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1. BBEAEHUE

"HasepHoe, Hem HyH#Obl 00KA3bI8AMb, UMO HIIOXUM
UHCMPYMEHMOM Helb3sl NPUIUYHO cOeamb pabomy oajxce u npu
XOpOWwUX pyKax, 6 mo 8pemsi, KaK Xopouiuti UHCImpymenm
sblpyuaem u He 04eHb onvlmuo2o macmepa’.

N3 yyeOHUKA O CTOIAPHOMY JAey.

B xoze mpoekTHpOBaHUsI TEXHUYECKUX CUCTEM BaKHOE MECTO 3aHMMAET MaTEMaTHUECKOES
MOJICIIMPOBAHKIE TMHAMHYECKUX MPOLIECCOB B UcceayeMoM 00bekTe. HeoOXoauMbpIM yciaoBruemM
JUISL TIPOBEIICHHSI TAKUX Pa0OT SBISETCS HAIUYHE CIICIUATBLHOTO MPOTPAMMHOTO O0CCIICUCHUS
(TTO), y1OBIETBOPSIOIIETO ONPENEICHHBIM TPEOOBAHUSIM.

[Tockonbky B 93TOM JOKyMEHTE OyJeT JaHO OINWCaHHe MPOTPAMMHON CHCTEMBI,
npeaHasHauYeHHOUW Ui ykasaHHbIX Tened (PRADIS - PRogram for Analysis of Dynamlc
Systems), TO €CTECTBEHHO MPEANOIOKHUTh, YTO HA MOMEHT OCO3HAHUS HEOOXOAMMOCTH B HOBOM
IPOTPAMMHOM CPEICTBE y pa3pabOTYMKOB HE OBLJIO YIOBIETBOPEHUS OT CYIIECTBYIOIIETO
TIOJIOXKCHHUS C IIPOTrPaMMHBIM 00CECTICYCHUEM TSI TUHAMUYESCKHX PACUYETOB.

OcHOBHBIE  COOOpa)keHHs, KOTOpBIE ONpenNeNwId Kak caMm  (akT pa3paboTKu
IpeIaraéMoro MporpaMMHOTO MPOJYKTa, TaK U TPEOOBAHUSI K HEMY, CBOJATCS K CICIYIOIIEMY:

1. IIpoexTupoBaHME TEXHHYECKMX YCTPOMCTB BKJIIOYAaeT pEUICHHE 3aJady pa3Horo
XapakTepa Jaxke B Ipeneiax OJHON IpeaMeTHON o0jacTv (HampuMmep, B MEXAaHHUKE - aHaIu3
MEXaHU3MOB, IPHUBOJAOB, MPOYHOCTHOM aHaIM3 KOHCTPYKUMH u 1p.). [nga stux neneil, kak
NPaBUJIO, HCIIOJIB3YETCS HAa0Op OCTaTOYHO CHEIHAIM3HMPOBAHHBIX MHPOTPAMMHBIX CpEICTB,
KaXJ10€ U3 KOTOPhIX OTBEUYAET 3a CBOM y4acTOK ()pOHTA MPOEKTHBIX pacueToB. [loanepixkka Beei
COBOKYITHOCTH TIpOrpaMM (0OydeHHe, COPOBOXKACHUE U TPOYU.) TPEOYET 3aTpaT OnpeeeHHBIX
YCUJIMH BBICOKOKBATM(DULIMPOBAHHBIX CHELMATMCTOB, H3-32 YEro HAJUIeXkKAIlyl0 TMOAJNCPKKY
BCET0 HEOOXOAMMOTO MPOTPaMMHOT0 00ECTIEYeHUsI BO MHOTHX CITydasiX TPYAHO 00ECIECUUTh.

2. Uccnenyembie TeXHUYECKHE OOBEKTHI 3a4acTylO COCTOSAT M3 (PU3UUECKU Pa3sHOPOIHBIX
nojacucTeM (MexXaHM4YecKash 4YacTh, THUIPOINHEBMOCHCTEMBI, 3JIEKTPONPUBOJ), COBMECTHYIO
paboTy M B3auMHOE BIMSHHE KOTOPHIX HEOOXOJMMO YYHTHIBAaTh MpH pacyere. CylnecTBeHHAs
4acTh TaKUX 3a/ad BOOOIIe HE pellaeTcss M3-3a OTCYTCTBUS IPOTpaMMHOE oOecredeHue ¢
HY)KHBIMHU (DYHKIIMOHATBHBIMHA BO3MOYKHOCTSIMH.

3. He cekper, 4TOo BCce MpPOrpaMMbl HMEIOT OrPAHUYEHHBIE BO3MOXKHOCTH IIO
NPEACTABICHUIO CTPYKTYphl U OTPAXKEHUIO CBOICTB MOJAEIMPYEMBIX OOBEKTOB, MO COCTaBY
pPacCUMTHIBAEMBIX BBIXOJHBIX XapaKTEPUCTHK, MO (opmaraMm OTOOpaK€HUS pPE3yJIbTaTOB.
[TedyanbHO, YTO B OOJBIIMHCTBE CIy4yaeB paclIUpeHHe 0a30BBIX BO3MOKHOCTEH MporpamMmbl
CBSI3aHO C TEPENPOrPaMMHPOBAHUEM OTIEIBHBIX €€ YacTed. DTH JCUCTBUS TpPeOyIOT JmOO
HOPUCYTCTBUS pa3pabOTUMKOB, JTUOO MOJAPOOHON BHYTpEHHEW MPOrpaMMHOHN JOKYMEHTAlMHU U
UCXOJIHBIX TEKCTOB. B mr000M ciydae Takas omepanusi HOCUT XHPYPTUYECKHH XapakTep ¢
BBICOKOM TPYI0EMKOCTBIO U BEPOSTHBIMHU OCJIOKHEHHUSIMH.

4. Yacte mnporpamMmMHOe OOECIEUYCHHE OPHEHTHPOBaHA TOJIBKO Ha OMpeAeICHHYIO
BBIUMCIUTENbHYI0 TEXHUKY WIM OINEpPalMOHHYI0 cucTeMy. PeanbHO CyllecTByIOIIME Yy
MOJIb30BaTeNsl OrpaHudeHusi ((QUHAHCOBBIE, TEXHHUUYECKHE, METOJUYECKHUE) Ha BO3MOXKHOCTH
UCIONBb30BaHusl  TpeOyeMol  anmapaTHO-IPOrpaMMHOM — KOH(Urypaluu  OpUBOISAT K
HEJOCTYITHOCTH MHOTHUX IPOrPAMM.



[IpuBeneHHble cooOpakeHUsT MOABOJAT K BBIBOAY, YTO JKeJaTeidbHa Takash OpraHU3allus
BBITMIOJTHEHHSI MPOEKTHBIX PacueToB, MPU KOTOPOH MO BO3MOXKHOCTH HCIIOJIb3YETCSl €IMHOE
OPOTpaMMHOE  CpEACTBO, CIIOCOOHOE OOECHeYuTh peIIeHHe OCHOBHOM Macchl 3ajad,
pacmmpsiemMoe 10 Mepe HeoOXONMMOCTH U paboTaroiee Ha  JIIO00M  JOCTYIHOMN
HENOCPEACTBEHHOMY CIIELUAINCTY BBIYMCINTEIBHON TEXHUKE.

OTOT BBIBOJ Y pa3pabOTUHMKOB TpaHchopmupoBaics B Tak Ha3zpiBaemyto Ilapagurmy Tpex
KurtoB, BKiouaroniyro B cebs cucTeMy 00s3aTelbHbIX TpeOOBaHUH K MPOrpaMMHOMY
00ecnevyeHnIo TMHAMHUYEeCKOr0 aHaIN3a:

1. YHuBepcaJbHOCTH 10 OTHOLIEHUIO K CTPYKTYpE aHAIU3UPYEMOTO 0OBEKTA U TUITY
(U3NUECKUX MOJICUCTEM, B HET'O BXOISIIHNX;

2. OTKpBITOCTH Ui PACIIUPEHHS BO3MOXHOCTEH:
® Mo MOJCIMPOBAHHUIO HOBBIX TEXHUYCCKUX CUCTEM,
. 110 TIOJIYUYCHUTIO Tpe6yeMLIX BBIXOJHBIX XapaKTCPUCTUK,
* [0 OTOOpPaXEHUIO Pe3yJIbTaTOB Pacyera,
* 110 U300pa)KeHUIO 0OBEKTA B IIPOLIECCE pacueTa.
3. MakcumanpHasi IepeHoCHMOCThb Ha JII000i KOMITBIOTED.

Kocuemcs uctopuueckux KOpHe# pa3paOOTKH, BO MHOTOM ONPEJENIUBIIUX €€ CYIIHOCTb.
ba3oBoe oOpazoBaHMe OCHOBHOW 4YacTH KOJUIEKTHBA Pa3pabOTUYMKOB (MH)KEHEPHI-MEXaHUKH B
obsmacti 00pabOTKM METAJJIOB JABJICHHEM), MX Hay4dHas CHenuanu3anus (IuHaAMUYeCKre
pacyeTsl y3JI0B Ky3HEYHOIIPECCOBBIX MAIMH, MOJCIHMPOBAHUE TEXHOJIOIMYECKUX Ollepalnui
HITAMIIOBKM) M TpakTU4eckas paboTa, CBS3aHHAs C pacyeToM Y3J0B MAalllUH, OMNPEISIUIN
npukiagHoi nHxkeHepHeli xapaktep 11K PRADIS. 3nakoMcTBO ¢ mporpamMmmamu aBTOMaTH3aluU
CXEMOTEXHUYECKOr0 IMPOEKTUPOBAHUS, M3YYEHHE OIbITA HMCIOJB30BAaHUS METOJOB PEHICHUS
TUMOBBIX 337]a4 MO3BOJMIM OYEPTUTh KpPYr ampoOMPOBAHHBIX Ha MPAKTHKE OCHOBHBIX
AJITOPUTMOB M YMCIIEHHBIX METOJIOB, PEAJIM30BAHHBIX 3aTEM B BbIUMCINUTENBHOM sipe PRADIS.
Hakonen, :kemaHue COXpaHUTb HapaOOTKM B YaCTH MEXaHWYECKHX NPUIOKEHUH K
nporpammHomy komruiekcy [IA-6 (MBTY wum. H.D.baymana) mpuBeno K MpeeMCTBEHHOCTH
uHTEepdeiica Moneneld HJIEMEHTOB U COXPaHEHHIO OOINero mnoaxoaa K (OPMHPOBAHUIO
MaTeMaTHyeckol Monaenu oObekra. IlocmegHuUM TOMYKOM, MOOYIMBIIMM HPUCTYNHTH K
HEMOCPEJCTBEHHOW  peanu3aluy, ObUI0  BecbMa  IOYYMTENIbHOE  COOBITHE:  CMEHa
BBIUMCIUTENbHON TeXHUKH Ha BL ¢ ¢akTuyeckoiil yTpaToil Bcero nmporpaMMHOro obecreyeHus,
HaIMCAaHHOTO Ha s3bIKe acceMOiiepa. BoT mpumep, Koraa pajgocTb BCTpeUd ¢ HOBOM TEXHHKOU
MEPKHET Iepe] TOPEYbI0 PAa3IyKH C PUBBIYHBIMHU MPOIPaMMHBIMH ITPOJTYKTAMH.

2. HASHAYEHME, KPYI PELLAEMbIX 3AOA4

"Hauwiu 803MONCHOCIU O0B0IbHO 8ENIUKU, OHU 20paA300 boabule,
yem noIaeam HeKomopble, He O4uelb 30pKue, 1oou".

M. Bbyarakos. Macrep u Maprapura.

[Iporpammusbiii komiiekc PRADIS nipegnasnHayen 115 aHain3a TMHAMUYECKUX TTPOIIECCOB
B MEXaHHYECKUX CHCTEMaX U CUCTeMax APYTrod PU3NIECKON MPUPOJIBL.

[IpenmeTrom pemieHusl SBISIOTCS HEJIMHEWHbIE HECTallMOHApHbIE 3amaud. Pacuer
MPOBOAMUTCS B (YHKIIMM BPEMEHU B HCXOJHBIX KOOpJAWHATaX. AHAM3 CTATHYECKHX 3a7ad
oOecrieunBaeTcs KaK YaCTHBIN CiIy4ail TMHAMUYECKOro pacueTa.



Kpyr 3amad, koTopble MOryt ObITh pemieHbl ¢ nomoinbto PRADIS, nocratouno mupoxk.
[IpyHIMIIHATBPHO BO3MOXKEH aHaJN3 JIIOObIX TEXHUYECKHX OOBEKTOB, MOJIEIM TOBEIEHUS
KOTOPBIX TpeIcTaBUMbl cucteMoil audpdepennumansupix ypaBHenuin (Y). Ilpaktuueckue
BO3MOXXHOCTH T10 aHAJIM3y KOHKPETHBIX 3a/lad OMpPENEesIOTCS TEKYIUM COCTaBOM OMOINOTEK
KOMIIIEKCa, MPEeXke Bcero Onbnmoreku Mojeneit 3neMeHToB. "DyH1aMeHToM" peleHus CIIyKuT
He3aBHCHMas OT MOJENMPYEMOIl CHUTyalliM WHBAapUaHTHAs 4acTh KOMIUIEKCA, a HAIMOJHEHHE
MOJIENId O0BEKTAa OCYIIECTBIAETCS M3 MOAXOAMMX "KUPNUYMKOB" OHOIMOTEKH Mojeneit
2JIEMEHTOB. bnaromapst mpuOpUTETHOMY pa3BUTHIO OWOIHOTEKH MeXaHMYeCKHX DJIEMEHTOB
OCHOBHBIM mpwiioxkeHneM PRADIS Ha cerogHsmHMI A€Hb SBISETCS AaHAIU3 MEXAHU3MOB U
KOHCTpyKUui. [IlpuHuMas 3TO0 BO BHHMaHUE, MOXHO NEPEYUCIINUTh, KaKUe pPe3yJIbTaThl,
UHTEpECYIOIINE MOJB30BaTENsl Yalle BCero, MOryT ObITh mosyueHsl ¢ nomoinbio PRADIS npu
MOJO0HBIX pacyeTax.

1. KnHemaTH4ecKHe XapaKTePUCTHKH: I10JI0KEHHUE 3BEHbEB MEXAHN3MA B Pa3IMYHbIC
MOMEHTHI BPEMEHH, JINHEHHBIE U YTJIOBbIE MEPEMEIIECHUS, CKOPOCTH U YCKOPEHUS TOYEK,
TPAaeKTOPUH JIBUKEHUS, paboure 30HbI MEXaHU3MOB, NT€PEIaTOYHbIE OTHOILICHHUS.

2. Cuaosble GpakTopbl (yCHWINS U MOMEHTBI) B MECTaX COEIMHEHUS JIEMEHTOB.

3. IlapameTpbl HaNpPsZKeHHO-1e(OPMUPOBAHHOIO COCTOSIHUS BHYTPH J1e(hOPMHUPYEMBIX
3JIEMEHTOB: TJIaBHbIE U DKBUBAJIEHTHBIE HANPsKEHUs, 1epopManiuy, CKOpOCTH
negopmanuii, ”HBapUAHTHl HAMIPSHKEHUH.

4. DHepreTruka npoueccoB: nepepacipeesieHne MIOTOKOB YHEPTUH 10 Y3JIaM
KOHCTPYKIUH, IOTEPU HA TPEHUE, MOTJIOIIEHNE SHEPTUH OTAEIbHBIMU I'PYTIIAMH
3JIEMEHTOB, MOIIIHOCTh IIPUBOJIOB.

5. XapakTepuCTHKH COCTOSIHHMSA B Y3JIaX THEBMOTIMIPOCUCTEM YCTPONCTB: PACXO/IbI,
JTaBJICHUS, TOTEPH.

Hapsny ¢ mnepeducieHHBIMM TUIOBBIMH BBIXOAHBIMU XapakrepucTtukamu, PRADIS
Mo3BOJIAET (POPMHUPOBATH JpYyrHe HEOOXOIMMbIE IOJIb30BATENIO CHENUaIbHbIE IOKa3aTelu,
Harnpumep, OMOMeXaHNYeCKHue KpUTEpUH TPAaBMUPYEMOCTH B 3ajlayaxX MacCUBHOW 0€30ImacHOCTH
aBTOMOOWJIS WJIM TTOKa3aTeu MOBPEXKIaeMOCTH MeTalia B 3a7jauax 00pabOTKH TaBJICHUEM.

Hwmxe npuBenen mpumep pacuera, WUIIOCTPUPYIOIIUN HMCHOJIb30BAaHUE KOMILIEKCA AJIS
aHaJIM3a TMHAMUYECKUX MTPOLIECCOB MPU MOJIETUPOBAHUU KPUBOLIUITHOTO JTUCTOLITAMIIOBOYHOTO
rpecca JBOMHOr 0 JEHCTBUS.

Br160p nmMeHnHo 3TOr0 npuMepa onpenensics Tpems pakropamu:

*  HUCTOPUYECKHMM MECTOM paccMaTpUBaeMOM 3aJaud KaKk OJHOM M3 TEpPBBIX,
peleHHbIX ¢ momMoIisio PRADIS;

* HamM4YMeM B CTPYKType OOBEKTa MOJECIUPOBAHHUS THUIOBBIX JIIEMEHTOB
MalTUHOCTPOUTENBHBIX YCTPOMCTB, HMEKIOIIMX K TOMY K€ pa3InuHyIO
bu3NYECKyI0 IPUPOY;

Ha puc. 2.1 — 2.3 u300paxxeHbl SJIEMEHTHl KOHCTPYKIMU Tpecca: HCIOJHUTEIbHBIS
MEXaHU3MBbl HAPYKHOTO M BHYTPEHHEIO MOJ3YHOB, CX€Ma B3aWMOJIECHCTBHS MEXAHUYECKON M
TUAPABINYECKON MOACHCTEM Ipecca, KUHEeMaTHuecKash cXema MpUuBOAa, a TakkKe THAPO- U
IMHEBMOCXEMBI  IIpECCa. KpOMe TOro, ImMAaTyH TJABHOI'0 HCIOJHUTCIBHOIO MECXaHU3Ma
MpEeJICTaBICH U300paKEHHOM Ha prc. 2.4 001aCTbI0 KOHEUHBIX 3JIEMEHTOB, KOTOpasi COBMECTHO C
JIpYrMMH 4YacTSIMU MEXaHHM3Ma COBeplIaeT IUIOCKOe JBHKeHue. bonee moapoOHoe pa3dueHue
IaTyHa HEOOXOAMMO JJIsi OIICHKH HANpsHKEHHOTO COCTOSIHUS B TeJe MIAaTyHa MPH BBITOIHEHUU
TEXHOJIOTHYECKON ONEpaIrH.
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Maremarnueckast MOJEIb IIPeCCa B COOTBETCTBUM ¢ KOHCTPYKTUBHOM CXEMOW COCTOMT U3
(¢bparMeHTOB TUAPO- U NMHEBMOCUCTEM, NMPHUBOJA, 3BEHHEB KMHEMATHUYECKON IENH, PhIYaKHBIX
UCTIOJIHUTENIBHBIX MEXaHHW3MOB, KOHEYHOZJEMEHTHOro (parMeHTa maTyHa. MexIy OrnopHoOu
MOBEPXHOCThIO OONBIION TOJOBKM IaTyHa M JKCUEHTPUKOBBIM BajiOM MPEAyCMOTpPEH
HAYaJbHBIA pajMaibHBIA 3a30p A OTCIEKMBAHMS KOHTAKTHBIX HAIPSDKEHUH B IIpOLIECCE
pabouero xoja.

OnuH NOdHBIN LUK paboThI Ipecca COCTaBIAeT 9 CeKyHI.

B npomexkyrok Bpemenu 0-1.6 npoucXoAWT HaAIOJIHEHWE ITHEBMOCETH IIpecca,
BKJIIOUEHHUE JIBUTATEINS M PAa3roH Beaymux vacteil mydrel. Ha rpaduxe "LukmorpamMmma paboTb
npecca" MOXKHO TPOCIEAUTh XAPAaKTEPHYIO I AaCHHXPOHHOIO JIBUTaTels 3aBUCHMOCTH
MOMEHTA OT YIJIOBOM CKOPOCTH.

Yepe3 aBe CeKyHIbI MoOcCJe BKJIYEHUS] JBMraTelsl BKJIIOYaeTcs KianmaH MYyQThI.
VYrnoBas CKOpOCTh BEIOMBIX 4YacTe My(Thl pacTeT M CPaBHUBAETCS C YIJIOBOH CKOPOCTBHIO
BenymMx 4dacted. HaumHaercs mepemenieHue Hapy>KHOIO M BHYTPEHHErO IOJI3YHOB BHHU3. B
MOMEHT BKJIIOUEHHUSI My(ThI 32 CYET pa3roHa HEeMOABMKHBIX MHEPIIMOHHBIX 3JIEMEHTOB MPUBOJIA
U WCIOJIHUTEIBPHOTO MEXaHW3Ma YIJIOBas CKOPOCTh BEAYLIMX dYacTed My(QThl MajaeT, 4To
IIPUBOJUT K BCIUIECKY MOMEHTA Ha BaJly JIBUTaTEII.

B HuxkHeM mnoJi0OkeHUHM (MPOMEKYTOK BpemeHu 4.3-5.7 ceKyHABI ¢ MOMEHTa
BKJIIOYEHHUSI JABUIaTeJs1) IPOUCXOIUT BBICTOM HapyxHoro mnonsyHa. [Ipm »ToM ycuine
NpHKUMa 3arOTOBKM ONPENESAEeTCS B3aWMMOJCHCTBHEM HAPYKHOTO IOJI3YHA 4Yepe3 INTaMIl ¢
TUAPOLMIIMHAPAMH CTOJA.

IIpome:xxyrok Bpemenu 4.4 - 4.9 ceKyHAbI XapakTepus3yeTcs BBIIOJHEHHEM
TEXHOJIOTMYECKON olepauuy. BuaeH 3HAYUTENBHBIM BCILIECK KPYTSIIEr0 MOMEHTA Ha Bally
JIBUTATENS. 3aMETHO TMaJICHUE YIJIOBOM CKOPOCTH BEAyMUX dYacTedl My(Tel. OTmeuaercs
pacxXoX/JI€HUE BEIOMBIX M BEIyIIMX YacTe (MpocKajb3blBaHUE MY(THI), YTO TOBOPHUT O
HEJI0CTaTOYHOCTHU epeaBaeMoro My(Toil KpyTsIIero MOMEHTA.

B MoMeHT BpeMeHM 6.5 ceKYH/bI OTKJIIOYaeTCs KiamaH My(QTbl, a B MOMEHT BpEMEHH
6.55 ceKyH/IbI OTKIIFOYAETCA KJ1alaH TOPpMO3a.

Puc. 2.5 wnmoctpupyer OuMHAMHUKy INepepaclpenciieHus] KOHTAKTHBIX HampsyKEHUH B
0OJBIION TOJIOBKE IIAaTYHa B MOMEHT CpbIBa TEXHOJIOIMUECKOM Harpy3ku. HaOmromarorcs
3HAUUTENBHBIE CKAUKM 10 aMIUINTYJI€ M MECTOIOJIOKEHUI0O MAaKCHMAaJbHBIX KOHTaKTHBIX
HaIpsHKEHUN.

Ha puc. 2.6 npuBosaTcs npuMepbl TpaguKOB, WILTIOCTPUPYIOIINX OCHOBHBIE 0COOEHHOCTH
paboThl Tpecca B pa3iMyHble MOMEHTH BpeMeHH. HeoOxoaumo NOTYepKHYTh, UYTO BCE
IPUBOIMMBIE PE3YJIbTAThl OIYYEHBI B X0JI€ OJIHOKPATHOTO aHaJIM3a LIMKJIa paboThl mpecca.

[IpuBeneHHBII HpUMEP B HEKOTOPOM  CTENEHM  XapaKTepU3yeT BO3MOKHOCTHU
IIPOrPaMMHOI0 KOMIUIEKCA I10 PEIICHUIO JTOCTATOYHO PAa3HOTUIIHBIX 3aAad. MOKHO OTMETHUTS,
yto PRADIS crupaer TpagunuoHHBIE, HO BO MHOIOM MCKYCCTBEHHBIE pa3JIMUhs MEXKIY
KOHEYHORJIEMEHTHBIM PACUETOM M PEIICHHUEM 337ad KUHEMATHUKU M JUHAMHKUA MEXaHU3MOB,
MEXIYy aHaJM30M MEXaHW3MOB C TBEPJAbIMU 3BEHBSIMH M PACUY€TOM YCTPOHCTB C
TU/IPaBIMYECKUMH, ITHEBMATHUYECKMMU WIM 3JIeKTpudueckumu snemeHTamMu. Y PRADIS Her
OTpaHWYEHUN Ha CTPYKTYypy CBSI3€M MEXAy DJJEMEHTaMH, Ha BEIMYMHY M XapakTep
nepeMeIeH! OT/AeIbHBIX TOUYEK, Ha MPUHA/UICKHOCTh JIEMEHTa K KakoW-mubo (usnueckont
npuposie. PakTUUECKH €IMHCTBEHHBIM OOBEIUHSIONIMM HauyajioM B 3a/Jayax, JOCTYMHBIX IS
pemwenus ¢ mnomouibio PRADIS, sBnsercst BeimonHeHHe (QyHAaMEHTATbHBIX (PU3MUECKUX
3aKOHOB COXPAHEHUS I UCCIIEAyEeMOU MPEAMETHON 00IacTH.
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Puc. 2.5. PacnpenejieHne KOHTAKTHBIX HANIPSIZKEeHUi B 00JILIIOH IOJIOBKe IIATYHA BO
BpeMsl CPbIBA TEXHOJIOTHYECKOI HATPY3KH.



MukmorpaMma padoTH Opecca

TH=0.000000E+00 Tx=0.900000E+01 (@

Y e o o o

L ¥Tm ckop. BeOyIOWX TACT. MYQTH
3. MoMernT Ha OBHETATEIE

4, MoMeHET Ha NYDTE

5. MoweHT Ha TopMCae

. 100000E+03
— 222500E-+04
. 150000E+04

- O00OO0E+00

.00000CE+00 *
_00000CE+00 *
- 550000E+04
- 100000E+04

Ea

CumoBHe PaKTopH padoderc xoma

Ta=0.200000E+01 Tx=0.800000E+01 (

L llepeMenieBEHe BHY TPeHHETC MOIAVHA
2. lepeMeImene HAPYIKHOTD DOTI3VHA
4. MosenT Ha MypTe

5. ¥cHIIHE ocOepalimn

= 60Q0053E+00

—.443603E+00
—. 150000E+04
.000000E+00

L937F351E-04
.383906E-01

_550000E+04 *
715520406 *

Amania padoTH ITHEeBMOCETH

Te=0.000000E+00 Tx=0.900000E+01 (@

L apmepwe B MOOBOTHOM TPYOOIID.
LPs fpyﬁonp. E ny:n.mmm. ﬁampy
4. TaplleHHe B MOIOCTH TOPHOSE

5. [JapmeHNe B NOIIOCTH My QTH

_000000E-00
.O00000E+00
.O00000E-00
. 000000E-00

.B0000CE+00 *
.600000E+00 *
.60000CE+00 *
.BOO0OOCE+00 *

Puc. 2.6.
npecca B pasjIM4YHbie MOMEHTBI BpEeMEeHH.

IIpumepsnl rpadukoB, HIIIOCTPUPYIOUIUX OCHOBHBbIE 0COOCHHOCTH PAadOThI




3. UCMNOJIb3YEMbIE MATEMATUYECKUE METO[bI

"Obsunsalime 6 youiicmee MeHs, 8 KOJIOOBCMEeE,
B cnaboymuu, ecnu xomume;

Ho 6 yeepmrax comnumenvuuix u 6 niymoscmee
A nukak ne nosunen, npocmume".

JI. Kapposi. Oxora na CHapka.

Jlns Gonee meranbHOTO MpeacTaBiaeHus: o npuMeHnMocTd PRADIS k ananu3y kakux-nmi0o
JTUHAMUYECKUX  TPOIECCOB W TpeABapsisi  OMHCAaHUE  BO3MOXKHOCTEH  OT/AENbHBIX
(GYHKIIMOHATIBHBIX  COCTABJSIIONIMX  KOMIUIEKCA, HWMEET CMBICH JaTh XapaKTepUCTUKY
UCIOJIb3YEMBIX MaTEMaTUYECKHX METO/A0B. [10CKOIBKY 3TOMY BOMPOCY TMOCBSIIEH OTACIIbHBIN
JIOKYMEHT, 3/1ech OyJeT MpUBEICHO JIUIIb HEOOXOAUMOE IS AalIbHEHIIET0 U3JI0KEHUSI KpaTKoe
OTHCaHHUE.

Kak u3BecTHO, aHanM3 MEpPEeXOAHBIX MPOIECCOB B MOJACTUPYEMOM OOBEKTE CBOJAUTCS K
(OPMHPOBAHUIO M PEUICHUIO CHUCTEMBI HEMMHEWHBIX Tu(QepeHnaTbHbIX ypaBHeHUNA. B 31O
CBsI3U METO/Ibl, peanu3oBaHHble B PRADIS, paznenuM coOTBETCTBEHHO HA JIBE TPYIIIIHIL:

e Meroa (OpMHUPOBAHHMS MaTEMaTHUYECKOH MOJENU OOBEKTa B BHUJE CHCTEMBI
nudepeHInaTbHBIX YPAaBHCHHI;

*  TOCIENOBATEIbHOCTH METO/IOB pelieHus MOJTy4aeMoi CUCTEMBI
mudhepeHINATBEHBIX YpaBHEHUH.

dopMHpoBaHHE UCXOAHOUN cucTeMbl Y mpou3BOOUTCS y3JI0BBIM METOAOM. B mexaHuke
TBEPJIOTO TeJIa €My COOTBETCTBYET METO]I MEepPEMEIICHUMN, TPU MOJEITUPOBAHUM IEKTPUUECKUX
CXEM OH HM3BECTEH KAaK METOJ Y3JOBBIX MOTEHUMAJOB, B 3a/lauyax aHajiu3a TUAPONPUBOIOB U
TUApoIepeaad 4acTo UMEHYETCS METOJIOM pacyeTa Ha OCHOBE JIEMEHTHO-Y3JIOBBIX CTPYKTYP.

CymHOCTh  y370BOrO METOJa COCTOMT B cienyromeM. Mojaenupyemass cucTteMa
pasnensercs Ha OTIEIbHBbIE 3JeMeHThl. KakIbIii 3JIeMEHT UMeeT OINpeeIeHHOE KOJIUYECTBO
CTerneHel cBoOOIbI (Y37I0B), COCTOSTHUE KOTOPBIX XapaKTEePHU3yeTCs ABYMs THIIAMH MTEPEMEHHBIX:
nepeMenieHue U yCWINE - B MEXaHWYECKHUX DJIEMEHTax, JIaBJIEHHE M PacxoJl - B DJIEMEHTax
MTHEBMOTHUPOCXEM, HAMpPSDKEHHWE W TOK - B DJIEKTPUYECKHX aneMeHTax. OO0O0OIIEHHO 3T JBe
TPYIIIBI IEPEMEHHBIX PA3IUYalOT Kak MOTeHIHMAIbHBIE (IepeMellieHre, IaBlieHue, TeMIeparypa,
ANIEKTPUYECKOE HAMpsHKEHUE) W TMOTOKOBBIE (CHIJIA, PacXoj, TEIJIOBOM MOTOK, 3JIEKTPUYECKUN
TOK). Mopens JTr000T0 BBIJCIEHHOTO 3JIEMEHTa MOXET OBITh OINMCaHa TaK Ha3bIBACMBIMU
KOMIIOHEHTHBIMU ypPAaBHEHUSIMH, B KOTOPBIX IIOTOKOBBIE IIEPEMEHHBIE B Yy3JaX 3JEMEHTa
OTIpeNIeNAIOTCS Kak (DyHKIIMH MOTEHIIHATIBHBIX IepeMeHHbIX (puc.3.1).

COopka KOMIIOHEHTHBIX YPaBHEHHI BCEX 3JIEMEHTOB B OJHY cuctemy IV ocyuiecTBisiercs
B MPSIMOM COOTBETCTBHUHU CO CTPYKTYPOM CBSI3€M MEXKIy JJIEMEHTaMH, TOYHEE MEXAY y3JIaMu
97eMeHTOB. B y3max, sBASIOMIMXCA OOMIMMH Ui HECKOJIBKHX JJIEMEHTOB, BBITOTHSIOTCS
OTpEJICTICHHBIE YCIOBUS COXPAHEHUS JJIsi TOTOKOBBIX MEPEMEHHBIX, @ UMEHHO: ajiredpanydeckas
CyMMa 3Ha4Y€HHMI MOTOKOBBIX IEPEMEHHBIX PaBHA HYJIO. Y PaBHEHUS, OTPAKAIOIINE 3TH YCIOBUS
COXpaHEHHS W Ha3bIBa€MbIE€ TOMOJIOTMYECKUMU YPABHEHHUSIMU, W TO3BOJSIOT, COOCTBEHHO,
CBA3aTh KOMITIOHEHTHBIE YPaBHEHHS OTIENbHBIX 3JIEMEHTOB MEXIy coboil. B 3aBucumoctu ot
¢u3NUecKO MPUPOABI AJIEMEHTOB, OOBEAMHSIEMBIX B Yy3Jie, 3aKOHBI COXPAHEHHS MOTYT
MPEJCTaBIATh COOO: B MEXaHHMYECKHUX OJEMEHTAaX - YCJOBHS JUHAMHYECKOTO pPaBHOBECHS
(mpuHiun JlanamOepa), B SJIEKTPUUYECKHX - YCIOBUE HENPEPHIBHOCTH TOKOB (1-i 3akoH
Kupxroda), B smeMeHTax THIpaBIMYECKUX, MHEBMATUYECKUX, TEIUIOBBIX IIETIEH - YCIOBHE
HEPa3pBIBHOCTU TMOTOKA. Pe3yipTaTroM pabOTHl aJICOPUTMOB Y3JIOBOTO MeToaa (hopMHupoBaHUS
MaTeMaTHYeCKON MOJIENH SIBJISIETCS MOJy4YeHHE B OOIIeM clydyae CUCTeMbl HelMMHeWHbIX 1Y, B
KOTOPBIX MOTYT MIPUCYTCTBOBATh MPOU3BOIHBIE KAK IO MPOCTPAHCTBEHHBIM KOOPIUHATAM, TaK U
no BpemMeHu. Ecnu 3ajaya npUBOAUT K MOSBICHHIO YPAaBHEHUH B YACTHBIX MPOU3BOJHBIX, TO
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BONPOC C JAMCKpPETH3allMed MPOCTPAaHCTBEHHOM OO0JAacTH peliaercss Ha YpOBHE Mojenen
AIIEMEHTOB M TMPUBOAUT K anreOpau3aliil KOMIIOHEHTHBIX YpaBHEHH. 3/ech HCIOJIb3yeTcs
1100 KOHEYHO-Pa3HOCTHBIN MOJAXOJA K alMpOKCHUMAIUN MPOU3BOIHBIX, JTHOO OJUH M3 METO/I0B
anmnpoKcUMaluu 0a3uCHBIMU QYHKIUSMU.

n
— TOHOJIOTUUeCKHEe VDaBHeHH > Q=0
i=1

n
(zng wexammrm 3 F,= 0)
i=1

— KOMIIOHeHTHH® YpaBHeHOd

Qk: f(t, %5 %jp Xj) L kj=1m

1 Fi=m * X

—><E —21C> Fi= k*ixy - xp)

o)

Puc. 3.1. Y3no0Boii MmeTox GopMHPOBAHMSA MAaTEeMATHYECKOH MOJe/IH
a) o01as cxeMa MeTo/1a;
0) npuMepbl KOMIIOHEHTHBIX YPABHEHUI /11 NPOCTeHINX 3JIeMEHTOB.
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B wrtore wucxomnas cucrema JIY mnpeoOpasyercs B cHCTeMY OOBIKHOBEHHBIX
muddepenunanbHeix ypasaenuit (O/[Y) Broporo nopsizka u UMeeT BUI:

F(X, X, X" T)=0

C HAa4aJIbHBIMHU yCIOBUAMU A1 3HaueHU X 1 X'. 31ecek X - BEKTOp y3JI0BbIX IepeMenienuu, T -
Bpems, X' = dX/dT, X" = d(dX/dT)/dT.

OroBopuMcsl, 4TO MOJT Y3JIOBBIMU TMEPEMEIICHUSIMU 3/I€Ch U Jlajiee JOKHbBI TIOHUMAThCs U
Jpyrue NOTeHIUAJIbHbIE IEPEMEHHBIE JUUIS 2JIEMEHTOB HEMEXAHUUYECKON PUPOIBI.

Yucnennoe nHterpupoBanre cucreMbl O/[Y ocymiecTBiseTcss HEIBHBIMU OJHOIIATOBBIMHU
metonamu (merogamu llItepmepa win Heromapka) ¢ KOHTpOJIEM TOYHOCTH M aBTOMAaTUYECKUM
BbIOOpOM Mmara. Mcnonb3oBaHue HESIBHBIX METO/IOB MHTEIPUPOBAHUS JUKTYETCS TpeOOBaHUEM
BBIUHCIIUTEIBbHON YCTOMUNBOCTH, MOCKOJIBKY MOJENH pEalbHbIX JMHAMUYECKUX IPOLECCOB B
TEXHUYECKUX O0BEKTaxX 4acTo CBOASATCS K "kecTkuMm" cuctemam JIY, koraa Ha (hoHE MEJICHHO
IPOTEKAIOIUX TPOLECCOB HEOOXOAMMO OTCIEOUTh ObICTpOE H3MEHEHHE HEKOTOPBIX
XapaKTEePUCTHK.

B Xome 4MCIEHHOrO MHTETPUPOBAHUS BpEMs KAk HE3aBUCUMAas IEpEeMEHHas
MPEJICTaBISIETCSl COBOKYIHOCTBIO JTUCKPETHBIX 3Ha4deHW. B pesynbTare nuckpeTusanuu 1o
BpemeHu cucrema OJIY Ha KkaXJoM I1are MHTErpUPOBAHUS CBOJUTCS K CHUCTEME HEIMHEHHBIX
anredpandyeckux U TpaHcleneHTHBIX ypaBHeHu# (CuJIY), koTopas A i-ro MOMEHTa BpPEMEHHU
(mpu T=T1i) umeet BUA:

F ( Xi, Xi', Xi", Ti ) = 0,

rae Xi, Xi', Xi" - 3navenns X, X', X" npu T=Ti.

Jnsa pemeHuss moydaeMOW CUCTEMBl HEIWHEWHBIX YPABHEHUM MCIOJIB3YETCS METOM
HeioToHa, KOTOpBIM CBOAMTCS K BHIOOPY HA4yadbHOIO MPUOJIMKEHHUS W OpTraHU3aALUH
MIOCJIETIOBATEIbHOCTH UTepanuil. Ha kaxaoi utepanun onpeaeisoTcs ouepeaHble IpUpalieHus
K 3HAQYCHUSAM HEU3BECTHBIX II0 CXEME: JIMHEapu3alus YPaBHEHUN B OKPECTHOCTH TEKYLIETrO
NpUOIMKEHNS, BBIYMCIEHUE SIKOOMaHa CHUCTEMbI (MaTpULbl YaCTHBIX NMPOU3BOJIHBIX) U MPaBBIX
qacTeil, peleHre MNOoJdy4aeMoill cHUCTeMbl JUHEeHHbIX anreOpandeckux ypaBHeHuit (CJIAY).
Wrepanuy 3aKkaHYMBAIOTCS, KOTJA OYEpPEIHOE YTOYHEHUE PEUIEHUS CTAaHOBHUTCS JOCTATOYHO
MaJibIM.

Baxxnoe MecTo B 3TOM ainropuTMe€ 3aHMMAET IPOLECC PELICHHsS CHUCTEMBI JIMHEWHBIX
anreOpanyecKuX YpaBHEHUH, IOCKOJBbKY 3Ta YacTO IOBTOPSIOMIAACA CTagusl BO MHOI'OM
OmpeeNsseT BBIYMCIUTENBHBIE 3aTpaThl BCEro dTamna pacdyera. CucrteMa JMHEHHBIX YPaBHEHUN Ha
KaKJI0M HBIOTOHOBCKOU UTEpaLi UMEET BUL:

[Y]* {dX} = {1},

rae [Y] - skobuan, snstomuiicss matpureit kodddumnmentor CJIIAY;
{dX} - onpenensiemMblit BEKTOp MPHUPAIICHU;
{I} - BeKkTOp MpaBBIX YacTeH.

Martpuia xk03(p(HUIHMEHTOB CTPYKTYPHO CUMMETPUYHA, HO B OOIIEM cilydae He oOiajgaer
YHUCIIOBOM CHUMMeETpUEN U TuaroHalbHBIM NpeolianaHueM. Pemienue cucteMbl OCylIeCTBISETCS
METOJIOM MPSIMOTO HCKIIIOUEHMS 1O ['ayccy M yUHTBIBA€T BBICOKYIO Pa3peK€HHOCTb MAaTpPHIIbI
koa¢p¢unmenToB. JlJis MaKCHUMaJbHOTO CHUKEHHSI BBIYMCIUTENBHBIX 3aTpaT HEOOXOAUMO IO
BO3MO>XHOCTH COXPAaHHUTb HCXOJHYIO Pa3peXKEHHOCTbh MaTpuubl. 11 3TOro HMCHOIb3YHOTCS
HECKOJIbKO METO/IOB ONTHUMAJIbHOTO YIOPSIO4YeHUs Mpu 00paboTKe ypaBHEHHH (alIroOpuT™M
MUHUMAaJIBHOM CTEINEHH, YNOPSIOUYEHNE IO KPUTEPUIO MUHUMAJIBHOTO JIOKAJIBHOTO 3aIlOJIHEHUS

u ap.).
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4. COCTAB KOMIMINEKCA. BOSMOXHOCTH
®YHKUNOHAJIbHbBIX COCTABNAIOLLUX

"Tloumennblil 3aMoK ObLT NOCMPOEH,
Kaxk 3amxu cmpoumucs 0oncHbi:
OmMmeHHO npoyeH u CnoKoeH

Bo sexyce ymmuoii cmapunwt”.

A.C. Iymkun. EBrennii OHerus.
MOXHO BBIJIETUTH CJEAYIOIINE OCHOBHBIE COCTABIISIIOIIME MPOrPAMMHOTO KOMILJIEKCA
PRADIS:

* BXOHHOﬁ A3BIK, TPAHCIIATOP € BXOAHOI'O A3bIKA.

* BrruncnurensHoe AP0, BKIFOYAIOLIEE:

[J mporpaMMbl HHTETPUPOBAHUS CUCTEM HEIMHEHHBIX TU(PPepeHIMaIbHbIX ypaBHEHUN
2-ro nopsJIKa;

[J makeT pemeHus: CUCTeM JIMHEHHBIX adreOpanyecKux ypaBHEHHH ¢ yueTOM BBICOKOM
pa3peKEHHOCTH MATPHILL.

* Tloxcucrema onepaTHBHOTO OTOOPAXKEHHS TEKYIUX PE3yJIbTaTOB pacyera.
* TlocToporieccop, npeaHa3HAYCHHBIN JIJIS aHUMAIIHH PE3YJIBTATOB MOJICITHPOBAHUS
B pEAIbHOM W MOJEIHHOM MacliTabe BPEMEHHU, MOCTPOCHHUS TpaduKoB U
CO3/IaHHS TA0JIUIl PE3YJIHTATOB.
* bubnuoreku KoMILIeKca:
[] OubamoTeKka Moenei dJIEMSHTOB;
[J GubnumoTreka mporpamMm rpaduueckux o0pasos;
[ 6ubnuoTreka nmporpaMm pacuera BbIXOIHBIX TEPEMEHHBIX;

[J OubnuroTreka mporpaMm OTOOpa)KeHUs Pe3yIbTaTOB.

* Ilpouenyps! ynpaBieHus 3aJaHUSIMU, CEPBUCHBIE ITPOTPAMMBI.
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4.1.NMOACUCTEMA BBOOA UCXOAOHbIX AAHHbIX

"Be3 a3blka u KoaoKoa Hem'".
Pycckas HapoaHas MOroBOpKa.

OCHOBHBIM CpCaACTBOM, O6CCH€‘-II/IBaIOH_[I/IM BBOJ HCXOJHBIX AJAaHHBIX, ABJIACTCA BXOIIHOﬁ
s36IK KoMIiekca PradiSlang. [Ipumep TekcTa Ha BXOIHOM sI3bIKE M300pakeH Ha puc. 4.1.

DMeMeHTH MoxeHT oT
$ DATA - Kapkaca BeTPOBOY HATIPY3IKH
Teuxa 0 = 0., O
Touxa A = —-0.015, 0.051
Touxa B = -0.110, 0.041
Touxa C = —0.050, 0.050

MoMeHT MTHepITHH IBeplH = 6.1
HKectrooTes nemmpepa = 7.5 ef
IS1 = 130.E-12, 50. E-6

IS2 = LE-8, 0

I83 = 37 E-10, 15 E-5

Mooynes Oura = 2ElLL

Macca 1 =0l
Macca 2 = 008
Macca 3 = 0117

AuvninmTyna umomenTa = 68
HauaenkHoe cMemienue — 0.05
Bazop = 0.052

XapaxrepucTurm conpormeiaenns = 656
$ FEAGMENT : OrpaHm4uTelIb

# BASE: 1, 2, 10, 11

# STRUCTURE :

Hanpasnamirnaa AR BALKA (12 3 4 5 6 Touka A, Touxa B, Macca 1, 0.5,
IS1, Mouyne IDura)

[Tomaymira > BALKA (78 94 5 6 Touka C, Touka B, Macca 2, 0.3,
J32, Monyne Owura)

OrpaHUIHUTETH * UPED (78 45 ; Touka (, Touka B, 3asop,
KecTKoCeTE meMmcpepa)

YuacTox kapkaca neepia ‘BALKA (10 11 12 7 8 13; Touxa 0, Touxa €,
Macca 2, 0.5, J533, Monynr Kura)

HuepruoHEocTE TBepie ‘M (12, MoMEHT HHePIIUHT TBEDILH)

Compornenenue BpameHu 'KP (12 1; XapakTepHCTHKN COIPOTHEIEHMI)
Berposoe BospeticTeue 'FSINX (12; AMnimuTyma MoMenTa, HadalabHoe CMEIIIEHHE)

# OUTPUT :

Tosopor meepum ‘X (12; 1% Yrmopad ckopocTh nsepin 'V (121)
Berposoe BosneticrBue X (EBeTposoe BospeticTsue:; —1)
Texyinun sazop X (W:OrpaumumTens (1), 1)

Yeunue Ha orpammunTene ‘X (WOrpammunrens (2) 1)

DKB. cTATHY. HArpy3ka Ha pyuxe X (W: OrpagmunTtens (2) 0.0523)
$ RUN :

Pacuer Mexammsua orpapuumTend ' SHTERM (END=5)

% PRINT :

PeayapTaTh pacdera ’ DISP (;
[opopor meepor, Texkyirui aasop,
JKB. CTATH™. HaIpy3Ka Ha PyUKe)
PeaynrTaTH pacueTa " DISP (:
Berporoe BoapericTeue = (0, 65), MoMeHT TpeHHA,

Yrnoeag cxopocTk neepum = (—3.14, 3.14),
DKE. CTATHY. HATDY3KA HA PYyYKe

$ END

Puc. 4.1. IIpumep Tekcra 3axanust Ha BXoAHOM si3bike PRADIS nis pacuera
MeXaHH3MAa OIPAHUYMTEJISI ABEPH ABTOMOOMIIS.
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[Ipn ommcanuu CTpyKTYpbl MOJEIUPYEMOE YCTPOMCTBO MPEACTABIAETCS COBOKYIHOCTBIO
3JIEMEHTOB, COOTBETCTBYIOIIMX KOHCTPYKTUBHBIM y37aM (pblHard, IIApHUPBI, Nepeaadd,
Hampasigomue u jap.). Mojens uccieayemMoro oobekTa MoOXeT ObIThb o0pa3oBaHa Kak
COBOKYITHOCTBIO OTJIEJIbHBIX 3JIEMEHTOB, TaK U O0ObEIMHEHUEM JPYTUX OOBEKTOB U IJIEMEHTOB,
OpU 3TOM BIIO)KEHHOCTh OOBEKTOB JApPYr B Jpyra He orpaHuyeHa. [Ipu HeoOXxomumocTu
OT/ICTIbHBIE JIeTall TPEACTABIAIOTCS C TpeOyeMoW CTEeNeHBI0 MOAPOOHOCTH O0JacTIMU
KOHEYHBIX JIEMEHTOB.

B kxauecTBe BXO/IHBIX MTapaMETPOB JIJISl DJIEMEHTOB (PUTYpUPYIOT JaHHbIE KOHCTPYKTOPCKON
JOKYMEHTAIlMU: TE€OMETPUYECKHE pa3Mepbl KOHCTPYKTHBHBIX JJIEMEHTOB, XapaKTEPUCTUKU
y3JI0B ¥ CBOMCTBAa MaTe€pHaJIOB, IMOJTyYyaeMble U3 UCIBITaHUN. Takum 00pa3oMm, SI3bIK MO3BOJISET
ONepUpOBATh TEPMUHAMM TOM MpeAMETHOH 00JacTH, K KOTOPOH MPUHAAJICKUT MOJECIUPYyEMOe
YCTPOMCTBO.

CpenctBamu si3plka 00€CIIEUMBAETCS U ONMCAHHE BHU3YaJIbHOTO MPEICTABICHUS MOJAEIH
o0bekTa B pe3yJbTare pacuera. 3aJaHWe Ha TMOCTPOECHHWE HW300paKeHHs O0BEKTa
pelycMaTpUBaET KaK PEXHUM "TI0 YMOTYaHHUIO" C UCTIOIB30BaHUEM CTaHAAPTHBIX rpaduuecKux
NPUMHUTHUBOB, TaK M "IpUBA3KY" BHIOpaHHBIX IOJIb30BATENEM TIpapUUecKUX MNPUMUTUBOB K
OTJIEJIbHBIM 3JIEMEHTaM MOJEIIN.

CoOTBETCTBYIOLIMM BapUaHTOM OMUCAHUS 33aHUSI MOKHO O0ECIIEUNTh:

* (opMHpPOBAHHUE U PACUET HOBOH MOJIEITH O0BEKTA;

* 3aMEHY BXOJHBIX MMapaMeTpOB JJIsl MOArOTOBICHHOW MOJIeH Oe3 ee TOBTOPHOTO
dbopmHpoBaHus;

* aBTOMATHYECKOE COXpPAHEHHE COCTOSHHS pacyera C 3aJaHHBIM IIaroM |
BOCCTaHOBIICHUE COCTOSIHHUSI PacyeTa ¢ MOCIeTHEeH TOYKH COXPAaHCHUS;

3akaHuMBasi KpaTKui 0030p BO3MOXHOCTEH BXOJHOTO f3bIKa, YMECTHO CJeJaTh
cieayroliee 3amedyaHue. B OTAENbHBIX CllydasiX, B YaCTHOCTH MpPH ONHUCAHUM JIOCTATOYHO
CJIOHBIX KOHEYHOAJIEMEHTHBIX (PparMeHTOB O00BEKTa, MOJATOTOBKY JaHHBIX MO Pa30MEHHI0 Ha
AIIEMEHTHI 1EIeCO00pPa3HO OCYIIECTBIATH C TOMOIIBIO CHEIHATU3UPOBAHHBIX TpapruecKuX
MIPETPOIIECCOPOB, €CIIM TaKOBbIE MMEIOTCS B PACIOPsDKEHUH Tofib3oBatTens. B aTom cimyuae B
COCTaB YTHUJIUT KOMIUIEKCAa HEOOXOJUMO BKIIOYUTH MPOrpaMMy, TPeoOpasyIonly0 pe3yabTaThl
MIPENPOIIECCOPHOM 00pabOTKMU BO (PparMeHT TeKcTa onucaHusi 00bekTa Ha si3bike PRADIS nnun
cpa3y BO BHYTpEHHEE NPEICTaBIEHUE KOMILIEKCA.
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4.2.BbIYUCINTUTEJIbHOE AOPO KOMIJIEKCA

@yHkus BbruMcauTenbHoro sAapa PRADIS - pacuer nepexoIHBIX MpOLIECCOB B
TEXHUYECKOM CHCTEME B COOTBETCTBUU C 33aJaHUEM Ha aHaiu3. Pealn3oBaHHBIC B IIpOrpaMMme
MHTETPUPOBAHUS MaTEMATUYECKHE METObI ObLITM ONMCAHBI BHIIIIE.

OCHOBHBIE BBIYMCIIMTEILHBIE BO3MOKHOCTH mporpaMmbl UHTCTPUPOBAHUA:

* BO3MOXHOCTh BbIOOpa 0a3MCHOM mNepeMeHHOW (mepeMelleHne, CKOPOCTb),
OTHOCHUTEJIbHO KOTOPOI BEIETCS PEILLICHUE;

e BbIOOp METOAA ONTHMAIBHOIO YIHOPSAOYEHUS YpPaBHEHHUH A I'ayCCOBCKOTO
npoxoja npu pemiennn CJIAY;

* [peABapUTEIbHOE TECTUPOBAHHE MOATOTOBICHHON MAaTPUYHON CTPYKTYPBI;

* ABTOMAaTHYECKUH BBIOOp IIara WHTEPUPOBAHUS IO KPUTEPHUSAM JIOKAIbHOM
NOTPEeIIHOCTH U cxoauMocTu peuieHust CHIIY ¥ BO3MOMKHOCTH YIIpaBJICHHUS
NOKa3aTeIsIMM TOYHOCTH IO Ha3BaHHBIM KPUTEPUSM;

* ABTOMAaTHYECKOE COXPAHEHHUE COCTOSHMS pacueTa ¢ MOCIEIYIOIUM PEeCTapToM C
TOYKH COXPaHEHMUS;

e JeMn@upoBaHHE BBICOKOYACTOTHBIX Iapa3sUTHBIX KojeOaHUM [0 3aJaHHOM
I10JIOCHI YaCTOT.

Bce ncnonp3yemble ipu pacyeTe AEHCTBUTEIBHBIE IEPEMEHHBIE - IBOMHON TOUHOCTH.
OTnagoyHbie BO3MOKHOCTHU:

e [OmIaroBas pacmedaTka I[OKa3aTelei JOKalbHOM MOTPEIIHOCTH U (WJIIHN)
cxogumoctu pemeHus CoJIIY nans Bcex y3J0B WM OTIENBHOIO Yy3Jla Ha
MPOTSKEHUH YKa3aHHOTO MHTEpBaja BPEMEHHU;

* COOOLIEHHA O TOCIEeNOBATEIbHOCTH JACUCTBUI MpOrpaMMbl TIPU  OIICHKE

3aBEpIICHHOCTH UTEpAIHii, TPH BHIOOPE 3HAUECHUS OUYEPEAHOTrO I11ara.

BpemenHo#i nHTEpBal pacyeTa MOXKET ObITh Pa30UT Ha HECKOJIBKO ITAMOB, I KaXKIOT0 U3
KOTOPBIX BO3MO>XHO HCIIOIb30BAHUE MPOTPAMMbI HHTETPUPOBAHUS CO CBOMMU MapaMeTPaMH.
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4.3.NMOACUCTEMA OMNEPATUBHOIO OTOBPAXEHUA TEKYLLUUX
PE3YJIbTATOB PACHETA

Texymiye pe3ynbTaThl pacyeTa MOTYT OTOOpaKaThCs HA SKpaHE JUCIUICS U BKIIOYAIOT B
ce0s CTaTUCTHKY Ipolecca pacyera.
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4.4.TTOACUCTEMA OTOBPAXEHWUA PE3YJIbTATOB PACHETA U
BU3YAIIUSALUUN

B kadectBe moacHCTEMBI OTOOpaXXCHHS pPE3YJIbTaTOB pacueTa W BHU3yaJH3alUU
UCIIOJIB3YETCsI OCTIPOLIECCOP, KOTOPBIN TpeIHA3HAYCH JIJISL:

* aHUMAallMU Pe3yJIbTaTOB MOJICIHPOBAHUSI B PEATbHOM U MOAEIHLHOM Maciutade
BpPEMEHHU;
* MOCTpOEHHS rpaHuKOB, B TOM uncie (Pa3oBbIX;

¢® CO3IaHHuA Ta6J'II/II_I PE3yJbTAaTOB € BO3MOXHOCTBIO UX IMOCIICAYIOLICTIO 3KCIIOPTA B
EXCEL.
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4.5.BUBJIMOTEKU KOMIJNIEKCA

" - Mue ouenv npusmmno, - padocmuo cxkazan Ilyx, - umo
5 0oeadancs nodapume mebe Ilonesnwviti I opuiox, Kyoa
MOJICHO KNlAcmb Kakue xoueuib geuju!"”

A.A. Muin. Bunnn-Ilyx u Bce-Bce-Bce.

Jns kaxgoro Ttuma OMOTMOTEK KOMIUIEKca (Mozenel 3JIEMEHTOB, MPOrpaMM pacdeTa
BBIXOJHBIX IE€PEMEHHBIX, NpOorpaMM TIpaduueckux o0pa3oB U MPOrpaMM OTOOPAKEHHS)
CyliecTByeT HaOop 0a30BBIX KOMIIOHEHT, JOCTaTOYHO YHHBEPCAJIBHBIX, YTOOBI BO MHOTHX
3aJa4ax OrPaHUYMBATHCS TOJNBKO X Hcmoyib3oBaHueM. OnHako Oosbloe pa3zHooOpasue
TEXHHYECKHX CHCTEM W KPHUTEPHUEB OLEHKH IPOTEKAIONMX B HUX IPOIECCOB TPEOYIOT
COOTBETCTBYIOIIEH TMOKOCTH OT mporpaMMHoro obecneuenus. Takas ruokocts B IIK PRADIS
HOJJICPKUBACTCS BO3MOYKHOCTBIO BKJIIOYCHHUS HOBBIX KOMIIOHEHT B OMOIMOTEKH KOMILIEKCA.
[TosToMy cocTtaB OMONMOTEK OUHAMUYEH W JUISI TEKyIIEH BEpCHH KOMIUIEKCAa 3aBHUCHT OT
KOH(UTYpaIMy ¥ IPEAMETHON OPHEHTAMN KOHKPETHOH MOCTAaBKH.

4.5.1.Mogenu anemeHTOB

BoeruncnutenbHble  O0S3aHHOCTH MOJENEH DIEMEHTOB - TpOrpaMMHas peamu3anus
KOMITOHEHTHBIX ypaBHEHUH W pacdeT skoOuaHa. [IpuMeHUTENHbHO K MEXaHWUKE - 3TO pacyeT
ycunuid (CHJT ¥ MOMEHTOB) B y3JlaX COCIMHEHHUS JJIEMEHTa IO TepeaaBaeMbiM B MOJEIb
MepeMENICHUSIM, CKOPOCTSM U YCKOPEHUSIM U BBIYHCICHHE MaTPHUIbl YACTHBIX MPOU3BOJHBIX OT
YCWIMM 1O TEpEeMEIIECHUSM, CKOPOCTSM U yCKopeHusiM. Jljist, Hampumep, T'HAPABINYECKHUX
3JIEMEHTOB (WJIM THAPABIMYECKUX BETBEH THUIPOMEXaHMUECKUX DSJIEMEHTOB) MOJICTh CUYHTACT
pacxojibl B 3aBUCUMOCTH OT JABJICHUS U COOTBETCTBYIOIINE YACTHBIE MPOU3BOHBIE OT pacxoaa
IO TABJICHHIO.

C ToukHM 3peHHUs MOJIB30BATENs, HE OTATOIIEHHOrO 3a00TaMH O pa3paboTKe cOOCTBEHHBIX
MOJIeJIel 3JIEMEHTOB, Jt00ass OMOIMOTEYHAas MOJENb 3JIEMEHTa - 3TO KOMIIOHEHTa, KOTopas
OTpakaeT ompejeNeHHble (U3MYeCKre CBONCTBA pEAThbHOTO OJJIEMEHTA M JIOJDKHA OBIThH
MPaBWIbHO TMPUCOEIMHEHA CBOMMHU "KOHIIAMU JIA TOAKIIOYEHHUSA" K JIPYyrUM MOJEISAM
AJIEMEHTOB MPH OMHUCAHUHU CTPYKTYPHI BCETO 00BEKTA.

[Ipumepsl THMOBBIX AJEMEHTOB M3 OMOMMOTEK Mojneneit anemeHToB PRADIS npuBenensl
Ha puc. 4.2.
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4.5.2.NMporpamMmmbl pacyeTa BbIXOAHbIX NepPeMeHHbIX

bazoBeie BO3MOXHOCTH TPOTPaMM pacyeTa BBIXOIHBIX TEPEMEHHBIX HamOojee YacTo
UCTIONB3YIOTCS U TIOJIYYEHHUsl TEpEeMEIICHUH, CKOpOCTeH, YCKOPEHUH, YCHUIIHMHA, SHEprHH,
MOIITHOCTH, PAaCXOOB, JABICHHWW, CyMMBI BEIMYUH, W3MEHEHHS PACCTOSIHHUH, OTCIICKHBAHUS
MUHMMAJIbHBIX M MAaKCUMAJIbHBIX 3HAYEHUH I HECKOJbKUX HM3MEHSIOUIMXCS MEpEeMEHHBIX.
Pacuer kakux-mmbo0 crnenuduueckux TmMoKas3aTelield, HEOoOXOJMMMBIX B KOHKPETHOW 3ajaade
(HampuMep, yIJIbl pa3Baja U CXOXKIEHUS KOJIEC, CMa30UHOE YHCIIO B KOHTAKTE KYJIauKOBOW Maphbl
WIA WHJIEKC CTETICHW OMAaCHOCTH TPaBMBI TOJIOBBHI MPH YAape) CTAHOBUTCS JTOCTYIHBIM, €CIU
N0JIb30BaTeNb (WK JIMIO, OTBETCTBEHHOE 33 CONPOBOXKJICHHE KOMILIEKCA) peaan3yeT GopMyity
BBIUUCIICHUSI TpeOyeMOW XapaKTEepUCTHKH B BHJIE MOINPOTPAMMBI W BKIIOYHT €€ TII0
(bopManbHBIM MpaBUIJIaM B MOJIb30BATENLCKYI0 OMOITHOTEKY.

4.5.3.NMporpammbl rpacpmuyeckmnx obpason

[Iporpammbl rpaduueckux o0Opa30B OTBETCTBEHHBI 3a BU3YyalbHOE MPEACTABICHUE
2JIEMEHTOB OOBEKTa B pe3ynbTaTe pacuera. ['paduueckue obOpaspl "MpUBS3BIBAIOTCA" JTHOO K
MOJIETISIM ~ DJIEMEHTOB, JHMOO HW300pa)kaloT OKpYyXkarollylo 00ctaHoBKY. CyIlecTBYIOT
rpagudeckue o0pa3bl, OTOOpaKAIOIIHME DJIEMEHTHl B peXuMe 'yMom4yaHUA" W TOATOMY
JIOCTaTOYHO CXEMAaTHUYHbIE, W HECTaHIapTHhIE 0O0pa3bl, MNpeAHA3HAUYCHHBIC MM MPHUAAHUs
BbIpa3UTeIbHOCTU (hopMUpyeMoit kapTuHke. [IoaToMy cTerneHnb NpOpUCOBKH 00ObEKTa 3aBUCUT OT
JKEJIaHUs TIOJIH30BATENsA, a TPYAOEMKOCTh Pa3pabOTKU HOBBIX HECTAHIAPTHBIX TpadUUecKHX
IIPUMHUTHUBOB CBCJICHA K MUHUMYMY.

4.5.4.NMporpammbl OTOOpaXXeHUsA pe3ynbLTaToB

[Iporpammbl  0TOOpaskeHHsI pPe3yJIbTATOB IpeJHAa3HAueHbl Ul IOCTIPOLECCOPHOM
00paboTKK pe3ysbTaTOB pacueTa. bazoBas OMONHMOTEKa BKIIOYACT CICAYIONINE MPOTPAMMBbI
OTOOpaXEeHHSI.

1) IlporpamMma oTOOpa)keHUS pE3yJIbTAaTOB B BHJAE TIpaUKOB Ha SKpaHE AUCILIES.
ObecneurBaeT NMOIy4YeHUE TPAPHUKOB BHIXOAHBIX IEPEMEHHBIX KaK B (DYHKIIMHM BPEMEHH, TaK U B
3aBHCHUMOCTH OT JIt00OM BBIXOIHOM miepeMeHHOM. ['paduku BbIBOAATCA ISl yKa3aHHOTO
MHTEpBaJla BpEMEHH U B 33/IaHHOM MaciuTale.

2) IIporpamma oTOOpa)keHHMsI pe3yJbTaTOB B BHJE TaOJMIBI YHCIOBBIX 3HAYEHUN
UCTIONIBb3YeTCsl TMPH  HEOOXOAMMOCTH HUMETh HWH(POPMALMI0O O BBIXOJHBIX IEPEMEHHBIX B
nuGpoBOM BUJIE U JUISL ONpENeTeHHs] SKCTPEMaIbHbIX 3HAYEHHH MEepEeMEHHBIX Ha YKa3aHHOM
MHTEPBAJIE BPEMEHU.
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4.6.YNPABNAKOLWUE NMPOLEQYPbLI

[TponienypHoe obOecnieyeHue BKIIIOYAET MPOLEAYPY BBINOJHEHUS 3aJaHus M IPOLELypY
00CITy’)KHUBaHUSI CHCTEMHOT'O KaTajora.

IIpoueaypa BbINOJHEHUS 3aJaHUsl OpPraHMW3yeT B3aMMOJECHCTBUE IPOTPAMMHBIX
COCTaBJIAIONINX KOMIUIEKCAa MEXTy COOOH U ¢ ONepalMoOHHOM cpeioil B mpolecce MPOX0okKISHUs
3aJaHusl.

IIpouenypa o0ciay:XMBaHHsI CHCTEMHOI0 KaTajJora IOJJEP)KUBAET OIepaluu
BKJIIOUEHUS/UCKITIOYEHUST MOAyJel B OMOJIMOTEKM KOMIUIEKCA U BbIJady CIPABOYHOMN
uHpopmanuu (BcrpoeHHslii HELP) no unTepecytorie noap3oBareis Teme.
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5.MOCINEAOOBATENIbHOCTb NPOXOXAEHUA
3A0AHUA

OnwuimemM B 1IEJIOM IOCIEI0BATEIbHOCTh PA0OThl OCHOBHBIX IMPOrpaMM KOMILIEKCA MpU
MIPOXOXKACHUHU 3aJIaHUSl.

[Ipornecce B 1000M cilydae HaUMHAETCS C TPAHCIALMU TEKCTa Ha BXOAHOM si3bike PRADIS.
TpaHcassTOp NPOBOIUT CHUHTAKCMYECKUI W CEMAHTUYECKUH aHajau3 TeKcTa, (GopMupyer
HEOOXOJMMBIE CTPYKTYPbl JaHHBIX Ui TOciedykoued o0paloTKM M IOMENIaeT BCIO
uHpopMalmio B pabouuil ¢ain. B 3aBucumMocTH OT coiepaHUs TEKCTa, 0O0pabOTaHHOTO
TPaHCIATOPOM, BOZMOXHBI TPU IbTEPHATUBBI JAJILHENIIETO MPOXO0XKIEHUS 3aaHMsL.

1. TekcT coneprkan onucaHue 0ObeKTa - HEOOXOUM MOJIHBINA MPOXOJ ¢ (POPMUPOBAHUEM
MaTeMaTHYeCKOM Mo/ieN 00BEKTA U CIIUCKA BBIXOHBIX IEPEMEHHBIX.

2. Tekct comepkall TOJIBKO TUPEKTHBBI MPEAPACUETHON 00pabOTKH U BBI3OBBI NPOTPaMM
UHTETPUPOBAHUS U OTOOPAXXEHHUS - B 3TOM ClIyyae UJeT paboTa ¢ yxe chOpMHUPOBAHHON paHee
MOJIETIbI0 U MCKJIIOYAIOTCSl 3Talbl, CBA3aHHbIE C (OPMUPOBAHHMEM HOBOW MaTeMaTHYeCKOM
MOJIENIN OOBEKTA.

3. B TekcTe BCTPETUIIUCH TOJBKO BBI3OBBI MPOrpaMM OTOOpa)KeHUs - HeoOXoauMa JIHIIb
00paboTKa MOJTYUYEHHBIX paHee pe3yIbTaToOB pacyeTa.

[Ipoiinem no mnepBomy, Haubosnee mnonHomy, nytu. IIporpamma dakropusanum,
BCTyMawIllasgs B JACUCTBHE IIOCJIE TPAHCIATOpA, OTBEYAaET 3a MOATOTOBKY ONTHUMAaJIbHON
MaTpUYHON CTPYKTYpbI CUCTEMBI YpaBHeHMI. Ha 3TOM 3Tamne ocymecTBiseTcs npeaBapuTeabHas
cbopka obOpaza MareMaTH4ecKOl MOJIEIN 00BEKTa, MPOBOAUTCS MEpEeHYMEpaLus Y3JI0B C IEIbI0
MUHUMH3AlUN BBIYMCIUTENBHBIX 3aTpaT Ha CTaguM pacyeTa, MOACUUTHIBAIOTCS pa3Mepbl
OCHOBHBIX MaCCHBOB, OLIEHUBAIOTCS 3aTPaThl HA OJMH LIar PELIEHUsI.

IIporpamma ynpasjeHust 0a30if JaHHBIX MOAEIM OOBEKTa pa3MENIaeT BCIO
uHpOpMaLUIo 00 00bEKTE U 3aJJaHUM Ha aHAJIN3.

[Tocne 3aBepuieHust paboThI IPOrpaMMBbl YIIpaBiieHUs 02301 JaAHHBIX MPOBOJUTCS PACUET C
UCIIOJIb30BAaHUEM CTaHJIapTHOW paboueid mporpamMmel. OToOpaskeHHEe pe3yJIbTaTOB pacyeTa
ABIIIETCS TOCJEIHMUM JTAallOM Ha IMyTH MPOXOXKICHHs 3aJaHus. Buj u mocineaoBareiabHOCTh
0TOOpaKeHHsI pe3yJIbTATOB ONPEAEISIOTCS COCTABOM MPOrPaMM 0TOOpaKeHHUs1, BKIIIOYCHHBIX B
OIKCaHME 3aJaHHUS.

Bropoii BapuaHT NPOXOXKIAEHUS  3aJaHMS  BKJIIOYAET  MCIOJIHEHHE  JUPEKTUB
npeapacueTHOW o0pabOTKU U pacueT ¢ MOMOIIbIO Yxe chopMHpoBaHHON paboueil MporpamMmal.
OTO0 MO3BOJISAET MYTEM 3aMEHbBI UCXOAHBIX MIAPAMETPOB KaK CaMOl MaTeMaTH4YECKON MOJIEIH, TaK
U JaHHBIX, OTBETCTBEHHBIX 3a OINEPATUBHOE OTOOpakKeHHE TEKYIIMX pe3yJbTaTOB pacuera
(u300paxkeHue 00BEKTa, TpaUKU BBIXOAHBIX MEPEMEHHBIX), MPOBOJUTH MHOT'OBAPHAHTHBIN
aHanu3 0e3 M3JIMUIHMX HaKJIaJHbIX pacxonoB. Takoll MpoxoJ HCHOJIb3yeTCcs U B TOM cCiyyae,
KOI'JIa HY’KHO ITPOCTO MPOJIOJIKUTH pacdeT ¢ MOMEHTA IIOCIIEAHETO TPEPHIBAHUS.

Tpernii BapuanT 00pabOTKH 3a/1aHUs 0COOBIX KOMMEHTAapHEB HE TPEOYET - BHIOIHAETCS
3aJjaHie Ha OTOOpakeHUE paHee MOJYUYSHHBIX Pe3yJIbTaTOB pacyera.
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6. TPEBOBAHUA K COCTABY, NTAPAMETPAM
TEXHUYECKUX CPEACTB U NPOrPAMMHOMY
OKPYXEHUIO

"Omo 6vin Obl COH, 80MUEOHBII COH,

Kaoicowtii 6vi 661 npocmo uemnuon,
’

Ecnu moe 6v1 6b1ioupams cebe koneu”.

A. MaxkapeBu4

Tekymue TpeGoBaHUsI K OKPYKEHHUIO:

e Omnepanuonnas cuctema: Windows 2000, Windows XP;

* IIpomeccop — 80-x apxutekrypa (Intel, AMD u T.11.) YUactora 600 MI'11 1 BbIIIIE;
* OnepatuBHas namsth 1 ['0;

e Mecto Ha )kecTkoM aucke 100 MO;

* I'paduueckas kapra — ypoBHs GeForce2 256MO0;

e MS Visual C++ 6.0 wmu Intel Fortran 9.0 nama pa3paboTku COOCTBEHHBIX

MaTEMATUUYECKUX MOJIEJIEN.

OcHoBHblE TpeOOBaHUS K allapaTHOMY OOECHEYEHUI0 MAMKTYIOTCS TIpaduiyecKuM

MMOCTIIPOICCCOPOM.
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7.HA KOIo 310 PACCHUTAHO?

"V nac nosywne: nugpm ons eécex. Heszupas na nuya.
Jlugpm donoicen 8videparcams npsimoe nonaoarue 8
KaOUHy camoco HeoOyueHHo2o akademura".

Crpyraunkue A. u b. Cka3ka o Tpoiike.

N3 M37105KEHHOTO BBIIIE MOYKHO TPEICTaBUTH CIEKTP AEHCTBYIOIIUX W IMOTEHIIMATBHBIX
noie3oBareneii [IK PRADIS.

1. MHXeHepbl-MEXaHUKU CPEJHEN U BBHICOKOW KBaJM(UKAIMM, CBA3aHHBIE IO POy CBOEH
JEATEIIBHOCTH C pacdyeTaMd Ha CTaausAX IPOEKTHPOBAHMS, IOBOIAKM WM OKCILTyaTalluu
IIPOMBILIUICHHBIX U3EIHM.

2. AcnupaHTel M HayuyHble paOOTHHKHM, HCIOJNb3YyIOIIKME YyHHUBepcanbHoe [IO
JUHAMUYECKOT0 aHajlu3a i pa3paOOTKU CBOMX NPUIOKEHUH B IUIAHE HAYYHBIX MHTEPECOB U
XO3SIICTBEHHBIX JOTOBOPOB C MPEANPUATHIMHU.

3. CTyneHTbl W UIKOJIBHUKH CTapIIMX KJIACCOB, U3y4YalolMe OOIHUe MPUHIIUIIBI

MaTeMaTHYeCKOr0 MOJCIMPOBAHUS TEXHHUUYECKUX YCTPOHCTB M (Miaum) ucnonb3ytomue PRADIS
MIPH BBITIOJHEHUH KYPCOBBIX PabOT MO OOMIEMHKEHEPHBIM U CIIEIIUATBHBIM TUCIUIUIMHAM.
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8. JOKYMEHTALUA MO CUCTEME

[TepeyeHs JOKyMEHTAIIMH 110 CHCTEME BKITIOYACT:

a) MHCTPYKIIMS [0 YCTAHOBKE M COMPOBOXKICHUIO KOMILIEKCA,

0) oO111ee ONMMCAaHUE CUCTEMBI;

B) yueOHOe Tocodue;

T') CIIPAaBOYHUK IO CHCTEME;

n) onucanue s3bika PradiSlang;

€) coobOmIeHus 00 omuoKax;

)K) CIIPaBOYHHUK 1O OUOJIMOTEKE DJIEMEHTOB;

3) BKJIFOUEHHE TPOTrpaMM IMOJIb30BaTeIIsI B OMOIUOTEKH KOMILICKCA;
1) OITMCaHUE OCHOBHBIX MAaTEMaTHYECKHUX METOJIOB.

Kpome Toro, cneumnanu3upoBaHHOE NpPOrpaMMHOE obOecreueHue, pa3zpaboTaHHOE Ha
ocHoBe PRADIS, conpoBoxkaaeTcs KOHKPETHBIMU METOIUKAMHU €0 UCIOJIb30BaHUS.
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9.0 TOM, HEIo HE CNIEQAYET OXWUOATb, UIIN TO, K
YEMY HYXHO BbITb TOTOBbIM

" - Byoewv denamo 3apsaoky Kaxcooe ympo! - ckaszan
nonyeaii. - 1 om smotui 3apsoxu mel 6yoeusb ece 8pems
3apsidcamuvcs, 3apsaxcamovcs... A nomom - 6ax! - u cmanewtv
CUTTLHOU.

- A Henvss cpasy - 6ax? - cnpocuna MapmuluiKa.

- Henvza! "

I'. Ocrep. 3apsiaka aAJst XBOCTA.

He CJICAYCT OKUAATh, UYTO:

JUIsl 3HAKOMCTBa ¢ cucrteMoil Oyzaer pocrarouHo BcrpoeHHoro HELP'a,
WH)XEHEPHOTO 00pa30BaHus U HABBIKOB PabOTHI C TEKCTOBBIM PEIaKTOPOM;
peanbHbIe 3a/1aui OyAyT JeTKO TpaHC(HOPMHUPOBATHCA B TEKCT 33/1aHUS HA S3bIKE
PRADIS;

BCE HCXOIHBIC MapaMeTphl MOeNed 3JIeMEHTOB OyIyT W3BECTHBI Ha MOMEHT
pacuera;

JUIsl pa30UeHUs IPOCTPAHCTBEHHBIX KOHCTPYKIIMNA Ha KOHEUHbIE AJIEMEHTHI OyJeT
JIOCTAaTOYHO Pa3BUTOI0 MPOCTPAHCTBEHHOT'O BOOOPAKEHUS;

3a/1a4ya Bcerja "Bie3eT” B JOCTYIHYIO ONIEPATUBHYIO aMSTh;

BpeMsl pacyeTa OyJIeT COOTBETCTBOBATH 3aIlacy TEPIEeHMUS,;

n300pakeHre 00BEKTa Ha DKpaHe OyieT uMeTh (pororpaduueckuii Xxapakrep;
nporpaMMa HHTETPUPOBAHUS C KIOYaMHM 10 YMOJYaHUIO OyAeT OJMHAKOBO
XOpOILIO CUUTATh KOJIEOaHUs MasiTHHUKA, yiap B OaMiiep aBTOMOOWIISI ¥ ITPOLIECCHI
B YIIPABIISIOUINX THAPOCUCTEMAX;

JIETKO yJIacTCsl POBEPUTDH PE3YJIbTAThl pacueTa aIeKBaTHBIM IKCIIEPUMEHTOM;
MOCJIe TIOJIYYeHHSI Pe3yIbTaTOB MOJENHpoBaHus Bbl Bcerma Oynere crocoOHBI
OTBETHUTb, 3a4eM BbI 3T0 fenanu.

HOBTOMY HYXHO OBITh TOTOBBIM K TOMY, YTO:

HEOOXOJMMBIM YCJIOBHEM YCIEIIHOTO ucmonb3oBanus PRADIS sBasercs
crenuaibHoe 00yueHHe (Kak MUHUMYM, ITOJHOE 3HAaKOMCTBO € JJOKYMEHTaIue);
MHOTHE 33J1a9d MOXHO Oy/IeT CTaBUTh TOJHKO HAa YPOBHE KaUYE€CTBEHHBIX, YTOOBI
OIICHUTh HANPABIICHUE U3MEHEHUS] U TOPAJOK 3HAYEHUW HCCIETyEMBIX
XapaKTEePUCTHK;

pelieHue 3a1a4, TpeOyIoHX pa3padoTKU HOBBIX MOJIEJICH AJIEMEHTOB, MOXKET HE
YJIOXKUTHCSA B ONITUMUCTUYHO OTBOJIUMBIE CPOKH;

Oosiee OBICTPONICUCTBYIONIAS] BBIYMCIUTEbHAS TEXHUKA B KOHEYHOM HTOTE HE
MpHUBEIET K 3aMETHOMY YBEJIHMUYEHHUIO MPOU3BOAUTEIHLHOCTH BBHITIOMHEHUS paboT B
[EJIOM, TIOCKOJIbKY HMMEHHO HH3Kas TPOU3BOJIUTEIHLHOCTh  CIEPKUBAET
pa3MEepHOCTh 33/1a4u;

pa3paboTka Mojenell HeTPUBHAIBHBIX OOBEKTOB MOTPEOYET HEYKOCHUTEIHHOTO
BBITIOJTHEHHSI 3aBETOB KoTa Bacwimst 3 nzBectHoit moBectu Crpyrankux ("Tpyn,
TpyA u TpyA. Tonbko Tpya.");

KaK U B JIOOOM JieJie, YyBCTBO CBOOOIHOTO BJIAJICHUSI MHCTPYMEHTOM TIOSIBUTCS
TOJILKO TIOCTIE TIPUOOPETEHHSI ONIPEICTICHHOTO OIBITa PaOOTHI C CHCTEMOHA.
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10.ELLLE PA3 O CAMOM INM1ABHOM

"To, umo oKoHUamMeNbHO ACHO, cledyem yKazams".
ABTOp M3pevyeHus1 HeM3BeCTeH.

1. B stom JOKYMCHTC pPCUb MljIa 00 YHUBCPCAJIBHOM IIPOIPpaMMHOM KOMINICKCE JIJIA
aHajlin3a NEepEeXOaHBIX MPOHECCOB B TCXHUYCCKUX 06’beKTaX, T.C. IPOLECCCOB, XAPAKTCPHUCTUKU
KOTOPBIX U3MCHAIOTCA BO BpECMCHHU.

2. YHUBEPCAIBLHOCTh PACCMAaTPUBAEMOrO IPOrPAMMHOIO TMPOAYKTa OINPEACIACTCS €ro
CIIOCOOHOCTBIO:

* aHaTM3UPOBATH OOBEKTHI, COCTOSAININE U3 PA3TUYHBIX (U3UUYECKUX MOJCUCTEM
(MEXaHHYECKUX, TUIPABINYECKHX, IMHEBMATHYECKUX, ANEKTPUIECKUX,
TEIJIOBBIX);

* pemath 3a/Ja4d, TPAJAUIIMOHHO OTHOCHMBIE K Pa3HBIM KJIaccaM Jlake B IMpejeiax
OJIHOW TIpeIMETHOW O0O0JacTh (I MEXaHWKHW - KUHEMATHYSCKUH W CHIIOBOU
aHAIM3 MEXAaHW3MOB, PACUeT HaMPSHKEHHO-Ie(hOPMHUPOBAHHOTO COCTOSIHHSI,
HCCJICI0BAaHMUE YAPHBIX MIPOIIECCOB, JUHAMUKA M SHEPTeTHKA IIPUBOJIOB U JIp.);

* (QopmupoBaTh MO pe3yibTaTaM pacueTa T€ BBIXOJHBIE TOKa3aTeNlH, KOTOPHIE, MO
MHEHHUIO TI0JTb30BaTEelIsl, B HAMOOIBIIEH CTETICHN XapaKTePU3YIOT aHAIU3UPYEMBIH
npotiecc.

3. Hapsiny ¢ YHuBepcanbHOCTBIO, BakHedmMu ocobeHHocTssMu [TK PRADIS sBrsrotces
IlepenocumocTts u PacmmpseMocTs.

4. Ha mo060ii TeKymuii MOMEHT BpEMEHH BO3MOKHOCTH KOMILJIEKCA, OMPEEIISIONe KPyr
pelaeMbIxX 3a/1a4 a TakXke MOJy4YeHHE U OTOOpa)KeHHE BBIXOJHBIX IMOKa3aTeNeil MccieayeMbIX
IPOIIeCCOB, OrpaHUYeHbl. OTpaHUYEHUST 3TH MPEOI0JIEBAIOTCS MMyTEM pPACIIMPEHUsT OMOITHOTEK
KOMIIJIEKCa, @ UMEHHO:

*  OMOJMOTEKU MOJENCH PJIEMEHTOB;

* OuOJMOTEKH MPOTpamMM pacyeTa BHIXOAHBIX IEPEMEHHBIX;
*  OMOMMOTEKHM MporpamMmm rpaduuecKkux o0pas3os;

e  OHOIMOTEKH MPOrpamMM OTOOpaKEHUS.

BriroueHne HOBBIX KOMITOHEHT B OHOJMOTEKHM KOMIUIEKCA TIOJIHh30BATENb MOXKET
IPOBOJUTH CaM, €CJIM 3TO MO3BOJISIET €r0 YPOBEHb KBaTH(pUKALIUY.

5. Henocpenctenno pazpabotunikamu PRADIS pa3BuBaeTcs HampaBieHHE, CBA3aHHOE C
AHAJIM30M MEXaHU3MOB M KOHCTPYKIIHM, paC4€TOM ITHEBMO- U THIPOMEXAHUYECKUX YCTPOUCTB.

6. Jlns TpOMBIIUIEHHOTO HCIOJb30BaHUS TMPU MPOEKTUPOBAHUU KOHKPETHOTO Kiacca
YCTPOMCTB KOMILJIEKC MO3BOJIAET CO3/1aBaTh CHEUAIN3UPOBAHHBIE IPOIPAMMHBIE MTPUIIOKEHNUS,
o0ajaromuye BCeMH BO3MOKHOCTSIMU KOMIUIEKCA B YACTH pacdyeTa U 0TOOpaKeHUs Pe3ysbTaToB.
Takue aBTOHOMHBIE TIPUIIOKEHUS 3HAUUTENbHO KoMiakTHee, yeM PRADIS nenukom, u TpebGyrot
OT KOHEYHOT'O MOJIb30BaTENsl MEHbIIE YCUINM B OCBOEHUH MTPOrPAMMHOI0 IIPOAYKTA.

7. Cucrema MOCTaBIsieTCs JTOKYMEHTHpPOBaHHOW. OO0bEM M conep)kaHHe JTOKYMEHTalluu
NO3BOJISIFOT HAAEATHCS, YTO 3aTPAadeHHBIX II0JIb30BAaTEIEM YacOB Ha €€ OCBOCHHE OyaAeT
JIOCTAaTOYHO XOTs OBl AT TOTO, YTOOBI HEHHOCTh OTBEIEHHOIO BPEMEHHU BbI3Bajla UyBCTBO
JKAJIOCTH TPH MOMbITKaX (HempoOposkenaTeneit) npepsars Bamu n1o6psie otHomeHust ¢ PRADIS.
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11.CMNCOK COKPALLUEHNM

BLI - BBIYMCIUTENBHBIN LIEHTD;

Y - nuddepennuanpbHOE ypaBHEHHUE;

ONY - ob6sikHOBEeHHOE MU depeHInanibHOe YypaBHEHHE,
1O - nmporpammHOe 0OecTieUeHHE;

[IK - mporpaMMHBII KOMILIEKC;

CJIAY - cuctema THHEHHBIX anreOpanvyecKux ypaBHCHHUI;

CHJIY - cuctema HeIMHENHBIX (aNreOpandecKux U TPAHCLEACHTHBIX) YPaBHEHUH.

29



	1.ВВЕДЕНИЕ
	2.НАЗНАЧЕНИЕ, КРУГ РЕШАЕМЫХ ЗАДАЧ
	3.ИСПОЛЬЗУЕМЫЕ МАТЕМАТИЧЕСКИЕ МЕТОДЫ
	4.СОСТАВ КОМПЛЕКСА. ВОЗМОЖНОСТИ ФУНКЦИОНАЛЬНЫХ СОСТАВЛЯЮЩИХ
	4.1.ПОДСИСТЕМА ВВОДА ИСХОДНЫХ ДАННЫХ
	4.2.ВЫЧИСЛИТЕЛЬНОЕ ЯДРО КОМПЛЕКСА
	4.3.ПОДСИСТЕМА ОПЕРАТИВНОГО ОТОБРАЖЕНИЯ ТЕКУЩИХ РЕЗУЛЬТАТОВ РАСЧЕТА
	4.4.ПОДСИСТЕМА ОТОБРАЖЕНИЯ РЕЗУЛЬТАТОВ РАСЧЕТА И ВИЗУАЛИЗАЦИИ
	4.5.БИБЛИОТЕКИ КОМПЛЕКСА
	4.5.1.Модели элементов
	4.5.2.Программы расчета выходных переменных
	4.5.3.Программы графических образов
	4.5.4.Программы отображения результатов

	4.6.УПРАВЛЯЮЩИЕ ПРОЦЕДУРЫ

	5.ПОСЛЕДОВАТЕЛЬНОСТЬ ПРОХОЖДЕНИЯ ЗАДАНИЯ
	6.ТРЕБОВАНИЯ К СОСТАВУ, ПАРАМЕТРАМ ТЕХНИЧЕСКИХ СРЕДСТВ И ПРОГРАММНОМУ ОКРУЖЕНИЮ
	7.НА КОГО ЭТО РАССЧИТАНО?
	8.ДОКУМЕНТАЦИЯ ПО СИСТЕМЕ
	9.О ТОМ, ЧЕГО НЕ СЛЕДУЕТ ОЖИДАТЬ, ИЛИ ТО, К ЧЕМУ НУЖНО БЫТЬ ГОТОВЫМ
	10.ЕЩЕ РАЗ О САМОМ ГЛАВНОМ
	11.СПИСОК СОКРАЩЕНИЙ 

