HIAPHUPOM
VYciioBue

Samaua 10-1. Yaep>kaHnue u CABUT

ITpubopst u obopynoBanme: gunamomerpsl (2,5H, 5,0H, 10,0H, cunnii 3e16HbIi 1 KEATHIN 13
HOBBIX HAOOPOB [0 MEXaHUKE), JOMIEYKa JIePeBAHHAs ¢ HeTI6H U «IIapHUPOM», TPH IUJIUHJIPH-
JecKuX rpysa 0e3 Kpiodukos 1o 100r., OPYCOK JIepeBsSHHBIN C MPUKPEIUIEHHON HeTIEH U3 HUTOK
, 6ymara jyist npunrepa (A4, 1 jmcr), MepHas JieHTa ¢ MUJJIMMETPOBBIMU JI€JIEHUSIMU, JIMHEHKa
yaenndeckas (20 — 30cMm), MITATUB € JATKO#, CKOTH.

g= 9,813}2.

YkazaHud AJisi yYaCTHUKOB OJIMMITAAAbI. YCKOPEHIE CBOOOIHOTO TaJIeHHUsT ITPUMUATE PABHBIM
g = 9,813%. IIpoBosuTe 9KCIEPUMEHT U BBIMHMC/ICHUS TaK, YTOOBI ITOT'PEITHOCTH OBLIN KaK MOXK-
HO MeHbIIe. B cOOTBETCTBYIONIUX IIyHKTaX yKa3blBaliTe U3MepUTeIbHbIE IPUOOPHI, KOTOPbIMU BbI
MTOJTH30BAJINCD.

YHacts 1. YjaepkaHue

B nmannoit wactu 3asa4dmn BaM 1ipesicTonT mcciieoBaTh 3aBUCHMOCTD CHJIBI, IIPUIaraeMoil K OIHO-
My H3 KpaéB JIONIEYKU, OT PACCTOSHHsI MEXKJy TDY30M Ha JIOIIeYKe M TOYKOH omopsl (puc. 1).
Wcnonb3yitTe obo3nadenus: m — Macca rpy3os, M — macca Jommedku, | — JyinHa JOIMEIKH.

1.1. Tlomyuure 3aBucuMocTh F(x) TeopeTHIecKn.

=l

1.2. IIpoBepbTe nostydennyo Bamu 3aBucuMOCTb KCIIEpUMEHTAb-
Ho. Kparko omnumure (3 — 6 npe/oxkennii) xo/ Barero skernepu-
MeHTa (Couunenue 6oaee uem Ha CMPAHULY HCIOPU HE YUMAEM U

He ouenusaem,). Ej;f’_’\

1.3. Ucnob3ys pe3yabraThbl SKCHEPUMEHTA, BBIYUC/IATE MACCy 1M \
rpysa.

1.4. PaccuuraiiTe abCOMIOTHYIO W OTHOCUTEIHHYIO IOTPEITHOCTH
OIIpe/IeJIEHUs MACChI I'Py3a. SalUIUTe 3HAYeHNE MACChI IPy3a ¢ yKa3aHUeM HOIDENTHOCTEN.

Yacrs 2. CaBur

B sannoit wactu 3a1a4mn Bam npecTront ucesie0oBaTh 3aBUCHMOCTD CUJIBI, HEOOXOIUMOI J1JIsl CIBUTA
OpycKa, OT PACCTOSHUS MEXK/Ly IMApHUPHO TOYKOl KPEIIeHUs JIONEUYKN U JTUHUEH OMOphI J0IIed-
Kn 0 6pycok F'(x) (puc. 2). [lox HIZKHIOIO IpaHb OGPYCKa MOJIOKATE JILCT OyMaru Jis IpUHTEpa.
Ecnu npu emerennn 6pycka JucT Tak ke OyJeT CMenaTbes, TO IPUIEP:KUBANTe JIUCT PYKOH N
IPUKPEIINTE €r0 «JIeroHbKo» ckordeM. CumraiiTe, 9TO JTUHAS ONOPHI JOMIEYKH O OPYCOK IIPOXOIUT
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rocepejinHe Bepxueit rpanu 6pycka. CrapaiiTech, 9T00BI B X0/I€ BCEX U3MEPEHUIl JOIIEIKa PACIIO Ia-
rajiach ropusoHTabHO. [[lapHUpHOE Kpelienne 03Ha9aeT, YTo JIOMIEYKa JIOJIZKHA, [IOBOPAYNBATHCS

OTHOCHUTEJIbHO TOYKHN KPCIIJICHNA.

2.1. Tlomyunre 3aBucumocts F(z) rmeopermvecku. Wcnosb3yiire
caepymomue obo3HaveHus: m — macca opycka, M — macca J0CKH,
L — mymna nocku, 1 —KO3(hMUIMEHT TPEHUS MOKOS MEXKJY JIH-
cTOM OymMaru u 6pycKoM, Ly — KOI(PMUIIMEHT TPEHUS ITOKOS MEK LY
OPYCKOM | JIOIIEYKOI

2.2. smepbre Maccy Opycka m, maccy M u jymnay L 1ocku.

2.3. IIposepbTe nosyvyennyio BaMu 3aBUCHUMOCTD KCIIEPUMEHTATb-

Ho. Kparko ommmmre (3 — 4 npeioxKenus) Kak u3Mmepsiin cuity F u paccrosiaue .

X
—

—

—

2.4. Ucniosib3yst pe3ysibTaThl SKCIIEPUMEHTA, BLITUCIUTE KOIDDUITNEHTHI TPEHUST TIOKOST 4] — MEXKJTY
JINCTOM OyMaru m OPYCKOM U s — MeKJly OpyckoMm u jioredkoii. [lorpernmHoctu ko3 duimenTon

TpeHud BbIYUCJIATH HE Tpe6y€TCH.

Pemenue

Samaua 10-1. Yaep>kanue u cABUT

Yactp 1. YaepkaHue

1.1. O6oznauum cujbl, JAefiCTBYIOIIUE Ha JOMIEYKY U TI'DPYy3bI
(puc.3). BammieM ycjioBue PABHOBECUsI CHCTEMBI TeJl «JIOIIEIKA
— rpy3bl» 1 MOMeHTOB ciil. (Crjta peakiinu OIOphl U CHJIA Tpe-
HUS, JelCTBYIOIINE Ha JIOIIEYKY CO CTOPOHBI IIOBEPXHOCTU CTOJIA
B TOYKe A Ha PUCYHKE HE MOKA3aHbI, TAK MOMEHTBI 3THX CHJI OT-
HOCHUTEJIbHO JAHHON TOYKHU PABHBI HYJIIO).

Pucynok 3.

[
Flcosa = Mgﬁcosa—l—mgxcosa.

Flcosa = Mgicnsa + mgxcos a
U3 (1) momygaem

Fe-Mg+ 29,
Mgt
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1 m
F=—Mg—|—Tgx (2).

1.2. UznavaybHO ciiejlyeT BBIOpDATh JMHAMOMETD, KOTOPBIM Oyyer uaMmeparbes cusia F. Yrobbr
BBIIIOJTHUTD yCJIOBUE MUHUMU3BAIMH [TOI'PENTHOCTH, CJIe/lyeT BHIOPATH JIMHAMOMETD C HMPEJIEIOM U3~
mepenus 5,0H, Tak Kak JaHHbI AuHAMOMETD Oy/IeT 3aeficTBOBaH IOYTH Ha BCIO mKady. ([nma-
MOMETPOM ¢ TIpejiesioM m3Mmepenust 2,5H Heb3sd Oy/er BBITOJHATH U3MEPEHUsT BO BCEM JIHAITA30HE
U3MEHEHNs BEJTMINHBI T, a TMHAMOMeTD ¢ nipefiesiom m3Mepenus 10,0H Oyner 3amelicTBoBaH TOIBKO
Ha TI0JIOBUHY IIKaJbl). s 6ostee yqoOHOrO u GBICTPOro M3MEpPEHUsl BEJUYIUHBI L MEPHYIO JIEHTY
cJiejlyer IPUKPENUTh CKOTYEM BJI0JIb TOBEpXHOCTH JA0CKHU. (MOMEHTOM CHIIBI TSZKECTH, JAeHCTBYIO-
IIIUM HA MEPHYIO JICHTY, 110 CDABHEHUIO C MOMEHTAMU CUJI TIXKECTHU, JIEHCTBYIOIIMMEI HA JOMIEIKY U
Ipy3bl, MOKHO TpeHebpedb). IuHaMOMeTp KpeluM B JIAIIKe [ITATHBA, JIOMEYKY € MOMOIIBIO MeT-
JIZ TIeTJIeM 3a KPIOYOK JUHAMOMETpa. YTOJI HAKJIOHA JOIMEYKHN MOA0NpaeM TaKUM, YTOOBI TPY3bI
HU B OJITHOM IIOJIOKEHUU HE CKOJIb3WJIU I10 JIOIeYKe. Pe3yIbTarshl SKCIepUMeHTa TPeICTaB/IeHbl B
tabsutie 1 u rpacduke 1.

Tabnma 1.
xm |F, H
0,000 | 1,70
0,040 | 1,90
0,080 | 2,20
0,120 | 2,40
0,160 | 2,70
0,200 | 3,00
0,240 | 3,20
0,280 | 3,50
0,320 | 3,80
0,360 | 4,05
0,400 | 4,30

Ipacduk 1. 3asucumocts F(x)

200 F.H /*

3,00 /‘//

2,00 “/,f’f

X, M

1,00
0,000 0,100 0,200 0,300 0,400

PeB}UH;TaTbI 9KCIIEpUMEHTa IIOATBEP2KIaI0T HHHeﬁHYIO 3aBUCHUMOCTDb F(l’)
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1.3. BaBucumocts F'(z) mmeer BuI;:
F=b+ka. (3)

F=b+kx (3).

Cpasnusas (3) u (2) moaydnm:

Buauenusi kosdduimentos b u k onpemesum 1o rpaduky sasucumoctu F(x): b — KoopjuHara
repecedeHns: ycpeaustolieil npsmoit ocu F', k — TaHreHC yrjla HaKJIOHA YCPEIHSIIONEH MpsiMOil K
OCH .

H
(b = 1,65H, (k) = 6,61—.
M

H
< b »>= 1,65H, < k >=6,61—.
M

U3z (5) momyamnm:

<g>
woit nentoit: [ = (45,2 +0,1)cm

Hmuny nomedkn msmepsieM MepHoii jtentoii: [ = (45,2 + 0,1) em. Tlogcrasisis sHadeHus: cooTBeT-
CTBYIOIIUX BeJaudrH B (6) mosryanm:

6,612 .0,452m
(m) = ¥
9,813 %

= 0,304 kr = 304 .
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nEm,ErlE + 0,452m
M

T = 0,304kr = 304r.
9’813(:_2

<m>=

1.4. ABCOTIOTHYIO U OTHOCUTEIBHYIO MTOTPENTHOCTD OIPE/IEIEHUsT MACCHI TPY3a 1M OIPEIe/ M CJIe-

() (3):

Am =g, - (m). (8)

JIYIOIIM 00Pa3oM:

B ( Ak )2+( Al )2 7
m= Nk > <l> ‘
Am=¢, <m> (8)

MOTPELIHOCTbI0 £, HpeHeOperaeM, Tak Kak

OTHOCHTEIBHOI IOIPENTHOCTRIO €, IPeHebperaeM, Tak KaK yCKOPEeHHe CBOOOHOTO I3 IeHIA 33,[aHO
¢ YETBIPbMS 3HAYAINUMU IHMPaMUd U OTHOCUTEIbHAas MOTPEITHOCTh JTaHHON BEJIMIUHBI IIpeHedpe-
JKIMO MaJia 110 CpaBHEHHE ¢ OTHOCUTE/IbHBIMU ITOI'PEITHOCTAMEI BeIudnH k u [.

Al = 1mm.

AbcostroTHAS TOTPEITHOCTh U3MEPEHNUs JIJIMHBI JAOIeIKH MepHoit jienToit Al = 1 mm. AbcosroTHy0
MOTPEINTHOCTH KoddpuimenTa k ormpegesuM ITPOCTbIM IpapuIecKiuM CIIocOOOM.

ky —ky 6,672 —6,5018 H H
AL L - M M — (0,085 — = 0,09 —.
2 2 M M

2
_ (099 Ay 2—0014—14‘7
=\ 66 452vm ) T D

Am = 0,014 -304r =4r.

Ak

Am = 0,014 - 304r = 4r.
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H\ 2 ,

_ [ 207 ( Lo ) — 0,014 =14%
Fm = 661H 452MM o I
M
k, —k, 6,6?H— »‘E.,SDE 3] H
Ak = = M M _ 0,085— ~ 0,09—.
2 2 M M

OkoHYaTEJILHO
m = ((m) £+ Am) = (304 +4)r.

m=(<m>+Am)= (304 +4)r.

Yactp 2. CaBur

2.1. O6o3HaYNM CHIILL, JeficTByIONHE Ha OpycoK (puc.4) u pomedky (puc.b).

Yy

F
:

F)I p? =3

el

IR NN IN)

— = —
{ Fmp P||mg
~—

Fa

F77ev7? L i A i T A o i 4

iy 5 i i i i i B A e i i i S 4 G i G v 4

3nech: mg — CHJIa TS2KeCTH, JleiicTByIOIas Ha OPYCOK; ]3 — BeC JIOIIEYKU, ,ZLeI?’ICTByIOHiI/II?’I

m g ~ Ha Opycok; Fyp1 — cula TpeHud, JeficTByiomas Ha OPycoK co CTOPOHBI JTHCTA Oymarn; Fipo

> — cula TpeHusd, JefcTByIoIas Ha OPYCOK CO CTOPOHBI JoIIedKu; N1 — cujia HOpMaJbHOMI

il Tpl peakIuu OIOPHI, JAeHCTBYOIas Ha OPYCOK CO CTOPOHBI CTOJIA; F- cuia, JIeUCTBYIOIAs Ha

OPYCOK €O CTOPOHBI JIMHAMOMETPA; ﬁTpg — CHJIa TPEHUd, JeHCTBYIOMAs Ha JOIEYKY CO CTOPOHBI

Opycka; ]\72 — cuJIa HOPMAJIbHON PEAKITUU OIOPHI, JEHCTBYIONA Ha JIOMIEYKY CO CTOPOHBI OPYCKa;
M g — cuna TszKecTn, AefiCTBYIONAs Ha JOMEUKY.
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By,Z[eM CHUTAaTb, 9TO B MOMECHT C/ABUI'a BBIIIOJIHAECTCA YCJIOBUE: =Y -

[ NZ
M -
F:FTp1+FTp27 (9) g
Frps = pa Ny (10), Frpo = iz N, (11).
rae
Fipr = pa Ny, (10)
FTp2 = ILLQNQ. (11)
N.x=Mg 5 (12),
NQ OoIrpeaec/imM U3 IIpaBujia MOMEHTOB CHJI, ,HeﬁCTBYIOHLHX Ha OOIICYKY:
L
Nox = MgE, (12)
L
N, = Mg — (13).

2x

MowmenTom cuitbl Fi,3 IpeHeOperaeM, Tak Kak €€ IJIeY0 MHOIO MeHbIle, deM Iteun cuil Ny u Mg.
U3 (12) nosmyuanm

L
Ny = Mg . (13)

L
FTpE :JH'EMQE (14).

[oacrapmsia (13) B (11), nomyuanm:

L
Foy = taMg—. 14
vz = H2Mgo— (14)

N,=mg+P (15).
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s Ny, P, 1 mg BBIIOJIHSIETCS yCJIOBUE:

Ny =mg+ P
P=N, (16)

ITo Tperremy 3akony HpioTona

P =N,

N1=mg+Mg% an.
C yuerom (13), momyanm:

L

L
Frp1 :“lmg+#lM.gﬂ (18).

[oacrapnsis (17) B (10) mosyanm:

L
Fip1 = pamg + NIMQ%

+p;)MgL 1
F=pmg+ (s !;z) 9.2 (19).
x

[Moncrapnsa (18) u (14) B (9) mocse mpeobpasoBaHmil OKOHIATEILHO TTOJLY THM:

(11 + po)MgL 1
2 T

F = pymg +

+ ) Mgl 1
F=pumg+ (s ’sz 9 g (19).

(15)

(16)

(17)

2.2. Maccy Opycka u JIOCKH U3MepsieM Ha 9JIeKTPOHHBIX Becax. J[mmHy mocku u3mMepseMm MepHOit

i. Macca 6pycka m = (93,2+0,1)r,
L=(452+01)cm.
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senroit. Macca 6pycka m = (93,240,1) r, macca jmocku M = (343,1£0,1)
r, juinHa nockn L = (45,2 £0,1) cwm.

2.3. Cuny F, nupn MajbIX 3HaYEHUAX T, U3MepsieM JTMHAMOMETPOM C
nupejiesiom u3mepenns 10,0 H. C yBenudenunem z, cuia F' ymeHbIaer-
ca. Korna 3navenus cuibl ctanyT Menbirne 5,0 H, ucronb3syem gunamo-
MeTp c npejiesiom uzMmepenus 5,0 H, npu 3nadennsx cuibl Menbiie 2,5 H
HCIIOJIb3yeM JIMHAMOMeTp ¢ mpejesiom u3Mepenus 2,5 H. Paccrosuue x

F.H
B0

0
S0
a0
EX

0o

e
2

0 6.0 B.0 wao 10 140

u3MepsieM MepHoii JienToit. J[s1 yy1io6cTBa m3Mepenusi ¥ MEpHYIO JICHTY KPEIIUM Ha BepXHell ToBepX-
HOCTH JOIIEeYKHN cKoT4ueM. CIrydaiiHO# MOrPENTHOCTHIO M3MEPEHNs CUJIbI F' B TAHHOM SKCIIEpUMEHTE
npeHeOperaThb HeJIb3s, TIO9TOMY JIJIsl KaXKJI0I0 3HAYEHUs T MPOBOJUM HSATh MOBTOPHBIX U3MEPEHMI

cusbl F. Pe3ysibrarhl 9KCIIepuMeHTa MPEJICTaBICHbl B Tad uIe 2.

Tabsuna 2. DKcrepuMeHTaIbHBIE JaHHBIE 3aBHCHMOCTH F'(7)

[IoBTOopHBIE U3MepeHuda cuibl F', H (Fy, H| X, ™ | 1/X,1/m
F1 F2 F3 F4 F5

7,6 78 176 |75 |78 |77 0,070 | 14
6,8 6,2 |64 |64 |62 |64 0,090 | 11
5,3 49 152 |52 [48 |51 0,11 | 9,1
4,0 44 138 |43 |42 |41 0,13 | 7,7
3,8 40 138 |36 |40 |38 0,15 | 6,7
3,3 36 (32 133 |32 |33 0,17 |59
3,2 3,0 131 |31 |32 |31 0,19 |5,3
2,8 25 |26 |26 |26 |26 0,22 | 4,6
2,5 24 |23 |26 |23 |24 0,25 | 4,0
1,90 2,00 | 1,85 | 2,00 | 2,10 | 2,0 0,31 | 3,2
1,55 1,35 11,40 | 1,45 | 1,50 | 1,5 0,37 | 2,7
1,25 1,35 11,30 | 1,30 | 1,35 | 1,3 0,43 |23
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F,H
8.0

7.0
e
&,0

5,0

\

4,0

3,0

2,0 ('/,

1.0

1
' M

] L

D-D T T T T T T T
0,0 2,0 4,0 &,0 8.0 10,0 12,0 14,0

Pesysbrarsl 9KCIIepUMEHTa TTOTBEPZKIAIOT, 9TO 3aBUCUMOCTb F'(z).mMeer BHI:

1
F=b+k- (20)
€T

b= nimg, (21)

o= (it p2) Mgl
5 .

1
F=b+k; (20),

_ Gy +pp) Mgl

(22).

2.4. Buauenus koaddunuentos b u k onpezennm o rpaduky sasucumoctu F(1/z): b— koopaunara
nepecevyeHns ycpeHsoneil npsaMoit ocu F', k — TaHreHc yriia HaKJIOHA yCPeTHAIONEH IpIMoil K
ocn 1/x. b=0,17 H, k = 0,54 H-m. U3 (21) momy4mm:

b 0,17 H
mg 0,0932r-9,ﬂ13cﬂ2

Hy =0,19 (23).

b 0,17 H
= — = ! =0,19. 23
M= g T 0,0932 kr-9.813% (23)
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U3 (22) momyqanm:

2k 2.0,54H - M 015 0 52
My = ———— W = W =
" MgL "' 03431kr-9, 813% .0,452M
b 0,17 H
= — = = =0,19 (23).
mg  0,0932r-9,813 3
2% 2.0,54 H-m 019 052,

M2 = Mgr — M T 03431 xr - 9,813 - 0,452 u
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