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KaHAUAAT TEXHUYECKUX HayK, 1oueHT B.B. fAnyn
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“byniBenpHa MexaHika”’. MeToAWuYHI BKa3iBKM 10 BHUBYCHHS TEMU
"BusnaueHHsa mnepemilieHb B cTaTU4YHO Bu3HaueHuX pamax B [IK JIMPA" nmns
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Ilpeocmasnena  nokpoxkoséa  IHCMPYKYis — CMAMUYHO20  PO3PAXYHKY
nepemiujenb 8 CMAMUYHO BUIHAUEHUX pAMAax 6i0 306HIUWHIX HABAHMANCEHD,
memnepamypHux ma KiHemamudnux énausie 3a oonomozor IHOK «JIMPA».



BBenenue

Meton koneunbix snemMeHTOoB (MKE) — ocHOBHOII MeTOoa COBpeMEHHOM
CTPOUTEIBHON MEXAHUKH.

OnHOM U3 TOCTYIHBIX JUISl MPUMEHEHHUS B Y4eOHOM MPOLIECCe MPH PelIeHUN
3ala4  CTPOUTENIbHOW  MEXaHUKHU  SIBISIETCA  JIEMOHCTPAIlMOHHAs  BEpCUs
nporpammHoro komiuiekca [IK JIMPA.

[Tporpamma JIMPA npoctast i MCIONb30BaHUs B y4eOHOM Tpoliecce, Kak
IIPY U3YyYEHUU CTPOUTEIIBHOM MEXAHUKHU, TaK U IPU JAIBHEUIIEM IPOJIOJKEHUN
y4€eObl, CBI3aHHOM C PACUE€TOM METAJUNIMYECKUX U HKeJIe300€TOHHBIX KOHCTPYKIIHIA.

OCHOBBI MPAKTUIECKON pabOTHI C MPOEKTHO-BBIYUCIUTEILHBIM KOMILJIEKCOM
JINPA wu3yyaroTcss TpH BBINOJHEHUU MPAKTUYECKUX PabOT JUCHUIUIMHBI
«CTpouTenbHas MEXaHUKA».

[IpennokeHHble 3a7adyu MOTYT OBITh  BBIMIOJHEHBI B JIEMO-BEPCUU

nporpammel JIMPA; anpec pa3padboTurka mporpammbr WWW.lira.com.ua.

B nmanHbIX Meromumyeckux ykazaHusx wucnosibzoBaH [IK JIMPA-CAITP®
2013.

[Ipn mocTaHOBKE 3a/ayu MO ONPEICICHHUIO MEPEMEIICHUH B CTATHUYECKH
OTIPEJICIMMBIX CHCTEMax HeoOXOoAMMO OOpaTUTh BHHMMaHHE Ha TO, 4YTO B
nporpamme JIMPA mepemeniennss onpenensitoTcs TOJBKO B y371ax 3JIEMEHTOB. B
MIAPHUPHBIX y371aXx (EepMbI, COCTOSIIEH W3 DJIEMEHTOB THIA |, ONPEAeNSIOTCS
KOMITOHEHTHI JIMHEHWHBIX nepemernienuit X u Z B oOmieit cucteme koopauHar. Jlis
OaJloK M paM, COCTOSLIMX M3 DBJIEMEHTOB THUIA 2, B KECTKUX Yy3JaX KpoMe
YKa3aHHbBIX JIMHEWHBIX COCTABJISIONIMX MEPEMEIICHUN OMPEAeNIOTCS €UIe YTJIbI
noBopoTa UY xKeCTKUX y3JI0B OTHOCUTENILHO OcH Y.

UTtoObl MOJYyYUTh YHWCICHHBIC JaHHBIE O TMIEPEMEIICHUSX CEUCHUH B
MIPOMEKYTOUHBIX CEUCHUAX CTEPKHs (B OaJIke WM B pame) Ha HEM HAJ[0 HAMETHTh

HCCKOJIBKO Y3JIOB, T.C. pa?>6I/ITI> CTCPKCHb Ha OoJIbIIIEE YMCIIO 9JICMCHTOB, YEM 3TO


http://www.lira.com.ua/

TpeOOBANIOCh MPH PELICHUH 33aJa4d MO MOCTPOCHHIO HMIop ycuiauil. MHbIMU
CJIOBaMHU, Ul MOJIy4EHUS NMEPEMELICHUN B KAaKOM-TO CEYEHUHM CTEPXKHSA B OTOM

CCUYCHHNH HA0 HA3HAYUTD Y3CJI.

1. Onpenesienue nepemMereHN i

OT AeMCTBHS BHELIHEH HATPY3KH
1.1 IlocTanoBKa 3aga4u
PaccMmoTpum cTaTdecku onpeaeumMyro pamy, n300paxeHHyo Ha puc. 1.
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Jlnst pambl, mokazaHHOM Ha puc.l, TpeOyercs ONpenenuTh BEPTUKAIBHOE
nepemenienre mapaupa C oT IpUII0KEHHON Harpy3ku. JKecTKOCTHBIE mapaMeTphbl

paMsl UMeIOT 3HadeHnst — £ = 2 - 10° MITa u |, = 7080 cm”.



1.2 MHCTPYKUMSA MO BHINOJHEHUIO 3a1aHUA

¢ nmomoub10 nporpammsl JINPA

[Tpouienypa pacdera TUIOCKOH CTEpKHEBOW KOHCTPYKIMHM TMOAPOOHO

pacCMaTpuBacTCA B [2] B HHCTPYKOHUHN B OCHOBHOM O6paTI/IM BHHMMAHHC Ha TC

oneparuu, KOTOPhIE eIle HE BCTPEYAIMCh PH UCI0JIb30BaHNH nporpammel JIMPA.
1.2.1 Co3nanue nmpoexKra
Orarbl CO31aHMUs POEKTA:
1. Onucanue cxeMsl (BBIOOP THIIA CXCMBI)

CnucaHue cxemel ot
MpuzHaK cxerel

2 - TpW CcTENEHW CEOGO0E] B Y3ne [Mepemell eHWA .2 Ly » 9

Mr4n sa0.aumM | P 3hJed] |

Wkepp za0a44 | P.3mz4 |

Onucande zagaud | [TEPEMELEHHA B CTATMYECKM ONPELENHMON pate
[oo 255 cumeonos)

2. YcTaHOBKa €MHULl U3MEPEHNS.
3. CoxpaHeHHe HOBOTO MPOEKTA.
4. 3ananue umeHu (aitna.

5. OTKpeITHE OKHA «PacuemHas cxema.



1.2.2 Co3nanue pacuetHoii cxembl MKD
1.2.2.1 IlocTpoeHne pacuyeTHOM CXeMbl paMbl

BxoauMm Bo Bkianky Co3danue u peoakmupoganue
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AoBaeuTe JobaEnTe
YVIEN™  3MNEMEHT ™ m i [T

CozgaHme

Haxumaem nepByro KHONKy — «lenepayus naockux ¢pazmenmos u

cemeity M " TlosBurcs okao Co3danue niockux gppazmenmos u cemeil.
st coznanus pacuetHor cxembl MKD ucnonb3dyem KOHQUTYpAIUO pambl,
B COOTBETCTBUU C 33IaHHOM Ha puC.] pacyeTHON CXEMOM pambl.

[locTpoum cxeMy BCIOMOTAaTENBHOM pambl C IBYMsI IIPOJIETAMH W OJHHUM

OTa>KOM.
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B pabGouem okHe pazgena  Cxema TOSIBUTCS pacyeTHas CcXema

BCIIOMOTATEJIbHON PaMBI.



Hcnonb3yst 3Ty BCIOMOTATEIbHYK) CXEMY, Mbl MOJKEM IIOCTPOUTH
pacUYETHYIO CXEMY 3aJaHHOM pPaMBbl.

JIis  NOodaydeHHMs pacyeTHOM CXEMbl 3aJaHHOM paMbl YyIaluM U3
BCIIOMOTATEJIbHOU PaMbl CTEPKEHB 2.

1. C or0i1 11en1bl0 HA TTAHEIN UHCTPYMEHTOB Bsifop OTKphIBacM Ha)KMMaeM

'H L
KHOIIKY «Ommemka 3nemenmogy = 3aTeM H3MEHUBIIUM (POpMYy KypcCOpoOM

oTMCYacM YKaSaHHBIﬁ CTCPXKCHb MW Ha IIaHCIH Pedakmupoeauue Ha>XuMacm

LY

KHOTIKY— « Yoanenue eéviopanuvix oo6vexkmos» “° . Ha cxeme paMbl OTMEUCHHBIN

CTCPKCHb UCUC3HCT!

[{enkuuTe Mo KHomke «IlepeprcoBarey |«



2. Y nansem yzen 2.

B nporuiecce popMupoBaHusi pacu€THON CXEMBbI TOCTOSHHO MPOUCXOJIAT
KOIUPOBAaHUE, YAAICHUE W PENAKTHUPOBAHUE €€ 3JeMEHTOB. M3-3a 3TOro
cOMBaeTCs HyMepalus 3JIE€MEHTOB U y3J0B. Jljisi 0OOHOBIIEHHSI HyMEpaluu B
MPOIECCe U M0 OKOHYaHUU (DOPMUPOBAHUS PACUECTHOU CXEMBI MPOU3BOIUTCS

ee yImaKoBKa.

3. Haxmute xHOTIKM «Ommemka rnemenmos» (Bvioop / Ommemka
anemenmog) u «Ommemxka y3106» (Bvrioop / Ommemxa y3/108) u pacTIHUTE

"paMKy" BOKpYT BCEH cXeMbl (BCsl CXxeMa OKpallleHa B KpacHblil). Teneps Ha

o
£
[
¥nakoBka
AKMUTE KHONKY oema (Cxema / KoppexkTtupoBka / YmakoBKa CXeMbl) Ha
NaHEeJIM MHCTPYMEHTOB. B mosiBUBIIEMCSl IMAJIOTOBOM OKHE MOKHO 3aKa3aThb
YIAKOBKY JAHHBIX U MEPEHYMEPALMIO y3J0B U 3JIEMEHTOB CXEMBI C YYETOM

yAAJEHHBIX, a TaKke "CIIMBKY' COBIAIarONIUX Y3J0B M 3jeMeHTOB. [locne

ATOTO IEIKHUTE 11O KHOHKeug (cxema nmpuMeT MpeXHUN BUL).

Cxema pamsbl pUMET BU:
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4. Tlocnie Ha3HAYEHUSI OTIOP
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1.2.2.2 Ha3zHa4yeHHe KeCTKOCTEl 2JIeMEHTOB
[ToncunTeiBaeM U3THOHYIO KeCTKOCTS Ely :

Oummoka! O0beKT He MOKeT OBITH CO31aH U3 KOJO0B MoJIeil
penakTupoBanns.Omudka! O0beKT He MOXkKeT ObITH CO31aH U3 KOJAO0B MOJieil

pPeaAaKTUPOBAHUSA.

Jlist crepkHs 2 u3ruOHas xkectkocTh Omuodka! O0beKkT He MOXKeT ObITh

CO3/1aH W3 KOJIOB T0JIeii peJaKTHPOBAHMA.;

Jlns crepxkus 1 m3ruOHas xkectkocTh OmuoOka! O0beKT He MOXKeT ObITh

CO3JaH U3 KO/J0OB MoJIel peJaKTHPOBAHMSL.;

Hust crepxHeit 3 u 4 uzrubHas xecTkocTh Omuodka! O0beKT He MOMKeT

OBITH CO3/1aH U3 KOJOB T0JIel peIaKTHPOBAHMSI. .

[IpoaosibHYIO >KECTKOCTh YCJIOBHO IPUHMMAEM OJMHAKOBOM [Jii BCEX
crepkHet  OmubOka! O0bekT He MOMkKeT OBITH CO3JaH M3 KOJOB MoJieil
PEeIAKTHPOBAHUA., TaK KaK B HalleM IpUMEpPE €€ 3HAUYCHUE HE OKa3bIBaeT

CYIIECTBEHHOI'O BIIUSIHUSA HA UCKOMBIE TTIEPEMELICHHUS.
JIns Ha3HAUYEeHUA 3TUX apaMEeTPOB HAJO:

1. Ha pacueTHOl cXeMe BBIJICJIUTh CTEPKEHb, KOTOPOMY OyAET Ha3HAYaThCs
BBIOpaHHBIN THUIT 3JIEMEHTa, BOWTH BO BKIaaKe JKecmkocmu u ceésazu Haxatb

%

HECTKOCTH W '
matepuansl ™ | BBI3BAB JUAJIOTOBOE OKHO «AKecmkocmov u mamepuanot).

10



| ®aiin  Pewwum Bua BeiBop Cxema Co3gaHMe  PefakTUpOBaHWE |

ERD

HasHaTL S NeMeHTaM Chemsl
HectrocTe:

[CMarepuan:  CHuM 2.03.0184% ~ =

.4

2
e

Tun, EeToH: ApraaTypa;

=3 |3=

HET> LHET <HET>

HectkoeTh KB Crams

CruCok TUNOE #ECTKOCTE

OTHETHTE Ha CHEME
HanieHuTE. ..
MpoctoTp...
Konupoeate

Ypanre
+y oTH

i

HazHauure Terywmm

2. B 5TOM OKHE mIeTYKOM 10 KHOIIKE «/[ofaeéumb)» BHI30BUTE IUATIOTOBOC

OKHO «/[obasums rHcecmKocmb.

[ |
2anaTE NapatET Pl HOBOM MECTEOCTH W A00aEMTE o
EE E CMHCOE:

I G

MNacTHHYaTEIE, OEBEHHBIE, YHCNEHHEIE

@ H T -

MnacTuHe! DevemHere  Hectanaap...
k3 CEUEHME

\—f -
_"JE EF=.) EF=.|

T'-.{"\_
B
T OHKOCTEH... ka1 ka2
CEYEHWE YUCNEHHOE YMCEHHOE
1 T 1 T 1

3. Beioepute anement K3 2:

11



YucneHHoe onucaHue K3 2

K3 nnockol pamel.

B cooTBETCTBYHOWWX NOMNAX AWANOroBOro OKHa YKaMuTe napamerpel

HEeCTKOCTH K3:
EF- #eCTHOCTE 3NeMEHTA Ha OCEBOE CHAaTHe (pacTAMeHue),

Ely- #eCcTkoCTE 3nemeHTa Ha uarnd Bokpyr ock Y1;

Z1- nepean KoopauHaTa Z Anpa CeuyeHusd;

Z2- BTOpan KoopavwHata Z Afpa ceuyeHuA;

g- NOrOHHLIM BEC (3a4aeTCA ANA aBTOMAaTUYeCKOro onpeaeneHns
CODCTBEHHOIO BECA KOHCTPYKLWA).

4. 3anaiiTe YUCIICHHBIC 3HAYCHUS ITapaMETPOB:

Hanpuwmep, nist crepxus 2:

12



EF 1000000 rH
Ely 14160 rH*p2

wH*mME

wH*ME

21

1]
1]
1]
1]
o]
2 o e
1]
1]
]

Hyer
[]GF GFy 1] ®H

GFz 1 ®H

K. oraraeHT apuii UEer

v | [ X[ ?

5. [l BBIBOJIA JAaHHBIX HAXMUTE KHONIKY Iloomeepoums. L+

B ecTkocTv v maTepuane x

Ha3HauMTE 3 NEMEHT at CHerbl

K ecTkooTe: R4
| EE I 1. £3 2 yucneHHDE |

¥
(] Marepuane:  CHuWM 2.03.01-84 T S
)

Tum: BeToH: ApraaTypa:
SHET? SHET? SHET? ?
m €

KHectrocT H/E Crame

CrMcok THNOB #EecTEOCTEl
EE | 1. E3 2 yucneHHoe

6. [ToBTopuTh s crepxuend 1, 3,4 n.n.1, 3 ... 5.

Taxum o6pazom chopMHUpOBaHBI TUIIBI KECTKOCTEN B paMe.

13



HasHauuTe 3 nerdeHT ar crerel

A BCTEOCTE: J
| EE 0 3. K3 2 ykcnenHoe |

Y

[ IMarepuaner  CHWM 2.03.01-84* » T (4
]

Tum: BeTon: Apraatypa: 4
SHETS {HETS SHETS ?
m 8

KXectkooTd HAE Crame

Crucak TUNOE #ecTroCTed
EE I 1. E3 2 yucneHHDE

EE I 2 E3 2 yucneHHoE
EE B 3. E3 2 yucneHHoE

OTHETHTE Ha CHEME

| Dofaeurecs |

MareHuTE. ..
MpocraTp...
K.onupoBaTE

Hpanire

+4 oTH't

HazHauuTe TEKYLW Mk

4

7. Tenepp (opMUpPOBAaHME THUIIOB KECTKOCTH OKOHYEHO, U MOXHO

NepexXoauTb K UX HA3HAYCHUIO 3JICMCHTAM PaMBl.

B nmmamoroBom okHe «JKeCTKOCTH D3JIE€MEHTOB)» B CIIMCKE THIIOB
KECTKOCTEHN BBIJEIUTE KypcopoM THIl kecTKocTH 1. IllenkHuTe mo KHOMKe
«Ycmanosumv kax mexkywuii mun» (IpA OTOM BBIOpAaHHBIA THIT
3alIMChIBACTCS B OKHE peaakTUpoBaHus «Texkywiuii mun iHcecmkocmuy).
MoOXHO Ha3HAYWTH TEKYIIHH THUI KECTKOCTHU JBOWHBIM IIEIYKOM Ha CTPOKE
criiucka. Bwigenure sneMeHT 2 cxeMbl  (BBIACICHHBIM — 3JIEMEHTHI
OKpalllMBaeTCsi B KPaCHbIM I[BET): HAXMHUTE KHOINKY «Ommemka

anemenmoe» (Bvioop / Ommemka Inemenmog) U yKaxute Kypcopom. B

14



IUAJIOTOBOM OKHe «Kecmkocmu 31emenmoe» IIEINKHUTE MO KHOIIKE
«Ha3nauumep». C diemMeHTa CHUMAETCS BBIIEJIEHUE. JTO CBUAETEIHLCTBO

TOT'0, 9YTO BBIACJICHHOMY JJICMCHTY IIPUCBOCHA TCKYIAA JKCCTKOCTD.

8. IlomoOHbIM oO0pa3oM Ha3HA4YbTE THUIIBI JKECTKOCTH JIPYTHM

3JIEMEHTAM PACYETHON CXEMBI.

Korga Tumnsl )kecTKOCTH OyIyT Ha3HAUYECHBI BCEM JIEMEHTaM pPacuyeTHOU
CXEMBI, BBI30OBUTE IHANOroBoe OKHO 2 (Onuuu / ®nazu pucoeanusn) —
ycTtaHOBKa (yiaroB pucoBaHus. [Ipu akTUBHOUN 3akiaake «3IiemeHmuly
yctaHoBUTE Quiaxkok «Tunwt scecmkocmeiry. Ha pacueTHON cxeme yKa3aHbI

HOMCPA THUIIOB JKCCTKOCTH COOTBCTCTBYIOIIUX 3JICMCHTOB.

[lenkHuTe MO KHOMKAM «Ynakoeka cxemuy», «llepepucosamspy.

Jlanee Ha3HayaeM 3arpy’KeHUE paMsbl.

1.2.2.3 HazHayeHue HArpy30K

15



1. Kxomnkou 'iag Ha mnaHenu uHCTpymeHTOB (Haepysku / Bwvioop
3azpy)HceHusn) BBI3OBUTE JUAIOTOBOE OKHO «Pedakmop 3azpyrsceHuil», B

KoTopoMm 3anaiite ums 3arpyxkerust Nel «IlocTostHHBIE HArPY3KH.

FenakTHpOEaHHME BRIGNAHHOMND SarpY#EHUA

e 1 | 3arpyseHie 1

B MocToAHHDE ot \;ﬂ

Hanoeele Harpyzti: 0; MecTtHee Harpysk: 1;

CnMcor, EarpyseHHi

#  Wmr zarpyxeqin Bun Tun o
1 3arpyterue 1 MocTaaHH. . c};
{8
L3
+
7
Ha3Ha4HTE TERYLW MM
= AL 4

2. Haznauumo mexkywum.
3. «Ilpumenumuoy

4. 3agaeM paBHOMEPHO PACTIPEICIICHHYIO Harpy3Ky Ha 2JIEMEHT 2!

10 xH/™m:

16



33JaHUE HArpy3o - Mapamerpel prd

W l e | BV
L] g — A‘ Tg gt F'HH,."I-J

Harpysku Ha cTepHA
CuCcTErMa KOoopOMHAT [ Mok niouuTe #eCT. BCTABKMH
(®) noganeHas () Mecthas
HanpaeneHue

(= Oy ®z

T 1M Har puyskK

[ ] NpoekTHeHan

o || o X[ ?

TeKyWEA HArpYSKa
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1.2.2.4 BpinoJiHeHHE PACYETOB U AHAJM3 UX Pe3yabTATOB

3amycTuTe 3a1ady Ha pacyeT IIETYKOM MO KHOIIKE . — Ha TaHeJH
UHCTPYMEHTOB (Pexcum / Botnonnumes pacuem).

[locne pacuera 3amadd, MPOCMOTP W AHAIU3 PE3YJBTATOB CTATHYECKOIO
pacyera OCYyIIECTBIISIETCS HA BKIaJKe Ananu3. B pexume npocMoTpa pe3ysibTaToB
pacyeTa Mo yMOJIYAHUIO PacyeTHAsl CXeMa OTOOPaKaeTcsi C y4eTOM MepeMEIIeHH

y3JI0B.

3ameTuMm, 4To Ha JepopMUpOBaHHON cxeMme aedopMaliiy moka3aHbl He
B Macmrabe. Tak Kak MX BEJIMYMHA, KaK MPABUIO, 3HAYUTEIHHO MEHBIIIE
T€OMETPUYECKUX Pa3MEpPOB pacYeTHOM cXeMbl, AehopMarii TOKa3aHbl

YCJIOBHO.

1. OnopeneneHre BHYTPEHHUX VCUJIUU

BriBenute Ha skpaH smiopy M, merukoM 1o KHOIKE N ]J' Snwper M,

(manenb Ycunus ¢ cmepicnax Ha Bkaaake Ananus)

18
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2. OnpenesieHue rmepeMeIeHni

Brimonnum rpadudeckuii aHau3 nepeMeneHi CEUeHUN paMbl.

JIJisi mpocMOTpa MO3auKU TEPEMEIIEHUs Y3JI0B C TOMOIIBIO KHOIKH

; I l'
G MTAHEIN UHCTPYMEHTOB BBI30BUTE MEHIO «Mo3auka nepemeuieHuin.

JJist monydeHus 3Ha4eHU epeMeleHU y3JI0B HE0OX0MMO YKa3aTh Kakue
MEPEMENICHHS HAC HHTEPECYIOT.

JI1 OCTpOEHHsT MO3AauKU IEPEMEIICHUN 110 OCU X HAXKMUTE KHOIIKY

— MeHI0 «Mo3auka nepemewenuiry (lepopmayuu | B 2nobanvnoi
cucmeme | Y3noevie nepemewienun | Mozauxa nepemewienuii no X). B
JIEBOM BEpXHEM yIUIy pabouei 001acTH MOKa3aHbl HAMMEHOBAHNE MO3aUKHU U
€IUHUIBI U3MEPEHUS, & B BEPXHEN YaCTHU — LIBETOBAs IIKaja MEPEMEIICHUM.
B pe3ymbrare Ha pacyeTHOM CXEME Y3Jbl OKpAaCWIWCh B 1IBETA B

COOTBCTCTBHH C IICPEMCIICHUAMU I10 ].[B@TOBOIZ HIKaJie.

ITo ocu X:
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Ilo ocu Z:

I 11 1L .
142 124 -106 887 109 531 355 L7 010
Jarpymemme |

203 3 2 4 5

ot i

BeprukansHoe nepemenienue ysna 4 cocrasiusier 14,1Mm.

Vrioseie UY:

I J: 1 1 1C 1 1 1 ]
<401 351 5300 251 2 15 -1 -0.501 00307 00507 0500 1 13 2 51
Jarpymemze 1

M ¥ it w0 UY(G) 4
wnn'pm:mmmnw‘mw 3 3 AH 4 5

VYrabl NOBOPOTA B IPOTPAMME BBIIAIOTCS TOJIBKO JJI HAMEUEHHBIX HKECTKUX
y35I0B 3JeMeHTOB. [loatomy B pesynbrare pacuera no mporpamme JIMPA 1o
BBIOpPAHHOW pacyeTHOM cXeMme B y3iie 4 BbIJaH TOJIBKO yroJ TOBOPOTa YKECTKOTO
y371a 3eMeHTa 4.
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VYron moBopoTa cedeHus 3JIEMEHTa 3, MOAXOISUIEro K LIApHHUPY CJEBa B

nporpaMme He BbijiaeTcs. [10CKONIbKY yrosn moBOpOTa CEUEHHS, MOAXOISIIETO K

MapHUupy HC BBIYUCILICTCA, IJIA 0ojee TOYHOTO peuicHus 3aaadu OIIPCACICHUA

yriia TepeMEIIeHUs] JIeMeHTa 3 CO CTOPOHBI IIAPHHpA pa3ieiuM JJIEMEHT 3

KCCTKUM Yy3JIOM Ha JdBa HCPABHBIX II0 MOJIHHC 3JICMCHTA. Ecan OJICMCHT,

MPUMBIKAIONIUHI K MIApHUPY, OyAE€T UMETh MaIyIO JJIMHY, TO YTOJl IOBOPOTA BHOBb

Ha3HA4YCHHOI'O Yy3Jia 6YI[€T A0CTATOYHO TOYHO OTpaAKaThb YI'OJI IIOBOPOTA CCUCHUA

AJIEMEHTa Y IIapHUpa.

Bribopka mnepememieHuii U3 c()OPMUPOBAHHOIO MPOrpaMMOIl  OTYeTa

npejcTaBiieHa B Tabnuiie 1.

[Em—m.r_.u MIMEpEeHME MMHeMHEY [NepeMeNeHMIT: MM
EOMHMIE MIMepeHMA VINOBHK NepeMemeHMN: RD*1000

Wed Feb 15 11:24:43 2017 pn3s®4 oCHOEHaH CXeMa

| 1 2 3 4 5
| 1 - SATEVEEHHE 1

| X 4_7618 4.7218 4_6818
| Z -.01199 -14,189 -.03998
| UY .24888 3.0536 3.0735 -4.0081 -2.5958

Ta0muna

2. OnpeaesieHne nepeMeieHN OT TEMIIEPATYPHOI 0 BO3/1eCTBHUS

2.1 ITocTanoBKa 3a1a4un

1

JI1st paMbl, TOKa3aHHOM Ha PHC. 2, ONPEJCIUTh BEPTUKAIBHOE MepEeMELIEHUE

mapHupa C OT TeMmnepaTypHOrO BO3JEHUCTBHUSI CO CIEAYIOUIMMHU MapamMeTpamu:

t,=+17°C, a t, = — 10 °C, t, =0°C. KoadbdunueHt nuHEHHOrO pacuIupeHus
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Marepuana pambl Ommuoka! QO0beKT He MOXkKeT ObITH CO31aH M3 KOJ0B MoOJiei

penaktTupoBanus.. [lonepeynoe ceyeHne Bcex 3IeMEHTOB paMbl — 1ByTaBp Ne 30.

EJ t E[_ h= 4u

0.5]=4m % 0.5/ =4m

Puc. 2

2.2 UHCTPYKIMS MO BBINOJHEHUIO 3aIaHUSA ¢ MOMOIIbLI0 MPOTPAMMBbI
JIUPA
BrImtoTHEHHE OTACIBHBIX 3TAMOB pacyeTa OMUCcaHo B 1. 1.2:

2.2.1 Co3naHue npoeKkTa

2.2.2 Co3nanme pacueTHoi cxembl MKJ

2.2.2.1 IlocTpoeHne pac4eTHON CXeMbl paAMBbI

2.2.2.2 HazHaueHHe THIIA 3JIEMEHTOB

2.2.2.3 HazHaueHHe JKeCTKOCTEl IJIEeMEeHTOB:

1. Be3Bath okHO «Kecmkxocmu u mamepuanvi», | Dot | priGpars

MaTepual

[ Xectkore: v sesen op Paiin copramenTa (st)
‘ | s c i DVUTAVR S.5F ~

[AMarepuans:  CHuM 2030184 ¥ Bapuart E; +
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2. BI)II[eJII/ITI) QJICMCHTBI, BBIACIINUTL CTPOYKY THUIIA )KCCTKOCTH,

B ¥ ecTkoCTH M MaTeEpHans e
HasHauTE 3 NemMeHT ar cretkl
AecTroCTE: %’ |
| T 0. Oeyraep 30 |

. Y

Marepuansr  CHWM 2030184«  Bapuawr (1 O ofm

Lk

T Beton: Apratypa: 4

CHET: CHET: CHET: ?

=
Al

Aectkoct ¥/E Crame

CnucoK TUNOE #ECTEOCTEN

I B 1 Oeyraep 30

OTHETHTE Ha CHERE

| Dofiaeures |

M 3t EHTE. ..
[MpocroTp...
k.onupoBaTe

Hpandre
*4 oT#:

| HasHa4uTE TERYL MM |

Ha3HAYUTb TCKYIIUM, IIOATBCPIAUTD.

3 3 4

1




2.2.2.4 Ha3zHayeHHe HATPY30K

[TockonmpKy TapaMmeTpsl  TEMIIEPATYPHOTO  BO3JICHCTBUS Uil BCEX
AJIEMEHTOB paMbl OJWHAKOBBI, TO TIPHPANIEHUS TEMIEparyp Il HHX
MPUHUMAIOT CIICAYIOIINE 3HAUCHUS:

At, =t

H

~-t,=-10"C,
At,=t,—t,=+17"C.

H

BBox TeMmiiepaTypHBIX Harpy30K BBIIIOJHSETCS B 3aBHCHMOCTH OT THIIA
JIeMEeHTa. BenuunHbl W BHJ Harpy30K Ha3HAa4yaloTCd B MHOIOCTPAHHUYHOM
MajioroBoM okHe «Temnepamypuvie Hazpy3ku», B KOTOPOM KaKIOMY THILY
AJIEMEHTA COOTBETCTBYET CBOS 3aKJIAKA.

TemneparypHble Harpy3Ku Ha CTEP’KHU BBOJISATCS:

*  BIOJb CTEPXHA (MO HANPABIEHHIO MECTHOMN ocH X, );
+  BI0JIb MECTHOH OCH Y |;
¢ BIOJIb MECTHOH OCH Z,;

J;1s1 BBOJIa Harpy30K TpedyeTcsi:

1. ChopmupoBath 3arpykeHue

PenakTHpoBaHKe BEIGDEHHOMD SarpyKeHWaA

Wiria 1 | TemnepatypHoe

Bun MocToAHHDE = \ﬁ’

Yanoeeie Harpysku: 0; MecTHer Harpyska: O;

CnHcok sarpys#eHdi

+

H Mrp sarpyxeHua Bun Tun

B
P

1 TerneparypHoe MocToAHH. .

€ = & W

HazHauure TEEYLW MM
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2. Yka3aTb CTepXHU, OABEPracMbIe TEMIIEPATYPHOMY BO3JECHCTBUIO.

!

Harpyskmn Ha y3nel
3. Haxxatp kHOTIKy | " 31emente™ g paznene Hazpy3ku UHCTPYMEHTAIbHON

ITaHCJIN.

R T A R ¥

Harpyzku Ha cTepskHY

CHCTEra KOOROMHAT

() T nofianeHas (®) MecThan
HanpaeneH4e

(I oy wz

Tun HarpyskM

- tep"C
S1C, | T
t2*C +—0—a3—3
B Dﬂ—:l
Teruw an Harpyska
# X ?

!
4. AKTHBU3MPOBATH KHOMKY * , COOTBETCTBYIOIIYIO THITY 3JEMEHTOB,

KOTOPBIM Ha3HAYAIOTCS HATPY3KH (Hazpy3ku Ha cmepicHu);

t1"C
g
5. AKTUBU3MPOBATH OMIMI0O C HANMEHOBAaHUEM THUIIA HArpy3KH e

(memnepamyphole Hazpy3Ku).

6. BBecTu 3HaueHuUs1 mapaMeTpoOB HArPY3KH, ¢ y4eTOM HamNpaBJieHHil oceil
MECTHbIX KOOPAHHAT.

7. [logTBEpAUTH BBHIOOP.
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Jlnst crepxns 1:

Mapamerpel

£, X~

Ti L

T2

S S

AL
JIX[?

st crepxkHeit 2, 3, 4:

MapameTpel e

Z Xy~
Ti L
. T
A
x|

27



2.2.2.5 BbInoJIHeHHE PacyeToB M AaHAJIM3 UX Pe3yJabTaTOB

JUJist TaHHOTO 3arpy>KeHus rnepeMenieHue y3mna 4 no ocu Z cocTaBliseT

1 2

Bribopka mepemenieHuit u3  c(OPMHPOBAHHOTO MPOTPAMMOM  OTYETA

npejcTaBiieHa B Tabyuiie 2.
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Ta0muma 2

[E.‘IH-!M.L.H MIMEpSHMA MAMHEHHME NepeMEmMeHMI: MM

EOMHMUE M3IMEpEeHMA VINOEBHX Nepedemexymt: RD*1000

Thu Feb 16 12:00:57 2017 pns B4 TeMnepaTypa OCHOEHaA CXeMa 1
| OEPEMENEHMAZ Y3 ICEB |
| 1 2 3 4 5 I
| 1 - 3ATPYEXEHME 1 |
I X -.16800 16800 |
| 2 16800 17.616 .16800 |
| OY 2.1180 -2.1180 -2.2020 6.5220 2.2020 |

3. OnpenesieHue nepeMenieHU OT OCAAKH OIOP

3.1 IlocTanoBKa 3a1a4M
/s pampl, TOKa3aHHOM HA pHUC. 3, ONPEACIUTh TOPU3OHTAIBHOE U
BEPTUKAJIBHOE NepeMellieHns mapHupa C OT TOpU30HTAIBHOIO CMEIIEHUS OIOPbI

A BIEBO Ha BeJIMUMHY 15cMm.

o

h=4m

L 015w 051=4u  0.5=4u

a 2 |

Puc. 3
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3.2 UHCTPYKIUS MO BHINOJHEHUIO 32 IaHUS
¢ noMo1us10 nporpammsel JIMPA

OtnenbHBIC ATAIBl pacyeTa ONKMCaHbI B 1. 1.3:

3.2.1 Co3nanue nmpoexkra

3.2.2 Co3nanue pacueTHoit cxembl MKJ

3.2.2.1 llocTpoeHune pacyeTHOM cXeMbl paMbl

3.2.2.2 Ha3HayeHnune THIIA 3JIEMEHTOB

3.2.2.3 HazHaueHHe 3KeCTKOCTEH 3JIEMEHTOB.

JIJIsI CTaTUYECKU OMPEIeTUMBIX CHCTEM KWHEMAaTHYECKHE BO3JECHCTBUS HE
CBSI3aHBI C JKECTKOCTBIO 2JJIEMEHTOB. I[IpoM3BOJIBRHO MNpUHMMAaeM MaTepuai

crepkHer pambl 1ByTaBp Ne30.

3.2.2.4 HaznaueHue Harpy3oK

[lon 3agaHHBIM  CMEMIEHHWEM  MOApPa3yMEBaeTCs  MPUHYIAUTEIHHOE
nepeMeleHe WIM MOBOPOT KaKoro-iuOo y3ia MO HANpaBJIEHUIO OJHOW U3
CTereHe cBoOOABl (HampuMmep, ocajaka omopHoro yszna). Ilpu sToM B 3amaue
MOJKET TPUCYTCTBOBATh  €II€ HECKOJIbKO OOBIYHBIX  3arpy’KeHui, He
peyCMaTPUBAIOLIMX CMEIEHUs (0CaIKH) ATOTO y3Ia.

[Ipu hopmupoBaHnUU 3arpy>KEHUs 3aJaHHBIM CMEIIEHUEM B TpeOyeMbIil y3ei
HEO0OXOIUMO TIPHIIOKHUTh:

— HArpy3ky B BHJA€ 33JaHHOTO CMENICHHS TI0 HAaMpaBICHUIO ATOTO
CMEIICHUSI.

CBsi3b 10 HANpPaBJIEHHMIO 33/IAHHOT0 CMeELIeHUs] He HaJjaraercs

(HampuMep, NPH 0cajKe OTCYTCTBYET CBSA3b B y3Jie 10 ocH Z).
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Tak st y3na 1 cHUMaeTcs CBA3b MO OCH X:

CeAZW B y3nax >

A X

&R

HazHauuTe ceasu

ES U

Ol oy

9 Juz
[ ]Ece

Buzyandzaumna ceasei 1
44 | T

L x][?
Jlg BBOA HArpy3oK:

1. Beigenuts onopHsIit y3en 1.

2. HanpaBneHI/Ie N BCIIMYMHY CMCIICHHUA 3a/ldaTh HaXKAaTHCM KHOIIOK B

JTMAJIOTOBBIX OKHAaxX - 3adanue Hacpy3ok, Hazpysxu ¢ yznax, Cmewenue y3na,

napamempbsl HaZpy3Ku.:

3ajaHne Harpy3oK X

N b LA A - I
Harpyseu 6 yznas
CHCTEMa KODPLMHAT

(®) [ notiansHas () Mecthan
HanpaeneH4e

@ O oz

Tun HarpyskA

i
=] =]

;

I\\?—l =]
=t11|P |
—3—5—95 =]

D o] D OH

Tekyw ana Harpyska
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MapameTpel Harpyskw x

3naverme | -019 M

4. BpIiTH U3 AMATIOTOBOTO OKHA, HaXkaB KHOMKY OK.

3.2.2.5 BbinoJiHeHHE PacyeTOB U AHAJIU3 UX Pe3yJbTAaTOB

3 4 5

Jlnst gaHHOTrO 3arpy’keHus NepeMelleHre y3ia 4 mo ocu Z COCTaBISIET —

75MM.

751 -65.6 -363 469 373 281 183 3% 075

Jarpymeme |

Mosauxa nepexemeri no Z(G)

Ecvmt e 3 4 &)
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Br16opka nepememniennii 3 choOpMUPOBAHHOTO MTPOTPAMMOM OTYETa TPEICTABIICHA
B Ta0muie 3.

Ta0muna 3
[E::ud—m.r_.u HMIMEpSHMA JMHEMHHEK NepeMSNeHMIT: MM
EOMHMUNE M3MEpEeHMA VINIOBHX NepeMemeHMM: RD*1000
Thu Feb 16 12:37:17 2017 pns B4 [MepeMemesMsE OCHOEHAaHE cXeMa 1

| 1 2 3 4 5 |
| 1 - SATEVEEHME 1 |
| X -150.00 -75.000 -75.000 -75.000 |
| 2 -75.000 |
| UY 18.750 -18.750 18.750 -18.750 -18.750 |
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buoauorpadguvecknii cnucok

1. “byniBenpbHa Mexadika”. MeToauyHl BKa3iBKM 0 BUKOHAHHS
PO3paxyHKOBO — MPOEKTyBaabHOTO 3aBnanHs PII13Ne4 «BusznaueHHs mepeMiiieHb B
CTaTUYHO BHU3HAUYCHHMX pamax» i OakanaBpiB cremiansHocTi 8.06010101 —
“IIpomucinoBe 1 nuBLIbHE OyaiBHULTBO/ YKi.: IloptHOB I'. M., Ilykanos B.B. —
Kpomusauupkuit: KHTVY, 2017. — 48 c.

2. “MeToJ; CKIHUEHUX €JIEMEHTIB 1 aBTOMAaTH30BaHl CHUCTEMHU PO3PaxyHKIB Ha
MIIHICTE . MeTOIWYHI BKa3IBKM JI0 BUBYCHHS TeMU «PoO3paxyHOK 3yCWib B
eneMeHTax pamu B [IOK «Jlupa» 3a BHMOramMm KpeIuTHO-MOIYJIBHOI CHUCTEMHU
HaBYaHHS 11 MaricTpiB cremianbHocTi 8.06010101 — “IIpomucioBe 1 IUBLIBHE

oyxiuuireo’”/ Yxi.: I'.J1. [loptHoB, A.A. Tuxuii — Kiposorpan: KHTY, 2014. —46 c.
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