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BBEJEHUE

OcHoBHas 11eNIb COOPHHUKA — MMOMOYb CTYIEHTY YCBOUTH 3aKOHBI
CTAaTMKU KHHEMAaTUYECKH HEU3MEHSEMbIX IUIOCKUX CTEepPKHEBBIX
cucreM. OT OOBIYHBIX Y4YEOHMKOB II0 CTPOUTEILHOM MEXaHUKE
COOpPHHMK OTJIMYAETCSl 3HAYUTENIbHBIM MHOTrooOpa3ueM pacueTHBIX
CXE€M KOHCTPYKIIMH, B KOTOPBIX TpeOyeTcsl MOCTPOUTH SIIOPHI U
JMHUM BIIMSHUSA BHYTPEHHUX CUJIOBBIX (PAKTOPOB, JTUOO OMpEAeuTh
JMHEWHBIC U YTIIOBBIC MEPEMEIICHUs 3alaHHbIX CeueHH. 3aaayn B
COOpHHKE PaCIOIOKEHBI IO BO3PACTAOIIEH CIIOKHOCTH, IIPU 3TOM K
KOKIOMY THUITYy 3a7ad IPHUBOJUTCS MPUMEpP pacuera, HEOOXOAMMBbIE
JUTSL PEIICHHS 33124 MOSICHEHUS ¥ TpeOyeMBbIe Il CAMOCTOSI TEIIbHOTO
U3YYEHHUS TEMbl YUeOHUKU U ydeOHbIE TOCOOuSI.

[lepBas dyacTh COOpHMKAa TIOCBSIIIIEHA CTATHKE CTEPIKHEBBIX
CUCTEM, HE HMEIOIIHUX <«U30BITOYHBIX» (JIUIIHKMX) cBs3ed. Jlns
OTIpeNieNIeHUs] BHYTPEHHUX CWJI B HHUX JIOCTaTOYHO 3HATh (M yMETh
MPUMEHSTH) TOJILKO 3aKOHBI paBHOBecHs. B 3Toil yacTu mpuBeaeHbI
3aJa4i, KOTOPbIE MO3BOJISIT CTYACHTY OCBOUTH METOJABI M TEXHHKY
MOCTPOCHUS DJMIOP BHYTPEHHUX CHIIOBBIX (PAKTOPOB U JUHUMN
BJIMSIHUSL B PA3JIMYHBIX 110 CJIOKHOCTH CTEPKHEBBIX CHCTEMAaX.

Bropast uwacth cOOpHMKa MOCBsIEHa MpoOieMe OIpeIesIeHUs
NepeMeNIeHHH B CTEP)KHEBBIX CHUCTEMax OT Pa3IMYHBIX BHEITHUX
BO3/1EUCTBHI (Harpyska, U3MEHEeHHe TeMIIepaTyphl,
KHHEMaTHUYECKOE BO3/ICHCTBUE).

COopHHMK 3amad MOXeET OBITh MCIIOJIB30BAaH Ha IMPAKTHUYECKUX
3aHATUSAX 110 CTPOUTENBPHOW MeXaHWKe, TPH TPOMEKYTOUHOM
KOHTpPOJI€ 3HaHUH CTYJECHTOB, a TAK)KE Ha 3a4eTaX U dK3aMEHaX.



1. DHIKOPbBI U JIMHUU BJIMAHUA BHYTPEHHHUX
CUJIOBBIX PAKTOPOB B CTEP’KHEBBIX CUCTEMAX

1.1. PacueTr 0gHONPOJIETHBIX 0ATOK

DopMYJIMPOBKA 32124

Jlnst ofHOW M3 OMHOIPOJICTHBIX OalloK, M300paKCHHBIX Ha PHC.
1.1.1 - 1.1.25 tpebyercs:

— TOCTPOUTH JMMIOPbI BHYTPEHHUX CHUJIOBBIX (DAKTOPOB U JINHUU

BJIMSHUSI BHYTPEHHHUX YCUJIMH B CeUeHHSX N u K;

— OIpCACIIMTb YCUIIUA B CCUHCHHUAX nu k 10 JIMHUAM BIIUSIHUA OT

3aIaHHOW Harpy3Ky M CPaBHUTH UX C YCHUJIMSIMHU HA JIIOPAX.

VcxonHbie JaHHBIC IS pacdyeTa MpHHSTh u3 Taou. 1.1.

Tabmuua 1.1
Homep f 15 | 3 1 4 | 5 | & | 7
BdpHUaHTa
a, M 2 3 4 2 2 4 3
b, m 3 4 2 4 3 2 3
C, M 4 3 2 2 4 3 2
d ™ 2 4 3 2 3 2 4
M, kHm 6 5 4 6 8 10 7
F, xH 4 5 3 6 7 2 8
q, kH/m 2 1 3 4 2 1 3
q qg F
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/> = 1§ a.k! b HcxoaHble TaHHbBIE: CXEMa
75&’7 ?F 17:57 6anku Ha puc. 1.1.25; a=2 m;
by v d 0 ph=2 ;=2 M d=2 M;
Puc. 1.1.25 M=8 kHwm; F=2 xH; q=1 xH/m.

a) ONropbl BHYTPEHHUX CUJIOBBIX (akTopoB (puc. 1.1.26)
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0) JluHuu BIMSTHUS BHYTPEHHUX CHUIIOBBIX (DaKTOPOB B CEUCHHSIX
nuk (puc. 1.1.27)
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B) Ormpenenenue BHYTPEHHUX ycuiaud S (M3rubaromiero
MOMEHTAa WJIM TONEePEeYHOil Cuibl) B cedeHusx N u K mo dopmyre

BIIMSIHUSA:
S=M-tga+F -y+0q o,
rie M — cocpenoTodYeHHBIE MOMEHT («+» - HampaBlieH IO
JacOBOM CTpENKe, «-» - HalpaBlIeH MPOTHB YacOBOH
CTPEJIKH);

o — HaKJIOH JIMHUM BIIMSHUS B MeCTe Npuiioxenus M;

F — cocpenoTodyenHas cuna («+» - HampaBjiIeHa BHU3, «» -
HalpaBJieHa BBEPX);

Y — OpJIMHaTa JIMHUY BIHUSAHUS [10]] CUIION;

J — WHTEHCHUBHOCTb pACHpPENEICHHON Harpy3ku («+» -
HarpaBJIeHa BHU3, «-» - HAIPaBJIeHa BBEPX);

® — IJIOIIAb JIMHUY BIHUSHUS [IOJI HArPy3KOil.



M =(-8)-(4/6)+(-2)-(4/3)+1-0 =—8 xHw,
Q, =(-8)-(-1/6)+(-2)-(2/3)+1-0=0,

M, =(-8)-0+(-2)-0+1-(—2) =—2 xHwm,

Q. =(-8)-0+(-2)-0+1-2=2 xH.

3HAuEHUE YCUJIMI COBMAIU C COOTBETCTBYIOIIMMHU YCHIHMAMHU Ha
3IIOPAX.

IlosicHeHHe K peleHuI0 3a1a9H

1) JIns mocTpoeHUs JIMHHUK BIMSHHUS B Oalikax Ielecoo0pasHo
BOCTIOJIb30BaThCSl CTATUKO-KHHEMaTH4YeckuM MeTooM. CyTh MeTona
3aKJIF0YAETCS B TOM, YTO BHAYAJIE ONPENEISACTCS BU JIMHUU BIUSHUS.
Jlns sToro m3 Ganku ynaisieTcsl CBsi3b, JIMHHUIO BIHUSHUS YCUITUS B
KOTOpOil TpedyeTcsi MOCTpOoUTh. B moiyueHHOM TakuM 00pazom
MEXaHU3ME C OJHOH CTENEeHbI0 CBOOOJBI CTPOUTCS DIIOPa
BO3MOXKHBIX niepemernenuit (puc. 1.1.28). B Teopun auHUN BIUSHHUS
Ha OCHOBE NPHUHIIUIIA BO3MOXHBIX pabOT J0Ka3aHO, YTO BUJ JIMHUH
BJIUSHUS COBMAJaeT C ouepTaHueM 3Toii smopel. [Ipu m3BecTHOM
OUepTaHWM  JIMHUM BIUSAHUSA JIOOYyI0 €€ OpJUHATy HECJIOKHO
BBIYUCIIUTH U3 3aKOHOB CTaTUKU. [IJIs1 3TOrO I0CTaTOYHO YCTAaHOBUTH
€IMHUYHBIA TPy3 HaJ OpAWHATOH, OTIOENUTh YacTh OAaJIKH,
coJiep/Kalleil MCKOMOE YCHUIIME, U PacCMOTPETh PABHOBECHE 3TOHU
YacTH.

padl DS 3)”()[)61 BO3MOIICHBIX nepe_ueLquu[l

ﬁékb n' ; S~~< (nynkmup) unu 6uo auHuu enuHanus Mn

[
3/1/()pa BO3MOINCHBIX nepe,weu(euu[t

|
o]
ig;k ;Ik (nynkmup) unu 6uo aunuu eaunanus Qk

Puc. 1.1.28

HQMMQVCIHMG. 3HaK JIMHUW BIUSHUS OIPEACIINTECA aBTOMATUYCCKU,
€CJIM BO3MOKHOC TICPCMCIICHHUEC MCXAHU3MY 3a14aTb B HAIIPABJICHUH,
COBIMAAAIOIIEM C ITOJIOKUTCIbHBIM HAITPABJIICHUEM UCKOMOI'0 YCUIIUA.
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2) Ilpu ompeneneHUM YCWIMN IO JIMHUSM BJIHMSHUS CIEAYCT
MOMHUTH, YTO BHEUIHUH COCPEIOTOUYCHHBIH MOMEHT BHOCHUTCS B
dbopMyny BIHMSHHUS CO 3HAKOM «1», €CIU HAlpaBieH IO 4YacOBOM
CTpEJKEe, BHELIHAS COCPEJOTOYEHHAs CHUJa W paclpeiesieHHas
Harpy3Kka cO 3HaKOM «+», eclii HampaBjeHbl BHU3. Takue mpaBuia
OPHUHSITHl TPU BBIBOJEC (OPMYJIBI BIHMSHHS. 3HAK IKE TaHTEHCa
ornpezensercss OObBIYHBIM 00pa3oM, T.e. B TEpBOM U TpeThei
YETBEPTSAX OH TMOJOXKUTENbHBI (€CIM JIMHUSA BJIUSHUA HE

MePEBEPHYTA).

Yyeounku (yueoOHbIe MOCOOH)

61/1(15]1_1[ HHS)TI::KH ABTOp(BI), HA3BaHUE yYECOHHKA
(yueOHOTO TOCOOMST)
HOVpl'Y
H.H. Awnoxun. CrpourenbHas MeXaHUKa B
62123(707) npumepax u 3agadax. Yacte |. Cratuuecku

OIpCACIINMbIC CUCTCMEI.

624.04(07) | A.®. CmupHoB u ap. CTpouTeibHAs MeXaHHKa

C863 (cTep>KHEBBIE CUCTEMBI).

6246(5)24%(507) Cuutko H.K. CtpoutenbHas MexaHuka

624.04(07) | A.B. Japkos, H.H. IllanomraukoB. CtpouTtenbHas
J1203 MEXaHHUKa.

624.04(07) | PykoBOACTBO K MPAKTHYECKUM 3aHSITUSAM IO KypCy
P851 ctpoutenbHoi Mmexanuku (mon pen. I'.K. Kneiina)

10



1.2. PacyeT MHOTONPOJIETHBIX 0AJIOK

DopMyJUPOBKA 32129

Jlyist oTHOW M3 MHOTONPOJICTHBIX 0alIOK, N300paKCHHBIX HA PHC.

1.2.1-1.2.25 tpebyercs:

— TOCTPOUTH JIIOPHI BHYTPEHHUX CHUJIOBBIX (DAKTOPOB U JTMHHH
BJIMSIHUSI BHYTPEHHUX YCHJIMN B CEUCHUU K;

— ONpeACIHUTh YCWIHS B CEYCHHH K MO JIMHHSIM BJIMSHHS OT
3aJJaHHOM HArPy3KH U CPABHUTH HX C YCUJIMSIMHU Ha JITIOPaX;

— HaWTH  MaKCUMaJIbHOE W  MHUHHMAaJIbHOC  3HAYCHHE
U3ru0aroIero MOMEHTA B CCUCHHHM K OT MOJBM)KHOM CHCTEMBI
CBSI3aHHBIX IPY30B, MOKa3aHHOU Ha puc. 1.2.26.

HcxonHple naHHbIC TS pacyeTa MPUHATH U3 Taou. 1.2.

Tabmuma 1.2

Homep 1 2 | 3| 4| 5| 6 | 7
BapI/IaHTa

I, m 2 3 4 2 2 4 3

M, kHm 6 5 4 6 8 10 7

F, xH 4 5 3 6 7 2 8

g, xH/m 2 1 3 4 2 1 3

q M F M q

— SN s

RS A A A B

/| S S I plply 2, 31 o A,

Puc. 1.2.1 Puc. 1.2.2
q M FJ q
N 'BEEE

4 y i 4
R o m S LIRS e e

e B B w3 5 Bl L § I B e B . BT . B
1 a1 | 1 a | 1

Puc. 1.2.3 Puc. 1.24
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M
f;?\ f ”;76 i 5”3;7& = 79£>97 IIpuMmep pelieHus 32124

y2A 2 A A g Hcxonunbie maHHbIE: cXemMa
s [)HC B 2. ’5 ’ Oanku Ha puc. 1.2.25; 1=2 wm;
0,5F L5F F M=4 kHwm; F=2 xH; q=2 kH/m.
1 408 T 03
Puc. 1.2.26

a) KunemaTudeckuii aHaIn3 CUCTEMBI

1) Cremnenb cBOOOIBI CHCTEMBI

W =3D-(21lI+C)=3-3—(2-2+5)=0.

2) T'eoMeTpudyeckas HEM3MEHSEMOCTh MHOTOINPOJICTHOW OaiKu
CIIeMyeT U3 aHAJIN3a €€ «MOHTAKHO-TIOATAXKHOW» CXEMBI, TOKa3aHHOM
Ha puc.1.2.27. Bce nucku Ha 3TOH cXeMe HMEIOT HEeoOXoaumoe
YUCJIO TIPaBWJIBLHO YCTAHOBJEHHBIX CBsizedd. (CremoBaTenbHO,

MHOTOTIpOJIeTHAs Oalika SIBISETCS CTAaTUYECKH  OMPEeIUMOMN
CHUCTEMOM.
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0) Peakmuu B CBA3SX

Cunbl, 00€eCIeUYnBaIOIINC
pPaBHOBECHE JIUCKOB OaJIKH,
nokasaHsl Ha puc.1.2.28.

W3 ypaBHEHUIT paBHOBECUS
g oucka A-1 "Haxonsarcs

peaKIuHu:
x1=0; y4,= -1 kH,;
y1= 1 kH.

W3 ypaBHeHuit paBHOBECHS
g aucka 1—2 Haxomsrces

pEaKIIMHu:
x2=0; yp= 2 xH;
y2= 5 kH.

W3 ypaBHEHUI paBHOBECUS
I mucka 2-J1 HaxomsTes

peaKIuu:
xp=0, yc= 17,5 kH,
yp= —4,5 kH.

[IpaBunbpHOE HampaBieHHE
U BEIMYMHBI HaWJIEHHBIX
peakuMii  MOKa3aHbl Ha
puc.1.2.29.

B) OIMIOpsl BHYTPEHHHX
CHJIOBBIX (haKTOPOB

(>
]

g C D
4 kHwm ’7;7 ‘}L
X Puc. 1.2.27
—f——
Ya | Vi
4 M
—
Vi 2 kH/m
x; 7 X,
2 xH Yg | Vs
| 4 m ' 4 M
2 kH/m
X, I xp
Y2 Ve -VD?
4 M S ™M
4 kHm A
Puc. 1.2.28
1 kH
1 kH 2 kH/m
¥
2 kH 2 kH |5 xkH
: : I 2 kH/m
| | i
| |
L1 iSkH 17,5 kH ‘1,4.5 KH
| | I
1 | Pmc.1229 |
| | | 1 1 |
| | I I I |
| | | I | |
| | | I
1 r
20 (xH)
: 0,= 45xH
A i
I |
| oo 13 i
| | [ : :
T R R A R |
| | | |
| | Pyl 1
| | | !
| | [T M, = 18 kHm
| | iy k
| | ! |
1 (N |
! IM (xHwm)
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r) JIMHUYU BIWSIHUS BHYTPEHHHUX CHUIIOBBIX (DaKTOPOB B ceueHHUU K

T;]
O G A S
1|_4l\;‘l.4M‘l,4M1.,4!\‘11._41\171.,41\111,
/m \ZIV /1% 2. 1. Mk (M)

0.5, /1\ \l\ 1. 61. Ok
TN

Puc. 1.2.31

) OmnpezencHre BHYTPEHHUX CHJIOBBIX (haKTOPOB B ceueHUHu K
T0 JIMHUSM BIIASTHUS

 =4:05+(-2)-2+2-(-8) =—-18 xHwm,
Q. =4-(-05/4)+(-2)-(-0,5)+2-2=45 xH.

3HAKU W 3HAYEHUS YCWIMM COBHNAIM CO 3HAKAMHU U 3HAUYEHUSMHU
YCUJIMH Ha 3II0pax.

e) OrmpeneneHue HEBBITOJHOIO 3arpy)KeHUs JIMHUM BIHSHUS
U3ruOaroIero MOMEHTAa B CEYEHHMHM K TIOABHIXKHOM CHCTEMOM
CBSI3aHHBIX I'PY30B, TOKa3aHHO Ha puc. 1.2.26

1) Ha puc. 1.2.32 noka3aHo MOJIOKEHHE CHUCTEMBI TPY30B, MPH
KOTOPOM B CEYCHHH K BO3HHMKAeT MaKCHMAJbHBIN (HAUOOIBIINNA CO
3HaKOM IUII0C) u3rubaromuii  MoMmeHT. Kputuueckum rpy3om
apisercs cwna 4 xH, Tak kak Ipu mepexoie 3TOro rpysa 4depes
BEpUIMHY 3HAK MPOU3BOJHON Mk MEHSIETCS C «+)» Ha «—»:

< dM, /dx=(1+2+4)-05+(3+2)-(-0,5) >0,
= dM, /dx=(1+2)-0,5+(3+2+4)-(-0,5) <0.

max M, =1-0,5+2-15+4-2+3-1+2-0,5=155 xkHwm.
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|2M|1|2M|l

‘7r”ilfj\§r)\7\‘ <””//’é;\\\\\\> 7. 61. Mk (M)
05 152 105 T~ —

L 4wm , 4wm L, 4w L, 4wm ,  4wMm L, 4w L
1 ke ) ;! o a 1 a

Puc. 1.2.32

2) Ha puc. 1.2.33 moka3aHO IMOJIOKEHHE CHCTEMBI TPY30B, MPH
KOTOPOM B CEUCHHMU K BO3HMKACT MUHHUMAJIbHBIA (HAHOOJBIIHMHA CO
3HaKOM MUHYC) u3rubarommii MomeHT. Kpurtuyeckum rpy3om
apisiercst cwia 4 kH, Tak kak mpu mepexoie 3Toro rpysa depes
BEPILKHY 3HaK MIPOU3BOTHON Mk MEHSETCS C «—» Ha «+»!

< dM, /dx=(1+2+4)-(-05+(3+2)-05<0,
= dM, /dx=(1+2)-(-0,5)+(3+2+4)-05>0.

minM, =1-(-05)+2-(-15)+4-(-2)+3-(-D+2-(-0,5) =

=-155 xHwm.
1 2 4 3 2
2m | 1 | 2M | 1
05 152 1 05 /\
/9\ \ \ Y ® . 61. Mk (M)
W
L, 4wm ,  4wm , 4w , 4wm ,  4wMm L, 4w |
1 b b 2 T ki ] i G
Puc. 1.2.33

ITosicHeHNA K PENIEHHUIO 32124

1) CrepxHeBas cuCTeMa SIBISAETCS CTaTUYECKU OIPEICITHMOM,
ecii cTeneHb ee cBoOoasl W paBHA HYJII0 M OHa T€OMETPUYECKU
Heu3MeHseMas. B reoMmerpudyecku HEM3MEHSEMBIX CHCTEMax
NEpEeMCIICHUA oT Harpysok SIBIITFOTCA CIICACTBHEM TOJIBKO
nepopmanuii ee sneMeHTOB. [l MHOTONPOJIETHBIX CTaTUYECKH
OTpeNeNIMMBIX OaJIOK aHalu3 TeOMETPHYECKON HEHM3MEHIEMOCTH
IpOILE BBIMOJHATH Y€pe3 MOCTPOCHUE T.H. «MOHTAXHO-TIOATAXKHON
CXEMBI, TIOKa3bIBAIOMICH MOCIIENOBATEIPHOCTh MOHTaXa OTEITHHBIX
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Oanok. Ha kaxxaoMm «3Taxe» Takoi CXeMbI JOJDKHO IPHCYTCTBOBAThH
Tpu cBsi3u (cM. puc. 1.2.27).

2) Tlpu ompeneneHUM peaknWidi B CBA3IX MHOTOMPOJICTHOM
CTaTUYECKH OMpPEIeTUMON OalIku 11eJIeco00pa3HO BOCIOJIB30BATHCS
HaubOosee OOIIKMM IMOAXO0JIOM, 3aKIIOYAIOIIMMCS B TOM, YTO Jt00as
MHOTOJIUCKOBAsE CTATUYECCKU OIpeAeuMas CHUCTEMa MOXET OBITh
IpeJcTaBlIeHa B BUJe HAOOpa OTIENbHBIX IUCKOB C JIEUCTBYIOIIMMHU
Ha HHUX BHEIIHMMHM Harpy3kaMM ©  pPEaKUUsMH  CBs3EH,
o0OecrieunBarOIUX UM paBHOBECHE B COCTaBe cHCTEeMbl. B Teopuu
CTaTMYECKU  ONPEACNUMBIX CHCTEM JOKa3aHO, UTO  YHCIIO
HE3aBUCUMBIX YPaBHEHUN CTaTUKH B TOUHOCTH PABHO YMCITY PEAKIIHI
B CBSI35X, BKJIIOYAsl U CHJIBI B3aUMOJACHMCTBUS B IIAPHUPAX, KOTOPHIE
Ha CMEXXHbBIC JHUCKHU TMPUKIAIBIBAIOTCS B COOTBETCTBUU C 3aKOHOM
HeroToHa «IeficTBue paBHO MPOTUBOJCHCTBHUIO», T.€. PaBHBIMH U
MIPOTUBOIIOJIOKHO HATIPABICHHBIMH.

IIpumeuanue. CocpeOTOUECHHBIE BHEIIHUE CHUJIBbI, IECHCTBYIOIIME HA
HIAPHUPBI, MOKHO MPHIIOKUTH K JII00OMY U3 CMEKHBIX JTUCKOB.

[Tocne mocTpoeHus SMIOP BHYTPEHHHUX CHIJIOBBIX (DaKTOPOB B
OTJIENbHBIX JAMCKaX OHU OOBEAMHSIIOTCS W 00pa3yroT SMIIOPBI IS
MHOTOTPOJIETHOM Oaku B 1iesioM (cm. puc. 1.2.30).

3) Ilpy  TOCTpOCHMH  JIMHWUH  BJIMSHUS ~ YCHIMH B
MHOTOIIPOJIETHBIX Oajikax MpOIEe BCETr0 BOCIOJb30BATHCS CTATHKO-
KMHEMATUYECKHM METOJIOM, ONHCAaHHWE KOTOPOTO TMPHUBEIEHO B
nosicieHusx K pazgeny 1.1. [lockonmbKy NWHUW BIMSHUS YCHJIMHA B
CTaTUYECKH ONPEICITUMBIX CHCTEMAaX HWMEIOT MOJUTOHAJIBHBIN BUJIL,
TO JIOCTATOYHO HAaWTH BCEro OAHY HanOosee MPOCTO OMpEIesieMYI0
U3 YCIOBUI PAaBHOBECHs OpJAMHATY 3TOW JINHUM BIMSAHUA. B pumepe
olpesieieHa OpJMHATa, KOTJa €AMHUYHBIM Ipy3 YCTaHOBJIEH Hasl
ceuenneM K. ITpu TakoMm TMOJOKEHHH Ipy3a BTOPOCTEIICHHbBIC OaKu
(cM. puc. 1.2.27) He paboTaroT, ©X MOKHO OTOPOCHTH M U3 3aKOHOB
paBHOBECHS OTPEACTUTh U3THOAIOIINH MOMEHT U MOTIEPEUHYIO CHITY
B CEYCHUH K OCHOBHOM OaJku.

4) TlpaBwna ompeaeieHHUs YCWIHNA [0 JHHHASIM BIUSHHS U
dbopMyna BAUSHUS pUBEIeHBI B pazaene 1.1.

17



5) OmnpeneneHne MaKCHMalbHOTO M MHHUMAIBHOTO 3HAUYCHUIT
ycuaust S OT TIOABMKHOW CHCTEMBI CBSI3aHHBIX MEXAY €000
COCPEJOTOUEHHBIX TIPY30B TpeOyeT HaxOXJAEHUS HEBBIMOJHOIO
3arpy’KeHMsl JIMHUW BIMSHHUS 3TOM CHCTEMOW TIpy30B. B Teopum
JIMHWUM BIMSHUA JOKA3aHO, YTO B IIPU HEBBITOJHOM 3arpy>KCHUU OJIUH
U3 TIpYy30B (KpUTUYECKHI) NOJKEH HaXOOUThbCS Haja OJHOW H3
BEpLIMH (KPUTUYECKOM) JIMHUM BIUSHMS: HaJ BBIIYKIOW, €cin
OTBICKUBAETCSl MAaXS, ¥ BOTHYTOM, €CITM OTBHICKMBAaeTCst MINS (JTuHMs
BIIMSIHUS IIPU 3TOM HE JIOJDKHA OBITh IIEpeBEpHYTa). Y CIOBUEM, UTO
Ipy3 M BEpIIMHA ACUCTBUTEIBHO KPUTHUYECKUE, SIBISETCS CMEHa
3HaKa MPOU3BOJHON YCUJIMS IIPU NEPEX0JI€ TPY30M BEPILIUHBL: C «+)»
Ha «—», €CIIH OTBICKMBaeTCs MaxS, W ¢ «—» Ha «t+», ecid MInS.
[IpousBonHas ycuius onpenensercs no popmyie:

dS/dx = Z(Fi ‘t9a;)

rae  Fi— cocpenorouennslii rpys;
Of — Yrojl HAaKJIOHA JIMHUU BJIUSHUS B MECTE INPHIIOKEHHS
COCpenoToYeHHOro rpy3a Fi.

3ajaya HAXOXKIEHUS KPUTHMYECKOIO Ipy3a U KPUTHYECKOU
BEpIIMHBI  pemiaercs  nepedbopoM  BO3MOXKHBIX ~ BapHaHTOB.
Omnpenenenre MaxS 1 MInS ocyectisiercs Mo GopMysie BIUSHUSL

S= Z(Fi 'yi)’
rae Fi— cocpenorouennslii rpys;
Vi — OpAMHATBl JIMHUM BJIMSHUSA yCWIUsA S  mof
COCPEJIOTOYEHHBIMH  Tpy3aMH, YCTaHOBJICHHBIMHU B

TMTOJIOKCHHUEC HEBBII'OAHOI'O 3aIPYKCHU.

Yyeounku (yueoOHbIe IOCOOHS)

Hin¢p ABTOp(BI), HA3BaHUE yYEOHHKA
OubmmoTEKH (yueOHOTrO oCcOOus1)
IOVpI'y Y
624.04(07) H.H. Amnoxun. CrpoutenbHas MexaHHKa B
A697 npuMepax u 3agadax. Yacte |. Cratnuecku
OTIPEJIEIMBIEC CHICTEMBI.

18



624.04(07)

A.®. CvupnoB u np. CrpouTenbHas MEXaHUKA

C863 (cTep>KHEBBIE CUCTEMBI).

62%2;12_07) Cuutko H.K. CtpoutenbHas MexaHuKa

624.04(07) | A.B. Japxos, H.H. llanommuukoB. CTpouTtenbHas
J1203 MEXaHHUKa.

624.04(07) | PykoBOACTBO K MPAKTHYECKUM 3aHATHSAM I10 KypCy
P851 ctpoutenbHoi Mmexanuku (nox pea. I'.K. Kineiina)
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1.3. Pacuer miockux pam

DopMyJUPOBKA 32129

s omHo#t W3 pam, u3oOpaxkeHHeix Ha puc. 1.3.1 — 1.3.25,
Tpedyercs:

— BBIIOJHUTh KUHEMATUYECKUI aHAIIN3;

— ONpENeNHuTh  PEaKIuu B  CBA3SAX,  BKIIOYAs  CHJIBI

B3aMIMOJICHCTBYS B IAPHHUPAX;

— IOCTPOMTH SIIOPbI BHYTPEHHUX CHJIOBBIX (PAKTOPOB.

VcxoaHbie JaHHBIE IS pacdeTa IPUHSTH U3 Ta0u. 1.3

Tabmuna 1.3
Howmep 1 | 2| 3| 4|5 | 6 | 7
BapUaHTa
I, M 3 3 2 3 4 4 2
h, m 2 3 3 4 3 4 4
F, xH 3 4 5 5 4 5 6
M, kHm 5 4 6 4 6 5 8
M
— F
M2 ‘ ?F < 4 <
A 7>
= M2 <
S
— —
Puc. 1.3.1 Puc. 1.3.2
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D]
<
—
~
h

= M2
1" [ '} [ ’}’ [ ’IL
Puc. 1.3.3 Pnc 134
M
o) <-\ —
M -~
> F i3 -
”L M (/M o
757 7777 -
L1 L
Puc 135 Puc. 1.3.6
s o
-~
C — [r—C}
IW/Z -~
s E’“§ I
PR F [
Puc 137 Puc 13 8
M < =
! F = =
DM
P SR S S i
Puc. 1.3.9 Puc 1.3. 10
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M M

l y
F2
I
F <
7777
L,

h

1

bty ) 1 — Ly
Puc. 1.3.11 Puc. 1.3.12
F
; o | )
& OM < M FT <
777 = 7777 -
¥ / / 4 ¥ / L / L / ¥

L
Puc. 1.3.13 Puc. 1.3.14

M -~
F i - P E
JV = =
P A S

h

h

—t 4 S T S
Puc. 1.3.15 Puc. 1.3.16
M
M
F r> __F 4
M = MO 3
F < FT -
1D i
A A R S Y I
1 1 1 1 1 1 1
Puc. 1.3.17 Puc. 1.3.18
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F2
5
M M(/ i
777 757
—t L1
Puc. 1.3.19 Puc. 1.3.20
M M2
F F
77
77
—t——t S "
Puc. 1.3.21 Puc. 1.3.22
M M2
F N e
M M Fos
B > 1
s ]
>—<§ 7777 7777 =
ey —tt
Puc. 1.3.23 Puc. 1.3.24
5
IIpumep penieHus 3a1a4u
HcxonHele [maHHBIE: CXeMa
< pambl Ha puc. 1.3.25; 1=2 m;
M h=2 m; M=4 xHwm; F=4 xH.
—L 2 4
Puc. 1.3.25
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4 xH

C —y
D @ “
4 kHm =
(o]
A B
L 2M 4m L
T 1 |
Puc. 1.3.26

a) Kunemarnueckuii ananus pambl

1) CreneHb cBOOOIBI CHCTEMBI

W =3D-(211I+C)=3-3—(2-2+5)=0.
2) Pama mpexacraBiser  coOoit
HeusMeHseMyo  durypy  (puc.
1.3.27), cocTosAlmyl0o U3 Tpex
JTUCKOB, COCIUHEHHBIX  MEXIY
coboii mapuupamu A, 1 u 2, He
JeXallMMM Ha OJHOM IPSAMOH.
CrnenoBarenbHO, TeoMeTpudecKas % A T %
HEU3MEHSEMOCTh pamMHOU
KOHCTPYKIIUU OOecTieueHa.

Puc. 1.3.27

0) Peakuum B CBA3SX

Cuibl, o0OecrieunBarOIIe PaBHOBECHE TUCKOB PaMbl, MOKa3aHbI
Ha puc. 1.3.28.

X;

4 kHm Ir 8 &)

Puc. 1.3.28
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Hanpasnenve u BeIUYMHBI peakuuil x4, V4, X8, Y8, M, X1, y1, X2,
V2, HaWJIEHHBIX U3 9-U ypaBHEHUHN paBHOBECHUs (110 TPU YISl KaXKIO0TO
JIMCKa), TTIoKa3aHbl Ha puc.1.3.29.

4 kH
‘L 2xkH 2xH

2xkH 2xkH

4 kHm
2 kH 4 xHm #7]

2 xH
4 xH

Puc. 1.3.29

B) OMIOpPHI BHYTPEHHUX CHJIOBBIX (PAKTOPOB B IUCKAX pPaMbI

Dnropbl OpooisHbEIX cui (KH)

el 2
© » (MBI
4
IN (xH)
Puc. 1.3.30

DOmropsl nonepeunsrx cr (kH)

LTI TOI T

20 (xH)

Puc. 1.3.31
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O1ropsl U3rudarImx MoMeHToB (kKHM)

* [T

OM (xHwm)
Puc. 1.3.32

r) IlpoBepka paBHOBecus xecTkux y3i0B C u D

V3en C V3en D
4 xkHm
4 xH
8 kHm
2 kH 2 xkH 2 kH
C  — -
2 kH D
8 kHm
4 xH 4 xHm
Puc. 1.3.33 Puc. 1.3.34
XX =0;2Y =0; ZMc=0. 2X=0;2Y =0; ZMp=0.

ITosicHeHNA K PENIEHHUIO 32124

1) KunHemaTHyeckuii  aHajaM3  MPOM3BOIUTCS  C  LEJBIO
JIOKa3aTeibCcTBa, YTO paccMaTpuBaeMas paMHasi KOHCTPYKIIHS
SBJISIETCS CTaTHUECKU ONpEAEINMOIi, T.e. OHa He UMeeT N30BITOUHBIX
(«IMIIHUX»)  CBSI3EH n obecrieueHa €€ TeoMeTpUYecKas
HEH3MEHSIEMOCTb. [Ipouenypa aHaIn3a reoOMeTPHUECKON
HEM3MEHSIEMOCTH BKITIOYAeT OTHICKAHUE B paMe CBSI3aHHBIX JIMICKOB, B
COBOKYITHOCTH 00pa3yIoLINX MPOCTEHIINe HEeU3MEeHsieMble (PUTyphl, K
KOTOPBIM OTHOCSITCSL:

a) TpU JUCKAa, COCIMHEHHBIX TpeMs HE JIeXKAallUMU Ha OJHOU

IpSIMOM MPOCTBIMHU IapHUpamu (cM. puc. 1.3.27.);
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0) mBa  AWCKa, COEAMHEHHBIE  TpPEeMs  MPOCTHIMU  HE

HapaJ'IJ'IGJ'IBHBIMI/I U HE HepeceKaIOH_[I/IMI/ICSI B 0,HHOI>'I TOYKE

CBSI3SIMU.

I[Ipu »>TOM 3emiis paccMaTpUBAETCS KaK HEU3MEHSIEMBIH H
HEIOABYYKHBIN TUCK.

2) Ilpu ompenencHUW peakuuil B CBS3AX  CTaTHYECKH
OIpesieIMMOM pambl 11es1eco00pa3HO BOCIIOJIb30BaTbCsl Hambosee
o0IMM  MOAXOIOM, 3aKJIIOYAIOIMIMMCS B TOM, 4YTO Jro0as
MHOT'OJIUCKOBasl CTaTUYECKH OIpeAeIrMas CUCTEeMa MOXKET ObITh
IpejcTaBiIeHa B BUe Ha0Opa OTAEIbHBIX AUCKOB C JEHCTBYIOIIUMU
Ha HHUX BHEIIHMMHM HAarpy3kamMM M  pPEakUUsAMHM  CBA3EH,
o0ecrneynBaIUX UM PaBHOBECHE B COCTaBe CUCTeMbl. B Teopuu
CTaTUYECKH  ONPENEIMMBIX CHCTEM  JIOKA3aHO, YTO  YHCIIO
HE3aBUCHMBIX YPABHEHUI CTATHMKU B TOYHOCTU PAaBHO YUCILY PEAKLUI
B CBS35X, BKJIIOYas M CWIbI B3aUMOJCUCTBUS B IIAPHUPAX, KOTOPHIE
Ha CMEXHbIE IUCKH IPUKIAJBIBAIOTCS B COOTBETCTBHM C 3aKOHOM
Herorona «uelcTBue paBHO INPOTHBOJCUCTBUIO», T.€. PaBHBIMH H
IIPOTUBOIOJIOKHO HAIIPABJICHHBIMH.

IIpumeuanue. CocpeOTOUCHHBIC BHEIIHUE CUIIBI, AEHCTBYIOLIHIE
Ha [IapHUPBI, MOYKHO MPUIIOKUTH K JIFOOOMY U3 CMEXHBIX JUCKOB.

3) OmpeneneHre BHYTPEHHHX CHJIOBBIX (DAaKTOPOB B JHCKax
MPOU3BOTUTCS METOAOM CEUYEeHHH, CyThb KOTOPOTO COCTOMT B
CIICTYFOIIIEM:

a) pas3pes3aroT JUCK Ha JBE YacTHU Tak, YTOOBI B pa3pe3 Momajio
MOTIEPEYHOE CEUEHUE, B KOTOPOM OTBICKHUBAIOTCS BHYTPEHHUE
CUJIOBBIE (DAKTOPBI;

0) oTOpachIBalOT OJIHY 4YacTh JucKa (700yI0), a ee JelCTBHE
3amensroT yemusamu N, Q u M;

B) JUISL paccMaTpHBacMOW 4YacTH JIMCKa COCTaBJISIOT TpPH
HE3aBHCHUMBIX YPAaBHEHHMI PAaBHOBECHS, M3 KOTOPBIX OMPEIEISIFOTCS
BEJIMYMHBI M HAIIPABJICHUS] BHYTPESHHUX CHUJIOBBIX (DaKTOPOB.

4) I[J'ISI IPOBEPKHU PABHOBECUS KCCTKHUX Y3JIOB C IMOCTPOCHHBIX
ONIpPp B CCUCHHUAX, MAaKCHMAJIIBHO HpI/I6J'II/I)KeHHI)IX K y3jiaMm,
CHUMAIOTCA BHYTPCHHHC CHIIOBBIC (baKTOpBI U C Y4YCTOM 3HaAKa
YCUIIMA TPHUKIIAABIBAIOTCA K  y3JIaM. HpOBepfleTCﬂ BBITIOJIHEHUEC
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YCIIOBUN paBHOBECHS, MpPHU COCTABIEHUU KOTOPBHIX HEOOXOAUMO
y4eCThb BHEIIHHUE COCPEJIOTOYECHHBIC CHUJIbI WJIM  MOMEHTHI,
HENOCPEJICTBEHHO MPUJIOKEHHBIX K Y3ITY.

Yyeounku (yueOHbIe IOCOOHS)

61/1(15]1_1[1/11/1;1");1::1(“ ABTOp(BI), HA3BAHNE YUEOHUKA
I0OVpl'yY (ygeOHoro nocobwus)
H.H. Awnoxun. CrpourenbHas MeXaHHKa B
62123(707) npumepax u 3amadax. Yacte |. Cratuyecku

OTIPEJICIIUMBIC CHCTEMBI.
624.04(07) | A.®. CmupuoB u ap. CrpouTesbHas MeXaHHKa

C863 (cTep>KHEBBIE CUCTEMBI).

62%2;12_07) Cuutko H.K. CtpoutenbHas MexaHuka

624.04(07) | A.B. Hapkos, H.H. [lanomuukoB. CtpoutesabHas
J1203 MEXaHUKa.

624.04(07) | PyKkoBOACTBO K MPAKTUYECKUM 3aHSITHUSAM 110 KypCY
P851 ctpoutenbHoi Mmexanuku (nox pea. I'.K. Kreiina)
624.07(07) A.IIl. MenbuakoB, A.C. CsiTHuk. IlocTpoenue

M4R7 SMIOp BHYTPEHHUX CHJIOBBIX (PAKTOPOB B IIOCKUX

pamax. YuyeGHoe nocobue.
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1.4. Pacuer 6ajiouHbIX (hepm

DopMyJUPOBKA 32129

Jns onHoM m3 GanouHbIX (Gepm, n300pakeHHbIX Ha puc. 1.4.1 —
1.4.25 tpeOyercs:

— OIpEeNeNNuTh aHAJUTUYECKH YCUJIMS B OTMEUYEHHBIX CTEPKHSIX

OT HEMOABI)KHOW HAarpy3Ku B BHJE COCpelOTOYeHHBIX cuia F,

HPUIOKEHHBIX B K&KIOM y3JI€ PSIMOJIMHEHHOr0 nosica (Gpepmsl;

— TIOCTPOUTH JIMHUU BIUSHHUS YCWIMHA IS OTMEYEHHBIX

CTEp>KHEH MPH «e371e» M0 MPSMOIMHEHHOMY MOsICY (epMBbl;

— BBIYUCIUTH IO JIMHUSAM BIUSHHUS YCWIMS B OTMEUYEHHBIX

CTep)KHAX OT Cull F M pe3ynabTaTel CPaBHUTh CO 3HAYECHUSMHU

YCHJIMHA, IOJTYYeHHBIMU aHAJTUTHYECKH.

HcxoaHble JaHHbIE 71 pacdyeTa IpUHATh U3 Tadi. 1.4.

Tabmauua 1.4
Howep 4 4 | 52 | 3 | 4| 5 | 6 | 7
BdpHUaHTa
I, M 2 1 1,5 1,5 1 2 2,5
h, m 2 15 | 0,75 | 1,75 2 3 3
F, xH 5 7 9 10 8 6 4
AVANE ]
M m
I e e e L Ly Ty
Puc. 1.4.1 Puc. 1.4.2
I T S el e L Ly Ly
Puc. 1.4.3 Puc. 1.4.4
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: El
b
L / L / L l } k

[ S ST S ,
1 1 A 1 | 1 1 | | a 1
‘I’ Puc. 1.4.5 Puc. 1.4.6
1
M \/i v 3
L I L [ L [ L / } L l L [ L l L l L / L }
1 ) 1 £ | %: a1 ¥ T i § . |
Puc. 1.4.7 Puc. 1.4.8
YRR T
L I L / L [ L [ L / L [ | L ] L l L / L [ L / L }
1 1 1 1 b | G | 1 i i} i b L | 1
Puc. 1.4.9 Puc. 1.4.10
=
% < 1
L [ L [ L [ L [ L [ L 1 ) L I L [ L [ L l L [ L }
1 G ; 1 1 b | 1 : | 1 a1 a a1 o A 1
Puc. 1.4.11 Puc. 1.4.12
1 ol 1
S ¥
P R S SR SR S A P S S DR SR S L
1 | 1 1 b | 1 1 1 1 A | 1 il 1
Puc. 1.4.13 Puc. 1.4.14
S
L .
P S SR S SR S A SR S SR SR ,
T 1 1 1 - | 1 & |

Puc. 1.4.15
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Puc. 1.4.16
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E|

2h

h

h

h/2 h/2

h
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2h

‘”‘ %

[N B B SR ETEERE Y
4« T N 9 % X% 0N

Prc. 14.17 Puc. 1.4.18
é 1 =
A B S S B A S B B
| Prc. 1.4.19 Prc. 1.4.20
1 1
B e e I
Puc. 1.4.21 Puc. 1.4.22
T 1 1 7 'l' 1 1 ,|
Puc. 1.4.23 Pnc. 1.4.24
e
1 | 1 A ‘}
Puc. 1.4.25

IIpuMep peleHus 3a1a4u

Hcxoaubie nannbie: cxema (pepmsl Ha puc. 1.4.25; 1=4 m; h=3 m;
F=3 xH.
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a) AHQJIUTHYECKOE OIpENCICHUEe YCWIHNH B OTMEUYCHHBIX
CTEP’KHSX OT HENOJABU)KHOU Harpy3Ku

? 3kH 3xH 3xH ?
R1=4,5xH Rp=4,5 kH
¥ 4 M ¥ 4 M ¥ 4m 4 4™ ¥
Puc. 1.4.26
Paspes M, =0
» N,,-3+45-:8-3-4=0 =
\ (&
(MOMeHmHas moyuka) _
45xH 3kH N;, =-8 xH

¥ pupesy =) O
Dﬁ_& Papesll N, +45-3-3=0 =
N,, =15 kH

45xkH 3xH 3xH

XY =0

Paspes 111 —N,,-cosa—N;,=0 =

N,, =—N,,/cosa

Y =0
Paspes IV N,-3=0 =
N,; =3 xkH
Puc. 1.4.27

N,, =—N,;/cosa =-3/(3/5) =-5 kH.
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6) Jlunuu BAMSHUS YCHUJIUM JUIsl OTMEUYEHHBIX Ha CXEMe
CTEpIKHEU

L, 4mM , 4mM , 4M |, 4M
1 i 1 A A

Puc. 1.4.28
Ni2 —
Paspes [ M, =0 =
Ec?\"fe.wl N12 = _RA ' (8/3)
(Momenmnas mouka) (ypaBHeHHe HpaBOﬁ BCTBI/I)
Mt Paspes 11 Y =0 =
Noy =—R,4
R4 (ypaBHeHHME IpaBOii BETBN)

N4 Paspes 111 Y =0 =
ga : = ke
Nis3

N14 :_N13'(5/3)

Ni3
Paszpes IV Y =0 =
Vi N13 =1

Puc. 1.4.29
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| |
® a. 61. Rs

= o \ i 1. 61. N12
83 | -_——e ==___we15 |83
L<-""" yzend \  T~—= o
n.6. (npasas 6emen)  1.6. (1€6as 6emeb)
| 1. 61. N 24
1. 61. N13
1. 61. N 14

Puc. 1.4.30

B) OrmpeneneHue ycuiui B OTMEUEHHBIX CTEPIKHAX MO hopmyie
BiMsHUA ot cun F=3 xH.

Ny, = (3)- (=2/3)+(3)-(-4/3) + (3)- (-2/3) = -8 kH,
N,, =(3)-(1/4) +(3)- (1/2) + (3)- (-1/4) =15 kH,
N5 =(3)- () =3 xH,

N, = (3)-(-5/3) =5 &H.
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IHosicHeHNs K peNICHUIO 3a1a9H

1) AHanuTuveckuidi  crnoco0 — HaXOXKICHHS  YCWJIMH — OT
HEMOJIBIKHOW  Harpy3ku TpeOyeT pacCMOTpEHHUsI paBHOBECHS
OTCEUEHHOW 4acTH (pepMbl, COICPIKAIIICH ONpeeNIIeMOe YCUITHE.

2) OcCHOBOW I IOCTPOCHHS JIMHHAN BIMSHUS B CTEPIKHAX
¢depMbl, B OOJBIIMHCTBE CIIy4aeB, SBISIIOTCA JIMHUHM BIMSHUS
OMOPHBIX PEaKIMi, BUA M 3HAYECHUE OPJMHAT KOTOPBIX OYEBHJICH.
3ajaya, KaK MpPaBUJIO, CBOJUTCSA K HAXOXACHUIO CBSI3U BHYTPEHHETO
YCUJIMS C peakuus MU OIOp 4epe3 3aKOHbl paBHOBECHUS U
MOCIIEAYIOUIETO MepeMaciiTabupoBaHus IMHUM BIUSHUS peakuui. B
NPUBEJCHHOM NPUMEpPE CBSI3b yCHIINA B cTepxkHe 1-2 ¢ peakuueil Ra,
KOrja Tpy3 HaxoOuTCs chpaBa OT paspeza |, ompenenena wu3
PaBEHCTBA HYJIO0 MOMEHTOB OTHOCUTEIBHO TOUKH (y3i1a) 4 17 1eBor
oTceyeHHONW yacTu ¢epmbl. B pesynpTaTe mHONydyeHO ypaBHEHHUE
IIpaBOi BETBH, a JIeBasl BETBb, KAK U3BECTHO, MIEPECEKAETCS C MPaBOM
B TOUKe, JEeXalleil Ha OJHOW BEPTHKAIM C MOMEHTHOH TOYKOH
(y3nmom) 4. Jlnsg ycuimuss B CTepkHE 2—4 BETBU JIMHUM BIUSHUS
napajuleNibHbl, TOCKOJNBbKY CBSI3b C  pEakIMeil ompeaensiercs
ypaBHeHueM paBHoBecus XY =0. J{7sg mocTpoeHus: JMHUM BIUSHUS
ycunus B ctepxHe 1-4 ncnonb3oBaHa CBA3b ATOr0 YCHIIUS C YCUIIUEM
B crepxHe 1-3 3 paBHOBecus y3nma 1, a JIMHUS BIUSHHUS YCHIIUS B
cTep>kHe 1-3 JIerko MoCTpOUTh, €CIIM PacCCMOTPETh paBHOBECHE Yy3I1a

3.

YueOHukHu (vyueOHbIe TOCO0NS)

Hingp ABTOp(BI), HA3BaHHE yYEOHUKA
OubmmoTeKH (yuebHOTO IOCOOMST)
I0Vpl'y Y1
624.04(07) HH. Amnoxusn. CrpoutenbHas MexaHMKa B
A697 npuMmepax u 3amadax. Yacte |. Cratudecku

OTIPEJICIIUMBbIC CHCTEMBI.

624.04(07) | A.®. CmupuoB u jgp. CrpouTenbHas MeXaHUKa
C863 (cTep>KHEBBIE CUCTEMBI).

624.04(07)
C535

Cautko H.K. CtpoutenbHas MexaHuka
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624.04(07)

A.B. Jlapxos, H.H. [lanomnukoB. CtpoutenbHas

J1203 MEXaHHUKa.
624.04(07) | PykoBOACTBO K MPAKTHYECKUM 3aHATHSAM I10 KypCy
P851 ctpoutenbHoil Mmexanuku (nox pea. I'.K. Kneiina)
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1.5. Pacuer pacnopHbIX 1 KOMOMHMPOBAHHBIX CHCTEM

DopMyJUPOBKA 32129

Jiist oTHOM U3 CTEPIKHEBBIX CHCTEM, W300paskeHHBIX Ha puc. 1.5.1
—1.5.24 tpebyercs:
— BBIIOJHUTh KWHEMATHUECKUI aHAIIN3;

— ONpCACIMTb BHYTPCHHUC CHJIOBLIC q)aKTOpBI B YKa3aHHBIX
CCUCHUIX.

VcxonHble JaHHBIC IS pacueTa MpUHATH U3 Tadi. 1.5.

Tabmuua 1.5
Howmep 1 | 2| 3| 4|5 | 6 | 7
BapHaHTa
I, m 2 15 2 1,75 2 3 3
F, kxH 10 6 7 4 9 8 5

3l 4l ,

Puc. 1.5.1 (a, ¢) - Puc. 1.5.2 (b, d) Puc. 1.5.3 (a, ¢) - Puc. 1.5.4 (b, d)

.
24—
t
~
-
)
~
-
—
~

1L/

-+
o
~

-

) ¢

2
\ ;:‘I
& J, F I%

y 20, 28, 3l L y 2 20, 20

1 kJ 7 1 1 " 1

Puc. 1.5.5 (a, ¢) - Puc. 1.5.6 (b, d) Puc. 1.5.7 (a, ¢) - Puc. 1.5.8 (b, d)

1,51

1,51
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¥ WS ‘LF 7;7

s B ¢ B o B 3 v I wlele B8 ¢ 31 4
5 TR ! i

1 a1 a a1 ] g

Puc. 1.5.9 (a, ¢) - Puc. 1.5.10 (b, d) Puc. 1.5.11 (a, c¢) - Puc. 1.5.12 (b, d)

3l

% b, Fi ~é \a i

¥ 2l ¥ 2] ¥ 3/ ¥ ¥ 2l ¥ / 4 [1., 2] " 21’%7
Puc. 1.5.13 (a, ¢) - Puc. 1.5.14 (b, d) Puc. 1.5.15 (a, ¢) - Puc. 1.5.16 (b, d)
F F F

% d { §: La’ l N4
-a b= ’;7 < < ’£7 B
it ¢ b
¥ 2/ ¥ 2l n 2l ¥ 2l 4 1|‘/1|_ 2l ¥ 2l ¥ 2l 'I'[ '

Puc. 1.5.17 (a, ¢) - Puc. 1.5.18 (b,d)  Puc. 1.5.19 (a, c) - Puc. 1.5.20 (b, d)

B
F \ i ¢ /
S
d_ 60" 45°
L 351 . 351 . L35, 351
1 1 1 1 1 1

Puc. 1.5.21 (a, ¢) - Puc. 1.5.22 (b, d)  Puc. 1.5.23 (a, ¢) - Puc. 1.5.24 (b, d)
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IIpumep penieHus 3a1a4u

OTOT pa3fen IMpeayCMOTPEH Il CTYIEHTOB, >KEJAIOLIUX
JI0Ka3aTh, YTO OHU CIOCOOHBI PelIaTh 3aJaud CTATUKHU CTEPKHEBBIX
CHUCTEM IOBBIIIEHHOM CII0KHOCTH. [IoaTOMY npuMep peleHus 31ech
HE IPUBOAUTCA.

IHosicHeHNs K peICHUIO 3a1a9H

1) B pacnopHbIX cHCTEMax TpU BEPTHKAIbHOH HAarpyske
BO3HHMKAIOT PEAaKLUH (pacrop) B TOPU3OHTAIBHBIX CBS3SAX (3aTAKKAX,
pacriopkax u ap.). Haligure peakunu B cBSI3SX.

2) CnoXHOCTH BO3HHMKAIOT HE TOJILKO TIPH  OIpPEACICHUH
peakuuii B CBA3SIX, HO M IIPU JI0KA3aTeNILCTBE, YTO paccMaTpuBaeMast
KOHCTPYKTMBHAsl CXEMa SBJIIETCS CTaTMUECKH ONpPEIEIUMOM, T.€.
KHHEMaTU4YeCKH HEM3MEHSEMOM, Y KOTOpOH cTeneHb cBOOO/Ibl paBHA
Hymo. [IpeogoneiTe 3T TpyAHOCTH.

Yyeouuku (yueOHbIe OCO0OUs)

Hingp ABTOp(BI), HA3BaHHE yYEOHUKA
OubmoTeKH (yuebHOTO IOCOOMST)
I0Vpl'y Y1
624.04(07) H.H. Amnoxun. CrpoutrenbHas MeXaHUKa B
A697 npumepax u 3amgadax. Yacte |. Cratuuecku

OMpPCACIIMMBIC CUCTCMBIL.

624.04(07) | A.®. CmupHoB u jap. CrpouTenbHas MeXaHHKa

C863 (cTep>KHEBBIE CUCTEMBI).

62%2;1(507) Cuutko H.K. CtpouTtenbHas MexaHuKa

624.04(07) | A.B. Hdapxos, H.H. lllanomnukoB. CtpouTenbHas
11203 MEXaHHUKA.

624.04(07) | PykoBOJCTBO K MPAKTUYECCKUM 3aHITHUSIM 110 KypCY
P851 ctpoutenbHOi Mexanuku (mox pea. I'.K. Kieiina)
624.07(07) A.Il. MenbuakoB, A.C. CertHuk. IlocTpoenue

M487 SMIOP BHYTPEHHUX CHJIOBBIX (DAKTOPOB B TUIOCKHUX

pamax. YuyeGHoe nocobue.
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2. HNEPEMEHIEHUS B CTEP)KHEBBIX CUCTEMAX
2.1. Pacyer nepeMelieHUii 0T HATPY3KH

DopMyJUPOBKA 32029

s omHo#t W3 pam, u3oOpakeHHbIXx Ha puc. 2.1.1 — 2.1.25
TpeOyeTcsl ONpeaesInTh JIMHEHHOe NepeMelleHe CEYeHUss M U yroi
noBopora ceyeHus N. Pacder mepeMeleHui BBIIOJHUTE C y4ETOM
HOJATIMBOCTU CXKATO-PACTSHYTBIX CTEpXKHEH MU YOpPYrux CBs3el
(npy>xuH). s pacuera mpUHSATH:

— JKeCTKOCTb M3rubaembix crepkHer El mocrostHHON mo nHe

U OJIMHAKOBOM JJIsl BCEX 3JIEMEHTOB paMmbl;

—  JKECTKOCTb CKATO-PAacTAHYTHIX cTepskHeit EA= El /I

— moparauBocTh npyxun I3/El

HcxonHple qaHHbIC TS pacyeTa MPUHATH U3 Taou. 2.1.

Tabmuua 2.1
Homep 1 2 3| 4|5 | 6 | 7
BApUaHTa
q, <H/m 2 3 | 4 | 35 25 | 15 | 1
| o 35 | 25 |15 1 | 2 | 3 | 4
h 4 3 1 | 15 | 25 | 35 | 2

q

EEEEEE) EERER
V.o S S % S

o 2 . Xy o B i o By WMy
1 1 T G § 1 i 1

Puc. 2.1.1 Puc. 2.1.2

q q

HEEEER BEEEE y
& Y S

o B o W o B o Wy
i a1 1 1 1
Puc. 2.1.4

=
~i

-
~

ks
~

e
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q

I EEEEER,

<

EEEER

L
;Al;% /

t 4 '

- ¥ } }
Puc. 2.1.6

h

L,
Puc. 2.1.5

q A

o 12

m

2h

. BN I EE i 3l .
Puc. 2.1.7 Puc. 2.1.8
q
6 6 6 v 6 }(
Hll NI IL

3h

b
3h

q q
A

Q 'n tm ”;7 i
3, 3 A r 41 4 31 4
Puc. 2.1.12

2y }
Puc. 2.1.11
q
TR
'm n-| &
1 7
y IR y =
q III é m g;
b 3l ¥ 3l " 21 4 ' 4l 4 3l 4
Puc. 2.1.13 Puc. 2.1.14
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3h

3L a3 2y A 31 ‘
Puc. 2.1.15 Puc. 2.1.16
q q '
Y V¥ vy F:T N L
1 I
m H)ip‘ I ‘”
~ =
L3l . 51 ; " 41 i Il i
Puc. 2.1.17 Puc. 2.1.18
q
HEEEE /
II| m :’:
S i
% n IHI
PR/ AR/ R 3, 2,
Puc. 2.1.19 Puc. 2.1.21
q q
]
= m n =
E 4 S 4, 4 S
m! n- - -
s m_ =
pe PaY !
[ 3, A 3Ly 2
Puc. 2.1.22 Puc. 2.1.23 Puc. 2.1.24
q
757 P ! IIpumep penieHUus 3a1a4u
4 = Ucxonuple paHHeple: cxeMma
b \ pambl Ha puc. 2.1.25; 1=2 wm;
h=2 m; q=3 xH/m.
N S A
Puc..2.1525
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a) Pacuernas cxema pampl, 3mopa U3THOAIOIMIUX MOMEHTOB H
3Ha4YEHHE MPOJIOIBHOM CHIIBI B 3IeMeHTe ab oT Harpy3ku

3 kH/m
HEERERE
737 n- m'
f.
a b
o
¥ 2M ¥ 2M ¥ 2M ¥
3 xH/™m

4 xH

Puc. 2.1.26

0) DOmiopa M3ruOAOIMX MOMEHTOB M 3HAY€HUE MPOIO0JIHHOMN
CHJIBI B 3JieMeHTe ab OT eIMHUYHON CHITBI, IPUIIOKEHHOW B CCUCHUN
m

4/3 o 4/3
T 213
1/3 3M1/n (M)
23 0
[ —

-

% 2/3
Puc. 2.1.27

B) 3H10pa 1/13r146a101u1/1x MOMCHTOB MW 3HAUYCHUC HpOHOHBHOﬁ
cuibl B dyeMeHTe ab or CAUWHUYHOI'0O MOMCHTA, MPHIIOKCHHOI'O B
ceyeHuu n
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173

1/(6 m) 16 m)

fo—
—_—

1/(6 m)

‘L 1/(6 m)
Puc. 2.1.28

r) JluneiiHoe mnepemenienue cedeHuss M (Am) U yrJioBOE
nepemeleHe ceueHus N (on), HalaeHHbIe 1o hopmysie Mopa

M,-M L L
M) =2 [ T (NN + 5 R Re

rac Mj_, Mg — OIII0Opa MOMCHTOB COOTBCTCTBCHHO OT CAIMHUYHOI'O

BO3JICUCTBUA U 3aJaHHOM HArpy3KH;
N1, NF — mpozosibHast cujia B dJIeMEHTe ab COOTBETCTBEHHO

OT €IMHUYHOTO BO3JICUCTBUS U 3aJaHHON HArpy3KH;
Ri, RF — peakuus B MpyXKHHE COOTBETCTBEHHO OT

€JMHUYHOTIO BO3JCHCTBUSA U 3aIaHHON Harpy3KHu.

Am:i 3-8-2-2-5-3 +L (0_4.2’5.3_2.3)_,_
BEJ|2 33 6EJ 3 3

3
+(0+4-6,5- 1+10 2)}+4 4-g+2—-8£:88’89 (m).
3 3 EA 3 EI 3 HE

b 1152100, 2 [0 el 5l
E1l2° 3376 6
1 4 1.2 .1 1789
£ (0+4-65-2410-2) |- —.4.2 4% .g.2 .
( 6 )} A tetE YT m P
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TlosicHeHUs K pelIeHHI0 32129

1) Ilpu mocTpOCHMH S0P UTUOAIOIIMX MOMEHTOB HCIIOJIb30BaH
IpUeM, COCTOALIMM B TOM, 4YTO IPEABAPUTEIBHO OIpeAeseHa
IPOJIOJIbHAS CHJIA B CIKATO-PACTIHYTOM crepkue ab. Jlist aToro ObuI0
3allUCAaHO  BBIPAXKEHHME M3rHOAlOIIEro MOMEHTa OTHOCHUTENBHO
LIApHUPA B OTCEYEHHON YacTH, OTAEJICHHOW pa3pe3oM OT paMbl IO
IIAPHHUPY U JIEMEHTY ab, U 3TOT MOMEHT ITPUpPABHEH K HYIIIO.

2) B ¢opmyne Mopa mepBblii WieH y4YHTHIBaCT BJIHMSHUC Ha
BEJIMYMHY TEPEMEIICHNsT M3Tn0a cTepHEed pambl. J{ns y4acTkoB c
KPUBOJIMHEHHON OSMIOPOM M3rHOArOIMX MOMEHTOB JTOT WIEH
pEKOMEHAYeTCs BEIUUCIIATE 0 popmyse CUMIICOHA, T.€.

M,-M L
j U dx = [(M,-M,), +4(M,- M), +(M,-M,) ]
1 F 1 Fle 1 Flel
L El 6EJ ! ‘ )
rie  (Mi1Mg),, (M1-Mg)e, (M1-Mg)c — mpou3sBeneHue 3HAYCHHIA
U3ru0alOMMX MOMEHTOB COOTBETCTBEHHO B  Hayale,
CeperHe M KOHIIE y4acTKa.

Ha ywactkax c¢ mnpsMonuHeiiHo#i smiopoit Mg  BbluncieHHE
MHTETpaJia mpolie MPoU3BECTH 10 NpaBuiy Bepemiaruna, T.e.

J' Ml'MF dX=wy
L El EJ’

TA® @ 3mauennii mnomans smopsl Me

y — opauHaTa Ha smope Mi mon (Haa) HMEHTPOM TSKECTH
smtopsl M

3) Bropoii unen ¢opmynbel Mopa yduTHIBAeT BIUSHHUE Ha
BEJIMYMHY OTBICKMBAEMOI'O IIEPEMEIEHNs TMOJATINBOCTH CXaTo-
PacCTSIHYTBIX CTEp’KHEN pambl. DTOT WJIEH 3amnucaH B popMe pelieHus

N, N
uHTerpaia Mopa IL #dx nust ciyyast, korna N1 u Nf = const.

4) Tpermii uneH B ¢opmyre Mopa y4YUTHIBae€T BIMSHHE Ha
BEJIMYMHY OTBICKMBAEMOTIO IEPEMEIIECHNs IMOJATIMBOCTH YIPYTHUX
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cBa3eil (mpyxkuH). OH TakKe TMpeAcTaBieH B (oOpMe pPEIICHHs
uHTeTpala Mopa TO aHaNOTUU C TMPEABIAYIINM ITYHKTOM, €CIH
npomus3Bectu 3ameHy N1 Ha Ri, Nr Ha Rr, a BMecTto EA mocraBuTh
KeCTKOCTb npyxuusl EI /L2,

Yuyeounku (yueoOHbIe OCOOUS)

Hludp ABTOp(BI), HA3BaHUE YUYCOHUKA
Oubmnorexn (yueGHOTO TOCOOMS)
I0Vpl'Y v
624.04(07) H.H. Amnoxun. CrpoutenbHas MexaHMKa B
AG9T npuMmepax u 3amadax. Yacte |. Cratuuecku

OTPEICITUMBIC CHCTEMBI.
624.04(07) | A.®. CmupuoB u jp. CrpouTenbHas MeXaHUKa

C863 (CTep)KHEBBIC CUCTEMBI).

62%2;1(507) Cautko H.K. CtpourenbHas MeXaHUKa

624.04(07) | A.B. lapxos, H.H. lanomnmaukos. CtpoutenbHas
1203 MEXaHHKA.

624.04(07) | PykoBOACTBO K MPAKTUYECKUM 3aHITUSAM IO KypCy
P851 ctpoutensHoil mexanuku (mox pea. I'.K. Kineiina)
624.07(07) A.Il. MenbuakoB, A.C. CeprtHuk. Iloctpoenue

M487 SMIOP BHYTPEHHUX CUJIOBBIX (DAKTOPOB B IUIOCKUX

pamax. YueGHoe mocobue.
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2.2. Pacuyer nepememnieHuii 0T U3BMEHEHHUs TeMIlePaTypPbl

DopMyJUPOBKA 32129

Jns omgHolt m3 pam, m3o0pakeHHBIX Ha puc. 2.2.1 — 2.2.25,
TpeOyeTcsl ONpeaesnTh JIMHEHHOE MepeMEIleHNe CEUYeHUs. M U yroi
noBopota ceyenus N. [Ipu pacuere nepemMenieHuid MPUHSATD:

—  BBICOTY IONEPeYHOro ceueHus Beex crepsxkHer he=0,1l;

— IIOJIOKEHHME  LIEHTpa TSKECTH  IONEPEYHOro  CEYEHUs

IIOCEPEHE €r0 BBICOTHI;

— KOO(QPHUUHUEHT JTUHEWHOTO pPACHIMPEHHs] OJMHAKOBBIM IS

BCEX DIEMEHTOB CHCTEeMBI M paBHBIM o = 10 1/rpan;

— mapamerp Temmeparypel t = 10 °C (Ha cxemax pam
TEeMITEpaTypa CHapyu 1, He TOKa3aHa).

HcxonHple JaHHBIC IPUHATH U3 Tabm. 2.2.

Tabnuna 2.2

Howmep 1 2 3 4 5 6 7
BapHaHTa

Temneparypsl t 1 2t -2t 4t 3t | -3t
cHapyxu, t,

Temneparypa ot -3t 4t 4t At -t t
BHyTpHU, 16

h, w 26 | 4 | 38 ]2 |3 |4]°2
,“ IN_
I, 1
Puc. 2.2.1




m' n' 'n m-
= lg = tg =
/ I / | | / | /

Puc. 2.2.5 Puc. 2.2.6
“m 'n

/ I / |
Puc. 2.2.8 Puc. 2.2.9

IIl l"_ I]I lﬂ- I”l

’” = '(; = t(f =
n_
| / | / | ' / | / | | / ' /

Puc. 2.2.11 Puc. 2.2.12

h

h

¥ / ¥ / ¥ / ¥ /
Puc. 2.2.14

755:;5 lg
_m \n = m_|
lg
¥ § n '

—
Puc. 2.2.13 ﬁ - ,;7:[ Puc. 2.2.15
i 3 “n
[

» _m r
tg S k + ¢ + l + : + lg T

Puc. 2.2.16 <

IH_ fﬂl
= [( -~ ~
_m \n
77 iy pe PAN
| / | / | ¥ / + / ¥ [ ¥ / ¥ | /
Puc. 2.2.17 Puc. 2.2.18 Puc. 2.2.19
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h

Puc. 2.2.20

-
~
-
-~
=
~
e
0

Puc. 2.2.24 g Y

Puc. 2.2.25
HDI/IMCD PECIICHUSA 3a/1a4YU

HcxonHblie maHHbIe: cxeMa pambl Ha puc. 2.2.25; 1=2 m; h=2 wm;
t,=1t; te=-4t; 1=2 m; t=10 °C.

L
10°C S
Y
2Mm | 2Mm
Puc. 2.2.26

a) Oniopsl U3THOAIINUX MOMEHTOB M MPOJOJIBHON CHUIIBI B
paMe OT EeIWHWYHOM CHJIBI, TPUIOKEHHONW B ceueHUH M (s
OTIPEICIICHUS] BEPTUKAIBHOTO MEPEMEIICHUS CEUCHUS M)
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1 1
1 1 172 1/2

TR

L 112 12

O

111
[
E

0 l/2T

OM, (m) y 3N

[INNEEO]

38}
~

172

Puc. 2.2.27

0) Oniopsl U3rHOAIUX MOMEHTOB W MPOJOJIBHOM CHJIBI B
paMe OT €IUHHUYHOTO MOMEHTA, NMPWJIOKEHHOIO B CEYCHUH N (st
OIIpEJICTICHHUS YTiIa IOBOPOTa CEYCHUS N)

1
172 1/4 <\ 1/4

s nns
1 1/4 1/4 |8}
bl L8 ]
0 1/(4 M)T H o 1/¢ M)T
1/(4 M)L M, 14 w) ON,; (1/m)

Puc. 2.2.28

B) JluneiiHoe (Am) mepemereHue cedeHuss M U yrioBoe (¢n)
nepeMenieHre cedeHus N, HaiieHHbIe 1o Gopmyre Mopa

ot
Alp) = Z“ozt'a)N1 + ZTO)MU

rne  o—xo3puureHT TMHEHHOrO PaCHIUPEHHUs;
t’=(t. + t;)/2 — TeMnepaTypa Ha OCH CTSPXKHS;
t=|t, -t |;
N1, M1 — IUIOIAAb 3MIOphl cooTBeTcTBEHHO N1 m M1 Ha
y4acTke (CTepikHE).
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A, =a(-15°C)- (—— 61 )+ 4~%%-1 2 =645 (M) =

=645-10"° M = 6,45 MM,

1, a5C 1,1 1
= a(-15°C)-(2-2) + Z.2.2.442.2)=
@, = )-( 4) 02 ( 5 2)

=442 5 (panx) = 0,004425 pan.

IlosicHeHHs1 K pelIeHUI0 321241

1) B dopmyae Mopa mepBblii 4IE€H YYUTHIBACT BJIHSHUEC
TEMIIEPATypHOTO yIJIMHEHUs (YKOPOUEHHMs) CTEp>KHEM pambl Ha
BEJIMYMHY OTBICKMBAEMOI'O IIEPEMEILIECHHS], & BTOPOH UJI€H — BIUSHUE
Ha MEPEMEIICHUE TEMIIEPATYPHOIO UCKPUBJIEHUS CTEPIKHEM.

2) 3nak nepBoro wieHa (opMmyibl Mopa ycCTaHaBIMBAcTCS B
3aBUCHUMOCTH OT 3HaKa TeMIlepaTypbl Ha ocu crepkHd (t’) u 3Haka
SMIOPbl MPOJOJIBHOM CHJIBI;  3HAK BTOPOrO WiIE€Ha 3aBUCUT OT
HaIpaBJIEeHUs! TEMIEPaTypHOM KPUBU3HBI M KPUBU3HBI OT M3TU0a,
BBI3BAHHOTO €IMHMYHOU cuiod. Ecnm Ha kakoM-nmubo yyacTke 3TH
KPUBU3HBI COBIAAAIOT, TO 3HAK BTOPOr0 YJ€HA MPUHHUMAETCS
MIOJIO’KUTEIIBHBIM, B IIPOTUBHOM CJIy4ae — OTPULIATEIbHBIM.

Yyeounku (yueOHbIe IOCOOHS)

Hingp ABTOp(BI), HA3BaHUE yYEOHHKA
OubmmoTeKH (yueObHOTO IOCOOMST)
IOVpI'y Y1
624.04(07) H.H. Amnoxun. CrpoutenbHas MeXaHHKa B
A697 npuMepax u 3agadax. Yacte |. Cratuuecku

OTIPEJIEIIUMBIEC CICTEMBI.
624.04(07) | A.®. CmupHoB u ap. CrpouTenbHass MeXaHUKa
C863 (cTep>KHEBBIE CUCTEMBI).

624.04(07)

C535 Cautko H.K. CtpoutenbHas MexaHuka
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624.04(07)

A.B. Jlapxos, H.H. [lanomnukoB. CtpoutenbHas

J1203 MEXaHHUKa.

624.04(07) | PykoBOACTBO K MPAKTHYECKUM 3aHITHSIM I10 KypCy
P851 ctpoutenbHoi Mmexanuku (nox pea. I'.K. Kneiina)
624.07(07) A.Il. MenbyakoB, A.C. CreitHuk. Iloctpoenue

M4R7 SMIOP BHYTPEHHUX CUJIOBBIX (DAKTOPOB B IUIOCKUX

pamax. YueOHoe mocooue.
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2.3. Pacuer nepeMenieHui oT KHHEMATHY€eCKOIro
BO3JAeHCTBUS

DopMYJIMPOBKA 32124

Jns omHoM w3 pam, m3o0pakeHHBIXx Ha puc. 2.3.1 — 2.3.25
TpeOyercs:

— OIpPENeNUTh JUHEWHOE U YIIIOBOE MEPEMEIICHUE CeUYeHUs N U

B3aMMHBIN YTroJI TOBOPOTa ce4eHuil M u K;

—  u300pa3uTh U3MEHEHUE reOMETPUH pambl oT

KHHEMAaTU9IECKOTO BO3/ICHCTBUS

Ipu pacuere nepemenienuii npuaaTh: A =102, o= A/l.

VcxonHbie JaHHBIC TPUHATH U3 Ta0m. 2.3.

Tabmuua 2.3
Homep 1915 1 3| 4 | 5 6 7
BapHaHTa
I, m 15 20 |25 30 | 3,25 2,75 1,75
h, m 2,5 4 3 2 3 4 2
m' Vk n' 'n
g _m —4: =
5 l’ o B
A = 24
¢ = ¢ '
Ly I !
Puc. 2.3.1 Puc.2.3.3
. :
A2 k' m n' &
—I”% .
¥
30 1, 2,
Puc. 234




e

A=

Puc. 2.3.17
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€ D

=
o]
m

ML A A

Puc. 2.3.19
’717 m' Vk

Q

i
757 A2 ,
L # )3 n

=

Ly Ly J;Lf !

Puc. 2.3.22 Puc. 2.3.23

IIpumep pemenus
3a1a4u

HUcxonunie janHbIe:
CX€Ma paMbl Ha pHUC.

2.3.25; 1=2 m; h=2 wm;

— . 102
; 5 A=2 cm; =10 pan. S .« B
Puc. 2.3.25 Puc. 2.3.26

a) EnuHnyHOE CcOCTOSAHHE H pcakiuun B

CBA34AX  IJIA
OMpCACIICHUA JIMHEHHOTO nepeMEICHUsI CCUYCHUS N

Puc. 2327 '° 0.19
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6) EawmnawmyHOe cCcoOCTOSIHUE U pEaKkIud B

CBA34AX  IJId
OIIPECIICHUSA YTJIIOBOI'0O IICPEMECIICHHU CCUYCHHA N

. OE/Q M)
1/(2 m) {0
0L 1/2wm)
=
1 1 1/2m) 0 +
0
7777 —
A/
Puc. 2328 '° 0

B) EnunuyHOoe cocTOsHME U peakuud B
OTpeIeNIeHUsT B3aUMHOTI'0 YIJia IIOBOPOTa CeueHH M u K

] MQ M)
L7 1/(2 ;

CBA3AX  OJIA

M)
0 >1 /(2 M)

1/2m) O
0

C B

b,
Puc. 233y 112 L@w

F) JIuneiiHoe u YIJIOBBIC TIEPEMCIIICHU A CEUYEHHH OT 3aJaHHOTO

CMCUICHUA M HCETOYHOCTHU MH3I'OTOBJICHUA CB?[3€I>1, HaﬁILCHHBIe 110
dopmyne Mopa

A(q)):_szl'Sja

Rji — peakuus B j-TOH CBS3M B COOTBETCTBYIOIIEM
€JUHUYHOM COCTOSIHUU;

Sj — 3agaHHOE TIepeMeniecHre (HETOYHOCTh U3TOTOBICHHMS) |-
TOW CBSI3H.

rac

A, =-1-2-2]=4 cm,
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¢n = —[—10,01—% 20’01] = 0'02 paI[’

@ =-1-2-0,01— % -2-0,01] = 0,03 pan.

n) ['eomerpus pambl ¢ y4eTOM 3aJaHHBIX CMEIICHUN CBs3CH

4 cm —t 4 cMm
0,01 pan 0,01 pan
T e
\ |
\
0,02 pax \ Ll2cm
\ I
N\ ld o
)/ TA
\ |
\ |
\ |
\' Puc.2330 0,01 pax
3
).l
1
' 4 cm

IlosicHeHHs K PelIeHUIO 3212491

1) 3nak mpomsBeneHus Rj1Sj ycTaHaBnMBaeTCs MO TMPaBUIY:
€CJIM HalpaBJICHUE PEaKLUU COBIAAAET C HAlpaBJICHUEM 33JaHHOTO
NEPEMELICHNS CBSA3M, TO 3HAK INPOMU3BEICHMS IOJOKUTEIbHBIN; B
IPOTUBHOM CJy4ae — OTPULATENIbHBIMH.

2) Ilpu 3agaHHOW HETOYHOCTH M3TOTOBJCHUS  DIEMEHTa
BBIILICITPUBEICHHOE MTPABUIIO 3HAKOB COXPAHSIETCS, HO B 3TOM CiIydae

pOJb peakIMHM HUrpaeT BHYTPEHHUH CHUJIOBOH (hakTop B ceueHHUH
9JIEMEHTA [0 HAPaBJICHUIO 33JJAHHOM HETOYHOCTH.
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Yyeounku (yueOHbIe IOCOOHS)

Lingp ABTOp(BI), HA3BaHHE y4YCOHUKA
Oubmnorexn (yueOHoOro mocoOus)
I0Vpl'y Y1
624.04(07) H.H. Amnoxun. CrpoutenbHas MexaHMKa B
A697 npumepax u 3amgadax. Yacte |. Cratuuecku
OTIPEACITUMBIC CUCTEMBI.
624.04(07) | A.®. CmupuoB u ap. CrpourenbHass MeEXaHHKA
C863 (cTep>KHEBBIE CUCTEMBI).
62%2;12_07) Cuutko H.K. CtpouTtenbHas MexaHuka
624.04(07) | A.B. Hapkos, H.H. [lanomuukoB. CtpouTesabHas
J1203 MEXaHUKa.

624.04(07) | PyKkoBOACTBO K MPAKTHYECCKUM 3aHATHSIM IO KypCY
P851 ctpoutenbHoi Mmexanuku (nox pea. I'.K. Krneiina)
624.07(07) A.Il. MenbuakoB, A.C. CprtHuk. Iloctpoenue

M4R7 SMIOP BHYTPEHHUX CHUJIOBBIX (DAKTOPOB B IUIOCKUX

pamax. YuebGHoe mocobue.
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