FnaBa 2. Mpo4YHOCTHOM pacyeT MeTariSIOKOHCTPYKLUMN
nponeta mocta B moayne APM Structure3D

2.1. CTaTU4yeCcKnmn pacuyeT CTEpPXXKHEeBOM MoAesnu nporsieta MocTta

3adaHue
BbinonHutb I'IpO‘-IHOCTHOVI pacyeT Mmoaesnn MeTasiyiokOHCTPYKUMK npoJyieta MOoCTa, M306pa)KeHHOl7I
Ha puc. 2.1.1. PaaMmepbl CTEPXXHEBLIX 3NIEMEHTOB MOAENM NpMBeAEHbI Ha puc. 2.1.2.

Puc. 2.1.1. 3D-Moaenb MeTanmnoKoHCTPYKLMKM NporneTa MocTa

K
~F

Pwuc. 2.1.2. OcHOBHbIE pa3Mepbl pacyeTHON MoAenu (B MM)

BepTukanbHble 1 ropu3oHTarnbHble CTEPXKHEBbLIE 3NIEMEHTLI MOAENM UMEIOT NOMNeEpPEeYHOEe CeveHne
Tvna OByTtaBp Ne 20 ¢ yknoHom nonok no NOCT 8239-89, a HakNMOHHbIE CTEPXXHEBbLIE SMEMEHTbI —
HecTaHOapTHOe MOoMNepeYHoe CevYeHune, YepTex KoToporo mM3obpaxeH Ha puc. 2.1.3. MaTepuan Bcex
ctepxHen — cranb CT13kn. CoegMHEHNE CTEPXKHEBbLIX 3IEMEHTOB APYr C OPYrOM XeCTKoe (CBapka Unu
oontoeoe). LLunpuHa nponeta mocta 3500 mm.



Puc. 2.1.3. YepTex ceveHus packocos

MponeTt MOCTa YCTAHOBMEH Ha YeThIpex LUAPHUPHBIX Onopax, pacrnonaratoLLMXcs Mo yrinam HUX-
Hero ocHoBaHus. Ha ogHOM M3 KOHLIOB MOCTa OMNopbl HEMOABWXHbLIE, @ HA APYrOoM MOTYT CMeLLaTbcsl B
NPOAOSIbHOM HarnpaBlieHNUU.

Ha HwxHMIN apyc mogenu (ropusoHTanbHble CTEPXKHM B Konudectee 10 WT.) AeiCTBYeT Hanpas-
neHHas BepTuKanbHO BHU3 pacnpedersieHHas Harpyska, yaesibHas BenuyvHa kotopoi paeHa 20 H/mm.

Mpu pacuyeTe crieQyeT y4ecTb AEWCTBUE CUMbI TSHKECTU.
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PeweHue

1. CosdaHue nnockoli cmepxHeesol Modesiu pamMmbl MOCMa

1.1. AKTUBaUMA pexnma oTMeHbl onepauumn

lMepen Ha4yanoOM NOCTPOEHUS pPEeKOMEHAYEeTCs akTUBMPOBATb PEXUM OTMeHbl onepauui. Bknio-
YNTB/BBIKMIOYNTE 3TOT PEXMM MOXHO C MOMOLb dnakka OTmeHa onepauun MeHio PepaktupoBa-

Hue. [pu BKNIOYEHHOM (pnaxke KHOMKM i OTMEHUTbL " ':1 MoBTOpPUTL NaHenu MHCTPYMEHTOB
®dain akTUBHbI.

1.2. YcTaHOBKa eAUHUL, n3aMepeHus

TEKyLLI,I/Ie eaunHNUbl N3MEpPEeHNA NOoKa3biBaldTCA B CTPOKE COCTOAHUA, pacnonararou.l,elhcn B HWX-
Hen 4YacTu OCHOBHOMO OKHa nporpamMmmsil. Ons YCTaHOBKU OpPYrnx eaunHul HYXHO HepeVITM B COOTBET-

CTBYIOLLMIA PEXMM HaXKaTUeM KHOMKK o EanHuubl nuamepenuns (MeHio Bug/EauHnubl namepeHums...)
1 BO Bknagke EQMHMLLI OTKPBIBLLErOCS AMAanoroBoro okHa YCTaHOBKM BbiIOpaTh HyXXHble eQuHNLbI — B
paccmartpvBaemMoM cnydae 3to MunnumeTpsbl.

1.3. Co3spaHue 6a3oBoro (Ha4anbLHOro) ysna

[ns nocTpoeHusi U peaakTUPOBaHMS pacveTHOW MoAenu KOHCTPYKUMU npeaHasHayYeHbl UHCTPY-
MeHTbl naHenn HapucoBatb (MeHio PucoBanHue/Y3en/llo KoopauHatam), KoTopasi pacnosfioXeHa
BEPTUKANbHO B NIEBOW YaCTM OCHOBHOMO OKHa pefdakTopa.

PacueTHyo Mmogenb MOXHO co3aaBaTb B OkHe NMoboro Buga, npu 9ToM OHa aBTOMaTU4EeCKM OTOO-
pakaeTcs Ha Bcex ocTalbHbIX Buaax. [locTpoeHne pekoMeHayeTcs BbINOMHATL B OKHE BMAA, KOTOPLIN
Hanbornee ygobeH ans n3obpaxeHUst MIOCKNX NOBTOPSIIOLLNXCH 3NieMeHToB (pambl). [pu aToM npouecc
COo3[aHusa Mogenu crieqyeT CniiaHMpoBaTb Takmm 00pa3oM, UYTOObLI Kak MOXHO Dornbluasi ee 4acTb Mor-
na 6bITb Nofy4YeHa NyTeM YMHOXEHMUS NITOCKON pambl B onpeaeneHHOM HanpaBieHum

B paccmatpvBaemom cnyyae noctpoeHue Begem B okHe Bupg cnepegu. CosgaHue mopenuv
HayMHaem C yCTaHOBKM B MPOU3BOSIbHOM MeCTe BblGpPaHHOrO OkHa HavanbHoro (6asoBoro) ysna: BHa-

| .
Yyarne HaxumaeM kHonky & HoBbin y3en naHenu HapucoBatb (MeHio PucoBaHue/Y3en/lo koop-
AVHaTaM), a 3aTeM LeNnkaeM fieBOW KHOMKOM MbIlIN B NPOU3BOSIbHOM TOYKE MOMS OKHA, ouKCMpys Tem
caMbIM HayanbHbIM y3en. [pegnonoXxuM, Y4To 3TO NEBbIN HUXKHWUIA y3en Moaenu.

1.4. NocTpoeHne BepTUKanbHbIX U TOPU3OHTalNIbHbIX CTEPXHEN

Haxumaem Ha naHernu MHCTpymeHTOB HapucoBaTb KHOMKY = CrepxeHb no anuxe un yrny
(meHtio PucoBaHue/CtepxeHb/l1o gnuHe mn yrny) 1 Lenkaem neBon KHOMKOW MbIWK B 0Bnactu 4yB-
CTBUTENbBHOCTUN NPUBSA3KM K y3ny. 3aTem, CMeLLas Kypcop, «BblITArMBaeM» UHaMUYecKuin o6bekT B Bep-
TUKanbHOM HanpaBfieHnW W MO LWEeNYKy NpaBoW KHOMKW MbIlUW Bbi3biBaeM AuManoroBoe okHo [lo6aBuTb
cTepXeHb ANS 3afaHus KoopaAuHaT CTEPXHS, B pacCMaTpMBaeMOM criydae — AMVHbI U 3HaYeHus yrna.
B cooTBeTcTBYOLWME NOMA BBOAA 3TOr0 AMarnora 3anucbiBaem:

° Yron, rpag — 90;
. OnuHa, mm — 3500.

Yron oTcuntbiBaeTCA OT MOMOXMTENbHOrO HanpaBneHUs OCKM OpAMHAT B HanpaBneHUW NpoTMB
4acoBOW CTPENKMU.

AHanornyHeiM ob6pa3om CTPOUM HWKHWUIA FOPU3OHTAalbHbIA CTEPXKEHb C Ha4Yanom B 6a3oBoMm y3-
ne, 3ateM BepTUKanbHbIA cTepxeHb AnvHon 4500 MM C HadYanoMm B KOHEYHOM TOo4ke npeablayLlero
CTPEXHs U T. A., BNNOTb A0 MOMYyYEeHUs NIIOCKOW pambl, COCTOSLLEN UX BEPTMKArbHbLIX U TOPU3OHTanb-
HbIX CTEPXKHEN.

1.5. MocTpoeHne HaKNOHHBLIX U NepeceKarLMXCcsl CTepPKHEN
Ecnu nonoxeHne KoHLOB HaKMOHHbIX CTepXHen TOYHO ornpeneneHo, To Npu NOCTPOeHUN uene-

Cco06pasHO BOCMOMb30BaTLCA PEXUMOM /* HoBbIN cTepXeHb, KOTOPLIN BKIHOYAETCA OOHOUMEHHOW
kHorkow naHenu HapucoBaTb (MeHi0 PucosaHue/CtepxeHb/lo koopauHatam). [1ns co3gaHust HOBO-
ro CTEPXXHS1 BHa4darne Ljerikaem JIeBOW KHOMKOW MbilUM B 06racT YyBCTBUTENBHOCTU MPUBS3KU K y3ny,
KOTOPbIN BygeT Cry>KMTb Ha4anom 3TOro CTEPXHS, a 3aTeM, CMeLLas Kypcop, Lenkaem B obnactu yana,
HaxXOSLLErocsa Ha KOHLIE CTEPXHS. Mexay aTMMK y3ramMmu NOsIBUTCS HOBLIN CTEPXKEHb. Taknm xe obpa-
30M CTPOMM CTEPXKHW, COEAMHSAOLLME YaCTW BEPXHEro Nosica NioCKoW paMmbl, a Takke nepecekatoLmecs
CTEPXKHM.



1.6. Co3paHue obLiero ysna B TOYKe nepecevyeHuss ABYX CTepPKHeNn

[na Toro 4TobbI CO34aTh y3en B TOYKE NepeceyeHns ABYX CTEPXHEN, crneayeT BHavyane Ha Kax-
OOM U3 CTepXXHerW OTMETUTb N0 OAHOMY Y3My, HaxoAdlemycs BOMM3M TOYKM nepeceveHus, a 3aTem
00beauHNTb MX B eauHbIv y3en. [lenaeTcsa 1o cneayowmm obpasom.

[Mepexoaym B pexuMm co3gaHud y3na Ha cTepxkHe (KHonka ﬁ HoBbI y3en Ha cTepxHe Ha na-
Henun nHcTpymeHToB HapucoBaTb nnm meHio Pucosanune/Y3sen/Ha cTepikHe) 1 LLen4KkoM NeBOW KHOM-
K/ MbILWN BblAensiem OAMH U3 cTepxxHen. [Mpu 3ToM B none okHa pefakTtopa NosBnsAwTcs ABe ANMHaMu-
Yyeckune npsiMble, OAHa U3 KOTOPLIX COBMagaeT C BblAENEHHbIM CTEPXHEM, a Apyras nepneHankynsapHa K
HEMYy M «npuBaA3aHa» K ykasatento mbiwn. CMelas ykasaternb MbiluM K BUAMMON TOYKE NnepeceveHuns
CTEPXXHEN, LLierikaem NeBow KHOMKOW Mbllin. B monsx BBoOAA OTKPLIBLLErOCS ANanoroBoro okHa Y3sen Ha
CTepXXHe MOXHO 3anvcaTb koopAuHaTbl co3gaBaemoro ysna. OgHako B paccMaTpvBaemon 3agade no-
noXeHne y3na nerko onpefenseTcs BU3yarnbHO, U YTOYHATb €ro rofoXeHne M3MeHEeHNEM YMCIOoBbIX
napameTpoB HEeT HeOBXoANMOCTW.

WNTak, Mmbl 3adpmkcpoBany y3en Ha NepBoM CTepKHe BOM3M TOYKM ero nepeceyeHmns co BTOPbIM
cTepxHeM. AHanorMyHbIM 06pa3omM co3faem y3en Ha BTOPOM cTepxHe. B pesynbTate Ha nepecekato-
LLIMXCA CTePXKHAX nonyvyaem asa 6rm3kopacnonoXeHHbIX y3a, KoTopble AOMKHbI ObITb 06beANHEHbI.

Ons obbeguHeHus GRM3KOPACMNOMNOXEHHbIX Y3noB BblbupaeM nyHKT MeHl WHCTpymeH-
Tbl/COeANHNTb Y3Mbl... U 3aNMCbiBAeM 3HaYeHWe MHTepBana COBMELLEHWs Y3noB B Mnone BBoAa OT-
KpbIBLLEroCs Auanorosoro okHa CoBMecTuTb y3nbl. Hanpumep, BbibepemM 3HadeHne uHTepBana pas-
HblM 20 MM, Ecnun 3agaHHOro 3HayeHMs nHTepBana HegoCTaToOYHO, TO Nocne HaxaTtus kHonku OK npo-
rpamma Bblgact coobuleHne «O6beanHeHo 0 y3noB», U onepauuio crnegyeT MOBTOPWUTb, Bbibpas
Bonbluee 3HayeHune.

TouHo TakmM e 06pa3om cosgaem obLume y3nbl Ha BCeX NepeceKkatoLLnXCs CTEPKHSX.

2. BbimankueaHue (yMHO)eHUe) N/10CKolU paMbl C UeJiblo cO30aHUs mpexmepHoU cmepKHeaou
modenu

Mocne BbINOMHEHMS BCEX OMUCAHHBLIX BbilLe Onepauui nonyyaem nrockyto paMmy, COOTBETCTBY-
towwyto 6okoson cekumm mocta. [ns Toro 4tobbl NpeobpasoBaTb NMAOCKYID MOAENb B TPEXMEPHYIO, HYX-
HO MPOW3BECTU OMepaLmio BblTankMBaHusi (YMHOXEHNS CEKLMI), NpeaBapUTENbHO BbIAENNB y4aCcTBYHO-
LLME B HEN ANIEMEHTbI.

2.1. BblgeneHune anemMeHTOB MmoAenu

[ns BblaeneHnsa oTaenbHbIX 9NIEMEHTOB MOAENN MOXHO BOCMOSb30BaTbCs KHOMKOW h Bbl-
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6paTtb naHenu uHcTpymeHToB HapucoBatb (MeHio PepaktupoBaHue/BbiOpaTb aneMeHT) unu fs
Bbi6patb rpynny (meHio PepaktupoBaHue/BbibpaTb rpynny anemeHToB). B paccmatpmBaemon 3a-
Aaye HeoOXO4MMO BbIAENUTL BCHO MITOCKYHO pamy LIeNMKOM, NO3TOMy yAoOGHee BOCMNONb30BaThCS PEXU-
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MOM BblAeNeHUs rpynnbl anemMeHToB. [ocne nepexona B pexum “h Bbi6bpaTb rpynny (meHio Pepak-
TupoBaHue/BbIOpaTb rpynny anemMeHTOB) crieQyeT, HaXaB NEBYI0 KHOMKY MbIlKW, CO34aTb MpsSMO-
YronbHUK, B KOTOPLIN BMMCbIBAETCA Mrockas paMma. OfieMeHTbl pambl BbIAENATCA M OKPACATCA B Kpac-
HbI LBET.

CHsTMe BblaeneHnst NPON3BOAUTCS LLENTYKOM MPaBoOW KHOMKOW MbilK B CBOOOAHOM MecTe nons
pegakTtopa B 04HOM U3 peXnMOoB Bblibopa 3N1eMeHTOB.

2.2. BblTankmBaHue aneMeHTOB

Onepauuio BbiTankuBaHus (YMHOXeHUs1) yaoOHee BCero npov3BoavTb B okHe Bua cBepxy, no-
CKOJIbKY Ha 3TOM BMOE BEKTOP YMHOXEHUS 0TOGpaXaeTcs B HATyparnbHY BEMMYMHY, HO BO3MOXHO MC-
nonb3oBaTthb 1 NOOON Opyro BUA.

Mepexon B pexvMm BbITankMBaHWA OCYLLECTBMSETCA HaXKaTUeM KHOMKM BbITONKHYTb Ha na-
Henu MHCTpymeHToB UHCTpYMeHTbI (MeHio MHCTpyMeHTbI/BbITONKHYTL). HanpasneHue BbiTankuea-
HMS yKa3blBaeTCs C MOMOLLbIO BEKTOpa YMHOXeHUsA. CxemaTuyeckoe nsobpaxeHue BeKTopa CTpouTCs
ABYMS LLIeNYKaMN NIEBON KHOMKW MbILLKW; HaXXaTue NpaBoW KHOMKW MO3BOSMSET OTMEHWTb HavaTtoe no-
cTpoeHue. lMocne BTOPOro Lenyka nosiBNsSeTcs guanoroBoe okHo BeitankuBaHue (puc. 2.1.4), B no-
nax BBOAa KOTOPOro 3aalTcs KoopAMHaTbl BEKTOpa YMHOXeHMs B rnobanbHown cucteme koopauHat
(mapameTpbl X, Y u Z rpynnel Bektop YMHOXeHUs).



BbiTafK/BaH e x|

MapameTpbl BekTop YMHOXEeHUA

Uncno Cekumit (] 3: X MM 3500
WaCwTaBHEA [ S 0.000
/-G BEKPYHMEEHAS Z ™M 0.000
[~ 9neMeHTbl —PaboTa co cnoamm
C [~ CozaseaTk GOKOELIE CTEHKM (s IoMeLaTb co3naBaemble
00beK T B BKTUBHLIFI CAOM
[v Cozaseatb GokoBbie cTEpXHN
. o - MomewaTb cosgasaemMble
l_ CosaaBaTb BObEMHEIE SEMEHTE 0BLEKTEI B POAMTEALCKMA CAOK

MomMewaTs cozgasaemMble

OK I OTMeHa | Crpaeka L 06beKThI B CAOM MO CeKLMAM

Puc. 2.1.4. Onepauus BbeiTankusaHue

B nons BBOoga 3TOro AManoroBoOro OkHa 3anucbiBaeM crnegyolmne napaMmeTpbl BblTankuBaHUs:
e Yucno cekumn — 1;
e BekTop YMHOXeHuAa no X, mm — 3500;
e Y,MMMuZ, MM — OCTaBIIiEM HYIEBbIMU.
3arem Bkntovaem dnaxok Co3pgaBaTb OOKOBLIE CTEPXHM U yCTaHABNMBaeM Mnepekrnyartens
rpynnel napameTpos Pabota co cnosamu B nonoxeHue lNMomewaTtb co3paBaeMble OOBLEKTbI B aK-
TUBHbIN CIIOM.

2.3. YoaneHue NULLUHUX 3NIeMEeHTOB

BkntoueHHbIi onaxok Co3pgaBaTb 60KOBble CTepXHM o3HayaeT, yto K KAXKOOMY wu3 yanos
NOCKON pambl MPUCOEANHAETCH OOMOSTHUTENbHBLIN CTEPXKEHb B HaMpaBfiEHWM BEKTOPA YMHOXEHUS (B
AaHHOM cnyyae — ocu X); 3aMeTMM, YTO MPM 3TOM B MOAENN MOTyT NOSABUTLCS NULLHUE CTEPXKHU, KOTO-
pble Heobxoaumo ydanume. B paccMaTtpuBaemMom crydyae TakoBbIMWU ABMASIKOTCS CTEPXKHW, HayarbHble
TOYKM KOTOPbIX PacnonoXeHbl B HAXOOALMXCHA B MECTax NepeceyeHnss AnaroHarnbHbIX CTEPXKHEN y3nax.

Bbloensem 3Tu 3neMeHTbl, HaXaB KHOMKY [} BbibpaTtb naHenu nHcTpymeHToB HapucoBatb
(meHio PepakTpoBaHue/BbiOpaTh 3N1€MEHT) 1 LLENKHYB JIEBON KHOMKOW MbILM HAa OQHOM U3 CTepX-
Hel. [ins BblAeNeHUs rpynnbl 3NEMEHTOB HYXHO AepxaTb Haxkartonm knasuwy Shift Ha knaeBuaTtype, B
NPOTUBHOM Cry4ae Mpu BbiENeHUN NnocneayoLwwero sfieMeHTa co BCex npeabiayLnx BblAerneHne CHu-
MaeTcs.

YpaneHuve BblAeneHHbIX 3rIeMEeHTOB MPON3BOAUTCS HaXaTueMm KHOMKM 'cx' YpaanuTtb BbiOpaHHOEe
Ha naHenu MHCTpymeHToB HapucoBatb (MeHio PucoBaHue/YpanuTb BbIOpaHHOE) unn Haxatvem
knasuwu Delete Ha knaBuaTtype.

3. ﬂpuceoeHue CMmep)xXHeebIM 3JIeMeHmam modenu rnoriepe4yHoco0 cevYeHusi u 3adaHue napa-
mMempoe Mmamepuarsa

CrepxHeBble anemMeHTbl MOAENU MOryT UMeTb Kak cmaHO0apmHoe, Tak U HecmaHdapmHoe none-
peyHoe cedveHune. Ecnn ceyenne HecmaHOapmHoe, TO OHO OOMMKHO ObITb MpegBapuTenbHO CO34aHo
(MM UMNOPTUPOBAHO) 1 NOMELLLEHO B OAHY 13 6GUbnNunoTek ceveHuii (cm. ganee n. 3.1).

Monepe4yHoe ceveHne B APM Structure3D mMoxXeT ObITb UMANOPTUPOBAHO U3 OBYX UCTOYHUKOB:
oubnuoTekn cevyeHun n 6asbl AaHHbIX. ObpalleHne Kk 6ase gaHHbIX NO3BOMSIET BbIOpaTb U3 Hee ce-
YeHMe Kak nmapameTpuyeckylo Mogesnb, Npu HeobXxoOUMOCTU M3MEHUTbL €ro napameTpbl U cpasy goba-
BUTb BbIOPAHHOE CeYeHne B CMMCOK CeYEeHMI co3faBaemMon Mogenu, MyHys 6mbnuoteky. Ecnu xe no-
nepevyHoe cevyeHue BbibUpaeTcs M3 GubnuoTekn, To NpegBapuTenbHO ero HY)KHO Cco3daTb U NMOMECTUTb
B 3Ty 6mubnmoTeky.

Mpu ncnonb3oBaHVM GUBNMOTEKU CEYEHUI MOMNepeYHoe CeyYeHne CyLLEeCTBYeT Kak cCamoCcTos-
TenbHbI 0OBbEKT B OTAeNbHOM dharine 6MbnnoTekn, KOTOPbIN MOXHO COXpaHUTb Ha Aucke, nepecnatb
Mo 3MEeKTPOHHOM noyTe u T.n. Kpome TOro, Takoe ceyeHne MOXeT OblTb MPUCBOEHO CTEPXKHEBbLIM arne-
MeHTaM ApYrov moaenmu.

Mpun paboTe ¢ 6a3on AaHHbIX 6e3 npyBneYveHns GubnnoTekn nonepeyHoe ceyeHme gobasns-
eTCsl HenocpeaCTBEHHO B CMNMCOK CEeYEHU MOOENU U KaK CaMOCTOSATENbHbIN OOBbEKT He naeHTUdUL K-
pyetcs. OHO MOXeT ObITb NPUCBOEHO TONBbKO 3NIEMeHTaM paccmaTpuBaeMon Mogenu, n ecnv notpeody-
€TCSA NPUCBOUTb Takoe CeYeHne CTepXXHAM Opyron mogenu, To ero Heobxogumo [o6GaBuTb B CMUCOK
CeyeHUn 3aHOBO NMBO CKONMPOBATbL CTEPXKEHb C TAKUM CeYEHMEM U3 OQHOW MOAENV B APYryHo.

B paccmatpvBaeMom criyyae nonepeyHoe CeyeHne MMeeT HecTaHA4apTHbIA BuA, No3TOMY Lene-
Ccoobpa3Ho NOCTpPOUTbL €ro cpeacTeamu pefakropa nonepeyvHbix ceveHun APM Graph u nomectuTb B
OnbnnoTteky ceyeHui.



3.1. Co3pgaHue HeCcTaHOapTHOro nonepe4yHoro ce4eHnsa n BHeceHune ero B GMGHMOTeKy

3.1.1. Co3paHue yepTexa NonepeyvyHoOro ceyeHusi ¢ NOMoLbI 6ubnuotekn cevyeHmmn. Co-
3[aTb YepTex MOnepevyHoro CeYeHust ¢ UCNonb3oBaHMeM OUBMNOTEKN CEYEHUIN MOXHO HECKONbKUMM
cnocobamu:

e NOCTPOUTL B peaakTope nonepedHbix cevyeHun APM Graph;

e OTKpPbITb (pann pegakTopa MONEpeYHbIX CEYEHWUW C pacluvpeHuem *wcr (koMaHga MeHHo
®daunn/3arpysuThb...);

* UMMOPTUPOBATL B peaakTop nonepeyHbIx ceveHnn dann cobecteeHHoro popmata mogyns APM
Graph ¢ paclumpeHuem *.agr unu ctopoHHuin dann dopmata *.dxf (komanga meHio @ann/Umnopr...);

® IMMNOPTUPOBATL CEYEHNE B PEXMME (!.. BctaBka 6noka 13 6ubnmnoteku npocteix 6riokos APM
Graph *.agl unu napameTtpuyeckux mogenen *.agp (komaHga ®amn/PucoBatb/bnok/BctaBuThb 6510K);
* IMMOPTUPOBATHL NapaMeTpPUYECKY0 MO€ENb ceveHmns u3 6a3bl AaHHbIX APM Base, HaxaB KHOM-

Ky ©2 naHenu uHCTpymeHTOB PucoBaHue (komaHaa ®aiin/PucoBaTtb/Bnok/BcTaBuTb 06HEKT U3
6a3bl AaHHbIX).

B paccmaTprBaemoM crny4vae, BOCMONb30BaBLUMCL KOMaHaon meHio ®@ann/UMnopT, nMmnoptu-
pyem B pedakTop nornepeyHbIX CeY4EeHMIN CO3OaHHbIN paHee YepTex nonepeyHoro cedeHus (cm. rm. 1.1),
CoxpaHeHHbIN B dhanne cdoopmaTta *.agr unm *.dxf.

3.1.2. BbigeneHne KOHTYPOB NMonepevyHoro cevyeHus. [ns toro 4tobbl NOArOTOBMNEHHbIN Yep-
TEX cTan MnornepeyvHbIM CeYeHMeM, B HEM HeOOX0OMMO BbIAENUTb BHELUHWUA U BHYTPEHHME KOHTYpbl. C
37O Uenbto naHens KoHTyp cogepxuT cneumanbHble kHornku — [y MpocTon koHTyp (komaHaa Kow-
Typ/MpocToit kKoHTyp) 1 & Ha6upaemsblit koHTYp (komaHaa KoHTyp/Ha6upaemslit koHTyp). Mocne
HakaTus kHonku MpocToW KOHTYp crnedyeT LIEeNKHYTb CHayana Ha foboM M3 31EMEHTOB HapPYXXHOro
KOHTYpa, @ 3aTeM Ha KaXXAOM M3 BHYTPEHHWX KOHTYPOB (€CMY OHWU €CTb). 3aMKHYTbIe KOHTYPbI MPU 3TOM
oKpaluMBaroTCs B CMHUW UBeT. [Mocne BblaeneHns BCex KOHTYPOB HY>KHO HaxaTb kHonky OK oTkpbiBLue-
rocs AvManoroBoro okHa BblGop KOHTypa (MOXHO Takke HaXaTb MpaByl KHOMKY MbIWW UK KraBuLly
Mpo6en Ha knasuatype). [Npn 3TOM obnacTe Mexay BblAeNEeHHbIMWU KOHTYpamu, T. €. COBCTBEHHO Mo-
nepevyHoe ceyeHne, okpacuTcs B cepbiil UBeT (puc. 2.1.5).

Pexum HabupaemMbin KOHTYpP MCMOMNb3YeTCsl NpY HEOOHO3HAYHOCTU ONpeaeneHnst 3aMKHYTOCTH
KOHTypa. B aToM cnydae, BoMas B peXWM, HYXXHO NOOYEPEHO LiefikaTb JIEBOM KHOMKOW MbllW Ha ane-
MEeHTax KOHTypa, A0OMBasCb UX BblAENEHUs; eCnn Xe NpeablayLlmi SNeMeHT BblAenuncs, a nocneay-
IOLLMIM — HET, TO MeXAY 3TUMMW dNIEMEHTaMN HeT CBA3W, T. €. B 9TOM MECTE KOHTYP HE3aMKHYT.

N
N

Puc. 2.1.5. lNonepeyHoe ceyeHre nocne 3agaHua
BHELUHEero 1 BHyTPEHHEero KOHTypoB

3.1.3. BHeceHMe HOBOro ce4yeHus B bMbnuoteky ceyeHmi. Co3gaHHOE nonepeyvyHoe ceveHme
HY)XHO BHECTU B GMONMoTeky cedeHun. Mepexogum B COOTBETCTBYHOLUMIA PEXUM BbIOOPOM B MEHHO
Bubnuoteka onuun fJo6aBuTb B GUGNMOTEKY, NOCIEe Yero Ha akpaHe nosBnseTcs okHo Job6aBuTb
ceyeHue B 6ubnuoTeky (puc. 2.1.6). 3atem HaxxMMaeM KHOMNKy 3arpy3umtb 6MbnuoTeky..., Boibnpaem
M3 OTKPbIBLLErOCS Cnucka Hy>XHYt0 OMONMoTeKy, ykasbiBasi TEM CaMbiM MyTb K HEW — B paccMaTpuBae-
MOM cny4dae ato 6ubnuoteka deflib.slb — 1 3anuceiBaem B none Ums ceyeHus HasBaHue ceveHus, T.
€. M4, noa KOTopbIM OHO ByAeT BHeCeHO B BblbpaHHyo 6ubnuoTeky. Nocne Haxatus kHonkn Ok npo-



rpaMmmMa HadynHaeT pacyeT reoMmeTpnuyecknx napamMeTpoB ce4eHnd, N0 OKOH4YaHUM KOTOPOro 3To cevyeHne
nobaensieTcsa B COOTBETCTBYIOLLYIO 6VI6J'IVIOTeKy noa yka3aHHbIM UMeHeM.

Nobasb ceueHvie B BrboTerRy x|
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Puc. 2.1.6. uanorosoe okHO [lo6aBUTbL ceyeHne B 6UGNMoTeKky

3.2. NMpuceoeHne nonepevyHoOro ce4eHUs cTepXXHeBbIM 3fIeMeHTaM MoAenu

OTgenbHbIM ANeMeHTaM Unu rpynnam afeMeHToB Mogeny MoryT BbiTb MPUCBOEHbI Kak O4NHaKo-
Bble, TaK U pasnuyHble NOMepeYHble CeYEeHUs; MOXHO TakkKe NPUCBOUTL OOHO U TO Xe CeYeHne BCeMm
CTEepXHEBbIM anemeHTam. B cnyyae npucBoeHns ceveHnst rpynne afeMeHToB 3Ta rpynna AormkHa bbiTb
npeaBapuTensbHO BbigeneHa (cm. n. 2.1).

Ecnu anemeHTbl (Mnn rpynnbl 9NeMeHTOB) MOAeny UMEIT pasfmyHble nonepeYvHble Ce4YeHus, 10
uenecoobpasHo BHavane MpUCBOWTb BCEM 3fieMEHTaM TO CeyeHue, KOTopoe umeeT OOonbLUIMHCTBO
3MeMeHTOB MOoJenu, a 3aTeM NnocnegoBaTernibHO BblAENUTb rPyNMbl 31IEMEHTOB C APYTMMU CEYEHUSMMN U
NPUCBOUTb MM 3TN CeYEHUS.

[na npycBOEHNst OAHOTO N TOro Xe MOMepPeYHOro CevYeHns BCeM 3fIeMeHTaM MOAEeNn UCMNOonb3y-

eM pexnm ﬁ CeyeHusa BceM naHenu uHcTpymeHToB CBoncTBa (MeHio CBoncTtBa/CeyvyeHuns Bcen
KOHCTPYKUMWN), He rnpubezas Kk rnpouyedype 8bidesieHUss 8cell CO8OKyrnHocmu aremMeHmos. Haxatne
3TOW KHOMKWN NPMBELET K OTKPbITUIO AMANOroBOro OKHA 3afaHus ceyveHus us 6mubnuortekn Bubnuore-
Ka:... (puc. 2.1.7). 3atem HeobXoAMMO 3arpy3uTb HyXXHy0 BubnuoTeky. [Ins aToro HaxkmMmaem KHOMKy
3arpysuTb 1 ykasbiBaeM nyTb K 3101 6ubnuoteke. CtaHgapTHble GUGNMOTEKN, KOTOPbIE NOCTABNSATCH
BMecTe ¢ moayrnem APM Structure3D, pacnonaratloTcs B TOW e AUPEKTopun, raoe ycTaHoBNeHa cucte-
ma APM Civil Engineering.

B paccmartpuBaemMom crnyyae nocne 3arpysku 6ubnuotekm Boibupaem m3 cnmncka Mmsa ceveHus
HY>XHOE MO YCNoBuIo ceveHne — [iByTaBp ¢ ykrnoHom Ne 20... — n Haxumaem kHonky Ok. Nocne aTo-
ro B OTKPbIBLUEMCHA AMarioroBOM OKHE MNOATBEPXOAEM HaMepeHue NPUCBOUTb BblOpaHHOE ceveHue
BCEM CTEPXXHAM. OpureHTaumna cevyeHus NpomM3BoaUTCS NPOrpaMmont aBTOMaTUYECKM.

bubnuoTeka: JleyTaep c yknonom nonox FOCT 8239-89.slh il

Hran cedeHun — MapareTpel ceveHua————— ~ [pocwmorp
OTOCT fa| | dr[ema™d]  18388723.48
Je, [rra™4] 1145140858
Tetha, [rpaa] 0.00

Jru, [rra™4]  18388723.55
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Puc. 2.1.7. bubnuoteka ceveHuin: IBytaBp ¢ ykrnoHom nonok FOCT 8239-89

Ons NPUCBOEHNA Nnonepe4vyHoro ce4vYeHnda BbleJ1IeHHbIM 3JieMeHTaM HaXMMaemMm Ha naHenn WH-

CcTpymeHTOB CBOMCTBA KHOMKY ‘ CeueHuns BblgeneHHbIM (MeHio CBouncTBa/CevyeHns BbiaeneH-
HbIM CTEPXHSIM), MOCIe Yero AeNCTBYeM TOUHO TaK Xe, Kak B NpeablayLlemM crnyyae.

Mocne Toro kak BCEM CTEPXHEBbIM 3NeMeHTaM MOLENW MNPUCBOEHbI MOMNepeYHble CeyeHus,
CTEPXXHW OKpacHATCs B pa3nuyHble LiBeTa, COOTBETCTBYHOLLME MPUCBOEHHBIM CEYEHUAM.



3.3. MpoBepkKa opueHTaLUN ceyeHnsi U ero NOBopPoT
[ns Toro 4ToGbl BU3YyanM3MpoBaTbh OPUEHTALIMIO MOMEPEYHOro CeveHmUs rpynnbl CTePXXHeN, Bblae-

nnTe 3TN CTEPXKHU N HAXMUTE HA NaHenu MHCTPYMeHTOB CBOMCTBA KHOMKY S OpueHTauus ceyeHusi
(meHo CoucTBa/OpueHTaumsa cevyeHus). Ha kaxxgom m3 BblAeNEHHbIX CTEPXKHEN MOSABUTCHA CXemaTu-
yeckoe M3obpaxeHne ero OpueHTUPOBAHHOIO ceveHns. Ecnu ceyeHne cnnwkom maneHbkoe/6ornbLuoe,
TO YBENUYUTB/YMEHBLUNTL €r0 NMOKa3 MOXHO C MOMOLLBIO KHOMKM «+»/«—» Ha KnaBmaTtype. TOYHO Tak
e MOXHO BM3yanuM3mpoBaTh NonepeyHoe ceveHne eaUHNYHOIO CTEPXKHS.

B aTOM e pexume MOXHO NoBOpayvMBaTb CEYEHWE OTAEMNbHOro CTEPXHSA (UNu rpynnel NpeaBsa-
pUTENBHO BbIAENEHHbIX CTEPXHEN) BOKpyr cobcTBeHHOM ocu. [lenaetca aTo criegylowmm obpasom.
BHauane wienkaem ykasaTenem MbilUM B HEMNOCPEACTBEHHOM BNM30CTM OT CTEPXKHS, NOCrne 4ero ceye-
Hue npuobpeTaeT 3eneHbin uBeT. [lepemelleHre Mbiln NO NOMO BUAA B rOPM3OHTaNbLHOM Hanpaene-
HUM CONPOBOXAAEeTCs NMOBOPOTOM CEYEHUs] BOKPYr COGCTBEHHOW Ocu. BHM3yY, B CTpoke cocTosiHMSA, Mo-
ABUTCS YMCMOBOE 3HA4YeHWe yrrna NnoBopoTa pacCcMaTpuBaEeMOro CeYeHwusi, BbipaXXeHHOe B rpagycax.
LWar yrna noBopoTa paBeH Luary Kypcopa B yrfioBOM HanpaereHuu, No yMmornyaHvie npyuHmumaemomy 3a 1
rpag. Llenykom npaBon KHOMKOW Mbilly B MpOLECCe NMOBOPOTA BbI3bIBAETCA AMAINOrOBOE OKHO, B none
KOTOPOro MOXHO 3a4aTth Yrof NoBOpOTa CeYeHus.

3.4. 3agaHue NapameTpoB MaTepuana

Bcem anemeHTaMm mogenu KOHCTPYKLUUM MO YMOMYaHUIO NPUCBanBalOTCS CBOWCTBA TOr0 Matepu-
ana, KOTopbIi B HACTOSALWMIA MOMEHT siBMseTcs Tekywum. [pyu nepBoHavanbHOM obpalieHun K npo-
rpamme Takum maTtepuanom siensetcd Ctanb CT3Kn, 4YTO 1 COOTBETCTBYET YCMOBMIO paccMaTpuBae-
Mo 3agayun. [nsa Toro 4tobbl B 3TOM y6eanTbCs, HaXKMUTE Ha NaHenn MHCTpyMmeHToB CBOMCTBA KHOMKY

@ Martepuanbl (mMeHio CBonctBa/Martepmansbl...) 1 NOCMOTpPUTE, BbIAENEH NN TEKYLLMIA MaTepwuarn
(Ctanb) B OTKpbIBLIEMCA AuanoroBoM okHe Martepuanbl. IMEHHO 3TOT mMaTepuan CTaHeT npucsau-
BaTbCA BCEM BHOBb CO3[aBaeMbIM drieMeHTaM mogenu. Haxatnem kHonkv U3MeHUTb... MOXHO BU3Y-
anu3npoBaTtb NapameTpbl BbIOpaHHOro martepuana um npyv HeOOXOAMMOCTU M3MEHUTb UX — BPY4YHYHO
Unn ¢ NomMoLLbo 6a3sbl JaHHbIX MO MaTtepuanam, Bbi3biBaeMON HaxaTnem kHonkun DB.

4. 3akpenneHue Modesiu ¢ MOMOWbLIO OIMOP

Mo yCnoBuKo 3adavum nponeTt MoCTta YCTaHOBJ1EH HaA YeTblipeX LWapHUPHbIX Oonopax. [lBe 13 Hux Ha
O[HOM M3 KOHLIOB MOCTa abCOOTHO XeCTKMe BO BCEX HanpaBlieHudax, a aBe onopbl Ha APYroM KOHLUe
noaBMXXHbl B NpOAOJIbHOM HanpasJiEHUN. I'IoaTomy Ha oAHoOWn CTOpoOHE MOoAesin nocCcTtaBMM LLapoBbie
wiapHupbl, a C I'IpOTVIBOI'IOﬂO)KHOﬁ CTOPOHbI — LWapHUpbl C pas3pelwleHnem nepemelleHna BAOOJb
HanpaBreHnAa och MocCTa.

LUapHI/Ipr yCTaHaBIIMBalOTCA B y3nax. Ons YCTaHOBKM LWIAPOBbLIX WAapHUPOB BbliAeNnMm OBa y3ia B
NEBOW HWXKHEN YacTn MoLenn MocTa. 3aTeM HaXXMMaeM Ha naHenu MHCTPYMEHTOB HapucoaaTb KHOMMKY

= Onopa (mMeHio PucoBaHme/Onopa) v wenkaem Ha OAHOM U3 BblaeneHHbIX y3roB. OTKpbIBaeTCs
AnanoroBoe OKHO YcTaHOBKa onopbl (puc. 2.1.8), B nonsix BBoga KOTOPOro 3agaem Tun ycTaHaBnvBa-
€eMbIX ornop.

Mepemewera—  — Mosopor
[~ 3anpet no ¥ [~ 3anpet Bokpyr
[ Zanper no [ Zanper sokpyr Y
[~ 3anpermoZ [~ 3anpet Bokpyr 2
[ = Tun onope — Cnocof 5303HMA .
" Lofiaeuts
a A j ¢ 3ameHuTs

—

QK I DTmeHal Hnanmbl CnpaBKal

i.,

Puc. 2.1.8. YcTaHoBka onop



B paccmatprBaemom cnyvae Ans YCTaHOBKW LWAPHMPHBIX LWAPOBbIX OMop AOCTAaTOYHO 3anpeTuTb
BCe nepemeLlleHus, T. e. noctaBuTb naxku 3anpet no X, 3anpet no Y n 3anpeTt no Z unu xe

HaXkaTb KHOMKY ,75]>77| LLlapHMpHas onopa, B pe3ynbTaTe Yero riaxky 3anpeToB NepeMeLLeHust No BCem
KoopaMHaTam NosIBATCA aBToMaThdecku. B yanax ¢ Apyroit CTOPOHbI MOAENM YCTaHaBNMBaEM TAKOW e
TWUM ONopbl, HO OTKMoYaeM dnaxkok 3anpeT no Y. Ha aTom ycTaHOBKa onop 3aBepLUaeTcs.

5. 3adaHue cunoebix ghakmopos, delicmeyrowux Ha asieMeHmMbI Modenu

MocT HaxoanTcsa noa AeNCTBMEM ABYX CUIOBbIX (PakToOpOB:
e CcobCTBEHHOro BeCa;
e pacnpefeneHHon Harpysku, 4ENCTBYIOLLEN Ha HKHMUE rOPU3OHTanbHbIE CTEPXKHU.

5.1. YyeT coGCTBEHHOro BeCa KOHCTPYKL UK

CobCTBEHHbIN BEC KOHCTPYKLMU — 3TO pacnpedeneHHas cuna, AeWCTBYOLWAas Ha BCE AMEeMEHThI
MOZEenu B HanpasfeHuu, NPOTMBOMOSOXHOM ocu Z rnobanbHON CUCTEMbI KOOPAUHAT.

[na nepexona B pexuMm ydeta cobCcTBEHHOro Beca obpataemca k meHo Harpy3ku u Bbibrpaem
NYyHKT 3arpyxeHus... B oTKpbIBLIEMCA ANanNoroBoM okHe 3arpyXeHusi No yMOnyaHuio UMEeTCs eauH-
CTBEHHOe 3arpyxeHne — 3arpyxeHue 0 (puc. 2.1.9). OHO aKTUBHO, O YEeM CBUOETENbLCTBYET pacrno-
NOXEHHBIN CrieBa OT ero Ha3BaHWsl (OriaXKoK, U BKITIOYEHO, T. €. B OKHAx pefakropa oTobpaxaroTcs
HaxogsLmMecs B 3TOM 3arpyxeHun Harpysku. B paccmaTtpuBaemom cnydae 3arpyxeHue 0 cogepxut
BCE OEWCTBYOLLME Ha MOJenb cunoBble akTopbl. B 3TOM 3arpykeHuu, kak n B fitobom Opyrom, ecTb
YNCNOBOWN KO3(hPULMEHT, KOTOPLIA Ha3biBAaeTC] MHOXUTeNb coOGCTBeHHOro Beca. [1o ymonyaHuio
3TOT KOI(MDULMEHT paBeH HYMO, Tak YTO BEC KOHCTPYKLMUWM NpU pacyeTe He yduTbiBaetcd. [Ansa yyeta
CoBCTBEHHOMO BECa MHOXNUTEN0 COBCTBEHHOrO Beca creayeT 3a4aTh OT/IMYHOE OT HyMs 3HaYeHue.

B paccmaTtpvBaemom cnydae B Ka4yeCcTBE MHOXUTENSA COOCTBEHHOro Beca HeobXxoanmo UCMNosb-
30BaTb KOIPUUMEHT HaAEXHOCTU MO Harpyske %, KoTopbi, cornacHo n. 2.2 CHwull 2.01.07-85*
Harpy3ku u BO3geNCcTBUA, ONsl CTPOUTENbHbIX MeTanfoKOHCTpYyKuMn cocTaBnseT 1,05. Bolaensiem
3arpyxeHue 0, LIeMNKHYB Ha HEM IEBOW KHOMKWA MbIWN, N HaxvMMaem kHorky W3meHuTb (CcMm. puc.
2.1.9). B none BBOAa nosiBMBLLErocs Ananora 3arpyxeHue (puc. 2.1.10) 3anuceiBaeM 3HadveHue 1,05.
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Pwuc. 2.1.9. inanoroeoe okHO 3arpyxeHus
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Puc. 2.1.10. PepgaktnpoBaHue 3arpyxeHusi

BHumanue! Ecnun B Mogenu co3gaHo HECKONbKO 3arpy>KeH|m7| N pacyeT NpoBOAMTCS ANs1 COCTaBfIEHHOW 13
HUX KOMOWUHaLMKW, TO AN yyeTa nencTeums cobcTBEHHOMO Beca COOTBeTCTByPOLIJMﬁ MHOXWTENb HeoOXoaMMO YYUTbI-
BaTb TOMbKO B OIHOM 3arpy>XEHUMN 13 BXOOSLLMX B KOMOMHaUMIO.

5.2. 3agaHue pacnpegenieHHOW Harpy3Kku, AeMCTBYIOLWEN Ha CTepXXHeBble 3IeMeHTbl Mogenu
Bbloensiem cTepxHW, Ha KoTopble AelCcTByeT pacnpedeneHHas Harpyska, U Haxumaem KHOMKY

= Harpy3ka Ha cTepXeHb Ha naHenu MHCTpymeHToB Harpysku (meHio Harpysku/JlokanbHasa Ha
CrtepxxeHb). 3aTeM LLenkaem Ha OOHOM M3 BblAENEHHbIX CTEPXXHEeW, Nocrne Yero nosiBfseTcs Ananoro-
BOe OkHO Harpyska Ha ctepxHu (puc. 2.1.11). B H/XKHe YacTu 3TOro OKHa NoKa3blBaeTCsl y4acTOK MO-
Aenu ¢ BblBpaHHbIM CTEPXHEM, @ B BEPXHEN — CXEMaTUYeCcKoe N306paxeHne 3aToro e CTepXkHs, oau-



HakoBoe Ania noboro CTEepXHeBOro afieMeHTa Moaenu. COOTBeTCTBy}OLIJ.aﬂ NoKanbHada cuncrtemMma Koop-
ONHAaT CTepPXXHA M306pa>KaeTcs| B 00eunx yacTax okHa.
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Puc. 2.1.11. 3apaHve pacnpeneneHHon Harpyskn Ha CTepXKHU

[ns 3agaHusa 4encTByOLWEN Ha CTepXKeHb pacnpedeneHHon Harpysku cnegyet B meHio Harpys-
ka/Tun Harpy3kuM Ha CTepXeHb BblOpaTb TUN Harpy3km — PagmanbHaa pacnpegeneHHas cuna, a
3aTeM 3aHecCTu B MOns OTKPbIBLUErocs Auanorosoro okHa PacnpepeneHHas nonepeyHasa cuna Heob-
XOAUMbI€ YMCNOBbIE AaHHbIE.

BHumanme! 1o OTHOLWEHWIO K OTAENBbHOMY (HEBLIAENEHHOMY) CTEPXHIO MOXHO 3afaTb Kak NOCTOSHHYIO, TaK
W NIMHENHO U3MEHSIIOLLYIOCA CUITy, KOTOpasi K TOMY Xe MOXeT AeNCTBOBaTb He TOMNbKO Ha BECb CTEPXEHb, HO U Ha
nobon n3 ero yyactkoB. Ecnu xe peyb maeT o rpynne BblOAENEHHbIX CTEPXHEW, TO Harpy3ka, BO-MepBbIX, MOXeT
ObITb TONBKO NOCTOAHHOW, @ BO-BTOPbIX, AENCTBOBaTb TOMbKO NO BCEW ANMHE CTEPXKHS.

PacnpeneneHHylo Harpysky MOXHO 3agaTb B rOpu3oHTanbHOM (N0 ocn Z) Unn B BEPTUKarNbHOM
(Mo ocm Y) NnocKoCTsIX NTOKanbHOW CUCTEMbI KOOPAMHAT CTEPXHS. BbIOOp NnockocTM npoucxogut ¢ no-
MOLLIbIO COOTBETCTBYIOLLIErO NepeknoyaTensd AnanoroBoro okHa PacnpegeneHHas nonepe4vHas cuna
(cMm. puc. 2.1.11).

B paccmaTtpvBaemom crnydae no ycroBuiO Ha BblAENEHHbIE CTEPXKHW OENCTBYET NOCTOsIHHAA CU-
na senuunHon —20 H/Mm B BepTMKanbHOW NNOCKOCTU (3HAK «—» roOBOPWUT O TOM, YTO Harpyska Hanpas-
neHa NPOTUBOMOSIOXKHO MONOXMUTENbHOMY HanpaBneHUo ocx Y noKanbHOW CMCTeMbl KoopauHar). Crie-
AoBaTenbHO, B Nore YaenbHaa cuna Ha nesBow rpaHuue, H/mm 3anuceiBaem «—20 H/mm», nepeknto-
yatenb PacnpepeneHHas nonepevyHasi cuna ycraHaBnvMBaeMm B nornoxeHve B BeptukanbHom (Y)
NNOCKOCTU U HaXXUmaeMm KHorky OK.

6. BbinonHeHue pac4ema

[ns 3anycka mogenu Ha pac4yeT Bbloupaem B MeHto Pac4yeT nyHKT PacyeT... 1 B OTKpbIBLLUEMCS
AnanoroBom okHe PacuyeT oTmevaeM hraxkoM HeobXxoouMmbl TUMN pacyeTa — B AaHHOM criyyae 3To
CTtaTnyeckum pacuer.

7. lpocmomp pe3ynbmamoe pacyema

[Mocne BbINONHEHUS pacyeTa MOXHO BU3yann3npoBaTth crieyloLune pesynbtathbl:
e pacnpeferieHue 3KBMBANEHTHbIX HanpsXXeHWh U UX COCTaBMSIOWMX, a Takke rMaBHbIX
HanpsXXeHun;
pacnpegeneHne nNUHeEnHbIX, YrioBbIX U CYMMapHbIX NepeMeLLeHnii;
pacnpefeneHve gecdopmMauunii No anemMeHTaMm Moaenu;
KapTbl pacnpegeneHnst 1 anopbl BHYTPEHHUX YCUIUNA,
pacnpegeneHne yCunmim B KOHTaKTHOWM 30HE;
KO3ghULMEHT 3anaca YCTONYMBOCTU U hopMa NOTEPU YCTOMYUBOCTMU;
pacnpefgeneHne koaddULNEHTOB 3anaca M 4Yucna LUMKMIOB MO KPUTEPUID YCTarnoCTHOW
NPOYHOCTY;
e pacnpegerieHue KoadduuMeHToB 3anaca No KpUTEPUAM TEKYHECTU U NPOYHOCTMH;
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e pacnpepgeneune TemnepaTypHbIX NOMAEN N TEPMOHaNPSKEHUI;

e peakuuun B onopax, a Takke CyMmMMapHble peakuunn, npuBeaeHHbl€ K LUEHTPY TAXXEeCTU MO-

aenu.

AHanus pesynbTaToB pacyeTa MpPOUNIOCTPUPYEM Ha MpUMeEpe MPOCMOTpa Creadylowmx KapT:
pacnpefeneHns HanpsPKeHWM Mo CTEPXKHAM MOAENW, pacnpederieHns HanpshkeHUin B NMpOU3BOSbHOM
ronepeyHoM CEeYeHUN OOHOro U3 CTEPXKHEN, pacnpeneneHns BENUYMH CUMOBbLIX (DaKTOPOB ANsl CTepK-

HEBOTO 3fIeMeHTa B y3rie, a TakKe 3Mntopbl CUIOBbLIX haKTOPOB Afsi BbIGPaHHOIO CTEPXKHS.

7.1. MpocMoTp KapThbl pe3ynbTaToB

Bbibupaem B mMeHio PesynbTaTbl NyHkT KapTa pe3ynbTaToB..., YTO NMPMBOOWUT K MOSIBIIEHUIO

Ananorosoro okHa MapameTpbl BbiBoAa pe3ynbTaToB (puc. 2.1.12).

MNapaMeTpbl EbIBOJA PE3YNbTATOB

CTepskHu Sy

HanpasteHua

Brifiop pesynsTartoe

X

-

KonuyecTED HSOYpOEHER |25 MnacTHHE! ISVMmax 'I

b ACLUTAEHBIA K.OE EpULAEHT IBEI.SS?SEI DfErHEIE 3 NEMEHTEI Skl

0k I OTreHa | Crpaeka | ,ﬂonnnHMTeanD>>>|

-

Puc. 2.1.12. lnanorosoe okHo MapameTpbl BbiBOAA pe3ynbTaToB

M3 Bbinagatowero cnvucka Bolibop pesynbTaToB Bhibvpaem Tvn kapTbl pe3ynbTaTtos, a B Bbina-
dawoowem cnucke CTepXHM OoTMeyaeM BuA NpeacTaBfeHus pesynbTaToB pacyeTa BblOpaHHOro napa-
MeTpa (Hanpumep, 3TO MOTyT ObITb 9KBMBANEHTHbIE HaMPSXKEHWs, HOPMarbHble W KacaTernbHble KOMMOo-
HeHTbl HanpsbkeHusa u T. A4.). Ecnv nons okHa MapameTpbl BbiBoAa pe3ynbTaToB 3aMofiHEeHb! Tak, Kak
nokasaHo Ha puc. 2.1.12, To Ha 9KpaHe MOHWUTOPA MOSBMTCH KapTa HanpsKeHWN, Ha KOTOPOW C NMOMO-
WbI0 PasnUyHbIX LBETOB MOKa3biBAlOTCH MakCumalbHble BeruyuHbl 3KBUBANEHTHbIX HanpsXeHuin B

CTEPXHEBbIX 3NeMEeHTax MOLENN KOHCTPyKUmMK (puc. 2.1.13).

BaxxHo, 4TO Ha KapTe HaI'IpFI)KeHVIﬁ C NOMOLLbKD COOTBETCTBYHOLLEro LuBeTa 0To6pa>|<aeTC$1 MaKcu-
ManbHbI YpPOBEHb 3KBUBAJIEHTHbIX Hal'lpﬂ)KeHVIVl B CTEPXHAX. KapTa Hal'lpﬂ)l(eHVIVl NOCTpOEHa Ha fe-
d)OpMMpOBaHHOVI MOZENun, HO Ha Heun YEepHbIM LIBETOM NMOKa3blBaeTCA TakKXe U ncxogHas He,D,e(*)OpMVI-
poBaHHaA Moaersib. MakcumanbHoe 4Yncno Ha Lwkane HaI'IpFI)KeHVIIZ cooTBeTCTBYEeT HaI/I6OJ'IbL1JeMy 3Ha-

YEeHNO0 BO3HUKLLETO B MOAENTN HaNpAXeHU4.

SWM[ MMa] ﬂ

1643
1454
136.4
12748
1186
109.7
100.8
91.83
a2.a1
73.89
BE5.06
H6.14
47.22
383

20.37
20,45
11.683

Puc. 2.1.13. KapTa akBMBaneHTHbIX HanpsiKeHui
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7.2. MPOCMOTP BHYTPEHHUX CUMOBbLIX (haKTOPOB B y3Nnax 35fieMeHTOB

[nsi npocMOTpa BHYTPEHHMX Harpy3oK B y3rax 3MeMEeHTOB BbiOMpaeM B MeH PesynbTaThbl
nyHKT Harpy3sku.... 3aTem B OTKpbIBLUEMCH OAManoroBoM okHe Pe3ynbTaTbl ykasbiBaeM 3MeMeHT, pe-
3ynbTaTbl pacyeTa KOToporo Heobxoammo npoaHanusnposaTtb (puc. 2.1.14). Beibop anemeHTa MOXHO
OCYLLECTBUTb C MOMOLLBIO CNUCKA 3MNEMEHTOB NMOO NMPOCTbIM LLENYKOM Ha 3TOM 3MEMEHTE B pexume

BbIOOpa aNemMeHTOoB.

5. Pesynbratm

[ |

BHYTPEHHME HArPYSKH B

cuna, [H]

Y3Nax 3 NEMEHTOE

cuna, [H]

cuna, [H]

I Sarpyenve 0

Z barmeHT
[H*cr]

' MoMeHT
[H*cr]

=

“MoMeHT

[H*cr]

-95605.5385

0.0032]

-1.047E|

736065338

-2159. 4636

-0.0038

-

| T

O6iwan maceca koHoTpyrumd 2874830775 [kr]

Makc. HanpaseHwe

Make. nepemelerue

154.3
0.8054

Hfrara ™2

CH

[ MNokaseeaTs HoMepa Ys0s

Fod 2
Rod 23

Mokaszate rpatmkL... | CucTema KoopnuHa'r...l ¥ MokaskiEaTs CHETEMY KODPAKHAT @ NeMeHTa Luna B KaHETE... |

D

K|

Puc. 2.1.14. lMpocMOTp BHYTPEHHUX HArpy3oK B y3nax afeMeHToB

B okHe PesynbTaTtbl nokasbiBaloTcs: obLlaa Macca Mogenu, BeNMYMHbl MakcMMarbHbIX Hanps-
XEHUA 1 nepemMeLleHui, a TakKke HOMepa 9feMEeHTOB, B KOTOPbIX HabnogalTcs MakcumarnbHble
HanpshKeHUs 1 nepemMeLLeHmns.

B Tabnvue BHyTpeHHME Harpy3ku B y3nax 3afeMeHTOB MoKa3blBalTCA: KOOPAUHATLI U CMeLle-
HWS Y3OB, YrroBble NEPEMELLEHUS, a Takke CUbl U MOMEHTbLI B y3rax B floKanbHOW cucTeme Koopau-
HaT ANA KaXAoro U3 CTepXHEBbLIX 3N1EMEHTOB.

Onsa Toro 4Tobbl BU3yannanpoBaTb 3MOpbl CUMOBbLIX PakTOPOB BbIOPAHHOIO CTEPXHSA, HAXMMaeMm
KHorky MokasaTb rpadukun... N B OTKPbIBLLEMCH AnanoroBoMm okHe Fpadmkmn otmeyaem anst NpocMoT-
pa oauH 13 nepevncneHHblx rpacdukos (puc. 2.1.15).

12



x

— PeayneTarel
M okdeHTEl H3rHGa

BepTukansHeIA | [ opUz0HT aNEHEIA | Oceekle cHilkl |
- Hrasl warksa tOMEHT Kpy4eHUa |
BepTukaneHe | [ opUz0HT aNEHEIN |

HFD.FI SakpYHHEIHHA |
— BokoBRE chiel
BeprukansHan | TOpHSOHTaNkEHaA | HanpaseHua |

— MepereweHma

BeprukancHee | rDDMSDHTaJ'Ibelel QOceekle |

p [NokaskEaTE NOAHOS NEperELl EHHE

Crpaeka |

Puc. 2.1.15. nanorosoe okHO BbiGOpa rpadhmka Ang npocmoTpa

B kavecTtBe npumepa HaxxmeM KHOMKYy BepTukanbHbIN rpynnsbl napameTpos MomeHTbl usrnba.
OTkpbiBaeTcs okHo Mpadhmkm, B none KoToporo otobpaxaeTcs BbIOpaHHbIn rpaduk (puc. 2.1.16).

=lolx|
V| 2G| E8| & o |18 k(BB F| .| | *=2210; v=-2450

MOWEHT 1M3rMBa B BEPTHKANEHOR NNOCKOCTH ()

PN

Mowent narméa, H xm
U

04 03 12 18 20 2.4 23 32 “E3

Paccroatie, 1

Puc. 2.1.16. 'padnk MoMeHTa n3rnba B BepTUKanbHOM NNOCKOCTH

KpanHas nesas Touka rpacdmka cooTBeTcTBYeT y3ny O BbIOpaHHOro CTEPXHS, T. €. ero Havany, a
KpanHssa npaBas — y3ny 1 (kOHUY CTepxHsi). YKa3aB C NMOMOLLbIO MbilUY NPOM3BOSbHYO TOUYKY KPUBOW,
NnonyyYnm B BEPXHEW YacTu OKHa 3HayeHus ee koopauHatT X U Y B yKa3aHHbIX Ha KOOPAMHATHbLIX OCAX
eAvHuLax.

7.3. MpocMoTp HanpshKeHU B NonepevyHoOM cevYeHUU CTepPIKHS

B APM Structure3D npegycMOTpeHa BO3MOXHOCTb BU3yanu3auuu KapTuHbl pacnpefeneHus
HanpshKeHUn B NONepeYyHoM cedeHun nioboro n3 CTepXKHEBbIX ANeMeHTOB. [1ns aToro Heobxogumo BOM-
TV B MeHo PesynbTatbl/HanpsikeHUs B Ce€YEHUM... N yKa3aTb HYXKHbIN CTEPXEHb, LLIEMNKHYB Ha HEM
NeBOW KHOMKOW MbIWK. Ha cTepxxHe nosiBUTCS Hebonbluasi cTperika, kKotopasi Nnpy OBWKEeHUW ykasaTens
MbILLW NepemeLlaeTcs nNo BbIOpaHHOMY cTepxHI0. C NOMOLLbIO 3TOW CTPEnKK cnedyeT ykasaTb Mosioxe-
HMe cedeHus Ha cTepxHe. LLenyok neBow KHOMKM MbILWKM Bbi3bIBAET MNOSBMEHNE Avanora Ans 3agaHus
NOMNOXeHsi BbIOPaHHOIO MOMEpPeYHOro CeYeHus, Nocre Yero OTKPOeTCs COOTBETCTBYOLWAA eMy KapTa
HanpsbkeHun (puc. 2.1.17). PacnonoxeHHas crneBa BepTUKanbHas LIKana nokasbiBaeT AuanasoH
HanpsPKEHUN B 3TOM MOMEPEYHOM CEYEHUMN.
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SV MNa] ‘l] -20 o 20 40 &0 80 100 Az
1y leevy bvoen e b b beaan el

39.25

3880

38.45

38.05

ITER

3724

3674

36.24

36.84

35.44

36.03

}.

3462

34.23

Puc. 2.1.17. KapTa aKBMBaNeHTHbIX Hanpsi>keHUn B ce4YeHnn

8. [lpoeepka Hecyweli cnocob6HOocmu cmep)xHeabix 3siemeHmoe no CHull l1-23-81 u nod6op
nonepeyHbIX ce4eHul

8.1. O6wwme npuHuunbl pacyeTta no CHull 11-23-81 «CTtanbHble KOHCTPYKLUMN»

APM Structure3D no3sonseTt BbINOMNHUTL NPOBEPKY Hecyllen cnocobHocTn ctepxkHen no CHull
11-23-81 «CTanbHble KOHCTPYKLUMU» N OCYLLECTBUTbL aBTOMATM3NPOBAHHLIN NOABOP NOMEpeYHbIX ce-
YeHui, obecneunBaroLLMX NPOYHOCTb pacCMaTpPUBAEMON KOHCTPYKLMU.

Mpexae YeM caenaTtb BbIBOA O HeCyLel CNOCOOHOCTM aHann3npyeMon KOHCTpyKUmMK, Heobxoau-
MO BbINOMHUTE MPeABapUTENbHbLIN MPOYHOCTHOM pacyeT, cTatudeckun unu aedopmMauMOHHbIN, Tak
HasblBaeMoW 6a3oBoV Mogenwu, AreMeHTbl KOTOPOW MMEIOT NepBoHaYanbHO BelbpaHHoe 6a3oBoe ceve-
Hue. Takow pacdeT NO3BONUT ONPeAenuTb OENCTBYIOLIME HA 3NEMEHTbl MOgENN Harpy3Kku.

BHumaHue! ABTOMaTU3MPOBaHHbLIA NOAGOP ONTUMAsIbHOrO CEeYEHUs MPU pacyeTe Harpy3o4yHoi CrnocoGHO-
CTV 3ieMeHTa MOAENM BbIMNOMHAETCA 13 TON e BUBNMOTEKM, K KOTOPOii NpUHaANEeXUT 6asoBoe ceveHue.

B kayecTBe npumepa paccMOTpUM NPOBEPKY Hecyllen CrnocobHOCTM Hambonee HarpyXeHHoro
CTEPXHS, 8 UMEHHO KpawmHen BepTuKanbHOM CTOMKM MocTa (cM. puc. 2.1.13). MakcumanbHoe 3KBMBa-
NEeHTHOe HamnpshkeHue, AeWCTBylollee B 3TOM anemeHTe, cocTtaenseTr 154 Mlla. lNepBoHavanbHO
HasHayaemoe ceyeHne — [iByTaBp Ne 20 ¢ yknoHom nonok no NOCT 8239-89.

8.2. Co3paHue KOHCTPYKTUBHbIX 3J1IeMEeHTOB

CTepxHeBble KOHeYHble 3MeMeHTbl, BXOAsliMe B KOHCTPYKTUBHbLIA 3N1€MEeHT, JOSKHbI obna-
JaTb crieayrLwmmm CBOUCTBaMu:
e pacnonaratbCs Ha ogHOM NpsiMon 6e3 paspbIBOB;
e VMeTb OAWHAKOBbIN TUM CEYEHUS U OOMHAKOBO OPWEHTUPOBAHHbIE OCU JOKaNbHOW CU-
CTeMbl KOOpAMHAT;
e  ObITb M3rOTOBNEHHBIMU N3 OOHOMO W TOFO Xe MaTepuana;
o Ka>K,D,bII7I n3 CTep)KHeI7I MOXeT BXOOAUTb TOJNMbKO B O4UH KOHCprKTVIBHbII7I ANTIEMEHT,
e LUAPHMPbLI 1 OMOPLI MOTYT NPUCYTCTBOBATL TOMBbKO B HAYare u KOHLE rpynnbl CTEPXHEN.
Bb|6|/|paeM TN KOHCTPYKTUBHbLIX 3J1IEMEHTOB C MNOMOLbHO KOMaHAbl MEHH I'IpoeKTprBa-

Hue/Tunbl KOHCTPYKTUBHbIX 3neme|-|1'oe./|7 CranbHble 31eMeHTbI. 3aTeM C MOMOLLBbI KOMaHAbI %
BblspaTb BblgendaemMm ogmnH U3 CTepXKHEeBbIX 3J1eMEeHTOB — B AaHHOM Clly4ae 3TO Hanbonee Harpy>xeH-

Hbll CTEPXXEeHb — MOCMe Yero CTaHOBUTCA aKTUBHOW KHOMKa EE BbigeneHHble 06BbEKTbl B KOH-
CTPYKTUBHbIN 3JIEMEHT NaHenu MHCTpyMeHToB KOHCTPYKTUBHBLIE anemeHTbl (MeHo lNMpoekTupoBa-
Hue/BblaeneHHble 06bEKTbl B KOHCTPYKTUBHbIN 311IEMEHT). Haxnmaem 3Ty KHOMKY.
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CTanbHbIE KOHCTPYKTUBHBIE 3neMenThl (CHuM I1-23-81%)

[ CBOFICTES MaTepHana
Hassabie | MaTepuan | R [ & 2

CTanbHoA an. 0 CTank 235.0 0,950 Koo, ycnoBHA pabioTe! 0.95 Moay b ynpyrocTH, Hivm™2 Ze+005
Pars. conpoTHENEHHE, HmM~2 235 Koadih. Myaccona 0.3
MNaTHOCTE, KrfH™3 0.0075

[ CeHeHiE 0 BUBRMOTERS Mcx. AaHHEE

[~ TMpoBSpKa MPOMGCTH M yCToRHBoCTH
= € pcy
THN cedeHHA AeyTaep KRACCHYECKHMH METOAaMH

= Texywes
F——— W ¥ ¥anTbiBate rMBKocTs Npk nogfiope ceveHha Il sty
o3t AndHel & nn. X2 | 0,85 Maice. rrbiocTe 150
acHET
BrbinnoTeka Ans noabopa ceseHHA
< | | LI ¥ NoaGipate ceustme IC:\ngram FilestaPM Civil Engineering 2003 {v. 2.6}, TIpHMEHITE
~PesyneTatel
Kostuumert [ Micxoaroe [ Nozobparioe |
HazEaHHe Ce4eHHA AEyTa8D C yknodon M9Z0 TC AeyTasD C yknodon NE20 [OCT 8239 oK.
MDOUHOCTE NDH DECTAKEHHH/THATHI 0.1077 0.1077
[¥CTORYHEOCTE NDH CHETHH B NN, KOY 0.1154 0.1134
[VCTORYMBOCTE DM CXATHM B NN XOZ 0.3633 0.3633 G
MoeaenbHan rHBKOCTE & AN, XOY 0.2395 0.2395
MoeaenbHan rHBKOCTE & AN, XOZ 0.9591 0.9591
MDCHOCTE NP HarkBe B Nn.KOY 0.3063 0.3068
MoctHoCTE NpH HarkBe B Nn.KOZ 0.2790 0.2790
MpoYHOCTE NoA ASACTEHEM NONEPEHHOR CHbl Oy 0.0062 0.0062 SaMEHHTE CEYEHHE
MpoYHOCTE NOA ASACTEHMEM NONEPEYHOR CHAL! Q2 0.0009 0.0009
MPCYHOCTE NPH CHATHH M Marube 0.5081 0.5081
. VCTORUMBOC TS NNOCKOA thoprbl M3rAfa & 1. KOV 0.3426 03428 BEpHYTb CEUEHIE

%

Puc. 2.1.18. CtanbHOW KOHCTPYKTUBHBIN 3NIeMEHT

Ons nepexoaga B peXuMm 3agaHnd napamMmeTpoB KOHCTPYKTUBHOIO 3JieMEeHTa HaXMMaeM KHOIMKY

KoHCTpYKTUBHbIE 3n1eMeHTbl NaHenn MHCTPYMEHTOB KOHCTPYKTUBHbIE 3anemMeHTbl (MeHto lMpo-
eKkTupoBaHMe/KOHCTPYKTUBHBbIE ANEeMEHThI...). B cnncke KOHCTPYKTUBHBIX 9MEMEHTOB OTKPbIBLUErOCS
AnanoroBoro okHa KOHCTPYKTUBHbIE 35IeMeHTbI NPUCYTCTBYET KOHCTPYKTUBHBIA SNEMEHT C Ha3BaHu-
em CtanbHom 3an. 0 (cMm. puc. 2.1.18). Ecnv BblgenuTb 3TOT 9M1EMEHT B CMMCKE, TO COOTBETCTBYHOLLMN
CTepXXeHb Moaenu npnobpeTeT KpacHbIN LIBET.

Tenepb HeOOX0AUMO 3agaTb CBOMCTBA BbIOPAHHOIO KOHCTPYKTMBHOIO 3N1eMEHTa.

1. B rpynne CBoncTBa MaTepuarna pacyeTHOe COMNpPOTMBIEHME, MOAYMb YNPYrocTu, kKoadduum-
eHT lyaccoHa M NNOTHOCTb 3aBUCAT OT 3aJaHHOr0 MaTtepuana KOHCTPYKTMBHOIO 3MEeMeHTa U He [Jo-
CTYMNHbI AN1S peAakTUpoOBaHUS.

2. KoachduumeHT ycnoBun paboTbl 3aBUCUT OT HA3HAYEHUS KOHCTPYKLMM U BblOMpaeTcs n3 Tab-

nvupbl 6% CHuM 11-23-81. Mo ymonyanuto . = 1. B paccmaTprBaemMoM npumepe BepTUKanbHbIN cTep-

XeHb SIBMNAETCA KONOHHOW, noatomy J. = 0,95.

3. CHuIT npegnucbiBaloT NPOBOANTL PasfnnyHbIe MPOBEPKM ANs CeYEHUN pasHbIX TUMOB, MO3TOMY
ANsi KaXOoro KOHCTPYKTUBHOMO arneMeHTa Heobxoammo 3agatb OAMH U3 npeanaraemblX NporpaMmMon
TMNOB ceyveHus. MNMoaxoaawmn Tun BelbupaeTca u3 Beinagatowero cnucka Tun ceyveHums. o ycnosuio
CTepXHeBble 3NeMeHTbl Modeny UMetoT nonepeyHoe cedveHve ABytasp Ne 20, cnefosaTtensHO, U3 Bbl-
nagatowlero cnucka Tun cevyeHus BbiOMpaem Tun ceveHns OByTaBp. [pn HEOOXOAMMOCTN MOXHO Bbl-
6patb nyHKT [ipyroe — Torga 3afgaeTcs cedeHne npousBorbHOro B1aa.

4. B aktuBHble nons Koadep. anuHbl B nn. XY 1 Koaddp. anuHbl B nn. XZ 3anuckiBaoTcH Be-
NWYUHBI, paBHblE OTHOLWIEHUIO 3MMEKTUBHON AMMHbI KOHCTPYKTUBHOINO 3MeMeHTa K ero pearibHOn
anviHe. Mo ymonyaHuio oba atnx koadumumeHTa pasHbl egmHnue. CornacHo n. 6.7 CHull 11-23-81, anga
CTPYKTYPHbIX KOHCTPYKUMA KO3(DMPULUMNEHTBLI ANUHBI HepaspesHbiX dnemeHToB pasHbl 0,85, nostomy B
COOTBETCTBYHOLMX Nonax 3anuceisaem 0,85.

3ameuaHue 1. DpdekTMBHaa AnNnHa KOHCTPYKTUBHOrO afeMeHTa UCMOoMnb3yeTcsl Npy pac4éTe Ha ycTon4yum-
BOCTb B [BYX MITOCKOCTSIX, MPOXOOSALLMX YEepe3 OCb 3NIEMEHTa U MaBHble LieHTpanbHble OCK ceyveHus. PeanbHas
OJIMHA 3TOro arieMeHTa BblOMpaeTcsl CornacHo pekomeHgaumam nn. 6.1-6.7, 5.13-5.16 CHull 11-23-81.

5. 3HaueHne BennunHbl Makc. rMbKoCcTb, No ymonyaHuto pasHoe 80, 3a0aéTcsi B COOTBETCTBUN C
nn.6.15, 6.16 CHwuM 11-23-81. Tak, ANsi OCHOBHLIX KOJIOHH MpeAenbHas rMbKOCTb CXKaTblX 31EMEHTOB
onpegensetca no cgopmyne 180 — 60a, rae o = 0,5. B paccmaTtpvBaeMomM crydae Ansa npegesibHon
rmbkoctn nmeem 180 — 60-0,5 = 150.

6. B kayecTBe MCXOAHbIX AaHHbIX (CUMNOBBIX (hAaKTOPOB) MOryT BbITb UCMOMNBb30BaHbI CBEAEHUS U3
TEKYLLEro 3arpykeHus unm pacyeTHble codeTaHms yeunui (PCY).
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7. HaxaTtuem kHonkn 3arpy3utb GMOBNUOTEKY 3aJaem MyTb K GuGnvMoTeke, M3 koTopon Byaet
noabupatbcsi ceyeHne AN KOHKPETHOro KOHCTPYKTMBHOro anemeHta: C:\Program Files\APM Civil
Engineering\[lByTaBp ¢ yknoHom nonok FOCT 8239-89.slb.

[Ins y4eTa rmbKoCTM ycTaHOBUTE dniar v YuuTbiBaTh rMGKOCTL NPY NOAGOPE CeYEHU.

Mpwn xenaHnm BMECTO NpPoBepkn No metoauke, nanoxeHHon B CHull 11-23-81, MOXHO BbINONHUTL
NPOBEPKY MPOYHOCTU M YCTOMYMBOCTM KITAaCCMYECKUMU MeTodamu, NMOCTaBMB (PIaOK HaNpOTUB COOT-
BETCTBYIOLLEN ONLNN.

3ameuaHue 2. lNocne TOro kak Bce napamMeTpbl KOHCTPYKTUBHOIO 3fieMeHTa 3adaHbl U oTpedakTUpoBaHbl, KX
3HaYEeHUS HY)KHO COXpPaHUTb HaxkaTtuem KHomnku MpumMeHnTb.

8.3. BbInonHeHue pacyeTa U NPOCMOTP pe3ynbTaToB

[nsa BbINOMHEHMA pacyeTa Ha Hecyllylo CNOCOOHOCTb Haxmute kHonmKy PacuyeT B AnanoroBom
okHe KoHcTpykTMBHBLIe anemeHTbl (MeHio Pacuet/[lpoBepka Hecywen cnocobHocTtu). Nocne 3a-
BEpPLUEHUS pacyeTa ero pesynbTaTbl MO KaXOOMY M3 KpUTEpUEB NMpeacTaBnsaioTcs B Buae Tabnuubl. B
nepBOM KOJNOHKE Tabnuubl NepedyncrnieHbl NapameTpbl, MO KOTOPbIM MPOM3BOAMIICA pacyeT Hecylien
CnocobHOCTH, a BO BTOPOW MpUBELEHbI XapaKTEePUCTUKMA UCXOAHOIO CEYEHUsI CTEPXKHS (B paccMaTpuBa-
€MOoM criyyae 310 [iByTaBp ¢ yKnoHom nonok no FOCT 8239-89).

Kputepnem npoBepku HecyLlen CnOCOBHOCTUN CTEPXKHEBbBIX ANEMEHTOB SBNAETCH CpaBHEHME No-
Ny4YeHHOro B pe3ynbTaTe pacyeTa 3HadeHust ¢ eanHuuen. Ecnm nonyyeHHoe pacyeTHbIM nyTemM 3Hade-
Hue xoTea 6bl OAHOro M3 NapameTpoB NpPeEBbILIAET €ANHULY, TO UCXOLHOE CeYEHWEe CYMTAETCs He Npo-
welwmMm NpoBEPKY Mo AJaHHOMY NapameTpy.

MapameTpbl, BENUYMHBI KOTOPbIX MO pe3ynbTaTtam NpoBeAEHHON NPOBEPKN OKa3anucb He COOT-
BETCTBYIOLLMMMN 3aaHHbIM YCIOBUSIM paboTbl, BbIAENAOTCS B Tabnuue KpacHbIM LLBETOM; KpOMe TOro,
B Tabnuue nosiBNAeTCA TPETbA KOMOHKA, B KOTOPOW COAEPXaTCs XapakTepUCTUKU CeYeHus, npegnara-
€MOro nporpamMmmMon Ha OCHOBE BbIMOMHEHHOTO pacyeTa. HaxxaTnem kHOMkM 3aMeHUTb ceYeHue UCxoa-
HOEe ceyvyeHMe KOHCTPYKTMBHOIO aneMeHTa 3aMeHsieTcsl Ha npeanaraemoe. C nomollblo kHomku Bep-
HYTb C€YeHMe MOXHO MPON3BECTUN 0BpaTHYIO onepaumio.

B paccmatpuBaemom npumepe, kak criegyeT 3 puc. 2.1.18, B kadyectBe 6a30B0oro BelbpaHo go-
CTaTOYHO «MPOYHOE» CEYEHME, BCE XapaKTEPUCTUKM KOTOPOro BMOJSIHE YAOBMETBOPSAT TpeboBaHUAM
no Hecylien cnocobHocTn. MIMeHHO No3ToMy MporpaMmma He npegnaraeT HUKaKMX HOBbIX BapWaHTOB.
BasoBoe ceyeHue, KpoOMe TOro, SABMSETCHA ONTMMarnbHbIM, T. K. napameTp lMpeaenbHas rMbkocTb B
nnockoctn XOZ, paBHbin 0,9591, 61IM30K K eANHULLE.

3ameuaHue 3. Ecnu npoBoaunach onepaums 3aMeHbl cedeHus, To nocrie npoeepkun no CHul n 3ameHbl ceyeHun
Heo6X0AMMO BbIMOMHUTL NOBTOPHbIN CTAaTUYECKUIA pacyeT, HA OCHOBaHWM KOTOPOrO MOXHO C YBEPEHHOCTbIO CAe-
naTb OKOHYaTenbHbIM BbIBOA O paboTOCNOCOOHOCTM NPOEKTUPYEMOW KOHCTPYKLIUN.

9. BbIg0od pe3ysibmamoe Ha rne4ams u 8 gpopmam *.rtf

Haxmute B OCHOBHOM OKHE NPOrpammbl KHOMKY % MevaTtb (meHio ®awnn/Mevyartb...) U B OT-
KpbiBLlEMCH OkHe BbIOOp AaHHbIX ANA neyaTn oTMeTbTe (haxKkaMu Te AaHHble U pe3ynbTaTbl, KOTOo-
pble TpebyeTcs BbIBECTM Ha NevaTb. BbiBOA pe3ynbTaToB pacyeTa OCyLLeCTBNAETCA Ha NpuHTep (KHon-
ka MeyaTb) NnboO B TekcToBLIN hann dopmaTa *.rtf (kHonka RTF), KOTOpbIN MOXET OblTb OTKPbLIT U OT-
peLaKTUpOBaH C MOMOLLbIO OOMbLUMHCTBA COBPEMEHHbIX TEKCTOBbIX PeAaKTopoB. Bo3moXXHOCTb peaak-
TUpOBaHUsi ocobeHHO yaobHa B TOM crnydvae, Korga pesynbTaTbl pacyeTa HYXHO npeacTaBuTb B BUAE
oTyeTa 3agaHHOM hopmbl.

lMpakmuyeckoe 3adaHue

BbInonHuTb cTaTUYeCcKnii pacyeT Modeny METaNNTIOKOHCTPYKLMK, n3obpaxkeHHom Ha puc. 2.1.20.

B kayecTBe MonepevyHoOro ceyeHus CTepXXHeW BEPXHEW 4YacTu MOoAEnu UCMomnb3oBaTb PaBHOMO-
noyHbIn yronok 50x4 TOCT 8509-93, B3aAB ero n3 cooTBeTCTBYOLWEN OMbnmoTeku. MNonepeyHoe ceve-
HWMe BepTUKanbHbIX ONOpP Co34aTb B COOTBETCTBMM C puc. 2.1.3 (cm. n. 3.1).

lMpeoycMOTpeTb Takyld OpUEHTaLMI0 CeYEeHUs CTepXXHEW BepxXHero spyca, koTopas obecneuuT
BO3MOXHOCTb MOCMEAYILEro 3anofIHEHNS HaKNOHHOW NOBEPXHOCTW NIIACTUHYATbIMU KOHEYHbIMU drie-
MEHTaMMu.

MpuNoXxnTb K BEpXHEMY MOSCY MOLENWN HAMPaBMNEHHYI0 BEPTUKANbHO BHM3 Harpysky, pasHyto 200
krc/MZ. YyecTb [ENCTBME CUMbl TSXKECTW.
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Puc. 2.1.19. MNpakTnyeckoe 3agaHune

2.2. CTaTU4yeCKnUI pacyeT CTepXXHeBO-NnacTuHYaTon moaenu
nponeTta MocTta

3adaya

BbINOMHUTL CTaTUYECKMI pacyeT CTEPXKHEBO-NMacTMHYaTon MoAenu MeTannoKOHCTPYKLMK Npo-
neta mocTa, n3obpaxeHHoln Ha puc. 2.2.1. CtepxxHeBas mogenb (ee pa3Mepbl U NONEpPEYHbIE CEYEHUS
CTEPXXHEBbIX 3NIEMEHTOB, a TaKkKe TWUN 3akpensfieHWs!) NOfTHOCTLI0 COOTBETCTBYET YCNOBUSAM, CHOPMY-
NUpOBaHHbLIM B rnase 2.1.

Puc. 2.2.1. 3D-mogenb nponeTta mocTa

MaTtepuan Bcex 3aneMeHToB (CTepxHen W nnactuH) — ctanb CT3kn. TonwwmHa nnacTuHYyaTtbiX
anemeHToB 4 MMm. CoeuHeHVE NNacTvH CO CTEePXHEBbIMU 3NIeMEeHTaMU OCYLLIECTBRSETCS CBapKOW Mo
AnuHe. MNMnacTuHbl HarpyXeHbl HOpMansHOW pacnpeaeneHHon cunon (qasneHnem) senvuuHon 0,8 klla.
Kpowme TOro, cnegyeT ydecTb AeNCTBME Ha MOCT CUIbl TSXKECTU.
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O6wuti nopsidok pacyema

1. CosgaHue Nrockon CTepXKHEBOW MOAENN pambl MOCTa.

2. CosgaHve nnacTvHYaTbiX 3MIEMEHTOB MoAenu u ux pasbueHne Ha OTAenbHble KOHEYHble
3NEeMEHTBHI.

2.1. OcHoBHble NpaBuna co3gaHns n pas3bueHns NNacTuH.

2.2. Co3gaHue nnacTuHYaTbiX 311IEMEHTOB.

2.3. Pa3bueHne nnacTuH Ha KOHEYHbIE 3IEMEHTBI.

CoeamHeHVe NNacTMHYaTbIX ANIEMEHTOB CO CTEPXKHEBBIMU.

lMpucBoeHue nnacTuHYaTbiM NapaMeTpoB MaTtepuana.

3apaHve cnnoBbix PAKTOPOB, AEWCTBYIOLMX HA NNAcTUHYaTbIe 3fIEMEHTbI MOAENMW.
BbinonHeHue pacyerta.

MpocmoTp pesynbTaToB pacyeTa.

BbiBOA pe3ynbTaTtoB pacyeTa Ha neyatb U B hann gpopmara *.rtf.

© N O

PeweHue

1. Co30aHue nnockol cmepxHesol Modesiu paMbi MOCMa

lMocTpoeHune pambl NPOU3BOAUM B COOTBETCTBMM C anroputMomMm, npvsBedeHHbIM B rnase 2.1. B
paccmaTpvMBaeMOM Ciyvae MOXHO BOCMOfb30BaTbCs Y>Ke roTOBOM MOAENbIO (CM. M. 2.1), Harpy>KeHHON
N 3aKpenneHHon, HO Toraa noTpebyeTca yaanuTb AEUCTBYIOLLYIO HA CTEPXXHU pacnpefeneHHyo Harpys-
Ky. [lns 3TOro BbigensieM COOTBETCTBYHOLLUME CTEPXKHU U BbiOMpaem B MeHio Harpysku nyHkT Yaanutb
Harpy3ku Ha CTepXeHb.

2. Cos30aHue nnacmuH4Yambix 351IeMeHmoe8 Moodesiu u ux pa36ueHue Ha omoesbHble KOHeYHble
dJIeMeHMmbI

2.1. OcHOBHbIe NpaBuiia co3aaHNA U pa3dueHusi NacTuH

Mpu cosgaHum 1 pasbrveHun NNacTUHYaTbIX SNEMEHTOB cregyeT NPUAEPKUBATLCA HECKOMbKMX

npaswun.

e Ecnu nnactuHa pormkHa «3akpbiBaTby» HECKOMbKO KOHTYPOB CTEPXHEBOW MoAenu, To AnS
YNpoLLeHNs npouecca coeanHEHNs NacTUHbl CO CTEPXKHEBLIMW 3N1eMeHTamMu LenecoobpasHo
B KaXX[JOM M3 KOHTYPOB cO34aBaTb OTAENbHYIO MNacTuHY.

e [lpn co3gaHMM HECKONbKUX NNACTUH HYXHO OeWCTBOBaTb OOHOMUIHO, T. €. LWenkaTb feBown
KHOMKOW MbILLM Ha y3rax CTEep)XHeBOW MOAEenv B ornpeferieHHon nocriefoBaTenbHOCTU — NO
YacoBoW cTperke unu npoTms Hee. OT 3TOW NocnegoBaTeENbHOCTU 3aBUCUT OpUEHTaUUs J1o0-
KanbHoU cucmeMbl KoopOuHam co3gaBaeMon nnacTtuHbl. K nnactmHam ¢ 0gMHakoBO OpuEH-
TUPOBAHHON FIOKanNbHOW CUCTEMOW KOOpAMHAT MOXeT ObiTb MpUMeHeH npuHumMn paboTbl C
rpynnon o6bekToB: pasbueHne Ha KOHEYHble 3NIeMeHTbI, 3aJaHne Harpy3oK 1 T. M.

e Bce nnactuHbl JOMmMKHbI ObITb pa3buTbl Ha OTAErNbHbIE KOHEYHbIE aneMeHTbl. B 6onbwnHcTBe
crnyyaeB A4OCTaTOYHO, YTODObI B HanpaBneHMn MakcumarbHOW CTOPOHbI NiacTUHbl umernock 10
3MnemMeHToB pa3bueHns, a B HanpaBneHUn MMHUMarbHON CTOPOHbI — KaK MUHUMYM 2.

e [Inga TOro 4tobbl co3gaHHbIe NPy pasbrueHnn KOHEeYHbIE SIeMEHTbl He CAYXWUIM UCTOYHUKaMM
AOMOMHUTENBHOW MOrPeLIHOCTH, HanpuMep, HEOBOCHOBAHHBIMU KOHLIEHTpaTopaMm Hanpsxe-
HWI, OHN He AOMKHbl OblTb CUMBbHO BbITAHYTbIMA. ONTMManbHOe COOTHOLIEHWe ONWH UX CTO-
pOH — He Gornee 4yem 1:2,5, aManasoH yrnos — 30°<a<150°.

2.2. Co3paHue nnacTUHYaTbIX 3NIeMeHTOB

MNepexognm B pexum YeTbipexyrosibHasg NpAMOYrofibHasi nfacTUHa HaxaTuem Q KHOMKM
Ha naHenu uHcTpymeHToB HapucoBaTtb (MeHio PucoBaHue/llnactuHa/eTbipexyronbHas npsamo-
yronbHas). [lanee nocnefoBaTenbHO LUeNKaem NeBOW KHOMKOM MbILIW Ha Tpex y3nax U3 Tex, K KOTo-
pbiM HEODXOAMMO «MPUBA3aTb» MNNACTVHY; OnpedeneHne NosloXKeHMs YeTBepTOoro yana v npuBs3ka K
HEMY OCYLLLECTBAAIOTCA aBTOMaTMYeckn. [oCcTpoeHne Kaxaon M3 nnactuH Ha4yMHaeMm C fneBoro nepeg-
Hero yana nnacTuHbl, @ y3Mnbl 06X04UM MO YaCOBOW CTPEriKe.

2.3. Pa3bueHue NnNacTuH Ha KOHEYHble 3NeMeHTbI

MockonbKy NNacTyHbl co3gaBanmnck OOHOTUMHO, TO UX JIOKamNbHblE CUCTEMbI KOOPAMHAT OPUEHTHU-
poBaHbl OOVMHAKOBO, CreAoBaTeNbHO, BCE TPU NITACTMHbI NOCNe BblAeNeHUs OOQHOBPEMEHHO MOryT BbITh
pa3buTbl HA KOHEYHbIE 3NIEMEHTBHI.

[na BblaeneHus NNacTUHbl HYXXHO LWENKHYTb Ha HEeW NeBOM KHOMKOW MbIlK, npenBapuTenbHO

HaXkaB KHOMKY % Bbi6patb naHenu nHctpymeHToB HapucoBath (MeHio PegakTupoBaHue/BbibpaTh
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3neme|-|T). I'Ipvl BblAENEeHNUN rpynnbl 3NEeMEeHTOB HYXHO YyAepXuBaTb KhnaBully Shift Ha KnaBunartype
HaXxaToun, B NPOTUBHOM CJly4ae nocrie BblaesnieHnAa nocnenyrowero afieMeHTa Co BCcex npeablaywmx oHo
CHUMaeTCA.

[ns nepexoga B pexuM pasbrveHnss NNacTuH HaXXnmaem KHOMKY & Pa3butb nnacTuHy Ha na-
Henn uHctpymeHToB HapucoBaTb (MeHio PucoBaHue /TinactuHa/Pa3éuTb nnacTuHy) U LIENkKaem Ha
OOHOW M3 BblAeNeHHbIX nracTuH. [pn 3ToM OTKpbIBaeTCst AuanoroBoe okHo MapameTpbl pa3dbueHus
(puc. 2.2.2), a Ha NnNacTMHax MOSIBMSETCS CxeMaTuyeckoe n3obpaxeHne nx NoKanbHOW CUCTEMBbI KOOp-
AvHaT. NMockonbKy, NO yCNoBMIO 3adayn, NNacTUHbl crieqyeT «NpyuBapuUTb» K CTEPXHAM, a A MOAenu-
pOBaHWs CMIIOLIHOMO CBAPHOrO LWBa COeAMHSIEMble 3fieMeHTbl HeobxoanMo pa3buBaTb HE MEHee Yem
Ha 10 yacTen, To B obounx nonsx BBoga AnanoroBoro okHa MapameTpbl pa3bueHuns (HanpaBneHue X
n HanpaBneHue Y) 3anuceiBaem no 10. lNMepekniovyatens Tun anemeHTa CTaBMM B MOMOXeHue 4-
XyrosnibHas nnactuHa. 3agaem TOJMLWMHY ANS HOBbIX NNactuH 4 MM. [locne 3Toro HaXXumaem KHOMKY
OK.

MapameTpo pasbiuetnn E
 KoauyecTeo anemeHToE

HanDaBHBHME b4 I-I 0 p TOAWKHE ANA HOEbIX NASCTIH

HanpaeneHue I-IIJ I 4 M

~Tunanemersta———— |~ [oMEWATE HOBLIE OFLEKTE B

% 4-yronsHan naacTHHa 1% aKTWEHBI Coi

€ 3yronkHas NAacTHHa " pogMTEnECEME cnoi

ok I OTreHa Crnpaeka

Puc. 2.2.2. Pa3bueHne nnactuH

3. CoeduHeHue ninacmuH4YambIX 3JIeMeHmMoe8 co cmep)xHeebiMU

Mpu mogenupoBaHM CMMOLWHOrO CBApHOrO LWBa HeobxoamMMo obecnednTb coegnHeHne NnacTuH
CO CTEPXHAMM OBLUMMM y3ramu, MPUYEM He TOMbKO MO yrram, HO U Mo AnnHe cTepxkHs. C aTon Lenbto
CTepeHb crieqyeT pa3buTb Ha Takoe e KONMYEeCTBO YacTel, Ha koTopoe Obina pasbuta nnactuHa.
Torga yanbl Ha CTepXXHe MOSBATCS B MeCTax pacnofioXeHWs y3foB NnacTuHbl, 1 Gnarogaps npussaske
3T Napbl y3noB 06beanHATCS.

MockonbKy B paccmaTpvBaeMoM cryvyae Bce CoeAuHsieMble C MracTHamMy CTEPXXHU HeobxoanmMo
pa3buTb Ha OOUHAKOBOE KOMNMYECTBO YacTen, TO MX MOXHO BblAenuTb U paboTaTb C rpynnon CTEepPIKHEN.
Ona pa3bveHns BblAeneHHOW rpynnbl CTEPXHEN HaXuMaem Ha naHenu MHCTpymeHToB HapucoBatb

=H
KHOMKy = Pa3buTtb cTepXeHb (MeHio PucoBaHmne/CtepxkeHb/Pa3buTb cTepeHb), LWeNKaeM ykasa-
Ternem MbIlM Ha OOQHOM W3 BblOENEHHbIX CTepXXHeN, B rnore BBoda YUMcrno crep)kHen OTKPbIBLUErocs
ANanoroBoro okHa Pas3buTtb cTepxeHb 3anncbiBaeM 4ncro 10 u Haxxumaem kHonky OK.

4. ﬂpuceoeHue rmsilacmuH4YamabIM 3J1eMeHmamM rnapamMempoe mamepuasa
Ons NPUCBOEHNA NNaCTUHaM CBOWCTB MaTepumana HyXXHO UX BblAEeNNTb, 3aTeM HaXXaTb Ha NnaHemnu

WHCTpYMeHTOoB CBOMCTBA KHOMKY @ Matepuanbl (MeHio CBonctBa/MaTtepuansbl...) U C NOMOLLBIO
nornew oTKpbIBLUErocs avanorosoro okHa MaTtepuanbl 3agatb cBoWcTBa matepwuana. Mo ymonyaHuio
HOBbIM 3NleMeHTaM MpUCBanBalOTCs CBOWCTBA Martepuana, KoTopbli ABRseTcs Tekywum. Takum maTe-
pvanoM npu nepBoHaYvanbHOM 3anycke nporpammbl CryxuT ctans CT3kn, YTO U COOTBETCTBYET YCIOo-
BMIO paccMaTpuBaemon 3ajayn.

19



5. 3adaHue cunoebix ¢ghakmopoe, Gelicmeyrow,ux Ha naacmuH4Yamsle 35ieMeHmbi Modesnu

lMponeTt MocTa HaxoanTCH NOA4 AEUCTBMEM ABYX CUIOBbLIX (PakTopoB:
e CcobBCTBEHHOro BeCa;
e pacnpegeneHHom Harpysku, NpUnoXeHHOM K CTanbHbIM MNAacTuHaMm.
MogenupoBaHne cobcTBEHHOro Beca nogpobHo paccmoTtpeHo B . 2.1, n. 5.1. 3gecb MblI ocTa-
HOBUMCS Ha 3agaHuM HOPMarbHON pacnpeneneHHoN HarpysKku.
Bbigensiem nnactvH4aTtble aNeMeHTbl MOAenu, Ha KoTopble OeNCTBYET pacnpegeneHHasi Harpys-

Ka, HaXXMMaeMm KHOTMKY 17 Harpy3ka Ha nnacTMHy Ha naHenu WHCTpyMeHToB Harpysku (MeHio
Harpy3ku/ Harpy3ka Ha nnacTuHy) v LenkaemMm NeBor KHOMKOW MbILLW HA OAHOMW U3 BblAENEHHbIX nna-
CTUH.

B nonsix BBoga nosiBMBLLErocs AvManorosoro okHa PacnpegeneHHasa Harpyska Heobxogumo 3a-
nucaTb BENWYUHY M HanpaBneHne (3HaK) gencTByloLen yaensHon cunel (puc. 2.2.3). PacnpeaeneHHas
Harpyska Ha nnacTuHy MOXeT ObITb 3agaHa Kak B nokanbHou cucteme koopamHat (JICK), Tak n B rno-
6anbHon (CK). B paccmatpmBaemom npumepe 3agaem Harpysky B JICK. Hopmaneto k nnactuHe signs-
etcs opT ocu Z JICK, 3HaumT, Harpy3ka AeNCTBYET B HanpaBreHUM BEKTOPA HOPManu U UMeEeT 3HaK «+».
CrnepoBaTenbHo, B none Beoga Z, H/MM® 3anucbiBaeM B3siTYIO C NONOXUTENbHLIM 3HAKOM BEMUYMHY
pacnpegeneHHon Harpysku, BelpaxeHHyto B MIMa (1 MlMa = 1 H/MMZ), a nmeHHo yncno 0,0008, yTto co-
OTBETCTBYET AENCTBYOLLEMY MO ycriosuto aasnexuto 0,8 kla.

lMocne Toro kak npouecc 3afjaHust pacrnpefeneHHON Harpysku 3aBepluaeTcsl, Ha COOTBETCTBYIO-
LLMX 3NIEMEHTAX NOSABMSIETCA €e CXEMaTU4ECKOe M3obpakeHue.

Pacnpeqenensan Harpyska [ X

3arpyseH1e I 3arpy#enue 0 ﬂ

[~ HepagHomepHos pacnpeaensHie

—

Ha4EHUA

z X Y
P, [Haeaz =] JP002  f00000 0,000

|u.nnuu |u.nuuu |u.uuuu

P2 Hebant ™2

3. Hiz fo.0000  [0.0000  0.0000

FA Him 2 |u.nnuu |u.nuuu |u.uuuu

CucTera koopauHar  ©* Mokansdas ) [nofansHas

— Cnocof 3a1aH9a
™ IofaEHTE K CYlECTEYOLWLMM

{* 3amMeHuTE CYWECTEYOWWE

Ok I Yaanre | OTreHa I

Puc. 2.2.3. 3agaHune HopmanbHONM pacnpegeneHHoN Harpysku, AeiCTBYOLWEN Ha NNacTUHbI

6. BbinonHeHue pac4ema

[nga 3anycka mofenu Ha pacyeT Bbibupaem B MeHo PacyeT nyHKT PacuyeT... u B OTKpbIBLLEMCS
ananoroBoM okHe PacueT oTMevaem bnakkoM HeoOXOAMMbIA TUM pacyeTa — B paccMaTpuBaeMOM
cnyyae ato CTtaTtMyeckun pacuer.

7. lpocmomp pe3ynbmamoe pacyema

Mocne BLINOMHEHUA pacyeTa MOXHO MpoaHanM3upoBaTb ero pesynbTaTbl. Buayanusauus pe-
3ynbTaToOB pacyeTa CTep)KHEBbLIX 3NIEMEHTOB NoApo6HO paccMoTpeHa paHee (CM. . 2.1, n. 7), noaToMy
30eCb OCTaHOBMMCS TONbKO Ha pesynbTaTax pacyeTa nnacTuH. AHanu3 pesynbTaToB pacyeTa npoun-
NIOCTPUPYEM Ha NpuMepe 0COBEHHOCTEN KapTbl HANPSKEHWUI B NacTMHAX.
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7.1. OcoGeHHOCTM KapTbl pe3ynbTaToB pacyeTa 4nA NNacTuH

Bbibvpaem B MeHo PesynbTaTtbhl nyHkT KapTa pe3ynbTaToB..., YTO MPUBOAUT K MOSIBIEHMIO
Avanorosoro okHa MapamMeTpbl BbiBoAA pe3ynbTaToB. OTO OKHO MOXHO pa3BepPHYTb HAXaTUEM KHOrM-
kn flononHutenbHo >>> (puc. 2.2.4).

MapameTpbl BbIBOAA pe3ysibTaToB | x|

Beibop pesynoTaToe |Hanpn>o<eHmc| LI CTepxHU SVWM v

KoAMUecTeo M3oypoBHer I1 6 MNacTUHBbI SVM v
SX

MaclwTabHbIM KO3EIUUMEHT 0.00 OBbEMHbIE 3NEMEHTHI g;\(

3arpyxerue 0 j OK I OTMeHa CnpaBKal

~CTpouTb KapTy-

SY0
(® Ha AecHOPMUPOBAHHOM KOHCTPYKUMA [ nokazbieaTh HeAEHOPMUPO %0

(" HaHeaeopPMUPOBAHHOM KOHCT PYKUMA [~ nokasbieaTe aechopmuposaHSyYM0

Bua KapTbl |7 YCPEeAHATDb SHa4YeHWA No ysnam

¢ Wzoobnactun [V nokasbieaTb kapTy pesynbTaTOE

(" MakcumManeHoe 3Ha4YeHUe B 31eMeHTe

Puc. 2.2.4. NapameTpsbl BbiIBOAA pe3ynbTaTtos

M3 Beinagatowero cnucka MnacTuHbl Boibpaem KOMMNOHEHTbI HanpsXKeHn, pesynbTaTel pacye-
Ta KOTOpbIX Hac MHTepecytoT. O603Ha4YeHNs, NpUMeHAeMble AN ONMCaHWUA KOMMOHEHT HanpsiKeHWn B
BblNagaloLeM Crnvcke, BBOASATCA NO CNeAYoLWUM npasuniam.

HopmanbHble HanpspkeHnsa obo3HavaoTes AByMs 6ykBaMmu, ogHa 13 KOTopbix — 3arnasHas S (oT
aHrn. stress — HanpsxxeHune), Apyras — nepsas 6yksa Ha3BaHWS TON KOOPOUHATHOW OCW, BAONb KOTOPON
AeNCcTByeT 3TOT KOMMNOHeHT. Hanpumep, «SY» obo3HauyaeT HanpsikeHwe, AeWCTBYlOLLEe Ha MOMOXW-
TeNbHOW UMK oTpuLaTENbHOW MOBEPXHOCTU MMacTWHbI B HanpasneHun ocu Y. [logvyepkHem, 4To Ans
KaXXOON M3 NOBEPXHOCTEN MNMNACTUHbI (MOMOXUTENBHOW U OTpULATENBHON) (HOPMUPYIOTCA OTAerbHbIe
KapTbl HANPsHXKEHUN.

[ns obo3HayeHns HanpskeHwn caura (kacaTenbHblX HaNPSXXEHWN) UCMOMb3yTCs TpU ByKBbI:
nepsasi no-npexHemy S (unu T), a ABe APYr1e yKa3biBalOT Ha NNOCKOCTb, B KOTOPOW AeCTBYeT AaHHOE
HanpshkeHune. Hanpumep, «SXY» — aTo kacaTernbHble HanpsxeHus B nrockoctn XOY nnactuHbl Ha ee
NONOXWTENBHOW UMK OTpULAaTENBHOW NOBEPXHOCTW.

OKBMBaneHTHble HanpspkeHus (Mo Musecy), kak n B cTepxHsax, obosHavatoTes SVM 1 nokasblBa-
IOTCH Ha KaXKOoW 13 NOBEPXHOCTEN NMACTUHBI.

OKBMBANEHTHOe HanpsXeHwe No Teopuu MakCHMarbHbIX KacaTelbHbIX HanpsbkeHun obosHauya-
eTca kak SMAXTAU, akBMBaneHTHOe HanpshkeHne no Teopum Mopa — SMOHR. 3T HanpsXeHus Bbl-
YUCNATCA Mo PopMynam:

Swmaxtau = S1— S3; Smonr = S1 — KSg,

roe S; v Sz — NnepBoe U TpeTbe rMaBHble HanpshXXeHus; K — oTHOLLEeHWe npefena Teky4yecTn Ha pacTsaxe-
HWe K npegeny TEKy4eCTU Ha cxaTue Ang matepuana nnacTuHbl.

AHanornyHble KOMMOHEHTbI HanpsbkeHun ¢ uHgekcom 0 (SX0, SXYO, SVMO u 1.4.) — 9TO COOT-
BETCTBYIOLLME KOMMOHEHTHI HaNpshKeHUn ANa cpeanHHON NOBEePXHOCTEN MMNacTuHbI, T. €. MOBEPXHOCTH,
9KBUAMCTAHTHOWN MO OTHOLUEHMIO K BHELLHWM.

HopmanbHble 1M KacaTenbHble HanpsbkeHWss MOryT ObiTb KakK MOMOXWUTENbHbIMKU, Tak U oTpuua-
TeNbHbIMW — B OTNIMYME OT BCErAa NOMOXUTENbHbIX IKBMBANEHTHbIX HanpsbkeHWA, pacCYMTaHHbIX Mo
Teopuam Museca n Mopa, a Takke Teopun MakCuMarbHbIX KacaTenbHbIX HanpskeHnn. HanomHum, 4To
NONOXUTENbHLIMM CYUMTAKOTCA PaCTArMBaoLLMe HanpsXeHus, a oTpuUaTenbHbIMU — CKUMatoLLue.

Mocne HaxaTtusa kHonkn OK Ha akpaHe MOHMTOpa OTKPbIBAETCH KapTa HanpshKeHWI, Ha KOTOPOW C
NMOMOLLbIO Pa3fMYHbIX LBETOB NOKa3bIBAOTCA MaKCUMarbHble BEMUYMHBI 3KBUBANEHTHBLIX HaMpsXeHWn
B CTEPXKHEBbLIX U NNACTUHYATBLIX ArIeMeHTax MoAenu KOHCTpyKuun (puc. 2.2.5).
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SVM[H/mMM"2], SYM[HMM?2] |~
190.1
178.3
166.5
154.7
142.8
131
119.2
107.4
95.55
83.72
719

‘] 60.08
48.25
36.43
2461
12.78
0.9587

Puc. 2.2.5. KapTa akBMBaneHTHbIX Hanpsi>keHnn

Mo yMOn4aHUKo KapTa Haﬂpﬂ)l(eHI/IVI nokasbiBaeTcsi B Buae Nsoobnacren, KpOMe TOro, BKrto4eHa
onuunA ycpe,D,HﬂTb 3Ha4YeHudA no y3nam. B atom Clny4ae y3rnoBoe 3Ha4deHune CoOOoTBEeTCTBYHOLEro napa-
MeTpa (B O0aHHOM Cly4vae Hanpsm(eva) paccynTbiBaeTCA Kak cpegHee apVICbMeTVILIeCKOG €ro 3HavyeHun,
BbI4YNCITIEHHbLIX BO BCEX NPUMbIKAOLWNX K AaHHOMY Y351y KOHEYHbIX 3f1IeMeHTax, And KOTOPbIX y3esl ABJid-
eTcs obwmm, n B obnactu atoro y3na npucyTcTByeT TOJIbKO OAUH LBET. Takon peXnm Hanbonee To4HO
OTpaxaeT pealibHOe pacnpeaeneHne 3Ha4YeHun paccmaTpuBaemMoro napameTpa.

Ecnn KapTta HaI'IpFl)KeHI/IIZ CTpouTCa no MakcumanbHbIM 3Ha4YeHUAM B 3fIeMeHTe, TO BECb KO-
HEYHbIN 3N1EMEHT OKpalunBaeTCcd B UBET, COOTBGTCTByIOLLI,VII;I MaKCMMalribHOMY 3HAYE€HUK HanpAXeHus.

7.2. MpocMoTp pe3ynbTaToB pacyeTa BHYTPEHHUX CUIOBbIX (hakTOPOB B y3nax nracTuHYa-
TbIX 3/IeMEHTOB

[nsa npocmoTpa BHYTPEHHMX Harpy3ok B y3nax nnacTuH Bbibupaem B MeHio Pe3ynbTaTtbl NYHKT
Harpy3ku.... 3atem B OTKpbIBLLEMCSA AManoroBoM okHe Pe3ynbTtathl (pyc. 2.2.6) ykasbiBaeM HY>KHbIN
3MeMeHT, BbIGOp KOTOPOro MOXHO OCYLLECTBUTb C MOMOLLbIO CMNCKA 311IEMEHTOB NMBO0 NPOCThIM Leny-
KOM Ha HeM B pexuMme Bbibopa anemMeHToB.

[N Pesynbrars

3nemenTe! EHYTpEHHIE HArPYSKK B Y3N3X 3 18MEHTOR

|»

I3arpg>ﬁerw|e 1] j
bey= Mo
[rr] [rr1]

Zc
[rar]

Yzen: [ rkoopn

[rit]

Y koopa
]

Z koopa
[rar]

1 -1400.0000] 7250.0000] -6710.0000] -0.0001 -0.00395] 130041
E -1750.0000] 7250.0000] -610.0000] -0.0000] -0.0097] -137.2545
3 -1750.0000] 7600.0000] -610.0000] -0.0000] -0.0091] -152.4788

=] T |
[oKa38TE FESEHKH... | CHETEME KRODPAMHET, I ¥ TMokaskieaTs CHCTEMY KOOPAWHAET 3 AeteHTa [C1ina B KEHATE... I

Déuwan macca keHeTpukunM 4308080775 [ir] I™ Mokaswipars Homepa yanoe

Makc. Hanpsiwerme 1927 Henr"2 Slab 9
Makc. nepemewerie 1525 (] Slab 48 =l

Puc. 2.2.6. Cunosble hakTopbl B y3nax nNnacTMHYaToro anemMeHTa
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B HmxHel yacTn okHa Pe3ynbTaTtbl NpuBoaaTca cBefeHus o6 oblier macce Mogenu KOHCTPYK-
UMW U MakCMMarsibHbIX BENUYMHAX HanpshKeHUs N NepeMeLleHns ¢ ykasaHMeM HOMEPOB 3NIEMEHTOB, B
KOTOpPbIX OHN HabnogarTCs.

Ecnn 13 cnucka dnemeHTbl BbibpaTb HEKOTOPLIA NNACTUHYATLINA 3EMEHT, TO ANA Hero B Tabnu-
ue BHyTpeHHMe Harpy3ku B y3nax 3neMeHTOB MOXHO MOCMOTpeTb: HOMepa M KOOpAMHAaTbl Y3rOoB,
CMeLLeHMs y3MnoB, YrroBble NepeMeLLeHns, a Takke CUMbl 1 MOMEHTHI B y3nax. Ha camom BbiGpaHHOM
anemMeHTe (CM. BEPXHIOK YacTb OKHA) BU3yanu3upyeTcs ero nokanbHasa cuctema KoopauHar.

3ameTnm, 4TO ANS NNAcTUH, B OTNMYME OT CTEPXHEBLIX 3NIEMEHTOB, HENb3S BM3yanu3mpoBaTb
3MOPbl CUMOBbLIX (PAaKTOPOB U KAPTUHY pacrnpeaeneHnst HanpsXXeHW B NonepeyYHoOM CeHeHUN.

8. Bbig00d pe3ysibmamoe Ha ne4yamb U 8 ¢ghopmam *.rtf.

HaxmnTe B OCHOBHOM OKHE NpOrpaMMmbl KHOMKY @ Mevatb (MeHio ®awnn/Meyatb...) 1 B OT-
KpbiBLUEMCH OKHE BbIGOp AaHHBLIX ANA neyaTy oTMeTbTe (braxkamn Te AaHHble U pesynbTaTbl, KOTO-
pble TpebyeTcs BbIBECTM Ha NevaTb. BbiBOA pe3ynbTaToB pacyeTa OCyLeCTBNAETCA Ha NPpUHTEp (KHOnN-
ka MNMeuaTb) Nnbo B TekcToBLIN hann dopmaTa *.rtf (kHonka RTF), KOTOpbIN MOXET BblTb OTKPbLIT U OT-
pefaKkTupoBaH C MOMOLLbK OOMbLUMHCTBA TEKCTOBbIX pedakTopoB. BO3MOXHOCTbL peaakTMpOoBaHUS
ocobeHHO yaobHa B TOM criydae, Korga pesynbTaTbl pacyeTa HyXHO NpeacTaBuTb B BUAE OTYeTa 3a-
AaHHoW hopMbl.

lMpakmuyeckoe 3adaHue

lMponsBecTn cTaTMyeckuin pacyeT Mogenn MeTannoKoHCTpyKuun (cm. puc. 2.1.20), BONONHEHHON
HaKMOHHOM KpbILeN M3 NNAaCTUHYaTbLIX KOHEYHBIX 3NEeMEHTOB. TOMNWMHY NAAacTUH Kpbiln B3ATb PaBHON
2 mm. ObecneunTb CoegMHEHNE KPbILLM CO CTEPXKHEBBLIMU 3NIEMEHTaMM Mo BCEN UX ANUHE.

MpunoXxnTb K BEpXHEMY MOSICY MOAENN HanpaBfeHHYK BEpPTMKANbHO BHM3 Harpysky, paBHYHO
2000 Kkrc/mM?, NpeABapUTENbHO YAANMB €€ CO CTEPXKHEN.
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