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KOHTPOJIbHBIE 3ATAHN A

CtyneHThl 3a04HOTO (haKyJIbTETa BBITOIHSIOT 3aJaHHs 110 KYPCy CTPOUTEIbHON
MEXaHHKH B cOOTBeTcTBUU ¢ mmdpom. lludp ompenensercs mo Tpem MOCIETHUM
nudpam HoMmepa 3ayeTHOU KHWXKU. Hampumep, Homep 3auetku 12345678. Iudp:

678. Torna nepsas nudpa mudpa 6, BTopas 7, Tperhbs 8.
Kontponbnas padota Ne 1 cocrout u3 3amau 1 -4.

KoHTponbHble pabOThl BBIMOJHAIOTCS B TETpaasx win B oTdeTax Ha A4. Ha
TUTYJILHOM JIUCTE pa3Meliaercs MHGopMalus O CTYACHTE, BBHIIOJIHAIONIEM padoTy.
Yeprexkn cXeM, S0P BBIMOJHIIOTCA KapaHAAlIoOM ¢ NPUMEPHBIM COOJIIOJIEHUEM
macmraba. Ha geprexax AOMKHBI ObITh MMOKa3aHbl OCHOBHBIE pa3Mepbl, Ha 3MIOpax

JOJIDKHBI OBITH TTOCTABJICHBI XApaKTCPHBIC OPANHATLI, IIOKA3dHbI 3HAKH.



3agaua Ne 1
Pacuer craTuyeckn onpeaeTuMoil MHOTONIPOJIETHOM OajIku

3ananue: A 3aJjaHHOM cxembl Oanku (Tabi. 1) Tpedyercs mOCTPOUTH SMIOPHI «M» U
«Q» ananurnyecku. [locTpouTsh TUHUM BIUSHUS B yKa3aHHON OIOpE M CEYCHUU.

OHpCI[eJ'II/ITB YCHIIMA 11O JIMHUAM BJIIWAHWA U CPABHUTL C SIIFOPaAaMU
MCTOIII/IIIGCKI/IC YKa3aHus

ITo Ta6n.1 u puc. 1,2 BeIOpath coriacHo mudppy cxeMy OaJIKH, pa3Mepbl H
3aJlaHHyl0  Harpy3ky. [lIpenBapuTenbHO HEOOXOAMMO TOBTOPUTH  MpaBuUia
MOCTPOEHUS W TPOBEPKH 3MIOp «M» u «Q» jurst 6aiok u3 Kypca CONPOTHUBICHUS

MaTCpHUaAJIOB.

PacueTy MHOromposieTHOil Oalku MpeAlIecTBYET MPOBEPKA I'€OMETPUUECKOMN
HEU3MEHIEMOCTH U CTaTUYECKOU ONPENEIUMOCTH, KOTOPYIO CIIEAYET BBIIIOJIHUTD 110

opmyJie YeOrlmiena:
Gopay y W =37-2lI-C,, (1)

rae. /[ - 4ucio ’KeCTKUX JIUCKOB,
L] - 9uciio mpoCThIX MAPHUPOB, COCTUHSIOMINX KECTKUE TUCKH;
C,, - YUCIIO OTIOPHBIX CBA3CH.

JUia  pacdyera MHOTONPOJIETHBIX OaJOK CIEAYyeT TOJIb30BaThCS CXEMOM
B3aMMOJICUCTBUS, T.€. IIOATAXKHON» cXeMOU. I MOCTPOEHUS «IO3TAKHOW? CXEMBI
OaJyika MBICIIEHHO pa3pe3aeTcsl Mo MapHUpaM, COCTUHSIONUM MPOCThIe OaIKu MEXIy
coboil. baku, KOTopble CaMOCTOATEIBHO MOTYT HECTH Harpy3Ky (3alleMJICHHbIE Ha
OJIHOM KOHIIE€ WJIM ONMPAOIIMECS HAa JIBE OIOPHI), SBIIAKOTCS OCHOBHBIMH. bankw,
KOTOpPbIE MMEIOT OJIHY WJIM HE HMMEIOT UX BOBCE, SBIIIFOTCS BCIOMOIaTEIbHBIMU
(BTOpOCTENEHHBIMM). ['J1aBHBIE 3J€MEHTHI B MOATAXHOW CXEME pacIlojararoTcsi Ha
HIDKHUX 3TaXaX, BTOPOCTENECHHbIE IMOJHUMAIOT BBEpPX, ONMpas Ha TIJIaBHbIE WIIN

MpeabIayIue OaIKy.



ITocne moOCTpOEHMS «IMOATAKHOMW» CXEMbl 3aJaHHAs MHOTOMpOJieTHas Oajka
paccMaTpUBaETCs KakK psii IPOCTHIX OAJIOK, MOCIIEI0BATEILHO OMUPAIOIIUXCS IPYT Ha
Ipyra B MECTax COCIMHUTEIbHBIX MIApHUPOB. «llosTaxkHas» cxema omnpeaesser
MOCJIEIOBATEILHOCTh pacueTa. BHavase paccuMTHIBAIOT —BBIIIETEKAIME OaJIKH, a
3aTeM TMOCJIEAOBATEIBLHO HUXKEIEKAIUE C Y4ETOM JaBJICHUS, MEpPENaronierocs OT
BBIIIIEJICKAIIMX OajJlOK W PABHOIO OINOPHBIM PEaKIMsSM, BO3HUKAIOIIMM B
COCIMHSIONIEM IIIAPHUPE, HO HaIMpaBICHHBIM B OOPAaTHYIO CTOPOHY. OTMIOPHI,
MIOCTPOCHHBIC OTJAEIBHO IS KaXK0M OaJIku, CTPOST Ha OJTHON OCH IO/ CXeMOU OaJiKu
U «HO3TaXHOW» cxemMou. Omwopa «M» CTpOUTCS Ha PACTIHYTOM BOJIOKHE
(TOJIOKUTENbHBIE OpJAMHATHI  OTKJIAJBIBAIOT BHHU3 OT ocH). [lojmoxuTenbHbIe
OpJIMHATHI TOTIEPEYHBIX CHJI OTKJIAJbIBAalOT BBepx. Ha amropax o00s3aTebHO HAI0

IMOCTAaBUTb 3HAKH U SHAYCHUS OPAMHAT B XdPAKTCPHBIX CCUHCHUAX.

Tabmuma 1
Hu¢ps mudpa
No 1-a1 ungpa 2-s1 uugpa 3-s1 uugpa

n/n d, M, Ne cxeMbl

L,ym| a,m Loym| bm | ¢,m | P,kH 1o
kH/m kH'm puc.1,2

1 5 1,0 1,5 10 2,0 1,8 4 1 1
2 6 1,2 3,0 14 1,8 2,0 6 8 2
3 12 1,5 2,0 12 2,5 2,0 5 7 3
4 11 2,0 1,0 10 2,0 2,0 8 6 4
5 10 1,0 1,8 15 1,0 1,8 7 8 5
6 8 1,5 3,2 18 1,5 2,2 5 4 6
7 6 2,0 3,2 11 1,2 1,8 8 5 7
8 4 1,2 2,0 13 2,0 1,0 5 6 8
9 7 1,5 3,0 17 1,4 1,2 4 8 9
0 9 1,0 1,6 19 2,2 1,8 7 9 0
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IIpumep pelnenus 3agauu
3agaua Nel. Pacyer cTaTu4yecku onpeaeMMoii MHOTONIPOJIETHOM 0aJIKuU
JlaHo: cxeMa ¢ pa3MepamMu U Harpy3kou, n300pa’keHHast Ha puc. 3.

TpeOyetcs: moctpouts 3mopsl M, Q. BEIMOTHUTE 001110 CTATUYECKYIO TPOBEPKY.

=1 P=5 M=4 q=1
ITTTRRITIT ] OAR _gHHHé)HHHHH
@é ‘) © © %
IS 2 | 3 Ris ‘\\’I 5 N
5 7 6 | 9
TosTaxkHas cxema
Banka 1
BTOpocTeneHHas(Banka 7. Ganka 2
S BTopOCTegﬁHHaﬂ A, Ganka 3
banka rnaBHaf banka @
Omropa «M»

125
11.72

MQ 0.65 il %

4.0 2.79

Omropa «Q»

4.84

LTI I ]

W III\IIIII\I%I\ L)
5 093 93 493 0.16

Puc. 3

Pemenue:
1. KuneMaTtuyeckuii aHaJin3 COOPY>KEHUSI.

W=3]-2ll-C,,=3-3—2-2—5=0— 0anku CTaTUYECKHU OMpeaeiuMa U

reOMCTPUUICCKHU HEU3MCHICMA.



2. [TocTpoeHune «mod3TaKHOI» CXEMBI.

3. Pacuer Ganku Nel (puc. 4).

g=1 A P=5 B
O o ® M
- yu. @ - yu. - yd.
é 2 M=4x
5 7
Omnropa «M»
125
0.65
B
Omropa «Q»

5.93
el

‘ AR_u&LJ.‘LLLLé_HHLS
Puc. 4

H 0.93
LI LTI I T ITTT

IIpoBepka:

3.2. Iloctpoenue 31op

3.1. OmnpeneneHre ONOPHBIX PEAKIIHUA.
mg=0: M+P-5—R,-7+

+qg-5-9.5=0;

1
Ry=> 4+5:5+1:5:95 =10.93

my=0: M+Rz-7—P-2+
+q-5-2.5=0;
RB=; —4+5-2—-1-5-25 =
= —0.93;

X =0: Hg = 0;

Y=0:—q-5+R,—P+R;=0; -1-5+1093 -5+ —0.93 =0

1-i1 ygactok 2-1 y4acToK 3-i yuacTok
0<x<5 55x<7 0<x<5
M(x)=—q-x-x/2 Mx =-—q-5- x—25 + Mx =M+Rp-x
Mx=0 =0 +R,4(x —5) Mx=0 =4
Mx=5=-125 M x=5 =-125 Mx=5 =-0.65
Qx =—q-x M x=7 =-0.65 Q x =—Rg
Qx=0 =0 Qx =—q-5+R, Q x=0 =0.93
Qx=5 =-5 Q x=0 =593 Qx=5 =093
Qx=5 =593

4. Pacuer 6anku Ne2 (puc. 5).



4.1. OnpeneneHue OMOPHBIX PEAKIIUH.

1
mp=0: Rp:6—Rc-3=0; Rg=5 =093 -6 =186

1
me=0: Rg-3+Rp-3=0; Ry=—7 —093 -3 =093

Rg=-0.93 RC ?D 4.2. TlocTpoeHue 3Mrop.
D 1-i yyacrok 2-1 y4acTOK
Y 0<x<3 0<x<3
M(x) =—Rp-x M(x) =Rp-x
Mx=0 =0 Mx=0 =0
Dmropa «M» Mx=3 =2.79 Mx=3 =2.79
IR QX =R QX =
T2.79 Q x=0 =093 Q x=0 =-093
Omopa «Q» Q x=3 =093 Q x=3 =-093
0.93
&
0%3
Puc. 5

5. Pacuer 6anku Ne3 (puc. 6).
5.1. Onpenenenue ONMOPHBIX peaKui

1
RE=§ 093:9+1-9:45 =9.77;

my=0: Ry-4+q-4-2—q-5-25+R;-5=0;

1
RF=—§ 093-4+1-4-2—-1-5-2.5 =0.16;
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IIpoepka: Y =0: —Rp —q-9+ Rg + R = 0;

—093-1:-9+9.77+0.16 = 0.

Rp=0.93 IRe 9=1 IRr 5.2. [locTpoenue 3miop.
J;HHJ%HHHH% 1-# ygacTok
% 5 @ 0<x<4
' X
9 M x =—RD-x—q-x-§;
Dmropa «M» Mx=0 =0;
| | =TI Qx =—-Rp—q-x;
Smopa «Q» Qx=0 =-093;

e

Puc. 6

2-11 y9acToK
0<x<5
M x =RF-x—q-x-§;
Mx=0 =0;
Mx=5 =-11.72;
Qx =—Rp+q-x;
Q x=0 =-0.16;

Q x=5 =4.84;
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3agaua Ne 2
Pacyer TpexmapHMpHO apKH WJIH PaMbl

3amanue: JUIsl TPEXIIAPHUPHOW apKy WM paMbl TpeOyeTcsl MOCTPOUTH AMIOPHI

«M», «Q», 1 «N» 1 BBIIOJHUTH OOILYIO0 CTATUYECKYIO IPOBEPKY.
Meronnueckue ykazaHus

[To Tabn. 2 u puc. 7 BeIOpaTh CXeMy apKd WM paMbl, pa3Mepbl U 3aJaHHYIO
Harpy3ky. [lo ypaBHEHHMIO OCH apKd HYKHO OIPEIEIUTh KOOPAMHATHI TOYEK U
BBIUEPTUTh B NMPUMEPHOM MaciiTabe cxemy apku. s onpeneneHus BHYTPEHHUX
YCWIMM HEOOXOAMMO BBIYHMCIATH KOOPJAWHATHI M 3HAYEHHUS CHUHYCOB M KOCHHYCOB

YIJI0B HAKJIOHA KACAaTCJIbHBIX B KAKIOM PACYCTHOM CCUCHHM.

a) OyHKIHUS 111 OCU apKH, OYEPUCHHOM Mo mapadore:

_Y

y=5xl-x;
dy 4f (2)
tan<p=a=l—2(l— 2X)

0) OyHKIHUS 711 OCH apKH, OUEPUEHHOM 110 OKPY>KHOCTH:

<
l
y= R—(G-2?—R+f;
Rl B > 3)
2 8f’
o l=2x _y+R-f
sing = 2R ; COSQ = R )

JIns1 mpaBo# MTOJIOBUHBI APKU YIOJI HAKJIOHA KacaTeIbHOU OTPULIATENICH.

BayTtpennue ycunus B ceuennn K apkul WM pamMbl BBIYUCIISIIOTCS 110 (hopMyIIam:

M, = M¢ — Hy,; (4)

Qk = QI(E cos@y — H singy; (5)

12



_ 5 o
Ny, = —(Qy sing; + H cospy). (6)
rae M,f , Q,f — MOMEHT W IIolepedHass cuiaa B cedeHmn K B Oalke c

AHAJIOTNYHBIM IIPOJICTOM U Hany3K0ﬁ.

JUIsi KpUBOJIMHEWHBIX APOK 3HAYEHHsI BHYTPEHHUX YCUJIMHU CIIEIYyET HAXOAWTh
I CEYEHUM pacroJIOKEHHBIX MO TEIy apKH C PaBHOMEPHBIM IIaroM BJIOJb OCH X.
[TpumepHsbIii miar pa3ouBku MoxkHO TipuHATH 1/10 oT mponera apku. [[nst cedenwuit
CJIelyeT MPUHUMATh XAPAKTEPHBIE TOYKM PACIIOJIOKEHUS COCPEAOTOYECHHBIX CHUI,

MOMCHTOB, Ha4aJila 1 OKOHYaHH pacnpenenéHHLIx Harpy3o0K.

I[J'ISI paM 3HAUCHHA BHYTPCHHHX YCHJII/Iﬁ AOIIOJIHUTCIIBHO CJIICAYCT OIIPCACIIATH

JIIA CC‘JCHHﬁ, PAaCIIOJIOKCHHLBIX B Y3JI0OBLIX TOYKAX.

OMIopbl BHYTPEHHHUX YCUIIUNA TPEOYyeTCs CTPOUTh Ha CXeMe apKu Wi pambl. [1pu
ATOM OPAMHATHI S0P OTKIIAIBIBAIOTCA MEPHEHIUKYJSIPHO KAacaTebHOW B TOUKE

KaXJ0I0 CCUCHU.

[Tocne mocTpoeHus 3M0p BHYTPEHHUX YCUIIUN HEOOXOAMMO BBIITOJIHUTH OOUIYIO
CTaTUYECKYH0 MpoBepKy. /[l 3TOoro apka wiaM paMa OTpe3aeTcs OT OIop,
IIPUKJIAABIBAIOTCS BHEUIHUE HATPY3KH, B CEUYEHMSAX MPUKIIAIBIBAIOTCS BHYTPEHHME

ycunusi B cooTBeTcTBUU ¢ amopamu M, Q, N. CocTaBisiroTcst ypaBHEHHs paBHOBECHS:

X=0, Y=0, m;=0.

13



Tabmuma 2

Hudpsl mmdpa

N 1-s1 mudpa 2-s1 mugpa 3-1 undpa
- Ne
HFESEREAR AR e o

puc. 7
1 124]0,30]0,70 2 0 0 S) 1 [Tapabomna | 0,20 | 0,25
2 280,40 0,80 0 1 8 0 2 [Tapabona | 0,25 0,40
3 300,250,775 2 0 0 8 3 Pama 0,30 | 0,35
4 132(0,30]| 0,60 0 2 6 0 4 Pama 0,35/0,30
5 200,401 0,80 1 0 3) 0 5 Pama 0,250,40
6 |22]0,25|0,70 0 4 0 9 6 Pama 0,30 | 0,50
7 340,25 0,60 3 0 0 6 1 Oxpyxnocts | 0,35 | 0,25
8 136(0,30|0,75 0 3 3) 0 2 | Oxpyxnocts | 0,25 | 0,30
9 260,40 0,60 2 0 8 0 3 Pama 0,20 | 0,50
0 |18 0,20 0,90 0 3 0 9 4 Pama 0,30 | 0,40
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IIpumep peinenus 3agauu

3apauya Ne2. Pacuyer TpexmapHMpPHOH apKu

JlaHO: TpexmapHupHas apKa C 3aTsHKKOH (puc. 8), ouepTaHue ocu KOTOPOil 3a/1aHO IO

napabouie.

T

Puc. 8

[TocTpouTs smtopsl «M», «Q», «N».

Pemenue:
-~ 9=2 lP=4
EERERRRRRE)
®97; 5 3 2 ’7};8)
10
Ra  g=2 P=4 R
Ha | LTI M=3 |
T s 3 2 |
Smopa «M’»
LRI
Smopa «Q%
92
Wﬂ Hmmll\[-T'0-3'4.L||H':5 HHJLS
Puc. 9
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1. Onpenenenre OMOPHBIX PeaKInii
X=0H,+H—-H=0; H =0;
mg=0: —R,-10+¢q-5-75+

+P-5—M = 0;

Ry=-—2-5-75+4-5-3 =92;
my =0: Rg-10—¢q-5-2.5—

—P-5—-M=0;

Ry =— 2:5-2.5+4-5+3 =48;
mg® =0:—R,-5+q-5-25+

+H -3 =0;

H=292-5-2-5-25 =7;

m," =0:Rz-5—M—H-3=0;

H=-48-5-3 =7,

ITIpoBepka:

X=0:Hy+H—-H=0;



Y=0: Ry+Rg—P—-—q:5=0; 92+48—-4—-2-5=0.
2. [Toctpoenue «6anounbIx» amop(puc. 9).

PeaKHI/II/I OIIOp B 63JIK€, PaBHBI 110 3HAYCHHUAM OITIOPHBIM PCAKIMAM B dPKC.

1-# ygacTok 2- y4acToK 3-1 yuacTok
0<x<5 2<x<5 0<x<2

Mx =Ry'x—q'x'x/2 Mx =Rg-x—M M x =Rg-x
Mx=0 =0 Mx=2 =66 Mx=0 =0
Mx=5 =21 Mx=5 =21 Mx=2 =96
Qx =Ry—q-x Qx =-Rp Qx =-Rp
Qx=0 =92 Qx=2 =-48 Qx=0 =-438

Qx=3 =-08 Q x=5 =—-438 Qx=2 =—-48

3. OnpenericHre BHYTPEHHUX YCHIIMK B apke 1o ¢hopmyinam (4), (5), (6).

4
OdepTraHue apku 10 mapabose —y = l—fx l—x;

TanreHc yriia HakJIOHa KacaTtenbHOl — tga = y' = — | — 2x ;
Pacuer Begercs B Tabnuunol dhopme (Tadi. 3).
Ta6numa 3

Xl y tgo o cosa | sina | Mo | Q6 M Q N
0 0] 1.2| 0.8761| 0.640| 0.768 0] 9.2 0] 0.51| -11.55
1] 1.08] 0.96| 0.7650| 0.721| 0.693| 8.2| 7.2| 0.64| 0.35|-10.04
2| 1.92| 0.72] 0.6240( 0.812| 0.584| 14.4] 5.2 0.96| 0.13| -8.72
3| 2.52| 0.48| 0.4475| 0.902| 0.433| 18.6] 3.2| 0.96|-0.14| -7.70
4| 2.88| 0.24| 0.2355| 0.972| 0.233| 20.8| 1.2 0.64|-0.47| -7.09
5 3 0| 0.0000{ 1.000| 0.000( 21} -0.8 0| -0.80[ -7.00
5 3 0| 0.0000{ 1.000|] 0.000f 21| -4.8 0| -4.80[ -7.00
6| 2.88| -0.24]|-0.2355| 0.972| -0.233| 16.2| -4.8| -3.96| -3.03| -7.93
7] 2.52| -0.48]|-0.4475| 0.902| -0.433| 11.4| -4.8| -6.24|-1.30| -8.39
8] 1.92| -0.72|-0.6240( 0.812| -0.584| 6.6| -4.8| -6.84| 0.19| -8.49
8] 1.92| -0.72|-0.6240( 0.812| -0.584| 9.6| -4.8| -3.84| 0.19| -8.49
9] 1.08| -0.96|-0.7650( 0.721| -0.693| 4.8| -4.8| -2.76| 1.39| -8.37
10 0] -1.2|-0.8761| 0.640| -0.768 0| -4.8 0] 2.30] -8.17
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ITo moyueHHBIM B TaOJIMIIE 3HAYESHUSIM CTPOSITCS AMIOPHI « My, «Q», «N» (puc. 10).

Onropa «M»

Puc. 10
4. O0mas cratudeckas rmposepka (puc. 11).

q=2 P=4 X =0: 11.55 cosa — 0.51 - sina —
spnanasaml

0,51 i )

A158 ‘817
Puc. 11
—q-5—P—23-cosa+8.17 - sina = 0;

—8.17 - cosa — 2.3 - sina = 0;

11.55-0.640 — 0.51-0.768 —

—8.17-0.640 — 2.3-0.768 = 0.005;
Y =0: 11.55- sina + 0.51 - cosa —

11.55-0.768 +0.51-0.640 —2-5—-4—2.3-0.64 +8.17-0.768 = —0.0006;
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3amaya Ne3
Pacyer mjiockoi craTi4ecKy onpeaeumMon pepmbl

3anmanue: 1y pepMbl ¢ BBIOpaHHBIME 1O MIHQPY U3 Tadi. 4 u puc. 12 cxemoit,
e pa3MepamMu M Harpy3koil TpeOyeTcs OINpeleNuTh aHAIMTHYECKU YCHIIUS BO BCEX

DJIEMEHTAaX 3a/IaHHOM MaHeH (BKIII0Yask CTOMKH);
Meroanueckue ykazaHusl

Pacuery depm mpeamiecTByeT npoBepka reoMETpUYECKON HEM3MEHSEMOCTH U
CTaTUYECKON OMNpEeNeIMMOCTH, KOTOPYIO CJEAYET BBINOJHUTh IO IPUBEICHHOM

dhopmyne Yelniena:

w=2y-Cc-C,, (7)

rae: W - aucio creneHeid CBOOOIEL;
VY - 4ncno y3noB ¢pepmsl;

C - 4yucno crepkHel pepmbl;

C,, - YUCIIO OTIOPHBIX CTEPKHEM.

[Ipy aHanUTHUYECKOM OMNpPEAENICHUH YCWIMM CIEAyeT CTPEMUThCA K TOMY,
4TOOBl B KAXKIOM CTEp>KHE YCHJIME HaXOJWJIOCh HE3aBUCHUMO OT YCWJIMH B JPYrUX
crepkHsx. Ilpu onpeneneHun  ycuiauii  HEOOXOAUMO  MPOBECTH  CEUCHUS,
paccekarome (epMy Ha JBE€ YaCTH, M COCTAaBUTh HEOOXOJMMbIE YpPaBHEHHUS
paBHOBECHSI, UCTIOIB3Ys AJISl KaKJIOTO CTEPXKHSI CBOM CHOCO0O OIpeneiaeHus yCUIHsl.
Bce reomerpuueckue pasmepsl (IJI€YH, Yriabl U JIp.) HEOOXOAMMO OIPEHENSTh
aHanuTudecku. [y mpoBepku HEOOXOAMMO COCTaBUTh YpAaBHEHHUS PaBHOBECHS IJIs

KaXXJIOU OTCEUECHHOM YacCTU:
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Tabmnura 4

Hudpsr mudpa
Ne 1-a1 undpa 2-s1 nudpa 3-11 muppa
n/n d, P, P,, Ps, h, Ne cxembl | Py, Ne
M kH kH kH M mo puc. 4 | kH | manean

0 4,5 7 - - 5,0 0 4 2
1 4,0 5 4 3) 6,0 1 6 3
2 3,0 4 - - 4,0 2 9 4
3 4,0 7 5 - 5,0 3 3) 3)
4 3,5 9 - 4 4,0 4 6 2
5 2,5 4 2 - 3,0 5 8 3
6 3,0 6 - 6 4,5 6 9 4
7 4.0 4 3 - 5,0 7 5 5
8 2,5 8 - 5 3,0 8 6 2
9 5,0 6 6 - 6,0 9 8 3
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Puc. 12
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IIpumep peinenus 3agauu

3agauya Ne3. Pacuyer IJI0CKO# CTATHYECKHU ONpeleIuMoil (hepMbl

Hano (puc. 13):

S

®
o ®
2.4

<
®
=10, % RB=10
Rg
313133
18
Puc. 13

OrnpenenuTs BHYTPEHHHUE YCUIINS B CTEPKHAX 2-1 ITAHEIIH.
Pemenue:
1. KunemaTnueckuii aHaiau3 COOPYKEHHUS.

W=2Y-C—-C,,=2-13—-23—-3=0— d¢epma craTuyecku ompeaeruma u

reOMETPHUYSCKHA HEU3MEHSIEMA.

2. OnpesiesieHre OMOPHBIX PEAKIIUA.
my=0—P,-6—-—P-9—P,-12—-P,-15—-P,-18—-P;-9—P;-15+

+Rg-12 = 0;

RB=% 4-6+4-9+4-12+2-154+2-18+10-9+10-15 = 34.5;
mg=0:P,-6+P -3+P;-3—P,-3—P,-6—P;-3—R,-12=0;

RA=% 4-6+4-3+10-3-2-3—-2-6—10-3 =1.5;
X=0:H, =0;

ITIpoBepka:
22



Y=0: RA+RB_3'P1_2'P2_2'P3=O;
1.54+345—-3-4—-2-2-2-10=0.

3. IIpoBenem ceuenue 1-1 U paccMOTpUM paBHOBECHE JIE€BOW OTCEUYECHHOW YacTu

(puc. 14).
m, =0: _RA'B_N3_5'4=O;
Hay | Nas .
‘ | dB) N3_5 = —315-3; N3_5 = —1.125;
mg = 0: _RA'6+N2_4_'4‘=0;
Ny—s =71.5-6; Np_y =225
Y =0: Ry + Ny - sina = 0; Npg = —=,
Puc. 14 rae cosa = 0.6, sina = 0.8;
N,_s = —1.875;
IIpoBepka:

X=0: N3_5 + N2_5 *cosa + N2_4_ = 0,
—1.125 + —-1.875 0.6 +2.25 =0.

[TpoBepka /i paBoit oTceueHHo# yactu (puc. 15).

1

P=4 P=4 P=4 R=2 P=2
Ns-g Vol 4 I

r'8_‘;')}”

+ R=10

R

3.3 .33 3
Puc. 15

Y =0: RB—NZ_S'SiTla—3P1—2P2—2P3=0;
345—-3:4—-2-2—-2-10—- —-1.875 -0.8=0;
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X=0: —N3_5—N, ' cosa—N,_, =0;
- —1.125 — -1.875 -0.6 —2.25=0.

4. TlpoBeaeM ceueHue 2-2 U PacCMOTPUM DPaBHOBECHE JIEBOM OTCEYEHHON 4YacTH

(puc. 16).

Y =0: RA_N5_4_P1 =0, N5_4 = 15_4‘,
N5_4_ = _25,

Puc. 16

[IpoBepka 11t mpaBoOl OTCEYEHHOW YaCTH.

Y=0: Rg+N5_y — 2P, — 2P, — 2P; = 0;
345+ —-25 —2-4-2-2-2-10=0.
5. Yeunue N;_, onpenensercs 1o jemme: N_, = 0.

OTBeT: N3_2 - O, N5_4_ - _25, N2_5 - _1875, N2_4_ == 225, N3_5 == _1125
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3agaua Ne 4
Pacyer craTuyecku HeonpeaeIMMON paMmbl METOA0M CHJI

3amanue: g pambl ¢ BBIOpaHHBIMH MO H(py U3 Tabm. 5 u puc. 17, 18

CXEeMOH, e€ pa3MepaMH M Harpy3Koi tpedyercs:

1. TloctpouTs 3MI0py U3rHOAIOIUX MOMEHTOB «M;

2. BBINOTHUTH CTaTHUECKUE U KHHEMATUYECKHUE MPOBEPKHU AMIOPHI «M;
3. Ioctpouts smiopsl «Q» 1 «N»
4

BhINOMHUTH OOIIYI0 CTATUYECKYIO IPOBEPKY.

Mertonnueckue ykazaHus

1. I[JI?I BaﬂaHHOﬁ PaMBbI OIIPCACINTE CTCIICHD CTaTUYECKOM HCOIIPCACINMOCTH I10

dbopmye:

JI=3K - 11, (8)
rae K — 4uciio 3aMKHYTBIX KOHTYPOB; [/ — 4ucio mpOCTBIX HIAPHUPOB, BKIIKOYAs

CTETNIEHU CBOOO/IBI B OTIOPAX.

2. BreiOpate Hambonee palMoOHAIBFHYI0 OCHOBHYIO CHUCTEMY, T.€. CHCTEMY, JUIS
KOTOpo# »mtopbl «M» B €IUHUYHOM M TPY30BOM COCTOSIHUSIX OBLIM OBl
HanboJiee MPOCTHIMHU.

3. CocTaBuTh CHCTEMY KAHOHMYECKWX YypaBHeHWH. Jlng 3amauum ¢ OAHOU

HEU3BECTHOM CUCTEMa COCTOUT U3 OJHOI'0 YPAaBHCHUA:

811" X1 +41p=0, 9)

M{M{dx o
rae 614 = ), z%_ IEPEMEILIEHUE B OCHOBHOM CHUCTEME IIO

HaIPaBJICHUIO OTOPOIIEHHON CBSI3H OT «CAUHUYHOTO» BO3JICHCTBHS,

A1p= Z l

HaIpaBJICHUIO OTOPOILIEHHON CBA3M OT 3a/IaHHBIX HArPY30K.

M Mpdx

29 —ICPEMCIICHHC B OCHOBHOM CHUCTEMC I10
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4. Jlns BIOpaHHOTO BapuMaHTa OCHOBHOM CHUCTEMBI MOCTPOUTH AMIOpbl «Mp» B
«eAUHUIHOM» U «Mp» B TPY30BOM COCTOSIHUSIX.

S. Onpenenuts KO3(GUIUEHT NPU HEU3BECTHOM 811 M CBOOOHBIN uieH Ay, MO
dopmyne Mopa. Brruucnenme wuHTerpania Mopa yaoOHO BBITIONHSATH I10
npaBuily Bepemaruna.

6. Haiinenubie 3HaueHus: K03(pUIIMEHTa P HEU3BECTHOM M CBOOOJHBIN UJieH
MO/ICTABUTh B KAHOHUYECKOE YPABHEHHE METOJA CHJI U PEIIHUTH €TO0.

7. Koppektupyercs enuHuuHas smropa «Mp» yMHOXKEHHEM Bcex €€ OpAMHAT Ha
BEJINYMHY Xj.

8. OxoHuarenpHas 3mt0pa «M» CTPOUTCS ITyTEM CIIOKEHUS OTKOPPEKTUPOBAHHOMN
«CITUHUYHOI» SMIOPbI My * X1 ¥ TPYy30BOH 3MIOphI M,

M= Myx; + M,.

9. OkonuarenpHyl0 H3miopy «M»  TpOBEpUTh MTyTeM CTAaTUYECKUX U
KHHEMaTHYEeCKUX MpoBepoK. CtaThueckasi MPOBEPKa 3aKIII0YAETCA B IIPOBEPKE
paBHOBECUS JKECTKMX y310B. KuHemaTtnueckass MpOBEpKa BBIIOIHACTCA

YMHOXXEHHUEM OKOHYATEIHHOU 3MIOPBI «M» Ha «EIUHUYHYIO» SIIOPY «Mp»:
MM
EJ

dx

A=Y,
l

Pe3ynbTaT yMHOXKEHHS TOJKEH ObITh paBeH Hy/t0. [lorpemHocTs He A0mKHA
npeBsmaTh 2%.
10. ITo mocTpoenHo smtope «M» mOCTpouTh AMtOPy «Q».
Ha Bcex npsIMONIMHENHBIX y4acTKax dMIOPbI «M» MONEPEYHYIO CUITy MOKHO
OTIPENIENTh, UCTIONB3Ys AU depeHITnaTbHYI0 3aBUCUMOCTh MEXKTY «Q» 1
«M»
dM

= —=t
Q=—r=tga

3nak «Q» ompenensercs IO HANPABICHUIO IMOBOPOTA OCU CTEPXKHSA [0
COBMELIEHHs C KacaTelabHOU K smtope «M». Ilpu moBopore ocu CTEp>KHs 110

COBMEULICHHUS C DJMmopon «M» MO 4YacoBOM CTpEJKe IMOINepedHas Cuja
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MOJIOKUTENbHAsA. Ha ydacTke ¢ KpUBOJMHEWHOM 3MOpor «M» orpeneneHue

opauHaT MMIOPHI «Q» MOXKHO MpoBeCTH 0 PopMyIre
o p 2l M= M
2 l

rJie - pacnpeneiéHHas Harpy3Ka, IeHCTByomas Ha yJacTke |;
Mip, Mgy - MOMEHTBI Ha NPAaBOM M JIEBOM KOHI[AX y4acTkKa (MOMEHT
TTOJIOKUTEBHBIN TIPU PACTSHKEHUN UM HUYKHETO BOJIOKHA).

11.1To smrope «Q» moctpouts mtopy «Ny. s onpeneseHusi HOpMaTbHBIX CHII B
AJIeMEHTaxX CleAyeT IOCJeI0BaTeIbHO, HAUMHAS C Y3Jla, TJI€ CXOASTCS JTH
CTEP>KHHU, BBIPE3aTh BCE y3JIbI U PACCMOTPETh MX paBHOBecHe. Bripesas ysedn,
CJIeyeT MPUJIOKUThH TOIMEPEYHbIC CHIIbI, 3HAYEHUS KOTOPBIX HANO B3ATh W3
smopel «Q» u ompenensembie «Ny». Ilpm 3ToM crnemyeT TOMHHTH, YTO
MOJIOKUTEIIbHAS TIOTIepEYHas CUiia JOoJKHa ObITh HalpaBiieHa Tak, YTOObI OHA
Bpalajia OCh JIEMEHTa OTHOCHUTEIIBHO Yy3J1a 10 YaCOBOM CTPENIKE, HEU3BECTHbBIC
HOPMAJIbHBIE CHJIBI MPUHUMAIOTCS TIOJOXKHUTECIBHBIMA — PACTITHBAIONTUMH,
HAmpaBJICHHBIMU BIOJb CTepXKHSA OT y3na. Jns onpeneneHust  «N»
coctaBisitorcss  ypaBHeHuss paBHoBecust ».X = 0,)Y = 0. IlonoxurenbHbie
sHaueHus «Q» u «N» OTKIaIpIBalOTCS Ha TOPU3OHTAIBHBIX CTEP)KHSIX BBEPX
OT OCH, Ha BEPTUKAJIbHBIX — BJIEBO. 3HAaKW Ha 3mropax «Q» um «N» cTaBUTH
00s3aTeNBHO.

12. Jlna npoBepku s>miop «Q» u «N» pama cpesaercsi ¢ onop, MPUKIAIbIBAIOTCS

IMOIICPCUYHBIC, HOPMAJIbHBIC CHJIbI WM BHCHIHUC HAI'PY3KH. 3aTeM COCTaBJSIOT

YpaBHEHHS:

X =0; YY=0.

Bce smiopbl JOKHBI OBITH TMOCTPOSHBI Ha CXE€Max paM ¢ 00s3aTebHBIM

M300paKEHUEM OTTOPHBIX 3aKPEIJICHUH U MIapHUPOB.
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Tabmuma 5

Hudpsr mudpa
Ne 1-as uudpa 2-ast uudgpa 3-ast uugpa
n/n Ne cxembl
I;a’ KI(':]I,/M Ta’ II::Il-i IIZIZ-i KI\I/-II11\,4 KI\I/-IIZB’a 1101?1:1 :’65 ul 1/
0 6,0 1,0 4,0 6,0 - - 1,0 0 1/2
1 8,0 2,0 50 - 7,0 2,0 - 1 1/3
2 4,0 3,0 6,0 4,0 - - 3,0 2 2/3
3 4,5 1,5 7,0 - 8,0 4,0 - 3 3/2
4 7,0 2,5 4,5 50 - - 50 4 3/4
5 6,5 3,5 3,0 - 9,0 6,0 - 5 1/4
6 3,0 4,0 5,5 2,0 - - 7,0 6 2/1
7 5,0 1,2 6,5 - 1,0 8,0 - 7 3/1
8 5,5 2,2 7,5 3,0 - - 9,0 8 4/1
9 8,5 3,2 8,0 - 5,0 10,0 - 9 4/3
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Niasersonh 1 GF’z%Zy L 2 M,
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=L o
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I 2
N
Puc. 17
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T M ST T H a L/3
1, Moy < -
e —] 11 —
E H MZAﬁ - F% 1; N
- I ] - o
: IR AE
i~ L/2 Ly 2
N L)
L L/4 % L
9 0
= @M M,
L @ (s I
M, C q B
I IR <
Fé" |/ I, I,
I L/2
1 c !
I1 <
7 7%
! L/2
’I/ L
Puc. 18

IIpumep peieHus 3agaqu

3amaya Ne4. Pacyer craTuyeck HeonpeaeJJMMOM paMbl METOA0M CHJI.

Hano: E = const, I,/1,=3 (puc. 19),

§D§)M1=4 > N
I,=3I a
g=1—-L=I <
" L,=3I
B =2
3 3 6
Puc. 19




[Toctpouts M, Q, N. BBITTOTHUTE 00IIIYI0 CTATHYECKYIO IPOBEPKY.
Pewenue:
1. Onpenenenure yucia JUIMTHUX CBSI3EH.

JI=3K—-1I=32-5=1-pama o1H pa3 CTaTUYECKHA HEOMPEACTNMA.

2. Beioop OCMC (pwuc. 20).

- 12=3I N
Xi  g=14L=I
‘ =3I
1.
Puc. 20

3. qDOpMI/IpOBaHI/IG KaHOHHUYCCKOI'O YpaBHCHHA.

611 b Xl + A].P: 0,

4. TTocTpoeHue eTMHUIHOM AMIOPHI «M:» (puc. 21).

Re © Ra ! 2mropa «Mr»
yu. Ha O §3%

4 yu. @ 6
Xi=1 2yu. < ;6 12 5
1 yu. E
6 6 = 5
I "
6
Puc. 21

OrnpeneneHue ONOPHBIX PEaKIIHA:
mA=O_RBZ_X112=O, RB=_6,
mC=0:HA'2_X1'12=0; HA=6;
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Y=O:RA +X1 =0, RA = —1.
ITocTpoenue amrop:

1-# ygacTok

0<x<6;

Mx =X,x;
Mx=0 =0;
Mx=6 =6.

3-1 y4acTok

0<x<2;
M x = —Rp-Xx;
Mx=0 =0;
Mx=2 =12

5. ITocTpoenue Tpy30Boii AMropbl «Mp» (puc. 22).

Re  (C 7
h hz
aya| My=4
L] 5yu.
q=1:3yq. ~
1 yu. ]
2 yu.
P2=2
3 3 6
Puc. 22

OrnpeneneHue ONOPHBIX PEaKIIHi:

2- y4acToK

0<x<4;
M x =X;-6;
Mx=0 =6;
Mx=4 =6.

4-11 yyacTok
0 <x<6;
M x =Ry x;
Mx=0 =0;
Mx=6 =-—6.

Dmropa «Mp»

12
Wﬂm%

mC=O: HA'Z_M1+q'4"4_P2'9=O; HA=3;

Y =0: RA+P2=0, RA=_2

IIpoBepka:

X=0:q-4+Ry+H,=0; 1-4+ —7 +3=0.

IToct poenue smrop:
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2-1 y4acTOK 3-# y4acTok

0<x<3; 0<x<4;

M x =P, x; Mx =P,-3—q-x%/2;
Mx=0 =0; Mx=0 =6;

M x=3 =6. Mx=4 =-2.

4-i1 yqacToK S5-I y4acToK
0<x<2; 0<x<6;
M x =—-M; —Rg"x; M x =Ry-x;
Mx=0 =—4 Mx=0 =0;

M x =2 =10. Mx=6 =-12.

6. Onpenenenue ko3 duimeHTa U cBOOOTHOTO YWieHAa KAHOHUYECKOTO YPaBHCHHS.

811 = MMidx 1 16 6 262 +1 112 2 212+646 =
1= 2 E7 ~ 3EI 2 3 El 2 3 -
l
288
T EI’
py=y MiMpdc 110020 1y 16 ke s L%,
1= X E7  3EI 2 3° '3 2 3 EI( 12
l
+1 6—2 -4 6+112 2 14+210 _ 207,
2 2 ( 3 3 )= El’
/. Pemenne KaHOHUYECKOTO ypaBHEHHUSI.
288 207 Omropa «Mi-X»
—X - =0
TR T b
_ . - NN
X1 = —0.719; 8.63 i
43 T
. —14.31
8. KoppekTupoBka eqMHUYHON SIIOPHI (PUC. =
23). =
> 216|431
. 4.31
9. [NocTpoeHre OKOHYATEILHOMN AMIOPHI
Puc. 23

MOMEHTOB «M» (puc. 24).
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M =MP+M1X1

Omopa «Mp» Crartnyeckas mpoBepKa B y3ax
" 37 1.69
631371 | % B
. = 6.31 1.69
T 2 1 ° = m =U; m=0;
J; T T - -/
1.69
Puc. 24

10. Kunemartuueckas mpoBepka.

MlMd _ 1 1216 3 23 1216 3 23+16 +
g7 ¥ =35 ("3% 3° 72~ 3° 73

A=)

l

1 2 1 1 2 1 1 2 1
1-43
12

1
+ 6+ (169~ 6.31)-4-6) = (~2.16 — 432 + 4.225 +30.76 —

1  66.985—66.96 0.025
~5.04 +32 — 55.44) " = — =—;

IIOIrpCIIHOCTDb BBIYNCJICHUN IIpHU 5TOM COCTaBHJIad

~ 0.025-100%

= — 0,
£ C6.96 0.04%.

11. ITocTpoeHwme SMIOPHI MonepeuHbIx cuit «Q» (puc. 25).
JIns BBIUMCIICHHWS 3HAYEHUW TOMEPEYHBIX CHJI Ha KaXJOM Yy4YacTKe, NpUHSTa

HyMepanus Y4aCTKOB TakKas e, Kak U IIPU IOCTPOEHUU SIIOPI «Mp».

—216-0 1.69 — —2.16
Qo =——F=-0.72; Q, = = 1.28;

3 3
ﬂeB_1-4+—6.31—1.69_0_ wp 1-4+—6.31—1.69_
3.7 2 4 o Q5" = 2 4 -

—4 —1.37 0 — (=7.69)
Q4 = — = —2.69; Qs = z = 1.28;
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Omropa «Q»

- 2.69
b |
< 1.28 —
LT T, &/
4 i
=
. 1.28 |/
L el
L@ T
0.72
Puc. 25

12. ITocTpoenwue 3mropbl MPoAoIbHBIX cHl «N» (puc. 26).
X=0:—-N,=0;
Y=0:N,+ 128 =0;

N, = —1.28;

2.69=—
%NLL X=0:N,+4—269=0; N, =—131;
4__51.28 Y=0: N;g—N,—128=0; N; =0;
i
N,

Omropa «N»

S P
b

L |

SN 1.28

Puc. 26

13. O6mras cratrueckas nposepka (puc. 27).
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2695 "
. 131
> 1.28
q=1
. >
| —
072 B=2
Puc. 27

X=0:1-4-2.69-131=0;
Y=0:-072+2-1.28=0.
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