BegedeHue

Duauka — 3mo Hayka, usyyarowaa obujue ceodcmea dalwxeHusa eellecmaa u nons.
(A.F.Hochghe).

Pu3nka — Hayka © nfapocmedwux chopmax  JeuMeHUd  mamepuu U
coomeemcmeyowux uM Haubonee obujux 3aKkoHax npupodsl. N3y4aemele (oU3WKON
hopMEl ABMKEHWA MaTEPUW (MEXaHWYeCKas. TENNOBAaA, INEKTPUYECcKan, MarHWTHas
W T.0.) ABNAKTCA COCTABNAKLWWMMKN Donee CcnoXHbIX OPM ABWKEHWA MaTEPWK
(XMMWUYeCKUX, DUonoruyecknx W Ap.), No3tToMmy @W3MKa ABNAETCA OCHOBOW ANH
APYrX eCTeCTBEHHBIX HAYK (ACTROHOMUA, DUOMOrKA, XUMWUSA, reonornsa u ap. ).

Qusuka — Paza AnA Co3daHKnA HOBBIX OTpBCJ'IEI?I TEXHWKN —
chyHOamMeHmanbHas ocHoga nodzomaosku UHXeHepa.
B ceoenm ocHoBe dhusuka — IKCOEPUMEHMANLHAd Hayka: €& 3aKkoHbl

DasupyloTcA Ha akTax, YCTAHOBMEHHbLIX ONbITHLIM nNyTem. B pesynbTaTte
0608LWEeHNA 3KCNEPUMEHTANEHLIX (DAKTOB YCTAHABNUBAKTCA (PU3UYECKUe 3aKOHbI
— YCTOWYMBLIE NOBTOPAKLWMECA ODBLEKTUBHLIE 3AKOHOMEPHOCTU, CyLUECMEYUIUE &
npupode, ycTaHaBNUBaKLWUE CBA3b MEXAY U3NYECKUMK BENUYNHAMA.

Ons yCTAaHOBNEHWS KONMWYECTBEHHbLIX COOTHOLUEHWA Mexay U3NYecknmm
BENWYNHAMW WX  HeobxoauMmo  u3Mepsms, T.e.  cpasHusame  Ux C
coomeemcmeyrouuMy  3manoHamy. [Ons  aToro BBOAWTCA cucmema eduHuu,
KOTOpas NOCTYNUPYeT OCHOBHble eQUHUYbLI (PU3NYECKMX BENWYWMH W Ha ux Base
onpejenseT eiuHWUbl OCTanbHbIX (U3UMYECKUX BENWYMH, KOTOPbIE Ha3biBaKTCH
npou3eodHLIMU edUHULUAMU.

MexayHapoaHaa Cuctema eamuuu (CW ) (Svstem International — S7).
OcHOBHbIE eOVHWUbI:
Memp (m) — anuHa nyTW, NPOXOAMMOro CBETOM B BaKyyMe 33 Hiq92455 C-

Kunoepamm (Kr) — macca, paBHas mMacce MeXayHapogHoro npotoTvna
Kunorpamma (NNatMHOMpUAMEBOro uUMnuHapa, xpadawerocs B MewayHapoiHom
Dropo mep v eecoe B Ceepe, bnus MNapwxa).

CekyHwda (c) — Bpems, paeHoe 9192631770 nepuogam W3Ny4eHns,
COOTBETCTBYHILUEND NEepexoay MeXAY ABYMA CBEPXTOHKUMW YPOBHAMW OCHOBHOMO
COCTOSHWA atoma ueans-133.

Amnep (A) — cuna HEWM3IMEHAKLWErocs TOKa, KOTOREIA NPW NPOXOMAEHUW NO
ABYM napannenbHbiM NPAMONUHEAHBIM  NPOBOAHWKAM ©OeckoHeYyHOW ANUHBI W
HAYTOMHO Manoro mnonepevyHoro CedvYeHus, pPacnonoXeHHblX B Bakyyme Ha
paccToaHUKM 1 MEeTp O4WH OT APYroro, COo3faseT MeMLy 3TUMW NPOBOAHWUKAMKW CUny,
PaBHYHo 2-10""HbloToHa Ha Kaxa bl MEeTD ANWHBbI.

KenbeuH (K) — %-”_H, 4YacTe TepMojuHamMuYeckon TemnepaTypbl TPOWHOWN

TOYKW BOAbI.
Monb (monb) — KOMWYECTBO BELLECTBa CWCTEMbl, COAEPKaLlel CTOMbKO e
CTPYKTYPHBIX 3MEMEHTOB, CKOMLKO aTOMOB COAepKMTCS B 12r naoTtona yrnepoaa °C.
KaHdena (ki) — cwna ceBeTa B 3ajdaHHOM HanpasneHWn WCTOMHWKA,
MCMYCKAIWIEro  MOHOXPOMAaTW4Yeckoe WanydeHne uactotoin 54010 repu,

JHEPIETWHECKEA Clla CBETA KOTOPOro B 3TOM HanpaBNeHWW COCTAENAET A4y Br/cp.
gOI‘IDI‘IHP‘ITE]‘IthIE EOWMHWUULI CHMCTEMbI CH:

PaduaH (pap) — yron Mexay ABYMS pajguycamu OKPYXHOCTW, ANWHa AyTW
MEMAY KOTOPbIMKU paBHa paguycy.



Cmepaduan (cp) — TEnecHbll yron C BEPWWHOW B UeHTpe ciepsbl,
BbIpE3alLLNA Ha MOBEPXHOCTW cdiepbl nNnowans, pasdyw nnowagw ksajgpara co
CTOPOHOW paBHOW paauycy ciepsbl.

MpouaBogHble  eaWHWULI yCcmadasnueawmes Ha O0CHOBe (hu3uYecKux
3aK0HO8, CeA3bIBaKLLUX UX C OCHO8HbLIMU eduHuuamu. Hanpumep, nponasogHas
eAnWHWUa  ckopocTM (1 m/c)  nonyyaeTcs W3 dopmynel  paBHOMEPHOro

NPAMONMHERHOMO OBMMEHWA U = .‘:'/1’ .

KuHemamuka

1. MexaHuka v ee cTpykTypa. Mooenv B MmexaHuKe.

Mexanuka — 3T0 4acTb QWU3KWKW, KOTOpas W3y4aeT 3aKOHOMEPHOCTW
MEXAHUYECKOro ABWMEHMA W NPUYMHBI, BHI3LIBAKWKWE WK W3MEHAKLWIME 3TO
ABWMEHUE.

MexaHuvyeckoe dewxeHUe — 3T0 W3AMEHEHWE B3aWMHOr0o PacnonoMeHus Ten
UMK MX YacTel B NPOCTRAHCTES C TEYEHWEM BPEMEHMN.

OBBIMHO NO4 MEXAHWKOW MNOHWMAKT KAacCUYeCKYH MexaHuky, B KOTopon
paccMaTpUBAaKTCA  OBMMEHWA MAKPOCKONWYECKMX Ten., CcoBeplakwneca  co
CKOPOCTSIMW, BO MHOIO pa3 MEHbLUMMW CKOPOCTW CBETa B Bakyyme.

3aKkoHbl ABWKEHWA TEN CO CKOPOCTAMW, CPABHUMLIMW CO CKOPOCTLID CBETa B
BAKYYME, N3y4aKTCA PeAmMuU8UCINCKON MEXaHUKOU.

KeanHmoeas MexaHuka W3y4aeT 3aKoHbl ABWMEHWA aTOMOB W 3NEMEHTaPHBLIX
4acTuu.

Paznensl MexaHWKuW:

Kunemamuka — w3y4aeT JBIKEHNE TEN, HE PACCMATPUBANA NPUYNHEI, KOTOPLIE
3TO ABWXEHWE ofycnaenuearoT.

AuHamuka — n3y4aeT 3aKOHbl ABWXEHWA TEMN U NPUYWHLI, KOTOPbIE Bbi3bIBAKOT
UM U3MEHSIOT 3TO ABMKEHWNE.

Cmamuka — W3y4aeT 3aKOHbl PABHOBECWA CUCTEMBI TEN.

MexaHuka ANA ONWUCaHWA ABKMEHWA Ten B  33aBMCMMOCTW OT  YCNOBWNA
KOHKPETHbLIX 3a4a4 UCNONbayeT pasHble yIPowWeHHbIe husuveckue modenu:

e MamepuansHas moy4yka — Teno, qopmMa W pasMepbl KOTOpOro
HECYLECTBEHHEI B YCNOBUAX 4aHHON 3a4a4un.

+ Ab6conomHo meepdoe meso — Teno, AgedopmMaunen KOTOpOro B yCnoBuAX
LaHHOW 3ajayn MOXHO npeHedbpeyb W paccToaHue mexay nobbimu ByMA
TOYKaMWK 3TOrQ TENa OCTAETCA NOCTOAHHLIM.

« Abconomyo ynpysoe meno — Teno, geopmMauns KOToOporo Nog4YnHASTCH
sakoHy 'yka, a nocne npekpaweHns BHELUHEro CUNOBOro BO3AEWCTBUA Takoe
TENO MONMHOCTBK) BOCCTAHABMWEAET CBOWM NEpBOHAaYanbHble pasMepbl W
dhopmy.

« AbconomHo Heynpysoe meno — Teno, MNOMHOCTBHY COXpaHAkllee
necthopMUPOBAHHOE COCTOAHWE NOCNE NpeKkpalleHnsa AeRCTBUA BHELIHWX CWUM.

JNMrwboe deuxenHue meepdo20 Mena MOXHO NPEACTABUTE Kak KOMOUHaUUH
nocmynamensHo20 W epallamentHo20 JBIKEHNA.

[locTynatensHoe OBMMKEHWE — 3TO ABMMEHWE, NPW KOTOpoMm nbas npamas,
ECTKO CBA3aHHaA C Tenom, OCTAeTCA napannenbHol CBOeMy NepBOHa4YansHoMy
NONOMEHUID.

BpallatensHoe ABMMEHWE — 3TO ABMMEHWE, NMPW KOTOPOM BCE TOMKWM Tena
ABWKYTCA NO OKPYMHOCTAM, UEHTPbI KOTOPEIX NEMAT Ha O4HOWM W TOW Ke NpAMOR,
Ha3bIBAEMON OCLIO epauieHus.




2. _Cwucrema ovcyera. TpaeKTopus, ANuHa NYTH, BEKTOD NepemeuleHns.
OBewKeHWe Ten NpoucxognT B NPOCTPaHCcTBE W BO BpemeHw. [oaTomy Ans
onucaHWsa ABWMEHWS mMaTepuanbHoW TOYKM Haao 3HaTb, B Kakix MecTax
NpoCTpaHCcTBa 3Ta TOYKA HaxoAunack W B Kakme MOMEHTBI BpEMEHW OHa npoxoauna
TO UMW MHOE NONOKEHWE.
Teno omcyema — nNPoOU3BONbHO BbiBpaHHOE TEno, OTHOCWTENbHO KOTOPOro
onpeaenaeTcs NONOXeHNe ocTanbHbIX TEN.

Cucmema omcyema — COBOKYNHOCTE CWMCTEMBI KOOPAWMHAT W 4YaCoE,
CBA3AHHLIX C TENOM OTCHETA.
Hawnbonee ynomeﬁmenwag cUcTema KoopiwHaT — 6e:fapmoeaﬂ —

OpPTOHOPMUPOBaHHLIA Ba3znc koTopoit 0Bpa3oBaH TPeMSA eAWHUYHLIMK N0 MOAYMO W

B3aWMHO OPTOrOHaNbHbLIMW  BeKTOpamw . j.k, NpOBEAEHHLIMW W3 Hadana
KOOPAWHAT.

MonoxeHne NpousBonsHON Toukn 1/ xapakTepuayeTcs paduycoM-8eKmopom
;. COBAWHAKLWWWUM Havyano koopawHat () ¢ toukon M .

F=x-it+y-j+z-k, |;"|=;'=-J.r‘+1"+:‘
ﬂBM}KEHme MmaTepuanbHOM TOYKW MOMHOCTLI ONPejeneHo, ecnu AeKapToBbl

KoopAWHaTEl MaTtepuanbHOW TOYKWM 3adaHbl B
32BMCHUMOCTW OT EpEMEHN

x=x(1) v=wlr) z==z(r)
3TN ypaBHEHWS Ha3bIBAKITCA KuHeMamu-

HeCKuUMU ypaeHeHUAMU deuxeHus MOYKU.
OHun SJKEMBANEHTHEI CaHOMY BEKTOPHOMY

YPABHEHWI ABWMEHWA TOUKK: 1 =1 (7).

JTnHKnga, onNUCkIBAEMAR ABWXKYLLEWCH
MaTepuansHon TOYKON (nnw TENOM)
OTHOCWTENEHO EBbIDpaHHOW CWCTEMBI OTCYETA
HasblBaeTCH mpaexkmopueu. YpaeHeHWe

TPAEKTOPWUW  MOMHO  MNONYyY4WTb,  WUCKIHYUB
napameTp / W3 KWNHEMATUYECKUX YPaBHEHWA.
B 3aeucumocTtn  OT  OpMbl  TPaeKTOpPWKW  ABWMEHWE  MOMET ObITb
NPAMONUHEUHLIM VNN KPUBOSUHEUHBIM.
AdnuHot nymu ToOYKW HasblBASTCA CyMma ANWH
BCEX YYACTKOB TPAEKTOPWW, NPOWAEHHBIX 3TOW TOYKOW
3a paccMaTpUEaEMBIA NPOMEMYTOK BpEMEHN

As=As(r). OnuHa nytm — ckanapHasa QyHKUWS
BpEMEHH.
Bexkmop nepemewieHus Ar =r —r, — BeKTOp,

NPOBEAEHHBIN N3 HAYanbHOrQ NOMNOMEHWUs ﬂ,BMH(}-’LLI,EﬁCﬂ
TOYKW B MOMOMKEHWE €€ B AaHHLIN MOMEHT BpPEMEHN

(Npupalexmne paguyca-eekTopa TOUKM 3a
paccMaTpUBagMblil MPOMENKYTOK BPEMEHHU).
AF=F =K =F()—Flig)=Ax T + Ay j+ Az &k

B npepgene A7 — 0 gnuHa nytn no xopae As w gnuHa xopabl Ar zliu:l ByayT

BCE MeHble OTNUYaThLCH: ds zlu’r'l =dr.



3. CxopocThb

Ckopocmb — 3T0 eeKmopHas BENWYMHA, KOTOpas onpejensieT Kak DbICTPoTy
ABMMEHWA, TAK M €ro HanpaeneHWe B JaHHbI MOMEHT BPEMEHN.

Bekmopom cpedHell ckopocmu 3a WHTepBan eBpemeHn A7 AP
Ha3blBAETCHA OTHOLUEHWE npupaweHusa Ar paguyca-BekTopa TOYKWM K (U):E
NPOMEXYTKY BpemeHn Aj

HanpasneHue BeKTOpa CPeAHEN CKOPOCTW COBNajaeT ¢ HanpasneHuem Ar .

EduHuuya ckopocmu — wm/c.

MzHOg8eHHaa CcKOpOCML — BEeKTOpHaaA BenuuWHa, paeBHaa nepeoi
NPOM3BOAHON NO BPEMEHMW OT Paanyca-BekTopa /¥ paccmMaTpUBaemMOon TOUKK:
Ar dr

v=lim—=—=r
a0 At

BekTop MrHOBEHHOW CKOPOCTW HanpaeneH No KacamenbHoU K TPasKkTopun B
CTOPOHY ABWxeHWA. Moayns MrHOBEHHOW CKOPOCTW (CkandpHas BenuYuHa) paseH
NEpPBOV NPOW3BOAHOM NYTK NO BPEMEHMW.

. . ﬂ--':| . As ds
U =|U| =|lm—=Ilm—=— (Otcropa: ds=uv dr )
A—=0 Af Ar—0 Ag di

[1pn _ HEPaBHOMEPHOM _ ABMXEHWW Moaynb MrHOBEHHOW

CKOPOCTW C TEYEHWEM BPEMEHM M3MeHsAeTcA. [1o3ToMy MOMHO <u):£
BEBECTU CKaNAPHYH BenuYnHy (U) — CpedHOK CKOPOCMb At
HepasHOMEpPHO20 OelXeHUs (Apyroe HassaHue — cpedHas

I3

nymeeas CKopocms).

Anuxna nymu 5. NpPoOALEHHOrO TOYKOM 33 npomexyTok | ° :J““}d’
BPEMEHU OT 7, 40 [,, 3348ETCA UHTErPanom: f

Mpn npsmonuHelHoM O8WXeHUU TOYKM HanpaeneHwe BeKTopa CKOPOCTM
COXPaHAETCH HEM3MEHHbBIM.

OBuxeHMe TOYKM HA3bIBAETCA PagHOMEPHBLIM, eCnii MOdyNb €& CKOPOCTU He
N3MEHASTCA C TEYEHWEM BPeMEHK (U = consl), ANA Hero

s=v-A;
Ecnn mMmoaynb CKOPOCTH YBENUYWBAETCS C TEYEHWEM BPEMEHMW, TO ABWKEHUe

Ha3bIBEAETCA YCKOPEeHHBIM, SCIni #e OH y’ﬁbIBElE'.‘T C TedYeHWem BpemMeHW, TO
ABWKEHWE HA3LIBAETCA 3aMedneHHbIM.

4. YcKOopeHue.

YckopeHue — 3TO BeKTOpHas BenW4WHa, XapakTepusywwas ObICTpoTy
W3MEHEHWNA CKOPOCTW NO MOAYNK N HANPABNEHWIO.

CpedHee ycKkopeHue E WHTepeane epemedn A/ — BeKTopHan L AU
BENWYWHE, PAaBHAA OTHOWEHWKD W3MEeHeHWa ckopocTh AU K <“>:_
WHTepBany BpemeHn Af:

MzHogBeHHOE yCKOpeHUe mMaTepWansHON TOYKW — BEKTOpHaA BEenWYuHE,
paeHan nNepeol MNPOW3BOAHON MO BPEMEHW CKOPOCTW pACCMAaTpUBAEMOW TOYKW
(BTOPOW NPOWM3BOAHOW NO BPEMEHMW OT PAANYCa-BEKTOPA 3TON Ke TOYKN):

. AU dU . dF
a=lim—=—=t=—
M=0 AP i dit”
EduHuua yckopeHusa — m/c>.
B obuwem cnyyae nmaockoro KpWBOMWHENHOrO ABWMEHWS BEKTOP YCKOpPEHWs

‘_-,",EI,'DEHO NPeACTaBnTh B BUAE CYMMbI dayx Npoekuud: a=d, +d.

:Ii'

4



TaHzeHyuanbHoe yckope-
HUe d_ xapakrepusyeT ObICTpo-
TY U3MEHEHUA CKOPOCTU MO MO-
aynto (puc.(A)), ero BenmymHa:

dv
o, =——

Codt
HopmansHoe (yeHmpo-
cmpeMumersibHOe) YCKOopeHue

a HanpaeneHo No HOopMann K

1

TpaekTopum K LEHTpY ee
KpBU3HbI () 1 XapakTepuayeT
bbicmpomy  U3MeHeHUsl HarpaesieHusi BeKTopa CKOpPOCTW Toudku. Benuuuna

HOpMarnbHOro YCKOpeHWA «d, CBA3aHa CO CKOPOCTbKO U ABMXEHWUA NOo Kpyry U

0]

=v. Torga gna o —0:

Benn4mHon pagmyca R (pwc.(B)). MMyctb |U1| = |U2
Av, =vsina=v-a, As=v-At=R-o0 = a=(v-At)/R, otcropa:
Av, v _dv, v’

v
AV, ~—At = —L="_ = g =—"t="_
R At R dt R

BenwunHa nonHozo yckoperus (puc.(C)):

Buabl oBUXeHUSA:
1) a, = 0, a, = 0 — npsamMonuHeliHoe pagHoOMepHoe fBkeHne: d =0 .

2) a.=a=const, a,=0 — npamonuHelHoe pagHonepemMmeHHoe (PagHoyCKo-
peHHoe) pmkenne. Ecrm 7, =0, T0

Av _v-v, V-V, ’ _ at’
=TT = ;o UV=Vg+a-it; s;=j(vU +at)dt =v,t + —
At -t t . b

a,=a

2
v
3) a, =0, a,=const=— — paeHoMepHoe Oeu-
JKeHUe Mo OKPyXHocmu.
4) a.#0,d, # ) — KpueonuHeliHoe pasHoONepPeMeH-
Hoe deuieHue. m
5. KuHemaTuka BpallaTeNibHOro ABMKEHUA. R.

As

Mpy onucaHWMM BpallaTenbHOro ABWKERWUA YAOOHO :
Nonb30BaTbCA MOJIAPHbIMU KOoopOuHamamu R v @,

rae R — paduyc — pacctosiHie OT nonwca (LeHTpa
BpaLUEeHWA) 0O MaTepranbHON TOYKWM, @ () — MONSAPHbIN
yaon (yron noBopoTa).

AnemeHmapHbie nosopomsbl (06o3HavatoTcas AP
nnu d@ ) MOXHO paccMaTpmBaTh Kak nceedoeekmopsbl.

Yanoeoe nepemeuwieHue d@ — BekTopHas

_h..
! RO

BENMYMHA, MOZYMb KOTOPOW paBeH yriy noBopoTa, a
HanpaBneHwe CcoBNagaeT C HanpaeneHneMm noctyna-
TENbHOrO ABMKEHUS MPaeo20 eUHMa.




dod . dg .

)]

dep

Yanoeas ckopocms: ) = T: (p Yanosoe yckopeHue: 3 = ; —
dt dt dt ™

BekTop ) HanpaeneH BAONbL OCW BPALLEHWS Tak e Kak U BeKTop d¢, T.e. no

npaeuny Npasorc BUHTA. Bektop ﬁ HanpaeneH sBA0NbL OCW BpalleHWA B CTOROHY

BEKTOpa NPWPALLEHUA YTNOBOA CKOPOCTW (MPW YCKOPEeHHOM BpalleHWW BekTop [3

COHanpasneH BEKTOPY (), NPU 3aMedmeHHOM — NPOTUBOHANPABNEH eMY).
EduHuubI y2noeoil CKopocmu U y2/108020 YCKOpPeHUs — pagl/c u paa/c?.
fluHeliHaa ckopoCcmb MOYKU CBAi3aHa C YIMOBOW CKOPOCTBK W pagWycom

Ay RAAp L A
TRAEKTOPWK COOTHOLLUEHWEM: v=Ilim—=lim—=FR" lim—
A—=0 AP =0 AY w0 A

B _BekTopHom Buae dhopmyny AN NUHEWNHOW
—f
@ CKOPOCTA  MOMHO HAnWcaTe Kak 8eKmopHoe
npou3sedeHue:

=mhk .

U=[,R|.
(1o _onpedenieHuQ 8eKINopHo20 _npouleedeHus (Cm.

G 7Y c1p.1-29) ero moayne paseH |U'|:f.0!135;int'::. roe o
Y

— yron mexay Bektopamu ) u K, a Hanpaenexue
COBNajaeT C HanpasneHuem nNoCTYNaTenbHOro

ABWKEHWNA NPaBoro BUHTa Npw ero BpalleHny ot @ kK K.

Mpv paBHOMEPHOM BpaLIEHWM: f.r:r:“rTq):mn.w. cnegoBaTenbHo Q=T
ol
PasHOMEpHCOE BpallEHWE MOMHO XapakTepwuaoeaTk rMepuodom 0
gpaweHua | — BpeMeHem, 3a KOTOpoe Touka coBeplaseT O4WH [ =—
NONHLIA 0BopoT, 2T =@ - T W
Yacmoma epaujeHus — 4UCN0  NONHeIX  oBopoTos, ”=l=£
COBEpLUAEMbIX TEMOM NpU  PaBHOMEPHOM Ero  ABMMEHWW No I 2
OKPYXHOCTW, B €ANHULY BPEMEHN: =27 n

EduHuua yacmome! epauieHus — repuy ().
Mpu paBHOYCKOPEHHOM BPALATENLHOM ABWKEHUW 3 = consi:
B-r v @R’ s =R

w=w,+p 1 Q=0, 1+——; a, R T:m:h}? V= Ro
. L L

2 .l;\?ﬁ
=RB: 5= Jvdi =[rdr :fej‘:T‘f.:n:fego 4 = Roy®

iy hy

HAuramuka MamepuansHoU MoYvKu

6. MepBbi 3akoH HblOTOHA.

MaTtepuwaneHaa Touka (Teno) CcoOXpaHAeT COCTOAHME NOKOA  WMK
paBHOMEPHOro NPAMONMHENHOIO ABUKEHWA OO0 TEX NOp, NOKa BO3AENCTBUE CO
CTOPOHbLI APYrUX TEN He 3acTaBuT ee U3MEHUTL 3TO COCTOAHME.

Cmpemnedue mena coXpaHATb COCTOSAHWE NOKOA WNKM  paBHOMERHOro
NPAMONWUHEWHOTD ABWHEHWA Ha3bisaemca uHepmyocmeio. No3ToMy Nepeblin 3aK0H
HeloTOHa HasblBaKT TawkKe 3akoHoM uHepyuu. [lepeBbll 3akoH HbrOToOHA

ia i

,.\

]
-

Il

dv _d(oR)  _do
= = =N

f
et i clt

il




nocmynupyem CyWwecTEOBaHWE WHepuuanbHbLIX cucmemM omc4yema — Taknx,
OTHOCWTENEHO KOTOPbLIX, MaTtepuWaneHas Touka, He NOABEPKEHHAA BO3AESWCTBUIO
APYIMX Ten, ABUMETCA RABHOMEDHO W NPAMONUHENHO.

YToObl OnNUCeIBaTL BO3AEWCTEWNA. YNOMUHaeMbele B NEPEOM 3aKOHE HbtoToHa,
BBOAAT MNOHATWE cunbkl. [ONS ONWCAHWA UHEPLUUOHHLIX CBOWCTE TEN BBOAMTCH
NOHATHE MaCChl.

7. Cuna.

Cuna — eexkTopHas BENWYMHA, ABNAKWAACA Mepol MexaHuvyeckoeao delicmaus
Ha Teno cO CTOPOHbl APYruxX Ten Wnv nonei, B pe3yneTaTe KOTOPOro Teno
npuobpeTaeT yCcKopeHue unv naMeHsieT Jopmy U pasmepsb.

MexaHuyeckoe B3aUMOLEWCTBUE MOMET OCYLWECTBNATLCA kak mexdy
HenocpedcmseHHO KOHTaKTUPYIOWWMKW Tenamu (Hanpumep, npu ygape, TPeHUW,
AaBNeHUW APYr Ha apyra U T. N.), Tak W Mexdy yoaneHHbIMU menamu.

Ocobas ¢hopma mamepuu, CBEA3bIBAKWAA YacTWUbl BELIECTBa E eAWHbIe
CUCTEMBI U Nepejatollasl C KOHEYHON CKOPOCTLID ASWCTBUE OAHWX YAcTWUL Ha Apyrue,
Ha3bIBAETCA (hU3UYECKUM NosieM UN NpocTo NoemM.

Bzavmogenctene mexay yoaneHHbIMW Tenamu OCyLIEeCTBNSAETCS NOCPeiCcTBOM
CBA3aHHEIX C HAMW MPABUTAUWNOHHBEIX U 3NEKTPOMAarHUTHEIX Nonen.

[MNonb3yAck MNOHATUEM CWUNbl, B MeXaHWke O0DbIMHO FOBOPAT O ABMMEHWUW W
AedopMaunn paccmaTpMeaemoro Tena nod dedcmeauem MPUNOMKEHHbLIX K HEMY CLfl.
Mpu 3ToM, KOHeYHO, Kaxdold cufde eaceada coomsemcmayem  Kakoe-mo
onpedeneHHoe meno unu none, dedcmeaywiee ¢ amod cunot.

Cuna [ NOMHOCTLIO 3ajaHa, ecnm yKasaHbl ee molynbL [, Hanpasnesue B
NPOCTRAHCTBE W MOYKa NPUNOXEHUS.

Mpamasn, BAONL KOTOPOR HanpaeneHa cuna, HasbiBaeTcs nuHueld delicmeus
cunsl. JenmpansHbIMU Ha3bIBAOTCA CUIMEBI, KOTOPLIE BCHAY HanpasneHsl BAOMb
NPAMBIX, NPOXOAALLMX YEPE3 OAHY W Ty e HEMOABUMMHYH TOYKY — UEHMpP Cufl, W
3aBWUCAT TONLKO OT PACCTOAHUA A0 LEHTPa CKUn.

Mone, AeWCTBywOLlEE Ha MaTepwanbHyl TOYKy C CWnold [+, HasbliBaeTcs
cmayuoHapHbLIM nosemM, eCN OHO HE M3MEHAETCA C TEYEHWNEM BPEMEHM.

OpgHoBpeMeHHOE JEACTBME HA MaTepuanbHyK TOYKY HECKONMbBKWX CWUN
IKBWBANEHTHO ASWCTBMI OAHOW CWUNbl, HasbiBaemoW pasHodedcmsyrowed, wnn
pesynsmupyrouwied, CUNon U pagHol Ux 2eoMempuyeckol cymme.

EduHuuya cunst — HelTOH (H): 1H — cuna, kotopaa macce B 1kr coobwaeTr
yCKOpeHue 1mic B HanpaeneHun 4eNCTENA CUMLIL.

8. MexaHW4YecKMe CUCTEMbL.

Mexanuyeckol cucmemol Ha3bIBAETCA COBOKYMHOCTb MaTepuanbHbIX TOYEK
(Ten), paccmaTtpuBaeMblX Kak enHoe uenoe.

Tena, He BxoAAWMEe B COCTaE WCCNegyemol MeXaHW4YecKOW CUCTEMBI,
Ha3blBaKTCA @HewHUMU menamu. Cunel, JeACTBYOLWWE Ha CACTEMY CO CTOPOHLI
EHELUHWX TEN, HA3LIBAKTCA eHEWHUMU cunamu.

BHympeHHUMU cunamu Ha3bIBAKTCA CUMbl B3AUMOLENCTENA MEXIY YacTamu
paccmaTpuBaemMon CUCTEMBI.

MexaHuyeckaa CUCTEMAa HAa3LIBAETCA 3aMKHYmMouU, Wnu u30auposaHHoU,
cucmeMol, ecny OHa He B3aWMOASWCTBYET C BHELWHAMW Tenamu (Ha Hee He
AEWCTBYHOT BHELHWE CUINbI).

Teno HazbiBaeTcA €80600HLIM, CNK Ha Ero nonoXeHue W JABWMEHWEe B
NPOCTRAHCTES HE HAaNOMKEHO HWKAKUX OrpaHlYeHnin, » — Hecgob0OHLIM — ECnn Ha
€ro BO3MOMHBIE MOMNOMEHWA W ABWMEHWA HANOMEHBI TE WNW WHBIE OrPaHWYEHWUS,



HasblBAEMLIE B MEXAHWKE c8A3AMU. HecBoDOAHOE TEND MOXHO paccMaTpuBaTe Kak
cBoDOAHOE, 3aMEHWE AEWCTBME HA HEro Ten, OCYLLeCTBNAKWWX CBA3W, COOTBETCT-
BYHILLWMIK CHUNAMK. JTW CUNkl HA3BIBAKITCA peakuuaMU caeda3ell, a BCE OCTanNkHbIE
CHNEl, ,ﬂ.BHETB}’FOLLIHE Ha Teno, — akmueHbLIMU clnamMu.

9. Macca.

Macca — (bM3L'1L-IECHaH EelIM4MHAa, 0AHa W3 OCHOEBHBIX XapaKTepUCTUE MaTepuu,

onpefenaAlas ee MHEPUMOHHBIE N TDABUTAUWOHHLIE CEONCTEA.
EduHuua Macchl — Kunorpamm (kr).

Mnomyocmero TENa QB JaHHOW ero Touke M HaszbiBaeTca am
Y =—

OTHOLUEHNE Macchl ¢/n1 Manoro anemMeHTa Tena, BKNoYaloLwero TouKy F dl
M | k BenudunHe 17 obbema 3Toro anemedTa.

10. IMnynbe.
BekTopHaa BenuuMHa [, paBHas NPOW3BEAEHWK MacCkl M
MaTEPWanNLHON TOMKWM Ha ee CKOpOCTh U, W MMEeKLas HanpaeneHue

y=m-U
CKOPOCTW, Ha3LIBaSTCA UMAYALCOM, WNKW KoNTuYecmeom JeuXeHus !
3TOW MaTepWansHOW TOYKK.
11.Bropown 3akod HuroToHa
Bropo# 3akoH HbHOTOHZ — OCHOBHOW 33KOH AWHAMWKM NOCTYNaTenbHOro
OBUMEHWS — OTBEYAST HAa BOMNPOC, K3aK W3MEHAETCA MEXaHWYECKOE [ABWMEHWE

MaTepuansHOW TOYKW (Tena) nog AeACTBMEM NPWNOMEHHEIX K HER Cun.

YcKopeHue, NnpnobpeTaeMoe MmaTepHanbHOW TOYKOW (Tenom), Nponopuno-
HanbHO BbIZbIBAKOLWEN €ro cMne, COBNagaeT ¢ Hel No HanpaeneHu U o6paTHo
NpoOnNopUUOHaNbLHO Macce MmaTepuanbHON TOYKK (Tena):

F . du d(mv) _dp - F=md
a=—  wwm F=mi=m—=———=—=p

n di el di :
dp

Bonee ofuwan dopmMynUMpoEKa BTOROro 3akoHa HelToHA: CKOPOCThE F= »
U3MEHEeHMUA MMNYNbCa MaTepuansHoON TOUKW paBHa AeWCTBYOLWEN Ha ‘

HEee CHUne.

BEKTOF}HEH Benn4nHa fiﬁ Ha3blBaeTCA afeMerHmapHbIM UMIOYALCOM CUNbI

.Il[ 3d Manoe EpemMH di ee ,D,EﬁCTBI."‘IH. HMH}“]"II::C CHUnNbl 3a I"IpDME)K‘y’TOI{ BpemMeHW II
|

onpeldendeTca WHTerpanom J a'r'r'fff. CornacHo BTODOMY 38KOHY HboTOHE U3MEeHeHWe
]

MMNyNbeCa MaTepyanbHOW TOYKKW PpaEHO HMNYNBCY AeUCTBYHILWEW HA HEE CHUNbIL

dp=Fdi  n  Ap=p,— m:j;-}n

OcHOBHOWM  3aKOH AWHaMWKW MaTepwanbHOW TOYKM  BbipaXaeT NpUHLWN
NPWMMHHOCTM B KNACCWYECKOW MEXaHWke — ©OOHO3Ha4yHas Cc8fA3b Mexoy
U3MEHEHUEM C MEYEeHUEM @8peMeHU COCMOAHUA O8lbKeHUs U NOoMoOXeHUs e
npocmpadcmee MamepuansHol moyku u delicmeyrwue Ha Hee cunod, 4mo
noizeonaem, 3Had HaudanbHOE COCMOsHUEe MamepuansHOU MOYKU, BbIMWUCNWTL ee
COCTOAHWE 8 nboll nocnedyrowuld MOMEHIM epeMeHl.




12.MpUHUWMN HEe3aBUCUMOCTH JeUCTBWA CUI.

B mexaHnke Donblwoe 3Ha4YeHWe UMeeT ORWHUWN HEe3aBMCUMMOCTW OEWCTBUA
CMN: ecn Ha MaTepuaneHyrd TOMKY ,EI,'EIF'IGTB}"E‘T OOQHOBPEMEHHD HECKONBEKO CWUN, TO
Kaxgan n3 3aTux cun cooblaeT maTepranbHON TOYKE YCKOpEHWE COornacHo BTOPOMY
3AKOHY HetoTOHa, Kak E}I’ﬂTG APRYTvx CUn He Obino. CornacHo ATOMY NPpUHLKWUNY CUNEI
W YCKOpEHWA MOMHCO pasnarate Ha COCTaBnAwWWeE, WCNONBEI0EAHWE KOTOPLIX
NEWBOAWNT K CYWECTEEHHOMY YNPOLWEHWHD PELWEHNA 382034,

Hanpumep, HopManbHoe U maHseHyuanbHoe YCKOpEeHUA MaTepuanbHon TOYKN
onpejenakTcA COOTEBETCTEYHOWNMMKW COCTAEBNAKKWWMK CUNBI:

.k dv I, : dv
. =—; i, ==—=— o =m—

n dr m : dr
. .I'r'l. . - .|'r . HfU_‘ -
a, === a, =—=w"R=—; F, = =mm-R
m R m Iy

Cuwna [, coobwawllas maTepuanbHOn TOYKE HOPMAaTbHOE YCKOPEHWE,

HanpaeneHa K UEHTPY KPMBW3HBI  TPAeKTOPMM W MOTOMY  Ha3blBaeTCH
yeHmpocmpemumensHou cunod.

13. Tpetu 3akoH HsoToOHAa

BcAkoe pelcTBMEe maTepuanbHbIX To4veK (Ten) gpyr Ha apyra uMeer
Xapaktep B3auMOOeWMCTBUA, CUMbl C KOTOPLIMW OEUCTBYKOT APYr Ha apyra
MarepuanbHble TO4YKW, Bcerga paBHbl MO MOAYNK, MNPOTUBOMOMNOXHO
HanpaBneHbl U AENCTBYIOT BAOMNL NMPAMOW, COEAWHAIOLWEN 3TN TOUKW.

JTW CWNbl OPWNOMKEHbl K _pasdbiM_MartepuanbHbiM_Todkam (Tenam), sceraa
NeNCcTBYHT Napamu W ABNaKTCa cunamn odHod Npupodsl.

TpeTn 3akoH HeloToHa nMO3BONAST MNepenTh OT AWHAMWKW OTAEeNbHOW
MaTEPWANbLHOW TOYKWM K AMHAMWKE NMPOW3BONLHOW CUCTEMLI MaTEpWanbHbIX TOYEK,
NOCKONbKY NO3BONAET CBecTW nwbdoe B3avMMOAEWCTBME K CWNaMm  napHoro
B3aMMOLENCTBUA Memay maTepuansHbIMW TOMKaMK.

14.3aKoH coxpaHeHusa uMnynsLca
NMnynbCc 3aMKHYTOW CUCTEMblI HEe M3MEHAETCA C TeYeHUeM BpPEeMeHM
(coxpaHseTca):

1
p= Z,”fu'f = consit
i=1
3akoH COXpaHeHWA MMNyneCa ABMNAETCH CnejCcTBueEM O0HOPOAHOCTH
NPoOCTRAHCTEE:. NPK NapannefbHoOM NepeHoce B NpOCTPaHCTES 33MHHYTD|:"| CUCTEMEI
Ten kKak usnoro ee (bHHHL{ECHME CEONCTBA HE W3MEHSAKTCA (He 3aBWCAT OT Bb|60pa
NONoXKeEHNA HaYvana Koop4WHaT MHepLJ,HaﬂbHOFi CUCTEMBI OTCYETA).

15. 3akoH ABWXEHWA LieHTpa Macc.

B mexaHuke HblOTOHa WU3-3a HE3aBUCMMOCTM MAacChbl OT CKOPOCTW UMYILC
cucmeMbl MOXem Bbimb sbipaxeH Yepes ckopocmb ee ueHmpa macc. LeHmpom
Macc (UM yeHmpoM UHepuuu) CUCTEMbl MaTepuanbHbIX TOYEK Ha3bLIBAETCH
eoobpaxaeman Touka (', MONOMEHWE KOTOpOW XapakTepwuayeT pacnpeieneHve
Macchl 3Tol cucTemsl. Ee paanyc-BeKkTop paseH:

" raoe !Hf n .i:, — COOTBETCTBEHHO MacCa W pajuyCc-BeKTop 1 -1
Z”f,-’i MaTepmaanoﬁ TOYKW, #H — MHMWUCNO MaTephaneHblX TOYveEeK B
; — _i=l "
e = CUCTemMme, m :E .FH|l — MacCa CUCTEMBbI.
m =



. dr- )
B aTom cny4ae uMnynbc CUCTEMLI: p=m—-= mu,.
dt

3aKOH ABWKEHWA LeHTPa Macc: LEHTP Macc CUCTEMbI ABWKETCA Ai.. ,
KaKk maTepuansHas Touka, B KOTOPOW cocpefoToveHa macca Bcell | pm——=e= % |
CUCTEMBI U Ha KOTOPYK ASWCTBYET Cuna, pagHas reoMeTpu4ecKkon cli = f
CYMME BCEX BHELUHUX CWI, AENCTBYIOLWNX Ha CUCTEMY.

WNa aakoHa coxpaHeHus umnynbca cneayeT, uTo yeHmp Macc 3amMKHymod
cucmems! nubo deuwxemcsa NpaMosuHelHO U pasHOMepHoO, nubo ocmaemcs
Henoods8UX¥HbIM.

=

16.CMNbLI B MEXaHWKE.
1) Cunbl TAroTeHNa (rpaBUTaLMOHHbLIE CUNBL).
BE cucteme oTcdeTa CBA3aHHOWM C 3emnel, Ha BCAKoe Teno maccol m
AeWCTBYET cuna:
P=mg.
HasblBaemMas cusold msxecmu — cuna, ¢ KOTOPOW TENno NpUTArMBaeTcs
Jemnéen. [log AeWCTBMEM CWUNbl NPUTAMEHWA K 3eMmne BCe Tena najawT cC

OAMHaKOBbIM yckopenuem g =9.81M/C™ | HasbiBaembiM yckopeHueM ce80600H020

nadeHus.

Becom mena — Ha3sblBaeTca CWMNa, ¢ KOTOPOW TEno BCNeiCcTBME TATOTEHWA K
3emne AeNCTBYET Ha ONOPY WM HATAMMBaET HUTL NOABECA.

Cuna msxecmu delicmeyem ecez0a, a Bec NPOABNASTCA NWWb Torga, koraa
Ha Teno KpoMe CUNbl TAXECTW ASWCTBYH Apyrue cunbl. Cuna TAMEecTW paeHa Becy
Tena TONbKO B TOM ChNy4Yae, Korga YCKOpPEHWe Tena OTHOCMTENbHC 3eMNN PaBHO

Hynw. B npoTueHom cnyvae PP =m(g—d), rae d — YCKOpPEHWe Tena ¢ Onopomn
oTHocuTeneHo 3emnu. Ecnu Teno ceobodHO ABUMKETCA B NONE CUNbI TATOTEHUS, TO
(d = g W BecC paBeH HyMw, T.e. Teno ByaeT HEBECOMbIM.

Heeecomocmes — 3TO COCTOAIHWE Tena, Npw KOTOPOM OHO ABMMETCA TONBKO
noa AeWCTEMEM CUMbl TFAMECTH.

2) Cunbl_ynNpyroctu BO3HWKAKT B pe3ynbTare B3auMOAeWCTEWA Ten,
CONPOBOMAAKLWEroca nx gedopmaunen.

Ynpyras cuna nponopuwoHansHa CMELWEHWIO 4YacTulbl W3 NONOMEHWUS
PaABHOBECWA W HANPAEBNEHA K NONOMEHWND PABHOBECUSA!

F=—kr,
rae 7 — paguyc-BeKTOp., XapaKkTepusywlWWA CMelleHWe YacTuubl w32
NONOMEeHWA paBHoBecHsl, k — ynpyrocTe. MNpuMepomM Takoi CuNbl SABNASTCA cunia
yrpyaocmu deghopMauuu MpyXuHbI NPW PACTSKEHWA WK CXATUI:
F=—kx,

rAe Kk — MECTKOCTb NPYXMWHBI, X — ynpyraa gedopmaums.
3) Cuna TpeHWA CKONLMXEHWA BO3HWKAET NPV CKONMBMEHWW AaHHOro Tena no
NOBEPXHOCTW 4pyroro:

j'up = kN 1
rae kK — koaghchulueHm MPeHUs CKOMbXEHUS, 3aBUCALWMA OT NpUpoabl W
COCTOSIHUS COMpUKacawwmxca noeepxHocten, N — cuna HopmansHoz2o dasneHus,

npxUMaKwan TpyYWwWecs NOBEPXHOCTY ARYT K 4PYTY. Cuna mpeHusa HanpaeneHa no
KkacamenbHoU K mMpPywumMca nosepxHocmamM & CMOPOoHY, NPoOMmMuUsononoXHY
deuxeHU 0aHHO20 mefla OMHOCUMEenLHO dpyanao.
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Paboma u aHepzus

17.Pabora, 3Heprus, MOWHOCTb,

3Hepaus — 3Mo yHusepcanbHas Mepa pPaznuyHbix hopM OBLKEeHUS U
gzaumodelicmseus. C pasnNWYHbIMK  hopMamMu  ABWMEHWA MaTEPWW CBA3LIBAKT
pasnWyHble OPMbI  3HEPTUW.  MEXAHWYECKYH), TEMMOBYK, 3MEKTPOMAarHUTHYIO,
A0epHylo... MaMeHeHne MexXaHWYeckoro ABWMXEHWS Tena Bbl3blBAETCA CUNamu,
AEWCTBYHOLWWMUA Ha HEMO CO CTOPOHGI APYruX TEM.

Pa6oma cunbi — 3TO KONWMECTBEHHAA XxapakTepucTuka npouscca obmeHa
IHEPTVEN MEXIY B3aUMOAEACTBYIOLMMK TENAMMN.

Mpw npaMonuHeliHonM deuxeHuu Tena nof AencTBUem nocmosHHod cunel F
KOTOpas COCTaBMNAET HEKOTOPbLIA Yron ¢f C HanpasneHweMm nepemelleHun, paboTa
3TOW CUNbl paeHa:

P A=F 5= Fscosa

o F B obuleM chovyas cvna MOMET W3MEHATLCH Kak no
2 MOAYMKD, TaK W NO HanpaeneHwo, NoatomMy aTon dpopmynon
NoONL30BATLCA Henb3da. OAHaKko Ha 3nemMeHTapHom (Decko-
2 HEYHO Manom) NepemMelleHnin dr MOMKHO BBECTW CKaMApHYI0

BENUYUHY — anemeHmapHyto pabomy d- cunsi F

afs dA=\F -d )= F cosa - ds = F.ds
! dd Torpa paboma cunbi Ha y4Yacmke mpaexkmopuu oT
2 Toukm 1 a0 Toukm 2 paeHa anrebpanyeckod cymme

3NeMeHTapHbIX paboT Ha oOTAeNbHbBIX BECKOHEYHO Manblx
YHaCTKEX NYTK!

[

-

"I_é.v ’ A=|Fdscosa=|F.ds

e 1

Ecnu 3aBucumoctb /-, OoT § npeacTasneHa rpaduyecku, To pabota .1 onpe-

AenaeTca NNowaablo 3aWTPUX0BaHHON dOUrypel (CM. PUCYHOK).

KoHcepeamusHoU (nomeHyuanbHoU) Haskleawm cuny, paboma komopol
onpedendemca MonkKO HavyankHeIM U KOHEeYHLIM MONoKeHUAMU mena u He 3asu-
cum om chopmibl nymu. KoHCepBaTUBHBEIMW CMNAMK SBNAKOTCA CWNbl TATOTEHWA,
ynpyrocti. Bece ueHTpanbHble CUMbl KOHCEPBATUBHLL. [lpumepoMm HekoHcepsamues-
HbIX CAN ABAAKTCA CUMNbl TDEHWA.

YToOBlI OXapakTepuaoBaTe CKOPOCME CO8epleHuA pabomsl, BBOAAT MOHATHE

mowHocmu. MowHocte N paBHa  ckanapHomy Al Fdi
NPOM3BEAEHNKD BEKTOpa CWNbl Ha BekTop ckopoctn, ¢ | A =—:—:{f'.u’]'
KOTOPOWN ABIMMETCA TOYKa NPUIMOXEHWA 3TON CUIGI. dr dt

EduHuuya pabomel — pxoynb () — paboTa copepwaeman cunoil 1H Ha nyTw
T 1 w=1H-m.

EduHuuya mowHocmu — BaTT (BT): 1BT — MOWHOCTL, NPW KOTOPOW 3a Bpems
1c coeepwaeTca paborta 10X 1BT=10/cC.

18. KnHeTH4eCcKaa M NOTEeHUMaNbLHaA 3HEPrMA MEXaHNYECKOW CUCTEMbI

Kunemuyeckass 3Hepausi MexaHudeckoil cuctembl (K ) — 3to 3Heprus

MEXaHWYECKOro JBMMKEHWNA 3TON CUCTEMBI.
Cuna, J],E‘IHCTB}’H Ha NoKoAweeCcA TENO WU Bbl3blBaA €rc ABWMEHWE, COBEpLUAST
DEEOTY. d 3JHEPrnAa OBWMYLWEroCcA Tena BO3pacTaeT Ha BENWYKRHY 3aTpavyeHHoNn
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padboTel. Takum obDpaszom fApupawieHue KuHemuyeckold 3HEpPrmM JacTuubl Ha
INEMEHTARHOM NEpPEeMEeLleHU pPaBHO afnemMeHmapHold  pabome Ha TOM e
nepemMeLleHnn;

dk = d
Teno maccon m , ABUXYLLIESCH CO CKOPOCTBI U, 0DnagaeT KWHETUYECKOW 3HePrUen:

mu-

ct’.fZI"'fff"ZJHJTUJF'ZJHU(MZH?U(IUZJK = KZJH'JUJUZ
EI i}

KuHemuyeckasa 3Hepeausd 3aBUCWT TONLKO OT MAacchl U CKOpocTu Tena. lNoatomy
KMHETUYECKaA 3Heprua: (1) SBNAeTCA ¢hyHKUUeld CcoCmOoAHUA CACTeEMbI, (2) Bceraa
nonoxumensHa, (3) HeoOuHaKoega B PasHbIX MHEPUWANBHBIX CUCTEMAaX OTCYeTa.

MomeHyuaneHaa 3Hepausn {”} — MeXaHW4eCKana 3HEPruA CUCTEMBI TEN,
onpeaensemMas Ux B3auMHbIM PacrnonoMeHWeEM W XapakTeEPOM ClN B3aUMO4ENCTEWSA
MEHOY HUMIA.

[NoTEeHUWANBLHAA IHERTUA CUCTEMEI, NOA0GHO KWHETUYECKOW 3HEPTUK, ABNASTCH
(bYHHLI,HEIﬁ COCTOAHMA CUCTEMEl. OHa 3aBUCUT MONLKO OM KOHUaYpauuu cucmems!
W ee NoNoXeEHWA No OTHOLUEHWIO K BHELLUHWM TENaM.

[MpumMepbl NomeHyuanbHol 3Hepauu:
1) MNoTeHunanbHas 3HEpPruA Tena Maccol /it Ha BbICOTE /1 W =mgh

- kx?

2

EduHuya kMHETUYECKOW W NOTEHUManbHoW aHepauu — [Dxoynb (Ox).

2) MNoTeHuwanbHaa 3Heprua NpyYKWHL!, pacTAHYTONW Ha ANWHY X! I

19. 3aK0OH coxpaHeHWa IHEepPruu.

MonHaa mexaHu4veckass 3Hepaus cucmembl — 3IHEPTUA MEXAHWYECKOoro
ABIDKEHWA u B3aumogenctensa: f =K +11" T.e paBHa cymme KUHETUYECKOW W
NOTEHLUWANEHOW 3HEPTUA.

3aKoH coxpaHeHWs 3HEPTUW: B CUCTEMe Ten, Mexay KOTOPbIMW OeWCTBYHOT
TONBLKO KOHCepeamMueHbie cusbi NONHaA MexXaHW4YyecKasa 3HepPrua CoOXpaHAeTCH,
T.e. HE UI3MEHAETCA CO BPpeMEHeM:

K+ =FE =const

3170 — (pyHAAMeHTanbHbIA 3akoH npupodbl. OH ABNAeTCA CneacTsvem
00HOPOCHOCMU _8peMeHU — WHBAPWAHTHOCTW (PU3NYECKUX 38KOHOB OTHOCWTENBHO
Belbopa Havana oTcyeTa BpeMEHM.

MexaHuyeckme  CWCTEMbI, Ha  Tena  KOTopblX  AeWCTBYKT  TOMbKO
KOHCEpBaTUBHbLIE CUNbI (BHYTPEHHWE W BHELWHWE), HA3bLIBAKOTCA KOHCepeamueHbIMU
cucmemamu. B koHcepsamueaHblx cucmemMax NoMNHas MexaHU4Yyeckas 3sHepaus
ocmaemcsa nocmoadHod. MoryT nulb NPOMCXO4WThb MPeBpalleHns KMHETWYECKOoM
3HEPrUW B MOTEHUWanbHYK W 0BpaTHO B 3KBMBANEHTHBIX KONMWYECTBAX, Tak 4To
NoNHaa 3HEPrva OCTAETCA HEW3ZMEHHON.

HduccunamueHsie cucmembl — CUCTEMBI, B KOTOPbIX MEXaHWYECKaa 3HEpPrus
NOCTEMNEHHD YMEHbLUAETCA 3a CYeT npeodpazoBaHvAa B APYrUe (HemMexaHwdyeckue)
dropmbl 3Hepriu. B cucTeme, B KOTOPON ASACTBYHOT TaKMe HEKOHCEPBATUBHEIE CUIbI,
HanpuMep CWunbl TPEHWA, MOAHAA MexaHuyeckas JSHepaua cucmembl He
coxpaHaemcA. OpHako npyv  "MCYE3HOBEHUK' MEXaHWYEeCKOW 3Hepran Bceraa
BO3HWKAET 3IKBWBANEHTHOE KOMWUYECTBO 3HEprun gpyroro euga. Takum obpaszom,
3Hepausa Hukoz20a Ha ucYe3zaem U He nosensemcs e€HO8b, OHa UL
npeepauwaemcsi u3 00Ho20 auda e dpyzol. B atom zaknwudaeTtcs ghusuveckas
CYWHOCME  33KOHa COXPaHeHnmA W NpeBpawedHna 3Heprin  —  CYLWHOCTb
HEYHUYTOXMMOCTU MaTEPWUIW U €€ ABUMEHNS.
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20. CoynapeHus

Y8ap (coydapeHue) — CTONKHOBEHME AByX WNW Oonee Ten, npv KOTOPOM
B3aMMOAENCTEBNE ANWTCA OYMEHE KOPOTKOE BpPEMS.

YeHmpanbHbil ydap — yaap npuW KOTOpoOM Tena Ao yaapa ABWXYTCS Mo
NPSMOIA, NPOXCASLWEN YEPES UX LEHTPLI MAacC.
ADCONKTHO YNpyruin _ypap — CTONKHOBEHWE ABYX Ten, B pesyneTaTe

KaToporo B obownx B3EHMO,D,EIF1C.TE!}"|OUJMX Tenax He OCTAETCH HUKaKWX dedopmaunia n
BCA KWHETWUYECKAA 3HEPrva, KOTopol obnajganuy Tena 4o yaapa, nocne yilapa CcHOBa
npeepawasTCcA B KWHETWYECKYH) 3HEepPruio. BLINONHAKTCA 3aKOHLl cOxpaHeHus
WMNynsCa 1 CoOXpaHeHna MEXaHNYECKON SHEPTMK.

OB0o3Ha4YMM CKOPOCTW LUAPOB Maccamu i, W ni, A0 yAapa yepes U, u U,,
nocne yaapa — vepes U, u U,. PaccmoTpum nNpsMoi LEeHTPanbHLIA yaap. 3akoHbl

My m,L;  muT maus
+—=2= +—==

COXpaHEHWA: U, + M,V = MU, + n,Us,

3 ¥ ¥ 3
, my = m, o, + 2myv, o my = m o, + 2mp,
OTcioga: v, = = —. U, =—= = -
my, + s my + ns
ABGCONIOTHO HEeYNpPYTMil_yaap — CTONKHOBEHWE ABYX Ten, B pesynbTaTte

KOTOPOro Tena obbeANHAKTCA, ABUrasch Aanblue Kak eAMHOE Teno.
: ' : Uy + msU, )
mu, +nyU, =(m +my, .,  v=—"1—22: Mpum=m, v=——2=
| T U, | _ 2 S
m; + m,

He ebLINOAHAEMCS 3aKOH COXPAHEHUs MEXaHWYEcKOoll 3HEepruW: BCreacTBue
neopMaLMN YacTb KUHETHUECKON 3HEPriM NepexoauT BO BHYTPEHHIOK 3HEPTK
Ten (pasorpes). T0 yMeHbLUEHWE PaBHO:

. m U: H?-,Uf {Hz + i, }U: i m.,
AKX =| ——+— |- ———= ——(v, —v, ).
2 2 2 20m, +m,)

Ecnu ynapsemoe Teno Beino nepBoHa4ansHo HENOABIKHO '[U =0). To:

I

v , my, mu; -
V=——, AK= = —. Ecnun mi, >>m,, To U <<V, u AK = K,
m, + - my+m, 2

Mexanuka meepdozo mena

21. MomeHT uHepLLmm,
MomeHmoM UHepyuu MamepuanbHol MOYKU OTHOCUTENLHO OCH BpalleHus
HasbiBAaeTcA nNpPOW3BedeHWe Macckl 3TON TOYKM Ha KeajgpaT
PacCTOAHWA OT OCK: J, = *‘”;f‘}z
MomeHmom uHepyuu cucmems! (Tena) OMmHOCUMeNnbHO ocu ,
gpaljeHus HasblBaeTcs (U3MYecKkas BenuuuHa, paeHas cymme | J :Zmr_;-f
NPON3BEAEHWIA MACC # MaTEpWanbHbIX TOMEK CUCTEMBI Ha KBagpaThl i=l
WX PACCTOAHWIA 40 paccMaTpUBasmMoil OcK.
B cnyyae HenpepbiBHOrO pacnpejeneHus Macc 3Ta CcyMMa CBOAWTCA K

oo,
WHTETrpany J :J rodm , rae WHTerpyupoBaHWwe NponsecjnTcAa no OEIIEEI".I'I}’ Tena.
0

naeHbIl MOMeHm UHepyuU — MOMEHT MHEPUWW OTHOCWUTENLHO rMaBHOW ocK
BpalleHus npoxoddiyell yepes UeHmp Macc.
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MOMEHT WHEpUWW Tena 3aBMCMT OT TOro, OTHOCMTENbLHO KakoW OCWM OHO
BpallaeTcs v Kak pacnpefeneHa macca Tena no obwemy.

MoOMEHTbLI MHepUMM OOHOPOAHLIX TEN Maccown /11, UMEHLWMUX NPaBUNbHYHO
reoMmeTpuyeckyro JopMy M paBHOMEpHOe pacnpegeneHe Maccbl No obbLemy:

Teno lNonoweHne ocK BpalleHns MomeHT nHepunn

[NonbIA TOHKOCTEHHLIA Ock CUMMETPRIKMK mk-
uunuHap paguyca R

CnnowHo® uyunudap unun | Ock CUMMETPIMK

Awck paguyca R ;HTR_
[pAMOR TOHKWIA Ocb nepneHinKynNApHa CTERHHID 1 | 2
CTEPKEHL ANWHON [ NPOXOAWT Yepes ero cepejuHy I_"'””
Wap paguycom R Ock NpoxoguT Yepes UeHTp wapa 2

—mR-
5

ECnn N3BecTeH MOMEHT WHEPLUWW TENa OTHOCWMTENEHO OCW. NPOXOA4SALLEN Yepes
ero UeHTp mMacc, To MOMEHT MHEPUWKW OTHOCUTENBHO NBoK ApYyrol napannensHom
ock onpegenseTcA Teopemol LTenHepa:

Momenm uHepuuu mena J OMHOCUMENLHO MPOU3BONLHOU OCu = paseH

CyMMe MoMeHma ez0 UHepuul le omHocumensHO napannenb-

Holl ocu, npoxodaweld vepes uewmp wmacc ( mena, u | =J- +ma”
npouseedeHus Macckl m mena Ha keadpam pPaccmosHua d ’
Mexdy OCAMU.

Hanpumep, MOMEHT WHEpPUWM NPAMOro TOHKOrO CTEeKHS  AnuHon /[
OTHOCMTENBHO OCH, KOTOpas NepneHanKynsapHa CTEpiHK W NMPOXOAWT 4Yepes ero
KOHeLl (3Ta OCb OTCTOMUT Ha f/ﬂ OT OCU, NPOXOAALLEN YePEes LeHTD CTEPKHA):

/ T DN B
J.=Jdo+m = =—ml"+—ml~ =—mi~
= 7 o) 4 3

Takum o00pazomMm BenWMYWHa MOMEHTa WHEepUWW 3IaBWCWT OT Bbibopa ocK
BEpalleHWA.

22. KnHeTnyecKasa aHeprua BpalleHus.
ABconoTHO TBepace TENC BpallaeTcs  OKONo  HENOABMMHOW OcCM =
npoxoasallen yepes Hero. Bce TOYKW ABUXKYTCA C OLWHAKOBOW YrNMOBOW CKOPOCTLIO

= const . KMHeTu4Yeckana aHeprns Tena:

]

noo 2 fi] S 42 A 22
K, =Y mu; 3 morn) S i = J.o
G - : " " i'i -
2 £ 2

i=l = =l

rae J. — MOMEHT WHepLMK Tena OTHOCMTENBLHO OCK = .
Ecnn  Teno  coBepwaeT  nocTynaTtenbHoe W omvt Jw”
BpallaTensHOe ABWXEHWA OAHOBPEMEHHO, TO ero nonHas ==t

KMHETWYECKAA SHEPrMA pagHa CyMME KMHETWUHSCKWX IHEPrnA:

M2 conoctaeneHus (bODI".I'I'_l,fl"I KWHETWUYECKOW 3HEpran Ans NoCTYyNaTreneHoro W
BpalaTtenbHoro 4AEMMEHW BWAHO, YTO MepoU uHepmHocmu Npu spawamenbHom
deuxeHuu Chnywum MOoMeHm UHepuuu mena.

23. MomeHT cunbl.

Momenmom cunsi [ OTHOCWUTENBLHO HENOABWMKHOWM TOYKM () HasblBaeTcs
hrandeckas BeNWYWHA, Oonpefensiemasl BEKTOPHbIM NPOU3BELEHWEM paguyca-
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BEKTOpA /', NPOBEAEHHOrO W3 ToukM () B TOuky .1
NPWUNOXEHNA CUMbI, Ha CUny F

M =[F.F]
Moayne momenTa cunel: M = Frsino=F/, rpe
[=rsine — nmeyo cunlbl — KpaTyanlwee
paccToAHWe Mexay NUHUEeR AeNCTBUA CUMbl U TOYKON

(), o0 — yron mexay r wn [
MomeHmom cunbi OmMmHOCUMENBEHO HEeNnoOd8WXHOU OCU - — Ha3biBAETCH

ckanapHaa BenudwHa M., paBHaa npoekuwn Ha 3Ty ocb Bektopa A momeHTa

CUnMbl, ONPegeneHHOro OTHOCUTENBHO MNPOW3IBONEBEHOW TOMKW () paHHOW ocu =.
3Ha4YeHne MOMEHTA HE 3aBUCUT OT BeIDOpa NONOMEHNA TOYKA () Ha ock =

24.0cHoBHOe ypaBHeHWe AWHAMMWKW BpawarenbHoro ABWKEeHWA TBepnoro
Tena.
[Npw noeopoTe Tena noj AeNCTBUMEM CUNbI ' Ha BECKOHEYHO Manblil yron do
TOYKA NPUNOKEHWA CUNbl | NPOXoANT NyTeb ds = rd@ n paboTa paeHa:
dA=Fsinordo=M_dp.
PaboTa BpalleHus Tena MAeT Ha yBENNYeHUe ero KNHETUHECKON 3HePTUK:
dA=dK = dl(J.0*)f2)=J.0do

.If,d—q) = J,mdﬁ, oTKyAa

dt T
ypaeHeHue OuHaMuku epawjamenbHo20 OeuxeHus meepdozo | \f = j . f3
mena. h -

Ecnn _ock BpaleHWs CoBNaaaseT C MaBHOW OCbH WHEDUWMK.

Toraa M.do=J.wdw, wnn

NPOXoAsLLEN Yepes UEeHTPp Macc, TO WMESeT MECTC BEKTOpHOE M=J-p
PaBEHCTBO:
rae J — anaeHbll MOMeHm uHepuyuu mena (MOMEHT WHepuuu

OTHOCWTENLHO rMaBHOW OCK).

25. MoMeHT MMNYNbLCAa W 3aKOH ero coxXxpaHeHWs.

Momenmom uMnynsca (KonuYecTea ABWXEHWA) MamepuansHou moyku .|
omHocumensHo HenodsuxHolu moyku () HasblBaeTcs QU3MYEecKkana BenuyKnHa,
onpejenAemMan BEKTOPHEIM NPON3EELEHNEM:

i L=[r.pl=[F.mv]

T MomeHmom umnynsca omMHOCUMENLHO
HenodeuXHOU OCU = HA3LIBAETCA CKanspHas
BEMWYMHA [_, paBHas NMpoeKkUMU Ha 3Ty oCb
BEKTOpPa MOMEHTa WMNynbca. OnpeaeneHHoro
OTHOCWTENBHO NPOW3BONBHOM TOUKM () AaHHOR
ocK. 3HaveHWe MoMeHTa umnynbca L. He

ot

3aBUCUT OT NONOMEHWA TOYKW () Ha ocK =.

[pw __BpauweHun abconwTHO TBEpPA4Oro
TENa BOKPYr HENOABWMKHOW OCW Kaaas Touyka Tena ABWKETCA M0 OKPYMKHOCMU

NOCTOAHHOTO paawnyca /i CO CKOpPOCTblo U, meprneHOuxynapHol paguycy. MomeHT

i e

WMnyneca OTAENBHOW YACTUUEI paBeH .I'r..l,_.. = fi U, W HanpaeneH no ocW B CTOPOHY,
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onpejensemyy NpasunoM nNpaeoro BWMHTA (COBNajaeT C HanpasneHwem BekTopa
YrNOBOW CKOPOCTH ).

Momerm umnynsca meepdozo mena | i Dy = i o = J o
OTHOCMTENBLHO OCW €CTb CYMMa MOMEHTOB = = 2 = 2 men =,
MMNYNbCa OTASMLHBIX YACTUL; =l =

dl. i

MpoangdepeHUnpyem No BpEMEHW: ==/ =J.B=M.

i T odi ) -
. e :
B BektopHoi chopme: .U:T:[ — ewe oaHa dopma ypasHeHus
di

duHamMuKu spallamentHoz20 deuxeHus TBEPAOro Tena.

B 3amkHyTOW cucTeMe MOMEHT BHelwHux cun M =0, cnegoeatensio u L =0,
3aKoH _coxpaHeHUs MOMEHIma umMmnyabLca MOMEeHM UMAyabLca
3aMKHYmMoU CcucmeMbl COxpaHaenmcs, m.e. He U3MeHAsemcs ¢
meYyeHueM spemMeHu:

JT0 — dpyHaaMeHTanbHbI 3akoH npupodbl. OH ABNAETCA CNeicTsvem
U30MpoNdHOCMU __ MPOCMpPAaHcmea: WHEAPWAHTHOCTL hnandecknx 33KOHOB
OTHOCMTENBHO BLIDOpa HAaNPaBNeHWA OCEN KOOPAWHAT CUCTEMBI OTCYETA.

Mpw paBHOMEPHOM BPRALLUEHWN TEEPAOro TENa OTHOCWTENEHO HEKOTOROW OCKU =

[ =const

3dKOH COXPaHEHWA MOMEHTA MMNYNbCA 1. =const PaBHOCHUNEH: .JF:IU = COnst .

26. ConocTaBMM OCHOBHLIE BEMNWYWMHLI M COOTHOLWEHWA And nNoctynarenbHoro
ABMMEeHWA Tenda W anA ero spaueHnsa BOKPYT HE‘I'IGQBH}I{HOI:‘I OCH.

MocTynartensHoe ABUXEHWE BpawarensHoe ABWKEHWE
Macca mn MoMEHT MHERLKMK v
MNepemelweHne dr Yrnoeoe nepemellgHne dg
CkopocTe U=r Yrnoeas CcKOpPOCTb 0= '5P
YCcKopeHue G=1 Yrnoeoe yckopeHune !3 —
Cuna Ia MomeHT cunkl A
WNmnynsc p MomeHT umnyneca I
PaGoTa d1="F.ds |[Pabora d1= M do
KuHeTu4yeckan sHepris mus /2 KuHeTuuyeckas sHeprua I w22
F =ma M=J-f

(OCHOBHOE ypaBHeHue 7 OcHoBHOE ypaBHeEHWE .
ANHAMUKN =22 | ansamum = 9L
di ' i

Hechopmayuu meepdozo mena

27. Oedopmauumu TBEPOOro TENA

PeanbHble Tena He ABNAKTCA aBCONOTHO YNpyrumMu.

Oechopmayus — 3T0 W3MeHeHWe dOopMbl N pasMepoB TBEpAblX Ten nofg
OEWCTEBMEM BHELLHWNX CUI.

Mnacmuyeckan degpopmayus — 370 AedOpMaUMA, KOTOPaA COXPaHASTCA B
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Tene nocne NpekpaweHnsa 4eACcTEUA BHELHWXY CU.

Hechopmauua Hasbieaemeda ynpya2od, ecnv Nocne npekpaweHnsa AelcTBus
BHELLUHUX CWNM TENO NPUHWMaET NepBOHaYanbHele pasmepbl U opmy.

Bce euabl gedopmaunin (pacTaxeHWe, CKaTue, Marnd, KpyYeHue, cABur) moryT
ObITb CEEAEHLI K OAHOBPEMEHHO NPOUCXoAALMM AedopMauMaM PacTKEHUA (U
CMaTWA) U caBura.

Hanpﬂmeuug 0 — nandeckan BenuyuHa, YWCNEeHHO paBHas ' “”'Lx

ynpyron cune d/f

ceyeHnn Tena:
Ecnu cuna HanpasneHa no HoOpManu K MNOBepPXHOCTW., MO HanpsxeHue

HOpManbHOoe, eCnyu — N0 KacaTenbHoil, TO HanpsxeHue maHaeHyuansHoe.
OmuocumensHas OeghopMayus — KONWYECTBEHHAA Mepa, XapaKTepusyk-

Wasa cTeneHs AedopMaunn n onpejgenaeMas oTHoWweHuem abconoTHON

npuxoaslencs Ha eauHuuy nnowaam dS | © ds

elastic 1

ﬂ,ethpMﬂLLWH Ax K NepeOHavYanbHoOMY 3HaYeHWo BenWYlHbI X Ax
xapakTepuaywoLen opmy unn pasmepsl Tena: X
Tak, A

— omHocumesnsHoe U3MeHeHue OnuHLI / cCmepxHAa £=—

(NpoaoneHasa gedopmMmauunsa) £ /
— omHocuMmensHoe rnonepeyHoe pacmskeHue (cxamue) £, e = ﬁ
rae o — AMameTp CTEpXHA. d

Hedopmaymn £ w ¢’ Bcerga umerT pa3HblE 3HAKW: e = —UE £'=—ue

rge [ — NONOMUTENBHLIA KO3MUUWEHT, 3aBUCALLNIA OT CBONCTEB mMaTepuana
1 HaaslBaeMbIi koaghghuyuenmonm lNyaccoHa.

28.3akoH ['yka.

Ona manelx gedopmaunin OTHOCKMTENbHaA Adediopmauna £ o=FEg
NPONOPUMOHaNsHa HaNPSKEHWKD 7

rae [ — ko3puUMEeHT NPONOPUNCHANEHOCTW (MOAYNE YNRYIOCTH), YUCTEHHO
PABHBIA HANPSMEHWK, KOTOPOE BO3HWKAET MNpPpW OTHOCUTENBHOW aAedropmaumn,
PaBHOW eMHULE.

Ons crnyyas OAHOCTOPOHHErD PAacTsKEeHWs (CkaTua) MOLyNb  YNPYyrocTtu
HasblieaeTca modynem HOHza.

A a . kS
3anucae £ :T:%:ﬁ: nonyymm [/ =T£~J =k-Al — 3akoH_[lyka:
yOnuHeHue cmepxHsa npu  ynpyzol JdechopMauuu npPonopyuoHanLHo
delicmeyrowiell Ha cmepxeHb cune (3aeck k — KO3MPPUUNEHT YNpyrocTh).

AnemeHmMb! MexaHukU ¥udkocmed

29.[laBneHue B UAKOCTWU U rase.

CeolcTBa MWAKOCTEW W rasoB BO MHOrom otnuyawTtcsd. Monekynel rasa,
coBeplas XaoTu4eckoe LBUMEHKE, paBHOMERHO 3anoNHAKT BeCb
NpedocTaeneHHeld MM odbteMm. B MWIKOCTAX, B OTNW4ME OT rasace, cpejHee
PacCcTOAHME Mewdy MONeKkynamw OCTAeTCHA NPAKTUYECKM NOCTOAHHLIM. MMAKOCTL,
coxpadas obvem, npuHuMasT chopMy COCyAa, B KOTOPOM OHAa 3aKnKyeHa.

OaHako B pafe cnydaee, Korga MWOKOCTW W ra3bsl MOMHO paccMmaTpusBaTh Kak
CNNCLUHYH Cpeay, WX NOBEAEHME ONUCLIBASTCA O MHAKOBLIMI 3aKOHaMKW — 3aKoHaMK
2udpoa3pomexaHuku. [Mo3ToMy NONL3YHTCA EAWHBEIM TEPMUHOM “KUGKOCMBE".
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B dwuanke wcnonbayetca ghusuyeckas modenb HeckKUMaeMoW XKWUAKOCTU —

MWAKOCTW, NNOTHOCTE KOTOPOW BCHOAY O4WHAKOBA WU HE MEHAESTCSH CO BPEMEHEM.

Ha kaxabld anemeHT noeepxHocTW AN Tena, NoOMELWEeHHOro B XWAKOCTb, CO
CTOPOHBI MONEKYN MUAKOCTW AencTByeT cuna A/~ HanpaeneHHaa NepneHgWKynapHo
NOBEPXHOCTH.

HaeneHueM xudkocmu HazblBaeTca (QUanYeckan BenuynHa, _i
onpefensemMas  HopManbHOW CWNoW, [AEWCTBYKLWEW CO CTOPOHbI P= AS
HMWOKOCTW Ha eAnHULY nnowagu:

EduHuuya daenenusi — nackans (Ma). 1Ma paeeH gaeneHuo, cozgasaemomy
cunod 1H, paBHOMEpHO pacnpefeneHHOW N0 HOPManeHOW K HEeW MNOBEPXHOCTW
nnowagso 1m? (1 MNa= 1 Him?).

[aeneHwe npu paBHOBECWMW MWAKOCTEW WNKM ra3oB NOAYWHASTCA 3aKOHY
MNackana: [aenenue e mobom mecme nokKoAwedca Xudkocmu oduHaKkoeo no acem
HanpasneHusamMm, npuyem dasneHue oduHakoso nepedaemcs no ecemy obLemy,
3aHAMoMYy NOKOAWENCA WUOKOCIMILH).

Mpwn paBHOBECUWM MWAKOCTW AaBNEHWE N0 ropwaoHTanum BCerga OAWHAKOBO,
noaTomy ceobodHad noeepxHocMb ¥udkocmu ecezda 20pu3ocHMankHa spanu oT
CTEHOK cocyaa.

Ecnn WAKOCTE Heckumaema. TO €& NNOTHOCTE HEe 3aBWUCUT OT AaBfeHWus.
Torga npu nonepeyHom cedeHun S ctonda WWIKOCTW, ero BeICOTE /1 U NNOTHOCTH
P Bec PP=pgSh, a LaBNeHWe Ha HUXKHEE OCHOBAaHWE W3MEHFETCH SIUHeUHO C
BEICOTOWN:

P pgSh
5 )

NaeneHue pghi HasblBaeTcA sudpPocmMamuYyecKum.

Cuna pgaeneHns Ha HWKHWE CNOoW XWAKOCTW OyaeT DonblUe, YemM Ha BEPXHWE,
NO3TOMY Ha Teno, NOrpyXeHHoe B MWIAKOCTb [AEWCTBYET cuna, onpejensemas
3aKOHOM ApXuMmena: Ha Mmefo, NozspyweHHoe 8 xudkocms unu 2as, delicmsyem co
CMOPOoHLI 3moll xudkocmu (2a3a) HanpasneHHas eeepx eklmankusarmuwas cuna,
pasHas eecy sbiimecHeHHoO menon Kudkocmu (zasa).

P = pgh

Fa=pgh
rAe ) — NNOTHOCTE ¥UAKOCTH, |° — 0DBbEeM NOrpyXeHHOro B XWAKOCTb TENa.
30.YpaBHeHWe HeEPa3pLIBHOCTM. s
¥

OeveHne  MWAKOCTW  Ha3bIBaETCA
meyeHueM, a COBOKYNHOCTb  4actuy
ABMKYLLEACH MWIKOCTW — MTOMOKOM.

[pachnueckn [EVMEHWE MWUAKOCTEN
n3odpakaeTcs € NOMOLUbID AUHUL moka,
KOTOpbIE NPOBOAATCA Tak, yTO
KacaTenbHble K HWUM COBMajgawT no
HanpaeneHWKy C BEKTOPOM  CKOPOCTW
MNAKOCTU B JAHHLIA MOMEHT BPEMEHU.

JIMHKMKM ToKka NPOBOAATCA TaK, uTODbI
ryctota ux Obina Sonbwe TaM, rae Gonblue
CKOPOCTE TEYEHWA KWAKOCTW, W MEeHblUe
Tam, roe ¥naKkocTe TEYeT MelNEHHEE.

YacTbe MWAKOCTW, OrpaHuyveHHas nn-
HUAMW TOKA, Ha3bIBaeTCcA MPyOKol moka. 7 T 7 >
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TeyeHWe MWAKOCTA HA3BIBAETCA ycmaHosuslWUuMca (UNW cmauuoHapHbIM),
ecnu bopma 1 pacnonoMeHne NUHWIA ToKa, a TAKKE 3HAYEHWS CKOPOCTEN B KaMon
e ToJKe CO BpeMeHEM HE WAMEHAKITCA.

PaccmoTpum TpyOky Toka, Bbibpae aBa ceusHua S, v 5,, NepneHankynapHble
HanpaeneHuw ckopoctn. 3a epema A7 yepea ceuyeHwe S npoxoaut obvem
#makoctn SUAS. Ecnn #unakocTe HeCkKMMaema, To Yepes S, 3a 1c NnponaeT Takoi
e 0DbeM KUAKOCTW, 4TO U Yepes S, !

ﬁ'l U, = S'zuz nnu SU = consi — ypaeHeHue HepaspbieHOCMU

Mpou3zsedeHue ckopocMU MeyeHUs HecxkumMmaemol Xudkocmu Ha nonepeyHoe
cevyeHue mpybKu moka ecmb 8efludUHa NocMoaHHas dna dadHHol mpybku moka.
31.¥YpaBHeHue BepHynnu

MdeanbHoll XUGKOCMBIO Ha3biBaeTCA BOODpaMaeMan XWAKOCTE, B KOTOPON
OTCYTCTBYHT CWIbl BHYTPEHHETO TPEHWA.
B crauvwoHapHo Tekywen udeanbHol xudkocmu Bbldupaem TpydKy TOKa,

OrpaHuYeHHyl ceyeHmamu S, u S,. Mo 3aKoHy COXPaHEeHWA 3IHEPruM WM3MEHEeHUe

NOMHON 3HEPrin JKWAKOCTW Maccol /m B MecTax ceveHun S, n 5, pasHo pabote
BHELLHWX CUIT MO NEPEMELLEHNI0 3TON Maccel Xuakoctun: £, — [, = 1.

. omuy . mUy : :

Ey=—+mgh, E,=—=+mgh,, A=Fl+Fl,. L=vwA, [,=v,A

~ = 7 - C ' B )
F=pS,, F,=-p.5,. Otcioaa

muz _ HfU‘f

“+ mgh, + p,Su,At =——=

CornacHo YPABHEHWUKD HENPEPBIEHOCTH, ofbem, 3aHMMaeMeli MUIKOCTEID,
Al"=5p,Ar=5,0,Ar.
Wcnoneaya m = pAl’ rae p — NNOTHOCTb MUAKOCTW, NONYYUM

-

+mgh, + p,S,0,A1

e
£ —+ pgh+ p=consi — ypaeHeHue GepHynnu
rae p — cmamuveckoe daeneHue (LaBNEHWE MXUAKOCTM Ha MOBEPXHOCTM
'}U:
obtekaemoro Tena); pgh — eaudpocmamuveckoe dasneHuUe; —

duHaMmuyeckoe JasneHue.

YpaeHeHue bBepHynnn — BblpaXeHWe 3aKkoHa COXpPaHeHWs  3Hepruum
NPUMEHWTENBHO K YCTAHOBUBLUEMYCA TEYEHUKD WAEANBHON MUAKOCTH.

N2 ypaBHeHus BepHynnu W ypaBHEHWS HEepaspbiBHOCTM CNEeAyeT, uTo npu
TEYEHWUN MUAKOCTU NO TpyDe, MMEKLIEA pazNUYHbIE CEYEHWS, CKOPOCTh MUAKOCTH
fonblie B MEcTax CY)EHWA, a cTaTudeckoe gaBneHve Gonblwe B Gonee WNPOKUX
MecTax.

32.BA3KOCTbL (BHYTPEeHHee TpeHue)

Bazkocmbs — 3T0 CBOWCTBO peankHbIX MUOKOCTEW 0KA3bIBaTe CONPOTUBNEHNE
NnepemMeLLeHno O4HON YacTW MUAKOCTU OTHOCUTENBHO APYrow.

MNpwu NepemeleHn OAHNX CNOEB peanbHOU XUOKOCTIU OTHOCUTENBHO APYrNX

BO3HWKAKT CUMLI 8HYMPEHHE20 MPeHud, HanpaeneHHble No KacameneHod K
NOBEPXHOCTW CNOEE.
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Bonee BeicTpele cnow yckopsalT Bonee MeaneHHble W HAaoBopOT, MeaneHHbIe
CNow TOPMO3AT NpUNerawwlne K HuUM BeicTpble cnow. Mpaduesm ckopocmu iw/iu-

nokaselBaeT, Kak DbICTPO MEHAETCA CKOPOCTe NpW nepexoge OT CMNoA K Chow B

HanpaeneHwu x nNepneHivkynspHoOM HanpasneHuo 4BMXEHWS CNOeE.
Cuna sHympeHHe20 mpeHUss NPONopUWCHanbHa rpagWueHTy

CKOPOCTW W paccmMaTpUBEaEMON NNoWaAn NOBEPXHOCTI cnoa S ¢
KoathuuMeHT nponopuwvoHansHOCTW 1],  3aBMCAWKMA  OT

Npupoabl WAKOCTW, HasbiBaeTcAd OuHaMUYecKol esA3KocmbM (MW NPOCTO
BA3KOCMbLIO).

EduHuya 8a3Kkocmu — nackanb-CeKyHaa — AMHaMW4eCcKan BA3KOCTL Cpeabl,
B KOTORON NPW NamMUHAPHOM TEYEHWUW W TPAAWEHTE CKOPOCTW C MOAYMNEM PABHBIM
1m/c Ha 1m, BO3HWKAET cuna BHYTPEeHHero TpeHna 1H Ha 1m° NOBEPXHOCTU KacaHWA
cnoee (1Ma c=1H c/m?).

Yem BonblUe BAZKOCTL, TEM CUNBHEE MWAKOCTE OTNUYAETCA OT MAEaNEHOW, TEM
fonblie cWnbl BHYTPEHHEro TPEHWS B HeW BO3HWKAKT. BA3KOCTb 3aBMCHT OT
TEMNEPATYPLI, NPUYEM XapakTep 3TOW 3aBWCUMOCTW O4NS MWAKOCTEW W rasoe

pasnuyeH (4Nna XUAKoCTEN 17 C yBENUYEHWEM TEMNERATYRE YMEHELWAETCA, Y rasce,

HaoboporT. }-’BEJ’IMHMBBETCH}. HTO YKa3bIBAET Ha pazfuydue B HWX MexaHu3Mos
SHYMPeHHE20 MPeHUA.

33.[Ba pexMma TeYeHUH HUOKOCTEeN.

TeyeHWe HasbiBaeTCA MaMuHapHbIM (CcroucmesiM), €Cnu BAONb NOTOKa
Kawaelll BblAENeHHBIM TOHKWW CNOW  CKOMb3WT OTHOCWMTENBHO COCE4HUX, He
nepemeLliueadch ¢ HAMM.

JlamuHapHoe TeyeHue MuakocTk HabnwaaeTcs npyu HebonbWWX CKOPOCTAX ee
ABWXEHWA. BHeWHWA CNOW MWAKOCTW, NPUMBIKAKLWKWIA K NOBEPXHOCTW TpyDbl, B
KOTOPOW OHAa TeYyeT, M3-3a CWUN MONEKYNAPHOro CUSNNeHus NpUNunaseT K Hel W
ocTaseTca HenoAewxHbIM. CKOpOCTH Nocneaywwmnx cnoes Tem tonslwe, Yem bonbLue
WX paccTosHWe A0 NOBEPXHOCTK
TpyObl, W HawbonblWel CKOPOCTLID
obnagaeT cnoW, ABWKYLUWACA BAOMb
ocK Tpydel (pUc. (a)).

TeveHne Ha3bIBAETCSA
mypo6yneHMHLIM (euxpeasiM).
eCcnn YacTuubl XXUAKOCTU nepexodam
13 cnos B crnon (MMeT a) b
COCTaBNAwLWME CKOPOCTEW, NepneHAWKyNApHbIe TEYeHWID). 3TO CONPOBOXAAESTCH
WHTEHCHBHBIM AepeMeltusaHuemM MNAKOCTH (rasa) n euxpeobpasoeaHuem.

CkopocTe 4acTviy DbICTPO BO3pacTaeT Mo Mepe yaaneHWs OT NOBEepXHOCTW
TpyObl, 3aTEM W3MEHAETCA AO0BONBHO HE3HaYWTENbHO, BCMNEACTBWME WHTEHCWMBHOMO

i

S

nepemMewnsaHna (puc. (e)).
KonM4eCTEEHHO NeEpexod OT O4HOro peMuMa TEYEHWUA . ﬁ'(“)“r _ <U>f*’
K ApYromy xapakTepuayeTtca Jyucnom PeltHonsdca: 1 Y

3aeco ¥ =N/p — xuHemamuyeckas es3Kocmb; P —

NNOTHOCTE WO KOCTW] (U‘) — CPedHAA No CeYeEHWKD TD‘_-,"EI'I::I CKOROCTE MWAKOCTHW] d —

XapakTepHbl NUHEWHbLIN pasmep, Hanpumep guameTtp Tpyodbl.

Mpu manelx 3HadveHuax ducna Peidonsbaca (Re=1000) wabnwpaetca
namuHapHoe TedyeHwe, nepexod om namuHapHo2o TevyeHus K mypbynedmyomy
npoucxoaut B obnactn 1000 <Re <2000, a npn Re=2300 (ana rnagkux Tpyd)
Te4YeHne — TypDyneHTHoe.
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34.Metoabl onpeaeneHUa BA3KOCTW.

1. Metoa CToKCca OCHOBAH Ha U3MEPEHUW CKOPOCTW MEeNEeHHO ABMKYLINXCA B
WWOKOCTW HEBONBLWWX Ten cdiepudeckol opmel.

Ha wapwuk, NAOTHOCTBIO 0 W paguycom . Najakwwni B XUAKOCTH BA3KOCTbLD

17T W NNOTHOCTL rOr BEPTWKANbHO BHW3 CO CKOPOCTBHY U, ,ﬂ,E‘.‘ﬁCTByPOT TPpW CHUNbI:

3 . 3
cuna Tawectn P = Am"' pg, cuna Apxumega [, = %m" pe u cuna
conpoTuenexus [+ = 6Nru . npu pasHomepHom gevxennn ' — [, — " =0, oTkyaa

2Ap—pHgr
1=
Qu
2. Mertogn lNyasennsa. 3T0T METOA OCHOBAH Ha NaMWHAPHOM TEYEHUW HULKOCTI

B TOHKOM Kanunnape. PaccMoTpum kanunnap paguycom K u anwHoi /. B uakocTw

MBICNEHHO BbILENUM UMUMHAPWYECKWIA CNOW PagMycoMm » W TONWWHON dr (puc. a).
Cuna BHyTpeHHero TpeHus, AeWcTBylLWwas Ha DOKOBYK NOBEPXHOCTbL 3TOro

dv

. du A
j dS = —I]Tufrr‘f_ Mpy yCTaHOBMBLUEMCS TEYEHWUM 3Ta cMna ypas-
dr dr

HOBELWWBAETCA CWUNOW JaBNEHWA, ,D,EI?ICTB}‘I-DLLIE'H Ha OCHOBaHWe TOro e ulinuHipa

du 5 Ap
—nN—2rr{ = Apmr-, oTkyna dv :_i;-m-_ lNocne WHTErPUPOBaHUA C y4eTOM

dr nl

cnosa [ =-n

Ap 5
TOrO, YTO CKOPOCTB MMUAKOCTW Yy CTEHOK PaBHa HYM, nonyyaem U :%[ R~ —r7).
a4t

OTcioga  BWAHO, YTO  CKOPOCTW  YacTuMl  MWAKOCTK  pacnpefensiwTca  no
napabonuyeckomy 3akoHy (puc. a). npuydem BeplumHa napabonkl NeXWT Ha ocu

Kanunnspa. 3a BpemMa [ M3 Kanunnapa BeITEYET MMAKOCTE, 0BLEM KOTOPOR

" # 252 4 4
.7 2rApt - 2aApe| R . TRTA
f :JUfﬁm'd{':ijf'[ﬁ‘—f"]c.f.r': PULE R F A apr

0 anl 4anl 2 4 sn/

0
_ TR Apt
8171

MomeHuuansHoOE rione cun.

MomeHyuansHoe none — none, B KoTopom paboTa, coBepllaemasn cunamm
npw nNepemelleHn Tena U3 o4HOro NONOXMEeHWs B ApYroe, He 3aBWCWUT OT Toro, no
KaKoW TpaeKkTopuW aTo nepemMelleHne Npon3cLluno, a 3aBucuT TONbLKO OT HavanbHoro
W KOHeuyHoro nonokeHwd. Cunbl, AEACTBYKWWE B Takix MonNAx, HasbiBawTCA
KOHCep8amueHbIMU (HanpuMep, cuna TAroTeHus). Ecnn e paboTa, coBepwaemas
CUMOW, 33BUCHT OT TPASKTOpPUKN NEpeMEeLLeHna Tena 13 O4HOW TOYKW B APYryK, To
Takaa cuna HasblieaeTca duccunamueHol (HanpuMep, ciuna TPpeHKus).

Patoma koHcepesamusgHbIX (NomMeHyuansHLIX) cunm NPW 3NeMeHTapHOM
M3MEHEHMW KOHMMUrypauun cHUCTeMbl paBHAa MpupauleHuro nomexHyuansHou
3Hepeuu, B3IATOMY CO 3HaKOM MUHYC, Tak Kak paboTa coBeplwaeTcs 3a cueT
yObINW NOTEHUWANBHOW 3HEePruun:

OTKYOa BA3KOCTb

dAd =—dlW
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Mockonbky Fdi =—dIV o IV = —Jf-"dr' +const , otciopa I =—grad =-VII"

di . dIV

I

rae Bektop gradll” = i +—— ] +——k HasbiBaeTcA epadueHmMoM ckanspa
olx dy az
17" n oboanaqaetca VIi' = gradll” . Cumeon V ("HaBna") - d. d. ¢ i
- ) f=—i+—j+—
0B03Ha4yaeT CUMBONUYECKWA BEKTOP, Ha3biBaeMblil gne- D r'h-'f o=

patopom [amuneToHa wnu Hadbna-cnepartopom (cTp.1-30):

KoHkpeTHeIW Bua divHKUWMK 117 3aBuUcUT OT XapakTepa CUMIoBoro nons.

1) loTeHuWanbHas 3HEpPrUA Tena Macchl

BLICOTE /1!

I

Ha

2) TloTteHuywanbHaa 3Heprua ynpyrogedopMupo-

BaHHOMO TENAa.

35.MNone cvn TAroTeHWA.

it ]

—J Pdr = J mgdx = mgh
{ 0
X X 3

= —J; Fdx = J hxedy = Lo

W

2

0

3akoH 8ceMUupHoz0 mazomeHuUsA, ME}HA}’ nobeIMK ABYMA MaTepuanbHBIMW

TOWKaMu OEeACTBYyeT cuna B3aWMHOrO NPUTSIKEHWA, NpsSMO  anm
NPONOPLUMOHaNbHaa NPOM3BEAEHMI0 Macc 3TUX Touek W obpatHo | F=G——=
nponopuUKroHansHasn KeaapaTy PacCTOAHUA MEXAY HUMN: r
rae G =6.67-10"" Hm?xr? — gpasumauuoHHas NocmossHHas.
JTa cuna HasbiBaeTcs epaeumayuoHHOU, unu  cunol 8ceMupHo20
msizomeHus. CWnNbl TATOTEHWA BCErga SABMAKTCA CUNamMu  NPUTSKEHWA W

HanpaeneHel BAOMNE NPAMON, NPOXCO4ALEN Yepes BSEMMO,H.EIHCTB}“I‘DU_LME TENA.

[paBnTaunoHHOE

E3aUMOJEACTBHE

MeX Ly Tenamu

ocywectenaeTca C

NOMOLWEH NONA TArOTEHWA, UNK rpaeUTauMoOHHONo NonA.
Ha npyumepe rpaBMTaunoOHHOrC NONA pPacCcMOTRUM NOHATWA HanpsaxeHHocmu

nonAa w nomeHyuana nons.

HanpsxeHHOCMb _Nonda _MmMA20meHus 3T0 dhusuveckad eenuvyuHa, pasHas

OMHOWEHUK cunbl, delicmayroweli Co CMOoPOHLI NOMS Ha NOMELEHHoEe _
e Hez0 mefo (MamepuanbHyilo mouky), k macce smozo mena. | — 1

HanpsKeHHOCTb ABNAETCA 8EKMOPHOU cunoeol xapakmepucmukod

nona mazomeHUuA.

B rpasuTaumoHHom none 3emnu /= mg , oTkyaa

GM
(R, +h)*

F_GM _

m R

l||r': = ir

rae R, — paguyc 3emnu, macca kotopon A/, /i — paccTosaHWe OT LEHTPa THXECTH

TENa A0 NOBEPXHOCTWM 3emnu. [Npw nepeMmeweHnn Tena Maccon m Ha paccTosHue

M

(R none TaroteHus coeepwaeT padoTy .:E_J‘:!-"d!é:—(;f—zcﬂﬂ (3HaK mMHYyC

dR ks
R

{

mn

R

i,

L ’ 1
y I = —JU H?..f
R-

R

dR =—m

NOTOMY, UTC CUNa W NepemMeLleHne NpomuUeoHanpasneHsbl).
Mpw nepemelleHnn Tena ¢ paccToaHus X, 0 paccToaHua fi,:

GM _ GM
R

b
L

Pabota He 2asucum om mpaekmopuu nepemelleHud. a
onpedenaemca MonbKo HavanbHbIM U KOHEYHLIM MONOMEeHUaMU

mena.
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CnefoeatensHo, CWNbl TATOTEHWA KOHCEpeamueHLl, a none TArOTEHWS
ABNAETCA nomeruuanbHbIM. PaboTa KOHCEpBATWMEHEIX CWM pPaBHa WM3MEHEHWID

NOTEHUWANBLHON 3HEPTMI CUCTEMEI C OBpaTHLIM 3Hakom. 1= —{H'2 -1 ). MoaTomy,

. M
nomeHyuanbHas 3Hepaus NoNsA cun MA20meHUs: W == —

R

Ona  nmodoro NOTEHUWMANBHOrO NOMNS  MOMHO  ONPEeAenUTe  CKaMApPHYH
JHepeemMUYeCKY O XxapakmepucmuKky noad — nomeHuuan.

MomeHyuanoM Mona MA20MeHUd B aHHOA TOYKE NONA )
Ha3kIBaeTCA FHHHHDHHH BEN4YnHa, ) pagHan DTHOLLIEHI:"IP{} o= i — —(fi
noTeHUWnaneHOW 3HEPIMKU MaTepWaneHOW TOYKW, NOMELLEHHOW B i R
paccMmaTpUeaeMyo TOMKY Nond, K Mmacce MaTepWansHON TOYKN:

PaccmoTpMm  CBA3b MEMDY  NOTEHUWaNOM nona  TAroTeEHMA W ero
HanpAMEHHOCTBHD!

_dp

dr
B obwem cnyyae dna nobo20 MomeHyuansHo2o noas Mexaoy HanpsxeH-
HOCMbLIO U NOMeHYyUuanoMm cyuiecmeyem cesasb:

E=—gradop=-Vo

dAd=—mdp, dA=Fdr=mgdr = g= unm g =—gradep =-Vep

3ta dopmyna senaeTca cnegctemem cooTHowewua = —grad [l =-VII.
3HaK MUHYC YKa3blBaeT Ha TO, YTO BEKTOpP HanpsXeHHOCTW HanpaeneH B CTOPOHY
ybblgaHus noTeHUWana.
36. KocMW4YeCcKWe CKOPOCTH.

Mepeoill koCcMuYeckolU CKOPOCMbLIO HA3LIBAKT TaKyld MUHWMANBHYK
CKOpPOCTb, KOTOpYHW Hago coolwWuTeb Teny, 4Tobbl OHO MOrMO ABWrathbCsl BOKPYT
3emnu no Kpyrosown opbuTe, T.e. NPeBPaTUTLCA B UCKYCCTBEHHLIN CMYTHUK 3eMmn.

CrmM Ul s PGM
L = ma, = m—— (2" 3akoH HeioToHa); g =— Z}—j (R — pagwyc 3emnn)
R- R m R
U, =4f 2R =7.9km/c (y noeepxHocT 3emnu (A — 0))

Bmopou KocMuU4eckKoU CKOPOCMbLH) Ha3blBaeTCcA HauMeHbLIAs CKOPOCTb,
KOTOPYH Haao coobWKTL Teny, 4ToOLI OHO MOMNO NPecjoneTh NPUTAXEHWE 3eMNK 1
npeepatuteca B8 cnyTHUK ConHua. B 3ToMm cnyyae KWHeTWYeckas 3Heprusa Tena
AomKkHa ObITk paeHa paboTe, coBepluaemon NPOTUE CUN TArOTEHWA!

mvs  rmM CGimM
== |( dr=—— = 1, :.JEWP =11.2 km/c
a3 .[ ! ;2 R - &t

= R

Tpemesell KoCcMUYecKOU CKOPOCMbLIO HA3LIBAETCA CHKOPOCThL, KOTORYH
Heobxoaumo cooBLKUTL Teny Ha 3emne, 4Tobbl 0HO nokuHyno npeaens: ConHeyHown

CUCTEMbI, Npeogones npuTsKeHne ConHua: v, =16,7 km/c.

JneMeHmbl cneuuanbﬂoﬂ meopuu omHocumesnbHoCImu

37.Mpeocbpazoeanunda [anunen
B knaccuyeckon MexaHWKke, NPW CKOPOoCTAX Ten 3HAYWMTENBHO MEHLLUMX, 4eM
CKOpPOCTb CBeTa (U << (), CNpaBeinve MexaHUuyeckuld NpuHUUn OmHOCUMensHoCmuU
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(mpuHuun omHocumensHocmu anunes). 3akoHbl UHaMUKU 00UHaKoebl 80 8cex
uHepyuankbHbIX cucmemax omcyema.

PaccMoTpuMm ABE CUCTEMbI OTCHYETA: WHEPUMAanbHY
YA -""‘ cuctemy K (C koopauHaTamu X, ).z ), KOTopyl Oygem

CUMTaTh HenoaBIKHOW, W cuctemy K (Cc koopauHaTamu
X',y Z"), ABMKYLYKCA OTHOCWMTENbHO A paBHOMEPHO W
7 O’ 5 NPAMONUHENHO C NOCTOAHHOM CKOPOCTBIO It = CONSI .

B HauanbHbI MOMEHT BpeMeHW Havana koopguHat (J
u ()" 3TUX CUCTEM COBNAAatoT.
z B npon3BonbHbIl MOMEHT BpEMEHW 1 1y = il .

Ons npownssonsHoil Toukn A4: ¥ =7+ I =" +1if . inn B Npoekumnax Ha ocu

KOOpAWHAT.
x=x"4ut, v=yv+ut, z=="+uur.

3TN COOTHOLLEHWS Ha3bIBaKTCA NMpeobpaszosaHusmMu koopduHam [ranunes.

MpoanddepeHUpoBas WX NO BPeMeHW nonyynm npaeuno | =1+ 4
CNOMEHWUA CKOPOCTEN B KNACCUYECKON MEXaHUKE:

B knaccwyeckoin MexaHuKke npeanonaraeTcs, YTo X0 BPEMEHW HE 3aBWCWT OT
OTHOCWMTENLHOrO ABWKEHMA CUCTEM OTCYETA, NO3TOMY K npecbpasceaHusam Manunes
MOMXHO J00aBUTL elle OJHO COOTHOLLEHWE: r=t

YCKOpEHWE B CUCTEMax OTCYeTa, ABWKYLIMXCA OTHOCUTENBHO Apyr Apyra

) o du diw—u)y du .,
PaBHOMEPHO M NPAMOMUHENHO, 04NHAKOBO: o = ;’ = .f = ;’ =d . 31O 1
i il ol

CNYyWUT A0Ka3aTeneCTBOM NPUHUWNA OTHOCUTENBHOCTN ranunes.

38.MNocTynarbl SMHWTEWHA.

1) Mpuryun omHocuMensLHOCMU: HUKaKWe ONbIThl, NPOBEAEHHbIE BHYTPW A3HHON
WHEpUWanNbLHOW CUCTEMBI OTCYETA, HE A3KT BO3MOXHOCTE 00OHAPYKUTE, NOKOWUTCA NI
3Ta CUCTEMA WNK ABMMETCH PABHOMEPHO U NPAMONUHENHO, ece 3aKOoHLI NMpupPodkl
UH8apUaHMHLI N0 OTHOLWEHWUIO K NEpPexoiy OT OAHOW CMCTEMBI OTCYETAE K APYron.

2) MpuHUUN uHeapuaHMHoOCMU CKOPOCMU c8ema. cKopocmk Ceema & saKyyme
HE 3aBWCWT OT CKOPOCTW ABWMEHWA WCTOMHWKA cBeTa wWnwu HabnwaaTtens w
o0UuHaKoega 80 ecex UHepuuanbHLIX cucmemax omeyema.

39.Mpeocbpazoeadua Jlopedua.

Myctb cuctema ()° ABMMETCA OTHOCWTENBHO CMCTEMbI () CO CKOPOCTbHO
U =consi, Npwdem U=¢ (¢— CKOpPOCTb CBETa (CKOPOCTb pacnpoCTpaHeHus
INEKTPOMArHWTHbIX  B3auMoiencTeul) B Bakyyme). ODo3Ha4YMM  OTHOLLEHWE
ckopocTeir U W ¢ udepes f3 ZU/E‘. MycTe BEKTOp CKOpPOCTWM U X +uvurt’
Hanpaened Baonb ocw OX . Toraa  penaTUBUCTCKKUE e ]_ﬁ: ’
npeoBpa3oBaHNA KOOPAWHAT W BPEMEHK DyayT UMETL BUA!

3Tn cooTHOWeHnA — npeobpasosanusa flopeHuya — npn | v =y, ==z,

U << ¢ nepexoiaT B npeobpasosaHusa Manunes. -
OHW  yCTaHaBNWBAKT B3aMMOCBA3b NPOCTPAHCTEA W ¢ —
BPEMEHN — B 3aKOH NpeobpasoBaHnsA KOOPAMHAT BXOAWT Bpems, [ . _ c”
a B 3aKOH npeobpasoBaHWa BPeMEHW — MNPOCTPAHCTBEHHbIE ﬁ
KOOPAWHATHI.
CneacTenem 3TOro ABNAETCA TOT hakT, uYTo ecnw Asa cobbiTus B cucteme (J
NPOUCXOANAT OAHOBPEMEHHO HO B Pa3HbIX TOMKAX (1, =1,, X, # X, ), To B cucteme ()
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3TV CODBITWA, OCTABaACk MNPOCTPAHCTBEHHO pPa30bWEHHBIMK, OKa3lblBawTCA W
HEOAHOBPEMEHHEIMW.

MycTb B HEKOTOPOW Todke X B cucTeme (J NpoMcxoauT  cobbiTue
ANUTENBHOCTBID T =7, —{,, TO B CUCTEME lf)r ANUTENLHOCTL 3TOrO e CobbITUS

’ , —ux/c” - U“L {
T =1
-JI— 1}[— 1}[— -.’I—
T.0. ANMUTENBHOCTE cobbITHA, npowncxojAawero HEKOTODOM TOMEKE,

HaMMeHbllas B TO WHEpUWManbHOW cucTeme OTcYeTa, OTHOCWTENbHO KOTOpOil 3Ta
TOuKa HenoABikHa. CnegoBaTenbHO, 4acbl,  ABWKYLIMECH  OTHOCHTENbHO
MHepLMWankeHoi cUCTeMbl OTCHeTa, MAYT MelNeHHee NOKOALLNXCS Yaco..
PaccmoTpUm CTepXeHb, PacnONOMEHHbI BAOMAb OCW X W MOKOALWIACS
oTHocuTenbHO cuctemsl (). Ero anuna 8 cucteme O Byget [ = x, —x|. YToGHI

onpejennTe A41TWUHY .IF:.I'L_:_.YI JTOrg CTep¥HA B CWUCTEME (), OTHOCWMTENLHO

KOTOPOW OH ABWKETCA CO CKOPOCTBIO Vv, M3AMEPWUM KOOPAWHATEI Ero KOHLO0B XWX, B
O0WH W TOT A2 MOMEHT BREMEHW [ .

Xy UL U X Xy
) 1{I— -.I}I— 1,‘[— 1,‘I—

Paawvep Tena, ABWKYLWErocs OTHOCUTENBHO MHEPUMANbHOW CUCTEMbI OTCYETE,
YMEHbLUAETCA B HanpaeNeHun ABWKEHWSA, NpU4YeM JIOpeHUos0o CcoKpauweHue
dnuHsl Tem Gonbwe, Yem GonblUe CKOpPOCTe ABWMEHWA. [onepedHble pasMeps! Ten
HE 3aBWCAT OT CKOPOCTW ero ABWMEHWA W OAWHAKOBLI BO BCEX WHEpUWanbHLIX
CACTEMAaX OTCHYETA.

Ecnn maTepuansHas Touka AeuxeTca B cucteme () BAONL OCK L+ u
x" co ckopocTblo U, a cama cuctema () ABIDKETCA CO CKOPOCTLIO 1 v uv’
OTHOCWTENBHO CUCTEMbl (J . TO penamusucmMCKULl 3aKoH ClIOXeHUs I+—-
cKopocmelu:

B kayecTee BenWYWHLI, UHEapuaHMHOU N0 OTHOWEHWK K npecbpa3oceaHwnio
KOOpAWHAT B YETBIPEXMEPHOM NPOCTRAHCTEE JWHWITEWHA (HE 3aBUCALLEN OT
Bblbopa cUCTeMbI OTCYeTa) BECAUTCA UHMepsan Mexdy cobbimusamu:

—-J (1, — 1, ) — (X, ‘J:—l_j':—_r._'J:—{::—:-_‘J:,

rﬂe\/[u X)) = (v —¥,) —(z,—2,)° =1, — paccTosHne Mexay TouKamu

e

0DBIYHOrO TpExXMepHoro npocTpadcTea. ObozHavme l4 =15 — 1, NONY4UM

40.0cHOBHLIE COOTHOLWEHWA PenNATUBUCTCKOW AMHAMMKK

Penamueucmckasa macca m ABVHYLWWXCA PENATUEWUCTCKNX —
YacTuL, (TEN) 3aBUCKUT OT UX CKOPOCTHK.
My — Macca NoKodA 4acTtyiubl, T.e. MacCa, WaMepeHHan B TOW iy

WHEpUWanNbHOW CUCTEME OTCYETa, B KOTOPOW YacTuua Haxogutca B e
nokoe.
Penamueucmckut umnynsc p. PenaTuBUCTCKMA MMOVILC . myu

CUCTEMBIl __COXPAHASTCAH. 3aKoH COXpaHeHusa pPenaTUBMCTCKOro | — ﬁ z
WMnyneCa — Cneactene O0HOpOCHOCMU NpocmpaxHcmaa.
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OcHO8HOU 3aKOH pemuaucmcKol JUHAMUKU: , .
3aKkoHbl KNAcCUYecKon AWHAMWKWA MONy4awTcs W3 ;_'-:ﬁzi 1yu
JAaKOHOB PENATUBWCTCKON AWMHAMWKW B npefenbHOM df dt l—,ﬁ:
cny4ae U <<c (wnm ¢ — o). T.0. knaccudeckas
MexaHuKka — 3mMo MexaHuka Makpomen, OeLXYLWUXCA C© ManbkiMu cKopocmsamu (no
CPABHEHLID CO CKOPOCMLID ceema & saKyyme).

MonHas aHepausi mena maccbl i My C ™

, E=mc® = ——t=
CooTHoweHne [ =mc™ HOCWMT  YHWBEPCANbHLIA ,}] —- -
XapakTep, OHO MPUMEHUMO KC BCeM hopMam 3Hepruun, T.e.

MOMXHO YTBEPKAATL, YTO C IHEpruen, Kakon obl popMbl OHa He Bbina, cBA3zaHa Mmacca
= ,’-_'/.:-‘ 1, HAoDopOT, CO BCAKOW Maccol cBRiaHa sHeprusA. [okoAwescs Teno

obnapaet aHepruen: L, = m,c”, HasblBaeMol 3Hepauell MOKOoA.

[MonHasa 3SHeprua 3amKHYTOW CHUCTEMLI COXpPaHAeTCA. 3aKOH CoxXpaHeHWs
IHEPTUW — CNEACTBUE OJHOPOCHOCITIU apemeHLl.

Kunemuyeckas aHepausi: K = L — L, = me” ;_1— |
|-~
PenaTMBMCTCKOS COOTHOLUEHWE MENAY NOMHOW 3HEPrYER W UMNYNbLCOM Tena:
E=m ¢ =mge’ + pe”
BenuinHa £~ — ;:1.:-: = f—.}f ABNAETCA MHE3APUAHTOM CUCTEMbI.

i | 3 bl
B cnyyae, korga macca nNokos YacTuubl paeHa Hynw., To £~ —c p~ =0,

CnepoBaTensHo, Takas 4acTula MoxeT obnagate OTNUYHBIMKA OT HYNA 3HEPruen u
WMNYNBECOM TONBKO B TOM CNyYae, Korda OHa JBIDKETCH CO CKOpocTek ceeta. K
Takum YacThLam OTHOCATCS DOTOHLI.

OcHoeHoll 81800 Meopuu OMHOCUMEeNbLHOCMU — MPOCMPAaHCMeo U epems
op2aHuYyecku e3aumMoced3adbl U obpasyrom eduHyro chopMy CylecmeosaHus
Mamepuu — npocmpaHcmseo-gpemMs.

NMPUNOXEHUE

OcHO8HbIe NOHAMUA MameMamu4yecKko20 annapama Qu3uku

1. [NOHATHE NPOU3IBOAHOMW HKLLMK.
®yHkUNR [ HasbiBaeTcs CughghepeHyupyemol B TOMKE X, €CNKN CYLIECTBYET
npejen pasHoCTHOMO OTHOLLEHUA DYHKUMK [ B TOYKe X,

lim ¢o(x) = lim J LX) — J (X

X—3Xy X—rXp X — Xy

3TOT npegen HasbiBaeTca mnpouseodHod dyHKUMKM [ B Touke X, M

' : IFix) df
oBbozHavaeTca: 1(x). ﬁi_.r,_: ), 4 X, )- Ylx) df

dx dx ' dx dx

-

X=X
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2. [Npon2BOAHLIE HEKOTOPLIX 3NEeMEeHTaPHbLIX HKLIMHA.

W ’

i .'r ¢
[e*) =e” @) =a*Ina (sinx) =cosx

4

, !

| " ) |
(Inx) =— (x") =" (cosx) =—sinx
X

3. HacTtHaa npou3BoaHasn.
MycTe dyHKUMA [/  ONpeaeneHa B HEKOTOPOW  OKPECTHOCTM  TOYKK

R 0 : - .
Folxp....x, ). ©ydHkuma  f HasbieaeTcA  gudpdpepeHunpyemoin no  x,, ecnu
CyllecTeyeT npejen pasHOCTHONO OTHOLEHWS

TN . L0 LIRS I 0 a0 0
!{ LX) s s X X s N5 ea Xy ) _.“-HI -'-~~-‘A‘—I~-‘£‘~-‘A‘+I--~'--1lu}

lim S
{ ]
X=Xy Xy — X

3TOT Npejen Ha3sbiBaeTcsa YacmHol npouseodHoud hyHkyuu [ (no x, ) B Touke [
gy L0 0
A (X X,) ) 0

4. Nonubin anddeperumnan dyHkumnn / B Touke [ :

1 obosHavaeTcs:

df ()= Z;; (Py)(x, —x;)
k=1

5. OnpeaeneHHbIW UHTErpan.
MycTb dyHKUMA [ (x) onpeaeneHa u orpaHvdeHa Ha oTtpeske |a.h|. Pa3zobeem

3TOT OTPE30K Ha "3InemeHTapHble” OTPEe3kn BBEAEHWEM /1 TO4YeK X, cnedyrwmrm

obpasom: a=x, <x, <x,<..<x,, <x,=b

OBosHaynm uyepes dx ANUHY 3nNeMeHTapHoro oTpeska dv=x, —x,_,. B

<E <x)
<G SXx;).

[}

Kanaom 3nemeHTapHoM oTpeake BeliDepem NpousBonsHOE Ynucno c‘..::f (X

o

i—l

1
Yucno o = Z,_f'i_;ff Jx; —X,_| ) HasblBAETCA UHMezpanasLHoU cymMmol.
i=1

OyHkuma [ (x) HasbiBaeTcs MHTErpupyemon Ha oTtpeske |a.b|, ecnu

cywecTteyeT uncno [ co crneaywwum ceoilcTeom: ans mwoboro £ >0 HailgeTcs
Takoe O(£) >0, yto npw noGom pa3bueHun Ha oTpesKkn dx, ANS KOTOporo dx <o

BLINOMHASTCA HEPaBEHCTBO |D'— flf:E Hesasnucumo oT Beibopa &, .
Yucno [ HasbiBaeTca onpedeneHHbIM uHmMezpamnom dyHkumn  f(x) Ha

ah
oTpeake |a.b| n oboaHavaeTca: IZJ J(x)dx . 3pecek x HasbiBaeTCA nepeMeHHOoll
i

UHmMezpupogaHusa, ¢ W h — COOTBETCTEEHHO HLKHUM U 8epxHUM npedenamu
WHTErPUPOBaHNA.
6. BekTop.

[eoMempuyecKull 6eKmMop « — 3TO HanpasneHHbI OTPEe30K B NPOCTpaH-

ctee. [nwHa BekTopa « HasblBaeTcA ero mModynem 1 obo3HayaeTcs: uzlu'l.
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B npamoyzoneHoU dekapmogol cucmemMe KOOPAWHAT KaAblil BEKTOR d MOXHO
O[HO3HA4HO NpPeacTaBuTL B BUAS d=da i +a j+a k. rae i.j.k — ejuHn4Hble

BEKTOPbLl (OpMbI) NO OCAM KOOpAMHAT X, V,z. Yucna . .a,.q. Ha3bIBaKTCH

yrrE

x®

npaMoyeonbLHLIMU dexapmoebiMu KoopduHamamu BeKTopa d .

7. CKansipHoe npon3BeaeHNe BEKTOPOB.

CkanspHoe Npou3BeleHe BEKTOPOB ¢d U b ecTb YMCNO

d 0 ib=(a.h)=abcosp = ab,+ab +ab,
rA€ (0 — Yron Mexay BeKTopamn d v b |

8. BekTopHOEe npon3BeaeHWe BEKTOPOB.

Mof BEKTOPHLIM MPOW3BEAEHWEM BEKTOPOB ¢ W h NOHUMALOT
BEKTOp ¢ , VMEHLLNIA OTTUHY ¢ =absing (nnowaak

napannenorpamma, nNocTPOEHHOro Ha « W b Kak Ha CTOpoHax) W
HanNpaBnNeHHBIR NEpPNeHAMKYNAPHO K d W b, npudem Tak, 4To

BEKTOpLI G, b 1 ¢ 0BpasyT npasyro MPOoUKy 6eKmopos.
OBo3HaveHune: ¢ =|a.b|=a % h

9. CKanapHoe none.

Ecnu kaxgon Touke A npocTpaHcTBa CTAaBUTCA B COOTBETCTBME CKanApHan
penvuanHa [/, TO BO3HWKaeT ckanapHoe none (/(M) (Hanpumep, none

TEMNepaTypkbl HEepPaBHOMEPHO HarpeToro Tena, none MNoTHOCTW B HEeOAHOPOAHON
cpeje, none anekTpocTaTuyeckoro noTeHuwana). Ecnu VM wumeer gekapToBel
koopawHatel (x.v.z), TO mawyTt ' =0(x,v.z) wim U =0/(F) C BEKTOPHbLIM

—.

aprymeHToM (pagnycom Bektopom) © = OM = xi + yj + =k .

10. BekTopHoOe none.

Ecnu kampaoin Touke M CcTaBWTCs B COOTBETCTBWE BEKTOPR |7, TO roBOPAT ©
gekmopHom nose (M) (Hanpumep, none CKOpPOCTEN ABMXYLIENCA MUAKOCTH,

rpaeutaumoHHoe none ConHua, none S3SNeKTPUYECKOW HanpsMeHHoCTW, none
MarHWTHON HanpsxeHHocTK). B AekapToBbiX KoopaMHaTax:

=V (x.v,2) =V (F)=1 '_‘_l__r.j'._:]f' +J'1.[.1‘._i'.:]|_;" +1 ':{_1‘._1'.:}:’-;'

rae r — paguyc-sektop. Komnoxentol 117 .17, obpasyioT mpu ckanapHbix nons

R

W 04HO3HAYHO onpesensT I'(r) — BEKTOPHYI GYHKUWIO BEKTOPHOMO apryMeHTa.

11. NMpou3eogHasa No HanpaeneHuio.
MycTe ckanApHoe none [/(r) wumeeT B HekoTopon Touke M, 3HadeHune [/, w

o

NycTb NpW NEPEMELLEHNN ¢S NO HANpPaBNEHWIO BEKTOPA § Mbl NPUXOAUM M3 TOUKMW
M, B Touky M | rae ckansapHoe none umeeT 3Havenwe [ . Mpupawenne 7 npw

aTom nepemellennn paHo =0/ —1/,. MNpeaen OTHOLWEHWA 3TOrC NpUPaLLEHNS
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dl/ K 4YNCNEeHHOW BenuYMHe nepeMelleHusa s HasbiBaeTcs MpPou3eodHoll
ckanspa [ e moyuke )\, no HanpaeneHur s :

dl’ L. =u,
= lim———%
ds  dsi—0 s

JHadYeHne 3TOW NPOW3IBOAHOW cCcywecmeeHHO 3asucum oT Belbopa
HanNpaeneHus s W €& HW B KOEM CNy4Yae Hefb3s CMewusams C 0OLIKHOBEHHOI
YacTHOW NPOW3BOLHOM MO cKanapHomy napametpy s§. YToDbl NOAYEpKHYTH 3TO

al/

s

oBCTOATENBCTEO. YACTO TAKYH NMPOW3BOOHYHD 0003HaYaKT:

12. [pagueHT.
paguenTom nona {/(#) HasblBaeTcA eekmop, ONpejenAemMbli B KaXI0N TOYKE
i/ Al dU

NONA COOTHOLLEHWEM: aradl{/ = i +— J+—k
dx dy oz

dU(FYy _ . ) :
TOrﬂ,EI — =H g['EidE crge i —elWHWYHBIW BEKTOP B HANpaeneHUW & .
s

Yacto Bektop gradl’ oBozHa4awT Takke mnn VI, roe V ("HaBna")

ds
oBo3Ha4YaeT CUMBOMUYECKW BEKTOD, Ha3sblBaeMblil ornepamopom [amunbmoHa

) ) d
uwnw Habna-onepamopom: V= L: + 27 j +—k
dx dy dz

13. NoToK nona Yepes3 NOBEPXHOCTL.

Pa3obbem faHHYK NOBEPXHOCTE & Ha 4 3MEMeHTapHbIX NNOWaaoK pasMepom
AS,. BHyTpn kaxgod nnowagkn soibepem Touky A, W B 3TON TOUKE NOCTPOUM
HOpManbeHbIl K MNOBEPXHOCTW eAWHUYHLIR BekTop # U Bektop AS, =nAS,
HanpaeneHne koToporo i, a moaynb AS,. Toraa mbl onpegensem:

1) NoTOK ckansapHoro nona: 3 ZJE ds = lim Z{ M, th

A —=0
N

2) ckans\pHbLIN NOTOK BEKTOPHOrO Nons: 3 = J d‘s = lim 2! (M, }_\‘s
w5, —0

“n

il —_
3) BEKTOPHBIN NOTOK BEKTOPHOro nona: 3 =J .:ﬁ = lim LF(AM)LAS |
5

AS;—0
i=l

14. NMpousBoagHan No oo LEMY.

MNog nNpow3BoAHbIMKM N0 ODbeMy CKanspHOro WUNU BEKTOPHOro NONeil B TOYKE
M noHUMMAKT BENWYKUHEI TPEX TUNOB, KOTOPbLIE NONYYaKT cnegylwum obpasom.

(1) Touka M okpyxaeTca 3aMKHYTOWM NOBEPXHOCTBID S, KOTOpas OXBaTbiBaeT
obnacte ¢ obvemom 7. (2) Bwluucnsertca uHterpan N no noeepxHoctw S
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N :§{ E MK E}i:ﬂ;r E unu :??U:.E;J_ (3) OnpeaenaeTca npeaen Iim{—

=0 7
N & N

OTHOLLEHWS! 3TOr0 WMHTerpana k obwemy 17, korga S crarveaeTtca B Touky M | Tak

41O |7 CTPEMWTCA K HYMHO.

15. AuBepreHUNUA BEKTOPHOro Nons.

. . 'l:jr . [ e
HdueepeaeHyuel (obo3HauaeTcs divl ETE"FE ) ?J dS
ol R . .
. divli’ (M )= lim 22—
BekTopHore nona (M)  HasbiBawT  chnegylulyo TR

NPOW3BOAHYH No 0Bkemy nons B Touke M

R—

BenwyuHa ?J ‘S ecTb cKanApHbIU MOMOK SeKMOPHO20 Mossa 4epes
N
3aMKHYTYIO MOBEPXHOCTE &, KOTOpasa okpyxaeT Touky \/ un oxsaTeiBaeT obnacte (s
c obbemom | .

Oueepredumua divl™ ectb mMepa ucmoynukose nons (). Ecnn B obnactu
(; divl’=0, 1o BekTopHoe none I'( M) HasbiBaeTcs CBODOAHLIM OT WCTOYHMKOE.

Te Touku nond, B kotopbix divl” >0 NpUHATO Ha3LIBATL UCMOYHUKaMU Nons, a Te,
B koTopbix divl” < ( — emokamu nons.

16. ®opmyna aycca-OcTporpanckKkoro.
ans ﬂp?ETpaHCTBEHHDM _oonacm (7, OrpaHu4eHHon “deﬂ = cj:jr S
3aMKHYTOW NOBEPXHOCTEK S ;

i

17. Oneparop Jlannaca.

Mycte /(M) — cxanapnoe none, Toraa | AU/(M)=divgradl/(M)

onepatop Jlannaca Al onpegensetcsa cnegyroLlmm U 9 D
obpasom: Al == —t—t+—
UMK B JeKapTOBbIX KOOPAWHaTaX: olx dy oz

Onepamop Mannaca sekmopHozo rmons: Al (M) = grad div] (M)y—rot rotl (M)

18. PoTOp BEKTOPHOro NOnA. ﬂ;U: EJ
PoTopom (BMXpemMm) BEKTOpHOro nons f:l, M) rot I ( V= lim
Ha3blBaKT CNeayrLwy NPoN3BOAHYID No oBvemMy nons u T
B Touke M : . J . i
OBosHavaeTcs: rotl” = j—! =|V.I"]
ar

19. Teopema CToKCaA.

Linpkynsauma BEKTOPHOrO nons (M) no 3aMKHYTOR

KpuEol [ paBHa nNOTOKY poTopa 3TOro MNONA  Yepes ?J'fff‘:_l"{}”'fﬁ“"
NOBEPXHOCTb S, ONUPAKLLYHCH Ha KpuBy /. i g

NpumeyaHue.
B atom npunoxeHun npuBeaeHel onpedeneHna HEeKOTOPLIX MaTEMAaTUYECKUX

NOHATWUA, 4acTo MCnone3yeMelx B Kypce k. MaTepwan HOCUT CNpaBoYHbLIN
XapakTep, NOCKONEeKY NpejnanarasTca, YTO JaHHbIE NOHATWA W3BECTHEI YMTATENHKD.
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TPEYECKWUW ANOABUT

Mponue- | Ctpou- | Hassawwe || MNponwe- | Crpou- | Haseauwwe J| Mponue- | Ctpou- | Hassawwe

Hbl& HEl2 Huie Hbl& HbI2 HBIE

A o |Anbcha I S p P |Po

B f |bara K x |Kanna ¥ 0.< |Carma

I Y |ramma A A |NamBaa T T |Tay

A 0 |OanbTa M Mo (Mo Y v |W-ncunéH
E £ |3-ncunéx N v |Hwo O ©  |oun

Z ¢ |Hsata = E  |Kem X ¥ | Xk

H 1 |3Ta O 0 |O-mukpoHll W /- |Mcn

O B |Tata [ T |Mn Q) w |O-méra
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