OIlJ1.9.02.02 CONPOTUBJEHUE MATEPUAJIOB
INPUMEPBI PEIIEHUSA 3AJIAY
KOHTPOJIBHBIX PABOT
MeTonnueckue yka3aHus Ui CTY/ICHTOB
3a04HOM (HOPMBI OOYyUCHUS



BBEJAEHHE

[Ipexae ueM NpUCTYNUTh K PEIICHUIO 3a7a4 KOHTPOJIbHON padoTHI MO CO-
MPOTUBJICHUID MAaTEPHAIIOB HEOOXOAMMO BHUMATEILHO M3YUuTh «COMpOTHBIIE-
HUE MaTEepUaJIOB: METOJMYECKHE YKa3aHWSA M KOHTPOJbHBIE 3a[JaHUs K U3yde-
HUIO Kypca Uid CTYJCHTOB MHKEHEPHO — TEXHHYECKUX CIEIHAIbHOCTEH 3204-
HOit popmbl 00yuenus / coct. FO. M. Jloiixen, A. A. Jlykamesuu, JI. b. Ilora-
nosa. — Xabaposck: M3n-so Tuxookean. roc. yn-ta, 2006. — 47 c.».

B meromuueckux ykazaHuAX Mporpamma AUCHMIIAHB «COmpOTHBIIEHHE
MaTepuasioB» NpUBeIeHa Ha C.4 — 7, CIIUCOK JIMTEPATYPbl, METOANYECKHE yKa-
3aHMUA K U3YUYCHHIO Pa3[esioB Kypca U BOMPOCH! I CaMONPOBEPKU Ha ¢. § — 28,
yKa3aHHsA O MOPSAKE BHITIOJTHEHHWSA KOHTPOJIBHBIX padoT Ha c. 29 — 30, 3agaun
KOHTPOJILHBIX padoT Ha ¢. 31 — 46.

B kxaxxaoii 3amaue HOMEp 3a4eTHOM KHWXKKW Opaicst nmpousBoibHO. [1pu-
MEp perieHus 3a1a9u 0(hOPMITSAIICS TPUMEPHO TaK, KaK OH JOJKEH BHITIANETH Y
CTY/JCHTA MPH C1a4€ KOHTPOJIBbHOMN paboThI.

INPUMEPBI PEHIEHUSA 3ATIAY

3apgaya |
ABCOJTIOTHO JKECTKHI OpyCc OMUpaeTcs Ha MAPHUPHO HEMOJABMKHYIO OTMO-
PY W MPHKPEIUIEH K ABYM CTEPKHSM TPH MTOMOIIM MapHUpPoB (puc. 1).

]
o

Puc. 1

Tpebyercs:
1) HAlTH YCHIHA H HANPAKEHNA B CTEPIKHAX, BBIPA3MB MX yepes cuny (O |

2) HaiiTi JonycKaeMyr Harpysky (J , npupapHse DoNblUee W3 HaNpsKeHHi B
LAy

ABYX CTEPIKHAX AOMycKaeMoMy HanpsxeHHio [o]=160Mlla;



3) onpenenuTh NEPEMEIIEHUE TOUKH MPUIIOKEHUS CHIbl () |

w k
4) HaHTH TIpENeNbHYI TPY30TOABEMHOCTh CHUCTEMBI (), ¥ JIONYCKaeMyTo
Harpysky (., ecnu mpenen tekydectn o, =240M[la n 3amac mpoYHOCTH
k=15;

5) cpaBHUTH BEJIWYUHBI () NOJIYYEHHBIE [IPU PACUETE MO JIONYCKAEMbIM

don

HANPSIKCHUAM (CM. I1. 2) U AOMYCKAeMbIM Harpy3kam (cM. mm. 4).

Pemmenne

[lycts nocneauue Tpu uudpel HoMepa 3a4eTHOR kHKKU — 425. CtaBum
UM B COOTBETCTBHE TIEpPBBIe TPH OYKBHI pycckoro anmdasura. [Tomyuaem a =4,
0 =2, 8 =135. Jlannbie Oepem u3 Tadn. 1 meroauueckux ykazanuid. Takum oOpa-
30M, nmeeM: cxema Ne5 (puc. 1), A=12cv?, a=24m, b=22m, c=15nm.

JlanHaa cucTemMa CTaTHYECKH HEONpEaeTHMa OJHH pa3, MOCKOIBKY 4EThl-
pe HeussecTHuIX (N, N,, H,, R, ) He MOryT ObITh ONpeseneHsl U3 TPEX He3aBu-

CHMBIX YpaBHEHHH paBHOBecHA, [[03TOMY KpOME CcTaTHUYECKOH CTOPOHBI 3aa4H
HeoOX0AMMO PacCcMOTPETh FreOMEeTPUHECKYIO W (PU3HYECKYIO CTOPOHBI 3a/1a4H.

N
L 24m .22 .m_I,l,ﬁ A

A
G T
N

R,
Puc. 1, a

PaccmoTpeHue craTuueckoi CTOPOHBI 3a/1auu (puc. 1, a) maet cnenyroiiee
YpaBHEHUE PABHOBECUA:

>M,=0, N, -22+N,-sin45°.24-0-37=0, sin45°=0,707.
N3 reomerpuueckoii croponsl 3aaaun (puc. 1, 6) cieayer:
. Al -sind5° 22 6y 37
5, AL, 247 5, 22’
rae 4,, 6, — NepeMelIeHUs TOUeK NPUKPENIeHUs cTepxHel 1 u 2 Kk xKecTkomy

o

Al = AL, 1,296

Opycy; O, — mepeMeneHne TOUKH Mpunokenusa cunsl O, Al , Al, — nedop-

Malluu CTepkHer 1 u 2.
Beipazute nedopmarnuu crepxueid A¢ u Af, uepes ycunus N, u N,
 N.-{.
nomoraeT (pusnueckas cropoHa 3afauu (mo 3akony ['yka — Al = ﬁ):
T
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Pemias coBMeCTHO cucTeMy IMOJIYYCHHBIX YPaBHCHUH, OMpPENEInM 3Haue-
Hust N, u N, B jomsix ot O :

N 22+ N,:1697=37- Q N, =0877-0Q
N, =N, -084 N,=1044-0Q"
Hanpsi:keHusi B nonepeuHbIx ceueHusix crepxkHei 1 u 2 OyayT paBHbI:
g :
m:ﬂzo.sw-g, azNz:l’OM Q=0,522-Q-
4 A ' ! 24 A

JlonmyckaemMyto Harpy3kKy HaxXOOuM M3 YCIIOBHS MPOYHOCTH MO HOPMAasib-
HbIM HanpsHKEHUSIM, TPUPABHSIB 0OJIbILIEE U3 HANPSHKEHUH B IBYX CTEPIKHAX J0-
MyCKaeMOMY HANPAKEHUIO:

O % [0 5 0,877-%£[G], 0,877-12 $0_4g160-106, 0, <219,0 xH .

J\"Jm E 1
L 24Mm 22 M1 15
|'\- Fal Eadl i
\% H, [ vlm;
; L
cj-]'.ﬂ' 2A }{k
Puc. 1. B

[lepemeliene TOUKH NpUIOkeHUsa cunel () cornacuo puc. 1, © Oyamer
PaBHO:
P 37 i 37 Np-4 37-0877.219-10°-24

s 8 =—— Al = :
=22 22 ' 22 E-4  22:200-10°-12-10™

= 0,003 x .

o i



TpenensHyI0 Ipy30NOABEMHOCTh cHcTeMbl ()F Haiizem, moncTaBuB B
YpaBHEHHWE paBHOBECHA (puC. 1, B) mpeaenbHble 3HAUECHUS YCUIIUNA B CTEPIKHSAX
XM, =0, 0,-4-22+0,-24A-sina-2,4-0; -3,7=0, O, =4354«H .

Jonyckaemas Harpyska (J, =~ OyaeTr paBHa

k
O, "G A5 0030
k15

>

CpasnauBas senmuuunbl O, , MOJyYEHHBIE ITPH PACYETE MO JOMYCKAacMbIM

HaTpsKEHUAM U JIOMYCKAaeMbIM Harpy3kam, nojayudaem (O
290.3

219,0

2

OOJIbIIIEe TIPH pacye-

don

T€ MO JOMYCKAeMbIM HArpy3kaM B 711 =

=1,33 pa3za.

3anaua 2

K cranbHOMY Baiy NPUAOMKEHBI YETHIPE COCPEAOTOUEHHBIX MOMEHTA
(puc. 2).

Tpebyerca:
1) NOCTPOHTD HMOPY KPYTALIHX MOMEHTOR,
2) npu 33/laHHOM 3HAYEHUM [T] onpeae/uTs JUaMerp Bajla W3 pacuera Ha npou-
HOCTE M OKPYTHTE ero ao Omuskaifned Oonpiueii BENHYHHB W3 HOPMATBHOTO
psaa umcen: 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 110, 125, 140, 160, 180,
200 mm;
3) HaiiTn HanbONBUIHIT OTHOCHTENBHBIH YTOJ 3aKPYYHBAHHA W TIPOBEPHTH JKeCT-
KocTk Bana npu [0]=0.05 pad/m.

; M l,’"" M, fb M {‘_ﬁ M E’T
4 ~ N S ~p
sk 5 se— < sle 2|
Puc. 2
Peienue

[TycTs mocnemane Tpu 1udpsl HOMEpPA 3a4€THOM KHWKKK - 297. CtaBum
UM B COOTBETCTBHE NEpBbie TPU OyKBbI pycckoro aydarura. [Tonyuaem a =2,
6 =9, B= 7. Jlauusie 6epem u3 Tabn. 2 meroauueckux ykazanuii. Takum oOpa-
30M, uMeeM: cxema Ne7 (puc. 2), a=12m, b=19m, c=17m,
M, =12xkH v, M,=19xH -m, M;=17xH -m, [t]=40Mlla. ]Ina cranu
NPUHUMAEM MOJYJIb MONepeYHoro capura pasHeiM G =80/ Tla.

KDYTHH_[HG MOMCHTBI, BO3HHKAaHOILIKWC B MNONCPCYHHBIX CCUCHHAX Bdjla,

OMPEACTAAIOTCS MO BHCIUHUM CKPYYMBAIOIIUM MOMEHTaM C MOMOIIBIO METOAA
ceueHwi (puc. 2, a):

yaacTok Ne 1 (0<z, <12 m), M = =12 xH - m;



yuacTok Ne2 (0<z, £1,7 ), M3F ==12+17=05kH - m;
yuacTok Ne 3 (0<z, <19m), M¥ = -12+1,7+19=24xH - m;
yaactok Ne 4 (0<z, <12m), M =—12+17+19-12=12kH - n1.
Jlna ynoGersa noctpoetus smop M, NPHHAMAEM CIEAyIoIIee NPaBuiIo

JHAKOB: KPVTALMHIA MOMEHT CUWTAETCH TMOJONKUTENBHBIM, €CITH NMPH B3rfle B
TOPEIl OTCEYEHHOM HaCTH BAJA JICHCTBYIOIIAH HA HErO0 MOMEHT NMPEJCTABIACTCS
HAMNpaBIEHHLIM 10 X014y 4aCOBOH CTPEJIKH.

1,2xH - m 19 - L7xkH-m 12xH - u

fz _ \-':' . - o 1"’l-",l
o H;’ e LJ’ = :3 = ::J'
B ] Ty
1.2 ae 1.9 At 1,7 m 1,2 m
< 1< >

2.4

anM ., (kH - ar)

12

Puc.2,a

,HHEME-’T]J Balad HaxOOHM H3 YCIOBHA MPOYHOCTH MO KacaTC/IbHBIM HAITpA-
HCHHAM

A 3 : 3 )
T i[f], Mi‘,lr]a Hfl,n :Hf s .24 I?'U 'lﬁi‘lﬂ*]nn: d z0,067 m.
) H}’P ]6 ;’?,'d‘

[Ipunumaem d =70 mm.

KpyTunpHas JKeCTKOCTB TOMEpPEUHOro cedeHus Bajga Oyner paBHa (ITmo-
4

JAPHBIA MOMEHT WHEPLWH [T KPYTIIOTO ceueHus [, =

, cM. Tadm. 4 mipu-

4
noxenns) G, =80- 10° '%= 188,57 KkH - m” .

HanGonsmmii OTHOCHTENBHBIN YTONT 3aKpyUHBaHUA OTpenenseM 1o ¢op-
MyJie

Kp . 3
B = g =i 2T 95, DT
¢ GI, 18857-10 M

p
B namewm ciyuae umeem 6 .. < [@], tme []=0,05. Takum oOpazom,

yCJI0BHE KecTKOCTH (6 < [0]) cobmoaerces.

max



3agaua Ne 3
Jna 3agaHHOrO MomepeqHoro cedcHua (puc. 3), COCTOAILIErO M3 JABYX
CTAHJIAPTHRIX TIpodusieH (TITBeIepa ¥ paBHOOOKOTO YroJiKa), Tpedyeres:
1) onpenenuTh NONOKCHUE LICHTPA TAKCCTH,
2) HaWTU oceBble M LEHTPOOESKHBIH MOMEHTH HHEPIHH OTHOCHTEIBHO IIeH-
TPATBHBIX OCEH,
3) onpeaenuTh HANPARICHUC TTIABHbIX LICHTPAIbHBIX OCCH (2 U v );
4) HaliTh MOMEHTHI HHEPUHH OTHOCHTEIIBHO TTTABHBIX IEHTPAITBHBIX OCEH;
5) BRIUEPTHTE CEUEHHE W YKa3aTh HA HEM BCE PAa3MEPhl B THCIIAX W BCE OCH.

Pnc. 3

Pemenue
[TycTs mocneauue Tpu tuudpsl HOMepa 3aueTHoH kHUKKH - 406, CtaBum
MM B COOTBETCTBHE MEPBble TPU OyKBbI pycckoro andasura. [lonyuaem a = 4,
0= 0, B= 0. lanneie Oepem u3 Tabn. 3 Metoanuecknx ykaszanwid. Takum oOpa-
30M, UMeeM Thn cedeHus Ne6 (puc. 3), koTopsliii cocTouT w3 meemepa N2 20 u
paBHOoOOKoro yroaka 125x125x12. M3 coprameHTa NpOKaTHOH CTAlW BbIIIH-
ChIBaeM HeoOXo/MBIe TeoMeTpuueckue 1 msemiepa N2 20 (TOCT 8240-

86) A=234cu>, h=20cu, b=T76cen, z,=207cu, I ,=1520cu",
r,=113 ca”; st yroka (TOCT 8509-86) wmeem: 4=289ca’, h=125cu,
z,=3,53¢cu, 1 =422 cu®, ]E}“x =670 cu?, I_B;m =174 cu*.

X
OrnpeiensieM KOOP/IMHATH TIEHTPA TSIKECTH CEUEHHSI OTHOCHTEIIBHO KOOP-
AWHAT X; H V,, IPEICTaBHB €T0 B BHIE ABYX MPOCTHIX (pUryp (pHuc. 3, a):

2 i
IS

(5 (2
R 1; -\‘1 — S"Tl * le _ Alymﬂ + A.?yye _ 2374 ' 0 + 2819 i 13:53 _ 7 48 CM
T T a4, A4, 234+ 289 S
i=1 !
éb}}: SLP + SSJ Al 'X'.!urr + AZ'X‘ Ve 23:4 : 679 + 2879 -0
xc‘ =1 - e L = = = 3,09 CAM .
2 4, A+ 4, A+ 4, 2344289
i=

3NECh Yyyys Vo M Xye» Xy, = PACCTOSHHS OT IEHTPOB TSHKECTH IMPOCTHIX

(buryp mBesIepa u yroJika JIo BCIOMOTATEIIbHBIX OCeH X, U V5.



LlenTp TAKecTH 3agaHHOro ceveHHa (Touka (') NONJKEH JIeiKaTh Ha TNpA-
moit €, . IlpoBoauM Yepes Hero HEHTPAIbHBIE OCH HHEPLMH X, V. W Onpenae-

€M OCEBbI€ H HEHTPOOEIKHBIA MOMEHTHI HHEPLIMH OTHOCHTEMBHO ITHX OCEH Mo
(popmysiam 15 ciyuas napaielibHOroO NepeHoca Ocei;

min

12.5cu

¥, =13,53 cm

10,00 cne

7.60 cu

=
Ty

Puc. 3. a

I.‘h‘.- = JF.E

¥

,, l“' +ai 4y +1P +ay 4, =1520+(~7,48)" - 234+ 422+ 6,05 - 289=
=4309 cn”,



Y

I, = 1{? +h1 A+ 1{;2) +hiA, =113+3817-23,4+422+(-3,09)* - 289 =
=1151 em”.

3nece ay =-y, =—TA48cm, by =38lcwu, a,=605¢cn, b,=-x =-309cu -
KOOPAWMHATEI OCHTPOB TAXKCCTH IIBEIICPA H YTOJIKA B OCAX X, V. .

LlenTpoGexkHbIi MOMEHT HMHEPLIMH CEUSHHs IS YroJIKa OTHOCHTEIBHO
ocell X,, ¥, MOXKHO ONpPEAEIUTh N0 GOpMYIE:

T :—\j(z(” SR A B CARED A :—\/(422—174)2 =248 cu” .

0 ) D

3HaK MUHYC 3AeCh MOCTABNCH, TaK Kak OONBIIAA UACTH CEUCHHMA YTOIKa
HAXOJWTCS BO BTOPOH W HETBEPTOH YETBEPTAX, TJIE€ KOOP/HHATH UMEOT Pa3HbIe
3Haky. L{eHTpoOeKHbIA MOMEHT MHEPUMU CCUCHUS TSI BCETO CCUCHUA!
7., =71V L ab A +I(f+a7bA7_0+( 7,48)-381-234+( -248) +

X1V
+6,05-(—3,09)-289=-1455ca”
OnpenesisieM yrojl HaKJIOHA TJIABHbIX HEHTPAIBHBIX OCEH
20 o= |
(g20=—7 ] _ 2 1455):0,921; a=213".
x, 'y 4309 -1151

Jta HaxoskAeHWs ocH max u ock X, (/, >/, ) NoBOpauMBaEM TIPOTHB

yacoBoii crpenku (Lo >0) na a=213°.
Haxoaum 3Hau€HUs raBHbIX EHTPAJIbHBIX MOMEHTOB HHEPLIMH

I, +1,
]maxmm_— _‘\/(I +4- [ _wi
> 2
i%\/(4309— 1151)° +4-(-1455)° =2730+ 2147, 70 = 4877 e,
I, =583 cn’

[Tpoeepxoit HaMm CITYKUT cOOIOAEHNE paBeHCTBA
I, +1, =1+ 1y =const; 4309+1151=4877+583; 5460=5460.

1n1ax 111

3agaua 4
Jna 6anku, nzodpaxkennoit Ha puc. 4, a, Tpedyerca:
1) mocTpoUTL HMIOPEI MONMEPEYHBIX CHUI (J, M H3rHOAroIMX MOMEHTOB M

Haiitu M ™
2) nonobpars npsimoyroJibhoe (71:H=2), konbuesoe (dy,., Aoy, =0.8) 1

JIBYTaBPOBOE nonepeuHoe ceueHue npu [o]=160Mla,
3) BeIOpaTe HanboNee paTHOHATBHOE CEUEHHE MO pacXoqy MaTepHaa.

Jlns nepeBaHnoi 0anku Kpyriaoro monepedHoro ceuenus (puc. 4, 6) tpe-
Oyercs:



I) moctpownts smopsl O, w0 M, maiite M ™
2) nopodpars guamerp ceueHus npu [o]=8 Mila;

3) nocTpouts 0Py nporudos npu =12 I7la (no 3 opauHaTaM Ha Kamiom
YUACTKE).

'va

{ M I

q

¥ ¥ vV W

S
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I
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b
A

LD
N

Puc. 4

Pewienune
[lyctes mocneanue tpu mugpsl HOMepa 3a4€THONW KHMKKH - 786. CraBum
MM B COOTBETCTBHE MepBbie TpU OyKBBI pycckoro andasura. [lonygaem a =7,
0 = 8, B = 6. /lanusie Oepem u3 Tadn. 4 meTtonuyeckux ykaszanui. Takum oOpa-
3oM, uMeem: cxema Ne 6 (puc. 4), (,=18m, {,=6m, a,/a=T .a,/a=8
ayJa=1, M=TxH -n, F=8kH, q=6xH/m.

2

3anaua 4, a
B namem cnywae ¢, =1,8.m =10a, cnenosarensno a=0,18 x. Ilpu 31OM

a,=7a=126 m, a, =8a =144 u. PacuetHasa cxema Oanku, COOTBETCTBYIOLLAS

UCXOJHBIM TaHHBIM, NTOKa3aHa Ha puc. 4, B.
[IpunosxeHnsie Kk Oanke 1Ba BHAA HArpPy30K Pas3eiAlOT €€ JUIMHY Ha TPU
Y4acTKa M BBI3BIBAIOT B 3ALLEMIICHUM OMOPHYIO PEakUMi0 K, W OMOPHBIA MO-

MeHT M. OnpenenseM MX 3HAUEHWsA, MCIMOJb3YS YCIOBHA PABHOBECHS CHIL,
ACHCTBYIOIIMX HA KOHCOJb (puc. 4, B):
ZF), =0, R, +8-6-144=0, R, =0,64xH ;
2my=0, M,-8-1,26-6-1,44-0,72=0, M, =3,86 kH M.

Ecnm onophele peakuuu R, U M, HaiiieHsl BEPHO, TO JIO00E Apyroe
YPaBHEHHE PABHOBECHSA TOJHKHO TOMIAECCTBEHHO YA0BJIETBOPUTHCA
Xm =0, My+R,-1,26-6:1,44.0,54=0, 0=0.

Ans onpenenenus (), u M, Ha y4acTKax OaJky METOIOM CEUCHUI BOC-

NOJIb3YEMCSl CKOJIB3SI11IeH CUCTEMOM KOOpAMHAT. HanoMHUM, 4TO MOJI0KUTENb-
Hbld M3rudarOIIMii MOMEHT pACTACMBACT HW)KHUE BOJIOKHA M OPAMHATHI
on. M _orknaasisaercss Ha Hux. [lonokurensHas nonepedHas cuia BPaLLAET

10



GCTARICHHYIY 4aCTh KOHCOH 110 4acoBOH CT PCIKC H OpORHATRL 37, {:}L OTKIIa b1~
BAKOTCA BECPX OT OCH 2IMHOPEI

g=06kKkH/nm o M =8xH

0,64 1,08
T on. (), (kH )

1,153 m ’

M
N

am. M (kH )

Puc. 4.8

Hrtak umeem:
yaacTok Ne 1 (0<z, <036 ) (=0, M,=0;

;:
yuactok Ne 2 (0<z,<0]18wm) (O,=6-z,, M o 5 =—3.z7,

3

0,(0,18)=1,08 xH ; M ,(0,18)=0,10 kH -

yuactok Ne 3 (0< 2z, <126 m), O; =—8+6-(018+ 2,)=—692+6- z;,

0,=0, -692+6-2"=0, mpm z\=1153xm, O,(1,26)=064xH ,.

C
3
M;=8-z; —6'(0,18+z3)-M

=—3.22 +6,92-2, —010;

M (L153) =389kl - m; M;(1,26)=386xH - m.
Tak kak Mexay O, u M, cymecTsyer muddepeHnranbHas 3aBUCUMOCTD

(Q,=——), 10 ecnu B ceuenuu nonepeunas cuna QJ, =0, 1o u3rubaoUwMi

L
et

MOMEHT M B 3TOM CeueHHH NPUHUMAET SKCTPEMAJIbHOE 3HAUSHHE.

11



[To s3mope M, yvcraHasiMBaeM ONACHOE CEUEHHME M 3HAYEHHE PACUETHOTO

momenTa B Hem (M =389 xH ).
AV AV
'
b T
> —X ad
x T X X
4 R\

b= o
W
E

Puc. 4. r

3anuceiBaéM  yCJIOBME MPOYHOCTH MO HOPMAJbHBIM HANPSHKEHUSAM U
ompeaenseM TpeOyeMoe YMCICHHOE 3HAYEHUE OCEBOrO MOMEHTAa CONPOTHUBIE-
Hust W

3,89-10°
w

X

o <[c] %S[a]. <160-10°, W, 2243-107° 1.

X
PacemoTpum npamoyronsHoe cedenue (puc. 4, r). OceBoil MOMEHT cO-
NPOTHBIIEHHA OymeT paseH (h=2-b):

_ L, bR 2 bk _b-(20)* 27  2b°
Yoy 12 h 6 6 37
orctoma b=33-107m, A=bh=2b>=22-10" u>.

PaccmoTtpum konbleBoe ceucHue (puc. 4, r). OceBoil MOMEHT CONPOTHUB-
JieHus Oy AT paBeH:

>243-10°,

e WE | d

o=t c T 0. 22 g, e =2 oo

. yl]lﬂX 64 d 32 BHELLH

71"d3 4 -6 -2

= (1-0,8")>2243-107, 0TCIO/1A d=75-10"m. Torna
2 2

A-FE -(1—0,82)2#-@—0,82)215,9-10_4Mz.

PaccmoTpuwm nByTaBpoBoe ceuenue (puc. 4, ). [To copramenTy (cm. Tadu.
| mpunoskenns) dmukaiiiiee Oonbiuee 3nauenue W, Oyaer y apyraspa N2 10 c

W.=397em” =39,7-10 '  w  mwromampo MOTEPEYHOTO  CEUYEHHA

o) F = ] 7]
A=12cm? =12-10"* 4°.
CaMbIM KOHOMHMYHBIM C TOYKHM 3PEHHs pacxojia marepuana Oyaer JBy-

TaBPOBOE CEYECHUE, TAK KAK Y HEro Miolladb MOMEPEYHOr0 CEYEHUA OKazanach
HAWMEHBIITEH.

12



3anaua 4, 6

B namem cayuae f, =6.ar=10a, cnenoparenbno a=0,6.u. [Ipn sTom
ay=Ta=42m, a,=8a=48 v, a,=a=0,6 v Pacuernas cxema JAEPEBAHHOH

OaJTKH, COOTBETCTBYIOIIAA HCXO/IHBIM JIAHHBIM, TTOKA3aHa Ha puc. 4, 1.

Y= M=7rkH M g=06xH/
‘ [ e F=8xH
Hy § R
4
Ryl 18w o 3.0 m J. L2 M ,“tﬂ,ﬁ;‘tk
= i o el |
1531
T on.0, (kH)
(_B 8.00
0,75 m |
o 2.55 M o 13,49
:/./T‘\r"!-h
17.84
24.84 2654
Puc. 4. n

Ilpunoskennbie K 0anke TpH BHAA HArpy30K pa3faenfaioT e¢ UIHMHY Ha 4e-
Thipe yuactka (0—=1,1-2, 2-3, 3—4) W BBI3BIBAKOT B ONOpax Dallk| peakunH

H,, Ry, u R, KoTOpEIE ONpeeIaeM 13 CeaylonX YpaBHEeHHH PaBHOBECHA !

SF. =0,

[Iposepxa:

H,=
2My=0, 6R;+10:0,6+4-6:6-3=0,
2M,=0, 6R,-10-66-4-6-6-3=0,
J*_,'f'_'v =0, Ry+R,-8-6-48=0,

0

R, =1531kH
R, =2149«H ;
0=0.

Onpeaenum Ha yuacTkax Oankn O, u M

13



yuactox Ne 1 (0<z <18.%), 0, =1531-6-z, M, =1531- 5,6 71 0,

mpu z, =2,55xm; O,(18)=4,51xH ; M,=1531- z, —6- “71 0,(1.8)=451xH ;
M (1.8)=1784 xH - a1

yuactok Ne 2, (0<z, £0,6), O, =8xH , M, =-8-2,, M,(0,6)=-48xH a1,
yaactok Ne 3 (0<z, <12 ), M,=2149.7,-8-(z,+0,6)= 1349-z -48;
0, =8-21,49=1349xH ; M,(1,2)=1138kH - 1

yuactok No 4 (0<z, <3.m), O, =1531-6-(z, +1,8) =451 - 6z,

(z, +18)

2

(2,(3.0)=-1349xf{; M, (0)=2484kH - m; M (0,75)=2654 kH - m,
M(30)=1138xH - .

[To mony4YeHHBIM B XapaKTEPHBIX CEUCHHUAX 3HAUeHWsM (J, u M cTponm

Q,=0  mpu  z,=075x; M,=1531-(z, +18)+7-6-

JMIOPEI Q}, u M, (puc. 4, n). llo smope M, ycTaHaBIuBacM ONMAcHOE CCUCHUE
= 26,54 kH ).

HMckoMBlil fuaMeTp Oalku HaXOJIUM M3 YCIOBHSA MPOYHOCTH MO HOPMAJIb-
HbIM HANPSKEHUSIM ;

¥ 3HAYCHHE PACUCTHOTO MOMEHTA B HeM (M _

o <[o], MS[G], W\’zﬂ'-d" 26’54'10‘-32£8-106,
‘ W, S 32 m-d’
4
d=0323 0, FT, =12.10° . 79328 _ ¢ 436 a2

[Iporudsl xapakTepHbIX CeUCHUI ACPEBAHHON Oallku OMPEACIUM METO-
JOM HavalbHBIX MapameTpoB. Hauano xoopauHAT coRMellaeM C JIEBHIM Kpai-
HuM cedenueM Oanku (puc. 4, €). Ilo ycmoBuio 3a1a4u HayanbHblii OPOrud v,
paseH Hymo (v, =0 ). YpapHEHHE METO/1a HAYAJIBHBIX MAPAMETPOB HA Pa3Jvy-
HBIX Y4aCcTKaX MPUHUMAET CITETYIONTHI BT,
Ha mepsoM yuacTke (0 <z, <1,8 u)
_3 _4

E]xvy :E[.\c .(p” .:_l +EIr .v” +15331%_6i,

Ha BTOpoM ydacTke (1,8 <z, <4.8)
D I 5 (218
Elv, =Ll -, -z, +El v, +1531-"2-6.22 7.2
s ‘ ‘ 6 24 2
Ha TpeTheM ydacTke (4,8 <z, <6,0 u)

3 _4 182 g
Ely, =Ll @, = +15j31.i_6.i+7.ﬂ+6.ﬂ,
- ‘ ‘ 6 24 2 24

14



Ha yeTBepToM yuactke (6,0 <z, < 6.6 m)

w3 4 e 2 — 4
B v =ET. -7 +1531. 50 6.5t g BB o (& —48) |
- ' 6 24 2 24
z, —6,0)
+2L49,Mr
6
A_y z, .
Z3
:l — M:T;\‘HJI f.f:ﬁthJ'll_'” -|L=8|P\.‘H
WV oW W[ W v\ \H W W VY WV WV WV \I,r . 4

é{} Y4 2 3_3__ 4
e ‘ i

e
~r 183 .l 3.0.m o 1204 MO6 A
Rfl I'\ I ol -'IFE
3
sn.10° v, (M)
6.5 11,6 13,9 79 40

Puc. 4, ¢

Bropoi HayanbHBIA napaMeTp (HaYanbHBIH Yo NOBOPOTA (0, ) HAHAEM W3
IPAHUYHOIO YCJIOBUS, KOTOPOE I'OBOPUT, UTO NpU z; =0 M, Nporud onopHoro
cevenus 3 paseH Hymo v, (6)=0:

3 4 9
: i 2 z; - 18
ELv,(2;=6)=El, -@,-2; +1531- -+~ 6.2 +7.M+

» 6 24 2
_ 4
PR ) W T T
24
Brluucnum nporud nocepeauHe BTOPOro y4acTka:
v(z,=33M)=0, z +L.(1531.£_6.£+7.ﬂ)_
P B =22 =0 2 EI. 76 24 2
L 3 4 i GhB
L 48358 A58 T e g BTy
6,436 -10° 6 24

=13,9-107 u.
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OcransHBle TPOrHOBI 110 KpasM | Nocepe/IiHe BCeX YeThIPEX VUACTKOB BhIUHC-
JIAEM aHAIOTHYHBIM criocodom. Dmopa npornbos npuseeHa Ha puc. 4, e.

3anaua 5

UyryHHBIH KOPOTKHIl CTEP/KEHb, NONEPEUHOe CeueHHe KoToporo usodpa-
JKEHO HA PHC. 5, CIKUMAETCH MPOAOIBHON CHI0H /', MPUNOKEHHOH B TOUKe A .
Tpebverca:
1) BolUHCIUTE HAMOO/bLICE PACTAMBAIOLIECE H HAMDOIbILEE CAHUMAKOLLIEE
HANPAKEHHA B MOTEPEeYHOM CeYeHHH, BHIPA3HB ITH HanpskeHus uepes [ u
pa3Mepbl CeUEHM,
2) HAHTH JOMYCKAEMYIO HArPY3KY [ MpH 3a0aHHbIX pasMepax ceueHHs H 10-
MyCKaeMBIX HATPAKEHUAX UTA YyTYHa Ha ckatne [o, ] u na pactsaxenne [0, ].

9
a
N
K
a
A 4
L o2 b,
o ol Pl B -
Puc. 5
Peinenne

[TycTe nocneauue Tpu uudpel HOMepa 3a4eTHOH KHHKKH — 653, CraBum
HM B COOTBETCTBHE nepesie TpH OykBel pycckoro andasura. [lonyuaem a =06,
0 =35, B = 3. J/lanusie Oepem u3 Tadbn. 5 meroauveckux ykasanwii. Takum oOpa-
30M, HMmeeM: cxemy Ne3 (puc. 5), a=6cu, b=5cu, |o.|=60Mla,
[U'p_] =25Mila.

[TonepeyHoe cedeHne MMEET OJHY OChb CHMMETPHH, KOTOpas ABIACTCA
[NIABHOM LIEHTPAIbHOM 0Chl0. COKHOE CeUeHUEe MPEACTaBUM B BHIE JABYX MPO-
CTBIX (pHUTYp, MPUYEM BTOpas, B BHJEC MPSAMOYTOJBHOTO BBIPE3a, ¢ OTPHIIATEIb-
Hoii mnomwanpio A=4, + 4, =12-20+(-10-6) =180 em® =180-10"* 4? .

[TonoxeHue EHTpa TAKECTH CEUSHUA OTHOCHTEIIBHO OCH X, (pHC. 5, a):
(M (2)
28y Sy S Ay+dyy, 240-04(60)3 .
YA A + A, A, + 4, 180
3mech y, M Y, PAcCTOSHHA OT OCH X, 10 LEHTPOB TAMKECTH MPOCTHIX (-

Ye

ryp. Bropasi rnaBHas LEHTpajbHasi OCbh X MNPOMAET NEPNEH/MKYJAPHO K OCH
CAMMETPHH ) W 4Yepe3 HaWOEHHBIH LEHTP TAKECTH CeUeHHs. BenuauHsl rmae-

HBIX OCHTPAIBbHBIX MOMCHTOB HHEPIHH CIIOKHOTO CCUCHHA:

16



M (2):hlbl3 _hzbf _12-203 _6-103

I=1"_7 = =7500cm” =0,75-10 " u*,
oomooTe o 120 12 12 12
b} bhi
1,=10 +al -4 -1 _a} -4, = 12' +a12-A1— i;—ai-Azz
3 3
=%+12-240—10 o +4° . (—60)=1980 cv”* =0,198-10"* .

3aech d; U d, - pacCTOAHMA OT [NIaBHOM LEHTPAIbHON OCH X IO LICHTPOB
TSOKECTH TPOCTHIX duryp. Onpemennm BHYTPEHHHWE CHIIOBBIE (JaKTOPHI - MPO-
JIOJTBHYIO CHJTY M JIBa M3rHOAI0IIMX MOMEHTA OTHOCHTENILHO IJIaBHBIX [IEHTPAJIb-
HbIX OCCH.
N,=-F, M,=F-005(m), M,=F-010(m).

Torpa ypaBHeHHE HYJICBOH JUHUMU, 3aMMCAHHOE B KOOPAMHATHBIX OCAX ¥
H X, C YYETOM 3HAKOB HANPMKEHUH K TEKYIIHX KOOPAHHAT B YETBEPTH, MIPHHU-
Mmaet cneayiommii Bua:. o =0, rae

N, M M, F F-0,05 F-010

+ ' + Y ——X

+ - b
A1 1y 180-107* 1980-10"*%  7500-107"
WITH TI0CJ1e NpUBeaeHrs noao0HeIX uieHoB uMeeM y+0.528-x-220=0.

[lonomxenue HyneBOH JIMHHH NMOKA3aHO HA PHC. 34, U3 KOTOPOro BHJHO,
yTo Haubonee yaaneHHble TOYKH OT HYJIEBOH JIMHHHM B CKATOH M pacTAHYTOH
oOnacrax OYIVT COOTBETCTBEHHO TOUKH A U B, T.€. TOUKH B OKPECTHOCTAX KO-
TOPBIX BO3HUKAIOT HAHDONBIIKE HANPAKEHHA.

()
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Hauboneuine cxxumaronine u HandobIINE PACTATUBAKOIIME HAMPSIKESHUS

B MONEPEYHOM CEUECHHH OYAYT PaBHLI

c° =0 =- F — F'0’05_4-O,OS—L’]()_Zl-O,]O:—3]5,1S-F ,
T 4 180-10 0,198-10 0,75-10

o e - F . F.O,05_4_0,05+ F.0,10_4_
ma B 180-10 0,198-10 0,75-10

JlomyckaeMylO HArpy3Ky /[ HAXOOMM M3 YCIOBMH MPOYHOCTH /1A CaMbIX
HAMPSKEHHBIX ToueK A W B (CXKUMAromme HAMPsHKEHHS CPABHUBAEM TTO MOIY-
m0): o <[o,]. 31515-F<60-10°, K <1904 xH |

max

0,10=25454-F

o’ <[o,], 25454.-F<25-10°, [,<982kH .

max
3a OKOHYATEJLHOE 3HAYEHME JIONMYCKAEMOW HArpy3kKM NPUHUMAEM

HAUMCHBIIICE Hn3 ABYX OIpeacICHHbIX BBILLIC ?:HalleHI/Iﬁ Harpy3KH:
F=982kH .

3anaua 6

Ha puc. 6 nzo0paxeHa B akCOHOMETPUH OCh JIOMAHOTO CTEPIKHA KPYTIIOTO
NOMEPEYHOTO CEUEHMsI, PACTIOJIOKEHHAS B TOPU30HTAIBHON TUIOCKOCTH. YdacT-
KM cTepHs1 00pasyroT npsimeie yribsl. TpeOyeTcs:
1) mocTpouTh OTACNBHO (B aKCOHOMETPHH) SIMIOPHI M3rHOAIOMMX W KPYTAIINX
MOMEHTOB;
2) AN KaXJI0Tr0 Yy4acTKa OMPEJSIUTh BUJ COMPOTUBRIICHUSA U 3aNUCaTh YCIOBUE
MPOYHOCTH (MCMOIB30BATH YETBEPTYIO IMITOTE3Y MPOYHOCTH).

i

al
Pp%! 5 Iy
| af | al ‘
B .
al|

Puc. 6

Pewenne
[lyeTs nocnemnne Tpu uHQpsl HOMEpa 3a4eTHOH KHIDKKH — 239. CraBum
MM B COOTBETCTBHE nepBhie TpH Oykeel pycckoro andasura, [lonyuaem a =2,

0 =3, B = 9. Jlanusie Oepem u3 Tadn. 6 MetoguueckHx ykaszanuii. Takum odpa-
30M, uMeeM: cxemy No3 (puc. 6), @ =0.9.
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B npeaenax Kasaoro yyactka (B HALIEM Cy4ae uX 4eTbipe) npoBeaem
CEUEHHME HA PACCTOAHMM Z, OT Hauana ydacrka (puc. 6a). 3anuiueM BhlPAKEHHA
BHYTPEHHHX CHIIOBBIX (JAKTOPOB, HCNOIL3YA METOA CCUCHMIA,

{ FT

VYuactok Nel, 0<z, 0,9/

M, (z)=qt -z, M,(0)=0, M,(090)=09¢g¢>, M, (z)=0.
Yuactok Ne2, 0<z, <¢

M,(z,)=ql-2,. M, (0)=0, M,(£)=qt*, M ,,(z,)=09q¢".
Yyactok Ne3, 0<z, <0,9¢

Puc. 6, a

L.

M, (z3)=—qz; ‘? .M, (0)=0, M,(0,90)=-0,405q0*, M,,(z;)=0.

VYuactok Ne4, 0 <z, <0,9¢
M (z)=qt - (L+2,)-q-09¢-2,=01-q¢ -z, + qt>. M, (0)=qt?,
M, (0,90)=1,09¢¢(7, M, (24)=q¢-09¢(+09q¢-0,45( = 1,305¢q¢*.

[1o monyueHHBIM BBIpAKEHHAM M, W M, Ha K&OKIOM y4acTKe CTPOHM

AMOPLI W3rHOAIOLIMX U KPYTAIIMX MOMEHTOB (puc. 6, ).

Puc. 6, 6
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BujiHo, 4TO Ha NEPBOM M TPETHEM YUYACTKAX JIOMAHOIO CTEPHKHSI MUMEST
MECTO MPAMOI nonepeyHblid U3rud. Y cnopue NpovyHoOCTH 0y aeT

max T - d3 A
w <lol, == <lol, Wo=—2—, rac na nepsom yuacrke M. =094l7,

132
X

9
Ha TpeTheM ydacTke umeeM M 0 =0,405gl~.

Ha BTOpOoM M 4eTBEpPTOM yqaCTKax JIOMaHBIM CTCPIKCHb HCOBITHIBACT W3-
ru0 ¢ kpyuenuem. J[JIS OMacHBIX CEUEHWH, KOTOPBIE OYQYT HAXOIWTHCA COOT-

BETCTBEHHO B TOukax B (M =qgl*: M 5™ =09-q/*)m C (M} =1,09-¢/>;

3¢
M =1305-ql ?), YCIIOBHE NPOYHOCTH MO HETBEPTOM IMIOTE3E MPOUHOCTH

OYAET BBITJISIAETh CIEAYIOIIAM 00pa3oM:
H

(H ) [O'] Pactr <[ ] Mpa(l,' — '\/(M:f\)z + 0375 . (M;Eu.\)Z

pac v =

.‘C

3amaua Ne 7

[IIkue ¢ qraMerpoM /3, W € YITIOM HAKJIOHA BETBEH PEMHS K TOPH3OHTY
€| BPALIAETCA CO CKOPOCTLIO # 00OPOTOB B MHHYTY U MEPENAET MOLIHOCTL N
kBT, /IBa Apyrux mKHBA HMEKOT OAWHAKOBBIE AHAMETPBI /), W OJIMHAKOBBIE YI-
JIbl HAKJIOHA BETBECH PEMHA K FOPH30HTY (f,, U KaKAbIH U3 HUX NEPEIACT MOLL-

HocTe N /2 (puc. 7). TpeGyercs:

1) onpenennuTh MOMEHTHI, MPUJIOKEHHBIE K IIKUBAM, TIO 33/laHHBIM BEJIMUMHAM
Nun;

2) NOCTPOUTH 3MIOPY KPYTALIUX MOMEHTOB M _;

3) ompeaenuTh OKPY)XKHblE YCUIUA #, U 1,, NCHCTBYIOLIME HA IUKUBBI, IO
HAWJIEHHBIM KPYTALIMM MOMEHTAMU U 33laHHBbIM JHAMETPAM LLIKUBOB ) U D,
4) onpenenvTh ABJICHUS Ha BaJl, IPMHUMAsL UX PABHBIMM TPEM OKPYHbIM YCH-
JUAM;

5) ompeaenwTh CHIIBI, W3rHOAIOIIME Ball B TOPH3OHTATBRHON W BEPTHKATBHOMH
MJIOCKOCTAX (BEC NIKMBOR W BAJ1a HE YUUTHIBATH ),

6) NOCTPOUTD 3MIOPBI U3rMOAIOIIMX MOMEHTOB OT IOPU3OHTANIbHBIX cul M| M

OT BEPTUKAABHbIX CUll M |
7) BBIYMCIAMTE 3HAUEHUA CYMMapHBIX M3rMOAOIIMX MOMEHTOB, MONb3YACh (Hop-

mysoin M = JMﬁ + Mf ¥ TOCTPOUTH PA3BEPTKY SMIOPBI CYMMAapPHOTO H3TH-
OaroLIEero MOMEHTA HA IUIOCKOCTh, OTKJIA/IbIBASI BCE OP/IMHATLL B OjIHY CTOPOHY
OT OCH Basa (IIPU NOCTPOCHUH Pa3BEPTKH 2MMIOPHI HAAO YYECTh, YTO I HEKOTO-
PBIX VUACTKOB Bajla OHA HE OyIeT MPAMOJIMHEHHOH ),

8) nmpu momomm 3ntop A _ (eMm. m. 2) u M (cM. m. 7) HalTH OITacHOE CEeUeHHE U
OTIPEJICNTUTh BEJIMYHMHY MaKCHMAITBHOTO PACYETHOTO MOMEHTA (10 TPEThEH TeO-
PUH OPOYHOCTH);
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9) nopobpars anamerp sana d npu [o]=70 MITa u OKPYriHTE €ro BEJIHUUHY
(cm. zanauy 2).

| Ceyenuel -1
1—
D, pAp £l ¥
2 N 2 N
L j
o ¥ | P
|—)| N W
L h o~ a
e S | e | b
L o e g —
Puc. 7
Pemenne

[Tycte mocneanue Tpu uUpPsl HOMEpa 3a4eTHOM KHWXKKHA — 365. CraBum
UM B COOTBETCTBHE NEPBbIC TPU OYKBbI pycckoro andasura. [Tonyuaem a =3,
6 = 6, B = 5. /lannbie 6epem U3 Tabn. 7 meroauueckux ykazanui. Takum oOpa-
30M, UMeeM: cxemy Ne5 (puc. 7), N =60xBm, n=50006/nmun, D, =0,6 m,

Dy=15m,a=13m,b=06m,c=15mu, a =60, a,=50".

KpyTsipe MOMEHTBI B CEUEHHSX Basia MO/l IIKHBAMH:
_ 30-N(xBm) _30-60 = L1463 1t Mg = 30-30
7 -m(o6/ vun) 1-500 7-500
CoOTBETCTBYIOIIHE STHM KPYTSILIAM MOMEHTAM OKPYIKHBIE YCHIHA #, U

1, OIpeNeNuM U3 CeayomuX GopMyit:

=0,573kH m.

1

M =1 —11)-&=(2t1 —I])-ﬂzt] ﬂ aHaJIOTMYHO uMeeM M , =1, &
2 2 z 2
; 2M ;
orcroaa I, = s = chl Mol =3820xkH, 1t = K2 S8, 78 =0,764 xH .
D, 0,6 2 D, L5

Torpa npuBeneHHOE K LIGHTPY Bajla JaBJICHHE HA Ball B MECTax HACaJKH
IIKUBOB OyIET PaBHO

K, =3-1=3-3820=11,460xH , F,=3-1,=3-0,764=2292xH .
I'opusoHTaNbHBIE H BEPTUKAILHLIE COCTABJIAIOLIME [ABJIEHHS HA BaJjl, Bbl-

3bIBAIOIIME WM3ru0 Bajla B COOTBETCTBYIOIIMX IJIOCKOCTAX, ONMPEACIAIOTCS Clle-
JTYIOIIAM 00pa3oM:

k. =—1¢c0s60° =-11,460-0,500 = -5,730 xH ,
F, =F,c0850° =2292-0,643=1473xH ,

by, ==1sm60" =-11460-0,866=-9924 kH ,
Fy, =—F;sin50° =-2.292-0,766 = —1,756 xH .
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D, . D% s
L F ]
m v ]
v v
- 18a |0 |, 108 . 138 .
g, =60° 6y =30"
i M =1146kH -m M, =U,5?|3_fi:H - M -
M _,=0573xH -
Aot -0

22 |

0,573

‘ 1,146
LTI

LTI onrar )

(kH M)

—_
/i

Y Q924 wH 1756 vH 1.756 kH
©~ .
15,887 kH 17,549 xH
8.83 6,41 amn M
2,28 (kH M)
X 1,473 kH 1,473 kH
—
TS,EF}I - \ ORAcHOE ceyenne Iﬂﬁ‘r?? I
48{} 2H, f'!f’fr
T== (xH m)
341 e
'L[},U‘f}
o T r?fﬁ 2198 3N. ﬂffu?.'
e — (kH M)
Puc. 7. a
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PacueTnas cxema mpeacraBiser co0oi Oamky, yCTaHOBIEHHYIO Ha ABYX
LHIAPHUPHBIX OIOPax M HArpy>KE€HHYH) COCPEAOTOYEHHBIMH CKPYUYHMBAKIIUMH
MOMEHTAMH W COCPEIOTOUEHHBIMH TIOTIEPEYHBIMH CHJIAMH B BEPTHUKAIbHON W
rOPU30HTAJIBHOHN MJI0CKOCTH (pUC. 7, a).

CtpouM 2Mmopbl KPYTALUUX U U3ru0alonmx MOMEHTOB. /14 coBMeleHUA
FOPU3OHTANILHON MIIOCKOCTH X0Z (IIOCKOCTb 9/.M ) € IIOCKOCTBIO CTPAHHULIBL,

nopepHeM Ha 90° KOOPJAMHATHBIE OCH YOX OTHOCHTEBHO OCH Z.
Boluucisiem 3Hau€HUs CyMMapHOro uM3rubarolero MOMEHTa B XapakTep-

HEIX CEUeHMAX Baa 1o dopmyme M, = [M> + M'ﬁ ;
MO = /8832 +4.892 =10,09 kH 1y M =/6,41% +341% =726 kH u;

use use

MO =228 +192% =298 xH u.

Uze

W3 smop M, u M,
Toporo M =1146 kH m u M. =10,09 kH M.

u3e

BHUOHO, YTO OTTACHBIM ABJIACTCA CCUCHHC 1, A1 KO-

JIng 3TOTO CeueHWs BBIUMCIAEM PAaCUETHBIN MOMEHT, UCTIONB3YS TPETHIO
TEOPUIO NPoYHOCTH. [Tosyuum

M3 — J(Mlllax P gy =10,09% + 1,146> =10,16 kH 1.

pacu usze

U3 ycnoBus MPOYHOCTH BBEIYHUCIISIEM AUAMETP Bajia

M E 103
o, <[o], —2 <[], W, =2 g ,10’16 130 -32<70-10°, d 20,114 .
- /4 Y32 m-d

X

OxpyrnuB 3HaueHue auaMerpa (cM. 3agady 2), noayuuM  d =125 mum .

3anaua 8

CranbHoil crepakens (ctanb Ct.3) anmuHoil ¢ cxumaetcs cuiod . Tpe-
oyerca:
1) HaiiTh pasMepsl NONEPEYHOro CEUEHMA MPH JONYCKAEMOM HAIpPAKEHHH Ha
npocroe cxkartve |o|=1060M[la (pacuerT NpPOM3BOAWTL METOJA0OM MOCIEN0BaA-
TENbHBIX MPHOIMKEHHH, B TEPBOM MPHOMMKEHNH 3agaBuIich KodduimmenTom
p=035),
2) HaliTH 3HAYEHHE KPHTHYECKOH cHibl H KO3(rpuiMenTa 3anaca YCTOHUHBOCTH.

Vi,

=M 52-:3' | —
¢ | () 124
> dle
b PH'C 8
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Peluenue

[Tycts mocnemrwe Tpu udpsl HOMepa 3aueTHOH KHIKKH — 048, CraBum
MM B COOTBCTCTBHMEC MCPBBIC TP OVKBBI pycckoro andasuta. [lomyyacm a = 0,
6 =4, B = 8. /lannsie Oepem w3 Tadn. 8 MeToauuecknx ykaszanwi. Takum obpa-
3oM, uMeeM £ =1000rkH , £=24 m, cxeMa 3aKpemacHus KOHUOB CTCPXKHA H
(opma ceueHHMs CTEPIKHS MOKA3aHbl HA puc. 8.

Pacuer nauuHaeM ¢ BBIYHCIEHHA BCEX HEOOXOMUMBIX FCOMETPHUYCCKHX
XapakTePUCTUK MONEPETHOTO CEUEHUS CTOWKH, KOTOpPBIE yAOOHO BBIPA3WTh Ue-
PE3 MI0IAAL NONEePEeUHOro ceuenns A (b=h=2d):

A
A=4d* - —32154%, d*=——-=0311-4,
’ 3,215

k=

3 4 53 4
g og P _2dCd) L oeagt—0124- 47,
min : - 12 64 12 4

P aJInyC HHCPIHH CCUYCHHUA OTHOCHTCIIBHO OCH HAUMCHBIICH JKECTKOCTH.

hin =iy =1, = VT =0,3525V4 .

['udkocTL CTEPKHA |
/1:;,1-(5': 1,0-2.4 :6,808
imin 035254 VA
rae u# - Ko>ppUuueHT NpUBeaeHUs MIHHbI CTEP)KHA, 3aBUCALIMIA OT YCIOBHIA

3AKPEIUICHUA CTEPAKHA (CM. Ta0. 3 MPUIIOKEHHA).
B ycnoBuH ycTOMUHBOCTH

F
O-_v < [O-I.] > E < [O-] P

HCU3BCCTHBL BEMUUUHBL A U @, rae ¢ - koddpduimenT npoaonsHoro usruoda.
Pacuet npon3BoAuTE METOAOM MOCNEAOBATEABHBIX IPUONUKEHUI, B TIEP-
BOM OPUOIUKCHUM 3a1aBIIKCh Kodpduimentom ¢ =0,5:
r 1000-10° | e 1A
A> = —=0,012547 =125-10"" a7,
6] 160.10°-0,5

6808 63808

VA 12s5.10 4
ITo Ttadnm. 2 NpHIOKEHUS, UCTIONB3YS JIHHEIHHYID WHTEPIOJAIHIO, HAXO-

086 =981 4 o855,

=6].

TOr Ja THOKOCTD CTCPIKHA A=

AUM q’]* =081+

Bo BTOpOM NpUOIHMKCHUN TPUHUMACM
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0,5+ 0855 10° )
o, =028 h6rg. 4 A0 60002 12888 g
2 160-10° 0,678 J4
o =075+ 28207 9 o804,
B TpeTheM pUOIMKEHUH
p < OOTBTOBUE (o 100010 g . 220898 oy,
2 160-10° - 0,741 V4
goj‘ —075+ 2812073 0786,
B uerseprom npubinkeHun
3
g OTALEOTSE (oo N000:10° o e 2 5 6808 oo
160 -10° - 0,763 J4
(p:" =0,780.

[TonyueHHOE 3HAUEHUE @ OJIM3KO K NMPUHATOMY, TIOATOMY TIPOBEPHUM BbI-
[IOJIHCHUE YCIOBUA YCTOHYUBOCTU:
I3 1000 -10°
—=slol-p; ————
A 0,0082

OTHocHTETBEHAA MOTPEIMIHOCTD MCHKAY HANTPAKCHHUAMH COCTABJIACT

(122,2-120,0)

<160-10°-0,764 ; 1220 MITa <1222 MTla .

o = -100% =~ 0,2%;
o 120
3TO MEHBIIIE OJHOTO MPOIEHTA, uTo AonmycTumo. [Ipunumas ¢ =0.763; monyua-
em A=0,0082:°; d= 4 _ 0,050 .
3,215

=

Jns marepuana crobiku (crtame 3, £ =2001771a, O = 200 MIia) 3naue-

HUE NIPEEbHON rubkocTu 4, , GyaeT paBHo

A ~100.

wped =

7°L _J:ﬁ-zoo-m"

o 200-10°

iy
[Tockonbky B HawmeMm caydae TMOKOCTb CTOHKM MCHBIIC OPEAC/TbHOK
(A=75<100), TO BCIMUHHY KPHTHYCCKOH CHIBI ompemendeM Mo QopMyme
Scunckoro (s cr.3 a=310MIa, b=1,14 Mila):
Fp=0 -A=(a—-b-1) A=(310-114-75)-10°-0,0082=1841xH .
Kp
Croiika nmeet ko3¢ppHUIMeHT 3anaca yCTOMIHBOCTH, PABHBIH
1,‘{ E E
w1841 _184

"

Y1000
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INMPUJIOKEHHE

Ta6n.1. [Inomwaayu 1 MOMEHTBI CONPOTUBJIEHUSA [T ABYTABPOBBIX OAlIOK
(I'OCT 8239-86)

Ne | 4 W, | Ne | 4 | W, | Ne | 4 | W, | Ne A /8

X X

- ~ il
e | em® | ea® |90 | en® | aad | O | en® | il | O | en® | end
ye- ye- ye- ye-
HUS HUS HUS HUS

10 112,01 39,7 || 20 [26,8| 184 | 27 1402|371 | 40 | 72,6 | 953

12 1 14,7 | 58,4 [[20a | 289 | 203 |[27a | 43,2 | 407 || 45 | 84,7 | 1231

14 [ 174 81,7 | 22 |30,6 | 232 | 30 [46,5]| 472 | 50 | 100 | 1589

16 (20,2 109 ||22a |32.8 | 254 [30a [49,9| 518 | 55 | 118 | 2035

18 (234 143 || 24 34,8 ] 289 | 33 [53.8] 597 | 60 | 138 | 2560

18a 254 | 159 [[24a |37.5] 317 | 36 | 61,9 743

Tabn. 2. Koaddpuuments npononsroro usruba ¢ s cr.3
0 10 [20 |30 |40 |50 |60 70 |80 |90 |100
1,001099]096094 10921089086 081]0.75]0,69 0,60
110 [ 120 [ 130 [ 140 [150 | 160 [ 170 | 180 [ 190 [200

0,52{045(040({036(032({0,29]0,26|0,23]0,21 0,19

=l R =g

Taba. 3. KoaoddpuumenTsl npuBeIcHHs IJTHHBL U

F F Fi F
4 - ' Vv Ak
3 3 %\_ IJ' Y S
\ ) ! '.
|
Il e .' ( | ¢
/ ! |r
; f ||l
/ W W W P
%; MJ’E Mx Mf -
u=10 u=07 u=20 u=0,5
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Tabn. 4. ['eoMeTpHUECKHE XAPAKTEPHCTHKH NPOCTLIX (PUTYVD

y :
M Y MM '\ Y '
v, ¥ Ay
> (n| Al WA | ATV X E X
" I\ W B X Ve
|
< b (h%-! # LLJ "EL—*‘
1 2 2 1 2d
/! :—h =l / :—}: L = P
_J’lf‘ 2 _}f 3fj| ,_}r: 3 1 _}(f 2{; .]'f 3;?1-
A:bh A:@ A:ﬁ 14=ﬂurE A:Ez
2 4 4 8
bh? bh? bh3 d* d
F g B i =k e TR =11 =5
S - * 36 5 36 5 64 =l (2)
L _hb? wt |
Yy Y36 T P32 ¥y 7128
OI'JIABJIEHUE
B IBETREEL. jccioinsmmonsmunnnoimessnsioionsonn s s oo s s i s S sl s iy S s 3
ITPUMEPBI PEIHEHMSA 3AIAY ..o 3
e R —— 3
BATIATA 2 oo 6
L Ty 8
T OO 10
B A S oo 17
i T T—— 19
DTIERER 7 connnsins s 00 o S R S R s S s RO A S R i |
B AU 8. e 24
d e i L L T ——— 27
OTTIABITEHUE ... e e 28
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