MHWHOBPHAYKH POCCHUHN

DeepajibHOE TOCYAAPCTBEHHOE OKOKETHOE 00pa30BaTe/ibHOE YUpekJAeHue BbICIIero 00pa3oBaHus
«I"opHo-AuTalicKuii rocy1apcTBeHHbIN YHUBEPCHTET»
(®I'OY BOTAI'Y, I'AT'Y, I'opHO-AJITaliCKNH TOCYy1apCTBEHHbIH YHUBEPCHUTET)

MexaHuka
paboyas nporpaMma JUCIHUILIAHBI (MOTYJIS)
3akperuieHa 3a kadeapoit kadeapa MaTeMaTUKHU, GU3UKU U HHPOPMATHKH
YueOHblil IU1aH 03.03.02_2023_613.plx

03.03.02 dusmka
ATnbTepHAaTUBHAS YHEPTETUKA

Kpanuduxarus O0axanaBp
Dopma o0yaeHHS Oo4Hast
OO0wias Tpy10eMKOCTh 6 3ET
YacoB 1o y4eOHOMY IUTaHy 216 Bugp! koHTpONIsL B cemecTpax:
B TOM 4HCJIE: 9K3aMEHBI 2
ayIUTOPHBIC 3aHSATHUS 138
caMoCTOsTebHas paboTa 38,9
4acoB Ha KOHTPOIIb 34,75

Pacnpeueneﬂne YacoB JUCHUILIMHBI 110 CEMECTPpaM

Cemectp 2(1.2)
(<Kypc>.<Cemectp Ha Kypce>) Hroro
Henens 18 4/6
Bupg 3anaruii v PII VI PII
Jlexun 62 62 62 62
JlabopaTopHsie 44 44 44 44
[IpaxTuueckue 32 32 32 32
Koncynbranuu (ais cTyaeHra) 3,1 3,1 3,1 3,1
KoHuTpons camoctositensHOM paboTs! npu ipoBeaeann 0,25 0,25 0,25 0,25
aTTecTaluu
Koncynpranum nepen 3x3aMeHOM 1 1 1 1
Uroro ayn. 138 138 138 138
Konrakthas pabora 142,35 142,35 142,35 |[142,35
Cawm. pabora 38.9 38.9 38,9 38,9
Yacsl Ha KOHTPOJIb 34,75 134,75 |34,775 |34,75
Uroro 216 216 216 216




ITporpammy cocTaBuI(1):
K.¢p.-m.n., Ilpogpeccop, Muxaiinos C.I1.

Pabouas nporpaMmMa JUCHUIIINHBL

MexaHuka

paspaborana B coorBeTcTBuu ¢ ®I'OC:

DenepanbHbIi TOCYIAPCTBEHHBIA 00Pa30BaTEeNbHBINA CTAHIAPT BBICIIETO 00pa30BaHus - OakagaBpHaT MO HAMPABICHUIO MOJTOTOBKU
03.03.02 dusnka (nmpuka3 MunobpHayku Poccuu ot 07.08.2020 r. Ne 891)

COCTaBIIeHa Ha OCHOBaHUH y4eOHOTO IIIaHa!
03.03.02 Pusuxa
YTBEPKJIEHHOTO YYEHBIM COBETOM By3a OT 26.12.2022 npoToxon Ne 12.

Pabouas mporpamMma yTBepxK/JcHa Ha 3aceJaHHU Kadeapbl

Kadeapa MmaTeMaTUKHU, PU3NKH U HHPOpMATHKH

ITporoxoin ot 09.03.2023 mpotoxoi Ne 8

W.o. 3aB. ka¢. bornanosa P.A.



BusupoBanue PII/] 15t ucno/iHeHHsI B 04epeiHOM y4eOHOM roay

PaGouas nmporpamma nepecMoTpeHa, 00CyKaeHa 1 0100peHa Jis
ucnonHeHus B 2024-2025 yueOHOM roay Ha 3aceJaHuu Kadeapbl
Kadeapa MmaTeMaTUKHU, PU3NKU U HHPOPMATHKH

IIpotokon ot 2024 1. Ne

3aB. xadenpoii U.o. 3aB.kad. bornanosa P.A. o

Buzuposanue PIIJI nis ucnonHenus B ouepeHoM yueOGHOM rogy

Pabouas mporpamma nepecMoTpeHa, 00CyKaeHa 1 0100peHa s
ucnonHeHus B 2025-2026 yueOHOM rofy Ha 3acelaHuy Kadeapsl
Kadeipa MaTeMATUKH, GU3NKH 1 HHPOPMATHKH

IIpotokomor 2025r. Neo
3aB. kadenpoii N.o0. 3aB.xad. borganosa P.A.

Buzupoanue PIIJI x5 ucnoiHeHusi B ouepeHoM y4eOHOM roay

Pabouas nporpamma nepecMoTpeHa, 00CykaeHa 1 0100peHa Jyis
ucnoyiHenus B 2026-2027 yueOHOM roay Ha 3acegaHuu Kadeapsl
kadenapa MaTeMaTHKH, PU3NKH H HHPOPMATHKH

IIpoTokomor 2026 . Ne
3aB. kadenpoii N.o0. 3aB.xad. borganosa P.A.

Buzuposanue PIIJI 151 ncnosiHeHns1 B 04epeAHOM y4eOHOM roxy

Pabouas nporpamma nepecMoTpeHa, 00CyKaeHa 1 0100peHa Jis
ucronHenus B 2027-2028 yue6GHOM TOAY Ha 3aceIaHny Kaheapsl
Kkadeapa MaTeMaTHKH, (PU3NKH U HHPOPMATHKH

IIpotokoun ot 2027 1. Ne

3aB. kadenpoii N.o. 3aB.xad. bornanosa P.A.



1. HTEJIX U 3AJAYH OCBOEHUSA JTUCITUITJIMHBI

1.1{L{enu: CooOmuTh cTyIeHTY 0a30BbIe 3HAHUS, YMEHHUS M HABBIKH B 00JIACTH MEXaHHKH.

1.2|3a0auu: CooOmuTh OCHOBHBIE MTOHATHS, IPUHIIAIBI M 32KOHBI MEXAHUKH; 3aKPEITUTh YMEHNE TPaMOTHO
UCIIOJIb30BaTh (PU3UUECKYIO JIEKCUKY U MOHATHHHBIN anmapar, peliath TUIIOBbIE YUeOHbIE U YCIIOKHEHHbIE 3a1a41
MEXaHUKH; JaTh BO3MOXHOCTh NIPHOOpecTr 0a30BbIe SKCIIEPUMEHTAIbHBIC HABBIKK B 00JIaCTH MEXaHUKH.

2. MECTO JUCHUIIIMHBI B CTPYKTYPE OOII

Huxn (pa3men) OOTIT: b1.0.21

2.1|TpeGoBaHusI K MpeIBAPUTEILHON MOATOTOBKE 00y4aKOIIErocsi:

2.1.1|MaremaTuka

2.1.2|MaTreMaTHYECKHI aHATIU3

2.1.3|adopMalOHHBIE TEXHOIOIUU

2.1.4|OcHOBBI HU3UIECKOIO SKCIEPUMEHTA

2.1.5|9nemenTapHas Gpusuka

2.1.6|YcTpoiicTBO 1 MpuMEHEeHHEe TIEPCOHAIBEHOTO KOMITBIOTEpa

2.2| IMCOMILUTHHBI H IPAKTHKH, ISl KOTOPBIX 0CBOEHHUE JAHHOI JUCIHILITMHBI (MOIYJIs1) HE0OX0IUMO KaK
npeAlIecTBYOLIee:

2.2.1|O6mas ¢usuka

2.2.2|OcHOBBI 27€KTPOTEXHUKU

2.2.3|2neKTpuYeCcTBO U MarHEeTHU3M

2.2.4|MonexynsipHas Gusnka

2.2.5|Teopernueckast MexaHuKa. MexaHHKa CIUTOIIHBIX CPEe

2.2.6|OnexTpuyecKre MaTuHbI

3. KOMIIETEHIIMX OBYYAIOIIEI'OCs, @OPMUPYEMBIE B PE3YJIbTATE OCBOEHUS JUCIHUIIJINHbI
MOoAayJist)

OIIK-1: Cnoco0eH npuMeHSITH 0230Bble 3HAHHUSA B 00J1acTU PU3UKO-MATEMATHYECKUX U (WJIM) eCTECTBEHHBIX HayK B cdepe
cBoeil mpogeccHOHATBLHOM e TeJILHOCTH;

HN-1.0IIK-1: 3naet ocHOBHBIE pu3nUecKHe 3aKOHBI U MATEMATHYECKHIi anmapaT, 3HAKOM C eCTECTBEHHbIMH HAYKaMH B
He00X0AUMOM /ISl MPO(deCcCHOHANBHOM IeATeJHLHOCTH 00beMe

3HaeT OCHOBHbIE 3aKOHbI MEXaHUKH M MAaTEMaTHYECKHUI alnapar, 3HAKOM C €CTECTBEHHBIMHU HayKaMH B HEOOXOAUMOM st
npohecCHOHATBHON JIEITEILHOCTH 00beMe

HN-2.0IIK-1: Cnioco6en pemats TUNOBbIE (pu3nyecKHe 3aJa4i HA OCHOBE aNNapaTa BbICIIe MaTeMaTHKH

Crocoben peuiaTh TUIMOBLIC 3aJa4 MEXaHUKH Ha OCHOBC arirapara BBICIIEH MaTeMaTUKH

H-3.0IIK-1: UmeeT npeacTtaBiaeHue 00 001acTH NpUMeHEeHUs] (PU3NYECKUX 3aKOHOB H €CTeCTBEHHO-HAYYHbIX 3HAHUIH B
cBOei MpodeccuoHAIBLHOI AeATeJIbHOCTH

Vmeet npexcTaBneHne 00 00JacTH NPUMEHEHUSI 3aKOHOB MEXAHUKH B CBOEH NMPO(YECCUOHAIBHON NeATeIbHOCTH

OIIK-2: Cnoco0eH NpoOBOIUTH HAYYHBIE HCCIeT0BAHUS (PU3MUECKUX 00BEKTOB, CHCTEM M MPOIECCOB, 00padaThIBATH U
NMPEeACTABJIATH IKCIIEPUMEHTAIbHBIE TaHHBIE;

HJI-1.0IIK-2: 3HaeT MeTOAUKY MPOBeIeHHs (PU3HYECKOro IKCIEPUMEHTA, ClIOCO0eH MPOBOANTDL (U3NYecKre U3MepPeHus U
00padaTbIBaTh UX Pe3yJabTATHI

3HaeT METOUKY MPOBEACHUS (PU3MYECKOTO IKCIIEPUMEHTA, CIOCOOEH MPOBOJAUTH (GU3HUYECKHE U3MEPEHHs U 00padaThIBaTh UX
pe3yNbTaThl

4. CTPYKTYPA U COJEP’KAHUE JUCIUAIIIMHBI (MOLY.JIs5T)

Kon HaumenoBanue pasnesioB u teM /Buj | Cemectp / | YacoB | Komneren- | Jluteparypa | Uute | Ilpumeuanue
| sapaTug 3aHaATHA/ Kvpc uup DAKT.

Pa3nen 1.




1.1 Cwm. ¢aiin 2 62 | UO-1.0IIK- [JIL1.1 JI1.2J12.1 O
"Pa6_nporp_mexanuka 2023.pdf" B 1 UJ-
npunoxenuu /Jlex/ 2.0IIK-1
WJ-3.0I0K-
1 UA-
1.0IIK-2

1.2 Cwm. daitn 2 44 | UO-1.0IIK- (JI1.1JI1.2J12.1| O
"Pa6_mnporp_ mexanuka 2023.pdf" B 1 UJI-
npunoxxenuu /J1a6/ 2.0IIK-1
na-3.0I0K-
1 UA-
1.0IIK-2

1.3 Cwm. daitn 2 32 | UAO-1.0I0K- [JI1.1 J11.2)12.1] O
"Pa6_mnporp_ mexanuka 2023.pdf" B 1 UJI-
npunoxxenuu /TIp/ 2.0IIK-1
na-3.0I0K-
1 UA-
1.0IIK-2

1.4 Cw. daiin 2 38,9 | UO-1.0IIK- [JI1.1JI1.2J12.1 O
"Pa6_nporp_ mexanuka 2023.pdf" B 1 U1-
npunoxenuu /Cp/ 2.0IIK-1
na-3.0I0K-
1 NJ-
1.0IIK-2

Pa3nen 2. [IpomexyTouHasi aTrecTanus
(3K3aMeH)

2.1 TToxroToBka K 3k3aMeHy /JKk3aMeH/ 2 34,75 | UO-1.0IIK- 0
1 UJI-
2.0IIK-1
NJI-3.0TIK-
1 U1-
1.0I1IK-2

22 |Konrpoas CP /KCPATT/ 2 0,25 | MJI-1.01IK- 0
1 U1-
2.0T1IK-1
W/J1-3.011K-
1 UJ1-
1.0TIK-2

23 KonrakrHas pabora /KoHcOx/ 2 1 NA-1.0IIK- 0
1 UA-
2.0IIK-1
WJ-3.0I0K-
1 UAa-
1.0IIK-2

Pa3nea 3. Koncyabranun

3.1 Koncynprauus no aucuuniune /KoHc/ 2 3,1 NJ-1.011K- 0
1 UJ-
2.0IIK-1
N-3.0I1K-
1 UJ-
1.0IIK-2

S. ®OHJ OHEHOYHBIX CPEJICTB

5.1. losicHuTEIBHASA 3aIIMCKA

1. OueHouHBIE CPENICTBA MPEAHA3HAUCHBI JIJIsl KOHTPOJIS M OLEHKH 00pa30BaTeIbHBIX TOCTHXEHHH 00yYarOLNXCsl, OCBOMBILIUX
porpaMMy y4eOHOW AUCHUIIIMHBI «DJIeMeHTapHas (hU3nKa»

.2. ®OH/1 OLICHOYHBIX CPEJICTB BKJIFOYAET KOHTPOJILHBIE MAaTepHAITBI JIJIS TPOBEICHUS TEKYLIETO KOHTPOJIS B (JOPMAax, yKa3aHHBIX B
paboueii mporpaMme, U MPOMEXYTOYHOH aTTecTallMy B OpMe BOIIPOCOB U 3aJJaHUI K SK3aMEHY.

5.2. OueHouHble cpeACTBA IS TeKYLEro KOHTPOJIS

O1eHOYHBIE CPEACTBA ATl TEKYILEr0 KOHTPOIA cM. B npunoxeHuu 1 (daiin "®OC_mexanuka 2023 nnsa crygentos.pdf")

5.3. Tembl nUCcbMEHHBIX PaldoT (3cce, pedepaThl, KypcoBble padoThI M AP.)

Cwm. daiin "®OC_mexanmka 2023 ms cryaenToB.pdf" B mpuioxxeHUH.

5.4. OuneHo4HbIe CPeACTBA 115l IPOMEKYTOYHOI aTTecTalluu




O1eHOYHBIE CpeACTBA TSI TPOMEKYTOUHOM aTTecTanny cM B puinoskeHun 1 (¢pain "®OC mexannka 2023 ms
ctyaenrtoB.pdf").

6. YHAEBHO-METO/MYECKOE H HTHOOPMAIIMOHHOE OBECIIEYEHWE JTUCHUIIJIMHBI (MOAY JIS)

6.1. Pexomenayemas autepatypa

6.1.1. OcHOBHAs1 TUTepaTypa

ABTODBI, COCTaBUTEIHN

3arnaBue W3narenscTBO, TO

Dn. agpec

Muxaiinos C.II.,
Ksipos B.A.

Mexanuka: yuebHOe ocoOue Al By30B

I'opro-Anraiick:
PUOTATY, 2016

http://elib.gasu.ru/index.ph
p?
option=com_abook&view
=book&id=150:mekhanika
&catid=6:physics&Itemid
=164

J1.2

Muxaiinos C.I1.

Kypc ¢usuxu. T.1. Mexanuka. Monekynsphas [['opHO-Anraiick:
(u3uKa 1 TepMOJMHAMHKA: YueOHOE TocoOue

BUIITAT'Y, 2018

http://elib.gasu.ru/index.ph
p?
option=com_abook&view
=book&id=2819:899&cati
d=6:physics&Itemid=164

6.1.2. lonosiHUTeIbHAS JIUTEPaTYypa

ABTODEI, COCTaBUTEIHN

3armaBue W3narenscTBO, TOI

D1. agpec

J12.1

Muxaiinos C.II.

3aJavHUK U METOJANYECKHIE YKA3aHUS 110
MEXaHHUKe: YueOHO-METOANYEeCKOe mocodue

I'opro-Anraiick:
BUIITAT'Y, 2019

http://elib.gasu.ru/index.ph
p?
option=com_abook&view
=book&id=2876:937 &cati
d=6:physics&Itemid=164

6.3.1 Ilepevyens NporpaMMHOro oGecnevdeHnst

6.3.1.1

Adobe Reader

6.3.1.2

Firefox

6.3.13

Foxit Reader

6.3.1.4

MS Office

6.3.1.5

MS WINDOWS

6.3.1.6

Sunexc.bpayzep

6.3.1.7

Moodle

6.3.1.8

Kaspersky Endpoint Security s 6usneca CTAHIAPTHBIN

6.3.1.9

LibreOffice

6.3.1.10

NVDA

6.3.2 Ilepevyenb nHGPOPMAIUOHHBIX CIPABOYHBIX CHCTEM

6.3.2.1

MexBYy30BCKast JJICKTPOHHAs OHOINOTEKa

6.3.2.2

OnexTpoHHO-O0nbmMoTeunas cucrema [IPRbooks

6.3.2.3

baza nanubIX «OnexkTponHas OubaroTexka ['opHO-ANTaiicKoro rocyJapCTBEHHOIO YHUBEPCUTETa)

7. OBPA3OBATEJIBHBIE TEXHOJIOT' U

CUTYAIlMOHHOC 3alaHUEC

r[p06neMHa$1 JICKIUA

8. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE JUCITUIIJIMHBI (MOAY JIST)

Homep ayauropun

Hasnauenue

OCHOBHOE OCHALIIEHHE

102 B1

Y4eOHast ayTUTOPUS ISl IPOBEICHISI
3aHATUH JEKIIMOHHOTO THUIIA, 3aHATHI
CEeMHHApPCKOro THIa, KypCOBOTO
MIPOEKTUPOBAHHUS (BBITIOJIHEHHS KYPCOBBIX
paboT), rPYIIOBBIX W UHIAUBUAYAIBEHBIX
KOHCYJIbTallU#, TEKYIIEr0 KOHTPOJIS U
MIPOMEXKYTOUYHOMN aTTecTaluu

Kagenpa

Yyenuueckas JocKa, MyJIbTUMEUAIIPOEKTOP, IKPaH,
KoMIbioTep. Pabouee MecTo npenogasares, I0ca{0YHbIE
MecTa o0ygaromuxcs (TI0 KOJTHMIECTBY 00yJIaroIuxcs),




108 b1

VY4eOHast ayTuTOpHS JJIsT TPOBEICHUS
3aHATHH JJEKIIMOHHOTO THIIA, 3aHATHI
CEMUHAPCKOT'0 TUTIA, KYPCOBOTO
MPOEKTUPOBAHUS (BBIMOTHEHUS KYPCOBBIX
padoT), TPYIIOBBIX U UHIUBUAYATBHBIX
KOHCYJIbTAIUH, TEKYIIETO KOHTPOJIS U
MPOMEXYTOUHOM aTTecTaluu

Jlaboparopnas yctanoBka "Heymnpyroe coymapenue
($u3HYECKNX MAITHUKOB", TaOOpaTopHasi yCTaHOBKA
"Vupyroe coynapenue ten'". JlaboparopHas ycTaHOBKA
"Mastauk O6epoeka”, ctenn "Cuctema Cu'".
[ITaHreHIUPKYJIb, CIECAPHBIA HAOOP, CYCTUHK
cexyHaomep. Ilocanounsle Mecta oOydaromuxcs (o
KOJIMYECTBY 00Yy4YaloIuXcs), pabouee MecTo
IpenoiaBaTes, yieHHYecKas JI0cKa

214 B1

Kabuner Metonuku npernoaaBanus GU3NKH.
YueOHast ayAUTOpHs JUIsS IPOBEACHUS
3aHATUH JEKIIMOHHOTO THIIA, 3aHATHUI
CEMHHApPCKOI0o TUIIA, KypCOBOIO
MIPOEKTUPOBAHUS (BBINOJIHEHUS KYPCOBBIX
paboT), rpyNIOBBIX U HHAWBUAYaIbHBIX
KOHCYJIbTAaIlNH, TEKYILETO KOHTPOJIS U
MIPOMEXYTOUHOH aTTeCTaluu

VYuenndeckasi JOCKa, MyJIbTUMEIUATPOEKTOP, KOMIBIOTED,
9KpaH, MOCaJOUYHBIE MECTa 00yUarOIUXCs (10 KOJIUYECTBY
oOyuaromuxcs), padodee MECTO IPEroaaBaTes

211 B1

KomneroTepHsrii kiace. Yuebnas
ayIUTOpUs AT IPOBEICHUS 3aHATHH
JIEKIIMOHHOTO THIIA, 3aHATHH CEMHHAPCKOT0
THUIIA, KYPCOBOTO NMPOEKTUPOBAHUS
(BBIMIOJTHEHHUS KYPCOBBIX padoT),
IPYNIIOBBIX M MHIUBHIYAIbHBIX
KOHCYJIbTaIlNH, TEKYIEro KOHTPOJIS U
MPOMEXYTOYHOH aTTectanmu. [loMmemenne
JUISL CAMOCTOSITENEHON paboThI

Pa6ouee mecto npenonasatens. [locagounbie mecta
o0yyatormuxcs (1o KOJIUYECTBY 00yUaroIuxcsi),
KOMIIBIOTEPBL C NOCTYIIOM K MIHTEepHET

9. METOAUYECKHUE YKA3ZAHUA JJIA OBYYAIOIIIAXCA 11O OCBOEHUIO JUCHUIIVIMHBI (MOY JIS)

CM. B IpHIIOKEHUH

IMPUIJIOXKEHME 1




Munucrepcrso o0pazoBanusi 1 Hayku P®

®egepanbHOe rocyIapcTBeHHOE 0I0/1KeTHOe 00pa3oBaTeIbHOE YUpesKIeHne
BbICHIEr0 NPO(ecCHOHAJBLHOI0 00Pa30BAHUA
«I'opHo-AuTaiicknii rocynapcreeHnblii yausepceurer» (FAIL'Y)

Pu3nKo-MaTeMaTHYeCKH U MHKeHEePHO-TexXHoJIornyeckuii nueruryt (PMUTH)

Kageapa maremaruku, Gpusukyu 1 HUHGOPMATHKHU

C.I1. MuxaiijioB

PABOYAS ITPOI'PAMMA JIUCHUITJIMHBI
«Oo6mas ¢pusnka, yactb 1. MexaHuka»

YpoBeHb OCHOBHOI 00pa30BaTeIbHON IPOrpaMMbl DaKaJlaBpuaT
Jns nanpasnenus noarotoBku 03.03.02 «Puzukay
[Tpodune NoAroTOBKU «AJIBTEPHATUBHAS SHEPTETUKAY
2023-2024 yuebHsblii roa

[Iporpamma cocraBnena B coorserctBuu ¢ Tpeboanusimu @I'OC BIIO no HampaBieHuIo MoAro-
toBkU 03.03.02 «®usuka» (yreepxaeH 7 aprycra 2020 r. Ne 891) u yuebHoro ruiaHa
1o HanpasieHuto noarotoBku 03.03.02 «duszukan
(npodunb «AbTepHaTUBHASI SHEPTETUKAY), YTBEPKACHHOTO YueHbIM coBeToM ['AT'Y
27.01.2022 r., npotokon Ne 1

Pabouas mporpamma yTBepik/ieHa Ha 3acelaHuu Kadeapbl MaTeMaTUKH, GU3UKK U MHOOPMATHUKU
09.03.2023 r., npoTokoa Ne 8.

I'opHo-AnTaiick
2023



1. Hesn u 32524y AUCHUTVINHBI

Hens muctmmmuasl «O0mas usuka», pasmen «MexaHUKa» — COOOIUTH CTYIEHTY Oa30BbIe 3HAHHS, YMEHHUS H
HaBBIKH B 00JIACTH MEXaHUKU.

3amaun QUCHUIUIMHBL COOOIINTh OCHOBHBIC MOHATHSA, IPUHIIAITEL M 3aKOHBI MEXaHUKH; 3aKPEHHUTh YMEHHE TPAMOTHO
HCTIONB30BaTh (PU3NUECKYIO JICKCUKY W IMOHATHHHBIN anmapaT, pelaTh THIIOBBIE YIeOHbIe M YCIOKHEHHBIE 3aJaul Me-
XaHUKH; 1aTh BO3MOXKHOCTb ITPUOOPECTH 0a30BbIE SKCIEPHUMEHTAIBHBIE HABBIKK B 00JIACTH MEXaHUKHU.

2. MecTo qucuuiminnel B cTpykrype OOIL

JucturuimHa «OO0mas ¢pusukay, pasnen «MexaHuKa» U3ydaeTcs BO BTOPOM CEMECTPE M OTHOCHUTCS K 00s3aTeNbHON
yactu qucuuiine  ostoka b1 (51.0.04.01). IIpu ocBoenun pa3zaena «MexaHHKa» CTYJCHTBI UCTIONB3YIOT 3HAHUS, yMe-
HUSI ¥ HaBBIKH, COPMUPOBAHHBIC TIPH U3YYCHHH IIKOJIBHBIX NpeaMeToB «Matematuka» u «Du3nukay KypcoB «IeMeH-
TapHasi (pM3MKa» U BICIIAs MaTeMaTHKa (BEKTOPHBIN aHanu3, AU GepeHInaIbHoe U HHTErpalbHOe HCUrCieHus, Tudde-
peHIMATbHBIC YPABHEHHS B YACTHBIX MIPOM3BOIHBIX, INHEWHas anreopa). OcBoeHHE TUCIUTUTHHEI «MeXaHuKa SBISCTCS
OCHOBOH JUIS M3YYEHHs BCEX OCTANBHBIX AWCHUIUINH pasznena «OOmas ¢usmka», a B JalbHEHIIEM — TeOPETHIECKON
(U3MKN, METOTUKH TIPETIOTaBaHuUs (PU3HUKH U TIp.

MexancuUIUINHAPHBIE CBA3H Pa3e]0B AUCIHUILUIMHBI ¢ MOCTAeTYIOIUMI IHCIHINIMHAMHA

Ne i/ Pasnen TUCHHILIHHBL JIMCUMIUIMHBL, C KOTOPBIMH €CTh CBSI3b
Pazgen 1. OcHoBHBbIE moHATH MexaHuku. Ku- | Maremaruka, anemeHTapHas Gusmka, TeopeTnieckas Gusmka; MeTo-
HeMAaTHKAa YacTHLbI M TBEPOTO TeJia JMKa TpenojgaBanus GpU3uky; pereHue GU3MYECKUX 3a1ad, HJIeMeH-

Paznen 2. OcHOBHbIE MOHATHS W 3aKOHBI JHHA- | Thl METPOJOTUU U JIp.
MHKH. MexaHuka ynpyrux TeJl, KMAKOCTeH M
ra3oBs

Pa3znen 3. MexaHn4ecKue KoJ1e0aHUs U BOJIHbI.
Paznen 4. daementsl CTO u OTO.

3. TpeGoBaHus K pe3yIbTaTaM OCBOCHUS THCIHUIIIHHBI.

[pomecc n3ydeHNs TUCIUILIMNHBI HAIIPaBJIeH HAa POpPMUPOBaHIE CICTYIOIINX HHINKATOPOB JOCTIKCHHUS:

- 3HAaeT OCHOBHBIC (PI3MUCCKUE 3aKOHBI M MAaTEMAaTHYECKHH ammapaT, 3HAKOM C €CTECTBCHHBIMH HayKaMH B HEO0XO-
IUMOM IS TpoeccHoHanbHOM nesitensHocTH o0seme (MJ1-1. OTIK-1);

- croco0eH pelaTh TUIOBBIC (pU3MYeCcKre 3a7a4l Ha OCHOBE armmapara Beiciieil maremaruku (MJ1-2.0I1K-1);

- UMEeT TpeJICTaBIeHHe 00 00JIacTH MPUMEHUMOCTH (PU3NYECKUX 3aKOHOB M €CTECTBEHHO-HAYYHBIX 3HAHUI B CBOEI
npodeccuonanbHoit nesrensroctu (MJ1-3. OIIK-1);

- 3HAKOM C METOJIKOH MpoBeIeHNs (PU3NIECKOro SKCIEPUMEHTA, CIIOCOOEH MPOBOANTH (PU3NUECKHE H3MEPEHHS
u o6pabateiBaTh ux pesynstarsl (M-1. OIIK-2).

B pe3synbTaTe U3y4eHUs TUCIMILIMHBI CTYJCHT JOJDKECH 3HATD!
- OCHOBHBIC MTOHATHS, IIPUHIIUITEI M 3aKOHBI Kypca MEXaHHUKH C MX MaTeMaTHIeCcKoi (pIoMyInpoBKoii;
yMeThb:

- Ha 0a3e MaTeMaTHYEeCKOTo aImapara pelaTh TUIOBEIC U YCIOKHEHHBIC YIeOHbBIE 3314l MEXaHUKH;
- IPUMEHSTH SKCIICPUMEHTATBHBIC HABBIKA B O0JIACTH MEXaHUKH;
- TPaMOTHO UCTIOJIE30BaTh (PU3MUECKYIO JIGKCUKY M TOHATHHHBIN ammapar;
- 00pabaThIBaTh Pe3yIbTATHI IKCIICPUMEHTOB B 00JIaCTH MEXaHUKH.

BJIaJeTh:

- (puznyecKoi TeKCUKON U MOHATUIHHBIM aNapaToM MeXaHUKH,;

- 6a30BBIMH H3MEPUTENBHBIMU IPHOOPaMU MEXaHUKH;

- HaBBIKaMHU MIPOBEJICHUS KCIIEPUMEHTOB B 00JIACTH MEXaHUKH U 00pabOTKU UX pe3ysibTaTa

4. O0beM, BUJBI M 0COOEHHOCTH OPraHU3alMu y4eOHoil padoThl.
4.1. O0beM H BHIbI y4eOHON PadoThI.

Bun yuebHol paboTh Bcero yacos / 3a-
YETHBIX CANHUIL

AyauTOpPHBIE 3aHATHSA (BCEro) 138/3,8

B ToMm gncie:

Jlexunn 62/1,7
[TpakTUyeckue 3aHATUS 32/0,9
Jlaboparopusie paboTs (JIP) 44/1,2
CaMocTosiTeJIbHAsl U HHTEPAKTHBHAsI pad0Ta CTyIeHTOB (BCero) 78/2,2

B ToMm gncie:

IloaroroBka k 5K3aMEHy Ha MIPAKTUYECKUX 3aHATUAX 39/1,1

[ToaroToBka K SK3aMeHy Ha JabopaTOpHBIX paboTax 39/1,1




Bun mpomexyTouHOM aTTecTanyy (3a4eT, 3K3aMeH) Dx3ameH

OO01mas Tpy10eMKOCTh 4achl 216

3aUYETHHIC CIUHHIIbI 6

4.2. KanennapHsblii njiaH

OTOT IUTaH B TOW WM MHOHM (opMe cooOmmaeTcs cTyaeHTaM (HampuMep, BHIBEIIMBACTCS B Ja0OPaTOpUH MEXaHUKHU
WIN JTOCTYIEH B 3JIEKTPOHHOM BapHaHTE AaHHOHN pabodel MporpaMMsbl) U COAEPKUT MH(OPMALUIO O PACHPEAEICHIN
3aHATHHA 110 HEAETSIM, JUCIe yIeOHbBIX 4acoB, (opMax W BpeMeHH KOHTpois u mp. B 2018-2019 y4e6HOM rogy mucuu-
IUIMHA U3yvaeTcs Bo 2 cemecTpe | Kypca, 3aKaHIMBasICh 3a4€TOM U 9K3aMEHOM.

OO01mast TpyTOEeMKOCTh AUCIIUILTHHEI COCTaBIsIeT 6 3a46éTHBIX enuHUN (216 wacoB). V3 HuX ayautopHbIX 9acoB 138
(3.8 3au€THBIX enuHUI). AyITUTOPHBIC Yachl ACTITCSA Tak: 62 Waca JeKmui, 32 Jaca MpaKTHIECKUX 3aHATHH U 44 daca
1ab0paTopHBIX padot. Jlomyck K 3K3aMEHY 10 UTOTaM MOCEIICHMS JEKIUH, BBIMOTHEHHS MPAKTUYECKUX 3aHATHI U Ja-
OopaTopHBIX PabOT, IK3aMEH II0 JICKIIMOHHOMY MaTepHally W MPUOOPETEHHBIM MPAKTHIECKUM YMEHHUSM U 3KCIICPUMEH-
TaNbHBIM HaBBIKaM. Ha camoctostensHyto paboty cryaerto CPC 78 gacoB (2,2 3a4€THBIX €IMHHUIIBI), M3 HIX Ha TOJ-
TOTOBKY K 3K3aMEHY B XOJI¢ TIPAKTHUYECKIX 3aHATHH ¥ KOHTPOIBHBIX padoT 39 gacos (1,1 3a4ETHRIX eMHMIIEI), a B XO/I€
nabopaTopHbIX padboT 39 yacos (1,1 3a4ETHRIX ¢IUHUIIBI)

[TpenonaBarento, BexyleMy NpakTHYecKue 3aHATHs, uiaHupyrotcs yacsl UPC (MPC — unaumBuayanbHas pabora
IpernoiaBaTess co CTYJACHTaMH) Ha BOCCTAHOBJICHHE CTYJEHTAaMH IPOIYIIEHHBIX 3aHATHH. Eciu y cTyaeHTa HeT mpo-
IIyCKOB ¥ J0JITOB, TO He Oyaer u yacoB MPC, a BoT npu Hanuumu TakoBbX dackl MPC st naHHOTO CTyneHTa o0si3a-
TenbHEL. bonee Toro, mpeaycMoTpeHs! J0OaBOYHBIE 3aaud I CTyIeHTOB, KoTophle Ha IPC ObITh TOJKHBI, HO OTCYT-
ctByI0T. [IpeaycMoTpeHsl Takke 2 KOHTPOJIbHbIE paboThl: Ne 1 — o KHHEMaTHKe, OCHOBHOMY 3aKOHY M JIByM 3ajiadaM
TUHAMHKH, Ne 2 — 10 3aKOHaM COXPaHEHMS 1 OCHOBHBIM T€OpeMaM AWHAMUKH.

®DaxTHYeCKH Ha BCe 3aHATUSA OTBOAATCSA 18 Hexenb 2 cemecTpa, B cpeaHeM mo 10 yueOHBIX YacoB B Henmeno. B Teue-
HHE MOYTH BceX 18 Hemenb BEIYUTHIBAIOTCS JISKINH (B CPEAHEM 3 Yaca B HEJEI0); UIYyT JlabopaTopHble padoTs! (3 gaca
B HEJIEII0) U MPOBOISTCS NMPAKTHUECKHE 3aHATHs (2 "aca B Henemo). Emé mo 3 waca camocTosiTensHON paboThl Mc-
MOJIB3YIOTCSl B TEUCHHUE TTOUYTH BCeX 3THX 18 Heaenb Ha MOATOTOBKY K JIADOpaTOPHBIM paboTaM, MPaKTHIECKUM 3aHATH-
SIM ¥ KOHTPOJIbHBIM paboTam. BoT mpuMep KajeHAapHOTO IJIaHa JUCLUIUIMHBL, ¢ KOTOPBIM CTYACHTHI 3HAKOMSTCS Ha
niepBoit nekiuu, B 2018-2019 yuebHOM romy.

MMPUMEP KAJIEHJAPHOI'O TINTAHA AVUCLUTIJIIMHBI na 2018-2019 yueOHsIi ron

| ®eppans | Mapr Anpeins | Maii | UioHp
He- (1 (2 3 |4 |5 |6 (7 |8 (9 (10 (11 |12 (13 |14 (15 |16 (17 |18
Jenst
Hater |11-|18- |25- [4-9 |11- |18- |25- [1-6 |8- [15- |22- [28- |6- (13- |20- [27- |3-8 [10-
16 123 |2 16 |23 (30 13 (20 [27 [4 [11 [18 [25 |1 15
Jlek. {613 [3 [3 [3 3 [3 3 [3 [3 [3 3 3 3 13 13 13
JI/p 4 14 |4 |4 [4 |4 |4 14 |4 |4 |4
[paxk 202 |2 (2 |22 |22 |22 (2]2 (2|2 (2]2
THKA
CPC |4 |4 |4 |4 |4 444444 ]a]a]a4]4]4]6]8
nPC 212 (2121212 (22 |22 |22 |22 [2]2 |2
K/p Nel Ne2

Uwcno 4acoB: JEKIMOHHBIX 62, 1abopaTopHbix paboT 44, npaktudeckux 3ansatuit 32, CPC 78, UPC - 34. TeMmb! koH-
TPOJBHBIX paboT: Ne | — KMHEeMaTHKa, JBe 3a1a4H JUHAMUKH, CHIIBI HHEpIUH, Ne 2 — 3aKOHBI COXPaHEHUS U OCHOBHBIC
TeopeMbl JuHAMHKH. Jlekiuu yuraer npod. MuxaiinoB Cepreii [lerpoBuu. JlaboparopHbie pabOThl M MPAaKTHUECKHE
3aHATHS BelET CT. npern. Anmanakosa ['anuna BacunbeBna. Ct. nabopanT naboparopun MexaHuku — Mamamniea Enena
[lerpoBHa. ®opmbl KOHTpOJIsL: BXoAHOH B Buje Tecta B MOODLE; Texymuii B BUie pelieHus IpUMEPOB U BOIPOCOB
CTyZIEHTaM B XOJ€ JICKIMH, MMCbMEHHBIX OTBETOB Ha MPAKTHYECKHUX 3aHATHUAX, KOHTPOJIBHBIX W JJaDOpaToOpHBIX pado-
Tax; MPOMEKYTOUHBIN - SK3aMEH I10 JICKIIHOHHOMY MaTepHary U IPHOOPETEHHBIM HA 3aHATHAX YMEHHUSIM M HaBBIKaM.

4.3. BeinostHeHHE J1a00PaTOPHBIX PadoT.

Kaxnoe 3ansTre B 1aboparopun HIAET 4 yaca; 4acTh HEOOIBIINX PAOOT MOKET OOBEANHSATHCS 110 2 Ha OJTHOM 3aHSATHH
(TorIa OHU HyMEpyIOTCs, Hanpumep, 5a u 56). PaboThI BRIMOMHAIOTCS 10 TOATPYIIAaM (XOTS MOKET OBITh M OJHA IOJI-
TpymIa), Tie CTyAEHTH pa30uBaroTcs Ha Opurassl (3BeHbs) U3 1-3 gemoBek. IToro TpeOyoT Kak COOOpaKeHHUS TEXHUKU
6€301acHOCTH, TaK ¥ HEOOXOAMMOCTh IPHOOPETEHNS KaXIbIM CTYICHTOM KCIIEPIMEHTAIBHBIX YMEHHI M HAaBBIKOB.

JlabopaTopHbie pabOTHI MOTYT BEITIOHATHCS Kak (YpOHTAIBHO (OJHA U Ta ke paboTa BBIOJIHICTCS MapajielbHO BCe-
MH Opurazamu), Tak U B IIUKIE (HECKOJIBKO paboT B TEUEHUH HECKOJIBKUX 3aHATHH MOCIEI0BATENEHO MMPOXOANT KaXkaast
Opurana). Pa3buBky mo Opuragam u MOpSAOK NMPOXOXKACHUS paldOT B IHKIIE OMpPENessieT MpernoaaBarelib Ha TIEPBOM
3aHsATHH (MK 10 Hero). OCOOEHHOCTH NPOBEICHHS pab0T B 3TOM YUeOHOM To/ly YKaXKET IPEro/laBaTellb.

Henocrarok MKI0BOW OpraHU3ali OYEBHJICH: YacTh OpHra]l MOXKET BBIIIOJIHATH PAOOTHI, JIEKIUH 110 KOTOPBIM ellé
He HauuTaHbl. BMecTe ¢ TeM, NMPOMyCTUBIINE 3aHATHE MOTYT JOTHATh Opuraay, T.K. OJHH U T€ ke padoTHI CTOAT Ha
CTOJIaX HECKONIbKO Heglenb. [losiBisieTcs coOsia3H cHavana "moryisTe”, a HoToM "MmoTHaKaTh".



BHUMAHME! DOta curyamus sBIsieTCS CTAaHIAPTHOH JIOBYIITKOH, W3-32 KOTOPOH €XKETOJHO HECKOIBKO YEIIOBEK OT-
qucisores ¢ pusmara! Jleno B ToM, 9To 00BEM paboThl B 1a00paTOpUN BEIIHK, a YHCIIO 3aHATHH OTPaHHYEHO (CM. Ka-
JISHAAPHBIN TIJ1aH), IPHYEM 10 OKOHYAHUH ITUKJIa 000PYyIOBaHUE CO CTOJIOB yOupaeTcs (HarpuMmep, 9TOOBI BHICTABUTH
paboThI ms Apyroro Kypca). A He BBIIOJHEHBI J1a0OpaTopHBIC paboThH - yueOHBIN IJIaH HE BEHINOJIHEH, 3a4éTa He OY-
JIeT 1 O c/1ade dK3aMeHa U pedn ObITh He MoxeT! [ToaTomy neicTByit Tak:

1. 3a HecKOJBKO JHEH 10 3aHATHH (HE B IIOCIEAHUHN JICHB, T.K. 3TO TAPAHTUPYET HETOTOBHOCTH!) HY)KHO C TIOMOIIBHIO
JJIEKTPOHHOTO BapHaHTa pabovell mporpaMMbl 03HAKOMHTBCS C ONMCAHHEM PabOThI, KOTopas OyaeT BBHITOJHITHCS, U
MOJIrOTOBUTH IEPBYIO 4acTh oTuéra. Croga BXOAAT Ha3BaHUE U Lielb paboThl, 000pyJOBaHKE, KpaTKast 3aluch GOpMYI
TEOPETHYECKOTO BBE/ICHHS, PUCYHKH, CXEMbI, TaONHUIIbI, ()OPMYJIBI MOTPEIIHOCTH B 00IIEM BHAE (€CIIM OHU HY>KHBI) U
np. ['maBHas nesb MpeaBapUTEIbHOTO O3HAKOMIICHUS - MOHATH, KaK OYAYT BBIMOJHATHCS M3MEPEHHs, 03HAKOMHTHCS C
npudopamu ¥ mpaBwiaMH paboTsl ¢ HUMU. [loAroToBka mepBoi yacTH OTYETa M O3HAKOMIICHHE ¢ pabOTON 3aHMMaeT
oxouo 0,5 yaca. B camom Hawase 3aHsATHS OyZeT MIPOBEPSTHCS: HAINYNE aKKYPAaTHO 0(OPMIIEHHO NepBOH 4acTH OoTye-
Ta; TOTOBHOCTH CHATh JOIYCK K M3MEPEHHSAM (BOIPOCHI K JOIMYCKY IS KaXAOH 1abopaTopHON pabOTHI CM. HIXKE).
CTyaeHTbl, HJIM He HMelolIie NePBOii YacTH 0TYeTa, WU He cIaBlINe I0MYyCK, K H3MePeHUSIM He 10IY CKaloTCsl.

2. ITo xoxmy paboThl ¢ OpHUragaMu CTYACHTOB, BHITIONHAIONINX OIHY padoTy, IPOBOAUTCS coOeceOBaHHUE 110 TEOPETHU-
YecKoMy MaTepHaily (BOIPOCH yKa3aHBI Hinke). CobecemoBaHMe HauWHAETCS C OpHTraibl, BRIIOJIHAIOMEH paboTy c
HauMEHbBIINM HOMepoM (Hampumep, Ne 1). TToka 3TH CTyIZEHTBI TOTOBSATCS, BCE OCTAIBHBIC CAAIOT MPETOAABATENIO U
nmabopanTy nomyck. OLEHKa 3a JOITyCK TYT K€ OOBSBISIETCS CTyJCHTaM M YYUTHIBAaeTCs B JanmbHeimeM. CaaBmme 10-
ITYCK MPHUCTYNAIOT K U3MEPEHHSIM.

IMpoiins cobecenoBaHue U JOMYCK, CTYACHTHI ¢ paboThl Ne 1 HauMHAIOT H3MepeHus, a ¢ paboThl Ne 2 IpephIBaIOT UX H
CHA0T TeopeTHuecKuit Marepuain. 3ateM craroT paboTel Ne 3, No 4 u 1.1. CTyIeHTBI, He TOTOBBIE K TEOPeTHYECKOMY
codece0BaHMIO, K N3MEPEHNUSIM TaK:Ke He JOMYyCKAITCS WIH ¢ HUX CHUMAIOTCS.

[Tpu MoAroTOBKE K TEOPETUUYECKOMY COOECEeIOBaHHIO JOMa TOTOBSTCS OTBETHI Ha BCE BOIIPOCHI JaHHOI padOTHI, HO
OTBEYaTh KaKABIM CTYJEHT OyJAeT JIMIIb 4acTh WX, yKa3aHHYIO mpemnopaaBareneM. Ha moAroroBky k coOeceoBaHMIO
BBIJIEISIETCS 0 2 YacOB M3 YacOB IOATOTOBKH K 3K3aMeHY, T.K. 3TO peneTunus sk3amena! Ilomp3oBaThes ydeOHUKOM
I KOHCTIEKTOM MpH coOeceJ0BaHNH 3aIPEIIEHO, U CTYJCHTY Hy’KHa JIMIIb 9nucTast Oymara.

MoxxHo, onHako, ucnoss3oBath cxkatelii IINIAH OTBETA (naiigaxect), KyJa BKJIIOYAOTCS IPOMEXYTOUHBIE MaTe-
MaTHYECKHE BBIKJIAIKH, CXEMBI OIIBITOB, PUCYHKH U T.II.. BaXHEHIINe (HOpMyIIbl, TIOHATHUS, ONBITHI, 3)(PEKTH H T.1.,
KOTOpBIE CIIEAYET 3HaTh Hau3ycTh, ykazaHbl B Iu1aHax oTBeToB BE3 PACKPBITUA COAEPXKAHMUSL. [1nans! oTBe-
TOB cOoOpaHbl B paboyeil mporpaMme; BaxxHeime GopMyJibl, IOHATHS U T.J. ¥ 3[1e€Ch BbIEICHBI LIPU(TOM U pa3MepoM.
OtBet cTpouTcs B ()OpME CBS3HOI'O M3JI0KEHHS TEOPETUUECKOr0 Marepuala ¢ MOMOUIbIO IJIAHOB OTBETOB. B xoxe oT-
BETa CTYACHTHI 00s13aHbl BHUMATEIBHO CIYIIATh JPYT APYra U IPeroiaBarelis - yYUThCS JIydlle Ha 4yKUX omnokax! -
HO HE I0JICKa3bIBaTh, T.K. OLIEHKA 32 co0ece0BaHNe CTABUTCSA U B KOHIE €ro OOBSBIAETCS KaXIOMY, CYIIECTBEHHO
BJIMsISl HA DK3aMEHALMOHHYIO OLICHKY (a B Clly4yae MOJCKa3KH Haao 3Ty OLUEHKY AeiIHUTh Ha aBoux!). Eciu oauH u3 cry-
JIEHTOB Opurazpl He MpoIuén codbeceqoBaHKUE, TO BBHIMOIHAIOIINE C HUM JIaHHYIO paboTy, OTBETHUB Ha CBOM BOIIPOCHI,
BCE )K€ He OyaIyT, KaK MPaBWIIO, JOMYIIEHBI 0 U3MEPEHUH, TOKAa HE MOMOTYT TOBApHUIILy TIOATOTOBUTHCS M IIPOHTH CO-
OecenroBaHme. ITO OOBSICHIETCS TeM, UTO Ha 3k3aMeH OynyT BeiHOCHTHCSI BCE Bompock! k cobece1oBaHHIO, U IIOO0MY
CTYZIEHTY MOTYT IIONIacTh KaK pa3 Te BOIIPOCHI, KOTOpbIe He OblIM pa3o0paHbl ¢ mpenoaasaresieM. Ha obcrosiTenpHoe
TeopeTHyecKkoe codeceoBaHne, IMaBHas 1eJb KOTOporo - Aath Bo3MoxHocTh KAYKIOMY cTyzneHTy MOTpeHHpOBaTh-
sl B M3JI0KEHUH MaTepualia IIpy HeMeJICHHON TIOMOIIM TpernofaBarens - Tpedyercs 30-40 munyT Ha Opurany; Opuran
OOBIYHO YETHIpEe, TaK UTO 3a 4-X-4acOBOE 3aHATHE KaXKIBIH CTYIEHT CMOXET 0Oe3 CIeIIKH OTBETUTH JIMIIb pa3. [loBTop-
HBIC, HA JaHHOM 3aHATUH, CO6CCC}IOBaHI/I$[ BO3MOJXHBI ITOCJIC CIa4YU TEOPHUU BCEMU OCTAJIbHBIMU 6p1/1ra/:[aM1/I; 9TO p€ajlb-
HO, €CJIM HaJ0 JIMIIb J0CaTh KaKyl0-TO MaJlyl0 4acTh TeopeTudeckoro Bompoca. Ctynentsl, o JIOBBIM nprunnam
MPONYCTUBIINUE 3aHATUC, HE CAABIINC TCOPHUIO, HE BBINTOJTHUBIINE U3MEPECHUS, HE O(bOpMHBmHe K KOHIlY JaHHOI'O 3aHs-
THUSA OTYET - CUHUTAIOTCA 3aJ0JDKHUKAMH U JOJIKHBI BOCHIOJIHUTH OTCTaBAHUE BO BPEMA 3aHATUHN JIIOBOﬁ MOATPYIIIIbBI
kypca (ecnu onu ecth!): BCE mpomynieHHbIe 9achl, Kak MPaBUIo, JOHKHBI OBITh BOCCTAHOBJIEHBI. SICHO, YTO MPOMYCK
3HAYUTEIBHOTO YHCIIa JaOOPaTOPHBIX YaCOB CTABHUT CTY/IEHTA B OUEHb CIOXKHYIO CHTYaIHio. Teopernueckoe codeceo-
BaHWE IIPUHUMAET TOJBKO IPEIoaBaTellb, MIO3TOMY OTpabaThIBAIOIINM 33J10JDKEHHOCTh CIIEAYET OTBEYaTh BMECTE C
Opuraoi, BHIONHSAIOMICH IaHHYIO paboTy. BCE, 4To OTHOCHTCS K 3KCIIEPUMEHTY - AOIYCK, H3MEPEHHs, OTYET, OTpa-
0OTKY 3K3aMEHAIMOHHBIX 3KCHEPHUMEHTAIBHBIX YMEHHH (CM. HIDKE) KOHTPOJIMPYET, KaK MpaBmIo, JabOpaHT, U 3TO
MOXHO CIaTh BO BpeMsI caMONIOAT0TOBKH. Haso numib yoenuTbest, 9To GakT caaun 1 oObsIBICHHAs CTYICHTY OICHKA 3a
9KCTIEPUMEHT 3a()UKCHPOBAHBI JAOOPAHTOM M YKa3aHa B TETPaIH CTYACHTA.

3. Kak mpaBwiio, 3a 3aHATHE CTYJIEHT JODKEH CaTh OJHY paboTy. DTO BIIOJHE pealbHO, €CJIM MOATOTOBKA Obliia 100-
POCOBECTHO: HECKOJILKO MUHYT Ha MPEIbIBICHUE TIEPBON YaCTH OTYETa U CAady AOIMYycKa, 10 40 MUH - Ha TeopeTHde-
ckoe cobecenoBaHne, 2 Jaca - Ha u3MepeHue u |1 gac Ha opopmieHne U caady otuéra. Ho ecnm mpeaBapuTeIbHO HE
OBUTH TOTpPaYeHbI Yachl HA MOJrOTOBKY IIEPBOW YacTH OT4ETA, Ca4yM JOMYCKa M, TIaBHOE, TEOPETHYECKOro codece0-
Banus - SAJJIOJIZKEHHOCTD TAPAHTUPOBAHA! CnaB nanHbIi OTUET, ClieyeT TOTOBUTHCS K CIEAyomend pabo-
Te (cNel-HaNe2, ut.n.). Eciu BeImosHsIIaCh paboTa ¢ HAaMOOJIBITUM B IIMKJIE HOMEPOM - MIEPEHTH Ha HAMMEHbBIIUN
(c Ne 5 - ma Ne 1). [To uroram paboTsl B 1a00paTOpuM Ha SK3aMEH MOTYT BBIHOCHTBHCS 3 OLIEHKH: 32 TEOPETHUECKHE
3HAHMS, [TOKA3aHHbBIE B XOJ€ COOECEI0BAHMIA; 32 IKCIIEPUMEHTAILHBIE YMEHHS - OLIEHKA 3a JOITYCK, 3KCIICpUMEHTAIb-
HBIE YMEHHS M KaueCTBO U3MEPEHUIT; 32 JOOPOCOBECTHOCTH (OLIEHKA YUUTHIBAET NPOIYCKH 3aHSATHH 0€3 yBa)KUTENb-
HBIX IPUYUH, KAYECTBO NOATOTOBKU K COOECETOBAHUIO U O(QOPMIIEHHS OTYETA, CBOEBPEMEHHOCTD CJIauH U T.1.)



Ecnm mo3BonseT mroniags 1abopaTopum, TO BCE pabOTEI MOTYT BBIIOJIHITECS B OMHOM HuKiIe. Ecim cTyaeHTOB He-
MHOTO (12-13 genoBek), To 6yzaer 1 moarpymnmna. IMeHHO Tak MpoBOIUIUCH 3aHATHS B 2018-19 ygeOHOM romy.

Htak, K KaXxI0My 3aHATHIO B JJaDOpaTOPHM HY’KHO: a) 3apaHee O3HAKOMHUTHCS C OTMIMCAHUEM PabOTHI M MOATOTOBHUTH
MIEPBYIO YacTh OTYETa; O) MOATOTOBUTHCS K CIade JOMyCKa K M3MEPEHHSM; B) MOATOTOBUTHCS K TEOPETHUECKOMY CO-
Oece0BaHMIO, MPOPadOTaB IUIAHBI OTBETOB, 3ay4IHB BaXKHEHIINE TOHATHA, POPMYIIBI U T. 1.

JlabopaTopHble pabOTHI 3aKOHUYEHBI, €CIH M0 KAXIOW M3 HUX CIaH MIOIYCK, BHINOJHEHBI M3MEPEHUS, OPOPMIICH U
c/1aH OTYET, MPOMCHO TEOpeTHIEeCKOe codece10BaHNe U MOKa3aHbl SKCIIEPUMEHTAIbHBIE YMEHHS.

4. B naGoparopuu ciiefyeT BBINOIHATH NPaBUiIa TEXHUKH 0€30MacHOCTH, C KOTOPBIMU MOJPOOHO O3HAKOMHT IPEMo-
JlaBaTelb Ha BBOJHOM 3aHITHUU TOJ POCIHCH KaXKJOTO CTYAEHTa MEPCOHAIBbHO B XKypHase. be3omacHeIM A JKU3HU B
MIOMEILEHUSIX THIIA JAHHOW J1JabOpaTOpUH SIBJISIETCS HAINPsDKEHUE He cBhINIe 36 B mepeMeHHOro 1o, a cTyieHTam Mpu-
XOIUTCS UMETh JIeI0 (HamnpuMep, P MOJKIIOYEHHH JICKTPHYECKUX NpUOOpOB) U ¢ HanpsbkeHueM cetu 220 B, 6e3-
YCIIOBHO, cMepPTeJIbHO onacHbIM. OcHoBHBIE npaBuia oueHs mpoctel, HAJIO JIMIIb UX HE 3ABBIBATD:

a) He Brirrouats anekrpudeckue mpuOops! 0e3 pa3pereHs mperofaBaTess Wik JadopaHTa.

6) He Brurrogath cxemy moJ HampspKeHHe 6e3 IpeABapUTEIbHON MPOBEPKH MPENoJaBaTesIeM WIH JJA00PAHTOM.

B) He mpomn3BoanTh nepexiitoueHne B cXxeMax, HaXOJAIIUXCS 0] HaIPSKCHUEM.

r) He nmpukacatbcsi K HEH30JIMPOBAHHBIM YacTsM CXEMBI (B TOM YHCIIE K KOPITycaM BBIIPSIMUATEICH, OCIMIIIOrpadoB,
NIEKTPOHHBIX CEKyHIOMEPOB, TCHEPATOPOB H TIP., BHITIOJIHEHHBIM U3 METaa!).

1) He octaBmsiTe 0e3 HaOMOAEHNS CXEMY I10J] HAIPSDKEHUEM, IT10/1aBast €T0 TOJNBKO Ha BPEMs H3MEPEHHM.

e) HanéxHo kpenurth nepemeniaeMble Ipy3bl Ha CTEPIKHSIX KPECTOBHHBI, KOTOpas OyzeT BpamaThes (paboTa ¢ Masit-
koM O6epOeka), 4ToObl OHU HE MOTJIM CIIETETh IIPH BPaIllCHHH.

Hapymienue 3Tux mpaBui, He UMeEBIIIee CePbE3HBIX MOCTIEACTBUH (TOpakeHHEe TOKOM JIFOJIeH), MOBJIeYeT IOBTOPHYIO
cladyy HpaBHJ TEXHUKH OE30IaCHOCTH, BO3MEUICHHE CTOMMOCTH UCIIOPYEHHBIX MPUOOPOB U T.JI.

[To nToram paboT Ha K3aMEH BBIHOCSTCS 3 OLEHKH: 33 TEOPETHUECKHE COOeCceI0BaHMs, 3a SKCIEPUMEHT (110 UTOTaM
Ca4X JAOIYCKOB M 3aIIUTHI OTYETOB IO paboTaM) | 3a JOOPOCOBECTHOCTH (CBOEBPEMEHHOCTh M KaYECTBO BBIITOTHEHHS,
nponycku 3aHsatuil u T.1.). BHUMAHME! JlabopaTopHbie paObOTHI 3a4TSHBI, €CIIU CIAHBI BCe OTYETHI

4.4. BeinostHeHHe MPAKTHYECKUX 3aHATHIT

OcCMBICIIEHHOE pEIIeHHE 3a/1a4 HEBO3MOXKHO 0€3 3HaHUS BKHEHIINX MOHATHH, (POPMYJI, 3aKOHOB H TIp. JAHHOH TEMBI.
ITosToMy mepen KaskabIM MPAaKTHUECKUM 3aHSATHEM CTYACHTHI JOJDKHBI MEPENrcaTh B KIACCHYIO TETpajab WIH Ha OT-
JIeNbHbIE JUCTHI CIIMCOK TaKUX MOHATHH 1 (HopMyl (CM. HIXKE) ¢ paciu(pOBKON KaXKIOTO MOHATHS, (OPMYITHPOBKaAMHA
BCEX 3aKOHOB, CMBICJIOM Ka)KJIOTO 3HAauyKa: He MPOCTO MepenucaTh cioBa "cuctema orcué€Ta ", a 1aTh ONpe/esieHre; He
MPOCTO HamucaTh "3aKOH COXPaHCHHS MMIYJbca", a JaTh ero GOpMyJIHUPOBKY; HY)KHBI HE CIIOBa "HOJOXKECHHUE IIEHTPA
Macc", a ¢popmyina st BeiuuciieHus koopauHat. O0pasen oopMIIeHHS IEPBOTO CIIUCKA MOHIATUNH UMEETCsl B pabodeit
nporpamMMe. Ha moAroToBKyY CITMCKOB MOHATHI U pelIeHne JOMAIIHUX 3aa4 BelaenseTcs okojo 1 gwaca CPC.

BonbmHCTBO (hOpMyI M HOHITHIT KQXKIOro CIHCKa OyAyT BaKHEHIIMMH M B MacIuTadax BCEro Kypca, T.€. JOJIKHBI
OBITh 3ay4€Hbl; IIPH MOJATOTOBKE K NPAKTHYECKOMY 3aHSATHIO, OHAKO, TAKOH [EH-MaKCUMyM MOXHO HE CTaBHTh, OTpa-
HUYUBIINCH CBOOOJZHON OPHEHTHPOBKOH B COOCTBEHHBIX 3amucsX. IIpemonaBarens B HaYajIe 3aHATHS MIPOBEPSIET HAIH-
9re © Ka4eCTBO PACKPHITHS COAEPKaHUs cHcKa y Kaxaoro cryaeHTa, npuaéM HA BCEX 3AHATUSAX 6e3 uckiro-
YEeHUsI, HAYMHasl C IIEPBOT0. JTO M TIOHITHO: OTCYTCTBHE CIHMCKa WM (OpPMaJIbHASL €r0 MepenucKa - TapaHTus Hedd-
(eKTHBHOM paboTHI cTyAEHTa Ha 3aHATHH. OTHOBPEMEHHO MPOBEPSIETCS PEeLIeHUE JOMAIIHUX 3a/1a4, KOTOPBIE JIOIKHBI
OBITH pacIpesieNieHbl [0 3aHATHAM M aKKypaTHO npoHyMepoBansl ¢ IIOJTHOM 3AITUCHIO YCJOBUM kaxoit 3a-
Jlaudl B OTIEIBbHYIO T€Tpajb Ul JoMalrHuX padot. XKaneTs BpeMst Ha HEpenucKy yCIOBHH HE CIeIyeT: 3TO He TOJIbKO
JIeNIaeT CTyIeHTa He3aBUCUMBIM OT 3aJJaYHUKOB, KOTOPBIX B HY’KHBIM MOMEHT - Ha KOHTPOJIBHOM, 3a4éTe - HE OKaXKeTcs
O] PYKOH, HO U TIOMOTAeT B PEIICHUH 3aJjay, 3aCTaBIIsIs 3aMETUTh KaKyl0-HHOY/b BAKHYIO “MeJIOUh” THIIA OTCYTCTBUS
CHJI COIIPOTUBJICHUS WU HYJIEBOW KOHEYHOM cCKopocTH. Eciu mpu BceM CTapaHHHM PEelINTh JOMAIIHHE 33734 He yna-
nock, JOJIKEH BBITh MPEABSIBJIEH YEPHOBUK PEIIEHUI. He uMeromue 63 yBaXHTEIbHOH MPUUHHBI
CIHCKa MOHATHUH M HE NMPHUCTYNAaBIIME K PELICHHIO JOMAIIHUX 3a/a4 IOJIYyYaloT HEYyIOBICTBOPUTEIBHYIO OLIEHKY U
JIOJDKHBI Oy/TyT SIBUTHCS Ha BBI3BIBHYIO KOHCYIbTaIMio B yackl IPC. Pazymeercs, oHa OTKpBITa U JUIS BCEX KETAIOIINX.

Takue KOHCYJNbTanWHu MPOBOAATCS PETYJSIPHO C YKa3aHHEM BpPEMEHHM B KaJleHZapHOM IulaHe. O BeckoW IpHUMHE
MIPEACTOSIIEH HESBKU CTYNEHT-3a/I0JDKHUK 00s3aH 3apaHee NpeNylpeluTh MpenoaaBaTels; He OrOBOPEHHas 3apaHee
HesBKa 3a/10JDKHUMKa Ha BbI3BIBHYIO KOoHCyibTaluio Biedér OBSA3ZATEJIBHOE NOBABOYHOE WHIWBUAY-
AJIBHOE 3AJAHMUE — no6aBouHble 3a1a4u (CM. JOMAIITHUE 3a1aHsT), IPOPabOTKY CIHCKa MOHATHH H Tp. SICHO, 94TO
IIPY TTOBTOPSIIOIIMXCSI HESIBKaX HA BBI3BIBHBIE KOHCYJIBTAIIMN CTYJCHT CTABHUT ce0s B OUEHb CIIOKHOE MOJI0KEHHE.

Ecmu 3ansrue 66uto mo JIKOBBIM nmpuuauHaM MpomyIIeHo, CIeayeT, MEepenncaB y TOBApHUIIEH KITacCHBIE 3a/1a4H U
PA3OBPABIHINCDH B HUX, moAroToOBUTh CIIMCOK MOHITHA, PEITUTh TOMAIIIHUE 33J]a9d U SIBUTHCS Ha OJDKaWIITyrO
KOHCYJBTAIIHIO, Tl TPETNOAaBaTeNlb IPOBEPUT KadecTBO paboTsl. Ecny nmpudnHa mporrycka yBaKUTENbHA C JOKYMEH-
TaJIbHBIM MOATBEPIKICHUEM , CITUCOK HAJ/IO JIUIIG MOKA3aTh, & BOT €CJIM HET - ¢AATh, IIPEIBAPUTEIILHO 3ayUHB.

Banmanwue! Ipomyck (o mro00ii mprumHe!) OONBIIOr0O YnciIa 3aHATHH, a TeM 0ojiee HesBKA Ha BBI3BIBHBIC KOHCYIIb-
TaIMy O3HA4aeT, YTO MPENoJaBaTeNio MPUAETCS 3aTPaTUTh Ha paboTy ¢ Bamu 3HauMTENbHOE BPEMS: IPOCMOTPETH 110
KaX/10l1 TeMe MepenucaHHble KJIACCHBIE 3a/auM, IPOBEPUTHh WM NMPHUHSITH CIUCKH MOHATUM, NPOBEPUTH PEIIEHHE J0-
MalllHUX W JIONOJHUTEIBHBIX 3a/1a4. Eciam 3To IponcxoauT B cepeinHe CeMecTpa, TO BCE MOXKET OKOHYUTHCS OJ1arorno-
JIY4HO - TYT Y Jieslo 3a Bamei 100pocoBecTHOCTBIO M crocoOHOCTAMHU. Ho K KOHIy ceMecTpa He MOMOXET U JoOpo-
COBECTHOCTH IIPOCTO IOTOMY, YTO BaM He XBaTHT BpeMEHH: B NIEPBYIO OUEpe/b HA KOHCYJIbTAIHMAX, 3aU€Te U Ip. Ipe-
nojiaBaTenb Oyner paboTaTh co CTyAeHTaMH Oe3 3a/10JDKEHHOCTH MJIM C MEHbIIEH 3a70mkeHHOCThI0. Kak Toibko 3a-



KoH4YmIIKCH 3aHsAThsA, penofaBate’s HE OBA3AH ¢ Bamu pabotarhk; ¢ HUM HaJ0 JOTOBAPHUBATHCS O Ka)I0H BCTpede,
YTO 3aBUCHUT HE TOJIGKO OT Barreil ToTOBHOCTH, HO W €To XeJlaHus, MHeHHUs o Bac, 3austoctu u nip. U3-3A IPOITY C-
KA BOJIBIIIOTO YACJIA MPAKTUYECKHUX 3AHATHAN TAKKE HECKOJIBKO CTYJIEHTOB EKEIO-
JHO OTUUCJIAIOTCSA C ®PU3MATA.

3amMedy, 9TO Ha KOHTPOJBHBIX paboTax 3(pdeKTHBHO MOXKHO Hcmonb30BaTh Tonbko CBOM crimcku moHATHH, Kiacc-
HBIC ¥ IOMAIIHUE TETPAIX C 337adaMu. 3aJadll KOHTPOIBHBIX NMOJONPAIOTCSA OJHOTHITHBIMH C PEIIABIINMHUCS AOMA U B
ayJMTOPHH, TaK YTO HEKaueCTBEHHOW POPA0OTKOI CBOMX 3alMCEH WIIM UX HETIOJHOTOH HepaaMBbId HaKaXeT caM ceOsl.

Buumanue! 113 MHOTOJIETHEr0 ONbBITa YCHENIHOTO PEUICHUS YYEOHBIX 3a/ad MHOIO HM3BJIECUYCHBI JIUIIb 3 YHUBEp-
CaJIBHBIX COBETA JUISl Te€X, KTO TAK)Ke XOTell Obl HAYYUTHCS pelaTh yueOHbIe 3aJauu.

a) 3HAM TEOPUIO U, TJIABHOE, ®OPMYJIbI (umu xots 651 3Haii, rae 3TH (GopMyins! Haiiti). Ecin B 3anaue
uAET pedb O TOKE, HANPSDKEHUH M CONPOTHUBIICHUH, a ThI HE 3Haelllb 3akoHa OMa - feno 0e3HaiexkHo, T.K. Thl Jaxke He
3Haelllb, Tie U 4To uckaTh. Ho ecnu U 3Haemb, Hy)kHa ONTUMaibHas cTpaTerus pemenus. Ilostomy

6) PEIIIAM C KOHIIA. D70 3HauuT: BHUMATEIHHO IPOYHTAB YCIOBHS, CEIaB HX MOJTHYIO (PH3HUECKYIO 3aIuch (He
yIIycKasi HA OJHOHM "Menoun" THIA HyJIeBOM CKOPOCTH B KOHIIE WJIM Hadalle IBMKCHUS, IIOCTOSHCTBA YCKOPEHHS, Mpa-
BIJIBHBIX 0003HA4YEHHUH IS BCEX BEIMYMH, 3aIIUCH YHCIOBBIX 3HAUCHUH B OTHOW CHCTEME U Mp.), ONPENEIH, ITO HAT0
HalTH - 1 ¢ yaeroM ycnosui 3agaun [IOJABEPU ®OPMYJIY, KYJA BXOAUT HCKOMAS BEJIMYHUHA. Ilpa-
BIJIBHO NTOCTABJICHHBII BOIIPOC - TIOJIOBHHA pEICHMS. B MpocThIX 3aiadax HykKHA omHa (opMyia, B Oosiee CIOKHBIX -
psin cBsa3aHHBIX. Be10Op 3THX (hopMyr - meno TBOpUECcKoe, Tpedyromiee He TOJIBKO 3HaHUM, HO 1 onbITa. [losTomy

B) PEHIM MHOI'O 3ATAY. Ecnu ThI B CBOEH JKN3HH PEeNIMI BCero 2 pU3HYecKue 3a1a4yu, TO He OJHOTHITHYIO 3-10
cKopee Bcero He pemuib; eciau 2002, To 2003-10 ckopee Bcero pemuis. Jlyurie pemars caMOMy - XOPOIIO 3alIOMUHA-
eTcsl, CIOCOOCTBYET CAMOYBAXKCHUIO M YCBOCHHUIO TEOPETHUECKOTO MaTepHana; HO TOJUTCS pElIeHUe MperojaBaTelis,
TOBapuIla, U3 KHIWKKU - Jumb Obl pemenue SAIIOMHMJIOCH. Ilpu pemieHnu oIMMIMAIHBIX 33434 OYEHb YacTo
HY>KHO 3HaTh KaKOH-TO CIIEIMAIBHBII ITpHUeM, cpa3y yBHIETh, Ha KaKyI0 TEOpPEMY WM 3aKOH JaHHas 3aj7a4a.

K coxxaneHuio, 3TH COBETHI HETIPUTOIHBI IIPX PEIICHNH 3a7a4 HAYYHBIX (HE TOBOPA YK€ O KHUTCHCKUX): 3/IeCh Yalle
BCETO HEM3BECTHO HE TOJBKO KaK pemaTh, HO M YTO MCKaTh, KAKOBBI MCXOJHBIC JAaHHbIC, IOJHBI OHHU, HEOCTATOUHBI
WIN U30BITOYHBL. ..

[To nToram npakTUUECKUX 3aHATHH Ha SK3aMEH BBIHOCSTCS 2 OLICHKH: 32 YMEHHE pemaTh 3a1a4 (110 HToraM KOHTpPO-
JBHBIX M PELICHUIO JOMAIIHMX 3aJad) U 3a J0OPOCOBECTHOCTh (CBOEBPEMEHHOCTh W KAa4eCTBO pabOTHI CO CIIHCKAMH,
nponycku 3austuil u T.41.). BHUMAHME! Ilpaktiueckue 3aHATHS 3a4TCHBI, €CIIH: a) €CTh MOJHBIC CHFCKH MOHATHI
0 BCEM TeMaM, 0) pelleHbl Bce JOMalIHUe 331a4H, B) BOCCTAHOBJICHBI BCE MPOITYIEHHBIC 3aHSATHS U CAHBI 3310JKE H-
HOCTH, T') 324TEHbI BCE KOHTPOJIbHbIE PaOOTBHI.

4.5. N3y4yeHune TeopeTHYeCKOro MaTepuasa.

[MpakTHyeckue yMeHHsI U SKCHEPHUMEHTAIbHbIE HaBBHIKM MOTYT OBITh MOJy4Y€HBI TOJBKO HA MPOYHOI 0aze 3HaHWH,
MPUOOPETEHHBIX NP W3YYEHUH TEOpPETHYECKOro MaTtepuana. Ho B ocHOBe 3HaHM 00s3aTeNbHO JISKUT Hpouece 3A-
INOMUHAHUS, 3AYUUBAHMUS. [leiicTBUTEIBHO, JTI00ast 00JaCTh YEIOBEUCCKUX 3HAHWN - MaTeMaTHka, (hU3MKa,
Me1aroruKa, MEIUIIHA - OIMPACTCS Ha ONpeNeIeHHBIN Habop moHaTHi ("mponsBoaHas - 370...", "megaroruka - 3710...",
"9EKTPUYECKUIA TOK - 3T0..."), (akToB u siBieHuUi ("Bonra Bmamaet B Kacmuiickoe Mope", "oqHOMMEHHBIE 3aps/Ibl OT-
TaNKuBarTCA", "MEPBBIM MPU3HAKOM 3a00JICBaHHS TU3CHTEPUCH SIBISETCA..."), 3aKOHOB, TEOPEM U 3aKOHOMEPHOCTEH
("3apsim B 3aMKHYTOW cuCTeMe coxpaHsercs', "KBaJpaT THIIOTCHY3Bl PaBeH CyMMe KBaJpaToB KateToB", "mpuém actm-
PHHA CIIOCOOCTBYET CHIDKEHHIO TEMIIepaTyphsl 00JIbHOT0"), HCIIONIB3yeT cOOCTBEHHbIE IpaduecKne U CUMBOJIBLHBIE Cpe-
JICTBA (YEpTEeXH, KapThl, GOPMYIIBI, CXEMBI); U BCE 3TO Ha/O 3ay4YHTh, 3AIIOMHHUTH, y3HATH XKEJIAIOMIEMY H3Y4YHTh IaH-
Hylo HayKy. He Hamo myTath 3yOp&xXKy M 3aydnBaHHE: B IIEPBOM CIy4ae CMBICT 3allOMHHAEMOT0 HEHU3BECTEH, KaK B
JeTckoit cuntanke "DHe, OeHe, paba...", Tak 4ToO 3ayunBaHue TeopeMbl [ludaropa He OyneT 3yOpExXKOiA, €CIM OCMBICTIE-
HBI U 3ay4eHBI MOHATHSA "TIPSIMOYTOJIBHBIN TpeyroibHUK", "KateT", "runoTenysa", "ksagpar"”, "cymma". Bonpoc o nonu-
MaHHH, OCMBICIMBAHUN MaTepHajia JOCTaTOYHO CIOXKEH, YTOOBI Ha HEM 37€Ch OCTAHABIMBATHCS, BaXKHO, YTO MpOpa-
00TKa, OCMBICIINBAaHNE, IOHHMaHIE HOBOT'O OIIMPAETCs Ha yXe 3aydeHHOe, YCBOeHHOe 3HaHue. He n3ydaBieMy aHrim-
Hckuit s36IK (pa3a "AM cruK pamrH" Tak jke HENOHSATHA, KaK He W3ydaBieMy (u3uky - "ToK HaCHIIIEHUS MPOIOPIHO-
HaJIeH TeMIiepaTtype karona". O4eHb 9acTo CTYACHT 3asBisieT, uTo oH co mkoiasl HE IOHUMAET ¢usuky, a Ha nene
oxkaszsiBaetcs, uto oH e€ HE 3HAET; He mOMHUT (WJIM TIOMHHUT PUMEPHO), YTO TaKOe KaTOH, TeMIIepaTypa, TOK; He
3ay4mil, KaKUMU OyKBaMHM 00O03HAuYaroTCs 3TH BEIMYHMHBI M KaK 3TH OYKBBI MUIIYTCS M unTarorcs. B ¢popmyne F = ma
He Tpebyetcs uro-ro [IOHMMATD; nago 3HATD, uTto 310 BTOpOI 3ak0H HBIoTOHA (a mpernomaBaTeio MOMHUTH, YTO
NIPaBWJILHOE y/IapeHHe - Ha IIEPBOM cJIoTe, a He nocieaneM); uro F unrtaercs kak "3¢" u o0o3HauaeT B 1aHHOH hopmy-
ne cuiy (B apyrux Gopmynax dTa ke OykBa MOXeT 0003Ha4aTh y)Ke MOCTOsSHHYI0 Dapajes, TyducThIi MOTOK, CBOOOI-
HYIO SHEPTHIO CUCTEMBI U T.JA. - OYKB B (DU3MKE JaBHO HE XBATAET, B X0y PYCCKUH, TATHHCKUH, IPeUeCKUN anaBUTHI -
JI0 MeporTuQOB €IIe /1e0 He JOIIO, a BOT BCAKHE IITPUXH, 3BE3IOUYKH, WHIACKCH IMPU OYKBaX HCIIOJIB3YIOTCS); UTO
CHIIa - 3TO..; UTO U3MEPSETCS CHIa B HBIOTOHAX, KOTOPBIE MOXHO COKpalleHHo 0b6o3HauaTs OykBoit H, a | H - aro0... U
ecnu B naHHbIT MoMeHT cTyaeHT HE ITIOMHMT, uro Takoe Macca WM B 4€M M3MEpSAETCS YCKOPEHHE, TO MPHUYEM
3necs nonumanne? @U3NUKY HAZIO YUUTDb HAU3YCTb, xkak HHOCTpaHHEIH SA3BIK: IO JECATh MOHATHH, (HOPMYIL,
0603HAYEHHIT KaXIblii JIeHb, IO HECKOIBKO pa3, TI0Ka He 3alOMHHMIIE - i uepes roa-18a PETYJIAPHBIX 3AHATHI
3arosopuillb. YUHEBA 11O HACTOSAIEMY - 3TO TSXKEJIBINA TPV, u Huuero He M00BIOTCS TE€, KTO MEUTaeT
"monuMats" ¢pu3uky Oe3 exenneBHoro Tpyzaa o e€ U3YUEHMIO. Kopens yuenuns ropek, HO OB €ro (IIOKa XOTS
OBl B BHJIC 3aCITy>KEHHO! MATEPKU HA SK3aMEHE) CIIaIKH.



"Ho 3TO CKOJBKO e HaJIo 3ay4YMBaTh, y HAC He ofHa ¢u3mka!" - CKaKyT WHBIC CTYICHTHI. J[0JIT HCTHHBI 371e€Ch €CTh
(ecrut 3a0BITh, YTO OOJILIIMHCTBO MOHATHMA, 3aKOHOB, (HOPMYI B Kypce o0mel (GU3UKH By3a H3y4alloch 5 JieT Bcemu 0e3
UCKJIIOYEHHS B IIKOJIE), TOITOMY B By3aX U CYLIECTBYIOT IIPETOAABATENN: OHU B COOTBETCTBHUH C MPOrpaMMaMH OTOH-
paroT MaTepHal U OPraHU3yIOT M3YYEHHE, BBIIEINAA BaXKHEHIIee, ToMorasi 1 KOHTpoiaupys. ONBITHBIM MpernoaaBaTenb
3Haet, uto BAJKHEMIIUX moHsTHiE, (hopMyn, SBIICHUI, 3aKOHOB, OIBITOB, CXEM, TPa(HUKOB, KOHCTAHT 32 CEMECTp
co00ImaeTcst CTyIeHTaM COTHH JIBE-TPH, M 3ay4UTh HX IO CHJIAM JIa)K€ TOMY, KTO HHYErO HE NMOMHHT (HEBEPOSTHBIH
cityyaii!) co IIKoJbI - ObIIO OBl JkenaHue. Penent npoct: 3amuIiy 3To BaKHEMWIIee HECKOJIBKO pa3 (MOTOpHAs IMaMsTh
camasl IpoYHasl - KTO Hay4yWICs €31UTh Ha BEJIOCHUIIE]E, €31UT BCIO *KH3Hb); IPOTOBOPU BCIYX U MOCIYyIIail TOBapHUILA
(MCToINB3y# CIIyXOBYIO NMaMsITh), MOJUYEPKHI KPACHOM ITacTOi, 00BEIM paMOYKOW U BHUMATEIBEHO PACCMOTPH (3pHUTENb-
Hasl TaMsATh camasi EMKasl - TOBOPST )K€, YTO JIydlle OJUH pa3 yBHAETh, YEM CTO pa3 yciblmath). st obnerdeHus cry-
JICHYECKOTO TpyJla BCE BaXKHeHIIee, 4To TpeOyeT 3ayuuBaHusl Hau3ycTh, coOpaHo B pasnene 10 paboueil nporpaMMbl 1
BeigeseHo KPYITHBIM HIPUDTOM.

OpHako OyxymeMy y9uTeNo Maio 3HaTh IpeAMET, Haao eme yMeTh ero U3naratb, OOBICHATH ApyruM. B obmem-To
9TO UCKYCCTBO, KOTOPHIM OBJIAAEBAIOT BCIO XH3Hb, ciuiaB 3HaHUH 1 OIIBITA uenoseka (HemapoM CO BpeMEHEM Y4H-
TEJII0 HAYMHAIOT INIATUTH Ooibie). Ho B OCHOBE NEHUT, Ha MO B3I, MIPHOOpETacMOe IIPpU U3YyYSHUH U B XOJE pa-
00TBI yMeHHUE BUAETh U m3iaraTth cBoit mpeamer kak CUCTEMY 3nHanuii, a He HA0Op OTACITHHBIX 3ayUYEeHHBIX (PaKTOB.
s storo Hago [IOMHUTD He TodpKO camu (akThl, HO U CBA3H MEXIY HIMH, UX ITOCIIEAOBAaTEIFHOCTE BO BPEMEHH,
CTETICHb Ba)KHOCTH U CIIOXKHOCTH JUISI BOCIIPUSATHS, CIIOIb30BAaHNUE B AANbHEHIIEM Kypce, HEOOXOIUMOCTh CBOOOIHOTO
BIIQJICHUS], CUIIy SMOILMOHAIBHOTO BO3JAEHCTBUA U T.I. U T.I. Bpems Ha u3nokeHue MaTepuana, Kak M BpeMs OTBeTa
HIKOJIbHUKA WU CTYAE€HTA, BCETAa OIPaHUYEHO; 3HAUUT, HAI0 IOMHUTb U paclpeielIeHue BPEMEHHU ¢ yUETOM BO3MOXK-
HBIX BOIIPOCOB, Ja elI€ U yMEeTh Ha X0y MepecTpauBaThCs B CIydae KaKUX-TO HEIPEIBUACHHBIX 00CTOATENBCTB (T10rac
CBET; cioMajlics NpHOOp; He TOJy4uiIach JEMOHCTpalys, Ha KOTOPYIO OIHMPaJOCh M3JI0KEHHWE HOBOI'O MaTepHana, 1
np.). Kaxkaplit 13 HaC MOMHHUT CO BPEMEH IIKOJIBI MOJIOJIBIX YUUTENEH WM NPaKTHKAHTOB, KOTOPbIE HEMOHATHO 00BsIC-
HSIOT, TIOCTOSIHHO 3arJIAbIBast B TETPAJKY, @ TO U YUTAas 10 HEH; KOTOPbIe THXO M HEBHATHO FOBOPST M MEJIKO MHUIIYT HA
JIOCKE; y KOTOPBIX TIOCTOSTHHO HE XBaTaeT BPEMEHH M YPOK 3akaHumBaeTcs (paszoit "OcTanbHOE IMOCMOTPUTE JI0Ma Ca-
MU 10 yueOHUKY". Bcé€ 310 eme nmpuaércs ucnbITath Ha ceOe MOYTH KaXJIOMY CTYJCHTY B XOJ€ NMEINPaKTHKHU; a TOKa
HH CJIOBa HE TOBOPWJIOCH 00 YMEHHM BIafeTh cOOOH B IPHCYTCTBHH Ha YPOKE IPOBEPSAIOIIETO, BUAETH 10 PEAKIIUH
KJlacca CTEIECHb 3aWHTEPECOBAaHHOCTH M MOHMMAaHHMSA, HE TOBOPHWIOCH 00 MCKYCCTBE MHTEPECHO NPENOJHECTH CaMbIi
"cyxoi" MaTepuan u 0 MpodieMe MpodieM - YMEHHH HoJiepkaTh qucuuiumay Ha ypoke. YMEHHME - 9TO 3HA-
HUE B JEMCTBHMM. 3uaunt, eciu Xouelb yMeTh M3J1araTh MaTepHal, HyXHO MOCTOSHHO MpoOOBaTh 3TO JENATh,
HCIIOJIb30BaTh JI00YI0 BO3MOXKHOCT: JUIsl CaMOT0 ce0sl, BCIIyX WM Ha Oymare; sl TOBapulleil Ha Beuepe, cCOOpaHuu, B
KOMHATe OOLIeKHUTHS, TIepe]] YPOKOM; /I IperoiaBarelis Ha MPAKTUUYECKUX 3aHATUAX, B X0/l TEOPETHYECKOro cobde-
CelIoBaHMs, Ha KOJUIOKBUYME MIIH 3K3aMeHe. MO)KHO MPOJODKUTH aHAJIOTHIO C U3Y4eHHEM HHOCTPAHHOTO SI3BIKA: MaJo
3alIOMHUTh, KaK NMUIIYTCS, YUTAIOTCS U MPOU3HOCITCA CI0BA; HYKHO ell€ 3HAaTh IMPaBUJIa ATOTO SI3bIKA U 00s13aTEIHHO B
HEM NPAaKTUKOBAThCS, UCIIOJB3Ys JIFOOYI0O BO3MOXHOCTB. JIUIIb TOrga OyayT MOHSTHBI BOIPOCHI MPENoJaBaTels U B
OTBET HE BBITOBOPSATCS UCKOBEPKaHHBIE (pa3bl "3apsin moposkaaeTcs n3MeHeHHeM MarauTHoro moist”, "KaMeHns itetut
BBEPX U3-3a CHIBI MHepiuu" win "EMkocTh npoBoaHuKa onpesensercs ero 3apsaaom”.

Kcrarn, ananorust ¢ MHOCTpaHHBIM SI3bIKOM UMEET M MPSMON CMBICK: B (pH3HMKE MHOKECTBO MOHATHII 0003Ha4aeTCs
CJIOBAaMH MHOCTPAHHBIX S3BIKOB, B OCHOBHOM JIATHHCKOTO M Tpedeckoro. Macca, nHepuusi, KOHAECHCATOP, WHIYKIHS,
TpaHcdopmarop, NOIAPU3ALKSL, HHTEPPEPEHIHS, SHTPOIHUS U JIP. - HAM HX IIPUXOJIUTCS 3ay4uBaTh, a UTAIbSHILY WA
aHIVIMYaHUHY OHHM 3HAKOMBI C JIETCTBA KaK CJIOBa POJHOTO s3bIKa. To ke ¢ 0003HaueHUsIMH: Bee 0e3 MckitoueHus (u-
3UYEeCKHE BEIMYHHBI UMEIOT MEpPY, STAJOH IS CPaBHEHHMS, €IUHMILY U3MEPEHHUS (B 9TOM 3acilyra MHOTHX HOKOJICHUI
¢usukoB; a moxeT i meauinmaa U3SMEPUTD TsokecTs 00s1€3HH, MEIaroruka - CTeNeHb MaCTePCTBa YUHUTEIIS, & MICHU-
XOJIOTHUS - CHITY 3MOIHiA?), TpeOysh KaKoW-TO OYKBBI JJIsl OMMCAHUS KOJIMYECTBA KAXKIAON TaKOi BETMYHHBI. ITH OYKBBI
3aMMCTBOBaHbI B OCHOBHOM M3 JIATBIHU - SI3bIKa MEXIYHAPOJAHOTO OOLICHUS YUEHBIX B TIOPY CTAHOBICHUS (PU3UKH KaK
Hayku. Ham npuxoautcs 3ayuuBath, uTo F - 0603HaUeHHe CHIIBI, V - CKOPOCTH, a - YCKOPEHHUS U T.A.; JUI1 aMepHUKaHIa
K€ WJIM UTAJIbSHIA 3TO MPOCTO MepBbIe OYKBBI COOTBETCTBYIONIMX CJIOB POIHOTO si3bIka. Pu3HMKaM enié HUIero, a Kako-
BO MEAMKaM WJIM OMOJIOraM - 3ay4nBaTh Ha3BaHUS BceX OoJe3HEH, KOCTel, MBIIILL, JIEKapCTB, pACTEHHH, HACEKOMBIX Ha
nateran? BoT roe 3yopéxkal

Wrak, Ba)KHBIM KOMIOHEHTOM HCKYCCTBA IEJarora sBIseTcs, KpoMe OTIMYHOTO BIaAeHHs (pakTHUeCKHM Marepua-
JIOM, yMEHHE OTOOpaTh AaHHBIE JJIS1 KOHKPETHOTO 3aHSATHS, PacloiOXNTh BCE B HY>KHOM IMOCIIEI0BATEILHOCTH, BBIZIE-
JUTH BaXKHEHIIee, pacipeneuTb BpeMs H 1p. Bc€ 31o HeoOxoanMo caenath 10 3aHSATHS U, B Uj€alle, 3allOMHHUTh, YTO
HayHETCS YpOK ¢ omnpoca [lerpoBa u MBanoBa, 3areM CHIOpOB peliaeT JOMAIIHIO 3a/1a4dy, U Ha MATHAIIATO MUHYTE
M3JI0KEeHNE TeMbl "SIBJIeHNe 3JeKTPOMAarHUTHONH MHAYKIUH' HAal0 HAa4daTh HE C MOBTOPEHHS HEKOTOPHIX OMbITOB PDa-
pazesi, a ¢ MPOChOBI MPEACTABUTH cebe KU3Hb 0e3 AIEKTPOodHepruu. Ha mpakThke Tak HEe TOTYy4aeTcsl - CIUIIKOM MHO-
roe HaJlo 3allOMHUHATh, Mo3ToMy Bce nenaroru nuiryt IJIAHBI 3AHSTHMA, rie OTOOPaHHBIN MaTepHual pPacroyio-
KEH B JOJDKHOW MOCJIEI0BATEIFHOCTH M IPAMEPHO PacIpeaes€H M0 BPEMEHH, TI€ BhIIEIEHBI ()OPMYIIBI M TOHATHS IS
3armucy 00yJ4aeMBIMH, T/I€ CAETaHbl KaKue-TO BaKHBIE IS yuuTesst moMeTkd. CTyeHTaM Ha MPakTHKe ¥ HAYWHAOIINM
yuutensm JAIIPEIEHO Bectu ypoku, He uMes. HpeaBapUTENbHO COCTABIEHHBIX MIAHOB, T.K. UX HAIH4ME - BCE XKe
rapaHTHs, XOTSl M HEIOJIHAs, MTOJrOTOBKH K 3aHATHIO. [llaH He TOJBKO OpraHM3yeT caMoro YYHTENs, PasrpyxaeT ero
IaMsTh, MO3BOJISIET HAKAIUIMBATh MaTepuayl M 4epe3 rojJ He HaYMHATh HOATOTOBKY K 3aHSTHIO C HYJIS, HO U CIY)KUT
MOIIHOW TICUXOJOTUYECKON MOJIEPKKON B XOJI€ U3JIOKEHUSI HOBOM TEMBI; €CIIM YTO-TO 3a0bUI, HAaIlyTall, HE CXOJIUTCS
OTBET B 33j1a4€ - MOKHO 3arJIsiHyTh B IUIaH. [IpaBna, /1l HAYMHAIONIMX 37€Ch KPOETCsl ONACHOCTh YPE3MEPHOM NPUBSI-



3aHHOCTH K IIaHy, 0OsI3Hb OTOPBATHCS OT HETO; a caMble HeyMellble Win JeHuBbIe nmpocto-Hanpocto YN TAIOT 3amnu-
CH BCIyX (pedb HE UAET, KOHEYHO, O KAKOW-TO Hy KHOW I[UTaTe WIIM OTPBIBKE Ipou3BeaeHNs). Kpome Toro, moAroToBka
Ka4eCTBEHHOTO ITaHa - 0TOOP M 3aIliCh MaTepHaa, 3alIOMUHAHNE BCETO BaYKHOTO, IPOPELINBAHNE 337ad, TOJrOTOBKA
9KCTIEPUMEHTA - TpeOyeT NmoHavyamy OOJBIIOr0 BPEMEHH, TaK YTO IIEPBBIC IBA-TPU rofia pabOThl OUYEHb TPYIHBI, AaXe
€CITi 3a0BITh NTPOOIEMBI HEYMEHHS MOJICPKATh UCIUILTHNHY, BECTH KIACCHOE PYKOBOJCTBO, TOBOPHUTH C POJMUTEISIMH,
OBITH TOYHBIM M 00A3aTEIBHBIM, IPOOJIEMBI BXOKICHHS B KOJUIEKTHB, OBITOBBIE, CEMEHHBIE U IIP. U 1p. Beap miaHbI-TO
HYKHBI K KQXXJJOMY YpoKy! SICHO, YTO yMEHMIO COCTaBIATh TaKHe IUIAHBI TAK)KE HAJIO TIIATEIBHO YUUTh B BY3€.

[TosTOMy B Kypce MEXaHHMKH H3y4EHHE TEOpETHYecKoro wmarepuaia crpoutcs Ha Oaze IIJIAHOB OTBETOB
(JAHIKECTOB), Kyza B CXaToM BHJE BXOJMT MaTepHasl JCKIHMil B HyXHOIl I0CIe0BATeIbHOCTH, MPHYEM BaskK-
HeWme NOoHATUS, POPMYJIbI, SIBICHUS U Tp., KOTOPBIE CIEAYET 3ayYUTh HAM3YCTh, JIUIIL YIIOMHUHAIOTCS, a BOT BECh
BCIIOMOTaTebHBIH MaTepran (MaTeMaTHueCKHe BBIKIIA/IKH, CXEMbl, PUCYHKH) MPUBOJIUTCS Oosee moapoOHo. [aiimxke-
CTBI COOpaHBI B OTIENIBHOM paszzene padoueii nporpammel. OT cryaenta tpedyercs IOATI'OTOBUTBCSA K UX UC-
MHOJIb30OBAHUIO ITPU OTBETE; nepenmcaTs m1aH 0TBETa HA OTACIBHHBIA JHCTOK JKENATENBHO (BKIIOYACTCS Ta-
MATB!), HO HE 00s3aTenbHO. [IoATOTOBKA O3HAYACT HE TOJIBKO 3ayYHMBAHME BCETO, YTO HAJO 3ay4UTh, HO M TOTOBHOCTb
Pa3BEpHYTh AAHIKECT B BUJE MOAPOOHOTO M IOJHOTO OTBETA, PACKPHITh MATEMaTHIECKUE CBSI3H B MPOMEXYTOUHBIX
BBIKJIaJIKaX, YKa3aTh CMBICJ KQ)KIOTO 3HAa4Ka, OyKBBI, PUCYHKA, BEpHO Ha3BaTh Bce OYKBHI U T.1. [lmaH oTBeTa - He JOT-
Ma, a pyKOBOJCTBO K AeHCTBUIO. [la, clieOBaHUE MIaHy HABA3BIBAET CTYIEHTY ONPENENEHHYIO JOTHKY OTBETA, 32 KOTO-
PO¥ CTOSAT UCKYCCTBO U ONBIT IpenofasaTens. Ho MOXHO OATOTOBUTE CBOM IUIaH, CIEN0BATh CBOEH JIOTHKE MIIH JIOTU-
Ke yueOHHUKa - JIMIIb OBl TUIaH BKIIIOYAJl BECh MaTepHa Aaikecta. JaifukecT - y3akoHeHHas MOJICKa3Ka, T1e MaTepua
LEJION JIEKIUH 3aHUMAaeT MOJICTPAHUIBI, TaK YTO CBOOOJHOE BIAJCHUE NAMIDKECTOM - YK€ XOpOIUWH mpusHak. Jlaii-
JUKECT OTpaHMYHMBAET U TpeOOBAaHUS IPENoaBaTeIsd: 32 PaMKHU IUIaHA OTBETA €0 BOIPOCHI BEIXOAUTH HE JOJKHEI.

YacTe MaTepuasia Hy’>KHO M3YYHUTh CaMOCTOSITEIBbHO, YTO IpearnojiaraeT MOArOTOBKY cBoero IiaHa orseta. BHU-
MAHME! 210 nomxen ObiTh IINIAH, A HE TEKCT ot1BeTa, KOTOpPBIil IpocTo 3aunThiBacTcs. UTeHHe 3aroTOBJICH-
HOT'0 10MAa TeKCTa coBeplIeHHO HenomycTumo! Takas dopma paboTsl ¢ yueOHHMKOM BO3MOXHA IIPH HEPBOM Mpopa-
00TKe MaTepuana ;I ceOsl, HO M3JI0KEHHE €ro OLCHHBAIOIIEMY OTBET MPENOJaBaTelo TpedyeT ropa3ao Gomnee mioT-
HOH cBEPTKH MH(OpMALUH B TAMSTH.

CocraBneHue 1 IpopadOTKa IUIAHOB OTBETA HE TOJILKO FOTOBSAT CTYACHTa K Oynymiel mpodeccnoHanbHON AeSTebHO-
CTH, HO U pasrpyKaroT €ro NaMsTh 3a CYET BCIIOMOraTeIbHOIO MaTepHala, IPOMEXYTOUHBIX MAaTEMaTHYECKUX BBIK/IA-
JIOK W TIp., KOHIEHTPHUPYS] BHUMaHNWEC HA OCHOBHOM. [lalKecThl ONPEAENsIoT TOT 00BEM OTBETa, KOTOPOTO OXKHIAET
npernojaBaTeib, MpU4EM OH BIIpaBe TPeOOBATh IIIyOOKOro YCBOSHHMS BCETO MaTepHaia Jaipkecta (B TOM YHCIE U BbI-
BoJa Gu3nyeckux (opMyJ, T.K. 3alIOMUHATH BHIBOJ HE HaJlo). PazymeeTcs, CTYAEHT MOXKET MCIOIb30BaTh JII0OOH J10-
MOJHUTENbHBIN K TalIKECTy MaTepHall.

SICHO, YTO HETIOJIHBIN WIIM HEKAYEeCTBEHHO NMPOPAO0TaHHBIH IIaH OTBETA FAPAHTHPYET CHIXKEHHE OLIEHKU. DTO Cleay-
€T U3 TeX MPOCTHIX COOOPaKECHHUH, UTO KAXKIBIN Jal/PKECT BKIIOYACT MaTepHall IPUMEPHO OIHOMU JICKIHMH, T.C. Ha MOJ-
TOTOBKY M MPOPpabOTKy €ro Hajo 3aTpaTUTh 2-3 yaca - TPy HEMAaJIbli U HEMPOCTON, TpeOYIOMUN HCIOJIb30BaHUS BCEX
BU/IOB TIAMSTH, H3YUCHHS KOHCIEKTA JICKIMH U yIeOHNKOB, JOTIOJIHUTENIBHOM IuTepaTyphl. M ecnm 3THX 4acoB MHTEH-
CUBHOM paboThl He OBIIO, JAalKECT MPUHECET MaJIo MMOJIb3bl. KauecTBO MOArOTOBKH, T.€. YMEHHE CBOOOIHO W IPaBH-
mpHO ToBOpuTh Ha DU3NYECKOM SA3BIKE, Oyner npoBepsAThCS B X0JIe TECOPETUIESCKOTO coOeceJoBaHus B 1abopa-
TOpHH, Ha KOJUIOKBHYMax (€ciIi OHU OyIyT IPOBOANTHCS) U HA 3K3aMEHe.

dakTHueckuii MaTepra s YacTH JaliKECTOB HE yIacTcs HaWTH B y4eOHMKaX 10 TOW IPOCTOM NpHUYMHE, YTO OH
TyJa emeé He yCIIeN MomacTh. JTO TakXKe 0JJHA U3 Mpo0JIeM IperolaBaHusl, 0COOEHHO OCTpast N3-3a OBICTPOTO Pa3BUTHUS
COBPEMEHHOW HAaYKH: YacTh 3HAHUH IMOCTOSIHHO MPUXOJUTCSI OOHOBJISATH U IOMOJHSTE. [IpeicTaBUTeNIsIM €CTECTBEHHBIX
JUCLUILIMH - (QU3UKaM, XUMHKaM, OHOJIOTaM - B CPaBHEHHMHU C NPENoJaBaTesIMH OOIIECTBEHHBIX M I'yMaHHTapHbBIX
JUCHUIUIMH MIPUXOIUTCS paboTaTh TOPa3o MEHbIIE, T.K. OCHOBHAS YacTh UX TEOPETHUECKOro Oaraxka He ycTapeeT HU-
KOTJIa: TIOKa CyIIecTByeT Haina Bcenennas, B Helt OyayT BepHBI 3akoHBl HbloTOHA, mepuoanueckas cucrema Menzene-
€Ba, ypaBHEHHsI MakcBesia ¥ 3aKOHbI HACJIeCTBEHHOCTH. [loMous B OOHOBICHNHN 3HAHUH NMPHU3BAHBI HOBOCTH HAYKH U
TEXHUKU B ceTu MHTepHeT, HayyHO-momyispHble xypHaiubl “Hayka m xu3Hp”, “TexHuka - mMonoaéxu”’, “3HaHue-
cuia”u Apyrue, OlepaTHBHO MyONIMKYIOMKe WHPOPMAIMIO O HOBEHIINX JAOCTIDKEHHMSAX HAayKn M TeXHHKH. K coxane-
HUIO, IPAKTHKA MOKA3bIBAET, YTO MHOTHE HAIIM CTYAEHTHI M HE MOJO3PEBAIOT O CYIIECTBOBAHMM TaKUX XYPHAJIOB, HE
rOBOps YK€ O PeryJsipHoM ux 4yreHuH. OHHU emé He 3HAIOT, YTO JOCTAaTOYHO MPENOAaBaTEN0 HECKONBKO pa3 He OTBe-
TUTH Ha BOINPOCH! JIOOO3HATEIbHBIX YYEHHKOB O PEHTICHOBCKHX Jla3zepax, MpoOJieMe BBHICOKOTEMIIEPATYPHOH CBEpX-
MIPOBOJUMOCTH, IPOEKTE MEK3BEZTHOIO aBTOMATA MM BO3MOKHOCTH IMYTEIECTBHS BO BPEMEHH C MMOMOILBIO TyHHENEH
B IIPOCTPAHCTBE - U C MEUTON 00 aBTOPUTETE MPUAETCS HATOITO, €CIIM HE HABCET1a, IPOCTHTHCS.

Wrak, npyu u3y4eHUH TEOPETUUECKOI0 MaTepuaa IeUCTBYH Tak.

a) Ceppézno Hactpoiics Ha SAYUNBAHME Baxueifero marepuaia, BbIIEIEHHOTO B pasaene 11 manHoit paboueit
nporpamMmel. Mcmone3yii Bce BUABI MaMATH, HE 3a0bIBast TIIABHOTO: MTOBTOPEHHE - MaTh YUEHHS, a PETYIIPHYIO paboTy
(10 10 monsTuit u Gpopmyn KAJKIBIH seHp) He 3aMEHAT HUKAKOI MITYPM Mepe]] YK3aMEHOM.

6) Yuuce rooputs Ha IPABUJIBHOM ¢usuueckoM s3pIke. 3aydd, KaKUMH OyKBaMH 0003Ha4aroTcs (pusnyeckne
BEJIMYMHBI B Kypce, KaKk 3TH OYKBBI MUIIYTCs 1 unTatorcs. [IpaBuibHO npousHocu amuiany yueHsx. He 3a0b1Baii enu-
HUIBI BCEX BEJIMYMH, 3HAUCHHUS psijia KOHCTAaHT. YacTh TakuX CBeleHHH coOpaHa B paszesne 7 METOANYECKOro nocoous
[1] B cnmcke 6.2 NONONHHUTENBEHOH JuTEparypbl. Tam ke coOpaHbBl CBEIEHHMS W3 MaTeMaTHKH, HE3HaHWE KOTOPBIX
HanOoJee 4acTo MO/ABOJIUT CTYJICHTOB - 3HAYEHHs TPUTOHOMETPHUYECKUX (QYHKIHMH, (GOPMYJIIBI U TEOPEMBI T€OMETPHH,
oImepaluu ¢ BEKTOpaMH, IpOCTEHIlINe NPOU3BOAHbIE, HHTErpajbl U T.II.



B) Yuuch TOBOPUTD Ha pu3udeckoM B MaTEeMAaTHIECKOM SI3bIKEe, U3JIarath Marepuan. OCHOBHOE OpYKHE YIHUTEIs
- CJIOBO. A MHOTO JIM IPUXOJUTCS IIKOJIBHUKY TOBOPUTH Ha ypokax? ITo moacueram B. @. Illaranosa - B mydriem ciry-
4gae 2 MUHYTHI B IcHb. M BOT 3TOT "MOJYaNMBHIN" ITKOJILHUK TIOCTYyMAaeT Ha pu3Mar. 371eCh BO3MOKHOCTEH MOXKET OBITh
eIlle MEHBIIE - JICKIUH, MPAaKTHIECKUE U JIaA0OpaTOPHbIE 3aHATHS MOTYT OBITH OPraHM30BaHBI TaK (XOTS 3TO, HA MOH
B3I, HEBEPHO), UTO 34 CEMECTP CTYAEHT BOOOINE HU pa3y He MoOeceqyeT c mpernojaBareneM. A Kak Takod Iegaror
Oynet paboTaTh B mIKoje Wix By3e? [103TOMy NMOCTOSHHO YWTal JIUTEPATypy U KOHCHEKTHI JICKIUH (MHOTO YHTAFOIIHE
JIFOJIM HE TIOMHST NPaBHJI POJIHOTO S3bIKa, HO IIPAaBUWJILHO FOBOPST U IIMIIYT); BHUMATEIBHO CIyIIald peyb IperoiaBa-
Telell, crapasich He MPOIYCTHTh HU €IMHOTO 3aHATHS; CIIyIIai OTBETH TOBapHUIlEH U 3alIOMHHAH MX OMIMOKM - HO ca-
MO€ TJIaBHOE, MCIONB3YH T00YI0 BO3MOKHOCTH MOTPEHHPOBATHCS B M3JI0KeHHH Marepuana Ha UPC, koHcynbTanuu,
MIPaKTHYECKOM 3aHSTHH, B 1a0OpaTopuy, Ha KOJJIOKBUYME, /IS COCella IO OOIIEKUTHIO U T.J U T.I1.

r) Pabotait PEI'YJISIPHO. Ilepen HOBOH JieKIHel TIPOCMOTPH MaTepHal MpeAbLIyIIei; cpa3y BBISICHA BCE HETIOHST-
HOE Ha KOHCYJIbTAllMW, B YUeOHUKE WM y ToBapuiled. He ocraBisii HOATOTOBKY IUIAHOB OTBETa M MPOPAOOTKY caMo-
CTOSITENIBHOTO MaTepralia, OCOOEHHO MO HAayYHO-IOMYJISIPHOM TeMaM, Ha OTOM: OJHOTO JTHS Iepe]] SK3aMEHOM BCeTna
HE XBaTaeT, a IpopaboTKa TaKUX TeM TpeOyeT AIUTENbHBIX ITOMCKOB B ceTH MHTEepHET 1 OMOIHoTeKax.

Ilo ycraBy I'AI'Y, cryaeHt o0s3aH nocemarh Bce BUIBI 3aHATUNA. [loaTOMYy Ipomyck JEKUMH HENONMYCTHM, U BCe
MIPOITYIICHHBIE JIEKIINH JOJDKHBI OBITH BOCCTAHOBJIEHBI. Eciu IpHyMHA yBaKUTENbHA (IOATBEPKIAEHHAS TOKYMEHTaAMH
00J1e3Hb, OCBOOOXKICHIE OT 3aHATHI AEKAHATOM H T.II.), TO JICKIIMU BCE PAaBHO JOJDKHBI OBITH BOCCTAHOBIICHBI, IIPOCTO
He OyzeT CHIDKEHHs 00IIeil OLeHKH 3a JOOPOCOBECTHOCT. ECIIN CTY/IGHT HE BOCCTAHOBHMII XOTS OBl NOJIOBHHY JICKITHH,
IPOINYIIEHHOH JJaKe [0 YBKUTEIbHOW NPUYUHE — OH HE BBIIOJIHII YUeOHBIN IJIaH ¥ Ha DK3aMeH He JIOMYCKaeTCsl.

4.6. OTpadoTKa 3KCNIEPUMEHTAIBHBIX U PAKTHYECKUX YMEHUI.

[IpenonaBarens HHGOPMATUKH U PU3HUKH, B OTIMYHE OT MaTEMaTHKA WIIK HCTOPHUKA, OJDKEH HE TOJIBKO YMEJIO h3la-
raTh TEOPETHYECKMH MaTepHai, HO M BJIaJeTh HaBbIKaMU 3KcnepuMeHtaTopa. CoOparh ceTh Kiacca, MOIKIOYHUTD
NPUHTEP, YCTPAHUTh MPOCTEHIIYI0 HEUCIPABHOCTh, II0JIb30BAThCA OCHHIIOrpagoM M APYTUMH HU3MEPUTEIbHBIMU
npudopamu - Bc€ 3T0 Hafo yMeTb. Tem Ooiee 3To cripaBeAnBo Ui Oyaymiero pu3uKa-sKcrepuMenTaTopa. 1 rimasaas
mpobieMa I BEITYCKHUKA (M OCOOCHHO BBHITYCKHUIIBI) - HE3HAaHHE U 00SI3Hb IPUOOPOB, HEYMEHUE PabOTaTh pyKaMH.
BeIxon onuH - TprHOOpeTaTh HKCIIEPUMEHTAIBHBIE HABBIKH, PETYISIPHO paboTas ¢ mpruOopaMu, MpHUIeM UMEHHO CBOMMH
pykamu, a He Tiaga co cropoHsl. BIIPUTJVIAAKY JSKCHEPUMEHTAJIBHBIE HABBIKU HE IIPUOBPE-
TEIb. [onpo6yii-Ka HAYYUTHCS BOXKICHHUIO aBTOMOOHIIS C TTACCAKUPCKOTO CHICHHMS!

[TosToMy cTyneHTaMm HE TOJBKO IEMOHCTPHPYETCS JEKIHMOHHBIH (PU3NUECKUH SKCIIEPUMEHT, HO M JaéTCs BO3MOXK-
HOCTb IOpaboTath B Jlaboparopuu. [Ipu 1o0OPOCOBECTHON CaMOMOJITOTOBKE - MepBast YacTh OTYETA M BOIPOCHI K JOITyC-
Ky TOTOBBI, TEOPETHUECKOE COOECEOBaHUE CAAHO C MEPBOTO pa3a - Ha IKCIIEPUMEHT OCTa&Tcsl 10 TPEX YacoB B HEJIEIIO.
DTOro BMOJIHE NOCTATOYHO JUIS TIIATEIBHOTO MPOBEACHHS HM3MEPEHHH, KOTOpPbIE CPAaBHUTEIBHO MPOCTBI, OCBOCHHS
00opynoBaHust (OHO CO3HATENBHO B35TO, B 3HAYUTEIILHON 4acTH, y4eOHOro TUMa) U OTpabOTKU HanboJiee BaXKHBIX IKC-
MEPUMEHTAIBHBIX HABBIKOB. DTH HABBIKK OYIyT KOHTPOJMPOBATHCS HE TOJIBKO TPH cllaue JabopaTopHbIX paboT, HO U
Ha 9k3aMeHe HeoOxoanmble Ui NpuoOpeTeHrs HaBBIKOB 3HAHUS U yMEHHMs TaKkke yKa3zaHbl B pabodeii nmporpamme. Ha
X OCHOBE CTy/IeHT cocTapiiser CBOE ommcanue ombITOB, KOTOPOE MOJKHO B3SITh HA YK3aMEH.

[IpakTHueckne ymMeHHsl - 3TO HAOOp 3aaHMi KaYeCTBEHHOTO IUIaHa (MHOT/IA BMECTE C ONBITOM HJIM PacyETOM) II0
TeMaM Kypca, KOTOpbIe TPAAUIIMOHHO BBI3BIBAIOT 3aTPYAHCHUS Y CTYJIEHTOB. VX mpopaboTka OyeT OCyecTBIsAThCS Ha
JIEKIUSX, J1a0OPAaTOPHBIX M MPAKTUYECKHX 3aHATUAX, & TAK)Ke CaMOCTOATeNIbHO. CBOM 3amKCH K 3THM 3aJlaHUsIM TaKxkKe
MOYKHO IIPUHECTH Ha HK3aMeH.

4.7. Tlopsigok caa4yu dK3aMeHa.

DK3aMeH BKJIIOYAeT 2 4acTH: cOOeceoBaHUE MO TEOPETHUECKOMY MaTepualy; MPOBEPKY SKCIEPUMEHTATHLHO-TIPaK-
TUYECKUX YMEHHUU M HAaBBIKOB. BHauane y KasJJI0ro CTyJEHTa MPOBEPSETCS HajJW4uue IJIAHOB OTBETOB U 3amUCEd KO
BTOpO# yacTu. [Ipu UX OTCYTCTBUU CTYAEHT MO:KeT ObITh He JOoNylleH K 3k3ameny. [IpoBepsieTcss Takxke, COOTBET-
CTBYIOT JI TJIAHBI OTBETOB IO CXXATOCTHU MPEAJIaraéMbIM HIDKE JalKecTaM: TEKCThl 0TBETOB, KOHCIEKTHI JEKIIUIA,
YUYEOHUKH U T.1. 3alpelleHbl, 2 BCE, 4YTO TPeOOBAIOCH 3ay4YHTh, JJOJHKHO OBITh B MMAMSITH, a HE Ha OyMmare.

Ecmu y cTyneHTa He BOCCTAaHOBIICHBI MIPOMYIIICHHBIC JICKIIMH, HE BBITOJHEHBI KaKHe-TO JIAO0OpaTOpHBIE paOdOTHI, €CTh
3aJI0JDKEHHOCTH T10 TIPAKTHYECKUM 3aHATHAM, HE CIAaHBI KOHTPOJBHEIC paOOTHI - OH HE BBINOJHWII YUEOHBIH IUIaH U Ha
9K3aMeH He Jorryckaercs. Ecin 3a101DkeHHOCTh HeBelIHKa (He BOCCTAHOBJICHBI 1-2 JEKIHU | TIP.), TO MOKHO JOTOBO-
PUTBCS TUKBUAUPOBATH €€ Ha KOHCYJIBTAIIUH TIepe] 9K3aMEHOM WIIH JTake B Hadalle 9K3aMeHa, ITOKa TOTOBATCS TIEpBBIC
cTyneHTsl. Ho 3Toro BpeMeHn 09eHb Mallo...

3areM CTyISHT HOJy4aeT OWIET WM HOMEP COOTBETCTBYIOIIUX TEOPETHYECKOTO BOMPOCA U IKCICPUMEHTATBHOTO
WJIM TPAKTHYECKOTO YMEHUS U TOTOBUTCS C MOMOIIBIO TUIAHOB OTBETA, 3amuceid, 00opyaoBaHus tabopatopuu. [lepsas,
TeOpeTUYeCKasi 4acTh OTBETA JOJKHA CTPOUTHCS B (popMe M3I0KeHHs, OeceIbl, @ He YTEHUS TIOJTOTOBJICHHOTO TEKCTa,
MO3TOMY 3aHOBO TIEPENUCHIBATH IUIAaH OTBETa HET HEOOXOAUMOCTH. EciuM B TEOPETHYECKOM BOMPOCE €CTh CaMOCTOSI-
TeIbHas YacTh, IOJDKEH ObITh MPEAbSBICH 3aTOTOBJICHHBIN IIJIaH OTBETA

Ha sx3aMeHe mpoBepsrOTCs: MOJHOTA PACKPBITHS TEOPETHUECKOTO BOIIPOca M CBOOOJA BJIaJICHUS] OCHOBHBIMHU (DH3H-
YECKUMU TIOHATUSMHU; KaueCTBO TOJATOTOBKH BOMPOCOB ISl CAMOCTOSITEILHOTO M3y4YeHHs; Ka4eCTBO BIAJCHUS JKCIIe-
PUMCHTAIEHBIMU M MIPAKTHYCCKIMU YMEHUSIMH U HABBIKAMU. DK3aMEH HE CJIaH, SCIU JIF00ast U3 TPeX OICHOK HEyIOBIIC-
TBOpUTENbHA. KpoMe TOro, HTOroBast OIICHKA B 3a4ETKE YUUTHIBACT OIICHKH II0 UTOraM paboThHI B CEMECTpE: 32 TEOPETH-
Yyeckre co0eceOBaHus MU caade T1abopaTOPHBIX PadOT; 3a HIKCICPUMEHT B J1a0OpaTOpuy; 3a pelleHue 3aa4. Bropoi
OuJeT 1aBaThCs, KaK MPaBUIIO, HE OyIeT.

4.8. MaTpuua cooTBeTcTBHA (OPMHUPYEMBIX KOMIETEHIIHI H Pa3/1eJI0B TUCHHILIAHBI




Ne Howmep paznena WHuavMkaTopsl JOCTHXKEHUS CyMMa UHAMKAaTOPOB
n/n Na-1. na-2. na-3. na-1.
.OIIK-1 .OIIK-1 .OIIK-1 .OIIK-2
1 1 + + + + 4
2 2 + + + + 4
3 3 + + + + 4
4 4 + + + + 4

5. Coaep:xaHue THCHUILIUHBI
5.1. Coaep:xanue pa3iesioB IUCHUIIHHBI.
Yacre 1. OcHOBHBbIE NOHATHA MexaHMkH. KMHeMaTHka 4YacTULBI M TBEPAOIO TeJa

Omuka. Mexanuka. Kiacciaeckast 1 kBaHTOBas MexaHUKH. HepemsaTuBuctckas (Kiaccudeckas) M peNISITHBHCTCKAs
MexaHuku. Mexannka HprotoHa. CBOMCTBa MPOCTpaHCTBA U BpeMeHH B MexaHuke HpioToHa. OcHOBHEIE abCTpaKTHBIC
MTOHATHUS MEXaHHUKH: YacTUIa, ynpyroe u TBépaoe teno (TT), cimommnas cpena, mexanmdeckas cuctema (MC). Kunema-
THKa, cTaTHKa U JuHamuka. Cucrema oTcuéra. OnucaHue MOJIOKEHHs YacTUIBl B KOOPAMHATHO, BEKTOPHOU U ecTe-
CTBEHHOI (opme; cBs3b aTHX GopM. Kunemaruka. TpaexTopusi. Y paBHeHUs ABHKEHHS, IepeMelIeHHEe, CKOPOCTh U YC-
KOpEHHE YacTHUIIbl B KOOPIMHATHOM, BEKTOPHOM M €CTECTBEHHOM (hopMme; CBsI3b 3THX opM. YacTHBIE cirydan JBIKSHUS
yacTulbl. J[BrkeHue OpomeHHOro Tena. OTHOCHTENIBHOCTH JBIDKEHHUS. AOCONIIOTHOE, NMEPEHOCHOE, OTHOCUTEIBHOE
nBuxeHue. TeopeMsl croxeHus: ckopocTelt u yckopeHuit. IloctynatensHoe nBU>keHUE U BpaleHue TT BOKpyr Hemos-
BrkHOU ocu. Bpamenue TT Bokpyr Heno Br»KHOI Touku. YTibl Ditepa; popmyna Diinepa. [IponsBosibHOE NBIKEHNE
TT; Teopema lams. Yncno creneHei cCBOOOTBI.

Yacrp 2. OcHOBHbIE NOHATHS U 3aKOHbI IMHAMUKHU. MeXaHUKa yIpPYrux TeJl, ;KUAKOCTeH 1 ra3os

Junamuka. IeepTHOCTS Ten. MIHepTHAs U rpaBUTallMOHHAsA Macca. [IpuHIMIT SKBUBAIEHTHOCTH Macc. IHepTHas mac-
ca. Umnynsc yactuuel. Cuna. Tpu 3akona Hetotona. [IpuHiun cynepno3uuuu u paBHoAecTBytomas cuil. UHepnuans-
Has (MUCO) u meuneprmansHast (HCO) cucrema orcuéra. [Tpunim otHOcuTensHOCTH ["ammes; mpeobpasoBanus ['a-
nuies. JBe 3aaun 1 MPUHIMUI NPUYUHHOCTH KJIAacCHUecKOM MexaHuku. HTerpansl nBuskeHus. CHIBI B MEXaHUKE U
(byH/IaMeHTaNbHbIE B3aUMOJICUCTBHUS: CHIIBI IPABUTALMHU, YIIPYTOCTH U TPEHUS. MOMEHT CHJIbI (BpaILAtOIii MOMEHT).
JBmxenue B cunoBbiX nossix. Jpmwkenue B HCO. Cunbl HHEpLWU; UX MPOSIBICHUS Ha 3eMJIe.

Teopema 06 n3menenun umnynsca yactunpl. Mmnynsc MC. Teopema 06 usmenenun ummnyiasca MC. Llentp macc
MC. Teopema 0 ABM)KEHUU IIEHTpa Macc. 3aKOH coxpaHeHus umnyibca MC, ero cBs3b ¢ 3-M 3akoHOM HbioToHa. Mo-
MeHT umiyibca yactuipl 1 MC. Teopema 00 usmeHeHnn MoMeHTta umiyiibca MC M 3aKOH ero coxpaHeHus. MoMeHT
nHepuuu U MoMeHT uMmnyibca TT. Teopema Ll teiinepa. OcHOBHOM 3akoH AuHaMuKH Uit TT, Bpamaromerocss BOKpyT
HEMNOJABIKHON OCH. YpaBHEHHE ABIDKEHHs TBEPAOrO TeNa BOKPYT MOJOca. I'MpoCKombl; X CBOMCTBA. ['mpockonnye-
CKuH 3P (PEKT U THPOCKOIINIECKUE CHITBI.

Mexannueckas pabota u KuHeTH4eckas dHeprus. MomHocTh. Kunernaeckas sHeprus yactunsl, MC u TT; Teopema
Kénura. Teopema 06 usmenenun kunetndeckoit seprun yactursl, MC u TT. [loTeHnmanpHast SHEPTHs; KOHCEPBATHB-
HBIE U TUCCHUIIATUBHBIE CUJIBIL. [loTeHIMabHAs SHEPIHs YIPYTOro U IPaBUTAL[MOHHOTO B3auMogelcTeuil. KoncepBaTus-
Hast MC. Ilonnas mexaandeckas sHeprus (IIMD). Teopema 06 u3MeHeHHH 1 3aK0H coxpaHeHus [IMO. DHeprus; 3akoH
COXpPaHEHHS YHEPTHU.

Ycnosust paHoBecus TT B craTuke; BUIABI paBHOBecHs. Buabl nedopmanuit ynpyrux Teir; HopMajibHbIe U TAaHTCHIIHA-
npHBIE HampspkeHus. Moayns FOnra m monyne cnaBura. [Ipenensl mpomopIOHANBHOCTH, YHPYTOCTH, TEKY4eCTH U
MPOYHOCTH: YIpYrue U octaTouHble nqedopmanuu. ['mapo- u aspocrartuka. JlaBieHne B )uIKOCTH U rase. 3akoH [lacka-
Js1. CxuMaeMocCThb XKUAKocTed U ra3oB. 3akoH Apxumena. [lnaBanue ten. Mexannueckue cBoMcTBa ra3os. Kunemartuka
KHUJIKOCTH U ra3a. YpaBHEHHE HEpPa3pbIBHOCTH CTpyHU. JIMHAMMKA JKUAKOCTH M ra3oB. YpaBHeHUEe bepHynu u cien-
cTBUs u3 Hero. [Ipumenenne ypaBHeHust bepnynmu. JluHaMuka peanbHON KUAKOCTH U rasa. BsskocTs xugkoctu. Jla-
MHHApHOE U TYpOYJIEHTHOE TedeHHMs. [IBIDKEHHUE Tell B KHIKOCTH U rase.

Yacre 3. MexaHn4yeckne Kojie0aHUS M BOJIHBI.

OCHOBHBIE TIOHSATHUS TEOPHH KosieOaHui. Mexanndeckne konebanus. CBoOOHbIE KOIeOaHHs IMHEHHOTO TrapMOHIYe-
CKOTO OCHMJIISITOpAa B OTCYTCTBHE TPEHUs. DHEprusi KoyieOaHus. BoiHyKAeHHbIE KOIeOaHUsl JIMHEHHOTO rapMOHHUYe-
CKOTO OCLMIUIATOPA B OTCYTCTBHE TpeHHs. Pe3onanc. CBOOO/IHbBIE U BBIHYXK/ICHHBIE KOJICOaHHs ¢ YUETOM BSI3KOTO Tpe-
HUSI TIPY MaJibIX KojieOaHusx. CloxeHHe rapMOHHYECKUX KOJeOaHuil 0JJMHAKOBOrO HampasieHus; OueHus. CioxeHne
MEPIICHANKYJIIPHBIX TAPMOHHUECKUX KoJiebanuil; purypsr Jlnccaxy.

Bonna. Mexanndeckasi BoJIHA. DHEPTUsl BOJHBI; MJIOTHOCTh MOTOKA YHEPTUHU (BEKTOpP YMOBA) M UMITyJbca. Y paBHe-
HUS TIJIOCKOR U chepryecKoil BOJTH. DIEMEHTHI aKyCTUKH. 3aTyXaHnue BOJIH; 3akoH byrepa. Jlucniepcus BoiH. MHTEpdeE-
PEHIMSI BOJIH; KOTEPEHTHBIE NCTOYHHKH, MAKCUMYMbl 1 MHHUMYMBI HHTEP()EpEeHINOHHON KapTUHBI. CTOSYUE BOJIHEL.
Judpaxuus BosH; npuHuun [roiirenca; npuxunn @epma. dddekr Joruepa. Y napHble BOJHBI.

Yacts 4. daementsl CTO u OTO.

IIpeobpazosanus ["anmmnes. [Toctynarsl DiiHIITElHA; YaCTHBIM NPpUHINT OTHOCcUTENbHOCTH. [IpeobpasoBanus Jlopen-
11a, UX KUHEMaTH4YEeCKUe CleACTBUs. PendaruBucrckas nuHamMuka. MIMIynbCc U 9HEpPrusl YacTHUIbI; CBSI3b DHEPIHH U Mac-
cbl. [IpUHIMIT S5KBUBAJICHTHOCTH cHCTeM 0Tcuéta. OCHOBHEIC HieH 00IIei Teopuu oTHOCHTEbHOCTH (OTO).

5.2. IlpumepHas TemaTuka Jekuui (31 nexaus no 2 gaca)
Yacrtb 1. OcHoBHBbIE MOHATHA MeXaHMKU. KnHeMaTHKa YyacTHUbI M TBEPAOIO Tej1a



1. ®usuka. Mexannka. Kimaccndeckas (Mexannka HproTOHA), pelsiTHBHCTCKAas M KBaHTOBass MexaHWkd. CBOHCTBa
IIPOCTPAHCTBAa ¥ BpeMEHM B MexaHuKe HpioroHa. OCHOBHBIE MOHITHSI MEXAHUKH: 9aCTHUIA, YIPYTO€ U IUNIACTUYHOE TBE-
paoe teno (TT), crumomHas cpena, mexanndeckas cuctema (MC). KunemaTtuka, ctatuka u nuHamuka. CuctemMa oTcué-
Ta. OTnrcaHne MOJI0KEHNUS YaCTHIBI B KOOPAUHATHOM, BEKTOPHON M €CTECTBEHHON (hOpME; CBA3B 3TUX (GopM.

2. Kunemaruka. Tpaekropus. YpaBHEHUS ABHKEHUS, IEPEMELICHUE, CKOPOCTh M YCKOPEHNE YAaCTHIBI B KOOPIWHAT-
HOM, BEKTOPHO U €CTECTBEHHO (popme; CBS3B 3THUX (HOpM.

3. YacTHble city4an JIBWKEHHS YaCTHIBIL. J[BHKeHHE OPOIIEHHOTO Tea.

4. OTHOCHUTENBHOCTH ABMXKEHHS. AOCOIIOTHOE, IEPEHOCHOE, OTHOCUTENILHOE JABHXKEHUE. TeopeMa CI0KEeHUsI CKOpo-
CTed U YCKOPEHUI.

5. TeopeMma cnoxeHus: yckopeHuil. IlepeHocHOe yckopeHHe U ero cocrapistonue. Y ckopenue Kopuonuca

6. IloctynaTtensHoe nBUKeHUE U BpameHue TT BOkpyr HEOABUKHOM OCH.

7. Bpamenue TT Bokpyr HEOABMKHOW TOUKH. YTIIbl Diinepa; Gpopmyia Diinepa. [Iponssonsnoe apmwxenue TT; Teo-
pema lamsa. Yuceno cremneHeit cBOOOIBL.

Yacrb 2. OcHOBHBbIC IOHATHSA M 3aKOHbI JUHAMUKH. MeXaHuKa yIPyIrux TeJ, ;KUJAKOCTel U ra3oB.

8. Nunamuka. UnepTHas macca. Umnynbe yactumpsl. Cuna. PaBHozeiicTByromas cuin. Tpu 3akoHa HerotoHa. MHEepnu-
anpHas (MCO) u nemaeprmansaast (HCO) cucrema otcuéra. [Ipuannn oTHOCHTebHOCTH ["amest.

9. JIBe 3amaun MEXaHUKH M TIPUMEPHI UX pemeHns. [I[puHInn NpHYUHHOCTH KJIACCHYECKOM MEXaHUKH.

10. Cutsl B Mexanuke HpIOTOHA: CHIIBI TpaBUTAINH, TSDKECTH U Beca.

11. Cunbl ynpyrocta ¥ TpeHusi. Bunubl nedopmanuii ynpyrux Ten; HOpMajibHbIE U TaHTCHIUATbHBIE HAIPSOKCHHS.
Monayns FOHra u moxyns casura. Ilpenensl mponoproHaIbHOCTH, YIPYTOCTH, TEKY4eCTH U MPOYHOCTH: YHpPyTUE U
ocrarouHsle AeopMani. MOMEHT CHJIbI (BpallaloInii MOMEHT).

12. Imwxenue B HCO. Cuinbl HHEpIUH; UX MPOSBIECHUS Ha 3eMIe.

13.Teopema 06 u3meHeHnn umiyisca yactuipl. Mmnyinse MC. Teopema 06 usmenennu ummnyiabca MC. Lentp macc
MC. Teopema 0 ABH)KEHHUHU LIEHTPA Macc. 3aKOH coxpaHeHus uMmiyibca MC, ero cBssb ¢ 3-M 3akoHOM HproToHa.

14. MomenT ummynbca gactusl 1 MC. Teopema 06 u3MeHeHHH MoMeHTa umirysibca MC # 3aKOH €ro COXpaHEHHS.
Mowment unepuuu 1 MoMeHT umnyisca TT. Teopema Ll relinepa. OcHoBHOM 3akoH AuHaMuku 18 TT, Bpamaromerocs
BOKPYT HETIOABHKHOU OCH.

15. Ismwxenne ceobomgaoro TT; cBoOomHBIe ocH BpamieHUs. [ IpOCKOIbI, WX CBOHCTBA. [ Mpockomuueckuit 3ppeKT u
THPOCKOIMYECKHE CUIIBL.

16. Mexanunueckas paboTa u KuHeTndeckas 3Heprus. MourHocts. Kunetndeckas sneprus yactuisl, MC u TT; Teo-
pema Kénura. Teopema 06 usmeHeHNH KUHeTHUECKOH sHeprun yactuiibl, MC u TT.

17. TloTeHianbHas YHEPTUs; KOHCEPBATUBHBIC U AUCCUIIATUBHBIE CHIIBL. [loTeHIManbHas 3HEprus ynpyroro u rpa-
BUTAIMOHHOTO B3aumo/eiicTBuii. Konceppatusuas MC. Ilonnas mexannueckas sueprust (IIMD). Teopema 06 uzmeHe-
HUH U 3aK0H coxpaHeHus [IMD. DHeprus; 3aK0H COXpaHEHUS YHEPTUH.

18. YcnoBus paBHoBecust TT B craTuke; BUIBI paBHOBecHs. Buipl neopmanmii ynpyrux Tei; HOpMallbHbIe U TaH-
reHnuanbHble HanpsbkeHus. Monyns FOHra u mogyns casura. IIpenensl NponopuuOHaIbHOCTH, YIPYTOCTH, TEKYYECTH
U TIPOYHOCTH: YIIPYTHe U OCTaTOuHbIe Jedopmanu.

19. 'mnpo- u aspocraruka. JlaBiaeHue B »kMIKOCTH U raze. 3akoH [lackaisa. C:KxuMaeMoCTb KUAKOCTEN U ra30B. 3aKOH
Apxumena. [lnaBanue Tesn. MexaHnueckue cBOMCTBA I'a30B.

20. YpaBHeHHUE HEPa3pBIBHOCTU CTPYHU. JIMHAMUKa >KMIKOCTU M ra30B. YpaBHeHHE BepHyIIM U CIeNCTBUS U3 HETO.
[Mpumenenne ypasuenust beprynnu; gpopmyna Toppudaemn.

21. JluHaMyKa peasbHOH KUAKOCTH U ra3a. BsskocTs xunkoctu. JlamuaapHoe U TypOysIeHTHOe TeueHHs. J[BHKeHne
TeN B KUIKOCTHU U Ta3e.

Yacrtp 3. Mexannyeckue Kojie0aHUsA M BOJIHBI.

22. OcHOBHbIE TOHATHS TEOPHU KOJeOaHNI: MEXaHUYECKUE MEPUOIMYECKUE U arepuouyeckue KojebaHus; cBo0o -
HBIE, BBIHYXJIEHHBIC M aBTOKojeOaHMs CBOOOIHBIE KOJeOaHWS JMHEHHOIO TapMOHHYECKOTO OCHIIIISATOPAa B OTCYT-
CTBHE TPEHUS Ha NIPUMeEpPE NMPY>KUHHOTO MasTHUKA. DHEPrus KoieOaHus..

23. MaTtemaTudeckuii 1 GU3NIECKUN MasTHUKH; Qopmyna [folireHca. BeiHyX/IeHHbIE KOJeOaHHs IJIMHEHHOTO rap-
MOHHYECKOTO OCHMUIATOPA B OTCYTCTBHE TpeHus. Pezonanc. CBoOOIHBIE U BHIHY)KJICHHBIE KOJICOaHNUS ¢ yIETOM BSI3KO-
T'O TPEHUSI IPU MAJIBIX KOJICOAHUSX.

24. CrnoxkeHne TapMOHHYECKMX KoJieOaHWH OIMHAKOBOTO HarpaBieHHs; OueHus. CiokeHHEe NepHEeHAMKYISPHBIX
rapMOHMYECKUX Kosebanuit; purypst Jluccaxy.

25. Bomna. Mexanndeckas BoiHA. [IpoqoipHBIE M MOINEpEYHBIE BOJHBI; BOJIHOBOW (PPOHT. DHEPrusl BOJHBI; IUIOT-
HOCTB IIOTOKA SHEPTUH (BEKTOp YMOBA). YPaBHEHHUS ITUIOCKOH U CepruIecKoil BOJIIH B IPOCTPAHCTBE.

26. DneMeHTHI aKyCTUKU. 3aTyXaHue BOJIH; 3aKoH byrepa.

27. ucnepcus BonH. MHTephepeHIus BOIH; KOTePEHTHBIE UCTOYHNKH, MAaKCUMyMbl I MUHIUMYMBI HHTEphepeHnn-
OHHOM KapTHHBL. CTOSYHE BOJTHBI.

28. qudpaxius Bons; npuHmn [oiirenca; npunnun ®Oepma. ekt Jomnepa. Y zapHbie BOIHBL

Yacts 4. daementst CTO u OTO.

29. IlpeobpazoBanust [ammes. Iloctynarsl DWHINTEHHA; YacTHBIM NPUHIUII OTHOCHUTEIbHOCTH. [IpeoOpazoBanus
Jlopenna, UX KUHEMaTUYECKHUE CIIEJCTBHUS.

30. PensTuBrCcTCKast AUHAMUKA. VIMITyIbC M DHEPrUsl YACTHIIBI; CBA3b YHEPTUU M MACCHI.

31. [IpuHIMT SKBUBAJICHTHOCTH cUcTeM oTcuéra. OCHOBHEIC Hieu o0IIel Teopuu oTHOCUTEbHOCTH (OTO).



5.3. TemaTnka NpaKTHYECKUX 3AHATHI | 3aJaHUA JIsl CAMOCTOATEIbLHON padoThl K HUM (16 3anHsTHii IO 2 Yaca).

Kaxnoe 3ansaTre 3aHuMaer 2 daca U TpeOyeT CaMOCTOSTENILHON padoThl B 00bEME OKOJIO 2 4acoB (B TOM YHCIIE U3
JacOB MOJATOTOBKH K 3K3aMEHY). DTO BpeMs TPAaTHTCS Ha MHCBMEHHOE PACKPHITHE B TETPAAU CIHCKOB IOHATHH, HC-
MOJIb3YEMBIX HA 3aHSTHH, U MMCBMEHHOE PENICHNUE JOMAIIHEro 3a1anus. [lepen KOHTPOIbHOHM paboToi cieqyeT mpopa-
00TaTh CIIMCKHU NMOHATHH, pEIICHNE ayAUTOPHBIX U IOMAIIHUX 3aJaHNH 110 BCEM TeMaM KOHTPOJIBHOW pabOTBHI.

JLiis 3aJOJDKHUKOB 110 NPaKTHYECKUM 3aHATHAM (CIHMCKaM MOHSATHN WM PEIICHHIO JIOMAIIHUX 3a/IaHNH ), KOTopble Oe3
YBOXHTEILHON NPUYMHBL He siBistoTcst B yackl UPC, rye ObITh JOMKHBL, OyIyT Npejuiaratbes 100aBovHbIE 3a/1aUH.

Pexomennyemeie nocoous.

1.®upranr E.B. PykoBoACTBO K pEIICHHIO 3324 IO Kypcy OOIIei Gpu3uKH.

2. BenmkoB b.C. Pemienue 3ama4 no gusuke.

3. banam B.A. 3agaun o ¢pusnke ¥ METOJBI X PEIICHHS.

HNCITIOJIb30BAHHBIE 3AJAYHUKHA

M. - Memepckuii 1.B. COopHUK 3a7a4 10 TeopeTHdeckoi MexaHuke. M3manue 36-e, crepeorunHoe. M., “Hayka”,
1986. U. - Uponmos W.E. 3agagu mo obmieii pusnke. M., “Hayka”, 1979.

Yacrs 1. OCHOBHBIE TOHATHSA MEXAHUKHA. KHHEMATHUKA YACTHIIBI U TBEPIOI'O TEJIA
3ansrue 1. KunemaTuka yacTHIbI M OCTYNATEJbHOI0 IBH:KeHUs1 TBepaoro teiaa (TT).

Mexannka. MatepuansHas Touka (dactuna); TBEpaoe teno (TT). Cucrema orcuéra. Kunemaruka. Tpaexropus. [1ps-
MOJIMHEHHOE, KPYroBOE, IIIOCKOE M KPUBOJIIMHEHHOE JBIKEHHUS YaCTUIIbl. BEKTOPHBIH, KOOPAWHATHBIN U €CTECTBEHHBIN
CHOCOOBI ONMMCAHUS MOJ0KEHHS YaCTUIIBI B IPOCTPAHCTBE. Y paBHEHUs €€ ABMKEHUS B 3TUX TPEX hopMmax.

Bexrtops! nepemenieHns, MTHOBEHHOI CKOpOCTH U yckopeHHs. Ilepemenienne, CKOpocTs M yCKOPEHHE B KOOPIHHAT-
HoH dopme. Havano, Monysib 1 HampaBiieHHE BEKTOPOB IIEPEMEIICHUS, MTHOBEHHOM CKOPOCTH M YCKOPEHHMST; HX CMBICII.
CBsI3b BEKTOPHOM M KOOPAWHATHOH (hopM.

[lepememenne B ecrecTBeHHOI (opme. CKOPOCTh B €CTECTBEHHOHW (hopMe; HampaBieHHE BEKTOpa CKOPOCTH; CBOM-

o 70 . .
CTBAa U CMBICJI BBEACHUA BEKTOPA CAUHUYHON TaAHI'CHTBI t . MruosenHoe YCKOPEHUE B €CTCCTBCHHON (bopMe; CBOUCTBA

¥ CMBICT BBEJICHHS BEKTOPA EAMHHYHON HOpMaATH N 0; HOpMaslbHasi ¥ TAHTEHIIMAJIbHASL COCTABIISIOIINE BEKTOPA YCKO-
peHus, uX HanpasieHue, cMbIci. [ToHOe (MTHOBEHHOE)YCKOPEHHE; ero HalpaBJieHHE, MOJTYJIb.

PaBHOMEpHOE, paBHOIIEpEMEHHOE U MPOU3BONIbHOE IBIKEHM. HadanpHbie ycnoBus. [IyTh U CKOPOCTH IPH  paBHO-
MEpHOM U paBHOIIEpeMEHHOM IBmkeHUsAX. [locTynatensHoe nmkenne TT.

Jlomamnee 3aganne 1.

1. (M.10.4-4). JlaHbl ypaBHEHHs ABIKSHHS TOUKH X = 5c0s5t%, y = 5sin5t”. HaiiTi ypaBHEHHE TPacKTOPHH H 3aKOH
JIBIODKCHUS 110 HEl, OTCUUTHIBAs PACCTOSIHHE OT HAYaJIbHOTO TTOOKCHUS.

Omeem: X° + y2= 25;s = 25¢%.

2. Touka mABWXKETCS TaK, 4To X = 4sin(nt/2), y = 3sin(nt/2), Tae X, y - B MeTpax, t - B cCeKyHAax. HaiiTn BenmuanHy U
HarmpaBJIeHHue cKopocTH Touku nput=0, 1 u 2 c.

- > - > - o - o

Omeem: vo=57/2 M/c, cos(Vo"i)=0.8, cos(Vo"j)=0.6; v1=0; vo = 51/2 m/c, cos(v2" i) = -0.8, cos(va" j)=0.6.

3. (M.12.7). Tloe3xa, uMest HAYAIBHYIO CKOPOCTh 54 KM/4ac, MPOIIEN ¢ MOCTOSIHHBIM TaHTCHIIMAIbHBIM YCKOPEHHEM 32
30 c paccrostare 600 M 1Mo 3aKpyTJIeHUIO yTH paanycoM | kM. Haiitu ckopocTh u yckopenue moes3zaa Ha 30-if cekyH/e.

Omeem: ckopocTh 25 M/c, yckoperne okoio 0,7 m/c’.

4. (M.12.11). Touka ABWXXETCSA MO Oyre OKPYKHOCTH paamycoM R=20 cM. 3akoH e€ NBIKEHUS MO TPAeKTOPHH S
=20sinnt (s - B caHTUMETpaX, t - B ceKyH1ax). HaliTu Benn4uHy U HampaBlieHHE CKOPOCTH, TaHTEHIINAJIbHOE, HOPMahb-
HOE U MOJIHOE ycKopenus i t = 5 ¢. IlocTpouTth rpadmky ¢KOPOCTH ¥ YCKOPEHU W, U W, 32 1 06opor.

Omeem: ckopocTh 207 CM/C i HATPaBJIeHa OOGPATHO HAMPABICHHMIO OTCUETA TyTH S; W, = 0; W, = w = 207" em/c’.

5. (M.12.13). Touka ABMKETCS C COOTBETCTBUU C ypaBHeHHsMHU X = 10cos(2nt/S), y = 10sin(2nt/S), rae x, y - B caH-
TUMETpaXx, t - B ceKyHIaxX. HaiiTu TpaeKTOpHIO TOYKH, BETHYNHY U HAIpaBJICHUE €€ CKOPOCTH U YCKOP CHUSI.

Omeem. OKpYXHOCTh paauyca 10 cM; CKOPOCTh V=47 CM/C HampaBJeHA KacaTejIbHO K TPACKTOPUH MPOTHB YaCOBOM
CTPEINKH; YeKopeHne w = 1.67” cM/c” HampaBiIeHo K LEHTPY KPyra.

Jlo6aBouHble 3a1a4u.

1. (M.10.19). YpaBHEeHUS IBUKCHUS TOYKH UMEIOT BHJ X = ZaCOSZ(kt/Z), y = a sin kt, tne a u k - momoxurenpHBIE
MOCTOSTHHBIC. HaliTH TpaeKTOpHIo 1 3aKOH IBMYKCHUS 110 HEH, OTCUUTHIBAs PACCTOSHUE OT HAYaJIHbHOTO MOJIOXKCHUS.

Omeem: (X - a)2 + y2 = a’%, s =akt.

2.HaiiTi ycKOpeHHe W paJiyc KpPUBH3HBI TPAaGKTOPHU B MOMEHT t = 1 ¢, €CllM TOYKa JBMXKETCS B COOTBETCTBHH C
ypaBHEHISIMHA X = 4sin(nt/2), y=3sin(nt/2). 3mecs X, y - B METpax, t -B CEKyHIaX.

Omeem: w = 1,257 M/c*, paguyc KpUBH3HBI GECKOHEUEH.
3anaTue 2. KunemaTnka KpyroBoro ABM:KeHHsI YacTHIbI U Bpauenust TT BOKPYr HemoABHKHOI OCH M TOYKH.

Kpyrosoe npmxenue gactunpl. Bpamenue TT Bokpyr HENOABMKHOW OCH M TOUKH (11oiroca). [lonsipHble W akcHaib-
HbIe (OCEBbIE) BEKTOPBI; IPaBWIO OypaBUMKa JJIsl aKCHAIBHBIX BEKTOPOB. DJIEMEHTapHbIH yroi nosopora dg, yriioBbie
CKOPOCTh ® M yCKOpeHHe €. PaBHOMepHOE 1 paBHONIEpeMeHHOe BpalieHne. YacToTa, mepruo/1 1 CKOpOCTh pABHOMEPHOTO
BpALIEHHs; UX CBSI3b JPYT C JIPYrOM U C YIIIOBOH ckopocThio. Popmyia Ditniepa; npaBuio OypaBunKa IJisi BEKTOPHOTO
npousBeneHus. Tabmuia anaaoruii popMysn KHHEMATHKH TOCTYIMATEIBHOTO U BpamaTeIbHOTO ABMkeHnid TT.

JomamHee 3aganue 2.




1 (M.13.4). MaxoBUK HaYMHAET KPYTUTHCSI pABHOYCKOPEHHO U B mepBbie 2 MuH nenaet 3000 o6oporos. Haiitu yrio-
BOE yckopenue. Omeem: T C™.
2. (M.13.6). MaxoBUK HauMHAET KPYTUTHCS paBHOYCKOpeHHO M depe3 10 muH gemaer 120 06/mMuH. CkobKO 000pO-
TOB cJeJIall MaXOBHK K 3ToMy MoMeHTy?  Omesem: 600.
3. (M.13.15). MaxoBuK pagmycoM 2 M HauMHAET PacKPYIHBaTHCS PaBHOYCKOPEHHO, 1 uepe3 10 ¢ Touku Ha ero oboae
nmeroT ckopocth 100 M/c. Haiftu ckopocTh, HOpManbHOE B TaHTCHIIHAJIBHOE YCKOPEHHE TOoYeK oboma st = 15 c.
Omeem: v =150 m/c, w, =11250 m/c?, w, =10 m/c’.
4. (M.13.18). Ban pamuycom R = 10 cM mpuBOAMT BO BpaleHue Ipy3 P, momBermeHHbIH K
HAMOTAHHOI Ha BaJl HEPACTAKUMOI HuTH (cM. puc.1). [py3 aBmkercs no 3axony x=100t, re
X - PacCTOSIHME I'py3a OT TOYKHM CXOJa HUTHU C Bajia (X - CAHTUMETPHI, t - cexyHabl). Haiitu yr-
JIOBBIE CKOPOCTh ® [ |[ /M yCKOpEeHHE € Basa, a TAK)KE MOJTHOE YCKOPEHHE W TOYEK ITOBEPXHO-
P Puc.1. CTH Bajla B MOMEHT t.
Omeem: »=20tc™, € =20 ¢, w = 200(1+4006)"* cm/c?.
5. TBépaoe Teno BpalaeTcsi BOKPYT HEMOABMKHOW TOUKH, C KOTOPOH COBMENIEHO HaYajlo IeKapTOBBIX KOOPAWHAT.

— -
Bekrop yriioBoii ckopocTH MOKHO 3amucath kKak ®! /= 15k. Haiitu ckopocTs Touku Tena ¢ koopauHatamu (1,2,3).

- - —> — - -
Omeem: v=15(5)" m/c, cos(v ~ i)= -2/(5)", cos(v A j) = 1/(5)""%, cos(vA k) = 0.
Jlo6aBouHbIE 3212491,

1. (M.13.2). Ilpu 3amycke mapoBOi TypOWHBI YToJl IIOBOPOTa MPOMNOPLUOHAJICH KyOy BPEMEHH, U B MOMEHT t = 3 ¢
TypOuHa nenaet 810 o6/mMuH. Haliti ypaBHeHHE BparieHus TypOuHBL. Omeem: ¢ = t’ pan.

2. (M.13.8). [Tocne BeIKIIOYEHMST MOTOpa Mponesuiep camonéra, aenaBunid 1200 06/MuH, KPYTHTCS paBHO3aMEJICH-
HO U 10 octaHOBKH fenaeT 80 o6opoToB. Kakoe Bpems mpomwio 10 octaHoBku? Omegem: 8 c.

3ausarue 3. Ci0KHOE ABHKEHHE TOYKH.

3azada o CIIOKCHUH JBIDKCHHH. AOCOIIOTHOE, IEPEHOCHOE U OTHOCHUTEINIFHOE JBIKEHUS. TeopemMa CI0XKEHHsI CKOpPO-

cteit. Teopema ciioxxenus yckopeHuil. [lepeHocHOE 1 KOPHOIMCOBO YCKOPEHUS; NX MOAYJIb M HAIIPABJICHHUE.
Jomamnee 3apanue 3.

1. (M.21.5). T'opuzoHTaNbHAS CTpeTa MOBOPOTHOTO KPaHA BPAIIACTCs BOKPYT BEPTUKAIBHOW OCH C IOCTOSIHHOW yTIIO-
BOW cKopocThio . [ /[ 'HaliTi aOCOTIOTHYIO TPACKTOPHIO TENEKKH, IBIDKYIIEHCS MO CTpelie ¢ MOCTOSHHOW CKOPOCTHIO
V,. €CII B HAYaJIbHBIH MOMEHT TEJIC)KKA HAXOIMIach HA OCH BPAIICHUS.

Omeem: apXUMeZIoBa CIIHPAIIb I = V,(/®, TIE I' - PACCTOSHHUE TEJIEKKH OT OCH, ( - yroJI IOBOPOTA BOKPYT OCH.

2. (M.22.9). IMaccaxkup ABMKYIICHCS CO CKOPOCTBIO V, =72 KM/4ac MO TOPU30HTAIBHOMY IIOCCE MAIIMHBI BUIAUT Ha
OOKOBOM CTEKJIE CIebl Kalelb OX/Asi HaKJIOHEHHBIMH 1ox yrioM 40° x BepTukanu. HalTi aOCOMIOTHYIO CKOPOCTh
KaIeJib OTBECHO Maalomero Joxkasi. Omeem: v = v/tgd0° = 23,8 m/c.

3. (M.23.28). Ilpsamoyronsuuk ABCD (munHa ctopon DA = CB = a cm) Bpamaetcst BOkpyr ctoponsl CD ¢ mocTosiH-
HOM YTJIOBOH CKOPOCTBIO 0= T1/2 ¢ Byonb cToponsl AB sBmskercs Touka M 110 3akony s = asin(nt/2). Haiiti Benmun-
Hy a0COIJIIOTHOTO YCKOPEHUS W, Touk M B MOMeHT t =1 ¢.  Omegem: w = an’(2)"*/4 cm/c?.

4. (M.23.45). Touka JABIKETCS CO CKOPOCTBIO 2 M/C TI0 0001y Aucka auameTpoM 4 M. JIMCK BpalaeTcsi B 00paTHYIO
CTOPOHY, MMes B JAHHEIA MOMEHT YIJIOBYIO CKOPOCTh 2 ¢ U yriIoBoe yckoperue 4 ¢ . Haiiti aGcomoTHOe yCKOpeHHe
W( TOUKH B 3TOT MOMEHT.  Omeem: Wo= 8,24 M/c’, cocTapsisi yron 76°¢ pagmycoM.

5. Haiitu KOpHoIMCOBO yCKOpEHHE Wy TEIIOBO3a, IBHXKYLIETOCs Ha HKBATOPE CO CKOPOCThIO 20 M/C Ha BOCTOK.

Omeem: wi= 0,029 M/CZ; HaIpPaBJICHO K IEHTPY 3eMJIH.

Jlo0aBouHbIe 3a7a4M.

1. (M.22.6). Korma kopabmb mén co CKopocTho a y310B (1 y3en - 3To Mopckast Muiis B yac, uiau 1852 meTpa B 4yac) Ha
I0T0-BOCTOK, TO (UIIOrep Ha MadTe IOKa3bIBaeT BETEP C BOCTOKA, a MPH YMEHBIICHWH XOJa 10 a/2 - BETep C CeBEpo-
BocToKa. HaifTi ckopocTh 1 HalpaBiieHHE BETpa.

Omeem: BeTep C ceBepa UMEET CKOPOCTh 0,5a(2)" y3JI0B.

2. (M.23.34). Boonp noxynpsmoit OA, Bpamaronieicss B INIOCKOCTH XY BOKPYT Hadana koopauHaT O MPOTHB 4aco-
BOI CTPEJIKU C TIOCTOSHHOM YIJIOBOI CKOPOCTBIO ), IBIKeTCS Touka M. Touka M coBmagana ¢ Toukoit O, Korza moiy-
npsimast OA comagana ¢ ockto X. Haliti: abCcoMOTHBIE TPACKTOPHIO M YCKOPEHHE TOYKH M; €€ CKOpOCTh V, OTHOCH-
TeJIbHO TonynpsiMoit OA, ecii abCOIOTHASL CKOPOCTh V TOYKH M IOCTOSTHHA 110 MOJYIIO.

Omeem: abCOMIOTHAS TPAEKTOPHUS - KPYT I = V sin @ /® (¢ - yroy Mexay ocsio X u noiaynpsiMmoit OA) B MOJSPHBIX
KOOpAUHATaX U x>+ (y- vR2o)* = (vI2w)’ B JIEKapTOBBIX KOOPAWHATAX; a0COIIOTHOE YCKOPEHHE W, = 2V(®; OTHOCHUTEIb-
Hasi CKOPOCTh V, = VCOSMt.

Yacrs 2. OCHOBHBIE HOHATHUA U 3AKOHBI JTMHAMUKMN.
MEXAHHUKA YIIPYTHUX TEJ, )KUJIKOCTEHM U I'A30B.
3ausTue 4. OCHOBHOIi 3aK0H MexaHuKH. /[Be 3ajauu JUHAMUKHU
Junamuxka. MaeptHOCTH Ten. HepTHas u rpaBuTaliioHHas Macca. I[IpuHuun skBuBaneHTHOCTH Macc. MlHepTHas Mac-
ca. Immynsce gactumsl. Cuna. Tpu 3akona Herotona. [TpuHImn cyneprno3umnum u paBHOAeHcTByomas cui. MHepnnais-
Has cucrteMa oTcuéra. Pa3sHple POpMBI BEKTOPHON M KOOPIWHATHON 3aMMCH OCHOBHOTO 3aKOHA JIWHAMUKH. /[Be 3amaumn
JTUHAMUKH.



3aKOH BCEMHPHOTO TATOTEHHS; IpaHMIbl mpuMeHeHus. Cuna Tspkectu. OTnn4ne CUl TSDKECTH M TPaBUTALMOHHOM.
3akon ['yka; rpannmnsl npuMeHeHus. Bunel Tperns. Cuina TpeHus MOKOs; yros TpeHus. Cuia cyXxoro TPEHHS CKO-
JBKEHNS; e€ 3aBUCHMOCTB OT CKOPOCTH. 3akoH AMaHTOHAa-Kyrnona. Cuna Tpenust kadeHus. Cuia BSI3KOTO TPEHHS [UIs
pasHBIX cKopocTeit nBmxeHns Tena. opmyna CTokca.

Jomamnee 3aganue 4

1. (M.26.1). B maxTe omyckaercss paBHOycKopeHHO JudT Maccoit 280 kr. 3a mepsrie 10 ¢ on mpomén 35 m. Haiftu
HATSDKCHHE KaHaTa, Ha KOTOPOM BHCUT TUPT. Omeem: npumMepro 2550 H.

2. (M.26.10). ABTOMOOMIIF Maccol 1 T MPOXOJUT CO CKOpOCThI0 10 M/C BEpXHIOIO TOYKY BBIIYKJIOTO MOCTa PaJAnyCcoOM
kpuBu3HBI 50 M. Haiitu cuity, ¢ KOTOpoit aBTOMOOMIIB 31ech TaBUT HAa MocT.  Omeem: 7800 H.

3. (M.26.16). Ipmxenne gactumpl Maccoit 200 T omMchIBaeTCS ypaBHEHUSAME X = 3 cos2nt, y = 4sinmt, THe X U 'y - B
cM, a t — B c. HaliTu mpoekiuu eiicTByoIeit ikl Kak QyHKIHUU e€ KOOpANHAT.

Omeem: F, = - 0,08x H; F, =- 0,02y H.

4. M.27.13). Camonét netuT ropusoHTanbHO. CONPOTHBIEHHE BO3AyXa MPOMOPIHOHAIBLHO KBAApaTy CKOPOCTH U
npu ckopoctu 1 m/c paBro 0,5 H. Cuna taru 30 xH mocrosiHHa m cocrtaBisier yroa 10° co ckopocrtsio. Haiitn
HauOOJNBIIYIO CKOPOCTh camonéra. Omeem: okono 250 m/c.

5. (M.27.17). Teno maccoii 2 Kr, OpoIIeHHOe BEPTHKAIHHO BBEPX C HAYAIBHON CKOPOCTHI0 20 M/C, HCIIBITHIBACT MPH
CKOpPOCTH V compoTHuBIeHHE Bo3ayxa (B HeroToHax) 0,4v. Uepes kakoe BpeMs TEJIO JOCTUTHET HAWBBICIIICH TOUKHU?

Omeem: oxoio 1,7 c.

Jlo6aBouHbIE 321241

1. (M.26.9). I'py3 maccoii 100 T, mogBemIeHHBIH Ha HUTH ITHHOH 30 cM B HETIOABIKHOH Touke O, OMMUCHIBACT OKPY K-
HOCTh B TOPU30HTAJIBHOM INIOCKOCTH, MPUIEM HUTDH JBIXKETCS 110 KOHWYECKON NMOBEPXHOCTH M COCTABIIAET C BEPTHKA-
mpi0 yrox 60°. Haiiti cKopocTh Ipy3a v i crity HaTsDkeHus HUTH T. Omeem: v =2,1 m/c, T =2 H.

2. (M.26.11). [Ipu paBHOyCcKOpeHHOM NoAbEME U Ta IPY)KUHHBIE BEChl OKa3bIBaIOT Bec rpy3a 51 H, a mpu paBHO-
MepHOM moséme -50 H. Kakoso yckopenue mudra? Ipuusts g = 10 M/c. Omeem: 0,2 m/c*.

3ausTue 5. CWibl HHEPUHH.

Heunnepunansnas cucrema orcuera (HCO). OcHoBHo# 3akoH aBuxenHus yactuisl B HCO. IlepeHocHast 1 KopuoIuco-
Ba CHJIBI HHEPIIUH.

Jdomamnee 3ananue 5

1. (M.33.4). [Toe3x maccoit 2000 T co ckopocTeio 15 M/c unét Ha ceBep. Hafitu: a) crry 60KOBOTO JaBICHHS ITO€31a
Ha peJIbChl Ha ceBepHoi mupote 60°; 0) Ty ke Cuily, KOTaa Hoe3/1 UIAET Ha IOT.

Omeem: a) oxono 3780 H Ha mpaBsIii (BOCTOUHEIN) penbe; 0) Tak jke Ha MPaBbIi (3aMagHBIN) PEIbC.

2. (M.33.5). I'py3 c BeicoThl 500 M magaet Ha ceBepHOH mupoTe 60° Ha 3emiro. Ha cKoMbKO mpH MageHuH OTKIOHUT-
¢4 Ipy3 ¥ KyJa 3a cuér BpameHus 3emin? ConpoTuBiieHUe Bo3ayxa Maio. Omeem: Ha 12 cM Ha BOCTOK.

3. (M.33.10). l'opuzoHTanpHAs TpyOKa AIHHON L BparmaeTcst BOKPYT BEPTUKAIBHON OCH C TIOCTOSHHOHM YTIIOBOW CKO-
pocThio ®. BHYTpH TpyOKHM Ha PacCTOSIHUM X, OT OCH 3aKperiéH rpy3. C Kakoil CKOPOCTBIO OH BBUIETUT U3 TPYOKH IO-
cie ocBoboxenus? Tpenne mano. Omegem: v = 0)(L2 - X02)1/2.

4. (M.33.11). B mpenpinymieii 3agaue HalTH BpeMst IBIDKEHUS Tpy3a BHYTpU TpyOku T.

Omeem: T = {In[L + (L* - x,)"*/x,]}/ .

5. (M.33.17). ApTHIDIepHIiCKIA CHapS ABHKETCS IO HACTHIIFHON TPAaeKTOPUH, OJIM3KOHW K TOPU30HTAIBHON MPSIMOH,
€0 cKOpocThi0 vV = 900 M/c, U JOIDKEH MOPa3uTh IeNb Ha paccTostHAM 1 = 18 kM. Ha CKOmbKO W KyZa OTKIIOHHTCS CHa-
psz M3-3a BpallleHHs1 3eMJIH, €CIM ITyIIKa HaXOIUTCS Ha ceBepHOH mmpoTe ¢ = 60°? ConpoTHBIeHNE BO3LyXa MaJIO.

Omeem: BIPaBO (€CIM CMOTPETH CBEPXY MEPICHIUKYISIPHO CKOPOCTH) Ha S = oolzsin(p/v = 22,7 M HE3aBUCHUMO OT
HaTpaBJIeHUS CTPEILOBI, T1Ie O - yriIoBast CKOPOCTh CYyTOYHOT'O BPAIICHUS 3EMIIH.

Jlo6aBouHBbIE 32124

1. (M.33.13). Komnpo OBHXETCS IO TIIAAKOMY TOPH30HTAIBHOMY CTepkHIO AB mimHO# 1 M, BpamaromeMycs ¢ 1mo-
CTOSIHHOW yTJI0BOM CKOpOCThIO (1 00OpOT B CEKYH/Iy) BOKPYT BEPTHKAIBHOW OCH, MPOXOIAIIEH depe3 KoHel A; B
HavdaJIbHBI MOMEHT KOJIBII0 MOKOMJIOCH Ha paccTosiHuU 60 cM OT kKoHIla A. Uepe3 Kakoe BpeMsl KOJBIO CIETUT?

Omeem: t =1n3/(2w) = 0,175 c.

2. (M.33.15). Onpenenuth, KaK MEHSAETCS YCKOPEHHE CHJIBI TSXKECTH B 3aBUCHMOCTU OT reorpaMuecKOd MIHPOTHI
MecCTa ( M3-3a BpalleHus 3eMii BOKpyr cBoel ocu. Paguyc 3emnu R = 6370 kM, yckopeHHE CUJIbI TSIKECTH Ha MOJIO-
cax g = 9,81 m/c’. Omesem: g; = g[1 - (0’Rcos’p)/g] = 9,81[1 - (cos’)/289)].

B yacet UPC koutposabHas padora Ne 1. Tembl: KunemaTuka gactuibl u TBEpA0ro Tena. OCHOBHOHN 3aKOH MeXa-
Hukd. J[Be 3amaun nuHaMuku. CHITBI HMHEPIIHH.

KontponsHaas pabota OyIeT IpOBOAUTECS B Yachl CAaMOCTOATENBHON paboTel. Ilepex KOHTpOIBHOM pabOTON MOBTO-
puTh circku nmoHATUI Ne 1- Ne 5, mpocMoTpeTh pelieHne ay JUTOPHBIX U JOMAIIHUX 3324 10 YKa3aHHBIM TEMaM.

3anaTue 6. Teopembl 00 n3MeHennn nmmnyJibca yacTunsl 1 MC. Teopema o nBm:kennu nearpa mace MC.
3akoH coxpanenus umnyiasca MC.
Wmnynse yacTunsl; BTopoil 3akoH HeloToHa B mmirynbcHON (opme. Teopema 00 N3MEHEHMH MMITYJIbCa YacTHUIIBI B
uHTerpaigbHoil gopme. Mmmysbe cuibl. @opma 3ammcH TEOPEMBI JUTS IIOCTOSIHHBIX CHJI U JIBMDKEHHMS 10 TIPSIMOH.



Wmnynsc cucTeMsl dacTHLl (MEXaHWYECKOH cucTeMbl). LIEHTp Macc; ero mosioKeHue (BEKTOpHAs, KOOpAWHATHAs
(¢opmpbl). ['MaBHBIA BEKTOpP BHEUTHUX CHII, OTIIMYHE €ro OT paBHOACHCTBYIomel. TeopeMa 00 M3MEHEHHHM HMITYJIbCa
cuctemsbl (muddepeHmansaas, HHTerpanbHas GopMbl). TeopeMa O IBHKEHUH IIEHTpa Macc. 3aKOH COXPAHECHUS WM-
myJbca.

Jomamnee 3aganue 6.

1. (M.28.2). Ilo HaKJIOHHOM MJIOCKOCTH, COCTABIAIOMIEN ¢ ropu3oHTOM yroa 30°, Hauan CIyCKaThCsl MOKOMBILUICS
rpy3. 3a Kakoe BpeMs OT NMporaeT myTh 39,2 M, eciu koaddument tperus 0,2?  Omeem: 5 c.

2. (M.28.6). ITpu cxopoctu 20 M/c aBTOMOOMIE TOpMO3UTCs 3a 6 ¢. KakoB koaddurment tpenus? Omegem: 0,34.

3. (M.28.7). Ilynst maccoit 20 T BBUIETaET M3 CTBOJIA BUHTOBKHU CO CKOPOCTHIO 650 M/c, mpoberas ctBoia 3a 0,95 mc.
Haiitu cpesHee JaBIeHHe MOPOXOBBIX Fa30B I IUIOMIAK ceuenns cTBona 150 mm”>  Omeem: 91,2 H/mm?.

4. (M.35.18). Ilo ropu3oHTaIbHON TMOKOUBILEHCS MIaThopMe UIMHON 6 M 1 Maccor 2700 kr paboune nepeMecTHin
TSOKENYI0 OTJIMBKY C JIEBOrO KOHIA ardopmsl B mpaBeiid. OOmas macca ommBky U pabdounx 1800 kr. Kyna u Ha
cKOJIbKO cMecTuTes ardopma? Tpenue marhopmel 0 pebesl Mano. Omeem: HaneBo Ha 2,4 M.

5. (M.36.8). I'panara maccoit 12 kr, netreBmiast Co CKOpOCcThio 15 M/c, pasopBanachk B Bo3ayxe Ha 2 gacTi. CKOpOCTh
OCKOJIKa Maccoil 8 Kr BBIPOCIIa B HAIpaBICHUH ABIKEHHA 10 25 M/c. HaiiTn BenmmumHy U HampaBiIeHHE CKOPOCTH BTO-
poro ockonka. Omeem: 5 M/c; 0OpaTHO CKOPOCTH IIEPBOTO OCKOJIKA.

JlobaBouYHBbIE 3a1aYH

1. (M.28.1). IIpu TopMOXKECHHH TIOe3]a Ha TPSAMOM TOPH30HTAJIHHOM y4YacTKe ITyTH pa3BUBACTCS CHJIA CONMPOTHUBIIE-
uus B 0,1 Beca moesna. Haiftu BpeMst TOpMO>KEHUS 1 TOPMO3HOH ITyTh, €CJIM HadalbHAsi CKOPOCTh moe3aa 20 m/c.

Omeem: 20,4 c; 204 m.

2. (M.36.12). HafiTit TOpH30HTaTBHYIO COCTABIIIONIYIO CHJIBI JaBIICHHS BOABI B M3ruode (mox yriaoM 90°) TpyOsr Bep-
TUKaJILHOTO BoJIocTOKa quameTrpoM 300 mm. Boja 3anonHsieT Bcé cedeHue U Te4ET B M3rude co CKOPOCThIO 2 M/C.

Omeem: 284 H.

3ansTue 7. Pagora cuiabl. MomHocTh. TeopeMbl 00 HM3MEHEHUM MeXaHMYeCKOM Hepruu. 3aKOH coXpaHe-
HHUS NOJTHON MeXaHU4YecKoii FJHeprun

OnemenrapHas pabora. Pabora Ha KOHEUHOM NepeMeIleHHH; ISl CITy4ast TIOCTOSIHHBIX CHJI M IBUIKEHUS IO TPSIMOIA.
MoIIHOCTB; €€ CBSI3b CO CKOPOCTHIO.

Kunernueckas sHeprus MaTepuaabHOW TOUKH M CHCTEMBI YacTHI. Teopema 00 N3MEHEHHN KMHETHIECKON SHEPrHH.

[Norennmansras sHeprus. KoHCepBaTHBHBIE M IUCCUIIATHBHBIC CHIIBI; MX IPUMEpPHI, IPU3HAKA KOHCEPBATUBHOCTH
cunbl. [loTeHnmanbHas HEPrHs yNpyroro W IpaBUTAIMOHHOTO B3aMMoOneHcTBUH. [loTeHIManbHas SHEPTUs rpaBUTa-
IIMOHHOTO B3aUMO/ICHCTBHS BOJIM3H MOBEPXHOCTH 3€MIIH.

3aMKHYyTas1 (M30JIMpOBaHHAs) MeXaHW4eckas cuctema. [lonHas mexaHmdeckas sHeprus (IIMD). 3akoH coxpaHeHHUS
I[IMD. Teopema 06 m3menenun [IMD.

Jlomamnee 3aganue 7

1. (M.29.2). Haiitn HauMeHblIyI0 paboTy moabéMa Tela Maccod 2 T Ha 5 M M0 HaKJIOHHOW MJIOCKOCTH, COCTABIISIO-
mieit yron 30° ¢ ropuzonToMm. Koaddumment tpenns 0,5. Omeem: 183 xJx.

2. (M.30.5). Cuapsix Mmaccoit 24 Kr BbUICTaCT U3 CTBOJIA OPYIUs JIHHOM 2 M co ckopocThio S00 M/c. Haiit cpe qHI00
CHJTY JIaBJICHUSI IOPOXOBBIX Ta30B Ha cHapsn. Omeem: 1500 xH.

3. (M.30.7). [lepen TopMOXKECHHEM Yy CTAHIMH MOE3[ N co cKOopocThio 10 M/c mox ykioH ¢ yriaoM o = 0,008 pax
(MoxHO TIpUHATH sina = o). Cuna conpoTuBieHns coctapiser 0,1 Beca moe3ma. Haiitu TopMO3HO# TIyTh U BpeMs TOP-
moxxenus. Omeem: 55,3 m, 11,8 c.

4. (M.30.10). XKeneznomopoxHas mathopMa Maccoil 6 T UCTBITBIBaeT cuiy conpotusienus B 0,0025 e€ Beca. Ha
TOPU30HTAJIBHOM TIPSIMOJIMHEHHOM ydYacTKe ITyTH paboumii Hadasl TOJKAaTh MOKOMBLIYIOCS IUIAT(OPMY C MOCTOSHHOM
cwoit 250 H, u depe3 20 M mepecTan Tonkatb. HaliTh MakCHMaIbHYIO CKOPOCTh IUIAT(QOPMEI M MOTHBIN €€ IMyTh 10
octaHoBkU. Omeem: 0,82 m/c, 34 M.

5. (M.30.28). laxTHbI# (T Maccoit 6 T IBIXKETCS BHU3 CO CKOPOCTBIO Vo= 12 M/c. Kakyro cpeHior0 CHTy TpeHHS
JIOJDKEH 00eCHeYrTh TOPMO3HOM MapalioT B Cirydae 0OpbIBa TpOca, YTOOBI OCTAHOBUTH JU(MT Ha myTH S = 10 M?

Omeem: F = m[g + (vo/2s)] = 102 kH.

Jlo6aBouHbIE 32124

1. (M.30.4). ITo HaKIOHHO¥ IIOCKOCTH, COCTaBILIOIIeH yron 30° ¢ TOPH30HTOM, HAUWHACT CITyCKaThes Tpy3. Koad-
¢unment tpenust 0,1. Haiitu ckopocts rpy3a uepe3 2 M oT Hauana nytu.  Omeem: 4,02 m/c.

2. (M.30.13). IToe3a maccoit 500 T uMen HaYaIBHYI CKOPOCTh 15 M/c. Kakoii myTh OH MPONHAET MOCIE BBIKIIOYCHUS
JIBUTATEJIs, €CIIM CUJIa CONTPOTUBIICHHSI MOKET OBITh BeIpakeHa ¢opmyinoit F = (7650 + 500v), rae v B3sTo B M/c, F - B
H. Omsem: 4,5 xm.

3ansiTue 8. CMemaHHbIe 32124 HA DJHEPIUI0 U UMIYJIBC
IToBTOPUTH CIIUCKU MOHATHIN K 3aHATHAM 6 1 7.
Jomamnee 3aganue 8.

1. (M.31.5). Tsokénas oruBKa Maccoi 20 Kr 3aKperuieHa Ha JETKOM KECTKOM CTEpKHE, KOTOPBIA MOXET IIPaKTHY e-
cKH 0e3 TpeHHs BpallaThCs B BEPTUKAILHOM IJIOCKOCTH BOKPYT TOPU30HTAIBHON ocu. [TokouBIIasics OTIMBKa HauMHa-
€T a/laTh U3 BEpXHEro noyiokeHus. Haiitn MakcuManbHyro cuily AaBieHus Ha ocb.  Omeem: 980 H.



2. (M.31.7). Mapammotuct Maccel 70 KT MPBITHY U3 camoliéta u, mpoJsieteB 100 M, packpsin nmapamior. Haiitu crry
HATSHKSHHSI CTPOI KPETUICHUS TapaIiioTa, €CJIM 3a 5 ¢ IMOCiIe PAaCKPBITHS MapaimroTa CKOpocTh yrmana o 4,3 m/c. Cuu-
TaTh CHJIy CONPOTUBIICHHSI BO3IyXa MapalioTy MOCTOSHHOM, a 4elloBeKy 0e3 mapamrtora - Maoi.  Omegem: 1246 H.

3. (M.31.8). 3a 500 M o craHIMH, CTOSIIEH Ha MPUTOpPKE BEICOTOH 2 M, MAaIIMHKCT mmoe3na Maccoit 1000 1, maymero
co ckopocThio 12 m/c, Hawan Topmoxernue. Cuna TpeHus noctosiHHa u paBHa 20 kH. Kakoif momkHa OBITH IOCTOSTHHAS
CHJIa TOPMOXKEHUS, YTOOBI ITOE3/T OCTAaHOBMIICA y cTaHIUU? Omeem: 84,8 kH.

4. (M.31.22). KamH10, HaxoAsIIeMycsl Ha BepIINHE INIAAKOT0 MoirycepruuecKoro Kymoia paanyca R, coobuiunu ro-
PU30OHTAJIBHYIO CKOPOCTh V,. B kakol Touke kaMeHb MOKUHET Kymnoi? IIpu Kakoi CKOPOCTHU Vo, KAMEHb IOKHHET KY-
o1 B Bepumae?  Omeem: ¢ = arccos(2/3 + v,*/3gR), TIe ¢ - yrom MeskLy paxuycaMi, POBEASHHBIMH U3 LEHTPA I10-
nycepbl B BEPIIMHY M TOUKY OTPBIBA KAMHS; Vomax > (ZR).

5. (M.31.31). lllapuk Ha HUTH ONHUCHIBAET OKPYKHOCTh B FOPH30HTAIBHOM IJIOCKOCTH, 00pa3ysi KOHMYECKHH MasiT-
HUK. HaliTi BBICOTY KOHYCa, eciy mapuk aenaet 20 o6/mMuH. Omeem: 2,25 M.

Jlo6aBo4HbIe 3a7a4H

1. (M.31.6). KakoB yroJ ¢ BepTHKaJIBIO BpAIIAOMIETOCS CTEPKHA B 3a1a4e 31.5, Koraa gaBieHne Ha OCh PaBHO HYIO?

Omeem: ¢ = arccos(2/3).

2.(M.31.9). OtnuBky B 3ana4e 31.5 OTKJIOHHIM OT BEPTUKAIN HA YTOJ (), U COOOLIMIN HAaYalIbHYIO CKOPOCTb V, BBEPX
MIEPIICHANKYIISIPHO CTEP)KHIO [UTHHOU | B BepTHKanbHOU miockoctr. Haittn ycunme N B cTepykHE Kak (YHKIHIO yriaa @
OTKJIOHEHUS CTEPXKHs OT BEPTUKAIIH.

Omeem: N = 3mgcos@l | - 2mgcos@, + mv, /1. Crepixens pactanyT, ecan N > 0, u cxar, ecmu N < 0.

3anstue 9. Teopema 00 M3MeHeHHH MOMEHTA MMIYJbca. 3AKOH COXPaHEHHS] MOMEHTAa UMIYJIbca

[Mapa cui. MoMeHT (BpallaroIuii MOMEHT) Mapbl CHil. MOMEHT CHIIBI OTHOCHTEIBHO OCH; IUIEYO CHIBL. BekTop mo-
MEHTa CHJIBI; €TO MOAYJIb U HAalpaBJICHHE. | TaBHBIII MOMEHT CHIL.

MowmeHT uHepuuu yacTtulbl, Mexanuueckoil cuctembl 1 ATT otHocurensHO ocu. Teopema Illteitnepa. MoMeHT
MHEPIUH KOJIBIIA ¥ ICKAa OTHOCUTEIILHO OCH CHMMETPUH, CTEPXKHS OTHOCHTEIHHO 3 OCEH.

MowMmeHT uMITynbca (BpallaTelbHbI, MEXaHHYECKIM MOMEHT) YacTHIIBI, MexaHnmdeckoil cuctembl 1 ATT oTHOCH-
TenbHO ocu. Teopema 00 U3MEHEHHH MOMEHTa UMITyJbca (auddepeHiuansHas 1 uHTerpaibHas popmbl). 3aKOH coxpa-
HEHHs MOMEHTa uMnyibca. OCHOBHOH 3aKkoH AUHAMUKH BpamleHuss ATT BOKpyr HEMOABMKHOM ocH. 3aKOH COXpaHEHUS
MOMEHTa UMIIyJbca B 3TOM ciydae. Pabora BHemrHux cui npu nosopote ATT BOkpyT HEeMmoABHKHOM ocH

Tabnuna ¢opMyn IMHAMHUKH MOCTYNATENBHOTO W BpAIATENbHOTO (BOKPYr HEMOABM)KHOW OCH) JBW)KEHHH TOYKH,
cuctemsl Touek 1 ATT.

Jomaunee 3aganue 9.

1. M.37.1). OgHOpOmHBIA KPYTIIEIA quck paamycoM 30 cM u Maccoit 50 Kr kKaTUTCs 0e3 CKOIBKEHHS 10 TOPU30H-
TaJIBHON MMOBEPXHOCTH, JeJast BOKPYT cBoeil ocu 60 o0/muH. HaiiTh MOMEHT MMITyJibca IUCKA: 1) OTHOCHTENBHO €ro
ocH; 2) MTHOBEHHOU ocH Bpatienus. Omegem: 14,1 KF-MZ/C; 423 Kr-m*/c.

2. (M.37.5). [Ina onpeneneHns MOMEHTa TPCHHUS B Hamndax Ha BaJl HACAIWIA MaXOBHK C MOMEHTOM HHEPIIUU OTHOCH-
TenbHO ocH 1125 kr-M” i packpytuiu 70 240 06/mMuH; 3aTeM 3a CU€T TPEeHHUs Basl OCTaHOBHICS yepe3 10 muH. Haiitu
cpenHuii MOMeHT TpeHusi. Omeem: 47,1 H-m

3. (M.37.6). Inst TOpMOKeHHS MaXOBHKOB IPUMEHSIOT MATHUTHBIH TOPMO3 B BHJE 2-X IOJIFOCOB 3JCKTPOMATHUTA;
ero topMo3smuidi MoMeHT M| = kv mponopuuoHaneH ckopoctu o0ojga MaxoBuka (K - MOCTOSHHBIH KO3(QHUIHEHT).
Kpome Toro, Tpenue co3naét NoCTOsIHHBII MOMEHT M,. Uepes kakoe BpeMsi OCTAaHOBHUTCSI MaxOBHUK auaMeTpoM D ¢ mMo-
MEHTOM MHEPIIMH OTHOCUTENILHO OCH BpaieHus | mpu HauyanbHON YTIIOBOM CKOPOCTH )7

Omesem: T = [2I-In(1 + kD®y/2M,)]/kD.

4. (M.37.48). HaiiTi 3aBUCHMOCTh OT BPEMEHH YTJIOBOI CKOPOCTH IIOKOHMBIIETOCS BEIOMOTO Kolieca (aBTOMOOWIIS)
Maccoil M u paguycoMm I, NpUBEIEHHOTO B ABMXEHUE TOPU3OHTAILHOM CHIIOH, IPUIIOKEHHON B €T0 LIEHTpPE, U KaTsIie-
rocsi CO CKOJIbKEHHEM T'OpU30HTaJIbHO. MOMEHT UHEPLUH KOJieca OTHOCUTENBHO ero ocH I, koadduimeHT TpeHus ka-
yeHus fy, KoapPUIHEeHT TpeHus ckoiamkeHus f. Omseem: ol 1= Mg(rf - f)t/Ic.

5. (M.37.55). Crosimero Ha ckambe JKYKOBCKOTO C BBITSHYTBIMH B CTOPOHBI PyKaMH 4eJIOBEKa PAacKpyTHIH 10 15
06/MHH; MOMEHT MHEPIMH €r0 M CKaMbH OTHOCHTEIHHO ocH Bpamenus 0,8 kr-m°. Kakoil cTaHeT cKOpOCTh BpalleHHS,
€CJIH YeIOBEK MPHKAJ PYKH K TYJIOBHILY H CHU3MI MOMEHT HHEpIMH cucTeMbl 10 0,12 kr-M>? Omeem: 100 06/MuH.

Jlo6aBo4YHbBIE 321241

1. (M.37.51). Yepes 6110k, MacCcy KOTOPOTO MOXHO CUHTATh paclpeaeneéHHon mo 0060ay, MepeKuHyT kaHat. JIeByro
€ro 4acTh JICPXKHUT YEJIOBEK, a K IPaBOH MPHUBS3aH IPy3 PaBHOW UeIOBEKY Macchl. UTO MPOM3OHAET ¢ TPy30M, €CIIH Ue-
JIOBEK HAYHET MOJHMUMATHCS IO KaHATY CO CKOPOCTHIO V OTHOCHTENBHO kKaHaTta? Macca 670ka B 4 pa3a MEHbIIE MacCHI
YeJIoBeKa, TPEHHUEM B OCH MOXKHO MpeHeOpedb. Omeem: Tpy3 OyAET MOJHUMATHLCS CO CKOPOCThIO 4v/9.

2. (M.37.52). Kpyrnas ropu3zoHTanbHas miatgopMa B BHIE IUCKa paanycoM R maccoit M, moxer 6e3 TpeHus Bpa-
IIaThCsl BOKPYT BEPTUKAIBHOM OcH, poxosiei yepes e€ ueHrp. [1o miardopme Ha HEM3MEHHOM PacCTOSHHUU I OT OCH
C TIOCTOSIHHOI OTHOCHUTENBHOH CKOPOCTBIO U MAET YesoBek Maccod M. HaiiTi yrioBylo ckopocTh MmiaTgOpMBl, eciu
HCXOJHO TuIaTopMa 1 4eoBEK MOKOUIUCh.  Omeem: ® = 2eru/(1\/[2R2 + 2M1r2).

B gacel UPC kontpoabHas padora Ne 2 . TeMbl: CHiIbl MHEPLUH; 3aKOH COXPaHEHUs M TeopemMa 00 M3MEHEHHH
UMITyJIbCa; TEOpeMa O JBIDKCHUH LIEHTpa Macc; paboTa CHJIBI; MOIIHOCTh; TEOPEMbl 00 HM3MEHEHHH MEXaHWYeCKOH
SHEPTHH; 3aKOH COXPAaHEHNUS MOJTHOM MEeXaHWYeCKOW 3HEprvH; CMEIIaHHbIE 33/1a41 Ha SHEPTHIO M UMITYJIbC; TeopeMa 00



N3MEHEHHH MOMEHTa MMITYJIbCa; 3aKOH COXPAHCHHSI MOMEHTa MMITynbca. KOHTponbHast paboTa OyaeT MpOBOIUTHECS B
4aChl CAMOCTOSITEIbHON pabOTHI.

Ilepen KOHTPONBLHOW PAOOTON MOBTOPUTH CIUCKU MOHATHH Ne 6- Ne 9, mpocMOTpeTh pelieHre ayIuTOPHBIX U JI0-
MaIIHHAX 33739 [0 YKa3aHHBIM TEMaM.

3ansrue 10. PeryasipHas npeneccusi rupockona. I'upockonuyeckue CHJIbI.

T'mpockon (Bomdok). CBOOOAHBIM THPOCKOIT;, IPUMEPHI TAKUX THPOCKOMOB. [ mpockonmmaeckuii 3¢ ekt u ero oobsc-
HeHue Ha Oa3e Teopembl Pesains. PerymsipHas mpeneccusi rHpockolia; e€ nmpuMepHoe ypaBHEHHE. ['Mpockon ¢ ofHOH
CTETICHBI0 CBOOOIBI; IPUMEPHI TAKUX TMPOCKONIOB ¥ THPOCKOIMYECKUE CHITBI.

Jomamnee 3axanue 10.

1. Bomgok maccoit m = 0,5 KT, 0OCh KOTOPOTO HAaKJIOHEHa 1Mo yriioM o = 30° K BepTHKaIH, MMPELECCUPYET MO AeH-
CTBHEM CHJIbI TSDKECTH. MOMEHT MHEPIMH BOJYKA OTHOCHTENHHO €ro OCH cHMMeTpum I = 2 T-M°, yrioBas CKOPOCTb
BpameHns BOKpPYT 3Toi ocu @ = 350 pan/c u HampaBieHa K Touke O 3aKpeIUIeHHs OCH BONUKa. PaccTosHMe MEXIy
HEHTPOM Macc Boidka u Toukoii O cocrasnser 1 = 10 cM. HaiiTi yriioByro cKOPOCTh IPEIECCHH M, U e€ HalpaBIICHHUE.
Bmmsier nmn Ha mpenieccuto BenmmanHA o7 Omeem: o, = m-g-1/(I-®) = 0,7 pan/c He3aBUCUMO OT O, TIPU B3TIIAE CBEPXY
IpeLeccus MPOUCXOJUT MO YaCOBOU CTpEJIKE.

2. (1.1.284). Ha nony nudTa, MOIHAMAKOIIETOCS C MOCTOSHHBIM YCKOPEHHEM a = 2 M/C’, CTOMT THPOCKOI B BUJIE JHC-
Ka paguycoM R = 5 cM Ha KOHIle TOPH30HTAIIBHOTO CTEePKHA JIMHON 1 = 10 cM. [Ipyroif koHeI[ CTep:KHS 3aKperyicH B
maprupe. [IpeHeOperas TpeHHEM M MacCOM CTEP>KHS, HAlTH COOCTBEHHYIO YTJIOBYIO CKOPOCTh () AMCKA, €CIIH TpeLec-
CHSI IIPOMCXOIHT CO CKOPOCTHIO N = 0,5 06/c. Omeem: ® = (g + a)-1/(m-n-R?) = 300 pan/c.

3. (U.1.287). Hunuaaprdeckuil TUCK THPOCKona Maccoid m = 15 kr pamguycom R =5 cm memaer o = 330 pan/c. Pac-
CTOSTHHE MEX]y MOJIIMITHUKAMH, I/Ie 3aKpeIieHa OCh TUcKa, cocTaBiseT 1 = 15 cMm. ['mpockon 3acTaBisiioT KojnedaTbest
rapMoHuuecku ¢ nepuoaoM T = 1 ¢ ¥ aMmIUTyI0i o, = 20° BOKpYT ropu30oHTanbHON ocu. HallTu MakcuMalbHyIO Be-
JIMYMHY THPOCKOIMYECKUX CUJI B OAIIMIHUKAX. Omeem: F . = (Tc~m~R2~(o-(xm)/(l~T) =90 H.

4. (1.1.288). Kopabyib IBHKETCS CO CKOPOCTBIO V = 36 KM/4ac Mo ayre OKpyXHOCThI0O R = 200 M: 0Ch KOJICHUATOTrO
Bajla C MaxOBUKOM, jenatomero n = 300 00/MHH, pacroyioxeHa BJIOJIb KOpadiis, a MOMEHT MHEPLHH BPAIIAIONINXCS
yacTel OTHOCUTENbHO ocu BpaweHus I = 3800 kr-m°. Haiit MomenT M TUPOCKOMMYECKUX CHJI B OJIIUITHUKAX

Omeem: M = (2nt-n-1-v)/R = 6 kH-M.

5. TlepemHee komeco THKETOr0 MOTOITUKIIA MOYKHO CYMTATh TOHKHUM 00pydeM Maccoit m = 16 kr u paguycom R = 0,5
M. C kakoii CHJION JOJDKHBI IEHCTBOBATh PYKH Ha KOHIIBI pyJsl IMpHHOH 1 = 1 M, 4ToOBI Ha ckopoctu. v = 108 km/4yac
MOBEPHYTH KoJieco Ha yron o = 30°3at =1 c¢? Omegem: F = (m-R-v-a))/(1-t) = 40w = 126 H.

Jlo6aBo4YHbBIE 321241

1. Tonkuii nuck panguycoMm R = 5 cMm HacaxkeH mocepeause n€rkoil cruusl anuHoit 1 = 10 oM, coBnagaromeit ¢ ochio
CHMMETPHH NCKa, U €My coollieHa yrioBas ckopocte @ = 100 pax/c. OauH KOHEI[ CITHIBI 3a0CTPEH U yIupaeTcs B
TOPU30HTAJIBHYIO TOBEPXHOCTH, MPHUEM NPH B3TJISLAE C APYToro KOHIA CIMIBI BpallleHHe TPOUCXOIUT IPOTHB YaCOBOI
crpenky. HalTu yrioByro CKOpOCTb IIPELIECCUU O U €€ HANPaBICHKE. YTOJI CIULBI C BEPTUKAIBIO HE PABEH HYIIIO.

Omeem: o, = g1/(R*®) ~ 4 pan/c; pu B3r/IsIe CBEPXY NPELECCHs IPOMCXOIUT IPOTUB YACOBOH CTPEIKH.

2. TypOuny camonéra MOKHO CUMTATh HMIMHAPOM Maccoil m = 500 kr u paguycom R = 0,5 M, genaromum n = 12 000
00/mMuH. CaMon€T 3a t = 5 ¢ MEPEXOANUT OT FOPU3OHTAIBLHOTO MOJIETa K BEPTUKAILHOMY ITMKHpOBaHUo. HaliTi rupocko-
MTUYECKUE CHIIBI B MMOANIMITHUKAX Ha KOHIaX TypOuHbI npu e€ nimuue 1 = 6 M. Omgem: F ~ 12,5 kH.

3ansrue 11. Cratuka. Mexannka ynpyrux TeJ, ;KHAKOCTeil 1 ra3oB.

Craruka. YcioBus U ypaBHeHus paBHoBecusi TT B craTuke.

Bunpr nedopmanmii ynpyrux ten. HopmanpHble M TaHTeHIMANbHBIE HANpsHKeHUs. AOCONIOTHOE W OTHOCHTENBHOE
OJTHOCTOpOHHEE YAJIMHEeHHE (CkaTHe). 3aKoH ['yka Ui OZHOCTOPOHHETO PACTSIKEHUS W CxXaTust; Moxyib FOHra u ero
cBs3b ¢ K03 dunuentom ynpyroctu tena. Koaddumuent Ilyaccona. 3akon I'yka juis Masioro caBura; MoJyib CABHIA.
[Tpenensl nponOpIMOHANBEHOCTH, YIIPYTOCTH, TEKYUECTH M IPOYHOCTH: YIPYTHE U OCTaTOYHbIE Ae(OPMALIHH.

I'mapo- u a’pocraTtuka. /laBneHue B )KUAKOCTH U ra3e; 3akoH Ilackans. 3akon Apxumena. IlnaBanue ten. Mexanuue-
CKHE CBOMCTBA )KUJKOCTEH U ra30B; COKUMAEMOCTb KUAKOCTEH U ra30B.

Vpasuenue bepuymnu. ®opmyna Toppudemu. @opmyna Ilyazeitna. Kunematndeckas U TuHaMU4ecKasl BS3KOCTb
KHUJIKOCTH U Tra3a. JlamuHapHoe 1 TypOyseHTHOe TedeHus; yucio PeliHonbaca. J[BukeHne Ten B KHUIKOCTH U Tase; JIo-
0oBoe comnpoTHBiIeHHE U NobEéMHas cuiia. Popmyina Crokca. JIoboBoe conpoTrBieHe IPU TYpOyJIEHTHOM 00TEKaHHH.

Jlomammnuee 3aganue 11.

1. OgHOoponHas NErkas rOPU30HTANbHAS Oanka AMTUHON 1 = 6 M Ha KOHIlE A 3aKperuieHa IapHUPOM, a Ha KOoHIe B
OmMpaeTcsl Ha KaTOK, TJe TPEHHEM KadeHHsS MOXKHO mpeHeOpeus. B cepennne 6anku mon yrimom o = 45° K HeW mpmiio-
xeHa cuna F = 20 xH, neifcTByromas BieBo U BHU3 B BEPTUKAIbHOU MIOCKOCTH. HaliTH cUMbI peakuy B onopax.

Omeem: Fx = 14,14 xH BupaBo; Fy, = 7,07 xH BBepx; Fyg = 7,07 kH BBepx.

2. (M1.1.292). TopuzoHTaNbHBIA MEIHBINA CTEPXKEHb JUIMHOH | = 1 M BpalialoT BOKpYT BEpTHKAIBHOW OCH, IPOXOASIIEH
yepes3 ero cepenuuy. HallTu MakcuMalbHyI0 4acTOTY BpallleHHs v, IPU KOTOPOU cTepkeHb emi€ He nmopBércs. g me-
¥ IIOTHOCTB p = 8900 Kr/M°, IIpe/ien pOYHOCTH Ha paspeiB o, = 0,3 ['Tla. Omeem: v = (26,/p)"*/(1-1) = 80 I'.

3. Karep umeer 00bEM zeTasneii Kopiryca, KOTOPBIH 110 cpeJHel NIOTHOCTH MOKHO CUUTATh allOMUHUEBEIM, V = 0,5
m°. Ero HyxHO mojHaTh ¢ ray6uusl h = 500 M ¢ KAMEHHCTOro JHa 03epa 6e3 IprcachiBaHus K Hiy. Kakyro MUHMMATh-



HYIO IUIOIAJb CEYEHUs S JOJDKEH UMETh Ui 3TOro crainbHOU Tpoc? st ctanu miaoTHOCTh p., = 7800 Kr/M°, npezen
MIPOYHOCTH Ha pa3prIB G, = 0,6 I'Tla, mIOTHOCTE aMIOMHUHUS p,, = 2700 KI/M°, IUTOTHOCTH  BOJIBI ps= 1000 KT/MC.

Omeem: S = (Py - Pa)-V-g/[Gy - (Per - pu)hegl = 15 mv™.

4. Tlonublit Gak [y rOPrOYEro MMeeT miomaas Sy = | M> i Beicoty h = 0,5 M npu Tommuue crerok d = 2 Mm. B siHe
C/IeNIaH MaJIeHbKOE KPYIJioe OTBEpPCTHE IIomansio S = 2 MM°. HaiiTi HauaabHYI0 CKOPOCTh V, BBITEKAHHS TOPIOYETO
JUIsl Cilydasi eanbHON JKUAKOCTH 0e3 BS3KOCTH M peasibHOM JKHJIKOCTH <V> C AMHaMU4ecKod Bsizkocthio M = 0,032
IMa-c u mwIOTHOCTBIO P = 800 KI/M’, a TAaKKe BPeMsI BEITEKAHHS t,, U <t> 6e3 yuéTa H3MEHEHHS CKOPOCTH BBHITCKAHHI.
YTo macT yuéT H3MEHEHHsS CKOPOCTH BhITekanusa? Omeem: v, = (2-h-g)™ = 3,16 m/c; <v> = p-h-g-S/(8w-1-d) = 0,05 m/c;
tun = Sp-h/(v,-S) = 80 000 ¢ = 22 waca; <t>~ 1390 gac = 58 cyTok. Y4€T H3MEHEHUS CKOPOCTH YBEITUYUT BpEMSI.

5. [Py30BHK C ILIOMAHI0 TIOMEPEUHOTo CeUeHHs S = 3,75 M’ IBUKETCS FOPH30HTANBEHO PABHOMEPHO CO CKOPOCTBIO V
= 72 xm/uac. Cuntas obrexanue TypOyJIEHTHBIM ¢ K03 dHIneHTOM J06oBoro conporusienus C, = 0,6, HaiiTu Mo-
HOCTH P, pacxomyemyio Ha aBmkenne. [IToTHOCTS Bo3ayxa p = 1,3 kr/mM’. Omeem: P = Cy-p-S-v® = 23,4 kBT.

Jlo6aBo4yHBIe 3a7a4H

1. (1.1.293). ToHKOE CBMHIIOBOE TOPH30HTAIBFHOE KOJIBIO panuycoM R = 25 cM BpamaroT BOKpYT BEpTHKAIHHOH OCH,
MPOXOAdAIIeH uepe3 LEHTP KOsblia MepNeHAUKYIIPHO €ro INIOcKocTH. HallTu MakcHUMalbHYIO 4acTOTY BpallleHHs V,
TIPH KOTOPOH KOJIBLO eIIE He MOPBETCA, eCIM T CBHHIA IIOTHOCTH p = 11300 Kr/M’, mpesien NpOYHOCTH HA Pa3phiB
6, = 15 MIla. Omeem: v = (6,/p)"*/(2n-R) = 23 T'1.

2. Kakue cunbl F Hao nNpuiaokuTh K KOHIIAM CTaJdbHOW MPOBOJNIOKU JUIHHOM | = 4 M u muomansto ceyenus S = 0,5
MM, 4TOGBI pacTsiHyTh eé Ha Al =2 Mm? Moayis FOnra cramu E = 200 TTla. Omsem: F = Al-E-S/l = 50 H.

Yacts 3. MEXAHUYECKHUE KOJIEBAHUS U BOJIHBI.
3ansatue 12. CBoOoaHbIE H BHIHY:KIEeHHbIE KOJTeOaAHUSI.

Konebanne. [lepnomudeckoe u cBobomHoe Konebanue. JnuddepeHnnanrsnoe ypaBHeHIHE CBOOOTHBIX KoJIeOaHMI JIH-
HEWHOT'0 TAPMOHHYECKOTO OCIIMIIIATOpa B OTCYTCTBHE TpeHus. Ero pemenue (ypaBHeHNE TapMOHUYECKOTO KOIEOAHMS)
1 OCHOBHBIE XapaKTepUCTUKH: aMIUTUTYya, (a3a, HadaiubHas (as3a, Kpyrobas 4acToTa, MTHOBEHHOE 3HAUCHHE CMeEIle-
HUsL. CBSI3b YaCTOTHI, KPYTOBOM YacTOTHI M IEPHOIA. DHEPTUS TApMOHHYIECKOTO KOJICOaHMS.

Beinyxnennsie konebanus. uddepeHnunanbHoe ypaBHEHHE BIHYKJICHHBIX KOJIEOaHUH JTMHEHHOTO TapPMOHUYECKOTO
ocumiusATOpa 0e3 TpeHHs; ero pelieHne. XapakTepucTuKu Koyiebanus. Pe3oHanc; pesonaHcHas kpuBas. OcoOeHHOCTH
pe3oHaHca 6e3 TpeHHUsI.

JuddepennnanbHoe ypaBHeHHE CBOOOIHBIX KOJICOAHHH JIMHEHHOTO IapMOHMYECKOTO OCHWILIATOPA NMPU HaJIUYUU
BSI3KOT'0 TpeHust; ero perieHus. KoadduiueHt conpotusieHus (BA3KOro TpeHus). Y CJI0BHE BO3MOXHOCTH KOJICOaHUH;
XapakTepucTUKH Kojebanus. KoadduipeHt 3atyxanus, NeKpeMeHT 3aTyXaHus, JJorapuMUUECKUI JEKPEMEHT 3aTyXa-
HUSI, BpeMsI 3aTyXaHHs, T0OpPOTHOCTb.

JuddepennnanbaHoe ypaBHEHHE BBIHYKICHHbBIX KOJIeOaHMI TMHEHHOTO rapMOHUIECKOTO OCIIIUIATOPA IPU HATHIUN
BSI3KOTO TPEHHS NPH MajbIX CKOPOCTSX, €r0 peIICHHE, XapaKTepUCTHKU KoijebaHms. OCcOoOCHHOCTH pe30oHaHca IpHU
HAJIMYUH TPEHNUS; BUJ PE30HAHCHBIX KPHUBBIX.

Jlomammnuee 3amanue 12,

1. Jns mapuka mMaccoit 10 T Ha npyxure ¢ ko3ddunuerrom xéctroct 4 H/M HalTH aMIDIHTYy BBIHYXKICHHBIX
KoJjebaHui Mo NeHCTBUEM TapMOHHYECKH MEHSIOMIEHCsT BHenTHe! cuiibl ammuiuTynoi 0,1 H u wacrotoit 1,57 T'u. Tpe-
HHE MOXKHO CYUTATh MallbiM. Omeem: puMepHO 3,3 cM.

2. Jlns Tex ke, 4yTo B 3ajiaue |, MEXaHUYeCKOW CHCTEMBI M BBIHYXIAIOMIEH CHUJIbl HAWTH PE30HAHCHYIO YacTOTY U aM-
IUINTY/ly BBIHYXK/IEHHBIX KOJIEOaHUI ¢ y4ETOM BSI3KOT'O TPEHUs, KO PHULIMEHT conpoTuBieHus kotoporo 0,1 kr/c.

Omeem: npumepro 3 ['mu 3,2 cMm.

3. (1.4.3). YacTrma coBepmiacT rapMOHHYECKHE KOJICOaHUs C KPYTOBOM 9acTOTOW ® = 4 pal/c BHONH OCH X OKOJIO
NoJIoKeHHs1 paBHOBecHs X = 0. B HEKOTOpBII MOMEHT KOOpPMHATA YACTHIIBI X, = 25 CM U e€ CKOpOCTh Vy, = 100 cm/c.
Haiiti KOOpIMHATY X M CKOPOCTH Vy aCTHIIBI Uepe3 t = 2,4 ¢ 1ocie 3Toro MOMEHTA.

Omeem: x = Acos(wt + o) = -29 cm, v, = -81 cMm/c, rae ammuryna A = [x02 + (vxo/(o)z] ”2, HavaibHas (asza o = arctg| -
Vol (0X,)]

4. (1.4.18). Haiftu mepro1 MaJIbIX BEPTUKAIBHBIX KONeOaHUH mapruka Maccoii m = 40 T, YKPEIUIEHHOTO Ha CepeIrHe
rOPHM30HTATLHO HATSHYTOM MOCTOSHHOM cutoii F = 10 H ctpynsr wmmsoii 1 = 1 M. Omeem: T = n(ml/F)*=0,2 c.

5. (1.4.40). Temo maccoil m BUCeNO Ha BBICOTE h Haj YamIKOW NMPYXHUHHBIX BECOB C KOA(PPHUIMEHTOM XKECTKOCTH
npykuHbl k, a 3aTeM ynajgo, NPWIMILIO K Yallke M Havyajo COBEPLIATh I'apMOHHYECKHE KOJIEeOAaHUs B BEPTHKAIHHOM
HarpasieHun. Haiitn aMrumTyy n sHepruto koje6anuil. Macchl py>KHHBI ¥ YalllKH Mabl.

Omeem: a = (mg/k)[1 + (2hk/mg)]"?, E = mgh + m*g*/2k.

Jlo6aBouHBIE 321241

1. (1.4.4). HaiiTu KpyroBylo 4acTOTy W aMILTUTYJy TAPMOHUYECKUX KOJIEOAHUI YaCTHUIIBI, €CITU HA PACCTOSHUAX X| U
X, OT TIOJIOKEHUS PABHOBECHS €€ CKOPOCTh PaBHA COOTBETCTBEHHO V| U V).

Omsem: o = [(vi” - v2)(xo - x 1" a = (V"% - vo'x D/(xa” - x,9)]

2. Hatitn ammmutyny konebanuii B 3agade 5 (M1.4.40), eciu macca gamku paBHa M.

Omeem: a = (mg/k){1 + [2hk/(m+M)g]} ">

3ansTue 13. Ynpyrue BoJsinbl. Ipdexrt Jonaepa.

Bomna. Yrpyras Bonna. IlpomonsHast 1 monepednas BoiHa. BomHOBO# GpoHT, ero ¢opmsl. [Inockas rapmoHmyeckas

BOJIHA B cpejie Oe3 MOTJIONIeHHs dHepruu; e€ ypaBHeHHe. BomHoBasi moBepXHOCTh. [|iMHA BONHEI; (a30Basi CKOPOCTH;



BOJIHOBOE YHUCIIO; X CBsI3b. Cpequsas (o BpeMeHHn) 00bEMHAS MIIOTHOCTh S3HEPTHU YIPYrol BOIHBL [IIOTHOCTE MOTOKA
SHEPTUH yIPYTOH BOJHEI (BEKTOp YMOBa). YpaBHeHHE CPEpUIECKON TApMOHUYECKOHN BOJHEI B cpezie 0e3 MOTIIONICHIS
sHepruu. 3akoH byrepa. CkopocTs NpoJ0AbHOI BOJIHBI B cpeie IOTHOCThIO0 p ¢ MoayiieM lOunra E. CxopocTs mome-
pEeYHON BOJHBI B Cpefie INIOTHOCTBIO p ¢ MoxyieM casura G. JIuneliHas v HenuHelHas cpefa. Y paBHEHMsS IUIOCKON U
cheprdaeckoii TapMOHIYECKOW BOJHBI B JIMHEHHOI cpene ¢ mornomenneM. Ctosdas rapMOHHYECKast BOJIHA; e ypaBHe-
HHeE, TIOJI0XKEHNE y37I0B U mydHocteit. [Ipogonsaseni agdexT Jomrepa; ero ¢popmyna.

Jdomamnee 3aganue 13.

1. JlnuHa Geryiueit IocKoi 3ByKOBOM BOJIHBI B Bo3ayxe A = 1 M mpu yactote ucroynuka v = 340 I'n u ammumuryne
konebannii A = 0,2 mm. Haiitu: a) ckopocTb BOJHBI V; 0) aMIUIMTYAY V,, KOJIeOaHUH CKOPOCTH YacTHIl CPEAbI; B) 3aITH-
caTh ypaBHeHHE BOJHBI. Omeem: a) V = A-v =340 M/c; 0) V,, = A-0 = A-2n-v = 0,4 M/c; B) § = 2 10cos(680-1-t - 27x).

2. (1.4.155). YpaBHeHue Oerylei MIOCKOH 3ByKOBOW BOJIHBI B BO3/lyXe (CKOpPOCTb BOJHEI V = 340 m/c) umeet Bua §
= 60cos(1800t - 5,3x), rae & - B MUKpOMeTpax, t - B CeKyH/aX, X - B MeTpax. Haiitu: a) oTHoIIeHHe aMIunTy sl A cMme-
ILIEHHs YaCTHIl CPeJIbl K JUIMHE BOJIHBI A; 0) aMIUIUTYAY V,,, CKOPOCTH KoJieOaHNI YacTHUIl CPEAbl U € OTHOIIEHHE K CKO-
pOCTH BOJHBI; B) aMIUTUTYAY KOJIEOAHWH OTHOCHTENBHOW nedopManuu cpedbl U e€ CBA3b ¢ aMIUINTYIOU KoieOaHui
CKOPOCTH 4acTHIL cpefsl. Omeem: a) A/A = 5,1-107; 6) Vy, = 11 em/c; ViV = 3,2:10™; B) (0E/0X)m = 3,2-10™; (8E/0t) =
V-(0&/0X)m = 3,2-10340 = 0,11 wm/c.

3. Haiitu paccrosiHue d Mexy ONMpKailIMMuU y3J1aMu CTOSIYEH 3BYKOBOIT BOJIHBI B BO3yXe IPH YacTOTe KoJieOaHui
440 I'u. CxopocTh BOJHEI B Bo3ayxe V, = 340 m/c. Omeem: d =~ 39 cm.

4. JInuHa MPOJONBHON yIpyroi BoMHBL B cTaimu A, = 0,55 m. [lnmotHocTh cTamu 7800 Kr/M, moaynb FOunra 200 I'Tla.
KakoBa uyacroTa v ucrounuka? Kakoif craHeT IjIHMHA BOJHBI A, B MeIH, Iie IIIOTHOCTE 8900 Kr/M3, a monyinp HOnra
130 I'Tla? Omeem: v = 9,2 k', A, = 0,42 M

5. JIpoH JIETUT TOPHU30HTAIBHO CO CKOPOCTHIO V = 10 M/C Ha HETOJABIDKHYIO BEPTUKAIBHYIO CTCHKY M IIIET YJIbTpa-
3BYKOBOM Iy4OK C 4acTOTO# v, = 30 xI'n. HaiiTw pa3HOCTh 4acTOT AV MOCIAHHOTO M MOJTYYE€HHOIO MOCIE OTPaXKeHUS
CHUTHAJIa, €CIM CKOPOCThH BOJHHI B BO3Iyxe V, = 340 m/c. Omgem: Av = 2V-v,/( V, — V) = 1,82 x['mI.

Jlo6aBo4YHBIE 327241

1. (1.4.169). JIns u3mMepeHusi CKOPOCTH 3ByKa B BO3AYyXe METOJOM aKyCTHYECKOTO PE30HAHCA HCIONB3YIOT TPYOy C
nepeMeriaeMbpIM MMOpITHEM U MeMOpaHoil (3ariyIiKoii) Ha OZHOM U3 KOHLOB TpyObl. HaliTi ckopocTh 3ByKa, eciu pac-
CTOSTHHE MEX]y COCETHHMH ITOJIOKEHHSMH TOPIIHS, ITPH KOTOPBIX HaOJomaeTcs pe3oHaHc Ha gactote v = 2000 I'm,
cocraBiset 1 = 8,5 cm. Omeem: v = 21-v = 340 m/c.

2. HekoTopast To4Ka cpeabl B rapMOHHYIECKO# BomHe konebnercs kak & = 0,05cos2-m-t. 3anmcaTh ypaBHEHUS JBIKE-
HUS TOYEK CpeIbl Ha TOM K€ ITyde, OTCTOSAMMUX OT naHHo# Ha 15 u 30 cMm, eciu ckopocTs BoaHEI 0,6 M/c. Omsem: & =
0,05sin2-m-t m & = -0,05c0s2-7-t

Yacts 4. daementsl CTO u OTO.
3ansiTue 14. Ji1eMeHThI peJSITUBHCTCKON KHHEMATHKHU

IIpeobpazosanus ['anunes u Jloperna. @opMynbl peIITUBUCTCKOIO U3MEHEHMS JUIMH U MPOMEXYTKOB BPEMEHHU; TEO-

peMa CII0KEeHHUs CKOpocTell. PessTuBUCTCKUN UHTEpBAIL.
Jomamnuee 3apanue 14

1. (U.1.342). Haiiti cOOCTBEHHYIO IUTHHY CTEpPXKHsI, €CJIA B JIa0OPATOPHOU CHCTEME OTCUETA €0 CKOPOCTh V = ¢/2,
JuinHa 1 = 1 M 1 yros Mexly CTep’KHEM M HallpaBJeHHEM ero JBWKeHus 0 = 45°.

Omeem: 1, =1[(1 - B*sin’0)/(1 - B*)]"* = 1,08 m, rae p = v/c.

2. (1.1.344). C xakoii ckopocThio qBUTanuck B K-crcreme orcuéra yachl, ecid 3a BpeMs t = 5 ¢ (10 9acam, Hemo-
JBIKHBIM B K-crcTeme) OHM OTCTaNM OT HEMOABIKHBIX YacoB Ha At = 0,1¢?

Omeem: v = c[(2 - AUD(AYD]'" = 0,6-10° m/c.

3. (M.1.346). CoOGcTBeHHOE BpeMs )KU3HN HecTaOMIbHOM yacTHIEl At, = 10 He. HaliTi myTh 3TOi yacTHIlB! A0 pacmaga
B K-cucreme, rie Bpems e€ xu3au At = 10 He.

Omsem: s = cAt[(1 -(At,/At)’]"* =5 m.

4. (U.1.359). [IBe dacTHIBl IBHKYTCS HABCTPEUY APYT APYTY co ckopocTsmu Vi = 0,5¢ u v, = 0,75¢ otHOCcHTEempHO K-
cucrembl. Haiitu ckopoctu: a) commkenus yactun B K-cucreme; 6) OTHOCUTEIBHYIO.

Omesem: a) V = Vi, Vo= 1,25¢; 6) V = (V; , Vo)/(1+ vy vo/c?) = 0,91c.

5. (U.1.360). [IBa crepxHs paBHOI COOCTBEHHOM UIMHBI |, IBIKYTCS B IPOJOJIHFHOM HalpaBlIeHHH HaBCTPEdy APYT
JIpyTy TapajienbHo oOIeil ocu ¢ OAMHAKOBOW CKOpPOCTBhIO V oTHocuTenbHO K-cucremsl. Haiitm jumHy Kaxmoro
CTEpIKHS B CHCTEMe OTCUETa, CBA3AHHOM ¢ apyrum crepxnem. Omeem: 1 =11 - PA/(1 + %), rae p = vic.

Jlo6aBoYHbIE 3a1a4H

1. (N.1.347). B K-cucteme M10-Me30H cO cKOpocThio vV = 0,99¢ mposeTen oT MecTa poKIeHHS A0 TOUYKH pacraaa pac-
crosiuue 1 = 3 kM. Haiitu: a) coGcTBeHHOE BpeMs ero )Kn3HH; 0) IMyTh MIo-Me30Ha B K-cructeMme ¢ “‘ero Touku 3peHus”.

Omeem: a) At,= (IV)[1- (v/c)*]"*=1,4 mkc; 6) I’=1[1- (v/c)*]"* = 0,42 km

2. (M.1.361). e OpicTpble 9acTHIBI ABIKYTCSA B K-cucTeMe moa mpsiMBIM YIIIOM APYT K APYTY CO CKOPOCTAMH V| U
V,. Haifiti ckopoctu: a) commkenus gactull B K-cucteme; 6) OTHOCHTEIBHYIO.

Omeem: a)V = (Vi%, V.0 6) v = [Vi2 Vo7 - (v vo/e)]Y2

3ansarue 15. DneMeHTHI PeJSITHBACTCKOI THHAMHKHA



PenaruBucTckne Macca 1 uMmynbc. OCHOBHOM 3aKOH AMHAMUKY JUISL PEJIATHBACTCKOM yacTunbl. [TonHast n kuHeTHYe-

CKasi SHEPTUU TAKOW YaCTHULIBI; CBSI3b €€ MMITYJIbCa U TIOJTHOM YHEPTHUH.
Jlomamnee 3apanue 15

1. (M.1.371). IIpu xako# CKOPOCTH PENATHBUCTCKUI UMITYJIEC YacTHUIIEI B Kk = 2 pa3a Ooiblie e€ HhIOTOHOBCKOTO UM-
mynbsca?

Omeem: v = (c/k)(k* -1)"*=2,6-10° m/c.

2.(M.1.372). Haiitu paboty pasroHa Tena ¢ Maccoii mokost m, ot 0,6¢ 1o 0,8c 1 cpaBHUTH C KIIACCHYECKUM PE3yIIbTa-
TOM.

Omesem: A = 0,42m,c* Bmecto 0,14m,c.

3. (1.1.373). Ilpu xaxoitf CKOPOCTH KMHETHUYECKas SHEPTHsl YaCTHUIIBI paBHA €€ SHEePTHU MOKOs?

Omesem: v = c(3)"*12 = 2,6-10% m/c.

4. (U.1.376). [1y4ok pelATUBUCTCKUX YaCTHUI[ C KHHETUUCCKOM sHeprueii T magaer Ha MOTIONMArOITy 0 MulieHb. Criia
TOKa B TIyuKe I, 3apsi1 M Macca IOKOsl 4acTHI] paBHBI € M m,. HaiTu crity 1aBieHus my4dka Ha MUILICHD U BBIISIISIONTYFO-
Cs1 B HEJ MOLIHOCTD.

Omeem: F = (I/ec)[T(T + 2m,c*)]"?, P = TVe.

5. (U.1.378). Yactuna ¢ Maccoif mokos m, B MOMEHT t = 0 HaUWHAET pa3roOHATHCS MMOCTOSTHHOW cuoit F. Haiitu 3aBu-
CHMOCTB OT BPEMEHH CKOPOCTH JACTHIIBI ¥ IPOWICHHOTO ITyTH.

Omesem: v=Fct/(m,’c* + F*t)", S=[(m,c*/F)* + t*c*]"* - m,c*/F.

Jlob6aBouHbIe 32124

1. (1.1.368). Bo ckombKo pa3 persiTHBICTCKAs Macca YacTUIIBI CO CKOPOCThIo, MeHblIeH ¢ Ha 0,01%, Gonbie e€ mac-
cbl okost?  Omeem: m/m, ~ 1/[2(1 - v/c)]"* = 70.

2. (M1.1.380). VI3 oCHOBHOTO ypaBHECHHUS PEIATHBUCTCKOW TUHAMUKH, HAWTH: a) B KAKUX CIIy4asX YCKOPEHHE YacTHUIIHI
COBITQJIACT MO HAINPABJICHUIO C JCUCTBYIOLIEH Ha He€ ciloif; 0) KO UIHEHTH! NTPONOPLUOHATIBHOCTH MEXIY cHiIol F
U YCKOpEHHEM W JUI CJIydaeB, KOIJia CHia NepHeHIUKYIApHa U MapaielibHa ckopocTu. Omeem: a) KOT/ia cuiia mep-
TIeH/IMKYJISAPHA 1 mapatenbaa ckopoeti; 6) B = mow/(1 - A2, Fjj=mew/(1 - p*?, rae B = vic.

3ansatue 16. PesepHoe. Ero conepixxanue onpeneuTt Belyliuil Npenogasareilb B 3aBUCHMOCTH OT CUTYalluu B
ceMecTpe (HAIMYHS 32/10JCKHUKOB, ONA/IaHUA 3aHATHH HA MPa3THUKHU U T.J.).

5.4. OBPA3EL O®OPMJIEHUA CMUCKA MOHATUM Ne 1 MO MEXAHUKE.
(KPYMHBLIM WWPUPTOM BbiaeneHbl NOHATUS U (hOPMYnbl ANSA 3ayYMBaHUS, @ XKUPHbLIM HaK/1OHHbIM M004YEPKHY-
mbIM Wpughmom - BEKTOPbI)

3anarue 1. KuHeMaTuKa TOYKM U MOCTYNATEJIbHOI0 ABMKeHUs TBEpPAOro Tea (TT).

MEXAHWKA - paszgen dusnku, nyyaoLwmn MmexaHnyeckoe ABWXKeHWe, T.e. NepemeLleHne Ten B NpocTpaHCTBe C Te-
yeHuem BpemeHn. MATEPUATIbBHAA TOYKA (HACTULA) - maccuBHoe Teno, paamepamMu KOTOpPOro B AaHHOMW 3ajade
MOXHO npeHebpeus. TBEPAOE TENO (TT) - Teno, paccTosiHme Mexay NobbiMW ABYMSt TOUKaMi KOTOpPOro ocTaértcs
HEM3MeHHbIM Npu NOObLIX BO3AENCTBUSAX Ha Teno (pa3mepbl 1 hopMa KOTOPOro HEUM3MEHHbI MpK MobbIX BO3LENCTBUAX
Ha Teno). CUCTEMA OTCUETA BkniouaeT Npon3BosibHO BbIGpaHHOE TENo OTCHETA, CBA3AHHYIO C HUM CUCTEMY KOOPAW-
HaT n vackl. KWNHEMATWKA - pasgen mexaHuku, onvcbiBalOWniA ABMXKEHne camo no cebe, He n3yyas ero npuymHbl.
TPAEKTOPWS - kpuBasi, KOTOPYIO YacTuLa onvckisaeT B npocTpaHcTee. ABVMIKEHWA: MPAMONMHENHOE - asmkeHne
yactuupl no npsimoii; KPYTOBOE - no okpyxHocTtu; MITOCKOE - no nnockoi kpuBow; KPUBOJMMHEMHOE - no npouseo-
nbHon kpuson. TP CMNOCOBA OMNMNCAHUA MOJNTIOXEHNA YACTULbI B MPOCTPAHCTBE - BekTOpHbIl, koopau-
HaTHLI N ecTecTBeHHbI. BEKTOPHBIW - nonoxenne 3a0aéT paavyc-BeKTop F, NPOBEAEHHbIN 13 Hayana cucTeMbl OT-
CY€Ta B TeKylllee NonoXeHue YyacTuubl; KOOPOMHATHBIW - nonoxeHue YyacTuLbl B CUCTEME OTCYETA 3a4atoT nekapTo-
Bbl, HaNpumep, koopanHatbl X, Y n Z; ECTECTBEHHbIN — ncnonb3yeTcsa Ansa pukcupoBaHHON TPaEKTOPUU; NONOXEHNe
3aa€T pacCTosiHME S OT KakOM-TO YCIOBHOW HayvanbHou To4dkun O TpaeKTopumn A0 TeKyLero nonoXeHns YacTubl, npu-
YEM OOIMKHO ObITh YKa3aHO U HanpaBreHne NoNoXUTENbHOro OTCHETA S.

YPABHEHUSA OBMXEHUA YACTULLbI: B BEKTOPHOW ®OPME r = r(t); B KOOPOVMHATHOW ®OPME (B JEKAP-
TOBbIX KOOPOMHATAX) x = x(t), y = y(t), z = z(t); B ECTECTBEHHOW ®OPME s = s(t).

BEKTOPA: MEPEMEWEHWNA Ar = 1> - Iy, o€ > - KOHEYHOE, a I1 — HavarbHOE MOMOXEHUE YacTuLbl; MIrHOBEHHOW
CKOPOCTU (CKOPOCTW) v = dr/dt, roe dt — 6eckoHeYHO Marnbiii OTPE30K (MHTepBan) BpemeHu, a dr - nepemelleHne
3a aT0 Bpems; YCKOPEHWSA w = dv/dt = d°rdt’. B KOOPOVHATHOW ®OPME: MEPEMELLEHUE AX =Xz - X1, Ay = y2
- Y1, AZ = Z5 - z1; CKOPOCTb vy = dx/dt, vy = dy/dt, v, = dz/dt; YCKOPEHWE wy = dvy/dt, wy = dvy/dt, w;, = dv,/dt. MO-
Oynb N HATMPABJIEHWE: BEKTOP MNMEPEMELLEHWA HanpaBneH n3 HavyanbHoOro (tovka 1) B kOHe4Hoe (Todka 2) no-
NIOXeHWe YacTuupl, a Mo MOAYMI0 paBeH AnvHe atoro oTpeska); MO MOAYJIIO CKOPOCTb v = |v| = |dr/dt| n HATPAB-
JIEHA no kacaTtenbHon k Tpaektopuu, Baonb Bektopa dr, BEIMUNHA BEKTOPA YCKOPEHWA w =|dv/dt| = |d2[/dt2|;
HAMNPABJIEHUE oTHOCKTENBHO TPaekTopMmn NpoM3BOSbHO (HO BCErga B CTOPOHY BOFHYTOCTU TPAEKTOPUN - CM. HUXKE MO-
nHoe yckopeHune). CMbICI1: MEPEMELLUEHWE nokasbiBaeT, Kyaa 1 Ha Ckonbko nepemecTtunack Yactuua; CKOPOCTb —
nepemMeLleHve 3a eguHnLy BpeMeHu (Npy YCroBUK, YTO CKOPOCTb He MeHsnack Bcé aTto Bpems); YCKOPEHUE - nsme-
HEHVe BeKTopa CKOPOCTW 3a eQuHWLY BpeMeHU (Npu yCrioBuM, YTO YCKOpPEeHWe He MeHsAnockb Bcé aT1o Bpemsi). CBAS3b

BEKTOPHOW 1 KOOPOMHATHOW ®OPM: a) sekTop nepemeluenns Ar =Ax*i +Ay*j+Az+k; no momymo |Ar|= Ar
:(AX2+Ay2+AZZ)1/2; HanpaBneHve 3aaaém yepes Hanpasnswwme kocuHyckl - COS(Ar i) = Ax/Ar, cos(Ar " j)

= Ay/Ar, cos(Ar"k) = Az/Ar. 6) Bektop ckopoctn ¥ = Vy*i +Vy*[ + V,°k; no mopgymo |v| = v =
(VX2+Vy2+VZ2)1/2; cos(y M i) = vy/v, cos(y M J) = vy/v, cos(y * k) = v,/v. B) BekTop yckoperust W = Wy°L +

Wye[ + Wk, no mopynio [w| = w :(Wx2+wy2+wzz)]/2; cos(w M i) = wy/w, cos(w " j) = wy/w, cos(w " k)




= W,/W.

NMEPEMELLEHNE B ECTECTBEHHOW ®OPME: As = S»-S1, [Ae Sz KOHEYHOE, @ S1 - HauyanbHOe MOMOXEHNE YacTuLb
Ha Tpaektopun. CKOPOCTb B ECTECTBEHHOW ®OPME v = (ds/dt)*F = v £, rae BEKTOP f° - eanHWYHbIN KacaTenb-
HbIW K TPAEKTOPMKN BEKTOP, HanpasBreHHbIN B CTOPOHY NOMOXUTENBHOMO OTCYETA S (€AMHUYHANA TaHreHTa); Vi - MPoeKums
BEKTOpPA CKOPOCTU Ha HanpasneHne eamHuyHon TaHreHTsl. HAMPABJIEHVE BEKTOPA CKOPOCTMW - no kacatenbHom K
TPaeKTopun B CTOPOHY ABUKEHUS.

YCKOPEHWE B ECTECTBEHHOM ®OPME w = dv/dt = (dvy/dt)et° + (V?/R)en° =(d°s /dt?)f* + (VP/R)en° = Wt + Wh, roe
BEKTOP n° - eanMHMYHbIV BEKTOP BHYTPEHHEN (B CTOPOHY LiEHTPa KPWBW3HbI TPAEKTOPUM B AaHHOM Touke) Hopmanu, a R
- PAOVNYC KPUBWU3HbI TPAEKTOPW B JAHHOW TOYKE.

HOPMAINBHARA w, =(v¥/R)*n° U TAHTEHUIMANIBHAA wi = (dvydt)f = (d°s/dt)sr COCTABNAIOLWME BEKTOPA
YCKOPEHUA. NX CMbICJT: TaHreHumansHoe yckopeHue nokasbiBaeT U3MEeHEHNe BENUYMNHBI, 8 HOPManbHOE - N3MeHe-
HWe HanpaBreHus BekTopa ckopocTu 3a eanHuuy spemenn. HAMPABJITIEHUE: TaHreHumnanbHoOe ycKopeHue HanpasneHo
no KacaTerbHOWN K TPaeKTopuu (B CTOPOHY ABWXEHUS MPU POCTE MOAYNS CKOPOCTU U NPOTUBOMOMOXHO - MPY YMEHbLLE-
HWM MOAYNS CKOPOCTU); HOPMarbHOE - HOPMarbHO K TPAEKTOPUMN B CTOPOHY LieHTpPa €€ KPMBU3HbI. (B CTOPOHY BOTHYTO-
ctu). NOJIHOE YCKOPEHWE w = w; + w n; HANPABIIEHO B CTOpOHY BOrHYTOCTW TpaekTopuu, Npuyém cos (W " Wn) =
wn/w; MO MOAYIIO w=(wi?+wn?)"?. PABHOMEPHOE [OBWM)KEHWE - ABWXEHUE C MOCTOSIHHON MO BENMNYMHE CKOPO-

ctbto; PABHOMNEPEMEHHOE - gBmXeHue ¢ NOCTOSIHHLIM MO BENUYMHE TaHreHuMarnbHbIM YCKOPEHNEM Wi = const = a,
npuyém asmxkeHne PABHOYCKOPEHHOE npwu pocte moaynsa ckopoctn 1 PABHO3AMEAJIEHHOE npu ero ymeHbLue-
Hun; NMPOU3BOJIbHOE - aBmxeHne ¢ Npon3BOSibHO MEHSAOLLUMCS MO BENUYMHE U HANPaBIEeHWIO YCKOPEHMEM.

HAYAJIbHBIE YCJITOBUA — nonoxeHne 1 CKOpocTb YacTuLbl B HaYarnbHbIA MOMEHT BPEMEHM.

CKOPOCTb N MYTb MNP PABHOMEPHOM OBWXXEHWUW MO TPAEKTOPUU B OOAHY CTOPOHY: v =
v, = const; S=S; + v,t.

CKOPOCTb NP PABHOIEPEMEHHOM OBVMXEHW MO TPAEKTOPUN B OOHY CTOPOHY: v=v,t
a-t,. rge 3Hak «+» OTBeYaeT paBHOYCKOPEHHOMY, a «-» — paBHO3amensieHHomy aswxkeHuto. MYTb MPU
PABHOMNEPEMEHHOM OBWXEHWUW MO TPAEKTOPUW B OOHY CTOPOHY: S = Sy + vpt + a- t 2/2,
CBA3b NYTU N CKOPOCTEN NMPX PABHOMEPEMEHHOM ABWMXEHWW MO TPAEKTOPWW B OOHY
CTOPOHY:

) V- vo'==2-a-S.

MOCTYNATENbHOE OBWXXEHWE TBEPOOIO TEJIA - gBumXeHue, npyu KOTOPOM NoGON OTpe3ok B Tene ABMXKeTCs

napannenbHo camomMy cebe (T.e. CKOPOCTU U YCKOPEHUst BceX Todek TT B Mobori MOMEHT BPEMEHU OVUHAKOBbI).

5.5. TeMaTuka J1a0opaTOPHBIX PaGoT U 3aJaHUS ISl CAMOCTOATENbHOH padoThl kK HMM (11 3aHsaTuii o 4 gaca).

Kaxmoe 3ansTue 3aHuMaet 4 yaca u TpeOyeT caMOCTOSTEIbHOM paboThl B 00bEMe 0K0JIO 4 YacoB. Bpems caMocTosi-
TENILHON pabOoThl TPATUTCS HA MOJATOTOBKY (MMCHMEHHOE PACKPBITHE B TETPaJu) MepBOil YacTu oT4éTa 1Mo padore, 1Mo -
TOTOBKY K Cllaue JOMYCKa U K TEOPETHUECKOMY COOSCEI0BAHMUIO, B TOM YHCIIE II0 CAMOCTOSITENIbHO H3Y4aeMbIM TEMaM.

PaGora Ne 1 (BBomnas). OBPABOTKA PE3YJIBTATOB ®U3UYECKNX U3MEPEHU

Ha 3ansTun uzydatorcs nopsiiok paboTsl B 1abopaTopyH, MpaBuila TEXHUKN 0€30TIaCHOCTH, M3MEPSIOTCS pa3InyHbIe
dusmueckue BenmuumHbl (AmuMHA, BpeMs u 1p.). Iepen 3amstnem HYIKHO ITOBTOPUTH MATEPUAJT YUEBHOM
[IPAKTHKU T10 ®UNYECKUM U3MEPEHUSAM, TIPOMJIEHHOM HA 1 KYPCE: npsiMble H KOCBEHHbIE H3Mepe-
HUS; U3MEpUTEIIbHbBIE TPUOOPHI (TIpesiesl U3MEPEHus, 1IeHa JIeJICHHs, MOTPEIIHOCTh U3MEPEHHs); TPYU BHAA U JIBA THUIIA
HOTPEIIHOCTEN U3MEPEHUN; PACUET NOIPELIHOCTY NPSMBIX U KOCBEHHBIX U3MEPEHUM.

BOIIPOCHI K JIOIIYCKY.
. IIpsamMele ¥ KOCBeHHbIE U3MepeHus. [Ipenen n3Mepenus, ieHa JeeHus, IpuOOpHas HOrPEIIHOCTh U3MEPEHHUS.
. Tpu BUJa 1 1Ba TUIA MOTPEIIHOCTEN U3MEPEHUH.
. Pacuér nmorpemHocTy npsMbIx n3Mepennid. CrannaptHoe oTkiIoHeHue cpenHero. Koaddunuentsr Cthronenra.
. Pacuér nmorpemHocTy KOCBEHHBIX U3MEPEHH.
IIPAKTUYECKHUE YMEHHNA.

1. Pacuér noiaHON NOrpeiHOCTH NPSIMBIX U3MEPEHUH.
. Pacuér nosnHoi NOrpemHocTé KOCBEHHBIX N3MEPEHUI.
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Padora Ne 2. U3YUHEHUME 3AKOHOB PABHOYCKOPEHHOI'O B KEHUSA
BOIIPOCKHI K JIOITIYCKY.
1. Llens pabOTHI ¥ MOPSAAOK U3MEPEHH B KXKIOM yIIPaKHEHHU.
2. PacuéT moyHON MOTPEeIHOCTH YCKOPEHHS CBOOOTHOTO TaICHHS.
TEOPETUYECKHUE BOIIPOCHI
1. ®usuka. Mexanuka. Mexannka HeioTona. CBoiicTBa MpocTpaHCTBa M BpeMeHH B MexaHuke HproToHa (kitaccuye-
cKoit MexaHuke). OCHOBHBIC aOCTPaKTHBIC MOHATHS MEXaHUKU: dacTtulla, TBEpaoe teno (TT), cucrema orcuéra. Omu-
CaHHUe MOJI0KEHHS YaCTHIBI B KOOPIMHATHON U BEKTOPHOH (hopMe; CBA3b 3TUX (OpM
2. Kunemaruxka. TpaekTopus. YpaBHEHUS JBUKEHUS, IEPEMEIEHHE, CKOPOCTh U YCKOPEHHE YaCTHUIbl B KOOPIUHAT-
HOH U BEeKTOpHOH (opme; cBs3b 3THX hopM.
3. Onmcanue ABIKEHHS B €CTECTBEHHOH (popme. PaBHOMEpHOE, paBHOIIEpEMEHHOE U TIPOM3BOIBHOE TBHKECHUSI.



OKCIHHEPUMEHTAJIBPHO-TIPAKTUYECKHUE YMEHUAL.
1. TTo 3agaHHBIM ypaBHEHUSM JBHKEHHS TOUYKH B KOOPAMHATHON WIIM €CTECTBEHHON (DOpME ONpenesuTh BCE BO3MO-

JKHBIE TTapaMeTpPhl €€ IBIKCHUS.

Padora Ne 3. U3YUYEHHUE JIBUKEHUS TEJIA, BPOIIEHHOI'O ITIOJ YI'JIOM K I'OPU3O0HTY
BOIIPOCKHI K JIOITYCKY.

1. Llenp pabOTHI U MOPSIOK U3MEPEHHH B KQXKJOM YIPaKHEHUH.
TEOPETHYECKHE BOIIPOCHI

1. JIBmxeHre OPOIIICHHOTO Tela.
OKCIEPUMEHTAJ/IBHO-TIPAKTUYECKHUE YMEHUA.
1. JIy11 OpOIICHHOT0 HOA YIJIOM K TOPU30HTY Tejla HAaiiTH Bce yKa3aHHBIE IIPeroaBaTesieM HapaMeTphl IBIKECHHS,

Pagora Ne 4. OIPEJEJIEHUE OCHOBHBIX KHHEMATUYECKUX IMTAPAMETPOB
BOIIPOCHI K JIOIIYCKY.

1. Lems paboTHI ¥ TOPSATOK U3MEPEHHUH B KaXXIOM YIIPaKHEHHH.
TEOPETHYECKHE BOIIPOCHI

1. Kunematuka. TpaekTopus. YpaBHEHUs ABM)KEHUS, IEPEMEILEHUE, CKOPOCTh U YCKOPEHHE YaCTULBI B KOOPAUHAT-

HOW ¥ BEKTOPHOM (hopMe; CBSI3b ITUX (POPM.
2. OnxcaHue IBIKCHHS B €CTECTBEHHOI hopme. PaBHOMepHOE, paBHOIIEPEMEHHOE U TPOU3BOJIEHOE ABHKCHUSL.

3. OnucaHue NOCTyNaTeabHOro ABMKEHUS U BpalleHus TT BOKpYT HEMOABHKHOM OCH.
OKCIIEPUMEHTAJIPHO-TIPAKTUYECKHUE YMEHUAL.

1. Io 3aaHHBIM YpaBHEHHMSIM JABMKEHHS TOYKH B KOOPJMHATHOW MJIM €CTECTBEHHOH ()OpMeE ONpPEAEIuTh BCe BO3MO-

JKHbIE KHHEMAaTU4ECKUE N1apaMETPhl €€ JBUKCHHUS.
2. Onpenenuts xapaxtep ABIKeHUS TT U KHHEMAaTH4eCKH ONUCaTh ABMYKCHUE OJHOM U3 €ro TOUeK.
PaGora Ne 5. IPOBEPKA 2-ro 3AKOHA HBIOTOHA
BOIIPOCHI K JIOIIYCKY.

1. Llenp paOOTHI ¥ TOPSAOK U3MEPEHHUH B KAXKIOM YIPAKHEHNH.
TEOPETHYECKHUE BOIIPOCHI

1. Aunamuka. MueptHoCTh Tena. MHepTHast macca. Umnynbe yactunsl. Cuna. WMHepuuanbHas v HEMHEpUUAIbHAS

cucreMa otcuéra. Tpu 3akona HeroToHa; (hOpMBI 3ammiucy BTOPOTO 3aKOHA. PaBHOAECHCTBYIOMIAS CHIL.
OKCIEPUMEHTAJIPHO-TIPAKTUYECKUE YMEHHAL.
1. PeminTh OCHOBHYIO 3a7[auy MEXaHUKH IS YaCTHUIIBI, JBIKYIICHCS 0e3 COMPOTUBIICHUS BO3IyXa BOIM3H 3eMIIH.

2. Yka3aTh cuisl B 3-M 3akoHe HploTOHA I Tell, maJaroux Ha 3eMITI0; JeKaliX Ha 3eMIIe.

PaGora Ne 6. U3YUEHHUE CUJIbBI CYXOTI'O TPEHUA.
BOIIPOCHI K JIOIIYCKY.

1. Llens paOOTHI ¥ TOPSAOK M3MEPEHHUH B KAXKIOM YIPAKHEHNH.
TEOPETHYECKUE BOIIPOCHI

1. Cusnipl TpeHHS B MEXaHUKE. YTOJ TPEHUSL.
OKCIIEPUMEHTAJIBHO-IIPAKTUYECKHE YMEHHUAL.

1. B onbITe oneHNTH K03()(UINEHT CYyXOT0 TPEHUS CKOJIBKEHHS.

PaGora Ne 7. U3YUEHME YIIPYTUX CBOMCTB MATEPHUAJIA
BOIIPOCHI K JIOIIYCKY.

1. Kakue BennauHbI BaM HEOOXOIUMO OTIPEACIIUTE?

2. ITo xakum opmynam ux OyaeTe pacCUUTHIBATH?

3. Kakue BesM4uHBI, Ui 3TOr0 OyAeTe N3MepsTh U KakKuM criocobom?
TEOPETHYECKHUE BOIIPOChHI

1. Cunel ynpyroctu u fedopManys ynpyrux Tell B MexaHuke. Bunsl nedopmaiuii ynpyrux tei; HOpMaibHbIE M TaH-
reHIMaIbHble HanpsokeHus. Moayns FOHra n Moxyns casura. [Ipeaesns! mponopunoHaaIbHOCTH, YIPYTOCTH, TEKYYECTH

U TIPOYHOCTH: YIPYTHE ¥ OCTAaTOYHbIE Ae(hOpPMALIHH.
OKCIHEPUMEHTAJIBHO-IIPAKTUYECKHUE YMEHHUAL.

1. B onbITe O1eHUTH KOA(GQHUIMEHT YIPYrOCTH TeJa U APYTHE YIPYIHe XapaKTEPUCTHKU, KOTOPbIe MOXKHO HaHTH.

Pa6ora Ne 8. IPOBEPKA OCHOBHOI'O 3AKOHA TUHAMUKHU BPAIATEJIBHOT'O IBUKEHUSA C
NOMOIIBIO MASAITHUKA OBEPBEKA
BOIIPOCHI K JIOITYCKY.

1. Llenp paboTHI M MOPSIOK U3MEPEHHH B KaXK/JJOM YIPaKHEHUH.
TEOPETHYECKHUE BOIIPOCHI

1. MoMmeHT cuitbl (Bpamaromuii MoMeHT). OCHOBHOM 3aKOH JUHAMUKHU Bpamienus TT BoKpyr Heno BmxHOMH ocu. Mo-

MeHT uHepuuu TT; ero BerunciaeHue.



OKCHEPUMEHTAJIBPHO-TIPAKTHUYECKHUE YMEHUAL.
1. HaiiTu MOMEHT CHJIBI M TPUMEHUTH OCHOBHOM 3aKOH AUHAMUKH BpameHus T T BOKpyr HENMOABUKHOM OCH.

PaGora Ne 9. OIIPEJAEJTEHUE CKOPOCTH ITYJIX C HOMOLIBIO BAJIVIMCTUYECKOI'O MASITHUKA.
BOIIPOCHI K JIOIYCKY.
1. Llenp paboTHI U MOPSIOK U3MEPEHNH B KaXKJOM YIPaKHEHUH.
TEOPETHYECKUE BOIIPOCHI

1. Teopema 06 m3MeHeHNN HMITyJIbca dacTUIBl. Cucrema yactur (Mexanudeckas cucrema MC). Ummynsc MC. Te-
opema 006 n3MeHeHnn uMiryisca MC.

2. [loreHnmanpHast YHEPTUSA YIPYTOTO U IPAaBUTAIIMOHHOTO B3aumMoaeicTBra. OOIIre CBOMCTBA TIOTCHINAIEHON YHEP-
run. KoHcepBatuBHBIe n nuiccunatuBHbIe ciutbl. KoncepBatusHas MC. [TomHas mexanndeckas sueprus (IIMD). Teope-
™Mbl 00 m3merennn [IMD3; 3akon coxpanenns [IMD Jlpyrue BUABI SHEPTUH; 3aKOH COXPAHCHUS SHEPTHHL.

OKCIHEPUMEHTAJIBHO-IIPAKTUYECKUE YMEHUAL.

1. Tlpumenuts TeopemMy 00 M3MEHEHUH UMITYJIbCA YACTHUIIBI.

2. IlpumeHuTsh 3aK0H coxpaHeHus [IMO.

PaGora Ne 10. U3YUYEHUE OU3NYECKOI'O U MATEMATHYECKOI'O MASITHUKOB.
BOIIPOCKHI K JIOIIYCKY.
1. Llenp paboTHI M MOPSIOK U3MEPEHHH B KaXKJOM YIPaKHEHUH.
TEOPETHYECKHE BOIIPOChHI
. 1. OcHOBHBIC TIOHATHUS TeOpHH KoyieOaHWH. MexaHWdecKne HealbHbIC, 3aTyXalolie W BBIHYKACHHbBIE KOJICOaHMS.
[Ipy>XUHHBII MaATHUK; eTo YHeprus. MaTteMaTndeckuil M (pU3HYeCKIii MasTHUKH.
OKCIIEPUMEHTAJIBHO-IIPAKTUYECKHE YMEHHA.
1. Tlo ypaBHEHHIO TApMOHHYECKOTO KOJICOAHHS TIOCTPOUTH €T0 TpaduK.
2. Ilo rpaduky rapMOHHYECKOTO KOJICOAHHS 3aMHICaTh €r0 ypaBHEHHE.

Pat6ora Ne 11. U3SYUEHHUE CBOBO/IHBIX KOJIEBAHUI NIPYKUHHBIX MASITHUKOB.
BOIIPOCHI K J[OITYCKY.
1. Ilenb paGoTHI ¥ MOPSAAOK U3MEPEHHUH B KaXIOM YIPaKHEHHHU.
TEOPETUYECKHUE BOIIPOCKI

1. BeinyxeHHbIC KOJICOAHUS JTHHEHHOrO FapMOHHUYECKOTO OCIIIUIATOPA B OTCYTCTBHE TpeHus. Pezonanc. CBoboI-

HBIC ¥ BEIHYKJICHHBIC KOJICOaHHS C YIETOM BS3KOTO TPEHUS TIPH MANBIX KOJICOaHUIX.
OKCIHEPUMEHTAJIPHO-IIPAKTUYECKHUE YMEHUA.

1. Ins mpeuroskeHHBIX TpenojaBaTeieM Ipy3a M3BECTHOW MAacChl U MPYXHUHBI OLECHUTHh K03(uImeHT xEcTrocTi
MIPY>KUHBI U TIEPUOJ] CBOOOIHBIX KOJICOaHUH TPH MalloM TpeHUHU. BrIOpaB cioco6 Bo30YKICHUS U pa3yMHYIO aMILTUTY-
Iy KoJieOaHuH, 3aIncaTh ypaBHEHHE CBOOOJHBIX KOJICOaHUH.

5.6. MaTpuia coOTBeTCTBHSI KOMIETEHIN W BUI0B 3aHATHI ANCHHILTHHBI

HaumenoBanue Bcero | Unaukaro- CyMMa MHIMKATO-
BHJIa 3aHATUH 4acoB pHI nes- poB
MIPaKTUKU TEJILHOCTH
na-1. na-2. n-3. na-1.
.OIIK-1 .OIIK-1 .OIIK-1 .OIIK-2
1. Jlekiumn 54 + + + + 4
2. JJabopatopubie 48 + + + + 4
paboThI
3. [IpakTuueckue 36 + + + + 4
3aHATUS
4. CPC 78 + + + + 4
Hroro wacon 216

6. Pexomenayemas ureparypa
6.1. OcHoBHas JIMTEpaTypa.
1. Muxaiinos Cepreii [letpoBud, KeipoB Biagnmup Anexcanaposuu. Mexanuka: yueOHoe nocobue./ C. I1. Muxaii-
108, 2016, PUO TAT'Y. - 269 c.
2. Muxaiinos Cepreii [lerpoBuu. Kypc puznky, T.1.: Mexanuka. MosekyssipHast pusrka u repmoanHamuka. PO
I'AT'Y, 2018 1. — 388 c. (351eKTpOHHOE U3/1aHKE)
3. Muxaiinos Cepreit [lerposuy, Keipo Bmagumup AnexcannpoBud. TeopeTrueckas MexaHuKa: ydeOHoe mocobune./
C. II. Muxaitnos, 2017, PUOTATY. - 379 c.
6.2. JlonoTHUTEJIBLHAS JIUTEPATypAa.
1. Muxaiinos, Cepreii IlerpoBrud. «3ajadyHUK W METOIUYECKHE YKA3aHHUS IO MEXaHUKE": yaeOHO-METOJMYECcKoe To-
cooue/ C. I1. Muxaiinos, 2019, PUO TAT'Y. - 119 c.
2. Tpodpumona, Tancust Banosna. Kypc ¢usnkn: yaebnoe nocobue st By3oB / T. W. Tpodumosa, 2003, Bricmas



mkoua. - 541 c.
DJIeKTPOHHBIE pecypchl

1. Muxaiinos C.I1. Pabouas nporpamma maucuuruimabl «O0mas ¢usnka, 4.1. MexaHuka» [DIeKTpoHHBIN pecypc]
/C.I1. Muxaitnos, 2020. - 52 c¢. Pexxumsr 1octyna:

a) Jlokansnas cers ®M®, nuck TEACHER\MUXATJIOB\Pa6 mpor mexanmka_2020.pdf

7. MaTepualbHO-TeXHHMYecKoe o0ecreyeHne y4eOHOro npoiuecca.

s nexumit ucronb3yeTcs JISKIMOHHas (PU3UUEecKast ayAUTOPHUS C MPErnapaTopCKON Ul OATOTOBKH JEMOHCTpAIIH-
OHHOTO 3KCIIEPUMEHTA U MYJbTUMEIUA IPOEKTOPOM. J[1 MpakTUYecKUX 3aHATUH Hy>KHA TUIIOBas ydeOHasl ay AUTOPHS
Ha | rpymmy ¢ 0CKO# 1 MeJIoM, (OH/BI OMOIMOTEKN M TOYKH AOCTYMA B JIoKaJbHy!0 ceTh [AT'Y u cets Unrtepner. /s
71a00paTOPHBIX Pa0OT HUCIIOJIB3YETCS CHEIUATM3UPOBAaHHAS J1a00OpaTOPHsT MEXaHUKH ¢ HAOOPOM 000PyJOBaHHSI.

8. Odpa3oBaTebHbIE TEXHOJIOTHH

1. Bce 28 nexmmii ABISIOTCS aKTHBHBIMH (IIPOOJIEMHBIMHA): JJIS KaXKIOW 1MOX0OpaHBI AEMOHCTPAIIHOHHBIC HKCIIEPHU-
MEHTHI, 31H-, T1a- 1 MyJIbTUMEIUIHHbBIE IEMOHCTPALUH WX TIPIMEPHI MPUMEHEHNS U3Y9aeMbIX (PU3NYECKUX BEINYUH 1
¢dopmyn, TpeOyromue yqacTis CTYACHTOB B JHAJIOTe C MPENOoJaBaTeleM W TPEHHPYIOMNE OTPAOOTKY MPaKTHYECKUX
YMEHHH, YMEHHUS aHATM3UPOBATh U J€JIAaTh 3aKIIOYCHHUS.

2. CopeprkaHue JEKIUN CKaTO M0 aBTOPCKOM TEXHOJIOTUH B IUTaHbI OTBETOB (AalPKECTHI), HA OCHOBE KOTOPBIX J0JI-
KEH CTPOMTBCS OTBET CTY/ICHTA Ha SK3aMEHE; BayKHEHIIINE MOHATHS M (POPMYJIBI 3/1€Ch JIMIIb YKa3bIBalOTCS 0€3 pacKpbl-
THSI COJICPIKAHMs, @ BOT TPOMEKYTOUHBIE BBIKJIAJIKU PUBOISATCS TOJHOCTHIO. Jlal)KecT BBIIEISIET rI1aBHOe, TaéT 00b-
€M OTBETa Ha TEOPETUYECKUN BONPOC U €ro MOCIeA0BaTEIbHOCTD, ICUX0JIOIMYECKH MOAEPKUBACT CTYACHTA.

3. Ilepen mpakTUYECKUMU 3aHATUAMHE, [0 aBTOPCKON TEXHOJIOTHH, CTYJICHTHI CAMOCTOSATEIBHO TOTOBAT PUBEAEHHBIE
B paboueiil nporpamMMe CIIUCKH NOHATUI U pOpMYI1, KOTOPBIE OYIyT IPUMEHSITHCSL.

4. Bo Bcex mabopaToOpHEIX paboTax BBIAEIEHBI HCHONB3YEMbIE TEOPETUUECKHE 3HAHUS, TPEOYIONINe TIOATOTOBKH T10
JalmpkectaM, M oTpabaThIBaeMbIe SKCIEPUMEHTAIBLHBIE YMEHHS; BCE 3TO MPUBECHO B pabodeil mporpamme.

5. Bo Bcex nabopaTopHbIX paboTax BBIJEICHBI 3aJaHUs UL NCCIECIOBAaHUS — BCE PAOOTHI SABIISIOTCS HCCIICIOBATENb-
CKHMH.

6. Ha sk3aMeH BBIHOCHUTCSI NMPOBEpKAa HE TONBKO TEOPETUYECKUX 3HAHUIL, HO U SKCIEPHUMEHTAIBHO-MPAKTHYECKUX
ymeHuiH. OTpaboTKa 3THX YMEHUH BBITIOJIHACTCS IIPH PACCMOTPEHUH IIPUMEPOB Ha JICKIHAX, & TAKKE B XOJIE BHIITOJIHE-
HUS PAKTHYCCKUX 3aHATHN U 1a0OPaTOPHBIX padoT.

9. Bonnpochl ¥ 3a/1aHUSI K JK3aMeHY.

OK3aMeH BKJIIOYaeT TEOPETHYECKUH BONPOC M IKCIEPUMEHTAIbHO-TIpaKTHYeCKoe 3afanue. [Ipu oTBeTe Ha TeopeTH-
YEeCKHH BOIIPOC CTYJACHT HCIOJIb3YyeT AAaWKECThI, I/l MOJDKEH MOKa3aTh 3HAaHHE OCHOBHBIX IMOHATHH, NMPHUHLUIOB U
3aKOHOB MEXaHUKU. [IpH BBIMOJHEHUHN HKCIIEPHUMEHTAIBHO-IIPAKTUYECKOTO 3a/1aHMs CTYIEHT JIOJDKEH MToKa3aTh YMEHUE
penath TUIOBBIE ydeOHbIE 337adH, TPAMOTHO HMCHOJIB30BaTh (PU3MUYECKYIO JIEKCUKY M HMOHSATHWHBIN anmapar, HaBBIKA
paboTeI ¢ 00opynoBaHUEM JTabOpaTOPHN.

9.1. TeopeTruyeckue BONPOCHI.

1. ®uznka. Mexanunka. Mexannka Hprotona. CBOMCTBa MPOCTPAHCTBA U BpeMEeHH B MexaHuke HploToHa (Kmaccuue-
ckoif MexaHuke). OCHOBHbBIE aOCTpaKTHBIC MOHSATHS MEXAaHWKM: YacTHIA, CHCTEMa 4acTHIl (MEXaHWYECKas CHCTEMa),
tBépoe teno (TT), ynpyroe n mnactuaHoe Teno, cruionHas cpega. Cucrema otcuéra. OncaHue MOJI0KEHHS YaCTHIIBI
B KOOPAMHATHOW M BEKTOPHOIT hopme; CBs3b 3THX hopM

2. Kunemaruka. Tpaektopus. YpaBHEHUS IBHKCHUS, NIEpEMEIIEHHE, CKOPOCTh M YCKOPEHHE YaCTHIIbl B KOOPIMHAT-
HOM U BEKTOpHOH hopme; CBs3b ITHX HOPM.

3. Onmcanue ABMKEHUS B €CTECTBEHHOI (hopme. PaBHOMEpHOE, paBHOIIEpEMEHHOE U IIPOU3BOJIBHOE IBHIKECHUSI.

4. JIpmxeHre OpOIIEHHOTO Tela.

5. Onncanue NOCTYNaTeNbHOTO ABWKEHNUS U BpamieHus: TT BOKPYT HEMOBH)KHOM OCH.

6. ®opMynel KHHEMATUKH BpamieHuss TT BOKpYT HEMOABWKHOW och. Tabmuma ¢opmyn kuHeMatuku. Bpamenne TT
BOKpYT HENoABUXHOU Touku. IIpousBonbHoe aBmxenue TT.

7. OTHOCHUTENILHOCTD JIBM)KEHHS. AOCOIIIOTHOE, NIEPEHOCHOE, OTHOCUTENBHOE BI)KEHHE. TeopeMa CIIOKEeHHUsSI CKOpO-
CTEH B Clly4ae MOCTYNATENBHOTO U IPOU3BOIBHOTO IEPEHOCHOrO ABIKEHHS. TeopeMa CI0KEH s yCKOPEHUH.

8. Junamuka. MneptHOocTh Tena. MueptHas macca. mnynbsc yactuupsl. Cuna. MHepuumanbHas ¥ HEMHEpLMATbHAS
cucrema otcuéra. Tpu 3akoHa HeroToHa; opMbl 3armucy BTOpOro 3aKoHa. PaBHOIEHCTBYIOIIAs CHUI.

9. IMpunnmn otHOCUTENbHOCTH ["anmunes. [[Be 3agaun quHamuku. [Ipumepsl pemeHus npsMoit u 0OpaTHOH 3a1a4H.

10. Ipmwxkenue 8 HCO. Cunbl MHEpIIUY; UX IPOSBIECHUS Ha 3eMIe.

11. Cuisl BCEeMHPHOTO TATOTEHHS U TsDKecTH. Teopuu nansHo- 1 6mu3koaeicTeus. Bec.

12. Cuitel yripyrocTd U fedopManus yupyrux Teid B MexaHuke. [ uapo- u adpocraTuka. J[aBieHue B )KUJIKOCTH H Ta-
3e. 3akoH [Tackamns. CKMMaeMOCTh JKUIKOCTEH U Ta30B. 3akoH Apxumena. [lnaBanue Tei.

13. Cunbl TpeHHsI B MEXaHHUKE. YTOI TPEHHUS.

14. Teopema 06 u3MeHeHNN UMIynbca yacTuipl. Crucrema yactun (Mexanndeckas cuctema MC). Ummynse MC. Te-
opema 00 n3meHeHnn ummyinsca MC.

15. Ientp macc MC. TeopeMa 0 ABHXKEHUU LIEHTPa Macc. 3aKOH COXPaHEHHs UMIYJIbCA.

16. MomeHT critbl (Bpamiaromuii MoMeHT). MoMeHT umitynbca yacTunbl 1 MC. Teopema 00 U3MEHEHUH U 3aKOH CO-
XpaHeHus1 MoMeHTa ummynsca MC.

17. OcHOBHOM 3aK0H AMHAMUKHU BpameHus TT BOKpyr HemoABIKHON ocu. MomeHT uHeprn TT; ero BeIYHCICHNME.
MowmenT nmmyisca TT. Teopema 06 U3MEHEHNH U 3aKOH COXpaHEHHSI MOMeHTa uMItyisca TT.



18. JIBmwxenue cobomuoro TT; cBoboaHBIE OCH BpamieHus. [ MpOCKOT ¢ TIOIOCOM U €Tr0 CBOWMCTBA. ['Mpockomuyec-
kvt 9h(HEKT U THPOCKOMMUECKUES CHITBI.

19. Mexanudeckasi paboTa ¥ MOITHOCTh. KuHETHYeckast SHEpTys YacTHUIILL, TeopeMa 00 e€ m3meHeHnn. Knnerndaeckas
sHeprus MC u TT; treopema Kénnra. Teopemsl 06 n3meHennn kuetnaeckoit sHepram MC u TT.

20. INoreHnmanbHas SHEPTHUA YHPYroro M TPABUTAIMOHHOTO B3amMojeHcTBua. OOmue CBOWCTBA HMOTCHIMAIBHON
sHeprun. KoHcepBaTtuBHBIEe U anccunatuBHble cuibl. KoncepBatuBHas MC. [omHast mexarmdeckas sHeprust (IIMD).
3akoH coxpaHeHHs1 ¥ TeopeMbl 00 u3menennu [IMD. JIpyrue Buibl 3HEPTHN; 3aKOH COXPAHEHHUS SHEPTUH.

21. CBsi3b KOHCEpBAaTUBHBIX CHJI U NMOTEHIUAIbHOM »Heprun. Buapl paBHoBecus MC; onncanue BO3MOKHOCTU JIBH-
JKEHUs 110 BUy IOTEHIMAIbHON 3Hepruu. Y cioBus pasHoBecus TT B cTaTuke; riaBHas 3ajiada CTaTUKH.

22. JlnHaMuKa HJeabHBIX XKHIKOCTEH U HECO)KUMaeMbIX ra3oB. Y paBHEHHE HEpa3pbIBHOCTH CTpyH. YpaBHeHue bep-
HYJUIH U cienctsus u3 Hero. @opmyna Toppuyeny.

23. JluHaMuKa peasbHOM KHUIKOCTH U ra3a. Baskocts xuakoctu. JlamuHapHOe u TypOysieHTHOe TedeHus. [IBrmkeHne
TeJI B JKHJIKOCTH U Tase.

24. OcHOBHBIC TIOHATHA TEOPHUU KoJeOaHMA. MexaHH4ecKrne HiealbHbIe, 3aTyXarollie W BEIHYKICHHBIC KOJICOaH.
[Ipy>XUHHBII MaATHUK; eTo YHeprus. MaTtemMaTndeckuil M (pr3HIecKiii MasTHAKH.

25. CnoxeHre TapMOHHYECKHX KOJIeOaHWH OAMHAKOBOTO HampaBiieHHs; OweHHs. CIOXEHHE MepIeHANKYISPHBIX
rapMOHMYECKUX KoyeOanuii; purypsl Jlnccaxy.

26. CBOOOIHBIE KOJIEOAHUS C YIETOM BA3KOTO TPEHHS MIPH MAIIBIX KoJeOaHmAx. VX XapaKTepHUCTHKH.

27. BeIHYyK/IeHHBIE KOJIe0aHus ¢ y4ETOM BSI3KOTO TPEHUsI [IPU MabIX KosiebaHusax. Pezonanc.

28. BonHa. Ympyras (Mexanuueckas) BojiHa. [Ipo/iobHbIE U IonepedHble BOJIHBI; BOJIHOBOM (YPOHT. DHEPrus BOJIHbI;
IUIOTHOCTh TIOTOKAa DHEPruH (BEKTOp YMOBA). YpaBHEHUs IUIOCKOHW M cepHdecKoil TapMOHUYECKON He3aTyxarouien
BOJIHBI. DJIEMEHTHI aKYCTHKH.

29. 3atyxaHue BOJIH; 3aKOH byrepa. YpaBHeHUs IIIOCKOW M chepuuecKol 3aTyxarolied BOJHEL Jlucrepcust BOJIH.
WnTtepdepeHnns BOIH; CTOSIHNE BOJIHBI.

30. Judpaxmus Bons; npuamm [ toiirenca; npuanun ®epma. Iddexr Jomnepa. Y aapHbIe BOTHEL.

31. IIpeobpazoBanust ['amunes. [loctymatsl DifHImITElHA; YaCTHBIA MPHHIUI OTHOCHTENHHOCTH. [IpeoOpazoBaHms
JlopeHna, NX KHHEMaTHIECKUE CIIEACTBHA.

32. PenATHBUCTCKAs JUHAMHKA. VIMITyJIbC M SHEPT U YaCTHUIBI; CBSA3b SHEPTUU U MACCHI.

33. IIpuHIIMT SKBUBAJICHTHOCTH cUcTeM oTcuéTa. OCHOBHEIEC Maen o0mieilt Teopun otHocuTenbHOCTH (OTO).

9.2. JkcnepuMeHTAJLHO-NIPAKTHYCCKHUE 3aJaHUS

1. Ilo xoopauHaTaM Hadaja U KOHIIAa BEKTOPa, 3aJaHHBIMH INpenojaBaresieM (3T0 NoJpa3yMeBaeTcs HUkKe Be3Je,
I/Ie YCJOBUSI He YKa3aHbl SIBHO), HAWTH JUIMHY U HAIIPaBJIEHHE BEKTOPA, a TAKXKE €ro NPOCKIUH Ha KOOPAUHAT-
Hble ocu. CIIOXKHUTh HECKOJIBKO BEKTOPOB; PAa3JIOKUTh BEKTOP Ha COCTABJISIONINE; HAWTH MPOEKIMH BEKTOpa.

[To 3a1aHHBIM YpaBHEHUSIM JIBIXKCHUS TOYKH B KOOPAMHATHOM MIIM €CTECTBEHHOI (hopMe OIpeaenuTh BCe BO3MO-
JKHBIC KHHEMATHYCCKUE MapaMeTpPhI eé JBHXKCHUA.
Jn1s1 GpOIIEHHOT0 MO YTIIOM K TOPU30HTY Tejla HalTH BCE yKa3aHHbIC IPEIIO1aBaTelIeM MapaMeTphl JBIKCHUS,
Omnpenenuts xapakrep ABrKeHns TT 1 KMHEMaTHYeCKH ONKMCATh ABHKEHUE OJTHOM M3 €T0 TOYEK.
Yka3zaB abCOIIOTHOE, TEPEHOCHOE M OTHOCHTEIIFHOE JIBIKCHHUS, IPUMEHUTD TEOPEMY CII0XKEHHS CKOPOCTEH.
VYka3aB abCOIIOTHOE, IEPEHOCHOE M OTHOCUTENNBHOE JIBH)KEHHMS, IPUMEHUTH TEOPEMY CIIOXKEHHS YCKOPEHHH.
Haiitu ckopocTb oTHOCHTENbHO COJNHIIA TeJla HA TOBEPXHOCTH 3EeMIIH.
Haiitu yckopenue orHocuTenbHOo CoJlHLA Tella Ha TOBEPXHOCTH 3EMIIH.
Haiitu cunbl uHepuuu.
0. Pemmth OCHOBHYIO 3a/lauy MEXaHHKH IS YaCTHIIBI, ABIKYIICHCS Oe3 yuéTa COMPOTUBIICHUS BO3ayXa BOIM3H
3emin.
11. Vkasare cuiibl B 3-M 3akoHe HbIOTOHA /ISl TeJ, MajaroIiuX Ha 3eMIII0; JIe)KAl[uX Ha 3emile; MOKOSAIIUXCSA Ha
HAKJIOHHOH INIOCKOCTH 3a CYET TPEHHUS.
12. PemmTh 00paTHYIO 3a1a9y MEXaHUKU.
13. B omnbite HaifTi K03 HUIMEHT yIpyrocTH Tena 1 Ipyrue ero ynpyrue XapakTepucTUKH, KOTOPbIe MOJKHO HANTH.
14. B ombiTe oneHUTH KOAPQPUIIMEHT CYXOTO TPEHHS CKOIbXKEHNUS.

N

e

ﬁ 2H 15. Ha crone nexan rpy3 maccoid 1 kr. K HeMy npuiioxxuiau 3 ropu3OHTalIbHblE HEM3MEHHBIE CHUIIbI,
3 — HaIpaBJeHUE W BEJIMYMHA KOTOPHIX (Ha BHUJIE CBEPXY) yKa3aHbl Ha pucyHke. Kyzxa n Ha ckoibko cMme-
ﬁ CTHTCS TPY3 Uepe3 2 ¢ neicTBrs CHll, ecid K03 duiment Tpenus rpysa o croi 0,47
m 2 16. IIpuMmeHHTH TeopeMy 00 H3MEHEHUH UMITYIIbCA.

17. Haiiti monoxxerne nearpa macc MC wm TT.
18. Haiiti monoxxenne nieaTpa Macc TT 1 IpUMEHHUTH TEOpEMY O €ro IBHKCHUH.
19. TIpuMeHHTH 3aKOH coXpaHeHus uMiryiasca MC.
20. HaiiT MOMEHT CHJIBI M IPUMEHUTHh OCHOBHOH 3aKOH AMHAMHUKH BpammeHus TT BOKPYT HENOABI)KHOM OCH.
21. HaiiTi MOMEHT HHEPIHH ¥ MOMEHT uMItyisca TT.
22. Ilpumenuts TeopeMy 00 U3MeHeHnH MOMeHTa umiyibsca TT.
23. IlpuMeHUTh 3aKOH COXpAaHEHHUs MOMeHTa umnynbca TT ¢ 4acTsIMM, KOTOpble MOTYT U3MEHSTh MOJOXKEHHE U 3a-
TEM BHOBb 3aCThIBATb.
24. TlpumeHUTH TEOpEMY 00 M3MEHEHNH KHHETHIECKON SHEPTUH YACTHIIBI.
25. Ilpumenuts TeopeMy 00 U3MEHEHNH KHHEeTHUecKoi sHepruu mim [IMD s TT.
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26. IlpumenuTsb 3akoH coxpaHenus [IMD.

27. Jyig mpsIMOTO HEHTPAJIBHOTO yAapa IIIapoB HATH CKOPOCTH TOCIIE yapa.

28. PemmTh riiaBHYIO 33/1a9y CTaTHKH.

29. Tlo ypaBHEHHIO TApMOHHUYECKOTO KOJICOaHUS MOCTPOUTH €T0 IpaduK MU M0 TpaduKy TapMOHIMUECKOTO Kojeba-
HUS 3aIIMCaTh €T0 ypaBHEHHE.

30. Jns mpeayioXeHHBIX MPEToaBaTelieM Ipy3a U3BECTHOM MacChl M NMPY>KHUHBI OLEHUTh KOI(GPHUIUEHT KECTKOCTH
NPY>KHHBI U TIEpHUOJ] CBOOOTHBIX KoJieOaHuil Mpu MajioM TpeHHHU. BrIOpaB ciocod Bo30yKIeHHs U pa3yMHYIO aM-
IUIMTYly KOJIeOaHWH, 3anicaTh ypaBHEHHE CBOOOTHBIX KOIEOaHUH.

31. Bousbioii xECTKUHM JUCT B BO3AYyXEe FAPMOHUYECKH KOJIEOJIETCSl B HANPaBICHUH, HOPMAJIBLHOM €ro IUIOCKOCTH C
ammuutyaod A = 1 cm u vacrotoit vl = 20 I'u. HaliTu 1uHY BOJIHBI; yYUTHIBas MOTJIOLIEHUE 3BYKa, OLICHUTD
aMIUIMTYIy KojiebaHuii B 1 M OT JuCTa M 3amucarh ypaBHEHHE yNpyrow BOJHBI B Bo3ayxe. CKOpOCTh 3ByKa B
BO3yXe 330 M/C; K03 GHIMEHT MOrIOMmeH s TPUHATH paBHbM 0,1 M.

32. Ipumenuts popmynsl kunematrku CTO.

33. Ilpumenuts popmynsr quHamukua CTO.

10. JIabopaTopHbIil NPAKTHUKYM 110 MEeXaHUKe

(cocTaBien nouentoMm E.E. IOxkanunosoii u npodg. C.I1. MuxaiijioBbim)
Jla6oparopuas pa6ora Ne 1 (BBognas). OGPABOTKA PE3YJIbTATOB ®U3NYECKUX U3MEPEHUI
3agaua 1. (AxcnepuMeHTaATbHASN)

ITonpodyiiTe, nmMes rasery (JucT OyMaru) ¥ cCeKyHAoOMep, NOKa3aTh, YTO CPeHsAS] CKOPOCTh IBUKYIIErocs B
BO3/JyXe Tesa TeM 0oJiblie, YeM MeHbllle IUI0IIA/Ib ero MONepevyHoro ceyeHus.

MeToin4ecKie COBETHL:

CryzneHTbl AeATCS Ha JIBE TPYNIIbI, 3aaHne AaéTcs Kaxaou rpynme. OgHoN rpymme qaéres JUcT Oymaru, Jpyroi —
Ta3eTHBIA JTUCT. DKCHEPUMEHT KaXk[aasi IpyIa MpoayMbIBAET caMoCTOsTeNnsHO. [t aToro maéres Bpems. Ilyrém o0-
CYXJICHHH M 3KCIIEPUMEHTOB, CTYICHTHI IPUXOAT K IPABUILHOMY BBIITOJHEHHUIO OIIBITA.

Crenyromuii aTan npeaocTaBieHne pe3yibTara. Kaxnas rpynmna goynkHa BEICTYIHTH C OTYETOM O MPOJIENIaHHON pabo-
Te. 31ech MMEeTCsl «IOJBOAHBIH KaMEHb», TaK KaK IperojaBaTesb He NaéT yKa3zaHWH, Kak O()OPMHTH 3KCIEPUMEHT.
Ecnu cTyneHTs! gorafaoTcs caMu - 3To OyIeT Xopouio.

Ecnu He moramaroTcst He0OOXOIUMO MOJBECTH UX B Oecesie 0 pe3ynbTarax K mpodieme HarmsaHocTd. T.e. Hamo cocra-
BUTh TaOJIUILY

Pa3mep aucra 1 1/2 1/4 1/8 ...
Bpewms nagenus
B xone Gecenbl MX Tak e HaJO ITOIBECTH K €I OJHOMY CIIOCO0Y HCCIIEA0BaHUS — IpaduuecKoMy.

[Mocne 3TOro CTYyNEHTH AOJKHBI 0POpMHUTH cebe B TETpaaM JaHHYIO 3aJady MO BCEM IpaBHJaM — C COCTABJICHUEM
TaOIMILBI, TOCTPOCHUEM TpaduKka U 3amuchio BeiBoga. Kaxnas rpynna rpaduk u Tabauiy BBIHOCHT Ha JOCKY, IOCIE
4ero HeoOXOIUMO OOCYIHTh, TJC PEe3yJIbTaThl ObUTH OOJIee HAMISAIHBIME. (C ra3eToil u3MepeHuil OyaeT OoJbIIe U pe-
3yJIBTATHl HATISIIHEE).

Jlanee rpynmnam BeIaéTcst BTopas 3a/1a4a.

3agaua 2. Bpems peakuum 4ejioBeKa

HNmest inHelKy M3MepUTh BpeMsl peaklMH YeJI0BeKa.

B 3amgaue uHTErpUpYIOTCS TeMBI: cBOOOIHOE maneHne Ten (pusuka), peduexc (Onomorus), craTucTmdeckas o0padoTka
JaHHBIX (MaTeMaTnka). HeoOxoanmoe 000pynoBaHue: HECKOJIBKO JINHEEK.

HccnenoBanue onupaeTcs Ha M3BECTHBIN M OUEHb MPOCTON Crioco0 M3MEpeHHsl BpeMEHH peaklny YejoBeka. B ombite
Y4acTBYIOT JBO€, YCJIOBHO «HUCIBITYEMBIN» U «QKCIEpUMEHTATOP». IIepBhlii MPMKMMAET K CTEHE JUIMHHYIO JIMHEHKY,
BTOPO JAEPKUT JIaJIOHb B CAHTUMETPE-IBYX HAIIPOTHUB ONPEICIICHHOM, CKa)XeM HYJIeBOM, METKU Ha JinHelke. B kakoii-
TO MOMEHT BPEMEHH «IKCIEPUMEHTATOP) OTITYCKAeT JINHEHKY, a «UCTIBITYEMBIi» JODKEH KaK MOXHO ObICTpee 0OCTaHO-
BUTh €€ MajJeHue, MpIKUMas JUHEHKY K CTeHE JIaJJOHBIO WM HaiblieM. PaccTosiHue, KOTOpoe ycrena MpoieTeTh JH-
HeliKa, 110 CyLIECTBY M €CTb (XOTs I0Ka B CAHTUMETPaX) BPEMs PEaKIMU KUCIIBITYEeMOro». YToObl BEIYUCINUTD 3Ty BEIIU-
UHHY B CEKYHJAX, Hal0 BOCIIOJIb30BATHCS M3BECTHOH (OPMYIIOil JUIs BRICOTHI CBOGOIHOTO ManeHus Tema h=gt*/2. Ke-
JIaTeJILHO TTOJIBECTH CTYAEHTOB K 3TOI (hopMyIie, Wil 1aTh TOTOBYIO.

ITocne obcyxneHns 3a1a4M ¥ MHCTPYKIUH O TPOBEJICHUH SKCIIEPUMEHTa, TpyNIaM AaéTcs 3aaHie M3MEPUTh BpeMs
peakmuy KaxJaoro wieHa rpynmsl. [IpemosaBarens 3anuceiBaeT — pe3yibTaThl Ha Jocke. L{ens — BEIABUTH deloBeka
camoli minoxoil peakuueil. Ha 3ToM 3Tame BO3HUKAeT BONIPOC JOCTOBEPHOCTH MOIY4YEHHBIX BenW4MH. [IpenonaBaTens,
HaTpuMep, MOXKET CHPOCHTH: «Bce i n3 Tex, y KOro M3MepsuIi BpeMs PEeaKIUH, COTJIACHBI C TeM, YTO Y HUX UMEHHO
Takol pe3ynbTar?» Kak mpaBuiio, Te, y KOTo 0OHApPYKUJIACh «IUIOXass» peakius (Oonbplioe 3HAaUeHUE BPEMEHH), OTBE-
YaroT OTPUIATEIHHO W TNpeIararoT IMPOBECTH MOBTOPHBIE M3MepeHHa. Ecim Takoro mpemiokeHust OT CTyJCHTOB HE
MOCTYTINT, TPENoaBaTeNb MpeaaraeT caM, HO C OJHUM 3aMEYaHHeM, YTO M3MEpeHHs Hano mpoBecTH 5-10 pa3. U
HaiiTu cpexHee 3HaueHne. Ha KOM-TO M3 HEIOBONBHBIX IPOBOIMTCA Cepus m3MepeHuit (Hanpumep, 10 n3amepenuii B
Cepum), ¥ TIPH 3TOM, B IIPUHITHUIIE, MOXKET OBITh mosydeHo 10 pa3zmnynabix 3HaueHui. (IIpu aTOM ygacTByeT BCs rpymma).
CTaHOBHTCS SICHO, YTO HET CMBICJIa TOBOPHTb, YTO KAKOE-TO OJTHO M3 HUX UCTHHHO? Kak ciiescTBre, BBOANUTCS MOHATHE
CITy4alHOW BEJTMYMHBI, M TIPETIO/IaBaTeNb OIMCHIBACT MPOCTEHIINI CIIOCOO CTATUCTHYECKOH 00pab0TKN TaHHbIX.




HTorom paboThl Ha 3TOM 3Tame JOKHO CTaTh OOHAPYKEHUE TOTO, YTO JUIA MOTy4eHHs OOiee UM MEHEE JOCTOBEP-
HOH BEJIMYUHBI BPEMEHH PEAKIUN HEOOXOIMMO MHOTOKPAaTHOE TOBTOPEHUE U3MEPEHHH, a pe3yIbTaTOM CEpHU U3MEpe-
HU SABJIAETCS HE TOYHOE YHCIIO,  HEKUI MHTEPBAJl JOBEPUTENBHOCTH MOIYYEHHBIX BEIHMYUH. ECIIM MBI IPOBENH N W3-
MEPEHUI1, TO MOKEM ONPENEIUTH CPeJHEE 3HAUCHNE U3MEPSAEMON BEIMYHHBL. J{751 OHEHKH HCTUHHOCTH JaHHBIX JKCITE-
pPHMEHTA CIIEAYET PACCMOTPETh BO3MOJKHBIE IIPHIMHBI OIIMOOK M CTETICHb MX BIMSHUS Ha H3MEPSEMYIO BeIHUNHY. [a-
Jiee TIpeToiaBaTeNb PAcCKa3bIBAET O IOTPEIIHOCTSIX, CTATUCTUYECKOH 00pabOTKe MaHHBIX U T.I. DOPMYIBI CTYIZEHTHI
JIOJDKHBI 3aIicaTh ce0e B TeTpaj.

CrarucTundeckasi 06padoTka pe3yJbTATOB IKcIIepUMeHTa. PU3nyecKHe U3Mep eHHs

B nanHoii pabore paccmarpuBaercs KiaccU(UKaMs HOTPENIHOCTEH IKCIIEPUMEHTOB, a TAK)KEe MPOCTEHIITNE METOIbI
MaTreMaTuueckoil 00paboTKH pe3yabTaTOB HAOIIOACHHH.

QDu3uyeckas eeauuuna — XapakTepUCTHKa 0COOEHHOCTH (pr3MUecKoro oObEKTa WM SIBICHMS, KOTOpas 0TOOpakaer
€ro CBOMCTBO, COCTOSIHHE WJIU NMPOUCXOIAMUN B HeM mporecc. PU3NUeCKue BeIUYMHBI UMEIOT KOJIMYECTBEHHOE U Ka-
YECTBEHHOE COEPIKaHUE.
H3mepenue — SKCTIEPUMEHTAIIBHOE OMPENEICHNE KOJINYECTBEHHOTO 3HA4YCHUS (PM3MUECKON BEIMYMHBI C MOMOIIBIO
CHELHUaNIbHO MPEAHA3HAYCHHBIX AJISI 3TOTO TEXHUYECKUX CpelcTB. V3MepeHne BKIIIOYaeT B ceOs HaOMOACHHE U MaTe-
MaTHYECKHUE ONEPALMU A7l ONPEAEICHUS Pe3yNIbTaTa H3MEPEHUI.
W3MepeHns noapasaemsioTcs Ha MPsIMbIE U KOCBEHHBIE.
IIpsimoe uzmepenue — 3T0 N3MEPEHNUE, IPU KOTOPOM HCKOMOE 3HA4E€HUE (PU3NIECKON BEIMYMHBI SBIACTCSA NMOKA3aHUEM
Kakoro-Jimbo npubopa, HampuMep: JUIMHA — Ha IIKajJe JIMHEHKH, TeMIepaTypa — Ha TepMOMETpE, HallpshHKeHHe — Ha
BOJIETMETPE U T.II.
Kocsennoe usmepenue — 310 u3MepeHue, pu KOTOPOM MCKOMOE 3HA4YEHHE MOTy4aroT BEIYMCICHHEM Ha OCHOBAaHUH €€
3aBUCHMOCTEW OT BEJIMYMH, U3MEPSIEMBIX MPSMO, T.€. 10 popmynam (YCKOpeHHe, SHEPTHs U T.I1.)
KonnyecTBeHHO U3MEpeHUs MOIPA3IENIAIOTCS Ha OJJHO- 1 MHOTOKpaTHBIE.
K oonoxkpamuwim oTHECEM HM3MEpEHHs, HE TOJBKO IPOBOJMMBIE OAWH a3, HO M T€ 3HAYEHWA (PU3MUECKHX BEIMYHH,
KOTOPBIE MBI CaMH 33J1a€M B DKCIIEPHUMEHTAX, HAIIPUMED, BBICOTY, C KOTOPOH OITyCKaeM Ipy3, Maccy 3TOro rpysa M T.II.
IIpu mHO20KpaAMHBIX U3MEPEHHAX IKCIIEPUMEHTHI IOBTOPSIIOTCS HECKOJIBKO Pa3 MPH OAMHAKOBBIX HCXOAHBIX COCTOSHHU-
sIX (He3aBUCUMBIC HAOJIOICHN ).

Horpemnocrs u3mMepeHui
PesynpraTr m3mepeHuii 1000# (HU3NUECKON BETMIMHBI HE MOXKET OBITh a0COIOTHO TOYEH, 003aTENIbHO MMEETCSI HEKO-
TOpast MOrpeIrHocThb. [Ipu oleHKe pe3yabTaToB (U3MYECKOTO SKCIEPHMEHTa 3TO OOCTOSATEIBCTBO MMEET pellaroliee
3HayeHue. Hanpumep, A1 HEKOTOPOH BEMUMHBI TEOPHUS MPEICKa3bIBaeT 3HaUeHUe 5,54, a B IKCIIEPUMEHTE HOIY4EHO
5,6. MOXHO JI 0TCI0JIa CIIEJIaTh BBIBOJI O BEPHOCTH TEOPUHU?
Bce 3aBUCHT OT TOYHOCTH TEOPETHUECKOTO MpeAcKka3aHus ¥ TOUHOCTH 3KCIIEPUMEHTAIBHOTO Pe3yNbTaTa.

[MpunaTo pa3nuuarh NMPHUOOPHBIE IOTPEHIHOCTH, OOYCIIOBJIEHHBIE TOYHOCTHIO HM3MEPHUTEIBHOrO MpHOOpa U ero
HACTPOWKH, ¥ MOTPEITHOCTH CJIy4aiiHble, BBI3BaHHbIC HEKOHTPOJIUPYEMBIMHI BHEIIHUMHU BO3JICHCTBUSIMHU, MOXKET OBITD,
Jla’ke BO3IEHCTBHEM camoro npudopa. Hampumep, npu n3MepeHn: HEKOTOPOTo pa3Mepa MTaHTCHIMPKYJIEeM BO3MOXKHA
nedopmanus U3MepseMOro 00beKTa CaMUM MITAaHTCHIUPKYJIEM: IO/ €r0 "TYOKH” MOXET MonacTh MOCTOPOHHUN MHUK-
POCKOITMYECKHH TPEeIMET, BOZHHUKHYTh IEPEeKoC | T.J. [IpHunHON MOSIBICHUS MOTPEIIHOCTH MOXET OBITh M HECOBEP-
IIEHCTBO NMPHUHATON Mozenu. Tak, Mbl cunTaeM OOBEKT U3MEPEHUsI TEIOM BpAICHHMS, a B JCHCTBUTEIBHOCTH €T0 cede-
HHE MOXET UMeTh Gopmy suminca. [Ipn 3TOM B 3aBUCHMOCTH OT KOHKPETHBIX YCIOBHH 3KCIIEPUMEHTA IOTPELIHOCTh
MOXeT OBITh B OJTHOM CJIydae OTHECEHa K MIPUOOPHBIM, a B JIPYTOM - CUUTATHhCS BBI3BAHHOI BHEITHUMH BO3/ICHCTBUSIMH,
TOYHOW TPAHHUIIBI IPU TAKOM pa3JIeIeHUH MOTPEITHOCTEN HeT.

IIpubopHbIE MOTPEIIHOCTH B CBOIO OYEPEh MOTYT OBITh CIYyYaWHBIMU IO BEJIMYMHE M 3HAKY MM 3aKOHOMEPHBIMH.
Ecnu norpemHocTs 3aKOHOMEpPHA, €€ Ha3bIBAIOT CUCTEMAaTHYECKON U B IMIPHUHIIUIIE €€ MOJKHO Y4eCTh B BUIE HEKOTOPOI
MIOTIPABKH K Pe3yJIbTaTy U3MEPEeHUIL.

TpeTnii TUN MOTPENIHOCTEH, ¢ KOTOPBIMUA MPUXOUTCS UMETh JIENIO - TpyOble OTpemHoCcTH Win pomaxu. [lon rpy-
00 MOTPEIIHOCTHIO M3MEPEHHs NMOHUMAETCS MOTPEIIHOCTb, CYIIECTBEHHO MPEBBIIIAIONIAs OKUIAEMYIO TPH JTaHHBIX
ycnoBusix. OHa MOKET OBITB C/IeNaHa BCIIEACTBIE HETPABUIIHHOTO IIPUMEHEHUsI TPHO0pa, HEBEPHOI! 3aIcH NOKa3aHUH
npudopa, omMO0YHO MPOYUTAHHOTO OTCUETA, HEYUeTa MHOXKUTEIS IIKAJIbI U T.I1.

ITo ¢opme mpencraBieHus pazIn4aloT MOTPEITHOCTE a0COMIOTHYIO M OTHOCUTENbHYI0. CMBICI 3THX TEPMHUHOB OYe-
BuzeH. HammpuMep, eciiu pe3ynpTaT U3MEPEeHHUsl HEKOTOPOTo MPOMEXKYTKa BpEMEHU 3aIIUCAH TaK:

X = Xygy = AX, (N

TO B ATOM Clly4dae BeJIMYrMHA AX MpeACcTaBisAeT co00il adCOJIOTHYIO IOTPEIIHOCTE; 0003HaYaeTCs OHA, KaK M U3Mepsie-
Masi BeTMYMHA, HO O 3HAaKOM A. OTHOCHTeJIbHbIE MOTPELIHOCTH OTIPEENIAIOTCS 1Mo (popmyIie

€= (AX/X ¢y -100% 2)
U W3MEPSIOTCS B IPOICHTAX.
CrarucTnyeckas (cjayyaiHas)) MOrpelIHOCTh BBI3BaHA TE€M, YTO NPH AOCTaTOYHOH TOYHOCTH HMPHUOOpa IpU MOBTOP-
HOM TIPOBEIEHUH U3MEPEHNS HEBO3MOXKHO MOIYYHUTH TOT XK€ CAMBIM pe3ynbTaT U3-3a JACHCTBHA CIyYalHBIX (aKTOPOB,
BIUSIOMIMX Ha caMy HM3MepseMylo BenuuuHy. Hampumep, naxe AnuHa mpeaMeTa NMPH U3MEPEeHHsAX C TOUHOCTBIO [0
0.01 MKM OyzieT MEHSITBCSI U3-3a TEMIIEPATyPHBIX KoJieOaHUH 1 BUOpanuu (IpeIMET TO YBEIMYNBAECT CBOU Pa3MeEpHI, TO
C)KMMaeTcsl NoJ UX AelcTBHeM). B pesyipraTe npu MOBTOPHOM IIPOBEACHWHM W3MEPEHHI BEJIMYMHBI X OyAeT HOydeH
LEJIbIH HAOOp Pa3NIMYHBIX 3HAYEHUH X;, i=1,2,...,n - HOMEp U3MEpPEHHS (11 — KOJMYECTBO n3Mepenuii). EcrectBeHHO, BO3HMKaeT
BOIIPOC — KAKOE€ U3 HUX UCTUHHOE? B KauecTBe OLIEHKM TaKOr0 UICTUHHOTO 3HAUEHUS IPUHATO CpeHEe 3HAUCHUE
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OpHako, SICHO, 4TO C YBEIUUCHHUEM KOJIMYECTBA U3MEPEHUI CpeiHee 3HaUCHNUEe MOXKET MEHAThCS, ITOKa He NMPUIET K HEKOTO-
pOMy Ipejielty, 3HaueHue KOTOPOTO MOXKHO NPUHSTH 32 HCTHHHOE. Ha mpakTrke y Hac HET BO3MOXKHOCTH (M HEOOXOAUMO-
CTH) B IPOBEJCHUN CTOJIb OOJIBIIIOTO KOJIMYECTBA U3MEPEHHH, IIO3TOMY OOBITHO OIPENEISIeTCs] CTAaTUCTHIECKas TOTperi-

HOCTb H3MepEHHs
AXCmH”’[ = t(n’ 7) S'l ’ (4)
Jn

S, = (nl—l) Z('xi —Xep )? Q)
il

rac Sn — CTaHAAPTHOC OTKJIOHCHUC OT CPEAHCTO NI CPEAHCKBAAPATUIHOC OTKJIOHCHHUEC, a t(n,’y ) - KO3(1)(1)I/IIII/IGHT CTthl0-
JCHTA, 3aBUCSILIMI OT KOJIUYECTBA I/ISMepeHI/Iﬁ n 1 HAJACKHOCTH 7. CMBICIT CTaTHCTHYECKOM NOTPCHIHOCTU COCTOUT B TOM,

YTO UCTUHHOE 3HAUE€HUE HAXOAUTCS B UHTEPBAJE OT X¢p -AXcrar 10 XepTAXcrar € BEPOATHOCTBIO Y:
ch -AXCTaT < XI/ICT < ch+AXCTaT
Huorna 3ty GopMyiTy 3alUCHIBAIOT YYTh MO-IPYTOMY C TEM K€ PE3yJIbTATOM

AXCTaT =t(n, Y)Sn ) (4a)

n
_ 1 _ 2
Sn_ n(n—l)z(xl XCP) (5a)
=1

Koaddurment CthrofieHTa U1 pa3HBIX 3HAYCHHI HAICKHOCTH U KOJIMYCCTBA U3MEPESHUI MOXKHO B3SITh M3 TAOJHUIIBL.
3nauyenus kodppuimenta CTbIOJEHTA NPU PA3TUYHBIX YPOBHSAX HATEKHOCTH M KOJUYeCTBE U3MepeHuii

Uucno wusmepeHuii |HamesxHOCTH ¥
n
50% 90% 95% 99%

2 1 6,31 12.7 63.7
3 0.82 292 4.30 9.92

4 0.76 2.35 3.18 5.84
5 0.74 2.13 2.78 4.60

10 0.70 1.81 2,23 3.17

CyMmMapHasi OTpemHOCTh, onpeaenseMas Kak NpuOOpHOH, TaKk M CTaTHCTUYECKOH (cirydaifHON) MOTPENIHOCTHIO,
paccuuThIiBaeTCs 1Mo Gpopmyie:

AX = \/ AXcrar + AXIZYPHE : (6)

Ynpa:knenne 1. OnpenesieHre NOrpenIHOCTH MPSIMOT0 MHOTOKPATHOT0 H3MePEeHHsI BPeMeHH.
[TprmMepoM NpsIMBIX MHOTOKPATHBIX H3MEPEHHUH MOXET CIIY)KUTh MAaCCUB M3MEPEHHUH BpeMEeHN JIAO0paTOPHBIM CEKYH-
nomepoM. ITockoneKy 1eHa aeneHus cekynaomepa 0,01 ¢, a peakius 4elnoBeKa COCTaBIsAET ACATHIC JOJIU CEKYHIBI, TO
IIPU MOMBITKaX OCTAHOBUTH CEKYHJOMEpP TOYHO Ha 3aJaHHOM 3HAYEHHH MBI MOJIyYUM HAaOOp CIydaiHO paclpejeseH-
HBIX OKOJIO 3TOTO 3HAYCHUS PE3YIbTATOB.
Ilopadok evinonnenus pabomsl u 00pAdOMKA PE3YILMAMOB USMEPEHUIL:
1. O3HaKOMHUTBCS C pabOTOI CEKyHIOMEpa U MOAKIIOUHUTh €T0 K CETH.
2. B kagecTBe TPEHHPOBKH IMOMBITATHCSI HECKOJIBKO pa3 YCTAaHOBHUTH Ha ceKyHIoMepe 3HaueHue 1,00 ¢ min xakoe-
100 pyroe, yka3zaHHOE IPETIo1aBaTesIeM.
3. Ilpomenath cepuio m3MepeHui (5 — 7 pa3) ¢ LeNbI0 YCTAHOBJICHMS Ha CEKYHIOMEpE YKa3aHHOTO 3HA4YEHHS
BpPEMEHHU.
4. 3anucats pe3yibTaThl H3MepeHui B TabI. 1
5. Beuucauts cpennee 3HaueHue no gopmyse (3)
HaiiTy morpemnocTy oTaenbHBIX U3MEPeHuit: X, —X
BoruncauTh KBagpaThl IOIPELUIHOCTEN OTAEIBHBIX U3MEPEHUI
OnpenenuTs CpeTHEKBAAPATHIHYIO TIOTPEITHOCTh CpeHero mo Gopmyre (5).
. Jna maHHOTO YHCNa M3MEPEHHH U TOBEPUTEIHHON BEPOSTHOCTH HAlTH B Ta0JI. 3HaueHne ko3dduimenta Ctb-
roneHTa t(n,y) st 95%.
10. BBIUUCINUTH CTATHCTUYECKYIO TOTPEUTHOCTH 0 hopmye (4)
11. 3anucarh 3HaYEHHE CUCTEMATHYECKON NOTPEMHOCTH (OrpemHOCTH Nprbopa) AXpys.
12. BEIMHCINTD MOJIHYO HOTPENTHOCTh U3MEpeHHii 1o Gopmyie (6)

o %0 N o



13. O1IeHUTh OTHOCUTENILHYIO TIOTPEITHOCTD * 10 (popmyre (2)
Tab6muma 1

No | X [ Xep [ AXi | AXi® | S, | t,y) | Xewr | AXupws | AX | &
1
2
3
4
5
YHpamHelme 2. M3MepeHne BPEMECHU NMAJCHUSA IHIAPHKA ¢ BBICOTHI 1M
N |1 |2 3 4 5 6 7 tcp
5
At

1. HaiiTu cpennee apumMeTHuecKoe 3HaYeHHE U3MEPsIeMON BETMUUHEI t, IPUYEM OHO JIOJDKHO COJIEpKaTh CTOJIBKO 3Ha-
yamux nudp, CKOIBKO UX B U3MEPsIeMO BEJIMYHHE (B HAIIEM ITPUMEpPE - TPH);

2. JInst KaykJI0r0 M3MEPEHHs HAWTH MOJYJIb Pa3HOCTH CPEIHEro 3HAYEeHHsT M M3MEPEHHOW BEJIMUUHEI ti U 3aHECTH B TA0-
auIy;

3. Haiitu cpentee apudMeTHUECKOE 3HAUCHUE MOTPEITHOCTH ti
4. CpaBHHTH 3HaYEHHE C IPUOOPHOH MOTPEIIHOCTHIO MpHOOpa.

5. 3amucate pe3ynbTaT U3MEpeHui, ncnoib3ys popmyary (1)

Ynpa:xxkaenue 3. PaccuuraTh cpelHee 3HaYeHHMe NMEPUOAA KOJeOAHMH MaTeMAaTH4eCKOro MasiTHUKA M ero mo-

TPEIIHOCTD 110 Pe3yJIbTATAM U3MEPEeHHI.

MpoBecTn n3MepeHus U 3aMUCaTh Pe3yIbTaT

3anucatp pe3ynbTaThl H3MEPEHHI B Ta0I. |
2. Bemuucnuth cpenree 3HadeHue 1mo Gopmyne (3)

HaiiT morpeniHoOCTH OTAENbHBIX U3MePeHui: X, —X;
BpruncinuTe KBagpaThl NOIPEUIHOCTEN OTAEIbHBIX U3MEPEHUN
OmnpenenuTts cpeJHEKBaAPaTUUHYIO TIOTPEIIHOCTh CpeaHero no ¢popmyie (5).
JIs maHHOTO YKclia U3MEpPEHUH U yKa3aHHOW MpenoaaBaTesieM JOBEpUTEIbHON BEPOSITHOCTH (He Hibke 95%)
HaiiTu B Ta0J1. 3HaueHUe ko3 dunrenTa CTeiofeHTa t(n,Y).

7. BBIYUCINTH CTATHCTUYCCKYIO MOTPEHIHOCTH 1o hopmyie (4)

8. 3amucarh 3HaYE€HUE CHCTEMATHYECKON MOrPEIHOCTH (MOrpeHOCTH npubopa) AX s .

9. BBIYHCIUTD TOJIHYIO TOTPELIHOCTL U3MepeHHnit 1o opmyiie (6)

Tabnmma 3 Pe3ynpTaThl H3MepeHUH eproia KoreOaHnii MaTeMaTHIeCKOTO MasTHHKA

SNk w

N |[T|N |T Tep | ATi | AT | Sy | t0y) | Tewr | ATwms | AT | E

EENNUST S

9}

Jladopartopnas padora Ne 2. U3YUEHUE 3AKOHOB PABHOYCKOPEHHOTI'O ABU/KEHUS
Yacrsp 1. U3yueHnue 3aKOHOB PABHOYCKOPEHHOI0 ABUKEHHS HA YCTAHOBKE € TeJIesKKOU
KpaTkas Teopusi 1 MeTO/X HCCIeI0BAHUS
Ecnm paccMoTpeTh JBIKEHHUE Tella Ha MPEATIOKEHHOM yCTaHOBKE, TO MOKHO YTBEPKIATh CIIEIyIOIIee: IBIKe-
HHE TEJIeKKH I10 CJIeTKA HAKIIOHEHHOH peJbce SBISIETCSI pAaBHOYCKOPEHHBIM 03 HadainbpHOU ckopoctu. CienoBa-
TEJILHO, 3TO JIBIDKCHHE MOXHO OIHCATh 3aKOHOM

2
S=at"/2
J1J1st IPOBEPKH 3TOTO 3aKOHA MOYKHO HCIIOJIh30BaTh CACIYIOIINI METO/: TaK KaK JBH)KCHHE PABHOYCKOPEHHOE, TO
2 2
TIpH JIFOOBIX S, yCKOpeHre OyJieT HeM3MEHHBIM, T.€. 2S,/t;° = 2S,/t,° =... = const. Eciau 310 Tak, 3HaunT

3aKOH cripaBeiuB. TakuM 00pa3om, 3aada SKCIIEPUMEHTa COCTOUT B U3MEPEHUH t I COOTBETCTBYIOIINX S U
CPaBHCHUC IMOJTYYCHHBIX PE3YJILTATOB.

H3mepenust u 06padoTKa pe3yIbTaTOB:

1. O3HaKOMBTECH C YCTAHOBKOH; OMPEIeNTe KaKUM CIIoco0oM Oynere GUKCUPOBaTh MyTh, KAKUM MPUOOPOM €ro
N3MepsTh; KakuM NprudopoM Oyznere GUKCUPOBATH BpeMsi?

2. IToaroToBUTH TaOIMILy AJISI 3aHECEHHS PE3yIbTATOB.

3. IIpoBenute 1-2 MpoOHBIX HKCIIEPUMEHTA U MOJIrOTOBBTE YCTAHOBKY K padoTe.



4. IIpoBeanTe HE MEHEE 5 M3MEPEHUI AJIS OAHOTO PACCTOSHUS W BCE PE3yJIbTATHI 3aHECHTE B TAOIHUILY.

5. [IponsBenuTe HEOOXOAMMBIE PACUETHI.
6. TToBTOpHUTE M3MEpEHUS €I IS ABYX APYTUX PACCTOSTHUI
1 n
7. o dpopmyme a, =— Za ; HaWJUTE CPENHEE 3HAYCHHE IJIS KaXKIOTO CIydast
i=1
8. Bce pe3ymnbTaTsl 3aHecuTe B TabHy 1.
9. HccrnenyiiTe moydeHHBIE PE3YIbTATHl H CHOPMYITHPYUTE BBIBOI.

Tabauna 1.
No Cpennee
u3Mep. S t t 25 () 2S5 (ag)
M c C2 t2 t2
1
5
1
5
1
5

Yactb 2. OmnpenejieHHe YCKOPEHHsI CBOOOHOI0 NaJieHUs ¢ MOMOIIBIO MAIIMHBI ATByAa
Kpartkasi Teopusi 1 MeTOJ HcCIeJOBAHUSA

3aKOH PaBHOYCKOPEHHOT'O JIBI)KEHMs 0€3 HaualbHOW CKOPOCTH MOYKHO MCIOJIB30BATh JUIs IPAKTUYECKUX LETIeH,
HarpuMep, JUIs OIPEIeNICHHsT YCKOPEHHUS CBOOOJTHOTO MaICHHUS.

J1J151 3TOT0 MOYKHO HCIIONIB30BATh HKCIIEPUMEHTAIBHYIO YCTaHOBKY, Ha3bIBaeMYIO MalnHOi ATByna. [lanenne mapu-
Ka SIBIISIETCS] PABHOYCKOPEHHBIM, TaK KaK CIITy TSDKECTH JUIs HEOOBIIOH BEICOTHI MOXKHO CUHTATh OCTOSIHHOM, a CHITY
COTIPOTHBIICHHS TSI MaJIOTO TeJIa He3HAUUTeNbHOH. Takum oOpasoM, u3 GopmyIsl

h=gt’2 1)
MO>KHO HAWTU g
g = 2h/t% ()
Jnst mosydeHus 0oJiee TOYHOTO pe3yibTaTa He0OX0IMMO ITPOBECTH HE MEHEe 5 M3MEepeHHH.
N3mepenus: u 00padoTKa pe3yabTaToB

1. ITo3HakoMbTECH C ycTaHOBKOH. OTBETHTE Ha BOIIPOCHI :

1. Kakum o6pa3zom OyAeT 3aKkperysIThes Mapuk?

2. Kak Oyzmere m3MepsiTh BEICOTY?

3. Kakum oOpazom Oyznere u3MepsTh Bpems?
2. [Ipopmenaiite 1-2 ombiTa, YTOOBI OCBOUTH YCTAHOBKY.
3. Menss h u3ameppTe cOOTBETCTBYIOIIEE UM t M 3aHECUTE B TAOIHILY.
4. BpluncnnTe 3HaUCHUS g M 3aHECUTE UX B TaOJIHNITY.
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5. Omnpenenute norpentHocTd u3Mepenus. [IockonbKy g u3MepsieTcss KOCBEHHBIM ITyTEM, TO MaKCUMAaJIbHYIO a0COII0T-
HYIO TPUOOPHYIO HOTPEITHOCTE B JAHHOM OIIBITE HIIEM IO (hopMyIIe



Ag., = | (@g/oh) | -Ah + | (@g/ot) | -At = 2-Ah/E+ 4-h-AUt, (3)
rae Ah u At — aGcomoTHBIE TPHOOPHBIEC TOTPEITHOCTH H3MEPEHHUS h 1 t.
AGCOIOTHYIO CITyYaiiHYIO MTOTPEUIHOCTh JAHHOTO OMBITA HUIIIEM KaK

Agi =8p-8i> (4)
rae
ng = (gl + 2+ et gn)/n. (5)
Torma makcuManbHast aDCOMOTHAS CITydaifHast TOTPEITHOCTD
Agcn =.Z_1|A gi| /n. (6)
[TomHas MakcuMabHas aOCOIOTHAS ITOTPEITHOCTH
Ag = [(Agnp)z + (Agm)z] /2. (7
OKOHYATEIILHO
gnc'r = gcp i Ag- (8)

OTBeTbTe NHCHMEHHO HA BONPOCHI TECTA M MOKAKATE OTBETHI NPENoJaBaTe/I0:

01. Moy yCKOPEHHs MAaTepPHANbHOM TOUKH, ABIKYIIEHCS BIOIb OCH X COITACHO YpaBHeHHI0O X =2+ 3t-6t* (M)
paBeH

1) 6 m/ ¢’ 2)3m/ ¢t 3)-6m/ct 4)12m/ ¢t 5)-3wm/ ¢

02. Ha pucyHke: 1aH rpayik 3aBHCUMOCTH KOOPJMHATHI X aBTOMOOMIISA OT BpeMeHH. KakoBa CKOpOCTh aBTOMOOMIIS?
18
e
12| ~ OTBeThI:
6 t(c) 2wM/c 2)-0,5m/c  3)0,5 M/c 4)2wm/c
0 2 4 6

03. Ecnii paBHOAEHCTBYIOIIAS BCEX CHII, JEHCTBYIOIINX HA PABHOYCKOPEHHO JIBIIKYIIEECS TENO, B HEKOTOPBII MOMEHT
BPEMEHH CTajla paBHA HYIIO, TO C 3TOI'0 BPEMEHH TeJlo
1) 6y,ueT JABUT'aThbCsA C HEU3BMEHHBIM YCKOPCHUEM
2) GyzeT IBUraThcs PaBHO3aMELICHHO
3) GymeT IBUraThCS C TIOCTOSHHON CKOPOCTBIO
4) MPaKTUYCCKU MI'HOBEHHO OCTAaHOBUTCHA
5) MOKeT ABUraThCs MPOU3BOILHBIM 06pa3oM
04. YckopeHue a Tena, OpOIIEHHOTO BEPTHKAIBHO BBEPX, C yIETOM COIPOTHBIICHNUS BO3AyXa
1) a>g 2)a=g 3)a<g 4)a>g HaydacTKe IOABEMA , a < g HA YYAaCTKE CIycKa 5)a < g HA ydacTKe IOIb-
€Ma, a > g Ha y4acTKe CITycKa.
05. Kak aBrkeTcs Teso, eciii CyMMa BCeX JICHCTBYIOMNX HAa HETO CHJI paBHA HYJIO?
1) CkopocTb Tena paBHa HyJIIO.
2) CxopocTh Tea BO3pacTaer.
3) CxopocTh Tena yOrIBaeT.
4) CKopocCTb Tesa MOCTOSTHHA, HO HE paBHA HYJIIO.
5) CkopocTb Tesa MOKET ObITh JII000H, HO 0053aTETHPHO HEM3MEHHOW BO BPEMEHH.

JlabopaTopHasi paGora Ne 3.
H3YYEHHE JIBH’KEHHUA TEJIA, FPOIIIEHHOIO 110/ YI/IOM K I'OPH30HTY
Kpartkas Teopusi 1 MeTO/x HCCIeI0BAHUS
YacTHBIM cTydaeM KPUBOJIMHEHHOTO ABMKEHUS SIBISETCS JIBIKCHUE Tella, OPOIIEHHOTO MO YIJIOM K TOPH30HTY.

y 4 W3 pucyHka Mbl BUIIUM, 9TO JIBMDKEHHUE Tella, OPOIIEHHOTO CO CKOPOCTHIO V, MO
YIJIOM O K TOPU30HTY, OYAET XapaKTepru30BaThCs MAaKCUMalIbHOM BBICOTON
yi M0JIbeMa HaJ| TOPU30HTOM hyyay= ¥1, JATBHOCTHIO MONIETA S = X; ¥ MOJTHBIM

BpeMeHeM noJéra t. J[anbHOCTh MoJieTa onpeaeseTcsl HauaJlbHOW TOPU30H-
TaJBbHOM COCTaBIIAIONICH CKOPOCTHU Vy, U MTOJIHBIM BPEMEHEM TOJIETA t:

Vyo S =Vt

~>

Vxo X1
Bericota nojeema Tena hy,,y onpenensercs HauanbHON BEPTUKAIBHON COCTABIISIONIEH CKOPOCTH Vy, M BPEMEHEM IO b-
éma t,, rae t, = t/2:
2
hpay = Vyotn - gty /2
Ha ocHoBe )opMyJT TPUTOHOMETPUH
Vo = Vo COSOL. (1)



Vyo = Vo'Sina. @)
, OTKyZJa S = v,-t-cosa. 3)
Dumax = (Vo-sin o) t/2 - gt*/8. 4)
['opu3oHTaNBHAs COCTABIISIONIAsE CKOPOCTH Vy, = CONSt, TaK KaK B 3TOM HAIIPaBJICHHH HE CYIIECTBYET CHJI, H3MEHSIO-
IIIX CKOPOCTh. BepTHKalbHAs COCTABMIAIONIAsA CKOPOCTH Vy MEHSETCS 10 3aKOHY PaBHOIEPEMEHHOTO JBIKEHHUS B pe-
3yJbTaTe JeHCTBUS CHIIBI TSXKECTH, T.€. IPH NOABEME
Vy = Vy, — gt. (5)
Hns BepxHel Touku vy =0, t,=t/2 - Bpems JBMKeHUs BBEpX. YUMTEIBasd paBeHCcTBa (2) U (5) OyzneM uMeTh
Vesina - gt/2=0, orcrona

2 2\ 172
Vo= (Vyo + Vyo )

t =(2v,- sina) /g. (6)
[MoacraBuB 3T0 3HAa4YeHUE B popmyiy (4), Oynem uMeTh
hpax = Vo sin’oL /2, @,
a B popmyre (3)
S =2v,sina v, cos o/g = v, sin2a/g. ®)

B nmanHoif paboTte OyIyT mOCTaBIIEHB HECKOIBKO 3a1a4:
1. IIpoBepuTh 3aBUCUMOCTb JAIBHOCTH TI0JIeTa OT yriia Opocka S = f (o).
2. Ompenennuth HAYATBHYIO CKOPOCTH OpPOCKa V.
3. IIpoBeputs Gopmysy (7) 1 onpeAennTs MaKCUMaJIbHYIO BEICOTY MObEMa Teja.

H3mepennsi u 00padoTka pe3yabTaTOB
BeimonHuTe B TETpany pUCYHOK, JAHHBIA B ONIMCAHWH, M 3alIULINTE B TETPaab Bce GopMynbl. M3yuurte npenyioxeH-
HYIO BaM YCTaHOBKY U OTBETbTE Ha BONIPOCHI:
1. Kak 6yznere MeHSTH yroi BeicTpena?
2. Kak Oyznere m3MepsTh JalTbHOCTH MOJIETa IIapuKa?
3. IIpoBenute 1-2 SKCHEpUMEHTANBHBIX BBICTPENA ISl IPOBEPKH HCIPABHOCTH YCTAaHOBKH.

Yup.1. IIpoBepka 3aBUCHMOCTH JAJIbHOCTH I10JIeTa TeJia 0T yrJjia Opocka
PazpaboTaiiTe caMmu X0 SKCIIEPUMEHTa, BUJ TaOIHIBI 1, mocTpoeHue rpaduka U caenaiTe BEIBOA 110 pe3yIbTaTaM
BamIei paboTHI.

Yup. 2. Onpeaenenue Ha4aJAbHOM CKOPOCTH IBUKEHHUS Tesla IPU OpocKe MO YIJIOM K TOPU30HTY

1. BHuUMaTenbHO H3yYUTe UMEIOIIHEcs Y Bac 8 Gpopmyi.

2. Y4uTsiBas MepBbId IKCIEPUMEHT, BbIOepHUTe GopMyIty Uil pacyeTa HauaJlbHON CKOPOCTH Ha OCHOBE 9KCIIEPUMEH-
TaNbHBIX TaHHBIX

3.Cnenaiite u3MepeHus U 3-X pa3IMYHBIX YTIIOB (HE MEHEE 5-TH OIBITOB IS KaXKIOTO YIia).

4 .3anonHuTe TaOIHUITY 2

Tabymma 2
Ne m3mep. o S (m) vo(M/¢c) Vep (M/ C)
1
(05 Vepi
5
1
.. (%) chz
5
1
. o3 Vep3
5

Vep=(Vi+Vy...+vs)/ 5
Vnp. 3. Tposepka dopmyast h,,, = (v,> sin a)/2 g

Jl1st mpoBepKH MTPpaBMIILHOCTH (POPMYIIBI pacCUUTaiTe BHICOTY MoJbeMa Mapuka npu yriae oo =45°. C noMouipo
IITaTUBA U JIUCTOYKA Oymaru yOenuTech, 4TO Balll pacdeT BepeH. BrruncineHns 3anummTe B TeTpalb.

ITo dpopmyie (7) paccumraiite BRICOTY NOAbEMa LIapHKa INPH BEPTHKAIBbHOU cTpensbe, T.e. o =90°, u onsaTh npo-
BEpHTE CBOM pe3ysIbTaT HKCIEPUMEHTANbHO. Pe3ynpTaTsl 3anummre.

Pemnre nucLMEHHO B TeTPaAH 3a/1a4y U NMPH 3aLIUTe MOKAKUTE NMPenoaaBaTesio 0TBeT.

J11s1 OpOIIIEHHOTO ¢ 3€MJIH O] YTJIOM O K TOPU30HTY C Ha4aJIbHOM CKOPOCTBIO V,, Tella HaiTH, 6e3 y4éra cConpoTHBIIe-
HUS BO3TyXa 3HaYCHHE CKOPOCTH, HOPMAIILHOTO, TAHT€HIIHAILHOTO ¥ MTOJTHOTO YCKOPEHHH, a TakXKe paanyca KpUBHU3HBI
TPAEKTOPHH U €€ IPOU3BOIBHON TOYKM Ha U3BECTHOH BBICOTE h OT 3eMiI.

JlaGopaTtopHnas padora Ne 4. OIIPEJIEJIEHUE OCHOBHbBIX KUHEMATHUYECKHUX IMTAPAMETPOB



(uccaenoBaresibckasi padora)
YnpaxHenue 1. U3mMepenune cpeaneii cKOpocTH TeJa NMPH NPAMOJIHHEHHOM PAaBHOYCKOPEHHOM [BHKEHUH
1. Cobepure ycTaHOBKY U3 %€5m00a 1 mratnBa. Ha HIOKHHUN KOHEIT %k€m00a MOJI0KUTE METAITMYSCKUH IIIITHHAD, a Ha
BEPXHUH — IIAPUK, IPUACPKUBAS ETO PYKOM.

2. Otmyckas mapuK, N3MEPhTE BPEMsI IBHKCHUS €T0 110 KET00y.
3. H3mepbTe MOIyNb IEPEMEIICHNS MIApHKa OTHOCHTEIBHO XKEI00a.
4. Brluncnure BeIHMYHHY (MOIYJIb) CpEIHENH CKOPOCTH IIapHKa OTHOCUTEIIHHO KEI00a.
5. PesynbraTel m3MepeHuii opopMuTe B TAOIHILY.
6. 3aBHCHT JIM CpeJHssI CKOPOCTh IIapHKa OT JUIMHBI ITyTH?
S t \ Vep
Sl = 1
5
Sz = 1
5
S3 = l
5

VYnpaxknenue 2. [IpoBepka 3aBUCMMOCTH BeJIMYMHBI CPeHE CKOPOCTH OT YIJjia HAKJIOHA
1.IIpoBeaute uaMepeHus CpeAHEH CKOPOCTH MPH ABYX Pa3HBIX YIJlaX HAKIOHA O U 0.
2. PesynbTathl u3MepeHuii ohopMuUTe B TAOIHILY.
S o

Vep

UJN»—UJN»—"’

3. ChopmynupyiiTe BEIBOI.

Ynpaxuenue 3. H3mepeHue HAYAJBLHOH CKOPOCTH NPHU NPSIMOJIMHEIHOM PAaBHO3aMeJAJIeHHOM [BM:KEHMU

1. TonkHWTE MIApHUK BBEPX M0 kEN00Y M N3MEPHTE BPEMS €ro noabéMa.

2. I3MepbTe MOIYIb IIEPEMEICHNUS [IIapHKa OTHOCUTENBHO &nooda.

3. Tlo nomy4yeHHBIM JTaHHBIM BBIYUCIIMTE BEJIHMYHHY HAa4aJIbHOM CKOPOCTH JIBI)KCHHMS IIapHUKa OTHOCHTEIIBHO XKENooa.
TMocKa3Kka: HCTIOIB3YHTe GOPMYIBI V = Vo — at, S = Vot — at /2

4. IIpoBeaute 06pabOTKy U3MEPEHHUH U Pe3yabTaThl 3aHECUTE B TAOJIHILY.

S t Vep

Ynpaxuenue 4. U3mepeHnne BeJIMUMHBI YIJI0BO# U JIMHEHHOI CKOpOCTEil Tejla NPU PABHOMEPHOM JIBHKEHUH
YaCTUIBI 0 OKPYKHOCTH
1. [NomHUMHTE MIAPUK 332 KOHEI HUTH HaJ JTUHEWKOH M NMpHBEIUTE €ro B PaBHOMEPHOE IBIDKEHHE MO OKPY)KHOCTH
TaK, YTOOBI OH NPH BPAIIEHUH KaXIbIH pa3 MPOXOIWI uepe3 HyleBoe, U, HalpuMmep, IecAToe JeseHue IKajbl. [
MOJIy9YEeHNS YCTOWYMBOTO IBMKEHUS IAPHUKA UCTIONB3YHTE IITaTUB.
2. U3mepbte Bpems, HanpuMep, 30 TOIHBIX 000pOTOB.
3. 3Has BpeMst JBIKEHHUS, YHCI0 00OPOTOB U PAIYC BpPAIICHUS, BEIYUCIUTE BEIIMYHHBI YTIIOBOW U JIMHEHHOW CKOPO-
CTeH MapyuKa OTHOCUTENIBHO CTOJIA.
4. Pe3ynbpTaTbl U3MEPEHUM U BEIYMCICHUH 3aUILINUTE B TETPAb.
5. OrtBeTbTe Ha BOIPOCHIL:
a) M3MEHMTCS JIM BpeMsi OJIHOr0 000poTa IapyKa, eciM cieiaTh, Hanpumep, He 30, a 60 o6oporos? Korna pesyinb-
TaT OyneT 6ojee TOYHBIM?
0) U3MEHUTCS T BPEMs OJTHOTO 000pOTa IIapUKa, €CITU €T0 PaJANyC BPAIIEHUS] YMEHBIIUTH B 2 pa3a?
B) Kak m3meHnsTCs yrioBas U THHEHHAs CKOPOCTH IIAPHUKa, €CIIH €r0 PaANyC BpalleHUs YBEJIMIHUTCS B 2 pa3a?



YnpaxkHenue 5. 3mepeHnne MoayJsi HeHTPOCTPEMHTEIbHOI0 YCKOPEHHs TeJa NPU PAaBHOMEPHOM /1B M:KeHUH
MO OKPYKHOCTH
1.BemmonanTe 3apaaus 1 u 2 U3 ynpakHeHus 4.
2.3Has BpeMs ABHXKEHUS, YHCIO 000OPOTOB M PAaAMyC BPAILCHUS, BBIYUCINTE MOLYIh EHTPOCTPEMHTEIHHOTO YCKO-
PEHUs IIapuKa.
3. PesymbpraThl m3MepeHUi U BEIYUCIICHHUH 3aMIUIINTE B TETPAIb.
4. OrtBeThTE NUCHMEHHO Ha BOIPOCHI:
a) Kak u3MeHHTCSI MOyIb LIEHTPOCTPEMHUTEIBHOTO YCKOPEHUSI IapHKa IPU POCTE Yuciia ero o0opoToB B 2 paza?
6) Kak n3meHHUTCS MOAYJIb HEHTPOCTPEMHUTENBHOTO YCKOPEHHUS IIapUKa IIPU POCTE pajuyca BpalleHus B 2 pa3a?
Tabnuna x ynpakHeHusiM 4 u 5.

N R t \4 ® Ay
N,
R,
N,
R,
N
Rs

R2=R1/2 R3=2R]

IInceMeHHO OTBeThTE B TEeTPaAu Ha 6 BONPOCOB U NPH 3aIUHUTe NOKAKUTE 0TBET NpenoaBaTenio.

1. Kakue u3 nmpuBeAEHHBIX 3aBUCUMOCTEH OMUCHIBAIOT paBHOMEPHOE JABMKEHUE?

1)S=2t+3 2)S=5t23)S=3t4)v=4—-t 5)v=7
2. Kakue 13 npuBeEHHBIX 3aBUCMOCTEHN OMUCHIBAIOT PaBHOTIEPEMEHHOE JIBIDKEHUE?
Dv=3+2t 2)S=3+2t 3)S=3t 4)S=3t-t* 5)S=2-3t+4°¢

3. YpaBHEHHE CKOPOCTH ABIDKYLIETOCs Tesla - vV =35 + 4t . KakoBo coOTBeTCTBYIOIIEE YpaBHECHHUE IIyTH?

4. Tpu Tena OpoOIICHBI TaK: MEPBOC - BHHU3 0€3 HAYaJbHOIM CKOPOCTH, BTOPOE BHU3 C HAYAJIBHON CKOPOCTHIO, TPETHE
BBepX. UTO MOXKHO CKa3aTh 00 yCKOpeHUAX 3THX Ten? CONpOTHUBICHUE BO3TyXa HE YIUTHIBATD.

5. Tsox€npIit IpeAMeT MOJBEIICH Ha BepEBKE K BO3AYIIHOMY IIapy, paBHOMEPHO IIOJHUMAIOIIEMYCS ¢ HEKOTOPOM
ckopocThio. KakoBo OynmeT IBmKeHHE MpenMeTa, eciii BepEéBKy nepepe3ars? CompoTHBICHIEM BO3IyXa IpeHe Opedb.

6.Temo, OpomIeHHOE BEPTHKAIBFHO BBEpX, ymaio oOpaTHo. Haueptute rpadmké MyTH, KOOPIUHATHL, CKOPOCTH U
YCKOpPEHHS B 3aBUCHMOCTHU OT BpeMeHH. CONpOTHBIICHHE BO3/IyXa HE YUHTHIBaTh. HampaBieHne BBEpX CUMUTATH IIOJIO-
KHUTEITbHBIM

JladopaTopnasi pabota Ne 5. Ilpoeepka Il 3akona Holomona
Kparkasi Teopusi 1 MeToJ MCCJIe0BAHUS

B nuHamMuke OCHOBHBIM 3aKOHOM JABMkeHUs siBisieTcs 11 3akoH HproTOHa, KOTOPBIM TOBOPUT O TOM, YTO YCKOpPEHHE,
coobraemoe Teny cuioi F, mpsmMo mponopuroHagbHO 3HAYEHHIO 3TOH CHIIBI, 00paTHO MPOMOPILHOHAIBHO Macce Teia
M U HarpaBJIEHO TaK ke, KaK CHia

> >
a=F/m

Jlyist mpoBEpKH 3TOr0 3aKOHA MOKHO NPHUMEHHTh YCTAHOBKY, HCIOJIB3YEMYIO B JlabopaTopHOi padote No 2 (Bcriom-
HUTE METOJ] ONpeACTICHUS YCKOPeHMs1). UTOOBI TPOBEPUTH 3aBUCHMOCTD YCKOPESHHUS OT CHIIBI, HEOOXOIUMO MEHSTH JeH-
CTBYIOIIYIO CHITY (TIpH IOCTOSIHHON Macce), U3Mepsisi KaXIbIH pa3 MPOXOAUMBIC TEJIOM ITYTH M COOTBETCTBYIOIIHE IIPO-
MEXYTKH BpeMeHHU. I IpoBEepKH 3aBUCHMOCTH YCKOPEHHsSI OT MaccChl Tella OyJeM MEHSTh Maccy TEeNeKKH (IpH I10-
CTOSIHHOM CHJIC) ¥ IIPOU3BOUTH TE K€ U3MEPEHUS, UTO U B TICPBOM CIIydae.

UroObl YMEHBIIUTH BIMSHUE Ha PE3YJIbTATHl TPCHUS KaueHUs, CIEAyeT YyTh NPHUIOAHATH OJWH Kpail peibChHl Tak,
YTOOBI TeNeXkKa ené He KaTUIach CaMOIIPOM3BOJIBHO, HO MIPH TOJTUYKE ABUTAJIaCh PAaBHOMEPHO.

N3mepenus: u 00padoTka pe3y1bTaToOB
Ynp.1. IIpoBepka 3aBHCHMOCTH YCKOPEHHUSI OT JelficTBYIOLIEH HA TeJIO CHJIbI

1. CobGepurte ycTaHOBKY Kak i 1ab. pad. No 2.

II. ITponemnaiite 1-2 ombiTa 1 H0OEHTECH PABHOMEPHOTO IBHKEHHUS TEJICKKU IyTEM HAKJIOHA PEINIBCHI.

1. U3mepsist crimy, AEHCTBYIOLIYIO HA TENEXKY (IIPU IMOCTOSHHBIX Macce W MyTH), W3MEpbTe BpeMsl ABIDKeHHS. [
KaX/1011 CUJIBI HY’)KHO IPOBECTU HE MEHEE TPEX H3MEPEHH.

IV. Bce n3amepenust 1 BBIYUCIICHNUS 3aHECHTE B TaOJIHILY:

Ne m3-| F S t t a agp
Mep. H M c ¢’ M\c? m\c?
1 F 1= Aep1=
2
3




F,= Acp2=

F3= acp3=

W N =W N =

agp= (aj+ar+az)/3
V. Tloctpoiite rpaduk 3aBUCUMOCTH ac, = ac,(F), M0 BHAy rpadyka onpenenure BHA MONYYEHHOH 3aBHCHMOCTH,
chopMyIHpYHTE BEIBOJ.
Yup. 2. TIpoBepka 3aBUCHMOCTH YCKOPEHHS OT MAaCChI TeJa
VI. M3menss Maccy TeNeKKH (IpH MOCTOSHHOW CHIIE U MyTH), H3MEPhTE BpeMs e€ IBIKeHus. [ KakIoro 3Have-
HUS MacChl IPOBEIUTE HE MEHEe TPeX H3MEpeHUil.
VII. Bce u3mepeHus U BEIYUCICHUS 3aHECUTE B TaOJIHILY.

Ne wm3me-| m S t t a agp
2 2 2
peH. KT M c c M\c M\c
1
2 m;= Aep1=
3
1
2 mp= Aep2=
3
1
2 m3= Acp3=
3

VIIL.. Iloctpoiite rpaguk 3aBUCUMOCTH ac,= a (m)
o rpaduky onpenenanuTe BU MOTyYSHHOH 3aBHCUMOCTH B CHOPMYITHPYHTE BHIBOJ.

JlabopaTopnasi padora Ne 6
H3ydenne cHIIBI CyXOT0 TPEHHUS
Oo6opynoBanme: OpyCOK JIEpeBSHHBIN, HAOOP MIIOCKOCTEH — JAepPEeBO, CTEKIIO, Oymara, THHaAMOMETp J1ab0paTOPHBIH,
HabOp rpy30B, JIMHEHKA.
Xon padoTsl: Bce n3MepeHusi MPOU3BOAUTHL He MeHee 5 pa3, IIsh BHIBOJOB OPaTh CpeTHHE 3HAYEHUS.

Yupaxuenue l. CpaBHeHHe CHIIBI TPEHHS MOKOS, CUJIBI TPEHUS CKOJIbKEHHS U CUJIbI TPEHUSI KAYeHUs

a) YcraHoBUTE Ha OpyCKe JIBa rpy3a U U3MEphTe MaKCHMAaJIbHYIO CHITy CYXOTO TPEHUS MOKOs OpycKa o IepeBsIHHOM
MTOBEPXHOCTH.

0) M3MepbTe criry cyXoro TpeHHUs CKOJBKEHHSI OpycKa ¢ TPy3aMu 110 IePEeBIHHOW TOBEPXHOCTH. J[BIDKEHHE TIPH 3TOM
JIOJDKHO BbITh PABHOMEPHbIM.

B) V3aMeppTe crily CyXOoro TpeHHUs KadeHHs OpycKa MO IepeBSHHOU MOBEPXHOCTH. [ 3TOTO MOJOXKHUTE OPYCOK C
JIByMs Tpy3aMHU Ha JIB€ KPYyTJIble aBTOPYUKH MepeMeIanTe OpycoKk paBHOMEPHO C MTOMOIIBIO JUHAMOMETPA.

r) 3anuinuTe Bce pe3ynbTaThl B TeTpaab. Ha OCHOBE 3THUX pe3ysbTaToB ChOPMYIIMPYITE BBIBOJ O COOTHOLICHUH U3-
MEPEHHBIX CHIL

YnpaxHenue 2. M3ydeHue 3aBUCMMOCTH CHJIbI TPEHHUS CKOJIbKeHHS OT POJa TPYLIUXCS MOBepXHOCTel

a) C moMoIIbI0 YCTAaHOBKHU IIPEABIAYIIET0 ONBITa, MEHAS MOBEPXHOCTH COMPUKOCHOBEHHS C OpycKoM (CTekio, Oyma-
ra, KpaleHoe AEepPeBO), BBIABUTE, 3aBHCHUT JIM CHJIA TPEHHS CKOJBXECHHS OT POJAA CONPHKACAIOUINXCS MOBEPXHOCTEH.
Chopmymupyiite BeiBoa. Kak BimsieT 00paboTka MOBepXHOCTEH Ha CHITYy TpeHUs? Bce n3MepeHus 3auImTe B TETPaIb.

Ynpaxuenue 3. [IpoBepka 3akona Amanrona—Kynona

a) BersicHHTE, KaK 3aBHCUT CHJIa TPEHUS CKOJBKCHUS OT CIIIBI HOPMAJIBHOTO JTABJICHUS.

0) Cnemnaiite TO ke caMoe [T MAaKCUMAIbHOM CHJIBI TPEHHS MOKOSI.

B) [locTpoiiTe Ha OAHOM TpaduKe 3aBUCHMOCTH MaKCHMAaIbHOMN CHIIBI TPEHHS TIOKOS U CHJIBI TPEHUS CKOIBKEHUS OT
CHUJIbI HOPMAJIBHOT'O TaBJICHUA.

r) Ha ocHOBe rpadukoB copmynupyiiTe BEIBOA 1 3aIUIINTE €TI0 B TETPAIb.

YnpaxHenue 4. Onpenenenue Ko3(ppuuneHTa TPpeHU CKOJIbKEHUS

a) C momomrsio 3akoHa AmanToHa-KysnoHa ompenennte K03 UIMEHT TPEHHUS CKOIBKEHHS U Pa3IMYHBIX ITOBEpPX-
HocTel. Pe3ynbTaThl 3aMUIIUTE B TETPaib.

0) [IpoBepbTe, BIMSET JIM CHJIAa HOPMAJIHHOTO JABICHUS HA KOA(PPUIIUEHT TPEHUS CKOJILKEHUSI.

Yupaxnenue S. 3aBHCHMOCTb CHJIbI TPEHHS 0T CKOPOCTH ABHKEHHS Tesa

a) IlpoBepbTe, 3aBUCUT JIM CHJIA TPEHUSI CKOJBKEHUSI OT CKOPOCTH JIBIDKCHHMS Tena, (CKOPOCTh B KaXKJOM cCilydyae
JIOJDKHA OBITh MIOCTOSTHHOM ).

0) DKCIIEpUMEHT MTPOBEIUTE JUISl PA3HBIX CHII HOPMAILHOTO JIaBJICHHS.



Ynpaxxknenue 6. 3aBHCHMOCTb CHJIbI TPEHHSs CKOJIbKEHHUSI OT MJIOIIAIH CONPUKACAIOIINXCH MOBEPXHOCTeil

a) [IposepbTe, BIUSET JIU IUIOIIAAL CONPUKACAIONINXCS TOBEPXHOCTEH HAa BETMUUHY CHIIBI TP ECHHUS.
JIst aTOrO0 OpYCOK MOMEIIAaloT HEOKPaIIeHHOW CTOPOHOW Ha NEPEeBSHHYIO IIOCKOCTh. BHadalie OMBIT MPOBECTH IS
OJTHOY TUTOIIA/IH, 3aTEM JIJIS IPYTOH, Taroke He KpameHHOH. OIBIT IpoBECTH HE MEHEe TPEX pas.

0) Ha ocHoBe m3mepenuit copMymupyiiTe BBIBOA U 3aIIHIIUTE €TO B TETPAIb.
Ynpaxxknenue 7. JKciepuMeHTaJbHbIe H KayecTBeHHbIe 3aJaun. OTBETHI TP 3alUTE ITOKa3aTh MPEIOJaBaTEIIo.

Ne 1. "U3mepenne MoayJisi HAYAJIBHOH CKOPOCTH M BpeMeHH TOPMOKEeHHUsI TeJIa, Mo/ JeficTBHeM CHJIbI TpeHus".

a) [Tonosxure OpycoK Ha CTOJ U 3aMEPhTE €ro HayalIbHOE MOJI0KEHHE.

6) TonkHMTE crerka OpyCOK PyKOH M 3aMepbTe €ro HOBOE MOJI0KEHHE Ha CTOJIE.

B) MI3MepbTe TOpMO3HOM ITyTh OpycKa OTHOCHTEIHHO CTOJIA.

r) Onpenenure Maccy Opycka ¢ HOMOIIBIO TUHAMOMETPA.

1) M3mMepbTe MOIysb CHIIBI TPEHHSI CKOJIBXKEHUS OpyCcKa 110 CTOIY

€) 3Hag Maccy m, TOPMO3HOH IyTh S, MOAYJb CUIIbI TpeHUs F.,, BBIUMCINTE MOJYIb HAYaIbHOH CKOPOCTH M BpeMs
TOpMO>XKeHHs1. Pe3ynbpTaTsl BEIYUCICHUI 0OpMHUTE B TETPAIH, KaK PEIICHUE 3aadH.

Ne 2. “Omnpenenenue ko3¢ punueHTa TpeHus”.
(PecmybnmkaHCcKast OJMMITHAA, SKCIIEPUMEHTAIBHBIN Typ, 9 Kitacc)
Nwmes npyxuHy, OymMary B KJIETKY U KyOHUK, oIpeAennTh K03 PUIIHEHT TpeHHsI KyOHKa 0 MMOBEPXHOCTH CTOJA.
Ne 3. B xakom cirydae cuiia TpeHus 6ompire? (CMOTPH PUCYHKH )
F

el
| ~

\F
OTtBeT 000CHYHTE U CACTANTE YSPTEXK.
Ne 4.. OnuHAKOBEIMU JTM OYAYT CHIIBI TPEHUS IS IBYX MPENIOKEHHBIX CIIydaen?
OTBeT MpOBEPHUTH HA OMBITE U JaTh €r0 0OOCHOBAHHUE.

Ne 5. Ha ctone nexar cronkoi 10 oquHaKOBBIX KHUT. YTO jierye: CIBUHYTh MATh BEPXHUX, UIIH BBITSIHYTh U3 CTOIIKU
4eTBEPTYIO cBepXy KHUTY? OTBET 000CHYHTE.

Jla6opaTopuas pa6ora Ne 7. H3VUYEHHE YIIPYTHX CBOHCTB MATEPHAJIA
(uccneoosamensckasn paboma)
Teopernueckue cBeAeHU

Bce TBepable Tenma crocoOHBI IO/ AeHiCTBUEM BHEIIHNX CHII Ae(hOPMHUPOBATHCS, T.€. H3MEHSTH CBOIO (hOpMY M 00BEM.

Tena, B KOTOPBIX ITTOCTIE MPEKPAICHUS JEHCTBHS BHEITHUX CHJI JehopMaiisi MOTHOCTBIO UCYe3aeT, Ha3bIBAIOTCS a0-
COJIIOTHO YIPYTHMH, a leopManys ynpyroil. B peanbHbIX Tenax MOTyT BOSHUKHYTh OCTaTOYHbIE /e(hOpMalvu.

BHyTpeHHHE CHIIBI, BOHUKAIONINE MPH AehOopMaIii YIPYTUX M HEYIPYTHUX Tell, CYIIECTBEHHO Pa3In4aloTCs MEXIy
co0oii. B ynpyrux Temax oHM ONpPENENAIOTCS BETUUYMHON M BUIOM Aedopmarun. CymecTByeT HECKOIBKO Pa3IMndHbIX
BHJIOB YIPYTux jAedopMaliii: 0JHOCTOPOHHEE pPacTSKEHHE M C)KaTHe, BCECTOPOHHEE PACTSDKEHHE M CKaTHhe, M3THo,
cABUT U KpyueHHe. V3rub GaxTuyecku SBISETCS OJHOCTOPOHHHM PACTSDKEHHEM OIHMX CIIOEB Tella M OJTHOCTOPOHHUM
CXKaTHUeM APYTHX NpU HEM3MEHHOH JJIMHE HEHTPATbHOTO CIIOS B IIEHTPE M3rnbaeMoro Tena; aHaTOTHYHO KPYJYEeHHUE SB-
JISI€TCS YaCTHBIM CITy4aeM CIBHIa

Ipu mo60it nedopmanuu B Telle BOSHUKAIOT YIPYTHE CHIIBI COMPOTHBICHHA. ['yK B 1675 T. 00HApYKHJI, YTO BEINIH-
Ha 1 HaIpaBJICHUE CHJI YIIPYTOCTH OIIPECIEHHBIM 00pa30M 3aBHCUT KaK OT BH/a Ae(OPMAINH, TaK U OT €€ BEJINIHHBI.

Hccnenyem noapobuee neopMaIfio OJHOCTOPOHHETO PACTSIKEHUS MOJIOCHI U3 YIIPYroro MaTepHalla THIa XKECTKON
pE3UHBL.

Xapaxkmepucmuxu depopmayuu 00HOCMOPOHHEZ0 PACMANCEHUA
KonmgecTBeHHO# XapaKTepUCTHKON AedhopMaIy CIIy>KUT OTHOCUTEIIFHOE YAJIHHEHHE (OTHOCHUTENIbHAS eopManis)
e=AL/L. (1)

XapakTepUCTUKON BHEUIHUX U YPAaBHOBELIMBAIOIUX UX yNpyrux cwil F, NeHCTBYIOMUX IPU OJHOCTOPOHHEM PACTSI-

KSHHH 110 HOPMaJIX K IUTomaan S 1eopMUpyeMoro Tela, CIyXUT HOPMaJIbHOE HANPsHKEHNE

Gynp = F/S. 2)
XapaKTepUCTUKON YIPYTHX cﬁoi“ICTB JTAaHHOTO MaTepHasa sBIseTCsl KOAQQUIMEHT yIIpyrocTH o
a = (AL-S)/(L-F). 3)
Benmuuna, o6paTHast KOAQPHUIUEHTY YIPYTOCTH
E = 1/a, “)

HasbIBaeTcs moayJaem FOHra.
N3 dpopmyn (1) u (3) Torma ciemyeT CBsI3b



F =E-S-AL/L. &)
Hcnons3ys 3akoH ['yka

F =k-AL, (6)
MOJKHO OTIpeNIeNIuTh KoaddunueHT K ynpyrocti naHeHoro Tena
k = E-S/L. (N

W3 dopmyn (5) u (2) cnenyer cBA3b yNpyroro HaNpsKEHHE Gyyp, BOSHUKAIOIIETO B TeJe, ¢ OTHOCUTENBHOH fedopma-
LUEH:
Gynp = E-€. (®)
OmBIT MOKa3bIBAET TAKKE, UTO JAe(opManus MpOJOTBHOTO PACTSKEHUS COMIPOBOXKIAETCS] YMEHBIIEHHEM MONEPEYHO-
ro pa3mepa obpasma.
V3MeHeHne MoTepedHbIX Pa3MepoB Tella IPH €r0 PACTSHKEHUH (WIIH CKATHH) XapaKTEPU3yeTCs] OTHOCHTENBHBIM I0-
MEPEYHBIM CXKATUEM €y
e; =Ad/d. )
OmbIT MOKa3al, 4To I BCEX TET M3 OJHOTO M TOrO XK€ MaTepHasa OTHOIIECHHE KO3((HUINECHTA TTIOIEPETHOTO CKATHS
€, K OTHOCUTEJIBHOH NPOIOJILHOM AehOopMallii € €CTh BEJIMYMHA ITOCTOSTHHAS
edfe =, (10),
rae p - koaddumment [yaccona.
BeinosiHeHue pa6oTbl
. Io mexmusiM 1 yd9eOHIKAM H3Y9HTE MaTepUall, KaCaroIUiics TEMBI TaHHOH paOOTHI.

N —

. Bpmmumure B tetpags dopmyisr (1)-(10) Teoperrnueckoro BBeeHHS.

3. Haiinure, KaKie BEIHYMHBI 0003HAYAIOTCSI oykeamu L , AL, S, F, d, ,A d u caenaiiTe COOTBETCTBYIOIIME MOSCHCHHUS
B TETpaIu.

4. BeIsicHUTE, B KAKUX €AMHUL[AX OHU MU3MEPSIOTCS.

5. [lpoaymaiite, Kak UX MOKHO U3MEPHTb.

7. Hauepture B TeTpamu Tabnmiy 1. IIpomymaiite: 9To GymeT ABIAThCA BHEMIHEH cunoli F u uemy oHa GyneT paBHa.

8. 3anonauTe TAbIUILY /1A TPEX 3HAUCHUI BHEUTHEH CUJIBL.

9. OneHuTe MOTPENIHOCTD MOTYYCHHBIX TaHHBIX

10. IlocTpoiite rpaduk CBA3U YNPYroro HaNpsKEHHs M OTHOCHTENBHOIO PACTAKEHHS - Oyyp(€). Bce HeoOXomumble

JIEHCTBUS IPOAYMAUTE CAaMOCTOSITEIIBHO.

Tabnmna 1

Ne | Bueur- | Otaocur. | Koadduiu- | Monyns | Koaddumu- | Yopyroe OtHocur.  1o- | Koaddumuent

n/n | Has yAIu- eHt ympyr. [fOnra E |enr ymp. k | Hanpsxk. |mepedHoe  cxka- | [Tyaccona
cuiia | HeHHe o Cynp THE €, 1)
F,H €

1

2

3

cp.

JlaGopaTopHas paGora Ne 8
IIposepxka 0CHO6HO020 3AKOHA OUHAMUKU 6PAULAMETbHO20 OBUNCEHUA C ROMOUbI0O masmHuka Obepoexa
Kpartkasi Teopust 1 MeTO/ HccaeJOBAHUSA
B ocHOBe TMHAMUKH BpaIeHUS TBEPABIX TN BOKPYT HEMOIBI)KHON OCH JIEKHT 3aK0H, Mo00HbIH I 3akony HeloToHa
IIPY TOCTYNATEIFHOM JIBHXCHHUHU TBEPABIX TEI:
M=1¢g,
rae M - MOMEHT IEHCTBYIOIICH CHIIBI, € - YIJIOBOE YCKOPEHHE Tela, | - MOMEHT MHepINH Tella OTHOCHTEIBHO STOU OCH.
CrenoBaTtenbHO, KaKk M B MEXaHHUKE TOCTYNATEIBHOTO JABIDKEHHS, YTIIOBOE YCKOPEHHUe, pruodpeTaeMoe TeIoM, Mpsi-
MO ITPONOPIIMOHATIHHO MOMEHTY JeHCTBYIOIIEH CHIIBI 1 00pPAaTHO MPOMOPLHNOHANEHO MOMEHTY HHEPIIMU CaMOTO TeJa:
e =M/I
J1Jist IPOBEPKH 3TOr0 3aKOHA OYIEeM UCIOJIb30BaTh YCTAHOBKY, Ha3bIBAEMYIO « MassTHUKOM OOepOekay (OmUIIUTe
3TOT NPHOOP B TETPaIH MOCIIE BHITOJHEHUS PaOOTHI).
Ecnn x mmypy noasecuts rpys P Maccoii my, To IpU €ro ABMKEHUM BHU3 CHJIOH, Bpamlarolel Ma
SATHHK, Oynet cuia ynpyroctu muypa. Ilo Il 3akony HeroTona
F ynp. = F TAK. mpa
Torma MOMEHT BpalAIOMIeH CHIIBI OyIET OMPEeNeNsIThCs Kak
M=Fyp r=my(g-a)r,
T/Ie I - paguyc IIKHBA. YTJIOBOE YCKOPEHHE MAasTHHUKA € CBA3aHO C JIMHEHHBIM a (hopMyIIoi
P g=alr.
Ho nuHeliHOe ycKOpeHHe ToUeK Ha IIKHBE Oy/AeT paBHO yCKOPEHHUIO MAJICHUs Ipy3a, KOTOPOE MO-
KHO HaWTH 1o (hopMyIie U3 1adopaToOpHOH pa60T1,21 Ne\2:
a =2h/t".



Yup. 1. [IpoBepka 3aBHCHMOCTH YIJI0BOT0 YCKOPEHHsI OT BeJINUMHBI MOMEHTA BPaIlAaloIel CHIbI
YToOb!I MPOBEPUTH 3aBUCUMOCTD YTIIOBOI'O YCKOPEHUS € OT M, HEOOXOJMMO ONpPEEIUTh BPEMsI IaleHus t ¢ BBICOTHI h
HpH COOTBETCTBYIOILEH Macce Tpy3a m,
Hsmepenns u 00padoTka pe3yJibTaTOB
1. IIo3HaKOMBTECH C IKCIIEPUMEHTAILHON YCTAaHOBKOM.
2. [Ipopenatite 1-2 ombITa, YTOOBI YOSOUTHCSA B HOPMaJIbHOI padoTte
YCTaHOBKH.
3. Menss Maccy Ipy3a m, , ©3MEpbTE BPEMS AJECHHUS €T0O C BEICOTHI
h. (utst KaXkI0H Macchl MPOM3BECTH HE MEHEE TPeX U3MEPEHHUI. )
4. Bce pe3ynbTaThl 3aHECHTE B TAOJIUILY.

Ne m,, M h T t* a € €p
u3- KT HM M c c? m/c? pazl/c2

Mmep.

1 €=
2 m;=

3

1 €)=
2 mp=

3

1 €3=
2 ms=

3

£p,=(e+€,+E3)/3
5. Iloctpoiite rpaduk 3aBUCUMOCTH € ,= & (M), 10 rpaduKy onpeeauTe BUJ 3aBUCUMOCTH, COPMYITHPYITE BHIBOJ. .

Yup. 2. [IpoBepka 3aBUCHMOCTH YIJI0BOI'0 YCKOPEHHMS OT MOMEHTA MHEPLUH TeJia.

21.]151 IMPOBEPKHU 3aBUCUMOCTH € OT MOMCHTA MHCPLHUU I 6y)1€M MCHATH MOMCHT UHCPUHHU, OCTABJIAA HEU3MEHHOM cuiy
YIIPYTOCTH CO CTOPOHBI rpy3a P. [l M3MEeHEeHnsI MOMEHTa WHEPIUHU MasTHUKA OyJeM HCIONb30BaTh JOOABOYHBIC ITe-
peMeInaeMble TPy3UKH, 3aKPeIUIsisl HX Ha KAKOM-TO PacCTOSHUU OT OCH BPAICHUS

MowmenT nnepin MastHHKa O0epOeka 6e3 rpy30B I, MOXKHO OmpenenuTs Kak CyMMapHBIH MOMEHT MHEPIHUH ABYX
OJIMHAKOBBIX CTEPKHEH, OCh BpallleHHUs KaXI0T0 U3 KOTOPBIX NPOXOAMT Yepe3 UX LEHTP:

I, =2m, 1%12,
r7e m, - Macca CTepKHEeH, 1 — HonHast JUIHHA KaKI0To cTep kHs. [Ipn 3ToM cunTaercs, YTo NMIMHAPUIECKas BTYJIKa, B
KOTOPOM KpemsATCsl CTepP)KHU, 3aMETHOTO BKJIaJa B MOMEHT MHEPLHH He AaéT BBUAY CPAaBHUTEIHHO MAJOTO pajuyca;
0oJiee TOUHBIE N3MEPCHU NOJIKHBI YUUTBIBATH U MOMCHT MHCPIUHN BTYJIKHU.

Ecmu na CTCP’KHU HAACTh Z[O6aBO‘{HLIC Ipy3bl My, HAa paBHOM paCCTOSHHUA R ot ocn BpalicHus, TO MOMCHT MHEPpLIHUU
MasATHHUKA CTaHET

I=1, +4I,
2
Ecnu rpy3sl IpuHATH 32 MaT€pHANbHBIE TOUKH, TO I, = mR",
rJi€ M- Macca OJHOIO IPys3a, TOrzAa
I=1, +4m R’
Menss R MOXHO MEHATh MOMEHT UHEPLIMU MasiTHUKA .
N3mepenus: u 00padoTKa pe3yabTaTOB

. Paccunraiite MOMEHT HHEpIH MasTHUKA |, IpOBET Bce HEOOXOIUMBIE H3MEPEHHS.

[TpuBenuTe MasTHUK BO BpallleHHE ¢ IOMOIIBIO Tpy3a P, m3mepsre h 1 t B 3TOM ciydae.

H3meprTe Maccy OHOTO rpy3a myy,.

1
4. HaseHbTe rpy3bl Ha CTEPKHH, XOPOIIO 3aKPEMMB X BUHTAMHU HAa PABHOM PAacCTOSHUU R OT ocu BpamieHus.
5. TlpuBenuTe MasTHUK BO BpalleHHE C TIOMOMIBIO TOTO %e rpy3a P, usmepbte h u t B 3TOM ciyuae.

Uzmennte paccrosaue R (Hampumep, B 2 pa3a) U CHOBA MPOU3BEANTE BCE HEOOXOIMMEIC H3MEPCHHUS JUIST HEU3MEH-
HOHM MaccChbl rpy3a My,

7. 3anonnute Tabauiy

Ne my, | I R I h|t | |a €

€
u3Mep KT KT M2 M KI' M M| ¢ |c |mMmc pan/c2

W N =W N =
m
S




—_
m
w

ep=(e1+€,+€3)/3
8. Tlocrpoiite rpaduk 3aBucuMocTH € ., = € (I). ITo Buy rpaduka onpenenute BUI 3aBUCHMOCTH U chopMyaupyiite
BBIBOJI.
9. [ucemenHO onmmmuTe MaITHIK OOepOeKa U MOKAKUTE OMMUCAHNE TIPETI0IaBaATEIIO.

JlaGopaTopHas padora Ne 9
OIIPEJJEJIEHHUE CKOPOCTH I1YJIH C IIOMOILbIO BA/UIHCTHYECKOI'O MAATHHKA
KpaTkasi Teopusi 1 MeTo[ HccJIeI0BAaHUS

Jlyis onipenienieHusi CKOPOCTH TOJIeTa MYJIH UCIONB3YIOT YCTAaHOBKY, COCTOSIIYIO M3 MPYKUHHOTO MUCTOJICTa U OaylTH-
CTHYCCKOTO MasiTHHKA, KOTOPBIH MPEICTaBIIACT U3 ce0sl COCYl, MOBCIICHHBIN HAa YEThIPEX HUTAX. Y Aap MmyJu o Oayiu-
CTHYCCKUI MasTHHK CJIeNIaH aOCOTIOTHO HEYIIPYTHM.

PaccmoTrpuM Gosee moapoOHO TPOIIECCH, TPOUCXOASIIIIE IPH BEICTpene. B MOMEHT BBICTpelia IOTCHIMANbHAS YHE P-
THS CKATOH MPYKUHBI IICTOJIETA MEPEXOIUT B KHHETHUECKYIO SHEPTHIO ITYJIM MAacCOH m. DTa 3HEPTHus 3aTeM Pacxoy-
€TCsl Ha COOOIICHNEe MAasSTHUKY Maccoi M knHeTwdeckoi sHepruu. KuHeTnueckas Heprus MasTHHKA C IIyJei Oyaer
E’x =(M+m) (v’)/2, rae v’ — HadanbHas CKOPOCTh OTKIOHCHHS MASTHAKA OT ITOJIOXKEHHS PABHOBECHS.

J1st onpesienieHnst 3TOH CKOPOCTH UCTIONB3YEM 3aKOH COXpaHEHHs uMIyibca. /1o B3auMOIeHCTBUS MyNIH ¢ MasiTHH-
KOM €€ UMITYIIbC OB P, = Mv, TO0CJIe B3aUMOAEHCTBHS MAsATHUK BMECTE C Iyl IpHOOPETyT uMItyise p’= (M+m)-v’.
ITo 3aKOHY COXpaHEHHsI UMITYJIbCa Py = p’, oTcoaa m-v = (M+m)-v’. Toraa CKoOpocTh My

v=M +m)-v’/m. (4))

Takum 00pa3oM, JJIs HAXOXKJICHUS CKOPOCTH TI0JIETa MYJIH, HEOOXOAMMO HAWTH CKOPOCTh, KOTOPYIO MPHOOPETYT Ma-
SITHUK BMECTE C ITyJIel cpa3y Mmocie B3auMoIeHCTBUS. JI1s HaX0KIeHUs! 3TOH CKOPOCTH UCTOIb3YEeM 3aKOH COXPaHEHUs
MoJIHOM MexaHuueckoi sHeprun. COIacHO 3TOMY 3aKOHY KMHETHYECKas SHeprus MasTHHKa E’, mepeiiner B morteH-
LUAJbHYIO SHEPTHUIO Tesa noaHsaToro Haa 3emiueilt E;= (M + m)-g-h. [Tonyuum (M + m)- (v’)2/2 =M + m)-g-h, orkyna

v=+/2gh @)

CrnenoBateiabHO, CKOPOCTh MYJIM MOYKHO OMPEJENIUTh, €CIH Mbl U3MEPHUM BBICOTY MOJbEMa IIEHTPa Macc IMIMHIpA
HAJI €r0 MOJIOKCHUEM B COCTOSIHUM paBHOBecHs. OMHAKO M3MEpEHHe BEPTHKAIBLHOTO MIEPEMEIICHUS TOBOJIBHO CIIOKHO.
Ero Mo)xHO 3aMeHHUTH O0Jiee MPOCTHIM HU3MEPEHHUEM TOPH30HTAIHHOTO IIePEMEIICHUs cocyaa S.

C

CmMenieHne MasTHUKA M3 HAYaJIbHOTO IOJIOKEHHUS 1B MOJIOXKEHHE 2 MOCHe COyAapeHHs MOKa3aHO Ha PUCYHKE. 3/1ech
ropu3oHTaIbHOE MepemenieHne S = AB, Beicota mogpema h = KB. 13 mogo6us npsiMoyronpHEIX TpeyronsHukoB AKB
u ACD mmeem cootHomerne AB/KB = CA/AD, rne CA=1 - nnuHa noaseca mMastauka, AD = S/2. Takum o6paszom, S/h
=21/S, otkyna h = S*/21. Tloxcraeus 510 3HadeHue h B dbopmyist (1) u (2), anst pacyeTa CKOPOCTH ITyJIH HMEEM:

v = [(M+ m)-S/(m)]-(g/)"”. ©)
ITo aroii popmysie u OyAeT pacCUUTHIBATHCS. CKOPOCTD ITYJIH.
H3mepennsi u 06padoTKa pe3ya1bTaToOB.

1. U3yunTe nmpeuiokeHHYI0 BaM YCTaHOBKY M OTBETHTE Ha BOIPOCHI:

a) 3aueM BHYTpHY MasiTHUKA HAXOJUTCS TUTACTHIHH?

6) Kakum criocobom OyneT n3MepsThCcsi TOPH30HTAIBHOE CMENICHHE MasiTHUKA S 1ociie BeIcTpena?
2. IIpousseaute 1-2 TpEHUPOBOUHBIX BBICTPENIA U HAYYUTECHh IONANATh B LIEHTP COCYAA.
3. Onpenenure Maccy MasiTHUKa M 1 Maccy myniu m.
4. 3mepbTe JUIMHY HUTEH |, Ha KOTOPBIX MOJIBEIICH MasTHHK.
5. IIpousBeauTe BBICTPEINBI HE MEHEE 5 pa3 U U3MepbTE TOPU30HTAIBHOE CMEIIEHUE MasiTHUKA S.
6. ITo noTy4eHHBIM TaHHBIM PACCUUTANTE CKOPOCTD YU V.

7. Bce pe3ynbTaThl 3aHECUTE B TAONMILY.
Ne m3mep. M m 1 S Vi AV | Vyar= Vo, 7AV,
KT KT M M m/c m/c m/c




DW=

Cpennee X X
3HAYEHHUE

3neck 1oy =+ L+ 1+ 1,)/4, AVi=V,-V; AV, = )y |AVi Im. BuaHo, uyTo npu 3TOM ompeaenseTcs TOJIbKO MaKCH-
MaJlbHasl clly4aiiHasi IIOTPelIHOCTh Oe3 yuéTa MpUOOPHOH ITOTPEIHOCTH U YKa3aHUs JOCTOBEPHOCTH PE3YJIbTaTOB.
IInceMeHHO OTBETHTH B TeTPAIH M NPH 3aLHUTe MOKA3aTh NPENoJaBaTe/] 0 0TBeThl HA TAKHE BOMPOCHI:
1. MoXHO 11 B JaHHOM CJIy4ae CUUTATh, YTO KHHETUYECKAsi SHEPTUs IIyJIH NOJHOCTHIO MEPEXOAUT B KHHETUUECKYIO
SHEPTHI0 MasiTHAKA?
2. PaccMOTpeTh Bce MEPEXOAbl SHEPIHX OT MOMEHTA BBICTPENa 10 MOAbEMa MAATHHKA Ha BHICOTY h.
3. Ha xaxoM U3 3TanoB MOXXHO HCITOJTF30BATh 3aKOH COXPaHEHHS MTOTHONH MEXaHWIECKOH YHEPTUH?
4. Kakoii 3aK0H COXpaHEeHUS MOXKHO TIPAMEHSTH IIHPE — UMITYIIbCa HITH ITOTHOW MEXaHHYECKON SHEpTHu?

JlaGopatopnas pa6ora Ne 10. I3YUEHUE ®OU3NYECKOI'O H MATEMATHYECKOI'O MASITHUKOB.

[TpubGops! ¥ NpUHAIIEKHOCTH: PU3MYECKUI U MaTeMAaTHIECKUI MasTHUKH, CEKYH/IOMED, M3MEPUTEIbHAs JIMHEHKa.

Teopust MeToza 1 OIIHICAaHUE YCTAaHOBKU.

Duznyeckuii MAATHHUK — 3TO CIIOCOOHOE KoJIebaThest TBEpAoe Teno. Kak moka3sIBaeT OIBIT, VIS 3TOT0 HEOOXO0INMO,
4yT00BI TOUKa MozBeca O’ (cM. pUCYHOK) He coBnasana ¢ neHTpom Mace C Tena. Ha mpakTuke (B MEXaHHUECKHX Jacax ¢
MasTHHUKOM, HAallpuMep) BHOBb IIPOMCXOMUT IUIOCKOE BpallleHHe TBEPJAOTO Tela BOKPYT HEMOABM)KHON OCH, IPOXOMS-
mieid B Touke moaBeca O’ MepHeHINKYISIPHO IDIOCKOCTH KOoleOaHui, a He BpallleHHe BOKPYT HEMOABIDKHON Touku O’ —
rapoBo# mwapHup (mapuup ['yka) 3aeck He npuMenseTcs. Kak v Ui MaTeMaTH4ecKoro MasTHHKa, BO30yIuTh Kojeba-
HUSI MOXKHO JIBYMSI CIIOCOOaMU: OTKJIOHUTD TEJI0 BOOK B HAIpPaBJICHUH, JOITyCKaEMOM OChIO BPAlIEHHs, 1 OTIIYCTUTh 03
HAYaJIbHOTO TOJYKA, MM COOOMIUTH Teny, HeHTp Macc C KOTOPOro HaXOJHUTCS B ITOJIOKEHUH YCTOWYMBOTO PaBHOBECHS
O, TOJYKOM HavyalbHYI0 CKOPOCTh BOOK B HaIlPaBJICHHH, IOMYCKAaEMOM OCBIO BPAIIICHUSL.

Jlig onucaHus ABWKEHUS MasTHUKAa BHOBb HCIOJB3yeM OCHOBHOE ypaBHEHHE TUHaMUKHU BpamieHus TT Bokpyr He-
MOABIKHOM ocH [-€[ 1= M, rae Bpamaomuii MOMEHT M OTHOCHTENBFHO OCH BPAIICHHUS Ma€T TONBKO CHJIA TSHKECTH Mg C
mepeMeHHbIM iedoM l-sing. 31eck 1 — paccrostane Mexay Toukoi nmoaseca O’ u ueHTpoM Macc C, alll| I - MmoMeHT
HMHEpIUH Tella OTHOCUTENBHO ocH BpamieHusa. C yuéToM pa3HBIX 3HAKOB NMPOEKIUIl Bpalarollero MOMeHTa U yria oT-
KJIOHEHHSI Ha OCh BPAIllEHUs B CKAJLIPHOM BHJI€ YPaBHEHUE BPAIIEHUS IPUMET BUJ

I-d%p/dt* = - meg-l-singl [
OrpaHnyuMcss MaJIBIMH  yIJIaMH  OTKJIOHEHHS, TA€ SIinQ = @, BBEAEM KOHCTaH-

ry0000000000000000000000000000
D00, = m-g-I/1.
1)
P [Monyuunu unq)q)epeﬁunanbﬁoez ypalsteHy;e JMHEHHOTO TAPMOHUYECKOT0 OCIIMILISITOpa
L mg d e/dt™ + w0l = 0,

T.€. Majble IUIOCKHE KOJICOAHHs B MICAITBHOM CIydae OTCYTCTBHS TPEHHUs OyAyT rapMo-
HUYECKUMHU € MIEPHOIOM
r T = 2n[l/(m-g)]"*. )
! HmenHo ucmons3oBaHue (PH3MUSCKOT0 MasTHHKA TO3BOWIIO [foiireHcy B cepeamHe 17

BEKa CO3/aTh IEPBbIE JOCTATOYHO TOYHBIE MEXAaHHUYECKUE Yachl; TOYHOCTb HMX XOJa
(HampuMep, IpH Tepee3zie B MECTHOCTD € APYIMM 3HauYCHHEM YCKOPEHHUsI CBOOOTHOTO MaJAEHHs) PEryJUpyeTcs ¢ IoMo-
B0 HEOOJIBIIOrO TPY3HKa, IEPEMEIAeMOro Mo pe3r0e OIVKe MM IaNbIIe OT OCH BpalleHHS.

YnpaxHenue 1. OnpeneneHue MOMeHTa MHePUUH (pU3MYeCKOro MaSTHUKA

Ecnu ¢usnyeckuii MasiTHUK NpeACTaBIsIET COO0M KPYTIIbIH OJTHOPOIHBIA CTEpIKEHb, TO 3HAsl YCKOPEHHE CHIIBI TSHKECTH
1 U3MEPUB MEepHO/] KOJIeOaHHsI, MOYKHO OTIPEJIEIUTh €T0 MOMEHT HHEpIHH. J{efiCTBUTEIBHO, I OJTHOPOJHOTO CTEPXKHS
LEHTP TAKECTH HAXOJUTCS Ha PaBHBIX PACCTOSHUAX OT €ro KOHIOB, T.e. | =L/2, rne L - nnuna crepxus. Torna us (2)

2
T °m
zisz, 3)
81
ecnu Touka moaseca O’ HaxoAWTCS BOTU3M OJHOTO M3 KOHIOB cTepHs. llomydeHHOe 3HadeHHe MOXKHO CPaBHHTH C

paC‘léTHLIM I = mL2/3 JJIs1 TOHKOI'O CTCp)KHSI OTHOCHUTECJIbHO OCH, HpOXOﬂf{IHCﬁ qepeS €0 KOHEeN.
Ecii 970 He Tak, TO UCIOJIb3yeM (hopMyiry
[ Tlmgl (3a)
4n?
I[J'IH HOHYCKEI K pa60Te OTBETLTC HaA BOHpOCBI:
1. KaKI/IC BCJIMYHUHBI H€O6XOI[I/IMO I/I3MCpI/ITB, 4qTO 6])1 BBIYHUCIINTH MOMCHT I/IHepIII/II/I JaHHOI'O MaﬂTHI/IKa?
2. Kakum cioco6om OyzeTe onpeaensaTh nepuo/ KojiebaHus MasTHUKA?

h
|
1
1
1
1
y !
1
1

[

I



3. KakoBa nomxHa ObITh TPUMEPHO aAMILTUTYIa KOJICOaHHs?
4. TloaroToBbTe TAOIHUILY:

No | t, ¢ n | T, AT dMm | Ad I, Al I=1,*A1,
Kr-m2

1 10

2 10

3 10

10 10

C

p

Ynpaxuenue 2. OnpejesieHue yCKOPeHUs1 CBOOOJHOI0 NaJeHHs ¢ IOMOIIbI0 MATEMAaTHYeCKOI0 MasiTHUKA.

B tex cirygasx, Koraa MOXHO CUUTATh , YTO BCSI Macca Tela COCPEOTOUYSHA B OJTHOH TOUKe ( IEHTP TSDKECTH ), MasiT-
HUK Ha3bIBAaCTCA MaTeMaTHIECKUM. MaTeMaTHYeCKIM MOKHO CUHTATh IIAPHK, MTOIBEIICHHBIN Ha JIIMHHON HEpacTs-
YKIMOM HUTH, CITH JUTMHA HATH 3HAYUTEIHHO OOJBIIE AHamMeTpa mapuka. B aToM cirygae pacctosHue 1 MOXKHO cuuTaTh
paBHBIM JUIMHE HUTH L. YUuThIBast, 4T0O MOMEHT MHEPLIMU ILIAPHKA OTHOCUTENBHO Touku O’ nmonseca J = mLZ, oJ1y-
gnM hopmyry ['tolreHca I Ieproia MalbIX KoleOaHu MaTeMaTHIeCKOT0 MasiTHHKA

T= ZH\F
g 4)

Hcnonb3oBanue 310l GopMyIIbl TO3BOJISET BEIYUCIISATh YCKOPEHHE CBOOOHOTO MaJIeHUs C IOMOIIBI0 MAaTeMaTHUECKOTO
MasTHHKa. 13 hopmyinsl (4) monyuure Gopmyiy s pacyéra yCKOpEHHs CBOOOIHOTO Ma/ICHHS.

OTBeThTE Ha BOTIPOCHI:

1. Kaxkue BenuuuHsl Oynere U3MepsTh?

2. Kakum crocobom OyaeTe onpeaeiaTh Meproa KoIeOanus MasiTHUKA?

3. KaxoBa nomxkHa OBITh IPUMEPHO aMILIUTY 1A KOJIeOaHUs?

4. TlogrotoBeTe TabIMIY:

Ne t, n T, | L,m| AL, g, M/c2 Ag, m/c2 Buem = (g t Ag)
c c M

1 10

2 10

3 10

10 10

Cp.

IIucpMeHHO OTBETHTE B TETpaAu U IPH 3alIUTE TOKAKUTE MPEIIOJAaBATCIIIO OTBETHI HA CJICAYIOIINE BOIIPOCHI.

1. 3aBucur nu nepuoj kojedaHus GU3NIECKOTO MaITHHKA OT €T0 Macchl?

2. Yro Takoe nmpuBenEHHAS JUINHA (YU3UIECKOTO MasiTHUKA?

3. Kak u3meHnTcs nepuo KoinebaHuii MaTeMaTUIeCKOro MasiTHUKA, €CJIM ero MEPEeHECTH B BOY MIIH BA3KOE Macio?

4. Kak n3MeHuTCS Iepro]] KojaeOaHui MasiTHAKA C JKEJIe3HBIM IApUKOM, €CIIH O]l HUM TOMECTHTh MarHuT?

5. JIBa OIMHAKOBBIX MOJBIX IIAPUKA 3aMI0JHEHBl OJUH BOAOH, APYroi NECKOM M MOJBEIIEHbl HA HUTSIX OJUHAKOBOU
JunHbL. [1lapyku OTKIIOHWIIN HA OANHAKOBBIE YIIIbL. ByIyT 1My HUX OMHAKOBBIMH NEpHOAbI KosiebaHni? OanHaKoBO
JM 10JIro OYIyT OHHM KosebaThes B cocyJie, M3 KOTOPOro OTKadaH Bo3xyx? OIMHAKOBO JIM JOJIT0 OyIyT OHM KojedaThb-
cs1 B Bojie? OTBeTHI 000CHYHTE.

6. Kak Oyner MEHSTBCS XO/] 4aCOB C METAUTMYECKUM MasTHUKOM IPH HACTYIIJIEHUH JIETHUX XKAPKHUX JTHEH 10 cpaBHe-
HUIO C XOJIOAHBIMH 3UMHIMH JHAMH, €CIIM 9achl YCTAHOBIICHBI HE B yTEIUIEHHOM nomenieHnn? OTBeT 000CHYHTE.

7. VI3meHuTCs 1 Iepros1 KoyiebaHuit Kaueel, eCii BMECTO OJHOTO YeJIOBEKa Ha Ka4yelld CSIyT ABoe?

JladopaTopnasi padora Ne 11.



H3yuenue c600600HbIX KOCOAHUIT RPYHCUHHBIX MAAMHUKOB
KpaTkas Teopust H MeTO[ HCCJIeI0BAHUS

OnmHEM H3 IPUMEPOB KOJIEOATENBHBIX CHCTEM SIBIIACTCS MPYKHHHBIN MasiTHUK, KOJIEOaHHS KOTOPOTO MOXKHO OTHECTH
K KJlaccy COOCTBEHHBIX 3aTyxaromux Konebanmil. JIroOas koxebaTenmpHas CHCTEMa XapaKTEePHU3YyeTCs aMIUIUTYIION,
[IEpHOJOM, 4acTOTON. B cBOIO ouepenb, 3TH BENMUYMHBI CBA3aHbI C IapaMeTpaMHu caMoil cucTeMbl. B naHHOM ciydaer,
TaKUMH ITapaMeTpaMu ABILIIOTCS KoddduimeHT xxecTkocTH npyxuHsl Kk 1 Macca rpys3a m.

YT0OBI BBISICHUTH 3aBUCUMOCTb BEJIMYHMH ONHUCHIBAIOLINX JABMKEHHE CUCTEMBI OT IapaMeTpoB MasiTHHKa, HEOOXOIH-
MO B IIEPBYIO OUYePe/ib ONPEIEIUTh ATH ITapaMeTpBbI.

Yup. 1. Onpenenenne ko3¢ GpunueHTa ;KeCTKOCTH NPY:KHHBI CTATHYECKAM METOI0M.

Hns onpenenenus k Bocnone3yemcs 3akoHoM I'yka ans npyxunel Fy,, = - K A x  ( BeIsicHMTE 1O JleKuuAM Qusue-
CKHUI CMBICT Ka)kK/I0W BEJIMUMHBI U 3alHIINTE B TeTpaib ). C Opyroil CTOpOHBI COTJIaCHO MepBoMy 3akoHy HbroToHa,
€CIIM MasTHUK HaXOJUTCS B MOKOE, TO PaBHOJEHCTBYIOIIAsI BCEX CHWII, JICHCTBYIOIIMX HA NPYXXHWHY paBHA HYIIO, T.C.
Fynp + P =0. YuureiBas 3TH 7Ba paBEHCTBA, BRIBEAUTE caMH (OPpMyITy Juisl onpeseneHus koddouiuenTa sxectkocTu k.

1. B reTpaam nocne Ha3BaHUs yNpaskKHEHHS BHIMOJHHATE PUCYHOK

MasITHHKA, H300pa3uB CHUIIbI, ACHCTBYIONINE HA TIPYKHUHY.

2. Boisenute pabouyro Gpopmysty. Onpenenure ko3QpGUIHEHTbI KECTKOCTHU IS TPEX NPYKUH, IIPOHYMEPYHTE HX.
3. 3Banonnute Tabmuity 1, IpOM3BENs HyKHbIE H3MEPEHHUS.

4. Jns nomycka K paboTe OTBEThTE HA BOIPOCHL:
1. Kakue BenmmauHBI OyneTe H3MepsTh?
2. Kakune BenmnuuHbI OyeTe MEHATH?
3. Kakumu npubopamu OyzeTe MoIb30BaThCs ?

4. Kax 6yzere onpeensrts P?

Tabauna 1.
Ne P AX k, P AX k, P AX ks
H M H/m | H M H/m | H M H/m
1
2
3
cp. | X X X X X X

Yup. 2. OnpenesieHue 3aBHCHMOCTH NMEPHOIA COOCTBEHHBIX KOJIe0aHUIl NMPYKUHHOT0 MAATHHKA OT MacChl rpy3a

Jlns IpoBEpKH ATOW 3aBHCHMOCTH HEOOXOAMMO IPOM3BECTH M3MEPEHHS HE MEHEe YeM Uil 5 pasinudHbIX Macc. s
H3MEpEeHUs IepHoia MOXHO BOCIIONB30BaThCs Gopmynoit: T =t/10, rre t - Bpems 10 xonmebaHuii.
OTBeThTE Ha BONPOC IIOUEMY HEJIb3s ONpeAenuTh T 1o oqHOMYy KosteOaHuio?
1. TIpouwraiite emé pas Ha3BaHUE YIPAKHEHUS U OTBETHTE HA
BOTIPOCHI
1. Kakyto 3aBUCUMOCTB OyzieTe MpOBEPSThH?
2. Kakast BeIMUMHA ABJIAETCS 3aBUCUMOiL?
3. Or KaKoil BEIMYUHbI OHA 3aBUCHT?
4. Kakyio B BeJlMuuHy OyjieTe MEHSTh?
5. Kakyio Benmuuuny 6y/ieTe HAXOMUTh?
6. Kakue BeJMUMHBI Oy/I€TE U3MEPATD?
7. Kakumu npubopamu 6yjeTe MoIb30BaThC?
2. BBINoTHUB BCe M3MEPEHHS U BBIYHUCIICHNUS, 3aII0JIHUTE TabauIty 2.
3. Tocrpoiire rpaduk 3aBucumoct T (m) u T (m)

Tabauna 2.
Ne k M t n Tep T
H/m KT c c ¢’
1 m, 1 1
2 2
3 3
2 m, 1 1
2 2
3 3
3 ms 1 1
2 2
3 3




DN =L DN =
DO =W DN =

3 3

4. ChopmynupyiiTe BHIBOJ U3 HANJEHHON 3aBUCUMOCTH.

Yup. 3. OnpenesieHne 3aBUCHMOCTH TEPHOJA COOCTBEHHBIX KOJIe0aHHI NMPYKMHHOT0 MasiTHUKA 0T KO3(pduuu-
€HTa ’KeCTKOCTH MPYKUHBI
Jlns mpoBepKH 3TOW 3aBUCUMOCTH BaM IOHa00STCSI BCE TP MPY>KHUHBI U3 NIEPBOTO YIPAKHEHUSL.

1. OTBeThTE Ha BONPOCHI HA TAKUE BOIIPOCHI

A) Kakyo 3aBUCHMOCTb Oyz1eM MpOBEPSTH?

b) Kakas BenuunHa sBsSeTCs 3aBUCUMON ?

B) Ot xakoii BeTHYWHBI OHA 3aBUCUT?

I') Yo Oynem m3mepsTs?

) Kakyto BenmuunHy OyzeM OCTaBIATh TIOCTOSHHO?

E) Kakyto Bennunny OyaemM MEHSTH?
2. BrinosnHuTE BCE U3MEPEHUS.
3. 3anosnHuTe TadIMLy 2.

Tabmuma 2.
No k m t n Tcp2 Kyn
H/m KT C ¢ H/m
1 1 1 Kun 1
Kier 2 2
3 3
2 1 1 Koun 2
Koer 2 2
3 3
3 1 1 Koun 3
K3er 2 2
3 3

Yup. 4 Onpenesienue JorapupMmuyeckoro JeKpeMeHTa 3aTyXaHUsl NPYKHHHOIO0 MASITHUKAa M KO3 duuueHra
BSAA3KOT0 TPEHMA Ol

CoOcTBeHHBIE KOJICOaHHS BCEr/a SIBISIOTCS 3aTyXaIOMMMH, T.€. aMIUIUTY/a KojebaHni co BpeMeHeM yObiBaeT. [l
XapaKTEePUCTUKU OBICTPOTHI YOBIBAHUS aMILIUTY bl HCIOJIB3YIOT JOTapu(pMHUIECKOTO JAeKpeMeHTa 3aryxanus 0, koro-
PpHIit onpenensor o Gopmyie

0 = (T/t) InA /A,
(BBISICHUTE 110 JIEKIUAM (PU3MUECKHI CMBICI BCEX BEJIMUUH).

B Bo31yxe 3aTyxaHHe POUCXOANT OUYEHb MEIUIEHHO, IOATOMY OyAeM HCIOJIb30BaTh O0JIee MIIOTHYIO CPey - BOLY.
Pexomenpanus: 4ToObI MOTPEIIHOCTG M3MEPEHUIT ObLIa MEHBINE, HEOOXOANMO, YTOObI aMIUINTY/AA2 YMEHBIINIACH HA
JIOCTATOYHO OONBIIYIO BeIWYHMHY. V3MepsiiTe Bpems, 3a KOTOpoe aMIuIMTyna yMeHsmuTes B 10 pas, T.e. A¢ = 0,1A,.
Maccy nnmMHApUYecKoro rpysa Bozsmute 200 r.

1. Onpenenure nepuon T koseGaHuil MasTHHKA B BOJIE.

2. Onpenenure BpeMsi t yMeHbIIEHUS aMILTUTY 161 B 10 pas.

[Iponenaiite m3MepeHHs A IBYX pa3HBIX HAYaIbHBIX aMIuaTyx (50 MM u 30 Mm).

Jlorapudmudeckuil 1eKpeMeHT 3aTyXaHHMs CBSI3aH CO CBOMCTBaMU cpejibl U MasTHHKA (opmynoit 8 = aT/2m, rue o -
K03(h(pUIMEHT BSI3KOTO TPEHUS [UIS TAHHOTO Tpy3a B JaHHOI cpeze.

W3 npuBeneHHO! Bbile (JOPMYIIbI BEIPA3UTE O M 10 JAHHBIM OIBITOB HaiauTe ero 3HaueHue. CpaBHHUTE 3TO 3HAUE-
HHE C pacd€THBIM 1o popmyie CTokca Juls ABHKEHHS IIapuKa PaBHOTO C IMIMHIPUYECKUM TI'PY3UKOM paznyca B BOE.
Jns BozteI B3ATH K03 (huItneHT AuHamMmdecko Bsa3koctr 1 = 0,105 mlla-c.

Bce pesynbraTel U3MEpeHU U BEIYMCICHUH 3aHecuTe B Tabnuiy 3..

Tabimma 3.
Ne A, A n T Tep 0 Ocp r
1 50 MM | Smm

bl e A

2 30mMm | 3mMm




bl e

Tcp = ( T;+..+ Ts)/s, ch = (91 + 92)/2.

11. NNAHbI OTBETOB HA SK3AMEHALIMOHHbIE TEOPETUHECKWE BOIMNPOCHI,
MATEPUAN ONnA 3AYYUBAHUA U CAMOCTOATENIbHOU PABOTDI

BHumanue! MaTepuan ana 3sayumBaHuA BblaeneH B nnaHe oteeTta (panaxecte) KPYMHbIM LUPUDTOM. U3yya-
eMbli cCaMOCTOATEeNIbHO MaTepuan ecTb He B KaXAOM Bompoce, a NUWb B TeX, rAe Nocrie nnaHa oTBeTa ecTb
cnoBo «CamocTositenbHO». BekTOopa B TeKcTe BblgeneHbl cTpenkon Hag 6ykBon. PekomeHayemble noco6us:
MuxannoB C.MM., KbipoB B.A. MexaHuka. PUO FAT'Y, 2016 r.

Muxannos C.M. n gp. AnemeHTapHasa dusuka, 4.1 u 2. PUO I'Ary, 2008 r.

MuxannoB C.M., KbipoB B.A. TeopeTnueckaa mexaHuka. PUO FAly, 2017 r.

Tpodmumona T.U. Kypc domsukm.

Muxannos C.IN. ®usuka, 1.1. MexaHuka, monekynsipHas c¢usunka n tTepmoamHamuka. PUO Ay, 2018 r.

*hkkkkkkhkkkkkkhkhkkkkkkkhkkhkhkkkhkhkkkhkkkhkhkhkhkkkhkhkhkhkkkhkkkhkhkkhkhkkkhkkkhkhkkx

aRhon=

1. ®usumka. MexaHuka. MexaHuka HorotoHa. CBOMCTBa NpocTpaHcTBa U BpeMeHU B MexaHuke HbloToHa (knac-
cuyeckom mexaHuke). OCHOBHble abCTpaKTHbIe NMOHATMS MEXaHWKWU: YacTuua, cucTema 4yactuy (MexaHu4veckas
cuctema), TBEppoe Teno (TT), ynpyroe u nnactuyHoe Teno, cnnowHas cpega. Cucrema orcuéra. OnucaHue no-
FNOXXeHUA YacTuLbl B KOOPAUHATHOM U BeKTOpHOM dhopMe; CBA3b 3TUX chopm.

®U3MKA. MEXAHUKA. MAKPO- u MUKPOTENA. HAVBOJbLWAA CKOPOCTbL B NMPUPOOE. MEXAHUKA HbIOTO-
HA (KNACCUYECKAA MEXAHWKA); apyrme suabl mexaHuk. CBOWCTBA MPOCTPA-
HCTBA B MEXAHUKE HbIOTOHA: TPEXMEPHOCTb, OQHOPOOHOCTbL, N3OTPOI-
HOCTb, HEMPEPbLIBHOCTb, BE3rPAHNYHOCTb. CBOMCTBA BPEMEHW Y HBIOTOHA:
OOHOMEPHOCTbL W 3HAK, OAOHOPOOHOCTb, HEMPEPLIBHOCTb, BE3IPAHU-
YHOCTb. MOMEHT N OTPE3OK (MHTEPBAIT) BPEMEHW.

MATEPUWAJNIBHAA TOYKA (HACTULA). CUCTEMA YACTUL, (MEXAHNYECKAA CUC-
TEMA MC). TBEPOOE TEJO (TT). JE®GOPMALMA. YMNPYIOE U MNACTUYHOE TENO,

CMNNOLWHASA CPEOA. CUCTEMA OTCHETA. [OEKAPTOBbI KOOPOVHATHI, OPTbIT,_]:,

k " PAOUYC-BEKTOP T YACTUUbI; ONPEAENEHWE ONWHBLI N HAMNPABINEHUA PA-
ONYC-BEKTOPA YEPE3 OEKAPTOBblI KOOPOMHATbLI EFO KOHUA. MPOEKUNA MPO-
M3BOJIBHOIO BEKTOPA HA OEKAPTOBbLI OCW. OMPEAENEHWE ONWHBI N HAMPAB-
JIEHNA NMPOUN3BOJIbBHOIO BEKTOPA YEPE3 JEKAPTOBbLI KOOPOANHATEI EFO HAYA-
JIA N KOHLUA.

X P MONAPHBIE (o6blyHblie) N AKCUAJIbHBIE (OCEBBIE) BEKTOPbLI. TPABUJIA CIO-
XEHUA N BBIMUTAHUA BEKTOPOB. PA3SNOXEHME BEKTOPA HA OBA COCTABJTAOWMX BEKTOPA. Ckonbko
mMoxeT ObITb nap coctaensaowmx? NPOEKUNA BEKTOPA HA OCb. B 4ém otnnumne npoekumm ot coctaensowen? Mo-
XKET N NpoeKumns BbITb HYNEBOW; OTpMUATENbHON?

b
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2. KuHemaTtuka. Tpaektopusi. YpaBHeHUS ABUXEHUS, NepemelleHne, CKOPOCTb U YCKOPEeHUe 4acTuubl B KOOp-
AWHATHOM N BEKTOPHOM hopMme; CBSA3b 3TUX hopM.

KWHEMATUKA. TPAEKTOPUSA; 4 BUOA OBMXXEHUA. YPABHEHUA OBMXXEHWA YACTULILI B KOOPOMHATHOMN
N BEKTOPHOW ¢OPME. U3BMEHEHUE BEKTOPA. MEPEMELLEHWE YACTWLUblI B KOOPOMHATHOW 1 BEKTOP-
HOW ®OPME; CBA3b 3TUX ®OPM. BEKTOP CPEJHEN CKOPOCTW.

ONOOEPEHLUMAN BEMUYMHBI; OBA EFO CMbICHTA. MPOV3BOOHAA MPOCTOW ®YHKLWW; EE CMbICI. BEK-



TOP CKOPOCTW (MFTHOBEHHOW CKOPOCTW)

V =lim<V>=limAT/Aty=dT/dt=T.

At 0 At >0
EFrO CMbICJ1, HAMPABJIEHME MO OTHOWEHWIO K
TPAEKTOPWUW. MonsipHbIA 3TO BEKTOP WIIN akcuanbHbIA?
CKOPOCTb B KOOPOAVMHATHOW ®OPME; CBA3b BEK-
TOPHOW 1 KOOPOVNHATHOW ®OPM.

BEKTOP YCKOPEHWA: EFTO CMbICI, HAMNPABINEHUE
MO OTHOLWEHUIO K TPAEKTOPUW, MOAYIb YCKO-
PEHWVA B KOOPOMHATHOW ®OPME; CBA3b BEKTOPHOW M KOOPOAUHATHOW ©OPM.

EOVHUWLBI BPEMEHWN, PACCTOAHNA W NMEPEMELLEHUA, CKOPOCTU W YCKOPEHUA. BHumanue! HyxHo 3a-
yuuTb eaunHnubl BCEX dunsnyecknx BeNuYmH, XoTa ynoMuHatbes 310 6onblue He byaer.

3. OnucaHve aBuXeHns B ectecTBeHHON chopme. PaBHOMepHOe, paBHONEpPEeMEHHOE U NPOU3BOJIbHOE ABUXEHUS.

-85 +8S MO, =8O0tS MONOXEHWE YACTULIbI, YPABHEHUE OBVKEHUS,
?{».-- +8 MNEPEMELEHVE, CKOPOCTb B ECTECTBEHHOM
0 = ®OPME. HATMPABIEHUE U BENMUMHA BEKTOPA CKO-

M 04 POCTW; CMbICT BEKTOPA t °. YCKOPEHVE B ECTECT-

BEHHOW ®OPME; CMbICNT BEKTOPA 1 °% HOPMATb-
HAA W, M TAHFTEHUMANBHAA W COCTABNAIOLWME BEKTOPA YCKOPEHWSA, UX CMbICTT M HAMPABJIEHME.

MONHOE YCKOPEHME W ; EFO HAMPABMEHUE, MOOYNb. PABHOMEPHOE, PAB-
HOMEPEMEHHOE W NMPOM3BOJIbHOE OBMXXEHWA. BeluvcneHne nyTm paBHOMEpPHOro ABu-
XeHus: n3 v = ds/dt = const = vo = ds = v, r
dt, oTkyaa nocne vHTErpupoBaHus = s =? t°
HAYAJIbHBIE YCJIOBUA. Bbluncnenune
CKOPOCTU PaBHOMEPEMEHHOTO [BWXEHWS:
13 w = dv/dt =const = + a = dv = adt, ot-
Kyda nocne wHTerpupoBaHus v =7 Bbluu-
ClNeHne NyT! paBHOMEPEMEHHOIO ABWKEHUS: U3 V =7 C YY4ETOM V =
ds/dt = ds = v, dt + a t dt , oTkyga nocne uHTerpMpoBaHus = s = ?
Ecnu Bblpa3uTb Bpems 13 oopMyribl CKOPOCTU U NoACTaBUTbL B popmyny nyTu, TO V2 - vo? =2. TPAGUKN MYTU U CKO-
POCTV PABHOMEPHOI'O 1 PABHOINMEPEMEHHOIO OBUMXEHUA.

CamocTosiTenbHo. [lokasaTb, YTO: a) NpW ABWXEHUM MO OKPYXHOCTU paguyca R co ckopocTeio V = const moaynb Hop-
MarnbHOro YCKOPEHUs Wy = VAIR; 6) Ans paBHOMNEPEMEHHOIO ABMXKEHNS V2o Vo2 = + 2sa.

4. IBNXXeHne GpoLueHHOro Tena.

MyTb no ropmsoHTanm (ganbHocTb 6pocka) 1 BbicoTa Nogbéma Tena, OpoLUeHHOro C MOBEPXHOCTN 3EMMU C HavarnbHON
1 ckopocTblo V, Mopg Yriom o, K ropu3oHTy (6e3 yyéta conpoTuBneHus BO3-

l * "\.-"1 ayxa). Bpemsi Takoro OBWMXEHWsI. YCNOBWUSI MakCMMarbHOM BbICOTbI MO-

dt®

— ObEMa U MakCcMMarbHOM AanbHOCTM BGpocka; ux 3HavyeHud. Boblumcnexve
g X  CKOPOCTW, HOPMAJbHOMO, TAHFEeHLMANbHOIO 1 MOSTHOTO YCKOPEHWI, a Takke
: paguyca KpMBMU3HbI TPAEKTOPUN B KaKOW-TO €€ NPOM3BOSIbHOM TOYKE.
2 CamocTofAATenbHO: A5 6pPOLIEHHOro C MOBEPXHOCTU 3eMNN Mo YrioM
.1 —' 0o K ropusoHTy ¢ HavanbHOM ckopocTblo V, Tena HanTu, 6e3 yuyéTta conpo-
s ] Vz TMBMNEHWNSI BO3ayXa 3HAYEHME CKOPOCTW, HOpMaribHOro, TaHreHUMansHoro n
MOSTHOrO YCKOPEHWI, @ Takke pagnyca KpUBU3HbI TPAeKTopuu Ansa eé npo-
M3BONbHOM TOYKM 3 HA U3BECTHOM BbICOTE hz OT 3emnu.

5. OnucaHue noctynaTenbHOro ABMXeHUs u BpaweHnsa TT BOKpPYr HENOABUXHOMN OCH.

MOCTYMNATENBHOE OBWMXEHWE TT. BPAWEHWE TT BOKPYI HEMOOBMXHOMN
OCW. OmxeHune vacTuupbl no okpyxxHoctu: YITIOBbIE N NTMHE-
WMHbIE MEPEMELWLEHNA N CKOPOCTWU; X CBA3b. AsnseT-
CS N KOHEYHbIN yron noBopoTa BekTopoM? A manbii yron?

BEKTOP YITIOBOWM CKOPOCTW = d¢/dt = ¢; EMO

A A@  CMbICI,HAMPABIEHVE (MPABWUIO BY-
PABYMKA). CBA3b CKOPOCTWN M HOP-

’ ., MAJIbHOrO YCKOPEHUA C YITIOBOW
A CKOPOCTbO.  BEKTOP  YINIOBOIro

YCKOPEHUSA § = d @ /dt = ® = d2§ /dt?

E = (T); ErO CMbICN, HAMPABINEHWME,

CBA3b C TAHTEHLUMAJIbHBIM YCKOPEHUEM.

PABHOMEPHOE BPALLEHME YACTULbI U TT;, YACTOTA v, UMKITMHECKAA (KPYTOBAA) YACTOTA o W TE-
PO BPALLEHWA T. CKOPOCTU N YCKOPEHNA TOYEK TT NMPU TAKOM OBUXEHNN.

YKMCNO CTEMEHEN CBOBOAbI ABVXXYLLErOCA TENA.

CamocTofAiTenbHO: JOKa3aTb OAMHAKOBOCTb CKOPOCTEN 1 YCKOPEHMIA BCeX TOYEK ABUXKYLLLerocs noctynaresnbsHo TT.




6. Popmynbl KMHeMaTUKKM BpalweHusa TT BoKpyr HenoABWXHOW ocu. Tabnuua dpopmyn kuHemMaTuku. BpaweHue

. TT BOKpyr HenoaBWXHOW TouYku. MponsBonbHoe ABmxkeHune TT. aF
- C BbIYVCNEHUE YA NOBOPOTA U YITIOBOWM CKOPOCTW NP PABHOMEP-
h HOM N PABHOMNEPEMEHHOM BPAWEHWW. TABITMUA ®OPMYI KWNHEMATUKA
MOCTYNATEJIbHOIO N BPALLWATEJIBHOIO ABVMXEHUA TT
Kak peanusoBaTtb BpalleHne TT BOKpYr HEMoABWXHOW Toukn? Yrmbl dunepa; o
a ypaBHeHus BpalleHus TT Bokpyr HenoaBwkHown Todku. CKANTAPHOE c =a-b U T
BEKTOPHOE € = [a,b] MPOM3BEOEHVA BEKTOPOB; X CBOMCTBA. MPA- .
BUINO BYPABYMKA 019 BEKTOPHOIO MPOU3BELEHNA. POPMYNA SVMEPA ¥ W
B BEKTOPHOW U KoOpAUHaTHOWN chopme. Ak
TEOPEMA LLAJIA. OnncaHne npon3BonbHOro AsmxkeHusa TT

7. OTHOCUTENbHOCTb ABMUXEeHUA. AGCONMIOTHOE, NEPEHOCHOe, OTHOCUTENbHOE ABWXEHUe.
Teopema cnoxeHusi CKOpOCTen B criyvyae NocTynaTesibHOro U NPouM3BOSILHOrO NEePeHOCHOro

ABWXeHusi. TeopemMa CroXeHUs YCKOpeHUM.
‘ OTHOCUTENBbHOCTbL OBWMXXEHUA. ABCOJIIOTHOE, NMEPEHOCHOE, OTHOCUTEJIbHOE
, ® . OBWKEHVE. CrioxeHue ckopoctei: ua T =T o'+ I'=dT/dt=dT or/dt +. dT "' /dt B CIIYYAE
0 z MOCTYMATENIbHOIO NEPEHOCHOIO ABWMPKEHUA CUCTEMbI OTCYETA K oTtcioaa cne-

ayet (novemy?) Vac=7?B cnyyae BpauweHus K ons HenoaBwkHON

3 L Doyt Veyr -
yactuusl M no chopmyne Jiinepa d T '/dt = [ @ nep, I' ' ]. Ecri yacTuua 2 -Vron
M ewé n gBmxeTtcs OTHOCWTENbHO CUCTEMbI K, TodT'/dt = ? TEO- c

PEMA CIOXEHWNA CKOPOCTEW Of1A NMPOW3BOJIbHOIO MNEPE-

HOCHOI'O ABMXEHUA. 3 -
OnpepeneHve abconOTHLIX CKOPOCTEN HEMOOBWKHBIX U ABVKYLLMX-
csa no 3emne Ten otHocuTensHO CorHUa ¢ y4ETOM ro4OBOrO M CYyTOYHOIO BpaLleHust 3emnu. HO

N3 06LLiel TeopeMbl V ase =V o'+ [T nep, I '] + V or NOCNE B3ATUS NPON3BOAHOIA MO BPEMEHU

OT 06eunx yacTeit paBeHCTBa NOMYYUM W a6c = W o' + d{ [ @ neps T "|}/dt + d V ori /dt. 3mech B 06LLeM cryyae (noyemy?)

dT'/dt = [ nep, I '] + V orw. AHanormuHo npoussogHas d Vor /dt 4acT B oBluem cnyyae (noyemy?) ABa cnaraembix:
dV ori/dt [T nep, V o] + W orw. 3HAUMT, B OBLLEM CIyYae W ase =W o' + [E neps I | + [ @ nep [ @ neps T '1] + 2[ @ nep, V omu]
+ W or. MepBble Tpu cnaraembix AaloT (No4emMy?) NepeHOCHOE yekopeHne W nep. YCMOBUA BOSHUKHOBEHUA KAX-
[IOrO CINATAEMOIO, UX BEMNYMHA U HATIPABIIEHME. MoyeMy YneH [ € nep, I '] 30BYT NEPEHOCHLIM TaHreHLMarb-
HbIM, @ YNeH [T nep [ @ nep, I ']] - NEPEHOCHLIM HOPMarbHLIM yCkopeHueM. Kak 30BYT UneH 2[ @ nep, V oml; YCIIOBUSA

ErO BO3HMKHOBEHUA, BENMYMHA 1N HAMPABIEHWE. OBLIAS TEOPEMA CNOXEHWA YCKOPEHUN W a6c = ?
OnpegeneHne abconioTHLIX YCKOPEHUI HEMOABWXHbIX 1 ABMXYLLUMXCHA No 3emrie Ten oTHocutenbHo ComHua ¢ y4éTom
rogoBOro 1 CyTOYHOro BpalleHnsa 3emnu.
8. OuHamuka. UHepTHOCTL Ten. MHepTHaa macca. UMnynbc yactuubl. Cuna. UHepumanbHasa n HemHepuwanb-
Hasi cuctema oTcuyéTa. Tpm 3akoHa HbloToHa; hopMbl 3anucu 2-ro 3akoHa. PaBHogencTByoLWwas cun.

E ONHAMUKA. MUHEPTHOCTb TEJT. MUHEPTHAA MACCA. UMMNYNbC YACTULbI.

CFE Y CUNA. NEPBbI 3AKOH HLIOTOHA. MHEPLUIMATIBHAA (MCO) N HEMHEPLINA-

L T i:l_ JNIbHAA (HCO) CUCTEMA OTCYETA. T'EJIMOUEHTPUYECKAA N 2 TEOLIEH-

! ET 5 TPUYECKUNX CUCTEMbI OTCYETA. Mpumepbl Ux npumerenns. POPMbl 3AMK-
1

- _ " CW 2-ro 3AKOHA; YCJIOBWA EFO NPUMEHEHWA (TPAHWLBI NMPUMEHNMO-
IFT -~ ———— CTWN KITACCUYECKOWN MEXAHWKW). PABHOOEMNCTBYIOLWAA CWI. TPETUU
o I,? 3AKOH HbIOTOHA; OCOBEHHOCTW CW/IN B 3-M 3AKOHE. EAVHNLIBI CUJTHI,
6 MACCHbI, UMMYJIbCA.
9. MpuHuMn oTHocutenbHocTu Manunes. [iBe 3apgaum guHamukn. Mpumepsl
pelueHns NPAMON U oGpaTHON 3apaun.
MPUHUMM OTHOCUTENIBHOCTWU TAIIMNEA. NPAMAA U OBPATHAA 3AO0AYA ONHAMUKU;

I MYTb UX PEWEHUA. Kakyio 3apady pewutb nerve n nodemy? HAYAJIbHBIE YCNOBWA. ANMO-
ﬁ PUTM PELLEHNA 3AOAY C MOMOLLbIO 2-ro 3AKOHA HBHOTOHA.
4ynp. MpuMmepbl peLueHns nNpsiMoi u obpaTHoi 3ajayn. 1. 3anucatb CUCTEMY YPaBHEHWA ABUKEHUS YacTu-

ubl B6nn3un 3emnu 6e3 y4éta conpoTMBneHuns Bosayxa. 2. Hantu cuny HaTsKeHUss BepTUKaNbHOW HUTK

| * v OJMHOM | B MOMEHT COOOLLEHNsI TOPU3OHTaNbHOM CKOPOCTM V MCXO4HO HEMOABMXKHOMY Ipy3y Maccown
L m, BUCEBLLEMY Ha aTon HUTK. 3) YacTuua maccon 100 r ABMKETCS B COOTBETCTBUM C YPaBHEHUSMMN X =
mg 5 sinbt, y = 5 cosbt, rae x u y — B MeTpax, BpeMs — B cekyHAax. Hantu ypasHeHue Tpaektopuw; ans

momeHTa t = 0,17 ¢ = 0,31 ¢ Ha¥TK BENNYMHY U HanpaBneHne AeCTBYIOLLEN Ha YacTuLy CUrbI.

CamocTosATenbHo. [lokasaTtb, 4To: a) Bo Bcex ICO yckopeHue Yactuubl oamHakoBo; 6) Bo Bcex MCO npu He criMwwikomM
BONbLUMX CKOPOCTAX BTOPOW 3aKoH HbloToHa nposiBNsieTcst 04NHaKOBO.

10. OBnxeHune B HCO. Cunbl nHepUuun; NX NposiBNeHus Ha 3emne.

3 2-ro 3akoHa HbloToHa M- W ,6c = F , BepHoro B ICO K, ¢ YY4ETOM TeopeMbl CIIOXKEHUS YCKOPEHUI W agc =7 nony-

yaeM aHanor 2-ro 3akoHa M- W o =? ans HCO K'. MEPEHOCHASA &)Hep 1 KOPNONNCOBA (i).mp cunbl MHEP-
LMN; TP COCTABNAIOLMX MNMEPBOW CUMbl, BENIMYMHA N HAMPABNEHUE CUN MHEPLUUW. EcTb nu cunbl
uHepumn B MICO K; peanbHbl unu dmktueHel ol B HCO K'? B 4éM Tpu 0COBEHHOCTU CUIM MHEPLIMK; KaKoe UX CBOMCTBO

=}



aHanorMyHo cunam rpasuTaumm? B kakol cucteme oTcuéta, B K unm K', npolle peluaTs rmaBHyio 3apady MeXaHukn?

Koraa BbIHYXAeHHO NpuxoauTcs peluats obasaTtensHo B K'?
I‘:'{1]| a1} MPOABNEHNA CUN MHEPUMW HA 3EMIJIE: cyTouHoe nnm rogoBoe eé ABukKe-
p nep HVe 9BNAeTCH rnmaBHON NPUYNHON?
1. B 4ém nposBnsaeTcs LeHTpobexHas cocTaBnsiowas NepeHOCHOW CUMbl UHep-
UMW, rAae OHa MakcumarnbHa W Kak HanpasneHa? 2. [MposiBNeHWs Kopuormncosoun

-

|_=:':2]' 13 cunbl MHepumm: 3akoH bapa anga pek ceBepHOro u 1XXHOro nonyLuapus, 3akoH benc-
L 2 . . 3 NeP  Bano B MeTeopornornn. Pacyét BenuuumHbl 1 HanpaeneHus GOKOBOro CMeLLEeHUs
. —=(2) -'"(3]. ) CUIOW MHepUMKN cHapsaa U3 opyaus Npu HacTUIbHOW cTpenbbe BO6Nn3u ceBepHOro

mnep Frp nomntoca Ha ganbHocTb 14 kKM npu ckopocTu nonéta 700 m/c; aHanorM4Heln pac4eT

Ons nonéTa rmnep3ByKOBOW pakeTbl Ha pacctosiHve 1400 KM npu ckopocTh 7 KMm/C.
MoXHO nn apTunnep1cTam M pakeTdymkam Ha GomnbLUMX OanbHOCTSX CTpenbbbl He
yunTbiBaTb cunbl MHepuun? 3. MNMovemy coctasnsioLwas NepeHoOCHOW CUibl MHeEpPLIMK

®,,=-m W, cama no cebe No4TM He BNMSET Ha ABWKeHMe Ten B6MM3M 3eMnyn (aHanormuHo npuTsikeHno ConHua
unu JyHbl)? OGbACHEHWE BO3HWKHOBEHMSI JIYHHbIX MPUIMBOB 2 pas3a B CyTKU. [Moyemy COfHeuYHble Npunuebl criabee
NYHHbIX? Kak co3aaTb MCKYCCTBEHHYHO CUITY TSXKECTU B KOCMUYeCcKkoM kopabne? MoyeMy 3To Nnoka He UCMonb3yT?

11. Cunbl BCEMUPHOTO TArOTEHUA U TAXKecTU. Teopuun ganbHo- n 6nuskoaencTeus. Bec.

oF . daM 3AKOH BCEMWPHOIo TAMOTEHUA; TPAHWUBI EFO MPUMEHEHWS.
\\ oF _ OnbIT KABEHOWLWA; CMbICIT TPABUTALIMOHHOW MOCTOAHHOW. TAXE-
~ ) dF  JIAA (TPABUTAUMOHHAA) MACCA; TPUHLUMIM 3KBMBAJNIEHTHOCTU

dm o "M  MACC. NPUHLMMN CYMEPNO3MLNN CUN. ABE ®OPMbI EFO 3AMUCU: ans

d NPUTSHKEHNSA KOHEYHOro yncna yvactuy u nputsxkenuns ten. CUIA NMPUTAXKE-

—m HVA OOHOPOAHBLIX TBEPObLIX LLUAPOB. O6bACHATL Pacy&T CuIlbl NPUTSHKE-

dlL r HUS YacTuLbl Maccoi My, HaxodsLencs Ha OCU TOHKOro OA-

M — — HOPOAHOrO CTEPXKHA Maccoin M n gnuHon 1 Ha yganexuu b ot
Fa df; |mg koHua cTepxHs: ans yactuy dm n m, MOAYNb CUMbI UX B3au-

dm | 70000 “_H-‘_' 0 mogevicteus dF, = ? MNoyemy dm = M-d1/1? Kak HanpaBneHsl
? b+l

1 b

Bce cunbl dF,? 3HaumT, nonHas cuna Fo = [G-M-mo/1] jdr/rz =
b

= [G-M-m¢/1]-[(1/b) — (1/(b+1)] = G-M:m, /[b-(b+1)]. Anab>>1 F,=? Kak Hantu cuny Fo, ecnn cTepxeHb HeOQHOPOAHBIN?
Ecnu ctepXeHb 0QHOPOAHBIN, HO TOYKY O CMecCTUTb C Ocu CTepXXHA? e NpuMepHO B cTepxHe ByaeT HaxoauTbes Tovka
NPUINOXEHUS PaBHOLAENCTBYIOLLEN CUI MPUTSBKEHUSA K YacTuue?

TEOPWA OANBHOOENCTBUSA (HbioToH, KynoH); noYemy 3akoH BCEMUPHOTO TAFOTEHUS OTpaXaeT MMEHHO 3Ty Teo-
puto?.Kak peLLéH Bonpoc 0 MexaHn3Me noucka Tenamu gpyr gpyra B npoctpaHcTee? Novyemy npuLLnoch oTkasaTbeca?

TEOPUSA BINM3KOOENCTBUSA (dapapeit, Makcsenn). Kak peluéH sBonpoc

d

0 MexaHu3me noucka Tenamu Aapyr gpyra B npoctpaHcTee? Yem onpegens-
loTca HasBaHust Teopuin? TPABUTALMOHHOE TMOJE; EFO CBOMCTBA.
BEKTOP HAMPSAXEHHOCTU KAK CUITOBAS XAPAKTEPUCTWIKA; uto OH
nokaxxeT? BennunHa Hanpspk€HHOCTU Nons TodeyHon maccel. BEJTMUYMHA U
HAMNPABNEHME HAMPS»KEHHOCTW BBNN3W 3EMINW. CUNA TAXE-
- CTW. OTNNYME CUN TAXECTU N TPABUTALUNN. YHUKANIBHOE OB-
P LLLEE CBOWCTBO 3TUX CWUI (onbiTel Manunes) M EFO OB bACHEHME.
OOHOPOOHOE NrPABUTALMOHHOE NOIJIE.

BEC TEMNA. BEC O HAKNOHHOW NMNOCKOCTW; CUNA HOPMATNBLHOIO OABNEHUA. CBA3b BECA C YCKO-
PEHWEM OI1OPbI: ans ABuxXeHWs Ha pucyHKe 2-n 3aKoH AaéT (nodyemy?) +ma =+ Fy — mg, oTkyaa cuna ynpyroctv Fy =
m(g+a). Torga Bec P = ? MEPEIPY3KA. A ecnu yckopeHue HanpasneHo BHu3? HEBECOMOCTb.

12. Cunbl ynpyroctv u gecopmauus ynpyrux ten B mexaHuke. 'mapo- n aspoctatuka. [laBneHue B XXNAKOCTU
n rase. 3akoH Mackans. CxxumaemMocTb XunakocTten u razoB. 3akoH Apxumepaa. NnasaHue Ten.

YMPYIASA U NNACTUYECKASA JE®OPMALMA. OCHOBHbBIE BMObl QE®OPMALIMIA: OOHOCTOPOHHEE PACTSA-
XEHUE U CXATUE, N3MMB KAK YACTHbIN CNYYAN TAKOFO PACTAXEHWA N CXKA-

R
T
o
i [7]3
[ o

g E TWA; COBUIN, KPYYEHUE KAK BUO COBUA.
- OnucaHne ogHOCTOPOHHEro pactskeHus (cxatus): ABCOJIIOTHOE N OTHOCWUTE/b-
! HOE YONMHEHWME. 3AKOH I'YKA; TrPAHULI EFTO NPUMEHUMOCTU. KOSOONLIMEHT
Oy C ! XWECTKOCTU (YMNPYFOCTW) TENA. HOPMAJBHOE VYIMPYFOE (MEXAHWYECKOE)
Oy [ B D HANPAXXEHUE o; EFTO EOUHUNLA. 3AKOH INYKA ONA MATEPUATJIA; CMbICIT MOOYJIA
On A "' IOHI'A. OTHOCUTEJbHOE MNOMNEPEYHOE CXXATUE; KOOOOPULIMEHT NMYACCOHA.
; Bua akcnepumeHTanbHOM CBA3M OTHOCUTENBHOMO YAJIMHEHUSI € U YNPYTOro HanpshKEHUsI:
i.f F . MPEAEN NPOMNOPLUMOHAINBHOCTU on, YNIPYTOCTU oy, TEKYHECTU o1, MPOYHOCTA
] ] ~  (BPEMEHHOI'O COMPOTUMBIIEHNA) 6. OCTATOYHAA OESOPMALNA ocr.
ocT Onucanne casura: TAHFTEHUMANNIBHOE MEXAHUYECKOE HAMPAXEHUE t; ABCO-

JIOTHbLIA N OTHOCUTENBbHbLIA COBWUI. 3AKOH T'YKA ONA MANOroO COBUIA; MO-
OYIib COBUIA, EFTO CMBbICJI. CBepxnpoyHblie MaTepuarnbl: «yCbl» U KOMMO3UTHbIE MaTe-
puansl; rpaceH n ero ananorn. MPUPOLA CUIT YIIPYTOCTHW.

MMMAOPO- n AODPOCTATUKA. Kaknm gedopmanmam conpoTUBASAIOTCS XUAKOCTU U rasbl, a
Kakum HeT? OBbACHUTBL, Kak HanpaBreHbl CUITbl YNPYroCTM Ha rpaHnLe 3aMKHYTOro oobeéma
NPOV3BONbHOM (POPMBbI, BbIAENEHHOIO BHYTPU HEMOOBWMXHON BCECTOPOHHE CXATOW XXUAKO-
cTu. YTo n3meHnTCHa ANng rasa B 3aMKHYTOM cocyae npoussonbHon dopmbl? JABINEHUE p




KaK aHanor HopMarnbHOro HanpskeHus ¢ — ckansip unu sektop? 3AKOH MACKAIA: BenuumHa n HanpaeneHve cvn gae-
NEeHUs1 B pasHbIX TOYKax HEMOABUXKHON BCECTOPOHHE CXaToW XuakocTu (ra3a B cocyae).

Cny4yali 0OQHOCTOPOHHErO CXXaTusa cpefbl NOCTOSTHHBIMU CUITAaMU TSKECTU: AN1S BEPTUKANbHOMO NPsiMOro UMnMHApa Bbl-
coton h 1 nnowanbo oCHOBaHWI S, BblIAEMEHHOro B HEMOABWXHOMW XUOKOCTM MMOTHOCTBIO p, pa3HULA AaBrieHU Ha
HWXHEM 1 BepxHem ocHoBaHun Ap = ? NMPUYNHA ATMOCOEPHOIO JABJIEHUA; noyemy oHO 6bICTPO najaeT C Bbl-
COTOW, XOTs g ~ const. 3aBMCUMOCTb AaBneHus Boabl OT rny6uHbl. 3AKOH u CUNA APXUMELA: Fa= ? YCINIOBUE
MIABAHUA TEJ. MokasaTb Ana 04HOPOAHOrO nnaBalowero UunmMHApa TOYKM NPUOXEHUS PaBHOAENCTBYHOLUUX CUA
TsbkecTn O u cun Apxumega O’. SABnseTca N paBHOBECKE YCTONYMBBLIM MpY BONTHEHUNU? Kak 3To UcnpaBnsoT?
13. Cunbl TpeHUs B MexaHuKe. Yron TpeHus. +F
BuMObl TPEHUA. OCOBEHHOCTU CUIbl CYXOro TPEHUA NOKOA; 3A- ™
KOH AMAHTOHA-KYNOHA. CUNA CYXOIrO TPEHUA CKOMBXEHUA; EE  +v 0 -y

3ABNCUMOCTb OT CKOPOCTW. YIrOJl TPEHNA: ansa HenoaBUMXHOCTU Te-
na, HaxoOsLerocsi Ha HaKMOHHOM MMOCKOCTU, HYXHO (nodemy?), 4ytobbl w=————-l-F
mg-sina. = f-mg-cos a, otkyna tg o = ? NMPUPOOA CUIT CYXOIro TPEHUA;
POJIb CMASKW. AHomanbHO HM13Koe TpeHue.

CUIA TPEHVA KAYEHNA. Yem 06BbACHUTL paBHOMEPHOE KaveHne Kpyrnoro Tena nog gen-
ctBuem noctosiHHon cunbl? NMAPA CUJT; MOMEHT TMAPbBI CUJ. MNoyemy cunbl HeJoCTaTouHO
ANs onucaHusa AencTBUA Ha TBépAoe Teno napbl cun. Kakve napbl cun AeNCTBYIOT Ha KaTsLlee-
ca teno? CMbICJT KOQPPUNLUIMEHTA TPEHUA KAYEHUA. MPUPOLA CUIT TPEHUNA KAYE-
HUA. Kak CH13UTb 3TO TpeHne?

CWNA BA3KOIo TPEHMA OJ1A MANbIX M BOMbLIMX CKOPOCTEN OBWMXKEHWA TENA.
POPMYJIA CTOKCA. Kakyto ckopocTb cnegyet cuutate Manon? OT yero aTto 3aBucut? MPU-
POLOA CAN BA3KOIO TPEHUA.

CamocToAATeNbHO: NPUPOAA CUIT BA3KOrO TPEHMS NPU MarbIX U OOMbLUINMX CKOPOCTSIX.

14. Teopema 06 uameHeHUn nMmnynbca Yactuubl. Cuctema yacTuy (MexaHuyeckas cuctema MC). Umnynbc
MC. Teopema 06 nsmeHeHuu nmnynbsca MC.
TEOPEMA OB U3MEHEHUM UMNYJNBCA YACTULUbLI B MHTEMPANTbHOW U OUOOEPEHLIMAIIBHOW BEKTOP-

+q, E HON 1 KOOPAMHATHOW ®OPME. 3AMNCb MHTETPANbHOW TEOPEMbI [N
21 CNYYA4A NOCTOAHHBIX CUN U ABMXXEHUA MO NPAMOW. BEKTOP UMMYNbCA
CUNbI.
. Fa BHYTPEHHVE W BHELWHWE CUNbl B CUCTEME YACTUL, (MEXAHUYECKOW
FIZ CUCTEME MC). UMIYJIbC MC P =2. Mony4yeHne BekTOopHOW AuddepeHLmansHON

TeopeMbl 06 n3aMeHeHUn umnynsca MC: Npu CRNOXEHUN BCEX N YpaBHEHWUI OBUXEHWS
MC Buga

n

df) idt = Fi(e) + ZF i, (i=1,2,...n) n 3ameHbl cnesa 3Haka NPOM3BOAHON MO Bpeme-
j=1
i#]

n n n n
HW CO 3HAKOM CyMMbl MecTamu, criesa nornyyvmm d/dt(Zf) i), @ cnpasa ZF @ n Z ZF ij. C yuétom 3-ro 3akoHa

i=1 i=l o=l
1#]

n n
HbloToHa Z ZF ij=? FMABHbIA BEKTOP BHELWHUX CUIT K =?; B uéM ero otnuuve oT paBHogencTBytoLein? BEK-
s i=l
%;Ej 1
TOPHASA ONOOEPEHLIMAITBHAA ®OPMA TEOPEMbI OB MBMEHEHWW UMMYIIBCA MC; MHTEMPAIIbHASA BEK-
TOPHAA N.KOOPOMHATHAA ®OPMA 3AMNCKU 3TOU TEOPEMbI. Kakyto nHdopmaumio Teopema nonyyntb no3Bo-
NAT U KaKyto Mbl TepsaeM? MoryT fin BHyTpEeHHMe cunbl nameHuTb nmnynsc MC?

15. LleHTp macc MC. Teopema o0 ABUXEHUM LieHTPa Macc. 3aKOH COXpaHEeHUs uMmnynbca.

OnucaHue gsmxeHus Yactuy MC B HenoaBmkHOW cucteme oTcdéta K B Buae cymMmbl OBYX ABWXKEHMI: 3@ CHET NOCTY-
maTensHoOro NepeHOCHOro ABMKEHUS cucTeMbl oTcuéta K’ (HaumHaroweiics B nponssonbHom Touke O’ MC) B K 1 3a cuér
OTHOCUTENbLHOrO ABMKeHUs yacTuly, MC oTHocuTenbHo K’. Torna 13 Teopembl CNOXEHUs! CKOPOCTe V age= V nep+ V omw

. n n n _ n
=P=) miVi=) miVvi/+) mVeg= P-= Z mivVi+MV o rae M=? Ecnu BoibpaTs HavansHyto Todky O Tak,
i<l il i<l il
n - n
YTOBbI Z m; v =2, To P =? UEHTP MACC MC. BbluncneHue ero nonoxeHus: n3 M v °=Z mivi=d/dt(MT ¢) =
i=l i=l

<l

n
y 115 Cy didt(), miT i) = T c=? KOOPAMHATHAS ©OPMA BAMVCY MONOMEHNSA TOUKM C.
10 =
=- gl—l HeobxogmMmocTb BblaeneHus anemeHToB maccbl dm ana TT n anemeHToB 06bEéMa dV=
40 C : dm/p ans ogHopogHbix TT nnoTHocTbio pll. Toraa T =? BbIYVMCNEHWE MONOXEHNA
z LIEHTPA MACC OOHOPOMOHbLIX TEN, OBNAOAOWMX CUMMETPUEN, Ha npumepe
. Ci | 1 6ankn gnvHom 6 M, hopma 1 pasmepbl Ce4eHNs KOTOpOoW AaHbl Ha pucyHke. Kak aencrey-
10
30 X




10T ANS HECMMMETPUYHBLIX Ten? B 4ém cmbicn npoueaypbl BbIBELLMBAHUS B 3 TOUKax, HE nexaliux Ha O4HOW MpsiMONn,
ans HeopgHopoaHbIX TT? 3ayem ObiBaeT 04eHb BaXKHO 3HATL MOMOXEHME LieHTa macc?

TEOPEMA O OBMXXEHUW LIEHTPA MACC. Kak gomkHa asuratbcs cesisaHHas ¢ MC cuctema K, ytobul aTa Teope-
Ma BhinonHanacs? EE CITEACTBUA: 1) Kak gomkHa OeiicTBOBaThL BHELHSAS cuna, 4Tobbl nokousLueecs TT Hayano Asu-
ratbca noctynatenbHo?.2) Moryt nu BHYTPEHHUE cunbl M3amMeHuTb OBUMXEHME LieHTpa Macc, HanpuMmep, YeroBeka,
TOHyLLero B bonoTe?

3AMKHYTAA (M3OJNIMPOBAHHAA) MC. 3AKOH COXPAHEHUA UMMYNbCA. PEAKTUMBHOE OBWMKEHWE KAK
ErO CNEOCTBUE. AINTOPUTM PELLEHNA SAOAY C NMOMOLBIKO 3AKOHA COXPAHEHUA MMMYINbCA.

16. MomeHT cunbl (Bpawarowmn MoMmeHT). MomMeHT umnynbca Yactvubl u MC. Teopema 06 U3MeHEeHMU U 3aKOH
coxpaHeHus MoMeHTa umnynesca MC.

MAPA CWUJ1. HeobxoomMmocTb BBEAEHMS HOBOWN MEXaHWYECKOM BENUYUHBLI AN OnucaHus

F peiicteua napel cun. BEKTOP MOMEHTA CUIbl (BPALLAIOLWENO MOMEHTA) OTHO-

CUTENIBHO OCW, EFO MOAYIb, HAMPABNEHWME. NNIEYO CUIbl. CITOXKEHME MOME-
HTOB CWI1. PABHOBECWE TT C HEMOOBWIKHOWM OCbIO BPALLEHUSA. PbIYAT.

OrpaHnyeHns TeopeMbl O OBMXXEHUN LEHTpa Macc M HeobBXoaUMOCTb BBEAEHMS B AWHA-

MWKy HOBOW xapakTepucTuku yactuy MC, yunTbiBaloWend MX OBWKEHWME BOKPYr LieHTpa

macc. BEKTOPTMOMEHTA MMMYJIbCA YACTULbI OTHOCUTENBHO TO4YKWN, ErO

MOLYNb, HAMPABJIEHME. BEKTOP L MOMEHTA MMMYJIbCA MC.

BEKTOP MOMEHTA CUNbI (BPALLAKOLWEIO MOMEHTA) OTHOCUTEJIbHO TOYKN. MOMEHT CUJ1Ibl OTHOCHK-
TENbHO OCW KAK EFO YACTHbIN CIYYAW.

Mony4yeHne BekTOpHOW AnddepeHumnansHom Teopemsl 06 nameHeHnM momeHTa umnynsca MC. LWar 1: npn BeKTopHOM

n
YMHOXEHUM Ha paamyc-BeKTOpbl YacTuy, T i 06emx YacTeil cucTeMbl ypaBHeHuin Aswxenns d p /dt = F;© +ZF ip (=

=1
i#]

1,2..n) cnesa nony4um d[ T 1, P iJ/dt = [d T ydt, p 1] + [T 1, dP /dt]. Ho [T ydt, P 1] = ?, T.k.? 3HaumT, cnesa [T, d P vdt] =

di T, pi/dt= dTI/dt. War 2: cnpasa [T 1,Fi®]+ [T, ZF il= M{© + M. War 3: cymmmnpyem ypaBHeHus, ToMeHsB
=1
i#]

M i(e)

1=

n
CneBa 3Haku CymMMbl 1 nponssoaHoi mectamu. Monyuum cneea dL /dt; cnpaea Z M i(‘) = 0 (noyemy?), a
i=l i

pacT MABHbII MOMEHT BHELLIHWX CUN N Otciona TEOPEMA OB NSMEHEHWM MOMEHTA VMIMYJBCA MC B
AndbpepeHunansHon popme? OTHOCUTENBHO KaKOW TOUKM morydeHo paseHcTBo? WHTEMPAITbHAA WN.KOOPOVHA-
THAA ®OPMA 3AMNCU 3TON TEOPEMbI; BEKTOP NMIMYJNIbCA MOMEHTA BHELHNX CUN

3AKOH COXPAHEHMA MOMEHTA MMMYNbCA MC: ecrim N= 0, T0? MposiBNeHus aToro 3akoHa B 0COBEHHOCTAX
ABwxeHusi nnaHetT ConHeYHON CMCTEMBI: CO3AaET NK cuna NpUTskeHns K ComnHLY MOMEHT CUSbl OTHOCUTESNBHO €ro LieH-
Tpa macc? Moatomy opbutbl «poaHbIx».8 nnaHet? Tak nu a1o Ana MNnytoHa? 3HaunT? 3aKOH COXpaHEHUsI CEKTOPHOM
CKOPOCTM MNaHeT Vso= Iv/2 = const (BTOPOI 3AKOH KEMJEPA) kak cneacTsue 3akoHa COXpaHeHUs MOMEeHTa UMMy b-
ca. B anBape 3emnsa 6nuxe k ComnHuy, Yem B MIONE; KaK 3TO CKa3blBAETCHA Ha ANUTENBHOCTM U TeMnepaType 3uMbl U
neTa B CEBEPHOM U toxkHOM nonylwapusix? MonydyeHne TPETBEIO 3AKOHA KEMJIEPA: ans 6nm3kon K OKpYXHOCTK Op-
6uThl m-v/R = G-m-My/R?, roe M, — macca ConHua. Otcioaa v2 = G-MJ/R. Ho v = 27-R/T. Otcioga oTHowerve TZ/R® =
47%/(G-Mc) = const Ans Bcex nnaHeT. YTo M3MEHUTCS ANst CNyTHUKOB 3eMMN UN ApyYroi NnaHeTsl?

TABJIMLUA AHATNIOMN ®OPMYIT AUHAMUKW ONA MOCTYMNATEJIBHOIO M BPAWATENBHOMO ABMXEHNA MC

17. OcHOBHOW 3aKOH AMHaMUKK BpaweHus TT BoKpyr HenoaBmkHoN ocu. MomeHT uHepuum TT; ero BbluMcne-
Hue. MomeHT umnynbca TT. Teopema 06 U3MeHeHMU U 3aKOH COXpPaHEHUA MOMeHTa umnynbca TT.

- =+ 3agaya 0 BpaLLeHUN BOKPYr HEMOOBWXHOW BEPTUKANbHOM OCU YacTuubl
Maccol m Mo OKPY>XHOCTW MOCTOSIHHOrO paauyca r nof AenUCTBUEM MOCTO-
AHHOWM cunbl Fi, HanpaBneHHOM MO KacaTernbHOW K OKPYXHOCTU: MO 2-My
3aKkoHy HbtoToHa mw; = Fy = (Wi = &) = m-er = Fi. Ecnin ymHOXUTb 06e
YacTu paBeHCTBa Ha I, nonyuum =? Yro takoe F-r? MOMEHT MHEPLINA
YACTULbI OTHOCUTENBHO OCW. OCHOBHOW 3AKOH OVHAMUKMN
BPALLEH/A TAKOIO TT BOKPYI HEMOOBMMXHOW OCU. AHANOINSA
OTOr0 3AKOHA N 2-N0 3AKOHA HBbKOTOHA. CMbICIT N EOVHNLIA
MOMEHTA VMHEPUWW. Y10 namenutcs, ecnu cuna F meHsieT mogynb u
HanpaeneHme? NoyemMy Hy>XHO y4MTbIBaThb NULLbL COCTaBNSAOWY Ficunbl B NNOCKOCTA, HOPManbHOW OCU BpaLLEHNs?

BbIMMCNNEHVME MOMEHTA MHEPUUU TT N3 HECKOJbKMX YACTUL; CMNOWHOr0 ogHOPOAHOIO U HEOL-
HOPOOHOIO TT. BbluMcrieHne MOMEHTa MHEPLMM TOHKOrO OAHOPOAHOro KombLa MaccorW m u pagnycom R oTHocu-

TenbHO ero ocn cummeTpum: dl = dm-R®=1 =_de = ?. [Ina TOHKOro OQHOPOAHOMO LMIMHAPUYECKOrO ANCKA Maccom m,
TonwwmHom b n paguycom R 0OTHOCUTENBHO €ro OC1 CUMMETPUM: C YHETOM CUMMETPUN 3aadn BbiAENUM dNEMEHT MaccChl
dm B BMAe TOHKOro KornbLla pagunycom r v wupuHon dr, ans kotoporo dI = ? Noyemy oT uHTerpana no Macce nNpuaércs
nepenTun K uHTerpany no o6wvémy? Torga npy NNOTHOCTM p = const Macca konbLa

R R



dm =2n-p-r-dr-b ndl = ? OTctopa I = pfrde = 2n~p~bjr3dr = Tc~p-b~R4/2. 3gecb m =n-p-b R2, T.e. I1="? [na unnuHgpa?

0 0
2 3 [na ogHOPOAHOro TOHKOrO CTEPXHA ANWHOMW 1 M Macco m OTHOCUTENbHO ero ocu 1-1
MOMEHT nHepuun Iy —? BbluMcneHne MOMeHTa MHepUUM CTEPXKHS Io OTHOCUTENBHO OCU
1] 1/2 1/2 1 2.2, npoxopsieit Yepes cepeamHy CTepkHSI HOPMAMbLHO ero AnuHe: dI = dm-r?
? 1/2 ?
o 3 = (dm=pSdl) = dI = 2p-S-dl = rPp-Sdr. Torpa I» =JdI = 2p-8[ 2dr = p-S- 1%/12 =
Y'Y (m=p-S-1) = I =m-1%/12. 10
T MoMeHT nHepLmumn cTepxHs oTHocUTenbHO ocn 3-3: Iz = p~SI r.dr = p-S- 1°/3 = (m=
1
r.' 1_ya 0
! H Yi=¥i p-S1) = I3 = m-12 /3. MposiBneHne pasHuubl 1y, Io 1 I3 B onbITe € BpalleHneM B pykax
o O=C * . konbsi. TEOPEMA LUTEVHEPA.
' bl K,X /13 OCHOBHOro 3akoHa AvHaMuKu1 BpalleHus TT BOKpYyr HenoasuxHon ocu l-e =M =
! (e=ldoll/dt) = d(lo00)dt =0M. & - 5 &
b BEKTOP MOMEHTA VMMYNbCA CyT n CyT
TT; EFO CMbICN, HAMPABNE- o

HUVE. TEOPEMA OB N3MEHEHWUU

MOMEHTA UMMYNbCA TT B AUGDEPEHLMATIEHON N NHTE-
rPATbHOM ®OPME. 3AKOH COXPAHEHMA MOMEHTA WM-
MNYNbCA TT; AIITOPUTM PEWEHNA 3A0AY C NMOMOLLBIO 3A-
KOHA. lMNposiBneHnsa 3akoHa npu BpaLlleHny purypmuctoB n akpoba-
TOB; MPW NageHNN KOLLKW C BbICOTbI; AN YenoBeka Ha ckambe XKy- HD
koBckoro u BeptonétoB. OBbACHEHUWE TPUYNHLI CMEHbI a o
BPEMEH rOIA HA 3EMJE BOANN OT 3KBATOPA.

TABIMLUA AHANOTUN ®OPMYIT ONHAMWKM MOCTYNATENBHOMO M BPALLATENBHOIO (BOKPYI HENOABW-
YKHOW OCW) OBMMKEHUSA TT.

CamocTosAiTenbHO: JoKa3aTb Teopemy LTeliHepa.
18. OBMxkeHue cBoboaHoro TT; cBo6oaHble ocu BpalweHus. MTMpockonbl; ux ceBoncTBa. MNMpockonuyeckumn acp-
dekT u rupockonnyeckme cunbl.
MpousBonbHO ABMXKyLLeecs He3akpennéHHoe TT mmeeT ? cTeneHen cBoGOAbl, T.e. ANA pPELUeHUs rmaBHOW 3agayu
HeobxoaMMO MCnonb3oBaTh ? ypaBHEHUI B koopanHaTHow cdopme. KAKME 3TO YPABHEHWA? Ha npumepe npocteit-
wen mopgenu TT B BuAe Lwapvka Maccon m, NPUKPENMIEHHOrO K OCU BPALLEHUS NETKUM XECTKUM
R 0 CTEPXXHEM ONUHON 1, 0OBACHUTL, Novemy TT Npor3BonbHOW hopMbl NpY BpaLLEHUN BOKPYT Mpo-
Ronp O N3BOMbHON OCK KyBblpkaeTca? Kak UcknoumTb KyBblpkaHue, He 3akpennss ocu BpalleHua? CBO-
B BOOHAA OCb BPALWLEHWNA TT. MMABHbIE LLEHTPAJIbHBIE OCU MHEPLINW TT; ckonbko uX,
L . Kak HanpaBneHbl B CUMMETPUYHBIX 1 HECUMMETPUYHLIX TT, YeM 3amevaTenbHbl? MokasaTtb rnas-
Hble LieHTparnbHble OCM MHepuMu Ans uunuvHapa, wapa v NpsiMOYrofbHOro napannenenvnega.
OBBbACHNTBL, NOYEMY TOMbLKO [MaBHbIE LieHTpanbHble OCM MOryT GbiTb CBOGOAHBIMKU. B onbiTe ¢
OBWKEHUEM MULLIYLLIEN PYYKM UNU ANMHHOTO LMMMHAPA NOKa3aTk, YTO YCTOWYMBOE BpalleHWe ner-
KO NMOMYyYnTb TONbKO BOKPYT FMaBHOW LIEHTPanbHOW OCK, OTHOCUTENBHO KOTOPOW MOMEHT MHEPLIMK
TT makcumaneH. A ecnv BOKpYr rMaBHOW LleHTparibHOM OCY MOMEHT UHEPLIM MUHUMATEH?
Oco6eHHOCTM paBHOMEPHOrO BPAaLLEHUS HECUMMETPUYHOTO TT BOKPYr HEMOABUXHOW OCU: YTO

N3BECTHO MPO BEJINYMHY N HanpaBrieHne BEKTOPOB OCEeBOro MOMeHTa nMmnynbca Lu yFJ'IOBOI7I CKOpOCTVI’&i ? 3HauuT, oT-

HOCUTENBHO OCM CYyMMapHbI MOMEHT Bcex cun =? A BEeKTOp MoMeHTa umnynbca Lo = [T, mV ] oTHOCUTENbHO TOUKM
O’? OBBSACHUTL, NOYEMY OH Ceilvac HanpaBneH Kak Ha PUCYHKe, U kak ByaeT asuraTbes aansiie. C y4éToM NOCTOSIHCTBA

BeIn4YnHbl 1 HanpaBleHNnAa BEKTOpa L BeNM4nHa 1 yron ¢ oCbto BpalleHua ana BEKTOpaLO OOMKHbI ObITb? Ho M3meHe-

HWe HanpaBllieHNnA BEKTOopa Lo BO3MOXHO TOJSIbKO 3a YET BpaLLaoLLEero MOMeHTa M . OBBACHUTb, KaKUMK CUNaMmn OH
co3faH, no4vyemy cendac HanpasfeH Kak Ha pmcyHKe N Kak 6yp,eT apuraTtbces ganbiwe. O6bsCHEHME TaKoro ABWMXKEHUS C

nomolbto TEOPEMbI PE3ANSA Vi _-d Lo/dt - M o’ A4S CKOPOCTU ABMXEHMSA KOHLIA BEKTOpa L0 Kak cnegcteusa teope-
Mbl 06 N3MEHEeHN MOMeHTa umnynbca TT.
1O MMMPOCKOM (BOJTYOK). POTOP. CBOBOAHbLIN YPABHOBELWEHHbLIA MMPOCKOM
L (rmpockon ¢ 3 creneHsimm cBOGOAbI); KaK KpensT potop B 0 0
AL |1 F onbite? EIO MNMABHOE CBOWCTBO. I'me ato nposiBnsetcs 1.
I / 1 n kak ucnonssyetcsa? MPOCKOMNMUYECKNNA 3PPEKT KAK -F*
BTOPOE CBOWCTBO; ero o6bsicHEHME C MOMOLLbLIO Teope- ¥n
mbl Pesans. PEMYJIAPHAA NPELECCUNA TMPOCKOIA; no
Kakux nop oHa naét? MNonyyeHne OCHOBHOTO YpaBHEHMUS pe-

Y

)
rynAapHoOi npeueccum B NPUGIMKEHNUM AL <<L: CKOPOCTb M )4
koHUa BekTopa L u3 Teopembl Pesans V= dL/dt=M; ; Ta

r e CKOpOCTb Mo dhopMyrie diinepa V .= [@n, L], rae ®n-

»
‘@
’I n - —
o, / yrrnoBasi ckopocTb npeLieccun. OTcioga [T n Ll=M,ac 02
|_=; o yuétom L=11@  umeem Ir-[@ , @] =M, rae I v @



— MOMEHT MHepLUMM 1 YrIioBasi CKOPOCTb MMpPOCKona (poTopa) OTHOCUTESLHO ero CO6CTBEHHOWM OCU BpaLLeHus,
O6bsiCHEHUE PEerynsipHON NPeLeccuu to5bl C 3aKPennéHHbIM KOHLIOM: Kyaa cervac HanpaBreH Bpallarolmi MOMEHT

napbl CUM TSHXKECTU U YNPYrocTu; Yemy OH paBeH; nonyuntb opmyny og = m-g-1/(Ir-or) = m-g-1 /L. OnucbiBaeT nu ato
ypaBHeHune seneHne HYTALUWMW rupockona?

CBoWicTBa rupockona ¢ AByms cteneHsammn csoboppl. MNoyemy rmpokomMnac Ha kopabnsx Mcnonb3ytoT, a Ha camonérax
HeT? YTo Takoe rMporopmsoHT Ha camonértax?

CBoucTBa rmpockona ¢ ogHow cTeneHbio cBoboabl. [Ae aTO MCMOMb3YIT N Kak 3TO NposABnseTca Ha npakTtuke? 'mpo-
CKOMUYecKne cunbl.

19. MexaHu4eckas paboTta n MmowHocTb. KnHeTu4eckas aHeprus 4Yactuubl; TeopemMa o6 e€ nsmeHeHuun. Kunetum-
yeckas 3Heprusi MC n TT; Teopema KéHura. TeopeMbl 06 U3MeHeHUU KUHeTU4Yeckon aHeprum MC n TT.

Ecrnn yMHOXNTb 06e yacTn 2-ro 3akoHa m(d V /dt)=F ckanspHo Ha BekTop mManoro nepemetueHns no tpaektopun d S ,

7o cneeam-dV (dS/dt) =m-dV-V=d(0,5mV? = (V2= V.V=Vv? = d(0,5mv’) = dT. Cripasa ckansip F-.dS =dA.
OJNIEMEHTAPHAA PABOTA CUJIbl n KWHETUYECKAA SHEPIUA («gerictere aBwkywerocsi») T YHACTULLbI. YTo oHn
xapaktepusytot? PABOTA HA KOHEYHOM TMEPEMELWLEHWN; kakoe pencrtBue cunbl OHa xapaktepusyeT?. NMovemy
paboTy cunbl HANTK Nerye UMNynNbCca CUIbl, a KWHETUYECKYHO 3HEPTUIO YacTuubl nerde eé€ umnynsca? TEOPEMA OB W3-
MEHEHW/ KMHETUYECKOWM 3HEPTUMN YACTULBI. B u4ém eé nnwochl 1 MWHYCbI, C TOYKN 3pEHUSI TMaBHOW 3ajauu
MexaHuku, nepen Teopemon 06 mameHeHun mmnynsca yvactuupl? KAKYHO MABHYKO MHPOPMALIMKO O YACTULIE
Mbl MONYYAEM, 3HAA KUHETUYECKYHO QHEPTUIO T?

MOLLHOCTb; EE CBA3b CO CKOPOCTHHO. Mpu Kakom ycrnosum nog, AeNCTBMEM NOCTOSAHHON CUMbl TENO ABUXETCS
paBHOMEPHO? YTO 3TO 3HAYUMT A11S1 CKOPOCTHbIX MaLUWH 1 camonéTtos? [Nouemy npu nogbéme aBToMoOMNst Ha KPYTYHO ro-
py NpUXoguTCst NEpexoanTb Ha MOoHWkeHHyt ckopocTb? CUCTEMHBIE N HECUCTEMHbBIE EOVNHULBI PABOTHI (1
kBT-yac) N MOLWHOCTMU (1 n.c.). Yto Ttakoe 1 [Ox; mHoro nun ato? MOLLIHOCTb CPEOHEIO YENOBEKA; gonro nu oH
MOXeT el pa3BuBaTtb? A nowagb?

KUWHETUYECKAA SHEPIT'NA CUCTEMbI YACTUL, n TT: paccMoTpeHune abco-

—=  JIIOTHOro ABWxeHus Yyactuy MC oTHOCUTENbHO HEMOABMXXHOM CUCTEMbI OTcHéTa K
A B BUOE CyMMbl ABYX ABWXEHWUIA: NEPEHOCHOrO NOCTYNaTerlbHOro ABWMXKEHMUS! cucTe-
Mbl oTcyéTta K', aBmxywencsa smecte ¢ MC, 1 OTHOCUTENBHOIO ABMXEHUST YacTul,
MC B K’, Hayano KoTopon cBa3aHo C LeHTpoM macc C: B CUry TeOpeMbl CrIOXEeHUs

CKOPOCTENt Vi= V i+ V c.lMonydyeHne Teopembl KEHUra: n3 vi=(vi’)2+2 v - V c+vc’

=T = 052 mv._OSZ i(vi) +ch mV.+05chm:ZmV.=?)
i=l i=l i= i=l i=l

=>T=T+ 0,5Mv02. Uro Takoe T’? 3agaya o KaueHun o6pyya maccor M co ckopocTbto v: UTo Takoe v? 'ge npoxoauT ocb
BpallieHns (MrHOBEHHas OCb); HenoABmKHa N oHa? oyeMy CKOpoCTb va = 2vc? Kak HanTu vg No MOAYMIO 1 Hanpasene-
HUI0? YTo OaéT nepexon B cuctemy K, cBAZaHHYI0 ¢ LeHTPOM Macc obpyya C? KakoBa norsiHas KMHeTMYeckas aHeprus
o6pyya? KMHETUYECKAA QHEPTUA TT, BPALLAIOLIErOCA BOKPYI HENOOBWMXXHOWM OCW: ¢ yuéTtom Tabnuupl
aHanorni opmMyn AMHaMMKM NOCTYNnaTenbHOro 1 BpalatensHoro AswxeHnsa teépgoro Tena T = ? Kak gsmxetca TT,
€CINN ero KNHeTU4ecKasi 3Heprust coBnana c KMHeTU4ECKoW SHepruen LeHTpa Macc?

Ecnu ans yactuy, MC yMHOXWTbL 06€ 4acTu Kaaoro ypasHeHns m;d v i/dt _F (| =1,2,....n) ckansipHo Ha d s iy
I'IpOCYMMI/IpOBaTb ypaBHeHusA n I'IOMeHFITb 3Haku gnddpepeHumana n Cymmel Mectamu, To nonquM (06'bF|CHI/|Tb kak!) dT
= dA® + dA” Yo Takoe dA® u dA"? 3naunt, Ha koHeuHom nepemeluenn TEOPEMA OB M3MEHEHWW KMHETU-
L4ECKOI/I OHEPTUN MC npumet Bug: AT = T-T1= ? B 4ém eé otnuume ot TeopemMbl 06 nameHeHun nmnynsca MC? Ons
TTAY=0 (noyemy?), T.e. TEOPEMA OB M3MEHEHU/ KWHETUYECKOWM SHEPTUW TT umeeT Bua: AT = ?

CamoCTOATENbHO: HAWTW NOMHYK KMHETUYECKYIO SHEPIUIO KaTALWErocs TBEPAOro Aucka (Mnu umnmHapa).

20. NMoTteHUuManbHaa 3HepPrua ynpyroro U rpaBUTaLMOHHOIro B3ammogenctTeus. O6Wme cBOMNCTBA NOTEHUMaNb-
HoW 3aHepruun. KoHcepBaTUBHbIE U gauccunaTuBHble cunbl. KoHcepBaTuBHasa MC. MNonHas mexaHu4eckasa aHeprus
(MMJ). 3akoH coxpaHeHusi U TeopeMbl 06 uameHeHum MMI. [ipyrve BUAbLI 3HEPrun; 3aKOH COXpPaHeHUs1 IHepPruu.

MeHsieTcs Ny KMHeTUYeckasi 3Heprus rpysa, 3akpennéHHOro Ha KoHUE NPSMON CnupanbHOW NPYXWHbI, NPpYU O4eHb Mea-
TNEHHOM PaCTSKEHUU NPYXUHbI BOONb €€ 0CY BHeLUHel cunon? OkasbiBaeT N BHELLHAS Cua pasroHsiiolLee gencteme?
Ha manom nepemelueHnn dx pabota BHewHen cunbl dA = Fxdx = F-dx = + k-x-dx; , rae k — ? Ha nonHom nepemeLieHun
Ax pa6oTa BHeluHel cunbl A = [k-x-dx =? Kakoe aelicTene cunbl oHa xapaktepusyet? PABOTA CUMbl YMPYTOCTU
Aynp; OT YEITO OHA 3ABNCUT? BaxHo Ny HanpaBfeHne BHELWHeW cunbl? VISMeHUTCA nNu pesynbTaTt Npu cxatum npy-
XnHbI? MOTEHLUMANBHASA QHEPTUSA («Bo3MOXHOCTL AeicTausi») YTPYIOro B3AVMMOOENCTBUSA. Ha uto pacxo-
ayeTcsa paboTa BHELUHEW CuMbl U CUIbl YNPYFrOCTU NPU PacTsXXeHUn (CxaTumn) NpyXuHbl? A Nnpu ocBOGOXAEHNN pacTsHY-
ToM (cxaToit) npyxmHbl? CBA3b PABOThI CUIbI YIIPYITOCTU M MOTEHLMANBHOW SHEPIM YNPYIOrO B3AW-
MOJENCTBUSA. 3aBucuT nu pesynbTaT OT TpaekTopun nepemellenns rpysa? Kakoii 6ynet pabota Aynp NpU nepeme-
LLIeHWM rpy3a Mo 3aMKHYTOW TpaeKkTopum?

MeHsieTcss NMn KMHeTUYeckasi 3HEPrus rpy3a Npu OYeHb MeANEHHOM BEpPTUKaNbHOM MOAbEME BHELUHEN cumnon B6nmnsmn
3emnu? Ha manom nepemeryeHun dx pabota BHewHen cunbl dA = Fydx = F-dx = + m-g-dx; , rae g — ? Ha nonHom nepe-
meLeHun Ax =h pabota BHewHern cunbl A = ? A PABOTA CUNbl TAXKECTN? OT YEIO 3ABUCUT PABOTA Ay CU-
J1bl TAXKECTWN? BaxHo nu 3HaTb HanpaBneHue BHeLWHen cunbl? aMeHnTcs nu pesynbsTtat npu MeaneHHOM BepTuKa-
nbHom onyckaHun Tena? MOTEHLUMANBHAA SHEPTUA FPABUTALIMOHHOIO B3AMMOOENCTBMA BENN3W 3EM-
JIN. KATIMBPOBOYHAA MHBAPUNAHTHOCTb. MNovemy oHa He3zameTHa AN cunbl ynpyroctu? 3aBuUCUT N Ay OT Tpa-
exTopumn aswkeHust rpy3a? Kakon 6ynet pabota Ak NpU NepemMeLLeHnm rpy3a no 3amMmKHyTON TpaeKkTopum?

U [ns AByx TOYEYHbIX Macc My U My, HAXOAMBLUMXCS HA MCXOQHOM pPacCTOSHUM ry Apyr OT Apyra,

rpae




cuna TAroTeHns Frpas =7 ECnn BHELWHSS cuna MeaneHHo nepemMecTUT Maccy mi BAOMb MPSIMOM, COEAMHSAIOLLEN Macchl
[0 paccTosHue [0 rz, TO HA Manom nepemelyeHun dr anemeHTapHas paboTta cunbl TAFOTEHMS, MeLLaloLLeln nepemMetLe-
HUtO, dArpas = -F-dr = ?

[Mpn 3TOM noTeHumanbHas SHepryus rpaBUTaLMOHHOTO B3ammopencTansa Bo3pacTeT Ha dUmpas =? 3HauuT, Ha KOHeY-
HOM MepeMeLLeHnn OT ry A0 2 paboTta Arpas =? Kak aTa pabota cBsizaHa ¢ nameHeHnem AUrpas MOTEHUMANLHON SHEPTnn?
3HaunT, Ha paccTosHUM ry noTeHumanbHas aHeprns Umpasr =7 NMOTEHUWAIIBHAA SHEPTNA TPABUTALMOHHOIO
B3AMMOOEMCTBUA ABYX YACTULL HA MPOU3BOITbHOM PACCTOAHUW. EcTb nu B 3Toit dhopMyne 6e3yCrnoBHblil
Homb OoTCYETa noTeHuuanbHoi aHeprun? CMbICIT 3HAKA «-».Kakum 6bin 6bl rpadovk, ecnu Gbl CyLLEecTBOBano oTTanku-
BaHWe Macc (aHTurpasuTaums)? [Insa kakoro B3aMMoAenCTBNS BHE paMOK MEXaHWKKN 3TO OTTarlkuBaHvue peanusyetca?

YETLIPE OCHOBHbLIX CBOMCTBA NMKOE0N NOTEHLMANBLHOWM QHEPTUW: 1) Mpu kakoMm ycrioum nosisnsetcs? 2)
OT yero 3aBucuT? 3) B 4ém cyTb kannbpoBOYHOWM MHBapuMaHTHOCTM? 4) Kakyto rmasHyto nHdopmaumuio o tene nnnm MC
Mbl MOfydaem, 3Has Mx noTeHumanbHylo aHepro? OBLUEE CBOWCTBO MOTEHUMANBHOM U KMHETUYECKOMN
SHEPIUN.

KOHCEPBATUBHBIE («coxpaHsitowme») N ONCCUMATUBHBIE («pacceusatowme») CUNbl. NMPU3HAKN KOH-
CEPBATMBHOCTW CWUIbl. Ckonbko AnccunaTUBHbBIX CUI B KNaccU4eckor MexaHuke? A BHE MeXaHUKU OHU eCTb?

KOHCEPBATMBHAA MEXAHUYECKAA CUCTEMA. Ha uto TpaTtntcst paboTa BHELIHEeN curbl Npu GbICTPOM BepTUKa-
nbHOM nogwbéme rpy3a Bonman 3emnn? NMOJIHAA MEXAHUYECKAA SHEPIUA (MM3) YACTULbI. CKONbKO BMNOOB
QHEPIMN ECTb B MEXAHUKE? UX BAXXHENLLEEOBLLEE CBOMCTBO.

TEOPEMbI OB USMEHEHWW NMM3 YACTWLbI, KOHCEPBATUBHOWM M HEKOHCEPBATMBHOW MC, TT.

3AKOH COXPAHEHWA NMM3. AITTOPUTM PELWLEHWA 3AOAY C NMOMOLBIO 3AKOHA COXPAHEHUA MM3. Yto
COXPaHSII0T UNN paccenBaloT KOHCEPBATUBHbIE Y AUCCUMNATUBHbIE CUMbI?

3AOAYA O NMPAMOM LEHTPAJIBHOM YTIPYITOM YOAPE LUAPOB. MNoyemy B obLiem criyyae pelueHus 3agadm He-
[0CTaTOYHO 3aKoHa coxpaHeHus umnynbca? Kakyto dopmy npumeT 3akoH coxpaHeHus NMM3? OueHWTb KOHEYHbIE CKO-
pOCTM LIApOB B YacTHOM cfyyae yaapa ABWXKYLLEerocs wapa no HenoaBwkHOMY: 1) ecnv OBWXYLUMACA NErkvn Lwap
HaneTaeT Ha OYeHb THKENLIN (MW Ha CTEHKY); 2) eCrn Macchl LWapoB 0AuHaKoBbl; 3) ecnv bonee TSHXXENbIN LWap Hane-
TaeT Ha 6onee nérkuin. SAOJAYA O NPAMOM LEEHTPAJIbHOM ABCOJTKOTHO HEYMPYIOM YOAPE WAPOB. Yto
M3MEHUTCS, ecnu yNpyrun yaap He npamon? He LeHTpanbHbIn?

OPYTUE BUOblI SHEPTUN. 3AKOH COXPAHEHUNA SHEPINW. Kakol 3akoH coxpaHeHus asnisietcs 6onee obwmm —
ans aHeprun unun ansa NMa?

21. CBA3b KOHCEpPBaTMBHbIX CUI U NOTeHUManbHOW 3Heprun. Buabl paBHoBecus MC; onucaHue BO3MOXHOCTU
ABWXeHUs1 No BUagy noTeHUManbHou aHepruun. Ycnosus paBHoBecusi TT B cTaTuKe; rMaBHas 3agadya cTaTUKN.

CWINOBOE MONE F = F (T). ins koHcepsaTueHoii cunbl dA = F -d T ¢ yuétom dU = —dA = F = —dU/d T . Yto dakTu-

Yecku o3HavaeT HeBO3MOXHas onepaums aenexns ckanapa dU Ha Bektop d T ? B utore B koopauHaTtHol chopme F = ?
YUT0 03HayvaeT 3HaK «—»? Noyemy B KOOpAMHATHOM (DOPME MCMOMb3YIOT 3HAKN «O» YACTHbIX, @ HE NOMHbIX «d» NPou3Bo-

AHbIX? Kak B MaTemaTuke HasbiBaloT onepaumio grad a = [(da/ox)- I + (0aloy)- J + (0aloz)- E]. Kak HanpasneH 1 4To rnoka-
abiBaeT BekTop grad a? Mouemy hUankn BBENM BEKTOPHLIN onepaTtop «Habna» V = (8/6x)- 1 + (d/dy)- j + (0/6z)-k ?

C ero nomoLLbio CBs3b KOHCEPBATMBHbLIX CUM U MOTEHUMANbHOW 3HEPTM NPUHMMAaET KoppekTHbI Bug F = ?
Kak ns audpdepeHumansHoro ypasHenus F = —dU/dT Haiitu noTeHumansHyio aHepruto U no nseectHoi dyHkumm F =

F (T )? Kakue nonyyeHHble paHee BaXHbIE CBONCTBA NOTEHLMANBHOI 3HEPTUN NPV 3TOM NOATBEPXAAIOTCA?
O6BACHNUTL, NOYeMy ANst 3aMKHYTbIX KOH-
cepBaTuBHbIX MC paBHOBecHoW GyaeTt To-
NbKO Takas KoHdurypaums 4actuu, npu Ko-
TOpPOWM MOTeHUManbHasa 3Heprus umeeT mMu-
HMMYM. Yemy paBHa AencTBylollas Ha Ya-
ctuubl MC paBHoOgewncTBytOLWAss BHYTPEH-

Hux cun F B nonoxenusix paBHoBecus?
YETbIPE BUOA PABHOBECWA npu ma-
NbIX BHELLIHUX BO3aencTBusax Ha MC.
O6BACHWUTL NPYMEP BO3MOXHOIO ABWDKE-
HUSI LLAPUKa MO CKIMOHY C MarnbiM TPeHMEeM:
YTO MOKa3bIBAIOT rpadukm; roe B3siTO Hava-
no otcyéta h u Uyp? MNoyemy npu aswxe-
HUM U3 TOYKM 1 LWapUK OCTAHOBUTCH B TOY-
ke C? MoxeT nv nNpu ABMKEHUN N3 TOYKK 2
Lapvk nonacTb B TOYKy 2°° 6e3 BHeLUHero
Bosgenctena? MNMOTEHUMANBHAA AMA,;
MOTEHUWMAINBHBLIN BAPLEP. Kak Ha npa-
BOM rpaduke AOns U3BECTHOW HayarbHOW

Y4 MM3 E HanTn kMHeTudeckylo T v noTeHuunanbHyo aHeprnio Uy Lwapuka Ans npou3BONbHON
1/2 ¥ KoopauHaTthbl X?
Al B MpounsBonbHO ABMXYyLleeca He3akpennéHHoe TT nmeeT ? cteneHeln ceoboabl, T.e. AN pe-

LWEHMs rMaBHOW 3aJayn HeobxoaMMOo Mcnonb3oBaTh ? ypaBHEHW B KOOpAWHATHOM dhopme.
- o Kakve aTo ypaBHeHUA? 3HaunT, Ans HENOABMXHOCTM TT QOMKHbI BbINOMHATECA ? ypaBHEHUN B
F koopauHatHon copme Buga? MNMABHAA SAOAYA CTATUKU ONA TT n npumep e€ pelueHuns
anst 6anku AB.Ha pucyHke.



OBBbACHUTD, noyemy rnaBHbIN BEKTOP BHELUHUX CUn K v rnaBHbIn MOMEHT BHELLHMX

cun N ans TT He MeHsitoTCs Npy nepeHoce cun BAOMb MUHUIA UX AEACTBUS. 3HAUNT,
Hayano ocer KOOpPAMHAT NP peLLeHUN rMaBHOW 3aaa4n CTaTUKU MOXHO BblBMpaTh?

n
Ona TT maccoit m paBHoaelcTBytowast cun Tskect Fr = m-g = Z Amip g -
i=

cymMMa Marbix cun, AeNCTBYOLLMX Ha anemMeHTbl TT. Toraa cymMapHbIi BpaLlatoLwmi

MOMEHT BCEX 3TUX MarbIX CUN TSHKECTU OTHOCUMTENBHO MPOM3BONbHON Todkn O Tena
~ n

Hanpétca kak M, =Z [f i ,(Ami‘g )] roe T ;? MepeHecsa ckanap Am; U3 BTOPOro

i=l

n
COMHOXMUTENS B MEPBbIi U BbIHECA MOCTOSIHHbLI BEKTOp g 3a 3HaK CymMmbl, umeem M, = [Z (Am; T ), 8 1,
i=l
n - -
r,qez (Am;T )= m-T ¢. 3gecb T ¢? 3Haunt My =[m-T¢, g]=[T¢, mg]=[T¢, F4l. Yto aT0 3Haumt? Torga oTHo-
i=l
cutenbHo 1ientpa Mmace C nomayunm M = ? UEHTP TAXXECTW. I'ge oH pasmellaeTcsl B 0QHOPOAHBIX U HEOAHOPOAHBIX
Tenax? Bcerga nn ato tak?

22. lnHamuKa naeanbHbIX XUAKOCTEN U HECXKMMaeMbIx ra3oB. TeopeMa o Hepa3pbIBHOCTU CTPyU. YpaBHeHUe
BepHynnu v cneacTBus us Hero. ®opmyna Toppuyennu.

Pasnnune mexaHnyeckmx CBOWCTB XWAKOCTM U ra3a: COOCTBEHHbIN 0OBEM; CXKMMAEMOCTb; BA3KOCTb (BHYTPEHHee Tpe-
Hue). Mpn KaKkMx CKOPOCTAX OBMXXEHUA ra3a MOXHO CUMTaTb €ro CXMMaemMocTb Manon? Yem npeHebperaioT B mogenu
WOEANBHOW XXWUOKOCTW? EcTb nu Takue xunakocTn? UTo AaloT ABa 3TUX YCMOBWS NPU OMUCAHNK ABWMXXEHWU YacTuy
BHYTpY Gonblunx 06BEMOB XMAKOCTU 1 ra3a? OnucaHne ABMXEHWS YacTuy no Jlannacy u dunepy; kakov noaxod npu-
MeHsiioT Wwimpe? MOJIE BEKTOPOB CKOPOCTEN OBMMXEHUA YACTUL, B noaxoae Jitnepa. NMMHNA TOKA kak npepn-
LIECTBEHHUK CUMOBbIX JIMHUIA 3MEKTPUYECKOro U MarduTHoro noneit. IYCTOTA NIMHWN; uTo oHa xapakTepuayet? CTA-
LIMOHAPHOE (YCTAHOBWBLUEECA) TEMEHWUE; ¢ yem 3geck coBnagatoT nuHum Toka? TPYBKA TOKA; moryT nu yva-
cTULbl nepecekaTb eé creHkn? MACCOBBIA Qm u OBBEMHbLIA Qy PACXO[. TEOPEMA O HEPA3PbLIBHOCTU
CTPYWU gnsa cTaumoHapHOro TedeHns B TpyOKe Toka Kak YacTHbIV cryyan (Mpu Kakom YCrioBUN?) TEOpeMbl O COXpaHeHUn
MaccoBOro pacxoga. 3HauuT, AfS Takoro TeYEHUs Npu CyXeHum Tpyoku
TOKa? 3TO BO3MOXHO TONbKO Npu ycnosum? onyyeHHble BbIBOAbI KOnuye-
CTBEHHbIE UK KavecTBeHHble? lNMonyyeHve ypaBHeHns BepHynnu ansa ys-
KO TpyOKM TOKa: 3a OTPe30K BpeMeHn At 06 bEM XMAOKOCTN Mexay ceveHn-
ﬂMVI’S1 n Sz nepenigéT B HOBOE MONOXEHME, OrpaHUYeHHOE CeYeHUsIMN Sy

n Sz, Npuyém 06bEM AVy = AVa = AV (novemy?) n man. bBygeT nu MeHATb-
cs ckopocTb 1 MNMM3 vacTtuy B npoussonbHol Todke O? YTo M3BECTHO O
BEMMYUHE M HaNpaBneHUN OABMNEHUN P HA CTEHKN TPyOKM Toka BOMM3n To4-
kn O? Torga nameHenue NM3 Bcel NepemMecTUBLLENCS XUAKOCTU, paBHOE
nameHeHuto NMMS manoro o6véma AV npu NNOTHOCTM XuAkKocTn p OyaeT

PPN I AE = (O,S'p'AV'V22+ pAthg) - (0,5'p'AV'V12+ pAVh1g) ,D,J'lﬂ Vl,u,eaanoﬁ
Xnakoctu (novemy?) pabota cun aaenenHust paBHa A= pi-Sy-1; — p2-Sa:1, =
p1:AVy — p2AVo. Moyemy He yunTbiBaeTcs Aasnexue p? Torpa YPABHEHWE

1] BEPHYIIIN ana nobbix Touek TpyGkM Toka? 3 kakon Teopembl OHO NOMy4YeHo?

_1_ Y710 HasbIBalOT CTATMYECKUM, FPaBUTALMOHHBIM W AMHAMUYECKUM OaBreHueM?

— Bcerga nu oHu ectb? Cnepctausi M3 ypasHenus: 1. Ecnu v = const ans Bcex To-
pu_"',_ Yyek xuakoctn, To? 'Ae BCTpevyaeTcsl Takoe e pacnpedeneHve AasnexHns? 2.
—_— T Ecnn nuHns Toka ropmsoHTanbHa, To? 3. [na ugeanbHOW XWMOKOCTM, BblTEKalo-
—— Ip e Yyepes y3Koe 0TBEPCTME U3 LUMPOKOro cocyaa C Y4ETOM paBEeHCTBA AaBNEeHU
M Marnow CKOPOCTU MOHWXEHUSI YPOBHSA XWAKOCTU M3 ypaBHeHus BepHynnu (kak

h swirnagut Tpybka Toka?) cnegyet ®OPMYJIA TOPPUYENNN v = ? 4.Kak pabo-

TaeT u 4Tto nsmepsieT Tpybka MNuto-NpaHaTna? Ha kakyto BeNM4MHy OTnnyarTcs
nonHoe AaeneHne pp, 1 cTaTmdeckoe aasneHne p? 3HauuT, Po-g-h = 0,5-p-v2, roe
pnp,-? OTtcioga v = ? lNpu kaknx ycnosusx paboTtaet npubop?

23. lMHamuka peanbHOM XUAKOCTU U ra3a. BaskocTb xkuakoctun. llammHapHoe 1 TypGyneHTHoe TeyeHus. [Bu-
JXeHue Tes B XXUAKOCTU U rase.

- Yemy MeluatoT cunbl BHYTPEHHEro TpeHus (BA3KOCTU) U KakK OHU Hanpas-
neHbl? YTo B onbiTax 4oKasbiBaeT UX CyLLECTBOBAHME?

[na oguHakoBbIX NapannenbHbiX TOHKMX NacTUH Nrowaaplo S, Haxoas-
LLMXCS B XMOKOCTM HA MarioM paccTosiHum d, OBMXXEHUE BEPXHEWN C MNOCTOSIH-
HOW CKOPOCTBH V, OTHOCUTENBHO HEMOABWXHOWN HWkHeN notpebyet? OTcio-
Aa B onbite Frp = n-S-v,/d, rae n HASBIBAETCA? Ons manbix d ckopocTb
BAOJIb OCK Z PACTET NIMHENHO NO 3aKOHY V(z) = (V,/d)-z, rae Benu4uHy rpagu-




€HTa CKopoCTH (V,/d) B HanpaBreHun ocu z B obLiem crnydyae 3anvcbiBaetcs Kak [dv/dz|. 3HaumT, B obwem cnyyae Fyp =
? Mpwu kakoM ycnosumn BepHa aTa dopmyna?

JJAMUHAPHOE (CITOUCTOE) n TYPBYNEHTHOE (BUXPEBOE) TEYEHWE. 3Omnupuyeckuii 6espasmepHbii KPUTE-
PUIN PEMHONBOCA (uncro «pe») Re = p-<v>-d/n, rae <v> n d - ? AsnseTcs nn oH TouHsiM? Ecrim Re < 1000, To ? Ec-

mm Re > 2300, T0? KWNHEMATUYECKAA BA3KOCTb v = n/p; 3annck Re ¢ eé nomowbio. Kak sHaHve Re nomoraet
CTPOWTb HOBbIE CyAa W MMAPOTEXHUYECKME COOPYXKEHUS?
dr Mpu namnHapHOM TeYeHun B Kanunnape AnvHOW 1 1 anameTpom R Ha TOHKWI crion Xua-
Rl

KOCTW TOMLWMHON dr M3HYTPWU OENCTBYET cuna BA3KOro TpeHuns Frp, = n-2m-r-1-|dv/dr|, kom-

neHcupyemas pasHuuen AaBneHun Ap-rt-r2 Ha koHuax kanunnapa. Otcioga guddepeHum-
anbHyto cBa3b dv = — Ap-r-dr/(2n-1); kakoB CMbICN 3HaKa «-»? [locne UHTerpupoBaHus v =

1 —Ap«rz/(4n-l) + C.Honpur=Rckopoctbv=0,T.e.C= Ap-RZ/(4n-l). OkoHYaTenbHO V =

Ap-(R® = ¥¥)/(4n-1), rme makcumanbHas ckopocTb B LieHTpe v, = Ap-R*/(4n-1), T.e. Boonb

no6oro paanyca ckopocTb MeHsieTcsi o napabosnie V= V,-[1 — (r’/ R?)]. MonyueHue dopmynbl Myaseins ans o6bEM-
HOTO pacxoa XWAKOCTW B TAKOM Kanumnsipe: Yepes TOHKOE KOMbLO BHYTPEHHUM paaunycoMm r U TOMLMHOM dr 3a 1 ceKkyH-
Ay npoTtekaeT 06bEM dQy =

R R
2mer-dr-v. Orcrona Qy = fdsz Ap/(4n'l)f(R2— ) 2mrdr = Ap-n-R4/(n-l). Kak yCcTpoeH 1 4To n3mepsieT BUCKO3UMETP?
0 0

'-.|I'D= Feys y =1,23¢W} PacuéT cpegHeli ckopocTn <v> = Qy /(n-Rz) = Ap~R2/(8’r]-1) = Vv,/2 npn namuHap-
o HOM TeuyeHun no kanunnsapy. CoxpaHuTcs N napabonuyeckoe N3MeHeHne CKopo-

% = CTW BOONb pagunyca kanunnapa npu TypoyneHTHOM TeyeHun?
i —+ UTo B ONbITe A0Ka3bIBAET CyLIECTBOBAHWE CUIN COMPOTUBREHUS ABMKeHMo TT B
/'f LE XnakocTax u rasax? OT kakmx OCHOBHbIX (DAKTOPOB 3aBUCUT XapaKTep ABMKEHUA?
’ﬁﬁ - Kak ynobHee BbINOMHATL ONbITbI; KakMe TYT €CTb TPYAHOCTU U KakoBbl MYTU UX pe-
weHnsa? KomnoHeHTbI cun, gencteytowmx Ha TT, o6Tekaemoe NOTOKOM rasa co CKO-
a 6 POCTbIO V: KaK HampaBfeHbl 1 Bcerga nvm BO3HWKaoT nobosoe conpotusnexne Ry,

nogvémHas cuna Ry n 6okoBas cuna R,? MAPAJOKC g’ ANNAMBEPA; 4to gokasbl-
BaeT CUMMETPUS NIMHUI Toka? YTo nokasbiBaeT onbIT ¢ Ao6aBNeHNeEM B XUOKOCTb Kpacku Ansi peanbHoro obrekaHmn?
MOrPAHUYHBIA CNOW. Mae n nodemy soaHukaT CUJbI BA3-
KOro TPEHUA n CUNbI OABJIEHUA? OT 4ero 3aBucAT mx Be-

.a—'—'_'_'_'_'_'_'_\_\_\_\_\_‘_‘—\-b "_'_'_'_'_'_'_'_'—\_\_-
/E\ C W () TMYMHBIL KaKas COCTaBNAILAsA OCHOBHAS NPy Manbix 1 GonbLumx
A B A B & Re? BnusaHue pasmepos n copmbl Tena Ha COMPOTUBIIEHUNE
W o ’) OABJIEHWA: B onbiTe R, = Cx-pm-vz-S. Kak onpepgensioT 6e3pas-

_\_‘_‘—\—\_,_\_\_'_'_,_;—
" MepHbIn koadpduumeHt C,?; uto Takoe COMPOTUBNEHME ®O-
-_— PMbI? YkasaTb Bknag pasmepoB M OpMbl Ans pasHbIX Ten Ha
pucyHke, ecnu nnowaaes S Tena, Ans kotoporo B3aTo C, = 1, B 4

Cx =1 Cx =9 Cx = pasa MeHbLUE OCTarnbHbIX.

OnpeueneHme OMHaMMYECKON BA3KOCTU KUOKOCTU n u3 cbopmy-

. —_— E——
nel CTokca; onsg paBHOMEPHOro nageHus wapuka pagnycom R us
— — -
<>' mMaTtepuana MioTHOCTbIO P B XWUAKOCTU NMOTHOCTLIO P, CymMMma (?)
[ —
cnn 4emepg*R*/3 = 4+ep,eg*R*/3 + 6+m-1*R+v. Otcloga n = ? Yo
CK =30 Cx = 7’5 Cx =25 N3MEPSIIOT B OMbITe ANS BblYUCIEHNS 1?7 .
CKANAP UMPKYNAUMKN MPON3BOJIbHOIO BEKTOPA a no
I E—— 3AMKHYTOMY KOHTYPY ONMMHOW L: I, = ? B kakux cnyyasx I,
— = — — = 0? NMPU3HAK KOHCEPBATMBHOCTW KAKOIO-TO CMNOBO-
N O MNOJA; pokasaTb Ha NpuMepe nons cun TsxecTu B6nnsm 3em-

. UWAPKYNAUUMA BEKTOPA CKO-
POCTU I'y = ? ObbsicHeHne Ha 6a3e ypaBHeHUs1 BepHynnu BO3HWKHOBEHUSI MOABEMHON —

cunbl gnsa npoduns, npeanoXeHHoro )KyKOBCKVIM. BenuuunHa cunbl (Ha 1 M ANuWHbI Tena B )}J___,—/——\\

HanpasneHun ocu Z) no cdopmyne >Kykosckoro Ry = I'y-p,+v; Ha npaktuke R, = Cy-pm-vz-S,
roe 6espasmepHbint koapduumeHt C, onpeaensiot? KAHECTBO MNPO®UIA; yem npodurs
KykoBckoro nyywe nonyunnuHgpuyeckoro? Kakum 6epyTt npodunb TaHyLero BuHTa?
SOPEKT MAITHYCA; ero o6bsicHeHME 1 NpOsABIEHMS.
24. OCHOBHbIe NOHATUA Teopumn KonebaHmn. MexaHuyeckue naeanbHble, 3aTyxawume
M BblHYXAeHHble KonebaHus. MpyXMHHbIN MasATHUK; ero aHeprus. MaTemaTuyecku n PrU3n4ECKUn MATHUKN.
KOJIEBAHUA; MEXAHUYECKUE KOJNNIEBAHUA. MEPWNOL; NMEPUOOUNYECKUNE W

L+ ¥ AMEPUOONYECKUE KONEBAHUSA. MOJNIOXEHNSA YCTONYMBOIO, HEYCTONYN-
0 m,, BOro N BE3PA3NNYHOIO PABHOBECWUA TEJIA. CBOBOOHbIE KOJIEBAHUSA;
/../A\ A ==l .. COBCTBEHHASA YACTOTA. 3ATYXAIOWWE KONEBAHUA. BbIHYXXOEHHBLIE KO-
NS “ =’ x JIEBAHNA; PEBOHAHC. ABTOKONEBAHUA. MONOXUTENBHAA U OTPULATENb-
+A HAA OBPATHASA CBAI3b, ux npumepsi. MNprveps! cuctem ¢ aBTokonebaHnsamm.
MPY>XUHHBbIN MAATHUK. N3 2-ro 3akoHa
g 1 A®. " Feo m¥ = -k
r- = ST T T s R S mwyx=Fx = m X = - kx; nocne BBeAeHNs KOHCTaH-
0 1 \]. 1 0 \I{ 1 | 1 0 1 l“l 1 1
i t ! Ty h , t
_'g_ e '_ﬂ_(:)_u‘:_ —~ ’ __:,.__-""
T —Amg



Thl @0 = k/m =? OUOYPABHEHUE KONMEBAHUA NMHEMHOMO FAPMOHWYECKOIO OCLMNNSITOPA: EFO PE-
LWEHWE. Kak npoBepuTb, 4TO 3TO AEWCTBUTENLHO pelueHne? EcTtb nu gpyrve pewenusa? Kakve? YPABHEHUE TAP-
MOHWUYECKOIO («kpacuoro») KOJIEBAHNA B TpuroHomeTpuyeckon cdopme; MTHOBEHHOE CMELWEHME OT MO-
JIOXKEHWA PABHOBECUA, AMIMNUTYOA A, ®A3A &, HAYATIbHAA ®ABA ¢o, UMKITMYECKAA YACTOTA wo. YTO B
ypaBHeHUn aBnsaeTcs yHKUMen n aprymeHToM? Kakvme BenuyMHbl 3aBUCAT OT HavanbHbIX YCIOBUM U NMOYeMy MX ABe?
Kakue BenuumHbI 3aBUCAT OT NPYXUHbI U rpy3a? MEPUOL MOEANBHbBIX CBOBOAHbLIX KONEBAHUA NMPYXWHHOIO
MAATHWKA. YPABHEHUA CKOPOCTU N YCKOPEHUA MNPY>XKNHHOITO MAATHUKA Mpadhukn cMeLLeHusl, CKOpoCTh
n yckoperusi; MAKCUMATTbHAA BENMYMNHA CKOPOCTU N YCKOPEHUA.

METOL ®YPbLE KAK  MPUYMHA BAXXHOCTU N3YYEHUSA MMEHHO TAPMOHWYECKUX KOJIEBEAHUI. B kakom
cnyyae MCnonb3yT KOHeYHbIN psg Pypbe, a B kakom nHTerpan ®ypbe? Yto Takoe CMNEKTP nponssBonbHoro npouecca?

LY CBSA3b paBHOMEPHOro BpaLLEeHUs paauyc-BekTopa ANMHON A C MOCTOSHHOWM YriOBOW CKO-
A @ pocTblo » BOKPYF OCH Z C YpaBHEHWUSIMI FrapMOHUYECKNX KorebaHuii B TPUrOHOMETPUYECKON

“““ dopme. Kakos cMbICi ® 1 P B ypaBHEHUW rapMOHUYECKMX kKonebaHnin?
AsintDT o~ E KuHeTnyeckas aHeprus rpysa T = mv?/2 = ? MoTeHunanbHast 3Heprusa NpyxuHel U = kx?/2
' =?U3 E =T+ U c y4étom kiJ= wp"m ansa NMM3 NOEAIIbHOI O NMPYXNHHOIO MAATHMK-
Acos®] X KA umeem E= ? Mensaetca nu NM3 co BpemeHem? Kakue napameTpbl konebaHna u kak

cunbHO BrusoT Ha NM3?

MATEMATUYECKUA MAATHUK. MeHsitoTcst M AnuHa noaseca 1

M nnockocTb konebaHun? Kak B onbiTe Bo30yanTb konebaHus rpysa

Ha HUTK? MNonydyeHve andypaBHEHUs naeanbHbIX konebaHuin: ns oc-

HOBHOrO 3aKOHa AWHaMMWKK BpaLleHns TT BOKpYr HENOABUXKHOMN
?
ocu le = M =(M = mg-d = -mg-1-sing; 01 = m1%). ¢ y46TOM BBEIEHUS KOHCTAHTbI
o2 = g/m =7? Yto uamenntca ansa masbix konebanmn? QUOYPABHEHWE MATbIX
WOEANBHBIX KONEBAHUA MATEMATUYECKOIO MASATHUKA; ErFO PE-
WEHWE B TpuroHometpudeckon cdopme. MFTHOBEHHOE CMELLUEHUME OT MO-
NOXXEHWA PABHOBECUA, AMITIUTYIA, ®A3A, HAYATIBHASA ®A3A, LIMKIN-
YECKAA YACTOTA. ®OPMYNA THOUTEHCA. TPA®UKMN MIHOBEHHOIO
CMELLEEHWUA, YITIOBOWM CKOPOCTMW, YITIOBOIO YCKOPEHWA.
SUBNYECKUNA MAATHVIK. Monyuerne andypaBHeHus naeanbHbix konebanuit: us le=M= (M=mg-d=
3 -mg-l-sing) NP1 BBEAEHUN KOHCTaHThI mo’ = mg- /I =? ONOYPABHEHWE NOEAJIbHBIX MAJIBIX KO-
JNEBAHUW; EFO PEWEHUE. NEPNOA KONEBAHUA. MPUBEOEHHAA ONMWHA 1., ANA ®PUSNYECKOIrO MAATHN-
KA. LIEHTP KAYAHU O’ Yem 3ameuaTeneH LEHTP KayaHuin?
CamocTosaTensHo. [lokasaTb, 4To: 1) npuBeaéHHasa anvHa 1., sceraa Gonblue paccTosHna 1 mexay TOYKOW noase-
ca O’ n ueHtpom macc C. 2) MepemelleHre ToUKkM NoABeca B LIEHTP Kadyanuii O’ He namenuT nepmos konebaHuii.

25. CnoxeHne rapmMoHU4Yeckux KoneGaHWin OAMHAKOBOro HarnpaBrieHus; 6ueHus. CrnoxeHue nepneHAUKynsp-
HbIX FapMOHMYeCKUX Kone6aHuit; dourypbl Jiuccaxy.

Yem otnuyatotcsa konebaHus rpysa Ha NpuBedeHHbIX PUCYHKaXx
oT konebaHusi rpysa Ha KOHLUE eAVMHCTBEHHOW NpyxuHbl? Ha
Kakne napameTpbl konebaHuns BNusT KoadduUneHTbl ynpyro-
CTU MPYXWH, BEMWYMHA M HanpaBfeHne HavanbHOro CMeLLEeHNs
rpy3a OT NOMOXeHWs paBHoBecua? YTo maMeHuTCs, ecnu npy-
XWHbI OOMHaKOBbIE, a rpy3 Mexay HUMKU (BTOPON pucyHok)? lo-
YeMy B TEOPUM M3Y4aOT TONBKO CNOXEHUE rapMOHUK?

Ona 2-x konebaHnuii oau- a

AN

¥

HaKOBOWM LMKINUYECKOW 4Yac-

]

TOTbl ® C pPa3HbIMK aMnn- A -
2

Tynamnm Ai un Ax n Hava- -
a X nbHbIMK ha3amu @1 1 @2 Cy- .
MMapHoe konebanne bynet !
\/ \/ v\_' ? C UMKNMYECKOW YacToTom y
? Ero amnnutyga A (nove- P. :

Y
i
1
=
-

-

S
-

[
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]
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My?) A7 = A4+A— 2A; Py Pp 5 B
Ay-cos[n—(p, - ¢1)] = A12 + 0 X 1 =X
A22 + 2A;-Ay-cos(, - ¢1); HavanbHas dasa ¢ umeet tg @ = AB/OB = (A;-sinp; + 2
Ay-sing,)/(Aj-cos@ + Ay-cosp,). YCNOBUA MAKCUMYMA N MUHUMYMA CYM- X4
MAPHOIO KOINEBA- X=XqtX,
HUA. BygeT nu peay-

nbTaT MEHATbCA CO
BpemeHem? KOMEPEHTHOCTb F’APMOHUYECKKMX KO-

recwn moncnore” anwsanews o oIl
AEtarclydincuqmmue 11144001 [ 1R
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OVNYECKOIO CYMMAPHOIO KONEBAHUA. 1. OTHOLLEHWe 4acToT AOIMKHO ObIiTh ? 2. YacToTbl AOMKHbI ObITh ? BUE-
HWA, CnoxeHnne 2-x konebanuii x; = A-cos[(® + Aw)-t] 1 X, = A-cos(®-t) C paBHbIMU aMNAMTyAaMK U BIIM3KUMK YacTo-
Tamu, T.e. Ao/m=? MNodyemMy He y4yTeHbl HavanbHble asbl? M3 Teopembl cosa+ cosP = 2-cos[(o+f)/2]-cos[(a—
B)/2] cymmapHoe konebaHne aact (nouemy?) x ~ [2A- cos(Aw-t/2)]-cos(w-t). AMINUTYOA U YACTOTA BUEHUIA. As-
NsieTCs NN NPOLLECC rapMOHUYECKUM? B 4éM oTnnume amnnutyg B Toukax M; n M,?

Brenna kak yacTHblit criyyain MOOYNMPOBAHHbLIX KONEBAHUM x = A(t)-cos[®(t)]. AMMTINTYOHASA n ®A3OBAA

mnn YACTOTHAA MOOYNALUWA. I'ae oHn npumeHsitoTes?

Kak B onbiTe Mony4nTb CNoxeHve ABYX NepneHAnKYNsapHbIX konebannn? [Ona konebaHuii ognHAKoBOW YacToTbl C pas-
HbIMM aMMNUTYAaMU U pa3HocTblo a3 £7/2: x = Aj-cos(w-t), y = Ay-cos(art £ 1/2) = +A,-sin(w-t) — XZ/A12+ yz/Az2 =1.
YpaBHeHWe Kakon NUHUKN NONYyYeHo; Yem 3afaéTcsa HanpasneHve BpaleHnsa?
Ecnu pasHocTb a3 AP= 0 unn AP= £x, nonyuum y = ? AMnnutyga cymmap-

= /JONNNOZ/

A9 gfd g2 Iafd m Smld 3af2 Twid 2%

Horo konebaHusa 3gecb A = ? BnnsiHue pasHocTu a3 npu paBeHCTBe

amnnutya: (a kak 6yget ans gpyrux A®?) KOJIEBAHUA, NMONAPUN30-

BAHHBIE SNNMNTUYECKWN, LMPKYNAPHO U IMHEMHO (MNOCKO).
®urypsl Nluccaxy ans konebaHui pasHbiX YacToT, amnnuTyd u das.

Q Ycnosue ycTon4mMBOCTH (NEPUOAUYHOCTN) CYMMapHOro konebaHus.

Al =00 Al =mf3 A =%/
26. CBobopHble konebaHuA ¢ y4ETOM BA3KOro TPEeHUs1 Npu ManbixX konebaHusx. x xapakTtepucTuku.
N3 2-ro 3akoHa Mwy=Fy C y48TOM ciNbI BA3KOrO TPpeHUsi Npn Manbix ckopocTax Fqp = -4V

X ..
N T C k03 DULMEHTOM CcONpPOTMBAEHUA A nonydyaem m X = - kx - Av. BBegs KOHCTaHThI c002 =k/m

N K09 DUUMEHT 3aTyxanusa B = A/2m, nveem andypaBHeHVe 3aTyxarLwmx konebaHun npu

t  marnom BaskoMm TpeHun Buaa? Ons [32 < 0o (kakoB PU3NYECKMIN CMBICT STOr0 HEpaBEHCTBA?)

0 _ ero pelueHneM ByaeT gyHKUMS X = Ae'ﬁ‘cos(cot +| @o), rAe amnnutyaa ybbiBaeT Kak Ae™ a

\% - ~ _pt HOBas LMKNu4yeckas yactota o = (00° - PA)'"® MeHblLE LMKINYECKON YaCTOTbl WAEamnbHBIX

- T € konebaHun wo, MNoyemy konebaHue 30BYT He Nepuoanyeckum, a ksasvnepuogmnyieckum? Yc-
noBHbIN nepuog T = ?

XapakTepucTukn cUCTeEM C ManbiM 3aTyxaHuem. 1. [JekpeMeHT (CKopocTb) 3aTyxanus A = ? 2. Jlorapudpmuyeckuin ge-

KpEMEHT 3aTyxaHus A = ? 3. Bpems 3aTyxaHus unu BpeMs penakcaumm (YCroKOEHUs1) T Kak BPeMsi YyMEHbLUEHUSI aMun-

X 3 TyAbl B «e» pas: A~e"‘3‘T =Ale = A-e‘l. Otctopa cmbicn koaddumumeHTa 3atyxanus B? 4. Yucno
A konebaHni Ng,3a KOTOpOe HavanbHasg aMnaMTyaa YMeHbLINTCA B € =~ 2,7 pas. 3HauuT, Ng = 1 /T.
\1 Hot=1/Bunl=pT—> Ng=1/A. Cmbicn A? 5. o6poTHOCTb kornebaTenbHol cuctemsl Q = 7-Ne.
0 1
2

ByfeT N1 [BUXEHUE Npu cunbHOM TpeHun (B° > wo’) koneGaTenbHbIM? Kak nonyuunts aBuxe-
Hue rpysa no kpuebim 1, 2 n 37
27. BbiHyXXAeHHble KonebaHusi ¢ y4€TOM BA3KOro TPEHUA NPU Manbix KonebaHusx. X xapakTepucTukm.
B/O ANGYPABHEHUSA MOEAMNbHLIX (=00 0) BbIHYXXOEHHBIX KONEBAHWW NMOA OEWCTBMEM TAPMO-

HUYECKOW BHELLHEWM CUINbI F= Focos(yt +I Igo), rae Fo— amnnutyaa aToi cunbl, y - eé uMknuyeckas Jactota. a) Ero
= = = . 2 =

2078 pum  Fom,  2BYB O coion pacmnen (i
4 0 = - pacTsxeHue (cuna c Hy-
NEeBOW YaCTOTON) MPYXWHbI, HANPUMEP, CUITON TSXKe-
ctv. 6) nsa cnyyas y = 0 npeanonaraemoe peLueHne

B-cos(yt+C o), rae B — amnnutyga. Kak gokasatb,
YTO 3TO BepHoe pelleHve n B = Fo/[m(coo2 - yz]? Ka-
] KOBa 4YacToTa BbIHY>XAEHHbIX konebaHnin? Yto Takoe

2 2
¥ dB 5 . ¥ dB . B, Ha rpaduke? PEBOHAHCHAA KPUBAA. Ha ka-
2 2 2 2.2 2 KOM 4acToTe KpvBas MMeeT MaKCUMyM; ero 3Ha-
fw, 1B @B o mﬂ}B 0B yeHue 13 opmyrnbl? A B peansHoM onbiTe 6e3 Tpe-
Hua? Mouvemy? OBLLUEE PELUEHVE NPU HANIMYAU
a) 0) COBCTBEHHbIX KOMEBAHUA W BbIHYXOAO-

LLEN CUNbI.
C y48TOM Manoii cunbl BA3KOro TpeHus: m X = — kx — Av + Focos(ot + o) AndypasHenmne byaeT X + 2-[3~X + oaoz-x =
(Fo/m)-cos(y-t). Ero npeanonaraemoe yacTHoe pelueHue x = B-cos(y-t — 8). [ins onpegenenus B u & metogom BekTop-



HbIX AMarpamm BO3bMEM nepsyto 2-B-X= —2-B-By-sin(y-t-3)=2-B-B-y-cos(y-t
- 8+4mw2) u Bropylo X= - By’cos(yt — 8)=Byicos(ytt —
d + ) NPon3BOAHBIE MO BpEMeHW OT pelueHust. [pu noacTaHoBke B pelue-
H1e nonyunm B-y?-cos(y-t=8 +7) + 2-B-B-y-cos(y-t — & +7/2) + m,>-B-cos(y-t —

8) = (Fo/m)-cos(y-t) — Tpy rapMoHuyeckux konebaHusi B IeBON YacTu paBeH-

CTBa C OAMHaKOBOM 4acTOTOW Y, HO C pa3HbiMM HavalbHbIMU dasamm B
CymMmMe OatkoT rapmMoHu4eckoe konebaHue TOM e 4acToTbl 6e3 HayarbHoWm

& hasbl B NpaBon YacTu paBeHcTBa. [1ycTb BEKTOp ANUHON cooz-B HanpasfeH BMNpaeo;
+B "~ Py 5 T B Torga BekTop AnvHow 2-B-y-B nomkeH 6biTb HanpaBneH ?, a AnNvHON B-y2 ? Yem ot-
L - nunyatotea criydam a) u 6) Ha pucyHke? B oboux cnydasx m3 Teopemsbl NMudaropa
: /\ /\ . cneayeT (o,” — Y9)%B? + 4.p29%B? = (Fy/m)®. Otciopna B = Fo / {m[(0, — ¥°)* +

0 \,\U ;: 482971 ntg & = 2.By (@, — ¥%). : ONpeneneHne Pe3oHAHCHOM LIMKMMYECKOI Ya-
. CTOTHI Y*: U3 0B/y = 0 - — 4(0," — 1) + P2y =0 y=0u y==* (0,” — 2B>)"~.
Br------ bt L PP Orcioa y* = (w,° — 2p?)""%. Kputnueckoe 3naueHue B: mpu 2p° > o,” — ? Makcu-

MarnbHas aMnnuTyaa npu pesoHaHce B* =F(,/[2mo[3o(o)02 - [32)”2]. B uém gBa Bax-
HbIX OTNNYUS Pe30HAHCHBIX KpUBLIX Ans B >0 oT cnyyas B =07 Yem onpenensieTcs Bpemsi yCTaHOBIIEHUS aMnnuTyabl B
BbIHYXAEHHbIX konebaHnn?

Onsa manoro 3atyxaHus <<w, MakcumanbHas ¢& amnnuTyga npu pesoHaHce B =
F, 12m-B-0,7). Toraa B*/x, = 0/(2B) =2n/2-BT)= mNe =
Q.CMbICJT JOBPOTHOCTW Q; noyemy B pa- ONOTEXHUKE CTPEeMATCA WCMOofb-
30BaThb KOHTYpa ¢ Q ~ 10%?

3aBUCMMOCTb pasHocTU ha3 J | IMexay Bbl-
rpysa oT napameTpoB npouecca: npu f= 0 —

< B=0,3w,

P2 o o
Hy>Xaarulen cunon n cmelleHnem

&= 7. Mpu B >0 3aBucuMocTb OT

[ 1 y? B6n13mn pe3oHaHCHOM YacToTbl & = ? ' p=0,0500
CamocTosaTtenbHo. lonyuuts amnnutygy B ©g 2(',,0 ¥ waeanbHOro BbIHYXAEHHOro Kone-
6aHua noa AencTBUMEM TapMOHWYECKOW BHELL- Hen cunbl F=Focos(mt+@o).

28. BonHa. Ynpyras (MexaHu4eckas) BonHa. lpogonbHbie U nonepeyHbie BOJIHbI; BOIHOBOM (PPOHT. QHeprus
BOJHbI; NFIOTHOCTbL NOTOKa 3Heprum (Bektop YMoBa). YpaBHEHUA NIOCKOW U chepnyeckon rapMOHUYECKOWN He-
3aTyxaroLlen BosHbl. dNeMeHTbl aKyCTUKK.

BOINHA. YMPYIAS (mexanndeckas) BONHA. Ectb nn apyrve suasl BonH? Kakue? BOJHbI B CMMOWHOWM CPELE.
BonHbl Ha MOBEPXHOCTM M B HWUTU; Kak ux cospatb? YCIIOBME BO3HUKHOBEHWA YMPYIOWM BOMHbI. MPOOO-
JIbHBIE Y MOMEPEYHbIE BOJIHbI. Kakve BuAabl ynpyrux BOMH BO3HUKAIOT B ra3ax, XXUOKOCTAX U TBEpAbix Tenax? BOJI-
HOBOW ®POHT. COEPUYECKUE, LIMNMHOPWUYECKUE, MNOCKUE BOJHBbI; kak ux cosaats? OANVHA BOJHbI A;
CBA3b EE C MEPMOAOM T, YACTOTOW v | I LUIMKITMYECKOW YACTOTOM o KONEBAHUA NCTOUYHWKA BOJHbI.
OT 4ero 3aBUCUT 3HEPIrUS rAPMOHMYECKOrO OCLIMINATOPA Kak MCTOYHMKA BONH? MNouyemy

£ —&/;*\ . n3yyaroTcs nNuilb rapmoHuyeckue BomnHbl? BEMYWASA BOJIHA. MOTOK 3HEPTIU BOIJI-
N, ey Hbl; MNOTHOCTb NOTOKA 3HEPIMX (BEKTOP YMOBA). MUHTEHCUBHOCTb (MOLL-
\ X  HOCTb) UICTOYHUKA. OB LEMHASA MNOTHOCTbL 3HEPIMM BOJHbLI; EE CBA3b C

0 \ BEKTOPOM YMOBA. lNepeHocnT nu BonHa maccy?
\/ YPABHEHUWE MMNOCKOW FAPMOHWYECKOW BEMYLWEN BOMHbI B WMOEANBHOW
A N CPELE BE3 MOMOLEHNA SHEPTUW (BATYXAHWA); CMbICIT BXOOAWMX B HEIO
A BENMUYNH, TPA®UK. Yem oH oTnmnyaetcs OT rpadmka rapMOHMYeckoro konebaHus?

BOJTHOBOE 4WCIO k; 3ANCb C EFO MOMOLWbIO YPABHEHUA MIIOCKON TA-
PMOHWYECKOW BETYLLEW BOJHbI. BOTHOBAA MOBEPXHOCTb. Ckonbko nx? U3 oll(t-x/v) = const nocne B3aTua
anddepeHumana dx/dt=? PA3SOBAA CKOPOCTb.

[nsi HENOA4BWXHOro TOYEYHOro UCTOYHMKA (BOJIHOBLIE MOBEPXHOCTU SABMSAOTCA cdepamu) NOCTOSIHHOW MOLLHOCTU B
cpene 6e3 3aTyxaHus MOTOK 3HEPrMM MOCTOSIHEH, HO NoLWaab, N0 KOTOPOW pacnpefensieTcsi 3Heprusi, pacTéT nponop-
LMOHasbHO r°, rae r — paccTosiHie OT TOYEeYHOro UCTOYHMKA. Toraa nnoTHOCTb NOTOKa SHepruy AoSkHa nagaTth Kak 2.
Mpn 3TOM yMeHbLueHEe aMnnuTyabl A BOMHbI, HE CBA3aHHOE C MOITMOLWEHNEM €€ SHeprum B cpeae, MAET No 3akoHy (Oo-
kasatb!) A = AJ/r, rae Ao - ? Torna YPABHEHUE COEPUYECKOW TAPMOHUYECKOW BEMYLWEN BOJNHbI BE3 3ATY-
XAHNA nmeet Bna?

AKYCTUKA. 3BYK, NHOPASBYK, YJIbTPA3BYK. insa ckopoctu 3Byka B Bo3gyxe 330 M/C MUHUMYM U MakCUMyM Anu-
Hbl BOMHbI 3ByKa OyaeT? YUnTbIBalOT N 3TO B aKyCTMYeCKnX cuctemax? lNoyemy ynbTpasByk crnocobeH oumLaTth 3amac-
NeHHble AeTanu, a uHdpasByk youtb Yyenoseka? OgnHakoBasi MM MOLLHOCTb M3nyyaTtens anst atoro HyxHa? CUITA U
FPOMKOCTb 3BYKA; MOPOI CNbILLMMOCTU, BEOJIEBOU MOPOT . Moyemy Onsa BblYUCNEHUS TPOMKOCTU UCMONb3YIOT
dopmyny He L = 1g(o/c,), a L = 10-1g(c/c,)? EQMHULBI M3MEpPEHNs TPOMKOCTU. YTO 3Ha4MT pasHuua nobbix BENWYMH Ha
20 ab? YNCTbIN TOH. AKYCTUYECKUA CNEKTP. CMMNOWHOW N MMHENYATBIN CMEKTPLI; LWYM. LLYMbI PA3-
HOW YACTOTbI. BbICOTA M TEMEP 3BYKA.
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CamocTtosiTenbHo. [lokasaTtb, YTO NPy OTCYTCTBMU 3aTyXaHUsa amnnutyaa chepuyeckor BOrHbl YobIBaeT kak A = Aq/r

29. 3aTtyxaHue BOJH. YpaBHeHuUsi Nnockon u cdepryeckon 3atyxawuwen BonHbl. iucnepcusa BonH. NHtepde-
pPeHUMA BOJIH; CTOSiYME BOSHBbI.

NUHEMHBLIE CPEAbI. Moyemy npw NOFMOLLEHUN 3HEPTUM NIMHEAHOM CPeaoi BenuumnHa yoeinu aHeprum —dW~W-.dx?
3anncb paBeHCTBa C NOMOLUbIO nokasartens nornowenus y: —dW = y-W.dx. 3AKOH BYIEPA; CMbICJT NMOKASATENA
MOMMOLWEHUA y. YPABHEHUE MINOCKOW N COEPUYECKOWM BOJHbI OT UCTOYHUKA, KONMEBMOLWErOCA
FAPMOHWYECKW, B IMHEMHOWM CPELE CYYETOM 3ATYXAHUSA. ECTb N HeNUHelNHbIe cpenbl?

OVCMNEPCKA BOMH. BONMHOBOW MAKET. FPYMMOBAA CKOPOCTb. MNMoyeMy OHa MOXeT 0TnMyaTthCst OT (ha3oBoin?
C Kakow CKOpPOCTbIO NEePEHOCUTCH SHEPTUS BOMHbI?

MPUHUMN  CYNEPMO3NLMA  BOJH.

=
r

\_,/ Bpems HabnogeHns t konebaHua n obbsAC-
HWUTb, NOYEMY OCTanbHblE HE KOrepeHTHbI. A
ecnu Bpems HabnogeHus yMeHbLUUTb [0

T/x_\ KOrEPEHTHbIE WCTOYHWKW; nokasaTtb
>t | /\ »t Ha NPUBEAEHHOM PUCYHKE KOTEpEeHTHble 3a

X
X

»t

-

L q

7//2?7 BaxHa nv HavanbHas dasa n amnnu-
tyna? CUH®OABHBIE N NMPOTUBO®AS-
HbIE KOJIEBAHWA; nokasaTb nx Ha puUCyH-

-

:

ke. MHTEP®EPEHLUMA BOJIH;, WHTEP-
=t OEPEHUMOHHAA KAPTUHA. Kakoe goba-

r'l

BOYHOe TpeboBaHME K HampaBreHu Kore-
OaHUn OOMKHO BbLINOMHATLCA ANA nony4ve-
HMS npocTton kapTwHbl? Ecnn pBa kore-
PEHTHbIX TOYEYHbIX UICTOYHUKA S1 1M Sy cO34al0T NoNepeyHble chepmnyeckmne BosHbl, TO B KaKOM NNOCcKocTh ByaeTt Habnto-
hatbes Takas kaptuHa? Kak monyumTb e€ Ha nosepxHocTu Boabl? PASHOCTb
XOOA BONH OBYX CWH®A3HbIX KOFEPEHTHbLIX TOYEYHbLIX WC-
TOYHMKOB. YCJiOBUA MAKCUMYMA U MUHUMYMA WHTEP®EPEH-
LIMOHHOW KAPTUHBI MPU CMNOXEHUW KONEBAHWA OOHOrO HAMPAB-
JIEHWA. Moyemy B Touke A fommkeH GbiTb Makcumym? lNonoxeHue Apyrux mMak-

T

CMMYMOB: Ans chepnyecknx BOSMH OT TOYEYHbIX UCTOYHMKOB &1(r1,t) =(Ao/ri) cos
(ot=Kkri+@o) 1 E(ra,t) = (Ao/r2) cos(wt —kra+@o); ANA TOYEK MakCMMyma pasHOCTb
a3 BonH gomkHa 6biTe (Movemy?) 0, 2nl, 4n u T.4. 3HauuT, K(r2 - r1) =27-n, nnu
rz - r1 = 2n-n/K. YpaBHEHNE KakoW KpPWMBOW Nony4eHo? YTo uameHuTcs ns nono-
XeHnst MuHumyMoB? Ecnn B Todke B makcumym, To oamMHakoBa nv ero amnnutyaa
¢ Toukon A? Movemy?

Mpu BCTpeYe OBYX BCTPEYHBIX MIIOCKMX rApMOHUYECKMX BOJIH C ypaBHeHuAMN & = Acos(ot — kx) n & = Acos(wt + kx)
pesynbTaToM crioxeHus Oyaet &€ = &1+ & = 2A cos (kx) cos(wt) = 2A cos (2nx/A) cos(wt). CTOAYAA BOJTHA. AmnauTy-
da crtoavei BonHbl Aqr =? Ecnm 2nx/A =[1 £ ntt C(n=0,1,2...), To amnnutyga? NMYYHOCTU CTOAYEN BOJHbI; koopau-
HaTbl Ny4YHocTen Xy =? PaccTosiHne mexay cocegHumMm nyvHoctamu? Ecnm 2nx/A = [+ [1(n+1/2)x O(n = 0,1,2...), To am-
nnutyga? Y3Mbl CTOZAYEN BOJHBbI; koopaunHaThl y3noe Xy =? PacctosHue mexay cocegHumu ysnamm? Mexagy co-
CedHVM Y3rIOM U NMYyYHOCTb? Yem 3ameuvartenbHa uaearnbHasi cTosyasi BOMHa, Hanpumep, B konbue? Kakon gormkHa
6bITb Al CTOSIYEN BOMHbLI ANst paguyca konbua R? [oe aTo peanusyeTcst B npupoae?
t=T/M4

i3 4tt S
TS T a

=3T/4

_ O1tt t14 S
ST IITRE
30. Oudppakums BonH; npuHumun MoreHca; npuHuun ®epma. AddekT Jonnepa. YaapHble BOMHbI.

ONOPAKLINA BOJH; YCNOBUA EE HABMIOOEHUA. KayecTBeHHoOe 06bsACHEHME PacnpOCTPaHEHNs MITOCKUX 1 cde-
puyeckux BoOfH B unaeanbHon GesrpaHuyHon cpeae ¢ nomoubto NMPUHUNMA TFOUTEHCA. YTto Takoe NMYY n OIr'MBA-

t_ t+AL
| t+At
- s
. “t \
5, A
= el e




IOLLASA MOBEPXHOCTbL? YIrOf MALEHWSA o U YITON OTPAXEHWA B NNOCKMX BOMTH HA NNIOCKOW MPAHU- LIE
CPE[. 3AKOH OTPAXKEHUSA. YO MPENIOMIEHWA y NMNOCKMX BONMH HA MIOCKON MPAHULIE CPEL C PA3-
HOW CKOPOCTbLIO ABMXKXEHWNA BOJIH. MNonyyeHne 3akoHa nNpenomneHns nNinockux BOMH (Myden) Ha Takowm rpaHuue:

sina/siny = BB/AA' = v1At/ VoAt = vi/ va.

MPUHUMIM ®EPMA. O6bscHUTbL JOKa3aTeNbCTBO 3aKOHOB OTPaXXeHUst N npe-

Ha -
, Ons S+ Sy
5 1 HoW . N -
SC1 ; o
B C waec _-- B C
G - /A -~ \\ T
LI -~ - _ - =
l.-:..fi__-"! ) o
gk - TN

XC-sin(EXC), a ans 6nu3skon k Hew Tpaektopumn SX1 - AnnHHee

ero
on-
Tpa-
nyTb

nioMneHnsa

no

ocHoBe
TMManb-
eKTopun
cywe

annHHee

nyTb B Boge Ha oTpe3ok XD = XC-sin(XCD). Ans oguHakoBOro MUHUMAarnbHOrO BPEMEHMU ABWXEHUSI C YY4ETOM CKOPOCTM
OBWXEHUS1 Ha Cylue Bbllle B Ni2 pa3, Yem B Boge umeem paBeHcTBO EC = XD-niz, unu XC-sin(EXC) = XC-sin(XCD)-n1».

3pecb ZEXC = ?, a ZXCD = ? Kakolt 3aKoH nony4eH?
t

KauectBeHHOe 0ObsicHEHME OudpaKkUmMn MOCKOW BOSHbI B OJSIMHHBLIX NPSAMbIX Le-
nsX pasHow WupuHbL. Jaét nu npuHumn MNonreHca KonMYeCTBEHHYIO OLEHKY 3Hepruu
BOJITH, ABWXYLLMXCHA MOCMNe Lenu B pasHbiXx HanpaeneHusix? Yto Hosoro gobasun
®peHenb 1 4TO NONyYwn B Utore?

OOPDEKT OOMJIEPA. Ero konmyecTBeHHOE OnMcaHue: eCcnm UCTOYHUK C YacTOTON

Vo CO CKOPOCTBIO Vyer ABUXETCA HA HEMOABMXKHBIA MPUEMHMK, TO MPU CKOPOCTU BOII-

Hbl B cpege V AnuHa BOMHbl ynagéT (novemy?) oo A = ? 3HaumT, €crnm nNpuéMHMK
HenoaBWXeH, TO cXXaTble BOJHbI 3aCTaBAT ero KonebaTbcs Yalle ¢ YactoTon v’ = ?

Ecnu e NpUéMHIK CO CKOPOCTbIO V,,, [IBUHETCH HABCTPEYY CXXaToN BOMHE, TO YacToTa 106aBOYHO BbIpacTeT (nodemy?)
o 00 V =7, T.e. NOMHbIA POCT YaCTOTbl NMPU CONVXKEHUN OBUXKYLLUMXCS BAOSb OAHOW NPsiMOW UC-

MCT .-

Yiucr TOYHMKA M MPUEMHUKA OyaeT v =? YTo M3MEHUTCS Npuy yoaneHnM OBUXKYLLUMXCSA BOOMNb OOHOM
H NPSAMON NCTOYHMKA M NPUEMHMKA? Ecnn ABMKeHWe NpomcxoauT He BOOMNb OAHOW MPAMON, TO

v ¥ AN U3BECTHBIX YIIOB Olyp U Olyer 0BLLAA dOpMyna npumeT Bua v =? [ae npumeHseTcs obwas
np Cnp opmyna? ECru ayp = Oyer = /2 (MonepeuHbiit acpcbekt fonnepa), 1o v =? BAXHOE
YCNOBUE MPUMEHMMOCTN ©OPMYI.
YNCITIO MAXA M. Ob6bsAACHUTL 0COBEHHOCTM pacnpocTpaHeHust BonH npu M = 0,5, 1 n 2.
n YOAPHBbIE BOJHbI; kak oHn nposinsitotca? AETOHALMA, KOHYC MAXA; sina = ?
M=05 M =

HCT

w-At

1 v-At :
’i% 2u-At
. WAL L

CamocTtosTenbHo. [lokasaTh C NMOMOLLbIO MpuHUMNa lMoireHca 3akoH OTpaxeHus o = B [ INnockux BomH (napanse-

NbHbIX Ny4ern) Ha NNockoun rpaxHuue [

31. MNpeobpasoBaHua lanunes. MocTynaTtbl OWHWITENHA; YacTHbIA NPUHLUMN OTHOocuTenbHocTU. [peobpa-

3o0BaHuA JlopeHua, X KWHEMaTU4YeCKue crneacTBus.



MPUHUWMN OTHOCUTENBHOCTU KNACCUYECKOWN MEXAHUKW (MPUHLUMM OTHOCUTENBHOCTW FANUNESR).
MNMPEOBPA3OBAHUA TANIUNESA ana HenoaswxHoit MCO K un asmkyLueics Baons ocn X co ckopocTteio V NCO K. Mo-
ny4yeHne TeopeMbl CMOXEHUS CKOpOCTen oTHOCUTENbHO K: 13 vy = dx/dt, vx = dx’/dt’= dx’/dt, vy = dy/dt, vy’ = dy’/dt, Vz
+Y PO = dz/dtn vz’ = dz’/dt — vx = vy’ + V; vy =vy’; vz = vz inst cuctemsl K — ?

KaxyLiasca HenpuMeEHUMOCTb MPUHLMNE OTHOCUMTENLHOCTU K 3NEKTPOMarHuT-
HbIM SIBNEHMSIM: ecnn B cucTeMe K anekTpuyeckuii 3apsg HeNnoABWXeH, To Habnio-

e W patenb uKcupyeT nuwe ? none; npu nepexoge B K’ Oynet poGaBouHO hukey-

posaTtbca ewé n ? none. Yto namepsanocs B OMNbITE MANKENIbCOHA (1881 r);

@ @ 4YTO OH Aokasan? Kakue gonylieHus, npoTMBopevallue noctynaram knaccuyec-

KOM MexaHuku, npuwnock caenate B 1904 r. JlopeHuy, 4tobbl dhopmaneHbIM ny-

. . Tém nogobpaTtb npeobpas3oBaHWs KOOpAMHAT W, FMaBHOE, BPEMEHW, MO3BOMSO-

0 o X X LLMe NpaBUIbHO OMMCaTL C MOMOLLbIO ypaBHeHW MakcBenna anekTpoMarHuTHble

aBneHns B pasHbix NCO? OBA MNOCTYJIATA SNHLWTENHA (1905 r.). CoBnaga-

IOT NN NOHATUA: cneumnanbHas Teopusi otHocutensHocTh (CTO) n penatusncTckas

Z Z MexaHuka (MexaHuka 6onblumx ckopocten MCO)? O6beKTUBHBIN XapaKkTep kak He

OAHOBPEMEHHOCTW, TaK W, rMaBHOe, pa3HoN ANUTENbHOCTU OAHOrO U TOro Xe Co-

6bITna B pasHbix MCO Ha npumepe B3pbiBa kocMmUYeckoro kopabnsa «Yennengxep». B kakonh WCO cobbiTve umeet mu-
HUManbHyto AnutensHocTb? CoxpaHseTtca nn B CTO ogHOPOAHOCTL NPOCTPaAHCTBA U BPEMEHN?

K A K: COBbITUE B CTO; napameTpbl COObITUS B YETHIPEXMEPHOM MPOCTPAHCTBE COObI-
b ™M unn B npoctpaHcTee-BpemeHn. UHTEPBAJT mexay AByms cobbitusimu Sqp =?
CoBnagaeT N UHTepBan C ANMHON OTpe3ka B YeTbIpEXMEPHOM 3BKIIMOOBOM MPOCT-
v paHcTBe-BpeMeHn? KnuHemaTtuyeckme crneacTBus NocTynaToB OVHLLTENHA U Npeo6-
™ pasoBaHuin JlopeHua. 1. OTHOCUTENbHOCTb OQHOBPEMEHHOCTU COBbI-
TUN. MycTtb B K’ 13 HenoaBWXHOW Touku B B paBHoyAanéHHble HenoABUXHbIE TOY-
A B c k1 A n C nocbinaetca umnynsc ceeta u 6yaet nonyyeH? A B cucteme K? 2. UBME-
HEHWE XOOA BPEMEHW. MycTb Yackl NOKosiTCA B TOYKe 1’ cuctemnl K, T.e. ne-
pemeLuatoTca M3 Todkn 1 B Touky 2 cuctembl K. Torga ¢ y4éTtoM xoga BpeMeHu Ko-
opauHaTel cobbitui 6yayt B K 1(ty,X1,y1,21) mn 2(t2,%2,¥1,21); B cucteme K -
11X’ 1y’ 1,2°1) n 2°(t2x"1,y’1,2’1). YuTém npsimble npeoGpazosaHus JlopeHua:
lJ + V 1
! C2 1 X’1+Vf'l ' '
tl 7 1_ Z’ylzyl’zl:ZlM
1 4 1 v
T2 T2
C C
t+—x' , ,
2027 x| +Vt', , , y
t, = s Xy = VI =Y1.%,=2,.306ecb t'1#t T.e. X2 # Xy, KAK 1 AOIDKHO BbiTb. CyLLIECTBEHHO,
2 2
1 14 1 4
T2 T2
c c
t',—t', At' ,
uto 1, —f, = B unn. At = - COBCTBEHHOE BPEMA A7 = At' kak MUHUMAJITbHAA MHBAPU-
\% \%
1-- 1-—
C C
V2
. AHTHASA (ognHakoBas Bo Bcex MCO) BENMMUMHA; AT = At,|1 — — . O6bacHuTS,
K Ki v c?
1 > 2 noyemy B AaHHON Touke Mobon MCO manbin uitepsan ds = cd T 6yneT nHBapuaHTOM
— CTO. NameHuTCcs nu pesynbTaT Ans ONWHBbI OTpe3ka B YETbIPEXMEPHOM MPOCTPaHCTBe-
BPEMEHMU ds® ANs pasHbix cobbITuin B pasHbix MCO? 3. UBMEHEHMWE MPOOONBHOW U

oceit abeumce 1 HenoaewxHa B K’. OnpefeneHne KOOPANHAT €€ KOHLIOB X1 U X2 B CUCTEME
K nenaem B MomeHT BpeMeHu t1.Toraa B K’ nameHsiTcst n koopauHatel, u Bpemsi: B K co-
BbiITus 1(t,X1,y1,21) U 2(t1,X2,y1,21) oAHOBpPEeMeHHbl, a B K’ HeT - 1’(t’1,x’1,y1,z1) 7 2’(t’2,x’2,y1,z1). Mcnonb3ys obpaTHble

—-. - o
/ /‘ > HEV3SMEHHOCTb MOMEPEYHOW OJNIMHBI. TMycTe nuHenka opueHTUpoBaHa BAOIb

L —— t——

x, =V, , . .
1

npeoGpasosanus MopeHua: ', =

=z 2 -z -z



Y=y, 2=z, nonywm x',—x', = . COBCTBEHHASA ONMMHA Al, = A’ kak MAK-

CUMATNBHASA MHBAPUAHTHASA ONNHA: Al = Al(1- v?/c?)"2. [ins nonepeuHbix nuHeek AZ =AZ’, Ay =AY’.
4. TEOPEMA CNOXEHWS1 CKOPOCTEW. B knaccudeckoit MexaHuke vy = V' + V; Vy = Vy’; vz = vz’ B CTO 13 npsiMbix

npeo6pasoBaHus JlopeHua MOXHO nofy4nTb vy = ——————, V,, =

OOGBEKTVBHOCTb M3MEHEHMS X043 BPEMEHW B MbICIIEHHOM 3KCNEPUMEHTE Ha npumepe
At CBETOBbIX YaCcOB C ABYM MaparnnenbHbiMU 3epkanamu: Ans HENOABWXKHBLIX YacoB Npo-
T MEXYTOK BPEMEHMN MEXAY NOCbINKOW UMMYrnbCa CBeTa M3 TOYKM A 1 BO3BPaTOM B Ty Xe

1 1 Touky (1 «TUK») Atg = 2l/c. Ecnn yackl ABUHYTCSA BNPaBO CO CKOPOCTBLIO V, TO 3TO BPEMS

Fy n3-3a pocTa yBernmyeHusi pacCTosHWUSA BblpacTeT A0 At, NpuYém (cAt/2)2 = (vAt/2)2 + 12.
A A A 2.1/2 2 21/2

Otciopa At = 21/(c2 -v) T =2[c(1-v/cT) 7]. Ho 3peck 2l/c = Ato, T.e. At = ? Name-
HUTCA NW pes3ynbTaT NPy NPOM3BONBHOM OpUEHTauuW napannenbHbIX 3epkan? B pe-
v-AtS2 anbHbIX onblTax ¢ MeaneHHbiMu (1-2 km/c) p-mesoHamu B nabopaTopumn OH ycnesaeT

npontn 2-4 mm, T.e. COBCTBEHHOE BpeMs XU3HN Atg ~ ? lNocne yaapa pensaTMBMCTCKON

KOCMUWYECKOWN YacTuLbl BTOPUYHbIE p-Me30HbI npoxoasT 20-30 km. Kak aTo 06bacHUTL B 3eMHoM cucteme K u B cucteme

K’, cBsizaHHoOW C H-ME30HOM?
32. PensatnBuctckas guHamuka. AMnynbc U aHeprusa Yactuubl; CBA3b 3HEPrUM U Maccehbl.

1. Yuts, yto nHeapmaHtom B CTO siBnsieTcs cobcTBeHHoe Bpems AT = At(1- v2/cz)1/2, Ons penaTUBUCTCKOM CKOPOCTU

umeemUu =dr/dt = if’/(l—vzcz)ll2 , F0e V - KNacCU4eckwii BEKTOP ckopocTu. Toraa B MPOEKUMSIX Ha JeKapToBbl
oon u, =v, (1-v2eAH'? uy =v (1-v*eH)? wu, =v, (1-vcH)2.
2. Ons 4actuubl C Maccom M U PEnaATUBUCTCKON CKOPOCTbIO u PENATUBUCTCKAA  MMMYMbC f} =mu =

- 2 25\1/2 .
mV/(l—V C ) , r;e MACCA MNOKOA m saensietca? YTo MHOraa HasbiBalOT CKansipoOM pPensaTUBUCTCKOM Macchbl U
ABNSETCS N 3TO [0Ka3aTeNbCTBOM 3aBMCMMOCTM MacChl YacTuLbl OT BENUYMHbI €€ ckopocTh? lMpoekunn pensaTMBuUCT-

CKOro mMmnynbca Ha eKapToBbl OCU UMEKT BM,D,?:
dii
du dt

3. PensTUBMCTCKOE YCKOpeHne W= — = . BBeas BekTop knaccuyeckoro yckoperns a = dv/dt , umeem:

@_ B a
dt 1V22'
=

y P _ 7 y
4. OcHoBHOE YpaBHEHNe penaTnBMCTCKOU ANHAMUKN d_ = f And pasHblX HanpasfeHnn Cunbl.
t

a) Ecnu cuna napannenbHa CKOPOCTM 1 CKOPOCTb MEHSIETCS MULLB MO BEMUYUHE, TO

va

~ Voo
a,1——+

2

v
1- — - 3HauunT, 2-1 3aKoH HbloToHa 34echb NPUMET BUS,
C




— =357 — f , W MOXHO BBECTU CKandp I'IpO}J,OJ'IbHOVI peJ'IHTVIBVICTCKOVI MaccCbl

6) Ecnu cuna nepneHamKynsapHa CKOPOCTU, TO CKOPOCTb MEHSIeTCsl MO HarnpaBfeHnio, HO NMOCTOsIHHA MO BENUYMHE.
ma

Torpa 2-# 3akoH HbloTOHa npumeT BuA = f , 1 MOXXHO BBECTU CKansap nonepeyvyHon pensaTMBnCTCKON Macchl.

V2
1=
C

5. MoxHo pokasatb, uto MOJIHAA OHEPIUS penstMBMACTCKOM YacTuubl E =mc? /(1—V2C2)1/2. Ons v<<c
2 1 2
2 v ) 2 Mmv
E= =mc (1——2) ~mc +T. OHEPIUS MOKOS; nodyemy ato mueapuant CTO? Ortciopa
C

2 .
— INC , a cBA3b NOJIHOU 3HEeprumn

C
. E_

C uMnynbcom p = —2V. Torpa E2 — p202 = E2 — (E2v202/c4) = E2(1 — v2/02). M3 onpenenenns norHowm sHeprum
C

2 22 24 2 22
E™—p c =m"c. 3HauuT, no otaenbHocTu HK E, HM p nHBapmaHtamm CTO He aBnsoTcs, a BOT E- — p ¢ ? BBeageHue

MHBapPUaHTHOrO BEKTOPA SHEPTUN-UMNYIbCa B YETLIPEXMEPHOM NMPOCTPaHCTBE COOLITUI, NPOCTPAHCTBEHHBIMU MPOEKLM-
MU KOTOPOro 6yayT NPOEKUMU PenaTUBMCTCKOrO MMMyNbCca, a BpeMEeHHas NpoeKumMs NponopLuoHanbHa NorHowm aHep-
rmn E. MoxHo pokasaTtb, 4To B pasHbix MCO npoekuun MeHsitoTca Mo aHanory npsiMbix 1 obpaTtHbix NnpeobpasoBaHui
TopeHua. BoT npumep npsiMmbix Npeobpa3oBaHuii.

N N o
sPy =Py .P, =P, OGbsiCHEHME rMraHTCKO! 3HeprM nokosi nioboro Tena Ha

6a3e aHanorMm c sHepruemn CBA3N TSXKEMNbIX HECTAOUNbHBIX SAep — OCHOBbI aTOMHOW SHEPreTUKM U SIAEPHOTO OPYXKS.
Yto Ttakoe OE®PEKT MACCHI; obHapyxunBaeTca nu oH B mMakpomupe? MoxHO nu obHapyxuTb AedekT macchl npu
HarpeBe Unn B XUMMYECKUX peakumsix Tuna B3pbiBa U ropeHna? MNoyemy? B kakol peakuum NonHas sHeprust YacTul, Bbl-
AensieTcs NoNHoCTb? PeannsoBaHa Nu peakumsi B onbitax U MOXHO NN 3TO cYMTaTb MCHE3HOBEHMEM BellecTBa?
33. MpuHUKMN 3KBMBaNeHTHOCTU cucteM oTcuéta. OCHOBHbIE ngen o6wen Teopum otTHocutenbHocTu (OTO).
MPUHUMN SKBMBANEHTHOCTW. Kakoe obLiee CBOWCTBO CWI MHEpPUUU U

w rpaBuMTauUMmn NEeXuT B ero ocHoBe? NpumeHum nu oH B Bonblumx ob6bémax npo-

CTpaHCcTBa M Ans npou3BonbHO Auxkyllenca HCO? Kak B Gonblwom obbéme
OTNNYUTL JEWCTBME TPaBUTALMOHHOIO MOMS C LEHTPanbHOW CUMMETPUEN OT
nocTynatensHoro aswxeHnss HCO? OBLMA MPUHLUMM OTHOCUTENLHO-
CTW; yeM OH wWiMpe nepBoro nocrynata -

a0 . AHWTenHa, nexatuero B ocHoBe CTO? X Tw

ﬂ:r“H ﬂJHH WckpvBneHne TpaekTopun CBETOBOrO
uMmnynbca B Kopabre, pasroHsIoLEeMCS w

C MOCTOSIHHLIM YCKOPEHMEM W: 3a BpeMmsi pasroHa t X = ct, y = wt /2 > y =7, T ¥ A

Pacuyét no knaccuuyeckum chopmynam WUCKpUBIEHUSI nyya cBeTa BOGMM3M Kpas

ConHua (3onbaHep, 1801 r.) mgan 0,875”, a onbitel 20 Beka 1,75”. Cunosoit A B
Noaxo4 Krnaccuyeckon pusmkn u noaxon OWHLLTENHA C WUCKPUBIIEHMEM NPO-

cTpaHcTBa. Mogenb C HaTsHYTOM TOPM3OHTANbHO MMACTUKOBOW MNEHKONW, raoe B

NErkue LWapukn ABMXKYTCA NPSIMONMHENHO A0 TEX MOop, NOKa He MOMOXMUITU TsHKE-

NblA Wap, VCKPUBMSAIOWMIA NOBEPXHOCTb MIEHKW. [lokasaTenbCTBa W3MEHEHUs! t
reometpum B HCO Ha ocHoBe pesynbtatoB CTO. 1. B HenogswxHon NCO K

cyMMa YrmoB TpeyronbHuka = ?. MameHutca nu pesynbtat B UCO K, asuxy- t=0
. " Lencs co ckopocTbio v Boonb ocn X. A B HCO
Y, ,n'-"' Y. K”, OBMXYLLEICS C NMOCTOSHHBIM YCKOPEHUeM W
A A A." BOonb ocu X? 2. Yto npoucxoaut C OSIMHOM
oboaa packpy4yMBaemoro BOKPYr OCUM CUMMET-
a i a pun gucka npu Gonbwmx obopotax? A c gonu-

How paguyca gucka? 3HaunT? CoxpaHsalTes v

Y]

-
'\—\.\_'Ei
F

=
3




B HCO (T.e. 1 B rpaBMTaLMOHHOM MOJSIE) KIaccM4eckne CBOMCTBA NPOCTPAHCTBA U BPEMEHU U CBSA3AHHBIE C HUMUW 3aKOHbI
COXpaHeHus1?

YTOo Takoe nrnockoe 3BKNNAO0BO NMPOCTPAHCTBO? ABMSETCS NN YeTbIpEXMepHoe nNpocTpaHcTBe cobbiTuiA CTO nnockum u
3BKNMAoBbIM? [loyemy nepByto HE3BKNUAOBY reomeTputo JlobauyeBCckoro JONro He nNpu3HaBanu? FABnseTcs Nu reomeT-
pusi PumaHa Ha NoBEpXHOCTM Luapa 3BKNUMAOBOM M MpU KakoM YCINoOBWUM OHW coBnagyT? KakoBbl 30eck MakcMmarnbHas
CyMMa YrnoB TpeyronbHWKa; OTHOLLEHWE ANUHbI 4OCTAaTOYHO GONbLUOW OKPYXXHOCTU K €€ paguycy; Kak Hago npoBOAUTb

FEEOOE3UYECKYIO NUHUKO? Cos-
nagaet nu kpatyanas INWHUS Ha Bonbwan och
nnockon kapte B npoekuun Mepka- annunca

. TOopa C peanbHOW KpaT4yaunwen Tpa-

r\r ektopuen camonétra? [lloyemy He

D’ 0 yAaétcst obHapyXuUTb KPUBM3HY Npo-
cTpaHcTBa BO6NM3m 3emnn? kcnepu-
MeHTanbHble noatesepxaeHus OTO. +
1. Pac4yét vckpuBneHus ny4ya ceeta
B6nu3m kpas ConHua B OTO pgan? 2.
OnbIT MAYHOA W PEBKW: ero cyTb, Mepuyrenqi
pe3ynbTaThl 1 06bsAcHeHNe. 3. bonee No3aHWe OMbIThbl MO BAWSHWIO TPaBUTALMOHHOIO NOMSA Ha XO4 BpeMeHu. 4. Pacyér
cMelleHus nepurenua Mepkypusi: B HabniofeHUsx ckopocTb CMeLLeHUst nepurenua coctaensieT 5600” 3a 100 ner;
YYET BNUSIHAA OPYIVX NiaHeT B paMkax Krnaccuyeckon mexaHuku Aaét 55577 3a 100 neT; pasHuua B 43” 3a 100 net?
Benvka nn pasHuua pesynbtatoB OTO n KNaccnyecko MEXaHUKN ANs HE OYeHb CUMbHbIX rPaBUTALMOHHBLIX Nonen?
EcTb N1 Bo BceneHHoM o4eHb cunbHble rpaBUTaLMOHHbIE NONS? B YEM CMOXHOCTb MONMYYEHUSI U PELLEHUS YpaBHEHWUIA
OTO? Otnuyatotca nu nonyyeHHble Ha 6a3ze OTO pesynbTaThl pewenus LLBapuwmnbaa Anst rpaBUTaLUMOHHOIO paguy-
ca Ry, maccuBHOro Tena, oT KOTOPOro He MOXeT YTV Oaxe CBeT, OT Krnaccuyeckoro peiieHus Jlannaca? Y Jlannaca
TEno Maccol m HaxoauTCst B MOKOe Ha MOBEPXHOCTU Wapa paguycoM R u maccon M, T.e. NMM3 coBnagéTt ¢ noTeHum-

ConHue

anbHOM rpasuTaunoHHon aHepruen —G-M-m/R. Onsa yxoga Ha 6eCKOHEYHOCTb Teny HY>XHO COOBLUMUTb KUHETUYECKYIO
3Hepru m-v2/2, yTo ANsA v = ¢ Aact Ry, =?
ABnseTca nu Teopus rpaBUTaumMmn AOCTAaTOYHO 3aBEPLLEHHON?
12. Bunersl k 3k3aMeHy 1o Kypcey «MexaHuKa»
YTBepxaaro Dusnku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, GU3UKH U HHYOPMATHKH
bornanosa P.A.
09.03.2023
BUJIET Ne 1
1. ®usuxa. Mexanunka. Mexanunka HproroHa. CBoiicTBa mpocTpaHCTBa M BpeMeHU B MexaHuke HproToHa (kitaccude-
ckoif MexaHmKke). OCHOBHBIC aOCTpaKTHBIC MMOHATHS MEXaHWKH: YacTHIA, CHCTEMa YacTHUIl (MEXaHWYecKas CHCTeMa),
1tBEpnoe Teno (TT), ynpyroe u mmacTUIHOE TEJO, cIutomHas cpena. Crucrema orcuéra. OmHcaHe MMOJI0KEHHS YaCTHIIBI
B KOOPAWHATHOW U BEKTOPHOH (hopMme; CBSI3b ITUX POpM
2. [Ipumennts Gpopmynsl nuHamuka CTO

DK3aMeHaTop Muxaiinos C.II.

YTBepxnaro Ouzuku. MexaHuka.
W.o. 3aB. kadenpoit MaTemaTuky, GU3UKK U HHPOPMATHKU
Bornanosa P.A.
09.03.2023 BUJIET Ne 2
1. Kunematuxka. Tpaektopus. YpaBHEHUS IBHKEHUS, IEpEMEIEHHE, CKOPOCTh M YCKOPEHHE YaCTHIIBI B KOOPIMHAT-
HOH M BEKTOPHOH (hopme; CBSA3b 3THX (HOPM.
2. [Ipumennts Gpopmynsl kuaeMaTukn CTO

DK3aMeHaTop Muxaiinos C.II.

VYT1Bepxnaro Dusuku. MexaHuka.
W.o. 3aB. kadenpoit MaTemaTuku, GU3UKK U HHPOPMATHKA
Bornanosa P.A.
09.03.2023
BUJIET Ne 3

1. Onmcanue ABIDKEHHS B €CTECTBEHHOM (popme. PaBHOMepHOE, paBHOIIEpEMEHHOE W IPOM3BOIBHOE TBUKECHUSI.

2. Bonbioii KECTKUI JIUCT B BO3JyXe rapMOHMYECKH KOJIeONeTcs B HAIllpaBIEHHH, HOPMAIbHOM €ro IUIOCKOCTH C
ammuutynoi A = 1 cm m vacroroit v = 20 I'nm. HaiiTi 1uyimHY BOJHBI; YUHMTHIBAs MOTJIOIIEHUE 3BYKa, OICHHUTH aM-
IUINTYLy KosebaHuid B 1 M OT JMcTa M 3anmcaTh ypaBHEHHE yIIpyrod BOJHEI B Bo3ayxe. CKopocTh 3ByKa B Bo3ayxe 330
M/C; KOd((GUIMEHT HOTIOMEH s IPUHSTH paBHbM 0,1 M

DK3aMeHaTop Muxaiinos C.II.



Yr1Bepxkaaio Dusnku. Mexanuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, PU3UKHA U HTHPOPMATHKH
Borpanosa P.A.
09.03.2023
BUJIET Ne 4

1. JIBrmxeHre OPOIIICHHOTO Tela.

2. JIasl mpe/yIoKEHHBIX MPENoAaBaTeNieM Ipy3a M3BECTHOW MacChl U MPYKUHBI OLCHHUTH KOA(DQUIMECHT KECTKOCTH
MPYKUHBI U TIEPUO]] CBOOOIHBIX KOJICOAHUH TIPU MalloM TPeHUHU. BrIOpaB croco6 Bo30YKICHUS U Pa3yMHYIO aMILIHTY-
Iy KoJieOaHuH, 3aMucaTh ypaBHCHHE CBOOOTHBIX KOJICOAHUI.

DK3aMeHaTop Muxaiinos C.IL.

YT1Bepxnaro dusuku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, GU3NKH U HHPOPMATHKH
Bornanosa P.A.
09.03.2023
BUJIET Ne 5
1. Onmcanue NoCTynaTeabHOro ABMKEHHS U BpameHus: TT BOKpyT HETOABU)KHOM OCH.
2. [1o ypaBHEHHIO TAPMOHUYECKOTO KOJIEOaHUs IIOCTPOUTH €ro rpadMK WK 1o rpaduKy TapMOHHUYECKOTO KoJeOaHus
3aImcaTh €ro ypaBHEHHE. .
DK3aMeHaTop Muxaiinos C.II.

YT1Bepxnaro Dusuku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, GU3UKH U HHPOPMATHKH
bornanosa P.A.
09.03.2023
BUJIET Ne 6
1. ®opmMynsl KHHEMAaTHKH BpamieHus TT BOKPYT HENOIBIKHOW och. Tabmuma ¢popmyn kuHeMatuku. Bpamenne TT
BOKPYT HeNOABUXHOU Touku. IIpoussonsHoe aBuxeHue TT.
2. PemuTh IM1aBHYIO 3a7jayy CTaTHUKH.

DK3aMeHaTop Muxaiinos C.II.

YTBepxkaaro Ouszuku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, GU3UKH U HHHOPMATHKH
bornanosa P.A.
09.03.2023
BUJIET Ne 7
1. OTHOCHUTENIFHOCTD JBM)KCHHS. AOCOIIOTHOE, NIEPEHOCHOE, OTHOCUTEIBHOE BI)KEHHE. TeopemMa CIIOKEeHHUsSI CKOpO-
CTell B Ciydae MOCTYNATEeILHOTO U MTPOM3BOJILHOTO IEPEHOCHOTO ABMKEHUs. Teopema cloKeHHs yCKOPEHU.
2. JI71st IpsAIMOTO [IEHTPATBHOTO YAapa IapoB HAWTH CKOPOCTH TMOCIIE yaapa.

DK3aMeHaTop Muxaiinos C.I1.

YTBepxnaro ®usuku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, GU3UKH U HHYOPMATHKH
bornanosa P.A.
09.03.2023
BUJIET Ne 8
1. Junamuka. UaeptHOCTH Tenma. MHepTHas macca. Umnynbe wactumsl. Cuna. Wuepumansras (MCO) u HenHepuna-
meHast (HCO) cuctema otcuéra Tpu 3akoHa HeroToHa; hopMBI 3amiucu BTOpOro 3akoHA. PaBHOAEHCTBYIOIIAS CHIL.
2. [IpumenuTs 3aK0H coxpaneHms [IMD.

DK3aMeHaTop Muxaiinos C.I1.

YTBepxaato Ouzuku. MexaHuka.
W.o. 3aB. kadeapoit maTeMaTuky, GU3NKH U HHOOPMATHKH
bormanosa P.A.
09.03.2023
BUJIET Ne 9
1. Ilpunnun otHocuTensHOCTH ["anmunes. JIBe 3anaun auHamuku. [Ipumeps! penieHust mpssMoit 1 00paTHOH 3a1au.
2. IlpuMeHHTH TeopeMy 00 N3MEHEHHH KMHeTH4YecKor sHepruu uinu [IM3 most TT.



DK3aMeHaTop Muxaiinos C.I1.

YTBepxnaro Dusukn. Mexanuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, GU3UKH U HHPOPMATHKH
Bornanosa P.A.
09.03.2023
BUJIET Ne 10

1. Ismwxenne B HCO. Cunbl uHepLuy; UX NpOSBICHUS Ha 3eMIIe.
2. IIpuMeHUTH 3aKOH COXpaHEHUs MOMEeHTa uMmyiabca TT ¢ 9acTAMH, KOTOpble MOTYT U3MEHATh MOJOXKEHUE U 3aTeM

BHOBbB 3aCTHIBATh.

DK3aMeHaTop Muxaitnos C.I1.

YTBepxaato ®uznku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, GU3NKH U HHPOPMATHKH
bornganosa P.A.

09.03.2023
BUJIET Ne 11

1. Cuiibl BceMHPHOTO TATOTEHHUS M TsDKecTH. Teopun nanbHo- v 6au3koaeicTBus. Bec.
2. IlpuMeHHTH TeOpeMy 00 N3MEHEHHH MOMeHTa uMyibca TT.

DK3aMeHaTop Muxaiinos C.II.

YTBepxaaro Dusuku. Mexanuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, GU3NKH U HHPOPMATHKH
bornanosa P.A.

09.03.2023
BUJIET Ne 12

1. Cunbl ynpyrocTs u aedopMaiys ynpyrux Tel B MexaHuke. [ unpo- u aspocraTuka. J[aBieHue B )KUIKOCTH H Ta3e.
3akoH ITackansa. CxxuMaeMOCTh )KUIKOCTEH U ra3oB. 3akoH Apxumena. [lnaBanue Ten.
2. HaliTu MOMEHT MHEPIIMK U MOMEHT uMItynbsca TT.

DK3aMeHaTop Muxaiinos C.II.

YTBepxaato Ddusnku. MexaHnuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, GU3UKH U HHYOPMATHKH
bornanosa P.A.
09.03.2023
BUJIET Ne 13

1. Cuuibl TpeHUS B MEXAHUKE. YTOJ TPEHHUS.
2. HaifTu MOMEHT CHJIBI M IPUMEHUTH OCHOBHOM 3aKOH AMHAMUKH BpamieHus TT BOKpYT HEMOIBUKHOM OCH.

DK3aMeHaTop Muxaiinos C.I1.

YTBepxkaato Ouzuku. Mexanuka.
W.o. 3aB. kadenpoit MaTeMaTuku, GU3NKH U HHHOPMATHKH
bornanosa P.A.

09.03.2023
BUWJIET Ne 14

1. Teopema 06 m3MeHeHHH MMITYJIbca YacTUIBl. Cucrema yactur (Mexanudeckas cucremMa MC). Ummynsc MC. Te-

opema 00 n3MeHeHnH uMIryisca MC.
2. Haiitu monosxenue neHTpa Macc TT ¥ IpUMEHHUTH TEOPEMY O €ro JIBIKCHHU.

DK3aMeHaTop Muxaiinos C.II.

YT1Bepxkaaio dusukn. Mexanuka.
W.o. 3aB. kadeapoit MaTeMaTHKH, GU3NKHA U HHPOPMATHKH
bormanosa P.A.

09.03.2023
BUWIET Ne 15

1. Hentp macc MC. Teopema 0 JBM>KE€HHH LEHTPa Macc. 3aKOH COXPAHEHUS UMITYJIbCa.
2. IlpuMeHHTH TeOpeMy 00 N3MEHEHHH KHMHeTH4YecKor sHeprun TT.



DK3aMeHaTop Muxaiinos C.I1.

YTBepxnaro Dusukn. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, GU3NKH U HHPOPMATHKH

bornanosa P.A.
09.03.2023

BUJIET Ne 16
1. MowmeHT cunbl (Bpamaronmii MoMeHT). MoMeHT umnynbca yacTuisl 1 MC. Teopema 00 M3MEHEHUH U 3aKOH CO-
XpaHeHus: MoMeHTa ummynsca MC.

2. I[IpuMeHUTH 3aKOH COXpaHeHUs umimynsca MC.

DK3aMeHaToP

Muxatinos C.I1.
YTBepxaato

Ousukn. MexaHuka.
W.o. 3aB. kadeapoit MaTeMaTHKH, GU3UKHA U HHPOPMATHKH

bornanosa P.A.
09.03.2023

BUWIET Ne 17

1. OcHoBHOM 3axkoH auHamuky BpameHus TT Bokpyr HemoaBwkHOW ocu. MomeHT unepuuu TT; ero BeluMcIeHHE
Mowment nmnynbsca TT. Teopema 00 M3MEHEHUH U 3aKOH COXpaHeHHs: MOMeHTa umirysibea TT.
2. Haiitu nonosxenue nenrpa macc MC win TT.

DK3aMeHaTop Muxaiinos C.II.
YTBepxaaro Ddusnku. MexaHnuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, GU3UKH U HHPOPMATHKH
bornanosa P.A.
09.03.2023
BUJIET Ne 18
F_2H 1. JIBmxenue cBobogroro TT; cBoGoaHbIC ocH BpaiieHus. [ MpOCKOIBI; X CBOWCTBA. [ Mpockomuyec-
3 i kuii 3¢pdeKT u rHPpOCKONTUYECKHE CHITBI.
ﬁ 2. Ha ctone nexan rpy3 maccoi 1 xr. K Hemy mpuioxuiu 3 ropu3oHTaJbHbIC HEU3MEHHbBIE CHIIBI,
m 2 HarpaBjeHUe U BeJIMYMHA KOTOPHIX (Ha BUJE CBEpPXY) yKa3zaHbl Ha pucyHKe. Ky/aa u Ha CKOJIBKO CMECTHT-
cs Tpy3 uepes 2 ¢ aAecTBUsA Cril, eciid Kod(h(UIHEeHT TpeHus rpy3a o ctoia 0,47
-
f
DK3aMeHaTop Muxaiinos C.I1.
YTBepxaato

®uzuku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, GU3UKH U HHPOPMATHKH

Bormganosa P.A.
09.03.2023

BUJIET Ne 19

1. Mexanuueckasi paboTa 1 MOLIHOCTh. KuHeTH4yeckast s3Heprus 4acTHIbl; TeopeMa 00 e€ usmeneHnu. Kunerndeckas

sneprust MC u TT; reopema Kénura. Teopembl 00 n3meneHnn kunerudeckoit sueprun MC n TT.
2. IlpuMeHHTH TeopeMy 00 N3MEHEHUN UMITYJIbCa.

DK3aMeHaTop

Muxaiinos C.I1.
YTBepxuaro

Ousuky. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, GU3UKH U HHPOPMATHKH

Bormganosa P.A.
09.03.2023

BUJIET Ne 20
1. IToreHnmanpHas YHEPTUS YIPYTOTO M IPAaBUTALIMOHHOTO B3anMoaeHcTBHA. OOIIre cBOfcTBAa TOTEHIMAIBHON YHEP-

run. KoHcepBaTuBHbIe U AuccunatuBHbie cvuibl. KoncepBatuBaas MC. Tlonnas mexanmdeckas sueprus ([IMD). 3akon

coxpaHeHHs U TeopeMbl 00 m3meHeHnn [IMD. Jlpyrue BUIBI SJHEPTUH; 3aKOH COXPAHEHUS YHEPTUHL.
2. B ombiTe oneHUTH KOA(P(UIMEHT CYyXOTo TPEHHUS CKOJIBXKEHHUSL.

OK3aMeHaTop

Muxaiinos C.I1.
VYTBepxknato dusukn. Mexanuka.



W.o. 3aB. kadenpoit MaTeMaTHKH, PU3UKHA U HHPOPMATHKH
Bormanosa P.A.
09.03.2023
BUJIET Ne 21
1. CBs3p KOHCEPBATHBHBIX CHJI U MTOTEHINAIHHOM HEepruu. Bumer paBHOBecuss MC; onncanne BO3MOKHOCTH JIBHKe-
HUS IO BUJly IOTEHIIMAIBHON 3HEpruM. Y ciaoBus paBHoBecus TT B CTaTHKe; IJ1aBHAas 3a1a4a CTATHKU.
2. B ombiTe HaWTH KO3 DUIMEHT YIPYTrOCTH Teja U IPYTHE €ro YIPYrue XapaKTePUCTHKH, KOTOPhIC MOKHO HAWTH.

OK3aMeHaTop Muxaitnos C.IL
YTBepxknaro ®usuku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTuky, GU3UKA U HHPOPMATHKH
Bormanosa P.A.
09.03.2023
BUJIET Ne 22
1. JIluHamMuKa HOeabHBIX KUAKOCTEH U HECKUMAEMbIX Ia30B. YpaBHEHUE HEPA3phIBHOCTU CTpyU. YpaBHeHue bep-
HYJUIM U ciencTBUA U3 Hero. @opmyna Toppuderiy.
2. Pemmnth 00paTHYIO 3a/1a9y MEXaHUKH.
OK3aMeHaTop Muxaitnos C.I1

YTBepxkaaro ®usuku. MexaHuka.
W.o. 3aB. kadenpoit MaTemaTuky, GU3UKK U HHPOPMATHKU
Borganosa P.A.
09.03.2023
BUJIET Ne 23
1. JlnHamMuKa peanbHOM KUAKOCTH U Ta3a. BsA3kocTh skuakoct. JlamuHapHOe U TypOyineHTHOe TedeHus. [BIDKeHne
TEJ B JKUJKOCTH H Ta3e.
2. Yka3aTb cWiibl B 3-M 3akoHe HproToHa i Ten, MagarolmuxX Ha 3eMITIO; JeKallnX Ha 3eMile; MOKOAIIUXCS Ha
HAKJIOHHOH IJIOCKOCTH 32 CYET TPEHMUS.

DK3aMeHaTop Muxaiinos C.I1.

YTBepxnaro Ouzuku. MexaHuka.
W.o. 3aB. kadenpoit MaTemaTuky, GU3UKK U HHPOPMATHKA
Bornanosa P.A.
09.03.2023
BUJIET Ne 24

1. OcHOBHbIE MOHATHS TEOPUH KoyebaHMi. MexaHn4yeckne HJealbHbIe, 3aTyXalole U BBIHYXKJICHHbIC KOJIEeOaHMs.
[pyXHHHBII MAaATHUK; €T0 YHeprus. MaTteMaTndecKuid M (pU3HYeCKiii MasTHUKH.

2. PemuTh ri1aBHYIO 3a7aqy MEXaHUKH JJIsl YaCTHIIBI, IBIDKYIIEHCS O3 CONPOTUBIICHHS BO3/1yXa BOIM3H 3eMIIn.

DK3aMeHaTop Muxaiinos C.I1.

YTBepxnaro Ouzuku. MexaHuka.
W.o. 3aB. kadenpoit MaTemaTuky, GU3UKK U HHPOPMATHKH
Bornanosa P.A.
09.03.2023
BUJIET Ne 25
1. Cro’xeHne TapMOHUYECKHUX KOJIeOaHW OJMHAKOBOTO HarpaBieHus; oueHns. ClokeHue NMeprneHJUKYISIPHBIX Tap-
MOHHYECKHX Kosiebanuii; urypsr JInccaxy.
2. Haiitu cuiibl UHEPIUH.

DK3aMeHaTop Muxaiinos C.II.

YTBepxaato ®uzuku. MexaHuka.
W.o. 3aB. kadeapoit MaTeMaTHKH, HGU3NKH U HHPOPMATHKH
Bornanosa P.A.
09.03.2023
BUJIET Ne 26
1. CBoOojaHble KojeOaHUs ¢ YIETOM BSI3KOTO TPEHUSI IIPU MaJIbIX KoseObaHuax. VX XapakTepuCTHKH.
2. Haiitu yckopenue otHocuTensHo ColHIIa Tella Ha HOBEPXHOCTH 3eMIIH.

DK3aMeHaTop Muxaiinos C.I1.



Yr1Bepxkaato ®usuku. Mexanuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, PU3UKHA U HTHPOPMATHKH
Bornanosa P.A.
09.03.2023
BUJIET Ne 27
1. BeIHYXIeHHBIEC KOJIEOaHUS C YIETOM BSI3KOTO TPSHUS IIPU MaJIbIX KoeOaHusx. PesoHaHc.
2. Haiitu ckopocTs oTHOcuTenbsHO CONHIA Tena Ha TOBEPXHOCTU 3EMIIH.

DK3aMeHaTop Muxaitnos C.IL.

YTBepxkaaro ®usuku. MexaHuka.
W.o. 3aB. kadenpoit MaTemaTuky, GU3UKK U HHPOPMATHKA
bornganosa P.A.
09.03.2023
BUJIET Ne 28

1. Bonra. Ymopyras (Mexanmdeckast) BoHA. [IpofoIbHBIE M TIONIEPEYHBIC BOJTHBI; BOJHOBOH ()POHT. DHEPIUs BOJHEI,
IUIOTHOCTh TIOTOKA PHEPTruu (BEKTOp YMOBa). YpaBHEHHS IUIOCKOH M ceprueckod TapMOHHMYECKOW He3aTyxaromen
BOJIHBI. DJIEMEHTBI aKyCTHKH.

2. Yka3aB aOCONIOTHOE, TIEPEHOCHOE U OTHOCUTEIBHOE JABHKEHHSI, IPUMEHHUTH TEOPEMY CJIOKEHUS YCKOPEHHH.

DK3aMeHaTop Muxaiinos C.II.

YTBepxnaro Ousuku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTuKu, GU3NKH U HHHOPMATHKHI
bornanosa P.A.
09.03.2023
BUJIET Ne 29

1. 3atyxaHue BonH; 3akoH byrepa. YpaBHeHUs TITOCKOH U cheprdecKoil 3aTyxaromei BoaHbl. Jucnepcus BonH. MH-
TephepeHnns BOJIH; CTOSYNE BOJIHBI.

2. Yka3aB abCOJIOTHOE, TIEPEHOCHOE U OTHOCHUTEIBHOE ABHKEHHS, IPUMEHHUThH TEOPEMY CIIOKEHHUS] CKOPOCTEH.

DK3aMeHaTop Muxaiinos C.I1.

YTBepxkaaro ®usuku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTuku, GU3UKK U HHPOPMATHKA
bornanosa P.A.
09.03.2023
BUJIET Ne 30
1. dudpaxiwst BostH; npurmmi [ roiirenca; npuanun @epma. Dddext Jormrepa. Y napHbIe BOIHBL.
2. Onpenenuth xapakrep aABmwxeHHs TT ¥ KHHEMaTHIEeCKH ONHCATh IBH)KEHHE OJHOM U3 €r0o TOUeK.

DK3aMeHaTop Muxaiinos C.II.

YTBepxnaro Ousuku. MexaHuka.
W.o0. 3aB. kadenpoit MaTemaTuku, GU3UKK U HHPOPMATHKA
Bornanosa P.A.
09.03.2023 BUJIET Ne 31
1. IIpeodpazoBanus [Nanmnes. [loctynater DWHIITEIHA; YacTHRINH MPUHINN OTHOCHTENBHOCTH. [IpeoOpa3osanus Jlo-

peHla, X KHHEMATHYCCKUEC CIICACTBUA.
2. I[J'Iﬂ 6pOH.I€HHOFO IoJ yrjioM K ropu3oHTy TeJjia HaNTH BCe YKa3aHHbIC NPCIIOAABATCIIEM NMMApaMETPhI IBUKCHUAA,

DK3aMeHaTop Muxaiinos C.II.

YTBepxaato ®uzuku. MexaHuka.
W.o. 3aB. kadeapoit MaTeMaTHKH, HGU3NKH U HHPOPMATHKH
Bornanosa P.A.
09.03.2023 BUJIET Ne 32
1. PensatuBucTcKas AuHAMuKA. VIMITybC M SHEPTHS YaCTHUIIBI; CBS3b SHEPTHUH U MACCHI.
2. I1o 3a1aHHBIM ypaBHEHHSM JIBIKEHUS! TOYKH B KOOPJMHATHOW MIIM €CTECTBEHHOH (hOpMe ONpeNesuTh BCe BO3MO-
JKHbIE KUHEMATHUYECKHE TapaMeTpsl € IBUKEHUSI.

OK3aMeHaTop Muxaitnos C.II.



Yr1Bepxkaato ®usuku. Mexanuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, PU3UKH 1 HHPOPMATHKU
Bornmanosa P.A.
09.03.2023 BUJIET Ne 33
1. [TpuHIMIT S5KBUBAJICHTHOCTH cucTeM oTcuéTa. OCHOBHBIE Hen o0rmmel Teoprun oTHOCUTensHOCTH (OTO).
2. ITo koopanHAaTaM Hayajia ¥ KOHIIa BEKTOpa, 3aaHHBIMH MpenoJgaBaTesieM, HAUTH [UIMHY U HaIIpaBJIeHHE BEKTOPa,
a TaK)Ke ero MpOoeKIUU Ha KoopAuHaTHbIE OcU. CIIOKUTh HECKOJIIBKO BEKTOPOB; Pa3NIOKUTh BEKTOP HAa COCTABISIOLINE;
HaWTH NPOEKIUU BEKTOPA.
DK3aMeHaTop Muxaiinos C.II.

CocraBureab — npod. C.I1. Muxaiiios
H.o. 3aBeayrouero kageapoit MaTeMaTuKy, PU3NKH U HHPOPMATHKH P.A bornanosa



MuHHCTEpCTBO HAyKH U BBICIIEro oOpa3oBaHus Poccuiickoit denepannu
®enepalibHOE TOCYIAPCTBEHHOE OI0/KETHOE 00pa30BaTEIbHOE YUPEKICHHIE
BBICIIIET0 TPO(HECCHOHATEHOTO 00pa30BaHUS
«"opHO-AnTaliCKU TOCY1apCTBEHHBIA YHUBEPCUTET
Kadenpa maremaruku, Gpu3nku 1 MHOOPMATHKH

®OH]|
OIIEHOYHBIX CPEJICTB

0 TUCILHILINHE
«MEXAHUKA»

YpoBeHb OCHOBHOM 00pa30BaTeIbHON ITPOrpaMMbl GaKaJaBpuaT
Hns nanpasnenus noaroroku 03.03.02 duzuka
[Tpoduns TOArOTOBKU «ANBTEPHATUBHAS YHEPTETHKA

CocraBurens — K.(h.-M.H., mpo¢. Muxaiinos C.I1.

o

VYTBepkaeH Ha 3aceaHuu Kadeapbl
« 09 » 03__ 2023 r., mporokos Ne 8

2/
W.o 3aBexaytomiero kadeapoit bornanosa P.A.

I'opro-Auraiick 2023



IHosicHUTEIbHAA 3aIHCKA

1. OueHouHbIe CpeCTBA MPeTHA3HAYEHBI U1 KOHTPOJISI U OIICHKU 00pa30BaTeIbHBIX
JOCTHKEHUIM 00yJaroIuXCsi, OCBOMBIINX MPOrpaMMy yueOHOU TUCITUIUTMHBL «MEXA-
HUKA»

2. DOHO OyeHOoUHbBIX CPeOCmE 6KII0Yaem KOHTPOJIBHBIE MaTEpHaIIbI ISl IIPOBEICHNUS
TEKYIIEr0 KOHTpoJd B opMmax, yKa3aHHBIX HUXKE, M IPOMEXYTOUHOM aTTeCTalluu 110
OousetaM Ha HSK3aMEHE.

A) ©opMBI TEKYIIEr0 KOHTPOJIS: CIIUCKU IOHATUM, UCIOJIB3YEMBbIX HA MPAKTHYECKUX
3aHATHUAX; JOMAalIHUE 3aa4M; U3y4aeMble CaMOCTOSITEIIBHO TEOPETUYECKHE BOIPOCHI;
KOHTPOJIbHBIE PabOThI; BOIIPOCHI TEOPETUYECKOIO COOECEOBaHUS BO BPEMsI BBIIIOJIHE-
HUs 7a00paTOpPHBIX padoT; MepedyeHb OTpadaThIBAEMbIX B Ja0OpPaTOPUU HKCIIEPUMEH-
TaJIbHBIX YMEHUMU.

b) TlpomexyTouyHasi aTTecTanus: COOCCeTOBaHHME TIO0 TEOPHH M IPOBEpPKa IKCIEPHU-
MEHTaJIbHO-IPAKTUYECKUX YMEHUN Ha IK3aMEHE 10 OuieTam.

OK3AMEHAIIMOHHBIE BUJIETHI

o JAUCHUIIINHE «MexaHuKka

YTBepxkaaro I'opro-Anraiickuii rocynuBepcutet. @u3nku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTuky, GU3UKK U HHPOPMATHKU
Bornanosa P.A.
09.03.2023, mpoTtokoma Ne 8,

BUJIET Ne 1

1. ®u3uka. Mexannka. Mexannka HproroHa. CBOWICTBA IPOCTpaHCTBA UM BpeMeHH B MexaHmke HpioToHa (Kimaccmde-
ckoi MexaHuke). OCHOBHbBIE a0CTpaKTHbIE IOHATHS MEXaHWKH: YacTUIA, CUCTEMA YacTUll (MEXaHWYECKas CHCTeMa), TBEP-
noe teno (TT), ynpyroe u miacTudHOe Telo, cIutomHas cpeaa. Cucrema otcuéra. OmrcaHue MOJI0KEHHUS YaCTHIIBI B KOOP-
JTUHATHOW M BEKTOPHOU (opMe; CBA3b ITHX GOopM

2. ITpumenuts popmynsl ruHamuku CTO

DK3aMeHaTop Muxaiinos C.II.

YTBepxuaro I'opHo-Aunraiickuii rocynuBepcuteT. @usnku. MexaHuka.
3aB. kadengpoil MaTeMaTHKH, GUIUKU ¥ HHPOPMATHKA
bormanosa P.A.
09.03.2023, npotoxon Ne 8
BUJIET Ne 2

1. Kunemaruka. Tpaekropust. YpaBHeHHs ABHKCHUS, IEpEMEIIEHHE, CKOPOCTh U YCKOPEHHE YaCcTHUIIbI B KOOPJIMHATHOM 1
BEKTOpHOHU (opme; cBs3b 3TUX GopM.

2. ITpumenuts dpopmynsl kuaemaTuka CTO

DK3aMeHaTop Muxaiinos C.I1.

YTBepxnaro I'opro-Anraiickuii rocynuBepcuter. @usnku. MexaHuka.
3aB. kadenpoit MaTeMaTHKu, GU3NKK U HHPOPMATHKH
Bormanosa P.A.
09.03.2023, npoTtoxon Ne 8

BUNET Ne 3

1. Onucanue JBHKCHHS B €CTECTBEHHOM q)opMe. PaBHOMepHOQ PABHOINICPEMECHHOC U IMPONU3BOJIbHOC JIBUIKCHUS.
2. Bonbmioi k€CTKUi IUCT B BO3AyX€ rapMOHHNYCCKHU KoJie0JeTcs B HanpaBJICHUU, HOPMAJIBHOM €I'0 IJIOCKOCTU € aMIIJIU-



Tynoit A =1 cM u gacroroit vl =20 I'n. HaiiTu 1yinHy BOJHBI; y4UThIBas MOJIOLIECHHUE 3BYKa, OLEHUTh aMIUIUTYy KOje-
Oanuii B | M OT JMCTa M 3amKcaTh ypaBHEHUE YIPYroi BOJHBI B Bo3ayxe. CKopocTs 3Byka B Bo3ayxe 330 m/c; ko duun-
CHT TOTTIOMEH s IPUHsTH paBHbiM 0,1 M,

DK3aMeHaTop Muxaitnos C.I1.

YTBepxnaro I'opHo-Aunralickuii rocyHuBepcuteT. @usnuku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, GU3UKH U HHPOPMATHKH
Bormanosa P.A.
09.03.2023, npotoxon Ne 8

BWUJET Ne 4

1. JIBmxenne OPOIIEHHOTO Tela.

2. Jlns npeuioKeHHBIX TIPeroAaBaTelieM Ipy3a H3BECTHOM Macchl U NMPYKUHBI OLECHUTH KO3()(GHUIHUEHT KECTKOCTH HPY-
KHMHBI ¥ IEPHOJI CBOOOIHBIX KOJIeOaHMH MPpH MaJIoM TpeHHH. BriOpaB criocod Bo30YXIeHUS M Pa3yMHYIO aMIUIUTYly KOJie-
OaHMi, 3aITMCcaTh ypaBHEHHE CBOOOHBIX KOJIeOaHHH.

OK3aMeHaTop Muxaiinos C.I1.

YTBepxnaro I'opro-Anraiickuii rocyHuBepcuteT. @u3nku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, GU3UKH U HHPOPMATHKH
bornanosa P.A.
09.03.2023, npotoxon Ne 8

BUNET Ne 5

1. OnucaHue MOCTyNaTeIbHOTO ABWXKEHUA U BpamieHus TT BOKpYT HEMOJBUKHOM OCH.
2. [lo ypaBHEHUIO TapMOHHUYECKOTO KOJeOaHUsI NOCTPOUTH ero rpaduk wiM no rpaduky rapMOHHYECKOTO KoJeOaHus
3amucaTh €ro ypaBHEHHE. .
DK3aMeHaTop Muxaiinos C.I1.

YT1Bepxnaro I'opHo-Anraiickuii rocyHuBepcuteT. @uznuku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, GU3NKH U HHPOPMATHKH
bornanosa P.A.
09.03.2023, npoTokomn Ne 8

BUINET Ne 6

1. ®opmynsl kKHEMATHKH BpameHus TT BOKpyr HemoABKHOU ocu. Tabmumna ¢popmyn kuHemaruku. Bpamenue TT Bo-
Kpyr HenoABW»KHOM Touku. IIpousBonbHOe nBuxenue TT.
2. PewuTh riaaBHyo 3a1a4y CTaTHUKU.

DK3aMeHaTop Muxaiinos C.II.

YTBepxaato I'opHo-Aunraiickuit rocynuBepcuteT. @uznku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, GU3UKH U HHPOPMATHKH
bornanosa P.A.
09.03.2023, npoTokon Ne 8

BUNET Ne 7

1. OTHOCHTENBHOCTD OBIDKEHHUS. AOCONIOTHOE, IIEPEHOCHOE, OTHOCUTENILHOE ABMKEHHE. TeopeMa CIIOKEHHUsI CKOPOCTeH
B CITy4ae IMOCTYNaTeIbHOT0 M NPONU3BOJILHOTO EPEHOCHOTO JIBIKEHHS. TeopeMa CII0KeHNST YCKOPEHHH.
2. JIng npsIMOTO LEHTPAILHOTO y/1apa IIapoB HAWTH CKOPOCTH IOCIIE YAapa.

DK3ameHaTop Muxaiinos C.I1.

YTBepxnaro I'opHo-Anraiickuii rocyHusepcuteT. ®usnku. MexaHuka.
W.o. 3aB. kadenpoit MaTemaTuky, GU3UKK U HHPOPMATHKA
Bormanosa P.A.
09.03.2023, npotoxon Ne 8
BUJIET Ne 8



1. Junamuka. MaeptHOoCTh Tenma. MuepTHas macca. Ummnynbe gactuiel. Cuna. MuaeprnuansHas (MCO) u HenHepimaibHas
(HCO) cucrema orcuéra Tpu 3axona HetoToHa; GopMBI 3amiicH BTOPOTO 3aKOHA. PaBHOIEHCTBYIOIIAS CHIT.
2. [TpumenuTs 3akoH coxpanenus [IMD.

DK3aMeHaTop Muxaitnos C.I1.

YTBepxaato I'opHo-Anralickuii rocynuBepcuteT. Pu3znku. MexaHuka.

W.o. 3aB. kadenpoit MaTeMaTHKH, GU3UKHA U HHPOPMATHKH
borganosa P.A.
09.03.2023, mpoTtoxkom Ne §

BUNET Ne 9
1. Ilpunimn otHocutenbHOCTH ["anmunes. [IBe 3anaun auHamuku. [Ipumeps! penieHust npssMoi 1 00paTHOM 3a1au.
2. [IpumenuTs TEOpEeMy 00 H3MEHEHUH KHHETHYeCKoU Heprun wiu [IMD mns TT.

OK3aMeHaTop Muxaitmos C.I1

YTBepxnaro I'opHo-Aunraiickuii rocyHuBepcuteT. @usnuku. MexaHuka.

W.o. 3aB. kadenpoit MaTeMaTHKH, GU3UKH U HHOOPMATHKHI
Bornanosa P.A.
09.03.2023, npoTokon Ne 8

BWUJET Ne 10

1. Isuxenue B HCO. Cuiibl MHEpLUY; UX IPOSBICHUS Ha 3eMiie.
2. [IpuMeHUTH 3aKOH COXpaHEHUs MOMeHTa mMmynbca TT ¢ 9acTsMu, KOTOPBIE MOTYT W3MEHATH IOJIOKEHHE U 3aTeM

BHOBbB 3aCThIBATh.

DK3aMeHaTop Muxaiinos C.II.

YTBepxkaaro I'opHo-Anraiickuii rocynuBepcuteT. du3nku. MexaHuka.

W.o. 3aB. kadenpoit MaTemaTuky, GU3UKK U HHPOPMATHKU
bornanosa P.A.
09.03.2023, npotoxon Ne 8

BUNET Ne 11

1. Cunbl BCeMUPHOTO TSATOTEHUS U TSHKECTH. Teopuu AainbHO- 1 O6amsKkoaeiicTBus. Bec.
2. IIpumenuts TeopeMy 00 H3MEHEHHH MOMeHTa umiyibca TT.

DK3aMeHaTop Muxaiinos C.I1.

YTBepxaaro I'opHo-Aunraiickuii rocynuBepcuteT. @uznku. MexaHuka.

W.o. 3aB. kadenpoit MaTeMaTuku, GU3NKH U HHHOPMATHKH
bornanosa P.A.
09.03.2023, npotoxon Ne 8

BUNET Ne 12

1. Cunbl ynpyroctd U nedopManus yIpyrux Ted B MeXaHuke. [ uapo- u aspocratuka. [[aBieHue B KUIKOCTH U Ta3e.
3akoH [Tackansa. CxumMaeMoOCTh )KUIKOCTEN U ra3oB. 3akoH Apxumena. [lnaBanue Tein.
2. HaliTu MOMEHT MHEpLUU U MOMEHT umiyibca TT.

DK3ameHaTop Muxaiinos C.II.

YTBepxaato I'opHo-Aunralickuii rocyHuBepcuteT. Pusuku. MexaHuka.
W.o. 3aB. xkadeapoit MaTeMaTHKH, GU3NKHA U HHPOPMATHKH
Bornanosa P.A.
09.03.2023, npoTokon Ne 8

BUINET Ne 13

1. Cunbl TpeHUS B MEXaHUKE. YTOJI TPEHUS.
2. HaifTu MOMEHT CHUJTBI M IPUMEHNTH OCHOBHOW 3aKOH JMHAMHUKH BpamieHus TT BOKpYT HENOIBUKHOM OCH.



DK3aMeHaTop Muxaiinos C.I1.

YTBepxaaro I'opHo-Anralickuii rocyHuBepcuteT. @u3znku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, GU3UKH U HHPOPMATHKH
borpganosa P.A.
09.03.2023, npotoxon Ne 8

BWUIET Ne 14

1. Teopema 006 m3MeHeHHH UMIyNbca gacTubl. Cucrema gactun (Mexanndeckas cucrema MC). Mmmynsc MC. Teopema
00 m3meneHnu umiryiasca MC.
2. Haiftn monosxeHue neHtpa Mmacc TT ¥ IpUMEHHUTH TEOPEMY O €ro IBIKCHHH.

Ox3aMeHaTop Muxaiinos C.IL

YTBepxnaro I'opHo-Aunralickuii rocyHuBepcuteT. @usnuku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTuku, GU3NKH U HHHOPMATHKH
borganosa P.A.
09.03.2023, npotoxon Ne 8

BUINET Ne 15

1. Hentp macc MC. Teopema 0 IBHKEHUH LIEHTPA Macc. 3aKOH COXPaHEHUS UMITYJIbCA.
2. [IpumennTs TEOpEMy 00 M3MEHEHUH KHHETHYeCKOU Heprun TT.

DK3aMeHaTop Muxaiinos C.I1.

YTBepxnaro I'opHo-Anraiickuii rocynuBepcuteT. ®u3nku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTuky, GU3UKK U HHPOPMATHKA
Bornanosa P.A.
09.03.2023, npoTokoin Ne 8

BUINET Ne 16

1. MomeHT cuitbl (Bpauiaoumii MoMeHT). MoMeHT nmiyibca yacTuisl 1 MC. Teopema 00 U3MEHEHNH M 3aKOH COXpaHe-
HUS MOMeHTa uMityiasca MC.
2. IIpumeHHTH 3aKOH COXpaHeHHs ummynbca MC.

DK3aMeHaTop Muxaitnos C.I1.

YTBepxaato I'opHo-Aunraiickuii rocynuBepcuteT. Pu3znku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTuky, GU3HKH U HHHOPMATHKH
bornanosa P.A.
09.03.2023, npotoxon Ne 8

BUINET Ne 17

1. OcHOBHO# 3aKOH TUHAMHUKH BpamieHus TT BOKpyr HemoABHKHOHN ocu. MomeHT uHepuuu TT; ero Beruucinenue. Mo-
MeHT umnyibea TT. Teopema 00 M3MEHEHNH U 3aKOH COXpaHEHHSI MOMEHTa uMITyiibca TT.
2. Haiitu nonoxenue uenrpa macc MC wu TT.

DK3aMeHaTop Muxaiinos C.I1.

YTBepxaato I'opro-Anratickuii rocyHuBepcuteT. ®n3nkn. MexaHuka.
W.o. 3aB. kadeapoit MaTeMaTHKH, GU3NKHA U HHPOPMATHKH
Bornanosa P.A.
09.03.2023, npoTokon Ne 8

BUIET Ne 18

2H 1. Osmxenue ceodomuoro TT; cBoOGomHBIE OcH BpamieHHs. [ MPOCKOMBI; MX CBOWCTBA. [ MPOCKOMHMYIECKIA
3G (HEKT ¥ THPOCKOMUYECKUE CHUITBI.

2. Ha cromne nexan rpy3 Maccoit 1 xr. K Hemy npuinoxnin 3 Topu30oHTaIbHBIE HEU3MEHHBIE CHITBI, HAIIPaB-
JIeHWe W BEJIMYMHA KOTOPHIX (HA BHUIE CBEPXY) YKa3aHbl Ha pucyHke. Kyna W Ha CKOJIBKO CMECTHTCS T'PYy3

Ul

3
L‘m I

Tl



gepe3 2 ¢ NeHCTBUS CHUII, €cJid KO3 GHUITUEHT TpeHwus rpy3a o ctou 0,47

OK3aMeHaTop Muxaitnos C.I1.

YTBepxaato I'opHo-Antaiickuii rocynuBepcuteT. Puznku. MexaHuka.
W.o. 3aB. kadenpoit MaTemMaTuky, GU3UKK U HHPOPMATHKA
Bormanosa P.A.
09.03.2023, npoTokon Ne 8

BUINET Ne 19

1. Mexanndeckasi paboTa M MOITHOCTh. KMHeTHdeckas 3Heprus 4acTullpl; TeopeMa o0 e€ m3meHeHHH. KuHerndeckas
sHeprust MC u TT; treopema Kénnra. Teopemsl 06 n3meHennn kunetnaeckoit sHeprrm MC u TT.
2. IlpuMeHHTH TeOpeMy 00 N3MEHEHHU UMITYJIbCa.

DK3aMeHaTop Muxaiinos C.II.

YTBepxkaaro I'opro-Anraiickuii rocyHuBepcuteT. dusnku. MexaHuka.
W.o. 3aB. kadenpoit MaTemaTuky, GU3UKK U HHPOPMATHKA
bornanosa P.A.
09.03.2023, npotokon Ne 8

BUINET Ne 20

1. [ToTeHIMAaIbHAS DHEPIUS YIIPYTOr'0 M TPABUTAIIMOHHOTO B3aUMOCUCTBUs. O0IIIUe CBOMCTBA MOTCHIMATIBHOMN SHEPTUH.
KoncepBatusHbie u quccunatuBHble cuiibl. KoncepBatusHast MC. Ionnas mexanuueckas sueprus (IIMD). 3akon coxpa-
HEeHUs ¥ TeopeMbl 00 u3MeHenun [IMD. JIpyrue BUIbI SJHEPTHH; 3aKOH COXPAHEHHSI YHEPTHH.

2. B ombite oneHUTh KOAPOUIIMEHT CYXOT0 TPEHUS CKOJIBKCHHUSL.

DK3aMeHaTop Muxaiinos C.II.

YT1Bepxnaro I'opHo-Aunraiickuii rocynuBepcuteT. @u3uku. MexaHuka.
W.o. 3aB. kadenpoit MaTemaTuky, GU3UKK U HHPOPMATHKA
Bornanosa P.A.
09.03.2023, npoTokon Ne 8

BUNET Ne 21

1. CB43b KOHCEPBATUBHBIX CHJI U NMOTEHIUAIBHON SHeprun. Bunsl paBHoBecuss MC; onucaHne BO3MOXHOCTU JIBUKEHHS
0 BUAY NOTEHIMAIBHON SHEPIrUu. Y cioBus paBHOBecHus TT B cTaTuke; IllaBHas 3aJja4a CTATUKH.
2. B onbITe HaliTH KOAQPUIUEHT YIPYrOCTH Tella U IPYTUE €ro YIPYrue XapakTepUCTUKU, KOTOPbIe MOXXHO HaTH.

DK3aMeHaTop Muxaiinos C.II.
YTBepxnaro I'opro-Anraiickuii rocyHuBepcuter. Pu3nku. MexaHuka.
W.o. 3aB. kadenpoit MaTemaTuku, GU3UKK U HHPOPMATHKA
Borganora P.A.
09.03.2023, npotoxon Ne 8
BUJIET Ne 22
1. /IlnHaMMKa nealIbHbIX KHUIKOCTEH M HEC)KNMAEMBIX Ia30B. Y paBHEHHE HEPa3pbIBHOCTH CTpyH. YpaBHeHHe bepHymm
u cienctsus u3 Hero. @opmyna Toppuyery.
2. Pemmuth 00paTHYIO 3aa4y MEXaHUKH.
DK3amMeHaTop Muxaiinos C.I1.

YTBepxkaato I'opro-Anraiickuii rocynuBepcutet. du3znku. MexaHuka.
W.o. 3aB. kadeapoit MaTeMaTHKH, GU3NKHA U HHHOPMATHKH
Bornanosa P.A.
09.03.2023, npoTokon Ne 8
BUJIET Ne 23
1. lnHaMuKa peanbHOM KHIIKOCTH U ra3a. Bsskocts xkuakoctu. JlamuuapHoe u TypOyneHTHOe TedeHus. [{BHKeHHe Tel
B )KMJIKOCTH U Tase.
2. Yka3arb cuiIbl B 3-M 3akoHe HbpIoTOHA JUts Tell, majaronmx Ha 3eMIIio; JISKAIUX Ha 3eMile; MOKOSIIMXCS Ha HaKJIOH-
HOH MJIOCKOCTH 32 CUET TPEHUSL.

DK3ameHaTop Muxaiinos C.I1.



Yr1Bepxkaaio lNopuo-Aunraiickuit rocynuBepcurtet. Puzuku. Mexanuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, PU3UKHA U HTHPOPMATHKH
Bornanosa P.A.
09.03.2023, mpoTtoxom Ne §

BUINET Ne 24

1. OcHOBHBIE TOHATHS TEOPUH KosleObaHN. MexaHndecKne uaeaabHbIe, 3aTyXafollie U BBIHYKICHHBIE KoneOanus. [Ipy-
JKIHHBIA MasTHUK; €T0 SHeprus. MareMaTHdecKiid U PU3HYECKUIT MasSTHHKH.
2. PemmTh rI1aBHYIO 3a7ady MEXaHUKH AJISl YaCTHIBI, IBIDKYIIEHCS] 0€3 COMPOTHBIEHHS BO3yXa BOIM3H 3eMIIH.

OK3aMeHaTop Muxaitnos C.I1

YTBepxkaaro I'opHo-Anraiickuii rocynuBepcuter. du3nku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTuky, GU3UKK U HHPOPMATHKA
Bormanosa P.A.
09.03.2023, npotokomn Ne 8

BUJNET Ne 25

1. CroxeHre TapMOHMYECKUX KOJICOaHWI OAMHAKOBOTO HampaBieHUs, OueHus. CiiokKeHHe MepIeHANKYIIPHBIX TapMo-
HUYCCKUX KoyieOanuii; purypsr Jluccaxy.
2. HaiiTu cuiibl UHEPITUH.

DK3aMeHaTop Muxaiinos C.I1.

YTBepxaaro I'opHo-Anraiickuii rocynuBepcuteT. Puznku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, GU3NKH U HHPOPMATHKH
bornanosa P.A.
09.03.2023, npotokon Ne 8

BUIET Ne 26

1. CaoOojanble KoaeOaHus ¢ YIETOM BSI3KOTO TPEHUSI IPU MaNbIX KonebaHuax. VX XapaKkTepuCTHKH.
2. Haiitu yckopenue otHocuTenbHO CoJHIA Tea Ha MOBEPXHOCTH 3EMIIH.

DK3aMeHaTop Muxaiinos C.II.

YTBepxaato I'opHo-Anraiickuii rocynuBepcuteT. @u3znku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, GU3UKH U HHPOPMATHKH
Bornanosa P.A.
09.03.2023, npoTokon Ne 8

BUNET Ne 27

1. BeIHYXIeHHBIC KOJIE0aHUs C YIETOM BSA3KOTO TPEHHS MIPH MaIbIX KoeOaHusx. PesoHaHc.
2. Haiitu ckopoctb oTHOCUTENBHO COJIHLA TeJla Ha TOBEPXHOCTH 3EMIIU.

DK3aMeHaTop Muxaiinos C.I1.

YTBepxnaro I'opHo-Anraiickuii rocynuBepcuter. ®u3nku. MexaHuka.
W.o. 3aB. kadenpoit maTemaTuku, GU3UKK U HHPOPMATHKA
Bornanosa P.A.
09.03.2023, npotoxon Ne 8

BUIET Ne 28

1. Bonna. Ynpyras (Mexanudeckasi) BodiHa. [Ipo/loyibHBIE W TIOTIEPEYHBIE BOJHBI; BOJIHOBOW (DPOHT. DHEPrHs BOIHBI;
IUIOTHOCTH MOTOKA SHEPruH (BEKTOp YMOBa). YpaBHEHHUS IUIOCKOH M cepndIecKoil rapMOHHYECKOH He3aTyXaromel BoJl-
HBI. DIIEMEHTHI aKyCTHKH.

2. Yka3aB aOCOJIOTHOE, IEPEHOCHOE M OTHOCHTENBEHOE ABIKEHHS, IPUMEHHTH TEOPEMY CI0KEHUS YCKOPEHHH.

OK3aMeHaTop Muxaiinos C.IL

YTBepxaaro I'opro-Anraiickuii rocyHuBepcuter. ®usnku. MexaHuka.



W.o. 3aB. kadenpoit MaTeMaTHKH, PU3UKHA U HTHPOPMATHKH
Bornanosa P.A.
09.03.2023, npoTokon Ne 8

BUIET Ne 29

1. 3aryxanue BouiH; 3aKoH byrepa. YpaBHeHHs IUI0cKOi 1 chepruueckoit 3aTyxaromeil Bonusl. J{ucnepcus BoaH. VHTEp-
(bepeHLs BOJIH; CTOSIYME BOJIHBI.
2. YkazaB aOCONIOTHOE, TIEPEHOCHOE U OTHOCHTEIBHOE ABHKEHHUS, IPIMEHHUTH TEOPEMY CIIOKEHHUS CKOPOCTEH.

DK3aMeHaTop Muxaitnos C.I1.

YTBepxaato I'opHo-Antaiickuii rocynuBepcuteT. Puznku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, GU3UKHA U HHPOPMATHKH
Bormanosa P.A.
09.03.2023, npoTokon Ne 8 BUIET Ne 30
1. {ndpaxums Bonn; npunimn [ roiirenca; npuauun @epma. dddekr Jorepa. Y napHsie BOJHBL.
2. Onpenenuts xapaxrep ABMKeHUS TT U KMHEMAaTUYEeCKU ONUCATh ABIKEHUE OJHOM U3 €ro TOUeK.

DK3aMeHaTop Muxaiinos C.II.

YTBepxaaro I'opHo-Aunraiickuii rocynuBepcuteT. @uznku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, GU3UKH U HHPOPMATHKH
bormanosa P.A.
09.03.2023, npotoxon Ne 8 BUJIET Ne 31
1. IIpeoGpazoBanus [amunest. [Toctynatsl DWHINTEWHA; YacTHBIA MPUHIKI OTHOCHTENbHOCTU. [IpeobpasoBanus Jlopen-
11a, UX KHHEMaTU4IEeCKHe CIIEACTBHUS.
2. Jlns OpOILIEHHOTO 1O/ YIIIOM K TOPU30HTY Tejla HaTH BCe YKa3aHHbBIE MPENoAaBaTeeM HapaMeTphbl IBIKEHNUS,

DK3aMeHaTop Muxaiinos C.II.

YTBepxaaro I'opHo-Anraiickuii rocynuBepcuteT. Puznku. MexaHuka.
W.o. 3aB. kadenpoit MaTeMaTHKH, GU3UKH U HHPOPMATHKH
bornanosa P.A.
09.03.2023, npotoxon Ne 8 BUJIET Ne 32
1. PensTuBuCTCKast [MHAMHKA. VIMITyJIbC M HEPIUs YaCTHUIIbI; CBSA3b SHEPTUU U MACCHI.
2. Ilo 3a1aHHBIM YPaBHEHUSAM [BIDKCHHUS TOUKH B KOOPAMHATHOM MM €CTECTBEHHOH (popMe onpenenuTs Bce BO3MOXKHBIC
KMHEMaTHYEeCKHUEe TapaMeTpsl e€ JBIDKEHHS.

DK3aMeHaTop Muxaiinos C.II.

YTBepxkaato I'opHo-Anratickuii rocynuBepcuteT. ®u3nknu. MexaHuka.
W.o. 3aB. kadenpoit MaTemaTuku, GU3UKK U HHPOPMATHKA
bornanosa P.A.
09.03.2023, npotoxon Ne 8 BUWJIET Ne 33

1. [IpuHIMT SKBUBATEHTHOCTH cUcTeM oTcuéTa. OCHOBHBIC HIeH 00mel Teopun oTHOCUTeNbHOCTH (OTO).

2. Ilo koopaMHATaM Havaja ¥ KOHIIA BEKTOPA, 3aJaHHBIMH NMpPeNoAaBaTeseM, HANTH JUIMHY W HaIlpaBIICHHE BEKTOpPa, a
TaK)Ke ero MPOEKIIH Ha KOOPAMHATHBIE OCH. CIIOKUTh HECKOIBKO BEKTOPOB; Pa3JIOKHUTh BEKTOP HAa COCTABIIAIOIINC; HAUTH
MIPOEKIINH BEKTOPA.

Kpurepun onenkmu:

- OIICHKA «OTJIMYHO» BBICTABIIAETCS CTYAEHTY, €CJIM CTYACHT IOJHOCTBIO BIIaIeeT BaXXKHEHIINMU Du-
3UYECKUMHU MOHITHUSIMH, BbIICICHHBIMU JUIS 3ayYUBaHUs, IPAKTHUECKOE YMEHHE MoKa3aHo 0Oe3 3ame-
YaHWH U TEOPETHUUECKUN BOIIPOC PACKPBIT MOJIHOCTHIO.

- OIICHKA «XOpOIL0Y» BBICTABISETCS CTYACHTY, €CIIM CTYAEHT CBOOOJHO BiajeeT BaxxHeHIInMu ¢Gu-
3UYECKUMH MOHATUSAMH, BBIIECIECHHBIMU JUIS 3ay4MBaHMs, HO IIPAKTUUECKOE YMEHHE MOKA3aHO C 3aMe-
YaHUSIMH WM TEOPETHYECKHUH BOIPOC PACKPHIT HE TOTHOCTHIO.

- OLICHKA «YyJIOBJIETBOPUTEIBHO» BBICTABISAETCS CTYAEHTY, €CIM CTYJEHT YaCTUYHO BJAJEET BaX-
HEHIMMH (PU3NYECKUMHU MOHSITHSIMHU, BBIICTEHHBIMU JJI 3ay4HMBAHUS, HO MPAKTUYECKOE YMEHHUE MO-
Ka3aHO C 3aMEYaHUSIMH U TEOPETUYECKUI BOMPOC PACKPBIT HE IMOITHOCTBIO.



- OLICHKA «HEYJOBJIETBOPUTEIILHO» BBICTABIISECTCS CTYAECHTY, €CIU CTYACHT HE BJIAJECET BaXXHEHIINMU
(GU3NYECKUMU MTOHSTUSAMH, BBIJICIICHHBIMU Ul 3ay4MBAHUs, WIM HE MIOKA3aHO IMPAKTUYECKOE YMEHUE,
WIM HE PacKpBIT TEOPETUUECKUM BOIIPOC.

CIVCKHU ITOHATUN K TIPAKTUYECKUM 3AHATUAM

110 JUCHUIIIIMHEC «MexaHuKa»
Yacts 1. OCHOBHBIE IIOHATHSA MEXAHUKHA. KHHEMATHUKA YACTHUIIBI X TBEPJIOTO TEJIA
3ansTue 1. KunemaTuka yacTHIbI M OCTYNATEJbHOI0 ABH:KeHUs1 TBepaoro teiaa (TT).

Mexannka. MartepuanbHas Touka (dactuna); TBépaoe teno (TT). Cucrema orcuéra. Kunemarnka. Tpaekropus. IIpsmo-
JUHENHHOe, KPYroBoe, MIIOCKOe U KPUBOJIMHENHOE BUKEHUS 4acTUIIBl. BeKTOpHBIN, KOOPIUHATHBIN U €CTECTBEHHBIN CIIO-
COOBI OIIMCAHUS MOJIOKEHHSI YACTHLBI B TPOCTPAHCTBE. YpaBHEHHS €€ IBIKEHUS B 3TUX TPEX popmax.

Bekrtopa nepemelnienus, MTHOBEHHON CKOPOCTH U yckopeHus. [lepemenieHue, CKOpOCTb U yCKOPEHUE B KOOPAMHATHOU
¢dopme. Moaynb 1 HanpaBiieHHE BEKTOPOB IIEPEMEICHNUS, CKOPOCTH U YCKOPEHHUsI; UX cMbICI. CBS3b BEKTOPHOW M KOOPIIH-
HATHOH (opmM.

[Tepemerienne B ecrecTBeHHOH popme. CKOPOCTh B €CTECTBEHHOH (hOpMe; HaIlpaBJIeHHE BEKTOPAa CKOPOCTH; CMBICI BEK-
TOpa t°. YCKOpeHHe B €CTECTBEHHOW (popMme; CMbICT BEKTOpa N°; HOPMaJIbHAsl M TaHT€HIMAIbHAS COCTABISIONINE BEKTOPA
YCKOPEHHS, X HallpaBlIeHHE, cMBICI. [IoTHOE yCKOpEHUe; ero HalpaBiIeHHEe, MOLYb.

PaBHOMEpHOE, paBHOIIEPEMEHHOE M TPOU3BOJIbHOE IBIKEHUSA. HadanbHble ycnoBus. I1yTe U CKOPOCTB P paBHOMEP-
HOM U paBHOIIEpEeMEHHOM JBI:KeHUsAX. [locTynarensHoe nqrmxenue TT.
3ansaTue 2. KuHemaTuka Kpyroporo ABH:KeHHSI YacTHIBI H Bpamenns TT Bokpyr HemoABH:KHOWH OCH H TOYKH.

Kpyrosoe asukeHue yactuupl. Bpamienne TT BOKpYr HEMOABMKHOM ocH M Touku (Tonroca). IlonspHele U akcHaIbHBIE
(oceBbI€) BEKTOpa; MPaBHIIO OypaBUMKa U1 aKCHAJIbHBIX BEKTOPOB. DJIEMEHTAPHBIN Yo oBOpoTa d@, YIIOBBIE CKOPOCTh
® 1 yckopeHue €. CBs3b CKOPOCTH BpaIEHHS U YII0BoH ckopocTu. Popmyrna Ditniepa; npasnino OypaBumMKa AJsl BEKTOPHO-
ro npousBeneHus. Tabnuia GopMysT KHHEMATHKH MOCTYIATEIBHOTO M BpamaTeabHoro nprokeHuid TT.

3ansitue 3. Cil0KHOE IBHKEHHE TOYKH.

3aja4ya 0 CIIOKEHUU JBIDKeHUI. AOCOIIOTHOE, IEPEHOCHOE U OTHOCUTENIbHOE ABMKeHHs. TeopeMa CIoKEeH s CKOPOCTEH.

Teopema crnoxeHus: yckopeHui. [lepeHocHOe 1 KOPHOJIMCOBO YCKOPEHUS; UX MOJYJIb U HAIIPaBJICHUE.

Yacts 2. OCHOBHBIE HIOHATHSA U 3AKOHBI JUHAMMUKMN.
MEXAHHWKA YIIPYTHUX TEJI, )KUJIKOCTEHM U I'A30B.
3ansarue 4. OCHOBHOII 3aK0H MeXaHHKH. /IBe 3a1auil JUHAMHUKHI
Hunamuka. Cuna. UneptHOCTh Tena. MHepTHas macca. mnynec yactunpsl. Tpu 3akoHa HeroToHa. PaBHOEeHCTBYIOIIAs.
WuepunaneHas cucrema orcuéra. PasHble ()OpMBbI BEKTOPHOM M KOOPJMHATHOW 3aITMCH OCHOBHOTO 3aKOHA AWHAMHKH. [[Be
3a7a4M AMHAMUKH.
3aKOH BCEMHPHOTO TSATOTEHUS; TPaHUIBI NpuMeHeHns. Crta TspkecTd. OTIMYUE CHIT TSDKECTH M TPaBUTaMOHHOM. 3aKOH
I'yka; rpanunsl npumeHeHus. Bunsl Tpenus. Cuna TpeHus MOKos; yrona TpeHus. Cuja Cyxoro TpeHHUs CKOJBKEHHS; e€ 3a-
BHCHUMOCTH OT CKOpocTu. 3akoH AmaHTOHa-Kynona. Cumna TpeHus xaueHus. Cuia BA3KOIO TPEHUS VIS Pa3HBIX CKOPOCTEH
nBwxkeHus tena. @opmyna Crokca.

3ansitue S. Cuiibl HHEPLMH.

Hewnnepunansnas cuctema orcuera (HCO). OcHoBHO# 3akoH nBukenus yactunbsl B HCO. [lepeHocHas u KopuoncoBa

CHWJIBI HUHEPLUH.
3anstue 6. Teopembl 00 n3MeHeHun uMIyabca yacTubl 1 MC. Teopema o nBu:keHun nenrpa mace MC.
3akoH coxpaHeHusi ummyJbca MC.

Wmnynbse gacTunbl; BTopoi 3akoH HeloToHa B mMmysiscHOM hopme. Teopema 00 M3MEHEHNH NMITYJIbCA YaCTHIIBI B UHTE-
rpanbHO popme. Ummynbe cuibl. @opma 3ammcH TEOPEMBI [UIS IOCTOSTHHBIX CHJT M JIBHKEHUS 110 TIPSIMOIA.

Nmnynse cuctemsl yacTull (Mexanudeckoi cuctemsl). LIeHTp mMacc; ero mosoxenue (BEKTOpHasi, KOOpAWHATHAS (OPMBI).
I'maBHBII BEKTOp BHEIIHUX CHJI; OTIIMYHE €r0 OT paBHOJeHcTByomeil. Teopema 00 M3MEHEHUH UMITyJIbca CUCTEMBI (aud-
(epenmanpHasg, HHTErpasibHast popmel). Teopema o IBMKEHUH IIEHTPa Macc. 3aKOH COXPaHEHUS HMITYJIbCa.

3ansTue 7. Pagora cuibl. MomHocTb. TeopeMbl 00 H3MeHEHMHM MeXaHUYeCKO# 3Heprumu. 3aKOH COXpaHeHHs

MOJIHOW MeXaHUYeCKOMH JHepruu

OnemenTapHast pabora. Pabota Ha KOHEYHOM MEPEMEIICHUH; JJIs CIydas MOCTOSHHBIX CHJI W JBHKCHHUS II0 MPSIMOM.
MoIHOCTB; €€ CBSI3b CO CKOPOCTBIO.

KuneTtnueckas sHeprust MaTepUATLHON TOYKH U CHCTEMEBI YacTHIl. Teopema 00 M3MECHEHUH KHHETHYECKOW SHEPTHH.

ITorenuuansHas sHeprusi. KoncepBaTuBHbIE U JUCCUIIATUBHBIE CUJIBL, UX MPUMEPDI, MPU3HAKU KOHCEPBATUBHOCTHU CHUJIBL.
[ToTeHunanbHast >HEPrusi ynpyroro W rpaBUTALIMOHHOTO B3auMojaeWcTBUU. [loTeHLManpHas SHEPrUsi IPaBUTALMOHHOTO
B3aMMOJICHCTBHS BOJU3U MIOBEPXHOCTH 3EMITH.



3amkHyTas (M30MpOBaHHAs) MexaHWYeckas cuctema. [lomHas mexanuwdeckas dHeprus (IIMD). 3akoH coxpaHEHHS
I[IMD. Teopema 06 m3meHernn [IMD.
3anaTue 8. CMelIaHHBIE 32124 HA JHEPTHIO M HMITYJIbC
[ToBTOPHUTH CIIUCKY MOHATHHN K 3aHATHAM 7 U 8.
3anstue 9. Teopema 00 M3MeHeHHH MOMEHTAa MMIYJbca. 3aKOH COXpaHEHHS] MOMEHTa HMITYJIbca

ITapa cun. MomeHT (Bpamaromuii MOMEHT) Tapsl cril. MOMEHT CHIIBI OTHOCHTENFHO OCH; IJIEYO CHITBL. BexTop MoMeHTa
CHWJIBL; €70 MOAYJNb U HampasieHue. [ J1aBHBIN MOMEHT CHJI.

MowmeHT nHepuuu Jactuiibl, Mexannueckoit cuctemsl 1 ATT otHocuTensHo ocu. Teopema llltelinepa. MoMeHT nHEpLMH
KOJIbLIA ¥ JUCKA OTHOCUTENIBHO OCH CUMMETPHH, CTEPKHS OTHOCUTENIBHO 3 OCeH.

MoMeHT ummnyinbsca (BpalaTelabHbli, MEXaHUYECKHI MOMEHT) YacTHIbl, MexaHudeckoil cucteMsl 1 ATT oTHOCUTENbHO
ocu. Teopema 00 M3MEHEHUH MOMEHTa UMITyJIbca (AU depeHInanbHas U MHTerpanbHas GopMbl). 3aKOH COXpPaHEHUST MO-
MeHTa uMmnyiabca. OCHOBHON 3akoH AuHamuky BpamieHus ATT BOkpyr HEMOJBMKHOM OCH. 3aKOH COXpaHEHUS MOMEHTa
UMIyJbca B 3ToM cirydae. Pabora BHemHNX cui npu oBopote ATT BOKpYT HEMOIBMKHOM OCH

Tabmuma GopMyn TUHAMHUKH TOCTYNATEIFHOTO M BPAIATENbHOTO (BOKPYT HETIOABM)KHON OCH) JIBIDKCHHH TOYKH, CHCTE-
™Mbl Touek 1 ATT.

3anstue 10. PeryasipHas npeuneccusi rupockona. 'upockonnyeckue cHIbl.

T'mpockon (Bordok). CBOOOTHBIH THPOCKOIT; TPUMEPHI TAKUX TUPOCKOIIOB. [ mpockonmueckmii 3¢ ¢exT 1 ero 00bICHEHHE
Ha 0Oaze Teopembl Peszans. PerynspHas mpeneccust Tupockona; e€ npuMepHoe ypaBHEHHE. | MPOCKON ¢ OHOW CTENEeHBIO
CBOOO/IBI; MPUMEPHI TAKUX THUPOCKOIIOB U THPOCKOITNYECKHE CHIIBI.

3anarue 11. Cratuka. Mexanuka ynpyrux e, ;)kKUAKOCTeil ¥ razos.

Cratuka. YcnoBus U ypaBHeHHs paBHoBecus TT B cTaTuke.

Bunbl neopmannit ynpyrux ten. HopmanbHble U TaHr€HIMAJIbHbIE HANPsDKEHUS. AGCONIOTHOE U OTHOCUTEIBHOE OJTHO-
CTOpOHHEE yIUTMHEHHE (CxkaTue). 3akoH ['yKa I OXHOCTOPOHHETO PACTSHKEHHS M CKaTHs; Momyns FOHra u ero cBs3b C
ko3(punnentom ynpyroctu Tena. Kosddumment Ilyaccona. 3akon ['yka mis Manoro caBura; Momynsb capura. IIpenerns
MIPOTIOPIIMOHANBHOCTH, YIIPYTOCTH, TEKYYECTH M MPOYHOCTHU: YIIPYTHUE W OCTAaTOYHbIC Ae(hOpMaliH.

T'uapo- n aspocraTtuka. [laBneHue B ®KHUIKOCTH U rase; 3akoH Ilackans. 3akon Apxumena. [InaBanue ten. Mexanndeckue
CBOHCTBA >KUIKOCTEH M ra30B; CKMMAEMOCTh JKHIKOCTEH U Ia30B.

VYpaBuenue bepnynau. @opmyna Toppudennn. @opmyna Ilyaseitna. Kunematuueckass u guHaMU4yecKasl BA3KOCTb KU~
KOCTH M ra3a. JlamuHapHOe U TypOyneHTHoe TeueHHs; unciio PeifHomnbaca. J[BukeHue Ten B )KUAKOCTH M Tase; JI000BOE
comnpoTtuBieHue u nogséMHuas cuiia. Popmysna Ctokca. JIoboBoe conpoTUBIIeHHE MTPU TYPOYJIICHTHOM OOTEKaHUH.

Yacts 3. MEXAHUYECKHUE KOJIEBAHUSA U BOJIHBI.
3ansatue 12. CBoGoaHbIe H BLIHYKACHHbIE KOJTe0aHUS.

Konebanue. [lepuoanueckoe u cBoboaHOE Konebanue. [uddepeHnnansnoe ypaBHeHUE CBOOOTHBIX KOJCOAHM JINHEH-
HOT'O FapMOHHMYECKOTO OCLMIIIATOpPa B OTCYTCTBUE TpeHMs. Ero pemenne (ypaBHEHHE TapMOHMYECKOTO KOJeOaHHs) U Oc-
HOBHBIC XapaKTEPUCTHKU: aMIUINTYAa, (aza, HavanbHast (pasza, Kpyrosasi 4aCTOTa, MTHOBEHHOE 3Ha4YeHUE cMemleHus. CBA3b
YaCTOTHI, KPYTOBOHM 4aCTOTHI U Mepuoa. DHEPrHsi TapMOHUYECKOT0 KOJIeOaHusl.

Brmyxnennsle konebanus. JuddepennmansHoe ypaBHEHHE BBIHYXKICHHBIX KOJNEOaHWH JMHEHHOrO rapMOHHYECKOTO
ocumuIATOpa 0e3 TPEHMs; ero pelieHne. XapakTepucTuku Konebanus. PesonaHc; pesoHancHas kpuBas. OcoOeHHOCTH pe-
30HaHca 0e3 TpeHusl.

JuddepennnanbHoe ypaBHeHHE CBOOOIHBIX KOJICOAHHUH JIMHEHHOTO rapMOHHYECKOTO OCIMIIIATOPA MTPY HAJTMYHUHN BSI3KO-
ro TpeHus; ero pemenus. KoaddunueHt conporusienus (BI3Koro TpeHust). YcioBue BO3MOKHOCTH KoJieOaHU; XapakTe-
puctiku Kosebanus. KoadduuneHr 3aryxanus, JeKpEeMEHT 3aTyXaHus, JOrapuPMUUIECKUI JEKPEMEHT 3aTyXaHHs, BpeMs
3aTyXaHHs, J0OPOTHOCTb.

JuddepennunanbHoe ypaBHEHHE BBIHYXKICHHBIX KOJIEOaHUH JMHEHHOrO TapMOHHYECKOTO OCHMIUIATOPA MPU HAIHMYHU
BSI3KOTO TPEHHMsI IIPU MAJIBIX CKOPOCTSIX, €ro PelIeHUe, XapaKTepHCTHKH Kojebanus. OCOOEHHOCTH pe30HaHca MPH HaJIH-
YUU TPEHUS; BUJ PE30HAHCHBIX KPHUBBIX.

3anstue 13. Yopyrue Boanbl. Dddext Jomnepa.

Bounna. Yrpyras Bonna. [IpogonbsHas u nonepeunas BosiHa. BonHoBoit ¢poHT, ero ¢opmsl. [Tnockas rapmonnydeckas Bo-
JHa B cpeze 0Oe3 MOTIIoNMEeHNs SHepruy; e€ ypaBHeHue. BomHoBas moBepxHOCTh. J{nnHa BoiHBI; (ha30Basi CKOPOCTh; BOJIHO-
BOE YHCIIO; UX CBs3b. Cpequsas (110 BpeMeH!) 00bEMHAsI INIOTHOCTh SHEPTHH yNpyroi BosHbL. [II10THOCTh MOTOKA SHEPTUU
yIpyroil BosiHBI (BEeKTOp YMOBa). YpaBHEHHE CEepHUECKOH rapMOHMYECKOH BOJIHBI B cpele 03 MOTJIOMEHHs SHEPTHH.
3axoH byrepa. CkopocTs IpoI0JIbHOM BOJHEI B cpejie INIOTHOCTEIO p ¢ MoayneM HOHra E. CxopocTh nonepedHoi BOJIHEI B
cpelie IIOTHOCTRIO p ¢ MoxyiieM casura G. JIuneiiHas n HennHeHHas cpena. Y paBHEHHS IJIOCKOH M chepruueckoi rapMo-
HUYECKOH BOJIHBI B INHEHHOU cpelie ¢ noraomeHueM. Crosiuas rapMOHUYECKasl BOJIHA; €€ ypaBHEHHE, IIOJ0KEHUE Y3II0B U
nyanoctei. [TpogonsHbiii a¢dekt Homnepa; ero popmyna.

Yacrtb 4. daementsl CTO u OTO.
3ansiTue 14. Ji1eMeHThI PeJSITUBUCTCKOI KHHEMATHKHU

IIpeobpazoanus ["anunes u Jloperna. @opMyIibl pEISITHBUCTCKOTO U3MEHEHHS JITTUH U IPOMEXKYTKOB BpEMEHH; TeOpeMa

CJIOKEHUS CKOPOCTEH. PelsTUBUCTCKUI MHTEpBAIL.
3ansarue 15. DneMeHTHI peJSITHBUCTCKON THHAMMKH

PensruBucTckne Macca 1 umirysibc. OCHOBHOH 3aKOH TMHAMUKH JJIs eI TUBHCTCKON YacTubl. [ToiHas u kuHeTHueckas

SHEPTHH TaKOH YaCTHIIBI; CBA3b €€ MMITYJIbca M MIOJTHOW SHEPTHH.



3aunsTue 16. PeepBHoe.

Kpurepum oneHku:

- OIICHKAa «OTJIMYHO» BBICTABIISCTCS CTYAEHTY, €CIU CTYACHT IOJIHOCTHIO M MPABHIIBHO PACKPBLI
CIIMCOK IOHATHUM, MPaBUIBHO yKa3aB €IMHUIIbI BCEX (PU3NYECKUX BEJIMYMH M CMBICI BCeX 0003Haue-
HUl B popmynax;

- OLIEHKA «XOPOIIO» BBICTABISETCS CTYACHTY, €CIIM CTYJICHT MOJHOCTBIO U IPABUIIBHO PACKPBUI CIIH-
COK TIOHSTHH, HO HE Be37€ NPAaBMWIBHO yKa3aJl €IWHUIBI BCEX (PU3MUECKUX BEIMYMH M CMBICI BCEX
0003HaueHU B popMyIiax;

- OLICHKA «yJOBJICTBOPUTEIHHO» BBICTABIISIETCS CTYACHTY, €CIIM CTYJCHT HE MOJHOCTHIO M HE BE3-
7ie IPaBUJIbHO PAcKpbUI CIIMCOK IOHATHUM, HE Be3[e yKa3aB €IUHMIIBI BceX (U3NYECKUX BEIMYUH U
CMBICIT BCeX 0003HaueHHH B OpMyIIax;

- OLIGHKA «HEYJOBJIETBOPUTEIbHO» BBICTABIISIETCS CTYIEHTY, €CIM CIHCOK OTCYTCTBYET 0€3 yBaXKH-
TEJIbHON IIPUYHHBI.

JIOMAIIIHUE 3AJIAYYM TIPAKTUYECKUX 3AHATUIA
1o AucuuIInHe «MexaHuka»

Yacts 1. OCHOBHBIE TOHATHUS MEXAHUKHA. KHHEMATHUKA YACTHUIBI M TBEPJOTI'O TEJIA
3ansitue 1. KunemaTnka yacTHIbI M NOCTYNATEJbHOI0 IBH:KeHUs1 TBepaoro teuaa (TT).
Jomamnee 3axanmue 1.

1. (M.10.4-4). JlaHbl ypaBHEHUS IBHKEHHS TOUKH X = 5cos5t’, y = 5sin5t>. HaiiTu ypaBHEHHe TPaeKTOPHH U 3aKOH JIBH-
MKEHUS 10 HEW, OTCUUTHIBAS PACCTOSIHUE OT HAYaJIbHOTO TOJIOXKEHHUSI.

Omeem: x>+ y* = 25; s = 25¢°.

2. Touka OBIKETCS Tak, 4yTo X = 4sin(nt/2), y = 3sin(nt/2), rae X, y - B MeTpax, t - B ceKyHaax. Haiftu Bemmuuny u
HampasieHue ckopocTd Touku npu t=0,1 u 2 c.

> - - - -> - - >



Omeem: vo=5n/2 m/c, cos(ve"i)=0.8, cos(vohj)=0.6; v1=0; v2 = 51/2 m/c, cos(v2" i) = -0.8, cos(va" j)=0.6.

3. (M.12.7). TToe3n, nMmest HadaIbHYIO CKOPOCTh 54 KM/4ac, MPONIEN ¢ MOCTOSHHBIM TAHTEHITMAILHBIM yCKOpeHueM 3a 30
¢ paccrostare 600 M 10 3aKpyTICHHIO MyTH paauycoMm 1 kM. Haiiti ckopocTs U yckopeHue moesna va 30-i cexyHe.

Omeem: ckopocTb 25 m/c, yckoperue okoino 0,7 m/c>.

4. (M.12.11). Touka nBMXKETCS MO AyTre OKPYKHOCTH paanycoM R=20 cm. 3akoH e€ nBmxkeHUS MO TpackTopuu s =20sinmt
(s - B caHTHUMeETpAX, t - B ceKyHax). HaliTi BenHMYNHYy M HampaBJeHHE CKOPOCTH, TAHTCHIIMAIbHOE, HOPMAJIbHOE U ITOJTHOE
yckopeHus 1y t = 5 ¢. IlocTpouTh rpaduKn ¢KOPOCTH U YCKOPEHUid W, 1 W, 3a 1 000poT.

Omeem: ckopocTh 207 CM/C i HAMPaBJIeHa OGPATHO HAMPABICHHMIO OTCUETA TyTH §; W, = 0; W, = w = 207 em/c”.

5. (M.12.13). Touka JBMKETCS C COOTBETCTBUU C ypaBHeHHIMHU X = 10cos(2nt/5), y = 10sin(27t/5), e X, y - B caHTH-
METpax, t - B ceKyHAax. HaliTu TpaeKTOPHIO TOUKH, BEIHINHY U HalpaBICHUE €€ CKOPOCTH M YCKOPEHHUSL.

Omeem: oKpyKHOCTb paaumyca 10 cM; cKOpocTh V=47 cM/C HampaBjeHa KacaTeJIbHO K TPACKTOPHH IPOTHB YacOBOM
CcTpenky; yckoperue w = 1.67m° cm/c® HampaByieHo K LIEHTPY KpyTa.

Jlo6aBouHBbI€ 3a1a9H.

1. (M.10.19). YpaBHeHUS ABIDKCHHUS TOYKH UMEIOT BHI X = 2acos’(kt/2), y = a sin kt, rme a u k - monoxxuTensHbIe TIOCTO-
stHHBbIe. HaliTH TpaeKTOpuUIO U 3aKOH BUKEHUS 110 HEH, OTCUUTHIBAs PACCTOSIHUE OT HAYaJIbHOTO MOJIOKEHHUS.

Omeem: (X - a)2 + y2 = a’%, s =akt.

2.HailiTu yckopeHue u paanyc KpUBU3HBI TPA€KTOPUH B MOMEHT t = | ¢, ecllu TOUKa JBUXKETCSI B COOTBETCTBUHU C ypaBHe-
HUSMHE X = 4sin(nt/2), y=3sin(nt/2). 3meck X, y - B MeTpax, t -B CEKyHIax.

Omeem: w = 1,257 M/c*, panuyc KpUBH3HBI GECKOHEUCH.
3ansTue 2. KuHeMaTHKa KPyroBoro JABM:KeHMsI YacTHIbI H Bpawmenns TT Bokpyr HemoABM:KHON OCH M TOYKH.

Kpyrosoe aswxkenue yactunsl. Bpamenne TT Bokpyr HEMOABMKHON OCH U Toukd (Tonroca). ITonsipHble M akcHaJIbHBIE
(oceBbI€) BeKTOpa; MPaBHIIO OypaBUMKa U1 aKCHATIBbHBIX BEKTOPOB. DJIEMEHTAPHBIN YTroi MoBOopoTa d@, YIIoBbIE CKOPOCTh
® ¥ yckopeHue €. CBsI3b CKOPOCTH BpPAIIEHHS U YTI0BOH ckopocTu. Popmyia Diinepa; npaBuiio OypaBuKa Uil BEKTOPHO-
ro npousBeneHus. Tabnuia GopMysT KHHEMATHKH MOCTYIATEIBHOTO M BpamaTeabHoro nprokeHuid TT.

Jomamnee 3axanue 2.

1 (M.13.4). MaxoBUK HaYMHAET KPYTUTHCSI PABHOYCKOPEHHO U B mepBble 2 MuH aenaeT 3000 obopoToB. Haiitu yriosoe
yckoperne. Omeem: 1 ¢.

2. (M.13.6). MaxoBHK HAYMHACT KPYTUTHCS PaBHOYCKOpeHHO U depe3 10 muH gemaer 120 06/mMuH. CKONBKO 000pOTOB
cIeTal MaxOBHK K 3TOMy MOMeHTY?  Omeem: 600.

3. (M.13.15). MaxoBUK paamycoM 2 M Ha4MHAET PaCKpy4HBaThCS PAaBHOYCKOPEHHO, U depe3 10 ¢ Touku Ha ero oboze
umeroT ckopocth 100 M/c. Haiftu ckopocTh, HOpManbHOE ¥ TaHTCHIIHAIBHOE YCKOPEHHE TOYeK oboma s t = 15 c.

Omeem: v =150 m/c, w, =11250 m/c?, w, =10 m/c.

4. (M.13.18). Ban pamuycom R = 10 cM npuBoauT Bo Bpamierne Tpy3 P, moaBemeHHbIi kK HaMo-
TaHHOI HA BaJl HEPaCTsHKUMOM HuTH (cM. puc.1). [py3 aBmkercs o 3akony x=100t, rae X - pac-
CTOSIHUE T'py3a OT TOYKHU CXOJla HUTHU C Bajia (X - CAHTUMETPHI, t - ceKyH/bl). HaliTu yrioBble cko-
pocTh ® [ ' ycKOpeHHe € Baia, a TakKe MOJHOE YCKOPEHHEe W TOYeK ITOBEPXHOCTH Baja B MO-
P Puc.1. ment & 1 2 2172 2
Omeem: ® =20t ¢, e =20 ¢, w=200(1+400t") "“ cm/c”.
5. TBépoe Teno BpamaeTcss BOKPYr HEMOABUKHOM TOYKH, C KOTOPOU COBMEILIEHO HAauyajo JIeKapTOBbIX KOOPUHAT.

- -
BexTop yriioBoii ckopoctu MOKHO 3anucath kKak o= 15k. HaliTu ckopocTh Touku Tena ¢ koopauHaramu (1,2,3).

- - - - - -

Omeem: v=15(5)" mlc, cos(v * )= -2/(5)"%, cos(v 7 j) = 1/(5)"%, cos(v* k) = 0.

Jlo6aBouHbIe 3a7a4M.

1. (M.13.2). I1pu 3amycke napoBoil TypOMHBI YroJ MOBOPOTA MPONOPIMOHANIEH Ky0y BpeMEHH, U B MOMEHT t = 3 ¢ Typ-
6una nenaer 810 06/Mun. HaiiTi ypaBHeHue Bpaienns TypOuHsL. Omeem: ¢ = mit® paj.

2. (M.13.8). ITocse BRIKIIOUEHHUS MOTOpa mpornesuiep camonéra, aenasimmii 1200 006/MUH, KpYyTHTCS paBHO3aMEIJICHHO U
no octaHoBkH nenaet 80 o6opoTtoB. Kakoe Bpems mpoiwio 1o octanoBku? Omeem: 8 c.

3ausarue 3. Ci10KHOE ABHKEHNE TOYKH.

3a7a4a 0 CIIOKCHNH JIBIKCHUI. AOCOIIOTHOE, IEPEHOCHOE U OTHOCUTEIbHOE ABMKEHH. TeopeMa cloKeHHs CKOPOCTEH.

Teopema croxenust yckopeHuit. [lepeHOCHOE 1 KOPHOINCOBO YCKOPEHUS]; UX MOYJIb M HAallpaBJICHHUE.
Jomaunee 3aganue 3.

1. (M.21.5). T'opuzoHTanmbHas CTpesa MOBOPOTHOTO KpaHa BpalaeTcst BOKPYT BEPTHKAIBHOW OCH C TIOCTOSIHHOHM YIJI0BOM
cKopocThio . [|['HaifTn abCcomoTHYI0 TPACKTOPHIO TENEKKH, IBIDKYIIEHCS TI0 CTpelie ¢ MMOCTOSIHHOW CKOPOCTBIO V,. €CIH
B Ha4YaJbHBI MOMEHT TeJIeXKKA HAXOIUJIach Ha OCH BPAIEHUS.

Omeem: apXuMeJIoBa CIIUPallb I = V,(/®, TJE I - PACCTOSHHUE TEJIEKKH OT OCH, ( - yroJI IOBOPOTa BOKPYT OCH.

2. (M.22.9). [accaxxup IBMXYIIEHCS CO CKOPOCTBIO V, =72 KM/4ac M0 TOPU30HTAJIBHOMY IIOCCE MAIIMHBI BUJIUT Ha 00-
KOBOM CTEKJIE CIIe/Ibl Kareb JOX/Is HAaKIOHEHHBIMU 11oJ] yritoM 40° k BepTHkainu. Haiitn aGcomoTHYI0 CKOPOCTh Karlellb
OTBECHO MaJaronIero A0k Omeem: v = v/tgd0° = 23,8 m/c.



3. (M.23.28). IIpsimoyromsank ABCD (anmuaa cropon DA = CB = a cm) Bpamaercst BOKpyr ctopoHsl CD ¢ mocTostHHON
YII10BO#t CKOpOCTBIO M= 1/2 ¢ Baoms cToponst AB iBikercs Touka M 1o 3akoHy s = asin(nt/2). Haiitu Bemmuuny a6co-
JIIOTHOTO YCKOPEHHS W, Touki M B MOMeHT t = 1 ¢.  Omeem: w = an’(2)"?/4 cm/c>.

4. (M.23.45). Touka ABHIKETCS CO CKOPOCTBIO 2 M/C 10 0001y mucka nuamerpoM 4 M. JIuck BpaiaeTcs B 0OpaTHYIO CTO-
POHy, MMes B JaHHBIi MOMEHT yIJIOBYIO CKOPOCTh 2 ¢’ M YI7IoBOe yckopenue 4 ¢, Haiiti aGcommoTHOe YCKOpPEHHUE Wy
TOUKH B 9TOT MOMEHT.  Omeem: Wo= 8,24 M/c*, cocTapmsisi yron 76°¢ pagnycoM.

5. HaiiTi KOpHOJIMCOBO YCKOPEHHE Wy TEIIOBO3a, IBIDKYIIErOCs Ha SKBaTOpE CO CKOPOCThIo 20 M/C Ha BOCTOK.

Omeem: wi= 0,029 M/c’; HaNPaBIEHO K LEHTPY 3eMIIH.

Jlo6aBouHBIE 3a1aUH.

1. (M.22.6). Korna xopaOmup mén co CKOPOCThIO a y370B (1 y3ex - 3To Mopckas Ml B 4ac, win 1852 MeTpa B 4ac) Ha
I0T0-BOCTOK, TO (hIIforep Ha MadTe IOKa3bIBAaCT BETEP C BOCTOKA, a MPU YMEHBIICHHM XOJa 1O a/2 - BETEp C CEBEPO-
BOocTOKa. HaliTu ckopocTh U HalpaBJIeHUE BETPA.

Omeem: Betep ¢ ceepa umeet ckopocth 0,5a(2)"" y3mos.

2. (M.23.34). Bmons monynpsmoii OA, Bpalaromiencs: B miockoctd XY BOKPYT Hawana koopauHaT O MPOTUB Yac OBOM
CTPEJIKH C TIOCTOSTHHOW YTJIOBOH CKOPOCTBHIO ®, ABIKeTCs Touka M. Touka M coBmazgana ¢ Toukoit O, Korza moiaympsmas
OA coBnagana ¢ oceto X. Haiitu: aGcotoTHBIE TPAEKTOPHUIO U YCKOPEHUE TOUYKH M; €€ CKOpPOCTh V, OTHOCHUTEIBHO IOJIY-
npsimoit OA, eciiit aOCOIOTHAS! CKOPOCTH V TOYKH M HOCTOSIHHA 110 MOJIYIIIO.

Omeem: aOCOMIOTHAS TPACKTOPHS - KPYT I = v sin ¢ /® (¢ - yroi Mexxay ockio X U momynpsmoit OA) B HOJSIPHBIX KOOP-
JUHATAX U X + (y- v/20)* = (V/20)* B IeKapTOBBIX KOOPAMHATAX; a0COIIOTHOE YCKOPEHHE W, = 2V, OTHOCHTEIbHAs CKO-
POCTB V.= VCOosmt.

Yacrs 2. OCHOBHBIE ITOHATHUS U 3AKOHbI AIUHAMUKMU.
MEXAHHUKA YIIPYTUX TEJ, )KUJIKOCTEM U I'A30B.
3anarue 4. OCHOBHOJ 3aK0H MeXaHUKH. /[Be 3a1a4i TMHAMUKH
Jomamnee 3aganue 4

1. (M.26.1). B maxre omyckaercst paBHOycKopeHHO TudT Maccoit 280 kr. 3a nepsrie 10 ¢ on npomén 35 m. Halita HaTs-
JKCHHE KaHaTa, Ha KOTOpOM BUCHUT TH(PT. Omeem: mpumepHo 2550 H.

2. (M.26.10). ABTomM0oOmIs Maccoi | T IPOXOOUT cO CKOPOCThIO 10 M/C BEpXHIOIO TOYKY BBIMYKJIOTO MOCTa PagdycoM
kpuBu3HHI 50 M. Haiiti crity, ¢ KoTopoit aBTOMOOWIE 371ech naBuT Ha MocT.  Omegem: 7800 H.

3. (M.26.16). Ipmxenne yacTunbl Maccoit 200 T onMCHIBaeTCS YpaBHEHISIMH X = 3 cos2mt, y = 4sinmt, TIE X Uy - B €M, a
t — B ¢. HaiiT mpoexmuu AecTBYIOMICH CHITBI KaK (QYHKINH e€ KOOPIUHAT.

Omeem: F, = - 0,08x H; F, =- 0,02y H.

4. (M.27.13). Camonét neTutT ropuzoHTansbHo. COMpoTUBICHUE BO3AyXa MPOMOPIHOHAIBHO KBaJpaTy CKOPOCTH U MpHU
ckopoctu 1 m/c paBHO 0,5 H. Cuna Tsru 30 kH mocrostHHa 1 coctaBister yron 10° co ckopoctero. Haiitn HanOobIIyTo
cKkopocTh camonéra. Omeem: okoio 250 m/c.

5. (M.27.17). Teno maccoii 2 Kr, OpOIIEHHOE BEPTUKAIBHO BBEPX C HAYaIbHON CKOPOCTHIO 20 M/C, HCIIBITHIBACT IIPH CKO-
poctu v conpoTuBieHne Bo3ayxa (B Herotonax) 0,4v. Uepes kakoe Bpemsi TENO TOCTUTHET HaWBBICIICH TOUKU?

Omeem: oxoino 1,7 c.

JlobaBouHBIE 3aMaUH

1. (M.26.9). I'py3 maccoit 100 r, moaBemeHHbI Ha HUTH JUIMHOH 30 cM B HemoABWXHOM Touke O, ONMHUCBIBACT OKPY K-
HOCTh B TOPHU30HTAJIBHOM INIOCKOCTH, MPUYEM HUTH JABMKETCS 10 KOHHMYECKOW IMOBEPXHOCTH M COCTABISIET C BEPTUKAIIBIO
yroi 60°. Haiitu ckopocTs rpy3a v u cuiny Hatskenus Huta T. Omeem: v =2,1 m/c, T =2 H.

2. (M.26.11). IIpu paBHOYyCKOpEHHOM TObEMeE JH(Ta Py )KUHHBIE BECHI MTOKA3BIBAIOT Bec Tpy3a 51 H, a mpu paBHOMEp-
HoM mopéMe -50 H. KakoBo yckopernne mudra? [Tpuasats g = 10 M/c%. Omeem: 0,2 m/c*.

3ansarue S. Cuibl HHepUMH.
Jomamrnee 3aganue 5

1. (M.33.4). IToe3n maccoii 2000 T co ckopocThio 15 M/c uaét Ha ceBep. Haiitu: a) cuiry O0OKOBOTO JaBICHHS MMOE3/1a Ha
PeINbCHI Ha ceBepHoOi mmpoTe 60°; 0) Ty xKe CHTy, KOTa Imoe31 UAEST Ha IOT.

Omeem: a) oxono 3780 H Ha npaBblil (BOCTOYHBIN) peibc; 0) Tak K& Ha MPaBbli (3amnagHbIi) penbC.

2. (M.33.5). I'py3 ¢ BeicoTsl 500 M mamaeT Ha ceBepHOU mupote 60° Ha 3emiro. Ha ckombKo TpW MageHUH OTKIOHHUTCS
Ipy3 ¥ Kyaa 3a c4€t Bpamienus 3emin? ConpoTHBIEHHE BO3Tyxa Manio. Omeem: Ha 12 cM Ha BOCTOK.

3. (M.33.10). I'opuzoHTanbHas TpyOka JInHON L Bparmaercss BOKpYT BEPTHKAIBHOW OCH C TIOCTOSHHOM YTIIOBOM CKOpO-
CTBhIO ®. BHYTpH TpyOKM Ha pacCTOSHHH X, OT OcH 3akperuiéH rpy3. C Kakol CKOPOCTBIO OH BBUICTUT M3 TPYOKH Iocie
ocBoboxnenus? Tpernue mano. Omeem: v = 0)(L2 - on)l/ 2,

4. (M.33.11). B mpenpiymieii 3agaue HalTH BpeMst IBIDKEHHS Ipy3a BHYTpU TpyOku T.

Omeem: T = {In[L + (L” - x,)"*/x,]}/ .

5. (M.33.17). Aptunniepuiickuil CHapsiA IBUXKETCS 10 HACTIIIBHON TPAaeKTOPHH, OIM3KOI K TOPH30HTAIBHON MPSIMOH, CO
ckopocThio vV =900 m/c, i T0JDKEH TIOpa3uTh 11eJib Ha paccTossHuu 1 = 18 kM. Ha CKOJIbKO W Kyaa OTKJIOHWUTCSI CHapPSII U3-
3a BpallleHus 3€MJIH, €CJIH TyITKa HAaXOJAUTCS Ha cCeBepHOH mmpoTe ¢ = 60°? ConmpoTUBICHHE BO3yXa MaJIO.

Omeem: BIpaBo (€CU CMOTPETh CBEPXY MEPHEHIUKYISIPHO CKOPOCTH) Ha S = (olzsin(p/v = 22,7 M HE3aBHCHMO OT
HarpaBJIeHUs CTPENIBOBL, TA€ M |- YIIIOBasi CKOPOCTh CYTOYHOTO BPAIICHUS 3EMIIH.

Jlo6aBo4YHbIE 321241



1. (M.33.13). Konbio ABMXETCS 10 TIAAKOMY TOPHU30HTAIILHOMY CTepKHIO AB mmuHOM 1 M, BpanaromeMycs ¢ IOCTOS H-
HOM yriIoBo# ckopocThio (1 000pOT B CEKyHIY) BOKPYT BEpTHUKAJIbHOW OCH, TIPOXOMSIIEH depe3 KOHEll A; B Ha4aJbHBIH
MOMEHT KOJIBII0 TOKOMIIOCH Ha paccTossHUM 60 cM oT koHIa A. Yepes kakoe BpeMs KOJIbIIO CIETUT?

Omeem: t =1n3/(2w) = 0,175 c.

2. (M.33.15). Ompenenutpb, Kak MEHAETCS] YCKOPEHUE CHIIBI TSHKECTH B 3aBHCUMOCTH OT TeorpaduuecKoi MHUPOTHl MecTa
¢ 13-3a BpaleHus 3eMin BOKpyr cBoer ocu. Paguyc 3emmnu R = 6370 kM, yckopeHHe CUIbI TSDKECTH Ha montocax g = 9,81
M/c. Omeem: g; = g[1 - (w*Rcos’p)/g] = 9,81[1 - (cos’()/289)].

3anstue 6. Teopembl 00 u3MeHeHUH uMIyabca yacTunbl 4 MC. Teopema o nBus:keHuu nentpa mace MC.
3akoH coxpanenus ummnyiasca MC.
JlomamHee 3aganue 6.

1. (M.28.2). ITo HaKJIOHHO¥ IJIOCKOCTH, COCTaBIISIONIEH C TOPU30HTOM yroi 30°, Hayajl CIyCKaThCsl MOKOMBILIHHCS TPY3.
3a kakoe BpeMs OT mpoiAeT myTh 39,2 M, ecin ko3 durment tperns 0,2?  Omesem: S c.

2. (M.28.6). IIpu ckopoctr 20 M/c aBTOMOOMIE TOpMO3UTCA 32 6 ¢. KakoB koaddurment tperns?  Omesem: 0,34.

3. (M.28.7). ITyns maccoii 20 T BpUIETACT U3 CTBOJA BUHTOBKH CO CKOPOCTHIO 650 M/c, mpoberast ctBoi 3a 0,95 mc. Haiitu
cpejiHee aBIeHHe TOPOXOBBIX TA30B JUIs IUIOMAIH ceueHus cTBota 150 mm®  Omeem: 91,2 H/mm™.

4. (M.35.18). I1o ropusoHTanbHON MoOKoMBLIEHCs waTdopme aauHONH 6 M 1 Maccoi 2700 xr pabo4ne nepeMecTHiIn Tsi-
KEITYI0 OTIMBKY C JIEBOTO KOHIIA MatdopMbl B rpaBeiid. OOmmas Macca oTiauBku 1 padounx 1800 kr. Kyna u Ha ckosbko
cMmecrures miathopma? Tpenune maTopmsl 0 pestbebl Mano. Omeem: HaleBo Ha 2,4 M.

5. (M.36.8). I'panarta maccoii 12 kr, meTeBmas co CKOpocThio 15 M/c, pasopBasack B Bo3ayxe Ha 2 gactu. CKOpOCTb
OCKOJIKa MacCoi § KT BBIPOCIIa B HANpaBICHUH JIBIKEHHS 10 25 m/c. HaliTi BenmnmunHy ¥ HanpaBJICHHE CKOPOCTH BTOPOTO
ockoisika. Omeem: 5 M/c; 00paTHO CKOPOCTH TIEPBOTO OCKOJIKA.

JlodbaBouHBIE 321291

1. (M.28.1). IIpn TopMO’KEHNH TTOE31a Ha HPSMOM T'OPH30HTAIHHOM y4JacTKe IyTH pa3BUBACTCS CHJIA COIIPOTUBICHUS B
0,1 Beca moe3na. Haiiti BpeMsi TOpPMOKEHHSI 1 TOPMO3HOH ITyTh, €CIIH HadalbHAs CKOPOCTh moe3aa 20 m/c.

Omeem: 20,4 c; 204 m.

2. (M.36.12). Haiitu Topn30HTANBHYIO COCTABIISIONIYIO CHIIBI JaBIICHUS BOABI B M3rube (mon yriaom 90°) TpyOsl BepTH-
KaJbHOTO BojocToka auamerpoM 300 MMm. Bona 3amnosHseT BcE ceueHne u Teu€T B U3rube co CKOPOCThIO 2 M/c.

Omeem: 284 H.

3ansitue 7. Padora cuabl. MomHocTh. TeopeMbl 00 M3MEHEeHHH MeXaHMYeCKOW dHepruu. 3aKOH COXpaHeHus
NOJIHOH MEXaHMYeCKOH IHeprun
Jdomamnee 3apanue 7

1. (M.29.2). HaifTn HanMeHbIITyI0 pabOTy MOABEMA Tela Maccoi 2 T Ha 5 M IO HAaKJIOHHOW IUTIOCKOCTH, COCTaBIIAFOIICH
yroi 30° ¢ ropuzonToM. Koaddunuent tpeuus 0,5. Omesem: 183 x[Ix.

2. (M.30.5). Crapsan maccoii 24 Kr BBUICTaeT U3 CTBOJIA OPYIHS JUIMHOU 2 M co ckopocThio 500 m/c. Haliti cpenHioo
CUJTY JAABJICHUS IOPOXOBBIX ra3oB Ha cHapsan. Omeem: 1500 xH.

3. (M.30.7). Ilepen TOpMOKEHHEM Y CTAHITHH MMOE3] I cO CKOpocThio 10 M/c oz ykioH ¢ yrioM o = 0,008 panx (Mox-
HO TIpUHATH sina = o). Cuna conpoTuBienus coctasisier 0,1 Beca moe3ga. HaliTi TOpMO3HOM MyTh U BpEMsI TOPMOKEHHUSL.
Omeem: 55,3 m, 11,8 c.

4. (M.30.10). XXene3nomoposkHas miatdopma Maccoit 6 T UCHBITEIBAET criy conpoTtusieHus B 0,0025 eé Beca. Ha ropu-
30HTAJIHHOM IIPSMOIHHEHHOM y9acTKe IMyTH paboduil Hadaj TOMKATh MIOKOUBIIYIOCS TIATGOPMY C IIOCTOSHHOM cuutoit 250
H, u gepe3 20 M mepecran Tonkars. HaTH MakCHMAaBHYIO CKOPOCTb IDTAT(OPMBI U TIOJHBINA €€ MyTh 0 OCTaHOBKH.  Om-
eem: 0,82 m/c, 34 m.

5. (M.30.28). IllaxTHbiii 11T Maccoii 6 T JBHIKETCS BHU3 CO CKOPOCTBIO Vo = 12 m/c. Kakyio cpenHioo cuity TpeHus
JTOJDKEH 00eCIeYnTh TOPMO3HOM MAPaIIIOT B CIy4ae 00phiBa TPOCa, YTOOBI OCTAHOBUTH JUPT Ha myT S = 10 mM?

Omeem: F = m[g + (vo*/2s)] = 102 kH.

Jlo6aBo4YHbIE 321241

1. (M.30.4). ITo HaKJIIOHHOW TUTOCKOCTH, COCTaBIIItomIer yroia 30° ¢ TOpU30HTOM, HAUWHACT CITycKaThbes Tpy3. Koaddu-
uuenT tpenus 0,1. Haiitu ckopocth rpy3a uepe3 2 M ot Havana mytu.  Omgem: 4,02 m/c.

2. (M.30.13). TToe3a maccoii 500 T uMes HavYaIbHYIO CKOPOCTh 15 M/c. Kakol myTh OH MPONAET MOCIIE BBIKIIOYCHHUS IBH-
raTeisi, eCIA CHJIa COTMPOTUBIICHUS MOXeT OBITh BhIpaxkeHa (opmynoit F = (7650 + 500v), roe v B3sTo B M/c, F - B H.
Omeem: 4,5 kM.

3ansitue 8. CMemanHbIe 321241 HA YJHEPTHIO U HMITYJIBC
Jomamnee 3aganue 8.

1. (M.31.5). Tsoxénast oramBka Maccoit 20 Kr 3akperyieHa Ha JErKOM KECTKOM CTep)KHE, KOTOPBIA MOXKET MPaKTHYeCKU
0e3 TpeHHs BpamaThCs B BEPTHUKAIFHOW IUIOCKOCTH BOKPYT TOPH30HTAIBHOHN ocH. IloKoMBIIascs OTIMBKA HAYMHAET Ma-
JIaTh U3 BEPXHETO TOJIOKeHUs. HailTh MakcUManbHYIO CHITY JaBjieHHus Ha ock.  Omeem: 980 H.

2. (M.31.7). Napamrrotuct maccs! 70 Kr mpeITHYN U3 camonéra u, mpojiereB 100 M, packpsut mapanrtoT. Haiitu cury HaTS-
JKEHUS CTPOT KPEIJICHUsI TIapallioTa, €CJIM 3a 5 ¢ MOCJIe PACKPBITHS MapalroTa CKOpocTh ynana a0 4,3 m/c. Cuurath cuimy
COTIPOTHUBIICHUS BO3/yXa MApaIIioTy IIOCTOSHHOM, a YelNoBeKy Oe3 mapamnrroTa - Mmajod.  Omeem: 1246 H.

3. (M.31.8). 32 500 M 10 CTaHIIUM, CTOSIIEH HA MPUTOPKE BBHICOTOM 2 M, MAUHKUCT Toe3na maccoit 1000 T, uaymiero co
ckopocTbio 12 M/c, Hauan TopMoskeHne. Cuia TpeHus noctosiHHa U paBHa 20 kH. Kakoii n1omkHa OBITH TOCTOSIHHAS CHJIA
TOPMO>KEHHS, YTOOBI TIOE3]] OCTAHOBIICS Yy cTaHmu?  Omeem: 84,8 xH.



4. (M.31.22). KamHro, HaxoIsIIeMycCsl Ha BEPIIUHE TIAIKOTO TOoIycheprudeckoro Kymoia paauyca R, cooburmm ropu-
30HTAJIBHYIO CKOPOCTh V,. B Kakoil Touke KaMeHb MOKWHET Kyrmou? [Tpu Kakoi CKOPOCTH Vomax KAMEHb MOKWHET KYITON B
BepuHe? Omesem: @ = arccos(2/3 + v,°/3gR), rie ¢ - yron MexIy pajuycaMy, IPOBEASHHBIME U3 LIEHTPA MoTychepsl B
BEPIIMHY U TOUKY OTPBIBA KAMHS; Vomax > (gR)m.

5. (M.31.31). lllapuk Ha HUTH ONMHCHIBAET OKPYKHOCTh B TOPU3OHTAIBHOH IIIOCKOCTH, 00pa3yst KOHUYECKUI MasTHUK.
Haiitu BeICOTY KOHYCa, eciu mapuk nenaet 20 o6/Mua. Omeem: 2,25 M.

Jlob6aBouHbIe 3a1a4u

1. (M.31.6). KakoB yroJ ¢ BepTHKaJIBIO BPAIIAIOMIETOCS CTEPKHA B 3a1a4e 31.5, Koraa gaBjIeHne Ha OCh PaBHO HYIO?

Omeem: @ = arccos(2/3).

2. (M.31.9). OtmuBky B 3amade 31.5 OTKIOHWIN OT BEPTHKAIN HA YTOJI (), M COOONIMIN HaYaJBHYIO CKOPOCTH V, BBEPX
MEepHEeHANKYIISIPHO CTEPKHIO JUIMHOHM | B BepTHKaibHOH miockoctu. Haiitn ycunue N B crepHe Kak (QyHKIUIO yria @
OTKJIOHEHUSI CTEPKHS OT BEPTHKAJIH.

Omeem: N = 3mgcos@l | - 2mgcos@, + mv, /1. Crepxens pactsanyT, ecan N > 0, n cxar, ecn N < 0.

3ansitue 9. Teopema 00 M3MeHeHHH MOMEHTAa MMIYJbca. 3aKOH COXpaHEHHS MOMEHTa HMITYJIbca
Jomamnee 3aqanue 9.

1. (M.37.1). OgHOpOAHBIN KPYTIBIHA AUCK paguycoM 30 cM u Maccoit 50 Kr kaTUTCst 0€3 CKOJIBKEHUS 10 TOPU30 HTATFHON
MIOBEPXHOCTH, JieNlasi BOKPYT cBoer ocu 60 06/MuH. HaiiTh MOMEHT uMIrynbca TUcka: 1) OTHOCHTENBHO ero OCH; 2) MrHO-
BEHHOU ocH BpameHus. Omesem: 14,1 KF'MZ/C; 423 Kr-m/c.

2. (M.37.5). [Insa ompeneneHuss MOMEHTa TPEHUS B Landax Ha BaJl HACAJWIM MaXOBHK C MOMEHTOM HHEPIMH OTHOCH-
TenpHO och 1125 krom” i packpytwan 1o 240 o6/mMuH; 3aTeM 3a CUET TpeHH Baj ocTaHOBMWIICS uepe3 10 muH. Haiitu cpen-
HUW MOMEHT TpeHusi. Omeem: 47,1 H-m

3. (M.37.6). Inst TopMOXKEHHUS MaxOBHKOB MPUMEHSIOT MarHUTHBIA TOPMO3 B BUJIE€ 2-X MOJIIOCOB AJIEKTPOMArHUTA; €ro
TOPMO3SIIUit MOMEHT M = kv mpomnopioHaneH ckopoctu 00o1a MaxoBuka (k - mocrostHHbIH K03 duiuent). Kpome Toro,
TpEHHUE CO31aET MOCTOSIHHBIA MOMEHT M,. Uepes kakoe BpeMsl OCTaHOBUTCS MaxOBUK JuaMeTpoM D ¢ MOMEHTOM MHEpLUHU
OTHOCHTEJIBHO OCH BpalieHus | npyu HauanbHOM yTII0BOH CKOPOCTH (7

Omegem: T = [2I-In(1 + kDwy/2M,)]/kD.

4. (M.37.48). Haiitu 3aBUCHMOCTh OT BPEMCHH YTJIOBOM CKOPOCTH MMOKOUBIIETOCS BEIOMOI0 Koyieca (aBTOMOOWMIIST) Mac-
coii M 1 pazmycoMm r, IpUBEAEHHOTO B ABMKEHHE TOPU30HTAIBHOM CHIIOH, IIPUIIOKCHHON B €r0 IIEHTPE, M KaTAIIEToCs CO
CKOJIbKEHHEM TOPH30HTANEHO. MOMEHT MHEpUIUH KOJieca OTHOCHUTENBHO €ro och lc, ko3 ¢uumeHt tpeHus xadeHus fi,
KoapdunueHT TpeHus ckoiabkenus f. Omeem: ol 1= Mg(rf - fit/lc.

5. (M.37.55). Crosimero Ha ckambe JKYKOBCKOTO C BEITSHYTHIMH B CTOPOHBI PYKaMH YEJIOBEKa PAacKpyTWwid 1o 15
00/MHH; MOMEHT MHEPIIMHU €r0 M CKaMbH OTHOCHTEIBHO OCH Bpamierus 0,8 kr-M°. Kakoil CTaHET CKOPOCTh BPAICHHUS, CCITH
4eTOBEK MPHKAJ PYKH K TyTOBHIIY ¥ CHH3MI MOMEHT HHEpLUH cucteMsl 10 0,12 kr-m>? Omeem: 100 06/MuH.

Jlo6aBouHbIE 3a1a4U

1. M.37.51). Yepes 610k, Maccy KOTOPOTO MOKHO CUHTATH pacHpeneiCHHON 1o 000qy, MEepeKWHYT KaHaT. JIeByio ero
YacTh JEPXKUT YEJIOBEK, a K IIPaBOW NPHUBS3aH I'Py3 PaBHOW YeNOBEKY Macchl. UTO MPOM30MAET C TPy30M, €CIIM YeOBEK
HayHET NOAHMUMATHCA 10 KaHATy CO CKOPOCTBIO V OTHOCHTENIFHO KaHata? Macca Oioka B 4 pa3a MEHBILIE MacChl YeJIOBEKa,
TPEHUEM B OCH MOXHO TIpeHebpeub. Omeem: Tpy3 OyneT MOJTHUMATHCS CO CKOPOCTHIO 4v/9.

2. (M.37.52). Kpyrnas ropuzoHTanbHas miargopma B BUAE JUCKa paguycoM R maccoit M, MoxkeT 6e3 TpeHus BpaiaTbes
BOKPYT' BEPTUKAJIBHOI OCH, Ipoxoasiiei yepe3 e€ ueHtp. [1o miarpopme Ha HEM3MEHHOM PACCTOSIHUU I' OT OCH C TIOCTOSH-
HOW OTHOCHTEJILHOM CKOPOCTHIO U HAET YesioBeKk Maccoit M. Haiitu yriioByro cKOpOCTh mIaT(OpMBbl, €CIIi UCXOIHO IUIaT-
(dopMa U 4eToBeK NOKOWIUCE.  Omeem: ® = 2M1ru/(M2R2 + 2M|r2).

3anstue 10. PerynasipHas npeneccusi rupockona. 'mpockonuyeckue cHJbl.
Jomamnee 3aganue 10.

1. Bomyok maccoit m = 0,5 Kr, 0cb KOTOPOI0 HaKJIOHEHa NoJ yrioM o = 30° Kk BepTUKaJM, NPELecCUpyeT Mo JeHCTBUEM
CHITBI TsDKeCTH. MOMEHT HHEpIMH BOJTYKA OTHOCHTEIHHO €ro OCH CHMMETpHH I = 2 r-M’, yriioBas CKOPOCTH BpAlEHHS
BOKpYT 3T0it ocu ® = 350 pan/c u HampaBieHa k Touke O 3aKpeIUICHHs] OCH BOJYKa. PaccTosHME MeXIy HEHTPOM Macc
Bouka 1 Toukoi O cocrapinsier 1 = 10 cMm. HaliTu yriioByto cKkopocTh npeneccuu o, u e€ HanpasieHue. Biuser nu Ha npe-
neccuto BenmuuHa a? Omeem: o, = m-g-1/(I-®) = 0,7 pan/c He3aBHCHMO OT O IIPH B3TJIIE CBEPXY HPEIECCHS TPOUCXOIHT
110 4YaCOBOM CTpEJIKE.

2. (M1.1.284). Ha nony mud)Ta, IOXHMMAIONIErOCs C HOCTOSHHBIM YCKOPEHHEM a = 2 M/C’, CTOMT THPOCKOIT B BHE JMCKA
paanycoMm R =5 cM Ha KOHIIE TOPU30HTAIBHOTO CTEepskH AMuHOM | = 10 cm. J[pyroit KoHeI[ cTepKHS 3aKperi¢H B MapHU-
pe. IlpeneGperast TpeHHEM M MacCOM CTEPIKHS, HAUTH COOCTBEHHYIO YIIIOBYIO CKOPOCTh ( JUCKA, €CIH MPEIeCCHs IPOuc-
XOJIHT CO CKOpOCThIo N = 0,5 06/c. Omeem: ® = (g + a)-1/(n-n-R?) ~ 300 pan/c.

3. (1.1.287). lunuuapudecknii TMcK TUpockona Maccoit m = 15 kr paguycom R = 5 em nenaer o = 330 pan/c. Paccros-
HHE MEXAY HOAIUIHUKAMH, TJe 3aKperuIeHa 0Cch TUCKa, cocTaBisieT 1 = 15 cm. ['mpockon 3acTaBusioT KojebaThCst rapMo-
Huuecku ¢ nepuogoM T = 1 ¢ u ammuutynoi o, = 20° BOKpyT rOpU30HTaIbHON ocu. HaliTu MakcuMmalbHYyI0 BEIUUYHHY
TUPOCKOMMYECKUX CUJI B MOAMUIHUKAX. Omeem: F.x = (Tc~m-R2~(o-am)/(l~T) =90 H.

4. (1.1.288). Kopabnb IBHIKETCS CO CKOPOCTHIO V = 36 KM/4ac 1o Iyre oKpyKHocThio R = 200 M: och KOJIEeHYaTOro BaJsia
¢ MaxoBUKOM, Aenaromniero n = 300 06/MHH, pacnoio’keHa BJIOJIb KOpalJist, 2 MOMEHT UHEPIIMU BPAIIAIOIIMXCS YacTe OT-
HOCHUTENHHO ocH BpamieHus [ = 3800 kr-m°. Haittu Mmoment M TUPOCKOMUYECKUX CHJI B TIOJIIIUITHUKAX



Omeem: M = (2n-n-I-v)/R = 6 kH-m.

5. IlepenHee koneco THKEIOrO MOTOLMKIIA MOKHO CUMTATh TOHKMM 00pydeM Maccoil m = 16 kr u paguycom R = 0,5 m.
C Kxako¥ CHIJION JOJDKHBI IEWCTBOBATH PYKH HA KOHIIBI pyJist UpuHOH 1 = 1 M, 9TOOBI Ha ckopocTH. v = 108 kMm/9ac moBep-
HYTh KoJieco Ha yroi oo = 30°3a t =1 ¢? Omsem: F = (m-R-v-a)/(I't) = 40w = 126 H.

Jlob6aBouHbIe 32124

1. Toukuit nuck pagmycoM R = 5 cMm HacakeH nmocepeanne nErkort crumbl mrHOH | = 10 M, coBnamaromei ¢ 0Chl0 CHM-
METPHHU ANCKA, U eMy coo0IeHa yrioBasi ckopocts @ = 100 pan/c. OauH KOHEI CIUIBI 3a0CTPEH U YIHUPAETCs B TOPU30H-
TaJIbHYIO TTIOBEPXHOCTh, MPUYEM IIPH B3TJIAAE C JPYroro KOHNA CIUIBI BPAIIEHUE IMPOUCXOANUT MPOTUB YAaCOBOH CTPEIKH.
Haiitu yrioByro CKOpoCTb NPEHecCu @, U €€ HaIpaBiIeHUE. YTOI CIUIBI ¢ BEPTUKAIBIO HE PAaBEH HYIIIO.

Omeem: ®, = g1/(R*®) ~ 4 paa/c; npu B3TIsAE CBEPXY MPELIECCHs TPOHCXOIUT IPOTHB YACOBOI CTPEIIKHL

2. Typbuny camonéra MOXKHO CUHTATh IMIIMHIPOM Maccoi m = 500 kr u pagmycom R = 0,5 M, mematormum n = 12 000
00/mMuH. CaMon€T 3a t = 5 ¢ MepexoauT OT TOPU30HTAIBHOTO MOJIETA K BEPTHKAIBHOMY IMHKMpOBaHUio0. HalfTi rupockomnu-
YeCKHE CHJIBI B ITOJIIUITHUKAX HA KOHIAX TypOuHbI pH e€ jumne 1 = 6 M. Omgem: F =~ 12,5 xH.

3ansrue 11. Cratuka. Mexanuka ynpyrux e, ;KUAKOCTeil 1 ra3os.
Jomammuee 3aganue 11.

1. OHOpoHas NErKasi TOPU30HTAIbHAs Oayika JUIMHOM | = 6 M Ha KOHIle A 3aKperuieHa [apHUPOM, a Ha KoHLe B ommpa-
eTcs Ha KaToK, 1€ TPEHHUEeM KaueHHsT MOXKHO peHeOpeus. B cepeanne Oanxu mox yriiom o = 45° k He#t mpmtokeHa cua F
= 20 xH, neiicTByromas BICBO U BHU3 B BEPTUKAIBHOM MockocTu. HalfTu cunel peaknuu B onopax.

Omeem: Fxa = 14,14 xH BupaBo; Fya = 7,07 kH BBepx; Fyg = 7,07 xH BBepx.

2. (1.1.292). I'opu3oHTaNbHBIH MEAHBIH CTep)KeHb ATHHOHN 1 = 1 M BpamiaroT BOKpYT BEpTHUKAJIbHOMN OCH, MPOXOAsIIeH
yepe3 ero cepennHy. HalTi MakcUManbHYIO 4acTOTy BpallleHHs V, IPH KOTOPOH cTepkeHb emé He mopBErcs. it menu
IIOTHOCTH p = 8900 Kr/M?, npezen NpoYHOCTH Ha paspbiB 6, = 0,3 I'Tla. Omsem: v = (2GB/p)1/2/(l-7t) =80 I'm.

3. Katep umeer 00BEM JeTaneil KopIyca, KOTOPBIif 10 cpeHeil IITOTHOCTH MOKHO CUMTATH aTIOMUHHEBBIM, V = 0,5 M.
Ero HyXHO moaHATh ¢ mryouHsl h = 500 M ¢ kaMeHHCTOro IHa o3epa Oe3 mpucachiBaHus K miy. Kakyro MUHHMAaIbHYIO
IJIoLab CEYEHUsI S TOJKEH UMETh I 3TOr0 CTalbHOM Tpoc? J{Js cTaimu mIOTHOCTh P, = 7800 Kr/M3, npenaea NpoYHOCTH
Ha pa3pbiB G, = 0,6 ['Tla, mI0THOCTH aMIOMUHUS P,,; = 2700 KF/M3, IJIOTHOCTh BOJBI py = 1000 Kr/MC.

Omeem: S = (Pas - Pa)-V-g/[Gy - (Per - po)hegl = 15 Mv™.

4. TlonHbIi Oak IS TOPIOYEro UMEET Iutomans Sy = 1 M’ 1 BbicoTy h = 0,5 M npu Tonmmuue cteHok d = 2 mM. B 1He cpe-
MaH MaJeHbKOE KPYIJIoe OTBEPCTHE Momansio S = 2 mMm’. HallTh HauanibHYIO CKOPOCTH V, BHITEKAHHS TOPIOYEro UL
ciTydasi HACcallbHON KHUIKOCTH 03 BA3KOCTH M PEANbHOW JKUAKOCTH <V> C IHHAMHUYECKOH Bsi3kocThio M = 0,032 Ila-c u
MI0THOCTEIO p = 800 KI/M’, a TakKe BpeMs BBHITCKAHHS t,, U <t> 6€3 yuTa H3MEHEHHs CKOPOCTH BhITeKaHms. UTo macT
y4€T U3MEHEHHUs] CKOPOCTH BbITeKaHus? Omeem: Vv, = (2-h-g)0’5 = 3,16 m/c; <v> = p-h-g-:S/(8nm-d) = 0,05 m/c; t,,
Sg-h/(vy:S) = 80 000 ¢ = 22 gaca; <t>~ 1390 yac = 58 cyTok. Y4€T UBMEHEHUS CKOPOCTH YBEIUUUT BPEMSL.

5. Tpy30BHK C IIOMAIBIO HONEPEIHOr0 CeueH s S = 3,75 M’ IBHKETCS TOPH30HTAIBHO PABHOMEPHO CO CKOPOCTHIO V =
72 xm/uac. Cuntast o0TekaHue TypOyICHTHBIM ¢ K03 duienToM jJ06080ro conporusienus C, = 0,6, HallTH MOITHOCTH P,
pacxojyemyIo Ha JBmkeHHe. [I10THOCTh Bosayxa p = 1,3 kr/M’. Omeem: P = Cy-p-S-v° = 23,4 kBT.

Jlo6aBouHbIE 3a1a4U

1. (U.1.293). ToHkoe CBUHIIOBOE TOPU30OHTAILHOE KOJBIO paguycoM R = 25 cM BpamiaroT BOKpYT BEpTHUKAIBHOW OCH,
MIPOXOSIIeH Yepe3 HEeHTP KOJbIa IEePIEeHANKYISIPHO eTo INIOCKOCTH. HalfTn MakcuManbHyIo 4acTOTy BpallleHHs V, NpH
KOTOPOii KONBIIO ElIé He MOPBETCS, €CIIH U CBHHIA IIOTHOCTH p = 11300 Kr/M’, mpeies IpOYHOCTH Ha pasphiB G, = 15
MIla. Omeem: v = (c,/p)"*/(2n-R) = 23 T'.

2. Kaxue cuiibl F HAZO MPHIIOXKHTH K KOHIAM CTAIbHOM MPOBOJIOKH IMHHOM | = 4 M ¥ miomazsio cedenns S = 0,5 Mm’,
9T00BI pacTaHyTh ¢€ Ha Al =2 MM? Moxynb FOnra cramu E =200 I'Tla. Omeem: F = AILE-S/1 = 50 H.

Yacts 3. MEXAHUYECKHUE KOJIEBAHUSA U BOJIHBI.
3ansatue 12. CBoGoaHbIe U BLIHY:KAEHHbIE KOJTeOaHUS.
Jomamnee 3aganue 12.

1. nsa mapuka maccoit 10 r Ha mpyxuHe ¢ KodppunueHToM KECTKOCTH 4 H/M HallTH aMIUTUTYy BEIHYKICHHBIX KOJE-
0aHUWil Mox AEWCTBHEM TapMOHHYECKH MEHsomIelcss BHemHer cwibl amrumatynoi 0,1 H u wacroroit 1,57 I'm. Tperue
MOXXHO CUUTaTh MaJIbIM. Omegem: NPUMEPHO 3,3 cM.

2. inst Tex xe, 4TO B 3a7a4ye 1, MeXaHHMIECKOW CHUCTEMbI M BBIHYK/IAIOIICH CHIIBI HATH PE30HAHCHYIO YacTOTy W aMILIH-
TyJy BBIHY)KJCHHBIX KOJIeOaHUi1 ¢ yI€TOM BA3KOTO TpeHHs, Ko duireHT conporusienus koroporo 0,1 kr/c.

Omeem: nmpumepHo 3 ['mu 3,2 cMm.

3. (1.4.3). Yactuna coBepuiaeT rapMOHHYECKHE KOJIeOaHMs C KPYroBOW 4acTOTOH ® = 4 paj/c BAOJIL OCH X OKOJIO T10JIO-
keHus paBHOBecHs X = (. B HEKOTOpBIf MOMEHT KOOPJMHATA YaCTHUIIBI X, = 25 CM U €€ CKOpOCTh V,, = 100 cM/c. Haiitn
KOOPAMHATY X M CKOPOCTh Vy YaCTHIIBI Yepe3 t = 2,4 ¢ 1mocie 3TOro MOMEHTA.

Omeem: x = Acos(ot + o) = -29 cMm, v, = -81 cM/c, e amruaTyna A = [x(,2 + (vxo/o\))2
Vxol (0X,)]

4. (N.4.18). Haittn nmepros MaybIX BEpTUKAIBHBIX KojleOaHWil mapruka Maccoil m = 40 r, yKpemI€HHOTO0 Ha CepeiHe
rOPHM30HTAILHO HATSAHYTOM MOCTOsHHOM cuitoii F = 10 H ctpyns! mmmuoii 1 = 1 M. Omeem: T = n(ml/F)"* = 0,2 c.

1'"?, nauanpnas dasa o = arctg] -



5. (N.4.40). Temo maccoit m BUCEJIO Ha BBICOTE h HaJl JamIKoW MPYKXUHHBIX BECOB ¢ KOIPPHUIIMEHTOM KECTKOCTH TIPYKHU-
HBI K, a 3aTeM ymao, IPHINILIO K YalllKe W Ha4dajo COBEPIIATh FAPMOHNYECKHE KOIEOaHNs B BEPTUKAIBHOM HAIPABICHHUH.
Haiitn aMmmumnTyy u 9Hepruto KojedaHuid. Macchl IPY>KUHBI U YaIlIKA MaJIbl.

Omeem: a = (mg/k)[1 + (2hk/mg)]"?, E = mgh + m?g*/2k.

Jlob6aBouHbIe 3a1a4U

1. (1.4.4). Haiitn KpyTrOBYIO 9acTOTy ¥ aMIUTUTYAy TApMOHWYECKUX KOJICOAHMHA YaCTHIBI, €CII HA PACCTOSHUAX X| U X
OT TIOJIOXKECHUS PABHOBECHSI €€ CKOPOCTh PaBHAa COOTBETCTBEHHO Vi H V.

Omsem: o = [(vi* - v2)W(x2 - x 1" a = [(vi*%7 - vo'x D/(x - x, )]

2. Haiitu ammntyny konebanuii B 3anade 5 (11.4.40), ecnn Macca yaniku pasHa M.

Omeem: a = (mg/k){1 + [2hk/(m+M)g]}"*

3ansrue 13. Yupyrue Boanbl. ddekt Jomrepa.
Jomamrnee 3axanue 13.

1. lnnHa Gerymei miockoil 3ByKOoBO# BOJTHBI B BO3ayxe A = | M mpu gacToTe uctogHnka v = 340 'y n ammunTyze xKomie-
6armit A = 0,2 mM. Haiftu: a) ckopocTh BONHHL V; 0) aMIDIUTYIy V,, KOJIEOaHHH CKOPOCTH YaCTHIl CPEAbl; B) 3alUcaTh
ypaBHeHHE BONMHBL. Omgem: a) V = A-v =340 M/c; 0) v, = A-0 = A-2n-v=0,4 M/c; B) = 2~10’4cos(680~n-t - 2mX).

2. (1.4.155). YpaBuenne Oerymeii MI0CKOH 3BYKOBOH BOJNHBI B BO3IyXe (CKOpOCTh BOMHEI V = 340 m/c) mMeeT Buf & =
60cos(1800t - 5,3x), rae & - B MUKpOMeTpax, t - B CEKyHJaxX, X - B MeTpax. HaliTu: a) oTHOIIEHNE aMIUTUTYIBI A CMEIICHHS
YaCTHI] CPEAbl K JUINHE BOJIHBI A; 0) aMIUIUTYAY V,,, CKOPOCTH KOJICOAaHMH JaCTHI[ CPENIbl U €€ OTHOLICHUE K CKOPOCTH BOJI-
HBI; B) aMIUIUTYAY KOJIeOaHUH OTHOCHTENHHOM AedopMaluu cpebl U e€ CBA3b C aMIUTUTY 101 KOJe0aHUil CKOPOCTH YaCTHIL
cpensl. Omeem: a) A/ = 5,1-10°; 0) Vin = 11 cm/c; vy /v = 3,2~10'4; B) (O&/0X), = 3,2-10% (0/0t)y = v-(0E/OX)yy, = 3,2-107
340 =0,11 m/c.

3. Haiitu paccrosuue d Mexay OamKaillinMK y3JlaMU CTOSIUCH 3BYKOBOW BOJIHBI B BO3/yXe IPH 4acToTe Kojebanuii 440
I'u. CxopocTh BOJHEI B Bo3Ayxe V, = 340 m/c. Omeem: d =39 cm.

4. JInvHA IPOJONBEHON yIpyroi BoMHEL B ctaid A, = 0,55 m. [ImotHOCTH ctamm 7800 K/, moayinb FOnra 200 I'Tla. Ka-
KOBa 4acToTa v uctouHunka? Kakoi cTaHeT AJrMHA BOJHBI A, B MEJH, TJI€ IIIOTHOCTE 8900 Kr/M3, a monyib FOnra 130 I'TIa?
Omeem: v ~92 kI, A, ~ 0,42 M

5. JIpOH JIETUT TOPU30HTAIIBHO CO CKOPOCTHIO V = 10 M/C Ha HETIOABM)KHYIO BEPTUKAJIBHYIO CTEHKY U IUIET YIbTPa3ByKoO-
BOIl my4ok ¢ yacTtoToi v, = 30 xI'1. HaiiTu pa3HOCTh 4acTOT AV MOCIAHHOTO M MOJIYYEHHOTO IOCHE OTPaXXCHUS CUTHala,
€CJIM CKOPOCTh BOJIHBI B BO3ayXe V, = 340 m/c. Omeem: Av = 2V-v,/( V, — V) = 1,82 k[ 1.

Jlob6aBouHbIe 3a1a4U

1. (1.4.169). Insa n3MepeHus: CKOPOCTH 3BYKa B BO3AYXE METOIOM aKyCTHYECKOTO Pe30HAHCa HCIONB3YIOT TpyOy C Te-
peMeInaeMbIM MOpIIHEM U MeMOpaHOil (3arIymKoif) Ha OJHOM M3 KOHLOB TpyObl. HaliTH CKOpOCTB 3BYyKa, €CIIM paccTosi-
HHE MEXAY COCEIHUMH ITOJI0KEHHISAMH TOPIIIHS, IPU KOTOPBIX HabmrogaeTcst pe3oHance Ha gactote v = 2000 I'm, cocTais-
er1=8,5 cMm. Omeem: v = 21-v = 340 m/c.

2. Hexoropas Touka cpeabl B rapMOHHYECKOW BosHe Koiyebnercs kak & = 0,05cos2-m-t. 3anucaTb ypaBHEHUS JIBHIKCHUS
TOYEK Cpelbl Ha TOM JKe Jiyde, OTCTOSIIMX OT naHHod Ha 15 u 30 cm, eciu ckopocth BosiHbI 0,6 M/c. Omeem: & =
0,05sin2-7-t u & = -0,05c0s2-7t-t

Yacrs 4. dnementsl CTO u OTO.
3ansiTue 14. JiieMeHTHI PeJSITHBHCTCKOI KHHEMATHKHA
Jomamnee 3apanue 14

1. (1.1.342). HaiiTu cCOOCTBEHHYIO JJIMHY CTEPKHSI, €CIIH B JJA0OPAaTOPHOW CHCTEMe OTCUETa ero CKOPOCTh V = ¢/2, JUIMHA
=1 M u yroa Mexmy CTep>KHEM U HAIPaBJICHUEM €Tro ABIKCHUS 0 = 45°.

Omeem: 1, =1[(1 - B*sin’0)/(1 - B)]"2=1,08 m, rze P = v/c.

2. (A.1.344). C kakoii ckOpocThi0 IBUTAINCH B K-cucteme oTcu€ra vachl, eciu 3a Bpems t = 5 ¢ (10 "yacam, HEMOABHIK-
HbIM B K-cHcTeMe) OHM OTCTaM OT HEIOABMKHBIX 9acoB Ha At = 0,1¢?

Omesem: Vv = c[(2 - AUt)(AU1)] = 0,6:10% m/c.

3. (U.1.346). CobcTBeHHOE BpeMs )KM3HU HECTaOMIBHON JacTuIpl At, = 10 HCc. HaliTi myTh 3TOH YacTHITBI IO pacmaja B
K-cucreme, rae Bpems e€ xuzuu At = 10 Hc.

Omeem: s = cAt[(1 -(At/At)’] =5 m.

4. (1.1.359). iBe wacTus! ABMXKYTCS HaBCTpedy APYT APYTY co ckopoctamu V; = 0,5¢ u vV, = 0,75¢ otHOcuTensHo K-
cucreMsl. Haiitu ckopoctu: a) commkenus dactun B K-cucreme; 6) OTHOCHTEIBHYIO.

Omeem: a)V =V, Vo= 1,25¢;6) V = (V. Vo)/(1+ V- Vo/c?) = 0.91c.

5. (M1.1.360). [1a crepkHs1 paBHOWH COOCTBEHHOU JUIMHBI 1, IBIKYTCS B NPOIOJILHOM HANPABJICHUN HaBCTPEdy JIPYyT ApY-
I'y HmapaijesbHo oOIme ocH ¢ OAMHAKOBOI CKOPOCTBIO V OTHOCHTENbHO K-cuctembl. HaliTh 1iMHY KakJoro CTEpKHS B
CHCTeMe OTCUETa, CBA3aHHOI ¢ ApyruM crepxkaeM. Omeem: 1 =14(1 - B/(1 + B7), re p = vic.

Jlo6aBouHBIE 3a1a4H

1. (1.1.347). B K-cucteme Mr0-Me30H o CKOpPOCThIO V= 0,99¢ mpoJerern oT MecTa pOKICHUS 0 TOYKH Pacana paccTo-
auue 1 = 3 km. Haliti: a) cobcTBEHHOE BpeMs €ro )XHU3HHU; 0) MyTh MIo-Me30Ha B K-cructeme ¢ “ero TOuku 3peHus”.

Omegem: a) At,= (IV)[1- (v/c)*]"*=1,4 mkc; 6) I’=1[1- (v/c)*]"*= 0,42 xm

2. (M.1.361). [IBe ObicTpble YacTHIBI IBIKYTCS B K-crcTemMe 1ot psSIMBIM YIJIOM JIPYT K APYTY CO CKOPOCTSMH V| U V,.
Haiitu ckopoctn: a) commxenns gactun B K-cucreme; 6) OTHOCHTENBHYIO.



Omeem: a)V = (Vi%, v, 6) v = [V, Vo7 - (V- vo/c)]2

3ansarue 15. DneMeHTHI PeJSITHBACTCKOM THHAMHKHA
Jlomamnee 3apanue 15

1. (U.1.371). Ilpu xako¥ CKOPOCTH PEIATHBUCTCKUH MMITYJIEC YacTHIBI B k = 2 pa3a Gonpiie €€ HPIOTOHOBCKOTO M-
mynbsca’?

Omeem: v = (c/k)(k* -1)"* = 2,6-10° m/c.

2.(M.1.372). Haiitu paboTy pasroHa Teixa ¢ Maccoil mokosi m, oT 0,6¢ 1o 0,8c 1 CpaBHUTH € KITACCHUECKUM PE3YIBTATOM.

Omeem: A = O,42moc2 BMECTO 0,141‘11002.

3. (1.1.373). Ilpu xaKoii CKOPOCTH KHHETHYECKAasi SHEPT U YaCTHUIIBI paBHA €€ SHEPTHH MOKOs?

Omesem: v = ¢(3)"*12 = 2,6:10% m/c.

4. (U.1.376). Ilygox pelsITHBHCTCKUX YAaCTHUI] C KMHETHYeCKOH »Heprueil T mamaeT Ha MOTIIOMIAIONIYI0 MHIICHb. CHia
TOKa B IIy4Ke I, 3apsig 1 Macca NMOKOsI YaCTHI paBHEI € U m,. HalTi crity 1aBieHus my4yKka Ha MUIIEHb U BBLACISIONIYIOCS B
HEU MOIIHOCTb.

Omeem: F = (I/ec)[T(T + 2m,c*)]", P = Tle.

5. (M.1.378). Yactuna ¢ Maccoit mokost m, B MOMEHT t = 0 HaYMHAeT pa3roHAThCs MmoctosiHHoM cuoil F. Haittu 3aBucu-
MOCTb OT BPEMEHH CKOPOCTH YaCTUIBI ¥ TIPOHAEHHOTO MYyTH.

Omeem: V=Fct/(m02c2 + thz)”z, S=[(m002/F)2 + tzcz] 12 _ mocle.

Jlob6aBouHbIe 32124

1. (M.1.368). Bo ckombKO pa3 pelraTUBHCTCKAs Macca YacTHIBI CO CKOPOCThIO, MeHbIneill ¢ Ha 0,01%, Gonbie e€ Macco
nokost?  Omeem: m/m, ~ 1/[2(1 - v/c)]" = 70.

2. (U.1.380). 13 ocHOBHOTO ypaBHEHHUS PENSATHBUCTCKOW MWHAMHKH, HAHUTH: a) B KaKUX CIlydasX YCKOPCHHE YaCTHUIIHI
COBITAJIAET 110 HANPABJICHUIO C NCHCTBYIOMEH HA HeE CHIIOHN; 0) K03 UIIMEHTH! MPOMOPIMOHATEHOCTH MEXTy cninoi F n
YCKOPEHHEM W IUIS CIIydaeB, KOTJa CHiIa MEPIICHINKYISIpHA U MapajuienbHa CKopocTu. Omegem: a) KOTJia CHila IepIeHIn-
KyJISipHa ¥ napamiensta ckopocti; 6) Fy = mow/(1 - )" Fj=mow/(1 - A2, rae p = vic.

3anstue 16. 3ape3epBupoBaHoO.

Kputepun onenkmu:

- OLICHKA «OTJIMYHO» BBICTABIIAETCS CTYIEHTY, €CJIU CTYAEHT HOJIHOCTBbIO M MPABUWIBHO PELIMII BCE
3aJ]auu, MPABIJILHO U TIOJIHOCTBIO 3aITMCaB UCXOHbBIE (PU3MUYECKe YCIOBHS 33/]a4H;

- OLICHKA «XOpOLIO» BBICTABJIAETCS CTYACHTY, €CIM CTYACHT IOJHOCTBIO U MPaBHJIBHO pEIn BCe
3a7a4M, HO HE Be3/1€ MPABUIIBHO U TIOJIHOCTHIO 3aIIMCAB UCXOHbIE (PM3UUECKHE YCIOBHS 3a1a4H;

- OLICHKA «yJOBJIETBOPUTEIbHO» BBICTABIISETCS CTYACHTY, €CIIU CTYJEHT HE NOJHOCTBIO MIIU HE BE3-
Jie TMPaBUJIBHO PEINJ 3a/a4d, HE BE3/€ MPaBWJIbHO M IMOJHOCTBHIO 3allMCaB UCXOJHbIE (PU3HUYECKUE
YCJIOBHS 33JauH;

- OLIEHKA «HEYJOBJIETBOPUTEIHHO» BBICTABISAETCS CTYACHTY, €CIIM YCIOBUS U pElIeHUs 3a/1ad OTCYT-
CTBYIOT 0€3 YBaKUTEIbHOW NPUUYHHBI.

KOHTPOJIBHBIE PABOTHI
o aucHunianHe «MexaHnuka

KOHTPOJIBHAS PABOTA Ne 1
KunemaTnka yactuusl 1 TBEpAOro reja. OCHOBHOM 3aKOH MEXaHUKH.
JBe 3anaun nuHAMUKU. CHIIbI HHEPUMHU;
Bxrouaer 24 Gunera no 3 3agaun B KaxaoM. briieTsl XpaHATCA y MpernoaaBaTeis, BEAYIETO MPaKTHKY.

KOHTPOJIBHAS PABOTA Ne 2



3aKOH COXPAaHEHHsl U TeopeMa 00 M3MEHEHMH HMIIYJIbCa; TeOpeMa O JBHKEHHH IEHTPa Macc;
padoTa CHJIbl; MOIIIHOCTH; T€OpeMbl 00 M3MEHEHUN MeXaHM4YeCKOH IHEePruu; 3AKOH COXPAHEHMS
MOJIHOW MeXaHMYeCKOI HePruu; CMelIaHHbIe 32Ja4l HA JHEPrUI0 U UMILYJIbLC; TeopemMa 00 W3-
MEHEHMH MOMEHTA UMIIYJIbCa; 3aKOH COXPAHEHUS MOMEHTA UMILYJIbCA.

Bxurouaer 24 Gunera no 3 3a7aun B KaxI0M. BUeTsl XpaHITCs y MpernoaaBaTeis, BEAYyIIero MPakTHKY.

KpuTepuu oneHKH: TIOJTHOCTBIO PELICHHBIC 0e3 3aMeyaHui 3agaun Onera (BapuaHTa) KOHTPOJIBHON
paboThI olleHUBAIOTCS B 5 06ayuioB. Menkue 3aMedanusi (HeBEpHO MM HE TIOJTHOCThIO 0003HAYECHBI UC-
XO/IHBIC JaHHbBIC 3a/1a4M, HE yKa3aHbl €IMHUIIBI U3MEPEHUS Pe3yibTaTa, JOIMyIIeHa MaTeMaTHUeCKast
omuOKa B pacuérax, HE YUTEHBI JECITUYHBIC TPUCTABKHU U T.II.) CHIDKAIOT 00IIyr0 oueHKy Ha 0,1 Gai-
Ja 3a KaKI0€ 3aMedaHue.

- OLIEHKA «OTJIMYHOY BBICTABIISCTCS, €CIIU CTYACHT HalOpan 4,5 6amioB u 6onee;

- OLICHKA «XOPOILI0» BBICTABIIACTCS, €CIM CTYAEHT Habpan 3,5 Gayuta u 6onee, HO MeHee 4,5 6amoB;

- OLICHKA «Y/IOBJIETBOPUTEIILHOY» BBICTABIISIETCS, €CIIM CTYJAeHT HalOpan 2,5 O6amia u Oonee, HO MeHee
3,5 6aos;

- OIIEHKA «HEYAOBJIETBOPUTEIHHOY BBICTABJISETCS, €CIIM CTYIACHT HaOpan MeHee 2,5 6aia.

N3YYAEMBIE CAMOCTOSTEJIbBHO TEOPETUHYECKHUE BOITPOCBHI
o AUCHUIUIMHE «MexaHuka»

1. Jloka3zaTe, 4TO: a) IpH IBMKEHHUH 110 OKPYKHOCTH paauyca R co ckopocteio V = const MOTyIb
HOPMAaJIbHOTO YCKOPEHUS Wy, = V?/R; 6) mst PaBHONIEPEMEHHOTO ABUKEHUS V2 - Vol =+ 2sa.

2. Jlnst OpOIIEHHOTO C MOBEPXHOCTH 3€MJIH TOJ YTIIOM O, K TOPH30HTY ¢ HA4albHOW CKOPOCTHIO V,,
Tena HaWTH, 0e3 yuéTa COMPOTUBIICHUS BO3/yXa 3HAYCHHE CKOPOCTH, HOPMAIBHOTO, TAHT€HITHAIIBHOTO
Y MOJHOTO YCKOPEHUM, a TaKKe paanyca KpUBU3HbBI TPACKTOPUH JJisi €€ MPOU3BOJIBbHOM TOUKHU 3 Ha U3-
BECTHOM BBICOTE h3 OT 3eMiIH.



3. Jloka3aTb OAMHAKOBOCTh CKOPOCTEM U YCKOPEHUI BCEX TOUEK NocTynarenabHo asrxymnierocs TT.

4. Jlokazatp, uto: a) Bo Bcex MCO yckopeHue yactuiibl oquHakoBo; 0) Bo Bcex MCO npu He 04eHb
OOJIBIINX CKOPOCTSIX TEJI BTOPOH 3aKOH HpIOTOHA MPOSIBIISIETCS. OAMHAKOBO.

5. Ilpupona cuit BA3KOTO TPEHUS IPU MAJIbIX U OOJIBIIUX CKOPOCTSIX.

6. Jlokazate Teopemy Illteitnepa.

7. HaiiTi moytHyt0 KMHETHYECKYO SHEPTHIO KAaTAIErocs TBEPOTO AUCKa (WU IIIMHPA).

8. llokasats, uto: 1) npusenénnas jumHa lyp Becerga Oonblie paccTosHus 1 Mexay Toukoil nojaseca
O’ u uentpom macc C. 2) Ilepemenienre Touku mojBeca B IEeHTp kKadyaHuii O’’ HE U3MEHHUT MEPUOT
KOJIeOaHUH.

9. IMomyuuts ammuTyAy B uieanbHOro BHIHYKIEHHOTO KoJIeOaHUsI MO IeWCTBUEM rapMOHUYECKON
BHemHen cuiibl F=F cos(mt+@,).

10. [loka3arp, 4TO MpH OTCYTCTBUU 3aTyXaHUsS aMIUTUTYAa CHEpUIECKON TapMOHHYECKOH Oeryiei
BOJIHBI YOBIBAaeT Kak A = A/t

11. Jlokaszate ¢ moMomibio mpuHIUM [foiireHca 3akoH oTpakeHust o = B[] [JmIockux BoJIH (Trapa-
JIENBbHBIX JIy4yell) Ha INIOCKOU rpaHuie. [

Kpurepun oueHku:
- OLIEHKA «OTJIMYHO» BBICTABIIAETCS, €CJIU CTYJEHT MOJIHOCThIO U MPABUIBHO PACKPBLI BCE BOIIPOCHI;
- OLIEHKA «XOPOILO0» BBICTABISAETCS, €CIIM CTYAECHT HE IIOJHOCTBIO PACKpBUI BCE BOIPOCHI, WU HE
BE€3/I€ MPABUIIBHO;
- OLIEHKA «YyJIOBJIETBOPUTEIBHO» BBICTABIISIETCS, €CJIU CTYJIEHT HE MOJHOCTBHIO PACKPhLI BCE BOIPO-
Cbl U HE BE3/€ NPABWIBHO;
- OLICHKA «HEYAOBJIETBOPUTEIBHOY» BBICTABIISIETCS, €CIM OTBEThl HA CAMOCTOSITEIIbHO MU3y4aeMble BO-
IIPOCHI OTCYTCTBYIOT 0€3 YBaXKUTEIbHOU IPUUHHBI.

Bonpocsl TeopeTnueckoro codecel0BaHusi B X0/i€ BBINOJHEHUS J1a00PATOPHBIX

paoor.
Pa6ora Ne 1 (BBoanasi). OSPABOTKA PE3YJBTATOB ®U3NUYECKHNX U3MEPEHU
BOIIPOCHKI K JIOIIYCKY.
1. HpHMBIC 1 KOCBCHHBIC U3MCPCHUH. Hpez[en HU3MCPCHHU, ICHA ACJICHHUA, HpI/I60pHaH MOrpCIIHOCTDH
H3MEpPEHUS.
2. Tpu BuJa U ABa TUNA NOTPEIIHOCTEN U3MEPEHUM.



3. Pacuér morpemnoctu npsmbix uzMepenuil. Ctanaaptaoe oTkioneHue cpeanero. Kospoumuen-
TEI CTBIO/ICHTA.
4. Pacuét norpenHocTd KOCBEHHbIX U3MEPEHUH.

Padora Ne 2. U3YYEHUE 3AKOHOB PABHOYCKOPEHHOI'O B KEHU A
TEOPETHYECKHUE BOIIPOCBI
1. ®uzuxa. Mexanuka. Mexanuka Hptorona. CBoiicTBa IpoCcTpaHCTBA U BpeMeHU B MexaHuke Hbro-
TOHa (K1accuueckoil MmexaHuke). OCHOBHBIE aOCTPAKTHBIE MOHATUS MEXAHUKH: YaCTHULA, TBEPJOE TEIO
(TT), cucrema otcuéra. Onucanue MoJIOKEHUS YaCTUIIBl B KOOPJMHATHOW U BEKTOPHOU (opMe; CBSI3b
3TUX hopM
2. Kunematuka. TpaekTopusi. YpaBHEHUS IBUKEHUS, IEPEMELIEHUE, CKOPOCTh U YCKOPEHUE YacTH-
116l B KOOPAMHATHOM U BEKTOPHOM (OpMe; CBA3b ITUX POPM.
3. Onmcanue IBWXEHUS B €CTECTBEHHOHU (hopme. PaBHOMEpHOE, paBHOTIEPEMEHHOE U TPOU3BOJILHOE
JBUKCHHUSL.

Pa6ora Ne 3. U3YUEHUE JIBUKEHUS TEJIA, BPOLIEHHOI'O IO YI'JIOM K TI'O-
PU30OHTY
TEOPETHYECKHUE BOIIPOChHI
1. JIBmxeHne OpOLICHHOTO Tea.

Padora Ne 4. OIIPEJEJIEHUE OCHOBHbIX KHHEMATHYECKUX ITAPAMETPOB
TEOPETHYECKHUE BOIIPOCHI
1. Kunemaruka. Tpaexkropus. YpaBHEHUS JIBUKEHUSI, IEpEMEIIEHNE, CKOPOCTh U YCKOPEHUE YacTH-
1(bl B KOOPIMHATHOH U BEKTOPHOM (OpME; CBA3b ITUX (POPM.
2. Onucanue IBMXCHUSI B €CTECTBEHHOM (popme. PaBHOMepHOE, paBHOTIEPEMEHHOE U MPOU3BOJIHLHOE
JBUKCHMUSL.
3. Onucanue nocTynaTesbHOro ABMKEeHU U BpaieHus TT BOKpyr HEMOABUKHON OCH.

Padora Ne 5. IPOBEPKA 2-ro 3AKOHA HBIOTOHA
TEOPETHUYECKHE BOIIPOCHI
1. Iunamuka. MaeptHocTs Tena. MueptHas macca. Ummynbe yactunel. Cuna. MHepuuanbHas U He-
WHepLuHanpHas cucreMa oTcuéra. Tpu 3akoHa HpioToHa; Gopmbl 3amucu BTOporo 3akoHa. PaBHoeH-
CTBYIOLIAs CHJL.

Padora Ne 6. UBYYEHUE CUJIbI CYXOT'O TPEHUA.

TEOPETHYECKHE BOIIPOCKHI
1. Cunel TpeHUsI B MEXaHHUKE. YTOJ TPEHUSI.

PaGora Ne 7. U3YUEHUE YIIPYTUX CBOMCTB MATEPHAJIA
TEOPETHYECKHUE BOIIPOCBI
1. Cunsl ynpyroctu u aedopMmanust ynpyrux Tesl B MexaHuke. Buasl nedopmanmii ynpyrux ten,
HOpMaJIbHBIE U TaHTE€HLUaJIbHbIE HanpsokeHus. Monyne FOHra u monyns casura. [Ipenensl npomnop-
LMOHAJILHOCTH, YIIPYTOCTH, TEKYYECTH U IPOYHOCTHU: YIIPYTUE U OCTATOUYHbIE Ae(POpMalIHH.

Pat6ora Ne 8. IPOBEPKA OCHOBHOI'O 3AKOHA IMHAMUKHA BPAIIATEJIBHOI'O
ABUKEHUSA C IOMOUIBIO MAATHUKA OBEPBEKA
TEOPETHYECKHE BOIIPOCHI
1. MoMeHT cunbl (Bpamaroniuii MomeHT). OCHOBHOM 3aKOH JUHAMHKU BparieHus TT BOKpyr Hemo-
JIBH>KHOM ocl. MomeHT naepuuu TT; ero BeIUHMCICHUE.

Padora Ne 9. OTIPEAEJIEHUE CKOPOCTHU ITIYJIA C IOMOIbIO
BAJVIMCTUYECKOI'O MASATHUKA.



TEOPETHYECKHE BOIIPOCH!

1. Teopema 00 n3MeHEeHNN UMITYJIbca YacTuilbl. Cuctema dactuil (Mexanndeckas cuctema MC). m-
nyiasc MC. Teopema 06 namenennu nmmynbsca MC.

2. [loTeHuuanpHasi YHEPrusi YIpPyroro U rpaBUTAMOHHOrO B3aumojeictBus. OOue cBoicTBa Mo-
TeHUuanbHOU sHepruu. KoHcepBartuBHble W nuccunaruBHble cuiibl. KoncepBatuBHas MC. Ilonmnas
Mexannueckas sHeprus (ITMD). Teopembr 06 uzmenenuu IIMD; 3akon coxpanenus [IMD pyrue
BU/Ibl SHEPTUU; 3aKOH COXPAHEHHUS SHEPTUH.

Padora Ne 10. UBYUEHUE ®U3UYECKOI'O U MATEMATUHYECKOI'O MAATHUKOB.
TEOPETUYECKHUE BOIIPOCHI
. 1. OcHOBHBIC TIOHATHS TEOPUHU KoyieOaHUI. MexaHnuecKrue ujaeanbHbIe, 3aTyXaloNIiue U BEIHYKICH-
Hble KosieOanus. [Ipy>KHHHBIA MasITHUK; €ro SHeprus. MaremMaTH4ecKuil U (U3NIECKUI MasSTHUKH.

PaGora Ne 11. U3YYEHHUE CBOBO/JIHBIX KOJJEBAHUH NPYKUHHBIX MAATHUKOB.
TEOPETHUYECKHUE BOIIPOCBI
1. BoiHyX/1eHHbIE KOje0aHHs JIMHEHMHOIo rapMOHMUYECKOrO OCHMIUIATOpA B OTCYTCTBUE TpeHus. Pe-
30HaHC. CBOOO/AHBIE U BBIHYKJCHHbIE KOJIEOaHUsI C yUETOM BSI3KOI'O TPEHHUS IIPU MAJIBIX KOJICOaHUSX.

Kpurepun oneHku:

- OCHKA «OTJIMYHO» BBICTABJIACTCA CTYACHTY, €CJIU CTYACHT INOJIHOCTBHIO BJIAACCT Ba)KHEUIITNMU (i)I/I-
3MYECKUMHU MOHSATUSMH, BBIICICHHBIMU JJISl 3ayYUBAHUS U TCOPETHYECKHI BOMPOC PACKPHIT MOJIHO-
CTBIO.

- OIICHKA «XOpOIII0» BBICTABIIACTCS CTYAEHTY, €CJIU CTYIEHT CBOOOIHO BJIaJICeT BaKHEHIIIMMH PU3H-
YCCKUMHU MOHATUAMU, BBIACICHHBIMHA JIA 3ay4YUBaHUs, HO TGOpeTI/I‘-IeCKI/Iﬁ BOIIPOC paCKPLBIT HE ITOJIHO-
CTBIO.

- OLCHKa «YAOBJICTBOPUTCIIBHO» BBICTABJIACTCA CTYACHTY, €CJIM CTYACHT YaCTUYHO BJIAACCT BaX-
HEHIMMH (PU3NYECKUMU TIOHATUSMU, BBIICTICHHBIMU ISl 3ayYMBaHUs, U TEOPETUUYECKHIl BOMPOC pac-
KPBIT HC ITOJHOCTBIO.

- OLIEHKAa «HEYAOBJIETBOPUTEIBHOY» BBICTABISAETCSA CTYACHTY, €CIIH CTYIAEHT HE BJa/J€€T BAXKHEUILIUMHU
(1)I/I3I/I‘-I€CKI/IMI/I IMOHATHUAMUA, BBIACIICHHBIMU JIA 3ay4YBAHUSA W HC PACKPLIT TCOpeTI/ILICCKI/Iﬁ BOIIPOC.

Ilepeyenb oTpadaTbiBaeMbIX B J12a00PATOPHH IKCIIEPUMEHTAIBHBIX U IPAKTHYECKUX YMEHHU I
PaGora Ne 1 (BBognast). OBPABOTKA PE3YJIbTATOB ®U3NYECKUX U3MEPEHUM
IIPAKTHUYECKHUE YMEHUA.
1. Pac4€r 1osiHOM NMOrpenIHOCTH NPSAMBIX U3MEPEHUI.
2. Pacuér nmosHON MOrpenIHOCTH KOCBEHHBIX H3MEPEHUI.

Padora Ne 2. U3YUYEHUE 3AKOHOB PABHOYCKOPEHHOI'O ABUKEHU A
OKCIHEPUMEHTAJIBHO-IIPAKTHYECKUE YMEHHUAL.



1. ITo 3amaHHBIM ypaBHEHUSM JIBM)KCHUS TOUYKH B KOOPAMHATHOW WJIM €CTECTBEHHOH (opme orpe-
JIEIUTh BCE BO3MOXKHBIEC ITAPAMETPhI €€ IBUKCHHUS.

PaGora Ne 3. U3YUEHME JIBU)KEHUS TEJIA, BPOIIEHHOI'O IOJ YIJIOM K I'OPH-
30HTY
OKCIHEPUMEHTAJIBHO-IIPAKTUYECKHUE YMEHUAL.
1. Jls OpoIIEeHHOro Mo YIJIOM K FOPU30HTY Tejla HAalTH BCE YKa3aHHbIE [IPENOoJaBaTelIeM IapamMeT-
PBI IBUXKCHMS,

Pa6ora Ne 4. OIIPEJIEJIEHUE OCHOBHBIX KHHEMATHUYECKHUX IMAPAMETPOB
OKCIIEPUMEHTAJIPHO-TIPAKTUYECKHUE YMEHHUA.
1. o 3amaHHBIM ypaBHEHHSAM JIBWKECHUS TOYKHA B KOOPJIMHATHON MJIM €CTECTBEHHON (opMme ompeje-
JIUTh BCE BO3MOKHBIE KHHEMATHUYECKUE TTapaMeTPhl €€ IBUKCHUSI.
2. Onpenenuth xapaktep ABrkeHus TT 1 KHHEeMaTHYECKH OMMCaTh JIBM)KEHUE OJTHOM U3 €ro TOYEK.

Pa6ora Ne 5. IPOBEPKA 2-ro 3AKOHA HBIOTOHA
OKCIHIEPUMEHTAJIBPHO-TIPAKTUYECKHE YMEHUAL.
1. Pemuth OCHOBHYIO 3a/lady MEXaHUKHU JUIS YACTHUIIbI, JBIDKYIIECHCS O€3 COMPOTUBIICHUS BO3IyXa
BOIM3H 3eMIIH.
2. YKa3aTb cuisl B 3-M 3akoHe HproTOHA 11 Ten, maJaroluXx Ha 3eMIII0; JeKalluX Ha 3eMIIe.

Padora Ne 6. U3BYUYEHUE CUJIbI CYXOT'O TPEHUSIL.

OKCIIEPUMEHTAJIPHO-IIPAKTUYECKUE YMEHUAL
1. B onbITe OLIEHUTH KO3PPUIIMEHT CyXOro TPEHUS CKOJIbKEHUSI.

PaGora Ne 7. U3YUEHHUE YIIPYTUX CBOMCTB MATEPUAJIA
OKCIHHEPUMEHTAJIPHO-TIPAKTUYECKUE YMEHUA.
1. B ombite oneHuTh KO3 (PUIMEHT yNpyrocTy Tena U Apyrue ynpyrue XapakTepUCTHKH, KOTOpbIE
MO>KHO HaWTH.

Padora Ne 8. IPOBEPKA OCHOBHOT'O 3AKOHA IMHAMMUWKHA BPAIIATEJBHOI'O
ABMKEHUA C IOMOIIbIO MAATHUKA OBEPBEKA
OKCIHEPUMEHTAJIBHO-IIPAKTHYECKUE YMEHHUAL.
1. HaiiTu MOMEHT cuiIbl 1 IPUMEHUTh OCHOBHOM 3aKOH JTMHAMUKHU BpaiieHus TT BOKpYr HEMOABU K-
HOM OCH.

Padora Ne 9. OITPEJEJIEHUE CKOPOCTHU ITYJIX C TIOMOUbIO BAJINIMCTHYECKOI'O
MASTHUKA.
OKCIHEPUMEHTAJIBHO-IIPAKTUYECKHUE YMEHNAL.
1. TIpumeHuTH TEOpEeMy 00 U3MEHEHUHU UMITYJIbCA YACTUIBI.
2. IlpumeHnuTts 3akoH coxpanenus [IMD.

Padora Ne 10. UBYYEHUE ®U3HNYECKOI'O U MATEMATHYECKOI'O MAATHHUKOB.
OKCIHEPUMEHTAJIBHO-IIPAKTHYECKUE YMEHHAL.

1. Tlo ypaBHEHHIO rapMOHUYECKOT0 KOJIe0aHusl IOCTPOUTH €ro rpaduk.

2. Tlo rpaduky rapMOHHYECKOTO KOJIeOaHUs 3aIIMCATh €r0 YpaBHEHHE.

PaGora Ne 11. U3YUEHUE CBOBO/JHBIX KOJJEBAHUM MPYKUHHBIX MAATHUKOB.
OKCIHEPUMEHTAJIBHO-TIIPAKTUYECKHUE YMEHHUAL.
1. JInst mpe/u1osKeHHBIX MperoiaBaTesieM I'py3a U3BECTHONW MacChl M MPY>KUHBI OLEHUTh K03 duriu-
€HT >KECTKOCTHU MPYKUHBI U NEPHOJ] CBOOOAHBIX KOJIeOaHU Ipu MajoM TpeHuH. BeiOpaB crocob Bo3-
OyXJIeHHS U pa3yMHYIO aMIUTUTYAY KoJieOaHu, 3arucaTh ypaBHEHHE CBOOOTHBIX KOJIeOaHHH.



Kpurtepun onenkmu:

- OLICHKA «OTJIMYHO» BBICTABJIAETCS CTYAEHTY, €CJIU CTYAEHT MOJHOCThIO BiaJieeT BaKHEHIIUMU (Pu-
3MYECKHUMHU MOHSATUSIMH, BBIJICIICHHBIMU JUISI 3ay9UBaHUs, 1 yMEHHE MTOKa3aHo 0e3 3aMeYaHui.

- OLICHKA «XOPOLIO» BBICTABIISAETCA CTYAECHTY, €CJIM CTYAEHT CBOOOAHO BIIaJeeT BaXHEHIIMMU (U3HU-
YECKUMHU MOHATUSAMU, BBIICICHHBIMU JUISl 3ayYMBaHUs, HO YMEHUE IIOKa3aHO € 3aMEYaHUsIMHU.

- OLIEHKa «yJOBJIETBOPUTEIBHO» BBICTABIISIETCS CTYIEHTY, €CJIM CTYIEHT YaCTUYHO BIIAJIEET BaX-
HEHIUMHI (U3NYECKUMHU TTOHATHAMH, BBIICTICHHBIMU JUIS 3ayYMBaHUs, M YMEHHE ITOKa3aHO C 3aMeyva-
HUSMH.

- OLICHKA «HEY/IOBJIETBOPUTEIILHO» BBICTABIIAETCS CTYAEHTY, €CJIM CTYIAEHT HE BJa/JeeT BaXKHEUIIUMU
(bU3NYEeCKUMU MOHATHSIMH, BBIICICHHBIMU Ul 3ayYMBaHUs, 1 YMEHHUE HE [T0Ka3aHO.



