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IlacnopT ¢oHJA OLIEHOYHBIX CPeJCTB

Tabmmma 1
dopmurpyeMble
Mopynb PMHDY OueHouHbIe MaTepUaslbl
KOMIIETeHLIH Ko/muecTBo
JTACLIUTIUHEI 1 Cpe/iCTBa
W/ UX 9aCTH
Cratyika OIIK-3. Criocoben 3amura PI'P (CobecemoBaHuie) 22
IMMPpUMEHSATL COOTBETCTBYIO- TCk 45
Ul hU3NKo-MaTeMaThyec-
it 3aiqura PI'P (CobecenoBaHuie) 26
KI/IHEMaTI/IKa KHWH arlrapaT, MeTOAbl aHHaA-
W33 ¥ MOJIe/IMPOBaHMUs, TEO- TCK 45
pPeTn4yeCcKoro 1 3KCriepu-
MEHTA/TLHOTO HCC/Ie OBaHIS 3amura PI'P (CobecemoBaHuie) 25
HrHamuKa TIpY peleHHH Podeccro- TC a8
Ha/IbHBIX 3a/a4 K

1 OOEHOYHbBIE MATEPHUAJIbI, HEOBXOJANMBbIE
JJ1 OITEHKY 3HAHUI, YMEHHN 1 HABBIKOB JIEAATE/JIbHOCTU

B ITPOLECCE OCBOEHUHSA JNCIHUILI/INHbI

Tabsuija 2 — dopMUpyeMbie KOMITETEHI[UH

Kog u OueHouHbIe
Koj 1 HauMeHOBaHMe MHVKATOpa JOCTHKEeHHS KOMIIeTeHL[UU
HavMeHOBaHue Marepuarsbl
(4acTy KOMMeTeHL 1K)
KOMIETeHL[UU U CpeficTBa
Moayas 1. CTaTnka
N-1onk-3 IIpumensieT MmaTemMaTueckui anrapar
aHa/TMTUUeCKOW TeOMeTpHH, TMHEeHHOH anrebOpsl, PT'P
I depeHIMaNTbHOTO U MHTerPabHOr0 UCUUCIEHUS (PYHKLIUU
N S VL5 CobecenoBaHue
OITK-3. Criocobey | OAHOH IepeMeHHOM. ,ZU[- ork-3 JJeMoHCTpUpyeT NoHUMaHue
IDVMEHSITE (hr3UUecKUx sIBJIEHUM U yMeeT NPUMEeHSTh (hr3uuecKre
P . | 3aKOHBI MeXaHUKH, MOJIeKY/IIpHOU (DU3UKU, TEPMOJUHAMUKH, TC
COOTBeTCTBYHOIIUI K
37IeKTpUYeCcTBa U MarHeTyrsMa Jiyisl pelleHusl TUIIOBBIX 3a/au
¢usnko- Mogaynab 2. KunemaTuka
MATeMaTHIeCKUH N O-1omk-3 IIpriMeHsIeT MaTeMaTUYeCKUI arapar
arnmnapar, MeTo/bl AHAUTHYeCKOi TeOMEeTpHH, TUHeHHOM anre6psl, PI'P
a”aausa u nvddepeHIMaTbHOTO U UHTErpasbHOTO UCUMC/IeHUsT (PYHKIUN CobecenoBanue
MO/le/TUPOBaHU, ofHo nepemeHHou. W/1-5 onk-3 ZleMOHCTpUpyeT OHUMaHue
TeopeTuuecKoro u CbI/BI/ILIeCKI/IX SIBNIEHUN U YMeeTVHPI/IMeHHTB CbH3quCKHe TC
JKCriepuMeHTatpH | 3AKOHBI MEXaHUKH, MOJIeKY/IAPHOH (hb13UKY, TEpMOJUHAMUKHY, K
oro uccnesoBanust |—21eKTPHUECTBA U MarHeTHsMa J/Isl pellleHHs TUIOBbIX 33434
Mopayasb 3./IuHamMHuKa
TPU peLLeHUH >
HPOBECCHOHAMBHEL N/-1onk-3 [IpyuMeHsieT MaTeMaTUueCKUU aririapaT
p aHa/TMTUYECKOW TeOMeTpHH, TMHEeHHOH anre0Opsl, PT'P
X 3ajaq I depeHIMaTEHOT0 U MHTErpanbHOro Heuncaenns pynknuu | CobecefoBanue
ofiHol mepemeHHOM. M/1-5 onk-3 JleMOHCTpUpPYyeT ITOHUMaH1e
(hr3nUecKUX SIBJIEHUW U yMeeT NPUMEeHSTh (hr3nuecKre
3aKOHbI MeXaHUKHU, MOJIEKY/ISIPHOU (PU3UKH, TEPMOIUHAMUKU, TCk

SJIEKTpHUYeCTBad M MdI'HeTH3Ma [iJId pellieHHd THUIIOBbIX 3da/a4




OueHOUHbIe MaTepUa/ibl U CPe/iCTBA /Il NPOBEPKU
copMHPOBAHHOCTU KOMIIETEHI[UM

Mogpayas 1. CTtaTHKa

Co0ecegoBaHue
Bonpocbl 0151 cobecedosaHus:

1. AKCHOMBI CTaTUKU.

2. Peakuuu cBsizeil.

3. [IIpoekums cuibl Ha OCh.

4. TIlapa cui. MOMeHT mapbl.

5. YpaBHeHMSsI paBHOBeCUS CXOASAIIENCS CUCTEMBI CHJI.

6. YpaBHeHUsI paBHOBECHUS TIJIOCKOM CUCTEMBI CHJL.

7. YpaBHeHUsI paBHOBeCUs TPOCTPAHCTBEHHOW CUCTEMbI Mapaslyie/IbHbIX CHUI.
8. YpaBHeHus1 paBHOBeCHSs TIPOU3BOJILHOW MTPOCTPAHCTBEHHOU CUCTEMBI CHJI.
9. Teopema o Tpex cusax.

10. Pacuet depMmbl.

11. PaBHOBecue cucTeMsbl TeJl.

12. Teopema 0 napa’siieJisHOM IepeHoCe CUJIbI.

13. Teopema BapuHboHa.

14. OcHoBHas TeopeMa CTaTUKHU.

15. Cnyuau npuBefieHUsI TIPOCTPAHCTBEHHOU CUCTEMBI CHJI.

16. LleHTp mapasuiesibHbIX CHUJI.

17. LleHTp TsKeCTH.

18. OkcriepuMeHTasIbHBIE CTIOCOOBI OTIpe/ie/ieHusT TI0/I0KeHUS [IeHTpa TSYKeCTH.
19. MoMeHT CuJ/ibl OTHOCUTE/IbHO TOUKMU.

20. MowmeHT cuibl OTHOCUTEIBHO OCH.

21. TpeHue CKOJIbXKEeHUs.

22. TpeHue KaueHus.

KovmnbrotepHoe TectupoBanue (TCK)
Bblbepume 00uH npasuibHbIll 6APUAHM U HAXCMUME KHONKY «/lanee»

F
A
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CB#A3b B TOUuKe A Ha3bIBaeTcs “ ’é;;t 7%:

LIIapHUPHO-II0/BYDKHAs
+IIapHUPHO-HENOoABW>)KHas
JKecTKas 3ajesKa

r/1afKasi IOBEPXHOCTb




N
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Casa3b B Touke B Ha3biBaercs 7%
+1IapHUPHO-TIO/IBU>KHAS

LIaPHUPHO-HEMOABM>KHAas

JKeCTKas 3aZiesika

ry1afjKasi IOBepXHOCTb

N Vi

Ces3b B Touke B Ha:n,lBaeTcsI?g’} \
HeTO/BWKHBIN LLIAPHUP

+HeBeCOMBIN CTePKeHb

MOBWKHBIN 1LIaPHUP

Ny

=

CBA3b B TOUKe A Ha3bIBaeTcsa 79’ \

+HeNnoIBWKHBIU ILIaDHUD
HEBECOMbIU CTeP>KeHb
MO/IBYKHBIN 11IapHUP

Ll

777777
A .

CBsa3b B TOUKe A Ha3bIBaeTcs
CKOJTb3SI1TIast 3a/le/IKa C 2 CTereHsIMU CBOOO/bI
HETO/BV>KHBIN [LIAPHUD

MOBVKHBIN 1LIaPHUP

+CKOMb3sI1ias 3afiesika ¢ 1 cTemeHb0 CBOOOAbI

L
L
/
A
CBa3b B Touke B Ha3sbpIiBaercsa :

CKOJIb3siI1Iasi 3a/ie/IKa C 2 CTeleHs MU CBOOO/IbI
HeTIO/BV)KHBIN 11IapHUP

+T10JBV>KHBIN 11IapHUP

CKOJIB34IIIIast 3a/1eJIKa C 1 CTereHb0 CBOOO/IbI




= .

Sl
R

CBsa3b B TOUKe A Ha3bIBaeTCA
HUTH

r/1a/iKasi TOBEPXHOCTh

+ CKOJb3sI111ast 3a/leJIKa C 2-Ms1 CTeNeHsIMHA CBOOO/TbI

HeTO/IBV>KHBIN 11IapHUP
: C 7

|
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CBa3b B TouKke B Ha3bIiBaeTcs
+HUTH

r71a/ikast [IOBepXHOCTh
CKOMb3s11]ast 3a/leJIKa C 2-Msl CTelleHsIMH CBOOO/IbI

HETO/BV>KHBIN [IAPDHUD
:; C >

]
)

CBs3b B Touke C Ha3bIBaeTCs
HUTb

+T/laiKas IOBEPXHOCTb
CKOMB3A11]ast 3a/1eJKa C 2-Msl CTeIleHsIMH CBOOObI
HETO/BV>KHBIW LIAPHUD

Peaknus r/1aJKOM MOBEePXHOCTH COCTOUT H3:

JBYX COCTaBJISIOLIMX HAllpaB/IeHUM TI0 OCSIM KOOPAWHAT

CHJIbI, TIEPIIeHIUKY/IIPHOM TOBEPXHOCTH U MOMEHTa

+CHJIbI, HAalTpaBJIEHHOM M0 00IT|el HOpMaJTh K TeJly ¥ TIOBePXHOCTH

A 4 Ba; D
7 R ”ﬂ{ﬂ
CBA3b B TOUKe A Ha3bIBAaeTCsa

HEBECOMbIM CTepP>KeHb
rJ1a/iKasi IOBEPXHOCTh
+>KecTKas 3aje/kKa
HeMO/ABWXKHBIN LLIADHUP




A 4 Ba; D
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CBH3B B TOUKe B Ha3bIBadeTCHa

+HeBeCOMbIM CTepP)KeHb
r/1aZikasi TOBepXHOCTh
)KecTKasi 3ajjenka
HeIOBW)KHBIN 11IapHUP

A 4 B:); D
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CBa3b B Touke D Ha3bIBaeTcs :

HEBECOMbIM CTepP>XeHb
+T1afKast IOBEPXHOCTh
JKeCTKasi 3a/iesika
HEIOBW)XHBIU LIIADHUD

CraTHuKa — 3T0 pa3fie/1 MexaHUKH, B KOTOPOM:

V3y4aeTcsl [ABWKeHHe MaTepUaIbHBIX TeJl B IIPOCTPAHCTBE B 3aBUCHMOCTH OT
JeVICTBYIOLLUX CUJI

M3yyJaeTcs BWKeHe MaTepUasIbHbIX TeJl B IPOCTPAaHCTBE C TeOMeTPUYeCKOr TOUKU
3peHus1, BHe CBS3U C CUJIAMHM, OTPeIe/ISIOIIMMHU 3TO BH)KEHHUE

+U3yuaroTCs MEeTO/[bI TTPe0bpa30BaHUsl CUCTEM B SKBHUBA/IEHTHBIE CHCTEMBI U
yCTaHaB/IMBAKOTCS YCI0BUSI PABHOBECHS CUJI, TIPUJIOJKEHHBIX K TBEPIOMY TeJly

JKBHMBA/IECHTHAaA CUCTeMa — 3TO0:

CUCTeMa CHJI, KoTopasi, OyZiyuu MpUI0KeHHO! K TBEPAOMY Tey, HaXOAsI[eMYCs B
TI0KOe, He BbIBOJUT TeJI0 U3 3TOT0 COCTOSHUS

+cucTeMa CuJ, TIOA, AeMCTBUEM KaXK/I0U U3 KOTOPBIX TBEPZ0e TeJ0 HaXOAUTCS B
OZIJMHAaKOBOM KMHEeMaTUYeCKOM COCTOSIHUHU

CHUCTeMa, TMHUM [eHMCTBUS BCeX CUJI KOTOPOU PaCro/I0’KeHbl B OHOM TIJIOCKOCTH
CUCTEeMA, TMHUM JeWCTBUS BCEX CUJI KOTOPOU PacCIo/IOXKeHbI B POCTPAHCTBE

AKcuoMa paBHOBeCHs ABYX CUJI:

To/1 /leliCTBYeM B3aMHO YpaBHOBEIIIMBAIOIIUXCS CUJT MaTepUasibHasi TouKa (Teso)
HaxXO/IUTCSI B COCTOSTHUM TIOKOS WIH JIBMYKETCS TIPSIMO U1K PaBHOMEPHO

JleliCTBYe CHCTeMbl CUJT Ha TBep/i0oe TeJI0 He U3MEeHUTCS, eC/U K Hell MPUCOoeMHUTh WX
13 Hee UCK/TIOUUTh CUCTEMY B3aUMHO YPaBHOBEIIIMBAIOIIUXCS CHJT

+/IBe CUJIbl, TIPUIOXKEHHbBIE K TBEP/IOMY TeJly, B3aMMHO YPaBHOBEIIIMBAOTCS TOJILKO B TOM
C/lyvae, ec/id UX MO/Iy/Id paBHbI U eC/Id OHU HarpaBJieHbl TI0 OZJHOM TPSIMOii B
TIPOTUBOIIO/IOKHBIE CTOPOHBI

PaBHOZIEUCTBYIOIIAsl IBYX MepeCceKarolMXCsl CUJI MPU/I0KeHa K TOUKe UX MepeceyeHus U
n300pakaeTcst JuaroHasblo rapasiesorpaMmma, MoCTPOeHHOI0 Ha 3TUX CUJIax



PaBHo/jelicTByIOLIas CA/Ia — 3TO:

CW/a, JeUCTBYIOLIAs Ha MaTepya/bHble TOUKH (Tesa) JaHHOU CUCTEMBI CO CTOPOHBI
MaTepHuasbHbIX TOUeK (Tem), He TIPUHaAJIeKaIuX 3TOU CUCTeMe

Mepa MeXaHUUeCKOro B3aMOZeNCTBYS TeJl, OIpe/esistolas UHTEeHCUBHOCTb U
HarpaBJ/ieHHe 3TOr0 B3auMOZ,eUCTBUS

CW/a B3aUMOJeHMCTBUSI MeXK/y MaTeprualTbHbIMUA TOUKAMHU (TeJlaMHi) pacCMaTpUBaeMOU
CUCTEMBI

+Cu/a, SKBMBA/IEHTHAasi HEKOTOPOW CUCTeMe CHUJT

YPaBHEHI/IH PaBHOBeCHA CXOAH]].IEFICH IVIOCKOHM CHCTEeMbI Clji, HMeT BU/:

D X=0,>Y=0,>m=0,>m,=0,>m =0
ZZzO, me:O, Zmy:O
DX=0,>Y=0,>M,=0

+> X=0,>Y=0

Y c10Bue paBHOBeCUs CXOAALMXCA CUJL:

+E:ZF} =0

R=F +F,

R® = RW — R
X y z

YpaBHeHus paBHOBeCHs CXO/AIeNCA MPOCTPAHCTBEHHOM CHCTeMbl CHJ/I, IMEHOT
BH/:

D X=0,>Y=0,>m=0,>m,=0,>m =0
2.Z2=0,%m:=0,%m =0
D X=0,>Y=0,>M,=0
+>X=0,>Y=0,>7=0

YpaBHeHMs1 paBHOBeCHS IPOU3BO/IbHOU MJIOCKOU CHCTEMbI CUJI, IMEIOT BU/:

D X=0,>Y=0,>m=0,>m,=0,>m =0
ZZzO, me:O, Zmy =0
+YX=0,>Y=0,>M,=0

> X=0,>Y=0

Yka3arb nepByr ¢opmMy yc/I0BUsI paBHOBeCHS IVIOCKOH CHCTeMbI CHJL:

DY X=0, YY=0, >Z=0

+> X=0, YY=0, M, =0

YX=0, M, =0, > M,=0

DM, =0, YM,=0, Y Mc=0



CraTuyecku HeomnpeAe/IMMbIMM Ha3bIBAKOT 3a/jlauM, B KOTOPBIX:
MO>KHO HaUTH XOTsI ObI OJJHY HEH3BECTHYIO PeaKI[HI0

+YKMCJI0 HEM3BECTHBIX PeaKIl[MH MpeBbIllaeT YMC/I0 YPaBHEHUN PaBHOBECUS
MO>KHO HalTH BCeé HeU3BeCTHbIe PeaKIuK CBsI3ek

YMCJ/I0 HEM3BECTHBIX PeakKl[Mi MeHbIlle YUC/ia YpaBHEHUN PDaBHOBECUS

ITapbl cu, Jie)kallue B 0/JHOM IJI0CKOCTH, SKBUBa/IeHTHbBI, €C/IM UX MOMEHTbI:
YHC/IEHHO PaBHbI

+UKHC/IeHHO PaBHbI ¥ OJIMHAKOBBI T10 3HAKY

O/INHAKOBBHI 110 3HAKY

OCHOBHOU XapaKTepHCTUKOM NMapbl CUJI, MEPOH ee MeXaHUUeCKOro AerlcTBs,
SIBJ/ISIETCA ee:

TJIOCKOCTh J|eCTBUS

PaBHOZEHCTBYHOIIIAs

+MOMEHT

MoOMEHT maphl CHJI, SKBUBA/IEHTHOM JaHHOM CHCTeMe Map CU/I B POCTPAHCTRE,
paBeH:

M =M +M,+.+M,

M=>M,

> M, =0

% 3 F
}3,1
A

Y

o

X
Onpeae/IMTL MOMEHT CH/IbI OTHOCHTE/IbHO Havaa KoopauHat O ¥ X,
ec/IM cujla 3ajaHa nmpoekyusamu [ = Fy =210 H v u3BeCTHBI KOOPAMHATHI TOUKH

npuacKeHus cubl X, =y, =01 m:
+0
21
21



K BepiinHe A KBa/IpaTHOM I/IaCTUHBI B » AJIAHBI CTOPOH KOTOPOM
paBHbI 0,2 M, ipuiokeHa cuia =150 A . OnpegeuTh MOMEHT 3TOH CHJIbI

OTHOCHUTE/IbHO TOUKH B.
+m, (F)=-F- 4B-cos(45’ )= —2121 H -

B

m (F)=F-AB-cos(45°)=2121 H - u
m (F)==F.4B=-30 H - n

Rl

eoney

Cuna F' =420 H , npunoxeHHasi B Touke A O X, JIEXKUT B IIJIOCKOCTH
Oxy . Onipefe/IMTH MOMEHT CHJ/IbI OTHOCUTENbHO TOUYKH O, ec/iM KOOpAUHATHI

x,=02m,y, =03 mnyron a=30".

+mO(F):F-cosa-yA+F-sina-xA =151H - m
mO(F)z—F-cosa-yA—F-sina‘xA =—151H -m

mO(F):—F-sina-yA —F-cosa-x, =-1357H m

OmnpeaeiuTh rJ1aBHbIM BEKTOP IJIOCKOW CHCTeMbI CIJI, €C/TA 3a/iaHbl ero MpoeKul
Ha KoopjuHaTHble ocu R =300 H , Ry =400 H :

+500
300
400

Ha apky AB peiicTByeT napa cui (171, 171/) ucuna F
OmnpepesuTb CyMMY MX MOMEHTOB OTHOCUTE/IBHO TOYKH A, ec/ii cuibl =4 H
F =2 H,papuyc r =2 m,nnedo CD=1,5u:

10



-8
-3
11
M, M
u) ) )
B 0/{HO¥i IUIOCKOCTH PacIio/I0KeHbI TPH Maphbl CHJI . OnpejenTh

MOMEHT Napbl CuI M, , TP KOTOPOM 3Ta CHCTeMa HaX0AUTCA B PABHOBECHH, eC/IH
momeHTbl M =510H -m, M, =120 H - m
+390

510
120

A A

I

i

K BepmmHam KBajpaTa I I3 MPUIOXKEeHbI YeThIpe CHIIbI
F=F,=F, =F,=1H.OnpefenuTs MOAy/b PaBHOAEHCTBYIOLIeH 3TOl CHCTeMBbI
CHJIL.

+2

0

4

Ha 6pyc BC, 3akpenieHHbIi B apHupe A A C » AeMCTBYHOT

BepTHKa/lbHbIe cUubl F =4 kH u F,. Onpepenuts cuny F, B KH, Heo0xoqumyro

AJIS1 TOTO, YTOOBI OPYC B MO/I0)KEHHH PAaBHOBECHS ObL/I TOPU30HTA/ILHBIM, €C/TH
paccrossaus AC=2m, AB=6m.

+12

24

32

11



q

. TRRREEY l.
A C RAB
Ha ogHopoaHyio 6anky AB / 7 , Bec Kotopou G =20«H ,

AeliCTBYeT paciipe/je/leHHasi Harpy3Ka HHTeHCMBHOCTBIO ¢ = 0,5 kH / m. OnipejeTuTh
B KH peakijuio onopsi A, ec/ii Aqiulbl AB=6 v, AC = BC.

+R, =(G-BC+q-BC*/2)/ AB=10,4 H
R,=(G-BC+q-BC/2)/ AB=10,13H
R,=(G-BC+q-BC)/AB=1025H

M, M,
N Vd
AN
Ha 6anky, A/iuHa KOTopoi / =3 u , AGUCTBYeT mapa CuJ C
MomeHTaMu M =2 xH -m m M =8 kH - m. Onipepenutsb B KH MoAy/1b peaknyu
onopsl B.
+2
3,33
0
8
M, M,
N \\ I/ |
KoHconbHast 6anka / \ Harpy’keHa napaMu CHji C MOMeHTaMH
M =1790 H-m m M, =2135 H-m.OnpejeuTbs MOMEHT B 3a/ie/IKe.
—345
1790
2135
+345

IIpeaenbHYI0 CUTy TPEHHMSI MOXKHO ONIpeAe/uTh 1o opmy.ie:
F=mg

+Fmp :fcmN
F=Rsina

12



2
Kakum i0/DKeH 0bITh HAUMeHbIIHNI BeC Tejia 2 , AJISl TOTO
yT00bI Tes10 1 Becom 200H Haua/i0 CKOJ/Ib3UTH M0 FOPHU30HTA/IBHOM IJIOCKOCTH, €C/TH
K03¢PunueHT TpeHus cKoJibxeHusa [ =0,27?
+40
100
200

Touka Te/1a, uepe3 KOTOPYI0 MPOXOJUT JINHUA [IeMCTBUA PaBHOJeUCTBYOLIEH CIJT
TSDKECTH, AeMCTBYIOIIUX HA YaCTHIbI JAHHOTO Te/Ia, MPHU JII000M I10/I0)KeHHH Te/la B
NMPOCTPAHCTBE, HA3bIBAeTCA LEHTPOM:

+TSDKEeCTU

Macc

VMHepL1U

yAapa

Onpeje/uTb B CM KOOPAUHATY X, LieHTPa THKeCTH MPSAMO/IMHEHOI0 0/JHOPOHOI0
cTep)xHa AB, ey 3ajaHbI KOOpAUHATHI TOUeK AuB: x, = 10cm, x; =40cm.
+25

50
10
40
Vi
A
L
Onpeje/MTb B CM KOOPAMHATY ). LleHTPaA TSKeCTH KpOHIITeiiHa 5 D x,

COCTOSAIIEro U3 OAHOPOJAHBIX cTep)kHer AB=0,2m, BD=0,Im u DE =0,06 m,
HMEKIMX 0JUHAKOBBIH JIMHeMHbBIN Bec.

+6,06

0,0606

4,33

7,27
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/ | .
a=3 ;
OnpepenuTs KOOPAMHATY X, LieHTPa TsHKeCTH g O/IHOPOAHOU
IJIaCTHUHBbI:
-1
+1
0
¥, CM
A mA mB B
O £ x, cm
OnpepenuTsb B CM KOOPAMHATY ). L|eHTpa TSKeCTH KBajpara o my

U3 HeBeCOMBIX CTep)KHeH ¢ rpy3aMH Maccou m , = 2ke, m, = 3k, m, = Ixe,
m, =4xe,ecmm AO=0FE =30cm.

10

40

28
+15

14



Tabmna 3 — Kpurepuu oneHKH ¢(h)opMHUPOBAHHOCTH KOMITeTeHI[UM

Kputepuu orieHrBanusi cOpMHUPOBaHHOCTU KOMIIETEHLIUU

Kog n
(4acTH KOMITeTEeHIUH)
HavMeHOBaHUe
Ha 0a30BOM ypOBHe Ha TOBBIIIIEHHOM YPOBHE
WHAMKaTOpa
COOTBETCTBYET
JIOCTYKeHUS COOTBETCTBYET OLIeHKe COOTBETCTBYET OlLleHKe
OLIEHKE «XOPOIIIO»
KOMITeTEeHITUH «yI0BJIETBOPUTE/ILHO» 65-859% «OT/IMYHO»
- (0]
(uactn 50-64% ot 86-100% oT MakCMMa/IbLHOTO
OT MaKCUMaJIbHOTO
KOMITETEHITUH ) MaKCHMa/IbHOTro Oasia Gana
basa
U-1omk-3 CrygeHT Ha 6a30BOM CrtyzeHT no CTyeHT NpUHUMaeT
HPI/IMEHHET YPOBHE TMPHUMEHSIeT CyIlleCTBY OTBeUdeT dKTUBHO€ y4aCTHeE B X0[e
MaTeMaTHUecKiii | MaTeMaTHYeCKuii Ha MoCTaB/eHHbIe TIpOBe/IeHUs IPAaKTUUeCKOT0
anmapar anmapar BOTIPOCHI pelliaeT 3aHSITUSI, TIPABUJILHO
AHATHTHAECKOH AHATHTIHAECKOR 3a/lau T10 CTaTHKe OTBeuaeT Ha MOCTaB/IeHHbIe
. . | 6e3omubok, HO BOTIPOCKI, OBICTPO U
reomerpuy, TEOMETPHH, IMHEUHON | 1onyckaer rPaMOTHO pellaeT 3aja4yy 1o
JIMHeNHOM anreOpsl, | anreGpel, HETOYHOCTH B pacueTy Ha IPOYHOCTb MpU
AuddeperLpansHor | AU depeHMaTbHOIO U | onpe/ie/leHu1 CTaTUUeCKOM Harpy’XeHHH, B
0 Y UHTErpajibHOTO | UHTerpaabHOro peakI[uii orop Ipu TOM UHCJie U 00BEMHBIE
HUCUUCTIeHUsT HUCUUC/IeHUS] QYHKIUH 00BEMHOM 3a7jauu, 00/1a/1a€T BEICOKUM
beHK]—U/H/I O,E[HOI\/JI O,Z[HOI\;I HEPEMeHHOﬁ, Harpy>keHuu, YPOBHEM MaTeéMaTHUYeCKUX

nepemeHHou. U/1-5
OIlK-3
LemMoHcTpupyet
MOHUMaHUe
(busmyeckux
SIBJIEHUN U YMeeT
MIPUMEHSTh
¢bu3nuecKre 3aKOHbI
MeXaHHUKH,
MOJIEKY/ISIPHON
UKy,
TepPMOAVNHAMUKH,
3/1IeKTpUYeCcTBa 1
MarHeTusma Jjist
pellieHusI TUTIOBBIX
3a/1a4 B 00/1aCTH
ripodeccuoHaIbHOU
JlesITe/TIbHOCTU

JIEMOHCTpUpYeT
TOHUMaHUe
(busrueckux siB/ieHUN 1
yMeHUe MPUMeHSITh
(bu3ryeckre 3aKOHbBI
MeXaHUKH,
MOJIeKY/IIpHOM (DH3UKH,
TepPMOJMHAMUKH,
3/IeKTPUUECTBA U
MarHeTusma Jijis
pelLleHUsT TUTIOBBIX
3a7iau; MOXKeT Ha
6a30BOM ypOBHE
BBITIOJTHSITH PacyeThl Ha
TIPOYHOCTB TIPOCTBIX
KOHCTPYKLIMH ITpH
CTaTUYeCKUX Harpy3Kax

BBITTOJTHSIET pacyueThl
Ha MPOYHOCTh
MPOCTHIX
KOHCTPYKLIUY TIpA
CTaTUYeCKUx
Harpy3skax;
TIpUMeHsieT
MaTeMaThuyeCKUi
arrapar
aHa/IUTHYEeCKOU
reoMeTpuH,
JIMHENHOM anrebpbl,
nviddepeHianbHOT
0 ¥ UHTeTpaJIbHOTO
HCUUC/IeHUS
GbyHKUMY 0JHOM
riepeMeHHOH,
JIleMOHCTpUpYeT
MOHUMaHUe
busrmyecKkux
sIBJIEHUI U YyMeHUe
TIPUMEHSITh
¢bu3nuecKre 3aKOHbI
MeXaHUKH,
MOJIEKYISIPHOM
¢bu3uKy,
TepPMOAVNHAMUKH,
3/IeKTPUYECTBa U
MarHeTu3sMa Jijist
pellieHus: TUTIOBbIX

3a7iau

3HaHUM TIPU pellleHry 3a/iay,
3HaeT BU/bl CTaTUUECKUX
Harpy3oK | THUIIbl CXeM
Harpy>keHusi, TpebOBaHMS K
CcXeMaM, 3HaeT YC/I0BHbIE
rpaduueckre o603HaueHusI
CBSI3el 1 X peaklui B
cxeMax, 00/1a7iaeT HaBbIKaMU
COCTaB/IeHUs] ypaBHEHUM
PaBHOBECHS1, YBEPEHHO
COCTaB/IsSieT ypaBHEHUs
MOMEHTOB /i1 00BEMHOTO
Harpy>keHusi, BbIOTHSET
pacueThl Ha MPOYHOCTh
MIPOCTBIX KOHCTPYKLIMI MPH
CTaTUYeCKUX Harpyskax;
yBEPEHHO MpPHMeHsIeT
MareMaThuUeCKuM amnmapar
aHA/IMTUYEeCKOU reOMeTpUH,
JIUHENHOM anreOphbl,
nvddepeHIMaNbHOTO U
VHTErpaabHOr0 UCUUCIeHUS
GbyHKUMY 0JHOM
riepeMeHHOH,
JIeMOHCTPUPYET MOJHOe
TOHMMaHHe (Hr3UYeCcKUX
SIBJIEHUN ¥ YMeHue
MIPUMEHSTh (PU3NUecKUe
3aKOHBI MeXaHUKH,
MOJIEKYJIIPHOM (PH3UKH,
TepPMO/IJMHAMUKH,
3/1eKTpUYecTBa 1
MarHeTvsma Jijisi pelieHus
TUMOBBIX 337124
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Mopayas 2. KunemaTtuka
CoOecejoBaHue

Bonpocbl 015 cobecedogaHus:
BekTopHbIi criocob 3a/jaHusT ABWKEHHSI.
KoopauHaTHbIM cr1ocob 3a7jaHusi IBYKEHUS.
EcTecTBeHHBIN CIT0Co0 3a/IaHUS IBYKEHUS.
EcrecTBeHHbIe OCU KOOPAUHAT.
CKOpOCTb TIpU BeKTOPHOM CTiocobe 3a/IaHust ABVKEHMUS.
CKOpOCTb TIpU KOOP/IMHATHOM CITOCO0e 3a/jaHusl JBMKEHUSI.
CKOpOCTb TIpU eCTeCTBEHHOM Croco0e 3a/laHust IBHKEeHUSI.
YckopeHue TIpy BEKTOPHOM CTIoco0e 3a/laHust IBKEeHHSI.
. YCKopeHHe TIpU KOOpAWHATHOM CTI0c0o0e 3a/1aHusl ABW>KEHUSI.
10 Y cKopeHHe IIpyU eCTeCTBEHHOM CITocobe 3a/1aHus IBYDKEHMS.
11.YacTHble cilyyau ABUKEHUSI TOUKU.
12.3aK0H paBHONIEPEMEHHOTI'O ABUKeHUSI TOUKHU.
13.I1ocTtynaTesibHOe [ABMKeHUE TBEPAOro TeJa.
14.BpaijaresnibHOe [JBWXKeHWe TBepAOro Teja. YTJOBasgs CKOPOCTb U YIJIOBOE
yCKOpeHHe.
15.CkopocCTh nipu BpaljaTebHOM ABKeHUu. dopmMyia Susiepa.
16.YckopeHue 11py BpalllaTe/IbHOM [IBHKEHUH.
17.3aK0OH paBHOINEPEMEHHOI'0 Bpall[eHUs.
18.I1y10cKormapasiienbHoe ABUKeHKe TBepAOro Tesa.
19.Teopema 0 C/IO)KEHUM CKOPOCTed TpPU TUIOCKOIAapayielbHOM —JBVKEHUH
TBepZ0ro TeJa.
20.ITnan ckopocren.
21.MrHoBeHHbIM 1IeHTp ckopocTteit (M.LI.C.).
22.Teopema 0O CJIOXKEHWW YCKOPEHWM TIpU IUJIOCKOIApa/Ie/lbHOM [IBUYKEHUU
TBep/JOro TeJa.
23.T1naH yCKOpeHUH.
24.MrHoBeHHbIM 1]eHTp yckopeHul (M.LI.Y.).
25.Cdepuueckoe ABH)KeHUe TBEPZAOro Tea.
26.CKOpOCTb TOUKU U YT7I0Basi CKOPOCTb TeJia IpU C(hepruuecKoM JBM>KEHUU.

LONOThWNE=

KomnbrotepHoe TectupoBanue (TCk)

Bblibepume 00uH npasuibHbIll 6APUAHM U HAXCMUME KHONKY «/lanee»
3aK0H paBHONEPEeMEeHHOr0 KPMBO/IUHEMHOT0 ABH)KEHUS:

+S=8 +Vitar/2

S=7rt

S = Asin(kt + )

S=S,+Vitar /2
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BeKTOpHbIN cri0co0 3afiaHusl ABI)KEHHUA TOYKH 3aK/TH0YaeTCs B 3a[JaHUH:
+BeKTOP-QYHKLUU 7 = 7(¢)

TpeX KOOp/IMHAT KakK (hyHKIIU BpeMeHU

TPaeKTOPUH, Hayasa OTCUYeTa, M0JI0KUTeIbHOTO HalpaB/ieHusl; 0TCYeTa U 3aKOHa
JBYDKEHUSI

EcTecTBeHHbBIH C110c00 3a/JaHUA JBIKEHNsI TOUKH 3aK/II0UAeTCsl B 3a/laHUM:
BEKTOP-PYHKLIUM 7 = 7(¢)
TpPeX KOOp/IMHAT KakK (DyHKIIU BpeMeHU

+TpaeKTOpHH, Haua/la OTCUeTa, MOJIOKUTEe/IbHOI'O HallpaB/IeHUsI OTCUYeTa ¥ 3aKOHa
JABH)KeHMA

KoopuHaTHbI# criocod 3ailaHus BI)KeHUs] TOUKHU 3aK/TI0UaeTcs B 3aiaHUU:
BeKTOp-(QyHKIMU 7 = 7 (1)
+KOOpAMWHAT KaK (PYHKLU BpeMeH!

TPAa€KTOPHH, HaUdJ/Id OTCUETAa, ITOJI0>KHUTE/IbHOI'O HAlIPpaBJ/I€eHHA OTCUETd XU 3dKOHA
ABVOKeHHA

Boi0paThb ¢opMyJ1y /I HAX0XK/[€HUA KacaTe/IbHOr0 YCKOpPeHMs.

V2

P

Boi0paTh hopMyty AJisi HAX0XKAEHUSA HOPMAJILHOT'0 YCKOP€eHHsI.
2
v
Yol
dr?
dv
dt
Vd_¢
dt

JIBIJKeHUe TOUKHM ONMCHIBAeTCS YPABHEHUSAMHU: X = 2sin(3t)+1 ; V= 3cos(31‘)— 1.
TpaekTopueu TOUKH AB/ISIETCA:
ripsimast

napaboJsia

+3J1IUIIC

runepbosa

17



JIBI>KeHHe TOUKH ONMMChIBAaeTCsl ypaBHeHusaMH: x = 2sin’(3¢)+1; y=3cos’(3r)-1.

TpaeKkTopuel TOUKH SAB/IAETCA:
+rpsiMast

napaboJia

SJITATIC

runepbosa

JIBIOKeHHe TOUKH ONHMChIBAaeTCsA ypaBHeHUsAMH: x =2/ +1; y=3t> —1. TpaekTopuei
TOUKH SIBJISIETCA:

ripsiMast

+mapabosa

JITUATIC

runepbosa

JIBH)KeHMe TOYKH Ha3bIBAeTCA PaBHOMEPHBIM, eC/II:
& = const

w = const

+v =const

a = const

,Z[BH)KEHI/IE TOYKH HA3bIBAETCHA PABHOIIEePEMEHHBIM, eC/IN:

& = const
w = const
Vv = const

+ a = const

JIBMOKeHHe TOUKH Ha3bIBaeTCsA PaBHOYCKOPEHHbIM, eC/Ii:
v=const, v,/a_<0

a =const, v./a <0
T 0 T
v=const, v /a_>0

+a =const, v./a >0
T 0 T

JIBHOKeHHe TOUKH Ha3bIBaeTCsl paBHO3aMe/j/IeHHbIM, eC/IU:
v=const, v,/a_<0

+a =const, v./a <0
T 0 T

v=const, v,/a_>0

JInHMSA, KOTOPYIO ONUCHIBAET TOYKA MPU CBOEM [IBI)KeHUH, Ha3bIBAeTCS:
TPOMIEHHBIM PACCTOSTHUEM

+TpaeKTopren

JJTUHOM IyTH

18



KPUBOM

3a/jaHbl ypaBHEeHHS IBI)KeHHs TOUKH x =3¢, y =t°., Onpeje/JuTh PacCTOSHHE OT
TOYKH /|0 Haua/ia KOOPAMHAT B MOMEHT BpemMeHH ! =2 ¢ (c TouHocThI0 A0 0,01).
+7,21

24

9,3

6,22

JTaHO ypaBHeHHe JBIDKeHHsI TOUKH X = sin(77). Onpee/uTh CKOPOCTH TOUKH B

O/mKalIIMi Moc/ie Hayasia ABIKEeHHs MOMEHT BpeMeHH !, KOrAa KOOpAuHaTa
x=05m.

+V = 7rcos(7r/6)= 2,72 m/c
V =cos(7/6)=0,866 m/c
V= 7rcos(7z/3): 1,57 m/c

LV, M/C
6
/|
I
3
/
rd
0 - .
JaHn rpaduk ckopocTtu 4 8 2Lcy=f (t) NPAMOJ/IMHENHOI' 0 IBHKEeHUA
TOukH. Onpee/UTh yCKOPeHHe TOUKH B MOMEHT BpeMeHH ¢ =12 ¢ (C TOUHOCTBIO /10
0,1).
+0,5
1
1,5
Va, m/c?
0,6
0,4
0,2
(o3 0 -
Touka gBKeTcs mo npsiMou. [lan rpaduk yckopeHus 2 4 6 L

a=f (t) . OnpepeIMTL CKOPOCTH TOYKH B MOMEHT BpeMeHH [ =6 ¢, ecmmnpu ¢ =0,
v,=0.

+v=0,5t+v, =3 m/c

v=0,5t=3m/c

v=0,25¢* +v,=9m/c
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Touka ABHXeTCs Mo KpUBOii co ckopoctbio s = 0,5/ . OnpegenuTs eé KoopaUHATY B
MoMeHT BpemeHH ¢ =10 ¢, ecin ipu /; KoopguHaTa TOYkH s,=0.

+25
5
50

Jlanbl HoOpMaibHOe a =2,5 m/ ¢’ M KacaTeIbHOe a =15m/ ¢’ yCKOpeHHsi TOUKH.

OnpejemuTb MOJIHOE YCKOPeHHUe TOUKH.
+2,92

4

2

5

JIBIOKeHHe TBEP/I0ro Te/ia, IPH KOTOPOM JIi00asi mpsAMasi, CBI3aHHAA C ’THM TeJI0oM,
nepeMelaeTrcs, 0CTaBasACh Mapa/uvie/;ibHOM CBOeMy Ha4ya/IbHOMY HanpaBJ/IeHHIO,
Ha3bIBaeTCHA:

chepruecKuMm

IJIOCKOIapa/iyie/IbHbIM

BpaljaTe/bHbIM

+ IMOCTyIMaTe/IbHbIM

BblﬁpaTb (l)OpMYJIy AJIA HAXO0XKAECHUA YN C/I0BOIr'0 3HAYEHUA YI/IOBOI'0 YCKOPEHHUA
TE/d B I[aHHin/'l MOMEHT BPpEMEHMH:

dr?

EuHMIIed H3MepeHUs YI/I0BOr0 YCKOPeHUs ABJISIeTCS:
pao/c

+ pao/c’

pao

Mmlc

JIBIOKeHHe TBEP/I0r0 Te/la BOKPYT HeMOABH)KHOH 0CH, IPH KOTOPOM KaKue-Iu00 2
TOUYKH, MPUHA//Ie)Kaljie TeJTy, 0CTAalOTCA B TeUeHHe BCero BpeMeHH /IBI)KeHHSA
HeIo/IB)KHBIMH, Ha3bIBAeTCs:

chepuuecKuMm

TIJIOCKOTIapasiie/TbHbIM

20



+ BpallaTe/bHbIM
IIOCTyIaTe/JIbHbIM

Epunuia usmepeHus yrjioBod CKOPOCTH:
+ pao/c

pao/c’

pao

mle

Bpainenue Tes1a Ha3bIBaeTCsl paBHOMEPHBIM, eC/IM:
& = const

+w = const

Vv = const

a = const

Bpainenue Tej1a Ha3bIBaeTCs paBHONIepeMeHHbIM, eC/IU:
+ & = const

w = const

Vv = const

a = const

BpaiueHue Te/ia Ha3bIBAeTCHA PAaBHOYCKOPEHHbBIM, eC/IH:
+e&=const,e/w>0

w=const,s/w<0
g=const,e/w<0
w=const,e/w>0

BpaineHue Tesia Ha3bIBaeTCsl paBHO3aMe/|/IeHHbIM, eCJ/Id:
g=const,e/w>0

w=const,ce/w<0
+e&=const,e/w<0
w=const,&e/w>0

Yr/i0Basi CKOpOCTh Te/la U3MepPAeTCs B:
+ c71

672

mlc

2
Mm/c

YrioBoe yckopeHue Tejia usmMmepsieTcs B:
-1
C

+c_2
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m/c
m/c?

YacroTa BpailieHHs Te/ia H3MePAeTCs B:
ao/c

-1
C

+ 06/ mun
00 .

Yro/1 moBopoTa Tejia H3MEPSeTCs B:
06

pao

epaoycax

+ pao,epadycax

YrioBasi CKOPOCTb MaXx0BHKa U3MEHAETCSI COr/IACHO 3aKOHY @ = 7Z'(6t —1’ )
OmnpepenuTs Bpems ¢ >0 0CTaHOBKH Max0BHKa.

+6

0

5

Teno BpamaeTcss BOKPYT HeNoABKHOM 0CH COTJIACHO 3aKOHY ¢ = ¢ . Onpee/uTh
CKOPOCTH TOUKH Te/la Ha paccTosaHuM » = 0,5 » 0T ocu BpaljeHusi B MOMEHT
BpeMeHH, KOr/Ja yroji noBopora ¢ =25 pao.

+5

12,5

50

i

-

-

L

TBep/oe Tes10 BpalaeTcsa BOKPYr HenmoABWKHOU ocu OO0,
10 3aKOHY ¢ =40-7¢ (¢ — B pajuaHax, t — B ceKyHAax). B npomMe)xxyToK BpeMeHH OT
t=0 po ¢ =1c Teno Bpamjaercs:

PaBHOYCKOpPEHHO

YCKOpPeHHO

+ paBHOMEepHO

paBHO3aMe[|/IEHHO

3aMe/lJIeHHO
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wy

Tesno paguyca R =10 cv Bpamaercsa BoKpyr ocu OX » 110 3aKOHY

@ =40+2t> (¢ - B paguaHax, t — B ceKyHAax). CKOpocTh TOUKH A mpH ¢ =2 ¢ 0yjer
paBHa:

32cm/c

30cm/c

+80 cm/c

60 cm/c

MIIC - 3To0:

MoOu/IbHBIN [IEHTP CBSI3U
+MrHOBEeHHBIN LIEHTP CKOPOCTer
MomeHTanbHas 1lleHTpa/ibHasi CKOPOCTh
MrHoBeHHast [IeHTPOOe>KHAasi CKOPOCTh

JIBH)KeHHe TBep/Aoro Tejia, IpU KOTOPOM BCe ero TOUKH mnepeMerarTcs
napa/uie/ibHO HeKOTOpPoi (PUKCUPOBAHHOM MJIOCKOCTH, Ha3bIBAETCA:
cheprueckum

+I17I0CKOIapasiie/IbHbIM

BpalljaTe/jbHbIM

II0CTYyIaTe/IbHbIM

Tqua, YCKOpeHUe KOTOpOﬁ B I[aHHbIﬁ MOMEHT BPpEME€HH PABHO 0, HdA3bIBAETCHA:
MIIC

+MITY

MTC

HIIC

Touka, CKOPOCTh KOTOPOH B JaHHBIN MOMEHT BpeMeHH paBHa (), Ha3bIBaeTcs:
+MLC

MLy

MTC

HIC

Teopema 0 C/10)KeHUM YCKOPeHHMH NPHU IVIOCKOM /IBH)KeHHH UMeeT BU/|:

=a_ +a +a
omu Kop

nep

Q|

=V +v

nep omH

<I
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+a  +a
nep H Kop
vV=v +vVv
nep ommu
- _ = —n T
p=a,+ay, tag,

.0’ 511

Onpepe/mmTh YyIJIOBYI CKOPOCTH Ko0JIeca 7, €CJIM TOUKa A uMeet
ckopoctb v, =10 m/c, paguyc koneca » =0,2 u (c Tounocrbio fo 0,1):

+w=v, /1,5r =333 pad/c
w=v,/0,5- =100 pad/c
w=v /r=50pad/c
w=v,0,5r=1pad/c

Juck paauyca R =50 cv KaTuTcs o miockoctd. OnpefesiuTh pacCToOsIHIE B
MeTpax 0T re0MeTPUUYeCcKOro HeHTpa AUCKA 0 MTHOBEHHOI0 [IeHTPa CKOPOCTeu.
+0,5

1

50

100

Tabuia 4 — Kpurepuu onjeHKH ¢()OpMHPOBAHHOCTH KOMITETeHI[UM

Kog u KpuTepuu otieHrBaHus COOPMUPOBAHHOCTH KOMIIeTeHI[UN
HavMeHOBaHue (4acTy KOMIETeHLMH)
VHAMKaTOpa Ha 0a30BOM YpOBHe Ha MOBBIIIIEHHOM YPOBHE
JOCTHKeHUs COOTBETCTBYET OLIEHKE | COOTBETCTBYET OLIEHKE COOTBETCTBYET OLIEHKE
KOMITeTeHLIUU «yI0BJIETBOPUTE/ILHO» «XOPOLIO» «OT/IMYHO»
(vacTu 50-64% ot 65-85% ot 86-100% ot
KOMITeTEHLUH) MaKCUMa/IbHOr0 Oasnia MaKCUMa/IbHOr0 Oasnia MaKCHUMa/IbHOro 0asia
NO-1omnk-3 CTyzeHT BrasieeT CTyzieHT MO CyLLeCTBY CTyeHT NpUHUMaeT
[MpumeHsieT MaTepHrasioM To TeMe, OTBeyYaeT Ha aKTUBHOE y4yaCTHe B XOJe
MaTemMaTUueCcKud | HO JI0MyCKaeT M0CTaBJ/IeHHbIE BOMPOCHI, | MPOBEEHHUS
arrapar HETOYHOCTHU MpHU peliiaeT 3aiauu 1Mo MPAKTUYeCKOT0 3aHSTHS,
aHa/IUTUYEeCKOU BbIOOpE MaTeprasoB, cratuke 6e3 olIMOOK, HO | TIPaBU/ILHO OTBEUaeT Ha
reOMeTpHH, COCTaBJIEHUM U aHa/IM3€e | IOMyCKaeT HETOUHOCTH | MOCTaB/AeHHbIe BOMPOCHI,
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JIMHENHOM anrebphl,
nvddepeHiaIbHOT
0 Y UHTerpajibHOTO
WCUMCTIeHUs
(byHKIUU OJTHOU
nepemeHHou. U/1-5
OIIK-3
LemMoHcTpupyet
MOHUMaHUe
busrmyecKkux
SIBJIEHUN U YMeeT
TIPUMEHSITh
¢bu3nuecKre 3aKOHbI
MeXaHUKH,
MOJIEKY/ISIPHON
UKy,
TepPMOAVNHAMUKH,
3/1IeKTpUYeCTBa U
MarHeTu3sMa Jijis
pelleHus1 TUTIOBBIX
3a/1au B 00/1aCTH
ripoeccroHaNbHOM
JesITeTbHOCTH

PaCUueTHBIX CXeM,
VICTIBITHIBAET
3aTpy/JHeHUs TPy
nvddepeHIIMPOBaHUU
yPaBHEHUH JBHKEHUS
TOUKH, BJajieeT
HaBbIKaMU BBITIOJTHEHUST
pacueToB Ha MPOYHOCTh
MPOCTBIX KOHCTPYKLUM
C yUeToM
KUHeMaTUueCcKrux
XapaKTepUCTUK; Ha
6a30BOM ypOBHe
MIpUMeHsIeT
MaTeMaTHhuyeCKUil
amnmapar
aHaJINTUYEeCKOU
reoMeTpyH, TMHeHHON
anreoOpel,
nuddepeHIMaNIbHOTO U
VHTErpajbHOro
vcurceHus GyHKLWN
O/IHOM TiepeMeHHOH,
JIeMOHCTPUpPYeT
MOHUMaHHe
(bur3UUecKUx sIBJIEHUN U
yMeHHe MMPUMEHSITh
(hr3uueckrie 3aKOHbI
MeXaHHUKH,
MOJIEKY/ISIPHOM (PU3UKU,
TePMOJVHAMUKH,
3/1eKTPUUECTBa U
MarHeTvsma Jijis
pellieHUs] TUTIOBBIX
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npu
nvddepeHIIMPOBaHUM
yPaBHEHUH JIBHYKEeHUS
TOUKH, [TPaBU/IbHO
BBINOJIHSIET pacueThl Ha
MIPOYHOCTb MIPOCTHIX
KOHCTPYKLIUM C YYeTOM
KHHeMaTH4YeCKUX
XapaKTepUCTHK;
NIpUMeHseT
MaTeMaTU4eCKUn
anrapar aHa/IMTUYeCKOu
reoMeTpyH, TMHEeHNHON
anreodpol,

g depeHMaTbLHOTO U
VHTerpaabHOro
VCUMC/IeHUs1 PYHKLMU
OJJHOU ITepeMeHHOH,
JleMOHCTpUpYeT
TOHMMaHHe (Hr3UYeCcKrX
sIBJIEHUW U YyMeHUe
NIPUMEHSTH (pr3nueckue
3aKOHbI MeXaHUKH,
MOJIEKYJISIPHOM (PH3UKH,
TepMO/JUHAMUKH,
3/1IeKTpUYeCTBa U
MarHeTusMa Jijis
pelLleHts] TUTIOBBIX
3aja4

OBbICTPO ¥ TPAMOTHO
pellaeT 3aauu Mo
oripe/ie/IeHUI0
KUHEeMaTHYeCKHUX
XapaKTepUCTUK, B TOM
YyKC/ie IPU CII0)KHOM
JIBIDKEHUH, 00/1a/jaet
BBICOKUM YDPOBHEM
MaTeMaTU4eCKUX 3HaHUMN
TIpU pellleHny 3a/ay,
BBINOJIHSIET pacueThl Ha
MPOYHOCTb TIPOCTHIX
KOHCTPYKLIUM C YYeTOM
KUHEeMaTUUYeCKHUX
XapaKTepUCTHK;
yBEPEHHO NpPHMeHsIeT
MaTeMaTU4eCKUN
amnrnapaT aHaJIMTUUeCKOu
reoMeTpyu, TMHeHHOM
anreoOpel,
nvddepeHIMaNbHOTO U
VHTErpaabHOro
YCUYUC/IeHus1 QyHKLUU
OJJHOU ITepeMeHHOH,
JIeMOHCTPUPYET MOJHOe
TOHMMaHHe (Hr3UYeCcKrX
SIB/IEHUN U YMeHue
NIPUMEHSTH (pr3nueckue
3aKOHBbI MeXaHUKH,
MOJIEKYJIIPHOM (pr3UKH,
TepPMOJAWHAMUKH,
3/1IeKTpUYeCTBa U
MarHetusma Jjis
pelLleHts] TUTIOBBIX 3a7iau

Mopayas 3. luHaMuUKa

CoOecejoBaHue

Bonpocbi 015 cobecedosaHusi:
1. 3akons! I'amunes-HeroToHa. OCHOBHOE ypaBHeHVe JUHAMUKU.

2. uddepeHianbHbIe

VHepLaJIbHOW CUCTeMe OTCYeTa.
3. OuddepeHiiranbHble ypaBHEHUS [IBUKEeHHSI MaTepUa/IbHOM TOUKH B MPOEKLUSIX
Ha eCTeCTBEeHHbIe OCU KOODJUHAT.
4. JlBe OCHOBHBIE 33/laud JVHAMUKA MaTepPUaJIbHOU TOUKH.

5. IlpsamonvHeHbIe

KOJ1IeOaHus

KosebaHuii. Knaccudukarust cut.

ypaBHEHUsI

MaTepuaabHOU

ABYDKEHUA
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MaTepraJbHOU

TOuKru. (OCHOBHEIE

TOUKHU
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6. uddepeHirasbHoe ypaBHeHHEe TIPSIMOJMHENHBIX KojebaHWi MaTepraabHOU
TOUKU. AMIUIUTY/Ia, IePUOJ, YacToTa U (a3a KoneGaHMii. Pe3oHaHC.

7. OuddepeHuyanbHble  ypaBHeHUs  ABWKEHUSI  MaTepyualbHOM  TOUKU B
HerHepLaabHOU chcTeMe oTcyerta. [lepeHOCHast 1 KOPUOIMCOBA CUJIbI UHEPLIUU.

8. MexaHuueckass cucrema. Macca cucrtembl. LleHTp MacC cucTtemMbl U €ro
KOODZMVHATHI.

9. MoMmeHT WHepLMM TBepJOro Tejla OTHOCUTE/BHO IJIOCKOCTH, OCU U TIOJIFOCA.
Paauyc nnepuum.

10.Teopema 0 [ABW>XEHHUH L|eHTPa MacC MeXaHUYeCKOW CUCTeMbl. 3aKOH COXpaHeHUsI
LleHTpa Macc.

11.Ko/iueCcTBO JBW)KEHHUSI TOUKH M CUCTEMBL. TeopeMbl 00 W3MeHeHUH KOTMUecTBa
JIBIDKEHUSI TOUKA U MeXaHUYeCKOW CUCTEMBI.

12.Teopema 00 HW3MeHEHWM KHHETUUECKOTO MOMEHTa MeXaHHWYeCKOW CHCTEeMbI
(OTHOCHTENIBHO LIeHTPa, OCH, LIeHTPa Macc).

13.KuHeTnueckui MOMEHT BpAILlAlOLerocsi TBEPJOro Tejla OTHOCUTETBbHO OCH
BpauleHusi. [uddepeHiiyanibHoe ypaBHeHWe BpallleHWsi TBepPAOro Teja BOKPYT
HEMNo/IBU)KHOU OCH.

14.OnemenTtapHasi pabotra cwibl. PaboTa CH/bl TS)KECTH, CHJIbI YIPYTOCTH, CHUJIBI
TsroTeHusi. PaboTa cua, TIPWIOXKEHHBIX K TBepAOMY Teqy, BpalaloIeMyCs BOKPYT
HEMNo/IBU)KHOU OCH.

15.Bbluric/ieHrie KUHETUYECKOW SHEepryuy TBEP/Oro Tea B Pa3IMUHbIX CAydasixX ero
JIBIDKEHUSI.

16.Teopema 00 wW3MeHEHWM KWHETUUYECKOM SHEPrUM MaTepHaTbHOM TOUKU U
MeXaHUUeCKOW CHUCTEMBI.

17.T1oTeHuManbHAas SHEPrusi. 3aKOH COXPaHEeHUs] MeXaHUUeCKOW SHEPTUU.

18.Uncsio crereneli cBoboabl. Knnaccudukaiyst cBsizeii. Bo3mMosKHbIe TIepeMeljeHus
CUCTEMBI.

19.I1pyHLMNI BO3MOJKHBIX NiepeMeljeHri. [IpyHLMI BO3MOKHBIX MOLLJHOCTEM.

20.IMpunuun /lanambepa A/ MaTepHalbHOM TOUKM W MEXaHUUeCKOW CHUCTEMBI.
['1aBHBIN BEKTOP Y I'JIaBHbIM MOMEHT CHJI MHEPLIUU.

21.006111ee ypaBHeHHe JUHAMUKH. M ieanbHble CBsA3U. BupTyanbHas pabora.

22.0600111eHHbIe KOOPIMHATHI, 000011[eHHbIE CKOPOCTH, UMCJ/IO CTeTieHel CBOOO/IbI.
O600I111eHHBIE CUJIBI.

23.¥YpaeHenue Jlarpanka 2-ro pojia. O60011jeHHbIe CHITHI.

24 KvHeTUYeCKUM TOTeHUWan. YpaBHeHue Jlarpawxka 2-ro poaa  Ajst
KOHCEPBaTHBHOU CUCTEMBI.

25.Y CTOMUUBOCTh PaBHOBECHSI TBEPZIOTO Tejla U MeXaHUYeCKOW CUCTeMbl. Teopema
Jlarpanxa-/upuxie.

KovnbrorepHoe TectupoBaHue (TCK)

Bblbepume 00uH NpaguabHbIll 6APUAHM U HAXCMUMeE KHONKY «/lanee»
Touka Maccoi /7 = 2 k2 JBUrAeTCA Mo IVIaJKO¥ ropu30HTA/ILHOM MOBEePXHOCTH MO/,

AelicTBUEM cuibl [ = 6 H 0e3 Haua/IbHOW CKOPOCTH. Y CKOpeHHEe TOUKH PaBHO:
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2 m/c?
+3 m/c?
4 m/c?

-Sm/c?

Touka Maccoit /7 = 2 k2 JBUTAeTCs Mo I/IaJKOH rOPU30HTa/IbHON MOBEPXHOCTH MO/
AericTBHeM cuibl [/ = 6 H 6e3 Haua/ibHOM CKOpocTH. CKOPOCTh TOUKH Uepe3 TPH
CeKyH/IbI 10C/Ie HauaJia JBWKeHus1 OyJeT paBHa:

4 m/c

7 Mm/c

S5 Mm/c

+9 M/c

Touka Maccoii 7 = 2 K2 JBUTAETCs MO IJ/IaJKOH TOPHU30HTA/IbHON MOBEPXHOCTH MO/
AelicrBueM cuibl [/ = 6 H 6e3 Haua/ibHOM CKOpocTH. [TyTh, MpoiiieHHbIH TOYKOH
3a 3 c Oyaer paBeH:

I9m

10,5 m

12 m

+13,5m

Touka Maccoit 7 = 2 k2 JBUTaeTcs N0 IJIa/JKO¥ rOPU30HTA/TbHON MOBEPXHOCTH MO/
AeicTBUeM cuibl [ =6 H 0e3 HauanbHOU CKOpocTH. I1yTh, NpoiAeHHBIH TOYKOI,

KOrI/Ia ee CKOPOCTh A0CTUTHeT 6 M/c, OyieT paBeH:
3M

4m

oM

+6M

Touka Maccoit /7 = 2 k2 JBUTaeTCs Mo I/IaJKOH rOpPU30HTa/IbHON MOBEPXHOCTH MO/
AeiicTBUEM cuibl ' = 6 H 0e3 Haua/IbHOM CKOpPocTH. B MOMeHT, Korjja Touka

npoiiieT 24 M, ee CKOpPOCTh Oy/eT paBHa:
10 m/c

+12 m/c

15 m/c

18 m/c

Touka Maccoit /7 = 2 k2 JBUTaeTCs Mo I/IaJKOH rOPU30HTa/IbHON MOBEPXHOCTH MO/
AelicTBHeM cuibl [ = 6 H 6e3 Haua/ibHOM CKOpocTH. CKOPOCTh TOUKH JOCTHTHET 9

M/C, 3a Bpems:
1lc
2c¢C
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+3C
4

Touka Maccoit /7 = 2 k2 JBUTAeTCs Mo MIePOX0BATON rOPU30HTA/THLHOM MOBEPXHOCTH
¢ Ko3(punuenrom Tperus f/ = 0,4 co ckopocrbio 10 M/c. YckopeHne cB060HOT0

2
najeHus — g NpPUHATHL paBHbIM 10 1/ c”. Bpems, 3a KoTOpoe TOYKa 0CTAaHOBUTCH,

PaBHO:
2C
+2,5¢C
3c
3,5¢C

Touka Maccoii 7 = 2 k2 JBUTAeTcs 10 IePOX0BaTOH rOPHU30HTA/IHLHOM MOBEPXHOCTH
c ko3 punuenTom Tperuss f = 0,4 co ckopocTbio 10 M/c. YcKopeHHe CBOOO0/JHOTO

2
Ma/ieHusA — ¢ MPHHATH paBHbIM 10 M/ c”. YcKopeHHe TOUKH paBHO:

4 m/c?
—3m/c?
3m/c?

+—4 m/c?

Touka Maccoit 7 = 2 k2 JBUraeTcs N0 IJIa/JK0i rOPpU30HTA/ILHON TOBEPXHOCTH IO/
pericrBueM cuibl [ = 4¢ H 0e3 Ha4a/IbHOW CKOPOCTH. Y CKOpPeHHe TOYKH B MOMEHT
BpPeMEeHH ! = 2 ¢ paBHO:

1m/c?

2 m/c?
3m/c?

4m/c’
Touka Maccoii 7 = 2 K2 JBUTAETCs MO IJ/IaJKOH TOPHU30HTa/IbHON MOBEPXHOCTH MO/
AelicrBueM cunbl [ = 4¢ H 0e3 Haua/ibHOM cKopocTH. CKOpPOCTh TOUKH uepes3 3 ¢

MoC/Ie Havasia ABIKeHHs Oy/ieT paBHa:
6 Mm/C

7,5 M/C

+9 m/c

10,5 m/c

Touka Macco#t 7 = 2 k2 JBUTaeTcs N0 IJIa/JKO rOPU30HTA/TbHON NMOBEPXHOCTH MO/
peiictBueM cuibl I =4t H 6e3 HauanbHOU CKOpPOCTH. ITyTh, NpPOH e HHbIH TOUKO

3a 3 ¢, OyjeT paBeH:
+9Mm
10,5m
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12 M
13,5m

Touka Maccoii 7 = 2 Ke JBUTaeTcs Mo I/IafKOH ropu30HTA/IbHOW MOBEPXHOCTH MO/
AelicrBueM cunbl [ = 4t H 6e3 Haua/ibHOU CKOPOCcTH. CKOPOCTH TOUKH JOCTHUTHET

9 M/c 3a Bpems, paBHOe:
lc

2c

+3 ¢

4c

9 2
Haiitu pa3mepHocTh Ko3(dunuenra o ,ecmm I =alV” ,rpae: F —cuna, V' —

CKOPOCTb.
H-c

HaiiTu pa3mepHocThb Ko dunuenta o, ecm F =al ,rpe: F —cuna, V —

CKOPOCTb.
H-c
+

M
2
-C

s

o
(@]
[

(3]

Tz
o

2
M

Touka Maccoii 7 = 4 k2 IBUTaeTcsA M0 roPpU30HTA/ILHOM MPAMOM C yCKOPEeHHEeM

a = 0,37 . OnpejeTMTH MOAY/Ib CHJIBI, AeHCTBYIOIIIeH HAa TOYKY B HAallpaBJ/IEHUH eé

ABIDKEHHMS B MOMEHT BpeMeHH ! = 3 ¢ (c TouHocthio o 0,1).
+3,6

-7,2

-12

-4
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OmnpepesiuTb MOAY/Ib PABHO/IeHCTBYIOLIEH CII, IeMCTBYIOLIUX HA MaTepHa/TbHYI0
TOUKY Maccoi 7 =3 K2 B MOMEHT BpeMeHH ! = 6 ¢, eC/IM OHA ABIKETCA 1Mo ocu Ox

coracHo ypaBHenmio x = 0,047,
+R=mx=m-0,24t =432 H
R=mx=m-0]12¢> =12,96 H
R=mx=m-0]12t> =2592 H

ST
)

30°

MarepuanbHas Touka Maccoii m =5 ke O m

X NBHDKETCHA MOJ,
peiicteuem et F, =3 H u F, =10 H . OnpepieTNTh NPOEKIHI0 YCKOPEHUS TOUYKH

Ha ochb Ox.
+a_=(-F +F,c0s30°)/m =113 u/c?

a_=(-F +F,sin30°)/m =04 u/c’
a = (F1+Fz)/m =2,6 m/c’
a_ = (—F1+F2)/m =1,4 m/c?
yﬂ
O M F - .
MarepuasibHas TOYKA Maccou m 4x_‘ X 1BrKeTcs mo

ropM30HTA/IbHOU ocH OX MOoJ AeliCTBHEeM CUIbI [ = 2m(x + 1). OmnpepeuThb
yCKOpeHHe TOUKH B MOMEHT BpeMeHH, Korja eé koopaunata x = 0,5 .
+3

0,5

2

1

OCHOBHOM 3aKOH JMHAMHUKH TOUKH:
- - E

ma,. =2 F

maomH = ZF/{

+ma =2F

- _ - Tu Tu

maomn - sz+Fnep + Fxop
.o 2

YpaBHeHHe, ONKCLIBaKOINee ABMKeHHe TOUKH, uMeeT BujA: X+ 4k x =0, Touka

CcoBepIIIaeT:

+CcBOOOHEIE KOIe0aHs

3aTyxaroliye KojebaHus

arepHoJUUECKOe IBIDKEHHE
BLIHY KZIeHHbIe K0J/ie0aHUsI C yUeTOM COTIPOTHB/IEHUSI CPe/ibl
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BLIHY KZIeHHbIe Ko/ieOaHUsi 0e3 yueTa COMPOTHB/IEHUS Cpe/ibl

e . 2
YpaBHeHHe, ONUChIBaIOILee JBIKeHHe TOUKH, uMeeT Buf: X +2nx+k"x=0, n<k.

Touka coBepuiaer:

cBOOOIHBIE KOTeOaHMS

+3aTyxatoliye KojebaHus

ariepuoiueckoe JBIKeHUe

BBIHY>K/[eHHbIe KOjie0aHusi C yueTOM COTIPOTUBJIEHUS CPe/ibl
BBIHY>K/[eHHbIe KoJiebaHusi 6e3 yueTa COMPOTHB/IEHUsI CPeJibl

. )
YpaBHeHHe, onuchbIBaloIee [BIKeHHe TOUKH, UMeeT BUA: X +2nXx+k“x=0, n=k.

Touka coBepuiaer:

cBOOO/IHBIE KOTeOaHUS

3aTyxaroIue KosebaHus

+Tepruoiuueckoe BIKeHre

BBIHY>K/[eHHbIe KOjie0aHusi C yueToOM COTIPOTUBJIEHUS CPe/ibI
BBIHY K/[eHHbIe KojiebaHusi 6e3 yueTa COTPOTHUB/IEHHUs CPe/ibl

y )
YpaBHeHHe, onUchbIBaloLee JBIKeHHe TOUKH, uMeeT BU: X +2nx+k“x=0, n>k.

Touka coBepuiaer:

cBOOOIHBIE KOTeOaHUS

3aTyxarolue KoiebaHus

+anepuoauueckoe NBU)KEHUE

BLIHY KZIeHHbIe K0J/ie0aHHsI C yUeTOM COTIPOTHB/IEHUSI CPe/ibl
BBIHY>K/[eHHbIe KojiebaHusi 6e3 yueTa COMPOTHUB/IEHUs CPeJibl

. 2 .
YpaBHeHue, onuchIBaOIIee BIKeHHe TOUKH, uMeeT BU: X +k“x = Hq sin wt.

Touka coBepuiaer:

cBOOOIHBIE KOTeOaHMS

3aTyxarolue KoiebaHus

arepyuo/inuecKoe JIBIKeHue

BBIHY K/[eHHbIe KOjie0aHusi C yueToOM COTIPOTUBJIEHUST CPe/ibl
+BBIHY>KJeHHbIe Kosie0aHust 6e3 yueTa COTIPOTUBI/IEHUS CPe/IbI

.. . 2 .
YpaBHeHHe, oNUChIBaIOIee BIKeHHe TOUKH, UMeeT BUy: X +2nx + k'x=H o SInawt.

Touka coBepuiaet:

cBOOOIHBIE KOTeOaHMS

3aTyxarolue KojebaHus

ariepruoIuecKoe JBIKEeHHEe

+BBIHY>KJIeHHbIe Kojie0aHHsI C yUeTOM COTIPOTUBJIEHHSI CPe/IbI
BBIHY>K/[eHHbIe KojiebaHus 6e3 yueTa COMPOTHUB/IEHUs CPe/ibl
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Touka Maccoii 7 = 2 K2 mo/jBelieHa K NpyxuHe ¢ xectkocrbio ¢ = 800 H / m.,
KpyroBasi yacrora cBo00AHBIX KosiebaHuii (k) paBHa:

+20 ¢!

40 ¢!

100 ¢

200 ¢

Touka Maccoii 7 =2 k2 mojBelleHa K MPY)XHHe C KecTKocTbio ¢ =800 H / m.

ITepuoj Ko/1e0aHUI TOUKH PaBeH:
0,02 c

0,04m c

+: 0,1t c

0,2 c

0,4 c

Ilepuop Ko/iedaHUM TOYKH Maccoi 7 = | k2, mo/jBelIeHHOM K NPY)KUHE, paBeH 0,21

C, TOIr'/ja )KeCTKOCTh IPY)XUHbI paBHA:
50 H/m

+: 100 H/™m

200 H/m

400 H/m

800 H/m

CBo000/jHbIe K0/Ie0aHUA TOYKH ONHCHIBAIOTCA YPaBHEHHEM:
+: X+k*x=0

¥ 2nmi+ k=0

X+ kZx= Hysinwt

_;5c'+2n5c+k2x:H0 sin @t

CBo0opHbBIe K0/1e0aHUs TOYKH C Y4eTOM COMPOTUB/IEHUA CPeAbl ONHCHIBAIOTCH
ypPaBHeHHEM:

X+k*x=0
FE+2ni+kx=0
X+k’x=H_ sinwt
X+2nx+k’x=H sinwt

BbIHY)K/IeHHbIe KO/Ie0aHHs TOUKH C YUeTOM CONMPOTHB/IEHNs CPe/ibl ONUCHIBAIOTCS
yPaBHEHUEM:

X+k*x=0
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X+2nx+k*x=0
)'c'+k2x=H0 sin wt

+5c'+2n5c+k2x:H0 sin wt

BbIHY)K/IeHHbIe Kosle0aHus TOUKH 0e3 yuera CONpOTUB/IeHUS CPe/bl ONUCHIBAIOTCA
yPaBHEHUEeM:

¥+k*x=0
)'c'+2nx+k2x:0
+)'c'+k2x=H0 sin wt

5c'+2n5c+k2x=H0 sin wt

¢, =200H /m, c, =200 H/m, c, =100 H/ m.¥KecTKOCTb — ¢, I)KBUBAJIEHTHOI'0

C o

<3
yIpPyroro 3jiemMeHTa paBHa:
50 H/m
+80 H/m
120 H/m
500 H/m

¢, =200H /m, c,=200H/m, c, =100 H/ m.KecTKOCTb IKBHBAIEHTHOTO

Cl

¢2 3

yIIpyroro 3jieMeHTa paBHa:
50 H/m

80 H/m

+120 H/™m

500 H/m

Tqua, NMoABEII€HHAA Hd IIPY)>KUHE B Haya/IbHbIM MOMEHT BPpeéME€HH, HAXO0/IUTCH B
IIOKoOe. AMl'IJII/ITy,E[a ee Kosie0aHui omnpepeaerca:

+Haua/IbHbIM CMellleHueM TOUYKU OT TT0JI0’KeHUs] pAaBHOBECUST
MaCCOM TOUYKU

JKeCTKOCTBHO ITIPY>KWHbI
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MacCOM TOUKU U JKeCTKOCTBIO MPY>KUHbI
Haua/IbHbIM CMeIlleHUeM, MaCCOM TOUYKHU U YKeCTKOCTBIO MPY>KUHBI

Ilepuop Ko/ie0aHUM TOYKH, MOABEIIEHHOW Ha MPY)KWHE, ONPe/e/IAeTCs:
Hauya/IbHbIMU YCJIOBUSMU

MacCoU TOUKH

JKeCTKOCTBIO MPY>KHUHBI

+ MacCou TOYKH U JKECTKOCTBIO MPY>KUHbI

Hauya/IbHbIMU YCJIOBUSIMHM, MaCCOM TOUKH U YK€CTKOCTBIO MPY>KUHBI

YacroTa Ko/1e0aHHUI TOUKH, O/ JBEILIEHHON HA NMPY)XUHE, ONpeAe/IsIeTCs:
Hauya/IbHbIMU YCJIOBUSIMH

MacCoU TOYKH

)KeCTKOCTBIO MPY>KUHbI

+MacCCOM TOUKU U >KECTKOCTBIO TIPY>KUHBI

Hauya/IbHbIMU YC/IOBUSIMHM, MaCCOM TOUKHU U YK€CTKOCTbIO MPY>KUHBI

I'eomeTprueckas Touka C, KOOpAMHATHI KOTOPOU omnpe/ensoTcs popmyiamMu

1

1 1
X, =—Xmx, y.=—>my, z, =—22m,z, , HA3bIBAeTCHA LIeHTPOM:
C M k™ k C M kv k C M k™ k

+MacCc MexXaHUYeCKO CUCTeMbI
TSDKECTH TBEPZOro Tesa
VHEepPIUU

yAapa

TeopeMa 0 ABM)KeHUM LIEHTPA MAcC CUCTeMbI:
- —E

+ma, = >F L

ma =ka

OMmMH

o
Teno maccor m = 2 Kr ABMDKETCS 110 FOPU30HTa/ILHBIM

HaNpPaBJ/IAIOIKUM COT/IAaCHO 3aKOHY s = 2¢° +1. Onmpee/IuTh MO/y/Ib [JIABHOT'0
BeKTOpa BHELIHUX CHJI, AeHCTBYIOLIUX Ha TeJI0.

+8

10

6

4
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MexaHuuecKasi CMCTeMa ABW)KeTCA TaK, YTO IPOEKIIMH YCKOPEHHS ee IeHTPa Macc
A |

0
N 5%

C Ha 0CHM KOOpAMHAT x/ PaBHbI ac, =3 u/c?, ag, =2m/c?,

ac, =3 m/c? . OnpegeuTbL MOAY/Ib IJIABHOT0 BeKTOPa BHEIHUX CHJI, AeHCTBYIOIMX

Ha CUCTeMy, eC/IM Macca cucreMbl m =10 Kr.
+40

60

80

100

Ec/imm m — macca Tena, C — 1jeHTp Mace, /' — CKOpoCTb TOUKH, TO m) ¢ - 3TO:
KWHeTHYeCKUH MOMEHT TBepP/IOro Tejla OTHOCHUTE/IbHO OCH

+KOJINUeCTBO [IBW>KeHHsI TBeP/IOro TeJla

MOMEHT CUJ/1 UHEePLIUM TBepZoro Tesa

KWHeTHYeCKasi SHeprusi TBepioro Tejia Mpy BpalljaTe/lbHOM [BHKEeHUU

OpHopoaHBIM ANCK pajguyca R u maccbl m KaTHUTCA 10
ropM30HTA/ILHOM IJIOCKOCTH, UMesl B TOUKe C CKOPOCTh /' U yCKOpeHHe a.
Ko/sinuecTBO ABW)KEHUA JMCKA PAaBHO:
mV
2
+mlV
mV
3
2mV

Pa3MepHOCTH Ko/IHuecTBa ABIKeHHs. TeopemMa 00 u3MeHeHHH KO/IMUeCTBA
ABIDKeHUA (J/1A MaTepHa/IbHOM TOYKH U MeXaHHUeCKOU CUCTeMbl):
KT - M

2
C
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KI'-M
+

Pa3sMepHOCTb UMITY/IbCA CUJIBL:

KI' - M
2
C
KI - M2
2
C
KT - M2
3
C
KI' - M
+
C
M WV,
vy ® »
H
Ha pl/ICYHKe MU IMMOKd3dHbI HAYA/IbHOE€ U KOHEUYHO€ IT0/I0)KeHHUS TOUKH

maccoit m =2 ke, mpudrom V, =5m/c, V, =10 m/c . Ipoekuust Ha ocb X

HMITyJ/IbCa CWIbI, IeMICTBYHOIIleH Ha TOYKY, 3@ pacCMaTpPpUBaeMbli MPOMEXYTOK
BpeMeHH (¢ TouHocThI0 Ao 0,1) paBHa:

S5 H-c
7,3 H-c
+10 H-c
8,66 H:-c
I,
Vu v]_
a
Ha pucynke 40* NM0Ka3aHbl HAYa/IbHOE U KOHEeYHOe I10/I0)KeHHA TOUKH

maccoit m =2 ke, mpudrom V, =5 m/cc, ¥V, =10 m/c . lIpoekyus Ha ocb x

HMITyJ/IbCa CWIbI, eMCTBYHOIIleN Ha TOYKY, 3@ pacCMaTpPpUBaeMbli MPOMEXYTOK
BpeMeHH (¢ TouHocThI0 Ao 0,1) paBHa:

+5 H-c

7,3 H-c

10 H-c

8,66 H-c
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V)
I"."IU Vﬂ II"'IIl
Ha pucynke #—— M0Ka3aHbl HaYa/IbHOEe U KOHEYHOe M0/I0KeHUA TOUYKHU

maccoit m =2 ke ,mpudrom V, =5 m/c, V, =10 m/c . Ipoekuus Ha ocb X

HMITyJ/IbCa CWIbI, IeHICTBYHOIIIeH Ha TOYKY, 32 pacCMaTpUBaeMbIi MPOMEXYTOK
BpeMeHH (¢ TouHocTb0 A0 0,1) paBHa:

7,3 H-c

+30 H-c

-10H-c

8,66 H-c

My V1

W
*E n®
Ha pucynke o M0Ka3aHbl HAYA/IHbHOE U KOHEYHOE I0JI0)KEeHUs TOUKH
maccoit m =2 ke, mpudrom V, =5m/c,V, =10 m/c . IIpoekuust Ha ocb Y

HMITyJ/IbCa CWIbI, IMICTBYHOIIleM Ha TOYKY, 32 pacCMaTpPpUBaeMbIi MPOMEXYTOK
BpeMeHH (c TouHocThI0 Ao 0,1) paBHa:

5H-c
7,3 H-c
+10 H-c
8,66 H-c
Ml-—h

WV, Vi

o el
Ha pucyHke My MOKAa3aHbI HAYa/ILHOE ¥ KOHEUYHOe M0J/I0KeHUA TOUKHU

maccoit m =2 ke, mpudrom V, =5 m/c, V, =10 m/c . Ipoekuust Ha ocb Y

HMITyJ/IbCa CWIbI, eMCTBYHOIIleM Ha TOYKY, 3@ pacCMaTpPpUBaeMbIi MPOMEXYTOK
BpeMeHH (c TouHocThI0 Ao 0,1) paBHa:

+5 H-c

7,3 H-c

10 H-c

11,34 H-c

III-"Il Vl
Y, E—
—
Ha pucynke Mg NOKa3dHbI HAYa/IbHOEe U KOHeUHOoe IT0/I0)KeHUA TOUYKH

maccoit m =2 ke ,mpudrom V, =5 m/c, V, =10 m/c . Ipoekuus Ha ocb y

HMITyJ/IbCa CWIbI, IeMCTBYHOIIleM Ha TOYKY, 3@ pacCMaTpPpUBaeMbIi MPOMEXYTOK
BpeMeHH (c TouHocThI0 Ao 0,1) paBHa:
7,3 H-c
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+0 H-c

10 H-c
8,66 H:-c
I,
Vu V]_
i
Ha pucynke 40" NO0Ka3aHbI HAUa/IbHOE U KOHEeYHOe I10/I0)KeHHA TOUKH

maccoit m =2 ke ,mpudtom V, =5 m/c, V, =10 m/c.Ipoekuus Ha ocb y

HMITyJ/IbCa CWIbI, eMICTBYHOIIleH Ha TOYKY, 32 pacCMaTpPpUBaeMbIi MPOMEXYTOK
BpeMeHH (¢ TouHocTh0 A0 0,1) paBHa:

11,34 H:-c
7,3 H-c
10 H-c
+-28,66 H-c
*'ITI
I'I.I'Iu Vu III-"Il
Ha pucynke #—» M0Ka3aHbl HaUa/IbHOEe U KOHEeYHOe M0/I0KeHH TOUYKHU

maccoit m =2 ke, mpudrom V, =5 m/c, V, =10 m/c . Ipoekuust Ha och Y

HMITyJ/IbCa CWIbI, IeMICTBYHOIIleM Ha TOYKY, 3@ pacCMaTpPpUBaeMblil MPOMEXYTOK
BpeMeHH (¢ TouHocThI0 Ao 0,1) paBHa:

7,3 H-c

+0 H-c

10 H-c

8,66 H-c

YpaBuenue mV; —mVy =Y S; SIBASETCHA TeopeMoii 00 H3MeHeHHUH:

MOMEHTa KOJ/IMYeCTBd ABW>XEeHHA TOUKH
+KoJ/ImuecTBa JBKeHHS TOUKU
KHHETHUUeCKOU SHEPIruv TOUYKH

— = . _
YpaBHenue Q0 -0, = ZSk SIB/IAETCS TeopeMoil 00 H3MeHeHHH:

MOMEHTAd KOJ/JIMUeCTBd ABM)KeHHA CHUCTeMbI
+KOoJ/IMuecTBa JB>KEeHHSI CUCTEeMbI
KHHETHUUeCKOU SHEPIrvu CUCTEMBI

Mopay/ib MOMeHTa KO/TMUECTBA ABI)KEHHUSI TOUKHM C MAaCcCoOH 7 = 2 K2 , IBUTAIOLeHCs

I
: Qﬁﬂ‘:‘

O 5 age
co ckopocteio V' =10 m/c orHocuTebHO LeHTpa O 'i YV, paBen
(OM=5 m):

20 k2 - m/c?
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50 ke-m/c?
+100 x2- m/c?

200 ke - m/c?

Mopay/1b MOMEHTa KO/IN4eCTBa JBHKeHHsA TOUKH C Maccoi 7 = 2 ke , {BUralomeics
M & T
O 4n HE) T
V — 10 / ‘IIIIIIIIIIIIIII,
CO CKOPOCTBI0 M/ ¢ oTHOCUTE/IbHO HleHTpa O
TOYHOCTHIO 710 0,1):

398 k- m/c?

12xe-m/c?

v paBeH (c

52 ke-m/c*
+99.8 ke - m/c?

Mopay/ib MOMeHTa KO/THUECTBA ABH)KeHHUsSI TOUKHM C MacCoOH M = 2 K2 , IBUTAIOLeHCs

30% 4m

co ckopoctbio V' =10 m/ c oTHOCHTE/IBHO eHTpa O v
TOYHOCTHIO 710 0,1):
39,8 ke-m/c?

12xe-m/c?

Am

L
-

, paBeH (c

+92 ke - m/c?
99.8 ke - m/c?

<|
<

MartepuanbHas Touka M maccout m =1 k2 ABVDKETCSI paBHOMEPHO 10
OKPY)KHOCTH CO CKOPOCTBIO V =4 1/ c . Onipee/luTh MOMEHT KO/IHUeCTBa
ABIDKEHUS TOUKHM OTHOCHTeNbHO 1jeHTpa C okpyxHocTu paguyca » = 0,5 m.

+2

1

0

0,6
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OpHopoaHbIM ANCK paguyca R u Macchl m - KQTUTCA 110

rOPU30HTA/TLHOM TUIOCKOCTH, UMesi B Touke C CKOpPOCTh /' M yCKOpeHue d .

Kunernueckuii MOMEHT JHUCKA OTHOCUTE/IBHO 0CH, HEpHEHﬂHKyanHOﬁ IJIOCKOCTH

AUCKA U MPOX0/sAllied uepe3 ero LeHTP, PaBeH:
mRV

2
3mRV

4
mRV

4
mRV

dK,

YpaBHeHue =>m (FkE) SIBJISIETCA TeopeMoil 00 U3MeHeHHUH:

+IJIaBHOI'O MOMEHTa KOJ/IM4YeCTBa ABWKEHUS CUCTEMBI
KOJ/INUeCTBAa BIKeHHA CUCTeMbI
KHHeTUUYeCKOU SHEePruu CUCTeMbI

4

Touka Maccoi m = 2 ke “wmmseemi  IBMTAETCHA B OJHOPOJHOM I10JI€ CHJI

TAXKeCTH, g ~ 10 v/ c’ . PaGoTa cu/bl TSKECTH Ha nepememienun M M, paBHa:
+-60 Ix

80 Ix

100 Ik

140

I3m
B

4
Touka Maccoi m = 2 ke swsemsese=f  ABHMTaeTCs B OAHOPO/JHOM I10/I€ CHJI

TAXKeCTH, g ~ 10 m/c’ . PaGoTa cu/bl TSHKECTH Ha nepememienuu M M, paBHa:
80 Ix

100

140 T

+60 [Tk
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Iy

Touka Maccoi m =2 ke ABHUIraeTCs B 0{HOPO/HOM I10/1€ CUJI

TAXKECTH, g ~ 10 m/c’. PaboTa cu/IbI TSUKeCTH Ha nepemewienun M M, paBHa:
+60 Ix

50 Ik

140 Tx

60 [Ix

My

Touka Maccor m =2 ke ABUTAETCs B OJHOPO/HOM I10J1e CHJI

THAXKECTH, g ~ 10 m/c’. PaboTa cu/IbI TSHKECTH (C TOYHOCTHIO 70 0,1) Ha
nepemeiennu M M, paBHa:

40 Ik

+50 Ix

100 Ik

40 Ik

I

Touka Maccoi m =2 ke ABHUIrAeTCA B OJHOPO/HOM I10/1€ CUJI
TSDKECTH, g ~ 10 m/c” . PaboTa cu/ibl TsDKeCTH (C TOUHOCTRIO 0 0,1) Ha
nepemeiennu M M, paBHa:

46,2 I

50 Ik

100 Ik

+-50 I

YpaBHeHue mV12 /2 - mVO2 /2= ZAk BbIpa)XkaeT TeopeMy 00 H3MeHeHUH:

MOMEHTa KOJ/JIMYeCTBd ABHW>XeHHA TOUKH
KOJ/IMUeCTBa JB)KEHHA TOUKHU
+KUHEeTUUeCKOU SHEePruu TO4YKH

_N I .
YpaBuenme T -7, = > A7 +> A BbIpa)kaeT TeopeMy 00 H3MeHeHHH:

MOMEHTa KOJIMUeCTBa [IBUYKEHUS] CUCTEMBI

KOJIMYeCTBAa IBW)KEHUS] CUCTEMBI

+KHMHeTUUeCKOW SHePrui CUCTEMBI B MHTerpajbHOM hopme
KWHETHUYeCKOW HEepryuy CUCTeMbI B AuddbepeHIMasHOM (hopme

E I .
YpaBHeHue dT =) dA’ +) dA] BbIpa)kaeT TeopeMy 00 H3MeHeHHH:
MOMEHTA KOJIMUECTBA [JBYKEHUS CHCTEMBI
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KOJ/IMUeCTBa ABKeHHA CUCTEMBI
+KUHEeTUUeCKOU SHEPruu CUCTEMbI

T
YpaBHenue cfi—t =Y N/ +> N/ BbIpakaer TeopemMy 00 H3MeHeHHH:

MOMeHTa KO/IMUeCTBa JIBUYKEHUS] CUCTEMBbI

KOJTUUeCTBa IBUYKEHUSI CUCTEMbI

+KHWHeTUUeCKOU 3Hepruu cCucTeMsbl B AvdxbepeHIMaibHOM (popMme
KWHETHUYeCKOW SHEepruy CUCTeMbl B MHTerpa/ibHOW (popMme

IIpu nomo1y BeIpaXkeHus F -V HaxoguTcH:
paboTa

KIIJ

cuia

+MOIIJHOCTb

HpH IIOMOIIA BbIPA)K€HUA + > HaX0QUTCHA:

2
KHWHEeTUUeCKUI IMMOoTeHLraJI
+KUHeTuuecKasa SHePIrus TeJjid IMpHr IVIOCKOIIapad/lieJIbHOM ABYXXEHWH
KMHeTHUYeCKas SHepIrus TeJ/la IPU IIOCTYIIaTe/IbHOM ABW>XXEHHWH
KMHeTHUYeCKas SHepIrus TeJ/la IPU BpallldTe/IbHOM JABH>XE€HHUN

Bui0paThb ¢hopmMyJty /1/1s1 omipe/ie/ieHis padoThl CHJIBI TSDKECTH Ha NepeMeeHuH
MM, :
+A(M M )=+Ph
A=05¢(22 - 2)
(M)

A =- [fNds

(MO0)

BoiopaTh dopmMyity Ajisi onipee/ieHUs padoThl CH/IbI TPeHUA:
A(M M )= +Ph

A=0,5¢(2 -2)
(M1)
+A=— [{Nds

(MO)

Bbi0paTh (hopMysiy A/is onpeesieHUsi PpadoThbI CU/IbI YIIPYTOCTH:
- A(M M )= +Ph

+ A=0,5¢(2 -22)
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(M1)
- A=— _[des

(MO0)

Ha Te/10 ieliCTByeT NOCTOSAHHAsA 110 HaNpaBJ/IeHuIo cuna F = 4x°, Onpeje/uThb

x  F
[ 30°

padoTy 3TO¥ CH/IBI @] " X mnpM nepeMeleHUH Tesla U3 M0JI0KeHHUS C
KoopauHaTon x, =0 B moJ/I0)KeHHe C KOOpAMHATON X, =1 M.

s Tdex - T(4x3 Jeos 30°dx =0,866.x*

X X

A(xlxz) = TFdx = ]2(4)63 )dx =x*

X

20,866 Mo

X

+A4

(x,%,)

" =1 e

X

4
(%) F'(xz _x1)_ 4<x2 _x]) =4 [
Yetnipe rpy3a Maccoii 7 =1 k2 Kaxjblii, cCoejHUHeHHbIe THOKOM HUTHIO,
nepeopoIIeHHON Uyepe3 HeMOABIKHBIN HeBeCOMbIN 0/10K, ABI)KYTCHA COTJIACHO
2
3aKoHy s = 1,5 7" . OnpeaeMTh KHHETUYECKYI0 SHEPIrUi0 CUCTEeMbI

rpy3oB B MOMEHT BpeMeHHU =2 cC.
2

+T = 4% =2m(s) =72 o

rom” _mG) g
2 2
I’l’le m(s)2
=——= =18
2 2 Hore

OpHopoaHBIM ANCK paguyca R u maccel m - KaTUTCA 110

rOPU30HTA/IbHOM IJIOCKOCTH, UMesi B Touke C CKOpPOCTh /' M yCKOpeHue a .
KuHeTHueckas 3Heprus AucKa paBHa:
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my?

3ml?
4
mV?
mv?
2

+

Tuddepenuanbabie ypaBHeHHs BPalaTe/IbHOr0 JBH)KEHUA TBEPA0ro Te/ia:
d 2(0
z dtz
. E . E .o _E
ch :ZFkx’ A/[yc :ZFky’ Ic(p:ZmC(Fk )
Mjéc =2F/j’ A/[)}c =2ka’ Wc =2ka

+1 =M

JuddepeHnpanbHbie ypaBHEHUS UI0CKONAPa/l/Ie/IbHOTO JBH)KeHNsI TBEePAOro
TeJa:

d’g
z dtZ

Y E . E . _E
My, =2 F,, A/[yc:szy’ Icquzmc(Fk )
mczszf’ Wczszf’ A/[}C:Zka

:MZ

JuddepeHumanbHbie ypaBHEHHUS MOCTYNATe/IbHOT0 IBH)KeHHs TBEP/AOro Te/a:
2
e
Mi, =XFE, Mj.=SF, 1.6=Sm(F)
tMi, =XF;, My, =XF;, Mz, =XF;

:MZ

ITo 3a{aHHOMY ypaBHEHHIO BPAIleHUs ¢ = 5¢° —2 IUIACTHMHKH, 0CeBOM MOMEHT
uHepuuu Koropout /, = 0,125 k2 - m, onpege/TMTH r/IaBHbIN MOMEHT BHEIITHHX CHJI,
AeUCTBYIOLUM HAa MVIACTUHKY.

+1,25

0,625

1,2

1,5
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JInck Bpamaercsa BOKpyr ocu Oz 1o 3aKoHy ¢ =t . OnpeseuTs MOAY/Ib MOMEHTa
napbl CWI, MIPU/IOKEeHHOM K JUCKY, B MOMEHT BpeMeHH t = 1 ¢, eC/iu MOMEHT

¢/y

Z
2
HMHePLVH JUCKA OTHOCUTE/IbHO 0CH BpalleHHs paBeH 2 k2-Mm".

+12
6

10
12,5

YpaBHeHus fk(e) +17k(l) —mpay =0 k=1,..n BpIpa)kaloT:
TIPUHLIWI BO3MOYKHBIX MepeMeleHnur
nipuHIun /lanambepa-JlarpaHska Ajist MeXaHUUeCKOW CHCTEMBI

+mpuHLmn danambepa f/i1 MeXaHUUeCKOM CUCTeMBI
ypaBHeHwus1 JlarpaHyka BTOpOro poja

YpaBHeHnue > 64’ =0 BbIpaXKaer:

+TIPHUHLIUI BO3MOJKHBIX MTepeMelleHUN

nipuHLun lanambepa-JlarpaHika /111 MeXaHUUeCKOUW CHCTeMBI
nipuHLuI lanambepa /i1 MeXaHUUeCKOW CUCTeMBI
ypaBHeHUs JlarpaHka BTOpPOro poja

YpaBHeHue > 04’ +2.54; =0 BBbIpaXKaer:

TIPUHLIWM BO3MOYKHBIX MepeMeleHrur

+mpunLrn anambepa-Jlarpanska /it MeXaHUUeCKOUW CHCTEMBI
nipuHLUI lanambepa /i1 MeXaHUUeCKOW CUCTeMBI

ypaBHeHus JlarpaHka BTOpPOro poja

YpaBHeHHe > 64 +2.04, =0 BbIpaXKaer:

MIPUHLMIT BO3MOXKHBIX TT€peMellleHUN

+00111ee ypaBHeHUe JUHAMUKU

nipuHLUI lanambepa /i1 MeXaHUUeCKOW CUCTeMBI
ypaBHeHus JlarpaH)ka BTOpPOro poja
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Tabmna 5 — Kpurepuu oneHKH ¢(h)opMHUPOBAHHOCTH KOMITeTeHI[UAM

Kon u KpuTtepun otieHrnBaHusi CHOPMUPOBAHHOCTH KOMIIETEHIUU
HavuMeHOBaHue (4acTy KOMITETEHLIMM)
WHWKATOpa Ha 0a30BOM ypOBHe Ha TOBBIIIIEHHOM YPOBHE
JOCTYDKEHUS COOTBETCTBYET OI[eHKE | COOTBETCTBYET OIeHKe COOTBETCTBYET OL[€HKE
KOMIIeTeHL[UU «y[IOBJIETBOPUTETHHO» «XOpOILIO» «OTJIUYHO»
(yactu 50-64% ot 65-85% oT 86-100% ot
KOMIIETeHL[1H) MaKCUMaJIbHOTO Oasiia | MakcMMasbHOro Gasiia MaKCHMaJbHOro Oasia
NO-1omnk-3 CryneHT CrygenT 110 cyiecTBy | CTyAeHT IpUHHUMaeT
IIpumensier JIeMOHCTpUpYyeT 3HaHue | OTBEYAET Ha aKTUBHOEe yuacTHe B X0ofe
MaTeMaTHyeCcKuii | obyacreii npumeHedus, | [10CTaB/IEHHbIE TIPOBEeHUs
arrapar CBOWCTB, BOMPOCB, peIlaeT MPAKTUUECKOTO 3aHSITHSI,
aHaJTUTUUEeCKON XapaKTepUCTUK U 3aAatm 1o AUHAMUKE TIPaBU/ILHO OTBeYaeT Ha
6e3 oboK, HO
reoMeTpHH, METO/[0B UCCIIE/IOBAHUS | 1o o mo o TOCTaB/IeHHbIE BOTIPOCHI,
JUHeNWHOM anrebpbl, | KOHCTPYKLIMOHHBIX 3aTpyAHEHNUs TIPH BBICTPO ¥ TPAMOTHO pPellaeT
muddepeHIMaTBFHOT | MaTepuasioB, BLIOKpPaeT, VHTerpPUPOBAHUY B 3a/1aui C
O ¥ UHTeTPaJIbHOTO | C yUeTOM pe3y/ibTaTOB | pellleHUHd OCHOBHOM mubdepeHIMaTBHBIMU
VCUMCTIEHUS peltieHys 3aziay 1Mo 3a/jlaud MeXaHUKH, - ypaBHEHUSIMU, YPaBHEHUST

(byHKIMM 0IHOM
nepemenHon. N/1-5
OIK-3
HeMoHcTpupyer
TTOHUMaHUe
bu3nuecKux
SIBJIEHUM U yMeeT
TIPUMEHSITh
¢busnyeckrie 3aKOHbI
MeXaHUKH,
MOJIEKYISIPHOM
¢bu3mKy,
TepPMO/IJUHAMUKH,
3/1IeKTpUYeCTBa U
MarHeTu3sMa Jijist
pellieHUsT TUTIOBbIX
3a/1a4 B 00/1aCTH
rpodeccuoHaIbHOU
JesITe/TIbHOCTU

JMHAMUKe, MOXKeT Ha
6a3oBoM ypoBHe
BBITIOJIHSITh pacyueThl Ha
MIPOYHOCTH MPOCTHIX
KOHCTPYKLIUM TIpH
JIMHAMUYeCKUX
Harpy3kax; Ha 6a3oBom
YPOBHe IIpUMeHsieT
MaTeMaTUueCKui
anrapar
aHa/IUTUYECKOU
reoMeTpyH, TMHeHHON
anreoOpwl,

b depeHLMaTBHOTO U
WHTerpaabHOTro
vcurceHns: GyHKLWN
OJIHOM ITepeMeHHOH,
JIEMOHCTpUpYeT
MOHUMaHHe
(bu3nueckux siB/ieHUN 1
yMeHUe MPUMeHSITh
(u3ryeckre 3aKOHbBI
MeXaHUKH,
MOJIeKY/IIpHOM (DH3UKU,
TepMO/IMHAMUKH,
3/IeKTPUUECTBA U
MarHeTusma Jijist
pelLleHNsT TUTIOBBIX

3az1au

MIPaBUILHO BBIOWPAET,
C yUeTOM pe3y/bTaToB
pellieHus 3a7a4 1o
JMHaMUKe
KOHCTPYKLIMOHHbIE
MaTepuabl,
3/IeKTPOTEXHUYECKUE
MaTepua’bl;
TpUMeHsieT
MareMaThuyeCKUi
amnmapar
aHa/IUTHYEeCKOU
reoMeTpyH, TMHEeHNHON
anreoOpel,
nvddepeHIaIbLHOTO
Y UHTErpajbHOT0
VCUMC/IeHUs1 PYHKLIMU
OJJHOU ITepeMeHHOH,
JleMOHCTPUPYET
MOHUMaHUe
bu3nUeCcKUx sIBIeHUN
Y YMeHHe TIPUMEHSITh
¢bur3nuecKre 3aKOHbI
MeXaHUKH,
MOJIEKY/ISIPHON
busuKu,
TepPMOJAVHAMUKH,
3/IeKTprUYecTBa 1
MarHeTvsma Jijis
pelleHus1 TUTIOBbIX
3a/a4

JlaHrpaH>Xa BTOpPOT0 POJa,
000CHOBaHHO TTPUMEHSIET
OCHOBHbIE TeOpeMbl
JIMHAMUKU TIPU pellieHnr
3ajiau, 06/1a/1aeT BHICOKUM
YPOBHEM MaTeMaTHUeCKHUX
3HaHWM, yBepeHHO
TpUMeHsieT
MaTeMaTUUeCKW# arrapar
aHaJINTUYECKOU
reoMeTpuH, TMHeHHOU
anreOpewl,
nruddepeHIMaIbHOTO U
VHTErpaabHOro
MCUMCIeHus1 PYHKLN
OJIHOM ITepeMeHHOH,
JIeMOHCTPUPYET IMOJIHOe
ToOHMMaHUe (HHU3UYeCcKUX
SIBJIEHUN U YMeHHe
NIPUMeHSITh (pr3nueckue
3aKOHbI MeXaHUKH,
MOJIeKY/IIpHOM (DU3UKU,
TepMO/IMHAMUKH,
3/IeKTPUUECTBA U
MarHeTusMa Jijisi peleHus
THUTIOBBIX 3a7lau
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2 OOEHNBAHHWE IIMCBbMEHHbBIX PABOT CTYAEHTOB,
PEI'JTAMEHTUPYEMBIX YYEBHbBIM IIVJTAHOM

PacuerHo-rpadmueckas pabora «Craruka. KunemaTuka. luHaMuKa».

TumnoBasi pacueTHo-rpaduueckasi pa0oTa,

COOTBETCTBHMH C METOANYECKUMH YKA3dHUSIMH.

Tab6una 6 — @opMupyemMble KOMIETEeHIIMH (WM HX YaCTH)

BBIIIOJ/JIHAETCA TII0 BdpHMdHTAM B

Kog v HauMeHOBaHMe WHVKATOpa OrjeHOuUHbIe
Kopg v HaumeHOBaHME
JOCTIKeHMS] KOMIIeTeHLIMY (4acTh MaTepuasnbl 1
KOMITeTeHLIUU
KOMITeTEHLUH) CpefiCcTBa
N -1onk-3 [IpyumeHsieT MaTemaTU4eCKu
OTIIK-3. CiocobeH MprUMeHSITb A P N
N arrapaT aHaJIMTUYeCKOW reOMeTpUH,
COOTBETCTBYIOLLMH (PH3UKO- o
o JIMHENHOU anreOpsl, AU depeHIInaNTbHOTO U
MaremMaThuYeCKWH arrapar, . [IpoBepka
VHTErpajbHOI0 UCUMCIeHUS (PYHKLUN OHOU
MeTO/Ibl aHa/m3a " . coZiepyKaHusl
nepemenHon. WI-5 onk-3 JleMoHCTpupyeT
MO/IeIUPOBaHUS, N PI'P
MOHUMaHHe (PH3UUeCKUX SIBIeHUH U YMeeT
TeOpeTHUYeckKoro u 3awwmra PI'P
MIPUMEHSTh (PU3NUecKre 3aKOHbI MeXaHUKHY,
9KCIIepUMeHTa/IbHOr O N (cobecenoBaHue)
MOJIEKY/ISIPHON (PU3UKU, TEPMOUHAMUKH,
VICC/Ie[J0OBaHUS NP PellleHun
3/IeKTpUYeCcTBa ¥ MarHeTr3ma Jj1s pelleHus
npoceCcCUOHAIbHBIX 3a/,au
TUIOBBIX 3334

Tabuna 7 — Kpurepun onjeHKH pacuéTHo-rpaguueckoi padoThl

ITokasarenu KonnuectBo 6asnoB
MHHHUMaJIbHOE MaKCUMaJsIbHOe

Cobumogenue rpaduka BoirosiHeHus: PT'P 1 2
Copgepxanuve PI'P 1 2
3armqura PT'P 1 2
AXKTUBHOCTB TIpy BbinoiHeHUu PI'P vty mipu iy 6/mmaHo#M 1 ?
3awure gpyrux PI'P

Wroro: 4 8

OueHka c)OpMUPOBaHHOCTH KOMITETEHLIM TIPU BBIMIOJHEHWH U 3alUTe PaCyeTHO-
rpacduueckoii paboThl ocyiecTBisercs 1o 6sokam: «Copgepkanue PI'P» u «3amumra

PI'P».

Kpurepun oneHuBaHus C(HOPMUPOBAHHOCTM KOMIETEHLIMM TIpe/CTaB/leHbl B

Tabmuie 8.
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Tabmuia 8 — Kputepuu o1jeHKM C()OPMHPOBAHHOCTH KOMITETEHI[MM TI0 PACUeTHO-
rpaguueckoii pabore

Kputepun orienrBanusi coOpMHUPOBaHHOCTU KOMIIETEHLIUU

Kog u
(4acTH KOMITeTEeHIUH)
HauMeHOBaHUe
Ha 6a30BOM ypOBHe Ha MOBBIIIIEHHOM YPOBHE
WHJUKaTopa
JIOCTIDKEHMUS COOTBETCTBYET OL|eHKe COOTBETCTBYET OL|eHKe COOTBETCTBYET OL|eHKe
KOMIeTeHH (acTy «yIOBJIETBOPUTE/ILHO» «XOpOLLO» «OTJIAYHO»
50-64% ot 65-85% 0T MakCcUManbHOIO 86-100% ot
KOMIIeTeHIUH)
MaKCHMaJIbHOTO Oasiia banna MaKCHMaJIbHOTO Oasiia
NA-1onk-3 CTyJIeHT BBITOTHUI Crygent BeimosiHua PI'P B | CTyZeHT BBITIO/IHUI
HPI/IMeHﬂeT PI'P J10 KOHIIa CPOK, OCHOBHAs 4dCTb PI'P B CpOK 0es3
MaTeMaTHuecKUil | CeMecTpa; Bageer pacyeToB BBIMIOJIHEHA C OIIMOOK, TPAMOTHO
anmapar MarepuaoM 1o Teme | HECYLIECTBEHHEIMM pelliaeT 3ajauu 1o
AHATATHYECKON Ha Ga3OBOM VDOBHE olMOKaMu, CTy/IeHT yMeeT | CTaTHhKe, KHHEMAaTHKe U
YP ’ MPUMEHUTDb aITOPUTM [IMHAMUKe, BBITTO/THSIeT
reomerpuy, BBINOJIHWI PACUETBITIO | horenpg 3as1au MO CTaTUKe, | pacyeThl HA MPOYHOCTh
JIMHEHHOI anreOpsl, | CTaTHKe, KNHEMATHKE, | KypemaTHKe U AMHAMUKE, TIPOCTBIX KOHCTPYKLIWH
Au¢depeHIanbHOrO | fUHAMKKe, HO HO JI0IyCKaeT HeTOYHOCTU | C yYeTOM
Y UHTEerpajibHOTO | JIOMyCKaeT TPU UHTeTPUPOBAHUHU JIMHAMUYeCKUX
WCUKC/IeHUS CYILIeCTBEHHBIE I depeHMaIbHBIX XapaKTepUCTUK
beHK]—U/H/I O'E[HOI\/JI OILIUOKU B pacuerax, YPaBHEHHU OBUXXEHUA 06]Ia,qaeT BBICOKUM
nepemeHHoi. MJI-5 | MokeT Ha 6a30BOM TOUKH, Npu 3awute PI'P 1o | ypoHem
CyLLleCTBY OTBeuaeT Ha MaTeMaTUueCKUX

OIIK-3
LemMoHcTpupyet
TOHUMaHUe
(busmyecKkux
SIBJIEHUN U yMeeT
MIPUMEHSTh
(br3uueckrie 3aKOHbI
MeXaHHUKH,
MOJIEKY/ISIPHOM
UKy,
TepPMOAVNHAMUKH,
3/1IeKTpUYeCcTBa U
MarHeTusma Jjist
pelleHus1 TUTIOBbIX
3a/1a4 B 00/1aCTH
ripodeccoHa/IbHOM
JlesITeJIbHOCTH

YPOBHE BBITTOHSTh
pacyeTsl Ha
TPOYHOCTH TIPOCTHIX
KOHCTPYKLIUM; Ha
6a3oBOM ypoBHe
TIpUMeHsIeT
MareMaThuyeCKUi
arrapar
aHa/INTUYEeCKOU
reoMeTpyu, TMHeHHOM
anreoOpel,
nvddepeHIaIbLHOTO
Y UHTerpajibHOTO
WCUMCIeHus1 PYyHKLUN
OJJHOU ITepeMeHHOH,
JIeMOHCTpUpYeT
MOHUMaHUe
(bu3MUecKux siBIeHUN
Y yMeHue TIPUMEHSITh
busnyeckrie 3aKOHbI
MeXaHUKH,
MOJIEKYISIPHOM
¢busmKy,
TePMO/IJUHAMUKH,
3/1IeKTpUYeCTBa U
MarHeTu3sMa Jijist
pellieHusi TUTIOBBIX
3ajau

MOCTaB/IeHHbIe BOMPOCHI,
BBINOJIHSIET pacyeTsl Ha
MIPOYHOCTb MIPOCTHIX
KOHCTPYKLIUM C YYeTOM
JMHAMHAYeCKUX
XapaKTepUCTUK; IPUMeHsIeT
MaTeMaTH4eCKWH arrnapar
aHaA/IMTUYEeCKOU reOMeTpUH,
JIMHENHOM anrebpbl,
nvddepeHIMaNbHOTO U
VHTerpaabHOro
VCUMCIeHus1 PYHKLMU
OJJHOU ITepeMeHHOH,
JleMOHCTpUpYeT
TOHMMaHHe (PHU3NYeCKUX
SIBJICHUN ¥ YMeHue
NIPUMEHSTH (pr3rueckue
3aKOHbI MeXaHUKH,
MOJIEKYISIPHOM (DU3MKH,
TepPMO/IJUHAMUKH,
5/IeKTpUYeCTBa U
MarHeTusMa Jijis pelleHUs
TUIOBBIX 3a7la4y

3HaHWY NIPY pelleHun
3a/ia4 C
IuddepeHIMPOBaHUEM
Y UIHTeTpUPOBaHUEM
CJIO’KHBIX (PYHKLIMH,
rPaMOTHO MCMOJIb3yeT
3aKOHbI TEOPETUYECKOU
MeXaHUKH J/1s
peleHus 3aZiau 1o
CTaTUKe, KUHEMaTHKe U
JMHaMUKe; YBeDEHHO
TpUMeHsieT
MaTeMaTHhuyeCKUi
amnmapar
aHa/IUTUYECKOU
reoMeTpyH, TMHeHHON
anreOpel,
IruddepeHIMaIbHOTO U
VHTErpajbHOro
vcurceHns: GQyHKLWN
OJIHOU ITepeMeHHOH,
JIeMOHCTPUPYET MOHOe
MOHUMaHue
(br3UUecKUx sIBJIEHUN U
yMeHHe IPUMEeHSTh
(r3nuecKre 3aKOHbI
MeXaHHUKH,
MOJIEKYJIIPHOM (pr3UKH,
TepMO/IMHAMUKH,
3/1IeKTpUYeCcTBa U
MarHeTvsma Jijis
pelLleHNsl TUTIOBBIX

3agau
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3 OIIPEJAEJ/IEHUE PE3YJIBTATA
IMPOMEXYTOUYHOM ATTECTAIIUN

dopma MpoOMeKyTOUHOM aTTeCTal[iH M0 AUCLATIINHE SK3dMeH.

OLEHOYHBIE MATEPUAJIBI 1 CPEACTBA [OJI51 IIPOBEPKU
C®OPMMPOBAHHOCTU KOMIIETEHIIUIA

OIIK-3. CnocofeH NpuMeHATHh COOTBeTCTBYHWLINH (PU3NKO-MaTeMaTHUeCKHit
anmapar, MeTo/bl AaHa/iu3a W  MOJe/JHPOBAaHHMA, TeOPeTHUYeCcKoro u
IKCIepUMeHTa/IbHOT0 UCC/Iel0BaHus NPH pellieHNU Npo¢ecCHOHATbHBIX 3a/ad4.

3ajjaHusl 3aKPBITOr0 THIIA

Bbibepume o0uH npasus/ibHbIl 6ApUAHM omeema

F
A
Ol L)
1. CBa3b B Touke A A 7% Ha3bLIBAeTC:
111aPHUPHO-TI0/IBXKHOU
+111apHUPHO-HETIOABKHOU

JKeCTKOM 3a/le/IKOM
IJ1aJKOW TTOBEPXHOCTBIO

2. DKBHBAJ/IECHTHbIE CHCTE€MbI — 3TO:

CUCTeMa CWJ/, KoTopasi, Oyayuu MpUIoKeHHO! K TBePIOMY Temy, HaXO/AsI[eMyCs B
TI0KOe, He BBIBOJUT TeJI0 U3 3TOr0 COCTOSTHUS

+CUCTeMbI CUJI, IO/ IEMCTBUEM Ka)K[JOM U3 KOTOPBIX TBep/loe Te/I0 HaXOJUTCS B
OJJMHAKOBOM KMHEMaTU4YeCKOM COCTOSIHUU

CHUCTeMa, TMHUM [eMCTBYS BCeX CUJI KOTOPOU PacCroIo’KeHbl B OHOM TIJIOCKOCTH
CHUCTeMa, TMHUM JeWCTBUS BCeX CUJI KOTOPOM PacCIO/IoXKeHbI B POCTPAHCTBE

3a/JaHMsA OTKPHITOT0 THUIIA
Pewume 3adauy

3. Touka Maccou 7 = 2 K2 JBUraeTCA M0 IJIaJKOi ropu30HTA/ILHOM MOBEePXHOCTH
o/ AelcTBUEeM cWibl ' = 6 H | 0e3 Haua/IbHOM CKOPOCTH. 3a KaKoe BpeMsi

CKOPOCTH TOUKH AOCTUTHeT 9 m/C?
IIpasunbHblli omeem: 3 C.

Pewenue:

OcHogHoe ypasHeHue OuHamuku: F =m -a

B MomeHm Hauana osudiceHusi: ty = 0; vy

0
6
_5:31\1{;(:2;

F
C1e006aMe/IbHO, yCKOpeHUe PasHo: @ = —



N fr} _ ] =.|':':_U=U—UD=E=E=
gpemsi pagHo: At =t —t; =1t . . - =3 3c.
M, M,
) ) )
4. B oHOM IJIOCKOCTH PacnoJ/io)KeHbl TPH Hapbl CUJI . Onpegenursb

MOMEHT Napbl cua M, , Ipy KOTOPOM 3Ta CUCTeMa HaX0JUTCH B PaBHOBECHH, €C/IH
momeHTbl M =510H -m, M, =120 H - m.

ITpasunbHbiii omgem: 390.

Pewenue: Ycnosue pasHoeecusi: =M: =0 Iyeem: IM;=—-M;+M,+M;=0
My=M,—M,=510—120=390H M

5. Bykcup TAHeT TpH 0ap)XXH Ppa3TUYHBIX pa3MepoB, C/IeAyHOIIHe OJHA 3a
apyroid. Cwia Tard BHHTA Oykcupa F; B faHHBII MoMeHT paBHa 18 kH.
ComnporuB/ieHHe BOJbI ABIKeHHI0 Oykcupa R paBHo 6 KH; comporuB/ieHue
BO/IbI IBIDKEHHI0 TIepBoi Oapxu — 6 kKH, BTopoii 6apxu — 4 KH u Tperbeit —
2 kH. HNmewommiica B pacnopsbkeHHHM KaHAT BbIiep)KUBaeT 0e30macHo
pacTaruBawinyo cuiay B 2 KH. CK0/IbKO KaHaTOB Ha/I0 NMPOTSAHYTh OT OyKcHpa
K nepBoi dapxxe?

IpasunbHbili omeem: 6.

PeweHue:

Cuna taru Oykcupa: F = F; — R =18 — 6 = 12 kH, Tak KaK KaHaT Bblep>kuBaeT 2 KH, TO

12
N=—=6
KOJIMUeCTBO KaHAaTOB MexXAy OyKCcHpoM U TiepBoii 6ap>keil paBHO: .

atime pazeepHymbili omeem Ha 60Npoc

6. Uro Takoe cTaTuKa?

IMpasunbHblli omeem: CTaTUKa — 3TO pa3/ie/l MEXaHUKH, B KOTOPOM H3y4alOTCsS METO/IbI
rpeoOpa3oBaHUsl CHUCTEM B SKBUBA/eHTHbIE CHUCTEMbl W YCTaHABIWBAIOTCS YCIOBUS
pPaBHOBECHS CUJI, TIPUIOKEHHBIX K TBEPAOMY TeJy.

7. UTo0 TaKoe TpaeKkTopus?
IIpasunbHbili omeem: JIuHUSI, KOTOPYHO OIHKCHhIBAaeT TOUYKAa TPU CBOEM JBW>KEHUH,
Ha3bIBaeTCs TPaeKTOpHeu

Jono/iHume

2
my
8. IIpu moMoIM BbIpakeHHUs ?C HAXOUTCSH .

IIpasunbHbili omeem: KMHeTHUYeCKasi SHePrysl Tesla MpU MOCTyIaTeIbHOM JABW)KEHHUH.

9. IB>KeHHe TBEeP/0ro Te/la BOKPYT HEMOABI)KHOM 0CH, ITPH KOTOPOM KaKue-/T1u00 2
TOUYKH, MPUHAJ/Ie)Xallue Tely, 0CTAalOTCA B TedeHUue BCero BpeMeHH! JABHIKeHHSsI
HeII0/|BVJKHBIMM, Ha3bIBaeTCs .
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IIpasunbHbili omeem: BpalljaTe/bHBIM.

OxoHuaTesbHbIe — pe3yibTaThl  00yueHUss  (hOpMUDOBaHUS  KOMITeTEHLIUMN)
OTIpejIefISIITCs TIOCPeJCTBOM TepeBoja 0asisioB, HabpaHHBIX CTYJEHTOM B TIpoliecce
OCBOEHMUS! IUCLIUIIIVHEGI, B OLIeHKU:

— 6a30BbIM ypoBeHb C(HOPMUPOBAHHOCTA KOMITETEHLIUA CUMTAETCSI JOCTUTHYTHIM,
ecd  pe3ysabTaT 0OydeHUs COOTBETCTBYeT OlLleHKe «y[OB/ieTBOpUTenbHO» (50-64
PEeUTHUHTOBBIX OassioB);

— MOBBILLIEHHbI  yPOBEHb  C(OPMHUPOBAHHOCTH  KOMITETEHLIMA  CUMTAeTCs
JNOCTUTHYTBIM, €C/Id pe3y/ibTaT OOy4yeHHsI COOTBETCTBYET OLleHKaM «Xoporio» (65-85
PEUTHUHTOBBIX 0a/lsioB) ¥ «OTIUUHO» (86-100 peldTHUHIOBBIX Oa/IOB).

4 IIOPSATOK ITPOBE/IEHNS IIOBTOPHOU
IMPOMEXYTOYHOM ATTECTAIIUA

dopMa IIPOMe)KyTOUHOM aTTeCTaliuy 10 JUCLIUMIIIMHE 3K3AMEH.

@®oH/, OLIEHOYHBIX CpeACTB /i1 T[POBeJeHUs TOBTOPHOW MPOMEXYTOUYHOU
aTrectaluu (POPMHpPYeTCs U3 uMC/la OLIeHOYHBIX CPeJCTB [0 TeMaM, KOTOpble He
OCBOEeHBI CTY/IeHTOM.

IIpumeuaHnue:

[onomHuTebHbIE  KOHTPOJIbHBbIE  WUCMBITAHWAS MPOBOAATCS /ISl CTYJIeHTOB,
HabpaBmmix meHee 50 OamwioB (B cooTBeTcTBUU C «[loslo)KeHHMEM O MOJYJ/IBHO-
PEUTUHTOBOM CHUCTEME).

Tabymma 6 — Kpurepun oneHku ¢)opMHPOBAHHOCTH KOMIIETeHI[HH

Kputepuu otieHnBaHUs CHOPMUPOBAHHOCTU KOMITeTEHLIUU

Koj 1 HauMeHOBaHWe MHAUKATOpa (4acTy KOMMETeHLMH)
JIOCTY>KeHUs] KOMITeTeHLIUU Ha 6a30BOM ypOBHe
(uacTu KOMIIeTeHL1N) COOTBETCTBYET OLIEHKE «y/I0OB/IETBOPUTE/TLHO»

50-64% oT MakCcUMaJILHOTO Dasia

N O-1onk-3 [Ipumensier
MaTeMaThYeCKUM anmnapar
aHa/IMTUYECKOW reOMeTpUH,
JIMHENHOM anrebpbl,
nvddepeHIMaNbHOTO U
WHTerpasbHOr0 UCUUCIeHUS
dbyHKLMM ogHOM nepeMeHHoU. N I-5
ornk-3 JJeMOHCTpUpyeT oHUMaHue
(bu3nuecKux siBJIeHUN U ymMeeT
TIPUMEHSITh PU3nUecKre 3aKOHbI
MeXaHUKU, MOJIEKY/ISIPHON (PU3UKH,
TePMOJUHAMUKU, 3/IeKTPUUECTBa U
MarHeTr3ma [ijisi pellieHus TUTIOBBIX

3a71au

CTyZieHT OpueHTUpYeTCs B MaTepuase Kypca, CriocobeH
VICII0J/Ib30BaTh 3aKOHBI TEOPeTUYECKOW MeXaHUKH JIJIS1
pellleHUs 3a7au 10 CTaTUKe, KUHEMaTHKe U JJUHaMUKe; MOXKeT
Ha 6a30BOM ypOBHE BBIIO/THATb PaCcueThl Ha MPOYHOCTh
MIPOCTBIX KOHCTPYKLIMM MPU CTaTUUECKUX U IMHAMUUeCKUX
Harpyskax C y4eTOM KMHeMaTH4eCKUX XapakKTepPUCTHK; Ha
6a30BOM ypOBHe MpUMeHsieT MaTeMaTHUecKui anrnapar
aHaTMTUUECKOW TeOMeTpHH, TMHEeHHOH anre0Opsl,

I depeHMaTbHOIO U UHTErPa/IbHOI0 UCUMC/IeHUS (PYHKLUU
O/JHOV TIepeMeHHOM, ZIeMOHCTPUPYeT NIOHUMaHue (pU3NUYeCKUX
SIBJIEHUH U YMeHNe NIPUMeHSTh (pr3huecKre 3aKOHbI
MeXaHUKH, MOJIeKY/ISIPHOM (PU3UKH, TePMOJUHAMUKH,
3/IeKTPUYEeCTBa U MarHeTH3Ma /IJIs1 pellleHus] TUIIOBbIX 3a/,au
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