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KOHTPOJIbHBIE 3AJAHUA

CryneHTsl 3a04HOrO (paKyJbTeTa BBIMOJIHIIOT pacyeTHO-rpaduyeckoe 3aJaHue
10 KypCy CTPOUTEIBHON MEXaHUKHU B COOTBETCTBUH ¢ mmPppoM. [nudp onpenensercs
MO0 TpeM IMOCJIeTHUM LHu(paM HOMEpa 3adyeTHOM KHWXKU. Hampumep, HOMEp

sadeTkn 12345678. udp: 678. Torna nepsas nudpa mudpa 6, BTopas 7, TpeThs 8.

PacuetHo-rpadmyeckas pabora BBITONHIETCS B TETPAAiX WIA B OTYETaX
dbopmata A4. Ha TuTynpbHOM JHCTE pa3MmemaeTcss HH@PoOpMalus O CTYIEHTE,
BBITIOJTHAIONIEM paboTy. YepTexku cXeM, DSMHIOpP BBIMOJHAIOTCA KapaHJalloM ¢
MpUMEPHBIM coOMoieHneM MacmTaba. Ha uyeprekax AOMmKHBI OBITH TIOKA3aHbBI
OCHOBHBIE pa3Mephl, Ha dMIOpPax JOJDKHBI ObITh MMOCTABJICHBI XapaKTEPHBIC OPIUHATHI,

IIOKa3aHbl 3HAKH.



3amaya Ne 1
Pacuyer Hepa3pe3Hoi 0ankun
3amanue: Ui 3aJaHHON Oasku ¢ BbIOpaHHOU mo mmdpy u3 tadna. 1 u puc. 1
CXeMoOH, e€ pa3MepaMH U Harpy3kod TpeOyeTcsi MOCTPOUTH JMIOPHI M3THOAIOIINX
MOMEHTOB M TIONEPEYHBIX CUJI OT JEHUCTBUS IOCTOSIHHOM Harpy3k (HMCIOIb3Yys

YpaBHEHHS TPEX MOMEHTOB).

Meroauueckue ykas3aHUs

Petrenue 3a1aum MOKHO YCIIOBHO pa3OUTh Ha HTAlbl.

1. BeruucmisieTcst KOMMUECTBO JIMIIHUX CBsi3eit o ¢popmyne JI = 3K — I1I.

2. BeiOupaetcst ocHoBHas cuctema merona cuil (OCMC), kotopast mosrydaeTcst
IyTEeM BpE€3aHus LIAPHUPOB B OMOPHBIX C€UCHUAX. J(elicTBHE OTOPOIICHHBIX JKECTKUX
CBsA3€M 3aMeHseTCs Napodl MOJIOKUTEIbHBIX MOMEHTOB, H3rHOalomux OaiKy
BBITTYKJIOCThIO BHU3. JleliCTBHE OTOPOIICHHBIX KOHCOJEH 3aMEHSEeTCS MOMEHTaMH,
3HAYEHWE M 3HAaK KOTOPBIX OIPEACISIIOTCS U3 PACCMOTPEHUS PaBHOBECHS
KOHCOJIbHBIX 4YacTeil. 3aJelKyd 3aMEHSIOTCS HSKBUBAJICHTHBIMH CTEP’KHEBBIMU
OIIOpaAMH.

3. 3arem gns BeiOpanHoi OCMC ¢opmupyeTcss cucTeMa KaHOHUYECKHX
ypaBHeHuil. Kaxxnoe ypaBHEHUE IPEACTABISAECT CO00M ypaBHEHHE TPEX MOMEHTOB:

My aly +2My by + Ly + Mgl = —6EJAyp. (1)
Yucno ypaBHEHHHM TpEX MOMEHTOB PABHO YHCIYy IPOMEKYTOUHBIX OIOP OCHOBHOM
CUCTEMBI.

4. Jlna onpenesnieHUs: MpaBoOi 4acTU KaXKJIOIO YPaBHEHHS CTPOSATCS €AMHUYHAs
SIIOpA M DIIOpa M3rMOAIOIMUX MOMEHTOB M, B OCHOBHOM CHCTEME OT 3aJaHHOM
Harpy3KH.

5. llpaBasg 4acTh ypaBHEHHMs TPEX MOMEHTOB paBHa —6EJA.,, rae A, -
B3aMMHBIA yIroJl IOBOPOTA HA 7-M ONOpPE OT HAarpy3Ku B OCHOBHOM CHCTEME.

Bennunna A,,;, MOXkeT ObITh BhIYKMCIICHA 110 (hopmyse Mopa

A,=) %dx (2)
np ET
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C MCMOJB30BaHUEM crioco0a Bepelarnna st peieHus nHTerpana.

6. ITocne penieHust cucteMbl YpaBHEHUM, MOTYYEHHbIE 3HAYEHHSI HEU3BECTHBIX
HaJ0 00s3aTENIbHO TOJICTAaBUTh BO BCE YPaBHEHHUS U NPOBEPUTH MPABHIBHOCTH €€
peLIeHus.

7. Jlamee cTpoWTCS JIMHMSL ~ OMOPHBIX  MOMEHTOB M, Ha KOTOpOW
OTKJIJbIBAIOTCS] 3HAUCHHUSI MOMEHTOB, YYaCTBOBABIINX B CUCTEME YPAaBHECHUIA.

8. OkoHuaTenbHas dmopa M cTpOUTCs CIOXKEHHUEM 3Mopbl M, TOCTPOSHHOI
OT OIOPHBIX MOMEHTOB U 3IIOPbI M,

9. Kunemarmyeckas NPOBEPKA OCYIIECTBISIETCA IIyTEM IEPEMHOKEHHUS
OKOHYATENFHON JMIOpel M Ha «eAMHWYHBIE SMIOpe» M, 1o dopmyne Mopa c
UCIIOJIb30BaHUEM crioco0a Bepemaruna.

10. Dnropa nonepevHsbIX CUIJI CTPOUTCS IO AIIOPE U3rHOAOIIMX MOMEHTOB TaK
Ke, Kak B 3a7aue 4 [8].

11. Tlo osmrope «Q» BBIUUCISAIOTCS 3HAYCHUS peakiuid B omopax. OOmas
CTaTUYECKasi MPOBEPKA BBINOJHAETCA IyTEM PAaCCMOTPEHHUs PABHOBECHUS 3aJaHHOU

OaJIKM Mpu AEHCTBYIONIEH HAa HEE HArpy3Ke C yUETOM OIOPHBIX PEAKLUH.

TaoOmuma 1
Hudpsl mudpa
No 1-1 uudpa 2-1 nugpa 3-s1 undpa
nm |, q1, b, Py, c, La, q2, cxiv;m Ls, | Py
M |kHm| ™ kH M M | kH/m| o puc.1| M kH
0 6,0 1,0 1,5 6 2,0 4,0 1 0 12,0 | 3,0
1 8,0 2,0 2,5 5 3,0 5,0 2,1 1 6,0 | 2,5
2 7,0 3,0 3,5 4 1,0 6,0 3,1 2 5,0 | 2,0
3 9,0 1,2 2,0 3 1,2 7,0 1,3 3 7,0 | 6,0
4 10,0 | 2,2 3,0 9 2,3 8,0 2,2 4 8,0 | 4,0
5 11,0 | 3,2 1,8 1 3.4 9,0 3,2 5 9,0 | 7,0
6 5,0 1,5 1,2 2 1,5 10,0 1,6 6 10,0 | 1,0
7 12,0 | 2,5 3,2 8 2,5 11,0 | 2,5 7 9,5 | 4,5
8 13,0 | 3,5 1,9 3 3,5 | 12,0 | 3,0 8 85 | 1,5
9 6,5 4,0 1,5 7 4,0 | 13,0 | 23 9 6,5 | 3,5




Puc. 1

IIpumep peuieHust 3axa4u
3agaua Ne 1. Pacyer Hepa3pe3Hoil 0ajKku

Hano: L; =6Mm, Ly, =8Mm, L3 =4m, b=2m, ¢ =3m, q; = 2kH/Mm, qx = 3xH/Mm, P; = 5kH,
P, = 10xH (puc. 2).

[TocTpouTs 3mtopsl M, Q U BBIMOIHUTH OOIIYI0 CTATUYECKYIO POBEPKY.
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iy q,=2 9,73 B=10
! L7
b4 VA7, /2
2 6 T 8 4 3
OCMC
10 M, M, M,=-30

ol ﬁ@f\

=6 =8 13—
SH}opa «Mp»

| H'H [T
1

Onropa «Mo»

1

Omropa «Mp»
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B g

Omropa «Mom»

,L_L_L_LL‘J‘/‘
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Omopa «Mog»
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@
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Y

[TTm%:84
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Puc. 2

Pewenue:

1. OmnpeneneHue yuciaa JIUIIHUX
CBSI3EH.

J=3-K-1I=33-7=2

2. Beioop OCMC (puc. 2).

3. ®opMHpPOBaHHE CUCTEMBI ypaB-

HEHHUU TPEX MOMEHTOB.

Myl +2M, L +1, +M,-l, =
= —6El-A,p;

My oly+2My Ly + 1y + Mg+ ly =
= —6El - Ayp;

4. ITocTpoeHHE €TUHUYHBIX IIOP
MOMEHTOB «M», «M» (puc. 2).

5. IlocTpoeHue Tpy30BOM SIMOPHI
MOMEHTOB «Mp» (puc. 2).

6. Bblunucnenue rpy30BBIX KO-

(UIIMEHTOB CUCTEMBI YpaBHEHHIA.

Ap= 5] dx =

_ 1 2-6% 1 _18
El 12 2 T EI’

Aso= dx =

2P £l X

_ 1 3-43 1 _ 8_

CEl 12 2 " EI’

7. IIpoBepka ko purreHTOB.

1

ASP:Alp +A2P=E 18 +8 =
26

El’

M5=M1+M2;



e NTE 1202 12

8. PemieHne cuctemMbl ypaBHEHHUIA.

18
8

Pemraem cucremy ypaBHenu meronoM Kpamepa.

28+ M, + 8- M, = —48;
8'M1+24"M2:72;

28 8 o o sna
A= G, =128:24-8:8=608;
=48 B ook o o Amoa.
M=, =—48:24-72-8=-1728;
A,= 288 —7428 _ 28-72 — 8- (—48) = 2400;
78,
™ 608 TV

2400
M2=m=3.95;
[IpoBepka:

28+ (—2.84) + 8- 3.95 = —48
8- (—2.84) + 24 - 3.95 = 72;

—4792 ~ —48; & = 2= :792 100% = 0.2% :

72.08 ~ 72 & = 2Z22%772100% = 0.1% .

9. IlocTpoeHue TMHUK OTTOPHBIX MOMEHTOB «Mom» (puc. 2).
10. ITocTpoenue oKOHYATEIHHOM AIMIOPBI MOMEHTOB «Mok» (pHuc. 2).
Mox = Mon +Mp.

11. Kunemaruueckas mpoBepKa.



A= MsMo , L 26 1 1061 0g4.6-21
- El Y“TE T12 2772 372~ 3

1 1 3:4% 1 1 2 1 1
—22.84'8-1 +53.95-8'1 +———=14+-3954--1-=30"4--1

12 2 2 3 2 3
47.07 —47.04 0.03 0.03
= e . —_——_—,—,—_— 0 —_ 0,
Vol T 4704100/0 0.06%.

12. IToctpoenue smropbl «Q» (puc. 3).

—-10-0
Qs-0 =——="5
2:6 —2.84—-(-10) 2:6 —2.84-—(-10)
0 = =719;0," = — = —4.81;
0-1 > + c 7.19;Q,_, > + c 81;
—2.84
0r, =395=28Y _ g0
8
2 4 =249 0 = 7 4 -
—30
Qs_4 =f%) = 10;
Omropa «Q»
7.19 10
0.85
LIITITIITITIITITTI]
c 48 2.49
14.49
Puc. 3

13. O6mras cratuyeckas mpoBepKa.

Y=0:-5-10—-2-6—-—3-4+1219+5.66 —3.34 + 24.49 = (.



3amaya Ne2
Pacuer craTu4yecku HeonpeaeJuMOH paMbl METOA0M NepeMeleH Uit
JIist 3aJaHHOM CTaTUYECKU HeompeaenuMoi pamsl (puc. 4, 5) ¢ pazmepamu u
Harpy3koi, B3ATbIMM M3 Taln. 2, TpeOyercss NOCTPOUTH SIIOPbl H3TMOAIOMINX

MOMCHTOB, ITOIICPCUYHBIX U ITPOAOJIBHBIX CHJIIL.

Meroanueckue ykazaHus
JInst oripeiesieHus: YucCiia HEU3BECTHBIX IO METOY ITEPEMELICHHUMN UCIIOIb3YETCS
popmyna n =n,. + n,,,, rae Ny, YUCIO YITOBBIX NEPEMELICHUN, PAaBHOE YUCIY
KECTKHUX Y3JIOB; 117, 4UCIIO JIMHEHWHBIX IEPEMEUICHUN, PAaBHOE YHCIY CTENEHEN
CBOOOJIbI IIAPHUPHOM CHUCTEMBI, TOJYYCHHOW U3 3aJaHHOW TIyTeM BBEICHUS

IHIapHUPOB BO BCC JKCCTKHC Y3JIbl, BKJIIOYasa OIIOPHBIC. HpI/I 9TOM HCIIOJBb3YCTCA

dbopmyna

Ny = W =2y -C- C(Ji?’ (3)

rae W - 4mcio creneHeil CBOOObI;
VY - yncno y3noB Gpepmsl;

C - yncIo cTepkHel hepmbl;

C,,;; - YMCTI0 OTIOPHBIX CTEPIKHEH.

OcHOBHasg cucTeMa METOAA NEPEMEIICHUM CTPOUTCA IyTEM BBEICHUS
(UKTHUBHBIX CBS3€H, 3aKPETUIIONINX Y3JIbI OT IIOBOPOTOB U JIMHEHHBIX MEPEMEIICHUH.

CocraBnsiercs: cucTeMa KAHOHUYECKUX YPABHEHHI METO/1a IEPEMEILICHNN:

1ijZj + Ry = 0. (4)
Jnis onpenenenus Ko3QOUIMEHTOB NPU HEU3BECTHBIN; i CBOOOHBIX YJIEHOB
Ry, crposrcsa smiopbl M; OT €IMHUYHBIX IEPEMENICHHUH (YTJIOBBIX M JMHEHHBIX) U

dmiopa M3ce SMIopbI CTPOSITCS 1O TabJIHIaM METO/a NIEPEMEIICHNUI.

10



Kos(duimenTs! Ipyu HEM3BECTHBIX 77 M CBOOOAHBIE YJIEHBI R ), ONPENETAIOTCS
WJIU U3 YCIIOBHI PaBHOBECHS y3JIOB WM PABHOBECHS YAaCTH PaMbl, OTCEUEHHOU TaKUM

o0pa3oM, 4ToObI B pacCMaTpUBAEMYIO YaCTh Monajia U PUKTUBHAS onopa (CBA3b).
[IpaBUNIBHOCTE HAMAEHHBIX 3HAYECHMMU T IPOBEPSAETCA IMYTEM YMHOKECHHS Ha

cebst amropbl M,
rne M\, =M, +M, +M; +---M,

MZdx

=X E7 =21y (5)
l

I'py30BBIe peakuuu IPOBEPSIOTCA IIYTEM YMHOXKEHUS «EIMHUYHBIX» DIIOpP HA

Ipy30BYI0 310py Mp', HOCTPOEHHYIO JIjIsi OCHOBHOW CUCTEMBI METO/IA CHIT
MC
Ml’, MP

Rip ==2 —pg

l

dx. (6)

HalizieHHble U IPOBEPEHHBIE 3HAYEHMS 17; U R;}, MOACTABIIAIOT B KAHOHUYECKUE
YpPaBHEHHMSI METOJa MepeMelieHui. [IpaBuIbHOCTh pENIEHUsT CUCTEMBI ypaBHEHHM
IIPOBEPSAIOT IyTEM IOACTAHOBKM HAMIECHHBIX 3HAYEHHU «Z» BO BCE HCXOJHBIE
YPaBHEHUS.

OxkoHuaTenbHas 3M0pa U3rHOAOIIMX MOMEHTOB CTPOUTCS ITYyTEM CIIOKEHHS
OTKOPPEKTUPOBAHHBIX 3MIOP U I'PY30BOM SMIOPBI:

M=M,+MZ, +MZ, .. + M,Z,. (7)

[IpaBUIBHOCT OKOHYATEIBHOM DIIOPBHI NPOBEPSIOT IIyTEM CTAaTUYECKOHM U
KUHEMATUYECKOU ITPOBEPOK.

Cratuueckas MpoBEPKa 3aKIIOYAETCS B MPOBEPKE PABHOBECHUSI MECTHBIX Y3JIOB
WJIM 4acTel pamBbl.

JIJisi KUHEMaTU4eCKOW MPOBEPKU CTPOUTCS JIt00asi OCHOBHAsI CHCTEMa METo/a
cwt. B ocHOBHOI cucreme Meroma cui crpositest smopsr MY MS M3 ot
SIMHUYHBIX cuil Xq, Xy, X;...

OxoHuaTenbHas »HMOIOpa YMHOXaercs 1o crnocody Bepemaruna Ha

«(CANMHUYIHBIC) JITFOPLI. PGSYJIBTaT IMMCPCMHOKCHUA TOJIZKCH OBITH PaBCH 0.

11



Tabauna 2

Hudpst mudpa
1-s1 nugpa 2-11 nugpa 3-1 uugpa
Ne
Ly, | Lz, | hiy | ha, | Py, | P2y | My, | My, | qy, 4@ | empo | T/l
M| M| M| m | KH|kH| kHvm | kHm | kH/m | kH/Mm puc. 4,5
0 5012.060] 4.0 1 - - 9 1.0 - 0 12
1 45125501 3.0 - 2 10 - - 2.0 1 2/1
2 40(3.0(40|20| 3 - - 7 3.0 - 2 1/3
3 3.0]353.0| 5.0 - 4 8 - - 4.0 3 31
4 40(40(20]60]| 5 - - 5 1.5 - 4 372
5 35145165 6.5 - 6 6 - - 2.5 5 2/3
6 25150 (55|45 7 - - 3 3.5 - 6 1/4
7 30]55|35]|55 - 8 2 - - 1.8 7 4/1
8 401604525 9 - - 1 1.2 - 8 3/4
9 251652535 - 10 4 - - 2.2 9 4/3
0 o N 1 M - p Me.p
sz o~ 5 ? \/ ~ 1} I ¥ b =
q2 2 \k1{2 &'i:\M‘]
SRR EERR R + 2 f | L1/2 I L2/2 —
&= X I . ik <
LT = a ¥ q
q1 :[2 2 L c 1T 2
L1 ) L2 L1 L2 !
2 = 3 M:.|R 92
,\MV”‘?# _ 7 LT
AN Lol B L
Rl - - - B/ [M:,
T 2/;\ Mz 1, ] At B
- 1 g, q,— Iz ] <
< L H 2 - I
R R A TR 7 L1 L
Puc. 4
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4 R 92 5 N
%IM?{ SIS % S
2 [ 2 ’
:: I'] E ~ I1 M2&
EndE ) M R A
% B oL
] = {20 5
1 q, L =
e NN y —
L1 Lo Ly Lo !
6 7 Qs
qa q, g ST,
4 lHIHl-~-1.L.J- HIHLH':’ ;4 I
2 I1 2 Py g I, £
1M M
Fz)—(_ ) ] % /? F1)
M1 R = @ I Mz&\ q
s @ -
o lLe |, F A
L | L2 L2 | =
L

S L YL <
~ MiP 1 MB
= I Y s M = S
[TTITITIT], =T @
T, T,
SPim ) =
£ :Iz =
% I
Li/2 | Li/2 [Lo/2 | L2

Puc. 5

IIpumep peurenus 3a1a4u
3amaya Ne6. Pacuer cTaTH4eCKH HeomnpeaeTuMO PaMbl METO/I0M TepeMeleHu i
Hano: P,=3xH, M,=3xHwm, q,;=2xH/m, [,=I, [,=2I, h;=5m, h,=6m, L,;=8wm (pwuc. 6).
[Toctpouts 3mtopsl «M», «O», «N».

Penienue:
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M>=3 1. Onpenenenune yucaa HEU3BECTHBIX EPEMEIIICHUMN.

N S N
AP o ST S SR

I 2. Bet6op OCMIL.

P=3 = - . N
R I1 I I 2= ZI 7~iI\ 'F

——— ———
o 2

3. ®opMuUpoBaHKE KAHOHUYECKOTO YPABHEHUS METO/1a IEPEMELICHUN.

7"11 'Zl +R1P = O

4. IloctpoeHune eqMHUIHOM 3M0pbl «M» (puc. 7).

Omropa «M»

A Fo g
' ‘i\\\ ﬁ

Z1=1,.4:) > Y.
/1 6El /] 6El
125  ])125

6EL/ L ==
25 6El
25
Puc. 7

5. Iloctpoenue rpy30B0ii amtopbl «Mp» (puc. 8).

Omropa «Mp»
1 b Bt
~AF —
2 =
1]—L?; 6 c:}—?;

P

L 625625
Puc. 8
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6. Beruncienune ko3 PUIMEHTOB KAHOHUYECKOTO YpaBHeHuUs (puc. 9).

1
. R=3 2 6
— 3 —] ] R‘I PH%I BN
6EI 6EI >
125 125 3.75
Puc. 9
6E1  6FI 12E1
X =0; My —E—E—O, 1 —E—0.096E1,
1
X =0, Ryp+3 +§+6 +3.75=0; R;p =-13.25;
7. IlpoBepka kK03 PUIIMEHTOB KAHOHUYECKOTO YPaBHEHUS.
B MlMld 1 1 6EI . 2 6EI 5 — 0.096E]-
= El VT 2E12 25 '3 25 © T TO0RD
Smopa «M}
) 3rv§ Cx (_:@
= —\
5 —
[/ —/
Puc. 10
B MM, 11 175 2 6E1+2-53 1 6EI
Rip = Bl Y“T2E12 7703 s T2 T2 s
55 5- 2 Ok _ 13.25
3 25 TV

rae MMC — «rpysoBas» smropa MomenToB, moctpoernas 8 OCMC (puc. 10).

8. Pernrenre kaHOHUUYECKOTO YPaBHCHUA.

0.096E1 - Z; —13.25 = 0;

15



_138.021
T

9. KoppektupoBka equHUYHON SMIopHI (puc. 11).

Omtopa «M; Z»

{ —{\ O—

bo— 4

/

33.12577 33.12577
Puc. 11

10. I[TocTpoeHne oKOHYATEIBLHOM AMIOPEI MOMEHTOB (pHcC. 12).

Omtopa «Mog»
3, é

33.1257 39.37577
Puc. 12

11. Kunemarnueckas npoBepka.

A= MO“WCd L Laaioss 2e 25 1o Lagars.s. 25 o
- El YT 2E1 277 3 12 2°72°7 3° 7
_ 328125328125 _
B El o

rae MMC — «epuauanasy smopa, nocrpoennas 8 OCMC (puc. 13).

16



Dmopa «M}1%

= o—h
X=1 =1
5 éﬂ Pz 5
Puc. 13

12. IToctpoenue smtopbl monepedHbix cuil «Qx» (puc. 14).

0— —33.125
5
_3—0_05
0, ==—=0.5,
25 0- -—-39.375
i p— = 12.875;
2 5
np 2'5+O— —39.375 _ 2875
3 —_ 2 5 - . )
JIEB _2'6+O—0_6_
YT e T
. 2:6 0-0 _ e
e ’
Omntopa «Q»
o} C& (‘gg
in 7©
S A
B 2.8757
=+
0 /—
oLl =,
™ 12875
Puc. 14
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13. ITocTpoenue 3mtopsl TPOa0IbHBIX cHil «N» (puc. 15).

N,=0 N,=0
P BFok120 Ll °
1= T N=3.125 T
6.625*T “-JJ. 2.875
N =0 N,=0
X=0;, 3+40.5—-6.625+ N5 =0; X=0;, 6-2875—N; =0;
Ng = 3.125; Ns = 3.125;
Omropa «N»
7 -
3.125
I
77 V24
Puc. 15

14. O6mras cratuueckas mpoBepka (puc. 16).

0.5+ et Y =0;
-
P=3 “ i X =0; —6.625—12.875+3+ 0.5 —
| : —6+2-11=0;
33.125 —39.375
A7
6.625"’}‘;) +12.875
Puc. 16
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3agaua Ne3

Pacuer mi10ckoi pamMmbl Ha YCTOMYMBOCTH

3amanue: A CTaTUYECKH Heompeaenumon pambl (puc.17, 18) ¢ BbIOpaHHBIMU TIO
mupy u3 Tabn. 3 pa3zMepaMu U HArpy3Kod TpeOyeTcs OmpeneyuTh 3HAYCHHS

KPUTUYICCKUX CHJII, UCITIOJIb3YA MCTO/ HGpGMGHICHHfI.

Tabmuma 3
1-1 nudpa 2-11 nugpa 3-s1 ungpa
Ne n/n Li,m hi, M P1/P2 L, m N;)l:ée;flllgo hz, M I/12
0 6.0 4.0 1,1 11 0 0 0,9
1 5.5 5.0 1,2 12 1 2 0,8
2 4.0 6.0 1,3 13 2 0 0,7
3 2.5 11.0 1,4 14 3 4 0,6
4 7.0 12.0 1,5 5 4 5 0,5
5 4.5 7.0 1,6 6 5 0 1,2
6 3.5 8.0 1,7 7 6 3 1,4
7 3.0 10.0 1,8 8 7 6 1,5
8 4.0 9.0 1,9 9 8 0 1,6
9 6.5 10.5 2,0 10 9 0 1,8
0 R B[l R 3
% g _ ¥ 3 L
4 T, I N T, T, %
= I,
= I L Kz s L
L Zf L2 % L1 Aﬁ%f Lo
Puc. 17

19




ZZ

/ R R
= | - L &
5
L I, % I L
’ I, I =
Lo L L. ﬁ L T
ZZ
B
L o T, T,
: 2 *
I L I
I
77 7 7
5 Lo %% L4 7 L> 7 L+
; ;
I !
1 I I L
< < I,
L L TF L
Z :
v L\ Ly
I I I I I B
I = I L =
.,
L4 ” Lo L L L




MeToanyeckue ykazanus

[Topsanok pacyera paM METOAOM NEPEMEIICHUA HA YCTOMYMBOCTH HECKOJIBKO

OTIIMYACTCA OT aHAJIOTMYHOI'O pacdcTa Ha ITPOYHOCTD.

[Ipn neicTBUM BHEIIHHUX HArpy30K BIOJIb CTEPKHEN «TPY30BBIE» OSIIOPHI B
OCHOBHOM CHCTEME METOJa MEpPEMEIICHUII OTCYTCTBYIOT, a CBOOOJHBIE YIICHBI
KaHOHMYECKHX ypaBHEHMI oOpamatorcss B Hynu. U cucrema ypaBHEHM B pamax C
JIBYMSI HEU3BECTHBIMHU IPUHUMAET BU:

7"11 Zl + T12 Zz =0
; (8)

er Zl + T'22 Zz = 0
IIpn morepe ycronunBocTH nepemenienus z170 u z,7#0, HeTpUBUATBHOMY PELICHUIO
CHCTEMBI YPABHEHUN COOTBETCTBYET PABEHCTBO HYJIIO OIPEACIIUTEIIS], COCTABIEHHOIO

13 K03 (PUITMEHTOB MTPU HEU3BECTHBIX:

11 T2
D= =1, %1, — 15 =0 9
‘r'21 TZZ 11 22 12 ( )

«EnuHr4HBIE» peakuuu CBA3E€M (RIIEMEHTHI OINPEAENUTENA) Fjj ONPEAEIIIOTCS

CTaTU4YCCKHUM MCTOAOM, IJI YCTO CTPOATCA CAMHUYHBIC 3ITFTOPBI MOMCHTOB.

[TocTpoeHne €IMHUYHBIX JMIOP MOMEHTOB JIJIi HArpy>KEHHBIX CXKUMAIOUAMHU
CUJIAaMU CTEpXKHEU BBIMOJHACTCS C TOMOIIBIO CHEHUAIbHBIX TaOMUIl 3HAYCHUU
bynkumii )KykoBckoro s pacuera paM Ha ycTouuBocTb. OHM HMMEIOTCA Ha

kKadeape TEXHUIECKOH MEXaHUKHU.

HOCTpOGHI/Ie SIIIOP I HCHAI'PY’KCHHBIX CXKUMAIOOIMMH CHUJIAMH 3JICMCHTOB

BBINIOJTHSETCS 110 OOBIYHBIM TaGJ'II/II_[aM MCTOAa HCpCMCH.[GHHfI.

DNeMEHTHI ONPEACTUTENS 7ij BKIIOYAIOT B €051 HEKOTOpble GYHKIUU @, (U;) U

Pm (Lbk

OT MMapaMeTPOB

—Lh; w= —hy, (10)



rae P Pj, — cuiibl, ACHCTBYIONIUE BAOJb CTOCK i; 1 Ay,
EJ; n EJy — ecTKOCTH CTOEK.

[To 3amanuto cunbl P Py cBs3aHbl Mexay coOoi Kodh(UIIMEHTOM 0, TTOITOMY U

MapamMCTphI U; U Uy OKAKYTCA CBA3aHHBIMU COOTHOIICHUCM

U; PE Pk hi Ejk
Lo —lip, =t gk
[29% E“]{ Ejk hk Ejl

(11)

VYpaBuenue (7) pemaercs OTHOCUTENIBHO u# TOJIOOpPOM, Uil YEro BHaYajie
3a/1al0TCS HAUMEHBIIMM, OTJIMYHBIM OT HYJS, 3HAYEHHUEM IMapaMeTpal, 3aTeM u3
TaOJUI] BBIMKCHIBAIOTCSA 3HaueHus OQyHkiwu @, (u;)) u @, (Ur), BXOISIIHE B
ypaBHEHHE YCTOMYMBOCTH. Ecnm JaHHBIE 3HAYCHUS (P HE YIOBJIETBOPSIOT
YPaBHEHHMIO, TO HYKHO 3a/JaThCsl JPYI'MM 3HAYEHHEM U, M MpoJeNaTh 3TH
BblUMCIIeHUsT BTOpuyHO W T.4. Korma OyayT HalgeHsl Benudwmdpl Wy,

YAOBIIETBOPSIOIINE YPABHEHUIO YCTOMYUBOCTH, TO TIO popMyiam

2
L Kp hLZ

ZE]
i Py = ui,z;k (12)

OoIIpCACILAOTCA 3HAYCHUA KPUTHYICCKHUX CUIIL.

[TonoOpath 3HaUYE€HHE U MOXHO,
MIOCTPOUB TpaHK 3aBUCHMOCTH BEIUYHHBI
ompenenuTeNns D OT 3HAYCHUS mapaMmeTrpa [ -~~~ — -

u = D(u) (puc.19). | D(u,)

AOcmucca TOYKH nepeceyeHust

rpapuka D(u) Cc OCbIO u  SIBISIETCH

v c

NPUOJIMKEHHON BEIMYMHON KPUTHYECKOTO U |

IapaMeTpa, KOTOPYK0 MOYKHO YTOYHHUTH D(u)

HOCJIEAYIOMUM Toa00poM. Benuunna Puc. 19

KPUTHUYECKOT0 TapameTpa mpoBepsieTcs no ¢popmyre Diiepa.

22



IIpumep peumieHus 3aga4u
3amaua Ne3. Pacuer miiockoii pambl Ha yCTOWYNBOCTD. J[aHo: P; =

2P, P,=P,L;=6m, Ly=4m, 1, =1, B=P 1+ R=2P 4

L, = 21, h; = 8m (puc. 20). L=l L=l 7
Omnpenenuts: Pyp -? Ll=21 Li=21 o
Pemenue: =
1. Onmnpenenenue uncaa HEU3BECTHBIX MeETOAA
MIEPEMEIIIEHUM. b L=6 v! L=4 |
n=n,.+n,=2+0=2 Puc. 20
2. Beibop OCMII (puc. 21).

/’ «\";21 ,\lzz . 3. ®opmMupoBaHue YpaBHEHHUS YCTOUYNBOCTH.

4. Hymepamnuss cXaTbIX CTEp>KHEW UM  BBIYUCIICHUE

napamMeTpoB YCTOMUHUBOCTH.

A

u =max u,;u,; =6.93

7[> |

w; = 0.87u; u, = lu.

5. [ocTpoenue equHUYHBIX 3MI0p (puC. 22).

et By 4loguy 21
@ ™ il 5

> .

4EI

6 a(Uq) 2Elouy E1,(u,)

«M»
«Mp»
EL El
§ 2 _— = = 2
Puc. 22
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6. BerunciieHne eIMHUYHBIX PEAKLIHHM.

i

h )76 B
A

Py

El

2

m:(}; rll 3

1 =§El(p2 0.87u +E1,

LY.

\: 26EI (%(U1)

m 0

T12 =8EI(P3 Uy

7. Pemienne ypaBHEHUSI yCTOMYUBOCTH.

“Elp, 0.87u +EI

§<p2 087u +1

“Elp, 0.87u +EI +Elp, u

0, 087u +1+¢, u

2El ¢

% 3(u1)
2
m = 0, Yoq =€E1(p3 Uq
er - §E1(p3 O87u )

El

4
FEIQy Wiy, -Elgy wy +EI+

2
22 =§Elqo2 0.87u +EI+Elp, u;

— SElp; 087u  =0;

2
— ~p, 087u =0

u 0.87u | ¢, 0.87u | @, u | @, 0.87u T T T2 D
3.00 2.61 0.7492 0.6560 1.1431 1.50 | 2.16 | 0.38 3.087
4.50 3.92 0.3338 -0.0048 1.4647 1.22 | 1.22 | 0.49 1.250
5.00 4.35 0.0974 -0.4772 1.6963 1.06 | 0.59 | 0.57 0.306
5.20 4.52 -0.0224 | -0.7629 1.8267 099 | 0.22 | 0.61 | -0.152
5.14 4.47 0.0155 -0.6683 1.7846 1.01 | 0.34 | 0.59 | -0.008
u=>5.14

8. OnpeneneHne KpUTHIECKON CUITBI.
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u’EJ  5.14°EJ

PKD = lZ 42

=1.651E7;

3agaua Ned

JAuHaMu4YecKuil pacyer II0CKOH pamMbl

3amanue: Uil TUIOCKOM pambl C BBHIOpaHHBIMU MO MmMdpy u3 Tadn. 4 pazMepamu,
COOTHOUICHUSIMH JKECTKOCTEH SJEMEHTOB U COCPEIOTOYEHHBIX Macc TpeOyercs
OTIPEICINTh 3HAYCHHE HAMMEHBIIEH COOCTBEHHON 4YaCTOTHI CBOOOHBIX KOJEOAHMIA

pamsl (puc. 23, 24).
Meroauueckue yka3zaHus

Pemennto 3amaum NOJDKHO TMPENIIECTBOBAaTH W3YyUYEHUE BTOPOrO pasjelia
TpeThel "acTu Kypca. JlJis pereHus: 3agadu Mo OMPEAesIeHUI0 YacTOT CBOOOIHBIX

KoJIeOaHH paMbl HEOOXO0IUMO:
1. OnpenenuTs 4uCiio CTeNeHeH JTUHAMHYECKUX CBOOOT;
2. CocTaBUTh BEKOBOE YpPaBHEHHE.

BexkoBoe YPaBHCHHUC JII CUCTCMbI YPABHCHHA C JABYMs CTCIICHAMMU CBO6OI[I>I

HUMCCT BU:

o;ymy — A O1,m;

021mMy 0my — A (13)

3. OnpenenuTh «CIUHUYHBIC» TEPEMEIICHUS Oi, BXOMSIINE B BEKOBOE ypaBHEHUE

(13) mo dhopmyne Mopa
M'M"dx
011 TJ
gl
g MM dx (14)
1 EJ ’
MM dx
6;2 - EJ ’



3nece M! u M-

I/ISFI/I63IOIHI/I€ MOMCHTEI B 3a,Z[aHHOﬁ CHUCTCMC OT HGﬁCTBI/IH

CAMHUYHBIX COCpeNoTOYeHHBIX cuin P; =1, P,=1, mpWIOKEHHBIX BMECTO MacC B

HaIpaBJICHUH BO3MOKHOI'O IICPEMCIICHMA OTUX MACC ITPHU KoJeOaHuM.

4, OHpCI[GJII/ITB COOCTBEHHBIC YHCJIA A BEKOBOI'O YPaBHCHUSA U HaAWTU HaMMCHBIIYTO

4acTOTy CBOOOHBIX KOJIeOaHUI paMbl ® 1O (hopmyJie:

w = V(1/X) (15)
Taomuma 4
Hu¢ppa mudpa
No i/ 1-s1 nugpa 2-1 uugpa 3-1 uugpa
W | e e
0 6.0 6.0 172 0
1 5.5 5.0 2/1 1
2 4.0 7.0 1/3 2
3 5.0 8.0 3/1 3
4 2.0 4.0 2/3 4
5 4.5 5.5 3/2 5
6 3.5 3.0 1/4 6
7 3.0 4.5 4/1 7
8 2.5 6.5 3/4 8
9 6.5 3.5 4/3 9
0 %
_ | L2 I @ I I
I
R I 5 B
= L I,
m®




1 7>l7 I I c I
L o
Iz - i) “Ym I
_ - Vi L
L I | )
f I X
| L L 7 L2 | w2 L
5 e N
I1 ?;} %A
o 12 - 12 e -
I
- 1 7/;7 T &) . m ~
7 I I I &
< I ” L -
%‘—ﬁ
L2 | L2 %f L L L
—— 7 ®m
- I L
< I
m 2
T O
T L4
< I, c I
b |,
:?i L L/2 ) L
9
@m b ?
% 12 c
o I, N
m6J I
I1 I1 - 12 _C
c I ’ Lo
\ L L
L ﬁ L
Puc. 24
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IIpumep pemienust 3agaum

3amaua Ne4 J/lunamuuyecKuil pacyeT MJIOCKOM

pamMbl
Hano: L =6m, h=4wm, I, =21, I, =1 (puc. 25).

Haitu: w4, w, —?

m

I1=I T1=I_@
q—
]
=

Pemenue: L =21 L =21

1. Onmnpenenenue uuciaa AUHAMUYECKHUX

cTeneHer CBOOOIbI.

Wa=2; 7% L=6 L=6

2. ®opMHpPOBAHUE BEKOBOTO YPABHEHUSI. Puc. 25
61my — A 612M; —0-
621my 832y — A ’

Oyymy — A4 8;my — A = 83ymy - 61,my = 0;
A2 = iymy + 85my A+ 87ymy - 8y,my — 83,my - §1,my = 0;
A24+b-A+c=0,
rae b = — 6(1my + 83,m, 5 €= 611My - 8,my — byMy - §1,my;
3. Pemrenne BcrioMorateyibHBIX 3a/1ad.

3.1. Pemenue nepBoi BcrioMoraTenbHOM 3aaaun (puc. 26).

Il yu. Il yu. T 3.1.1. Onpenenenre ONMOPHBIX pEAKIUH.
P=1
< my,=0: P-12+4+Rp-12 = 0;
I'yy. IV yu. 1
L RB = _1,
il
%‘;_( HA V yu. RBT Mg = 0: — RA 12 = 0, RA = 0,
T L X=0:H, =0;
T 1= | L= ,
Ra 3.1.2. IloctpoeHue >mropbl MOMEHTOB «M ')
Puc. 26 (puc. 27).

1-ii ygacTok

0<x<4

M x =—H,"x;

Mx=0 =0, Mx=4 =0;

28



2-11 y4acTOK

0<x=<6

M x =—-H,-4 Ry-x;
Mxy=0,.0=0, Mx=6 =0;
0 x 4

< <

M x = —Rgz"6;

Mx=0 =6uMpad6 =6;

< <
Mx =P-x;
Mx=0 =0, Mx=6 =6;

< <
M x =Ry x;
Mx=0 =0, M x=6 =-—6;

3.2.1. OnpeneneHre ONMOPHBIX pEaKIUH.
my=0: —P-4+Rp-12=0;

Rg =1/3;
mp=0: —R,-12—P-4=0;

R, =-1/3;

6
o ,HI.UlL]u
6 - T
p lr‘|-T'["“h_h ]
) : 6 —
P
3.2. PemeHue BTOpoOil BCIIOMOraTeNbHOM 3a1a4n (puc. 28).
Ilyy. I yu, Pza%
<
yu. - |
<
A HkA y i R B W
| )
7? L=6 B Z@

Puc. 28
1-i1 ygacTok
0<x<4
Mx = _HA "X,

Mx=0 =0 Mx=4 =4,

X=0:H,+P=0;, H =-1;
3.2.2. TlocTpoenue 3Mmopsl MOMEHTOB «M 'l
(puc. 29).

2-1 y4acToK

0<x<6

Mx =—-H,-4+R,"Xx;

Mx=0 =4 Mx=6 =2;

29



3-1 y4acTok 4-11 y4yacTok

0<x<6 0<x<4
Mx =0; M x =—-Rp-6=-2;
Sropa «Mh 5-I y4acToK
' 4 2 0<x<6
e Mx =
4: — Mx=0 =0 Mx=6 =2
b 2 [T
1 il
Puc. 29

4. Berancnenve ko3 GUIIMEHTOB BEKOBOTO YPaBHEHUS.

- M'M'dx 1 166 26‘2 s 1 - 216
= EJ EJ 2 3 2E] T EJ’

5, =3 MIMTdx 1 16 . ,22 s 1 cao 48
12 = E] ~EJ 2 3% T2Eg - EJ’
ooy MM 11, 0 2.5 L\l ZHilh o4
22— EJ T EJ 2 3 3 2 3
+12 6 22 + ! 14 4 12L+2 4.2 _ 82667

2 3 2E7 2 3 - EJ

5. PemieHue BEKOBOTO YpaBHEHHSL.

my=m; my =m;

b=—- 6;ym +6,,m, =-— 2—16-m+ 82'667-171 =—298.667-ﬂ;
EJ EJ EJ
¢ = 8y, -3y — 83, -8y = e e = oy Ty o
EJ EJ EJ EJ

m 2
= 15552.072 - E ;

b b
/’11,2=_§i E —C,
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m m 2 m
Ay =— —298.667-—— + —298.667-—— —15552.072- — =
2E 2E EJ
= 231482 —;
= _ ik
Ay =— —298.667 — 298.667 —1-  —15552.072 - —% =
2 T 2Eg ' 2EJ ' E]
— 67.185 - ——
EJ
6. OnpeesieHue CIeKTpa 4acTOT COOCTBEHHBIX KOJICOaHMIA.
1 EI EI
= —= —— =0.0657 —;
“17 % T 231482m 657
1 El El
W, = —= ——=0.122 —;
A, 67.185m m
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