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BeBepeHue

KoHTposnbHas pabota N21 no ¢msuke ans CTyaeHTOB NEPBOro Kypca 3a04HOM
dopMbl  06yuyeHMss — 3TO 06s3aTeSIbHbIM  BUA  CaMOCTOSITENIbHOM  paboThl,
npeanonaratolwmii BbINONHEHVWE LIECTU MHOMO3TanHbIX (PU3NUYECKMX 3afAaHMiA,
NpoBEAEHME PAaCcYETOB M NOCTPOEHME rpadmKOB 3aBUCMMOCTEN (DU3NYECKUX BENUYMH.
3afaHnsl KOHTPOJSIbHOM paboThl coaepXxaT BCe pasaenbl (U3MKM, M3yyaeMmble BO
BTOPOM CeMecTpe.

Kaxkgoe M3 LeCTn 3aJaHui HauMHAETCsl C KpaTKOM TeopuM, coaepxKallen Bce
HeobxoauMble onpeaeneHus, GopMmynbl M 3akoHbl Mo Teme [1]. [danee wayt
opMynmpoBku 3aaaHui ¢ TabnuuamMu ¢ BapuaHTOB. B KaXaoM U3 LUeCTV 3afaHuii
paspabotaHo no 40 BapuaHTOB, 4TO oObecneuymBaeT BO3MOXHOCTb BbIMOHEHUS
Ka)kabIM CTyl€HTOM MHAMBMAYanbHOW paboTbl. HOMep BapMaHTa COOTBETCTBYeT
NOpPSIAKOBOMY HOMepy CTyAeHTa B CNUCKe rpynnbl (CM. 3J1IEKTPOHHbIN
wypHan, https://edu.donstu.ru). B kaxxaoM 13 LWeCTN 3aAaHuit NpUBEAEH NpUMep
€ro BbINOSIHEHNS.

[paBurna ogopmsIEHHUS KOHTPO/IbHOU pPaboTsbl
1. KP BbINONHSETCA B TETPAAM B KIETKY.
2. K obnoxke TeTpaan NpUKIENBAETCS TUTYNbHbIA NCT YCTaHOBIEHHOMO 0bpasLa C
3anosiHeHHbIMWN JaHHbIMK cTyaeHTa (cM. Mpunoxenue 1).
3. KP BbIMonHsieTcs OT pyku pas3bopyuMBbIM MOYEPKOM WM He AO/MKHA conepxaTtb
UCTpaBIEHWN.
4. PUCYHKM BbINOMHSAIOTCA TOMBKO C MCMOMb30BaHWEM MPOCTOro KapaHaalla,
JIVHENKM, LMPKYNS.
5. [paduvkm CTposiTCS TONBbKO C UCMOSIb30BaHWMEM MPOCTOrO KapaHaalla M JIMHENKM.
Mnowaab nons kaxaoro rpadmka AomkHa 6biTb He MeHee 10 cMx12 cMm.
6. Ha ocsx koopamHaT AO/MKHbI ObITb YKasaHbl GpUanMyeckme BenuyMHbl U eanHULbI
UX M3MEpPEeHUs; MacluTab HAHOCUTCS Ha OCK C NMOCTOSIHHBIM LLIAMOM.
7. TOYKM HaHOCATCA Ha More yepTexa 6e3 ykasaHust UX Ha KOOPAMHATHLIX OCAX U
NPOBEAEHNSI KaKUX-MBO LITPUXOBBLIX JIMHUA. 3aTeM TOUKM COEAMHSIIOTCS M1aBHOM
NVHWEN, COOTBETCTBYIOLEN rpadMueckoMy M306paxeHuo ToM yHKUMKU (IMHENHOW,
KBafpaTUYHOW, SKCMOHEHUManbHOW U T.4.), KOTOpasi oTpaXkaeT MpOsBASIOLLYIOCS B
[JaHHOM OMblTe M3BECTHYI0O WU npeanonaraemyto (Gu3ndeckylo 3aKOHOMEPHOCTb,
BbIpaXXEHHYIO B BUAEe COOTBETCTBYIOLLEN hOpMyIibl.

8. ECM Ha oHOM Mofie pacronaraloTCsl HECKObKO MPacuKoB, TO KaXAbli M3 HUX
[OSKEH BbITb MNOANMCAH.


https://edu.donstu.ru/

3apanue 1. 3JIEMEHTbl KWHHEMATUKU
KpaTtkas Teopus
[To/sHoe yckopeHue MaTepuanbHOW TOUKM NpY KPUBOSIMHENHOM ABMXKeHMM (puc. 1):

a=a_ +a,,
_ 2 2
a=,a’+a’?, [a]=1fy2
c
TaHreHynaibHoe ycKkopeHmne
XapaktepusyeT 6bICTpOTY U3MEHeHs!
CKOPOCTU  KPUBONIMHEWHOrO  BUXEHWUSI MO
BENUNYMHE,
. do. do
a = T =

= — a =—
T li .

dt G |
HopmaribHOE  yCKOpEHME XapaKTepusyeT W3MEHEHWEe CKOPOCTU  KpPUBOJSIMHEHOrO

OBWKEHNSA NO HAMpaBleHUIO,

; dd " " R

roe R - paguyc kpuBmsHbl TpaekTopum.

a

YrnoBovi CKOPOCTHO Ha3blBAE€TCA BEKTOpHasA Be/MN4MHA, paBHasa ﬂepBOﬁ

rlpOM3BO,D,HOl‘/J| yrna noBopoTa TE€Jla N0 BPEMEHMN:
5=22, =22 [4)-1r9/
dt dt ¢

HanpaBneHve BEKTOpa YrioBOM CKOPOCTU OMpeaensieTcs no npaeuiy npasoro
BWHTA: BEKTOP yrﬂOBOl\;l CKOPOCTW COHanpaBfiEH C NMOCTynaTe/ibHbIM ABMXXEHUSA BUHTQ,
r0JIOBKa KOTOPOro BpallaeTcd B HarnpaBneHUN ABMXXEHUSA TOYKHU MO OKPY>XXHOCTU.

Yrnosoe YCKOPEHNE XapaKTEPUIYET U3MEHEHNE yrﬂOBOﬁ CKOpPOCTU C TEYEHUEM
BPEMEHU N ONPEAENAETCA KaK NepBad nponssoHas yrn03017| CKOPOCTU NO BPEMEHMN!

. do dw

E=—, &=—7, [g]=1pa%.
dt dt ¢

MpW YCKOPEHHOM ABWKEHUN BEKTOP £ COHanpaBneH C (@, NpW 3aMefIeHHOM —

BeKTOpa £ HarpaBeH MpOTUBOMNONOXHO BEKTOP @ .



CBA3b MEXKAY KMHEMATUYECKUMU XaPaAKTEPUCTUKAMU.

v=w-R, a=R¢, a=0"R.

YcnoBue 3apaHus

Ouck pagnyca R =10 cm BpalaeTcs BoKpyr BepTUKaNbHOM OCK Tak, YTO YpaBHEHWe
ero aeumxenus umeet sug @(t) = A+ Bt?, pao (Ha puc. 2 1 3 npuBeseHbl Age
npoekumn Bpaluaollerocs aucka). KoabduumeHtol A, B ans kawporo sapuaHTa

3apatotcs B Tabn. 1. Bpemsa t = 0,t,=4c.

— = u

Puc. 2 Puc. 3

1. Moctpoutb rpacmk 3asucumoct @(t) B untepsane ot t, no t, (Toukn ans

noctpoenusi Boibupath ¢ warom At =0,5 ¢ ). KoopanHaTbl Todek ans nocTpoeHms
rpaduka 3aHocuTb B Tabn. 2.

2. TMonyunTs BbipaxeHne ans yrnosoii ckopoctn @(t).

3. Moctpouts rpaduk 3asucumoctn @(t) B uHtepsane ot t, po t, (toukn ans
noctpoenus Bbibupath ¢ warom At =0,5¢).

4. TonyunTb BbipaxeHue ans yriosoro yckopenus &(t).

5. Moctpouts rpaduk 3asucumoctn £(t) B mntepsane ot t, go t, (Toukn ans

nocTpoenus BblbupaTth ¢ warom At =0,5¢).
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6. YKasaTb Ha puC. 2 HanpasfeHuUs BEKTOpPOB ® W & pnNs MOMeHTa BpeMeHun

t=2c.

7.  [Ina TOYKM, nexallen Ha oboae ANCKa, BLIYNCIUTL 3HAUYEHUS SIMHENHOW CKOPOCTU

U, HopManbHoro &, TaHreHumanbHoro @, 1 nomHoro yckopeHuss d B MOMeHT

BpeMern t =2 c.

8.  Ha puc. 3 ykasaTb HanpaeneHus Bektopos U , &, , @_, @ ANS MOMEHTa BpeMeHU

t=2c.

Ta6nuua 1. BapuaHTbl 3a1aHUi

Bapuant | A paolc | B,paolc® | sapnant | A paolc | B, paolc®
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 15 2,2 30 1,5 2,5
11 0,5 1,2 31 0,5 1,2
12 15 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. [lanHble ans noctpoenms rpadmkos @(t), @(t), &(t)

t,c 0 0,5 1 1,5 2 2,5 3 3,5 4

o, pao
0,70/
P

MpumMep BbINOJIHEHUSA 3aAaHus 1

Onck paguyca R =1 v BpalaeTcs BOKpYr BEpTUKabHOM OCK Tak, UTO ypaBHEHMe

ero nemkerms wmeer sug @) = A+ Btz, pao, e A=1pao,
B:2pad/cz. Bpemsa t, =0, t,=4c.

PeweHne
Aawo: , 1. ONpeAenMM KoopaMHaThbl TOUeK AN MOCTPOEHNS
i(:)] ;j; b rpacpka, @(t) = A+ Bt® & uurepsane ot t, =0 no
B=2 pad/c t, =4 c cwarom At=0,5¢:
R=1x t=0, @, =1+2-0=1 pao,
2:20 t=0,5¢, @ =1+2.0,5°=15 pao,
At=0,5¢ t=1c, (03=1+2-12=3pad,

t=15¢c, ¢,=1+2-1,5" =55 pao,
t=2c, @, =1+2-2° =9 pao,
t:2,50, Ds =1+2-2,52 :13,5pa0 nT. A

3HaveHus @; , HeobXOAUMBIX ANst NOCTPOEHUs rpacuka ¢(t) , 3aHoCKM B Tabn. 3.



padvk 3aBUCMMOCTM Yriia NOBOPOTA BPALLAIOLLErOCS TeNa OT BPEMEHU (p(t) .

N
>

do ao
2.y  w=—=2BtP /
rnoBagd CKOPOCTb dt c

3. OnpegenuM KOOpAMHATLI TOYEK ANS MNOCTPOeHus rpaduka, a)(t) =2Bt s
nitepeane ot t, =0 gpo t; = O cuwarom At=0,5¢:
t=0, @ =2-2-0=0,

t=05c, ,=2.2.05=27%/,

t=1c, w,=2-2-1=4 pa% W T. A. PesynbTaThl 3aHecTu B Tab. 3.

pac1k 3aBMCMMOCTM YrNOBOI CKOPOCTY BpaLuaiolerocs Tena ot Bpemern @(t) .

20
15
o 10
S~
g
© 5
o
3 0 >
0 0,5 1 1,5 2 2,5 3 3,5 4



d
4. YrnoBoe yckopeHue & = d—i) = ZB,pa% .

5. OnpegenvM KoopauHaTbl TOYEK Ansi MOCTPOeHUst rpadwka, 6‘(t)=23 B

mutepaneot t, =0 po t, =4 ¢ cwarom At=0,5c¢:

5=2:2=4P/,
C

pacuk 3aBMCMMOCTH YrNOBOro yckoperus ot Bpemenn &(t).

\ 4

6. HanpasneHus BeKTOpoB 0] n E (puc. 4).

7. JInHeliHas ckopocTb U=a)-R,an t= 20, U=8-1=8Mc;

2 2
v 8
HopManbHoe yckoperne a. =—,npu L =2 ¢, a =—=64M/, .
" R "1 ¢

TaHreHumansHoe yckoperne a = R- &, npu t=2c ,a =1-4= 4”/2;
C

MNoHoe yCKopeHue azwlaf +a§ ,npm t=2c, a=+64>+4% =64,12 %z-



8. HanpaeneHus BektopoB U, @, &_, & yka3aHbl Ha puc. 5.

Puc. 5

Ta6bnuua 3. [aHHble Ans NOCTPoeHNUs rpadvkos (o(t) , a)(t) , 8('[).

Q1

Ci

t,c 0 0,5 1,5 2 2,5 3 3,5 4
o, pao | 1 | 15 55 | 9 |135| 19 | 255 | 33
o, pa% 0 2 6 8 | 10 | 12 | 14 | 16
€, pa%z 4 4 4 4 4 4 4 4
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3apaHue 2. PABOTA U DHEPI'UA
KpaTkas Teopus

[Bvxerne Tena, 6pOLLEHHOrO BEPTMKANbHO BBEPX C HAYasibHON CKOPOCTLIO U

(puc. 1), MOXHO CYATATb PaBHO3aMEANEHHbBIM ABMXKEHWUEM C YCKOPEHMEM CBOBOAHOrO
naaeHus (ecnu B yCNIOBMM 3aa4uM NpeHebperatoT ConpoTMBEHNEM BO3ayXa). B aToMm
C/lydae BEKTOP CKOPOCTM Tefla HanpasieHa BBEpPX, a
® =0 BEKTOP YCKOPEHWUsI CBOGOAHOrO0 MafeHWUs — BHM3.
i Ckopoctb Tena U npu aBwxenun Beepx Gyadert
i yMeHblIaTbC. Yepe3 HeKoTopoe BpeMs Tesno
l g [OCTUrHET BbICLLUEN TOYKM MOALEMA, B KOTOPOW €ro
i CKOPOCTb CTaHET paBHa HyJio.
|
|
|
|
|
|

h

CkopocTb M BbICOTa noabeMa Tena  npu
paBHO3aMe/lIeHHOM [IBKEHN BBEPX

U, onpenensitotcs GopMynamm:
- v=v,—0t, 1)

2

gt

Puc. 1 h=ot——. @)

KuHernyeckas SHEPridg NOCTynaTeNlbHO ABUMXXYLLErocsa Tena:

2
mo
B.=— [E.] =11oc. (3)
lToreHynasibHasa SHEPrsdg TeNa B NoJie TArotTeHusa 3emnu B6n1M3n ee NOBEPXHOCTUN:
E, =mgh, [Ep] =1/Dic. 4)

[TosniHas MexaHnyeckasi SHeprys Tena paBHa CyMMe KMHETUYECKOW M NOTEeHLUManbHOW
3Heprui:

E=E +E,. (5)
Pabota nocTosiHHOM Cw/ibl PaBHa NPOU3BEAEHMIO CUJTbl HA MEPEMELLEHNE TOYKU
NPUNOXKEHUS CUMbI U HA KOCUHYC Yrna o Mexay Bektopamn F' n S':

A=FScosa, [A] =11 (6)
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YcnoBue 3apaHusa
Teno Maccor M 6poLIeHO ¢ NOBEPXHOCTU 3eMNM BEPTUKANIBHO BBEPX C HauasnbHOW

ckopocTblo Uy (cM. puc. 1). 3HaueHme M wu U, Ans pasnuuHbiX BapuaHTOB

npueeaeHbl B Tabn. 1. Cuniolt COMpOTUBAEHMS BO3dyXa npeHebpeyb. [MpUHATH

yCKOpeHMe CBO60AHOrO NaaeHus pasHbiM g =10 a/c” .
1. Hailtv Bpema tmax , 33 KOTOpOE TesI0 AOCTUTHET BbICLIEH TOUKM Noabema.
2. BbIUMCIMTL 3HaueHus ckopocTv Tena U B uHtepsane spemen O <t <t c

max

warom At = . PesynbTaThl 3aHecTu B Tabn. 2.

3. Mo pesynbTaTaM pacyeTos B N.2 NOCTPOUTb rpaduK 3aBUCMMOCTW CKOPOCTU Tena
OT BpEMEeHW Mpu paBHO3aMeaneHHoM Avxerun Beepx v(t).

4. BblYMCUTL 3HAYEHMs BbICOTHI MOAbEMA Tena Haf MoBepxHOCTbio 3emnn h B
nntepeane spemern 0 <t <t cwarom At. Pesynbtatsl 3aHectu B Tabn. 2.

5. Mo pesynbTaTaM pacyeToB B M.4 MNOCTPOWUTb rpacvK 3aBUCMMOCTU BbICOTHI

rnogbema Tesna OT BPEMeHW Npy paBHo3ameasieHHoM asvxennm Beepx N (t) .

6. BbIMMCANTL 3HAYEHMsS KMHETUYECKOW SHeprn Tena E B uHTepBane Bpemenu
0<t<t ., cwarom Al.PesynsTarhl 3aHecT B TabN. 2.

7. BbluMCIUTb 3HauYeHUs MOTEHUManbHON 3Heprun Tena Ep B MHTEpBasne BPEMEHW

0<t<t , cwarom At . PesynbTathl 3aHecTu B Tabn. 2.

8. BblUMCNUTL 3HAYEHMS| MONHOM MeXaHM4YecKom SHEPrun Tena E B WUHTEPBAane

Bpemenn O<t<t__ cwarom At.Pe3ynbTaTel 3aHecT B Tabn. 2.

9. B OAHMX KoOpAMHATHbIX ocsix nocTpouTs rpadukn E, (¢), E, (), E(?).

10. BoluMcnuTb paboTy, COBEPLUAEMYIO CWIOW TSDKECTM, MpU ABWXKEHWM Tena oT
YPOBHSI 3€M/IU 0 HAMBbLICLUEN TOUYKM NogbeEMa.
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Ta6nuua 1. BapuaHTbl 3aaaHui

BapuaHT m, ke Uy ]% BapuaHT m, xe Uy, %
1 1,2 21 21 1,7 34
2 1,4 22 22 2,3 33
3 1,6 23 23 2,5 2
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 2%
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 11 37 38 2,2 27
19 1,3 36 39 2,3 28
20 1,5 35 40 3,3 29

Ta6nuua 2. [lanrbie anst noctpoenns rpagwkos v(t), h(t), E.(¢), E,(1), E(?)

t,c

U,JV
c

h, m

E_, Jlnc

Ep,ﬂofc

E,

13




MpumMep BbINOJIHEHUS 3afaHUSA 2

Teno Maccoit M =2Ke 6poleHo C MOBEPXHOCTU 3eMAM BEPTUKANbHO BBEPX C
o M o
Ha4asbHOIi CKOpOCTbiO U, =20 f (cM. puc. 1). Curolt conpoTMBNEHUS BO34yXa

npeHebpeyb. MpuHATL yckopeHne cBoboaHoro nageHns pasHbim g =10 J‘% 5 -
c
PelieHvne

1. Onpegenum Bpems tmax, 3a KOTOpoe Teno

Haxo JIOCTUIHET BbICLIEN TOYKM MOAbEMA.
m=2ke CornacHo  ¢opmyne (1), ckopocTb Tenma  mpu
v. =20 V paBHO3aMeNIEHHOM JIBUXKEHNN BBEPX
0
C
v=v,—gt.
g=10%/,
C CnepoBaTtenbHo,
tmax_? t_UO_U
0(0), h(), 0
E@®, E (@), y
¢ P T.K. B BbICILEN TOUKE NOAbEMA CKOPOCTb Tena U = 0 ,
E(1). 0
Uy 20
tmax:_, tmax:_zzc-
g 10
2. Bblumcium 3HaueHns ckopoctu Tena U B untepsane spemern 0<t<2c ¢
tmax 2
warom At =2 At=—=0,2c.
10 10

I

t, =0 0=0,-04, ©=20-10-0=20%/
t,=02c, v,=0,-0t, v,=20-10-02=18"/,

t,=04c, v;=u,—0t, v,;=20-10-04=16%/,
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t,=06c, v,=u,—0t, 0v,=20-10-06=14"" .,

Pe3ynbTaThl 3aHecTn B Tabn. 3.
3. padunk 3aBUCMMOCTM CKOPOCTM Tena OT BpEMeHW Npu paBHO3aMedsIeHHOM

HBWXEHNM BBEPX U(t) .

25 ~

CKOpPOCTb, M/C
= [ N
o (6] o
1 1

(6]
1

o

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

Bpems, C

4. 3HayeHus BLICOTbI MOAbEMA Tena Haj MOBEPXHOCTbIO 3eMSM h (dbopmyna 2) B

untepeane spemern 0 <t <2c¢ cwarom At=0,2c.

2 10-0
t, =0, hl=u“—%, h=20-0-—=0,

2 2

2 2
t,=0,2c, hzzuotz—%, h2=20-0,2—w=3,8ﬂ/l;

gt? 10-0,42

t3 :0,4(), h3 :Uot3—73, h3 :20’0,4—727,2]%;

2 2
t,=0,6¢, h4=l)0t4—%, h4=20-0,6—%=10,2ﬂ4 WT.0.

PesynbTaTbl 3aHeCTV B Tabn. 3.
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5. I'pacuk 3aBUCMMOCTM BbICOTbI MOAbEMA TENa OT BPEMEHW NPpU paBHO3aMeASIEHHOM

newxennn seepx N (T).

25

20

[EEN
[S,]

=
o

BbICOTa, M

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

Bpems, C

6. 3HayeHWs KMHETUYECKOMW 3Hepruu Tena EK (dbopmyna 3) B MHTepBasne BpeMeHM

0<t<2c¢ cwarom At=0,2c.

mo; 2-20°
t =0, E, = 21, E, = > =400 /o,
mo? 2182
t,=0,2c, E,= 5 E,= =324 e
mo? 2167
L=04c, Eg=—2  Eg=""—=256/b;
mv? 2:14°
t4 20,60 , EK4 = 5 , EK4 = 5 =196 ﬂ.?fc W T.A.

Pe3ynbTaThl 3aHecTn B Tabn. 3.

7. 3HayeHust NOTEeHUMANbHON SHEPTUM Tena Ep (dopmyna 4) B MHTEpBANE BpeMeEHM

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

t,=0,2c,
t,=0,4c,
t,=0,6c¢,

Epl =mgh,,

E,, =mgh,,
E ,=mghy,
E,,=mgh,,

Pe3ynbTaTbl 3aHecT B Tabn. 3.

E,=2-10-0=0;
E,,=210-38=0=76 [oc;
E,,=2-10-7,2=0=144 /rc;
E,=21010,2=204 Joc nra

8.  3HaueHus MONHON MexaHuueckoii sHepruu Tena £ (dpopmyna 5) B nHTepsane
spemern 0 <t <2¢ cuwarom At =0,2c.

t =0, E=E,+E,, E, =400+0=400 /]c;
t,=0,2c, E,=E,+E,, E, =324+76=400 /pxc;
t,=0,4c, E3=EK3+EP3, E, =256+144 =400 [orc;
t,=0,6c, E,=E,+E,, E, =196+204=400 [prc  wnr.a.
Pe3ynbTaThl 3aHecTn B Tabn. 3.
9. Tpadmkm sasucumoctn E (¢), E, (), E@).
450
| E
400
350 Ep
£ 300
= 250
% 200
A 150
100
=0 Ex
0 *
0 02 04 06 08 1 12 14 16 18 2

BEpeMsd, C
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10. Pabota A (dbopmyna 6), coBepluaeMas cunoii TAXKECTU, NpYU ABUXKEHUM Tena OT
YPOBHSI 3€M/IM [0 BbICLUEN TOUYKM NOABEMA,

A=mgh_, cosc,
A=2-10-20-c0s180° = —400 Jc .

Ta6nmua 3. [lannsie anst noctpoenns rpadmos w(t), h(t), E.(¢), E,(2), E(t)

t,c o |o02]o04| 06|08 10|12 14|16 1,8 2
L, J% 20 | 18 | 16 | 14 12 | 10 8 6 4 2 0
h, m 0 3872102128 15 | 168|182 | 192|198 | 20

E_, /i | 400 | 324 | 256 | 196 | 144 | 100 | 64 | 36 | 16 | 4 | 0

E ﬂ.?fc 0 76 | 144 | 204 | 256 | 300 | 336 | 364 | 384 | 396 | 400

E, 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400
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3apaHue 3. MOMEHT MHEPLUWUW TENA
KpaTkas Teopus
MomeHT uHepLim ABNSIETCS MEPOI MIHEPTHOCTU TEMa NpyY BpaLlaTeIbHOM ABVKEHUN.
MomeHT UHEpLm MaTepHasIbHON TOYKYM OTHOCUTENbHO HEMNOABUXKHOMN OCY BpaLLeHus!
paBeH Npou3BeAeHulo eé MacChbl Ha KBaapaT pacCTOsiHUA A0 paccMaTpuBaeMoW Ocv
BpaLLeHus:

2 2
J=mr? [J]=1ke-Mm".
MoMeHT MHEpUUM — aganTmnBHaa BENNYMHA, T. €. MOMEHT MHEPUUMN CUCTEMbI TEN

OTHOCUTENBbHO HeKOTOpOVI HEMOABWMXHOM OCK paBeH CyMM€ MOMEHTOB WHEPUUU
OTAESbHBIX TEM UMW YacTel CUCTEMbI OTHOCUTENBHO 3TOW OCK:

1=%3,.
i=1

FOBOPUTb O MOMEHTE WHEepuuM, He TpuBs3bIBas €ro K KOHKPETHOW OcCH,
6eccMbICNIEHHO.

MomeHTBI MHEPLIMM OAHOPOAHBIX TET CUMMETDHUYHOU @OPMbI OTHOCUTESILHO OCH,
npoxo4sLent Yepes LeHTp Macc (pyc. 1)

CnnoLwHon uunmMHap

LWap 06 CrepxxeHb
(AvcK) o] PYe annton [
0, | 0 .
R | o
= — ;
S =2 | ! |
" | |
| | | |
mR> 2mR’ ) _mt?
JO:T JO:T JOZMR JO—F

Puc. 1

Ecnu ocb BpalleHnss He NpPOXOoAuT Yepes LEeHTp Macc Tena, TO MOMEHT MHepuun Tena
OTHOCWTENIbHO 3TOM OCHn, onpeaendeTca no regpeme lUTeﬁHepa: MOMEHT MHEPUWUKN TENa

J otHocuTensHo MpOM3BOJSIbHOM OCYM paBeH CyMME MOMEHTa MHEepuuu Tena ‘]o
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OTHOCUTEJNIbHO OCH, I'IpOBeﬂeHHOVI yepes LUEHTP MacC Tena napannenbHo AaHHoIA ocu, n

lAr npom3BeAeHNA MacCCbl Tena Ha KBaapat
: pacctosiins 0 Mexay 3TuMmM ocsimm,
| 2
R J=J,+md",
|
O IA Hanpumep, ansa obpyya MOMEHT MHEpLUM

<«— d=2R —» )
oTHocuTensHo ocu AA (puc. 2) paseH

Puc. 2 J =mR?+m(2R)* =5mR?.
Ycnosue 3apaHuna
Cuctema COCTOMT M3 [ABYX OAHOPOAHbIX CUMMMETPUYHBIX Ten  NpaBUIbHON
reomMeTpuyeckon Gopmbl (BapuaHTbl KOHMUIypauuii Ten 1 MxX napamMeTpbl NPUBEAEHbI B
Tabnuuax 1 n 2). Tena pacnonoxeHbl Tak, YTO OHU COMPUKACAIOTCS B OAHOM TOUKe, a
MX LEEHTPbI Macc Niexar Ha 0HON ropU30HTaNbHON OCK (eC/IM B CUCTEMY BXOAMUT KOMbLIO,
OHO PacnonaraeTcs B FOPU30HTasIbHOW MIOCKOCTH).
1. HapucoBaTb pUCYyHOK, COOTBETCTBYIOLIMI KOHPUrypaLum Ten BapuaHTa 3agaHus
(B KauvecTBe NpuMepa cM. puc. 3).
2. PaccuutaTb MOMEHT MHEpLMM CUCTEMBI TEMT OTHOCUTENBHO OCU, MPOXOASLLEN Yepes
TOYKY COMPUKOCHOBEHUS TN NeprieHANKYNSIPHO rOpU30HTaNbHOM OCK.

Ta6nuua 1. BapuaHTbl 3aaaHuM

BapUaHT KOHdJ:I-gpaI.IVIﬂ BapUaHT KOHCIJ:glpaI.I"ﬂ
1 AB 21 EA
2 AC 22 EB
3 AD 23 EC
4 AE 24 ED
5 AA 25 EE
6 BA 26 AB
7 BB 27 AC
8 BC 28 AD
9 BD 29 BC
10 BE 30 BD
11 cC 31 BE
12 CA 32 DC
13 CB 33 DD
14 CD 34 DE
15 CE 35 EC
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16 DA 36 ED
17 DB 37 DA
18 DC 38 DB
19 DD 39 DC
20 DE 40 AB
Ta6bnuua 2. MapameTpbl TEN
Teno macca, M (x2) | pammyc, R ()
A CniowWHOWN UMAMHAP 2 0,2
B Anck 4 0,1
C LWap 5 0,3
D | Ob6pyu 1 0,4
E | CrepxeHb 3 AwvHa (=0,2 m

MpuMep BbINOMHEHUA 3aAaHuna 3
Myctb KoHdUrypaums Ten — ED. CornacHo T1abn. 2 Teno E — crepxeHb, Teno D — 0bpyy
(puc. 3).
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Mcnonb3ys faHHbie Tabn. 2, 3anuiem: Macca cTephst M, = 3 K2 ; Macca o6pyya
m , =1xe; pnuna crepirs £ = 0,2 m; papnyc obpysa R, =0,4m.

! !
2. Paccuntaem MOMEHT nHepuun cuctembl Ten ED oTHOoCMTENBHO Ocn o0o0'.
T.K. MOMEHT UHEPLIMM CUCTEMBI TENT OTHOCUTENTIbHO HEKOTOPOM HEMOABMXXHON OCU paBeH
CyMMe MOMEHTOB MHEPLNM OTAENbHbIX TEN CUCTEMbI OTHOCUTENIbHO 3TON OCK, TO MOXHO

3anvcaTb:
J=J_ +J,,.
! !
Mo Teopeme LLITeliHepa MOMEHT MUHEPLIMM OTHOCUTENILHO OCK 00"
— CTEpPXKHA
2 2
m. ( 14
_ 2 _ "em
‘]cm _‘]0+mcmdl - +mcm P
12
3.0,22 0,2
J,,=———+3:| —=| =0,04ke-m".
12 2
— 0b6pyya

'Jo6 = ‘Jo + m06d22 = m06R026 + mcmR026 = 2mo6R026 /
Js= 2-1-0,4* =0,32 k2 - Mm°,

! !
OKOHYaTeNbHO, MOMEHT MHEPLMKM cUCTeMbl Ten ED OTHOCMTENBHO ocu 040, paBeH:

J = ‘]cm +‘]061
J=0,04+0,32=0,36 k- M".

oteeT: J =0,36 ke - m?
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3apaHue 4. MEXAHUYECKUE KOJIEBAHUSA
KpaTtkas Teopus
[8pMOHMYecKkMy HasblBalOT KonebaHWsi, NpU KOTOPbIX W3MEHEHWE HEKOTOPOW
BE/IMYMHBI X MPOUCXOAUT MO 3aKOHY CMHYCa WK KOCUHYCa:

x(2) = Asin(ayt + @,) um x(t) = Acos(ayt + @) -

PaccMOTpUM MaTepuasibHYl0 TOUYKY, COBEPLUAIOLLYIO FapMOHMYecKue KonebaHus
OKOJ10 MOJIOXKEHUS paBHOBECUS. B 3ToM criyyae:
X — CMelleHVe — OTK/IOHEHWE KONeBAOLWENCs TOYKM OT MOJSIOXKEHMS paBHOBECUS B

MOMeHT BpeMeHun t; A - aMnnutyaa konebaHuii — MaKCUMManbHOE CMELLEeHME OT
nonoxexus pasHoeecusi; @yl + @, — asza KonebaHuit — BenMuMHa, onpeaensioLlas
nonoxeHue konebniolLencs Touku B Nioboii MoMeHT BpeMeHn t; @, — HavanbHas dasa

konebaHuii, onpeaensieT 3HaueHe X B HauanbHbI MoMeHT Bpemern (1 =0);

@, — UMK/MYecKas 4acToTa, paBHa unciy konebaHuii 3a BpeMa 2z (€AMHNL, BpEMEHK),

@, =27v =—/; T —nepuoa — 370 BPeMsi, 3a KOTOPOE COBEPLIAETCS OAHO MOMHOe

T

konebaHue; V — 4acToTa, paBHa uuCiy KosiebaHuii, COBEpLUAEMbIX 3a €AuHULY
BPEMEHU.

CBsi3b MeX/y 4acToToit u nepuopoM: 1 = —.
14

CKOpoCTb NpW rapMOHMYecKknX (CMHycouaanbHbIX) KonebaHusx onpeaensercs Kak
nepsasi NPOM3BOAHas CMELLEHUS NO BPEMEHW:

dx
o(t) = P A, cos(a,t +¢y) .
MakcuManbHoe 3HaueHme ckopocti: U = A .
YckopeHye npy rapMoHNYecknx KonebaHmsx:
do .
a(t) = e — A, sin(w,t + ;) .

3HaK MUHYC B 3TOM BbIPa)XEHUM O3HAYAET, UTO YCKOPEHWE BCErga MMeeT 3HaK,
NPOTUBOMOJOXHBIV 3HaKy CMELLEHUS], 1, CNefoBaTesNlbHO, MO BTOPOMY 3aKOHY HbOTOHa,

23



c1na, 3acTaBnsioLLas Teno coBepLIaTh rapMoHMyeckue konebaHns, HanpasneHa Bceraa
B CTOpPOHY nonoxenus pasHosecns (X = 0).
MakcmMarnbHoe 3HayeHue YCKOpeHus:

_ 2
a... = A,
Maremarndeckmyi MasTHUK — MaTepuaribHas Touka, NOABELUEeHHasi Ha HEBECOMOW
HepacTshXkMMon H1TK (puc. 1).

B criyyae Manbix konebaHuii (Mpw yrnax oTknoHeHuss o He 6onee 15° +20°)

MaTeMaTUYECKUA  MasiTHUK COBepLIaeT rapMoHU4eckmne konebaHusi. Konebanus
MadaTHUKa npu 60nbLUMX yrnax OTK/IOHEHUA

He ABNSIOTCS rapMOHNYECKUMM.
MpY OTKIIOHEHWUWN MAsSITHUKA OT MOJIOXEHMS
lcosa < paBHOBECUSI Ha Teno nencreyet
BO3BpaLlaoWas cuna, KoTopasl SBAseTCs
TaHreHUManbHOM  COCTaBASAOIEN  CUMbI

TSHKECTW. Moay/ib BO3BpaLLAloLLEen CUibl:

| F |=mgsinx.
Mepvog COBCTBEHHbIX KonebaHui
MaTemMaTuyeckoro MastHuka (dopmyna
lonreHca):
{
T=27|—.
LiMknunyeckas yactoTa cO6CTBEHHbIX konebaHuii MaTeMaTUYeCKoro MasiTHUKa:
o, =3 .
0
14

KnHeTuyeckas aHeprus KonebaHWin MaTeMaTUYECKOro MasiTHVKa paBHa

o mo® _ mA”ay; cos® (ot +¢,)
) 2 2

MakcuMasbHoOe 3HaUYeHNE KMHETUUECKOM SHepruun:

E MA@

K Mmax 2
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MNoTeHunanbHas 3Heprusa MaTeMaTU4ECKOro MadaTHUKG, cosepLuatouiero
rapMoHun4yeckne konebaHus B none TArOTEHUA, paBHa

E, =mgh= mg((1—-cosa) = mgf-ZSinZ%.

Mpy ManbiX yrnax OTKIOHEHMS, €CM Yrofl U3MEPSETCA B pafnaHax, CrpaBeanvBo
yTBEpXKAEHNE:

sina = « .
CaM yron B paaiMaHax paBeH OTHOLLEHWIO A/IMHBI AT K PaAnycy OKPY>XHOCTU (AnvHe

nutn (), a AnvHa ayrv NpubnM3UTENLHO paBHa cMelleHnio X :

X
a=—,
{
Torp,a noTeHUManbHaa 3HEPrna paBHa
2 ain?2
5 mgx>  mgAZ*sin®(wyt + ¢,)
’ 20 20
MakcumanbHoe 3Ha4vyeHne I'IOTEHLI,VIaJ'IbHOﬁ SHEPIrun:
£ mgA?
pmax 20 '
MonHas JHEPruna KonebaHui MaTeEMaTMYECKOro MasgTH1Ka paBHa:
E=E +E,

YcnoBue 3apaHus
Matematuueckuit  masithuk  maccoiir M =100ec u pgamHont (  cosepuwaer

rapMoHUYEcKMe KonebaHusi, ON1CbIBaEMbIE YPaBHEHWEM, NPUBEAEHHLIM B Tabn. 1.
Mcnonb3ys ypaBHEHWE rapMOHMUYECKOro KonebaHus HanTu:

1) amnautyay A;
2) ¢azy @;

3)  UMKIIMYECKYIO YacTOTy @ ;
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4)

ONVHY MaTEMaTUYECKOro MasiTHUKa { no u3BecTHoM UMKJTMYECKOMN YacToTe C()O

(yckopeHue cBo6oaHoro nageHnst g =10 ¥ 2 )

5)
6)

7)

vactoty V' ;
nepvoa 1 ;
T T 3T
3HauyeHust cMellernss X B MoMmeHTbl Bpemenn t =0, Z, E, T'T’ roe T -

nepuojg KonebaHWM MaTeMaTU4YeCcKoro  MasiTHWMKa (qwcneHHoe 3Ha4yeHune

paccuMTbLIBAETCS B M. 6); pe3y/bTaThl 3aHECTM B Tabn. 2;

8)
9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

YPaBHEHWE U3MEHEHWSI CKOPOCTU CO BPEMEHEM U(t) ;

3HaueHre MakcuManbHoii ckopoctt Upay

T T 3T
3Hauenus ckopoctn U B momeHThl Bpemern t =0, —, —, —, T';
4 2 4
YPaBHEHWE U3MEHEHWSI YCKOPEHUS CO BPEMEHEM a(t) ;
3HauEHNe MaKCUMaNbHOrO yckoperust A .. ;
T T 3T
3Hauenus yckopernsa B momenTbl Bpemenn t =0, —, —, —,T';
4 2 4
T T 3r
KUHETMYECKYIO 3Hepruio B MoMeHTbl Bpemern t =0, —, —, —,T';
4 2 4
MaKcuMasibHoe 3HaueH1e KUHeTYeckon sveprm E, - ;
T T 3T
noTeHuMasnbHyto aHepriio B MoMeHTsl Bpemern t =0, —, —, — | T';
4 2 4
MaKcUMasbHOe 3HauyeHue NoTeHUManbHoi sHeprun £ pmax ;
T T 3T
MOMHYI0 MexaHuyeckyto sHeprto £ B MoMeHTbl Bpemenn t =0, Z, E, T,

, pe3ynbTaTbl 3aHecTu B Tabn. 2;

26

T

T



19) nocTpouTb rpadmKM 3aBUCUMOCTH x(t), U(t), a(t), EK (l‘) , Ep (), E@)

pacrofnioXmB OCK, Kak NnokasaHo Ha puc. 2.

U 2 b M M b
1 L]
A= A A A A A
..................................................... e b
||||||||||||||||||||||||||||||||||||||||||||||||||||||| — 1k
||||||||||||||||||||||||||||||||||||||||||||||||||||| —— by |
||||||||||||||||||||||||||||||||||||||||||||||||||||| [y
-
=
.

Puc. 2
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Ta6nuua 1. BapuaHTbl 3aaaHui

N2 YpaBHeHue konebaHus Ne° YpaBHeHue konebaHus
1 x(t)=0,02sin(7t), m 21 | x(t)=0,03sin| = z j

2 | x(t)=0,02sin(4zt),m | 22 | x(t)=0,01cos th,m
3 | x(t)=0,045sin(27t),m | 23 | x(t)=0,0Lcos %tj,M
4 | x(t)=0,01sin(4zt),m | 24 | x(t)=0,05sin(37t),m

5 x(t)=0,05sin(7t), m 25 | x(t)=0,014cos(xzt),n
6 x(t):0,035|n(%tJ,M 26 | x(t)=0,043cos(zt),m
7 X(t)=0,065|ﬂ(%tj,ﬂ/t 27 | x(t)=0,06sin(27t),n
8 | x(t)= 0013|n(%t],ﬂ4 28 | x(t)=0,015cos(7t),n
9 | x(t)=0,02sin(3zt),m | 29 | x(t)=0,042cos(4xt), m
10 | x(t)=0,01sin(zt),m | 30 | x(t)=0,05c0s(27t),nm
11 | x(t)=0,08sin(zt), n 31 | x(t)=0,01sin(37t),m
12 | x(t)=0,02sin(2zt),m | 32 | x(t)=0,02sin(7zt),m
13 | x(t)=0,05sin(7t),m 33 | x(t)=0,03sin(zt),m
14 | x(t)=0,025sin(4zt),m | 34 | x(t)=0,04sin(27zt),m
15 | x(t)=0,04sin(27zt),m | 35 x(t):O,Olsin(%tj,M
16 | x(t)=0,025sin(27zt),n | 36 x(t)=0,04cos(%tj,m
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17 | x(t)=0,025sin(zt),m | 37 | x(t)=0, 03cos(%t M
18 | x(t)=0,03sin(2zt),n | 38 | x(t)=0,01sin(37t),n
19 | x(t)=0,03sin(4zt),m | 39 | x(t)=0,05c0s(7t),nm
20 | x(t)=0,055sin(zt),n | 40 | x(t)=0,03cos(xt),n

Ta6nuua 2. laHHbie ans noctpoenns rpadmkos x(1), v(t), a(t), E.(t), E, (1)

t 0 r r T T
4 2 4

X, M

v, mfc

a,M/c?‘
E ., Hdxc
E,, dxc
E, e

MpuMep BbINONIHEHUA 3aAaHuA 4

Matematuueckuii  mastimk  maccon M =1002 uw pgwmnon  ( coBepLuaeT

rapMOHMYEcKMe KonebaHuWs, OnncbiBaeMble YpaBHEHNEM X(t) =0, 2C05(7zt) M

PeweHne
JaHo n .
0 YCNOBMUIO MaTEeMaTUYeCKU MAsSiTHUK COBEpLUaeT
m=1002=0.1xz rapMOHUYECKNE  KOCUHycOouparnbHble  KonebaHms  C
> , K2

HayanbHOM (hason paBHOM Hymo. O6WMI BMA TaKoro

2=10 M/c2 konebaHus:

x(z) = O,ZCOS(JTT),M

x(¢) = Acos(awyt).

1. Avnantyna A=0,2 m.

2. ®asa @=rxt, pao.
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ao
3. Uuknuueckas yactota @, :ﬂ,p
0 c

,g g
4. OnvHa  MaTeMaTMyeckoro  MasTHuKa: T.K. @) = ? = (=—=

@,
(= 102:1,014/1/[.
3,14
5. YacToTa VZ&,VZ——0,5FZ4
2r T
1 1
6. Nepwop T'=—, T=—=2c¢.
P v 0,5

T T 3T
,—,—,—,1 (unucneHHoe
4 2 4

3HauyeHne nepuoaa KonebaHuil MaTeMaTUYeCcKOro MasiTHUKa paccyMTaHo B M. 6,

T=2c):
npn t =0, X=0,2COS(7Z"O)=0,2'1=0,2Jl/l,

7. 3HaueHns cMeleHns X B MoMeHThl Bpemern =0

npmtzzzgzlc,X=O,ZCOS(%’-E):O,ZCOS(ZJ:O,
4 4 2 2 2
o t=2-= 2 =1c, x=0,2c08(7-1)=-0.2.n,
npmt=3—T=£=§c,XZO,ZCOS(ﬂ'-§j:O,

44 2 2

nu t=7=2c, x=0,2c08(27)=0,2 .

PesynbTaTbl 3aHeCT B Tabn. 3.
8. YpaBHEHVE U3MEHEHWSI CKOPOCTU CO BPEMEHEM

dx .
v(t) = i -0, 27z sin(xt), f% :
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9. 3HaueHne MaKCUManbHOW CKOPOCTU U = Aa)o,

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

T:

10. 3HaueHms ckopoct U B MoMeHThl Bpemenn t =0,

2N

rsr
2, 4 )
mpu t =0, v =-0,628sin(z-0)=0,

mnt=L-ls p=_o, 6283|n( 1)——0 6283|n( J_—o 628"/,
2

N

npu t=—=1c, v=-0,628sin(7z-1)=-0,628sin(7)=0,

w
@ NN 4>|

3 . 3

= = — = — e — M
o t==-="c, v O,6283|n(7r 2) 06285m( j 0,628/,
mpu t=T=2c¢, v=-0,628sin(27)=0.
Pe3ynbTaTtbl 3aHecTn B Tabn. 3.

11. YpaBHeHUE U3MEHEHNS YCKOPEHUS CO BPEMEHEM a(t) :

_dov 2 u
a(t) = it =0,27° cos(xt), 42.
12. 3HayeHne MaKCMMasbHOIO YCKOPEHUS:
= A2, a, =027"=0,2-3142=1,97 %2_

T T 3T
13. 3Hauenus yckopeHunss (B momenTsl Bpemenn t =0, Z —_—,—

2' 4
npn t =0, x:l,97cos(7z-0):1,97%2,

npu t =

I

SN

c, x:1,97cos(%j=0

N~
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T
npu t=E=1c’ X:1,97c03(7z-):_1'97%2,
npmt=3—T:§c X= 197008(37[] 0,

4 2 2

mut=T=2c, x=1,97 cos(z%-Tle,wM

A

Pe3synbTaTbl 3aHeCTM B Tabn. 3.

2
14. KnHeTnueckas sHepris B MoMeHTbl Bpemenn t =0, Z, Z, 3—T I : E = mo
4 2 4 ) 2
0,1-0°
nmut=0, E = =0,
0,1-(-0,628)°
npl/lt—Z E = ( ) =0,0197 Hoc,
4 2
0,1-0°
npn t = r ,E = =0,
2’ 2
0,1-(0,628)°
npu t=3TT, E, =¥=0,0197 T,
1-0°
nmout=T, EKZO’ 0 =0.
2
Pe3ynbTtaTtbl 3aHecTn B Tabn. 3.
MA@}
15. MakcvMMaribHOe 3HaYeHUe KUHETUYECKOW SHEpPTK EKmaX = > ,
0,1-(0,2)*(3,14)°
PR L HCD S
2
16. MoTeHUManbHasa sHeprus B MOMeHTbI BpeMeHu t =0, Z, Z, B_T,T E = %
4 2 4 r 20
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~0,1-10-(0,2)°
P 2.1014

2
E :0,1 10-0 0
214,014

~ 0,110-(-0,2)°
~ 2:1,014
7 . 0110-0°

= B T 0

0,1-10-(0,2)’
o t=1, E,= 2-1c()14)

Pe3ynbTtaTtbl 3aHecTn B Tabn. 3.

=0,0197 /e,

I

=0,0197 e,

O

=0,0197 [orc.

2
. mgA
17. MakcumanbHoe 3HavyeHue noTeHUManbHON 3Heprum Epmax = ,

20

~0,1-10-(0,2)°
pmax 91014

—0,0197 /e

sr
H 4 H

NG
NN

18. MonHas MexaHWyecKas 3Heprus B MoMeHTbl Bpemenn t = 0, T:

E=E+E,,
mpn t =0, £ =0+0,0197 =0,0197 /e,

o t:%, E=0,0197+0=0,0197 e,

o t:g, E=0+0,0197 =0,0197 /e,
a1

o t ==, £=0,0197+0=0,0187 Joc,
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nm t =7, E=0+0,0197 =0,0197 /]c.

Pe3synbTaTbl 3aHECTM B Tabn. 3.

Ta6nuua 3. [lanHbie ans noctpoenns rpadukos x(2), L(t), a(?), E (1), E,(t)

t 0 T T 3T T
4 2 4
X, M 0,2 0 -0,2 0 0,2
v, 0 -0,2 0 0,2 0
a, f% ) 1,97 0 -1,97 0 1,97
E_, [oc 0 0,0197 0 0,0197 0
E,, e 0,0197 0 0,0197 0 0,0197
E, llxc 0,0197 | 0,0197 | 0,0197 0,0197 0,0197

19. I'padukm 3aBMCUMOCTH

XMy

0,2

-0,2

Ha puc. 3 npvBeaéH npuvMep MNOCTPOEHUs

x(r), o(t), a®), E (1), E,(1), EQ).

Tonbko rpacduka sasncumoctn X (7).
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3apanue 5. MOJIEKYJIAPHO-KUHETUYECKAS TEOPUS
WAEAJIbHOIO NA3A
Kpatkas Teopus

MneanbHblM  Ha3biBAaeTCs a3, KOTOPbIA  YAOB/ETBOPSIET — CleaytomM
YCMIOBUAM: MOJIEKYSIbI Fa3a MOXHO CUUTATb MaTepuasibHbIMU TOUKaMU; MONEKY/Ibl He
B3aMMOJENCTBYIOT APYr C APYrOM Ha pacCTOsIHUM; COyfapeHne Monekyn Apyr C
[PYroMm 1 Co CTEHKaMu cocyfa SBNSOTCA abCoNOTHO ynpyruMn. MHorme peasbHble
rasbl MOIyT pacCMaTpUBaTLCS KaK uAeasnbHble NPy BbICOKOW TeMMnepaType U HU3KOM
JaBNeHuun.

Mosib — KONWYECTBO BELLECTBA, B KOTOPOM COAEPXMTCS YMCNO YacTuy (aToMoB,

12
MoJieKyn 1 Aip.) paBHOE Ynciy aToMoB B 12 1 u3otona yrnepoaa C .
Yncno Asoragpo N , — u1cno aToMoB MM MoMeKys, COAEPXALUMXCS B OAHOM Mofle

nio6oro seuwecrsa, N, = 6,022 -10% monw .

MonsgpHas macca — 3TO Macca O4HOro MONs BeLLeCcTBa:

M =m,-N,,
K2
roe M, — macca oaHoil Monekynbi; [M] =1 .
MOJIb

Yucro Moriesi BelecTsa — Macca BELLEeCTBa, IeNeHHas Ha MOMISIPHYIO Maccy:
m
v=—, [v]=1mom,
M
KOHLIeHTPaLMs MOJIEKY/1 — YACIO YacTuL, B eAnHULIE OBbeMa:
N -3
n=— [n] =1m,
CpenHssi KBaApaTHyHasi CKopoCTb MONeKys rasa:

2 2
vy +..0,

e ()= B ()]
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CPESHAS KMHETUYECKAS IHEP 1S NMOCTYNATENbHOIO ABWKEHUS OfHOW MONEKybl:

2
<&, >:m°<+“>:§kT, [< & >]=1 Ao,

lnoTHocTh BelecTBa — CbVIBVIHECKaﬂ BE€/MNYNHA, YUCNIEHHO paBHasA OTHOLUEHWUIO
MaccCbl BELWECTBA, 3aK/TlOYEHHOI0 B HEKOTOPOM obbeMme, K BenmumHe 310ro obbvema:

m Ke
p:V:n'mo, [,O]:].?

CocTosiHME HEKOTOpO/ MacChl rasa onpefensieTcs Tpems TepMOAWHAMUYECKUMU
napametpamu — aaenennemM [, o6vemom V , Temneparypoii T .

YpaBHeHWe, CBs3blBalollee napaMeTpbl COCTOSIHUSI MAeanbHOro rasa, HasblBaeTcs
YPaBHEHWEM COCTOSIHUS MAEaNbHOrO rasa UM ypaBHeHVeM KnaneiipoHa:

ﬂ =const.
T

YpaBHEHME COCTOSIHUS WAeanbHOro rasa Mpou3BOSIbHOM  MacChl  (YpaBHeHWe
MeHzeneeBa-KnanelipoHa):

m
V=—RT,
Y

Jloic
roe R =8,31 ———— - yHuBepcanbHas (MonsipHas) ra3oBasi NOCTOSIHHAS.
moab - K

YDaBHEHVIe COCTOSAHMA MOXXHO 3anncaTb B ApyroM Buae:

p=nkT.

OCHOBHOE YpaBHEHME MOJIEKYSISIPHO-KMHETUYECKO TEOpUM MAeanbHOro rasa
(pa3Hble BapvaHTa 3anmcn):
p— 2 .
p= 5 n< &y >
p= 1 nm, <v, >
3 K6 1

p—1 <v >°
Sp K6 .
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YcnoBue 3agaHus

WpeanbHbil ras maccort M, mAoOTHOCTL KOTOporo L, a monspHas Macca M [2],

HaxoauTca B 3aKpbITOoM cocyae obbémom V . Temnepatypa rasa 7 . Wcnonb3sys

YUCNEHHbIE 3HAYEHNA BENNYMH, 3a/laHHbIE A1A KaXA0ro sapuaHTa B Tabn. 1, HaWTu:

1)  umcno monei BewectBa V ;

2) obbémraza V ;

3) Maccy oaHOW Monekysbl rasa My ;

4)  KoHUeHTpaumio monekyn N ;

5)  uncno Monekyn rasa B obbeme N ;

6) naBneHverasa P ;

7)  CpenHIO KBaLpaTUYHYIO CKOPOCTb MOJEKY rasa <UK8>;

8) CpenHIol KUHETUYECKYIO SHEPIUI0 MOCTYNaTeNIbHOMrO ABWXEHWSI OHOW MOJEKYb

<& >

Ta6nuua 1. BapuaHTbl 3agaHui
No ras M, = m, ke .k LI T K
MOJlb M

1 | Kucnopoa O, 0,032 0,05 1,43 393
2 | Asor N, 0,028 0,06 1,25 394
3 | Ammmak N, 0,017 0,07 0,77 450
4 | Apron Ar 0,040 0,08 1,78 396
5 | Bopopoa H, 0,002 0,09 0,09 397
6 | renun He 0,004 0,05 0,18 398
7 | 3akucb asoTa NZO 0,044 0,06 1,98 399
8 | Yrnexucnwii ras CO, 0,044 0,07 1,98 370
9 | Okvicb asota NO 0,030 0,08 1,34 330
10 | Okuck yrnepopa CO 0,028 0,09 1,25 320
11 | dpeon-11 CE,CI 0,137 0,05 6,13 510
12 | dpeon-12 CE,CI, 0,121 0,06 5,51 380
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13 | opeor-13 CFCl, 0,114 0,07 511 370
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 | Ammnak N/, 0,017 0,06 0,77 457
19 | Apron Ar 0,040 0,04 1,78 398
20 | Bogopoa 1, 0,002 0,08 0,09 418
21| renwn He 0,004 0,09 0,18 419
22 | 3akucs asota N,O 0,044 0,07 1,98 412
23 | Yrnekucnwiii raz CO, 0,044 0,06 1,98 380
24 | Okuck asota NO 0,030 0,05 1,34 340
25 | Okwucb yrnepoga CO 0,028 0,07 1,25 330
26 | Ppeon-11 CF,CI 0,137 0,06 6,13 518
27 | opeon-12 CF,Cl, 0,121 0,07 5,51 390
28 | ®peor-13 CFCI, 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| Kucnopon 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 | Bogopoa 1, 0,002 0,08 0,09 420
37 | renwit He 0,004 0,09 0,18 420
39 | 3akucb asotra N,O 0,044 0,07 1,98 410
39 | Yrnekucnwiii raz CO, 0,044 0,06 1,98 385
40 | Okweb asota NO 0,030 0,05 1,34 330
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MpumMep BbINOSIHEHUS 3aAaHUA 5

1. Yucno Monen BellecTsa:

[HaHo
Xeé — KCEeHOH V:ﬂ, V:E:2,67M0ﬂb.
m=0,35ke M 0,131
K2 m
M=0,131 2.O6beMra3aV=—,V:%:0,059M3.
MOJb p 5,89
_ K2
p=5.89 AfB 3. T.k. monsipHas macca M =m - N, 1o macca
T'=350K Y,
v, p,my, n, N, p 0AHOM Monekybl mO:N—,
A
<U" ), <g, > -7
“ 0,131
: =2,18-10% xe.

m,=————-
° 6,022.10%

2
4, T.k. NNOTHOCTb ra3sa p:n-mo, TO KOHUeHTpauuss Monekyn N=-—
0

I

5,89

N=————=27 10" w72,
2,18-10

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

3KT
7. CpeoHsss  KBagpaTWuHas  CKOPOCTb  MOMEKyn  rasa <Uf<g>= _—,
M,

31,38-10% 350
(v,)= \/ R TRTE 257,81/

8. CpenHFIFI KUHETUYECKas 3HEPrua nocTtynaTesibHOro ABUXEHUA ofHoM MOJ1EKY bl

<% >=ng , <& >= 2-1,38-10‘23 .350=7,25-10"" [Jorc .
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3apaHue 6. DJIEKTPOCTATUKA
KpaTtkas Teopus

Snextomveckmi  zapans 0 - konnuecteeHHas Mepa  3neKTpOMarHWUTHOrO

saaumoperictens ten, [] =1 K7 (kynow).

InekTpudeckoe rosie — 310 hopMa MaTepuu, OKpydKatoLasi SNeKTpUYecKMe 3apsiabl
W MEPEMEHHbIE MarHUTHbIE MONS. DMEKTPUYECKOE MOJiE, CO3AAHHOE HEMOABMXKHBLIM
3apsiAoM, Ha3blBaeTCsl SNEKTPOCTaTUYECKUM.

OCHOBHOW CMNOBOM XapaKTEPUCTUKOW 3MEKTPOCTATUYECKOrO MOMs SIBASIETCS ero
HanNPs>KEHHOCTb.

HanpsykeHHOCTbO  3NEKTPUYECKOr0  MOMS, HA3bIBAETCS BEKTOPHasl BeNUYMHA,
YMCNIEHHO paBHasi cune, AEMCTBYIOWEN Ha MOMELUEHHbIM B [AaHHYI TOYKY MOns
€AVMHWYHBIN NOSTOXUTENbHBIN 3apaf:

E=E =1l
Kn

o]

nekTpuyeckue nosisi M306paXatoT C MOMOLUbLIO SIMHWIA HAMPSXKEHHOCTU.

JInHnest Hanps)keHHOCTH (VN CUNOBOW JIMHMEN) SMEKTPUYECKOro MO HasbiBaloT
JIMHMIO, KacaTesibHasi K KOTOPOM B /11060 e€ Touke CoBMafaeT C HanpaBleHWEM BEKTOPa
HanNpsHKEHHOCTU. JIMHWUM  HaNPSXKEHHOCTU 3NEKTPUYECKOrO MOt HaYMHAOTCS  Ha
MOMOXMUTENbHBIX WM 3aKaHUMBAIOTC Ha OTPULUATENbHbIX 3apsigax; HUrae He
nepecekatoTcsl; B 10601 TOUKE MOJISt MIOTHOCTb JIMHWM HANPSXKEHHOCTW paBHa MOAYO
HaMNPSHKEHHOCTU MOJISi B 3TON TOYKE.

)
try

Puc. 1

Ha puc. 1 npuBeaeHbl NpuMepbl M306pPaXKEHWsI 3EKTPUUECKMX MOMEN TOYEUHOro
MonoXuTeNbHOro 3apsaa (puc. 1a) U ToYeuyHoro oTpuuaTenbHoOro 3apsiaa (puc. 16) ¢
MOMOLLIO NIMHUIA HaMPSHKEHHOCTU.
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HanpshkEHHOCTb MONS TOYEYHOro 3apsiaa:

E :LZ
Aregy -1

I

rae ( - 3apsag, cozparowmii none; I' - pacctosHme oT 3apsiaa 10 TOUKM NPOCTPaHCTBa,
B KOTOPOW pacCUMTBIBAETCS HAMPsDKEHHOCTb  3MIEKTpuYeckoro nons; &  —

OTHOCUTENbHAsA ANINEKTPUYECKAA NPOHNLAEMOCTb Cpeabl — BEJIMYMHA, NOKa3blBaloLlas,
BO CKOJIbKO pa3 HanpsHkEHHOCTb 3MEKTPUYECKOro mMonsi B BaKyyMe 6onbLie

2
HanpsH>KEHHOCTW 3TOrO e MoNs B AaHHOMN cpefe, & = %; & = 8,85-10‘12 %
- M
— 3NEeKTpUYECKas MOCTOSHHAS.

TIpUHLMIT CYreposuLmy roJies. eCnn 3neKTPUYECKoe Nosie CO3AAETCS HECKONbKUMM
TOYEYHbIMU 3apsiamMm, TO HAMPSXKEHHOCTb PE3Y/IbTUPYIOLLEro MO PaBHA BEKTOPHOM
CyMMe HanpsbkeHHOCTEN MOJeN, CO3A4aBaeMblX B AaHHOM TOYKE KaXkablM 3apsiioM B
OTAENbHOCTH,

N
E=YE.
i=1

[loTeHuymasn o/ B [AHHOW TOoUKe — cKanspHas husnyeckas BeIMYMHA, YMCIIEHHO
paBHasl MOTEHUMANIbLHON 3HEpruM, KOTOpoil 0611adaeT €AMHUYHBIA TMONOXKUTENbHbI
3apsia B AaHHOMN TOYKe Mons,

o=t [p]=12% 15

q Kn

MoTeHUMan — 3HepreTUYeckas XapakTepucTuka nons.

MoTeHUMan B HEKOTOPOM TOYKe MONsl, CO3AAHHOMO CUCTEMOW 3apsfOB, PaBeH
anrebpanyeckoii CyMMe MOTEHUMANnoB MONel, CO3L4aHHbIX KaXablM 3apsaoM B
OTAENBHOCTH,

N
Q= Z(pi :
i=1
MoTeHUMan nons TOYEHHOro 3apsaa:

q

Areg,r
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YcnoBue 3agaHus
Tpu TOYEYHbIX HENOABMXHbIX 3apsaa, Moaynn KOTOPbIX paBHbl

|q1| :|q2| :|q3| =8,85-107" K1, pacnonoxeHbi B Bakyyme (& =1) Ha oaroii

npsiMoii (puc. 2). Pacctostna AB =BC =10 cu .

q, 4, q;
O O O
A B C

Puc. 2

HaliTu B Touke M, pacnonoxeHHoW Ha npsimont AC cnpaBa OT TOUKU A,

a) HanpaBneHWe 1 MOAy b BEKTOPA HampsXKEHHOCTY PE3Y IbTUPYIOLLErO 3N1EKTPUYECKOrO
nons B Touke M,

6) noTeHUMan pe3ynbTUPYIOLLEro 3NeKTPUYECKOro nossi B Touke M.

Ta6nuua 1. BapuaHTbl 3a1aHUi

Ne | O, | Q, | Qg | AM,cm | N a, q, | 9 | 4AM, 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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MpumMep BbINONHEHUA 3aAaHus 6

12
[1Ba ToueUHbIE HEMOABIKHbIE MONOXMTENbHbIE 3apsida O, =, =8,85-107" Kz

) 5

pacnonoxeHsl B Bakyyme (£=1) Ha

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

@ @—‘ Hal'lpﬂ)KéHHOCTb n noTeHunan

A C

Puc. 3

MoCTOsHHas &, = 8,85-107*

0, =0, =8,85-10 % Kz
AC=8cm=8-10"u
AM =10em=10-10"7m

m pe3yNbTUPYIOLEr0  3/IEKTPUYECKOro  Moss,

CO3AaBaeMOro 3TUMKU 3apadaMu B Touke M,
pacnofioXxeHHol Ha npsamoit AC cnpaBa oOT

Ttoukn A, AM =10cm. 3SnekTpuyeckas

2
Kn
—_—
H-m
Pelwenne
CornacHo NpUHUMNY cynepnosuumm
3NEKTPUYECKMX nonewn, Hanps>XEHHOCTb

pe3ynbTUPYHIOLLErO NOJs B TOUKe M paBHa BEKTOPHOM
CyMMEe  Harnpsbk€HHOCTEM  nofei, Co3daBaeMbiX
KaXXaplM 3apsiAaoM B oTAenbHoCTH (puc. 4):

2 E=E+E,.

£, =885-107% T 1h
R "M B ckanspHoM Buge,
E=? E=E,+E,.
¢="

4q, q, = — -

© Ot

A c M

Puc. 4

Hal'lpﬂ)l(éHHOCTb nong, co3gaBaeMOro TOYEYHbIM 3apsaaoM, onpeaendaeTca no

dopmyne:
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S
Aregy -1

Ons 3apsga (;

E _ ql
1 4 2
ey - AM
Ans 3apspa 0,

E _ q2
2" Amse, -CM?’
0

Buumanmne! F, <E, 1.k 0, =0, 1 AM > CM . 310 nonxkHo 6biTb BUAHO

Ha pUCYHKe.
Hanps»kEHHOCTb pe3ysnbTUPYIOLLEro nons B Touke M

__1 ( 4% . G ]
Aree \ AM*?  CM?

BbluncneHus:

P 1 . 8,85-10‘12+8,85-10‘12 _Zloﬁ
4.314-1.8,85-10™ | 10%.10™ 2%2.107 '

MoTeHuMan pesynbTUPYIOLLEro Mo B TOUKe M paBeH CyMMe MOTEHLMAN0B Monei
sapsnos U; u Q,; 1.k 06a 3apsina nonoxutenbHole,

P=¢t@,.

MoTeHunan nons To4eYHoro 3apsaa:

__ 9

Arse,l

Ans 3apsina Gy,
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¢ = % .
Areey - AM
Ans 3apsga 0,

Areey-CM

MoTeHuunan pesynbTUpytoLwero nons B Touke M,

ot ( % . % J
Aregg\ AM CM

?,

BbluncneHus:

-12 -12
0 1 (8,85 102 8,85-10 }4’83.

= . =+
4.314-1-8,85-10™" | 10-10 2102

H
orger: £ =210—, p=48B.
Kn
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MpunoxeHue 1

[ITY
Nl oA
MUHUCTEPCTBO HAYKHU U BBICILIET'O OBPA3BOBAHUS
POCCHUICKOM ®EJEPALINN
®EJIEPAJIBHOE I'OCYJIAPCTBEHHOE BIO)KETHOE
OBPA3OBATEJBHOE YUPEKJIEHUE BBICIIET'O OBPA3OBAHUS
«IOHCKOM T'OCYJAPCTBEHHBIN TEXHUYECKHW YHUBEPCUTET»
(IT'TY)

QdakynbTeT ABHACTpOEHUE
Kadenpa TexHuyeckas sKCnIyaTanus JIETaTeJIbHBIX anmnaparoB
Y Ha3eMHOT0 000pY/I0BaHUS

KOHTPOJIBHAS PABOTA Nel
Jucoummmaa OU3UKA
Hampasnienne mnoaroroBkn 25.03.01 TexHuueckas JKCIUTYaTaIHsI
JIETATENLHBIX allIapaTOB M ABHUIaTENIEH
[Ipodpune  HUHxkeHepHO-TeXHHUYECKOEe  oOecrneyeHue MOJIETOB
JIeTaTeIbHBIX allllapaToB
Yposenb oOpazoBanus: BO-bakanaspsr

Homep 3a4eTHOM KHUKKH
Howmep BapuanTa
I'pynna: AB3T

OO6yyarommmiics
TTO/IITUCh, N.0. damunus
« » 202 1.
KP nposepuia, noueHt T.C.bennkoBa
«_» 202 .

PocroB-Ha-/lony
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