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[1naH nekuyuun

ObLwasa popmyna ANHAMUKN MEXAHNYECKON CUCTEMBbI,
BbIBOA JlarpaHxem 13 aTtomn dpopmynbl
nepBon, BTOPON N TPETLEU TEOpPEM
OVHAMUWKN CUCTEMBI.



AHanunTnyeckaad mexaHuka

NarpaHxa



XK.J1.Narpanx (1736-1813)




XK.J1.NNarpaHx (1736-1813)

Poawunca 25 aHBapsa 1736r. B TypuHe

TYPUHCKNI YHMUBEPCUTET; «3anuckm TypPUHCKOM
akagemMunun Hayk» (ctaTbsi O pacrnpocTpaHeHUN 3BYKa)

[lepenucka c J1. dunepom
1756 — nH. uneH bepnuHckon AH

1764- «/ccneposaHue o nubpaunu JlyHel» (1-9 npemMmus
[TapunXXCKon KOPOSieBCKOMN akageMumnmn Hayk)

1766-1787 — onpekTop pus-maT Knacca bepnmHckon AH

1766 — nccn-e o aBxeHun cnyTHukos KOnuTtepa (npemus
[TapunXXCKon KOPOSieEBCKOMN akageMmnmn Hayk)

1772 — nod. un. lNapwxkckon koponesckon AH
1776 — noy. uneH lNetepbyprckon AH



XK.J1.Narpanx (1736-1813)

1788 — «k AHaNUTU4YeCKas MexaHuka»
1787 — nepees3n Bo PpaHLUUIO

bropo KOHCynbTauun nNo Bonpocam npuknagHoro
MCKyCcCTBa U pemecen (opraHnM3oBaHHOro
AKOOUHCKUM KOHBEHTOM),

Komuccusa no paspaboTtke meTpudeckomn
CUCTEMBI,

NarpaHx 66151 MODUMNM3OBAH Ha peLleHne
npobriem o60poHbI PpaHLnK

aaMmuHuctpatop MoHeTHoro gsopa ®dpaHumu



XK.J1.NNarpaHx (1736-1813)

Y4yacTtue B cosgaHuu (No 3ambicny
KoHBeHTa) HopmanbsHou un
[ToNnnTEXHNYECKOWN LLKONM,

1797 -« Teopua aHaNUTUYECKNX PYHKLNUN»
1801 -«Jlekunn no ncyncneHnro PyHKUNn»
1813 - opaeH ovyeTHOro nernoHa.

10 anpenga 1813r. JlarpaHx ckoH4arncs.



«AHanUTNn4yeckas MexaHuka»
(1788, 1811 — 2-e u3pn.)

* «[dnHamMuKa - 9TO Hayka 0D yCKOPSAKLMX U
3amMeananLwmx cmnax n o nepeMeHHbIX
OBWMXEHUAX, KOTOPbIe OHN OOJKHb

Bbl3blBaATb»



MpuHumn Janambepa

[MpaBuno aAns HaxoXAEeHUs OBUMXEHUSA HECKONbKMUX TES, AEUCTBYHOLLNX OpYr

Ha gpyra:

Hy>xHo 0suxxeHus a, b, ¢ u m.0., nepedagaemMbie smuM mersiam,
pasnoxumse Kaxkooe Ha 08a osuxxeHus: al u a, b1 u B, ¢c1 uk um.o.,
rnpuyemM ama rocrieOHuUe 08UXXeHusi 00/MKHbI bbimb mMmakoebl, 4mo ecriu
mernam 6ydym nepedaHsbl nuwb 0suxeHusi a1, b1, ¢1 um. 4., mo mena
MO2ym coxpaHuUmpe 3mu O8UXXEHUS, He Mewas opya Opyay; ecriu Xxe
mernam 6ydym nepedaHbl nuib 08UXEHUS a, 3, K u m. 4., mo mera
6yOym ocmasambCsi 8 MOKOE.

AcHo, uto at, b1, ¢1 um. 0. u 6yOym memu O8UXXEHUSIMU, KOMOopbIe
6yOym eocripuHsaAmMbI mesiaMu ecriedcmeue Ux 83auMHO20 Oelicmaus
Opyea Ha Opyea. Umo u mpebosariocb Halimu».



«AHanuTn4yeckaa mexaHuka» (1788)

 JlarpaHx npugan aHanuTuU4eckyo oopmy Tak
Ha3bIBAEMbIM «NOTEPAHHLIM CUMaM»,
BBeaeHHbIM [Janambepom, nog AEUCTBUEM
KOTOPbLIX MaTepuanbHasa cuctemMa HaxoauTcs B
COCTOAHUN paBHOBECUSA,; B KaXXO0W MaTepuanb-
HOM TOYKEe Maccou m. COCTaBnsloLlme
NOTEPSHHbLIX CUIT MPUHMMAIOT BUA,



dopmbl npuHumna fdanambepa

« QJlinep 6onee ACHO BblipaXaeT CBsA3b 3TOro MeToaa C
COOTHOLLUEHUSIMWU CTaTUKM :

« N TaKk KaKk aTM noactaBneHHble CUNbI
(npousBeaeHNAa Mmacc To4YeK Ha UX TaHreHUnanbHble
YCKOPEHMUSA.) AOMKHbI ObITb 3KBUBAaNEHTHbI CUsamMm,
OEeNCTBYIOLMM Ha Teno, TO U3 CTaTUKU SICHO, YTO
€CNi BMECTO HUX B3ATb CUJbl, paBHbIe MO
BeJyINYUHE, HO NPAMO NPOTUBOMNOJSIOXKHbLIE MO
HanpaBJfieHUI0, TO TeNo AOJMKHO ObITb B
paBHOBecuu... Takum obpasom, Bce uccnepoBaHue,
KacaroLljeecs KoneodarternbHbIX ABUXeHUU Ten,
NPUBOAUTCA K NPUHLUUNAM CTaTUKNY.

lNpunyun N'epmaHa-3unepa ecmb He YMO UHOE, Kak ¢hopma
npuHuuna [anambepa. CogpemeHHas hopmyrupoeska rp-ra
Lanambepa, ucrnonb3yrowas mepMuH cusl UHepyuu, akeusarneHmHa
npeorioxxeHuro unepa.



O6wasn hopmyna oUHaAMUKMK

« JlarpaHX npuMeHsieT NPUHUUN BUPTYaNbHbIX
nepemMeLleHUn K NoTepAHHbIM cunam, Kotopble (no

Nanambepy) npebbiBaloT B paBHoBeCcuUnN. OH HeSIBHO
cyMuTaeT CBA3U naeanbHbIMU, T.€.

q Rdr. =0

i=l
é [(X; - m, xt) X, + (¥, - m, );i)dyi +(Z, - m, Zl)le] =0
E
X_,Y,Z_ NnpPpoeKunu pe3yanMpy|'O|.|J,e|7| dKTUBHbLIX CUJT B

KaXXaou TOUYKe Ha AeKapToBbl OCU KOOpAWUHAT, . .
NPOEKLUUN YCKOPEHUA TOYKU B TOU XK€ CUCTEME, i»Vi>Zi



«AHanuTnyeckaa mexaHuka» (1788)

AHanmnTn4yeckas 3anmcb CoCTaBMNAOLWMNX OH
yCKOpeHns Toukun (no tepmuHosnorum XVIlI ..
«YCKOPSIOLLIEN CUSbI») NOKa3bIBAET, YTO MNO-

INTarpaHxy cuna nponopuuoHanbHa
YCKOPEHMUIO:

d°x d’y d’z
dr®  dt? dr’

U3 obwen chopmynbl AMHaMuku JlarpaHx BbiBes Tpu
cdyHAaMeHTanbHbIX TeopeMbl AUHAMUKN CUCTEMBI.




«AHanuTnyeckaa mexaHuka» (1788)

* [lepBasn Teopema KacaeTcs CBOUCTBA
ABUXEeHUSA LeHTpa Macc matepuanbHOu
cuctemsbl. Ecnn ycrnoeuda, ctecHarwLme
OBWXEeHNe cuctemMbl (Mbl Obl ckasanun cB4a3n)
TaKOBbl, YTO CUCTEMA B LLeSIOM MOXEeT
coBepLiaTb NocTynaTtesibHOe nepemMeLlleHue
no HanpaeneHuto ocn Ox, TO LEeHTP Macc
MaTepuarnbHON CUCTEMbI OBMXKETCA TakK, Kak
byaTo 6bl B HEM cocpenoToyYeHa BCS Mmacca
CUCTEMbI U NPUNOXEeHbl BCe CUTDbI.



«AHanuTnyeckaa mexaHuka» (1788)

Ecnu 3agaTtbcs BO3MOXHbIMU NepeMeLLeHUAMN, napannesbHbLIMU
ocu Ox u paBHbIMM No BenuumHe da To Ha ABe Apyrue ocu
Takue nepemMeLleHUs CNPOEeKTUPYIOTCH B HYNb, ABEe CKOOKMU
BbINaAyT U3 pacCMOTPEeHUs], a MHOXUTeNb (; BbiAOET 3a 3HaK
CYMMBbI:

X,

l

.mo:

1

n - J .
a m. x —aX. wm M x. =
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1

- KOOpAnHaTa UeHTpa MaccC
Xc



«AHanuTnyeckaa mexaHuka» (1788)

« Ecnun n B HanpaBneHMu ABYX APYrnx ocem
BbINOJIHAETCSH YCNOBMUE TeOpeMbIl O ABUXXEHUMU
LleHTpa Macc, TO MMeKT MeCTO elLle ABa
aHANOrM4HbIX COOTHOLLUEHUS:

My.=3Y, Mz, =47,
=



3aKOH CoOXpaHeHuA ABUXEeHUS LeHTpa Mmacc
N30IMPOBAHHOU CUCTEMBbI Ten

Ecnun cBA3u cuctembl gonyckarT noboe
nocrtynarefnbHOe nepemMelleHMe CUCTEMbI B LIeNIOM
(kaK Obl 3aMOPOXXEHHOU), TO LLIeHTP MacCC TaKoWu
CUCTEeMbIl ABMNXETCA KaK TOYKa, B KOTOPOU
cocpenoToyeHa BCA Macca U NpunoXeHbl BCe CUTbI

Ecnn cymma Bcex cun B HanpaBrieHUn oaHOU U3 oceun
KOOpAUHAT paBHa HYJO, TO LEHTP MacC CUCTEMbI
ABWXETCA paBHOMEPHO B HarnpaBlfieHUn JaHHOU OCMW.

Ecnu Xe ycrnoBue paBeHCTBaA HYJIO pPe3ynbTUPYIOLLEN
CUnNbl BbINOJIHAETCA B HanpaBJrieHUn Bcex 3-X oceun
KOOPAWHAT, TO LLIEHTP Macc cUCTeMbl ABUXKETCS
NMPAMOJIMHEUHO U PaBHOMEPHO.



«AHanuTnyeckaa mexaHuka» (1788)

« PaccmaTtpumBas TOT Xe crny4vyan npu OencTBmum
MUMNYNbCHbLIX CUI HA MaTepuaribHYy0 CUCTEMY,
INlarpaHXx ycTtaHaBnnMBaeT CBOUCTBO: USMEHEHUe
CYMMbI KOJinyecTBa ABUNXXEeHUA CUCTEMbI
PaBHO CyMMe BCEX MMMYIbCOB NPUSTOXKEHHbIX

CUII.

 Tepema o0 ABUXXEeHUU LLleHTpa MacC CUCTEMbI
npu AeUCTBUM HenpepbIBHbIX (HeyAapHbIX)
CUN MOXeT ObITb ChopmMyrnMpoBaHa B CBA3MN C
N3MEHEHMEM CYMMApPHOro Konnyectea
OBWMXEHUA TaK: Npou3BoaHas No BpeMeEHMN
CYMMapHOro KormyecTBa OBUKEHUS
MaTepuanbHOU CUCTEMbI paBHA CyMME BCeEX
OEVUCTBYOLWKUX CUT.



«AHanuTun4yeckaa mexaHuka» (1788)

 Teopemy 06 UBMEHEHNUU MOMEHTA
Konu4yectsa ABUXEHUSA CUCTEMbl,
NarpaHX cBA3bIBAeT C NOHATUEM
nnowagn, OMETAEMOU OTPESKOM,
NpoBeAeHHbIM N3 ABUMXYLLENCA TOYKMN A0

LEeHTpPa BpallatesyibHOro ABM>XeHun4
CNCTEMbI B LIEJTOM.



«AHanuTun4yeckaa mexaHuka» (1788)

Bo3MOXXHbIE NepemelleHns maTepuanbHbIX
TOYEK CUCTEMbI MPU ee BpaLleHUN Kak
LLeryioro 3atBepAaeBLUero Tefia BOKpyr
HenoaBWXHOU Touku O (Havyano
KoopAUuHarT):

dx :Zl.dy - yidW; dy,. :Xl-dW' Zl-dj ; dz;, =ydj - xdy

l

rge X, V.2, " KoopAUHAaThbI I'IpOVI3BOJ1bHOﬁ TOYKMU,

I w dNNIeMeHTapHbie yriibl NOBOPOTA 3aTBepp,eB|.ueM
’
JMC¥eMbI BOKPYrI Tpex oceu X, Yy, 2.



«AHanuTnyeckaa mexaHuka» (1788)

OTU BblpaxeHust JlarpaHx nogctasmn B obLLyo opmyny guHaMUKK

o d’ d*y.
a m,(y, dtZ Z, dt);l -y, Z, +z,Y;)=0
o d*x. d’*z
a mi(z' dt)ZCl - X, dtfl -z, X, +x,Z,)=0
d*y. d*x.
m;(x, TP Vi - xY,+y,X,)=0

dt*



Teopema 06 U3MeHEeHMU MOMEHTA KOJInYecTBa ABMKEHUA
CUCTEMbI

« JlarpaHx 3anucoiBaeT obLLy0 TeopeMy B BUAIE:

d o ' . 2
Ea m(y,z;-z;y,)=a £, - z.1,),

d 0 ' ' 2
j m(z,x-x,z,)=a (2, X, - x,Z,);
A

d o ' ' 2
Ea mi('xi Vi~ Vi xi) =d (xiYi ) ini);



«AHanunTnyeckaa mexaHuka» (1788)

Teopema 06 U3BMEHEeHMN MOMEeHTa Konn4yecTtBa ABUXKEHUA CUCTEMDI,
OTHOCUTENbHO HenoABWMXHOU TOUYKU O:

[Tpon3BoaHast N0 BPEMEHU OT CYMMAPHOro
MOMEHTAa KonmyecTBa ABWXEHNS MaTepuanbHOu
CUCTEMbI OTHOCUTENBHO Havana koopauHat O
paBHa CyMME MOMEHTOB BCEX CUI
OTHOCUTENbHO TouYkM O.

Ecrnn MOMEHTbI cun OTHOCUTENbHO HEMOABUXKHbLIX
OCeln KoopauHaT paBHbl HYITO, TO CYMMapHbIE
MOMEHTbI KOJIMYECTB OBUXEHUS OTHOCUTENBHO
TpeX ocen KoopanHaT OCTarTCHA NOCTOSAHHBIMM.



«AHanuTnyeckaa mexaHuka» (1788)

TpeTba hyHAaMeHTanbHasa TeopemMa HOCUT apxandeckoe HauMeHoBaHMe:
«CBoncrTBa, cBsiI3aHHbIE C XXUBOWU CUNONY :

«...€CINnW YCIrioBHblIE YPaBHEHUA MEXOY KOOPAMHA-
TaMmn pasfnnyHbIX T COBEPLLUEHHO HE coaepXaT
nepemMeHHoOU ¢, ACHO, 4TO B 0bOLLEeN dopmyrie
OVHaMMKN Bcerga MOXHO NMpUpaBHATbL BapuaLmnm

dx.,dy,,dz,, AMddeperumanam  dx,dy;,dz..»

dx;,dy;,dz, COCTaBNnAaowne BO3MOXXKHOIoO nepemMeLleHna TOHKN;

dx;,dy,,dz,..COCTaBNAOLMNE OENCTBUTENBHOIO NEpeMeELLEHNS,
eANHCTBEHHOr0, COBEPLLAEMOro TO4YKOM Npu AeENCTBUMK
cun u 6e3 HapyLleHns cBa3eun (ycnosun).



«AHannTnyeckaa mexaHuka» (1788)

Teopema 06 N3ME@HEHUN KNHETUYEeCKOU
3HEepPrmm cucTeMbl: gnddepeHumarn
KWNHETUYECKOW SHEPIUN CUCTEMbI PaBEH
CyMMapHOU paboTe BCeX CUI Ha

NencTBUTEerbHOM nepemMeweHnn CNCTeMbl.
« 3T0 3anucbiBaeTCsA B COBPEMEHHO CUMBOJMKE TaK:

dT :é (X,dx, +Ydy, +Z,dz,)
* rage T - KNHeTNn4eckKas IHEPTINUA CUCTEMDI

(BKJ‘I}O‘-IeH pesynbTaT AENCTBUA KaK BHELWWHUX, Tak U BHYTPEHHUX
cun).



«AHanuTn4yeckaa mexaHuka» (1788)

[lepBbIN UHTErparsn, HOCALWNN Ha3BaHNe
3aKOHa COXpaHeHNsA MeXaHN4YeCKON 3Hepruu:.

T + 1 = const
/7 - MoTeHUuunaribHas 3Heprm'-| CNCTeMbl.
3TOT 3dKOH nmeeT MmeCT1O, Korga Bblpa>KeHI/IeZ

é (X.dx, +Y,dy, + Z,dz,)

ABNAeTCs NOMHbIM aAndodoepeHuUnanom.



«AHanuTn4yeckaa mexaHuka» (1788)

* B cnyyae gencrteusa Ha Tena cUCTEMbI
MMNYIbCHBIX cun, JlarpaHX BelBOAUT
Teopemy J1. KapHo:

Npu Heynpyrom yagape noteps
KUHETUYECKOWN SHEPIUN CUCTEMbI paBHa
KUHETUYECKOWN SHEPTUN MOTEPAHHBLIX MPU
yOape CKOpPOCTEWN.



«AHanuTuyeckaa mexaHuka» (1788)

« Jltobasa n3 Tpex obLmx TeopemM cnpaBeanmBea
ansa nobown matepuaribHoM CUCTEMBbI, TaK Kak
OT CBS13e MOXXHO OCBODOAUTLCSH, MPUMEHUB TakK
Ha3blBaeMbI MPUHLMN OCBOOOXAAaeMOCTH OT
CBSiI3eMn.

 OObIYHO BBOOAT CUMbI peaKkuumn CBA3EeN n
CYUTAKT CUCTEeMy CBOOOAHOW, eCrnun K
aKTUBHbLIM cunam 0oo6aBuUTb CUNbI peakuuu
CBSi3eMn.

« Y JlarpaHxa - MeToq HeonpeaeneHHbIX MHOXUTESEN



«AHanuTnyeckaa mexaHuka» (1788)

« Jltobasa n3 Tpex obLmx TeopemM cnpaBeanmBea
ansa nobown matepuaribHoM CUCTEMBbI, TaK Kak
OT CBS13e MOXXHO OCBODOAUTLCSH, MPUMEHUB TakK
Ha3blBaeMbI MPUHLMN OCBOOOXAAaeMOCTH OT
CBSiI3eMn.

 OObIYHO BBOOAT CUMbI peaKkuumn CBA3EeN n
CYUTAKT CUCTEeMy CBOOOAHOW, eCrnun K
aKTUBHbLIM cunam 0oo6aBuUTb CUNbI peakuuu
CBSi3eMn.

« Y JlarpaHxa - MeToq HeonpeaeneHHbIX MHOXUTESEN



BHyTpeHHI/IMI/I cunamm usSMEHUTb ABNXeHune LLeHTPa MAdCC HeEJlb3Al.

PaccmoTpum cneayownm npumep. Yenosek cTout Ha abCcontoTHO
rnagKkown nNiocKkocTn. Bec YenoBeka 1 cuibl peakuun niocKoCTU
HanpaBneHbl NO BEPTUKANW; criegoBaTeribHO, MPOEKLUUN 3TUX CUIT Ha
nobylo ocb, Nexaluyo B NIIOCKOCTU, paBHbl HYIO. Ha ocHoBaHUK
TeopeMbl 0 ABMXEHUN LeHTPa Macc Mbl 3aKSto4aeMm, 4YTo
nepemMellaTbcsi N0 abCoNTHO rnagkon NNOCKOCTU (XOaAnTb)
YyenoBEK HE MOXET.

UenoBek OBUXETCHA B FOPU3OHTaNbHOM HanpaefeHun NOTOMY, YTO B
TOYKax COMPUKOCHOBEHMUS MOAOLLBLI C 3€MIIEN Pa3BMBAOTCHA CUTMbI
TPEHUs1, HanpaBleHHbIE B CTOPOHY ABWXEHUS. Ecnn cunbl TpeHus
mManbl (HanpuMep, Koraa YenoBeK MAET Mo rnagkoMy nbay), TO
BOonbLUYH CKOPOCTb ABUXKEHUSI Pa3BUTb HEBO3MOXHO. Y BeryHoB Ha
KOPOTKME ANCTaHLMMK, KOTOPbIM HEODOXOANMO pa3BMBaTb OYEHb
BonbLUMEe CKOPOCTU B Marble NPOMEXYTKU BPpEMEHW, NOAOLLBbI
OOTUHOK ANS YBENUYEHUS CUIN TPEHUSA CHAOXXEHbI OCTPbLIMY
LmMnamu.



SAOAYA

Linnnugpunyecknn katok
anameTtpom 60 cm 1 BeCcoMm

Q = 392 kI npuBoaAUTCH B
OBWXEHNE YenoBEKOM, KOTOPLIN
nasuT Ha pykoAaTky AO C
NOCTOAHHOW cunoun P B
HanpasneHun AO anuHa

AO=1.,5 M, BbicOTa TOYKM A HaA
ropusoHTom 1,2 m. OnpegennTb,
npeHebperas cmnamm TpeHUs B
noawunHukax, cuny P, npu
KOTOpOM YernoBek, nponada 2 m,
COOBLLNT OCK KaTKa CKOPOCTb

80 cm/cek
(NnpuHaTb g= 980cm/cexk2).




3agaya

MaTepuanbHasa Touka M
MaccCbl m nogBeLleHa Ha
HEBECOMOMN N HEPACTAXKNMOW
HUTW ONWHbI /, Opyron KoHew
KOTOPOW 3aKpenrsieH
HenoaBuXXHO B To4ke O. Touke
M coobLwmnnmn HavanbHy CKo-
POCTb V, NeprneHaNKynAaApHYyLo
HUTW, N BbIBENN U3
PaBHOBECHOIO COCTOAHMUA
(«MaTeMaTUYECKUI MASITHUKY ).
Onpenenutb OBUXXEHMNE TOYKN
Npwn yCrnoBumn, YTo HavarnbHagd
CKOpPOCTb Mana.




«AHanunTuyeckaa mexaHuka» (1788)

JlarpaHx cmor Bce MHOroo6pasne MmexaHu4eCcKux
siBNeHun obrneyb B eanHyko opmyny. B atou
obwen cpopmyne AMHaAMUKK 3aKITOYEeHa

Teopusa ABNXeHnAa M paBHoBeCus HebeCHbIX U
3EMHbIX Telnl,

rMmapocCcTatTvka u rnapoaomMHaMuKa,

AWNHaMUKa TBepaoro tera, 3HauMTenbHO
npoaBUHYTas B cOMMHeHuu JlarpaHxa
“"AHanuTnyeckass AMHamMukKa",

Teopua MmanbIiX KonebaHuu;

yCJioBMe YyCTOM4YMBOCTN KOHCEPBaTUBHOMN CUCTEMbI;
nocTpoeHa Teopust YCTOMYMBOCTU HEBO3MYLLEHHOrO



Bbiparowinmncsa nHxeHep, MexaHuUK, MaTemMaTuKk u
ncrtopuk mexaHmkm A.H. KpbinoB, cunTan:

» ...Jlarpanx Obin npa., YTO HE
OCTaHaBIIMBAAChb HA YaCTHOCTSIX, nNpuaar
CBOEMY MIJOXEHUIO CaMyo OOLLIYIO
aHanuUTM4yecKyro opmMy; NO3TOMY €ro
METOAbl OANHAKOBO NPUIMOXUMbI U K
pacyeTy ABMXKEHUSA HEDECHbLIX Terl, U K
KayaHnsIM Kopabra Ha BOSTHE, U K pacyeTy
rpedbHoro Bana Ha kopabne, u K pacyeTy
noneta 16-4OMMOBOIro cHapsaa, U K
pacyeTy OBUXXEHUA SNEKTPOHA B aTOME.



