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TPAKTAT X. TIOUFEHCA
«MAATHUKOBbIE YACbI»



XpuctunaH Nowurexc (1629-1695)




XpuctmaH ['tonreHc BaH 3enNnmuxem

(14 anpensa 1629 — 8 nionga 1695) — HnaepnaHackum
MeXaHUK, PU3NK, MaTemMaTnK, aCTPOHOM U
n3obpeTtaTens.

[lepBbI MIHOCTPAHHbLIX YneH JIOHQOHCKOro
KoponeBckoro obuiectsa (1663), yneH ®paHLy3ckomn
akageMumn Hayk c MOMeHTa ee ocHoBaHuA (1666) n eé
nepBbIn npe3naeHT (1666—1681).

OOWH U3 OCHOBOMOMOXXHUKOB TEOPETUYECKON MEXAHUKN
N Teopun BeposTHOCTEN. BHEC 3HaUNTENbHbLIW BKNag B
OMTUKY, MOJTIEKYNSAPHYIO PU3NKY, aCTPOHOMMUIO,
reomeTpuio, YyacoBoe aeno. OTkpbin Konbua CatypHa u
TuTtaH (cnyTHMK CaTypHa).

N306pen nepByto NpakTUYECKN NPUMEHUMYIO MOAESTb
4acoB C MadATHUKOM. [lonoXxmnn Havyano BOSIHOBOW
onTUKe.



X.NoureHc (1629-1695)

1629- pogurica B cembe KoHcTaHTUHa [tonreHca (cekpeTapb npuHua
OpaHckoro)

[NomawHee obpasoBaHue, JlenaeHcknn yHmBepcuTeT
1655- oTkpbIn Konbyo CatypHa 1 cnyTHUK- TUTaH

OnbITbl NO YCTPOMUCTBY YaCcoB C MasiTHUKOM -U30bpeTeHne
MasiTHUKOBbIX YaCOB CO CBOOOJHbIM CMYCKOM.

1657 r. - naTeHT ['eHepanbHbIX WTAToB ["ONNMaHanM Ha 3TO
n3obpeTteHue.

1663 r. - n3bpaH 4neHom JloHgoHckoro Koponesckoro obuwecTea,

1666 r. (B rog ocHoBaHuA Napuxckon AkageMmumn Hayk) n3bpaH ee
4YrIeHOM C NpefocTaBfieHUeEM KBapTUpbl B 3a4aHnn KoponeBCckon
onbnmnotekn B MNMapuxe,

1681 - noknHyn ®paHumio
1695 — ymep B ['onnaHgmu



X.NoureHc (1629-1695)

« 1673 r. TpaKTaT, UMeBLLETO LEeNbI
paspaboTtaTb TEOPUIO MASITHUKOBbLIX YaCoOB
N Bcex nx yctponcts « MaaTHUKOBbIE
yacbl NN reoMmeTpuYvyeckue
AOKa3aTenbCTBa O ABUNXXEHUU
MasATHUKOB, MPUCMOCOONEeHHbIX K
yacam»



X. NoureHc «kMassTHMKoBbIe YacbIl»

B nepBon 4acTtu )
naeTtcsi noapobHoe
TeXHUYecKoe
onucaHne 4yacoB C
LMKnonganbHbIM
MaATHUKOM. 30eCb
noABeLUEeHHbIN rpy3 o
onucbIBan He ayry |
Kpyra, Kak B NpoekTe
yacoB 1657 ., a
LUmKnounay. .

i




«MasTHUKOBbIE YacChbl...»

* Ha pucyHke crneea
ulobpaxeHb! “weku’,
Komopsble desiarom Xo0
KOHUa HUMuU MasimHuka -
uukrnouoarbHbeIM. [lpu ux
omcymemeuu - KOHey,
HUmMu onucsigeari bbi oyay
OKpYy>KHOCMU, a He
UUKITOUOBI.



«MasTHUKoOBbIE YacChbl...»

 Bropasa yacTtb "MadaTHMKOBBLIX YacoB”
[ toreHca nocedlleHa MmatemaTnyeckomy
00OCHOBaHUIO BCEX NPEANOSIOKEHUN,
OONYLLEHHbIX YY4EHbIM MNpwn
NPOEKTUPOBAHUN N MOCTPOUKE HYacOoBOro
MexaHu3Ma, a Takke oopmMaribHoOMy
OoKasaTenbCTBY UCTUHHOCTU pe3ynbTaToB
N3MepPEHNN, NONYYEHHbIX Ha NMPakTUKe Npw
NOMOLLMN MAaATHUKOBbLIX YacoB [ toureHca.



X.lNownreHc (1629-1695)

MepBas runoTe3a npeacTaBnsieT cooon
3aKOH UHepuuu.

Bo BTOpOM yTBEPKOAETCS, NPUHLILM
C/1IOXKeHUSa Osu)XeHuu

TpeTbs rMnoTe3a CoOOEPXUT Uaeto
He3asucumMocmu O8UXXeHUS

+ ABa NpUHUMNa
lpuHyun omHocumenbHoCcMuU
IJHepaemu4YecKkuUu npuHyUn



X. NovreHc «kMasaTHUKOBbLIE YacCbIl»

[tonreHc cTpouT pyHOAMEHT OMHAMWUKKU, OH pOpMynupyeT TPy rmnoTesbl,
oTpaXkaroLime BaXKHble 3aKOHOMEPHOCTN MEXaHNYECKOro ABMXEHUA.

« lMepBas runoTe3a npeacrtaBnseT cobon 3akoH
NHEpPLNN:

«Ecnu 6bl Beca He 6bINo 1 BO34yX HE COMPOTUBMASICH
OBWXEHUIO TES, TO KaXKa0e N3 HAUX NPOAoIKarno Obl

OOCTUTHYTOE ABWXEHMNE NPAMONUHENHO U C MOCTOSAHHOM
CKOPOCTbIO».

« BTopyro rmnoTte3y MOXXHO TpaKTOBaTb Kak MPUHLNM
CNOXEHUS ABWXEHUN:

«...CJlyHaeTC4d, 4TO TeJ1a Npon3BoadAT CI10>KHOE AIBNXEHUE,
COCTaBJ1eHHOE N3 paBHOMEPHOIo ABNXeHnAd B TOM UTA
MHOM HaripaBrieHnn n N3 ABnNxXeHmqd, BbiIaBaHHOIo BECOM
N HanpaBJ1IEHHOIo No BEPTUKAJITN BHU3».



X. NoureHc «kMassTHMKoBbIe YacbIl»

° TpeTbﬂ rmnoTe3a CoAaepPXXUT HETKYIO
Naer He3aBNCUMOCTU OBNXEHUA,
BbICKaA3adHHYIKO CTOJ1b ACHO Bl1€pPBbIe.

«OTU OBa OBMXEHMUA MOXHO paccMaTpuBaTh
OTAENbHO, N KaXKO0e U3 HUX He BNUsieT Ha

apyroey.



X. NoureHc «kMassTHMKoBbIe YacbIl»

 Elwe aBa BaxXHenLWmnx 3akoHa, Unu
ONbITHLIX NPUHUMNA:

MPUHLUNM OTHOCUTENBbHOCTU U
JHepreTUu4eCKMn NPUHLMUN.

«...Terlo He MOXeT noa AencTemem
TSXXeCTU NOAHATLCSA Bbille TOU
BbICOTbl, C KOTOPOU OHO ynarioy.



«MasTHUKOBbIE YacChbl...»

 Teopemy [[anunesa o TOM, YTO NPU CcocKarnb3blBaHUUN C
PABHOBbLICOKMX HAaKMOHHbIX MNSIOCKOCTEN (U3 COCTOAHMUS
NOKOS1) Terio NnpmobpeTaeT oANHAKOBbIE CKOPOCTH
He3aBUCUMO OT ANWH nNnockocTewn, ['toureHc odbocHoBar
Ha 6a3e a3HepreTU4YEeCKOro npuHUMna:

«Ecnn bbl Teopema bbinla HEBEPHA, TO,
KOMOUHMPYA onpegenieHHbIM 0bpa3om
HaKIMOHHbIE MNIIOCKOCTU, MOXHO ObINO Obl
00BbUTbCA NOBLILLIEHUA FPy3a Ha4 UCXO4HOU
BbICOTOWN 6e3 AOMONMHUTENBHbIX 3aTpaTs.

Ho Ttorga 6bin Obl HApYLWEH DHEPreTU4EeCKNN NPUHLAM
['toureHca.



«MasaTHUKoOBbLIE Yachbl...»

* Lluknonpa ectb NMHUA KpatyanLlero
BPEMEHN HECBODOAHOIO NaJeHnst TOYKN C
OAHHOW BbICOThLI MO CpaBHEHWIO C APYTMMU
TPpaekTopuaMun, CoeanHALWMNMN KpaeBble
TOUKM.

 Bpema nageHna no uuknonae TaXKenou
TOYKMN HE 3aBUCUT OT HaYalribHOW BbICOTHI
TOYKWM, a B Npouecce KornedbaHna — ot
aMnnuTyabl konebaHus.



X. NovreHc «kMasTHUKOBbIE YacbIl»

* ['tonreHc uccnenyet nageHue Taxenou
TOYKWU NO UMKNnouganbHOMY rnagkomy
XXenobKy, pacrnonoXxeHHoMy B
BepTUKarnbHoOn nnockoctu. OH
TeopeTn4eckn goKkasbiBaeT CBOUCTBO
abCcosIlOTHOU N3OXPOHHOCTH
LUKNonaanbHOro ABMXeHus, T.e.
He3aBUCUMOCTb Nepuoaa KonedbaHun
LLUKITUYEeCKOro MasiTHUKa oT
aMnnunTyAabl N, B YaCcTHOCTU, OT
Ha4yanbHOro NOJIoXEHUNA rpy3nka.



X.lNownreHc (1629-1695)

« [loureHc gokasan, YTo CBOUCTBO M3OXPOHHOCTMH,
cnpaBeannBoe A9 KpYyroBoro MasgTHUKa nNuvilb Npu
OOCTAaTOYHO MarblX pa3mMmaxax, ansa ymknonab
cnpaBegnmBo abcontoTHO. OH rnokasan cBA3b 3TUX ABYX
TUNOB KonebaHun.

e [onreHc yctaHoBun 3aBMCMMOCTL Nonynepuoaa
KonebaHnn TOYKM NO uukrouge rinyouHon a:

T=m(2a/g)

« OTa (popmyna BepHa 1 ans nosiynepuoaa marbix
kKonebaHnn KpyroBoro MasiTHMKa arnmHou 2a.



«MasTHUKoOBbIE YacChbl...»

* [IpednoxeHue N225: “IlycTb Teno nagaeT no
LMKnonae ¢ BEPTUKANIbHON OCbHO N BEPLLUNHOMW,
obpalleHHON BHMN3, Ha4YMHasi C HEKOTOPOM TOYKU
Ha UuuMKnowuge, Toraa BpemMms nageHua o
BEpPLUMHbI LMKNonabl Bceraa ogHo U TO Xe,
He3aBMCMMO OT MOJOXEHNA Ha uuknouae
HavaribHOU TOYKU OBWMXKEHUS; 3TO BpEMS
OTHOCUTCSI KO BPEMEHWN CBOOOAHOIro NageHms
BOOJIb BCEN OCU LUMKNOUAbLI, KaK OANvHa
NONYOKPY>XXHOCTU K AnameTpy ee.”



X. NounreHc «kMassTHUKoBbIe YacbIl»




«MasaTHUKOBbIE YacChbl...»

YacTb 3 — Teopusl 3BOSNIIOT U 3BOJNIbBEHT

(,EI,J'IFI NpPaBMJibHOIo KOHCTPynpoBaHnAd 4aCcoB
C ymKrnomgaJjibHbiM MaFITHI/IKOM)

o [toli2zeHc nonyyaem 3ameyamersibHOE
ceolicmeo UUKIoudbl: ee 380/1b8EHMaA -
ecmb cymb OHa cama.



X. NnovreHc «kMasTHUKOBbIE YacbIl»

» [tonreHc paspaboTan Teoputo 3IBOJIIOT U
3BOJIbBEHT (u.lll, c.82).

* [FOUreHC CTPOUT MaATHUK, FPy3 KOTOPOro
coBepLuaeT konebaHus no ayre uuknonasl. OH
npegnaraeT OCYLEeCTBUTb 3TY NOEK NyTem
YKpenneHnsa B OKPeCTHOCTU TOYKM nogBeca
MTMOKON HUTU MaATHUKA OCODbIX «LLEK», K
KOTOPbIM 3Ta HUTb OOJKHbI MpUNeraTb Npu
konebaHnsIx MagaTHUKA B TY U B APYryt0 CTOPOHY.

* [Npodunnb Takon «LEeKN» Kak pa3 u byaet
J3BOJIKOTOMN TPAEKTOPUU LLApPUKa, a KpuBag,
onucbiBaemasl rpy3aoMm MasiTHUKa, ABNSETCS ee
3BOJIbBEHTOMN.



«MasaTHUKOBbIE YacChbl...»

 Yactb 4 — «O UeHTpe KavyaHua»
(Ha4Yana gnHaMunKkn TBepAOro tena).

« KonnyecTBeHHble XapakTePUCTUKN,
KOTOpble Mo3Xe CTanu Ha3blBaTbCS
MOMEHTOM UHepLu1n TBepaoro tena
OTHOCUTESIbHO OCU N CTaTUYECKUM
MOMEHTOM.



X. NoureHc «kMassTHMKoBbIe YacbIl»

* [lpnBegeHHaa gnmHa donsnyeckoro
MadaATHUKA; T.e. ANIMHa MaTeMaTU4eCcKoro
MasATHUKA, N3OXPOHHOIo OU3nNYeCKOMY:

* roe M, - macca Yactuubl, Fi-ee
PaCCTOAHME OO0 TOYKU nogBeca (u.1v,c.130-131).



X. NovreHc «MasgsTHUKOBbLIE YacCcbIl»

* OrnipederieHUe Yucs1IeHHoU eesiuqYUHbI
ycKkopeHusi ce0600H020 nadeHus 2py3a
8 rycmome.

* [tonreHc peanuayet 3ambicen [lanmneq -
HaWUTU Mepy ONsS CpaBHEHUA XxapaKrepa
Pa3nNMYHbIX PAaBHOYCKOPEHHLIX ABUXEHUN
M TeM caMbiM U3MEPUTb «MMMYSIbC Tena K
nageHuo», TOYHEE YCKOPEHME
cBOOOOHOro nageHunsa Tena (u.1v, c.201-202).



X. NoureHc «kMassTHMKoBbIe YacbIl»

['foureHc Halwlen AnNuUHY CeKyHAHOro MasTHUKa Ha
lwnpote lNapumxa - HeMHoOro dorblie Tpex PyTos, T.€.
okono 99, 45 cm. [lanee oH ucnosnb3yeT HAUOEHHYIO
ONUHY CEKYHOHOro MadaTHUKa 4119 YACNEHHOrO
onpegeneHns yCKkopeHnsa cBoo6oaHOro nageHus B
nyctote 97/9,9 (Ons wwmpoTsbl Mapuxka oHa paBHa

980,9 _“M ),
C€K2

Ha3blBas 3Ty BENUYUHY Bcne 3a Manuneewm, -
YABOEHHbIM NyTeM, MPOXOAUMbIM TENTIOM Npun
CBOOOAHOM NageHUU 3a NepBYIO CEKyHAY.



X. NovreHc «kMassTHUKoBbIe Yacbl»

* [locnenHsaa YacTb TpakTaTa
paspabaTbiBaeT TeOPUIO LLIEHTPOOEeXHOoU
CUnbl, 0 KOTOpou [ toureHc Hanucan eLle
N oTOenbHbLIN MeMyap, N3gaHHbIN
nocmepTHO B 1703 r (c.249-277).



X. NoureHc «kMassTHMKoBbIe YacbIl»

 Taxkenoe Teno, noaseLweHHOe Ha
OTBECHOW HUTWU, UNN HATATMBAET HUTb, UMK
nocrie obpbiBa ee nagaet
PaBHOYCKOPEHHO. [ toUreHC cYUTaEeT, YTo
TO >Xe caMoe NpoucxoauT npu
paBHOMEPHOM ropu3oHTaNIbHOM
BpalleHun KaMHA B npauwe. KameHb
WU HaTArMBaeT HUTb, UMW,
copBaBLUUCb, BHa4Yane ABUraeTcs
paBHOMEPHO YCKOPEeHHO B paavaribHOM
ropusoHTasIbHOM HanpaBfieHUU (Kak Obl
BOOJb HUTN).



KoHn4yecknm MmasaTHUK




«O ueHTpobGexHou cune» (1703)

 [lo lNonreHcy, «TXKeCcTb eCTb
CTpeMIieHUue ornyckaTbCs BHU3Y.

 CTtpemneHne = CONATUS (nar.)

« CnoBoMm «conatus» B XVIl B. o6o3Ha4anu
ABWXXeHune, KoTopoe rotoBo
COBEpLUNTLCS, HO COBEpPLLEHUIO
KOTOPOro YTo-TO MeLlaerT.



X. NouvreHc «kMassTHUKoBbIe YacbIl»

HaTsaxxeHne HUTU nponopunoOHarbLHO cune
(no TepmunHonoruu ['tovreHca),
obecneyunBatloLlen paBHOYCKOPEHHOE ABUMXEHUE
TOYKM MPUN HapPYLLUEHUN CBA3MN.

KoadhdpuumneHToM NnponopLmoHanbHOCTU 3TUX
OBYX 0AKTOPOB CIYXUT «BENUYMHA Tera»
(mMacca).

[NencTBUe cunbl MOXeT ObITb NU3MEpPEeHOo TeM
YCKOPEHHbIM ABMXEeHneM, KoTopoe
nony4yaeTcsi nog ee BIIUSAHUEM.

IJeuncTtBue cunbl namepseTcs
NPON3BOAUMbLIM €0 YCKOPEeHUem



X. NouvreHc «kMassTHUKoBbIe YacbIl»

* LleHTpobexHas cuna
NPUIIOXKeHa K HUTH, a
LEHTPOCTPEMUTENBHASA K M
OBWXKYLLIEMYCS TPY3UKY.

* ApudpmeTmyeckadq
BeNnn4nHa obeunx cun

oJHa 1 Ta Xe 1 paBHa
mv?

R

m=1, rge v - CKOPOCTb
OBWXEHNA rpy3unka,

R - pagnyc OKpYy>XHOCTWN,
m -macca rpysmka.




 Ewe po lNonreHca monoaon HbOTOH B rogbl YyMbl
(1665—1666), Haxoascb B Bynctopne, BbiBe Takoe
K€ COOTHOLUEHME ONS LEHTPOCTPEMUTESNIBHOIO
yckopeHus. Korga B 1673 r. U3 Tpakrara
«MasTHMKOBbIE Yachkl» OH y3HasT OCHOBHYHO KOHLEMNUUIO
[tonreHca o ueHTpobeXxHom cure (BblBOAa TaM eLle He
ObIf10), TO Ype3BbIYaMHO BbICOKO OLEHUIT nNoaxon
['tonreHca K 3ToMy BOMpPOCY:

* «...eCcnu Teno obpauiaeTca OKoNo 3emnum no Kpyry nog
OEUCTBUEM CUNbl TAXKECTU, TO 3Ta CUna v ectb
LeHTpoCcTpemMuTesnibHas... Takoro poga
npennoxeHnamu ['toureHc B NnpeBoCXO04HOM CBOEM
couynHeHun «Horlogium oscillatorium» 1 conocrasun
CUNY TAXKECTUN C LEHTPOBEXHBIMU CHUnamm
obpallaloLmMXcs TeNy.



«MasaTHUKoBbIe Yachbl...»

« Tsaxenoe Teno, nogBeLleHHOEe HA OTBECHOW HUTH,
WUIn HaTsAArmBaeT HUTb, UMK Nocrie obpbiBa ee nagaeTr
PaBHOYCKOPEHHO. NONUreHc cYUTaeT, YTO TO XKe
camMoe npoucxoauT NpuM paBHOMEPHOM BpalleHuun
KaMHS B npatie. KameHb nnun HataruBaeT HUTb, UNU,
copBaBLUMCb, BHa4Yane gBMraeTcsi paBHOMepHO
YCKOPEHHO B pagnManbHOM HanpaBneHuu.

B 060X nepeyvncCrieHHbIX cny4yasX HaTshHkeHUue HUTU
nponopunoHaribHO cusne (N0 TePMUHOJIOrUN
NoureHca), obecneuymBarowen paBHOYCKOPEHHOe
ABWXEHWe TOYEeK NMpPu HapyLeHUN CBA3W.
KoadhcpmumeHToM nponopumMoHanbHOCTU 3TUX ABYX
dakTopoOB CNyXUT «Benn4nHa Tena» (macca).

« Cuny, cnocobHy0 NOAOOHO TAXEeCTU obopBaTb
HUTb, NfonreHc HasBan ueHmpobexHou cusiodl.



«MasTHUKOBbIE YacChbl...»



«MasaTHUKOBbIE YacChbl...»

* [lycTb Teno (Toyka) ABUXKETCA paBHOMEPHO MO
OKPYXXHOCTU paanyca R . [1oCTOAHHYIO CKOPOCTb
TOYKM 0003HauYMM 4yepes u. beckoHe4yHO Manoe
nepemellieHne Toukm MM, 3a BpemMa T MOXHO
npeacTaBUTb Kak CYMMY (BEKTOPHYHO)
nepemMeLLeHns No KacaTteribHOWU, KOTopoe
nponcxoamno bl Mo MHEPLIMN CO CKOPOCTLIO U,

N paadnaJibHOro nepemMeLleHnd
6 = at®

2
a — LIleHTpOCTpEeMUTENBbHOE YCKOPEHME.
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T2k KK BpeNA 7 GECKORCYHO MA70, 10 MOCTEHHAN WIHON MOKHO
enedpess. Orciona s'=2R9 nmm wie'=2R-ar¥2, 1ak moayuaencs
BeTHYARA HCKOMOPO YCKopeRns a=1%R,




