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BeBeneHue

KoHTponbHas pabota N21 (KP) no ¢dum3nke BO BTOpPOM (BeCeEHHEM) ceMecTpe
ANsi CTYAEHTOB NEPBOro Kypca 3a04HoM hopMbl 06y4YeHUst — 3TO 0bs3aTesNbHbIN BUA
CaMOCTOSITENbHOW paboTbl, Npenonaratolwmnii BbINOIHEHNE LWECTU MHOTO3TanHbIX
dusnueckux 3apaHuWii, nNpoBEAEHWE pacyeToB M MOCTPOeHMe rpacbukoB
3aBUCMMOCTEN HU3NUECKUX BENIMUMH. 3aaHNsa KOHTPOJIbHOM paboThl coAepxaT Bee
pasgenbl GU3NKK, n3ydaeMble B JaHHOM CeMecTpe.

Kax1oe 13 WeCTu 3a4aHnil HauMHAETCS C KpaTKoM TeopuK, coaepxallen Bce
HeobxoanMble onpeaeneHus, hopMysbl M 3aKOHbI N0 Teme [1].

[Janee npeTt popMynmpoBKa 3agayn, nepeyeHb 3aaaHmnin, KOTopble HEODXOAMMO
BbINOMHWTL, M Tabnuua C BapuaHTaMu 3agaHuWi. B KaxaoM M3 LWecTu 3agaHui
paspaboTaHo 40 BapuaHTOB, 4YTO o6ecneyvBaeT BO3MOXHOCTb BbINOJHEHWUS KaX AbM
CTYAEHTOM UWHAMBMAYyanbHOW paboTbl. Homep BapuaHTa COOTBETCTBYET
NnopsiAKOBOMY HOMEpPY CTyA€HTa B CnUCKe rpynnbl (CM. 3NM1EeKTPOHHBbIN
»KypHan). B kaXxa0oM 13 WecTu 3aaHuii NpuBegeH NpUMep ero BbIMNOSIHEHUS.

[paBunia ogopM/IEHUST KOHTPOJILHOU PaboTbl
1. KP BbiNnonHAETCS B TeTPaau B KNETKY.
2. K obnoxke TeTpaau NpUKIEMBaeTCs TUTYSIbHbIN NINCT YCTAHOBEHHOro obpasua C
3an0/IHEHHBIMW AaHHbIMK CTyAeHTa (CM. MNpunoxeHne 1).
3. KP BbINOMHAETCA OT PykM pasbopumBbIM MOYEPKOM M HE AOJ/HKHA CoAepXarb
NCMpaBNieHUM.
4. PUCYHKM BbINOMHSAIOTCA TONbKO C WCMOMb30BaHMEM MPOCTOr0 KapaHAal’,
NUHEWKK, LMPKYSIS.
5. Tpacunku CTposiTCA TONBKO C UCMOSIb30BAaHNEM NPOCTOrO KapaHAala W JIMHENKN
Ha MunAuMeTpoBoi Gymare. Mnowaab NoAs Kaxaoro rpaduka AomkHa 6biTh He
MeHee 10 cMx12 cMm.
6. Ha ocsix KoopAMHaT AO/MKHbI 6bITh YKasaHbl (UNYeckme BENNYNHBLI U e ANHNULIbI
MX M3MepeHUs; Macwrab HAHOCUTCS Ha OCK C NOCTOSIHHBIM LLAroM.
7. TOYKM HaHOCATCS Ha none YepTexa 6e3 ykaszaHua MX Ha KOOPAMHATHLIX OCSIX U1
NpoBeAeHNs KaKUX-/IMBO LUTPUXOBbBIX JIMHWUIA.
8. 3aTeM TOYKM COeAMHSIIOTCS NMABHOW JIMHWEN, COOTBETCTBYIOLWEN rpadnyeckoMy
N306paXkeHmnIo TOM DYHKUUM (IMHENHOW, KBAAPaTUUHOM, SKCMOHEHUMANbHO M U T.4.),
KOTOpass OTpaxaeT MpOSBASAIOWYIOCS B AAHHOM OMbiT€ W3BECTHYKD WM



npeanosiaraeMyto CbVIBW—IECKYIO 3aKOHOMEPHOCTb,  BbIpaXXEHHYIO B Bnae

COOTBETCTBYOLWWEN HOPMy/bl.
9. EC/M Ha OZHOM roJie PacnosiaraloTCst HECKOJIbKO rPadMKoB, TO KaX bl U3 HUX

[OMmKeH 6bITb noagnucaH.

BbinosiHeHHas KP BbiCbI1aeTCsl MOUTOM Ha appec AeKaHaTa ¢gakynbTera
ABUACTPOEHME.



3apanue 1. DJIEMEHTbl KWHEMATUKN
Kpatkas Teopusa
lTostHoe ycKkopeHye MaTepuanbHON TOUKN NPU KPUBOJIMHENHOM ABUXeHWUM (puc. 1):

) d=4a +da,,
L
> a=\a’+a’ [a]—lfy
T n s - C2 '
TaHreHymansHoe ycKoperme

XapaKTepusyeT 6bICTpOTy NU3MEHEHUA
CKOpPOCTH KpVIBOJ'IVIHGVIHOI'O OBWMXEHUA Mo
BENTNYUHE,

do .. do
=7, a =—.

dt dt
HopmarnbHoe ycKkopeHue XapakTepusyeT W3MEHeHWe CKOPOCTM KPUBOSMHENHOM
ABMXKEHNA MO HanpasBneHUto,

a

rae R — paauyc kpuBusHbI TpaekTopum.
J/I'HOBOﬁ CKOPOCThO Ha3bIBAETCA BEKTOPHad BE/MYMHA, paBHas nepR)P’l
NPOK3BOAHOI yrna NoBOpOTa TeNa no BpeMeHN:
do do ao
= w=—- |o]= 1P .
dt dt c
HanpaBneHue BekTopa YrioBoii CKOPOCTW OMpeaenseTcs No npasiay Npasoro
BUHTA: BeKTOp yrﬂOBOl\/i CKOpOCTM COHal'IpaBneH C I'IOCTyI'IaTeanbIM ABUXXEHUA BUHTq,

]

ro/0BKa KOTOPOro BPALL@ETCS B HANpPaBIeHUM ABUXKEHNS TOUKM MO OKPYKHOCTW.
YinoBoe yckopeHmne XxapakTepusyeT U3MEHEHME YrNOBOW CKOPOCTM C TEYEHUEM
BPEMEHW 1 ONpeAenseTcs Kak nepeas Npou3BoAHas Yr10BOW CKOPOCTU MO BPEMEHM:

. do do

E=—, &=—, [5]=1pa%.
dt dt ¢

Mpu YCKOPEHHOM ABWMXXEHUM BEKTOP & COHANpaBNeHC @ , Npy 3aMeIeHHOM —

BEKTOpa &€ HanpasneH NMpOTUBOMOIOXKHO BEKTOP @ .



CBS3b MEX, AY KNHEMaTU4eCKUMU XapaKTePUCTUKaMN.

v=w-R, a=R-¢, a=0"R.

YcnoBue 3agaHua

Anck pagnyca R =10 ¢m BpalaeTcs BOKPYr BEPTUKANbHOMN OCY TaK, YTO ypaBHeHVe

ero asmxenus umeet sug @(t) = A+ Bt?, pao (Ha puc. 2 n 3 npuBeaeHbl Ase

npoekumn Bpawarowerocs ancka). Koapduumentst A, B, C ans kaxpaoro sapuaHta

3apaiotcs BTabn. 1.Bpems t, =0, t, =4 c.

M

Puc. 2 Puc.3

1. Moctpoutb rpacduk 3asucumoctn @(t) B uHTepsane ot t, ao t, (Toukm ans

noctpoerus Boibupats ¢ warom 0,5 ¢ ). KoopanHaTsl Touek 415 NocTpoeHus rpaduka

3aHOCUTb B Tabn. 2.

2. MNonyuunTb BbipaxeHWe Ans YrNoBOM CKOPOCTH a)(t) .

3. MoctpounTs rpaduk 3aeucumoctn @(t) B untepsane ot t;, ao t, (Touku ans
noctpoenus Buibupats c warom 0,5 ¢).

4. TlonyymnTb BbIpXEHWE A5 YTTI0BOro YCKOPEHUS g(t) .

5. TMoctpouts rpaduk 3asucumoctn £(t) B uHTepsane ot 1, go t, (Touku ans

noctpoenus sbibupats c warom 0,5 ¢).
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6. YKasaTb Ha puC. 2 HanpaBneHWs BEKTOPOB ) W & AN MOMeHTa BpeMeHy
t=2c.
7. [ns ToukuW, nexatlen Ha 06oae ANCKa, BbIYUCIUT 3HAYEHNS JIMHEMHOWM CKOPOCTU

U, HopManbHOro a TaHreHuunanbHoro aT W MOJIHOrO YCKOPEeHUs d B MOMEHT

n I
BpemeHn t =2 c.
8. Ha puc. 3 ykasaTb HanpasneHusi BEKTOpOB U , &, , &_, 8 ANs MOMEHTa BpEMEHH

t=2c.

Ta6nuua 1. BapvaHTbl 3aaaHuii

Bapuaut | A padlc | B,paol/c® | Bapwant | A padlc | B, padlc’
1 0,5 1,3 21 0,5 5,0
2 1,5 1,3 22 1,5 5,0
3 2,0 1,3 23 2,0 5,0
4 2,5 1,3 24 2,5 5,0
5 0,5 2,2 25 0,5 1,0
6 1,5 2,2 26 1,5 1,0
7 2,0 2,2 27 2,0 1,0
8 2,5 2,2 28 2,5 1,0
9 0,5 2,2 29 0,5 2,5
10 1,5 2,2 30 1,5 2,5
11 0,5 1,2 31 0,5 1,2
12 1,5 1,2 32 1,5 1,2
13 2,0 1,2 33 2,0 2,0
14 2,5 1,2 34 2,5 2,0
15 0,5 2,0 35 0,3 1,3
16 1,5 2,0 36 1,7 1,3
17 2,0 4,0 37 2,2 1,3
18 2,5 4,0 38 2,5 1,3
19 0,5 4,0 39 0,8 2,2
20 1,5 4,0 40 1,3 2,2




Ta6nuua 2. [lanHbie Ansi noctpoenus rpadpukos ¢(t), a(t), &(t)

t,c

0

05| 1 | 15| 2 | 25| 3 | 35| 4

@, pao

0,99/

N
C

MpuMmep BbINnONHEHMN 3aaaHusa 1

Ouck pagmyca R =1 v BpalaeTcs BOKpyr BepTUKANbHOM OCK Tak, YTO YpaBHEHE

€ro ABUMXEHU4a

wveer sun  @(t) = A+ Bt?, pao, re A=1pao,

B =2 pao/c*. Bpems t=0,t,=4c.

[aHo:
o(t)=A+ B’
A=1 pao
B=2pad/c’
R=1wm

=0

t,=4c¢
Ar=0.5¢

PelwweHune
1. OnpegenuM KOOpAMHATbI TOYeK AN MNOCTPOEHMs

rpaduka, @(t) = A+ Bt? & uxtepsane ot t,=0 no
t=4c¢ cuarom At=0,5c¢:

t =0, ¢ =1+2-0=1 pao,

t,=0,5¢, ¢,=1+2-0,5* =15 pao,
t,=1c, ¢@,=1+2-1=3pad nr.a.

3HauyeHus (O; ANs BCEX 3HAYEHMWIl ti , HE0BX0AMMBIX AN1s

nocTpoeHus rpaduka qo(t), 33aHOCMM B NepBylo CTOKY Tabn. 3, a 3aTeM CTpouM

rpaguk.



N
>

do ao
2.y ,a):—:ZBt,p/.
rnoBasd CKOpPOCTb, dt c

3. OnpeaenuM KOOPAMHaThbI TOYEK AN MOCTPOEHMs rpaduka, a)(t) =2Bt s

nHtepsane ot t, =0 no t =4 ¢ cuarom At=0,5¢:
t =0, @ =2-2-0=0,
t,=05¢, ,=22.05=2P9/,

ao
t,=1c, w,=2-2-1=4 p 4 W T.A. Pe3ynbTarhl 3aHeCTH B Tabn. 3.
20 A
15
L 10
g
©
Q 5
3
0 >

o
o
5]
[
o
(6]
N
N
5]
w
w
wv
N



4. YrnoBoe yCKOpeHue & = C;_f[o = ZB,pa% .

5. OnpeaenuM KOOpAWHATbl TOYEK 415 MOCTPOEHUs rpaduka, 8(t) =2B s
nHTepsane ot t, = O not=4c¢ cuarom At=0,5c. OueBnaHo, 3To npsaMas,

napannenbHas ocu abcuuncc.

5
4I & & & & & & & _
NU
<3
g
o
a )
W
1
0 >

0 0,5 1 15 2 2,5 3 3,5 4
t,C
6. HanpaeneHuns BekTOpoB @ nE (puc. 4).
7. Nuneiinas ckopoctb V=@ R, nput=2c¢, v =8‘1=8Mc :

2 2
v 8
HopManbHoe yckopetne 8, =—,npu t =2 ¢, a, =—=64M/, .
" R "1 c

TaHreHUnanbHoe yckopenue 8, = R-¢,npul= 2c ,a =14= 4%2;

NONHOE YCKOpeHMue a=1/a12 +a§ ,npnt=2c, a=+64"+4% =64,12 %2 .
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8. HanpasneHusi BekTopos U, &@,, & , d yKasaHbl Ha puc. 5.

Puc. 4 Puc.5

Ta6nuua 3. [lanHbie ans noctpoenus rpadukos ¢(t), w(t), &(t).

t,c 0

0,5 1 1,5 2 2,5 3 3,5 4

o, pao 1

15| 3 | 55| 9 |135]| 19 |255]| 33

o, paa/ 0
C

s,pa% 4
C
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3apanue 2. PABOTA U DHEPI'MA
KpaTtkas Teopus

[BnxeHune Tena, 6pOoLLEHHOMO BEPTMKANbHO BBEPX C HAYanbHON CKOPOCTHIO U,

(puc. 1), MOXHO CYMUTaTb paBHO3aMeAIEHHbIM ABUXX EHMEM C YCKOPEHWEM CBO6OAHOMO
nageHus (ecnu B yCNOBUM 3a4a4um NpeHebperanT CoNpoTUB/IEHNEM BO3AyXa). B 3ToMm
Cny4yae BEKTOP CKOPOCTU TeJa HanpasneHa BBepX, a
? D=0 BEKTOP YCKOpeHMsi cBOO6OAHOrO NageHusi — BHUS3.
: Ckopoctb Tena U npu pgBuxennn seepx 6yaet
I yMeHbLRaTbCA. Yepe3 HeKoTopoe BpeMs Teno
: g JOCTUTHET BbICLLEW TOYKM NOABEMA, B KOTOPOM ero
I CKOPOCTb CTaHET paBHa HyJto.
|
|
|
|

h

CKOpOCTh M BbicOTa MogbeMa Tena mpu
paBHO3aMe//IEHHOM [BAXEHNN BBEpX

Uy, onpeaensiotcst popMynamu:
m L=U,— ot, (1)

: . ,

gt

Puc. 1 h:Uo - . (2)

KuHernyeckas sHeprysg nocTynatenbHO ABMXKYLLErocs Tena:

2
mo
E, == [E.] =11, (3)
ﬂOTEHL/MaﬂbHaﬂ SHeprvs Tena B none TAroteHns 3emMnu B61U3M ee NOBEPXHOCTU:
E, =mgh, [Ep] =1Jic . (4)

TlosnHas MexaHnyeckas 3Hepryisg Tena paBHa CyMMe KMHETUYECKON U MOTEHLMUAsbHOM
3Heprun:

E=E +E, . (5)
PaboTta nocTosHHOM Ch/lbl PaBHa MPOU3BEAEHUIO CUMbl HA MNEPEMELLIEHNE TOYKMU

MPUIOXKEHNA CUMbI M HA KOCUHYC Yria o Mexay Bektopamn ' n S':

A=FScosa, [A]=1koc. (6)

12



YcnoBue 3apaHus

1. Tenomaccon M 6poLieHO c NOBEPXHOCTU 3eM/N BEPTHKANIbHO BBEPX C HAYanbHOM
ckopocTblo Uy (cM. puc. 1). 3HadeHne M un U, Ana pasnnyHbIX BapuaHTOB
npueeaeHsl B Tabn. 1. Cunoil conpoTvBNeHWs Bo3ayxa npeHebpeub. MMpuHsSTL
yckopeHue cBoboHoro nageHust pasHbiM g =10 M/c2 .

2. Haintn Bpems tmax , 33 KOTOPOE TeJ0 AOCTUTHET BbiCLLEW TOUYKM NOABEMA.

3. BbluMCANTB 3HaueHus ckopocTn Tena U B untepsane spemenn 0 <t Stmax C

LLAroM At = tﬂ . PesynbTarbl 3aHecTu B Tabn. 2.
10

4. To pesynbTaTaM pacyeToB B M.2 MOCTPOUTb rpad MK 3aBUCUMOCTU CKOPOCTU Tesa
OT BpPEMeHW Npu paBHO3aMeANleHHOM ABmxeHun Beepx v(t). CaenaTb BbIBOA O

XapakTepe 3aBUCUMOCTM.
5. BbMMCANTB 3HaYeHMs BLICOTbI NOAbEMA Tena Haj NoBepxXHoCTbio 3eMan h B

nutepsane spemenn O <t <t _ cuarom At. Pesynbrarbi3aHecTun B Tabn. 2.

6. Mo pesynbTaTaM pacyeToB B M.4 MNOCTPOUTb rpadmK 3aBUCMMOCTM BbICOTbI
noAbeMaTesla oT BpeMeHM npu pasHo3ameaneHHoMm asvxeHnn Beepx N (t) . Caenats

BbIBOJ O XapaKTepe 3aBUCUMMOCTMU.

7. BbUMCINTB 3HAYEHMS KWHETUYECKOI 3Hepruv Tena £, B nHTepBane BpeMeHn
0<t<t,, cusrom Al. PesynbTarhi3aHect B Tabn. 2.
8. BbIMMCANTB 3HAYEHMS NOTEHLMANBbHOM SHEPruK Tena Ep B MHTEpBane BpeMeH

0<t<t, cuarom Al. PesynbTarsi3aHectu B Tabn. 2.

9. BbMMCNUTBL 3HAYEHUS MOJHOW MexaHWdeckow sHeprum Tena E B uHTepBane

Bpemenn O <t <t __ cuerom At. PesynbrarelsaHecTu B Tab. 2.

10. B 04HMX KOOPAUHATHBIX OCAX MOCTPOUTL Fpad nku EK (t) , Ep (t) , E(t) .

11. BbluuCAnUTb paboTy, COBEPLIAEMYIO CUION TSXKECTW, NMPU ABMXKEHWUU Tena oT
YPOBHS 3€M/IN [10 HaMBLICILEN TOUKM MOAbEMA.
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Ta6bnuua 1. BapuaHTbl 3aaaHnM

BapMaHT m, ke UO,% BapMaHT m, ke Uy, M
1 1,2 21 21 1,7 34
2 1,4 22 22 2.3 33
3 1,6 23 23 2,5 32
4 1,8 24 24 2,7 31
5 2,2 25 25 2,9 30
6 2,4 26 26 3,1 29
7 2,6 27 27 3,3 28
8 2,8 28 28 3,5 27
9 3,2 29 29 3,7 26
10 3,4 30 30 4,1 25
11 3,6 31 31 4,3 24
12 3,8 32 32 4,5 23
13 4,2 33 33 4,7 22
14 4,4 34 34 5,0 21
15 4,6 35 35 1,7 24
16 4,8 36 36 2,3 25
17 5,0 30 37 2,6 26
18 1,1 37 38 2,2 27
19 1,3 36 39 2,3 28
20 1,5 35 40 3,3 29

Ta6nmua 2. [lanrble Ans noctpoenns rpadukos L(t), h(t), E.(t), E, (1), E(t)

14




MpuMep BbINOJIHEHMS 3apaHuA 2

Teno mMaccon M = 2K2 6POLEHO C MOBEPXHOCTU 3eMNN BEPTUKANBHO BBEPX C

HayanibHOM CKOPOCTbIO 00:20% (cMm. puc. 1). Cunoit conpoTMBNEHUS BO3AyXa

npeHebpeyb. MpuHATL yckopeHne cBoboaHOro nageHns pasHbiM g =10 %z .

u(z), h(z),
E (1), E, @,
E(D).

PeweHne
1. Bpems tmax , 3@ KOTOPOE Teno AOCTUTHET BbICLLIEN

TOYKM NOAbEMA.
CornacHo d¢opmyne (1), ckopocTb Tena npu
paBHO3aMeANIeHHOM ABUXXEHUN BBEPX

v=v,—0t.
CnepoBatensHo,
fo v
g
T.K. B BbICLLEM TOUYKE NOAbEMA CKOPOCTb TeMa U = 0
, TO
Uy 20
tmax:_/ tmax:_zzc.
g 10
2. 3Hauenus ckopoctuTena U (dbopmyna 1) B MHTEpBane BpeMeHu 0<t<2c
t 2
mx At=°-02c.
10 10

(0St<t ) C warom At =

— "max

t, =0 v=0,-g4, ©,=20-10-0=20%",

t,=02c, U, =0,-0, v,=20-10-02=18"/,

t,=04c, vy=0,—Qt, 0,=20-10-04=16"/,

15



t4:0,6C, U4:UO_gt4l 04220_10'016:14% nT.A.

Pe3ynbTathl 3aHecTn B Tabn. 3.
3. padumK 3aBMCMMOCTU CKOPOCTWM Tena OT BpeMeHU Mpu paBHO3aMe/eHHOM

nevxennn seepx O(t).

25 7

= = N
o €] o
L

CKOpOCTb, M/C

(6]

o

0 02 04 06 08 1 1,2 1,4 16 18 2

Bpems, ¢

4. 3HadyeHus BbICOTbl NoAbEMA TeNna Hag NOBEpPXHOCTbIO 3eMn h (dbopmyna 2) B

untepsane spemern 0 <t <2c¢ cuarom At =0,2 c.

2
10-
t=0, h=uyt-4 m:zo-o—%:o.

I I I

2 2
t=0.2¢, hZ:uotz—%, hzzzo-o,z—%:s,sjw;
2 2
t, =0 4c, h3=uot3—%, h =20.04-1994 75,
2 2
t,=0,6¢, h4=l)0t4—%, h4:20-0,6—w:10,2m —

Pe3ynbTathl 3aHecTn B Tabn. 3.
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5. Tpadnk3aBACMMOCTY BLICOTHI MOAbEMA TENa OT BPEMEHU NPY PpaBHO3aMe ANEHHOM
AB/XEHUN BBEPX h (t) .

25

20

=
(9]

=
o

BbICOTa, M

0 02 04 06 08 1 1,2 14 16 18 2

Bpems, ¢

6. 3HayeHus KNHeTUYECKOW 3Heprum Tena EK (dpopmyna 3) B MHTepBane BpeMeHn

0<t<2c¢ cumrom At=0,2c.

mo? 2.20°
t =0, E = 21, E, = > =400 Lo,
mo? 2-18°
L=02c, E,=—2, E,=>_—=324lb;
mo? 2.16°
t=0dc, Eg=—%, Ez=""=256]bx;
mo? 2:14?
t4 :0,60, EK4 = 5 , EK4 = 5 =196 ﬂ.?IC M T.A.

Pe3ynbTtathl 3aHecTn B Tabn. 3.

7. 3HauyeHuMs NOTeHUMaNnbHOW 3Hepruun Tena Ep (bopMyna 4) B UHTEpBane BpeMeHu

0<t<2c cuarom At=0,2c.
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t =0,

t,=0,2¢,
t;=0,4c,
t,=0,6c¢,

Epl = mg}ﬁ,

E,, =mgh,,
E ; =mgh;,
E,, =mgh,,

PesynbTaTbl 3aHecCTy B Tabn. 3.

E,,=210-0=0;
E,,=2-10-38=0=76 [oc;
E,,=2-10-7,2=0=144 [[c;
E,, =2-10-10,2=204 /e uta

8.  3HaueHMs NONHOMN MexaHuueckol sHepriv Tena E (dopMmyna 5) B uHTepBane
spemern 0 <t <2c¢ cuerom At =0,2c.

t =0,

t,=0,2c,
t;=0,4c,
t,=0,6c¢,

E=E,+E,,

PesynbTaTbl 3aHeCTy B Tabn. 3.

450

400

350

300
250

Fat
=
=]

sHepruA, O

150

100

50

E =400+0=400 /]c;

E,=E,+E,, E, =324+76=400 pxc;
E,=E,+E,;, E, =256+144 =400 /]c;
E4=EK4+EP4, E, =196+204 =400 /oic wr.n.
9. Tpadwkn sasucumoctn E (¢), E,(¢), E(t).
| E
Ep
Ex
0 02 04 06 08 1 12 14 16 18 :

BPEMA, C
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10. Pa6ota A (bopmMyna 6), coBepuEMas CUNOM TSHKECTW, NPU ABUXEHUM TeNa OT
YPOBHS 3eMJIM [10 BbiCLLEN TOUYKU NOABEMa,

A=mgh_, CoSc,

A=2-10-20-c0s180° =—400 /Dc .

Ta6nuua 3. [lankbie Ans nocTpoenms rpadmkos u(t), h(t), E,.(t), E, (1), E(t)

t,c o |o2|04| 06| 08|10 12| 14| 16| 18] 2
v, J% 20 | 18| 16| 14| 12| 10| 8 | 6 | 4 2 | o
h, m 0 |38|72]102]128]| 15| 168|182 19,2| 19,8| 20
E_, [doc | 400 | 324 (256 | 196 | 144 | 100 | 64 | 36 | 16 | 4 | O
E, [dxc | o | 76 | 144 | 204 | 256 | 300 | 336 | 364 | 384 | 396 | 400
E, Iloic | 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400
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3apanue 3. MOMEHT MHEPLUA TEJIA
Kpatkas Teopusa
MomeHT nHepLm ABNSETCS MEPO MHEPTHOCTM Tela NPy BPaLLaTeIbHOM ABUX EHI.
MoMeHT UHePLMU MaTEPHAITbHOV TOHYKM OTHOCUTETIbHO HEMOABIDKHOM OCY BpaLLeHs
paBeH npowu3BeAeHuio e€ Macchl Ha KBaapaT pacCTOsHWS [0 pacCMaTpuBaeMou o

BpalleHus:
2 2
J=mr?, [J]=1ke-m".
MoMeHT WHEPUUN — aAANTUBHAA BEJSIMYNHG, T. €. MOMEHT MHEPLUN CUCTEMbI TEN

OTHOCUTEJIbHO HeKOTODOVI HENoABMXHOW OCH paBeH CyMM€ MOMEHTOB MHEpPUMU
OTAENbHbIX TS UM YacTe CUCTEMbI OTHOCUTESIbHO 3TOM OCHU:

%
i=1

FOBOPUTb O MOMEHTE MWHEpUWMM, He TNpUBA3bIBAsS €ro K KOHKPETHOM ocH,
6eccMbICNeHHO.

MoMEHTbI MHEPLINM OLHOPOAHbIX TEJT CUMMETPUYHON (OPMbI OTHOCUTE/TBHO OCH,
npoxogauen 4epes LeHTp macc (puc. 1)

CnnowHom umnuHap

LLlap 06p CrepxeHb
yu
(Aunck) Ol o DJNIMHON ¢
|
(0] | o

Puc. 1

Ecnu ocb BpalleHns He NpoxXoAnT Yepes LeHTp Macc Tena, ToO MOMEHT UHepuuu Tena
OTHOCUTEIbHO 3TOW OCU, onpegendeTca no reopeme LUreﬁHepa: MOMEHT UHEPLUMK TENA

J  orHocuTensho NpOu3BOJSILHON OCU paBeH CyMMe MOMEHTAa MHepuuu Tena Jo
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OTHOCUTEJIbHO OCH, npOBEAEHHOVI Yepes UeHTP MacC TENa NapannesibHo AaHHOM ocu, n
f | A npoun3seBeaeHnsa MacCbl Te€sla Ha KBaapar

paccTosiHus 0 Mexay 3TuMm ocsimu,

J=J,+md?,
A Hanpumep, ansa obpyya MOMEHT MHEpLMM
«— d=2R pUmEp, AR OGPy pu
oTHocuTenbHo ocn AA' (puc. 2) paeeH
Puc. 2 J =mR? +m(2R)? =5mR?.

YcnoBue 3apaHua

CucteMa COCTOMT M3  [ABYX OAHOPOAHbLIX CUMMETPUYUHBIX Ten  MpPaBUbHOW
reoMeTpuyeckoin hopMbl (BapuaHTbl KOHUMYpaLMii TEN U UX NapaMeTpbl NpUBEEHbI B
Tabnuuax 1 n 2). Tena pacnonoxeHbl Tak, YTO OHWM COMPUKACcaloOTCs B OAHOMN TOYKE, a
UX LLEHTPbI Macc SiexaT Ha OAHOW FOPU30HTAIbHOW OCU (€T IM B CUCTEMY BXOAMUT KOJTBLO,
OHO pacnoJsiaraeTcs B ropusoHTaNbHOM NI0CKOCTH).

1. HapucoBaTb pUCYHOK, COOTBETCTBYIOLMI KOHDUIypaLMmM TN BapuaHTa 3adaHus
(B KauecTBe NpuMepa cM. puc. 3).

2. PaccuuTaTb MOMEHT MHEPLIMM CUCTEMbI TENT OTHOCUTENBHO OCK, MPOXOASLLEN Yepes
TOYKY COMPUKOCHOBEHMUS TEN NEPNEHANKYSIPHO rOPU30HTaSIbLHOW OCH.

Ta6bnunua 1. BapuaHTbl 33aHWi

Bapua | koHdurypay | Bapma | KOHpurypay | Bapua | kOHcbwUrypay
HT usa Ten HT us Ten HT us Ten
1 AB 14 CD 27 AC
2 AC 15 CE 28 AD
3 AD 16 DA 29 BC
4 AE 17 DB 30 BD
5 AA 18 DC 31 BE
6 BA 19 DD 32 DC
7 BB 20 DE 33 DD
8 BC 21 EA 34 DE
9 BD 22 EB 35 EC
10 BE 23 EC 36 ED
11 CcC 24 ED 37 DA
12 CA 25 EE 38 DB
13 CB 26 AB 39 DC
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Ta6bnuua 2. MNMapameTpbl TEN

Teno macca, m (x2) papnyc, R ()
A | CnnouHon uMnnHAp 2 0,2
B Anck 4 0,1
c | wep 5 0,3
D | O6pyu 1 0,4
E | CrepxeHb 3 avra £ =0,2 m

MpuMep BbINOJSIHEHUA 3ajaHus 3
MNycTb kOHDUrypauns Ten — ED.
CornacHo Tabn. 2 Teno E — ctepxeHb, Teno D — 0bpyu.
1. cnonb3ysa aaHHble Tabn. 2, 3anviem:

macca cTepxHs M, = 3 K2 ; maccaobpyya M, =1 ke ; pnuHa cTepxHs
(=0,2 m; pannycobpyua R , =0,4m.

2. Cuctema ten ED (puc. 3).

Oi
(ol 0,
L |
:4—2. Ra.ﬁ |
----- e S

|
| |
| d, d, |
l——r—»

Dl

Puc.3
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! !
3. PaccumMtaemM MOMEHT uHepumm cnucteMol Ten ED OTHOCUTENBHO ocu 00"
T.K. MOMEHT MHEPLIMN CUCTEMBI TEJT OTHOCUTENTbHO HEKOTOPOW HEMOABMXXHON OCU paBeH
CYMME MOMEHTOB MHEPLIUU OTAENbHbIX TEN CUCTEMbI OTHOCUTENBHO 3TON OCK, TO MOXKHO

3anucarb:
J=J_ +J,,.
Mo TeopeMe LLireliHepa MOMEHT MHEPLIMM OTHOCUTENBHO OCK 0'0' .
— CTEPXHS
2 2
m. ( 4
_ 2 _ "%
Jcm - ‘JO + mcmdl - 1"12 + mcm A |
3.0,2? 0,2y
J, =———+3:| — | =0,04x2-M",
12 2
—06pyua

‘J06 = ‘]o + m06d22 = m06R026 + mcmR026 = 2mo6R56f
J,= 2-1-0,4* =0,32 k2 - M°,

! !
OKOH‘-IaTeJ'IbHO, MOMEHT nHeEPLUUN CUCTEMDbI TEN ED oTHOCUTENBHO OCH 0 0 paBeH:

‘] = Jcm +J06:
J=0,04+0,32=0,36 x2- m".

oteeT: J =0,36 x2- 1?
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3apaHnue 4. MEXAHWMECKUE KOJIEBAHUA
Kpatkas Teopusa
[apMOoHu4eCKMM HaA3bIBAIOT KonebaHusi, NpuM KOTOPbIX M3MEHEHWEe HEeKOTOpON
BEIMYMHBI X NPOUCXOAUT MO 3aKOHY CUHYCA UM KOCUHYCa:

x(t) = Asin(ayt + @,) Mnm x(¢) = Acos(ayt + @,) .

PaccMOTpUM MaTepuanbHylo TOUKY, COBEPLAIOLYI0 rapMOHMYeckue konebaHus
OKOJ10 MOJIOXEHUS paBHOBeCUS. B 3ToM criyuae:
X — cMelleHMe — OTKIOHEHWE KONeBIOLLENCS TOYKMN OT MOJIOXKEHNSI paBHOBECKS B

MOMEHT BpeMeHu t; A - aMnnuTyza konebaHuil — MakcMMaribHOe CMeLleHue oT
nonoxeHust pasHoeecus; @yt + ¢, — dasza konebaHwii — BenMUMHa, onpeAensiolLps
nonoxeHue konebiolencs TouknBe No6oii MoMeHT BpeMenn t; ¢, —HavanbHas dasa
konebaHwii, onpeaenseT 3HadeHne X B HauanbHbIii MomeHT Bpemenn (1 =0);

(@, — UMKNNYECKas 4acToTa, paBHa YMCNy KonebaHni 3a BpeMs 2 77 (€ AMHUL BDEMEHN),

2r
= = : T —nepuwog — 3T0 BpeMsi, 3a KOTOPOE COBEPLLAETCS OZHO MOHOe

KonebaHuWe; V — 4acToTa, paBHa u4uCy KonebaHuil, COBEpPUREMbIX 3a eAWHULY

W, =27v

BPEMEHMU.

CBsi3b MeX /1y YacToTol n nepuogoM: 1 = —,
14

CKOpOCTH NPU FapMOHUYECKMX (CUHYCOMAANbHBIX) KoNebaHWsaX onpeaensaeTcs Kak
nepsas NPou3BOAHAsH CMELLIEHNSA N0 BPEMEHMU:

v(t) = 3—: = Aw, cos(a,t +¢,).

MakcumanbHoe 3Hauerne ckopoctn: Uy, = Ay .

YcKkopeHue npy rapMOHMYEeckmX KonebaHusx:
do .
a(t) = P —Aw; sin(a,t + ;) .

3HaK MWHYC B 3TOM BbIpaXEHWUU O3HAYaeT, YTO YCKOpPEHME BCErga MMeeT 3HakK,
NPOTUBOMOJIOXKHbIV 3HAKY CMELLUEHWs, U, CNeA0BATENBHO, MO BTOPOMY 3aKOHY HbIOTOH,
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Chna, 3aCTaBndowas TeN0 coBeplaTb rapMOHNUYECKME KO)'IEGaHMH, HanpaeieHa BCeraa

B CTOPOHY rnosioxeHus pasHoseans ( X = 0).
MaKCHManbHOE 3HaUYeHME YCKOPEHNS:

am

_ 2
o = AW

Maremarnyeckmii MassTHUK — MaTtepuanbHasa TO4YKa, NoABELEHHaa Ha HeBeCoMol

HepacTsKuMon HUTK (puc. 1).

B cnyuyae Manbix kone6aHuii (Npu yrnax oTknoHenus & He Gonee 15° +20°)

MaTeMaTMYeCKUn MasiTHUK coBeplaeT TrapMOHUYECKNE konebaHus. KonebaHus

T
T

fcosar

MasTHUKA NPy 60MbLLMX YrIaX OTKIOHEHMS
He ABMAIOTCSA rapMOHUYECKUMM.

Mpy OTKIOHEHWUMN MAATHMKA OT MOJIOX EHUS
paBHOBeCMsI  Ha Teno  pewcTeyer
BO3BpaLlaloWas cuna, KoTopas ABMSeTca
TaHTeHUMaNbHOW COCTaBMSAIOIWEN  CUJbI
TSXKECTU. Moaynb BO3BPALLAIOLLEN CUMbI:

| Fl=mgsinax.
MNepwop COBCTBEHHbIX kone6aHuin

MareMaTtMyeckoro MasTHuka (dopmyna
lolreHca):

T=2x £

g

Liknmnueckasa 4yactoTa COBCTBEHHBIX KONeBaHN1 MaTeMaTUUECKOro MasiTHYKA:

Wy = [~ .

(

KuHeTunueckas SHEprusa KosiebaHui MaTeMATUYECKOro MasiTHUKA paBHa

2 2 2 2
g o_mo” MA“@y; cos” (ot + ¢,)
2 2
MaKkcUMarnbHOE 3HaYeHNe KMHETUYECKOW SHEprun:
mA’w]
Exmax = 2
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MNoTeHumanbHas SHEprusa MareMaTtn4yeckoro MadATHUKa, coBepuaowero
rapMoHun4yeckumne konebaHus B None TAroTeHus, paBHa

E, =mgh=mg((1-cosa) :mgﬁ-ZSinz%.

Mpu Manbix yrnax OTKIOHEHUS, €CNM YTON M3MepsieTcs B paauaHax, crnpaBefiMeo
yTBEPXAEHNE:

Ssina =« .
Cam yron B paiMaHax paBeH OTHOLLEHWIO A/IMHbI YT K pagnycy OKpY>XXHOCTU (annHe

Hut (), a ANvHa ayrv NpUGN3NTENBHO paBHa CMELLEHWIO X :

X
a=—.
14
Toraa noTeHUManbHasi SHeprus paBHa
2

£ _Mmox® _ MgAZ sin®(a,t + ¢,)
P 20 20 '

MakcuManbHoe 3HadyeHue I'IOTEHLI,VIaJ'IbHOl‘/II SHEprun:

2
E, . =T

pmax ~ 20

MNMonHas SHeprua KonebaHMi MaTeMaTU4ECKoro MasiTHUKa paBHa:

E=E+E,

Ycnosue 3apaHus
Marematnueckuit masitiuk maccon M =1002 w anumonn ( coBepuRrEeT

rapMoHu4eckue konebaHusi, ONncbIBaeMbIe YpaBHEHUEM, NPUBEAEHHBLIM B Tabs. 1.
Mcnonb3ys ypaBHEHWE rapMOHMYECKOrO KonebaHus HakTu:

1) amnnutyay A;
2) dazy @;

3)  UMKINYECKYIo YacToTy @ ;
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4) [4AVMHY MaTeMaTUYeckoro MasiTHUKa ( Mo M3BECTHOM LUMKIMYECKOMN YacToTe w,
(yckoperue ceoboaHoro nageHua g =104/, );
c

5) vactoTy v ;
6) nepwona T;

T T 3T
7) 3HauyeHus cMewenns X B MOMEHTbI BpeMeHM t:O,—,E,T,T, roe T -

nepuoa KonebaHWii MaTeMaTMyeckoro MasiTHMKA (YucneHHoe 3HadeHve T
paccyMTbIBAaETCS B M. 6); pe3ynbTaTbl 3aHECTM B Tabs. 2;

8) ypaBHeHMe U3MeHeHMs CKOPOCTU CO BpeMeHeM U(t) ;

9)  3HadeHne makcumanbHoin ckopoct Uy

T T 3r
10) 3HaueHus ckopoctm U BmomeHTb Bpemern t =0, —, —, —, T ;
4 2 4
11) ypaBHeHWE U3MeHeHNs YCKOPEHMS CO BpEMEHEM a(t) ;
12) 3HaYEHME MaKCMMAaNbHOrO ycKopeHus Qo
T T 3r
13) 3HayeHmns yckopenuss & BmomenTbiBpemenn 1 =0, —, —, —, T ;
4 2 4
T T 3T
14) KMHETMYECKYIO SHEPTUIO B MOMEHTbI BpeMeHn T = 0,—,—,—.,T;
4 2 4
15) MaKcuMarnbHOe 3HaYeHMEe KUHETUUYECKOW SHEPrn EKmax ;
T T 3T
16) noTeHUManbHyIo 3Hepruio B MoMeHTbi Bpemern t =0, —, —, —, T ;
4 2 4
17) MakcuMManbHoe 3HayeHue NoTeHLMaIbHON SHEPTrK Epmax ;
T T 3T
18) nonHylo MexaHuyeckyto aHepro £ B momenTbi Bpemenn t =0, Z, E, T’T

, pe3synbTathl 3aHecTu B Tabn. 2;
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19) noctpouts rpadmkyn sasncumoctn x(t), L(t), a(z), E, (), Ep (), E(2)

PacnosioXXmB OCU, KaK NMOKa3aHO Ha pUC. 2.

[

Puc. 2
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Ta6bnuua 1. BapuaHTbl 3agaHuii

Ne° YpaBHeHue konebaHusa Ne° YpaBHeHue konebaHuna
1 x(t)=0,02sin(7t), m 21 x(t)=0,035in(%t M
2 | x(t)=0,02sin(4zt),m | 22 x(t):0,0lcos(%t \ M
3 | x(t)=0,045sin(27t),m | 23 | x(t)= 001cos(%t M
4 | x(t)=0,01sin(4xt),m | 24 | x(t)=0,05sin(37t),n

5 x(t)=0,05sin(7zt),m 25 | x(t)=0,014cos(7t),m

6 x(t)=0,03sin(%tj,m 26 | x(t)=0,043cos(7t),n
7 x(t):O,OGSin(%tj,M 27 | x(t)=0,06sin(27t), n
8 X(t):0,0lSin[%t M 28 X(t):0,015COS(7zt),M
9 | x(t)=0,02sin(37t),n | 29 | x(t)=0,042cos(4xt),m
10 | x(t)=0,01sin(zt),m | 30 | x(t)=0,05c0s(27t), n
11| x(t)=0,08sin(zt),m | 31 | x(t)=0,01sin(37t),m
12 | x(t)=0,02sin(27zt),m | 32 | x(t)=0,02sin(zt), n
13 | x(t)=0,05sin(zt),» | 33 | x(t)=0,03sin(zt),n
14 X(t):O 0255|n(472't),M 34 X(t) 0, O4sm 272't),M
15 | x(t)=0,04sin(2zt),m | 35 | x(t)= 001sm(%tj,m
16 | x(t)=0,025sin(27t),m | 36 | x(t)=0, 04cos(%tj M
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NN

17 | x(t)=0,025sin(zt),m | 37 x(t)=0,03005( tj,M
m | 38 | x(t)=0,01sin(3~t),
t)=0,03sin(4xt),» | 39 | x(t)=0,05c0s(xt),
M )

(
(t)=0,03cos(rt),

M
M
M

40 X

(t)
18 | x(t)=0,03sin(2zt),
19 | x(t)

(t)

20 | x(t)=0,055sin(rt),

Ta6nuua 2. [laHHbie ans noctpoenus rpadukos x(¢) , v(t), a(t), E (¢), E, )

t 0 r r 3T
4 2 4

T

X, M

v, mfc

a,M/02
E , [
E,, Hxc
E, [

Mpwvmep BbINONHEHUA 3apaHua 4

Martematuueckuit masTHuk maccon M =100c wu pamnoii (  cosepueer

rapMoHu4yeckue konebaHusi, onncbIBaeMble YpaBHEHNEM X(t) =0, 2008(7['[) .7

PeweHue

[daHo .

Mo ycnoBuio MaTeMaTUYeckuidi MasiTHUK COBEpLLGET
m=1002=0,1x2 rapMoOHMYECKME  KOCMHycouAanbHble KonebaHus C

HayanbHoM hasoi paBHOW Hymnto. O6WMIA BMA Takoro
g=10 .Hﬁ: KonebaHus:

x(¢) = Acos(ayt) .

x(¢#)=02cos(7t). M
(£)=0.2cos(x1), 1. Amnamtyga A=0,2 m.

2. ®aza ¢=xt, pao.
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ao
3. Luknnyeckas yactota @, = 7r,p /
c

4. [iMHa  MaTeMaTU4eckoro  MasiTHUKa: T.K. (@, = ‘,g = [= %,
{ ),
(= 102 =1,014 m.
3,14

5. YactoTa V:&, V=i=O,5Fu

27 2

1 1
6. Neppon I'=—, T=—=2c¢.

1% 0,5

T 3T

7. 3Hauenus cMeweHns X B MomeHTb BpeMenn t =0, %, > T’T (uncneHHoe

3HauyeHWe nepuoda KonebaHWii MaTeMaTUYecKoro MasTHWKa paccuMTaHo B M. 6,
T=2c¢):

npu t=0, X=0,2c08(7-0)=0,2:1=0,2.m,
:10,x=0,2cos 72'-1 =0,2cos 1):0,
2 2 2

=1l¢, Xx=0,2cos(7-1)=-0,2 m,

nut=—=

N &3

nput=—=

2
npu t=3—T=3'2=§c, X=0,2005(7F§j=0
4 2 2

nput=T=2c, x=0,2c05(27)=0,2 m,

Pe3ynbTrarthl 3aHecTn B Tabn. 3.
8. YpaBHeHMWe M3MeHeHMs1 CKOPOCTM CO BpeMEHEM

dx .
o(t) = @ =—0,2zsin(xt), f% ,
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9. 3Ha4YeHue MaKCMManbHOM CkopocTn U, . = Aa)O ,

— = . — M
Upex =0,2:7=0,2:3,14=0,628 14/

T

10. 3HaueHus ckopocm U B MoMeHTbl Bpemenn t =0,

SN

T 3T
2’ 4
npn t =0, v=-0,628sin(7-0)=0,

npw tzzzlc, U=—O,628Sin(ﬂ'-£j— -0, 6285|n( j:—o 6281‘%
4 2 2
o t = =Lc, 0=~-0,628sin 1) =~0,628sin () =0,
37 3 . 3
npmt—T—EC,U:—0,6288|n(7z-5j——0 6283|n( j oezsﬂy

nput=7T = 2c, U=—0,628Sin(272')=0.
Pe3ynbTtarthl 3aHecTn B Tabn. 3.

11. YpaBHeHME U3MEHEHMS YCKOPEHUS CO BPEMEHEM a(t) :

dov
a(t)=—=0,27° cos(rt), JVZ ,
dt c
12. 3HayeHMe MaKCMMasnbHOro YCKOPEHUS:

C

T T 3T
13. 3Hauenus yckopenus I gmomenTbiBpemenn t =0, —, —, — T :

4 2 4
pu £ =0, X =1,97c08(7-0) =197 %/,

npu t =

I

T c, x=1,97003(£j=0
4 2

N

32



T
=—= =-197 ,
npu t 5 le, Xx= 197COS 1, /2
npmt=3—T:§c, X =1,97 cos 3—7[ =0,
4 2 2

mut=7T=2c, x=197 cos(%-szl,QWW )

DN

PesynbTaTbl 3aHeCTy B Tabn. 3.

2
14. KuHeTuuyeckas sHeprus B MOMeHThI BpeMeHn t = 0, Z, Z, 3—T,T E = mo
42" 4 2
0,1-0°
mut=0, E = =0,
0,1-(-0,628)°
an'[—Z E = ( ) =0,0197 Jorc,
4 2
0,1-0°
npu t = r ,E = =0,
2’ 2
0,1-(0,628)°
now t:%T, E. _01:(0.628) ) 0197 v
0,1-0°
npthT,EKI ’ =0.
2
PesynbTathl 3aHeCTn B Tabn. 3.
MA*a;
15. MaKkcMMarnbHOe 3HaYeHMEe KNHETUYECKOM SHEPTUM EKmaX = 5 ,
0,1-(0,2)*(3,14)°
PIRLEE LE (CEU
2
16. MNoTeHuunanbHaa 3Heprus B MOMeHTLI BpeMenu t = 0, Z Z 3—T T:E = mgx
4'2" 4 r 20
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0,1-10-(0,2)*
=0, =7 1c()14)
. 0,110-0>

7 E _—_OI
P 2.4,014

- - 0,110-(-0,2)°
TP 21,014
r . _01.10-0*

_IE _—_Ol
4 7 21,014

0,1-10-(0,2)’
anItZT,Epz 2'1(()14)

Pe3ynbTtathl 3aHecTn B Tabn. 3.

=0,0197 e,

npu t =

NG

~0,0197 [,

npu t =

NN

w

npu t =

=0,0197 .

_ mgA?
20

17. MakcuMarnbHoe 3HaueHne noTeHuvanbHoit sHeprm £ .

I

. 0,1-10-(0,2)°
pmax - 9.1.014

=0,0197 /e,

3r
1 4 1

NGRS
NN

18. MonHaa MexaHnueckas sHeprusi B MoMeHTbl BpeMern £ =0, T:
E=E+E,,
mu t =0, E=0+0,0197 =0,0197 /o,

npw t:%, E=0,0197+0=0,0197 /e,

now t:%, E=0-+0,0197 =0,0197 /e,
ar

pn t =21, F=0,0197+0=0,0197 o,
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npm t =7, E=0+0,0197 =0,0197 /]oc.

Pe3ynbTtarthl 3aHecTn B Tabn. 3.

Ta6snua 3. laHHbie Ans noctpoennarpacdmkos x(¢), O(t), a(z), E (1), Ep 03]

t 0 T T 3T r
4 2 4
X, M 0,2 0 0,2 0 0,2
v, MC 0 0,2 0 0,2 0
a, %2 1,97 0 -1,97 0 1,97
E., e 0 0,0197 0 0,0197 0
E,, i 0,0197 0 0,0197 0 0,0197
E, Iixc 0,0197 0,0197 0,0197 0,0197 0,0197

19. Mpadukm sasucumoctn x(2), v(t), a(z), E. (), Ep(t), E(@).

X, My

Ha puc. 3 npuBeaéM npuMep MOCTPOEHUs

Tonbko rpadvka sasucumoctn X (7).
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3apanue 5. MOJIEKYJIAPHO-KUHETUMECKASA TEOPUA
WAEAJIbBHOIO rA3A
KpaTkas Teopus
OCHOBHbIE 10/10)KEHHS MONEKYNSIPHO-KMHETMYECKOW TEopUHU:
— BCE BELLECTBA COCTOSIT 13 aTOMOB U/ MOJIEKYJT;
— aTOMbl ¥ MOJEKY/bl HAXOASATCS B 6E€CNPECTaHHOM XaoTUYECKOM [1BUX EHUM;
— aTOMbI U MOJIEKY/bI B3aMMOAEWCTBYIOT MeXay CO60M.
Mo/1b — KONMYECTBO BELLECTBA, B KOTOPOM COAEPXXMTCS YUCIO YacTul, (aToMoB,

MOJIEKYN U Ap.) paBHOE YKUCy aTOMOB B 12 r U30TOMa yrnepoaa 162C [2].

Yucnio ABOI'&,G,DO NA_ YMUCNO aTOMOB U MOJ1EKYN, COAEPXKalUMXCa B OAHOM MoNE
noboro BELECTBa,
N, =6,022 -10% monw .
M0/7;7pHa,q Mmacca— 3T0 MaCcCa 04HOIro Mond BellecTBa:

M=m,-N,,

Ke

rae M, — macca oAHo Monekybl; [M] =1 .
MOTb
Yuco Mostesi BelyecTea — Macca BeleCTBa, AeNeHHasi Ha MOJIEKY/ISIPHYIO Maccy:
m
v=—, [v]=1mom,
M
KOHLeHTpaLmsi MOJIEKY/T — 3TO YNCIIO YaCTUL B €ANHULE 06beMa:

n:g, [n]=1x7.

CpegHAa KBagPaTHYHAas CKOPOCTb MONEKY rasa:

(v.) = - B [ea]=1,

s Mote
rne k=1,38-10 23% — nocTosiHHas BonbuMmana; T — TeMmnepaTypa rasa,

[T]=1K.
CpesHSIA KMHETMYECKAs SHEPIHS NOCTYNaTENbHOMO ABUXEHUS 0fIHOA MOneKynbl:
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2
<&, >zmo<+e>:ng, [< & >]=1Toc,

loTHocTh BewecTBa — ¢)VI3VN€CKaﬂ BE/IMYNHAE, YNCITEHHO paBHasd OTHOLWEHUIO
MaccCbl BEWECTBA, 3aK/TIYEHHOIO0 B HEKOTOPOM 06'bEMe, K BeNn4uHe 3Toro obbvema:

P m n-m 1 Ke
= —= . o s [p] =1—.
\ M
CocTosiHMe HeKOTopOl)'I MacCbl ra3a onpeaenderca TpemMs TepMoaAnHaMmnyeCcKMMU

napameTpamu — aasnenneM [, o6bemom V , Temnepatypoii T .

YpaBHeHWe, cBA3blBalOLLee rnapaMeTpbl COCTOSIHUSA MaeanbHOro rasa, HasblBaeTcs
YPaBHEHNEM COCTOAHNA NAeasibHOro rasa Uin ypasBHeHNEM KnaneﬁpOHa:

ﬂ =const.
T

YpaBHEHUE COCTOSIHUSI MAeanbHOro rasa Mpou3BOSIbHOM Macchl (ypaBHeHVe
MeHpaeneeBa-KnanenpoHa):

m
V =—RT,
P

o
rae R = 8,31’11_ — MONSipHas ra3oBas NOCTOAHHas.
Mmonb- K

YpaBHeHWe COCTOSIHWMA MOXXHO 3anucaTb B ApYyroM Buae:
p=nkT .

OCHOBHOE YpaBHEHWE MOJIEKYNIAPHO-KMHETUYECKOA TEOpWUU uAeanbHOro rasa
(pa3Hble BapuaHTa 3anucu):
2
p= g n< & >,

1 2
p==nm,<v,_ >>.
3 0 K8 ’

p—1 <v,,>
3p K6 .
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Ycnosue 3agaHusa
WpeanbHblii ra3 maccoit M, NNOTHOCTb KOTOPOrO o, a MonspHas Macca M,

HaxoAMTCs B 3aKpbiToM cocyde o6bémoMm V . Temnepatypa rasa 7. Wcnonb3ys
YUCNEHHbIE 3HAUEHUSA BEMIMUYMH, 33AaHHbIE AN KK AOro BapuaHTa B Tabn. 1, HalTu:
1) uucno mMoneii BeulecTsa vV ;

2) obbémrasaV ;

3) mMaccy oaHoii Monekynblrasa M ;

4) KOHUeHTpauwuio Monekyn N;

5) uucno monekyn rasa B o6beme N ;

6) naeneHuerasa p;

7) CPeAHIol0 KBaapaTUYHYO CKOPOCTb MOJIEKY rasa <UK3> ;

8) CpEAHIO KNHETUYECKYHO S3HEPIUIO NOCTYNaTENIbHOro ABUXEHUA ofAHoOM MOneKynbl

<& >.
Ta6nuua 1. BapuaHTbl 3aaaHuUi
N© ras M, X m, ke y2 K73 T,K
MOJlb M
1 | Kucnopoa 02 0,032 0,05 1,43 393
2 | Asot N, 0,028 0,06 1,25 394
3 | Ammnak NH, 0,017 0,07 0,77 450
4 | Apron Ar 0,040 0,08 1,78 396
5 | Bogopon H, 0,002 0,09 0,09 397
6 | rennii He 0,004 0,05 0,18 398
7 | 3akucb asota N,O 0,044 0,06 1,98 399
8 | Yrnekucnbliii ras CO2 0,044 0,07 1,98 370
9 | Okucbasota NO 0,030 0,08 1,34 330
10 | Okucb yrnepoaa cO 0,028 0,09 1,25 320
11 | dpeon-11 CF,CI 0,137 0,05 6,13 510
12 | opeon-12 CE,CI, 0,121 0,06 5,51 380

38



13 | ®peon-13 CFCl, 0,114 0,07 5,11 370
14 | otop F, 0,038 0,06 1,70 306
15 | Kpunton Kr 0,084 0,09 3,74 309
16 | Kucnopoa O, 0,032 0,07 1,43 405
17 | Asot N, 0,028 0,05 1,25 402
18 | Ammmak NH, 0,017 0,06 0,77 457
19 | Apron Ar 0,040 0,04 1,78 398
20 | Bogopos 1, 0,002 0,08 0,09 418
21 | rennit He 0,004 0,09 0,18 419
22 | 3akuck asotra N,O 0,044 0,07 1,98 412
23 | Yrnekucnoiiras CO, 0,044 0,06 1,98 380
24 | Okucb asota NO 0,030 0,05 1,34 340
25 | Okuce yrnepoga CO 0,028 0,07 1,25 330
26 | Ppeon-11 CF,CI 0,137 0,06 6,13 518
27 | opeon-12 CE,CI, 0,121 0,07 5,51 390
28 | opeon-13 CFCl, 0,114 0,08 5,11 388
29 | otop F, 0,038 0,08 1,70 309
30 | Kpunton K7 0,084 0,10 3,74 313
31| xnop CI 0,084 0,09 3,22 350
32 | Kucnopoa O, 0,032 0,07 1,43 400
33| Asot N, 0,028 0,05 1,25 390
34 | Ammnak NH, 0,017 0,06 0,77 450
35 | Apron Ar 0,040 0,04 1,78 390
36 | Bonopoa H, 0,002 0,08 0,09 420
37 | renuii He 0,004 0,09 0,18 420
39 | 3akucs asota N,O 0,044 0,07 1,98 410
39 | Yrnexucnuii raz CO, 0,044 0,06 1,98 385
40 | Okucb azota NO 0,030 0,05 1,34 330
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MpuMmep BbINONIHEHUS 3aAaHus 5

1. Yncno monel BellecTsa:

flano m 0,35
Xe — KCEHOH v=—, vVv=—=—=2,67Mmonn.

M 0,131
m=0235x2

m
AM—0131 = 2.06bemra3aV=—,V:%:0,059/143.
' MOTIb yo 5,89
p =5 89""5%{_: 3. T.k. monsipHas macca M =my - N, , To macca
T=350K
_ 0AHOIA MoneKy/bl My = —,

ler'?ﬂsinl‘-:\'.;p NA
Ve )y <& = =7 0,131 _
(e =2,18-10"% ko

m=———
° 6,022-10%

4. T.x. nnoTHocTb rasa PO =N-M,, TO KOHUEHTpauus MoneKyn n=£,
m
0

5,89

n=—"——=2710"xn"
2,18-10

5. Yucno monekyn rasa B o6beme N=n-V ,
N =2,7-10”-0,059 =1,59-10*.
6. Naenenverasa P=nKT, p=2, 7-10%.1,38-10%-350=130410I1a .

’SkT

7. CpegHsasa  KBagpaTuMyHag  CKOpPOCTb  MOJieKyn rasa <Um>: —,
m,
0

31,38-10 %350
(v,)= J TR = 257,81/ .

8. CpeﬂHFIFI KNHETNUYECKas 3Heprnda noctynatesibHoro ABM>XeHu4d O,EI,HOIZ MOneKynbl

< %o >=ng <& >=§-1, 38:10%-350=7,25-10" [Jorc .
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3apaHue 6. DJIEKTPOCTATUKA
Kpatkas Teopusa
Inektpuyeckwi 3aps4 q — KOJINYeCTBeHHas Mepa 3N1eKTPOMarHUTHOro

ssaumopeiictaunsa Ten, [q] =1 K7 (xynow).

JnekTpuyeckoe rose — 370 hopMa MaTepum, OKpYXatoLLas 3neKTpuyeckme 3apsapl
W NepeMeHHble MarHUTHbIE MOMs. DNeKTpUYecKoe Nnose, co3aaHHOEe HeMOoABWKHEM
3apsiA0M, HasbIBAETCS 3/IEKTPOCTATUYECKNM.

OCHOBHOI CWUMNOBOW XapakTepUCTUKON 3N1EeKTPOCTaTUUECKOrO NONS SIBASIETCS €ro
Hanpsi>X eHHOCTb.

HanpsxkeHHOCTbIO 3NEKTPUYECKOro MOSisl, Has3biBaeTCsl BEKTOpPHasi BeMYMHa,
UMCNEHHO paBHasl cwne, AEWCTBYIOWEN Ha MOMELLUEHHbI B [aHHYl TOYKy nons
€MHUYHBI MONOXUTENbHbIN 3apsia;

E-E, =1
q Kn

dnekTpuyeckre Nons M306paxatoT C MOMOLLbIO TMHUIA HaNPSHKEHHOCTY.

JInHuesd Harnpsix eHHocTy (MU CUNOBOMN NIMHUEN) SNEKTPUYECKOrO MOJIS Ha3bIBalOT
NVHWIO, KacaTenbHasi K KOTOPOM B Ntob0W e€ ToUke COBMaAaeT C Harnpas/ieHWeM BeKTopa
HaNps>XeHHOCTU. JIMHUM HanpsHXKEHHOCTU 3NIEKTPUYECKOro MOJis Ha4YMHalTCs Ha
MOSIOXMUTENbHBIX M 3aKaHUMBAOTCS HA OTpUUATENbHBbIX 3apsiAax; Hurge He
nepecekaroTcsi; B /060M TOUKe NONS NIOTHOCTb IMHUIA HaNPSDKEHHOCTU paBHa MOAYIIo
Hanps>X €HHOCTM NOJIsi B 3TOW TOYKE.

Ha puc. 1 npuBeaeHbl NnpuMepbl N306paXx eHNs 3NeKTPUUECKMX MONIeN TOUYEYHOM
NONOXWUTENbHOro 3apsaa (puc. 18) u ToueyHoro oTpuuaTensHoro 3apsga (puc. 16) ¢
MOMOLLBIO JIMHUI Hanps>X EHHOCTU.

Er)
)

Puc.1
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Hal'lpﬂ)KéHHOCTb nond TO4eYHOro 3apdaaa:

__ 9

Arge, - 1r°

r

rae  —3zapsag, cozpaowmitnone; I' — paccTosiHue oT 3apsifa 40 TOUKM NPOCTPAHCTBa,
B KOTOpPOW pacCYMTLIBAETCS HAMNpsXXEHHOCTb 3MIEKTPUYECKoro nonsd; & —

OTHOCUTENbHAsA ANINEKTPUYECKas MPOHULIGEMOCTb Cpefibl — BENMYMHA, MOKa3bIBaloLLEs,
BO CKOJIbKO pa3 Hanpsi)X&HHOCTb 3MeKTPUYEeckoro Monsi B BakyyMe 60/bLE

E Kn?
Hanps)k EHHOCTM 3TOr0 Xe NoNs B JaHHON cpeae, & = EO; &y = 8,85-10’12 —
H-m
— 3N1eKTpMYyeckasl NOCTOSIHHas.
[puHLMT CyneprosuLmi rnoJsieq: eCnv 3NeKTPUHECKOe MoMe CO3AaeTCsl HECKOTbKUMU
TOYEYHBIMU 3apsZIaMK, TO HaMPSXK EHHOCTb PE3YNTbTUPYIOLLETO NONS PaBHA BEKTOPHOM
CYMMe Hanpsi>K eHHOCTEN MoJiel, Co3AaBaeMbIX B AaHHOW TOYKE KaXAbIM 3apsiioM B

OTAENBbHOCTH,

— N —
E=)E.
i-1

lToTeHymas nosis B [aHHON TOUKe — cKansipHas usnyeckas BeNIMUYMHA, YNCIIEHHO
paBHasi MOTEHLMaNbHON 3HEPrMM, KOTOPON 0bnagaeT eAMHUYHbIA NOMOX UTENbHBIA

3apsa B [laHHOW TouKe nongd,

Wy g e
p=—, |P]= =

q Kn
MoTeHuman — sHepreTUYEcKas XxapakTepucTuka nons.
MoTeHUMan B HEKOTOPOW TOYKE MO, CO3AAHHOrO CUCTEMOW 3aps 0B, paBeH
anre6panyeckoii CymMMe MOTEHUMANOB MOMEe, CO3AaHHbIX KaXAbIM 3apsaaoM B

OTAENBHOCTHU,

1B.

42



YcnoBue 3agaHun
Tpl/l TOYeYHbIX HeNnoABMXHbIX 3apsaa, moaynu

KOTOPbIX  PaBHbI

|q1| = |q2| = |q3| =8,85-10% K, pacnonoxensi B Bakyyme (& =1) Ha oaHoil

npsiMont (puc. 2). Pacctosuuna AB=BC =10 cu .

a 4 k]

O O O

A B C
Puc. 2

HaiiTu B Touke M, pacnonioXeHHoi Ha npsiMoii ACcnpaBa OT TOUKM A,

a) HanpaBneHue U MOAYNb BEKTOPA HANPSXKEHHOCTU Pe3y bTUPYIOLLErO 31EKT PUUECKOrO

nons B touke M

6) NoTeHUMan pesybTUPYIOLLEro 31eKTPUYECKOro Nosst B Touke M.

Ta6nuua 1. BapuaHTbl 3aaaHuUi

N2 9, 9, Qs AM, en | Ne O a, s AM, cm
1 + + + 2 21 - + + 12
2 + + - 2 22 - + - 14
3 + - - 4 23 + - + 14
4 - - - 4 24 + + + 3
5 - - + 6 25 + + - 3
6 - + + 6 26 + - - 5
7 - + - 8 27 - - - 5
8 + - + 8 28 - - + 7
9 + + + 12 29 - + + 7
10 + + - 12 30 - + - 7
11 + - - 14 31 + + + 12
12 - - - 14 32 + + - 14
13 - - + 16 33 + - - 14
14 - + + 16 34 - - - 3
15 - + - 16 35 - - + 3
16 + + + 18 36 - + + 5
17 + + - 18 37 - + - 5
18 + - - 22 38 + - + 7
19 - - - 22 39 + + + 7
20 - - + 12 40 + + - 7
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Mpumep BbiNnosIHEHUNA 3afaHus 6

12
[1Ba TOUeUHbIe HEMO/BIKHbIE NONOXMUTe bHbIE 3apsida O, =0, =8,85-107 Kz

4 4

pacnonoxeHsl B Bakyyme (&=1) Ha

pacctosHuu AC =8cm (puc. 3). Haittu

@ ®_. HanpsH>KEHHOCTb n noTeHuman
A

Puc.3

nocrosHHas &, = 8,85-107

0, =0, =8,85-10 Kz
AC =8cm=8-10"nu
AM =10cm=10-10"nm
e=1

M pEe3yNbTUPYIOLEr0  3NEKTPUYECKOro Mo,

CO3/aBaeMoro 3TMMM 3apsiiaMmu B TO4Yke M,
pacrnonoxeHHon Ha npsiMon AC cnpasa OT

Toukn A, AM =10cm. DnekTpuyeckan

2
K
—.
H-m
PewweHune
CornacHo npuHUMny cynepnosviumm
3NEKTPUYECKNX nonen, HanpsiX EHHOCTb

pe3yNbTUPYIOLLEro nosist B TOYke MpaBHa BEKTOPHOM
CyMMe Hanpsix&HHoCcTel ronen, Cco3naBaeMbX
KaX AbIM 3apsA0M B OTAENbHOCTU (puC. 4):

£ —885-10*12K—JIZ E=birks
0o — 1
i H-m? B ckansipHoM BuAe,
E=2 E=FE+E,.
p="
a4 4, E e -
® O
—=* T g
A c M
Puc. 4

Hal'lpﬂ)KéHHOCTb nond, Co3gaBaeMOro TO4Y€YHbIM 3apAAoM, onpenenseTca no

dopmyne:
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-9
Argg, - ¥

Ans 3apspa (;

_ %
E = 5.
Aree, - AM
Ans 3apsana 0,
_ 42
2= 2
Areg, - CM
BHuMaHue! El < Ez , Tk O =0, u AM > CM . 310 foMKHO BbITb BUAHO

Ha pUCYHKe.
Hanpsx EHHOCTb pe3ynbTUPYIOLLEro Noss B Touke M

__1 ( G . % j
- 2 2 |
Aresy\ AM*~ CM

Bbluncnenus:

:210£.
Kn

Ee 1 (88510 88510
4-314-1.8,85-10% | 10°-10*  22.10°

MoTeHunan pesynbTUPYIOLWEro Nons B Touke M paBeH CyMMe NoTeHUManoB nonen
3apsaoB ql n (,; T.. o6a 3apsaa nonoxuTensHole,

P=¢tQ,.

MoTeHuman nons ToYeyHOoro 3apsaa:

q

Areg,r

Ansi sapsina 0y,
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_ %
16 Areey- AM
Ans sapsipa (,,

Aree,-CM

MoTeHuman pesynsTUPYIOLEro Nosis B TOUKe M,

o=t ( 4 , % j
Aregg\ AM  CM

?,

Bbluncnenus:

-12 -12
0 1 (8,85 102 8,85-10 }4,83.

= . —+
4.314-1-8,85-10™ | 10-10° 2102

H
oreer: £ =210—, ¢p=4,8B.
Kn
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MpunoxxeHue 1

Iy
NaloA

MWUHUCT EPCTBO HAYKW M BbICLLEFO OBPA30BAHWS POCCUACKOW ®EAEPALIMK
®EEPAJIbHOE FOCYJAPCTBEHHOE BHO[)XETHOE
OBPA30BATE/IbHOE YYPE)XX/1EHME BbICLLErO OGPA30BAHMS
«[JOHCKOI rocyAPCTBEHHbIA TEXHWMECKWA YHVBEPCUTET»

(army)

QakyneTeT ABuacTpoeHue
Kacdeapa TexHnyeckaa skcnnyarauuns neTaresbHbiX annaparos 1 HA3EMHOro

o06bopyaoBaHus

KOHTPOJIbHASAA PABOTA N21
OncumnnmHa P U3SNKA
HanpaeneHue noarotoBkn 25.03.01 TexHuyeckad 3sKcnayaTauusa neTaTesbHbX
annapaTtoB W ABuratene

Mpodwunb 25.03.01 UHxeHepHO-TexHMYeckoe obecneyeHne NONETOB NeTaTesbHbX

annaparos
YpoBeHb 06pazoBaHus: BO-bakanaspsl

HoMep 3a4eTHOW KHUXKK
Homep BapuaHTa ___ -
Mpynna: AB3T____

Ob6yvatowwmincs
noAanuce, n.0. damnnusa
« » 2T
KP nposepwuna, AoueHT T.C.benmkoBa
«  » 20 r

PocToB-Ha-[loHy
20
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