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1 MPAKTUYECKUE 3AHATUSA
1.1 Tembl NpakTHYECKUX 3aHITHIA

Teopus HarnpsKEeHHO-1E(POPMUPOBAHHOTO COCTOSTHUSI B TOUKE.
OCHOBHBIE YpaBHEHUS TEOPHUH YIIPYTOCTH.
[Imockas 3a1adya TeOpUM YNIPYrocTH B AEKAPTOBBIX KOOPAUHATAX.
IImockas 3aada Te€OpUM yIPyroCcTH B IOJSIPHBIX KOOPAUHATAX.
N3rubd npsiMoyroyibHBIX U KPYIJIBIX MIJIACTHH.
Bapuanmonsbie MeTOABI pelIEHN 3a1a4 TEOPUH YIIPYTOCTH.
Pemenue 3amad Teopuu ynmpyrocT METOIOM KOHEYHBIX AJIEMEHTOB — KOHCYJIb-
TaIMU [0 PEIICHUIO HHANBUAYAIBHBIX 3a]1a4.
8 OCHOBBI TEOPUH TUTACTUIHOCTH U MOI3YUYECTH.

~No ok wN -

1.2 Teopusi HANPSIKEHHO-1e()OPMUPOBAHHOTO COCTOSIHUS B TOUYKeE

IHpumep 1. Ilycts Ha BUAMMBIX IUIONIAJKAX 3JIEMEHTA B (hOpMe Mapaie-
JIETIATIEIA TEVUCTBYIOT HOPMAJIBHBIE M KACATENbHBIE HAIIPSKEHUS, TOKa3aHHBIE HA PH-
cyHke. TpeOyercs JOMONHUTH HEJOCTAIOIINE HAIpSKEHUS U 0003HAUWUTh MX, yCTa-
HOBUTbH UX 3HAKU U 3alHCATh TEH30P HANPSKCHUM.

ZA 7z A  ©,=180 MIla

180 <
‘ Tx= —120 MIla
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T,= —120 MIla
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Puc. 27. HanpsokeHusI Ha TUTOIIAIKAX DJIEMEHTA
B (hopMe mapasuienenumnena

3anuueM TEH30p HaNpsKeHUN

Ox Txy Txz 0 +80 -120
To=|Tyx Oy Ty |=| +80 O 0 [,Mlla.
1y O -120 0 +180



II pumep 2. Haiitu HOpMaapHOE U KacaTeJbHOE HANPSIKEHUS HA HAKJIOH-
HOM IUIOIIAJKE, €CIIM U3BECTHBI €€ HAIIPABJIAOIINE KOCUHYCHI U TEH30p HANPSKCHUN
B OKPECTHOCTH HCCIIETyEMON TOUKU AEPOPMUPYEMOTO TENa.

0 -60 100 . . .
T,=|-60 140 90 |,Mlla; | =—; M=—; N=—f4.
100 90 80 V6 V2 V2

Haﬁz[eM IMPOCKIHWHU ITOJTHOTO HAIIPAKCHUSA Ha KOOPAHMHATHBIC OCHU

1
Pxy =0yl +T,ym+1y,n=0- \/_ \/_ J_ = 36,07 MI]a;
Pyy =Tyl +oym+1,,Nn=-60- L — +140- L L =119,97 MIla;
yv yX y yz \/_ \/§ \/5
Pzy =Tl +14M+0,n=+100- L =149,35MI1a.

FOENE

BrrunciimM nosiHoe HaNpsHKEHUE HA HAKJIOHHOM TUIOIIAKE

= P2, + P2, + P2, =/36,072 +119,972 + 149,357 =194,93MITa.

Brerauciaum HOPMAJIbBHOC HAIIPAKCHUC HA HAKJIOHHOM IJ1I0MaaKe

G, = Pl + P, M+ p,N :36,07-i+119 97-i+149 35-i =189,60 MlI1a.

&R R

Brruncnum kacatebHOE HaIps>KCHUC Ha HAKJIOHHOM IJ10ImaaKe

T, =\ p2 — o2 =4/194,937 189,607 = 45,27 MIla.

IHIpumep 3.Ilycts IIMHHBIA CTEPKEHb NEPEMEHHOIO CEUYCHHMS], TTOKA3aH-
HBI Ha pucyHke 28, pactsaHyT cuioi F. Jloka3aTb, YTO B MOMNEPEUYHBIX CEUCHUSX
CTEP KHS IOSABIIAIOTCS HE TOJBKO HOPMAaJIbHBIC HAIIPSIKEHUS, HO TAKXKE U Kacarellb-
HbIE HAIIPSKEHUSA, HOPMAJIbHBIE U KacaTeJIbHbIE HAIIPSIKEHUS B IIPOJOJIBHBIX CEYECHU-
AX cTepykHsA. HaliTu nx 3HaueHus1, €CIM IJI0IIA b MONEPEYHOI0 CeYeHUs paBHa A.
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Puc. 28. CtepxeHb IEpEeMEHHOM KECTKOCTH, 3arpyKEHHBIH
COCPEIOTOUCHHOM CHIION

[Tosmaraem, 4T0 HOpMaJbHBIE HANPSDKEHUS PACHPENEIIAIOTCS MO IUIOLIAaN Ce-
yeHus: paBHOMepHO. Torga mo gopmyiie COMPOTHUBIIEHHUS MaTepUaIoB HOPMAJIbHOE
HaIIPSDKEHUE B TIOTIEPEYHOM CEUYEHHUH PAaBHO

_F
y A

3anuieM ypaBHEHHS], BEIPAXKAIOILIME YCIOBUS HA TPAHULIE CTEPKHSI, YUUTHIBAS,
YTO MMEET MECTO IUIOCKOE HAIPSIKEHHOE COCTOSIHHUE, @ HAa IOBEPXHOCTH CTEPKHS
Harpy3kKa OTCYTCTBYET.

Pyy =0yl + TyyMm=0;
Pyy =Tyl +oym=0.
3HauCHUS HanpaBJIAIOIUX KOCUHYCOB BBIPA3HUM HCPE3 YIOJI Q.
| =cos(x,v)=cosa; m=cos(y,v)=sin(a).

N3 BTOpOro ypaBHEHHs TPaHUYHBIX YCIOBUHM BBIPA3WM KacaTEJIbHOE HaIpPsKe-

——— >~ —_"{ga.

m F sina F
Y1 Acos(a) A

IIo 3aKOHY ITapHOCTHU UMCEM

Tyy = Tyx = —tha.



N3 nepBoro ypaBHEeHMs BBIpa3UM HOPMAJIBHOE HANPSKEHUE G,

in F
tgas—a:—tgza.

F
Oy =—Tyy —=—
X Y1 AT coso A

VYTBepkAeHHE T0Ka3aHO. 3HAUCHHUE HANPSKEHUI HAWIEHO.

_ ko2 _. __F
Cy = GX—th a, Ixy—ryx——xtgoc.

F.
A’

1.3. OcHOBHbIE YPABHEHUS] TEOPUH YIIPYTOCTH

IIpumep 4. B koHconbHOU Oajke, MOKa3aHHOM HA PUCYHKE, COCTABUTD BBI-
PaXXEHHUs I HANPSIKECHUH Gy U Tyy = Tyy, HCXONS U3 dbopMys1 CONPOTUBIICHUS Ma-

TepuainoB. Ilonyunts QyHKIMIO s HANPSDKCHHUS O, IPUMEHHB IS 9TOr0 AU de-

peHIManbHbIe ypaBHEHUS paBHOBecHs (ypaBHeHHs HaBbe).
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Puc.29. KonconbHas 0anka, 3arpy>keHHas pacipeielIeHHOW Harpy3Kkoi

Cocrasum QyHKUMIO 1UIs HArpy3ku q(X)

[IpoBepuM NpUTOTHOCTH 3TON HYHKIHH



npu X =0, q(0)=

9
|
npu X=1, q(l):lﬂ-lzq.

Od4eBuHO, YTO (PYHKITUS TPABMIHHO OMUCHIBACT 3aKOH U3MCHEHUS HATPy3KH.
CocraBuM (YHKIHIO ISl HOMEPEIHOM CHibl Qy (X) B IPOM3BOIBHOM CEUCHUH

Oasku
2
_OX

Qy (X)==a(x)-x o
CocraBuM ¢QyHKUHMIO 1)1 n3rudaromero MoMenta M, (X)

1 1qx3 qx3
M, (x)== “x=-2 2
(%) q(x)xsx 2 3 el

Hcnonb3ys pelieHne, MOIYy4eHHOE B CONMPOTUBICHUM MaTEPHUAIOB, COCTaBUM
QYHKIHIO 1151 HOPMATBHOTO HAIPSDKEHUS Oy (X, Y ). [IpeBapUTeNbHO 3allHIIeM Bbl-
pa)xeHue JJIsl 0CEBOr0 MOMEHTA MHEPIIMH MOMEPEYHOTO CEYEHUsI OTHOCUTENIBHO 1IEH-

TpajabHOU ocu Z.
1.h® h3 My(x)  gq-x312 2gx°

J=— = X,y)= =< - .
12 12 ox(%Y) Jy V=60 e end

Ucnonb3ys dopmyny XKypaBckoro, cocTtaBuM (PYHKIHUIO ISl KacaTelbHBIX

HaNPDKCHAN Tyy M Tyy

RO R (I )

(2y+h) :é(th +h?—4y? —2yh) :%(h2 —4y2);

1 1
—Z(h=2v)-=
2( y) 4

QS ® 1,2 , 12 308, ,
Txy—TyX— be —Fg(h -4 )F_Zﬁ(h —4y )

OyHKIHIO HOPMAIIBHOTO HAIPSDKCHUS Gy (X,y) ompenemnmm, ucrons3ys nud-

dbepeHmanpabIe ypaBHEeHUS paBHOBecHs (YpaBHeHHsI HaBbe)

ox oy X oy



N3 BTOpOro ypaBHEHHs PAaBHOBECHS BBIPAa3WM YAaCTHYIO ITPOM3BOJHYIO HOP-
MaJIbHOTO HaNpsHKEHUA Gy

0 0
S R

Paznenum mudpepeHnnanss u momydum

oo, = :23 :;‘I (h? -4y2)ay.

[TpouHTerpUpyeM MO Y, YYUTHIBAS, YTO MOSIBUTCS MOCTOSIHHAS WHTETPUPOBA-
HUS (QYHKIHS OT X )

oy (xy)=[3 5 (n%-ay? )dy+f(X)——%(hzy—%y‘Q’)H(x).

Oyukiuio f (X) CJIEAYET ONPEAETUTh [0 TPAHUYHBIM YCIOBUSIM HAa BEPXHEHN U

Ha HWKHEH mnoBepxHoOcTsX Oanku. Ha  BepxHel  MoOBEpXHOCTH  Oajku

h) -—gx
G(X’_Ej = ? Bocnons3yemcst atuM 1 Haiinem dynkuuio f (X, y). Bragane Bbi-

YUCITUM MHTErpat npu Y =—h/2

3ax hz(_hj_ﬂ _hf sax[_h® an®] sax[ n® nd[
2 13 2) 30 2 213l 2 38| 2r3| 2 6

_ 39X —3h3+h3__3qx _h_3 _ X
2 h3| 6 2h31| 3 21

Torga ycnoBue o BepxHEMy Kparo OaJIKM 3alUIIETCS TaK
o(%=h/2) ==+ F (x) ===

Ortcrona umeeM

f(x)=-2r.

3HAUUT, HOPMAJILHOE HANPsDKEHHE G(X, y) OyneT BeIpakaTbes PyHKIUEH



30X (,2. 4 3) OX
X,y) =P 2y 23 ) 9
o(xy) 2h3l( y sy) 21

[IpoBeprM BBIMOTHEHUE TPAHUYHBIX YCIIOBHA HAa BEPXHEM W HUKHEM Kpasx
OaJIKH.

Ha BepxHem kpato Ganku Yy =—h/2

c(x,_h/z)—m—x{hz(—ﬁj—f(—ﬁﬂ—%—%—%_%.

oh3| 2) 3\ 2 21 21 21 |

Ha HikHeM kparo 6anku Y =+h/2

c;(x,+h/2):3ﬂ[h2 (ﬂ]_ﬂ(ﬂﬂ_%__q_xﬂ_x_ 0

2h3| 2) 30 2 21 21 21

OdeBumHO, 9TO 00a TPAaHUYHBIX YCIOBHS BBIMOIHAIOTCSA. CliemoBaTenbHO, 3a-
Jada perieHa.

IIpuwmep 5. Onpeaenuth NOJHYIO YIACIbHYI) NOTEHUHAIBHYIO YHEPTHIO,
VACIBHYIO SHEPrUI0 U3MEHEHUS 00BbEM U YACIbHYI) ASHEPrUI0 U3MEHEHUsST (DOPMHBI,
€CJIM U3BECTEH TEH30p HamNpsHKEHUN

Ox Txy Txz 160 0 -100
To=[Tyx Oy Ty |= 0 0 0|,Mlla.
o, -100 0 -120

[IpunHsATh 3HaUECHUS MOJYJs ynpyroctu u kodddumuenta Ilyaccona, cooTBeT-
cTtBeHHO, paBHbIMH E =2001TIa u v=0,3.

Tak kak B TeH30pe HANPSLDKEHUM MMeeTCsl OJJUH HYJEBOM CTOJIOE! U OJlHA HY-
JeBasi CTPOKAa, MaTepUall B OKPECTHOCTU HCCIIEAYEMON TOYKH HUCIBITBIBAET IIJIOCKOE
HaIPSHKEHHOE COCTOSTHUE.

OnpenenrM MOAyJIb CABUTA

G= E = 200 =76,921Tla.
2(1+v) 2(1+0,3)

Ucnons3ys 3akon ['yka, BeruncauMm aedopmaruu



1 1 6 -3
g, =—(0y —vo,)= 160—0,3(-120)]-10° =0,98-1073;
= Lowvo) = L 160-0,3(-120)]
gy:1[cy—v(cz+cx)]=—1(cz+cx)=— 0.3 [160-120]-10° =
E E 200-10°
=-0,06-1073;
£y == (0y Vo) = — -[120-0,3-160]-10° =0,36-107%;
E 200-10
Txy 0 Tyz 0
YT G 76,9210 ¥ 6 76,92.10°
6
ZX:TZX: 100 10 9:—1,30‘10_3
G 76,92-10
3anuiieM TeH30p aepopManui
w 1y 1y _
X A IXy 41Xz
: 2 i 0,98 0 -0,65
-3
T = Eny €y EYyZ = 0 —0,06 01[-10~.
. . 0,65 0 0,36
_EYZX EYzy Sz_

Brerauciaum YACIbHYIO ITOJHYIO IIOTCHIHUAJIBHYIO SHCPI'UIO

W :E(Gxgx tOyEy +0,8; +TyyYxy +Tyz¥yz +TZXYZX) -

%[160-0,98+O-(—O,06)+(—120)-0,36+0~0+O-O+(—100)-(—0,65)]-103 =
k/J[>x

M3

=89,30

Brraucnum cpentee HanpsbKeHUE U CPEAHION0 AehOpMaIliio

Om :E(GX +0y +GZ)=%(160+0—120) =13,33MI1a;
Em = %(gx +ey+g, )= %(0,98—0,06+0,36)-10_3 =0,427-107,

Bpraucioum YACJIBbHYIO IOTCHOWAJIbHYIO 9HCPIrui0 N3MCHCHUS oO0BbeMa



W, :3-(%%%} :3-(%-13,33-106 -0,427-10‘3j _ 5,69 K

M3

Beruucinum yaenbHyr0 NOTEHIHATBHYIO SHEPTHIO U3MEHEHHS (POPMBI

_ _ _ kDK
We =W —W ~89,30-5,69 83,61~

IIpumep 6. [lycTh B OKpECTHOCTH BHYTPEHHEU TOUKHU JAehOPMHUPYEMOTO
TeJa 3a/1aH TEH30P HAIPSKEHUM

Ox Txy Txz -140 80 -60
c=|Tyx Oy Ty |=| 80 120 70|, Mlla.

VYuuteiBas 3akoH ['yka, BBIUKMCIUTH AeopManuy U 3amucaTh TEH30p Aedop-
Mauui. [IpuHsaTe Momynb ynpyroctd M kodd¢uuuent Ilyaccona, cOOTBETCTBEHHO,
paBubiMu E =200ITIa u v=0,3.

Tak kak B TEH30pe HAMpPsHKEHU HET HYJEBBIX CTPOK W CTOJOIIOB, TO €CTh B
AJIEMEHTE, BHIPE3aHHOM B OKPECTHOCTH MCCIIEAyEeMOM TOYKH, HET TUIOMIaJI0K CBOOO/I-
HBIX OT HANPSDKEHHM, TO MaTepUall UCTIHITHIBAET OOBEMHOE HAIIPSHKEHHOE COCTOSIHHE.
Onpenennum MOAyJb CIBUTA

G=— = -9 _7600mn
2(1+v) 2(1+0,3)

ITo 3akony I'yka Beraucianm nedopmaiuu

€x :i[cx _V(Gy +Gz)] = m[—140—0,3(120+90)]-106 = —1,015'10_3;

1 6 -3,
_09[120—0,3(90—140)]'10 =0,675-107%;

ey :E[Gy -v(o, +GX):|= 001

&, =£[Gz ~v(oy +Gy):| = m[90—0,3(—140+120)]-106 =0,480-107°;



Ty, 80-10°

-3
Yoy =L = =1,040-107;
Y G 76,92.10°
6
T .
Yye =L = 70-10 5=0,910-10"%;
G 76,9210
6
Y= 2= 200 780.10°8
G 76,92-10

3anuiemM TeH30p AepopManuii

1 1
€x Eny Esz

-1,015 0,520 -0,390
e !

— -3
€ 2ny gy EYyZ =| 0,520 0,675 0,455|-10 .

1 1 -0,390 0,455 0,480
Esz EYzy €z

IHpumep 7. Ilyctb B OKPECTHOCTH BHYTPEHHEH TOUKH Je(HOPMHUPYEMOTO
TeNa 3a/laH TeH30p Aedopmariuii

1 1

€x Eny EYXZ
0,65 045 0,75

=SV By STy |=| 045 0,84 032 1073,

1 1 0,75 0,32 0,96

E Eyzy

VYuuteiBas, 4To Marepuan Tena neGopmMupyercs mo 3akoHy ['yka, BBIYUCIUTH
HaIPSHKEHUS U 3aMUCaTh TEH30p HanpspkeHui. [I[puHATH MOMYh YyIPYroCcTH U KO3 (-
¢unment [lyaccona, coorBeTcTBeHHO, paBHbiMU E =2001Tla u v=0,3.

Boruucinum monynb ciBura, KoahduiueHT JismMe 1 OTHOCUTENbHYI0 00bEMHYIO
nedopmaliio B OKPECTHOCTH pacCMaTpUBaEMOM TOUKH

G= E = 200 =76,92ITIa;
2(1+v) 2(1+0,3)

,_2G _2:03-769
1-2v 1-2-0,3

0=, +&, +&;, =(0,65-0,84+0,96)-10°=0,77-10~

=115,381TlIa;



1o 3axony ['yka BeIUHCINM HaNPSIKEHUS

6, =2Ge, +M0=2-76,92-10-0,65-107 +115,38-10° -0,77-10° = 188,84 MI1a;
Oy =2Gz, +10=2:76,92-10°(~0,84-107) +115,38-10°-0,77-10% =
=—40,38 MI1a;

6, =2Ge, +M0=2-76,92-10°-0,96-10~ +115,38-10°-0,77-10 = 236,53 MI1a;
Tyy =Gy =76,92:10°:(<0,45-107%)-2 = 69,23 MIla;

1y, =Gyy, =76,92:10°:0,32-107%-2 = 49,23 MITa;

T, =Gy, =76,92-10°-0,75-1073-2 = 57,69 MITa.

3anuieM TeH30p HanpsHKEHUN

Ox Txy Txz 188,84 -69,23 57,69
T, = Tyx Oy Tyz |= -69,23 —-40,38 49,23 |,MlIla
57,69 49,23 236,53

Tzx  Tzy Oz

1.4. I1nockasi 3a1a4a TeOPUM YNIPYTOCTH B I€eKAPTOBBIX KOOPANHATAX

IIpumep 8. IlycTs Ha mIOMAAKAX PIEMEHTAPHOTO MApAJUIECTICIIUIIE/A, B3SITOTO

B OKPECTHOCTH UCCIIEAYEMOM TOYKHU Je(POPMHUPYEMOTrO TeNa ACUCTBYIOT HAIPSKEHUS
oy =120MIla; o, =—100MlIla; t,, =-90MIlla. Beruucauts okTasapuue-

CKHE IMOJIHOE, HOPMAJIbHOE U KacaTeIbHOE HAMPSKEHUS.
3anuieM TeH30p HanpsHKeHUH

o X T Xy T XZ 120 O _90
= 0 0 0 |,Mlla.
-90 0 -100

T, = Tyx Oy Ty

Tzx Tzy O

O‘-ICBI/II[HO, 4TO MaTcpHual B OKPECCTHOCTHU HCCJ’ICI{y@MOﬁ TOYKH TCJIa HUCIIBITBI-
BacCT IINIOCKOC HAIIPAKCHHOC COCTOSHHC, TAK KaK B TCH30PC HaHpﬂ)KCHI/If/'I OJlHa CTpOKa

Hn OJUH CTOJI6€H ABJIAIOTCS HYJICBBIMU.
YuuTeIBas HaJIU4ue HYJICBBIX HaHpH)I(eHI/Iﬁ, BBIYUCJIIMM HHBAPHAHTBI TCH30pa

HANPSKEHUT

o' =0y +0y +0,; =120-100 = 20 MITa;



o' =6,0, +0,0, +0,0, 1o, — 12, ~Tox =120-(~100)+0+0-90° =
= —18400(MITa)’;

n _ 49 o2 512 —5.t2 =

O =0x0yO07 + 2Ty Ty, Tzx ~OxTy; ~OyTz ~OzTyy =0.

KyOuueckoe ypaBHeHUE

oo-c'c’+5'c—c' =0

MO>KHO 3aIliCaTh B CICAYIOIIEM BUJIC
0(62 —GIG-I-G“ )=O.

OnuH KOpeHb KyOMUYECKOro YypaBHEHHS PaBEH HYIIIO 5(1) =0. JIBa npyrux

KOpHs OIMpCACIIAAIOTCS PCHICHUEM KBA/IPATHOTI'O YPABHCHUA

% —c'o+6! =62 -206-20100=0:

2
%#{%} +20100 = 152,13 MTTa;

20)?
?) +20100 =—132,13MTTa .

PaccraBuM MHIEKCHI TTTaBHBIX HATPSXKEHUM
o;=152,13Mlla; o©,=0; o;=-132,13Mlla;

BprurciauM nojiHoe OKTa3IpruyeCcKOe HaMPSHKEHNUE

1 1
Poct = \/g(csf +05+03) = \/5(152,132 +0+132,13) =116,34 MITa.

Bpraucioum HOPMAJIbHOC OKTas3ApHUICCKOC HAIIPSIKCHNC

Coct =%(01+02 +03)=152,13+0-132,13=20MIIa.

Brruuciaum kacaTenbHOE OKTa2JAPHUICCKOC HAIIPSIKCHHUC



Toot = Pt — G2t =116,342 — 207 =114,61MITa.

IIpumep 9. PaccmoTpum maacTHHY, 3arpy>KEHHYIO TI0 TOPIIAM JBYMS Tia-
pamMu cuii ¢ MOMeHTOM M.

i
b
C

| 1/2 | 1/2 |

I 7 | Z |

Puc. 30. banka, 3arpyxeHHasi pacipeIeJIeHHON Harpy3Koii Mo Topiam
4 3 COIIPOTHUBJICHUS MAaTCPUAIIOB U3BCCTHO

M
GXZTy; Gy =Tyy =0.

Tak kak HaIpsKCHUA Oy, Gy, Txy BBIPAXAKOTCA JIMHCUHBIMHA (bYHKL[I/ISIMI/I, TO

YpPpaBHCHHUC HCPA3PBIBHOCTH YIOBJICTBOPAKOTCS TOXKIACCTBCHHO

52 o2

8)(_2(6)(+Gy)+?(6x +Gy)=0.

UtoOsl yOeauThCSl B IPUTOJHOCTH PEIICHUS, IPEII0KEHHOTO COMIPOTHBIICHU-
€M MaTepHaJiOB, JOCTATOYHO TOJHKO MPOBEPUTH BhITIOJNHEHUE AU epeHIInaTbHbIX
YPaBHEHUM PABHOBECHS U YCJIOBUE HA KOHTYpPE IUIACTUHBI. BO3bMEM MPOU3BOIHBIE

oy OX oy

0 o(M 0o ot ot

&:_(_yJ:O; y 0: Xy ¥
ox ox\ J

[ToncraBum mpou3BoHbIE B quddepeHIiranbHble YPaBHEHUS PAaBHOBECHS

aG_X_FaTi:O' aT:i_|_ac_y:()

ox oy ox oy



VYpaBHeHUs1 paBHOBECUSI TOXKAECTBEHHO YIOBIETBOPsAIOTCA. CreaoBaTeIbHO,
MpeIoKeHHbIE (DYHKIIMM MPUTOHBI JIJISl pEIICHUs 3a/1aud Teopuu ymnpyroctu. Tpe-
OyeTcsi yTOYHUTh T'PaHUYHBIE YCIOBHUS.

|
IloncraBum ycnoBrue Ha TOopue IUtacTUHBL. IlycTh X:J_rE. Hanpspkenue nHa

TOpLax IJIaCTHUHBI COTJIACHO IIPCIJIOKCHHOMY PCHICHUIO UMCCT BHU ]

M
GXZTy; Gy =Ty =Tyx =0.

To ecTh, 0 TOpUAM IUIACTHHBI JEHCTBYIOT TOJIBKO HOPMAJbHbBIEC HANIPSKEHUS,
KOTOpPBIE paclpe/iesieHbl MO BbICOTE CEYEHUS M0 JIMHEHHOMY 3aKOHY. M3 rpaHUYHBIX
yCIIOBUI Ha mpaBoMm Topie miactubl kMeeM | =+1, m=0, n=0. Toraa npoekmuu

Harpy3Ku Ha TOpHax INIACTHHBI BBIPAXKAIOTCA 3aBHCUMOCTAMU

M M
pXV:oxl+rxym:7y-1+0~0=7y;

Pyy =Tyxl +oym=0-1+0-0=0.

BrIpa3uMm nponosibHyI0 CHily Ha MPaBOM TOpLE IUIacTUHbL. [Ipn 3TOM npuHUN-
MaeM TOJIIIMHY TUIACTUHBI PABHOM €IUHULIE.

M +C M M +C M +C
N =[PpxdA=[= ydA= | —ydy=—+ ] ydy:[zyz} =0.
A A —C -C -C

OI{CBI/II[HO, 4qTO IIpoaoJjibHadA CHUJia paBHA HYJIIO. BBIpa3I/IM MOMCHT CHII Ha TOp-
e MMIaCTUHBI

M M M
] vaydA=I(—yjydA=—jyZdAz—J =M.
A A ‘] \] A \]

AHAJIIOTUYHO MOJTyYaEeTCS U HA ITPABOM TOPLE NIIACTUHBI.

CrnenoBaTenbHO, pelIeHUe, NOJIyYeHHOE B COIIPOTHUBIICHUHA MAaTEPHUAIIOB, NPHU-
TOJHO B TOM Ciy4ae, €CIM IO TOpLaM IUIaCTUHBI IPUJIOKEHBI PACIpPEICICHHBIC
Harpy3KH, IOKa3aHHbIE HA PUCYHKE U CO3Jar0lne MOMeHT M.

II pumep 10. [InacTuHKa MOCTOSHHON TONIIUHBI TPOU3BOIBHOIO OUEpTa-
HUsI PaBHOMEPHO CKaTa IO HApPYKHOMY KOHTYpYy AaBieHueMm pP. J[okaszarb, 4TO BO
BCEX TOYKAX IUIACTHHKH KacaTelIbHOC HANPSHKCHHUE Ty, PABHO HYIO, 3 HOPMaJIbHbIC

HalIpsKCHUSL Gy U O y JaBJICHHUIO CXKaTHA.



BrIpexkeMm 21€MEHT OKOJIO NMPOM3BOJIBHOM TOYKM KOHTYypa IIACTUHKHU. IlycTh
HAIpPaBISIONIME KOCUHYCHI | 1 M HaKJIOHHOHM TUIONIa KU M3BeCTHBI. [loHOe Hampsi-
’KCHHME Ha HAKJIOHHOM IIOINAKe PABHO JABJICHUIO HA KOHTYD IUIACTUHKU P, =—[.

Haiinem npoekuyu noaHoro HarpsKEeHHs
Pxv = Pyl; Pyy = pym.
3anuiieM rpaHuYHbIE YCIOBUS

Pxy =0xl +Tym=p,J  xm *)
— *

Pyy =Tyxl +oym=p,m xn

&
<
&

e
G

o

N

Puc. 31. PaBHOMepHO CiKarTasl MJIaCTUHKa MMPOU3BOJILHOT'O
OUCPTAaHUA MMOCTOSIHHOM TOJIITNUHBI

Pemmim 1nosy4eHHyr0 CHUCTEMY ypaBHEHMM, IPUHUMAsl B KAa4eCTBE HEU3BECT-
HBIX HANPSDKCHHUS Oy, Gy, Tyy, Tyy U YUMTBIBAS, YTO, COINIACHO 3aKOHA NMAPHOCTH Ka-

CaTCIbHBIX HaHp}I}I(eHHfI, T Xy = ’ny .

B pe3ynbTaTe nomyunm ypaBHEHHUE, COJIepKalllee KacaTeIbHOE HAIIPSKEHUE

m-t
501041

(m2—|2)‘l7=0. (**)

210 PABCHCTBO AOJIZKHO BBIIIOJHATHECA IIPHU JIFOOBIX TTOJ0KEHUSAX HAKJIOHHOM
I1omaaKu. HpI/I 9TOM HaIIPaBJAIOINUC KOCUHYChI lum MOT'YT HPpUHHUMATDh 3HAYCHUA



Ha OTpe3Ke [—1, +1]. YuuThiBasi COOTHOIIICHHE HAIpPaBIAIONIMX KOCHHYCOB IS

I10cKoi 3amaun 1% +m? =1 ypaBHeHue (**) MOKHO 3amucaTh CISAYIOUIIM 00pa3oM

[mz—(1—m2ﬂ-r:[2m2—l]r:0.

HpI/I PA3JINYHBIX ITOJIOKCHUAX HAKJOHHOM IIJI0MaaAKK MHOKHTCJIb [Zmz —1:|

MOXET NPUHNMATh 3HadeHuss Ha otpeske [—1,+1]. Ilosromy, uToGbl ypaBHEHHE
sksksk — — — o —
(***) Bcerna BBIIONHSIIOCH, TpeOyercst, 4006l T=0. To ects, Ty =Ty =1=0.

N3 mepBoro ypaBHEHUs cHCTeMBbI (*) MOJy4HMM 3HA4Y€HHE HOPMAIBLHOTO
HaNpsDKEHUS Gy

oyl +tym=ocyl+0-m=p,l; oy=p,=-p.

N3 BTOpOro ypaBHEHUs CUCTEMBI (*) MOJIyYUM 3HAYEHUE HOPMAIBHOTO Hampsi-
KCHHS Oy

Hpumep 11./lana kBagpaTHas IUIACTUHA U 3aJaHbl QYHKUMHU JIJISl HAIIPS-
KEHUHN

AY

Oy =—%Cx4y;

v X

3,,2
N Tyy =Tyx =CX7Y".

TpeOyeTcsi yCTaHOBUTH COOTBETCTBYIOIIYIO

Harpy3Ky 1o KOHTYpY IJIACTUHBI.

Pemenue.

c c [IpoBepyuM MPUTOTHOCTH 3aJaHHBIX (QYHKITAN
” JUTS HAITPSDKEHUT Ox,O0y,Tyy AJIA 3a]]a4H TEO-

Puc. 32. KsagpaTtHas mimra
pun  ymnpyroctd. Tak kKak  (QyHKUUH

GX,Gy,’EXy, HUX IPOU3BOJHBIC N B3ATHIC OT HUX MHTCIPAJIbl SABJIAIOTCS HCIIPCPLIBHLI-

MU, To ypaBHeHus CeH-Benana (ypaBHeHUs Hepas3pbIBHOCTU Acdopmanuii) OymyT

ynoBieTBOpAThCA. CrieyeT MpoBEpUTh, OyAyT U BBIOJHATHCSA YCJIOBHS paBHOBE-

cus, TO ecTh qudepeHImanbabe ypaBHEeHHs paBHOBecHs (YpaBHeHuUs: HaBbe).
BosbmeMm npousBoIHBIC



0o
&S—X———-4Cx3y = —2Cx3y; —Y —_3cxPy?;
OX oy
ot ot
9 ey 7 =30x°y?.
oy ox
IToncraBum npon3BOAHBIE B ypaBHEeHHs HaBbe
a@i+_8rxy =0; aTyx +—aGy =0.
OX oy OX oy
U TIOJTy4YUM —2Cx? y+ 2Cx? y =0, 3CX2y2 —3Cx? y2 =0.

O4eBuHO, UTO 33/laHHbIe (PYHKIIMH JJIs1 HANPSDKEHUN yAO0BIETBOPSIOT nudde-
pPEHITMATBHBIM YPABHEHUSM PaBHOBECHSI.

OmnpenenuM Harpy3KH MO KPasiM TUTACTHHBI
Ha BepxHeM Kparo mmactuael —C <Xx<C, y=C, 1=0, m=1

Pxy =Oxl +TyyM= —%Cx“y 0+Cx3y? 1= Cx?’y2 =C3x3;

Pyy =TyxM+0oyl =Cx3y2 -O—szy3 -1:—Cx2y3 =-C*2,
Ha HIKHEM Kparo miactuael —C <x<C, y=-C, =0, m=-1.

Py =0xl +TyyMm= —%Cx“y-O—Cx3y2 1=-Cx3y? =33

Pyy =TyxM+0,l =Cx3y?-0-Cx%y® (1) =Cx%yS =C*x2.
Ha JIeBoM Kpato riactuael X<—-C, —-C<y<C, |I=-1 m=0.

1 4 1 4 1.5
va:Gx|+Txym:_ECX y~(—1)=ECx y=EC y;
Pyy =TyxM+oyl =Cx3y? (-1)= —Cx3y? =Cty?.

Ha mpaBoM Kkparo mactuael X<C, —-C<y<C, I=+1, m=0.
1 _ 4 1 _ 24 1 &
=oyul+1, yM=—=CxX"y-1=—=Cx"y=—=C"y;
Pxy =0x! +Txy > y > y > y

Pyy =TyxM+oyl = Cx?’y2 1= Cx3y2 = C4y2.



6 A A ~6
M 1]
0.5, Q.5 C®

KacartennHblie
Harpy3ku

Hopmanehsie
Harpy3sku

0’5‘ V N 05 C6
Ct O v C° C?

Puc. 33. Dnropbl HOpMaATEHBIX U KacaTeIbHBIX HATPY30K

1.5. Ilnockasi 3a7a4a TeOpUM YIPYrocTH B MOJSAPHBIX KOOPAMHATAX

Hpumep 12. [Ing miockoro KOiapla U3BECTHBI BEIPAXKECHUS I HAIIPSIKE-

HUM
" a’ 14 b | 0 a® 1 b |.
Ge = —F~ — |, Gr = - —— |,
b2 _ 52 (2 b2 _ a2 2

Trg=0.

ﬁ b ro

\/ [IpoBepuTh  BBINOJHEHUE YCIOBUS PABHOBECHS U
HaWTH Harpy3Ky Ha KOJIbLO.
Puc. 34. KombI10, 3arpy>keHHOE pacIpeie]ICHHON Harpy3Koi

Hatinem cnaraempie nuddepeHImaibHbIX YPaBHEHUN PaBHOBECHSI

8csr:p2a2b2 1. 1ooy_,, Log

o T p2-a’rd’  roee roo

Oor _ . 2t . or-op _ o 2a%° 1
o r ' r b?-a?r?

[loncraBuMm B auddepennnaibHble ypaBHEHUS! PABHOBECHS



oo, 1oty op—og _ 2a°h* 1 2a%h® 1

T P23 Pz 23
or r 0o r be—a“r b —a°r
laGe + a’[re " 2Tre
roge or r

=0+0+0=0.

O6a ypaBHEHHUs YIOBJIETBOPSIOTCS TOXAeCTBEHHO. CleoBaTeabHO, YCIOBUS
paBHOBECHSI COOTIOAAIOTCS.
Harinem Harpysky, JEMCTBYIOIIYIO HA KpasixX KOJbLIA.

IMpu r =b
2 2
Grzpb;l? 1—E—2 -0.
IIpu r =a
Gf:pza—zz 1‘% =P 2az 2 612_2b2 =-P.
b —a a b -a a

Ha BHyTpeHHuii Kpall KoJiblla JACHCTBYET PAaBHOMEPHO pacHpe/IesICHHAS
Harpyska —p.

1.6. U3rud KpyrJbix mJiacTuH
IMpumep 13. [lnacTuHKa Kpyrioro o4epTaHus U MOCTOSTHHOM TOJIIIUHA

IIAPHUPHO OMHUPAETCS 110 CBOEMY KOHTYPY U 3arpy’keHa paBHOMEPHO pacrpeaesieHHOMN
Harpy3koil. [Iporu0 niacTuHel 3a1aH QyHKIIUEH

W (p) =C| (5+n)—2(3+n)p? +(L+w)p* |, C=const.

[IpuHATHL: paauyc MIacTUHBl & =2M; TouuHa mwiactuabl h =0,2m; ko3 durnueHt

n=0,25. Tpebyercs HaiiTH QYyHKIUH A1 U3TUOAIONTUX MOMEHTOB, TTOTIEPEYHOMN CH-
JIbI, TTIPOTUOOB ¥ MOCTPOUTD DITIOPHI.

2a

Puc. 35. lllapaupHo onepTas miacTHHA KPYIJIOro OYepTaHHuS,
3arpy’ke€Ha pacIpeeIeHHON Harpy3Kou



. . r
[lepeiinem k abcomtoTHOM KoopauHate p =—. [lepenumiem QyHKIMIO MPOTHU-

0oB

W :Cl:(5+p)—2(3+p);—2+(1+u);—i}.

Haiinem npon3sBoaHbIe

dw r . diw | 1 r?|
dr { (3+H)a 4(1+H)a—:|, d7:_—4(3+},l)a—2+12(1+u)a—4:|,
dw { r} d'w [ 1}

24(1+ —=24(1+pn)— |.
dr® ( M)a dart | ( H)a“

[IpoBepuM BBITIOTHEHUE TPAHUYHBIX YCIOBUHN Ha KPalo MIACTHUHBI
[lepBoe ycnoBue —mipu r =a, W =0.

2

4
W=C|:(5+p)—2(3+u)a—2+(1+u)a—4:|:C[5+p—6—2u+1+p]:0.
a a

Bropoe ycnosue —nipu r=a M, =0.
MOMEHT B palHaJIBHON ITIOCKOCTH

Mr:—D[dZW ude ﬂ (3+u)i+12(1+u)r—i}

dr2 r dr a a

+E|:—4(3+ M)LZ+4(1+ u)r—j}}

r a a
[Tocne mpeoOpazoBanms MOTYYUM BBIPOKCHHE

M, =_@(1+u)(3+u)(;_z_1].

a
CoryiacHO BTOpOMY I'PaHUYHOMY YCIIOBHUIO, UIMEEM

My =228 (14 )(3+p)£§_1]:o.

a a



YcaoBus Ha Kparo TIACTHHBI BBITIOTHSIETCS.
OnpenenuM nocTossHHBIN Kodpdunuent C, ucnonbiys auddepeHuaibHoe
ypaBHEHUE U30THYTON CPETUHHON MOBEPXHOCTH TUIACTUHBI.

(d“w 2d3W 1 d3w 1dWJ
D L8 - —g

+__
dr* rdr® % dr? 3 dr

HOI[CT&BI/IM BBIPAKCHUA TJISI ITIPOU3BOAHBIX
2

DC {24(1+ u)%+g{24(1+ p)%}—%lz—4(3+ p)iz+12(l+ M)r—4:|+
a® r a“ |l r a a

1 r r*
+—3{—4(3+ H)— +4(1+ M)—J} =q.

r a a

PaCKpOI/IM CKO6KI/I, BBIIIOJTHUM COKpAIICHUA U IIPUBCACM HOI[O6HI)IG

DC{24+48-12+4}=q.

B pesynbrare noayuum

ga*

C=— " .
64D (1+p)

VYyuutsiBas BeipaxkeHus st C, TOTyduM (QPYHKITUIO IPOTUOOB

4 r

w=_— 2 (5+u)—2(3+u)ﬁ+(l+u)—4
64D(1+p) a? at|

CoctaBuM BbIpaXkeHUE JJIs paJualbHOro u3rubdaromero Mmomenta M, (momy-
YEHO BBIIIIEC)

4DC r?
Mr = —a—2(1+ H)(3+ H)(a—z—lJ

CocraBuM BBIPAKCHUC I TAHT'CHOWAJIbHOI'O I/I3FI/I6a}OH_[€FO MoMeHTa M 0

2 3
1dw +ud W]Z—DC{%|:—4(3+H)L2+4(1+}1)[-—4 +

M,=-D
0 rdr dr? a a

1 r?
+u| —4(3+ u)a—2+12(1+ u)—4 .

QD




Packponm ckoOku u npuBeaem nogo0HbIe. B pedynbrate noayyum

4DC r?
Me = —a—(1+ },l)|:(1+ 3}1)?—

(3+ u)} :
CocTaBHM BBIPKCHHE JIISI TOTIEPEYHOM CHIIBI

2
Q=D W 1d W_izdﬂ :{Dcz4(1+u)i4+
dr’ T dr? % dr a

a a r a

+%{—4(3+ u)iz+12(1+ u)é}i{—qa n) 5 +4(L+ u);—j}}

Packpoum ckoOku, mpuBeneM MOJOOHBIE U TMOJIYYHUM BBIPKEHHUE ISl TOTIe-
PEYHO CHUJIBI

Q= (14 p)r.

a

Bripazum npoussenenue kodpduimentor CD depe3 nzBecTHbIC BETUINHBI

ga*  q* = q2
64D(1+p) 64(1+p) 64(1+0,25)

1
5

Bpruucium 3HadyeHUs H3FI/I6aIOH_[I/IX MOMCHTOB U nonepequﬁ CHUJIBI B LICHTPC
IIJTaCTHHBI,

r=0.
2 2
Mr:_@(lw)(sw)[r—z—l]: 2954 25)(3+0,25)[0—— j
a a 2 a’
=0.8125q;
4DC r?
Me :_a—(l+“) (1+3M)a—2—(3+].l) =

__4954, 25){(1+3 0,25)~ i

5 (3+ 0, 25):| =0,8125q;
2 a?

Q :D—f(1+u)r:qz—f’(1+o,25).0:o.

a



Bpruuciaum 3HaueHUs I/IBFI/I6aIOHII/IX MOMCHTOB H Honepequﬁ CUJIbl Ha Kparo

IIJIaCTHUHBI,
r=a==2.
2 2
Mr:_@(uu)(:&w){r—z—l}: 29514 25)(3+o,25)[r—2—1]=0;
a a 2 a
4DC a’
Me:—a—(l'i'],l) (1+3}1)a—2—(3+u) =

2

_4q/5 2 :
_ 22/ (1+0, 25){(1+3025)2—2—(3+0 25)} 0,375

Qr =2 (1+p)a=22(1+0,25).220,031250.
a 2

Borarcnum nporuOs1 m1acTUHBL
npu =0

2

. {<s+u>—z<3+u)r—2+<l+u>ﬂ=

~ 64D(1+p) :

QD

q2* 0? 0* q.
- (5+0,25)-2(3+0,25)— +(1+0,25)— |=1,05—;
64D(1+0,25) al 24 D

npu r=al/2=1

:L[(sw)_z(mu)r_;(lw)r_i}

64D(1+p) a

Q

q2* 12 1 q.
= (5+0,25)-2(3+0,25)—+(1+0,25)— |=0,741—;
64D(1+0,25) 22 2 D

mpu r=a=2
4 2

qa {(5+u)_2(3+u)r—2

~ 64D(1+p) 3

+(1+ u);—i} =

= (5+0,25)-2(3+0,25)—+(1+0,25)— | =0.
64D(1+0,25) 22 24



0,749/D 0.74/D 0,375q 0,375q

1,05q/D 0,813q
g o

0,031q
M

0,031q

0,813q

Puc. 36. Dnropsl nporu0oB, U3rudarOIMX MOMEHTOB U MOMEPEYHBIX CHII

Brrauciaum MakcuMabHBIC HOPMAJIBHBIC U KaCaTCJIbHBIC HAIIPSKCHUS

5, = 6M2f - 6'0’8i6q ~122,4q:
h 0,2

oo = 6M29 - 6'0’8qu ~122,4q:
h 0,2

2 300319 on
2h ~ 2.0,2

1.7. OcHOBBI TEOPHHU MJIACTUYHOCTH U MOJI3Y4YeCTH

IIpumep 14. AGcomoTHO xecTkuil crepkeHb AC IIapHUPHO OMEPTHIN B
touke C yaepkuBaeTcst Tpems Tsokamu B Toukax A, B u £, cocTaBieHHBIMU U3 IIECTU
CTEpKHEH C OJMHAKOBOW IJIOMIAAbI0 TomepeuHbix ceueHuit A. Onpenenuts
KOMOHWHAIIMIO CTEPXKHEH, TIPU KOTOPOM TpeiesibHas Harpy3ka F Oyaet camoit 00IbIIIoH,
ecm Marepuan aegopMupyetcs no guarpamme [panarmis.

SN, N

l Fred
C B D E A
= O, K|

!a!ZSa

a 3a

0 €

Puc. 37. Cratuyecku HeolpeaeIuMasi CUCTEMa C YYETOM IJIaCTUYECKUX
nedopmaruii MaTepuaa TsoKen



P e m e H u e. O003HAUMM KOJUYECTBO CTEpkHEH B Tshkax B, D, E, cooTBet-
CTBEHHO, Ng, Np, Ng . CorIacHO yCIIOBHIO 334y NPH BCEX KOMOMHALMAX PACIIOJIO-

KEHUS CTEp:KHEH CyMMapHOe€ UX KOJIMYECTBO paBHO ILIECTH, TO €CTh
Ng +Np +Ng =6. Cucrema noTepsieT MPOYHOCTh, TO €CTh CHOCOOHOCTh BOCHPUHH-

MaTh CKOJIb YTOJIHO MAJIyIO JIOMOJIHUTENBbHYIO Harpy3Ky, €CJIU BO BCEX TsKaxX Hampsi-
JKEHHst OyIyT PaBHBIMH MIPEAeNy TeKydecTH Gy . COCTaBUM ypaBHCHHE HPEACIBHOTO

PaBHOBCCHUA 3a,Z[aHHOﬁ CHCTCMBI

2M¢c =oyngA-a+oynpA-4a+cyngA-7a—Fq -10a=0.

U3 YPaBHCHUA II0JIYYUM 3HAYCHHUC HpCIIGJIBHOﬁ HArpy3KHu

GyA
Fred =F(n5 +4nD +7nE )

Orcrona cieayer, 4To HauOoJIbllIasi Harpy3ka OyJeT Mpu HauOOJbIIEM 3Haye-
HUU BbIpaKeHHS B CkoOkax. CocTaBUM BO3MOXKHBIE BapUaHTBl PACIIOIOKECHUS
ctepkHelt B Tskax B, D, E u mocumTaem BolpakeHHe B CKOOKax JJisi KaXJI0ro Bapu-

aHTa.

Tabnuua 1 — Pe3ynpTaThl pacyeTa CTaTHUECKH HEOINPEACINMas CUCTEMA C YIETOM
MJIACTUYECKUX Jeopmaliuii MaTeprana TsKeu

Pacnipenenenue crepxHei o Tsxam KomnuectBo 3HaueHue
Bapuant Ny N, ne crepiteit | (n; +4n, +7ng)
1 1 2 3 6 30
2 1 3 2 6 27
3 2 1 3 6 27
4 2 2 2 6 24
5 2 3 1 6 21
6 3 1 2 6 21
7 3 2 1 6 18

Od4eBuHO, YTO 3a7aHHAsT CUCTEMa MOXKET HECTH HAMOOJNBIIYIO MPENETHHYIO
Harpy3Ky IpH BapuaHTE paclpeieNICHUus CTep>KHEH 1Mo TskaM, 0003HaYe€HHBIM HOME-
pom 1. IIpu sToM HambombIIas IpeneTbHAS HarPy3Ka paBHA

Fred = BGyA.




2 KOHTPOJIb 3HAHUI
2.1 UnauBuayajabHble 3a1a4M AJIs1 CAMOCTOSITEIbHOH PadoThI
Ha kBagpaTHyrO MmIacTMHKY, ONMPAONIYIOCA Ha ymnpyroe ocHoBanue dycca-

BuHnkiiepa, AeCTBYIOT YeThIpe BEPTUKAIBHBIC CUJIBI F, IPHUIIOKEHHBIE K PacueTHBIM
TouykaMm (puc. 38), B COOTBETCTBUU C TaOIuUIIEH 3.

1 Y¢ 0.25 M | ,  Kodppuument Ilyaccoma v = 0,25,
% ‘8 9' pa3Mepbl IIACTUHKU 9.5%9.5 M, Ko-
7

Y PUIHEHT KECTKOCTH OCHOBaHUS K,
45m =10 MH/Mm koadduimenT 3anaca N,
= 1.5, onacHoe HamnpsbkeHue (Tpeaen
! 4 5 6 L] tekydectn) o©,=20 MIla, pasmepsl

e ® ® X
IJIOMIAJIKKM  HAarpyXeHust 25x25 cm
MPUHUMAIOTCS  OJWHAKOBBIMHU  JIJIS
625 . | 45v BCEX BapuaHTOB. J[pyrue gaHHbIE BbI-
> |« 30'25;:4 Oupatorcs u3 Tabmun 2 u 3 no mudpy
1 V0.25 M ‘2 _i : | X cryzneHTa (3aounHast hopma oOyueHUs)
A " WIM IO YKa3aHMIO MPEeno1aBaTeis.
45mMm 45Mm

A

TpeOvyerTcs:

1. M300pa3uTh KOHEYHO-DJIEMEHTHYIO
MOJIEIb IJIACTUHKA U BCE PACUETHBIC
TOYKH.

2. IToaAroTOBUTH UCXO/IHBIE JAHHBIE U BBINOJHUTH PACUET TJIACTUHKH MO MPOTPaMMe
Sturm, nomyuyuts Kaptel nzoaunuii V, My, My u My, cienats X aHanu3 U BBIBOJBI O
nedopManv TJIACTUHKM M O XapaKTepe pachpelesieHus] B He BHYTPEHHUX CHUII
(monvko ons cmyoenmos ounoil ghopmut 00yueHUs)

3. B okpecTHOCTH OJIHOM U3 TOYEK MPHIOKEHUs cuil F (Ha ycMOTpeHHe CTyAeHTa)
OTPENICNIUTh - W3TUOAIOIINE U KPYTAILIME MOMEHTHI, HHTEHCUBHOCTh JIABJICHUS U TIO-
MepeyHble CWJIbl OT MECTHOW HArpy3KH; BBIUUCIUTH HOPMaJIbHBIC U KacaTeJIbHBIC
HaMPSHKEHUST M 1300pa3uTh MX AIIOPHI.

4. B okpecTHOCTH BBIOpaHHOW TOUYKH (11.3) BOJIM3HM BEPXHEU MOBEPXHOCTHU IIACTUHKH
BBIpPE3aTh DJIEMEHTAPHBIA O0BEM IMOKa3aTh BCE HANPSDKCHHS HA €ro IUIONIAJKaXx,
YCTAHOBHUTH BUJ HAINIPSX)KEHHOTO COCTOSIHUSI, HAWTH TJIABHBIE HAMPSXKEHUS! U TTOJIOXKe-
HUE TJ1aBHBIX TUIOMIAJIOK.

5. Ucnionw3ys Teopuro nmpouHoctu ['ybepa-Museca-I'enku, onpenenuTs J0MycKaemMoe
3Ha4YeHUE HArpy3Ku Fagn.

Puc. 38. PacueTHble TOUKH IPUITOKESHUS
Harpy3KH K IJIacTUHKE

81



Tabnuma 2 — JlanHbIe K KOHTPOIBHOM (pacueTHO-Tpaduueckoii) padbote

Ba- |Mogyns | Tou- Ba- KoopauHatel pacueTHBIX TOUEK
Eﬁ; Z:IE yros ﬁlnlgf_l Eﬁ; Neroukn |1 2 3 4 5 6 7 8 9
iac- TUHKH X, M 0.25 [4.75 |9.25 [0.25 |4.75 |9.25 |0.25 |4.75 |9.25
THHKH |, oM Y, M 0.25 [0.25 [0.25 [4.75 [4.75 |4.75 |9.25 |9.25 [9.25
E, I'Tla
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 80 18 1 F - F F F - - - -
2 58 20 2 - F F F F - - - -
3 44 22 3 F F - - F - F - -
4 34 24 4 F - - F F - - - F
5 27 26 5 - - F F F F - - -
6 21 28 6 - - F F F - F - -
7 17 30 7 - F - F - - F - F
8 14 32 8 - - F - F - F - F
9 12 34 9 - F - F - F - F
0 10 36 0 - F - - F - - F F
a 6

Tabnuua 3 — 3HaueHue cuiibl F, IpUII0OXKEHHOM K IIIACTHHKE

Bapuant 1 2 3 4 5 6 7 8 9 0
Cuna F, kH 500 550 | 600 | 650 700 750 | 800 |850 | 900 950
B

[Ipuwmeyanue. [Ipumep BBIOTHEHHS CAMOCTOSATEIHLHON pabOTHl TPUBEICH B
paznene 4.7. Jlns npoBepKy pelIeHus 3aja4ul PETo1aBaTelsiM MOYKHO MCTIOIb30BaTh
y4eOHYI0 KOMITbIOTEPHYIO nporpamMmy TUP, nHcTpykius k kotopoii n1aHa B m.4.7.



2.1 KoHTpo/bHBbIE BONPOCHI K 324eTy

1. Kakoe MecTo ¥ 3HaUUMOCTh UMEET TEOpHUs YIPYTOCTU CPEAH APYruX HayK Mexa-
HUKH TBEPJIOTO Tena?

2. Kaxue ocCHOBHBIE TUTIOTE3bI IPUHSATHI B KJIACCUYECKON TEOPUU YIIPYTOCTU?

3. Kak o0o3HauaroTcss U Kak ONpeNessioTcs MOJTHOE, HOPMAJIbHOE M KacaTebHOE
HaIpsHKCHUS ?

4. Tlo xakuM IpaBUIaM PACCTABIISIFOTCS MHIEKCHI M 3HAKU HAMPSKCHHI?

5. Kak 3anuceiBaeTcs U Kakhue 0COOEHHOCTH UMEET TEH30P HANPSIAKECHUM?

6. UYto ciaenyeT mOHUMAThH MO HAMIPSHKEHHBIM COCTOSIHUEM B TOUKe?

7. Kakwue yacTHbIe Cilydan HampsH>KEHHOTO COCTOSTHUS BBIACISAIOT B TEOPUU YIIPYTO-
CTH U KaK 3aIMCBIBAIOTCS COOTBETCTBYIOIINE UM T€H30PbI HAMIPSKCHHI?

8. Kakumu ypaBHEHUSMHU BBIPAKAIOTCS YCIOBHSI HAa TpaHUIIE Tea?

9. Kak 0003HayaroTcs M Kak ONPEEIIAI0TCs HallPaBIISIFOIINE KOCUHYChI ITOIAIKN?
10. Kak BbIpaxaroTcs HOpMaJIbHOE M KacaTeIbHOE HAIpPSHKEHUSI HAa HAKJIOHHOM TIJI0-
maake?

11. Kakue HanpspKeHUsI U IUTOIIAIKY HA3bIBAIOTCS TTaBHBIMU?

12. Kak ornpeaenuTh 3Ha4€HUsI TJIaBHbIC HATIPSKCHUIA?

13. Kak BbIpaxkaloTCs MHBAPUAHTHI TEH30pa HAMPSIKEHUM Yepe3 HanpsKeHUs Ha KO-
OpJMHATHBIX TUTOMIAAKAX ?

14. Kak HailTH 3HAYEHUS MAKCUMAJIbHBIX (SKCTPEMaIbHBIX) KacaTeIbHbBIX HaIMpsiKe-
HUHI IpU 00BEMHOM HANPS)KEHHOM COCTOSHUH?

15. Kakue muiomaaku U HampsHDKEHUST HA3bIBAIOTCS OKTAdAPUIECKUMU?

16. Kaxk BbIpaxaroTcsi OKTadJpUueCKre HAMPsHKEHUS Yepe3 TTIaBHbIC HAMPSKEHUs?
17. Kak 3anmuceiBaeTcs mIapoBOM TEH30p HAMPSDKEHUS U TEH30P-ACBHATOP HAIpshKe-
HUs?

18. Kak 3anuceiBaetcs TeH30p Achopmalun?

19. Kak 0603Ha4arOTCs ¥ Kakue 3HAKU MPUHUMAIOTCS JJI JTUHEHHBIX U YTIIOBBIX J€-
dbopmarmii?

20. Kak BbIpakaeTcs OTHOCUTENbHAs JMHEHWHas nedopmaiivs BOJOKHA MO TPOHU3-
BOJIBHOMY HaIlpaBJICHUIO Yepe3 KOMIIOHEHTHI TeH30pa Aedopmaryn?

21. Kax BBIYHCIIUTD 3HAYCHUS TIIABHBIX JAedopmariuii?

22. Kak BbIpaxaroTcs HHBApUAHTHI TEH30pa nedopmariuii uepe3 KOMIOHEHTHI TeH30-
pa nedopmanuu?

23. Kak 3amuchIBaeTcs IapoBoi TeH30p AedopMaliii U TEeH30p-AeBHATOp Aedopma-
uun?

24. Kak 3anuceiBaeTcs auddepeHuuanbHble ypaBHEHUs paBHOBecUs (ypaBHEHUS
Hag'e)?

25. Kak 3anuceIBaloTcs reoMeTpuueckue ypasuenus (ypasaenus Komn)?

26. Kak 3amuchIBalOTCSl M YTO BBIPAXKAIOT YpaBHEHHUS HEPA3pbIBHOCTU JAedopmanuii
(ypaBuenust Cen-Benana)? Ux ¢pusnueckuii 1 3HEPreTUUECKUNA CMBICT?

27. Kak 3amnuceiBatoTcsl (pusnueckue ypaBHeHHMs (3akoH ['yka) misi 00bEeMHOTo
HaIpPSHKEHHOTO COCTOSHUA?

28. Kak 3anuchiBatoTCsl 3aKOH U3MEHEHUSI 00beMa 1 3aKOH U3MeHEHUs (hOpMbI?



29. Kax ¢opMynupyroTcs TUIOTE3bI HACTYIUICHUS TIPEAeIbHOTO cocTtosiHus Kymnona-
['ecta u I'y6epa-Muszeca-Porma?

30. Kak dhopmynupyercs penieHue 3aaui TEOPUH YIPYroCTH B EpPEeMEIICHUIX ?

31. Kak dhopmynupyercs perieHue 3a1aui TEOpUH YIPYrocTH B HAMPS>KEHUIX ?

32. Kak 3anuchiBalOTCSl OCHOBHBIE YpaBHEHUS JUIsl TUIOCKOM 3a7a4d TEOpUH yHpyro-
CTH — TJIOCKOE HAMPSXKEHHOE COCTOsIHUE?

33. Kak 3anuchiBalOTCsl OCHOBHBIE YpaBHEHUS JUIsl TUIOCKOM 3a7a4d TEOpUH yHpyro-
CTH — IJIOCKOE /1) OPMUPOBAHHOE COCTOSIHUE?

34. Kak monay4yuTh pelieHue MIOCKUX 3a/lady TEOPUHU YNPYTOCTH C UCIOIB30BaHUEM
byHkun HanpsokeHui (QyHKIuun Spu)?

35. Kakue moHATHS U JOMYIIEHUS TPUHATHI B TEOPUH TOHKUX TIACTUH?

36. Kakne kimaccuyeckue MOJIeTIN TPYHTOBBIX OCHOBAHUHN MPUMEHSIOTCS JJIs pacuera
CTPOHUTEIBHBIX COOPYKCHHI?

37. Kak 3anuchIBaeTCsl ypaBHEHHUE YNPYroll MOBEPXHOCTU TOHKOM IJIACTHHBI. (ypaB-
Henue Codu-Kepmen)?

38. Kak BbIpa)karoTCsi BHyTPEHHUE CUJIbI YEpe3 pa3pelIaronlyro (GyHKLIHIO TPOrudoB
W?

39. Kak BbIpakaroTCs TpaHUYHbIE YCIOBUS ISl TOHKUX MPSIMOYTOJIbHBIX IJIACTHH?
40. Kak BBIYMCIISAIOTCA HOpMaJbHbIE M KacaTelbHble HANpsKEHUS B TOHKOM Ija-
CTHHE OT U3rHOAIOUIMX MOMEHTOB U MONEPEYHBIX CHII?

41. Kak BbIpakaroTCsi HANPsDKEHUs!, BBI3BAHHBIE ICMCTBUEM MECTHOM HArpy3Kku?

42. Kakast MoJieNTb MPUHUMAETCSI ITIs1 pacyeTa TOHKOM TIaCTUHBI METOJI0M KOHEUHBIX
AJIEMEHTOB (CyTh MeTO/1a)?

43. Kak 0003Ha4arOTCsl HANpspKEeHUs U eopManuy B TOJSPHON CHCTEME KOOPIIH-
Hat?

44. Kak 3anuchIBalOTCSd OCHOBHBIE YPaBHEHHUsI TEOPUHM YINPYTOCTH B MOJISIPHOU CH-
CTeME KOOpAUHAT?

45. B kakux cilydasx MCIOJb3yeTCs IMWINHIPUYECKas CUCTEMa KOOPAMHATHBIX Ocel
IIPU PELIEHUU 33124 TEOPUH YIIPYTOCTH?

46. Kak 3anichIBalOTCSI OCHOBHBIE YPaBHEHHS TEOPUU YIPYTOCTH B IUIUHAPUIECKIX
KOOpJUHaTax?

47. Kakue noHATHS] NPUHUMAIOTCS B TEOPUU TIIIACTUYHOCTHU?

48. YTo 3aJ10)KEHO B IOHATHUAX MPOCTOE HArpyEHUE U MPOCTOE pasrpykeHue?

49. Kakue OCHOBHBIE MOCTYJAThl MPUHATH B TEOPUH MaJbIX YIPYro IIACTHUYECKUX
nedopmanuii A.A.NnprommHa?

50. Kak 3anuchIBatOTCS OCHOBHBIE YPABHEHUS B TEOPUU TTACTUUHOCTHU?
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1. Tenuuko B.I'. CtpoutenbHas mexanuka. [lapamerprueckoe MOIeIMpOBaHNE
pacuétHbix cxeM B cpeae PIIK SAP2000: yuebnoe nocobue / B. I'. Tennuko, C. O.
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Mocksa, NxeBck : PerynspHas u xaoTudeckas JTUHamMuKa, MIHCTUTYT KOMITbIOTEp-
HbIX uccinegoBanui, 2019, — 237 ¢. — ISBN 978-5-4344-0688-8. — TekcT : diek-
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«Yucnennsle metoab» / I'. A. Kokortymkun, A. A. ®enotos, II. B. Xpamo. —
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