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BeedeHue

du3uka — 3mo Hayka, udydarowas obwue ceolicmea 08UXEHUS seujecmesa U roJis.
(A.U.Nocbpe).

®dusmka — Hayka o0 npocmeliwux hopmax O8UXEHUS Mamepuu U
coomeemcmeylouwux umMm Haubonee obwux 3akoHax npupodsi. N3yvyaemble uankomn
hopMbl ABWXKEHUST MaTepumn (MexaHuyeckasi, TEMNNoBasl, anekTpuyeckasi, MarHuTHas
N T.0.) ABMSATCS COCTaBNSAWMMU Gornee CroxHbIX (HOPM ABWXEHUS MaTepuu
(xumunyecknx, GuonormyeckMx U Ap.), NO3TOMy puUsMKa SIBNSETCS OCHOBOW Ans
OPYrMx eCTECTBEHHbIX HayK (aCTpOHOMUSI, BMONOrMs, XUMUSI, reonorust u ap.).

Qusuka — 6asa AnNs  co3daHMs  HOBbIX OTpacrnei  TexHUKn —
¢pyHOameHmarbHas ocHoga noO20MmMoBKU UHXeHepa.
B cBoeit ocHOBe @pu3uka — OKClIepPUMEHMmarbHas Hayka: €ee 3aKOHbl

GasupyloTca Ha akTax, YCTaHOBMEHHbLIX OMbITHbIM MyTeM. B pesynbTtate
0606LLeHNs1 aKCNEePUMEHTarnbHbIX (DaKTOB yCTaHaBNMBaOTCS ¢hu3uYecKue 3aKOHbI
— yCTOM4YMBbIE MOBTOPSAOLLMECS OOBbEKTUBHbLIE 3aKOHOMEPHOCTH, Cyulecmesyowue 8
npupode, ycTaHaBNM1BawLLMeE CBsI3b MeXAY MPU3NYECKUMU BEMUUNHAMM.

Ons  ycTaHOBMEHUS KONMUYECTBEHHbIX COOTHOLUEHWUA Mexay usndeckumm
BenMYMHaMM  MX  Heobxogumo  u3Mmepsimb, T.e. cpasHugsamb  UX C
coomeemcmesyouwuMu 3manoHamu. [ns 3Toro BBOAUTCA cucmema eduHul,
KOTOpasi MOCTYNUPYET OCHOBHble eOUHUUbI (PU3NYECKUX BENUYMH U Ha ux Base
onpeensieT eauHWUbl OCTanbHbIX (OU3NYECKUX BEMWYMH, KOTOpbIE Ha3biBAKOTCS
npou3eo0HbIMU eQUHUYyamu.

MexayHapogHas Cuctema egunuy (CU ) (System International — S7).
OCHOBHbIE eAUHULbI:

Memp (M) — AnvHa nyTu, NPOXOAMMOrO CBETOM B BaKyyMe 38 Y599792455 C-

Kunoepamm (kr) — macca, paBHas Macce MexAyHapOoAHOro mnpoTtoTuna
kunorpamMma (MnaTMHOMPMAMEBOrO UWNUHAPA, XpaHswerocsas B MexayHapoaHom
Otopo mep u BecoB B CeBpe, 6n13 Mapwxa).

CekyHOa (c) — Bpems, paBHoe 9 192631770 nepuogam U3NyyYeHus,
COOTBETCTBYIOLLEIO MNepexoay Mexay ABYMsi CBEPXTOHKMMU YPOBHSIMW OCHOBHOIO
COCTOsIHMSA aToma Le3uns-133.

Awmnep (A) — cuna Hen3MeHSILWErocst Toka, KOTOPbIN NP NPOXOXAEHUM No
OBYM napannenbHbiM  NPSAMOMUMHENHbIM NPOBOAHMKAM GECKOHEYHON ANWHbI 1
HUYTOXHO Marnoro MnOnepeyYyHoro CeyvYeHus, pacriofioXeHHbIX B Bakyyme Ha
paccTosiHum 1 MeTp OAMH OT APYroro, Co3daeT Mexay 3TMMWU MPOBOAHUKAMU CuIy,
paBHyto 2:-10"HbtoToHa Ha KaXabli MeTp ANUHbI.

KenbeuHn (K) — %73,16 YacTb TEPMOAMHAMUYECKON TemnepaTtypbl TPOWHON

TOYKM BOAbI.
Mosnb (MONb) — KONMMYECTBO BELLECTBA CUCTEMbI, COAEPXKALLEN CTOMbKO Xe
CTPYKTYPHbIX 3NIEMEHTOB, CKOMbKO aTOMOB COAEPXUTCS B 12r usoTtona yrnepoga 2¢.
Kandena (kg) — cuna cBeTa B 3a4aHHOM HarnpaBfieHUWM WCTOYHMKA,
MCMNyCKaloLLero  MOHOXpPOMaTM4eckoe  U3fyvYeHne  4acToToun 540-10" repu,
3HepreTMyeckas cura CBeTa KOTOPOro B 3TOM HanpaBfieHUM COCTaBnsieT %83 BT/cp.

OononHuTenbHble eanHULbLI cucTembl CU:
PaduaH (pap) — yron mexagy ABYMsl paguMycaMi OKPYXKHOCTW, ANMHa Ayrvi
Mexay KOTOpbIMU paBHa paguycy.

A.H.Orypuos. flekyuu no gusuke.
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R =§UES;, um R =§I7% uim R =§[l7,ﬁ]. (3) Onpepensietca npepen 1im%
S s 3 V=0

OTHOLLIEHUSs1 3TOTO UHTEerpana k o6bemy V', korga S craruBaeTtcs B Touky M , Tak
yto V' cTpemuTCcs K Hynto.

15. iInBepreHUMss BEKTOPHOro nonsi.

[fueepzenyueldl  (o6osnavaetca  divl = a—V =VV) § Vds

g div/ (M) = lim S
V-0

BeKTOpHoro nons V(M) HasbiBaloT  crnefytoLlyo
Npon3BoAHYto No o6beMy nons B Touke M :
BenuunHa §VdS €CTb CKaJsIipPHbIU MOMOK B6EeKMOPHO20 IoJisl Yepe3
S

3aMKHYTYI0 NMOBEPXHOCTb S, koTopas okpyxaeT Touky M u oxsaTbiBaeT obnacts G
c obbemom V.

Iuseprequns divl ecTb Mepa ucmo4Hukos nosns I7(M ). Ecnu B obnactu
G divV/ =0, 1o BekTopHoe none V(M) HasblBaeTcsi CBOGOAHBIM OT UCTOMHUKOB.
Te Touku nonsi, B kotopbix divl >0 NpuHSTO HasbIBaTL UCMOYHUKaMU NOfs, @ Te,
B koTopbix divl <0 — cmokamu rons.
16. ®opmyna Faycca-OcTporpagckoro.
Ona npoctpaHcTBeHHon o6nactu G, orpaHuyYeHHOM ” divVdy = ﬁﬁzg
G s

3aMKHYTOW NMOBEPXHOCTLIO S :
17. Onepatop Jlannaca.

Mycte U(M) — ckanapHoe none, Torpa | AU(M)=div gradU(M)
onepatop Jlannaca AU onpepensietcs creayoLwmm 22U U U
obpasom: =

Unu B AEKapTOBbLIX KOOPAMUHATAX: ax’ oyt oz’

Onepamop fannaca eexmoprozo nonsi: AV (M) = grad divV (M) — rot rot V(M)

18. PoTOp BEKTOPHOro nonsi.

ﬂ §17.ds]
Potopom (Buxpem) BekTopHoro nons V(M) rotV(M)=1imS .
V—=0

Ha3bIBaKOT CreayrLwlyo npon3soaHyo no o6bemy nona

B Touke M : _ [0 = ~
O6osHavaeTcs: | rot) = [H"’V:| =[V,V]
7

19. Teopema CToKca.

LimpKkynsiumst  BEKTOPHOro nornst I7(M) no 3aMKHYTOW

KpvBo L paBHa MOTOKY poTopa 3TOro Moms 4epes §Vdr=jrotVdS
MOBEPXHOCTb S, onupatoLLytocs Ha kpusyto L : L N

MpumeyaHue.

B aTom npunoxeHun npuBefeHbl onpefeneHns HEeKOTOPbIX MaTemMaTU4ecKux
MOHATWI, 4YacTO MCNomb3yeMblX B Kypce uanku. Matepuan HOCUT CrpaBOYHbIN
XapakTep, NOCKOMbKY npeanonaraeTcs, YTo AaHHble NOHATUSA N3BECTHbI YnTaTenio.

MpunoxeHune
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dU K uncneHHoWl BenuuMHe nepemelleHnst ds HasblBaeTcs MPou3eodHoU
ckansipa U e moy4ke M, no HanpaeseHur s :
W _jim Y=Y
os ds—0 ds
3HaveHne 93TOM NpPOM3BOOHOM CcywjecmeeHHO 3aeucum 0T Bblbopa
HanpaBneHuss S U ee HU B KOeM Criyyae HeJib3si cMewueamb C OGbIKHOBEHHOM
YacTHOM NPOW3BOAHOM MO cKansipHOMy napameTpy s§. YToObl MogyYepkHyTb 3TO

oU
06CTOATENBCTBO, YacTo TaKyr Npon3BoOHYHO 0603HavaloT: aiq .

S
12. 'pagueHT.
MpagueHTom nons U(F) HasblBaeTCsi 6eKMop, ONpeaenseMbli B Kaxaoil ToUKe
U~ JU - U
MOJISi COOTHOLLEHUEM: gradU=—i+—/j+—%k
ox dy oz
oU(F) . ~ y -
Torpa o =7igradU , roe 7 —eQMHWYHBIN BEKTOP B HaNpasieHnn s .
s
U ] "
Yacto Bektop gradU ofosHavatoT Takke Fa wwm VU, rae V ("Habna")
s
0603Ha4YaeT CUMBOSMYECKUI BEKTOp, HasbiBaeMblil ormepamopom [aMusibmoHa
d- 0~ 07
Unu Habna-onepamopom: V=—i+—j+—k
ox dy oz

13. MoTok nons Yepes NOBEPXHOCTb.
Pa3obbeM [aHHy NOBEPXHOCTb S Ha 71 3leMeHTapHbIX NMoLaA0K pa3Mepom
AS;. BHyTpu kaxpgon nnowagku Bbibepem Touky M, n B 3TOi TOYKE MOCTPOUM

HOpMaribHbId K MOBEPXHOCTU eduHUuYHbIN Bektop 71 U Bektop AS, =nAS,;
HanpaBIieHue KoToporo 7, a mogynb AS;. Torga Mbl onpegensiem:

1) noTok ckansipHoro nons: 3 = J.UZS’ = ISim0 E U(M,)AS;
AS; —
N ! i=1

2) ckansipHbI NOTOK BEKTOPHOro nons: 3 = JV%’ = ISimOZV(MI.)AS,.
AS;—
S ! i=1

3) BEKTOPHBI NOTOK BEKTOPHOrO nosisi: 3 = J‘[V,ES] = AlSimOz:[I;(Mi),A—S'i]
s i~V o1

14. NMpousBogHas No o6bLEMyY.

Moad npou3BoAHbIMU MO 0O6bEMY CKanspPHOrO WM BEKTOPHOrO Momew B TOYke
M NOHVMMaIOT BENWYMHBI TPEX TUMOB, KOTOPbIE MOJYYatoT CrieAyHLLMM 0Gpa3oM.

(1) Touka M okpykaeTcsi 3aMKHYTOM MOBEPXHOCTLIO S, KOTOpasi oxBaTbiBaeT
obnactb ¢ obbemom V. (2) Bbluucnsertcs wHTerpan R no nosepxHocTn S':
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CmepaduaH (Cp) — TeNeCHbll yron C BEPLNHOW B UeHTpe cdepsl,
Bblpe3alolmnii Ha MOBEPXHOCTW cdepbl Nnowadb, pPaBHyl Nrowaan Ksagparta co
CTOPOHOW paBHOWN pagunycy cdepbl.

MpousBogHble eauHUUbl ycmaHas/uearmcsi Ha OCHO8e (hbu3uvecKux
3aKOHO8, C8A3bI8alOWUX UX C OCHOBHbIMU eduHuuamu. Hanpumep, npou3sogHas
eouHunua  ckopoctn (1 m/c) nonyyvaetca 13 OpMynbl  paBHOMEPHOro
NPSMOMMHENHOrO ABWKeHUA U =5/t .

Kunemamuka

A.H.Orypuos. flekyuu no gusuke.

1. MexaHuKa u ee cTpyktypa. Mogenu B MexaHukKe.

MexaHuka — ©3TO 4YacTb WU3MKW, KOTOpas u3yvyaeT 3aKOHOMEPHOCTU
MEXaHM4YeCKoro [ABWXKEHUS W MNPUYMHbLI, BbI3blBalOWME UMM U3MEHSOWNe 3TO
OBWKEHMe.

MexaHu4yeckoe d8uwxeHuUe — 3TO N3MEHEHWE B3aUMHOIO PacrosioXeHus Tern
WM NX YacTen B NPOCTPAHCTBE C TEYEHNEM BPEMEHW.

OO6bIYHO MOA MEXaHWKOW MOHMMAIOT  KJIaCCUYECKYI MexaHUKY, B KOTOpOW
paccmaTpuBalTCA OBWXKEHMS MaKpPOCKOMWYECKUX Ten, coBeplialwmecs co
CKOPOCTAIMU, BO MHOTO pa3 MEHbLLUMMW CKOPOCTM CBETa B BaKyyMe.

3aKoHbl OBWXEHUSI TEN CO CKOPOCTSIMU, CPaBHUMbIMU CO CKOPOCTbIO CBETa B
BaKyyMe, U3y4atoTcs pesisimueucmcKol MexaHUKou.

Keanmoeasi MexaHuUka n3y4yaeT 3aKOHbl OBWKEHWS aTOMOB U 3rieMeHTapHbIX
yacTuu,.

Pasgenbl MexaHUKu:

Kunemamuka — v3y4aeT OABWKeEHWE Ten, He paccMaTpuBas MPUYUHbI, KOTOpble
3TO ABWXeHNe obycraBnuearoT.

JAuHamuka — n3yyaeT 3aKOHbI ABWXEHWUSI TEN N NPUYMHbI, KOTOPbIE BbI3biBalOT
U N3MEHSIIOT 3TO ABUXEHME.

Cmamuka — v3y4yaeT 3aKOHbl PaBHOBECUS CUCTEMbI TE.

MexaHuka [Ons onucaHus OBMXEHWMS Ten B 3aBUCMMOCTM OT  YCIOBUN
KOHKPETHbIX 3a4ay UCNomnb3yeT pasHble yrpowWeHHbIE ghusudeckue Mooenu:

e MamepuanbHass mo4yka — Teno, dopmMa UM pasMepbl KOTOPOro
HECYLLIECTBEHHbI B YCIIOBUSAX AaHHOM 3adauyu.

e Ab6cosnromHo meepdoe meso — Teno, Aedopmaumen KOTOporo B yCroBusaX
[aHHOWM 3aJaunm MOXHO npeHebpeyb M paccTosiHue mexgy nobbiMu AByMS
TOYKaMW 3TOro Tena ocTaeTcsl MOCTOSIHHBLIM.

e A6cosiromHo ynpyz2oe mesio — Teno, necdopMaums KOTOpOro NogYMHsIeTCs
3akoHy ['yka, a nocrne npekpalleHusi BHELLHEro CUIOBOro BO3OENCTBUA Takoe
TENo MONHOCTbI0 BOCCTaHABMMBAET CBOW MepBOHayanbHble pasmepbl U
dopmy.

e A6co/II0omHO Heynpyz2oe mesio — Teno, MOMHOCTBI0 —COXpaHsiollee
necdopmMupoBaHHOe COCTOsIHME MOocre NpeKkpalleHns 4eNCTBUS BHELLHMX CUIT.

Jlro60e dsuxeHue meepdo20 mesia MOXHO NPEACTaBUTbL Kak KOMOGUHayuro
rnocmynameribHoO20 W 8paujamesibHo20 ABUXEHUN.

MocTynatenbHoe OBWXEHWE — 3TO ABWXEHWE, Npu KOTOpoM ntobas npsimas,
)KEeCTKO CBsi3aHHasi C TENOM, OCTAeTCsl MapannenbHON CBOEMY MepBOHaYanbHOMY
NMOJSIOXKEHWUIO.

BpaliatenbHoe OBWXeHVWE — 3TO ABWXEHME, NPy KOTOPOM BCE TOYKM Tena
OBWKYTCS MO OKPYXXHOCTAM, LIEHTPbl KOTOPbIX NeXaT Ha O4HOW M TOW XXe NpsiMOn,
Ha3blBaeMOWV OCbHO 8pawjeHusi.

MexaHuka
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2. Cucrtema otcuyerta. TpaekTopus, ANWMHA NyTU, BEKTOP NepeMeLleHns.

[BmxeHne Ten npoucxoauT B MPOCTPaHCTBE U BO BpemeHu. [Moatomy ang
onucaHna OBUWXeHUA MaTepmaanon TOYKM HaAo 3HaTb, B KakKuxX MecTax
NPOCTpaHCTBa 3Ta TOYKa Haxoaunacb U B KakKmne MOMEHTbl BpeMeHM OHa npoxoauna
TO UMK NHOE NOoJoXeHne.

Teslo omcyema — NPOn3BOJIBHO Bbl6paHHoe TeNno, OTHOCUTEJIbHO KOTOPOro
onpegendeTtcd nosioXeHne octalnbHbIX Tesl.

Cucmema omcyema — COBOKYMHOCTb CUCTEMbl KOOPAMHAT W 4acos,
CBSI3aHHbIX C TEMOM OTCYeTa.
Hanbonee ynoTpebutenbHas cuctema koopauHaT — Oekapmoeasi —

OPTOHOPMMPOBAHHLIN Gasnc KOTOPO 0Bpa3oBaH TPEMS eOUHUYHLIMM MO MOAYIO 1

B3aMMHO OpPTOrOHamnbHbIMW BekTopamu i,j,k, NpPOBedEHHbIMM W3 Havana

KoopauHar.
MonoxeHne NPon3BorbHON Toukn M xapaktepusyetcss paduycom-eeKmopom
7, coeamHsoWwmMM Havano koopauHat O ¢ Toukon M .

7=X'Z+y'j+2-k, ‘f‘=r=1lx2+y2+22
[BwkeHne maTepuanbHOW TOYKM MOSHOCTLIO OMpeAeneHo, ecrnu AeKapToBbl
koopauHaTbl MaTepuarnbHOW TOYKM 3afaHbl B
3aBMCUMOCTY OT BPeMEHMU:

x=x(t) y=y(t) z=z(1)

OTU ypaBHEHUs1 Ha3blBalOTCS KUHeMamu-
4eCKUMU YpasHeHUsIMU OBUXEHUSI MOYKU.
OHM  9KBMBANEHTHbl  OQHOMY  BEKTOPHOMY
YPaBHEHMIO ABUXEHUst Touku: 7 =7 (1).

JInHug, onucebiBaemas OBMXYLLEenCcs
MaTepuanbHomn TOYKOW (nnn Tenom)
OTHOCUTENbHO BbLIOPAHHOM CUCTEMbI OTCYeTa
Ha3blBaeTcs mpaekmopuedl. YpaBHeHve

TPAEeKTOpUM  MOXHO  MOJYYUTb,  UCKIMHOYMB
napamMeTp { U3 KUHEMaTU4YEeCKUX YPaBHEHWIA.

B 3aBucMmMoCTM OT  (POpMbl  TpaekTopuu  [OBWKEeHWe MoXeT  6BblTb
NPSIMOIUHEUHbIM VNN KPUBOTUHEUHbIM.

Anuxoli nymu Toykv HasbiBaeTCs CymMMma [OfvH
BCEX YYaCTKOB TPAEKTOPUW, NMPOWAEHHBLIX 3TOW TOYKOW
3a paccMmaTtpuBaeMbii NMPOMEXYTOK  BpeMeHu
As=As(t). OnvHa nyTM — cKanspHasi QyHKUUS
BPEMEeHMU.

Bekmop nepemeujeHusi AV =7 —7, — BeKTop,
NPOBEAEHHbIA 13 HAYaNbHOMO MOMOXKEHUS ABMXKYLLENCS
TOYKM B TMOJNIOXKEHWE €€ B AaHHbli MOMEHT BpPEeMeHU
(npupalLerve paguyca-BekTopa TOUKM 3a
paccMaTpuBaeMblil MPOMEXYTOK BpeMeHHm).

AF =F =7y =F(t) = F(t))=Ax -7 +Ay- j+ Az k
B npegene At — 0 gnuHa nyTi no xopae As v onuvHa xopabl Ar = ‘AF‘ GyayT

BCE MEeHbLLE OTNNYaThCS: ds = ‘df‘ =dr.

A.H.Orypuos. flekyuu no gusuke.
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B npsimoyz2onbHol dekapmoeoli cucmeme KOOPAUHAT KaXAbli BEKTOP d MOXKHO
OAHO3HAYHO MPeAcTaBuTb B BUAE d=a,i +a j+ak, rae i,j,k — eanHnyHble
BEKTOPbl (OpMbI) MO OCAM KoOpAWHAaT X,y,z. Yucna a,,a,,a, HasbiaoTcs
npsiMOY20TbHLIMU OeKapmoebIMU KoopAUHamamu BekTopa d .

7. CKaanHOG npousBegeHne BEKTOpPoOB.

CKansipHoe Npou3BeaeHne BEKTOPOB d U b eCTb Yncno
q 0 i ab=(a,b)=abcosp=ab, +a,b, +a.b,
re @ — yron mexy sektopamin @ u b .

8. BekTOopHOE npousBeneHne BeEKTOpoB.

Mop BEKTOPHLIM NPOM3BEAEHUEM BEKTOPOB d U b noHumaioT
BEKTOp C, NMetoLLniA ONNHY c=absing (nnowagp

napannesiorpamMma, MoCTPOEHHOro Ha d@ WM b Kak Ha CTOpoHax) u
HanpasrieHHbIi NepneHauKynspHO K d u b, npuyem Tak, 4To

BEKTOpbI d, b 1 ¢ 06pasyloT npaeyro mpoliKy 6eKmopoe.
OGo3HaueHue: ¢ =[a,b]=axb

9. CkanspHoe none.

Ecnu kaxpol Touke M npocTpaHcTBa CTaBWUTCS B COOTBETCTBUE CKamnsipHas
BermimHa U, To BO3HWKaeT ckanspHoe none U(M) (Hanpumep, none
TeMnepaTypbl HEpaBHOMEPHO HarpeToro Tena, none MAOTHOCTU B HEOJHOPOAHOM
cpefle, nmone anekTpocTaTWdyeckoro noTeHuuana). Ecnmu M umeeT pekapToBbl
koopauHaTel (x,),z), To nuwyt U=U(x,y,z) wm U =U(¥) c BeKTOpHbIM

aprymeHTOM (papnycom Bektopom) 7 = OM =xi + y]’ +zk.

10. BekTopHOE none.

Ecru kaxpoon Touke M cTaBUTCS B COOTBETCTBME BEKTOP V', TO roBOPAT O
eekmopHom nosne V(M) (Hanpumep, none CKOPOCTEN ABWXKYLLENCS XUOKOCTH,

rpaBuTaumoHHoe none CornHua, none 3neKTPUYECKOW HamnpshKeHHOCTW, mone
MarHMTHOM HanpskeHHOCTW). B aekapToBbiX koOpAMHATaXx:

V=V (x,,2)=V(F)=V,(6.0,20 +V,(x,3,2)] +V,(x.,2)k
roe 7 — paguyc-Bektop. KOMMOHeHTbI VX,V},,VZ 00pasyloT mpu ckansipHbIX Moss
1 OOHO3HAYHO onpeaensioT 17(;7) — BEKTOPHYH (PYHKLMIO BEKTOPHOIO apryMeHTa.

11. NpousBoagHas No HanpaBneHUIo.
MycTb ckansipHoe none U(7) umeeT B HekoTopoii Touke M, 3Havenne U, u

MycTb MpW nepemelleHnn ds Mo HanpaeneHWo BeKTopa § Mbl MPUXOAWUM U3 TOYKU
M, B Touky M, roe ckansipHoe none uveeT 3Haderve U, . Mpupawenne U npu

aTtom nepemetennn pasHo dU =U_ — U, . MNpepgen oTHOLWEHNSI 3TOrO NpUpaLLEHus

Mpunoxexue
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2. NMpoun3BoaHbIE HEKOTOPLIX 3NIEMEHTaPHbIX (PYHKLMN.

’

¢ ’
(ex) =e" (a") =a"Ina (sinx) =cosx
/ ’

(In x), 1 (x” ) =nx""! (cosx) =—sinx
X

3. YacTtHas npousBoaHas.

MycTb dyHkuMs f  onpepeneHa B HEKOTOPOM  OKPECTHOCTM  TOYKM

PO(xIO,...,x,?). ®yHkumst  f'HasbiBaeTcs  AudpcepeHUMpyeMoii no X, ecnu

cyuwiecTsyeT npenen pasHoCTHOro OTHoWeHnA

0 0 0 0 0 0 0 0 0
lim SO e s X5 X s Xpagoe s Xy ) = S X] e s Xy X > Xy 5o w0 Xy )
0

0
X=Xk X — X

3TOT Npefen Ha3blBaeTCst YacMHoU npou3eodHolii ¢pyHkyuu f (no x, ) B Touke Fy

U (xt'sesXy)

ox,

1 06o3HavaeTcs: unm fx'k (xlo,...,xo)

n

4. NonHbivi gnddepeHumnan dyHkumm f B Touke Fy:

dPY=3 1 () (xp —x0)
k=1

5. OnpegeneHHbIW UHTerparn.
MycTtb pyHKUMs f(X) onpepeneHa u orpaHuyeHa Ha oTpeske [a,b]. Pasobbem

3TOT OTPE30K Ha "anemeHTapHble" OTpe3kn BBEAEGHWEM 1 TOYeK X; CIeayloWwum
obpasoM: a =X, <X, <X, <...<X,; <Xx,=b
O6Go3HauMm uYepe3 dx [ONVHY 9neMeHTapHoro otpeska dx=x; —Xx, ;. B

KaXK[OM afieMeHTapHOM oTpeske Bbibepem npoussonbHoe uncno &, (x,_; <&, <x;).

n
Yucno o = Z S(&)(x; — x,_;) HasbiBaeTCs uHMezpanbHOU CyMMOU.
i=l

Oyukuma  f(x) HasbiBaeTcs wuHTerpupyemon Ha otpeske [a,b], ecnu

cywecTeyeT uucno I co cregylolwym CBOWCTBOM: Ans mwoboro € >0 HaigeTcs
Takoe O(€) >0, 4to npu n6om pasbueHnn Ha oTpeskn dx, Ans kotoporo dx <9d,

BbINOMHAETCA HEPaBEHCTBO ‘O‘ - I‘ < € HesaBuMcUMO OT BhiGopa &, .
Yucno [ HasbiBaeTcs ornpedesieHHbIM UHMezpanoM GyHkumm f(x) Ha

b
otpeske [a,b] v obosHavaetcs: [ =J f(x)dx. 3pecb x HasbiBaeTCs mepemMeHHOU
a

UHmMezpupoeaHusi, a W b — COOTBETCTBEHHO HUXHUM U 8epXHUM rpedenamu
WHTErpupoBaHusi.

6. BekTop.
Feomempuyeckuli éeKmop d — 3TO HanpaBfieHHbI OTPE30K B MPOCTPaH-
ctBe. [lnuHa BekTopa d HasbiBaeTca ero Modynem u obosHayaeTcs: a:‘ﬁ‘.

A.H.Orypuos. flekyuu no gusuke.

3. Ckopocrtk

CKopocmb — 3TO 8eKMOpHasi BENUYMHA, KoTopasi onpefensieT kak bbicTpoTy
OBWXEHWS, TaK U ero HanpaeneHue B AaHHbIN MOMEHT BPEMEHMU.

BexkmopoM cpedHeli ckopocmu 3a WHTepBan BpemeHu Af . AF
Ha3blBAeTCs OTHOLLEHWE NpupalleHnst A7 paguyca-BekTopa TOuUKM K <v>:Xt
NPOMEXYTKYy BpemeHu At

HanpaeneHue BekTOpa CpefiHei CKOPOCTU COBMaAaeT C HanpaBneHuem Ar .

EduHuua ckopocmu — m/c.

MzHoeeHHasi CKOpocmb — BEKTOpPHAs BEeNU4YMHA, paBHasi NepBon
NPOU3BOAHON MO BPEMEHU OT paauyca-BekTopa # paccMaTpuBaeMomn TOUKM:
_ .. AF dr -
U=Ilim—=—=F
A0 At dt

BekTtop MrHOBEHHOW CKOpPOCTW HanpaBneH MO KacamesibHOU K TpaeKkTopuu B
CTOpPOHY ABWXeHMsA. Mogynb MrHOBEHHOW CKOpPOCTM (CKasisipHasi BenuuuHa) paBeH
nepBov NPOM3BOAHOW NYTW MO BPEMEHM.

LA As ds
v=‘v‘=hm—=hm—=—
A—0 At AM—=0At  dt

[Mpn HepaBHOMEPHOM ABWXEHWW MOAyflb MrHOBEHHOM As
CKOPOCTM C TeYeHWeM BpemMeHu u3MeHsieTcs. [103TOMYy MOXHO <v>:7
BBECTU CKaslIpHYl0 BENUYNHY <v> — CpedH CcKopocmb At

HepasHOMepHO20 JeWwXeHusi (Opyroe HasBaHue — CpeoHss
rymeeasi CKopocmb).

Anuna nymu s, NPOVAEHHOrO TOYKOM 3a MPOMEXYTOK s=jv(t)dt
BPEMeHW OT ¢, [0 f,, 3a4aeTCsa UHTerpasiom: 4

Mpv npsiMonuHeliHOM O8uUXXeHUU TOYKA HanpaBneHWe BEKTOpa CKOPOCTU
COXpaHseTCs HEN3MEHHBIM.

[BWxXeHe TOYKM Ha3bIBAETCA pPaBHOMEPHbIM, ECIM MOAYIb €€ CKOPOCTU He
U3MEHSIeTCs C TedeHneM Bpemern (U = const), Ans Hero

s=0-At

Ecnu Moaynb CkopoCTU yBEnuMYMBaeTCsl C TEYEHWEM BPEMEHU, TO [ABWKEHWE
Ha3blBaeTCsl YCKOPEHHbIM, €CfN e OH Yy6blBaeT C TeYeHMeM BpeMeHu, TO
OBWKEHVE Ha3blBaeTCs 3aMeOsIeHHbIM.

4. YckopeHue.

YckopeHue — 9TO BeKTOpHas BeNW4YMHA, Xapaktepusyolas ObiCTpoTy
N3MEHEHNsI CKOPOCTM MO MOAYSI0 U HaNpaBeHuHo.

CpeOdHee ycKopeHue B UHTepBarne BpeMeHun Af — BeKTopHast . AD
BENMUUMHA, paBHasi OTHOWIEHMIO W3MeHeHusi ckopocT AD K < >:Tt
nHTepBany Bpemenn At :

MzHogeHHOe yCcKOpeHue MaTepuanbHON TOYKM — BEKTOpHas BeNnYuHa,
paBHasi MepBON NPOM3BOAHOW MO BPEMEHM CKOPOCTM pacCMaTpuBaemon TOYKM
(BTOpPOW NPON3BOAHON MO BPEMEHW OT paguyca-BekTopa 3TON XKe TOUKM):

_ . AD db - dF -
d=lm—=—=0=—+-=F

(Otciopa: ds=v dt.)

5}

EduHuya yckopeHust — m/c.
B ofulem cnyyae Nnockoro KPUBOIMHENHOrO ABWKEHWS BEKTOP YCKOPEHWsI
yAo6HO NpeacTaBuTb B BUAE CyMMbI O8YX NPoeKuul: a=d,+d,

MexaHuka
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TaHz2eHUuasIbHoe yckope- AS Vi
- -
HWe d, xapakTepusyeT GbicTpo- - Ay
TY U3MEHEHMsI CKOPOCTM MO MO- R V2

aynio (puc.(A)), ero Benu4umHa:

B _dv

foodt
HopmanbHoe (yeHmpo-
cmpeMumesibHOe) YCKOpeHue
d, HanpaBrieHO Mo HopMamu K
TPaekTopum K  LEHTpy ee
KpvBusHbl O U xapaktepusyet
6bicmpomy U3MEHeHUsI HanpaeseHusi BeKTopa CKOpOCTM Todku. Benuuuha

HOPMarnbHOrO YCKOPEHWUsI g, CBsi3aHa CO CKOPOCTbIO U [ABWXEHUS MO Kpyry u

o

BenuMuuHo paguyca R (puc.(B)). Myctb ‘vl‘:‘vz‘ =v. Torpga gna o —0:
Av, =vsina=v-o, As=v-At=R-a@ = o =(v-Ar)/R, otcioga:
2 2 2
v Av, v dv, v
Al) = 7At = n—-__ = a. = n — -

" R At R " dt R
BenununHa nosiHozo yckopeHus (puc.(C)): a= wlaﬁ + af .
Bugbl ABMXeHUS:

1) 4, =0, d,=0 — npamonuHeiiHoe pasHomepHoe faBuxeHune: d =0.

2) a,=a=const, a,=0 — npsmonuHeliHoe pagHonepeMeHHoe (PagHOYCKO-
peHHoe) fBxeHve. Ecrm £, =0, T0

Av _v-v, V-V,
=-qgq=——==—=—

a‘[
At t—t, t

i 2
at
; V=V +a-t; S=J.(vo+at)dt=vot+—
0 2
2

(Y
3) a, =0, a,6 =const=— — paeHOMepHoe Oeu-
T n R

JKeHUe 10 OKPYXHOCMU.

4) a, #0,a, # 0 — kpusonuHeiiHoe pagHonepemeH-
Hoe dsuxeHue. e 1} Ao

5. KnHemaTuka BpalwlaTenibHOro ABMXEHUS. A

Mpu onucaHUM BpaLlaTenbHOrO ABWMXKEHUS YA0GHO 4s
nonb30BaThCsl MOAPHBLIMU KoOpOuHamamu R w @,

rae R — paduyc — paccTosiHue oT nontoca (LUeHTpa
BpaLLEeHNs1) 4O MaTepuanbHOM TOYKU, a () — MOMSAPHbIN

yaon (yron noBopota).
AnemenmapHbie noeopomsi (06o3HavaTcs AP
unu d@ ) MOXHO paccMaTpuBaTb kak nceeoeeKmopsl.
Yanoeoe nepemeweHue d{@ — BekTOpHas

q

4

4

4

4

4
BENWYMHa, MOJynb KOTOPOW paBeH Yrny noBopoTa, a 4
HanpaBfieHWe COBMadaeT C HanpasfieHMeM nocTyna-
TenbHOro ABWKEHVS 1pago2o euHmMa.

A.H.Orypuos. flekyuu no gusuke.
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OcHOBHOU 3aKOH pesisimueucmckol OUHaMUKU: -
3aKoHbl KNaccuMyeckon AUHaAMKKM MOnyyalTca u3 ﬁ:@:i myV
3aKOHOB PEnsATUBUCTCKOM [AMHAMUKM B NpefenbHOM dt dt ll_ﬁz
cnyyae vV<<c (WM c— o). T.0. Kraccuyeckas
MexaHuKa — 3mo MexaHuka Makpomers, 08UXYWUXcsi ¢ MalbIMu cKopocmsmu (o
CPasHEHUIO CO CKOPOCMbIO ceema 8 8aKyyme).
lMoniHasi aHepa2usi menia Macchbl m :

2

2 myC

5 E=mc*>=—0__

CooTHoweHnne E =mc” HOCUT  yHMBepCanbHbIN 1- B2
xapakTep, OHO NMPUMEHNMO KO BCeM hopmMaM 3Hepruw, T.e.

MOXHO yTBEpXaaTb, YTO C 9HEpPruen, kako bbl opMbl OHa He Gbina, cBsi3aHa Macca
2 o .
m= E/c 1, HAaoBOpOT, CO BCSIKOM Maccoi cBsidaHa 3Heprusi. [Mokosieecs Teno

obnapaert aHepruen: E, = mocz, HasblBaeMoii IHepauell MOKOs1.

MonHass 3Heprusi_ 3aMKHYTOW CUCTEeMbl coxpaHsieTcsl. 3aKoH COoXpaHeHusa
dHeprun — cneacreune oOHopoOHocmu 8pemMeHuU.

2 1
Kunemudyeckas anepeusi; K = E—E; =mc — -1
N
PensTuBucTCKOE COOTHOLLEHWE MeXay MOHO 3HEePrMei 1 MMNybLCoM Tena:
2_ 24 _ 24, 22
E°=m"c" =myjc" +p°c
Benuunna E° — p°c” = E; ABnseTcs MHBapuaHTOM cUCTeMbl.

2 2.2
B cnyyae, Korga macca nokoa 4acTtuubl paBHa Hynw, TO E°—c P =0.

CnepnoBaTenbHO, Takas Yactuua MoxeT obrnagate OTNMUYHLIMU OT HYMs 3Hepruein u
UMMYSbCOM TOMbKO B TOM Criydae, KOrda OHa [OBWKETCS CO CKOpocTbio ceerta. K
TaK1UM YacTULIAM OTHOCATCS (POTOHbI.

OcHogHoll ebI608 Meopuu OMHoOcCUMesIbHOCMU — MPOCMPAaHCMEO U 8peMst
Op2aHUYecKu 83aumMocesizaHbl U o6pasyiom eOuHylo GhopMy CyulecmeosaHusi
Mamepuu — npocmMpaHcmeo-gpems.

NMPUNOXEHUE

OcHoBHbIe MOHSIMUSI MameMamu4ecKo20 arnnapama 4)U3UKU

1. MoHATHE Npou3BOAHON (PYHKLUN.

®yHkums f HasbiBaeTcst ugbghepeHyupyemMoli B TOYKE X, €CNn CylLecTByeT
npenen pasHOCTHOrO OTHOLLIEHUs! chyHKUMM B TOUKE X,
. . x)— f(x
lim ¢(x) = lim £ =/ (%)
X=X X=X X —X,

OToT npefen HasbiBaeTcs MPou3eodHol yHkuMM [ B Touke X, U

, df df df (x,) df
6 : > (X)) | T B
oGo3HavaeTcs S (x) dx (%) dx %) dx x|,
MexaHuka
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3TN cobblTUsi, oOcTaBasiCb NPOCTPaHCTBEHHO pa306LLleHHbIMI/I, OKasblBaldTCA U
HeogHOBpPEMEHHbIMU.

nyCTb B HeKOTOpOVI Touke x B cucteme O npoucxognTt cobbiTne
ANUTENbHOCTbIO T = lz - tl , TO B cucrteme O, ONUTENbHOCTL 3TOrO Xe cobbITUs

,_t2—1)x/c2 t—ux/c® ot -t T

= - = = >
=g g g 1
T.0. AnUTenbHOCTb  COBbITMS, MPOWCXOAAWEr0 B HEKOTOPOl  TOuKe,
HaMMeHbLLas B TOW MHEpLManbHOIl CUcTeMe OTCYeTa, OTHOCMTENbHO KOTOpOW 3Ta
Touka HenopBwkHa. CrepfoBaTenbHoO,  Yachl,  ABMXKYLLMECS — OTHOCMTEMbHO
NHEPLManbHON CUCTEMbI OTCHETa, UAYT MeAEHHEe MOKOSILLMXCS YaCoB.
PaccMoTpUM CTepxeHb, PacrofoXeHHbli BAOMb ocn X' W MOKOAWMiACS
oTHocuTensHo cuctemsl O, Ero anuma B cucteme O Bymet I; = x, — x| . UTo6bi

T,Zt;—t T

onpegennuTtb ANUHY l:xz—xl 3TOr0 CTepXHA B cCuUctemMme O, oTHocuTenbHO

KOTOPOW OH ABWXETCS CO CKOPOCTLIO V, U3MEPUM KOOPAVHATHI €r0 KOHLIOB X, U X, B
OfWH U TOT ié MOMEHT BPEMEHMU 1 .
X, =V X -V X, —X /

_ = = >l
-2 1= 1-p* \1-p°

Pasmep Tena, OBMXyLleroca OTHOCUTESTIbHO MHepumaanon CUCTEeMbl OTCYeTa,
YMeHbLlaeTCAa B HanpasnleHun AOBWXEeHUA, Npuy4emMm JIOpPpeHUo0e80 COKpaueHue
OnuHbl TeM Bonblue, Yem Gonblue CKOPOCTb OBWXEHUA. I'Ionepequle pa3mepbl Ten
He 3aBUCAT OT CKOPOCTU ero ABumXeHuma U OAUHAKOBbl BO BCeX WHepuuanbHbIX
cucTtemax oTcyerta.

l/_ 7 ’_
0 =X =X =

Ecnu maTepuanbHasi Touka aBukeTcs B cucteme O BOOSb OcU _ v +u
x’ co ckopocTbio ¥, a cama cuctema O ABUKETCH CO CKOPOCTBLIO U T un
oTHocuTenbHO cuctembl O, TO pesismueucmcKuii 3aKOH CIIOXKeHUSs 1+ BER
ckopocmeli: ¢

B kayecTBe BenuuYMHbI, UHBapUaHMHOU MO OTHOLLEHMIO K Npeobpa3oBaHuUto
KoopOuHaT B 4YeTbIpeXMEepHOM MpPOCTpPaHCTBe OWHLWTEeNHa (He 3aBuUCSLLEN OT
BblGOpa cuCTeMbl OTCUYeTa) BBOAUTCA UHmMepeas Mexady cobbimusimu:

S12 z\/cz(tz _t1)2 —(x, _x1)2 - _yl)z —(z; _21)2 ,

r/:Le\/(x2 -x)" = (v, =) = (2, —z,)* =1,, — paccTosiH1e Mex 1y TouKaMu

06bI4HOro TpexmepHoro npocTpaHcTea. O6osHaums £, =1, —;, NOMy4UM

_ 22 2
S =ACTt =1

40.0CHOBHbI€ COOTHOLUEHUS PENATUBUCTCKON AUHAMUKU

Penamueucmckas macca m [BUXKYLLNXCA PENATUBUCTCKUX B _v
yacTuy, (Ten) 3aBMCUT OT UX CKOPOCTW.

m, — mMacca MoKos 4acTuLpl, T.€. Macca, U3MepeHHasi B TON _omy
MHepLMarbHOW cucteMe oTcyeTa, B KOTOPOW YacTula Haxoautcs B m= 1—[32
nokoe.

Pensamueucmckuli umnynsc p. PenaTvBUCTCKUA UMMYNbC | - _ ny0
CUCTEMbI _COXpaHaeTcs. 3aKOH COXpaHeHUsi  PensaTUBMUCTCKOro P 1— /32

nvnynbCa — cneacrteune OaH0,000HOCI’nLI npocmpaHcmea.
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__dp_ - 5 _do_ . d’§_ -
Yanoeasi ckopocmb: (0 = 7? ={ . Yanoeoe yckopeHue: [} = E == d—gp =
t

Bektop ) HanpaesieH BOONb OCU BPaLLEHWs Tak e kak U BekTop d@, T.e. no
npasuny npaeoro BuHTa. Bektop [ HanpaBneH BOOMb OCY BPALLEHUS! B CTOPOHY

BEKTOpa MPMpaLLeHUst YrrioBOiA CKOPOCTU (MPU YCKOPEeHHOM BpallieHun sektop f3
COHanpaeneH BeKTopy @, Npu 3amedsIeHHOM — MPOTUBOHANPaBMeH emy).

EOuHUUBI y2110801i CKOPOCMU U Y2/108020 YCKOPEHUs1 — pag/c v paa/c?.
JluneliHasi ckopocmb MOYKU CBA3aHa C YINOBOW CKOPOCTbIO W paguycoM

. As .. R-A . A
TpaeKkTopuu cooTHoweHneM: U = lim — = lim A0 R lim 29 _ oR .
At—0 At A—0 At A—0 At
B BekTopHOM BuAe dopmyny Ans NUMHEWHOW

@ CKOPOCTM MOXHO HamucaTb Kak @eKMmOopHoe
npouseedeHue:
U =[®,R].
3 [lo onpedeneHuro 8eKMoOpHo20 rpoudsedeHus (CMm.
( o N z cTp.1-29) ero moaynb paBeH ‘ﬁ‘szsina, roe o
2 -

— yron mMexagy Bektopamum @ v R, a HanpaeneHve
coBMafjaeT C HampasfieHWeM MOCTynaTesbHoro

[BVKEHUS NPaBoro BUHTA Mpu ero BpalLeHnn ot @ K R.

d
MNpu paBHOMEepHOM BpalleHun: @@= d—(p =const , cnefoBaTenbHO O=m-t.
t
PaBHOMepHOe BpalleHue MOXHO XapakTepu3oBaTb Mepuodom o
epaweHuss T — BpemeHeM, 3a KOTOpOe TO4YKa COBepLlaeT OAuvH T=—
NonHbIit 060poT, 2T =@ - T o
Yacmoma epawjeHus — 4ACTIO  MOMHbIX  0GOpOTOB, | , _1_o
COBEpLUAEMbIX TEenoM nNpu paBHOMEPHOM €ro [OBWXEHUM MO T 2m
OKPY)XHOCTM, B €OQVHNLY BPEMEHM: O=27-n
EduHuuya yacmomsi epauw,eHuss — repy (M'u).
Mpu paBHOYCKOPEHHOM BpallaTenLHOM ABWXKeHUN [3 = const:
o+ Bt g=wp-1+ B LUK g, STRe
0=, ’ (P—a)o 2 ’ an_R_ R =0 ' v=Rw
t t t a =Rﬁ
dv  d(wR do ? ? td 4
T:—:Q:R—:Rﬁ; SZJvdt:ijdt:Rj—(pdt:R¢ a4 =Ro?
dt dt dt dt n
1

f f t

JuHamuka MmamepuanbHOU MOYKU

A.H.Orypuos. flekyuu no gusuke.

6. MepBbi 3akoH HblOTOHA.

MaTepuanbHaa Touyka (Teno) coxpaHsieT COCTOSlHME TMOKOSA WUnu
paBHOMEPHOro NPSAMONIMHENHOro ABWXEHUA A0 TeX Nop, Noka Bo3aencTame co
CTOPOHbI APYrvX Ten He 3aCTaBUT €e U3MEHUTb 3TO COCTOSIHME.

CmpemrieHue mena COXPaHATb COCTOSIHUE MNOKOS WNW  paBHOMEPHOro
NPSIMONIMHENHOTO ABWXEHUS Ha3bigaemcsi UHePMHOCMbo. [103TOMy nepBbIi 3aKOH
HbloToHa HasbiBalOT Takke 3akoHOM uHepuuu. [lepBbii 3akoH HbloTOHa

MexaHuka
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nocmyrnupyem cyuectBoBaHUe UHepuyualJlbHbIX cucmemM omc4yema — TakKux,
OTHOCUTENbHO KOTOpPbLIX, MaTepuanbHaa TO4YKa, He noAdBepXXeHHad BO34ENCTBUIO
Apyrmx Ten, ABUXXeTcAa paBHOMEPHO U I'IpFlMOJ'IVIHeﬁHO.

Y1o6bl onuckiBaTb BO3geI7|CTBI/I9I, ynoMmmnHaemble B NepBOM 3aKOHEe HbloToHa,
BBOOAT NOHATUE CUJIbI. ,D.J'IH onncaHna UHepPUUOHHbIX CBOWCTB Ten BBOAUTCS
NOHATNE MaccChbl.

7. Cuna.

Cuna — BeKTOpHas BenuyvHa, ABNSALLAasca Mepol MexaHu4eckozo delicmeaus
Ha Teno CcO CTOPOHbI APYrMxX Ten unu nonew, B pesynbTaTe KOTOPOro Temno
npuoBpeTaeT yckopeHne nnm nameHsieT hopmMy 1 pasmepsi.

MexaHuuyeckoe B3aMMOOENCTBME MOXET OCYLUECTBMATLCA Kak Mmexoy
HernocpedCMeeHHO KOHTaKTMPYILLMMU Tenamu (Hanpumep, Npu yoape, TPeHwuw,
OaBneHuy Opyr Ha gpyra u T. n.), Tak U Mexoy yoaneHHbIMU mesamu.

Ocobasi ¢popma mMamepuu, CBsi3blBalOLLas YacTuubl BeLlecTBa B eauHble
CUCTEMbI 1 NepeaatoLlasi C KOHEYHOW CKOPOCTbIO AeCTBUE OAHMX YacTuL, Ha Apyrue,
HasblBaeTCs husuvyecKuM rnosiem Vnm npocTo nosiem.

B3aumoperictBme Mexay yaaneHHbIMU TeNaMu OCyLLECTBNSETCS NOCPELCTBOM
CBSI3aHHbIX C HUMW IPaBUTALMOHHBIX 1 3NTEKTPOMAarHUTHbLIX NOMeN.

Monb3ysicb MOHATMEM CUNbl, B MeXaHuke OObIYHO FOBOPSIT O ABWXKEHUU U
necdopmaumm paccmatpuBaemoro Tena rmod delicmeuem rpUsIoXXeHHbIX K HeMy Curl.
[Mpn aTOoM, KOHeYHOo, kaxdol cune ecez2da coomeemcmeyem Kakoe-mo
onpederieHHOe mersio unu rone, delicmayroujee ¢ 3mou cusnody.

Cuwna F nonHocTblo 3apaHa, ecnu ykasaHbl ee modynb F', HanpasneHue B
MPOCTPaHCTBE U MOYKa MPUSTOXEHUS.

MpsiMasi, BOOMNb KOTOPOI HanpaBneHa cuna, HasbiBaeTcs JUHUel delicmeusi
Cursnsbl. LleHmpaﬂbelMu Ha3blBAKOTCA CUIlbl, KOTOpble BCHOAY HanpaBlieHbl BOOIb
NPSIMbIX, NPOXOASALLUX Yepe3 OfHY W Ty Xe HEMOABWKHYIO TOUKY — UeHmp cus, U
3aBUCAT TOMbKO OT PACCTOSHUSA [0 LeHTpa cun.

Mone, peiicTBylOLlEe Ha MaTepuaribHyld TOYKy C cunoir F, HasbiBaeTcs
cmayuoHapHbIM M0J1eM, €CIN OHO HE N3MEHSIETCS C TeYeHNEM BPEMEHN.

OpHOBpEMEHHOE [eNCcTBME Ha MaTepuaribHyl TOYKY HECKONbKUX — CUrn
3KBMBArNEHTHO OEWCTBUIO OJHOW Cwilbl, Ha3biBaemow paeHodelicmeyrouwjed, nnv
pe3ynbmupyroujeli, CUNov N pagHoU UX 2eoMempuyecKol cymme.

EduHuuya cusnbl — HbloToH (H): 1H — cuna, kotopasi macce B 1kr coobLiaet
yckopeHue 1m/c? B HanpaBneHU AeNCTBUS CUTTbI.

8. MexaHun4eckue CUCTEMBI.

MexaHu4eckoli cucmemoli Ha3biBaETCs COBOKYMHOCTb MaTepuaribHbIX TOYEK
(Ten), paccmaTpuBaeMbIX Kak eaMHoe Lernoe.

Tena, He BXxoAsWMe B COCTaB MWCCreayeMOW MeXaHW4YeCcKON CUCTEMbI,
Ha3blBalOTCA eHewWHUMU menamu. Cunbl, EeNCTBYIOLWME HA CUCTEMY CO CTOPOHBI
BHELLHWX Ter, Ha3blBalOTCA 8HEWHUMU cunamu.

BHympeHHUMU cusiaMu Ha3blBalOTCA CUIbl B3aMMOAENCTBUA Mexay YacTaMu
paccmaTpuBaemMon CUCTEMBI.

MexaHnyeckass cuctema HasblBaeTCH 3aMKHymou, Vnv U30/1UpO8aHHOU,
cucmemoli, eCri OHa He B3aUMOAEWNCTBYET C BHELWHUMMWU Tenamu (Ha Hee He
[OEeWCTBYIOT BHELUHME CUSbl).

Teno HasbiBaeTCsd CB0600HLIM, €CNN Ha €ro MONOXEeHWe W [OBUXKEHWE B
NMPOCTPaAHCTBE HE HANOXEHO HUKAKUX OFPaHUYEHUN, 1 — Hec80600HbIM — eCNN Ha
€ro BO3MOXHblE MOMOXEHUS] N OBWXEHUS] HamNOXeHbl Te UMW WHble OrpaHnyeHus,
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(mpuHYUN omHocumenbHocmu [anurnes): 3akOHblI QUHaMUKU 0OUHaKo8bl 80 8CeX
uHepyuasbHbIX cucmemax omc4yema.

PaccmoTpum [Be cuctembl oTcyeTa: MHepumanbHyo
cuctemy K (c koopavHatamu X,),z), KOTopyl Oyaem

cuuTaTh HernomBwKHOW, u cuctemy K~ (¢ koopauHaTamu
x',y',z'), ABWXyLyloCs OTHocuTenbHO K paBHOMEPHO W
NPSIMOSIMHEHO C NOCTOSIHHOW CKOPOCTLIO U = CONSt .

B HauanbHbI MOMEHT BpeMeHu Havana koopauHat O
O’ 3TUX cUCTEM COBMaaaloT.

B Npoun3BoMbHbI MOMEHT BpEMEHW ¢ 7y =it .

[lns nponssonbHOil Toukn A: 7 =F + 7 =F +iit. Vinn B npoekumsx Ha ocu

KoOopauHarT:
x=x"+ut, y=y+ut, z=z+ut.

OTM COOTHOLLEHMS Ha3bIBalOTCA npeobpasoeaHusiMu koopouHam anunes.

MpoanddepeHumMpoBaB MX MO BpeMEHW MOMy4MM NpaBuno | § =3’ + 4
CMNOXEHWNs CKOPOCTEW B KNACCUYECKON MexaHuKe:

B knaccuyeckon mexaHuke npeanonaraeTcs, Y4TO Xo4 BPEMEHW He 3aBUCUT OT
OTHOCUTENBHOrO ABMXEHUS CUCTEM OTCYeTa, MO3TOMY K npeobpasoBaHusam Manunes
MOXHO [06aBUTb elle OAHO COOTHOLLEHWE: t=t

YckopeHne B cucTemax oTcyeTa, AOBMXKYLUMXCSH OTHOCUTENbHO Apyr Apyra

§ _ dv d@w-i) dv’
pPaBHOMEPHO W NPAMONIMHENHO, OOUHAKOBO: @ = — = ———— > = —— =
dt dt dt

CNyXWUT AoKa3aTeslbCTBOM NpuHUMNa OTHOCUTESTIbHOCTU [anunes.

a’. 9town

38.MocTynaTtbl QMHLWITENHA.

1) MpuHyun omHocuMenLHOCMU: HUKaKVUE OMbITbl, MPOBEAEHHbLIE BHYTPU AAHHOW
MHepLMaribHOM CUCTEMbI OTCHYETA, HE AalT BO3MOXHOCTb 0BHAPYXMUTb, NMOKOUTCS 1n
3Ta CUCTEMA WU OBUXETCSH PaBHOMEPHO U MPSIMOMUHENHO; 8ce 3aKOHbI Mpupodbi
UHE8apUaHMHbI NO OTHOLLEHWIO K NEPEXOAY OT OAHOW CUCTEMbI OTCHeTa K APYroii.

2) MpuHyun uHeapuaHMHOCMU CKOPOCMU C8ema: CKopoCMmb ceema 8 8aKyyme
HE 3aBUCUT OT CKOPOCTM ABWKEHWS WCTOYHMKA CcBeTa wnu Habniogatens w
oduHaKoea 80 ecex UHepyuarbHbIX cucmemax omcdyema.

39.MNpeob6pa3oBaHus JlopeHua.

Myctb cuctema O [BMXETCA OTHOCUTENBbHO cucTeMbl O CO CKOPOCTLIO
V=const, npnieM V=c (Cc— CKOPOCTb CBeTa (CKOPOCTb pacnpoCcTpaHeHus
ANEKTPOMAarHUTHbIX  B3ammopencTeuin) B Bakyyme). O603Hauum  OTHOLUEHue

ckopocTeit U 1 ¢ depes B =v/c. MycTb BekTop ckopocTn U X +vot’
HanpaeneH Bgonb ocu OX. Torma  pensaTUBUCTCKUE B /1—[32 ’

NpeoGpa3soBaHust KOOPAVHAT U BpeMeHM ByayT UMeTb BUL:
3T CcoOTHOWeHUs — npeo6pa3oeanust JlopeHya — mpu | y=)', z=7/,
V << ¢ nepexoasT B npeobpasosaHus Manunes.

’

VX

OHM  ycTaHaBnMBalOT B3aUMOCBSI3b  MPOCTPaHCTBA U t'+—2
BPEMEHM — B 3aKOH NpeobpasoBaHust KOOPANHAT BXOANT Bpewmst, | , _ c

a B 3aKoH NpeoGpasoBaHUsi BPEMEHU — MPOCTPAHCTBEHHbIE ll—ﬁz

KoopaMHaThbl.
CnefcteueM 3TOro ABNsSeTCs TOT haKT, YTo ecnu Aga cobbitus B cucteme O
MPOMCXOAAT OQHOBPEMEHHO HO B PaaHbix Toukax (£, =1,, X, # X, ), To B cucteme O’

MexaHuka
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CnepoBatenbHO, Cunbl  TArOTEHUS KOHCepsamueHbl, a none TAroteHunsa
SBNSAETCA nomeHyuanbHbiM. PaboTta KOHCepBaTMBHbLIX CUIT paBHa W3MEHEHUIo

MOTEHLMANLHOM SHEPIUM CUCTEMBI C 06paTHBIM 3HakoM. A = —(W, — W, ). MoaTomy,

mM
nomeHyuanbHasi 3Hepausi NoJisi CUsl MI20MEeHUST: W= _GT

Ona  noboro NoTeHUMansHOTro MOoMsi MOXHO — OnpeaenuTb  CKasisipHyro
3Hep2emuYecKyro xapakmepucmuky rMosisi — nomeHyuart.

MomeHuyuanom nons ms2omeHusi B JAHHON TOYKE MOns
HA3bIBAETCH  CKANSAPHAA BEMMMMHA, ~PABHas  OTHOWeHMIO | w_ G%

MOTEHLMANLHOM SHEPTMM MaTepUarisHoON TOUKM, MOMELLEHHON B m R
paccMmaTpuBaemyto TOUKY Mofisl, K Macce MaTepuasbHOM TOUKM:
PaccmMOTpUM  CBSI3b  MeXZy MOTEHUMAnoM Mofsi  TArOTEHWS W ero
HaMpsHKEHHOCTbHO:
do _
dA=-mdp, dA=Fdr=mgdr = g:—d— wm  g=-gradp=-Vo
r
B obwem criyyae Ansi 1106020 MOMEHUUANIEHOZ0 MO MEXOY HanpsiKeH-
HOCMBIO U MOMEeHYuanoM cyujecmeyem cesib:

E=-gradp=-Vo

Ota dopmyna ssnsietca crieactesuem cootHoweHus F =—gradll =—-VII.
3HaK MUHycC yKa3blBaeT Ha TO, YTO BEKTOP HaMpPsPKEHHOCTU HanpaeneH B CTOPOHY
y6bleaHusi noTeHumana.
36.KocMunueckue CKOpocTu.

lMepsoli KOoCMuU4YecKOol CKOPOCMbLIO Ha3blBalOT TaKyld MWHUMAINbHYIO
CKOPOCTb, KOTOPY Hago coobwuTb Temny, 4YTobbl OHO MOrMO ABWUraTbCsi BOKPYT
3emMnu no kpyroeow opbuTe, T.e. NPeBPaTUTLCS B UCKYCCTBEHHbIV CMYTHUK 3emnu.

GmM v, P GM
——=ma, =m— (2" 3akoH HbtoToHa); g =—=——5-
R R m R

v, =/gR =79 xm/c (y nosepxHocTn 3emmu (A — 0))

Bmopoﬂ KocMu4eckol CKOpOCMbKO Ha3blBaeTCA HaMMeHbllasa CKOPOCTb,
KOTOPYI Hago coobwnTb Teny, YTOObI OHO MOrIO npeoaoneTb NpUTAXeHne 3emnu n
npeBpaTuUTbCA B CNYTHUK ConHua. B atom Cllydae KunHeTudeckas 3JHeprua Ttena
[OJKHA ObITb paBHa pa60Te, coBepLUaeMom NPoOTUB CUMN TATOTEHUS:

= v, =42gR=11,2xm/c

Tpembeli KoCMU4YecKOlU CKOPOCMbLIO Ha3blBA€TCS CKOPOCTb, KOTOPYIO
Heobxoaumo coobwmTb Teny Ha 3emne, YTobbl OHO NOKMHYNO npeaensl ConHeYHon

cucTeMbl, Npeoaones NputsxeHve ConHua: vy =16,7 km/c.

(R — pagwnyc 3emnn)

2 oo
muv, :J‘Gm];/[dr:GmM
2 » T

dAnemeHmsbI cneyuanbHoOU meopuu omHocumesibHocmu

37.Mpeo6pasoBaHusa Fanunes

B knaccuyeckol MexaHuKe, Mpy CKOPOCTSX TeN 3HaUUTENbHO MEHbBLUUX, YeMm
ckopocTb ceeTa (L << ¢), CrpaBefrnMB MexaHuyeckull NpUHYUM OMHoOcUMeibHocmu

A.H.Orypuos. flekyuu no gusuke.
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HasblBaeMble B MexaHuke cesi3ssmu. HecsoboaHoe Teno MoXHO paccMaTpuBaTb Kak
cBoboOaHOE, 3aMeHUB AENCTBME HA Hero Tern, OCyLLeCTBNAKLNX CBA3N, COOTBETCT-
BylOLWMMU CuUnamu. OTK cunbl Ha3bIBaOTCS peakyusamu cesizell, a BCe OCTalbHble
cunbl, Ll,eVICTByFOLLLVIG Ha Teno, — akmueHbIMU cusiamu.

9. Macca.

Macca — dum3nyeckasi BennymHa, ogHa U3 OCHOBHbIX XapaKTepUCTUK MaTepuu,
onpeaensioLas ee MHePLUMOHHbIE 1 FPaBUTaLMOHHbIE CBOMCTBA.
EduHuya maccbl — Kunorpamm (Kr).

MnomHocmeio Tena p B JaHHOW ero Touke M HasblBaeTcs dm
OTHOLLEHME Macchl dim Maroro aneMeHTa Tena, BKMNoYatoLwero TouKy p= dv
M , k BenmunHe dV obbema aTOro anemMeHTa.
10.Umnynbe.

BekTopHasi BenuuvHa p, paBHasl MPOW3BEAEHUIO Macchl m
mMaTepuasibHON TOYKU Ha ee CKopoCcTb U, U MMelowwas HanpaeneHue p=m-D
CKOPOCTM, Ha3blBaeTCsl UMMYJILCOM, UN KOJIUYeCmeoM OG8UKeHUs,
3TON MaTepuanbHON TOYKMN.
11.BTopon 3akoH HbloToHa

Btopon 3akoH HblOTOHa — OCHOBHOW 3aKOH AWHAMWKM MNOCTynaTenbHOro
OBWKEHNS — OTBeYaeT Ha BOMPOC, KaK WM3MEHSeTCA MeXaHU4eckoe [ABWXeHue

MaTepuanbHOW ToYKku (Tena) nog AeVCTBUEM NPUMOXEHHbIX K HEW Chn.

YckopeHue, npuobpeTaemoe matepuanbHOM TOYKOM (Tenom), nponopumo-
HanbHO BbI3bIiBaloLWen ero cusne, CoBnagaeT c HerM No HanpaBJieHUIo U 06paTHO
nponopuuoHanLHO Macce MaTepuanbHOW TOYKM (Tena):

__F _ _ dv _d(mv) _dp - F=ma
a=— wnm F=ma=m7=7( )=£=p

m dt dt dt ap
Bonee o6ulas dhopmynnpoBka BTOPOro 3akoHa HblTOHA: CKOPOCTb F= E

U3MEeHeHUs uMnysibca MaTepuarnbHOM TOYKM paBHa AeNCTBYHOLEN HA
Hee cune.

BekTopHas BenuunHa Fdt HasbiBaeTca aseMeHmapHbIM UMMYSIbCOM CUSbI

F 3a manoe Bpema dt ee pelictBus. VIMNynbC cunbl 3a NPOMEXYTOK BPEMEHU £

|
ornpefernseTcs MHTerpanom J.th. CornacHo BTopomy 3akoHy HbloToHa usmeHeHune

0
uMmnynbca MaTepMaanoﬁ TOYKM paBHO UMNynbCy ﬂ,eﬁCTBleLLleﬁ Ha Hee CUnbl:

153
dp=Fdt w Apzpz—plszdt
Gl
OCHOBHOW 3aKOH [OMHaMWKM MaTepuanbHOW TOYKM BblpaXKaeT NpUHLMA
MNPUYMHHOCTM B KNACCUYECKON MexaHuke — OOHO3Ha4YHasi Cesi3b MexXOy
UBMEHEHUEM C mMeYeHUEeM BPEMEHU COCMOSIHUSI O8UXXEHUSI U [OJIOXEHUST 8
npocmpaHcmee MamepuanabHol moyku u Oelicmsylowue Ha Hee cunod, 4mo
roseosisiem, 3Hasi Ha4YanbHOE COCMOSIHUEe MamepuasibHOU MOYKU, BbIYUCIUTL ee
cocTtosiHue 8 1160l nocnedyrouuti MOMEeHM 8peMeHU.

MexaHuka
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12.MprUHUMN HE3aBUCUMOCTM OEUCTBUA CUJI.

B mexaHuke Gombluoe 3HAYeHWEe MMEET MPUHUMN HEe3aBUCHMOCTU AEeNCTBUS
CUII: €CNN Ha MaTepuasribHyl0 TOUKY OeiCTBYeT O4HOBPEMEHHO HECKONbKO CWIl, TO
Kaxaas U3 3TUX cui coobLuaeT MatepmanbHOM TOUKe YCKOpPEeHWe COrnacHo BTOpPOMY
3akoHy HbtoToHa, Kak ByATo Apyrux cun He 6bino. CornacHo 3ToMy MPUHLMNY CUrbI
W YCKOPEHUS MOXHO pasnaraTb Ha COCTaBMSiOWME, WCMOMb30BaHWE KOTOPbIX
NPUBOAUT K CYLLLECTBEHHOMY YNPOLLEHMIO peLleHns 3aaau.

Hanpumep, HopmanbHoe U maHeeHyuanbHOe yCKopeHuUsl MaTepuanbHON TOUKM
onpenensTcs COOTBETCTBYIOLLMMU COCTaBNSAOLLMMU CUTbI:

F F
iFe. ,_dv_F R
m dt m dt
F 2 F 2
a,=—"; anzv—za)zR:—”; Fnz—mv =mw’R
m R m R

Cuna F,, cooblatlias MaTepuarnbHOW TOYKe HOPMasbHOe YCKOPEHWE,

HanpaBneHa K LUEHTPY KPMBU3HbI  TpaekTopuM W MNOTOMY  Ha3blBaeTcs
yeHmpocmpemumersibHoUl cusodl.

13.TpeTtun 3akoH HbloTOHA

Bcsikoe pencTtBue MaTepuanbHbIX TO4YeKk (Ten) Apyr Ha gpyra umeet
XapakTep B3auMOAEWCTBMUS; CUMbl C KOTOPbIMU OENCTBYHOT ApPYr Ha Apyra
MaTepuanbHble TOYKM, BCerga paBHbl MO MOAYMIO, MPOTMBOMONOXKHO
HanpaBreHbl U AeUCTBYIOT BAONb NPAMOW, COeAUHSIOLWEN 3TU TOYKM.

OTW cunbl NPUNOXKEHbI K pasHbiM _MaTepuanbHbiM _Touvkam (Tenam), Bcerga
OEVCTBYIOT Mapamu U ABRATCA cunamm 00Hou npupoodsi.

Tpetun 3akoH HblOTOHa nosBonseT nNepenTn OT AUHAMUKN  OTAenbHON
mMaTepuanbHON TOYKM K OMHAMMKE NPOW3BOSIBbHOW CUCTEMbI MaTepuarnbHbIX TOYEK,
MocKomnbKy Mo3BonsieT cBecTu nwoboe B3aMMOAENCTBME K Cunam  MapHoOro
B3aVMOOENCTBUSI MEXAY MaTepuanbHbIMU TOYKaMK.

14.3aKOH coxpaHeHus umnynbca

MMnynbc 3aMKHYTOW CUCTEMbl He M3MEHsieTCs C TeYeHWeM BpeMeHWU
(coxpaHsieTcs):

n
p= meﬁi = const
i=1
3aKoH COXpaHeHuWs WMnynbca HBNSAETCA CNEeACTBMEM  OAHOPOAHOCTM
NPOCTPaHCTBA: NPV NapasnsienbHOM NepeHoce B NPOCTPAHCTBE 3aMKHYTON CUCTEMBI
Ten Kak uernoro ee uanyeckme CBONCTBA He U3MEHSIOTCH (He 3aBUCAT OT Bblbopa
MONOXEHNS Ha4Yana KoopaAMHaT UHEPLUMArbHOM CUCTEMbI OTCHETA).

15.3aKoH ABMXEeHUA LieHTpa Macc.

B mexaHuke HbloTOHa u3-3a HE3aBMCMMOCTM MacChbl OT CKOPOCTWU UMMYsbC
cucmeMbl Moxem bbimb 8bipaXeH 4Yepes CKopocmb ee ueHmpa macc. Ljenmpom
macc (VMM YeHmpoM UHepyuu) CUCTEMbl MaTepuarbHblX TOYEK Ha3sbiBaeTcsi
BoobOpaxxaemas Touka C, MOnoXeHUe KOTOPOW XapaKTepusyeT pacrnpegeneHve
Maccbl 3Ton cuctemsl. Ee pagnyc-BekTop paBeH:

rae m; v F. — COOTBETCTBEHHO Macca W paauyc-BeKTop i -if
Emlf,- mMaTepuanbHOW TOYKW; B — YUCIIO MaTepuaribHblX TOYek B
= __ i n
e T cucTeme; mzz, |/M; — Macca CUCTeMbI.
=
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Mockonbky FdF =—dW , 10 W :—Jﬁd?+const, otciopa F =—gradW =-VW,
8W7 ow -~ oW -

roe Bektop gradl/ =—i+— +——k HasbiBaeTcs 2padueHMOoM ckansipa
ox dy 0z

W v o6osHavaetcss VIV = grad . Cumson V ("Habna") 0+ 0d- 0 i

0603HaYaeT CMMBOMMYECKWI BEKTOP, Ha3blBaeMblil one- _aixl +$J +372

patopom MamunbToHa nnu Habna-onepatopom (cTp.1-30):
KoHKpeTHbIii BUA dyHkumm W 3aBUCKT OT xapaktepa CUNOoBOro nons.

h
1) MNoTeHumanbHasi aHeprusi Tena maccbl m Ha W= —Jﬁdf _ jmgdx = mgh
BbicoTe /1:

2) TlloTeHumanbHaa aHeprusi ynpyrogedopmMmpo- W= —j.Fdx _ jkxdx _ ki
BaHHOrO Tena. 2

35.Mone cun TAroTeHwms.

3akoH eceMupHo2o0 msizcomenusi. Mexay nobbiMy AByMS MaTepuarbHbIMU
TOYKamu AEeNUCTBYeT cuna B3aWMHOTO  MPUTSKEHUS,  MPSIMO
nponopuuoHanbHasi NPou3BEeAeHUI0 Macc 3TUX Touek M obpatHo | F'=G—=
nponopuMoHarbHasi KBagpaTy pacCcTOsHUAS MEXAY HUMU: r

mm2

rne G=6.67-107" H-m>kr2 — 2pasumauyuoHHasi MOCMOosIHHasl.

OTa cuna HasbliBaeTCs epaeumayuoHHOU, UfU CcuJlol 8CeMUPHO20
msizcomeHusi. Cuvnbl TATOTEHUS BcCerga SBMASIOTCA  CuMNaMy  NPUTSDKEHUST 1
HanpasneHbl BOOMb NPsIMOW, MPOXOASILLEN Yepe3 B3auMOLENCTBYIOLLME TeNa.

paBUTALUMOHHOE B3aMMOAENCTBME MeXAy Tenamum OCYyLIeCTBNsSeTcss C
MOMOLLbIO MONS TArOTEHUS, UMW rPaBUTALMOHHOTO MOSS.

Ha npumepe rpaBUTaLMOHHOIO MOMS PACCMOTPUM MOHSTUSI HanmpsiXkKeHHocmu
nons 1 momeHyuarsna nons.

HanpsixeHHOCcMb _nosnsi_msizomeHusi 370 ¢bu3uyeckas eesuyuHa, pasHasi
OmHoOWeEHUIo curbl, delicmeyrouwieli CO CMOPOHbI MOJISI Ha MOMeWEeHHoe
8 Heeo mesio (MamepuasnbHyl MOYKY), K Macce amoeo mefna. | f—
HanpspkeHHOCTb ABMNAETCS 8eKMOPHOU cusio8ol xapakmepucmuKkoU
o719 Msi20meHus.

3 |

= - F GM GM
B rpaBuTaumoHHom none 3emnn F=mg, otkyga E=g=—=—5=———,
2 2
m R (R, +h)
roe R, — papuyc 3emnu, macca kotopolt M , h — paccTosiHve OT LieHTpa TsXecTu
Tena fo noeepxHoct 3emnu. Mpu nepemelleHnn Tena Maccolt m Ha paccTosiHue
== mM
dR none TaroteHus cosepwaeT paboty dA= FdR :—G?dR (3HaK MuHyC

RZ NOoTOMY, YTO CuUINa U nepemMeLleHne npomue0HanpaeneHbl).

A
m dLRI Mpwn nepememeHmw Tena c pacctosiHua R, no pacctosiHus R, :
GM GM
A ——jG—dR =—m ——-—
M R R? R, R,
PaGoTta He 3asucum om mpaekmopuu nepemMewieHus, a

onpedenﬂem(;ﬂ MOJIbKO Ha4allbHbIM U KOHe4YHbIM [10J10XKeHusimu
mevJia.
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34.MeToabl onpegeneHusi BA3SKOCTMU.
1. Metopg CTOoKCa OCHOBaH Ha U3MEPEHUM CKOPOCTU MEASIEHHO OBWXYLLMXCS B

XMAKOCTW HebonblMX Ten cepunyeckon popmel.
Ha wapuk, NnoTHOCTBIO P 1 paguycom F, Nagarolwmin B XUAKOCTU BA3KOCTBIO

7 v NNOTHOCTbIO p, BEPTUKaNbHO BHU3 CO CKOPOCTbK D, ﬂ,eﬁCTByPOT TPU cuUnbl:

cuna Tskect P = Aﬂ:rSpg, cuna  Apxumega F, = %n‘r3p'g M cuna
conpoTuenenus F' = 6nrv. npu pasHomepHom Asuxennn P—F, — F =0, otkyna

N o2
_2p-p)gr
n =_r r’o
9v

2. MeTtopg MNMya3senns. OTOT METOA OCHOBAH Ha NTAMUHAPHOM TEYEHUW XUOKOCTN
B TOHKOM Kanusnnspe. Paccmotpum kanunnsip paguycom R v gnueon [ . B xugkoctv
MbICMEHHO BbIAENUM LUAUHAPUYECKMIA CIO paguycoM 7 1 TonwmHon dr (puc. a).

Cuna BHYTPEHHero TpeHus, AencTBylollas Ha GOKOBYHO MNOBEPXHOCTb 3TOro

dv dv
cnos F = —nd—dS = —nd—Zn‘rl. Mpu ycTaHOBMBLUEMCS! TEYEHUM 3Ta cuna ypas-
r r

HOBELLUMBaETCHA CUION OaBMNeHWUsi, AeVCTBYIOLWEN HA OCHOBaHWE TOrO Xe UMnuMHApa

dv A
—nd—27rrl=Apﬂ:rz, oTKyaa dvz—z—plrdr. Mocne WHTErpMpoBaHUs C y4eToMm
r n

_Ap 2
TOro, YTO CKOPOCTb XKMAKOCTM Yy CTEHOK paBHa Hymto, nomnyyaem U _H(R —-r7).
n

OTcioda BWOHO, 4TO CKOPOCTM  YacTUL, XMAKOCTM  pacnpenensiotcss  no
napabonuyeckomy 3akoHy (puc. a), npuyeM BepLuMHa napabonbl NEXUT Ha OcK
kanunnspa. 3a BpeMs ¢ 13 kanunnspa BbITeYeT XMOKOCTb, 06beM KOTOPOM

R R 252 4 4
V= [vrdmrdr = 228 [(R? —p?yar =221 TR 7| TR Bpt
0 anl i\ 2 4 8ni
7IR4Apt
OTKyAa BA3KOCTb = =
8V1

lNomeHyuanbHoe nose cus.

MomeHyuanbHoe none — none, B koTopoM paboTa, coBepLuaemasi cunamm
npu nepemMeLLeHnn Tena M3 OJHOro NOMOXEHWUS B OpYyroe, He 3aBUCUT OT TOro, Mo
KaKoW TpaekTopuu 3TO NepeMeLLeHVe NPOU3OLLO, @ 3aBUCUT TOMbKO OT HayarnbHOro
MU KOHEYHOro nornoxeHwun. Cunbl, OelcTBylOLME B TakMx MOMSX, HasblBalTCA
KOHcepeamueHbIMU (Hanpumep, cuna TaroteHus). Ecnu xe pabota, coBepluaemasi
CUIION, 3aBUCUT OT TPaeKTopuUM NepemelLeHust Terna U3 ogHOW TOYKM B APYryto, TO
Takas cuna HasblBaeTcs duccunamugHoU (Hanpumep, cuna TpeHus).

Paboma koHcepeamueHbIX (MomeHyuasibHbIX) cus/ NpU 3NeMeHTapHOM
M3MeHeHUU KOHdUrypaumm cucTeMbl paBHa MpupawjeHuro nomeHyuanbHouU
3Hepauu, B3ATOMY CO 3HaKOM MUHYC, TaK Kak paboTa coBepluiaeTcsi 3a cyeT
y6bInn NOTEHUNanNbLHON 3HEpruun:

dAd =—-dW
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- dr, ~
B aTOM Criyyae UMMyMbC CUCTeMbI: P = m7C =mD,
t

3aKOH OBWXEHUSA LIEHTPa Macc: LIEHTP Macc CUCTEMbI OBUXKETCS dv -
KaK maTepuarbHas Touka, B KOTOPOM CcOCpeaoTodeHa macca BCcen | m—C = z F
CUCTEMbI U Ha KOTOPYIO AENCTBYET CUa, paBHasi FeOMeTpUYeCcKoi dt Py
CymMMe BCeX BHELUHUX cun, ,El,eI7ICTByIOLLI,I/IX Ha CUCTemy.

M3 3akoHa coxpaHeHust umnynbca cregyeT, YTO YeHmp Macc 3aMKHymou
cucmembl nu6o deuxxemcsi NPSIMOJIUHEUHO U pasHOMepPHO, 1U6o ocmaemcsi
HenoO8WXHbIM.

16.Cunbl B MexXaHuKe.

1) Cunbl TAroTeHUA (rpaBUTALMOHHbIE CUTIbI).

B cucteme oTcyeTa cBsizaHHOW C 3emrnei, Ha BCAKOe Teno Maccow m
nencTeyeT cuna:

P=mg,
Ha3blBaemMasi cuwiol msixecmu — curna, C KOTOpOW Terno npuTarMBaeTcs
3emnén. lMoa pencTBueM cunbl NpuTsbkeHMs Kk 3emne Bce Tena nagawT C

OJVHaKOBbIM YCKOPEHUEM g=9,81M/Cz, Ha3blBaeMbIM ycKkopeHueM c80600H020

nadeHus.

BecomMm menia — Ha3sblBaeTCsA Cua, C KOTOPOW TENO BCNEACTBUE TATOTEHUS K
3emne gencTByeT Ha onopy Unn HaTsarvMBaeT HUTb NoABeca.

Cuna msbxecmu Oelicmeyem eceada, a BeC NPOSIBNSAETCA NUWb Toraa, koraa
Ha Terno KpoMe CuIbl TSHXKECTU OEWCTBYI Apyrue cunbl. Cuna TsSKeCcTU paBHa Becy
Tena TONbKO B TOM Cry4yae, KOr4a YCKOpPEHMEe Tera OTHOCUTENbHO 3eMiM paBHO

Hymto. B npotueHom crnyyae P =m(g—ad), roe d — yckopeHue Tena C OMopou

oTHocuTesbHO 3emnun. Ecnn Teno cgo600HO ABMXKETCA B Mofe CUMbl TATOTEHUS, TO
d =g W Bec paBeH Hynto, T.e. Teno ByaeT HEBECOMbIM.

HeeecomMocmb — 3TO COCTOsiHWE Tena, npy KOTOPOM OHO [ABWXKETCH TOMbKO
noZ AeiCTBUEM CUITbl TSXKECTH.
2) Cwnbl_ynpyroctu BO3HUKAKT B pe3ynbTaTe B3auMOOENCTBUS Ter,
conpoBoXaatoLerocs ux fecopmaumen.
Ynpyras cuna npornopuuoHanbHa CMELLUEHUID YacTulbl U3 MOMOXEHWSI
paBHOBECUS 1 HanpaBreHa K NONOXEHNI0 PaBHOBECUSI:
F=—kr,
roe 7 — pafuvyc-BEKTOp, XapaKTepu3YHLUMiA CMELLEeHUEe 4YacTuubl W13
MonoXeHuss pasHoBecus, kK — ynpyrocTb. [MpMMepom Takon cusbl ABNSETCA cuna
ynpyaocmu deghopmayuu npyxkuHbI NP PACTSKEHUN UMW CKATUN:
F=—kx,
rae k — XecTKOCTb NPYXWHbI, X — ynpyras gedopmauus.
3) Cuna TpeHUsi CKOJILXEHUA BO3HMKAET MPW CKOMNBXEHWU JaHHOro Tena no
NOBEPXHOCTM ApYroro:

F, =kN,

roe k — KoaghchuyueHm MpPEHUsI CKOMbXeHUS, 3aBUCALLUMIA OT NPUpoAabl W
COCTOSIHUSI COMpUKacatoLmxcsi noBepxHocTen; N — cuna HopMmarnbHo20 daerneHusl,
npwxumMaroLLas TpyLumecs NOBEPXHOCTU Apyr k Apyry. Cuna mpeHusi HarnpaesseHa rno
KacamesnbHOU K MPYyWUMCS O8EPXHOCMSIM 8 CIMOPOHY, MPOMUBONONIONKHYHO
dsuXxeHuto OaHHO20 meJjia OmHOCUMesibHO 0py2020.

A.H.Orypuos. flekyuu no gusuke.
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Pa6oma u aHepaus

17.PaboTa, 3Heprusi, MOLWHOCTb.

OHepauss — 3mo yHugsepcanbHas Mepa pasnuyHbIX opM OBUXEHUsT U
g3aumoldelicmeusi. C pasnuyHbiMM opMamMy OBMKEHUS MaTepun CBA3bIBaOT
pas3nuyHblie OPMbl 3HEPTUU: MEXAHWYECKYI, TEMNMOBY, 3NEKTPOMArHUTHYHO,
a0epHyto... M3aMeHeHMe MexaHM4ecKkoro [ABWXEHWUSI Tena BbI3bIBAETCS cuUnamu,
[OENCTBYIOLLMMM Ha HEro CO CTOPOHbI APYTUX Ten.

Paboma cunbl — 3TO KONMUYECTBEHHAs xapaKkTepucTuka npouecca obmeHa
3Heprven mexzay B3aMMoAeNCTBYOLLMMU TeNamu.

Mpwv npsmonuHeliHoM deuxxeHuu Tena noa OenUCcTBUEM MoCcmosiHHOU cunbl F,
KOTOpasi COCTaBNSIET HEKOTOPbLIA Yrofl ! C HamnpaBreHWEM nepemMeLlleHusi, paboTa
9TOW CuInbl paBHa:

F A=F,s=Fscosa
T B obuwiem cnyd4ae cuna MOXeT MW3MEHSTbCH Kak Mo
5 ~ -
MOZYMNo, Tak M NO Hanpa.fieHWo, NO3TOMYy 3TON opMynon
nonb3oBaTbCsi Henb3si. OgHako Ha anemeHTapHoMm (Becko-
2 HEYHO MasfioM) nepemeLleHnn drf MOXHO BBECTU CKasIsiPHYIO
BENUYUHY — asreMeHmapHyro pa6omy dA cunsi F -

£y dA = (F -dF)=F cosa-ds = F,ds
i d4 Torgpa paboma cusnbl Ha y4Yacmke mpaekmopuu OT
Toukm 1 Jo Toukm 2 paBHa anrebpanyeckonm cymme

3aneMeHTapHbIX paboT Ha OTAenbHbIX GECKOHEeYHO MarbiX
yyacTkax nyTu:

oy

dr

~

ds * A=j-Fdscosa='2[Fsds
1 1

Ecnu 3aBucumocTs F, oT s npeactaeneHa rpacuyeckn, To pabota 4 onpe-

OensieTcs NNoLwaapto 3alTpUxXoBaHHOW urypbl (CM. pUCYHOK).

KoHcepeamueHoU (nomeHyuanbHoOU) Ha3blgatom cusy, paboma komopol
onpederniiemcsi MoJsibKO HavarbHbIM U KOHEYHbIM MOIOXKEeHUSMU mesna u He 3asu-
cum om c¢popmbl nymu. KoHcepBaTMBHbIMW CUMaMK SIBMSIOTCS CUMbl TSAFOTEHMS,
ynpyroctu. Bce LeHTparnbHble curbl KoHcepBaTuBHbI. [pumMepom HekoHcepeamue-
HbIX CUMN SIBMSAKOTCSA CUIbl TPEHWS.

YT0o6bl OXapakTepusoBaTb CKOpPOCMb cogepuieHusi pabomel, BBOAAT MOHATUE

mMowHocmu. MowHocte N paBHa  cKanspHOMy dA  Edi /-
NPOU3BEAEHWNIO BEKTOpPA CUMbl Ha BEKTOP CKOPOCTU, C Nz—z—z( ,”)
KOTOPOW ABVXKETCS TOYKA MPUITOKEHNSI STON CUTTb. dt

EduHuya pabombi — pxoynb (0x) — paboTa coBepliaemas cunonn 1H Ha nyTn
IM: 1Dk=1H-m.

EduHuya mowiHocmu — BaTT (BT): 1BT — MOLLHOCTb, NpU KOTOPOW 3a Bpemsi
1c¢ coBepluaeTcsa pabota 1x: 1BT=1[x/cC.

18.KuHeTnyeckasi u noTeHUManbLHas 3HePrusi MeXxaHM4Yeckom CUCTEMbI

Kunwemuvyeckasi aHepausi Mexanumyeckoii cuctembl (K) — aTo aHeprus
MeXaHU4eCKOro ABKEHNS ITON CUCTEMBI.

Cuna, JeicTBys Ha MNOKOsILLieecs Terlo W Bbi3biBasi ero [BVKEeHWe, coBepLuaeT
paboTy, a SHeprusi [BWXYLUEroCs Tena Bo3pacTaeT Ha BESIMYMHY 3aTpayeHHoi

A.H.Orypuos. flekyuu no gusuke.
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Bonee GbICTpble Criov yckopsitoT Gonee MeafieHHble ¥ HaoGopoT, MeaNeHHble
Criov TOPMOSAT NpUneraroLme K HUM BeicTpble criow. Mpaduenm ckopocmu Av/Ax

rokasbiBaeT, kak GbICTPO MEHSIETCS CKOPOCTb MpW Nepexofe OT Crosi K Criok B
HanpaeBneHun X nepneHauKynsSpHOM HarnpaBreHUO ABKEHUS CIIOEB.
Cuna eHympeHHe20 MpeHUsi NPOMopLMOHanbHa rpagneHTy Av
CKOPOCTM ¥ paccmaTpuBaemol nroLaam nosepxHocTu cnos S': F =n§
KoadbcpuumeHT nponopumoHanbHOCTM 1], 3aBuUCAWMA  OT

npupoabl KMOKOCTW, HasbiBaeTcs OuHaMu4veckoll es13Kocmbi (UNW  MPOCTO
8513KOCMbI0).

EduHuya esi3kocmu — nackKanb-ceKyHaa — AuHaMuyeckas BA3KOCTb cpeapbl,
B KOTOPOW MpWU NamMMHaAPHOM TEYEHWU U TPagMEHTE CKOPOCTM C MOAYIEM paBHbIM
1M/C Ha 1M, BO3HUKAET cuna BHyTpeHHero TpeHusi 1H Ha 1M? MoBepXHOCTU KacaHus
cnoes (1Ma c=1H c/m?).

Yem Bonblue BA3KOCTb, TEM CUMbHEE XUAKOCTb OTNMYAETCS OT UaearnsHoOW, TeEM
Gonblle Ccunbl BHYTPEHHEro TPeHWs B Hel BO3HMKalT. BA3KocTb 3aBucKT OT
TemMnepatypbl, MPUMYEM XapakTep 3TOW 3aBUCUMOCTU [Af1S1 XWAKOCTEM U ras3oB
pasnuueH (Ans XMOKOCTen 7] C yBenuyeHneMm TemnepaTtypbl yMeHbLIaeTCs, Y rasos,

HaobopoT, yBenMUMBaeTCs), YTO YyKasbiBaeT Ha pasfiuyue B HUX MexaHu3Mos
8HYMPEHHE20 MPEeHUs.

S

33.[Ba pexunma Te4eHUs XKNOKOCTEN.

TeueHne HasbiBaeTCs JIaMUHapHbIM (cJoucmbIM), €Cnu BAOJMb MOTOKa
KaXObl BbIOEMNEHHbIN TOHKUA CINOW  CKOMb3UT OTHOCUTENbHO COCedHuX, He
nepemelugasicb C HUMMN.

JlamuHapHoe TeyeHue XUAKOCTU HabnogaeTcs npy HeBGONMbLUMX CKOPOCTSX ee
OBWXKEHNS. BHELWHWiA crnoi KuakocTW, NPUMbIKAKOLWMIA K MOBEPXHOCTM TpyObl, B
KOTOpPOW OHa TeyeT, M3-3a CWUM MOJEKYNSPHOIO CUENfeHUs NpunuMnaeT K Hen u
ocTaeTcst HenoABwkHbIM. CKOPOCTH nocneaylowmx cnoes Tem bonblue, yem Gonblue
WX PpaccTosiHMe [0 MOBEPXHOCTU p —
TpyGbl, W Haubonbluei CKOpOCTbio | o
obnapaeT cnon, gswkywwica sgons | (R r
ocu Tpybhbl (puc. (a)). R m—

TeueHue Ha3blBaeTcs »-
myp6yneHmHbIM (suxpesbim),
€CNN 4acTuLbl XNAKOCTU r1epexodsam = =" —
W3 cros B crod  (MMelT a) b)

COCTaBnsOLMNE CKOPOCTEN, MepneHaMKynsipHble TeuyeHuio). OTO conpoBoOXOaeTCst
WHTEHCUBHBIM riepemeliusaHueM XnakocTu (rasa) n suxpeobpasoeaHuem.

CKopoCTb 4acTuL, GbICTPO BO3pacTaeT Mo Mepe yhaneHus OT MOBEPXHOCTM
Tpy6bl, 3aTEM W3MEHSIETCA [OBONIbHO HE3HAYUTENbHO, BCMEACTBUE WHTEHCUBHOIO
nepemeLunBaHus (puc. (8)).

KonuuyecTBeHHO nepexof OT OAHOTO pexuMa TeYeHUst | po _ p<v>d =M
K Opyromy xapaktepusyeTcsi yucsiom PeliHonbdca: n y

3peck Y =1/p — KuHemamudeckasi esi3Kkocmb; P —

NNOTHOCTb XWOKOCTU; <'U> — CpefHAaa Nno cevyeHuro pr6bl CKOPOCTb XXUOKOCTU; d —

XapaKTepHbIN NMHENHBIN pa3mep, Hanpumep avameTp Tpyobl.

Mpu mManbix 3HayeHusix uucna PenHonbaca (Re <1000) HabGniopaetcs
namMvHapHoe TeueHue, nepexod om namMuHapHo20 TeYeHWsi K mypbyneHmHomy
npoucxogut B obnactn 1000 <Re <2000, a npu Re=2300 (ana rnagkux Tpy6)
TeyeHne — TypOyneHTHoe.

MexaHuka
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TeueHVe XNOKOCTN Ha3blBaeTCH ycmaHO8UBWUMCS (U cmayuoHapHbIM),
ecnu hopma 1 pacnonoxeHne fMMHUIA TOKa, a Takke 3HAYEeHUA CKOPOCTEN B KaxKaow
ee TOYKe CO BpeMEeHEM He U3MEHSIOTCS.

PaccmoTpum Tpybky Toka, BbiGpaB asa ceveHust S, u S,, nepneHauKynsipHbIe
HanpaBfieHUlo cKopocTW. 3a Bpemsi Af 4Yepe3 ceyeHue S npoxoautT ob6bem
xugkoctn SVA?. Ecnn XuakocTb Hecxumaema, To Yepe3 S, 3a 1c nporgeT Takow

e 06bem XNIKoCTH, YTo U Yepes S, :

S, =850, uvm SV = const — ypaeHeHue Hepa3pbleHoCMUu

lNpoussedeHue ckopocmu medeHusi Hecxxumaemol XUOKoCmu Ha fornepeyHoe
ceveHue mpybKu moka ecmb 8efludUHa NocmosiHHas Ornsi 0aHHOU mpy6bKu moka.
31.YpaBHeHue BepHynnu

NdeanbHol Xudkocmbro Ha3biBaeTCs BOOOpaxaemasi XMOKOCTb, B KOTOPOM
OTCYTCTBYIOT CUMbl BHYTPEHHErO TPEHUS.

B craumoHapHo Tekylwlen udeasibHol Xudkocmu BblGupaeM TpybKy ToOKa,
orpaHuyeHHyto ceveHusmm S, n S,. Mo 3aKOHY COXpaHEHUS SHEPruM U3MeHeHue

MOJTHOM SHeprM XUOKOCTV Maccolh m B MecTax cedeHun S; m S, paBHO paGoTte
BHEeLLHWX CUM M0 NepeMeLLEeHuIo 3ToN Maccbl xuakocTn: £, —E; = 4.

2 2
El=%+mghl, E2=’”—;’2+mgh2, A=FlL +Fyl, L =vAl, [,=vAL,

F=pS,, F,=-p,S, Otcioga
2 2
U (Y
L+ mgh, + p,S,v,At = mTZ +mgh, + p,S,0,At

CornacHo ypaBHEHWIO HENPEPbLIBHOCTU, 06bEM, 3aHMMaeMbIiA XUOKOCTLHO,
AV =85v,At = 8§,0,At.
Wcnone3yst m= pAV , roe p — NNOTHOCTb KWAKOCTM, MOMyYUM
2

v
pT + pgh + p = const — ypaeHeHue BepHynnu

rae p — cmamu4eckoe OaesieHUe (OaBMNEHWe XWAKOCTM Ha MOBEPXHOCTM
2
pL

obGTekaemoro Tena); pPgh — eaudpocmamudeckoe OaesieHue; B

duHamuy4eckoe OaesieHue.

YpaBHeHne BepHynnM — BbIpaXEHWEe 3aKOHa COXPaHEHUS  3HEpPrum
NPUMEHUTENBHO K YCTAHOBUBLLEMYCS TEYEHNIO UaeanbHON XUOKOCTY.

N3 ypaBHeHVsi BepHynnum u ypaBHEHWSi HepaspbiBHOCTM crefyeT, YTo Mnpu
TEYEHUUN XUOKOCTU Mo Tpybe, MMEIOLLEN pasnuyHble CEYEHUS!, CKOPOCTb XXMOKOCTU
bonblle B MecTax CyXeHus, a craTudeckoe AaBneHve bonbluie B Gonee LUMPOKMX
MecTax.

32.BsA3KoCTb (BHYTPEHHEe TpeHue)

Bsiskocmb — 3TO CBOWNCTBO peasibHbIX XWOKOCTEN OKasbiBaTb COMPOTMBIIEHME
nepemMeLLeHnio OAHOM YacCTu XUOKOCTN OTHOCUTENBHO APYron.

Mpu nepemMeLleHnn OQHUX CrOEB peasibHOU XUOKOCMU OTHOCUTENbHO ApYrnx
BO3HWUKAIOT CUMbl BHYMPEHHe20 MmpeHUsl, HanpasfeHHble N0 KacamesibHoU K
NOBEPXHOCTU CIIOEB.

A.H.Orypuos. flekyuu no gusuke.
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paboTbl. Takum o06pasoMm rpupawjeHue KuHemu4yeckol 3Heprunm 4Yactuubl Ha
3MeMEeHTapHOM MEepEMELLEHNN paBHO 3feMeHmapHol pabome Ha TOM Xxe
nepemeLLeHnu:

dK =dA
Teno maccon m , ABMXKYLLLEECS CO CKOPOCTbI0 U, 0brnagaeT KNHETUYECKOW SHeprien:
- dv . o k mv?
dA = Fdr = mjdr =mbdvo=mvdv=dKk = K :jmvdv :T
t
0

KuHemuyeckasi sHepaus 3aBUCUT TOJIbKO OT Macchl U ckopocTtu Tena. Moatomy
KnHeTudeckasa aHeprusi: (1) aBnaeTca ¢hyHkyuel cocmosiHusi cucTemsbl; (2) Bceraa
ronoxumesibHa; (3) He0OUHaKo8a B Pa3HbIX MHEPLIMANbHbBIX CUCTEMax OTcyeTa.

lMomeHyuanbHas dHepaus (W) — MeXaHu4ecCKasa 3Heprna Ccuctembl Tern,
onpegensemMas Ux B3anMMHbIM PaCMONOXEHNEM U XapakTePOM CUIT B3aMOOENCTBUS
Mexay HUMNn.

MoTeHUuuansHas aHeprus cuctTembl, NOJOBHO KMHETUYECKON 3HEepru, SBNseTcs
pyHKUMER CoCTOAHUSA cucTeMbl. OHa 3aBUCUT MOJIbKO OM KOHgbU2ypauuu cucmemb]
Y ee NONOXKEHWS MO OTHOLIEHWIO K BHELIHVM TeslaM.

Mpumepbl nomeHyuanbHOU 3HepauU:

1) MoTeHuuanbHas aHepPrus Tena Maccomn 71 Ha BbicoTe A : W =mgh
kxz
2) MoTeHumanbHas 3Heprus NPYXWHbI, PaCTAHYTON Ha ANVHY X : W= 7

EQuHuuya KNHETUYECKON U NoTeHUManbLHoW aHepauu — [xoynb ().

19.3aKOH COXpPaHEHUs1 IHEepPrun.

lMonHasi MexaHu4Yeckasi 3Hepausi cucmeMbl — 3HEPrus MeXaHW4ecKoro
OBWXeHUs u B3aumogeiicteus: £ =K +W , T.e. paBHa CymMMe KMHETUYECKOW U
NoTeHUManbLHON SHEPTUNA.

3aKOH COXpaHeHVs 3Heprun: B CUCTeMe Terl, MeXAy KOTOpbIMU AeUCTBYHOT
TONbKO KOHCepeamueHble CUJibl NONTHAA MexaHU4ecKasi IHeprusi CoxpaHsieTcs,
T.e. He U3MEHSAEeTCA CO BPpeMeHeM:

K+ W =FE =const

370 — dbyHAameHTanbHbIN 3akoH npupodbl. OH ABNseTca cneacTevem
00HOPOOHOCMU 8PEMEHU — WHBAPUAHTHOCTU (PU3NYECKUX 3AKOHOB OTHOCUTENbHO
BblOOpa Hayana oTcyeTa BpEMEHM.

MexaHuyeckme  cuUCTEMbl, Ha Tena  KOTOpbIX  OEWCTBYHOT  TOJbKO
KOHCepBaTUBHbIE CUMbI (BHYTPEHHWNE U BHELLHWE), Ha3blBalOTCA KOHCep8amueHbIMU
cucmemamu. B KoHcepsamugHbIX cucmemMax [ofiHasi MexaHU4ecKkasi SHepausi
ocmaemcsi nocmosiHHoud. MoryT nub NpoucxoauTb NpeBpPaLLEeHUst KMHETUYECKOW
3HeprMn B MOTEHUManbHyl0 M 0OpaTHO B 3KBMBANEHTHbIX KOMM4YecTBax, TakK 4TO
nonHas aHeprnst ocTaeTcs HEU3MEHHOW.

HAuccunamueHsbie cucmembl — CUCTEMbI, B KOTOPbIX MEXaHWYecKasi 3Heprus
NocTeNeHHO YMEeHbLUAeTCs 3a CYeT npeobpasoBaHus B Apyrve (HemexaHuyeckue)
dopMbl aHepruu. B cucteme, B KOTOPOW AENCTBYIOT Takke HEKOHCEPBATUBHbBIE CUIbI,
Hanpumep Ccwunbl  TPEHUS, [10SIHasi MexaHu4Yeckasi 3JHepausi cucmembl He
coxpaHsiemcsi. OpHako npu  "MCYE3HOBEHUWN" MexaHW4YecKom 3JHeprum Bcerga
BO3HMKaET 3KBMBANIEHTHOE KONMMYECTBO 3SHEpPrunM Apyroro Buaa. Takum obpasom,
3Hepausi Huko20a Ha ucye3daem U He Trosie/isemcsi 6HO8b, OHa JlUWb
npeepauwjaemcsi u3 o0Ho2o0 euda e Opyzoll. B aTom 3akntoyaetcs ¢busuyeckas
CYWHOCMb 3aKOHa COXpPaHEeHWs W MpeBpalleHUs SHeprMm —  CYLUHOCTb
HEYHUYTOXUMOCTU MaTepumn 1 ee ABWKEHUS.

MexaHuka
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20.Coynapenua

YOap (coydapeHue) — CTONKHOBEHWE [ABYX Wnu Gonee Ten, npu KOTOPOM
B3aVMOAENCTBUE ANIUTCA OYEHb KOPOTKOE BPEMSI.

LleHmpanbHbil yOap — ypgap npyu KOTOpPOM Tena A0 ydapa ABWXYTCS Mo
NpPSIMON, NPOXoAsLLen Yepes UX LLeHTpbl Macc.

AGcConoTHO ynpyrMn yaap — CTOMKHOBEHME [AByX Ten, B pesynbraTe
KOTOpOro B 060Mx B3anMOLENCTBYIOLUMX TeNax He OCTaeTCs HMKakux gecdopmauuii n
BCS KMHETUYeckas aHeprus, kotopon obnaganu Tena Ao yaapa, nocne ygapa cHosa
npeBpaLlaeTcsi B KMHETUYECKYID 3Hepruio. BbINONHANTCA 3aKOHbI COXpaHeHus
UMMynNbCca ¥ COXPaHEHNS1 MEXaHUYECKON SHEPruun.

O603Ha4YMM CKOpPOCTW LWapoB Maccamu m; W m, Ao yaapa depe3 U, u U,,

nocre yaapa — 4epes U, u U, . PaccMOTpUM MpAMOil LEHTPambHbIA yaap. 3akoHb

2 2 ’2 )
muv; | myLy  mu; myb,

7.7 ’
coxpaHeHust: m, U, + m,V, = mV; + m,V,, + =
2 2 2 2
m, —m +2m,v m, —m +2mv
OTC}O,EI,a:’()],Z( 1 z)Ul 2% v;=( 2 1)‘)2 1Y)
m, +m, my +m,
AGCONIOTHO Heynpyrui_yaap — CTOMKHOBEHMe OBYX Ten, B pesynbrarte
KOTOPOro Tena o6beanHATCA, ABUrascCh Aarnblle Kak eaMHoe Tero.
~ R _ .m0, + m,0, _ U, +7,
mlvl+m21)2:(m1+m2)v, V=——7—"="=; Mpum=m, V=—-—=
m, +m, 2

He ebInonHsiemcs 3aKoH COXpaHeHWsl MeXaHW4ecKoW 3Hepriu: BCIeAcTBUE
aedopmaumn 4acTb KMHETUYECKOW SHEPrMU MEPEXOOUT BO BHYTPEHHIOK 3HEPIuio
Ten (pasorpeB). ATO yMeHbLUEHNE paBHO:

2 2 2
AK =| TV Vs | (m, +my o __ mm, (v, —v, }
2 2 2 2m, +my) P
1 2
Ecnu ynapsieMoe Tero Gbifio nepeoHadanbHo HeroasikHo (v, = 0), To:
2
m,v m, mv
=11 @ AKk=—"2 11 Ecrm m, >>m;, 70 V<<V, u AK = K
my +m, m +m, 2

MexaHuka meepdoz2o mena

21.MoMeHT uHepumu.

MomeHnmom uHepyuu mamepuasibHOU MOYKU OTHOCUTENbHO OCU BpaLLEHMUs
HasblBaeTCs Mpou3BedeHne MacCbl 3TOM TOYKM Ha KBagpar
paccTosaHua OT OCU: J[ =mr,

Momernmom uHepyuu cucmemsbl (Tena) omMHoOCUMEIbHO OCu P
8palljeHuUsi HasblBaeTca uanyeckas BenuYMHA, paBHad cymme | J :Zmirf
npoun3BefeHnn Macc 1 MaTepuarnbHbIX TOYEK CUCTEMbI Ha KBaZpaThl i=1
MNX PACCTOSIHUIM OO pacCMaTpyMBaEMOn OCu.

B cnyyae HenpepbiBHOro pacnpegeneHuss macc 3Ta Cymma CBOAMTCA K

2

m
2
uHTterpany J :J.o r“dm , rge nHTerpmpoBsaHve NpomssogmTcs no obbemy Tena.

naeHbIl MOMEeHM uHepyuUu — MOMEHT UHEPLMM OTHOCUTENBHO FNAaBHON OCK
BpaLLleHus rnpoxodsiueli yepes ueHmp macc.

A.H.Orypuos. flekyuu no gusuke.
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B dwmsnke ucnonbsyercs gbusuyeckas mModeslb HECKUMaeMOM XUOKOCTU —
XMOKOCTW, NMOTHOCTb KOTOPOW BCIOAY OAMHAKOBA U HE MEHSIETCS CO BPEMEHEM.

Ha kaxpgblt anemeHT noeepxHocTn AS Tena, NOMELLEHHOTO B XWOKOCTb, CO
CTOPOHbI MOMNEKYN XWUOKOCTU AeiicTByeT cuna AF HanpasneHHasi nepreHaukynsipHo

NMOBEPXHOCTH.
HaeneHuem xudkocmu HasbiBaeTcs du3ndeckasl BenuuuHa, _M
onpegensiemMas HopMarnbHOW CUMOW, [OEWCTBYKOLWEN CO CTOPOHbI AS

XKMOKOCTW Ha eauHULY nroLlaaun:

EduHuya daeneHuss — nackanb (Ma). 1Ma paBeH AaBneHuto, co3gaBaemomMy
cunon 1H, paBHOMepHO pacnpefefnieHHoOW MO HOpPMarbHOW K Hel MNOBEPXHOCTU
nnowaakto 1m2 (1 Ma= 1 H/m?).

[aBneHve npu paBHOBECUWN XMOKOCTEM WMU ra30B MOAYMHSETCS 3aKOHY
Mackanga: [asneHue 8 robom mecme rokosiujelicss XuOKocmu 0OUHAKo80 M0 8cem
HarnpaeneHusiM, rfpuyem OaeneHue 00UHaKoeo nepedaemcsi Mo eceMmy ob6bLeMY,
3aHAMOMY MOKOAW,eUcs KXUOKOCMbIO.

Mpu paBHOBECMWU XXWMOKOCTW AaBREHWE MO FOPWU3OHTanM Bcerga OAWHAKOBO,
NMo3ToMy €80600Hasi MosepxHOCMb XUOKocmu ecezda 20pU30OHMasibHa BAann OT
CTEHOK cocyaa.

Ecnun XuakocTb Hecxxumaema, TO ee MNMOTHOCTb He 3aBUCUT OT AaBleHusl.
Torga npu nonepeyHom cedeHun S ctonBa MOKOCTU, ero BbicoTe /i 1 MNOTHOCTM
p Bec P=pgSh, a paBneHue Ha HWKHee OCHOBaHUE W3MEHSIETCS JIUHEUHO C
BbICOTOMN:

P pgSh
=== h
s s pg

[JaBnexve pgh HasbiBaeTCs 2udpocmamuyeckum.

Cvna gaBneHust Ha HWXHWE Criou XuakocTn byaeTt Gonblie, YeM Ha BepxHue,
NMO3TOMY Ha Terno, MOTPYXEHHOEe B XWAOKOCTb [elcTByeT cuna, onpegensiemas
3aKOHOM Apxumepa: Ha mersio, ro2pyxeHHoe 8 XUOKocmb unu 2as, deticmsyem co
CmMopoHbI amoli XudKkocmu (2a3a) HarpaseseHHasi 88epX ebimarsKuearoujasi curna,
pasHasi gecy 8bimeCHeHHOU mesom xudkocmu (2a3a):

F,=pgV
rae P — NIOTHOCTb XuAKocTh, ¥ — 06bem NorpyxeHHoro B XUAKOCTb Tena.

30.YpaBHeHME Hepa3pbLIBHOCTMU. s

[BMXeHne XWOKOCTU  HasblBaeTcs S
meyeHueM, a COBOKYMHOCTb 4acTul,
OBWXKYLLENCS XKNOKOCTU — MOMOKOM.

padmyeckn OBWXKEHME XMOKOCTEN
n3obpaxaeTcsi C MOMOLLbIO JIUHUU MOKa,
KoTopble npoBoasiTcs Tak, yTOo
KacaTenbHble K HUM coBnagawT o
HanpaBfeHNd C  BEKTOPOM  CKOpPOCTW
XMOKOCTW B f@HHbIA MOMEHT BPEMEHM.

JInHun Toka npoBoAsTCA Tak, YTOObI
ryctota ux bbina 6onblue Tam, roe 6onblue
CKOPOCTb TEYEHMS KMOKOCTU, U MEHbLUe
TaM, rae XUAKoCcTb TeYeT MeasieHHee.

YacTb XMOKOCTU, OrpaHuyeHHass nu-
HUSIMU TOKa, HasblBaeTCcsl mpy6Koli moka. L 222 4 4

MexaHuka
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Tene nocne npekpaweHns 4eNCTBUSI BHELLUHUX CUI.

Hecopmayusi Ha3bigeaemcsi ynpyaol, ecnv nocne npekpawieHnss OencTBus
BHELLHWX CUI TENOo NPUHUMAET NepBOHaYasnbHble pa3Mmepbl 1 hopmy.

Bce Buabl Aedopmauuii (pactskeHune, cxatue, usrmb, KpydyeHue, casur) MoryT
ObITb cBeeHbl K OAHOBPEMEHHO MPOUCXOASLWMM AedopMaLmsaM pacTsKeHUs (Mnm
cxkatus) n casura.

HanpspkeHue O — u3andeckasi BENWUYMHA, YUCTIEHHO paBHas | dF

- _ el
lastic» TPMXOOALLENCA HA eduHULy nnowaau das 0= ds

ynpyroit cune d

ceveHund Tena:
Ecnu cuna HanpaBneHa no Hopmanu K MOBEPXHOCTW, MO HarnpskeHue

HOpManbHoe, ecrnin — Mo KacaTenbHOW, TO HanpsiXeHue maHaeHyuanbHoe.
OmHocumenbHasi deghopmayusi — KONMYECTBEHHAs Mepa, XapakTepuayto-

was cteneHb fedopmauuu 1 onpegensieMasi OTHoLeHMeM aBGConoTHOM

pedopMaumm  Ax K nepeBoHaYanbHOMY 3HAYEHUIO BEMUYUHBLL X, E
XapakTtepuaytoLLei hopmy unu pasmepsbl Tena: X
Tak, Al
— omHocumesnbHoe UuU3MeHeHue OnuHbl | cmepxHs | €=—
(npoponbHasa gecdopmauums) € : l
— omHocumensHoe nonepeyHoe pacmsixeHue (cxamue) €, e = M
roe d — OuameTp CTEepXKHS. d
JOecdopmaummn € u € Bceraa UMelOT pasHble 3Haku: £ = —ue g =—ue

roe [ — NOMOXUTENbHbLIN KOS(MULMEHT, 3aBUCALLMIA OT CBOWCTB MaTepuana
1 HasbiBaeMbIi K0aghgpuyueHmom lMyaccoHa.

28.3akoH Nyka.

Ona  maneix  pedopmaumii  oTHocuTenbHas aedopMaums € | 5 = Fe
NponopLMoHarnbHa HanpsXXeHno O :

roe E — koadpduuMeHT NponopumoHansHOCTU (MOAYNb YNPYrocTyh), YACTIEHHO
paBHbIA HaMPSHKEHUIO, KOTOPOE BO3HUKAEeT npu OTHOcUTenbHon pAedhopmauumm,
paBHOM eguHULE.

Ona cnyyass OOHOCTOPOHHEro pacTsXeHus (CKaTusi) MOAynb YMnpyroctu
Ha3sbiBaeTcs modynem FOHza.

Al o F ES
Banncae €=—=—=——, nonyuum F=—Al=k-Al — 3akoH [yka:
I E ES I
yoOnuHeHue cmep)XHsi npu ynpyz2ol Oegopmayuu MpPoONopyUOHasIbHO
delicmeyroueli Ha cmepxeHb cuse (30ecb k — KoaPULUMEHT ynpyrocTu).
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MOMEHT MHepuuM Tena 3aBUCUT OT TOrO, OTHOCWUTENIbHO KakoW OCU OHO
BpaLLaeTcs v kak pacnpegersieHa macca Tena no oobemy.

MoOMeHTLI MHepLUUU OAHOPOAHbLIX TeNl MAacCoW 71, UMEIOLUX NPaBUILHYIO
reoMeTpu4eckyto popmy U paBHOMepHoe pacnpegeneHue Macchbl No o6bLeMy:

Teno [MonoxeHne ocu BpaLeHus MomeHT nHepuum

[MonbIA TOHKOCTEHHbIV Ocb cummeTpum mR?
uMnuHap paguyca R

CrnnowHow unnuHap unu | Ocb cuMmeTpum 1 )
Ovck paguyca R EmR
Mpsmow ToHKU Ocb nepneHankynapHa CTEPXKHIO U 1 )
CTepXeHb anuHon [ NPOXOAMUT Yepes ero cepeanHy Eml

Lap pagnycom R Ocb NpoxoamnT Yepes LeHTp wapa 2 R?

—m

AnemMeHmbI MexaHuUKu xxudkocmell

29.[1aBneHue B XXUOKOCTU U rase.

CBoMCTBa XMOKOCTEA W ra3oB BO MHOIOM OTnmdarotca. Monekynbl rasa,
coBepLuas XaoTuyeckoe OBUXeHwue, paBHOMEpPHO 3anosnHsAT BECb
npefocTaBneHHbIn UM o6bem. B xuakocTax, B OTMAMYME OT ras3oB, cpefHee
paccTosiHne mexgy MOreKyrnamym ocTaeTcs MpakTUYeCKU MNOCTOSAHHBLIM. XXuaKocTb,
CoXpaHss 06beM, NpUHNUMaeT PopmMy cocyaa, B KOTOPOM OHa 3aKiioyeHa.

OpHako B psade cnyyvaes, KOrAa >XWAKOCTW U rasbl MOXHO paccmaTtpuBaTh Kak
CMIIOLLHYIO cpefy, X NOBEAEeHNe ONUCbIBAETCA OAMHAKOBbIMW 3aKOHAMW — 3aKOHaMW
2udpoasapomexaHuku. [103ToMy Nonb3yrTCs eANHbIM TEPMUHOM "XUOKOoCmb".

A.H.Orypuos. flekyuu no gusuke.

Ecnu nsBecteH MOMEHT UHEPLMM Tena OTHOCUTENbHO OCU, NMPOXoAsilel Yyepes
€ro LUEeHTp Macc, TO MOMEHT MHEPLUM OTHOCUTENBLHO NGO Apyrov napannensHon
ocu onpepfenseTtcd Teopemon LlitenHepa:

MomeHnm uHepyuu mena J omHOCUMeENbHO MNPOU3BOSbLHOU OCU Z paseH
CcymMme MOMeHma e20 uHepyuu J . omHOocUMenbHO napannesib-

Holi ocu, npoxodsuweli 4epes ueHmp macc C mena, U | J =] . +ma?
npoussedeHusi Maccbl m mesa Ha keadpam paccmosiHUs a : ¢
Mex0y ocamu:

Hanpvmep, MOMEHT WHEpUMW MPSMOrO TOHKOTO CTEPXHS  AnuvHon [
OTHOCUTENIbHO OCW, KOTOpasi NMeprneHAMKynsipHa CTEPXHI0 U NPOXOAUT yepes3 ero
KOHeL, (3Ta 0cb OTCTOUT Ha [/2 OT ocu, NPoXoAsLLelt Yepes LLEHTP CTEPXHS):

2
J,=J-+m ! =Lm12 +lml2 =1m12
2 12 4 3

Takum o6pasom BenuyMHa MOMEHTa WHepuuMu 3aBUCUT OT Bblbopa ocu

BpaLLEeHMs.

22.KnHeTn4yeckas 3Heprusa BpaLleHUsI.

ABCONTHO TBepaoe Teno BpallaeTcs OKOMO HEMOABWXHOW OCUM  Z
npoxoasilen 4yepes Hero. Bce Touku OBMXYTCA C OAMHAKOBOW YINOBOW CKOPOCTbIO
® = const. KnHeTnyeckasn sHeprus Tena:

n ] 2 n ) _2 2 n J
Kgp=2m’2v’ =;m,(azm) =%§,m,~r5= ;o

i=1

2

rae Jz — MOMEHT nHepumnn Tena OTHOCUTESNTIbHO OCU Z.

Ecnu Teno coBepLiaet noctynartensHoe 7 mv? Jz(g2
BpallaTenbHoe ABWKEHMS OAHOBPEMEHHO, TO ero nosHas K= T B
KMHEeTUYeCKas IHEPrnsi paBHa CyMMeE KUHETUYECKUX IHEPTUNA:

M3 conoctaBneHms opMyrn KUHETUYECKOW 3JHEeprnM Ans nocTynatenbHoro u
BpaLLaTenbHOro ABMKEHU BUOHO, YTO Mepol UuHepmHocmu npu epawjamesibHoM
deUXKeHUU CIYKum MOMEeHM UHepyuu mena.

23.MOMEeHT cunbl.

Momenmom cunbl F oTHocuTenbHOo HenoaBwxHOW Toukm (O HasbiBaeTcs
dusnueckas BenuuuHa, onpefensieMas BEKTOPHbIM MNPOW3BEAEHUEeM paauyca-

MexaHuka
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BekTopa 7, npoeefdeHHoro u3 Toukn O B Touky A
NPUNOXEHUs CUnbl, Ha cuny F':

M =[F,F]
Mogynb MomeHTa cunbl: M = Frsino=FI, rge
[=rsinad — nne4yo cunbl — KpaTtyaiiliee

paccToaHne mexany NVHWEN OEeNCTBUSA CUNbl U TOYKON

O; o0 —yronwmexgy ¥ n F.

Momenmom cusnbl omHOocumesibHO Hernod8WXHOU OCU Z — Ha3biBaeTcsl
cKkanspHas BenuuuHa M, paBHasi MPOEKUMM Ha 3Ty OCb BekTopa M MomeHTa
CUIbl, ONpeAeneHHoro OTHOCUTENbHO Npou3BonbHOM Toukn (O [daHHOW ocu z.
3HayeHMe MOMeHTa He 3aBUCUT OT BbiGopa nonoxeHus Toukn O Ha ocu z.

24.0CHOBHOE _ypaBHeHWe AWHAMWKU BpaulaTesibHOro ABWXEeHUA TBepaoro
Tena.

Mpn noBopoTe Tena noa OencTBUEM CUIbI F Ha 6ecKOHeuHO Marnbiit yron d¢@
TOYKa NPUNOXeHUst cunbl A NpoxoauT NyTb ds = rd@ 1 paboTa pasHa:
dA=Fsinordp =M dg.
PaboTa BpalleHusi Tena naeT Ha yBenuyeHe ero KUHETUYECKOW SHeprum:
dA=dK =d((J.0)/2)=J.0do

d do
Torpa M,do=J,wdw, wvnn Mz—(pz.]za)—, oTKyaa
dt dt
ypagHeHuUe OuHaMUKU epaujamesisHo20 deuxkeHuss meepdo2o | \f = J . B
mena: : :
Ecnv ocb BpalleHusi coBMajaeT C [MaBHOW OCbi WHEpUWU,

npoxoasiwien 4Yepes LEHTP Macc, TO MMeeT MeCTO BEKTOpHOe M=J-B
PaBEHCTBO:
raoe J — anaeHbili MoMeHm uHepuuu mena (MOMEHT WHepLUM

OTHOCUTENBHO FMaBHON OCH).

25. MoMeHT umMnynbca U 3aKOH ero coxpaHeHus.

MomeHmom umnynbca (KonuyecTBa ABWKEHWS) MamepuasibHolU moyYku A
omHocumesnibHO HerodeuwxHol moyku () HasbiBaeTcs U3MYecKass BEnuyMHa,
onpegensieMasi BEKTOPHbIM NPOn3BeaeHUEM:

‘,:' L=[r,p]=[r,mv]

MomeHmom umnynbca omHocumesibHO
HernodewxHoU ocu z Ha3blBaeTCsi ckansipHas
BennuMHa L,, paBHasi npoekuun Ha 3Ty OCb

0\/p BEKTOpa MOMEHTa WMNynbca, onpeaerieHHoro
o
F

OTHOCUTENTBbHO I'IpOVISBOJ'IbHOVI Toukm O AaHHOW
ocu. 3HadyeHne MOMEHTa nMvnynbca LZ He

3aBUCUT OT NnonoxeHus Toukn O Ha ocu z.

Mpn BpalleHun abcontoTHO TBEPAOro
Tena BOKPYr HEMOABWXKHOW OCK Kaxaasi Todka Tena OBMXKETCS 10 OKPYyXXHOCMuU

MOCTOSIHHOTO pajuyca 7. CO CKOpocTblo U; nepneHOuKynspHol papnycy. MomeHT

nMmnynbca OTAENbHON YacTuLbl paBeH Liz Zmi‘l)fl”l« 1 HanpassieH Nno oCchu B CTOPOHY,
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onpegensieMylo NpaBWIioM NpaBoOro BWHTa (COBMafaeT C HarnpasrieHWeM BeKTopa
YrIOBOW CKOPOCTN @)).

Momenm umnynsca meepdozo mena R R 2
OTHOCUTENIbHO OCU €CTb CyMMa MOMEHTOB L —Zm,-v,-rl- _Zmlw’”i =J.0
UMNynbca OTAeNbHbIX YacTUL: =l =l

dL do

MpoanddepeHUnpyeM No BpemMeHu: dtz =J, " =J =M,

] o _dL_
B BekTOopHOl chopme: M =d—= L — ewe opgHa dopma ypasHeHus
t

OuHaMuKu epauwjamesibHO20 deuxeHust TBepAaoro Ttena.

B 3amMkHyTOW cucTeme MoMeHT BHewwHux cun M =0, cnegosatensHo n L =0.
3aKoH coxpaHeHUsi MOMeHMma uMnyabca: MOMEHM UMIyrbca -
3aMKHymoUi CUCMEeMbl COXpaHSemcs, m.e. HE U3MEHSemcs ¢ L = const
meyeHuUeM 8peMeHU:

370 — dyHAameHTanbHbI 3akoH npupodbl. OH ABNseTcs cneacTeveM
U30MPONHOCMU  [IPOCMPaHCcmMea:  WHBapWaHTHOCTb  (PM3MYECKUX  3aKOHOB
OTHOCUTEIBHO BblIGOpa HanpaBreHNs OCeN KOOPANHAT CUCTEMbI OTCHETA.

Mpn paBHOMEPHOM BpaLLEeHUW TBEPAOIO Tefla OTHOCUTENBHO HEKOTOPOMN OCK Z

3aKOH COoXpaHeHust MoMeHTa umnynbca L = const paBHocuneH: J,@ = const.

26.ConocTaBMM OCHOBHblE BENWYMHbI U COOTHOLIEHUA ANSA NOCTynarenbHOro
OBWXEHUA Tena u ANA ero BpalleHUs BOKPYr HEMoABWUXHON OCH.

MNocTynatensHoe ABUXeHWEe BpawartensHoe ABUXeHUe
Macca m MomeHT nHepummn J
MepemeLlyeHne dar Yrnoeoe nepemeLleHme dp
CkopocTb D=7 YrnoBasi CKOpoCTb D=
YckopeHue =0 YrnoBoe yckopeHve B=a&
Cuna F MoMeHT cunbl M
Mmnynbsc D MomeHT nmnynsca L
PabGoTta dA=F.ds Pa6GoTa dA=M _do
KuHeTnyeckas aHeprusi 2 KnHeTuueckas aHeprusi 2

P mv* /2 P J.w* /2
F=ma M=J B

OCHOBHOE ypaBHeHNe P OCHOBHOE ypaBHeHMe =
OVHaMUKn F= ap OVHaMUKN M = LL

dt dt

Hedchopmayuu meepdozo mena

27.0edopmaummu TBepaoro Tena

PeanbHble Tena He SABNSIHOTCA abCOMTHO YNPYrMu.

Hecdopmayusi — 370 nM3MeHeHMe ¢opMbl U pasMepoB TBEPAbIX Ten nog
NEenCcTBUEM BHELLHUX CUM.

lMnacmuyeckas de¢hopmayusi — 370 AedopMaumsi, KoTopasi CoOXpaHseTcs B

A.H.Orypuos. flekyuu no gusuke.

MexaHuka




