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Beenenune

Pemienue cioXHBIX MHKEHEPHBIX 3a/1ad B HACTOSIIEE BPEMs HEMBICIHMO
6e3 mpusneueHuss OBM. B cBsizu ¢ 3TUM OCBO€HHME COBPEMEHHBIX, JIOCTATOYHO
CJIOKHBIX, TPOTPAMMHBIX KOMIUIEKCOB SBJISIETCA HEOTHEMIIEMOM  YaCThIO
IIOATOTOBKM WHXXEHEPOB-CTpOUTENEU. B TOxke BpeMs OCBOEHHE CTyACHTaMHU
CHELMATU3UPOBAHHOIO TMPOTrPAMMHOIO O0ECIeUeHUs] B paMKaX OTAEIbHBIX
y4eOHBIX KypCOB MMEET ONpE/CICHHbIE HEIOCTaTKU. | JJaBHbIE HEOCTATKU — 3TO
OTOPBAHHOCTb OT OCHOBHBIX JUCHUIUIMH W  3aTPYJHEHHOCTb IIPOBEPKHU
II0JIy4aeMBbIX B IIPOrpamMMax pe3ysbTaToB. B pe3ynbrare y CTyIeHTa CKIaAbIBACTCA
BIIEYATJIIEHUE, YTO PE3YJIbTaThl, OJYYECHHBIE B MPOrpaMMax, HOCIT aOCOJIFOTHBIN
XapakTep U HUKAKUM UHBIM 00pa3oM HE MOTYT OBITh IPOBEPEHBI. DTU HEJOCTATKH
MOXHO HCKIIFOYUTh, HWHTETPUPOBAB OCBOCHHE NPOTrPAaMMHBIX IPOAYKTOB B
OCHOBHBIE KYPCBI.

B HacToAmMX METONMYECKUX YKA3aHUSIX JAIOTCSI OITMCAHbl OCHOBHBIE 3TAIlbI
paboThl ¢ COBpEMEHHBIMH TporpaMMHbiMu Komiuiekcamu Stark-ES u Gen-3DIM
IIPUMEHUTENBHO K PACUYETY INIOCKUX CTEPIKHEBBIX CHCTEM.

[Ipu ocBoeHMHn Marepuana CTYAEHT JOJDKEH H3Y4YUTh 0a30BbI€ MPUEMBI
paboTbl C COBPEMEHHBIM IPOrPAMMHBIM KOMIUIEKCOM Ha IpPUMEpPE CO3/1aHUA
pacyeTHOM MOJAENH IUIOCKMX CTEpPKHEBBIX CHUCTEM. OH M3yYUT OCHOBHBIC
MOJIOKEHUSI TPU CO3JAaHUU KOMIIBIOTEPHOW MOJENH, OCHOBHBIE OIUIMOKH,
JIOIyCKaeMble B mporecce padoTsl. HayunTcs BBOJIUTH F€OMETPUUYECKYIO CXEMY,
U3YYUT MPUEMBI, 00JIErYaloNre TPYI10eMKOCTh NpU BBOJIE (paboTe ¢ MpUBA3KaMH,
KOIMPOBaHUEM, pa3OneHneM cTepkHel). HayuuTcs rpaMOTHO OCYIIECTBISITh MX
CTBIKOBKY. M3yuuT paboTy 1o 3aJaHvi0 IIAPHUPOB U OMOP, CEUCHUU DIIEMEHTOB,
Harpy3oKk M BoO3JAeicTBUN. HayduTCs BBINOJHATH pacyeT M IMPOBOAUTH aHAIU3

pEe3yJIbTaTOB.

Kparkue cBenenusi o meroae KoHedHbIX dj1eMeHTOB (MKD)
B METOAC KOHCYHBIX JJICMCHTOB (bopMpreTc;I CUCTCMa pa3pCHIarOIInXx

ypaBHEHUH JJI1 KOHCTPYKIIMHU B LIETIOM.



CyTb 3TOW CHCTEMBI — YPaBHEHHUSI PABHOBECHUSI KaXXIOrO y3/a, B KOTOPBIX
YCWIMSL B CTEPXKHSX BBIPKEHBI uepe3 MepeMellleHus Y370B. B ypaBHeHMsX
paBHOBECHSI HEM3BECTHBIMU SIBJIIIOTCS Y3JIOBbIE IEPEMEIIICHHUS.

JI1s1 KaX0ro y3/1a B YPaBHEHUSIX PAaBHOBECHS YUACTBYIOT MPUMBIKAIOIINE K
y3ny cTtepkHu. [IpuMmbikaHue cuuTaercs He Ha (OPMAILHOM TE€OMETPUYECKOM
ypOBHE (CTEpXKEHb KacaeTcsl WIM MPOXOJUT 4YEepe3 Yy3el), a Ha YpOBHE
(bakTHUYEeCKUX HOMEPOB Y3JIOB, KOTOPhIE OTPAaHUYHBAIOT CTEPIKHH.

Hamnpumep, eciu BBeIeHO Ba CTEPKHS TAKUM 00pa3oM — MEPBbIN CTEPKEHb
COEIMHSET TOYKU ¢ HoMepamu | u 2, a BTOpoil — TOUKH ¢ HoMepamu 3 U 4 (cM puc.
1), To mporpamma OyAeT «CUUTATh», YTO B TOUKE 3, TOUHEE, K Y31y 3 MPUMBIKAET
TOJIBKO OJIMH HAKJIOHHBIN CcTepkeHb. M B paBHOBecue y3nma 3 OyIeT BXOAWTH
YCWJIME TOJBKO CO BTOPOTO CTepkHs. [IepBrIii cTepeHb HUKAK HE Oy/eT BIIUSATH
Ha paBHOBECHE y3/a 3, T.., C TOYKH 3PEHHUS «UEpTEkKa», CXeMa MpaBUIIbHASI.
Onnako, Ha YpPOBHE pacyeTa 3Ta CXeMa HEBEpHAa — MporpaMma CUUTAET, YTO
CTep>kHM 1 M 2 HE COCTBIKOBaHBI, T.e. Ha puc.l mo wmaeonormu MKD — nBa

HCCBA3AHHBIX CTCPIKHA.

Pucynoxk 1.
(Yepnvie yugpor — Homepa y3108, cuHue 8 KPYAHCKAX — HOMEPA CMeEPIHCHEN)
BepHoe pemenue cnenyromee: crepkeHb | pa3OuBaeTcs Ha  IBa,

MPUMBIKAIOIIUX K Y311y 3, T.€. B PaCU€THOM MOJENIU JIOJKHO OBITh TPU CTEPHKHS:

CTep>KeHb 1-3, cTepikeHb 3-2, cTepkeHb 3-4 (cM. puc. 2).
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Pucynok 2. KoppektHoe pa3OueHue Ha CTepKHU
Hmak, o00Ho u3 ocHo8HbIX mMpedOBaHUll K 2e0MempUYecKol cxeme —
97eMEeHMbL CMBIKYIOMCS c8ouMuU y3aamu!

BBox pacueTHO# cTEepKHEBO MOJeIH

PaccmoTpuMm ofuH M3 BapuaHTOB UCIOJIB30BaHUS MHTEpQeEica mporpaMMbl
no (HOPMUPOBAHUIO KOPPEKTHON TI'E€OMETPUU PACUETHOM MOJENH, T.€. O BBOJIE
CHUCTEMbl Ha ypOBHE CTEp>KHEW W MCHOJb30BAHHIO BCIOMOTATEIbHBIX (YHKUIUN
uHTepdeiica mporpaMmel.

EcTecTBeHHO, BO3MOXKHO JIOBOJIbHO MHOTO pPa3HbIX BapHaHTOB BBOJA
WCXOJIHBIX JTAaHHBIX pacueTHON Mojaenu. OcTaHOBUMCS Ha MPUMEHEHUW HauOoJiee
Y4aCcTO UCIOJIb3YyEMBIX (DYHKIIHSIX.

T.x. MOI€NIb COCTOUT TOJBKO W3 CTEP>KHEH, TO €€ BBOJ MOXKHO BBITTOJHUTH
Ha YpoBHE (OpPMHUpOBAHUS PACUECTHOM MOJCIM IIEIMKOM B OJHOM (haiiyie ¢
UCIIOJIb30BaHUEM HHTep(eiica penakTUpOBaHUS KOHEYHO-JIEMEHTHOM CXEMBI.
Kommekest STARK u ING+ a1t BBoia JJaHHBIX 1O 00Jiee CIOKHBIM 00OBbEKTaM
MPEIOCTABIISACT JOMOJHUTEIBHBIC BO3MOXKHOCTH: BBOJ (DparMEeHTOB MOJETH B
pasHbIX (Qailax W WX TMOCIHEAYIOIIYI0 COOPKY B OJMH, HCIOJIb30BaHHE
BCIIOMOTATEIIbHBIX MOJIETIEH «B TO3HMIMIX» W TOCIEAYIONMEee aBTOMATHUECKOE
MOCTPOEHUE KOHEUHO-3JIEMEHTHON Mojenu u T.m. Ha mepBom 3Tame paccMoTpum
Oonee MPUMHUTHUBHBIA BBOJ, TeM Oojiee, UYTO pacCMaTPUBACMBI TMpPUMEP
KOHCTPYKITUH JOCTAaTOYHO TIPOCT U HE TpeOyeT WCIOIb30BaHUS CIIOXKHBIX
BO3MOHOCTEN.

PabGoty u3yunm Ha mpumepe pacueta miaockoi pamsl (puc. 3). Ha pucynke

NpCACTABJICHBI: I'COMCTPHYCCKAA CXEMa C pasMEpaMH MU YCIOBHA COIIPSAKCHUA



CTEp>KHEU MEXIy coOoi U ¢ 3emiieil. PaccMOTpeHbl OCHOBHBIE BO3MOYKHBIE Y3IIbI:
KECTKUH, IapHUPHBIA, C YaCTHYHBIM I[APHUPOM (IIAPHUPHOE MPUMBIKAHHE
CTEp)KHEH K >KeCTKOMY y3iy). M3 OMOpHBIX CBSI3€M HCIOJIB30BaHBI 3ajielika U
HIAPHUPHO-HETOIBIKHAsL ornopa. Harpy3ku u cedeHusi CTep)KHEH ompenenuM 1o
Mepe BBOJIa KOHCTPYKITUH, Ha CXEME HE TIPUBEICHBI.

PabGota Oynmer moka3zana Ha mpumepe kommiekca Gen-3DIM (BxoguT B
cocraB makera ING+). Kommiekc Stark-ES nmeer ouenws cxoxuii unHtepderic.

Kpowme Toro, Stark-ES paccmotpen panee B yue6HOM nocoduu [1].
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Pucynok 3. MoaenpHast KOHCTPYKIHS

Hauano pa6ombz C KOmMnjiekcom

[Tocne 3amycka mporpaMMbl MOSIBUTCS OCHOBHOE OKHO. OHO MOKET OBbITh
100 MyCThIM, JTMOO COAEPkKATh MOCIETHIO PacCMOTPEHHYIO 3anavy. Jljis BBoa
HOBOI'O MPOEKTa B 3TOM Cllydae cieayeT BhIOpaTh B TJIaBHOM MeHwo B pasjele
Ilpoexmot iyHKT Ochnosnoe cocmosnue (cMm. puc 4,a). OKHO IyCTOTO MpPOEKTa

IIOKa3aHO Ha pHUC. 4,6 OxHO IMIPOCKTa COCTOUT N3 HCCKOJbKHX nojieii. OCHOBHOE



Mento, 1ions1 3HAYKOB OBICTPOTO BBHIOOpAa M TEpEKiIoYaTeNei (1MojJ; OCHOBHBIM
Menio). B npaBoil yactu sKkpaHa HaOOp 6CHOMO2ameNbHbIX OKOH, B TOM YHUCIE
OKHO JOMNOJHUTENbHOTO Mento. OCHOBHOW DKpaH 3aHUMAET paboyuil cmoJ
(TemHO-cephiii  (OH), Ha KOTOpPOM OyJEeT TOTOM pACIOJOKEHO OJHO WU

HECKOJBKO OKOH rpa)uyecKoro BBOJIa U PEIAKTUPOBAHUS KOHCTPYKIIHMH.
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Pucynok 4. HauanbHbli 3Tam paboThl C KOMILJIEKCOM
Jl51s paboThI C HOBBIM MPOEKTOM BBIOMpaeM B MeHIO IIpoexm niynkt Hoeguwlit

npoexm (nanee ayg kparkoctu lIpoexm-Hoewiti npoexm).Ilocne dyero nosiBisercs

OKOMIKO, B KOTOPOM BBOJATCA AAHHBIC 110 (I)al?my, IIarIKe U IMoAIIMCAM K pa60Te.
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Pucynok 5. Co3ianue HOBOro mpoeKkTa

Cnenyer BbIOpaTh B BepxHeM moje FEA-npoekt (ycTaHOBIIEH IO
YMOJYaHHIO), YKa3aTh MyTh K (aiily mpoekta (MOXHO HE H3MEHSTh, €CIH
paboTtaeM B cTapoii mamnke), u ums ¢aina (y vac oynet Ipumep pamwr). lons FE-
mooenvb, Haszeanue npoexma, Paspabomuuk coiepXaT BCIIOMOTaTeIbHYIO
TEKCTOBYIO HH(POPMAIIHIO, UX MOKHO HE 3aIllOJIHATH (puc. 5).

[Tocnie BBITTOMHEHUS STUX JACUCTBUN OTKPOETCS rpaduueckoe OKHO MPOEKTa.
OHO MOXET 3aHMMaThb Becb Pabouuti ¢cmon, a MOXKET ObITh HEOOJBIIUM U €ro
MOJKHO TiepeMeniath no Pabouemy cmosy, WiIM CBOpauMBaTh B 3HA4OK. Jlanee Ha
CTaHJApPTHBIX  JCHCTBUSX C OKHAMH B  ONCPAIlMOHHONH  CHCTEME He
octaHaBiMBaeMcs. Ha pwuc.7 1mokaszaH BHJ BCEr0 OKHA NPOrpaMMbl IpH
aKTUBU3AIMH TPOEKTa. Temneps BHIHBI BCE MYyHKTHI Mento U Ovicmpbie KHONKU U
MEPEKITIOYATEINH.

OOparuM BHHMMaHWE Ha JAyOJUPYIOUIMA BapuaHT Menio B TIPaBOM

BCcrioMoraresnbHoM okHe. OHO nyonupyet [ 1agnoe Mento, HO B OTJIIMUUE OT HETO
SBJISIETCS] HE BBINAAAIONINM, a GUKCUPOBAaHHBIM. T.e., Mocjae BXoAa B MMyHKT MEHIO

6yneT dKTUBHO CKPBITOC 110 HUM IIOAMCHIO.
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Pucynok 6. [ naBHOE OKHO ITPOTpaMMBI

YcmaHoeka muna 3ada4u
Ha stom srtame ompenensem, 4ro paboTraeM ¢ IUIOCKOW Mojeibio. [IyHKT

MeHI0 [Ipaska — Dnemenmol — Yemanoska. OTKPBIBAETCA BCIIOMOTaTEIbHOE TOJIE

Ilepexniouameneii, B KOTOpoM BeiOupaem 2D-banxu (puc. 7).
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Pucynok 7. Beibop miockoit mogenu
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Bri6op miockoit Momenu OyaeT MOATBEPKACH BBOJOM IEPBOTO dJIEMEHTA

(crepxwusi). Jlo mepBoro BBOA CTEPAKHS THI 33J]a4H MOXKHO U3MEHUTb.

OcHo@HbIe npuemMbl nNpu 68o0e 2eoMempPUYECKOU cxeMbl
KOHCmMpyKuyuu

BBon crepxHell BBIIONHAETCS B TpaUUeCKOM OKHE B HMHTEPAKTHBHOM
dbopme 1meTIYKaMyi MBIIIKA — OTMETKOW MEPBOro M BTOPOro y3Ja crepxHs. OqHako
CYIIIECTBYET HECKOJIbKO TPUEMOB W TEPEKIIoYaTesei, 00Jerdaronmx MpoIecce
BBojla. ONHMM W3 HUX SIBJISETCS 3aJjaHUE pacTpa KOOPAMHATHBIX OCEW s
yA00CTBa MPUBS3KU Y3JI0B K KOOPAMHATHOM CETKE. DTOT CIOCOO0 paccMaTpuBaTh
He OyneMm, T.K. peajqn3oBaHHble B mnporpamme (yHkiuu [lpuessku, /lenenus,
Konuposanus, I[lepemewenus n0CTaTOYHO yIOOHBI IIPU BBOJIE CTEPIKHEH.

PaGora OonbmMHCTBA (YHKIIMHA 3aBUCUT OT TEKYIIETO COCTOSIHUS
nepekaoyateneil. Pekomenayercs oOpatuTh BHUMaHUE Ha JIEHCTBUE CIIEIYIOIINX
nepexsroyaTesne uin nx komOuHanuii. CoctaB KHOMOK MepeKIitouaTesieil 3aBUCUT
OT TOT0, KaKas (PYHKITUSI TPOTpaMMBbI BBITIOJTHSAETCS B IaHHBIH MOMeHT. Hanpumep,
MEPEKITIOYATENH, OMPEACIIAIONINe CIoco0 BhIOOpa 3JIEMEHTOB OynyT BUIHBI MpU
BBINIOJIHEHUU TakuxX (QYHKUUN, KaK KOnUpogawue, nepemeujeHue, OeieHue

QJICMCHTOB U T.II.

pHMepblnpyMep paMblfea (FEA-npoekT)]

APMHpOEaHHE CepEHC
s e 2d o @(EEE Y F (P 2

IToKas HDMEPDEHBHEMEHTDB \

TIOK43 ¥3JI0E TOTEKAMH
IMOKa3 HOMEPOR ¥3II0E

Pucynok 8. HazHaueHue nepekirouaresieid crnocoda oToOpaxxeHust MoJIeu

[Ipu akTMBM3aMKM TepeKirOUaTesied Ha puc.8 OyayT BBIBOJUTHCS HOMEpa
AJIEMEHTOB (CTEp)KHEH) MOJeau, HOMepa Y3J0B, WM OyIyT IOKa3aHbl Y3JIbI
KOHCTPYKITUU KpAaCHBIMU TOYKaMH. [TocaeTHIO0 QYHKITHIO JKeJaTeIbHO BKIIFOUNUTh
Npyd BBOJIE W UCIpaBlIeHHMH Mojenu (nanmee — o0e omepalnud Ha3bIBaeM

Peoaxmuposanuem monienn).
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Crnenyromasi Tpymnma IepekiroJaTesel omnpeaeseT crnocod MPUBSI3KU

KoopauHat BBOJVMMOM TOYKHU (KOODHI/IHaTbI V3J10B 3aJJaK0TCHA B MeTDaX).

FPaly Box FKiz

Vaaeauesans seomempiio

Vaaeaueams pacmwp

Vaaeausanty caot

Sanpar woapdunam

Sanpor cALIeHU & DSRAPIMOEOT CUCIEME KOOPAUHAM
Sanpac CAMPIYEHIA & ROTAPHOLN CLCMEME KoapOuHAm
Flowecr cpedunnotd moi

Hepeceyenne nunil

Pucynox 9. Haznauenue nepexirodareneii crmocoda 0ToOpakeHHsT MOICTTH

Ha puc. 9 manma mozackaska K TMepeKioyaTessiM Ccrocoda TMpPUBSI3KH,
UCIIOJIb3yeMasi TIPU BBOJIE CTEPIKHEBBIX CHCTEM.

— Ynasnueame ceomempuio — cUCTeMa TBITACTCS TPUBS3aTh IMOJIOKCHHE
Kypcopa TpH MICIYKE B IOJIC PEAAKTUPOBAHUSA K OJDKaWIEMy Y31y
BBEJICHHOW CUCTEMBI. Eciii Kypcop MOCTaTOYHO JAlIeKO OT BCEX Y3JIOB,
TO MPUBS3KA HE BBHITOJIHSICTCS,

—  Ynasnueams pacmp — npuBs3Ka Kypcopa K Oyvkaiiiield Touke pactpa,

— Ynasnueams cnoti — mpuUBS3Ka K TOYKAM 3arpy>KEHHOTO YepTeka B
dbopmare dxf,

— 3anpoc koopouram — eciay TOYKa MPUBS3KUA OTCYTCTBYET (Kypcop JalIeKo
OT BCEX V3J0B), TO BBIBOJUTCA JOHUAJIOTOBOE OKHO, B KOTOPOM
MOJIb30BATEIh BBOJUT TOYHBIE KOOPAWMHATHI BBOJUMOM TOUYKH. IDTOT
Croco0 MOKHO UCIOJIb30BaTh, HO OH JIOCTATOYHO TPYAOEMOK IPHU BBOJIE.

— 3anpoc cmewenus 6 0ekapmogol cucmeme KOOpOuHam — TOCIE TOro,
KaK OIpPECIICHbl KOOPJAMHATBI TOUKU Kypcopa (BBIMOJHEHA MPUBS3KA K
Hel), BRIBOJIUTCS JUATIOTOBOE OKHO, B KOTOPOM 33JIal0TCSl CMEIICHUS TI0
KOOPJIMHATHBIM OCSIM OT TOYKH TPHBSI3KK Kypcopa. JloctatouHo

yI0OHBINM BapHaHT BBO/IA.
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CMmBICIT OCTaNbHBIX MEPEKIIOYATEIIEH SICEH IO TOJICKa3Ke Ha puc. 9.

EnuHCTBEHHON TOYKOM, K KOTOPOW aBTOMATUYECKH MPUBA3BIBACTCS Kypcop
B nyctoMm daiiie npoekta — Touka (0, 0), mokazaHHass B OKHE rpaduueckoro
peaKkTopa rnepecevyeHueM KOOpAMHATHBIX OCEH.

Paz6epemM BBOJI HECKOJIBKUX CTEP KHEH paMbl (3aaHue Ha puc. 3).

[Ipumem, 4TO KOOpAMHATA JIEBOM HUXHEW TOYKU KOHCTPYKLIMH B HAyale
KOOpAUHAT (€CTECTBEHHO, YTO MOJIOKEHUE BCEM KOHCTPYKIIMU OTHOCUTEIIBHO
KOOPJIMHATHBIX OCEH HE BIMSIET Ha pe3yJIbTaThl pacyeTa).

BBoauM mnepByro JI€BYIO CTOHKY BBICOTOM 4M. AKTHUBEH NEPEKIIOYATEIb
3anpoc koopounam. lenkaem kypcopom psgom ¢ Toukoit (0, 0). Bromurcs
nepBasi TOUKa CTOMKHU, T.K. Kypcop NPUBSA3BIBACTCS K Hayaly KOOPJMHAT. 3aTeM
HIeJIKaeM Kypcop B IMpOu3BOJIbHOM Mecte. [IpuBsi3ka HE BBINOIHSETCA, H
BBIBOJMTCS 3apoc 0 KoopauHate Touku. Jlaem 3Hauenus X=0, Y=4 (koopAuHATHI
y3JI0B 3a7at0Tcsl B IporpaMme B MeTpax). [lepBriil ctep:kens BBeeH (puc. 10).

JIist 3aKperuieHusl BBEJEM aHAJIOTMYHBIM CIIOCOO CTOMKY BTOPOTO 3Taxa,
BbICOTON SM. Mcnons3yem To, yTO B Mojenu yxe ectb Touka (0, 4). Illenkaem
KYpCOPOM PsIIOM C HEW — IPHUBSA3KAa HWKHETO y3JIa BTOPOW CTOWMKH BBIIIOJHEHA
aBTOMATHUYECKHU. 3aTeM IIEeJIKAaeM Ha HEKOTOPOM PACCTOSHHUHM OT CYIIECTBYIOIIUX
TOYEK — OMSATh BBIBOJMUTCS 3alpoc Ha aOCOMIOTHYIO KOOPAMHATY BTOPON TOYKH
croiiku. BBogum manneie X=0, ¥Y=9, (9M=4m+5m). Tenepb numeeMm B MOJEIU JBa
CTEPIKHSI JIEBOM CTOMKH.

BBox mo abGCoMOTHBEIM KOOpAWMHATAM HE COBCEM YA00€H, T.K. KaXAbIA pa3
TpeOyeTcs BBIUUCIATH U BBOAUTH KOOPJAMHATHI HOBOTO y3ja CUCTEMBbI. ['opaszmo
ya100HEe UCTIOb30BaTh CIOCO0 OTHOCUTEIBHOM MPUBS3KU. B KOTOpOM MBI 3a/1aeM
paccTOsIHUE HOBOTO y3J1a OT y37a, K KOTOPOMY MbI MPUBSI3AIN KypCcOp IPHU BBOJIE.
[Ipn BBOJE TpETHETO CTEP>KHS BHAYAJIE IIPU BBIKIIOYEHHOM IEPEKIIOYATEIIE
OTHOCUTEJILHON TMPUBSI3KA OTMETUM MEPBYI0 TOUKY (BEpPXHSS TOYKa BTOPOIO
CTEp>KHA). 3aTeM BKIIIOUMM OTHOCHUTEIIbHYIO MPUBSA3KY M BHOBb LIEIKHEM Ha 3TOMN
ke Touke. [losBUTCS OKHO, B KOTOpOM 3anaauM 3HaueHus dx=0, dy=5 (nmuHa

TpEeThel CTOMKHM) — cM. puc. 11.
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Pucynok 10. Ucnonp3oBanne abCOMIOTHON NPUBSI3KU I IEPBOTO CTEPIKHS

AHQJIOTUYHO BBEJIEM MOCIEIHUM CTEP’KEHb, TOJbKO yKaxkeM dy=3 (IjauHa
YETBEPTOTO CTEPKHS.

Hcnonb3yeM METOJI OTHOCHUTENIBHOW NPUBSA3KU Uil BBOAA BTOPOM clieBa
CTOWKH. JIJTMHBI COCTABJISIIONIUX €€ CTEP)KHEW TaKue K€, KaKk B MepBOHM. MOKHO
ObLJIO OBl CKOMHMPOBATH MEPBYIO CTOMKY, HO ATy OIEPAIUI0 PACCMOTPUM IO3KE.
YuTeM MAEHTUYHOCTh CTOEK U TO, YTO BTOpAsk CTOMKA CMEIIEHA OT MEepBOi Ha 9m.
[ToaTOMy BBOA BTOPOW CTOMKHM BBIIOJHSAEM IPU AKTUBHOM IIEPEKIKOYATEIIE
OTHOCUTEJIbHOM TpUBA3KU. [Ipym 3TOM moodepenHo IpUBSKEM Kypcop K y3Jjiam

NEepBON CTOWKH, & OTHOCUTENbHYIO MpUBS3KY ycTaHoBUM dx=9, dy=0. YcranoBka
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3HAQYEHUH OTHOCUTENHHOW MPUBSI3KU (B OTIMUMU OT aOCOJIIOTHOW MPUBSI3KH K
KOOpJIMHATaM) 3allOMMHAETCSI TIPOrPaMMOM, BBITIOJIHSIETCS OJMH pa3. Pe3ynbrar u
MOCJIeA0BATEILHOCTD MIETYKOB (1u(pamu) Kypcopa rnokazaHa Ha puc.12.
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Pucynox 11. OTHOCUTENIbHAS TPUBSI3KA MPU BBOJIE TPETHETO CTEPIKHS
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Pucynok 12. OTHOCHTENBHAS TPUBSA3KA IPU BBOJAE BTOPOU CTOMKHU

IIpm BBOZE TPETHEN CTOMKHU MCIIOIB3YEM TO, YTO B YPOBHE YETHIPEX ITAKEU
€€ TeOMETPUs MICHTUYHA MEPBOM M BTOpPOU. UerBepras M mATask CTOMKU UMEET
COBITQJICHHE T€OMETPUU B YPOBHE TPEX MEPBBIX ATa)xeu. PaccMoTpuM omnepanuto
Konupogarus. YeTblpe dTaxka TPETbEH, YETBEPTOU U IISITOU CTOCK CKOIUPYEM M3
BTOPOM, @ 3aTE€M B YETBEPTOM W IIATOM CTOMKAX YJAJIUM CTEPKEHb YETBEPTOIO
ypoBHs. [lpyu BBINONHEHUM KONUPOBAHMS ClEAyeT BbIOpaTh (OTMETHTH), Kakue
CTEPKHU KOIHUPYIOTCS.

Pa3Hble peKMMBI OTMETKH 2JIEMEHTOB 33Jal0T CIECAYIOUIUE ITEPEKIII0YaTENN.
OHU NOSBIISIFOTCS, €ClId BbIOpaHa (QYHKIMS, IPU KOTOPOU MEPEKITIoYaTeIn UMEIOT

CMBICJI (KOHI/IpOBaHI/Ie, YAAJIICHUC, ACIICHUC CTGp)KHGﬁ H T.II.

————— o ———— - P

@Q [ 3 ,E
5: Box Frz

\____________./

Pucynox 13. [lepekitouatenu cnocoda BbIOOpa 371€MEHTOB

— Einz — crep>XxHU BBIOMPAIOTCS IO OJAHOMY LIEITYKOM MBILIKH,
— Auto — BpIOOp OIIpeAEAETCS TOYKAMU pacTpa,

— Box — BbI0OD BBITIONHSAETCS PAMKOH,
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— Krz — nononmHuTenbHBIN K pexkuMmy Box. [Ipyu HeakTMBHOM BhIOHparOTCS
AIIEMEHTHI, TTOJIHOCTHIO TIOMNaBIIue B paMKy. [Ipu akTuBHOM 100aBISIOTCS
YaCTUYHO MOMAaBUIME B PAMKY.

Breibepem nyHkT MeHo Ilpaska — I'eomempua — ODnemenmuvt -
Konupoeams. Beibepem pexxum Box 1 0TMETHM paMKOW CTEP>KHH BTOPOM CTOMKH.
Haxxmem kHonky Touku. /[eakTMBUpyEeM OTHOCUTENBHYIO NpUBs3KY. Lllenknem Ha
HIKHEM y3JI€ BTOPOM CTOMKUA. AKTUBUPYEM OTHOCUTEIIbHYIO MPUBS3KY. LllenkHeM
Ha HIDKHEM Y3Jie BTOPOM CTOMKH, B OKHE CMEIECHHsS] KOOpAMHAT 3aaanum dx=6,
dy=0. IllenkHeM Ha HUXHEM Yy3Ji€ TPETheHd CTOWKM M MOATBEPAHUM CTaphie
3Ha4YeHUs cMenleHus koopauHar. lllenkHeM Ha HUKHEM y3J1€ YETBEPTOM CTOWKHU U
MOJITBEPIUM 3HAYEHUA CMEILICHUMN. Briiigem u3 KOTIUPOBAHMUS.
[TocnenoBaTenbHOCTh NEUCTBUM U PE3YJIBTAT [TIOKA3aH Ha puc. 14.

Yianum BEpXHHUE CTEpPKHU YETBEPTOW U MATOU CTOEK. Bonaem B MEHIO
Ilpasxka — I'eomempuna — Inemenmol — Yoanenue. BKiounM KHONKU Yoanamo
oanku n Yoanams y3api. OTMETUM pAaMKOW BEPXHHUE CTEPKHU YETBEPTOU U MATOU
croek. Ctep>kau OyayT ynanensl. Pedynbrar Ha puc. 15.

Hcnons3ys yKe pacCMOTPEHHBIE OIIEpaLH, JOCTPOUM paMy J0 CIEAYIOLIEH
cranguu (puc. 16). [lociie BBIMONHEHUS ATUX ONEpalMid T€OMETpUs KOHCTPYKUUU
noutu 3akoHueHa. OcTanoch J100aBUTh PUTEIH, MPUMBIKAIONIME K HAKIOHHOMY
CTepKHIO, U pemeTky ¢epmbl. [ 3toro Ttpebyercs pa3douth mosica ¢hepmbl U
HAKJIOHHBIM CTEPKEHb HA HECKOJIBKO CTEP/KHEH.

Brimonanm pazbuenne mosicoB. Bxogum B meHto [lpaska — I'eomempus —
Henenue 6anok. llpenycmorpeHo nBa BapuaHnrta jaeneHus. IlepBblit — neneHue Ha
paBHBIE IO JJIMHE CTEPKHU. BTOpOM — NelIeHHe OAHUX CTEPKHEU C IOMOUIBIO
npyrux. [losica pepmbl pasnenum nepBeiM criocobom. [losica TpeOyeTcst pa3douTh
Ha IIECTh pPABHBIX CTEpPXKHEW. YCTAaHOBMM 3HaueHHe N=5 (YHCIO HOBBIX
BHYTPEHHUX Y3JIOB B KaXJOM MOfACE). 3aTeM BbLACIUM 00a 1osica U HaXMeEM
kHonky Crapr. [Ipoiiecc u pe3ysibraTt nokasansl Ha puc. 17. Ocraercst U3BECTHBIM

CrocoOOM BECTH PELIETKY (hepMBI.
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Pucynox 14. [Ipouecc u pe3yiabTaT KOMUPOBAHUS

Pa30uTh HaKIOHHBIA SJIEMEHT MOXHO AaHaJOTUYHBIM CIIOCO0, T.K. OH
JOJDKEH OBITh pa3OMT Ha paBHBIC 1O JUIMHE 3jeMeHThl. OJIHAKO PaccMOTPUM
BTOPOI1, OoJiee o0l crocod pazduenus. Beab He 00s3aTENbHO B 3aIaHUU ObUIH
OBl OJMHAKOBBIC 1O BBICOTE BEPTHKAIBHBIC CTONKHU, COMpPSTaeMble C HAKIOHHBIM

9JICMCHTOM PUTCIISIMU.
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Pucynok 16. OcHOBHBIE pUrenau U KOJOHHBI
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Pucynok 17. Jlenenue mosicoB pepmbl

Bropoii cnoco® neneHus 3aKiro4aeTcs B TOM, YTO HEKOTOPBIE CTEP:KHU
MO>KHO Pa3JeauTh C IOMOLIBIO MEPECEKAOIUMUCS C HUIMH CTEPXKHSAMHU. {1151 3TOrO
BHayaj€ OT COOTBETCTBYIOIIMX Y3JIOB CTOMKH IMOCTPOMM JBa PUTENsl, KOTOPHIE
3aBEIOMO TMEPECEKYT HAaKJIOHHBIM CTEp>KE€Hb. 3aTeM pa3o0beM HAKIOHHBIN
CTepKEHb B TOUKAaX IEPECEUEHHUs] C pUressiMu (3a0AHO OyIyT pa3zieieHbl caMu
purenn). 3aTeM yAaJIUM JIMIIHUE CBECHI PUTEIIEH.

[TocTtpouMm purenu ¢ MOMOIIBIO OTHOCHUTEIBHOM MPUBSI3KH, BBIOpPAaB HX
JUIMHY paBHOU ceMu MeTpam. Boliziem B MEHIO Oenerus 6anoK 1 yCTAaHOBUM YHUCIIO
JIeJICHUS CTEPKHEH B HOJIb (3TO MPU3HAK BTOPOro BapuaHTa JenieHus). OTMeTum
HaKJOHHBIA dieMeHT. IllenkHeM mnpaBod KHOMKOW MbImKKA. OTMETHM JBa

BBeJICHHBIX purens. Haxxmem kHoniky Cmapm.

Seseart YOATLIRG

Ganox

LeneHHe H ofben.anos
3D anemeHTE!
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MepexarovaTeny a x

([ Tef]
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Pucynok 18. Jlenenue HaKJIOHHOTO CTEPKHS

[Tocne sToro BBOJ Te€OMETpPUM MOJEIM (YacTO HasbIBaeMbIl Tononocueil

MoOenu) 3aBeplIeH, pe3yabTaT Ha puc. 19.
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Pucynok 19. OxoHuarenbHas TOMOJOTUS PacCueTHON MOJEIH

3apaHue onop

[IporpaMmMHBI ~ KOMIUIEKC  IPEACTABIIIET  MHOIO  BO3MOXHOCTEHU
MOJICJIMPOBAHUSI COBMECTHOM pabOThl BEPXHEr0 CTPOEHUS U OCHOBAHUS. 311€Ch
pPacCMOTPUM  TOJIBKO  «KJIACCHUYECKHE» THUIIbl OMNOp: 3aJENKy, IIApHUPHO-
HEMOJABW)XHYIO M T.I. 3aJaHUE TAKHUX OIOp BBHINOJNHSAEM B MeHiO [llpaska —
Kpaegvie ycnosua — Yznoevie oouwezo muna - Ycmanoeka. llepexkinodyaeM TUIl
omniopel B [ 106anvHble (HaNpaBJICHWE CBS3EH 3amaeTcs BAOIL TIIOOANBHOW OCH
KoopauHar). M ycranaBnuBaeM HeE0OXOIUMYI0 KOMOMHAIMIO NIEepekioyaTeneit X,
Y u Rz (rotation, noBopoT BOKpyr ocu Z). HaxaToe cocTosiHHE NepeKIroYaTes
O3Ha4yaeT, 4YTO BJOJIb COOTBETCTBYIOIIETO HMEETCS CBSI3b. 3aT€M B PEXUME

OJIMHOYHOTO BBHIOOpa WJIM BBIOOpa paMKOW OTMEYaeM y3Jbl, B KOTOPBIX
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YCTaHABJIMBACTCSI COOTBETCTBYIOIIAsI CBs3b. Eciam TpeOyeTcss ynaluTh CBS3b, TO
BBIOWpaeTCs MyHKT Y371086ble oouiezo muna — Yoanenue. CBsi3U TOKA3bIBAIOTCS
TOJBKO B 3TOM IIyHKTE€ MeEHI0. [Ipu BBIXOJI€ W3 HEro BU3yalIM3alusi CBsS3Ei
HEaKTHBHA. YCI0BHOE€ OOO3HAUEHUE OTIMYAETCS OT KiIacCUUecKuX. JIMHelHbIe
CBSI3U BIOJh ocei X W Y 0003HAYAIOTCS TOPHU3OHTAIBHBIM U BEPTUKAJIHLHBIM
3eJIeHbIM OTpe3KoM. CBsI3b OT MOBOPOTA 0003HAYAETCS MPSIMOYTOJILHUKOM BOKPYT

y3Jia. YcTaHOBUM CBSI3U COOTBETCTBEHHO 3aJaHUIO.

[ L]

Hazan

Hzn0BbIE KP.YCNOBHA!

- YCTAHOBKA
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W
nok.an. raotan.
Pacr. Cowarue Ca+F.

Pucynoxk 20. OniopHbi€ CBA3U MOJICIIH
3apgaHue WapHUpoB
[IpenycMOTpEHO HECKOJIBKO THUIOB HIApHUPOB. MBI OyZeM HCIIOJIb30BAThH
JIBA U3 HUX: V37106ble WAPHUPbI U d1eMeHmHuble. Y3JI0BbIE CO3AI0T IAPHUPHOE
COIPSKEHNE BCEX CTEPIKHEHW B HEKOTOPOM Yy3JIe. DJIIEMEHTHbIE 3a4at0T IIaPHUPHOE
IPUMBIKaHUE CTEPHKHS K y3I1y.
Bribepewm Ilpasxa — Lllapnupsr — Y3n06vie — Yemanoska. Bximounm omnuuto

I nobanbHvie W OCTaBUM AaKTUBHBIM (HaXaThiM) TOJBKO HampaBieHue Rz
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(KJIacCUYECKUi IIapHUpP, HE COMPOTHUBIISIIONIUICS TOJHKO B3aMMHOMY MOBOPOTY
CTEp>KHEM, ero yCIOBHBIN KOJ B iporpamMme 32). OTMETUM B PEXKUME OJMHOYHOTO

WJIU BBIOOpA PaMKOi BCe y3JIbI (hepMBI.

W pHHpE!
I nereHTHER
- YCTEHOEK.S
32 —32 —32 —32 — 32— 32— 32 - ansHie
|/|\|/|\|/|\| - KOHTRONE
32 — 32 — 32 — 32 — 32 — 32 — 32 Ysnoebie
- YyCTaHOBKA
- YnaneHue
HoBkle yznoese
- YCTEHOEKS
- DELEAMHTE
- YW1 ANEHHE
- MOAHOE Ya,aneHHE
- CTaHLERTE!
MepexnrovaTend 1 =
)| v | z | re| Fy I Rz
AoKaN. raoGan. Aned,

Pucynok 21. Y3noBble mapHUpsI B hepMme

«Bpexxem» miapHUpbl B JEBBIM U MpaBble y3Jbl PUTENICH, MPUMBIKAIONINE K
HAKJIOHHOMY CTEp>KHIO pambl. Beibepem [lpasxa — [llapnupvr — Dnemenmuvle —
Yemanosxka. YcTaHOBUM TEpEKIIIOYATENIM COOTBETCTBEHHO PHUCYHKY 22 U B
KOKJIOM CTEep)KHE IIEJIKHEM Ha JIEBOW W mpaBoil ero mnojoBuHaMm. [llapHupsi

YCTaHABIIMBAKOTCA TOJBKO B KPAMHUE Y3JIbl CTEPIKHEM.

I

W apHHpE!
FnemeHTHSIE

- ycranoska
- unanerue

- KOHTRONE
Yanoewie

- YCTAHOBKS

- unaneHie
Hoetie ysnoseie
- YCTaHOBKE

- DELEAMHUTE

- YnaneHKe

ynaneH1e

Mepexntouarens

i EI

T | nOKaN. raoGan. nem.
Eanku [

PucyHok 22. DjieMEHTHBIE IIAPHUPBI B PUTEISAX
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3agaHue cevYeHMn U MmaTtepuarioB CTepXXHen
Beoonwvie ceeoenusn no mamepuanam

Tenepr HEOOXOIMMO 3a/aTh T€OMETPUYECKHE XAPAKTEPUCTUKH CEUECHHM
CTEp>KHEW IUIOMIAAX, MOMEHTHl WHEPIUH U T.O1.) U UX (PU3UKO-MEXaHUYECKUE
napaMeTpbl (MOAYJIU YIPYTOCTH, TIIOTHOCTh U T.1I.).

B nporpamme Bce XapaKTEpUCTUKH OOBEIUHSIOTCS B TOHSATUE mMuUn
mamepuana. Kaxaplii TAN BKIIOYAET B CE0S U T€OMETPUUECKHE XapaKTEPUCTUKHU
CEUeHMs, U KOHCTAaHThl Marepuana. BHauane 3amaioTcs TUIBI MaTepuUalioB, Ha
BHEIIHEM YpOBHE AU(depeHnpyeMble HOMEpaMH TUIIOB. 3aTeEM YKa3bIBaeM, YTO B
HEKOTOPOM TpyIIe CTep:KHEeW ucnoiibdyercs mMatepuan Ne 1, B npyroit rpyrire —
matepuan Ne 2 wu T.1. EcTecTBeHHO, TUIBI MaTepUaloOB IOTOM MOTYT
KOPPEKTUPOBATHCS.

31ech BaXKHbIM MOMEHTOM SIBJISIETCSl HAJUYHME CBS3U: CHMEpoCeHb — MUun
mamepuana — napamempsl muna mamepuana. Hanpumep, ecnu psia cTepKHER
uMmeeT Tun marepuasa Ne 3, a 3areM Mbl M3MEHUM XapaKTEPUCTHUKU CAMOIO
Marepuana 3, TO B pe3yJibTaTe H3MEHATCA IapaMeTpbl BCEX CTEPKHEH 3TOU
rpynnsl. Eciiu TpeOyeTcst N3BMEHUTh XapaKTepUCTHKU HE BCEX CTEPXKHEH, a 0JJHOro
WIM HECKOJIbKMX, TO HEOOXOAMMO BBECTHM HOBBIM THI MaTepuaja, U CBSA3aTh
COOTBETCTBYIOILIME CTEPKHU C HOMEPOM HOBOI'O THIIA.

Jlormdeckast  MOCJIENOBATENIbHOCTh  MCIOJNB30BaHHUS ~ MaTepUaloB B
nporpamme:

1. B maHHBIX BBOASTCA TUIIBI MaTtepuanoB. Kaxaplid TUII onpeaensiercs
CBOMM HOMEPOM.

2. C xaxIpIM HOMEpPOM MaTepuana CBS3aHbl TE€OMETPUYECKHE

XapaKTEPUCTHKA W KOHCTAHTBHI (PU3MKO-MEXaHWYECKHUX IMapaMeTpOB

Marepuana.

CtepKHU CBA3BIBAIOTCS C HOMEPOM MaTepHralia.

4. Ilpu 3anucu JAHHBIX NOporpaMma aBTOMATHYECKH ONTUMU3UPYET
CTPYKTYPY JaHHBIX U HYMEPALMIO TUIIOB MaTepHaa.

W

Cnocooul 3a0anus mamepuaios npoeKkma
YcTaHoBKa mapamMeTpoOB THIIOB MaTEpPHAIOB BBITIONHSIETCS B MEHIO [Ipaska
(Peoaxmuposams 6 Stark ES), nonmento Mamepuaiwt.
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[Tocne Bxoaa B moameH0 Mamepuaipl TOCTYIHBI 3 BUIA IEUCTBUNA:

1. YcTaHOBUTH MM yAQIUTH COOTBETCTBUE MEKIY AJIEMEHTOM (CTEPIKHEM)
¥ HOMEPOM Matepuaia (IIOAMYHKTbI MEHIO: —yCHAHO8UNb N —yOaiIuUmb),

2. Haznauutes mnapamerpy Tunf wmarepuasia (MOAMYHKTHl MEHIO: —
pedaxmuposams, ceuenuss KBK, npouzeonvhoe ceuenue, copmamernm npoguneti —

6 Stark, unu Peoakxmuposams, Pacuem ceuenuii, Pacuem ceuenuii pacuupenmwiii 6
Gen-3DIM. ).
Campiii mpocToit cmoco0 3agaHusi JaHHBIX — TPU BBIOOpPE TMOJIMEHIO

penaktupoBanue. OTKpBIBACTCS TUATIOTOBOE OKHO, B KOTOPOM MOKHO 33]1aTh WU
UCIIPaBUTh BCE OCHOBHBIE T€OMETPUUYECKUE XAPAKTEPUCTUKHU CEUEHUS] CTEPKHS U
napameTpbl Matepuasna. OJHAKO ClEeIyeT YYecTb, YTO 3[€Ch TI'€OMETPUUYECKUE

XAPAKTCPUCTHUKHU CCUCHUS OOJIZKHBI OBITH OIIPCACIICHEI.

x x
eﬁpol Tpoc I Cnoucm:lﬁl 3D - crepsers | Peﬁpol Tpoc I Enoumbml
Hotep tar. IM 'I @I Homep mar. |1 j
A G A [0 G [1.3e+007
gs | Rho | As |0 Rho [25
At | At ID
e | ' TTE
™ s [ooooes
It I It ID.DDDB?E
E I ETar-u:Lap’rI E |3E+UU? ETar—u:Lap-rl
Lobinok Cobmok
oK I OTtieHa | 0K | OTtmeHa I

Puc. 23. OxHo HCIIOCPCACTBCHHOTI'O 3aaHNA XaPAKTCPUCTUK CCUCHUA U MAaTCpHajia

HeoOGxonumo BBIOpaTh COOTBETCTBYIONIYIO BKIAIKy (2D-cTepkeHnb) u
HaxxaTh kHONKY HoBpiid. [locime dyero mosBUTCS HOBBIM HOMEp Marepuaia (B
JaHHOM TipuMmepe — 1), u 171 Hero OyAyT MPHUHSATHI HEKOTOPBIE MapaMeTphl MO

YMOJIYAaHHATO. CMmpICcT KOTOPBbIX:

A — IOk MONEPEYHOTO CEYEHHUS, M2,

As — CIBHIOBas IIIOIIAb OTHOCHTEIBHO OCH S, M2,
At — cBUTOBAs TIONIA b OTHOCHTEIBLHO OCH £, M2,
Ir — MOMEHT HHEPLMH [IPH KPyYEHHH, M*,

IS — MOMEHT UHEPLIUH OTHOCUTEIBLHO OCH S, M*.

[t — MOMEHT MHEPLIUK OTHOCHUTENLHO OCH £, M*.

E — monyns ynpyroctu, xlla.

G — monynsb casura, klla.

Rho — 00beMHBII Bec MaTepuana, T/m>.
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Jnist 3aganust (QU3HMYECKUX KOHCTAHT MOYKHO BOCIIOJIB30BATHCS KHOTIKOM
BBIOOpA (B OKHE TOANUCH HA KHOIKE — MHOTOTOUYHe). [1osIBUTCSI TMalOroBoe OKHO
BBIOOpa Mapku MaTepuaia. BeiOpaB B TabyMile COOTBETCTBYIOIINI BUI MaTepHaa,
XapaKTEPUCTUKHU U KJIACC UM MapKy, MOJIYYHUM CIPABOYHBIE JJAHHBIE O MOAYJISIX U
ob6bemHoMm Bece. [locie Haxkatus Ha kHOnKy OK nmaHHbIe aBTOMAaTHYeCKHd OYyayT
MePEHECEHBI B TAOIUITY PEAAKTUPOBAHUS MaTEpHaIa.

T.K. 111 CIIOXKHBIX CEYECHHU BBIUHMCICHHE T'€OMETPUUYECKUX XaPAKTEPHUCTHUK
JIOCTaTOYHO TpYyJAOE€MKas 3ajadya, TO B KOMILUICKCE MPEIYyCMOTPEHO HECKOJIbKO
BAPUAHTOB aBTOMATHU3AlIUH BBIUHUCIICHUS TUIOMIAIA U MOMEHTOB UHEPLIUU CEUCHHSI.

[TepBeiii BapuanT — noameHto Pacder cedenuit wim cedenust JKBK. Ilpu
BBIOOpPE 3TOr0 MYHKTA MOSBIISIETCS 3alIPOC - yYKa3aThb HOMEp TUIa MaTepuania, JJis
KOTOpPOro BbINOJHsAETCS pacueT. llocne yka3aHus HoMepa OTKPBHIBAETCA
JINAJIOTOBOE OKHO C TaOJIMIICH XapaKTEPHBIX TUIIOB KEJI€300€TOHHOTO CEUYCHUS U
napaMmeTpamu (pazMepaMmu), COCTaB KOTOPBIX COOTBETCTBYET TUITy ceueHus. [locie
Haxkatusi KHONKU OK BBIMIOIHSETCS BBIYMCICHUE XapPaKTEPUCTHK U UX 3HAYEHUS
aBTOMATHYECKU TEpPEeJaloTCsl B MaTepuald C yKa3aHHbIM HoMmepoM. Jlanee s

InmpuMepa HpHBCHGHHﬁ@paFMeHTH AUAJIOTOBBIX OKOH JIsI HCKOTOPBLIX BAPHAHTOB

CCUcHUsI.
x x
(o] ; e i — o] 5 ; e i —
ol sfefo] +x]
s —— Pasmepel ceveHHA———————— Pazrepel ceveHua ————
b =| b= Im h= IU_E
I hos b1 =07 W= [ois
h t Hraon =||3 Yron =|[|
— D—pl +h+
Ok, I OxrieHa | Paccuvrare | ak I OxraeHa Paccuirare

Puc. 24. BapuaHTbl 11anoroBbIX OKOH pacyeTa CEYeHUn

HauGonee oOmuii BapuaHT BBIUMCICHUS TEOMETPUUECKUX XAPAKTEPUCTUK —
HCMOJIb30BaHuE NMOAMEHI Pacuem ceuenuii (pacuupennwiit) wia Ilpouzeonvrnoe

ceuenue. 37eCh TIONB30BATENIb B OTACIBHOM Tpa(PUUYECKOM PEIAKTOPE MOKET
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chopMHUpOBaTH MPOU3BOJIHLHOE CEUEHHE U3 COCTABHBIX NMPUMUTUBOB. B kadecTBe
MPUMUTHBOB BBICTYNAIOT Pa3IMYHbIC T€OMETPUYECKUE (PUTYPHI U COPTAMEHTHBIC
npobuau, T.K. 3TO Haubojee CIOXKHBIA BapUaHT 3aJaHus TeOMETPUUYECKHUX

XapaKTePUCTUK, peaTM30BaHHbBIN B OTENbHOM mporpamme Profilemaker.

Hcnonvzoeanue peoakmopa ceuenuii ProfileMaker
[Tocne BrI30Ba (DyHKIMH pacueTa MPOU3BOIHHOTO CEUCHHUSI TIOSIBIISIETCS] OKHO

nporpammel Profilemaker, umeroiiee psia mosneit ynpapieHusl.

¢ Profilmaker - [ProfiiMaker1]

{T] Aokyrent Pepaktop Ooxssats Pacuet  Hacrgo n/Wera Momows

[

DEE e b2
T 18 B e o | B ol

~ BBoA reoMeTpuYeCcKMx
Mapka

DOpAVHATED

TM+6ToaaE? |

BOA 3NeMEHTOB COPTAMEHTOB

+ OOnacTb 3a8aH1A NONOXKeHNA

[ npoduneil

epaieTpna | HECTHOCTH

OGnacTb NapameTpoB Npodunei
1 BbIYMCIIEHUA FeOMETPUYECKUX
XapaKTepUCTUK COCTABHOMO

z cevyeHMA
Y

Puc. 25. Okno nporpammel Profilemaker
PaccMoTpuM BBOJ HEKOTOPOTO COCTABHOTO CEUEHUS, COCTOAIIETO U3 JBYX

LIBEJIJIEPOB, COEIMHEHHBIX MOJIOCAMHU 10 BEPXHEW M HWXKHEW monkaMm. K BepxHen
ITOJIKE NTPUBAPEHBI IBA CAMMETPUYHBIX YTOJIKA.

Ha nepBom stane BBegem mBeiwiep [20 mo ['OCT 8240-89. Haxmem Ha
KHOIIKY BBOJA DJIEMEHTOB COPTAMEHTA, U B OTKPBIBILIEMCSI OKHE BbIOEPEM HY>KHbBIN
TUIl CcOpTaMEHTa W HoMep mnpoduis, 3areM HaXMEM KHONKY BbiOparts.
BoiOpannbsiii mBemuiep otoOpasutcss B okHe Profilemaker. 3arem wusmenum
II0JIO’KEHUE JIEBOM TpaHuIlbl Ipoduis — caABUHEM ero Ha 10 MM BIpaso.

3arem ckonupyem npoduiib U BCTaBUM. BTopoit mpoduib mNoBepHEM
OTHOCHUTEJIBHO OCH Y, U TIOJIOKEHUE MPaBOM TpaHullbl 3a1aauM -10 mm. Jlist aToro

BOCIoJIb3yemcsi GyHKUUSIMH MeHI0 Pedaxkmop mnporpammbl Profilemaker. Ha
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pUCYHKE Jajiee TIOKa3aH pe3yJsibTar onepanuu. Pacctosiaue Mexy npoduisiMu «B
ceeTy» 20 mM. Beenem monocy mmpuHot SOMM u TonmmHou 10mM. st sToro
BbIOEpEM KHONKY BBOJIa T€OMETpUYECKUX (UTyp, BbIOEPEM NPSIMOYTOJILHUK W
YCTaHOBUM HY>KHbBIE pa3Mepbl. HuxHIO0 rpanuily mosiockl ycranoBum 200 mwm (110

BEpXY MOJIOK IIBEJIJIEPOB), TIOJIOKEHHE JIEBOM T'PAHULIBI -25 MM.

I8l
Il

‘enaxTop [okasats Pacuer HacTpofikn Ocea Momows

D@L % RE|20|T%TMsGT6[ala#?

B2 22 b == o BT R |

Mapka [U 20

KoopauHats!

200.0

Wsmennnn
| nesyio rpasuy

w=z214 [e=172.1

Puc. 26. VI3meHeHue JeBOM rpaHULIbl TOJIOKEHUSI TPOQUILS
HwuxHioro nosjocy BBeneM ¢ mapaMerpamu: ImupuHa 70MM, BBICOTa OMM,

YCTAaHOBUM €€ IMOCpPEANHE WIBEJJIEpOB CHM3Y. llpu 3TOM mnonoxeHue jeBon
rpaHuLbl -35 MM, BepxHel OMM.

Beenem paBaomnonounsiii yronok 40x5 mo 'OCT 8509-93 (u3 copramenta).
Pacrnoniosxum yroiok Ha BEpXHEM YIUIy IPaBOro HIBEJUIEpa. 3aTeEM CKOIUPYEM €ro,
pa3BepHEM U YCTAaHOBHUM BTOPOIl YTOJIOK Ha BEpXHEM YTJIy JIEBOTO LIBEJIIEPA.

Tenepp ceueHHe CO34aHO, MOXKHO BBIIOJHUTH €ro pacyer, HaxaB
COOTBETCTBYIOILYIO KHOTIKY Pacuem.

Teneps npodmino MOKHO JaTh Ha3BaHHE M COXPaHUTHh NMpoduib B daiiie.
[lepenate TeoMeTpHuUeCKHE TMapaMeTpbl B OCHOBHYIO mporpammy (MEHIO
Ilepeoams npoghuns). Ilocne mnepemaum mnpoduis mnporpammy Profilemaker

MOJKHO 3aKpPbIThb.
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[| 3¢ Profilmaker - [ProfilMaker1] =181x]
FT] goxyverr Peasston Mowssars Pacser HacTpodkn Okwa

Qv Moo sl
D@7 /boloc(TEM oTo|aai?|
b R A

! Mapka

KoopauHaTe!
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Iy 4860.0
Iz 11240
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Puc. 27. BeimonHeHue pacyeTa COCTaBHOTO MPOdUIs

Yemanoeka mamepuailose npoekma
I/ICHOJ'II)Sy}I BO3MOXHOCTH KOHCTPYUPOBAHUA CC‘ICHHP'I, YCTaHOBHUM

CIEAYIOIIME YEThIpe THUMAa MaTepuansoB mpoekrta. CTOMKM M puUread — U3
xene3zoberona B25. DnemeHTsl hepMbl — cTanbHbIE, UMEIOT COCTABHON MPO(UIIB.
Turbl ceyeHnid MpoeKTa MOKa3aHbl HA puc. 28.

YcranoBuM TpeOyeMble HOMepa MaTepUajoB JJis CTEp>KHEW mpoekTa. [[s
KOHTPOJISI BKJIFOYMM KHOIIKY LIBETOBOM BU3YyaJIM3al[MU TUIIOB MaTepuayioB. byner
MOKa3aHa CXEMa KOHCTPYKIMH, B KOTOPOM CTEP>KHU M3 MaTepualia OJHOIO THIA
BBIJICJICHBI IIBETOM (pHuC. 28).

3aMeTuM, 4YTO IMPU COXPAHEHUU TMPOEKTa IporpaMMa aBTOMATHYECKHU
yHU(MUIIUPYET BBEJACHHBIE Marepuaibl. Tak, eciu ObUTM BBEICHBI JIBa THIIA
Marepuansa ¢ aOCONIOTHO OJMHAKOBBIMU XapaKTEPUCTUKAMH, TO MpOrpaMma
3aMEHHUT UX OJHUM THUTIOM. Ecim TpeOyeTrcs Mcmonp30BaTh JABa THIIA MaTepuania ¢
OJIMHAKOBBIMM  XapaKTEPUCTUKAMHU, TO CJIEAYyET BHECTH HE3HAYUTEIBHOE

OTKJIOHCHHUC B XaPAKTCPUCTUKAX BTOPOIO.
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Puc. 28. Marepuaiibl mpoekTa
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BBoa Harpy3ok n Bo3gemcTBum
N3 Bcero MHOrooOpasusi BO3JIEHCTBUM, KOTOPbIE MOXKHO MCIIOJIb30BAaTh B

KOMILJIEKCE, PACCMOTPUM  TOJBKO KJIACCUYECKHME — Y3JIOBBIE CHJIBI U
pacIpenesicHHbIE Harpy3Kd. Y3JIOBBIE CHJIBI BBOJSTCA B Y3JIbI CUCTEMBI,
pacnpeneseHHas Harpyska 3aJaeTcsi BJIOJIb BCEW IIuHBI 3iieMeHTa. lloaromy
clenyer pa3OuBaTh OTHEIbHBIE CTEPXKHM HA XapaKTEpHble TOYKH T'PAHHULL
npuioxkeHuss Harpysku. Hcmombsyem mento: Ilpaexka — Hacpysku — Ysznoevie
cunwt, unu Ilpaexa — Hacpysxku — Ilo 3nemenmanm.

Bce Harpys3ku oObenuHSIOTCS B HArpyXeHus, 3aJaBaeMble HoMmepoMm. B
OJTHOM HAarpy>K€HWU YCTAaHABIMUBAIOT HArpy3KH, OOBEIUHSEMbIE HEKOTOPHIM
npu3zHakoM. Hampumep, BeTpoBble HArpy3ku — OJHO HAarpy’>k€HUE€, CHETOBBIE —
JIpyroe, u T.J1. B mepBoM Harpy>kKeHUH aBTOMaTHYECKH (DOPMUPYIOTCS HATPy3KH OT
COOCTBEHHOT'O Beca BKJIIOYEHHBIX B CXeMy 3yeMeHTOB. [loaTomy Apyrue BHemHue
HArpy3Ku >KellaTeJbHO 337aBaTh CO BTOPOTO HArpyXeHus. 371eCb OrpaHUuYUMCS
TEM, YTO BCE HArpy3KH 33J1aJUM B HArpyKEHUU C HOMEPOM JIBa.

BBenem cuiibl B y3max (epMbl U BAOJb psiia puUresieid — pacnpeeieHHYIO

Harpy3ky. CXxemMaTH4HO Harpy3Ku ITOKa3bIBAKOTCS COIIACHO pucC. 29.

Pya-5 Py=t10 Py=t10 Py=110 Py=410 Py=110 Py-5
Harp
I Gw/s = -6.000

4- 4- 4- 4- El [ Qws=-4.000
YNy B YN y7B DQ:.’S=—2.UDU

[V Hagmuew nokasats /

| MeHro
Nepexnroyarenn Hasaa

_Ysnoebie Harpysen

. - - YCTAHOBKA Hazag
- yaaneHue PagH.pacnp.

k3 /0 - KOMMPOEATE - YCTSHOBKA
-zapats E1 - 4OaneHqe

) I Harpys.=: - HEBAZKM - nokasaTh

Mepexnrouarenn B x

Qx/r Oy/s [/t

Mhdoprayonnoe on Aner. rnotan Mpoeku,
Pz = OMx=0

Py= £ My =0 =
Fz=  OMz-0 4 R [

gr—t—X

Puc. 29. Harpy3ku npoekra
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PacueT n npocmoTp pe3ynbTaToB
[lepen BBIMOTHEHHEM pacueTa CIeAyeT COXPAHHUTh MPOEKT (PEKOMEHIYyeTCs

NEPUOANYECKA COXPaHATh BBOJMMBIE JaHHble). Ho mepen sTuMm xemareiabHO
pa3OUTh CTEPKHU HA HECKOJIbKO MOACTEp>KHEW ISl yIy4yIIeHUs BU3Yyalu3alUU
pesynbraroB. Takke pa3zOueHHe HeoOXOOUMO [enaTh IpH PEHICHUH 3aJadyu
JUHAMHUKHA M YCTOWYMBOCTU. Mbl pa3dunu Bce crepkHM Ha uerbipe (N=3 B
omnepaiuu JejeHus CTepkHel). 3areMm BeiOupaetrcs Menw — Pacuem — Oowuil
pacuem. OtMmeyaercs B JuanoroBom okHe Crarmueckuit pacuer. Ilocie
BBIIIOJIHEHHS pacyeTa BBIBOJUTCS €ro MPOTOKOJL.

3areM yCTaHaBIMBaeM KOMOHMHAIIMIO HAarpy3okK, MCKJIIOUMB M3 HHUX
COOCTBEHHBII BEC M OCTaBUB TOJIbKO BTOpO€ Harpyxenue (Pezyarvmamut —

Komounayuu).
x|

E.artiaHauum | CaficTe. KoneﬁaHHﬂ' Oon. Kc-MlSHHauHHI

Hr-1 | Hr2
S

Tun MIN/MAK - HanoweHwA E Hogan |

& Her
 0nA KOMEUHALME E Haanure |
" 017 KOMEMHAUME W HAFRYHEHME E [ ——— |
2a0aTE CEOFCTES HEAMHENHEN KOGHHALHE | JUH . AHEAHH. |

BeiEoa KomGHHaLWEA
& word O Wiewer BLiBECTH | CeoicTea |
0K I OTrEHMTE | Morow e |

Puc. 30. KomOuHammu Harpy3ok
Pe3ynbTarel MOKHO BBIBOIUTH Tpaduyecku U TabmuyHo. B rpaduueckom

BBIBOJIE MOKHO BUJIETh 1€(QOPMUPOBAHHYIO CXEMY, Pa3JIMUHbIE TUIIbI BHYTPEHHUX
yeunuid. OOmuit nyHKT MeHro: Pesymapratel — I'paduxa, u BeIOMpaem
HEOOXOIMMBIA THUIl pe3ysbTaToB. MHTEepdelic MHTYyUTUBHO moHsATeH. [lokaxkem

HEKOTOpbIe pe3ybTarhl. Koaddunment MacmTadba pe3yabpTaTOB MOKHO U3MECHSITh.
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Puc. 31. Pe3ynbratsl pacueta
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