTATh PA3JIMYUE B YMCIIAX HECYIIECTBEHHBIM.

Tabnuia 1.

m, KI mg, H [, m ky, Hm

Tabnura 2.

m, K t, C T, c Acm KT T2, o2 ky , H/m

KoHTpobHBIC BONIPOCHI

1. KakoBbl HEOOXOIUMBIE YCTIOBHS AJIsl BO30YKIEHUSI TAPMOHUYECKUX KOJIeOaHH B Me-
XaHUYECKOU cucTteme?

2. Yem onpenensieTcs IEpUo, aMITUTy/1a U HadanbHas (a3a CBOOOIHBIX MEXaHUIECKUX
TapMOHUYECKUX KOJIeOaHi1?

3. KakoB gu3nueckuii cMbIci KO3 HULIMEHTa yIPYTOCTH NPy KUHbI?

4. 3anucaTh ITMHAMUYECKHUE YPABHEHUS M 3aKOHBI IBUYKEHUS I'Py3a HA IPYKUHE.

5. Ionyuuts Gopmysty neproja KojieOaHuil MPy>KMHHOT'O MasiTHUKA.
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7. I'mpockon
eab padoThI
[enpto HacTosIIIEH pabOTHI ABISIETCS U3yUEHUE BpallleHus TBEPJOTO Tela BOKPYT HEMO/I-
BH>KHOM TOYKH.
Teopernyeckoe BBeeHUE
['mpockomoM Ha3bIBae€TCs MACCUBHOE TBEPIOE TEIIO, OBICTPO BPAIIAIOIIEECs BOKPYT CBOCH
ocH cUMMeTpuH. YacTHBIM CiTydaeM THPOCKOMA SBISETCS OOBIYHBIN BOTYOK.
Kak u3BecTHO, O0IIMM ypaBHEHUEM BpalllaTeIbHOTO IBHXKEHHUS TBEPAOTO Teja
SIBJISICTCS] YPABHEHHE MOMEHTOB:
- -
ar =M, (1)
dt

rae L - cOGCTBEHHBIH MOMEHT HMITyJIbCa Tena, a M - CyMMAapHbIi MOMEHT BHEIIHHX CHLI
OTHOCHTEJIBHO LIEHTPa Macc.
PaccMmoTpuM yacTHBIN cily4dail BpalaTeabHOTO
JBW>KEHUS, KOTIA LIEHTP MAaccC TeJla HEMOABUKEH, U
OHO UMEET TPU BpalllaTeIbHbIX CTENEHU CBOOOIBI.
Peanu3oBaTh Takyro CUTYalMIO MOXHO, 3aKpPEINB
TUPOCKOIT B KapJAaHoBoM moasece (puc.l). Ha-
PY>KHOE KOJIbIIO A MOXET CBOOOHO MOBOpAYH-
BAaTbCS BOKPYT BEPTUKAIBHOM OCHU aa. BHyTpeHHee
KOJIBLO b CBsI3aHO ¢ KOJIBLOM A TOPHU30HTAIBHOU
ocbto 60. B xonbie b 3akpernnén rupockorn I, och
BpAILIEHUSI KOTOPOTO 66 NMEPIEHAUKYJIIIPHA K OCU
06, HO MOXKET COCTABJISITh C OCBIO ad MPOU3BOJIb-

Puc.1 HBIM yrodl. LleHTp macc rupockorna CoBIIaiaer ¢

TOYKOM TepecedeHus Bcex TpEX ocel aa, 66 u 68 1

MI03TOMY TPH JIIOOBIX MOBOPOTaX OCTAETCSI HETIOABUKHBIM.
IIycTh K OCH rMpPOCKOIIA, HAKIIOHEHHOW K BEPTUKAJIN
1oJT yriioM 0, IpII0KeHa BEepTUKAIbHAS BHEIITHSS CHJIa

F (puc.2). Ona co3naét MOMEHT cusl M , HampaBJieH-
HBIM TOPU30HTAIIBHO 1O Ocu 66. Kak cinenyet u3 ypas-

nennsi (1) dL = Mdt , T.e. BekTop dL HampaBiieH, KaK W

BeKTOp M , mapasienbHo ocu 66. [ToaTomy 3a Bpemst

—

dt BekTop L moBepHETCA Ha yron d¢ , npuuéM, Kak

BHJIHO U3 pUC.2, df,‘ = Rdo = LsinBd¢ wunu, c ya€rom

HamnpaBJICHUHA BEKTOPOB,
Puc. 2 dL=dopx L (2)

—

Tak xak BexTopel L u M Bceraa opTOroHajabHBL, TO

—

BEKTOpP M 1OBOpPaYMBAETCS BMECTE C BEKTOPOM L , T.€. UX B3AMMHOE PACIIOI0KEHUE HE
MEHSETCS C TEYEHHEM BPEMEHU. JTO 03HAYAET, YTO OCh TUPOCKOIIA BPAIIAETCS BOKPYT
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BEPTUKAIBHON OCH (BJI0JIb KOTOPOM AECHCTBYET CUila) B TOM )K€ HallpaBJICHUH, B KOTOPOM
BpalllaeTCs U caM TMPOCKOI. DTO BpPAIIEHUE OCU Ha3bIBAETCS NPELIECCUEH.
[Toacrasnsas (2) B (1), momyyaem ypaBHEHUE ABMKCHHSI THPOCKOTIA

QxL=M 3)
rae Q= d®/dt npencraiser co60I0 YIIIOBYIO CKOPOCTD MPELECCUH.

Boo0b1e roops, BEKTOp MOMEHTA MMITYJIbCA TUPOCKOIA COCTOMUT U3 JABYX CIIaracMbIX:
I,0 nu [}Q),rae [; - MOMEHT HHEPLMH TMPOCKOIIA OTHOCUTEIBHO ero auaMerpa. IToaro-

—

MY BEKTOP MOMEHTa UMILyJbCa L HE COBIAJACT I10 HAIIPABJICHUIO C BEKTOPOM YTJI0BOM
CKOPOCTHU TMPOCKONA ®, & 3HAYUT U C OChIO TMPOCKOIA, U ypaBHEHUE (3) CIIpaBeJIUBO
TOJILKO IpH ycnoBuu [, << [;Q) win

Q << . (4)
M
[pu stoMm Q= ————, oTKyza npu 0 = /2 numeem:
[, ®s1n
Q= M (5)
I,»

K tomy xe nipu BeiBosie cooTHomieHui (1) - (5) moaBecka rupockomna mpenoiaraiach
UJCaNbHOM, T.€. CUJIbI TPEHUS - IPEHEOPEKUMO MaIbIMU. OJTHAKO B pEaTIbHBIX CUTYAIIMIX
CUJIbI TPEHUS 3HAYUTEIBHO YCIIOKHSAIOT HAPUCOBAHHYIO BBIIIE KAPTUHY MPELIECCUH.
Onucanue npudopa. [Ipudop (puc. 3) co-
i CTOUT U3 BIEKTPUUYECKOTO MOTOpPUMKA A, YKpe-
L : IUIGHHOTO B oOoiime B. O0oiima onupaeTcs Ha
B - BEPTUKAJIbHBIN cTepkeHb C M MOXKET BpallaTh-
Cs BOKPYI TOPM3OHTAJIbHOM OCH, @ BMECTE CO
CTEpKHEM — BOKPYT BepTHKaIbHON. CoOCTBEH-
HO, THPOCKOIIOM SIBJIIETCSI POTOP MOTOpPYMKA C
MAaCCHBHBIM JUCKOM F£. MOMEHT BHEIIHUX CHII,
MPWIOKEHHBIX K TUPOCKOITY, MOYXKET U3MEHSITh-
Csi MpU nepeMenieHur rpy3a K 1o CTEpXKHIO
000iMbIL. [Tpubop COMEPKUT TakxKe SIEKTPOH-
HBIM 010K O, B COCTaB KOTOPOI'O BXOJISAT: CHC-
TEMa U3MEPEHHs CKOPOCTH BpAILEHUS MOTOp-
YMKa, JJIEKTPOHHBIA TailMep, (oTo3neKTpuye-
CKasl CHCTEMAa U3MEPEHMS YIJIa MOBOPOTA THPO-
CKOITa BOKPYT BEPTUKAJIBHOM OCH.

Bxitouenue MoOTOpYMKa MOPOU3BOJUTCS
BBIBEICHUEM PYUYKH «CKOPOCTh BpallCHHS» [
Y3 KparlHEro JIEBOr0 MOJIOKEHU. [labHeliee BpaleHue 3TOM pyyKu 10 YaCOBOU CTpElI-
K€ MPUBOJUT K YBEJIMYCHHUIO CKOPOCTH BpallleHUus MOTOpuuKka. CTpenouHblid mpudop 2 Ha
naHeau 0JIOKa MOKa3bIBAET CKOPOCTh BPAILEHUS] MOTOPYHKA.

BxitoueHue 37eKTpOHHOTO TaitMepa U (POTOIIEKTPUUECKON CUCTEMbl U3MEPEHUS yria
() TOBOPOTA TUPOCKOMNA BOKPYI TOPU30HTAIBHOM OCU ITPOU3BOJMUTCS HAXKATHUEM KIIABUIIN
«cetby» 3. Ilpu HaxaTUU Ha KIABHUIILY «COPOC» 4 MPOUCXOIUT OOHYJIEHHE TalJO SJIeK-

x

O
1
=

3

= .

Puc.3
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TpOHHOTO Osioka 6, 7. Ilocne HaxaTHsl Ha KJIaBULIY «COPOCY MPOMCXOAMT 3amyck (HOTo-
AIEKTPUUECKON CUCTEMBI U3MEPEHUS yTJIa (O U 3JEKTPOHHOTO TaliMepa B MOMEHT, KOI'/a
CBETOBOM Iy4OK MOMaJaeT Ha (JOTOIIEMEHT CUCTEMBI YEPE3 OJIHY U3 MPOpE3ei HA LIUIINH-
npudeckor amadparme (O, MOBOPAYMBAIOIICHCS BMECTE€ C THPOCKOTIOM BOKPYT BEPTH-
KaJIbHOW ocH. [locie HakaThs Ha KIABHILY «CTOI» 5 MPOUCXOJIUT OCTAHOBKA U3MEPECHHI
BpPEMEHHU ¢ U yTJja ( MPU OYEPETHOM TOIMAJaHUU CBETOBOIO Mydka Ha ()OTOIIEMEHT CHC-
TE€MbI. YTJOBYIO CKOPOCTh MPELECCUU MONYYaroT MyTeM JIeJeHHs 3a(UKCUPOBAHHOTO Ha
TabJI0 7 AIEKTPOHHOTO OJI0KA 3HAYEHUS yTia (p Ha COOTBETCTBYIOIIEE BPEMSI .
ITopsiaoK BBINOJHEHUS

1. I'py3 K 3akpenuTh Ha cTepKHE 000MMBI TaK, YTOOBI BECh MPUOOP HAXOAMIICS B O€3-
Pa3IMYHOM PABHOBECHHU, OCh TUPOCKOIA YCTAHABIUBAIOT FTOPU3OHTAIBHO. 3aUCaTh MO0-
JIO’KEHUE Ipy3a [y 0 LIKaJle Ha CTEPIKHE.

2. BkI1Io4uTh MOTOP TUPOCKOIIA U JOBECTU YUCI0 000poToB 10 2000 06/MuH. Y Oe-
JTUTHCS, YTO YACTOTA BPAICHUs] YCTAaHOBUIIACH (M = const).

3. YepxuBasi oCh TUPOCKOIIA pPYKOW HA HYJIEBOM OTMETKE MO JIMMOY U3MEpPEHUs yIiia,
cMecTuTh Tpy3 K Ha 1 cm, co3aaBast MOMEHT CUJIbI TskecTH M. BenmnunHa 3T0ro MoOMeHTa
cui onpenensiercs no popmyne M = P- (Z —ZO) , Tne P=mg — 3agaHHbBIN Bec rpysa, [ —
3HAYEHHE HOBOI'O MOJIOKEHUS, U3MEPSIEMOTO IO IIKAJE Ha CTEPIKHE.

4. OcBoOoaANTH OCHh THpOCKOMa. M3MepuTh BpeMs Mpeneccuu ¢ U yroi moBopoTa THpo-
CKOIla BOKPYT BEPTUKAJIBLHOW OCH (P 32 3TO BPEMS.

5. IloBTOpUTH MYHKTHI 3 - 4, yCTaHABIMBAasi OCh TMPOCKONA B UCXOJIHOE HYJIEBOE IMO-
JIO’KEeHHE TI0 TUMOY U cMemas Tpy3 K kaxwiii pa3 Ha 1 cm 1o ynopa. Kaxapiii pa3 uzme-
PATH YroJ TOBOPOTA ( U BpeMms £. JlaHHbIE 3aHECTH B TaOIUILY.

6. [ToBropuTh yHKTHI 1 — 5 17151 yacToTel 060poTOB 4000 06/MUH U
6000 06/MuH. 3aHECTH pe3ynbTaThl B TAOMUITY 2 U 3, aHAJIOTHYHBIC Tabmuie 1.

7. Tloctpouts Tpu rpaduka 3aBucumMoctd M = A4-Q+ B nid Tpex 3Ha4YeHUM 4ucia
000poTOB. 4 = [y = L — MOMEHT UMIIyJIbCa TUPOCKONA. MeToJOM HauMEHBIINX KBaJpa-

TOB paccuMTarh 3HAUeHHE A W B [ KaXI0oro rpaduka, a Takke MOTPEIIHOCTh AA .
OnpenenuTh TpU 3HAYEHHS MOMEHTA MHEPLMHU IHpockona no dopmyrie [y = A/o . Pac-
CUMTATh NOrpettHOCTH Al B TpeX Caydasx.

8. CpaBHUTH TpU 3HAYEHUSI MOMEHTOB MHEPIMU T'MPOCKOINA, HCIOJb3YsI TEOPHUIO OILIHU-
00k. J{J1s1 3TOr0 HallTH CTaHJAPTHOE OTKJIOHEHUE OT CPEIHEr0 TPEX 3HAUECHUN U CPABHUTH

¢ (Ao ) +(Algy VP + (Al )

Tabmuna 1. [y =... M; ® = .... pan/c

Lm | @,° | @, pan |t,c | Q pan/c | M,Hm
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KonTposbHbIE BONIPOCHI
1. YpaBHeHue npeneccuu u ero 0cOOEHHOCTH.
2. 'mpockonu4ecKuii MOMEHT M €ro npumeHeHue: [ upokomnac.

3. Hyranus.

3agauun: Uponos U.E. 3anauu o obmieit pusuxe, 1988 r. uza., No 1.305 - 1.311.

Jlureparypa

1. Hponos U.E. OCHOBHBIE 3aKOHBI MEXAHUKH.-- 4-€ U3/1.-- M.: Beicul. wk., 1997 -240
C.

2. Cusyxwun JI.B. O6mwuit kypc ¢puszukn. MexaHuka. -- 2-¢ u3f. -- M.:dusmar, 1979 --
520 c.

3. MartseeB A.H. MexaHuka U T€OpUsi OTHOCUTEIIBHOCTH.- 2-€ u3/l. - M.:Beicui. k.,
1986 -- 320 c.

4. 3ommepdenba A. Mexanuka -- M.: I, 1947 -- 391 c.

5. Kurrens Y. u ap., Mexanuka -- M.:®@usmar, 1971 -- 480 c.

Nponos U.E. 3agaun no obmeit pusuke. -- 2-e uza. -- M.: dusmar, 1988 - 416 c.
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8. CuMnaTuyeckne MasiTHUKH

eab padoTsI
HccnenoBanne ocoOCHHOCTEN KOJICOAHH IBYX OJMHAKOBBIX MATHUKOB, COSAMHEHHBIX
c1a0o0il mpy>KUHOM.
TeopeTuueckoe BBeIeHNE

CuMIaTUYECKUE MASITHUKY SIBJISTFOTCSI IPOCTEHIIIAM TTPH-
MEPOM CBSI3aHHBIX OCIIIIIISTOPOB. JTO - JIBa OJIMHAKOBBIX Ma-
TEMATHYECKUX MasATHUKA (T.€. JBa MApUKa MACCHI 71, 3aKPeT-
NEHHBIC HA KOHITaX HEBECOMBIX CTEp)KHEH JJIUHEI /), CBsI3aH-
HBIC TIPY>KHHOM ¢ ®KECTKOCTHIO k. KOHIIBI IPYKUHBI IPUKPETI-
JICHBI K CTeP)KHSIM Ha PACCTOSIHUSAX b OT TOYEK MOJIBECa; B CO-
CTOSTHUUW paBHOBecHUsI MpyxkuHa He AedopmupoBana (puc.1).

[Tpy OTKIOHEHMAX MasTHUKOB Ha Majble YIIbl @ U () Ha

KKbIA U3 HUX, TIOMHMO MOMEHTOB CHJI TSDKECTH, PAaBHBIX
—Imgsin Q| , = —=Imge; , OynyT AeHCTBOBATH MOMEHTBI CHJIbI

YIOPYTOCTH NPY>KUHbBI, PABHBIC Puc. 1
— — —7.2.2
FFyyp b =Tk (btgo; —btgey )b~ Fkb™ (@) — ¢y ),
rae 3HaK " — " OTHOCHUTCS K IEPBOMY, a 3HaK ''+" — KO BTOpPOMY MAsITHUKY .
Takum oOpa3oM, ypaBHEHUs KoJieOaHUN MAasITHUKOB MMPUHUMAIOT BU/I;
d’¢; 2
[Tz’=—lmg¢1,2 Fhb™ (@1 —97) (1)

2
rae [ =ml” -- MOMEHT HHEPIMH KaXK10I0 MasiTHUKA.
JIns pemieHns 3TUX YpaBHEHHUM BBEIEM HOBBIE IIEPEMEHHBIE:
U=Q+Py U L=0; — () 2)
KOTOpBI€ Ha3bIBAIOTCS HOPMATbHBIMU KOJICOAHUIMH.
CxuanpiBast U BeIuuTast ypaBHeHus (1), moimydaem ypaBHEHUS HOpMaJIbHBIX KOJIEOAHUH:

2 2 2
2
du_ g ;@JFE 112K o (3)
di* 1 > 1| mgl
OTCIo/1a CIEIyeT, YTO HOPMANbHBIE KONEOaHHUS SBISIOTCA FADMOHMYECKMME C YaCTOTaMH
2kh*
o =& 0y = |E[1+22 ] 4)
| [ ) mgl
pH @ 2
A T.e. 1 = Aj cos(mt+a); L= A, cos(wyt+a,) (5)

MokHO moKa3aTh, 4YTO HOpMaJbHbIE KOJICOAHUS CUMIIA-
TUYECKUX MASTHUKOB BO3HUKHYT, €Clid 00a MasTHUKA BO3-
OyIuTh OAMHAKOBO B OJTHOM M TOM e (puc.2,a) WU B MPO-
THUBOIIOJIOKHBIX HampaBiIeHUsx (puc.2,0).
a 0 Menb1ias U3 4acTOT, COBIAIAOIIASA C YACTOTOM KOJIe-
Puc. 2 OaHWi OIMHOKOT0 MasITHHKA, HA3bIBAETCSI OCHOBHOM YacToO-
TOH, a caMO HOPMaJIbHOE KOJIeOaHUe C ATOW YaCTOTOM — OC-
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HOBHBIM KojieOanueM. [loctosHHble 4, 45, 04, O, ONPEAEIAIOTCSA U3 Ha4aJabHbBIX yC-

JIOBUM.
JIeCTBUTENBHO, IyCTh HAYaJIbHBIE YCIOBUS UMEKOT BUJ:

Dmpu 1=0 @ =0, =¢,,a ¢y = =0
Torna u3 ypaBuenuii (5) Haxogum: A, =0, 4 =2¢, n og =0, OTKyz1a cienyer, 4ro B
3TOM CIIy4ae
01 (1) =02 () = 9, cos(myt),
T.€. IPYy>KUHA BCE BpeMs ocTaéTcs Hele(hOpMHUPOBAHHOM (CBsI3b OTCYTCTBYET). Ecim ke

MajATHUKU OTKIIOHCHBI HAa OJIUH U TOT JKC YI'OJI B Pa3HbIX HAIIPABJICHUAX, T.C. HAYAJIbHBIC
yCJI0BUA UMCHOT BU/:

2)upu t=0: Q== =@y, ¢ =y =0,
0 4 =0, 4 =2¢,, 0p =0 n
@1 (1) ==, (¢) = ¢, cos(myt).

B aTom citydae cBsi3b IpOsBIIAET c€0s1 MAaKCUMAaJIbHO BO3MOKHBIM 00pa3oM (IIpy’KuHaA Je-
dbopmupyercs HanbosIee CUITBHO).

PaccMoTpuMm Temneps citydail, B KOTOPOM HadaJIbHbIE YCJIOBHS IBYX MasiTHUKOB
CYILLIECTBEHHO OTINYAIOTCS:

3)upu t =0 ¢; =¢,, ¢ =0 uno-npexueMy @ =@, =0.

I[J'IH YIJIOB OTKJIOHCHUA MASITHUKOB (1 U (P IIOJydaCM:

¢ (1) = %’cos(mlt) +(p70003(032t) =, cos(@tlsin (%tj (6)

0 (1) :(p—ocos(wzt)—@—ocos(wlt):(po sin| 292 4 |gin| L2 (7)
2 2 2 2
[Tpu cnaboii cBs3H (kb2 << mgl ) Kaxaas u3 QyHKUUH @) U @, KOJIEOJIeTCs C 4yacTo-

Toii (@) +©,)/2 wmi c nepnogom T =217, [(T; +T5 ), tae T =2n/oy u T, =21/w, -

NEPUObl COOTBETCTBEHHO CUH(A3HBIX U MPOTUBO(A3HBIX KoieOanuii cuctemsl. [Ipu
5ToM (pasbl KoseOaHnit MAsTHUKOB OTJIMYAIOTCS Ha 1/ 2 . BennuuHbl e

o ()=, cos(@t} n o, (1)=9, sin(%tj
@ (t) a,(t) MOHO pacCMaTpUBaTh, KaK MEIJICHHO MEHSIONIUECS
% ! ﬁ CO BPEMEHEM aMIUIUTYIbl ATUX KoJieOaHuil. Takue
NY ﬂ ﬂ A ﬁ ﬂ ﬂ h}-\ KoJieOaHMs Ha3bIBAIOT OueHusAMU (puc.3), a Bpems
LY Y o 2

EARUIEY
) Wy — 0
ﬂﬂ ﬂ ﬁ e ﬂ ﬂ YY Nﬁ ﬂ - IepUoJI0M OMEHUI. ITO BpeMsl, B TEUEHHUE KOTOPOTO
% &L ‘%} h M M y y N M x HpOI/ICXOILI/IT nepnozmqecxaﬂ nepeKaqKa BHCpFI/II/I oT

)

Qz(t) OHOTO MasATHUKA K IPYyrOMY.
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MeTtoabl u3mMepeHmnin
B mepBoii yactr pabOTHI TPOBEPSICTCS COOTHOIIEHNE MEKTY TICPHOIOM OMCHUH U Tie-
proaMu HOPMAJTBHBIX KOJICOaHHMIA:

1 1 1
— = (8)
Is T T,
BCC TpI/I BXOOAIIIUX B 3Ty (bOpMy.]_Iy BCJINYUHDBI MOFYT 6BITB HSMGPQHBI HGHOCpeHCTBCHHO.
Bo BTOpoOii yacTu paboTHI ONpeeIsAeTCs TaK Ha3bIBACMbIH KO GHUIIMEHT CBSI3H:

kb*
=, )
kb® + mgl
3HaYeHUEe KOTOporo JexuT B uHTEepBasie 0 < & <1. Ucnomb3ys Gpopmynsl (4), MOKHO BbIpa-

3uTh & uepe3 HEMOCPEICTBEHHO N3MepsieMble IIEPHO/Ibl HOPMAIIbHBIX KoseObanuit 77 u 75 :
T -T5
T12 n T22
Ecnun npu u3aMepeHunsax UCronb30BaTh OJHY NPYXKUHY, HO IIPU ABYX PA3JINYHBIX 3HAYEHU-
X Tapamerpa b, To oTHomeHne Ko3(phUIIUEHTOB CBA3M (MPpH CIa00H CBA3H, T.C. TIPH

kb? << mgl) &, /& ~(by /b )2 , @ 3TY MPOIOPLIMIO MOXKHO JIETKO MPOBEPUTH HA OMBITE.

IHopsnok BbINOJIHEHUsSI PA00THI

1. [IpoBepuTh coBnazicHHEe MEPUOIOB KOeOaHN MaITHUKOB 0e3 MpY>KUHBI. [[71s1 3TOM
LM MagITHUKHU HAaJl0 OTKJIIOHUTh B OJIHY cTOpoHy. Ecnu nocne 50 xonebanuil y MasgTHU-
KOB «Ha0eraeT» 3aMeTHasi pa3HOCTh (ha3, TO Ha OJHOM U3 MASITHUKOB HEOOXOUMO Iepe-
MECTHUTBH I10 CTEP>KHIO JOBECOK B BUJE MPOBOJIOYHOM CIIMPAIU U IIOBTOPUTH IIPOBEPKY.
OmHOBpEMEHHO CACNIaTh KOHTPOJIbHBIEC U3MEPECHHS TIEPHO/Ia KOJICOaHUH.

2. 3aKkpenuTs NpyKUHY B MOJIOKEHKE | U onpenenuTs nepuon 7; (1) cuH(}a3HbBIX KO-
nebanuit, uamepsis S pas Bpems 20 konebanuil. Paccuurath cpeHee 3HaUCHUE <T 5 (1)> u
TMOTrPEIIHOCTE M3MEPEHUH IIEpHoza Gy, (1) :

3. AHasorn4HsIM 00pa3oM ONpeAeauTs nepuoy 7, (1) BCTPEYHBIX KOoJieOaHuH, pac-
CUYMTATh CPEIHEE 3HAYECHUE <T ) (1)> ¥ HOTPEIIHOCTD H3MEPEHUH O, (1) .

4. Onpenenuts nepuon Iy (1) ouenuit, uamepss S5 pas spemst 20 Ouenuii (eciu KoJe-
0aHus Oy IyT OBICTPO 3aTyXaTh, TO YMEHbIIUTE YuCcI0 Ouenuid 1o 15 wim no 10). Paccuu-
TaTh CPEJIHEE 3HAUCHUE <T 5 (1)> M TIOTPEIIHOCTh NPAMBIX H3MEPEHHI O (1) .

5. Paccuurars nepuon T '(1) 1o hopmyuiie (8), moacTaBisis BMECTO 3HAaYEHUN 1] U

T, ux cpennue 3HayeHus. OnpenenuTs NOrpPeIHOCTh KOCBEHHBIX U3MEPEHUN G s Hpe-

3yJIbTaT CPABHUTH C ONIBITHBIM 3HaUeHUEM. Ecin (<T 5 > - <T 5 '>) < /cs%3 + G% . > TO Pas-

JTHYIE MEXTy IKCIIEPUMEHTATBHBIM U PACUETHEIM TIEPHOOM HECYIIECTBEHHEL.
6. Paccumrats kodpduument cassu & (1) mo popmyae (9), a Taxxke Se(1) -
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7. 3aKkpenuTh NPyKUHY | B MOJIOKEHUH 2 U IOBTOPUTH BCE YIPAKHEHUS, IEPEUHC-
JICHHBIE B MyHKTax | — 6.

8. Paccunrtarb K03 HUIIMEHT CBS3U &(2) , ONIPEJICNIUTH OTHOIIIEHHE KOA(PPHUIIUEHTOB

X = §(2)/§(1) u otHoweHue ¥ = (b, /by )2 , @ TAK)KE UX IOTPEIIHOCTU G y U Oy . Cpas-

HUTH X U Y, cJenaTh BeIBOALI. Eciu (X -Y ) < \/G%( + G%/ , TO OTJINYME MEXKIY X U Y

HECYIIECTBEHHO.
9. Pe3ynbpTaThl U3MEPEHUN U BBIYUCICHUN OTPA3UTh B TaOJIMIIAX.
Tabnuua 1. [IpyxuHa cBsI3U B Tabnuna 2. [IpyxkuHa CBsI3U B
noJIokeHuu 1. MOJIOKEHUU 2.
Ne Tl(l)’ TZ(I)a T6(1)a T,6(1)a Ne T1(2), T2(2)9 T6(2)9 T,6(2)a
I |C C C C I |C Cc C C
1 1
2 2
3 3
4 4
5 5
()= |(B)= |{T)= |(IG)= ()= [(B)= [(T)= |[{T)=
GTl = GT2 = GT6 = GT6' = GTI = GT2 = GT6 = GT5' =
TaOmuma 3.
[Tonoxenue npyxuusl | § o¢ b,m |op,,mMm |X |oy [|Y |oy

Ilonoxenue 1
[Tomoxenune 2

KoHTposbHBIC BONIPOCHI

1. Konebanus cBsizanHbix cucteM. HopManbHbie kojebanus (Mx 4ucio B cucreMe N
CBSI3aHHBIX OCLUJISITOPOB).

2. [Monp3ysice MeToioM Jlarpanka-Jinepa, MoJIyYUTh YpaBHEHUS KOIeOaHUN ABYX
CBSI3aHHBIX MasiTHUKOB.

3. UccnenoBath ciayyail CUIIBHOM CBSI3U (kb2 > mgl ) .

4. 3anaum 4.64; 4.65; 4.66; 4.67 (Mponos, 3anauu mo oO1iei hpusuke).
Jlureparypa

1. MatBeeB A.H. MexaHuka U TeOpUsi OTHOCUTEIIBHOCTH.- 2-€ u3/l. — M.:Brici.1ik.,
1986 - 320 c.

2. 3ommepdensa A. Mexanuka (§20) -- M.: J1, 1947 — 391 c.

3. Kpaydopa @., Bonusl (bepkieeBckuii kype pusuku, 1.3) — M.:dusmar, 1974 -- 528

4. Uponos WN.E. 3agauu no o6mieit ¢pusuke. -- 2-¢ u3a. — M.: @dusmar, 1988 -- 416 c.



30

9. N3yuyeHne miiocKoro IBMKEHUs TBEPAOro TeJja
Ha npuMepe MassTHUKa MakcBeJia

YCTpoiicTBO M NPUHIUI PAa00THI U3/

VYcTaHOBKa IpEJICTaBICHAa HA PUCYHKE U
BKJIFOYAET B CBOM COCTaB: OCHOBaHUE 1,
BEPTUKAIBHYIO CTOMKY 2, BEpXHUH
KPOHIUTEHH 3, KPOHWTEWH 4 nns ycra-
HOBKM (oromatymka, (HOTO HaTIWK 35,
JUCK 6 C OChIO, NOJBELICHHONW HA JABYX
HUTAX 7, KOMIUIEKT U3 TPEX CMEHHBIX KO-
JIel] ¢ Pa3IMYHbIMA MOMEHTAMH WHEPLIHH.
OcHoBanue 1 cHaOXEeHO TpeMmsl peryiu-
PYEMBIMH OMIOpAMU 8 U 3KUMOM 9 175t
dbuKcanuu BepTUKAIbHOU CTOMKH 2.

BeprukanbHas cToiika 2 BBINOJHEHA W3
METaNTUYECKON TpyObl, Ha KOTOPYIO Ha-
HECEHAa MUJUIMMETPOBAS LKA, U UMEET
Bu3np 12. Ha BepxHem kponmreiiHe 3
pa3MenaoTca diaeKTpoMaruuTel 10 u
y3en 11 peryaupoBKHM MCXOJHOTO MOJIO-

JKeHus MasTHUKA. KpoHIITEHH 4 MMEeT 3aKUM JJIs1 KPEIJICHUSI Ha BEPTUKAJIBHOM CTOMKE

2 ¥ 3neMeHThl (hukcanuu GporogaTynKa.
Conep:xanue padoThI

VYpaBHeHUs ABMKCHUSI MasiTHUKA O€3 yueTa CHJI TPEHHUS] UMEIOT BUJL:

ma =mg —2T
Ie =2TR,
a=8-R0

(D

rac m —Macca MasATHHKaA, I — MoMmeHT WHCPLUN MAaATHUKA, £ — YCKOPCHHC CBO6OI[HOFO
nmaacHusd, RO — paanycC CTCpPIKHA, T — cuna HaTSKCHUS 0I[HOI>1 HUTH, & — YCKOPCHUC I10-

CTYHaTEJIbHOIO ABMKEHUS LIEHTPA MAacC MAsITHUKA, € — YIJIOBOE YCKOPEHHUE MASITHUKA.
Pemas cuctemy ypaBHeHwuii (1) onpenensieM 3HaU€HUE YCKOPEHUS 1O popMmyIie:

g

a, =——"——
Y1+ 1/mRE

(1a)

MoMeHT nHepIuyu MasTHUKa [ ompeaensieM o GgopMmyie:

I=1Iyg+ 1+

2)

MoMEHT MHepLMH OCU MasTHUKA [, ompezeinseM 1o (hopMmyiie:

10 =moRg/2

€)

rae Ry —pamuyc ocu; my = 0,019 kr - macca ocu;

MomenT uHepuuu aucKa MasTHUKa [; onpenensem no Gopmyie:

I =my R2/2

4
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rac RI[ — paanycC Jucka. m, — Macca JUCKa.

it
MoMeHT uHepLUH KoJiblia MasgTHUKA [, omnpezaesnseM 1o ¢popmyJe:

I = m (RS +b7/4) 5)

rae R, — cpenHuil paguyc Konblia; m, — Macca Kojlblia, KI; b — IIMpUHA KOJIbLa, M.

Beinmosinenne padoThI

1. YcTaHOBUTH HIDKHUNA KPOHIITEHWH ¢ (DOTOIATIYMKOM B KpaiiHee HIKHEE MOJIOKECHHE
IIKaJbl TaK, YTOOBI IJIOCKOCTh KPOHIITEWHA, OKpAIlleHHAs B CHHUM LIBET, COBIIAJIA C OJTHOM
U3 PUCOK IIKAJbI.

[Tpou3sBecTH peryIupoBKY MOJO0KEHUSI OCHOBAHMS TIPU MOMOIIU PETYIUPOBOYHBIX OMOP
TaK, YTOOBI TUCK Ha OMUISIPHOM OJIBECE HAXOIUJICS B LIEHTPE OKHA (POTOJATUHKA.

VY CTaHOBUTH C MOMOIIBIO Y3J1a PeryJaupoBKy 11 HeoOXoauMyIO JUIMHY OU(PUISIPHOTO TOI-
BEca TaKUM 00pa3oM, 4TOObI HUKHUI Kpail cpe3a CMEHHOT'O KOJbl[a MasiTHUKA HaXOJUJICS
Ha 4 - 5 MM HUXE ONITUYECKOM OcH (HOTOATUHMKA; TTPU 3TOM OCh MasTHUKA JIOJKHA 3aHU-
MaTh FOPU30HTAIBHOE MOJI0KEHHE.

[ToaxknounTh POTOAATUUK U FNEKTPOMATHUTHI YCTAHOBKH K OJIOKY 3JIEKTPOHHOMY MpU
nomoItnu kademst. Bunky ¢ MmapkupoBkoii "®" BCTaBUTh B PO3ETKY ()OTOMATUMKA, a BUIKY
C MapKUpOBKOM "D" B PO3ETKY JIEKTPOMArHUTOB.

Haxatp knonky "CETB". [Ipu 3TOM TOKHO BKIIOYUTHCS Ta0JI0 HHAWKAIIANA U JTOJDKHBI
BKJIFOUUTHCS 3JIEKTPOMArHUTHI.

Bpaiias MasTHUK 110 4acOBOM cTpenke (CM. puc.), 3aQUKCUPOBATh €r0 B BEPXHEM I10JIO0-
YKEHHUH TIPU TTOMOIIH JIEBOTO (OJIMYKHETO K CTOMKE) 2JIEKTPOMArHuTa, mpu 3TOM HE00XO-
JIUMO CJICIUTH 3a TeM, YTOObI HUTh HAMATHIBAJach Ha OCh BUTOK K BUTKY. [Ipu Bpamenuun
MasiTHUKA MPOTHUB YaCOBOM CTpesku (UKCUPOBATh MasiTHUK HEOOXOAUMO IIPU MOMOILU
MpaBoro (JaTbHETO OT CTOMKM) JIEKTPOMATrHUTA.

Haxatp knonky "CBPOC" my1s1 TOTO, 4TOOBI YOSIUTHCS, YTO Ha TAaOJIO YCTAHABIMBAIOTCS
HYJIH.

2. Ilpu naxxatun kHomnku "[1YCK" Ha G110Ke 3JIEKTPOMArHUTHI JOJKHBI 00€CTOUUTHCS,
MasiTHUK JTOJDKEH HauyaThb PaCKPy4YMBaThCS, TAUMED JTOJKEH IPOU3BECTH OTCUET BPEMEHH,
a B MOMEHT T€PECCUCHUS MAITHUKOM ONTHYECKON OCH (POTOJATINKA OTCUET BPEMECHH
JOJDKEH MPEKPATUTHCS. 3alKcaTh NOKa3aHUs TaiMepa, T.€. BpeMs JBUKEHHUS Ipy3a 7.

[Ipu momMo1u BU3Upa M0 1K€ BEPTUKATBLHON CTOMKH ONPENEIUTh X0 MasTHUKA /1.
Haxatp kHonky "CBPOC". [IpuBecTu MasiTHUK B UCXOJIHOE MOJI0KEHUE (3ahUKCUPOBATH
B BEpXHEM IOJIOKEHUHU MPU TOMOIIH 3JeKTpoMarHuTa). [loBToputh oneIT 5 pas.
OnpenenuTs SKCIEPUMEHTATBFHOE 3HAUEHUE YCKOPEHUS 110 (opMyIie:

2
a, =2h/t 6)
CpaBHI/ITe OKCIICPUMCHTAJIbHOC U TCOPCTHUICCKOC 3HAYCHNC YCKOpeHI/Iﬁ C Y4CTOM II0-

o 2 2
rpemHocTel skcnepumenta. Eciu |a,— a,| < 4/0f + ©5 , TO pa3in4ue B BEJINYMHAX HECY-

IICCTBEHHBI.

KoHTpoJibHBIEC BONIPOCHI

1. Onucate MasaTHuk MakcBesuia. [loueMy 3TO yCTPOWCTBO HAa3bIBAETCA MASITHUKOM 7
2. JlaTp onpenesieHne MOMEHTA UHEPLIMU TBEPAOIO TEA.

3. [lony4unTh BeIpa)KEHUE JUIsl MOMEHTA MHEPLUU JUCKA, KOJIBLIA.
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4. BriBecTH pacueTHyI0 (popMysTy JJIsi MOMEHTa HHEPIMHU MasTHUKAa MakcBesia.

5. Kak n3meHuTcst yckopenue a. ¥ cusna T npu yBeaTnueHud MOMEHTa UHEPLUU MasiTHUKA?
6. CpaBHUTH 3HaUEHUS a. U CWIIbl T MpH IBM)KEHUU MasiTHUKA BBEPX U BHUS3.

8. Kakoe nBmKeHue TBEpAOro Tena Ha3bIBAE€TCsl INIOCKUM ?
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10. HN3MepeHue MOMEHTA HHEPUUM TBEPAOIO TeJIa
METO0M KPYTHJIbHBIX KOJIeOaHWi

ean padoTsl - UccIeO0BaHNE KPYTHIIHHBIX KOJICOAHUH U U3MEPEHNE MOMEHTA MHEPITUU
TeJa CIOKHOM (DOPMBI.
Conep:xkanue padoTsbl
MowmeHT nHepuuu / 3To BEIMUKMHA, XapaKTepU3yIolas MHEPTHOCTh Tella MPY BpalaTeib-
HOM JBI>KEHUU. Bennuuny / MOXKHO ONPEIeNIUTh U3 OCHOBHOTO 3aKOHA TMHAMUKHU Bpa-
[ATEJIBHOTO JIBUKECHHUS:

== (1)

rae M — MOMEHT CuJI, MPUIIOKEHHBIX K TENTY; € — €ro YIJIOBOE YCKOPEHUE.
Benuunna 7 3aBucut ot pazmepoB, GopMbl 1 Macchl Tena. McciienyeMpiM T€JIOM B TaH-
HOM paboTte sBisieTcss oOpasell B (popMe napasiie/ienure/ia.
CxeMa yCTaHOBKH IIPEACTABIICHA pUC. 1.
Pamka 1 3akpensneHa Ha HaTAHYTOM CTAJIbLHOU
MPOBOJIOKE, MPOXOAIIECH MO €€ TEOMETPUYE-
ckoit ocu. Ecnu pamKy noBepHYTh Ha HEKOTO-
PBIi YyrOJI (o, TO TPOUCXOJAUT 3aKpPyUUBAHUE MPO-
BOJIOKH. Torga cuiibl ynpyroctu CTpeMsTcs Bep-
HYTh paMKy B UCXOJIHO€ ToJIokeHne. Moment M
BO3BpAIIAIOIIECH CUJIBI PH OTHOCUTEIHLHO MAJIOM yT-
JIE TIOBOPOTA CpP CBSI3aH C HUM COOTHOIIICHHEM

M =-Dg, @)

rae D — koapuimenT, Ha3pIBaeMbIA MOYJIEM
Kpy4€HHMs IPOBOJIOKU. Bennuuna D 3aBUCUT OT
JUTUHBI IPOBOJIOKHU, €€ AUaMETpa U MOAYJISI CIBH-
ra, XapakTepHU3yIOIIeTro YIPyrue CBOHCTBa Marepuaia mpoBosioku. 13 dopmyi (1) u (2)
noiay4yaeMm AudQepeHiraabHoe YpaBHEHUE, OMUCHIBAIOIIEE ABKECHUE PAMKU:

[¢"=—-Do, uu (p"+0)(2)(p:0 3)
rne ®y =+ D/I .

Pemmennem ypaBHenus (3) 1/ yria @ sBseTcs rapMOHHYecKoe KonebaHue
@ = @ cos(wyt +38) ¢ nepruogom T:

I
T =2m,|— 4
D @

Takum 0Opa3zoMm, uccieayeMoe TeI0 COBEPIIAET KPyTHIIbHbIE KoJeOanus. B npuH-
UIIe, MOMEHT UHEPUUHU / MOKHO HAWTHU HA OCHOBE COOTHOIIEHUS (4), eclii 3HATh Be-
auuuHy D. B nanHo# padote onpesnenenue Moyt kpyuenust D He TpeOyertcs. U3mepsier-
cs1 meproA Konebanust 7 mycTol paMKU ¢ MOMEHTOM MHepLuu /. 3aTeM onpeensercs mne-
puon T; koneGaHUi CHCTEMBI, COCTOSIIECH U3 paMKH C YCTaHOBJICHHBIMH Ha HEE Tpy3aMu 3
C U3BECTHBIM MOMEHTOM uHepiun /. Toraa, cornacHo gopmyse (4), umeem
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I+1

)

Hckmouast u3 hopmyin (4) u (5) Benmuuny D, noinydaem GopMyty JiIs pacdeTa MOMEHTA
UHEpIUH [ NCCIIeTyeMOoro Temna

I, =2n

T2
2 2
" -T
[Tepuon xomebanwmii 7 - 3TO MPOIODKATEIIBHOCTH OHOTO TTOJTHOTO KoJjicOanus. Bennunny T
MO>KHO U3MEPHUTH KaK BpeMs MEXAY JBYMsI MOCJIE0BATEILHBIMU MPOXOKICHUIMU
PaMKOM IMOJI0KEHUSI PABHOBECHS B OJHOM M TOM K€ HalpaBjeHUU. {151 OBBIIIIEHNS TOY-

HOCTH U3MepeHus T ero HaXoAsaT, U3MePsIsl JJIUTEIIbHOCTD { HEKOTOPOTo urcia N MOJHBIX
koJsieOanuii. Torma

I'=1 (6)

I= (7)

t
N
BroinosiHeHHe padoThI

1. YcraHOBUTH paMKy Tak, YTOOBI B MOJIOKEHUU paBHOBECHUS (HJIa’KOK paMKH Ha-
XOJIUJICSI MEXTy OKHaMU oTomatunka 2 (CM. puc.). Y CTaHOBUTH JICKTPOMArHUT B MO-
JIO’)KEHHE, MPUOIN3UTEIILHO COOTBETCTBYIoMIee 40° 10 yriIoBo# mkane. BKIOUYnTh 3J1eK-
Tponmtanue HaxatueMm KHONKH "CETh". 3aTemM moBepHyTh paMKy Tak, 9TOOBI OHA yIep-
YKMBAJacCh B UCXOJIHOM NOJIOKEHUM diekTpomarautoM. Haxate kHonky "[TYCK".

2. 3MepuTh JIUTEIbHOCTh BPEMEHHU  JJIsI UMcia MOJHbIX KoJebaHul paMKu
N = 20. IToBroputs onsIT 4-5 pa3. OnpenenuTs nepuoi koiedanuii pamxu T.

3. YcranoButsh ABa rpy3a 3 Ha anky. Onpenenuts nepuon konedanuit T pamku ¢
Ipy3aMH.

4. OnpenenuTb MOMEHT UHEPLIMU PaMKH 110 ¢opmyiie (6), rae

2

IO =2m r—+(12
2

, m —Macca rpysa, ¥ = 0,015 M — paauyc rpy3sa, a = 0,052 m — paccrosi-

HUE€ OT OCH BpAILIEHUSI PAMKH JI0 OCH TPY30B.

5. CHATB TPy3bl, YCTAHOBUTDH UCCIEAYEMbI 00pa3ell 4 B paMKe U 3aKpPENUTh CHEI-
aTBbHBIMU BUHTAMH TaK, YTOOBI OJTHA U3 €T0 TEOMETPUUECKUX OCEH COBITa1aja ¢ OChIO
pamku. Onpenenuts nepuo konedanuit 7, pamku ¢ 0opaziom. OnpenenuTb MOMEHT
UHEPIUU ucciaeayeMoro odpasia mno popmyie:

2
T

Iy=1,| 2- 9)
p T2

PaccuuTarh TEOpETHUECKUI MOMEHT HHEPIMU 0Opasia I, mo Gpopmyiie
m 2 2
I = —( +b ) 10
Ot 12 ( )

r7ie a ¥ b - IIMHBI CTOPOH TMapasuIeNienuIe a, Pacol0KeHHbBIE B TOPH30HTAILHOM TTOC-
KOCTH, m - Macca oopasia.
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6. Paccunrars norpemtHocTy BolYUCIIeHUN [ U [, . CpaBHUTB PE3yJIbTAThI DKCIIC-
PUMEHTAIBHOTO ONPEICICHUs] MOMEHTa HHEPLIK 00pa3iia ¢ pacuetoM. Eciu

|IO —1 | <.Jo? +0% 1o nBa 3HaeHNs pasIM4aroTCsa HECYIICCTBEHHO.
T Iy = “lor

KoHTpobHBIC BONIPOCHI
1. BeiBectu hopmyiy (10).
2. ChopmynupoBath Teopemy Ll teiinepa.

r? 2
3. BeiBectu (hopMyity JUIsl MOMEHTA HHEPLUU Ipy30B 3: [y =2m ) +a
4. VI3 CIIOMIHOTO OJHOPOAHOIO HMJIMHAPA CASTAIN MOJIbIM, YIAIUB MOJOBUHY MAacCCHI.
Kak n3aMeHuacs MOMEHT MHEPILIVH LUJIMH]IPA OTHOCUTEIIBHO €r0 OCh?
5. Ilo xonpLy pacTekaercs Karis KUAKOCTU. Kak pu 3TOM W3MEHSAETCSI MOMEHT UHEPLIUU
MKUJKOCTH OTHOCUTEIIBHO OCH, MEPIIECHANKYIIIPHON INIOCKOCTH KOJIbLIAa U TPOXOIAILIEH ue-
pe3 ero ueHTp?
6. Kak u3BMEHUTCSI MOMEHT MHEPIIMU CBUHIIOBOTO IIUJIMH]IPA OTHOCUTENIBHO €r0 OCH, €CIU
UWIAHAP CIUTFONIUT B IUCK?
7. CpaBHUTHh MOMEHTBI UHEPIIUU OJHOPOJIHOTO JIUCKA C BHIPE30M OTHO-
cutenbHO oceit Ox u Oy (cM. puc.)
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11. OnpenesieHne CKOPOCTH MOJIETA «ITYJIN» 0ANTUCTHYECKUM
METO/IOM ¢ TOMOIIIbI0 YHH(PUIISIPHOTO MoIBECA
Leab padoThl - onpeiesieHne CKOPOCTH MOJIETa ITYJIH» C MTOMOIIBI0 KPYTHIBHOTO Ma-
SATHUKA Ha OCHOBE 3aKOHA COXPAaHCHHUS MOMEHTA KOJIMUYECTBA JIBHKECHUSI.
Onucanue yCTAaHOBKHU

)
|

LJ
|

—— i\"lﬁl{‘f@;ﬁx _ :r

[]

;l n
M

g

S

Puc.1

OCHOBHBIM 3JIEMEHTOM YCTAHOBKHU (CM. pUC. 1) siBIsieTCS KPYTUIbHBIN MasgTHUK, IPEI-
CTaBJISAIOIINNA COOOM METAINIMYECKYIO paMKY 1, IOJIBEIIEHHYIO Ha CTAJIbHOW HUTH 2.
Hwute noageca 3akperieHa BEpTUKAIbHO B HATSHYTOM COCTOSIHUM Ha CTOMKE 3 ¢ OCHOBa-
HueM 4. Pamka MOXeT coBepIaTh KpyTHIbHBIE KOJIEOaHUsI BOKPYT BEPTUKAIBHOM OCH,
IIPOXOJAIIEH Yepe3 €€ OCb CUMMETpUU. Ha Hell uMerTCs MecTa [l KPeIUICHUs ABYX
JNOMOJHUTEIBHBIX TPY30B 5 CUMMETPUYHO OTHOCUTENIBHO OcHu. K Hell e Kpenurces «Mu-
HIEHBY» 6 B BUJIE AUCKA, IOBEPXHOCTh KOTOPOTO MOKPHITA TOHKUM CIIOEM IUIACTUIIMHA,
baaxxoK 7 17 KOHTPOJIS €€ KojeOaHui u mpotuBoBec 8. «Ilynei» ciyXuT TOHKOE Me-
TaJJIMYecKoe Koibl0. K cToiike Ha KpOHIITEWHE 9 KPenUTCs «IUCTONETY, COCTOSIINN U3
HAIPABIIOIIETO CTEPKHA ¢ npyxkuHOoM 10 1 cryckoBoro yctporctBa 11. K cToiike Tak-
K€ Ha KpoHIITeHHe kpenutcs poroaatuuk 12 (mamna + GoTonpuéMHUK), COSIHU-
HEHHBIN C DJIEKTPOHHBIM OJIOKOM PETHUCTPAIMHA BPEMEHU M YUCIia KOineOaHuM.
IIpyHUMN KeiicTBHs J1a00PATOPHOM YCTAHOBKH
[locne BbIcTpena «CHapsa» NOMAJAET B «MULIEHbY H
NPUIIUIAET K ee moBepxHocTu (cMm. puc.2.). Coynape-
HUE CHApsJa C MHILEHBIO MPOUCXOIUT 3a CTOJb KO-
POTKOE BpEMsl, YTO OBOPOTOM PAMKH C «MHILEHBIOY,
a, CJIEIOBATENIbHO, U JIEUCTBUEM MOMEHTA CUI yHpYy-
., TOCTH HHUTHU 3a 3TO BpPEMsI MOXXHO IpeHeOpeub. Mo-
A MEHT CHWJIbI TSDKECTH M CHJIbl HATSHKEHUS HUTU OTHO-
CUTEJIbHO BEPTUKAJILHOW OCH paBeH Hy:o. Takum 00-
pa3oM, OTHOCUTEJIBHO 3TOW OCH CyMMAapHbIA MOMEHT
BHEIIIHUX CWJI, JEHUCTBYIOIIMKA HA PaMKy M «CHApSAI»,

i
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paBEH HYJIO U NPU COYJIAPEHHUH BBINOJIHAECTCS 3aKOH COXPAHEHHMs] CyMMapHOIO MOMEHTa
UMIILYJIbCa PAMKH U «CHApSAI».
MoMmeHT umnyJibca «cHapsaa» rnepej coyaapeHuem Ly = mol , rue m — Macca «cHa-

psaa», v — ero CKopocth, [ — npuiesibHoe paccrosinue (puc. 2). [locne coynapenus pam-

Ka C Ipy3aMH IPUXOAMT BO BpPALICHUE C YIVIOBOM CKOPOCTBIO (0, IIPH 3TOM €€ MOMEHT UM-
IyJIbCa

2
L, = (Ip L 2MI; )co (1)
3nmecs [, — MOMEHT HHEPUUH paMKH 0e3 Tpy30B, M - Macca KaxIoro U3 Ipy3oB, /j —

paccTosiHUE JI0 TPY30B OT OCU BpalieHus. BkiiagoM B MOMEHT WHEPIIUU TIPUITUIIIIIC-
ro "cHapsaa" MOXKHO MpeHeOpeUb NU3-3a MAJIOCTH €TI0 MAacChl.

ITo 3akony coxpanenus L; = L, , clienoBaTEIbHO:
(1 »t 2m112 ) ®
0= (2)

ml
YroObl BOCTIONB30BATHCS 3TOW (HOPMYIIOH, HYKHO HAWTH YIJIOBYIO CKOPOCTb PaMKH CO U

MOMEHT UHEPLIMH PAMKU C Tpy3aMHU (I »t 2M112) .

VYTI0BYy10 CKOPOCTh MOKHO HAWTH MO YTy MAKCUMAJIbHOTO OTKJIOHEHUS (O, paMKHU
nociie coynapenus. [locne coynapenus BpaleHue paMKd TOPMO3UTCA MO JEHCTBUEM
MOMEHTA YIIPYTUX CWJI B HUTH TtojBeca. [Ipr 3TOM BBINOIHAETCSA 3aKOH COXPAaHEHUS SHED-
run. KnHetnueckasi 3HEprusi paMKu MEPEXOIUT B MOTEHIUAIBHYIO SHEPTUIO 3aKPYUYEHHOU
HUTU:

2\ 2
2
(£, +2M1 ) _pg? "
2 2
rie D — Moysb KpydeHUs PoBOJIOKK. MoysieM KpydeHHs Ha3bIBaeTCst KO3(PPHUIIMEHT mpo-

IOPLMOHAIBHOCTH MEK1y MOMEHTOM YIIPYTUX Cvil M, U yIJIOM 3aKpYUYMBaHUA HUTH O:

M ypp ==Do

3HaK MHUHYC 3/1€Ch TTOKA3bIBAET, YTO HAINIPABICHUE MOMEHTA YIPYTUX CHJI POTUBOMOIOXKHO
YTIy 3aKpYYMBAHHUS.
N3 cooTHomeHus (3) HaXOAUM BBIPAKEHHE JJIs1 YTIIOBOM CKOPOCTH:

D
(]p +2M112)

4

W =0

Monynb kpydeHust D 1 MOMEHT UHEPLIUHU (I pt 2M112) OIPENICNSAIOT 3HAYEHUE T1e-

puoja kojiebanuii paMku. X oTHOIIEHUE, a TaK)KE HEOOXOAUMBINA JJIS1 BEITUCICHUS
CKOPOCTH MOMEHT MHEPLUH PAMKHU C TPy3aMHU MOKHO HAUTH U3 U3MEPEHUN IIEPUOJA KO-
nebaHuil paMku ¢ rpy3amMu 1 06e3 HuxX. s TOro 4ToObl MOHATH, KaK CBA3aH MEPUOJ C
3TUMHU BEJIMYMHAMU, PACCMOTPUM YPAaBHEHHUE BPALICHUS PAMKH, II0JIBEIICHHON Ha yII-
pyrou HUTH:

Ip=-Dg¢.
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3neck I - MOMEHT MHEPIIMK PaMKHU B OOIIIeM ciiydae, (p — BTOpasi MPOM3BOAHAS OT yrJia IO
BPEMEHH, T.€. YTJIOBOE YCKOPEHHE. DTO YPAaBHEHUE MPUBOJAUTCS K BUIY
. 2
¢=-0y0, (5 )
rie ®y =+/D/I . YpaBuenue (5) onuchiBaeT rapMOHUYECKUE KOJEOAHHS C [UKINYECKON

4acToToM Konebanuil o . [lepuoa konebanuii Berumcisercs no popmyse

e (6)
®q D

O0603HauuB nepuo Koiedanuii pamku 06e3 rpy3oB 1, ¢ rpy3amu 7, o popmyie (6)

1 /1 +2MI?
T, =2n L T=2r o T (7)
D D

N3 3tux Gpopmyst nmosrydum Jjisi yriioBOM CKOPOCTH (4) clieyIoliee BbIpaKeHUE:

Ty

HNMCCM:

2n
o= r ‘P, - (8)
Hckimouas Moayiab KpyueHus u3 popmy (7) HaX0AUM MOMEHT MHEPLIMM PAMKHU C Tpy3a-
2MIET?
MH: 1, +2MI} = =1 (9)
T’ -1

[ToncranoBka cootHomieHuit (8) u (9) B ypaBHeHue (2) 1aeT OKOHYATEIbHYIO POPMYITyY:
ATMIET
o= Pm (10)
ml (T2 12 )

Ilopsizok BbINOJHEHUsI PadOThI

1. IIpousBeauTe peryarupoBKyY MOJOKEHUSI OCHOBAHUS C MTOMOILBIO PETYJIUPOBOYHBIX
omop. [JobeliTech BEpTUKATLHOCTH HUTHU TO/IBECA.

2. YcraHOBUTE TPy3bl HA paMKe.

3. YcTaHOBUTE «MULIEHB) HA paMKe. Y 0€IUTECh, UYTO «MHILEHb» HAXOAUTCS HA TUHUU
«BBICTpEJIa» U MEPIEHANKYIISIPHA €1, a (IIayKOK NEpeceKaeT Npu KoueOaHnsIX paMKH OIl-
TUYECKYI0 OCh (pOTOATUHKA.

4. YcraHOBHTE «CHapsA» Ha HAIIPABJISIOIIMNA CTEPKEHD «ITYILIKW», B3BEAUTE MPYKUHY U
NPOU3BEANTE «BBICTPE». BU3yallbHO oNpenenure yroi ¢, MaKCUMaJIbHOIO OTKJIOHEHUS
PaMKH T10 IIKaJe YIIOBbIX NEPEMEILEHUN ¢ TOMOLIBIO (IaXKKa, 3aKPEIUIEHHOTO Ha paMKe.
IloBTOpUTE «BBICTPE» U U3MEPEHHE YIiIa MAKCUMAJIBHOTO OTKJIOHEHHUSI HE MEHEE IISITH pa3s.

Bperauciure CpCaAHCC 3HAUCHHUC YTIIa MAKCHUMAJIbHOI'O OTKIIOHCHUA IIPH BBICTPCIIC <([)m> .

5. 3MepbTe MTAaHTEHIMPKYJIEM PACCTOSHUE / OT OCU BpallleHUsI paMKH JI0 LIEHTpa OT-
nevarka «IyJim» B MUIICHH.

6. OTKIIOHUTE paMKy C rpy3amu Ha yroi 40° rpaycoB U 3apUKCUPYHUTE C TOMOLIBIO
anekTpoMarauTa. Haxxmure Ha sinekTpoHHOM 0sioke KHOMKY «CBPOCy, npu 3TOM J101K-
HBI OOHYJIUTHCS TIOKa3aHUs CYETIUKOB KoJieOaHui 1 BpeMeHHn. HaxxMuTe KHOTIKY
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«ITYCK», npu 3TOM BBIKIFOUUTCS DJIEKTPOMArHuT, 1 HAYHYTCS KPYyTHIIbHBIE KOJIEOAHUS
pamku. Onpenenure BpeMs ¢, 32 KOTOpoe npoucxoaut N= 20 koyie0aHuil paMKH.
7. I3MepbTe LITAHTCHIMPKYJIEM PACCTOSIHUE /; OT OCH BpAlllEHUsI PAMKH 10 LIEHTPOB

Ipy30B.
8. CHUMHTE Tpy3bl C pAMKH M @aHAJIOTUYHO I1.6. IPOBEINTE U3MEPEHUS BPEMEHU 11, 32

KoTopoe npoucxoautr Ny =20 konebdaHMil paMKu 0€3 rpy30B.

9. C nomotipio 1ab0paTOPHBIX BECOB OMPEIEIUTE MacChl Tpy30B M mMaccy cHapsiaa m.
10. Beruucaure nepuoibl KojaebaHusi paMKu ¢ Tpy3aMu U 0€3 TPy30B:

T=t/N,T=t/N;.
11. Ucnonb3ys cpeliHee 3HaYeHUE yriia <(pm> , Berauciute 1o dgopmye (10) cko-

pPOCThb CHapsifia o .

KoHTpoJIbHbIE BONPOCHI

1. ChopmynupoBath 3aKOH COXpaHEHUSI MOMEHTA UMITYJIbca. MOKHO JIM CUUTATh, YTO B
JaHHOW paboTe coXpaHseTcss MOMEHT umiyibca? [louemy?

2. ChopMynupoBaTh 3aKOH COXpaHEHUs IHEPTUU. MOXKHO JIM CUUTATh, YTO B JAHHOU pa-
6ote coxpansiercst sneprus? [louemy?

3. CoxpansieTcs 11 MOMEHT UMITyJIbCa CITyTHUKA, Haxozsmerocs Ha opoute 3emuu? [1o-
yemy?

4. Jlyna nBuKeTcsl BOKPYT 3eMJIM IO KpyroBoi opoute. OTIUYHBI I OT HyJISl Ha MOJOBH-
HE OpOUTHI: a) U3MEHEHUE UMITYJIbca; 0) paboTa CUJIbI TATOTEHUS?

5. [llapuk aOGCOMOTHO YIPYTO yaapseTcs o cTeHKy (cM. puc.). Co-
XpaHsAeTCs T MOMEHT UMITYJIbCA IIAPHUKA: a) OTHOCUTENIbHO TOUKU A
i—-—"—--e 0) OTHOCUTENBHO TOUKH B?

6. Ha BepTuKanbHBIN Bal A HaMaThIBa€TCsl HUTH ¢ Tpy3oM B. I'py3
O \ BpalllaeTCsl BOKPYT Bajla B TOPU30HTAIBHON IJIOCKOCTH (CM. pHC.)
° \
——

ONNNNNNNN

N

Q\
NN

N

NN
(wy)

Kak u3meHsieTcs MOMEHT HMITYJIbCa I'py3a OTHOCUTCIIBHO OCH Ba-

6)5 ma?
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12. OnpenesieHre yCKOpeHUs CBOOOIHOIO MAICHUSA
¢ MOMOIIbI0 MAIIIMHBI ATBY/1a
Iens pabOTHI - M3y4eHUE 3aKOHOB PABHOYCKOPEHHOTO JIBHKCHHS.
Conep:xkanue padoThbl
Maimuna AtByjna (puc. 1) COCTOUT U3 YKPETJIEHHOTO
2 Ha mtaTuBe 1 Oy10Ka 2, yepe3 KOTOPhIA MepEeKuHyTa
HUTH C MOJBEIICHHBIMU Ha HEW OJIMHAKOBBIMU I'py3a-
mu 3 u 4. Macca 3THX TPY30B MOXET ObITh YBEIMYCHA
5 700aBOYHBIMHU HEOOJILIITUMU Tpy3aMHu (TIEperpy3Kamu )
5. Ecnu Ha rpy3 mMaccel m MOJIOKHUTh MEPETPY30K
- C Maccoi m;, TO BCSI CUCTEMa HAYHET JIBUTATh-
Csl pABHOYCKOPEHHO.
3 1 Ha rpy3 3 u rpy3 4 ¢ neperpy3kom 5 OyayT AeMcTBO-
ﬁm BaTh JIBE CUJIbL: CHJIA TSHKECTHU M CHUJIA HATSHKEHUS HU-
i

Tu. [Ipu 3TOM ecnu Macca G10Kka HEBETMKA 110 CpaB-
T HEHUIO C 71, ¥ TPEHUE MaJIo, TO pacCKpyduBaHUE O0Ka
I 6 MIPAKTHUYECKU HE TpeOyeT MPUIIOKEHUS K HEMY Kpy-
TSALIEr0 MOMEHTA U CUJIbI HATSIKEHUSI HUTH IO 00€
T CTOPOHBI 0JIOKa paBHBI Apyr Apyry. Ha ocHoBaHuu
— — BTOPOTO 3aKOHA HBhIOTOHA MOXKHO HaIMCATh

Puc. 1 (m+my)a=(m+m)g—-T )

-ma=mg—-T

I7I€ a — YCKOpEHUE CUCTEeMBI, T - HATS)KEHUE HUTHU, g - YCKOPEHUE CBOOOTHOTO MaICHHUS.
Pemenne 3Tux ypaBHEHUM 1Aa€T BEIMYMHY HATSKEHHSI HUTH U BEJIMYUHY YCKOPEHUS:

2 +
T mg (m+my) )
2m+ m
a=—18_ (3)
2m+ my
2
Ortcrona g= CZM (4)
m

ITopsiiok BbINOJHEHUsS] Pa00THI

1. IlepexkunyTh yepe3 070K 2 HUTh C ABYMs rpy3amMu 3 u 4 u yOenuThCs, UTO
CHCTEMA HAXOJUTCS B MOJIOKEHUH O€3Pa3IMYHOrO PaBHOBECHSL.

2. YCTaHOBUTH KPOHIITEHH ¢ HOTOAATIYNKOM 6 B HHKHEH YaCTH IIKaJIbl BEPTHU-
KaJbHOW CTOWKH, a (DOTOJATUHUK PACIIONOKUTH TAKUM 00pa3oM, YTOOBI IPABBIN TPy3
IpU ABMKEHUU BHU3 IPOXOAMII B IIEHTpE padbouero okHa GporogaTtyuka (3a HHXKHEE 1o-
J0XKeHue rpy3a OepeTcsi pucKa IIKalbl, COOTBETCTBYIOIIAs PUCKE Ha Kopiyce poToaaTqu-
Ka U SBJISIONIasica Kak Obl MPOJ0JKEHUEM ONTUYECKON ocu (OTOAaTUNKA, KOTOPYIO Ie-
peceKaeT ABMXKYUIUNCS I'py3). Y CTaHOBUTH IPaBblil Ipy3 B KpailHEM BEPXHEM MOJIOXKE-
HUM.

3. I[TonoxxuTth Ha HpaBelii Ipy3 OAMH U3 neperpy3koB 5. Haxars Ha kHOnKy «ITY CK»
omoka. [Ipoucxoaut pactopMakuBaHUE IEKTPOMATHUTA, MIPABBIN TPy3 HAYWHAET OIMyC-
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KaTbCs, U TailmMep OJ0Ka HauMHaeT oTcueT BpeMeHu. [Ipu nepeceueHnu npaBbIM Irpy30M
ONTUYECKON OCH (POTOIATUMKA OTCUET BPEMEHHU IIPEKPATUTCS. 3anucarh MOKa3aHus Tail-
Mepa, T.€. BpeMsI IBHKEHHUS TPY30B.

4. OnpenenuTs N0 NIKajle NPOHACHHBIA IPY30M Iy Th S, KAK pACCTOSIHUE OT HUKHEN
IUIOCKOCTH Tpy3a (B BEpXHEM IMOJIOKEHUH) 10 ONTHUYECKON OCH (POTOIaTUHKA.

5. He meHsig nepBoHAYaIbHOM BBICOTHI I'Py3a, HOBTOPUTH ONBIT S pa3. Haltu cpennee
BpEeMsI IBIDKCHUS <t>.

28
6. OnpenenuTh 3HAUEHUE YCKOPEHUSI @ = —— U €ro NOTPEUIHOCTbD.

(1)’

7. I1oBTOpUTH U3MEPEHHUS 110 TII. 2 — 6 C IPYTUM MEPETPY3KOM.

8. OnpenenuTh yCKOpeHrne CBOOOIHOTO maieHus o ¢popMmyiie (4) 1 ero morpenrHoCTb.
KoHTposbHbIC BONIPOCHI
1. Ilpu aBM>KEHUU TPY30B HUTh ACUCTBYET U Ha TPpy3 3 ¥ Ha OJIOK 2. PaBHBI 1T 3TH CUIIBI 110
MOAYJI0? mouemMy?
2. PaBHBI 1M CWJIbI HATSDKEHUS IPABOM U JIEBOW HUTH?
3. PaccuuTaTh cuity JaBieHHs OJIOKa Ha OCh.
4. Haiitu cuny naBineHus neperpyska S Ha rpys 4.



42

13. Onpenenenne KO3QPPUIHUEHTOB TPEHUS KAYCHUSA
U TPEHUS CKOJIbKEHHS C MIOMOIIbI0 HAKJIOHHOT0 MAATHUKA
Heab padoTsl - onpenenenue K03pHUIMEHTOB TPEHUS CKOJIBXKEHUS U TPEHUS KaueHUs
CTaJIbHOT'O 1Iapa IO CTaJbHOM IUIACTUHE.
Onucanue yCTAaHOBKHU
12 CxeMa ycTaHOBKM TOKa3aHa Ha puc. 1.
f— Ha ocHoBanuu 1 ykpermuieHa cTorka 2,
] K BEpXHEHN 4aCTU KOTOPOU HA KPOH-
HITEHHE 3 KPENUTCS HAKJIOHHAS TUIaT-
dbopma 4. Yroia maatdhopMbl K BEPTH-
KaJIU MOYXXHO U3MEHSThH C TOMOILbIO

\ /v 4 \ 11 BHUHTA 5. 3HAYEHUE 3TOr0 yrjia omnpe-
10 7

nensercs no mkaie 6. B BepxHeii yac-

8 N TU TIATQOPMBI KPETIUTCS HAKIIOHHBIN
N A 6 Q@ masTHUK. [Ipu uzmepenun ko3 duru-
=

9 3

€HTa TPEHUS CKOJIbKEHUS B KAYECTBE
MasITHUKA UCIIOJIb3YETCS CTEPIKEHD 7 C
) '=|\ LE:;' - b'\ 000MMOI1 8, B KOTOPOM 3aKperisieTcs
Puc. 1 YCEUEHHBIN cTanbHOM map. Onopa 9
Ha BEPXHEM KOHIIE CTEPKHS 7 MO3BO-
JSIET €My CBOOOJHO OTKJIOHSTHCS B IUNIOCKOCTH, MapaieabHou miuatdopme 4. [Ipu uzme-
peHuM ko3P PpuueHTa TpEHUsI KaueHUs1 MassTHUKOM CIIYKUT cTasibHOM 1miap 10, moaBe-
LIEHHBIN HAa TOHKOUN Heynpyroi HutH 11. [1lap ¢ HUTBIO HCHONB3YETCS TAKKE ISl KOH-
TPOJIsL BEPTUKAIBHOCTH CTOMKH 2, B 3TOM CIy4ae €ro MoJIBEIIMBAIOT Ha KPOHIITEWH 12.
IIpuHuMn geiicTBus J1a00PATOPHOM YCTAHOBKH
Ecnu MasTHUK OTKJIOHUTH BJOJIb HAKIIOHHOM IIJIOCKOCTH Ha
f q HEKOTOPBIM yroji U OTIYCTUTh, TO HAYHYTCS KOJIeOaHUs, KO-
/ x’:' l O TOpble OyAyT 3aTyXaTh MO/ JEHCTBUEM CUJIBI TPEHUS MasIT-
HUKa O IJIOCKOCTh, COIPOTUBIICHUS CPEIbl U TPEHHUSI B TIOJI-
Bece MasiTHUKA. OCHOBHOI NPUYMHON B JAHHOM citydae 0y-
JIET UHTEPECYIOLIEE HAC TPEHUE O INIOCKOCTh. JIByMs Ipy-
TUMU CHJIaMU TPEHMSI MOXKHO NPEHEOpeyb.
[IycTe Macca masiTHUKA m. OCHOBHBIE CUIIBI, ACHCTBYIOILNE
Ha MasiTHUK B OTKJIOHEHHOM TOJIOKEHUHU, U300paXKeHbl Ha
pucyHke 2. Ix yeTbIpe: cuna TshKecTu mg , cuiia N Hop-
MaJIbHOW PEAKLINH TUIOCKOCTH, CHJIa ['7p TPEHUS O IUIOC-
KOCTh M cuia T HatspkeHud nojaseca. Cuia TpeHus CcBsizaHa

C ClwiIou pC€aKkiyu IMIOCKOCTH 3aKOHOM
FTP:k]V, (1)

1

rae k - koapuueHT TpeHus.
Pa3yioxuM cuily TAKECTH Ha KOMIOHEHTHI /mg), NapajlelbHyI0 IOCKOCTH, H mg |,
NepHeHAUKYISIpHYIO TIockocTH. Cruita N HOpMaabHOU peakiuu YPaBHOBEIIUBAET
KOMITOHEHTY mg |, CIIEJI0BATEIIHO, OTH JIBa BEKTOPA PABHBI 10 BenuuuHe: N = mg, =
mgSiny v JJIS CUJIbI TPEHUS TI0JTy4aeTCsl BRIPAKCHUE

Frp=kmg-siny.
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O0603HaunM HaYaIbHBIA yTOJI OTKJIOHCHUS MasTHHKA BIIOJb MJIOCKOCTH Oy, MaKCH-
MaJIbHBIN YTOJI B MPOTUBOMOJI0KHYIO CTOPOHY (Uepe3 MOJOBUHY NEPUOIA) dj/p, YOI
OTKJIOHEHHS Yepe3 Mepruo — o). [Ipu MeameHHoM yObIBaHUH aMILTUTY bl TOTEPH
SHEPTHH 3a KaXbIH TIEPHUOJI MPUOITU3UTEIBHO OJUHAKOBBI U Oy, = (Qlg + ot1)/2. 3a me-
PUOJI TOUKA KacaHUsl MasiTHUKA MPOXOJUT MyTh S =[{ oy + 201, o) = 2/ (o +atp). TIpu
ATOM CHJIa TPEHUS COBEpIIAET paboTy

App = -Frp-S = -2kmgl sin y(ap + o) (2)
Ha Benuuuny 3TO# pabOThl yMEHbIIACTCA MOJIHAS MEXaHUYECKass DHEPTUST MasiT-
HUKa. B KpallHUX MOJIOKEHUSIX 3Ta DHEPTUS COCTOUT TOIBKO M3 MOTEHIIMATBLHOTO
BKJIaJ1a mgh, IO3TOMY

Arp = mghy— mgh;, 3)

rae hy, hy — BBICOTHI OJb€MA MasiTHUKA B KpailHEM MOJIOKEHUH, COOTBETCTBYIOLIUE

yTJIaM Oy, OLj.
C momoInpio pUCyHKa 3. HaiieM, Kak BBICOTa MOIbeMa
h cBsi3aHa C YIJIOM O OTKJIOHCHHS MassTHHKA. B OTKJIOHEH-
HOM IIOJIOKEHUH IIEHTP TKECTH MAasTHUKA TIOJHAT BIOJb
mrockoctr Ha oTpe3ok BD = AC =/ (1 — cosa). U3 Tpe-
yronpHuKa BDE momygaem: 4 = BDcosy = [-cosy(l — cosa)
= 2lcosy-sin® (a/2) = Icosy-a*/2.
[Tocnennee mpuOIMKEHHOE PaBEHCTBO CIIPABEIIIUBO TIPH
MaJIbIX yTiiax, B 3ToM ciiydae sin(o/2) = a/2. [loxcraBmss
BBIpXKEHUE ISl KaKJI0W M3 BBICOT B ypaBHeHUE (3) u
yuuTbiBas Gopmyiny (2) nomydum:

—2mglsiny (oo + oy ) = mgl cosy(ocl2 f2—ad /2)

CokpaTuB ¢ 00euX CTOPOH paBEHCTBA OJJMHAKOBBIE MHOKUTEIH, MOTYYUM Clie-
NYIOLIEE BBIPAKECHUE:

k=ctgy(ag—oy)/4. (4)
PaccMoTpuM n nmocienoBaTeabHbIX KOJ€OaHUNA HAKIOHHOTO MasiTHUKa. Dopmyra
a”Haysoru4Has (4) OyJeT crnpaBeinBa Al KaXKJ10TO U3 71 TIEPHUOJIOB:

k=ctgy(ag—ay)/4 k=ctgy(a; —a,)/4... k=ctgy(a, 1 —a,)/4 (5)
3nech o, A3, -..,0, YTJIOBbIE aMIIUTYAbl OTKJIIOHEHHS TIOCJIE BTOPOI0, TPETHETO,..., 1-TO
neprojaa konebanuii. Cinoxum Bce hopmysl (5). B mpaBoii vacTu Bce MpoOMEKyTOU-

HBIE€ YTJIBI Oy, O3, ...,0, | COKpaTsITca. [locae nenenust Ha YMCI0 NEPUOJIOB /1 TIOJIYUYUM
OKOHYATENbHYI0 POpMYITy JUIsl onpeaeaeHus] KodhPUIHEeHTa TPEHHUS:

k =ctgy(ag—o,)/4n (6)
B ToMm ciydae, korjja MasTHUK MPEACTABISACT COOOM IIapUK, KaTIIMIC 0€3 TpoCcKab-
3BIBAHMS 10 HAKJIOHHOH IIaT(hOpME, OCHOBHOU JUCCUTTATUBHOM CHIION CITY>KHT CHJIA
Frpx, TpeHus kaueHus. TOpMO3AIIMNA MOMEHT CUJIbI TPEHUSI KAYEHUS PONOPLHUOHAIIEH

CHIJIC HOpMaHBHOﬁ peaKuuu, T. €.
F

Tp.K.

R=KkN, (7)
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rae ky - Ko3pOUIMEHT TPEHUS Kauy€HHUsI, UMEIOIINI pa3MEepHOCTb JIIMHBI, R - paanyc
KPHMBU3HBI KaTAILIerocs tena. PaccyxaeHus, NpuBeIeHHbBIE BBILIE TSI TPEHUS CKOJIb-
KEHHUsI, MOXKHO MTOBTOPUTH JJIs1 TPEHUS Kau€HUsI, UCIOIB3ys BMeCTO popmMyibl (1)
cootHouenue (7). Ilpu aToM a5 koapuienTa TpeHus KayeHUs! MOIydUM

ky =ctgy(og—o, )R/4n ()
Ilopsinok BbINOJIHEHUsI PadOThI

1. Mcnonp3ys MasTHUK Ka4€HUS B KA4ECTBE OTBECA, IIPU IIOMOIIH PETYJIUPOBOYHBIX
ONOp OCHOBAHUS BBICTABUTh CTOMKY YCTAHOBKH B CTPOr0 BEPTUKAIBHOE MOJIOKEHHE.

2. YCTaHOBUTH OJIHY U3 CMEHHBIX IUIAaCTUH Ha mnatdopmy 4. [Ipu HeoObxoaumocTu
HNOJAPETYIUPOBATH MOJIOKEHUE OCHOBAHUS TaK, YTOOBI yKa3aTelb MasiTHUKA OKa3ajics
IPOTHUB HYJIEBOTO JEJIEHUS HIKAJIbl OTCUETA yrila OTKIOHEHUs MasgTHUKA, HO 0e3 Hapy-
IIEHWS BEPTUKAIBHOCTH CTOUKH.

3. YcraHOBUTH YIoJl Y HaKJIOHA TIAT(OPMBbI PaBHBIM 2°.

4. BcTaBUTh yCEUECHHBIN 1Iap B 000MMYy MasTHHKA CKOJBXKCHUS CHEPUISCKOM MMO-
BEPXHOCTBHIO HapyKy. [lo/IBECUTh MASITHUK CKOJIBKEHHSI IPY ITOMOILY TPU3MATUYECKON
OTOpPbI HA BEPXHUN KPOHIITEHH TaKUM 00pa3oM, YTOObI YCEUECHHBIH 11ap COMPUKOC-
HYJICSl C YCTAaHOBJIEHHOW Ha I1aTQopMy IUIACTUHOM, U OCh MasiTHUKA Oblja NmapasuiesbHa
JUIIEBOM MOBEPXHOCTH IIAT(HOPMBI.

5. OTBECTH MASITHHUK B OJHO U3 KPAWHUX MOJIOKEHUI U 3aIMMCAaTh HAYaJbHBIA Yroj
OTKJIOHEHUS Ol.

6. OTnycTuTh MaATHUK 0€3 TONYKA U 3alIUCATh yroja o, MAKCUMaJbHOI'O OTKJIO-
HEHUS Mocje coBepiieHus: uM 7 = 20 TMOJHBIX KOJeOaHUH.

7. IIoBTOpUTH U3MEPEHUS I.I1.. 5,6 NATH pa3 MpU OJTHOM U TOM K€ HAYaJIbHOM yIJe
Oly ¥ KOJIMYECTBE Konebanuii n . HaliTu cpeiHee 3Ha4eHHE yTiia oL, OTKIIOHEHUS TIOCTIE 7
KOJICOaHMIA.

8. IlepeBecTH yIiibl 0 U CpEAHEE 3HAYEHUE YIJIA 0L, B PAJAHaHHYI0 MePY. BeauciuTe mo
dbopmyiie (6) k03D PUIMEHT k TPEHUS CKOJIBKEHUS MEXKTY IAPOM U ILTACTUHOM.

9. CHATBh MasiTHUK CKOJBXEHHS: Y CTAHOBUTh MAasATHUK KaUEHUsI TaK, YTOOBI B PABHO-
BECHH YKA3aTeJIb MASITHUKA OKA3aJICS HAIPOTHUB HYJIEBOI'O JIEJIEHUS OTCUETa YIJIoB O.. BbI-
OpaTh TaKoW yroJ o,y Ha4aJbHOTO OTKJIOHEHUS IIAPUK, YTOOBI MIAPUK KaTaJCs MO MIacCTH-
He 0e3 MPOCKaIb3bIBaHMSI. 3aNucaTh BEIOpAHHOE 3HAYCHHUE 0.

10. TIpoBecTr n3MepeHust aHATOTMYHO . 6,7.

11. U3mepuTh ITaHTEHIMPKYJIEM auaMeTp D mapa MasTHUKA KaueHHs. BbIYuCInTh
paauyc mapa R=D/2.

120npenenuts ko3pPuIeHT TpeHus kaueHus mno gopmyie (8)

KoHTposbHBIC BONIPOCHI

1. Kakne cymecTByroT BUAbl CHJI TpeHUA? B uem oTinuuune Mexay HUMU?

2. ®u3ndecKuii CMBICT KO PUITMEHTa TPEHUS KaUCHHUS U TPCHUS CKOJIbKEHUS.

3. Ilouemy TETIOBO3 MOXKET TSIHYTh 3a COOOM COCTaB HAMHOTO OOJIBIIIEH MAaCChl, YEM OH
cam? Benpb cuia TpeHus, IEHCTBYIONIAs HA COCTaB, IPOIIOPLUOHAIIBHA BECY COCTABA.

4. Ha rmagkoi ropr30HTAIBHOMIIOBEPXHOCTH JIEKUT IIEPOXOBATAsA TOCKA, HA HEW JIEKUT
Opycok. JIocky HauMHaOT JBUraTh B TOPU30HTAILHOM HamlpaBlieHUU. JleMCTByeT 1M cuia
TpeHust Ha Opycok? Ha AOCKY? B KAKOM HaNpaBICHUU?

5. Kakas cuiia co3gaet ropu3oHTaIbHOE YCKOPEHUE MAIIMHBI TPU cTapTe?
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14. Onpenesnenne moayJast FOHra Mmeroaom usrunoa
Leab padoThl - U3yueHue ynpyrux aedopmaruii pa3inyHbIX MaTePUaIoOB.
Conep:xkanue padoThbl
Ecnu npsimoil yripyruit ctepeHb 000MMHU KOHIIaMH CBOOOIHO MOJIOKUTH HA TBEP/bIE
ONOpBI U HATPY3UTh B CEPEUHE I'PY30M BECOM P, TO cepelnHa CTePKHS OMyCTUTCH,
T. €. CTEp>KEHb corHercs (puc. 1).
Y, p Jlerko moHSTH, 9TO TIPU TAKOM H3THOE
BEPXHHE CJIOW CTEP)KHS OYIyT COKMMATHCS,
4P A P12 HUKHUE - PACTATUBATHCA, & HEKOTOPBIN
d CpEAHUM CJIOM, KOTOPBIM HA3bIBAIOT
¥ ﬁ& FX HEUTPAJBbHBIM CIOEM, COXPAHUT JINHY
U TOJbKO MpPETEepNUT UcKkpunieuue. [le-

\\ﬁ Y(x) pemelieHue d, KoTopoe IoJly4aeT cepe-
L

B
-

JMHA CTEPKHS, HA3BIBAECTCSA CMpeiou

- - npoeuba. Ctpena nporuda TeM 0oJIbIIe,
Puc. 1 gyeMm OoJibllie Harpy3Ka, U, KpoMe TOoTo,

OHa JIOJ’KHA 3aBUCETh OT (POPMBI U pas-

MEpOB CTEPIKHS M OT €r0 MOYJIsl ynpyrocTu. J{nst nepopmanuii pacTsKeHUS U CKATHS

MOJYJb YOPYTOCTU Ha3bIBAETCS Modynem FOHea M YUCIEHHO paBEH HAMPSHKEHUIO (T. €. YII-

pyroii cuiie, MpUXOIAIIEHCs Ha €AUHUILY TUIOMIAN TTOTIEPEYHOTO CEUCHUS Tea), BO3HU-

KaroleMy B 00pasle npy yBeJIn4eHUH (YMEHbLIECHUH) €0 JJIMHBI B JiBa pa3a.

HaiineMm cBsi3p MeXIy CTpenoil mporuda 1 XxapakTepUCTUKaMH yIIPyroro CTepkHs. B
JTAaHHOM padoTe UCTIONB3YeTCs IJIACTHHA MPSIMOYTOJILHOTO CeUeHUs pazMmepamu L (1yuHa), A
(BbICOTA), b (puHa). [To BO3ACHICTBIEM BHEUITHEHN CHJIBI TIJIACTHHA UCKPUBJISICTCS, U €€
dbopma MoxkeT ObITh onrcana ¢yHkIuen y(x) (cMm. puc. 1). Bo3Hukaromue B miacTuHe
CUJIBl YIPYTOCTH MPONOPIUOHANBHBI KpUsU3He TUIACTUHBI, T. €. BTOPOW MPOU3BOTHOMN
v"(x). YcaoBue paBHOBECHS UMEET BUJI:

Ely "(x) = M(x) , (D)
3
rae £ —monyns FOura; [ = — — koauimeHT, onpeaensieMblil TeOMeTprei! M1acTHHBI,

P .
M(x) = Ex —- U3ru0aroIuii MOMEHT.

Takum 06pa3om, momydaeM guddepeHInanb-Hoe ypaBHEHHE 11 (GOPMBI TIACTHHBI:
y"(x)= ix, HHTETPUpPYs KOTOpoe, Haxoaum: y'(x)= ix2 +C.
2EI 4E]

[TocTosiHHyt0 MHTErprpoBaHus C ONpeNeauM U3 YCIOBHS PAaBEHCTBA HYJIIO HAKJIOHA IJ1a-
2

CTHHBI B €€ LICHTPE: '( L/ 2) =0, otkyna C = _ﬁ . Ilociie BTOpOro nHTErpUpOBa-

HUS UMEeM:
P> Pl’x
y(x)="r -
12EI  16El
Crpena nmporuda d 1mo Moy It0 paBHa CMEIIIEHUIO CEPENHBI IIACTUHBI:

(2)
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PI>
d=- y(L/ 2) =———, OTKY/la OKOHYATEJIbHO:
4Ebh
3
E= % (3)
4dbh

IHopsaaok BbINOJHeHUs PA00OTHI
1. YcraHOBUTB OJJHY U3 HCCIIEyEMBbIX ILIa-
1 CTUH 1 Ha mMpU3MaTUYECKHUE OMopkl 2 (CM. puc. 2).
Y cTaHOBUTH YaCOBOUW MHAUKATOP 3 TaKUM 00-
pa3oM, 4TOObI €ro HAKOHEYHUK KOCHYJICA TUIa-
CTHHBIL.

2. [ToBecuth Ha ckOOy 4 TUprO 5 Maccoi
m. Ilo mkajne HHAUKATOpA ONPEEIUTh Be-
JWYUHY Tporuda. J{s moBbIIeHHs TOYHOCTH
HNOBTOPUTH U3MEPEHUS 5 pa3.

3. [loBTOPUTH 3anaHue 1. 2, yBeANUUBas
MaccCy TUPH ¢ TOMOIIbIO TOTOJHUTEIbHBIX
rpy3oB. Bcero nposectu uzmepenus uis 4 3Ha-
YEHUU M.

4. 3MepUTh IITAaHT€HIUPKYJIEM Pa3Mephl
TUTACTUHBI.

Puc. 2 / \ 5. Beriuucauts Moayiib FOHra uccienyemMoro
— = BellecTBa o ¢popmyne (3) mpu Kaxao0u Macce
rupu. PaccuntaTh NOrpelIHOCTh pe3yJibTaTa.

KonTposbHbIE BONIPOCHI

1. Yto Takoe ock n3ruoda?

2. Yro Takoe HENTpanbHAs JTUHUSA?

3. Yto Takoe ctpena nporuda’?

4. Yro takoe HanpspkeHue? TaHreHIamTbHOEe U HOPMAIbHOE HAPSKEHUE.

5. Yto Takoe HATsHKEHME U naBieHue? YeM oT/IM4aroTcs 3TU ITOHATUA?

6. 13 xpyrioro 6peBHa auamerpa D TpeOyeTcst H3rOTOBUTH OaJIKy MPSIMOYTOJIBHOTO TIOTIe-
PEYHOT0 CeueHus1, 4TOObI €€ N3rud ObUT MUHUMANIbHBIM. ONpeAeTuTh MUPUHY @ U TOJIIUHY
h Takol OanKu.

Jlureparypa
1. A.B.CuByxun "O0mmuii kypc pusuxu", Tom I "Mexanuka", ri. X, §§74, 75, 80
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15. I'panyupoBka mkaJjbl reHeparopa.
eab padoTsI
N3yunth crokeHue B3aUMHO TIEPIICHANKYIJSIPHBIX KOJIeOaHuil, moayduTh Gurypsl Jluc-
CaXXy U C UX MOMOLIBIO IPOTPayupoBaTh UIKaTy 3ByKOBOT'O I€HEpaTopa.
Teopernueckoe BBeieHHE

['pamynpoBKoit 1IKaa IpUOOPOB HA3BIBACTCS OIMEPAIHs, IIPHU TOMOIIN KOTOPOH JeIe-
HUSM KBl TPUOOPOB MPUAAIOT 3HAYCHMS, BEIPAKCHHBIC B YCTAHOBJICHHBIX €IMHUIIAX
U3MEpEHUSI.

B nannoit pabote rpagyupyercs 1Kaia 38yKOBOIO T€HEPAToOpa B €IMHUIIAX YACTOThI —
repuax (I'm). 3aBUCUMOCTE MEXTy JIETICHUSIMH IIKAJIbI 3BYyKOBOT'O F€HEPATOpa U €IMHUIICH
U3MEPEHUS OIPEIENSIETCSl TOCPECTBOM CPABHEHUS YACTOTHI €r0 KOJIeOaHU ¢ 3TaTlOHHOM
yacToTol. B KauecTBe 3TaloHa 4aCTOThI MPUHUMAETCS YaCTOTa KoJieOaHH HaNpsDKEHUS T1e-
PEMEHHOr0 TOKa B ropozckoi cetu (vy= 50 I'm). CpaBHEHHE 4acTOT 3ByKOBOI'O I'€éHEPATOpa U
ATaJIOHHOM YacTOThI OCYILIECTBIISETCS IyTEM MOTy4EHUs U HAOIIOJICHUSI Ha SKpaHe OCLMILIO-
rpaga ycToiunBbIX BO BpeMeHH (uryp Jluccaxy uBectHol KoH(puUrypauu (cMm. puc.2).

Jlns nabmonenuit puryp Jlnccaxy ucnonp3yercs ocrmuiorpad. Ha BepTukanbHO OT-
KJIOHSIFOIIHME TIACTUHBI 3JIEKTPOHHO-ITy4eBOU TpyOKH ociimiorpada (BXo y) moIatoTcs
STaJIOHHBIE KOJIEOaHNsA HAPSHKEHUS € 4acToToM vy = 50 I'll OT ceTn nepeMeHHoro Toka
(ot k1eMM “Bxoa’ 3ByKOBOro reHeparopa). Ha ropu3oHTaIbHO OTKIIOHSIOIINAE MIACTUHBI
AIIEKTPOHHO-Ty4eBOM TpyOKH ocimuiorpada (“Bxomx x”’) momaroTcst KojeOaHus HAMPsDKe-
HUS YaCTOTOM Vy C KJIeMM “Bpixon” 3ByKOBOTO reHepaTopa, MKaily KOTOPOro He00X0a1-
MO MPOrpayupoBaTh.

ChoxeHue B3aIMHO NePNeHIUKYIAPHBIX KOJTeOaHU i
[TycTh TOUKa y4yacTBYET B IBYX B3aUMHO TEPIICHIUKYIISIPHBIX TAPMOHUYECKUX KOJIeOaHH-
X

x=A,cos2nv,t, (1)
y=4, cos(27cvyt+0c0) (2)

IJIE X, y — CMELICHUS TOYKHU BJIOJb OCEH X My B MOMEHT BPEMEHH t; Ay, Ay — aMIUIUTY 1B
KOJI€0aHHH; Vy, Vy — YaCTOTBI KOJIEOAHUH B HAIIPABJICHUAX X U Y; t — BpeMs; O, — Pa3HOCTb
HavYaIbHBIX (Da3 KojaeOaHuM.

YpaBHEHHE TPACKTOPUHU JIBIIKCHHS TOUKH Y=Y(X) MOJy4aeTCsl MMyTEM UCKIIIOYE-
Hus u3 dyaknwii (1) u (2) Bpemenn. Paccmorpum n1Ba cirydast.
1. YacToThl K0JI€0aHUI OIMHAKOBBI, T.€. V=V,=V.

N3 dopmynsl (1) nmeem
cos2nvt =x/A, u sin2nvt=\/1—x2/A§ (la)
U3 popmynsr (2)
y/Ay = cos(2nvi +a, ) = cos2nv¢-cosa,, —sin 2nvisina,, (2a)
Orcrona nocne nojactaHoBku (1a) B (2a) momyyaem
x? y2 2xy

cosa, = sin’ o, (3)

+ —_
A? Ai 4.4,
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VYpaBHeHue (3) ONMKMCHIBACT TPACKTOPHIO ABHKCHUS TOYKU. PaccMoTpuM ee BuI mpu
Pa3TUYHBIX 3HAYCHHSIX Ol,.
a) o, = 0, sina, = 0, cosa, = 1. [loxcrasnsiem B (3) 1 momy4daem

2
y
R N e g (3.,2)
A A, A,

D10 mpsMast JINHUS.
0) o, = T, sina, = 0, cosa, = —1. [loacrasmsiem B (3) u moxyvaem

2
A
S A e (3.6)
A, A, A,

DTO npsmas TUHHUSL.
B) 0, = * /2, sina, = * 1, cosa, = 0. [loxcrasnsiem B (3) 1 nmonyuaem
x2 y2
—+—=1 (3,8)
A2 A2
x y
DT0 3JUTHIIC, OCH KOTOPOTO COBMAIAIOT C OCAMHM X M Y. Eclii aMIIUTy 161 KOJIeOaHMiA
paBHEL, T.€. Ay= Ay= A, TO JJIJIMIIC BEIPOXKIAETCSA B OKPYKHOCTh paauyca R=A:
X2 +y2 = 42 (3,r)
VYpaBHenue (3B) nosydaercs npu

JBOMHOM YCIIOBUH O, = + 1/2. Pa3-
JIMYHE B OTUX JIBYX CIydasx 3aKIIo-
YaeTCs B TOM, 4TO TPH O, = +7/2
TOYKA JIBHKETCS T10 JUTHIICY TI0 Ya-
COBOM CTpenKe, a Mpu o, = —T/2 — B
oOpaTHOM HarpaBiieHuu. B o0rem
cinyuae ypaBHeHue (3) ecTh ypaBHe-
HUE DJUIUICA, OCH KOTOPOTO MOBEP-
HYTBI OTHOCUTEIIBHO KOOPIUHATHBIX
OCEU X U Y.

2. YacToThl KoJIe0aHU pa3/Iuy-
HBI, T.C. V3 # Vy.

B sToMm cirydae TpaekTopus pe3yib-
TUPYIOIIETO JBMKEHUS UMEET BUJI
JIOBOJILHO CJIO’KHBIX KPHUBBIX, Ha3bI-
BaeMbIX (urypamu Jlnuccaxy. Bua
¢uryp Jluccaxy 3aBUCUT OT OTHO-
IEHHUH Vy/Vy, Ay/Ay, @ TaKXKE OT pas-
HOoCcTH (a3 o,. OHU MOTYT OBITH He-
3aMKHYTBIMH U U3MEHSATHCS CO Bpe-
MeHeM. Ecniu oTHOIIeHHE YacToT sB-
JSIETCS pallOHATBHBIM YHCIIOM, T.€.
Vy/Vy = Dy/Ny, TAE Ny U Ny — LHEIBIE
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yucia, To purypsl JInccaxy Oka3pIBarOTCS 3aMKHYTHIMU, HE3aBUCAILIMMU OT BPEMEHHU
kpuBbIMH. Ha puc.] n300pakeHO HeCKOJIbKO Takux ¢uryp Jluccaxy npu pa3IMdHbBIX CO-
OTHOILIEHHUAX YAaCTOT Vy U Vy M IIPY Pa3HOCTH (a3 o, =7/2.
OTHOIIEHHE YaCTOT Vy/Vy PABHO OTHOIIEHHMIO YMCJIa TOYEK KacaHus n,/n, purypsl Jlucca-
Ky CO CTOPOHAMH NPSAMOYTOJIbHHKA, B KOTOPBI OHH BIMCBIBAIOTCS, T.€. Vy/Vy =Ny/Ny, T1IE
Ny — KOJIMYECTBO TOYEK KacaHus co ctoponoit BC, nepecekaromeit ock X; ny — KOJTMYECTBO
TOYEK KacaHus co cTopoHou AB, mepecekarolieit och y.
Wrak, Hanndue yCTOWYUBBIX BO BPEMEHH, 3aMKHYTHIX Guryp Jluccaxy ozHavaer,
YTO OTHOUIEHUE YaCTOT KONEOAHUH Vy/Vy PABHO OTHOIIECHHIO LEIBIX YHCEN Ny/ny. 1o BHIY
¢uryp JInccaxxy MOKXHO ONPEEIUTD BENNYMHY STOTO OTHOIIEHHUS (T.€. Ny U Ny). A 3TO J1a-
€T BO3MOKHOCTB 110 U3BECTHOM TAJIOHHOM YacToTe, HanpuMep vy = 50 I'n, u 1o Buy 1o-
ayyaeMsbIx ¢uryp Jlnccaxy onpenensiTe APyryro YaCTOTY Vy.
IHopsaaok BbINOJHeHUs Pa0OTHI
1. IIpoBepuTh cxeMy BKIIFOUEHHS IO PUCYHKY 1.
2. Buiiku 37€KTpOLIHYpOB ocuuiuiorpada u 3ByKo-
BOI'0 T€HEpaTopa BKIIIOUUTh B PO3ETKHU C HANpsKe-
Huem 220 B.
3. Bxmounts ocupiorpad, HocTaBuB TyMOJIep
8X00 661X00 “Certp”’ B osioxkeHue “Bki.”, u npoBepUTh HAIN-
YK€ CBETSIIENCS TOUKU B IEHTPE IKpaHa.
4. BximtounTh 3BYKOBOM T€HEepaTop, AJsl 4ero TyMO-
aep “CeTp” MOCTaBUTH B MOJIOKEHUE “Bri.”
5. Ilpu HEOOXOAMMOCTHU pyUKaMH “AMITTUTY/IA BbI-
Puc. 1 X0/1a”’ Ha 3ByKOBOM T'€HepaTope U Y cuiieHue” Ha
ocrusiorpade ycTaHOBUTh y00HBIE JIJ1s1 HAOJIIO-
JEHUS pa3Mepsl GUryp.
6. Bpaias py4ky 3ByKOBOTO T€HEpaTOpa CoO IMIKaJIOH, Jo0OUThCsS NosiBIeHUs Purypst Jlnc-
Caxy, N300pakeHHOH Ha puc.2,B. OnpesenuTh 4aCTOTy V,=Vy U 3alUCaTh B TAOJIUIly B
COOTBETCTBYIOUIUI CTOJIOMK MOKa3aHUs IKaJIbl 3ByKOBOT'O reHeparopa (n).
7. Ecnu Bpamath pydky 3ByKOBOT'O I'€éHepaTopa NpOTUB YaCOBOM CTPEIKHU OT MOKa3aHUs
IIKAJIbI, IOJYYSHHOTO B 1.6, TO OyayT HaOM0aaThCsl (GUTYPHI, N300paKeHHBIC HA
puc.2,a,0, eciu Mo 4acoBOM CTpeNKe, TO PUrypsl puc.2,r,1. MenaeHHo Bpamias pyuKy
3BYKOBOI'O F€HEPATOPA, MOIYUUTh YKa3aHHbIE (pUrypsl Jluccaxy, onpeneanTs s Kax-
JIOW YaCTOTY Vy U 3allicaTh B TAOJIMIly COOTBETCTBYIOIINE MOKA3aHUs JCICHUN IKaJbI (n).
Tak kak pydka 3ByKOBOI'O F'€HepaTopa UMeeT J0(T, TO U3MEPEHHUS HaJ0 MPOBOIUTH, MO/
X0JIsl K Hy>)KHOH (urype cieBa u crpasa. i1 0AHON U TOU ke PUTypbl OJIyHArOTCs pa3-
Hble 3HaueHus. [loayduB no Tpu 3HaUEHHUS ClIeBa U CIPaBa, pACCUUTATh CPEIHEE 3HAUE-
HUE U CTaHJAPTHOE OTKJIOHEHHUE CPETHETO.
8. ITo momy4eHHBIM CpEeTHUM 3HAUCHUSM ITOCTPOUTH Tpaduk vi(n). HauepTuth oTpeskun
napaiesIbHO OCH N C LIEHTPOM B SKCIEPUMEHTAIbHBIX TOUKAX U JJIMHON B JIBa CTaHJIApPT-
HBIX OTKJIOHEHUS CPEJIHETO.

3r 20

o b
w b




Bun ¢u- \‘

ryp .\
Ny 3 2 1 1 1
n, | 1
n

V=V, /Ny

KoHTpoJIbHBIE BONIPOCHI

1. 3anucarh 3aKOH ABM>KEHHSI TApMOHUYECKH KOJIeOolencs Touku. UTo Takoe aMIuin-
TyJa, UKIMYecKas 4yacToTa, ¢asa, HayajibHas (a3za, nepuoj KojaeoOaHus?

2. [IpuBecTu mpUMepHI CIOKEHUS B3aUMHO MEPIEHANKYISIPHBIX KOJICOaHUI.

3. Kak nonayuuTh ypaBHEHHE TPACKTOPUHU TOUKH Y(X) IIPU CIOKEHUU ABYX B3aUMHO MeEp-
MEHANKYJISPHBIX KOJIeOaHuii?

4. I1pu KakuX yCIOBHSIX IIPU CIOKEHUU B3aUMHO MEPHEHIUKYIAPHBIX KOJeOaHN Tpaek-
TOPHSI OJYHAETCS IPSIMOM JIMHUEH, SJTUIICOM, OKPYKHOCTBIO?

5. Yto takoe ¢urypsl Jluccaxy? [Ipu Kakux yCIOBUSX OHU BOSHUKAIOT?

6. Kakue xonebanus CKagbpIBatOTCs B 1a00OpaTopHOM ycTaHoBKe? UTO coBepiaeT Kose-
Oanus?

7. Uto Ha3bIBaeTCS TpaayupoBKoii mpuoopoB? Kakue crmocoOs! rpaaynpoBku Bel 3Haere?
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5 10 15 20 25 30
Puc. 1

X

ITocTpoenune rpagpukon

['padviku BBITTOIHSIOTCS TIPEUMYIIIC-
CTBCHHO HA MWJUTMMETPOBOU OyMma-
re. CHauana HYXHO BbIOpaTh Mac-
mTab Mo ocAM KoopauHat. Mac-
mTad BBIOMpACTCS TaKMM 00pa3oM,
9YTOOBI YTOJ HAaKJIOHA MPAMBIX (WM
KacaTelIbHBIX K KPHUBBIM) Ha rpadu-
ke Obi1 Omu3zok k 45°. Kpussbie
JOJKHBI 3aHUMATh MPAKTUYECKU BCE
nojie 4yeprexa. 3a €IWHHUIy Mac-
mrada pa3yMHO BBIOMpPATH TOJIBKO
yucia, kpataeie 2, 5, 10, 20, 50,
100.

Ha ocsix koopaunat HaHOCST
METKHU, COOTBETCTBYIOIIUE BHIpa-

KEHHBIM HHU(DPOBBIM 3HAUCHUSIM (T.€. uncaam, kpatabM 1, 5, 10 u 1.1.). LHudpossie 3Ha-
YEHUS MTPOCTABISAIOTCS (HA JICBOW M HIDKHEH OCSX) TOJIBKO JIJISt KPYITHBIX €IMHMI] MacCIIITa-
6a. Oko10 ocelt KOOpAUHAT (ClieBa U BHU3Y) HEOOXOAMMO HAaMKUCaTh HA3BaHUS BEJIMUUH,
KOTOPBIE OTJIOXKEHBI [0 HUM, X 0003HaYCHHE U €IMHUIIBI U3MepeHusi. Bce Haanucu u

1M pOBHIE 3HAYCHUS JOJDKHBI OBITH KPYITHBIMHU.

3 4 *
2_
1_
4 * S
0 ER N R U B I N T
5.2 53 54 5.5
-1

Puc.2

4
/T, 10 K

DKcnepuMeHTaIbHbIE TOYKA HAHO-
CSATCA Ha 4YEPTEeXK B BHUJE YCIOBHBIX
3HAKOB HEOOJIbIIOro pasMepa (Kpy-
YKOYKH, KBaJIPATUKH, KPECTHKU H T.1.).
KenareapHO MIT KaXXOOM TOYKMA Ha
rpauke yKa3bplBaTh IMOTPEIIHOCTh B
BUJIE€ OTPE3KOB JUIMHOW B OJHO CTaH-
napTHoe oTkJIoHeHue. [lorpemHocTu
MOXKHO YyKa3bIBaThb HJIsi OJIHOW WA
JBYX TMepeMeHHbIX (cM. puc.l). Ecnu
BCE OKCIEPUMEHTAIbHBIC 3HAYCHUS
U3MEPEHHOW BEJIMYMHBI JIEkKAT B Y3-
KOM Jlhama3oHe, TO Hadajlo OTcueTa

MOHO CMECTUTh B OJMXKAUIIYI0 METKY MaciiTadba, KoTopasi JEKHUT JIeBE€ HAUMEHBIIIETO
AKCIIEPUMEHTAIBLHOI0 3HaUeHHS (CM. puc.2).
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17. MaremaTudeckasi 00padoTKa pe3yJibTaTOB IKCIIEPUMEHTA
10 MeTOAy HAMMEHBIIUX KBAJPATOB

Ha npakTrnke 4acTo 1uenpto u3MepeHu SIBISETCA YCTAHOBICHUE BUJIa HEKOTOPOU
(YHKIIMOHAIBHON 3aBUCUMOCTH ) = f(x), TJie X — He3aBUCUMas IepeMEHHasl, a y - 3aBUCH-
Mas nepeMeHHas. B skcrnepuMeHTe OJJHOBPEMEHHO ONPEACIAIOTCS KaK 3HAUYCHUS X,
TaK U COOTBETCTBYIOIIME UM 3HAYCHHUS Y, a 3a/1a4eHl SIBJISIETCS YCTAHOBJICHHE MaTeMaTHye-
CKOM MOJICITA MCCIIeAyEeMON 3aBUCUMOCTH — MOJ00pE aHATUTUUECKOW (PYHKITUM, HAM-
JTy4IIIM 00pa30M OIMUCHIBAIOIIEH SKCTIEPUMEHTAILHBIC JTAHHBIC.

Hckomas maTteMatrdeckasi Mojiesib (YHKIITMOHATBLHOM 3aBUCUMOCTH MOXET OBbITh
HaljieHa JINIIb B Pe3yIbTaTe COBMECTHON 00pabOTKM BCEX MOMYYCHHBIX 3HAUCHUHN X U ).
3agava BeIOOpa BHIA YHKITMOHATLHOW 3aBUCUMOCTH (AMITUPHUYECKON (POPMYJIBI) - 3a/1a4a
He ¢opManu3yemMas, Tak Kak OJHa U Ta K€ KpUBasi Ha JAaHHOM y4acTKe IMIPUMEPHO C OJIMHA-
KOBOU TOYHOCTBIO MOKET OBITh OTIMCAHA CAMBIMU PA3JIUYHBIMU AHATIUTUYECKUMHU BBI-
paxenusamu. MHoraa sMmnupuyeckyto GopMyIy yaaeTcst BbIOpaTh, UCX0s U3 (puznye-
CKOT'O CMBICJIa B BUI€ JTJMHEWHOW 3aBUCUMOCTH, SKCIIOHEHITMATIHLHON WU JIoTapu(hMUIECKON
(YHKITUH | T. T1., TO €CTh B BUJIE KOMIIAKTHOTO U COIEPIKATEIBHOTO BBIPAXKCHUS, T 1€
napaMeTphl UMEIOT ONPEeICHHBIN CMBICT (MHTEpHpeTUupyemsl). [locne Toro kak
BBIOpaH BUA QYHKIIMU-MOJIENIH, C TTOMOIIBI0O KOTOPOU MBITAIOTCS OMUCATh SKCIIEPUMEH-
TaJbHBIC PE3YIbTATHI, TOJHKHBI OBITh HAWICHBI TAPaAMETPhI, BXOAAIIUE B 3TY HOPMYITY
(a, bur. n.).

OcHOBHOM cIOCO0 HAXOMXICHUS STUX NTAPAMETPOB - METOJ] HAUMEHBIIINX KBAIPaTOB
(MHK), x0Ts1 OH HE SIBJISIETCS] €TUHCTBEHHBIM.

[IycTs mociie mpeIBapUTEIbHOTO aHAIN3a
Obla BRIOpaHa JIMHEWHAsT MOJIEIb BUIa
y=ax+b. Teneppb 3aauya COCTOUT B TOM, YTOOBI
HAWUTH HAWJIY4IIUE 3HAYCHUS MMapaMeTPOB MOJIE-
v a v b. HaM W3BeCTHBI 3HAYCHUS X; U )); - KOH-
KpETHBIC YKCIia, MOJIydeHHbIE B onbITax (puc. 1).

Jlnst onpeienienrs HEM3BECTHBIX TApaMETPOB
MOXHO COCTaBUTh CUCTEMY YCJIOBHBIX JIU-
HEWHBIX YPABHEHUU, KaXK10€ U3 KOTOPBIX

__l,] 5, MMeeT BUJL:
Puc. 1 ' yi=a-x;+b, i=123,..,n )

Y d

\
N
N
A}
hY

N,

1
1
1
1
\
I
1
I
I
I
I
I
I
I
1
1
d
U |

Cucrema ypaBHeHuii (1) npu n-KpaTHbIX W3-
MEPEHHUAX MOKET ObITh U30BITOYHOM, €CIIU 71 > 2 1, BOOOILE TOBOPSI, HECOBMECTHA, T. K.
pe3yabTaThl U3MEPEHUM BEIUYUH X U ¥ HEU30€KHO coaepkar omnbku. [loatomy u3
ATUX YPaBHEHUU MOYKHO OMPEACIIUTD JIMIIb OLUEHKH UCKOMBIX MapaMeTpoB A u B, KoTo-
pbI€ SIBJISIFOTCS CITy4ailHBIMU BEJTMUUHAMM.

Bynem cuutaTh, 4TO BCE Mapbl SKCIIEPUMEHTAJIbHBIX 3HAUEHUH X;, ; pABHOBEPO-
ATHBI (T. €. U3BMEPEHHUSI PABHOTOYHBI), CITy4YailHbIE OMIMOKY BEJIMYMH X U Y PACHpPEACTICHBI 10
HOPMaJIbHOMY 3aKOHY, @ CHCTEMAaTHYE€CKUMHU OLIMOKaMU MOKHO IipeHeOpeub. Mexay pac-
CUMTAHHBIMHU 10 MOJIEIH 3HAYEHUSAMH U SKCIIEPUMEHTAIbHBIMU OTCUETaMHU y. OyIyT Ha-

OmrofaThes OTKIOHEHU. BBenem aisd HUX o003HaueHue A; =y, —y; = y; —(A “X; + B) :

Marematuku Jlexxauap u ['aycc nmokaszanu, 4To OlleHKU napaMeTpoB 4 u B OyayT
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Hanbosee BEPOSTHBIMU, €CIIM CYMMa KBaJIpaTOB OTKJIOHEHUH MO BCEM TOYKaM 7 OyJeT
HAaUMEHBIIIECH:

n
0=Y A? - min )
i=l
MuHMMYM 3TON CyMMBbI HAXOJUTCS 1O NMpaBuiaaM I depeHInanibHOro HCuKcie-
HUA: YCJIOBI/IGM MHUHHUMYMa (bYHKHI/II/I ABIISICTCA o6pameHHe B HYJIb HaCTHBIX IIPOU3BOI-
HBIX QYHKIIMU O TI0 HE3aBUCUMBIM NEPEMEHHBIM A U B:

0 _, 0_,
04 OB
[Toacrapmss (2) B (3), momydaem:

n n
A xj+n-B=> y; =0,

i=l1 i=l1

4

n n b n
B'in +A-le~ —le' Vi =0.

=1 i=1 i=1
Pemwras 3Ty cucreMy ypaBHEHUI OTHOCHUTENIBHO MTapaMeTpPoB A U B, HaXoauM:

n n n
neYL X V= 2 X D Vi
i=1

i=l i=l
2 ¢ (5)

n n
n- lez - 2%
i=1 i=1
Ecnu pazaenuTs yucauTeNb U 3HaMEHaTeNb ypaBHeHUs (5) Ha n’, TO TOCIIE HECII0XK-
HBIX TIpeoOpa30BaHUN MOKHO BBIPAa3UTh KOADOUIIMEHT A Yepe3 CPeTHUE 3HAYCHUS BEIIH-
YHWH, BXOIAIIUX B OTH ypaBHeHI/IfL Torz[a HOJIy‘II/IMZ

e

rae <x> == % <y> == 2. Vi <x-y> :_'Z(xi 'yi): <x >=—‘in — apucmern-
n =1 n =1 n =1 n =1

YECKHME 3HAYEHUSI COOTBETCTBYIOIIMX BEJINUNH.

N3 ypaBuenus (1), paccuntaB napamerp A, MOKHO HAalUTH napameTp B.

B:<y>—A'<x> (6a)
Haxoxnenre nCKoMbIX O1IeHOK 4 1 B 110 ypaBHeHusM (6) 1 (6a) ynoOHO TTpH pyIHOM
CYeTE Ha MUKPOKAJIBKYJIATOpax Wik Ha DOBM.

Teopust 1aeT BO3MOXHOCTb ONPEAETUTH TAKKE OUCHEpCUlo (paccesnue, OmKIOHEHUe
AKCIIEPUMEHTATIBHBIX TOYCK OT MOJICTBHON NPSIMOK ) B qucTiepcuio koddduimeHTo 4 u B.

€)

A=

Ecnu 0003HaunTh Sg - TUCIIEPCHUIO TOYEK, Sﬁ U Slz; - nucnepcuu KodppuuueHToB 4 u
B, T0



- P s (7)

= ®)
we[ ()|
s2 =Sj-<x2>. 9)

WuTepBaiibl, B KOTOPBIX C JOBEPUTEIHHON BEPOSTHOCTHIO OL MOTYT HAXOJUTHCS KO3 HU-
LIUEHTHI @ U b, 3aNIUCHIBAIOTCS B BUJE

A_ta.n—Z'SA SaSA_i_tOL,n—Z'SA’ (10)
B—ta’n_z‘SB SbSB-l‘ta’n_z‘SB (11)

rae ¢y ,—p - Kodpouiment CrbiofeHTa.

[TomyueHnble pOpMyIIbI HEMOCPEICTBEHHO MOT'YT OBbITh UCIOJIB30BaHbI I pacyera ma-
paMeTpOB JMHEHHBIX aNMPOKCUMUPYIOIINX 3aBUCMMOCTEH B J1a00PaTOPHBIX pabOTax.
18. IIpaBuia i MaTeMaTH4YecKOi 00padOTKHU pe3y/IbTATOB IKCIIEPUMEHTA
IIpsimble U3MepeHus
1. Pe3ynbpTaTel U3MEpPEHUI 3ancaTh B TAOIUIBL.
1 n
2. Beiuucnuth BHIOOPOYHBIE CPEJTHUE X = —z X;
=]

3. BbrunciauTh BIOOPOYHBIE CTaHJAPTHBIE OTKIIOHEHUS! CPETHETO

1 1 —\2

Sf = —_1 Z (Xl' —X )
n(n-1);3

4, OHpeI[eJ'II/ITI) PA3JIAIHBIC CUCTCMATUYCCKUC OH_II/I6KI/I H PACCHUTBIBACTCA CyYMMaApHast

cucTeMaTu4eckas OluOKa: Oy = \/ GﬁpHG + G%Kp + G§y6 +..., [Jie HOrPeIIHOCTb Ipudopa

Cppuc OIMPEACISETCS 10 HMacnopty npubopa. Eciu morpersocTs npudopa 3axaercst Kak
npeienbHask (MAaKCUMAIbHAsT) Ay » TO IPUOIIKCHHO Gpnys & Ayaee / V12 ; morpemi-

HOCTb OKPYIJICHUS Gy = 03/ V12 ,rne o - ueHa genenus mpudopa, Wiv Ta yJBOCHHAs

JI0J1s1 IGTICHHUS, 10 KOTOPOU MPOU3BOIUTCS OKPYTJICHUE; Gy - CYOBEKTHBHAS TOTPEILI-

cy0
HOCTh. B BeIpakeHuu a1 Gy mpeHeOpeyb BCEMH OIMOKaMU, KOTOPbIE HE MPEBHIIIAIOT
10% oT MakCcUMaJILHOM.

5. Ilo Tabnuie 1 Hamo HaliTh 3HaueHue ko3 duirienta CTbrofeHTa ¢ rjae o 0ObIYHO

o,

BeIOMparoT 0.7. 1o Tabauue la onpenenuts ko3puuneHt Yeoslimesa vy, , A€ O ONAThH
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e BbIOpath 0.7. [lonymupuHy JOBEPUTEIBHOTO MHTEPBAIa ONPEACTUTH IO PopMyIIe:

Ax = \/(toc,nS)_c)z +(v40% )2

KocBeHnnblie u3mepeHus.
1. Pe3ynbTaThl m3MEpeHUH 3aITUCaTh B TAOIHUIIHI.

2. 15 pe3yabTaToB NPSMbIX U3MEPEHUN apryMEHTOB X; QYHKUMU [ ,TAe i - HOMEpP ap-
F'YMEHTA, BEIYUCIIUTE:

nl
a) BEIOOPOYHBIC CPEMIHUE X; = — D X;
n; 1
i k=1
1 L _\2
0) BBIOOPOUYHBIC CTAHIAPTHBIC OTKIOHEHHS CPEIHEro Sy =, [——— > (x,-, e xi)

n; (n; 1) 15
3. JIyist KaXKI0ro apryMeHTa BEIYHCIIATE CYMMApHBIE CHCTEMATUYECKUE IIOIPEITHOCTH

2 2 2
Oix = \/Gi, npu6 + Oi, oxp T Oi, cy6 T+

4. BelYMCIUTB BEIGOPOUHOE cpesiHee QYHKIUN zZ = f(x.%,...)
S. BBIUHCIUTE CTAaHIAPTHOE OTKJIIOHEHUE CUCTEMATUYECKUX MMOTPEIIHOCTEN
2
of
Gzy = Z - Oz
i \ 0%
6. BBIUHCINTE OLIEHKA CTAHAAPTHOTO OTKJIOHEHHUS CPEIHETO ISl CIIyYalHBIX MOTPEIIHO-
2
y of
creit Sz =42 = S%
Oox;

I I
7. 3agath ko3duiuent qoBepus o (Harpumep 0.7).
8. [lonymmpuHy 10BEpUTEIBLHOIO UHTEPBAJIA ONPEACIUTD 10 (hopmyiie:

2 2
Az =7y44/5% +0j3

Or0pacbiBaHue pe3yabTaToB NpsiMbIX u3Mepenuii. Kpurepuii lllosene

Cpeau norpemHoCcTeN U3MEPEHUI MOT'YT BCTPEYAThCS POMAXH - MIOIPEIIHOCTH, CY-
IIECTBEHHO IIPEBBIIIAIOLIME 0)KUIAEMbIE 3HAYEHUS IIPU JAHHBIX YCIOBHUAX 3KCIIEPUMEHTA.
[ToaTOMY BO3HMKAET €CTECTBEHHBIN BOIIPOC - KAKHUE IMOIPEIIHOCTA MOYKHO CUUTATH MPO-
MaxaMU C LEJIbI0 UCKIIOYEHUS B TAJIbHEHUIIIEM COOTBETCTBYIOIIMX UM PE3YJIbTaTOB U3ME-
peHusA? DTa OLIEHKAOCYIIECTBISAETCS Ha OCHOBE Kpumepus Lllosene.
ITycTe ponenano N usMepeHu HEKOM BEJIMYMHBI X U MIOJyYEHBI CIIEIYIOIINE PE3YJIbTATHI:
Xy, X5, ..., Xy. Ha OCHOBaHMM 3THX 3HaYCHUI MOKHO BBIYMCIUTh X U S, . Ecim umeercs
NOJIO3PUTEIIBHBIN PE3YIBTAT, HOTPEUTHOCTh KOTOPOI0, BO3MOKHO, SIBJIAETCS IIPOMAXOM,
_oa =]

moa — S
X

TO AJIsA HCTO BBIYUCIIAIOT T

- YUCJIO BEIOOPOYHBIX CTAHAAPTHBIX OTKIOHEHUH, HA KOTOPOE X,, OTIMYAETCS OT X .

IO

ITo Tabsuue 2 [punoxkeHnst MOKHO HalTH BEPOITHOCTh P(BHE Tp,,S, ) TOTO, UTO
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HOPMaJIbHOE U3MEPEHHE OYJIET OTIIMYATBLCA OT X HA Tpo; WM 00JIee BHIOOPOYHBIX CTaH-
JTapTHBIX OTKJIOHEeHUN. HakoHer, cienyeT yMHOXKUTD MOYyYeHHYIO0 BEpOsTHOCTh P(BHE
ThogSy ) HA MOJIHOE YKCIIO U3MEPEHU#H N, 4TOOBI MOy IUTh
n (xy>1<e, yeM xnoﬂ) =N- P(BHe Tno;[Sx)

KOTOPOE OIPENENACT YUCIO 0KUIAEMBIX U3MEPEHUI, KOTOPBIE JAIOT CTOJIb XKE IIJIOXHUE
PE3YNBTATHI, YTO M X, - Ecam n menpine 0.5, T0 x;,, OTOpackIBaeTcs.

B stom coctout kpurepuii lllosene. Ilocie oTOpackiBanus pe3yibTrara, HE Y0BIIE-
TBOpsowiero kpureputo Illosene, Hafo epecunTats X U S, 110 OCTABIIMMCS JAHHBIM.

ITpu n Gonwmem 0.5 ciaexyer Bce OCTaBUTh O€3 U3MEHEHUS.

PaccMoTpuM npumep: Npou3BEIEHO IECTh U3MEPEHUN HEKOTOPOU BEIMYMHBI U MOJTY-
YEHbI CIEAYIOLIUE PE3YIIbTaThl

3.8;3.5;3.9;3.9;3.4;1.8.
Cpeau 3TUX pe3yabTaToOB MOAO3PUTEIbHBIM sBIsgeTCs 1.8. [loaToMy ¢ yueToMm miectu us3-
MepeHui paccuntbiBaeM X =3.4 u S, = 0.8. 3Hauenue 1.8 ornyaercs or x Ha 285, .
CormnacHo Ta0IULBI 2:
P(Bre 2§, )=1 —P(B npenenax 2S5,) =0.05.

To ecTh U3 1BaIATH BO3MOKHBIX PE3YJIBTATOB U3MEPEHUIN PUOINZUTENBHO TOJIBKO
OJIMH PEe3yJIbTAT JOJDKEH TAK)KE CHIIBHO OTJIMYaThes OT S, Kak uncio 1.8. B ciaydae npo-

BEICHHBIX IIECTH U3MEPEHUI 0KUAAEMOE YMCIIO TakuX pe3yabTatoB n=0.05-6=0.3.
ITockoneky 7 < 0.5, To cornacHo kputeputo LlloBene, mo103pUTENbHBIN Pe3ynbTaT
x =1.8 I0mKEH OBbITh UCKIIIOYEH, a s OCTaBIIMXCS 3HaueHu x =3.7, S, =0.23.

19. IIpumepsl pacyeToB
1. Berancnuth BEIOOPOYHOE CpeiHEE X U BBIOOPOYHOE CTaHJAPTHOE OTKIOHEHHUE S,

JUISL CACYIOIIMNX JIECSITH PE3YJIbTaTOB UBMEPEHUN JIJTUHBI B CM.
6.18; 6.16; 6.14; 6.18; 6.20; 6.18; 6.20; 6.20; 6.20; 6.26

T = 6'18+1"(')+6‘26 —6.184~6.18 cum

S(x-%)  |(6.18-6.184)" +..+(6.26 - 6.184)
(n - 1) - 9
2. BBIqHCHHTB, KaKOBa 6y,Z[€T Hauiay4dlias OOCHKa AJI U3MCPCHUS AJTHUHBI U €€ 110-

IPEIIHOCTHU MPHU YCIOBHUH, YTO BCE MOTPEUIHOCTH CIIy4YalHbIE (CTATUCTUYECKUE) U UMEET

MECTO HOPMAJIbHBIM 3aKOH pacIipeieieHUsl CIIydYalHbIX BEIMYUH. Vconb30BaTh JaHHBIE
3amauu 1.

Tak kak o =0.7, N =10, 1o ¢, , =1.1
~ 1.1-0.039

S)?:Sx/\/;; Ax =ty Sz = J10

X= (6.180i0.013) cme = Ax/X =0.013/6.180-100% = 0.21%

3. IIpenmonoxum, 4To Bel BeIUKCIIIETE HEKOTOPYIO BEJIMUMHY MHOTO pa3. [locne
BBIYMCIICHUS HAXOJIUTE, YTO CpeHEe 3HaUeHUE X = 48, CTaHAAPTHOE OTKJIOHEHUE

Sy (xo,)= =0.039 ~ 0.04

=0.013 cm



57

YUCIICHUS HAXOUTE, YTO CpeHEE 3HaUeHUue X = 48, cTaHAapTHOE OTKIOHEeHue 6, =0.5.
Kakyto nomnto orcuetoB Bbl Moriu Obl HATH MEXTY (KaKOBa BEPOSITHOCTh HAUTH MEXTY )
a)48.5147.5;06)48u49;B)P(x>49)="7

a) P(x—to, <x<X+tc,)—?

Ncnonb3yem Tabn.2.

Ax = X1 — X2 f= Ax _ 48.5-47.5 _ 0.5 _
2 (o 2-0, 0.5

0) P(fﬁx£f+tcx)—?

I; P(B npenenax tc) = 68.27%

1
Ucnonb3yem Tabn.3. Ax =1;¢ = 03 =2; P(B npenenax tcs) =47.72%

B) P(x > f+t0x)—?
Ucnonszyem Tabm.3.
P(x > Y+t0) = 50%—P()_c <x< f+t0x) =50%—-47.72% = 2.28%
4. MaccoBoe 00ce10BaHIEe HOBOPOXKJACHHBIX JETEH MOKa3ano, YTO CPETHUN POCT Jie-
TEU IIPU POKICHUU h =51 cm CranpgapTHOE OTKIIOHEHUE G, =3 cM. B ciayuyaiiHOM BbI-

oopke u3 1000 mereit CKOBKO ACTEH OyIeT 10 HAIEMY OXKHUIAHUIO HMETh POCT MEXKITY 52
cM u 54 cMm. Pacnipenenenue ciiydyallHbIX BEJIMUUH HOAUYUHSIETCS HOPMAJIbHOMY 3aKOHY .
Ucnonb3yem Tabn.3.

54-51
-

P(B npeaenax tlc) =34.13%, P(B npezaenax tzcs) =12.93%; P(52 +54) =34.13%-12.93% =

=21.20%

Moxuo nmoacuurarth yuciio gered N =n-P =1000-0.2120 ~ 212 nerent

5. Kpurepuii [llogene. Ilpennonoxum, uto Bel caenanu 20 uamMepeHuii COOCTBEHHOM
MAacChl U MOJIy4YMJIU CpelHee 3HaueHue 95 Kr u cTanjapTHOe OTKIOHEHue G, =1.5 K.

52-51

P(52+54)=P(51+54)—-P(51+52);t=Ax[o, ; ) = I; 1 =0.33;

OnHo u3 u3mepenuit paBHo 99 kr. JlomxHbI 11 Bl 0TOPOCUTH 3TO 3HaUYeHUE?

nox =X 99-95 )
®  lnop = = = 2.67 — 4iCII0 CTaHAAPTHBIX OTKIOHEHUH, Ha KOTO-
c
X

OTJINYAETCA OT X .

poc Xnon

e Ucnonssyem Ta6n.2 P(B npexenax 2.676) =99.24%
P(BHe 2.676) =100% —P(B npeaenax 2.676) =100% —99.24% = 0.76%
e n= N-P(BHe 2.670) =20-0.0076 =0.152

o n=0.152<0.5 cnenoBarenbHO 3HaUeHUE 99 KT ClieyeT OTOPOCHUTb.
6. 3anuch OKOHYATEIBHOTO PE3yIbTaTa!
3HavanMu MUQppaMu YUCiIa Ha3bIBAIOT BCE €ro HUQPbI, HAUUHAS C IEPBOM, OTIIMYHOU OT
nyis ciea. Hanpumep: uncio 0,00707 coaepxut Tpu 3Havamue qudpsl; yucio 2,500 —
YeTbIpe 3HavaIue Hugpsl.
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Jlyudie, eciy OTPeNIHOCTh U Cpe/IHee 3HaUeHUe Oy IyT 3aMKrcaHbl B CTEIIEHHOM BUJIE C
OJIMTHAKOBOW CTEIIEHBIO.

(1.61-10_19 J_rs.lo‘zl) K =(1.61£0.05)-107" Ku

B yue6Hoi1 1abopatopuu SKCIEpUMEHTAIBHBIC TIOTPEIITHOCTU JTOJKHBI OKPYTIISATHCS 10
OJIHOM 3Hauaieu udpsol.

(20.1653+0.57) m/c =(20.2%0.6) m/c
(6251.68+35.72) kr = (62504 40) xr
(7.163+0.05032) m =(7.16%0.05) M

Ho ecnu nepBas 3nauvamas uudpa 310 1 win 2, To NOrpemHocTbh OKPYTIISIETCs 10 BTOPOM
3HayaIen uQpsol.

(20.1653 + 0.145) M/c = (20.20i 0.15) M/c
(6251.681L 25.72) Kl = (6250i26) KT

Kak u3BecTHO, Ipy OKPYIJIEHUH NOCIEIHSSA LU (pa yBEIUUUBAETCS HA OJIHY €IUHHULLY
3HAYEeHMsI CBOETO pa3psijia, €CiH MOCIeA0BaTENbHOCTh OTOPACHIBAEMBIX IIU(P, CTOALINX
IIpaBee MOCJIEAHEN, ITPEBBIIIAET [OJIOBUHY 3HAUYCHUS 3TOM €IMHUIIBI, U OCTACTCSA HEU3-
MEHHOU B IIPOTUBHOM CIIy4ae.

(6251.68+35.72) kr = (6250+40) xr

HpI/I 3aIlIUCHU PC3yJibTaTa HOCJIICAHAA HCHYJICBAA 3HAYAIIAA umbpa B CPCAHCM 3HAYCHUU
H3M€pHeMOﬁ BCJIMYMHBI JOJI2KHA OBITH TOTO K€ pa3paaa, 4TO U IICpBasd 3HaAYallaa umbpa
IMOrpCIrHOCTH.

(6251.68+35.72) xr = (6250+40) xr

Ecnu B morpenrHoct uMeeTcst JECATUUHAS 3aMsATast, TO YUCIO U p Mocie 3ansiToil B
CpelHEM 3HAYEHUHU U3MEPSEMON BEIMUMHBI IOJKHO OBITh PaBHO YHCITY HU(P MOCIe 3a-
IIATOU B IOTPELIHOCTH.

(35£0.005) m/c* =(35.000+0.005)wm/c*
(20.1653£0.145) m/c =(20.20£0.15) m/c

IIpu pacuerax pe3ynbraTra KOCBEHHBIX M3MEPEHNI WIH B UHBIX CIIy4asX, KOTJa PUXOAUTCS
BBIMIOJIHSTH BBIYUCIICHUS ¢ TPUOIMKEHHBIMU YMCIIaMH, HEOOXOAUMO MOMHHUTH HECKOJIBKO
HpOCTHIX MpaBuiL. [Ipy clno’keHNH U BBHIUMTAHUU OOBIYHO Y YJIEHOB CYMMBI (MJIM Pa3HOCTH)
nocieaHss 3Havanias uudpa HaXoAUTCs B pa3HbIX paspsaax. Ilepen BbinmonHeHuem onepa-
U1 CI0KEHUs (MU BBIYUTAHUS) HY>KHO ONPENEINTh CaMblil CTapIluil pa3psill, B KOTOPOM
HAXOJIUTCS MOCIEAHAA IU(pa y OTHOTO U3 YWICHOB CYMMBI (Pa3HOCTH), U BCE OCTaIbHbIC
YJIEHbI CYMMBI (Pa3HOCTH) OKPYTJIMTH 10 3TOro paspsaa. Hanpumep, cymmy

3.14+25
HY>KHO MPEACTaBUTh KaK 3+25.
Pe3ynpTaT yMHOXKEHHS WIIH JEJICHUS, OYEBUIHO, HE MOXKET COJEPKaTh OOJIBIIIE BEPHBIX
3HaYalMX Hudp, 4eM Ux COAEPKUT COMHOKUTEND (MU IETUMOE, WU IETUTEIb) C MU-
HUMAaJIbHBIM YUCJIOM 3Havyamux nudp. [lostomy pe3ynbraT yMHOXKEHUS (eneHus) HeoO-
XOAMMO OKPYTJISATH 10 3TOr0 MUHUMAJIBHOTO YKcia 3Havamux uudp. Hanpumep, pesynb-
TAaT YMHOXEHUA ABYX umcen 3,14 u 25 cneayer npeAcTaBUTh Kak
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3.14-25="78

ITpu BO3BeICHUY B CTEIICHD WIIA U3BJICYCHUN KOPHS (JTF000M CTeTIeHN), JIorapupMupo-
BaHWH WJIW BBIYUCIICHUU KaKON-IMO0 CTaHAAPTHOU (PYHKITUU PE3yIbTaT 3aMHCHIBACTCS C
TEM K€ YMCJIOM 3HaYaIux nudp, Kakoe COACP>KUT apryMEHT.

[Ipu BBINIOJIHEHUH KaKOU-TMO0 KOMOMHAIIMY apu(METHUECKUX OTEepalliii y YUCe,
COOTBETCTBYIOIINX MPOMEKYTOUHBIM pE3ybTaTaM, COXPaHSIIOT Ha OJIHY 3HAYAIIyIO
1udpy O0mbIIIE, 9TOOBI H30EKATh JOTMOTHUTEILHBIX IMOTPEITHOCTEH, CBSI3aHHBIX C

OKpYriksreggénn! ne BenuuuHsl a U b: a =0.73 M; 6; =0.05 M,
b =218 m; 65 =0.07 M. Beruncnurs cpennee 3Hauenue Gpynxuun g = f (a,b) U €ro

CTaHAAPTHOC OTKIIOHCHUC G g

a) g=(a+b);6) g=(a-b);8) g=a-b;r) g=a/b;n) g=a"

2 2
OO6mue mpaBuiIa paccueToB: g = g(E,E);Gg = \/(8_g Gﬁj + (_g ng

a) g=(0.73+2.18) M=2.91 m.

og _% _,. \/ 2 2
— =2, = =0z =y(l:0g) +(1-o5) =005 +0.072 =0.086 ~ 0.09

2=(2.91%0.09) M
6) =(0.73-2.18) = -1.55 m;

0g _,.9%8 _ . \/ 2 2 P
~ =k =-l=og= (1-07)" +(-1-03) =\/0.052+(—0.07) =0.086 ~ 0.09 M
g=(-155£0.09) M

B) g=a-b=0.73-2.18=1.59 m?

og - Og| _\/— 2 (= 2 2 _
Sles P ol T 0E (boz) +(acy) —\/(2.18-0.05) +(0.73-0.07)° =0.12
b=b b=b
g=(1.60£0.12) m*
a 0.73m
r)g==-= =0.335
)8 b A8 M
_ 2 — N2 2 . 2
og _:i;é_g [P (G__Ej J[_9% ) _ (@) L[ 0.73-007 1 ) ss
dale=t bodblea 2T LD b’ 2.18 2182

2 =(0.330£0.025) m*



2 2
\/(2.18-0.731'18-0.05) +(0.732'18-1n0.73-0.07) = 0.076
g =(0.50%0.08)

8. KocBennbie uzmepenusi. Merop "mar 3a marom"

2

ml(g—Zh/ﬁ) .

x= =L rnew; = g —apsuy = g —ays ay = 2h/ i ay = 2013
mz(g—Zh/tg) my Uy

O 2 O 2 O 2 O 2
Ox =X || == | +| =2 | + =L | + =2
m mp U up
2 2
_ |(og 2+ 2og _ ([ oR 2+ 207,
o, = e — | .04, = e E—
al 1 h tl a2 2 h t2

9. JIuneiika meTannuyeckasi, METPOBasi UCIOJb3YETCS IS PSIMOTO U3MEPEHUS JJIUHBI,
KoTopas uzMmepsiercs S5 pas. llena nenenust ® = 1 mm. PaccunTaTh morpeniHocTy U 3amu-
caTh pe3yabTaT U3MEPEHHUS JJIUHBI ISl TOBEPUTEILHOM BEPOSTHOCTH 68% st crnemayro-

LIUX PE3YJIbTATOB:
62.4; 62.7; 62.6; 62.3; 62.8 (cM)

_ (62.4-62.56)" +...
[ =62.56 cMm; Sy = =0.092 c™m
5.4
A 0.02 c™m
[TpuGopHas ombka G =02 — =0.0058 cm
RN TN
©__O0leM_ 029 om

OwmOKa OKPYIICHUS G oy = =
iz iz

CyMmMapHas cucTeMaTuyecKasl orpelHOCTb
Oy = \/GﬁpHG +G§Kp =0.029 cm
Jliis noBeputenbHOro nHTepBaia 68% (o = 0.7 )onpeaenum NoaymMpuHy UHTEpBaia Al

Al'= \/(10.7,5 ST )2 +(Y0.7 -Ox )2 = \/(1.2-0.092)2 +(1.8-0.029)2 ~0.12

I =(62.52+0.12) cm
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Tabnmuna xosdounuentos CThOIEHTA

Tabnuua 1.

N “| 02| 05| 06 | 07| 08|09 o095]| 098] 09| 0999
7 032 | 100 | 1338 | 20 | 31 | 63 | 127 | 318 | 636 | 6366
3 020 | 082 | 106 | 13 [ 19 [ 29 | 43 | 70 | 99 | 316
3 028 | 076 | 098 |12 [ 16 |24 | 32 | 45 | 58 | 120
5 0.27 0.74 0.94 1.2 1.5 2.1 2.8 3.7 4.5 8.6
3 027 073|092 |12 |15 [ 20 26 | 34 | 40 | 69
T 0.26 0.72 0.91 1.1 1.4 1.9 2.4 3.1 3.7 6.0
g 026 | 071 | 090 |11 |14 |19 | 24 | 30 | 35 | 54
9 026 | 071 | 089 | 11 |14 |19 | 23 | 20 | 34 | 50
10 026 | 070 | 088 | 11 [ 14 |18 23 | 28 | 33 | 438
i1 026 | 070 | 088 | 11 |14 | 18| 22 | 28 | 32 | 46
12 0.26 0.70 0.38 1.1 1.4 1.8 2.2 2.7 3.1 4.4
13 0.26 0.70 0.87 1.1 1.4 1.8 22 2.7 3.1 4.3
17 026 [ 069 1087 | 11114 |18 1 22 | 26 | 30 | 42
15 026 | 060 | 087 | 11 [ 131181 21 | 26 | 30 | a1
16 026 | 069 | 0587 | 11 |13 [ 18 | 21 | 26 | 29 | 41
17 0.26 0.69 0.86 1.1 1.3 1.7 2.1 2.6 2.9 4.0
is 0.26 0.69 0.86 1.1 1.3 1.7 2.1 2.6 2.9 4.0
19 026 | 060 [ 086 | 11|13 |17 21 | 26 | 29 | 39
20 026 | 060 | 086 |11 13 [ 17| 21 | 25 | 20 | 39
50 025 | 068 | 086 | 1.0 [ 13 |17 | 20 | 24 | 27 | 35
100 0D.25 0.67 0.85 1.0 1.3 1.7 2.0 2.4 2.6 34
00 0.25 0.67 0.85 1.0 1.3 1.6 2.0 23 26 3.3

KoaddunneHTs v, O3 HepaBeHCTBa YeOwImIeBa

Tabnuna la.
« |05]1061(07/(081]09]095
Yo | 1,416 | 18|22 |32 44
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IIpuaoocenue b.

Oyuking omubOK B CUMMeTPHYHBIX IIpenesax

BeposTHOCTB, BBIpaXKEH- Xtto

Has B OpoueHTax, Kak | P(B mpemenaxte) = fx.o(z)de

¢pyHKIHA OT ¢ X o

Tabnuua 2.

[t [ 000 ] 001 | 002 | 0.03 | 0.04 | 0.06 | 006 | 007 | 0.08 | 0.09 T
0.0 0.00 0.30 1.60 2.39 319 399 378 558 6.38 717
0.1 797 876 | 055 | 1034 | 1114 | 1192 | 1271 | 13.50 | 14.28 | 15.07
0.2 15.85 1663 | 1741 | 18.19 | 18.97 | 19.74 | 2051 | 21.28 | 22.05 | 22.82
0.3 23.58 9434 | 25.10 | 2586 | 26.61 | 27.37 | 28.12 | 28.86 | 29.61 | 3035
0.4 31.03 3152 | 3255 | 33.28 | 3401 | 34.73 | 35.45 | 36.16 | 36.88 | 37.59
05 38.20 35.00 | 39.69 | 40.39 | 41.08 | 41.77 | 4245 | 43.13 | 4331 | 4443
0.6 45.15 4581 | 46.47 | 47.13 | 47.78 | 4843 | 49.07 | 49.71 | 50.35 | 50.98
0.7 5161 5293 | 52.85 | 53.46 | 54.07 | 54.67 | 55.27 | 55.87 | 56.46 | 57.05
0.3 57 63 58.21 | 58.78 | 59.35 | 59.91 | 60.47 | 61.02 | 61.57 | 62.11 | 62.65
0.9 63.19 G3.72 | 6424 | 64.76 | 65.28 | 65.79 | 66.29 | 66.80 | 67.20 | 67.75
1.0 68.27 68.75 | 69.23 | 69.70 | 70.17 | 70.63 | 71.09 | 71.54 | 71.99 | 72.43
17 T2.87 73.30 | 73.73 | 74.15 | 74.57 | 74.99 | 75.40 | 75.80 | 76.20 | 76.60
1.2 76.99 77.37 | 77.75 | 78.13 | 78.50 | 78.87 | 79.23 | 79.59 | 79.95 | 30.29
1.3 80.64 S098 | 8132 | 81.65 | 81.O08 | 82.30 | 82.62 | 8293 | 83.24 | 83.55
14 83.85 83415 | 8444 | 84.73 | 85.01 | 85.20 | 8557 | 85.84 | 56.11 | 56.38
15 36.64 36090 | 87.15 | 87.40 | 87.64 | 87.80 | 88.12 | 83.36 | 58.50 | 85.82
1.6 39.04 30.26 | 8948 | 89.69 | 89.90 | 90.11 | 90.31 | 90.51 | 90.70 | 90.90
1.7 91.09 9107 | 0146 | 91.64 | 91.81 | 01.990 | 92.16 | 9233 | 92.49 | 92.65
1.8 92 81 9207 | 93.12 | 93.28 | 9342 | 9357 | 93.71 | 93.85 | 93.99 | 94.12
1.9 94.26 9430 | 9451 | 9464 | 94.76 | 9488 | 95.00 | 95.12 | 95.23 | 95.34
2.0 95 .45 9556 | 95.66 | 95.76 | 95.86 | 95.96 | 96.06 | 96.15 | 96.25 | 96.34
51 96 .43 9651 | 96.60 | 96.68 | 96.76 | 96.84 | 96.92 | 97.00 | 97.07 | 97.15
7.2 97 22 9720 | 97.36 | 97.43 | 97.49 | 97.56 | 97.62 | 97.68 | 97.74 | 97.80
2.3 97 .86 97.01 | 97.97 | 98.02 | 98.07 | 98.12 | 98.17 | 98.22 | 98.27 | 98.32
2.4 98.36 9840 | 98.45 | 98.40 | 98.53 | 9857 | 98.61 | 98.65 | 98.69 | 98.72
25 98.76 98.70 | 9883 | 98.86 | 98.89 | 98.92 | 9395 | 98.98 | 99.01 | 99.04
2.6 99.07 99.00 | 99.12 | 99.15 | 99.17 | 99.20 | 99.22 | 99.24 | 99.26 | 99.29
57 99.31 9933 | 9935 | 99.37 | 99.39 | 99.40 | 99.42 | 99.44 | 99.46 | 99.47
238 99.49 9950 | 99.52 | 99.53 | 99.55 | 99.56 | 99.58 | 99.59 | 99.60 | 99.61
29 99.63 99.64 | 99.65 | 99.66 | 99.67 | 99.68 | 99.69 | 99.70 | 99.71 | 99.72
3.0 99.73 = . - - - - _ N N
35 99.05 - " - - - B . - :
40 99.994 " . - - - - : = z
45 99.9993 . - . . . . = 2 z
50 || 99.99994 - - - - = . 2 = -
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IIpuaosncenue B.
DyHKINA omu60K B HeCHMMeTPHUYHBIX Ipeesax

/BeposATHOCTD, BBIpaKeH- Xto
Has B MpoueHTax, Kak | P(B npemenaxteo) = / fxo(z)dz
\GyHKIHNA oT t X

Tabnnua 3.

(Lt || 000 T 001 [ 0027 003 [ 004 [ 005 [ 006 [ 007 [ 0.08 [ 0.09 ||
0.0 0.00 0.40 0.80 1.20 1.60 1.99 2.39 279 | 3.19 3.59
0.1 3.98 4.33 4.78 5.17 5.57 5.96 6.36 6.75 7.14 7.53
0.2 7.93 8.32 8.71 9.10 948 | 987 | 10.26 | 10.64 | 11.03 | 11.44
0.3 11.79 12.17 | 1255 | 12,93 | 1331 [ 13.68 | 14.06 | 14.43 | 14.80 | 15.17
0.4 15.54 1591 [ 16.28 | 16.64 | 17.00 | 17.36 | 17.72 | 18.08 | 18.44 | 18.79
0.5 1915 1950 [ 1985 [ 20.19 [ 2054 | 2088 | 21.23 | 21.57 | 21.90 | 22.24
0.6 22.57 22.91 | 2324 | 2357 | 2330 | 2422 | 2454 | 2486 | 2517 | 2549
0.7 25.80 2611 | 2642 | 26.73 [ 27.04 | 2734 | 27.64 | 27.94 | 2823 | 2852
3 28.81 20.10 | 2939 | 29.67 | 29.95 | 30.2 30.51 | 30.78 | 31.06 | 31.33
9 31.59 31.86 | 3212 | 3238 | 32.64 [ 3289 | 33.15 | 33.40 | 33.65 | 33.89

34.13 34.38 34.61 34.585 35.08 3531 35.54 35.77 35.99 36.21
36.43 3665 | 36.86 | 37.08 | 37.20 | 37.49 | 37.70 | 37.90 | 38.10 | 33.30
35.49 35.69 38.88 39.07 39.25 39.44 39.62 39.80 39.97 40.15
40.32 40.49 | 40.66 | 40.82 | 4099 | 41.15 | 41.31 | 41.47 | 41.62 | 41.77 ||
41.92 42.07 42.22 42.36 4251 42 .65 42.79 42.92 43.06 43.19

43.32 4345 | 4357 | 43.70 | 4382 | 43.04 | 4406 | 44.18 | 44 290 | 44.41 H
14.52 4463 | 44.74 | 44.84 | 4495 | 45.05 | 45.15 | 45.25 | 45.35 | 45.45

45.54 4564 | 45.73 | 45.82 | 4591 | 45.99 | 46.08 | 46.16 | 46.25 | 46.33
16.41 4649 | 46.56 | 46.64 | 46.71 | 46.78 | 46.86 | 46.93 | 46.99 | 47.06
47.13 4719 | 47.26 | 4732 | 4738 | 4744 | 47.50 | 47.56 | 47.61 | 47.67

47.72 47.78 | 4783 | 47.88 | 4793 | 4798 | 48.03 | 43.08 | 48.12 | 45.17
438.21 438.26 | 48.30 | 48.34 | 4838 | 48.42 | 48.46 | 48.50 | 48.54 | 48.57
48.61 48.64 | 4868 | 48.71 | 48.75 | 48.78 | 48.81 | 48.84 | 48.87 | 48.90
48.93 48.96 | 48.98 | 49.01 | 49.04 | 49.06 | 49.09 | 49.11 | 49.13 | 49.16
49.18 49.20 | 49.22 | 49.25 | 49.27 | 49.29 | 49.31 | 49.32 | 49.34 | 49.36

49.38 49.40 | 4941 | 4943 | 49.45 | 49.46 | 49.48 | 49.49 | 49.51 | 49.52
49.53 49.55 | 49.56 | 49.57 | 49.59 | 49.60 | 49.61 49.62 | 49.63 | 49.64
49.65 49.66 | 49.67 | 49.68 | 49.69 | 49.70 | 49.71 19.72 | 49.73 | 49.74

ol o] <] o] e ] e tal =] =

o

=)

3 49.74 49.75 | 49.76 | 49.77 | 49.77 | 49.78 | 49.79 | 49.79 | 49.830 | 49.81
9 49 .81 49.82 | 4982 | 49.83 | 49834 | 4984 | 49.85 | 149.85 | 49.86 | 49.86
0 19.87 - - - - - - - - -
5 49.98 - - - - - - - - -
.0 19.997 - - - - - - B R -
5 49.9997 - - - - - - - - -

_U‘-h-;-ﬂhwwl‘nﬁ't\.'rldl\.'lld (] -] O] ] T B I e I I I B I B M ] el || (e ]
Al el =l o

o

3799997 - - - - - - - - -




