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BBEJIEHUE

B Mmeronnueckux ykKa3zaHMSX OTpa)X€HbI BOIPOCHI, CBS3AHHBIC C PELIEHUEM KOHKPETHBIX
33Ja4 10 pacyeTy CTAaTU4YECKM ONPEAWIMMBIX W HEONPEIWIMMBIX IIPOCTEHUIINX CXEM.
[IpakTrueckue 3aHATHSA HA IEPBOM HTAlle U3YYCHUS] TEOPETUYECKOM MEXAHUKU SBIISIIOTCS OCHOBOM
IPUOOPETEHNUS NPAKTUUECKUX HAaBBIKOB, pacueTa U NPOEKTUPOBAHUS KOHCTPYKIIHIA.

1. IEJb W 3AJIAYM IPAKTUYECKHX 3AHATHMN.
[TpakTuyeckue 3aHATUS CIIOCOOCTBYIOT NPUMEHEHHUIO TEOPETUYECKHUX 3HAHUN B pacyerax
KOHCTPYKLIHH.
[lenpr0 MNpPaKTUYECKUX 3aHATHH SBJSETCS TBEPAOE YCBOCHME OCHOBOIIOJIATAIOIINX

QJITOPUTMOB PELIEHUS NMPOCTENIINX 3a7au [10 pacueTy F€OMETPUUECKUX XapaKTEPUCTUK CEYEHUMN U
MOCTPOSHMIO SMIOP BHYTPEHHUX YCUIIHMH.

3 cemecTp

COJIEP)KAHUE NPAKTUYECKHNX 3AHATHMN.

O4Hast 1 04HO-32049Has popmMbI 00yUeHHS

TeMbl NpaKTHYECKUX (CEMUHAPCKHUX) 3aAHATHI

Bupl BHEIIHUX Harpy3o0kK. Bujibl onmopHbIX 3aKkpenieHui

Kunemarnueckuil aHajn3 3J1€MEHTapHBIX PACUETHBIX CXEM

OnpeneneHre ONOPHBIX PEAKIUI B 2JIEMEHTAPHBIX PACUETHBIX CXEMaX

Pacuer nockoit hepmbl

Kunemarnueckuii ananu3 ¢pepmel. OnpesieneHne onopHbIX peakiui

MeTo] BeIpe3aHus y3JI0B I ONPEENICHUs] YCUIIUN B CTEPKHIX (pepMbl

MeTto/ ceueHul s onpeieNIeHUs] YCUINH B CTEPIKHAX (epMbl

IToctpoenne nuarpammsl MakcBeia-KpeMOHBI 1715 OTIpEAEIEHUS YCUIINM B CTEPIKHAX
(bepmbl

9 |Hentp 1sbxectu TBepaoro Tena. LleHTp Tsbxectu mockoi ¢purypsl. [Tpumepst

10 |['eomeTpuyeckne XapaKTEPUCTUKH MOMEPEYHOTO ceYeHHs CTepkHsA. CTaTHYeCKHii MOMEHT.
11 |['eomeTpuueckue XapaKTepUCTUKH MOMEPEYHOT0 ceueHus cTepkusa. Onpenenenue
MIOJIOXKEHHUS [IEHTPa TAKECTH.

12 |['eomeTpuueckne XapaKTepUCTUKU MOTIEPEYHOI0 CEYEHUS CTePKHA. MOMEHT HHEPIIUH.
['1aBHBIE MOMEHTHI MHEpIMH. Pannyc nHepumn

13 |BbluncieHre MOMEHTOB HHEPIMH CI0XKHBIX QUTYD

CIJ\lCD(.H-&(».)I\.)I—‘EIe

METOIUKA IMTPOBEJIEHUSA MIPAKTUYECKUX 3AHATHI.

Bonbmiolt 00beM pa3zHOOOpa3HBIX THUIIOB 3ajad U OrpPaHUYEHHBIH 00bEM
BPEMEHH ayJIUTOPHBIX 3aHSATHI HE MO3BOJSIET MPOBOAHWTH MPAKTHUECKUE 3aHATHS B
KjaccuaeckoM ctuiie. [loaTomy mpakThueckue 3aHSATHS PEKOMEHIYETCs] MPOBOAMTH
ciegyromM oOpasoM. IlpenonaBarens B Hayaje 3aHATUS H3/IaraeT Ha JJOCKe
YCIOBUSL 3aJaud W JaeT KOMMEHTapuil Mo ocoOeHHOCTAM JaHHoOW 3amaun. C
MOMOUIBI0 CTYACHTOB YCTAHAaBIMBAETCS THII 3aJaud U Ha JOCKE H3Jaraercs
OOOOIIECHHBI aNrOpUTM pElIeHHsA. 3aTeM BCE CTYIEHThl pelIaloT 3aaady



caMOCTOSITeJIbHO. B KOHIIC 3aHATUsd MOABOAWUTCA HTOI' PCIICHUA 3add4ud U
Pa3bACHAIOTCA Hanooee XApaKTCPHBIC OIINOKHU CTYACHTOB. HpH 9TOM BO BpPCM:A
peuiCHUA 3aJa4n IIPCIIOAABATCIIb IIOCTOAHHO CJIICOAUT 3a pa60T0131 U OIMOKaMu
CTYACHTOB.

HpeI[CTaBJIEHI/Ie Harpy3ok B paC4€THbIX CX€MaXx

1. PacnpenesieHHble  HArpy3kMm  TPEACTaBISAIOT  COOOW  CHCTEMY
COCPEIOTOYEHHBIX CHJI, PACIIOIOKEHHBIX Ha 0ECKOHEYHO MaJIOM PACCTOSIHUU JPYT OT
apyra.

Kak Obu10 ykazaHo BbIIIIE, pacipeeieHHble Harpy3Ku MOTYT ObITh 0ObeMaMu,
NOBEpXHOCTHBIMU (puc. 1.25, 6) u nunelinbiMu (puc. 1.25, 6). [lo MHTEHCHMBHOCTH
pacnpenenieHus: TakKue Harpy3Ku MOTYT OBITh pA6HOMEPHO pacnpedesieHHbIMU (Puc.
1.25, 2), mpeyzonvnvimu (puc. 1,25, 0) unu usmenaouwumuca no a000my 3aKoHy
(cm. puc. 1.25, 6).

2. Cocpenorouennasi cuima (a (puc. 1.25, @) — OCHOBHOW BHJI
MIPEICTABICHUS HArPY3KH B PACUETHBIX CXEMaX.

Cuna xapakTepuszyeTrcsi TOYKOM NpWIOKEeHUs A, nuHuen pevcreus BC
HaIlpaBJICHUEM, IOKA3bIBAEMbIM CTpeiaKoil. Takum o00pa3oMm, cuia — BEKTOpPHAs
BEJIMYMHA.

3. Ilapa cun mpeacTaBisieT co0Oil CUCTEMY JIBYX PaBHBIX aHTHUIIAPAJUIEIbHBIX
cun (puc. 1.25, €). Kparuaiimee paccrosare h Mexay IHHHUSMH ICHCTBHS CHII
Ha3bIBACTCS HIEYOM RAPDL.

IHapa cun (vay pocTo Mapa) XapakTepu3yeTcs MOMEHTOM Taphl (MM TIPOCTO
MOMEHTOM), YUCJICHHO PaBHBIM MPOW3BEICHUIO BEIMYUHBI OJTHOM M3 CHJI Maphbl Ha
TJIeYO0:

M=g-a2.

B pacdeTHBIX cxemaxX HaHHBIA BUJ HArPy3KH MOXKET OBITh M300paKCH KaK B

BUJIE TIAphl, TaK U B BUJIe MOMeHTa (puc. 1.25, x).
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Ceésa3u u Y3716l RJIOCKUX PACUEMHbBIX CXEM



CoenvHEHHE DHJIEMEHTOB pPACUYETHBIX CXE€M M MpHUKPEIUIeHHe HMX K OCHOBAHHIO
OCYUIECTBIISETCS C IOMOIUIBIO CBSI3EH.

Csa3b10 Ha3bIBACTCS YCTPOICTBO, OTPaHMYMBAIOIIEE CTENEHb CBOOOABI TBEPAOTO Tela.
Kaxxgast cBsi3b UMEET CBOIO KUHEMAMU4eckylo Xapakmepucmuky, KOTOpas IOKa3bIBaeT, KaKUM
JIBM)KCHUSM TBEPJOTO Tella MPEMSITCTBYET CBSA3b M CKOJIBKO CTENEHEeH cBOOOIbI OHA YHHUYTOXKAET.

VY CII0BHO pa3InyaloT CBA3U MEX]y TeJIlaMU U CBSI3M OMOPHBIE. Y CIOBHOCTH 3aKJII0YAETCA B
TOM, YTO J1000€ OCHOBaHME, Ha KOTOPOE OMUPAETCS PacUeTHAsl CXEMa, TAKXKE SBISIETCS TBEPIbIM
TEJIOM, HO 0ECKOHEUHO OOJBIIOr0 pa3Mepa 0 CPaBHEHUIO C pa3MepaMH H1ealIu3U pOBAHHOU
CXEMBI COOPY)KCHHS.

CoennHeHre HECKOJIBKUX 3JE€MEHTOB CHUCTEMbl B OJHOW TOYKE MPUHSTO HA3BIBATH V3I0M
pacyeTHON CXEMBI.

Paznmuuarot cnenyromue tpu Buaa cszeit (C) mexay nuckamu (1) miockux cucrtem.

1 Ilpocmas nuneiinas ceéasv (puc. 1.3, a). Ee xuHemaTudeckass XapaKTEpPHUCTHKA: CBS3b
MPEMSITCTBYET IMOCTYMAaTeIbHOMY MEPEMEIEHUI0 OIHOT0 JHCKa OTHOCHTEIBHO JAPYroro Io
HAMpaBJICHUIO OCH CBS3M W YHHYTOXAET OJHY CTENeHb CBOOOJBI B3aUMHOTO IIEPEMEIICHHS
JTUCKOB.

2. ununopuvecxuti wapnup (puc. 1.3, 6). Ero xuHemaTnueckasi XapakTepHCTHUKA: CBS3b
MPENsATCTBYET MOCTYMATEIbHBIM MEPEMEIICHUIM OJHOTO JHCKAa OTHOCHTENBHO JPYroro Hu
YHUYTOKAET JIBE CTETIEHU CBOOOIbI B3aUMHOTO TTEPEMEIICHHS TUCKOB.

[Mapuup (L) sxBUBaNIEHTEH IBYM MPOCTBHIM JUHEWHBIM CBS3SIM, CXOISAIIUMCS B TOYKE
COCTMHEHUS IUCKOB.

Ecnu nBa nucka coeMHEHbI IBYMs TUHEHHBIMU CBS3SIMU, OCH KOTOPBIX MEPECEKAIOTCS 32
npeJesiaMi COSMHEHNUS, TOUKY UX TIepECeUeHHs IPUHATO HA3BIBATh (UKMUBHBIM WapHUpom (PHC.
1.3, 8).

3. HKecmroe coedunenue ouckos (puc. 1.3, 2). Ero xuHematudeckas XapakTepUCTHKA:
KECTKOE COEJIMHEHHE MPENATCTBYET BCEM TPEM B3aUMHBIM IEpEMEIEHUSIM COEANHAEMBIX JIUCKOB,
T. €. He JIOMyCKAaeT HU MOCTYMaTeNIbHBIX MEePEMEIICHHA, HU BPAIICHHUS OJJHOTO JMCKA OTHOCHTEIHHO
JAPYroro, ¥ YHUYTOXKAET TPH CTENEHH CBOOOBI B3aUMHOI'O MEpEeMEIeHHs AUCKOB, COSAUHIS 1Ba
IMICKa B €MHOE IeJI0€ — OJIMH JIUCK.

XKecTkoe coequHEeHNE TUCKOB SKBUBAJICHTHO TPEM HE NapajulebHbIM U HE CXOIAIIUMCS
B OJIHOM TOYKE JIMHEHHBIM CBS35IM WJIN LIAPHUPY U OJTHOM JIUHENHOU CBS3H.
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B cucremax, COCTaBICHHBIX W3 CTEpXKHEH, pa3IMyualoT Yy3Ibel ocecmiue (puc. 1.4),
wapHupnvle (puc. 1.5) u kombunuposanuvie (puc. 1.6). Ha puc. 1.4, a, 1.5, an 1.6, a nokazansl
COOTBETCTBEHHO KOHCTPYKTHBHBIE CXEMBI 3THUX y3J0B, a Ha puc. 1.4, 6, 1.5, 6u 1.6, 6—
pacueTHbIE.



[[apHUp, COCAUHSIOMIMI Ba NUCKA, OOBIYHO HA3BIBAIOT NMPOCMbIM, TIPUUYEM OH MOKET
OBITh CKBO3HBIM (puc. 1.7, @) nium B KOMOMHUPOBAHHOM y3Jie¢ — MpUMBIKalOmum (puc. 1.8,
a).

CxBO3HBIEC U MPUMBIKAIOLIHE MIAPHUPBI MOTYT OBITH KpaTHBIMU. [lJ1g mpucoeuHeHus
KQKJIOTO MOCIEAYIONIET0 AUCKA HEOOX0JUM OJIMH MPOCTON MIAPHHUP, TOITOMY B KaXKIOM KPAaTHOM
HIApPHUPE YHUCIIO IPOCTHIX MIAPHUPOB OyAET HA €UHUIY MEHbIIIE YHCIIa COCITUHSIEMBIX B Y3JI€
nuckoB: I =] - 1.
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Puc. 1.3

1.3.2. Onopuvie céa3zu nioCKuUX pacyemHuslx cxem
[TpukperuieHue CHCTEMbl K OCHOBAHMIO (3€MJie) TMPOM3BOJIUTCS CBSI3SIMH, KOTOpPbBIE
HA3BIBAIOTCS ONOPHBIMU.
B pacuetHbIX cXeMax IUIOCKHX CHUCTEM  HCHOJB3YIOTCS  CIENYIOIIHME  THIIbI
UJeaIN3UPOBAHHBIX CXEM OMOPHBIX cBsi3el (Tadm. 1.1)
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1. HpOBeI[eHI/Ie KHHEMATUYECCKOT0 aHAJIHU3a 3aJaHHBIX PACYC€THBIX CXEM.
1.1. Konuuecmeenmwiti KuHeMamu4eckuil anaus.
I[J'If[ IMPOBCACHUA IIOJIHOT'O KHHCMATHYCCKOI'O aHaJIkn3a HeO6XOI[I/IMO 3aMCHUTH
OIOPHBIC CBS3M MX IAPHUPHO-CTEPIKHEBBIM aHAIOTOM COTJIACHO [Ipunosicenus (CM.
puc. 6).

a) B

Puc. 6
CreneHb CTaTUUECKON HEONPENESIMMOCTH 3aJJaHHbIX pacueTHbIX cxeM (3PC)
ompenensiercs no Gpopmyre:

W =3D-211Y - ¢,

v/ 9HCII0 KECTKHUX JUCKOB (CTEPKHEH) CHCTEMBI: D=1;

v/ 4KCJI0 MPOCTHIX MAPHUPOB, 00BETUHSIONIMX KECTKUE JUCKUA CUCTEMBI: 1Y =0

v/ 9HCII0 OMIOPHBIX CTEPIKHEN: Co =3 (B cXeMe a — Cf=3; B cxeMe 6 — =2, c8 =1;

B CXEME 6 — C =2, CS =1).

e Ecimu w<0, To pacueTHass cxema SIBIIICTCS CMamuyeckKu Heonpeoeiumoti, T. €.
UMeEeT U30BITOYHOE YUCTIO CBS3EH.

e Ecniu w=0, To pacueTHas cxema SBISICTCS cmamuyecku onpeoeiumou, T. €.
YUCII0O HEM3BECTHBIX PEAKIMil B CBA3SX PACUCTHOW CXEMBbI PaBHSETCS YHUCITY



HE3aBUCUMBIX ypaBHEHUW pPABHOBECHUS, KOTOpbhIE HJii HEe MOTYT ObITh
COCTAaBJICHBI.
e Eciiu w>0, TO pacueTHasi cXxeMa SIBISIETCS 2eoMempuyecky UsMeHseMol W He
MOKET CITY’)KUTh B KAYECTBE PACUETHON CXEMbI CTPOUTEIHLHON KOHCTPYKIIUU.
HNmeem,
W =31-2-0-3=0 = 3PC cTaTHYeCKHU OOpEaAECTNUMEI.
1.2. Kauecmeennwiii Kunemamu4eckuil aHaaus.
3akTro4yaeTcs B MPOBEICHUH aHAIN3a HA TEOMETPUUYECKYIO HEU3MEHSIEMOCTh
3PC, koTopast obecrieunBaeTCsl HAIMUYKUEM MAPHUPHO-CTEPIKHEBOTO TPEYTOJIbHUKA
(IICT), oOpa3oBaHHOTO OMOPHBIMU CBS3SIMU, HAJIOKEHHBIMU Ha TUCK (puc. 7).
Pacuemnas cxema OyaeT eeomempuuecku HeusmeHseMou, €CI N3MEHEHHE €€
(bOpMBI WK MOJI0KEHUS BO3MOKHO JIUIIb B CBSI3U € Ae(POPMAILIUSIMU €€ DJIEMEHTOB.
Hnst nocmpoenus LLHICT nHeobxoaumo:

a) HaTU TOYKY TNEpPECcCeUeHUs] Ha MPOJOJDKEHUU JBYX HEenapaniieibHbiX OMOPHBIX
CTepkHEW (ecnmu B JTOM TOYKE HET YK€ HuMerolerocs ImapHupa (=), TO
HEO0X0IUMO U300pa3uTh MHuMbLL wiaprup (- Yi));

0) coeaMHUTH MAPHUP (MHUMBIN IIAPHUP) B TOUKE MEPECEUEHUs C IIapHUPaMU MO

KOHIIAM 0CMAGuie2o0csi OOPHOTO CTEPIKHSL.
Jlomanwii 6pyc IBASETCS ceomempuyecku HeusmeHsaemovim (MOXKHO MOCTPOUTD
ICT), ecnu OH KpenuTcs K «3emMiie» MPU MOMOIIM mpex ONOPHLIX CHEPHCHEU, OCU

KOTOPBIX He napaiieibhbl Opye Opy2y U He nepecekamcs 8 00HOU MoykKe.
a)

Puc. 7

2. OmnpenesieHne ONMOPHBIX PeAKUI JAJI1 PACYETHOM CXeMbI ¢
HAUMEHbIIIMM MOMEHTOM M, B 3ajieJIKe.

C uenpi0 yMEHbIIEHUSI 00beMa BBIYMCIHUTEIBHBIX PabOT TMpHUBEAEM 3aJaHHBIC
(bu3HUecKre BEIMINHBI K 0€3pa3MepHOMY BUITY.

Tak, Bce JJIMHBI HAa PACYETHBIX CXeMaX YK€ 3a/J1aHbl KPATHBIMU MACIITA0Y JUTHHBI
a([lk]=a, rme k— HOMep y4acTka). Eciii MpHHATH MHTEHCHMBHOCTH paclpeeieHHON
BJIOJIb y4acTKa OCH PacueTHOM CXEMbl Harpy3ku KpaTHoW wmacmtady q([q]=q),
OyneM MMeTh B KauecTBE MaciiTada M3MEPEHHsI COCPEAOTOYCHHBIX CHJI BEITUYHHY
qa ([P]=ga ), a u3rubaromiero MomeHTa — qa? ([M,]=gqa?).

Takum 00pazom, MOTYyUUM:

P6KH=-x-0a = x=—=—2_ -5 = P—5qa;
ga 121



M=9kH-M=x.qa’> = x:%:iz:ZS = M =7,5qa°.
ga® 1,2-1 -
PaccmorpuM  cucteMy — ypaBHOBEHIMBAIOIIMXCS  CHJI, NPWIOXKEHHBIX K
KOHCTPYKIMH. J[efiCTBUE CBA3EM Ha KOHCTPYKIUIO 3aMEHSIEM UX PEAKLIUAMU COTIIACHO

Ipunooicenus: B cXemMe @ — X, Yo, My, B CXeME 6 — Y, M,y U Xy, B CXeM€ 8 — X,
Mi U R. (puc. 8). Ilpu 3TOM BBOAMTCS IpaBasl AeKapToBas IJI0OAIbHAs CUCTEMA
KOOPAMHAT CO CJIEAYIOIUM 0003HAYEHUEM OCEM:
» X — TOPU3OHTAIILHAS OCh C NOIONCUMENbHBIM HANPAGIEHUEM 6NPABO;,
» Y — BEpTHKAJIbHAS OCh C NOJIONCUMENbHBIM HANPABLeHUeM 68epX,
» 7 — TOpU3OHTAIBHaA OCh C  NOJONCUMENbHbIM  HANPAGIEHUEM,
NEPIEHINKYJIIPHBIM INIOCKOCTH U300PAKEHUS U HANPAGIEHHbIM K 3pUmenio.
[Ipyn Takux YCIOBHUSIX OOIICTIPUHATHIM SIBISETCS CIEAYIOLIEE MaTEMaTHYECKOE
IIPABUJIO 3HAKOB BEKTOPHBIX BEJIIMUMH:
®  nonodKcUmeNbHble CUIbl HAIIPABIICHBI BAOJb HOJONCUMETbHBIX HANPAGIEHUL OCEU
KOOpJMHAT;
®  nonodKcumenbHble MOMEHTBl HAIIPABICHBl HNPOMUE HACOBOU CMPENKU, €CIN
CMOTPETb CO CTOPOHBI IIOJOXKHUTEIBHOIO HAlpaBJICHUS OCH, OTHOCUTEIBHO
KOTOPOU AEUCTBYET MOMEHT.

OO0o03HaYeHUs peakuuil CleayeT YBA3bIBaTH C OOO3HAUYEHHEM OCH, BJIOJb KOTOPOU
JCUCTBYET peaKLysi, © HOMEPOM y3Jla, B KOTOPOM OHa ompezeisiercsa. Bece Hen3BecTHbIE
peaKkuun 00 ux onpeoeneHus CUUTAIOTCS HONOHCUMENbHLIMU TI0 MaTEeMaTHYECKOMY
MPaBUITy 3HAKOB U B COOTBETCTBHU C HUM U300pa)katoTCsl Ha PacUETHOM cXeMe.

YTOoOBl BBISICHUTH, B KAKOM CIy4ya€ MOMEHT B 3a/I€JIKE SBJISIETCSI HAMMEHBIIUM,
HailleM ero g BCeX TPEX CXEM, HE ONpefeliss MOoKa OCTaldbHBIX peakuuil. s
VCKIIFOUEHHSI B3aUMOBJIMSHUS [OJYYaE€MbIX PE3YJbTAaTOB I KaXJAOW 3aJaHHOU
pacyeTHOM CXeMbl HEOOXOAMMO TMON00paTh Takoe YpaBHEHHUE pPAaBHOBECHS, U3
KOTOPOro OBl OJHO3HAYHO OMNpEAeIsuiach HccieayeMas peakmus M, (M, M) u,

9



TaKUM 00pa3oM, He YUUTHIBAIOCH OBl BIMSHUE ABYX JPYTUX PEAKIUH X4, Y, (Y4, Xp H
X}i ' RC )

v' Jlus cXeMbl a

ZmomA=OI MA—Sqa-sin45°-2a+7,5qa2—q-2a-5a:0 =
M, =9,571ga’.

V' Jlus cxeMsl 6

> momy, =0 Mj+7,5qa° —q-2a-5a=0 =

M} =2,50qa°.

v' ]I cXeMBI 6

ZmomE:OI M} +50a-sin45°-4a+7,5qa° +q-2a-a=0 =
Mj = —23,642qa° .

({313

3Hak PAIOM C HaWJICHHBIM YHCIIOBBIM 3HAYEHUEM OIMOPHOM PEAKINH YKA3bIBAECT
Ha TO, YTO HAIPaBJICHHE JAHHOW peaklMu HAJ0 W3MEHUTHh HA MPOTHBOIOJIOKHOE.
IIpu 3TOM «CTapbli»» BEKTOP CIEAYyET MEPEYEPKHYTh, & PAAOM HAPUCOBATH BEKTOP
UCTHHHOTO (BBIYUCIICHHOT0) HAaNpaBJcHUS (CM. pHC. 86).

OHpeI[eJ'II/IM OCTAJIBHBIC OIIOPHBIC PCAKIINU JTJIA 9TOM CXEMBI:

Zx:0: 50a- cos 45°+ Xg =0 OTKY 1A Xg =-3,5350a -

>Y=0.Y;-5qa-sin45°—q-2a=0 Yx =5,5350a

, OTKyJa
Wtak, peakiyu OMOPHBIX CBS3EH MPU 3aKpEIUICHUH Opyca MO CXeMe O OIpeIeIiCHBI,
YTO IMO3BOJISIET yKa3aThb Ha PAcYeTHOM CXEME BCE HArpy3ku B SIBHOM BuUIE («B
3HAYEHUSX» ), KaK 3TO CIILCJIaHO Ha puc. 9.

(

0) VTV Y 3.535qa

-—

“H

Puc. 9
JlanHbpie pHic. 9 WCHONB3YIOTCS I TPOBEACHUS KOHMPOJISL NPASUIbHOCHIU

onpeoenenusi peaKyuti ONOPHuIX cés3eli IO YPAaBHEHUIO 2 mormg =0.
2,50a” —5,535qa - 3a +50a -

+7,50a2 —q-2a-2a+3,5350a-a=0=0
cos45° .

Ilpu evib0Ope ypasHenus IJISI KOHMPOJSL NPABUILHOCMU ONpedeleHUsl ONOPHBIX
peakyuti  HEOOXOIUMO  COCTaBUTh  ypasHeHue 6 Momenmax (paHee He
HCIIOJB30BABIIIEECs]) OTHOCUTEIIBHO TAaKOIO ceueHus, 4TOObl OOECIeUuTh yuacmue
scex peakyuil u Haepy30Kk B HOPMUPOBAHUH COOTBETCTBYIOIIETO BEIPAKCHHUSI.
JIJIst TIOJTy9eHUS YMCIICHHBIX 3HAYCHUI OMOPHBIX PEaKIUH JJII PACUCTHON CXEMBI 6 C
HAUMEHBIIUM MOMEHTOM B  3ajlCJIKe II0 pe3yJibTaraM, HMCIOIIMMCSI B
napameTpuueckor (hopme, UCIIOIb3yeM UCXO/IHBIC TaHHbIE U3 Ta0I. 1.

M} =2,50a% =2,5-1,2-1> =3,00

kH-Mm;
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Xg =3,53502=3,535-1,2-1=4,24 kH:
9
Y, =5,5350a =5,535-1,2-1=6,64 xH.

1. IlpoBeneHne KOJIMYECTBEHHOI0 KHHEMATHYECKOT0 aHAIN3A.
s mpoBeeHUs KMHEMAaTUYECKOTO aHaiu3a HeOOXOIMMO 3aMEHUTh OIOpPHBIE
CBSI3U UX IIAPHUPHO-CTEP’KHEBBIM aHAJIOTOM M 0003HAYUTh 3TH ceueHus (puc. 4).
6

CremneHp cTaTUYECKON HEONPEIETUMOCTH paCYeTHOM cxeMbl THNa (hepma

omnpenesieTcs mo hopmyie:
W=2Y-5-Gp,
v’ 4HCII0 Y3710B GEePMBI: Y =10
v/ 4HCIIO CTEPIKHEN PEePMBI; S =17;
v/ 4HCJIO OMOPHBIX CTEPIKHEN: C, =3.

Nmeem,
W =2.10-17-3=0 = 3PC cTaTH4ecKu onpeaeaImnma.

2. OnpeaeJsieHre ONMOPHbBIX peaKIHil.
Ha puc. 5 BBomuTCS cHcTeMa KOOPAMHAT, OCU KOTOPOM OIPENENSIIOT ITPABUIIO

3HAKOB MJI1 PEAKTUBHBIX CHWJI, 3aMEHSIONIMX JICHUCTBUE HAa KOHCTPYKIIMIO OIMOPHBIX
cBs3el. Peakunm 10 X OoNpenesieHus: CYUTAIOTCS HOI0HCUMeNbHO HAIIPABICHHBIMHU, a
ux 0003HAUEHUsI CIIEMYET YBS3bIBATh C 0003HAUYEHHEM OCH, BJIOJb KOTOPOH JEHUCTBYET

peaxuus, v y3JioM, B KOTOPOM OHA ONPEAEIISETCS.
P

S
!

[ -R ~———>
4 =>xd 5 B x
¥,

“2 L a balalfalaloal
L L§ L ] L] L] 1
Puc. 5
[Ipu BBIOOpE ypaBHEHMII DPABHOBECHUS MJIsi OMPEICICHUS] PEAKIMi OTMOPHBIX
CBsI3e HEOOXOIUMO MOA00paTh TaKUE YPaBHEHHS, U3 KOTOPBIX OJHO3HAYHO ObI
OTpeNIeIsIach TOJBKO OJIHA M3 PEaKlMil W, TaKUM 00pa3oM, HE YUUTHIBAIOCH OBbI

BJIIMAHUC JIBYX JOPYIUX peaKHHﬁ. OTO TIO3BOJIMT HAM HCKIIOYHUTH B3aUMOBIIMSHUEC

MOJIy4a€MBIX PE3YJILTATOB.
D X=0: X,=0

ZmomB =0. —YA~2a+g-4a+P~3a+P-2a+P-a—P-a—g-2a:0 = Y,=3P.

ZmomA:OZ YB~2a+g~2a+P'a—P~a—P«2a—P-3a—;4a=0 = Yg =3P.
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WNrak, peakuuu OIIOPHBIX CBSI3€W OIpPENETEHbl, YTO NO3BOJSAET yKa3aTb Ha
pacueTHOM cxeMe BCce Harpy3Ku B sIBHOM BUJE («B 3HAUEHMSIX»), KaK 3TO CAEJIaHO Ha
puc. 6.

Puc. 6

JlanHbpie puc. 6 UCHOJIB3YIOTCS Il MPOBEAEHUS KOHTPOJIS MPaBUIBHOCTH

ONIPENEIICHUS PEAKLIMM OTIOPHBIX CBA3EN IO YPABHEHUIO

>y =—§—P—P+3P—P—P+3P—P—g=050.

Metoa BbIpe3aHus y3/10B

Memoo evipe3anus Y3106 3aKIIOYAECTCSI B MBICICHHOM BBIPE3aHUU y37a
(dbepMbl C 3aMEHOM JEHCTBUSA HA HETO CTEP)KHEW COOTBETCTBYIOIIMMHU BHYTPEHHUMU
YCWIHMSIMU. OTH YCUJIUSL CBA3aHbl MEXAY COOOM M TPUIIOKEHHOM K CTEP’KHIO
BHEUIHEW Harpy3koil (WIM ONOPHBIMH PEAKIHUSIMH) TOCPEACTBOM CTATHYECKHX
ypaBHEeHUI paBHOBecus. [l 1000r0 y371a MOKHO COCTaBUTh /IBa TAKMX YPaBHEHUS -
PaBEHCTBA HYJIK CYMMBI IPOEKLHHA BCEX CWJ, HAllpUMEP, HA BEPTUKAIBHYIO H
ropu3oHTa’gbHy10 ocu X=0 u £Y=0. O4ueBUAHO, €CITU B y3JIe CXOASTCS JBa CTEPXKHSI,
TO W3 ATHX YpPaBHEHHMI MOTYT ObITh HalJeHbl ycuius B oOoux u3 Hux. Eciu y3en
COEJIMHSIET TPU CTEP>KHS, HO YCUJIME B OJHOM M3 HHUX y>KE€ HAlJIEHO U3 PACCMOTPEHUS
paBHOBECHSI APYTOro y3ja WM HUCIOJIb30BaHUEM Croco0a CeueHui, TO U3 3TUX JBYX
YpaBHEHUH MOTYT OBITb HAWJEHbl yCWIIMA B JABYX OCTaBIIUXCS cTepxHsax. [locre
ATOr0 MOKHO BBIPE3aTh CICIYIOUINHN Y3€] U MPOJIOKUTH PACUET.

B Merozne BhIpe3aHus y3JI0B HEOOXOAMMO YCTAHOBHUTH MOPSAOK BBIPE3aHUS
y3n0oB. Hampumep, mms pacuera ¢epmbl  (puc. 8.1,a) cHavama BBIpEXKEM
y3en A (puc. 8.1, 6) u 3anuieM ypaBHEHHUSI PaBHOBECHSI:

2X = Na-10+Na-1 -cosa=0;

2Y = Na. sina+1,5P=0.

U3 aux: Na1=—1,5P/sina; Na.10=1,5P/tga.

a) 6) N

- X B)

5P © Ry=15P
Puc. 8.1
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Tenepb BoipexkeM y3ein 10 (puc. 8.1, B) 1 3anuiieM ycIoBUs paBHOBECHS

2X = Ng-10—Na-10=0;

Y = N1-1o=0.

W3 nux momyudaeM: Ng.1o =Na-10=1,5P/tga; Ni.10=0.

[Tocse aToro Mmo>xxHO BeIpe3aTh y3isl 1,9, 2, 3,8, 4,7, 6, 5.

Y wMeTona BbIpe3aHUs] Y3JO0B €CTh HEIOCTAaTOK: OmMOKa (HETOYHOCTH),
JOMyYIIIEHHAs] MPU pacyeTe OJHOTO Yy3Jia, BIMSIET Ha MOCICAYIOUINE BBIYMCICHHUS.
[TosToMy pe3ynbTarhl, MNOJY4YEHHBIE STUM METOJIOM, HaJA0 KOHTPOJIHPOBATH.
Hanpumep, pe3ynbratsl pacuera (pepMbl MOTYT OBITH IPOBEPEHBI TT0 PopMmyIie

YNili= ZPX'X+EPy'y,

rae Ni— ycunus B CTepxkKHIX, li — amusbl crepkuel, Py u Py — mpoexmun
Harpy3okK (BKJII0Yasi ¥ ONMOPHBIC PEaKlUn), X U Y — KOOPJIMHATHI HATPY30K.

N3 mMerona BbIpe3aHUs] Y3JIOB BBITEKAIOT HECKOJBKO MPU3HAKOB (YACTHBIX
CJIy4aeB), YIPOIIAIOIIUX pacueT dhepm:

1) ecniu B y37ie CXOIATCS JIBA CTEP)KHSA M BHEIIHSS HArpyska He HPUIIOKCHA
(puc. 8.2, a), To 06a ycunus paBubl Hymt0: Ni1= N»=0;

2) ecii B y3JIe CXOIATCS JBa CTEPI)KHS, a BHEIIHSS Harpy3ka JIEHCTBYET B
HaIpaBJICHUH OJTHOTO cTepkHs (puc. 8.2, 0), To N1=P, N»=0;

3) ecu B TPEXCTEPI)KHEBOM y3JI€ J[BAa CTEPXKHS JIe)KAT HA OJHOM MPSIMOH, a
BHEITHEW Harpy3ku HeT (puc. 8.2, B), TO yCcwins B ABYX cTepkHsIX paBHBI: N1= Ny, a
ycunre B 00KOBOM cTepkHE paBHO HYJ0: N3=0;

4) ecmi B YETBHIPEXCTEP)KHEBOM y3JIe CTEP)KHH TIOMAPHO JIEKAT Ha OJHOU
MPSAMO#, a BHEINTHEH Harpy3ku HeT (puc. 8.2, T), TO yCHIUS TakKe MOMApHO PaBHBI

Mexty coooi: Ni= Nz, N3= Na.
a) 0) B)

Puc. 8.2

Hcronb3yss  OTH MPU3HAKH JIETKO  OMPEACISIIOTCS ~ HEKOTOPBIE  YCHIIMS
paccMmoTpenHol pepmsr (puc. 8.1, a):
— 0 2-My IIPU3HAKY N1-10:N1-g:N2-g:O; N5-6:N5-7:N4-7:O;
— 10 3-my npu3HaKy Na.10=Ng.10=Nsg.9; Ng.s6=Ns.7=N7.8; Na.1=N1.2; Nps5s= Na.s.

MeToa CKBO3HBIX CEYEeHUH
Memoo cKkeé03HbIX ceueHulli COCTOUT B MBICJICHHOM pacceueHUH (pepMbl Ha JBE
4acTU M PpAacCMOTPEHUM paBHOBeCHs OAHOW u3 HUX. llpu »TOM neiicTBue

0oTOpachIBaEMOM 4YacTH Ha pacCMaTPUBAEMYIO JOHKHO OBITh 3aMEHEHO YCUJIMSIMU B
crepxkHsx ¢epm. Eciam npoBecTu cedueHue TakuMm 0o0pa3oM, 4TOObI OHO MPOXOJIUIIO0
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yepe3 TpU CTEpXKHSA, TO MOXKHO COCTaBUTh YpaBHEHUS pPABHOBECUS IS
paccMaTpuBaeMoi 4acTu pepMbl TAKUM 00pa3oM, YTOObI HAWTH YCUIIUS BO BCEX TPEX
CTepkHsX. Tak, B TOYKE IepeceYeHHUs] HaIpaBiCHUN ABYX W3 HUX COCTaBIIsETCA
ypaBHEHHUE MOMEHTa, U3 KOTOPOrO OMpeNessieTcss TpeThe ycwiue. Touka, B
KOTOpPOHM COCTaBIII€TCA YpAaBHEHUE MOMEHTA, HA3bIBACTCS MOMEHMHOU MOYKOIL.

B kauecTBe npumepa paccMOTpUM Ty ke dhepMy, MPOBEIS Yepe3 Hee CKBO3HOE
ceuenue |-l (puc. 8.1, a). PaccmaTpuBas paBHOBecHE JIE€BOM YacTU OT CeUEeHHs (puC.
8.3), coOCTaBUM ypaBHEHHE MOMEHTA B TOUKE 1:

ZMl = Ng-lo'a/3 — 1,5P-a=0.

Otcrona nosmyuaem: Ng.10=4,5P .

1 fw‘(,i'-jr’_j

Puc. 8.3

Touxka 9 sBnsgercs MomeHTHOM TOUKOM 11t Ni-2. [ToaTomMy

XMg = —N1-2‘b —1,5P-2a=0.

Tak kak b=2axsina, monydaem Ni.,=—1,5P/ sina.

Jst Ni.g: ZMa = —Nj.9:¢=0. Otcrona momydaem Ni.o=0.

WNuorna (Hanpumep, KOraa Ba CTEPXKHs MapajuieIbHbl) MOMEHTHOW TOYKH HE
CylllecTByeT. B 3TOM cilyyae BMECTO ypaBHEHHS MOMEHTA CIEIyEeT COCTAaBIATH
ypaBHEHHUE MPOEKIMUH HA OCh, EPIICHANKYISIPHYIO 3TUM MapajuIeIbHBIM CTEPKHSIM.

VY Merona CKBO3HBIX CEUEHUN €CTh OJIMH HEIOCTAaTOK: B CIOXKHBIX (pepmax He
yAaeTcsi MPOBECTH TaKO€ CKBO3HOE CEYEHHE, YTOObl TOSBUIUCH TOJBKO TpPH
HEU3BECTHBIX yCUJUA. B 3TOM ciydae HEKOTOPbIE HEM3BECTHBIE HYKHO OMPENEIAThH
3apaHee WM HUCIOJIb30BaTh JPYrue MeEToAbl (METOJbl COBMECTHBIX CEUCHHM WIIH
3aMEHBbI CBSI3EH).

TakuMm o0pa3oM, yCHJIHE B JTIOOOM CTEP)KHE CTaTUUECKHU ONpPEeeTuMON (pepMbl
MOXET OBITh OMPEACIICHO B OJWH WM HECKOJIBKO IIAroB MyTeM IMOCIE0BATEIbHbIX
BBIPE3aHUN Yy3JI0B U/WJIM PACCMOTPEHHEM PABHOBECUSI OTCEUCHHBIX OMPEICIICHHBIM
o0Opa3oM yacTeil pepmbl.

O4eBuHO, TTPU UCTIOIB30BAHUH 3TUX CIIOCOOOB HEOOXOIMMO MPEIBAPUTEITHLHOE
ompe/eeHNE OMTOPHBIX PEAKINi U3 ypaBHEHUN paBHOBECHUS (DEPMBI.

4. OnpenesieHre NPOAOJIbHBIX YCHIINH B CTEP:KHAX (pepMbl cpaduueckum
crocooom.
Hoes rpadudeckoro crnocoda onpeneneHus yCUiInuil B CTEPKHIX (pepMbl OCHOBaHA
Ha TOM, YTO TPEYTOJIbHUK PAaBHOBECHBIX CHJI MO>KHO IIOCTPOUTH IO OOHOMY 3aJaHHOMY
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BEKTOPY CHJIbI U U3BECTHBIM HAPABIICHUSM JIBYX APYTHX BEKTOPOB, TUHUH JCHCTBUS
KOTOPBIX MTPOBEJICHBI Y€pPE3 HAYaJI0 U KOHEI] 33JJaHHOr0 BekTopa. [Ipu 3ToM 3a1aHHBIM
BEKTOP MOKET OBITh MPEACTABIIECH OTAEIHHONM CUIJION (BHEIIHEN UM BHYTPEHHEH) Win
pasHoOoelicmayioweti HEKOTOPOH COBOKYITHOCTH CHJIL.

Ilpu peanuzayuu tpaduyeckoro crocodba HEOOXOAUMO CTPOroe COOIIOJACHUS
HECKOJIbKUX NpPABUL:

1) mocTpOeHHST BBITIOJHSIOTCS IS YNOPsSiOOYEHHbIX TIOCIEI0BATSIBHOCTEH Y3JI0B,
mpudeM HabOp KaKIO0TO YPOBHS JOJHKEH COCTOSTH M3 Y3JIOB, B KOTOPBIX CXOJSTCS He
Oonee 08yx HEU3BECTHBIX YCUIINH;

2) B KadecTBe wabiona JUISl TPOBEACHUS JIMHHUM, MapaJlIeIbHBIX HEKOTOPOMY
HaIPaBJICHUIO, UCTIOJB3YIOTCS OCU PACUETHOM CXEMBI C 00HO20 U MO20 Jice PUCYHKA,

3) mpH MOCTPOCHUH MHOTOYTOJIbHUKOB CHIT (JUISI paCUCTHOW CXEMBI B IIEJIOM M JUIS
OTJICTILHBIX Y3JIOB) BBIOMpAETCS eOduHcmeeHHoe, O00Iee MJig BCEX MOCIEAYIOMMNX
paccyXaeHUl, Hanpasnenue 00xo0a cui (MPOTUB YACOBOU CTPEIIKH);

4) macuwmab 2eomempuyeckux TMOCTPOCHUN HA3HAYACTCSA TaKUM 00pa3oM, 4TOOBI
MOTPEIIHOCTh OMPEACNCHUSI YCUIMK 0 PACCTOSHUSM MEXKIY TOYKAMHU PHCYHKA He
npeBbimana 5-7 %.

J1si yMeHbIIIeHUsI TPYA0eMKOCTH MOCTPOEHUIl U NMOBLINIEHUS] UX TOYHOCTH
PeKOMeHIyeTcsl BbINOJIHATH pPadoTy mo (pOpMUPOBAHUI0 MHOTOYIOJIbHUKOB CHJI
HA JIMCTe MILJIMMeTPOBOi Oymaru ¢gopmara A4.

[TockonpKy BCE peakIMu OMNOPHBIX CBS3€M yxe omnpeneneHbl (cMm. Mm. 2),
MPUCTYNIaéM K TIOCTPOSHUIO MHOTOYTOJIbBHMKA BHENTHUX CHJI. JTa Tpoleaypa
OCHOBaHa Ha MOHSATUHU «BHEITHETO TOJIS.

Buemnue nosnis (puc. 14) gensT TIOCKOCTh YepTeXa 6He PAacueTHOM CXEeMbl Ha
JacTH, TPAHUIIAMU MEXTYy KOTOPBIMH SIBJISTFOTCSI BEKTOPHI BHEITHUX cvil. Kaxkmoe mose
MOJTy4aeT CBOE MMsI B BHJIE OYKBBI, OJ1aroiapsi ueMy MpH NepeCceUCHUH TPAHUIIBI TTOJICH
BO3HUKAET BO3MOXKHOCTh HMEHOBAHHSI COOTBETCTBYIOIIMX BEKTOPOB CHUJ JBYMsI
OykBamu: ojiHa OyKBa COOTBETCTBYET HAYaITy BEKTOPa, @ BTOPas — €I KOHLLY.

Hauaio u nanpasienue $3 5 74
wie P IEHUE \ » A 1['1 I 1p
< N B

OOXGOU EHENILX ot (| ~

" yros N

Puc. 14

Hawamo BekTopa cuibl ompeaensercs ToW OYKBOHM, IOJ€ KOTOPOW Ha3BaHO
MEPBLIM TIPU TIEPECEUCHUH TPAHUII CMEKHBIX TMOJIeH B BRIOPAHHOM HAMpPaBJICHUU
o0xofa.

MHOTOYTOTHPHUK BHENTHUX CHJI B JAHHOM IIPUMEPE CTPOUTCS IMyTeM 00Xoja BHe-
IIHUX TOJIEU npomue 4acosou cmpenxu, HAaUuHasi ¢ Mo «A», KaK 3TO MOKa3aHO Ha
puc. 14. ITo Mepe nepecedyeHus rpaHUL BHEIITHUX MOJIEW COOTBETCTBYIOIIAS BHEIIHSS
CuJia B HA3HAYCHHOM MacIITabe HAaHOCUTCS Ha TOJIe TUarpaMMbl yeuiuii (puc. 15).

[ToCKOJIBKY paBHOBECHE PACUETHOM CXEMbI COOTBETCTBYET HYJIEBBIM 3HAYEHUSM
IJIABHOTO BEKTOPAa W TJJaBHOTO MOMEHTA BHEIIHHMX CHJI, IOCTOJIBKY MHO20)201bHUK
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GHEeWHUX Cul JOJDKEH TMONYYUThCA 3amMKHymuiM. BEcim 3T0 peanusyeTcs B XOA€
MOCTPOEHUS, TO MOXKHO YTBEpXKAaTh, YTO PEAKIMM B PACUETHON cxeMe HailJeHbI
BEPHO.

= 6.0

AB=Y, =3P;

5.0

=40

1A=0,5P

1,0P

Puc. 15

JlanbHeime mocTpOoeHUsI CBSA3aHbI C ONPEIeICHUEM BHYTPEHHUX CUJT (YCUIIUIA) B
CTepkHIX Qepmbl. B 0CHOBE 3TOI TIpOLIeyphI JEKUT TOCTPOSCHHBIN MHOTOYTOJIBHUK
BHEIIHUX cuil (cM. puc. 15), a mpuBEIEHHBIC BBIIIE TPUEMBI PACCYKIICHUN
MIPUMEHSIIOTCS K MOJISIM, OKPY>KAIOIIUM KaX bl y3el.

BakHO MOMHUTB, YTO BBIOOp y3J1a MIPU MOCTPOECHUU MHOTOYTOJIbHUKA CUJI, B HEM
CXOJIAIIMNXCSI, OMPEACISIETCS TEM, YTO B Yy3JI€ MOXET CXOIUThCA He Oosee 08yX
Heuzgecmuulx ycunuu. Ilpu >ToM HampaBiieHHe o00xoJa TMojed y3iaa JOJDKHO
COOTBETCTBOBAaTh HAMNpPaBJIEHUIO 00X0Jla, HCIOJIH30BAHHOMY TMPU MOCTPOCHUU
MHOT'OYTOJIbHUKA BHEIIHUX CHUJI, T. €. IPOTUB YaCOBOM CTPEIIKH.

Ha puc. 16-24 mocnenoBareabHO OTOOpaKEHBI PE3YIbTaThl MOCTPOEHUS MHO-
FOYrOJbHUKOB CHJI B Yy3JIaX 3aJaHHOM pAacyeTHOM cXembl. [lnd mnosicHeHus
COBEPIIIAEMbIX JIEUCTBHUI HCTIOIB3YIOTCS CIEAYIONINE 0003HAYCHUS:

«||» — o3Hadaer, 4TO MPOBOAMTCS JUHUS IO HAIMPABICHUIO, MapalICIbHOMY
MepeceKaeMoMy CTEPIKHIO pepMbl, 0003HaYECHHOMY Tapoil OYKB;

«4Yepes ...» — TOUKa BEKTOpa, Yepe3 KOTOPYIO NPOBOJUTCS NapajliebHas mpsMmas,
YIIOMUHAEMas BBIIIIE;

«®m» — T0Jie, ¢ KOTOPOr0 HAaYMHAETCS 00XOJ MOJICH, PACHOJIOKEHHBIX BOKPYT
y311a;

«—» — BEKTOp CHUJIbI, yYaCTBYIOIIEH B CO3JaHUM MHOTOYTOJbHUKA PABHOBECHBIX
CHUJI, CXOISIIUXCS B meKyujem y3Je.
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B nanHOM mpuMepe peanmsyercs MOCIeNOBATEIHHOCTh y3JI0B, OCHOBaHHAs Ha
pe3ynbTaTax meKyuux TMOCTPOCHUN (KaXKIbIi nociedyrowuil y3ell TpeBpamiacTcs B
y3€JI C IBYMsI HEU3BECTHBIMH YCHIIUSIMU BCIICJCTBUE PEIICHUS 3a/1a4d O PAaBHOBECHUH
npeovioyweeo y3ia) U BKIOYaeT y3isl 1, 2, 3, 4.

OpnHako y3en 5 yKe He MOXKET pacCMaTpUBaThCs BCIE 3a y3710M 4, MOCKOJIbKY K
ATOMY MOMEHTY COJICP)KUT TPH HEU3BECTHBIX YCHIHS (Ngg, Ns; H Ngg). [ToaToMy

Jajiee BBIOMpaeTcs y3ea 6 ¢ AByMsI HEU3BECTHBIMH YCHITUAMH (Ng_s M Ng g ), @ 32 HUM

CTAHOBHUTCS BO3MOXKHBIM MEPEUTH K Y31y 5 C HEU3BECTHBIMU K 3TOMY MOMEHTY
YCUJIUSIMUA N ; U Ng_g. Jlajsiee aHaJIOTHYHO paccMaTpUBAIOTCsS y37bl 8, 7 W, HAKOHEI,

IMOCTPOCHHUA B Y3JIC 9 ¢ CANMHCTBCHHBIM HCHU3BCCTHBIM YCHIIMEM Ny, 3aBCPIIAIOT

pellIeHre 3aJauu.

Omnpenenenue genuyunsbl yCuaus TMPOBOTUTCS uUMepenuem OauHbl TTOCTPOSHHOTO
8eKmopa, a 3HaK yCunus OMPeAeNAeTCs TeM, KaK 8eKmop HanpasieH 1o OTHOIIEHUIO K
paccMaTpuBaeMOMYy )37y. €CIM HalpaBICHHE «Oom Y31a», TO B COOTBETCTBUU C
«UHKEHEPHBIM» TPABUJIOM 3HAKOB STO O3HAYACT «HNOJONCUMENbHOCHbY UCKOMOTO
YCWJIMSI; €CJIH YK€ HAIIPABJICHUE «K V3TY» — KOMPUYAMETbHOCbY YCUITHSL.

Pemenue 3amaun B OKOHYATEIBHOM BHJIE MPENICTABICHO HA pHUC. 25 u Tabdin. 4.
Crnenyer mOI4EPKHYTh, YTO JIaHHbIE Ta0. 4 MOJIyYeHBI U3MEPEHUEM YCUIIUN Ha PHUC.
16-24 (puc. 25) ¢ UCMONB30BaHUEM BBIOPAHHOTO MaciiTaba mocrpoeHuit. Puc. 25
HOCHUT Ha3BaHUE «ouazpammul Maxcsenna-Kpemonvy WK «0uazpammol YCUIULD.

60 h C
g D
5.0
I i E
L 4.0 -
3.0 ¢ B n ;:;: 1enue
I / G !:;.l\'u,oa 'n e
2,0 V106 npu
d H onpeoe. :'e'mm
L 1.0 yewaui no
b ! onaspamme
0.0
a {
% » 2.0 1,0 00
= AL ol S puc. 25
Tabmuma 4
1-2(13|23(24|34|,35|45|46
Howmep 9 7 6-5
CTEPKHSA R R _ . _ _ _ _
P 10 | 10 79189 |7-8|57|58|6-8
3Hak + B B + B B + + _
YCUIINA
Ycunue
NP 1,1 1 1,122 |25 2 14 | 1,1 2
i-j
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[Tpu cobmroaeHNM MpaBUil TIOCTPOCHUS TUAarpaMma YCUJIUH MO3BOJIIET OBICTPO U
JOCTaTOYHO TOYHO PEHIUTh 3a7adyy o0 ONpenesieHMH YCUJIMH B CTaTHYECKU
OTpeneIMMON pacdyeTHOM cxeme Tuma «pepma». [loatomy rpaduyeckuit crmocod
OTIPENICJICHUS] YCUJIMN PEKOMEHAYeTCs BCerja, Korja JOIMyCTUMas IOrPEIIHOCTh
OmnpeAeIeHNs yCUInui Haxoautces B npeaenax 10 %.
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LLEEHTP TAXECTW.

2. lenmp msixxecmu o6b€E€ma, nnow,adu, TUHUU

Cuita, ¢ KOTOpPOM TENO NMPUTATUBAETCS K 3€MJIE, HAa3bIBACTCS CUJION TSKECTH.
Touka NpUIOKEHUS STOM CHUIIBI - LUEHTPOM TSKECTH. 1I0CKOIBKY CHIIBI TSKECTH
JNIEUCTBYIOT Ha Ka)KIYIO0 YacTHUIly Teja, TO €€ HaJ0 CUMTaTh pacupenescHHou. [Ipu
HEOOJBIITUX /TI0 CpaBHEHUIO ¢ 3eMIIéH/ pa3Mepax Tejla CHIIBI TSHKECTH C OOJIBIION
CTENEHBIO TOYHOCTH MOXHO CUMTaTh MapauieabHbIMU. [ onpeneneHus
PABHOJACHCTBYIOIIEH M TOYKM NPUIIOKEHHUS CUIBI TSHKECTH pa3o0béM Tenno Ha "n”
JOCTAaTOYHO MaJIbIX 3JIEMEHTOB. lIpenenbHbIM MEPEeX0a0M, YCTPEeMIIsAs # —»0d,
MOJTY9MM TOYHBIE (JOPMYJIHI.

In
> LGy
. Eal
f, =

HH}“-Z—G: %Ifd(}, G= J'dc}
K

X, = lGIXdG; V. =éjyd(}, Z, =éjzd(},

Bec »snemenTapHOro o0beMa MOXKHO BBIPA3UTh Yepe3 YAEIbHBIA Bec 7Y

bopmysoit 4G =ydV

[Ipu BBHIYKMCICHMH IIEHTPA TSHKECTH IUIACTMHKH MOCTOSHHOM TOMMMHBI h ero
5JIEMEHTAPHBINA 00bEM MOKHO TIpeacTaBuTh B Buge dV = hdS

[Ipu BEIMUCIIEHUH DJIEMEHTAPHOTO 00BEMA CTEPHKHS MOKHO BOCIIONB30BATHCS
coornomennem 4V =8dl rpe S -momans monepeuyHOro ceueHUs CTEPIKHSL.

Ucxoms W3 DTOr0 MOXHO HammMcaTh (OPMYNBI Ui OINpPEACTICHHS IEHTpa
TSHKECTH TIOCKOM (pUrypsl /miomau/
Ifdl 1
I, =4%—=—|1dl

Ja L

Y KPUBOTO CTEPKHS /ITUHUN/
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KoopauHaThl HEHTPA THAKECTH NPOCTHIX uryp

ITnomanp

dopma cedeHMA
cedeHmst

KOOP,EWIH&TBI OeHTpa TsAXKeCcTn

1. JIpamoyzorvHux,

aY

4. Kpye

A=7r?==314r2

5. JloayKpye

Yo =0,424r
yc =0,576r

6. Yemesepmo Kpyza
7o =0,424r
2. =0,576r
yo =0,424r
y¢ =0,576r

N

A=""_—-0,785r?
4

I'eomeTpuyeckue XapaKTEePUCTUKH MJIOCKUX CeYeHUil
Cmamuueckue MoMeHmMbl ce4eHuil.
CratuyeckuM MOMEHTOM Sy CEYEeHHMs] OTHOCUTEIBHO OCH X Ha3bIBaeTCs
reoOMeTpUYECKas XapaKTePUCTHKA, ONpeesieMasi MHTErpajioM BUAa

S = YoE (4.1)
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I y - pacCTOSTHUE OT 3JieMeHTapHo# mtomaaku dF 1o ocw x.

Eciu  oToxIecTBUTh IJIOMIAAb C CHJIOH, JEWUCTBYIOIIEH MEpPHEHANKYISIPHO
IUIOCKOCTHU YepTeska, To uHTerpai (4.1) MoXKHO paccMaTpUBaTh Kak CyMMY MOMEHTOB
CHJI OTHOCUTENIBHO OcH X. [lo M3BECTHOW M3 TEOPETHUECKOM MEXaHUKH TeopeMe
BapunboHa 0 MOMEHTE paBHOACHCTBYIONIEH MOKHO HalMCaTh

S, =[ydF=F-
=Ly Yo (4.2)

r7e miou@aab ceyeHus F npenacrasiser coO0M paBHOJIEHCTBYIONIYIO, KOOpAMHATA
Ve - IIIEYO PABHOJACUCTBYIOLLEH, € - LEHTP TAKECTU CCUCHUS.
AHaIOrnyHO, CTAaTUYECKUA MOMEHT OTHOCUTEIBHO OCH y PABEH
Sy =[xdF=F-x,
F

: (4.3)
OTKyZa CIeAYIOT (OPMYJIbI JJIsl ONPEICTCHUSI KOOPJIUHAT LIEHTPA TSHKECTH
7 _Sy
° F’ °F (4.4)

Cratudeckrue MOMEHTBI MOTYT OBITh TIOJIOKUTEILHBIMU, OTPHUIIATEILHBIMU 1
PaBHBIMH HYJI10. B 4aCTHOCTH, OTHOCHTENBHO JIFOOBIX IEHTPAIBHBIX OCEH
(mpoxoasmnux yepes neHTp TsbkecTu C 0003HAYAKOTCSA X, V) CTATUYECKUE MOMEHTBI

Sk, =Sy =0, Pa3MepHOCTh CTaTHYECKUX MOMEHTOB L3,

200

100

0
848

i
|

Yy =

Co ="=100

z)=1152

200
Puc. 5

BerunciuM  KOOpAWMHATBI LEHTPOB TSHKECTH CEUYCHUM KaXKAOTO 3JIEMEHTA
OTHOCHUTEJIBHO LIEHTPAJbHBIX OCEU Z U Y !

1) kBajpar:

71 =2 —2=10-4,45=5,55 ¢\
Y1 =Y- yf =-15,55—(-10) = -15,55+10 = 5,55 ¢cm;

2) YeTBepTh Kpyra.

Zy =29 —72=11,52-4,45=7,07 cy;
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Yo = y—y9 = 1555 (~8,48) = —15,55+8,48 = 7,07 cu.

[TomyueHHbIE 3HAUEHUS] KOOPAMHAT IPOCTABIISIEM Ha uepTexe (puc. 5).
Onpenenyim 3Ha4€HNE CTATUYECKUX MOMEHTOB IUIOIIAN CEYEHUS BCEM 3aJaHHON
(burypbl OTHOCUTENHHO IIEHTPAIBHBIX OCei Z 1 Y

S, =A -y — Ay, =400-(-5,55)—314-(—7,07) =—0,02 ~ 0 _
Sy =A 2~ Py-2p=400-555-314.7,07=0,02~ 0
S

S
HOJ’Iy‘-ICHHBIG 3HAYEHUS CTATUYECKUX MOMEHTOB Z U y PaBHBI HYJIIO. 910

CBUETEIBCTBYET O TOM, YTO KOOPJIAMHATHI IEHTPA TSHKECTH 33JJaHHOUN (PUTYpBI
OIIPEIEIICHBI IPABUIIBHO.

OnpenesieHue M0JI0KEHUSI HEHTPA TSAKeCTH (PUTyPHI.

Puc. 1

3agaHHoe
HECUMMETPUYHOE CEUYECHHUE -~
HEO0O0XO0JIMMO pa3OUTh HA OTACNbHBIE MPOCTEeHIue (PUTYPHI, TIIOMIATU U MOJTOKECHUS

IIEHTPOB TSHKECTH KOTOPBIX M3BECTHHI (CM. [lpunoowcenue). B Hamiem ciaydae Takux
OT/ICJIbHBIX AJIEMEHTOB Oy/ET /IBa:

1) xeadpam co cTOpoHO# h=20cM (puc. 2a);
2) uemeepmb Kpyaa paglycoM r=20cM (puc. 26).
a)

o)

00

-~
Puc. 2
Bri6epem mpon3BOJIEHO BCTIOMOTATENIbHYIO MPSIMOYTOIBHYIO CUCTEMY KOOPJAMHAT
ZoCoYp. Yepe3 UEHTpPhl TSHKECTH KaXIoro »siaeMeHTta (C;, C,) MNPOBOAUM

TOPHU30HTANIbHBIC (Z; M Z,) U BEPTUKAIBHBIC OCH KOOpIUHAT (Y, | Y, ), MapajuieiIbHbIC
OCsIM Zy U Y, (cM. puc. 5).
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200

100

U
1

vy =848

Gy ='=100

zy=115.2

200
Puc. 5
OnpenenuM reoMeTpUuYecKue XapaKTEPUCTUKH OTACIbHBIX AJIEMEHTOB (DUTYpHI
(eMm. Ilpunoosicenue):
® n10WaA0b
1) kBajgpatr: A =h?=20%=400cM?;
2) 4eTBEpTH Kpyra: A, =0,785-r2=0,785-20° =314CM?;
3) o6was mIomans QUIypsl: A=A — A, =400—314 =86 CM? |

L KoopduHambl Yyenmpoe maAscecmu B 0CIX Zy, Yy

1) kBajpar:
o _h 20 . o _h 20 _
=—=2"-10cM -—=2-10c™m
1 2 2 s Y1 2 2 ’
2) YeTBEpTh Kpyra.

23 =h—0,424r = 20—0,424-20 =11,52 CM;
yS =0,424r =0,424-20 =8,48 CM.
KOOpI[I/IHaTBI OECHTpa TAKCCTH BCCTO CCUCHHUA OTHOCHUTCIBHO BI)I6paHHBIX
KOOPJIMHATHBIX OCEH Z,CoY, ONpenenuM o Gopmysnam
Sy A-7ZY-Ay-73 400-10-314.11,52

l=—= =4, .
A A-A 400314 oM
s, A-yY-A-yS 400-10-314-8 48
A A-A 400314 :

Ha uyeprexxe (puc. 5) B BBIOpaHHOM MaciiTab€ HAHOCUM TOJIOKEHHE IIEHTpa
TSXKECTU BCETrO CIOXHOTO ceueHus (Touky C) M yKa3blBaeM BEJTUYMHBI KOOPJUHAT z
u y. Yepe3 touky C mnpoBOAMM UEHTPAIBHBIE OCH Z W Y, MapajlICIbHBIC

BCIIOMOTATEJIbHBIM OCAM Zg, Y.
BpluucnrM  KOOpAMHATBL LEHTPOB TSDKECTH CEYEHHMM KaXAOro DJIEMEHTa

OTHOCHUTCIIbHO HCHTPAJIbHBIX ocer Z U Y.
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1) kBajapar:
71 =2 —2=10-4,45="555 .

y1 =y -y =—15,55—(~10) = —15,55+10 = 5,55 c;

2) YeTBEpTh Kpyra.

zy =29 —2=11,52-4,45=7,07 cu;
Yo =y —y3 =—15,55—(~8,48) = —15,55+8,48 = —7,07 cu.

[TonyuyeHHbIe 3HAYEHUST KOOPJIMHAT MIPOCTABIIIEM Ha yepTexe (puc. 5).

Momenmbot unepuyuu ceyenuil.
MoMeHTaMu MHEPLMU CEUECHUS Ha3bIBAIOTCA T€OMETPUUYECKUE XAPAKTEPUCTHUKH,
OIpEICIISIEMbIE HUHTErPAJIaMy BUIA:

J, = [y?dF,
F

J, = [x*dF,

F (4.6)

- OCECBEBIC (BKBaTOpI/IaJIBHBIe) MOMCHTBI I/IHepI_[I/II/I OTHOCHUTCIILHO Oceﬁ X H y

COOTBETCTBCHHO,
2

L 4.7)

- TIOJISIPHBIH MOMEHT MHEPIMHM CEUCHHMSI OTHOCHUTENIBHO JAaHHOW TOYKH (TIOJrOCa),
r1e p - paccrosiaue ot momanku dF qo mosmoca,

J.., = dF
w = (4.8)

- I_IeHTpO6e)KHI>II>'I MOMCHT MHCPIIMH CCUCHMU.
Ecan HOHHpHBIﬁ MOMCHT HMHCPLHH BBIYHUCIIACTCA OTHOCHUTCIIBHO Ha4dalla CUCTCMBI

koopauHart (puc. 4.1), To pP=x"+y®y
J,=[p?dF =[(x* + y?)dF =] x*dF +[ y*dF
F F F F ,

CJICOAO0BATCIbHO

JszX—FJy’ (49)

T.€. CyMMa OCEBBIX MOMEHTOB HMHEPIUH CEUYECHHUS OTHOCHUTEIBHO JIFOOBIX JBYX

B3aMMHO MEPIEHIUKYISIPHBIX OCEH, MPOXOISIIMX Yepe3 JaHHYI0 TOYKY paBHA

MOJISIPHOMY MOMEHTY MHEPIIMH 3TOI'0 CEYEHUSI OTHOCUTEIBHO 3TOM TOUKH.

PasmepHocTh MoMeHTOB uHepuuu LY. OceBble u

y MOJISIPHBIE MOMEHTHI WHEPIIMU BCETJa MOJIOKUTEIbHBI,

LHEHTPOOEKHBII ~ MOMEHT  HMHEPLUHH  MOXET  OBbITh
MOJIOKUATENIBHBIM, OTPULATEIbHBIM, PABHBIM HYJIIO.

[lenTpoOexHbII MOMEHT 1505 (501005078 CEUCHUs

\ ) OTHOCUTEJIBHO OCEHl, XOTsS Obl OJIHA U3 KOTOPBIX SBIISIETCS

T \X OCbI0O CHMMETPHUM, PaBEH HYJ0. [lelCTBUTENBHO, s

dFi. | d

4/

Puc.4.2

]
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CUMMETPUYHON (PUTYpBI BCerJja MOKHO BBIICIHTH JIBA JEMEHTA €€ IJIOAAu (pHC.
4.2), KOTOpblE UMEIOT OJMHAKOBBIE OPJUHATHI y1=)»=) U PaBHbIC M0 BEIUYUHE, HO
IPOTHUBOITOJIOKHBIE 110 3HAKY a0CIUCCHI X1=X U X,=-X. Tornaa

nyzjxde: [ X yidF + [X,y,dF, = [xydF+ [(—x)ydF=0
F F/2 F/2 F/2 F/2

3asucumocmsp Me:)fc0y MoOmMeHmamu unepuuu
OMHOCUME/IbHO napaliléjibHblX oceil.

Ilycth X., Y. - LEHTpaJbHBIE OCH CEUYECHUM, Yo Iye dneye - MOMEHTBI WHEPLHU

CeUeHHs] OTHOCHTEIBHO OTHUX ocel. OmnpenenuM MOMEHTHI WHEPIUU CEUYCHUS
OTHOCHUTEIIEHO HOBBIX OCEH X1, V1, MAPAIUICTBHBIX IICHTPAIBHBIM OCSIM M CMEIIICHHBIX
OTHOCUTENIbHO HUX Ha paccrosiHus a u d. [lycte dF - snemeHTapHas 1uiomaaka B
OKPECTHOCTH TOYKHA M ¢ KOOpJAMHATAMH X W ) B IICHTPAJIBHOW CHCTEME KOOPJWHAT.
W3 puc.4.7 BUAHO, YTO KOOPAMHATHI TOYKM b B HOBOH cucTeMe KOOpAMHAT OyIyT

paBHBI
yo, [
X, =X+d, yi=y+a,
Onpenenum MOMEHT WHEPIUU CEUCHMS
d aj OTHOCHUTEIIBHO OCH X1:
1
\ o, =]yidF =[(y+a)’ dF =
C F F
Xc 2 2
[y*dF + 2a| ydF +a” [ dF.
F F F
OueBUHO, YTO TEPBBIAH MHTErpail JaeT I,
Puc.4.7 BTOPOMH - Sy, = 0, T.K. UICXOJHAsl CUCTEMA KOOPAUHAT -
IIEHTpaJIbHAs, a TPETUM - IIoIaab ceueHus: F. Takum obpasom,
_ 2
Jxl—JXc+a F (416)
AHajornyHo,
_ 2
Jy =Jy +a'F (4.17)
vt =dxeye + adF .

I'eoMeTpryecKHe XaPAKTEPUCTHKH IIJIOCKHX CEYeHHUH

MomeHTBI MHepI UL OCeBbIe
ITnomanp KoopamnuaaTsel ieHTpa .

PdopmMma cedeHMA P P J: ) Jy )
ceueHms TSIKeCTU

IeHTpOOe>KHBIN Jzy

1. JIpamOyz0AbHUK,

—— b-h?

2 1 Jo=—1
2 ==b 12

= - =b- b3
27 A=Db-h 1 Jy=ﬂ

= N Yo ==h 12

= o Iy =0

— I’-' {
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MomeHTBI MHEpO UL OCeBbIe

dopma ceqeHMS l;l:;):;;/::[b Koopn;g:;:z:eﬂ"{pa Jz, Jy ;
LIEHTPOOEe KHbBIV Jzy
2. JIpamoy20AbHbLIL MPEY2OAbHUK,
¥ 1
2 ‘36
1 =30 h-b°
A==Db-h Jy=—7+
2 1 36
Ye =3h 22"
3 b“h
2 y T T T,
' _%h 72
Ye 3
ZC:lb J _b-n’
i 27 36
A=Zb-h ye ==h h-b®
3 Jy=——
48
’ _2h *
_ : Yo =3 Jy =0
b
4. Kpye
4
d 3,="" —0,785r
-_l ZC —Ezr
9 2 2 4
e Asart==314r d 3, =2 -0785r*
oy Ye _E:r .
3y =0
zr? Z —E—r Iz :0'11r4
Z A=—= €2 art 4
=1,57r r_ *
y¢ =0,576r Jzyzo
7o =0,424r J, =0,0549r%
2 z, =0,576r 4
_mr 2 c—= Jy =0,0549r
A="_==0,785r yo =0,424r y N
z| 2 y. =0,576T1 3, =-0,0165r"

* (v}
Opuweuanus. ) LIeHTPOOEKHBII MOMEHT HHEPIHH IUIOMAAM CEYEHHS OTHOCHTETHHO IBYX
TMOOBIX B3aUMHO-TIEPICHIUKYSPHBIX OCEH, M3 KOTOPhIX OJHA WM 00 SBISIOTCS OCSIMH
CHMMETPHH, paBeH HYJIO (ceuenusi 1, 3, 4, 5).
) TIpu mOBOPOTE KOOPAMHATHBIX ocelt Ha 90° LEeHTPOOEKHBIH MOMEHT HHEPIIHH,
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dopma cedeHMA

ITnomaap
ceyeHms

KoopnanHaare! 11eHTpa
TSDKeCTU

MomeHTBI MHEpO UL OCeBbIe

Jz,Jy;

LIEHTPOOEe KHbBIV Jzy

COXpaHsisi CBOIO BEJMUYMHY, U3MEHSCT 3HAK Ha OOpaTHBIi (ceuenust 2, 6).

2. OnpenejieHne MOMEHTOB HHEPIUM OTHOCUTEIBLHO HIEHTPAJIBLHBIX OCeil

¢urypsi.
Caayana

1) kBajapar:

2) YeTBEpPTh Kpyra:

OIIpCaACIINM

OCCBBIC u

IIEHTPOOCKHBIM
OTHOCHUTEJIFHO COOCTBEHHBIX TJIABHBIX IIEHTPAJIBHBIX OCEH KaKIOTO DJIEMEHTA
CEYCHMS, COTIIACHO [Ipuniodcenust:

4 b
L =020 333333 oM
T2 12
4 ond
= h_ 207 13333 330M%
T2 12
‘]121)/1 =0,

MOMCHTBI

HHCPIHUH

|
|
I
|
' Z
I
. >
I
~ |
= |
r~ I
' |
I | -.
£ A
—
I
| ~
] »I
vy | Z,
e el | -
= z,=555 v |
—_ | & |
| g e |
== z,=70,7 - :
= |
=445 :
| le
Gy :I“ =100
z)=115.2
200
Puc. 5

33, =0,0549r* =0,0549-20* =8784 cM*;
35y, =0,0549r* =0,0549-20* =8784 cM*;
J32,y, =0,0165r% =0,0165.20* = 2640 cM* .
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BrruucinyM 3HaueHHUST MOMEHTOB HHCPIUU OTACIIBHO B3ATBIX 3JICMCHTOB CCUCHUA
OTHOCHUTCIIbBHO HCHTPAJIbHBIX ocen Z U Y , HCIIOJIB3Y: IIPU 3TOM q)OpMYJILI nmepexoaga K
IMapaluICIbHBIM OCAM:

1) kBajpar:
31, =J3 + A - Yf =13333,33+400- (-5,55)* = 25654, 33 cm?;

Jyy =iy, + A -2 =13333,33+400-5,557 = 25654,33CM " ;
Jzy = digy, + A7 Yy =0+400-5,55. (-5,55) = ~12321 cM*;

2) 4YeTBEpTh Kpyra.
3oy =gy, + Ay - Y2 =8784+314-(-7,07)? = 24479,26 CM*;

Joy =Jay, + Ay 75 =8784+314.7,07% = 24479, 26cM?;
Yoz =22y, + Ao 23+ Y, = 2640+314.7,07-(~7,07) = ~13055,26 CM*
MOMEHTBI HHEPIIUH BCETO CEYCHHS OTHOCUTEIBHO IICHTPAIBHBIX OCEH Z U Y !
3, =3y, —Jp, = 25654,33— 24479, 26 =1175,07 CM*;
3y =gy —Jpy = 25654,33 - 24479,26 =1175,07CM” ;
Jpy = dzy — sy = 12321 (~13055,26) = ~12321+13055,26 = 734,26 CM*
HpOBCpI/IM IMPaBHUJIIbHOCTb HAXOXKICHUA 3HAYEHUIT MOMEHTOB HHCPpIUHU IUIOMIaau

3aJaHHOM  (PUTYpPhl OTHOCUTENBHO IIEHTPAJBHBIX oOcei. [l 3Toro ompenenum

3HaueHus J,, J, M J,, 9 BCEH (DUIyphl OTHOCHTENBHO BCIOMOTATEIbHbIX
KOOpJIUHATHBIX OCel Z;, Y,, HCHONb3ys NpH 3ToM (OpMyJsl Iepexoaa K
MapaJuIEIIbHBIM OCSAM:

1) kBajapar:
2
iz =g, + A -(yf) —13333,33+400-10° = 53333,33 cM*;
Jiy. =J 02 _ 2 _ 4.
190 =y, + A (20) =13333,33+400-10% =53333,33 M
gy = izy, + A 20 - ¥ =0-+400-10-10 = 40000 cM*;
2) 4YeTBEPTh KpPyra.

Jo, =1 0\2 _ 2 _ 4.
22, = 222+A2-(y2) —8784+314-8,48% = 31363,86 CM" ;

3o 3 0\ _ 2 _ 4.
2y = J2y, + Po (23 ) =8784+314-11,52” ~50455,06 CM*
3220y = J22,y, + Ao 23 - Y9 = 2640+314.11,52-8,48 = 33314,53 CM " ;

Jlnst Bcero ceyeHust OyeM UMETh:
35, = 1z, Iz, =53333,33-31363,86 = 21969,47 CM* ;

4]

4.
Jy, =1y, —J2y, =53333,33-50455,06 = 2878,27CM ",

4
Juoye = J1zgy, —I22,y, = 40000—33314,53 = 6685,47 CM".

ZoYo
Boeruricium 1o gopmysie mapajuieIbHOTO IMEpeHoca OCel MOMEHTBl HWHEPIMH
IUTOIIA U 3aIaHHON (DUTYphl OTHOCUTEIBHO IICHTPAIBLHBIX OCCH Z M Y
3, =3, —A-y? =21960,47-86-15,55% =1174,46CM";
3y =1y, —A-2? =2878,27-86-4,45% =1175,26 CM" ;
Jpy =gy, —A-Z-y =668547—86-4,45.15,55 = 734,48 CM* .

20Yo
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HepraHO 3aME€THUTh, UTO HOqueHHBIe 3HA4YCHUA MOMCHTOB I/IHepHI/II/I 101 aan
3aJJaHHOM (PUI'YpPhl OTHOCUTEILHO HEHTPAIBHBIX OCEH Z M Y NPAKTHYECKH COBIAJIH C
paHee HaiiIeHHBIMY, CJIEI0BATENILHO, OHU ONpe/ieIeHbl BEPHO.

OKOHYATEILHO IPUHUMAEM CJIETYIONIHE 3HAUEHHS:

® 0cesoll MOMeHm uHepyul OTHOCUTEIILHO LIEHTPAILHON OCH Z
3, =1175cM*;

® 0cesoll MOMeHm uHepyul OTHOCUTEIILHO LIEHTPAILHOM OCH Y
3, =11750M%;

L4 L}eHmp06€3iCHbllZ Momerm unepyuu OTHOCUTCIIbHO HCHTPAJIIbHBIX ocerl Z u Y
3y =734CM".

4 cemecTp

Ounas popma o0yueHust

Ne
n/n
14 |Opnonponerusie 6anku. Kunematnueckuil ananus. OnpezesneHue OMOpHbIX CBsA3EH

15 |ITocTtpoeHue 31op U3rudaLUIMX MOMEHTOB U MTONEPEUHBIX CUII B OJHOMPOJIETHBIX
CTaTUYECKHU ONPEAETUMBIX OaJIKax

16 |Pacuersl Ha mpoyHOCTh. [log00p ceueHus Gamku

17 |Onpenenenue n3rudaronero MOMEHTa METOJI0M KOHTPOJIUPYEMBIX CEUEHUN B
JIEMEHTAPHBIX PACUETHBIX CUCTEMAX

18 |Ompenenenune 3aBUCHUMBIX YCHIIMH B 3JIEMEHTAPHBIX PACUETHBIX CXEMaX.

19 |IIepememienus npu usrude. @opmyna Bepemjaruna. @opmyna Cumncona. MaTpuiHbIif
METO/{

20 |KuHemarnueckuil aHaJIM3 M pacyeT MHOTOIPOJIETHBIX OaJIoK

21 |IlocTpoeHue 1 UCIOIB30BAHNE JIMHUM BIUSHUS JUI1 MHOTOIIPOJIETHBIX CTATHYECKH
OTPEeNIETUMBIX OaJIoOK.

22 |Meron cui. [ToaroroBka JaHHBIX JJIs €T0 MPUMEHEHHSI

23 |IlocTpoeHune Tpy30BOM U HAMIPABISIONIMX SITIOP onpeaesstomero ycmms. [loctpoenne
CXEMBI IUCKPETU3aluu JJIs pealn3alui METOAa CHJl.

24 |Meron cui. Matpuynas dopma peann3alim

25 |CnocoObl MUHUMM3AIIMS Pa3MEPOB MaTPHIIbI MOAATAMBOCTH. MaTtpuuHas Gpopma
OTpe/ieNIEHUE COCTABIISIIONINX KaHOHMYECKON CHCTEMbI YpaBHEHHI METO/1a CHJL.

26 |IlocTpoeHne OKOHYATEIBHOM AMIOPHI onpeaenstomero ycumius. [loctpoenue smop
3aBUCHUMBIX YCUJIMH.

TeMbl NpaKTHYECKUX (CEMUHAPCKHUX) 3aAHATHI

1. IIpoBeaeHUe KUHEMATHYECKOT0 AHAIN3A 32JaHHON pacyeTHOM cXeMbl
1.1. KonuuecmeernHolil KUHEMAMU4ecKull aHaius.
Jl1st mpoBeieH st TOJTHOTO KHHEMATHYECKOTO aHATN3a He00X0IMMO 3aMEHHUTh OTIOPHBIC CBS3H
WX MIAPHUPHO-CTEP>KHEBBIM aHAIIOTOM U 0003HAYUTH ITH CEUYEHUS (CM. pHC. 6).
k2 B
.';—(' 'I
Vo

Puc. 6
Ornpenenum CTENeHb CTATHUECKOW HEOMIPEACIMMOCTH 3alaHHON pacueTHo cxembl (3PC) no

dhopmyre:
W =3D-211% -,
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v Y4HUCIIO KECTKUX JIUCKOB (CTepxcHeﬁ) CHUCTEMBIL. D=1,
v/ 4KCII0 NPOCTHIX IIAPHUPOB, OOBETMHSIONINX KECTKHE AUCKU cucteMbl: 1M =0
v/ 4HCII0 ONOPHBIX CTEPXkHEN: Cp =3 (C) =2, C§ =1).
Nmeem, W =3-1-2-0-3=0 = 3PC cTaTMyecKH oIpeacanma.
1.2. Kauecmeennulii kunemamuyueckuil anaius.
[TpoBenem ananus 3PC Ha TeOMETPUIECKYIO HEU3MEHIEMOCTh, KOTOPasi 00eCcIIeYnBaeTCst
HaJM4YMEM IIapHUPHO-cTepkHEBOTO TpeyroybHuKa (IIICT), 00pa3oBaHHOTO ONMIOPHBIMH CBSI3SIMH,
HaJIO’)KEHHBIMU Ha TUCK (pHC. 7).

a_ A Ml
wcr ,,1,,8
Puc. 7
Takum ob6pazom, 3PC reomeTpryecku HeM3MeHseMa.
2. OnpeneneHne ONOPHBIX peaKUUii A5 32/IaHHOM PacyeTHOI cXeMbl
Ha pHuc. 8 BBCICM CUCTEMY KOOPAHWHAT, OCU KOTOpOﬁ OIIPCACIIAIOT IIPAaBUJIO 3HAKOB JJIA
OIIOPHBIX peaKuMﬁ, 3aJaHHbIX CBOUMH O603Ha‘I€HI/I$IMI/I, ITPpY 3TOM HCHU3BCCTHLIC PCAKIIUU

CUUTAIOTCH ITOJIOKUTCIIbHO HAIIPpAaBJICHHBIMU.
y

ga

0.5ga

q
BYTEY
Al

4 P a qL a ‘L("S”"l
Puc. 8

Haznauum YpaBHCHHS PpaBHOBECUA IJId OIPCACIICHUA OINOPHBIX peaKuHﬁ, IIpu4cMm IJid
HCKIIIOYCHHA B3aMMOBJIMAHUSA I10JIYYAaCMbIX PC3YJIbTATOB BI)I6€peM TAaKHUEC YpaBHCHUA, U3 KOTOPBIX
OAHO3HAYHO OIIpCACIIAIACH OBI Kaxxaada u3 HUCCICAYCMBbIX peaKHI/Iﬁ H, HC YUYUTBIBAJIIOCH BJIMSHHUC
ABYX OPYTHUX, @ UMCHHO!:

Xp =2 X =0,
Y =>Y=0;
M, <> momg =0.
Haitnem onopHsble peakiuu, pelvB IPUBEICHHBIC BBIIIEC YPABHEHUS:
XX = Xa= 0;
>Y=-0a+Yz—-0-0,5a=0 = Yz =15qa;

Y momg =M, +0,50a% +ga-a—q-0,5a-0,25a =0 = M, =—1,375qa”.

3HaK “—* paJIoM ¢ HalJICHHBIM YHCJIOBBIM 3HAaYEHHEM ONOPHOM peakiuy yKa3bIBaeT Ha TO,
YTO HAIIPaBJICHUE JaHHOW pEaKIUU HaJ0 U3MEHUTH Ha IIPOTUBOIIOJIOKHOE.
1375¢a°  0.5¢a 14“ q
C e , 11T}

A C 51
I .5(/(!

L a L0.5a0.5a), a 10.5a),

L] 7 7 7 3
Puc. 9

TakuM 00pa3oMm, peakIuy OMOPHBIX CBSA3EH OMpeeNIeHbl, YTO TO3BOJISET YKa3aTh Ha
pacyeTHOM cXeMe BCe Harpy3Ku B SSBHOM BHUJIE («B 3HAYCHUSIX)»), CM. puc. 9. JlaHHBIE 5TOTO
PUCYHKA UCIIONIB3YIOTCA JIJISl IPOBEICHUSI KOHTPOJISI IPABUIIBHOCTU ONPEIETIECHUS PeaKnii
OTIOPHBIX CBSI3€H MO paHee HE3aIeICTBOBAHHOMY YPAaBHEHHIO

KonTtpons: Y mom. =-1,375qa® +0,5qa® —qga-0,5a+1,5qa-1,5a—q-0,5a-1,75a=0.

3. HocTpoenue >miop ycuani

[Tpu TuTOCKOM M3rHOE B MOMEPEYHBIX CEYCHUSAX OATKM BO3HUKAIOT J[BA BHYTPEHHHUX
CHWIOBBIX (hakTopa (ycuius): u3rudaromuii MomeHT M u monepeunas cuna Q.
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Jist TOro uTo0BI MPOU3BECTH pacyeT OAIKU Ha U3rHO, HEOOXOMMO 3HATh BETUYUHY
HanOOoJIBIIEr0 N3rubaroero MoMeHTa Mmax Y TIOJIOKEHUE CEYCHHUsI, B KOTOPOM OH BO3HUKAET.
TouHO TakkKe Ha/O 3HATH HAUOOIBITYIO MOTIEPEYHYIO CUITY Qmax. B CBsI3u ¢ 3TUM BO3HUKAET
HEOOXOAMMOCTD BBISCHUTH 3aKOH M3MeHeHuss M u Q mo piauHe 6ankwu. J{J1s 5Toi e 0ObIYHO
CTPOSIT TaK Ha3bIBACMBIC 2MIOPbL YCUMUIL.

Oniopwl ycunuti — rpaduKe pactpeesieHus] BRYTPEHHHUX CHJI (YCHIIHI ), TOCTPOCHHBIC HA
ocsIX pacueTHOM cxeMsbl. [TocTpoeHwe AIop TO3BOJISET MOBBICUTH HATJISITHOCTh KAPTHHBI
pacrpeneieHus: CHIIUH 110 CEYSHUSIM PacueTHOW CXEMBI OT BO3CHUCTBUS 3a/IaHHOW HArpy3KH U
OTIPEICIUTh CCUCHUSI C MAKCUMAIIbHBIMU 3HAYCHUSMU YCHUITUH.

JLJ1st IOCTPOCHUS DITIOP, UCTIONB3YSI Memoo cedenutl, OTPEACISIOT YUCICHHbBIC 3HAUCHHSI
MOMEHTOB U TIOTIEPEUHBIX CHJI JUTSI PSia TOUCK (KOHMpoupyemvle ceyeHus) v o HAM CTPOSIT
COOTBETCTBYIOIIHE IPadUKH.

3.1. Haznauenue Konmpoaupyemvix ceuyeHull.

Vcrionb30BaHuE MOHSITUSL KOHMPOIUPYEMO20 CeyeHust TIO3BOIISET Pa30UTh PACUCTHYIO CXEMY
Ha y4aCTKH, B MPeeiaX KOTOPBIX XapaKTep H3MEHEHUS YCHIIHS MTPEIoNpeIecH (CM.
Ipunoocenue 1).

B Gao4HbBIX crcTeMax ONpPeIeIISIFOIINM YCHITUEM SBIISETCS M3THOAIONINI MOMEHT,
MOCKOJIbKY, HMEsl ITIOPY MOMEHTOB U PACUYETHYIO CXEMY, MOYKHO 0€3 CIIOKHBIX TOCTPOCHUIA
MOJIYYHTD AIIOPY MOMepeuHbIx Cuil (cM. [Ipunosicenus 1, 2). IlosToMy mpu Ha3HAYEHUU
KOHTPOJIMPYEMBIX CCUCHHI BBIJICIISIEM  HyMEPYEM T€ CEUCHHS, B KOTOPBIX BO3HUKAIOT
XapaKTepHbIe 3HaYeHUS n3rudaroniero momeHta M. K HuM oTHOCSTCS:

v’ ceuenue 110 KOHIIAM PACYETHOM CXEMBI;

v’ ceuenue, B TOYKE MPUIOKEHUS COCPEOOMOUCHHOl cubl (BHELIHAS CHIa WIA OINOpHAs
peaxims),

v’ 06a ceuenus 10 ¥ NOCIIE TOYKH NPUIOKEHHS BHEUHE20 U3LUDAIOWE20 MOMEHMA,

v\ mpu ceuenuss IO KOHIAM W IO CEPEIUHE y4dacTKa JEHCTBHS PACHPeOeNeHHOlU HASpYy3Ki,
CBOOOJTHOM OT COCPENOTOUYCHHON CHUJIIBI MJTM U3THOAIOIIEro MOMEHTA.

B nanHoM nmpumepe HEOOXOAMMO Ha3HAYUTh CEMb KOHTPOJIUPYEMBIX ceueHuii (cM. puc. 10).
[Tpu aToM cornacHo [lpunoscenus 1 OyaeM UMETh TPU ydacTKa ¢ TMHCHHBIM U3MEHEHUEM
usrubaromero momenta (1-2, 3-4, 4-5) 1 0JIMH y4acTOK C NapabONTHIECKUM 3aKOHOM (5-6-7).

l.f‘.’vﬁqu: “-5‘/‘*-' l o q

Puc. 10

3.2. Buiuucnenue opounam smiopuvl u3eubArOWUX MOMEHMO8.

Jnst onipeieieHust YMCIIEHHBIX 3HAYeHUH yCcuiausi M B Ka)10M KOHTPOJIMPYEMOM CEUECHUU
MIPUMEHSIETCS Memoo ceveruti, OCHOBAaHHBIN Ha PACUJICHEHHH PACUETHOM CXEMBI JI0 WIIH MOCIIe
KOHTPOJIMPYEMOTO CeUeHHsI Ha JiBe yacTu. [Ipu aToM hopMymupyroTCcst yCIIOBUSI pABHOBECHSI
TOJILKO OJTHOM M3 YacTel ¢ 3aMEHOI OTOPOIIIEHHOM YaCTH Ha CUCTEMY HEM3BECTHBIX YCHITUH,
nepeiaBaeMbIX depe3 II0CKOCTH paspesa. HemsBectHbie yemwimnuss M u Q B KOHTPOJIMPYEMBIX
CEUEHUSAX M300pakaroTCs MOJIOKUTEIHFHO HAITPABICHHBIMHU:

® noodcumenvHas nonepeynas cuia Q CTPEMHTCS No6epHyNb PacCMaTPUBAEMYIO YacTh OAJKH 10
yacosoti cmpenke (cM. puc. 11);

[TpaBmIT0 3HAKOB JIIS MONEPEYHON CHITbI Q
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i k /

0 | ® ® .
— rl A7 -
| <k '
v 0 * o, b/ J[ O
™\ -.
o AQ \ - o A
[:‘:.':—:j | —
)Jv7 ()k[ VL} \’
Q T O i
Puc. 11

®  JI07I0CUMETIbHBIILL u32u6ai0u4ui2 MOMeHRn HAIIPaBJICH npomue 4acoeotl CmpeJiKu.

IIpaBuio 3HAKOB JJIS I/IBFI/I6aIOH_[€FO MoMeHTa M

[ A
@) PACTAHYTHIC BOJIOKHA NONEPEHHOIO CCYCHIA PACIONOREHB nonusy Dankn (PB/H)
M <M My, M,
(. PBiH ) W A
o / s -//'I \L\ /
i % SN f
PB/H

ko A
¢ A\ ' 4 )\,' (s
% PB/B ) i 27 XD

SN J

M -'”J. f ‘”J i

PB/B
Puc. 12

[Tpu ucnonb30BaHUM 0003HAUEHUS JIsI HICKOMOTO YCHJIUSI BBOJUTCS HyMepalus yCUIINs
IBYMsI Iupamu:
» nepeas yugpa — HOMep KOHTPOIUPYEMOTO CEUEHHS, B KOTOPOM YCHIINE OTPEIEIISIeTCS;
» emopas yugpa — HOMEp CEYCHUS Ha TPOTUBOIIOJIOKHOM KOHIIE PACCMATPHUBAEMOTO YJacTKa.
Ecnu B pe3ynbTare pemieHus ypaBHEHUs paBHOBecus ycunue M uMeeT oTpuiaTenbHbIi
3HaK (puc. 13a-r), To 3HAYUT, U3rHOAIOIINH MOMEHT JICHCTBYET B MMPOTHUBOIOJIOKHOM
HanpasieHuu. OJHaKO 3HaK U3rubaroIlero MOMEHTa He UT'PaeT HUKAKOM poJIi, @ BMECTO HEro
BBOJIUTCSI IOHSATUE «PACTAHYTOE BOJIOKHO IONEPEYHOr0 cedeHUs» (cM. puc. 12).
BbruncnuM 3HaueHus U3rudaronux MOMEHTOB B KaXK/IOM U3 7-MU Ha3HAYEHHBIX
KOHTPOJMPYEMBIX CEUSHH, UCIIONIb3YS YPAaBHEHUSI pABHOBECHSI B MOMEHTAX OTHOCUTEIHFHO
TOUYEK PACUJICHEHHUs pacueTHOU cxeMsl (puc. 13).

2 0.5¢a" qa q
\':lf 5 h { ‘]:_IZHT > mom, =M, ,+0,5qa> —qga-2a+
ul"'f”Q[,.. a 1 54 +1,50a-3a—q-0,5a-3,25a =0 =
j—a poa y a4y M, , =-1,375qa? (PB/H).
6 . ” ) 0,25a
”I(:.ff-\\ .14 (x‘(} { > mom, =M,_; +0,5qa* —ga-a+
i 04, 1.5¢a +1,50a-2a-q-0,5a-2,25a=0=
o b a 14 M, , =-1,375qa? (PB/H).
0,25a
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B) qa q

(’g l Yyyy Y mom; =M, , —qga-a+1,5qa-2a—
My N ;1‘3 K st 6 7
0O, 4 1.5qa —-g-0,5a-2,25a=0=
» \ M, , =—0,875qga’ (PB/H).
j—a | a b4 34 ga“ (PB/H)
0.25a
r) q
/'7?" - ‘m
\/‘ \\\ g.i‘ﬁUi s 6 7
0. 1.5qa > mom, =M,_s+1,5qa-a-q-0,5a-1,25a =0=
‘ M, s =—0,875qa* (PB/H).
@ }T'irf 4-5 qa“ ( )
(J.Z_iu
Puc. 13 (nauaio)
) q
M, Y5 6 7 Y momg = Mg ¢ —q-0,5a-0,25a =0=
Os.4 M; ¢ =0,125qa* (PB/B).
L
(25
e) g
u‘f":‘ E > momg =Mg_5—0-0,25a-0,125a =0=
M 5o ™Mre 7
S I T Mg_s = 0,031qa® (PB/B).
, | U.25a
x) : .
1.375qa 0,5ga qa 4 M,
— o | gny X mom, =M, ;~1.375qa’ +
1 23 4 54 6 [4 +0,5qa” +qa-1,5a—1,5qa-0,5a +
1.5gal V0,4 +(-0,5a-0,25a =0 =
*_‘ 7] i o il o {717) M7—6:O-

0,25a

Puc. 13 (oxoHuaHue)

3.3. [locmpoenue sniopwvl uzeUbAIOWUX MOMEHMOE.

[Ipu mocTpoeHNH S0Pl U3TUOAIOIIIX MOMEHTOB HEOOXOIUMO:
OTJIOXKHUTHh Ha OCAX PACYETHOM CXEeMbl B KOHTPOJIMPYEMBIX CEUEHHSIX OpIMHATHI, PaBHbIC
HallJICHHBIM 3HAYEHUSM MOMEHTOB, CO CIOPOHbL PACMAHYMbIX 80JIOKOH,
COCMHUTh OpAMHATBHI, YYUTHIBasE XapakTep U3MEHEHMUS YCUIMS (IuHelHwvlli  WIN
napabonuyeckuit), cM. Ilpunoowcenue 1.

[To manHBIM pHc. 13 moCTpoUM 3MIOPY U3THOAIOIIUX MOMEHTOB (CM. puc. 14).

0,125

| 23 P 0,031 ~~ :
va P (M), qa

5 6O

0,875

Puc. 14

O01IMe YKa3aHUs K OCTPOSHUIO AIIIOP U3rHOAIIMX MOMEHTOB U MOIIEPESUYHBIX CUJI
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1.Ecnu momnepedHasi cuijia, U3MEHSISICh HEMPEPHIBHO MO JIMHEHHOMY 3aKOHY, IPOXOAUT uepe3
HYyJIEBOE 3HAYEHUE, TO B COOTBETCTBYIOLIEM CEYECHUU M3TMOAIOIINA MOMEHT UMEET IKCTPEMalIbHOE
(MakcUMalIbHOE WM MUHUMAJIbHOE) 3HAUCHHE.

2.B ceyenun, rie npuiiokeH U3rudarouii MOMEHT (COCpeIOTOUeHHAs Iapa CHJl):

v Ha omope M monydaercs CKaykooOpa3sHOE€ W3MEHEHHE OpAMHAT — CKAa4doOK, paBHBIN

MPUJIOKEHHOMY BHEIIHEMY MOMEHTY;

v/ Ha smrope Q HHMKaKUX M3MEHEHHMH HE IPOMCXO/IHT.

3.B cedennu o cocpeIOTOUSHHOM CHITON:

v Ha smope M IPOUCXOAUT Pe3Koe M3MEHEHHWE YIjla HakJIOHA (M3JI0M) CMEXKHBIX y4aCTKOB

SMIOPHI;

v Ha osmope Q mnonydyaercs CKaukooOpasHOE M3MEHEHME OpIMHAT — CKAa4O0K, paBHBIN

MIPUIIOKEHHOM BHEIIHEHN CHUJIE.

4.B TOYKax, COOTBETCTBYIOIIMX Hadally M KOHI[y y4acTKa, B Mpeliejax KOTOporo k Oanke
MPUIIOKEHA pacIpelielieHHass Harpyska, mapaboiuueckas U MpSIMOYrojibHas 4YacTu 3miopbl M
COMpPATAIOTCS TIJIABHO, €CIIM HAa TPAaHUIAX YKA3aHHOTO y4YacTKa HE MPUII0KEHO COCPEIOTOUYEHHBIX
CHIL

5.B ceuenun Ha cBOOOIHOM WU IIAPHUPHO ONEPTOM KOHIIE OaNKH:

v’ u3rubaroruit MOMeHT M paBeH HyJI0, €CIIM TaM HE MPUIIOKEH BHEIIHUN M3rHOArOIIMA MOMEHT

(cocpemoroueHHast mapa Cui1), a €CJIM OH MPHIIOKEH — PaBEH 3TOMY MOMCHTY

v momnepeunas cuia Q paBHa COCPENOTOYEHHOU cuiie (BHEIIHSSI CHJIa MIIM OTIOpHAs PEeaKilus), a
€CJIM CHJIa HE TIPUJIOKEHA — MOTIepeYHasi CHJIa paBHA HYIIIO.

6.B ceuyenun, coBnamaromeM c 3ajenkoid ui3rubarommii MomeHT M u momepeunas cuia Q
YUCJICHHO PaBHBI OTIOPHBIM PEAKIIUSIM.

7.Eciy Ha HEKOTOPOM y4acTKe:

v' Q>0, To u3rubaronuii MOMEHT yOBIBa€eT (ClIeBa HAIPaBo);

v' Q<0, To u3rubarmuil MOMEHT BO3pacTaeT (CleBa Halpago);
v' Q=0, TO M3rubaroIuii MOMEHT OCTOSHEH (YMCTHIN U3rHO).

CooTBeTCcTBHE IMMOCTPOCHHBIX 3IIIOP YCI/IJ'II/II\/’I H3JI0KCHHBIM BBIIIIC O6H.[I/IM YKa3aHUSAM TAKKE
CBUJACTCIIBCTBYCT O NPABUJIBHOCTH MMPOBCICHHBIX HOCTpOGHI/If/'I.

3.4. Bviyucnenue opounam sniopsi NONepeyHbix CUI.
[Tonepeunast cuiia UMeeT TeOMETPUUECKHI CMBICT TaHT€HCa YIila HaKJIOHA KacaTelbHOM K
SMIOPE U3THOAIOIIET0 MOMEHTA B PACCMaTPUBAEMOM CEYCHHUH U OChIO X OaJIKH.
[TosTOMY BBIUMCIIEHUE OPAUHAT SMIOPHI MONEPEYHBIX CUJI BKIIIOYAET B CeOsl:
® pacuJICHEHHE DIIOPHl W3THOAIONIMX MOMEHTOB Ha YYacTKH, B MpeJesiaXx KOTOPHIX MOMEHT
U3MEHSETCS M0 eUHOMY 3aKOHY (JIMHEHHOMY WM MapaboInyecKomy);
® BBIYMCICHHUE ISl JTUHEWHOTO y4yacTKa SMIOphl M3THOAIONIMX MOMEHTOB MOJYJS TaHTEHCa
COOTBETCTBYOMIETO yria (cM. [Ipunodcenue 2);
® pa3JoXKeHHEe KPUBOJIMHEHHOro (MapaboIudecKoro) yyacTtka SMopbl H3rH0aroIuX MOMEHTOB Ha
JUHEWHYIO0 U Mapa0OoIMYecKyl0 YaCTH M BBIYMCIEHUE MOJYJed TaHT'€HCOB COOTBETCTBYIOLIMX
yriioB (cM. [lpunoowcenue 2);

e IIPUCBOCHUC KMHKCHCPHOI'O)» 3HAKA OTUM 3HAYCHUAM: nonepeunas cuia B C€4eHUM ROJLOMHCUNIEILHA, €CITH
Y4acCTOK ¢ 3THMM CeYeHHMEM Ha JMIoOpe MOMEHTOB HY:KHO BpPaliaTh 1O 4aAcC060l cmpeike JUIsi COBMELIEHUs ero ocu ¢
KacaTeJIbHOM Ha 3MI0pe MOMEHTOB (B 3TOM JKe CeYeHUH), MCI0/Ib3ys] MUHMMAJbHBIN U3 YIJIOB IIOBOPOTA.

Wtak, B HaImeM cirydae He0OX0IMMO PaCCMOTPETh YEThIPE YIacTKa SMIOPHI M3THOAIOITIX
MOMEHTOB ¥ BBIYHCIIUTD 110 HUM OPJIMHATHI SMIOPHI OTIEPEYHBbIX cull (puc. 15).
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S5+ qu_
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Q475 = Q574 ==

_|O,125—0|qa2+q-0,5a

= =0,50a
57 0,5a 2 q
|0,125-0]ga® ¢-0,5a
-5~ - =0.
0,5a 2

Puc. 15
3.5. Ilocmpoenue snopvl nONEPeUHbIX CUL.
[Ipu mocTpOeHUH AMIOPHI MOTMEPEYHBIX CHIT HEOOXOIUMO:
® OTJIOXKUTH Ha OCSAX PACUETHON CXEMBbI B KOHTPOJIUPYEMBIX CEUCHUSX OPJIUHATHI, HAlICHHBIC TIO
SMIOPE M3TUOAIOIIUX MOMEHTOB, TIPUYEM NOJIONCUMENbHbIE OPIAMHATHI OTKIIABIBAIOTCS 66€pPX
OT OCH PaCUeTHOU CXEMBI, a OMPUYAMENbHbLE — GHU3,;
® COCIUHUTH OPJMHATHI, YYUTHIBAsK XapaKTep U3MEHEHHS yCUIUs, cM [Ipunosicerue 1.
[To nqaHHBIM pHC. 15 MOCTPOUM 3ITIOPY TOMEPEUHBIX CI/I(J')I (cm. puc. 16).
5

)
v \ !y
\ %/ ga

o~ < 7
(=)
-)

1,0
Puc. 16

3.6. Konmponw npasunoHocmu onpeoenenusi OpOuHam 3ni0p YCUiuil.

KoHTposb npaBuiIbHOCTH onpeAesieHuss opArHaT >mtop yeunuid mis 3PC npousBoauTcs st
MIPOM3BOJILHON YacTu O6aniku (puc. 17), I1st KOTOPOH COCTaBIISIIOTCS ypaBHEHUs paBHOBecus (XY
U Yy momp ).
0.5¢a" qa q SY ——ga+15qa-q-0,25a—0,25qa =0’
{:\ 14 2 r} ) 0,031¢a Y momg, =-1,375qa® +0,5qa* +qa-0,5a +

= 1S ,;,T l +1,5qa-0,5a—q-0,25a-0,625a -

-0,25qa-0,75a—0,031qa’ = 0.

y. ey ’

1,375¢a 0,25ga
5 5 | ().25

4‘, da }().. "’1“-' ",1 ) 0.25a

Puc. 17
YpaBHeHus paBHOBecHs 0Tpe3aHHOM yacTu 3PC y10BIE€TBOPAIOTCS TOXKIECTBEHHO, YTO
CBUIACTCIILCTBYCT O 3HAUYUTECIHLHOU AOCTOBCPHOCTHU IMPOBCACHHBIX HOCTpOGHPIﬁ.
Kpowme 3Toro npaBuibHOCTh OCTPOEHUS AMIOP U3rHOaroIuXx MOMEHTOB M 1 monepedHbIx
cuil Q 1o XapaKTepHBIM CEYSHUSIM MOYKHO IPOBEPUTH, UCHIOB3YA PsIl 00ImHMX npaBmil. OIHU U3
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HUX SIBJISIFOTCS CIEACTBUAMU U3 AuddepeHInalbHbIX 3aBUcUMocTel Mexxay (, Q u M, npyrue
BBITCKAIOT HEMOCPEACTBEHHO U3 METOAA CEYCHUM.

BblunciieHHe OpANMHAT MIOPbI NONEPEYHBIX CHJI MO MIOPe U3rudalIINX MOMEHTOB

1. Ha yyactke i- j Oanku smropa u3ru0aronmx MOMEHTOB — JUHEeUHAs

Dyrryus;
Q, ',=Q','«:0
< A%
1 = [Mji|ga®
' ~ , j-i
/m (\1! \ Qj=Qji=- -
i j ‘\___/‘ i—]
A y
-
Mi_j =M qa’
Q|—] :Qj—i :| L.
i
M j+M;|ga’
Qi-j =Qj-i :| o
i~

2. Ha yyacTke i— j OaJky 31opa M3ruOarIuX MOMEHTOB —

K8aOpamu4Hast QyHKUUSL:

-
Y

o Y P
i J o ‘\. ) Qi_j =— 12| !
. — lle'l i) qa - |
- ‘_/,i.i...i e - Qj—i _ |—12 i—j
Q>0 Q7 <0
! I' /.' f L '
4 L
Ti
ERRRRRERARY e |
N i—jlga Qi
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Q. < 0, <« M 2
/ iy ,
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3 . (M), qa |
‘ / \ y,
| /‘ A — +qi7j I|—J
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g, F
M, . +M . |ga®
RRRRRRRRRR SELERLE
i
+qi—j II—]
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|MH+MJ-,i ga
M, Qj.i = »
Q:\‘ > () Ui-j Il—j
4“. : qu 2
IIpumep 2.

JlaHo: cTaTHYecKu ompeaenumas MHOTorpoJieTHas O6anka (puc. 6.13,a). Iloctpouts smiops

BHyTpeHHUX ycuinii M u Q.

Pewenue.

Omnpenenenne OMOPHBIX PEAKIIMA MOKEM IMPOU3BOANUTH BCEMH TpEMs NMPUEMaMH, HO, KaK
IPaBUJIO, A TAKMX OAaJOK MCIOJB3YETCS NMPHEM IOCTPOEHUS «ATAXKHON» cxeMbl. PacuneHum
Oanky no mapuupam 3, 5, 6. Kunemarniyeckuil aHainu3 KaKIA0Tro ee JIeMEHTa JaeT, 4yTo Oanka 6-7
ABJISICTCA T€OMETPUYECKH HEU3MEHSEeMOW M HENMOJBMXKHOM M cuMTaercss ocHOBHOH. banka 5-6
UMEEeT TPHU CTeTeHu cBoOOAB!. [Ipunaanm eif Tpu ONOPHBIX CTEPXKHS U KOHIIOM 6 000mpeM Ha OaKy
6-7, a KoHIIOM 5 - Ha Oanky 3-4-5, KOoTOpas, B CBOIO OuYepelb, UMEET JIBE CTEIEHU CBOOOBI, U
KOHIIOM 3 OyneT onmpathcs Ha Oanky 1-2-3. banka 1-2-3 umeer ofHy cTeneHb CBOOOIBI U IS €
HEMOJBM)XHOCTH J00aBUM OJITUH TOPU3OHTAJIbHBIM ONOPHBIA CTEpP)KEHb. DTO IMO3BOJIUT CUUTAThH
Oanky 1-2-3 Takxe OCHOBHOUM. DTa)KHasl CXeMa MPECTaBICHa Ha pUCYHKE 6.13,6.

a)

10 kH e
1 \L 2 4

3

?R]w 3.0 ?2.0;

kH
/3 M M7

",
H7
R7

"t

0} 5.0 30 L 30, SO0m |
6) “OramHas cxema”
5 Bcnom. 6
3 BCNOM. 4 &  6Banka 3? OCHOB. 7I
: | ocu.Ganka 2 ¢'8 banka _g_ Banka
B8) Cxema nepenauun HarpyXeHus 3 kH|
| | M
[ 5 Hb
\ 6 e

Puc.6.13
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OrtaxHas cXeMa IO03BOJISIET BBIABUTH OYEPEAHOCTh pacyeTa, MOMHS O TOM, YTO Harpyska
BEPXHHX «ITAXKEH» mepeaacTcs Ha HUKHKE, HO He Hao0opoT. CxeMa mepeaadn Harpy3Ku OT Oallku

K Oajnke rmokasaHa Ha puc.6.13,6.

CrnenoBarenbHO, TEpBOM OyHeT pacCUMTHIBATBCA BepXHAA Oanka S

6. 3arem

pacCUYMTHIBAIOTCS OaIKu BTOPOTO ypoBHs: Oanka 3 — 4 — 5 u Ganka 6 — 7. W mocneaHeit B HaieM
npumepe — Oanka 1 — 2 — 3. Urak, 1y Kaxaoi Oajlkud C y4eTOM OYEpEeIHOCTH COCTABIISIOTCS

YpaBHCHUA CTAaTUKU U OIPCACIIAOTCA PCAKTHBHBIC YCUIIUA.

banka 5-6

1) Tx=0; H,=0,

2) Ty=0; R,-6+R;,—3-3=0.

3) IM;=0: Rs-6-3-3-15=0.
W3 naHHBIX ypaBHEHUI HAXOIUM

R, =225xH, R, =675 xH.

banka 3-4-5

1) Tx=0; H,=0,

2) Ty=0; R, +R,—2-7—R,=0.
3) IM,=0; Ry;-5+R.+-2-2.7-15=0.
W3 naHHBIX ypaBHEHHU HAXOIUM

Ry =3.3xH R, =12,95xH.

banka 6-7

1) Ix=0; H,=0,

2) Ty=0; R,+3-5—R,=0.

3) IM;=0; Rg-5+3-5-25+M,=0.
W3 naHHBIX ypaBHEHMI HAXOAUM
R.=2175xkH M. =-7125 xHm.
banka 1-2-3

1) Tx=0; H,=0,

2) Ty=0; R, +R,—10—-R,=0.

3) IM,=0: R,6—10-3—R, 8=0.
W3 naHHBIX ypaBHEHUI HAXOJIUM

R, =3.9xH R, =9.4xH.

[TocTpoenne >miOp BHYTPEHHUX YCUIIMKA MOXEM BECTH i OalKu B IIEJIOM, & MOXEM
BBIUHCIUTH BHYTPEHHHUE YCWIIMS A KaKIOW OanKu OTIAENBbHO U 3aTe€M MOCTPOUTH MX Ha €AMHON

ocH 3a7aHHoM Oanku (puc. 6.14).

10 kH
& 11
g é H7
R

2
30720 5.0 '7‘20 30 | 3
6)

39 33 6'25_\ 2,25
PG | Q 6,7 '
9 635N |G
Sniopa Q 21,75
KBagpartHas |
8) napatona
3nopa M 71.25
8.5 r
6.6 £
P oy /\ 6:75
Puc.6.14
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IHocTpoenue JUHNIA BIUSAHUS MHOTONPOJIETHBIX 0AaJI0K
KHHEMATHYEeCKHM CIIOCO00M
[TocTpoeHue MMHUN BIUSHUS KHHEMAaTUUYECKUM METOJIOM OCHOBAHO Ha
WCIIOJIb30BaHUH TIPUHIIUITA BO3MOXKHBIX MepeMelieHnid. Bo3aMoxHbIe iepemMenieHus
- 0ECKOHEYHO MaJible MepeMEIICHHS, JOIMyCKaeMble CBI3sIMU. BO3MOXKHBIE

NIepeMelICHHsI HallPaBJICHBI TI0 KacaTeIbHON K JCHCTBUTEILHOU TPACKTOPHH
(puc.3.25).

\\\ /, E;'MM
> [rm

mpoeKmopus

Puc. 3.25. Cxema, noka3pIBaroLasi PUHIUI BO3MOKHBIX IepeMELICHUH

JInst MOCTpOEHMS JIMHUU BIUSHUS OMOPHOM pEeaklMu HaJ0 OTOPOCUTH CBS3b,
JIMHUIO BIIUSIHUSL YCUJIUS B KOTOPOM HEOOXOIUMO MOCTPOUTH, 3aMEHUB €€ JIeHCTBUE
cwio X. 3aaTh TMOJTYYEHHOMY MEXaHM3MYy BO3MOXKHOE TIEPEMEIICHHE TaKuM
o0pa3zoM, 4ToOBI 3MIOpa MepeMelIeHU COBMalIa C MOJOKUTEIbLHBIM HAaNpaBlIeHUEM
JIVHUM BIIMSIHUSL Y pPACCMaTPUBAEMOU OMOPHL.

JInst MOCTpOEHUS JIMHUHM BIMSHUS useubanouwe2o0 MoMmeHma B KaKOM-TH0O
CEYCHUH HEOOXOIMMO Bpe3aTh B 3TO CEYCHHE IIAPHUP U MOMEHTHYIO CBSI3b 3aMEHUTH
MOMEHTOM X U JaTh BO3MOHOCTb [epeMEIICHUSA MOJIYYHBLIEMYCS
KUHEMATUYECKOMY MEXAHU3MY.

JInst OCTpOEHUS JMHUM BIMSIHUS HONEPeyHOol Cubl B KAKOM-IMOO CEYEHUU
0ayki HaJ0 Bpe3aTh B ATO CEUCHHUE BEPTUKAIBHBIM IMOJI3YH, MPUJIOXKUTH YCIOBHBIC
CUJIbl X U JaTh TNepeMeIleHHe KHMHEeMaTHYeCKOMY MexaHu3My. llosydeHHasr Takum
00pa3om 3mropa MepeMeIeHi COBMAAET C TUHUEH BIUSHUS MMONEPEYHON CUJIBI.
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