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OCHOBHbIEe NONoXeHus

TeopeTqucxa;l MeXaHUKa — nsyyaet 3aKoHbl MEXaHNYECKOrO ABMXEHNA U MEXaHNYECKOro
B3anmMmoaencTeusi, obme ana nobbix Ten.

OcHogHble MOOenu mamepuarbHbIX mesl U Cucmem:

MaTtepunanbHaa To4dka (MT) — ue umeet pasmepos, Ho B OTINUNE OT rEOMETPUYECKOI TOUKM 0BnaaaeT
MaccoOW, paBHOM Macce Toro Tena, KoTopoe u3obpaxaeTca 4aHHOW MaTepuaribHON TOYKON.

AbcontoTHo TBepaoe Teno (ATT) - cuctema MT, B koTOpoit paccTosiHNe MeXay HAMM He
N3MEHSIIOTCS! HU NPU KaK1X BO3AENCTBUSIX.

MexaHu4yeckasa cucrtema (MC) - cosokynHocTs MT unu ATT, cesizaHHbIX Mexay coboi obLmmMm
3aKOHAMU OBWKEHVISI MU B3aVMOAECTBYS.

B 3aBuMcnmocTuM OT ycrnoBus 3agadv v Bbibopa obbekTa n3yvyeHms ogHO 1 TO e (bmanyeckoe Teno MoxeT
ObITb NpuHATO 3a MT, ATT unn MC. Hanpumep, 3emns npu ndyyeHum ee apmxkeHus Bokpyr ConHua
npuHumMaetcs 3a MT, a npu n3yvyeHnn ee BpalLeHNsa BOKpYr cobcTBeHHOM ocu — 3a ATT. Npu nsyyeHmm
SABNEHUN, NponcxoasLmx Ha 3emne (NpUnmBbl U OTNMBLI, NEPEMELLIEHNS KOpbI 1 T.1.), 3emnsa

paccmatpuBaetcs kak MC.
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TeopeTuyeckas MexaH1Ka COCTOUT U3 TPeX pasaernos:

TeOpeTVI‘-IeCKaﬂ MeXaHUKa

Cratuka Knnemartunka [JnHamuka

| | i j

CraTuka — U3y4aeT yCroBusl OTHOCUTENIbHOTO PaBHOBECUSI MeXaHUYeCcKUX cucteM. [1ns ocyLlecTBINeHNs paBHOBECUS HEOOX0AMMO onpeaeneHHoe
COOTHOLLIEHWE CUI, MOITOMY B CTaTUKe M3y4atoTcsl obLuye CBOMCTBA curl, NpaBuna 3amMmeHbl Ui APYTMU CUaMu, 3KBMBANEHTHLIMU C TOYKW 3pEHUS
paBHOBECUS.

KvHemaTunka —M3yvaeT MexaHndeckoe ABmKeHne 6e3 yuyeta Cun, Bbi3biBalOLWMX 3TO ABUXKEHME UMW BUSIOLWNX HA Hero. Takum o6pa3om, yCTaHaBnmBalTCA
HeKoTOpble KONUYECTBEHHbIE MePbI OBUXEHMS C YUCTO reOMETPUYECKO TOUKM 3pEHUs.

[dvHamuka — n3yyaet MexaHu4eckoe ABMXEHNEe B CBA3W C AENCTBYIOLLIMMM CUNaMu Ha 0ObeKT ABxkeHus. Takum o6pasom, naydaeTcs CBA3b Mexay
ABWXEHNEM U AeUCTBYIOWUMI CUITAMU.

m  OCHOBHbIe NOHATUA TEOPETUYECKON MeXaHUKHU

Cwvna — mepa MexaHn4yeckoro B3anmopencTams. Cuna MoaenupyeTcsa BEKTOPOM, XapakTepmnayemMbIM HanpaseHeM U BENNYUHON (MOLYEM).
KnHemaTnyeckoe coctosiHve Terna — COCTOSIHUE NMOKOS W ABWXKEHUSA C HEU3MEHHBIMW NapaMeTpamMu.

Cunctema cun — COBOKYMHOCTb CUI, MPUMOXEHHBIX K paccMaTpnBaeMoMy OObEKTY.

PaBHopencTByloLlas — cuna, aKkBMBasnieHTHasi CUCTEME CU, T.€. HE U3MEHSAIOLLIAS KWNHEMATUYECKOE COCTOSIHUE.

OKBMBaneHTHasi cuctema Cuil — 3aMeHsIeT AaHHyl cucteMmy cun 6e3 nsMeHeHnst KUHemMaTM4eCckoro CoCTosiHMSA obbekTa.

B3avMHO ypaBHOBELLEHHas cucTeMa Ccui — Nog ee AeACTBUEM OObEKT HaXoaUTCsl B PaBHOBECUM.

m  AKCMOMbI CTaTUKU

1. Akcrnoma nHepumm — Nog, AencTememM B3aMMHO ypaBHOBELLEHHOW CUCTEMbI CUI TENO HaXoaUTCS B COCTOSIHUM NOKOS UM paBHOMEPHOTO
NPSMONMHENHOIO OBVDKEHWS.

2. Akcroma aByx cun — Ecnm Teno nog genicTenemM AByX CUIT HAXOAMTCS B PaBHOBECUM, TO 3TW CWMbl PaBHbl MO MOAYIIO U HanpaeneHbl MO OAHOW NPSIMOW
B NPOTUBOMONOXHbIE CTOPOHbI. Takne ABe Cunbl NpeacTaBnaoT cobor NPOCTENLY B3aMMHO YPaBHOBELLEHHYO CUCTEMY CUI.

F,

o
s
|
|
Sl

3. Akcroma npricoeanHeHusi — Ecnu Kk 3agaHHol cucteMe Cui NpUCOeanHUTL (MU N3bSTh) B3aMMHO YPaBHOBELLEHHYO CUCTEMY CUIl, TO
KMHemMaTn4Yeckoe COCTOsIHME Tera He U3MEHUTCS.
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" Akcuombl cTaTukm (NnpogonxeHue)
Cneacteue 13 akcnoMbl npucoeanHeHns — KuHematnyeckoe COCTOSIHME Terna He U3MEHUTCS, eCrnn CUiy NepPeHecTU No NIMHUK ee OEeNCTBUS.

F-F - = _ [F-_F _
F’l 2 3 F F, F F F; _ _ _
- > & VN (F) = (F.Fy F5) = (F)

4. Akcnoma napannenorpamva — PaBHO,EleVICTByIOU.LaFI OBYX NepeceKkarLwnxca cun paBHa gnaroHann napannenorpaMmma, NnoCTpoOeHHOro Ha 3aTnux cunax

KakK Ha CTOpOHax.
R = F1 +F,
[R=1\F? +F’ +2FF, cos(F,, F,)

5. Akcroma OencTBus 1 NPpOTUBOAENCTBUSA — BCskoMy 4eACTBUIO COOTBETCTBYET paBHOE U NpoTuBononoxHoe npotusogenictame (Il 3akoH HbtoToHa).

Flz = _le

6. AKkcroma oTBepaeBaHusi — PaBHoBecKe AedopMMpyeMOoro Tera CoXpaHaeTcs Npu ero 3ateepaeBaHnmn (obpaTHoe crnpaseanueo He Beerda).

. CBs3u 1 peakuum cBs3en
CBobogHoe Teno — ceobofa nepemMeLLeHnin Tena He orpaHNYnMBaETCS HUKAKMMMK OPYTMMN TENaMu.
HecBobogHoe Teno — ero ABMXeHUEe orpaHnyYeHo OpyruMin Tenamu.
CBsi3b — TeNO, orpaHuMyMBaioLlee ceBoboay nepemeLleHunii oobekTa.
Peakuus cBasn — cuna, encTByoLLas Ha 0OLEKT CO CTOPOHbI CBA3MW.
MpuHUMN ocBOBOXAAEMOCTY OT CBSI3N — HECBOOOAHOE TENO MOXHO paccMmaTpuBaTh Kak cBobogHOe, ecrim oTOPOCUTL CBA3M U 3aMEHUTb UX AENCTBUE

COOTBETCTBYHOLLMMU peaKkunamun.
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O6uwee npasuno Ans cesAsei nw6oro Buaa:

. CBA3M n peakuum cBssen (npoporrkeHne)
Bulbi cesizeli u ux peakyuu:
1. HuTb, WWapHUPHLIN CTEPXKEHD:

i

no HUTU

<if

Peakuusa HuTH
(cTepxHs)
HanpaBrieHa

(no cTepxHI0).

2. ABcontoTHO rnmagkas
NMOBEPXHOCTb:

&

Ecnu cBA3b npenATCTBYeT O4HOMY UMM HECKOJSIbKUM NepemMeLeHusiM
(MakcumanbHoOe Yucrno nepemMeLleHMn — TpU NocTynarternbHbIX U TPU
BpaljaTenbHbIX), TO NO HanNnpaBNeHUI0 UMEHHO 3TUX U TONIbKO 3TUX
nepemMeLLeHuin BO3HUKAKOT COOTBETCTBYOLME PeaKuun (CUibl U MOMEHTbI).

3. HenoaBwxHbIV LIMAMHAPUYECKUI LLUAPHUP:

R R R

Peakuus HenogBUXHOIO
chepuyeckoro wapHupa
NPOXOAUT Yepe3 LeHTP
LapHupa U umeet
npou3BosibHOe
HanpaBneHue B
NpPOCTpaHCTBe.

5. HenogBw»xHbI ccheprnyecknin lwapHup:

X
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Peakuuns HenoaBWXHOro
LapHUpa npoxoauT
yepes LeHTp LapHupa
nepneHAUKYnsipHO OCU
LWwapHUpa u umeet
npousBonbHoe
HanpasneHue.

Peakuuio HenoaBWXXHOro
cchepuyeckoro wapHmpa
MOX>XHO Pa3foXUTb Ha
Tpu cocTaBnsowue,
Hanpumep, Rx, Ry, Rz,
napannenbHbie
KOOPAWHATHLIM OCSIM.

Peakuus rmagkon noBepXHOCTH
HanpaBrieHa NeprneHAuKyIsipHO obLen
KacaTesfibHOM NyI0OCKOCTU, NPOBeAEHHOM K
conpuKacarowWwmMcs NOBEPXHOCTAM Tena u
CBA3M.

4. NoaBWXHBIN LUNUHAPUYECKUIA LUAPHUP:

R

6. XXecTkasi nnockas 3agenka:

Peakuuio HenoaBUXHOIO
LapHMpa MOXHO
pasnoXxuTb Ha ABe
cocTaBnsoLlme,
Hanpumep, R _u Ry,
napannenbHble
KOOPAWHATHbLIM OCAM.

M,

Ry

Peakuusa nogBuxHOro
LIapHUpa NpoxoauT
Yyepes LieHTp WwapHupa
nepneHanKynApHO Ocu
LIapHUpa U NJIOCKOCTU
onupaHums.

B »xecTkow nnockomn 3agenke
BO3HUKaET TPU peaKTUBHbIX
ycunus: gBe cocTtaBnsowme
peakTuBHble cunbl R 1 Ry, a
TaKXXe peakKTUBHbIN MOMEHT
(napacun) M, .
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. Cucrtema cxogsLMXCs CUMN — NNHUM OENCTBUSA CUN NepeceKkatTcsl B OQHOM TOUKeE.
lnaH uccrnedosaHus nobOU cucmemMbl cusl coomeemcemayem rocriedogamesibHOMY peleHuro

mpex 80rnpocos :

1. Kak ynpoctuntb cuctemy?
2. KakoB npocTtenwunm Bug cuctemol?
3. KakoBbl yCroBMS paBHOBECUS CUCTEMBI?

1. I'IepeHeceM BCE CUMbI NO SIMHWUM UX OEVNCTBUSA B TOYKY nepece4vyeHus (KVIHeMaTVI‘-IeCKOG COCTOAHNE
TEeNa npu 3ToM He NU3AMEHUTCA — crneacrTeme N3 akCMoMbl ﬂpVICOGﬂ,VIHeHI/IFI).

Cnoxum nepsble ABe cunbl F, 1 F, (akcnoma napannenorpamma). E F
KonmyecTBo cun yMeHbLUUITOCH HA eanHULLY. 1,2 — 11 + Iy

N

Cnoxum nony4eHHyto paBHoAencTByoLyo R,, co cnepytouen cuont F,. E
KonnyecTBo cun BHOBb YMEHbLLUUITOCh HA €AMHULLY. 1,2,3 — 4,2 +

lMoBTOpMM 3Ty e onepaumto co cneaytoien cunon F,. E E F
OcTtanacb Bcero ogHa cuna, 9KBUBareHTHas UCXOAHOW CMCTEME CUrl. 1,2,3,4 — *4,2,3 T Iy

CnomeHme cun I'IOCTpoeHI/IeM napannenorpaMMOB MOX>XHO 3aMEeHUTb n00TpoeH|/|eM CUnoBoro Tpeyroanvn(a - BbI6VIpaeTCF| oaHa 13 cun nnu v|306pa>|<aeTc;|
napannensHo camou cebe ¢ Ha4yanom B Nobom NPOM3BONLHON TOUKE, BCE ApYrue cusibl U3obpaxarTca napannesibHbIMU caMuM cebe ¢ Hayanow,

coBMnafalolmmM ¢ KOHLIOM npeabiayluen cunbi.
Pe3ynsratomM Takoro CroXxeHusi IBMSIETCA BEKTOP, HanpaBreHHbI U3 Havarna nepBoi CUIbl K KOHLY NocneaHen nus cun.

npOCTeI7ILLIl/II7I B[O CUCTEMbI — CUNa, NPUNoXeHHaA B TOYKe nepecevyeHna NCXoaHbIX CUI. Taknm

2.
o6pa3omM, cxogsiasics cuctema cun NpMBOAUTCH K OAHON cune — paBHOAEUCTBYHOLLEN (cure, — — — — — —
3KBMBASIEHTHOW WCXOOHOW CUCTEME CUIT), PABHOW rEOMETPUYECKOW CYMME CUIT CUCTEMBI. R = Fl + F2 + F3 + F4 +..= ZFZ
3. Ecnu paBHOaencTByOLWAa CUCTEMbI OKa3blBAaE€TCSA HE PaBHOW HymMo, TENO NoA AeNCTBMEM Takon CUCTEMbI CUMbl ByaeT ABuraTbes

B HanpasneHn1 paBHOAENCTBYOLLEN (CUCTEMA CUN He ypaBHOBeLLeHa). [Anga Toro, YTobbl ypaBHOBECUTE CUCTEMY LOCTATOYHO
NPUNOXUTb CUMY, PaBHYIO MNONYYEHHOV PaBHOAEWUCTBYHOLLEN 1N HanpaBneHHOM B MPOTUBOMNONOXHYO CTOPOHY (akcnoma o ABYX R = z F =0
cunax). Takum obpa3om, ycroBMeM paBHOBECUSA CUCTEMbI CXOOALMXCS CUI ABMAETCA obpalieHne paBHOOEACTBYOLWEN B !

HOJIb.
),

310 ycnosue 3KBMUBANEHTHO 3aMKHYTOCTU CUITOBOIo TpeyronbHUKa onpeaeneHHbIM o6pa30M, a UMEHHO,
HanpaBJlieHUe BCcexX cun npu obxopge no KOHTYPY He UaMeHseTCA No HanpaBlieHUo:

O,
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3 F,
Teopema O Tpex cunax — Ecnu Teno, nog gencrenem Tpex HenapannerbHbIX CAJT HAXOAUTCA B paBHOBECUMN, 1
TO NMUHUN OENCTBUA 3TUX CUI nepecekarTca B OOHOW TOuKe.

1. I'IepeHeceM ABe cunbl N0 NIMHUN UX OENCTBUSA B TOYKY UX nNepecevyeHunsa (KI/IHeMaTI/I'-IeCKOG COCTOdAHNe
Tena npu aToMm He UBMEeHUTCA — crneacTteme U3 akCMoMbl I'IpI/ICOGLWIHeHI/IFl).

2. CnoxuMm aTu cunel (akcMoma napannenorpamma). Tenepb cuctema COCTOMT BCEro 13 AByx cun. A Takas
cuUcTeMa HaxoouTCs B paBHOBECUU, €CIN 3TW CUMbl paBHbI Mexay cOBon 1 HanpaeneHbl MO OAHON NINHUK
B NPOTUBOMOMOXHbIE CTOPOHbLI. Taknum 06pa3oM, BCe TP CUrbl NepecekatoTcs B OQHON TOUKeE.

Iy

Teopema O Tpex cnnax MoxeT Sd)d)eKTI/IBHO NMPUMEHATbCA AnA onpeaeneHna HanpaesieHna OoQHOW 13 OByX peaKLI,MI7I Ten:

Peakuus noaBuxHoOro WwapHupa R, HanpaeneHa BepTukansHoO (nepneHanKynspHo
OMnopHoW nrockocTn). HanpaeneHue (yron HaknoHa K ropusoHTy) peakumm
HENOABWXHOTO WapHupa R, noka He onpeaenexo.

F

Ecnu Teno nog gencrtenem Tpex cun F, RA " RB Haxo4uTCH B paBHOBECUU,
TO BCe TpY CUnbl AOMKHbI NepecekaTbCcsl B O4HON Touke ( B Touke C) ©

JenicTBUTENbHBbIE HAaNPABNEHUS U BENMYUHBI PEaKLUA Nerko onpegensoTcs
NMOCTPOEHMEM CUIOBOIO TPeyrofbHMKa 1 UCMoNb3oBaHNEM NOA0OMS TPeyronbHMUKOB:

" AHanuTn4yeckoe onpeageneHve paBHOAEUCTBYOLEN — < > z _
Kaxgast u3 cun, reomeTpmyeckasi CyMMa KOTopbiX 4aeT paBHOOENCTBYIOLLYIO, MOXET ObITb 7 F .
npeacTaBneHa Yepes ee NpoekLnn Ha KOOPAMHATHbIE OCK U eAMHUYHbIE BEKTOPbLI (OpThbI): — — — — i T ’
F=Xi+Yj+Zk| X
Torga paBHOAENCTBYOLLAS BblpaXaeTcs Yepes NPoeKLMN cun B BUAE: g
D - _ - - _ n = 'R 0 = 7 _ l_ - Y:
R=YF=F+F,+.=X{i+Yj+Zk+X,i+Y,j+Z,k+.. LE j %
pynnuMpoBKa No opTam AaeT BblpaXXeHUs AN NPOeKUUn paBHOOENCTBYIOLLEN: )
— — — — — — — X —
R=(X\+ X, +.)i+ M+, +.)j+(Z,+Zy+.)k =R i+R j+Rk Fiy
Ortclopa R = ZX'; . R " YpaBHeHus1 paBHOBeCUSA cXoasLencs CUCTEMbI CUn
npoekumm * * | Hanpaensiowine cos(R,x)=—=;| VYcnoeue paBHOBecus:
paBHO,CI,eVICTBy}OLLI,eVI . Ry = ZYI; KOCMHbe‘! . R PaBHOﬂeﬂCTBnyLU,aﬂ 0 Z Xl - 0;
R =Y7- pasHoAenCTBYIOLEN ! _ R JomKHa obpalaTbCcsl B HOMb: Tcrona
c =22 cos(R,y) =—. — ypaBHewus Z}’l =0;
R R — 0 paBHOBeCwUA :
Moaynb > > > ZZ —0
paBHOAENCTBYOLLEN : R=\R, + Ry +R; i~ Y



NPOOOMKEHNE —

Mnockas npou3BosibHasdA CUCTeMa CUI — CUIbl nexart B OAHOW MNOCKOCTU U UX NMUHUN OENCTBUSA He nepeceKkarTcd B OAHOW TOuKe.

[nsa paccmompeHusi makol cucmeMbl cuilt He0b6Xxo0UMO 88eCmMU HOBbIE MOHAMUS:

1.
2.

MOMEHT cunbl OTHOCMTENBHO TOYKM Ha MITOCKOCTMU.
Mapa cun. MomeHT napbl cun.

MoOMeHT cunbl OTHOCUTENbHO TOYKN Ha NNOCKOCTU — anre6paMHeCKa;| Benn4inHa, paBHas
npon3BeaeHno MOAYIMA CUrbl Ha Nnevyo, B3ATad CO 3HAKOM + (I'IJ'IIOC), €CInn BpaLleHne niocKoCcTn

Mof AeNCTBUEM CUITbl MPOMCXOOWT NPOTUB YaCOBOW CTPETKY,
U CO 3HAKOM — (MUHYC) B MPOTUBHOM CIlyYae.
Mneyo cunbl — gnnHa nepneHauKynsapa, onyLeHHOro 13 TOUKW Ha NNHWUI0 AEVACTBUS CUMbI.

Mapa cun — COBOKYMHOCTb ABYX NapannenbHblX ApYr APYry CUi, PaBHbIX MO BENUYMHE N HanpaBneHHbIX
B MPOTUBOMOSIOXKHbIE CTOPOHLI. [Mapa cun 6onee He MOXeT ObITb ynpoLleHa (He MOXET BbITb 3aMeHeHa OQHON
Curow) n npeacTaBnseT cobon HOBYIO CUMOBYIO XapaKTePUCTUKY MEXaHNYECKOTO B3avMOAENCTBUS.

MomeHT napbl cui Ha NIIOCKOCTU (TEOPEMa O MOMEHTE Napbl CuIl) — HE 3aBUCUT OT BbibOpa LeHTpa

npvBeaeHuns (monica) u paBeH NPov3BeaeHNo Moaynsa Nobon 13 cun napbl Ha Neyo napbl, B3ATbIM CO

3HaKoM + (MMoC), ecnu BpaLLeHre NNoCKOCTM NO4 AeNCTBMEM Napbl CUM MPOUCXOAUT NPOTUB YaCOBOW

CTpEernku, N Co 3HakKOM — (MMHYC) B NPOTUBHOM Cryyae.

Mne4yo napbl cun — AnvHa NepneHanKynsapa, onyLeHHOro U3 nobor TOYKN Ha NMMHUN AENCTBUS OGHOW U3 CUIl

napbl Ha JIMHUIO OENCTBUS APYron CUibl 3TOW Napbl.

B HesaBMCMMOCTM MOMeEHTa napbl OT Bbl60pa nontca MOXHo y6e,D,VITbCFI BblYncreHmem cyMmmbl MOMEHTOB

OT Kak[Io U3 CUN OTHOCUTENBLHO NOBOro LeHTpa.

Teopembl 0 napax:

O nepeHoce napbl cus B NiOCKOCTU ee AeACTBUA — [1apy cun MOXHO nepeHecTu B ntoboe MecTo B NOCKOCTM ee OENCTBUS.
KnHemartuuyeckoe COCTOsIHUE Tena He U3MEHUTCS.

06 3kBMBaneHTHoCcTM Nap cun — Mapy cun MOXHO 3aMeHUTL APYrov NapoW CuI, eCnv X MOMEHTbI anrebpaunyecky paBHbl. KuHeMaTnyeckoe
COCTOsIHME Tena He U3MEHUTCS.

O cnoeHuu nap cun Ha nNfockocTu — CucTemy nap Cusl Ha NiOCKOCTU MOXHO 3aMEHUTb OHOM Mapoii, MOMEHT KOTOPOW paBeH
anrebpaunyeckoii Ccymme MOMEHTOB UCXOAHBIX nap. KuHematnyeckoe coCcTosiHe Tena He N3MEHUTCS.

YcnoBue paBHOBeCUA CUCTEMbI nNap cun -

M=YM =0
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. MpuBeaeHne cunbl K 3aaHHOMY LIeHTPY— CUITYy MOXHO NepeHecTy napansnensHo camoit cebe B nioByto ToUKy NIOCKOCTU, ecniv 4o6GaBnTb
COOTBETCTBYIOLLYIO Napy CUr, MOMEHT KOTOPOI paBeH MOMEHTY 3TOW CUIMbl OTHOCUTENLHO PACCMaTPUBaEMON TOUKU.

,D,O6aBVIM K cucTeme B TouKke A [iBe CUbl, paBHbIE NO BENTUYNHE MeXOY cobol 1 BENNYMHE 3adaHHOW CUJbl,
HanpaslieHHbl€ NO OAHoM ﬂpFIMOVI B NMPOTMBOMNOJIOXHbIE€ CTOPOHbI 1 NapannesnbHble 3aaHHON cune:

F" = — Khuemaffieckoe cocTosiHUE HE M3MEHWIIOCh (aKCMOMa O MPUCOEANHEHNN).

WcxoaHas cuna v ogHa 13 JoGaBrneHHbIX Cun NPOTUBOMOMOXHO HanpasreHHas o6pasytoT napy cun.

MoMeHT 3ToM napbl YNCIIEHHO paBeH MOMEHTY UCXOAHOW CUJTbl OTHOCUTESNLHO LieHTpa NpuBeaeHus.

M(F",F)-F-d=-F-h=M ,(F)

Bo MHorux cnyyasix napy cvn ynoGHo n3obpaxaTb AyroBon CTPENKOA.

Cxopsiliasics cuctema cun npuBOoONTCA K OfHOWM cune, ﬂpVIJ'IO)KGHHOVI B LleHTpe npuBeneHuns, Kotopad paHee Ha3biBalriaCb paBHO,EleVICTByIOU.leVI, HO
Tenepb 3T1a Ccuiia He 3aMeHAET MCXOOHYH CUCTEMY CUI1, MOCKOJIbKY Mocrie npueegeHnAa BO3HUKITa CUCTeEMa nap. Cucrtema nap npmBoAnNTCA K OfHoM
nape (Teopema O CITOXXeHunn rlap), MOMEHT KOTOpOVI paBeH anre6paMHeCK017| CyMM€ MOMEHTOB UCXOOHbIX CUJ1 OTHOCUTESIbHO LUEeHTpa npuBeaeHus.

B o6uwiem cnyyae nnockasi Npou3BofibHas cuctema
CUI NPUBOOUTCH K OOHOW cure, Ha3biBaeMou
rmaBHbIM BEKTOPOM U K Nape ¢ MOMEHTOM, PpaBHbIM
rmaBHOMY MOMEHTY BCeX CUJT CUCTEMbI
OTHOCUTENbLHO LIeHTPa NpuBeAeHUS:

R" =Y F,| - rnasHbIii BekTOp,

M=M, = ZMII;FIaBHbIVI MOMEHT.

] YcnoBuem paBHOBecCcus NJIoCKon ﬂpOVI3BOJ1bH0171 CUCTeMbl CUn ABndeTcAa ogHoBpeMeHHoe 06pau.|,eHV|e rNaBHOIo BEKTOpA U rMaBHOIro MOMeHTa

CUCTEMBbI B HOIb: E*:ZE:O M=MA=ZMI' =
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. Teopema BapuHbOHa 0 MOMeHTe paBHOOeNCTBYOLWEeN — Ecnn cuctema cnn nmeeTt paBHOAENCTBYHOLLYHD, TO MOMEHT 3TOW
paBHOAENCTBYIOLLEN OTHOCUTENBHO MOOro LieHTpa paBeH anrebpanyeckon CyMmme MOMEHTOB CUIT CUCTEMbI OTHOCUTENBHO TOTO XKe LieHTpa.

anMepr ncnonb3oBaHNA TeopeMbl O MOMEHTE paBHO,D,eIZCTByIOLLI,eW
1. Onpe,qeneHme MOMEHTa CUJlbl OTHOCUTENbHO TOYKW, KOraa CrnoXXHO BbIYUCIIATb NNeYo CUnbl. HaanMep:

il
|

Cuny F pasnoxwum Ha cocTaenstowme F, n F,.
F Toraa MOMEHT curnbl F OTHOCUTENBbHO TOYKM A MOXHO BbIYUCIIUTD
b Kak CyMMY MOMEHTOB KaXXA0W U3 CUI OTHOCUTENBHO 3TON TOYKM:

h M (F)=-Fb+F,a=—(Fcosa)b+(Fsina)a

2. [lokasatenbcTBO HeobxogumocTu orparmdeHun ans Il v Il doopm ypaBHeHUn paBHOBeCHUS:
Ecnun S M, TO 6]1me|vla NpUBOOUTCA K paBHOAENCTBYIOLLEN, MPU 3TOM OHa NPOXOAUT Yepes
id =~

TOYKY A, T.K. €& MOMEHT OTHOCUTENbHOE 3TOW TOYKN AOMKEH ObiTb paBeH Hymnw (Teopema BapI/IHbOHa).

Ecnu npu atom ZM 5T fHBHOAENCTBYIOWAs AOMKHA TakKe NPOXOANTL Yepes ToUKy B.

Toraa npoekunsa paBHOAENCTBYIOLLEN HA OCb, NEPNEHANKYNSAPHYO AB, 1 MOMEHT paBHOAENCTBYIOLLEN OTHOCUTENBHO
TOYKM, Nnexallen Ha AB, ByoyT TOXXOECTBEHHO paBHbl HYMO MpU NOBGOM 3HA4YEHUU PaBHOLENCTBYOLLEN.
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m TpeHue ckomnbXeHUA. [py OeACTBMN COBUrAIOLWEN CUIbl, MPUIOXKEHHOW K TEMY, MOKOSILLLEMYCS Ha LLUEPOXOBATOW NOBEPXHOCTU, BO3HMKAET CUMna,

NPOTMBOAENCTBYIOLLAS BO3MOXHOMY CMELLEHMIO TeNa (cumna TPeHUs cuensieHns) 3 paBHOBECHOTO MOSOXEHUS UMW ero AENCTBUTENIbHOMY

nepemMeLLeHNto (cuna TPEHUA CKONbXEHUA) NPU ero ABUKEHUN.

OCHOBHbIe 3aKOHbI TpeHusi (AMOHTOHa - KynoHa):

1. Cuna TpeHusi NeXWT B KacaTeNlbHON MMOCKOCTU K CONpUKacaloLwmMMcsi MOBEPXHOCTSIM M HamnpaeneHa B CTOPOHY NPOTUBOMOMOXHYO HAaNpaBrneHuto, B

KOTOPOM MPUMOXKEHHbIE K TENY CUMbl CTPEMSITCS €70 CABWHYTb UMW COBUIatoT B 4ENCTBUTENBHOCTY (PeaKTUBHBIN XapakTep).

2. Cuna TpeHnst N3MeHsIeTCS OT HYNS 4O CBOErO0 MakCUMarbHOro 3HaYeHUs 0< F_ < pmax | MakcumaneHas cuna TpeHusi nponopuyvoHankbHa

K03(pDULMEHTY TPEHMS U CUNE HOPMAarbHOIo AaBneHus Foox — gy ) )
P

3. KoathbpmumeHT TpeHns ecTb BENUYMHA NOCTOSIHHASA A4S 4aHHOTO BMAa U COCTOSIHUSI COMpUKacatoLLMXcs noBepxHocTel (f = const).
4. Cvna TpeHus B LUMPOKMX Npeaenax He 3aBUCKT OT MiioLiaan ConpuKacatoLLMXCsl MOBEPXHOCTEN.

m Cnoco6bl onpeaeneHns KoacdhdurumneHTa TpeHus.
1. Caguratowias cuna n3MeHsieTcs OT HyNns A0 CBOEro MakCMManbHOro 3HadeHns — 0 < T< 77 (0 £ P < P™),

2. Cuna HopMarnbHOro AaBMEeHNst USMEHSIETCS OT HEKOTOPOTO Ha4arbHOro 3HaYeHNst O MUHUMArbHOro 3HaveHnsi — Ny 2 N 2 NI (G,2G=2 G™n).

>X, =0 TmaX—FT‘;]"‘X:O; > X, =0; T—F;ga"=o;

]_-vmax Fvaax (_;min f . .
s— ZYz =0; N-G=0. P ZYl:O’ N _ Gmin _
@) min
T max :f]\[; T:f]\] ;
N = G; Nmin — Gmin;
ax f _ 77 max _ pmax | I_) _ Z;in _ iin |
N G ¥ N™ G

3. CaswuratoLlas cuna v curna HopMarbHOro AaBneHWst USMEHSAOTCS MPU N3MEHEHWM Yrna HakMoHa NOCKOCTU CKOMBXEHWS OT HYyNS 40 MakCMMaribHOro

m Yron TpeHus.

C y4eToM curbl TPEHWS, BO3HMKAIOLLEN MPU KOHTaKTe C LLepOXOBaToON NOBEPXHOCTLIO
noriHas peakuus Takon NOBEPXHOCTU MOXET paccMaTpuBaTbCs Kak reomeTpudeckas
CyMMa HOpMarbHOWN peakLmm abCcomnoTHO rMaaKon NOBEPXHOCTU U CUSbl TPEHUS:

AkTuBHbIE cunbl (G, T 1 Op.) MOXXHO 3aMEHUTb PaBHOLENCTBYHOLLEN
cunon P, nmetoLLert yron oTKNoHeHUs oT BepTukanu a. MoxHo
nokasaTb, YTO paBHOBecCUe BO3MOXHO NULLb B TOM crlyvyae, korga
3Ta curia ocTaeTcs BHYyTPU NPOCTPAHCTBA KOHYCa TPEHUA:

Yron OTKNOHEHWs NOMHOW peakuum
LLIEpPOXOBAaTON NOBEPXHOCTU — Yrof
TPEeHUs1, paBHbIN:

Emax AT

Ycnosve paBHOBeCHs Mo ocu x: Psina < F_ ™M,
W3 ypaBHeHusi paBHoBecus no ocn y: N = Pcosa.
MakcumansHas cuna TpeHus FTp"‘a" = fN = tgoN = tgpPcosa.

Torpa Psina < tggPcosa, oTkyna tga <tgp u a < ¢.

max

= arct P = arct
¢ gy g(f)

I'IpM N3MEHEHUN HamnpaBlieHnA cosuratoLlen cunbel T Ha OI'IOpHOVI NOBEPXHOCTN €€ NOBOPOTOM OTHOCUTESTIbHO
HOpMarswu K niocKOCTU NofHad MakCnMalibHaa peakuna LUGpOXOBaTOVI NOBEPXHOCTU ONMNCbIBA€T KOHYC TPEeHUA.
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MeToabl onpeaeneHus NONOXeHUA UeHTpPa TAXeCTU CNOXHbIX (tmryp -

1. MeTtopn pa36ueHus — cnoxHas cdurypa pasbuBaeTcs Ha COBOKYMHOCTb NMPOCTLIX huryp, AN KOTOPbIX M3BECTHbI NOMOXEHWUS LIEHTPa TSHKECTH
Wnu nerko onpeaensoTCs:

v Zx,-Si xS, +x,8, 2. MeTop oTpuuaTenbHbIX Nrowanaen — Tak Xe, Kak U B MeToe pasdbuneHus,
Xc = = CnoxHasi urypa pasbmBaeTcs Ha COBOKYMHOCTb MPOCTbIX ouryp, Ansi KOTOPbIX U3BECTHbI
@ ZS,' S+, NOMOXEHUS LEHTPA TSHXKECTM UIW NErko ONpeaenstoTcs, HO NPy HanMyun oTBEPCTUN UMK
@ nycToT yaobHO X NpeacTaBneHne B Buae “otpuuarensHbix” obnacren. Hanpuwvep,
y cneaywouwas gurypa BMECTO pa3bueHnsa Ha 4 obblYHbIX NPSIMOYTONbHUKA, MOXET ObITh
2 npeacTaBrieHa Kak COBOKYMHOCTb ABYX MPSAMOYrOfilbHUKOB, OOMH U3 KOTOPbLIX MMEET
X @ oTpuLaTenbHyo NNoLwaab:
— |, fe— ] X _ 25 xS +x,(=S,)
X c = =
-« 2 > X z Si Sl + (_SZ)
X 3ameyaHue. NMockonbky KoopauHaTa, Hanpumep, X2, MOXeT ObITb OTpULIaTENbHA,
—

3 - TO He crieayet npeacrtaBlATb 3TO BblpaXeHne C UCNoJib30BaHNEM paSHOCTeVIZ

. xS, —x,5
3. MeToa CUMMETPUM — NMPU HANMUYUK Y UIYPbl OCK UMK MIIOCKOCTU CUMMETPUN LIEHTP TSXKECTM NEXMUT Ha 3TON OCH y@m:ad;dwnﬂéeﬁo

3TOro CBOMCTBA YMEHbLUIAEeTCA KOJNTM4eCTBO KOOPONHAT LUeHTpa TAXEeCTU, nognexawnx onpegeneHuto. Cwm.,, Ha
LeHTpa TAXeCTU KPYyroBoro cektopa.

ctn. C yueTom
pUMep, STipeAeneHe NoNoXeHMS

4. MeToq MHTErpMpoOBaHUs — NPU HaNMYUK Y urypbl 4OCTaTOYHO MPOCTOrO KOHTYpa, ONUCLIBaeMbIM U3BECTHLIM YpaBHEHMEM (OKPY>KHOCTD,
napabona u T.n.), BbibupaeTcs arieMeHTapHasi nrowazka Uy nosiocka 1 BbINOSIHAETCS aHanuTUYeckoe nHTerpupoBaHue. Cm. Hanpumep,
onpeaeneHne NorioKeHNs LUeHTpa TSXKeCTU TPEYromnbHMKa UMM KpyroBoro cektopa. Mpu Gonee CrnoxxHOM KOHTYpe, KOTOpbI MOXeT OblTb pasonT

Ha 6onee NpocTble rpaHN4YHblE OTPE3KU UCTIONb3YETCs NpeaBapuUTeNibHO MeTod pa3breHus. MNpy CIOXHOCTSX C aHaNUTUYECKUM
WHTErpMpoOBaHMEM UCMONb3YIOTCS YNCTIEHHbIE METOAbI MHTErPUPOBaHMSI.

5. MeToa nogBeLwnBaHUA — SKCﬂepI/IMeHTaJ'IbeIﬁ METOoA, OCHOBaHHbLIN Ha TOM, 4YTO npwu nogBelnBaHN Tena nnn (*)I/Irypbl 3a KaKyIO-J'II/I6O
NPON3BOJIbHYH TOYKY LUEHTP TAXEeCTU HaxXxoanTCA Ha oaHom BepTuKanum c TouKkoln nogseca. [ns onpeaerneHnda nonoXXeHna ueHTpa T4a>XXeCcTtu

NyIoCKom (*)I/Irypbl OOCTaToO4YHO ee nNogBecuTb noo4yepeaHo 3a aBe ntobble TOYKU U npo4YepTnTb COOTBETCTBYHOLLME BEPTUKAlN, HAnpumep, C
NOMOLLIbIO OTBECa, 1 TO4YKa nepecequw?l ATUX NPAMbIX COOTBETCTBYET MNOJTIOXXEHUIO LeHTPa TAXECTU (bl/lrypbl.




