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BBIBYUYDHHE Pés”'HABArl MEXAHIUYHBIX CICTAOM CA CJIIB3IAJIBHBIMI
3AMAILIOYKAMI HA ITAJICTABE IPBIHIBIIIA MATYBIMBIX
NEPAMSIITYDHHAY

Pycan C. L.

In article possibility of practical application of the general equation of a statics to the analysis of bal-
ance of flat mechanical systems with sliding fastenings and sliding connections of their parts is shown. On
many examples the technique of application of a principle of possible movings to definition of reactions of
external relations is considered. Work can be used in educational process on the theoretical mechanics.

AryJbHbISA 3ayBari.

Y TIapaTHIYHBIM TUIAHE TMPBHIHIBII MardbIMbIX TEPaMSAIIUIHHSAY — HAWOObII
pacmpaniaBaHbl pa3/i3esl aHaMIThIYHAW MexaHiKi. 3MecT MPBIHLbINA BBIKJIAI3€Hbl aMajlb Ba
Ycix magpyudHikax TIa TIapIThIYHAW MexaHinpl. Sro mepaBari mepaj  ypayHEHHsMI
reaMeTphIYHal CTATBIKI MPBI aHATI3E payHaBari CiCTAM 3 17PabHBIMI CYBS3SIMI a3HAYaHBI ¥
apteikyne [1]. Bapra maakpaciinpk, IUTO OPHIMSHEHHE TPBIHIBINIA  MardbIMbIX
nepamMsIIIdHHSY y TOH Bepcil, sikas pasBiBaenma y padore [1], marpabye an ctymdHTay
BbIpa3Hara pa3yMeHHs CTPYKTYpPbI CKJIQJaHbIX CICTAM 1 yracuiBacieil HakJIaJ3eHbIX Ha iX
cyBsizeil. Tamy pammHHE 3a/1a4 3 JarnaMorai Ha3BaHara MpBIHIIBIA MEXaHIKi, K, MaOBIIlb,
HisiKas iHIIAas By4dOHas Mpara ma TIapIThlYHAl MEXaHilbl, CTHIMYIOe (apMipaBaHHE TaK
HeabXO/HBIX 1HXKBIHEPY TBOPYBIX SKacLed. YIIelIHa, ITO IIThl MpaldC MadblHAeHa YKo
Ha MaJIOAUIBIX Kypcax 1 MoxXa ObIIlb Pa3BiTHI 1 3aMallaBaHbl ¥ HaBydalbHAll YCTaHOBE MBI
BBIBYYSHHI HACTYNHBIX JABICUBILIIH. Jla Taro », 3acBaeHHE HPBIHIIBIIA MardbIMbIX
MEePaMAIIYIHHAY CTBapae MaaMypak IJisi BBIBYUIHHS CTPYKTYpPhI PHIYaKHBIX MEXaHi3Mmay i
pobaray-maHimynsITapay y T0pbli MEXaHi3May 1 MalllbIH.

He rnem3sapl Ha yce mepaBari MpBIHIIBITA MardybIMBIX MEPaMSIITYIHHSIY, 1A MIbIpaIe
NpBIMSIHEHHST €H cacTylae YVpayHEHHSM TeaMeTpbhldyHail craThlki. [3Ta Tirymadsiima
QJICYTHACI[IO JOCBE/a Sr0 MPaKThIYHATAa MPBIMSHEHHSA Ja PAIIdHHS HEKaTOPbIX ThINay
3amau. TyT pasrisgaeniia aa3id 3 iX — payHaBara CiCTAM ca CIII3TaJIbHbIMI BiJlaMi CyBSI3€H.
VY Toophll MeXaHi3May 1 MallblH TaKis 3JIy49HHI 3BEHHSY HAa3bIBAIOIb IMACTYMAIbHBIMI
KiHEMaThIUHBIMI TIapami. 3HEIIHIA CyBs31 amicaHara ThIMy Oya3eM 1ajeil Ha3bIBallb
CNi32ANbHLIMI 3aMAYOYKami, YHYTPAHbI — caizeanvhuiMi 31yuysHHami. Ha peicyHky 1, a
nakasaH crpeikanb ABC ca chisraibHail 3aMaioykaii 4 1 majgBoiiHAW cimi3rainbHail
samarioykaii C. [lepmas 3 ix gamyckae JiHelHae nmepaMsIrudHHEe CTPHDKHS T1a HalpamKy /-
[, npyrast — na HampamKax m-m 1 n-n. 3nydaiabHae 3BsiHO 3aMarioyki C ysyise caboro )KOopcTKae
cnamywHHe mToka 1 1 yrymki 2 (peic. 1, 6). Ilpplkiagsl pammHHS amicaHbIX 3a1ad 3
JaraMorail  MPBIHIBINA MardelMbBIX — MEpaMSIIUdHHSAY Yy Byud0OHAWl  JiTaparypbl
ajZiIcCyTHiYarIb. ['3Ta cTBapae ypaxaHHe siro abMekaBaHAcIIl, IITO, K IMaKa3aHa HDKIH, HE
aJmaBsiiae pIvyaicHacIIi.
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MeTtoabika TIPbIMAHEHHSI TPBIHIBINA MArYbIMbIX NepaAMSIIIYIHHAY /A
PaldHHA 3a7a4.

CropiHiMCS cria4aTKy Ha YacuiBacIfX IUIOCKIX MeEXaHIYHBIX CcyBsized. Bymzem
pasrasaank, TOJMbKI 112abHbIS ABYX0aKOBBIS CYBs31l. Y aryidbHBIM BBINAAKY CYBSI3b MOXKa
HAKJIa/IBallb HA MaTIPBISUIBHBI a0 €KT aaHO, IBA allb0O TPBI reaMeTphluyHas aOMeKaBaHHI.
VYV amgnaBenmHacIli 3 TATBIM OyJI3eM Ha3bIBallb 1X a0HO-, 08YX- alb0O mpoxeanenmuvimi. Jla
TPOXBAJICHTHBIX IUIOCKIX CYBSI3eM aJHOCINIA >KOpPCTKas 3amarioyka. ATHaBaIeHTHBIS
CyBsI31 1HAKII Ha3bIBaIONb npocmuimi. CyBsi3i ca CII3TATbHBIM 37TyY9HHEM YacTaK CiCTAIMBI
MOTYIIb OBIIb TOJIbKI MPOCTHIMI 1 MBYXBalleHTHBbIMI. Jla iX agHOCSIIA 3rafaHbls BBIIIDI
3BBIUAliHAA (ca CII3raHHEeM y aJHBIM 1 CYIpalbI3esiTHHEM Y IBYX HampaMKax) i 1maJiBOWHas
(ca cimi3raHHeM y JIByX HampaMKax i CympaubA3esHHEM Y aHbIM) CIi3rajJbHbIs 3aMalloyKi.
[TagBoiiHae cmisrajibHae 3MIyUdHHE Y SKaclll YHYTpaHail CyBs3i BBIKApbICTaHA Jalied y
MeXaHiYHail cicTaMme, Maka3aHaid Ha pbicyHKY 16. BanentHacup cyBsa3i Oya3em aba3Hayalb
JiTapai v.

Jis  panplsHanbHara TNPBIMSHEHHS TPBIHIBIIA MAardbIMBIX — TEPaMSITYIHHSY
HeaOXoJHa TaHDKaIlb BAJICHTHACIh CYBs3ed. Y MaapydyHiKax IMa TIapIThIYHAW MEXaHIIbI
aJCYTHIYAIONb aKCiéMbl, SKis Ja3BasUli O BBIKOHBAIb TaKylo Tpachapmalisiro
abrpynTaBaHa. [laBoyie acHOYHal akciémbl ab cyssa3ax MOKHA BBI3BAJIALIA TOJBKI all ycix
HAKJIAI3€HBIX HAa MATIPBIIILHBI 00’ EKT CyBsi3eil agHadacoBa. Y apTeikyne [1] anmaBemHas
akciéma cdapmynipaBaHa ¥ OOJBII aryldbHBIM BBITJISIA3E Taj Ha3Baw: Akciéma abd
NAHINCOHHI 8anenmuacyi cicmamul cysazeil. IIpbIBOI3IM sie 3MecT: Banewmuacyv cyesasi
anvbo cicmamol cysszell, HAKIAO3EeHbIX HA MAamdpPulalbHbl AObeKm, MOXMCHA NAHI3iYb,
V80035ubl A0NABEOHbIs 3HAMBIM Cy8a3aM paaxyvli. Kalmi BaleHTHACHb CICTIMBI CYyBS3€il
MaHi3ib Ja HYJISA, TO aTpbiMaeM CBaOOJHBI MAaTAPBIIBLHBI a0’€KT, K 1 Ha TMajCcTaBe
BAZOMail akciémbl a0 cyBsa3sx. bombmr maapabss3Ha al ynacmiBacugx i Tpancdapmaribli
cyBsi3eil HamicaHa ¥ paborax [1,2]. Ha peicyHKy 2 maka3zaHa rnepayTBapdHHE CyBsi3l 4 —
cli3ranbHail 3aMaroyKi — Ipbl PO3HBIX BapbIIHTAX MaHIKAIHHS si€ BAJICHTHACII HA a31HKY.
JUnst BBI3HAURHHS PAaKLbll R, sHA nepayTBapaella ¥ NaaBoiiHy0 CIi3ralIbHYI0 3aMaloyKy
A" (pwic. 2, 6), a Juis BBI3HAUSHHS PIAKThIYHAN mapel M , — y Os3Baxki cTpbikanb A~

(pwic. 2, 8). Kani Ha MaT3pbIsiibHBI a0’ €KT HaKJIa3€Ha MMaIBOWHASI ClII3rajIbHAs 3aMaIloyKa,
HanpbIKIag, cyBsi3b C Ha peIC. 1, @, TO IPBI BBI3HAURHHI PIaKThIyHAN apsl M . HeabXxoxHa

BbI3BaJIALIIA a CYBHSi DaJKaM.

a A 5 A, g & Ci ol 1
= FHc 2
c, B
_‘___2 V= f V=f
Puic. 2 Puic. 3

CnobiHIMCS Ha YMOBaxX CYMECHACIl CHI3TalbHBIX 3JYUSHHSY YacTaK CKJIaJaHai
cicToMBl. SIHBI ICTOTHA aapO3HIBAIOLIA aJ YMOY CyMeCHAcCIll HIAPHIPHBIX 3JIYYdHHAY 1
MOTYIIb CTallb KPBIHIIAH MaMblIaK MpBI palidHHI 3a1ad. Y aapo3HEHHE aj IIapHIPHBIX
3MYyYSHHAY, Yy SKIX MardbIMbl aTHOCHBI GAPUAIbHbIA TIEPAMSIIYIHHI, CIi3TalbHBII
3My4YdHHI JaMycKarolb aJHOCHBII NACMYyNalbHbld TEPaMAlIudHHI YacTak CICTAMBL Jlis
BBICBATJICHHS TAaXO/KaHHS TakiX MepaMsalrudHHAY Oya3eM mpaacTaynsias ix Yy
naBsuliyaHbIM BeITIII3E. Ha peICyHKY 3 CyIPIbHBIMI JIiHISAMI Taka3aH MEXaHi3M 3 aJHOU
CTYNEHHIO CBa0OJIbl ¥ MAYaTKOBBIM CTAHOBIIIYBI. YTYIKY, 3MallaBaHylO 3 JIeBail yacTKaii
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cictambl, aba3HauybiM npa3 C,. IlyHKT mpaBara CTpbDKHS, SKI 3HAaXOA3iLa ¥ LDHTPEI
yTynki, abazHausM npa3 C,. YsBIM crnadarky, IITO CyBA3b BB, aacyTHivae. Taabl Ipsl
naBapolie JeBail yactki AC, Ha Byraja ¢ InpaBas, A35KYyHOUbl YTYJIIbl, TaBEepHEIILla Ha TOH
caMbl Byrai;, mpsl rTeiM yryiaka C, 3aiime manaxosuHe C;, a nyHkr C, amsHimuma y
cranoBimmubl  C,. Haramaem, Ttakoe mnepamsmradHHe nyHKT C, arpsiMay Obl MIpbI

ancytHacui cTpbpkHS BB,. Ilpel sfro HasgyHacui HYHKT B mepamsyaenua He ¥

nanaxoHnue B’, a ¥ nanaxoune B”. Bekrap B’B” i Bbi3Hauae BENiYBIHIO aJHOCHAra
nacTynajbHara mepaMsIrddHHsA YcEi JieBail dacTki cicTAMbl 2, y BBIHIKY sKora Y
CIi3ranbHBIM 371yusHHI nyHkT C, mepaxomsius y nanaxsune C,. TyT Bapra 3BAPHYIb

yBary, IITO BEJIUbIHS aHOCHAra Cli3rajpHara nepaMsmry3HHs nyHkTa C, y Cli3rajJbHbIM

amyusHHi C BBI3HAYaella 3 aHali3y nepamMsInysHes nyHkra B i poyua C,C, = B'B”.
TIpBIHIBIT MardbIMbIX MEPAMSIIYIHHSAY MaT3MaThlYHa BHIPAXKAEIHIa aryJIbHBIM
ypayHEHHEM CTaTBIKi:

2F6 =0 (1)

i(Xl.le. +Y8y, +2,82,)=0, (2)
i=1

m3e F,, Or, — cia i MarysIMae rnepamsIrddHHe ITyHKTA si€ MPbLUIaXKIHHS,
X, Y, Z idx, dy,, 0z, — npackupli cinel F, i MardsIMara rnepamMsiirdsHHs OF Ha BOCI

Kaap/bIHaT.

Jliis aba3HaY’HHS MardbIMbIX MEPAMSIITY3HHIY Y BBIAAKY CKIagHAra pyxy Oymsem
BBIKAPBICTOYBAIb 1HJDKCHI «e» 1 «r», YBEI3€HBbIs ¥ KIHEMAThINbl, 1 YIi4Ballb, IITO
abcaTroTHae MardbiMae repaMsIIudHHEe MMyHKTa POyHa TeaMeTphIYHal cCyMe MepaHocHara i

agHocHara. Hanpweiknan, st Hekatopara myHkTa 4: 85, = 05§ + 95

Meran parnmHHS 3a1a4, 3aCHaBaHbI Ha YpayHeHHi (1), Ha3pIBaeIa ceamempobiunbim, a Ha
(2) — xaapovinamuuim. AnomHiI ¥ 3HayHaW CTymeHl ¢apmaniizaBaHbl. SIro MokHa
NacIsIXoBa NPBIMIHALG, HE aHANI3YIOUbl CTPYKTYPY MeXaHi4Hal cicTaMbl. [lakombki MBI
CTaBIM Ha MOAIIC Pa3BIlIE IHTAJEKTA 1 1HXKBIHEPHAW 1HTYIIBI, TO JJIsS PaIIdHHS 3a1ad
Oya3eM MpBIMSAHSIL TeaMeTPhIYHBI MeTaa. Haragaem macnsgoyHacb I3€SHHSY MPbI
BBI3HAUAHHI PIAKIIBIN CYBSI3CH.

1. TlanibkaeM Ha aJa3iHKY BaJleHTHACIlb CYBS31, PIaKIbIIO KaTtopail HeabxomHa
3Haicmi. [Ipsl r3THIM MeXaHIYHasl cicTAMa IeparBapaciiia Ba ypayHaBaKaHbl MEXaHI3M 3
aJTHOM CTYIEHHIO CBAOO/IbI.

2. BribipaeMm He3anexHae NepaMsIIYdHHE 1 Maka3BaeM Ha PHICYHKY (IyHKI[ipam)
MEXaHI3M Yy 3pYyIIaHbIM CTaHOBINIYBL. AOa3Ha4aeM MardeIMbld TEPaMSIIUdHHI YCiX
NYHKTaY 1 BYIJIaBbIA MEpaMsIIYdHHI YacTaK CICTIMBI, J1a SKIX MPBIKIAI3€Hbl Jal3CHbIsI
CLTBI, TIApBI CUT 1 HEBSAOMAasl pIaKIpid. Y CKIAIaHBIX CICTAMaxX I1aKa3BaeM TaKcaMma
MardsIMbls IEpaMSIIY3HHI YHYTPAHBIX CYBSI3€H.

3. Jlyist atpeIMaHai CiCTAOMBI 3aIicBaeM aryibHae ypayHeHHe cTaThiki (1).

4. BplpaxxaeM yce MardbIMbls TepaMsIIUudHHI IMYHKTay 1 IeN mpa3 He3alekKHae
MardeiMae repaMsIIddHHe 1 MaIcTayisieM iX y aTppIMaHae aryjibHae YpayHEeHHE.

5.V neBaii sro 4acTIbl BBIHOCIM 32 JIy>KKI HE3aJIe)KHAe MardbiMae MepaMsIId3HHe i
MPBIXOA3IM JIa YpayHEHHS 3 aTHON HEBSIOMAl PIaKIIbIS CYBSI3I.

6. Boi3Hauaem prakiibiio.

Armicanas MeToAbIKa TayTapaelna Ipbl BI3HAYIHHI KOXKHAW prakipli. [Ipel TITHIM,
K MpaBisa, BeIOIpacIa iHIIae He3ale)KHae MardbiMae epaMsIry3HHE.
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PayuaBara agnaro uesa.

[Mag n3esHHEM IUIOCKAM CICTAMBI CLII o
nena Oya3e 3acrapaiia y payHaBase, Kaji A c ,4( F
HAa ST0  HAKJIAJI3€HAa  TPOXBAJICHTHAs )
KapaKTHas cictoma  cyBsized.  Hixoid
pasrasgarola MEXaHIYHBIS CICTAMBI 3
po3Hail  cTpykTypaul  cyBszen.  [na B
BBI3HAYIHHS pRaKIbIid  BBIKAPBICTaHA Puc. 4 4
arcaHasl BBIIIDH METOBIKA.

Hpbikaan 1. lamsenas cictoma (peic. 4) ysaynse caboro joMaHbl cTpbbkadHb ACB,
Harpyxanel cuiaii F. HeaOxomHa BbI3Haubllb poakubli R,, M ,, R, .Bvisnausnne R,.
[Nani>xaem BajieHTHACIb CII3ralbHai 3aMaroyki 4. ATpbIMaHbl MEXaHI3M IaKa3aHbl HA PHICYHKY
5, a. 3a He3aJleKHAE MardpiMac MEpPaMsINIYdIHHE TpeIMaeM Os,, a3¢ Jitapaidl A’
aba3Ha4YaHbl MYHKT CTPBDKHS A'CB, 3MeIIYaHbl ¥ IPHTPHI YTYIKi. 3amicBaeM ypayHEHHE
pabot: R,0s, — F sin0ds, = 0. [Takonbki magBoiiHas cii3rajbHas 3aMaljoyka He JarycKae
naBapoty, To crpbbkanb A'CB mepamsinuaenua rnactynanbHa i Os, = Os, . YpayHeHHE
pabot npsivae BT (R, — F sino)ds , =0. Ancions R, — Fsinou=01i R, = F sinct.

Buvisnausune M ,. llepayrBapaem

CyBs3b A, K MaKa3zaHa Ha PBICYHKY 5, 0. ﬁ:i-i ﬁ-sci F
CTpbIKaHb A"CB arpeIMIliBae « élg L
MardelMacllb IUIOCKara IaBapoTy BaKoOJI -

iMrHeHHara IpHTpa P. Ha peicyHKY RA B 0%

mitapami  Os,, 1 Os, aba3HayaHbI ¢

MardeIMbls HepamManraoHHi nyHkray A7 i
B. 3a He3anexxHae NIpbIMacM MardybiMae
nepamsurgdHHe  d¢ crpeokHa  A'CB.

VYpayuenne  pabor  Mae BBITJISIA:

M, (ﬁ)@(p -M ,0¢=0. Anratyns
3HAXOM3IM (MP(F“)—MA )&p =0, T 53¢ F
M F)-M,=0 i M,=M,(F), me ’ ¢
M, (F ) — MOMaHT cimsl [ agHOcHa 55 |B Rs
-I—Ar-_-—
LPHTpA P.
Boisnausune R, . BoizBansemcs aj Peic. 5

cyBsizi B (peic. 5, B). 3a He3alexHae
MargpiMae NepaMsIIudHHE TPBIMaeM oS, . M I
[Makomeki  cTtpepkanb  ACB  Moxa ) A

3I3SMCHSLb nacTynaabHae B || - AN

HepaMsIIYdHHE, TO O, = O ,. YpayHeHHe

paboT mpbIMae BBITIISL:
(Ry + Fcosa)ds, =0.
Ancronb 3HaX0131M R, =—F cos o .
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Ipeikaax 2. Crpeokanb ACB Harpyxassl
cimait F' i mapait M. Cictoma cyBsi3eil ckiamaenia 3
iPanpHara Hepyxomara IbUTiHApPa A 1 maaBoWHAN
ciizranpHaii 3amarioyki B (peic. 6). BbI3HaubIIb
PRaKIIbIi CyBsI3EH.

Buiznausune M ;. Boi3Bansemcs aj cyBsisi B
(peic. 7, a). Crpbokanb ACB MoOXa 31B3IACHALL  §
aBapoT BakoJ HepyxoMara IPHTpa A. 3a
He3aJe)kHae  MpbIMaeM  MardblMae  BYIJIAaBOE
nepaMsIIYdHHe CTPBDKHS 3. 3amnicBaeM
ypayHeHHEe  paboT: (MB +M , (F“)—M)&p:O. g

3Haxom3IM M, :M—MA(F), n3e MA(ﬁ) —
MOMAHT CiJ1bl /' aIHOCHA IPHTpa 4.

Buisnausune X ,. llaHikaem BaJIeHTHACIb
cyBsi3i 4 (poic. 7, 0). [lakonbki CyBsi3b B HE namyckae
nasapory crpeikas A'CB, 1o €H arpeiMiiBae
MargsimMaclib 303AUCHSALb nacTynajibHae
rapbpl3aHTalbHae MepaMsAIIddHHe, bl AKiM napa M i
cima F pabotbl He BbIKOHBawIpb. Tamy X &, =0,

ankyns X , =0.
Buviznausune y,. Tpanchapmyem cyBsizb A, K

naka3aHa Ha peICyHKY 7, B. Crpebkans A”CB
aTpeIMIIiBae Mar4ysIMaclb BEpThIKaJIbHAara

NEepaMAIIYdHHSA, TPBl  TIITBIM O, =, =05 4.

VYpayHenne pa®oT TpBIBOMBIIIA Ja  BBHITJISALY:
(Y, -F)&% ,=0,amxynms ¥, = F.

Ipbiknang 3. Pamuas cicrama ABCD (pwic. 8)
HarpyxaHa cinaii F' i mapait M. Ha se HakiangzeHa
cicToMa ajHaBaJeHTHBIX cyBs3el A, C, D. BrI3HaubIlb
1X PAAKIIBII.

Buiznausnne R, . BoizBassiem pamy aja cyBsizi A

(peic. 9, a). Llsamep siHa aTpeIMITIBaE
MarybiMmae rapbi3aHTajibHAC nactynajibHac

nepaMsNIYIHHE. 32 He3aIeKHAe IpbIMacM o .

[Takoneki &, =&, =& ,, TO YpayHeHHE padOT
OPBIBO/BIIIA Ja BBITJSAY: (R 4 —F'sin Oc)Ss +=0. M c 'F%
AtpeimmmiBaem: R, —Fsino=01 R, = Fsino.. s ( B

i

Buisnausnne M .. Be3Bandemca an cyssasi C A

(pbIc. 9, 6). ATpbIMaHBl MEXaHI3M MO’Ka IaBapoYBalla °5lip
BaKOJI IMTHEHHAra I[PHTpA MmaBapoTy P. 3a He3anexHae t D
IOpbIMAaeM BYIJIaBOE MepaMsIIYdHHE J¢. 3amicBaeM

ypayHEHHE pabor: (M 4—M+M, (F“ ))6(p =0. Poic. 9

AtpbivniBaem: M , — M +MP(F):O 1M, :M—MP(F'), n3e MP(I:“) — MOMAHT CLJIBI
F annocHa upHTpa P.
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Buiznausune R, . BepBamstemcs an cyBsasi D (peic. 9, B). 3a He3anexHae MardsiMae
HepaMsIIIYdHHE TIPhIMaeM s . [1akoyibKi MardeiMae repamsirddHHe pambl MacTynaibHae,
TO napa M paboTsl He BbIKOHBae. KaHuaTkoBa 3Haxoa3iM: R, = F cos L.

PaynaBara ck/JaJaHbIX CICTIM ca CJIIi3rajJbHbIMI 3Iy4IHHAMI i 3aManoykami.

3BepHEMCSl J1a MEXaHIYHBIX CICTAM, sKis YTBOpaHbl 3 AByX menay. CymapHas
BAJICHTHACLb 3HELIHIX 1 YHYTpaHBIX CyBsI3e€H TakiX CiCTAM poyHa macmi. Y Ooibluacii
CICTOM yHYyTpaHas CyBs3b JBYXBJICHTHAs — LBUIIHAPBIYHBI MIApHIp a0o0 cii3rajibHae
37y4YsHHE. Y TaKiM BBINAJKY aryjibHas BaJICHTHACIh 3HEUIHIX CyBs3eil poyHa yaTeipoM. Y
CTaTblYHA BbI3HAYAJBHBIX CICTAMAX, SKisl TYT paslIsalollla, MardbIMbl J[Ba BapbISIHTHI
pa3MepKaBaHHs BaJICHTHACII 3HEUIHIX CyBs3eil mamiK menami. Y nepusbim BapbISHIE HA
KOKHae IIeJla HakIaJ3€Ha JBYXBAJCHTHAas CiCTAMa CyBA3€il; raTa MOrylb ObIIb J13BE
OpOCThISL CyBsi3l a00 ajgHa JBYXBaJEHTHas. Y Opyeim — aJHO IleJla 3amallaBaHa 3
JanaMoraii TpOXBaJIeHTHAl CICTAMBI CyBs3el, Ha JpYyroe HakJIaJ3eHa ajJHa MpocTas
CyBs3b. Y allOIIHIM BapbIsHIIE A3€SHHE HArpyski, NMpBIKIaJ3€Hail Ja mepliara Lena, He
pacmnaycro/KBaelia Ha Ipyroe. bosbin ckiaianpiM 3’ Syyseria aHajii3 payHaBari CicToM,
KISl HaJIeXKallb J1a Teplara BapbIsTHTa.

Ipbikaang 1. MexaniuHas cicToMa 1 Harpy3ki Ha sie makazaHbl Ha PBICYHKY 10.
BrI3HaubInb p3akiibli 3HEMHIX cyBs3en 4 1 B.

Pawpnne. SIx 6aubiM, Ha KOXXHYIO YacTKy C M
CICTOMBI HaKIJIaJ3€HbI ABYXBAJICHTHBIS CyBs3i A, B. y —é__—é D
Tamy sHa apgHoOciNLla Jda TMepuiara BapbIsTHTA afp —ode ap— ]
pa3MepKaBaHHs BaJCHTHACIII CyBSI3EH. E B

Buiznausnne X ,. IlaHiDkaeMm aBlI€HTHacllb ‘f)é A
cyBssi A (peic. 11, a). ATpeiMiiBaeM Mexanism 3 A X
aqHOM cTyneHHo cBaboapl. Hamamo mapuipy A’

MardpiMae nepamsirddHae Os,. Taabl Ipyri KaHel Puic. 10

crpeokas  A'C — yrynka C —  arpbiMae

nepamsIraIHHe O (yTy/IKa MoXa ciisraip na ctpbbkHio CD). Tlakonski ds. || &, TO

3aKJII0YaeM, IITO MardbiMae MepaMsiIudHHe Yc€i JieBail yacTKi CICTAMBI MacTylalbHae,

Tamy &, = &, = o5, . IIpsl r3ThIM IpaBas yactka BC 3acTaenia Hepyxomail. 3amicBaeM

ypayuenne: X ,0s , + Fsinods; =0. Anctons X, +Fsina=01 X, =—Fsino.
Buisnausnne Y, . IlaHi>kaeM BaJleHTHaclLlb CyBsI31 A4, SIK I1aKa3aHa Ha PbICYHKY 11, 6.

VY aTpeiMaHbIM MeXxaHi3Me a0cajloTHae MarybiMae IepamsInysHHe mnpaBail yactki BC
CICTOMBI BspYalbHAae Bakoy IPHTpa B, neBait A”C — ckiaganae. ANOIHAA Moxa ¥
NEepaHOCHBIM TepaMsIIYdHHI MMaBapoyBallla pa3aM 3 IMpaBail 4acTKail Bakoj MyHKTa B i
a/lHa4acoBa MepaMsiIyalia nacTynajibHa; Ipbl ITEIM yTyika C y aTHOCHBIM PyXy cii3rae
ynpasa na crpepkHIO CD. 3a He3ajlieXHae MardbIMac IMepaMsIIudHHE MPbIMAEM BYraj

naBapory O@. CyBsi3p IaMiX aJHOCHBIM MardeIMbIM IEpaMSIIYPHHEM &, 1 0@
yCTaHaBJIiBae€M, aHATI3yIO4bl II€paMAIIUSHHI mapHipa A", [Id AKora BAJIOMBI HAaIpaMKi
agHOCHara Os ), IepaHocHara Osy i abcamroTHara 83, IEpaMAIIYSHHSIY i CHpaBsITiBa
3QJICKHACIIB! Os » =05 +05 ). Ha  poicyHKy 11, 6 o5y LA'B,

ds'y =8s, =85 sinfB = A”Bsin 8¢ . 3amicBaem ypayHeHHe pabor:
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MB(YA)6@+MB(]3)6(p+Fsin0c85E - Mdp=0
abo

(YAa+Fcosoc%JrFsinocsinBA"B—Mj&p:0

AJICIOIb 3HAXOI3IM:
Y, = l[M —Fcosoc%— F sin asin BA”B].
a

Buvisnausnne X , . IlaHbkaeM BaleHTHACLb CyBs3i B

(peic. 11, B). AHaui3 aTppIMaHara MexaHi3ma fakasBae,
TO  Sro  mpaBasg  4acTka  B’C aTpbIMIliBae
nacTynajibHae MardbiMae TepamsIIydHHe (ITaKoJIbKI

&, |l&.), a neas 3actaeuna Hepyxomai. Tamy
3HEIIHIS CUTbI PaboThl HE BHIKOHBAIOIL 1 YpayHEHHE
pabor 3amicBaenua y BeITIIA3e X 505, =0, aakyib
X;=0.

Buisnausune Y,. ATpBIMaHBI acs

nepayTBap HHsS CyBsi3i B MeXaHi3M I1aKa3aHbl Ha
peicyHKy 11, r. MarysiMae nepamsIiysHHeE S0 JeBai
vacki AC — maBapoT BakoJ IpHTpa A; npasas B'C
MO’Ka BBIKOHBAllb CKJIAJaHbl pPyX: BspYaJIbHbI
MepaHOCHBI pa3aM 3 JIeBail yacTKal BaKoJ IPHTpa A4 1
nacTymnajabHBl aJHOCHA JieBail uacTki. [Ipsl TaThIM
ctpebkanb CD cnizrae rapei3antaibHa Ba YTyausl C.
3a He3aJe)KHae MaryblMae NepaMsAIIYdHHE IPbIMacM Poc. 11
d¢. Tanmpl mepaHocHae MardbIMae MepaMsLIYIHHE

&5 = AB” ¢ . PackianBaeM sro Ha abcamorHae o ., HEPICHIBIKYISPHAS 1a CyBsi3i B'B, , i
aJHOCHae 5 ., mapanenbHae na crpebkHs CD (pbic. 11, r). Ha mpaBylo yacTKy CiCTOMBI
J3efHIYaonp plakupld Y, 1 mapa M, sKis Ha s€ aJHOCHBIM TapbI3aHTAJIbHBIM
nepaMsIIIdHHI paboThl HE BBIKOHBAIONb. TaMmy YpayHeHHEe paboT 3amicBaeM TOJIbKI Ha
IEpaHOCHBIM IEepaMsAIIY3HHI ycel cicTambl: M, (17 f )6(p+M6(p+M 4 (]3 )S(p: 0 abo

(YBa+M+Fc0sa%—Fsina%]§(p:0. Agncrons Y, :[fsina—%cosa]F—M/a.
a

Ipsikaan 2. MexaniyHas cicTaMa i Harpy3ka Ha sie
nmaka3aHbl Ha pbICyHKY 12. HeabxomgHa BBI3HAYBIIb
paakibli cyBsizelt 4 1 B.
Buiznausune X ,. IlaHixaeMm BaJleHTHaclb CyBsi3i B 1y

(peic 13, a). Y aTppIMaHBIM MEXaHI3Me
neBas dyactka B'C  Moxka 3034HCHALG  IJIOCKAe CM

nepaMsIIY3HHE BaKOJI IMTHEHHara IpHTpa P, npaBas AE
— mactynajibHae Y310y Hamnpamky FEA. Ilpeimem y
sKaclli He3aJIe)KHara ByrjlaBoe Mardbimae

SY
&

Puwic. 12

nepaMsIIudHHEE d¢. 3amimaM ypayHeHHe pabot: M, ()? 3 )6(p+M8(p—F sinods, =0. 3
yrikam &, =&, =O@-PC  arpeivaeM: (X, - BP+M — Fsino.- PC)3@=0, amkymb

Xz =——(FsinaPC-M).

’
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Buiznausune Y,. IlepayTBapaeM cyBs3b B (pbIc
13, 6). Jleas wyacTka aTpbpIMIiBaC MardbMacib
II0CKara rnepamsIirydHHs 3 LIPHTPaM NaBapoTy P, sfKki
cymanae 3 nmyHktam C, mpaBas MOXKa IMepamsiirgariia
nacTynajibHa. 3a He3alieKHae IpbIMAaeM BYIJIaBOE
nepamsrgdHHe O@. [lakonbki HepyXoMbl MyHKT C
HajexbIb 1 cTpebkHIO CEA, TO amomHi Takcama
Oyz3e 3acraBaliia HepyXoMbIM. PaboTy BBIKOHBAIOLb
TOJIbKI CUIBI, TPBIKIAI3EHbIS Ja JieBara CTPBIKHS.
YpayHeHnne pabort Mae BBITJIA;
M (Y, Bo-Mdp=0, ambo (¥, B'C—M)sg=0,
ankyms Y, =M/B’C.
Buisnausnne R,. TlanikaeM BaJleHTHacllb
ciisranbHal 3aManoyki 4. ATpeIMITIIBaeM IMaIBOHHYIO
chisraneHyo 3amanoyky A4  (peic. 13, B). Jleas
yacTKa yTBOpaHara MexaHi3Ma Moxka MaBapoyBallia
BaKoJ IPHTpa A, mpaBas 3707bHA 3I3SUCHSIB
CKJIQJIaHbl PyX: MacTyHalbHbl ¥ HANpaMKy piIakibIi
R, i agHocHBI ¥310¥% yuactka EA”. 3a HezanexHae
MaryeiMae IepaMsIIudHHE TpbIMeM abcalroTHae
nepamsAmydHHE  OS.. SIHO packmagBaenua Ha
nepaHocHae Osg =0s;, =05 =05, cosol 1 agHOCHae
Os;. = dsp = s sinoL; MardsiMae BYTJIaBOE
nepamsirddHae cTpbbkHs BC poyHa 0@ =0s./BC.
3amicBaemM ypayHeHe pabor: Perc. 13
M- Fsinadsy, — F cosadsy, + R8s = 0ans00
(M/BC—Fsin2 a—Fcos’a+R, cosoc)BsC =0; anrotyms R, =(F —M/BC)/cosa.
Buvisnausnne M . IlepaytBapaeM cyBsi3b A § 4” (pwic. 13, r). Tagsl 3BeHHI MexaHi3Ma

aTpBIMIIIBaIOIb a0CAIOTHBIS MApaMSIIY3HHI: JEBbl — BsipYajbHAae BaKOJ LPHTPA A, IPaBhI
— IUIOCKae BaKoJ IMTHeHHara IPHTpa P. VY sKacli He3ajexHara wardpimara
nepaMsIIydHHs npbiMaeM O@. Jlns arynpHara mapHipa C BiZaBOYHBI 3aJIeKHACIII:

dsc =09 BC 1 0s. =0¢-CP, ankyns 8¢, -BC=0¢-CP i S(plzg—g&p. Cxiragaem

_ P -
ypayHeHHe padotr: MOQ, —MP(F)S(p—MAS(p: 0 amsb0 MB—S—MP (F)—MA p=0.
Anratyns 3Haxom3iM: M, = Z—gM -M, (F )

AHaJIi3 CKJIAIaHBIX CICTIM 3 aIHABAJICHTHAH YHYTPaHall CyBA33I0.

Sk panel an3Hayanacs, CyMapHas BaJCHTHACLlb CYyBS3€H, HAKJIAA3€HBIX Ha
MEXaHIYHYIO CiCTAMY, IITO YTBOpaHa 3 JABYX IIeJl, poyHa macii. Tamy mpbl aJHaBaJIeHTHA
YHyTpaHail CyBsi31 BaJICHTHACIb 3HEIIHSH CICTAMBI CyBsi3edl poyHa msi. [Ipel raThiM
MaryeIMbl TOJBKI a/I31H BapBISHT pa3MEpKaBaHHS s€ BAJICHTHACICH MaMiX Iiefami: aJHO
1esa 3 AByXBAJICHTHAM CICTIMal CyBsI3eH, APyroe — 3 TPOXBAJICHTHAM.
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Ipsikaax 1. MexaHiuHas cicTaoMa 1 Harpyska
MaKazaHbl Ha PBICYHKY 14. YHyTpaHasi CyBsi3b ysyisie
ca0oro HeHarpyaHsl cTpsikanb C,C, . 3HalicIl pIaKibli
X, , M, X;.

Buisnausune X ,. Ilanbkaem BaleHTHaclb CyBsi3l A
(ppic. 15, a). Tlacna raTara jeBbl CTPBDKAHBb aTPHIMITIBAC
MaryeiMae rapbl3aHTaabHAe nacTymnaibHae
nepaMsIIydHHe, TpaBbl —  BepThIKalbHae. 3a
He3aJe)KHae MardbIMae MepaMsIrddHHe MpbiMaeM s . .

3amicBaemM ypayHeHHe pabor:
X 0 ,+Fcosads, =0.

PC PC
[Makombki TyT &8s, =085, =—=208s,. =—=3s ,,
YT OSp &~ p C G~ p C, A
P
TO X ,+ Fcoso . s =0, aJIKyJh
1
X ,=—Fcosa.PC,/PC, .
Buisnausune M ,.  3amsaHSAEM  JKOPCTKYIO

3aMaroyKy 4 Ha HEpyXOMbl LBUIIHAPBIYHBI IMIAPHIpP
(pwic. 15, 6). Y aTpbIMaHbIM MeXaHi3Me CTpbLKaHb 4'C,

MO’Ka I1aBapoyBalllla BAaKOJd HepyxoMmara LpHTpa A’,
crppikaib  BC, — 3I34HCHALbL  BEPTHIKAIBHEI
nacTynajabHbI pyX, a cyBsizb C,C, — IUIOCKI pyX BakoJl

IMrHeHHara IPHTpa P. 3a He3aliexXHae MardybiMae
nepaMsIIYdHHE MpbIMaeM Jd¢. YpayHeHHE paboT Mmae

BBITJIS M 690+ Mép—F cosads, =0. Tyt
PC PC,-A"C
ds, =85, =—28s, =—=2—1L8¢. Kanuarkosa
2T pc, 9 PG
3Haxom3iM: M :MFCOSOL—M.
PC,

Buisnausnne X ;. IlaHikaeM BaJleHTHACllb CyBs31
B (pwic. 15, B). ¥V aTtpbeiMaHail cictame cTpbbkadb AC,
HepyxoMbl. CyBa3p C,C, MOXka IaBapoyYBallla BaKOJ

IPHTpa C,, a crpbikadb C,B’ BHIKOHBAE MACTYNAIbHbI A =
pyx (MaKoNbKi cyBs3p B He jamyckae maBapoty). Pa6ory F
MOTYIIb BBIKOHBAIlb TOJBKI CiIbI, MPBIKIAA3EHBIT J1a D E
pyxoMmai mpaBai 4acTKi CICTAMBL. Y SKacIll He3alie)kHara &
MarypiMara IMepaMsAIIYdHHS I[IPBIMaeM d?cz. 3amicBaemM ’J;f x 2 6\ B

ypayHEHHE pabor:

. o Puwic. 16
Fsinoads, +Fcosads), — X 3055 =0. Iaxcraynsem

CIOJIBI 8sy =8sp = 8sé(2 =ds, -sinf, 8s) = 8ng = s, cosP. ATpeiMITiBaeM:

(Fsino-sinB+ F cosocos— X, sin[3)85c2 =0, ankymb X, = F cos(o.—)/sinB.
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Mpbikaax 2. JlagzeHa wexaHI4Has cicTAIMAa,
yHyTpaHas cyBsi3b C y SKOH ysyisie caboro maaBoiHYyIO
CI3rajbHyI0 3aManoyky (peic. 16). 3Haiicui pIakibli
cyBssed X ,, X,, M,.

Buisnausnne X ,. IlaHikaeM BaJleHTHACllb CYBs31
A (poic. 17, a). AHaii3 cyBs3eil aTppIMaHara MexaHizmMa
nakaspae, uTo sro Jjesag uactka A'C  Moxa
nepaMsIyania MacTynajlibHa, a TMpaBas 3acTaelia
Hepyxomai. [IpeiMem y sKacIii He3aje)kHara Mardybimae
nepamsimudHHe  Os .. CkilamaeM ypayHeHHe paboT:
X 0s y+Fsinads, =0. Tyr ds,=0s,. Tamy
(X, +Fsina)ds , =0; agratyms X, = —Fsina.

Buisnausune X ,. llepayTBapaeM XOPCTKYIO
3amMalloyky B y cmisraneayio B’ (peic. 17, 6). ¥V
aTpbIMaHaii ~ cicToMe  mpaBas ~ YacTka  MOXKa
nepamMsIyania nacTynaibHa, JieBag — Hepyxomas. 3a
He3aJIe)KHAe MardbIMae MepaMsIrddHHe MpbIMaeM OS . .

3amicBaeM ypayHeHHe paboT: X z0sy =0. Anratyms
XB =0. Puic. 17

Buisnausnne M ;. IlanbxaeM BasieHTHacb CyBsi3i B (pbic. 17, B). JleBas 1 npaBast yacTki

aTpeIMaHall CicTOMBI MOTYIIb NaBApOYBAIlllAa BAKOJI HEPYXOMBIX IPHTpay A i B”. Hsxaii
0@ — He3ane)kHe MardbiMae mepamsirddHHe. [lakonbki cyBs3b C BBIKIIIOYAE Y3aEMHBI

IaBapoT YacTaK CITAMBL, TO O, = 0@, I.3H. MardbIMbIs BYIJIaBbIA MEPaMSLIYdHHI IS
npaBaii 1 IeBail 4acTak CiCTAMBI a/IHOJIbKABBI. YpayHEeHHe paboT 3amicBaelliia ¥ BhITIIsA3e:
(M +M o (Fy)-M - M ,(F, Jop=0.

Anratyns 3Haxom3im: M, = M + M (F1 )— M . (Fz)

3akia0udHHE.

VY aprykyne maka3zaHa MardeIMacib MPBIMSHEHHS aryjibHara ypayHEHHS CTaThIKi Ja
aHaJlizy payHaBari pacmaycio/pkaHara ThIy MEXaHIUHBIX CICTAM, SKifg TpaibIbliiHa
Jacienyrona 3 JanaMorai ypayHeHHsY TeaMeTpblYHai CTaThiki. MeETOobIKa pammHHS
3a1a4 naapals3Ha MpaillocTpaBaHa Ha CsIMi MPBIKIIAAAX, KOXKHBI 3 SKIX MOXa YCIphIMaIiia
ayranomHa. Kosia 3akpaHyThIX TyT TBITaHHSY ajnaBsjae ByuydOHaW mparpame TIXHIYHAM
BHY. Bpmiki paboTsl AacTynmHbl JUIs  YKapaHeHHS Y ByYsOHBI mpaipc 1ma
aryJbHATIXHIYHBIX JABICIBITIIIHAX.
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