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Beenenue

Kontponbras padora (KP) mo dwusuke s CTyACHTOB IEpBOro Kypca 3a04HOM
dbopmMbl  00yueHHS — 3TO OOsA3aTeIbHBIA BHJ  CaMOCTOSTEIBHOW  pabOThI,
MIPEANOaralonui pelieHue MeCcTH MHOT03TANHBIX (U3NMUYECKHUX 32124, POBEJICHHE
pacyeToB M IOCTPOCHHE TIpaHKOB 3aBUCHMOCTECH (DM3WYSCKHX BEIMYHMH. 3aJTaHus
KOHTPOJILHOM paOOThI COEPIKAT BCE pa3zeiibl (PU3UKU, U3y9aeMbI€ B JAHHOM CEMECTpE.

Kaxmoe 3 mectu 3agaHuii HAYMHAETCA C KPATKOW TEOPHUH, COICPIKAIIECH BCE
onpenesieHus, GopMyJibl U 3aKOHBI 110 TeME, U HEOOXOAUMBIE JIJIs PEIISHUs 3aauH.

Janee uaer GopMyiupoBKa 3ajadyu, MEPEUCHb 3aJaHUN, KOTOPbIE HEOOXOJIUMO
BBITIOJTHUTh, M TaOJWIla C BapuaHTaMu 3aJaHuii. B Kaxjaom H3 ImIecTH 3aaaHuid
pazpaborano 30 BapuaHTOB 3aJlaHHUM, YTO 0OECIEYMBAECT BO3MOXXHOCTH BBIMOJHCHHUS
KOKJIBIM CTYJEHTOM HWHIWBHUAYaJbHOM paboThl. Homep BapuaHTa COOTBETCTBYET
NMOPSIIKOBOMY HOMEPY CTY/IEeHTa B CIIMCKeE IPYNIbI (CM. 3JIEKTPOHHBIH KypHAJI).

B xaxx1oM 13 1iectu 3ajaHuii MPUBEICH MPUMEDP €0 BBIMOJHECHUS.

IIpasuna opopmnenus konmpoavHoi pabomoi
1. KP BemmonHseTcst B TETPaau B KIETKY.
2. K 00moxke TeTpaay MPUKICHBASTCS TUTYJIBHBIN JUCT yCTAHOBICHHOTO 00pasiia ¢
3aM0JHEHHBIMU JaHHBIMU cTyAeHTa (cM. [Ipunoxenue 1).
3.  KP BeimonHsieTcss OT pyku pa300pUYMBBIM MOYEPKOM U HE JIOJKHA COJEPKaThb
UCIIPABJICHUM.
4. PHUCYHKM BBINOJHSIOTCA TOJIBKO C MCIOJIb30BAaHUEM IIPOCTOTO KapaHJalia,
JIMHEN KU, LUPKYJISL.
5. I'paduxu cTposiTCs TOJNBKO C MCIOJIB30BAaHUEM ITPOCTOTO KapaHjalia U JIMHEWKH Ha
MULITUMETpoBor Oymare. [Lnomans moss kaxaoro rpaduka qokHa ObITh HE MeHee 10
cmx12 cm.
6. Ha ocsax koopauHaT JOKHBI OBITH YKa3aHbI GPU3MUECKHUE BETMUYUHBI U €IUHUIIBI HX
M3MEPEHUS; MacIITad HAHOCUTCA Ha OCH C MIOCTOSTHHBIM I11arOM.
7. Touku HaHOCSATCS Ha MOJie yepTexka 0e3 yKazaHHWd UX HAa KOOPAMHATHBIX OCAX U
MPOBEACHMS KAKUX-TMOO IITPUXOBBIX JIMHHM.
8. 3aTeM TOYKU COEIMHSIOTCS TUIABHOM JIMHUEN, COOTBETCTBYIOIIEH Ipadprueckomy
M300pakeHHI0 TOW (DYHKIMM (JIMHEWHOM, KBaJPATUYHOW, HKCIIOHEHUMAIBbHON U T.1.),
KOTOpast OTPaXkaeT MPOSIBISIOLLYIOCS B JAHHOM OIBITE U3BECTHYIO MU MIPEATIOIAracMyo
($u3NYECKyI0 3aKOHOMEPHOCTD, BEIPAKEHHYIO B BUJIE COOTBETCTBYIOIIEH (hOPMYIIBI.
9. Ecnu Ha ogHOM MoOie pacrnojarairoTcsi HECKOJIbKO TpaduKOB, TO KAXKIBIA U3 HUX
JOJKEH OBITh MOJIIUCAH.

Boimosinennass KP BbichbuLIaeTcss mo4YTON Ha ajapec aekaHara @akyjabTrera
ABUACTPOEHMUE.



3aganme 1. DJIEMEHTBI KHHEMATHUKH
Kpartkas Teopust
Ilonnoe yckopenue MaTepuabHON TOUYKHU MPU KPUBOJIUHEHHOM JIBH>KEHHH (puc. 1):

a=a +4a,,

a=.a’+a’, [a]:l%Z.

Tanzenyuanvhoe  yckopeHue  XapaKTEpU3YET

Cl

v

OBICTpPOTY U3MEHEHUS CKOPOCTHU

KpHBOHHHCﬁHOFO JABMOKCHMUA 110 BEIMYHUHE,

_ do.
a =Yz .U
dt Toodt

Hopmanvhoe yckopenue XapakTepuzyeT HW3MEHEHUE CKOPOCTH KPUBOJIMHEHHOIO

JABHIKCHU 110 HAITPABJICHUILO,

rae R — paguyc KpUBU3HBI TPAEKTOPUHU.
Venosoii cxopocmvio HasplBaeTCs BEKTOpHas BEIMYMHA, DaBHas IEpPBOU

MPOU3BOIHOM yTJIa IOBOPOTA TEJIA 10 BPEMEHHU:

5_do _de _1pao
= it = el [a)]—l 4

HampaBnenue BekTOpa yIJIOBOM CKOPOCTH OINPEAENSIETCS MO MpaBUIy IPaBOro
BUHTA: BEKTOP YIVIOBOW CKOPOCTH COHAIPABJIEH C MOCTYNATENbHBIM JIBU>)KEHUSI BUHTA,
roJIOBKa KOTOPOTO BpallaeTcs B HAIPABJICHUHU JIBUXKCHUSI TOUKHU MO OKPY>KHOCTH.

Vaenoeoe yckopenue XapakTepuszyeT M3MEHEHHE YTJIOBOW CKOPOCTH C T€YEHUEM

BpPpEMCHHU U OIIPCACILACTCS KaK IICpBas IIPOU3BOAHAA yFJ'IOBOfI CKOpPOCTH I10 BpCMCHM:

. do do
F=2, e=<l,  [=1P7.
dt dt c
[Ipn yCKOpEHHOM ABM>KEHUHU BEKTOP & COHAIPABIIEH C @, NPU 3aMEIJIEHHOM —
BEKTOpAa & HaIpaBJIE€H IPOTUBOIIOJIOKHO BEKTOP @ .

Css13b Meofcdy Kunemamu4ecCKuUmMu xapaKkmepucmuKkamu .

v=w-R, a=Re&, a=0o"R,



YciaoBue 3a1aHus

Juck paauyca R =10 cu BpalllaeTcsi BOKPYT BEPTUKAJIBHON OCH TaK, YTO YPABHEHUE €TO
IBYOKCHHUS UMeeT BUI ¢(t) = A+Bt?, pao (Ha puc. 2 u 3 TPUBEACHBI IBE MPOCKIUH
Bparmatomerocs aucka). Koagdumuentsr A, B, C I KaKI0TO BapuaHTa 3a1al0TCs B

Tabu. 1. Bpemsa t, =0, t,=4c.

— = y

Puc. 2 Puc. 3
1. Iloctpouth rpaduk 3aBUCUMOCTH ¢(t) B UHTEpBaje OT t A0 t, (TOYKM s
MOCTPOEHUS BBIOUPATH ¢ miarom 0,5 ¢ ). KoopAMHATBI TOYeK [Tl OCTpOCHHS rpaduka

3aHOCHUTH B TA0JI. 2.

2. Tlomy4uuTh BhIpaXKEHUE JI YTIIOBOM CKOPOCTH w(t).

3. Iloctpouth rpapuk 3aBUCHUMOCTH «(t) B UHTEpBajie OT t, 10 t, (TOUKH IS
HOCTPOCHHSI BBIOMPATH C marom 0,5 c).

4. TloayuuTb BbIpaXKeHUE ISl YIII0BOrO YCKOpeHHs &(t).

5. Iloctpouth rpaduk 3aBUCUMOCTH £(t) B HHTEpBasie OT t A0 t, (TOUKM [Jis
MOCTPOEHUS BBIOMPATH C marom 0,5 c).

6. VYkaszaTp Ha puC. 2 HaNpaBJICHUsI BEKTOPOB & U & IJIsl MOMEHTA BPEMEHU t=2c .
7. Jlns Toukw, JIexKalieh Ha 000/e TUCKa, BRIYUCIIATH 3HAUCHUS JIMHEHHON CKOPOCTH
U, HOPMAJIBHOTO &, , TAHT€HIIMAJIBHOTO &, U MOJIHOTO YCKOPEHUSI @ B MOMEHT BPEMEHU
t=2c.

8. Ha puc. 3 yka3zaTh HampaBlIeHUs] BEKTOpOB U, &,, &, d JJIsI MOMEHTa BPEMEHHU

71

t=2c.



Tadauua 1. BapuanTe! 3a1anuii

BapHaHT A, paolc B, paol c* BapHaHT A paolc B, paol ¢
1 0,5 13 18 2,5 4,0
2 1,5 1,3 19 0,5 4,0
3 2,0 13 20 15 4,0
4 2,5 13 21 0,5 5,0
5 0,5 2,2 22 15 50
6 15 2,2 23 2,0 50
7 2,0 2,2 24 2,5 5,0
8 2,5 2,2 25 0,5 1,0
9 0,5 2,2 26 15 1,0
10 15 2,2 27 2,0 1,0
11 0,5 1.2 28 2,5 1,0
12 15 12 29 0,5 2,5
13 2,0 12 30 15 2,5
14 2,5 1.2 31 0,5 1.2
15 0,5 2,0 32 15 1,2
16 15 2,0 33 2,0 2,0
17 2,0 4,0 34 2,5 2,0

Taéumuua 2. [lanusie aus noctpoerus rpadpukos ¢(t), o(t), &(t)

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

®, pao

0,749/

pay
&, C‘Z




IIpumep BbInoTHeHHs 3aganus 1

Juck panryca R=1m BpailaeTrcs BOKPYT BEPTUKAIbHOW OCH TaK, YTO YPaBHEHUE €TO

newxenns umeeT Bug @(t) = A+Bt?, pad, tne A=1pao, B=2 paol/c’. Bpems t =0,

t,=4c.

JlaHo:

p(t)= A+ Bt
A=1 pao
B=2pao/c’
R=1m

tL=0

t,=4c

Pewenune
1. Onpegenum KOOpAMHATHI TOYEK JUIsI OCTPOCHMs Tpaduka,

@(t) = A+Bt* B uHTEepBaje OT t, =0 70 t=4c¢ C marom At=0,5¢:
t =0, ¢ =1+2-0=1 pao,

t,=0,5¢, ¢, =1+2-0,5"=15 pao,

t,=1c, @, =1+2-1* =3 pao u r. n.

3HaueHus @, I Bcex 3HA4YeHUM [, HEOOXOOMMBIX I

noctpoenus rpapuka @(t), 3aHOCHM B MEPBYIO CTOKY TabiI. 3, a

3aTeM CTPOUM rpaduK.
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2. VrioBas CKOpoCTh, @ = d_(to =28t a% :

3. OnpenenuM KOOpaAMHAThI TOUeK Juisl TocTpoeHus rpapuka, @(t) =2Bt p uareppane

oT t =0 10 t=4c¢ cmarom At=0,5c¢:

t =0

, w=2-2-0=0,

tZZO,SC, a)2:2'2'015:2pa%1

t;=1c

, w,=2-2-1=47F a% u T.1. Pe3ynbrarel 3anectu B Ta0. 3.



20

15

10

w, paa/c

d
4. YrioBoe yCKOpeHue &€ = d_cto =287 a% :

5. Onpenenum KOOPAWHATHI TOYEK JIJIs TOCTPOCHUS IpaduKa, et)=2B B HHTEpBAJie
oT t, =0 10 t=4c¢ ¢ marom At=0,5c. OuyeBUIHO, ITO npsiMasi, IapamieiabHasg OCH

a0Ocrucc.

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

6. HanpaBnenus BekTopoB @ u & (puc. 4).

7. JIunelinas ckopocth V=0-R nmpu t =2 c, v=8-1=8/"

v 8
= t=2c =— —64M/ -
HOPMaJIbHOC YCKOPCHUEC a, , IpH , a 1 6 42 ;

TaHT€HIIMAJIbHOC YCKOPEHUE d, = R-¢g, pu t=2c, a =14= 4% 0,

= 2 2 t = 2 = 2 2 = M
II0JIHOE YCKOpPEHHE a «/af +a, , Ipu c, a=+/64%+4* =64,12 A 2.



8. Hampapienus BeKTOpoB o, &,, ., @ yKa3aHbl Ha pUC. .

Puc. 4 Puc. 5

Ta6smua 3. [lanusie aus noctpoenus rpadpukos ¢(t), o(t), &(t).

t,c 0 0,5 1 15 2 2,5 3 3,5
@, pao 1 15 3 5,5 9 135 | 19 | 255
, P"% 0 2 4 6 8 10 12 14
g, pa%z 4 4 4 4 4 4 4 4




3ananue 2. PABOTA U DOHEPI'UA

Kparkas reopusi
JIBukeHue Tena, OpOIIEHHOTO BEPTHUKAIBLHO BBEPX C HAYAIBHON CKOPOCTBIO U

(puc. 1), MOXKXHO CUMTATh PaBHO3AME/ICHHBIM JBM)KCHHEM C YCKOPEHUEM CBOOOIHOTO
najgeHuss (ecmu B YCIOBUM  3ajjaud  IpeHeOperaror
COIIPOTHBIICHUEM BO31yXa). B 3TOM cilyd4ae BEKTOp CKOPOCTH

lg TeJa HampaBieHa BBEpPX, a BEKTOP YCKOPEHHs] CBOOOJHOTO
najieHust — BHU3. CKOpOCTh Tena U mpu IBUMKEHUH BBEPX Oy 1eT

(3]
i
|
|
|
|
|
I
|
|
! YMEHBIIATHCA. Yepe3 HEKOTOpoe BpeMsl TEJIO JTOCTUTHET
|

b, o o
‘ BBICHICH TOYKH IIOABCMA, B KOTOPOHU €TI0 CKOPOCTb CTAHCT

m
r 7 paBHA HYJIIO.

Puc. 1 CKOpOCTh U BBICOTA [TOTheMa TeJla IPU PaBHO3aMEICHHOM

JIBMYKEHUU BBEPX OIpPEACSIIOTCs (hopMyaMu:

= UO - gt ’ (1)
gt*
h=upt—=—. 2
-2 @
Kunemuueckas 9Hepecusd MOCTYNIaTCIbHO ABMIKYIICTOCA TCa:
2
EK:mTU, [E.] =1, (3)

llomenyuanvras snepeus Tena B MOJI€ TATOTSHUS 3eMIIM BOJIM3U €€ MMOBEPXHOCTH:
E, =mgh, |[E,|=1/x. (4)
llonnas mexanuveckasi 2Hepeusi Tela paBHA CyYMME KUHETHYECKOW U
MOTEHIUAIBHON SHEPTUH:
E=E +E,. (5)
Paboma nocmosinnoti cunet paBHa POU3BEACHUIO CUJIBI HA MEPEMEIICHUE TOYKU
TPUIOKEHUS CHIIBI M Ha KOCHHYC yIJla o MEXIy BEKTOpaMu F U S -

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



YcioBHe 3a1aHUA

Teno maccom m 6pOIIICHO C IMOBCPXHOCTH 3CMJIM BCPTHUKAJIBHO BBCPX C HavyaJbHOU

CKOPOCTBIO U, (cM. puc. 1). 3HaueHue M u v, IJIs pa3IUYHBIX BApUAHTOB MPUBEACHBI

B Tabn. 1. Cuioli compoTHBiIEHUS Bo3Ayxa mpeHeOpeub. [IpuHATH yckopeHue

CBOOOJIHOTO MaJCHUS PaBHBIM g =10 % )

1.

2.

10.

Haiitn BpCM:A tmax , 3a KOTOPOC TCJIO JOCTUTHCT BBICIIECH TOYKHU moanrcma.

BbrauciimTh 3HaYEHUS CKOPOCTH Teyla U B mHTepBajie BpemeHn 0<t<t__ c marom

At = % . Pesynbrarsl 3aHecTu B TaOI. 2.

IIo pe3ylibTaTaM paCcuCTOB B m.2 IIOCTPOUTD Fpa(bI/IK 3daBUCHUMOCTH CKOPOCTH TCJIa OT

BpPEMEHHM MpU paBHO3aMeJIeHHOM BwkeHur BBepx O(t). Chenath BBIBOJ O

XapaKTepe 3aBUCUMOCTH.
BBIYMCIUTL 3HAYEHMS BBICOTHI IOABEMA Tela HaJ MOBEPXHOCTHIO 3eMiad N B

uHTepBaie Bpemenn 0<t<t__ c marom At. Pe3ynbraTsl 3aHecT B Ta0INI. 2.
[To pe3ynbraTam pacdyeToB B 1.4 MOCTPOUTH rpaduK 3aBUCUMOCTH BBICOTHI MObeMa
TeJa OT BPeMEeHHM NpH paBHo3aMeeHHoM asmxernun Beepx N (1) . Crenats BEIBOX

0 XapaKTCpC 3aBUCUMOCTH.

BeruncnnTh 3HaueHWs KUHETHMYECKOW SHEpruu Tena E. B MHTEpBalie BPEMEHU
0<t<t,, cmarom At.Pe3ynbraThl 3aHeCTH B Ta0JI. 2.
BbuucnuTh 3Ha4Y€HUS MOTEHUMANbHOM DHEPrHU Tena £, B MHTEPBAJIE BPEMEHH
0<t<t,, cmarom At.Pe3ynbraThl 3aHeCTH B Ta0JI. 2.

Beruncnuth 3HaueHHS TOJHOM MEXAHWYECKOM JHEpPruM Tena E B HMHTEpBAje

Bpemenn 0<t<t _ c marom At.Pe3ynbrarsl 3aHectu B Ta0I. 2.
B ogHuX KOOpAWHATHBIX OCAX MOCTPOUTH rpaduku 3aBUCUMOCTH E (¢), E L), E@)

Boruucaute paboTy, coBepiIaeMyto CUIION TSHKECTH, TPHU JBUXKEHHUH TeJla OT YPOBHS

3EMJIN 10 HaMWBBICIICH TOYKU nmoarcma.

10



Taoauna 1. Bapuantel 3aganuii

papuant | M K2 Uo,]% papuantr | M ke Uy, M f
1 1,2 21 18 1,1 37
2 14 22 19 1,3 36
3 1,6 23 20 15 35
4 1,8 24 21 1,7 34
5 2,2 25 22 2,3 33
6 2,4 26 23 2,5 32
7 2,6 27 24 2,7 31
8 2,8 28 25 2,9 30
9 3,2 29 26 3,1 29
10 3,4 30 27 3,3 28
11 3,6 31 28 3,5 27
12 3,8 32 29 3,7 26
13 4,2 33 30 4,1 25
14 4.4 34 31 4,3 24
15 4,6 35 32 4,5 23
16 4,8 36 33 4,7 22
17 5,0 30 34 5,0 21

2. JTanubie anist noctpoenus rpaduxos o(t), h(t), E.(t), E,(2), E(@).

Taoauna

11




IIpuMep BbINOJHEHHS 3aJaHUS 2

Teno maccoit M=2xe OpOIIEHO C TOBEPXHOCTH 3€MJIM BEPTUKAIHLHO BBEPX C
Ha4YaJIbHOM CKOPOCTHIO 00:20% (cMm. puc. 1). Cunoit conmpoTHBICHHS BO3IyXa
npeHedpeys. [IpuHATE yckOpeHrue cBOOOAHOTO Ma/I€HUs PaBHBIM g =10 ﬂ% ) -

C

Pemenue

Jlano 1. Bpewms 1, , 332 KOTOpOE TEI0 JOCTUTHET BBICIICH TOUKH
m=2ke

0, =207/

C
—10M

g lo/cz

t. =7

max

(1), h(t), V=0, - gt.

noI-eMa.
Cornacio  dopmyne (1), ckopocTh  Tena  mOpH

PaBHO3aMCIJICHHOM JABHKCHHUHN BBCPX

E (1), E,Q@), ClienoBaTeNbHO,
E(t).

Uy — U
9

T.x. B BBICIIEH TOUYKE MOABEMA CKOPOCTh Tena U =0, o
max max
g’ 10

t=

t 2¢c

2. 3HaueHus ckopoctu Teiaa U (popmyma 1) B mHTepBaie BpemMenn 0=<t<2c¢ (

t 2
<t< At="2 At=—=0,2c.
0<t<t ) c marom 10 10

t =0, 0=0,-04,  ©,=20-10-0=20%/"
t,=02c, U =0,-0t, v,=20-10-02=184/"
t,=04c, y=v,-0t, v;=20-10-04=16"/"

t,=0,6c, v,=uv,-0gt,, 1)4:20—10~0,6:14J% U T.]I.

Pe3ynbTaTsl 3aHectu B TabuI. 3.
3. I'paduk 3aBUCMMOCTH CKOpPOCTH Tejla OT BPEMEHU MpPH pPaBHO3AMEIJICHHOM

IBHOKeHHH BBepX U(1).

12



= = N} N
o n o %]
1 1

CKOPOCTb, M/cC

(6]

o

o 02 04 06 08 1 12 14 16 18 2

Bpems, C

4. 3HayeHus BBICOTHI MOALEMA Tela HaJ IOBEPXHOCTHIO 3emiau h (popmyna 2) B

unrepsaie Bpemenn 0<t<2c¢ ¢ marom At=0,2c.

2 10-0
tl:O, hleOtl—%’ hl=200—T=0,
ot? 10.0,2?

h,=20-02—

t2 :O,ZC, h2 = UOtZ —7 :3,8M ;

2 2
t,=0,4c, h3=UOt3—% h3:20.0,4_10 2’4 =72m

2 2
t,=0,6c, h4:uot4—%, h, =20-0,6— 000

=102m wuT.m

Pe3ynbrarel 3anecT B Ta0JI. 3.

5. I'paduK 3aBUCHMOCTH BLICOTBI IIOJEMA TEJIA OT BPEMEHU IIPH PABHO3AMEIJIECHHOM
nerkennu seepx N (1),

25
20
15

10

BbICOTa, M

5

0

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

Bpems, ¢

6. 3HaueHuss KMHETUYECKOW »Hepruu Tena E,. (dhopmyna 3) B MHTEpBaje BpPEeMEHH

0<t<2c¢ cmarom At=0,2c.

13



mo? 2207

tl:O’ Exl_ 2 ’ EKl: :4()0/219’6,
2 2
t=02¢, E,=" g, -2 _on e,
2 2
2 2
t=04c, E,="5 g -2 o0 e
2 2
mo? 2:14°
t,=0,6c, E,= = E, = 5 =196 e wm ..

Pe3ynbratsl 3aHecTu B Ta0I. 3.

/. 3HaveHus TMOTCHUMANLHOW SHepruM Tena E, (popmyna 4) B MHTEpBAIE BPEMEHH
0<t<2c¢ cmarom At=0,2c.
t =0, E,, =mgh, E,=2-10-0=0;
t,=0,2c, E,,=mgh,, E,,=2-10-38=0=76 /D,
t;=04c, E ;=mghs, E ;=2-10-7,2=0=144 Jlxc,
t,=0,6c, E,, =mgh,, E,, =2-10-10,2=204 [lxc wuT.x.

Pesynbrarel 3anecTu B TabI. 3.
8. 3HaueHusa TOJIHON MeXaHWYecKol sHepruum Tena E (popmyna 5) B mHTEpBaie

Bpemenn 0<t<2c¢ ¢ marom At=0,2c.

t =0, E =E,+E,, E, =400+0=400 /Jxc;
t,=02¢, E,=E,+E,, E, =324+76=400 [oc;
t;=0,4c, E,=E,+E_,, E, =256+144 =400 /Jxc;
t,=0,6¢c, E=E,+E,, E, =196+204=400 /xc W T.n.

Pe3ynbTaTsl 3aHectu B Tadm. 3.

9. I'paduxu 3aBucumoctu E (t), E, (1), E(t).

14
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100
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10. Pabora A (dpopmyna 6), coBepimaeMasi CHIION TSHKECTH, MPH JBMKCHUH Tejia OT

YPOBHA 3€MJIK 10 BBICIICH TOUKH nmoabremMa,
A=mgh,_, cosc,

A=2-10-20-cos180° =400 /e .

Ta6auua 3. Jlanubie 1 noctpoenus rpaduxos o(t), h(t), E.(f), E,(2), E(@).

t,c 0 02 | 04 | 06 | 08 | 10 | 12 | 14 | 16 | 18 2

v, j% 20 18 16 14 12 10 8 6 4 2 0

h, m 0 38 | 72 (10,2 | 128 | 15 | 16,8 | 18,2 | 19,2 | 198 | 20

E. Jx | 400 | 324 | 256 | 196 | 144 | 100 64 36 16 4 0

E,, JIxc 0 76 144 | 204 | 256 | 300 | 336 | 364 | 384 | 396 | 400

E, J[x | 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400
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3apanue 3. MOMEHT UHEPIIUU TEJIA
Kparkas Teopus

Momenm unepyuu SBIAETCS MEPOW HMHEPTHOCTH Tela MpPHU BpallaTeIbHOM
JIBUYKEHUU.

Momenm unepyuu mamepuanrvHoti MOYKU OTHOCUTENIBHO HEMOJBHKHOM OCH
BpalllCHWsI PaBeH TMPOM3BEACHUIO €€ MacChl Ha KBajpaT pacCTOSHUS [0
paccMaTprBaeMOI OCH BpallleHUSI:

J=mr?, [I]=1ke-M".

MOMEHT MHEpLUU — aIIUTUBHAS BEJIMYMHA, T. €. MOMEHT UHEPIIUU CUCTEMBI T

OTHOCHUTEJIBHO HEKOTOPOM HEMOJABMKHOM OCH PaBEH CyMME MOMEHTOB HWHEpLUH

OTAEIBHBIX TEJ UK YaCTEN CUCTEMBI OTHOCUTEILHO ITOU OCH:
n
I=>J.
i=1
['oBOpUT, O MOMEHTE WHEPIMH, HE TPHUBA3BIBAs €r0 K KOHKPETHOW OCH,
OECCMBICIIEHHO.

Momenmul unepyuyu 0OHOPOOHBIX Mel CUMMEMPUUHOU POPMbL OMHOCUMENILHO OCU,

npoxooswell yepes yenmp macc (puc. 1)

Crarommoii Ila Crep:xeHb
HUIHHAP (TUCK) O,p O6pyu piKe
Oi ! 0. aamnoi
| | |
R l O
= _R |
) = =
. a ;
| | | |
| | | |
LS 2mR? m>
J0=75 Jo=—3 Jy =mR’ Jo=77"

Puc. 1

Ecnu ocp BpameHnst He IpOXOAUT Yepe3 LEHTP Macc Tejla, TO MOMEHT MHEPLUU
TeJa OTHOCUTEIIBHO 3TOW OCH, ONpeAeisieTcss no meopeme [llmeunepa: MOMEHT

MHEPIMHU TeJa J OTHOCHUTEIHLHO MPOU3BOJIBHON OCH PaBEH CyMME MOMEHTA MHEPIIUH

TCJla \]0 OTHOCHUTCIIBHO OCH, HpOBGI[GHHOIZ 4aepe3 OCHTP MACC TCJIa IIapallICIIbHO
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HaHHOﬁ OCH, U IIPOU3BCACHUA MACChl TCJIa Ha KBaApaT paCCTOSHUA d MCXKIY OTHMH

OCSIMH,
O’g I 4" )
f | J=J,+md*.
5 !
R R Hampumep, g1 oOpy4a  MOMEHT  HHEPLUH
Oe— d=2R -4 OTHOCHUTEIILHO OCH AA' (puc. 2) paBeH
Puc. 2 J =J,+md? =mR*+m(2R)* =5mR?,

YciaoBue 3aganus

CucrteMa COCTOMT U3 JBYX OJHOPOAHBIX CHMMETPUYHBIX TEJl MPaBUIbHOU
reomeTpudeckor ¢hopmbl (BapuaHThl KOHPUTYpaAIIUi Ted U UX MapaMeTphbl MPUBEICHBI
B Tabiunax 1 u 2). Tena pacnoioxeHbl TaK, YTO OHU CONPHUKACAIOTCS B OJHOM TOUKE, a
UX IIEHTPbl MaccC JIeKaT Ha OJIHOM TOPU3OHTAIBLHOM OCH (€CIM B CHCTEMY BXOJIUT
KOJIbIIO, OHO PACIOJIaraeTcs B TOPU3OHTAILHON IIIOCKOCTH).

1. HapucoBaTh pUCYHOK, COOTBETCTBYIOIINI KOH(PUTYpAIlUX TEJl BapraHTa 3aJaHus
(B KauecTBe MpUMepa cM. puc. 3).

2. PaccuntaTh MOMEHT HMHEPIMH CHUCTEMBlI T€J OTHOCHUTEIBHO OCH, MPOXOJISIICH

4Cpe3 TOUYKY COIIPHUKOCHOBCHUA TCI IICPIICHAUKYILIPHO FOpHSOHTaJIBHOﬁ OCH.

Tab6auna 1. BapuanTsl 3ananuii

BAPHAHT KOH(I)P;I; i’Ipalmﬂ papmaiT KOHqW;lz’]paunﬂ — Konqn;:zf]pauua
1 AB 13 CB 25 EE
2 AC 14 CD 26 AB
3 AD 15 CE 27 AC
4 AE 16 DA 28 AD
S AA 17 DB 29 BC
6 BA 18 DC 30 BD
7 BB 19 DD 31 BE
8 BC 20 DE 32 DC
9 BD 21 EA 33 DD
10 BE 22 EB 34 DE
11 cC 23 EC 35 EC
12 CA 24 ED 36 ED

Taouauna 2. [TapameTps Ten

TEJI0 macca, m (ko) pamnye, R (m)
A | CryiomHON HUIMHID 2 0,2
B | Juck 4 0,1
C | Ulap 5 0,3
D | Ob6pyu 1 0,4
E | Crepxenn 3 mwmaa {=0,2 m

17



IIpuMep BbINOJIHEHUs 3a]aHus 3
ITyctb koHpuUrypamus tea — ED.
Cornacho Tab1. 2 Teno E — crepxxens, Teno D — o6pyu.

1. Ucnionw3yst 1aHHbIe TaOJI. 2, 3aIUIIEM:

Macca cTepxkas M, =3 ke ;

macca obpyda M, =1ke;

niuna crepxns £ =0,2 m;

pamuyc oopyda R, =0,4m.
2. Cuctema ten ED (puc. 3).

O."

O

0b

----- T s S

d
«— Ll —pe—2p

Of
Puc. 3
[ !
3. Paccunraem MomeHT uHepuuu cucreMbl Tell ED otHocurensHo ocu OO,

T.K. MOMEHT WMHEPIIMU CUCTEMBI TE€JI OTHOCUTEIBHO HEKOTOPOW HEMOABHKHOM OCH

PaBC€H CYMMC MOMCHTOB MHCPUHUHN OTACIILHBIX TCJI CUCTCEMbI OTHOCHTCIILHO ATOM ocCH,

TO MOKHO 3aIIMCaThb:

J=J_,+J.
ITo Teopeme IllTeitnepa MoMeHT unepiu oTHocuTenpHO ocu O'O'":
— CTEepKHS
2
m_ (° 14
Jcm = ‘]0 + mcmdl2 = = + mcm >N y
12 2



— 00pyua

_ 2 _ 2 2 2
‘]06 - JO + mo6d2 - m06R06 + mcmRo6 - 2mo6R06 )
Js= 2-1-0,4% =0,32 k2 - Mm°.
OKOH‘-I&TCJ’IBHO, MOMCHT MHCPIHUH CUCTCMBI TCJI ED otHOCHUTENBLHO OCH O'O' paBeHZ

J :‘]cm +J061
J=0,04+0,32=0,36 k- M".

OTBET: J =0,36 k2 m°
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3ananue 4. MEXAHUYECKHUE KOJEBAHUSA

Kparkas reopusi

T'apmonuneckumu Ha3bIBAIOT KOJICOAHMS, MPU KOTOPHIX HM3MEHEHHE HEKOTOpOM

BEJIMYHHBI X IIPOMCXOJUT I10 3aKOHY CUHYCA WJIM KOCUHYCA:!
x(t) = Asin(ayt +@,) WIIA x(t) = Acos(ayt + @) -

PaccmoTpum MaTepuanbHYI0 TOUKY, COBEPIIAIOIIYI0 TApMOHUYECKHE KOJIeOaHus
OKOJIO MOJIOKEHUS paBHOBECHS. B 3TOM ciryuae:
X — CMEIICHHE — OTKJIOHCHHE KOJCOJIOIICHCS TOYKU OT IOJIOKEHHUS paBHOBECHS B
MOMCHT BPEMCHU t;
A — amruaTyna KoreOaHui — MaKCUMAaIbHOE CMEICHHE OT ITOJOXKEHUS PAaBHOBECHS

ot + ¢, — Pa3a xonebaHUN — BEIMYMHA, OTPEEIAIONIAs MOJI0KEHNE KOJIeOtomIeics

TOYKHU B JIIOOOM MOMEHT BPEMEHH t ;

¢, — HadayibHas (a3a KojeOaHM, ONMpeeNnseT 3Ha4Y€HUEe X B HAYaJbHBIA MOMEHT
BpeMeHH (t=0);
o, — IAKJINYECKasl 9acToTa, paBHa YMCITy KoeOaHuil 3a BpeMs 2 7 (€IMHUI] BPEMEHN),

a)0:27zv:2_|_—7z;

T — 1epuoJ — 3TO BpeMsl, 32 KOTOPOE COBEPILIAETCS OJTHO MOJHOE KOJIeOaHue;
v —4acToTa, paBHA YHCIy KOJeOaHU, COBEPIIIAeMbIX 3a €AMHUIY BPEMEHHU.

CBsi3b MEXK/y 4aCTOTON U MEPUOAOM:

1
T=—.
14
Ckopocmb TipU TAPMOHUYECKUX (CHHYCOUAAIBHBIX) KOJICOAHUSIX OMPENeIsaeTCs

Kak nepBas IPOU3BOIHAA CMELLEHUS 10 BPEMEHU:
d
o(t) = d_)tc = Aw, cos(w,t +¢,) .

MaxkcumanbHOE 3HaYCHUE CKOPOCTH:
U = Ay .
Vcxoperue ipu TapMOHUYECKUX KOJICOAHUSX
do .
a(t) = P —Aw, sin(a,t + ;) .

3HaK MUHYC B 3TOM BBIPa)KEHHUU O3HAYAET, UTO YCKOPEHHE BCEra MMEET 3HaK,
MIPOTHUBOMOJIOKHBIM 3HAKy CMEILICHUS, W, CIEJOBATEbHO, MO BTOPOMY 3aKOHY
Hprorona, cumna, 3actaBisitomiasi TeJIO COBEpIIaTh TapMOHMYECKUE KoOJeOaHUs,
HarpaBJieHa BCETa B CTOPOHY MOJIOKEHHS pPaBHOBECHS (x =0).
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MaxkcuManabHOE 3HaYEHUE YCKOPEHUS:
_ 2
A = Awy .
Mamemamuyeckuii MasmHuk — MaTepuagbHas TOUKA, IOABEIIEHHAs HA HEBECOMOU
HEpacTsHKUMOUM HUTH (puc. 1).
B ciywyae Manpix koneOaHmii (TIpu yriiax OTKJIOHEHHS o He Ooinee 15°+20°)

MaTEMaTUYECKUH MasTHUK COBCPIIACT TAPMOHHUYCCKUC

kojebanus. KoyeOanus masTHHKA TpU OOJBIINX YIjax

OTKJIOHEHHUS HE SBJISIFOTCS TAPMOHUYECKUMH.

lcosa
[Ipy OTKJIOHEHMH MasTHUKA OT  TOJOXKEHUS

paBHOBECHs] Ha TENO ACHCTBYET BO3BpalIalolias cuia,

KOTOpasd ABJISICTCA TaHFeHIII/IaJIBHOﬁ COCTaBHHIOHIGﬁ CHJIBI

TSOKECTH. MOTyJIb BO3BPALIAIOLIEN CUJIBL
Puc. 1 | F =mgsina.

[Tepuon coOCTBEHHBIX KOJIEOaAHUN MAaTEMATHUYECKOTO

T=27z\/z.
g

LII/IKJII/I‘ICCKaSI 4acToTa COOCTBECHHBIX KOJeOaHMIT MaTEMaTHYSCKOTO MAasiTHUKA:

masiTHUKa (popmyina ['tolirenca):

a)0= ?.

Kunetnueckas OHCPIrusi KoneOaHuii MaTeEMaTUIECKOr0 MassTHHKA paBHa

£ mo® _ mA’@; cos® (@t +¢,)

) 2 2

MaxkcumanbHOE 3HAYEHUE KHHETUYECKON SHEPTUU:

£ - MA’ @}

KMmax 2

HOTGHHI/IaHBHaH OHCPIrus MaTEMATHYCCKOT'O MasTHHKA, COBCpHIaArOmero

TapMOHHUYCCKHEC KOJIeOaHHUs B T0JIC TSATOTSHHUS, paBHa
E,=mgh=mg((1 — mg!-2sin* <
, =mgn=mg (—COSa)—mg -2SINn E

[Tpu ManbIX yriiax OTKIIOHEHUS, €CJIM YTOJI U3MEPAETCS B PAIMaHAX, CIPABEIIINBO
YTBEPKICHHE:
sina~a.
Cam yron B pajguaHax paBeH OTHOILICHUIO JJIMHBI JYyTH K PanyCy OKPYKHOCTH

(nuHe HUTH (), a IJTMHA TyTH NPUOJIU3UTEIHHO paBHA CMEIIICHUIO X
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ax—.
l
Toraa noTeHUMaNbHAS YHEPTUS PaBHA

2

g _Mmox® _ MgAZ sin®(ayt + ¢,)
14 20 '

MaxkcumanbHOE 3HaYCHUE HOTCHHH&HBHOﬁ 9HCPIruu:

mgA?
pmax 20 .
[MosHas sHEprus KoJeOaHuii MaTEMAaTHYECKOTO MasSTHUKA PaBHA:

E=E +E b
YciaoBue 3aaHnus

Marematnueckuii MasiTHUK Maccoil M =100 ¢ u 1MHON ( COBEPIIAET TAPMOHUYECKHE

KOJ'I€621HI/I}I, OIINCBIBACMBIC YPABHCHHCM, HpHBCIIéHHI;IM B TabOm. 1.
I/ICHOHB?;y}I YPaBHCHUC T'apMOHHNYCCKOI'O KoJIcOaHMsI HAUTH:

1) ammauTyny 4;
2) dasy ¢;

3) IMKIMYECKYIO YacTOTy @), ;
4) mMHY MaTeMaTHYeCKOTO MasTHHKA ( IO M3BECTHOM IMKIMYECKOH YacToTe a,

(yckopeHHe cBOOOIHOrO NafeHus g =10 % D)

5) wacroty V;

6) mepuon 7
T T 3T
7) 3HAYCHHS CMEIIEHUS X B MOMEHTHI BpPeMEHH t=0, 77 T’T , pe3yJbTaThl
3aHECTH B Ta0II. 2;
8) ypaBHeHHe M3MEHeHHUs cKopocTu co BpeMeHem U(1);
9) 3HaYCHHE MAKCUMAIILHOU CKOPOCTH Vo
T T 3 }
10) 3HaYeHUST CKOPOCTH U B MOMEHTBI BpEMEHH t =0, 77 T,T ;
11) ypaBHeHue u3MeHeHus yckopenus co Bpemenem a(t)
12) 3HaYeHNE MAaKCUMAJIBLHOTO YCKOPEHUS .y, ;
T T 3T ...
13) 3HaueHuss ycKopeHUs: d B MOMEHTBI BpeMEHH t =0, 7 T’T ;
Tr T 3T .
14) KUHETHYECKYIO SHEPTHUIO0 B MOMEHTHI BpEMEHH t =0, VECUVR T,
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15) MakcUMaJIbHOE 3HAYCHUE KHHETUYCCKOW SJHEPTUU E

Kmax’

T T 3T
16) moTeHIMaTBHYIO0 YHEPTHIO B MOMEHTBI BPEMEHH t =0, e T,

17) MaKCUMAJIbHOC 3HAYCHHUC HOTGHHI/IaHBHOH OHCPIUHU E

pmax ’

3T

18) momHy!0 MEXaHMYECKYI0 SHEPrHI0 £ B MOMEHTHI BpeMeHH t=0, R T,

.hl’\]
Nl’ﬂ

pe3yabTaThl 3aHECTH B TA0. 2

19) moctpouts rpaduku 3asucumoctu x(t), v(t), a(t), E (t), E,(t), E(t) pacnonoxus

OCH, KaK IOKa3aHo Ha puc. 2.

Tadauua 1. Bapuants! 3ananuii

Ne YpaBHeHre rAapMOHUYECKOT0 e YpaBHeHHE TAPMOHUYECKOI0
B Ko0JIe0aHus - KO0J1e0aHus

1 X=0,02$in(72't),]l/l 18 X:0,038in(271't),M
2 x=0,02sin(47xt), m 19 x=0,03sin(47xt), m
3 X=0,0455in(272't),M 20 X:0,0558in(7rt),M
4 x=0,01sin(4zt),n 21 X = 0035|n[ M
5 x=0,05sin(zt),n 22 x:0,0lcos(%t M
6 x=0,03sin %t M 23 x:0,0lcos(%t M
7 x:0,06sin% o 24 x =0,05sin (37t), n
8 x =0,01sin % M 25 x=0,014cos(7t), m
9 x=0,02sin(37t),m 26 x=0,043cos(7t),m
10 X=0,0lSin(7rt),M 27 X:0,065in(27rt),M
11 x=0,08sin(7zt),n 28 x=0,015c0s(7t), m
12 x=0,02sin(27t), m 29 x=0,042cos(4xt),n
13 x =0,05sin(rt),n 30 x =0,05c0s(27t), m
14 x =0,025sin(47t), m 31 x=0,01sin(37t), m
15 x=0,04sin(27t), m 32 x=0,02sin(zt), m
16 X:0,0255in(27rt),m 33 XZO,O3Sin(7Z't),M
17 x=0,025sin(7t), m 34 x=0,04sin(27t),m
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Tabauna 2. Jlaunsie 1 noctpoenus rpadukos x(¢), v(t), a(t), E.(1), E, (1)

t 0 Z Z 3_T

4 2 4 r

A !
X, M
0 i >
t,c
v, % ﬂ‘
0 >
t,c
\ |
w/ |
d, AZ i
0 ; >
§ t,c
E, ﬂomﬂ
0 >
t,c
Ep 2 ﬂDfCﬁ‘ E
0 >
\ f,¢C
E, Jbre | i
0 E »
tc
rr 3 r
4 2

Puc. 2
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IIpuMmep BbINOJIHeHUSA 3aaaHus 4

MaremMatuyeckuii MadaTHUK wMaccod mM=100ec wu mmHON ( COBEpIIAET

rapMOHUYECKHE KOJIeOaHus1, ONKMChiBaeMble ypaBHeHueM X = 0,2C0S (7T t) y M

Hlano [To ycnoBui MaTeMaTHYeCKHH MAasTHHK  COBEpIIACT
m=1002=0,1xe .
0 V rapMOHUYECKHE KOCHHYCOUIATBHBIE KOJICOAHHS C Ha4aaIbHOM

dazoit paBHO#l Hyt0. OOIIMIA BU TAKOTO KOJIEOAHUS:

:02 t o
x=0, 005(7r )’” x(¢) = Acos(awyt) .

1. Ammmmryna 4=0,2 u.
2. ®aza ¢p=rt, pao.
3. Ilmkiandyeckas yacToTa @, = 7T, P a% :
. g g 10
4. JlnuHa MaTeMaTUYeCKOI'0 MasTHHKA: T.K. Wy = ? = (==, (= 1 =1,014 m
Wy ,
5. Yacrora v = 2%, v:l:0,5fu.
2 2
6. Ilepuon T_l =L -2,
1% 0,5
T T 3T
/. Jlns pacuera cMmenieHuss X B MOMEHTBHI BPEMEHU t:O’Z’E 7 T yd4TeMm, 4TO
27
Wy = ? . C yueToM 3TOro 3anuiieM ypaBHEHHE KOJIeOaHusI:

XZO,ZCOS(Z—ﬂ'tJ,M
T

Ilpu t=0, X= OZcos(?ﬂ O)ZO,Z'].ZO,ZM’
27 T T
=- Xx=0,2cos| —-— |=0,2cos| — |=0
o 1. x=0205{ 5 |0.2605 7|0
T T
==, x=0,2cos -—|=-0,2
npu t > (T ZJ M,
(=3 x= 02003(2—” j—o
L= T ’

npu t=7, x=0, ZCOS( =0,2 M, Pe3ynbraThl 3aHECTH B Ta0I. 2.

2T
T
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d :
8. YpaBHeHUEe U3MEHEHUsI CKOPOCTU CO BpeMeHeM v(t) = d_)tc =—0, 27z sin(xt), % .

9. 3HavyeHHe MaKCUMaJbHOU CKOPOCTH U, = A®,, Uy, =0,2-7=0,2-3,14=0,628 f% :

3T

rT3r
4’2" 4

NN

10.3HaueHust CKOPOCTH U B MOMEHTHI BpeMeHHU t =0, T
27
npu t =0, v=-0, 628S|n( T ~Oj:0,

T . (2n T . (7
-~ v=-0,628sin| —-— |=-0,628sin| — |=-0,628 M

Ipu t =

NN

v =-0,628sin (27 gj =-0,628sin(7)=0,

3r . (2x 3T
=2  v=-0,628sin| — =-0,628sin 0,628M
= Y ( 4] ( j Ve

T
2z

npu t=7T, v=-0, 6288in( - -Tj=—0,6288in(277)=0. Pe3ynbTaThl 3aHECTH B

Tabim. 2

11.VpaBHeHue u3MeHeHus yckopenus co Bpemenem a(t):

= d_U = 2 M
a(t) = m =0,27° cos(rt), 42.
12. 3HaueHne MaKCUMaJIbHOTO YCKOPEHUSI:
- A?, a, =0,27?=0,2-314*=197 %2_

3ar

13.3nauenus yckopeHnuss ¢ B MOMEHTHI BpeMEHH t =0, T'T :

2r
- M
npu t=0, X= 197003(1_ j 1,9742,
2

NG
NN

npu tngT’ x=1,97cos

ﬂ\g’ ~
w
'ﬂ
N

npu t=7, X= 197003(
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14 KunHeTn4ueckasi SJHEprys B MOMEHTHI BPEMEHH t =0, % % %,T :
E - mo? |
2
2
npu t =0, EK:O’l 0 =0,
2
T 0,1-(-0,628)’
npu t=—, £ = =0,0197 Lo,
4 2
1.0°
npu tzz, E _010 =0,
2 2
0,1-(0,628)°
npu t=3—T, E, =¥=0,0197ﬂ3/c,
4 2
2
nmpu t=T7", EK=O’l 0 =0.
. MA@}
15.MakcumalibHOE 3HaYe€HUE KHHETUUECKOM ’Hepruu E, ., = "B
0,1-(0,2)*(3,14)°
o SAOT G
T T 3T ..
16.I1oTeHmmanbpHast JHEPTUs B MOMEHTHI BpeMEHH t =0, 77 T'T :
2
£ - Mmgx ,
r 20
0,1-10-(0,2)°
t=0, E = =0,0197 :
TP »= T 21014 Ao
0,1-10-0°
pH tzz, E =———=0,
4" 7 2.1,014
T 0,1-10-(-0,2)’
opu t=—, E = =0,0197 ,
P = " 014 Hoe
0,1-10-0°
pH t=3—T, E =———=0,
4 P 2.1,014
0,1-10-(0,2)°
npu t=7, E = =0,0197 :
P »~ T 21014 Ao
. mgA?
17. MakcuMalbHOE 3HaU€HUE NOTEHIMAIbHON dHeprun E, . = T

~0,1-10-(0,2)°

—0,0197 /e
rmax =5 0014 Adre
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SN
NN

w
-l>|ﬂ

18.1TonmHas MexaHU4ecKasi SHEPTysi B MOMEHTHI BpEMEHH t =0,
E=E +E,,
npu t =0, £=0+0,0197 =0,0197 /o,

, £=0,0197+0=0,0197 [xc,

SN

Ipu t =

NN

npu t=—, £=0+0,0197 =0,0197 o,

npu t=—, £=0,0197+0=0,0197 /o,

.|>|°q’

npu t=7, E=0+0,0197 =0,0197 /]c.

Ta6auna 2. Jlaunsie 1 nocrpoenus rpadukos x(¢), v(t), a(t), E. (1), E, (1)

T T 3T
t 0 Z 2 0 d
X, M 0,2 0 -0,2 0 0,2
A 0 0,2 0 0,2 0
M -

a, ¥, 1,97 0 1,97 0 1,97
E,, Joc 0 0,0197 0 0,0197 0
E, Joc | 00197 0 0,0197 0 0,0197
E, T 00197 | 00197 | 00197 | 00197 | 0,0197

19. I'paduku 3aBucumoctu x(t), v(t), a(?), E (), E, (t), E().

Ha puc. 3 npueaém npumep mocTpoeHus: TOJAbKO rpaduka 3aBUCUMOCTU X (7).

X, MA
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3ananmne 5. MOJIEKYJIAPHO-KUHETHUYECKAS TEOPUS
NAEAJIBHOI'O I'A3A
Kparkas Teopus
OcHognble n0N0#CeHUss MOJIEKYJIIPHO-KUHETUYECKOU TEOPUU:
— BCE BEIECTBA COCTOSAT U3 ATOMOB UJIM MOJIEKY I,
— aTOMBI U MOJIEKYJIbI HAXOAATCS B OECIPEeCTAaHHOM XaO0THYECKOM JIBUIKCHHH;
— aTOMBI ¥ MOJICKYJTbI B3aUMOJICHCTBYIOT MEXIY COOOM.
Monb — KOJIMYECTBO BELIECTBA, B KOTOPOM COJEPKHUTCS YHCIIO YACTHI] (AaTOMOB,

MOJIEKYJI U JIp.) paBHOE YMCITy aTOMOB B 12 r u3oromna yriepoaa “C .
Yucno Asoeadpo N ,— 4HUCI0 AaTOMOB WJIA MOJIEKYJI, COJAEPIKAIINXCS B OJHOM MOJIE
JIFOOOT0 BEIISCTBA,
N, =6,022 -10% monw .

Monspuasa macca — 310 Macca OJHOTO MOJISI BEIIECTBA:
M=m,-N,,

Ke

rae M, —Macca OTHOI MOJeKy bl [M]=1 :
MOJlb
Yucno moneii eujecmea — Macca BEILIECTBA, JISIEHHAs HA MOJIEKYJIAPHYIO MaccCy:

vV=—o, [v] =1monw .
Konyenmpayus monexyn — 310 4UCI0 YaCTUI B SAUHUIIC 0ObeMa:
N
n=—, [n]=1x".
V

Cpeouss keaopamuunas cKopocms MOJIEKYJ Ta3a:

)= [ ()= [ [fu)]1

_ HC
rae k=1,38-10% ﬂ? — mocrostHHas bonbimana; T — Temieparypa rasa, [T]=1K .
Cpeonss kunemuyeckas dHepeus TOCTyNaTeIbHOTO IBUKEHUS OJHOW MOJIEKYJIbI:
<o =0 Syt [cps]=1 o,

Ilnomnocms BeliecTBa — (bH?;PI‘ICCKaH BCJIIMYKHA, YUCJICHHO paBHasA OTHOIICHHIO

MaAcCChI BCIICCTBA, 3aKIIIOYCHHOI'O B HCKOTOPOM O6T>€Me, K BEJIMYMHE 3TOr0 00beMa:

Ke
= —= . :1—_
p V n mOl [p] ]l/l3
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CocTosiHME HEKOTOPOIl Macchl ra3a ONpeAesIETCs TPEMs TEPMOJAMHAMUYECKUMU
napaMeTpaMmu — JiaBjieHuemM P, oobeMoM V , Temrepatypoit T .

YpaBHEHUE, CBA3BIBAIOLIEE [TAPAMETPBI COCTOSIHUS UJICAIBHOIO T'a3a, HA3bIBACTCS
YPaBHEHHEM COCTOSIHUS UJICAJIbHOTO ra3a Wik ypaBHeHueM Knanelipona:

ﬂ =const.
T

VYpaBHEHUE COCTOSHHS HWIEATBHOIO ras3a IPOU3BOJIBHOM Macchl (ypaBHEHHE

MenneneeBa-Knamneipona):

m
pV =—RT,
M
Lloic
ri¢c R=831——— — MOJIIpHAaA ra3oBas IIOCTOAHHAA.
moab - K
ypaBHeHI/IC COCTOJHHA MOXKXHO 3aIluCcaThb B I[perM BH/C:
p=nkT .

OcHoOBHOE YPaBHCHHC MOJIGKYJ]HpHO-KI/IHGTI/I‘-IGCKOﬁ TCOPHUHU HACAIBHOI'O TIa3a

(pa3Hble BapyUaHTa 3aMKCH):

2 .
p=§n<go>,
1 2
p=5nm, <v,, >*;

p—1 <v, >’
3,0 K

YcaoBue 3axaHus

WneanbHblil Ta3 Maccoii M, MossipHass Macca Kotoporo M , HAXOTUTCS B 3aKPHITOM
cocyne ooséMom V . Temniepatyparaza 7 .

Wcnionp3yst ynucieHHbie 3HaYEHUS BEJIUYHH, 3a/IaHHbIC JIJIS1 KaXKI0T0 BapuaHTa B TaOJI.
1, manitu:

1) 4mcao Mosiei BelecTsa v ;

2) TUIOTHOCTH Taza p;

3) Maccy OJHOI MOJISKYJIbI Ta3a my;

4) KOHIICHTPAIUIO MOJICKYJI N ;

5) uyucio Mosekys raza B oobeme N ;

6) maBieHHE rasa p;

7) CpemHIO0 KBAIPaTHYHYIO CKOPOCTb MOJICKYJI raza (u,,);
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8) cpenHIO KMHETUYECKYIO DHEPTHUIO MOCTYMATEIBHOTO IBUKCHHS OJHOW MOJICKYJIbI

<& >.

Taoauna 1. BapuanTel 3a1anuii

Ne Ta3 M, | M, ke V, T K

1 | Kucnopon O, 0,032 0,05 0,036 393
2 | Asor N, 0,028 0,06 0,051 394
3 | Ammuak NH, 0,017 0,07 0,091 450
4 | Aproun Ar 0,040 0,08 0,051 396
5 | Bonopon H, 0,002 0,09 1,004 397
6 | lenmit He 0,004 0,05 0,302 398
7 | 3akuck azora N,O 0,044 0,06 0,031 399
8 | Yruekucnsrii raz CO, 0,044 0,07 0,036 370
9 | Oxucse azora NO 0,030 0,08 0,062 330
10 | Oxkucs yrunepona CO 0,028 0,09 0,072 320
11 | @peon-11 CRCI 0,137 0,05 0,0083 510
12 | ®peon-12 CE,CI, 0,121 0,06 0,011 380
13 | ®peon-13 CFCl, 0,114 0,07 0,014 370
14 | @rop F, 0,038 0,06 0,035 306
15 | Kpunron Kr 0,084 0,09 0,024 309
16 | Kucnopon O, 0,032 0,07 0,049 405
17 | Asor N, 0,028 0,05 0,045 402
18 | Ammuak NH, 0,017 0,06 0,081 457
19 | Apron Ar 0,040 0,04 0,025 398
20 | Bogopon H, 0,002 0,08 0,891 418
21 | T'enmit He 0,004 0,09 0,506 419
22 | 3akucs azora N,O 0,044 0,07 0,036 412
23 | Yraekucnsrii raz CO, 0,044 0,06 0,031 380
24 | Oxkucse azota NO 0,030 0,05 0,038 340
25 | Okwucs yriieponga CO 0,028 0,07 0,055 330
26 | ®peon-11 CF,CI 0,137 0,06 0,009 518
27 | dpeon-12 CFCI, 0,121 0,07 0,013 390
28 | ®peon-13 CFCl, 0,114 0,08 0,015 388
29 | @rop F, 0,038 0,08 0,047 309
30 | Kpunton Kr 0,084 0,10 0,027 313
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IIpuMep BbINOJHEHHUS 3aJaAHUS S

Pemenue
JlaHo
Xe — KceHoH
m=0,35xke

Ke

M =0,131

MOJb
V=0,07 m°
T'=350K

v, p,m,, n, N, p,

(um), <g, >—"?

ﬂ, V:ﬁ=2,67ﬂ/t0flb_
M 0,131

m 0,35
2. IlnotHocth raza p=—, p=—:5K—23.
Vv 0,07 M

1. Ywmcno MoJielt BEEeCcTBa v =

M
3. T.x. mosspHas macca M =my,-N,, To Macca 0qHOi Moaekyasl My = N
A

0,131

M= = 2,18-10 % ke .
6,022-10
4. T.x. TMJIOTHOCTb Ta3a pP=N-m,, TO KOHLEHTpAaIUs MOJEKyJl N= mﬁ .
0
5 25 -3
n=———=2,34.10% s,
2,18-10

5. Uucio monekyn rasa B ooseme N =Nn-V | N =2,34.10*-0,07 =1,64-10%.
6. JlaBnenue raza p=nkT, p=2,34-10*-1,38-10%.350=113022 7z .

K6

3kT
7. Cpennss KBaJ[paTHYHAS CKOPOCTh MOJICKYJT rasa (V)= [—,
mO

31,38-10% 350
(v,)= \/ XX 257,814/ .

8. Cpez[H;{;{ KHMHCTUYCCKAsA SHCPIUA IHOCTYIATCIIbBHOTO JIBHIKCHUA OI[HOﬁ MOJICKY/JIbL

<& >=§‘<T , <& >=2-1,38-10‘23~350=7,25-1o-21 Jonc.
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3apanue 6. JJIEKTPOCTATUKA
Kparkas reopust
Onekmpuueckuti  3aps0 ( — KOJIWYECTBEHHAss Mepa dJIEKTPOMAarHUTHOIO

B3auMozeicTBus e, [q]=1Kr (KynoH).

Onexmpuyeckoe noie —3To GopMa MaTEPUH, OKPY KaroLIast SJIEKTPUIECKHE 3apsi bl
U NEPEMEHHbIE MAarHUTHBIE MOJS. DJIEKTPUYECKOE I0JI€, CO3AAaHHOE HENOJBHKHBIM
3apsAJI0M, Ha3bIBAETCS MIEKTPOCTATUYECKHUM.

OCHOBHOI CHJIOBOM XapaKTEPUCTUKOW 3JIEKTPOCTATUYECKOTO OIS ABJISIETCS €r0
HaIpsSKEHHOCT.

Hanpsoicennocmoio 3IEKTPUYECKOTO IIOJIA, HA3bIBACTCS BEKTOPHAs BEJIMYMHA,
YUCJIEHHO paBHAas CWIE, IECUCTBYIOLIEH HA IIOMEIICHHBIM B JAHHYIO TOYKY ITOJIS
€UHUYHBIN ITOJIOKUTEIIBHBIN 3apsii;

H
=l

E =

o | T

DIIEKTPUYECKUE MTOJIS M300paXKaroT C TOMOIIBIO JTMHUN HAMPSIKEHHOCTH.

Jlunueu nanpsisxcennocmu (MU CUIIOBOM JTUHUEH ) JIEKTPUUECKOTO MOJIs HA3bIBAIOT
JIMHUIO, KacaTelIbHasi K KOTOPOH B JII0OOM €€ TOUKE COBMAAAaET C HAMPaBICHHUEM BEKTOpa
HanpsHDKEHHOCTH. JIMHUM HANpPsOKEHHOCTH DJICKTPUUYECKOIO MOJIs HAYMHAIOTCS Ha
MOJIOKUTEIBHBIX W 3aKaHUYMBAIOTCS HA OTPHUIATENBHBIX 3apsjlax; HUIJAE HE
nepeceKaroTcs; B IF0OOH TOUKE MOJIs IUIOTHOCTD JJUHUN HANIPSYKEHHOCTH PaBHA MOIYJIO
HaIMpsHKEHHOCTH TOJIS B 9TOM TOYKE.

Ha puc. 1 npuBeneHbsl mpuMepsl

U300PKEHUST DJICKTPUUECKUX TOJeH

by
by

TOYEHYHOTO TMOJIOKUTEIIBHOTO 3apsiaa
(puc. 1a) u TOYEYHOT0 OTPUIIATEIIHLHOTO
a 6 3apsiia (puc. 16) ¢ moMoIIblO JIMHUN

Puc. 1 HaIPHKEHHOCTH.

Hanpsx€HHOCTh 1M0J1s1 TOYEeYHOro 3apsaa:

P
Aregy -1

rae J — 3apsi, co3maroNui 1moje; I — pacCTOsSHUE OT 3apsaaa A0 TOYKH IIPOCTPAHCTBA,

B KOTOpOﬁ PaCCUUTBIBACTCA HaHpH)KéHHOCTB QJICKTPHUYCCKOTO ITIOJIA; & — OTHOCHUTCIIbHAA

AUDJICKTPHUYCCKAA ITPOHULIAEMOCTD CPEAbI — BEJIMYMHA, ITOKAa3bIBAIOIIasA, BO CKOJILKO pa3
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HaHpH}KéHHOCTB QJICKTPHUYCCKOI'O IIOJIsI B BAKYYMC OoubIIIe HaHpH)KéHHOCTI/I OTOI'0 XK€

2

o EO . -12
I10JIs1 B TAHHOM CPELE, ¢ = T &, =8,85-10 — DJIEKTPUYECKast IOCTOSTHHAS.

H - m?

Ilpunyun cynepno3uyuu noseti: €Cld DBJIEKTPUYECKOE TIOJIE  CO3AETCS
HECKOJIbKMMHM TOYECYHBIMU 3apsiiaMH, TO HAIMPSHKEHHOCTh PE3YJIbTUPYIOLIErO IMOJIA
paBHa BEKTOPHOM CYMME HAIPSLDKEHHOCTEM TMOJIEHM, CO31aBAEMBIX B JAHHOM TOYKE
KaXbIM 3apsiIOM B OTZICJIbHOCTH,

— N —
E=YE.
i=1

Ilomenyuan nonsa B JaHHOM TOUKe — CKaJsipHas (pU3MYECKask BEIMYMHA, YUCICHHO
paBHas TMOTEHIMAJIBLHON JHEPrUHM, KOTOPOW 00i1a/laeT €IUHUYHBIA IMOJIO0KUTEIbHBIN

3apsj B JAaHHOM TOYKE MOJIS,

oic
A —127% _1p
¢ q '’ [(D] Kn '

HOTCHHI/I&J’I — OHCPICTHYCCKAA XapaKTCPUCTHKA I10JI.
HOTGHHH&J’I B HGKOTOpOﬁ TOYKC IIOJIA, CO34aHHOIO CHUCTEMOM 3apsAa0B, PaBCH
anre6pa1/1qec1<0ﬁ CYMMC IIOTCHIIMAJIOB HOJIGI>’I, CO3JaHHBIX KaXIAbIM 3apAa0M B

OTJIETLHOCTH,

HOTGHI_[I/IaJ'I IIOJIAA TOUCYHOI'O 3apsaaa:
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YciaoBue 3aaanus

Tpu  TOYEUHBIX  HENOABMXKHBIX  3apsAfa,  MOAYJM  KOTOPBIX  PaBHEI
|a,| =|a,| =|a;| =8,85-10" Kz, pacnonoxens: B Bakyyme (& =1) Ha 0O IpsMOii (pHC.

2). Paccrostnust AB=BC =10 cu.

q 4 q;
O O O
A B C

Puc. 2

Haiitu B Touke M, pacnionoxxeHHO# Ha nipsiMoii AC cipaBa OT TOYKH A,
a) HaMpaBJICHUE U MOJYJIb BEKTOPa HAMPSHKEHHOCTHU PE3YJIbTUPYIOIIETO JICKTPUIECKOTO
IOJISI B TOUKE M,

0) MOTeHIMAaN Pe3yJbTUPYIOIIETO AIEKTPUICCKOTO MOJis B Touke M.

Taoauna 1. BapuanTel 3a1aHuii

N |G |9 |9 |AM,cm |[Ne |G |G, |G | AM,cm
1 + 2 6 | + | + | + 18
2 - 2 17 | + | + | — 18
3 | - 4 18 | + | — | — 22
4 S I 4 19 | — | — | - 22
5 _ | - 6 20 | — | — | + 12
6 _ 6 210 | — | + | + 12
7 |+ | - 8 2 | — | + | = 14
8 + | — 8 23 | + | — 14
9 + 12 |24 | + | + 3
10 | + _ 12 |25 | + | + | — 3
11 |+ | = | - 14 |26 | + | — | — 5
12 | - | - | - 14 |27 | — | - | - 5
13 | — | = | + 16 |28 | — | — | + 7
14 | - + 16 |29 | — | + | + 7
15 | — - 6 |30 | — | + | - 7
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IIpuMep BbINOJIHEHUSA 3a1aHUsA 6

JIBa ToueYHBIE HEMOABIIKHBIE IIOJIOKUTEIBHBIE 3apsaa ¢, =0, =8,85-10™ Kx

pacrnoyioxkeHbl B Bakyyme (&=1) Ha paccTOSHUU

AC=8cm (puc. 3). Hailitu HanpspKEHHOCTD U

q

® @—

A C M MOTCHIMANl  PE3YJIbTUPYIOMIETO  JJIEKTPUYECKOTO
Puc. 3 MOJIsI, CO3/1aBAEMOI0 3THUMU 3apsigaMu B TOuke M,

pacrnonoxeHHoi Ha nipsiMoii AC cripaBa OT TOYKH A,

2
AM =10cm . DIEKTpUYECKas IOCTOSIHHAS &, = 8,85-107 % :
M
JlaHo Pemenue
q,=q,=8,85nK1=8,85-10 " Kxn
AC=8cn=8-10"n
AM =10cm=10-10"u q, 4, R
e=1 @ n y ! 2
£, =885.107" K1 A C
-m°
L —9
E=" Puc. 4
=7

CornacHo NpUHLMIY CYNEPHO3ULINH 3IEKTPUUECKUX MOJIEH HANPSHKEHHOCTh
PE3yNBTUPYIOLIETO TOJS B TOUKE M paBHa BEKTOPHOM CyMME€ HANPSHKEHHOCTEU

MoJIeH, CO3/]aBaEMBbIX KaXK/IbIM 3apsIOM B OTACIBHOCTH (puc. 4):
E=E +E,.
B cxansiprom BUZE,
E=E+E,.
Hanpsiok€HHOCTh MOJISI, CO3/1aBa€MOTO TOYEUHBIM 3apsijioM, OINpEIeNsieTCS TI0

dbopmyie:
E-_ ¢

- Areg,-r* "
s 3apsiga q,

E _ ql
Y Ames, - AM?
TEE,

s 3apsga d,

E = q2
2 4 2
nmegy - CM
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Bunmanue! E <E, ,T. K. 0,=q, 1 AM >CM . DT0O NOIDKHO OBITH BHIHO Ha

PHUCYHKE.

Harnpsok€HHOCTD pe3yJIbTUPYIOIIETO MOJISt B TOUKe M

__1 ( 4%, G j
- 2 2 "
Aregg\ AM*~ CM

Breruncnenus:

. 1 (885-10% 88510 _,  H
4.314.1.8,85-10 % | 10°.10* = 22.10"* '

[ToTeHnMan pe3yapTUPYIOLIETO MOJIS B TOUKE M paBeH CyMMe ITOTEHIMAIIOB MTOJIEN

3apsanoB 0, u (,; T.K. 00a 3aps/ia MOJOKUTEIIBHEIC,

P=P+ 0.
[Torenuuan moJisg TOYEUHOro 3apsiaa:
__ 49
Ange,r
Jns 3apsna g,
2 % .
Adree, - AM
Jns 3apsina 0,
P, = & .
4reg, - CM

[ToreHnuunan pe3ynbTUPYIOLIETO MOJIs B TOUKE M,

o=t (ql +q2j_
dregg\ AM  CM

Beraucienus:

-12 -12
0 1 (8,85 10 8,85.10 }4’83

= . =+
4.314-1-8,85-10 % { 10-102 2-10°

H
OtrBer: £=210—, ¢p=4,8B.
Kn

37



OITY
Nal=A

MUHHCTEPCTBO HAYKH U BBICILIEI'O OBPA30OBAHM S POCCUIMCKOM

®EJIEPALIUUA

®EJIEPAJIBHOE I'OCYJIAPCTBEHHOE BIOJ’KETHOE
OBPA30BATEJBHOE YUPEKJIEHUE BBICIIEI'O OBPA3OBAHUS
«IOHCKOM 'OCYJIAPCTBEHHBIN TEXHUUYECKHUI YHUBEPCUTET»

ArTY)

®dakylnbTeT ABHUACTPOCHUE

Kadenpa TexHuyeckas sKcnlyaTanus JIETaTeJIbHBIX annaparoB

U Ha3EMHOI'O O6ODVI[OBaHI/IH

KOHTPOJIBHASA PABOTA

Jucoummaa DOU3UKA

Hampasiienne mnomaroroBkn 23.03.01 TexHuueckas 3KCIUTyaTalus

JICTaTEIbHBIX allllapaToOB U JABUIraTelIeH

[Tpodws 23.03.01 MHkeHEepHO-TEXHUYECKOE 00EeCTIeYeHUE MOJIETOB

JCTaTENIbHBIX alapaToB
Yposens obpa3oBanus: BO-bakanaspsl

Howmep 3aueTHOM KHUKKU

Howmep Bapuanra
I'pynna: AB3T

N.0. damunus

T.C.beaukoBa

OO6yuarommiics
IIOAIIHUCH,
«_» 2024 1.
KP nposepuiia, moueHt
« » 2024 1.
PocroB-Ha-/lony

2024
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