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Teopust MIACTUYHOCTH SIBJIAETCS OAHOM U3 OCHOBHBIX JUCHUILIAH JIJIS
CTyJICHTOB,  OOydYalommxcsi IO  HampaBieHHI0O  "MexaHuka W
MaTeMaTUYECKOE MOAECIUPOBAHNUE" .

B cooTBeTcTBUM ¢ y4eOHBIM IJIAHOM JIaHHAS JTUCIUIUIMHA U3y4aeTCs
B TeueHue / cemecTpa. [IpeaycMOTpeHO BBHITIOJIHEHUE KYypPCOBOM PadOTHI.
[enpro maHHOM paOOTHI ABISETCS 3aKPEIUICHUE OOIIUX TOJIOKEHUN TEOPUHU
B MPOLIECCE PEMIEHUS KOHKPETHBIX 3ajay. CamMOCTOSITENbHOE PEIICHUE
ATUX 3a/7a4 CHOCOOCTBYET OBJIAJICHUIO METOJaMU TEOPUH IUIACTUYHOCTH,
BBIPAOOTKE HEOOXOJAMMOW HWHTYUIIMA M CIOCOOHOCTH KOJMYECTBEHHO
OMUCHIBATh OCHOBHBIE MEXAHUYECKHE MPOLIECCHl. B TaHHBIX METOANYECKUX
yKa3aHUSX MPUBEICHBbI MNPUMEPHI 3aJaHUM K KypcoBOW padoTe,
BBITIOJTHAEMOU B 7-OM ceMecTpe, U MOAPOOHO ONMHUCAH METOJ UX PEIICHHUS.
HeoOxoauMble TEOPETUUECKUE TOJIOKEHUSI COJIEpIKATCSl B Kypce JICKIUM
0 TEOpUM IUIACTUYHOCTH, a TaKXe€ MOTYT OBbITh MOYEPHHYTHl U3
Y4EOHUKOB (CM. CIUCOK JUTEpaTyphl). OTMETUM, UTO HAPSAy C TUIIOBBIMU
3aIaHUSIMM  MOTYT BBINIOJHATBCS W 3aJaHus, COJAEp KaIlUue >SJIEMEHTHI

HCCIICEAOBAHMA.



1. Uenb n 3apaumn KP

KypcoBas paboTta «Pelienue ynpyromiacTu4ecKon 3a1aum) IBisieTCs
00s13aTeNbHBIM dTanoM Kypca «Teopus miactuaHocTu». KP BeimosiHseTcs B
TEUYEHUE CEIBMOT0 CEMECTPA.

Henbto KPP  saBasercst  yriayOJieHME  TEOPETHYECKUX  3HAHUM,
MOJIYYEHHBIX B TIpoliecce O0yUEHHUs], U PaA3BUTHE HABBIKOB X MPUMEHEHHUS
K PEIIEHUI0 KOHKPETHBIX 3a7a4.

OcHoBHble 3a71aun KP:
® MaTreMaTU4eCKas MOCTAHOBKA 3a/1a4H;
® TIOCTPOCHUE PEUIEHUS YNPYTOIUIACTUYECKOM 3a1a4u METOAOM YHPYTHX

pELIEHUN;

e pa3paboTka aJrOpuUTMa pelIeHUs 3ajad JUHEWHOU TEOPUU YIPYTOCTH,
KOTOpbIE HEOOXOAUMO peliaTh B KaXJOW WTEpallid MEeToAa yIPYTrux
pEeLIEHUM;

® COCTAaBJICHHE KOMIBIOTEPHOU POTPaMMBbl;

® BBHINOJHEHUE PACUETOB U AaHAIU3 UX PE3YJIHTATOB.

2. OcHoOBHble TpeboBaHus Kk KP

Conepxxaane KP
KP Bxirouaer B ce0si MHAWBUAYAIbHOE 3aJJaHHE, a TAKXKE MOAPOOHOE
U3JI0’)KEHHUE PabOThI, pacKphIBarolllee perieHrue ocHOBHBIX 3agad KP (cwm.

NpEIbITYy N pa3aen).

3amanue Ha KP

3ananne Ha KP Beimaércs mpenomaBareneM. 3aJaHUE COACPKHUT
pacu€THYI0O  CXEMy  pPacCUHUTBIBAEMOM  KOHCTPYKIIMUA  (CTaTUYECKHU
HEOIpPEJETUMYI0 OaJIKy) C YKa3aHHEeM HEOOXOJMMBIX Pa3MEPOB, a TAKXKE
YUCJICHHBIC 3HAYCHUS CIICAYIOMNX BEINYUH (TI0OAPOOHEE CM. HUXKE):

- pa3MepoB IOIePEeYHOro ceueHus b, h;
- Moy fOHra £ v npenena TeKy4ecTd G, MaTepuana.
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COI[Cp)KaHI/Ie 3alaHuA SABIISICTCA UCXOAHBIMKM AAdHHBIMHW JIS1 BBIIIOJIHCHUHA
KP.

Pe3syabTarsl BeinoJiHeHuss KP

B utore BoinonaHenus: KP cTyieHT HOJKEH MOJIyYuTh (M 00s13aTEIbHO
ONUCaTh B TMOSICHUTEIBHOM 3alKCKE) pPEIIEHWE MOCTABICHHOW 3ajaud,
MpEJICTaBIISIONIEE COO0M KOMITBIOTEPHYIO MPOrpaMMy, KOTOpasi O3BOJISIET:
® BBIYHCIIATH NPEICIBHOE 3HAYCHUE MApAMETPA HATPY3KHU;
® CTPOUTH OMIOPbl MAaKCUMAJbHBIX HaNpsiKEHUM (M0 TMOMEepPeUHOMY
CEUYCHHIO U MO JUIHE OalKu) MpU MPOU3BOJHHOM 3HAYCHUU NapameTpa
Harpy3Ku;

® CTPOUTH JMIOPHI MPOTHOOB TMPHU MPOM3BOJILHOM 3HAYCHUHM IapaMeTpa
Harpy3KH, B TOM YHCJIE U ITOCIIE Pa3rPy3KHU.

Odopmuenne KP

KP odopmisercs B BUAE MOSICHUTEILHOM 3anmucku. IIporpamma s
KOMIIBIOTEPA BKIIFOYAETCS B 3AIMMCKY B KAYECTBE MIPUIIOKCHUS.

[ToscautenpHast 3anucka (I13) odopmisiercss B COOTBETCTBUU C
OOIICTTPUHATHIMU Tpe60BaHI/IﬂMl/Il. I13 mMoXeT He coAepX aTb BBEACHUS U
CIIMCKA JINTEPATYPHL.

Jarmura KP

['oToBass  moOsiCHUTENIbHAsT  3amMCKa  CHAETCA  HA  OPOBEPKY
npenogaBarento. IIpoBepennas I13 BosBpamaercs CTYIEHTY, KOTOPBIM
3HAKOMHUTCSL C 3amMeuyaHusiMu npenojaaBarend. CrylaeHT o0s3aH, 1O
TpeOboBaHUIO TpenoAaBarensi, gopadborate KP (ucnpaButh ommokw,
nojenaTh He3aBepIIEHHOE U T.1.) U BHOBb caath [13 Ha mpoepky. [Tocre
TOro, Kak BCE€ CYIIECTBEHHBIC, MO MHEHHUIO MpernojaBaTelis, HEI0YeThI
padoThl OyayT WHCIHpaBJEHbl, CTYJACHT JAOoMyckaeTcs K e€ 3ammute. B
MIPOIIECCE 3AITUTHI CTYACHT JOJKEH MPOJEMOHCTPUPOBATH:

e JIeTATHbHOE TOHMMAaHHUE BCEX ITAMOB BHITIOTHEHUS paOOTHI;

1 CM. «MCTOﬂI/IUIeCKI/Ie YKa3aHusg 110  BBIIOJHCHHIO BBIHYCKHOﬁ

KBaTU(DUKAIIMOHHON  pabOThl IS  CTYJACHTOB, OOYYarOIIUXCA IO
HanpasieHuto 511300 «Mexanuka. [IpuknagHas MareMaTuka



® 3HAHUE TCOPUHU;
® yYMEHHUE pelaTh 3aJa4u.
Ecou B mpomecce 3amurhl  MOpernojaaBaresib  yOexIaeTcs B

HECAaMOCTOSITEJIbHOCTH CTyJIeHTa Ipu BbloJHeHUU KP, oH BblgaeT
CTYJCHTY HOBOE 3aJIaHUE.

CryneHnt, He 3amutuBIIMKd KP, HE momycKaeTcs K 3K3aMeHy I10 KypCy
“Teopust IIACTUYHOCTH .

3. IlosicHeHus K OCHOBHBLIM YTanmamMm KP
PacuerHas cxema

B C X
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Puc. 1. Ctatnyeckn Heonpeaenumas 6anka

TunuuHas pacu€THas cxema nu3oopaxeHa Ha puc. 1. Harpyzok moxer
OBITh HECKOJIBKO (MOXKET OBITh MPUJIOKEHA M pacrpeiei€éHHas Harpy3ka),
HO BCE OHM H3MEHSIOTCS MPONOPLHOHAIBHO OJHOMY IapaMeTpy -
napaMeTpy Harpy3ku (B TJaHHOM CJIydae — 3TO BEJIMYMHA HArpy3ku P).

[Tonepeynoe ceueHue 0K — 3TO MPSIMOYTOJILHUK (pHC. 2).
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Puc. 2. lNonepeyHoe ceveHne Banku. JINHNA OeNCTBNA Harpysku
nexuT B nnockoctn z=0

CroricTBa MaTepuana

Marepuan mnpeamnosiaraeTcss  ynpyromiacTH4eckuMm, naedopmaiuu
ManeiMi. B ympyroit oOnactu cmpaBennuB 3akoH ['yka. Matepuan
paccMaTpUBAETCA KaK MJICaJIbHO IUIACTUYECKUU. B KadecTBe KpuUTEpuUs
TEKY4YECTH UCIIOJIb3YETCA KpuTepuil Museca.

Takum o0pazom, YIPYTOIJIACTUYECKOE nedopMupoBaHue
OITMCHIBAETCS CIIEAYIONIEU CUCTEMON YPaBHEHUH
— . _ .E p .
gmn - (amun + anum)/z’ Smn - 8mn + 8mn’

Omn = CY6mn +2G (Srenn - 86mn); G = cYmnamn/B; €= 8mn6mn /3’
G = 3K8’ g(Gmn - CFSmn)(Gmn - GSmn) - G\% :

dSrFT)m = d}\’(Gmn - 8mnG) (1)

rae €,,- TEH30p aedopmanmii; U - BEKTOp MepeMerieHuit; O, =0/0X, -
onepatop AuddepeHmpoBanus; o, - cuMBoid KpoHekepa; o, - TEH30p
y L E
HanpsbkeHui; G — Mmoaynb capura; K — 00béMHBIN Moaynnb;, G = ———;
2(1+v)
E

K=————; E — moaynps Onra; v - xkoagduuuent Ilyaccona; o, -
3(1-2v)
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npefea TEeKy4ecTH; A- HEONpPeACTEHHBI MHOXHUTENb, YUYUTHIBAIOIINI
YCJIOBHUE TEKYUYECTH.

[Tocnennue naBa COOTHOWICHWS BBIMOJIHAKOTCS TMPH IUIACTUYECKOM
nedopMUPOBAHUM.

B nmannoM ciydae (u3ru0® Oanku) cooTHouieHus (1) CyIiecTBEHHO
yrnpomarores. CormacHo runore3aM bepHyium-Oniiepa, W3 KOMIIOHEHT
TE€H30pa HANPsUKEHUM OTJIMYHA OT HyJIs TOJBKO OJHA:G,,. B pesynbprare

IMOJIYHarOTCs BbIPAKCHU A

. ) _ e p. P _ P _ P [D-
€11 = 0Uy; €1 =&y &, €y = &5, =€ 1 2;
_ e . 2 _ 2. e _ e _ Vv .
o, = Egp; Gy; =GOy, €y =833 = _EGll’
p_
de;, =dA,0, (2)

Hanee BMecTO €, U G;; OyneM mucatb € U G, BMECTO X, - IIUCaTh X ,
BMECTO U, - mucath U, a BMecTO U, - mucarb W. IIpuxoaum k popmynam
g=0u/ox; e=¢"+¢"; o =Eg’%;
o’ =G5; e’ =A\,.0 (3)
rae A,, - HEONpEeneJEHHBIM MHOXKUTENb (MOcieaHee COooTHolleHue (2) B

JaHHOM CJy4yae MHTETpPUpYeTCs, TaK KaK peaju3yeTcss MpoCToe
Harpy»eHue).

Paspemaromias cucreMa ypaBHeHUN
B cooTBeTCTBUM € rUNOTE30M MIIOCKUX ceYeHn bepryum-Jiiiepa

dw d’w

——y—; - 4
y ydx © ydx2 %

rA€ OpAuHAaTa Y OTCUUTBIBAETCA OT HEWUTPAIBHOM OCH CEYEHHS
ye[-h/2, h/2].

PaccmoTpuM  ycnoBusi paBHOBECHsT 4acTh Oanku, JieBas TpaHUIA
KOTOPOW HaXOJUTCS B CEUeHHHU ¢ aoOciuccor X. JleiictBue omopsl B
yuuThIBacTCs peakuuen cesa3u R. Benmnunna R onpenensiercs B npouecce
pelIeHUs 3a/1a4d U3 YCIOBUS W|X:a =0.
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Puc.3. PaBHoBecKe yacTtu banku

Co CTOpPOHBI OTOPOLICHHON YacTU OGalK¥ HAa PACCMATPHBAEMYIO YacCTh
JICHCTBYET pacrpeie/IéHHast IO CeYCHHIO Harpyska p(Y).

YcnoBus PaBHOBCCHA 4aCTH OaJIKh UMEIOT BHUJT

D X=0; >V, =0, > M;=0 (5)

TO €CTh AOJI’KHBI OBITH PaBHBI HYJIXO IJIaBHBIN BCKTOp U rJIaBHBIA MOMEHT.

[lepBoe ypaBHeHUE AaET
hy2

| pdy=0 (6)
—h/2

a TPEThE YpaBHEHUE:
h/2

—b _[ pydy +M =0 (7)
—h/2
rjae M — MOMEHT BHEITHUX cuJl (M3rubaroiyii MOMeHT). B maHHOM cityuae

-P(l-x); xela,l] ®)
—-P(I-x)+R(a—x); xe[0,a]
Btopoe ypaBHeHue (5), B COOTBETCTBUU € runore3amu bepuymm-ditnepa,

U3 PACCMOTPEHUS UCKIIIOYAETCA.
Hcnonb3yem cooTHOmIeHue P, = o, N, rae N, — €AMHUYHAs] HOPMaJlb

(BHEIIHSISI) K TOPIIOBOM TOBEPXHOCTM B CEUEHHHM C abdcuumccoil X.
OueBuano, uro N, =-1, n, =0. CnenoBarenbHo, P =—G U ypaBHeHU (6)

u (7) 3anuchIBalOTCS B BUJIC
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h/2 h/2
jody=o; jcydy=-|v|/b (9)
-h/2 -h/2

B npeanonoxxeHuu, 4To G - HeU€THasT PyHKIMS Y, IEPBOEC YpaBHEHUE

YIOBJIETBOPSIETCS TOXKIECCTBEHHO, @ BTOPOE 3aMKMCHIBACTCS B BUJIC
h/2

M
dy = —— 10
!ny o (10)

DTO ypaBHEHHUE, a TakKe COOTHOIICHUS (3) U (4) SIBISIOTCS OCHOBHBIMU

ypaBHEHUSIMU 3a/aud. VX pelieHue JOJKHO YIOBIECTBOPSTh IPAHUYHBIM
yCJIOBUSAM. B TaHHOM ciiydae 3To ycinoBus 3aaesku npu X =0:

w=0; dw =0 (11)
dx
" yCJIOBHA OIIUPAHUSA IIPH X=a.
w=0 (12)

Pemmenue 3a1aum METOIOM YOPYTUX PEIIECHUU
HarmpsixkeHue npeacTaBiseTcst B BUJIE

c=t+S (13)
rje cocrapisitonias t cesizana € nepopmanusimMu 3akoHoM ['yka, To ecThb
d’w
t=Ee=—-FEy v
s=c—-t=E(s*—¢)=-Eg" (14)
VYpasuenue (10) npeoOpaszyeTcs K BUy
dw_1 o) (15)
dx* EJ

rae J =bh®/12 - MOMeHT HHepIHH ONEePEUHOro CeUeHH s,
hy2

d(x) =2b j sydy (16)

B ypaBuenuu (15) M(X) — u3BectHast GyHKIHS (C TOYHOCTBIO 10 KOHCTAHT,
OTIpeCIIIEMBIX U3 TPAaHUYHBIX YCI0BHH), a D(X) — PyHKIMSA onpeaensiemMas
B NPOIECCE pElIeHUs 3aaadd. YpaBHeHUE (15) MOXKHO NpEACTaBUTH B
WHTETPAJILHOM BUJIE
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1 X
X= E{[M(&)m(@a (17)

W= B+AX+EI{O[M(§)+®(§)]d§}dn:

0

. (18)
=B+ Ax+é£dn£[M(§)+®(§)]dg
W3MeHsist mopsiIoK UHTErPUPOBaHUS B BhipaxeHud (18), monydum
W:B+Ax+éj(x—§)[M(§)+CD(ég)]d2; (19)

3nece A, B — xoHcTaHThl uHTerpupoBanusi. Beipaxenus (17) u (19)
MO3BOJISIIOT ~ MOJIYYUTh  (OPMYJbl  JJIsI  ONpEACiCHUS HEU3BECTHOU
MIOCTOSIHHOM B BBIpaKEHMM JJIsI u3rudaroiiero Momenta M. Tak, B JTaHHOM
cinyuae A=B=0 (cM. ycioBus (11)), a ycnoBue (12) naét

a’ a a® {
—P?(Z—EJ+R?+£(a —E)D(E)dE=0 (20)

Ecimu ¢ynkuus @D(E) wusBectHa, To M3 ypaBHeHums (20) HaxomuTCs

KOHCTaHTa R.

Pemienne 3amaum moiydaeTcs CHAEAyOMKUM oOpa3om. 3amaércst mmar
IpHpAIICHUS TTapaMeTpa HarpykeHus (B JaHHOM ciiydae AP).

[Ipouecc Harpy»keHusi pa3OMBaeTCsl Ha JTallbl; HA OYEPEIHOM HTalie
Harpy>kKeHus Harpy3ka yBeJIUUUBaeTCA Ha BETUYUHY AP

P=P+AP (21)

K nauvany ouepeanoro stama Qyskuus D(X) u3BecTHa M3 pacuéra
npenpaymiero stama (mis mepBoro sTtama d(X)=0 — 4ywmcTo ympyroe
nepopmupoBanue). C wucnonp3zoBanueM dopmyn (17), (19) naxomurcs
HEU3BECTHAs] KOHCTaHTa B BbIpakeHuu s M(X) (B maHHOM ciaydae R u3
ypasuenus (20)). Tereps 1o dopmyie (15) moxuo onpenenuts d°w/dx* B
J1000M CEUCHUU OaTKH.

PaccmoTrpum mocnenoBaTeNbHOCTh JalibHENIIEro pacuera. Hrak, B

HEKOTOPOM CEUEHHH Galku ¢ abCIuccoil X m3BectHa BenmumHa d 2w/ dx?.

[To dopmyne (14) maxoautcsa pacmupeneneHue ! mo TommmHe Oanku, U
nanee mo ¢opmyne (13) — pacnpeneneHne HanpsbKeHUM o (HadalbHBIC
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HAIPSDKCHHUSI S M3BECTHBI M3 pacuéra MPEAbIAyIIero dTara; Mpu pacuére
nepBoro srana S=0 — ynpyroe aedopmupoBanue). Eciu mns xakoro-
0O 3HAYCHHS Y OKA3BIBACTCSA, UTO || > Gy, BENMYMHA S KOPPEKTHPYETCS

TaKUM 00pa3oM, YTOOBI BEIIOIHIIOCH YCIIOBUE |G| =0oy.

S'=0, -, eciu o >0,

(22)
S’=-0, —t, eclm ©<-0,

[Io CKOpPpEKTHPOBAHHBIM TaKMM OOpPa30M HauyaJbHBIM HAIPSKEHUAM

Bbluucisiercss QyHkius D(x) (mo dopmyne (16)). Jlanee crpoutes

UTEPAIMOHHBIN Mpoliecc: ¢ ucnoyibzoBanuem dopmyd (17), (19) naxonures

KOHCTaHTa B BbIpakeHuu i M(x), manee no dopmyne (15) Haxomurcs
d 2W/ dx*, 3aTeM 1o popmyie (14) — pacnpenenenue t o ToNIMHE GAIKK U

BHOBb, €CJIM 3TO HEOOXOJAMMO KOPPEKTHUPYIOTCA 3HAYEHHUS HAdaJIbHBIX
HanpsoKeHUM U Bbraucisiercss QyHkuus D(x). MHTErpansl oT QyHKIUU
@ (x) B dopmynax (17), (19), (20) HaxomsTCs YHCIEHHO. MITepariHOHHBbIit

MPOLIECC TMPOJIOIDKAETCA A0 TEX MOp, IOKa MPUPANICHHUS Ha4YalbHBIX
HaIpsOKEHUM OT UTEpally K UTepalli HE CTaHYT MPEHEOPEKUMO MaJIbIMHU.

ITociie 3TOTO BBITIOTHSETCA CAEAYIOMIMM 3TAl HATPYKEHUS - IMapaMeTp
HarpyeHUsl YBEJIMYUBACTCS HA BEIUUUHY AP .

OnpenesieHre NpeaeibHOW HArpy3Ku

C poctoMm mapaMeTpa  Harpy>KeHHsT  CKOPOCTh  CXOJUMOCTHU
UTEPAIMOHHOTO  Mpollecca  yMEHbIIAaeTcs  (30Ha  IUIACTUYECKOIO
nedopMupoBaHus CTAaHOBUTCS Bce Ooibie). [Ipu HEKOTOpOM mpenebHOM
rapaMeTpe HarpyKeHUs UTePaIllMOHHBIN MPOIECC HAUMHACT PACXOIUTHCS -
HAauYMHACTCS HEOTPaHWYEHHOE MJIACTHYECKOE nedopMHupoBaHue
(mnactuyeckoe TedeHue). Takum 00pa3oM, pacXoJIMMOCTh UTEPALIMOHHOTO
poIecca CBUAETEIbCTBYET O TOCTHXKEHUH TIPeIeIbHOM Harpy3KH.

OrnpeneneHne OCTaTOYHbBIX AedopMaruii, HanpsHKEHUM, TepeMeIieHUun

ITycTh HaWIEHO pELIEHNUE YIIPYTOILNIACTUYECKOM 3a1a4l IIPU HEKOTOPOM
3HAUCHUM TMapaMeTpa HarpyxeHus. YToObl oOmNpenenuTh OCTaTOYHBIE
HanpsoKeHus, Jedopmanuu, TMepeMelieHUs, HYXHO U3 TMOJYYEHHOIO
pelIeHUsd BBIYECTh PEIICHUE YIPYrOM 3aJadyd IIPU TOM KE 3HAYCHUU
rapaMeTpa HarpyKEHHUsI.
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To4HOCTH penieHus 3a1a4un

JIJIsl OLICHKM TOYHOCTH PEIICHHS HEOOXOIUMO IMPOBOAUTH HECKOJIBKO
pacy€ToB ¢ MOCIEIOBATEILHO yMEHBINAIIMKUMCS 3HaueHueM AP 10 Tex
1op, MOKa PacXOo’KJICHHE B HANJACHHBIX BEIMYMHAX MPEICIbHONW HArpy3Ku
HE CTaHeT mpuemiemMbiM ~19%].
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