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IMPUMEP PACYETA PAMBI METOJIOM INEPEMEIIE-
HUU

3ajaHa CTaTUYEeCKM HeompeneamMMmasa paMa (pUCYHOK 1), y KOTO-
poitl=4wm;h=3wma=12 k=07 P=24 xH; q =13 xH/m.
TpebyeTca HMOCTPOUTH IMIOPBI M3TMOAIOIMX MOMEHTOB M, momeped-
HBIX @ ¥ IPOJOJIbHBIX cuyl N; BBINOJHUTE HEOOXONMMEBIE TPOBEPKIL.
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Pucynox 1

OmnpejesieHnie KojamdecTBa HENM3BECTHBIX. BBIUNMCINM Ccmenens
KuHemamuueckolu nHeonpedeaumocmu 1o opmymae: n = ny + n, rie
Ny — YMCJIO HEM3BECTHBIX YIJIOB IIOBOPOTA Y3JIOB; My — YMCJIO HEU3-
BECTHBIX HE3aBJCHMBIX JIMHENHBIX IIepeMelle Nl y3JI0B.

3aZlaHHasA CHUCTeMa MMeeT OJVH JKeCTKMiI y3eJl, I0dTOMYy My, = 1.
Is BbIUMCIIEHUA N, IpeodpadyeM paMy B IIapHUPHYIO cxeMmy (pu-
CYHOK 2) M OIpefiesIM HMCJIO ee cTelleHelt cBoboxme! (LI = 7 — wuucJio
IIPOCTBIX MIAPHMPOB; K = 2 — 4McJI0 3aMKHYTBHIX KOHTYPOB):

wte=1I-3K=7-3-2=1

CnemoBaresbHO, N, =
IMMapHupHas cxeMma IIpeACTaBJIAET
coboiT TreoMeTpPUYECKM WU3MEHAEMYIO
OlapHupHass ~ CUCTEMY C OJHOM CTEIeHbIO CBOOOIBI,
cxXeMa  TOYKM KOTOPOI MOTYT CBOOOIHO IBU-
TaTbCA II0 TOPUI30OHTAJIN.
Pucynox 2 CTeneHb KUHEMaTUYECKON HeoIl-
pememmocTu n =1+ 1 = 2.

Brioop HemsBecTHbIX. IIon nelicTBMEM HArpy3KUM 3aJaHHAA CUC-
TeMa JedopMupyeTcsd, ee sKeCcTKMI y3es K MmoBopauMBaeTcs Ha YIroJi
Zy, a y3aul B, K, C cmeIaiTcA 0 TOPU30HTAJM HA ONHY U TY Ke
BeJIMUNHY Zo (pucyHok 3). Ilepementennsa Z;, Z; 0ynyT HEM3BECTHBI-
MM MeToJia IlepeMelleHNI.

PdopMupoBaHIIe OCHOBHOII cucteMbl. BBOAVM ILJIaBAIOIIYIO 3a-
IenKy (ces3b 1) B 3KeCTKUIT y3eJ paMbl ¥ TOPU30HTAJbHBIN OMOPHBIN
CTepsKeHb (c8a3b 2). JJ1A KOMIIeHcalMy NOIOJHUTEJIbHBIX CBA3el
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OCHOBHOJ cHUCTeMe HeoOXOAMMO IPUIATh YroJ II0BOpOTa Z; U JiM-
HeltHoe cMellleHue Z,, UMeIecs B 3aJaHHOM cucTteMe (PUCYHOK 4).
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3amuch cucTeMbl KAHOHMYECKUX ypaBHeHUil. Pama 51Ba pasa Ku-
HEMaTUYeCK! HeOIpeJesMMa, 3HAUUT, OyJeT IBa YpaBHEHU:
T11Z1 + ’I"12Z2 + Rlp = 0,

To1Zy t T99Zsy + Ry, = 0,

rme Z; — HeU3BECTHOe IIepeMellleHre II0 HaIIpaBJeHUIO {-0/f BBe-
JleHHO}t CBA3M; Ty — peaKuMsa B 1-Of CBA3M OT eIVHMYHOTO IlepeMe-
II[eHNs j-0if ¢BA3K; R;, — peaKIms (-0l CBA3M OT BHEIIHe) Harpy3KIu.

OTtmeTum, 4TO 711, Ti2, Rip IpencTaBiAroT coboit MOMEeHTHbIE pe-
aKLIuM CBA3M 1; 191, T2, Rop— cuiosble pearium ceasu 2. Ilpu sTom
T; ABJIFAIOTCS [JIaBHBIMU €IVHMYHBIMM PeakuuAMM; 7 (¢ # j) — Io-
OOuUHBIMU, T35 = Tj;

ITocTpoenne smiop u3rndamIMX MOMEHTOB. PaccmarpuBaem ne-
popMMpoBaHME OCHOBHOI CHCTEMBI B pe3yJibTaTe II0BOPOTa CBA3M 1
Ha enuHUIy (pUCYHOK 5). Vicrmonb3ysd Tabauilbl, CTPOUM eOMHUYHYIO
amopy marmbarommx MoMmeHTOB M. Cpa3y ke oTMedaeM 3HadeHNUeE

OIIOPHOM peaKLuy B HeCMeIarllelicsa 3alelke.
www.mechanika.org.ru
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Uccnenyem nedopMupoBaHMe OCHOBHOM CHUCTeMBl B pe3yJbTaTe
eIVHMYHOIO TOPM30HTAJIBHOTQ IlepeMelleHns cBA3U 2 (PUCYHOK 6).
Crpoum enuununyio amwopy M,. OTMedaeM 3Ha4YeHNA OIOPHBIX pe-
aKLMiI B HECMEIIAOIMXCA 3afelIKax.

4KkEJ
h 3EJ
Cocrosinue al
«1» 2kEJ @
6kEJ R4
al h_3—>§/ h
1
Pucysnok 5
1 6kEJ
h2
EJ
CocrosiHne
«2» 3kEJ é 12kEJ @
3 - 3
al skES < e "
hZ hZ

Pucynox 6

IIpukmagpiBaeM K OCHOBHOM CHUCTEME TOJIbKO BHEIIIHIOK HArpy3Ky
(pucynor 7). Ilomp3ysch TabauiiamMu, OJA OTHAEJBHBIX CTATUYECKU
HEOIIPEeIeNIMMBIX 0aJIOK CTPOMM BHIIOPbl M3TMOAIIMX MOMEHTOB.
M306pas3uB ux Ha obuiei 6ase, mosydaem smwopy M.
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Pucynox 7

BrruncieHne eIMHUYHBIX U IPy30BBIX peakmuii. B coorBeTcTBUNM
C TUIAMM PeaKluil ompenesideM MX IBYMdA crocobaMy: MOMEHTHBIE
peaxnuy BbIpe3aHMEM y3Ja, CUJIOBble — OTCEUYEeHMEM paMbl OT OIOP.
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Onpedenenue momenmuwvlx peakyuu. Haiimem pearimm 71, 712,
Ry, 1-0it BBe#eHHON cBA3M OT IepeMellleHmit Z, = 1, Zy = 1 u or
BHEIIIHEe! Harpys3kKu. JJis 9TOro BBIPEIKEM SKECTKUI y3eJl C paccMaT-
PUBAEMOIl CBA3BI0 B PAl3JIMYHBIX COCTOAHUAX (PUCYHOK 8) m pac-
CMOTPUM ero paBHOBecme. Kasknbplii pa3 0yZeM COCTaBJAThH ypaBHE-
Hue > M Y™ = 0 u BbIpaskaTb 13 HETO MCKOMYIO PEeaKIMIO.

Ceasv 1 Censv 1 Ceasv 1
Cocrosanane

Cocrosanne 7‘12 CocrosiHne Rlp
«1» . ‘\1 «2» , "'\V «p» , "'\V
3EJ I I 9
T Nk AL g\ A 3Pl
h

h2 12
Pucynox 8
_ 3EJ (3EJ , 4kEJ _ 3EJ , 3EJ  4-07EJ _ EJ .
T11 i + 2 + 7 4 +1’2'4+ 3 2,30833 v
= — Gl}ifzﬂ - _ 6'(;,;”” = —0,46667 2 ;
M
S99 5133 904 1o, o .
Rip 1o 39 Pal 12 39 24-12-4 22,60 kH - ™.
Onpedenenue cunosvix peaxyutl. Halimem pearumm i, Toa, Rop
2-71 BBEJIEHHO CBA3M OT Iepemelnenuit Z; = 1, Z, = 1 u oT BHeIl-

Hell HArpys3ku. [lJisg BTOro oTceueM pamy OT OIOP M PacCMOTPUM ee
paBHOBeCcUEe B Pa3JIMYHBIX COCTOAHUAX (pucyHok 9). Bymem cocras-
JISITh ypaBHEHME MPOEKIMI Ha TOPU30HTAJbHYIO 0Cb 2.Z = (0 M BbI-
paskaThb U3 HETO UCKOMYIO PEaKIIO.

To1 =— GkE;J -5 0,;7EJ = —0,46667E—‘2I§
h 3 M
vy = SKEJ | 12KEJ _ 3-07E]  12-00B] _ 35059 BT
h h 3 M
_gh - _9h_ 133 _ :
. Ryp 5 qgh 5 5 19,50 kH - m.

IIpoanammuaupoBaB IOJIydeHHble 3HauYeHMdA, ydOerxaaeMcs, HTO
IJIaBHbIE eIMHUYHbLIE PEaKIMM [T0JIOMKUTEJbHBI, a AJA IT00O0YHbIX BBI-
IIOJIHAETCSA YCJIOBME B3AMMHOCTU T1p = To.
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Ceasv 2
Cocrosanue
«1»

Ceasv 2
Cocrosanne
«2»

Pucysnok 9
Penrenne cucrembl KaHOHMYEeCKUX ypaBHeHuii. IloncraBuMm Haii-

JeHHble 3HA4YeHMs eIVHUYHBIX U TPY30BBIX PEaKIMll B CUCTEMY Ka-
HOHMYECKUX yPaBHEHUIL:

2,30833 EJ-Z1 — 0,46667 EJ-Zy— 22,65 = 0;
—0,46667 EJ-Z, + 0,38889 EJ-Z,—19,50 = 0.
Perus CucremMy, HaﬁﬂeM HelM3BeCTHbIE IlepeMelIeHNA
Z, = 26,34 L (xH - ™%); Z, = 81,752 (xH - »°).

3amMeTuM, 4YTO Z; ABJISAETCA YIJIOM TIOBOPOTa, Z; — TOPU30HTAJb-
HBIM IlepeMelleHeM.
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IHocTpoenue OKOHYATEeJILHOI 19,76
BIIOPHI N3TUOAIOIIUX MOMEHTOB. ] 1235 4,12
YMHOKaeM OpAMHATHI eIUHUY- 9453 W
HbIX DSIIIOP Ha HaliJleHHble 3HaYe- ’ 16,46
HUA TlepeMelleHunii Z,, Zs;, BbIUNUC- 6,15 @
JIieM OpAMHATBEI T'PY30BOM BIIOPHI é\
" 12,29 [xH- u]
B OCHOBHOI cucTeMe (pucyHok 10).
OpzanHaTe OKOHYAaTeJIbHOI 38,15
smtopsl M Haxonum 1o cgopmyJe:
M =M,Z, + MyZy + M,,. é (M.2)
19,08 38,15 [kH - M]
Oniopa M3rMOAIMX MOMEHTOB 39,40
NOKa3aHa Ha pucyHke 11. ’ 450 20,70

9,75 L

;4,88

19,08

9,75 4 [KH - m]
Pucynox 10
19,76
15,94
3,82
5,37
1,27 s 16,85 24,82
= Iy
& ) ()
35,61 [xH - m]
Pucynox 11

IIpoBepka smiopel M. Cmamuueckas nposepxa.

S

19,76 U 15,94

3,82

Pucynok 12

a) IIpogepkxa pasHosecusi Y3.08. BripezaeMm
JKEeCTKUIT y3eJs paMbl (pucyHOK 12) m paccmart-
pMBaeM ero paBHOBECHE, COCTaBJAA ypaBHEHUE
M = (:

19,76 — 15,94 — 3,82 = 0.

IIpoBepka BeITIONIHAETCA.

0) IIposepxa opournam. JIJaA ydacCTKOB, 3aTPY’KEHHBIX B IIPOJIETE
BHEIIIHell Harpy3KoOl, OOJOKHBI BBINOJHATHCA YCJOBUA pPaBEHCTBA
CYMM XapaKTepHbIX OpPAMHAT M UX JOINOJHEHUN COOTBETCTBYIOLIVM
0aJI0YHBIM OPAVHATAM.

Aposas A. B.
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Brmonnaem npoBepky opauHaT. 18 y4acTKOB € IBYMs COCPEJO-
TOYEHHBIMM CMUJIAMM ¥ PacIpelieIeHHO HarpysKoll BbIOMpaeM cOOT-
BeTCTBYIOIVe O0asky (pucyHOK 13, a, 0), MMeloIe TOT Ke IPOoJeT U
CXeMy Harpy:sKeHN.

a) i
P q :
Loy g Wg M?
al/y al/2 | al/s :
M° 2
: H
[xH M] [xH-m] 14,63(qh’/8)
280 28,80
(Pal/4) o
15,94 m,=11,95 T
M Tl My~ 5,98 M
[xH-M] \LUMMW [xH- M) :
1685 24,82
Pucynox 13

Onpenem/na OTIOpHBIE pPeakIuy, CTPOUM OaJIOYHbIe SIIOPBI MOMEH-
toB M°. (Pacuers! mo mocTpoenmio M° He mpuBOmMM 1M3-3a MX IIpO-
crothl). Hmxe wmaoOpaskaeM B5IIOPbI M3rUOAIONIMX MOMEHTOB JJIA
paccMaTpMBaEMbIX YYaCTKOB, B3ATble M3 OKOHYATEJBbHON SIOpel M
(cm. pucyHox 11).

Coenuusaem kpaliHue opAuHATBEI dI0p M HOpAMBIMM JMHUAMU U
HAaXOAMM M3 TOZOOMA TPeyroJIbHMKOB JOIIOJHUTEJbHbIE OPAVHATHI
(Ha pucyHke 13 oHM IOKa3aHbI IIYHKTUPOM):

m; = 31594= 11,95 kH M; my = 11594 = 3,98 kH -
my; = 1(35,61-3,82)= 15,90 xkH - m.

Breruncasem cymmbl opaunat smop M Y COOTBETCTBYIOIMX JIO-
TTOJIHEHWIE, CPaBHMBAEM 1X ¢ opauHaTamy MC. JIJa mepBoit Smopsl

m; + 16,85 = 11,95 + 16,85 = 28,80 kH - m;
my + 24,82 = 3,98 + 24,82 = 28,80 xH - m.
L1 BTOpPOI 3MMI0PHI
ms — 1,27 = 15,90 — 1,27 = 14,63 kH - m.
Ilosmyuyennble 3HAYEHNMA COBMIAJZAIOT C COOTBETCTBYIOIIMMY XapaK-

TEepPHBIMM OpJMHATaMM OaJIOYHOI SIIPHI MOMEHTOB, IIPOBEPKA BBI-
MIOJTHAETCH.

Aposas A. B. www.mechanika.org.ru




8 TIpumep pacuema pamvl MemoOoM nepemelyeHull

Hepopmayuonnas npoeepxa. UYUrTodbl OKOHYATEIHHO
yO0enuTbca B NPaBUJIBHOCTM IIOCTPOEHMA BIOPHI M, BBIIOJIHAEM He-
popmanmonryo npoBepky. OHa IHpPOBOAMTCA TaK »Ke, Kak M IIpuU
pacdeTe paM METONOM CWJI: BBINMCJAETCA YCJIOBHOE CyMMapHoOe Ie-
pewmerenve Asp TMePeMHOKEHMEM OKOHYATe IBHO Bmoper M n cym-
MAapHOI1 eJIMHIYHO} S0Pl METoNa CUJL SHadYeHye Ay, MOJKHO PaB-
HATbCHA HYJIO:

rme Mg — cymMMapHad eIVHUYHAsA 3II0pa U3IMOAOIMMX MOMEHTOB,
MIOCTPOEHHAA JIJIA OCHOBHOI CHUCTEMBI METOJA CIJL

Brruncasem creneHb CTaTUYECKOV HEOIPENEeIMMOCTM 3aJIaHHO
cucTteMbl (cM. pucyHOK 1) o dopmysne s = 3K — I =3 -2 — 3 = 3.
dopMmupyeM OCHOBHYIO CHUCTEMY MeETOJa CWUJI, paccekas pamy B
IapHUpe U oTOpachlBad ONOPHBIN CTepskeHb. 1A KOMIIeHCAIMy OT-
OpOIlleHHBIX CBA3€) BBOAMM TPU HEM3BeCTHBIX ycuund Xi, X, Xs.

Hanee paccMaTpuBaeM CYMMapHOE BO3JIE/ICTBME Ha OCHOBHYIO
cucteMy eAMHMYHBIX cua X; = 1, X, = 1, X3 = 1, X, = 1 (pucyHox
14, a) u cTpoum amopy MS (pucynmc 14, 6)

a)

A

LLEJ al,EJ T
X, =1 X,=1
= =
o - OcHoBHasA
< < cucrema

MEeTOJa CUJI

6) 40 08

3,0
Pucynox 14

BeruncnsieM Agp :

h
Agp 6kEJ2 19,083 6EJ( 2-19,76 - 4)

h

+ - . 08—4- . +

6kEJ( 35,61-3,8+3,82-0,8-4-1,27-2,3)
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al
_9. . . .96 — . . +
T 6EJ( 2-1594-48+2-16,85-3,6 —15,94-3,6 + 16,85 - 4,8)

+
5. 6EJ(2 16,85-3,6+2-2482-12+16,85-1,2 + 24,82 3,6)

al _ 1 _ 0,022
4-6EJ2 24,8212 EJ (209,869 —209,847) B

ITosryuyeHHada BesmumHA Ag, 0/M3Ka K HYJIO, T. €. Ae()OPMalMOH-
Hasd OpoBepKa BeInoJiHAeTcs. CjenoBaTesbHO, OKOHYATEbHAA JIII0Pa
M3TMOAOIINX MOMEHTOB IIOCTPOEHa BEPHO.

3ameuarue. BmecTo nedopMaIMOHHON MOMKHO BBIIIOJIHUTH YHU-

BEPCAJbHYIO IIPOBEPKY:
-
MM
Z! . JS dz = —(Ry, + Ryp),

rne Mg — cymMmapHasd eAMHMYHAsA SII0pa M3TUOaroIIMX MOMEHTOB B
OCHOBHOI1 cucTeMe MeToja mepemernenuit: Mg = M, + M, .

+

27,32
ITocTpoeHune >mIOpHI
momepeYHbIx cmia Q. 3.39
SH}Opa HOHepeHHbIX ARRRRRRREARSEAN
T 6.36

cun (pucysok 15) mo- 4,94
CTpOeHa TII0 TOTOBOI 20,68
3II0Ope MOMEHTOB. XOf
pacuera HUYEeM He OT-
JNYAeTCA OT PaccMOT-
peHHOro paHee mo me- 0,36
TOZY CUJL

[NRRARE) NANNA RN
2,51 m

32,64 [xH]

Pucysnok 15

IMocTpoenne smiopbl Q) 0)
npogoabHblx cuix N.  Vsexr B 49 Vzen K

Amiopy N crpoum 10 N N-c=0
TOTOBOJ BIIOpe @, pac- 6.36 | Ng ¢ B-K | 973

4,94
cMaTpuBas paBHOBeCHUe A r»
Y3JI0OB paMbl (PUCYHOK "
16). Ilo mnosy4YeHHBIM Ny g

IaHHBIM CTPOVMM BIIIOPY Pucynox 16
N (pucyHoxr 17).
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6,36

T

i B ®
H 4,94 32,26 [xH]
Pucynox 17

Cratuyeckast mpoBepka paBHoOBecus pambl. OTcedeM pamMy OT
OTIOp, B MeCTaX IOJIYYEHHBIX CEUEeHUI MPUJIOKUM BHYTPEHHUE CUJIbI
1 MOMEHTHI, B3ATbIe u3 amop M, @, N (pucyHox 18).

*P P* 20,68
©,
B l al/4  al/2  al/4
< g <
6,3% 19,08 32,64 \4)35,61
4,94 32,26
Pucynox 18

CoctaBuM ypaBHEHUA PABHOBECUA PaMBI:

> Z=0; 6,36 — 32,64 + gh = =39 + 13- 3 = 0;

DY =0; —4,94 + 32,26 + 20,68 — 2P = 48 — 2 - 24 = 0;

> Mg =0; 19,08 + 35,61 + 20,68( + al) + gh*/2 + 32,261 —
— 6,36k — 32,64h— P(l + al/4) — P(l + 3al/4) =
= 54,69 + 20,68(4 + 4,8) + 13- 3°/2 + 32,26 - 4 —
— 6,36 -3 — 32,64 -3 — 24(4 + 1,2) — 24(4 + 3,6) =
= 424,214 — 424,2 = 0,014 xH M.

TouHOCTb II0ACYEeTOB IIpreMJieMadd. Pama HaXO0IUTCA B pPaBHOBE-
Cuy, 3Ha49UT, paCHdeT BBIIIOJHEH BEPHO.
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