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Cnuncok HOBbIX ®YHKUMN n BOSMOXXHOCTEW
nporpaMMHbIX NPOAYKTOB NMMHEUKN «APM» v21
1. Peniuz APM 21

2. Penuns Patch 1
3. Penus Patch 2

YBaxaemble Konnern un ,El,py3b9|!

Konnektme HTL «AlNM» coobwaet, 4yto B MapTe 2025 r. BbifyleHa HoOBas
21-9 Bepcus HaWMX NPorpaMMHbIX NPOAYKTOB — pacyeTHbIX CUCTEM NIMHENKU «APM»y.

APM WinMachine 21 — CAE-cuctema and aHanmsa MNpOYHOCTWM, MOAENMPOBaHUs
d13MYEeCcKMx NPoLEeCCOB, pacvyeToB AeTanen MalnH 1 MeXaHU3MOB.

APM Civil Engineering 21 — CAE-cuctema Ans MpoOMbIWNIEHHOIO U rpaXKaaHCKoro
cTpouTenbCTBa.

Hwke Mbl NpMBOAUM CMUCOK HOBbLIX (PYHKLMA U BO3MOXHOCTEN OCHOBHbIX PaCYETHbIX
MoAyrnen n ONONHUTESNbHbBIX OMUMNA.

APM Structure3D
MoOynb pacyema HanpsixeHHO-0ehopMuUpPO8aHHO20 COCMOSIHUS, ycmou4ugocmu,

co6CcmBeHHbIX U 8bIHYXXOEHHbIX KonebaHul demaneli U KOHCMpPyKUuUU
MemodOM KOHEYHbIX 35IeMeHMo8

UmnopT/akcnopTt

MpoBepoeHa popabotka mmnopTa pannoB ¢opmata BDF. lMpu mmnopTte dannos
peanu3oBaHa HacTpoKKa BCeX UCMOfb3yeMblX MpOorpaMmMon eanHNL, U3MepeHUs.

PeannszoBaH wumnopt annos ANSYS (*.cdb). [daHHbin yHKUMOHan paboTaeT
B TECTOBOM peXMME M Nnoka crnocobeH nepegaBaTb OrpaHMYeHHbIN nepeveHb TMnoB KO
N rPaHUYHbIX YCrioBui (nogpobHee B MNpunoxenun).

Bubnuoteka KO

[o6aBneHbl nnockve (2D) koHeuvHble anemeHTbl (3-X M 4-X  y3noBble) Ans
MOAENNPOBaHUSA TBEPAOTENbHbLIX KOHCTPYKUUKW, obrajarolmx OCeBOW CUMMETPUEN,
a Tarke Haxogdawmxcsa B nnocko-HanpspkeHHoM (MHC) n nnocko-gedopMMpoBaHHOM
(MAC) cocTosHUAX.

Mpu aTOoM pacyeTHasa moaens cTpoutcs B nnockoct OXY v npeactaBnseT coboi:

e B Cly4ae 0CEBON CUMMETPUN — CEYEHNE B OCECMMMETPUYHON NINOCKOCTH
MOAEenu;
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e B cnyyae NHC — nonepeyHoe cevyeHne KOHCTPYKLMM KOHEYHOW TOMLLUMHbI;
e B cnyyae NAOC — nonepeyHoe ceveHne 6eCKOHEYHO TONCTON KOHCTPYKLNN.

HoBble Tunbl AOKYMEHTOB

e [IBymMepHasa ocecuMMeTpUYHasa KOHCTPYKLNS.
e [IBymMepHoOe nnocko-aedopmMmpoBaHHOE COCTOSIHME.
e [IByMepHOe NI0CKO-Hanpsi»KeHHOe COCTOSHME.

3apaHue rpaHuyHbIX ycnosum (IY)

[nsa ctepxHeBbix KO B aepeBe «PacyeTHast Mogenby gobasneHa BO3MOXHOCTb 3a4aHus
«PacnpegeneHHon Harpyskmy», «PacnpeneneHHoro MoMeHTa», a Takke «BeTtpoBon
HarpysKkm».

ABTOMaTn3auus
[lo6aBneHa onuus «YganeHne ncxogHbix 06bEeKToB» AN KoMaHabl « BbiTankmBaHmey.

B cTpoke cocTosiHMA B KpaHEM MpaBoOM MOMOXeHun aobaBneH MHANKaTop akTueauum
pexuma «aAMHaMUYecKoro BblaeneHus» (BkniodeHue pexuma Shift+lKM). bnarogaps
3TOMY, MONb3oBaTefb SIBHO BUOWUT KakouW TN OOBLEKTOB (y3en, CTepXeHb, NnacTuHa,
TBEPAOTESbHLIN aneMeHT) ByaeT BbibupaTbes Ha paboyem none.

B HacTpomnkax nporpammbl OCTaBfEHO TOSMbKO OAHO MECTO AN HaCTPOWKM eauHWuL
namepeHna (ybpaHa otaenbHasa HaCTpOVika eANHUL, UBMEPEHUS ANs KapT pe3ynbTaToB).

Ha Bce anemeHTbl AepeBa «PacdeTHaa mogenb» gobaBneHa BO3MOXHOCTb yAaneHus
no kHonke Delete (c Bonpocom 06 ygmaneHuu, KOTOpbIN TpebyeT noaTBepXAeHUs
OT nonb3oBaTens).

PaspaboTtaH ¢yHKkumMoHan gns HanucaHus ckpuntoB. KoHconb Python moxeT ObiTb
Bbl3BaHa Nonb3oBaTenemM Yepes rnaBHoe MeHo «Bua». B nepBon peanusauumn 4oCTyMNHbI
GasoBble YHKUMM CO3O0aHUSA  MaTepuanoB, CEYEHWUN, KOHEYHbIX 3NEeMEHTOB,
NPUNOXEHNA HEKOTOPbIX BMAOB HArpy3oK, 3arnycka HEeCKONbKMX TWUMOB pacyeToB
(6e3 HENMHENHOCTK), a TaKKe 3anpochkl pe3ynbTaToB.

BbinonHeHue pac4yeToB

[na rapmoHnyeckoro aHanmsa gobasneH HOBbIV anropuTM peLleHns — «Cynepnosnums
MOA», YTO NO3BOMISIET NOSMYYMUTb pe3dynbTaThl Ana 60nbWNX 3agay 3a oLwyTMMO MeHbLUEE
Bpemsi No cpaBHeHuto ¢ anroputmom "FULL". OgHako, anroputMm «cynepnosvuum Moa»
obnagaeTt psaooM OrpaHMYeHUin: HEBO3MOXHOCTb 3aJaHus KMHEMATUYECKOW Harpysku
no nepemMmelleHnio; aemndupoBaHMe 3a0a€TCs OTAENbHO ANs  Kaxgon Mofbl,
yuyuTbiBAEMOW B pacyéte (npu 3TOM AemndupoBaHne AOnsi OTAENbHbIX 3MEMEHTOB
n maTtepuanoB 6yaeT NpoMrHopMpoBaHo). ANrOPUTM «Cynepno3vuumn mMmog» no3sonsieT
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ncnonb3oBaTh AnemMeHTbl ¢Bs3n (RBE-anemMeHTbl) He TONMbKO C METOL4OM y4yeTa yepes
dyHkunio «LWTpada», HO u gpyrummn metogamun («WcknoveHue» unu «MHOXUTENn
Narpanxanr).

PeanusoBaHo nony4vyeHune MTOroBbIX BEJIMYNH NIMHENHOro KOS(*)(*)VILlI/IeHTa
TeMrneparypHoro pacwmpeHmda Criomctoro Komno3mtTa C Yy4eToM TepMUYEeCKUX
aHN3O0TPOMHbIX CBOMCTB Ka)Xgoro MOHOCHOS.

[o6aBneHa BO3MOXHOCTb MPOBOAUTbL pacyeTbl B OCECUMMETPUYHOW MNOCTaHOBKE
(B TeKyLLen BepCcumM A0CTYMNEH pacyeT TOMNbKO OTAENbHbIX AeTanen).

PeannsoBaHo pelleHne 3agad MnIoCKOro HanpsKeHHOro COCTOSHWSA W MIOCKOro
AeopMNpOBaHHOIrO COCTOsIHMA (B TeKylwen BepcuuM [OCTYNeH pacdeT TOSbKo
OTAENbHbIX AeTanen).

MpoBegeHa oONTUMM3AUMS pacyHeTHbIX anropuTMOB, KOTOpas MO3BOMMMA YCKOPUTb
pacyeTbl KOHCTPYKLUWIA, CoaepKalumnx cTepxHeBble KO.

PeannszoBaH oOOLWMPHLIM NepevYeHb HOBOro (PyHKUMOHaNa Ana  TOMosorMy4eckon
ONTUMU3ALMN KOHCTPYKLMIA:

e [lo6aBneH HOBbIN OTKNMK « COBCTBEHHAs YacToTa C NpegHarpyXeHnemy;
e PaclumpeHbl BO3MOXHOCTU OTKNNKOB « CobCTBEHHAst YacToTay
N «YCTONYMBOCTbY:

O peanu3oBaH Y4ET NOBTOPSHOLMNXCA COBCTBEHHbBIX 3HAYEHUN;

O peanu3oBaHO OTCNnexuBaHue cobCcTBEHHOW (POPMbI;

o [pobasneH BbI6Op MHAEKCa COBCTBEHHOWM (POPMbI.

e [Ina TexHonormyeckoro orpaHnyeHns «3d-neyatby:

o nepepaboTaH anropuMTM, YTO NO3BOMNSET NONyyYaTb HAMHOro 6onee
3(PPeKTUBHBIV pe3ynbTar;

O UCKMNoYeHa HeobxoaMMocCTb noabunpaTb «BeCOBON KOIPULINEHTY;

o pobGaBneHa BO3MOXHOCTb pPerynnmpoBaTth yros HaBucaHus.

e BsaumopgencTteme ¢ uTepaLMOHHBIMU peLLaTeNaMM:

o paspaboTaH yCoBEPLLUEHCTBOBAHHbBIN anropuTM UTEPaLMOHHOIO
peluiaTtens, y4uTbiBaowmn ocoO6eHHOCTHN 3aa4a4m TONOSTOrM4YeCcKom
ONTUMM3aLmnK;

o  Ansa ynyyvweHus CXoanMOCTM NosiBUNacb BO3MOXHOCTb Y4UTbIBATb
pelueHne ¢ npeablayLlmx ntepaunm;

O peanu3oBaHO MCMNOMb30BaHWE NTEPALMOHHOIO pellatens ang
HaX0XOEeHNS CONPSKEHHbIX BEKTOPOB;

e PeanusoBaH HOBbIN ONTUMU3ATOP, NOMHOCTBLIO COBCTBEHHOW pa3paboTku;

e  ONTUMM3MPOBAH OTKINK «HANPSXKEHUS» MO NamMATU U NPON3BOAUTENBHOCTH;

e VIameHeHa (ycoBepLUEHCTBOBAHA) forMka B3aMMmoaencTBnsa TEXHONOMMYECKMX
orpaHnyeHuii ¢ NDS (NonDesignSpaces) un nyctotamv B MOAENN, YTO
pacLIMpsieT Kpyr pellaemblx 3agauv;

e YYéT pelleHnsa 3agaym ctTaumoHapHON TeNNONPOBOAHOCTY;
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e YcoBepLUeHCTBOBAHbLI anropuTMbl A1 TEXHOTOrMYECKUX OrpaHUYeHnn Tuna
«wTamnoBka» N «dpesepoBkar.

PaspaboTtaHbl HoBble pelwuatenu CJ1AY, ncnonb3syrowme CTPYHHO-BOTHOBOW METOA;:

e [Ina ctaTnyeckoro pacyeTa ans ogHoro N HeCKONbKuX 3arpyxkeHmn Ha CPU —
CPUTensortrain, Ha GPU — CUDATensortrain. Pac4eT npoBoantcsa Ansa AByX
Cry4aesB: Korga ornepaTtvBHON NamATK XBaTaeT; Korga onepaTtmBHOM NaMaTH
He xBaTaeT 1 BroKkun pe3ynbTaToB NPOMEXYTOYHbIX PACYETOB COXPaHAITCS
Ha XXeCTKOM AMCKe No agpecy, yka3aHHOMY nonb3oBaTerieM;

e [1na pacyeta cobcTBEHHbIX YacToT Ha CPU — TT, a ana GPU — CUDA _TT.
PacyeT npoBoguTcs Ang ABYX Cry4aeB: Korga onepaTtMBHON NamaTn XBaTaerT;
Kora onepaTUBHOW NaMSATU He XBaTaeT 1 610KN pe3ynbTaToB NPOMEXYTOYHbIX
pacyeTOB COXPAHSOTCH Ha XXeCTKOM AUcKe No agpecy, ykazaHHOMY
nons3oBaTenem.

BbiBOoA 1 aHanu3 pe3ynbTaToB

B03MOXHOCTb MCMOMb30BaHUS HopManuaauum npu BbiBoge PopM COBCTBEHHbIX YacToT
n dopM noTepn YCTOMYMBOCTM BbIHECEHA B HACTPOMKWM NporpamMmmbl B pasgen
«HacTtpouku nporpammbl» nogpasgen «HacTtponkun kapT pe3ynbTaToBy.

[lo6aBneHa BO3MOXHOCTb MpoOCMOTpa pe3ynbTaToB Ans  «[pynn  BblAENeHHbIX
anemMeHToBy. OHa paboTaeT napannenbHO C BO3MOXHOCTbIO perynupoBaTtb BUAMMOCTb
3M1EMEHTOB  KOHCTPYKUMM  MNyTeM  BKIOYeHusi/BblknioveHns  «CnoeB».  [MNpu
OOHOBPEMEHHOM MCMOJb30BaHWM cpasy M rpynm, U CroeB Nosib3oBaTento Heo6xoanumo
CaMOCTOSITENbHO KOHTPONMPOBAaTb MX BO3MOXHOE «MEepPeCceYeHmey.

[o6aBneHa BO3MOXHOCTb Ha KapTe pe3ynbTaToB perynMpoBaTb pasMep AuanasoHa -
«HUXKHee benbiMy.

[oGaBneHa BO3MOXHOCTb CO34aBaTb TPpaekTopunm Ha nnactuHax W CTepXHAX Ond
nocnegywoulero BbiBoda no HAM pe3ysibTaTtoB pacyeTa.

HoBas (byHKLl,VIOHaanOCTb AnA pacyeToB CTPOUTENIbHbIX KOHCprKLIVII7I

e PacwupeH yHKUMOHAn ynpyrnx OCHOBaHWUMN:

o YHuBepcanbHbI UHTEPenc B aepeBe «PacyeTHasa Mogernby;

o PacyéT nnuTHbIX hyHAAMEHTOB Ha pa3HbIX OTMETKaX;

o YYET NnpocagoyHbIX CBOMCTB rPyHTa Npu onpeaeneHnm ocagok,;

o PacwupeHue cyHKUMoHana y4éta MakCuManbsHOM rnyobuHbl CXxMmaemMom
TOMLWM M Beca rpyHTa o6paTHON 3acCbInKy;

o B yane ynpyrve ocHoBaHUS KO3(PPULMEHTBI NOCTENN BbIMUCNAIOTCA
aBTOMaTUYECKUN TONbKO NO 3a4aHHOW MOAENW rPyHTa;
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o [MocToAHHbIE 3HaYeHNA KOS(PPULIMEHTOB NOCTENN 3a4al0TCA B OTAESTbHOM
y3ne gepesa.

e PaspaboTaH yHKUMOHaN cBalHbIX (PyHOAMEHTOB:

o YHuBepcanbHbl HTEpPeNc B aepeBe «PacyeTHasa Mogenby;

o B0O3MOXHOCTb onpefeneHns >XECTKOCTU Yrpyrnx onop B rOpnU3oHTarIbHON
NSIOCKOCTWN NO 3a4aHHOW MOAENN rPyHTa C Y4E€TOM B3aUMHOIO BIIUAHUSA CBaW;

o BO3MOXHOCTb onpefeneHus >XECTKOCTU YNPYyrnx onop B BepTUKarbHOM
HanpasfeHnn Nog HWKHUMU KOHLLAMK CBal C y4ETOM B3aMMHOIO BIUSHUS;

o [obaBneHbl anropuTMbl BbIYUCIEHUS XXECTKOCTM YNPYrnx onop no moaensm
CBaNHOro KycTa 1 YCrNOBHOIo oyHOaMEHTa;

o YYET B3aUMHOr0 BNUAHUA NIIUTHbLIX U CBaWUHbIX (PYHOAMEHTOB.

e OcyuwlecTtBneH nepeHoc (pyHKUMOHaNa Ans pacyeTa CTanbHbIX KOHCTPYKTUBHbIX
3N1EMEHTOB B €AUHbIN UHTepdenc B AepeBo «PacyeTHaa Moaesiby.

e PacwwupeH dyHKUuMoOHan paboTbl C  TOHKOCTEHHBbIMW  KOHCTPYKTUBHbLIMU
anemenTtamu (JICTK):
o Pearnusauna npoBepoK KOHCTPYKTUBHbLIX 3fieMeHToB Kak no EN 1993-1-3 2006,
Tak n no Cl 260.1325800.2016;
o B03MOXHOCTb NPOCMOTpa reoMeTpUYECKUX XxapakTepucTuk adpdPeKTUBHOIo
ceyeHus;
o B03MOXHOCTb BbIBOAA HarnsigHOro oTobpaxeHnsa adPeKTUBHOIO CEeYEHUS.

e PeanusoBaHO LBETOBOE OTOOpaxeHuWe MOCTOAHHBLIX KO3IMUUMEHTOB NocTenu
ONS1 CTEPXKHEW, NNAacTUH U TBEPAOTENbHbIX K3.

APM Studio
MoOdynb eeomempu4ecko2o MoOenuUpPo8aHusi
C UHCMpyMeHmamu KOHEeYHO-3/1IeMEeHMHO20 aHasu3a

3apaHue rpaHuyHbIX ycnosum (IY)

3agaHue 'Y ona Bcex BUAOB pacyeTa peann3oBaHOo Yepes3 KOHTEKCTHbIE MEHIO B AepeBe
«KoHeYHO-aneMeHTHbIN aHann3y.

[loGaBneHa HoBasi TEXHOMNOMMSI KOHTaKTa - «MNOBEPXHOCTb — MOBEPXHOCTb» OIS
peanusaumu B3anMoaencTBms Mexay Aetansmu B cbopke.

PeannsoBaHo mopenupoBaHuMe MNOCafOK C HaTAroM. HaTtar MOXHO mMoaenvpoBaTthb,
HEe W3MEHAs WCXOOHOW reomeTpuu geTtanen, yepe3 CBOWCTBO KOHTAKTHOW 30Hbl —
«BblpaBHMBaHMe noBepxHocTeW». [iNs aToro AoCTynHbl onuun «[1o6aButb cMmeLeHne»
n «[Jo6aBnTb CMeLLEHME K BblpaBHUBaAHMIOY. BennumHa HaTtara npuknagbiBaeTcsa cpasy
NMOSIHOCTbIO Ha MEepBOM Luare pacyeta. BenuunHa HaTtsra gormkHa 6biTb CyLLECTBEHHO
MeHbLUe pa3mepa K3.
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[o6aBsneHa onumsa «Cnabble NpyxuHbl» ana HennHenHoro n [JuHaMmmMyeckoro pac4eTos.

[lo6aBneHo CBOWCTBO KOHTAKTHOW 30HblI «TepMuyeckoe COMpPOTUBIEHMEY», KOTOPOE
Nno3BonsieT 3agaTb 3Ha4YeHWe TENNONPOBOAHOCTU B 30HE KOHTAKTa AeTarnen.

Peanu3oBaHo HOBoe rpaHu4Hoe ycrnioBne -  «[lpegHaTtskeHve  GoONTOBY,
npeaHasHa4veHHoe Anst paboTbl ¢ TBEPAOTENbHLIMU OB bEKTAMMN.

[ob6aBneHo oTobpaxeHune LUBETOBbIX KapT 3HayeHun «lmapocTtaTU4ecKon Harpysku»
n «llepeMeHHoro aasreHns».

BcnomoratenbHas reomeTpus

[loGaBneHa BO3MOXHOCTb co3gaHus obbekTa «[lyTb» MO 3agaHHOW Monb3oBaTenem
nocrnenoBaTenbHOCTU Todek Unu pebep moaenn. [laHHbIi 0ObEKT npeaHasHadveH Ans
BblBOAA pe3ynbTaToB.

ABTOMaTu3aumsa
[obaBneHa BO3MOXHOCTb HACTPOMKM UCMNOSTb3yEMbIX €ANHUL, U3MEPEHUM.

[ob6aeneH crneunanbHbIi MHCTPYMeHTapumn «I pynnbl BblAeNeHUn», KOTOPbIA MNO3BOMAUT
dopmupoBaTb Habopbl reomeTpun, HeobxoaumMble nMonb3oBaTento Ana yaobcTea
co3faHnsa pacyeTHOM Moaenu.

Hob6aeneHa Bo3MOXHOCTb «OTMeHbl» / «[loBTopa» KomaHa Ha 6asoBble onepauuu,
Kacatomecst paboTbl C reoMeTpuen Mogenu.

PeannsoBaHa NMHTerpaums c nnaTgopmon yrnpasneHuns pacdyeTamm
N MHOrokputepuanbHon ontummsaumm |OSO. [Ons paboTbl nporpamMm B CBsi3Ke
HeobXoaUMO MOArOoTOBUTH pacyeTHY Mofefnb, napameTpu3oBaTb Heobxoaumble
Y n pesynbTtathl, @ Takke creHepupoBaTtb hann *.desc, KOTopbI NO3BONNUT NporpaMmme
IOSO cuuTtaTb MHGOPMALUIO O pacHETHOM NpoekTe, noarotosneHHom B APM Studio.

KomaHaa «YnpoLieHney, No3BosisoLwas MoanduumnpoBaTtb reoMeTpuLo AeTanen, Tenepb
AO0CTYyMNHa B pexuMme «KoHeYHO-3neMeHTHbIN aHanunay.

[loGaBneHa komaHaa «PaspesaHue», koTopasi MO3BOMUT pasfaenuTb TBEPAOTENbHYH
[AeTanb Ha YyacTu Ans co3aaHus perynspHbix K3-ceTok.

[loGaBneHa KomaHaa «[uarHocTuka». OHa nos3BonseT HaWTu M Npu BO3MOXKHOCTU
ncnpaBuTb AedeKTbl FeOMETPUN Ha AeTansX, YTO NOMOXUTENBHO CKaXXeTCsA Ha CKOPOCTU
N KavecTBe npoLecca reHepauumn KO-ceTku.

FeHepauunsa K3-ceTku

8-Mu y3noBas ceTka METOAOM PYYHOro AeneHus Ha nogobnacty (NpoTsKKa B BapuaHTe
«One-to-one Sweeping»).
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[obaBneHa BO3MOXHOCTb [pynnoBoro npeapasbueHus pebep wmogenu (nepea
reHepaumnen K3-cetkn).

BbinonHeHue pacyeToB

PaboTta co Bcemn Trnamm pacyetos B APM Studio Tenepb peanu3oBaHa 4yepes AepeBo
«KoHe4yHo-anemMeHTHbIM aHanua» - y3en «PacyeTbi».

3anyck Bcex TUMOB pacyeToB pearnim3oBaH MO KOHTEKCTHOMY MEHH HenocpeacTBEHHO
n3 gepeBa « KOHEYHO-3MIEMEHTHbIN aHanu3».

BbiBOoA 1 aHanu3 pe3ynbTaToB

[lns HenMHeMHOro cTaTUYecKoro pacyeTa, AMHAMUYECKOro pacyeta U rapMOHUYECKOrO
pacyeTa paclUMpeHbl BO3MOXHOCTM BbIBOAA pe3ynbTaToB:

e [lobaBneHbl criegyowme Buabl TUMOB KapT pe3yrbTaToB: CKOPOCTU U YCKOPEHUS
ANa  OMHaAMUYeCcKOro pacyeTa, a Takke OSKBUBANEHTHble nnacTuyeckue
Aedopmauum.

e PeanusoBaH BbIBOJ 3aBUCUMOCTW HaNpshXeHu, nepemMeLLeHuni, yrinoB noBopoTa,
Aedopmaunn, CKOpocTen N YCKOPEHUN B TOYKax (y3nax) KOHEYHO-3N1eMEHTHON
MOAENN U3aenus oT BpeMeHu / YacToTbl B TabnnYHOM 1 rpacomyeckom Buae.

e PeanusoBaH BbIBOA4 3aBUCUMOCTM HaMBONbLUMX, HAWMMEHbLUMX W CPeaHUX
3HAYEHUN HanNps>KEHUW, NepemMeLleHnn, YrrnoB MnoBopoTa, Aedopmauni,
CKOPOCTEN N YCKOPEHUIN OT BPEMEHWU / YaCcTOTbl B TAONUYHOM 1 rpadouyeckom Buae
Anga otobpaxaemon Ha kapTe pe3ynbTaToB MOLENMW.

[na Bcex BMAOB pacyeToOB peann3oBaH BbIBOO 3aBUCUMOCTU  HamnpsbKeHUn,
nepemMeLLeHnin, yrnoB NoBopoTa, AedopMaunin, CKOPOCTEN N YCKOPEHUI NO 3a4aHHOMY
NyTU C Pa3NMYHbLIMU TUMAMWN OCPEeaHEHUS MO ANIeMeHTaM.

Basbl gaHHbIX

HauunHas c 21 Bepcun, Bce 6a3bl 4aHHbIX, BXOASALME B COCTAB NPOrpaMMHbIX MPOOYKTOB
APM WinMachine n APM Civil Engineering, paboTtatoTt noa ynpasnexHvem CYB][] SQLite.
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lNpunoxeHue

MNMepeyeHb 06bLekTOB hopmaTa CDB,
mMmnopTupyembix B 21 Bepcun APM Structure3D

PeanusoBaHbl cnegywume KoMmaHabl:

NBLOCK — 650K y3rnoB

EBLOCK — 6nok anemeHToB

N —y3en

R — peanbHas KOHCTaHTa

RMORE — po6asneHne napametpoB PK

E — anemeHT

EMORE — gononHutesnbHbIe y3rbl B 9N1eMeHT

CSYS - cuctema koopguHaTt

LOCAL — co3gaHue nokanbHOW CUCTEMbl KOOpaAMHAT
MP — 3agaHue CBOMCTB Matepuana

MAT — BbI6op maTepuana

ET — Tun anemeHTa

SECTYPE - BbIGOp TMNa cevyeHuns, peann3oBaHo ToMbKo Ang 6anok
SECDATA — 3agaHue napamMeTpoB CeveHus
SECNUM — BbIGOp ceveHuns

TIME — Bpems Harpysku

SOLVE - 3apaHue wara Harpysku n peLueHue

F — cuna n MOMEeHT B y3en

D — orpaHuyeHune cteneHen ceoboapl

DSYM — 3agaHue cMMMeTpuYHbIX 'Y

NSEL — BbIbopka y3noB

ESEL — BbibOpKa 311eMEHTOB

SELTOL — 3agaHue gonycka Ha Bblbop

ALLSEL — BbIbop BCex 06beKTOB

CM — co3pgaHune KOMMNOHEHT

CMBLOCK — 610K KOMMOHEHTOB

CMSEL — BbI6Op KOMNOHEHT

SF — noBepxHOCTHbIE Harpy3kn Yyepes yanbl

SFE — noBepXHOCTHbIE Harpy3ku Yepes rpaHu AfieMeHTOoB.
SFEBLOCK — 610K NOBEPXHOCTHbIX Harpy3okK

PeanusosaHbl anemeHTbl: SOLID45, SOLID95, SOLID185, SOLID186, SOLID187,
SHELL181, BEAM188, SOLID285

[Npu nodzomoske nocnedyruiux 8epculi pacy4emHbix cucmem NuHeuKku « APM»
naaHupyemcs nposodums pabomesl Mo cosepuieHcmeosaHur uHmepgedca,
ana2opummos U MemoOuK pacyema.

Ecnu y Bac ecTb noxenaHnsa no pacluMpeHuto CyLLLECTBYOLLMX BO3MOXHOCTEN
npogyktoB APM npocbba oTnpaBnaTb MX HaM Ha agpec: rozinskiy@apm.ru

C yBaxeHunem u noxenaHmem ycnexoB B pabote, konnektus HTL «AlMM»
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Patch 1
Cnuncok nameHeHnm n gobasneHnm Ang
NpOrpaMmmMHbIX NPOAYKTOB NIMHEUKN «APM» v21

YBaxkaemble konnern n gpy3absi!

Konnektns HTL «AlM» coobwaet, yto B mone 2025 r. BbinyweH Patch 1 ans
21- BEpCMM HaWKNX NPOrpamMMHbIX MPOAYKTOB — PaCYETHbIX CUCTEM NIMHENKN «APM».

APM WinMachine 21 — CAE-cuctema and aHanmsa MNpPOYHOCTU, MOAEenMpoBaHus
Jo13MYeckmx NpoLeccoB, pacvyeToB AeTanen MalwnH 1 MexaHU3MOB.

APM Civil Engineering 21 — CAE-cuctema Ansi NpPOMbILLMEHHOIO WM FpaX4aHCKoro
CTpouTenbCTBa.

Hwxxe Mbl NnpMBOANM CINCOK M3MEHEHUN 1 gobaBneHun, cogepxaiumxca B Patch 1.

O6wme nameHeHus ana moayneun K93-aHanusa

MoBblweHa cTabnnbHOCTb NpoLecca NosyYeHNsa 3Ha4YeHnin B pesyrnbTaTax CTaTU4YecKoro
pac4éTa.

MpoBeneHa paboTa Hafg TOYHOCTBIO Y MPOM3BOAUTENBHOCTBIO pacyeToB «CoeanHeHnn»
(mogenupytotca anemeHTamu Tuna RBE) ¢ meTogom y4deTta «MckntoueHue.

YckopeHbl npoueaypbl paboTtbl ¢ «CoeguHeHusaMny», B TOM 4Yucie onTUMM3MpoBaHa
obpaboTka faHHbIX B ornepauusix nomcka cCoO6CTBEHHbIX 3HAaYEHUM.

YBennyeHa npoun3BOAUTENBbHOCTb Mpoueaypbl MNOArOTOBKM KOHTaKTHbIX 30H B Xode
pacyeTa.

[lobaBneHo KOHTEKCTHOE MeHIo Ansa obbekTtoB TMNa «CoeanHeHusi», obneryawuiee nx
pefakTMpoBaHue B npouecce MOAeNMpoBaHus.

APM Structure3D
MoOynb pacyema HanpsixxeHHO-0eghopMupo8aHHO20 COCMOSIHUS, ycmou4yugocmu,
co6CcmBeHHbIX U 8bIHYXXOEeHHbIX KornebaHul demanel u KOHCmpyKuu
MemoOOM KOHEYHbIX 3/IeMEHMO08

PacLumpeHbl BO3MOXXHOCTM IrpynnoBOro peaakTnpoBaHnsa 06beKTOB B rpadpn4eCcKOM OKHE
Moaenu.

[opaboTaHbl anropuTMbl pac4eToB 1 NMPOBEPOK MO HOPMATMBHbLIM JOKYMEHTaM.
MonpaBneHa paboTta AUHaMNYECKNX 3arpy>XeHni B Aepese MOAENN.

VMcnpaeneHa npobnema HEKOPPEKTHOM Mnepedadn yckopeHusa npu paboTe npoueaypsbl
«BcTaBka yactn moaenn».

[obaBneHa BO3MOXHOCTb Yy4yeTa nPYXWH AOns  HEeNMHEWHOro CTaTU4Yeckoro u
AVHAMNYEeCKoro pacyeToB.
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YCTpaHeH HEeKOpPeKTHbIN BbIXO4 MporpaMmmbl npu paboTe C CeYEeHUSIMU CTEPXKHEBbLIX
3f1eMeHTOB B hannax, UMNopTUPOBAHHbLIX 13 Nporpammel Napyc.

PeannsoBaHa BO3MOXHOCTb BblBOJa B OKHO flora MHGOpMauuMmM O BCEX Harpyskax B
MoAenu.

[ob6aBneHa komaHaa nepexoga K 3agaHHomy «CoeaumHeHuo» B aepeBe OOBLEKTOB,
Bbl3blBaeMas B rpapmyeckom OKHe.

[opaboTaHa BO3MOXHOCTb BblBOAA pe3yNnbTaTtoB MO TpaekTopuum And O6beMHbIX
KOHEYHbIX 3M1EMEHTOB BTOPOro nopsiaka.

[na HENMHENHOro CTaTUYEecKoro U AMHaMMYeCcKoro pacyeToB fobasneHa nHdopmaums
O peLleHnn ANs Kaxaoro 3arpyXeHns B OTAENbHOCTH.

YnyyweHa cTabunbHOCTb YyHKUMOHANa, CBSA3aHHOMO C oTobpaxeHuem KapT
pe3ynbTaToB pPacyeToB.

VMcnpaBneHbl owmnbku, npuBoasine K HeCaHKLUMOHMPOBAHHOMY 3aBepLueHuo paboThbl
nporpamMmmel Npu gy6nmpoBaHun o6bLEKTOB B AepeBe.

PacLumnpeHbl BO3MOXHOCTU CKpUNTOBaHUA Ha Python.

YnyylweH anroputm pacdeta TONOSOrM4YecKon onTMMm3aLmm ¢ y4eToM YCTOMYMBOCTU U
COBCTBEHHbIX YACTOT C NpegHarpy>XeHneM.

CkoppeKkTupoBaH BbIBOA MHOPMaLMN O peLLUEHUN 151 OCECUMMETPUYHbIX 3a4au.
BHeceHbl M3MeHeHUs B npouecc obmeHa pesynbtatamu mexagy APM Structure3D wu
FlowVision, B npouecce npoeeaeHust FSI pacyeTa.

YcTpaHeH psg npobnem, BO3HUKaoLWmMX npu pabote pyHKummK «lleyaTb...», B TOM Yucne
HEKOPPEKTHBIN BbIXO, NPOrpaMmmbl.

APM Studio
MoOQdynb eeomempuyecko2o MoOenuUpo8aHusi
C UHCMpyMeHmamu KOHEeYHO-3/1IeMEeHMHO20 aHasu3a

B cBonictBax kapT pesynbrtatoB gobaBrneHa WHdopMauus O KoopauMHaTtax Toudek
Makcumyma/MUHUMYyMa.

[N HenNMHEeMHOro cTaTU4yeckoro M OUHAMUYECKOro pacyeToB peanv3oBaH BbIBOL
«UCTOpUMY KapT pes3ynbTatoB B TabnM4yHOM W rpaduyeckoM BuAe, coaepKalunin
MHGOPMAaLNIO O MakCUMarnbHbIX, MUHUMAarbHbIX U CPEeOHUX 3HAYEHUIN Ha KaXOoM Luare
pacyeTa. MHopmauus n3 Tabnuu MoxeT ObiTb 3KCNOPTUPOBaHA B TEKCTOBbIE dhaurbl
dopmaTa *.csv, a rpadmkmn MoryT BbITb BbIrpy>XeHbl B BUAe KapTUHOK dhopmaTa *.png.
[o6aBneHo gnanoroBoe OkHO «BbIHOCKM», B KOTOPOM ANsi KaXXOOW KapTbl pe3ynbTaToB
pobasnseTca UMHopMauusa O KoopAauMHaTax BbIHOCOK, HOMepax Y3MoB W 3Ha4YeHusiX
napameTpoB.

BHeceHbl ucnpaeneHns B npouecc obmeHa wuHdopmaumen mexagy APM Studio wn
nporpammon I0SO npu NpoBeaeHUM CeEpUN pacHeTOB.

C yBaxxeHMeM 1 noxenaHuem ycnexoB B paboTe,
konnektmB HTL «AlMM»
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Patch 2
Cnuncok nameHeHnm n gobasneHnm Ang
NpOrpaMmmMHbIX NPOAYKTOB NIMHEUKN «APM» v21

YBaxkaemble konnern n gpy3absi!

Konnektns HTL «AlNM» coobwaet, 4to B HOs16pe 2025 r. BbINyWEHO o4vepegHoe
akcnpecc-obHoBneHne (Patch 2) gna 21- Bepcun Hawmx NporpamMHbIX NPOAYKTOB —
pacYeTHbIX CUCTEM NIMHENKN «APM>y.

APM WinMachine 21 — CAE-cuctema and aHanmsa MNpOYHOCTM, MOAENMPOBaHus
d13MYEeCcKMx NPoLEeCCOB, pac4yeToB AeTanen MalnH 1 MeXaHU3MOB.

APM Civil Engineering 21 — CAE-cuctema Ans MpoOMbILUNEHHOrO M rpaXnaHCKoro
CTPOUTENbLCTBA.

MakeT ucnpaeneHun Patch 2 copepxuT B cebe Bce ucnpaBneHust U OOMOSHEHWS,
KoTopble ObInn caenaHbl B Patch 1, a Takke cBoM COOCTBEHHbIE, CMIMCOK KOTOPbIX Mbl
NPUBOOUM HUXE.

APM Structure3D
Modynb pacyema HanpsixeHHo-0eghopMupo8aHHO20 COCMOSIHUS, ycmou4yueocmu,
cobcmeeHHbIX U 8bIHYXXO0eHHbIX KornebaHul demarnel u KOHCmpyKyut
MemoOOM KOHEYHbIX 3/1IEMEHMO08

1. YcTtpaHeHa npobnema ¢ 3anyckom APM Structure3D nocne yCTaHOBKM Ha KOMMNbOTEP
nporpaMmmHoro obecnevyeHnsa cMCTeMHOro moaenuposanusa Pradis.

2. BHeceHbl M3MeHeHUs OANs KOPPEKTHOro yyeTta npegsaputenbHon gedopmauum gns
CTEpPXXHEWN B HENMTMHENHOM CTaTU4YECKOM pacyeTe.

3. UcnpaeneHa HekoppeKkTHaa paboTa nporpammbl € «3arpy>KeHUsiMmmy» nocne BCTaBKU
mMoaenu yepes bydep obmeHa (Ctrl+V) unm BCcTaBkM YacTn Mogesnu.

4. VicnpaeneHbl Npobnembl y4eTa pacnpeneneHHon Harpy3kn, 3agaHHoOM Yepes AepeBoO
«PacyeTHas mogenb», Ha CTEPXXHEBbIE KOHEYHbIE 3NEMEHTDI.

5. YnyJweHa paboTa ¢ pasfiMyHbIM1 TUNAMWN KOHCTPYKTUBHbBIX 9f1IEMEHTOB.

6. YcTpaHeHa npobnema 3arpy3ku rpadumka cnektpa otBeta B dopmate *.fnd ans
ANHAMMYECKOrO 3arpyXeHus.

7. icnpaBneHa 3aBUCMMOCTb onpeaeneHus KoHTakta « Cknenka» oT paguyca noucka.

lMonpaBneHa TOYHOCTb NO3ULMOHNPOBAHNA NONOXEHUST BUAOBOW MIOCKOCTY.

9. YcTpaHeHa HekoppekTHass pabota nporpaMmmbl MNpW  CO3d4aHUM  NPUMUTUBOB
13 06 bEMHbIX 3NTIEMEHTOB.

10. B pguwanor «WHdopmMaumsa O KOHTaAKTHbIX 3nemMeHTax» Ao0aBneH pexum
«ABTOONpeaeneHns paguvyca noucka», a Takke CBOMCTBO «TennornpoBOAHOCTbY
KOHTaKTHOW 30HbI.

o
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11. YcTpaHeHa HekoppekTHast paboTta nporpamMmbl Npu 3amMeHe ceyeHust ua «basbl
AaHHbBIX».

12. YcoeplieHCTBOBaHa MeTOAMKA pacyeTa KacaTellbHbIX HarnpshkeHun ans
TOHKOCTEHHbIX CEYEHUN.

13. [ob6aBneHo BM3yanbHoOe 0TOBpaXKeHne NOfIHOrO TOHKOCTEHHOMO CEYEHUS.

14.  YTOo4HeHbI npoBepku no kputepusam Cl1260.1325800.2016 1 TKP EN 1993-1-3-2009.

15. AxTtyanuaupoBaHbl npoBepku no kputepmsam CI1 16.13330.2017 «CtanbHble
KOHCTPYKLNNY.

16. [JobaBneH y4yeT BTOPMYHOWN BETBU HarpyXeHus ons NAnMTHOro oyHaameHTa.

17. PacwwupeH cnmcok pyHkuun APM Python.

18. BcTpoeHa HoOBasi peanusaumsa anropytma Ang TEXHONOMMYECKOro orpaHuyeHus
«3D ne4vatb» B pacyeTe « Tononorndyeckas onTUMmM3auuns».

19. OntumuaumpoBaHa npouegypa umnopta canmnos ¢dopmata BDF ana mopenen
Cc 60MbWNM KONUYECTBOM TBEPAOTENbHbBIX 3SIEMEHTOB, Y3MOB M NOKalbHbIX CUCTEM
KoopAnHar.

20. Ccbinka Ha Buageoypokum nepeBegeHa ¢ YouTube Ha VK  Bwugeo
(https:/ivkvideo.ru/@ntcapm).

APM Studio
MoOynb eeomempu4ecko2o MooesnuposaHusi
C UHCMpPYyMeHmamu KOHe4YHO-3/1eMEeHMHO20 aHanusa

1. AcnpaBneHo coxpaHeHue MaTtepuana ana 6anok, MCcnorb3yembiX Npu co3gaHum
«YpganeHHon cunbl» B rapMOHUYECKOM aHanmse.

2. PeweHa npobnema, npmeogsaLlasa K HECaHKLUMOHMPOBAHHOMY 3aKPbITUIO NPOrpaMmsbl,
npu paboTe ¢ «BblIHOCKaMny Ha kapTax pe3yrnbTaToB.

3. PeweHa npobnema, Bbi3BaHHas HEKOPPEKTHLIM UCNOSIb30BaHMEM NAMATU NMpU yyeTe
TMNa KOHTAKTa «MOBEPXHOCTb-MOBEPXHOCTbY C BKITHOYEHHOW OnuMen «BpalaTenbHas
XECTKOCTb».

4. YnyJweHa cTabunbHOCTb reHepaumm ceTok KO.

5. UcnpaeneHa npobnema, Bbi3BaHHas YTEYKOW NaMsATU, MpU Teccensunmm HEeKoTopbIX
Moaenen.

6. BHeceHbl ncnpaeneHns B npouenypy coxpaHeHus rnobanbHoro nor-canna.

7. VicnpaeneH HEKOPPEKTHbIN y4eT HanpaBieHUs YriioBOro yckopeHusa B [luHammyeckom
pacyerTe.

8. YckopeHbl npoueaypbl BblaeneHus obbektoB B AepeBe «KOHEYHO-3NEMEHTHbIN
aHanua».

9. BHeceHbl npaBkM B pacyeT YCTOMYMBOCTM And 6Gonee KOpPpeKTHOM paboTbl
C 4-X y3roBbIMW TBEPOOTENBHLIMU 3fIEMEHTaMN (TeTpasgpamm).

10. BHeCeHbl M3MeHeHus, ynydwarwme CXOANMOCTb HENUHENHbLIX pacyeTos,
AN TEXHONOMMMN KOHTaKTOB TUMa «NOBEPXHOCTb-NOBEPXHOCTbY.

11. B rapmMoHu4eckoMm aHanu3e ucnpasneHa owubka otobpaxeHus rpadpmka AYX
ANS BCEW KOHCTPYKLUMM («BbIMMCNEHNE UCTOPUM» ANSA BCeX Ten Ha naHenn CBONCTBa).
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12. B rapmMoHn4yeckom aHanuae JOCTyrnHa HacTpoKka yrna obuwero ¢pasoBoro casura
Harpy3oKk, OencTeylowas Ang BCeX pacyeTHbIX 4YacToT. [JOMOMHUTENbHO MOXHO
BKMIOYUTL anroputM noucka yrna casura gas no «Makcumymy nepemelleHnn»
KOHCTpyKumn. B mntoroyto Tabnuuy BbiBofa pe3ynbTaTOB rapMOHMYECKOrO aHanuaa
pobaBneHa WHgoOpMauusa O BbIYUCIIEHHOM 3Ha4YeHun yrna casura as (C yyetom
obuwero ¢asoBoro casura), obecneyvvBaoLLEM MaKCUMaribHble NepeMeLleHns BCen
KOHCTPYKLMW NO BbIBpPaHHBbIM HanpaBreHUsM.

BHumanme!!ll OcobeHHoCTM ycTaHoBKK Patch 2!

MomMMmo coBCTBEHHBIX M3MeHeHun Patch 2 copepxut B cebe Bce ucnpaBneHus
N gononHeHus, kotopble 6binyn caenaHbl B Patch 1, BbinyweHHom B uione 2025 roaa,
NO3TOMY €ro yCTaHOBKa MPOBOAUTCA Ha MCXOoOHYyl (penunsHyto) 21-t0 Bepcuo (6e3
ycTaHoBneHHoro Patchl)!

Ecnu BbI yxxe yctaHoBunu Patchl Ha 21-t0 Bepcuio Hawero 1O, To Heobxoanmo:
1. TMonHocTblo yaanutb 21-t0 Bepcuto MO APM.
2. VIHcTannupoBaTb ucxogHyo(penusnyto) 21-o0 sepcnio APM.
3. YcraHoBuTtb Patch2.

lpu 803HUKHOBEHUU 80MPOCOB Npocbba obpawamscs +7 (495) 120-58-10 006.33
8 cryxby mexHudeckol rno0oepxKu support@apm.ru

C yBaxxeHMeM 1 noxenaHuem ycnexoB B paboTe,
konnektuB HTL «AlNMM»



