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BeedeHue

dusuka — amo Hayka, usy4daroujas obujue ceolicmea 08UXEHUS sewecmeaa U rnosisi.
(A.N. Nocpgpe).

dusmka — Hayka o rpocmelwux chopMmax O8UXEHUS Mamepuu U coomeem-
cmeyrowux uMm Hauboriee obwux 3akoHax rpupodkl. N3ydyaemble ousnMkon popmbl
ABWXKEHUs MaTepumn (MexaHuveckas, TennoBas, anekTpudeckasi, MarHutHas M T. 4.)
ABNAIOTCA COCTaBNAIOWNMUN Bonee CroXHbIX POPM OBMKEHUS MaTepUn (XMMUYECKUX,
BGuonormyecknx n gp.), NoaTomy hmsmka ABNAETCA OCHOBOW AN APYrMX eCTECTBEHHbIX
Hayk (acTpoHomMUs, Bronorus, Xmmusi, reonornsa n ap.).

®usuka — 310 6a3a Oons Co3gaHUs HOBbIX OTpacnen TeXHUKU — ghyHOameHmarslb-
Hasi OCHoga Mod20moeKU UHXeHepa.

B cBoen ocHoBe hu3uka — akcriepumMeHmarnbHas Hayka: e€ 3akoHbl 6asnpytoTcsa
Ha dpakTax, YyCTaHOBMEHHbIX OMNbITHbIM NyTEM. B pesynbTate 0600WeHus akcnepu-
MeHTanbHbIX (aKkToB YyCTaHaBNUBaKTCHA ¢puluvyeckKue 3aKOHbl — YCTOWYMBbLIE
noBTopsAloWMNecs OOBLEKTUBHbIE 3aKOHOMEPHOCTU, cywecmsyrwue 8 rnpupode,
yCTaHaBnMBalLLne CBA3b Mexay (3n4yecknmMm BenniymHamu.

[na ycTaHOBMEHNA KONMMYECTBEHHbIX COOTHOLWIEHUA Mexay (U3n4ecKkumu
BENIMYMHAMUN UX HeobXoaumMo u3Mepsimb, T.e€. cpasHusamb UX C coomeem-
cmeyrwumu smarnoHamu. [Ons 9TOro BBOAUTCS cucmema eOlQuHUYy, KoTopas
NOCTYNMPYET OCHOBHbIEe eOUHUUbI (PU3NYECKNUX BENNYUH N Ha Ux 6ase onpegensieT
€e0MHULbl OCTamnbHbIX (PM3NYECKUX BENUYMH, KOTOPbIE Ha3bIBAlOTCS MPOU38OOHbLIMU
eduHuyamu.

MexayHapogHas Cuctema eannmy (CH) (Le Systéme International — Sl).
OCHOBHbIEe eAUHULbI:

1
299792458

Kunozpamm (kr) — macca, paBHas Macce MexAayHapOAHOro npoTtoTuna Kumo-
rpamma (nnaTMHOMPUANEBOro LMNMHAPA, XpaHsuwerocs B MexayHapogHom 6opo mep
n BecoB B CeBpe, 6nun3 Mapwxa).

CekyHOa (c) — Bpems, paBHoe 9 192 631 770 nepvogam m3nyyeHusi, COOTBET-
CTBYIOLLEro nepexony Mexay ABYMS CBEPXTOHKMMMU YPOBHSAMM OCHOBHOIO COCTOSIHUS
aToma ue3ns-133.

Amnep (A) — cuna HEM3MEHSIIOLLIErOCs ToKa, KOTOPbIN NPU NPOX0XAEHUM NO ABYM
napannenbHbiM MNPAMOSIMHEHBIM NPOBOAHMKAM OECKOHEYHOW ANUHBbI U HUYTOXHO
Manoro nonepeyvyHoro CeYeHus, pacrnosfioKeHHbIX B BaKyymMe Ha paccTtosiHum 1 meTp
OOMH OT AOpYroro, CO3OaéT Mexay 3TUMM NPOBOAHWKAMW Ha Kaxabli MeTp AOSIUHbI
cuny, pasHyto 2:10~" HbloToHa.

Memp (m) — onvHa nyTn, NPOXoaUMOro CBETOM B Bakyyme 3a

Kenbeun (K) — YacTb TepMOOUHaMWYeCcKOW TemnepaTypbl TPOWHOMU

273,16
TOYKM BOAbI.
Mosnb (MoOnb) — KONMUYECTBO BeELLECTBA CUCTEMbI, COAEpXalleh CTOSbKO Xe
CTPYKTYPHbIX 31IEMEHTOB, CKOMbKO aTOMOB CoaepXuTcsi B 12  usotona yrnepoaa “*C.
Kandena (kg) — cuna cBeTa B 3aJaHHOM HanpaBfieHUW WCTOYHMKA, WCMyC-
KaroLlero MOHOXpOMaTUYECKOE M3MTyYEHNE YacTOTOW 540-10% repu, sHepreTnyeckasd

1 Bt
cuna cBeTa KOTOPOro B 3TOM HanpaBneHun cocTaBnsieT —— —

683 cp
HdononHuTtenbHbie eanHULUbLI cucTembl CU:
PaduaH (pag) — yron mexay AByMSi paanycaMm OKPY>KHOCTU, ONTMHA Ayrn Mexay
KOTOpbIMU paBHa pagunycy.
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CmepaduaH (cp) — TenecHbI yron ¢ BEPLUMHON B LIeHTpe cdpepbl, Bbipe3atoLmii
Ha NOBEPXHOCTU chepbl MroLwaab, paBHy nrowaan Keagparta co CTOPOHOW paBHOW
paguycy cdepbl.

NMpousBoaHblIe eANHULbI YyCmaHaenuearomcesi Ha OCHoO8e (hu3UYeCKUX 3aKOHO8,
ces3bigaroWUXx UX C OCHOBHbIMU eduHuuamu. Hanpumep, npousBogHas eaunHuUua
ckopoctn (1 m/c) nony4aetca u3  OpPMySibl  PaBHOMEPHOro MPSAMOSIMHENHOTO

S
OBWXKeHna U= ? .

KuHemamuka

1. MexaHuka u eé cTtpykrypa. Mogenu B mexaHuke

MexaHuka — 93TO 4acTb u3MKM, KOTOpas M3y4yaeT 3aKOHOMEPHOCTU
MEXaHUYEeCKOro [OBWKEHUA W MNPWUYMHbI, BbI3blBalOLLME WKW U3MEHSWNe 3TO
ABWXXEHMeE.

MexaHu4yeckoe Oeu)xeHue — 3TO WU3MEHEHME B3aUMHOMO PACMOSIOXKEHUA Ten
U UX YacTen B NPOCTPAHCTBE C TEYEHMEM BPEMEHM.

O6bl4HO NOAO MEXaHUKOW MOHWUMAKOT K/1acCU4YecKyro MexaHUKY, B KOTOpOW
paccMaTpuBalOTC  OBWXKEHUSI  MaKpOCKOMMYECKMX Ten, CoBeplLuarmecss Cco
CKOPOCTSIMU, BO MHOIO pa3 MEHbLLUMMW CKOPOCTU CBETA B BaKyyMe.

3aKoHbl OBWXXEHUSI Ternl CO CKOPOCTSMMW, CPaBHUMbIMM CO CKOPOCTbIO CBeTa B
BaKyyme, U3y4alTcsa pesissmueucmcKol MexaHUKol.

KeaHmoeasi mexaHuKka vn3y4aeT 3aKOHbl ABWMXEHUSI aTOMOB W 3fieMeHTapHbIX
yacTtuy,

PA3AOEJIbl MEXAHUKU:

KuHemamuka — v3y4yaeT ABMXEHME Ten, He paccMmaTpuBasi NMPUYUHbLI, KOTOpbIe
3TO ABWXeHne obycnasnuBatoT.

HuHaMuka — n3y4aeT 3aKOHbl ABWMXKEHUSI TeN U NPUYMHBI, KOTOPbIe BbI3blBAlOT
NN U3MEHSAIOT 3TO ABMXKEHME.

Cmamuka — n3y4yaeT 3aKOHbl PaBHOBECUKS CUCTEMbI TEf.

MexaHuka ans onnucaHusa OBUXKEHUS Ten B 3aBUCUMOCTU OT YCIOBUIA KOHKPETHbIX
3aJay ucnonb3yeT pasHble yrpowéHHbIe ¢husuvyecKue Mooenu:

e MamepuanbHass mo4ka — Teno, opmMa 1 pasmepbl KOTOPOro HeCYLLECTBEHHDI
B YCNOBUSAX JaHHOW 3agaun.

e Ab6connromHo meépdoe mesio — Teno, gedopmMaumen KOToporo B YCroBUSIX
AAHHOW 3aayn MOXHO NpeHebpeyvb, U paccTosHue mexagy nbbiMv AByMS
TOYKaMM 3TOro Tena OCTAaETCs NOCTOSAHHbBIM.

e A6cos1lomHO ynpyzoe mesio — Teno, gedopMaums KOTOPOro noguvvHsieTcs
3aKkoHy l'yka, a nocne npekpalleHnsi BHELLHEro CUMOBOrO BO3AEWCTBUS Takoe
Teno NOMHOCTbI BOCCTaHaBMMBAET CBOW NepBOHaYarbHble pa3mepbl 1 hopMmy.

e Ab6conomHO Heynpyz2oe mesio — Teno, TMOJSIHOCTbK COXpaHsaLlee
AedopmmnpoBaHHOE COCTOSTHME NOCHE NpeKpaLLeHnss AeUCTBUS BHELLHMX CUS.

Jlro6oe dsuxeHue meépdo20 mesla MOXHO MPEeACTaBUTb Kak KOMOGUHauuro
rnocmynamersibHO20 W 8pawjamesibHo20 ABMXKEHUN.

lMocmynamernbHoe 08UXeHUe — 3TO ABWMXEHMEe, Npu KOTopoM ntobas npsimas,
XECTKO CBsfi3aHHAsd C TerioM, OCTaéTcsl napanfienisHo CBOEeMy MepBOHa4YaribHOMY
NONOXEHUIO.

BpawamernbHoe 08uxeHue — 3TO OBWXKEHWe, Npu KOTOPOM BCE TOYKM Tena
ABWXKYTCS MO OKPY>XKHOCTSIM, L€HTPbl KOTOPbIX NeXaT Ha O4HOM U TOW XXe NPsSIMOW,
Ha3blBaEMOW OCbHO 8paW,eHUs.

MexaHuka
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2. Cucrtema oTcuyéTta. Tpaekropus, AnvUHa NyTU, BeKTOP nepemMelleHus

[BvXeHne Ten npoucxoguT B MNPOCTpPaHCTBE M BO BpeMeHu. [loaTomy ans
ONUcaHusa OBWKEHUA MaTepuanbHOM TOYKM Had0 3HATb, B KAKMX MeCTax NpoCTpaHCTBa
3Ta TOYKa Haxoaunacb, U B KakMe MOMEHTbl BPEMEHW OHa Mpoxoauna TO UMM UHoe
NONoXeHue.

Tesno omcyéma — npoun3BOSfbHO BbIOpaHHOE Teno, OTHOCUTENbHO KOTOPOro
onpegenseTcs NosioXXeHne ocTanbHbIX Tes.

Cucmema omcyéma — COBOKYMNHOCTb CUCTEMbI KOOPAMHAT U 4acoB, CBA3AHHbIX
C TENOM OTCYETa.

Hanbonee ynoTtpebutenbHas cuctema KoopauHat — dOekapmoeasi —
OPTOHOPMUPOBAHHBIN Ga3nc KoTopon obpasoBaH TPeMSA €ANHUYHBIMU MO MOAYM0 U

e

B3aMMHO OpTOroHarbHbIMW BEKTOpamu | , J,k ) I'IpOBe,D,éHHbIMVI M3 Ha4asra KoopaunHart.

MonoxeHne npousBonbHoi Toukn M xapakTepusyetca paduycom-eeKmopom
I, coeauHsolwmm Hadano koopanHat O ¢ Toukon M :

F=x-i+y-j+z-k, F|=r=yx*+y*+2°.

[BwxeHne maTepuanbHOM TOYKM MOMHOCTLIO OMNpeAeneHo, ecnu AeKapToBbl
~ KoopauHaTbl MaTepuanbHOM TOYKM 3ajaHbl B
A 3aBucCUMOCTM OT BpemeHu t (o1 naT. tempus):

x=x({), y=y@l), z=z(1).
1N YpaBHEHNA Ha3blBAlOTCA KUHeMamu-
YeCKUMU ypa8HeHusimu dewxeHus moyku. OHuU
9KBMBANEHTHbl OAHOMY BEKTOPHOMY YpPaBHEHWUIO
AOBWXEHUNA TOYKN:

r=r().

JInHusa, onucbiBaemas OBUXKYLLENCS MaTepu-
anbHOW TOYKOM (MNW  TEnoMm) OTHOCMUTEISbHO
BblbpaHHOM  CUCTEMbI  OTCYETaA  Ha3blBaeTCs
mpaekmopuel. YpaBHEHME TPAEKTOPUM MOXKHO
Nony4nTb, MCKNOYMB NapameTp I 13 KuHemMaTnyeckmux ypaBHEHUN.

B 3aBucumoct oT  OpMbl  TpaekTopuu  ABMXKEHME  MOXeT  BbiTb

npsiIMOsTIUHEeUHbIM VNN KPUBOJIUHEUHbIM.
Z A AnuHol nymu TO4YkM HasbiBaeTcs Cymma [AJivH
BCEX YYaCTKOB TPaAeKTOpMM, NPOMAEHHbLIX 3TON TOYKON 3a
paccmaTtpuBaeMblii NpomexyTok BpemeHn AS = As(t).

[nvHa nyTn — ckansipHas QYHKUMS BpEMEHN.
Bekmop nepemeujeHusi Ar =T —T, — BekTOp,

NPOBEAEHHbLIA N3 HaYarbHOro MOSIOXKEHUSA ABUXYLLENCS
TOYKM B MOSIOXKEHME €€ B [OaHHbI MOMEHT BpPEMEHU
(NnpupaweHne paguyca-BekTopa TOYKM 3a paccmar-
puBaeMbl MPOMEXYTOK BPEMEHM):

AF=F —Ty=F(t) —F(ty) =AX-T +Ay- ] +Az-K.
X B npepene At —0 gnuHa nytm no xopae AS u
AnuHa xopabl Ar = ‘AF‘ ByayT BCe MeHbLUe OTNNYaThCs:

ds=|dF|=dr.

<Y
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3. CkopocTb

Ckopocmb — 3TO 6eKMoOpHas BenuuuHa, KoTopasi onpedensier Kak BGbiCTpoTy
[BVXKEHMSI, TaK U ero HanpasneHue B AaHHbI MOMEHT BPEMEHM.

Bekmopom cpedHeli ckopocmu U (oT nat. Velocitas) sa W AF
UHTepBan BpemeHW At HasbiBaeTcs OTHOLEHWe npupalleHus AF <U> :A_t
paguyca-BekTopa TOUKM K MPOMEXYTKY BpemeHun At .

HanpasneHue BeKTopa cpeHein CKOPOCTM CoBnaaaeT ¢ HanpasneHnem Af .

EduHuua ckopocmu — M/c.

Mz2HogeHHasi cCKopocmb — BEKTOpHas BenvuuHa, paBHasi NepBoi NPOoV3BOAHON
Mo BpeMeHu OT paauyca-BekTopa ' paccmaTpuMBaemomn TOUKU:

Ar dr .
U= lim ~r.
At—0 At dt

BekTop MrHOBEHHOW CKOpPOCTM HampaBfeH Mo KacamesibHoU K TpaekTopun B
CTOPOHY ABWXeHus. Moayrnb MrHOBEHHOW CKOPOCTU (CKasisipHas Benu4vHa) pasBeH
nepBon NPOU3BOAHOM MYTU MO BPEMEHMU:

AF As ds
v:‘v‘— lim ‘ ‘ — = (Otciopa: ds=vdt.)
At—0 At At—>0 At dt

lpu HepasHOMepHOM O8UXeHUU MOoAyfb  MrHOBEHHOW As
CKOPOCTM C TeYeHMeM BpeMEHU Mu3MeHsieTcs. [1o3TOMy MOXKHO <v>=—
BBECTU CKa/IAPHYO BENUYMHY <v> — CPeOHIH CKopoCcmb At
HepasHOMePHO20 O8UXeHUs1 (Opyroe HasBaHWe — CpPeoHss .
nymeeasi CKOpOCMb). p

AdnuHa nymu S, NPOMOEHHOrO TOYKOM 3a MNPOMEXYTOK S:Jv(t)dt
BpemeHu ot §; go t,, 3apaérca cneayloWwM UHTErpanom: L’}

Mpn npsiMonuHeUHOM O8U)XeHUU TOYKN HanpaBlneHWe BeKTopa CKOpPOCTH
coxpaHAaeTCcAa HEU3MEHHbLIM.

[IBM>XXEeHMe TOYKM Ha3blBaeTCs pasHOMEPHbIM, €Cfl MOAyfb €€ CKOPOCTU He
“3MeHsieTcs ¢ TeueHnem spemenun (v =const), ans Hero:

S=v-At.

Ecnu MOOyJib CKOPOCTU yBenn4ymBaeTCA C TedYeHunem BpeEMEHU, TO ABUMXEHUNEe
Ha3blBa€TCA YCKOPEeHHbIM, €CJ1N K€ OH y6bIBaeT C TedeHnem BpemMeHun, To aBnxeHune
Ha3blBaeTCd 3aMeO0sIeHHbIM.

4. YckopeHue

YckopeHue a (ot nat. acceleratio) — ato BektopHasi BenuumHa, xapakrepu-
3ytoLasi GbICTPOTY N3BMEHEHUSA CKOPOCTU MO MOAYSIIO Y HAanpaBIiEHNIO.

CpedHee yckopeHue B vHTepBane BpemeHu At — BekTopHas N Av
BENMYMHA, paBHasi OTHOLUEHUID W3MEHeHuMst ckopocTu AU K <a> At
NHTepBany BpeMeHun At.

MzHogeHHOe yckopeHue maTepuarnbHOM TOYKM — BEKTOPHAs BENUYMHA, paBHas
NMepBo MNPOM3BOAHOM MO BPEMEHM CKOPOCTU paccMaTpvBaeMol TO4ku (BTOpOW
NPOM3BOAHOM MO BPEMEHN OT paanyca-BeKTOpa 3TOM XKe TOYKN):

L AG do - d*F .
a=lim — =U= =r.
A—0 At dt dt2

EduHuua yckopeHusi — m/c?.

B obwem cnyyae mniocko2o KpUBONUHEUHO20 OB8UXEHUSI BEKTOP YCKOPEHMS
yAoOHO nNpeacTaBuTb B BUAE CyMMbI 08YX MPOoeKuul: da=a,+a..

MexaHuka
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TaHeeHyuanbHOe YyCKope-
HMe a, xapakTepusyeT GbICTpO-

TY M3MEHEHMS CKOPOCTU MO MO-
aynto (puc. (A)), ero BenuynHa:

a — dv
T —_— .
dt
HopmanbHoe (ueHmpo-
cmpemMumesibHOe) YCKOpeHune
d,, HanpaeneHo Mo Hopmamm K
Tpaektopum K  UeHTpy eé

kpuensHbl O 1 xapakTepusyet
6bIcmpomy U3MEeHEHUsI Harpae/ieHUs BEKTopa CKOPOCTU ToYku. BennunHa Hopmanb-

HOrO YCKOpeHusi a,, CBsi3aHa CO CKOPOCTbIO U ABWXEHWUS MO KPyry W BErIMYMHON

paguyca R (puc. (B)). Mycts |vy|=|v,|=v. Torpa ans o —>0 Av, =vsina~v-a,

As=v-At~R-aa = a~(v-At)/R, otcioga:
2 2

A d
Av,~2Aat = =0l o g == T
R At R dt R
BennunHa nonHozo yckopeHus (puc. (C)): a= »\/aﬁ + af .

Buabl ABMXeHUs:
1) a,=0, a,=0 - npsmMonuneliHoe pagHomepHoe faBnxeHne: a =0;

2) d,=a=const, a,=0 — npsamonuHeliHoe paeHOMNepeMeHHOEe (PasHOYCKO-
peHHoe) amxenune. Ecrm t, =0, To:
t 2
at
,  v=yg+a-t; S:j(vo+at)dt:vot+7;
0

Av v-v; V-V
a’E —a=—-= =
Attt t
2
3) a,=0, a,=const= R pasHoMepHoe O8UXXEHUE 110 OKPYXHOCMU,

4) a, #0,4a,#0 — kpueonunetiHoe

paeHonepeMeHHoe O8uUXKeHue.
5. KuHemaTuka BpawaTenbHOro ABMXeHUs At Ao
Mpy onucaHMn BpawATENbHOMO ABVKEHUS R
yaobHO Nonb30BaTbCA MOMSAPHLIMU KOOPOUHa- As
mamu R v ¢, rae R — paduyc — pacctosHue ot
v/
ral

nontca (UeHTpa BpalleHud) OO MaTepuaribHOW
TOYKKW, @ (p — NOMNSPHbLIA yeos (yrorn nosopoTa).

AnemeHmapHbie nogopomsbi (0603HaYaOTCH
AQ vnn d@) MoxHO paccmaTtpuBaTthb kak rceedo-
8eKmMopbI.

Yanoeoe nepemeweHue (¢ - BekTOpHas

BENMYMHA, MOAYIb KOTOPOW paBeH yriy NoBopoTa, a
HanpaBneHne coBnagaeT C HarnpaBleHWeM rnocTtyna-
TENbHOro ABWXXEHUS MPaso20 UHMA. (

A.H. OrypuoB. @u3suka 08 cmydeHmos
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. do - - do - d°¢ =
Yanoeas ckopocmb. ® = d_(tp =(@. Yanoeoe yckopeHue. }=—=n= il

dt dt?

BeKTOp ) HanpaeJieH BOOJ1b OCU BpalleHUNA, TakK XXe KakK N BEKTOP d(T), T.€. NO

npaBuny npaBoro BuHTa. BekTop [3 HanpasneH BOOMb OCU BpalleHUsi B CTOPOHY

BEKTOpa npupalieHunsd yFﬂOBOVI CKOpOoCTHU (I'Ipl/l YCKOpPpEeHHOM BpalleHUn BEKTOpP B

coHanpaBneH BeKTopy M, Npu 3amMedrieHHOM — NPOTUBOHANPaBneH emy).

EduHuubl y2510801i CKOPOCMU U y2/108020 YCKOPEHUS — paj/c 1 paa/c?,

JluHeliHass cKOpoCcmb MOYKU CBsi3aHA C YIMOBOW CKOPOCTBbIO M paguycom
TpaekTopumn cooTHoweHnem: U= lim as = lim R-A¢ =R- lim Ap =oR.

At—0 At At—0 At At—0 At

B BekTOpHOM Buae opmyny ans JIMHENHOMN
CKOPOCTM  MOXHO  Hanucatb  Kak  8eKMOpPHoe
npou3eedeHue:

U =[o,R].
Mo onpedeneHurd BeKMOPHO20 rpou3sedeHusi (CM.
cTp.1-29) ero Moaynb paseH |17|:ooRSin0L, roe

O — yron mMmexay BeKtopamu o " R, a HaripasrieHune
coBnapgaetr C HarnpaBJieHNEM nocrtynarteribHoro

[BVXEHWNSA NPaBOro BMHTA NpW ero BpaLleHun ot o K R.

d
Mpu paBHOMEepHOM BpalleHUK: o= d_(tp = CONSt, cnegoBaTenbHO: o=m-t.
PaBHOMepHOe BpalleHNe MOXHO XapaKTepusoBaTb Mepuodom o
epawieHuss T — BpeMeHeM, 3a KOTOpPOe TOo4yka COoBepLlaeT OAMH T=—
NOHbIN 06opoT: 2T=m- T . ®
Yacmoma epaujeHusi — 4nCrIo NOMHbIX 0GOPOTOB, COBEPLUAEMbIX | 1 — 1 _w
TENoOM NPV PaBHOMEPHOM €ro ABWXEHWUW MO OKPYXXHOCTU, B €AMHULY T 2=n
BPEMEHM. O=27-N
EduHuua yacmomsi epaweHusi — repy, (I'y).
Mpu paBHOycKOpeHHOM BpaljaTenibHOM ABWxeHun: [3 =const,
2 2 22 =R
-1 v° oR S=Ro
o=0y+p-t; (p:(oo-t+BT; an:E: R = w’R; U=Ro
a =Rp
dv d(wR) do tdo ’
= = = = = — 2
=g “Rg =B = jvdt ijdt Rj dt = a, =Ro

4 4

HAuHamuka MamepuasibHOU MOYKU

6. MepBbin 3akoH HblOTOHa

MaTtepuanbHaa Todka (Teno) coxpaHseT COCTOSiHME MOKOS UM PaBHOMEPHOrO
NPAMOSIMHENHOIO ABWXKEHUS A0 TeX nop, NoKa BO3AENCTBME CO CTOPOHbLI APYrux Ten
He 3aCTaBUT €€ U3MEHUTb 3TO COCTOSIHME.

CmpemrneHue mena COXpPaHATb COCTOSIHAE TMOKOS WM PaBHOMEPHOro
NPAMOSIMHENHOIO OBWXEHUA Hasbigaemcs UHepPMmMHOCMbIo. [103TOMy NepBbI 3aKOH
HbloTOHa HasbiBalOT TakkKe 3aKOHOM uHepuyuu. [lepBbln 3akoH HbloToHa

MexaHuka
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nocmynupyem CywecTBOBaHWE UHepyuasibHbIX cucmeM omc4yéma — TaKux,
OTHOCUTENbHO KOTOPbIX, MaTepuanbHas TOYKka, He MNOABEpXeHHas BO3AENCTBUIO
APYruX Ten, ABUXKETCA paBHOMEPHO U NPSIMOSTMHENHO.

UTtobbl onucbiBaTb 8030elicmeusi, yNOMUHaeMble B NepBOM 3akoHe HbHTOHA,
BBOASAT NOHATUE cusibl. NS oNUCaHNa UHEPUUOHHbIX CBOWNCTB T€N BBOAUTCA NOHATME
Macchbl.

7. Cuna

Curna — BeKTOpHas BeNuMYMHAa, ABNSOWAACA Mepol MexaHu4deckoeo delicmeusi
Ha Teno CO CTOPOHbl APYrnx Ten unM nonen, B pesynbTate KOTOpOro Terio
npuobpeTaeT yCcKopeHne nnn nameHseT opmMy 1 pasmepbi.

MexaHnyeckoe B3aUMOAEWCTBME MOXET OCYLLeCTBNSATLCS Kak  mexady
HernocpeodCmMeeHHO KOHTAKTUPYKLWMMN Tenamu (Hanpumep, nNpyu yaape, TpeHuwu,
AaBneHun Apyr Ha gpyra v T. n.), Tak U Mexoy yoanéHHbIMU mesiamu.

Ocobasi popma mMamepuu, CBsi3blBalOLLlasi 4acTuLbl BellecTBa B efuHble
CUCTEMbI 1 NepefaroLas C KOHEYHOM CKOPOCTbI0 AENCTBME OAHMX YacTul Ha gpyrue,
Ha3blBaeTCsl ghu3uUYeCKUM oJ1IeM U NPoCcTo MoJiem.

B3anmopencrteme mexay yaanéHHbIMM TenamMy OCyLeCTBRseTCs NoCpeacTBOM
CBSI3aHHbIX C HUMUW FTPaBUTALMOHHBIX 1 3NTIEKTPOMAarHUTHbIX NOMENn.

Monb3ysacb MNOHATMEM CWMbl, B MeXaHWKe OObIYHO TFOBOPAT O [OBWXKEHUN U
aedopmMmauun paccMmatpmBaemoro Tenia rnod oelicmeueM MpUrioXeHHbIX K HeMy curl.
Mpn 3TOM, KOHEYHO, KaxdolU cu/e Bcerga coomeemcmeyem Kakoe-mo
ornpedenéHHoe mesio unu rosne, dedcmeayrouee ¢ amou cusod.

Cuna F nonHoctblo 3agaHa, ecnu ykasaHbl €€ modynb F, HanpaeneHue B
NPOCTPAHCTBE U MOYKa MPUSIOXKEHUS.

MpsiMas, BOOMb KOTOPOW HanpaefieHa cuna, HasblBaeTcs JiuHuel delicmeusi
cunbl. JeHmpanbHbIMU Ha3biBAOTCA CUIbl, KOTOPble BCIOAY HanpaBreHbl BOOSb
NPSIMbIX, MPOXOASLMX Yepe3 OAHY M Ty K€ HEMOABWXKHYK TOYKYy — UEeHmP cursl, W
3aBUCAT TONbKO OT PACcCTOSIHMSA A0 LieHTpa cun.

—

Mone, pneicTBylollee Ha MaTepuanbHyld TOYKY C cunoin F, HasbiBaeTcs
cmayuoHapHbIM MOJIeM, ECIIN OHO HE U3MEHSAETCS C TEYEHNEM BPEMEHN.

OpgHoBpeMeHHOe [OelcTBME Ha MaTepuarnbHyld TOYKY HECKOSIbKUX  CUS
9KBMBANEHTHO [OEWCTBUIO OAHOW CUNbl, Ha3blBaeMoW paeHodelicmeyrowel, Unu
pe3ynbmupyrouw,el, CUIoN N pasHOoU UX 2e0MeMmMpPUYECKOU CyMME.

EduHuua cunbl — HbloTOH (H): 1 H — cuna, koTtopass macce B 1 kr coobLiaet
yckopeHue 1 M/C? B HanpaBneHnn AeiCTBUS CUMbl.

8. MexaHu4yeckue CUCTEMbI

MexaHu4yeckol cucmemMol Ha3blBaeTCA COBOKYNHOCTb MaTepuarbHbIX TOYeK
(Ten), paccmaTprBaeMbIX Kak eanHoe Leroe.

Tena, He BxoAswme B COCTaB WUCCNedyeMOW MexXaHU4YeCKOM CUCTEMbI,
Ha3blBalOTCA @HewHUMU mesiamu. Cunbl, JENCTBYIOLWME HA CUCTEMY CO CTOPOHbI
BHELLHMWX Terl, Ha3blBalOTCH 8HEWHUMU cusiaMu.

BHympeHHUMU cunamMu Ha3biBalOTCA CUMbl B3aUMOOEWCTBUA MEXAY YacTamu
paccmaTpnBaeMon CUCTEMBI.

MexaHu4eckass cuctemMa HasblBaeTCsi 3aMKHymou, wnu u3oJsiupoeaHHol,
cucmemoll, ecnn OHa He B3aMMOAENCTBYeT C BHEWHUMMU Tenamu (Ha Heé He
AENCTBYIOT BHELLUHWE CUIbl).

Teno HasbiBaeTCcs €80600HbLIM, €CNVU Ha €ro MOJioXeHne U [OBWXKEHVE B
MPOCTPaAHCTBE HE HANOXEHO HMKAKNX OrPaHUYEHNA, U — HECB8OOOOHbLIM — €CNN Ha ero
BO3MOXHblE MMOMOXEHUS W [ABWKEHWS HamnoXeHbl Te WM WHble OrpaHuyeHus,

A.H. OrypuoB. @u3suka 08 cmydeHmos
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Ha3biBaeMble B MexaHuke cesi3siMu. HecBobogHoe Teno MOXHO paccmMmaTpuBaTb Kak
cBoboOHOE, 3aMEHUB AOEWCTBME HA HEro Tern, ocyulecTenAawnx cBdA3n, COOTBET-
cTBylOLLMMN CUTTaMU. OTn cunbl Ha3bIBaOTCA peakuussmu cesizell, a Bce OCTalnbHble
CU-bl, ,D,eVICTByIOU.lMG Ha TeJ10, — aKmueHbIMU cusiamMu.

9. Macca

Macca — dumsmyeckas BenuUMHA, O4HA M3 OCHOBHbIX XapaKTEPUCTUK MaTepuu,
onpeaensarLwasn eé UHePUUOHHbIE U epasumayuUoHHbIE CBOUCTBA.

EduHuya maccbl — kunorpamm (Kr).

Mnomuocmsbio Tena p B AaHHoW ero Touyke M HasbiBaetcst dm
oTHoLLeHVe Maccbl dM manoro anemeHTa Tena, BKMNOYaoLLIEero TOUKy p= d_V
M , k BennunHe dV o6béma aToro anemeHTa.

10.Umnynbe
BekTopHasi BenuuvMHa [, paBHas nNpou3BedeHuo Maccbl M
mMaTepuanbHOM TOYKM Ha e€ CKOpOCTb U, U MMeloLlas HanpasneHue =

CKOPOCTW, Ha3blBAETCA UMITY/IbCOM, VNN KOJIU4eCMEOM O8UXKEHUS,
3TOM MaTepuanbHON TOYKMN.

°
I
3
<y

11.BTtopou 3akoH HbloTOHA

Btopon 3akoH HbOTOHA — OCHOBHOM 3aKOH AMHAMUKW MNOCTynaTenbHOro
OBWKEHUST — OTBeYaeT Ha BOMPOC, KaK W3MEHSIeTCs MeXxaHu4deckoe [OBWXeHue
MaTtepuanbHON TOYKM (Tena) Noa 4ENCTBUEM NPUMOXKEHHbIX K HEW CUST.

YckopeHue, npnobpetaeMoe maTepuanbHOM TOYKOW (Tenom), NponopLUnMoHansHO
BbI3blBaIOLLEN €ro cure, coBnagaeT C HeN Mo HanpasfieHuo 1 0BpaTHO MpPonNopuuo-

HarbHO Macce MaTtepuanbHON TOYKK (Tena):
_F - do_d(mp) dp - F=ma
a=— wuwm F :ma=m—:u:—p= p.
m dt dt dt .
- d P
Bonee obwas ¢popmynuposka emopoz2o 3akoHa HbromoHa: cko- F= E
POCTb U3MEHEHUA UMMynbCa MaTepuaribHOM TOYKM paBHa OENCTBYHOLLEN

Ha Heé cune.
BektopHasa BenuuuHa F dt HasbiBaeTcs anemMeHmapHbIM uMnysLCOM cusbi

—

F 3a manoe Bpemsi dt eé genctBua. MMnynbc cunbl 3a NPOMeXyTok BpemeHun t;
b
onpegensieTcs MHTerpanomM jF dt. CornacHo BTOpoMy 3akoHy HblOTOHa M3MeHeHue

0
mmMnynbca MaTepMaanoﬁ TOYKMN paBHO UMnNynbCy AeﬁCTByPOUJeﬁ Ha Heé cunbl:

OCHOBHOM 3aKOH AMHaMWKM MaTepuaribHOM TOYKM BblpaXkaeT MpPUHLMN
NPUYMHHOCTM B KITACCUYECKON MEXaHUKEe — OOHO3Ha4YHasl c8si3b MeXOy U3MEHEeHUeM
C MeYeHUeM 6PeMeHU COCMOsIHUSI OBUXXEHUS U [O/IOKEHUsI 8 rpocmpaHcmee
MamepuarnbHOU moYku u OelicmeyrouwuMu Ha Heé cunamu, Ymo ro3eosisiem, 3Hasi
HayanbHOE COCMOSsIHUEe MamepuarnbHOU MOYKU, BbIMUCNUTL €€ CoCTosiHue 8 sobol
rnocnedyruulti MOMEHM 8PEeMEHU.

MexaHuka



1-10

12.MpuHUMN He3aBUCMMOCTU AENCTBUSA CUN

B mexaHuke Gonblioe 3HayYeHne MMEeeT NPUHLMN HE3aBUCUMOCTU OEWCTBUS CUIT:
€Cn Ha MaTepuarnbHyl TOYKY AeNCTBYeT OJIHOBPEMEHHO HECKOIbKO CUIl, TO Kaxaast
n3 3TUX cun coobliaeT MaTepuanbHON TOYKE YCKOPEHWE COrflacHO BTOPOMY 3aKOHY
HbloToHa, kak 6yaTo ApyrMx cun He 6bino. CornacHo 3TOMY NPUHUMAY CUMbl U
YCKOPEHMS1 MOXXHO pasrnaratb Ha COCTaBMSOLLME, UCMONb30BaHME KOTOPbIX NPUBOANT
K CYLLLECTBEHHOMY YNPOLLEHMIO PeLLEHs 3aaau.

Hanpuwmep, HopmanbHoe U maH2eHUuanbHOe YCKOPEeHUS MaTepuanbHON TOYKM
onpeaensiloTca COOTBETCTBYHOLLUMI COCTaBNSAOLLIMMU CUTMbI:

. F dv F dv
a, =—,; a =—=—; F.=m—:;
m dt m dt
_ F 02 F mo?
a,=—"; an:—:c)ZR:—“; Fnz—:manR.
m R m R
Cuna F,, coobwarowas wmatepuanbHON TOYKe HOPMasbHOE YCKOPEeHUe,

HanpaBneHa K UEHTPY KPMBU3HbI  TPAeKTOpMM M MNOTOMY  Ha3blBaeTCS
ueHmpocmpemMumesibHou cuJsiol.

13.Tpetuu 3akoH HbOTOHA

Bcakoe genctsne maTepmanbHbiX TOYEK (Ten) Opyr Ha Apyra umeeT xapakTtep
B3aMMOOENCTBUSA; CUSbl C KOTOPbIMU AEUCTBYIOT APYr HA Apyra MaTtepuanbHble TOYKM,
BCerga paBHbl MO MOAYmM, NPOTUBOMOMOXHO HanpasBneHbl U AOEWCTBYIOT BOOJSb
NPSIMON, COEANHSIIOLLIEN 3TN TOYKM.

OTU cunbl MpUIOXeHbl K pasHbIM MamepuasibHbiIM moykaMm (mesnam), ecezda
delicmeyrom napamu U S8/s1iomcs cunamu 00HoU npupoodsbl.

Tpetnn 3akoH HbloTOHa No3BONAET nNepenTn OT AUMHAMUKA  OTAESbHOM
MaTepuanbHOM TOYKM K AMHAMWUKE MPOM3BOSIbHOW CUCTEMbI MaTepuarbHbIX TOYEK,
MOCKONbKY MNO3BONSEeT cBecTu nwboe B3aMmogencTtBne K cunam  MnapHOro
B3aMMOOENCTBUSA Mexay MaTepuanbHbIMU TOYKaMU.

14.3akoH coxpaHeHusi uMnynbca

WMnynbC 3aMKHyTOW CUCTEMbl HE UW3MEHSIETCH C TeYeHWeM BpeMeHu
(coxpaHseTcs):

n
p=> mu =const.
i=1

3aKOH CcoxpaHeHuss umnynbca gBNsSeTcs  cneacrBUeM  OOHOPOAHOCTU
NPOCTPaHCTBA: NpW napanfieflbHOM NepeHoce B NPOCTPAHCTBE 3aMKHYTOM CUCTEMbI
Ten Kak uenoro eé€ usnyeckne CBONCTBA HE U3MEHSAKTCA (He 3aBMCAT OT Bblbopa
NONOXEHNA Havyana KoopanHaT UHepuUmnanbHOM CUCTEMbI OTCYETA).

15.3akoH ABMXEeHUs LeHTpa Macc

B mexaHnke HblOTOHa M3-3a HE3aBMCUMOCTM MacCCbl OT CKOPOCTWU UMITYSIbC
cucmembl MoxXem Obimb 8bipaxkeH 4Yepel3 ckopocmb eé yeHmpa macc. LjeHmpom
mMacc (VN UEeHmMPOM UHepuyuu) CUCTEMbl MaTepuarnbHbIX TOYEK Ha3blBaeTCs
BooGpaxaemasa Todka C, nonoxeHve KOTOPON XxapakTepuayeT pacnpeneneHue
Macchbl 3Ton cuctembl. E€ pagnyc-BeKTop paBeH:

n roe m; w ﬁ — COOTBETCTBEHHO Macca WU paaunyc-BeKTOp I -1
Zmiﬁ MaTepI/IaJ'IbHOI7I TOYKU; N — YUCNo MaTepuarbHbIX TOYEK B CUCTEME;
o =l n
r-C - m= Z mi — Macca CUCTEMDbI.
m =1

A.H. OrypuoB. @u3suka 08 cmydeHmos
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dr,
B aTom crnyyae umnynbc CUCTEMbI: p= md—f =Mu;.
3aKOH ABWXEeHUA LeHTPa Macc: LIeHTP Macc CUCTEMbI ABUXKETCS dv n
Kak mMaTepuanbHas Touka, B KOTOPOM COCPeAoToYeHa Macca Bcel C z
CUCTEMbI U Ha KOTOPYIO AENCTBYET cuna, paBHasi reoMeTpUYeCcKoii ]

CYMMe BCEX BHELLHUX CWMl, AEACTBYHOLLUNX HA CUCTEMY.

N3 3akoHa coxpaHeHust umnynbca CcrneayeT, YTO YeHmpP macc 3aMKHymoll
cucmembl nubo deuxxemcsi NPSIMOJIUHEUHO U pasHOMepHOo, 1ubo ocmaémcsi
Hernoo8UXXHbIM.

16.Cunbl B MeXaHUKe

1) Cunbl TAroTeHus (rpaBUTaLMOHHbIE CUTbI).
B cucteme otcyéta, cBA3aHHOM C 3eMnén, Ha BCAKOe Teno maccon M
AencrteyeT cuna:

5 mg.
Ha3blBaemasi cusioli mspkecmu — cuna, ¢ KOTopou Teno nputsarneaetca 3emnén. MNoa
AENCTBMEM CUMbl NPUTSXKEHUSA K 3emne Bce Tena nagatoT ¢ O4MHAKOBbLIM YCKOPEHNEM

g=981 M/c?, HasbiBaeMbIM yCKopeHueM ce0600H020 nadeHusl.

Becom mena — HasbiBaeTcsa cuna, C KOTOPOW Teno BCReACTBME TArOTEHUS K
3emne geNCTBYET Ha ONopy UK HaTArMBaeT HUTb NoABeca.

Cuna mspxxecmu Oelticmgyem eceza0a, a BeC NposBNAeTCs NyWb Toraa, Koraa Ha
TEeno KpoMe Cunbl TSXKECTU AENCTBYIOT Apyrne cunbl. Cuna TskecTyn paBHa Becy Tena
TONbKO B TOM Crly4ae, Koraa yCKOpeHue Tena OTHOCUTENbHO 3eMnv paBHO Hynto. B

npotusHom criydae P =m(§—3a), rae @ — yckopeHue Tena ¢ onopon 0THOCUTENBHO
3emnu. Ecnun Teno ceobodHO OBUXETCA B Mone cunbl TAroTeHus, To =0, u Bec

paBeH Hynto, T.e. Teno 6yaeT HEBECOMbIM.
HeeecoMocmb — 3TO COCTOSIHME Tena, NPY KOTOPOM OHO ABMPKETCS TONbKO NojA
AENCTBMEM CUIbl TSXKECTU.

2) Cvnbl ynpyrocTy BO3HUKAKOT B pe3ynbTaTe B3auMOOENCTBUS TES, CONpOBO-
xoarowerocst ux geopmaumen.
Ynpyraa cuna nponopumoHanbHa CMELLEHUIO YacTuubl M3  MONOXEHUS
paBHOBECUS N HanpaBreHa K NONOXEeHU0 paBHOBECUS:
F =—kr,
roe T — paaunyc-BeKTOp, XapaKTepuaylLlUin CMeLleHWe 4YacTulibl U3 MONOXeHUs
paBHoBecusi, K — ynpyrocTb. MpuMepoM Takom cunbl ABNAETCSA cuia ynpy2ocmu
deghopmayuu rpy>KuHbl NP PACTSKEHUN NN CXKaTUK:
F =—kx,
roe K — X&cTKoCTb NpYXuHbl, X — ynpyras aedopMaums.
3) Cuna TpeHUsi CKOJbXEHUS BO3HWKAET MPU CKOSMbXEHUUM OaHHOro Tena no
NOBEPXHOCTU APYroro:

roe K — koaghgpuyueHm mpeHusi CKOMbXeHUS, 3aBUCSLLMIA OT NPMPOoabl N COCTOSHUSA
conpukacatolmxcsa nosepxHocten; N — cuma HopmanbHo20 OasrieHus, NPUXNMalo-
wasi Tpywmecss noBepxHocTU apyr Kk apyry. Cuna mpeHuss HarnpaseneHa o
KacamesnbHOU K mpywumMcsi [108EPXHOCMSM 8 CMOPOHY, [POMUBOINONOXHYH
dsuXxeHUto 0aHHO20 mersia OmHOcUMesibHO Opy2020.

MexaHuka
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Paboma u sHepaus

17.PaboTa, 3Heprus, MOLHOCTb

OHepausi — 9moO yHueepcasibHas Mepa pPas/uYyHbIX opM O8UXEHUS U
g3aumooletcmeusi. C pasnuyHbiMKM opmMaMn AOBMXKEHUS MaTepun CBA3bIBAOT
pasnu4yHble (OPMbl 3HEPrUM: MEXaHWYECKyl, TEensoByl, SNEKTPOMAarHUTHYH,
A0EpHYt0... MN3MeHeHne MexaHM4YecKoro [ABWXKEHWs1 Tena BbI3blBAETCS Curamu,
AENCTBYIOLLMMMN HA HEFO CO CTOPOHbI APYrnX Ten.

Paboma cusbl — 3TO KONMUYECTBEHHAs! XapakTepucTuka npouecca obmeHa
3Heprnen mexay B3anMoaenCTBYOLWNMN TeNamMMm.

Mpw npsMonuHeliHOM ds8uXeHuu Terna nop AeNcTBuem rnocmosiHHol cvnbl F
KOoTopasi coCTaBnsdeT HEKOTOpPbIA Yronl O C HanpasfeHnem nepemMelleHund, paboTta
3TOW CUnbl paBHa: A=Fs=Fscosa.

B obwem crnydae cuna MOXeET MU3MEHATbCA Kak Mo Moaymnto, Tak W no

~ HanpaBneHuo, NO3TOMY 3TOW POpPMYIioM MNONb30BaTbLCA
Henb3s. OgHako Ha anemMeHTapHOM (GEeCKOHEYHO Mariom)

o FS nepemMeLeHnn dr moxHo BBecTU CKaJllApHYyH BEIMUYNHY —

e

dr U anemeHmapHyro pabomy d A cunbi F
2 dA:(If-dF):FCOSa-ds:FSds.

Torpa paboma cunbl Ha y4yacmke mpaekmopuu OT
Fs Toukm 1 [gO Toukm 2 paBHa anrebpandeckon cymme
afieMeHTapHbIX paboT Ha oTAenbHbIX BDECKOHEeYHO ManbiX
yyacTkax nyTu:

AszdSCOSazjz‘Fsds.
1 1

= Ecnu 3aBucumocts F, ot S npepncrasnena rpacm-

ds yecku, To pabota A onpepgensieTcs nNnowanbio 3awTpUxo-
BaHHOWN durypbl (CM. PUCYHOK).

KoHcepeamueHoli (nomeHuyuanbHOU) Hasbigatom cusy, paboma komopol
onpedesnisemcsi mosibKO HadyaslbHbIM U KOHEYHbIM MOSIOXEHUSIMU mesia u He 3agucum
om ¢opmbl nymu. KOHCepBaTUBHBLIMWU CUIAMU SBIISIKOTCA CUIbl TATOTEHUS, YNPYrocTu.
Bce ueHTpanbHble cunbl KOHCepBaTWMBHLI. [pMMeEpoOM HeKkoHcep8amueHbIX CUIl
ABNSAOTCA CUMbl TPEHUS.

UToObl OxapakTepu3oBaTb CKOPOCMb CO8epweHuUs pabomel, BBOOAT MOHATME
mowHocmu. MowHocte N paBHa  ckansipHOMy dA FEdrF -
Nnpov3BedeHNi0 BeKTopa cumnbl Ha Bektop ckopocti, ¢ [N =—=—— :( ,5)
KOTOPOW ABMXETCH TOYKa NPUMOXKEHUSI 3TOWN CUMblI. dt dt

EduHuuya pabomsbi — pxoynb ([x) — paboTa coBepliaemas cunov 1 H Ha nytn
Im:10x=1Hm.

EduHuuya mowyHocmu — BaTT (BT): 1 BT — MOLWHOCTb, Npy KOTOPOW 3a Bpems 1 ¢
coBepluaetca pabota 1 [x: 1 Bt = 1 Ix/c.

18.KnHeTnyeckas n noteHUuanbHasa 3Heprusgs MexaHM4eCKowm CUCTeMbl

I KuHeTuuyeckass 3HeprMss MexaHWYEecKOW CUCTEMbI (K) — OTO 3Heprus
MEXaHU4YeCKOro ABMXXEHNS 3TOW CUCTEMBI.

Cvna, gencTBys Ha MOKOSILLEECS TEro U Bbi3blBas €ro ABWXEHMe, coBepluaeT

paboTy, a 3Heprus OBMXYLLErocs Tena BoO3pacTaeT Ha BeNUYMHY 3aTpadeHHOWN
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paboTtbl. Takum o6pasoMm, npupaweHue KUHEMUYECKOU 3JHEPrM 4Yactuubl Ha
3MNEMEHTApHOM MepeMelleHMn paBHO 3r1leMeHmapHol pabome Ha TOM  Xe
nepeMeLLeHnu:
dK =dA.
Teno maccon M, OBMXKyLLIEECSt CO CKOPOCTbIO U, 0bnagaeT KNHETUYECKON SHEPTUEN:
2

dAzlfdfzm(;—l:dfzmﬁdﬁ:mvdv:dK - K:jmvdu:mT”.
0

KuHemuyeckas sHepausi 3aBUCUT MOJIbKO OmM Macchl U ckopocmu Tena. lNoatomy
KnHeTudeckas aHeprua: (1) aBnsertca yHkyuel cocmosHUs cuctembl; (2) Bcerga
rnosnoxumersibHa; (3) HeoOuHako8a B pa3HbIX MHEPLMAribHbIX CUCTEMAX OTCHETA.

NoTeHuManbHas 3Heprua (W) — 9TO MexaHuW4yeckasi dHeprns cCuUcTembl Ten,

onpegensemMasi Ux B3avMHbIM PacrofioXXeHWeM U XapakTepoM CUi B3aUMOOENCTBUS
Mexay HAMM.

MoTeHumnanbHas aHeprust CMCTeMbl, NOAOOHO KMHETUYECKON 3HEPrUun, SIBNSETCS
dyHKUMEN cocTosIHMA cucTeMbl. OHa 3aBUCUT MOJIbKO OM KOHgbuaypauyuu cucmemsl
€€ MoNoXEeHNS N0 OTHOLLEHUIO K BHELLHUM Tefnam.

lMpumepbl nomeHyuanbHOU 3Hepa2uu:

1) MoTeHumanbHas aHeprusi Tena Maccon M Ha Bbicote h: W =mgh.
kXZ
2) MoTeHuManbHaa aHeprusa NPYXuHbl, pacTaHyTon Ha annHy X: W = 7

EQuHuua KkMHeTU4eckom 1 noTeHunanbHon aHepauu — [xoynb (Ox).

19.3aKOH cOXpaHEHUs 3Heprum

lMonHasi MexaHu4Yeckasi 3Hepa2usi cuUcmeMbl — 3HEeprus MexaHU4eCcKoro
ABMXeHus un B3aumopencteus E =K +W — paBHa cymme KMHETUYECKOW W
NoTEeHUNanbHON 3HepPrmn.

3aKkOH COXpaHeHUSsI 3HepPrun: B CUCTEME Ten, Mexay KOTOpbIMU AeNCTBYHT
TONbKO KOHCEep8amueHbIe Cuslbl, NONHas MeXaHU4Yeckasi 3HEepPrusi COXpaHsIeTcs, T.e. He
N3MEHSIETCSA CO BPEMEHEM:

K+W =E =const.

310 — dyHAaMeHTanbHbIX 3aKoH npupoabl. OH sABNsieTcs CcneacTBUEM
00HOPOOHOCMU 8pPEMEHU — WHBAPUAHTHOCTN (PU3NYECKMX 3aKOHOB OTHOCUTENBHO
BblbOpa Havyana oTcyéta BpeEMEHM.

MexaHn4yeckme CUCTEMBbI, Ha Tena KOTOpbIX AEeNCTBYHOT TONbKO KOHCEpBATUBHbIE
cunbl (BHYTPEHHME U BHELLHWE), Ha3blBAlOTCA KOHCepeamueHbIMU cucmemamu. B
KOHCepeamueHbIX cucmeMax [oJfIHass  MexaHu4yeckasi 9Hepaus  ocmaémcs
nocmosiHHou. MoryT nuwb NPOUCXOAUTb MNPEBPALLEHUsT KMHETMYECKOW 3HEeprun B
noTeHUManbHy0 1 00paTHO B 3KBMBAIEHTHbIX KONMYECTBaX, Tak YTO MOfHasa 3Heprus
OCTaéTCs HEU3MEHHOWN.

HduccunamueHblie cucmemMbl — CUCTEMbI, B KOTOPbIX MEXaHu4yeckasi 3Heprusi
NMOCTENEHHO YMEHbLUAEeTCA 3a CYET npeobpasoBaHus B Apyrne (HemexaHudeckue)
dopmbl 3Heprun. B cucteme, B KOTOPOM AEWCTBYIOT TaKKe HEKOHCEPBATUBHbLIE CUMbI,
Hanpumep, Cunbl TPEHWUSs, MOJSIHas MexaHu4yecKkasi dHepausi cucmeMbl HEe COXpaHsi-
emcs. OgHako npu "MCYE3HOBEHUWN" MEexaHU4YeCKOW 3JHepruM Bcerga BO3HUKaeT
SKBMBANeHTHOe KONMWYeCcTBO 3JHepruM Apyroro Buaa. Takum obpasom, 3Hepausi
HUKo20a Ha uc4e3aem U He Mosiesiiemcsi HO8b, OHa JIUWb Npespauwjaemcsi us
00HO20 euda e dpyeol. B atom 3akniouvaeTcsa gpusuyeckass CyujHocmb 3aKoHa
COXpaHeHUs1 N NPEeBPALLEHNSA SHEPTUN — CYLLLHOCTb HEYHUYTOXUMOCTU MaTepumn n eé
ABVKEHUS.

MexaHuka
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20.CoypapeHus

I Ypap (coypnapeHue) — 3TO CTONKHOBEHWE OBYX unu 6onee ten, npu KOTOPOM
B3aMMOJENCTBME ANIUTCH OYEHb KOPOTKOE BPEMSI.

LenmpanbHbili yOap — 3TO ygap, Npu KOTOpPOM Tena A0 yaapa ABWXKYTCS MO
NPAMON, NpoxoasLen Yepes nx LeHTpbl Macc.

Ab6conromHo ynpyauti yoap — CTONKHOBEHUE OBYX Terl, B pe3ynbTare KOoTOporo
B 000MX B3aMMOLEMWCTBYIOLLMX Tenax He OCTaETCs HWKakux gedopmauui, u BCs
KMHeTMYeckas 3Heprusi, kotopor obragjanu Tena [oO ygapa, nocne ygapa CHoBa
npeBpawaeTcsa B KUHETMYECKYHD 3Hepruio. BbINOMHAKTCA 3aKOHbI CcOXpaHeHUus
UMNynbca U COXPaHEHNA MEeXaHUYECKOW SHEPTUN.

OGo3sHaumM CKOpOCTM WapoB ¢ Maccamm My 1 M, Ao ygapa yepes U; U U,

nocne ygapa — 4depes 171 " 17’2. PaccmoTpum npsmon ueHTpanbHbi yaap. 3akoHbl

2 2 12 2
Moy | Ml _ Mty | Myt
2 2 2 2
o = (m2 - m1)”2 +2myuy
2 - .

m, +m, m, +m,
A6cosmromHO Heynpyaul ydap — 3TO CTONKHOBEHME ABYX Ten, B pe3ynbrate
KOTOpOro Tena o6beanHsATCS, ABUrasiCb Aanblue Kak eguHoe Teno.

. . . . Uy +MyU .
Myt + MU, = (M +m, )0, o="00% gy m=m, o=91%
Rl 2 =M,
my +m, 2
He ebinonHsiemcsi 3akoH COXpaHeHunA MeXaHNU4eCcKomn QHeprnn: Bcreacrteune

AedopmMauun YacTb KMHETUYECKON 3HEPTMN MEPEXOaUT BO BHYTPEHHIOK 3HEPIUIO Ten
(pasorpeB). 3TO yMEHbLUEHNE PaBHO:

o ML med ) e mm (g
2 2 2 2(my+m,)

Ecnu ynapsiemoe Teno 6biro nepBoHavanbHO HENOABUMXHO (02 = O), TO:

cCoXpaHeHust: MUy + Myv, = Mv; + Myus,

—m, Juy +2myv
Ortcioga: viz(ml 2)u 22,

2
v m v

TP L\ QL JRLLL s N m,>>m, 1o v<<u n AK = K,.
m, +m, m+m, 2

MexaHuka meépdoz2o mena

21.MoMeHT uHepuum

MomeHmomM uHepyuu mMamepuasibHOU MOYKU OTHOCUTESNBHO OCU BpaLlleHus
Ha3blBaeTCcs nNpou3BedeHMe MacCbl 9TOW TOYKM Ha KBagpaTt
paccTosHUSA OT OCW. J; = miriz_
MomeHmoM uHepyuu cucmembl (Tena) omHOCUMESIbHO OcCU i
gpaweHuUss HasblBaeTca u3ndeckasi BenuMyMHa, paBHad cymme | ] :Zmiriz.
npounssegeHnn macc N mMaTepuanbHbIX TOYEK CUCTEMbI Ha KBagpaTbl -1
MX pacCTOsAHUM OO paccMaTpmMBaeMoun OCH.
B cnyyae HenpepbIiBHOrO pacnpegeneHnss mMacc 3Ta CymMma CBOAUTCS K

m
nHTerpany J = JO r2dm , TOe NHTErpMpoBaHne npons3soanTcs no oobLEMy Tena.

rnaeHbIli MOMEeHmM UHepuuu — MOMEHT MHEPLUM OTHOCUTENbHO FMaBHOW OCKU
BpaLleHuns rnpoxodsuweli Yepe3 ueHmp macc.

A.H. OrypuoB. @u3suka 08 cmydeHmos



1-15

MOMEHT uHepuMn Temna 3aBUCUT OT TOr0, OTHOCWUTENbHO KakoW OCKM OHO
BpallaeTcs 1 Kak pacnpeaeneHa macca Tena no o6beémy.

MoMeHTbI UHepLUMN OQHOPOAHLIX Ten Maccou M, UMelLWMUX NPaBUITLHYIO
reomeTpuyeckyro oopmy 1 paBHOMepHOe pacnpeaerieHMe Macchbl No 06 LEMY.

Teno [MonoxeHne ocn BpaleHus MoMeHT nHepumn

[NonbIn TOHKOCTEHHbIN 2
Ocb cnmmeTpum mR

unnuHap paguyca R

Y 1
CnnowHon uMnuuap mnm Och cMMeTpIM 2 mR2
avck paagmyca R 2
[MpsiMon TOHKUN Ocb nepneHanKynapHa CTEPXKHIO U imlz
cTepxeHb anuHon | NPOXOANT Yepes ero cepeanHy 12

2

Lap paguycom R Ocb npoxoanT Yepes LeHTp wapa ngZ

Ecnu n3BecteH MOMEHT MHEPLMN Tena OTHOCUTENbHO OCU, NPOXOoAsLlen vyepes
ero LEeHTP mMacc, TO MOMEHT MHEepLMM OTHOCUTENbHO Nobon apyron napannenbHomn
ocu onpegensietca Teopemon LLitenHepa:

MOMEHT WHepuun Tena J OTHOCUTENbHO MNPOU3BONBLHOM OCU Z paBeH CyMMe

MOMEHTa ero MHepuun J. OTHOCWUTENbHO napannenbHoW ocw,
npoxodsdulen Yyepes ueHTp macc C Tena, n nponssegeHVs Macchl J,=Jc+ ma?
M Tena Ha KBagpaT PacCTOSHUS & MeXay OCsIMU.

Hanpumep, MOMEHT MWHEpUMM NPSIMOrO TOHKOFO CTEPXKHS
anvHon | oTHocuTenbHO ocu, KoTopas NeprneHanKynapHa CTEPXKHIO U NPOXOOUT Yepes
ero koHel (aTa ocb otcTouT Ha |/2 oT ocu, NpoxoasiiLen Yepes LEHTp CTEPXkHS):

2
|

J,=Jdc+m| = :imlz+%ml2

-~
3

Takum o6pas3om, BenuMuMHa MOMEHTa WHepuMu 3aBUCUT OT BblOOpa ocu
BpaLleHus.
22.KnuHeTnyeckas aHeprusi BpaweHus

ABConTHO TBEPAOE TENO BpaLLAETCs OKOMNO HEMOABMXHOM OCU Z , MPOXOASLLEN
yepe3 Hero. Bce Toukm Tena OBMXYTCA C OOMHAKOBOW YrIIOBOW CKOPOCTbIO

®=const. KuHeTuyeckas SHeprn4a Tena.

2
K :Zn:mi—l)izzzn:mi(wﬁ) :(D—Zm-rz _J,0
B 1'1 ’
P o 2 = 2 2 ¢ 2
raoe J, — MOMEHT MHepLun Tena OTHOCUTENBbHO OCKu Z .
Ecnn Teno coBepliaeT noctynatenbHoe U BpaliaTenb- mu? J, o
HOe [BINKEHNA OAHOBPEMEHHO, TO €ro MosHas KMHeTn4eckas :T+ 2
3Heprusi paBHa CyMMe KMHETUYECKUX SHEPTUN.
N3 conocTtaBneHuss popmyn KMHETUYECKOW 3Heprm Lna nocTynaTesibHoro u
BpallaTenbHOro ABMXEHU BUOHO, YTO Mepol UHepmHocmu npu epaw,amesibHOM
deuKeHUU CJIYXKUm MOMeHmM UHepyuu merna.

2

23.MomMeHT cunbl

MomeHmom cunbi F oTHocuTenbHO HEeNnoOABMXHOM TOYKM O HasbiBaetcs
CbI/I3W-IeCKa$I BeIIM4nHa, onpepgendemMasd BEKTOPHbIM npou3BedeHnemM paguyca-

MexaHuka
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BekTopa I, npoBeaéHHoro n3 Toukn O B Touky A

—

NnpuUNoXXeHn4d cusbl, Ha CUIy F:

M =[F,F].
Moaynb momerTa cunbl: M =Frsina=Fl, roe
| =rsina - nneyo cunbl - «kpaTuaiee

paccTodAHne Mexay JMHWEeW LOENCTBUA Cunbl U

—

Toukont O; oo —yronmexay I n F.
Momenmom cunbl omHOcUmMesIbHO HernoO8UXXHOU ocu Z — HasblBaeTcs

—

CKalisipHas BeliM4nHa M ;» PaBHaga npoexkumnmn Ha 3Ty OCb BEKTOPa M momeHTa CUIbI,

onpe,u,enéHHoro OTHOCUTEJIbHO I'IpOI/I3BOJ'IbHOI7I Toukn O AaHHOM ocn Z. 3HayeHue
MOMEHTa He 3aBUCUT OT Bbl60pa nonoxeHusa Toukn O Ha ocu Z.

24.OCHOBHOE YpaBHeHME ANHAMUKU BpallaTesibHOro ABMXXEHUA TBEPAOro Tena

Mpu noeopoTe Tena nog AevWcTeMem cunbl F Ha GeckoHeYyHO Manblii yronm d(p
Touka npunoxeHusi cunbl A npoxoaut nyte dS=rd@, n pabota paeHa:
dA=Fsinarde=M,deo.
PaboTa BpaleHns Tena ATt Ha yBesrimdeHne ero KUHeTUYECKON SHEPTUN:

dA=dK =d((J,0°)/2)=J,0de.

d dow
AL J,0——, oTkyAa cregyeT ypaeHeHue

dt dt
OuHaMuKu epawjamesibHo20 dguxeHusi meépdozo mena: M, =J,-B3.

Ecnu ocb spaweHusi coernadaem C 251a8HOU OCbi UHEepuuu,
NPOXOASILLEN Yepe3 LEHTp Macc, To umeeT MecTto BektopHoe | M, =J,-B.

Torpa M,do=J,0dw, unn M,

paBeHctBo M =J -3, rae J — enaeHbili MOoMeHm uHepyuu mena
(MOMEHT MHepUUN OTHOCUTENBHO rMaBHON OCK). M=J-

gel!

25. MOMEHT MMnynbca U 3aKOH ero CoxpaHeHus
MomeHmom umnynbca (KOnNM4ecTBa OBWXEHUS) MamepuasnibHol moyku A
omHocumesnbHo HenodewxHoli moyku O HasbiBaeTcs dusMyeckass BenUYMHa,
onpeaensieMas BEKTOPHbIM Npou3BeAeHNEM:
C L =[F, p]=[F,mv].
MomeHmom umnynbca omHOcuUmMesibHO
Hernodeu)XHOU ocu Z Ha3blBaeTCA CcKansipHas

P BenuunHa L,, paBHas npoekumy Ha 3Ty ocb
BEKTOpa MOMEHTa uMnyrnbca, onpenenéHHoro

r OoTHOCUTENbHO npouasonbHoin Toukn O aaHHOM
och. 3HauveHMe MomeHTa wumnynbca L, He

3aBucuT oT nonoxeHus Toukn O Ha ocu Z.
lpu epaweHuUu abconoTHO TBEPAOro Tena
BOKPYI HEMOABWXHOW OCK Kaxkaas Touka Tena OBMXKETCS 110 OKPYXXHOCMU NOCTOSIHHOIO

paguyca [ co ckopocTblo U; reprneHOuKynspHol paauycy. MomeHT wumnynbca

oTAenbHOW 4YacTuubl paBeH Ly, =M 1 HanpaBneH No ocu B CTOPOHY,
onpeaenseMylo MpasBuIioM MPaBoro BMHTA (COBMagaeT C HanpasreHuem BekTopa
YrNoBOW CKOPOCTU ® ).

A.H. OrypuoB. @u3suka 08 cmydeHmos
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Momernm umnynbca meépdo2o mena n n )
OTHOCUTENbHO OCWU €CTb CyMMa MOMEHMO8 L, :Zmiviri :Zmi@ri =J,®
MMMYNbca OTAEMNbHbIX YaCTULL: ] =

diL, . do

MpoauddepeHLMpyem No BpEMEHN: pral J, it =J.p=M,.

—

y dL =~ "
B BekTopHou popme: M = T =L — ewé ogHa chopma ypaeHeHuUs1 QUHaMUKU

epawamesibHO20 deuxeHusi TBEpAOoro Tena.

B 3amkHyTOIN cucteMe MomeHT BHewHux cun M =0, cnegosatensHo, n L =0.
3aKoH coxpaHeHUss MOMeHTa WMMynbca: MOMEHM UMIy/bca —
3aMKHymoUl cucmeMbl COXpaHsiemcsl, m. e. He U3MeHsiemcsi C L = const
meyeHueM 8peMeHU:

310 — dyHOameHTanbHbI 3akoH npupodbl. OH sBNsieTcs cneacTBUEM
U30mMpPONHOCMU _NPOCMPaHcmMea: WHBAPUaAHTHOCTb (OU3MYECKMX 3aKOHOB OTHOCU-
TenbHO BblOOpa HanpaBreHns ocell KoopAMHAT CUCTEMbI OTCHETA.

MNpwn paBHOMEpPHOM BpaLleHUM TBEPAOro Terla OTHOCUTENbHO HEKOTOPOMW OocUu Z

3aKOH COXpaHeHMs1 MOMeHTa UMNynbca L = const pasHocune: J,o=const.

26.CpaBHUTeNIbHaA Tabnuua OCHOBHbIX BEJINYUH U COOTHOLUEHUN AnA nocryna-
TEeNIbHOro ABUXXEHUS Tesla U ANS ero BpaweHns BOKPYr HenoaBUXXHOM OCU

MocTtynaTtenbHoOe ABWXeHMe BpawartenbHoe gBuXeHue
Macca m MoMeHT nHepuun J
lMNepemelieHne dr Yrnosoe nepemMeLlleHne d (p
CkopocTb G=r YrnoBasi CKOPOCTb & = (P
YckopeHue a=0 Yrnosoe yckopeHue B -5
Cuna = MoMeHT cunbl M
mnynbce p MoMeHT nmnynsca L
PaboTta dA= Fsds PaboTta dA= Mzd(P
KnHeTnyeckas aHeprus mu? /2 KnHeTnyeckas aHeprus J.0? /2

zZ
F=ma M=J-PB
OcHoBHOE ypaBHeHue a5 OcCHOBHOE ypaBHeHNE =
ANHAMUKN F = ap ANHAMUKN M = d_l-
dt t

Heghopmauuu meépdozo mena

27.0edopmaumnm TBEPOOro Tena

PeanbHble Tena He ABNAOTCA abCOMTHO yNpyrumu.

Hecgopmayusi — 310 n3MeHeHMe GOpMbl U pasMepoB TBEPAObIX Ten nog
AENCTBMEM BHELLUHUX CUIT.

lMnacmu4veckasi de¢hopmauyusi — 3T0 gedopmaums, KOTopasi CoXpaHseTcs B
Tene nocre npekpalleHnsa 4enCTBUSA BHELLHMUX CUT.

Legopmayus Hasbigaemcsi ynpyaou, ecrnv nocne npekpawleHns OencTBud
BHELLIHMX CWI TENO NPUHUMAET NepBOHaYarbHble pasMepbl 1 opmy.

MexaHuka
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Bce Buabl gedopmaumin (pactsxeHue, cxatme, nsrnmb, KpydeHue, caBur) MoryT
OblTb CBeAeHbl K OQHOBPEMEHHO MPOMCXOOAWMM AedopMaLmaM pacTsHKeHUs (Unu
ckaTus) n casura.

HanpsixxeHue G — 370 (hmnsnyeckas BenNnYmMHa, YNCNEHHO paBHas d |E|

- puai e
ynpyron cwune dFe|astiC, npuxoasulenca Ha eauHuuy nrowaan dS 6= ds
ceyeHuns Tena:

Ecnn cuna HanpaBneHa nNo HoOpManu K MOBEPXHOCTW, MO HarpsikKeHue
HOpMaJibHOe, eCNN — N0 KacaTenbHOW, TO HarnpsiXXeHUe maHaeHyuasibHoe.

OmHocumernbHasi dehopmayusi — KONNYECTBEHHAN Mepa, XapakTepuayroLas

cTeneHb Aedopmaumy K onpedensiemas OTHOLUEHMEM abCOoMoTHOM Ax
nedopmaumm  AX K nepBoHaYanbHOMY 3HAYEHUIO BEMUYMHBLL X, —
XapakTtepuaytoien popmy unu pasmepsl Tena: —> X
Tak, Al
— omHocumenbHoe usmeHeHue OnuHbl | cmepxHs (npoponbHas | €= 0
aedopmauus) €: —> Ad
— omHoOcumernbHoe nornepeyYyHoe pacmsixeHue (cxamue) €', g =—
roe d — anameTp cTepxHS. , d
Oedopmaumn € 1 &' Bceraa UMEKOT pasHble 3Haku: & = —ue, & =—He

roe W — MNONOXWUTEnNbHbIN KO3IPMULIMEHT, 3aBUCALLMW OT CBOWCTB MaTepuana u
Ha3blBaeMbIn KoaghgpuyueHmowm fllyaccoHa.

28.3akoH lNyka

Ana  wmanbix dedopmaunid  oTHocuTenbHas AedopMauus € | 5= Eg
NPoNopLMOHanbHa HaNPSXXeHUO G :

3aoecb E — koadbdumumeHT nponopumoHanbHOCTU (MOAY b YNPYFroCTH), YNCNIEHHO
PaBHbIN HaNPsHXKEHUIO, KOTOPOE BO3HUKAET NPy OTHOCUTESNBbHON AedhopMaunn, paBHOM
eguHuue.

Ona cnyyas OOHOCTOPOHHEro pacTshkeHus (Cxatus) Mogynb  YNpyrocTtu
Ha3blBaeTcsi ModysieM FOHza.

Al o F ES
3anucas € =— =—=——, nonyunm F =——Al =k - Al — 3akoH lNyka:
I E ES I
yOJIMHEHNE CTEPXXHSA Npu ynpyron aedopmaumm NponopLmMoHanbHO AENCTBYIOLWEN Ha
cTepxeHb cune (3aecb K — koadbduumeHT ynpyrocTn).

AnemMeHmMbI MexaHUKuU Xxudkocmel

29.daBneHue B XUOKOCTU U rase

CBoWcTBa >XMAOKOCTEM W ra3oB BO MHOroM omisu4aromcs. Monekynbl rasa,
coBepLlasi XaoTU4yecKoe ABUXKeHMe, paBHOMEPHO 3anOSNHAKT BECb NpeaoCcTaBneHHbIN
UM O0OBEM. B Xmakoctax, B OTNMYME OT rasoB, CpedHee pacCcTosiHue Mexay
MOSEeKynamm OCTaéTCsl MNPaKTUYECKM MNOCTOSIHHbIM. YXUAOKOCTb, COXpaHAs OOBLEM,
npUHUMaeT popMy cocyaa, B KOTOPOM OHa 3aKro4veHa.

OpHako 8 pside criydyaes, Korga XWOKOCTU U rasbl MOXHO paccMaTpmBaTtb Kak
Cr/IOWHy0 cpedy, NX NoBeAEHNEe ONUCLIBAETCA OOMHAKOBbLIMM 3aKOHaMN — 3aKOHaMMU
2udpoaapomexaHuku. [103TOMy NOMb3YyTCA €ANHBIM TEPMUHOM "XKUOKOCMB".

B dwmauke ucnonb3yetca qpusuyeckass mMoOesib HEC)KUMAEMOMW XUOKOCTU —
XUAKOCTWU, NSIOTHOCTb KOTOPOW BCIOAY OANHAKOBA N HE MEHSIETCS CO BPEMEHEM.

A.H. OrypuoB. @u3suka 08 cmydeHmos
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Ha kaxabli anemMeHT noBepxHocT AS Tena, NOMELEHHOrO B XXMOKOCTb, CO
CTOPOHBLI MONEKYN XuakocTu aencteyeT cuna AF , HanpaeneHHas nepneHauKynspHo
NOBEPXHOCTH.

HaeneHuem xudkocmu Ha3biBaeTCa QuU3nYeckas BenuMyuHa, _ﬁ
onpefensemMas HopMarbHOW CUMOW, [OEUCTBYHOLLEN CO CTOPOHbI T AS
XNOKOCTU Ha eauHULY Nnowaau: —>

EduHuua OaeneHusi — nackanb (Ma). 1M1a paBeH gaBneHuo, co3gaBaeMomy
cunon 1H, paBHOMEPHO pacnpefenéHHOM MNo HOpPMaribHOM K HeW MOBEPXHOCTU
nnowaabio 1M (1 Ma= 1 H/m?).

[aBneHne npu paBHOBECUMM XKWOKOCTEM WM [a30B MOOYMHAETCA 3aKOHY
Mackansa: [daBneHne B nobomM MecTe MNOKOSLLENCS XWOKOCTU OAWHAKOBO MO BCEM
HanpaBneHuaM, NpUYEM [aBfeHMe OAMHAKOBO nepenaérca no Bcemy OOBLEMY,
3aHATOMY MOKOSALLENCS XKNOKOCTbIO.

Mpn paBHOBECUN XWOKOCTM [aBfeHWEe MO FOPU3OHTanNM Bcerga OAWHAKOBO,
noaTomy cg80bo0Hasi nMog8epxHocCmb XUOKoCcmuU eceada 20pu30HMarsibHa BOann oT
CTEHOK cocyaa.

Ecnun xngkocTb Hecxumaema, TO €€ NAOTHOCTb He 3aBUCUT OT AaBneHus. Toraa
npu nonepeyHoM ceveHmn S cronba XuOKocTu, ero BbicoTe N u nnoTtHocT p Bec

P =pgSh, a naenexvie Ha HWXHee OCHOBaHWE U3MEHSIETCA JIUHEUHO C BbICOTON:
P pgSh h
P=Z=—"c—=pPAON.
S S
[Oaenenne pgh HasbiBaeTCs 2udpocmamuyecKum.

Cuna gaBneHus Ha HWXHUE Crou Xugkoctn byaet Gonblue, YEM Ha BepxHue,
No3TOMy Ha Temno, MOrpy)XeHHOe B >XMAKOCTb AENCTByeT cwuna, onpegensemas
3aKOHOM Apxumeda: Ha Teno, MNOrpyKeHHoe B XXWOKOCTb WK ras, AeWCTBYeT CO
CTOPOHbI 3TON XNAKOCTU (rasa) HanpaBneHHas BBEPX BbiTankuBawLwas cuna, paBHas
BECY BbITECHEHHOWN TEMOM XMUOKOCTK (rasa):

Fa=pgV,

roe p — NNOTHOCTL XuakocTn, V. — 06BbEM NOrpy>KEHHOro B XXUAKOCTb Tena.

P

30.YpaBHeHUe Hepa3pbIBHOCTU

[IBM>XXEHMEe  XMOKOCTU  Ha3blBaeTcs
meyeHueM, a COBOKYMHOCTb  4acTul
ABVXKYLLIENCS XKUOKOCTU — MOMOKOM.

padomyeckn OBMXKEHME  KUOKOCTEWN
n3obpaxaeTca C MOMOLLbI JIUHUU MOKa,
KOTOpble NPOBOAATCS TakK, YTO KacaTesbHble
K HMM coBMagalT MO HanpaBfeHU C
BEKTOPOM CKOPOCTWU >XMAKOCTM B [OaHHbIN
MOMEHT BPEMEHMN.

JinvHnn TOKa NpoBOAATCS TaK, 4YTOOLI
ryctota ux 6bina 6onbwe Tam, rae donblue
CKOPOCTb TEYEHUS XUOKOCTU, U MEHbLUE
Tam, rae XuaKocTb TeYET MearieHHee.

UacTb XMOKOCTW, OrpaHuMYEeHHas nu-
HUAMW TOKa, HasblBaeTca mpy6kKol moka.

TeyeHune XUOKOCTU Ha3blBaeTcs
ycmaHoeuswumMcsi (WNn cmayuoHapHbIM), ecnn opma 1 pacnosfioXeHne INMHUN
TOKa, a TaKkKe 3Ha4YEeHNs1 CKOPOCTEN B KaXXOO0N €€ TOUYKE CO BPEMEHEM HE U3MEHSAIOTCA.

MexaHuka
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PaccmoTpum Tpy6Ky Toka, BblGpaB ABa ceveHunss S; u S,, nepneHAnKynsipHble
HanpaeneHuto ckopocTu. 3a BpeMsa Al yepes ceyeHne S NPoOXoaUT 0GBLEM XKMOKOCTM
SvAt. Ecnu xunakocTe Heckumaema, To Yepe3 S, 3a 1 ¢ NponaéT Takoi xe 06bEM
XWMOKOCTU, YTO U Yepes S, :

Sy =S,v, wnm  Sv=const — ypasHeHue Hepa3pbieHOCMU.

[NpouseedeHuUe cKopocmu meYeHUs HecXXumMaemol XUOKoCmuU Ha rorepeyHoe
ceyeHue mpybKku moka ecmb 8esludUHa rnocmosiHHasi 0s11 GaHHOU mpybKu moka.

31.YpaBHeHue BepHynnu

UdeanbHoU »xudkocmbio HasbiBaeTCsl Boobpaxaemasi >XWOKOCTb, B KOTOPOW
OTCYTCTBYIOT CUJITbl BHYTPEHHENO TPEHMS.
B craunoHapHo Tekywen udeanbHoU Xudkocmu Bblbupaem TpyOky TOKa,

OrpaHN4YeHHyro CeYeHnAaMHn Sl n SZ' Mo 3adKOHY COXpaHeHud 3Heprmn MUaMeHeHune

MOJIHOW 3HepPruM XWUAKOCTU Maccoid M B MecTax cedeHwit S; u S, paBHo paboTe
BHELLHMX CWI MO NepeMeLLeHnio 3Ton Maccbl xuakoctn: E, —E; = A.

2 2
El:—m;)l —I-mgl”h, E2 :%+mgh2, A: F1I1+ F2|2, Ilzlet, |2 :UzAt,
F=pS;, F=—p,5,.
CnepoBaTenbHO:

) 2
m_gl +mgh + pSpAt = % +mgh, + P,S,vpAL.

CornacHo ypaBHEHUIO HENPEPLIBHOCTA, 06 LEM, 3aHUMaEMbIV KUAKOCTbIO:
Wcnonb3yss m=pAV , roe p — NNOTHOCTb XMUOKOCTM, NOMYYUM
2

v
p7 + pgh + p =const — ypaeHeHue BepHynnu,

rae P — cmamuyeckoe OaenieHue (OABNEHWE >XUOKOCTM Ha MOBEPXHOCTU

2
obTekaemoro Tena); pgh — audpocmamuyeckoe AaesneHue, % — duHamu4eckKoe
daeJsieHue.

YpaBHeHne bBepHynnn — 3TO BblpaXXeHMe 3akoHa COXpPaHEeHUs 3JHeprum
NPUMEHUTENBHO K YCTAHOBMBLLEMYCSI TEHEHUIO naeanbHOM XUOKOCTH.

N3 ypaBHeHna bBepHynnn n ypaBHEHUA HeEpas3pbIBHOCTM CcCregyeT, 4To npu
TEYEeHUN XMOKOCTU no Tpybe, umerowen pasnuyHble CeYeHUsi, CKOPOCTb XXWOKOCTH
Oonblie B MeCTax CYXeHusi, a CTaTMyeckoe aaBneHue Gonbwe B 6onee WMPOKNX
MecTax.

32.Bsa3kocTb (BHYTpPEeHHee TpeHue)

Bsizkocmb — 3TO CBOWCTBO pearibHbIX XWUOKOCTEN OKa3blBaTb COMPOTUBIEHME
nepemMeLLeHnio 04HOM YacCTu XXUAKOCTU OTHOCUTENBHO OPYron.

Mpn nepemeLLeHnn OOHNX CINOEB peasibHOU XUOKOCMU OTHOCUTENbHO ApPYruX
BO3HUKAIOT CUJSIbI BHYMpPEeHHe20 mMmpeHUs, HanpaBfeHHble N0 KacamesibHoU K
NOBEPXHOCTUN CINOEB.
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Bonee GbicTpble crnon yckopstoT 6onee MmeaneHHble, 1, HA060POT, MeafEeHHbIe
Crion TOPMO3SAT MpuneraloLme K HAM GbicTpble cron. FpadueHm ckopocmu Av/AX

nokasblBaeT, Kak ObICTPO MEHSIeTCs CKOpPOCTb MpW nepexode OT Crosi K Crow B
HanpasfieHMn X nepneHauKyrnsipHOM HanpaBIieHUIO OBUXEHUS CITOEB.
Cuna eHympeHHe20 mpeHuUsi TNporopLuMoHarnbHa rpagneHTy Av
CKOPOCTW U paccMaTpuBaeMon nrowaamn nosepxHocTm cnoa S: —> F=n & S
KoadppuumeHT  nponopumoHanbHOCTU 1|, 3aBUCALLMW  OT

npuvpoabl XWOKOCTW, HasblBaeTCcsd OuHaMu4yeckol es3Kocmbho (U MNpOCTO
8513KOCMbI0).

EduHuya ssi3kocmu — nackanb-CeKyHaa — AMHaMMyeckas BSI3KOCTb Cpefbl, B
KOTOPOW Npu NTaMUHAPHOM TEYEeHUU U rpagveHTe CKOpOCTUM C MoayrnemM pasBHbiM 1 Mm/c
Ha 1M, BO3HMKAaeT cuna BHYTpPeHHero TpeHus 1 H Ha 1 M? NOBEpXHOCTU KacaHusi
cnoés (1 Ma c =1 H c/m?).

Yem 6ornblue BA3KOCTb, TEM CUMbHEE XUOKOCTb OTNMYaeTca OT uaeanbHON, TeM
Oonblle cunbl BHYTPEHHEro TPEeHUS B HeW BO3HMKAKT. Bs3kocme 3asucum om
memrepamypbl, NPUYEM XapakTep 39TOW 3aBUCMMOCTU OS19 XUOKOCTEN W rasoB
pasnuyeH (Ons >XMOKOCTEeN T C yBENnuMYeHuem TemnepaTtypbl yMeHbLUaeTCs, Y rasos,

HaobopOoT, yBEeNUUMBAETCs), YTO YyKasblBaeT Ha pas/iuyue B HUX MexaHU3MOo8
8HYMPEHHE20 MPEHUS].

33.0Ba pexuma TeuYeHUs XXUAKoCcTeu

TeyeHne HasbIBaeTCA JJTaMUHapPHbIM (CrioucmabiM), €CIN BOOMb NOTOKA KaXKabln
BblAENEHHbIN TOHKWMMA CIOWN  CKOMb3UT OTHOCUTENbHO COCEAHUX CIOEB, He
rnepemewiugasicb C HAMMN.

JTammHapHOe TeudeHue XMAOKOCTU Habnwogaetcs npu HeBOMbLUMX CKOPOCTSX €€
ABWKEHUs. BHeWwHW Ccron XugkocTu, MNpUMbIKaKOLWMIA K MNOBEPXHOCTU TpyObl, B
KOTOPOWM OHa TEYET, U3-3a CUIT MOJSEKYNSPHOro CUensieHna npununaet K Hem u
OCTaéTcsa HenoABWXHbIM. CKOPOCTU nocnenywmx crioés Tem bonblle, yem bornblue
UX pacCTosiHMEe [0 NOBEPXHOCTU ¢ ]

Tpybbl, U HanbonbLlen CKOPOCTbH ,“,,,, ﬁj,r,,,_’ [~
obnapaeTt cnomn, ABVXKYLLMIACA ——>
BOOMb OcK TPY6bI (puc. (a)). — =

TeuyeHne HasbiBaeTcss mypby- >
JIeHMHbIM (8uxpeebIM), eCrin 4Yac- —
TUUbI XXUAOKOCTU r1epexodsim n3 cros /
B crnon (MMewT cocTaBnswowme (b)

CKOPOCTEW, NEePNEeHAMKYISPHbIE TEYEHUI). ITO COMPOBOXAAETCA WHTEHCUMBHbLIM
rnepemewiugaHUEM XnaKocTu (rasa) u suxpeobpasogaHuem.

CKopocTb 4acTuy ObICTpO BO3pacTaeT Mo Mepe yaaneHus OT MOBEPXHOCTU
TPYyObl, 3aTeEM W3MEHSIeTCA AO0BOSIbHO He3HauuTemnbHO, BCNeacTBUE WMHTEHCUBHOTO
nepemeLwumsanus (puc. (b)).

Konu4ecmeeHHO NEpeXof OT OBHOTO PeXVMA TEWeHNs | o _ p(v)d (v)d
K Apyromy xapakrtepusyetcsa yucsiiom PeliHonbdca, Re. €= n - v

3gecb y=m/p - KuHemamuyeckas 653KOCMb;

P — NIOTHOCTb XWAOKOCTU; <U> — CpegHAAa no ceYvYeHuto pr6bl CKOPOCTb XWOKOCTH,

d — xapakTepHbIii MMHENHBIN pasMep, Hanpumep auaMmeTp Tpy6bi.

Mpyv Manbix 3HaveHuax uducna PeiiHonbaca (Re<1000) Ha6niogaetcs
NaMnHapHOEe TeyeHue, rnepexod om raMuHapHoO20 TeveHus K mypObyrneHmMHoMy
npoucxogut B o6nactn 1000<Re <2000, a npu Re=2300 (ons rnagkux Tpyod)
TeyeHne — TypbyneHTHoe.
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34.MeToAbl onpeaeneHnsa BA3KOCTU

1. Metoa CTtoKkca OCHOBaH Ha U3MepPEeHUU CKOPOCTU MEASIEHHO OBWXKYLUUXCHA B
XnOKocTn HebonbLUMX Ten ceprnyeckon opmbl.
Ha wapwk, nnoTHOCTbIO P ¥ pagnycoMm I, NagaloLwnii B XXMOKOCTU BA3KOCTLIO M

W MMOTHOCTbIO P’ BEPTMKAmNbHO BHU3 CO CKOPOCTbIO U, AEWCTBYIOT TPW CWUMbI: cuUna
_4 3 _4 3,
TSHKECTU P—gnr pg, cuna Apxumega FA—gnr p'd u cuna CconmpoTUBMEHUS

F =6nnrv. Npu paBHomepHom aemxennn P —F, —F =0, otkyaa:

o= 2=’
v '
2. MeTtop lNyasennsa. 3T0T MeTOA4 OCHOBAH Ha NTAMWUHAPHOM TEYEHUMU XNOKOCTU
B TOHKOM Kanunnsipe. PaccmoTtpum kanunnsp paguycom R v anudon | . B xuakoctu
MbICMIEHHO BbIAENUM LMNUHAPUYECKINiA crioin paguycom I v TonwmHon dr (puc. a).
Cwvna BHYTpPEeHHero TpeHud, encTeyowas Ha GOKOBYO NOBEPXHOCTb 3TOrO Cros

dv

dv
Fz—n—dS:—nEZRI’I. Mpy ycTaHOBMBLUEMCHA TeYeHUW 3Ta cuna ypas-

dr

HOBELLUMBAETCS CUSTON AaBriEHUS, ,D,el7|0TByIOLLI,eI7I Ha OCHOBaAHME TOro Xe uunnHapa

Ap

dv

—nd—anI = Apnr?, otkyna dvz—ﬁl’dl’. Mocne WHTErpupoBaHuUs ¢ Y4ETOM
r n

Ap

4nl

OTctoga BWAOHO, YTO CKOPOCTM YacTuWL KMAKOCTU pacnpefensiorcs no napabonu-

4YeCcKoMy 3aKOHYy (puc. a), Npu4ém BepLunHa napabonbl NeXnT Ha ocu Kanunnsapa. 3a
Bpems 1 13 kanunnspa BbITEYET XKUAKOCTb, 0ObEM KOTOPOM:

(RZ=r?).

TOrO, YTO CKOPOCTb >KMAKOCTW Yy CTEHOK paBHa Hymto, nonydyaem U =

p R 252 4 4
Vv =jvt2nrdr:w.[r(|q2_rZ)erZTCAPt r'R%_r’|_mR7Apt
0 0 l 2 4 8l
nRApt
OTKyAa BA3KOCTb: — 8VI ]

lNomeHyuanbHoOe nose cun

lNomeHyuanbHOe nosie — nore, B KOTOpoMm paboTa, coBepluaemasi cunamu npu
nepemMeLleHnn Tena M3 OgHOro MNosfIoXXeHna B Apyroe, He 3aBUCUT OT TOro, MO Kakowu
TpaeKkTopum 3TO NepemelleHne NPOoU3oLLNo, a 3aBUCUT TONMbKO OT HavanbHOro wu
KOHEYHOro nonoxeHun. Cunbl, AEUCTBYOWME B TakMx MNOMsSX, Ha3biBAKTCS
KOHcepeamueHbIMU (Hanpumep, cuna TaroteHus). Ecnu xe paboTa, coBepLliaemas
CUNOW, 3aBUCUT OT TpaeKkTopuu nepemelleHuss Tena M3 O4HOM TOYKM B OpPYryo, TO
Takasi cMna HasblBaeTcsi duccunamueHoU (HanpuMmep, cuna TpeHus).

Paboma kKoHcepeamueHbix (MOmMeHUuasibHbIX) cus/l NPUA 3NIeMeHTapHOM
M3MEeHEeHUN KOHdUrypaumm cucTeMbl paBHa npupaweHUrD nomeHyuanabHoOU
3Hepa2uu, B3ATOMY CO 3HAaKOM MUHYC, TaK Kak paboTta coBepluaeTcsi 3a CYET
yObInin NOTEeHLUManbHOW 3Heprum:

dA=—dW.
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Mockonbky FdF =—dW, To W :—jlfdf+const, otciopa: F =—gradW =-VW,

ow - ow -~ oW -
i+ Jj+ 3 k HasbiBaeTcs epadueHmom ckanspa W

roe Bektop gradW =

'z
n obosHauaetca VW =gradW. Cumson V ("Habna") 0. 0+ 8-~
0603HavYaeT CUMBOMMYECKUN BEKTOP, HasblBaeMmblii one- V:a_' +5] +§k

paTopoMm MamunbTOHa nnu Habna-onepatopom (ctp.1-30):
KoHkpemHbit sud pyHkummn W 3asucum om xapakmepa cusiogozo rorsisl.

h h
1) lMNoTeHuManbHasa 3Heprust Tena maccbl M Ha W J‘ﬁd_ j
=-— r=|mgdx=mgh.
Boicote h: = ) ) g g

X X 2
2) lNoTeHumanbHas 3Heprust ynpyrogedgopmmpo- W = _J‘ Fdx= kad X = ﬁ
BaHHOrO Tena: —> . .

35.Mone cun TAroreHus
3akOH eceMupHO20 Msi20MeHUs: Mexay ndbiMnu ABYMSI MaTtepuarbHbIMU

TOYykKamMy [OeNCTBYeT cuna B3aMMHOIO  NPUTSKEHUS, NPSIMO mm
nponopuuoHanbHas NpousBedeHno Macc 3TuxX Tovek u obpatHo | F =G1—22
npornopuuoHanbHas KBagpaTy pacCTOSHUS MexXay HUMW. r

3pech G =6,67-107! H-m%kr? — 2pagumayuoHHas nocmosiHHas.

OTa cuna HasblBaeTCd epaeumayuoHHOU, ufu cusiol eceMUpHO20
ms2zomeHusi. Cunbl TArOTEHMSA BCerga sBNATCA CUnamMmu NPUTSXXEHUs U HanpasneHbl
BOOJSTb NPSAIMON, NPOXOAsLLEN Yepes3 B3aMMoaencTByoLwme Tena.

‘paBUTaLMOHHOE B3aMMOLENCTBME MeXOY Ternammn OCyLLEeCTBNAETCA C MOMOLLbIO
nons TAroTeHUs, NN rpaBUTaLMOHHOIO NONS.

Ha npumepe rpaBuMTauLMOHHOIO MOMs PacCMOTPUM MOHATUS HanpsiXKéHHocmu
nons n momeHyuarsa nons.

HanpsiokéHHOCcmb nosis msi2omeHusi 370 (OM3N4eckass BeNiMyMHa, pasHad
OTHOLLIEHMIO CUIbl, 4ENCTBYIOLLEN CO CTOPOHbI NMOMS HA NOMELEHHOE B
Hero Teno (MaTepuanbHy TOYKY), K Macce 3Toro Tena. —> E =

HanpskéHHOCTb SAABNSAETCS 8€KMOPHOU cusioeol xapakmepuc- m
mukouU roJsis ms20meHUs.

= _ F GM GM

B rpaButaumoHHom none 3emnn F=mg, otkyga E=g=—= = ,
m R? (R,+h)?

roe R; — paguyc 3emnu, macca kotoport M, h — pacctosiHne oT ueHTpa TskecT

Tena go nosepxHoctn 3emnu. lNMpu nepemeleHnn Tena maccom M Ha paccTosiHUE

g m
dR none TaroteHus cosepliaet paboTy dA:FdR:—G?dR (3HaK MUHYC

R2 NOTOMY, 4YTO CUJTla L nepemMelleHne npomUBOHanpaeneHbl).

I W T
m AdL R; Mpv nepemelleHnmn Tena ¢ paccrosiHua R, go pacctosiHust R,:
Ry
mM GM GM
A=-[G—dR=-m| —=-==
" R 2 R R, R
y Pabota He 3asucum om mpaeKkmopuu nepemMeuweHus, a

OI'I,OGOGJ'IFIGITICFI MOJIbKO Ha4asibHbIM U KOHEe4YHbIM [10J10XKeHUsaMu
merna.
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CnepoBaTenbHO, CUMbl TATOTEHUS KOHCcepsamueHsbl, a none TAroteHna AaBndeTcq
rnomeHuyuasnbHbiM. PaboTa KOHCepBaTUBHbIX CUJ1 paBHa U3MEHEHUIO noTeHumanbHoOn

3HEeprum cucTembl ¢ obpaTHbIM 3HaKoM. A = —(W2 - W1) MNoatomy, momeHyuanbHasi

mM
3Hepausi NMoJisi cusl Msi20MmeHus. W=-G——-.

Ona nwoboro noTeHUManbHOro Mofil  MOXHO  ONpeaenuTb  CKaslsipPHYH
3Hep2emu4ecKyro xapakmepucmuky rossi — nomeHyuarl.

lMomeHyuanom nosisi mssi2omeHusi B JaHHOW TOYKe MNoss
Ha3blBAaeTCs CKanspHasi BenW4YMHa, paBHasi OTHOLUEHWIO (P:V_V :—GM
NnoTeHUWansHON 3Heprum MatepuanbHOM TOYKU, NMOMELLEHHON B m R
paccMaTpmBaemyro TOYKY Mons, K Macce MmaTepuanbHOM TOYKK:

PaccmoTpym  cBSA3b  Mexay  noTeHuManoMm nons  TAroTeHuss U ero
HanNpPsHKEHHOCTLIO:

dA=-mde, dA=Fdr=mgdr = g:—z—(f nm  g=-—grade=-Vo.

B obwem criyyae Onsi 106020 NOMeHyUasibHO20 MoJsisi MeXOY HarpsiKEH-
HOCMbLIO U MOMeHyuasioM cyusecmeyem cesi3b:

I E=—gradp=—Vo.

OT1a dopmyna aenseTca cneacrtemem cootHowenna F =—gradll =—VII. 3nak
MUHYC YyKa3blBaeT Ha TO, 4YTO BEKTOpP HanpsKEHHOCTU HanpaBneH B CTOPOHY
ybbleaHus noTeHumana.
36.Kocmuuyeckue ckopocTtu

Mepeoli KocMu4YecKoli CKOPOCMbLIO HA3bIBAKOT TaKyld MUHUMANbHYO CKOPOCTb,
KOTOpPY Hago coobwuTb Teny, 4YToObl OHO MOFNO ABUraTbCsl BOKPYr 3eMnu Mo
KpyroBov op6uTe, T. €. NPeBPaTUTLCSA B UCKYCCTBEHHbIV CNYTHUK 3eMIu.

GmM vt P GM
———=ma, = M— (2" 3akoH HbloToHa); J = — =—— (R — pagnyc 3emnn).
~ n R ( ): 9 - Re (R — paguy )

v, =4/OR =7,9km/c (y nosepxHocTn 3emnm (h — 0)).
Bmopoli kocMu4eckoli CKOpOCMbH Ha3blBAaETCH HauMMeHblUasi CKOPOCTb,
KOTOPYH Hago cooOWNTL Teny, YTobbl OHO MOFMO NPEOAONETb NPUTSKEHNE 3eMnu K
npeBpaTutbca B cnyTHUMK ConHua. B 3Tom cnyyae kuHeTudeckasi 3Heprusi Tena

AOkHa ObITb paBHa paboTe, COBepLUAEMOW MPOTUB CUM TATOTEHUS:

2 [e'e]
mu mM GmM
—22 :jG—2 dr=——
R r

Tpembeli KOCMu4YecKOU CKOpPOCMbIO Ha3bIBAETCS CKOPOCTb, KOTOPYH
HeobxoomMmo coobwmTb Teny Ha 3emrne, YTobbl OHO NOKUHYNO npeaensl ConHeYyHon

cucTeMbl, Npeoaones nputsxeHne ConHua: U3 =16,7 xm/c.

AnemeHmsbI cneyuanbHoOU meopuu omHocumesibHocmu

37.MpeobpasoBaHusa Manunes

B knaccuyecko MexaHuKe, Mpu CKOPOCTAX TeS 3HAYUTENbHO MEHbLLUMX, YeMm
ckopocTb cBeta (V<K C), cnpaBeanvB MexaHUuyecKull MPUHUUM OMmHOCUMeibHoCmu

= U, =+20R =112xkm/c.
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(mpuHyun omHocumensbHocmu [anures): 3akoHbl OUHaMUKU oQUHaKo8bl 80 ecex
UHepyuasnbHbIX cucmemMax omcyéma.
PaccmoTpym [gBe CUCTEMbl OTCYETA: WHepuMnanbHYH

,
| y? cuctemy K (c koopauHatamun X,Y,Z), koTopyl Oynem
l cuutatb HenoaswkHon, un cuctemy K’ (c koopauHaTamu
. r :O’ X', y',2"), oBwkywytocs otHocuTenbHo K paBHOMepHO

i » e NPAMONMHENHO C NOCTOSAHHOWN CkopocTbio U = CoNnst .
@) - . B HavyanbHbIn MOMEHT BpeMeHu Havana koopauHaT O u

O' atux cuctem cosnagatot.
B nNpou3BonbHbIi MOMEHT BpemeHu t: T =Ut.

[ina npousBonbHoi Toukn A: F=F+1y=r +Ut. N1 B npoekumsx Ha ocw

KoopAauHar:
x=X'+udt, y=y+ut, z=z'+ut.

OTM COOTHOLLEHUNS Ha3bIBalOTCA nMpeobpasosaHusiMu koopduHam anunes.

MNpoandpepeHumpoBaB MX MO BPEeMEHW, MNOMYyYUM rpasusno | =g + G
CrIoXeHus ckopocmeli 8 Knaccuyeckol mexaHuke: U =0 +U .

B knaccumyeckon mexaHuke npegnonaraetcd, YTO Xo4 BPEMEHW He 3aBUCUT OT
OTHOCUTENbHOTO ABWXEHUS CUCTEM OTCYETA, NO3ITOMY K npeobpasoBaHuam [ranunes
MOXXHO A00aBUTb eLe 04HO COOTHOLLEHUE: t=t'.

YckopeHne B cucTeMax OTCYETa, [ABMXKYLLMXCA OTHOCUTENbHO Apyr Apyra

) _do d@-u) di
pPaBHOMEPHO W MNPSMOSIMHENHO, OOWHAKOBO: a:E: at = at =a . 310 u

CNy>XUT A0OKa3aTesibCTBOM npuHuUuMna OTHOCUTESTbHOCTU ranunes.

38.MNocTynartbl AUHLWITENHA

1) MpuHYyUN OMHOCUMEJILHOCMU: HUKaK/Ne OnMbiTbl, MPOBEAEHHbIE BHYTPU OAHHOMN
MHepumMarnbHON CUCTEMbI OTCYETa, HE AalT BO3MOXHOCTb OBHAPYXXWUTb, MOKOUTCSA N
aTa cuUcTeMa UnM OBWXKETCH PaBHOMEPHO M MPSIMONMHENHO; 8Ce 3aKOHbI MpuUpoObl
UHBapuaHMHbI NO OTHOLLEHUIO K Nepexoay OT OOHOM CUCTEMbI OTCYETA K APYroi.

2) MpuHyunN UHeapuaHMHOCMU CKOPOCMU ceema: CKOpoCmb ceema 8 8aKyyme He
3aBMCUT OT CKOPOCTU OBMXKEHUS UCTOYHMKA CBeTa Unu HabnogaTtens n oOuHakKoea o
8cex UHepyuarsbHbIX cucmemax omcyéma.

39.Mpeobpa3oBaHuga JlopeHua

Myctb cuctema Q' pBuxetca oTHocuTenbHo cuctembl O co  CKOpPOCTBIO
v=const, npuuém v=C (C — cCKOpOoCTb cBeTa (CKOpPOCTb pacrnpoCTpaHeHUs
3NEeKTPOMarHUTHbIX B3aMmoaenctasnin) B Bakyyme). OB0o3Ha4YMM OTHOLLEHUE CKOPOCTEN

U u C uyepes B=v/C. MNycTb BEKTOp CKOPOCTM U HarpassieH X'+ ot’

Boonb oc OX . Torma pensmueucmckue npeobpa3zoeaHusi B /l— Bz ’
KoopauHaT 1 BpemeHu 6ydym umemsb euo. (—

OTn cooTHoweHuss — npeobpa3oeaHuss Jlopenuya — npu | Y=Y, =127,
U < C nepexoasT B npeobpasoBaHus [anvnes.

OHn  ycTaHaBnMBaKT B3aMMOCBA3b MPOCTPaHCTBA MU t’ +%
BPEeMeHM — B 3aKOH NpeobpasoBaHnsi KOOPAMHAT BXOAWT BPeMS, @ | t — C
B 3aKkOH npeobpas3oBaHNA BPEMEHU — MNPOCTPAHCTBEHHbIE fl— BZ
KoopauHaThl.

Cnepnctsuem 3Toro siBsieTcs ToT pakT, YTo ecnu ABa cobbiTus B cucteme O
MPOMCXOAAT OAHOBPEMEHHO, HO B pasHbx Toukax (f, =t,, X # X, ), To B cucteme O’
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3TU CcoObITUA, oOcCTaBasiCb MNPOCTPAHCTBEHHO pPa30bLEHHbIMK, OKa3blBalOTCA W
HEOQHOBPEMEHHbBIMWN.
MycTb B HekoTopoii Todke X B cucteme O npoucxogut cobbiTne

OJNTUTENIbHOCTbIO T = t2 _tl’ 10 B cucteme O’ ANUTENBbHOCTb 3TOrO XXe CoObITUS:

t,—uvx/c® t-uvx/ic®  t,-t T

/1_B2 a /1_B2 _\/1_[32_\/1_[32 >t

Takum o06pasoM, ANMTENBHOCTb COOLITUS, MPOUCXOASLLErO B HEKOTOPOW TOYKE,
HaMMeHblUassk B TOW MHepumuanbHOW cucTeme OTCYETa, OTHOCUTENbHO KOTOPOW aTa
TouYka HenoaswxkHa. CnegoBaTenbHO, Yachl, ABMXKYLLMECS OTHOCUTENBHO MHepUManb-
HOW CMCTEMbI OTCYETA, NOYT MEeANEeHHee NMOKOSILLMXCS YacoB.

PaccmoTpum  cTepXeHb, pacrnofioXeHHbIM BOOMb OCUM X U NOKOSLLMACS
!

oTHocuTenbHo cuctembl O'. Ero anuHa B cucteme O' Gymet || =X, — X;. YTOGbI

(Y r_

!

onpepenutb AnuHy | =X, — X, atoro ctepxHsi B cucteme O, OTHOCUTENBHO KOTOPOM

OH [BMXKETCH CO CKOPOCTbIO U, U3MEePUM KOOpAMHaTbl €ro KOHLOB X; U X, B OOWH U
TOT € MOMEHT BpeMeHu 1.

— = | >,

VI-B 1-B° 1-p° 1-pf

Pasmep Tena, ABMXYLLErOCS OTHOCUMTENBbHO MHEpUManbHOW CUCTEMbI OTCYETA,
YMEHbLUAETCA B HanpaBneHUn ABMKEHUS, MPUYEM JTOPEHY080 COKpauwjeHuUe OJIUHbI
TeM Oonblie, 4YeM Oonblue CKOpOoCTb ABWXeHMs. [MonepeyHble pasmepbl Ten He
3aBMCSAT OT CKOPOCTU €ro ABWXKEHWUS] U OOUHAKOBbLI BO BCEX MHEpPUMArbHbIX cCUCTeEMax
OTCYETA.

Ecnn matepuansbHas Touka aswketca B cucteme O’ Boonb ocu _U'+u
X" co ckopocTbto V', a cama cuctema O’ gBUXKETCH CO CKOPOCTLIO U uv'
oTHocuTenbHo cuctembl O, To pesrsmueucmckuli 3aKOH CJI0XKeHUs 1+ CT
ckopocmetl 6ydem umems 6uod.

B kayecTBe Benu4UMHbI, UHBapuaHMHOU MO OTHOLUEHMIO K NpeobpasoBaHuUio
KoopaMHaT B YETbIPEXMEPHOM MPOCTPAHCTBE JNWHWTENHA (He 3aBuUCALLENW OT
BblGOpa cucTeMbl OTCYETA), BBOOUTCA UHMepeaas Mexdy cobbImusiMu:

S, = JC2(t —1)2 = (% — %) = (Y, — V)% — (2, - 2,)?,

roe \#II(X2 %) = (Y, - Y)*—(z,-27)* =k, ~— paccrosHne Mexay Toukamu
06bI4HOro TpéxmepHoro npocTpaHcTea. O6osHaums t, =1, —t;, nonyyunm:

2.2 12
Sip =4Ctp — 15

40.OCHOBHbI€ COOTHOLUEHUA PENATUBUCTCKON OAUHAMUKN

) r_
lo =X — X% =

Pensmueucmckass macca M AOBWXKYLMXCA PEensiTUBUCTCKUX BZE
yacTuy (Ten) 3aBUCUT OT UX CKOPOCTMU. C

M, — mMacca NoKosi 4actuubl, T. €. Macca, M3mMepeHHasi B TOU . my
NHepUnanbHOM CUCTEME OTCYETA, B KOTOPOM YacTuua HaxoguTcst B m= 1_{32
nokoe.

Pensmueucmckuli umnynbc p . Pengmusucmckul ummnysbc - myu
cucmembl coxpaHsiemcsi. 3aKOH COXPaHEeHUst PensTUBUCTCKOro 1_[32

nMnynbca — crneacTeme 00HOPodHOCMU rpPocmMpaHcmea.

A.H. OrypuoB. @u3suka 08 cmydeHmos
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OCHOBHOU 3aKOH penisimueucmcKol OUHaMUKU: R R
3aKOHbl KNaccu4yeckon AMHAMWUKM NOofy4varTca U3 If:dp d Myu

3aKOHOB PenATUBUCTCKOW OUHAMWKM B NpefenbHOM dt dt fl_Bz
cnyyae v<KC (umm C— o). T.o0. Kriaccuyeckas

MexaHuKa — 3amo MexaHuKka Makpomersi, O8UXYUWUXCsl C MasbiMu cKopocmsimMu (1o
CPaBHEHUIO CO CKOPOCMbIO C8EMa 8 8aKyyme).

2
MonHas aHepauss mena maccbl M: E—mc?— myC
CootHoweHne E =mc? Hocut  yHMBepcanbHbii fl_BZ

XapakTtep, OHO MPMMEHUMO KO BCeM hopMaMm 3Hepruum, T.e.
MOXXHO yTBEpPXAaTb, YTO C 3Hepruen, kakon 6ol gopmbl OHa He Bbina, cBsid3aHa macca

m = E/CZ, N, HAaoBOpPOT, CO BCSKOM Maccon cBsizaHa 3Heprus. lNokosuieeca Teno

o 2 - “
obnapaet SHeprmen EO = mOC ) Ha3blBAaeMOU 3Hepaueu NMoKos.

MonHas aHepausi 3aMKHymoli cucmembl coxpaHsiemcsi. 3aKOH COXpaHeHus!
3Heprum — cneacTesne 00HOPOOHOCMU 8PEMEHU.

Kunemuvyeckas snepaus: K=E-E;= moc2 N -1].
N
PenaTnBmcTckoe COOTHOLLEHNE MEX Y MOSHOW 3HEPr1ei 1 NMNYNbCOM Tena:
E* =m?c* =mic* + p°c®.
Benuunna E? — pc® = Eg SBNSETCA MHBAPUAHTOM CUCTEMBI.

B cnyyae, korga Macca NOKOSi 4acTuubl paBHa HymMwo, TO EZ—CzpzzO.

CnepoBaTenbHO, Takas YacTuua MoxeT obnagatb OTMYHBIMU OT HYNs SHEPruen u
MMMYNbCOM TOIMbKO B TOM Cryyae, Koraa oHa OBUXETCA CO CKOPOCThbIo cBeTa. K Takum
yacTuLam OTHOCATCS POTOHbI.

OcHoeHoll 8bI800 Meopuu OMHOCUMesILHOCMU — [POCMPaHCME0o U 8peMsl
Op2aHUYecKU e3aumocesiaHbl U 0b6pasyrom eOuHyr ¢hopMy CyulecmeosaHusi
Mamepuu — MpocmpaHCmMe0-8pemsi.

NMPUNOXEHUE

OcHo8HbIe MOHSIMUsi MameMamu4ecKo20 annapama obweu ¢pusuku

1. NMoHaTue npousBoaHON PYHKUUN

dyHkumst f HasbiBaeTcs Aupgpeperyupyemoli B Touke X,, ECINU CyLLECTBYET
npesen pasHOCTHOTO OTHoLWeHusA dyHkumn f B Touke X, :

lim (x) = lim - = T00).

X—>Xg X—>Xg X=Xy

OToT npepen HasbiBaeTca npou3godHol dyHkumm f B Touke X, w

’ df df df(x df
oBosHauaeTcs: f'(x), H(XO)’ (Wj(xo)’ d(XO)’ dXly_y

MexaHuka
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2. Mpon3BoaHble HEKOTOPbLIX 3NeMeHTapHbIX (OYHKLUMN

!

(ex), =e* (ax)’ =a*Ina (sinx) =cosx
(In x), :% (x” ), =nx"?t (cos x)’ =—sinx

3. YacTtHas npousBoaHas

rlyCTb (byHKLI,I/IFI f onpepgerneHa B HeKOTOpOIZ OKPECTHOCTU  TOYKU

PO(Xf,...,Xr?). OyHkumst  f HasbiBaeTcs  auddbepeHumpyemoir mo X, ecnu
CyLLIECTBYET Npe/ern pa3HOCTHOTO OTHOLLIEHNS

0 0 0 0 0 0 0,0 0
FOX e e X Xieo Xiatre e r X ) = F O e oy X Xi s Xt - -0 X))

lim
0 0
Xk —)Xk Xk - Xk
3T0T npepen Ha3biBaeTcs YacmHol npou3eodHol ¢yHkyuu f (no X, ) B Touke
0 0
of (X7,...,X
P, n obosHavaetcs:: (4 n) wm £ (..., x0).
OXy K

4. Nonubin anddeperunan dyHkumn f B Touke P,

df(P)=2" fs (R))- (X —%¢).
k=1

5. OnpenenéHHbIU MHTErpan

Myctb pyHkums T (X) onpepenexa u orpaHnyeHa Ha oTpeske [a,b]. Paso6bém
9TOT OTPE30K Ha "anemMeHTapHble" OTpesku BBeAeHuem N Todek X; creaylowum
o6pasom: A=Xy <X <Xy <...<Xp4 <X, =D.

O6o3Hauum yYepe3 OX [AnuHY anemeHTapHoro oTpeska dX=X —X_,. B
KaXkAOM 3NEMEHTapHOM OTpeske BbiGepeM npownasoribHoe uncrno & (X3 <& <X;).

n
Yucno G = z f(&;)(X — X_;) HasbiBaeTCs uHmMezpanbHol cyMmodi.
i=1

dyrukumsa  f(X) HasbiBaeTca wuHTerpupyemon Ha otpeske [a,b], ecru

cyuiectsyeT unucno | co cneayowmm ceoictBom: ana nwo6oro €>0 Hanpércs
takoe 0(g) >0, yto npu no6om pasdreHnn Ha oTpeskn 0 X, ans kotoporo dX <9,

BbIMOMHAETCA HEPaBEHCTBO ‘G— I‘< € HesaBWCUMO OT BbiGopa &; .
Uucno | HasbiBaetca onpedenéHubiMm uumezpanom dyHkumn T (X) Ha

b
otpeske [a,b] v o6osHavaeTca | = j f(x)dX. 3oecb X HasbiBaeTCA MepemMeHHoU
a

UHmMeegpupogaHusi, a | b — coOTBETCTBEHHO HUXHUM U 8EpPXHUM npedena/v/u
MHTErpnpoBaHn4.

6. Bektop
Feomempuyveckuli eekmop a — 3TO HanpaBIeHHbIN OTPE30K B NPOCTPaHCTBE.
OnvuHa BekTopa d HasbiBaeTcs ero modysieM U 06o3HavyaeTcs a:‘é".

A.H. OrypuoB. @u3suka 08 cmydeHmos
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B npsimoyz2onbHoOl dekapmoeoli cucmemMe KOOPAMHAT Kaxdbli BEKTOP & MOXHO
OAHO3HA4YHO NpeacTaBUTb B BUAE é:aXT+aij+azlz, roe IIIZ — edVHWNYHbIe
BEeKTOpbl (opmbIl) no ocaAMm koopauHat X,Y,Z. Yucna a,,a,,d, HasblBaTCA
MpsIMOY207bHbIMU OeKapmoebIMU KoopAUHamamu BekTopa a.

7. CKansipHoe npou3BeaeHue BEKTOpoB

CkansipHoe npouaseneHue BektopoB a u b ectb uncno

o i ab =(a,b)=abcosp = ?‘xbx +ayb, +a,b,,

roe @ — yron mMexay Bektopamu @ un b .

8. BekTopHO€e nponsBeaeHue BEKTOPOB

Mop BEKTOPHbIM MpoM3BeaeHNeM BEKTOPOoB d 1 b noumarioT
eexkmop C, umetowmin anuHy C=absing (nnowaas napanneno-

rpamMma, MocTpoeHHoro Ha a u b kak Ha ctopoHax) u Hanpas-

—

NEeHHbIN nepneHanKynapHo k a u b, npuyém Tak, yto BekTophl a,

—

b n C oBpasyoT npasyro mpoliky eekmopos.
O6osHauenne: € =[d,b]=axb.

9. CkansipHoe none

Ecnu kaxgon Todke M npocTpaHcTBa CTaBUTCA B COOTBETCTBUE CKamnsipHas
BenmunHa U, To Bo3HuKkaeT ckansipHoe none U(M) (nanpumep, none
TemnepaTtypbl HEPaBHOMEPHO HarpeToro Tena, nose MIOTHOCTM B HEOLHOPOAHOM
cpege, none anekTpocTaTudeckoro noTteHumana). Ecnim M umeet gekaptossbl
koopauHatel (X,Y,z), To muwyt U =U(X,y,z) wwm U =U(F) c BekTopHbiM

aprymeHToM (paguycom Bektopom) I =0OM = Xi + yj + 7K .

10. BekTopHOe none

—

Ecnun kaxpgon Touke M crtaBuTca B cooTBeTcTBME BekTop A, TO roBopAT O

eekmopHom none A(M) (Hanpumep, Mone CKOPOCTENR [ABMXKYLLENCS XUAKOCTM,

rpaButaumMoHHoe none ConHua, none 3NeKTPUYEeCcKorM HanpsSKEHHOCTU, none
MarHUTHOM HanpsXKEHHOCTN). B gekapToBbIX KOOpANHATAX:

A=A(x,Y,2) = AF) = A (% Y. 2 + A Y. 2) ]+ A X Y. 2K,

roe I — papwuyc-BekTop. KomnoHeHTbl A, , Ay A, 0bpasyloT mpu ckanspHbIX M0Jss
1 OQHO3HAYHO onpeaensaT A(f) — BEKTOPHYI (DYHKLIMIO BEKTOPHOIO apryMeHTa.

11. lNMpousBoaHas No HanpaBNeHUIO

MycTb ckansipHoe none U (F) nmeeT B HekoTopoit Touke M, 3Haverve U, un

nycTb Npu nepemetteHnn 0S no HanpaeneHWo BeKTopa S Mbl NMPUXOAUM U3 TOYUKM
M, B Touky M, roe ckansipHoe none nmeet 3HaveHne U, . Mpupawenne U npu

atom nepemetueHumn pasHo dU =U, —U,. Mpenen oTHowweHUs aToro npupatleHus

[MpunoxeHne
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dU «k uncneHHo# BenuumHe nepemelleHns dS HasbiBaeTcs MpPou3eodHol
ckansipa U e moyke M, no HanpaeneHuto S :

U _ . Ug-Ug

05 ds—0  ds
3HavyeHMe 3TOM MNPOM3BOOHOW cywjecmeeHHO 3asucum OT Bblbopa
HanpaBneHust S 1 eé HM B KOeM Criyyae HeJsib3si cMewueamb C OObIKHOBEHHOM
YacTHOM MPOWU3BOAHOM MO CKandpHoMy napameTpy S. YTobbl NogyYepkHYTb 3TO

ouU

0b6CcTOATENLCTBO, YaCTO TaKyr NMpon3BoHYyO ob03HavatoT: F
S

12. [pagueHTt
MpagneHTom nons U (F) Ha3bIBaeTCH 8eKMoOp, onpeaensemMbl B KaX40M TOYKe

Monsi COOTHOLLEHUEM: gradU =—1 + ]+
OX 0z
ou() . . . -
Toraa 5 =ngradU, rae i —eAuHNYHbIV BEKTOP B HanpasneHun S .
S
aU n "
YacTto Bektop gradU o6osHavatoT Takke F wnn VU | roe V ("Habna")
S
o603HayaeT CUMBOSIMYECKUI BEKTOP, HasblBaeMbll onepamopom [amunbmoHa
0~ 0~ O~
Unu Habna-onepamopom: V=—i+—j+ — K.
ox oy 0z

13. lNoToK nong Yepe3 NOBEepPXHOCTb

Pa306bEM AaHHY0 NOBEPXHOCTb S Ha N anemMeHTapHbIX NIoLLaA0K pasmMepom
AS; . BHyTpn kaxpgoi nnowanku Bbibepem Touky M, u B 3Toi Touke mocTpoum

HOpMarnbHbIi K MOBEPXHOCTM eAuHWYHBIN BekTop N u Bektop AS; =NAS;,
HanpasneHue kotoporo M, a mogyne AS;. Toraa Mbl onpeaensiem:

lim ZU(M )AS; ;

1) NOTOK ckansipHoro nons: J = IU dS=
AS;—>

S

2) ckanapHbIA NOTOK BEKTOPHOTO nons: J = I AdS = lim Z A(M; )AS
AS; —)O

3) BEKTOPHbIV MOTOK BEKTOPHOIO MOSS: I IIm Z[A(I\/I ), AS; i].
S
14. NMpousBoaHasa No 06bLEMY

Moa nNpou3BoAHLIMM MO 0OBLEMY CKansApHOrO UMM BEKTOPHOrO Monei B TOYKe
M noHvMatoT BENMYMHBI TPEX TUMOB, KOTOPLIE NOMYyYaloT criegyrLWwmnmM o6pasom.

(1) Touka M okpyxaeTcss 3aMKHYTOM MOBEPXHOCTLIO S, KOTopas OXBaTbiBaeT
obnactb ¢ o6bémom V. (2) Bblumucnaetcs uHTerpan ‘R no nosepxHocTn S:

iqu‘DUE, nnm iRzgSAﬁ nnm %z@[Aﬁ] (3) Onpepnensietcs npepen
S

A.H. OrypuoB. @u3suka 08 cmydeHmos
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Ilm v OTHOLWUEeHUNA 3TOro UHTerpasna K o6bemy V , Korga S CTArmBaeTcd B TOYKY
V-0

M , Tak yto V cTpemuTcs K Hynio.

15. AuBepreHUUss BEKTOPHOro nons

[fueepzenyueli  (06oazHauaetcs  divVA= g—é =VA) (JS
r

BEKTOPHOrO  Mons A(M) Ha3bIBalOT  CreayloLLyio dIVA(M)_\I/I_rL])

NPOM3BOAHYIO Mo 06bEMY nons B Touke M :

BenuuuHa Cj}AdS €CTb CKansipHbIl MOMOK 6eKMOPHO20 ossl Yepes

S
3aMKHYTYIO MOBEPXHOCTb S, kKoTopas okpyaeT Touky M u oxeatbiBaeT obnacte G
c o6bémom V .

Ouseprequmus div A ectb Mmepa ucmoynukoe nons A(M). Ecnu B o6nactu
G divA=0, to sextopHoe nonie A(M) Ha3sblBaeTcsi CBOBOAHBIM OT UCTOYHKOB.
Te Touku nonsi, B koTopbix div A> 0, NPUHSTO Ha3bIBaTb UCMOYHUKaMU NONSI, @ Te,
B koTopbix div A< 0 — cmokamu nons.
16. ®opmyna Naycca-OcTporpagckoro

[ns npoctpaHcTBeHHon obnactu G, orpaHuyeHHOM J:”.diVAdV :@AE
3aMKHYTOW NOBEPXHOCTbIO S :

17. Onepatop Jlannaca
Mycte U(M) - ckanspHoe none, Torga | AU(M)=div gradU (M)

onepatop Jlannaca AU onpegensietcss cneyowmm 22U oW a%uU
obpasom: U=— > 5
UNK B OEKapTOBbIX KoOpAMHaTaXx: OX oy 0z

Onepamop Ilannaca eexmoprozo nonsi:  AA(M) = grad div A(M) —rot rot A(M)

18. PoTop BeKTOpHOro nons Sf)[:& ﬁ]
Potopom (BMXpeM) BeKTOpPHOro nons A(M) rot A(M )= lim S
Ha3bIBalOT CreayoLLy0 NPOU3BOAHYH Mo 06bEMY nons V>0

B Touke M : - [o - -
O6o3HavaeTcs: | FOtA= [§ : A} =[V, A]

19. Teopema CToKcCa

Unpkynauma BektopHoro nons A(M) no 3amkHyToi

kpuBon L paBHa noOTOKy poTopa aToro mnons uyepes
NOBEPXHOCTb S, onMparoLLyocs Ha kKpusyto L :

95 I rot AdS

L

MpumeyaHue

B aTOM npunoxeHun npueBeneHbl onpenenieHns HeKOTOPbIX MaTeMaTU4YecKnx
NMOHATUM, 4YacTO UCMNOSb3yeMbiX B Kypce u3anku. Matepuan HOCUT CnpaBOYHbIN
XapakTep, NOCKOSbKy npeanonaraeTcs, YTO JaHHble NMOHATUS N3BECTHbI YNTaTESIo.

[MpunoxeHne
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FPEYECKUN ANTPABUT
Mponuc- | Ctpoy- | HaseaHue || Mponnc- | Ctpoy- | Haseanwue || Mponuc- | Ctpoy- | HaseaHue
Hble Hble Hble Hble Hble Hble
A o |Anbda I 1 |WNoTa P P |Po
B B B3Ta K K |Kanna 3 o,G |Curma
r Y |Famma A A |J1ambaa T T |Tay
A 0 |ddnbTa M po (Mo Y v |WN-ncunoH
E € |O-ncunoH N v |Hwo ) ¢ |du
Z ¢ |Osota = § |Kew X X [ Xun
H N |37a 0} 0 |O-MukpoH|| W v |Mcu
® 3 |T3Ta I T [Mn Q o |O-méra
NMPUCTABKU K OBO3HAYEHUAM EONHUL
demro |10 | & | f |[manom |10° | m | m|lrekto [10* | r | h
MUK 10 | n | pffcantn |10 | ¢ | ¢ |[kwno |10° | k | x
HaHO 10° | H | n ||peum 10| o | d|lmera [10° | M | M
mukpo | 10° | mk | p || aeka 10 | pa |dalmra [10° | T | G
OCHOBHbIE PU3NYECKHUE NMNOCTOAHHDbIE
2
MpaBUTaLMOHHAS NOCTOSHHAS G =6,6743-10"1 H 1\;
KT
JIx
YHuBepcanbHas rasoBasi NOCTOsIHHas R =8,31447 ——
MOJIb - K

ATOMHasa eauHMLA Macehl

u=1,66054-10"%" kr

NocTogaHHaga NnaHka

h=6,62607-10"* JIx - ¢

OnemeHTapHbIN 3apsag

e=1,60218-10""° Kn

Macca nokosa anekTpoHa

m, =9,10938-10 3 kr

Macca nokosa npoToHa

m, =1,67262-10" kr

MonsipHbIn 06bEM naeanbLHOro rasa npu
HopMarbHbIX ycrosusx ( Py =101325 lMa,

T, =273,15K)

MS

V, =22,4138-10°°

MOJIb

Yncno Asoragpo

N, =6,02214-10%° moms"

1

R _ XK
MocTosiHHas BonbLMaHa k=— =1,38065-10% ﬂ?
A
-8 Bt
MocTosiHHaa CtedpaHa-bonbumaHa 0=5,6704-10 2
M
1 1o @
dnekTpuyeckas NoCTOsHHas &g = — =8,854188-10 2=
HoC M
-7 I'n
MarHuTHas NoCTosHHas o =4n-107" —
M

CKoOpoCTb CBETA B BaKyyme

c=2,99792-10° m/c

A.H. OrypuoB. ®u3uka
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