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PA3BUTUE AHANTUTUYECKOMN CTATUKU

. Pa3BuTME aHanUTUYECKOM CTaTUKK B TPyAaxX y4eHbix MNapuxKckon MNoantmuyeckom
wrkonbl (K. Pypbe, M.Jlannacn ap.)

. [JanbHenwan pa3paboTKa NnpMHUMNA BUPTYa/IbHbIX CKOPOCTEN B TPYyAAX
M.B. OcTporpaackoro v ero WwKo/bl



[MapurKcKaa lNonntexHmnyeckaa WKoAa

[Mocne peBontoUMOHHOTO NnepeBopoTa 1789 r. monoaas ¢ppaHuUy3CcKaa pecnybamka
OKa3a/1aCb B TPYAHOM MOJIOXKEHUMN: €N NPUXOANNOCL BOPOTLCA OAHOBPEMEHHO U C
BHYTPEHHUMMU, U C BHELUHMMM Bparamum.

B Hauane 1794 r. nonoXeHue CTasio OTYaAHHbIM, OLLyWanacb OCTPasA HeEXBATKa
KBa/IMPULUNPOBAHHbBIX HAYYHO-TEXHUYECKUX KaapOB.

B mapte 1794 r. no nnmnumnatuee . MoH»Ka n J1. KapHo Komutetom obLLecTBEHHOM
6e3onacHOCTK bblna ocHoBaHa [MonnTeEXHMUYECKaA WKONA.

MpenopaBatenen AN Hee oTOUPANM U3 YNCAA NYHLLIUX YYEHDIX, @ CTYAEHTOB
Habupanun No KOHKypcy (OHW Nony4Yanm HENAOXYO CTUNEHAUIO).

B nepsbin roa 6b1510 3aumncneno 400 cTyaeHTOB pa3HOro YPOBHH.

[Mocne TpexmecayHoro Kypca obyyeHuna ux pasaennam Ha Tpm rpynnbi:
(i) Te, KTO MoOr cpa3y NOCTYNUTb Ha CAYXKOY rocyaapcTay,

(ii) Te, KOMY Hy»KeH 6bin rog 0byyeHusn, u

(iii) Te, Komy HYyXHO bbl10 ABa roaa.



[MapurKcKaa lNonntexHmnyeckaa WKoAa

C MOMEHTa CBOEro 0OCHOBAHMA LWWKOMAA NpecneaoBana OCHOBHYIO LUenb: AaTb
CTYAEHTAM MPOYHYIO HAay4YHYO NOArOTOBKY, OCHOBAHHYIO Ha MaTeMaTUKe, PU3UKE U
XUMUU.

Cpeam BbINYCKHUKOB 1794 — 1804 rr. 66110 MHOTO BblAAOWMUXCA YYEHDbIX:
MeXaHUKU U maTemaTuku lNyaccoH u lNyaHco, no3xe Kowu n Amnep
dun3nkK buo,

XUMUK [en-Jltoccak.

O BbICOKOM ypoOBHe [MoIMTEXHNYECKOW LWKO/Ibl CBUAETENLCTBYET TO, YTO HanoneoH
NNA cBoen akcneanumm B Ermnet (1798) npurnacmun aAByx BeAyLUX ee
npenoaaBatenen, MoHKa n beptonne, u Takxe 42 cTygeHTa.



HaH-baTtuct HKosed Pypbe (1768-1830)

*aH-batuct *osed Pypbe poaunnca s
1768r.

B 1795 Ha3HayeH accCUCTEHTOM
JlarpaH*a n MoH»Xa. B 1798 MoHX
NPWUIrIacua ero ANs y4actma B erMneTCKon
KamnaHun HanoneoHa.

B Ernnte ®ypbe bbin cekpeTapem
ErmneTckoro MHCTUTYTa, BEN NEPETroOBOPbI U
3aHUMaN AUNAoOMaTUYECKME NOCTbl, a TaKKe
NPOBOAWA HAy4YHbIE UCC/IeA0BAHUA.

[Mocne Bo3BpaweHmnAa Bo PpaHUUIO B
1801 r. dypbe xoTen B0306HOBUTL paboTy B
NonntexHu4yeckomn wKone, Ho HanoneoH
3aMeTUN ero agMUHUCTPATMBHbIN TaNaHT U
Ha3HauMAn NnpedpeKTom genaptameHTa U3sep
(ctonnua NpeHobnb).

B 1808 r. HanoneoH noanosan emy
6apoHcTBO. B 1817 n36paH B AKagemuio
HayK; B 1822 1. OH cTan ee 6e3CMeHHbIM
ceKkpeTapem.

Ymep B lNapuKe 8 1830.

Hanbonee nssecteH cBoMmm pabotamu
Mo TEOPUM TENIONPOBOAHOCTM.




CraTtuka ®dypbe

CTaTuKe nocBsLLeHa camas nepsad ctatba Pypbe «Memyap o cTaTuKe,
coAeprKallnii OKa3aTeNbCTBO NPUHLMMNA BUPTYaNbHbIX CKOPOCTEN U TEOPULD
MomeHTa» (1797).

OnybanKoBaHa B TOM Ke BbINyCKe KypHana NoanuTexHNYeCcKomn LWKO/bl, B KOTOPOM
BNepBble 0bHapoa0BaHO 060CHOBaHME JlarpaHkem NpUHLUKMNA BUPTYaIbHbIX
CKOPOCTEN NPM NOMOLLU NpUHLUMNA 6aoKkoB (monmncnactos).

Llenb memyapa Pypbe cocTosNna B TOM, YTOObI OKA3aTb NPUHLUMN BUPTYabHbIX
CKOPOCTEN B CaMOM 0bOLLem BUAE NN, Kak OH nNucan, «b6e3 CCbIJIKM Ha KOHKPETHYIO
npupoay nccneayemom CUCTEMBbIY.




O60CHOBaHMA NPUHLMNA BO3MOXHbIX CKOpOCTEeM No JlarpaHxy Nnpu NOMOLUM
npuHumna 6:10Kos.. B.J1. Kupnuyes «beceabl o mexaHunke» (1950), c. 22
3. Max, « MexaHuKa. ICToOpUKo-KpUTnyecknim ovepk passutma» (2000), c. 61, puc. 54.
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HK.-B. XK. dypbe, «Memyap o CTaTuKe, cogepHallnumn A40Ka3aTeNbCTBO NPUHLMNG
BUPTYaNIbHbIX CKOPOCTEN N TEOPUIO MOMEHTa» (1797)

*  ®dypbe HauMHAET c ApUCTOTENS, KOTOPOMY MPUMNMUCLIBAET NEPBUYHbIE
NpeacTaB/ieHMs O NPUHLMNE BUPTYaNbHbIX CKOPOCTeN (B TpakTaTe «MexaHnyeckue
npobnembl»).

e Jlanee OH yKa3bIBAET Ha TO, YTO TOYHAA POPMY/IMPOBKA TEOPEMbI O BUPTYaNbHbIX
CKOPOCTAX KaK KpuTepmna paBHOBeCKA NoAaBaAeTcA Bnepsble B nucbme WU. bepHynnun [1.
BapuHboHy (1717).

e Cam BapuHboH, cornacHo ®ypbe, A0Ka3an 3Ty Teopemy AN HECKOJIbKUX YaCTHbIX
c/yyaeBs; obLlero AokasaTenbCcTBa OH He Aan.

* BapMHbOH B CBOEM A0Ka3aTeNbCTBE MCMNO/Ib30Ba reOMeTpuUYeckme metoabl. B
nocieayroLEeM Pa3BUTME, HANPOTUB, NOLLIO B PyC/ie MPUMEHEHUA aHANUTUYECKNX
MeTOoA0B, T.e. MaTeEMaTM4YECKOro aHanu3a.

e 3HayeHMe NPUHLKMNA BO3MOXKHbIX CKOPOCTEN ANA MEXaHMKN 0bLenpmn3HaHO.
dypbe CTaBUT BONPOC: HE/Ib3A /1N €r0 BbIBECTU M3 KaKUX TO Bosiee NpocTbiX M 06w mx
coobparkeHnn?



MPUHLUMN BO3MOMKHbIX CKOPOCTEN.
BeBeageHMe HeobXxoaAnMbIX MOHATUA.

dypbe: «Ecnm no Kakon-1nmbo NpuUYMHe TeNo NepemMeLLaeTca B COOTBETCTBUMN C
onpeaeneHHbIM 3aKOHOM, TO to6aA BENNMYMHA, NU3MEHAIOLWWAACA B 3aBUCMMOCTU OT ero
NONIOXEHUA, HANPUMEP, PAacCTOAHUE OT OAHOM U3 TOYEK TeNa A0 HEKOTOPOM TOUKN UK
GUKCMPOBAHHOM NJIOCKOCTU, ByaeT GyHKUMNEN BPEMEHMN.

Echm oTKnaabiBaTb Bpema no ocu abcumce, a yKasaHHOe pacCToAAHME MO OCK
OPAMHAT, TO NOJY4UM KPUBYIO HA NMNOCKOCTM.

TaHreHc yrna HaKk/I0Ha 3TOM NPAMOWA ... BbipaXKaeT (MrHOBEHHYI0) CKOPOCTb, C
KOTOPOW AaHHAs BeNMUYMHA HOYUHAem yBEeNNUYMBATbLCA, N, €CNIU UCNOJIb30BaTb
NMPUBbIYHYIO TEPMUHONOTUIO, — hritoKcuto (fluxion) 3To BENNUYUHDIY.



[MPUHLKNN BO3MOMKHbIX CKOpocTen (npoaonkeHune)

«[lyCTb Ha T€N0 AENCTBYET HECKONBKO cu. Toraa Ha IMHUK AEUCTBUA KaXKaou n3
CMN OTMETUM TOYKY, K KOTOPOM CUNA CTPEMUTCA NPUBAN3NTDL TY TOYKY CUCTEMBI, K
KOTOPOW OHa (3Ta cnna) npuaoKeHa.

MpousseaeHne 3To cusibl Ha GAOKCUIO PACCTOAHUA MEXAY ABYMSA STUMU TOYKaMU
bynet (HasbiBaTbCA) MOMeHmMom (moment) cunbi.

Teno moxHo nepemeLllaTtb H6eCKOHEeYHbIM YNC/IOM CI'IOCO6OB, N KaxXKgomy 3 HUX
COOTBETCTBYET HEKOTOPAA BE/IMMNHA MOMEHTa. ...

CymMy BCEX MOMEHTOB MPU HEKOTOPOM NepemeLLLeHUN Ha30BEM 10/THbIM
momeHmom (moment total) N MOMEHTOM CUN ANA AaHHOIO NepemeLleHus.

Eyp,eM OT/IN4aTb nepemelleHna, coemectmmsblie C TUNMOM N COCTOAHUEM CUCTEMDI, OT
I'IEpGMEIJ.I,EHVIVI, KOTOpbleé HEBO3MOXHO OCyLWeCTBNTb, HE USMEHAA yCﬂOBMl)'I,
Ha/10XKEeHHbIX Ha CNCTEMY.

byaem cumntatb, 4YTO YCNOBUA, HANOXKEHHbIE HAa CUCTEMY, 3aMMUCaHDbI ... B BUAE
YPaBHEHUNY.



dopmynnpoBKa NPUHLMMNAE BUPTYaNbHbIX CKOPOCTEN

«MpUHUMN BUPTYaNbHbIX CKOPOCTEN COCTOUT B TOM, YTO KakoBa bbl HM Bbina
npupoaa Tesa, OHO HaXOAUTCA B PaBHOBECUM Mo, AENCTBUEM HECKONbKUX CUJ,
€C/I1 MOJIHbIA MOMEHT 3TUX CUN PABEH HY/IO A5 KaXKA0ro nepemeLleHuns,
Y10BNETBOPAIOLLErO YPaBHEHUAM YCNOBUM (HANOMKEHHbIX HA CUCTEMY)».

3ameyaHune Pypeoe:

«MNoraHH beprynnn Bmecto GAHOKCMM PAaCcCCMaTPMBAET «3aporKaatomeca»
npupalleHma. Npu TakoMm noaxoae KaxKaaa To4YKa CUCTEMbI, ABUrasiCb B Te4eHUe
H6eCcCKOHEeYHO Maioro MHTepBaJia BpeMEHU PaBHOMEPHO U NMPAMOJIMHENHO, byaeT
OMNMCbIBAaTb HEKOTOPbIN Masibi OTPE30K. [1poeKuMs 3TOro oTpe3Ka Ha JIMHUIO AENCTBUA
CW/Ibl U €CTb BUPTYa/ibHAA CKOPOCTb; U €C/ZIM YMHOXKUTb ee (BUPTYasIbHYIO CKOPOCTb) Ha
CUY, TO NOJYYUM MOMEHT (cubl). Takon noagxoa — ero cneayet NPM3HaThb YAauYHbIM —
NaeT BO3MOXHOCTb MPMMEHATb 0bblyHble meToabl AndPpepeHUManbHOro
NCYNCNEHUAY.

Cpean mexaHukos XVIII B. Benncb 6e€CKOHeYHble Copbl O TOM, KaKOW cnocob
NONOMUTb B OCHOBY A0Ka3aTeNbCTBa NPUHLMMNA BUPTYaNbHbIX CKOPOCTEMN....




Tpw pokasatenbcTBa Pypbe NPUHLUNA BUPTYa/IbHbIX CKOPOCTEM

B nepBOoM 1 BTOPOM Zl0Ka3aTenbcTBe Pypbe UCXOAUT U3 3aKOHa PaBHOBECUA CU,
MPUNOXKEHHbIX B OHOM TOUYKe, T.e. ONMPaEeTCa Ha NpaBu/Io napasiesorpamma CU.

MHuormne mexaHukm XVIII B. cdMTanm MUMeHHO 3TOT 3aKOH Haunbonee
dYyHOAAMEHTANbHbIM M CTPOrO A0KAa3aHHbIM.

[10Ka3aTenbCcTBO NpaBuia Napanaenorpamma cua Bo BpemeHa Oypbe MOXKHO Obino
NOJIy4NTb Pa3HbIMK cnocobamu.

OAMH U3 BapUaHTOB: B paMKaX apuUCTOTENEBCKOM AMHAMMKN Yepes NOHATUE CUNbI,
BbI3blBatoLEN CKOPOCTb (BapnHbOH).

B aTom C/lydae yaaBaszioCb n3berkatb MCNO/Ib30BaHUA BECKOHEYHO MaJibiX BEJINYMH.



dypbe. MepBble ABa AOKA3aTENbCTBA NPUHLMMNAE BO3MOXKHbIX CKOPOCTEM

3Has yCN0BMA paBHOBECUA CU/, AENCTBYIOLMX Ha TOYKY TOUYKM (MO npaBuay
napannenorpamma), MOXXHO NEPENTU K YC/IOBUAM PaBHOBECUA CUCTEMbI, KaK
COBOKYMHOCTM ToueK. OTaenaa TOYKM Apyr OT APYra, MOXKHO MbIC/IEHHO YHUUYTOXNUTb
CBAI3W, 3aMEHUB UX CU/TaMU peaKkumnmn. B aTom ciydae Kaxkayto TOUKY MOXKHO
paccmaTpuBaTh OTAENbHO.

[na paBHOBECUA TOYKN HEOHBXOAMMO M AOCTAaTOUYHO, YTOObI PAaBHOAEMNCTBYHOLLASA
BCEX MPUNOXKEHHbIX K HEW cuA Bblna paBHa HyAto. Ho Toraa n pabota aTon
PAaBHOAEMNCTBYIOLLLEN HA BO3MOXHbIX NepemMeLleHUAX TOYKM ByaeT paBHa Hy/O.

CocTasnaem YPaBHEHNA PaBHOBECUA A/1A BCEX TOYHEK CUCTEMbBI U 3aTEM UCKNTKOYaEM
U3 HUX CUJIbl CBA3MN.

CBA31 MOYKHO NOABECTM NOA, ceaytolme TUNbI:
*  PacCTOoAHME MeXKAy ABYMA TOYKaMU HE U3MEHAETCS;

* TOYKa CUCTEMbI BbIHYXAeHa NPW CBOUX NepemMeLl,eHMUAX OCTaBaTbCA Ha
onpeaesieHHOM NOBEPXHOCTU (Ha LWape, Ha NJIOCKOCTU, U T.A.);

¢ [ABa TéeJla, BXogAawune B COCtaB CUCTEMbDI, 401X KHbl COMNPUKACATbCA MeXaY coboto.

[1nA KaxKA0ro ux aTux Tmnos ®Pypbe oTae/IbHO AOKa3bIBAaE€T NPUHLMM BUPTYaNbHbIX
cKopocTei. [letanu onyckaem.



3aKOH pblyara n NPUHLMN BO3MOXHbIX cCKopocTelt. Obuimne coobparxkeHua

OueBMAHO, YTO M3 3aKOHA pbldara canegyet npuHUunMn BO3MOMKHbLIX CKOpOCTEVI ANA
Cun, NpUNoKeHHbLIX K pblyary.

Npea dypbe cocToMT B TOM, YTODbI, ONMpasch Ha NPUHLMN pblYyara, BbIBECTU
NPUHLWN BUPTYa/ibHbIX NepemeLeHnin ANA NPpou3BO/IbHOM CUCTEMbI CU.



TpeTbe AOKa3aTenbcTBO Pypbe NPUHLMMNE BO3MOXKHbIX CKopocTen (no B.J1. Knupnuyesy)
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B oCHOBY A0OKa3aTenbCTBa NOJIOXEH 3aKOH pblvara. Bce akTueHble cunbl P, Q, R ...
CUCTEMbI 3aMEHALOTCA rpy3amm p, g, I, ... C MOMOLLbIO MEXaHU3Ma, N300ParKEHHbIN Ha
PUCYHKe.

Ha pucyHKe noKasaHo, Kak (abcTtpakTHanA) cnna P, NpUNOXKeHHanA K ToUKe A,
3aMeHAeTcs AencTBMem rpysa p.

NB. Ha pucyHKe owinbKa: rpy3 gonxeH bbiTb 0603HayeH p, a He P.



TpeTbe AoKa3aTenbcTBo Pypbe NpUHLUMNA BO3MOXKHbIX cKopocTel (no B.J1. Kupnuyesy)

[JNvHbI nney pbiyaros ab n bc noabupatroTcs
TaK, YTOObI BO3MOKHbIE NepemeLLeHNA BCeX
rpysoBp, q, I, ... 6blAM 0ANHAKOBbI MO BENNYUHE.
O603HauMm ee yepes s.

3TO MOXKHO caenaTb Tak. 3apuUKcMpoBaB AN A~
Ka)XA0M napbl «CUNA-rpy3» AJMHY NPaBoro A " o
nneya bc, byaem BapbupoBaTh (Moadbmpathb) p
BE/INYUNHY Nnsieya ab.
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Mpun pbl4aXKHbIX NPeobpa3zoBaHUAX CUbI a_ b c
N3MEHATCS 06PaTHO NPONOPLIMOHANBLHO, a
BO3MOXHble NnepemeLleHNA N3MEHSIOTCS NPSMO
NPONOPLMOHANBHO NieYam. ,

[MosToMy Npu TakMx Npeobpa3oBaHUAX
paboTa Ha BO3MOXHOM NepemeLleHNn OCTaeTcs
6e3 nsmeHeHus. A Tak KaK BO3MOXKHble
nepemeLlleHnsa Ana BCex Becos p, q, I, ...
OAMHAKOBbI, TO 3TU Beca NPONOPLIMOHANbHbI
BO3MOXHbIM paboTam cu.



TpeTbe A0Ka3aTeNbCTBO NPUHLMNA BO3MOXHbIX cKopocTel (no B.J1. Kupnuyesy)

AKTUBHbIE CUNbI CUCTEMbI AENATCA Ha ABE rpynnbl.
OaHM U3 HUX P, Q, R ... AAOT NONOXKUTENbHYIO paboTy;
OTBEYaloLMe UM TPy3bl p, g, I, ... ONYCKAKOTCA NPU
BO3MOXHbIX NnepemelteHuax. Apyrue P, Q, R’ ... patot
oTpuUaTeNbHYIO PaboTy, @ COOTBETCTBYIOLLNE UM
rpy3bi p, @, r, ... nogHUMaroTCA.

BenMumHa OnycKaHWA rpy30B Nepsoi rpynnbi
TaKaf e, KaK BeIMYMHA NOAHATUA FPY30B BTOPOW
rpynnbi. - 2]

Pblyaru n otBoaHble HNOKN MOXKHO PaCcno/IOKNUTb
TaK, YTO BCe onycKalouwmueca rpysbol p, g, r, ...
«NpMAyTCA» B OA4HOWN TOYKe. Torga MOXHO 3aMeEHUTb
COBOKYMHOCTb 3TUX FPY30B OA4HUM, PAaBHbIM MX
cymme; 0603Haumm ero yepes E. To ke MOXKHO
caenatb U ANA BCeX NoAbIMAOWMXCA FPY308,
3aMeHUnB UX ogHUM rpy3om F. PacnosioXum rpysbl £ u
F Ha ogHOM ypOBHE 1 coeanHUM UX C NOMOLLbIO
FOPU30HTA/IbHOIO pblyara, TO4Ka ONopbl KOTOPOro
pPacrno/sioXeHa nocpeanHe, Tak Kak NoBbIWeHUE
OAHOr0 KOHLA PaBHO MOHUXEHUIO 4PYroro KoHua.




TpeTbe A0Ka3aTeNbCTBO NPUHLMNA BO3MOXHbIX cKopocTel (no B.J1. Kupnuyesy)

Tenepb paBHOBecCKe CMCTeMbl CBOAUTCA K
PaBHOBECUIO 3TOr0 rOPU30OHTA/IbHOIO pblyara.
[TOCKONbKY pblyar paBHONAEYHbIN, rpy3bl E U F paBHbI
mexKay cobon, 1.e E—F=0.

YMHOXNM 06€e yacTu paBeHCTBA HA BE/IMYUHY
BO3MOXHOTO nepemeweHna s, OooqmHakoBoro and

BCEX rpy3oBp, q,r,..np,q,r, ..., n3ameHnm En F ! i
COOTBETCTBYHOLMMM CYMMaMM P
E=p+q+r+.. nF=p +q" +r + ... T
Monyymm
(p+qg+r+.)s—(p+q +r+..)s=0

JTO U eCTb NPUHLUUNN BO3MOMKHbIX l'IGpEIV\GLLI,GHVIIZ. P




Bonpoc 06 nctokax aHaAUTUYECKOM MeXaHUKM JlarpaHi«a.
OwmnboyHbiM Te3uc B.J1. Kupnuyesa

B.J1. Kupnuyes: «3T0 AOKa3aTenbcTBo (Pypbe NpmMHLUMNAE BO3MOMKHbIX CKOPOCTEN —
E.3.) nHTepecHOo, KaK YKa3aTe/ib TECHOM CBSA3M HALLUero NpuHUMna ¢ MalmHamm u
MexaHn3mamm pasHoro poga. Cam npmMHUKUN BO3MOKHbIX NepemMeLLeEHNIN BbIPOC Ha
noyse n3y4yeHMAa MalluH, U cnedbl ero NPOUCXoXKaeHNA BUAHbI BO MHOTUX
[0Ka3aTe/IbCTBaX 3TOro NpUHUMNa».

Tesnc Kupnunyesa o NpakTUYECKUX NCTOKAX MPUHLMNA BO3MOXHbIX CKOPOCTEMN He
BepeH. OH HaxoAWT NOATBEPXKAEHUA B UCTOYHMKAX, B YaCTHOCTU, B paboTax JlarpaH:Ka.
[MocneaHn He 3aHMMANCA NPAKTUYECKON MeXaHUKOW. OH BbiN YNCTbIN TEOPETUK.

Y JlarpaH:ka pa3bACHEeHNE NPUHLMNA BO3MOXHbIX CKOPOCTEN NMPU MOMOLLN
cuctembl 610KOB NOABU/IOCb TO/IbKO BO BTOPOM M34aHUMN KAHAIUTUHECKOM MEXAHUKNY
(1811) B oTBET HAa KPUTUKY (HEOUEBUAHOCTL NPMHLUMNA B 06Wen popmynnpoBske).

JlarpaH» BBE NPUHLMN BO3MOKHbIX CKOPOCTEN ObI1 B MEXAHUKY ANA peLleHns
TeopeTnyecKkon npobaembl acCTPOHOMUN — 0 Inbpauynm JlyHbl.

(3ameyanume K. Tpycaenna o6 nctokax obLwmMx NOHATUMA N METOA0B B MEXAaHUKE).

B npakTU4yeckom mexaHunKe aHaInTUKa JlarpaHrKa ctasa UCnosib30BaTbCA /INLLb
CNYCTA NOYTU Yepes CToNeTUE NOCNE BbIXOAa B CBET ero « AHa/IMTUYECKON MEXaHUKNY,

Bo BTOpOoM nonosumHe XIX BeKa «aHaIMTUYECKAA MEeXaHMKa CNyCcTuAach ¢ Hebec Ha
3emnto». (U.Bb. Morpebbiccknin)



PeKkoHCTpyKUmMsa TpeTbero aokasaTtensctea Pypoe (no D. Capecchi)

B cBoeun pekoHcTpyKumum B.J1. Kupnuues
ONYyCTUA BaXKHYIO AeTanb AoKasaTesbCcTBa dypbe.

dypbe nncan: «KHUTb, Ha KOTOPOM HAXOAMTCS 4 ° o
rpy3 p, CHavyasna «obopaymBaeT» HEKOTOPbLIN p
CeKmop, KOTOPbIN 3aKpPenaeH Ha KOHLE pblyara u
nepemeLl,aeTca BMeCTe C HUM, NOCNe Yero naet a b c
Ha HEMNOABWUMKHbIN LLUKMB, KOTOPbIN MEHSET ee
HanpasaeHue,

Llenb, KoTopyto npecnenosan dypbe, P} ]
dUKCUMPYS CeKMop Ha KOHLEe pblyara, OH
obbACHAeT TaK:

«YT1O0bbI CAENATb A0Ka3aTENbCTBO P
HE3aBUCMMbIM OT NOHATUA BECKOHEeYHo masoli 7
8es1UYUHbI, Byaem cuMTaTb, YTO S/1IEMEHT B BUE .

CEKTOpa Ha pblyare MOXHO NpUAaaNTb TakK, YTO B
pe3ynbraTte rpys (Bec) byaeTt ABuratbca no
BEPTUKANU pABHOMEPHO. .... I Toraa Bce rpysbl
OyayT MMEeTb OAHY U Ty e CKOPOCTb...» A

> [=}



[lokasatenbcTBo Pypbe NpUHLKMNIE BO3MOKHbIX ckopocTei (no D. Capecchi)

P
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Bnarogapa MCNONb30BAHMIO CEKTOPA, BEC B MexaHM3Me Pypbe onycKkaeTcsa nnm
NOAHUMAETCA PaBHOMEPHO (XOTS TOUKA NPUAOKEHUA CUNbI MOXKET NepemMeLLLaTbCs
HepaBHOMEPHO).

Taknm obpasom, ABUKEHNE SNeMEHTOB CUCTEMbI OKa3bIBaeTCA CBEAEHHbIM K
pPasHOMEepPHOMY ABUMKEHUIO TPY30B.

B cnny paBHOMEPHOCTM MPU aHaNM3e ABUMKEHUS OTNaAaeT HeEOHBX0AMMOCTb B
PAaCCMOTPEHUN MHOUHUTESUMA/IbHBIX XapPaKTEPUCTUK — BUPTYaIbHbIX CKOPOCTEN,
nepemeleHnit nam pabot. MoXHO OrpaHMUYnUTLCA N3ydeHnem obblYHbIX CKOPOCTEN U
MOMEHTOB.



[lokasaTenbcTBo Pypbe NPMHLNNAE BO3MOMKHbIX CKOPOCTEN

B 3akntoueHun dypbe nuLieT:

«Cornalwasch € TEM, YTO KarKaaa U3 CMA MOXKeT ObITb 3aMeHeHa rpy3om,
NPUKPENAEHHbIM K TPOCY, NEPEKNHYTbIM Yepe3 BO3BPaLLALOLLUIA LLKUB, Mbl NMOYYaEM,
YTO AR KaXKA0ro nepemeLleHna sNeMeHTOB CUCTEMbI, HaxoAALLLEeNCA B paBHOBECUMN,
KONMYECTBO ABUMKEHUA MOAHUMAIOLLMXCA rPY30B PaBHAETCA KO/IMYECTBY ABUMKEHUA
OMYCKaOLLMXCA rPY308B.

HecmoTpa Ha TO, YTO 3TO 3aMedaHne HeNb3sa PacCMaTPMBaTh Kak (HacTosallee)
[OKa3aTeNbCTBO, OHO, TEM HE MeHee, MOKa3blBaeT, KakKnm obpasom NnpmuHUMN
BUPTYa/IbHbIX CKOPOCTEN CBOAUTCA K NPUHUMNY [leKapTa uam NnpuHUKUNY, KOTOPbIN
npumeHan Toppudennun.

EctecTBEHHO NpPeANnoA0KUTb, YTo U MoraHH BepHynam H6bia 3HAKOM € aHANNOTUYHOM
KOHCTPYKUUEMN.

Te e naen mbl Haxogmm B pabote KapHo, HaneyaTtaHHoOM B 1783 r. noA, Ha3BaHMEM
“OnbIT 0 MawmHax Boobuie” ».



CDypbe O paBHOBeECUUN CUCTEM C OAHOCTOPOHHUMU CBA3AMMU

«[1na paBHOBECUA Tena HeT HeobxoAMMOCTH, YTOObI MOMEHT bbin
Hy/iemM; AO0CTAaTOYHO, YTOObl MOMEHT He BblN OTpULLATE/IbHLIM HU ANA
KaKoro BO3MOKHOIo NnepemeLleHus ... .

TaKoBbl HACTOALLME OCHOBbI CTAaTUKMW.

Obuias TeopmMss MOMEHTOB B TOM BMAE, B KAKOM Mbl €€ NPeAcTaBuUIX,
BK/1tOYAET BCHO HAYKYy O PaBHOBECUM U MMEET TO NPEUMYLLLECTBO, YTO
NO3BO/IAET NPUMEHATb AndPepeHLnanbHoe ncumcaeHme (cm.
AHAnUMUYecKyo MexaHuky JlarpaHa)».



dypbe 0 N0N0KEHUM YCTONUYMBOTO paBHOBECUSA

«[lMonoxeHne paBHOBECUA - 3TO He TO/NIbKO TO NMOJI0XKeHMe, KOTOPOoe TeNI0 COXPaHMUT,
€C/in ero B 31O NoanoxXeHne NomMecCTuTb.

CKopee, 3TO TaKoe NONOXKEHUE, U3 KOTOPOIro TE/NI0 HEBO3SMOXKHO BbiBECTU He3
PaspyLIEeHNA YacTU CUJ1, KOTOpble AENCTBYIOT Ha Hero.

JTO TO NOJIOXKEeHMUe, KOTOpPOEe TeNo CTpeMNTCA 3aHATb, HAXOOACb B Ntobom cmexkHOM
NoN1oXeHUN, B 3TOM C/Z1lyd4ae€ MOMEHT, KOTOprVI poXaaeTcAa, Bcerga nojaoKUTes1eH.

OTcloaa BbITEKAET Kputepun, I'IO3BOJ1FII-OLLI,V|I>1 OT/IN4YNTb UCTUHHOE paBHOBECUE OT
NOXHOIO paBHOBECUA.

Ecnn B NONOKEHUM paBHOBECUA MOMEHT HE paBEeH HY/t0, HO NOJIOXKUTE/IEH, TO
yCnoBMe YCTOMYNBOCTM BCErAa BbINMO/HAETCA... ».

B KauecTBe npMmepa ycTonumBoro pasHosecusa dypbe NpUBOANT MaATHUK, Tpy3
KOTOPOro HaxoauTCA B HUXKHEN TOYUKe.



Mbep CumoH Mannac (1749-1827)

Nbep CumoH, mapkus ge Jlannac pogunca B
1749r.

Jlannac — ognH 13 BblAAOWMXCA NeJaroros
[MapuKcKom NoNNTEXHNUYECKOMN LLUKO/bI.
HayuyHyto Kapbepy Ha4yan B BoeHHOW WwKone,
rae 3aHMMan AoMKHOCTb npodeccopa (no
pekomeHaaumnn lanambepa).

B 1773 r. lannac ctan yneHom lNapurKckomn
aKagemuu Hayk, 3atem yneHom CeHaTa. lMocne
nageHna HanoneoHa Ha3HAYeH N3Pom
®dpaHumMm 1 BO3BEAEH B CaH MapKn3a. Ymep B
MNapuxe B 1827 .

Hapagy c dnnepom m JlarpaHxem aBnaercs
OCHOBOMONIO}KHUKOM Knaccnyeckom HebecHom
MexaHUKW. MhaBHbIK TpyA Jlannaca — TpakTaT
«HebecHaa mexaHuKa» B 5 TT..

B nepBbix ABYyX TOMax (Bbiwam B 1798-99 rr.)
N3/10KEHbl OCHOBHbIE 3aKOHbI U
MaTeEMATUYECKUIM annapaT KNacCnU4Yeckomn
aHaIUTUYECKON MEXAHUKMN.



CratukKa Jlannaca

CTtaTuKa nsnaraetca Jlannacom B nepsom Tome «HebecHo mexaHMKK» (rnasa 3).
Mimes BBMAY raBHbIM 06pa3om 3aa4m HebecHoM MexaHUKK, JTannac cumtan
OCHOBHOW MOZE/IbIO CTAaTUKKU cUCTEMY CBODOAHbIX TOYEK, B3aUMOAENCTBYIOLWMX Ha
pPaccTosHUN. YcnoBme paBHOBECUS AN TAKOM CUCTEMbI 3aK/1H0YAETCA B PaBEHCTBE
HYN0 PE3YNbTUPYIOLLLEN BCEX CUA, AENCTBYIOLLMX Ha KaXKAY0 TOYKY B OTAE/IbHOCTH.

MexaHuYecKkne cucTembl Co CBA3AMMU (KoTopble and HebecHOM MexaHMKM HUKaKoro
3HaYeHUs HEe MMeNU, HO PAacCMaTPMBAIUCL NNLLL AnA obwHocTK) Slannac cTpemuTca
TPAKTOBATb TakK e, KaK cMcTemMbl CBOOOAHbIX B3aUMOAENCTBYIOLMX TOYEK.

OH 3ameyYaeT, YTo B YC/IOBUAX ABMMKEHUA N PAaBHOBECUS HUYETO HE U3SMEHUTCA,
€C/IM Mbl YCTPaHUM M3 CBA3AHHOM CUCTEMbI MMELOLLIMECA B HEl CBS3KN, 106aBUBLLN
B3aMEH 3TOro K CKU/1am, AeMCTBYIOWMM Ha TOYKU, CU/Ibl PpeaKLMUU CBA3EN.

B nonyyeHHOM TaKum 0bpasom cucteme cBoHOAHbIX TOYEK YCNOBUA PaBHOBECUA
byayT BbiparkaTbCA YC/IOBUAMM PAaBEHCTBA HY/1IH0 PAaBHOAEMNCTBYIOLLEN BCEX CUN,
NPUNOXEHHbIX K KaXA0M TOYKE CUCTEMbI, BK/IHOYAA CUbl peakummn CBA3EN.



Nannac. [loka3aTenbCTBO NPUHLUNMA BO3MOKHbIX CKOpOCTEVI
U3 npaBunaa napanjaenorpamma CUM

PaccmoTpum cBobOAHYIO MaTepmnanbHyo TOYKY M, Ha KOTOPYIO AEUCTBYIOT CUAbI S.
[ONnsa Kaxaom n3 asTux cua 3aPprUKCUpPyem Ha IMHUK ee AeNCTBUA NMPOU3BOJIbHYIO TOUKY C.
O603Hauymm Yyepes s pacctoaHue oT M go C:

s=\/ (=@ + (b2 +(z—c)?.

roe x, y, Z - KoopauHatbel M, a, b, ¢ - KoopaunHaTbi C. [ycTtb V — paBHOAENCTBYIOWAA CUN
S, NPUNIOXEHHbIX K M, a u — pacctoaHue oT M A0 Nnpon3BOAbHOM TOYKKM D Ha INHUK
aencteua V. KomnoHeHTbl cnn V 1 S o ocu x BblparkatoTca B BUAE:

ou 'oX)
V—, 5,
ox ox
Hanpumep, 4na KOMNOHEHTbI S MO OCU X 3TO BEPHO, NOCKOJIbKY
ds Xx—a 5
ox — S — HanpaB/AKLWMUN KOCUHYC CUNDbI S.

YMHOMMB CUNY S HA HErO, NOIYYMM KOMMNOHEHTY S BAO/b OCHU X.

AHANOrMYHO BbIPAXKAOTCA KOMMNOHEHTbI cMa V U S no ocam y u z.



JloKa3aTenbCTBO NPUHUNMA BO3MOKHbIX CKOpOCTEVI

TOYHO TaK XKe BblpPa*XatoTCA KOMMNOHEHTbI 3TUX CN1 MO OCAM Y U Z. MCI'IOI'Ib3YFI
Nnpasun10 CAO0XKEHUNA CUJT, NOJSTYyHaeM:

65 ou oS ou oS
S V—eax=D»S—; V—=) §S—
2 Oy 2 oy dz 2 dz
YMHOMaeM 3T ypaBHeHua Ha OX, 0V, 0Z cooTBeTCTBEHHO, a 3aTeM CKNabIBaem.

B pe3ynbTaTe nonyyaem: Vou = ZS‘SS=



Nannac. [loka3aTenbCTBO NPUHLMMNA BO3MOXHbIX CKOpoOCTel (npogonkeHune)

[lna paBHOBeCUs pe3ynbTUPYoLWLAan cuna V AoaKHa 6biTb paBHA HY/HO, MO3TOMY
paBHOBECME HACTYMNUT TOraa U TO/IbKO Toraa, Koraa:

0= Sbs, (1)

YTO NPEeACTaB/IAET cobon YPpaBHEHNE MOMEHTOB.

B cnyyae maTepuanbHOM TOUYKU, YAEPKUBAEMOM Ha NOBEPXHOCTH, Jlannac
0603HauaeT yepes R peakTUBHbIE CUAbI, a Yepe3 OF. BECKOHEUHO Manoe
nepemelleHne ToYeK nx npunoxkenusa. M3 (1) o nonyyaert:

0= 2555 + ROr (2)

MockonbKy Touka M octaeTca Ha nosepxHocth, a Or = (), (2) ceoauTca K (1).

Cny4ait cMctembl U3 HECKONbKUX CBA3aHHbIX YacTul, Jlannac uccneayet
aHaN0rM4YHo, 3anNncbiBan cooTHoWeHMe (2) ANA KaXKA0M TOYKKU, HO C Y4EeTOM
B3aMMOAENCTBUA MEXKAY TOYKAMMU.



A.-M. AMnep o agoKasaTenbcTse Jlansaca
NPUHUKXNA BUPTYa/IbHbIX CKOPOCTEN

«l-H JTannac gan AOKa3aTeNbCTBO 3TOro NPMHLMMNA, ONUPAOLLEEca Ha
obuwme coobparkeHna, KOTopble, 0AHAKO, CAULLIKOM abCTpaKTHbI, YTOObI ObITb
NOCTYMHbIMU ANA HAYMHAOLWMNXY.



Nannac. OpurMHanbHoe A0Ka3aTebCTBO NPUHUMNA pblvara: mf=m'f’
PasbacHeHue (13 aHM. nepeBoaa «HebecHoW mexaHMKK», 1829)

* (50) To illustrate this, let D/ C be the o
bent lever, /A its point of suspension, C, D the /——\ £
extremities, to which m, m’ are attached ; the line D ot
C D being horizontal. Draw the vertical lines 4 n
A B, C E, meeting D C, and D4 (continued), in B and E. Then 4 C=f, A D=f,
CAE=uw. Supposing the angle w to be infinitely small, and neglecting its second and
higher powers, we shall have CB=f, DB=f', D C=f-+f', C E=fw; this last
line being nearly equal to the arch of a circle, described about + as a centre, with the
radius 1 C. The similar triangles D CE, D BAgive DC:DB: CE:A B; hence in

symbols, 4 B -—ﬁ: 5 Now the weight m acts at C, in the direction E C, parallel to A B,

with the force of its gravity m g, which may be represented by 4 B. This may be resolved
into two forces 4 C, C B; of which the first is destroyed by the reaction of the point of

support J ; the other, in the direction C B, is equal to m g . %; and, by substituting the

above values of 4 B, C B it becomes, mg'('?!_fl).. In a similar way, by changing f into f,
(A}
m into ', and the contrary, we obtain the force of the weight 7/, acting at I, resolved in the

direction D B, — g-i{f-}-f} » which agrees with the above. Putting these two expressions

equal to each other and dividing by £ U:'}” we get [106]. )



AHape Mapu Amnep (1775-1836)

. MaKceBenn HasbiBan Amnepa
«HbIOTOHOM 2/1eKTpUuYecTBa».

C 1897 — npodeccop maTeMATUKK B
MonnTexHn4YeCcKoun LKone.

YneH JIOHAOHCKOro KOpPO1EeBCKOro
obuwiectBa, MapuKckon u
MeTepbyprckom akagemmnin Hayk.

CraTnke Amnep NocBATUAN CTATbIO
«Obuwee fOKa3aTeNbCTBO NPUHLMNAG
BO3MOHbIX CKOpocTen, ceobogHoe oT

PACCMOTPEHUSA BECKOHEYHO MabIX»
(1806).




Amnep, «Oblee AOKa3aTeNbCTBO NPUHLMMNA BO3MOXKHbIX CKOpocTel, cBob6oaHOE OT
paccmoTpeHuns beckoHeyHo manbix» (1806).

NcTopuma NONbITOK A0Ka3aTb NPUHLMNEG BO3MOMXHbIX CKOPOCTEN.
[lopBeneHne NToros

Amnep :

«MpUHUMN BUPTYaIbHbIX CKOPOCTEMN, NEXKALWMN B OCHOBE 3TON 3ameyaTe/IbHOM
paboTtbl (MmeeTca B BUAY “AHanuTMYecKana mexaHunKa” JlarpaHrka), paccmaTpuBascs ee
aBTOPOM /IMLLb KaK OTNpPaBHasA TOYKa ANS BbiBOAA CNeACTBUN.

C tex Nnop CTa/in NCKaTb o6u.|,ee A0Ka3aTeNbCTBO 3TOIO NpmHUKMa.

Cam r-H JlarpaH»< cBen ero K paBHOBECUIO CUCTEMbI MONMCNACTOB, a -H KapHo — K
3aKOHY paBHOBECUA pblyara.

[-H JlTannac Aan AOKa3aTeNbCTBO 3TOr0 NPUHLMME, ONUpatoLLLeeca Ha obuiue
coobparkeHus, KoTopble, 0AHAKO, CIMLIKOM abCTPaKTHbI, YTOObI ObITb AOCTYMHbIMMU
ANA HAYMHAKOLLIUX.



Amnep, «Oblee AOKa3aTeNbCTBO NPUHLMMNA BO3MOXKHbIX CKOpocTel, cBob6oaHOE OT
paccmoTpeHuns beckoHeyHo manbix» (1806).

«fl nocTaBuA LeNblo AaTb CTONb *Ke obllee AoKa3aTenbcTBo (KaK u Jlannac),
KOTOpOe onunpasnacb bbl TO/IbKO Ha TEOPUIO COCTABAEHUA N PA3NOKEHUA CUN,
NPWUJIOXKEHHbIX B OAHOM TOYKE, — TEOPUIO, KOTOPaAa bblna bbl ce0b00HA om
UCros6308aHUA BECKOHEeYHO MasbiX 8e/TUYUHY.

B ctaTtbe AMnepa mMbl B o4epesHOM pa3 BCTPeYaeMcs C MOMnbITKON — TPaaMLUMOHHOM
NN MEXaHUKU TOro BpeMeHU — MaKCMMaibHO YNPOCTUTb BbIBOA, MPUHLMMA
BO3MOXHbIX CKOPOCTEMN, UCK/TIOUYMB U3 HErO NPUMEHEHUE MHOUHNTE3UMA/IbHbIX
MeTOA0B.

Mcnonb3yeTca TO/IbKO 3/1eMEeHTApHOE NPaBuUI0 COCTAB/IEHUA U PA3/IOKEHUA CU,
KoTopoe AMnep cumTan «Hambonee cTporumy.

N3noxeHne camoro Amnepa He OT/INYaeTcs, OAHAKO, NPOCTOTOM ... (No 3TOM
NPUYNHE Mbl €70 OMYCKaeMm)



MpUHLXN BUPTYaNbHbIX CKOpocTel B Tpyaax M.B. OcTporpaackoro n ero LWKobl.

Mwuxann Bacunbesuny Octporpagckunm
(1801 —1861) BblpOC B ceEMbE
MeNKOMNOMECTHOro ABOPAHUHA
Mwupropoackoro ye3aa lontaBckomn
rybepHuu, B AeTCKMe rogbl NOAYHUN
AoMallHee obpa3oBaHMe.

B 1820 r. oOKOHYMN XapbKOBCKUIA
YHUBEPCUTET, HO ANUNJIOMA HE NONYUUN.

CoBepLUeHCTBOBAaTb CBOM 3HAHUSA
noexan B MapuK, roe ero yuyntenamm
6binn lannac, Koww, NyaccoH.

3TN yyeHble bblIM BbICOKOTO MHEHUS
0 paboTtax OcTporpaacKkoro.

MepBou ero paboton,
onybankoBaHHOM B [Mapuke, bbin
«Memyap 0 pacnpocCTpaHeHUn BOJIH B
UMAMHApPUYeckom baccenHe» (1826).



MpUHLXN BUPTYaNbHbIX CKOpocTel B Tpyaax M.B. OcTporpaackoro n ero LWKobl.

B 1828 r. OcTporpaackuim Bo3spallaetca B Poccuto. [Mpenoaaet 8 AONKHOCTH
npodeccopa mateMaTUKy N MexaHUKY B Kopnyce MHKeHepoB nyTen coobuleHms, B
[legarorMyeCcKom MHCTUTYTE, B [NTABHOM MHXEHEPHOM yuunauue, B [N1aBHOM
apPTUNNEPUNCKOM YHUSTULLE.

B 1832 r. cTAaHOBUTCA aKaAeMUKOM

bonbwaa YacTb Hay4yHbIX Tpyaos M. B. OcTporpagcKkoro oTHOCUTCA K
aHANUTUYECKOM M NPUKNAAHON MeXaHUKe (Teopua NpUTAKEHUA, TMAPOMEXaHUKa,
npobnemobl KonebaHmA ynpyroro Tena, Teopums ygapa, 06o6ueHne npMHumna
BUPTYa/IbHbIX CKOpocTeu, agnddepeHumanbHble YpaBHEHMA MEXAHUKU, BHELLHASA
bannuctnka n ap.).

Nna pearenbHoctn M. B. OcTporpaZickoro xapakTepHo coYeTaHmne CTPOron Teopum
C KOHKPETHOM NPaKTUYECKOM HanpaB/IEHHOCTbIO ee NPUAOKEHUN.



PaboTbl OCTporpaAckoro No aHaIMTUYECKOM CTaTUKe

[nA pa3BUTUA aHAIUTUYECKOM CTAaTUKM BONbLIOE 3HAaYeHME nMena pas3paboTka
OcTporpaacknum NpUHLUMNA BUPTYaNbHbIX CKOPOCTEN B C/Iy4ae CUCTEM C
HeyaepXUBaKLWUMN (OAHOCTOPOHHMMM) CBA3AMM.

[MepBoe nccnepgoBaHme Ha 3Ty Temy Bbilwio B 1838 r. noa Ha3dBaHnem «Obuwme
COObpaXKeHMsa OTHOCUTE/IbHO MOMEHTOB CUAY.

OcTporpaacKkunii paclumpmn npuMeHeHne NPUHLKNNA BUPTYanbHbIX CKOPOCTEN, NaB
HOBYIO bonee obuyto popMy/IMPOBKY:

«[1na paBHOBECUA CUCTEMbI HEOOXOAMMO U AOCTAaTOYHO, YTObbI AnddepeHuman
Pdp + Qdg + Rdr + ... He bbln NONOXKUTE/IbHBIM HU NMPU KAKOM BO3MOXKHOM
nepemeLeHnn.

(MomeHmb!1 'y OcTporpaackoro u JlarpaH:ka oT/1M4atoTCca 3HAKOM).



PaboTbl OCTporpaAckoro No aHaIMTUYECKOM CTaTUKe

B 1838 r. OcTporpaackmu nybamkyet «Memyap 0 MTHOBEHHbIX NepeMeLL,eHUAX
CUCTEM, NOAYNUHEHHbIX NEPEMEHHbIM YCN0BUAM». B HEM OH, B YaCTHOCTMN,
paccMmaTpUBAET CBA3M, 3aBUCALLLUE OT BPEMEHMU.

B 1854 r. Bbixognt « Memyap o obuien Teopmnm coygapeHma», B KOTOPOM AaHO
CYMMApPHOE N3/10XKeHUE 00LEeN TEOPUM MPUHLMNA BO3MOKHbIX NEPEMELLEHNN U
aHa/IMTUYECKOM TEOPUM PABHOBECUA MEXAHMYECKMX CUCTEM CO CBA3AMM 0bLLero suaa.

OcTporpaackuint pa3paboTan anropuTm UCNoNb30BaHUA HeoNpeaeeHHbIX
MHOXuTenel JlarpaH:ka B o6L,em c/iyyae paBHOBECUA CUCTEMbI MaTePUasbHbIX TOYEK,
NnoABepXKeHHOM OrpaHNUYEHMIO CO CTOPOHbI HEYEePXKMBAIOLLUX CBA3EN.

MpuBeaem npumep, Kak 3TOT aAropuTm paboTaer
(13 KHurn: U.A. TionnHa, «Mctopma n metoaonorna mexaHukm», 1979, c. 142).



OcTtporpaackuii paccMaTpHBaeT ! B KauecTBe mNepBOro mnpuMepa
cavyali MaTepHaJbllOH TOYKH Ha riaafakol ocBodoxKialollleHd MOBEepXHO-
CTII, HAIPHMEP Ha MOBEPXHOCTH [TAAKOH cephl:

Wy = R M

MBbl HeCKOJIBKO BHAOH3MEHHM (opMy 3anucH cooTHouwenHit OcTpo-
I'pajiCcKOro, He Hapyuiasi CMbICJa €ro paccyXKAeHHil. YpaBHeHHe, KOTO-
pPOMY YAOBJIETBOPAIOT KOOPAHHATHI MaTepHaJbHOH TOUYKH, 3amMHILEM B
Buie: x244y?+4-2°2—R?=C, rune C=0, ecqin TouKa HaxoauTcd Ha cde-
pe, C=>0, ecau Touka BHe cdephl.

ITpoeapbupyeM Beaen 3a OcTporpaicKuM ypaBHEHHe CBSI3H:

2x8x 4 2ydy 2262 =6C, 2)

6C paBHO HYJIO, KOTa TOuKa Ha cepe, 6oabiue HYJA, KOTJAAa OHA BHE
chepbl. ¥YcjoBHe paBHOBeCHS TOYKH NOJ AeHCTBHEM CHJBI ¢ MpoeK-
uuavMu X, Y, Z rinacur:

XO6x+Ydy - Z6z = 6m,

rae 6n=0 pas HeocBoOoxKnamwuei cBa3H, dn<0 nas cayuas oOcCBO-
60k 1eHuA TOYKH OT cBA3H. [IycTh Ha TOUKy AeHCTBYeT TOJBKO ee Bec.
Toria nmocjenHee yca0oBHE MPHMET BHI:

— mg 6z = &m. 3)

SMHOXHMM BapHauuio cBasn (2) Ha HeompeaeldeHHBI MHOXKHUTEIb
JlarpaHika 2 H CJ0XKHM C ycJOBHeM paBHOBecHs (3):

2Ax &x + 2Ay 8y - (— mg + 2Az) 6z = &n - A8 C.

Tax Kaxk BUPTyaJibHBIE NepeMelieHHsl TOYKH, He mokuaamolweil cdepy,
BRXOISIT B YHCJIO BHPTYaJ bHBIX NepeMellleHHil, MpaBas yacTb paBeHCTBA
paBHA HYJIO; H3 He3aBHCHMOCTH BapHauuii koopauHar dx, 8y, 6z cue-
ayer x=0, y=0, 2hz=mg. IToT XKe cayuail N0O3BOJISAET MOJYYHTb H3
YpPaBHEHHH CBA3H 2= +R.

Paccmorpum Teneps paBeHCcTBO §a+A0C=0. Tak kak &rn<CO0, TO
A86C=0. Ecau cBass ocBoGoxkmaetr, To 8C>0 u A>0. Cunenosareib-
HO. TOYKa Ha BHeIUHeH MOBepXHOCTH TIJaAKoH cdepsl noa AeldcTBHEM
Beca MOXKET HAaXOJHUThCA B PAaBHOBECHH TOJBKO NMpH A=mg/2R, T. e.
B BepXHeM mnoJioxeHHH. l3MeHeHue 3Haka A nmpu oO6GpalieHHH 3TOH
Re.1IIYHHBl B HYJb 03Ha4a/jo Obl, 4TO TOYKA NOKHAAaeT CBA3b (peakiusd,
NPoOXOAA 4Yepe3 3HauyeHHe HY.Ib, JOJMKHA H3MEeHHWTh 3HaK; JaBJeHuHe
TIOBEPXHOCTH MOJIXKHO OBITH 3aMeHeHO HaTdAKeHHeM HUTH). B cayuae
yIepiKHBaoLlel CBSA3M BONPOC O 3HAKe MHOXKHTENA A He HIpaeT POJIH.




