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3.1. NepBbIN 3aKOH HBEIOTOHA.
MIHepLUKnanbHbIE CUCTEMBI

B ocHoBe TaK Ha3biBaeMoWu
Knaccu4yeckom Unu HbIOTOHOBCKOW g
MEXaHVKW Mnexar Tpu 3akoHa | @
OVNHAMUKK, COPMYNMPOBaHHbIX U. 5@; r
HbloToHOM B 1687 . OTW 3aKOHbI = .
MrPaKT UCKIKOYUTENBHYIO poOrib B
MEXaHUKE N ABNSATCA (Kak U Bce
dounsnyeckme 3aKOHbI)
obobLeHnem pe3ynsraToB
OrPOMHOIO YErT0BEYECKOro OnbITa.




3akoubl HpI0TOHA

Hcaax HeroTon
(Isaac Newton)

4 aneapa 1643
Ponuncsa  Byacmopn (Woolsthorpe)
Anenusn

31 mapma 1727
Ymep Jlonoon (London)
Anenusn

(pu3uK, MATEMATUK, ACTPOHOM,
aJIXUMHUK U pusiocod

Ba)KHeHIIue padoThl

3aKOH BCEMHUPHOI0 TATOTCHUA
an(pdepeHInATBbHOE U HHTETPAJIbHOE UCUYUCICHUSA
H300peJ1 3epKAJIbHbIH TeJIeCKOI




dnuradus

Horoton ymep B 1727 1. B KeHCHHITOHE U ObLJI IOXOPOHEH
B AHIVIMMCKOM HAIIMOHAJILHOM IIAHTEOHE —
BectMuHCcTEpCcKOM ad0aTcTBE
Ha ero mormje BbICE4€HO:

""30ecv nokoumcsa
Cop Hcaaxk Horomon
Komoputit noumu 00s1cecmeennoil cuioi ce0ezo yma
Bnepegovie 00vacnuun
C nomowipio ce0e20 mamemamuuecko20 memooa
euscenusn u gpopmot nnanem,

Ilymu Komem, npuiuevl u Omaiuevl OKeana.

On nepewiii ucciedosan pazHoodpazue c6emosvlx jiyuei
H npoucmexarouwgue omcrooa 0cooeHnocmu yeemoe,
Kakux 00 mozo epemenu HuKkmo oarce He nooo3peaai.
Ilpunesicuwtit, npoHuyamelbHolil U 6EPHBLI UCMOTKOBAMEND
Ilpupoowi, Opesnocmeii u c6aUi€HHO20 NUCAHUA,

Ou npocnagun ¢ ceoem yuenuu Bcemozyweco Teopua.
Tpeoyemyro Eeanzenuem npocmomy OH 00OKA3a C60e€il HCUZHDBIO.
Ilycmov cmepmmubsie padyromces, 4mo 6 ux cpeoe

/Kuno makoe ykpauwienue uenoseueckozo pooa.
Poounca 25 oexaopa 1642 2.

Ymep 20 mapma 1727 zo0a"'



llepebiu 3akOH HbHOMOHa:

ecsiKasi MamepuasibHasi moYkKa
coxpaHsiem COCMOsIHUe [OKOsi usu
pasHOMepHO20 npPsIMOJIUHEeUHO20
deu)XeHUssi 00 mex [op, [10OKa
eo3deucmeue c€O CMOPOHbLI Apyaux
mes1 He 3acmasum ee UuU3MeHUMmb
amo cocmosHue.

F=0, v=const niu 0

(3aKOH nHepuumn)



Oba Ha3BaHHbIX COCTOAHUSA CXOXXUN TEM, YTO
YCKOPEHWME Tera paBHO HymMto. [MoaTomy
dopMynnUpoBKe NEPBOro 3aKkoHa MOXXHO NpuaaTb
criegywoLwumn Bua. ckopocmse 106020 mena
ocmaémcsi NocCmMosiHHoOU (8 YacmHocmu,
paeHoU HyJIr0), NoOKa eo3deucmeue Ha 3mo
meJsio CO CMOPOHbLI Opya2ux meJsi He 8bi308em
€€ U3MEeHEeHUs.

CmpemreHue mera coxpaHumb COCMOosHUE
MOKOS USlU pagHOMEPHO20 rPSAMOSIUHEUHO20
deu)XeHUs1 Ha3bleaemcs UHepPMmMHOCMbIO.
[TloaTOMY NepBbIM 3aKOH HbIOTOHA Ha3biBaKOT
3aKOHOM UHepUuU.



MexaHn4yeckoe [OBWMXEHWE OTHOCUTENBbHO, U €ero
XapakTtep 3aBUCUT OT CUCTEMbI OoTcYyeTa. [lepBbiM 3aKoH
HbOTOHA BbIMNOMHAETCA HE BO BCAKOM CUCTEME OTCYETA,
a Te CWUCTEMbl, MO OTHOLUEHUIO K KOTOPbIM OH
BbINOJTHAETCH, Ha3bIBaAlOTCH UHepuyuarnbHbIMU
cucmemMamu omeyéema.

UHepuyuanbHOU cucmemMou omc4Yéma £erisemcs
makasi cucmema omc4yéma, OMmHOCUMesrIbHO KOMmopou
MamepuasibHass mo4yka, ¢80600Hasi om BHEeWHUX
go3delucmeul, nubo nokoumcs, nubo odsuxemcs
NPsSIMOJIUHEUHO U pPasBHOMEPHO (m.e. C MOCMOSHHOU
CKOpPOCMBbI0).

Takum obpasom, nepewsiu 3akoH HbromoHa

ymeepxdaem cyuwecmeogaHue UHepyuasibHbIX
cucmemM omcyema.



Cucrtema OTCYE€Ta, cBA3aHHaAsaA ¢ J3emnen,
CTPOro roBOpd, HeuHepumarnbHad, OOHAaKO
9P PEKTHI, o0ycnoBrieHHbIE ee
HenHepunanbHOCTbO (3eMnsa BpallaeTcs BOKPYr
cobctBeHHOM ocu ©n Bokpyr ConHua) npwu
peLleHnn MHOrMMxX 3agad marsbl, 1 B 9TUX Criyyasx
€€ MOXXHO cunTaTb MHEPLMAnbHOMN.

N3 npuBeOeEHHbIX Bbllle MNPUMEPOB NErKo
NOHATH, 4yTo OCHOBHbIM rpuU3HaKom
uHepuyuarnsHou cucmemabl derisemcs
omcymcmeue YCKOPEHUS.



CywHocmb nepeo2o 3akoHa HbromoHa
Mo)xem 6bImb ceedeHa K mMpEem
OCHOBHbIM MOJIOXKEHUSIM:

ece mesia obs1adarom ceolicmeamMu UHepuuu;

cywecmeyrom uHepyuasibHble cucmemMabl
omc4Yéma, 8 KomopbIX 6bINoJIHSIemcs rnepeabiu
3aKoH HeromoHa;

JdeuU)XeHue omHocumesibHo.

(Ecniu mersnio A dsuxxemcsi OmHOCUMESIbHO
meJsia omc4yema B co ckopocmbro U, mo u
meisio B, 8 ceoro oyepedb, dsuxxemcsi
OMHocumesibHO mesia A ¢ mou xe
CKOpOCMbI0, HO 8 06pamHOM HarnpaeJsieHuu) .



3.2. Macca n mnyrnbec Tena

BosgenctBne Ha p[JgaHHoOe TENO CO CTOPOHbI
OpYyrmx Ten Bbi3blBAaeT MUSAMEHEHNE €ro CKOPOCTH, T.e.

COOOLLaeT JaHHOMY Teny YCKOPEHMeE.
OnbIT noka3blBaeT, 4YTO OOMHAKOBOE BO3OEUCTBUE
cooOLlaeT pasHbIM Ternam pasHble Mo BENUYUHE YCKOPEHUS.

Bcsikoe mersio ripomusumcs roribimkamMm Uu3mMeHUmb
e20 CoOCmosHuUe O0BUXXEHUS. 3To CBOWCTBO Ten, Kak Mbl

y>Xe roBopwunu, HasblBaetcsa UHEPMHOCMbKO (cnegyet um3
nepBoro 3akoHa HbroTOHA).

Mepoli uHepmHocmu mena siensiemcsi

gesluqdUHa, Ha3bleaemMasi Maccoul.

UToObl onpenenntb Maccy HEKOTOPOro Tena, HYXHO
CPaBHUTb €€ C Maccon Tena, NPUHATOro 3a 3maJsioH Macchbl
(M cpaBHUTbL C TENOM YXe U3BECTHOW MacCChl).



Macca — eenu4yuHa addumueHasi (Macca mera
pasHa cymMMe Macc 4Yacmeu, cocmassisarowux amo
merio).

Cucmema mersn, 83aumoldeucmsyrouiux moJibKO
Mexady cobou, Ha3bieaemcsi 3aMKHymou.

PaccMoTpuM 3aMKHYTYyHO cCUCTEMY [OBYX  Ten
MacCaMiu If}/l1 U }’n2 CTONKHEM 3TN OBa Tena

PucyHok 3.1 s =
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OnbIT NOKa3bIBaET, YTo NpupaLléHHble ckopocTn AL n AU,

BCerqa WMelT MNPOTUBOMONOXHOE HanpasreHne (OTnUYHoe
3HaKoM), a Moaynu npupaLleHnin CKOPOCTU OTHOCATCS Kak:
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(Teno, obnagatoLlee
bonbLIeN Maccou, MeHbLLE N3MEHSET CKOPOCTD).

[IpnHAB BO BHUMAHWE HarnpaslieHUe CKOPOCTEN, 3aMNULLEM:
VA A
mAUL =—mAv..
[Mpw D<<c macca m=const (HbHTOHOBCKa4,
Kriaccuyeckas MexaHuka), Torga UMeem:

A(mﬁl ) — —A(mﬁz )

lMpouseedeHue Maccbl mena m, Ha CKOPOCMb )
Hasbleaemcsi uMnysibcom mena P .

I”) — mt"}“ : (3.2.2)




3.3. Bropou 3aKkoH HbIOTOHA.

Matemartnieckoe BbipaxeHie emopo2o 3aKoHa
HbromoHa: dp A

F (3.3.1)
d?

CKOpPOCMb U3MEHEeHUs1 uMnysibca meJsia paseHa
delicmeyrouwel Ha He20 curie.

|A| /AR
OTcloja MOXXHO 3aKMKUYUTb, YTO dp — Fd¢
U3MeHeHue uMryJsibca mesia pagHo UMMNyJibCY CUJIbI.
N3 (3.3.1), nony4ynm BblipaXeHMe BTOPOro 3akoHa u4epes
YCKOPEHME a : 5 "
d(mv) UK dv _iué dvo [
=F. 7.k m=const TO m——=1rI. HO —=gq,
dr

dt dz
Torga JNd = F




m¢q = I ocrnosroe ypasHenue dunamuku nocmy-
nameJsibHO20 O8UXXKeHUSsI MamepuasibHOU MOYKU.

llpuHyun cynepno3uyuu unu npuHyuUn
He3aeucumocmu delucmeusi cus

Ecnu Ha mamepuanbHoe mesio delcmeyrom
HEeCKOJIbKO CcuUJl, MmO pe3y/ibmupyroulyro cusy
MO)XHO Haumu U3 8bIpa)KeHUsl: (3.3.3)

\/

i I
X F iF X
a = — Cl

m

roe a yckopeHue Tena, noa ,El,eI/ICTBI/IeM CuUnbl OTcroaa,
g = Z a - (3.34)

3 BTOpOro 3akoHa HbOTOHA, UMeeMm

B
F.



N . W
azglai

Ecnu Ha MamepuarnbHyl0O mMOYKy oOeucmeyem
HECKOJIbKO CuUJl, MO Kaxodas u3 Hux coobwaem moyke
makoe e yCKopeHue, Kak ecsiu bbl Opyaux cusn He
6bI1/10.

Hangem nameHeHue nmnynbca Tena 3a KOHEYHbIM
NMPOMEXYTOK BPEMEHN

A N
mvu, —mv = FAL,

K, ‘2K
A(mv)= | F d¢
" (3.3.5)

m.e., USMeHeHUe UMliysribca mersia pa8HO UMIIYJIbCY CUJIbI.



B cucmeme CU cemMb OCHOBHbLIX eOQUHUU
(M) — meTp,

KF) — Kurorpamm,
C) — CeKkyHAa,
A) — amnep,

) — KENbBWH,

(ko) — KaHOena (eguHuua cunbl CBeTa),
(KMOnb) — eAnHMLIA KONMYeCTBa BELLECTBA.

OcTarnbHble eguHNLbl MPOU3800HkLIE
nony4arTcs U3 PrU3nyYeckmx 3aKOHOB CBA3bIBAOLLINX UX
C OCHOBHbIMU eauHMUaMn. Hanpumep U3 BTOPOro

3akoHa HbloToHa Npon3BoAHasa eauHULA CUTbI
1 kr-m/c? =1 H.

(
(
(
(K



3.4. TpeTtun 3akoH HbOTOHA

LenctBne Ten Opyr Ha gpyra HOCUT  XapakTtep
B3anMOOEUNCTBUS.

Tpemuu 3akoH HbromoHa oTpaxaeT TOT
dakT, YTO cuna ecTb pesynbrar B3auMoO4EUCTBUSA
Ten, U YCTaHaBIIMBAET, YTO CUJIbI, C KOMOPbLIMU
deucmeyrom dpy2 Ha opyaa dea mersa, pasHbl
Mo eeslIuqduHe U rpPoMmMuUBOINOJIOXKHbI 10
HanpaeJsieHUr. 1(3.4.1)

F12 — — Iy



1.9. Tpemuu 3akoH HebromoHa

B3anmogeucreyrwime tena OeUCTBYHOT APYr Ha
Apyra Cc OAWMHAKOBbIMM TNO BeJIUMUHE, HO
NPOTUBOMNOMOXHbLIMU MO HaNpPaBNEeHUIO CUNaMu:

3akoHbl HbloToHa cdopmynupoBaHbl B 1687 ., nrpatoT UCKNOYNTENBbHYIO
pofib B MexXaHuKe W SBNSATCA 0000LWeHNneM pesynsraToB OrpoMHOro
YyenoBeyecKkoro onbita. Ix paccmaTpuBaloT Kak CMCTEMY B3aMMOCBA3AHHbLIX
3aKOHOB W OMNbITHOM TMPOBEPKE nMoAdBepraldT He Kaxabin 3akoH B

OTAOEJIbHOCTU, a BCHO CUCTEMY B LIEJTOM.



3-1 3akoH HproTOHA B 001IEM ciryuae a6 1aemca
YHUBEPCAJIBbHBIM 3AKOHOM B3aUMOJACHCTBUMA:

Bcesikoe nericTBHE BBI3bIBACT PABHOE 10 BeJIUHYUHE NIPOTUBOACHCTBUE

/A

F12 — _le

IHoguepkHeM, umo cuwl, C6A3AHHbBIE NO 3 3AKOHY
Huvromona, npunoscenol K pasjiniHbIM menam u,
C/1€006amelbHO, HUK020a He MOTYT HAYUHAMbCA 6 OHOM

mouykKe
F,<— 2




OpHako, TpeTnn 3akoH cnpaBeanue He Bcerga. OH
BbIMOJTHAETCA B CIly4ae KOHTaKTHbIX B3aUMOAENCTBUN, T.
€. NPU CONPUKOCHOBEHUW TEST, a TaKxKe npwu
B3aMMOAENCTBUM TeMN, HAaXOOSALLMXCA HAa PaCCTOAHUN
APYr OT Apyra, HO MNOKOSALLMXCS APYr OTHOCUTENBHO

Aapyra.

3akoHbl HbTOHa nnoxo pabotatotr npu U = C
(pensaTUBUCTCKAa MeEXaHWKa) a TakxXe, Mpu OBUXKXEHUU
Ten o4YeHb MarnbiX pasMepoB, CPABHUMBIX C pa3dMmepamu
SNEMEHTapPHbIX YacTuy. Tak, HanpuMmep, HYKMNOHbI
BHYTPM siApa, KBApPKM BHYTPU HYKNOHOB, U Jaxe
SNEKTPOHbI BHYTPU aTtoMa, He NOAYUHAKTCA 3aKoHaM
HbloTOHA.



[1pn aTOM He Hago nyTaTb UyeHmp macc C
LEeHTPOM msxecmu cucmemMbl — C TOYKOW
NPUNOXEHNA  paBHOOEWUCTBYIOLWLEN  CUI
TAXECTU BCEX TEN CUCTEMBI.

LleHTp TS»XecTn coBnagaeT C LLEHTPOM
Macc (UEHTPOM  uHepuun), ecnm g
(YyCKOpEeHMe cunbl TAXeCTU) ONns BCEX Ter
CUCTEMbI OAMHAKOBO (Korga pasmepsbl
CUCTEMbl ropas3go0 MeHblle pa3MepoB
3emMnn).



3.6. OCHOBHO€e ypaBHeHUe AUHaAMUKH
NoCTynaTesibHOro ABNXeHUA
NPOU3BOJSIbLHOU CUCTEMbI Ten

Tena, He e6xo0dwue 8 cocmae paccmampusaemou
cucmemsbl, Hasblearom 6HeWwHUMU mesilaMu, a Cullbl,

deucmeyruwue Ha cucmemy CO CMOPOHbI dMUX Mes —
e@HewHUMu cunamu. Cusnbl 83aumMooelcmeuss MexXoy

mesiamMmu  eHympu cucmembl, Ha3blearom eHYmpeHHUMU
cuJiamu.
Pesynbmupyrowasi ecex 6HYMpeHHUX cusl
deucmeyroujux Ha i-oe meJso:
MBH n i N K i
™ =% F, =F, +F, +..+F,,
k#i

rae k 7 ]| — T.K. j-ad TOYKa He MOXET AeNCTBOBaTb cama Ha cebs.



O6o3Haunm — pE3ynbmupyrowas ecex sHewHuX
CUJT MPUNOXEHHLIX K I-ON TOYKE CUCTEMBI.

[lo BTOpOMY 3akKOHYy HbIOTOHa MOXHO 3anucaTb
CUCTEMY YPaBHEHUM:
d M NBHGHI M M m

—(mv,)=F"" +F, +F, +...+F

no

d¢
N X I X
%(mzuz)—FjHem +FE +E,+..+F ,
M. K I i
i(n/lnl)n ) — Fr]:Hem + Fnl + T Fn,n—l



/AR

Crnoxum atu YpaBHEHUA U CIpyrinnupyem nonapHoO CUJsibl Ek n Ei .

Y R 1§
> (mp,)= Y E +(F, + B )+ +(F, ,, +F,,)
=1 =1

Mo TpeTbemy 3akoHy HbloToHa, F - —F
NOSTOMY BCE BbIDAXKEHWS B CKOBKAX B MPABOiA YacTy
ypPaBHEHWS PaBHbI HYIHO. Tor,qa O@TaeTCﬂ w

> lmw)=2 ke =5

le

R
BHCIII.
Hazoeem F=) E
BHELWHUX cusl, i=l

Toraa: d_IU) _ % (3.6.1)
dz

— cJlaBHbIM 6€KIMOPOM eCeX



CUKOPOCIb U3MeHeHUA UuMIriyJibCa cUucimemMbl
eJ1 pasHa a/1laBHOMY BEKIMOPYy 8CEX 8HEWHUX
/1, 0elcmeyrowux Ha amy cucmemy.

HEHWe Ha3blBalOT OCHOBHbLIM YypasHeHUeM
JuHaMUuKu rocmyrnameJsibHo20 08U)KeHUs1 cucmembl
meuJn.

/A VA
p=mv
Tak Kak UMIYyJ1ibC CUCTEMbI ‘ TO
d, K, 4
— (m L ) =F
dt
OTctoga MOXHO 3anucaTb OCHOBHOe ypaeHeHue
OduHaMuKu nocmyrnameJsibHO20 deU)KeHus
cucmemMbl meJi B BM%Z n
ma,. =F (3.6.3)

A
3poecb (  —yckopeHue LeHTpa UHEPLIMN.



|A| A
md, . — F [leHmp mexaHu4Yeckoll cucmembl
osuxXemcs KakK MamepualrsbHas mo4yKa, Macca
Komopou paeHa macce e8ceu cucmembl, U Ha
Komopyto oOelucmeyem cursa, paeHas a/iagHoOMYy
8eKMopy 8HEWHUX cusl, MPUIIOXXEHHbIX K cucmemMe.

Ha ocHoBaHuM mpembe20 3akoHa HbromoHa,
CUNnbl, JENCTBYIOLLME HA Tena CUCTEMblI CO CTOPOHbI
Opyrmnx Ten  CUCTEMbI (BHYymMpeHHue cusbl),
83aUMHO KOMIeHcupyrom apye apyaa.
Ocmaromcsi mosibKO 8HeWHuUe CuUsibl.

B obwem cnydyae pOBMXKEHME Tena MOXHO
paccmaTpMBaTb Kak CcymMMmy OBYX |, JABWKEHWUN:
NoCTynaTenbHOro Co ckopoctelo UV ="V . 7
BpaLlaTENbHOro BOKPYr yeHmpa uHepuyuu.



3.7. 3aKOH coxpaHeHUs nmnyrbca

MexaHu4eckas cucmemMa Ha3bleaemcs 3aMKHymou
(unu u3osiupoeaHHoU), ecriu Ha HeE€ He Oeucmsyrom
8HeWHUe cusmbl, m.e. oHa He 83aumodelucmeyem c
8HeWHUMU meramu.,

CTporo roBop4, Kaxaas peanbHasi cuctemMa Ten Bcerga He
3aMKHyTa, T.K. NOABEPXEHa, KakKk MWHUMYM BO3OENCTBULO
rpaBUTaALMOHHLIX cur. OgHaKo ecrnn BHYTPEHHUE CUIbl ropasgo
bonblle BHELWHMX, TO TaKyld CUCTEMY MOXHO CUMTaTb
3aMKHyTOM (Hanpumep — ConHevHasi cucrtema).

Lna 3aMKHymou cucmembl pasHodeucmeyrowuu
8eKmMop 8HeWHUX cun MOXX0eCcmeeHHO paseH HyJlko:
p =F=0, (3.7.1)
dt



IR
otcioda P = Zml,uc — CcOonst. (3.7.2)

ImMo ecmeb 3aKlO}-I coxpaHeHus1 umnysnbca: UMIyIbC
3aMKHym017 cucmemMsbl He U3MEeHAemcAd 80 8peMeHU.

MMnNynbC cuctembl Ten MOXET OblTb npeactaBrieH B BUAeE
nponsBeneHysa CyyMapHOW MacCbl Te&l Ha CKOPOCTb LEeHTpa
MHepuun: Pp =mMu,., Toraa

A
muv,_. = const.
(3.7.3)

[lou mobbix rpoueccax, MNPOUCXOOSWUX 8
3aMKHymbIX cucmemMax, CKopocme UeHmpa uHepuuu

coxpaHsaemcs Heu3MeHHOU.

3aKOH COXpaHeHUs WMMynbca SIBASIETCS OOHUM U3
OCHOBHbIX 3aKOHOB Npupoabl. OH Bbin NOMyYeH kak cneacTane
3aKOHOB HbIOTOHA, HO OH CrpaBeanvB U NS MUKPOYACTUILL U
0N PensTUBUCTCKUX ckopocTeit, korgpa U =~ C









Ecnu cucmema He 3aMKHyma, HO 2/1g@HbIU 8€KMOop
8HEWHUX CUJT F md) Peyer. = CONSL,

KaK ecriu bl eHeWHUX cusl He bb1r10 (HanpuMep, NPbKOK
M3 NOAKW, BbLICTPEN U3 PYXbA WIN pPeakTUBHOE

OBWXEHUE).
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