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BBeaeHue

Mpy NOAroTOBKE CrELMAnUCTOB-YNpaB/ieHUER Ans NpeanpusTvii
MaLUMHOCTPOEHUS Hapsdy CO CreuvanbHbIMU 3HaHUAMM, TakMMK, Kak
MCUXOJIOTUS, MAPKETUHI, 3KOHOMUKA OTPACc/iv, OpraHu3aumsi Npou3BOACT-
Ba W ApyrMmu, GyaylleMmy creumanucty HeobxoauMbl 3HaHUS 06bekTa
ynpaeneHust. OH AOMKEH 3HaTb OCHOBbI BCEX 3TaroB MOAFOTOBKWU W Mpo-
M3BOACTBA MallMHbI: KOHCTPYMPOBAHWS, PaspaboTKky TEXHOMOrM4ecKoro
npouecca, 3KOHOMUYECKOro 0B60CHOBAHMS M OpraHM3aLmy NPOU3BOACTBA.

B kypce «TexHMYecKas MeXaHWKa» CTYAEHT W3y4yaeT OCHOBbI
TEOPETUYECKON MEXaHUKM, TEOPUM MEXaHW3MOB W MallMH, COMpOTMBIIE-
HWUS MaTepuanos. 3TO MO3BO/UT eMy B AanbHENWEM MoHUMaTb obliue
MPUHUMMbI peanm3aumnn ABYXKEHUSI C NMOMOLLbI0 MEXAHWM3MOB, 3HATb, KaK
onpefensoTcsl YCUusl, BO3HUKaOLWME Npy paboTe MEXaHU3MOB, M Kak Ha
OCHOBE 3TOr0 NMPOBOAWTL MPOYHOCTHbIE PAcYEThI 3BEHHEB MEXAHW3MOB.

Bbl6op M NpOEKTUpOBaHWE CXEMbl MEXAHWU3Ma SIBNISIETCS NEPBbIM
M OCHOBHbIM 3TaroM MPOEKTUPOBaHUS MalLMHbI, HaYasrioM KOHCTPYMpOBa-
HMSI MallMHbl. B Kypce «TexHWyeckasi MexaHWKa» pacCMaTpUBAETCA KU-
HemMaThyeckasi CxeMa MexaHu3Ma, KOTopas SIBMSIETCA «CKEeIETOM» pearb-
HOW KOHCTPYKLIMW.

[anbHEeNWyo UHXXEHEPHYIO COCTaBASAIOLLYIO 3HaHWI CTYAEHT Mo-
JIYY4aEeT, uU3ydast AMCUMNIMHbI «KOHCTpYKTOpCKasi MoAroToBKa Mpou3Boa-
CTBa», «TexHONOrMyeckas NnoaroToBKa M TEXHOMOMMSI NPOM3BOACTBA Ma-
WKH>» 1 ap.



Fnasa 1. OCHOBbI CTATUKU

1.1. MaTepuanbHas TouKa.
A6conoTHO TBepAabie n aedopMmmupyemble Tena

OCTaHOBMMCS Ha OCHOBHBIX MOHATUSX CTAaTUKKM, KOTOPbIE BOLLIN B
HayKy KaK pe3y/bTaT MHOrOBEKOBONM NPAKTUYECKOW AeSTENIbHOCTU Yeso-
BeKa.

OQHO M3 TaKMX OCHOBHbBIX MOHATUI — MOHSATUE MaTepUasibHOU
TO4YKM. Teno MOXHO paccMaTpuBaTb KaK MaTepuasibHYl0 TOYKY, T.e. ero
MOXHO MpPeACTaBUTb FEOMETPUYECKON TOUYKOI, B KOTOPOI cocpefoTodeHa
BCS Macca Tena, B TOM Clyyae, KOrAa pasMepbl Tena He UMEKT 3HaYeHus
B paccMaTpuBaeMoOl 3agade. Hanpumep, npu U3ydeHUU ABMXKEHUS Mna-
HeT 1 CMYTHWKOB MX CYMTAIOT MaTepuanbHbIMM TOUYKAMK, TaK Kak pa3Mepbl
NAAHET U CMYTHUKOB NPeHebpeXXMMo Masnbl NO CPaBHEHMIO C pa3Mepamu
opbuT. C Apyroii CTOpOHbI, U3y4asi ABMXKEHWE MaHeTbl (Hanpumep, 3eMm-
NIN) BOKPYr OCU, €€ Y€ HEeNb3sl CYMTaTb MaTepuanbHON Toukoi. Teno
MOXHO CUMTaTb MaTepuanbHOM TOUKOW BO BCEX Cllydasix, korga npy aBu-
YXEHUW BCE ero TOYKN MMEIOT OAMHAKOBbIE TPAEKTOPUMN.

CucTeMoyi  Has3bIBAETCS COBOKYIHOCTb MATEPUA/IbHBIX TOYEK,
JBWKEHUST U TMOSIOKEHUST KOTOPbIX B3anMo3asncmbl. 13 3TOrO cneayer,
yto noboe Puanyeckoe Teno MOXKHO paccMaTpUBaTb Kak CUCTEMY MaTe-
pYasbHbIX TOYEK.

Mpu n3ydeHMn paBHOBECUS Tena cuuTaloT abCcontoTHO TBEPAbIMMU,
HegedopMmpyeMbiMn (MM abCONIOTHO XXECTKMMK), T.€. MpeanosaratoT,
YTO HMKAKME BHELLUHME BO3AENCTBUSI HE BbI3blBAOT U3MEHEHUS UX pa3Me-
poOB M (OPMbl U YTO paccTosiHMe Mexay NobbiMM ABYMS TOYKaMM Tena
BCErfa OCTaeTCsl HEM3MEHHbIM. B AeCTBUTENBHOCTU BCe Tena noj Baus-
HMEM CWIOBbLIX BO3AEWCTBUI CO CTOPOHbI APYrMX TENn M3MEHSIOT CBOU
pa3Mepbl 1 GopMy. Tak, ecnin CTepXXeHb, HanpuMep, U3 Ctanu un gepe-
Ba, OKaTb, €ro [/IMHa YMEHbLUMTCS, @ NpU PaCTSHKEHMM OHa COOTBETCT-
BEHHO yBennuutcsa (puc. 1, a). NsmeHseTca Takke opMa CTepxHs, ne-
)Kallero Ha AByX oropax, Npu AEWUCTBUM Harpysku, neprieHaMKyssipHoOM
ero ocon (puc. 1, 6). CtepxxeHb npy 3ToM usrnbaercs.

B nopasnstowem 60nbLIMHCTBE cnyyaes aedopMaumn Ten (aeta-
Nei), n3 KOTOpbIX COCTOSIT MalUMHbI, annapaTbl M COOPYXXEHUSl, OYEHb
Masbl, U NPU U3yYEHUN OBMXKEHWUS N paBHOBECUS 3TUX 06beKTOoB aedop-
MaumsMM MOXHO npeHebpeyb. Takum obpa3oM, noHATMEe abCconoTHO
TBEpAOro Tena SIBNSETCS YCN0BHLIM (abcTpakumeit). 3To NOHATUE BBOAST



C LUEeNnblo YMpOLIEHNS UCCNEAOBAHUA 3aKOHOB PaBHOBECUSI U [ABWXKEHUS
Ten. /b M3yuyns MexaHUKy abcomioTHO TBEPAOro Tena, MOXHO NPUCTY-
MUTb K U3YUYEHWUIO PaBHOBECKS M ABUXXEHUS AehOPMUPYEMBIX TEN, KUAKO-
cTeit u ap. MNpy pacyeTax Ha NPOYHOCTb, PACCMATPUBAEMbIX MOCTE U3yde-
HWA CTaTMKW abCOMIOTHO TBEPAOro TeNa, HeOBbXOAMMO YUMThIBaTL Aecop-
Mauuu Ten. B aTux pacyetax aedopMaLmy UrpatoT CyLIEeCTBEHHYIO Posib U1
npeHebperaTb UMW Hesb3S.

1.2. Cuna — BekTOp. EAHMULbI U3MepeHus cun
B MexaHuke BBOAWTCS MOHSATUE CW/bl, KOTOPOE Ype3Bbl4alHO

LUMPOKO MCMONb3yeTcs U B ApYrnxX Haykax. ®Ouandeckast CyLWHOCTb 3TOro
NOHATUA ACHA KaXXAOMY YENOBEKY HEMNOCPEACTBEHHO U3 OMbITa.
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Puc.1. Jledopmaumsi Ten noa AeNCTBUEM CUSbI:
a— pecdopmaummn okatns — pactskenus; 6 — aecdopmaums usrnba

OcTraHoBMMCS Ha onpepeneHnn cunbl ans abcontoTHO TBEPAbIX
Ten. OTU Tenla MoryT BCTynaTb BO B3aMMOﬂel7’ICFBMe, B pe3ysibTate KOTO-
pOro U3MEHSIETCS XapakTep UX ABWxeHus. Cuia — 310 mepa B3aI/IMO,ﬂE'I/IV-
crBus Te/. Hanpumep, B3aMMO,CI,eI‘/JICTBMe nnaHet n ConHua onpeaensercs
CUNaMnN TAroTeHns, B3aMMO,D,el71CTBVIe 3eMnM 1 pasnnuHbIX TeN Ha ee ro-
BEPXHOCTU — CUJTaMU TAXKECTU U T.A4.

Cnepyet nogyepKHyTb, YTO Npwu B3aMMOﬂeﬁc’l’BMM peanbHbIX, a HE
abcontoTHO TBEPAbIX Te€N, BO3HUKaKLWKMUE CUJ1bl MOTYT HE TOJIbKO MNMPUBO-
ANTb K UBMEHEHUIO XapaKTepa UX ABUXEHUA, HO U Bbi3blBaTb U3MEHEHUE
(bOprI WKW pasMepoB 3TUX Ten. WMHbIMKM CnoBaMu, B pearbHbIX d)m3mqe—
CKUX TeNnax Cuibl cnyxat I'IpVI‘-IVIHOﬁ BO3HMKHOBEHNA nednopMauMﬁ.



MexaHuKa paccMaTpuBaET M U3y4YaeT He NpUpoay AEUCTBYIOLLMX
cun, a NpousBoAMMbIN UMK 3ddekT. SddeKT AeCTBUS CUNbl onpeaens-
ercs TpeMs hakTopaMu, NOSHOCTLIO €€ onpeaensowmMMn:

1) HanpaBneHWeM 1 IMHUEN AEACTBUS;

2) YMCNEHHbIM 3HadeHneM (Moaynem);

3) TOUKOW MPUNOXKEHUSI.

MHbIMKU CnoBaMu, Cuna SIBASIETCS BEKTOPHOM BETNYNHOM.

Kpome cun, B MexaHuKe 4acTo BCTPeYaloTCs Apyrue BEKTOpHble
BE/IMYMHbI — B YaCTHOCTW, CKOPOCTb, YCKOPEHKE.

BennunHa, He uMeloWwas HanpaBneHWsi, HA3bIBAETCA CKas/IsiPoM,
WNWN CKanspHOY Be/imymHOM, K CKansipHbIM BENIMYMHAM OTHOCSITCS, Hanpu-
Mep, BpeMms, Temneparypa, ob6bvem u ap.

BekTop nM306paxaeTcs oTpe3KoM, Ha KOHLE KOTOPOro CTaBuUTCA
CTpesnka. HanpasneHue CTpenky ykasblBaeT HanpasBieHne BeKTopa, Au-
Ha oTpe3Ka — BESIMYMHY BEKTOPA, OT/IOXKEHHYIO B BbiIOpaHHOM MacluTabe.
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Puc. 2. N306paxkeHne BEKTOPOB CUJT Ha YepTexax

BekTop, vMelowMin Hayano B Touke B U KkoHel B Touke C
(puc. 2, a), MOXXHO 0603HauUMTb TEMU e ByKBaMW, HO C YEPTOUKON Ha-

Bepxy: BC , npuueM Ha NepBOM MecTe CTaBsAT BYKBY, CTOALLYIO B HaJasne
BEKTOpaA, a 3aTeM 6yKBY, CTOSILLYIO B KOHLE BEKTOpA. VHOraa BekTop 060-

3Havatot 6ykeoii: P, O, a, nT.p. (puc. 2, 6).



JIMHUeENd AericTBUS Cu/ibl HA3bIBAIOT MPSMYKO, Ha KOTOPOU JIEXUT
BEKTOP cusibl (pUC. 2, B).

Ecnmn HeobxoaMMO NokasaTb Ha YepTexe BeNNYMHY BEKTOpa, ero
M306paXkaloT CTPesikon, psiaoM C KOTOPOW 3amucCbiBalOT BESMYUUHY, WK
Moay/b. BenmumHa BekTOpa 0603HayaeTcs ToM e 6yKBOWM, UTO U caM
BEKTOp, HO 6e3 uepTouku Hasepxy (puc. 2, ).

Moaynb, W  Be/mymuHa Cu/ibl, SIBASIETCS  KONMYECTBEHHOM
XapaKTepUCTUKOW Mepbl B3aMMOAENCTBUS TeN. BenmunHa cunbl B Mexay-
HapoaHol cucteMe eamnny (CA) namepsieTcs B HbloToHax (H). MpuMeHs-
loT Takke W 6onee KpyrnHble eavHWUUbl M3MepeHusl: 1 KWIOHBIOTOH
(1 kH = 10 H), 1 meraHbtoToH (1 MH = 10° H).

1.3. Cucrema cui. DKBMBAJIEHTHOCTb CUJI.
PaBHoZeiicTByOLas U YpaBHOBELUMBAKOLWAsA CUJIbl

COBOKYMHOCTb HECKOJIbKUX CWJ1, MPUMOXKEHHBIX K Ty, TOUKe Un
CUCTEME TOYEK U TEN, HA3bIBAETCS CUCTEMOM CU/I.

Cucrembl cuil KnaccuuuMpyioT B 3aBMCMMOCTM OT B3aWMHOIO
PacrofioXXeHNst B MPOCTPAHCTBE JIMHWUIA AEACTBUSI CWM, COCTaBISIOLLMX
[aHHYI0 CUCTEMY.

Tak cucTeMa Cuni, JIMHWM OEACTBMSI KOTOPbIX NEXAT B pasHbIX
MNIOCKOCTSIX, Ha3blBAETCA IPOCTPAHCTBEHHOM. ECNN e NUHWUM paeicTBumS
paccMaTpMBAEMbIX CU NIEXaT B OAHOM MIOCKOCTM, CUCTEMA CUIT Ha3blBa-
eTca rnsiockoi. CUCTeMa Cuil C NepeceKaloMMUC B OAHOM TOUKE NINHUSI-
MW OEACTBUSI Ha3blBaeTCs cxogslyevica. CxoasLlascs cucTemMa Cui MOXeT
6bITb KaK NPOCTPaHCTBEHHOMN, TakK WM MNJIOCKOI. HakoHel, pa3nuyaioT elle
CUCTEMY apasisIe/ibHbIX CUJ/, KOTOpPasi TakXKe MOXET ObiTb MPOCTPaHCT-
BEHHOWN UMW MJIOCKOW.

[lBe cucTeMbl CUN HA3bIBAKOT SKBUBA/IEHTHBIMM, ECNU, B3STbIE MO-
pO3Hb, OHM OKa3blBalOT OAMHAKOBOE AeiCcTBME Ha Teno. M3 3Toro onpe-
[ENeHns CeayeT, YTo ABE CUCTEMbI CUJ1, SKBUBASIEHTHbIE TPETHLEN, SKBU-
BafieHTHbl Mexay coboit. JTobylo CNOXHYH CUCTEMY CUS BCErga MOXHO
3aMeHuUTb 6onee NPOCTOM SKBUBANIEHTHOWN €l CUCTEMOW CUJT.

OaHy cuny, SKBMBANEHTHYIO [aHHOM CUCTEME CWJl, HasblBaloT
PaBHOAEUCTBYIOLLEN STOW CUCTEMDI.

Cuny, paBHYylO MO BENMYMHE PABHOAEWCTBYIOLLEN M HampaBieH-
HYIO MO TOW XX& JIMHWUWN AENCTBUSI, HO B NPOTUBOMOOXHYIO CTOPOHY, Ha-
3blBalOT ypaBHOBELLMBAIOLLEN cu/ion. ECnn K cucteMe cun pobaBrneHa



YPaBHOBELLMBAIOLLAA CMMa, TO MOJlyYeHHas HOBasl CUCTEMA HaxoauTCs B
PaBHOBECUM U, KaK FOBOPSIT, S3KBMBAJIEHTHA HY/IO.

Cwnbl, Oe1CTBYIOIWME HA CUCTEMY MaTepuarbHbIX TOYEK, Noapas-
LENSAIOTCA Ha [ABE rPynnbl: C/ibl BHELLIHUE W CUJTbI BHYTPEHHME.

BHELIHMMKM Ha3bIBAIOT CUMbI, C KOTOPbIMU AEWCTBYIOT Ha TOYKU
[AaHHOW CUCTeMbI pyrue Tena, He BXOAslMe B 3Ty CUCTeMY. BHYTpeHHu-
MW CUNaMU CUCTEMbl Ha3blBalOT CWMbl B3aUMOAEWCTBUA MaTepuasibHbIX
TOYEeK, BXOAALMX B OAHY cucTeMy. Tak, Ans Noboro Tena, PacronoXeH-
HOrO Ha MOBEPXHOCTU 3eM/M, BHELLUHEN CUMON SIBMSIETCA CUMa TSHKECTU.
Moa AeNCTBMEM BHELLUHMX CUM B T€NaxX BO3HMKAIOT BHYTPEHHWUE CUMbl. ITK
BHYTPEHHWE CWJbl, BO3HWKAKOLLME MEX/Y TOUYKaMW TBEpAbIX Tes, uccne-
AYIOT B COMPOTUB/IEHMN MATEPUAnoB M B TEOPUM ynpyrocTu. Mpu 3TOM
LLIMPOKO MPUMEHSIOT 3aKOHbI CTaTMKM TBEPAOro Tena.

1.4. AKCMOMbBI CTaTUKMW.
3akoH uHepuum (NnepBas akcmoma)

CTaTuka OCHOBaHa Ha HEKOTOPbIX MOMOXEHUsX (akcuomax), Bbl-
TeKalolWmX M3 onbiTa U NpUHUMaeMbIX 6e3 aokasatenscrs. Obluue nono-
XXEHUS MEXAHWUKWN BbIM CUCTEMATM3POBaHbl HbIOTOHOM. DTU MOJOXKEHUS
CNy>KaT OCHOBOW CTaTUKU M MPUBOASATCS HUXKE KaK aKCUOMb.

AKCHOMbI CTaTUKV YCTaHaB/IMBAIOT OCHOBHbIE CBOVICTBA CW/l, Mpu-
JIOXKEHHBIX K aBCO/IOTHO TBEPAOMY TESY.

BblBOAbl M YpaBHEHWS CTaTWUKKU, UCXOAAIME U3 3TUX aKCUOM,
MOJIHOCTbIO CrpaBea/IMBbI TONBbKO ANS abCoMOTHO TBEpAbIX Ten. OAHako,
KaK OTMEeYasnochb Bbllle, TakMX abCOMIOTHO TBEPALIX TEN B MpPUPOAE He
cyulectsyeT. Mpy AanbHENWEM U3YHEHUN MEXAHWKU MOSIOXKEHUSI CTAaTUKU
6yayT NPUMEHATLCA (C HEKOTOPLIMU OrpaHUYEHNSIMU, O KOTOPbIX CKa3aHo
BO BTOpOW rMaBe) K yrpyruMm Tenam, AeopMUpytomMMcs noa AeNCTBUMEM
MPUNOXKEHHbIX CU.

OCTaHOBMMCS Ha MEPBOii akcMoMe, KoTopasi MoA Ha3BaHWEM 3a-
KOHa MHepLuuu 6blnia BnepBeble cchopMynmMpoBaHa ManuneeM. Cucrema cus,
MPUSIOXKEHHAS K MaTEPUATIbHON TOYKE, SB/ISETCS ypaBHOBELIEHHOM, eCin
o4 ee BO3AEVICTBMEM TOYKA HAXOAUTCA B COCTOSIHUM OTHOCUTE/ILHOMO
MOKOSI M/ [IBVKETCS PaBHOMEDHO M IPAMOJIMHENHO. TIpSMONMHENHBIM
OBUXXEHWEM HA3bIBAETCA ABMXKEHWE MO MPSMON JIMHUKU; OHO SIBNSIETCA
paBHOMEPHbIM, €C/IM TOYKa B paBHbIE MPOMEXYTKM BPEMEHW NpOXoauT
paBHble NyTy.
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PaccMaTpuBasi MEPBYIO aKCMOMY, HETPYAHO YCTaHOBUTb, UTO
YPaBHOBELLEHHAs CUCTEMA CUJT SKBUBANIEHTHA HYJIHO.

CneayeTt OTMETUTb, YTO TENO, B OT/IMUME OT TOUKW, NOA AENCTBU-
€M YPaBHOBELLEHHON CUCTEMbI He 0653aTeNlbHO BYAET HAaxoaMTLCA B Mo-
KOE WU [BWUraTbC PaBHOMEPHO W MPSAMONMMHENHO. BO3MOXEH cnydaid,
KOrfa ypaBHOBELLEHHAs CUCTEMA CWM BbI3OBET PAaBHOMEPHOE BpalleHWe
Tena BOKPYr HEKOTOPOW 3aKpernsieHHoW ocu.

WUTak, ecnn Ha Teno AENCTBYET ypaBHOBELLUEHHAs CUCTEMA Cwf,
TO Teno NMbo HaxoauTCs B COCTOSIHUM OTHOCUTENBHOMO [10KOS, N0
OBUXETCA PaBHOMEPHO M MPAMOJIMHENHO, NN60, HAKOHEL, PaBHOMEDHO
BPaLAETCS BOKPYT HEMOABUXXHOMN OCU.

MOXHO TaKXe YTBEpPXAaTb, YTO OAHO M3 TPeX YKasaHHbIX CO-
CTOSIHWAI Tena SBASeTC HEO6XOAMMbIM U AOCTaTOYHbIM MPU3HAKOM TOro,
YTO CMCTEMa CUN, AEWCTBYIOWMX Ha 3TO TEMO, HAXOAWUTCS B PaBHOBECHM.

1.5. YcnoBue paBHOBecus ABYX cuil (BTOpasi akCMoOMa).
MpuvHUMN npucoeauHeHus
M UCKJTIOYEHUS YPaBHOBELLEHHbIX CuN (TPETbs aKkCMoMa)

BTopas akcMoMa ycTaHaBMBAET yC/I0BUE paBHOBECUS ABYX CWJ.
Ase pasHbie Mexay coboii no sermunHe cubl (P, = P,), npu-

JIOXEHHbBIE K aBCOMIOTHO TBEPAOMY TEJY MU Harpas/ieHHbIE 10 OAHOU rps-
MOV B [POTUBOINOJIOXKHBIE CTOPOHbI, B3aUMHO ypPaBHOBELINBAIOTCS
(puc. 3, a).

TpeTbs akcMoMa CITYXKUT OCHOBOM AJisl NMpeobpas3oBaHusi CUCTEM
cun.

He Hapywas paBHoBecwsi abCO/IIOTHO TBEPAOro Tenia, K HeMy
MOXHO PUSIONKUTL MM OTOPOCUTL OT HErO YpPaBHOBELLEHHYIO CUCTEMY
.

Myctb Teno (puc. 3, 6) HaxoAUTCS B COCTOSIHUM paBHoBecusl. Ec-
M K HEMY MNPUIOXUTb HECKONbKO B3aMMHO YPaBHOBELUEHHLIX CWN

P =P, 0 =0, N, = N,, 70 paBHoBecue TeNa He HapyLMTCS.

AHanornyHbii 3ddekT nonyuuTca npu oT6pacbiBaHMKM 3TUX YpaBHOBE-
LIEHHbIX cuNl. CUCTEMbI CW/, MOKA3aHHbIE Ha pUC. 3, &, 6, IKBUBA/IEHTHbI,
TaK Kak OHM [Aal0T OAMHAKOBbIN 3 eEKT — Noa AEHCTBUEM KaXKAON U3 HUX
TENO HAaXoAUTCS B PaBHOBECUM.
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M3 BTOpOI aKCWMOMbl BbITEKAET CNEACTBME, COrNacHO KOTOPOMY
BCAKYIO CUJTy, ACUCTBYIOLLYIO Ha abCO/IIOTHO TBEPAOE TE/O, MOXHO repe-
HECTU BAO/b JMHUM €€ AEVICTBUSA B JIIO6YIO TOUKY TE/E, HE HapyLMB rpu
3TOM Ero PaBHOBECHE.

[elicTBUTENBHO, NYCTb Ha Teno B Touke A AedctsyeT cuna P,
(puc. 3, B). B Npon3BonbHOM Touke B Ha MMHUM AeicTBus cunbl P, npu-

JTIOXXWUM [IBE CUNbI 132 n 133, paBHbIE MO BENUYMHE f’] W HanpaBJiEHHbIE B
NPOTUBONMOMOXHbIE CTOPOHbLI. PaBHOBECME TENa B 3TOM C/lyYae HE Hapy-
LINTCA; OTOpackiBaHWeE Cun f’] n 133, KaK paBHbIX U MPOTUBOMOJIOXHO
HanpaBneHHbIX, TAKXKE HE HAPYLWUT paBHOBECMs. TakuM 06pasoMm, cuny
F’] Mbl 3aMEHWUNN PABHOW CUIION _2 , EPEHECEHHOW MO NIMHUM AENCTBUS

P, n3 Toukn A B Touky B. BekTopbl, KOTOpble MOXHO NEPEeHOCHTb Mo -

HUN UX OENCTBUSA, Ha3bIBAIOT CKO/L3AUMMY. KaK MOKasaHo Bbille, cuna
ABNAETCA CKO/IL3ALMM BEKTOPoM. HeobxoaMMo noavepkHyTb, UTo nepe-
HOC CUJIbl MO SIMHUM ee AeiCTBUS BO3MOXEH TOJMbKO B TOM Clyyae, Koraa
Tena paccMaTpUBAKOTCA Kak abcontoTHO Teepable. Mpu Apyrux npeano-
CbI/IKaxX 3TO HEBO3MOXXHO.

al &

Puc. 3. YpaBHOBELLEHHbIE CUCTEMbI CUN

1.6. Mpasuno napannenorpaMmma
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(ueTBepTan akcuoma)

YeTBepTas akcmoma CyXxuT OCHOBOM Ans cnoxexus cvun. PaBHo-
ﬂeﬁUByIOLuaﬂ ABYX CUJI, TTPUJIOXXEHHBIX K OﬂHOI;i TOYKE, TPUJIO)KEHa B
3TOU TOYKE U I/I306,Da)K56TCH 10 BEJIMYUHE U HaripaBJ/IEHUIO ANaroHalslbro
napasiiesniorpaMma, rocTpPOEHHOro Ha fAaHHbIX cusaax. Tak paBHO,U,eﬁCT -

ByIOLLEN ABYX CUN Pn Q, NpUnoXxeHHbIX B Touke A (puc. 4, a), byaer

cuna R, npepacraensiowas AvaroHans napannenorpaMma ACDB, no-
CTPOEHHOrO Ha BeKTopax 3agaHHbiX cun.  OnpegeneHve  pas-
HOAEWCTBYIOILEN [ABYX CMA MO MpaBufly NapasnsenorpaMMa HasblBAeTCA
BEKTOPHbIM, WIN FEOMETPUHECKUM, C/IOXKEHMEM W BblpaXXaeTCsl BEKTOp-
HbIM PaBEHCTBOM
R=P+ Q.

Mpu rpacduyeckoM onpeaeneHun paBHOAEUCTBYIOWEN ABYX CUN
BMECTO npaswuia napasnsaenorpamMma MOXXHO M0/1b30BaTbCs MPaBU/IOM Tpe-
Yro/ibHUKa.

Puc. 4.CnoxeHue asyx cun

M3 npousBonbHOM Toukn A (puc. 4, 6) NpPOBOAUM, COXPaHSisi
MacwTab M 3a4aHHOE HanpaBneHWe, BEKTOP NEPBOI COCTaBSIOWEN CUMbI

P, u3 ero koHua nNpoBoAMM BEKTOpP, NapasnesbHbii U paBHbI BTOPOW
coctansiowwen cune (O . 3ambikatolas ctopoHa AD TpeyronbHuka u 6y-

JIET UCKOMOW paBHoAencTBytowein R . Ee MOXHO Takke NpeacTaBuThb Kak
AvaroHanb napannenorpamma ABDC, NOCTPOEHHOMO Ha 3aAaHHbIX CMnax.
1.7. CBsI3n 1 UX peakunm
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TBepaoe Teno HasblBaeTC CBOOOAHBLIM, ECIM OHO MOXET nepe-
MELLaTbCs B MPOCTpaHCTBE B N06OM HanpaeneHnu. B kauectBe npumepa
cBOBOAHOrO Tena MpuBeAEM NETALWMI BO3AYLWHbIA WAp WM pakeTy B
KocMoce. TBepaoe Teno Ha3bIBAETCH HECBOOOAHbIM, EC/IN €rO MNepeMelle-
HWe B MPOCTPaHCTBE OFPaHUYEHO KakUMW-NM60 ApyruMu Tenamu. Bce
Tena, KOTopble TaK MMM MHa4Ye OrpaHWYMBAlOT NepeMelleHne AaHHOro
Tena, Ha3blBalOTCs ero cBg3gmy. Hanpumep, CTyn, CTOSILUMI Ha nony —
HecBO60OAHOE Teno; NepeMeLleHne CTyfa OrpaHWMYMBAETCA MOJSIOM, ANsi
CTyna nos sBNSeTCs CBsA3blo. [BWMXKEHME BUCSLLErO Ha HATW LIapa orpa-
HWUYMBAETCS HATBIO; CNIEAOBATENbHO, ANS Lapa CBA3bIO CITYXXUT HUTD.

B npupoae HeT abcontoTHOroO MoKos, W Tena, CTPeMsicb noa aen-
CTBMEM BHELUHWMX CWJ1 MEPEMELLATLCS B NPOCTPAHCTBE, CaMu [AEUCTBYIOT
Ha NpensTCTBYIOLWME 3TOMY MepeMelleHunio cBsiau. Hanpumep, ctyn, Ha-
XOASICb NOA AENCTBUEM CUSTbl TSXKECTM, AABWUT Ha MOJ, a LWap, BUCALMIA Ha
HWTW, HATSrMBaeT HUTb. OOHOBPEMEHHO C BO3HUKHOBEHWEM [AENCTBUS
Tena Ha CBsI3b BO3HMKAET paBHasi Mo MOAY/O, HO HanpaBfieHHas B Mpo-
TMBOMOJIOXHYIO CTOPOHY CW/la NMPOTUBOAENCTBUS CBA3W, NMPUNIOXKEHHAs K
Teny. [eicTBME CBSI3W Ha TENO Ha3blBAaeTCs CUSIOM peakumu CBSI3U WK
peakumelt ceasun (0T NaTUHCKOro «re...» (NpoTUB) + «actio» (aeicTaue),
T.€. OTBET Ha BHELLHEE AENCTBUE).

TakuM 06pa3oM, Ha HecBOBOAHOE TENo AEUCTBYIOT ABE rpynnbi
BHELWHWUX CUN: 334aHHbIE CUJibl N peakumm cBs3ed. K 3agaHHbIM OTHOCAT-
€Sl BCE CUJIbl, KPOME peakuumin cBsiseld. Yalle BCero 3afaHHbIe Cuslbl SIBNSI-
OTCS aKTUBHBIMYM, T.€. CUNIAMWU, KOTOPbIE MOMYT Bbi3BaTb ABWMXKEHUS Ten,
HanpuMep cuna TSHXKECTW, CUMIa TArM, CUna 3NEKTPUYECKOro B3aumopaen-
CTBUS U T.4.

Mpw peleHn 3agay CTaTUKN aKTUBHbIE CWJbI, KaK npaBuno, 6bl-
BalOT Hanepea 3aAaHHbIMK, a peakumn CBSI3e HEM3BECTHBI U UX TpebyeT-
Csl onpenenuTb. 3agadya OrpeaeseHns peakymii CBS3ev — ogHa U3 OCHOB-
HbIX 3a4a4 cTatmku. Onpefenssi peakumm cesizeit, HeobxoaMMo UMETL B
BUAY, YTO OHW [IPU/IOXEHBI K TEJY B TOYKax COMPUKOCHOBEHMS Tela CO
CBSI3bI0 M HAINPAaB/IEHbl B CTOPOHY, MPOTUBOIOIOXHYIO TOV, KyAa CBS3b HE
Aaet nepemelyatscs Tesly. HanpasneHve peakuum CBsI3u 3aBUCMT OT BMAQ
CBSI3W, ee pacrnosioKEHNs1 OTHOCMTENIbHO Tena U XapaKTepa COMpPUKOCHO-
BEHUSI UM COEAMHEHUS CBSI3U C TeNoM. [ns onpeaeneHns peakumii ces-
3eil UCMOosb3YOT NPUEM OCBOBOXAEHNS OT CBSA3EH, KOTOPbIM hopMynmpy-
€TCs CneayowmM 0bpasoM: He U3MEHSIS paBHOBECUSI Tela WU/ CUCTEMBI
TE/l, KaXAYI0 CBSI3b, HAJIOKEHHYIO Ha CUCTEMY, MOXHO OTOPOCUTL, 3ame-
HUB €€ AelicTBMEM peakLmn OTOPOLLIEHHOM CBSI3N.

1.8. Cno)xeHune NI0CKOI CUCTEMbI CXOAALLUXCH CUIT.
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NeoMmeTpuueckoe ycrosue pasHoBecusi

PaccMoTpuM cuctemy cun P P P P P , IPUNOXEHHBIX B
Touke A (puc. 5, a). Tpebyercst HalTU UX paBHOAEUCTBYIOLLYIO.

MNpuMeHMB NpaBuIO CUIOBOIO TPEYrosibHUKa, CIOXUM CUSbI E n

P, . Ans 3toro u3 koHua Bektopa AB = P, otnoxwum sektop BC = P,
N, CoefnHMB Toukn A u C, Noy4YMM reoMeTpuyeckyto cymmy (paBHOAEN-
creytowyto) cun Pon P, :

AC=F_, =B +P,
Tenepb CNoOXum cwnyP]_zc cunown P3 [Onsa 3Toro n3 KoHua BeKTopa

BC =P2 OT/IOXKMM BEKTOP CD =P3 1, COEAMHUB TOYKN A U D, nony4um
paBHo,quCTByromyro Tpex cun:
AD—P]_ P +P P +P +P

[Hanee, oTnoxms DE =P4 W, COEAVHMB TOYKMU A 1 E, nonyumm
PaBHOAENCTBYIOLLYIO YETbIPEX CUJT:
AE=P_, =P +P,=P+P,+P +P,
HakoHeu, oTnoxwus ﬁ =P5 N COeauHMB TOYKN A 1 K, nonyynm
NCKOMYHO paBHOﬂeMCTBy+0U4y+O
AK = P P+P +P+P +P

M3 puc. 5, a BUAUM, 4TO ANS NOSYHYEHUS 3TOr0 OKOHYATENIbHOIro
pe3ynbTata He o0bs3aTenbHO onpeaensaTb NPoOMEXYTOYHbIE paBHO,Cl,eVICT-

Bylowve P_,, P_, T.A., a AOCTAaTO4HO M3 KOHLA BEKTOpa AB = =P,

OT/IOXXUTb BEKTOP BC = P,, v3 xoHua BekTopa BC 0TnoxuTb BEKTOp
CD = P3 W T.0., @ 3aTeM «3aMKHyTb» MOMYUMBLUNIACA CM/IOBOU MHOMO-
yronbkuk Bektopom AK = Ps.. MNpn 3TOM BEKTOp PaBHOAEMCTBYIOLLEN

Pz NCXOAUT U3 Havasa NepBON CUSbl U 3aKaHUMBAETCS B KOHLIE nocnes-
Hen cunbl.
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Puc. 5. CrnosxeHne Nockon CUCTEMbI CXOAALLMXCA CUI

3aMeTuM, 4YTO NOpAAOK MOCTPOEHWUS CTOPOH CWUTOBOMO MHOrO-
yronbHuka ABCDEK (puc. 5, @) He BIMSIET Ha OKOHYaTENbHbIN pe3yib-
TaT. Hanpumep, Ha puc. 5, 6 cunosoit MHoroyronbHuk AB;C:DEK; 3a-

MblkaeTcsi BekTopoM AK, = AK, X0OTs NOpsfoK CNOXEHUs BEKTOPOB
30eCb NHON:

AK =P.=P,+P,+P,+ P +P,.



OnpeneneHve paBHOAEMCTBYIOLLENA CUCTEMbI CXOAALMXCA CUN —
HEeobXoAUMbIK 3Tan ANs pelleHns 3adaqyv YpaBHOBELIMBAHWS 3aA4aHHOM
CUCTEMbI. YTOBbLI YpaBHOBECUTbL CUCTEMY CWJI, AOCTAaTOYHO K Hel noba-
BUTb €lLEe OAHY CWY, UYUCNEHHO PaBHYIO PaBHOAEMCTBYIOLLENW, HO Ha-
npaBfieHHYI0 B MPOTUBOMONOXHYIO CTOPOHY. Hanpumep, Tpebyerca ypas-
HOBECUTb cucTeMy nsTU cun (puc. 5, @). [ns 3Toro, MOCTPOMB CMJIOBOM

MHoroyronbHuk ABCDEK, Baonb nnHun ak pnobasum cuny Pé , UNCNEHHO
paBHylO paBHoaencTyiollei P., HO NPOTMBOMONOXHO HampaBeHHYIO
(puc. 5, B). ObpasosabLuascs cuctema cxoaswmxca amn P, P, P, P,,

P, P, ypaBHoBelleHa. B Takoii ypaBHOBeLLUEHHON cucTeme niobas 13

CWN OKa3bIBAETCS YPABHOBELLMBALOLLEHA MO OTHOLIEHMIO K OCTaSbHbIM.
TakuM 06pasoM, ec/iv NOCTPOUTb CUOBOW MHOMOYTOIbHWK YpaB-

HOBELLEHHOW cucTeMbl cun (pUC. 5, B), TO OH MOMYYMTCH 3aMKHYTbIM, T.€.

3ambikalownin Bektop P = 0, TaK Kak KOHeL NocieaHero CraraeMoro

BEKTOpa COBMaAaeT C HavyasioM NepBoro.
CnenoBaTenbHO, 3aMKHYThIA CUIOBOIM MHOMOYIOSIbHUK BbipaXaeT
B rEOMETPUYECKO hopMe HeoBXoanMoe U AOCTaTOUHOE YCOBUE PaBHO-
BECUS! CUCTEMbI CXOAALLMXCS CUIT: CUCTEMA CXOAALMXCS CWIT ypaBHoBeLLie-
Ha TorAa 1 TOJIbKO TOIrAa, KOrAa Cu/I0BOM MHOIOYrO/IbHUK 3aMKHYT,
leoMeTpuyeckoe YC/IoBUE paBHOBECUSt (3aMKHYTLIN  CMJIOBOMA
MHOTOYrOJIbHMK) LUMPOKO MCMOML3YETCA NPY pelleHn 3a4a4 CTaTuKK,

1.9. OnpeneneHne paBHOAEUCTBYHOLLE CUCTEMbI
CXoAALWMUXCA CUJ1 METOAOM NPoeKUUii

Mpoekuuelt Bektopa P Ha OCb HasblBaeTCA ANMHA HanpaBneH-
HOrO OTPE3Ka OCW, 3aK/IIOUYEHHOro Mexay ABYMS MepreHanKynspamu,

OMYyLUIEHHbIMM M3 Ha4yana u KoHua BekTopa P . [loroBopuMcs 0603HajaTb
6yKBOi O Hayano oTcyeTa 3HaYEHUI BEIMYMH MO OCK, @ BYKBaMU x, , z —
HAMMEHOBAHMWS OCEW; NONOXUTESbHbIA OTCYET BECTM MO HAMPaBEHMIO OT
O K x (Ky WM K z), @ OTpULATENbHbIA OTCYET — B MPOTUBOTONOXKHYHO

cTopoHy. MycTb 3aaaHbl cuna P un ock Ox (puc. 6, a). MNpoekuns cunbl
P Ha ocb Ox BblpaXkeHa AnMHON OTpe3ka ab, rAe, Kak BUAHO U3 PUCYH-
Ka, a — NpoeKuMsl Toukn A Hauyana sektopa P = AB n b — npoexkuus
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TOUYKM B — KOHLIA BEKTOpa — Ha 0Cb. OTCUET A/MHbI NpoeKkumn (OT a K b) B
JlaHHOM CJly4ae COBMAAAET C MOMOXUTENbHLIM HanpaBieHWeM ocu, 3Ha-
yuT, NPOEKUMA ab NONOXKUTENLHA.

Mpoekuuio cunbl P Ha ocb ycnoBuMcs 0603HauaTh TON e Byk-
Bol P c no6aBneHWeM MHAekca, 0603HavaloLero HaMMeHoBaHWe 0K, Ha

KOTOPYIO cvna NpoeuMpyeTcs, T.e. NPOeKUMio cumbl P Ha ocbk x 0603Ha-
yum P, Ecnm 0603HaYeHMe cunbl UMEET KakoW-HWMEYAb MHAEKC, TO U Y
0603HauYeHNs NPOEKLIMM STOT MHAEKC COXPAHSIETCA; HaNpUMep, NPOeKLmMK

cnbl P nam P, 0603HavaloTcs COOTBETCTBEHHO P, UAN P,

M3 puc. 6, a BuagHo, uto P, = ab, HO ab = AC, a u3 A ACB cne-
ayet, uto AC = Pcosa. Takum obpa3omM,
P, = Pcosa,
T.€. MPOEKLMS CU/Ibl HA OCb PaBHA IMPOU3BEAEHNIO MOAY/IS ITOH CU/lbl Ha
KOCUHYC yr/ia MEXAY HarpaB/IeHNEM CUJibl M MOSIOXXUTE/IbHBIM Harpas/ie-
HUEM OcH.

a b
7 _
p b 2 7|
X
0 A a py b b’,D?X 4 Py, /%x:_PJ @fﬁ

Puc. 6. Mpoekuun BekTOpa cubl Ha OCb

BblpaxkeHne npoekunn cunbl Yepe3 ee Moay/b SBNSIETCS obLwmum
ONs1 KAKOro YrogHO pacrnosioXKeHUsi CUsbl OTHOCUTENBHO ock. Hanpumep,

cmna P, obpasyer (puc. 6, 6) C NONOXMUTENbHBIM HamnpaBleHNeM OCH

yron a, Kotopblit /2< a <m. CnepoBaTesbHo,
Py, = P cosa = P cos(r—p) =— P, cos f.
WUTak, npoekums P;, oTpuuatensHa, e OTCHET ASIMHbI NpoeK-
UMM OT TOYKN a; K TOUKE by NPOTUBOMOSIOXKEH MOSIOXUTEIbHOMY Hanpas-
nexunio ocn. Ecnm o = 0 (puc. 6, B), T.e. cuna napannenbHa oM 1 Ha-
npasfieHa B CTOPOHY MOMOXUTENbHOro oTcyeTa ocu, To cosO=1 1 noaTomy
P>, = P,cosO = P,, ecnu yron a = x, T.€. C1na napanfenbHa ocu, HO Ha-
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npaBfeHa MpPOTUBOMOMIOXKHO  MOSMIOKUTENBHOMY — OTCYETY OCW, TO
coswt =—1 n P3, = P; cost = —P3; ecnu yron o = 7 /2, T.e. c1una nepnex-
AnKynspHa ocu, To cos( /2) = 0 M Py, = = Pycos(m /2) = 0.

Mpu pelweHMn 3agay, B KOTOPbIX UIrypupyeT Miockasi cuctema
CXOASLUMXCS CUA1, KaK MpaBu/io, Heo6X0AMMO OnpeaensiTe NPOeKUMN Cui
Ha ABe B3aMMHO neprneHankynsipHble ocn Ox u Oy. Bce ckasaHHOe 0 npo-
eKumsX Ha ocb Ox CNPaBeASIMBO M A1 NPOEKUMIA il Ha ocb Oy.

Tak, ecm cuna P, (puc. 7) obpasyeT C MONOXUTENbHBIM Ha-
npaB/ieHNeM OCel x U y COOTBETCTBEHHO Yriibl o, =( Py , X)m a~(Py, ¥),T0

Py = Prcoso, M Py, = Prcosay; HO a,—(90°— a ), Toraa Py, =Pisina,.
Mo 3aAaHHbIM NPOEKLMUSIM CU-
Nbl Ha OCU MOXET ObITb onpeaeneH u

CaM BeKTOp cunbl (ee mMoayfb U Ha- y

npasnexHue). b A
Jonyctum, npoekuyn Py, 1 q 7

Py, cunbl n3BecTHbl, Toraa us A ACB A A AD{

(puc. 7) BMAHO, 4TO MOAYy/b CUNbl & A0 [

4
P= R +F]. ag

PaccmoTpM Tenepb onpege-
NEHVEe PaBHOAENCTBYIOWEN CUCTEMbI gl akF. b X
CXOAALMXCA CUN METOMOM MPOEKLMA.
[lonyctuM, 4To ANa 33/laHHOM cucTe-
Mbl CXOASLLMXCS CUM MOCTPOEH MHOMO-

Puc. 7. Onpegenexue cunbl
no 3aJaHHbIM NPOEKUMAM

yronbHuk ABCDE, B KOTOPOM BEKTOP E =ﬁz — UCKOMasi PaBHOAEWCT-

BYIOLLAA JaHHOMN cucTeMbl (pUc. 8). BbibpaB cUCTEMY KOOPAMHATHBIX OCel
X W y B NNOCKOCTU CMNIOBOIr0 MHOIOyroJsibHMKa, Crpoeunpyem e€ro Ha 3t
oCu.
I'IpoeKLuAM CWNT Ha OCb x.
Pi=a;b;, Py =bjc;, P3s,=cidi WPy =de;.
I'IpoeKLuAM CMTHa OCb
P]y = agbg, ng = bQCQ, P3y = ngg n P4y = dgeg.
ﬂ,ﬂﬂ HarnaagHoCTu NpoeKunn Ha puc. 8 noka3aHbl psaaoM C ocaMu,
HECKOJIbKO CMELLEHHbIMWU OTHOCUTENIbHO HUX, MPUYEM MNONOXUTENbHbIE
NpoeKUNN BbIHECEHDbI BbILLE (npoeKLuAM Ha OCb .X') nnn npasee (npoeKuMM
Ha OCb y), a oTpuulaTtenbHble COOTBETCTBEHHO HUXKE UNTN NEBEE.
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ol 2
Py a P ~. 7
P, ) —B( P,
P7y & — fa
/D[y_ a, ﬁ}.ﬁ’@( pr
0 b a ¢ & d y
PZX /DJX
\
W‘ P[X Pu

Puc. 8. OnpeaeneHne paBHOAENCTBYOLLEN
CUCTEMbI CXOASALLMXCS CUIT METOZOM MPOEKLUI

OAHOBPEMEHHO C MPOELMPOBAHMEM CTOPOH CWUIOBOrO MHOrO-
YronbHUKa, pPaBHbIX 33aHHBIM CMMIaM, MOMyYeHbl U MPOEKLUU paBHOAEN-
CTBYIOLLIEN:

PZ(PZX’PZy)'
M3 puc. 8 BuaHo, uto
Py . =ae; =—aib;+bic;+cidi—djey;
sz =ae>;= a)b, + bycy - c2d> — dses.
Boilwe 6b1710 NOKA3aHO, YTO CUCTEMA CXOASLUMXCS CMN ypaBHOBe-
LIEHa TOrAa, KOraa ee paBHOAEUCTBYIOLLAs ﬁz =0. OyeBnaeH GaKT, YTo B

3TOM CNiydae paBHbl HYIO €€ NPOoeKUMn Ha KOOPAMUHATHbIE OCU X U y, T.€.
YCnoB/ME paBHOBECUA MOXET 6bITb 3aNMcaHo B BUAe

PZx = if)zx =0;
i=1

Py, = ;Pl.y =0.

TakuM 06pa3oM, paBHOAEHCTBYIOLAEs M/IOCKOH CUCTEMbI CXOAS-
LMXCA CU/1 paBHa Hy/i0 TOJIbKO B TOM C/IyYae, Korga asnrebpamnyeckme
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CYMMbI ﬂpOEKLIMﬁ €€ aiaraemMbix Ha KaXxxgyro 13 [iByX KOOpANHaTHbIX ocelf
paBHbl HYJ1f0.

o™ (bOpMYJ'IbI Ha3blBalOT YpaBHEHUAMU pPaBHOBECUA MNJIOCKOM
CUCTEMbI CXOAAWUNXCA CUN N UCNONTb3YIOT NPpU aHAJIMTUYECKOM pPELLEHUN
3ajad.

CneposatenibHO, ONs pelweHust 3aja4y Ha paBHOBecue MNIOCKOW
CUCTEMBI CXOASLUMXCS CUMN Mbl MMEEM [Ba YpPaBHEHWUS. DTU ypaBHEHWSs
NO3BONSAIOT OnpeaennTb ABE HeM3BeCTHble BennuMHbl. ECnn ke 3apada
COAEPXUT HEU3BECTHbIE B KOJIMYECTBE, NPEBbLILLAOLLEM YNCIO ypaBHeHMﬁ
paBHOBECUA, TO 3Ty 3aAady HENb3A PEWNTb METOAaMUN CTAaTUKU abco-
JIIOTHO TBEpAoro Tena. 3agauu noaobHOro TUMa Ha3bIBAKOT CTaTUYECKU
HeornpeaesimmMbiMu,

1.10. Napa cun

cucrema fAByX NapasiesibHblX C/l, PaBHbIX 10 MOAY/IIO U Ha-
PaB/IEHHbBIX B MPOTUBOIONIOXKHbIE CTOPOHBI (PUC. 9), Ha3bIBAETCS Napor
cus1 (Mam npocCTo napou).

PaHee nokasaHo, YTO ABE PaBHblE MO MOAYJIIO CWJbl, MPUIOXKEH-
Hble K Teny BAOSIb OAHOM MPsSIMOM M HanpaBfeHHble B NMPOTUBOMOMOXHbIE
CTOPOHbI, 06pasyloT YPaBHOBELUEHHYIO CUCTEMY. [BE MpPUIIOXKEHHbIE K
Teny paBHblE MO MOAYNO CUSIbl, HarpaB/ieHHbIE B JIHO6YIO CTOPOHY BAO/b
He napannefibHbiX, HO NEXaLWMX B OAHOM MIOCKOCTU NIMHWIA AEUCTBUS,
MOXHO CNOXWTb MO MpaBWy MapasnnenorpaMMa U TEM CaMblM 3aMeHUTb
O[IHOW CUIOI — paBHOAENCTBYIOLLEN.

Mapa cun — 1 HeypaBHOBELLEHHAs CUCTEMA M He MMEET PaBHO-
aencreytoweid. Mapa cin Npou3BOAMT Ha TENO BpallaTenbHOE AENCTBUIE.

Hanpumep, 3akaB kapaHaall Mexay 60MblUMM U yKa3aTeNbHbIM
nanbLaMM, Mbl MOXEM €ro BpallaTb, ABWrasl NanbLamMm B NPOTUBOMOSIONK-
Hble CTOPOHbI, T.€. MPUKSIaAbIBas K KapaHAally napy cin (puc.10).

B nanbHeiilwem 6yaeT nokasaHo, UYTO JOBYO MIIOCKYD cUCTEMY
CUN MOXHO 3aMeHUTb NIM60 OAHOW SKBMBANEHTHOW el cunoii (paBHoAeN-
CTBYIOLLEN), NMMBO OAHOW SKBMBANEHTHOM €l Mapoi cu. TakuM obpasom,
HapaBHE C CU/OK, Napa CUN — NPOCTENLLNIA SNEMEHT CTaTUKU. YCIoBUMCA

o6o3HayaTb napy cun cumeosiom (P, P'). MnockocTb, B KOTOPOIA pacro-

NOXeEHbI CWMbl, 06pasylollMe napy CW, Ha3bIBAETCA MNOCKOCTbIO AENCT-
BUS Napbl Cu.

Kak oTMeuanochb Bbllle, Napa Cu/1 NPOM3BOAMT Ha TeNo Bpalla-
TeNbHOE AeNCTBUE, MPUYEM ECIIM CMOTPETL Ha NJIOCKOCTb AEWCTBUSA Napsbl
C KaKoMl-nm6o ofiHOW CTOPOHbI, TO Mapa MOXXET NOBOpPayMBaTh TeNo 6o

21



MPOTMB X0Aa Y4acoBol cTpenku (cM. puc. 9 u 10), nMbo No xoay YacoBoii
crpenku. KonmuecTBeHHast Mepa BO3AENCTBUS Mapbl CUM Ha TENO 3aBUCUT
OT Moaynst P cvun napbl U KpaTyanlero pacctosHus — i (cM. puc. 9) me-
XAy NIMHUSMU UX OEWCTBMS, HasblBAEMOro MjevyoM napbl. Yem 6onblue
MoZyfb P cun napbl U YeM 6onblie AfvHa nneda A, TeM 6onblunii Bpalla-
TenbHbI 3hdEKT NpoM3BOANT Napa Ha Teno.

Puc.10. Mpumep peiicteus
Puc. 9. Mapa cun napbl cun Ha Teno

BpaiyatesibHbiid 3¢hhekT Napbl U3MEPSIETCA B3SATbIM CO 3HAKOM
«MOC» UM «MUHYC» NMPOU3BEAEHMEM MOAYNSt OAHOW M3 CUA Mapbl Ha ee
nneyo. dTa anrebpanyeckas BeIMUMHA HA3bIBAETCS MOMEHTOM Mapbl M
ob6o3Hauaetcsa M, T.e.

M=+Ph.

3HaK «MNJC» CTaBUTCS Nepes YMCIOBbIM 3HaYeHWEM MOMEHTA B
TOM Cny4ae, ecsiv napa CTPEMUTCS NOBEPHYTH TENO NPOTVB X0Aa YacoBoW
CTPenKu, U 3HaK «MUHYC», eCSIM Napa CTPEMUTCS NOBEPHYTL TES0 MO X0oAy
YyacoBoW cTpenku. Hanpumep, Ha puc. 11, a Ha Teno AeicTByeT napa

(E,F’]') C MOMeHTOM M ;=P; h;, a Ha puc. 11, 6 napa (F’z,f_’z') C Mo-
MEHTOM M,=—P, h,. B MexayHapogHol cucteme eamnuy (CU) cuny us-

MEpSIOT B HbIOTOHAX, @ nnevo B MeTpax. COOTBETCTBEHHO, MOMEHT napbl
nsmepsieTcs B HorotoHomeTpax (H " m).

7, z

]

al o)

Puc. 11. OnpegeneHne 3Haka MOMeHTa napbl cun
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1.11. MOMeHT CUJibl OTHOCUTEJIbHO TOUKHU

B MexaHuKe CyLIeCTBYET MOHATUE O MOMEHTE CWJlbl OTHOCUTESb-
HO TOYKM.

MoMeHTOM cusibl OTHOCUTE/IbHO TOYKM HA3bIBAETCS B3STOE CO
3HaKoOM (I/IOC» MM <MUHYC») MPOU3BEAEHNE MOAY/IA CU/Ibl Ha KpaT-
yaviliee paccTosiH1e OT TOYKM A0 JiuHWN AeVcTBUS cnsibl (pyc. 12), T.e.

My(P)=+Ph.

Touka O, OTHOCWUTENBHO KOTOPOWN 6EPETCS MOMEHT CWJlbl, Ha3bl-
BAETCS LJEHTPOM MOMeHTa; OB = h — KpaTualillee pacCcTosiHWE OT LiEHTpa
MOMEHTA [10 SIMHUM AENCTBUSA CUbl — HA3bIBAETCA 1/IEYOM Ci/Ibl OTHOCU-
TeNbHO AaHHOM TOUKW; 3HaK MMoC CTaBUTCA B ciydae, ecim cuna P
CTPEMUTCA MOBEPHYTHb MU0 / NMPOTUB XOAa YacoBOW CTPESikM, a 3HaK
MWHYC — B MPOTMBOMO/IOXHOM Hanpas- 0

5 A

NEeHMU. MOMeHT cunbl P OTHOCUTENBHO

To4YkM O Ha pUC. 12 NONOXUTENBHBIN.
M3 nocnegHero paBeHcTBa cre-

ayetr, uyto npun h=0, T.e. Korga A

O- LlEHTP MOMEHTOB — PacCroJIOXXEH Ha —
— Puc.12. MomeHT cunbl P

e AeincTeuns Cnbl P, OTHOCUTENbHO ToukK O
M, (P)=0. Kak wu3BectHo, cuna -

CKOMb3SLLMIA BEKTOP, MO3TOMY Npu nepeHoce cunbl P Mo nuHusM aeict-
BUS U3 TOUKM A B ntobyto apyryto Touky A;, A, v T.4. (puc. 12) anvHa
naeyva He U3MEHMUTCS, @ 3HAYUT He U3MEHUTCS U 3HaYEeHMe MOMEHTA CUJbI
OTHOCUTENbHO TOYKW. MOMEHT CWMbl, Kak U MOMEHT Mapbl, U3MepsIoT B
HbIOTOHOMETpaX.

1.12. YpaBHeHMs paBHOBeCUS
NJIOCKOW CUCTEMbI NapasiesibHbIX CUJI

MycTb K AQHHOMY Teny MpUIOXeHa CUCTEMA NapanienbHbIX Cun
P, P, P, P,, P (puc. 13). Yepes nponssonbHyto Touky O, B3sTyIO

B MNJIOCKOCTM AEWCTBUSI CUA, NpoBeaeM ocb Ox, NEPREHANKYNAPHYO CU-
nam, u ocb Oy, NapannenbHylo 3TUM CuiaM. 3anuweMm Ans AaHHOW CuC-
TEMbl CU/T YpaBHEHUSI paBHOBECUSA:
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zPix =
zPiy -
> M, =0.

Ka>K,qa$| Chna nepneHankynspHa ocu Ox, n ee npoekuunsa Ha 3Ty
OCb paBHa HYynNO. Cne.qosaTeano NEpPBOE ypaBHEHUE 06pau4aeTcs| B TO-
»aectso 0 = 0 1 BbINONHSAETCA He3a-
BUCMMO OT TOro, ypaBHOBELUMBAOTCA
cunbl UK HeT. Takum obpasom, ans
MNSIOCKON CUCTEMbI napannenbHbIX cUn
OCTa€eTCA TOJIbKO [ABa YpaBHEHUA
paBHOBECUA, NMPUYEM Ha OCb Oy CUnbl
NPOELUNPYIOTCA B HaTypaJibHYO BENN-
Puc.13. Cucrema napannenbHbIX cun YMHY, TaK KaK 3Ta OCb NnapannesbHa
3a4aHHbIM CKaM.
Cucrema ypaBHeHMﬁ paBHOBECUA ANnA M/IOCKON CUCTEMBI napan-
NenbHbIX CUN NPUHNMaET BUA
zPiy -

> M, =0.

YpaBHeHus paBHOBeCns ANs NIOCKOM CUCTEMBI napannenbHbIX
CUJT MOXXHO 3anuncblBaTb B BNAE

> M, =0;
D M, =0.

Toukn A n B — npou3BoOfbHbIE TOYKM, NPEAnoYTUTENBHO WMX

B3ATb Ha OCU X, YPaBHEHWE ZPW =0 CNYXXUT ANsi NPOBEPKU NPaBUbHO-

CTW BbIYUCIEHWUN.

WTaK, Ansi Npon3BOJIbHON MIOCKOM CUCTEMbI CUNT Mbl UMEEM TpPU
YPaBHEHUS paBHOBECUs, a ANA MJIOCKOM CUCTEMbl MapannesibHbIX Cun
TONbKO ABa ypaBHEHWUA paBHoBecust. COOTBETCTBEHHO MPU pELLEHUM 3a-
Jlay Ha paBHOBECME NPOW3BOJIBHOW MIIOCKON CUCTEMBI CUM MOXHO HalTu
TPU HEU3BECTHbIX, @ MPWU PACCMOTPEHUM PaBHOBECUSI MNOCKON CUCTEMBI
napannenbHbIX cui — He bonee JByX.

EcnM KONMMUYECTBO HEM3BECTHbIX MPEBbLILIAET YUCIO YPaBHEHUM
CTaTUKW, 33/la4a CTAHOBUTCS CTAaTUUECKN HEONPEAENTUMOMN.
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1.13. Tunbl onop 6anok

B MalwmHax 1 coopy>XeHWUsIX OYeHb YacTo BCTPeyaloTca Tena ya-
JIMHEHHOMN bopMbI, Ha3biBaeMble 6ankamMm. OHM B OCHOBHOM MpeaHasHa-
YeHbl AN BOCMpUATUS nonepeyvHblX Harpy3ok. bankm nMeloT cneunans-
Hble OMOpPHbIE YCTPOMCTBA ANSA COMPSKEHUSI C APYrMMM 3JIEMEHTaMMU U
nepefayuM Ha HUX ycunuidi. Onopbl 6anoK, paccMaTpuBaeMbIX Kak Nniockue
CUCTEeMbI, BbIBalOT TPEX OCHOBHbIX TUMOB.

- lMogBmxHas wwapHupHas oriopa (pmc. 14, a). Takas onopa He
NPenaTCTBYET BPaLLEeHMIO KOHLA 6anku 1 ero nepeMeLLeHnio BAOb Moc-
KOCTM KaueHusi. B HE MOXET BO3HMKATb TONbKO OfIHA peaKums, KoTopas
neprneHanKynsapHa MaoCKOCTU KaYeHNs N NPOXOAUT Yepe3 LIEHTP KaTka.

CxemMaTnyeckoe M306paXKeHNe MNOABMXKHOW LUAPHMPHOM OMopbI
[JaHOo Ha puc. 14, 6.

al o) b 2/ {
57 77 ”/‘jg

Puc. 14. Tunel onop 6anok

MoagMXHBIE OMNOPbI AAOT BO3MOXHOCTL 6anke becrnpensTcTBeH-
HO MU3MEHSATb CBOKO AJIMHY MpU U3MEHEHWW TemnepaTypbl U TeM CaMbiM
YCTPaHSIOT BO3MOXHOCTb MOSIBNIEHWSI TEMMEPATYPHbIX HaNPSXKEHWA.

- HernogsmkHas wapHupHas oriopa (pyc. 14, B). Takas onopa
[JOMNyCKaeT BpalleHne KoHua 6anku, HO YCTpaHsieT nocTynartenbHoe ne-
peMelleHne ee B NO6OM HanpasfieHnu. Bo3HMKaIOWYO B HEN peakumio
MOXHO Pa3noXuTb Ha ABE COCTaBNAIOWME — FOPU3OHTAJIbHYIO U BEPTU-
KasbHYIO.

- XKectkas 3ageska, wim 3awemnaeHme (puc. 14, r). Takoe 3akpe-
MNeHWe He AOMYCKAET HU JIMHENHbIX, HU YI/IOBbIX NEPEMELLEHUIA OMNOPHO-
ro ceyeHusl. B 3Toli onope MOXET B OBLEM Crlydyae BO3HWMKATb peakums,
KOTOpYO 06bIYHO packnadbiBaloT Ha ABe cocTaBnsiowme (BepTUKANbHYHO
1 TOPU30HTAsbHYH0) U MOMEHT 3alleMSIeHNs (PEAKTUBHbIA MOMEHT).

Banka c ogHWMM 3azenaHHbIM KOHLIOM Ha3blBaeTcs KOHCOJIbHOM
6ankKoi 1v NpocTo KOHCOJbIO.
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Ecnn onopHble peakumu MoryT 6bITb HaﬁlﬂeHbl 13 OAHUX ypaBHe-
HUI CTaTuku, 10 6ankn HasbIBalOT CTaTUHECKHN onpeaenuMbiMn. Ecnin
Xe 4YMCNO HEU3BECTHbLIX OMOPHbIX peaKLl,I/Iﬁ 6OJ'IbLLIe, 4YEeM 4YNCIO YypaBHE-
HUI CTaTUKU, BO3MOXXHbIX ANA ,U,aHHOI\/JI 3a4a4un, 10 6anku HasblBalOT CTa-
TU4YeCKM HeonpeaeinMbiMn.

Mpumep
OnpegenmTs HEN3BECTHbIE NMapaMeTpbl peakuymii ornop A u B ans
3a4aHHOV (puC.15) KOHCTPYKUmmM 6Gasikv, HarpyXeHHOU Mapasine/ibHbiMu

cunamm P n P, .

y
P=400H F2=o00H
R T/"’ﬂ

A B x
N v

M

M

Puc.15. PacueTHas cxema 6anku

- 3anncbiBaeM ypaBHEHWE paBHOBECUS 6ankn Kak CYMMY MOMEH-
TOB BCEX CUS1 OTHOCUTENBHO Ornopbl A

> M, =Ry 8-P,-5-P-3=0,
:P2 5+P,-3 :600-5+400-3
8 8

- 3anncbiBaeM ypaBHEHWE paBHOBECUS 6ankn Kak CyMMY MOMEH-
TOB BCEX CU1 OTHOCUTENBHO ornopsbl B.

D> M, =Ry 8+P;- (8-3)+P,- (8-5)=0,
_P-5+P,-3_400-5+600-3
8 8

- MpoBepKa NPaBUALHOCTY BbIUNCIEHWI
CyMMa NpoeKLMiA BCEX CUIT Ha OCb Y I0/MKHA PaBHATLCA HY/IO:

D P, =Ry — Pi—Py+ Rs=475 400 — 600 + 525 =0.

OTkyna Rp =525 H.

=475 H.

OTkyna Ry

26



1.14. NpuBeaeHune cunbl K TOUKe

B Hauane X1X Beka JI. lyaHco aokasan TeopeMmy O napanfesnb-
HOM nepeHoce cunbl B N0BYI0 3a4aHHYI0 MM BbIGpaHHYO TOYKY.

MycTb AaHa cuna P, npunoxeHHas kK Touke A TBepAoro Tena, u
ee Tpebyetcs nepeHectn B Touky O (puc. 16, a). Mpunoxum K Teny B

Touke 0 (puc. 16,6) ypaBHoBelueHHylo cuctemy cun P', P °, napannens-
HbiX P 1 paBHbIX eli no moaynio (T.e. P’ = P" = P). Tenepb, KpoMe Cubl
P ", npunoxenHol k Touke O, obpasosanacb napa cun (P, P') c mo-

MEHTOM M=P-h. HO TaK KakK ¥ MOMEHT AaHHOW cufibl P oTHOCWUTENbHO
Toukn O paBeH My( P )=P-h, To M=M,(P ).

TakuMm 06pasoM, Bcakyro cuy P, npunoxeHHyro K Tesly B Touke
A, MOXHO MEPEHOCUTE NAPaIENbHO SIMHUM AeHCTBUS B JIt06yIo Touky O,
MPUCOEANHNB 1Py CWJl, MOMEHT KOTOPOU pPaBeH MOMEHTY AaHHON ChJibl
OTHOCUTE/IbHO HOBOV TOYKU €€ MPUIIONKEHUS.

Onepaums Takoro nepeHoca Cuslbl Ha3blBAETCA NPUBEAEHWUEM CU-

fbl K TOuKe, a mosensiowasca npu 3toM napa (P, P') ¢ mMoMeHToM

M=M,( P ) HasblBaeTCS npucoeqmuHeHHowH napovi (puc. 16, B).

al

RS

Puc. 16. MNpuseneHne cunbl P s TOYKY O
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M3n0XKEHHBIN METOo A NnpuBeAeHUA OAHOD’I CUNbl K ﬂaHHOﬁ TO4Ke
MO>XXHO MNMPUMEHUTb K KaKOMYy YroaHo 4ucCiy Cui, KOTOpble NMpUBOAATCA B
OfHY Touky. Cxogswmecs B 3TON TOUKE CWMbl 3aMEHSIEM OﬂHOﬁ cnnom

(R ), koTOpas ABAAETCA reOMETPUYECKOW CYMMOWN 3TUX CUM U Ha3blBaET-
CS1 [71aBHbIM BEKTOPOM CUCTEMbI cvs1. TI0 aHanormm C rnaBHbIM BEKTOPOM
nonyyaem r/aBHblii MOMEHT cuctembl (M.) OTHOCUTENBHO TOYKW MpuUBe-
JIEHUS, CKNaabiBasi anrebpanyecku MOMEHTbI NPUCOEAMHEHHBIX Map.
TakuM 06pasoM, NMOCKas CUCTEMA CUNT MOXET 6biTb 3aMeHeHa
SKBMBANEHTHOMN €1 CUCTEMOIA, COCTOSIILEN U3 OAHOM CNbl U OAHOM Napbl
cnn. OyeBuzeH aKT, UTO CUCTEMA CMJT HAXOAUTCS B paBHOBECUW, KOraa

rNaBHbI BekTop cucTeMbl cn (R ) W rnaBHbI MOMEHT cucTeMbl (M)
paBHbl Hy/t0. 3TO ycC/1I0BHE Ha3bIBAETCA yC/IOBMEM paBHOBECUS
NJI0CKO# CHCTEMbBI CHJI.

Fasa 2. OCHOBbI CONMPOTUBNEHNA MATEPUAJIOB
2.1. ledpopmaums Ten noa AeCTBUEM BHELUHUX CUN

Ha Bce AeTanu MaluH U COOPYXXEHUI BO BPeMsi UX paboTbl aeit-
CTBYIOT pa3/IMyHble BHELWIHWE Cunbl. Mpy onpeaeneHn BENUUUHBI U Ha-
NPaBNeHNs TaKUX CUM, MPWUIOXEHHBIX K TENaM, HaxoasWwuMcs B pas-
HOBeCMW, 06bIYHO AENaeTca AONYyLLEHWE, YTO BCe Tefa abconioTHO TBEp-
able, T.e. Hepedopmupyemble. O6 3TOM rOBOPUSIOCH Bbille B pasgene
«CTATUKA»,

B nencrBuTENbHOCTV Tena noj AENCTBUEM MPUMOXKEHHBIX K HUM
CUN B TOW WM MHOW CTEMEHU MEHSAIOT CBOO hOpMYy M pa3Mepsbl, T.e. Ae-
dopmupytoTcs. PasnuualoT ynpyryto M octaToudHyto aedopmaumn. [e-
opMaumsi, MOMHOCTBIO McYe3alowas MNocne npekpalleHnst AencTBuS
BHELLHWX CWM, Ha3blBaeTCca ynpyroi. Ecnm nocne cHATUA Harpysku Teno
He BOCCTaHaB/IMBAET NpeXHeN GopMbl, TO FOBOPAT 06 ocTaTtoyHos (nna-
CTHYeckoit) aecopMaLmu.

Xapaktep aedopMaumu (ynpyrasi UM OCTaToyHasi) 3aBUCUT OT
BEMMYMHbI CUJbl, AENCTBYIOLLEN HA TENO, Pa3MEPOB TeMa U MEXAHUYECKUX
CBOMCTB ero matepuana. Mbl byneM 3HaKOMWUTbCS C Aedopmaumen Ten
Hanbonee npocTo opMbl. TakuUM TENOM SABMSIETCA MPAMONUHENHBIN
6pyc — Teno C npsiMoM OCblo, Y KOTOPOro AJiMHA 60siblue MonepeYHbIX
pa3MepoB. [N yNpoLEHNsS pac4eToB Mbl ByeM CuMTaTh, UYTO caM 6pyc
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He UMeeT Macchl. B 3aBUCMMOCTM OT HanpaBneHUst AeNCTBUS CUI, NPUIIO-
XKEHHbIX K Tefly, MOryT BO3HMKaTb pa3fnyHble BUAbl AedopMaumnii: pac-
TSOKEHUE, OKaTue, CABUI, KPYYEHNE, U3rub.

[edopMaumnst pacTsbkeHUs Uan OKaTUsa BO3HUKAET B TOM Cllyyae,
KOrAa BHELUHWE CW/bl HaMpaBieHbl MO OAHOM npsiMoid (BAOMb Ock Bpyca)
B pa3Hble CTOpPOHbI (puc. 17, a, 6). Ecnm Ha 6pyc AENCTBYIOT BHELWIHME
CWNbl, CTPEMSILLMECS CABMHYTb OAHY YacTb €ro0 OTHOCUTENbHO ApYrow, TOo
BO3HUWKaeT fedopmaumsa casura (puc. 17, B).

Ecnu 6pyc HaxoauTcs noa AEMCTBMEM HarpysoK, CO3AatoLmX
NPOTMBOMONOXHbIE Mapbl CUN B MAOCKOCTSX, NepneHAnKYNSpHbIX Npo-
[ONbHON ocu bpyca, To nosBaseTca aecdopmaumst kKpydenus (puc. 17, r).
W, HakoHew, ABe paBHble Napbl CU Ppa3HOro 3HaKa co3aatoT AedopMauumio
nsrmba (puc. 17, 4).

P M
P17 7 P A a2l
j - 11 1 v 1 [y ———
[M— H_—-H — \ é‘
a g gr g 7

Puc. 17. Buabl aecdopmauuii:
a— pacTsbkeHue; 6 —okaTue; B — CABUI; I — Kpy4YeHue; g — nsrmb

Ytobbl ntobas getanb MawwuHbl 6bina paboTtocnocobHa, T.e. Mor-
na paboTaTb 6e30MacHO M 6bITb AOCTATOYHO AOSITOBEYHOM, OHA HE TOJIbKO
He [IO/MMKHa pa3pyluaThCsl OT AENCTBUSA Ha Hee pabounx yCunuii, Ho u ae-
opMaLmn, BOHWKAIOLWMUE B HEWN NPU 3TOM, AO/MKHbI ObiTh BECHMA Marbl-
MU 1 06s13aTenbHO ynpyrumMu. OnpeaenuTb MUHUMarbHble pa3Mepbl AeTa-
1, Heobxoanmble anst obecneyeHns ee paboTocnocobHOCTN B COOTBETCT-
BUW C AENCTBYIOLIMMU Ha HEE Harpy3kamu M CBOMCTBaMM Matepuana, us
KOTOpOro 3Ta [A€Tajlb M3roTOB/IEHA, MOXHO METOAaMu, M3y4aeMbiMU B
pasaene TEXHNYECKON MexaHukn — «CornpoTUBNEHNE MATEPUANIOB.

2.2. BHelwHue cuiibl, BHYTPEHHUE CUJIbI YNIPYrOCTH
M HanpsH>KeHus

Harpy3ku, AeViCTByroImME Ha TE/O MPpU B3auMOAEHCTBUN €ro C
ApYyrvMuy Teiamu, Ha3bIBatOTCA BHELLHMMM. TI0 Cnocoby NPUMOXKEHNUS OHK
MOTYT 6bITb COCPEAOTOYEHHBIMU W PaCripeaeeHHbiMU. COCPEAOTOUEHHbIE
Harpy3ku OENCTBYIOT Ha TENo Yepe3 OuveHb MaseHbKUe MoWaaKu U C
[OCTaTOYHON CTEMEHbI0 TOYHOCTM MOTYT CUATATbCA MPUNOXKEHHLIMU B
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Touke. Mo xapakTepy AENCTBUS HArpysku AENSTCS Ha 110CTOSHHbIE (CTa-
TMYeckne) n nepemerHele. Mol byaeM paccmaTpusaTtb Hanbosee npocTole
Cflyyau, Korga AenCTBYIOT COCPeA0TOYEHHbIE MOCTOSIHHbIE HArpy3Ku.

Kak 6bl10 0TMeYeHO, NoA BAUSIHUEM BHELWIHUX cun Teno aedop-
mMupyeTcs. Mpu 3TOM C1Abl B3AMMHOMO CLENEHUS Mexay YacTuuamm Ma-
Tepvana okasblBaloT NPOTUBOAENCTBME BHELHMM CUlaM — TaK BO3HMKAOT
BHYTPEHHUE CU/Ibl YIIPYroCTH, KOTOPble pacrpeaeneHbl No Beel niowaam
NnonepeyHoro CeYeHust Tena B OAHMX C/ly4Yasix paBHOMEPHO, B ApYrux —
HepaBHOMEpHO.

BennuuHa BHYTPEHHUX CU/ Yripyroctu, MpuxoasLascs Ha eam-
HULy 10Laan rnornepeyHoro CEYEHUs T€/1a, Ha3blBAETCS HarpPsXKEHUEM.
MHaue MOXHO CKasaTb, YTO HaMpsDKEHUS SIBNSIOTCS MEpPON WMHTEHCUB-
HOCTW pacnpeaeneHnst BHyTPEHHUX CUI1 yrpyrocTu.

MockonbKy BHYTPEHHSA cuna (Kak 1 BCsKasl cuna) SBASIETCS BeK-
TOPOM, TO M HanpsbkeHue — Takke BeKTop. EavHMUA n3MepeHus Ha-
NpsHKeHns HM® i1 H/M’ Ha3blBaeTcs nackasb (ITa). Tak kak nackanb Ans
TEXHUYECKUX PacYETOB OYEHb MaJsl, B MPAKTUKE UCMOMb3YIOT Meranackasb
(MIla) paBHbli 10° I7a. Meranackans yAO6HO BblpaXkaTb Kak H/mnd’.

Ecnu BEKTOp BHYTPEHHMX CWM, @, 3HAYMT, U HaMpPsHKEHUIA Ha-
npasneH nepneHanKyNsapHO paccMaTpyvBaeMOMy CEYeHWO Tefa, Hanps-
YKEHWE Ha3bIBaeTCs HOpMasibHbIM U 0603HaYaeTcs BykBol o (curMa). Ecrin
HanpsKeHWe AeCTBYET B MJIOCKOCTU PAacCMaTpUBAEMOro CEYeHUs Tena,
TO €ro HasblBalT KacaTesbHbIM U 0603Ha4aloT 6ykBoi 7 (Tay). K 3Tum
6ykBaM [06aBNAOTCS MHAEKCHbl, oO603Havatowme BuUA AedopMauunii:
p (pactsxeHne), ¢ (okatue), cp (cpe3 npu casure), x (KpyyeHue),
u (n3rmb).

2.3. [leiictBUTeNbHbIE, NpeaesibHO onacHblie
M AionycKaeMble HanpsHKeHus

YCTaHOBMEHO, YTO BHELLHME CUSIbl BbI3bIBAOT AecdopMaupto Ten,
B pe3ysfibTaTe Yero NosiBNSIOTCA BHYTPEHHWUE CUITbI YNPYFOCTU, @, 3HAYuT,
N HanpshkeHnsi. ECnn M3BECTHbI BHYTPEHHUE CWIbl, XapaKTep MX pacripe-
[ENeHnsl B CEYEHNN N pasMePbl, TO MOXXHO ONPEeAenuTb Tak HasblBaeMble
JEVICTBUTEIbHBIE HAMPSIKEHNS.

OpHako He ntoboe HanpsbkeHue 6esonacHo ANns MaTepuana Aae-
Tanu. BHyTpeHHWe cunbl, T.€. CUITbl NPOTUBOAENCTBUSA, HE MOrYT BO3pac-
TaTb 6ecnpepenbHo 6e3 HapylweHus pabotocnocobHocTn aetanu. Mpu
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JIOCTVDKEHUWN ONPEeAENeHHON BEMNUYMHBI HACTYMaeT KPUTUYECKUIA MOMEHT.
Ons nNNacTMYHbIX MaTepuanoB — 3TO MOSIB/IEHWE OCTaTOYHbIX Aedop-
MaUuiA, T.e. Mepexod W3 30Hbl YMNPYroCTM B 30HY MNAACTUYHOCTU, ANA
XPYNKUX — HapyLlleHWEe LENOCTHOCTH, T.e. pa3pylleHue. TakuM obpasomM,
CYLLIECTBYIOT MpPEAENbHO OMACHbIE HaNPSXKEHWUS: B MEPBOM Clydae — ripe-
aen tekyyectvt (o, M T,,), BO BTOPOM — MIPEAE NPOYHOCTH (G N Tyy).
OcobbiM cryyaeM HapylleHus paboTocnocobHOCTU AeTanu ABNSETCS pas-
pYLIEHNE ee MaTepuana MoA B/IMSHUEM HanpsHKEHWA, LIMKIMYHO M3Me-
HSIIOLLIMXCS BO BpEMEHW. B 3TOM ciyyae npeaenbHO onacHbIM HanpsKeHu-
€M ABNSIETCS fIpeges BbIHOCIMBOCTY. VI3BECTHO, YTO BENMUMHA NpPeAEb-
HO OMacHbIX HaMNpsHKEHWI 3aBUCUT OT CBOWCTB MaTepuana v onpeaenseT-
C BO BPEMSI MEXAHWYECKUX WCMbITaHWU. WX BENMUMHBI NPUBOASTCA B
CNpaBOYHUKAX.

Kasanocb 6bl, YTO yC/IOBME He30nacHoi M AONroBeYHON paboThi
JeTanu cneayeTr hopMynMpoBaTh TakK: AENCTBUTENbHbIE HAMPSHKEHUS
JIO/DKHbI 6bITh MEHbLLE NPEAENbHO OMNAaCHbIX HAMNPSXKEHWUI UITN PaBHbI UM,

OfiHaKo Henb3st AONYCTUTb, YTOBbI AETaNN MalMH paboTanu npu
NnpeaenbHbIX HaMpsHKEHUSX WKW NPU HanpskeHUsiX, BecbMa 6/IM3KMX K
HWM, TaK KaKk B 3TOM C/lydae fAaxe Marneiillee yBeNMYeHue AenCTBu-
TeNbHbIX HaNpPSHKEHUIA, BbI3BAHHOE C/TyYalHBIMU NMPUYMHAMKM, MOXET Mpu-
BECTW K OMacHbIM NiacTU4eckum aecopMaumaM unu K paspylieHuio. Mo-
3TOMY B pacyeTax OpUeHTUPYoTCS Ha Bonee 6e30macHyto BENMYMHY MaK-
CUManbHbIX HAMPSKEHUA — HA JOMYCKAEMbIE HAMPSXEHMS, KOTOPbIE
MeHbLLUE NpeaenbHO OMacHbIX B ONpeaenieHHoe Y10 pa3. 3TO YNCIO Ha-
3bIBalOT HOPMATUBHbIM KO3MOULMEHTOM 3araca fpoYHOCTH.

Bbibop HOpMaTMBHOro Koad@duuUMeHTa 3anaca MpPOYHOCTU Ypes-
BbIYQHO CIIOXKEH M O/MKEH YUMUTbIBATh 60/bLLOE YMCIO hakTopoB (CBOW-
CTBa MaTepuana, XapakTep Harpy3ku, CTereHb OTBETCTBEHHOCTU AeTanu
n ap.). B cnyyae npubnmKeHHbIX pacyeToB MOCTYnaloT npolle: Ao-
MyCKaeMble HanpshKeHns BbIBUpaloT No Tabnuuam B CnpaBoOYHMKax. Ta-
KM 06pa3oM, OKOHYATENBHOE YC/IOBME MPOYHOCTY Ntoboid aeTanu 6yaet
TAKUM: [IENCTBUTE/IbHBIE HAMPSHKEHUSA [AOMDKHbI OblTb MeHblle [0-
MYCKAEMBIX HAMPSHKEHUIA MW PaBHbI UM,

[JonyckaeMble HanpshkeHUst 0603HaYaloT TeMU Xe BykBaMK, UTO
N OENCTBUTENBHBIE, HO 3aK/IOYaIOT KX B KBaApaTHble CKObkM. Hanpumep,
0, — [eNCTBUTENbHOE HamnpshKeHWe Npu pacTskeHuu, a [o,] — Aonycka-
€MOe HanpshKeHWe MpU pacTsHKEHNM.
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2.4. OnpeneneHne BHYTPEHHUX CUJ1 YNIPYroCTH

KpaTko NOBTOpPWM MOCNEA0BATENBHOCTb PACCYXAEHNIN, U3MOXKEH-
HbIX B Npeablaylunx naparpadax: BHELIHWE CUIbl Bbi3blBalOT AecopMa-
uuto, B pesynbrate AecdopMaLnm NosBASIOTCA BHYTPEHHWE CUIbI YNPYro-
CTW, UHTEHCUBHOCTb pacrnpeaeneHnst BHYTPEHHUX CWU YNPYrocty xapak-
TEPU3YETCA HaNpsHKEHWEM, AEACTBUTENBHBLIE HAMPSHKEHUS HE AOMKHBbI
MpeBbIWAaTh AOMYCKAeMbIX, OCHOBHOW 3aaadyeit COMpOTMBMIEHWUS MaTepu-
anoB SBNSIETCS ONpeAesieHne MUHUMaNbHO HEeOBXOAMMBIX pa3MepoB Ae-
Tanu, obecneunsaromnx ee paboTocnocobHOCTb.

OTcloza crneayeT, YTo ANsl peLleHnsl OCHOBHOM 3aayu ComnpoTuB-
NIEHNs MaTepuanoB HeobXoaAMMO NpeXae BCEro HayuuTbCs MO BHELHWUM
cunam onpeaensiTb BHYTPEHHUE CUMbl YNPYrocTu. [ns 3Toro nNpuUMEHSIoT
mMeTog ceqeHmyi. CYLIHOCTb €ro 3aK/IHUaeTcsl B CNefytolmX YETbIpexX aeit-
CTBUSIX (PaccMaTpUBAETCA HaxoAsLMINCs B paBHOBECUMM BpYC, K KOTOPOMY
MPUNOXEHbI U3BECTHbIE BHELLHME CUJTbl UM MOMEHTbI CUN):

1) MbICNEHHO paccekatoT 6pyC MNOCKOCTbIO, MepreHANKYISPHON
€ro ocu, B TOM MecTe, rae TpebyeTcs onpeaenvTs BHyTpeHHUE CUibl;

2) oTbpacbiBatoT NIO6YI0 U3 MOSyYeHHbIX 4yacTeld. PaBHoBecue
OCTaB/IEHHOW YacTU HE HapyLUWUTCS SMLWb B TOM CllyYae, eciv K Heil npu-
JIOXXUTb peakumu — BHYTPEHHUE CUJTbl, 3aMEHSIIOLLIME AENCTBME OTOPOLLIEH-
HOM YacTu. 1N OCTaB/IEHHON YacTW OHU ByayT UrpaTb PONb BHELIHMX
cun;

3) 3aMeHsII0T AENCTBME OTOPOLUEHHOM 4YacTU WCKOMbIMW BHYT-
PEHHUMU CUNAMU;

4) ypaBHOBELUMBAIOT OCTaB/IEHHYIO YacCTb, T.€. ONpeaensoT
BHYTPEHHWE CUSTbI.

CnepyeT NOMHUTb, YTO 3AE€Ch ONPeAENsSETCS He 3aKOH pacnpee-
NIEHNS1 BHYTPEHHUX CWJT MO CEYEHUIO, @ NMLLb PABHOAEMCTBYIOLIAA 3TUX
cun (Mnn paBHOAEWCTBYHOLLAs napa cun).

MpounnaocTpupyeM 3TOT METOA Ha MPOCTOM Cly4ae HarpyXeHUs
6pyca kpyrnoro ceveHus (puc. 18, a). MNepBbit War — paccekaeMm 6pyc
(puc. 18, 6), 3aTem oTbpackiBaeM oaHy 4YacTb (puc. 18, B) (NokasaHa oc-
TaBNeHHasl YacTb); HaAKOHEL, 3aMeHsieM [AeiCTBME OTOPOLUEHHON 4YacTu
BHYTPEHHUMW CWMaMK C TaKUM pacyeToM, YTobbl Cobnoaannch ycoBus
paBHOBECKS, T.€. MPOU3BOAVM TPETLE U YeTBEpTOE AencTaus (puc. 18, ).

B 3Tux cnyyasix ansi paBHoBecusi 6pyca HeobxoauMo u gocTaToy-
HO, UTO6bl BHYTPEHHWNE CUIbI MPUBOAUIIUCL K paBHoAencTBYoLel N (npo-
[ONbHON UM HOPManbHOM cune).
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Puc.18. CxeMbl OMpeaenieHnsi BHYTPEHHUX CUM YNPYroCcTU: @ — UCXOAHAs CXema
HarpyxeHus 6pyca; 6 — 6pyc paccekaeTcs NNOCKOCTbLIO; B — OTCEYEHHast YacTb 6pyca;
r— paBHOBECWE OTCEYEHHOM YacTn 6pyca

2.5. PacueTbl Ha NPOYHOCTDb

Mpn pelweHnn NpaKTUYeCKUX 3afad C MCMoJIb30BaHWMEM METOAOB
HayKn O COMPOTMB/IEHUN MATEPMAsNIOB MOrYT BCTPETUTLCA ABa TWUMOBbIX
cnyyasi.

MepBbii cyyalt — U3BECTHbI BHELLHWE CUoBble hakTopbl (CUbI,
MOMEHTbI), MPUSIOXKEHHbIE K AeTann, U MaTepuan aetanu. Tpebyetcs on-
pefenuTb pasMepbl MOMepeYHOro ceyeHus aetanu. Takas 3ajada Ha-
3bIBAETCA /IPOEKTHBIM PAcHETOM W peluaeTcs Tak. Mo CcnpaBOYHbIM faH-
HbIM OMpeaensitoT [OMyCcKaeMble HanpsbkeHusi. MckoMble pa3mepbl Mno-
MepeyHoro ceyeHusl getanu GyayT TeM MeHblue (3KOHOMWYECKM 3TO, ec-
TECTBeHHO, 6onee LienecoobpasHo), YeM 60MbIUNE [ENCTBUTENbHbIE Ha-
MPSHKEHUSI Mbl AONYCTUM B HeN. MO3TOMY MbICNIEHHO AENCTBUTESNbHbIE
HanpsH>KEHUS NPUPaBHMBAIOT K CaMbIM 60MbWMM 6e3onacHbIM, T.€. AoMyC-
KaeMbIM HanpsbkeHWaM. 3aTeM, NMPUMEHUB METOM CEYEHWUIA, ONpPEeAensioT
BHYTPEHHWE cuoBble akTopbl (CUIbl, MOMEHTHI). B 3akntoyeHne, 3Has
[OMyCKaeMble HanpshKeHUs1 U BHYTPEHHWE CWUIOBble (hakTopbl, onpeaens-
0T pa3Mepbl MOMNEPEYHOro CeYEHMSI N0 pacyeTHbIM (DOpMysaM, B KOTOPbIX
YUUTLIBAETCS, KaK pacnpegeneHbl BHYTPEHHWE CWUIbl YMPYroCcTUM B Ceve-
HUW. DTN pacyeTHble OPMY bl NMPUBEAEHDBI HDKE MPU PAacCMOTPEHUN Ka-
Xnaoro Buaa aedopmaunit.

BTopoit cnyyaii — U3BECTHbI BHELIHWE cuoBble (akTopbl (Cuibl,
MOMEHTbI), AEACTBYIOLIME HA AeTaNb, MaTepuan AeTanuM M pa3Mepbl ee
rornepeyHoro ceyeHusi. TpebyeTcs NpoBepuTb MPOYHOCTL AeTanu. Takas
3a4a4a Ha3blBAETCS 1IPOBEPOYHBIM PAcHETOM. B 3TOM criyyae onpeaensitot
JIEACTBUTESIbHbIE HAMPSXKEHWUS, CPABHMBAIOT UX C [IOMYCKAaeMbIMU U Aena-
lOT BbIBOA O MPOYHOCTU. Kak Mbl 3HaeM, AeTanb 6yAeT NpOYHOM, ecnu
OKQ)XETCS BbINOSIHEHHBIM CNEAYIOLLEE YCNOBUE: AENCTBUTENbHbIE Hanpsi-
)KEHUSI MeHblLEe AOMYCKAeMbIX MMM paBHbl MM. BenuuuHa Aonyckaembix
Hanps>KEHU BbIBUPAETCs, Kak U B NEPBOM C/lyyae, Mo CrpaBOYHMKAM, a
BEMNUYMHA AEACTBUTENBHBIX HAMPSHKEHWUI ONPEAenseTcs Nno BHYTPEHHUM
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C1NoBbIM (baKTOpaM N pa3MepaM nonepevyHoro ce4yeHmna B COOTBETCTBUN C
pacCyeTHbIMU CbOpMYJ'IaMVI ANAa KaXXaoro suaa I,Cl,e(t)O[:)MaLl,I/II/I.

2.6. PacnpepneneHue HanpsiXXeHUii Npy pacTsXKeHUm

Kak Mbl oTMevanu, aedopMaLms pacTsHKeHUs NOSIBNSETC B TOM
CNlyyae, ecnv BHELIHWE CUAbl HanpaB/eHbl MO OAHOW MpPsSMOW BAOMb OCK
6pyca B pasHble CTOpOHbl. Ecnn npeactaButh cebe B TakoM 6pyce BO-
obpaxaeMble MpoAO/ibHbIE BONIOKHA MaTepuana, TO ACHO, UYTO BCE OHU
YAMHATCA, MPUYEM, OYEBUAHO, YAIMHEHMS BCEX BOMIOKOH ByayT oau-
HaKoBbI. VIHaue roeBopsi, Matepuan B 06O TOUKE MOMEPEYHOro CEYEHMS
6yaetr oavHakoBo AedopMupoBaThea. CneaoBaTenbHO, M BHYTPEHHWE
CWNbl YNPYrocTu Takxke BO BCEX TOYKax byayT oauHakoBbl. HO 3To o3Ha-
YaeT, UYTO BO BCEX To4Kax 6yAyT OAMHAKOBbIE HanpsbkeHus. OueBUAHO,
YTO MpW TaKOM PaBHOMEPHOM pacrnpefeneHnn BHYTPEHHUX CUJT MO Ceve-
HUIO BENNUMHY AENCTBUTESNbHBIX HOPMasbHbIX HAMNPSHKEHWIA MOXHO MOony-
UUTb, Pa3denMB PaBHOAEUCTBYIOLYIO N BHYTPEHHUX cun (NPOAOSbHYIO
cuny) Ha nnowwaas F nornepeyHoro ceveHus 6pyca, T.e.:

2.6.1. 3aBUCMMOCTb MexXAy HanpsKeHneM
N OTHOCUTENbHBIM YAIMHEHUEM

YCTaHOBMEHO, YTO B HEKOTOPbLIX Npeaenax HarpyeHust npu yn-
pyrvx AecdopMaumsx HarnpskeHne npu pacTsikeHUn o, OKasblBaeTCs nps-
MO NPONOPUMOHANbHbIM BEIMUMHE OTHOCUTENBHOrO YASMHEHus &. OT-
HOCUTE/IbHbIM  YI/IMHEHNEM HA3bIBAETCS OTHOLLUEHNE abCOMOTHOIO yA-
JIMHeHns (MpupocTa mHbl) Al 6pyca K ero rnepBoHaYasibHou QymHe I,
T.€.

Al

e=—.
l
BennunHa ¢ — unn 6e3pa3MepHbIii NapaMeTp, UK BblPaXKAETCA B
npoueHTax. Ecnm KoaddUUMEHT MpPONOpLMOHANbHOCTM MeXay Hanps-
)XEHWEM 1 OTHOCUTENbHBIM YA/IMHEHWEM 0603HauUTL BykBOM E, TO 6, =E- ¢.
3aBMCMMOCTb 3Ta 6bina BrEPBblE YCTAHOBMEHA aHIIMNCKUM yye-
HbiM [YKOM W Ha3bIBAETCA 3aKOHOM [yka. KakoB e (PU3NYECKUIA CMbICT
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Ko3drUMEHTa NPONOPLMOHANBHOCTU? 3TO NIEMKO YCTaHOBUTb, €CN cae-
naTb ponyweHune, yto A/ = [ a 3HauuT, ¢ =1. B 3TOM Cnyvae E = o, 1
MOXHO CKa3aTb, YTO £ — Takoe HanpspKeHue pacTsdkeHUs, KOTOpoe BO3-
HWKaeT B MaTepuane, ecnn 6pyc yANMHSAETCS Ha BENMUMHY, PaBHYHO CBO-
el NepBoHaYanbHOW AMHE. Hago OTMETUTb, YTO XOTS MOYTM BCE MaTe-
puvanbl paspyLlaloTcs ropasfo paHblle, YeM HarnpshkeHue AOCTUraeT Be-
NMUMHBI E, TEM He MeHee BenMyMHa TaKoro HanpsbkeHus oTobpaxkaeT
[encTBUTENbHbIE CBOWCTBA MaTepuara, ero CriocobHOCTb CONpPOTUBIISTLCS
ynpyroi aedopmaumm pactskeHns. KoacdhduumMeHT nponopumMoHanbHOCTH
E HazbiBaeTcs mogyniem yripyroCtv Npu pactsbkeHun (MoayneM npoaosib-
HOW ynpyroctv). BennuuHa E Ans pasnuyHblX MaTepuanoB passfivyHa.
Hanpumep, ana cramm E= 2%10° Mlla. [nsa npakTuyeckux pacyeToB
yoobHee apyroe MateMaTuyeckoe BbipaXXeHue 3akoHa yka npu pacts-
YKEHUW, NO3BOJISAIOLLEE ONPEAensTh BENMYMHY abcontoTHOM AedopMaumm
6pyca nog Harpyskoi. MonyunTb ero HECNOXHO, ECAIU YYECTb, YTO

N Al
Op =—— HE=——.
F [
Torpa
N Al NI
— =F — wmAl=—.
F / EF

CnepoBaTenbHo, abCoMoTHOE YASMHEHWE, NONyYeHHOE GpycoM,
NpAMO MPOMOPLMOHANBLHO NPOAOSLHOM Cue U AnvHe Bpyca 1M obpaTtHO
NPOMOPLMOHANBHO NJIOLLAAN NMOMEPEYHOIO CEYEHNS U MOAYSIHO YNPYroCTy.

TaK e, Kak W Mpu pacTsHKEHUM, BHELLHWE Cuibl, AedopMUpyto-
Wme 6pyc Npy CKaTUK, HanpaefeHbl BAOMb OCM 6pyca B MPOTUBOMOMOX-
Hble CTOPOHbI. OIHAKO NPY PacTSXKEHUM OHW HanpaB/eHbl OT TeNa, a Npu
oKaTuK — K Teny.

BHyTpeHHME cunbl YNPYrocTy Npu OKaTUM pacnpeaensioTcs no
CEYEHMIO, KaK W MpPU PacTKEHUM, PAaBHOMEPHO, TaK Kak Matepuan Bo
BCEX TOYKaX MOMepeYHOro CeuyeHusi NoABEpraeTcs oaMHakoBol aecop-
MaUuW. 3HAUUT W BENNUMHA AENCTBUTENBHBIX HANPSDKEHUIA NPU COKaTUM
NOACUMTBIBAETCA @aHANOMMYHO:

N
O-C:_)

F
roe N — paBHOAENCTBYIOLLAA BHYTPEHHUX CUN ynpyroct (NpofosibHas
cina); F — nnoulaab NornepeyHoro ceueHust 6pyca. [ns okatus nosHo-
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CTblO NPUMeHMM 3aKOH lyka. Ero mMaTemMaTuMyeckue BblpaXKeHWsi aHano-
FMYHbI PACCMOTPEHHBIM MPU PaCTSHKEHUN.

HarnsigHoe npeacraBneHne 06 W3MEHEHWM BHYTPEeHHMX npo-
JONbHbIX CuN No AnvHe 6pyca paet sntopa (rpaduk NpoAOAbHBIX CUn),
OCb KOTOpPOW MPOBOAWUTCS MapannenibHo ock 6pyca, a nepneHaAnKYNsSpHO
€l OTKNaAbIBAOTCS 3HAYEeHMs1 MPOAOSIbHbLIX CUST (C YY4ETOM 3HAKOB) B Bbl-
6paHHbIX ceveHusix bpyca.

[pumep noCcTPOeHUS MOPb! MPOAObHBIX CHJT

PaccmoTtpum 6pyc (puc. 19), kK koTopoMmy B Toukax 1, 2, 3, 4

NpUNoXeHbl BHewHue cunbl P; =P, P, =3P, P;=2P n P,=2P.

/ A W
No=4P N=2P
#=*" (I

Puc. 19. 3ntopa NpoAosibHbIX Cun

MeToanKa NoCTPOeHNS aNI0pLI creayoLas:

e Pa3buBaem 6pycC Ha y4acTku, rpaHMLAMU KOTOPbLIX SBASIOTCS
ToukM 1, 2, 3, 4 npunoxeHus cvn. MNonyyaeM B HaWeM ciyyae Tpy yyacT-
ka (I, II, III).

e Ha KaXaoM M3 y4yacTKOB B MPOM3BOJSIBHOM MeCTe MpPOBOAUM
cedeHune. Ha yyactke I — 310 ceyeHune I — I, Ha y4yacTke II — cooTBeTCT-
BeHHO IT — IT n T.4.

e lcrnonb3yemM MEeTOA CEYEHWI, oTOpachbiBaeM MpaByro 4acTb U
3aMeHsIEM ee AelCTBME BHYTPEHHEW cunoit N; PaBHOBeCME OCTaBLLENCS
4yacTu MMeeT BuA

— anga yvactka I —P; +N; =0, otkyga N; = P; =P,

— pana yvacrtka Il =P, — P, + N, =0, otkyga N, = P; + P, = 4P,

— anga yyacrka III =P, — P+ P; + N3 =0, oTkypa N3 = P; + P> —
- P;=2P.
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2.6.2. PacyeTbl Ha NPOYHOCTb MPU PacTHKEHUMN, OKaTUN

Mpy NPOBEPOYHOM pacyeTe, Kak Mbl OTMEYanu1, Hago onpeaenuTb
OEACTBUTENBHBLIE HAMPSDKEHUS M CPaBHUTb MX C AOMYCKaeMbIMU. [poy-
HOCTb 6yaeT obecrieyeHa, €Ciu AEWCTBUTESNbHBIE HAMpPSHXKEHWUsS He rnpe-
BbICST A0OMYCKaeMbIX. MaTeMaTMYecku 3TO 3an1CcbIBAeTCs TakK:

MpU PacTsHKEHUN

npn OKatumn

Mpn NpoekTHOM pacyeTe Tpe6yeTc;| onpeaennTb pa3Mepbl norne-
peyHoro ceyeHus getann. B 3ToOM criyyae pacdeT BegeTcs B npeanosio-
XEHUN, 4YTO I,Cl,el\/JICTBl'1Te}'IbHI:,Ie Hanps>XeHuna 6YLWT paBHbl A0MYCKaeMbIM
(I/IJ'II/I HECKOJIbKO MEHblLLE ,ElOI'IYCKaeMbIX). CneposaTesfibHO, Mpu pacTsxe-

N AHanornuHo, Npu oxKaTUu in.
[0,] [Gc]

HUK FS [o,], OTKYOa F >

2.7. PacnpeneneHune HanpshKeHui npy caBvre

[JedopMaumna caBura BO3HUKAET B TEX C/ly4asX, KOrAa BHELLHWE
CWnbl, AENCTBYIOLIME HA 6pyc, pacrnofioXeHbl B MapanienbHbIX MoCc-
KOCTSIX Ha OY€EHb MaJioM PacCTOsiHUM ApYr OT Apyra W Hanpas/eHbl B Mpo-
TUBOMOJIOXHbIE CTOPOHbI (pyC.17, B). MNpy 3TOM NPOMCXOANUT paspyLLEHWE,
Ha3bIBaEMOE CPE30M. XapaKTepHbIM NPUMEPOM CaABUra SIBMSIETCS pe3aHue
MaTepuana HoXHULAMU.

HeTpyaHo npeAacTaBuTb, YTO BCe TOUkM AedopMUpyeMbiX ceve-
HWIA, OrpaHWYEHHBIX MJIOCKOCTAMW AEUCTBYIOIMX CWM, CMELLAIOTCA Ha
paBHbIE PacCTOsHWSA, T.€. MaTepuasn B 3TUX TOUYKax MOABEpraeTcs oauHa-
kool aedopmaumnn. CneaosaTtenbHO, CnpaBeanmMBo 6yeT Takoe Xe pac-
CYy)XAEHWE, KaKOe Mbl MPUMEHUNN NPU M3YyYeHUWU AecdopMaLmn pacTsxe-
HUA: oAMHaKoBble AedOopMaLMK Bbi3biBAOT BO3HUKHOBEHWE OAMHAKOBLIX
BHYTPEHHUX CUN YNPYrocTV W, ClIeaoBaTe/bHO, BO BCEX TOUYKAX CEYEHMS
6yayT OAMHAKOBbIE AENCTBUTENBHbLIE HANPsHXeHUsI. [03TOMY KX BENMUMHA
ONpefenvuTcs AeNeHWeM paBHOAENCTBYIOWEN O BHYTPEHHMX (monepeuy-
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HbIX) CU Ha nnowaap F nonepeyHoro ceyeHus 6pyca. Tak kaK BeKTop
Hanps>XXeHna pacrnosioXXeEH B MJIOCKOCTU CeYEHUA, TO BO3HUKAET KacCa-
TENbHOE HanpsXeHne, T.e.

Kak 1 npu pacTskeHun (Unm okatum), Npyu cABUre CripaBeavB
3aKoH yKa, B 30HE YMpPYroCTu HanpsKEHUS MPSMO MPOMOPLMOHASbHbI
OTHOCUTENbHBIM AedopMaLmaM.

PacyeT Ha NPOYHOCTb NPU CABWUrE HUYEM HE OTIMYAETCA OT pac-
yeTa Ha NPOYHOCTb MPU pacTsHKeHUn (oxaTum). Tak, Npyu NPOEKTHOM pac-
yeTe

0
= <[t,), OTKyOa F > .
= <o) e

lMpy NPOBEPOYHOM pacyeTe 7., = < [7e].

IO

2.8. PacnpepneneHue HanpsiXXeHUii Npy Kpy4eHum

[decopMaumnsi KpydyeHusi BO3HUKAET, KakK Mbl YXXe paHee OTMETU-
NN, Npy AeNCTBUM Ha BpyC Harpy3oK, Co3Aatolwmx NPOTUBOMOJIOXKHbIE Na-
pbl CMN B MMOCKOCTSX, MeprneHAVKYNSPHbIX MpoaonbHOW ocu 6pyca
(puc. 17, ). Ecm 06paTuTb BHMMaHWE Ha TO, YTO NPV 3TOM MPSAMOU-
HeliHble 06pasytolme Kpyrioro 6pyca NpUHUMAlOT BUA BUHTOBBIX JIMHMIA
(370 nerko HabnwaaTb Ha PE3VHOBOM CTEPXHE), TO MOXHO Mpeanono-
XWTb, YTO NPU KPYYEHUM KaKaoe MornepeyHoe CeYeHMe MO OTHOLLEHMIO K
CoCefIHEMY MOBOPAYMBAETCH Ha HEKOTOPbIM Yron. MoXHO NpeacTaBUTb
cebe 1 apyryto KapTUHY: 6pyc ClOXKeEH U3 MHOXECTBA TOHYANLLMX AUCKOB.
Mpn noBopoTe KaX4oro AMcKa Ha CTblIKe C COCEAHUM MPOMCXOAsT me-
PEMELLEHNS TOYEK B NJIOCKOCTSIX, NEPNeHAVKYNAPHbIX ocv bpyca. OTcoga
BbIBOZ — MpW Kpy4YeHun bpyca B KaXKoM CEYeHWMM NpoucxoauT Aedopma-
UMsa caBUra M BO3HMKAKOT KacaTesbHble HanpshkeHust. OgHako ecnin npu
06bl4HOM CaABUrE BCE TOYKM AeOPMUPYEMOrO CEYEHWUS MPSMOSIMHENHO
CMELLA/IMCb Ha paBHble PAcCTOSIHWSA, TO NMPU Kpy4yeHWM maTepuan B pas-
HbIX TOYKax, HaXOASLUMXCS Ha pa3HbIX PacCTOSHMSIX OT ocu Bpyca, Ucnbl-
TbiBaeT pasHyto Aedopmaumnio.
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Yem panblie ToYka yganeHa oT ocn, TeM 6onblie nepemelleHve
no ayre. Ho Tak kak BENMYMHA HaMpsbKEHMIA NPsSIMO MPOMOpPLUMOHAbHA
OTHOCMTENbHOM AedopMaumnn (Mo 3akoHy Myka), TO OYEBUAHO, YTO U Ha-
MPSHKEHNS B PA3/IMYHBIX TOYKAX OAHOrO M TOro Xe cevyeHus 6yayT pas-
JIMYHBI U NPONOPLIMOHANbHBI PACCTOSIHMIO TOYKM OT LieHTpa ceyeHns (ero
Ha3bIBAOT MOJIIOCOM). B TOUKe ceyeHusi, coBrnaaatoweli C MostocoM, Ha-
npsbkeHne 6yaeT paBHO Hynto. Hanbonblume HanpskeHus t,,. 6yayT B
Hanbonee yaaneHHbIX TOYKAX, PACrofioXKeHHbIX Ha MOBEpPXHOCTU bpyca.
TakuMm obpa3oM, nepeoe oTanune aedopMauum KpydeHus ot aedopma-
UMM CABUra 3aK/OYAETCs B pa3fMUHbIX 3aKOHAX pacnpeaeneHns Hanps-
XXEHUI MO ceyeHuto. EcTb M elle ogHO oT/MuMe. Kak oTMeYanu paHee,
MCMO/Ib30BaHME METOMa CEYEHUI MpU CABUIE MO3BOJISIET BbISIBUTL PaBHO-
[ECTBYIOLLYIO BHYTPEHHUX CU YNpYroct (nomnepednyto cuny Q), a npu-
MEHEHME TOro e MeToAa NpU KpydeHnn NpuBOANUT K OBHapYXXeHWo paBs-
HOAENCTBYIOLLIEH Napbl CUJ, CO3AAtOLEN KPYTALWMN MOMEHT My. Oba 3Tn
OT/INYMSI HEO6XOAMMO UMETbL B BMAY MpY ONpeaeneHnn BENYNHbI AENCT-
BUTENBHbIX HaMNPSHKEHWI NPU KPyYEHUM.

BCNOMHWUM, 4TO Npu cABUre OHU ONpeaensInCb AeneHneM paBHO-
[ENCTBYIOLLEA BHYTPEHHUX CUIT YMPYroCcTM Ha MJiolaab rornepeyYyHoro ce-
YeHns (aHanornyHasl 3aKOHOMeEpHOCTb Oblna cnpaBegmMBa Takke npu
PACTSHKEHUU, OKaTUM U cMsSTUK). [ns onpeaeneHnst AencTBUTENbHbIX
HanNpPsXKEHUA MpPU KPyUYeHUM TaK MOCTYNnaTb HeNb3sl, Tak Kak U3MEHWUCS
BHYTPEHHUIA c1I0BOM hakTop (BMECTO CWMbl — MOMEHT) U YXKe He TOT 3a-
KOH pacnpefeneHns HamnpsbkeHui no cevyeHnto (BMECTo paBHOMEPHOro —
HepaBHOMepHoe). BbiBoa pacueTHoW (opMynbl AN onpeaeneHns aencr-
BUTENbHbIX HaMNPsXXEHWUI B OMAacHbIX TOUYKAX CEYEHUS CKPyYMBaeMoro 6py-
ca, T.e. 4Ns onpeaenenus t,,,, AOCTaTOMHO CloXeH 1 TpebyeT 60nbLIoro
yucna MaTeMaTUyeckux npeobpasoBaHuil. HO OCHOBLIBAETCS OH Ha W3-
BECTHbIX HaM MOJIOXKEHUSIX.

CooTBeTCTBYIOWME MpPUBEAEHHBIM pacCyXXAeHusM MaTemMaTude-
ckne npeobpazoBanusa (Npu ycnoeumn, 4To 6pyc uMen Kpyrnoe noneped-
HOe ceyeHune C anaMeTpoM d) NpuBOAST K cneaytolein dopmyne:

MK

Tmax =

P
nd’ y
rape Wp = ——— NONApHbIN MOMEHT COMPOTUBNEHUA CEYEHUNA KPYYEHUIO.
16

Pa3MepHOCTb BenMumHbl W, — ', car’, e’
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d® 3
[na npakTU4ecknx pac4yeToB MOXHO MPUHATbL, YTO e = 02d.

CpaBHeHune dopMyn Ans onpeasneHns AeNCTBUTENbHbIX Hanps-

M
XXEHUW Npun casure (zo, = g) N KpyyeHun (7, = ——£ ) no3sBonseT cae-
F w
P
naTb BblBOA, YTO B MNPaBOW CTOPOHE MPUBEAEHHbBIX 3aKOHOMEPHOCTEN
YNCIUTENb OTPAXKAET BHYTPEHHWUIN CUNOBOM (haKTop, a 3HaMeHaTenb —
reomeTpuyeckuit. Takum o6pas3oM, BenuuuHa W, xapakTepusyeT cro-
COBHOCTb KpYyr/ioro MornepeyHoro CeyeHus 3aAaHHbIX pa3MepoB COMpo-
TUBAATLCSA AedopMaLmm KpyyeHus.

2.8.1. PacyeTbl Ha NPOYHOCTb MpU KpyYeHUH

TUNoOBOI AETanblo, UCNbIThIBAIOLLEN AedopMaLMIO KpyUYeHUs, SB-
nsetcs Ban. Mpu NPOEKTHOM pacyeTe ero Ha MPOYHOCTb HaAo MO Kpy-
TALIEMY MOMEHTY M [OMYCKAaeMOMY HanpshKEHWIO OMpeaeinTb Heobxo-
OUMbIK anameTp Bana. McxoaHoi SBAsSIETC 3aBUCMMOCTb, B KOTOPOM, Kak
06bIYHO, B KaUeCTBE MAKCUMaNbHbIX AEUCTBUTE/bHLIX HANPSHKEHWIA UC-
NO/b3YIOTCA AOMNYCKAeMble HanpshkeHus. TakuM obpasoM,

M
K S[TK]’

0,2d°

0TKyAa

Tak Kak Ansi BasioB MHOMMX MalunH 6bIBAaeT N3BECTEH HE MOMEHT,
a nepegasaeMas MOWHOCTb N (Bm) w yrnosas ckopoctb w (I/c) Bpa-

LeHWa Bana WM YactoTa BpalleHns n (06/mur), TO NpEXAe BCero onpe-
LENAIOT BHELWHMIA BpaLlatoLwmi (CKpy4YnBatoLLmin) MOMEHT (H m):

Ecnn paHa BennuunHa n, To w = % .
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Mpy NpPOBEPOYHOM pacyeTe, KaK M B Caiydasx Apyrux aedopma-
LM, onpeaensioT AeNCTBUTENbHbIE HAMPSXKEHUS M CPABHWUBAIOT C AOMYC-
KaeMbIMM. MpoYHOCTb ByaeT o6ecrnieyeHa, ecnm cobnioaaeTcs YCIoBUE:

T = MK < [TK ] .

0,2d>
[pumep pacqeta Ha rMpoYHOCTb Basa rnpy KpyqeHmm
Onpepenntb AMameTp CTanbHOro Bana, BpallaloLlerocs ¢ yrio-

BOW ckopocTbio w =100 1/c u nepepatowero MowHoctb N =100 xBm.

[Honyckaemoe Hanpsixenue [z, 1= 40 MIla.

Peluenne:
1) OnpepensieM BHELWHWI BPaLLAOWKWiA (CKPYYMBaIOLLMIA) MOMEHT

(Hm):

) 100

2.9. OcobeHHOCTb AepopMmaumumn nsrmnba

Ecnn 6pyc HaxoauTcs nop AENCTBMEM ABYX Map CuJ, pacrosnio-
YKEHHbIX B MJIOCKOCTU €ro NMpoAosibHOM OCU, TO BO3HUKAET aedopmauus
n3rnba. Npeacrasum cebe B TakoM 6pyce NpoaosnbHbIE BOMOKHA. Mpn ae-
dopMaumm 13rnba BOMOKHA B OAHOW 30HE YANMHSAIOTCS, B APYro — YKO-
paunBatotcs (puc. 20). Mexxay 30HaMM PacTsHKEHUSI M OKaTUA pacnona-
raeTcsl HEWTPanbHbIN COK, BOMIOKHA KOTOPOro He noaBepratoTcs aedop-
MaLIMK U COXPAHSIIOT CBOIO AJIMHY HEU3MEHHOMN.

Leqerue A-A

A Y
CXamse  p ,I M
__ HeUmpabHl CA0U
Z \

PACITIAXERUE

.

A

Puc. 20. Cxema gecopmaumm npu YMcTom msrmbe
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UeM fasnblue BOSIOKHA PACrofIOXEHbl OT HEWTPaNbHOrO Cosi, TeM
6onblwyto AedopMaumio OHM MUCMbITbIBaOT. OTCloAa MOXHO CAeNnaTb Bbl-
BOA, UTO Mpu M3rnbe B MOMEpeYHbIX CeYeHUsXx Bpyca nog AeicTBUEM
BHYTPEHHMX CWJ1 BO3HMKAIOT HOPMasbHble HamnpshKeHUs PacTshKeHUsT W
oKaTusl.

Haunbonblwme HanpshkeHust 6yayT B Toukax, Havbonee ypaneH-
HbIX OT HEWTPaNbHOW OCU z — z. HenTpasibHOM OCblO HA3bIBAETCA NMPAMas,
10 KOTOPOWV OMEPEYHOE CEYEHNE MEPECEKAETCS C HENTPA/IbHBIM C/I0EM.
Hanbonblume HanpskeHUsl B 30He pacTshkeHnst 0603HaYalTCs + Gy4y, @ B
30HE OKATUS — Oyyqy, T.€. 3HAKOM MJIOC 0603HAYAOT HAMPSHKEHUS pacTs-
XKEHMS], @ 3HAKOM MUHYC — HanpsbKeHUst OkaTusl. B Toukax, pacnonoxeH-
HbIX Ha HENTPanbHOM OCK, HaMPSHKEHUSI paBHbl HyMO. Mbl paccMoTpenu
Cnyyan YucToro msrmba, Koraa 6pyc HaxoamTcs Noa AEUCTBMEM Map cuil.
Ho n3rmb mMoxxeT BO3HMKHYTb M MPY MHOM Harpy>xeHun 6pyca, Hanpumep
noa AEWCTBMEM CUJIbl U peakumii onop, NEPNEHANKYNSPHbIX Oocu 6anku
(pvc. 21, a) (6pyc, ucnbiTbiBatOLWMIA AedopMaLmio U3rnba, 06bIYHO Hasbl-
BaloT 6ankoi). B 3ToM cnyyae xapaktep AechopMUMpoBaHUa 6onee Crnox-
HbI1 U HOCUT Ha3BaHWE I0MEPEYHOro u3rnba. Ans onpeneneHns BHyT-
PEHHMX CUJIOBbIX (haKTOPOB NMPUMEHUM METOA CEYEHUI. PaccMOTpUM Jto-
60e ceueHne, Hanpumep, I — I. Pacceuem 6pyc, oTOpOCMM NeBytO YacTb U
paccMOTpUM paBHOBECME OCTaBLUEMCS NpaBol Yactu (puc. 21, 6). Ons
obluero cryyasi paBHoBecust Ten TpebyeTcsl cobnoaeHne TpexX YCoBui.
MepBoe ycnoBMe — paBEHCTBO HYJI0 CyMMbl CWJ1, HanpaB/ieHHbIX napan-
nenbHO OAHONM M3 ocei (0Cb ), MO3BONSIET CAeNaTh BbIBOA, UTO B Ceve-
HUW OO/MKHbI 6bITb BHYTPEHHME MOMepeYHble CUIbl, PaBHOAENCTBYIOLLAs
KoTopbiX () paBHa Rjp. Bropoe ycnoBue — paBeHCTBO Hy/O CyMMbl CUJ,
HanpaB/EHHbIX NapannenbHo Apyroi ocn (ocu z), — CObNoAaeTCs ToXAe-
CTBEHHO, TaK Kak 06e CuSibl — U BHELLHSIS,, U PaBHOAEMCTBYIOLAs BHYT-
PEHHMX CWN — HarpaBfieHbl NEPreHAMKYNSIPHO 3To ocu. OaHako Ans
PaBHOBECUS OTCEYEHHOM YaCTW 3TOF0 HEeAOCTaTOYHO, TaK Kak cuibl O U
Rp obpasytor napy cun ¢ nnedom z;. CobniogeHne TpeTbero ycnosust —
PaBEHCTBO HYJI0 CYMMbl MOMEHTOB BCEX CMJ1 — MOACKa3bIBaeT HaM, YTO B
CEYEHUM AOSMHKHbI AOMOSIHUTENBHO AENCTBOBATb BHYTPEHHWE CWSbl, MpU-
BOASLUME K 06pa30BaHUIO ypaBHOBELLMBALOLWEW Mapbl cui, T.e. u3rubato-
wero MomeHTa M= Ry z;. Takum 06pa3oM, OKOHYATENbHO BbISICHSIETCS,
YTO B CEYEHWUM [ENCTBYIOT Credylolmne BHYTPEHHWE CuioBble haKTopbI:
nonepeyHas cuna Q v usrmbatoLLmin MOMeHT M.
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Puc. 21. Cxema usrnba asyxonopHoi 6anku (a);
METOA CeyeHust Ans onpeaeneHns BHyTpeHHux cun (6)

MepBblit thakTop — cneacTene aedopMaumy caBuUra, a BTOPON —
cneacrsue aedopmaumm M3rnba. Kak nokasana npakTuKa, riaBHyIo onac-
HOCTb ANS MPOYHOCTU Matepuasna npu rnornepeyHoMm usrube npeacrasns-
0T HOpMasbHblE HaMPsDKEHWS, MO3TOMY B AasibHENWLIEM, paccMaTpuBas
nofobHbIE CNyyan HarpyxeHus, 6yaeMm npeHebperatb COMyTCTBYIOWMM
SIBNIEHWEM CABWra, T.€. HE YUWUTbIBATb BHYTPEHHME MOMEPEUHbIE CUMbI U
COOTBETCTBYIOLUME UM KacaTesbHbIE HaMpPsXKeHUs.

2.10. PacnpeneneHne HopMasbHbIX HanpsHKeHWii Npu usrnbe

Mpeactasum cebe H6pyc NpsAMOYrosibHOrO CeyeHust nowaabto F,
)KECTKO 3aKPEMEHHbIN OAHUM KOHLOM M Harpy>eHHbI Tak, Kak Moka-
3aHO Ha puc. 22, a. lNMpoaHanu3vpyeM HarpshkeHHOe COCTosiHMe. He noa-
NEXUT COMHEHWIO, YTO B A@HHOM Clyvae BO3HMKaeT aedopMaums pacts-
XXEHNS U YTO B JIIOBOM HOPManbHOM MOMEPEYHOM CEeYEeHUUM Mexay CBO-
604HBIM U 3aKpensieHHbIM KOHUamMu 6pyca 6yayT oAMHaKkoBble Ha-
MPSHKEHUS, T.€. UTO BCE CEYEHWUS PaBHOOMACHbI. 3TO MOXHO TOYHO YyCTa-
HOBWTb, NMPUMEHSAS1 METOA CeveHuit. Toraa OKaXKeTcs, YTo B Nl06OM ceve-
HWUW BHYTPEHHWE CUJbl YNPYroCTU paBHbl BHELIHeN cune P. Bo Bcex Tou-
KaxX CEeUYEHWI HanpshKEHUs OaMHaKOBbI (Belb BHYTPEHHWE CUMbl NPU pac-
TSDKEHUW pacnpeaeneHbl N0 CeYeHWUIO paBHOMEPHO) U paBHbl

N
Op ——.

F

M3MeHMM nonoxxeHne 6pyca B NnpocTpaHcTee (puc. 22, 6) 1 CHoBa
NpoaHanM3npyeM HanpshkeHHoe cocTosiHue. OKaXXeTcsl, YTO BCE BbIBOAbI,
NpVBEAEHHbIE BbilE, OCTaNNCb CNpaBeaMBbIMMA.
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Puc. 22. CxeMbl pacTsixxeHus (a, 6) v usrnba (B, r) 6pyca
npu ero pasnM4YHoi OpueHTaLmm

Tenepb CHOBa paccMOTPUM 3TW ABa bpyca, oaHaKo cuny npuno-
XWUM NO-MHOMY (puC. 22, B). HETPYAHO NpeacTaBuTb, UTO B 3TUX Cydasix
6pyc (byaeM, Kak yCOBMIMCb, Ha3blBaTb €ro Tenepb 6ankoi) UCnbiTbiBa-
et aedopmaumio msrnba. byayT nn BCe CeYeHMst paBHOOMACHbI, Kak 3TO
NUMeno MeCTo Mpu pacTskeHnn? OnbIT NOACKA3bIBAET, YTO HET. Bo3mox-
Hble pa3pyLieHnst 6anoK MOryT NpPoOU30MTN NPEXAE BCEro B CEYEHUN, COB-
najatolem C 3afenkoin. YeM xe Takoe CceyeHne OTIMYaeTCs OT BCEX OC-
TanbHbIX? OYEBMAHO TEM, YTO MOMEHT, CO3[aBaeMblil cunoin P (U3ru-
6atolmii MOMEHT), B 3TOM CeyeHun 6yaeT HaubonblumMM. Beab BennuMHa
MOMEHTA 3aBUCUT He TOJSIbKO OT BENYMHBLI CUAbl P, HO U OT nieya Cuibl,
M UMEHHO AN CEYEHMIN, COBMAAAoLLMX C 3aAeNKOM, nneyo HambonbLuee.
BennunHy 3Toro MOMeHTa MOXHO YCTaHOBUTb, NMPUMEHUB METOA CEYEHWUI.

TakuMm 06pasoM, nepsoe oTinune aecdopmauum nsrmba oT ae-
dopMaumm pacTsbkeHUs NpU PacCMOTPEHHbIX CyYasix HarpyxXeHus 3a-
KMIOYaeTcs B cneaylowem: npu m3rmbe ectb OnacHoe cevyeHue, a npu
paCTsHKeHUN — MOBTOPMM elLle pa3 — BCE CeYEHNSI PaBHOOMACHbI.

MpoaomkUM Haw aHanmn3. OAMHAKOBbI I HaNPsSKEHHbIE COCTOSI-
HMa 6anok, M306paXkeHHbIX Ha puc. 22, B, r ? ONbIT NOACKAa3bIBAET, UTO
6anka, nokasaHHas Ha pucC. 22, r, nydlle conpoTmenseTca aedopmauum,
HECMOTPS Ha TO, YTO pasMepbl MOMEPEYHbIX CEYEHUI B 06OMX Cryyasix
OAMHAKOBbI. YeM oTnnyaeTcsa nonoxxeHne 6anok? JiMwe Tem, 4to B nep-
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BOM CJTy4Yae MaTepuasn B CEYEHUM BNMKE PAcroNoXXeH K HENTPanbHOW OCK
(ocb xz — xz), a BO BTOpOM — aanblue (ocb y — y). B npeapiaywem napa-
rpace Mbl y)ke OTMeYanu, YTo YeM [asiblle OT HEUTPanbHOro Cros pac-
rnoJsio)keHbl B 6asike BOMOKHA, TeM 6osblie OHU AedOpMUPYIOTCS, @ 3Ha-
ynT, U TeM Bosbliee CONpPOTUBAEHNE AedopMaLmMK OKasbiBaloT. B 3ToM
BTOpoe oT/inune aedopmMauum nsrmba ot aedopMaLm pacTsHKEHUS: CO-
NpoTMBieHMe AedopMaLMK 3aBUCUT HE TOSIbKO OT Pa3MepoB MoMepeyHo-
ro ceyeHust 6pyca, HO U OT OpPUEHTALMKN €r0 MO OTHOLUEHUIO K M3rnbato-
e cune. B oboux ciyyasix ceueHust NpeACTaBnsioT coboi NpAMOYrofib-
HWK, OAHAKO B OAHOM C/llyd4ae OH MMeeT 60MblIOe OCHOBAHWE W Manyto
BbICOTY, @ BO BTOPOM — HaobopoT.

CnepoBaTenbHO, MOCKOSIbKY OCHOBHOE COMpPOTUBMEHME WU3rMby
OKasblBaloT nepudepuiiHble cnou Matepuana (Mnu, Kak roBopsaTt, «pabo-
TaloT Ha m3rnb»), uenecoobpasHo npu M3rmbe npuMeHaTb Bpycbst C ce-
YEeHUSIMMU, B KOTOPbIX MaTepuan pacrosfioKeH Aasblie OT HeUTpanbHOU
ocu.

Haunbonee BbiroaHbIMM NPOhUSMU SBNSIOTCS ABYTaBPbI U LUIBES-
nepsbl (puc. 23, a, 6), y KOTOpbIX OCHOBHas YacTb MaTepuana OTHECEHA Ha
3HaUUTENbHOE PacCTOSIHUE OT HEUTPANbHON OCH.

Kak 1 npu nsyyenHnn aecdopmaumm KpydeHus, Mbl He 6yaeM Bbl-
BOAUTL (hopMyny ANa ONpeaeneHns MaKCMasbHbIX AeACTBUTENBHBIX Ha-
NPsKEHUI M3rMba, MOCKOSIbKY 3TO CAENaTb AOCTATOMHO CroXHO. [o-
Ka)XXeM NWLIb NOCIEA0BaTENIbHOCTb PACCYXXAEHWUI, KOTOpPbIE COMPOBOX-
JIA0T 3TOT BbIBO/ NPV UCTONb30BaHWUN METOAA CEYEHWIA.

BHauane onpeaensieTca BeNMUYMHA OTHOCUTENBHOW AedopMaLmm
(PacTsHKEeHUSI UM OKaTUA) B MPOM3BOJIBHOM TOYKE MHTEPECYIOLLErO Hac
CeYEHMs! M30rHYTON Banku. 3aTeM Mo 3aKoHy [yka onpeaensercs Hanps-
YKEHME B TOM e Touke. TaK Kak HanpshKeHue, No CyLecTBy, NpeacTaBns-
€T cob0li 3NIEMEHTAPHYIO HOPMAsbHYHO BHYTPEHHIO CUITY, TO CEAYHOLLIMM
3TanoM SABNSIETCS OMNpeaesieHUe 3/1EMEHTAPHOI0 BHYTPEHHEro un3rmbato-
LLIEro MOMEHTA 3TOMN CUJIbl OTHOCUTENBHO HEUTPANILHOWN OCH.

Bcnen 3a 3TMM HalaeHHbIE ANS Pa3/IMYHBIX TOYEK NIEMEHTApPHbIE
BHYTPEHHME MOMEHTbI CYMMUPYIOTCA MO BCEN NMOLWaan U 3Ta CYyMMa, T.€.
BHYTPEHHUIA M3rMBaOLMIA MOMEHT, NPUPABHUBAETCA BHELUHEMY W3ru-
batoleMy MOMeHTY. B pesynbTaTe COOTBETCTBYIOWMX 3TUM PacCy>AeHN-
AM MaTeMaTUYeckux npeobpasoBaHuii opMyna Ans ONpeaeneHns Mak-
CUMarnbHbIX HaNpPsHXEHWIA M3rnba NpUoBpeTaeT Takon BUA:
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Puc.23. Tunosble npodunm Hanok: a — AByTaBsp; 6 — wWBeennep; 8— NPSAMOYrofbHUK

3Haku «+» 03HAYaAlOT, YTO B TOUKaX, HaMboOMee yAaneHHbIX OT
HeTpanbHOM 0CM, HO PACrONOXEHHBIX MO PasHble CTOPOHbI OT Hee, ByayT
pasnnuHble Mo xapaktepy AedopMaLMi HOPMasbHbIE HaNPSHKEHUS: B OA-
HOM CNyuyae — HanpspKeHWs! PacTshKEHWS), B APYTOM — HaMpshKEHWUS Oka-
TUsi. BenuumHa, 0603Hayaemasi — W, Ha3blBaETCs OCEBLIM MOMEHTOM CO-
npotvBreHus uamby. OHa XapakTepusyeT CMOCOBHOCTb MOMEPEYHOro
CeYEHWs COMpOTUBNATLCS AeOpMaLMK M3rmba OTHOCUTENbHOHENTPab-
HOI ocu. BenmumHa W 3aBuUCUT OT (hOPMbI U Pa3MEpOB MOMEPEYHOrO Ce-
YEHMWSI 1 Ero OpWEHTALMM MO OTHOLIEHMIO K U3rVMBAIOLLEMY MOMEHTY, AS
yero K 6ykee W [OGABMSIOT WHAEKC, COOTBETCTBYIOWMI OBO3HAYEHMIO
HeifTpanbHOl ocu, Hanpumep Wy wnn Wy. PasmepHocte W — ) ear’,

M. [INsi KBaPaTHOTO CEYEHUSt CO CTOPOHOM
3

W= Wy ="
6
ANS NPSIMOYTONLHOTO ceyenns (puc. 23, B)
oo O B
6 6

Ansa Kpyrnoro cevyeHus:
Wy=Wy=0,Id
ﬂ,ﬂﬂ CNOXXHbIX cequMﬁ TUNa ABYTaBpPOB W LUBENIEPOB OCEBbLIE
MOMEHTbI COMPOTUB/IEHNA I/I3FM6y NpnBOAATCA B CrpaBOYHUKaAX.
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2.10.1. PacyeTbl Ha NPOYHOCTb Npu U3rnbe

Mpy NPOEKTHOM pacyeTe TpebyeTca OnpeaenUTb MUHUMAsbHbIE
pa3Mepbl OMaCcHOro MOMEpPEYHOro ceyeHuns, KoTopble obecrnedat npu 3a-
[AaHHOW Harpyske HeobXxoAuMylo MpOYHOCTb. M3rmbaiowmii MOMEHT B
OMacHOM ceyeHun 1 MaTepuan 6anku (CneaoBaTenbHO, A0NYCKaeMble Ha-
NPSXKEHNS TOXE) U3BECTHBI. Kak 1 B clydae Apyrux aecdopMauuii, pacyer
BEAYT B MPEAMOSIONKEHUN, YTO MaKCUMasbHble AENCTBUTENbHbIE Hanps-
XXEHWs1 BYAYyT paBHbl UM HECKO/BKO MEHBILLIE I0MYCKaEMbIX, T.€.

M
— < [O-H]’

w
oTcroaa

wW> My .
[o4]
3aTeM B 3aBMCMMOCTM OT MpeanonaraeMoin thopMbl MonepeyHoro
ceyeHmsa banku onpeaenarT ero HeOﬁXO,Cl,VIMbIe pPa3MepbI. Ecnn ceuyenue
Ganku Kpyrnoe, To W=0,1d’, oTkyna HaxomuTCs UCKOMbIA AvaMeTp d.
Ecnu e ceueHne 6anku npeacraBnser coboi KBaapaT co CTOPOHOM a, TO

NCKOMBIIA pa3Mep HaxoaAaT U3 paBeHCTBa

a3

W=—m.
6

Heckonbko CnoXxHee onpeaennTb pa3Mepbl MPsSIMOYrofibHOro ce-
yeHuss H6anku. B 3ToM cnyyae HeO6XOAMMO 3HATh OPUEHTALIMIO CEYEHMS
MO OTHOLUIEHUIO K AEMCTBYIOLIEMY MOMEHTY, T.€. Hal0 3HAThb MOOXEHNE
HeWTpasbHOM OCU. 3HAHWE TMOMOXEHUSI HEMTPAsbHOM OCKM MO3BOMUT U3
[IBYX 3aBMCUMOCTEMN

bh* hb*
= —, W: -
6 6
BblbpaTb HeobxoamMyto. OaHaKo OnpeaenvTb BENMYUHLI b U 7 MOXHO

6y,qu vb nNpu ycnosun, ecim N3BeCTHO OTHOLLEHME é Ecnu cevenue
h
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NpeacTaBnsieT coboit cTaHAapTHbIM Npodunb (ABYTaBp, LWBENNEp), TO Mo
MOSTy4YEHHON B pacyeTe BenumMHe W 13 cnpaBoYHbIX Tabnuy noabupatot
HOMep COOTBETCTBYHOWEro npoduns. MNpuyem TabnnuHoe 3HadveHne Wz,
[O/MKHO BbITb 60sbLUE pacYETHON BENMUYMHBI W nnn paBHo eil.

Mpy NPOBEPOYHOM pacyeTe OMpeaenstoT MaKCUMasbHble AeiCT-
BUTENbHbIE HanpshKeHUs, T.e. HanpshkeHs B Hambonee onacHbIX TOUKax
OMNacHOro CeYeHUs1 U CPaBHMBAKOT MX C AOMNycKaembiMu. B 3TOM cnydae
npeaBapuTesNibHO HaxoasdT M3rMbatoWwmnii MOMEHT B OMacHOM CEYEHUU U
MOMEHT COMpOTUBIEHMS B 3TOM ceueHun Hanku:

_MH

Ol max = [O-H] .

2.10.2. OnpeaeneHune onacHOro ceveHuns npu nusrmube

Bblle oTMeYanocb, YTo OAHO U3 OTINYMI AecdopMaummn n3rmba
OT AedopMaumm pacTshkeHus (NpyM pacCMOTPEHHbLIX Bblle Cy4vasix Ha-
FPY)XEHWS) — HA/IMUME OMACHOrO CEYEHUS], T.€. CEYEHUS, B KOTOPOM Aeit-
CTBYET MAKCUMarbHbIA M3rMbatoLmii MOMEHT.

OueBMAHO, HAAO HayuUTLCA ONpeaensTb MOSIOXKEHWe OrnacHoro
ceyeHns Ganku U M3rnMbaloLmMii MOMEHT B 3TOM CeYeHuWU. AHanus npo-
CTEWLLEro cnyyast Harpy>xeHust 6ankm (cM. puc. 22) NoO3BOAUA HAUTK Mo-
JIOXKEHWE ONacHOro CevyeHus, onNMpascb UL Ha onbiT. CHOBa BepHeMcs
K 3TOMy Cny4yalo 1 npusegem bonee crporve aokasaTtenscrea. banky Te-
nepb M306pasuM ynpoLueHHo (puc. 24, a). Ans onpeaeneHns BHYTPEHHUX
C1NOBbIX (haKTOPOB BOCMOSIb3YEMCS METOAOM CeYEHMIA. Tak Kak 3TOT Me-
TOA4 MpUMEHNM Nuwb K cBoboaHOMY Teny, To byaem paccmaTpuBaTh pas-
HOBeCMe O0TCeYeHHOMN NpaBoi Yactv (puc. 24, 6). B ceueHumn 1 6yayT pei-
CTBOBaTb nonepeyHas cuna Q = P v usrubatowmin MoMeHT My;=Pz;. Pac-
CMOTPUM Tenepb cedeHune 2 (puc. 24, B). B Hem 6yaeT AeicTBOBaTb Ta Xe
cuna Q, HO MOMeHT ByaeT apyroit — Pz,. AHanorMyHble pesysbTaTbl Mo-
JIYYUM U ANS APYrUX CeUYEHMiA. Mbl yXKe YCNOBUAUCH, YTO MOMNEpPeYHbIMM
CUJ1aMM 1 BbI3BAHHBLIMM UMW KacaTeNbHbIMU HanpshkeHnsMu capura byaem
npeHebperatb. Bce BHMMaHMe COCPeAOTOUMM Ha M3rnbaloeM MOMEHTE,
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BEMNYNHa KOTOPOro, Kak 3To ACHO U3 npeablayLmx paccy>|<,quMl71, n3me-
HSleTCa No AnnHe 6anku no ﬂMHel),IHOMy 3aKOHY — nponopuuoHanbHO OT-
pe3kaM z;, z, N T.A.

P P
/ ’ (2 (7
. R i o
= B /2 /2
p
7 MU:ID.Z]? z g F P P
2 . Tz 2
b Mz Al
0 0 Amﬂﬂmm MMMM 0

a
Puc. 24. MoctpoeHne antopbl n3rubato- Puc.25. MocTpoeHne 3ntopbl nsrnbato-
LUMX MOMEHTOB AN OAHOOMOPHOMN (KOH- LMX MOMEHTOB AJ1s ABYXOMOpHOM 6an-
cofbHOM) 6anku: a — cxema [AencTBus KW: @ — CXeMa [AeNCTBUA BHELLHEN cu-
BHELLUHeW cunbl; 6, B — paBHOBECHE OTCE- Nbl; 6 — paBHoBecve 6anku noa AencT-
YeHHbIX YacTel; r — 3nopa M3rubaroLwmx BMEM BHELWIHEN CUJIbl U OMOPHbIX peak-
MOMEHTOB uMi; B —3ntopa U3rnbatoLmx MOMEHTOB

STOT 3aKOH MOXHO M306pasnTb rpacdmyeckn — NOCTPOUTL NPy
(rpadvk n3MeHeHMs)) MOMeHTOB. BbibpaB MacwTab ans eaMHuubl M3Me-
PEHNSt MOMEHTA, OTKaAblBAaeM OT OCEBOM NMHMK 3ntopbl (puc. 24, r) op-
AMHaTy, COOTBETCTBYIOLLYIO BENNYMHE Hambonbwero MmomeHTa — Pl (ycno-
BMMCSI MOMEHT CYMTaTb MONOXUTENbHBIM, €C/In OH npornbaeT H6anky Bbl-
MyKJOCTbIO BHM3, CleA0oBaTeNbHO, B AAHHOM C/ly4ae MOMEHT OoTpuua-
TENbHBbIN).

BTopas Touka Ans NOCTpoeHust rpaduka COOTBETCTBYET cBoboa-
HOMY KOHLYy 6anku. B 3TOM ceyeHnn MOMeHT paBeH Hynto. CoeanHuB ToY-
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KM a 1 6, Nony4MM rpadmk n3MeHeHns M3rmbatoero MoMeHTa no AJiMHe
6anku, T.e. aMnopy MOMeHTOB. [NpOMEXyTOUHble MeXAy ToYKaMu a U 6
OpAMHaTbl COOTBETCTBYIOT MOMEHTaM B COOTBETCTBYHOLIMX CEYEHMSIX.
WTak, Ans gaHHoOro ciy4yas noslyymnmn, Y4To onacHoe CEYEHNE — B 3aAeSIKe,
a M3rmbatoLmin MOMEHT B HEM paBeH Pl

Pa3bepemM 6osiee CroXHbIN Cnydait, koraa 6anka AByXornopHas u
Harpy>keHa cunoi B cepeanHe nponeta (puc. 25, a). 3aecb Cpasy Henb3s
NMPUMEHUTb METOJ CEYEHUI, TaK Kak Mo JobyLo CTOPOHY OT CeYEHUs OKa-
3blBaeTC HeCcBoboAHas 4yacTb H6anku co cBsA3sMU. B nopobHbIX crnydasx
HaZo BHayasie oTOpoCUTb OMOPbl M 3aMEHWUTb MX peakuusMun (puc. 25, 6).

P
Kaxxgas n3 peakumn pasHa 5 MNpuMeHas MHOMOKPaTHO METOoA CeYeHUNn,

BHa4ane paCcCMOTPUM paBHOBECUE OTCEYEHHbIX yacrel 6aJ'IKM, pacnono-
XXEHHbIX NpaBee noboro m3 Ce'-leHI/II\/JI, NPOBEAEHHbIX Ha y4acCTke OT npa-
BOro KoHUa 6anku ao cepeauHbl nponeta. PesynbtaT oueBMAeH: ecnn Ha
KOHLe 6ankm MOMEHT paBEH HYNIO, TO K CepeanHe NponeTa OH BO3pacTta-

[ Pl
€T A0 3Ha4eHna 55, T.€. T . 3aTeM TO4YHO TaK e pacCMOTpUM pas-

HOBECME OTCEYEHHbIX YacTell 6anku, pacrofioKeHHbIX nesee noboro U3
CeYeHUIn, NPOBEAEHHbIX Ha YUYaCTKe OT NIEBOro KOHL@ 6anku [0 cepeiuHbl
nponeta. Pe3ynstathl 6yAyT aHanornyHbiMU. BblibpaB MacluTab eamMHuLbl
MOMEHTa W YCTaHOBMB, YTO U3rMBaIOLLMI MOMEHT MOSIOXUTESNEH, OTMIOXMUM

Pl
BBEPX MO OCU OpAMHaTy T n noctpoum antopy M, (puc. 25, B). Mo

aMnpe BMAHO, YTO B AaHHOM CJly4ae€ oOrnacHoe Ce4YeHWe HaxoauTca B Ce-

peavHe NposieTa, MOMEHT M, B ONAacHOM CEYEHMM paBeH Pl Ymenro 3Ty
4

BENNYNHY HaJ0 6y,qu noaCTaBUTb B paCH4ETHOE YpaBHEHME MNPU MPOEKT-
HOM MM NPOBEPOYHOM pacyeTe 6ankun Ha narub.
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2.11. MpoponbHbI N3rné

PaccmaTpuBasi gedopMaumto OkaTusl, Mbl OTMEYanW, YTO OHa
BO3HMKAET NpW AENCTBAM Ha B6pyC c1, HaNpPaBNEHHbIX MO €ro Npoaosb-
HOW OCM HaBCTpedy Apyr ApYyry, ¥ 4TO Npu 3TOM MonepeyHble pasMepsbl
6pyca Mano OT/IMYaoTCs OT ero NPOAOSIbHLIX Pa3MepoB.

Ecnu nonepeyHble pasmepbl 6pyca 6yayT BO MHOMO pa3 MeHblle
€ro AsMHbl (Takoii 6pyc HasblBalOT CTEPXKHEM), TO MOXET BO3HWKHYTb
MHOE HanpshKeHHOEe COCTOsIHWME. BHauane, Korga cuibl HEBENMKW, CTEp-
XXeHb AENCTBUTENBHO MNOABEpraeTcs
OKaTUIO U ero ocb ByaeT ocTaBaThbCs
NpsMONMHeiHon. OpHako, YyBennuu-
Basl CUJly, MOXHO MOAOMTM K TaKoMy /
€e 3Ha4yeHMto, KOTOpOoe BbIBEAET CTep- I
)KEHb M3 YCTOMYMBOIO MOJIOXKEHUS U €ro |
OCb CTaHET KpVBOSMHENHON (puc. 26). |
EcTecTtBeHHO, 4TO paboToCnocobHOCTb 7
JeTanu npu 3ToM 6yaeT HapylueHa.
Jedopmauyns cTepxHs, aBI[OLAEACS a d
CNIesCTBUEM 0TEPH €ro yCTOHYMBOCTH Puc. 26. TpononbHbiii u3rv6
o CTEPXHEWN XECTKO 3allEMNIEHHOIO
1104 AEVICTBUEM OKUMAKOLUMX CUJT, HA-  (a) 1 ¢ wapHUpPHLIMM oropamm (6)
3bIBAETCS MPOAO/IbHBIM U3rnboM. Cu-
na, KoTopasi COOTBETCTBYET MOMEHTY NEPEXoaa CTEPXKHS U3 YCTOMYMBOrO
MOSIOXKEHUS B HEYCTOMYMBOE, HA3bIBAETCH KDUTUHECKOM CM/IO¥, @ Hanps-
XKEHME OKaTus, COOTBETCTBYIOLLEE 3TOW KPUTUUECKON CUNe,— KpuTuye-
CKUM HaIpPsIKEHNEM.

MpaKTuKa MoKasblBaeT, YTO 3TO HaMpsKEHME MeHblle 06bIYHOMO
npeaenbHO OMacHOro HarmpspKeHWUsl, OPUEHTUPYSICb Ha KOTOPOE, Bbl-
6MpaloT AOMYyCKAaeMble HaNPSHKEHUS Npy OkaTuMK. Mo3ToMy, UTobbl pacyeT
Ha MPOYHOCTb MpU OKATUM OAHOBPEMEHHO rapaHTUpOBas YCTOWUMBOCTb,
[OMNYyCKaeMble HamnpshKEHUS Ha OKaTWe NPU TaKOM Harpy>XeHUW CTEPXKHEN
CHMXXAIOTCS! B 3aBUCMMOCTM OT COOTHOLLEHMSI A/IMHbI U NOMEPEYHbIX pas-
MEpOB CTEPXKHSI U OT criocoba 3aKpensieHns ero KoHUoB. Hanpumep, npu
MPOYMX PaBHbIX YC/TOBUSIX CTEPXEHb, 3aKPEMSIEHHbIM, Kak MOKa3aHO Ha
puc. 26, a, MEHee YCTONUMB, YEM CTEPXKEHDb, MOKA3aHHLIN Ha puc. 26, 6.

ol
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2.12. CnoxxHoe conpoTuBJieHne

Mbl paccMaTpuBanu cydyau NpocTbix AechopMaLmii: pacTskeHue,
oKaTue, CABUI, KpyyeHWe, NonepeYHbiil U NpoaosbHbIA M3rbbl. OgHako
HeKoTopble AETann MOryT WUCMNbITbiIBaTb OAHOBPEMEHHO HECKONbKO Mpo-
CTbiX pAedopMaumnii, T.e. CIOXHOE CconpoTussieHne. Hanbonee 4acrto
BCTpeYaloTcs  cnegylowme KoMbuHauuMmM npocTbiX AedopMauuii:  pac-
TshkeHue (OKaTue) C M3rmbom n nsrmb ¢ KpyyeHunem.

Ecnn 6pyc Harpy)eH Tak, Kak MokasaHo Ha puc. 27, a, To 3T0
obbluHas aedopMaumsa pactskeHust. Ecnm 6pyc HarpyxeH Tak, Kak noka-
3aHO Ha puc. 27, 6 (Tenepb 3710 6anka), To 310 0bblYHas AedopMaums
nonepeyHoro nsrmnba. A ecnm HarpyxeHue 6yaeT TakMM, Kak nokasaHo Ha
puc. 27, B ? Onpegenutb BUA AedopMaumm B 3TOM Cllydae HETPYAHO,
eCnn pasfoXuTb 3a4aHHy0 cuny P Ha aBe cocrtasnsowmne — P, un P,
(puc. 27, r). CocTaBnsitoLme HaxXoaaTcsl Kak npoekuun cunbl P Ha Koop-
OMHaTHble Ocu. Toraa SICHO, YTO HarpyXXeHue aHanorMyHo CymMMme ABYX
MepBbIX Harpy>xeHwui (puc. 27, a, 6), a, 3HAYUT, U HaNPSHKEHHOE COCTOS-
Hue 6yaeT COOTBETCTBOBATb OAHOBPEMEHHOMY MOSIB/IEHMIO HaMpPsKEHW
PACTSHKEHMS U HaMNpPSHKEHWI M3rmba. MpoaHanmanpyem AeUCTBUE CUIlbl P;.

o/ B
/D
, P
0/
b 7
RN
2l 7 y

o1

Puc. 27. PasnuyHble BuAabl aecdopmaunii:
a — pacTshkeHue; 6 — nonepeyHsblii M3rnb; B — cnoxHas aedopmauus;
r — cnoXHas aedopMaums Kak cyMMa ABYX NpocTbix Aedopmaumii
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Mpu gedopMaunm pacTsdkeHUsl BCe CeyeHus no AnnHe 6pyca u
BCE TOYKM B CEYEHWSIX paBHOOMACHbl. PaBHOAEWCTBYIOWAs BHYTPEHHUX
cun N=P,. BennunHa HanpshkeHus

rae F— nnowaab NonepeyHoro cevexHms 6pyca.

MpoaHanusupyem aencreme cunbl P,. 3aeck Haubonee onacHo
ceyeHue B 3aaesnke (TaM HanbonbluMii UsrmbaloLmii MOMeHT My=P,l) n B
3TOM CeYeHUn Hambosnee onacHbl TOYKW, Aasiblle BCEro pacrosoXeHHble
OT HEWTPanbHOW OCK. HanpspkeHne B 3TUX TOUKax
P,

s

Ot max = +

w
roe P,/ — nsrmbaowmii MOMEHT B 3aaenke; W — oceBOW MOMEHT CO-
NPOTUB/IEHMSI CEYEHUS U3rnDY.

HopMasbHble HaNpsXXEHUS 6, N Gpmqx MOXHO CKNafblBaTb anreb-
panyeckn (OHM HanpaB/eHbl NO OHON NMpaMolt). OYeBMAHO, UTO B UTOre
Hanbonee onacHbIM 6yaeT ceveHne B 3aJ€NKe, U B 3TOM ceveHun Hambo-
nee onacHeiMn 6yayT Te TOYKM, B KOTOPbIX HAMPSHKEHUS CYMMUPYIOTCS,
T.€. TaM, rAe y HUX 6yJET OANHAKOBBIN 3HAK:

P, P
chM :—+W.

2.13. Pacuer Ha NpPO4YHOCTb 6ankun
Mpy CI0XKHOM CONpPOTUBJ/IEHUN

2.13.1. MNocTpoeHune antopbl NPOAOSIbHBIX CUI

MeToanKy NOCTpoeHWs 3ntopbl N NpeacTaBseM AN NokasaHHOM
Ha puUC. 28, @ CxeMbl HarpyxeH1s 6anku C 3afaHHoW AnuHol L (B pac-

cMaTtpusaeMoM npumepe 1,5=0,7 m, P =1000 H, a=60"). HanpaeneHue un
3HAQUYEHUSI NMPOAOIIbHBIX YCUITUIA R;, P’ 3af4aHbl, rae R/f: 500 H,

P'=Pcos a=1000 - 0,5 = 500 H.
ﬂ,ﬂﬂ NOCTPOEHNA aNntopbl NPOAOSIbHbIX CUJ1T NCNOJIb3YEM METO/ Ce-
yeHwii (puc. 28, 6).
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P=1000H

y | P=866H
9 A R P50 |5 g
Q4m Q3m
frd / / R
i) Hazpyxerue npado/bHyMY Cuaamy
A [/ U B
N s ) i
R / P /
mpa npodosbrely cun - N
b é
N=500H
Hazpyxerue nonepesHemy cumamy
2 Z P
AL / d 5
/laﬁ / V43 S 7 PE
1 8
P Fgpa uzzudaiuy Momermol M
M85 Hm

Puc. 28. 3ntopbl NpOAOsbHBIX CUA ¥ U3rMbatowmx MOMEHTOB

CeyeHne I -1
PaBHOBece NneBOM 4YacT OBECreuYMBAETCS BHYTPEHHWM Mpo-
OONbHBIM OKMMatoLWKMM ycuninem N = R; =500 H.

Cevenne I1 - 11
PaBHOBeCKEe N1eBOI YacTM 06ecrneYnBaeTcs NPOAOSIbHBIM YCUTNEM

N=RY-P"=500-500=0.
OTW [aHHbIE WCNOMb30BaHblI ANs NOCTPOEHNA 3MIOpPbI N Ha
puc. 28, B.
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2.13.2. MocTpoeHue antopbl N3rnbatoLwmMx MOMEHTOB

CTpoM CxeMy Harpy»eHus 6anku nonepeyvyHbiIMnU - YCUTUAMHn

(puc. 28, r). HanpaBneHus u 3Ha4YeHUs ycunmi Rf ,Rg, PB, 3a[aHbl,

rae RY =371 H, R} =495 H, P =Psin a =1000 - 0,866 =866 H.
[insi NOCTpOeHMs aMtopbl M3rMbatoLLMX MOMEHTOB UCMOJIb3YEM Me-
TOZ CEYEHMIA.
CeueHne I-1 0<z;<04m
M= —Rf VAN
npu z; = 0, M =0,
npnz; = 0,4 m. M =-371-0,4 =—148,5 Hwm.
CeueHne IT-II 0,4 m<z,<0,7 m.
M=-R}, - z+ M, +(P},-G2)-(z,-0,225);
npu z,= 0,4 m, M ==371 - 0,4 =—148,5 Hm;
npu z,= 0,7 m, M =— 371 - 0,7 +866 - 0,3 =0.
Mo pe3ynbTaTaM pacdeTa CTpouM 3nopy M marmbarowmx Mo-
MeHTOB (puc. 28, 4).

2.13.3. OnpegeneHne reoMeTpUUYecKUxX XxapakTepucTmuk
ceyeHus 6ankuy, pacdeT Ha NPOYHOCTb

[na npsMOyronbHOro ceyeHus 6anku ¢ pasmepamu A=22 Mw,
b=14 MM HaxoauM:
1) MNnowaab NonepeyYyHoro ce4yeHns
F=b-h=14-22=308 um’.
2) MOMEHT COnpoTUBIEHNS CEYEHMS
bh*>  14.22°
6

AHanM3 3Mop NPOAOALHLIX CUM U U3MMGAIOWMX MOMEHTOB
(puc. 28, B, 4) NOKasblBAET, YTO OMaCHLIM SBMAETCA CEYeHWe, Mpo-

Wy = =1129 mm>.
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Xogasiiee yepes Touky S 6ankun. B 3ToM ceyeHUn MMET MecTo Hambonb-
r v
Wwas npogosbHas cuna Nyyx = RA = 500 H n MakcuManbHbIn n3rmbato-

WA MOMEHT Myux = —148,5 Hm. banka B OTMEUEHHOM CEUYEHUWN WUCMbl-
TbIBAET COBMECTHOE [ENCTBME M3rMba U okaTus. [ns onpeaeneHust cym-
MApHbIX HaMpsHKEHUIA WCTIONb3YeM MPUHLMM HE3ABUCUMOCTU JIENCTBUSA
cun.

3) HanpsxeHns B ONacHOM CEYEHUN OT COKUMALOLLMX YCUUIA

N
—=_ MAX :ﬂ = 1,62 Mlla.
F 308

4) HanpsikeHnsi B ONacHOM CEYEHUM OT M3rnba

3
on= Mo 1485107 0o,
w. 1129
5) CyMMapHble HanpskeHUst B OKaTblX BOSIOKHAX
6 =oc+toy=1,62+ 131,5 =133 Mlla.

Monaraem, yto 6anka usrotoBneH u3 cranu CT.3, Ans KOTOPOM
Jonyckaemoe HanpsbkeHue npu usrmbe [c] = 150 MIIa. Takum 06pasom,
B pacCMaTpvBaeMOM Cilyyae ycioBre NpoYHOCTU 6anky npu conpoTueIe-
HUKM Ha n3rnb co okaTtneM o <[o], 133 < 150 BbINONHSAETCS.

6) KoacbduumeHT 3anaca NpoyHOCTM 6ankn Npy CIOKHOM COMNpo-
TUB/NEHWU

[c] 150
n=-—=——=1,13.
o 133
7) Ecm npu pacyeTtax nonyumnm ¢ >[c], n < 1, HeobxoaMmo
YBENUUUTL reoMeTpuyeckMe pasMepbl CeYeHWs U MOBTOPUTHL pacyeT,
obecneunB BbINOSHEHWE YCNIOBUS MPOYHOCTU. [ocnegHee MOXHO Takxke
obecneunTb, NpUHAB B kavecTBe MaTepuana 6anku crtanb ¢ 6onee BbiCo-
KUM JOrMyCcKaeMbIM HanpshkeHneM npu narnbe.
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Fnasa 3. OCHOBbl KWNHEMATUKN N ANHAMUKUA

3.1. MocrynaTenbHOe ABMKEHUE TBEPAOro Tena

K npocTenMM [ABMXEHUSAM Tena OTHOCATCA MOCTynaTenbHoe
JIBMXKEHNE N BPALLIEHNE BOKPYI HEMOABUXHOM OCU.

[TocTynare/ibHbiM HAa3bIBAETCS TaKoe [BMXKEHWE TBEPAOIo Tesia,
rpy KOTOPOM BCSIKasi NpsiMasi, MpOBEAEHHAS B 3TOM TEJE, OCTaeTCs na-
PasfIesIbHONM CBOEMY HAYa/IbHOMY IOJIOXEHUIO.

PaccMoTpuM Teno (puc. 29), KOTOpOe COBEpLIAET MocTynaTesnb-
Hoe aBweHue. MNpoBeaeHHast B Tene npsaMas AB BO BpeMs ABUXKEHUS
rnepeMeLLlaeTcs napannienbHO CBOEMY HayanbHOMY MOJIOXEHWUIO. PaccMoT-
pVM NepeMeLLIEHNE TeMa 3a Masbllii NMPOMEXYTOK BpEMEHU At

Puc. 29. MNocTynaTenbHoe ABWXEHWE Tena

an/I 3TOM MOXHO CYMUTATb, YTO TOYKMU AnB nepemMeLlaroTcda no
I'IpﬂMOJ'II/IHel\/JIHbIM N napannenbHbiM MPAMbIM. 3a BpeEMSA At OHM I'IpOI\/JIﬂ,YT
OAMHAKOBbIE NMYTU As. Cne,qosaTeano, CKOPOCTU 3TUX TOYEK 6y.qu oan-
HaKOBbl MO BEINYUHE

Vq=Vp =YV
N HanpasfieHbl B OAHY CTOPOHY, T.€.
V, =V, = .

AHanorm4yHo [oKasblBaETCH paBeHCTBO YCKOpeHVIl)'I TOYeK Tena

Nnpn NOCTynaTesibHOM ABUXEHUN:

a,=az=a.
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WUTaK, rpu rnocTynaresibHoOM ABYXXEHUN Tesla BCE Ero TOYKM Ofu-
CbIBAIOT OAMHAKOBBIE TPAEKTOpUM M B JIHOGOK MOMEHT BPEMEHU UMEIOT
DAaBHbIE 110 BE/MYMHE U OAUHAKOBO HAIpPaB/IEHHbIE CKOPOCTU U YCKope-
HUs.

Mo3ToMy nMoCTynaTenbHOe ABMXKEHME Tefa  BrojfHe  Xa-
paKTepuU3yeTCsl ABMXKEHWEM OAHOM ero Touku. OAHako nocTynaTenbHoe
OBWXXEHWE MOXET COBEPLUaTh TOMbKO TBEPAOE TEMNO, @ He OTAe/bHas
TouKa.

MpUMEpOM MOCTYNaTEeNbHOTO  ABWKEHUS  CIYXXUT  ABMXKEHUE
MOPLUHA MapoBOi MallMHbI, ABUXKEHUE BaroHa Ha MpPSAMOM y4yacTKe MyTu
uT.o.

MocTynaTtenbHoe ABMXKEHWE MOXET 6biTb MPSAMOSIMHENHBIM U
KPUBONMHENHBIM, [pX NPsSIMOMIMHENHOM MOCTYNaTeNbHOM [ABWXXEHUM BCE
TOUYKM Tena OMNUCLIBAOT paBHbIE W MapannefbHble MNpsMblE  SIMHUM
(puc. 29, a). Npu KPUBONMHENHOM MOCTYNATENBHOM ABMXXEHUW BCE TOUKM
Tena onNuCLIBAKOT OAMHAKOBbIE KpuBble (puc. 29, 6).

3.2. CKOpPOCTU M YCKOpEeHUs TOUEK BpallaloLerocs tena

Touku Tena, BpaLLAOLWErocs BOKPYr OCU, NEPEMeLLaoTCs Mo OK-
py>xHocTaM (puc. 30, @), paanycbl KOTOPbIX  paBHbI PACCTOSAHUAM TOUEK
OT OCV BpaLLeHus.

JInHelHaa cKopoCTb v TOUKM 4 W YrnoBass CKOpoCTb @ Tena
CBsi3aHbl MeXAay co60t0 NIMHENHOWN 3aBUCUMOCTbIO

V=T,

MoactaBus B opMyny AN JIMHEWHOW CKOPOCTU TOueKk Tena,
BPALLIAIOLLErocsl BOKPYr HEMOABWXHOW OCW, 3HAUYeHWe 1 YrioBoW CKOpo-
CTK B 060pOTax B MUHYTY, NOJTy4UM

n
Vy=—— T.
30
HanpaBneHa \_/A no nepneHankynapy K paauycy r B CTOPOHY

(pnc.30, a).
B oblieM crniyyae BEKTOpP CKOPOCTU TOUKM A, Bpallasicb BOKpPYr

TOYKU O, U3MEHSIETCA MO BeNMYMHE M HanpasneHuto. MNoatoMy y 3TOM

—-n
TOYkV ByAeT MMeTb MEecTo HopManbHOe yckopeHue d, (xapakTepusyeT
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— =T
U3MEHeHne v, no HanpaBneHmo) N TaHreHunanbHOE YCKOpeHne aA

(xapaKTepusyeT M3MeHeHWe V, MO BennuMHe). BennunHa HopmanbHOro

—-—n
ycKOpeHusi @, TOYKM A onpeaenuTcs kak

MoacTaBnsist B 3TO BblPa)kEHWE 3HAUYEHUE CKOPOCTU V4= @ 7, NO-
nyyaem

_ 2
a,=wr
—-n
HanpaBneHo @, o paauwycy r K LeHTpy O BpaLleHus.
KacaTenbHOe YCKOPEHME TOUKM ONpeaenseTcs U3 BblpaXKeHUs
T _
o, =¢cr,
rfe & —yrnoBoe YCKopeHWe BpallatoLLierocs Tena.

HanpaBneHo @) NeprneHAVKYNSpHO # B CTOPOHY &.

MonHoe YCKOpeHWe TOYKW MpW HEPABHOMEPHOM BpaLUEHWN BO-
Kpyr ocu (puc. 30, 6) reOMETPUYECKN CKNAMAbIBAETCA M3 KacaTeslbHOro M
HOPManbHOro YCKOpPEHUI

— — —7

Puc. 30. CKOpOCTM 1 YCKOPEHUS TOUYKW BpallaoLerocs Tena
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3.3. NMoHsaTMe 0 NiocKonapaiefibHOM ABMKEHUN
TBepporo Tena

MpuvMepoM NSIOCKONapannenbHoro ABVMXKEHUSI MOTYT  CIYyXWUTb
[ABVDKEHME LWATYHa KPUBOLUMMHO-LIATYHHOrO MEXaHM3Ma, ABMXXEHNE Kose-
Ca Ha NPSIMOSIMHENHOM y4acTKe nyTu 1 ap.

MokaxxeM, 4TO Ntoboe MnepemelleHne MIOCKOM (Urypbl MOXHO
OCYLLECTBATL [ABYMSI MPOCTENLUMMU ABUXXEHUSIMU: OAHWM MOCTYMaTe b-
HbIM WU OAHWMM BpaLLlaTesibHbIM. MonoXeHne Nnockoi durypsl Ha puc. 31,
a BMNOJIHE OnpefensieTcd OTPe3KOM A;B;. DTOT OTPe30K MOXHO nepeMec-
TUTb 13 NONOXeHUS I B nNosioxxeHune 11 — cneayowmMm 06pasom: nepeHecTm

€ro napannenbHo camomy cebe B MOSIOXeEHUe AZB;, (npu aToM urypa

COBEPLUNT MOCTYNaTeNbHOE MEPEMELLEHME), @ 3aTEM MOBEPHYTb OTPE30K
BOKPYr TOUKU A, NPOTUB YacOBOW CTPENKM Ha yron ¢, (durypa npu 3ToMm
COBEPILUMT BpaLLATENIbHOE ABMXXEHWE W 3alMET nonoxxeHue I1). MoxHO
NOCTYNUTb MHAYe: BHauane AaTb Gurype nocTynaTesbHoe NepeMeLleHne
[10 MONIOXeHUs oTpe3ka B, A, a 3aTeM MoBepHYTb BOKPYT TOukW B, npo-

TUB YacoBOM CTPENKN ONATb Ha yron ¢.

al

o

Puc. 31. MNnockonapannensHoe ABUXEHME
TBEPAOro Tena
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TouKy, BOKpYr KOTOpOW ¢hurypa COBepLUAeT MOBOPOT, Ha3blBaloT
nonocoM. B nepsoM cny4vae nonocoMm 6bina Touka A4, BO BTOPOM — B,.
OueBnaHO, 3a NOMKC MOXeT 6bITb NPUHSATA NPOM3BOJSIbHAS TOYka Gury-
pbl.

WTaK, nnockonapannensHoe [ABMXKEHWE MOXHO pasfiOKUTb Ha
[Ba COCTaBNAOWMX ABMXKEHWUSA: MOCTynaTeNlbHoe BMeCTe C HEeKOTOPbIM
NOJIKOCOM U BpallaTesibHOe BOKPYr 3TOro nosntoca. 1ocTyrnaresibHas 4acrb
1/10CKONapasife/IbHOro ABWKEHUS 3aBUCUT OT Bblbopa rosoca. Kak Bua-
HO u3 puc. 31, a, nocrtynatenbHoe nepemelleHne A;4, npu Bolibope 3a
NofKC TOYKU A, He paBHO MNOCTynaTeslbHOMY rMepemelleHnio BB, npu
BblbOpe 3a MOMC TOUKN B.

PaccmaTpuBass BpallaTenbHyl0 4acTb  MAOCKONapasnnensHoro
[OBWXEHUS, HETPYOHO YCTAHOBWTb, YUTO yro/1 roBopoTa He 3aBUCUT OT Bbl-
bopa rosnroca.

PasnoxeHne nsockonapannesbHoro ABWDKEHUS MOXHO WMCMOosb-
30BaTh A9 ONpeAeneHns CKOpPoCTeil Todek Tena. Tak Kak nyiockonaparn-
NenbHoe ABWMKeHne urypbl MOXeT 6biTb NPeACTaBNeHO Kak CyMMa ABYX
OBWKEHWIA — MOCTYNaTeNbHOrO M BpallaTenbHOro, To CKOPOCTb 060
ToukM Tena B (puc. 31, 6) MOXHO NPeaCTaBUTb Kak reOMEeTPUYECKYIo CyM-

My ABYX CKOPOCTEiA: CKOPOCTM V, [ABWKEHMS MOMtoca A U CKOPOCTU V,,
BpaLlaTeNIbHOro ABUXEHWUS TOYKM B BOKpYr nostoca A4:
V=V, +V,,.
BennunHa CKOpoCTM BpalLaTenbHOro ABWMXKEHUS ONpeaennTcs no
dopmyne
VB4 = @ 4B,
rae o — yrnosasi CKOpOCTb BpalLeHUst TOUKM B OTHOCUMTESNIbHO TOYKU A;
AB — paanyc BpalleHUs TOYKN B OTHOCMTENbHO nontoca A.

CKopoCTb BpaLLaTeNbHOrO ABWKEHUS V,, HamnpasneHa nepneH-
OVIKYNSPHO pajunycy BpaweHus AB.

Tak Kak BpallaTenbHas YacTb ABMXXEHWUSI He 3aBMCUT OT Bblbopa
nonioca, To obwas Ans BCeX NOMOCOB YrioBasi CKOPOCTb @ Ha3blBAETCS
YrNIOBOW CKOPOCTbIO MI0CKON hUrypbl.

Paccy>xgast aHanorMyHo, MOXKHO MoKasaTb, YTO YCKOPEHME TOYKM
B 3anuiweTtcs kak

- - —n —T
ClB:aA+aBA+aBA,
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rAe a, — YCKOpEHUE TOUKN A KaK Momioca; dp, — HOpManbHOe yCKopeHue

BPALLEHUS TOUKWN B BOKPYr TOMKW A; @p, — TaHreHuuanbHoe yc-
KOPEHMWE BPaLLEHNS TOYKM B BOKPYT TOUKM A.
—-n
Bektop @, HanpaBneH napannenbHo OTpesky AB B CTOPOHY
nostoca — Touky 4. Ero BennunHa onpeaenutcs no dopmyne

2
a;A =W 4B
BeKTOp E;A nepneHanKynsipeH oTpe3Ky ABwn HanpaeJieH B CTO-

POHY Yr/IOBOrO YCKOPEHMS € BpalleHWs Tena BOKpyr nostoca. Ero senu-
YMHa OMNpeaennTca Kak

ay, =eAB.
3.4. AKCMOMbI AMHAMUKMU

B AuHamMuke paccMaTpuBaETCAa [BYXKEHNE MAaTepuasibHbIX TOYeK
WM TEJ 1104 AEVICTBUEM MPUSIOXEHHBIX CUJT; YCTaHABIMBAETCA CBA3b Me-
XKAY MPUTIOKEHHBIMI CUTIAMU 1 BbI3bIBAEMBIM UMM [BHXEHNEM.

[IMHaMMKa U3y4aeT Takue CUCTEMbI CUJl, KOTOPbIE HE HaxoasaTCs B
COCTOSAHMM paBHoBecus. OHa OCHOBbLIBAETCA Ha pAde BblTEKAOWMX U3
OMblTa aKCUMOM; HEKOTOPbIE M3 HUX bl PACCMOTPEHbI PaHEe B CTaTUKE.

HanoMHUM cofiep)kaHue MepBoi akCMOMbl, TaK Ha3biBAEMOro 3a-
KOHa MHEPLIMM, PACCMOTPEHHOrO B CTaTUKE.

Cuctema cus, NPUIOKEHHAA K MaTepuasibHOM TOYKE, AB/IAETCA
VPaBHOBELLIEHHOM, €C/iM 04 €€ BO3AEHCTBUEM TOYKA HaxoAuTcs B CO-
CTOSIHUM OTHOCUTE/ILHOIO MOKOSI WM [IBUXKETCS PaBHOMEDPHO U MPAMO/IN-
HeviHo. TakuM 06pa3oM, NepBas akcuMoMa onpeaenser yCnoBus, npu Ko-
TOpbIX CUCTEMA CMJ1 B3aUMHO YPaBHOBELLEHA W, CNeA0BaTeNbHO, SKBUBA-
NIEHTHa HyfIo.

OfOHaKo akcoMa MMEET ellle U ApYrol CMbIC, Ha KOTOpOM cne-
JyeT OCTaHOBUTLCA MoapobHee. B ciyuae OTHOCUMTENBHOTO MOKOSI WK
PaBHOMEPHOro U NPSIMOSIMHENHOrO ABWMXKEHUS YCKOPEHUE MaTepuasibHo
TOYKM PaBHO Hy0. MO3TOMY 704 AE/CTBMEM YPABHOBELLIEHHOV CUCTEMbI
CHJT MM 1IPYU OTCYTCTBUM CUJIOBBIX BO3AEHCTBUI MAaTEpUa/ibHasa ToYka He
UCTIbITBIBAET YCKOPEHUI W IBMXKETCSA PABHOMEDPHO U MPAMOSIUHENHO.

Koraa Ha TOUKy [OEMCTBYET HeypaBHOBELUEHHas cuctemMa cun,
Touka 6yaeT UMeTb HeKoTopoe yckopeHue. CBsA3b Mexay AeiCTBYIoLIEeN
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Ha TOYKY cinon u YCKOPEHWNEM, BbI3blIBAa€EMbIM 3TOM CI/IJ'IOﬁ, yCTaHaB/nBa-
eTca BTOpOﬁ AKCMOMOA ONHAMUKKN, KOTOPas 3aK/1K4aeTCA B CeayoleEM:

Yckopenne A , coobljaemoe MaTepuasibHOM TOYKE Mpusio-

JKEHHOU K Hedt cunoli P, umeet HanpassieHne cusibl v 1o BEMYUHE T1po-
ropuymoHasbHo e (puc. 32, a):
P =ma,
roe m — ko3@UUMEHT NPOMNOPLMOHANBLHOCTH, CBS3bIBAIOLWMIA CUY C YC-
KOpeHWeM, NOSIBUBLUMMCS B pe3yibTaTe NPUIoXeHUs CUsbl.

Puc. 32. BeKTopbl CUilbl U YCKOPEHUS

YpaBHEHWE Ha3bIBAETCA OCHOBHbLIM yPaBHEHNEM UHAMUKN B BEK-

TopHoM chopme. OHO CrpaBeaIMBO TakXKe U B ckanspHoi dopme
P =ma.

Paznuune Mexay nepsBoit M BTOpPOM GopMaMi 3ak/IHOuaeTCs B
TOM, YTO BEKTOPHas popMa ypaBHEHUSI YUUTbIBAET HanpaBfieHWe BEKTO-
POB CUJIbl U YCKOPEHUS, a CKansipHas opMa yuMTbIBAET TOSIbKO YMCIEH-
Hble 3HaUYEHUS 3TUX BENUMH.

KoachdMUMEHT m, BXOAALWMIA B OCHOBHOE YpaBHEHWE AMHAMMUKK,
MMeeT O4YeHb BaxHoe (du3anuyeckoe 3HadeHne. OH npeacTaBnseT coboit
Maccy mMarepuasibHONU TOYKM.

Ecnm pelwnTb ypaBHEHUE OTHOCUTENBHO YCKOPEHUS, NOy4nUM

a= —.
m
M3 3TOro ypaBHeHUsi BUAHO, YTO YeM 6onblie Macca, TeM 60b-
Wwaa cvuna notpebyercs Ans coobLleHns Teny onpeaeneHHOro YCKOpeHust.
CnepoBatenbHO, Macca XapaKTepU3YeT WHEPTHOCTb, WM «HenoaaTiu-
BOCTb» Te/na BO3AENCTBUIO CUSIbl.
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TakuM 06pa3oM, Macca MaTepmasibHON TOUKU SB/ISETCI MEPOU ee
UHEPTHOCTH.

[na BpallaTeNnbHOro ABMXKEHUS TENla OCHOBHOE YpaBHEHWE Au-
HaMMWKM UMEET BUA

M =1Ig,
rae I — MOMEHT uHepuuu Tena (Mepa MHEPTHOCTY TE/a BO BPallaTesibHOM
ABYKEHIN); & — YITIOBOE YCKOPEHME.

MpuBeaeM OPMYNUPOBKY aKCHOMbI HE3aBUCUMOCTU AEVICTBUSA
cun:

Ecnin Ha MatepnasbHyro TOYKY AEVCTBYET HECKO/IBKO CWJl, TO YC-
KOpeHue, rosy4aemMoe TOYKOK, GYAET TakuM Xe, Kak fpu AeVcTBun og-
HOVi C/bl, paBHOM reoMETPUYECKON cymme 3Tux cui (puc. 32, 6), T.e.

mad =P +P,+ P, +.+P =R,

roe R — paBHOAENCTBYIOLLAA CUCTEMBI CUI, NPUIOXKEHHBIX K paccMaTpu-
BaEMOI TOUKE.

OCTaHOBMMCS Ha MocnegHel akcMoMe AMHAMUKU — aKCcuMoMe
B3aUMOAENCTBMS, 3HAKOMOWN U3 CTATUKM.

BcskoMy [EVICTBUIO COOTBETCTBYET PABHOE U IMPOTUBOIMNOSIONKHO
HanpasaeHHOE rpoTuBoAeACcTBME., VIHBIMA CNOBaMU, CUJbl, C KOTOPbIMM
JIeVCTBYIOT APYr Ha Apyra MaTepuanbHble TOUKM, BCEraa paBHbl MO Moay-
JII0 W HanpaB/neHbl Mo NPAMON, COEANHSAIOLLEN 3TU TOUKM, B NMPOTUBOMO-
JTOXKHbIE CTOPOHBI.

3.5. NoHsaTHe 0 cunax uHepumn. Metoa, KUHETOCTaTUKHN

PaccMOTpuUM MaTepuanbHyo TOUKY A, Ha KOTOPYIO AENCTBYET He-

kotopas cuctema cun P, P,, P,,.., P

n
(pvc. 33). Cpean OEACTBYIOLLMX CU MOTYT
6bITb 3af@aHHbIE AKTUBHbIE CWMbl, @ TaKXe
peakLun CBA3eN.

Ha ocHOBaHWM aKCMOMbl He3aBU-
CMMOCTU AeNCTBMA cun Touka A noa pent-
CTBMEM 3TUX CUNT MOJSTYUYUT TaKoe Xe YCKO-
peHue, Kak ecin 6bl Ha Hee AencTBoBana
JMLWb OAHA CWUNa, paBHasi FEOMETPUYECKON

Puc.33. Cuna nHepumu

CyMMe 3alaHHbIX CUN
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md =P +P,+ P +.+P =R.
Mpeanonoxum, uto kpome cun P, P,, P,,..., P, Ha Touky peit-
CTBYeT ellle oaHa auna P,, no BennMuMHe paBHas PaBHOAENCTBYIOLLIEH

cune R M HanpaBneHHass B CTOPOHY, MPOTUBOMOJOXHYIO paBHOAENCT-
Bytowen cune (puc.33)

P=-R=-ma=-(P +P, + P, +.+P,).
3TO ypaBHEHME MOXHO NPEACTaBUTb B BUAE
(-ma)+ P +P, + P, +.+P,=0.
nnu
P+P +P, + P, +.+P=0.
TakuMm 06pasoM, BCe CUsbl, BKIIOYAs Cuiy ﬁn, [O/MKHbI YPaBHO-
BELLNBATbCA, TaK KakK CUJIbI ﬁn n E paBHbl MeXxay coboi un HanpaB/eHbI

Mo O/IHOM NPAMON B MPOTMBOMNOJIOXHbIE CTOPOHbI. Cisia P, , pasHas npo-

U3BELEHNIO MACChl TOYKM HA €€ YCKOPEHWE, HO HarlpaB/IEHHAs B CTOPOHY,
IPOTUBOIIOJIOXHYIO YCKOPEHWIO, HA3bIBAETCS CHUIIOH MHEPLINN.

WTaK, U3 NOCNeAHEro YpaBHEHUS CNIEAYET, YTO B KaXK/bli aHHbIN
MOMEHT BPEMEHW CWUJbl, MPUOXEHHBIE K MaTeEPUanbHON TOUKE, YpaBHO-
BELUMBAIOTCS CUTaMU UHEpLIMW. MpUBENEHHBIA BbIBOJ, HA3bIBAOT HAYasioM
UK NpuHUMNoM [anambepa; oH MOXET 6biTb NMPUMEHEH HE TOMbKO K Ma-
TepuanbHON TOUKE, HO U K TBEPAOMY TeNy UM K cucteMe Ten. B nocnea-
HEM cnyyae oH popMynMpyeTcs cneaytownM obpasoM: ecm Ko BCEM pe-
asIbHO JIEVICTBYIOLMM CUJIaM, TTPUIIOXEHHBIM K ABWXYLLEMYCS TETY WM
CUCTEME TEJI, MPUSIONXUTL CUTIbI MHEDPLIMY, TO [10JTYYEHHYIO CUCTEMY CUJTT
MOXKHO paccMaTpuBaTh Kak HaxXOAALLYIOCS B PABHOBECHM.

CneayeT NoAYEpPKHYTb, YTO CUJTbl UHEPLMK IENCTBUTENBHO CyLLe-
CTBYIOT, HO MPUNIOXEHBbI HE K ABUMXYLLEMYCS TeNy, a K TeEM TenaM, KOTo-
pbl€ BbI3bIBAIOT ABUXXEHUE, T.€. K CBSI3AM.

MpuMeHeHne npuHUMna Janambepa No3BONSIET CBECTU peLleHue
JMHAMUYECKMX 3aay K WCMOSIb30BaHUIO YPaBHEHWIA paBHOBECUS, T.€. K
3aMeHe 33[a4M AMHAMWKWU SKBUBANEHTHOW € 3adadveit CTaTUKW. Takou
NMpUEM peLleHns 33aa4 AMHaMUKWU HOCUT Ha3BaHWe MeToga KMHETOCTa-
TUKH.
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Fnasa 4. OCHOBbl TEOPUN MEXAHU3MOB N MALLUUH

4.1. CTpykTypa MexaHu3MoB. OCHOBHble onpeaeieHusl.
O6pasoBaHue MexaHM3MOB Mo Acypy

— MexaHn3moM Ha3blBaeTCAa WMCKYCCTBEHHO CO34aHHas cucTema
TeN, NpeaHasHa4vyeHHasa anga npeo6pa3OBaHM;| AOBUXEHNA OOHOINo UIn He-
CKOJIbKUX TEN B Tpe6yeMb|e AOBWXEHNA APYrux Ten.

OOHO WM HECKOJSTbKO XXEeCTKO COeAWHEHHbIX TBepAablX Ten, BXO-
OSWNX B COCTAaB MexaHW3Ma, Ha3blBAETCS 3BEHOM. 3BEHO, NMpUHMMaeMoe
3a HENOABUMXXHOE, Ha3blBAETCA CTOVIKOU. 3BEHBA MeXaHWU3Ma, NMOJIoXEHUA
N 3aKOHbl ABMXXEHUA KOTOPbLIX 3aAat0TCA, Ha3blBalOTCA BEAYLYMMH, a 3Be-
HbA M€XaHWU3Ma, MONOXEHUA N 3aKOHbl ABUXEHNA KOTOPbIX OAHO3HA4YHO
3aBUCAT OT MOJIOXXEHUA U 3aKOHOB ABMXEHNA BEAYLLNX 3BEHLEB, Ha3bl-
BalOTCA BEAOMbIMU.

3BeHbSIM NpejarTcs TUMOBble HaWMEHOBaHWs, onpeaensieMble
XapaKTepoM nX ABMXKEHUA:

_
/
[ \
\ , — KPMBOLLMMN — 3BEHO, COBEPLLAOLLIEE NOJHbIA 060pOT
S OTHOCUTESNIbHO CTOWKY;

q

— KOpPOMbICNO — 3BEHO, COBEpPLUAloLLEE YrioBblE KONE-
6aHns OTHOCUTENBHO CTOI;IKIA;

— NON3YyH — 3BEHO, COBEpLUakoLleE NOCTyNnaTe/IbHOE

””:"”” ABUXXEHNE OTHOCUTENIbHO CTOﬁKVI;

— LIATYH — 3BEHO, COBEPLLAOLLEE NIOCKoNapaniensHoe
JIBMXXEHWNE (HE CBA3AHO CO CTOMKOW);

— 1— KY/MCHbIN KaMeHb — 3BEHO, COBEpLLALOLLEE MOCTY-
naTesibHoe [ABWXXEHME OTHOCUTESIbHO MOABMXKHOM Ha-
npaBnstoLLel 2, Ha3bIBAEMOW KyJIMCON.
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— KuHematnyeckoy napovi HasblBaeTCsl COeAMHEHNE ABYX COMpu-
KacatoLWmMxXCcs 3BeHbEB, AOMNycKallwee MX OTHOCUTENbHOe aABwxkeHue. lo-
BEPXHOCTW, JIMHUWN, TOYKWN 3BEHA, NO KOTOPbIM OHO MOXET COMpUKacaTbCH
C OApYyrMM 3BEHOM, 06pasysl KWHEMATUUECKYO napy, Ha3blBalOTCA J/1eMEH-
Tamy KUHEMaTMYECKO napbl.

Haunbonbluee ncnonb3oBaHMe NoAy4Ynan aee Knaccudukaumm Ku-
HemaTuyeckunx nap: no .M. Aptobonesckomy n no ®. Peso.

Mo Peno ®. kKMHeMaTMYecKasi Napa Ha3blBAETCA BbICLLEN, ecn eé
3M1eEMEHTaMM ABMSIOTCA SIMHUA UM TOYKW; Y HU3LWIMX KMHEMaTUYeCKMX nap
3/1IeMEHTaMM ABMSKOTCA MNIOCKOCTU UM NOBEPXHOCTY.

Mo AptobonesBckoMy W.W. Knacc KMHEMATUYECKOM Mapbl onpeae-
NIAIETCA YMCNOM YCNOBUIA CBSA3M, HanaraeMblX 3TOW NApoi Ha OTHOCUTESTb-
HOe ABMXXEHME €€ 3BeHbeB. B 3ToM knaccubukaumm BblAENEHO NATb Krac-
COB KMHeMaTnyeckunx nap. Mnockme kKMHeMaTuyeckme napbl, 3B€HbS KOTO-
PbiX COBEPLUIAOT ABVXXEHUSI B OAHON MW NapannenbHbiX NI0CKOCTSX, MO-
ryT UMETb B 3TOM Knaccudmkaumm nuwwb IV unm V knacc. Mpy 3ToM napbl
IV knacca aBnst0TCa BbiCWMMK, a Napbl V Knacca — Huswune no @. Peno.

—  KuHematnyeckos Lenbio Ha3blBaeTCs CBs3aHHasi CUCTeMa
3BeHbeB, 06pasyrowmx Mexay coboto KuHemaTuyeckne napbl. KnHematu-
yeckMe uenu noapasfensioTcs Ha NpoCTble M CNOXHbIE, 3aMKHYTble U
HEe3aMKHYTbIe, NJI0CKUE U MPOCTPAHCTBEHHLIE.

llpocTovi KMHEMATUHYECKOM LIEMbIO Ha3blBAeTCs LieMnb, Y KOTOPOW
Kakaoe 3BeHO BXOAMT He H6onee yeM B ABE KMHEMaTU4Yeckue napsi.

CHOXHOU KMHEMATUYECKOM LIENbIO HA3bIBAETCS LiEMb, Y KOTOPOM
nMeeTca xoTs 6bl 0AHO 3BEHO, BXoAsLwee bonee yeM B ABe KMHeMaTude-
CKue napsbl.

3aMKHYTON KWMHEMATUHECKOM LErbO Ha3blBAETCS UMb, KaXaoe
3BEHO KOTOPOW BXOAMT MO KpaliHel Mepe B ABE KMHEMATUYECKME Mapbl.

He3aMKHyTOV KMHEMAaTNYECKOM LIEMNbo Ha3blBAeTCS LiemMb, Y KOTO-
POV €CTb 3BEHbSI, BXOASILUME TONbKO B OfIHY KMHEMATUYeCKyto napy. Mno-
CKOM Ha3blBaeTCA KMHEMaTUYecKasi LieMb, BCE 3BEHbsI KOTOPOW coBepLua-
0T ABWDKEHMSI B OAHOW WAN MapanfienbHbIX MIOCKOCTAX. Y NPOCTpaHCT-
BEHHbIX Lieneii 3BeHbs COBEPLUAOT NPOCTPaHCTBEHHbIE NEPEMELLEHNS.

— Crerenbto rnogBmxHocT W KUHEMaTUUYeCcKoi Lienu HasblBaeT-
CS YMCO CTeneHel eé cBoboAbl, OTHOCUTENBHO HEMOABMXKHOIO 3BEHA
(cToikmK) aToM uenu. Ons NNOCKMX KUHEMATUUYECKMX LiEMelN, KoTopble U
bynemM paccMaTpuBaTb Huxe, W onpepensetca no dopmyne M.J1. Ye-
6blwesa
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W=3n-2p,-p,,
rAe 7 — YACNO NOABWKHBIX 3BEHBEB LEMU; ps — YUCTIO KUHEMATUYECKMX
nap V knacca, obpa3oBaHHbIX BCEMU 3BEHbSIMM Lienn; Py — 4ncio
KuHemaTuyeckmx nap IV knacca, 06pa3oBaHHbIX BCEMU 3BEHbSMMU
uenu.

— MexaHn3MOM Ha3blBAeTCA KMHEMaTMyeckasi Liemb, B KOTOPOW
MPU 33ZaHHbIX NOSIOXKEHUSX U 3aKOHAX ABMXKEHWSI OAHOMO WM HECKONb-
KUX BeAyLMX 3BEHbEB, MOMOXEHMS U 3aKOHbI ABVKEHWUSI OCTasnbHbIX (Be-
[JOMbIX) 3BEHbEB SABNAIOTCA €AMHCTBEHHO onpeaeneHHbiMKU.  Kaxaas
3aMKHYTasi KMHeEMaTuyeckasi Lenb, MetoLas CTOMKY W CTENeHb MOABWXK-
HOCTU W, paBHYIO UnCIy BXOAHBIX 3BEHbEB, SABNSETCH MEXGHU3MOM.

— KuHemaTuuyeckasi cxemMa MexaHu3Ma — 3TO rpaduyeckoe ero
n3obpaxkeHne ¢ yCNOBHbIM MpPeaCTaBNeHNEM 3BEHBEB M KMHEMATUYECKMX
nap, BbINOMHEHHOE B MacwTabe, U yuMTbiBalOLLEE XapakTep OTHOCUTENb-
HOro ABMXXEHUS 3BEHLEB.

Ha KnHeMaTuueckmx cxemax MexaHW3MOB 3BEHbsl, Kak MpasBuio,
n306paxkaroTcs NpsSIMOYronbHUKAMU U OTpe3KaMu MpPsIMbIX U HYMEpYHOTCA
apabcknmmn umdpamu.

KuHemaTnyeckme napbl B MexaHnaMax o6o3HavaioTcs 60nbLmmm
6yKkBaMK NATUHCKOro andaenTa U CXeMaTUYeCKn 1M306paxatoTcs Tak, Kak
3TO caenaHo Ha puc. 34, 35. Mapsol IV knacca o4epyuMBalOTCA KpUBbLIMU,
KOTOPbIMW OHU ABNSILOTCA B HaType. CTOVKy (HEMOABMXXHOE 3BEHO) Npwu-
HATO BbIAENSATH WTPUXOBKOW (puc. 36).

Puc. 34. Mnockuit WapHUPHBIN YeTbIPEX3BEHHbI MEXaHW3M:
a — NONYKOHCTPYKTUBHAsA CxeMa; 6 — KMHeMaTuyeckasi cxema
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Puc. 35. CxemMaTnyeckoe M3o06paxxeHne KUHEMaTUYECKUX Nap B MIOCKMX MEXaHM3MaxX:
a— LapHup-BpalyaTesibHas napa V knacca (Hu3was); 6 — nocrynaTesibHas napa
V knacca (Husluasi); B — 3auenneHne 3ybuaTtbix Npodunen — kKnHemaTMyeckas napa
1V knacca (Bbicluas)

KT

g i
o 1
A 2/ A /

K,
U/A

/ %
Puc. 36. CxemaTnyeckoe n3obpaxeHne HENOABUXKHBIX 3/1IEMEHTOB
KMHEMAaTUYECKUX Nap: an 6 — BpallaTesnibHas KMHeEMaTu4ecKasl napa;
B— NocTynaTesnbHas napa; r— BbiCas napa

— CTPYKTYpHaA rpyrina— 3To NPOCTENLLIan KMHEMaTMyeckas Liensb,
KoTopas, 6yayun npucoeaMHeHa BCEMM CBOMMU CBOGOAHLIMU KOHLIAMU K
cToitke, umMeetr W =0 U koTopas He MOXEeT 6blTb pa3buTa Ha 6onee

npocTble Uuenu, umetowme W =0.

CTpyKTypHble Tpynnbl MOAPA3AENslOTCA Ha KiacChl U BHYTPU
Knacca Ha nopsaku. [anee 6yaem paccMaTpuBaTb npocTenie rpynmbi 11
Knacca v 2-ro nopsiaka, COCTOSAILUME U3 ABYX 3BEHBEB U TPEX KMHEMaTUYe-
ckux nap. Takue rpynnbl NOApPa3AenaoTcs TakxKe No BuaaM B 3aBUCMMO-
CTW OT YMCNa U MECTOMONIOXKEHWS MOCTYNATENbHbIX KMHEMAaTUYECKMX nap

(puc. 37, g, 6).
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Puc. 37. T'pynnbl Accypa BTOpPOro Kacca pasfiMyHbiX BUAOB:
a— nepBoro; 6 — BTOPOro; B— MexaHu3Mbl I knacca

-~

— MexaHu3m I knacca — 3TO COeAVHEHWE BXOAHOro 3BeHa CO
CTOVKON. BO3MOXHbI [1Ba BapuaHTa TakKMX COEAMHEHWIA, NpeaCTaB/eHHbIE
Ha puc. 37, B. Ha nsobpaxeHusax mexaHnsmos I knacca BXOAHOE 3BEHO
NpeacTaBsSETC CO CTOUKOMN.

MoHATNS MexaHuaM [ Kknacca M CTPYKTYPHOM rpynnbl BBEN
J1.B. Accyp, KOTOpbI TakXe NPeasioXus Has3BaHHLIN BMNOCNEACTBUN €ro
MMEHEM MpUHUMN 06pa3oBaHMsl MexaHn3MoB. CornacHo emy, ntoboi Me-
XaHu3M 06pasyeTcs nocneaosaTesibHbIM NMPUCOEANHEHMEM K OAHOMY WK
HECKOMIbKUM MexaHu3MaM I knacca M CToviKe CTpYKTYpHbIX rpynn. Mpu
3TOM nepBas BXOASALWAs B COCTaB MexaHW3Ma CTPYKTYpHas rpynna ogHUM
NN HECKOSIbKUMWU CBOMMW CBOBOAHBIMM KOHLIAMWM MPUCOEAMHSETCA K Me-
XaHu3MaM I knacca, a OCTaBLWMMUCSH CBOBOAHBIMM KOHL@MW — K CTOMKE.
Kaxxgas nocnepytowas CTPYKTypHas rpynna OAHWM WM HECKOSIbKUMMU
CBO6OAHBIMA KOHL@MW MPUCOEANHSIETCA K 3BEHbSIM 06Pa30BaHHON KUHe-
MaTUYECKOMN LIEMMW; HEKOTOPbIMUA CBOMMWU CBOBOAHLIMM KOHL@MWM OHa MO-
XKET MPUCOEANHSTLCA K APYrUM, HE BOLLEALIMM B COCTaB 06pa3oBaHHOM
uenn, MexaHnsmam I knacca; ocTaBMMUCA CBOOOAHBIMM KOHL@MK 3Ta
CTPYKTypHasi rpynmna npucoeanHsIeTCs K CTOMKe.

— Knacc mexaHn3ma onpefensieTcsl HavMBbICLUMM KNAacCoOM CTPYK-
TYPHOI rpynnbl, BOWeALEN B ero cocTaB. /18 KaXAoro Knacca MexaHus-
MOB pa3paboTaHbl CBOM METOAbl UX KMHEMATMYECKOrO M AMHAMUYECKOro
nccnenosanus. Mo3ToMy CTpPyKTypHOE uccnefoBaHWe MexaHu3Mma, CBOAs-
Leecs K BblAENEHU0 B HEM CTPYKTYPHbIX pynn, uX Knaccudukaumm u
onpeaeneHvio Knacca MexaHusMma, AO/HKHO NpeaLwecTBoBaTh ero KMHeMa-
TUYECKOMY N AMHAMUYECKOMY UCCNEAOBAHMIO.

— QopMyria CTPOEeHUs1 MExaHU3Ma — 3TO YCNOBHas 3anucb, OTpa-
Xarowas nopsaoK BXOXAEHUS B COCTaB MexaHu3Ma BCeX COCTaB/ISOLMX
€ro CTpyKTypbl (MexaHu3MoB I Knacca u CTpyKTypHbIX rpynn). 3ta ¢op-
My/a SIBNSIETCS Ba)KHEWLMM pe3yNbTaToOM CTPYKTYPHOrO MCCEAO0BaHMS
MexaHu3Ma, T.K. OHa MOoKa3blBaeT K1AacC MeXaHN3Ma, a 3HaYUT COOTBETCT-
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BYIOLLMIA STOMY KlacCy METOA NOC/IEAYIOWEro KMHEMATUYECKOrO U AWHa-
MUYECKOro MccneaoBaHnsl 3TOro MexaHusma. Kpome Toro, ata ¢opmyna
onpegensieT nocneaoBaTenbHOCTb KMHEMATMYECKOr0 M AMHaMMUYEeCcKoro
NCCneaoBaHNs BCEX 3/IEMEHTOB CTPYKTYPbl MEXaHu3Ma. TaK, KMHeMaTuye-
CKOe 1ccneaoBaHMe NpoBOAMTCA B MOpsiAKe CrefoBaHus 3TUX SN1EMEHTOB
B opMyne CTpoeHusl MexaHW3Ma, AMHaMuMyeckoe muccneaosaHve B 06-
paTHOM nopsake.

Huxe npeacTaBneHHbIi MPUMEP CTPYKTYPHOrO WCCNEAOBAHUA
MeXaHW3Ma WAMICTPUPYET YCNOBHble 0603HAYeHUsl, MCNONb3yeMble Mpu
3anMcn opMy bl CTPOEHUS MEXAHU3MA.

[na npoBeaeHusl CTPYKTYPHOro McCneaoBaHUsl 3a4aéTca cxema
MeXaHun3Ma, u3obpaxéHHas He B MacwTabe, C yka3aHWEM C MOMOLLbO
CTpenoK BXOAHbIX 3BeHbeB. CaMO mccnefoBaHWe NpoBOANUTCS B Cneayto-
LLiel NocneaoBaTeNbHOCTY:

1. MoacYnTLIBAETCA YMCNO 7 MOABUMIKHBLIX 3BEHLEB MEXaHWU3Ma,
4YUCNO ps KMHEMaTU4ecknx nap V Knacca v YUCno ps KNHEMaTUYECKMX nap
IV knacca. OnpenensieTcs CTeneHb NOABWXHOCTU W U1, eCn HalaeHHoe
3HAYeHMEe paBHO YMCNY BXOAHLIX 3BEHLEB, AENAETCS BbIBOA O NMpuHaa-
NEXHOCTU paccMaTpUBAEMO KMHEMATUYECKOMN LIEMN K MEXAHU3MaM,

2. Tak Kak ganee 6ygem paccMaTpuBaThb JIMLIb MEXAHWU3MbI C Of-
HWUM BXO[IHbIM 3BEHOM, TO BbIAENSAETCA €AVHCTBEHHBIN MexaHM3M I Knacca.

3. OcraBwascsa uenb pa3buBaeTcs Ha CTPYKTYPHbIE rpynnbl C CO-
6ntopeHnem obluero npuHUMna obpasoBaHus MexaHuM3MoB no J1.B. Acypy.
OnpenensieTcs Knacc Kaxxaoi rpynmbil.

4. OnpepgenseTcsa Kacc BCero
MexaHu3Mma.

5. 3anuceiBaetcs dopmMyna
CTPOEHUsi MexaHu3ma.

Tpumep CTPYKTYPHOIO UCCIEA0BaHUS
MexaH13ma

CxeMa wuccnegyemoro Mexa-
HM3Ma C YKa3aHMEM €ero BXOAHOro
3BeHa npejcrasrieHa Ha puc. 38.

PeluerHmne
1. NoAcunTbiBaETC CTEMeHs Puc. 38. MexaHu13m aBTOMaTa —
MOABMKHOCTU MexaHu3Ma no gopmyne nepekoca BepToneTa

YebbiweBa. [Ansg 3TOro onpeaenstorcs
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obLee uncno 3BeHbEB k = 8, YNCNO MOABMXKHBIX 3BEHbEB n =k — 1 =7,
4YUCno KnHematuyecknx nap V knacca ps =10, YMcino KMHEMaTU4YecKux
nap IV knacca p, =0 CreneHb NOABMKHOCTU
W=3n-2ps—ps;=3-7-2-10-0=1.

WNccnepyemast KMHeMaTuyeckas Lenb SBSeTCS MeXaHU3MOM, Tak
Kak npu W=1 oHa nMeeT 0OHO BXOAHOE 3BEHO.

2. BolgensieTcs MexaHu3M I knacca — coegMHeHne B KMHeMaTuue-
CKOV nape A BXOAHOro 3BeHa 1 M CTOMKM 8 — cM. MexaHusMm I K. Ha
puc. 38.

3. OcTaBLyloca Lenb U3 3BeHbEB 2...7 pa3buBaeM Ha CTPYKTyp-
Hble rpynnbl. MepBoi BblaensieM CTpykTypHyto rpynny II knacca, coctos-
LLYtO 13 3BeHbEB 2 U 3, KOTOpas, B COOTBETCTBMM C npuHUmnoM J1.B. Ac-
cypa, oAHuMM cBO6OAHBIM KOHUOM B npucoeanHsieTcs K MexaHusmy I
Knacca, a ApyruMm cBoboaHbIM KOoHUOM D — k cToiike. BTopoli Bblaensiem
rpynny II knacca u3 3BeHbeB 4 U 5, koTOpast 0aHMM CBOGOAHBIM KOHLIOM
E npucoeanHsieTcs K 3BeHY 3, Y€ BKIIOYEHHOMY B CXEMY MeXaHu3Ma, a
BTOPbIM CBO60AHLIM KOHLOM H — K cTOMKe. AHanorMuyHo TPeTbeN Bblaens-
eM CTpyKTypHyto rpynny II knacca u3 3BeHbeB 6,7, KOTOpast OAHUM CBO-
604HbIM KOHLIOM G NMPUCOEANHSETCS K 3BEHY 5, y)Xe BK/IKOYEHHOMY B Cxe-
My MEXaHu3Ma, a ApyrMM CBOB6OAHbIM KOHLOM L — K cTolke.

4. T.K. BCe CTPYKTypHblE rpynmbl, BXOAsLIME B COCTaB uUccneaye-
MOro MexaHu3Mma, uMetoT II Knacc, 3TOT MexaHM3M OTHOCUTCS K MeXaHu3-
mam II knacca.

5. 3anuceiBaeTcs opMyna CTpOeHMs MexaHM3Ma.

Mex-m Il = M-m I (1,8) — rp. 11 (2,3) — 1p. I (4,5) — 1p. 11 (6,7).

YuTalotrcs 0603HaUYEHUs 3TOW (hopMysbl CNeayolmMM 06pasoM:
nccneayemblit Mexaiuam mumeet II knacc (Mex-m II) n coctout (3HaK pa-
BEHCTBA) M3 MexaHuM3Ma I knacca, 06pas3oBaHHOro 3BeHbsMM 1 M 8
(M-m I (1,8)), kK KOTOPOMY MpUCOEAMHSIETCA rpynna 3BeHbeB II knacca,
06pasoBaHHas 3BeHbsAMU 2-3 — (rp. II (2,3)); K 3TOl rpynne NpucoeanHs-
etca cneaytowast rpynna II knacca, obpa3oBaHHas 3BeHbsAMM 4 U 5 —
(rp. II (4,5)); K Heit npucoeanHsieTca eweé oaHa rpynna I knacca, obpa-
30BaHHas 3BeHbsiMK 6 1 7 —rp. II (6,7).

4.2. NMnaHbl NONI0XKEHMUI, CKOpocTel
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n ycxopeuuﬁ TOYEK 3B€HbeB MEXaHU3MOB

NcxoaHbIMM AaHHBIMKU A5t MOCTPOEHUS 3TUX NAAHOB CNYXaT: Ku-
HEMaTMYeCKasl CXEMa MEXaHM3Ma M 3aKOHbl [ABMXKEHUS €ro BXOAHbIX
3BEHbEB.

Mo nsnoxxeHHoi B n. 4.1 MeToAMKE MPOBOAUTCS WUCCNEAOBAHUE
CTPYKTYPbl 3a4aHHOI0 MexXaHn3Ma, onpeaensieTcs ero Kiacc n 3anucolBa-
etca dopmyna cTpoeHus. MoCcTpoeHne OTMEYEHHbIX NNaHOB MPOBOAUTCS
nocnenoBaTesibHO ANS BCEX SNIEMEHTOB CTPYKTYPbl MEXaHM3Ma B Nopsjke
UX nccnegoBaHust B opmyne crtpoeHus. MNocnenoBaTenbHOCTb NOCTpoe-
HUS1 3TUX MJIAHOB Cneaytowas:

1. CTpoaTcst nnaHbl NONOXEHUI MEXAHM3Ma.

2. CTposiTca nnaHbl CKOPOCTEN, ONpeaensioTca YrioBble CKOpo-
CTV BpaLleH1s 3BEeHbEB.

3. CTposiTca NnaHbl YCKOPEHWUIA, ONPEeaenstoTCs YroBble ycKope-
HUS1 BpaLLEeHNs 3BEHbEB.

MacwiTabbl MOCTPOEHMS MNAHOB MOJIOXEHMI, CKOPOCTEN U YCKO-
PEHUI AOMKHBLI NOABUPaTLCA Tak, UTOObl HaMbonee NosHO MCMosb30Ba-
J10Cb NoJie YepTexa.

[anbHeilee pelleHWe 33a4ay MOCTPOEHWUS YKa3aHHbIX MIaHOB
pPaccMOTPMM Ha NpUMeEpPEe KPMBOLLMMHO-NON3YHHOro MexaHmama (puc. 39),

ANSt KOTOPOro 3ajaHbl AnuHb 38eHbeB [, = 0,05m, [, =0,2M n 3a-

-1
KOH BpaLLeHus BxoaHoro 3BeHa 1: @, = 80 cek ™ = const .

1=0002,

MM

Puc. 39. MNnaH nonoxeHust MexaHn3Ma
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B pesynbTaTe npoBefeHus CTPYKTYPHOIO MCCnedoBaHusl Mo Me-

Toauke n. 4.1 nonyumm copmysy CTPOEHUS UCCNeayeMOro MexaHu3ma:
Mex-M Il = M-m I (1,0) — rp. 11 (2,3).

13 31Ol chopMysibl cneayerT:

- TaK Kak uccneayemblit MexaHusm mmeeT II knacc, To ans ero
KMHEMATUYECKOro UCCefOBaHNS MOXHO MCMOSb30BaTb M3naraeMble Hu-
Xe MeTo/bl NS1aHOoB;

- MOCTPOEHWE MNJIAHOB MOJSIOXKEHWA MEXaHW3Ma M UM COOTBETCT-
BYIOLUMX MJSIAHOB CKOPOCTEN U YCKOPEHMII HEOBXOAMMO HauMHaTh C Mexa-
HM3MamMnm [ knacca, a 3aTteM 3TU MAaHbl CTPOMTb ANS  3BEHbEB
rpynnbl (2,3).

4.2.1. MNocTpoeHne 3a4aHHOro niaHa rNosoXXeHUs MexaHM3Ma

MN306paxaeM Ha yepTexe KpuBowun 1 oTpe3koM AB = 25 M.
Toraa MacLuTab NocTPoeHNs MTaHOB NMOMIOXEHUIA MEXaHWU3Ma

[ 0,05
p, =22 =——=0,002 m/mm.
AB 25
Wcnonb3yst TOT MaclwTab, HaxoouM OTpe3oK, W306paxatoLmit

LNMHY WaTyHa 2 —

pc=lec_ 92
1, 0,002

HyneBbIM MNOSIOXKEHMEM MeXaHM3Ma CyMTaeM Haudano pa60qero
X04a nonsyHa 3, Korga OH HaxoauTCs B KpaﬁHeM JIEBOM NONOXEHUU, YTO
6y,qu UMETb MeCTO, KOrAa KpuBOLKMM 1 pacrnonoXuTcs Mo ropu3oHTanm
BNIEBO OT TOYKN A. 3afaHHOe MNOJSIoXKEHNe MexaHW3Ma ornpegensieTcs yr-
JIOM ( ; NOBOPOTa KpuBOLUMMNa OT HY/IEBOrO €ro NnoJioXXeHnsa B Hanpasne-

=100 mm.

HWW BpallieHus. B paccmaTprBaeMoM cnyyae 3apaémcst ¢, = 60°.

BbibpaB Ha uepTexe MOMIOXKEHME TOYKM 4 — LEHTpa BpaLleHus
Kpusowmna 1, pasmepoM AB = 25 MM Bbl4epUMBaEM OKPY>XHOCTb — reo-
METPUYECKOE MECTO BO3MOXHbIX MOJSIOXEHUI Toukn B. OTKagblBaeM OT

HYNIEBOrO NOJIOXXEHUS Kpusowwmna (4B Ha puc. 39) yron @, = 600, on-

pefensiiowmii 3aaaHHoe MosoxeHue 3Toro 3seHa. Ctpoum AB,, onpepe-
NSAOLLWIA 3TO MNOSIOXKEHUE.
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Pagnmycom BC =100 MM M3 ToukM B, fenaeM 3aceuky Ha nps-
Mol AC — reoOMeTPUUYECKMM MECTOM NonokeHuii Toukn C. MNonyunm Touky
C, C HaxoXAeHMeM KOTOpOW ONpeaensloTca MOSIOKEHUS  LWaTyHa

BC(B,C,) v nonsyHa 3 B 3aiaHHOM MOJIOXEHUN MexaHu3Ma. Mon3yH 3
N306paxaeM MpsiIMOYrosIbHUKOM C MPOW3BOSILHBIMU CTOPOHAMMU; [J/IMHHAS
CTOPOHa ero napasnnenbHa 3alTpuxoBaHHoi Hanpasnstoweii 4C, . AHa-

JIOTUYHO CTPOUTCA MaH MOMOXEHMS MexaHu3Mma ans noboro 3aaaHHOro
NOJIOXXEHNS €ro BXOAHOrO 3BEHA.
Ha puc. 40, a Takum 06pa3oM MOCTPOUM MaH MOJIOXKEHUS Mexa-

HW3Ma Ans yrna kpueowwna @, = 45°, 0TCUNTLIBAEMOrO OT FOPU3OHTa-
N1 He cnesa (Kak Ha puc. 39), a cnpasa OT LWapHupa A. TaM e nokasaHo
nonoxeHue LeHTpa Macc S, 3BeHa 2, 3ajaBaeMoe /MBO OTPE3KOM

IBSZ =0,1m
(BS, =1y /1, =0,1/0,002 = 50 mm),
nbo otHowennem BS,/BC=0,5, u3 kotoporo BS, =05,
BS,=0,5BC=0,5-100 =50 mm.
w=0002,;

&
w=const
a A B ) )
V% n/c
00k T
R e __ / G a
N
) )
) 5 N
b

/ /
Puc. 40. KuHeMaTUyeckuii aHanms KpuBOLLIMMHO-MON3YHHOrO MexaHW3Ma KoMmnpeccopa:
a— N/aH NONOXeHUS; 6 — NNaH CKOPOCTEN; B — NaH YCKOPEHWA
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4.2.2. MocCTpoeHne nnaHa cKopocTein
AN1s1 3a1aHHOTO NOMOXEHNS MEXaHU3Ma

CTposi cHavana nnaH CKOpOCTeVI MexaHu3Mma I knacca, Haligem
CKOPOCTb TOYKM B KpusoLwmna

vy, =0, -1, =80-0,05=4 wm/,
Hanpas/eHHy0 Mo NepneHanKynspy K AB B CTOPOHY ()] .
MpuHSB AN M306paXkeHUsl 3TOWM CKOPOCTWM Ha MfaHe OTPe3oK

p,b =100 mwm, onpesensiem MaciuTab nnaHa ckopocTeit

v 4 M/c
u, == = =0,04—.
p,b 100 MM
BbibpaB Ha uepTexe (puc. 40, 6) MPOU3BOSILHYIO TOUKY p, — NO-

/loc nNnaHa ckopoctel, — cTpouM u3 Heé Bektop PO =100mm, B Mac-

M/c .
wrabe 1, =0,04—— npeacraBnstoWMii BENMUNHY U HanpaBfieHne Vg .
MM

CKOpOCTb TOUKM A KpmBOLIMMA vV, = 0 , MO3TOMY TOYKY a — KOHEL, BEKTO-
pa CKOpOCTH 3TOW TOYKM — pacnonaraeM B nosnioce P,.

[anee cTpouM nnaH cKopocTeit 3BeHbeB rpynnbl II (2,3), ans ve-
rO UCMOJMb3YEM CUCTEMY BEKTOPHBIX YPABHEHWIA:

Ve =Vg + Vs

V=V Ve,
Pewasi 3Ty cuCTeMy, M3 TOUKU b NiaHa CKOPOCTEH CTPOUM JIMHUIO
NEACTBUS V., — NeprneHankynsp k BC — MOMOXeHWio 3BeHa 2 Ha

puc. 40, a (3Ta NMHUS OENCTBUS NpeacTaBneHa Ha puc. 406 NYyHKTUMPOM).
CropocTtb Touku Cp, NpUHAANEXaLlen CToiike, paBHa Hy/to, NMoToMy eé
rometaemM B nontoc P,. CkopocTb Toukn C 3BEHA 3 OTHOCUTENBHO CTOMKM
HanpaefieHa MO TOpU30HTaNM, MoaToMy M3 Touku C, MfaHa CKOpOCTeit
NpOBOAMM TOPU3OHTaNbHY MpsMyto (MpeacTaBneHa MyHKTUpoM)). [ee
NMYHKTUPHbIE MpsIMble NepecekaloTcsl B TOYKE ¢ — KOHeL, BekTopa abco-
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JIOTHOM CKOPOCTW TOYKU. M306paxkaeM BeKTop ﬁ 3TON CKOPOCTU
CMNOLLUHOW SIHWENA U HaXoanM V. = ﬁ ~u, =94,6-0,04 = 3,78 m/c.
WN306paxaem COLHOI MHWE BEeKTOp HC W HaxomuM 3Haue-
HUS  OTHOCUTENbHOW  CkopocTM Todek B u  C  3BeHa  2:
Veg =bc-p, =75-0,04=3 wc.
Yrnosas ckopocTb 38eHa 2: @, =V, /1, =3/0,2=15¢".

Onpepenss HanpaBneHve (D), BEKTOP bc w3 nnana ckopocTeii
(cM. puc. 40, 6) nepeHecém B Touky C 3BeHa 2 (cM. puc. 40, a) n Ha-
rpaB/ieHne NMoBopoTa 3BeHa 2 OTHOCWUTENBHO €ro TOYKWU B OT AeicTBust
3TOr0 BEKTOPA YKa3blBAET HAMpaB/eHne (1, . YKasblBaOT 3TO Hanpasre-
HWe KpYroBoii CTpenikoi Ha 3BeHe 2 (puc. 40, a).

MOCTPOEHHbIM MnaH CKOPOCTEN MexaHWM3Ma Mo3BONsieT HaluTK ab-
CO/IOTHYIO CKOPOCTb 11060 TOUKM /1060ro 3BEHA 3TOrO MexaHusMa. B

4YaCTHOCTU, onpeaensasa CKoOpoCTb ‘752 LEeHTpa Macc 3BeHa 2, UCMNOoJb3yeM

nponopuuio
B — —B
5, :bi, oTkyaa bs» = bc 5, =70-0,5=35mm.
BC  bc BC

Ha oTpeske bc =70 MM nnaHa ckopocTeli oTknagbiaem bs?2,
MOJYYEHHYIO TOUKY 5, COEANHAIEM C MositocoM P, (puc. 40, 6) U HaxoauM

Vs, =Ps, - p1, =92-0,04 =3,68mc”

4.2.3. MoCTpoeHns nnaHa yCKOpeHWiA
ANs 331aHHOMO MONOXEHNS MeXaHU3Ma

HaunHas ¢ nocTpoeHust nnaHa YCKOpeHUiA MexaHusMa I knacca,
HaNAEM yCKOpeHWe ToUKK B kpusowwmna. Tak kak @, = const , 3Ta To4Ka
6yaeT MMeTb TONbKO HOpManbHOE YCKOPEHWE, OrnpeaensieMoe Kak

- _ —=n _ 2 _ 2 _ 2
a,=a", =o -1, =80"-0,05=320 m/c
W HanpasfieHHOe OT TOYKM B K Touke 4 Kpusowuna.
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MpuHSB ANs M306paXkeHNst 3TOrO YCKOPEHWUS! Ha M/liaHe OTPesoK
P b = 80 mm, onpeaensiem MaciuTab nnaHa yckopeHuii

" :a_B:320 :4M/02.
Pb 80 MM

Bbibpas Ha uepTexe (puc. 40, B) NPOU3BONLHYIO TOYUKY p, — NO-

JIIOC NaHa yckoperuii — ctpouM u3 Heé sektop P b =80 MM, B MacwTa-

2 —
I'Ipe,Cl,CTaBJ'Iﬂ}OLLlI/II\/JI BEMYMHY W HanpasneHne d B . Yc-

M
6e u, =4
MM
kopeHwue Toukn A kpuowuna @, = 0, No3aTOMy TOuKa a — KOHeL| BeKTo-
pa abCcostoTHOro YCKOPEHUS 3TOM TOYKM — pacrnosiaraeM B Mositoce p,.
[anee cTpouM NnaH yCKOpeHuii 3BeHbeB rpynnbl II (2,3), ans ye-
rO UCMOJb3YEM CUCTEMY BEKTOPHbIX YPABHEHWIA:
- - —-n -1
dc =dp +dacp +dcs,
ac =dac, +accg,.
CTposi NpaBble YaCT YpaBHEHWI U3 NOJtOCa p,, UMEEM:

— ap V306paxaeTcs yxe NoocTpeHHbIM BekTopoM P b ;

-n

— dcp — HOPMasibHasa COCTaBsAOWan YCKOPEHNA OTHOCUTESIbHO-
o0 BpalleHNUA TOYKHU C 3BeHa 2 OTHOCUTENBHO ero To4kK B. Mo BennunHe

no _ 2 _ 2 _ 2,
aly =@ 1. =157-0,2 = 45mc™;
HanpasfieHO 3TO ycKopeHue oT Toukn C K Touke B 3BeHa 2 U, B

COOTBETCTBMM C MNEPBbIM YPaBHEHMEM CUCTEMbI, MPUKIAAbIBAETCS K BeK-
-2

Topy as. B Macwrabe u, =4 yCKOpeHWe a, NpeAcTaBnsercs

MM

al, 45
—<B = T =11,25mM, KOTOpbIA M NPUKNAAbIBAEM Ha
H,

puc. 40, B K BeKTOpY ﬁ , HanpasneHHbIM oT C K B;

BEKTOpoM bn =
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- acs - TaHreHUManbHas COCTaBNAIOWLAs YCKOPEHWUS OTHOCK-
TeNbHOro BpalleHnst Toukn C 3BeHa 2 OTHOCUTENbHO TOUkM B. M3BecTHa
NULLb NIMHUA AEWACTBMS 3TOW CoCTaBnaloWen — nepneHankynsap Kk BC, Ko-
TOpYIO M CTPOMM MYHKTUPOM M3 TOYKM N NnaHa yckopeHui (puc. 40B).
3TUM 3aKaHYMBAETCA aHanM3 U MOCTPOEHWE C/laraeMblX MpaBoi yacTu
NepBOro YpaBHEHUS PELLIAEMOI CUCTEMbI BEKTOPHBIX YPaBHEHUIA;

- ac,= 0 — yckopenve Touku Cy, NpUHaAnexallen cromnke. Tou-
Ky Cp NOMELLaeM B Mostoc p,;
— dcc, - YCKOpeHue fBmkeHns Toukn C nonsyHa 3 oTHOCUTENb-

HO CTOWKW. DTO YCKOPEHWE M3BECTHO /INLLb MO JIMHWUKU AENCTBUSA - ropu-
30HTa/NbHasA NpsiMasi, KOTOPYIO M CTPOMM MYHKTUPOM U3 Touku Cy nnaHa
yckopeHuid (puc. 40, B). MNepeceyeHne ABYX MYHKTUPHBLIX MPAMbIX onpe-
JENAET Ha MNaHe yckopeHui (puc. 40, B) MOMOXKEHWE TOUKWU ¢ — KOHLA
BEKTOpa abcontoTHOro yckopeHusi C MexaH13Ma.

MOCTPOEHHbIN MMaH YCKOPEHWUI MEXaHW3Ma NO3BONSIET HalTU ab-
COMIOTHOE YCKOpPEeHMe No6oi ToUKM No6oro 3BeHa MexaHu3Ma. B yacTHo-

CTW, ONpefenss yckopeHue (.S, LEHTpa MacC 3BeHa 2, MCMosb3yeMm
NponopLMIO:
BS2 _ sz
BC bc'
BS
(,3 =55-0,5=27,5 mm.

0TKyAa bsa2 =bc-

Ha otpe3ske bc =55MM nnaHa yckopeHuit oTknagsiBaem bs:,
MOJYHYEHHYIO TOUKY S, COEAMHSIEM C MOMocoM P, (puc. 40, B) 1 Haxoaum

as, = P,s, -, =633-4=2532nc”

M3 BbIMOSHEHHBLIX MOCTPOEHUI MaHa YCKOPEHWM MeXaHW3Ma
TaKKe HaXOANM:
— abCosnTHOE YCcKopeHue Touku C:

ac =Pc-p, =554 =220 mc?

— TaHreHunanbHasa CoCTaBnalowaad OTHOCUTENIbHOIO YCKOPEHUA
BpaLleHnst To4kn C OTHOCUTENBHO TOYKN B:

acs =nc-p, =533-4=2132 mc>
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~ Yr/I0BOE YCKOpeHue 38eHa 2:
a. ne- 65-4

- B Z 222 13002
lCB lBC 0’2

Onpepensis HanpaeneHMe &, BEKTOP #C MNaHa YCKOPEHUR,

&, =

-7

n306paXaloliMin acg nepeHocuM B Toudky C MexaHu3Mma (puc. 40, a) u
HanpaBneHWe NoBOpPOTa 3BEHA 2 BOKPYr TOUKWU B OT AENCTBUSA 3TOrO BEK-

TOpa YKa3blBAET HanpasneHne &, (Ha puc. 40a HanpaeneHWe £ MoKasa-
HO KPYroBOW CTPESKOi Ha 3BeHe 2).

4.3. Onpenenel-me CWUJ1 "Hepumm B MeXaHn3Max

Cunbl MHEpUMM MaTepuanibHbIX TOYEK 3BEHA MOryT ObITb NpuBe-
J€EHbI K OZIHOM TOYKE U, TakuM 06pa3oM, NpeacTaBfieHbl UX MaBHbIM BEK-
TOPOM U INIaBHLIM MOMEHTOM Map CU UHEPLIUN.

[NaBHbLI BEKTOP CUNT MHEPLMW, Ha3biBaeMbl O6bIYHO Cu/I0/
UHEPLIMM 3BEHAE, PABEH

P, =-mag,

n

rAe m — Macca 3BeHa, ke, dg — YCKOPEHWe LieHTpa S Macc 3BeHa, M/cex’.
Hanpasnenne cunbl Hepumn P, NpoTUBOMONOXHO Harpasne-

HWIO BEKTOPA d ; OHa U3MEPSIETCA B HblOTOHaxX [H .

PaccMoTpuM  Hanbonee  o6LLMiA
C/lyyald, Korga 3BeHO COBEpPLIAET MIOCKO-
napannenbHoe apuxeHue. MNpu 3TOM Tou-
KOV NpVBEAEHNA CUN UHEPLIMW 3BEHA LIENe-
coobpasHo 6paTb €ro ueHTp Macc S
(puc. 41), TaK Kak ynpoLLaeTcs BblpaXkeHue
rMaBHOrO MOMEHTa napbl CUN  UHEpUUK
(uHepymoHHoro mMomeHTa). OH onpepens-
eTcs Kak

M,=-I,
rae ]S - LleHTpaJ'Ibelﬁ MOMEHT WHEeEpLUUn
3B€Ha OTHOCUTE/IbHO OCU, I'IpOXO,Cl,FlLLleﬁ

Puc.41 NHepumoHHas Harpyska
3BeHa
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yepes ero LeHTp Macc S nepneHamKynspHO MOCKOCTU ero ABuxe-
HUSI, ken’; & — YITIOBOE YCKOPEHUE 3BeHa, cex ™ .
MHEpUMOHHBIN MOMEHT M) uaMepsietca B Hum. MNOCKOCTb, B KO-
TOPOI OH AENCTBYET, NapasnenbHa MA0CKOCTM ABMXKEHUSI 3BEHA; OH Ha-
npaBfieH B CTOPOHY, MPOTMBOMONOXHYIO HarpaBfieHUd £ — YrioBOro
YCKOpeHus 3BeHa (CM. puc. 41). Takum 06pa3oM, B YKa3aHHbIX Bbllle Cry-
YasaxX MHEPLMOHHAS Harpy3Kka 3BeHa NpeacTaBnseTcs UHEPLMOHHOW CUoii
P, , npunoxeHHoit B Touke S, N MHEPLIMOHHLIM MOMEHTOM ]\7[H.

PaccMoTpuM aanee HEKOTOpLIE YacTHble Clydan
MocrynarenbHoe ABm)KeHne 3BeHa. VIHepUMOHHAs Harpyska

COCTOWT TONbKO U3 MHEPLMOHHON cnnbl P, =-md.
BpalyeHne 3BeHa BOKPYI eHTpa Macc S C yr/10BbIM yCKO-

peHue & . VIHepUMOHHas Harpyska COCTOMT TONbKO M3 MHEPUMOHHOMO
MoMeHTa M , = —ISE.

Bpalwjenune 3BeHa BOKpPYr LieHTpa Macc S npn @ = const,
& = 0. NHepunoHHas HarpysKka Ha 3BEHO OTCYTCTBYET.

lpumep onpeneneqHuss cus MHepLu

[ns KpUBOLIMMNHO-MON3YHHOrO MeXaHu3Ma Komnpeccopa (puc. 42)
HaTU MHEPLIMOHHYIO HArpy3Ky BCEX 3BEHbEB, €CNU AJIMHbI 3BEHLEB paB-
Hbl 145 = 0,05 m, Igc = 0,2 m; NONOXEHUSI LEHTPOB MACC 3BEHLEB: S; =4,
Igs> = 0,1 m, Mmaccbl 3BeHbeB: m; = 0,2 ke, my = 0,5 ke, 3 m3 = 0,4 ke,
LIEHTPasbHbIA MOMEHT MHepumn waTtyHa BC: Is; = 0,0018 Kkem’. Yrnosas
CKOPOCTb KpmBoLLMNa AB nocTosiHHa 1 paBHa w ;= 80 cex”.

3apady pewuTb AN NONoXeHWs MexaHu3Ma, Korga yron ¢,= 45°.

Pewenne

1) 3apaemcs macwrabom ueptexa i = 0,002 m/mm n CTponMm
cxeMy MexaHusma (puc. 42, a).

2) CTpouM nnaH CKOpoCTel MexaHu3Mma (puc. 42, 6).

3) CTpouM nnaH yckopeHuit (puc. 42, B).

4) OnpenensieM MHEPLIMOHHYIO HarpysKy Ansl KaXXaoro 3BeHa me-
XaHu3Ma.

a) WHepumoHHble cusbl. CAna VHEpUMM KpMBOLWIMMA paBHa

P,=0, Tak kak dg=0. Cuna wvHepuMM lLaTyHa paBHa
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P, =-m,a,, =-m,(P,S,)u, =0,5-63-4=126 H, npunoxeHa B

n2
LieHTpe ero Macc Sz M NO HanpaBfIEHNIO MPOTUBOMOJIOXHA BEKTOPY YCKO-

peHus ag, 3Toro 3BeHa (puc. 42, a). Cuna vHepummn nonsyHa 3 pasHa
P, =-m,a, =-m,(P,C)u, =0,4-55-4=88 H, npuioxeHa B LieH-
Tpe ero macc (Touke C=S; puc. 42, @ M NO HanpasBleHWIo NPOTUBOMO-

NOXHa BEKTOPY @ YCKOPEHUS 3TOrO LIEHTpa.

w0002,

Z .
w,=const
7 5-4

00062 g4
/DV,L-a,H r C /Dg/[D/a
a
Y,
o/ b
b ="

Puc. 42. OnpepeneHne MHEPLMOHHOW Harpy3ku 3BeHbEB
KPVBOLLUMMHO-MON3YHHOr0 MEXaHW3Ma: a — rnJaH NonoXeHNs MexaHu3Mma;
6 — niaH CKOpOCTeW; B — NiaH YCKOPEHWiA

6) UHepLMOoHHBIE MOMEHTBLI. Ana Kpusowmna AB VHEPLMOHHBIN
MOMEHT M, paBeH M,,;=0, TaK KaK 3BEHO BpaLlaeTcs paBHOMepHO (g; =0).
[Ans watyHa BC MHEPUMOHHbIA MOMEHT M,,; HaliaeM no dopmyne:

a’ 65-4
acs 1 MO, 0018222 5341

2

My = Isye; = Is;
BC lBC
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DTOT MOMEHT HarpasfieH MpOTMBOMOJSIOXKEHO YI/IOBOMY YCKOpe-
Huo &, 3BeHa BC (cM. puc. 42, a).

[ns nonsyHa 3 UHEPLMOHHBIA MOMEHT Mj;; paBeH M,; = 0, Tak
KaK 3BEHO [IBIKETCS NOCTynaTenbHo (€, =0).

4.4. CunoBoOM pacyeT MexaHM3MoB.
OnpepeneHue peakumii B KHHEMaTUUYECKUX Mapax

B 3apgayy cunoBoOro pacueta BXOAMUT OnpeaeneHue Bcex cun U
MOMEHTOB Map CWJ1, KOTOpPbIE NMPUIOXKEHbI K KaX/IOMy OTAENbHOMY 3BEHY
MexXaHu3Ma. 3TU CUJIbl UM MOMEHTBLI HAZI0 3HaTh, HaNpUMep, AN pacyeTta
Ha MPOYHOCTb OTAENbHBIX 3BEHLEB MEXaHW3Ma WK X vacten (aeTtanen).

[ina Toro, uTo6bl MEXaHW3M HaxoAuSICA B PAaBHOBECUM MOJ BO3-
JENCTBUEM BHELIHMX CU, K OQHOMY W3 3BEHbEB €ro J0/MKHA 6blTb Mpu-

NO>XX€Ha YypaBHOBELUMBatOWaa cuna Py nnn ypaBHOBELUMBaKOLWLaa napa
CUN, XapaKrTepulyemasa ee MOMEHTOM My — YpaBHOBELUMBaOWMUM MOMEH-

TOM. DTy Cuny Py nnn MOMEHT My 06bIYHO cumnTatoT NPUNOXXEHHBbIMU K

BeAyLlEMY 3BEHY, KOTopoe /SM60 MosydYyaeT 3Hepruio, MoTpebHylo ans
OBWXXEHWSI MEXaHM3Ma, U3BHE, Kak 3TO MMEET MECTO Y MeXaHM3MOB pabo-
YMX MalluH, B0 OTAAET €€, KaK 3TO MMEET MECTO Y MallMH ABUraTenein.

Ecnv npyv cMMOBOM pacyeTe MeXaHM3Ma B UMC/IO M3BECTHbIX
BHELLUHUX CUJT HE BK/IOUYEHA MHEPLMOHHAS Harpy3ka Ha 3BeHbsl, TO CUIO-
BOM pacyeT MexaHW3Ma HasblBaeTCs CTaTUyeckuM. Ecnm xe npu cunoBoM
pacyeTe MexaHW3Ma B YMC/IO M3BECTHbIX BHELLHUX CWM, NMPUNOXEHHBIX K
€ro 3BEHbAM, BXOAWUT WMHEPLIMOHHAS Harpyska Ha 3BEHbS, TO CWJIOBOM
pacyeT MexaHu3Ma HasblBaeTCs KMHEToCTaTMuyeckuM. [1ns ero nposege-
HUS1 HEOBXOAMMO 3HaTb 3aKOH ABMXKEHWUS BeAYLIEro 3BeHa, YTobbl MMETb
BO3MOXHOCTb MpeABapuUTeNbHO OMPEAE/UTb WHEPLIMOHHYIO Harpysky Ha
3BEHbS.

CWnoBOM pacyeT BK/IOYAET:

a) onpeaeneHne peakumii B KMHEMaTUYECKMX Napax MexaH13Mma;

6) HaxoXXAeHMs ypaBHOBELMBalOWeENn cunbl Py, unm MomeHTa

M , . OH npon3BoOANTCS B CNefyroLLeli MoCNeaoBaTeNbHOCTH:
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1. OnpegensatoTcs Bce BHELWHWE CUIbl, MPUIOXKEHHbIE K 3BEHbSIM
MeéXaHu3Ma, OT ,U,el\/’ICTBI/Iﬂ KOTOPbIX Tpe6yeTc;| HalTn peakunn B KMHEMa-
TUYECKMX NMapaxX MEXaHMn3Ma.

2. OnpepgensieTca To4Ka NPUIOXKEHUS W HanpaBneHue (J'II/IHI/IF!

AeWCTBMS) ypaBHOBelLMBatoLero yaunua Py, um M, .

3. MNpoBoanTCA CMMOBOM pacyeT Kaxaol rpynnbl Accypa B no-
psiake, obpaTHOM opMyse CTPOEHUSI MEXaHMU3Ma.

4. B 3aK/I104EHME NPOU3BOAMTCA CUTOBOM pacHeT BeAyLLEro 3BeHA.

3agaum 06blvHO pelaloT rpadoaHaIMTUYECKMM METOAOM, WUC-
rnonb3ysl YpaBHEHUSI PABHOBECUS BCEN IPynMbl UIN OTAEMNbHbIX €€ 3BEHb-

eB B hopMme
Y P=0, Y M=o

B 4Mcno cun 1 MOMEHTOB, BXOASLUMX B 3TU YPaBHEHUSI, BK/OYA-
OTCS PEAKLIMM Y MOMEHTbI PeaKLIMA B KUHEMATUYECKUX Mapax rpynnbl.

Ha ocHOBaHWWM BEKTOPHBLIX YpaBHEHWI MEPBOrO BuAA CTPOSATCS
MHOFOYrO/IbHUKN CU, KOTOpPble HOCAT Ha3BaHWE r1/1aHa CuJ1 rpyrinbl, Npw-
yeM B MEPBYIO OYEPEAb HAXOAATCS peakuMu BO BHELIHUX KMHEMaTUde-
CKMX Mapax rpynnbl, @ 3aTeM BO BHYTPEHHMX Mapax Mo YCIOBUSIM paBHO-
BECUS1 3BEHLEB IPYMibl, B3STbIX MOPO3Hb.

[N peakuuii, BO3HMKAIOLWIMX MEXAY 3/IEMEHTAMM KMHEMATUYe-
CKMX Map, NPUHSTbI cneaytoLme 0603HaYEHNS: peakLmsl CO CTOPOHbI 3Be-
Ha k Ha 3BeHO / 0b6o3HauaeTca R peakuus e CO CTOpPOHbl 3BeHa / Ha
3BEHO K COOTBETCTBEHHO 0603Havaetca Ry, O4eBMAHO, YTO

R, =-R

Kl IK -

PeakumMs XapaKTepu3yeTCs Be/MUYMHON (MOAY/IEM), Harpas/ieHu-
€M N TOYKOM IPUITONEHUS.

MpeHebperas TPEHNEM B KMHEMATMUYECKUX NapaX, MOXHO OTMe-
TUTb CNeaytoLLee: BO BpallaTeNbHOM nape Noanexar OnpeaeneHuto Be-
JIMYMHE W Harpas/ieHne peakumm, Tak Kak ee Touka NpUIoXKeHns coBna-
[AeT C OCbi0 BpalLeHUa napbl. B nocTynaTtensHoON nape noanexart onpe-
OENEHVIO BEMYMHA N TOYKA MPUIIOXKEHMS PEAKLUMKN, TaK KaK M3BECTHO
TOMBKO TO, YTO HamnpaBfEeHWEe peakuMK B TaKoi nape BCeraa nepreHau-
KYNAPHO OCK ee HanpaBsioLLEN.

lpumMep cnioBoIro pacyeta MexaHu3ma

MpOBECTW CMJIOBOM pacyeT 3aAaHHOIO MOJSIOXKEHUS KPUBOLLWUMHO-
NON3YHHOrO MexaHu3Ma komnpeccopa (puc.43, @), ecm ANvHbI 3BEHbEB
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paBHbl /5 = 0,05 M, lgc = 0,2 m; NONOXEHUS LUEHTPOB MacC 3BEHLEB:
S; =A, Izgs; = 0,1 m, Mmaccol 3BeHbeB: m; = 0, my = 0,5 ke, m3 = 0,40 ke,
LIEHTPasIbHbIA MOMEHT MHepuMn waTtyHa BC- Is; = 0,0018 kem’. Yrnosas
CKOPOCTb KpuBOLKMMAa AB NOCTOsiHHa U paBHa ;= 80 cex”’. Cuna nones-
HOrO conpoTuMeneHust paBHa P~=250 H, o0Ha nNpPOTUBOMNOOXKHA

‘_’c =p,C U, (cM. puc. 42, a, 6) n npoxoaut yepes Touky C; cuna Tske-
CTM watyHa - G, = myg = 0,5%10= 5 n, cuna TaXKeCT nonsyHa —
G;=m3g =04 - 10 = 4 ». YpaBHOBewwMBalOLWasa cmna ﬁy NpUIoXeHa
neprneHANKYNSapHO 3BeHY I B TOUKe A.

MoanexuT onpeaeneHnio: peakums E(B B MOCTYNaTeNlbHOW Ku-
HeMaTuueckoii nape C, KOTOopasi HampaBfieHa MepneHANKYNSPHO SIMHUK
X0A4a Non3yHa; peakums EB BO BpallaTenbHol nape C; peakuust 17]2 BO

BpallaTenbHON nape B, peakums R, BO BpaliaTenbHoOW nape 4 u ypas-

HOBELWIMBatoLWaa cna Py , MPUIOXXEHHAs K 3BeHy 1.

Peluerne

1. Bce BHELIHME CUNbl, AENCTBYIOLIME Ha 3BEHbS MEXAHW3Ma, 3a-
[aHbl, MO3TOMY 3TOT 3Tarn pacyeTa BbIMO/HEH.

2.YpaBHoBelmBaowWasa cuna Py npuioxeHa nepneHavkynspHo
3BeHYy 1 B ero Touke B.

3. MexaHu3M cofepxuT Tonbko oaHy rpynny J1.B. Accypa, co-
CTOSILLYIO U3 3BeHbeB 2 U 3. DTa rpynna OTHOCUTCS KO BTOPOMY Kraccy
BTOpPOro sunaa.

CocTaBnsieM ypaBHeHMs1 paBHOBeCUsl rpynmnbl. Pasnoxum peak-

LMo R]2 Ha ABE COCTaBNAOLWNX: R]T2 , HanpaBNeHHYI0 NepneHanKynsapHo

nmimn BC, n R,,", HanpasnexHyio no nuium BC. Toraa reometpude-
CKasi CyMMa a1, NMPUOXKEHHBIX K rpynne (puc. 43, 6), paBHa

i _ = =T

R]Z + R]Z +Gz + Pn2+ Pm + G3 +Pc + R03 =0.

B  KauectBe BTOPOrO  YpaBHEHUS  B3ATO  ypaBHEHWE
ch (P,) =0, koTopoe, 6yay4n pasBepHyTbIM, NPUMET BUA

E]; Isc + G2 hg2 —Pushpi — My =0,
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OTKyZa
EITZ _- Gyhg, + Pyhpyy + M, _= 5-0,09+120-0,07 + 2,84 _sam,
Lpc 0,2
roe kg, = 0,09 » — nnedvo cunbl G, OTHOCUTENBHO ToukK C (HalaeHo no
yepTtexy); hp,> = 0,07 m — nne4vo cunbl P,, OTHOCUTENBHO ToYkKM C
(HanzeHo no yepTexy).
Ctpoum nnaH cun rpynnel (puc. 43, B) B Macwrtabe up =2 H/um.
MopsaaoK MOCTPOEHMSI BEKTOPHOM CyMMbl, BOoblle rosops, 6es-
pa3/NYEH, HO NPUMEHUTENBHO K AaHHOW rpynne Accypa MOXHO PEKOMEH-
J0BaTb CNeayiolmii: NpoBoAUM MnpsMyto, napannensHyto BC. 31o 6yner

nMHMS [efcTBus cumbl R," OTNOXMM OT NPOM3BOMLHON TOUKM d,

nexalen Ha sToi npsmoit (puc. 43, B), cuny R, B Buge oTpeska

P’ 54
(ab)= i=7=27 MM, TIEPMNEHANKYNAPHO npsiMoi. OT Touku b oTKna-
Hp

— G, 5
Abisaem cuny G, B Bupe otpeska (bc)=—= 5 =2,5 mm, panee ot Tou-

Hp
_ P, 120
Ku c oTknadbisaem cuny P, B BUAe otpeska (cd)=—"==——=60 mm.
Mp 2
= P, 88
N3 Toukn d otknapbiBaeM cuny P, B BUAe oTpeska (de)=—"=——=
Hp 2
= 44 mm, panee OT ToukM e oTknadbisaem auny G, B BuAe OTpeska
G, 4 -
(eff=—==—= 2 mm. Cuny P, oTknagbiBaeM B BuAe OTpe3ka
Hp
P. 250
(fg)= _:T: 125 mm. Cunbl OTKSIAAbIBAEM B COOTBETCTBUM C WX
Hp

HaNpaBNEHUSIMW Ha YepTeXe rpynnbl. M, HakoHew, M3 TOYku g BOCCTa-
HaB/MBaeM nepneHankynsp (MMHus aeiicteus cunbl R ;) Ao nepeceve-

HUS C NINHKelt AelicTBust cumbl R . MonyyeHHas Touka kK — Hayano Bek-
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D on

TOpa 13]2" . OTpe3ok (ka) B MacwiTabe yp faeT UckoMylo peakumio R, ,
a 0Tpe30K (gk) B TOM e MacwTabe — peakumio §03, a oTpe3okK (kb) paet

NCKOMYIo peakumio R, .

al
o)
b
Ef
G
/
2/

Puc.43. CnoBoi pacyeT KpMBOLUMMNHO-NOM3YHHOrO MeXaHU3Ma KOMMpeccopa:
a— MNOJIOXKEHNE MeXaHM3Ma; 6 — CTPYKTypHasi rpynna C NpuIoXeHHbIMU CUlamu;
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B—NnaH cun
[nst HaxoXXAeHUs peakumm IZZ HanuLeM ycnoBME paBHOBECKS
3BeHa 2!
Elz + 52 +ﬁﬂ2+ Esz =0.
M3 nnaHa cun (puc. 43, B) BuaHo, 4to otpe3ok (dk) B MacluTabe
[tp COOTBETCTBYET UCKOMOW peakumm IZZ . Peakuus I?(B [I0/KHa NpoXo-

anTb yepe3 Touky C.
5) Cunosoli pacueT Beayuiero 3BeHa 1 (puc.43, r). K 3BeHy 1

NPUNOXEHbI: CUNa RZI =-R]2 (ee BENMNUYMHa onpeaendaeTca U3 niaHa cun

(puc. 7, B) otpeskoM (kb) (cuna EZI = (kb) up = 65-2 = 130 H), cuna

(peakumsi) R,,, npunoxeHHas B Touke A M ypaBHOBELIMBAIOWAA CUNa

Py, npunoxeHHas neprneHankynspHo 3BeHy I B Touke B. W3 paBeHCTBa
HYMO CyMMbl MOMEHTOB OTHOCUTENbHO TOYKU A CWJ, NPUIOXKEHHBIX K
3BeHY 1, HAX0AWUM BEIMUYMHY YPaBHOBELIMBAIOLLEN CUSTbl Py

- Pylyp +R21 h =0,

rae h,; (Nne4yo cunbl Ezl ) HaxoauTca no yeptexy (pwuc. 43, r).

_Ryhy 13027

Py =125 H.

lAB
YCNoOBMEM paBEHCTBA HY/O BEKTOPHOM CYMMbl CWJ, MPUIOXEH-
HbIX K 3BeHy 1, byaeTt
R, +P, +R, =0.
OTcrona HaxoAnM Moflynb peakuum R, nyTeM nocTpoeHus Bek-

TOPHOro TpeyronbHuka cun (puc. 43, 4): Ro; = (be) up (H).

Onpepenvs BennunHy (M,=P,'l,;) MOMEHTa YpaBHOBELLNBAIOLLE
napbl CW, MOXHO HaWTWU MOLUHOCTb ABUraTensi, HeobxoauMmyto ans npu-
BOA@ MalUMHbl. [Ins 3TOro HYXHO 3HaTb YI/I0BYIO CKOPOCTb Kpusowwmna I

(@1).
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4.5. KnuHeMaTUueckuii aHanus nepegay

MepeaaToyHbiM  MexaHM3MOM (nepefadelt) HasblBaeTCcsl Mexa-
HM3M, npeobpasyiolMit BpalleHWe OAHOrO 3BeHA, Ha3biBAeMOro Beay-
MM, BO BpalleHMe Apyroro 3BeHa, Ha3blBAaeMOro BeAoMbIM. K TakmM oOT-
HocaTcs 3ybuaTtble, (PUKUMOHHLIE, LieMHble U Apyr1e TUMbl Nepeaay.

lNepegaToyHbiM OTHOLLIEHMEM TaKOTO MEXaHu3Ma OT BefyLluero
3BeHa k K BeAIOMOMY 3BeHy / Ha3blBAaeTCS OTHOLUEHWE YrNOBOW CKOPOCTM
Wk 3BEHA k K YrNOBOW CKOPOCTU w; 3B€Ha /, T.e.

U/d = a)—K .
@,

YncneHHo nepeaaTodHOE OTHOLLEHME BblpaXXaeTcsl Yepes YacTo-

Tbl 1y, 1; BpaleHWs BeayLlero u BeAOMOro 3BEHbEB
ny
Ug==+"",
n
a TaKKe yepes pasMepbl 3TUX 3BEHLEB.

3afiayell KMHEMATUYECKOrO aHanM3a nepefayd sIBSETCS HaX0X-
[JeHve nepefaTovyHOro OTHOLWEHMS nepejayn yepes OTHOLIEHUS pasMmep-
HbIX NapaMETPOB ee 3BEHbEB.

PasnuualoT ogHoCcTyneH4yaTbie Tniepefayun, Takue, B KOTOPbIX
MMEIOTCS TOMBbKO ABa 3BEHA C HEMOABMXXHLIMW OCSIMW BpaLLeHUsl, U MHO-
rOCTYrEHYaTbI€, B KOTOPbIX 3BEHLEB C HEMOABWMXHBLIMM OCSIMW BpaLLEHUS
6onbwe AByx. CTyrieHbto NepefaToyHOro MexaHusmMa HasblBaeTcs nepe-
[laya BPaLLEHMSI C OAHOW HEMOABWXKHOM OCK BpaLLEHUS Ha APYTYHO Henoa-
BMXXKHYIO OCb BpalleHusl. B MHOroctyneHuaTbiXx MexaHM3Max Kaxpaasl w3
CTYNeHel MOXET pPeasiM30BbIBATbLCS NapoW 3ybUaTbiX KOMEC, HAaXOAALLMXCS
B 3aLensieHnu.

PaccMOTpM MeToAbl OnpeaeneHnst NepeaaTodHblX OTHOLLEHMIA
C/IOXHBIX MHOMOCTYMEHYaTbIX 3yb4yaTblX MEXaHW3MOB 4Yepe3 3afaHHble
ynucna 3ybbeB, NpeaBapuTESIbHO YCIOBUBLUMCH O MpaBuiax onpeaeneHus
3HaKa NepeaaTo4yHOro OTHOLLEHMS.

B oaHocTyneHuatoi 3y6uaToii nepegadve (puc. 44) C BHEWHUM
3auenneHneM 3ybuaTble Koneca BpaLAlTCAa B MPOTMBOMOSOXHLIX Ha-
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npaBiEHNAX, NO3TOMY NepeaaTo4yHOE OTHOLUEHNE TaKoW nepeaayvn asns-
E€TCA OTpUUaTENbHbIM:

B oaHOCTyneHuaTol nepefave C BHYTPEHHWM 3aLenieHneMm
(puc. 45) 3ybuaTble Koneca BpaLLAOTCS B OAHY CTOPOHY, MO3TOMY nepe-
[1aTOYHOE OTHOLLEHME MOJSIOXUTENBHO!

Puc. 44. Tpex3aBeHHas 3ybuaTas Puc. 45. Tpex3aBeHHas 3ybuaTas nepegaya
nepefaya C BHELHWUM 3aLenneHvem C BHYTPEHHMM 3aLenneHnemM Konec

PaccMOTpyM MHOrOCTyneH4YaToe coeamHeHne 3ybuaTtbix Konec, B
KOTOPOM UMEEeTCS k napannenbHbiX BanoB; Ha KaxaoM us (k — 2) npome-
XKYTOUYHbIX BA/IOB 3aKpensieHo rno Aga 3ybua-
% Z, TbIX KOMeca, 3auennsiowmxcs C Konecamu,

7 3aKpersieHHbIMM Ha npeabiaywemM 1 nocne-
=1 aytouwiem Banax (puc. 46), uncno ero cryne-
Helt — (k — 1). Takoe 3auenneHne HasblBaeT-
€ nocnefoBaTenbHbIM. 3anuiueM Ans Kax-
[OW U3 map 3ybuaTbiX KOMec CTyneHeil ne-
peaaToyHOE OTHOLLEHME.

g

Z

Puc. 46. NocneposaTtenbHoe
psA0BOE 3aLenyieHne Konec 90



Q) W w Z

_O Ly, 0, 4 _ K

Up=—=- " Un=—=-7+,..., Up1k= -
®, Z, 0y 2 O, Zyo

MepemMHOXMB NOUNEHHO BbIPAXXEHWS! NEPEAATOUHbBIX OTHOLIEHUIA,

nonyynm

x—1

o Z,7,.7,
UpUsy.. Ugpo=—= —————
AV A
rAe m — YACO BHELLHMX 3aLEnsIeHni Konec nepeaayn.
MepeaaToyHOe OTHOLLEHME BCEW Nepefayvu, NpeacTtaBneHHON Ha
puc. 46, onpegennTca Kak

(_1)"7’

a)]
Un=—=UpUs;... Uri
Wy

lNMepepgaroyHoe oTHOLIEHME NOC/IEQO0BATE/ILHOIO 3auyer-
JIEHHS], KaK 3TO cneayet u3 bopMynbl, paBHO NPON3BEAEHMNIO ne-
PEAAaToYHbIX OTHOLUEHNH BCEX €ro CTYNeHEeu.

Ecnm npu noacyete Uy, NONYYMTCA OTpULATESbHBLIM, TO 3TO 03-
HayaeT, YTO BeAOMOE KOJSIeCo k BpaLlaeTcsl MPOTUBOMOSIOXKHO BeayLllieMy
konecy 1.

Ecnn Ha KakaoM u3 BasioB 3aKpersieHo Mo oAHOMY KOsecy, BXO-
JOAleMy OHOBPEMEHHO B 3aLuernsieHne C Kosecamu
Ha npeabiayLleM v nocneayowem Banax, To Takoe
3auenneHne HasblBaeTcs psaoBbIM (MM napasuT-
HbIM PSIAOM), @ BCE MPOMEXYTOUHbIE KOneca Hasbl-
BAlOTCS napasuTHbiMK (puc. 47). MonHoe nepena-
TOYHOE OTHOLIEHME MAPA3UTHOrO psiAa MOXHO Mo-
NYYATb, NPUHAB Z,=Z,, Z3=Z3, Z4=2Z4 N T.4.;

U/k:— :ﬁ(—l)m.
K 1

I'Iocne,u,Hee Bblpa>X€HUE MOKa3bIBaA€T, 4TO
Nnapa3nTHblE KOJieCa Ha BEMNYUHY MNEPEAATOYHOro
OTHOLWUEHUA HE BIUAKOT, OAHAKO WX BKJIOYEHUE
MOXXET U3MEHUTb 3HaK NepeaaTto4yHoro OTHOLUEHUS. k \2%] ZA/
Ecnn uuncno Nnapa3nTHbIX KONec YEeTHOE, TO 3HaK A
nepeaaTo4yHoro OTHoOLWeEHUA TakoMm Xe, KaK ecnn 6bl
Koneca Z] n Zg 3auennanmcb HeENnocpeacTBEHHO.

Puc.47. MapasuTHblii
psaa
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HeueTHOe 4MCio napasuTHBIX KOMeC MEHSIET 3HaK nepeaaToyvHoro 4ymcna
Ha I'IpOTI/IBOI'IOJ'IO)KHbIﬁ. MapasnTHble 3y6anb|e Koneca nNpuMEHAI0T B TeEX
Cny4dadax, Korga paccrodaHme Mmexay seayumMm n BeaoMbiM BaslaMn BETUKO
N HeNnocpeacCTBEHHO 3auenndaronecs Koneca yBeInYmnBatoT Fa6apI/ITHbIe
pa3Mepbl MEXaHU3Ma, UK Xe B TEX C/y4dasXx, Korga HY>KHO COOTBETCT-
BEHHO M3MEHUTDb Hanpae/leHNE BpaLlleHnsa BEAOMOIro Basa.

4.6. NMepepaya UUANHAPUYECKUMHU BYG‘-IaTI:IMVI KoJieCaMm

Ecnu Ha auckax MMetoTcst 3y6bsl onpeaeneHHoro npoduns, pac-
MOJIOXXEHHbIE HA PAaBHOM PacCTOsHWWM OAMH OT Apyroro, To nepeaada 6y-
[ET HasblBaTbCs 3y6yaros (puc. 48). Mpu BpalleHun BeayLiero 3y64yaToro
Koneca ero 3y6bs B3aMMOAENCTBYIOT C HAaXOAALUMMUCA B KOHTaKTe (3aLle-
MAeHnn) 3y6bsaMI BEAOMOrO KOJECca, B PE3YNbTaTe YEro OHO TaKXKe Hauu-
HAET BpaLIaThCS.

Puc. 48. 3ybuaTtas umnmHapuyeckas nepeaada
C BHELUHWUM 3auenneHnem

Haunbonee pacnpocTpaHeHbl nepeaayn C 3B0/1bBEHTHbIM pogu-
siem 3yba. Takoi npocunb No3BONSIET 3y6bsM MpU BpaLUEHUM Konec 06-
KaTblBaTbCs Apyr No Apyry, oTyero 3ybuatas nepefadva pabotaer nnas-
HO, C HEBOMbLUMMK NOTEPSIMN SHEPrMM Ha TpeHue. Mpy BpalieHun 3ybuya-
ThIX KONIEC MOXHO NpeacTaBnTb cebe ABe KacaloLwmecs OKpyXHOCTM 1 u 2
(cM. puc. 48), KOTOpble KATATCS OAHA MO ApYroi 6e3 CKOMbXeHUsl. ITo
BOOGpaXkaeMble OKPYXHOCTU d; U d, — AMAMETPbl KOTOPbIX Ha3blBalOT
HayasbHbIMU OKPY>XHOCTSIMU. 3auenneHune 3ybuaTbiX Konec B nepepade
TpebyeT cobnoaeHns OCHOBHOIO YCnoBUS: 3yb6 OAHOMO Koneca AO/MKeEH
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TOYHO BXOAUTb B COOTBETCTBYIOLLYIO EMY MpW 3aUEnIEHNM BNaauHy Apy-
roro koneca. LLUnpuHy 3y6a 1 BnaauHbl, a TaKkxe ApYrue 3nemMeHThl 3ale-
MNAEHUS PacCUUTLIBAIOT MO TaK Ha3blBAEMbIM JE/TUTE/TbHBIM OKPY>XXHOCTSIM.
DTO TaKWUe OKPY)XHOCTM AMAMETPOB d;, d>, Ha KOTOPbIX pa3Mepbl OCHOB-
HbIX 3/1EMEHTOB 3ybYaTOro Kosieca paBHbl TEOPETUYECKUM pa3MepaM 3ne-
MEHTOB 3y60PE3HOr0 WMHCTPYMEHTA, MO3TOMY AEUTENbHbIE OKPYXXHOCTU
NCMONb3YHOTCA MPU pacdeTax ANs HACTPOMKM 3y6ope3Horo craHka. Mpu
N3roTOB/IEHNWN 3yBYaTbIX KOMEC YacTo AENUTENbHAas OKPY)XHOCTb COBMa-
JIAeT C HavanbHou (d;=d,,;, d>= d,;). TakuMm 06pa3oM, MOXHO CKa3aTb,
yTo 3y64yaToe 3aLlensieHMEe BO3MOXHO JULIb MpPU PABEHCTBE OKPYXKHbIX
LIAroB p, U3MEPEHHBIX MO AyraM HayasbHbIX OKpYXHocTel (puc. 49). War
— 3TO A/IMHA OTPE3Ka AYrv HauyanbHOW OKPY)XKHOCTU, paBHas A/IMHE BceW

ay

OKDYXHOCT BEpLILH

Puc. 49. dnemeHTbl 3yb4aToro 3auensieHus
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HayasibHOW OKPY)XHOCTW, pa3fdeneHHoW Ha uucno 3ybbeB Z. Ha oaHoM
Kosece 3Ta 3aBUCMMOCTb BbIPa3nTCcs Tak:

— 7ZdWl
pP= Z
Ha Apyrom
ﬂzjw2
P= Z,
Ortciona
ml,
Z 7

nnn nepeaaTtovyHoe oTHoLweHne
Z a w2
— 2 ___We
{ 112 =< = .
Zl a wl

4.7. reomeTpuyeckue afieMeHTbl 3ybuaToro 3auensieHms

Lar 3y6uaToii nepeaayn no AenUTeNbHON OKPYXXHOCTH

d
pP=—,
VA
roe d — AMamMeTp AeNUTENbHON OKPYXXHOCTU 3y6uaToro Kosneca.
Otciopa:
_prZ
NS NepBoro Koneca dj=——;
V4
pZ
Ans BTOPOro d,= =5
T

B oboux Bblpa>X€HUAX €CTb OAHa U Ta Xe BeIMYMHa £ MNo-
T
CKOJIbKY 3Ta BEMYMHA HE MOXET 6bITb NOACYMTAHA TOYHO U3-3a HaIN4MA
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“ppaLmMoHanbHoro uncna m, 6onee yao6HO B3aMeH €e BBECTU BEINUMHY,
Ha3bIBAEMYIO MOAY/IEM 3y64aTOroO KOJIEca:

m=—:.
T

Moaynb SBNSIETCS OCHOBHOW rEOMETPUYECKON XapaKTEPUCTUKOM
3ybuatoro koneca. BenvumHa mMoayns CTaHAapTU30BaHA, 3To obneryaet
n3roToBneHne n noadbop 3ybuartbix Konec.

PaccTosiHne OT AennUTeNbHOW OKPYXXHOCTU [0 BEPLUMHBLI 3yb6a Ha-
3blBaeTCS rofioBKoi 3yba 4, (M. puc. 49), a OT AENUTENbHOW OKPY>KHOCTU
[0 OCHOBaHWs 3y6a — HOXKOM 3yba Af. Mpu M3roTOBMEHWUM KOMEC CTaH-
JapTHbIM 3y6ope3HbIM MHCTPYMEHTOM BbICOTA FOSIOBKM 3yHa monyyaercs
paBHOM m, @ BbICOTa HOXKM 1,25 m. TakuM 06pa3oM, NosiHasi BbicoTa 3y-
6a A=2,25 m. Ona uunmHAapuyeckoro 3ybyaToro koneca, y KOTOpOro
d=dy, MOXHO Nerko onpeaennTb OCHOBHbIE Pa3MepbI:

AVAMETp AENUTENbHOW OKPY>XHOCTM d=mz,
AVaMeTp OKPYXXHOCTW BEPLUMH d,=d+2 h,=m(z+2),
ONaMeTp OKPY>XXHOCTU BNaauH d=d-2 hy=m(z-2,5).

PaccTosiHve Mexay LueHTpaMu Konec (MexoceBoe paccTosiHWE)
d, +d, m(Z +Z,)
2 2 ‘

MeToabl U3roToBNeHns 3ybuaTbiX KOMec TECHO CBSA3aHbl C Teopu-
el 3auensieHns. 3ybuyaTble Koneca C 3BOSIbBEHTHLIM NPOdUIEM W3roTOB-
NAOT rnaBHbIM 06pa3oM METOAOM KOMMPOBaHMA U METOAOM obkaTku. Mpu
MeToAe KOMMPOBaHWS NMpoduib PeXyLLero MHCTPYMEHTa AO/MKEH COOT-
BETCTBOBaTb Npoduo BnaavHbl Hapesaemoro koneca. MNMpu MeToae 06-
KaTkn (ormbaHust) 3y6opesHblil MHCTPYMEHT W Hape3aeMoe KOSleco Kak
6yATO HaxoAsTCs B AEACTBMTENBHOM 3alenfieHUn, TO eCTb HauasibHas
OKPY>XHOCTb (HavanbHas npsiMas) MHCTPYMEHTA U HauasibHast OKPYXXHOCTb
Koneca KacatloTca Apyr Apyra v obkaTblBaloT odHa Apyryto 6e3 ckonbxe-
HWS. DTUM OBBSCHAETCS Ha3BaHWe MeToAa.

aw
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