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[1naH nekuunn:

* PazButne auHamMmukm matepuanbHOUN TOYKA
B Tpyaax Jl. dunepa.



INleoHapa Aunep (1707-1783)




JleoHapp dunep (1707-1783)

15 anpensa 1707 r. poguncs JleoHapa 9unep, nony4yun Beicwlee
obpasoBaHue B basene (lBenuapus). Yuntena — UN.bepHynnu un
A.l'epmaH, 1722 — 3BaHne Gakanaspa,

1723 —OKOHYUN pakynbTeT UCKyccTB, 1724-marncrepckasd
auccepTauuns (cpaBHeHMe HaTyparnbHon ounocodumn [lekapta u
HbtloToHa), 1727-3awmTa guccepraumm o pacnpocTpaHeHnn 3ByKa.
1727 — npurnaweHne n3 lNetepobypra B AH (agbOHKT BbiCLLEN MaT-
KW, 3aTeM Kadpeapa TeopeTudeckon U aKcnepuMeHTaribHOU
doun3sukn).

1733-npodoeccop 1 akagemMuk, rnasa Kaenpsl BbicLlen
MaTemaTukm (1738-ocnen Ha npasbin rnas)

1741 — nepees B bepnuH: gnpekTop ouns-maT Krnacca Akagemmm
Hayk (npe3ngeHT ¢ 1759 no 1766). CTaxmnpoBka y Junrepa pyCcckux
ydeHbIx: C.KoTtenbHukos, C. Pymoscknu, M.CadpoHoB n ap.

1766 — Bo3BpaLlleHue B [etepbypr (cnenoTta)

18 ceHT6psa1883 ckoH4uancs. B NeTepbyprckom Hekponone
Haxo4uTCHa ero Mmoruna n naMmsTHUK, No COCeacTBY C MECTOM
norpeberHnsa M.B. JlomoHocoBa

KonnyectBo nybnukaunm - okono 850 (20 TomoB 60sbLLUMX
MOHorpadun)



DWnep MoCTaBui 3a71a4y CO3/1aTh aHAJIOI HBIOTOHOBCKOM MEXAHUKH,
MCIIOJIb3YS SI3bIK UCUMCIICHUST OECKOHEUHO MaJIbIX, CO3/JIaHHBIM OMITIOHEHTOM
Hrerotrona — JleiitOauiieM.

[Ipu U3IT0KEHNY 3aKOHOB MEXAHUKHU DWJIEP UCTIOIB3YET BBEACHHOE UM
noHsatue pynkiuu. [log GpyHkuuen inep NOHUMAT KAHAJIUTHYECKOE
BbIPa)KeHHE», COCTOSAIICE U3 TEPEMEHHBIX U KOHCTAaHT. KpoMe 0OBIUHBIX
byHKIMI Ditnep paccMaTpyBall mapaMerpudeckre GyHKIUN ¥ HESIBHO
onpenejgeHHble QyHKIuU. Ditnep ObLUT yOSKIEH, YTO BCE AHATUTUUECKUE
BBIPAYKEHUS MOTYT OBITh 3aJaHbl B BUJI€ OCCKOHEUHBIX CTCIICHHBIX PSI0B
WJIM 00OOIIIEHHBIX CTEIIEHHBIX PSAJIOB C APOOHBIMU WIIM OTPUIIATEIIBHBIMU
MTOKAa3aTEIAMU.



INleoHapp Aunep (1707-1783)

* «MexaHuKa, nnn Hayka o ABMXXEeHUUN, U3NOXKEeHHas
aHanutuyecku (1736) — Teopus AoBMXKEeHUNA
MaTepuaribHOU TOYKMW.

 |T.-Teopusa gpBnxeHna cBoo6oaHOU MmaTepmaribHOU
TOYKM, HE CTECHEHHON HUKaKUMN MmaTtepuaribHbIMMU
CBA3AMM UNKN NperpagamMu.

* Il T. - Teopua agBMXKeHNA matepuaribHON TOYKMH,
CTECHEeHHON HEeKOTOPbIMU nperpagamMmm U CBA3AMM.
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JleoHnapp Aunep

« CHayvana mbl Oyaem paccmatpuBaTthb Tena
OeCKOHe4YHO mManble, T. €. Te, KOTOpPble MOryT
paccMaTpuBaTbCA KakK TOYKU. 3aTeM Mbl NPUCTYNUM
K Tenam, MMerLUM KOHEeYHYI0 BEeJIUYUHY, - 3aTeM,
KOTOpble ABMATCA TBepAbIMU, HE NO3BOSASA
MeHATb cBoen popmbl. B-TpeTbux, Mbl Oyaem
roBOpUTb O Tenax rmbkux. B-yeTtBepTbiXx, O TeX,
KOTOpble AONYCKAKT pacTsXXeHUe u cxartue.
B-nATbIX, Mbl NOABEepPrHemM nccrieqoBaHuI0 ABNXKEeHUe
MHOIMX pa3beauHEeHHbIX Tef, U3 KOTOPbIX O4HO
NnpenATCTBYeT APYrMM BbINOMIHUTbL CBOU ABWMXEHUA
TaK, KaKk OHM CTPEeMSATCA 3TO caenaTtb. B-wecTbiX,
oyaem paccmatpuBaTthb ABWXeHUe Xunagkux ten. Mo
OTHOLUEHUIO K 3TUM Tenam Mbl Oyaem paccmar-
puBaTb He TONbKO TO, KaK OHU, NpeaocTaBrfIeHHbIe
camu cebe, npoooMmkaroT ABMXKEeHUe, HO, KpoMe Toro,
Mbl Oyaem nccneanoBaTb, KaK Ha 3TU Tena
BO34EUCTBYIOT BHELLHME NMPUYUHDI, T. €. cunbl (¢.89)



INleoHapa 9unep «MexaHuka, Unn Hayka o
ABWXEHUU, n3roxeHHasa aHanutnyecku (1736)

B ocHOBY AMHaAMUKK Dunnep nosiaraeT Tpu

3dKOHa.

3aKOH MHEepLUU,
3aKOH He3aBMCUMOCTW OeUCTBUSA CUI U

NPUHLUMMN YCKOPAOLWKMX cun (BTOPOW 3aKOH
HbloTOHA).



IleoHapa 9unep «MexaHuka, UnnM Hayka o
ABWXEHUWN, U3rioXXeHHaa aHanutuyecku (1736)

* [lepBbIN 3aKOH AMHAMUKN Y DUrnepa nMeeT Popmy Tpex
TEeopeM:

«Teno, HaxoasLleecsa B COCTOAHNM aDCONTHOrO MOKo4,
OOJIMKHO BEYHO MpebbiBaTb a NOKOe, eCrn He NOSTyYunT
NoOyXXOEeHUA K ABMXEHUIO OT BHELLUHEN NPUYUHbI".

«Ecnun Teno nmeet abconoTHOE ABMXEHNE, TO OHO BCcerga
OyoeTt oBuraTtbCHa paBHOMEPHO, a TakKe N paHblue B
OO0V MOMEHT BPpEMEHU ero ABUXEHNE UMENO TY Xe
CKOPOCTb,- €CI1 TONbKO Ha HEro He OencTByeT UMn He
OencrTeoBana Kakasi-nmbo BHELWHAS NnpuymHa'.

[lpeodrnoxeHue 9 KOHCTAaTUPYET NPAMOSIMHENHOCTb
OBWXKEHNSA N30NTMPOBAHHOW TOYKK (C.71-72).



INleoHapp Aunep «MexaHuka, unu Hayka o
ABWXEHUU, U3NoxeHHasa aHanutn4vecku (1736)

« Cuna ecTb TO ycunume, KOTopoe NepeBoguT Teno
N3 COCTOAHNSA NOKOA B COCTOSAHUE OBUXEHUS UNK
BUWOOU3MEHSAET ero asmxeHue (c.92).

 [1Be kaTeropun cun:. «kadCoONTHbLIE CUSIbIY -
CUNbI, K-€ onpeaensoTcd NofoXeHnem Tena, a
He COCTOSIHUEM €ero ABUXXeHus (Hanp., cuna
TSAXKECTW)

* KOTHOCUTENbHbIE CUSbI» - KOTOPLIE NHAYE
OENCTBYIOT Ha Teno, Haxoasduleecd B NOKoe, Yem
Ha Tesio AsmxyLleecs (Cunbl CONpPOTUBIIEHUS

OBWXEHUIO, HAaNp., NPy AB-HUKN TeN B XXUOKOCTSIX)
(c.98)



INleoHapp Aunep «MexaHuka, unu Hayka o
ABWXEHUN, U3NTIOXKEHHasa aHaNIUTUYEeCKU»

« BaxxHoe 3HauyeHune npu opmMynmpoBKke OCHOBHbIX
MNOHATUM M 3aKOHOB MeEXaHMKU Inrep npuaasarn
HEeNPoOHMLAaeMOCTU, UMM CBOMUCTBY OKpYXKatloLlero Mmpa,
No KOTOPOMY B OQHOM U TOM Xe MecTe
OAHOBPEMEHHO He MOryT HaxoAuUTbLCH ABa UNU
Oornee matepuanbHbIX Tena.

 Maccy oH noHumMan Kak Konm4ecTso MaTepun B Tene,
KOTOpoe criegyeTt onpeaendaTb He Mo obbemy, a no
BeJfin4mMHe ero UHepuuu.

» [loHATUIO Macchl NOCBSLLLEHA Teopema
nponopuMoHanNnbLHOCTU CUNbI MHEPLUU Tena
KONMMYyeCcTBY MaTepumn B HEM.



Ipennoxenue 14. 3anaua

1lo 0anHoMmy Oeticmeuro abCoOMOMHOU CUIbL HA MOYKY, HAX00SUWYIOCS 8 NOKOe,
mpeoyemcs Haumu 0etcmeue mou Hce CUIbL Had MY Hce MOUKY, HO OBUNCYULYIOCS
KaKum-1uo6o oopa3om.

Ipennoxenue 19. Teopema.

CaeacrBue 1. Eciu ckopocTh ToOUuku B M pasua ¢ u ompezouex nymu Mm paeen ds,
moeoa dt = ds/c, nomomy umo 01 onpeoeneHus: BpemeHu Ha0o NPUHANMb, YO
anemenm nymu Mm npouoen ogudiceruem pasnomepuvim. Ho mak xak dc
NPONOPUUOHATBLHO pdt, mo dc 6ydem nponopyuoHalbHo u pds/c, unu cdc
NPONOPYUOHATILHO PdS.

Taxkum 06pa3zoM, mpupalieHne KBajapara CKOPOCTH OyAET MPOMOPIIMOHATIBHO
MPOU3BECHUIO CUJIbI HA MPOUICHHBINU 3JIEMEHT MYTH.

IHpenaoxenue 20. Teopema

Ecnu nanpasnenue osusicenus mouku cognadaem ¢ HanpasieHuem Cuibl, mo
npupawenue ckopocmu 6yoem nponopyUoOHAIbHO CUle, YMHONCEHHOU HA
NPOMENHCYMOUEK 8PEeMEHU U OCJIEeHHOU HA Mamepuro Uil Ha 8eauduty moukKu.



INeoHapp dunep «MexaHuka, nnu Hayka o ABUXKEHUN»

* [MpyHUNN YCKOPSAIOLWNX CUM: «... TpUpaLLeHne
CKOPOCTHN NMPAMO NPOoNopUNOHaribHO
AEUCTBYIOLLEN curie u NponopunoHaribHoO
BpeMeHU U obpaTHO NPONOPLUNOHANbLHO cCUne

UHepuum Tena» (TO eCTb Macce Tena) oH
3anucarn B Buge andpdepeHumnanbHOro ypaBHEHUS
I'IpFIMOJ'II/IHGVIHOFO OBNWXKXEHUNA TOYKN.

g — npdt
A

e C - CKOPOCTb OBWXEHUS TOYKW, p - AEUCTBYIOLLAs Ha TOYKY Ccuna,
A - Macca Touku, t - BpeMa, n - KoadPuULUMEHT NponopLMOHanbLHOCTU
(c.125-126)




INleoHapp Aunep «MexaHuka, Unu Hayka o
ABWXEHUN, U3NTOXKEeHHaA aHaNUTUN4YeCcKn»

« Teopema 00 NBMEHEHUN KNHETUYECKOW SHEPTUN
TOYKMW:

_ npds
A

e rae ds - afieMeHT paccToaHus (c.126)

cdc



NNeoHapp Annep «MexaHuKa, nnn Hayka o ABMXXEHUN»

« [na cnyyaa KPpUBOSIMHEUHOIO ABMXEHUA TOYKN
annep 3annceiBaeT guddepeHumnansHoe ypaBHeEHNE
OBWXEHNSA B NPOEKUMAX HA KacaTeslbHYHo t «
TpaekTopuM TOHYKM 1 Ha rNaBHY0 HopManb Nk aToi
TpPaeKkTopuun B nccrieayemMon Touke:

2
Acdc = nPds r = Ac :
nN

roe P, N coctaBngaowme cunbl, Mo KacaTeNbHOWU U rMaBHOWU
HOpManu Yepes3 r - pagnyc KpMBU3HbI TPAEKTOPUMN,
yepe3 ds - anemeHT ayrn (c.130)



INeoHnapa Iunep «MexaHuKa, NN Hayka 0 ABMXEHUN»

B 1746 r. Dinep uccnenosan ABMXEHUE MaTepuanbHON TOYKN NO
NOoABMXHON NOBEPXHOCTU (Hanp., ABMXEHNE LLapuKa BO
BpaLuatowenca Tpybke) n soiBen U3 aTux gnpd-x yp-u ABMKEHNSA
TOYKM elle OONH UHTEerparn - 3aKoH nrowaaemn.

onnep u 1. bepHynnu uccnegosanu Takxe 3agady o
OBWXEHUN HECKOJIbKMX LWapWKOB BO BpallarLlenca
Tpybke U yCTaHOBUITN 3aKOHOMEPHOCTL: NPU ABUXEHUMN
HEeCKOJIbKMX TeN1 BOKPYr HenoABMXHOIO LleHTpa
cCyMMa npousBeaeHUN MacChbl KaXaoro tena Ha ero
CKOpPOCTb BpalleHUA BOKPYr LeHTpa U Ha
paccTosiHMe CKOpOCTU OT TOro XKe LleHTpa Bceraa

oCTaeTCs HEU3MEHHOMW, ecrnn He nMeeTcs Kakoro-nmbo
BHELLUHEero 4encrTeung



INleoHapp Annep «MexaHuKa, nnn Hayka o ABMXXEHUN»

* B mexaHuKy 6bI1 BBE4EH eAMHOO0DOpPa3HbIU
MaTeMaTU4YeCKMU annapart peLlieHnsa 3agau
ANHaMUKW. 3annucb auddepeHumnanbHbIX
ypaBHEeHUN ABNXEeHUA MaTepuaribHoOro
00beKTa, UX UHTerpupoBaHue npu
N3BECTHbIX HaYalsibHbIX YCNOBMUSX.

e JNnepom ObIfn NOSTyYEHbI 1 UCMNOSb30BaHbI
TeopeMa U3MEHEHUA KNHEeTUYECKOU 3Heprum
TOUYKM

* Teopema O KNHeTUYECKOM MOMEHTEe
CUCTEMDL.



KonunHu MaknopeH (1698 - 1746)

« K. MakrnopeH - npodreccop
SOnHBYprckoro yHnBepcuTeTa

«TpakrtaTt 0 prIroKCUAX»

(1742).

 Wpea MaknopeHa:
pa3noXeHue
nepemMeLleHns, CKOpoCTH,
YCKOPEHUA U cubl Mo
TpeM B3auMHO
nepneHauKynapHbIM
HENoOABMXHbIM
HanpaBneHusam B
NpoOCTpaHCTBe.




INleoHnapp Aunep (1707-1783)

« B1765 r. BbilLen B CBET BTOPOU
dyHOoamMmeHTanbHbIN TpakTaT durepa no
aHanuTnyeckom guHamuke «Teopus
ABWXEHUA TBepAbIX UIN XeCTKUX Ten,
yCTaHOBJIeHHasA Ha OCHOBHbIX
npUHUMNax Hawero Nno3HaHUA U
NPUCNocoOsieHHas KO BCAKUM
ABUXEHUAM, KOTOpPble MOryT UMeTb
Ha3BaHHbIe Tena»
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JleoHapp dnnep «Teopus ABNKEHUNA TBEPAbIX UK
XecTKux ten» (1765)

MexaHunka nsyyaet nepemeLleHme B
NPOCTPAaHCTBE pearnbHbIX TeN, TenN
HeNMpPoHULUaeMbIX. B3anmMoagencTems Takmux Ten
Iunep Ha3blBaeT CUNOM.

«[l1Ba Tena geucTByKOT ApYyr Ha apyra B TOM
criydae, Korga OHM CXOOATCA TakK, YTO Kaxkgoe u3
HUX B OTOENBHOCTN HE MOXET COXPaHUTb CBOETO
COCTOSIHMA, HE MNPOoxoasi CKBO3b APYroe Teno...
Cwuvnbl, U3MEHSALME B 3TOM Cllydae COCTOsSIHME
TEenN, NoOPOXAarTCA HEMPOHMNLLIAEMOCTbLIO 3TUX
nocrnegHux...»

(0T|<a3 OT JanbHOAENCTBUSA Yepesd NyCTOTY U NPU3HaHUE TOMNbKO
KOHTaKTHOro B3anMoJencTBus Ten v cpen )



IleoHapa 9unep «Teopusa ABNXKEHUA TBepAbIX UMK
XecTKkux ten» (1765)

«Maccowu Tena, unm Konn4ecTeom
MaTepUN, Ha3biBaeTCA BENNYNHA
3aKno4YeHHOWU B Terne nHepuun,
BCNeOCTBME KOTOPOU TENO CTPEMUTCH
COXPaHUTb, CBOE COCTOAHME B
NPOTUBOOENUCTBUMN BCAKOMY €ro
N3MeHEHNIO»(C.383)



INeoHapa Annep «Teopusa ABMKEHUS TBepPAbIX UITN XKEeCTKUX Ten»

Tpu anddepeHumanbHbIX YypaBHEHUA OBMXKEHUA MaTepuanbHOm
TOYKN Maccbl A B NPOEKUUAX HAa HEMOOABMXKHbIE EKapTOBbI OCU
KoopauHar:

d’x _\p  dy_10 d’z _IR

— ’

i’ 4 dit A4 d* A

b

rae x, y, Z - KoopauHaTbl TOYKN, OTHECEHHbIE K
HenoABWXXHOW OeKapTOBOM CUCTEMeE ocen; A - macca
Toukn, P, Q, R - npoeKkuun Ha Te e ocu
pPe3ynbTUPYOLLEN CUNbI, MPUNOXEHHOU B AaHHOMU
TOyiKe, . - KoapdnumeHT (c.401)



INNeoHapa Iunep «Teopus ABUXKEHUA TBEPAbIX UITU XXECTKUX Ten»

« 3amMeyast, YTO «BCHA MexaHMKa OCHOBbLIBAETCS Ha
OHOM-EUHCTBEHHOM MPUHLMME», QNNep OaeT
KONMMYECTBEHHYIO (DOPMYNUPOBKY 3TOMY
BaXXHEWLLEMY MPUHLNNY ANHAMUKN: « TaKum
obOpa3om, npupaLleHme CKOpoCcTu, B3AToe Nno
HanpaBJrieHU0 AeUCTBUSA CUNBI, MPAMO
NponopunoHaribHO NPOU3BeAeHUIo
AEUCTBYIOLLEN CUSbl HA NPOMEXYTO4YeK
BpeMeHM U obpaTHO NPONnopLUUOHarbHO
macce tenbua» (¢.403)



INeoHapa Aunep «Teopus ABMKEHUSA TBEPAbIX UITN XKECTKUX Ten»

* AKcroma («HOBbIW MPUHLMM») O TOM, YTO
NPUHLUMN YCKOPAOLMX CUI, UK TPU
angepeHUnanbHbIX YpaBHEHNS
OBWXEeHNA MaTepuanbHOU TOYKM,
cnpaBennve 1 oNAa MbICNEHHO
BblOeneHHOro afnieMeHTa TBepaoro

Tella Ui XNOAKOCTM.

 Mopgenb cnnolwHou cpeabl Obiyla BBeAeHa dUnepom
B 1750 r. B Mmemyape «OTKpbITME HOBOIro NpuHUMNa
MEXaHUKN»



INeoHapa Aunep «Teopus ABMKEHUSA TBEPAbIX UITN XKECTKUX Ten»

* [1py cymmunpoBaHUM TakUx aNemMeHTapHbIX
COOTHOLLUEHWUN, BbipaXkaroLmX NPpUHL MM
yCKOpSALWMX cun ana maccbl dm, 3unep
yrnoMnHaeT 0 B3aMMHOW HenTpanmsaymm
BHYTPEHHUX CUI1 B3aUMOOEUCTBUA Mexay
9NEeMEHTOM U OKpyKatoLlen cpegoun, npu
9TOM OH BBOAUT HOBbIE (Ype3BblHaNHO
Ba)XkHble B AMHaAMMKe TBepaoro tena)
KONMMUYeCTBEHHbIE XapaKTePUCTUKA
pacnpeneneHns macc B TBepaoMm Tere.



JleoHapg Aunep

* B HebecHOM mMexaHuKe Hanbornee
BaXXHbIMU paboTamn dunnepa,
NCNONb3YyOLWUMU ANHAMUKY TBEPOOro
Tena, obINn aBa counHeHus: «Teopus
aBwxeHus JlyHbi» (1753) u «<HoBas
Teopusa ABwxeHus JlyHbi» (1772),
CBsi3aHHbIe C NMOTPEDOHOCTLIO B cnocobax
onpeneneHnsa gonroTel MECTHOCTU MpPU
KopabrieBoXxXgeHum



IleoHapp dunep

« Teopusa gemxeHus J1yHbl NpMBOAUT K 3aga4e
Tpex Tten: Jlyna, 3emna n ConHue. Bo BTopom
COUYMHEHUN 1772 r. Dnnep ymeno ucnosb3oBarl
TOT dpakT, YTO Macca CornHua Benuka no
CPaBHEHMIO C Maccammn OABYX Apyrux Ter, a
paccTosiHme oT Hux ao ConHua MHoro bornbLie
B3aMMHOIo paccTtosHusa JIyHbl n 3emnu.

* UpesBblbYanHO yaa4HbIM OKa3arica BblOop
aurnepa gekapToBbIX MPSAMOYroSibHbIX
KoopauHaTt, onpeaenatowmnx nonoxeHue JlyHol B
NepeHOCHOM N OTHOCUTENbHOM ABWMXKEHUSX.



IleoHapp dunep

* OOWMpPHBIN UMKN paboT, HavaTbin B 1748,
Innep nocBaATUI MaTemMaTuyeckoun dusuke:
3agaYvam o KonebaHuU CTPYH, NJTACTUHOK,
MeMOpaHbI U ap. Bce 3T nccnegosaHus
CTUMYINMpPOBAanun passBuTme Teopum
onggepeHumnanbHbIX YypaBHEHUN,
NPNONMXEHHBIX METOJ0B aHanun3a,
cneunanbHbIX PyHKUMW, gndodoepeHunanbHOU
reomeTpuun n 1.4. MHOrmMe 4ncrto
MaTeMaTMYeCKMe OTKPbITUA Dunepa
cogepxaTtcsad MMEHHO B 3TUX ero paboTax.



IleoHapp Iunep (1707-1783)

* Mo BbIpaxeHuto lN.Jlannaca, dunep
ABUSICA OOLWUM yuUuTenem

MaTeMaTUKOB BTOPOMU NMOJSIOBUHDI
XV Beka.



