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BBenenue

Meton koneuHbix anemMeHTOB (MKE) — ocHoBHOII MeTOa COBpeMEHHOM
CTPOUTEIBHON MEXAHUKH.

B nacrosiiee Bpems, OJHON W3 JOCTYIMHBIX JJIi PUMEHEHUSI B Y4EOHOM
MpoIECCE MPU  PEIIEHWHM  3a7a4  CTPOUTEIbHOM  MEXaHWKH  SBJSETCA
nemoHctpanuronHas Bepeus [1K Structure construction automatic design (SCAD).

BpuncnuTenbHbI  KOMIUIEKC COCTOMT W3 HECKOJIBKHX Tmporpamm. Ero
OCHOBO siBIsieTCs mporpamma SCAD.

[Iporpamma SCAD mnpocTast /it UCIIOJIB30BaHUsI B Y4EOHOM Tpoliecce, Kak
MIpU U3YYEHUU CTPOUTEIIbHOW MEXAaHHUKH, TAK U MPU AAIbHEHIIEM IPOJIOHKECHUU
y4eObl, CBI3aHHOM C PAacue€TOM METAUIMYECKUX U HKeJIe300€TOHHBIX KOHCTPYKIIHM.

Metoauyeckie — yka3aHMsl ~ COCTaBJIGHbl C  LEJIbIO  OOJIErdyeHus
CaMOCTOATENFHON PabOThl CTYACHTOB IPHU BBIMOIHEHUH PACYETHO-TPAPUIECKOTO
3agaHus Ha Temy: «OnpeaeneHue NEPEMENICHUA B CTAaTHYECKH OIPEIeIMMBbIX
pamax» 1o aucuuiuinHe «CTpouTenbHas MexaHuka» [1].

[IpennioxkeHHble 3alayd MOTYT OBITh  BBIMIOJHEHBI B JIEMO-BEPCUU
nporpammbel SCAD, KOTOpYI0 MOXHO TMOJYYUTh N0 ajapecy pa3padoTyHKa

nporpammsl http://www.scadsoft.com/download.php.

B nannbix metoanmveckux ykazanusx ucrnosnbzoBaHa SCAD Office (Bepcus
21.1.1.2).

[Ipu moOCTaHOBKE 3aJa4yMl IO OINPEICIICHUIO TEepPEeMEIIEHU B CTAaTUYECKU
OMpEeNEeIUMbIX CHCTEMax HEo0XoauMo oOpaTuTh BHUMAaHHE Ha TO, YTO B
nporpamme SCAD nepemeleHusi OnpeaeisitoTcsl TOJbKO B y3/1aX 3JIEMEHTOB. B
MIAPHUPHBIX y37IaXx (EepMbI, COCTOSIIEH W3 DJIEMEHTOB THMA 1, ONPEAeNSIOTCS
KOMITIOHEHTHI JIMHEWHBIX nepeMenieHnii X u Z B o0miedt cucreme koopauHat. J[is

OaloK W paM, COCTOSIIUX M3 DJIEMEHTOB THUIMA 2, B KECTKUX y3JaX KpoMme


http://www.scadsoft.com/download.php

YKa3aHHBIX JIMHEWHBIX COCTABJIAIOIIMX NEPEMEIIECHUN ONPENEIAIOTCS €lIe YTJIb
noBopota UY *KeCTKUX y3JI0B OTHOCUTEIIBHO OcH Y.

UroObl MOJIyYUTh YHUCIIEHHBIE J@HHBIE O NEPEMEUICHUSIX CEYEHHH B
MPOMEKYTOUHBIX CEUCHHSIX CTEPKHS (B Oalike WM B pamMe) Ha HEM HaJ0 HAaMETHUTh
HECKOJIBKO Y3JIOB, T.€. pa30UTh CTEPKEHb Ha OOJbILIEE YUCIIO 3JIEMEHTOB, YEM 3TO
TpeOOBANIOCh MpPH PELICHUH 33aJa4d [0 IOCTPOCHHIO JMIOp ycwini. MHbpiMu
CJIOBaMU, Ul MOJIy4EHUS NEPEMELICHUN B KaKOM-TO CEYEHUHM CTEPXKHSA B OTOM
CCYCHHMH HAJI0 HA3HAYUTh y3€Il.

1. OnpenesieHue nepeMelieHUi OT AeiCTBUS BHEIIHEH HATPY3KH
1.1 IlocranoBKa 3a1a4u
PaccMoTpuM cTaThyecku onpeaenumMyo pamy, n300paxeHHyro Ha puc. 1.
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Jlnst pambl, Moka3aHHOW Ha pucC.l, TpeOyeTcs OmpeaeiuTh BEPTUKAIBHOE
nepeMelnienne mapHupa C oT IpUIOKEHHOW Harpy3Kku. JKecTKOCTHBIE mapaMeTpbl

pamsl UMeIOT 3Haderns - E =2 « 10° MIIa u 1,=7080cm”.



1.2 UHCTpYKUMS 10 BHINOJHEHUIO 3a1aHUS
¢ nomoumbIo nporpammbl SCAD

[Mpornenypa pacuera pambl OApoOHO paccMaTpuBaetcs B [2, 3].
B wHCTpyKIIME B OCHOBHOM 00paTUM BHUMAaHUE Ha T€ OIMEpaIlii, KOTOPHIE eIe He
BCTPEUAJIUCh MPU UCIIOIB30BaHuU nporpamMmmsl SCAD.

1.2.1 Co3nanue npoexKra

1. BBon HauMeHOBaHUS MPOEKTA.

2. BBoj Ha3BaHUii: OpraHu3aliy, BHIMOJHSIONIEH pacyeT, U 00BEKTA.

3. YcTraHOBKa €IMHUL U3MEPEHUSL.

4. Bb10Op THIIA CXEMBI.

¥, Hoewiii npoext wuld|

Haurienoganmwe |FT12 4 v 0K
Opraqusauwa |KHTY X Omena
O freekT Crar. onp. pama Q Cnpaek.a
(®) CTaHgapr

() B apmauma togenei

() MonTam
() P opym Hoptikl NpoEKTHROEaHKA

EauHMLEI H3MEPEHHA

Koo PP MEHT HALEKHOCTH Mo
OTEETCTESHHOCTI

TouHoCTE OUEHKEH COEN3A3tLW MK Y3N0E 0.01 M

Tun crerel | 2 - MNnockan pama i

5. CoxpaHEeHHE HOBOTO MPOEKTA.
6. 3amanre UMeHH (aitna.

7. OTkpbiTHE OKHA «PacueTHas cxemay.



1.2.2 Co3nanue pacuerHoii cxembl MKJ

1.2.2.1 IlocTpoeHne pacyeTHOM CXeMBbI paMbl
Bxonum B paznen Cxema. Haxxumaem nepByro KHONKY nanenu — «I enepayus
npomomuna pamsly. llosiButcs okHO Boiboop konguzypayuu pamer.

Jlnst co3nanust pacuetHoi cxeMbl MKD ncnonbs3yemM KOH(DUTypaliio pambl,

B COOTBCTCTBHHU C SaﬂaHHOﬁ Ha pHCl pacquHoﬁ CXEMOH PaMBEl.
A

AR

& 0K X OTieHa Q Chpaeta

Haxnmaem knonky OK. Ha skpane nosiBUTCs OKHO 3adanue napamempos
PEYNAPHOU PaAMbL.

[locTpoum cxeMy BCIIOMOTATENIIBHOW pambl C ABYMs IPOJIETAMH U OJHUM
JTaXKOM.
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B none okna «Ceéa3zu» yOepeM rajaouky U3 OKOLIKA «Aemomamuueckasn

ycmanoeka ceéazeiy u cpasy HaxkmeMm KHonky OK (He HaszHauwas tuma KO wu



XKECTKOCTEH KOJOHH W pureineil). B pabouem oxHe pasznena Cxema mosBUTCA

pacdcTHasa cxema BCIIOMOT'aTEJIbHOM paMBbl.

Hcrons3yss 3Ty BCHOMOTAaTENbHYH) CXEMYy, MBI MOXEM IOCTPOUTH
PaCUETHYIO CXEMY 3aJIaHHOW PaMBl.

JInsg  modydeHHWsT pacyeTHOM CXEMbl 3aJaHHOM paMbl yIalIuM U3
BCIIOMOTI'aTEJIbHON paMbl CTEPIKEHD 3.

C oTOM Uenpl0  OTKpPhIBAEM pasneln Y3ael u InemeHmsl W B

HHCTpYMeHTaHLHOﬁ MMaHCJIn 1 3JICMCHTOB HAXHNMACM KHOIIKY «Yoanenue

INNEMEHM 06 » . 3aTeM HU3MEHUBLIMM (QOpMYy KypCcOPOM OTMEYAEM YKa3aHHBIN
cTepkeHb M HaxxnmaeM KHonky OK Ha mHCTpyMeHTansHOM ma”enu. Ha cxeme

paMbl OTMEYEHHBIA CTEPKEHb UCUEZHET:

HeoOxonumo mpou3BecTH ornepanuio «YMakoBKa JTaHHBIX», Ha)KaB KHOMKY

ol



ITocne aToro cxema pambl IPUMET BUL:

IIpr mocTpoeHMM pacyeTHOM CXEMBbI paMmbl Mbl €IlI€ HE HA3HAYaJIW THUIIA
CTEP)KHEN M IKECTKOCTH CTep:KHEH. I Ha3HA4YeHMs STUX NapaMeTpoB HAJIO

BBIWTH B paznen Haznauenus.

1.2.2.2 Ha3zHayeHue TUIIA JIEMEHTOB
[Ipu co3raHnKM HOBOTO MPOEKTA THUIl PACCUUTHIBAEMOMN CTEPKHEBON CHCTEMBI
yxke HasHayaiucs. Ilocne mnocTpoeHMsi pacdyeTHOM cXembl B paboueM OKHE

PEKOMEHIyeTCsI C TIOMOIIBI0 (QUIbTpa OTOOpPAKEHUSI MPOBEPUTH TUIT DJIEMEHTOB

%
Ha)XxaTueM KHOmku _2IE,



Ecau HazHaueHHBIM THUN BJIEMEHTA HE IMOATBCPINIICA (OCT&HCH YKaSaHHLII;’I
10 YMOJJIYaHHUIO THII 5) WJIKM Ha BBCIACHHOM OJJICMCHTC HC YKa3aH THII, TO

H€O6XOIII/IMO OTKPBITH pa3Jcii Ha3nauenus n Ha ero HHCTPYMCHTaHBHOﬁ IHaHeJIn

HaXKaTh KHonKy‘@ . OTKpoeTcst OKHO ¢ THUIaMU KOHEUHBIX 3JIEMEHTOB. B Hem
IIpU pacyeTe CTEePKHEBOM cucTeMbl BbIOpaTh «Cmepaitcenwy. Jlanee ykazaTrh THUII
crepxHs: mun 2 «Cmepacens naockoiu pamsr». Haxatne knonku OK npuBoauT
3aKpBITHIO OKHA. Kypcop mpu 3ToM puUMET UHYI0 GopMmy.

Tenepp KypcopoM Ha pacu€THOW CXEME€ HaJO0 BBIICIUTh CTEPKEHb,
KOTOpOMY OyJIeT Ha3HayaTbCs BBIOpAHHBIM THUMI SJEMEHTa. OTO BbIJEICHUE
coctouT B cuenywonieM. Kypcop noaBOaUTCA K HW300pAKEHUIO DSJIEMEHTA.
Haxumaercs W oTmyckaeTcsl JieBas KiaBuIna MbId. JIuHus, u3o0paxkaroas

DJICMCHT, UIBMCHUT HepBOHaanBHBIﬁ OBET HA KpaCHBIﬁ.

Ha uncTpymMeHTanpHOM MaHenu Haxumaercss kHomka OK " | [Ipn sTom

AJIIEMEHTY BO3BpallaeTcss UCXOAHbIM 1BeT. Ilpu HaxaToil Ha maHenu (QUIBTPOB

7
0T06pa)KCHI/I$I KHOIIKC ﬁE MMOSABUTCA HOMCP THIIA 3JICMCHTA.

1.2.2.3 Ha3HaueHHe KeCTKOCTel 3JIeMEeHTOB
HasnagaeM u3ruOHyro xecTKocTh Ely !
Omuoka! O0beKT He MOKeT ObITh CO3/1aH M3 KOJ0B MoJiei
penaktupoBaHusa.Omuoka! O0beKT He MOKeT ObITh CO31aH U3 KOJA0B MmoJiei

PeAaAKTHPOBAHMS.



s crepxxus 4 u3rubHas xecTkocTh Ommoka! O0beKT He MOXKeT ObITh
CO3/1aH U3 KO/JIOB MOJIel peJaKTHPOBAHMS.;

st crepkns 1 mzrubHas xectkocth Omuodka! O0beKkT He MOXKeT ObITh
CO3/1aH U3 KO/JIOB MOJIel peJaKTUPOBAHMS.;

st crepxHeit 2 u 3 usruOHas xectkocth Omuodka! O0beKT He MOMKeT
OBITH CO3/IaH M3 KOJ0B MOJIeH peIaKTUPOBAHUSI..

[IpoaosibHYIO 3KECTKOCTh YCIOBHO NPUHUMAEM OJMHAKOBOM [JIsi BCEX
crepkHet  OmuoOka! O0bekT He MOkKeT OBITH CO3JaH M3 KOJOB MoJiei
pelaKTMPOBAHMs., TaK KaK B HaIlleM IOpUMEpPEe €€ 3HAUYCHUE HE OKa3bIBaeT

CymeCTBCHHOTI'O BJIMAHUA Ha HCKOMBIC IICPCMCIIICHU .

Hanpumep, nns crepxns 4:

[Fnement N2 4 ] K ecTkoCTs CTEPHHEELIX 3NEMEHTOE *
OBwme gaHHele  HMcneHHoe onucadue

Twun snemeHTa Marepuan

() Crepxerb nnockoi pepmsl (Tan 1) e "

(®) Crepxere nnockoi pamel (Tvn 2)

() CTepxeHb BanouHoro poctsepka {Tun 3) Ot bemtbii sec 0 T

() CTepxeHs npocTpaHcTBeHHoM depmb (Tun 4) Mogyne ynpyrocTa 0 Him?

() MNpocTpaHcTEeHHEIA cTepskets (Tun 5) KozqauumeHT MyaccoHa 0.2

O MpoCTPEHCTEEHHENR CTEMKEHE © YYETOM COBWIE Kosw. nuHeiiroro 0 17 C
(Tin 6) PECIIMPEHIA
CrepxeHs GanodHoro pocTEEpKE Ha

O yrpyromM ocHosaHwd (Tun 7) Mpoapneran kectrocts EF kH

Ve T Pasmepe! agpa ceyeHuA

El, 14160 cH*m2 fy 1] M
- . 3
Homep mwna xecTocm 1 El; |0 kHM fa 0 M
KpyTneHan *ecTrkocTe Z 0 ™M
Gl [0 KkHM? Z o ™
CHOBWroBan XecTocTs
GFy [p H
GF; |0 kH
JaMEHWTE W BEIATH x Cmvera @ Crpaexa
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Jlanee Ha3Ha4YaeM 3arpyKeHUE PaMBbl.

1.2.2.4 Ha3HayeHHne HATPY30K

3agaeM paBHOMEPHO PACHPEICIICHHYIO Harpy3Ky Ha 3JIEMEHT 2

&, 3apaHwe Harpy30K Ha CTEPHHEBEIE 3MEMEHTEI
CUCTEMA KOOPIMHAT Harpy3kH

(®) 6w aa CHCTEME KOOPOHHAT

() MectHaa cucTera koopomMHaT

Big Harpyskm

() CocpenoToveHHas !
(®) Pacnpegeneqnan E

() Tpaneumesmanas E Cuned b arEHT i

WOl ] = ||

HanpaeneHie 0efcTEUA HArpY Sk

() Ha rpynny = nemeHToE E

3HAYEHMWE HAMpYSEM

P | kH

YyTEIBaTE HArpY3kY Ha #ECTEME
BCTAEKM

& Ok x OrmeHa @Enpaﬁﬁa

10 kH/™m:
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%, CoxpaHerue zarpyxeHna X

Tun zarpyskerna . Bua Harpysku:

+ 3anucate kak HoBoS

Iz Wraa
MocToAHHEE | |ﬂDnge Vl [ Hepratuenas Harpyaka
1 |
K3 ep L HEHT 1 1
HAQEKHOCTH MO Hona aurensHoCTH o
Harpyske
K.capaumerT Dona ] 7 OTHMEHHTE Z&nMcE
5 Bua Hoprz
Iz 3arpyseHHA Tun sarpyseHHa arpusry | TOGSHHOCTH | dmMTensHOCTH] S
P Mo HArpYske Rt
1 1 MocToAHHEE Harpyskr dpyrie 1 1
& OK
~ x OTmena
2006 | () CoXpaHKTE M NpoLon#MTE Sa0aHWE HArpYSOoK
(®) COMpaHMTE M NEPEETM K COZ0EHUN HOBOrD SarpYkKeHUA @ Crpasta

1.2.2.5 BoinojiHeHUE pacyeToB M AHAJMN3 UX Pe3yJabTaTOB

1. Onopenenenre BHYTPEHHUX VCUIUU

BrinonHsieM JTUHEHHBIM pacueT U MEepexoJuM K TrpaduyecKoMy aHAIU3Y

pe3yJIbTaTOB pacueTa.

Omropa Mq:

Omropa Q:

12



Omopa N:

2. OnpenesieHne nepeMenieHui

Boinonaum rpaduyeckuii aHanu3 nepeMenieHuil CeYeHU paMbl.
C »oT0ii 1menpl0 B pasaenax paboyero okHa Mo TpaduyueckoMy aHalu3y

OTKpeIBacM pazznen JledpopmMaumm w Uil  aKkTyaJbHOTO 3arpyKeHUs Ha

HHCTPYMGHTaHBHOﬁ MMaHCJIM HaXMEM KHOIIKY W . B pPE3YIbTATC IIOABHUTCA

KapTHHA EPEMENIEHNN 2JIEMEHTOB PaMBbl.

13



,Z[JIH IMOJIyUCHUA 3HAYCHUM HepeMGHlCHI/Iﬁ Y3J10B HCO6XOI[I/IMO YKa3aTb KaKHuc

1.2
MEePEMEILICHUs] HAaC HMHTEPECYIOT, M HaXaTh KHOIKY _+_ [TosiBsiTcst 3HAUYEHUs
JMHEHHBIX MEPEMEIICHUNA B MM, a YIJOBBIX B 2pad WiH pad (B 3aBUCUMOCTU OT

HACTPOEK €IMHHI] U3MEPEHUH).

I1o ocu X:

ITo ocu Z:

14



B3auMHBIN yron noBOpoTa CEYEHUN CTEP)KHEH, MOAXOMAIIMX K LIAPHUPY, C
ucnosibzoBanueM nporpammbl SCAD nonyyuM ¢ HOMOLIBIO CAEAYIOIIETO aHAIN3A.

Yrael noBopota B nporpamme SCAD BbIAAIOTCS TOJBKO JJISI HAMEYEHHBIX
JKECTKHX y3J10B 351eMeHTOB. [loaTOMY B pe3ynbrare pacuera no nporpamme SCAD
o BBIOpaHHOM pacueTHoOn cxeme B y3I1e 3 BbIJIaH
TOJIBKO yTOJI TOBOPOTA XKECTKOro y3ia 3jeMeHTa 3: Ommoka! O0beKT He MOoXKeT
OBbITH CO31aH M3 KOJOB TMOJIeH peJaKTHPOBaHMA.. 3HAK MUHYC MO MPABUILY
3HakoB B mporpamme SCAD mnoka3bIBaeT, 4YTO JKECTKHUU y3en 3 3jeMeHTa 3
noBepHyJcs BOKpyr ocu Y Ha yroia UY mo yacoBoil cTpenke, €ciu CMOTPETh C
MMOJIOKUTEIBHOI0 KOHIA ocH Y.

VYros moBopora cedeHus 3JIEMEHTa 2, MOAXOIAIIEr0 K IIapHUPY ClieBa B
nporpamme SCAD He Bblgaercs. IIOCKOJIBKY yrojg mOBOpOTa CEYEHUS,

noaxonsumero K mapHupy B nporpamme SCAD He Beumcnsiercs, ans Oogee

15



TOYHOTO pelIeHus 3a/1auu onpenenenus yria Ommoka! O0beKkT He MOkKeT ObITh
CO3/1aH U3 KO/J0B MOJIeil pelaKTHPOBAHUA. PA3JICITUM DJIEMEHT 2 KECTKUM y3JIOM
Ha JIBa HEPABHBIX IO JJIMHE AyeMeHTa. Eciau a51ieMeHT, pUMBIKAIOUUHN K IapHUpY,
OyZeT UMETh Majylo JJIUHY, TO YroJl MOBOPOTa BHOBb HAa3HAUEHHOTO y3Jlia OyJeT
JIOCTATOYHO TOYHO OTPaXKaTh yroJi MOBOPOTA CEYCHUS DJIEMEHTA y IIapHUpa.

Ha3naunMm Ha nsnemeHTe 2 JKECTKHM y3el, pa3lelsiolluid ero Ha JBa
AJIEMEHTA Ha JTIOCTATOYHO OJIM3KOM PACCTOSHUW OT IIapHUpA. BEIMOIHUM pacuer
paMbl pU HA3HAYEHUHU KECTKOro y37a Ha pacctosinuu 0.05M ot mapHupa.

B pasgene Yzaet u  2n1emenmst Ha  MHCTPYMEHTAJIbHOW TaHEIU

«Anemenmul» HAKMEM KHOIIKY / . [lostBUTCS OKHO «Pazoueka cmepicH»:

&, PazBuneka cTepsHA >

() B 3303HHOM COOTHOLIEHMM ()Ha M paeHbix yyacTros

= T
N
L/L 1] N0
(®) Ha 3a1aHHOM pacoToaHuu9 v ok
x OTtrdeHa
PaccTosHue ot nepeara
Y313 3 NeMeHTa
@ Cnpaeka

395 r

OneMeHT 2 pa3o0beM Ha JBa JJIEMEHTa, WCMOJb3ys Tmosie okHa «Ha
3A0AHHOM PACCMOAHUWY, TIPUHSB JITTMHY 3JIEMEHTA, PUMBIKAIOIIEr0 K IIapHUPY,
paBuoit 0,05 m. Torma paccrosiaue ot y3na 1 10 BBOAMMOro y3ia OyAeT paBHBIM
4,95 M. 3areM HaxxnumaeM B okHe KHONKY OK um BblIenseM Ha pacuyeTHOM cxeme
anemeHT 2. Haxxumaem Ha nHCTpyMeHTanbHOM nanenu KHonky OK. Ilpu HaxxaThix
COOTBETCTBYIOIIMX KHONKAX Ha naHenun Puavmpsl omodparicenus HA CXeMe
MOSIBUTCA U300pakK€HUE JOMOJHUTEIBHOTO y3i1a U ero Homep (6), a Takke HoMepa
HOBBIX 3JIEMEHTOB.

[Tocnie 3TOrO0 MpUMEHsEM OIEpalul0 «Ynakoeka oanuvix». B pesynbrare

MOJIYYMM PACUETHYIO CXEMY
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Ilpumeuanusa: B 3aBUCUMOCTH OT IPUMEHSIEMOW BEPCHUH MPOrPAMMBIL,
BO3MOXHO, YTO:

1) Tlocne pa3OueHust yKa3aHHBIM MPUEMOM CTApOro 3JeMEHTa 2 Ha HOBBIE
Ha HEM Hcue3aeT IapHup. Ero Hago ycTaHOBUTH 3aHOBO, (yAauuTh cBsi3b UY mo
BTOPOM Y3JI€ HOBOT'O 3JIEMEHTA J).

2) Tak kak Ha »meMeHTe 2 ObUla Harpyska, TO €€ HeoO0XOoauMOo
MEPEYCTAHOBUTH HA 3JIEMEHTHI 4 1 5.

[IpoBepuTh HEOOXOAMMOCTH BBIMOTHEHUS OJTUX JIEUCTBUM MOXHO C

oy
MOMOILIbIO KHOTIKU «HMHghopmauus 06 rnemenmey ' .

[Tocne aTUX omepaunid BBINOJHIEM JIMHEWHBIM pacdyeT U MPOBOAUM AHAIIN3

pPE3yJIbTATOB, 3a/laB B Hacmpoﬁkax CAWHUIIBI M3MCPCHUS YIJIOBBIX BCJIIMYHUH —

pao*1000.

JInst TOCTHXKEHUSI TTOJTHOTO COOTBETCTBHUA C MTOCTAHOBKOM 3a1auu B [S], roe

Ipy  ONpENeNICHUH TIEPEeMEIICHU TPOJOJIbHBIE JaedopMaluu CTep)KHEH He

17



YUHUTBIBAJIUCH, BOCIOJIB3yeMCSI BO3MOXKHOCTBbIO mporpammbl SCAD wuckiroyatsb
BJIMSIHUE MTPOJIOJIBHBIX 1€(POpMalnid.

3. Mcnoap30BaHue orncpannmn ((O6’I)€I[I/IH€HI/IC MIEPEMEIICHUN B y3Jax» I

HCKIIIOYCHUA BJIUAHHA ITPOJOJIBbHBIX I[ed)ODMaHI/Iﬁ CTCD)KHCﬁ IIpu OIIpCACICHUHN

nepeMeIeHu

I[JIH HCKIIIOUCHUS IIPOAOJIBHBIX zxe(bopMauHﬁ CTCPIKHCBBIX 3JICMCHTOB

oTKpoeM pasnen Ha3znauenus v Ha MHCTPYMEHTAIBHOW MAHEIN HAKMEM KHOIKY

n

s . .
v «Onpesenenne 00beIMHCHAN EPEMEIICHNUI B y31ax». OTKPOETCS JOKAIbHOE
OokHO «O0BeIMHEHNE TIEPEMELICHUID.

%, Cosganune rpynnel o6 beIUHEHIA NEpEMELLLEHNI >

Hal‘lpaEiJ'IEHME DﬁbEﬂMHEHMH
ol ox Iy ol Uy

YCTaHoBWTE BCe CHATE BCe

MMA HOBGI FpYNnk

¥ Ok
o0EEAMHEHWA Croitas v

[[] OfeanHaTE NepemMeleHta B COBNAAAIOWNX Y3nax x OTmeHa

Ormetum  HampaBiienue Z, sl OOBEIUHEHHS  TOPU3OHTAIBHBIX
IIEPEMELICHU Ha BEPTUKAJIBHBIX CTEpKHAX. Ha3zoBeM uMs HOBOW TIpyIIIbI
«Croiikn» u HaxMmem OK. Ha cxeme paMbl BbIIEIHM Y3IIbI, JICKAIIUE HA

BCPTHKAJIBHBIX CTCPKHAX

n HaxmeM KHonky OK Ha MHCTpyMEHTanbHOM MaHenW pas3iena

Ha3znauenus.
18



Toyno Takke OOBEAMHUM TOPU3OHTAIBHBIE IEPEMEILECHUS BEPXHUX

TOPU30HTAJIBHBIX CTEPKHEN (HA30BEM I'PYIIILY «PUTENHY).

¥ Cozganne rpynnel oBbeqMHEHNA NEPEMELLIEHIT X

HEII'II:IEIEIJ'IEHHE DEbEﬂHHEHHH
¥ X H z = Uy

YCTaHoBMTE BCe CHATL BCe

MKMA HOBGIA FEYNMb

Ok
ofbEeaMHEHWA Purens v

|:| OEEeaMHATE NEPEMEWLEHMA B COBNALAtOWLMK YINax x OTMeHE

O6B€I[I/IHCHI/I€ IIPOOOJIBHBIX HepeMemeHHﬁ CTCPIKHA SKBUBAJICHTHO TOMY,

YTO CTEpPkKEHb CTAaHOBUTCA HeAeHOPMUPYEMBIM B MPOAOJIHLHOM HalpaBICHUU.
OTUM caMbIM BIIMSIHUE MPOAOJBHBIX JepopMaiiuii Ha HUCKOMBIC TMEPEMEILICHUS
uckimoyaerca. [Ipu TakoM Mojaxoje HET HEOOXOJAMMOCTH 3a/laBaTh pPealibHbIE
MPOJIOJBHBIE KECTKOCTH EF crepxHel, 4To ympolaeTr MOATOTOBKY HCXOJHBIX
JAHHBIX TSI pacyeTa 0e3 yueTa mpoJ0JbHbBIX Jedopmaluil CTep>KHEH.

[Tocne 3Toro Haj0 BHIMOJHUTH JIMHEWHBIN pacyeT U MPOBECTU rpaduyecKuii
aHaJu3 pe3yJIbTaTOB.

Bribopka mnepemenieHuit u3  c(HOPMHPOBAHHOTO MPOTPAMMOM  OTYETA

npejcTaBiieHa B Tabnuiie 1.

Tabmuma 1

BenuuuHbl nepemeLleHUn
EaovHuubl namepenus: mm, pag*1000

MapameTpbl BbIGOPKY:
19



Cnncok y3no/anemeHToB: Bece
Cnmncok 3arpyxeHun/kombuHaumi: Bee

Cnucok daktopos: Bce

Benu4yunHbl nepemeLleHnn
Y3en [3arpyxeHue 3HayeHne
X z uy

1 1 0 0 0.235
2 1 4.708 0 3.06
3 1 4.708 -14.124 -4.002
4 1 0 0 3.06
5 1 4.708 0 -2.589
6 1 4.708 -13.948 3.531

2. OnpeaesieHne nepeMeieHN OT TEMIIEPATYPHOI0 BO3/1elCTBUS

2.1 IlocranoBka 3a1a4u

st paMbl, MOKa3aHHOM Ha pUC. 2, ONPEIEIUTh BEPTUKAIBHOE MIEPEMEILICHUE
mapHupa C OT TemnepaTypHOro BO3AECHCTBHS CO CIEAYIOIIMMU Hapamerpamu: i,
=+17°C, at,=-10 °C, t, =0°C. KoapdpuimeHT JTuHEeHHOr0 paclIMpeHHsl MaTepraa
pamMbl OmmOka! OObeKT He MoOxKeT OBbITH CO3JaH M3 KOJAOB TOJIel

penaktTupoBaHus.. [lonepeuHoe ceueHue Bcex 3IEMEHTOB paMsbl - 1ByTaBp Ne 30.

20



EJ t EI h=4u

0.5] = 4m L 0.5] =4m

Puc. 2

2.2 UHCTPYKIUS 110 BHINOJHEHUIO 32 JaHUS
¢ nomMobi0 nmporpammbl SCAD
BrinonHeHne OTAEIbHBIX 3TAOB pacyeTa OnucaHo B 1. 1.2:
2.2.1 Co3naHue nmpoexkTa
2.2.2 Co3panne pacueTHoi cxembl MKJ
2.2.2.1 IlocTpoeHUe pacYeTHOM CXeMbl PpaMbl
2.2.2.2 Ha3HayeHUe THIIA YJIEMEHTOB

2.2.2.3 HazHadyeHHe KeCTKOCTe’ DJIEeMECHTOB:

21



KecTkocTb CTEpKHEBbIX 3NEMEHTOB X

Ofwwe gaHHele  [IPOPAMIM METENNONDOKATS

Matepuan —

=1~ T [eyrasp ¢ yxnotom nonox no TOCT 8239-89 ~
Crans kauecTBeHHaR hd I 10
Momyns yrpyroc 206010000 HA % ﬁ
OfbemMHbIR BeC 7.85 Tha® T s
Koaspuument lMyaccora 03 ~L
Kose. nuneitHoro N ~L2
PacLMpEHHA 1.2e-005 1/°C -T2
-1 24
Tz
~T 23
D CocTaBHoe ceveHne % ki
I 40
-1 45
T s
I 55

I 60 w

< 3
Homep muna Hoean XapaKkTepucTiKK
KECTKOCTH XECTKOCTE CeuSHUA
JaMEHMTE 1 BEIATY JaMEHMTE M NPOJOMKWTE & OK x Omvena @ Cnpaska

2.2.2.4 Ha3zHavyeHNe HATPY30K

[TockonpKy mapaMeTpbl  TEMIEpPaTypHOIO  BO3JIEUCTBHUS Uil BCEX
DJIEMEHTOB paMbl OJWHAKOBBI, TO MpPHpPAIICHUS TeMIIEpaTyp I HHUX
IIPUHUMAIOT CICAYIOIIHNEC 3HAYCHUS:

. —t,=—10"C,
At,=t, —t,=+17"C.

BBO,ZI TEMIICPATYPHBIX HArpy30K BBIIOJHACTCA B 3aBUCHUMOCTH OT THIIA
sjieMeHTa. BeauuuHbel u BUJI Harpy3okK Ha3Ha4YarOTCA B MHOI'OCTPAHWYHOM
AUaJIOrOBOM OKHEC «T emnepamypHble Hazpy3Ku», B KOTOPOM KaXIOMY THITY
9JICMCHTA COOTBCTCTBYCT CBOA 3aKJIaJKa.

TeMmrieparypHble Harpy3Ky Ha CTEPKHU BBOJSTCS:
22



*  BIONb CTEPXHA (MO HAMPAaBIEHHID MECTHOH ocH X);
+  BI0JIb MECTHOH OCH Y |;
*  BIOJIb MECTHOH OCH Z;;

J171st BBO/1a Harpy30k TpedyeTcsi:

hn-h

£

1. Haxxate kHONIKY Temnepamyphule Hazpy3Ku g paznene 3azpyrcenusn
WHCTPYMEHTAJIBHOU MTaHEIIH.

2. AKTHBU3HMpOBATh 3aKIAJKy, COOTBETCTBYIOUIYIO THIIy 3JIEMEHTOB,
KOTOPBIM HAa3HAYAIOTCS HATPY3KH (memnepamypHsle HAZpy3Ku HA CIEPHCHUL);

3. AKTHBU3MpPOBaTh ONIMIO C HANMEHOBAHWEM BHJA HArpy3KH, BBECTH

3HAQUYEHUS MapaMeTPOB HArpy3KH, € Y4YeTOM HANPABJICHUI OcCeil MeCTHBIX

KOOPAMHAT.

4. BbIiiTH 13 AMAJIOTOBOTO OKHA, HakaB KHOTIKY OK;

5. BeiOpaTh Ha cXeMme 3JEMEHTHI, KOTOPhIM Ha3HA4YaeTCs BBEICHHBIM THII
Harpy3Ku;

6. Haxxatp kHOnKy OK B MHCTpyMEHTaJIbHOI MaHEIH.

Ecnu npu Ha3zHaueHWM HaArpy3ok ObUla Hakata KHOMKA (UIBTPOB
@LF

TemnepaTypHble Harpys3ku Ha cxeme OyayT oToOpaxaTbCs BBEJCHHBIC

Harpy3KH.
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Jns crepxns 1

)
& TemnepaTypHbIE HAMPY3KN HE CTEPHHN

Metermme HzreHEHMHE TEMNEPATYPE
TemMnepaTypbl MO COTHOLWEHWKD K .
TEMNEpATYRE SarblkaHua L
() Boone ook X, 0

Neean |

(@) Baons ook Y,
MNpagan -10
() Boone ook Z,
E 30a Pt
L ok, X Orrena & Crpaexa

Hns crepxneit 2 u 3

A
& TemnepaTypHBIE HAMPYIKW HA CTEPHHK

e M ErdEHEHIME TEMNEDATYDEI
S —— Mo OTHOLEHMKD K, .
TEMMNEPATYPE 3atbikaHHA L

() Boonb ook X, 0

|
{®) Boonk ook Y de==

Mpagan 17
iy Baone ook Z,
B 300 o
& DK X Ormena & Crpaexa



Jlns crepxHs 4

)
&, TemnepaTypHLIE HArPy3KK HA CTEQHKHM

HedfcTeme
TEMNEpATYRE

i) Bononk oci X,

{®) Boons ook Y,

(") Baone ook Z,

% DK X Ormena & Cnpaexa

M EtiEHEHME TEMNEDATYRRI
MO OTHOLEHMHD F,
g
TEMMNEQATUPE 3atbkaHus L

0
Neean |
MNpagan 17
E 300 Pkl

7. BBIATH U3 THAIOTOBOrO OKHA, HaxaB KHONKY OK.

8. CoxpaHUTh 3arpyKEHHE.

&% CoXpaHeHWe 3arpyeHus

e Hbaa

e SarpyxeHua

1 TerneparypHos

Tun zarpyxeHa ;.  Bug Harpysew:

Mx

MocToAHHEE | | Apyrue W | [] Hopraruenan Harpyska +  3ancate kak Hosos
K.oz U eHT 1 3

HaIEKHOCTH N0 Dona anurensHocTH amEHTE
Harpyske

B K.om dauLHEHT Hona
o HANEHHOCTH | 0NWTENEHOCT I
N0 HArpyske

MocToaHHEE Harpyskr Jdpyrie 1 1

Tun sarpyKeHus

HarpyskH ZarpL

() COMpaHUTE M NPONOMAWTE SA1AHME HAMQYSOK

@ EDHDEIHHTb ] I'IEDEﬁTH K CO303HWED HOEOQr O SarpyeHIA

Haoprz ¥ OTreHUTE Zanuce

L ]
x OTreHa
@ Cnpaeka
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2.2.2.5 BoinoJiIHeHNEe PacyeToB M AaHAJIU3 UX Pe3yJbTAaTOB
Jlns naHHOTO 3arpykKeHusl mepeMelleHue y3ia 3 mo ocu Z COCTaBIISIET

17,62MMm.

Bri6opka nepemernieHuit u3 chopMUpOBaHHOTO MPOTPAMMOMN OTYETA

npeacTaBJICHA B T8.6J'II/IIIG 2.

Tabmuia 2

BenuuuHbl nepemeLleHumn
EaovHuubl namepenus: mm, pag*1000
MapameTpbl BbIGOPKN:

Cnncok y3noB/anemeHToB: Bece
Cnncok 3arpykeHuin/kombunHaumii: 1
Cnmcok daktopos: Bece
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Benn4yunHbl nepemeLleHnn

Y3 3ar 3HaveHne
en pyxXeHue
X z uy

1 1 0 0 2.118

2 1 -0.168 0.168 -2.202

3 1 0 17.616 6.522

4 1 0 0 -2.118

5 1 0.168 0.168 2.202

3. Onpenesienne nepeMenieHUl 0T 0CATAKH 0
3.1 IloctanoBKA 3a1a4u

Jlnst pambl, MOKa3aHHOW Ha puc. 3, ONpPENeTuTh

nop

TOPHU30HTAJIBHOC H

BCPTHKAJILHOC IICPEMCIICHN IapHUPA Cor TOPU30HTAJIBHOIO CMCHICHHA OIIOPbI

A B1EBO Ha BeIMUKHY 15cMm.

o

L 015w 051=4u  0.5=4u

A B |

Puc. 3

h=4m

3.2 UHCTPYKIHS 110 BHINOJHEHUIO 32 1aHUS

¢ nomMoubi0 nporpammbsl SCAD
OtnenpHbIE ATAIBI pacyeTa ONUcaHsl B 1. 1.3:
3.2.1 Co3nanue npoexkra
3.2.2 Co3nanue pacueTHou cxembl MK

3.2.2.1 [TocTpoeHune pacyeTHOI CXeMbl paMbl

27



3.2.2.2 HazHavyeHnue THIIA JIEMEHTOB

3.2.2.3 HazHaueHHe KeCTKOCTEeH JIEMEHTOB.

JIJIsI CTaTUYECKU ONPEICTUMBIX CHCTEM KHHEMAaTHYSCKHE BO3JCHCTBHUS HE
CBS3aHBI C JKECTKOCTBIO 3JIEMEHTOB. [IpOM3BOILHO TIPUHUMAEM MaTepHUal

cTepkHel pambl AByTaBp Ne30.

JKecTKoCTh CTEpHHEBBIX 3NEMEHTOE s

OBlwme gaHHele  [1POBANM MeTaNNONPoKaTa

MaTepuan —
=~ T DeyTasp c yknorom nonok no TOCT 8233-89 ~
CTanks KaYecTBeHHaRA ~ T 10
Moy ynpyroc (206010000 KH /2 % 5
O beMHEIR BEC 785 Tiad ~T 16
KozggmumenT MyaccoHa 03 I 18
Koze. muHetiHoro . ~La
PECLIMPEHIUA 1.2:-005 1T I 2z
I 24
I 27
T8
T 33
[ Cocrastoe ceustme % 2%
I 40
-1 45
T s
I 55
T 60 v
< >
Homep mama Hosan HapaKkTeprcTUKK
HECTHKOCTH KECTKOCTE CEYEHWA
3EMEHNTE W BbIFATA 3EMEHNTE 1 MPOADITKNTE & OK X Omena | @ Crpaexa
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3.2.2.4 Ha3HaueHue HArpy3oK

B nporpamMmme mnpemycMOTpeHbl JBa BapuaHTa pacueTa Ha 3aJlaHHbIC
MEPEMEIICHUSI — IIyTEM HCIOJb30BAHUS TaK HAa3bIBAEMBIX HYJIb-3JIEMEHTOB,
NO3BOJISIIOIIMX 3a/1aTh CMEIICHHE, HE COBMNAJAIOLIEE I10 HAMPABICHUIO C
HaIpaBJeHUEM Oceil oOlel cucTeMbl KOOPAMHAT, U MyTEeM 3aJlaHus CMEIICHHUS
CBS3M B HAMpaBIICHUU Oced o0IIei cuctembl koopauHaT. Mcmonb3yem BapuaHT
3a/IaHUs1 HArpy3KH Yepe3 CMEIIECHUE CBSI3H.

JIns pacuera Ha 3aJaHHbIE TNEPEMEUIEHUS BOCMOJb3yEeMCS 3aJaHUEM
y3JI0BOM HAarpy3Ku CIEUUAIbHOTO BUAA — CMEUjeHUEM C8A3U.

Harpy3ka MoxeT ObITh 3a7jaHa TOJIBKO B TEX y3JaX, B KOTOPBIX YCTaHOBJICHA
CBA3b [0 HAIPABICHUIO 33JaBa€MOro CMeEIleHUs. BenuuuHa cMmemeHus s
JMHEUHBIX NEPEMEIICHU Ha3HAyaeTCsl B YCTAHOBJICHHBIX JUIS 3aJlauyd €JUHUIIAX
JUTMHBI (HallpuMep, B METpax), a JJIs YIIOBBIX MEPEeMEIeHU — B pajuaHax WiId
rpanycax. llonoxuTenpbHOE HaANMpaBlICHUE JUHEWHBIX CMEUIEHUN COBMANAET C
HaIpaBJICHUEM OcCel OOIlel CUCTeMbl KOOPJIMHAT, a YIJIOBBIX — C HAMpaBICHUEM
JIBH>KCHUSI YAaCOBOM CTPEJIKH, €CIIM CMOTPETh C KOHIIA COOTBETCTBYIOUIEH OCH.
Hamnpapnenue u BelMYMHA CMEIICHUS 33/Ial0TCA B JUAJIOrOBOM OKHE Pacuer Ha
3aJJaHHbIE NepeMelIeH s,

[Ipy Ha3HaueHMM HArpy30K PEKOMEHAYETCS CIEAYIOLIUMHA MOPSAO0K
JICUCTBUM:

1. Haxarp kHomky Harpy3ka Buaa «3ajaHHoe mepeMelieHHe» 4epes

CMellleHHe CBSI3H B pasjiere 3arpy:keHusi HHCTPYMEHTANbHOH aHemn |
2. B nuanoroBom okHe Pacuer Ha 3aJaHHbIE MEpEeMEIlECHUsS aKTUBUPOBATH
MapKep, ONPEAEIISIONINI HalpaBJICHUE CMEILEHNUS;

3. 3agaTh 3HaUEHUE CMEILECHUI
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¥, Pacuer Ha 33ajaHHbIE NEpEMELLEHIA

MUHERHEIE NEpEMELL EHMA

pS Y £
MNoeopoTel
Ly L, Uz

JHaueHMe neperell eH4A

I M

& Ok x OTrena @ Crpaeka

4. BbIiiTH 13 AMAJIOTOBOTO OKHA, HaxkaB KHONIKY OK;;

5. BwiOpath Ha cxeme Yy3ibl, K KOTOpPHIM MPHUKJIAABIBACTCS 3aJaHHOE
CMEIICHHUE;

6. Haxatp kHonky OK B MHCTpyMEHTAJIbHOW MaHeNu Wiu Kiasumry Emler
Ha KJIaBUATYpE.

Ecniu npu Ha3HaueHMHM Harpy3ok OblUla Hakata KHONKAa (UIBTPOB

?
OTobpakeHne 3aJAHHOTO TepeMelleHnsi - | To BBEJCHHBIE HATPY3KH OYIyT

OTOOpaKaThbCs HA CXEMeE:
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7. Tlocne 3aBeprieHUsT padOTHI ¢ TEKYIIUM 3arpy>KEHHUEM €ro HeOOXOIUMO

COXPAaHUTb.

bz Mraa

1 CreweHue Qnopkel

M2 arpymeHHA

1 | CrEWSHHE onopel

3.2.2.5 BpInoJiHeHHE PAcYeTOB U AHAJIU3 UX Pe3yJbTAaTOB

THN ZarpyseHKa ;

HeakTuBHDE

Koo bl HEHT 1
H&0EKHOCTH N
Harpyzke

Tun sarpyxeHHa

HeakTHeHOE sarpyser Het

Bun
HArpysk M

Bug Harpyzku:

[] HoptarueHas Harpyska

Dona anvrenshocty |0

Ko ey MEHT Hona
HaAEKHOCTY | 0AMTENEHOCTH
M0 Harpyske

1 1]

Hoprae
zarpL

|

+ 3anucars kak Hosoe
3arEHHTE

7 JTMeHWTE 3anuce

JIns TaHHOTO 3arpy’KeHus nepeMelieHue y3ia 3 mo ocu Z CoCTaBiIsieT 75MM.

Bribopka mnepemenieHu U3

npecTaBiieHa B Tabuie 3.

c(hOpMHUPOBAHHOTO MPOTPAMMOI

oT4ucTa
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BenuuuHbl nepemMeLeHnmn

EovHnubl namepenus: mm, pag*1000

MapameTpbl BbIGOPKU:

Cnucok y3nos/anemeHToB: Bce

Cnucok 3arpyxeHun/kombuHaumin: Bece

Cnmcok daktopos: Bce

Tabawnia 3

Benun4yunHbl nepemeLleHnn

Y3en [3arpyxeHue 3HayeHne
X z uy
1 1 -150 0 18.75
2 1 -75 0 18.75
3 1 -75 -75 -18.75
4 1 0 0 -18.75
5 1 -75 0 -18.75
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