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AHHOTALUA

OTOT JOKYMEHT paccuMTaH Ha II0JIb30BaTelsl, NPUCTYNAIOMIEr0 K HU3YYEHHUIO
nporpamMHoro komiuiekca PRADIS. Hapsny ¢ wu3noxkeHueM NepBUYHON HH(pOpMaIMH,
HE00X0JMMON HAaUMHAIOILEMY, pa30MpaeTcs pelieHue HECKOIbKUX 3a1a4. ABTOPBI CTPEMUIIUCH K
U3JI0KEHUI0 MaTepuaa OT MPOCTOro K ciokHoMy. Kak u ans Bcex mogoOHbIX mocoOuit, KpaiiHe
HE00X0AMMO, YTOOBI BCE JEHCTBUSI, ONMCAHHBIC 3]1€Ch, BBIMOJHUINCH MapajjiesbHO Ha DBM.
XenarenbHo, 4TOOBl HE TOJBKO BOCHPOM3BOIMINCH JIEHCTBHS aBTOPOB, HO M BBINOJIHSINCH
3a/laHus, NPUBEJCHHBIE B TEKCTE. OJTO NOMOXET Bam ObicTpee HayaThb CaMOCTOSTENBHO
MCIIOJIb30BaTh KOMIUIEKC JUIsl PEIICHUs CBOUX 3a]1a4.

KpaTKaH AHHOTAaLUs I'JIaB HACTOAICTO JOKYMCHTA.

Bo BBEJIEHHMM kopOoTKO pacCMOTPEHBI aJrOPUTMBI, IOJ0KEHHBIE B OCHOBY KOMIUIEKCA
PRADIS. [laetcs oOmiee mpejacraBieHHe O MeToae (HOPMHPOBAHHS MATEMATHYCCKOW MOICIH
0o0BbeKTa B BHUJE cUCTeMbl TuddepeHIanbHbIX ypaBHeHUH. [lokazaHa mocie0BaTENbHOCTh
YHUCJIEHHBIX METOJOB, IMO3BOJISIONIAS aHAJU3UPOBAaTh MAaTEMATUYECKYI0 MOJENb OObEeKTa Ha
3alaHHOM MHTEpBaJIe BPEMEHH.

BTOPAS TIJIABA paccka3piBaeT O MpPOLEIypHOM 00ECHeueHUH MPOrpaMMHOTO
KoMITIeKca. PaccMoTpeHsl mpoueaypsl OOCITYKMUBaHHS CHCTEMHOTO KaTajlora W BBITIOJHEHHUS
3aJjaHMs, JOCTYIIHBIE IT0JIb30BATENI0 B CTAHAAPTHON KOH(UTYpaLlU KOMIUIEKCA.

B TPETBEHM TJIABE ma npuMmepe MaTeMaTH4eCKOH MOJEIN MPYKHHHOTO MasTHHKA
MOKa3aHa IOCIEAOBATEIBHOCTh JCHCTBUM, HEOOXOMMMBIX JUisi (OPMUPOBAHUS W aHAIHM3a
MaTreMaThuyeckod wmozaenu ¢ nomomipio komiuiekca PRADIS. PaccMmorpensl mpocreiimue
Cpe/ICTBa OTOOPAKEHUS PE3yIbTAaTOB pacueTa.

B YUETBEPTOM TI'JIABE O6onee mompoOHO paccMOTpEHBI CpeACcTBa OTOOpaKEHHS
pe3yabTaTtoB. Pa3zbupaercs HECKOJIBKO HOBBIX HPOTpaMM pacyeTa BBIXOJIHBIX MEPEMEHHBIX U
nporpaMm otoopaxeHus. BBonuTcs noHsTue yka3aTelis Ha BHyTPEHHIOKO [IEPEMEHHYIO.

B nauane ISITOM TJIABBI paccka3pIBaeTCi O CpPEACTBAX 3aMEHBl MApaMETPOB U
BOCCTAHOBJICHHSI COCTOSIHMSI pacyera, aKTyalbHbIX Uisi Oonblnux 3aaad. Jlajgee paccMoTpeH
Oojiee CHOXKHBIA TpuMep — (HOPMHPOBAHHE MATEMATHUYCCKOH MOJEIH TEXHOJIOTHYSCKON
MalIMHBI JJIs MPOEKTHOrO aHanu3a. Ha mpumepe pacuera ogHOro u3 ¢GpparMEeHTOB MallHHbBI
pasOupaercs  KJIIOYEBOM  MapaMeTp MpOrpaMMbl  WHTETPUPOBAHMS, OTBEYAIOIIMN  3a
MaKCHMaJbHBIA IIar WHTETPUpOBaHUs. BBoasTcs cpeactBa u3o0pakeHUss o0OBbEKTa B XOJe
pacuera.

B IIECTOM TJIABE pa36uparorcs BOIpOCkl (DOPMUPOBAHMS 0OONEe CIOKHOTO
n300pakeHuss 00BEKTa M APYTrHe BO3MOXHOCTH, TPEIOCTABISIEMbIE IMOJB30BATEII0 Pa3iaeiioM
$SHOW. PaccMmOTpeHbI KITOYEBBIC TapaMeTphl MPOrPaMMbl HHTETPUPOBAHMSI, OTBEYAIOLIHE 32
TOYHOCTh PEIICHUS] CUCTEMbI MU (HEPEHITUATBHBIX YPABHECHU.



1. BBEOAEHUE

CosznaBast 9TO TTOCOOME, aBTOPHI HECKOJBKO Pa3 MPUCTYIAIN K HAMMCAHUIO BEICHUSA. JTO
0Ka3aJIOCh HEOKHIAHHO CIOKHOM 3amadei, XOTsS O YeM IMHcaTh ObIIO Oojiee MIIM MEHEE SICHO.
Haxe xorga yxe Oblla BUSpHE HAIMCaHa TMsATas rjaBa, BBEJIEHUE TMO-MPEKHEMY OCTaBalIOCh
"TEMHBIM TIITHOM Ha CBETJIOM (OHE KOHIECCHOHHBIX paboT". W3mokeHue BBOJHBIX
COO0paXeHM 1O MOBOY MPUMEHEHHS MPU MPOSKTHPOBAHNH MAaTEMaTHYECKUX MOJEINeH depes
JBa-TpH ab3ara HeM30e)KHO CKAaTHIBAJIOCh K TITyOOKOMY TEOPETH3UPOBaHUIO. B 3aBUCHMOCTH OT
HACTPOCHHS MUCABIIETO, TEKCT MOT OBITh HAMOIHEH (UONETOBON (priiocodckoil MemaHxomen
WM CJIOHOMOJIOOHBIMH MaTeMaTHYeCKuMH dopmyiaamMu. Pe3ynbrar, ogHako, Bceraa moaydancs
OJIMHAKOBBIM. BoO-TIepBBIX, OH BCErja HPaBWICA aBTOPY. BO-BTOPBIX, HUKTO IMOCTOPOHHUUN
MIPOYUTATh €r0 HE MOT, YTO CITY>KHJIO HAJC)KHBIM 3aMKOM K JIOKYMEHTY B IIEJIOM.

Ham KaXXCTCs, 4TO o0JeryeHHas (bopMa n CTHIIb, KOTOpBIﬁ I JOKYMCHTOB HO,HO6HOFO
Ha3HA4YCHHUA MOXKXHO OTHCCTH K (1)pI/IBOJII>HI)IM, BCC K€ IIOMOIJIM HaM pCUIUTHL 3THU HpO6JIeMI)I.
OI[HaKO, HACKOJIBKO 3TO COOTBETCTBYCT HeﬁCTBHTeHBHOCTH — p€uIaThb YHUTATCIIIO.

1.1.UCMNMOJIb3OBAHUE MATEMATUYECKOI'O
MOOEJIMPOBAHUA NMPOLUECCOB B UHXEHEPHbIX
PACYETAX

B nauaie riaBsl XOT€I0CH OBI MNpCAJIOKUTh BHUMAHUIO YUTATCIIA

CKA3KY O TOM, KAK UHXXEHEP BACS TEJIAJI
JIEBEJIKY, 1 UTO U3 3TOI'O BbBIIIJIO
0J1 CMY0eHmo8 Maaduie2o 803pacma u
UHIICEHePOB-CMadicepos

B HexoTOpoM mapcTBe, HEKOTOPOM TOCyJapcTBe cyliecTBoBaia ¢adpuka. M padoranu Ha
3TOH (habpuke nHxenep Bacs u paGounit Bans. Ecnu roBoputh TOuHee, paboTano TaM BEJIHKOE
MHOKECTBO HapoJly, HO OCTajlbHble JIOAM B HalleM I[IOBECTBOBAaHMH WIPAIOT POJIb
HECYIIECTBEHHYIO, MAJIO3aMETHYIO.

Cxkazamu kak-to BOJIBIIUE JIKOJAWU MBany noaHsaTh HEKUH Tpy3 Ha BbicOTy 1 Metp 10
CaHTHMETPOB M MOTPY3UTh €T0 Ha MIaTGopMy TpaHCTOpTHYIO. OTHAKO, KaK HH CTapalics, KaKk HU
OwiIcst Hax Tpy3oM Oejofiara, Tak M HE CMOT ero nake Ha 10 caHTHUMETpOB MPUIIOAHAT. Toraa
notien BaHs K MH)KEHEPY U TOBOPUT:

- Copllman s, 9To B CTpaHax 3aMOPCKUX, 3apyOeKbsi HEOIMIKHETO, U OIbEMa TKEIIbIX
IPY30B HCIOJIB3YIOT CcuibHOMOTry4re jebOenku. [Tomoru mHe, Beipyun u3 Oembl. Hayum, kak
cIenaTh JIeOeIKy.

Hayuun Bacs Banto, u tor cmenan nebenky. OgHako, TOJNBKO CTal MOJHMMATh OH Ha
maaThopMy Tpy3, Kak KaHaT y JeOeaku obopmajics, ¥ rpy3 yaapuia Banwo mo Hore. bonbHO-

npebonbHo. [Tomen Bans k Bace u ckazan:

- Bacs, 11 HEnpas!



Bacs u cam Buzmen, uto oH HempaB. [loaTomy OH JocTan HMIMOKOMYIPYI KHUXKKY
"ConpoTuBieHre MaTepuajgoB" M cTajd cUuTaThb KaHAT JeOeJKM Ha MPOYHOCTHh OT HArpy3Kd
JETEPMUHUPOBAHHON M JMHENHHOW. CKOpO CKa3Ka CKa3bIBaeTCs, 1a HE CKOpPO JEJO JIENAETCH.
Jenb cuutan Bacs kaHar, nBa cuuTal, CTO JHUCTOB OyMaru mnucued H3BeEN, JABE PYUKHU
IIAPUKOBBIX O OCHOBaHUA Ucnincan. Ha Tpernii nens nocuuran Bce Bacunmii. Crenany oy U1
nebenku HOBBIM KaHatT. Ctan MBaH moiHMMAaTh Tpy3 BO BTOPOHM pa3, HO TYT MOIYJ BETEp, IPy3
CTall pacKauumBaThCs, U OJOK jeOeaKH, Ha KOTOpOM ObUI HakpydeH kaHat, obigomancs. Ho Ha
3TOT pa3 HE OT CTATUYECKOM Harpy3KH, a OT Harpy3ku nuHamudeckoil. I ynapun rpy3 MBana no
pyke. bonsHO-nipe6onbHo. U B Tpetuii pa3 nomen Bans k Bace u ckazain emy:

- Bacs, 11 HEenpas!

Bacst nonsan, 4ro m Ha 3TOT pa3 OH Hempas. JlocTan OH TOrAa JKYTKOKPYTYIO KHUXKKY
"Jleranu MamMH" W CTaJl YYUTHIBATh BCAKUE JUHAMUYECKUE HArpy3KH, NEHCTBYIOIINE HA OJIOK U
KaHaT CTOXaCTMYECKU M HEJIMHEHHO. JleHb y4MThIBaN, BA YUYUTHIBAJ, HA TPETUH, HAKOHEL], BCE
Harpy3ku yuen. Cnenanu oHu jebenke HoBbIM Onok. Hakpytmnu Ha Hero kaHaT. Cran MBan
NOJHUMATh TPy3 Ha IIATPOpMy, HO Ha ATOT pa3 HE BbLAEp)Kal JBUTaTelIb ACHUHXPOHHBIN, C
(da3HbIM pOTOPOM. 3aJBIMUIICS, 3aTOpeJICs ABUraTelb OT Harpy3Ku HeMMoBepHou. U yman rpys
WBany Ha ronoBy. He moromy, uTo JBUTaTeNlb Cropen OT Meperpy3ku. ITo Obl emie Huuero. A
MOTOMY, YTO TOPMO3 y JIeOeAKH ObLI HOPMAJIBHO PA30MKHYTHIM, & HE HOPMAJbHO 3aMKHYTBIM.
Huuero He cka3zan Ha 3TOT pa3 Bans Bace — yBesnu ero Ha kapere CKOpoil B mayiaThl Oelble,
pEaHNMalHOHHBIE.

Bacs cHoBa nonsu1, uto oH HenpaB. Ho KHMKKY HYKHYIO HE yCIIeN YXe J0CTaTh, IOTOMY
YTO MPUIIUIM 32 HUM JIIOAM Ka3eHHBIE, U TIOBEJIM €r0 IMOJ PyKH Oelible B KapeTy MO Ha3BaHbeM
"BopoHok". 1 He Buen HUKTO ¢ Tex nop HU Bacu, nu nebenku Bacunoit. U Ha3piBasioch ¢ Tex
Hop JieJ1o nocieanee "nedeKMHOI necHero".

A HBan-nypak BeUICUMIICS U MO€Xal B Kpas AajbHHUE, CTOJNHUIBI OelokaMeHHbIe. Beryunics
OH TaM Ha uH)XeHepa. 1 To iu ymHee oH cTaJl, mociie TOro Kak rpy3 yrnall eMy Ha rojioBy, TO JIH
BBIYUMJIM €T'0 TaM XOPOIIO, HO CTaJl OH MPOEKTUPOBATh TaKHe JeOeIKH, YTO HU B CKa3Ke CKa3aTb,
HU NEpOM onucaTh. A KaHaThl OH CUUTAJ, U OJIOKU, UCXOJS HE TOJIBKO M3 CTaTHUYECKOH, HO U
JUHAMUYECKOH Harpy3kd. A JBUraTelld aCHHXPOHHBIE MOAOMpan HE TOJBKO IO MOMEHTY
HOMMHAJIbHOMY, HO CUMTal U TOKH CpPEAHEKBaJpaTHUUHbIE, U OallaHC TEIJIOBOW. A TOpMoO3a y
HEro ObLIM TOJBKO HOPMAJIBHO 3aMKHYTBIE, C 3a11aCOM OOJIBIIHM.

U s Tam ObL1, U TebeAKaMu ero MoIb30Balicsa. Mea-muBo Ha MIaTGOpPMBbI IPY30BbIE TPY3HII,
ce0s u Apy3eit umu nmotdeBai. J[a BoT 6ema — mo ycam TEKJI0, a B pOT HE MOTIao.

KoneuHno, cka3zka — J10%b, J1a B HEH HaMeK, T0OPbIM MOJIOAIAM YPOK:

1. Kak mnpaBuigo, NpPOEKTUPOBAHHWE HOBOTO TEXHMYECKOTO OOBEKTa JIOJKHO
COIPOBOXKAATHCS TPAMOTHBIM UHKEHEPHBIM PACUYETOM.

2. Ilpu pacyere HEOOXOOUMO YUYHUTHIBATh OOJBIIOE KOIUYECTBO (PAKTOPOB. ITO —
pa3iuuHble Mpolecchl (MEXaHWYEeCKUe, JJIEKTPUYECKHE, TEIJIOBbIE), KOTOPbIE MPOUCXOIAT B
00BEKTe, M UX B3aMHOE BIUSHHE.

OauH W3 METOJO0B, KOTOPBIM MO3BOJNSET YYUTHIBATH MPH pacdyeTre OONbIIOe KOIHMYECTBO
(GakTopoB — 3TO MaTeMaTHuecKoe MoJeIupoBaHuEe. B xoae MoJeaupoBaHUS MPOLECCHl B
00BEKTE UM €r0 AJIEMEHTaX OMHCHIBAIOTCSA B BUAEC CUCTeMbI MU (depeHINaTbHBIX YPaBHEHUN.
TakuMm o0pa3oM, yaaeTcs Ha MOJIETTM BOCIIPOM3BECTH MOBEIEHUE 00bEKTa, B3aUMOJIEHCTBUE TEX



WIM WHBIX €ro DJIEMEHTOB B KaKOH-TO KOHKpeTHOW cutyauuu. Hampumep, ecnmu Obl Bacs
UCIIOJIb30BaJl TP MPOCKTHPOBAHUM MaTeMAaTHYECKOE MOJICIMPOBAHUE, TO TPy3 BCe TPU pasa
najan Obl He Ha peasbHOTO BaHio, a Ha ero mozaens. Kpome Toro, B xo/ie¢ MOJAEIHPOBAHUS OH
JIETKO CMOT OBl OTIPEICITUTh HArPY3KH Ha KaHAT, OJIOK W JABUTATEb. ABapHs JABUTATEISI B MOJCIIH
Moria Obl TOJICKa3aTh eMy (ecnu yk oH He yuTan lIpaBuna ['ocroprexnamnszopa), 4To TOpMO3
JIOJKEH OBITh HOPMAaJIbHO 3aMKHYTHIM.

[lepeuncneHHple MPEUMYIIECTBA MPEABAPUTEIBHOTO aHAIN3a MPOCKTUPYEMOTo OOBEKTa
Ha MaTeMaTHYECKOW MOjeNn oueBHIHBI. KOHEYHO, HEKOTOPHIX TPYIHOCTEH MOKHO OBLTO OBI
n30exarh U 00bIYHBIM pacueToM. Ckopee Bcero, KaHaT He 00opBajcs Obl, TOPMO3 cpaboTai Obl
u 1.7. Ho ydecTs HEKOTOpBIE BEIIM MpU OOBIYHOM pacuere ObUTIO OBl JOCTATOYHO CIIOXKHO.
Hampumep, packaunBaHue Tpy3a HpUBENET K AMHAMHYECKUM Harpy3kaMm Ha KaHaT U OJIOK,
HEPaBHOMEPHOCTh HArpy30K Ha OJIOK NMPHUBEAECT K HEPAaBHOMEPHOCTH KPYTSIIETO MOMEHTa Ha
JBUTATEIIE M HEU3BECTHO, KaK 9Ta HEPABHOMEPHOCTh CKAXKETCS Ha TEIUIOBOM PEKUME JIBUTATEIIS.
HeB0o3MOXKHOCTh ydeTa MHOTHX (DAKTOPOB B TaKUX pacyeTax MPHUBOAWT K OOJBIIAM W YacTO
HeomnpaBAaHHBIM Kod(pduimenTam 3amaca. A cambIM MapajoOKCaTbHBIM OKAa3bIBAETCS TO, YTO
Jlaxe 3TH 0oJbIe KOd(PPUIIMEHTHI 3araca HHOTIa OKa3bIBAIOTCS HEIOCTATOYHBIMH.

Ho ¢ apyro#t cTtopoHbl, MOJYyYUTh MaTEMaTHYECKYIO MOJENb OObEKTa B BUIE CHCTEMBI
muddepeHMaIbHbBIX YpaBHEHU Toxke He Tak mnpocto. Kro mpobGoBan 3TOoT X51€d, TOT
MOJATBEPANUT, YTO ATO CJIOKHO Ja)X€ NpPU OrPAaHUUYEHHOM KOJIMYECTBE CTEMeHeW cBOOOIbI B
Mojenu. Bo-nepBbIX, HY)KHO JJIs 3aJJaHHBIX MMapaMeTpOB OOBEKTa PacCYUTaTh KOA(PPHUIIMEHTHI
ypaBHEHUN. BO-BTOpBIX, MpHU 33aJJaHHOW CTPYKType OOBEKTa HE OLIMOUTHCA B 3alMCH CaMHX
YpaBHEHHH. DTH [1Ba MYHKTa OKa3bIBAIOTCS, KaK MPaBUJIO, KIOYEBBIMU M BECbMA CIIOXKHBIMHU.
CxopocTh co3nianus Mojienielt "BpyuHyto" Maja, Tak Kak OYeHb BBICOKA BEPOATHOCTh OIIMOOK Ha
3TOM MyTH, a 0OHApy>KEHUE U MOMCK 3TUX OIINOOK — HETpUBHAJIbHAS 3a/1a4a. B-TpeThHx, Hy)KHO
PEIINTh MOJyYeHHYI0 CUCTEMY ypaBHEHUN. B mocneaHue 1Ba qecsTUIETHS B ’TOM HaIlpaBJIEHUU
HaKOIUJICH YK€ 3HAYUTENbHBIH ONBIT NMpuUMeHeHuss DBM, mostoMy 3Ta 3ajada HOCHT Oosee
TEXHUYECKUN XapakTep M, KaKk HaM KaXeTcs, OTHOCUTENIbHO Oonee mpocra. OpaHako, Bcs
npobjeMa B KOMIUIEKCE BECbMa BHYIIUTENbHA, U JUI1 HHXKEHepa MPUMEHEHHE 3TOW TeXHOJIOTHU
ABJISIETCS], KaK MMPABUJIO, HEMIO3BOJIMTENIBHON POCKONIBIO. BO BCAKOM Ciydae, HUKTO HE TIO3BOJIUT
TPaTUTh KaXKIbld pa3 OJAMH-ABA-TPHM Mecsla, IroJ, JABa M T.J. Ha CO3JaHHME pa30BBIX
MaTeMaTHYECKUX MOJiesiel KOHKPETHBIX 0ObEKTOB.

EnuHcTBeHHass BO3MOMKHOCTh NPUMEHEHHS MaTeMAaTUYECKOr0 MOJAEIUPOBaHUS B
UH)KEHEPHOW TMpaKTHKe — KakKUM-TO O0pa3oM COKpaTuTh BpeMs Ha (HOpMHpOBaHUE
MaTeMaTH4eckol Mojenu (cuctembl TuddepeHIHaTbHbIX ypaBHEHUH) M BECh MPOIECC OT
(dbopMHpOBaHUs N0 aHaJIM3a aBTOMATU3MPOBaTh. B cienyromem mojapasziene B OOLIMX YepTax
OIMCaHO, KaK peajn3oBaHa aBToMaTu3auus GopMupoBanust Moaenu B komiuiekce PRADIS.

1.2.ABTOMATU3ALUUA ®OPMUPOBAHUA
MATEMATUYECKOWU MOOEJIU TEXHUYECKOIO
OB bBEKTA

Korna mb1 roBopum 00 aBTOMaTH3anuu (GOPMHUPOBAHUS MATEMAaTHUYECKOW MOJICIH B BUJIEC
cucteMbl auddepeHInanbHbIX ypaBHEHUH, Mbl, KOHEYHO, HE HMMEEM B BHJY HEKOTOpbIE
pacIpOCTpaHEHHBIE B HACTOsIIEE BpeMs MOAXOAbl. Tak, I MHOTMX COBPEMEHHBIX MPOrpPaMM
HY>KHO BBECTHU IOJYYCHHYIO IOJIb30BaTEJIeM CHCTEMY ypaBHEHHMH. DTa cucTema J0JIKHa OBbITh
IpeBapUTENIbHO 3alllCaHa II0JIb30BATENIEM, HCXOJS W3 €ro 3HAaHWH INpPeIMETHOH 00acTH.
Hpyrue mporpaMMHBIE CPEACTBA IPEMIAararoT IIOJb30BATENII0 PACCUUTATh U  BBECTH
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KO3 PUIIMEHTHI [l CUCTEMbl YpPaBHEHHUH 3apaHee 3aJaHHOro BUAa. MHOTrHe MporpaMMBbl TaKHX
TUINIOB HE TpeOyIoT, 4ToObl AudQepeHnanbHble YpaBHEHUS! ObUIM pa3pelieHbl OTHOCUTEIBHO
CTapIIell NMPOU3BOAHON W JOIMYCKAIOT, 4TO cUcTeMa Iu((epeHIHaTbHbIX YPAaBHEHHH MOXET
OBITH JIONOJIHEHA HEMMHEHHBIMU anreOpandecKuMU M TPaHCLEHIECHTHBIMU ypaBHEHUsIMU. Bce
3TO XOPOLIO, HO YPABHEHMsI JIOJDKEH 3allMcaTh BCE-TaKM caM I0JIb30BaTelb. "Kak aproHaBThl B
CTapuHy", MbI CaJMMCs 3a CTOJI M BBIMHMCHIBAEM ypaBHEHHUs JlarpaHxa BTOpOro poja, cTpajas
HaJ KaXIbIM HMHTErpajioM, 3aroHssl HEIOKOPHbIE AMAMETPHI, JUIMHBI U MOJYJIH YIPYTOCTH B
K03 GUIMEHTH ypaBHEHUS U 0€3005KHO omMOasch B 3HAKaX. A MOTOM MecCsSIaMH OTJIaXKUBAaeM
MOJIETb.

B PRADIS ¢opmupoBanue MaTreMaTH4ecKOd  MOAEIM B BUAE  CHUCTEMBI
mubdepeHIMaNbHBIX ypaBHEHUH, KaKk W €€ TMOCIeNYyIOIUNA aHajiu3, OCYIIECTBIsSETCS
aBToMaTHuyecKu. [y GopMUpOBaHUS CUCTEMBl ypaBHEHUN HCTIONIB3YETCS y3I0BOW METO/.

Bxomom amst mporpaMMHOTO KOMITIEKCA SIBISIETCST OMMCAHUE MOJETHUPYEMOro 00beKTa Ha
A3bIKE OMUCAaHMsI 00BEKTa, Co/leprKallee TaKylo HH(pOpMaIHIO:

1) uadopmarnus o CTpyKType 00beKTa (TOMOJIOTHUSI 00BEKTA);
2) napaMmeTpsl 00bEKTa (OMUCaHNEe T€OMETPUH, MAaTEPHAIIOB U T.1.);

3) ommcaHHWE pACCUMTHIBAEMBIX BBIXOJHBIX IIEPEMEHHBIX, KOTOpPHIE HEMOCPEICTBEHHO
HE0OXO0IMMBI TIOJI30BATEINIO B PE3YJIbTAaTE PEIICHHUS 33/1a4H aHAIIN3A.

Kak BUAHO W3 MPHUBEICHHOTO 3/I€Ch CITMCKA, HET HEOOXOAMMOCTH BBOJIUTH KaKYIO-JIIMOO
uHpopManuioo o KkodpduIMeHTaX ypaBHeHMH U 00 uX cTpykrype. Kakum ke oOpazom
porpaMMa Bce-TaKH MOoJIy4yaeT He0OXOIUMYIO CUCTEMY YpaBHEHUI?

[TpencraBum cebe HEKUIl NETCKUI KOHCTPYKTOpP, B KOTOPOM U3 KYOMKOB MOKHO CHI€JaTh
pa3nn4Hble 00BEKTHI — JOMa, MAIIMHBI — MOJIENTM BEIIeH, CYIIECTBYIOIIUX B PEabHOM MHpE.
Jnst mocTpoeHusl KaXA0W KOHKPETHOW MOJENU HYKHO B3ATh OMNpENEleHHbIH Habop KyOWKOB
COOTBETCTBYIOIIETO BHUJA U COCAMHUTH UX TOXE ONpe/eleHHbIM o0pazoM. [loHsATHO, uTO A
MOJIETM JIOMa HYKHO B3SITh JIpyrUe KyOMKM M COEIUHUTH UX IO-APYyroMmy, 4eM JJIsi MOJEIH
6amenHoro kpana. OJHaKo, MOJIEIH JTOMHKOB Pa3HbIX pa3MepOB, HO OAHOHN CTPYKTYpPbI, MOKHO
co0OpaTh U3 aHAJIOTUYHBIX 110 (HopMe KyOHKOB, pa3IHYaIOIINXCS TOJIBKO pazMepoM. ['oBopsT, 4TO
MOJIEJNIU JIoMa U OALIEHHOT0 KpaHa UMEIOT Pa3HyI0 CTPYKTYpY (TOMOJIOTHIO), a IBE€ MOJENH JI0Ma,
pa3IMYaroIuecs pa3MepaMu — OIMHAKOBYIO.

AHaJOrMYHO  oOcyllecTBisieTcss  (opMHpOBaHME  MaTeMaTHYeCKOM  MOJEeNH ¢
ucronb3oBanueM komiuiekca PRADIS. Jlnsg  3TOro moJjib30BaTeNi0  HEOOXOJUMO M3
CyllecTByomero Habopa "KUpNUYUKOB" (MoOzeNned »JJIEMEHTOB) BBIOpPATh HY)KHbIE IS
nocTpoeHus: Tpebyemoii Moaenu oObekTa. ba3zoBwiii Habop monmeneit snemeHtoB B PRADIS
oTnu4aercs oT Habopa "KUPNUYUKOB" B JETCKOM KOHCTPYKTOPE B OCHOBHOM TEM, 4YTO B
KOHCTPYKTOPE UMEETCsl OTPAHUYEHHOE KOJIUYECTBO DJIEMEHTOB OJMHAKOBOTO Buja. Hampumep, 5
KyOukoB co cropoHoi 10 cm, 3 kyOuka co cropoHor 20 cMm, JecATh NapayuieJIeHUIeoB
OTIpeIeIEHHOr0 pa3Mepa U T.J1. B To jxe Bpemsi, eciii y’K KaKoW-TO 3JIEMEHT eCTh B OubimoTeke
komriekca PRADIS, To koM4ecTBO 3J1EMEHTOB TAKOTO THUIA, KOTOPBIE MOXKHO MCITOJIB30BaTh B
MoJieNin 00beKTa, He orpaHnyeHo. Kax/plit u3 BRIOpaHHBIX I (POPMUPOBAHUS MOAETH 00BEKTa
"KUPIUYMKOB" MOXKET COCIUHATHCS C IPYTMMH KUPIHYHUKAMHU B CTPOTO OINPEACIICHHBIX MECTaX
(crenenax cBoOoabl). KonuuecTBO M Ha3HaueHHe cTemeHed CBOOOJBI MOJEIM 3JIEMEHTa
oTpesiesiieTcs B €€ onucaHuu. BeiOupas pa3nuyHbie crioco0bl COeAMHEHNS MOJIeNIel 3JIEMEHTOB,
MOYKHO OIUCAaTh OOBEKTHI PA3IMUHON CTPYKTYPBHI.



Puc. 1.1.

Bo3moskHBIE ITON0KEHHA CTEPKHEH
B X0Je JBHKeHHHA
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B XOJe IBHKeHHA
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B)

HNiumroctpaunst GopMupoBaHUS MOAEIN 00bEKTA U3 KKUPITUYUKOBY:

a) B KaYecTBe «KUPMUYMKOB» BLIOPAHBI IBA CTEPKHS, KAXKIBIA U3 KOTOPBIX
HMeeT YeThbIpe cTeneHH CBOOO/AbI;

0) LIApHMPHOeE COeAMHEeHUe CTep:KHel (1Be cTeneHH CBOOOAbI 001IHe);

B) CTEPKHM He MMEKOT 00IIUX CTeneHeil cB000/bI.



JomnycTuM, mMosib30BaTeab XOYeT OmucaTb OOBEKT, COCTOSALIMM M3 JABYX IIApHUPHO
CKpEIUICHHBIX CTepKHEN. Eciu cTep:KHM NMOAATIMBBIEC, TO KXl U3 CTEPKHEH UMEET YEThIpe
creneHu cBoOo bl (puc. 1.1a). CoBMenias CTEpKHH B TOYKE A U OOBSIBIISISA, UTO KOHITBI CTEPIKHEH
B OTOM TOYKE JABMXKYTCS OJMHAKOBO (MMEIOT OJHU M T€ XK€ CTENEHH CBOOOBI), MOIyYUM
HIQPHUPHOE COEIMHEHHE CTepxHeW. [Ipu 3ToM, KaXIbld U3 CTEpKHEH MO-IIPEKHEMY
OIHCBIBAETCS YETHIPbMsI CTENIEHSIMHU CBOOOBI, HO UX HOMEpa JUIsl OJJHOIO U3 KOHIIOB KaXKIOTo
cTepHs coBnaaarot (puc. 1.16). B To e Bpemsi, coBMelIasi CTEpKHHU B TOUKE A, HO MPOIOIKas
KaX/bli U3 CTEp)KHEH ONUCHIBATH YETHIPbMS CTENEHSMH CBOOOJBI C pa3HBIMH HOMEpaMH,
MOJTyYUM JIBa CTEP>KHSI, COBEPIIAIONINX HE3aBUCUMOE JIBHKeHue (puc. 1.1B).

C MareMaTH4ecKOdW TOYKH 3PEHHUS, COCAMHEHHE HECKOJBKHX JJIEMEHTOB IO KaKOU-TO
CTETIeHH CBOOO/IbI aHATIOTMYHO 3aIMUCH JIJIsl 3TOM CTeTeHH CBOOO b ypaBHEeHUs paBHoBecus. [Ipu
9TOM HY’KHO BBIMTUCATh TaKUE YPABHEHUS JJIsi BCEX CTENEHEH CBOOOIBI CUCTEMBI, B TOM YHUCIE U
JUTSL CTETIEHU CBOOOBI (CTeTeHel cBOOOIbI), CBA3aHHON ¢ CUCTEMOW KOOPAMHAT, OTHOCUTEIHHO
KoTopou paccmarpuBaercsa nprkeHne. B PRADIS cremensr cB0OOBI, CBsI3aHHAS C CHCTEMOM
KOOpJMHAT, Ha3biBaeTcs 0a30Boil. OmnucaHWe CTPYKTYypbl TMOJHON CHUCTEMBI ypaBHEHUM
paBHOBecHsI (DAKTUYECKH DKBUBAJICHTHO OIMCAHHMIO CTPYKTYpbl OOBEKTa, IMOITOMY TaKue
YpaBHEHHUS 4acTO HA3BIBAIOTCS TomonornuyeckuMu. CocTossHMe 00BbEKTa B KaKJOW U3 CTereHeil
CBOOO/IBI OMHCHIBACTCS HE3aBUCUMOM TEPEMEHHOM, KOTOpas IMOJICKUT OMPENCTECHUI0 B X0/
aHanM3a. 3HAYCHHUS HE3aBUCUMBIX TIEPEMEHHBIX B KaXIOW U3 creneHeil cBoOOAbI, C KOTOPHIMU
COEMHSETCS MOJEIb JJIEMEHTA, CBSI3aHbl YPABHEHUSIMH, XapaKTEPUZYIOIIUMHU JAHHBIA SJIEMEHT
(umu koMmnoHeHTy). [loaTomMy Takue ypaBHEHHsI Ha3bIBAIOTCS KOMMOHEHTHBIMU. [loncTaHoBKa
KOMITOHEHTHBIX ypaBHEHUW B YpaBHECHHUS paBHOBECHS TMPUBOAUT K aBTOMATHUYECKOMY
dbopmupoBaHuto cucteMbl UG dEpPEHINATBHBIX ypaBHEHUH — MaTeMaTH4eCKOW MOJIeH
oObekTa. B obmieM ciydae 3TO — cUCTeMa HENMHEWHBIX AuQQEepeHIranbHbIX YpaBHEHUH,
KOTOpasi B JAJIbHEUILIEM JIOJIKHA PEIIAThCS] YUCIEHHBIM METO/IOM.

OnucanHplii  anroput™M  (OPMHUPOBAHHUS MATEeMAaTHYECKOH MOJEIM COOTBETCTBYET
Y3JI0BOMY METOJAY, OCHOBHBIE IIOJIOKEHHS KOTOpOro wuiroctpupyer puc.l.2. Ha tom xe
PUCYHKE IIPUBOAATCS KOMIIOHEHTHBIE YPAaBHEHUS I MPOCTEHIIMX DJIEMEHTOB MEXaHUYECKHUX
CHCTEM — OJHOMEPHOIO YHIPYroro, OJHOMEPHOIO BA3KOIO W TOYEYHOTO HWHEPLHMOHHOIO
JJIEMEHTOB.

Eciu BHMMAaTEIbHO PACCMOTPCTL AJITOPUTM (bOpMI/IpOBaHI/IH MaTeMaTH4eCKOM MOACIHN
CHUCTEMBI 110 Y3JIOBOMY METOAY, MOXXHO HpHﬁTH K HECKOJIBKHUM 3aKJIFOYCHUAM:

1) Ilpouecc QopmupoBaHusi MaTeMaTHUYECKON MOJENU Y3JIOBBIM METOJIOM SBIISIETCS
YHUBEPCAJIbHBIM TOCTOJIBKY, ITOCKOJIBKY YHUBEPCAJIbHBI ypaBHEHHs paBHOBecus. Ero MoxHO
MPUMEHATH B TeX 00JacTsIX (GU3MKH, IJIe TaKWe YPAaBHEHUS CYLIECTBYIOT U UMEIOT (PU3NYECKUI
CMBICII, T.€. MPAKTHYECKH MOBCEMECTHO (MEXaHWKa — YPaBHEHHUS PAaBHOBECHS, JJEKTPOHUKA —
nepBelii 3akoH Kupxroga, tepmoauHamuka — ypaBHEHHE OanaHca TEIUIOBBIX ITOTOKOB,
THJIpaBIUKa — OaJaHC MAaCCOBBIX PACXOJ/I0B H T.JI.).

2) P33H006pa3I/IC 3ala4, KOTOpPBIC MOKHO pC€uIaTb C HUCHOJB30BAHUEM 3TOTO IIOJAXOHAa,

OTPaHUYEHO pPa3HOOOpa3HMeM HMEIOIIMUXCS B PaCHOpPSHKEHUM WHXKEHepa "KUpIUYUKOB"
MOJIEJIEH IIEMEHTOB.

10



I
— TONOTIOTHYeCEHe YpaBHeHHI gi=10

=
n

(nma wexammkm 3 Fy= 0)
=1

— KOMOOHCHTHHS YPaEHCHHA

Qk: £t x-,xj,xj) ckj=1m

l@b Fj=m *x
F 1 1

D)

Y3i10B0ii MeTo GOPMHUPOBAHUA MATEMATHYECKOH MOIeJIN:

a) o01mas cxeMa MeTo/1a;
0) npuMepbl KOMIIOHEHTHBIX YPAaBHEHHH JIs1 IPOCTEHIINX 3J1eMEHTOB.

Puc. 1.2.



CoctaB  OMOMMOTEKHM  MOJENeH  DIIEMEHTOB  SIBISIETCS  OCHOBHBIM  (DaKTOpOM,
HAaKJIaJIbIBAIOIIUM OTpaHnyeHus1 Ha yHuBepcabHOCTh PRADIS. OgHako, Hy’)KHO OTMETHTB, 4TO
B Hacrosmiee BpeMmsi 0OazoBas OuOIMOTEKa MoJenell 3JEeMEHTOB HACUMUTBHIBAET HECKOJIBKO
JIECATKOB PA3HOBUIHOCTEN "KMPHUYMKOB", M MX KOJHMYECTBO IMOCTOSIHHO Bo3pactaeT. U eme.
371ech MOXXHO IPOJOJDKUTH AaHAJIOTHIO C AETCKUM KOHCTPYKTOpOM. XOpOLIMHM CTOJSAp BCErna
MOJKET C/eNlaTh HOBbIE KUPMHYUKHU U, COOTBETCTBEHHO, PACHIUPUTH BO3MOXXHOCTH MO COOpKe
MoJiesiel pa3HbIX 00beKTOB. Tak ke U 37ech. MHxkeHep, BIaJetonIiii MpeaMeTHON 001acThio 1
3HAKOUIUN NMPOrPaMMHUPOBAHNE, MOKET BOCIOJB30BATHCS IITATHBIMU MPOLEAYpPAMU KOMIUIEKCA
PRADIS nns pacmupenust 6a30Boii OMOIMOTEKH MOJIENEN JIEMEHTOB.

1.3.BbIYUCTIUTENbHbLIA ANITOPUTM KOMMJIEKCA
PRADIS

Wrak, momyueHa MmaTeMaTuieckas MOJIelIb 00bEKTa B BHJIE CUCTEMBI MU PEpeHIIHATEHBIX
ypaBHeHMH. CreaylomyM 3TanoM aHalu3a SBISETCS WHTETPUPOBAHUE HTOH CHUCTEMBI
ypaBHeHHUH. ECTECTBEHHO, 4TO 3TOT IPOIECC OCYLIECTBIISETCS YHCICHHO C MCHOJIb30BaHUEM
OBM. B »3TOM J0KyMeHTe y Hac HET BO3MOXHOCTH B JeTalsiX pa3o0paTh alroputMm
BBIYUCIIUTENFHOTO si7pa Komruiekca. OiHaKo, HEKOTopasi HHPOpMaIus BCe-TaKH HY)KHA, TaK Kak
OUYEeHb TPYIHO IOJIb30BATHCS JHOOBIM HHCTPYMEHTOM, HE MPEJCTaBIIsAs MPUHIIUIIOB, HA KOTOPBIX
OH ocHOBaH. [ToaToMy 371€Cch B OOIMIMX YepTax paccMaTpUBAETCS aJrOPUTM MHTETPHPOBAHUSA, K
KOTOpPOMY, N0 Mepe HEOOXOJMMOCTH, Mbl OyAe€M BO3BpalaThCsi B MOCIEAYIOLUX TIJaBax.
[Tomp30BaTeny, KOTOPBIM It PabOTHI C KOMIUIEKCOM TMOHanoOuTcst Oonee moapoOHOe
3HAKOMCTBO C OCHOBHBIMH HCITI0JIb3YEMbIMH MaTeMaTHUECKUMH METOJIaMH, TOJKHbI 00OpaTUThCS
K COOTBETCTBYyMOIIEH mokyMmeHTanuu "[IporpaMMHBII KOMIUIEKC [UIi aBTOMaTH3alUU
MOJICJIMPOBAHMS HECTALIMOHAPHBIX IPOLIECCOB B MEXAHMUYECKUX CHCTeMax U CUCTEMax HHOU
¢uznueckoil npupoasl. OCHOBHbIE MATEMAaTUYECKUE METOABI".

ChopmupoBanHas cucrema auddepeHINATBLHBIX YpPaBHEHHUA pemaeTcss Ha 3aJaHHOM
BPEMEHHOM UWHTepBajie. OTOT MHTEpBal JEJIUTCS Ha HECKOJNbKO OTpe3koB (''maru
uHTerpupoBanu'). BenuunHa mara MHTErPUPOBAHUS HE SIBISIETCA MOCTOSIHHOM M 3aBUCHUT OT
00JBIIOr0 KoJMuecTBa (PaKTOPOB: HACKOIBKO aHAIM3UPYEMBIN MPOIIECC SBISETCS CIIOKOWHBIM,
Kakue TpeOOBaHUSI TOYHOCTH 3aJaHbl TOJIb30BATENEM, KAKOBHI OrpaHWYCHHS Ha Iar
UHTETPUPOBAHUS. 3aJaBasiCh BEIWYMHOW Illara HMHTETPUPOBAHUA U HCMONB3Ys (opMyIsl
UHTETPUPOBAHUS THIIA U3BECTHBIX U3 MIKOJIBHOTO Kypca Gpu3uKu

Sty = Siny + Vi - dt + Ag - dt* /2
Vi = Vi + Ag - dt,

MOKHO TIepetu oT cucrembl auddepeHINaNbHbIX YpaBHEHHH K CHUCTEME HEIMHEWHBIX
anreOpandecKux W TPAHCIEHJCHTHBIX ypaBHeHWH. Ha camom jerme Bce HE Tak MPOCTO — B
pemaeMoii cucreme audQepeHnanbHbIX YpaBHEHUN MOTYT MPHUCYTCTBOBATh MPOU3BOIHBIC HE
TOJIbKO TIO BPEMEHHU, HO U TO MPOCTPAHCTBEHHBIM KoopauHatam. OpHaKo, 3TO HE MEHSET
cymectBa aena. i HuX ToKe MOKHO NPUMEHHUTh alllpPOKCUMAIIMK TUIIA KOHEYHO-PA3HOCTHBIX
WM KOHEYHO-’JIEMEHTHBIX. Pa3HuIla 3akiroyaeTcss JMIIb B TOM, 4YTO 3a JAUCKPETU3ALIMIO
MIPOCTPAHCTBA B KOMIUIEKCE OTBEYAET HE MporpamMma MHTEIPUPOBAHUSA, @ MOJEIU 3JIEMEHTOB.
[Tonyuennas Ha mIare WUHTETPUPOBAHUS CUCTeMa HenuHEWHbIX ypaBHeHuil (CuJIY) pemaercs
utepaliluoHHo MetogoM Hrerotona. Ha kaxnoit mrepanuu merona HproToHa 1uisi HaXOXIAeHUS
OUEPEIHOTO TMPUOIMKECHHSI K pEIIeHHuI0 (OPMUPYETCS M PEIIaeTcss CHCTeMa JIMHEWHBIX
anreOpanveckux ypaBHeHuid (CJIAY). Jlna pemenus CJIAY wucnonw3yercs merton [aycca.
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OO0mast cxema ajaropuTMma IMporpammbl UHTErpupoBanus komiuiekca PRADIS npuBonutcs Ha

puc.1.3.

Y CTAHORKA HAUATLRHEYX 3HaUeHHA OaHARX gnd T = T
Haganeammr mar wHTerpupoBams STEP = STEPq

HHTEIPHPOBAHHE CHCTEMEL OH<$. ¥PABHEHHN II0 BPEMEHH
{ mugn I0KA T < Tkomeunoe )

A PEMTEHHA CHCTEMH TH®P. ¥PABHEHHI

( mEx II0KA He MOCTHUTHYTA CXOMHMOCTE pemleHns CHILY
M Tpedyeuns NOKANBHAS MO PEITHOCTE

FYcTaHoBKA cueTuHKA HoMepa HTepapmum ITER =0

PEIIEHHE CUCTEMH HEMHHEAHHYX YPABHEHHH (CaIY)

{ nuxkn IIOKA KeIAYeCcTBO HTepalldll MEHEINE
TOMYCTHMErC W HE TOCTHTHYTA
CEOTHNOCTE )

ITEE = ITER + 1

OSpalleHHa E MoTeIdd SJIeHeHTOR

Popurporatne CJIAY (MaTpunOE Aredu H
npasey dactenn CHILY

Pemenue CJIAY

KouTpone cxommsocTEH pernenws CeJLY

KOHTDOJIB TOKANBHON IOTReMHGCTH IIIara
HHTETPHPOBAHITA

KoppeKTHPCBEA BeIHYHHE IM0aTa HHTETPHPOBAHHET

PacgeT BHXOIHRIX InepeMe R X (OSPBJIIEHHH K IIpOTDaMMaM
pacueTa BRINOIHHEX IMepeMEHHEBY )

OnepaTHBHGE OTOGpaIREHNE pe3VIBTATGB PACUETA

T = T +STEP

COEPHHGHEE TEEFIOeTe COCTOAHHA pPacuieTa

Puc 1.3.

AJITopuTM padoTHI NPOrpaMMbl HHTErpupoBaHus KoMmiuiekca PRADIS
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HCXOJI?I N3 CKa3aHHOI'O BBIIIC, IIar HWHTCIPHUPOBAHUSA MOXKET OLITH HCYJAa4YHBIM 110
HCCKOJIbKMM NIpUYNHAM:

1) Obu1 BBIOpaH CHAMIIKOM OOJNBIION IAr HMHTEIPUPOBAHMSA, W TOJyYE€HHOE JUIs
CJIEIYIOIIETO IIara peleHne He yAOBIETBOPSET 3aJaHHON TOYHOCTH;

2) Obl1 BbIOpaH CIMIIKOM OOJIBIION IIar WHTETPUPOBAHUS, W HE YAAETCS C 3aJaHHOU
TOYHOCTBIO 33 MAaKCHMMAJIBHO Pa3peIleHHOE YHUCIIO WTEpAalMi MOJyYHUTh PEHICHHE CUCTEMBI
HEJIMHENHBIX YPaBHEHUN;

3) u3-3a OIMOKU ONHMCAHUS CTPYKTYpPbl OOBEKTa HE yJAeTCsA PELIMTh CUCTEMY JTMHEHHBIX
aJredpanyeckux ypaBHEHUIL.

B Tperpem ciydae mpoucXOIUT O€3yCIOBHOE 3aBEPILEHHE BBIUUCIECHUH, U 31ECh yXKe
H0J1b30BaTeNb JIOJDKEH MOpaboTaTh HaJl ONUCAHUEM CTPYKTYpbl oObekTa. B mepBom u BTOpOM
Cllydasix KOMIUIEKC IBITAETCSl YJOBIETBOPUTH TPEeOOBAHUSAM TOYHOCTM M YMEHBUIMTH MIar
UHTErpupoBaHus. Toraa HeyIaBIIMNCS Iar HHTETPUPOBaHUS (PUKCUPYETCs KaK MOTEPSIHHBIHN 110
BEJIMYMHE JIOKAJIBHOM NOrpemHocTH (1), WM Kak NMOTEpSHHBIA 110 HECXOAMMOCTH PEIICHUs
CHCTEMBbI HEIMHEHHBIX ypaBHEeHUH (2). HykHO cka3aTh, 4YTO CEpPbe3HOCTh IEPEUHUCIIEHHBIX BBIIIE
IIPUYUH, 10 KOTOPBIM IIAr MHTEIPUPOBAHMS NPU3HAETCS HEYJA4YHBIM, YBEIMYHMBACTCA CBEPXY
BHU3. Tak, HECXOIMMOCTh PEIICHUs] CUCTEMbl HEJIMHEHHBIX ypaBHEHUN MPUBOAUT K OOJIbIIEMY
KOJIMYECTBY HETPUATHBIX ITOCIEACTBUN U IOJB30BATEN, YEM IIOTEps Iara IO JIOKaIbHOU
HOTrPENIHOCTH, a HeyAada PEeIleHHUs CUCTEMBbl JIMHEHHbIX alreOpandyeckux ypaBHEHUH — Ooiee
cepbe3Has HENPUATHOCTb, 4YE€M IIOTeps WIara II0 HECXOJUMOCTH CHCTEMBI HEIMHEHWHBIX
YPaBHEHUHU.

[Tonb3oBaTens MOXET YOPaBIATH PAOOTOH TpPOrpaMMbl WHTETPUPOBAHUS, 3a7aBast
KOHKPETHBIE 3HAYEHUsS] T€X WJIM HHBIX KIIOYEBBIX MapaMeTpoB. MOKHO MEHATh TOYHOCTh
pelieHus cucteMbl AuddepeHInaabHbIX YPaBHEHUN, TOYHOCTh PEIIEHUSI CUCTEMbI HEIMHEHHBIX
anreOpanvecKux ypaBHEHUH, KOJWYECTBO JTOMYCKAEMbIX MUTEPAIMi Ha IIar WHTETPUPOBAHUS U
T.4. OpHako, ansg 3TOro Tpedyercs OIpeaeNeHHbId pacyeTHbI omnbiT. [losTomy mpu
paccmotpennu ¢ nomombio PRADIS mpocreimmx 3amad peKOMEHAYETCS BOCIOJIb30BaThCS
IapaMeTpaMu IPOrpaMMbl HHTETPUPOBAHUS, 3aJaBAEMBIMHU 110 YMOJYaHUIO. B nanpHenmeM, kak
9TO W PEKOMEHJOBAaHO B TIOCOOWMH, MOXHO BHOCHUTH B CBOM apceHaq HECKOJIBKO HOBBIX
BO3MOXHOCTEN MO YNPABJIEHUIO MPOLECCOM MHTETPUPOBAHMUS, HAUYMHASL C CaMbIX IPOCTEHIIUX.
ITocne Toro, kak Bbl modyBCTByeTe, KaK U Ha 4YTO BJIMSET TOT WJIA HMHOW MapaMeTp, MOKHO
MEPEeXOJIUTh K M3YYCHHIO U HCIOIB30BAHHUIO JPYTHX BO3MOXKHOCTEH MO YIpPaBIEHUIO paboTOi
MPOTPaMMBbl HHTETPUPOBAHUS.

1.4.KAK YATATb 3TO NOCOBUE

Hacrosimumii 1OKyMEHT He SBJISETCS IOJHBIM, HCYEPHBIBAIOIIMM U  (PopMaibHBIM
onucanveM mnporpaMMmHoro komiuiekca PRADIS. OcHoBHOe ero Ha3HaueHue — JaTh
MMOJIb30BAaTCIIIO HCKOTOPYIO I/IH(l)OpMaI_II/IIO AJid  COBCPHICHUA HCCKOJIBKUX TIICPBLIX, CAMBIX
TPYJHBIX IIaTrOB B OCBOCHUU PACUETOB C UCIOJIB30BaHUEM KOMILIEKCA.

OnuH W3 BEeOyIIMX OTEUECTBEHHBIX METOH0J0T0oB (''METOMONyXOoB", KaKk OH caM JIIOOWII
MOBTOPSATH, TOBOPS O ce0e M CBOMX YYEHHKAX) paccka3an Takyro Oaiiky. M3ydas meTonsl u
cpencTBa 0OyudeHHWs, HEKUW 3apyOeKHBIN Iemaror coBepmai moe3nky mo depmam Jlukoro
3amama. TamomiHue KOBOOW, Kak H3BECTHO, CIABATCS HMCKYCCTBOM Opocarh jacco. M Tam
MyTENIECTBEHHUK  CTaJl  CBHJETEJEM TMpolecca OOydeHHss dTOMY Jely  MOJIOJIOTO
HeoOCTpenssHHOrO KOBOOs. CTaphlii BOJIK CBOETO Jelia OYEHb JIOJTO M, BUAMMO, JOCTATOYHO
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HMOIMOHAIBHO YTO-TO paccKas3blBajl MOJIOJOMY uesioBeKy. Ilocie 3Toro abuTypueHTy nanu B
PYKH JIacco, U OH C OOJBIIMM 3HAHUEM JIella U OTMEHHOW TOYHOCTHIO CTall apKaHUTh HY>KHBIX
KHUBOTHBIX. B ueM 3akiodasncsi CeKpeT 3TOro MeTrojaa oOydeHHs, HCTOpHUS J0 Hac He JIOHEecIHa.
ABTOpBI OCO3HAIOT, YTO JOCTH)KEHHE CTaporo KOBOOSI B MEJarornyeckoM IIIaHe SBISETCS
HEKOTOPBIM HEIOCTHXKHMMBIM 3TajioHoM. Ilo kpaiineil Mepe, oOy4uTh paboTe C KOMILJIEKCOM
PRADIS TosbKO MOCPEACTBOM TEOPETUIECKOM Oecebl, MyCTh U JUTUTEILHON, OHU He OepyTcs. B
3TOM CMBICJIE OHU TOTOBBI Jake NMPHU3HATh, YTO OpocaHHe JIacCO SIBJIIETCS 3aHATHEM Ooliee
TEOPETHYECKUM, YEM IIPOBEJICHHUE CIIOKHBIX HHKEHEPHBIX pacyeToB. B mocnenHem ciydae
KpaiiHe Ba)K€H HACTOMYMBBIM TPEHMHI M OOpaTHas CBA3b C IMPAKTHUKOW — TECHBIH KOHTAKT
WH)XEHepa-pacyeTyuka ¢ KOHCTPYKTOPOM WJIM JOBOJYHUKOM peanbHOro oobekta. Iloatomy c
NEPBBIX 1IAaroB UCTHOIb30BaHus kKomiuiekca PRADIS, kak u apyroro nogoGHOro nporpaMMHOIO
oOecrneueHust, HEOOXOUMO CTPEMHUTHCS KaK MOYKHO OOJIbIIIE CUUTATD.

OTcrozia BbITEKAET OCHOBHASI UAES U3JI0KEHUS — MPOJAEMOHCTPUPOBATH IPUEMBI PabOTHI C
IPOTPaMMHBIM KOMILJIEKCOM, pellasi C IMOJIb30BaTeIeM HECKOJbKO 0ojiee MM MeHee MPOCTHIX
3a7a4. ABTOpPBI C/€IaU BCE BO3MOXHOE, YTOOBI M0JIb30BaTEIb CMOI M3y4aTh 3TO IOCOOHME BO
BpeMs CBOUX ITOE3JI0K B METPO, 32 IMCbMEHHBIM CTOJIOM WJIM BMECTO JIETEKTUBA, IIEPE] OTXOI0M
Ko cHy. OiHaKo, Hac 1aBUT I'Py3 COMHEHHMH, YTO CAEIaHHOIO 0Ka3aJoCh HE I0CTaTOYHBIM U 0e3
KoMIbloTepa He 000#THCh. I10ATOMY OCHOBHBIM MPHUEMOM H3YYEHHUS HPEIaraeéMoro 3/ech
MaTepHaia sBJseTCs IOBTOPEHUE 3a KOMIIBIOTEPOM BCEX IPEJIaraéMblX B 3TOM NOCOOUH 3ajad
Y BHUMATEJbHbIM aHaJIu3 MOoJdy4YaeMbIX pe3yiabTaroB. [IpenBaputenbHO HEMI0X0 ObLIO OBl OErio
IPOCMOTpETH onucaHue A3bika kommiekca PRADIS, a B nanbHeliem nocTossHHO oOpaiiarbest K
TEM IJIaBaM JTOr0 JOKYMEHTAa, B KOTOPBIX TOBOPUTCA O T€X WJIH HHBIX CUHTAKCHYECKHUX
KOHCTPYKIHUAX BXOJHOTI'O S3bIKa KOMILJIEKCA.

B HEKOTOPBIX MECTaxX aBTOPLI HAMEPCHHO BOCIIPOU3BOAAT HEIITATHBIC CUTYyalluH, KOTOPBIC
MOTYT OBITH BBI3BAHBI KaK THMINYHBIMHU OIIHOKAMH MOJIb30BAaTCJIA, TaK U HC3HAHUEM HCKOTOPBIX
OCOOEHHOCTEH BBIYHCIUTEIHHOIO aJIropurMa  KOMIIJICKCa HWJIX HCEYUYCTOM 0COOEHHOCTEH
pemaeMoﬁ 3aga4u. OTO BEI3BAHO ABYMs IIpUIUHAMMH.

Bo-nepBbix, cozpmaercs Oojee HeNpHHYXJIeHHas arMmocdepa obmenus. Ilonb3oBarento
Ka)XETCSl, 4TO W aBTOPbl 3TOr0 IMOCOOMS MOTYT OIIMOAaThCs, M 3TO JOHKHO MPHUBECTH K
HEBOJILHOMY YJIYYIIEHHUIO HACTPOCHHUS M MOJHATHUIO aBTOPUTETA IMOJIB30BATENs B COOCTBEHHBIX
ria3ax (0COOCHHO, €CIM ONMOKa WM MPUYMHA HEMITAaTHOW CUTyaluu ObliIa 3aMedeHa JI0 TOro,
KaK B Hell nmpu3Haiuch aBTOpbl). Ha camoM ferne, HacTosiue ouiOKY aBTOPOB 3aMETHBI 1aJIEKO
HE BCEM, B TOM YHCII€ U CaMUM aBTopaM. VIMEHHO MO3TOMY Takue OIIHOKHU, YK€ B CUIY TOTO,
YTO OHM HE 3aMETHHI IIUPOKOMY KpYTy TIOJIb30BaTesiell M y3KOMY KpYry pa3paboT4HKOB
("HUHB34", TaK CKa3aTh), TOJKHBI HOCUTD KyTKUH M pa3pylIUTENbHbBIN XapakTep. ABTOpHI OyAyT
OnmarosapHsl J1I000My OIUTENTFHOMY IIOJb30BATEN0, OOHAPYKMBIIEMY BpaKeCKOTO areHTa,
3arecaBlIErocs B HAILIUX psax.

Bo-BTOphIX, O0ONBIIOE KOJMYECTBO THIIOBBIX IPHUEMOB pPabOTHl € MPOTrpaMMHBIM
obecrieuennem THma kKomiuiekca PRADIS cBsi3aHo kak pa3 ¢ MpeojojeHHEeM TaKoro poja
chyaum‘/i. I/I3yquHe 9TUX MPUEMOB, KaK HaM KaXXCTCs, HC MOXECT YXYAUIUTH KBaJ’II/I(i)I/IKaHI/IIO
pacueturika. B pganbHeiiiem, mnpuoOpeTas pacyeTHBIM OMNBIT (4, BO3MOXKHO, H OIBIT
pazpaboTurKa TPOrPaMMHOTO OOECIeUeHHUs), MOJIH30BATEIh MOXXET CaM pPACIIUPUTH OSTOT
apceHarn.

[Tocne u3ydeHus: 3Toro mocodust (BO3MOXKHO, M3YUEHHsI TOJIBKO HEKOTOPOH €ro 4acrtu),
MIOJIB30BATENb, BOOPY/KEHHBIN 3HAHUSIMU METOJUKH MOJIEIUPOBAHUS M OBJIAJEBIINN apCeHAIOM
IpHUeMOB paboTHI B 3aTPYTHUTEIBHBIX CUTYAIUsX, JOJDKEH MepeiTH K caMoCTOsTeNbHOI padoTte
¢ KoMIUuIeKkcoM. B 370l paboTe eMy moMoryT Apyrue JOKYMEHTHI 10 IPOrPaMMHOMY KOMILIEKCY
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PRADIS, B nepByto ouepenp crpaBouHble mocobus. He mgymaem, 4To B CaMOCTOSATEIBHOM
MOJIETE €ro OKUJAeT 6e300Ja4HOe CYIIECTBOBaHNE, HO UCKPEHHE M TOpsSY0 3TOr0 €My JKellaeM.
Bynem pazpl, eciin y Hero BpeMsi OT BpeMEHHU OyIyT MOSBIATHCA MOTPEOHOCTh WIIM JKETaHue
BEPHYTHCS K HEKOTOPHIM M30paHHBIM TJIaBaM ATOTO TIOCOOUS — IJIsl yTOUHEHHS OTBETa Ha KaKO-
7100 TOHKHMH BONPOC, BOCCTAHOBJIEHUS B MaMATH IMOCIENI0BATEIbHOCTH JEHCTBUI B TOM WU
MHOM Clly4ae WIM MpOCTO 0e3 OmpeneieHHON LeNu — MOOPOAMTH MBICIEHHO MO 3HAKOMBIM
MecTaM. B aToMm citydae aBTOpbI OyIyT CUMTATh CBOIO 3a/1a4y BBIITOJTHEHHOM.

1.5.PE3IOME

TakuM 00pa3oM, BBEIECHUE COJEPKAIO CBEJACHHUS B OCHOBHOM IIPOIAraHIUCTCKOTO
xapakrepa. CyTh UX MOKHO CBECTH K HECKOJIBKUM ITyHKTaM:

1. Bo n30exxanue HeCYaCTHBIX CIIy4aeB CUMTAMTe, CYUTANTE U CUUTAITE.

2. Ectb pacuetsl u pacueTsl. K MH)KEHEPHBIM pacueTaM BBICLIEH KAaTErOpPUM MPEAIAraroT
OTHECTH pacyeThl Ha OCHOBE MOJPOOHON MaTeMaTHYECKOW MOJCIH, OTPaXKaIoIIe B3auMOCBS3b
BCEX CYH_[eCTBeHHI:IX HpOI_[eCCOB B aHaanpyeMOM 06’beKTe.

3. KpUTHUKYIOTCSI ITONBITKH MOACIUPOBAHUA, KOTrga MOACJTIb aHAJIU3UPYyEMOT'O OGLCKTa u3
y ) y

ypaBHeHuid Jlarpamwka BTOoporo pona Qopmupyercs "BpyuHyrO'", TOCKOJBKY 3TOT XJjeO

HECKOJIbKO 3a4€pCTBEIL.

4. Jlnsg yckopeHHs Iipoliecca I.2 MOXHO MCIOJb30BaTh METOAbl aBTOMAaTU3ALMU
MOJICIIUPOBAHUS, KOTOPBhIE aBTOPHI, OUYEHb KCTATH K 3TOMY Pa3roBOPY, PEATH30BaId B paMKax
koMmmrekca PRADIS.

5. Ecau monw3oBaTellh BCE-TaKU peinil BOCHOJb30BATLCA PCKOMCHAAIIUAMHA aBTOPOB, TO
JajIe€ HYXHO €ro HCECKOJIBKO IPHUIIYTHYTb, 4TO, ACCKATb, HPOLECC ABIISICTCA BCC PAaBHO HEC
MMPOCTBIM, U €CJIK YTO HC IMMOJYUUTCH, TO CaM BUHOBAT.

6. ABTOpHI MOJIATAIOT, YTO IMOJIL30BATEh, BOOOIE TOBOPS, YEIOBEK CBOOOJHBIN, U eMy
OoJipllle HEYEro Jenarh, KaK TOJBKO MPUCTYIMUTh HE MPOCTO K MPOUYTEHHUIO HACTOSIIETO
PYKOBOJICTBA, HO U K €r0 U3YUYEHHUIO CUJS 32 KOMIIBIOTEPOM.

7. B nenomM, aBTOpBI NOAXOAAT K PALOBOMY II0JIb30BATEIIO JIPYKECTBEHHO, U MECTaMU
BBIPAXKAIOT HAJICHKTY, YTO €My HE TOJIBKO YJIACTCS OCEJIaTh MPOTrpaMMy MHTETPHPOBAHUS, HO U
CTaTh HEIUIOXUM CTOJIAPOM, CMACTEPUB IAPy-TPOUKY MOJEIIEH 3JIEMEHTOB, OTCYTCTBOBABILIUX B
OHOJINOTEKE MOJIEIEA DIIEMEHTOB.
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2.MPOLUENYPbI KOMIMINEKCA PRADIS

B monnol kou(purypamuu kommiekca PRADIS ummeercss nBe mporenypsl, JOCTYIHBIS
MOJIB30BATENIO: Tpoleaypa BeimojdHeHus 3amanus SLANG wu mpouemypa oOcmyKHBaHUS
cuctemHoro karainora ARM (B ciydae, eciiu B Balllell BEpCUM KOMIUIEKCA JOCTYNEH KarTajor
SRV). Kaxnas u3 mpouenyp KOMIUIEKca MPH €€ BBI30BE 03 MapaMeTpoB BBIIAET KPATKYIO
CIIPaBOYHYIO MH(POPMAIIMIO O TOCTYIHBIX PEKUMAX PaOOTHI.

HewmHoro 0onee noipoOHO N3y4HM 3TH HPOLEAYPbl KOMILIEKCA.

2.1.MPOUEAOYPA OBCNNYXUBAHUA CUCTEMHOIO
KATAJIOTA

s nmonydenus nHpopMalny o JOCTYIHBIX peXruMax Habupaem KOMaHy

> ARM

(3nmeck 1 manee CUMBOJIOM > 0003HAYAETCS MPOMITED, T.€. MPUTJIANIEHHUE ONEPAIIMOHHON
cuctembl Bamieit DBM Ha BBoJ nHGOpMAIUN)

Eciu Bce HOpManbHO, TO B 0oTBeT Ha kKomMaHAy ARM Ha skpaHe AucIies Modydaem
cieayroiee cooOieHue:

HcnonesoBaHMe: arm [<kjou> <uMsal> [<ums2> [mMmsz3 ... [mMaN] ] ] ]
pouenypa obpaboTkm GmuHapHOTo kKaranora PRADIS.

<KJII09>
? BHBOIOUT CHPAaBKYy [NO KOMIIOHEHTaM, COIepXalyMCs B
6MHapHOM KaTajore
+ BKJIOYaeT KOMIOHEHTH B OMHapPHHIM KaTajior M CTPOUT
OMHaAMUYEeCKHMe IUIAaIMH-OMOJIMOTEeKM, eClIM BOBMOXHO .
Eciu He BamaHo <uMsil...N>, TO nmTaeTCss NOOKJIIOYUTL
wa6JIOHEI
s dpamna templet.txt B TekymeM karTasore.
P aBTOMaATMYECKM CTPOUT IOUHaMMYECKMEe IIJIar'uMH
6MO6IMOoTeKM M BKIKOYaeT KOMIIOHEHTH B OMHAPHBNI KaTajor.
u pmobarisieT QYHKUMM B NOJBEBOBATENBECKYKH 6muGImorexky
user.lib.
# mpocTo cTpouT IMHaAMMUECKMEe IIATMH-6MUBIMOTEKM, ecnu
BOBMOXHO
! BKIOYaeT KOMIIOHEHTH B OMHAPHEN KaTajor
Eciu He BamaHo <uMsil...N>, TO mOmHTaeTCs NOOKIIOYUTH
Wwa6JIOHEI
us damna templet.txt B TexkymeM karTanore.
- MCKJIOYaeT KOMIIOHEHTH K3 OMHapHOI'O Karajnora
* BEBOIMUT COLEPXMMOE€ BCTPOEHHOM I1OMOIM
<mmMszl...N> He NPMMEHMMO K DTOMY KJIIOWY
n cosmaéT mycToM OGMHAPHEN KaTajlor' B TeKYylel IUMPeKTOPpuUM
<uMsl...N> He NpPMMEHMMO K STOMY KJIIOYY
<mmsil...N>
MMeHa BanpammMBaeMbIX KOMIOHEHTOB
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N3 oT0olf KpaTKOM CHpaBKA MOXHO 3aKJIIOYUTh, YTO Ha3HA4Y€HHE MPOILEAYpPHI
00CITyKUBaHUsI CUCTEMHOI'0 KaTajora cieayoliee:

*  [OJlydyeHHEe KpaTKoi MH(POPMAIIMH O TEKYIIEM COCTaBe OMOIMOTEK KOMILIEKCa;

* monyyeHue Oosee TOAPOOHON ONepaTHBHOM CHpPaBOYHOW HWHPOpPMALUU O
Pa3IMYHBIX KOMIIOHEHTaX KOMILJIEKCA;

e no0aBieHuE MOAYJeH B OMONMOTEKM KOMIUIEKCAa M WX HCKIIOYEHHE W3 COCTaBa
OnOIMOTEK KOMILIEKCA.

HyXHO oOTMeTHTh, 4YTO cIpaBOYHas HWH(pOpPMaLUs, MpeaocTaBiIsieMas MPOLEaypoHt
0OCITy’)KHBaHUSI CHUCTEMHOTO KaTajora, sBISETCS MEHee IIOJIHOW, YeM uHpopMaIus,
coJiepKalasics B ClipaBOYHUKAX MO cucrteMe. Ee 0CHOBHOe Ha3HaueHHEe — OCBEKUTh B MaMSATH T
WIM WHBIE OCOOEHHOCTH KOHKPETHOM KOMIIOHEHTHI KOMILJIEKCA, C KOTOPOM I0JIb30BaTelb
3HAKOMMJICSI IO JOKyMeHTauuu. Eciau B Bamiell Bepcun KOMIUIEKCa Ipoleypa o0CiyKUBaHUS
CHUCTEMHOT'0 KaTajiora OTCYTCTBYET, TO BCIO CIIPABOYHYIO WH(OPMAIIHIO, TPEOYIOMIYIOCS B 3TOM
nocoOuwu, ciexyer OpaTb U3 COOTBETCTBYIOIIUX CIIPABOUYHUKOB.

Jns monydeHus KpaTKod HWHGOpMAIMM O TEKYIIeM COCTaBe KOMILIEKCa MOXKHO
BOCIIOJIB30BATHCS KOMaHaaMHU ¢ Kirodamu ? u *. ITo xomauge

> ARM ?

Ha SKpaHe JHCIUIes MOSBISETCS KpaTKas HH(OpMAIIHs O BCEX BKIIOUEHHBIX B COCTaB KOMILIEKCA
MOJIYJISIX — MOJIETISIX JIEMEHTOB, MPOTrpaMMax pacueTa BBIXOJHBIX MEPEMEHHBIX, POrpaMmax
peanu3zanun rpadpuaeckux o6pa3zoB U MporpaMMax oToopaxkenusi. Kpome BbIBOJa Ha 3KpaH
nHpopmarus Becerna nyonupyercs B TekctoBoM (aitiie SYSPRINT.TXT tekymero karanora.
3toT ¢aiin MoxeT ObITh 00paboTaH CTaHIAPTHBIMU CPEJICTBAMH OTIEPAIIMOHHON CHCTEMBI
(HarpuMep, TEKCTOBBIM PETAKTOPOM).

[TpuBenem mnpumep. Ilonp3oBaTento HEOOXOAMMO HANTH, KakK Ha3bIBaeTCs MOJIEINb
JJIEMEHTA, PEaTU3YIOIIEr0o OJHOMEPHBIM YIPYIHH XpPYIKO pPa3pyLIAOIMIUANCS 3JIEMEHT, |
HOJY4YHTh OoJiee NOApOOHYIO CIIpaBOYHYI0 HH(pOpMaluio 00 3Toil Mojenu. [lonydaem cnpaBky o
BCEX BKJIIOYEHHBIX B CHUCTEMHBbIH KaTtanor Moayisx. @parment ¢aiina SYSPRINT.TXT,
MHTEPECYIOIINN TI0Ib30BATENS B 3TOM CIIy4ae, BBIMIAIUT CIEIYIOLUM 00pa3oM:

N wMmasa KpaTkoe HaBHadueHNeE

BELTV XapakTepuCcTHMKa PEMHsI, BajaBaeMasl TaGJMYHO C YyYEeTOM BEITSIXKM
pPeMHs

BLOK YOopyruit BOCBMUYT'OJILHEIL SJIEMEHT (KMPINYMK)

BRK Ynpyrasi CBsisk C XPYIKMM paspylieHuMeM

W3 momydeHHo#l mH(pOpManuKd BUAHO, YTO HA3BaHWE HHTEPECYIONIETO HAC AJJIEMEHTa —
BRK. s monmyuenus 6osiee moapoOHOM HH(POPMAIIMH 110 ATOW MOJIEIH, BBEIAEM KOMaHITy

> ARM ? BRK

Ha skpan u B daitn SYSPRINT.TXT B 3ToM cnydae OyAeT BbIBe[eHa OoJiee MmoapoOHast
uHpopmanus o mojenu sementa BRK.
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Kpome mnonydenus wuHPOpManMM TO BKIOYEHHBIM B KOMIUIEKC MOIYJISIM HMMeEETCs
BO3MOXKHOCTh NOJTy4uTh orjaBieHue BctpoeHHoro HELP'a (Ha3BaHus BceX BO3MOXHBIX T€M, MO
KOTOPBIM MOKHO MOJTyYUTh CIIPaBOUHY0 MH(popMaluio). [To komane

> ARM *

B ¢aitn SYSPRINT.TXT BsiBoauTcs criucok teM BctpoeHHoro HELP'a. @parmenT storo
CITMCKA BBITJISIAUT CICTYIONTUM 00pa3oM:

ATRC BAL3DJ BAL3DK BALKA BELT

BELTV BLOK BORDER BRK BUKA
C CIL3DC CMASS COS3E CYLDR
DEBUG DEFORM DELR DFIA DFIB

Kak BuaHO M3 3TOro crnmcka, KpoMe NEPEUnCICHUsT BCEX MOYJIEH, BKIIFOUEHHBIX B COCTAB
PRADIS u umeronmx JOMOJTHUTENBHYIO CHPaBOYHYIO HH(pOpMAIMIO, MMEETCsl CIpPaBOYHas
UHPOpPMaLMs M O HEKOTOPBIX APYTHMX BOIpOCaX, Hampumep, HHGOpMAIHs O TPOrpaMMme
unrerpupoBanust SHTERM, unpopmanus o pexxume DEBUG u T.1.

JIOoNOJTHUTENBbHYIO CIIPAaBOYHYIO HH(OPMAIINIO, HAIIPUMEp, O IPOrpaMMe UHTETPUPOBAHMUS,
MO3KHO TOJIY4YHTb, BBEJII KOMaHIY

> ARM ? SHTERM

Kpome ommcaHHBIX (QYHKIMI HMEIOTCS BO3MOXXHOCTH PACIIUPEHHUS COCTaBa KOMIUIEKCA
WM UCKIIIOUEHUS! HEKOTOPBIX KOMIIOHEHT U3 €70 COCTaBa. JTU BO3MOKHOCTH OTHOCATCS K YUCILY
pacIMpeHHBIX W ONHCaHbl B COOTBETCTBYIONIEH NOKyMeHTauuu. B Bamei KoHUrypamuu
KOMIUIEKCA OHU MOTYT OTCYTCTBOBATb.

2.2.NPOLEANYPA BbINONMHEHUA 3AAAHUA

[Iporpammusblii kommieke PRADIS npennasnadeHn ajis aHaiau3a AMHAMUKA TEXHUYECKUX
cHCTeM. 3aJayd TakKoro pojJa MOTYT TMPHUBOAUTH K BBIYMCICHHUSIM 3HAYUTEIbHOU
npooJKUTENBbHOCTH. [ToaTOMY BhINONTHEHKE 3aaHus B KoMiuiekce PRADIS ocymiectsisiercs B
MAKETHOM pEKHME C BO3MOXKHOCTSAMH HWHTEPAKTUBHOTO KOHTPOJISI 332 XOJOM BBIYMCIICHHI.
JIroboe 3amaHue OMUCHIBACTCS HAa BXOJIHOM SI3bIKE M Jlajiee 3allyCKaeTcs Ha BBHIMOJHEHHE C
nomotnbio nporeaypsl SLANG.

O3HakoMUMCSI ¢ 3TOM mporeAypoit 6onee moapoOHO. [ns momydeHuss mHbOpMAIUU O
JOTYCTUMBIX pPEKHMaxX BBEIEM KOMaH]Y

> SLANG

Ha OKpaHC JUCIUICA B OTBCT HA 3TY KOMAHAY MOJy4YaeM CICAYIOIICC COO6H.ICHI/ICI

HcnonessoBaume: slang [-m|-r] [-e|-s] [-pgoN] namel [name2]
Banycrure pemarene PRADIS B pexmMe CHUMYJISILIVN .
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I[lapaMeTps!:

namel bann sBapmaHusa
onmucanme Ha sissike PARDISland
name2 MMs NPEeABOPUTEJILHOM Bamaumn

(korpma pa6oTa MOBTOPSIETCS C YXe [NOCTPOEHHOM MOMOENBI)

Onummnm :

-pgoN sanuck rpagmuueckon 3D mHbopMaumm B dbann
(IITO damn), N oboBHauUaeT CUETUMK BHBOIAMMEIX TOYEK
(BsBOOMTE Kaxmyio N-yio Touky), ecaum N He BagmalHo,
To N=1

-e MCIONBB0BaTE PacCUMPeHHEM opMaT BHBOZA Ha SKpaH (mo
YMOJIYAHMIO)

-s MCHOJILB0BaTE KOPOTKMM dopMaT BHEOIA Ha SKpPaH

-r OLIEHMBATHL YaCTOTy BHEBOIA

Ha B5KpaH B pealbHOM BpPEeMeHM (IO yMOJIYaHM) ,
BHa4YEHMEe YacCTOTH Auclies Gepércs
us napaMerpa PRTTIME pewarenss PRADIS (no ymosuanmo 30)
Tekylee BpeMsl OOJKHO IIOKaBHBATBCSI IIPM YCJIOBUM
Texkylee BpeMsi-NOCJeNHee MNOKas3aHHOe BpeMsi>YacToTa
-m OLIeHMBaTE YacCTOTy BHBOIA
Ha B5KpaH B MOJEJILHOM BPEMEHH,
BHaYeHMe YacCTOTH BEHBOJa Ha B3KpaH Gepércs,
ns napaMerpa PRTTIME pemaTenss PRADIS (mo ymomuanmio 30),
TeKyllee BPeMsl OOJIKHO MNOKaBHBATBLCS IIPMU YCIOBUM
TeKylee BpPeMs-NOCJeNHEe MNOKas3aHHOe BpeMsi>YacToTa

Wrak, npoueaypy BBINOJIHEHHUS 3aJaHUS MOYKHO HCIIOJIB30BaTh B JIBYX peXHUMaXx.
JlonmycTtum, Bbl XOTUTE BBINOJIHUTH aHAIM3 MOJAEIM PENyKTOpa, TEKCT KOTOPOHM 3amMcaH Ha
BxoaHoM si3bike PRADIS u conepxutcst B dpaiine REDUCT. 3amyck 3aiaHusi Ha BBIIIOJIHEHHE B
9TOM cityyae OyJeT BhIMJISIIETh CIeLyOIUM 00pa3oM:

> SLANG REDUCT

B xone BbIONHEHUs 3aJaHUsl OCYLIECTBISIETCS OMNEPAaTUBHOE OTOOPA)KEHUE YaCTH
IIOJIyYEHHBIX JAaHHBIX Ha JKpaHe auciuiesd. Kpome TOro, B TEKyleM KaTajlore COXpPaHAIOTCS
daitnbl, HeoOXoIUMBbIEe JUIS JalbHEWIe paboThl ¢ MOJENBIO U MONYYEHHBIMH pe3yJibTaTaMHu.
Hanpumep, ¢aiin ¢ pacmupenuem DAT copepxuT pe3ynbTaThl pacueTa W B AajbHEHIIEM
obpabateiBaeTcs mporpammoit POSTPROCESSOR.

B nmrobom cnyuae B TekymeM Kkatanmore Bcerga octaercs daitm SYSPRINT.TXT,
coJIepKaliil BBIBOJ U COOOLIEHHS BCeX 0OpalaThIBAIOIIMX IMPOrpPaMM, a TAKKE BPEMEHHYIO
CTaTUCTUKY JUIS 3aJaHUs.

B nanpHetlimem Bam Moxker moHano0UThCs
*  MPOJOJIKUTH PACUET C MPEPBAHHOIO MECTA

*  BBHINOJHUATH HOBBIA pacdeT Il chOpMUPOBAHHON Ha MPEABLIYIINEM 3Tale MOJIEIH,
3aMEHUB HEKOTOPBIEC UCXOIHBIE TAHHbBIE

*  HM3MEHUTH CIOCO0 OTOOpa)KeHUs MOITYYEHHBIX B XOJE pacueTa pe3ysbTaToB 0e3
MMOBTOPEHMSI pacyeTa.

Homyctum, Bce HEOOXOAMMBIE BaM JCHCTBUSA omHcaHbl Ha BXOAHOM si3bike PRADIS nu

conepxkarcs B ¢aiine REDNEW. 3anyck 3amanusi, conepxkamierocss B REDNEW, nis monenu
REDUCT 6ynet BBITIISIETH CAEAYIOIINM 00pa3oM:
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> SLANG REDNEW REDUCT

2.3.PE3IOME

KopoTko noBTopum Hamm JOCTHXKEHUSI B OCBOeHHH KoMIuiekca PRADIS.
1. B xommiekce PRADIS umeercs nBe npoueaypsl nosib3oBatens — ARM u SLANG.

2. IIponienypa ARM ciykuT 11l TIOJTyYEeHHs ONIepaTUBHON CIIPaBOYHON MH(MOpPMAIUHU 110
KOMITOHEHTaM KOMIUIEKCA U PACIIMPEHHS COCTaBa ero OMOINOTEK.

3. [Iponienypa SLANG npeaHazHaueHa Jyisi BHINOTHEHUS 3a/1aHMUSL.

4. Kpatkas uH(pOpMamus O IOMYCTUMBIX pEXKHMax padOThl MPOLEAYP MOXKET OBbITh
HOJTy4eHa BBI30BOM Ipoleyp 0e3 mapaMeTpos.

5. Bce mportietypbl KOMIUIEKCa OCTaBIISIOT B TekyiieM karanore daina SYSPRINT.TXT, B
KOTOPOM COJICP’KUTCSI BBIBOJI 1 COOOILIEHHSI TPOrpaMM 00pabOTKH.
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3. P OPMUPOBAHUE M 3ANYCK NMPOCTEULWUEIO
3AO0AHUA

B kadectBe wWITIOCTpAlid  HMCIOJB30BaHUS TporpamMmHoro komruiekca PRADIS
paccMOTpHM 3a/1ady aHaIM3a KoJeOaHuii OTHOMEPHOTO MPY>KMHHOTO MasTHHUKA.

IMocTranoBka 3agaun. OnpenenuTh CKOPOCTh U MEPEMENICHUE ¢ TEYCHHEM BPEMEHHU IS
OIHOMCPHOTI'O IPYXXUHHOI'0 MasgTHHUKA, COCTOAIICTO U3 TOYEYHOU Macchl 1 KT, HO)IBeHIeHHOﬁ Ha
npyxuHe xectkocTeio 10 H/M. Moaenupyercs cutyanusi, Korja Tpy3 MOIIepKUBACTCS PYKOU U
B HayaJbHBII MOMEHT BpPEMEHU pE3KO OTIycKaeTcs, Tak 4To cuia Tsokectu rpysa (F)
NPUKIAIbIBACTCS K MasTHUKY B HayalbHBIH MOMEHT BpeMeHH. PacdeTHas cxema
paccMaTpuBaeMoro o0beKTa n300pakena Ha puc.3.1.

X

Puc. 3.1. PacuerHasi cxeMa Npy>KMHHOTO MAsITHUKA.
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3.1.MO0AroTOBKA TEKCTA 3AAOAHUA

[ToaroToBka pacyeTHOW MOJETN HAYMHACTCSA C BHIOOpA TII0OATBHONW CHCTEMBI KOOPJAMHAT
(onmpeneneHue pa3sMEPHOCTH (PU3MUECKOTO MPOCTPAHCTBA, B KOTOPOM paccMaTpHBAETCs
JIBUKEHHE 00bEKTa, BHIOOP HampaBieHHs KOOPAWHATHBIX ocei). B Hamiem cimyuyae ABM)KEHUE
paccMmaTtpuBaeTcss B OJHOM Hu3MepeHMH. Hagano koopaumuar (Touka O) HaxomuTcs B MecCTe
3aKpeIUIeHHs] TPYKUHBI. 3a TMOJOXKHUTEIbHOE HAalpaBiIeHHEe KOOPAUHATHOW OCH MPHUHSITO
HaIpaBJICHUE CBEPXY BHU3.

BropbiM marom B MOATOTOBKE MOJENH SBISETCS TEKOMIIO3UIUS CHCTEMBI HA HJIEMEHTHI,
T.€. BBIJICJICHHE YJIEMEHTOB, U3 KOTOPBIX COCTOUT HCCIEAYeMbIi 00beKT. OOBIYHO, MapaieabHO
OpoOBOIUTCA paboTa Mo MoAOOpy A KaKIOro 3JeMeHTa OOBEKTa COOTBETCTBYIOLICH emy
MOJICTIM 3JIeMEeHTa. B HameMm cirydae BBIAEICHBI CIEAYIOMNE 3JIEMEHTHI M COOTBETCTBYIOIINE UM
Mozenu (CM. Takxke puc. 3.2):

* OCHOBaHME, CITy’Kalllee JUIsl 3aKPEIUICHUs IPYKUHBI (CUCTEMa OTCYETA);

* 0CEBOH MJeallbHO YNIPYI'H 3JIEMEHT ¢ AByMs creneHsMu cBoOobl (K, mpyxuHa);
* TOYECYHBIH MHEPIHOHHBIN 351eMeHT (M, Macca);

* HCTOYHHUK NOCTOAHHOM cuibl (F, cuna Tspkectn).

il

Puc. 3.2. Mogaesn 371eMeHTOB M HyMepalus cTeneHeil cB000AbI A/l MATEMATHYECKOI
MO/1eJIM OJJTHOMEPHOT0 MPYKUHHOT0 MASITHUKA.

EctectBeHHO, 4TO Ui ONUCAaHUS CTPYKTYpbl HMHTEpECYIOIIero Bac OOBEKTa
HPEANOYTUTENIEHO HCIIOJIb30BaTh 3JIEMEHTHI, MMEIOIIUECs] B COCTaBe OMOIMOTEKH MOAEIEH.
[TosToMy mpu moxbope Mojesel 3JIEMEHTOB, COOTBETCTBYIOLIMX 3JIEMEHTaM MOJEINPYEMOrO
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06LCKT3, HCIIOJIB3YCTCA CIIpaBOYHas IHﬂpOpMaHHH o OHOIHOTEKE MOﬂeHeﬁl OJICMCHTOB.
OOBIYHO 3TO WU CIIpaBOYHHUK II0 OMOJIMoTEKaM KOMIUIEKCA WIIH CIIpaBKa, IIOJYYCHHas II0
KOMaHC

> ARM ?

NHorna HeOOXOIMMBIM HJIEMEHT MOXKET OTCYTCTBOBAaTh B OHONMOTEKE Mojaeneit
ameMeHTOB. Yamie Bcero, 3TO XapakKTepHO I ciydasi, KOTJa Bbl MPUCTYIAETe K PEIICHUIO
MEPBBIX HECKOJMBKUX 3a71a4 U3 KaKOW-TuO0 HOBOM MpeaMeTHoM obmacT. B aTom ciydae Tem wiu
WHBIM CIIOCOOOM JOJKHA OBITh pEIIeHa 3ajada pacuiupeHusi 0a30Boi OMOIMOTEKH Mojaenen
HOBBIMU dJieMeHTamMu. Kak mpaBuio, 3Ta 3a/1aya penaercss HermoCpeACTBEHHBIM MOJIb30BaTEIEM
IITATHBIMH CPEACTBAMH KOMILIEKCA, WIIH OOPAIIaroTCs 3a TOMOIIBIO B PACIIUPSHUH OUOIMOTEKH
MoJieJIel PJIEeMEHTOB K pa3paboTuynKaM KOMIUIEKCa.

[Tocne Toro, Kak CIUCOK HEOOXOJUMBIX OJIIEMEHTOB TMOJO00paH, MOJNy4alT Ooee
noApoOHYI0 HWHGOPMAIHMIO TIO BBIOPAHHBIM DJIEMEHTaM, HallpUMEp, C TOMOIIBIO TOW Ke
koMaH il ARM. B Haiiem ciydae ee BbI30B BBITIISIICI TaK:

>ARM ? KMF

B or1oli crpaBke BakHOUM sBIseTCS HWHGPOPMANMS O KOJMYECTBE CTEIEHEH CBOOOIBI,
KOTOphIE WMEET KaXKIblii M3 31eMeHTOB. Tak, mpu omnucaHuu 31neMeHTa K MomKHO OBITh
HCIIOJIb30BAHO JIBE€ CTENEeHH CBOOOIbI, a mpu omucanud M um F — onHa cremeHb CBOOOIBI.
['oBopsT, uTo 31emeHT K nmeer aBe BETBU (SBISETCSA ABYXIIOIIOCHUKOM), a 37eMeHThl M u F —
M0 OJHOW BETBU (OJHOMOJIOCHHWKH). JIJIsi omucaHus MOJEIUPYEeMOro oO0BheKTa HEoOXOIUMO
BETBU BBIOPAHHBIX 3JIEMEHTOB COCIUHUTH TaK, YTOOBI BOCIIPOM3BECTH PEANbHBIC CBSI3H ITHUX
3JIEMEHTOB B MOJIETUPYEMOM OOBEKTE.

Hakonern, coequHUB BbIOpaHHBIE 3JEMEHTHI B COOTBETCTBYIOIIUX TOYKAaX, MOJIy4Yaem
CTeleHH CBOOOABI (y37bI) aHANU3UpPyeMOW cucTeMbl. [lomydeHHBIE Y371l HyMepyeM
MOJIOKUTENbHBIMU 1ENbIMU uHciaMu. [Ipu 3ToM HE0OXOIMMO MMETh B BHUIY, YTO CTEMEHb
CBO0OOIBI, COOTBETCTBYIOIIAS TIEPEMEIIICHUIO OCHOBAHMS, B TAHHOM CITy4ae 3aKperuieHa.

Ha »ToM npenBapuTenbHbIi STan MOATOTOBKY 3aa4i 3aKOHYCH.

Bocnonps30BaBmuCh JTFOOBIM TEKCTOBBIM PEAAKTOPOM, cO31anuM ¢aiia ¢ mporpaMMon Ha
BxoaHOM si3bike PRADIS. BecnomHuM (cM. onucanue si3blka), 4TO OMUCAHUE MOJIETUPYEMOMU
TexHudeckon cuctemsl ("onucanue oowvekta") comepxkurcs B pazaeae FRAGMENT. On moxer
COJIepIKaTh MOJIpa3eiibl, 03ariiaBICHHbIC

* §# BASE - ommMcaHme BakpenyjeHmst pparmenra,
. # STRUCTURE - ommMcaHme CTPYKTyps odparmenra,
e # OUTPUT - onmcaHme BHBOHa mis1i dparmenra.

Onucanue 3aKperyieHns: U CTPYKTYPhI MIPYKUHHOTO MasiTHUKA Ha si3bike PRADIS B Hammem
CJIy4ae BBITJIUT CIEAYIOIUM 00pa3oM:

# BASE : 2 { - sakpemneHa 2-s1 CTeNeHE CBOGOIE CHUCTEMSHI}
# STRUCT

Ipyxmura 'K (2,1; 10); Macca '™M (1; 1)

Cuna TssxkecT 'F (1; 9,81)

B sToM ommcaHuu roBOpUTCS, YTO OOBEKT UMEET 2 y37la U COCTOUT U3 TPEX AIIEMEHTOB.
Jns onucanus coiicTB snementa "llpyxuHa" ucnosb3yeTcs mMonenb sjeMeHTa K, snemeHTy
"Macca" cooTBETCTBYET MOZEIb eMeHTa M, anemenTty "Cuna tsbkectu" — MoJzienb 3aemenTa F.
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3akpemueH 2-i1 y3en, ¢ HUM CBsi3aHa nepBas BeTBb 3iemeHTa "llpyxuna". B 1-om y3ne
coemuustorcs dnemeHThl "[lpyxkuna", "Macca" u "Cuwma Tsokectu". PaccmartpuBas Oosee
NoJpOOHO OMMCaHUE IIEMEHTa, 3aMETHM, YTO OHO COCTOMT B OOIIEM Cllyyae M3 CIeIyHOIUX
JacTen:

* wuIeHTUPUKATOp  dIeMeHTa  (KaXJbld  dJJIeMEHT  CHAa0XaeTcsl  YHHKAJIbHBIM
uaeHTuukaTopom). MakcuManbHas JIuHA uacHTHGUKaTopa — 32 cumBojia (OYKBBI,
UQpPHl, TOYKHU, MPOOENTBI, CUMBOJBI TOTYCPKUBAHMS, HAa TIEPBOM MeCTE 00s3aTelbHO
HaxoauTcs OykBa). B Hamem npumepe uaeHtudukaropsl — «[Ipyxuna», «Maccay u
«Cuna TSHKeCTHY,;

* UM Mojenu 3eMeHTa. B Hamewm npumepe —3to "K", "M" u "F";

* HOMEpa Y3JIOB, C KOTOPBIMH COCOHHSETCS MOJAENb, pa3fAenuTesnb (i), U CIHUCOK
1apaMeTpOB MOJIEIIH.

Hanpumep, snement «lIpykuHa» coeauHEH CBOEW MEPBOM BETBHIO C Y3JIOM 2, BTOPOM
BETBBIO — C y3110M | 00bekTa. B cooTBeTCTBUYU € OMHMCAaHUEM ATOTO 3JEMEHTa, JJI HEroO 33J1aeTCs
OJIMH MapaMeTp — BeJIMYUHA XKeCTKOCTH. B Hamewm ciaydae — 10 H/m.

Wndopmanus, 3akmodeHHass B (GUTypHBIE CKOOKH, SIBISIETCS KOMMEHTapueM W
TpancnaropoM urHopupyercsi. Kommenrapun B PRADIS-nporpamme, kak 1 B mporpamme Ha
JH000M JAPYTOM SI3bIKE, MOKHO HCIIOJIB30BAThH JJIs YIYUIIEHUS] YUTAEMOCTH TEKCTa IPOTrPaMMBl,
a TakKe N1 COXpaHeHHs WHGOpMaIMU, KOTOpas MOXKET MOHAAOOUTHCS MpHU JaibHeuIen
pabore. OnHaKoO HY)XHO TOMHHTH, YTO BJIOKCHHbIE KOMMEHTApHHM He jaomyckatorcs. [lpu
TPaAHCISAUU MPOTPaMMBbl TEKCT, COAEPKAIIUNCI B KOMMEHTApUAX, HA KpaH JUCIUIes U B (ailn
SYSPRINT.TXT He nonaznaer.

JpyruM BaXHBIM DJIEMEHTOM OIMCAaHUS OOBEKTa SBJIAETCA ONMCAHME BBIBOJA IS
dbparmenTa. Beck BeiBoa B kKomIuiekce PRADIS ocyrecTBiasieTcst myTeM BBI30Ba B MOApa3Ieiie
OUTPUT coOTBETCTBYIOLIMX IPOrpaMM pacueTa BBIXOJHBIX NEpEeMEHHBIX. bosee moapoOHO
Borpoc BbIOOpa HyxHBIX [IPBII Oynmer oOcyxnmatbcst B ciemyromieidl riaBe. 37€Ch CKaXeM
TOJIBKO, YTO B HAIlIEM CITydae JUIsl BBIBOJIA IEPEMEILIEHUSI U CKOPOCTH TOYEYHOTO MHEPLIMOHHOTO
snementa (l-s1 cremeHb CBOOOJBI paccMaTpUBA€MOM CHCTEMBbI) MBI  HCIIOJB30BAIIH,
COOTBETCTBEHHO, IPOIPaMMBbI pacueTa BbIXOIHbBIX IEPEMEHHBIX S U V:

# OUTPUT
IllepeMemernne 'S (1; 1.0); CxopocTs 'V (1; 1.0)

Br130BEI nporpamMm pacdcTa BBIXOAHLIX MEPEMCHHBIX BO MHOI'OM ITOXOXXHW Ha ONMCAaHUWA
2JIEMEHTOB. B onucanue BbI30Ba BXOAUT
* uneHtudukarop BeixoaHoi nepemennoi ("Ilepememenne", "Crkopocts");

* UMS TpOrpamMMbl, UCIOJNB3YEeMOW JUIsl pacdyeTra COOTBETCTBYIOIICH  BBIXOJIHOM
nepemennoit ("S", "V");

* BHYTPCHHHME I[IEPEMCHHBICE U IapaMeTpbl, IepeAaBacMble B IIPOrpaMMy pacyera
BBIXOJHBIX IIEpEMEHHbIX. B Hamewm cirydae 310 HoMmep y3na (1) u, nocne pasaenurens, —
€MHUYHBIA MacITad BbIBOJA.

3aKOHYMB ONMHUCAHUE O0BEKTA, IPUCTYIIUM K OIUCAHUIO 3aJaHMUS.
B o0miem citydae 3a1aHue COCTOUT U3 ABYX OCHOBHBIX Pa3zeiioB:
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* RUN - onwucanue 3agaHus Ha pacyeT MEPEXOJHBIX MPOIECCOB B TEXHUUYECKOH
CHCTEME;
* PRINT - onucanue 3amanus Ha 0TOOpaKeHHUE TIOYYCHHBIX Pe3yJIbTaTOB.

VYnpasnenue paboToi Bcex MporpaMm, BbI3bIBaeMbIX B pazienax 3amanus RUN u PRINT,
OCYUIECTBIIIETCS C TIOMOIIBIO KJIKOYEBBIX MAPAMETPOB. BOJIBIIMHCTBO 3TUX MapaMeTPOB UMEIOT
3HAYEHMs N0 "YMOIYaHMIO", U €CIU I0JIb30BATENb COMIACEH C NMPUHUMAEMBIM 10 YMOJIYAHHUIO
3HaUEHUEM, TO ITOT IapaMeTp MpHU BBI30BE MPOrpamMMbl IIPOCTO HE yKasbiBaeTcs. Kirouesble
napaMeTpsl, OIpeNeJeHHbIEe IS KaXI0M MporpaMMbl, W HUX 3HAYEHHUs 10 YMOJIYaHHIO
NPUBOJATCS B CIIPABOYHOIN MH(pOpPMAIMK IO TUM IPOTrpaMMam.

s nposenenust pacuera B paszaesne RUN BbI3bIBaeTcs mporpaMMa MHTETPHUpPOBaHUS (B
ClIyd4ae, €CIIM pedb HJET O pacyeTe CI0XKHOIO IPOLECCA, MOKHO BBI3BATH HECKOJIBKO IIPOrpaMM
uHTErpupoBanust). s Kaxaoil U3 HUX MOXKET OBITh 33JaHO OOJIBIIOE KOJIMYECTBO KITIOUEBBIX
MIapaMeTPOB, YNPABISAIOMMNX TOYHOCTHI PEUICHUS, YCTAHABIMBAIOIMIMX ONPAHUYEHMS Ha IIar u
Jake MOIU(PUUIUPYIOUIMX CXEMY HMHTETPUPOBAHU. DTO IMO3BOJISIET HACTPOUTH MPOrpamMMy Ha
KOHKPETHYIO 3aJady, 4TO JJI CPEeJHUX M OOJIbIIMX PAacyeTOB IO3BOJIAET 3KOHOMUTH MHOTO
BpeMeHu. OjHaKO dYacTto, OCOOCHHO MPHU pEIIeHUH TaKUX TMPOCTEHIIUX 3a1ad, Kak
paccMaTpuBaeMasi, MOKHO OIIPEIENNTh TOJIBKO HWHTEpPBAaJl MHTETPUPOBAHMS, OCTaBUB BCE
OCTaJIbHbIE MapaMeTpbl HACTPOHKU MPOrpaMMbl HHTEIPUPOBaHUS 0€3 N3MEHEHUs (IIPUHSB UX 110
yMo4aHuio). B 3ToM mpocreiiniem ciiydae Mbl peIIMIN pacCMOTPETh JBMKEHHE MasTHHKA Ha
NPOTSDKEHUM MHTEepBala BpeMeHu lc oT Hadana mponecca. Pacuer OynemM NMpoBOAMTH METOAOM
[repmepa, 3a1aB TONBKO HHTEPBAJ WHTETPUPOBAHUS (ITOT KIIOUEBOM MapameTp SBISETCS
00s13aTeNIbHBIM IIPY ONMCAaHUU BBI30BA MPOTPaMMbl HHTETPUPOBAHUA):

$ RUN
PacueT koJyeBanHuit MasTHuka'SHTERM (END=1)

B crpykTypy omnucaHus BbI30Ba INPOTPAaMMbl HMHTETPUPOBAHMS (OMHCAaHUE BHI30BA
IPOrpaMMbl OTOOPaKEHUS PE3YIbTATOB MOJIHOCTHIO AaHAJIOTUYHO), BXOAUT

*  uAeHTU(UKATOP MPOrpaMMBbI (B JaHHOM citydae "Pacuer koneOaHuil MasiTHUKA");

* ums nporpammsl uHterpupoBanus (SHTERM, NEWMARK) wiu nporpammsl
OTOOpaKCHMS;

*  ©CJIM 3TO HEOOXOMMO, TO 3HAYCHHS KIIFOUEBBIX TAPAMETPOB IPOTPAMMBI, KOTOPHIE
IpU JAaHHOM BBI30BE OYIyT OTIMYAThCS OT 3HAYEHUH KIHOYEBBIX IapaMeTpoB,
3aJ]aBaeMbIX I10 YMOJYAHUIO (B HAIllEM CIy4yae yCTAaHOBJIECHO 3HAYEHHE KIHOYEBOIO
napameTpa END, onpezensioriero HHTepBajl HHTETPUPOBAHUS);

*  HeoOs3aTeIbHBIN CIIMCOK OTOOPaKaeMbIX IIEPEMEHHBIX (3716Ch OTCYTCTBYET).

AHaJIOTUYHO [enaeTcsl ONMMCAaHUE 3aJaHMs Ha OTOOpaKeHUE pe3yJbTaToB pacuera — B
pasnene PRINT BbI3bIBaeTcs OJHA MM HECKOJBKO HPOTpaMM OTOOpakeHUs. 3ajaHue Ha
0TOOpaXKeHHE Pe3yJIbTaTOB OYy/IET BHITIIAIETh TaK:

$ PRINT
PesynsTaTe pacuera'DISP ()

Onucanne 3amaun Ha s3bike PRADIS B 00s3arenbHOM TOpSZIKE JTOJDKHO COICPKATh
3arosoBok $ END (mipu3Hak OKOHYAaHUS 3aaHuUs).
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3.2.PACYET KOJIEBAHUN NMPY)XXUHHOIO MAATHUKA.
NMEPBbIE OLUUWBKU U NMEPBLIE PE3YJIbTATbI

3ammcaB monydeHHyro mporpammy B (aitm TEST, moxem nanee BBIMOTHUTH aHAIN3
KoJIe0aHUI OMMCAHHOW CHCTEMBI C TOMOIIBIO KOMaH/IbI

> SLANG TEST

[lepBpiM IIaroM aHanM3a SBISETCS TPAHCISIIMS Balllero omucaHus oObekTa. B xoze
TPAHCIISIIIUU IPOHYMEPOBAHHBIE CTPOKH 3aJlaHusl (HOMEpPa CTPOK T€HEPUPYIOTCS TPAHCISITOPOM)
BBIBOJATCS Ha OKpaH. Ha oKkpaH BBIBOJATCS Takke Mpeaynpexiaroliue CoOOIIeHUs U
coo0meHuss 00 OOHApPYKEHHBIX CHHTAKCHUYECKHUX OIMOKaxX. Kak 3To mpuHATO AJs Tpoueayp
komriekca PRADIS, BeiBog ayomupyercs B daitn SYSPRINT.TXT rtekymero kartamora. B
cllydae, eClId KOJl Cephe3HOCTH OOHApy>KEHHBIX OIIMOOK MpeBBIMIAeT 4, MOCIEAYIONINE TaIbl
aHamuza He BeIMoJHAIOTCA. Daitn SYSPRINT.TXT npu mepBoM 3amycke HalIero 3ajaHus
BBITJISAJIEN CJIEIYIOIIUM 00pa3oM:

1
2 $ FRAGMENT
A
W (S 501) BcTpeTuncst HEMMEHOBAHHH 3BarojioBok $FRAGMENT. MoxeT 6HTB
TOJBKO IOCJIeNHMM B ONMCAHMM O6BeKTa.

3 # BASE : 2

4 # STRUCT

5 IHpyxmra 'K (2,1; 10); Macca ™M (1; 1)
6

Cuna Tsaxecru 'F (1; 9,81)
A

E (S 075) KonuuecTBO napaMeTpoOB MOIEeNM 3SJIEMEHTA HEe COOTBETCTBYeEeT
nacrnopry.

7 # OUTPUT

8 IlepemMemenme 'S (1; 1.0); CxopocTs 'V (1; 1.0)
9 $ RUN

10 Pacuer kxoneBanuit MasaTHuUKA'SHTERM (END=1)

11 $ PRINT

12 PesynsTaTe pacuera'DISP ()

13 $ END

M (S 702) O6HapyxeHs cepbes3HbHE CHMHTaAKCHUYEeCKMe OuMOKM, IpensaTCTBYILye
OajJbHeMueMy BHIIOJIHEHMIO aHalmus3a.

$amn WORK.DAT He NHOSIBMJIICSA MM BamnpeléH AJNS YTeHMS:

O4eBUIHO, YTO KPOME OXKMIAEMOW pacredyaTku MPOHYMEPOBAHHBIX CTPOK IMPOTPAMMEI,
HaMu OBUTH TIOJTyYEHBI COOOIICHHS 00 ommOKax (ecTh Cephe3Has OMMOKa) M HEKOTOPHIE JIPyTHe
coo01IeHns: 00padaTHIBAOIINX U YIPABIAIOMUX MporpaMM. Eciu 3TO BO3MOXHO, TO MO3UIUS
CTPOKH HCXOJHOTO TEKCTa, B KOTOPOM IomyIleHa Win OOHapy)XeHa OIMIMOKa, YKa3bIBaCTCS
cTpenkoil () Haa TeKCTOM cooOieHus. EcTecTBeHHO, 4TO MOJIb30BaTelh MOXKET HE MOIYYUThH
COOOIIIEHUH O CePhE3HBIX OIMMOKaX, €clii OyAeT AeHCTBOBATH 00Jiee BHUMATEIHHO, YEM aBTOPHI.
B aToM cnyuae eMy He MPHIETCS UCIIPABISITH MPOTPaAMMYy H 3aIlyCKaTh €€ MOBTOpHO. OH MOKET
cpa3y MPUCTYNUTh K aHAJIU3y pe3yJbTaroB. Mnm, Ha000pOT, MOIH30BATEIh MOXKET JOMYCTHUTH
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OoJIblllee KOJHWYECTBO OIMMOOK U pa36HpaTLc51 C HUMH IIOHOJIBIIC. PaCCMOTpI/IM no;[po6Hee
COO6HI€HI/I${, IMOJIYUYCHHBIC B XOA€ CHHTaAKCUYECKOTI'O aHalIn3a HaIeun ImporpaMMmal.

[Ipenynpexnaromiee coobmenue ("W" — 370 nmpu3HAK MpeIynpekIal0Imero COOOeHus) ¢
HoMmepoM S 501 mmeet ko1 cepbe3HOCTH 0, M BBI3BAHO TEM, YTO Ha BXOJHOM S3BIKE KOMILIEKCA
PRADIS nmonyctumo Hamuuue TOJIBKO OJIHOTO HEMMEHOBaHHOTO (parmeHTa. B cmydae, ecnu
Oyzer omucaHo Oosiee OIHOrO HEMMEHOBAHHOIO (parMeHra, HMH(MOpPMAIHMs O BCEX OSTHUX
dbparmMeHTax, Kpome IMOCJIeaAHero, Oyaer ytepsHa. BooOmie ToBOpsi, B JaHHOM CIly4ae 3TO
COOOIIEHHE MOXKET OBITh MPOUTHOPUPOBAHO, HO XOPOIIMH CTHJIb NPOrPaMMHUpPOBAHUS Ha
PRADIS mpenmnonaraer, 4ro Bce (QparMeHTbl Hporpammbl OyayT mNouMeHOBaHbl. MTak,
BBISICHUIIOCH, YTO JIy4Ille JaTh HallleMy €AMHCTBEHHOMY (pparMeHTy uMsl, Harpumep, "MasTHUK'.

Coo0Omenne 06 ommbke (E) ¢ Homepom S 075 mmeer koA cepbe3HOCTH § M B JIaHHOM
ClIy4dac aBHUJIOCH HpH‘IHHOﬁ MMPEPBIBAHUA 3aJaHUA ITOCIIC 3aBCPUICHUA CUHTAKCHUYCCKOI'0 aHalIn3a
tekcTa. OmuOKa 3aKio4aeTcs B TOM, YTO JJIsi MOJAETH 3jieMeHTa F mpearmosiaraercs 3anaHue
OJHOTO Tapamerpa. B Hamem e ciaydae, OMIMOOYHO TOCTABMB BMECTO JECATHYHOW TOYKH
3alATYI0, Mbl ONpEICITWIN He oauH mapamerp 9.81 (cuiaa TsHKeCTH, JCUCTBYOMIAs Ha TEJO
Maccoit 1kr), a gBa mapametpa — 9 u 81.

Coob6menne Tpancastopa (M) ¢ Homepom S 702 TOBOPHUT O TOM, YTO MaKCUMAJIbHBIN KO
oOHapyXeHHOW OIIMOKM TPEBBIIIAeT 4, 4TO BEJET K 3aBEPIICHUIO 3aJaHUS MOCIIC BHITIOTHEHUS
CUHTaKCHYECKOTO aHaJIH3a.

B konne ¢aiina SYSPRINT.TXT npu HOpManbHOM 3aBEpIICHHWU 3a/JaHUs BCeria
COJIEpP)KUTCSA  cooliieHne mpoueaypsl ¢  Homepom P 001, comepkamiee gaHHBIE O
MPOJOKUTEILHOCTH PA3IMYHBIX 3TAIOB 3aJaHMUS.

Brecst B mporpammy yka3zaHHbIE BbIIlI€ H3MEHEHHS, OCYUIECTBHUM IOBTOPHBIA 3aITyCK
3anmanuss TEST nHa pacuer. Ha sToT pa3 aBTOpaM ynanoch u30eXaTh OMIMOOK, W MEXKIY
CHHTaKCHUYECKUM aHain3oM u noiaydenueM ¢aiiina SYSPRINT.TXT npomren 6osiee JIUTEIbHBINA
MPOMEKYTOK BpPEMEHH, Ha MPOTSHKEHUM KOTOPOTO BBINOJHSIIUCH JIPYTUME JTanbl 3aJaHus
(cuMBOJBbHAS (axTOpHU3alUs, reHepanus padoueld MporpamMMbl, TPAHCISIIMS CreHEpUPOBAHHOM
nporpaMMbl B cOOpKa BBITIOJIHAEMON TPOrpaMMbl aHaNW3a, BBHIMOJIHEHHE IOJTYYSHHON
IporpaMMbl aHalM3a, OTOOpa)K€HHE MOJyUYEeHHBIX pe3ynbTaTroB). IlepeueHr 3Tux 3Tamnos, B
3aBUCHUMOCTH OT KOHQUTYpalM¥ M HACTPONKM Balllero KOMIUIEKCA, MOXET OBITh APYyTUM
(Harmpumep, MOTYT OTCYTCTBOBaTh J3Tallbl IeHepaluuu padoueld MporpaMMbl, TPaHCIALUU U
peIakTHpOBaHUS CBs3eil). B Xo/ie BBIMONHEHHUS 3TUX JTAllOB Ha dKpaHE MOXKET OTOOpakaThCs
uHOpMaIMs W BBIIABaThCS COOONICHHS, HE TpeOyromue OT TOJIb30BaTeNsl KaKHX-JTHO00
neiictBuil. boree moapoOHO KaXABIH M3 ATAOB U HHQPOpPMAIHSA, KOTOPYIO MOXKET MOIYyYUTh
M0JIb30BaTeNb, OyJIeT 00CYyKIeHa Mo3Xke. 37eCh PACCMOTPHUM IOIYYSHHbIE B XO/€ BBIIIOJHEHUS
pesynbpratel. @aitn SYSPRINT.TXT B HamieMm citydae BBITISACI Tak:

$ FRAGMENT : MasiTHMUK

# BASE : 2

# STRUCT

Ipyxmuaa 'K (2,1; 10); Macca '™M (1; 1)

Cuna Taxectu 'F (1; 9.81)

# OUTPUT

lepememenne 'S (1; 1.0); CxopocTs 'V (1; 1.0)
$ RUN

PacueT konebaumi MasiTHuka'SHTERM (END=1)

$ PRINT

ROV WN R

W
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12 PesyaepTaTe pacuera'DISP ()
13 $ END

M (S 700) CuHTakCHMYECKMX OWLMOOK He OOGHapPyXeHO.
M (P 004): (TURBOF:-1)

COOEIEHNS MPOT'PAMMEl $AKTOPU3ALINNA.
CraTucTMKa pesyJIbLTaTOB CHMMBONBHOM dakTopmsaumn:

PasMepHOCTE CHCTEMH YPaBHEHWM: 2.
M (P 005) : (TURBOF:-1)
Oflee KONMMYECTBO HEHYJIeBHIX BJIEMEHTOB : 4,
BTOPMYHEX HEHYJIEBHX SJIEMEHTOB: 0.
BanonHeHnne sikob6maHa (%) : 100.00
M (P 006) : (TURBOF:-1)
HeHyJleBHX BJIEMEHTOB IIOCJIe IJIaBHOM AmaroHanu (nmapaMerp Q) : 0.50
BaTpaTH Ha pelleHMe CUCTEMb ypPaBHEHWN:
MMJLIMOHOB oOIlepaumi c maasamomen Toukor - 0.00

M (P 007) : (TURBOF:-1)
MMJIIIMOHOB MHCTPYKUMIM Hpolieccopa (LIeJIOUMCIIeHHHe onepauuy, [NEepPexons u
npuceamBanmsz) - 0.00
pasMep mHAexkcHoro maccusa (K6) - 0.00
M (P 008) : (TURBOF:-1)
PasMepsl cOOpMMPOBAHHEIX BEKTOPOB:
MaccuB cocTosiHusi pacuera (K6) - 0.625
agpecHsm MaccuB (K6) - 0.320
M (P 043) : (MESSAG:-1)
COOBIEHNA INPOT'PAMMEI MHTET'PMPOBAHWUA.
UnerTndmxaTop nporpammsi: PacueT konebBaHmii MasiTHUKA
M (P 044): (MESSAG:-1)

BpeMs1 Havajla MHTETPUPOBAaHMS : 0.0000
BpeMs1 OKOHYaHUSI MHTETPUPOBAaHMS : 1.0000
PasMepHOCTE CHCTEMH YPaBHEHWM: 2.
KonuuecTBO YCHEWHHX WAaroB 10O BPEMEeHM: 104.

M (P 045): (MESSAG:-1)
KonmuecTBO HeyNABUMXCSI WAr'OB IO BPEMEHM M3-5a:
- HeNONMYyCTMMO GOJIBIIOM JIOKAJNBHOM NOTPEWHOCTMH : 0.
- OTCYTCTBMSI CXOOMMOCTM Ipolecca pewenmst CHIY: 0.
M (P 046) : (MESSAG:-1)
- HEYHNOBJIETEOPMUTEJILHIX PEeSyJIbTaTOB pacueTa B MOJEJSX SJIEMEeHTOB:

- mNoxoi O6YCJIOBJIEHHOCTM sKOOGMaHa Ha Wlare pelleHus: 0.
M (P 047): (MESSAG:-1)
OBee KOJMYECTBO YCHEWHBX WNTepaLyi: 177.
Oflee KOMMYECTBO MOTEPSHHHX MUTepauui ms3-3a:
- HeJONyCTMMO O6OJNBIIOM JIOKAJBLHOM IOTPEIHOCTH : 0.
M (P 048): (MESSAG:-1)
- OTCYTCTBMSI CXOAMMOCTM mpolecca pemenuss CHIIY: 0.

- HEYJOBJIETBOPUTEJILHEX PEeSyJIbTaTOB pacueTa B MOJENsIX SJIEMeHTOB:
M (P 049): (MESSAG:-1)
- MIJIOXOM OGYCJIOBJIEHHOCTM sAKOOGMaHa Ha Ware pelleHWUs: 0.
M (P 050) : (MESSAG:-1)
CIIMCOK BBIXOIHBIX ITEPEMEHHBIX

N /o NpnenTnpmxarop KonnuecTBo
KOMITOHEHTOB
1. CkopoCTh 1

2. IllepeMeumeHMEe 1



3.3.3ANYCK 3A0AHUA ONA Y)KE COOPMUPOBAHHOM
MOLOEJN

OOcyxJaBiiyecss B KOHIIE MpeAbIylIero mojpasjiesia H3MEHEHHs MOXXHO BHECTH
HeriocpeacTBeHHo B ¢aiin TEST u moBTroputh popMupoBaHHEe U pacueT MOJENU C MOMOIIBIO
KOMaH/1bl

> SLANG TEST

OI[HaKO, BCC OTH H3MCHCHHUSA KOCHYJIHMCH TOJIBKO TOM YacTu nporpamMmsbl, KOTOpast
OTHOCHUTCA K OIMTMCAHUIO 3aJJaHHA. HOE)TOMy MOKHO BHCCTH U3MCHCHUA B 3aJaHHUC HA PACUCT oe3
IIOBTOPHOTO (bOpMI/IpOBaHI/IH MOACIH. I[J'IH 9TOTI'0, HUCIIOJIb3YyA TEKCTOBBIN pE€aaKTop, Co3aaauM
TCKCT HOBOTI'O 3alaHU Ha pacyCT:

$ RUN:
PacueTr koJjsebGaumit MasiTHuka'SHTERM (END=2;
IllepemMeumenue=(0,2) ,CxopocTe=(-5,5))
$ PRINT
PesynsTaTe pacuera'DISP (OUT=0.04; Ilepememenne=(0,2),
Ckopocre=(-5,5))
$ END

[TomectuM STOT TEeKCT B ¢ain ¢ uMeHeM T H BBIOTHUM TIOBTOPHOE 3ajaHUE JIs
cthopmupoBannoit mogenu TEST:

> SLANG T TEST

Ha stor pa3 B SYSPRINT.TXT (u nHa skpane) mocie 3aronoBka $§ RUN mosiBuioch
cieayroiee cooOIeHue:

W (S 515) B nporpaMMe OTCYTCTBYyeT BaroJiIoBoKk SRESTORE.
Pacuer 6yAeT NPOBOOUTHBCS C HYJIEBOT'O MOMEHTAa
BpEeMeHN .

[TprunHOM 3TOro COOOIIEHUS SBUIOCH TO OOCTOSATENBCTBO, YTO MBI HE 3aXOTeNd
MPOIOJDKHUTD MPEbIIyINi pacueT (¢ MoMeHTa BpemeHu | c¢). [lostomy, nnterpupoBanue oyaer
IIPOBEICHO C HYJEBOIO MOMEHTa BPEMEHU, a PE3YbTaThl MPEABIAYILEr0 pacyeTa YHUUYTOKEHBI,
0 4eM U IpEeAyNpeRAACT POrpaMMa.

B ocTtanmpHOM TIONyY4EeHBI TE K€ Pe3yJbTaThl, YTO M MPEANONArajioch. TrpapuKu
0TOOpakaeMbIX TIEPEMEHHBIX 10 XOJly pacyeTa BHIBOJMJIMCH B 33JIaHHBIX MacIiTabdax W Ha TOT
pa3 ObUTH TIOXOXKM HA CUHYCOWJIBI, ObUI pacCuMTaH OJWH TOJHBIA MEepHoj (M Jaxe HEMHOTO
OoJtbiiie) KoIeOaHU MasITHUKA.

Ecin monp3oBaTento XodeTcss NMPONOJDKUTH PACUET C MECTa €ro INpephIBaHus, HYKHO
npuMeHuTh 3aroioBok SRESTORE. Hanpumep, Tekct 3amanust Ui pacyera BTOPOTO MEpUOa
KOJIEOaHUH HAIlero MasiTHUKA C UCIOJIb30BaHUEM YK€ MOJTYUEHHBIX paHee pe3yIbTaToB pacueTa,
BBITJIAAUT TaK:

$ RESTORE
$ RUN
PacueT koneBaHmii MasiTHMKA'
SHTERM (END=4; Iepememennue=(0,2) , CxopocTe=(-5,5))
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$ PRINT
PesynesTaTe pacuera'DISP (OUT=0.08;llepememenne=(0,2),
Ckopocre=(-5,5))
$ END

B 3TOM ciydae pacuer HauHETCSs C MOMEHTAa BPEMEHM 2 C IIOCIEe Hadaja Ipolecca.
PesynbraTel OyayT oToOpa)kaThCsl Ui BCETO PAacCYMTAHHOTO MHTEpBala BPEMEHHU (OT Havaja
nporiecca 70 4 ¢). C y4eToM 3TOro mar BbIBOJIA JJISi IPOTPaMMbl 0TOOpa)KEHHSI YBEIMYCH €Ile B
JIBa pasa.

W nocnennee 3ameuanue. B mpuBeneHHOM mpuMepe pacdera Mbl 3aJaJId BO3MOXKHBIE
MHTEPBAJIbl U3MEHEHUS IIEPEMEHHBIX, MIOJIB3YSACh YXKE MOJIYYEHHBIMHU B XOE€ MIPEIBAPUTEIILHOTO
pacuera pesyiapTaTamu. OJIHAKO, AJIS MEPBOTO pacyeTa BBIIOJIHEHUE ITOr0 TPeOOBAaHUS MOXKET
OKa3zaTbCs 3aTpyIHHUTENbHBIM. [103TOMY Ha mpakTHKe OOBIYHO MOCTYyHaroT Tak. Jlyis mepBoro
pacuera BBIOMpAIOTCA TaKHE BO3MOXKHBIE WHTEPBAJIbI U3MEHEHHUS IEPEMEHHBIX, KOTOpbIE
rapaHTHUPOBaHHO obecnedaT oTOOpa)KeHHE MEePEeMEHHBIX Ha BCEM IMPOTSHDKEHUH pacdera WK 3a
npeneraMu KOTOPhIX 3HaueHHe oToOpakaeMoil mepeMeHHOW MoJib30BaTessl He HHTepecyeT. B
X0JIe TOCIEAYIOUIMX PacuyeToB 3TH MHTEPBaJIbl MOTYT YTOUYHSTHCS. ECiu mpoBOAWTCSA TOJBKO
OJIMH pacyeT W B OINpPEACIICHUH MHTEPBAJIOB U3MEHEHUS TOW WM WHOM BEIMYMHBI JOIyLICHA
olnOKa, IOJIb30BATEN0 IPUIETCS CMHUPUTBCA C TEM, YTO OHAa BBIAAET 3a Ipeleibl IO
noctpoeHus rpaduxa. B mobOom ciydae, ommbka B ONpeAeleHUH BO3MOXHBIX HHTEpPBAJOB
U3MEHEHHUS 0TOOpakaeMbIX MEPEMEHHBIX JIJIsl IPOTPAMMBbl HHTETPUPOBAHUS HUKAK HE OTPA3UTCS
Ha TMOJYy4YEHHBIX pe3yJibTaTaX, M B XOJ€ HX OTOOpakeHHUs IIOJb30BaTENb BCEr/la MOKET
IPEICTaBUTh PE3yJIbTATHI B YI00HOM BHJIE.

3.4.PE3IOME

1. Texct mporpammsl Ha si3pike PRADIS roTOBHTCSI ¢ TIOMOIIBIO OOBIYHOTO TEKCTOBOTO
pellakTopa U COCTOUT M3 JIByX YacTei: onmrcaHusl 00beKTa 1 OMMCAHUS 3alaHusl.

2. B paznmene ommcanus oobekra ¢ 3aronoBkoM $ FRAGMENT conepxutcs omnmcaHue
CTPYKTYpbI 00BEKTa, OTIMCAHHUE 3aKpeIICHHS (PparMeHTa U ONMHMCaHNE BBIBOJIA JIJIsl (hparMeHTa.

3. IloaroroBka pacyeTHOM MOIENTW BKJIIOYACT B CEOSl 3Tambl OMPENENICHUS CHUCTEMBbI
KOOpJAMHAT M PAa3MEPHOCTH (UZMYECKOTO MPOCTPAHCTBA, B KOTOPOM JBIIKETCS MOJEIb,
JIEKOMIIO3HIINH 00BEKTa HA AJIEMEHTHI, BRIOOpA MOJIEIICH JIEMEHTOB, IPEICTABIISIFOIINX TOT HIIN
MHOM 3JIeMEeHT 00BEKTa, OMMCAHUS CTPYKTYPBI MOJIETH, OMTUCAHUS BBIBOJA.

4. B pa3zene onucaHusi CTPYKTYPHI 33a€TCsI OMMCAHUE COCANHEHUSI BEIOPAHHBIX MOJEIIeH
AJIEMEHTOB B COOTBETCTBYIOUIMX CTENEHAX CBOOOJbI 00beKTa (y3/lax) U ONpPEesOTCS

napaMeTpbl 3TUX JICMCHTOB.

5. Onucanne BbIBOZIa OCYHICCTBJIACTCA C IIOMOIIBIO BbI30BA COOTBCTCTBYIOIIUX ITPOTrpaMM
pacucTa BhIXOJHBIX IICPEMCHHBIX.

6. Onucanue 3afaHusi COCTOUT W3 omucaHus 3agaHus Ha pacder (pasgen RUN) u
OTHMCaHUs 33aJIlaHusl Ha OToOpaskeHue pe3yabTatoB (paznen PRINT).
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7. BbInonHEHHWE NOBTOPHBIX 3aJaHUN UId yXe COOPMHUPOBAHHOW MOJEIH MOXKHO
OCYUIECTBIISATh 0€3 BBIMOJIHEHUS STAloOB, CBSA3aHHBIX C HOBBIM (popmupoBaHueM mojaenu. s
ATOTO MCIIOJB3YIOT KOMaH 1y 3aIlycKa 3a/laHus Ha yke chopMupoBaHHyto Moaens. Hampumep:

> SLANG T TEST

7. JAng nponoinkeHus: pacdyera ¢ TOro MecTa, Ha KOTOPOM OH ObLI 3aKOHYEH B MOCIIEIHUIN
pa3, ucnoins3yercs 3arojoBok $ RESTORE. Beimonnenue 3amanus ajisi yxe chOpMUPOBAHHON
mozenu 6e3 3aronoBka $ RESTORE Bezer k pacueTy ¢ Ha4aJbHOTO MOMEHTA BPEMEHH U yTpaTe
JAHHBIX NPEAbIAYIIEro pacyera.

8. K xopomemy CTHIIIO HanmMcaHus IporpaMm Ha BXOJHOM si3bike PRADIS oTtHOCHTCS:
a) 00s13aTeIbHOE NMEHOBaHUE (PparMEHTOB, COCTABIISIOLINX OMUCAHNE O0BEKTA;
0) mepeyucieHue NI MPOrpaMMbl MHTETPUPOBAHMS CIHCKAa OTOOpakKaeMbIX B
XOJIe pacyeTa NepPEeMEHHBIX C YKa3aHUEM COOTBETCTBYIOIIMX MACIITa0OB.
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4.BblBO U OTOBPAXEHUE PE3YJIbTATOB

Nrak, MBI paccMOTpenu KoJIeOaHWs MPOCTEUIIETO MPYKUHHOTO MAsSTHUKA W BBIBEIM Ha
nevyaTh U3MEHEHHUE CKOPOCTH M MepEMEIICHUs rpy3a ¢ TeUeHHueM BpeMeHH. [Ipu aTom onucanue
BbIBOJIa OOCYKJAJIOCh HE CJIMIIKOM MOAPOOHO, JIMIIL B TOH Mepe, B KOTOPOH 3TO ObLIO
HEO0OXOAMMO JIJIsl PEIICHUs POCTEHIIICH 3a1a9H.

B »9r0if rmaBe xorenock OBl TOAPOOHEE OCTAHOBHUTHCS HA BO3MOMKHOCTSX BBIBOJA B
koMmriekce PRADIS. BrisicHuTh, KakuM 00pa3oM MOXHO PacCUMTaTh W BBIBECTH Ha IeYaTh
Kakue-1100 JIpyrue XapakTepucTuk 00bekTa. M3yunTh BO3MOKHOCTH TIPOrpamMM OTOOpaKeHUs
(DISP).

3nech Mbl OyJeM MOJIb30BATHCS YK€ CHOPMHPOBAHHON paHBIIE MOACNBIO MPYKUHHOTO
MasTHHKA, U3MEHSISI ¥ JIOTIOJIHSISI COOTBETCTBYIOIIHE Pa3/IeiIbl POTPAMMBI.

4.1.0PrAHU3ALUA BbIBOOA PE3YJIbTATOB B
KOMIMJIEKCE PRADIS

B XO0JC pacucTa NCPeXOoaHOTO MpoHecCa Ha KaKJAO0M MIare HHTCrpupoOBaHUsA BbIYUCIIATOTCS
TEKYIIHUEC 3HAYCHU A OO0JILIIIOr0 KOJIMYECTBA NEPEMECHHBIX. HJ'ISI 3aa4 ME€XaHUKH 3TO:

* [EpEeMEIIEHHUs, CKOPOCTH U YCKOPEHUS 110 BCEM CTETEHSIM CBOOOIbI 00BEKTA;

*  YCWJIHSA U MOMEHTHI, IEHCTBYIOIINE Ha JIEMEHTHI TI0 BCEM CTETICHSIM CBOOO/IBI
3JIEMEHTOB;

* JIpyrHe IMepeMeHHbIE, MTOJCUYUTHIBACMbBIC MOJICIISIMH 3JIEMEHTOB. MOJIeNb 2JIEMEHTa B
obmeM ciaydae coaepKuT pabounii MmaccuB (pabounii BekTop). B 3TOM MaccuBe Moryt
XPaHUTKLCS TaKUe TIEPEMEHHBIC, KaK SHEPTHUs, TIOTJIONICHHAS SJIEMEHTOM, BEIMIMHA
MIPOJIOJIEHOTO WIIH TIOTIEPEYHOTO YCHIINS, HAITPSDKEHUE B DJIEMEHTE, TIOTCHIIUATbHAS
sHEprus AedopMaIiu dJIeMeHTa U JIp.

Bce NEPCUUCIICHHBIC BCJIMYWHBI HA3bIBAIOTCA BHYTPCHHUMH TICPCMCHHBLIMH. OOBIUHO
KOJIMYCCTBO BHYTPCHHHX IICPCMCHHLIX BCJIMUKO, II09TOMY I/IH(bOpMaI_II/ISI O HHX TIIOCJIC
BBITIOJTHCHHUS pacuc€Ta HE COXPaHACTCA. Kak u APYyruc MAOaHHBIC, OHU XPaHATCA B MACCHUBE
COCTOAHUSA pacucTa, COACPIKNUMOC KOTOPOIro 0OHOBIIIETCS HA KaXXIO0M IIare HHTCTpUupOBaHUA.

B KOHKpeTHOM 3amaye MoJab30BaTENsl MOXKET HHTEPECOBATH JIMIIb HEKOTOPOE KOJIMYECTBO
BBIXO/IHBIX XapaKTEPUCTUK (Yallle BCEr0 MX MHOIO MEHbINE, YEM BHYTPEHHHMX IEPEMEHHBIX).
Kpome TOro, 4acto BHYTpEHHSS NEPEMEHHAs SIBISIETCA JIMIIb MPOMEXKYTOYHBIM PE3yJIbTaTOM
JUIsL TIONy4YeHHs] TpeOyeMoil BBIXOJIHOM XapakTepUCTUKH o00bekTa. [loaToMy mnpuHATO, 4TO
NOJIb30BaTENb JIOJDKEH caM /s CBOEM 3aJaud OIpeleNuTh HeOoOXOAMMBIM €My COCTaB
PacCYUTBHIBAEMBIX BBIXOJHBIX XapakTEpUCTUK. [IOMUMO OIIpenesIeHHOro Moab30BaTEIEM COCTaBa
BbIBOJA HUKAaKMX JIaHHBIX II0 pe3yJbTaTaM pacyera (KpoMe CTaTUCTUKU MPOrpamMMbl
MHTETPUPOBAHUS) HE COXPaHSIETCS.

st pacueta TpeOyeMBbIX BBIXOJIHBIX XapaKTEPUCTHK UcTonb3ytoTcs [Iporpammer Pacuera
Breixonubix Ilepemennbix (ITPBIT). B kauecTBe HCXOMHBIX JaHHBIX B TaKyK IMPOTPAMMY
nepeaaroTcss HEOOXOIMMbIE BHYTPEHHHUE NIEPEMEHHBIE U TpeOyeMble Uil €€ paboThl OCTOSTHHbBIE
napaMmeTphl, 3aJJaBaeMbI€ M0JIb30BaTeseM. Pe3ynbraToM ee paboThl SBISETCS BBHIUMCICHUE OJHOMN
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WJIM HECKOJIBKMX BBIXOAHBIX NEepEMEHHBIX. [10iydeHHbIE BBIXOAHBIE TIEPEMEHHBIE COXPAHSIOTCS
B (ailsie pe3ynbTaToB pacuera. YacTh U3 HUX MOXET OTOOpa)xaTbCsl IO X0y UHTEIPUPOBAHUS B
BUie rpaMKOB Ha dKpaHe TUCTLIEs.

IIpocrenmme IIPBII mpocTo mepenuchiBarOT 3HaY€HUE COOTBETCTBYIOLIEH BHYTPEHHEH
MEPEMEHHOI B BEKTOP BBIXOJIHBIX MEpeMEHHBIX. B 00mem cirydae nmpoBosTcst Ooliee CI0XKHbIE
pacueTel, B KOTOPBIX MCIIOJNb3YETCS HECKOIbKO BHYTPEHHMX IIE€PEMEHHBIX M BBIYMCIISAETCS
HECKOJIbKO BBIXOJHBIX MepeMeHHbIX. Daiil pe3ynbTaToB pacueTa OCTaeTcsl Ha JUCKE Mocie
3aBepIIEHUS] BBIYMCICHUH M MOXXET OBbITh HCHOJb30BaH B JalbHEMIIEM aHamuze — JUIs
MPOJODKEHUST PACUETOB, a TakXKe JJIsi OTOOpa)KeHUs WM IOCTHPOLECCOPHONH 00pabOTKH
pE3yJIbTaTOB.

Ha kaxxnoMm 1miare MHTErpUpOBaHUs Ul pacyeTa BBIXOAHBIX IIEPEMEHHBIX HCIIOJIB3YETCS
HEKOTOpPO€  KOJMYECTBO BHYTPEHHHMX IepeMeHHbIX. [lonp3oBarens, ompeneauBIINCH
IpeBapUTENIbHO CO CIIMCKOM HMHTEPECYIOIIMX €ro BBIXOAHBIX IEPEMEHHBIX M BBIOpaB
noaxoxasmue s ux pacuera [IPBII, nomxken yka3aTs, Kakue MMEHHO BHYTPEHHUE ITIEPEMEHHBIE
OyAyT UCIIONIB30BaHbI JUISl pacyeTa BBIXOHBIX XapaKTEPUCTHK.

Jnst oroit menu (T.e. ISl yKa3aHUS HAa COOTBETCTBYIOIIME BHYTPEHHHE MEPEMEHHbBIE) B
komiuiekce PRADIS wucnons3yroTcs ykaszaTenu Ha BHYTPEHHUE IEepeMeHHble. Paznuyaror
yKa3areyld TPEX TUIIOB.

IlepBblii TN yKa3zaTeds — yKaszaTeldb Ha MOTEHIMAIbHBIE XapaKTEpUCTUKH y37a (B
MEXaHUKE — KHHEMAaTHYECKUE XapaKTEePUCTUKH y3J1a: TIEPEMEIeHHE, CKOPOCTh, YCKOPEHHE).

Bropoii Tun yka3zarens — ykaszaTeldb Ha MOTOKOBYIO IEpEMEHHYIO (B MEXaHHKE — Ha
CWJIOBYIO IEPEMEHHYIO: YCUIINE UIIM MOMEHT).

TpeTnii THII YKa3aTCJIA — YKa3aTeCJib Ha 3JICMCHT pa60qero BCKTOpa MOJCJIN 3JICMCHTA.

Hnsa xaxnpon IIPBII 3amaercs cnmcok ykasareneld Ha COOTBETCTBYIOIIME BHYTPEHHHUE
nepemeHHble. [Ipuyem, konmuectBo mnepenaBaembix B [IPBII ykazareneii Ha BHyTpeHHUE
IIEPEMEHHBIE U UX THIl olpenensercs onucanueM coorsercTByromei [IPBII. B Hexoropsie
I[IPBII MoOXHO mepenaBaTh yKasaTelIM pa3IMYHbIX THIOB, i apyrux [IPBII  Tun
[IepEeAaBaEMOro ATOU IPOrpaMMe yKas3aTellst CTPOTrO OIPEIEIICH.

4.2. HEKOTOPBIE NMPOIrPAMMbI PACHETA BbIXOAHbIX
NMEPEMEHHbIX

B 6a3oBoii 6ubiMoTeKe MporpaMM pacdeTa BBIXOIHBIX IMepeMeHHbIX KomIuiekca PRADIS
UMEETCsl HEKOTOpOE€ KOJIMYECTBO IPOrpaMM pacueTa BBIXOJHBIX IepeMeHHbIX. CocTaB
oubmmotexku TTPBII mocTostHHO M3MEHsSIETCS 3a CYET MOSBJICHUS HOBBIX mporpamm. [losTomy
IEJIBIO 3TOTO TIOJIpa3iesia IBISIeTCS He JeTallbHOEe 3HAKOMCTBO ¢ 06a30Boi oubmorekoit [1PBII, a
paccMoTpeHre pa3nudHbiX pasHoBugHocTed [IPBII Ha mnpuMepe HECKONBKMX MPOrpamM.
Taxumu pasHoBuaHoctamu [IPBII sBisrores

* TpOrpamMMbl, BBIBOJSIIME 3HAYEHWUS BHYTPEHHUX TIEPEMEHHBIX KOMILIEKCA
(manpumep, S, V u A). Kak npasuno, B takue [IPBII nepenaercs onHa BHyTpeHHsA
MepeMEeHHas ONPEIeNIEHHOTO TUIIA;
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¢ IOporpamMmsl C (bI/IKCI/II)OBaHHLIM KOJIMYCCTBOM IICPCAaBACMbBIX B HHUX BHYTPCHHHUX
NMEPCMCHHBIX, UCIIOJB3YIOMKUEC 3TH MEPEMCHHBIC KaK NPOMCIKYTOUHBIC PC3YJIbTAaThI
IJI pacdeTa Tpe6yeMBIX BCJINYHH,

e IIPBII c¢ NEPpECMCHHBIM  KOJIMYCCTBOM TIIEpCAaBaCMbIX B HHUX BHYTPCHHUX
NMEPEMEHHBIX, UCIIOJB3YIOMUE 3TH IMEPEMEHHBIC KaK IMPOMCEKYTOUHBIC PE3YJIbTaThbl
IJIg pacucTa Tpe6yeMHx BCJIIMYHH.

Kaxnas u3 stux pasHosuanocteid [IPBII moxer paccuMThiBaTh BEKTOP M3 HECKOJIBKHX
BBIXOJHBIX MEPEMEHHBIX.

4.2 1.Mporpammbl S, V, An X

OcHOBHOW U Hambojiee YacTO UCIOJNb3YyeMONH TMPOrpaMMON pacdeTra BBIXOIHBIX
nepeMmeHHbIX B koMiuiekce PRADIS siBnsercs nmporpamma S. B npocreiinem ciydae ¢ mOMOIIBIO
3TOM MpOrpaMMbl MOYKHO BBIBECTH BEIMUYMHY IE€pPEMEIICHUs AN JIIo0oro ys3na oobekra. s
9TOrO0 B KayecTBE€ YyKas3aTelss Ha BHYTPEHHIOKO IIE€PEMEHHYI0 HCIIOJIB3YeTCsl HOMEp
COOTBETCTBYIOIIETO y3na (ykas3aTeiab IepBoro tuma). BeiBox mepemenienus 1-ro ysma B ToH
CUCTEME €MHHUII, KOTOpas UCIOIb3yeTcs AJis pacueTa (B HallleM cllydyae — B METpPax), BBIISAIUT
CJIEAYIOIUM 00pa3oM:

llepememenne 'S (1; 1.0)

Kak BuaHO W3 MNpUBENEHHOrO0 MNpHUMEpa, yKa3aTeldb Ha IEpPEJaBaeMyl0 BHYTPEHHIOIO
MepeMEHHYI0 3a7aeTCsl B CKOOKax Ha mepBoM mecTe (10 pazaenuteds;). [locne pazaenurens nms
nporpaMMbel S 3a7aeTcs BelWYMHA MaciiTaba mpeoOpa3oBaHUS BHYTPEHHEW MEepEMEHHOW B
BBIXOJIHYI0. B mpuBegeHHOM BBI30BE yKa3aH MacmTad mpeoOpa3oBaHusi BHYTpPEHHEH
MEPEeMEHHOM, paBHBIA 1 (T.e., BEIBOJI BEJIMYMHBI MEPEMEIICHUsI B TOW KE CHCTEME €IWHHII, B
KOTOpOW MPOBOAWIICA pacueT — B MeTpax). Eciau B ToM ke mpumepe moTpedoBayicsi ObI BBIBO
nepeMenieHns] B MWIIUMETpax, TO TaKOW K€ BBI30B MPOTPAMMBI pacyeTa BBIXOIHOMN
MEePEMEHHOM BBITIISEN OBl MO-APYTOMY:

llepememenne 'S (1; 1000)

Jl1s BeIBOJA CKOPOCTH WJIM YCKOPEHMsI MCHOJIb3YIOTCS COOTBETCTBEHHO Mporpammsl V U
A. Ilpu stom B IIPBII B kauecTBe yka3aresis Ha BHYTPEHHIOI MEPEMEHHYIO TaKXe NepeaaeTcs
HOMEp Yy3/1a, AN KOTOPOro BBIBOAUTCA TpeOyemass KHHEMaTHuecKash XapakTepucTtuka. B
KauyecTBE MpHUMEpa IPUBEAEM BBI30B MPOrPaMMBI pacyeTa BBIXOJHOM MepeMeHHOW V mid
BBIBOJIa CKOPOCTH y3n1a 1 B Kmiiomerpax B yac (MacmTal npeobpa3zoBanus 3.6) U nporpammsl A
JUTSL BBIBOJIA YCKOPEHUS B M/C2:

CkopocTe ysma 1' V (1; 3.6);
Yckopenme ysma 1' A (1; 1)

Wtak, ayig BbIBOJIa KaKOM-TMOO0 KMHEMaTUYECKOW XapaKTepUCTUKU B MPOrpaMMy pacueTa
BBIXO/IHBIX TIEPEMEHHBIX MEPEIaeTcss HOMEp y3la 00BEeKTa, I KOTOPOTro 3Ta XapaKTepUCTHKA
BbIBOAUTCS. Kakas mMEHHO XapakTepucTHKa OyneT BBIBOJUTHCS, 3aBUCHUT OT HCIIOJIb3yEeMOI
[IPBII. ITporpamma S ucnosb3yeTcs AJid BbIBOJA NEpEMEIIeHHs], V — CKOPOCTU, A — YCKOPEHHS.

Hebonpmoe nupuyeckoe OTCTYIICHNE TI0 TOBOAY Hcmob3oBanus Tex xe [IPBII B qpyrux
peaMETHBIX 00acTsIX. OHU U T€ ke BHI30BBI
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S 'S (5; 1); U 'V (5; 1); W 'A (5; 1)

IpUBEAYT K pacueTy Uil y3Jla o0beKTa C HOMEPOM 5 B TOM cHUCTeME €IMHHUILI, B KOTOpPOM
IIPOBOJIUJICS PACUET:

* I DJCKTPUYECKHUX 3a7a4 — HHTerpana ot norennuana ("S"), morennuana ("U") u ero
nepBoil mpou3BoHOM 1o BpemeHu ("W");

* B IUAPaBIUYECKUX U MTHEBMATHUECKUX 3aJauax — MHTETpalia JaBlICHUs, IaBIICHUS U €T0
MIPOU3BOHOM MO BPEMEHU;

* B TCIUIOBBIX 33j]auaxX — MHTErpaja OT TeMIIePaTypbl, TEMIIEPATYPhI U €€ IPOU3BOIHOM MO
BPEMEHHU.

3aBepmiasi pa3roBop O mnporpamMmmax V U A, HYXHO CKa3aTb, YTO OHH MOTYT OBIThH
MCIIOJIb30BaHbI TOJIBKO JJIsl BBIBOJA TE€X XAPAKTEPUCTUK, O KOTOPBIX FOBOPUIIOCH BhIlEe. T.e., B
3aa4yax MCXaHHUKU — [JI1 BbIBOAA CKOPOCTH U YCKOPCHHA. Taxkum 06pa30M, B KaydcCTBEC
yKa3aTelell Ha BHYTPEHHUE NMEpEeMEHHbIE JJIs NporpaMMm V B A MOXHO HCIOJIb30BaTh TOJBKO
yKas3aTelnu NepBoro THUIa.

[Iporpamma X siBnsieTcst 6osiee yHUBEPCAIbHOM M MOKET OBbITh MCIOJIb30BaHa Ul BBIBOJA
JTOOBIX BHYTPEHHUX MEPEMEHHBIX — YCHIUN, MOMEHTOB M MEPEMEHHBIX, PaCCUUTHIBAEMBIX
MOJIETSIMU 3JIeMEHTOB. /{1151 BbIBOJa BEIMUMHBI YCUIIMS MJIM MOMEHTA HCIIOJIb3YETCSl yKa3aTelb
Ha cuiy (yka3aTeidb BTOPOro tuma). Tak, BBIBOJ BEIMYMHBI YCHUIUS, ACHCTBYIOLIETO Ha
IPYXHUHY CO CTOPOHBI TOYEYHOTO WHEPLMOHHOTO 3JIEMEHTAa, B HaIlell 3ajaye BBITIIAJEN Obl
CJIeTyIOIINM 00pazoMm:

Ycunue 'X (I:lOpyxmua(2); 1)

B »tom BBI3OBe mpusHak "[:" roBopuT O TOM, YUTO B MPOrpaMMy pacyeTa BBIXOJTHOM
nepeMeHHoi X mepenaercs ykazareib Ha CUITY, ACUCTBYIOUIYIO Ha AJIEMEHT ¢ UACHTU(UKATOPOM
"IIpy>xuHa" 1mo BTOpOil BETBU 3TOro 3jeMeHTa (T.€., BETBU, COCIUHEHHOU ¢ y3iaoM 1). DToT
BBI30B MPUBENIET K BBHIBOJY YCUJIMS, NEHCTBYIOIIero Ha snemeHt "llpyxuHa" u u3MepseMoro B
Heroronax. B 3amagax MeXaHWKH [Js ONpEACTCHHS YKas3aTedass BTOPOro THUIA MOXKHO
UCIIONBb30BaTh Takxke mpu3Hak ykazatens "F:". Tak, g BbIBOJa TOM K€ MEPEMEHHON B
KHJIOHBIOTOHAX (MacmiTad npeodpaszoBanust 0.001), MOkHO OBUTO OBI MPUMEHUTH TAKOW BBI30B:

Ycunmme B xH 'X (F:[pyxwuHa (2) ; 1E-3)

Ucnonb3oBanue stux ke npusHakoB ykazarens ("[:" wmmm "F:") B 3amauax MexaHMKH
BpalaTeIbHOro JBMKEHUS npuener k neperaue B [IPBII momenTa nnst cooTBeTcTByrOLIEH
BETBU 3JI€MEHTa. B Apyrux mpenMeTHbIX o0jacTsaX mpusHak ykazartens "[:" ucmombsyercs ans
(dbopMHpOBaHHUs yKa3aTelsl Ha MOTOKOBYIO MEPEMEHHYIO, XapaKTEePHYIO JUIsl 3TOH NMpeIMeTHON
o0jacTu — CWIly TOKa, pacXoi, TEIUIOBOM MOTOK. [yl ompesenieHus: TEIIOBOTO WM MacCOBOTO
MOTOKa MHOT/A MOJIE3HO OBbIBAET UCTOIb30BaTh MPU3HAK yKazaTens "Q:".

Heobxomumo 3ametuth, uto ykazarenu "[:Dmement 1(2)", "F:Dmementr 1(2)" wu
"Q:DnemeHT 1(2)" MOTHOCTHIO SKBUBAIECHTHBHI. VX HMCHOIB30BaHUE NPUBEIET K IEperadye B
[TPBII noToxoBO# epeMEHHOM JIsl BTOPOIl BETBU 3J1eMeHTa ¢ uieHTUu(ukaTopoM "Diement 1".
CymiecTBOBaHNE PA3IMYHBIX NPU3HAKOB yKaszaTens it nmotokoBod nepemennoit ("I:", "F:" u
"Q:") Bo BxomHOM s3bike Komiiekca PRADIS oObsicHsercs TeM, 4TO Ui pa3IUYHBIX
IpeIMETHBIX o0slacTell TPaAMLIMOHHO MPHUHSTHI OIpeNeieHHble O0003HAaUY€HUs IOTOKOBBIX
nepeMeHHbIX. TOK B 3NIeKTpoHUKE 0003HavaeTcsi OykBoii I, cuna B mexanuke — OykBoii F, motox
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B TUApaBIMKE WIM TepMojauHamuke — OykBod Q. ITosToMy s WH)KEHepa, peIarouiero,
CKa)keM, 3aJjaud MEXaHUKH, MOXKET MOKa3aThCs yJOOHBIM HCIIOJIb30BATh JJIs (hOPMHpPOBAHUS
yKazaress BTOPOro Tuma npusHak ykasarens "F:". [[ns ruapaBnuka — Q u T.1.

OnpaBaHHBIM SBJSIETCA M TaKOW MOAXOM, MPU KOTOPOM ISl BCEX MPEIMETHBIX 00sacTel
MOTOKOBasi TMepeMeHHass 0003HayaeTcss CTaHJApTHO M OJUHAKOBO. ABTOpBI, Kak MpaBUIIO,
UCTIOJIB3YIOT BO BCEX 3aJauax YHUBEpCaJIbHbIM NMpu3HaK ykaszarens "[:" (370 mpuHATO U Aajiblie
B 3TOM nocoOun). Bce He cornacHple M He OYEHb COTJIaCHBIE C 3TUM MOAXOAO0M MOTYT MPUHATH
CBOM IIpaBUJIA.

Kak yxe roBopuiioch BbIIIE, AT KaXI0M MOAETH 3JIE€MEHTa MOTYT OBITh OIpeesIeHbI
IIEPEMEHHBIE, TAK)KE€ OTHOCSALIMECS K BHYTPEHHHUM IEPEMEHHBIM KOMILUIEKCA W JTOCTYIHbBIE IS
nepefaud B IPOrpaMMBbl pacyeTa BBIXOIHBIX INEPEMEHHBIX. JTO INEPEMEHHBIE, BXOIAIINE B
coctaB pabouero BekTopa Mojena. Jias KaxaoW MoJenyd HajJudue TaKUX TepEMEHHBIX
OIIPENIETICHO B €€ onucaHuu. Tak, COIIaCHO ONMCAaHUIO, B Mojaenu sjneMeHTa K umeercs ogna
pabouasi mepeMeHHass — BEJIUMYMHA DSHEPTUH, HAKOIUIEHHas »JeMeHToM. [[ns yka3aHus Ha
3JIEMEHT paboyero BEKTOpa MCHOIb3yeTcsl Mpu3HaK W (9TOT MpU3HAK ONpesessieT yKa3aTelb
TpeTbero Tuna). B Hamieil 3agaye BbIBOJ SHEPTUH, HAKOIIJIEHHOW MPYXUHOU, OCYIIECTBIISETCS
CJIEAYIOIIHUM BBI30BOM:

SHeprusa nedopmaumm npyxmesl 'X (W:Ipyxmua(l); 1)

3nech 3agaeTcs BBIBOJ INEPBOrO 3JeMEHTa padoyero BEKTOpa JUIs MOJEITH 3JIEMEHTa
"[IpyxuHa" B cUCTEME €UHUL, B KOTOPOU NMPOBOAMIICS pacyeT. [lonbITka BEIBOAA IS 3JIEMEHTA
"ITpy>xuHa" BTOpOro 3yieMeHTa pabo4yero BEeKTopa

Hexass pabouas nepeMeHHas 'X (W:Ipyxmua(2); 1)

MpUBEAECT K BBIBOAY BEJIWYMHBI, K 3jeMeHTy "lIpykuHa" HMKAKOro OTHOIIEHUS HE
I/IMGIOH.ICI\/'I. KpOMe TOro, KaKk Yyixke 6I>IJIO CKa3aHO BBIIIC, ITOIBITKA HUCIIOJAB30BaHHUA OJIA BBIBOJA
JJIeMeHTa paboyero BEKTOpa MOJAENTH MporpaMMm V WM A JUIIEHa CMbICIa, TaK Kak 3TH
MpPOrpaMMBbl MPEAHA3HAYCHBI TOJAbKO JIsi BBIBOJA 3HAYEHHUSI CKOPOCTH M YCKOpPEHHUs y3.ia
(WM UX aHAJIOTOB B CUCTEMAaX APYro (U3NYEeCKO MpUpOIbI).

[Tonb30BaTenb, BHUMATENIBHO U3YUHMBIIUN ONMUCAHHE S3bIKA, B 3TOM MECTE MOKET CKa3aTh,
4TO elle He ObUIM YIOMSHYTHI JIBE BO3MOXKHBIX Pa3HOBHMIHOCTH yKa3aTelleil Ha BHYTPEHHIOIO
MEPEMEHHYI0 — HOMEp y3JIa C CAMBOJIOM ' U HOMED y3J1a ¢ CUMBOJIOM ". VI TaKOMy TOJIB30BaTENIO
MBI ipsiMo ckaxkeMm: "Jla. He 6putn". [loaToMy momsiHeM 37€Ch.

Ecnu B kauecTBe ykazaTensi Ha BHyTPEHHIO IepeMeHHyto B Tekcte PRADIS-nporpaMmel
HCIIOJIb3YETCsl MPOCTO HOMEP y3i1a, TO B cooTBeTcTBYIONIYI0 [IPBII nepenaercs BekTop U3 Tpex
NepeMeHHBIX, MEPBbIM 3JIEMEHTOM KOTOPOIO SIBISETCS NEPEMEILEHUE, BTOPBIM — CKOPOCTD,
TpeTbuM — yckopeHnue. [Iporpamma X nepenucsiBaeT B BEKTOP BBIXOJHBIX IEPEMEHHBIX MIEPBYIO
U3 NepefaHHbIX €l nepeMeHHbIX. [I0aToOMy B 3TOM ciyuae, Kak Mbl BUAEIHU BbIIIE, OHA BBIBEJET
nepeMenieHne I y3ja C yKa3aHHbIM HOoMepoM. lcronb3oBaHHME B KadecTBE yKa3aress Ha
BHYTPEHHIOIO IIEPEMEHHYI0 HOMEpa y3ja C CUMBOJIOM ' NMpPHUBEAET K IEpeladye B IPOrpaMMy
BEKTOpa U3 JBYX IIEPEMEHHBIX, MEPBBIM U3 KOTOpPHIX OyAeT ckopocTh. B sTom ciyuae
nporpaMMa X BBIBEAET CKOpPOCTh. Mcmonbp3oBaHume HOMmeEpa y3jla ¢ CUMBOJOM " IPHUBENET K
BbIBOJy yCKopeHHs. Takum oOpa3om, JUisi HAlllero 3aJlaHusi Ha aHalIU3 BBIBOJ CKOPOCTH U

yCKOpeHus y3ia 1 Mor Obl OBITh OCYIIECTBIIEH U BTOPBIM CIIOCOOOM:

CkopocTre yBma 1' X (1'; 3.6);
Yckopenme ysma 1' X (1"; 1)
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Takue ykazarenu, kak 1' m 1", ucnonesyrorcs mig nepegaun B [IPBIT norenuumanbHoi
MEePEMEHHOM (CKOPOCTH M YCKOPEHHs ), TO3TOMY OHM OTHOCSTCS K ykazaTtensim [IEPBOI'O tumna.

4.2.2.MporpamMmmMbl pacyeTa BbIXOAHbIX NepeMeHHbIX,
ucnonb3yruwme BHyTPEeHHUEe nepeMeHHble KOMNeKca B
KayecTBe NPOMEeXYyTOUYHbIX BeJIMYMH ANs pacyeTa
BbIXO4HOW NepeMeHHOMn

Bo MHoOrumx cnydasx BHYTPEHHHME II€PEMEHHBIE, IOJIy4acMbleé Ha KaXJOM Ilare
MHTETpUPOBaHUs (OHU NEPEUYHNCIICHBI B HAYaJIE TJIaBbl), ABJISIOTCSA TOJBKO MPOMEKYTOUHBIMH TS
MOJyYeHUs] OKOHYATEJbHBIX BBIXOJHBIX XapaKTEPUCTHUK. Torja MMEEeT CMBICT BBIBOAMTH HE
HEINOCPEJICTBEHHO BHYTPEHHHE IE€PEMEHHbIE, a HCIOJb30BaTh JApPYyrue MNporpaMMbl pacuera
BBIXOJHBIX TlepeMeHHbIX KomIiuiekca PRADIS nna npeoOpazoBanus BHyTpEHHUX ITEPEMEHHBIX B
COOTBETCTBYIOIINE BbIXOJHbBIE IEPEMEHHBIE.

B xauecTBe mpumepa AOMOJHUM Hally MPOrpaMMy pacdeToM padoThl CHIIBI U MOIIHOCTH
CUJIOBOT'O BO3JACHCTBUS Ha MacCy CO CTOPOHBI MCTOYHMKA IOCTOSHHOrO ycwius. s atoro
MO>KHO HMCIIOJIb30BaTh IPOrPAMMBI pacueTa BBIXOJIHBIX nepeMeHHbIX N 1 W. X BBI30B HEMHOTO
CJIOJKHEEe, YeM I IPOrpaMM, ONMCAHHBIX B IPEABIAYIIEM IIyHKTE, W aBTOPbl HE IIOMHSAT
JIOCKOHAJIbHO BCE OCOOEHHOCTU BBI30OBOB ATHX MporpaMM. Jljis mosydeHHs: KpaTKoW CIpaBKU
Bocnoab3yemcs BcTpoeHHbIM HEL P'om:

>ARM ? N W

Te mecra ¢aiina SYSPRINT.TXT, koTOpble HHTEPECYIOT HAC B 3TOM Cily4ae, BBITJISASAT
CJICTYIOIIUM 00pa3oM:

HABBAHUE: [lporpaMMa pacueTa CMacHTabMpOBaHHOI'O BHAYEHMUS
MOIWHOCTM CHUJIOBOT'O BOSBAENCTBMUS.
TUI YKABATEJEA HA NEPEJABAEMEIE B I[IPOI'PAMMY BHYTPEHHUE I[NEPEMEHHBIE :
1 - HOMep y3;ma, K KOTOPOMY IPMIJIOKEHO CMJIOBOE BOBIENCTBME;
2 - ykasaTens Ha Cuily (MOMEHT), MOIHOCTE BOSBAEMCTBUSI KOTOPOM Ha
YKaBaHHEM y3eJy TpebyeTcs BHYMUCIUTE.
[NIAPAMETPEHI
1 - macwTab.
BEIXOIHEE I[NEPEMEHHEIE :
1 - MOWHOCTE CMJIOBOI'O BOSHAEMCTBEUSI (NpoMBBeIeHMe CHMIE Ha
CKOPOCTB) , YMHOXEeHHOe Ha MacuTab.

HABBAHME: [lporpamMMa pacy¥eTa CMacHTabuMpPOBaHHOI'O BHadYeHMs paGoTs
cunsl (MOMEHTa) Ha IepeMelleHMM yKaBSaHHOI'O ysija.
TUI YKABATEJEA HA [NEPEJABAEMEIE B [IPOT'PAMMY BHYTPEHHUE I[IEPEMEHHEIE :
1 - HoMep yBJa, K KOTOPOMY IIPMUIIOXKEHO CHUIIOBOE BOBIEMCTBUE;
2 - ykasaTens Ha cuiy (MOMeHT), paboTy KOTOPOM Ha NepeMelleHUN
YKaBaHHOTO yB3Jjla TpebyeTcsl BHUYMCINTE.
[IAPAMETPEHI:
1 - macwrab.
BEIXOIHEIE [IEPEMEHHEE :
1 - paBoTa CHJIOBOI'O BOSBIENCTBMS, YyMHOXEHHas Ha MacmTat.

[Tepssiii u3 npuBeaeHHbIXx pparmentoB ¢aitna SYSPRINT.TXT orHocutcst k mporpamme
N, Bropoit — k W.
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W3 nonydenHoit mH(OpManuM BUAHO, YTO JUIA KOKJIOW M3 ITHX IMpOrpamMm TpedyeTcs
3aJaHUe JIByX YyKaszaTeJled Ha BHYTPEHHHE IIEpEMECHHBIC: YKa3aTels Ha HOMEp Yy3Ia,
KHHEMaTUYeCKHe XapaKTePUCTHUKU KOTOPOro OyayT MCIIONB30BaHbI JAJIS pacyera, U yKa3aress Ha
COOTBETCTBYIOIIYIO MOTOKOBYIO NEpEeMEHHYI0 (cuily uiaud MoMeHT). [Ipu 3Tom cyuiecTBeHHO
Ba)XXHBIM SIBJISIETCS TOPAJOK 3aJ]aHUs 3TUX NepeMeHHbIX. [IepBbIM 00s13aTeNbHO 3aJaeTcs HOMep
y3J1a, BTOPBIM — yKa3arellb Ha CUily. B Hamem ciydyae BbI30BBI IPOIPAMM pacdeTa BBIXOIHBIX
IIEPEMEHHBIX JUI1 pacyeTa MOIIHOCTU CHJIOBOTO BO3IECHCTBHUA CO CTOPOHBI HCTOYHMKA
MOCTOSTHHOW CHJIBI B KWJIOBAaTTaXx U paboThl, MPOU3BOAMMOMN MOCTOSIHHOM cuioil, B JKoyisx,
BBITJIAIAT CIIEIYIOIUM 00pa3oMm:

MoumHoCTE cuiioBoro BosmercTeuss ' N (1, I:Cuna mssxecrm(1l) ;0.001)
PaGora cuiel ' W (1, I: Cumma TsaxecTm(l); 1)

4.2.3.NporpaMmmMbl C NnepeMeHHbIM KONIM4YeCTBOM yKa3aTesiem Ha
BHYTPEeHHUe nepemMeHHble N NporpaMmmbil,
paccuuTbiBaloOLUE HECKOSILKO BbIXOAHbLIX NepPeMEeHHbIX.

B 6azoBoii 6ubmmoreke PRADIS umeercs Hekoropoe konmuectBo [IPBII, B koTOphIe
MOXET II€peaBaTbCsl HECKOIBKO yKa3aTelled Ha BHYTpeHHUE IepeMeHHble. [Ipumepom Takon
IIPOrPaMMBbl  MOXKET CIIY’)KMTh IporpamMma OIpENeiIeHUs MaKCHMalbHOrO 3HadyeHHs u3 N
BHyTpeHHUX mnepeMeHHbIXx — MAXI. Hampumep, B OIHOM M TOM K€ 3aJaHUU MOXHO
HCIIOJIb30BaTh TAKKUE BBI30BHI ITporpaMmbl MAXI:

MaxcumManbHoe 3BHadeHme cuisl' MAXI (I:MpyxmHa 1,
I:NpyxmuHa 2; 1)

MaxcumaneHoOe nepememenme ' MAXI (1, 2, 3, 4, 5; 1)

Kak BMIHO W3 NMPUBEIEHHOIO NPHUMEPA, B IEPBOM CIydae ONPEEseTCs MaKCUMAJbHOE
3HAQUYCHHUE U3 JBYX BHYTPEHHHUX MEPEMEHHBIX, & BO BTOPOM — U3 MATH. CrHelualbHO OTMETUM,
YTO Takoe BO3MOHO He 1ist 000 [IPBII. Bo3dMoXHOCTh 3a1aHus MEPEMEHHOTO KOJNYECTBA
yKazareliell Ha BHYTpeHHHE nepemeHHble npu Bbi3oBe [IPBII cnenmansHO oroBapuBaercs B
ONMCAaHUM TporpaMmbl. Tak, s yKe MCHoJb30BaHHbIX B Hamem npumepe [IPBII
(S,V,A,X,W,P), 5Ta BO3MOKHOCTbH OTCYTCTBYET.

VY nporpammsl pacueTa BeixogHOU nepemenHoir MAXI ects eme ogaa oco0eHHOCTH. OHa
paccunThIBACT HE OJHY BBIXOJHYHO IIEPEMEHHYIO, a IBe. ['0BOpAT, YTO paccuuThIBaeMas ¢
nomoitbio mporpammbl  MAXI BbIxo/Has mnepeMeHHas SBISAETCS MHOTOKOMIIOHEHTHOH (B
JTAHHOM ClTy4yae — IByXKOMIIOHEHTHOI1). [lepBas KOMIIOHEHTa — 3TO MaKCUMaJbHOE 3HAYECHUE U3
TEX MEePEeMEHHBIX, KOTOpPbIE OBUIM MepelaHbl B IPOrpaMMy, a BTOpasi — MOPSIKOBBIA HOMEp 3TOM
IIEPEMEHHOM B CIIUCKE yKa3aTeJeH, IepelaBaeMbIX B IPOrPaMMYy .

JUis ToW yacTu KBaJU(HUIMPOBAHHBIX PACUYETYMKOB, KTO HE IMPOrpaMMHPOBAI MHOTO,
OTMETHM, YTO 3Ta MPOrpaMMa MOXKET OTBeUaTh TaKXKe Ha BOMPOCHI, Tuma: "Yto Oonblie — cuia
i nepemeneHre?". Jta o4ty BoJIIEeOHas BO3SMOXKHOCTh MOKET ObITh 00ecreyeHa BbI30BOM

Yro Gonmpwe ' MAXTI (I:ldpyxmua(l), 1;1)

3aaBmvii 3TOT BOMPOC B JIIOOOH MOMEHT MOXET HE TOJIbKO 3HAaTh MaKCHUMaJIbHOE
3Ha4YeHHe, BEIOpAaHHOE M3 CHJIBI U MEepEeMENIeHHs, HO U YETKO PEIIUTh BOIMPOC, UYTO K€ BCE-TAKU
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U3 HUX MaKCHMAaJIbHO — cuJa (BTOpas KOMIIOHEHTa nepeMeHHoil "Urto Gomnbiie" paBHa 1), wim
nepemMenieHne (BTopas KOMIIOHEHTa nepeMeHHol "UTto Oosbie" B 3TOM ciayyae OyaeT paBHa 2).

4.3.NMPONrPAMMbI OTOBPAXEHWUA PE3YJIbTATOB
PACYETOB

Ucxons u3 mpiciu, 9yTo Maino 3actaBuTh PRADIS nocunTaTh, Hy’)KHO YMETh 3aCTaBUTh €0
BBIBECTU TOCYUTAHHOE B YAOOHOM JUIsl TIOJIb30BATENsl BUJIE, NPOUIEMCS 37EeCh TaKXKe I0
BO3MOKHOCTSIM OTOOPaKEHHS TIOJTy9aeMbIX pe3yJIbTaTOB pacyera.

4.3.1.0nepaTtnBHOe OTOOpaXeHne BbIXOAHbIX NePEeMEeHHbIX B
xopae pacyeTa

Korja koianuecTBO BBIXOJHBIX IEPEMEHHBIX B 3a/laHMM HEBEJIHUKO (MEHbIIE 5), IpU BbI30BE
pOTpaMMbl WHTETPUPOBAHUS MEPEUUCIATh OTOOpakaeMble TEepeMEeHHble He o0s3arenbHo. B
3TOM cily4yae MO X0y pacueTa OyAyT OTOOpakaThCsl BCE BBIXOAHbIE NepeMeHHble. OaHaKo, B
PCATbHBIX 3aJlja4ax KOJIHWYCCTBO BBIXOAHBLIX NECPEMCHHBIX MOXKCT OBITE 6OJII)IHI/IM, Hn TOorga BCC
OHHU Ha HKpaHe MOTYT He yMeCTUTbCsA. OObIUHO, /Ul BU3YalbHOTO KOHTPOJIS X0J1a pacyera 3To U
He o00s3aTenbHO. B TakoMm cilydae HYXKHO BBIOpaTh JBE-TpH HawmOoJiee MpPEICTaBUTEIBHBIX
HEPEMEHHBIX, KOTOPBIE XapaKTEpU3yIOT OCHOBHBIE MapaMeTphl MpoLecca, U BBIBOJI KOTOPBIX HA
9KpaH JaeT HauOoJbIIee KOJINYECTBO Mosie3Hoi mHpopMaruu. OcTanbHble IepeMEHHbIe Oy IyT
JOCTYIIHBI JUIsl OTOOpaXKeHMs TIOoclie OKOHYaHMs pacueta. Eciam nmias pacdera mporecca
HCIIOJIB3YCTCA HECKOJIBKO HNpOrpaMM HHTETPHUPOBAHUSA, TO B Ka)KIIOﬁ U3 HUX MOXHO OIIMCAaThb
cBOM Ha0Op 0TOOpaXkaeMbIX NEPEMEHHBIX.

Yuureisas BbIICCKA3aHHOC, IJIsI OIICPATUBHOIO OTO6pa)KeHI/I$I B HameH 3aJa4y€ MOXKHO
OCTaBUTH CHUITY U NICPEMCIICHUC, COXPAHUB TEC KC MacITaobI BBIBOJ1A.

Ecnu onepatuBHBIN BBIBOJ MH(POPMAITUN HE OMPEJICIICH MOJIb30BaTENIeM, a B TPOrpamMme
3a7laH pacyeT OOJIBIIOr0 KOJMYECTBA BBIXOIHBIX MEPEMEHHBIX, TO MPOrpaMMa HHTETPHUPOBAHUS
He OyneT cebs 0co00 yTpYKIaTh Pa3MBIIUICHUSIMH O TOM, KaKHE€ U3 BBIXOJHBIX MEPEMEHHBIX
HY)KHO oToOpakaThb B Xoje pacyera. [Ipm sTom OyIayT OTOOpa)katbCs JIFOOBIC BBIXOHBIC
MEPEeMEHHBIE B TOM TOPSAKE, B KOTOPOM 3TO OyIeT ya0o0HO TporpamMMme WHTETPUPOBAHUS.
[TosTOMYy CTOMT emie pa3 HAOMHHUTH, YTO XOPOIIUM CTHJIEM MPOTPaMMHPOBAHHS Ha S3bIKE
PRADIS sBnsiercst mepedrciieHue sl TPOrpaMMbl HHTETPUPOBAHUS CITUCKA OTOOpakaeMbIX 1O
XOJIy pacueTa MepeMeHHBIX C YKa3aHUEM COOTBETCTBYIOIIUX HIKHETO M BEPXHErO OTPAHUYCHUS
ITHX BEJTHYHUH.

4.3.2.NNporpaMmMbl CUMBOJIbHOIO OTOOpaXeHusl pe3ynbTaToB
pacyeTa

B cranpmapTHOW BepCcHMU KOMIUIEKCa MMEETCSl MporpaMMma OTOOpPaKEHHs, MO3BOJISIOLIAS
OTIEPAaTHBHO BBIBOJIUTH HWHGpOpMAIMI0 O pesyibTaTax pacdera Ha AIIITY. Dto mporpamma
BBIBOJIa MH(pOpMAIMK O pe3yibTarax pacuera B Buje Tabmuisl — TABL. Ee nocTomHcTBOM 1O
CPaBHEHMIO C JAPYTUMHU MpOrpaMMaMu OTOOpaxXeHHs SBJSETCS TO, YTO OHA IO3BOJISIET IS
J000r0 MOMEHTa BpPEMEHHM IIOJyYUTh TOYHOE YHCIEHHOE 3HAYCHHME HYXHOW BEJINYUHBI

40



(3HaueHHe BEIMYMHBI, MOJy4YeHHOE M3 rpaduka, MpH JIFOOOM crocobe MOCTpoeHHs Tpaduka
Oyner MeHee TouHbIM). Kak ¥ uid BcexX OCTalbHBIX NHpOTrpaMM pacdeTra U OTOOpakeHus,
ynpasisomas nHpopMalys i Hee 33/1aeTcsl B BUIE KIIOUEBbIX mapaMeTpoB. /i noixydeHus
CIIPABKH 3arJisHEM B CIIPaBOYHHK IO CUCTEME UJIH, KaK U paHblIle, BBEIEM KOMaHay

>ARM ? TABL

Haubonee unrepecusiit ans Hac ceiiuac yyactok ¢aiina SYSPRINT.TXT umeert Buna:

HASBAHME : lIporpaMmMa oTobpaxeHMsT PeSyInbTaTOB B BUIE
TaGNMLE SHaYEHWMM BHXOMOHHX [NEePEeMEHHEIX .
KJIOYEBBE ITIAPAMETPEHI:

START - HavalbHEM MOMEHT BPEMEeHW;
END - KOHEUYHHII MOMEHT BPEMEeHM;
ouT - mWar BHBOHA 10 BPEeMeHN;
FORMF - ¢m;mar ynpaBneHuss popMaToM BHBOZA :
npmu FORMF=1 ¢opmaT BHBOAA C OMKCHMPOBaAHHOM TOYKOM.
OI'PAHNYEHNSA :
MaxcuMaJIbHOE KOJIMYECTBO BBIXOOHEIX I[Ie€peMeHHHx - 14

TPEBEYNIMECS YCTPOUCTBA: He TPpebyHoTCs .

Wtak, mna ynpaeineHus pabotoir mporpammbl TABL MOXXHO TOJNB30BaThCS HYETHIPHMS
kmoueBbiME Tapamerpamu. C momoinpto mapamerpoB START u END 3amaercst TpeOGyembrii
BPEMEHHOM MHTEpBaJ BbIBOJA. ECiM 3T mapaMeTpsl HE 3a/1aHbl, BBIBOJUTCS BECh PACCUUTAHHBIN
Juis mporiecca BpemeHHoi uHTepBail. [lapamerp OUT ynpasnser marom BeIBoAa WHGOpMaUu
1o BpemMeHu. Ero geiicTBue aHajloruyHo AEMCTBHIO cooTBeTcTBYIOmero napamerpa GRAFCH.
OTnnuue 3aKirodaercss B 3HAUEHUSX, IPUHUMAEMBIX JUIsl HETO 110 YMOJYAaHUIO U B JAEUCTBHAX
nporpammel, koraa BennuuHa OUT mpeBoCXOOUT pa3sHULly MEXKIy HadalbHbIM U KOHEYHBIM
MOMEHTOM BpeMeHu i BbiBoauMoro wuHrepBana (END — START). lnas GRAFCH 1no
ymomuanuto npuaumaercss OUT=0.1, a B cmyuae, ecmu OUT > END — START, To Oyaer
BbIBEJICHA TOJBKO ofHa cTpoka rpaduka. /s TABL Bennumna ximoueBoro mapamerpa OUT,
npuHuMaeMas 1o ymondanuio, OUT=1.E10, a B cmyuae, ecniu OUT > END — START, To O6yzner
BBbIBEJICHA TOJIBKO IIIaNKa TaOJHIBI PE3yJNbTAaTOB — 3KCTPEMalibHbIE 3HAUYEHHUS OTOOpa)KaeMbIX
NIEPEMEHHBIX Ha 3aJaHHOM BPEMEHHOM HHTepBasie. BBIBOJ UYMCIOBBIX 3HAYEHHWN BPEMEHHU M
BBIXOJHBIX NEPEMEHHBIX OCYIIECTBIsIETCs B (hopMmaTe ¢ IulaBaroniei Toukoil. Yacto ynoOHee u
HarJsiiHee MpeACTaBIATh YKcia B popmare ¢ GUKCUPOBAHHON TOUKOU. JIJIs 3TOTO UCTIONb3YyeTCs
¢nar ynpasnenust ¢popmarom nedatn FORMF. Ecnau 3anano FORMF=1, To BBIBOA YMCIIOBBIX
3HAYCHUM OcCymIecTBisieTcss 1o ¢opmary, coorBeTcTByronemy dopmaty FORTRAN’a F12.6
(Bcero s MpEeACTaBICHUS YKCIIa UCMOJb3yeTcss 12 mo3uuuid, U3 HUX 6 MNO3UMIUNA — MOA
npejcTaBieHue ApoOHON yacTu). B ciaywae, eciu 3Toro mosis [ MpeicTaBiIeHUs Yyucia OyaeT
HEIOCTATOYHO, TO HAa €T0 MECTE BLIBOMATCS CUMBOJIGI "'*".

B cnpaBouHoii nHGOpMAaLUK rOBOpUTCS Takxke, uro nporpamma TABL moxeTt BbIBecTH B
o/IHy Tabymiry He O6oJiee 14 oToOpakaeMbIX IEPEMEHHBIX.

Hcnone3dyeM »Ty mnporpaMMy B HalleM MpuUMepe Al OTOOPaKeHHs BEJIMYUHBI
HAaKOIIJICHHOH IPYXUHOM SHEPTUU U COOTBETCTBYIOIIETO 3TOM YHEPTUU NIEPEMEIICHUS:

PacTsaxeHne m sHeprus npyxuus 'TABL START=0,END=1,0UT=0.01;
I[lepeMemenne,
SHeprusa nJedopMamyy NOpPyXUHE)
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3ameruM, uyto ans nporpaMmmbl TABL He HyXHO 3aaaBaTb HMJKHEE M BEpPXHEE
OTpaHHYEHUs] Ha MHTEpBaJl OTOOpa)keHUs BBIXOJHON mepemeHHoil. [loaTomy, eciu oHu OyayT
3aJ]aHbl, IOJIyYUM COOOIIEHUE O CHHTAKCHUECKOM OInoKe.

4.3.3.0TO0OpaxeHne pe3ynbTaToB pacyeTa B Buae rpacukoB
Ha 3KpaHe Aucnnes.

Ecnu Bama BelYMCIUTENbHAs yCTaHOBKA MMeEET TpaHUuecKuil SKpaH, TO CKOpee BCEro
OCHOBHOM MporpaMMoii oToOpa)keHHs, KOTOPOH BBl OyJeTe IMO0JIb30BAaThCs, CTAHET Mporpamma
0TOOpakeHHsI pe3yIbTaTOB pacueTa B BUje rpaukoB Ha 3KkpaHe aucruies — DISP.

Ota nporpamma uMeeT 3 KIH4eBBIX napaMmerpa. 3HaueHus napamerpoB START u END
MMEIOT TOT € cMbIci, 4to W mis nporpammbl TABL. Ilapamerp OUT B nmaHHOM ciydae
OTCYTCTBYET, TaK KaK IIar BbIBOJA OIPEHEISICTCS pa3pelleHueM uMerolerocs y Bac skpana
JUCILIES ¥ TIOJIyYEHHBIMH B XOJI€ pacueTa pe3yJsibTaraMmu. 3aTo ais nporpammel DISP umeercs
elle OAWH KIIIOUEBOW IapaMmeTp, C KOTOPBIM Mbl PAaHEE €II€ HE BCTPEYaIuCh. B HEKOTOPBIX
CIIy4asiX HY’KHO MOJIYYUTb IpauKy TE€X WM UHBIX BETMYHUH B 3aBUCUMOCTH HE OT BPEMEHH, a OT
JIpyroi BBIXOJHOM mepeMeHHOM. [lnst sTol nenmm wucnonssyercss napamerp FROM. Otor
rapaMeTp 3aJaeT MOPSIKOBBI HOMEP TOW BBIXOJHOM MEPEMEHHON U3 CHUCKA, YKA3aHHOTO MpHU
ONKCAaHUM BbI30BA MPOTPaMMBbI, B 3aBHUCUMOCTH OT KOTOpPOW TpeOyeTcst CTpOUTh Ipaduku
OCTaJIbHBIX TepeMeHHBIX. Ecnu 3ToT mapameTrp He 3agaH win 3agaHo FROM=0, to rpaduku
CTPOATCS B 3aBUCUMOCTH OT BPEMEHU.

3amanuM B Hamled mporpaMMe JiBa BbI30Ba Iporpammbl oToOpakenust DISP. B mepBom
BBI30BE OIpeeINM OTOOpakeHHE MOJYyUYEHHBIX KMHEMaTHYECKHX XapaKTePUCTUK MasTHUKA —
nepeMeIleHus, CKOPOCTH M YCKOPEHMs, a Takke SHepruu aedopmanuu npyxussl. [Ipu stom
rpaduk mepeMenieHusl BbIBEIEM B JIBYX pa3HbIX MaciiTabax (0auH U3 MacmTaOOB MO3BOJIUT
paccMoTpeTh oOumMii BHI Tpaduka, a BTOpPOHl — ero mnoBeAeHHE BOIM3M MaKCHUMyMa
nepeMenIeHMs ):

PesynesTaTs pacuera N1'DISP (;

Nepememenne = (0, 2),
llepemewenne = (1.9,2),
CxopocTh = (-5,5),
Yckopenne ,

SHeprusa JebopMalyy OpPyXMHE)

Bo BTOpOM BBI30BE MOTYYUM rpaduK 3aBUCUMOCTH CKOPOCTHU T'py3a, MOLUTHOCTH U pabOThI
HMCTOYHHMKA TOCTOSTHHOTO YCHJIUSI B 3aBUCUMOCTH OT BEJIMYUHBI MIEPEMEILICHHUS :

PesyneTaTH pacuyera N2' DISP ( FROM=1;
IllepeMewenne = (0, 2),
CkopocCTe = (-5,5),
MOWHOCTE CHMJIOBOT'O BOBIEMCTBUS,
PaGoTa cuis)

B nmpuBeneHHbIX BBI30BaX MporpaMm OTOOpak€HUs 3aJaHbl HU)KHEE U BepXHee
OTpPaHMYEHUS HWHTEepBala OTOOpaKeHUs JUId BBIXOAHBIX mepeMeHHbIX "[lepemerienue",
"Cxopoctp". Jlns mepeMeHHbIX "OHeprus aeopmanuu npyxkuHbl", "MOIIHOCTH CHIIOBOTO
Bo3zaekcTBUA" U "PaboTa cuibl" 3T MHTEepBaibl He 3a7aHbl. [103TOMY MHTEpBajbl OTOOpaKEeHUs
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O9THUX BCJIMYHMH 6YﬂyT BH6paHH nporpaMMoﬁ OTO6meCHHH nucxoada M3 MAKCHUMAJIBHOI'O H
MHWHHUMAJIBbHOI'O0 3HAYCHUW A BEJIMYHH, ITIOJTYYCHHBIX B XOA€ UHTCTPUPOBAHM.

HyxHO oTMeTuTh, 4TO BBI3OB MporpaMmbl otoOpaxenuss DISP, kak u BbI30B J11000i1
Jpyrol mporpaMMbl OTOOpa)Ke€HHs, MOXET OBbITh OCYLIECTBIEH O€3 ONpeaeseHus CIUCKa
0TOOpa)kaeMbIX MEPEMEHHbIX. Torja, eciii KOJIUYEeCTBO BBIXOJHBIX MEPEMEHHBIX B MpOrpaMMe
HE MPEBOCXOIUT JOIyCKAeMOT0 JaHHOW MPOrpaMMOi KOJTMYeCTBa OTOOpaKaeMbIX MEPEMEHHBIX,
BCE OHU OTOOpakaroTcs. B mpoTHBHOM ciiyyae Bce mporpamMmbl 0TOOpakeHus OyAyT MOCTYIaTh
TaK e, Kak U MporpamMma HHTerpupoBaHus. T.e., Oyaer oroOpaxeHo noctymHoe it DISP
KOJIMYECTBO BBIXOJHBIX IepeMeHHbIX. [Ipu 3TOM BBIOOp cocTaBa M TOpPSAKAa BBIBOJMMBIX
NEPEeMEHHBIX OCTaeTCs 3a mporpaMmoii oroOpaxkenus. [loaromy, Bo u30exkaHue HegOpasyMeHUN
U CKaHJaJIOB, B Xopoliel mporpamMMe Ha sizbike PRADIS npu BrI30oBe nporpamm oToOpaskeHus
JKeNnaTebHO TaK)Ke BCErja ONpeAeNsaTh CIHCOK OTOOpa)kaeMbIX INepeMeHHbIX. MHorma s
Oosbiiero yao6cTBa mpu paboTe ¢ pe3yabTaTaMy WK U1 UX Pa3MEIIEeHUs B COOTBETCTBYIOIIEM
MecTe Ha 9KpaHe MOJIe3HO 3a/1aBaTh U MAaCIITa0bl H300paKEHHUS.

[To ropstunm cnenaM NOAHUMEM BOIIPOC C OTOOpakeHNEM MHOTOKOMIIOHEHTHOM BBIXO/IHOM
NepeMeHHOi (oHa obcyxaanack B myHKTe 4.2.3). JlomycTuM, 4TO OAUH U3 MOJIb30BaTENel BCe Ke
3aaJl CaKpaMEHTAJIbHBIA BOMPOC IO TOBOAY CHJIBI U MEpeMeIIeHUs (COOTBETCTBYIOLIAS
BBIXOJIHAs TIEpeMEHHas HaspiBajach Tam "Uto Oompbmie"). Torma anis BeIBOJAa KaxkaOW W3
KOMIIOHEHT JTOH TIEpEeMEHHOM HOMEp KOMIIOHEHThl YyKa3blBaeTcsi B CKOOKax Iocle
uaeHTudukaTopa:

OrBeT Ha BOIPOC 'DISP (;
Yro Gomnpme (1), Yro Bomeme (2) = (1,2))

OOparuTe BHUMaHHME, YTO TIOJIb30BAaTENIb, 3TO HAIMCABIIHMKA, O00JalaeT W3PSAHON
KBaM(UKaKe. ITO BUAHO XOTS Obl m3 TOro (hakTa, 4TO JJIsi BHIBOJA BTOPOW KOMITOHEHTHI
nepemeHHol "Uto Oosbiie" YeTKO 3adaHBl HIDKHSIS W BEpPXHSAS TpaHUIlAa HWHTEpBaja
otoOpakeHus. IlockonpKy B HalleMm ciiyyae BTOpas KOMIIOHEHTa MOKET NMPUHUMATh TOJBKO
3HaueHus | WM 2, TO OTBET Ha 3aJaHHBINA BOMIPOC MpeeinbHO yrpomaercs. Ecinu rpaduk BTopoi
MEPEeMEHHOI pHUCyeTCs MO0 HWKHEW T'paHulle oI M300pakeHUs Tpaduka — CHIia Bce elle
0oJbIIIe, @ YK €CITU 10 BEpXHEH — TO MepeMellieHne IPEeBOCXOIUT CUITY.

4.4.NPOMPAMMA PACYETA KONEBAHUN MAATHUKA,
NCMNOJIb3YIOLWAA BOJIbLUE BO3MOXHOCTEMU
BbIBOOA UHOPOPMALIUU

BaeceM HekOTOpble U3 IEPEYUCIICHHBIX BBIINIE HM3MEHEHUHM B IIPOrPaMMKY aHailu3a
Kosie0aHui MasiTHUKA. BOT 4TO MOIy4Ymiiocs y aBTopoB:

$ FRAGMENT: MastHuK

# BASE : 2

# STRUCT

Ipyxmura 'K (2,1; 10); Macca '™M (1; 1)
Cuna TssxkecT 'F (1; 9.81)

# OUTPUT

llepememenne 'S (1; 1);
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Ycunue 'X (I:Ipyxmua(2); 1)
CxopocCTe 'V (1; 1); Ycxkopenme ' A (1; 1)
SHeprus mebopmauum npyxmun 'X (W:[Opyxwmna (1); 1)
MoumHoCcTE cuiioBoro BosgemcrEusa 'N (1,I:Cuna rTsxecTm(l) ;0.001)
Pabora cunet ' W (1, I: Cumima TsaxecTn(l); 1)
$ RUN
' SHTERM (END=2; Ilepememenue=(0,2) , CxopocTe=(-5,5))

$ PRINT
PesyneTaTi pacuera N1'DISP (;
llepememenne = (0,2), lepememenne = (1.9,2),
Ckopocre = (-5,5), Yckopenme = (-100,100),
SHeprus mebopMauuM IPYXMHE)
PesynesTaTe pacuera N2'DISP (FROM=1; [epememenme = (0,2),
Ckopocre = (-5,5), MOmWHOCTE CMJIOBOT'O BOSBIEMCTBHS,
Pa6orTa cwuis)
Pacrsxenmne m sHeprus npyxwuus 'TABL (START=0,END=1,0UT=0.01;
llepememienne, dHeprusi mebopMauuM IIPYXMHE)

$ END

Hosprit Texct mporpammel Ha sizbike PRADIS mbr momectiimm B ¢aiin TEST2. 3amyck
3a/laHusl Ha BBINOJIHEHHWE aHalIM3a [0 HOBOW IIPOrpaMMeE BBIMOJHAETCS YXKE 3HAKOMOW HaM
KOMaHI0H

>SLANG TEST2

Ha stoT pa3 mo xoxy mHTErpupoBaHHs OyAyT OTOOpa)kaThCs MEpeMElIeHHe U CKOPOCTb
masTHUKa. [locie nnTerpupoBanus aBa pasa orpadoraer nporpamma DISP, moctpous Ha skpane
3aBUCUMOCTH TpeOyeMbIX BBIXOJHBIX IEPEMEHHBIX OT BPEMEHU U OT MEPEMELEHUS MasTHUKA.
[Tporpamma TABL pesynbratsl cBoeir paborel octaBur B (haitne TEST2.GRF. DOtot daiin
MOHO MPOCMOTPETH C TTOMOIIbIO TEKCTOBOTO pelakTopa 1 pacrnedarars Ha ALITY.

B 3axntoueHne xoTenoch Obl OTMETUTH €11l€ OJJUH MOMEHT, KOTOPBIM OCTajCs 3a paMKaMu
o0CyX/IeHUus B TpenbIayliei riaBe. Pedb HIET O BO3MOXKHOCTH BBINIOJNHATH 3aJaHUE Ha
OTOOpaXCHHE pPE3yJIbTAaTOB, COXPAHECHHBIX B (ailie pe3ynbTaToB pacdera, 0e3 MOBTOPHOTO
BBIMOJIHCHHSI aHAJIN3A.

JlomycTiM, HEKOTOpPOMY JHOOO3HATEIHHOMY TMOJIb30BATEII0 MPUCIHYMIO B TMOPSIKE
OKCIIEPUMEHTA YK€ TIocjie BbIMoMHEeHUs 3amaHus 11 TEST2 mocTpouTh 3aBUCHMOCTH
MepeMeIIeHUsl, MOIIHOCTH M pPaboThl OT CKOPOCTH JBIKEHUS Tpys3a. UtoObl ObuIO elme
WHTEpECHEEe, OTPAaHUYUM BPEMEHHOW HHTEpPBaJI BBIBOJAA MpPOMEXyTKoM Bpemenu 0.5...1.5 c u
OTpeAeNuM Ui CKOPOCTH Jpyrue macmtadbl. B »ToM cimyuae He TpeOyercss BBINOIHSTH
MOBTOPHBIN aHaNW3 (YTO HECYHIECTBEHHO JUIsI pacCMaTpUBAEMOM 3a/aud, HO MOXET OKa3aThCs
CYIIECTBEHHBIM AJisi Ooyiee KPYMHBIX 3a4ay). Torma 3TOT THNOTETHYECKHH JH0003HATEIbHBIN
MOJIOJION YEJIOBEK BCJIEN 3a aBTOpPAaMH HMEET BO3MOXHOCTH C(HOpPMHUPOBATH MPOTPAMMKY,
COJIepIKalIyI0 33/1aHre Ha OTOOpakeHHEe Pe3yIbTaTOB:

$ PRINT

PesynsTaTe pacuera N2'DISP (FROM=2; llepememenme = (0,2),
Ckopocre = (-5.731,5.7987 E-2), MOWHOCTE CHIOBOI'O
BOBIOENCTBUS, PaGoTa cuis)

$ END

[TomectuB 3Ty mporpamMmky B ¢ain ¢ umeHeM, ckaxkeM, SUPER, o ummeer mpaBo
BOCIIOJIB30BAaThCI KOMaHI0U
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>SLANG SUPER TEST2

U Jlajee MoJy4yaTh 3CTETUYECKOE YJIOBIETBOPEHHME OT PE3YJIbTATOB, MPEJICTABICHHBIX B
JIpyroM Buje (He Tak, Kak 3TO ObLJIO MPEeTyCMOTPEHO B TEKCTE OCHOBHOTO 3a/1aHus).

DTy BO3MOXHOCTh, KPOME BCEro MPOYEro, MOJIE3HO MCIOIb30BaTh IS "'MPUYEChIBAaHUS"
pe3yNbTaToOB, KOTOPHIE B JaldbHEHIIEM MOTYT BXOAWTH B OTYeT Mo pabore. 3a cuer mojadopa
MacmTaboB MOXHO pa3Memarh TpaduKd TEeX WIM WHBIX BEJIUYHH B HYXHOM MeECTe
UCTIONB3YEMOT0  MPOTpaMMol Mo, "pa3nBuraTh" YacTo Mepecekarommecs rpadukw,
n300pakath Oojiee KPYIMHO BBHIOpPAHHBIC BPEMEHHBIE OTPE3KU, W3MEHSTh COCTaB MEPEMEHHBIX,
BBIBOJIMMBIX Ha TOM WJIM HHOM Tpaduke. Kak moka3piBaeT OMBIT, VIS CEPhE3HOTO pacueTa peiko
yaaeTcsl TOJMYyYUTh cpa3y Bce Tpadukd B BUae, YIOOHOM UIsl 4eIOBEKa, HE HMMEBIIETO
OTHOIICHUS K AToW pabote. [losToMy Ha 3aKIIOUUTENBHBIX ITAMax, YXKE MOCIE BHITOTHEHHS
pacdyeToB, OOBIYHO MHOTOKPATHO BBITIOJHSIOTCS 3aJaHUsl HAa OTOOpakeHHWe pe3yibTaToB. [lo
XOJy 9TOi paboThl "OTIaKMBaeTCs" OKOHYATEIHHBIN BUJ MIPEACTABICHUS PE3YyIbTATOB.

4.5.PE3IOME.

1. Beco BbiBOg B komiuiekce PRADIS ocymiecTBiisieTcss ¢ mOMOIIBIO MPOTpaMM pacuera
BbIXOJHBIX nepeMeHHbIX ([IPBII). [Ins pacdera BBIXOAHBIX TepeMeHHBIX B Kaxayro IIPBII
TpeOyeTcsi mepeaarbh OAHY WIM HECKOJBKO BHYTPEHHHMX MEPEMEHHBIX, MOJyYeHHBIX padboueit
MPOrpaMMoOil B XOJIe pacueTa. 3HAUCHUS ATUX NMEepeMEHHbIX ucnoib3ytores B [IPBII ansa pacuera
TpeOyeMBbIX BBIXOJIHBIX XapaKTepUCTHK. B mpocTeifiiem ciiyyae 3Ha4YeHHWE BHYTpPEHHEH
IIEPEMEHHOM MPOCTO MEPENUCHIBAECTCS B BEKTOP BBIXOJAHBIX IEPEMEHHBIX.

2. 3HaueHHWs BCEX IOJYYCHHBIX BBIXOJHBIX TIEPEMEHHBIX COXPAHSIOTCS B (paiiie
pe3yabTaToB pacueTa. IJTOT (aill ocTaeTcs Ha MAarHUTHOM HOCHUTENE IIOCJE BBIOJHEHHUS
pacyera ¥ MOXXET OBITh MHOTOKPATHO WCIIOJNIB30BaH JUIsl TOW WIJIM MHOHM MOCTIPOIIECCOPHOU
00paboTKH pe3yabTaTOB U UX OTOOPaKEHUS.

3. dnsa nepenaun B IIPBII BHYTpeHHMX INE€peMEHHBIX HCHOIB3YIOTCS YyKa3zaTeld Ha
BHYTPEHHIOI MepeMeHHyl0. B 3aBucumoctu ot Tumna nepenaBaemoil B [IPBII BHyTpeHHel
NEPEMEHHOM Pa3In4aloT yKa3aTedn HEeCKOJIbKUX THIOB. Hamu ObUIM pacCMOTpPEHBI CleAyIOIne
THUIIBI yKa3aTeJen:

* yKasarelb Ha MOTCHIMAIBbHYIO (B MEXaHUKE — KHHEMAaTUYECKYI0) XapaKTEPUCTHKY Y3IIa.
B kauectBe ykazarensd Ha NOTEHUHAIBHYK XapaKTEPUCTUKY y3JIa MUCIOJIb3YIOTCS HOMEP
y3J1a, HOMEp y3j1a C CHMBOJIOM ' 1 HOMEp y3J7a ¢ cumBosioM ". B mepBom ciyuae B [1PBII
nepesaeTcsl BeCh BEKTOP MMOTCHIMAIBHBIX TMEPEMEHHBIX ISl y37a (B MEXaHUKE —
nepeMenieHue, CKOPOCTh M YCKOPEHHE), BO BTOPOM — BEKTOP MOTCHIIHATBHBIX
[IEPEMEHHBIX, HAUMHAs C MEPBOM MTPOU3BOJAHON OCHOBHOM IMOTEHIIMAIBHON MEPEMEHHOM
10 BpeMEHU (B MEXaHWKE — CKOPOCTh M YCKOPEHHE), B IOCJIEAHEM Ciydae — BTOpas
MPOU3BOJHAS OCHOBHOW IMOTEHIMAIBLHON MEpEeMEHHOW IO BPEeMEHH (B MEXaHHKE —
yckopenue). C TOUYKH 3peHHs TOJy4aeMoro pe3yJibTara CICAYIOINUe ONMUCAHUS
BBIXOJHBIX IIEPEMEHHBIX YKBUBAJICHTHBI:

CkopocTe 'V (3; 1) n Ckopocre 'X (3';1)
Yckopenme'A (3; 1) n Yckopenme 'X (3";1)
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* yKa3aTellb Ha MOTOKOBYIO MEPEMEHHYIO (B MEXaHUKE — yKa3aTellb Ha CUTy WJIM MOMEHT).
Jlns ompeneneHus ykasarens Ha MOTOKOBYIO NEPEMEHHYIO MCIONb3yeTcs mpu3Hak [:.
[Tocne Hero 3amaeTcst UACHTUPHUKATOP dJIEMEHTa M, B KPYIJIBIX CKOOKaxX, HOMEp BETBU
ATOTO 3JIEMEHTa, KOTOPO COOTBETCTBYET TpeOyeMasi BHYTPEHHSIS IIEpeMEHHas;

* yKazaTenb Ha DJIIEMEHT pabodyero BeKTOpa MoJAeNH »djieMmeHTta. [[ns ompeneneHus
yKazaTelsl Ha JJIEeMEHT pabodero BekTopa npumensietcss mpuszHak W:. Ilocme Hero
3a/laeTcsi MACHTU(PUKATOP MOJEIN OJJIEMEHTa M TMOPSIKOBBII HOMEp TpeOyemoit
nepemMeHHoi B pabodem Bektope. ComepkumMoe pabodero BEKTOpa s KaKI0H MOJIeTn
3JIEeMEHTa, €CJIM ATOT BEKTOp HMMEETCSl B JAHHOW MOJENH, ONMUCAHO B CIPABOYHOU
uHbopMaIuy;

4. B xommiekce PRADIS wumeerca Hekoropoe konmuectBo [IPBII ¢ mepemeHHBIM
KOJINYECTBOM YyKa3aTeJel Ha BHYTPEHHUE IepeMeHHble, a Takxke — [IPBII, paccuntsiBaromme
MHOTOKOMITOHCHTHBIE BBIXOAHBIC TiepeMeHHbIe. [[1s oToOpa)keHWs OTAENbHBIX KOMITOHEHT
MHOTOKOMITOHEHTHOW BBIXOJHOM TEPEMEHHOM B CIHUCKE OTOOpakaeMbIX IMEPEMEHHBIX s
MporpaMMbl  MHTETPUPOBAHUS M TPOTPaMMbl  OTOOpaKeHHS 3aJaeTcs HIASHTU(UKATOP
MEPEeMEHHOH U, B CKOOKaX, HOMEp COOTBETCTBYIOIIEH KOMIOHEHTHI.

5. BwixogHble mMepeMeHHBIC, COXpaHEHHbIE B (ailie pe3ylbTaTOB pacyeTa, MOXKHO
MOJABEPraTh MHOTOKPAaTHOMY OTOOpakeHHI0. B 3TOM cMbICIe TIPOM3BOJI TOJIB30BATEIS
OTpaHMYEH TOJILKO COCTABOM BKIIOYEHHBIX B KOMILJIEKC MPOTPAMM OTOOPAKEHUS M €T0 JTMYHBIM
BpeMeHeM. Kaxpiii yBakaromuii ce0s1 mons3oBaresib PRADIS cTpeMuTcst BBIMOTHUTE TOIBKO
OJIMH PACUeT, a 3aTeM 3aHUMATHCS OTOOPAKCHHUEM.

6. KonmmuecTBO OCTYNMHBIX JJIsi OJTHOBPEMEHHOTO OTOOpPaXKEHUsI BBIXOJIHBIX MEPEMEHHBIX
3aBHCHUT OT HCIOJIb3yeMO#l mporpamMmbl otoOpaxenus. Tak, TABL moxer crpouth Tabnuily
OJTHOBPEMEHHO Ui 14 mepeMeHHbIX, B TO BpeMs Kak aiasi DISP xomuuecTBO AOCTYHHBIX AJIs
OJIHOBPEMEHHOTO OTOOpakKeHHs NEPEMEHHBIX B 3aBUCUMOCTH OT THUIA HCIOJIb3yEeMOT0o
MOHHUTOpPA MOKET Koje0aThcs B mpeenax oT 5 1o 8.

7. TpanuumonHas pyOpuka "Xopomero ToHa". 31ech OHa PEeKOMEHJIAIM: yKasbIBaiTe

JUIA Ka)I(HOﬁ IporpamMmal OT06pa)KeHI/I$[ COoCTaB 0T06pa)KaeMBIX IIpU JaHHOM BBI3OBE BBIXOJHBIX
MEPECMCHHBIX.
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5. AHANN3 BOJIEE CNNOXXHOW 3A0AYM

Hauwunas ¢ 3To#i riaBbl, MbI Oy/IeM paccMaTpyUBaTh BO3MOKHOCTH KOMIUIEKCA, CBS3aHHBIC C
aHaM30M 0oJiee CIIOKHBIX 00BEKTOB, COCTOSAIINX, KaK MPaBUIIO, U3 HECKOIBKHUX (hparmeHTOB. B
MEepBOM TOJpa3jieie BBOAITCSA CpeACTBAa OMNUCAaHMSA JaHHbIX Komruiekca PRADIS wu,
COOTBETCTBEHHO, BO3MOXHOCTH 3aMEHBI IMapaMETPOB Ha MPUMEPE MOJACIU W3 MPEABITYIINX
pasnenoB. JlampHeHmui MaTepwall W3JaraeTcs s 0oJjiee CIOKHOW 3aJlayd, OINHWCAHHOW B
nojapasnene 5.2.

5.1.PA3OEN ONMNCAHUA OAHHbLIX U CPEACTBO
3AMEHbI NAPAMETPOB

Kak MBI BUIenM B MpeApIIylIMX TIaBaxX, MapaMeTpbl MoJeNiel AJIE€MEHTOB M MPOrpamMm
pacyeTa BBIXOJIHBIX IE€PEMEHHbIX B mporpamme Ha sa3bike PRADIS wmoxHO 3agaBaTh
HEIMOCPEICTBEHHO B TEKCTE onucaHusi 00bekTa. Eme oHa BO3MOKHOCTH ONMMCAHMS JTAHHBIX B
PRADIS-nporpamme — 3T0 ucnojib3oBaHue pasnaenoB onucanus AaHHeIX (DATA). B atux
paszzmenax MOTYT OBITh TPEABAPUTEIIBHO OMNPEACTICHbl CIUCKA TapaMeTpoB, KOTOPHIE B
JAbHEUIIIEM UCTIONB3YIOTCS B pa3jiefie OMHMCaHUus OObEeKTa AJIs 3aJaHus MapaMeTpoB Mojenei
3JIEMEHTOB, (ParMeHTOB, MPOTPAMM pacUeTa BHIXOIHBIX MIEPEMECHHBIX.

B namewm mpocTeiiiiem ciydae paszen ONMMCaHMs JaHHBIX M pa3/ie] ONMUCcaHUs O0BEKTa
MOTJIN ObI BBITJISAETH CIEAYIOIIUM 00pa3oM:

$ DATA

XecrxocTe = 10; Macca Tesna = 1;
BesmnumHa cuis TsixecTt = 9.81;

Macwra6 nepeMeleHMn =1; Macwra6 yCKOpPeHMuM =1;
Macmra6 ckopocTeit =1; Macmra6 sHeprUM =1;
Macwraé ycunmmi =1; Macwra6 MOWHOCTM = 0.001;
$ FRAGMENT: MasiTHMK

# BASE : 2

# STRUCT

IDpyxmra 'K (2,1; XecrxocTws); Macca 'M (1; Macca Tena)
Cuna Tsixectu 'F (1; BenmumHA CUIIBl TSIXECTH)

# OUTPUT

llepememenne 'S (1; Macwrab nepeMeleHw) ;

Ycunue 'X (I:lpyxmHua(2); Macwrab ycwumwmi)

CxopocTh 'V (1; Macwrab ckopocTei) ;

YckopeHnne ' A (1;MacurTab yckKOpeHwMit) ;

SHeprus1 medpopmaumm npyxmube 'X (W:IOpyxmua (1) ;
Macwra6 sHeprMHN) ;
MomHocTe cuinoeBoro eosmericTeuss ' N (1, I:Cuna wTstxecTm(l) ;
Macuwra6 MoOmWHOCTH) ;
PaBora cuansr ' W (1, I:Cumma TsixkecTtn(l) ; Macwrab >Heprumn) ;
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Hcnonp3oBanue chopMUpOBaHHBIX B pas3jeiie ONMUCAHHs JAHHBIX CIUCKOB MapaMeTpOB
UMEeT OJMH HEeJO0CTaTOK. JTO, KaK MpaBuJIo, OOJbIINME 3aTpaThl HA OOJyMbIBaHHE M HAOUBKY
TEKCTa MPOTPaMMBbl, YeM INPH HCIOJIb30BAHUU OMMCAHHOTO B MPEIBIAYIIMX pa3zenax crocoda
3aJJaHUs] UCXOJHBIX JAaHHBIX (MHOTHE, B TOM YHUCIIE U aBTOPbI, OCOOEHHO T€, KTO B CBOEH KU3HU
HONPOrpaMMHPOBAJI, BUAUMO YCOMHSATCS, SIBJISIETCS JHM 3TO HenoctaTtkom). IIpenmymectBa —
YIIy4IIWIach YUTAEMOCTh TEKCTa IMPOrpaMMbl M MOBBICHJINCH YJOOCTBA B €€ MHCIPABICHUU.
Tenepp He HYXHO HCKaTb KOHCTAHTY IO BCEMY TEKCTY (a OH MOXET OBITh JOCTaTOYHO
6onbpmmM). Bee 3amaBaemble A mporpamMmbl mapaMeTpbl MOTYT OBITH pa3MeIlleHbl B pasjieie
ONMCAHUS JaHHbIX.

Kpome atux, nexxamux Ha MOBEPXHOCTH, IPEUMYIIECTB, UMEETCS €le 0aHO. Bee cnmcku
apaMeTpoB, MPUCYTCTBYIONIME SIBHO B TEKCTE ONMUCAHUS O0BbEKTa, CTAHOBSTCS JOCTYIHBIMU JJIs
3aMEHbl Ha IMOCIENYIOIUX CTaausx aHanu3a. Jlns Toro, 4toObl BOCHONB30BAThCS OSTOU
BO3MOKHOCTBIO, BHECEM M3MEHEHUs B Haill MHOroctpananbHbeii TEST (B HEM mOsBUTCS pasaen
DATA, a B pazgene FRAGMENT mnpu onucanuy 3J1€MEHTOB M MPOTpaMM pacyeTa BBIXOIHBIX
MepPEeMEHHBIX OyAyT MPHUCYTCTBOBaTh TOJBKO CIHCKH NapaMeTpoB, OIMpeNeeHHbIE B pasjele
DATA, xak 3T0 ObLIO IMOKa3aHO BHIIIE). 3aIlyCTUM MPOLEAYPY BBHIIOIHEHUS 3adaHU

> SLANG TEST

U JIO’KJIeMCs 3aBepIleHHs paboThl MporpaMMbl. Pe3ynbTaThl TOMHKHBI OBITh TAKMMH K€, KaK
W JUIA 33JIaHAs U3 MPEpIAyIIel riaBel. Tenepp NpOMILUIFOCTPUPYEM, KaK 3TOM MOJEIBI0 MOXKHO
MI0JIb30BAThCSl B JOBOJIBHO PACIPOCTPAHEHHOM Ha INPaKTHKE Cilydae: Koraa TpedyeTcs pacyer
HECKOJIBKMX BapUaHTOB JUIsl MOJENIH C OJHOM M TOM K€ CTPYKTYPOW, HO Pa3HbIMH IapaMeTpaMu
JJIEMEHTOB.

JlomycTM, HaM HYXXHO TMOJYYHTh pe3yJbTaThl aHalu3a Uil HECKOJIbKUX BapHUaHTOB
nporecca. [lapameTpsl 3JIEeMEHTOB B Ka)KJJOM BapHaHTe, HAIPHMED, CIICAYOLIHe:

BapuanT 1. Macca rpy3a 0.5 kr. XKectkocts npyxunsl 5 H/wm.
Bapmuanr 2. Macca rpy3a 0.5 xr. Xectkocts npyxunsl 10 H/m.
BapuanT 3. Macca rpy3a 0.5 kr. Kectkocts npyxunst 20 H/m.

Kak u mpexne, ang pacdera Jt000Oro M3 BapUaHTOB MOXKHO H3MEHUTH IapaMeTpbl
COOTBETCTBYIOIIMX JJIEMEHTOB (B 3TOM ciyyae JaHHble HaxonaTcs B pasgene DATA
HAIMCaHHOM BBIIIE IPOTPaMMBbI) U BBIIIOJIHUTH KOMaHIy

> SLANG TEST

OpnnHako, B JaHHOM ClIy4ae ynoOHEe BOCIOIb30BATHCS JPYTrOM BO3MOXKHOCTBIO SI3BIKA, a
MMEHHO — BO3MOXKHOCTBIO 3aMEHBI MapaMeTpoOB B yxke cHOpMHpPOBAHHOW Mmomaenu. Jjis 3Toro
co3manuM ¢aiin ¢ umeHem, ckaxkeM, REPL, cogepxarmuii cinenyronryto nHhOpMaIuio:

$ REPLACE

{ HOauusle pnst pacdera BapmaHTa 1}
Macca Tesa = 0.5

XecTkocTer = 5

Benuununa cunm TsoxkecTn = 4.905

$ RUN
SHTERM (END=2; Iepememenmue=(0,2) , CxopocTe=(-5,5))

$ PRINT

PesynsTaTe pacuera 'DISP (;
llepememenne = (0,2), lepememenmne = (1.9,2),
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Ckopocre = (-5,5), Yckopenme = (-100,100),
SHeprusi mebopMauMM IPYXMHE)
$ END

Wrak, 3aganue 115 aHalIu3a epBoro BapuanTa copmupoBano. Eciy Bbl HE MOJIEHWINCH U
BBITIOJTHHUIIN IIGfICTBI/IH, OIMMMCAHHBIC B HadaJi€¢ 3TOro mnoApasaciia, TCICPb MOXKXHO pacCUUTATb
MEepBbIA BApUAHT KOMaHOM.

> SLANG REPL TEST

[Ipoananu3upoBaB pe3yibTaThl AJIs IIEPBOTO BapHaHTa, MOKHO B 9TOM ke (aiisie 3a1aTh
JTaHHbIE JUIsl BTOPOTO BapHaHTa U TOYHO TAK)KE BBIIOJIHUTH €ro pacyeT. Heo6XoauMo OTMETUTD,
YTO KaXX/IbIi BapUaHT pacueTa BOCIPUHUMAETCS KOMIUIEKCOM KaK aHaJM3 OJHOTO U TOTO XKe
oobekTa ¢ umeneM TEST. [TosTomy, aHanu3 mepBoro BapraHTa MPHUBEAET K aBTOMAaTHYECKOMY
YHUYTOXKEHUIO PE3yJbTaTOB HAYaJbHOIO pacuera, a aHajiu3 BTOPOTO BapHaHTa — K
VHUUTOXKEHUIO pe3yJbTaTOB pacuera Juisi mepBoro BapuaHTta. I[losromy, BbINONHSA
MHOTOBapHUAHTHBIM PacueT, MOJIb30BATENh JOJDKEH CaM IM03a00TUTHCS O COXPAHCHHH HY>KHBIX
pesynbTaToB. OIHa U3 BO3MOXHOCTEH — 3TO COXpaHHUTh (aitn ¢ pacmupenrem .RSL (B Hamem
ciayyae — TEST.RSL) nox apyrum umeneM. Win Jy1si KakKJ10TO MHTEPECYIOUIETO MOJIb30BATENS
BapHaHTa MOJYYUTh TBEPAYIO KOIHUIO MOJYyUYEHHBIX pe3yibTaToB. B kpalineM ciiydae, BBIIIUCATh
B 3alMCHYI0 KHIKKY MAaKCHMaJbHOE 3HAY€HUE CUJIbl, & MAaKCUMaJIbHOE 3HAYEHHE CKOPOCTHU
3alIOMHUTb, TIOBTOPUB TPU WIIM YETHIPE pa3a U KPErKo 3aKMYpHUB IJ1a3a (LIyTKa).

Opnun coer. Hukoraa HeM3BeCTHO, CKOJIBKO pa3 MPHUAETCS BBIMOIHATH pacdeT 00beKTa U
JUISL KaKUX COYETaHUN mapamMeTpoB. MOXKET CIIydUThCs, YTO KaKOW-INO0 U3 TapaMeTPOB B TEKCTE
nporpaMmel ommboueH. UM Bcerja ObIBaeT OropuMTeNbHO M3-32 IMYCTAKOBOM OIIMOKH WU
HEZ0CMOTpa NOBTOPSATH 3aJaHUE ¢ caMoro nepsoro mara. Iloaromy, kak HaMm KaxeTcs, HY>KHO
B34Th 3a MPABWJIO OINKCHIBATh BCE CIIUCKHU NapaMeTpoB B pazaene DATA.

HyxHO uMeTh BBHIYy e€lle OJUH Ba)XKHbII MOMEHT. 3aM€Ha MapaMEeTPOB C MOMOIIBIO
REPLACE peiicTByeT TOJIBKO MO X0y TEKYLIETo pacyera (T.€., mapaMeTpsl B 0a3e JaHHBIX IS
c(hopMUPOBAHHON MOJIETTH HE 3aMeHsoTcs). Ecnu B TOJIBKO YTO pa3oOpaHHOM HaMH IpUMEpe
MOCJIe BBITIOJHEHUS OJHOTO WJIM BCEX BapHaHTOB pacdera ynanuth u3 (aiima REPL pasmen
REPLACE, to Bbinonnenue 3ananust REPL nns monenu TEST npuBeneT k pacuery MoJenu ¢
NepBOHAYAIbHBIMU 3HAYCHUSIMU TIapaAMETPOB.

5.2.0MUCAHUE BOJIEE CNOXXHOW 3AO0AYU
(MOOENNPOBAHUE TEXHOJIOTMYECKOM
MALUUHDbI)

[Tpennaraemslif 31ech B kauecTBe "Oosiee CIOXKHOW 3a1ayu” MpUMeEp BbIOMpasiCs TaKUM
oOpa3oM, uroObl OH IO BO3MOXHOCTM HOCHJ OOIIEHHXXEHEpHbI Xapaktep. Ilpu
MPOEKTUPOBAHUH MOJABIISIIONIETO OOJIBIINHCTBA TEXHUYECKUX O0BEKTOB MHKEHEP UMEET JIEJIO C
TaKUMH TOHSTHSMM, KaK IpPUBOJ, JABUIaTElb, MEXaHW3M (MCIIOJIHUTEIBHBIA MEXaHU3M),
Harpy3ka. Tem monb3oBaTensiM, KOTOpbIE COYTYT AJis ce0sl HEBO3MOXHBIM BHUKATh (XOTS Obl
Ja)ke U TOBEPXHOCTHO, Ha YPOBHE M3JIOKEHHUS B 3TOM NOCOOMH) B "HE OTHOCAIIMECH K HUX
00JacTH 1eATeNbHOCTH MPOOJIeMbI", MOXKHO MPEITIOKUTh POMYCTUTh T€ YAaCTH MyHKTOB 5.3.1 u
5.3.3, rzie peusb UAET 0 NEPBUYHOM 0OOCHOBAHUH BHIOOpA APAMETPOB TEX WJIM MHBIX HJIEMEHTOB.
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[Tpuctynum Kk aHanu3y mpeiaraeMoro o0bekTa, H300pakeHHoOro Ha puc. 5.1. Oto
MallliHa, BBIMOJIHAOLIAS MOJIe3HYI0 paboTy ¢ moMoIblo Toi3yHa. [lom3yH coBepiiaer
BO3BpPATHO-IIOCTYNaTeNIbHOE JBMKEHHE U MPEOAOJeBaeT Harpy3ky P, KoTopas 3aBHCHUT OT €ro
nepeMeIeHus U AeUCTBYET Ha MOJ3YH TOJIBKO MPH €ro X0J1e BHU3 (0OpaTHBIA X0 — X0JIOCTOH).
Pabounii opran mpuBOIUTCS B ABMKEHHE C MOMOIIBIO PHIUaXHOTO MEXaHHU3Ma, COJEpPKaIIero
LIaTyH, KPUBOIINII, KOPOMBICIO M TPEYIOJbHBIA pblYar, MAPHUPHO COECIUHEHHBIN C MEPBBIMU
Tpemsi 3BeHbsIMH. KOpoMbICiio, Kak €My U MOJO0XEHO, COBEpIIaeT Kaydarolluecs IBHKEHUS
(3actaBisier Touky B nBuratbcst Bokpyr Touku E mo ayre okpyxHocTH). [IBIkeHHE MeXaHU3Ma
3aJjaeTCsl BpalllaTeIbHbIM JBUKEHHEM KPUBOILIUIIA, KOTOPBINA, B CBOIO OUEPE/lb, JKECTKO CBS3AH C
3yOuaThIM KoJiecoM penykTopa. [Ipennosnaraercs, 4To CMHTE3 PHIYa)KHOTO MEXaHM3Ma, UCXOJs
u3 TpedyeMoil KHHEMaTHKU JBUKEHUs, yxke npoBeaeH. HauanbHble koopauHaTsl Touek O, A, B,
C, D, E (nepBas uugpa — abcuucca, BTopast — OpiIMHaTa B CUCTEME KOOPAMHAT, CBSI3aHHOM C
TOYKON KPEIUIEHUS BEYIEro KPUBOILIHUIIA):

Touka O = 0., 0. ;
Touka A = -0.134, 0.238;
Touka B = 0.173, -0.109;
Touka C = 0.092, -0.339;
Touka D = 0.55, -0.95 ;
Touka E = 0.55, 0.

Kaxk Bu1HO U3 Haua bHBIX KOOPJAMHAT TOYEK, MEXaHU3M UMEET SKCIEHTPUCHUTET (T.€. TOUKa
D cMemena oT BepTHKaIbHON ocH, mpoxozsmieit yepe3 1.0, Ha BenmmuuHy 0.55 m). Mamunna
MPUBOJIUTCS B JBH)KEHUE JBUTATEIEM C JIMHEMHOM MEXaHWYECKOW XapaKTepHCTUKOW. B
HayaJbHbIi MOMEHT BPEMEHHU [IBUraTeIb BKIKOYAETCS W PaA3rOHSAET 10 HEKOTOPOW YIJIOBOM
CKOPOCTH BEIyIIHe 4acTH MY(ThI CIEIUIeHHs. Uepe3 6 CeKyH IMOCie BKJIIOYEHUS IBUTATEIS
HAuMHAeTCs BKJIIOYeHHEe MY(Thl. Ycuiue npuxuma AUCKOB MY(PTHl 33laHO U JIOCTHTaeT
MaKCUMaJIbHOM BEJIIMYMHBI B MOMEHT BPEMEHU NPUMEPHO 6.3 CEKyHIbl TMOCJE BKIIOYEHUS
JIBUTATENS.

Boob6me roBopst, TpeOyeTcs BBIOJHUTH MPOEKTHBIM pacder, T.e. MoJ00paTh MapaMeTpsl
KOHCTPYKTUBHBIX 3JIEMEHTOB, OOECIEUMBAIOIIMX BBHINOJIHEHUE 3aJaHHOW IOJIE3HOM paboThlI.
VYuuThIBas paccMaTpUBAeMyl0 3/1€Ch TEMATHKY, pacueT JOJDKEH OBbITh BBINOJHEH Ha OCHOBE
JUHAMUYECKOT0 aHaIM3a.

OOBIYHBIM B TAKUX CIIy4asX MOJXOJOM SIBJISIETCS MPENBAPUTENIBbHBIN pacueT, B KOTOPOM
Oojiee WM MeHEe TOYHO HA3HAYAIOTCS TOJBKO HEKOTOPHIE M3BECTHBIE MapaMeTphl (MapaMeTpbl
JBUTATENs, TEXHOJIOTMYECKON Harpys3Kkd, BO3MOXKHO, KMHeMaTHKa). OcTajnpHble BEJIMYHUHBI, 32
HEMMEeHHEeM WHGOpMAaINUHY, 33a0TCsI, UCXOIS U3 OMNbITA MPOSKTUPOBAHUS aHAJIOTOB, 3/IPaBOTO
CMBICIIa WJIM MCXOJAS W3 IMPEAEIbHO JOMYyCTHUMBIX, [0 MHEHHIO pa3paboTyMKa, BEITUYMH.
Hanpumep, B mepBoM MpHOIIKEHUU, 0 OMpElNeieHHs NEHCTBYIOIIMX HArpy3oK, >KeCTKOCTh
pBIYaroB paccMaTpUBaEMON KOHCTPYKIIMU MOXKET ObITh MPUHATA OYE€HBb OOJIBIION.

PesynpraTtel mepBoro pacuera ciykarT A YTOYHEHMsI IapaMeTpPOB paccMaTpHUBAEMOM
MaluHbl. M3MeHeHne napaMeTpoB BIMSAET Ha MpoUcXosmue B o0bekTe npouecchl. Ilosatomy,
JUTSL TIONTyYeHHsT paboTOCTIOCOOHOTO BapHaHTa KOHCTPYKIUHU TpeOyeTcs MPOBEACHNE HECKOIBKUX
IIOCIIEA0BATENBHBIX YTOUHSAIOIIKX pacueToB. [[o pe3ynprataMm Kakgoro pacdera NPUHUMAIOTCS
perieHns 00 U3MEHEHNUHN TEX WM UHBIX TapaMeTPOB.
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ChopmupyeM Ha  OCHOBaHMM  TaKOTO  MOJIXOAAa  MaTeMaTHYECKyld  MOJENb
paccMaTpUBaeMOM MaIIMHbI U NMPOKHAEM HECKOJIBKO IIAroB 10 TOMY ITyTH, KOTOPBIN MpeIokKeH
B IIpebIAyIIeM ad3alle.

5.3.90OPMUPOBAHUE IVJATEMATI/I'-IECKOVI MOLOENN
TEXHOJIOTMYECKOU MALLUUHBI.

Ornrcanne 00bEKTa Ha BXOJHOM si3bIke KoMiuiekca PRADIS MoxeT conmepkaTh HECKOIBKO
pasnenoB omucaHusi oobekra (pparmentoB). [Ipu ATOM cuuTaeTcs, 4TO TOJHAS CTPYKTypa
aHamusupyemoro obobekTta mpexacraBieHa B [IOCJIEJJHMM wu3 Hux. DTOT (pparMeHT HOCHUT
Ha3BaHHE TII00ATBLHOTO parMeHTa. Bee ocTalibHBIE pasienbl OMHMCAaHUs 00BEKTa B 3a/IaHUU Ha
si3pike PRADIS nperna3znadeHs! 715 OMMMCaHUs KaKUuX JTHOO OTHOCUTEIIBHO HE3aBUCHUMBIX YacTei
(WM KOHCTPYKTHBHBIX y3JIOB) HccieayemMoro oonsekra. [lociie onucanus 3Tux (parMeHTOB OHH
MOTYT OBITh HCIONB30BaHbl I (OPMHUPOBAHUS CTPYKTYpbl TI00anbHOrO (pparMeHtra Kak
MaKpOdJEeMEHThl. Ecmu Takol MakKpO3JIEeMEHT BKIIOYACTCS B CTPYKTYPY (OPMUPYEMOTO
r06ankHOrO (pparMeHTa, 3TO 3HAUUT, YTO B €ro CTPYKTYPY BKIIOYAIOTCS BCE O3JIEMEHTHI
BKIII0OUaeMoro gparmenta. Kpome Toro, BeCh CIIHCOK BBIBOJIA JUTSl TAKOTO (DparMeHTa MomajacT B
0o0muii CMMCOK BBIBOAA Ti00anmbHOTO (pparmMeHTta. B ciyuae, ecnu kakoi-mu6o u3 GparMeHTOB
MPUCYTCTBYET B TEKCTE 3aJaHusl, HO HE BKJIIOYEH B CTPYKTYpY I100aIbHOTO (PparMeHTa, To ajis
HEro MPOBOJAUTCS TOJHKO CHHTAKCHUECKUU KOHTpPOJIb TeKcTa. B manmpHeiimem mHbopmManus o
TakuX (hparMeHTax UTHOPUPYETCs 0€3 KaKuX-T100 COOOIICHHIA.

[IpaBusio (parmeHTanuu CiroXXKHOro OOBEKTa SIBISIETCS YHHUBeEpcalibHbIM. He mbiTaiiTech
Cpa3y MOCTPOUTH CJIOXKHYIO MOJeb. 3/1eCh, KaK W Be3[e B MPOTrPaMMHPOBAHUH, MPUHIIHUII
MOAYJIBHOCTH W TOCTENEHHOCTH JOJDKEH CTOSATh Ha TEpPBOM MecTe. Bwimenmn HEcKOIbKO
¢dbparMeHTOB, OTJIAUI UX B OTAETBLHOCTH, yOEIMIICA, YTO Bce BEpHO. TOJIBKO MOCIE 3TOTO UMEET
CMBICTT M3 OTJaXKEHHBIX ()parMeHTOB (POPMUPOBATH MATEMATHUYECKYIO MOJIEh BCETO OOBEKTA.

[Tonb3oBarensM, KOTOPBIX HE YJIOBJIETBOPUT MO KAaKUM-IHOO NMPUYMHAM HCIOJIB30BAaHUE
dbparmeHTalMK, MOXXHO TOCOBETOBATh €Ile OJUH pPaboTOCIOCOOHBIH MeToH (HOPMUPOBAHHUS
ONMCAHUS CTPYKTYPBI CIOKHOTO OOBEKTa. DTO — MOCTENEHHOE YCJIOXKHEHHE aHAIU3HPyEeMOn
CTpyKTypbl. B »3ToM MeTome Ha mepBoM JTame ¢GOpMUpPYETCS MOJeNb MPOCTEHUIIEro
paboTocnocoOHOTO O00BEKTa, SBISIOMIETOCS YacThI0 aHAIM3MPYEMOro (B HameM cCiydae,
HaIpuMep, CUCTeMa JIBUraTellb-MaXxOBUK), KOTopasi mojasepraercsa "ornaake" (T.e., MPOBOIUTCS
pacdeT JMHAMMKHU ¥ BHUMAaTEIbHBIM aHainu3 pe3yiabTaToB). [locne ycTpaHeHus Bcex 3aMe4eHHbIX
B 3TOM OOBEKTE OMIMOOK K HEMY J0OaBJsETCs elle HEeCKOJIbKO 3JEMEHTOB M pacdeT oOBheKTa
noBTOpsieTCst. YeM MEeHbIIIe PaCYETHOTO OMBITA Y MOJIB30BATENsI M YEM MEHEE OJTHOPOJICH OOBEKT
(uem OoJIbILIEe PA3HOBUIHOCTEH MOIETIEH IEMEHTOB OH BKJIIOYAET), TEM Ha 0OOJIbIlIee KOJTHMYECTBO
ATAIoB CIEIyeT pa30UTh 3TOT MPOLIECC.

Jlayipiiie B 3TOM JIOKYMEHTE paccMaTpuBaeTcsl (GOpMHPOBAHHE MOJIETH CIOXKHOTO 00BEKTa
u3 (parMeHTOB, MOCKOJBKY 3TOT MyTh 3aTparuBaeT OOJbllIee KOJIUYECTBO JIEMEHTOB BXOIHOTO
sa3pika komruiekca PRADIS. Dto B mro0om ciydae MOJe3HO, Jake €CM B JlajdbHEHIIeM
MOJIb30BaTENb PEIIUT MOJIb30BAThCS BTOPOW M3 OMHCAHHBIX 37€Ch TEXHOJIOTUH (OPMUPOBAHUS
CIIO’KHBIX MOJIEIICH.

Pucynok 5.1, mo koTopoMy MBI HauMHaeM pabOTaTh, CHEIUATBHO CKOMIIOHOBaH TaKUM
o0pa3oM, 4YTO TMOSBISETCS JKEJIaHWE BBIACIUTH B OOBEKTe JABa (pparMeHTa - TpUBOAA U
WCIIOJTHUTEIIBHOTO MEXaHU3MA.
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Wtak, mepBblil 1Iar clenaH, U aHAIU3UPYEMbId OOBEKT pa3OUT Ha JBE OTHOCHUTEIHHO
He3aBUCUMBIX yacTu (Mbl UM ganu umeHa "TIPUBO/]" u "MEXAHW3M"). Pe3ynsTaTsl 3T0TO0
mara Mbl u3o0paswiu Ha puc. 5.2. IlockoabKy TOKa BHYTPEHHSISI CTPYKTypa KaXKIOTO W3
(parMeHTOB HE OIpe/eNieHa, HEACHO TakXke, Kak WX coeluHATh. [loaToMy mnpuctynuMm K
OTIPECNIEHUIO CTPYKTYPbI KaXKJI0TO U3 BBIJIEJICHHBIX (DParMeHTOB.

5.3.1.Mogenb npuBoAa.

Kak m B mpocreimeit 3agade, pacCMOTPEHHON B 3 IiiaBe, OCYLIECTBISEM JEKOMITO3HUIUIO
(dparmMeHTa MpUBOAA Ha JIEMEHTHI (Pe3ybTaThl 3TOTO IIara MpeacTaBieHsl Ha puc. 5.3). Humxke
MMPUBOAUTCA CIIMCOK BBIACIICHHBIX B 00BEKTE DIIEMEHTOB:

*  OCHOBAHME, CIIy’Kalllee MJIS 3aKPEIICHUs IPUBOJA;
e JIBUraTelb C JMHEHHOU MexaHnueckoi xapakrepuctukoi (DVLT, [IBurarens);

*  OCEBOH HMJeaJbHO YNPYTUH 3JEMEHT C ABYMS crenensmu cBoooms! (K, - YuacTok Banma
N1, YuacTok Bana N2);

* ¢puxknuonHas mydra cuemnenus (MUFTA, Mydra cuenenus);

*  HWCTOYHHUK MMIyJbca cuiibl TpanenueBuanon Gopmsel (FTR, Yceunue npmwkuma);

* mnepenarouHoe oTHomeHue ¢ motepsimu (REDCT, Penykrop).

3aMeTuM, YTO 37eCh KPYTWJIbHAsl >KECTKOCTh YYAacTKOB Bajla MPEACTABISAETCS OCEBBIM

U/IeaIbHO YIIPYTUM 3JIEMEHTOM, TAaKUM JK€, KaKUM B IpebIAYIIeH MporpaMMe MOJEINPOBaIach
UJeaNbHO yIpyras npykvHa. B 7aHHOM citydae 3To BO3MOXHO (3akoH ['yka /1 BpamareabHoro
U TIOCTYNATEIbHOTO JBM)KEHUH MMEIOT MISHTUYHYI0 ¢opMy 3amucu). ToJabKO B cilydae
paccMOTpEeHHUsI BpaIlaTeIbHOrO ABMKEHUS B KaUECTBE CUIIOBOTO (hakTopa (GUTypHUpyeT MOMEHT,
a KMHEMaTHMYECKUMM XapaKTepUCTUKAMHU SIBIISIOTCS YTOJI TOBOPOTA, YIJOBas CKOPOCTh M

yIJIOBOE YCKOpeHHe. B kadecTBe mapamerpa [Uisi OSTOTO DJIEMEHTa 3a7aeTcsl 3HAueHUe
KPYTWIBHOM )KECTKOCTH.

Kak u B rmaBe 3, momyuum Oosee MoIpoOHYIO CHpaBKY (O KOJMYECTBE BETBEH H
1apaMeTpoB) JJi1 HE3HAKOMBIX HaM 3JIEMEHTOB:

> ARM ? DVLT REDCT MUFTA FTR

PaccmoTpuM KaXkIbIit U3 9TUX 2JIEMEHTOB HECKOJIBKO MOApOOHEE.

DVLT — nBurarens ¢ TMHEHHON MEXAHMYECKON XapAaKTEPUCTHKOW. DTOT 3JIEMEHT UMEET
JIBE CTENIEHH CBOOOBI (MIOBOPOT POTOPA JBUTATEINS U IOBOPOT Kopiyca aBuraredns). [lapamerpsl
JBUTATENSl B TOM MOPSAJIKE, B KOTOPOM OHH OyJIyT 3a/1aHbl B TEKCTE OMHCAHUS 00BEKTa:

1) ITyckoBoit MOMEHT ABUTATENS B COOTBETCTBUHU € puc. 5.1. — 10 H*m.

2) YrnoBasi CKOPOCTb IIPH HYJIEBOM MOMEHTE Ha Baily ABurarens — S0paj/c
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Puc. 5.2. JdexoMmno3unus uccjaeayemMoil MalIMHbl HA GparMeHThl.
3) iBuraTenp BKItOYAETCS B MOMEHT BpeMeHH 0 .

4) Jlpurarens BbIKIIOYaeTcs B MoMeHT BpemeHu 1000 ¢ (Bo3pMeM C 3amacoM, YTOOBI
JIBUTATEIh HE BHIKITIOUWIICS B X0/ pa0OThI MAIITUHBI)

5) MomeHT nHepuuu Bana ABUrareis (B Haled MOJAENIU 3TOT napaMeTp OyJeT y4UThIBaTh
MHEPLUIO BCeX MOJBMKHBIX YacTell, CBSI3aHHBIX C POTOPOM JBHrartess). B 3ananuu napamerp He
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onpezesieH. YUUThIBasA, YTO MaKCHMajbHas MOIIHOCTb, pa3BuUBaeMas jasurarteineM — 125 Br,
MOMEHT WHEpPIMH Bajla JBUraTells HE MOKET ObITh O4YeHb OONbIIUM. 3aJaJuM €ro BeIHYHUHY
0.0025 kr*m’® (kak y mkuBa Maccoii 1 kr u guamerpom 10 caHTUMETpPOB).

6) MoOMeHT uHepUMH Kopmyca aBurarens. Kopmyc aBurartens B MOJEIH OyaeT
HEMOJBWKEH, MOATOMY BEIMYHMHA DTOrO IIapaMeTpa Ha pACYEThl HE IOBJIMSET. 3adaauMcs
BeMUUHOM 1 Kr*m>.

REDCT — mozens peayKropa ¢ y4eToM MOTEPh HA TPEHUE B 3aLCMJICHUHM. DTOT 3JIEMEHT
TaKk)Ke JBYXIOJIOCHUK (ITOBOPOT BEyIEH IIeCTEpHH, TOBOPOT BeoMOro kojieca). Ilapamerpsl
peaykropa:

1) BenuunHa nepegaTOYHOrO OTHOUIEHUS. OTOT MapaMeTp MOXXHO ONpPeIeTuTh
OPUEHTUPOBOYHO, UCXOJI U3 TOTO, UTO MoJe3Has paboTa, coBepiiaeMasi MallIMHOM 3a OJMH LUK
- 0.2*500 + 0.5*%0.1*500 = 125 Jx (mmomane moxa kpuBoil "CompoTHBIEHHE JBHXEHHUIO B
3aBUCUMOCTH OT xona moisyHa" Ha puc. 5.1). Ilpu pabore ¢ MakCHMMaTbHOW MOITHOCTHIO
HaIlleMy JIBUTATENlI0 Ha BBITIONHEHUE 3TOW paboTel moTpedyercs | cexynma. Torma yrioBas
CKOPOCTh BBIXOJHOTO Bajla peAyKTopa JoJDKHA ObITh 6.28 pan/c. [Ipeamonarasi, 4To ABUTaTeh
o0ecreynBaeT yriioByl0 CKOPOCTb JABMKEHUS 25 paj/c

(peXuM, COOTBETCTBYIOIIMI MaKCUMAaJIbHOW MOIIHOCTH ABUTATEINS), TOJIYYUM BEITHUYHHY
nepenaToyHoro oTHomeHus peaykropa U = 25/6.28 = 3.98. OkoHYaTEeIbHO OCTAHOBHUMCS Ha
MepeIaTOYHOM OTHOIIIEHUH 4.

2) Koa¢dunmenT nonezHoro AecTus 3y04aToro peaykropa npiu HOMUHAILHOM MOMEHTE
npuHuMaeM 0.96.

3) HoMuHanbpHBIII MOMEHT Ha LIECTEPHE PEeIyKTOpa. DTOT MapaMeTp BIMUSIET Ha XapakTep
MoTeph B penykrope. Uem Oosibliie HOMUHATBHBIM MOMEHT M MEHBIIIE ICUCTBUTEIbHAS BETUIMHA
Harpy3KH, TEM BbIllIe€ OTHOCUTEIIbHBIE IOTEPU B peayKTope. MakcuMaabHbIII MOMEHT, KOTOPBIN
BO3JICUCTBYET Ha IIECTEPHIO PEAYyKTOPa, B KAKOW-TO CTEMEHU OMPEIEISIETCS MaKCUMAaJbHBIM
MOMEHTOM, pa3BUBaeMbIM JBHTrateneM. Eciaum HMCXOAUTh M3 JTHX COOOpaKeHUH, TO
HOMUHAJIBHBIM MOMEHT 3y04aToro peaykropa — 10 H*wm.

4) JKectkocTh Tmepenayd, NpUBEIEHHAs K IEpBOMY Koyiecy. OTOT MapameTp [0
OTIpeIeIeHUs] TeOMETPUH 3allelUIeHUs] Ha3HAuMTh 3aTpyAHuUTenbHO. [loaTomy, mpemnaraercs
BEIMYMHA, 3aBEJJOMO IPEBOCXOANIAs Peann3yeMyto Ha paktuke. Ckaxkem, 1 * 10°H*m/pan.

5) MoMeHT HWHepuHMH WIECTEPHU 3a7aJuM COM3MEPHMBIM C MOMEHTOM HHEPIHU Baja
nsurarens. Hanpumep, 0.005 kr¥m?.

6) MOMEHT MHEpIMH KOJECa, MCXOJS W3 IIEPENATOYHOr0 OTHONIEHHS W 3aIaHHOTO
MOMEHTa HHEPIUHK mecTepHu, mpuMepHo 0.005 * 42 = 0.08 kr*m’.

MUFTA — Mmozens GpUKIUOHHON My(Thl BKJIIOUYEHHSA. DTa MOJENb — TPEXIOIIOCHUK
(BpamieHusi BEOyLIIMX M BEAOMBIX yacTeil My(QTbl, NEpeMeIleHHe HaXMUMHOTO JJIEMEHTA).
[TapameTpsl MyQTHI:

1) JKectkocTh BO3BpaTHBIX MPYXKUH. OTa BeJWYMHA JIOJDKHA COTJIACOBBIBATHCS C
BEJIMYMHON yCWIMS NPUKMMa Ha HaXUMHOM DJIEMEHTE M HOMUHAJIBHBIM (CBOOOTHBIM) XOJ0M
HOXMMHOTO dJieMeHTa (4eTBepThli mapamerp »Tod Mojenu). [IpuHumas cBOOOIHBIM XOJ
HaxxuMHoro anemeHra 0.005 M u mpenmosaras, 4To Ha IPEOAOJEHHE YCUIIMS BO3BPAaTHBIX
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npyxuH 3atpauuBaercs 10 % OT MakCHMMajabHOrO YCWIMS TNPHXKHMMA, IOJYYUM BEIUYHHY
YKECTKOCTU BO3BPATHBIX MPYKUH:

Kv =0.1*500/ 0.005 = 50 000/5 = 1*10* H*m.

2) OceBasi KOHTAKTHAsI KECTKOCTh MONyMy(T. DTa BEJIMUMHA SBISICTCS HEOMPEIEICHHOM,
HO JOJDKHA OBITh 3HAUMTENBHO OOJBIICH, YeM >KeCTKOCTh BO3BPATHBIX MpYxkHH. CuMras, 4yTo
KOHTaKkTHas aedpopmanus noaymydrt coctaBiser 10 % oT cBOOOJHOTO XOJa HaKHUMHOTO
3lIeMeHTa M yuuThiBasg, 4yTo 10 % ycuius npukuMa YK€ YpaBHOBELIEHBI BO3BPATHBIMU
npy>XHHAMH, TPUHAMAEM OPUEHTHPOBOYHYIO KOHTAKTHYIO JKECTKOCTh MOIyMy (T

Km = (500-0.1*500) / (0.1*0.005) = 4 500 000/5 = 9*10° H*m

3) CnaBuroBasi KOHTaKTHas >KECTKOCTb MOJIYMY(T ONpeNeNseT BEJIUYUHY YIPYroro
OTHOCHUTEJIBHOTO CMEUIeHUsI MoNyMy(dT 0e3 MpocKalb3bIBaHUA. JTa BEJIMYUHA OINpPEesieTcs B
XOJIe TPOEKTHOIO pacyeTa HAXUMHBIX DJJIEMEHTOB IIOCIE ONpPENENECHUs WX TIE€OMETPHH.
[TpenBapuTenbHO MPUHUMAEM CIABUTOBYIO KOHTAKTHYIO JKECTKOCTh MOIYMY(]T Takoi xke, Kak U
KPYTHJIBHYIO )KECTKOCTb PEIyKTOpa

Ks =1 * 10° H*m/pan.

4) HomunanbHblii paboumii XOJ HaXKUMHOTO 3JI€MEHTa YK€ Ha3HaueH Bblme. [lpu
OIIPEEIIEHNH )KECTKOCTH BO3BPATHBIX MIPYKUH MBI 3aJjaBaIMCh BeTuunHoM xoaa 0.005 m.

5) Cpennuit auaMeTp (PPUKIMOHHBIX 3JIEMEHTOB. DTOT MapaMeTp COBMECTHO C YCHIIUEM
npwkuMa 1 Ko UuureHToM TpeHus Uid GPUKLIMOHHBIX HAKJIAJO0K OMpeesieT CIOCOOHOCTD
My(}Thl mepenaBaTh KpYTSAIIMHA MOMEHT (TepelaBaeMblii  KPYTAIIMH MOMEHT pPaBeH
MIPOM3BENICHUIO CPEHEro pajndyca Ha ycuiue Npuxuma U Kod(huuueHT TpeHus). 3agaBasich
BeMMYMHON kodd¢uimenta tpeus 0.2 ¥ npuHUMAas HOMMHAIBHBIM TNepegaBaeMblii MOMEHT
TakuM ke, 4To u g peaykropa (10 H/m), momyuum cpeanuii nuameTp (QpUKIMOHHBIX
aneMeHTOB D¢, = 2 * 10/ (500-0.1*500) / 0.2 = 100 / 450 = 0.222m unu, OKpyTIisisi ¢ HEOOIbIIUM
3amacom, - 0.225 M.

6) Benmumnoll K03pdUIIMEHTa TPEHHS MBI 3aJaBAINCh TPH OMNPEICICHUU CPETHETO
nuameTpa GPUKIUOHHBIX HAKIaa0K — (.2,

7) MoMeHT uHepuuu niepBoi monymydtel. Yacto 3ta monymydra B MOJOOHBIX CHCTEMAX
BBITIOJTHSIETCSI KaK MaxOBHUK. [Ipeamornokum, uTto pabouyuii X0/ Halla MalliHa COBEpIIAET 3a
nonoBuHy Bpemenu 1ukia (0.5 ¢). Pabora aBurarens 3a 3To Bpems coctaBut 125/2 = 62.5 JIxk.
UtoOsl n30€KaTh MPUHYAUTEIBHON OCTAHOBKU MAIIMHBI, OCTAJILHYIO YacTh SHEPTHUH B CHCTEMY
JIOJDKEH OTJaTh MaxoBHK. Mcxonss W3 XapakTepucTUKH JBHUrareiss (OH HMEET MAaKCUMyM
MOIIHOCTH TIPH YTIIOBOM CKOPOCTH 25 paj/c), KenaTelbHO, 4TOOBI YIIOoBas CKOPOCTh MaXxOBHKa
He majana Huxke BenumuuHbl 20 pan/c. Ecniu cuutath, 4TO K Hagaimy pabodero xoja JBUTATENb
yCreeT pa3orHaTh MaxoBuK 110 30 paja/c, TO MOMEHT HHEPIIUM MaXOBHUKA, OPUEHTUPOBOYHO:

T = 2.%62.5 /(30-20)**2 = 1.25 kr*um’.

8) MomeHT uHepuud BTOPOH NOTYMYy(Thl NPUHUMAEM COU3MEPUMBIM C MOMEHTOM
MHEPLMU BEJOMOTO Kojieca peaykropa — 0.1 kr*m?.

9) Macca Ha)XMMHOTO 3JIeMeHTa Oy/IeT onpeziesieHa B X0J1e KOHCTPYKTHUBHOM MpopaboTKU
MyQTBI. 3aaIuMCs [TOKa BETMYMHOM 1 KT.
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FTR — wucrounuk wummnynbca cuibl TpaneuueBuaHod ¢opmel. Ilapamerpsl 3TOTO
JIBYXTIOJIIOCHUKA, MOJICIIUPYIOLIETO yCHIIUE MpHxuMa, OepeM u3 rpaduka "VM3mMeHeHue ycuius
MpIKUMa JUCKOB crierieHuss My el" Ha puc. 5.1:

1) HauanpHsiii ypoBens cuiibl — 0 H

2) MakcumanbHoe 3HaueHue cuisl — 500 H

3) MoMeHT Hauana U3MEHEeHUs yCuius — 6 ¢

4) [Ipo10mKUTENBHOCTh HAYAJIBHOTO YYacTKa u3MeHeHus cuiibl — 0.3 ¢

5) IlpoaomKUTeabHOCTh MOJIOTOTO Y4YacTKa C IMOCTOSHHBIM 3HaueHueM cuibl — 1000c
(B35JTH € 3a11acoMm).

6) IIpoI0KUTENBHOCTh KOHEYHOTO y4acTKa M3MEHeHus: cuibl — O (mapameTp He BaKeH
JUTSL HAIIIETO CITydast).

K — oceBoii naeanbHO ynpyruil anemMeHT. B Hamen Moaeny ucronb3yeTcsl B IByX MECTax.
BenuuuHy KpYTMJIBHOM JKECTKOCTH MOXXHO OyJIeT OnpelenuTbh, Ha3HAYMB B  XOJe
IIPOCKTUPOBAHUS pa3Mepbl JIBYX Y4acTKoB Bana. (Celyac, OpPHUEHTUPOBOYHO, IPHUHUMAEM
JKECTKOCTH 000MX yd4acTKoB Bana 1*10° H*m/paj, Kak v )KeCTKOCTh peayKTopa.

Tenepb coeaAMHNUM BBIOpaHHBIE MOJAETH 3JIEMEHTOB U MIPOHYMEpPYEM MOIy4YEeHHBIE CTEICHU
cB0oOOABl OOBekTa. Mcxons M3 BBHIMIEH3NIOKEHHOTO, B (opMmupyeMoM (parMeHTe HpHuBOJa
ucnonb3yercst uyetbipe JjByxnomtocHuka (DVL,K,REDCT,FTR) u oxumH TpexmoitoCHUK
(MUFTA). CoeauHeHue 5TUX 3JIEMEHTOB U HyMepauus TIJoOaidbHBIX CTENeHed CcBOOOBI,
npezsiaraemasl aBTopamu, u3oOpakeHa Ha puc.5.3. CreneHu cBoOOAbI (parMeHTa KpaTKo
MIEPEYHUCIICHbI HIXKeE!

1 — cBsi3aHa ¢ OonOPOI MPUBO/IA;

2 — IOBOPOT BaJia JBUTATEIIS;

3 — MOBOPOT BeAyIIUX YacTel My(ThI;

4 — MOBOPOT BEOMBIX YacTelt My(ThI;

5 — nepemeleHrne HaXXKUMHOTO 3JIeMeHTa My ThI;
6 — MOBOPOT BeAyIIEH HIECTEPHU PEAYKTODA;

7 — IOBOPOT BBIXOJIHOTO BaJia PELyKTOpa.

W3 BBIIENEHHBIX CTENEHEH CBOOOJBI JIBE SBJISIIOTCS BHEIIHUMH (OHU COCIUHSIOTCS CO
CTETNeHSIMH CBOOOJBI JAPYruX (parMeHToB). B Hamem ciiydae MpH OMUCAHUU OOIIeH Moenu
o0bekTa ¢parMeHT nmpuBoja OyneT coeauHeH ¢ (parMEeHTOM HCIOJHUTEIFHOTO MEXaHU3Ma T0
CTETIEHSIM CBOOO/IbI, COOTBETCTBYIOIIUM OTIOPE U YTy MOBOPOTA BEIXOAHOTO Bajla peAyKTOpA.

s otnanku paboThl ¢pparMeHTa M MOCIEIYIOUIEro BbIBO/IA JAHHBIX, HEOOXOUMBIX IS
MIPOEKTHOTO pacyeTa, OMpeAeTUM CIIMCOK BBIXOAHBIX NMEPEMEHHBIX U UMEHA MPOrpaMM pacuera
BBIXOJIHBIX MT€PEMEHHBIX, KOTOPbIe Oy IyT HCIOJIb30BaHbI JJIS 3TOTO:

* MOMEHTHI Ha yYacTKax Bajla, Ha BXOJJHOM U BBIXOJHOM Bajiax peaykropa (rmporpamma X);

e mnotepu B Mmydte (mporpamma DIS);

*  yCWJIHE MPIKHUMa AUCKOB MY(ThI, yCUITUE Ha TOJIKATeIe BO3BPATHBIX MPYKUHAX MYPTHI
(mporpamma X);

*  yrjoBas CKOPOCTb BaJia JBUTATENSI M BEAOMBIX yacTel My ThI (mporpamma V).
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[TapameTpbl, HEOOXOAMMBIE IJIsI HMPOTPaMM pacueTa BBIXOAHBIX IMEpPEeMEHHBIX X H V,
OCTaJIUCh y HAC B MaMSATH CO BPEMEHHU HalMcaHus (M3y4eHHus) MpeaplayIiero pasaena. s atux
nporpaMM HEoO0XOJMMO 33JaTh yKa3aTellb Ha COOTBETCTBYIOIIYIO BHYTPEHHIOIO IMEPEMEHHYIO U
Mmacitad BeiBoga. C nporpammoit DIS Mbl elie He BCTpeyannuch, HOITOMY:

> ARM ? DIS

DIS — mnporpamMma pacdyera NoTeph 3HEPrUM B JBYXY3JOBOM 3ieMeHTe. Jlns sTo
IporpaMMbl HEOOXOAMMO 3a/1aTh CIIETYIOIINE YKa3aTelu:

1 — HOMep cTerneHu CBOOOIbI, CBSI3aHHBIN C TIEPBOI BETBBIO DJIEMEHTA;
2 — yKazarellb Ha YCWIHE, ICHUCTBYIONIEE IO IEPBOM BETBHU AJIEMEHTA;

3 — HOMep cTeneHu cBOOOIbI, CBSI3aHHBIN CO BTOPOI BETBBIO DJIIEMEHTA;
4 — ykazaTenb Ha yCUJIue, JEMCTBYIONIEE M0 BTOPOM BETBU AJIEMEHTA.

Kpome Toro, mist 3Toi mporpamMMmbl, Kak U Juisi mporpaMMm X U V, TpeOyercs 3anath
MacIITad BBIBOJA PACCUUTHIBAEMON BETUYHHEI.

Wrak, npensapurenbHas paboTa MO MOATOTOBKE MOJEIH MPHUBOJA TMpOJETaHa, M MbI
MO’KEM HaIlMcaTh 3aJlaHue JJI aHaju3a aBTOHOMHOU paloTsl mpuBoja. [lomyTHo u3yuum erie
OJHY BO3MOKHOCTb, YaCTO HCIIOJIB3YEMYIO B pa3eiax ONMMCAHUs JTAHHBIX — COCTABHBIE CIIUCKHU
apaMeTpPOB.

Kak yxe roBopuiocs Bbllle, MOXHO pazaen DATA nHamero onucaHus 3aJaHus
ONPEAEIUTH B TAKOM BHJIE:

$ DATA
[lapaMeTps pBUIaTENS
IlapamMeTps MybTE

10, 50, O, 1000, 2.5 E-3, 1;
1E4, 9E5, 1E9, 5E-3, 0.225,
0.2, 1.25, 0.1, 1

lapameTpr peaykropa =4,0.96,10,1.E9,0.005,0.08;
Ycunmne npwmxmma=0,500,6,0.3,1000,0;

XecTrkocTr Bana 1 = 1E9; XecrkocTk Bajla 2 = 1lE9;
Macwra6 cumn = 1; Macwrab6 MoMeHTOB = 1;
Macwra6 nepeMmeumeHmit M ckopocrerr = 1;

Macwra6 paborm = 1

OTOT pazzien ONUCaHMsl JaHHBIX OTIMYAETCs OT pas3zeiia ONHUCAaHUS JaHHBIX MPEAbIAYLIEH
3a/1a4v TE€M, YTO CIMCKH MapaMeTPOB IS UCIIOIb3YEMBIX 31E€Ch MOJEIIEH JIEMEHTOB COCTOSIT HE
U3 OJIHOTO, a U3 HECKOJIbKO IapaMeTpoB. YHWTaeMOCTh TaKOro TEKCTa PE3KO yXyaulaercs U
3aTpyJHEHa 3aMeHa MapamMeTpoB (TPyAHO BCIIOMHUTh, Kakas Iuppa KaKoMy UMEHHO MapaMeTpy
cooTBercTBYeT). [ToaToMy, B Haleil mporpamme 3TOT pasen OyAeT BHIMIAACTh MO-APyroMy:

$ DATA

{ IOBurarens }

I[IlyCKOBOM MOMEHT IBUI'aTeNs 10;
CKOpPOCTE XOJIOCTOT'O XOoza = 50;

BpeMsT BKIIOUEHUS = 0;
BpeMs1 BHIKJIOYEHMS = 1000;
MoMeHT MHepLUMM poTopa = 2.5 E-3;

MoMeHT mMHepuMM KopIyca =1 ;

llapameTpsl gBurarens = [lycKoBOM MOMEHT OBUTaTeNs,
CxopoCTE XOJIOCTOI'O XOzna,
BpeMsi BKJIOUEHNSI, BpeMsi BEIKJIIOUEHUS ,
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MoMeHT MHepuUMM poOTOPAa,
MoMeHT MHepUMM KOpIycCa;

{ Mypra }
XecTxkoCcTE BOBBPATHHX NPYXWUH =1. E4
OceBast %eCTKOCTB HOJIyMydT = 9. E5
COoBMUI'OBasi XeCTKOCTE IIOJyMydT =1. E9

Paboumit xon HaxmMHoOTro sJjeMenTa = 0.005

CpenHuii OMaMeTp OUCKOB TPEHUS = 0.225
Kosbdduumenr rTpeums: = 0.2
MoMeHT MHepuMM HepBOM noxaymydprer = 1.25

MoMeHT MHepuuyu BTOpOM noxymydrsr = 0.10
Macca HaXMMHOI'O 3JjlIeMeHTa = 1

lapamMeTps MybTE = XeCTKOCTE BOBBPATHHX MNPYXMH,
OceBast %eCTKOCTE HOXyMydT,
CoBuroBasi XeCTKOCTB mnonymydr,
Paboumnit xXon HaXMMHOI'O 3JIEMEHTAa,
Cpenuuii OMaMeTp OUCKOB TPEHUS,
Kosbdduumenr rTpeums,
MoMeHT MHepUMM NEepPBOM IOJXYyMydTsH,
MOMEHT MHepUMM BTOPOM IIOJIYyMydTH,
Macca HaXMMHOI'O 3JIeMEeHTaA;

{ PemgyxTop }

[lepepmaTouHOoe oOTHOWeHMe = 4;

K. o. &.. = 0.96;

HoMMHANBHEI MOMEHT = 10;

XecTkocTe nepepmaum =1 E9;

MomMeHnT MHepumm mecrtepum = 0.005;

MoMeHT MHepUMM KoOJjieca = 0.08;

[lapamMeTpr penykTOpa = [lepepaToYyHOE OTHOWEHME,

K. n. .,

HoMMHaNBHENT MOMEHT,
XecTkocTe nepegmaumu,
MoMeHT MHepUMM WeCTEepHH,
MoMeHT MHepUMM KOJIEca;

{ YnpaBnenme mydpToir }

|
o

HauvanesHOe ycunme mnpmxmMma
MaxcuManbHOE yCuUIMe NpuMXMMa 500
Haualyio BKJIIOYEHMUSI MyQTE =6

IlpomomxMTensHOCTE pocTa ycunms = 0.3

Bpemst pa6oTsl MydTH = 1000
[lpomomxMTensLHOCTE cnama ycunmuss = 0

Ycunue npmxmma = HavajlbHOE YyCHJIME NpUXmMMa,

MaxcuManpHOE yCuIMe IpMXMMa,
Havano BkJIoOYeHuUsT MydTsI,
[IpORONMKXNTENBEHOCTE POCTa YCHMIINS,
BpemMst paGoTn mMybTH,
[IPOnONMKXNTENEHOCTE Clama YCHIus;

{ YuacTku Bana }

|

[y
=
©

XecTxkocTr ywacTka Bana 1
XecTkocTer yuacTka Baja 2 = 1 E9

Macurra6sl PacCCUMTHBAEMEIX BEIXOIOHEIX
IIepeMeHHHX }



Macwmrab cuax = 1

Macwra6 MoMeHTOB = 1

Macmra6 nepememeHunt um ckopocrem = 1;
Macwra6 pa6orm = 1

Kak BugHO M3 MpUBEIEHHOTO MPUMEPA, UCTIOIb30BAHIE COCTABHBIX CIIMCKOB MapaMeTpPOB,
OCOOCHHO €clii HE MO0’KaJeThb BPEMEHH Ha BpPa3yMUTEIbHbIC HIEHTU(UKATOPHI U KOMMEHTApUH,
PE3KO yIydlIaeT YUTAEMOCTh TIOJTYy4aeMOM MPOTPaMMBI M YIIPOIIAET JATBHEHUIITYI0 padoTy ¢ HEH.
Crnenyronuii aTan ¢popMupoBanus 3aaanus — pazaead FRAGMENT:

$ FRAGMENT : IlpuBogx

# BASE : 1
# STRUCT
IBuraTens 'DVLT (2 1; I[lapaMeTpH ABUT'ATEJST)
YuacTok Bayna N1 'K (2 3; XecTkocTr ywuacTka Bajia 1)
Mydra BrIOueHMsE 'MUFTA (3 4 5; NapaMeTps MydTH)
YuacTok Bajma N2 'K (4 6; XecTkocTE yuacTkKa Baja 2)
PegykTop 'REDCT (6 7; IlapameTpsl peaykKTOpa)
Yopaensoumit snemeHT 'FTR (5 1; Ycunmue npmxmMa)
# OUTPUT
MoMeHT Ha NepEOM Bany 'X (I: YuacTok Bana N1;
Macura6 MOMEHTOB )
MoMeHT Ha BTOPOM Bajly 'X (I: YuacTok Bamnma N2;

MacwTa6 MOMEHTOB )
MoMeHT Ha Bxome pexmykropa 'X (I: PemykTop ;
Macura6 MOMEHTOR)
MoMeHT Ha BHXOme pegmykTopa 'X (I: Pemykrop (2);
MacwTa®6 MOMEHTORB)
llorepn B MydTe 'DIS (3, I: Mydra BrIueHMs (1),
4, I: Mydra BrimoueHuss (2) ;
Macmra6 pa6oTsr)
Ycunue npmxmuMa IAMCKOB MybTH 'X (W: Mydra Bximouenuss (1) ;
Macuwra6 cui)
Ycunme BoOBBpaTHHX NpPpyxMH MydTer 'X (W: Mybra BrawueHus (2);
Macwra6 cui)
Ycunme Ha ToJakarTelie MyoTH 'X (I: Mydra BrIouenust (3);
Macwra6 cui)
Y. ck. Bajla gBuUrarTens 'V (2;
Macuwrab nepeMeleHMir M CKOPOCTEI)

Yro. ck. BegmoM. uyacrTem mMybTn 'V (4,
Macmra6 nepeMemeHMit M CKOPOCTEN)

# EXTERNAL : 1, { cucrema orcueTal}
7 { BrHXOZHOM Ban pegykTOopa }

W, nakoHer, pa3ienbl onucanus 3ananus. [1o xomy pacyera ecTh CMBICT KOHTPOJIUPOBATh
TPH BEJIMYMHBI — YTIIOBAsI CKOPOCTH BEIYIINUX M BEIOMBIX YacTell My(DThI (JTOJKHBI U3MEHSATHCS B
unrepBaige 0-50 pang/c), ycwmme npmwxuma auckoB Myhtel (0 — 1000). OtobpaxeHue
pe3ynbTaToB MO  OKOHYAHMHM  pacyera yAoOHO 3a1aTh, HCIOJB3YS  BO3MOXHOCTH
ABTOMATHYECKOTO MacHITa0MpoBaHus. Torma TEKCT 3aJaHus Ha pacyeT W OTOOpaKeHHE
pe3yabTaTOB OYIET BHITIISIETh CISAYIOIMUM 00pa3oM:

$ RUN

ABTOHOMHas1 pa6ora mpuBoma ' SHTERM (END=10;
Yri. cK. Baja pgBuUraTens = (0, 50),
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(0, 50),
(0, 1000)
)

Yoo, ck. BegoM. uacTem MydTEH
Ycunue npmxmuMa IAMCKOB MyoTH

$ PRINT

Pa6ora mybTs nmpmBoma ' DISP (;
Y. ck. Baja pgBuraTens ,
YIyl. ck. BemoM. dacTeyr MybTm ,
Ycunmue Ha ToOJKaTeyne MydTH ,
Ycunme BOBBPATHHX NPYXMH MyoTEI,
Ycunme npuwxmMa AOUCKOB MyoTEr )

Pa6ora TpeHumst B mMydpre ' DISP (;
MoMeHnT Ha BXOHEe penykTopa ,
MoMeHT Ha BHXOIEe pemyKTopa,
MoMeHT Ha NIepEOM Banny,
MoMeHT Ha BTOpOM Bany, llorepm B MydTe)

$ END

3anmmieM mosrydeHHyIo nporpammy Ha sisbike PRADIS B daiin TESTSP. Tak xe, kak u
paHblIIe, BBIMOJIHUM aHAINU3 [TOJyYCHHON MOJEIH:

> SLANG TESTS5P

5.3.2.AHanus pe3ynbTaToB MoAeNMpPOBaHNA NnpMBoaa U
HEeKOTopble BO3MOXHOCTU ynpaBfieHUA NporpamMmMon
MHTEerpMpoBaHus

AHanm3upyeMbIii IPOIIeCC HE OTIIMYACTCS 0CO00M CII0KHOCTBIO, U MBI MOXKeM 0e3 Tpynaa
pa3zoOpaThCsi B COOBITHSIX, H300paKEHHBIX Ha OJKpaHe. B HavanbHBII MOMEHT BpEMEHHU
BKJIFOYAETCs JBUTATENlb, U YTJIOBas CKOPOCTh Baja JBUTATENII HauWHAET Bo3pactarh. Yepes 6
CeKyH/I TIocJie BKIIIOUEHHS JBUTATelNs (B MOMEHT BKJIIOYEHHsS] My(Thl) yTIoBas CKOPOCTh Baja
JBUTATENsT HECKOJIbKO TpeBocxomuT 30 paa/c. Brirodenne My(pThl XapakTepu3yercs Ha dKpaHe
pocToM ycunus Ha Tonkatene My(Tel. Brauane 5To ycuiMe wHAET Ha TPEOAOJICHHE
COIIPOTUBJICHUA BO3BPATHBIX IIPYKHMH, a IIOCJIC CMbIKAHUSA (1)pI/IKIII/IOHHI)IX JUCKOB — U Ha
CO3/aHME YCWIMS TpWXKUMa OTHX TUCKOB Jpyr K Jpyry. B pesymbrate 3TOro Mexay
q)pI/IKIII/IOHHI)IMI/I AUCKaMU MOABJIACTCSA MOMCHT TPCHUA, KOTOpI)II\/JI IPpUBOAUT K POCTY er'IOBOfI
CKOPOCTH BEJOMBIX 4acTeil My(Thl M MaJeHUI0 OOOPOTOB Baja JABHraTens (BEAyIIMX dacTei
mydTer). [Tocne cmbikanust GPUKIMOHHBIX JHCKOB MPOJOIDKACTCS COBMECTHBIN Pa3rOH BEAYIIHX
U BEJIOMBIX YacTel My(ThI.

Ho ecnu rToBOopuTh 00 0OIIEM BICUATIICHUH, IIOJIyYCHHOM aBTOpAaMH Ha CBOEM
KOMITBIOTEPE OT MPOIecca MHTETPUPOBAHUS, TO €r0 HENIb3sl TPAKTOBaTh Kak BocTopr. Ckopee —
Jerkoe paszodapoBanue. [lo cBoeld cyTu 3amava mpocta. M ecnm jgaxe OHa pemiaeTcs Tak
MEJIJICHHO, TO YTO OyJeT ¢ 0osiee CIIOKHBIMH 3aa4aMu?

EcrectBenno, uto kommuiekc PRADIS, paspexnamupoBaHHbIi paHee Kak BecbMa
HOIXOAALINM JJIs1 CTOJsIpa MHCTPYMEHT, JOJDKEH HMMETh XOTs Obl MMHUMAaJIbHBIE CpElCTBa
(HarpuMmep, IIEHKENs), MO3BOJSIOIME HEKOTOPhIM Haubosiee OJapEeHHBIM IMO0JIb30BATEISAM
CTaBUTh €ro Ha JbIObI, IEPEBOAUTH U3 HECHELIHON PBICH B rajionl M, IPU YAAYHOM CTEUEHUHU
00CTOSITENBLCTB, JIaXe COKpallaTh BPEMsl, IPOBOAMMOE €KEJHEBHO 3a DKPAaHOM B OXHIAAHUU
KOHIIa 3a0era.
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B stom monpaznene Mbpl HaMEPEBAIUCH HECKOJIBKO IPUOTKPBHITH LBETACTYIO IOIOHY,
MPUKPHIBAIOIYI0 OOKa MporpaMmbl HMHTEIPUPOBAHUSA, STOM paboueil somanu HHXKEHepa-
pacueTyuka, M MOKa3aTh Ha €€ peabe()HOM MYCKYJIMCTOM TeJle TOYKH, KyJla MOXHO BOH3aTh
mmopsl. EcTecTBeHHO, uTO Hambosee omacHble U3 HUX OyayT M3ydaTbes IMO3XKE, KOrja Hora
MOJIb30BaTeNsl yKe OyJeT XOpOIIO YyBCTBOBATh JIOMIAJh. A ceifuac Mbl OCMOTPUM Hambosee
Oe3omacHble, KOTOpbIe, B CAaMOM XY/ILIEM cllydyae, MOTYT 3acCTaBUTh €€ NPUTAHIOBBIBATH Ha
MECTE, HO HU B KOEM CJIy4ae HE IIPUBENYT K MAJEHUIO B IPA3b.

Crnenyer oOpatuTh BHHUMaHHE Ha cleayromuid MomeHT. Hactpoiika mnporpaMmel
UHTETPUPOBAHUS NIl PA3JIUYHBIX YCTAaHOBOK KOMILJIEKCa MOXET HW3MEHAThcs. B 3ToMm
JOKYMEHTE, KOTrJa pedb MJIET O CTaTUCTHKE PE3yJbTaTOB PAcueTOB, NMPUBOAATCSA PE3YJIbTATHI,
MOJTy4YE€HHBIE aBTOPAMHU Ha UMEIOIIEMCSl Y HUX AK3eMILIsIpe KOMILIEKCa. Y KaXKJI0ro KOHKPETHOTO
MI0JIb30BATENsl CTAaTUCTHKA MOYKET OTJIMYAThCS OT TEX PE3yJbTATOB, YTO NPUBOAATCS B 3TOM
nokymente. [losTomy ans monb3oBaTenss €cTh MPSMOM CMBICT TPOBOJUTH YHCICHHBIE
HKCIEPUMEHTHI U aHAJU3 PE3yIbTAaTOB MapajuleIbHO, CPAaBHUBAS UX C TEMH, YTO IMPUBOJAATCS B
3TOM JJOKYMEHTE.

Bxpatue mnporpamMma HMHTETPUPOBAHMS JEUCTBYET IO CIEAYIOLIEMY AJITOPUTMY.
WHTrerpupoBaHre HAYMHACTCS ¢ MUHUMAJIBHOIO Iara, KOTOPBIM, KaK IPaBWIO, 3aBEJOMO MaJl.
CnenaB [Ba-TpM MEJNKHMX HAYaJbHBIX IlIara, NOporpaMma HWHTEIPUPOBAHUS HA KaXJIOM
MOCIIEAYIOIEM  IIare OLEHMBACT TEKYLIYI0 IOIPEIIHOCTh  HMHTErpupoBanus. Eciu
[TOJIYUEHHA A HA OUEPE/IHOM IIAT'E norpeurHoctTs UHTErpUpPOBaHUs (U €111€ TOBOPST
JIOKAJIbHAS mnorpemHocTs HHTErPUPOBAHUS) MEHBIIE JOMYCTUMOM TOIPELIHOCTH, TO
JIelaeTcsl MOMBITKAa YBEJIMYNATh HIar MHTerpupoBaHusa. OHAKO, €CIM OYEPEIHOM IIar CTaHET
OuYeHb OONBIIMM (IO CPABHEHUIO C JUIUTENIBHOCTBIO ONPEACISIOIINX IOBEJACHUE CHCTEMBI
IPOILIECCOB), TO 10 OLEHKH JIOKAJIbHON MOrPEIIHOCTU AEJI0 MOXET He JOWTU. DTO OyneT B TOM
cllydae, €ClIM Ha I1are MHTErpupoBaHus He OyJeT o0ecreueHa CXOAUMOCTh Mpollecca peleHus
CUCTEMbI HEJIMHEWHBIX anredpandyeckux ypaBHeHu. Toraa Oyaer caenaHa NONbITKAa YMEHbIIUTh
mar uaTerpupoBanus. [Ipu sTom mar OyaeT 1poOUThes 10 TeX Mop, Moka He OyneT odecrneyeHo
JOCTHKEHHE CXOJAMMOCTH PELICHHUS] CUCTeMbl HEIMHEWHBIX anreOpanueckux ypaBHeHui. s
TOTO, YTOOBI IIAr MHTETPUPOBAHUS HE ObUI CIMIIKOM OOJNBIIMM, M MpOrpaMMa He Momnajaania
4acTo B 00JIaCTh HECXOJWMOCTH, €r0 OrpaHUYMBAIOT HEKOTOPOH mpezenbHol BennuuHoM. [lo
YMOJTYaHHUIO BEJIMYMHA TpPEAeNbHOro mara uHrerpupoBanus oosrdHo 0.01 c., HO MOXkeT ObITh
M3MEHEHA T0JIb30BaTEIIEM.

VYBenuuuM npeeNbHbli MIar UHTErpUpPOBaHUs. 3a BETUUYHMHY MPEIEIbHOrO 111ara OTBeYaeT
KJIIOYEBOM MapameTp IporpaMMbl uHTerpupoBanuss SMAX. 3aganuMm BeIMUMHY NPEACIBHOTO
niara uHTerpuposanus pasHou 0.02 ¢, BHECS COOTBETCTBYrOLIME U3MEHEHU B pa3aen RUN:

$ RUN
ABTOHOMHasT pa6ora npmumBoma ' SHTERM (END=10, SMAX=0.02;

YrJy. CK. Bajla JOBUTaTeNsI = (0, 50),
Y. ck. BegmoM. uwacrem mydéTsr = (0, 50),
Ycunmue Ha TonkaTesyie MydTH = (0, 1000),
Ycunme npmxmMa mguckoB mybrsr = (0, 1000),
Ycunme BOBBpaTHHX npyxmH MybTsr = (0, 1000)

)

Bynem ynBauBaTh MpeesibHBIN I1ar HHTETPUPOBAHUS, CBOAS pe3yiIbTaThl B Tabauiy 5.1.
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Tab6uanna 5.1. 3aBHCHMOCTD BBIYMCIUTEIbHBIX 3aTPAT OT KJIKY€BOI0 MapaMeTpa
nporpamMmMsl HHTerpupoBanusas SMAX

N| SMAX Ycenemnsix [Torepu Bcero Bpewmsa | Urepanwuii Ha
1aroB 11aroB WTEpaLHii cueTta(c) iar

1 0.01 1039 9/18 2198 204 2.008

2 0.02 548 13/20 1232 114 2.013
3 0.04 304 10/21 743 68 2.023

4 0.08 183 8/22 512 45 2.087
5 0.15 135 10/25 436 37 2.126

6 0.30 103 16/22 378 31 2.106

7 0.60 105 22/27 436 34 2.124

Kak BugHO M3 mpuBeACHHBIX B TaOJIMIlE JAHHBIX, YBEJIUYCHHE MAaKCUMAaJIbHOTO IIara
uHTerpupoBanust ¢ BenuyuHbl 0.3 10 BenuuuHbl 0.6 ¢ MPUBENO K HEKOTOPOMY YXYIIICHHUIO
pe3yabTaToB (KOJIMYECTBO MTEPAIMii BO3POCIO, YBEIHMUMWIOCH U MPOLECCOPHOE BpeMsi PabOTHI
mporpaMMbl UHTerpupoBaHusi). [lpu 3ToM Ha sTame pasroHa BeayIIMX YacTei MpUBOAa IIar
MHTETPUPOBAHUS YK€ HE BO3pacTall 10 IPEIENbHOM BEIUYMHBI, a ONPEAEIsICS B OCHOBHOM
JIOKaJIbHOM morpenrHocTeio. [l naHHOM 3a7ayu onTHMajbHas BEJIMYMHA MPEJENbHOrO Iara
MHTETpUpOBaHus, BUANMO, 0.3 c.

[TpenenbHBIN AT HHTETPUPOBAHUS — 3TO OJIHA U3 BETUYHH, KOTOPbIE JOCTATOYHO CHIBHO
BIMSIOT Ha TMPOJOJDKUTENIBHOCTh pacueTa. Ero BeaMUMHY ClEIyeT IO BO3MOXHOCTHU
coryiacoBeiBaTh ¢ mapamerpom END. B paccmoTpeHHO#l Hamu 3ajaue HEBEpHOE 3aJlaHHe
IpEJIebHOIO Il1ara UHTErPUPOBAaHUS IPUBEJIO K BO3PAaCTaHHUIO BpEMEHHM cyeTa Oojee 4yeM B 6
pas.

5.3.3.Mogenb ucnonHNTEeNLHOro MexaHu3ama.

PesynbraThl pa3oueHust parMeHTa PHIYaKHOTO MEXaHHW3Ma Ha JIEMEHTHI MPEICTABICHBI
Ha puc. 5.5. CHUCOK BBIICTICHHBIX 3JIEMEHTOB BBITIISIUT CIAEAYIOUIIM 00pa3oM.

*  OCHOBaHHe, CiIy)Kalllee JJIsl 3aKpEeIUIeHUs] MEXaHU3Ma;
e Oajo4HBI{ yNpyrui s3neMeHT, Moaenupytouwmii kpusomun (BALKA, Kpuomunn);
» crepxHeBoil ynpyruit anemenT (STRGN; Kopowmeicio, [laryn);

e TpeyroabHbiil ynpyruii 3nemeHT (TRGUL; Poruar);

*  TOYCYHBIM MHEPIUOHHBIN 351eMeHT (M; [TomsyH).
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Boernmume creneHH CBoODODH (DPATMEHTA !

1 — omEA W3 CTETEHET CBODONE, CBISAHHHY C
OLIOPOIL,

3 - BpalllaTelIbHAadA CTeIICHDB CEBOOGITEL BeOYIIICTO
KPHEBCITIIITIA MEXAHMIMa,

14 - IMOCTYIIATEIIRHAA CTCIICHE CEDﬁDHH
BEPTHKAJBHOIT IEpeMellleHlld IIGJI3Y Ha

Puc. 5.5. JdexoMmno3uuus pparMeHTa poI4aKHOT0 MEXaHU3MA HA IJIEMEHThI U
HyMepaunus cTeneHeil cB00OAbI ero MaTeMaTH4eCcKOi MO/IeJIH.
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B otianume ot Bcex mpeapaymux (GparMeHToB, 3TOT (hparMeHT He UMEET CBOUX CHIIOBBIX
9JIEMEHTOB, 3aJaroluX ABMKeHue. OjaHako, AJi1 aBTOHOMHOTO TECTHPOBaHMS (PparMeHTra
HY’KHO, YTOOBI OH BOCHPOHM3BOJIMJ KakKoe-THOO JBHXEHHE pEabHOIO MCIIOJHUTEIHLHOTO
MexaHu3ma. J{ias 3Toro MoKHO ObUIO OBl YYECTh CHIIy TSDKECTH TOJ3yHa, KOTOpasl 3aCTaBUT
NIEPEMECTUTHCS ~ MEXAaHU3M M3  HAYaJIbHOIO TIIOJOXKEHUS B  KAKOE-TO  IIOJIOJKEHHE,
COOTBETCTBYIOIIEE MUHHUMYMY MOTEHLIHAIbHOU 3Hepruu. [loaToMy B TecToBOM pacuere Oyner
IIPUCYTCTBOBATH enle auemMeHT "Cuna Tsxect nonsyHa" (F).

ChopaBka MO BKIIOYA€MbIM B MOJIETIb 3JE€MEHTaM TOBOPUT O TOM, YTO B KayecTBE
napameTpoB s 3siemMeHToB BALKA, STRGN n TRGUL 3agatorcst KoOpAMHATHI HAYaJIbHOTO
MOJIOKEHUS PJIEMEHTOB U MapaMeTpbl MaTepuaia, U3 KOTOporo oHu ciaenanbl. Ciaeays NpUHLNITY
3aJlaHHsl TapaMeTPOB JUIA NPEIBAPUTEIBHOTO pacyeTa, M3JI0KEHHOMY B mozpaszene 5.2, Bce
nmapaMeTpsl JJIEMEHTOB, KpPOME HayalbHOTO 3HAuYeHUS KOOpPAHWHAT, OyJaeM 3agaBaTh
OPHUEHTHPOBOYHO. [Ipenrnonokum, 4ro BCe pblYarn MeXaHW3Ma WM3TOTOBJIEHBI M3 CTaJIM, Macca
KaQXJIOTO pbluara | Kr, HEHTPHI TSKECTH CTEPKHEBBIX AEMEHTOB HAXOATCSA B LIEHTPE 2JIEMEHTA,
reOMETPUYECKMI MOMEHT MHEPIMHU KpHMBOIIMNa Ha u3ru6 — 1.E-6 mM°, miomans momepeynoro
cedeHus: 0ANOYHOrO M CTEPIKHEBBIX dIeMeHToB — 1.E-4 M?, Tommuna tpeyrombHuka = 0.01m.
3agaguMcst MacCcoM MOJI3yHA S5 KT.

Paznensl onmcaHus JaHHBIX M OMUCAaHUS OOBEKTa IJIs 3TOro ¢parMeHTa MOTryT ObITh
TaKUMU:

$ DATA

{ Koop,nm-xa'rm HaAYaJIbHEIX TOUEK SBBEeHBLEB Mexar-msma}

Touka O = 0., 0. ;
Touka A = -0.134, 0.238;
Touka B = 0.173, -0.109;
Touka C = 0.092, -0.339;
Touka D = 0.55, -0.95 ;
Touka E = 0.55, 0.

{ IapameTpn MaTepmuasnoe }
Mogyne OHTAa 2. El1
I[InoTHOCTE 7800
KosbdmuumenT Ilyaccona = 0.3

{ MuepumoHHIIe napaMeTpPs - Macca, I[IOJIOXKEHME LeHTPa TsXeCTu}
Macca kxpuBoumna = 1, 0.5
Macca xopoMsicna
Macca maTyHa
Macca noansyHa =

1, 0.5
1, 0.5
5

{ TeoMeTpHueckme napaMeTps Ce4YeHMI }

J kpueoumna = 1.E-6

F xpuBoumna = 1.E-4

F xopomMsiciia = 1.E-4

F wmaTyHa = 1.E-4

T priuara = 0.01

Cuna TsxecTM nojsyHa = - 50. {HanpaBnena BHMSB}

{ Macwra6m BHBOHA }
Macwra6 BRHBOZma yrsma = 57.29 {yrom - B rpagycax}
Macwra6 BHBOZa nepeMmemeHuss = 1 {nepeMemeHme - B MeTpax}

$ FRAGMENT: MEXAHW3M

# BASE : 1,2, {onopa xpmeommna}
9,10, {onopa xopowmsicna}
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13 {Hanpaensiomas nonsyHal
# STRUCT

KpmBoumn 'BALKA (1 2 3 4 5 6;Touka O, Touka A,
Macca xpmeoumna,
J xpueoumna,F xpmeoumna,
Mogyne IOHTA)
Kopomsicsio ' STRGN (9 10 7 8; Touxka B, Touka E,
Macca xopowsicia,
F xopowmsicna,Momyne OHra)

laTyH 'STRGN (11 12 13 14; Touxa C, Touka D,

Macca maTyHa,

F wmaTyHa, Mogyne IOHTA)
Priuar '"TRGUL (4 5 7 8 11 12;Touxka A, Touka B, Touka C,

T pridara, Moayne Oura,
KosbpduumenT Ilyaccona,
IInoTHOCTSR)

MonsyH 'M (14; Macca nonsysHa)

Cunia Tsixect 'F (14; Cuna TsikeCcTH I[OJIBYyHA)

# EXTERNAL : 1, {omopa }
3, {Bpamenne xpuBoumna }
14 {BepTHMKanpHOE NepeMemeHMe MNOoJN3yHa}

BrixomHple mepeMeHHBIC, KOTOpBIC MOHAAO0ATCS HAM IS OMPEICICHHUS Harpy30K Ha
AIIEMEHTBI, OMPEAEIIUM TIOCTIE aBTOHOMHOW OTJIAJKU 3TOTO (parMeHTa. A ceifduac Hy>KHO OyneT
3aJaTh BBIBOJI, KOTOPBIM MO3BOJUT HaM IMPOKOHTPOJIUPOBATH MPAaBUILHOCTH COOPKU MOJEIH.
Kak moka3piBaeT OMNBIT, IS TUIOCKMX M MPOCTPAHCTBEHHBIX MEXaHH3MOB KOHTPOIb
NPaBWIBHOCTH COOPKH MOJIETH MMEET OCOOYI0 aKTyaldbHOCTh. OIHAKO MPOKOHTPOIHPOBATH
MPaBUIBHOCTh PAa0OThI MEXaHHW3Ma, HCIONB3ys] TOJBKO TpadUKU WM YHUCIOBOW BBIBOJ
NepeMENICHU I XapaKTEPHBIX TOYEK, B KOPOTKUE CPOKH MPAKTUYECKN HEBO3MOXKHO. [loaTomy st
KOHTPOJISI TPAaBUIBHOCTH COOPKH MeXaHU3Ma OyJIeM HCIOJIb30BaTh JIPYroe CPEACTBO KOMILIEKCa
— m300paxkenne oOwBekTa B Xoae pacyera. A B moapazaene OUTPUT dopmupyemoro namm
3a/laHusl OMpPEAENUM BBIBOJ JIBYX BEIUYHMH — yIila MOBOPOTa KPUBOIIUMA U BEPTHKAIBHOTO
nepeMeIeHus MoJI3yHa:

# OUTPUT
Yron noBopora kpuBoummna 'S ( 3; Macwra6 BRBOZa yrIua)
l[lepeMemieHMe NONBYyHA 'S (14; Macwrab BrBOJA IEepeMeleHusI)

5.3.4.M300paxeHune ob6bekTa — pasgen SHOW.

Jns m3o0pakeHus: 00beKTa Ha SKpaHE TOce pacdyera HEOOXOAMMO BKJIIOYUTH B TEKCT
nporpammsel pasaen SHOW. Dtor pasnen B mporpamme Bcerja OAMH M CIEAYET 3a Pas3AeiioM
FRAGMENT (ecnu 3TuX pa3fesioB HECKOJIBKO — TO 3a MOCIECIHUM M3 HUX. B 3TOM ciyuae B
paznene SHOW ¢dopmupyercs n3o0paxkeHre 00bEeKTa, OMPEIeIEHHOTO B 3TOM (pparmeHTe).

Paznen SHOW coctouT H3 omucaHus OJHOTO MM HECKOJBKUX CJOEB H300paskeHHs.
CoctaB cios n300pa)kK€HHsT MOXKET OBITh CaMbIM Pa3HOOOpPA3HBIM W BKJIIOYATh B CeOS Kak
n300pa’keHre BCEro oOBEKTa, TaK M €ro OTAEIbHBIX dacTeil. Kaxplid ciioil xapakTepusyercs
CBOMM MacITaboM n300pa)keHus, CBOCH TOUKOW 3peHUs HaOII01aTessl 1 CBOMM I[BETOM.
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Puc. 5.6. NiurocTpanys K NPUHIMIIAM MO3MLIMOHMPOBAHUSA M300paKEHUsI HA IKPaHe.

B »>TOM mnyHKTE pPYKOBOACTBA MBI IO3HAKOMHMCS C NPOCTEHUIIEH BO3MOYKHOCTBIO
u300pakeHnss 00BbEKTa Ha SKpaHe B XOJIe pacueTa — n3oOpakeHueM o0beKTa "o yMoI4aHUIo".
Hcnonp3oBaHue 3T0 BO3MOXKHOCTH INPEAINOIaraeT, 4Yro B Gopmupyemoe n3zoOpaxeHue OyayT
BKJIIOYEHBI Trpaduueckrue o0pa3bl TeX »HIEMEHTOB OOBEKTa, Uil KOTOPBIX OIpeaesIeHbI
rpagudeckue oOpa3bl 2JIEMEHTOB 'mo yMmomuaHuwo'. B Hamem cinydae B (opmupyemoe
u3o0pakeHne OyIyT BKIIOUEHBI rpaduyeckue oOpa3bl KpUBOILWIA, KOPOMBICTA, IIATyHa M
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pblyara, 4To BIIOJIHE JIOCTATOYHO JJII KOHTPOJS MPaBHIBHOCTH cOOpkHM MexaHusma. [Ipu atom
BCe n300pakeHne OyJeT BKIIOUECHO B OJIMH CIIOM.

OueBuHO, TIEPBOE, YTO HAM HYXKHO CHAeNaTh Mpu (HOPMUPOBAHUH H300PAKECHUS, — ITO
OTIPEACIUTh €r0 MaciITad, IBET U 334aTh TOUKY 3pEHUs HaOIIoAaTeNsl.

[IpuHIMIBEI MacmTabupoBaHUs H300pPaKEHUS U ONIPEIeTICHHSI TOYKU 3pEeHHUsT HaOIr0AaTeNs
JUISL KQXKIO0T0 CJ0s TOKa3aHbl Ha puc. 5.6 u 5.7.

Habmomatens BUIUT OO0BEKT dYepe3 TpyOKy MpSMOYTroJbHOTO ceueHus (puc.S5.6a).
[Ipenmonaraercs, 4To n300pakeHne 00ObEKTa HE UCKaXKaeTcs (T.€., MACIITAOUPYETCsl OTMHAKOBO
10 BCEM OCSM IPOCTPAHCTBA). [IpsAMOYrosbHOE OKHO dJKpaHa IUCIUIes, Ha KOTOPOM OyaeT
pa3MeniaTbes n300pakeHNe, FTeOMETPHUUECKH MOI00HO CEUEHUI0 TPYOKH.

[TosTomy asist onpenenieHus: pa3mepa ee MoNnepeyHoro CeYeHus JOCTaTOYHO 331aTh TOJIBKO
OIIMH pa3Mep, B TaHHOM CiIydae, pa3Mep MEHBIICH CTOPOHBI CeUeHHs (= pa3Mep BIMCAHHOH B
CeueHHe OKPY>KHOCTH).

Jlns  ompeneneHus TONOXKEHUsS TPYOKH B TMPOCTPAHCTBE 3aJalOTCSI  KOOPIWHATHI
CJICTYIOMINUX TOUYEK:

1) Touka C. Jlexxur Ha ocu TpyOKM U OINpEAesieT LEHTP CBSA3aHHOW C HEH CHCTEMBI
koopaunar X', Y', Z'.

2) Touka A. Jlexut Ha ocu TpyOku (Z') m coBmecTHO ¢ Toukoil C ompenensier ee
HaIpaBJICHUE B IIPOCTPAHCTBE.

3) Touka B. OmpenenseT moyioXeHHE IUIOCKOCTH, Ipoxozsmeid udepe3 ocu Z' u X'
3ameTuM, 4yTO TOouka B' He 00s3aTenpHO JOJDKHA JieKaTh HENMOCPeACTBEHHO Ha ocu X',
MOCKOJIbKY MHOTJa ObIBAa€T 3aTPYyIHUTENBHO omnpenenuTs koopauHaTtel Touek A, C u B Taxk,
4TOOBI MEXLy OCSIMU X' M Z' BBIACP)KUBAJICS MPSIMOI YTOJI.

BoopyxenHnslit TpyOoi HaOmr0AaTeNh BUIUT OOBEKT B MPOCKIUH, TIEPIICHANKYISIPHONH OCU
TpyObI (puc. 5.60). Ilomyuaemoe wu300pakeHne OyJIE€T COOTBETCTBOBATh CIIy4aro, KOT/a
MOJIb30BaTeNh CMOTPUT U3 Touku A B Touky C. Ha coctaB n3o00pakeHusI HE BIUSAET, HAXOUTCS
JM YacTh OOBEKTa 3a IMpearojiaraeMbIM ITOJIOKEHHEM HaONIoaTeNsl WM TepeJ HUM — BECh
00BEKT MPOCIUPYETCS HA IIOCKOCTh, onpeaenseMyro npsaMbiMu X' u Y'. 1 pa3MerieHus 3Toro
U300paXeHHWsI Ha OJKpaHe JHUCIUIes B MNPSIMOYTOJIBHOM IOJIe W300pakeHHs OOBEeKTa
PYKOBOJICTBYIOTCSI CIIEAYIOUIMMHE MPOCTHIMU MpaBuiamu (puc. 5.7):

1) Lentp tpyOxu (1.C) momemniaeTcs B EHTP W300pakeHus: 00BEKTa.

2) Ocp X' cBs3aHHOM ¢ TpyOOIl crcTeMbl KOOPIMHAT PacIoylaraeTcsi TOPU30HTAIBHO (OT
toukn C BmpaBo), ock Y' — BepTukaibHO (0T Touku C — BBEpX), ocb Z' — MEePHEHAUKYISIPHO
TUIOCKOCTH dKpaHa (oT Touku C Ha HaOmroaTens).

3) IlonepeuHoe cedeHue TPyOKM TOYHO BIIUCHIBAETCS B TIPAHUIIBI TOJS HM300pakeHUs
oOnekTa. [loaToMy HyXHOe MacimTabupoBaHUE H300pakeHus (T.e. pa3Mep H300pakeHus Ha
JKpaHe) TOCTUTAETCS] BBIOOPOM COOTBETCTBYIOLIETO 3HAYEHMS JMaMeTpa BIMCAHHOM B cedeHue
okpyxHocTtu (ueM BOJIBIIE nuamerp, rem MEHBIIE u3o0paxenue).
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ABTOHOMHAS paﬁoTa HCIIL MEXaHH3Ma
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Puc. 5.7. JKPpaH JUCILIes B peKUMe N300paskeHnsl 00beKTa U cXxeMa onpeaeIeHus

TOYKHM 3peHusi Ha0JIroAaTe .
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[Ipn m300pakeHUH TIOCKMX OOBEKTOB YyA0OHO 3amaBaTh Ol Touyek A u B HyleBbie
KoopauHaTel. Torma mpenmoiaraeTcs, 4YTO TIOJIe H300pakeHWsT OObeKkTa OyIeT Jexarb B
miockocty XOY, a ero rpanuiibl 0yayT mapamienbabl ocsiM OY u OX (T.e., moie u300paxeHus
00bekTa OyZIeT HAaXOUTHCS B TAKOM IOJIOKEHHUH, KaK 3TO W300pakeHo Ha puc. 5.7).

Takum 00pa3oM, CIUCOK MapaMeTPOB, 3aJaBa€MbIX JUIS KaKIOTO CJIOS H300paKCHWS,
BKJIFOUYAET B ceOs:

* pa3Mep MeHbLIEH CTOPOHBI IPSIMOYTOJIBHOTO CEYEeHUs TPYOKH;
*  POCTPAHCTBEHHBIE KOOPIMHATHI LIeHTpa TpyOku (Touku C);

* MPOCTPAHCTBEHHbIE KOOPAMHATHI TOUKH A;

* MPOCTPAHCTBEHHbIE KOOPAUHATHI TOUKH B;

* HOMED LIBETA CIOA.

OTHOcUTEIBHO BEIOOpPA HOMEpA 1IBETA CJI0S IOrOBOPUM B cliedyromiei riase. [Toka MoxkHO
3a/1aBaTh HYJIEBOE 3HAUEHNE HOMEpa LBETa (ONpeAeaTh BEIOOP 1BETA IO YMOIYAHHUIO).

B Hamrem cityuae, MOCKOJIbKY TPEAINOJaraeTcsi H300pakeHHe IIOCKOro 00bheKTa, MOKHO
NPEIIOKUTH CIISTYFOIIUE TapaMeTpPhl CIIOS:

InaMeTp OKPYXHOCTHM =2.0

IlenTp skxpaHa =0, -0.7, 0 {X, ¥, 2}
BcnomorarenesHsle Toukum = 0,0,0, 0,0,0

IlIBeT mMBO6paxeHuUs =0 {llo ymonuanwuo}

OT1u cnucku napamerpos BHeceM B pasnien DATA ¢opmupyemoro Hamu 3aganusi. A mnocie
paznena FRAGMENT B Tekcr 3aganust BkmounM pasaen SHOW ¢ onucaHueM eAMHCTBEHHOTO
cJ10s n300paxeHus "Mmo yMoJTdaHu0"

$ SHOW
Nsobpaxenne MexaumsmMa 'LAYER (; JlmaMeTp OKPYXHOCTH,
IlenTp B3KpaHa,
BcrnioMoraTenbHBIe TOYKM,
eeT msobpaxeHmns)

Paznensr RUN u PRINT nycts OyayT moka npocTerImmmu:

$ RUN
ABTOHOMHBII aHaNMM3 MexaHmsMma 'SHTERM (END=2, SMAX=0.1)

$ PRINT
PesyneTaTs pacuera ' DISP ()
$ END

3anumeM chopmupoBaHHOoe Hamu 3anaHue B ¢aitn TESTSM wu BbimonHuM Ans Hero
komanay SLANG.

Cyns mo m300pakeHHIO Ha DKpaHe, B ONMHMCAaHUHM OOBEKTa JoIyIleHa omuoOka. B cBoem
HAYaJbHOM TIOJIO)KEHUM MEXaHMU3M IIOXOXK Ha TO, YTO MBI OXHUAANU YBUAETb, HO TOCIE
HEOOJIBIIIOTO TOBOPOTa KOPOMBICTIO OTPHIBACTCSA M HAUMHAET XKUTh CBOCH, HE 3aBUCUMOW OT
OCTaJIBbHOTO MEXaHU3Ma >KU3HBIO.

O6Hapy>KeHHa${ BBIIIIE OIIIMOKA MOYKET OBIThH BBI3BAHA:

a) HEBCPHBIM OITMCAHUEM CBsI3EH (KOpOMBICJ'IO COCAUHHUIIN HEC C TEMU Y3JIaMU MOI[eJ'II/I);
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0) HEBEpHBIM ONMHMCAHMEM KOOPJIWHAT KOPOMBICHA. XOTs, B JaHHOM cllydyae, 3TO BpsI JiH,
Kak roBopui ToBapuil CyxoB — ecnu Obl Oblla omMOKa B ONpeAENICHUH KOOPAMHAT, TO YXKE B
HAYaJIbHOM I0JIOKEHUH KOPOMBICIIO ObLIO ObI OTOPBAHHBIM;

B) HECOIIACOBAHHOE 33JlJaHME KOOPAMHAT U CTENEHEH CBOOOBI /Ul KOPOMBICIIA.

BuumarensHOE paccMOTpeHHe TEKCTa OnucaHusl 00bEKTa MOKa3bIBAET, YTO MPU ONMHUCAHUU
KOpOMBICJIa TIEPBBIMU YKa3aHbl CTENEHU CBOOObBI, COOTBETCTBYyIOIIME Touke E, a B crucke
napaMeTpoB i 3TOTO 3JeMEeHTa — KOOpAMHATHI Touku B. VMcnpaBum 3Ty ommoOKy (B criucke
napaMeTpoB TIOMEHSeM MeCTaMH KOOpJAMHAThl Todek). Hawmbonee nro0o3HATENbHBIE U3
MOJIb30BaTeNe MOTYT NpPOBEPUTb, YTO O3TO U OBLJIO MPUYUHON CTPAHHOTO TOBEJACHUS
MEXaHU3Ma.

5.3.5.C6opka mogenu TeXHONOrM4eCKOn MaliuHbI U3
OTNaXeHHbIX (hparMeHTOB.

IMPUMEYAHME. 3APAHEE ITPUHOCHM I1OJIb3OBATEJIIO CBOU M3BMHEHUWA
3A HEKOTOPOE CTUJIIMCTUYECKOE HECOBEPHIEHCTBO 3JOTOI'O IIVHKTA,
I[TIOCKOJIBKY OH bbbl HAIIMCAH B IIEPMOJ IITYPMA BEJIOI'O JOMA
[IPE3UJIEHTCKUMU BOMCKAMU.

Crnenyromieit 3agadeii, CTOSIICH nepes HaMu, SIBISETCS COOpKa MOJCIH TEXHOJIOTHUECKOM
MaluHbI puc. 5.1.

Ha »toT pa3 Tekct 3amanumst OyAeT COCTOSTh M3 HECKOJIBKHX (parMeHTOB. DTO —
¢parmentsl [IPUBOJ] 1 MEXAHUW3M, otnakeHHbIE B NPeAbLAYIINX pa3jenax 3TOW IaBbl, a
TaKk)Ke TEKCT I100aTbHOrO (PparMeHTa, ONUCHIBAIONIET0 CTPYKTYPY MalluHbI B LeiaoM. Kak yxe
ObUIO CKa3aHO, B TEKCTE OMHCAHUS TI00aTbHOr0 (hparMeHTa MOXHO HCIIOJIb30BaTh (pparMeHTHI
I[MTPMBO/] n MEXAHUM3M kak "mMakpo31eMeHThI".

"Jlekomno3unusa" T100adbHOTO (parMeHTa Ha AJIEMEHTHl M300paxkeHa Ha puc. 5.8. B
npocTeiiieM ciydae (parMeHThl, OTJIaKEHHbIE paHee, MOXKHO HCIONb30BaTh C TEMHU
napamMeTpamH, KOTOpble ObLITH 3a/1aHbl IPU UX OMHMCAaHUM. |1 KaX10Tr0 U3 paHee ONpeIeIeHHbIX
(GbparMeHTOB JOJIKHBI OBITH 3aJaHbl CTETIEHU CBOOObI, KOTOPBIE CIIYKAT JJI1 COCTUHEHUS 3TUX
(parMeHTOB € OCTaJIbHON CHUCTEMOH. DTH CTENEHU CBOOOJBI ONMMCHIBAIOTCA B MOJpa3/enax
EXTERNAL (cMm. Tekcthl omucaHusi (parmeHtoB B mnyHktax 5.3.1 u 5.3.3). Panpme o
nozapasaene EXTERNAL Huyero He roBOpwJIoCh, a 3TOT MOApPA3Aed BKIKOYAJICA B TEKCT
omucaHusi oOBeKTa 0e3 Kakux-1m00 KOMMeHTapueB. Ero Ha3zHaueHWe — OMHUCATh Y3JIbI
(dparmenTa, ciyKaiiie sl COSAMHEHUS C APyTUMH (pparMeHTaMu U 3JIEMEHTaMU CUCTEMBI.

72



HenmonHATeIREH I
MeXaHH3M

| || |
| || |
| || |
| J_oo—[]: | | |
| 2 || |
| 77 || |
| || |
| || |
| | |
| || |
| edson |
|

| |

| |

| |

| |

| |

I | |

| % | | |
| | | |
| | | MEXAHUBM |
| Omopa warmmmm | .- _ ]

Puc. 5.8. CBs3u Mexay 3J1eMeHTAMHM 1 HyMepauus cTeneHeil cBo0obl
MaTeMATHYeCKOH MO/ieJIM MaIIMHbI.

B kaxx;1oM HOBOM (pparmeHTe, B TOM YHCIIE B TEKCTE IT100AILHOTO (hparMeHTa, HyMeparus
y3JI0B SIBJISIETCS HE3aBUCUMOH. Bce HOMepa y310B (aKTHYECKH SBISIOTCS BHYTPEHHUMH JUIS
TeKyIiero (parMeHTa M HUKaK HE BIUSAIOT Ha HyMepaluio y3JoB Jpyrux ¢parmeHtoB. Ho,
4TOOBI 3Ta HE3aBUCUMOCTh (PparMeHTa HE MepepacTajia B €ro WrHOPUPOBAHUE CO CTOPOHBI
CUCTEMBI, €r0 CBS3b C IPYTUMU dJIEMEHTaMH 00bEKTa HY>)KHO KaK-TO ONPEEIUTh U onucath. J{is
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storo B nonpasaene EXTERNAL nepeuncnsroTcss HoMepa y3/0B, KOTOPBIE CIIy»KaT JUIsl €ro
BKJIIOUEHUS B OINHUCaHUE IiobaabHOro (gparmeHta. B Tekcre riodansHOro ¢pparmMeHTa Kaxkabli
U3 BKIIOYa€MbIX B HEro (pparMeHTOB OyJeT MMETh CTOJBKO CTENEeHEeH CBOOOJBI, CKOJBKO HX
onucano B nozapaznene EXTERNAL Bkimrouaemoro ¢parmenta. [lopsnok onvcanust y3ioB npu
BKJIIOYEHUH (parMeHTa JOJHKEH COOTBETCTBOBATH MOPSAKY HMX OIMCaHMA B MOJ3arojioBKe
EXTERNAL.

[Tpu onmcanum 3axkperyeHuss pparMeHTa W €ro BHEIIHUX Y3JIOB CleAyeT UMETb B BHUIY
CIEAYIOUIYI0 OCOOEHHOCTh airopuT™Ma (OPMHPOBAHMS CHCTEMBl YPaBHEHUH KOMIUIEKCa
PRADIS. JIns dopmupoBaHusi CUCTEMBI YPAaBHEHHH OCYIIECTBISETCS IEPEHyMepalns CTeTeHen
cBO0OJIBI 00BEKTa. DTO JIeNaeTcss IOTOMY, YTO HOMEpa y3JI0B, 3aJaBaeMble IMOJIb30BaTENEM, HE
00s3aTeNIbHO  SBJIAIOTCSI TOCJIEOBATENbHBIMHM LIE€JBIMA YHMCIAMU (OHH MOTYT COJIEp)KaTh
npomycku). [lociie nepeHymepannn 3TOT BO3MOXKHBIN HENOCTATOK ycrpaHsercs. Kpome Toro,
JUISL COKpAIlIEHUsI BBIYMCIUTENbHBIX 3aTpaT, MPU MEepeHyMepaluud BCEM 3aKpEIUICHHBIM Y3JaM
(dparmeHTa npucBaMBaeTCs OJMH M TOT ke HoMmep. s HuX (opmupyercs oAHO ypaBHEHUE
(ypaBHEHHE paBHOBeCHs ISl Tella, CBA3AHHOTO C CHCTeMOW oTcuera). Ecim »ToT (parmeHT
SBIISIETCS TJI00ABHBIM, TO 3TO ypaBHEHHE HE aHanmu3upyercs ((haKTHUECKU BBIYEPKUBACTCS U3
pPe3yNbTUPYIOLIEH CUCTEMbI YpaBHEHHI), U BCe CTENEHU CBOOO/bI, OMUCAHHbIE B I0J3ar0JIOBKE
#BASE, cunTaroTcst HEIO ABHKHBIMU.

Cutyanus U3MeHseTCs, KOrja paHee ONUCAHHBIM (PparMeHT HCHOJB3YeTCs B KauecTBe
MakpodjeMeHTa. Eciau HU oJIMH 13 3aKpEeIUIeHHBIX Y3JI0B BKIII0OYAaeMOro ¢parMeHTa He OMHCaH B
noapaznene EXTERNAL (u, cinenoBarenbHO, HE MOXKET OBITh CBSI3aH C 3aKPEIVIEHHBIM Y3JI0M
rnobanpHOro (¢parmMeHTa), TO, KaK W BCE OCTaJlbHble Y3Jbl 3TOro (parMeHTta, Mpu
NEPEHyMEPALIMK OH II0JIy4aeT COOTBETCTBYIOIIMN YHHUKAQJIbHBII HOMEP U CTaHOBUTCS
HEe3aKpeIUIeHHBIM. DTOT HOMEp MAJisi BceX Oa30BbIX Y3JIOB BKJIIOYaemMoro ¢parmeHnrta Oyner
ouHaKoBbIM. Eciu xoTst 661 01MH U3 0a30BBIX Y3JIOB SIBIISIETCS] BHEIIHUM, TO BCe 0a30BbIE Y3JIbI
BKJIIOYaeMoro (¢parMeHTa IMpH MEepeHyMepaluu IMOJy4aroT TOT K€ HOMEp, UTO |
COOTBETCTBYIOIIME UM Y3JIbl TJ00anpHOro ¢parmenra. [ljis Toro, 4ToObl COXpaHUTH MpEXHEE
3aKpeIIeHHe BKJII0YaeMOoTro pparMeHTa, Hy>KHO OJJMH 0a30BbIi y3€J 3TOro pparMeHTa OnucaTh B
Ka4yeCcTBE BHEIIHETO U MPH BKIIOUYEHUH CBSA3aTh €ro ¢ 0a30BBIM Y3JIOM IJ100abHOTO (pparMeHTa.
[TockonbpKy Bce 3aKperieHHbIE y3ibl parMeHTa — 3T0 (aKTHYECKH OJWH M TOT K€ Y3€l, TO B
noapaznene EXTERNAL 3ampemaercst onucheiBaTh 060Jiee OJHOTO 3aKPEIJICHHOTO y3J1a.

3ametruM, uto pparmenr MEXAHU3M wumeer nsth 3akperuieHHbIX y3moB (1,2,9,10,13),
OJIHAKO, B COOTBETCTBMM C BBIIIECKAa3aHHBIM, TOJBKO OAMH M3 HUX (1) ommcaH B KauyecTBe
BHeIHero. B ciydae, ecnu npu onmcanun BiiIroueHus ¢pparmentra MEXAHUW3M »stor y3en
Oyner cBsi3aH ¢ 0a30BBIM Y3JIOM TIJI00anbHOrO (hparMeHTta (Kak Mbl M HaMEPEHbI CIENaTh), TO
ATOTO OKaXETCs JOCTATOYHO, YTOOBI COXPAHUTh MPEKHEE 3aKpEIICHHE.

Bepnemcs k opMupoBaHHIO TEKCTa IN100anbHOTO (pparmMeHTa. M3 HOBBIX 3JIEMEHTOB IS
ero omnucaHus HaM moHajgoOutcs Tosnbko 3neMeHT UPRP (cmpaBka mo snmementy — ARM ?
UPRP). DToT s51eMeHT MMeeT JiBe CTemneHu cBoOOoJbl. Jlisi Hero 3amaloTcs Tpu Hapamerpa —
HayvaJibHas BEJIMYMHA 3a30pa, BeTUUMHA Kod((PUIIMEeHTa KECTKOCTH YIPYTroro y4acTka Harpy3Kku
U MaKCHUMAaJIbHAas BEJIIMYMHA CWIbI, COOTBETCTBYIOIAs YYacCTKy C BEIUYMHOW CHUJIBI, HE
3aBUCALIEH OT MEPEMELICHUS.

CtpykTypa onucaHusi o0beKTa B Ciay4yae HCIOIb30BaHUS HECKOJIbKHUX (hparMeHTOB OyeT
HECKOJIBKO OTJIMYaThCs OT CTPYKTYpPhl PACCMOTPEHHBIX paHee mnporpamMm. Bce nannble s
KaXJ0ro U3 ()parMeHTOB MOTYT ObITh OOBEANHEHBI B €IMHBIN pa3jien onucaHus nqaHHbIX. [locne
pas3jiena ONUCaHMs JAHHBIX B TEKCTE OMMUCAHUS OOBEKTa JOJKHBI HMPUCYTCTBOBATH Pa3/Ieiibl
FRAGMENT c omucanuem kaxnaoro uz ¢parmenros [IPUBOJI u MEXAHU3M. [lopsnok
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clemoBaHUS 3TUX (PparMeHTOB B TEKCTE 3aJaHus He cyllecTBeHeH. [locmegHuM B TekcTe
OTMCaHusl 00bEKTa JOJKEH MPUCYTCTBOBAThH TEKCT OMUCAHUS II00aIbHOTO hparMeHTa, T.€. TOTO
¢dbparmMeHTa, KOTOpBHIi B KOHEYHOM HWTOTe OyIeT MojaBepratbcs aHanu3y. HazoBem s
onpeneneHHocTH TioOanpHBId ¢GparmeHT MAIIMHA. Torma, ecnmu mepeducisTh MOPSIOK
CJIeTOBaHMS pa3/IeloB OMHCAHUS 00BEKTa, B HAIIIEM CITy4ae OH MOXET OBITh CJIEIYIOIIIM:

$ DATA

$ FRAGMENT: IIPUBOJ

$ FRAGMENT: MEXAHWM3M
$ FRAGMENT: MAIWHA

OrnepupoBaTh C €IMHBIM OJIOKOM JTaHHBIX HE Bcerna yao0HO. B Tom Buzae, B KOTOPOM J10
CUX TIOp HCIIOJIB30BAJICS pa3fell OMHWCAHWS JaHHBIX, OH HAa3bIBACTCS TJI00ATHHBIM
(HETTOMMEHOBAHHBIM) PA3/CIIOM OINMUCAHMS JAaHHBIX. TakoW paszen BKIHOYAeT B CeOsl CIUCKHU
napamMeTpoB, JACHCTBUTEIbHBIE JUIsI BCEM MporpaMMbl, W BCEr/la HAXOJIWUTCA B Hayale
nporpammbl. Kpome 3Toi BO3MOXXHOCTH JJISI KaXJA0T0 M3 (parMEHTOB MOTYT OBITH CO3/IaHbI
JIOKAJIbHBIC OJIOKH JAHHBIX, CIUCKU MapaMETPOB B KOTOPBIX OyIyT CIPAaBEMIUBHI TOJBKO IS
KOHKpeTHOro (pparmenTa. Pazmen ommcaHus HaHHBIX, COJASPIKAIIMMA JIOKAJIbHBIN OJIOK JaHHBIX
st (pparmMeHTa, SBISICTCS MOMMEHOBAHHBIM M B TEKCTE MPOTPaMMbI CIIEIyeT BCEraa Mepen
TEKCTOM COOTBETCTBYIOIIETO (hparmeHTa. O1HA U3 BO3MOXKHBIX TOCIICIOBATEIFHOCTEH pa3eiioB
onrcaHus 00bEKTa B CITydae UCIOJIb30BAHUS JIOKAIBHBIX OJIOKOB JTAHHBIX:

DATA : {TnmoBaneHNT BJIOK MAHHEIX}
DATA IIPUBO[L {mauusie gns ¢parmMenTa MNPUBOIM}
DATA MEXAHU3M {gpaHHHe nOnsa ¢parMenTa MEXAHU3M}

FRAGMENT: MEXAHNU3M

FRAGMENT : I[IPUBO[J

DATA : MAIMHA {mauuse gns ¢parmMenTa MAIMHA}
FRAGMENT : MAIMHA

v »v e nnn

[Ipu mrob6om cmocobe omucaHuss OOBEKTa pa3fesibl OMHCAHMS JAaHHBIX W OMUCAHUS
dbparmenra MAILIMHA umeroT cienyromuii BUI:

$ DATA

Basop Mexmy moynsyHOM M Harpyskor = 0.2

XecTrkocTr ynpyroro ywacrka = 5000. (500/(0.3-0.2))
MakxcuMansHasT cuia = 500.

$ FRAGMENT : MAIMHA

# BASE : 2

# STRUCT

Ilpusopm 'NPUBON (2 1)

HcnonmHuTenbHN MexaHusM'MEXAHU3M (2 1 3)

Harpyska 'UPRP (2 3; Basop MexAy MOJIBYHOM M HarpPy3KOM,
XecTkoCcTk ymnpyroro ydacTKa,
MakcuManbHasi cuia)

# OUTPUT:

Ycunmue rTexHomormueckon omepaumm'X (I:Harpyska; 1)

$ SHOW
Nsobpaxenmne mexammsma 'LAYER (; JmaMeTp OKPYXHOCTH,
IlenTp ®KpPaHa,
BcrnoMorarTenepHie TOYKM,
IIBeT mMBo06paxeHmst)

Paznen onmcanus m3o0pakeHUs OOBEKTa MOXKET IOKa OCTaBaThCs HEM3MEHHBIM (T.e.,
TpeOoBaTh N300pakeHNs1 00BEKTA IO YMOIYAHHUIO).
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B pazgene omnwucanus 3agaHus  yHOOHO HCIONIB30BaTh JIBa BBI30BA MPOTPAMMBI
uHTerpupoBanus. [lepBoiif — /Ui aHanmu3a mpoliecca pa3roHa MaxOBHKa, BTOPON — BKIIIOUEHHE
My(}THl ¥ pabounii UK MAaIIMHBI (Ha caMOM JieJieé B LIECTOH IiaBe Mbl BooOuie He Oynem
aHAJIM3MPOBATh IMPOLECC pa3roHa MaxoBHKa, a JTOT MpUMep MPUBOJIUM 3/eCh U3
NEearOrMYeckuX COoOOpaXeHHH — YTOOBl TMOKa3aTh KaK MOXKHO HCIOJIb30BAaTh HECKOJIBKO
BBI30BOB IMPOTpaMMbl HHTEIPUPOBAHUSA JUIsl pacdyeTa HECKOJIbKUX CTaauil Ipolecca).
[Tepemennsle, oroOpakaemble 10 pe3yiabTaram pacueta B pazznene PRINT, ymnoGHo
rPYNIUPOBATh MO MPU3HAKY OTHOLIEHUS K TOMY WJIM WHOMY 3JIEMEHTY WJIH Y3JIy MallUHbI:
Harpumep, JaHHbIE, OTHOCSIIUECS K My(Te, JaHHbIE, OTHOCSIINECS K pplyaraM M T.J.:

$ RUN

Pasron MaxoBmka ' SHTERM (END=6, SMAX=0.3;

Ipueon/ Yro. ck. Baja OBUTATENS = (0, 50),
Npuson/ Yrsm. ck. BemoM. uacreir mybTe = (0, 50))

Paboumm LIMKII ' SHTERM (END=2, SMAX=0.1;
Npuson/ Yr;a. ck. Bajna OBUTATENsS = (0, 50),
Npuson/ Yrn. ck. BemoM. uacreir mypTm = (0, 50),

HcnonuurensHsll MexanmsMm/ [lepeMelmenne mnonsyHa,
VcnonHuTeNbHINI MexaHmsM/ YToJl NoBOpOTa KPMBOWMIIA,

Ycunme TexHoOJormdYeckom Harpyskm = (-500, 500))
$ PRINT
Pa6ora mybTs npmBoma ' DISP (;

Npuson/Yrsi. Ck. Baja ABUTATENS ,
HpMBon/an. CK. BeOoM. dYacTei MybTH ,
HpMBon/chnMe Ha ToOJIKaTejJle My(TH ,
lpueon/Ycunue BOSBBPATHHX NPYXUH MybTEH,
HpMBon/chnMe npmxyMa AUCKOB MybTsl )
[lpomonkHEEe ycunusi B prdarax' DISP (;
HcnonuuTenbHlI MexanHu3M/ YTOJl NOBOPOTAa KPMBOWMIA,
HcnonuurensHsi MexanHusM/IIpofonpHOe yCuiMe B WaTyHe,
VcnonHuTensHNI MexaHusM/IIpononbHOEe yCuiIMe B KOPOMEICIE)
$ END

EctectBenno, uto mpu Takom BbiBoAe paznen #OUTPUT ¢parmenta MEXAHU3M
JIOJDKEH OBITH JIOTIOJIHEH OMMCAaHUEeM BBIXOJHBIX MepeMeHHbIX "[IpogonbHoe ycunue B maTyHe"
u "l[IpononeHoe ycunme B Kopomsicie".

B nmpuBeaeHHOM TeKCTe MOXKHO 3aMETHUThH €le OJHY OCOOCHHOCTH 3a/IaHui, COAepKaIIuX
HECKOJIbKO (parMeHToB. J{i1s1 0ToOpaskeHHs BBIXOJHON MepeMeHHONH He0OXOAMMO yKa3bIBaTh €€
MOJIHBIM MAEHTU(UKATOP, COCTOSIIMNA M3 TMOCIEeNI0BAaTEIbHOCTH UACHTU(PUKATOPOB BXOISALINX
Ipyr B Jpyra (parMeHTOB M COOCTBEHHOTO WJEHTHU(UKATOpa BBIXOJHOW NEpEeMEHHOI,
pazzgeneHHble cumBosioM "/". OOpaTuTe BHMUMaHHE, YTO HYXXHO yKa3aThb HEe uUMs (parMeHTa
(parmMeHTOB C OJIMHAKOBBHIM HMEHEM BO (parMeHTe 0Oojiee BBICOKOTO YPOBHSI MOXET OBITH
MHOro), a ero wunaeHtudukarop. IIpumMeHHTENHPHO K HameMmy 3aJaHuio, uUMs (parMeHTa,
moaenupytomiero npusox — [IPUBO/], a ero unentuduxarop — Ipuson. [Ipogomkas pasroBop
Ha J3Ty TeMy, MPEANOJIOKHM, YTO HEOOXOJUMO BBIBECTH BBIXOJHYIO IepeMeHHyo XXX,
HEMOCPECTBEHHO OMMCAaHHYIO BO (pparmMenTe ¢ uaeHTudukaropoM YYY, KOTOPBI COAEPKUTCS
BO (parmente ZZZ, BxojsueM B rio0anbHbl ¢parMeHT. Torna moiHbll uAEHTHUPHUKATOP
yKa3aHHOHN BBIXOJHOM MepeMeHHo! Oyaer:

227 / YYY / XXX

76



5.3.6.Acnonb3oBaHue NHCcTpyKUuMmu npenpoueccopa $SINCLUDE.

Ecnu Tenepb NONbITaThCA MOJMYYUTh €AWHBIA TEKCT OMUCAHUSA MOJIEIU TEXHOJIOTMYECKON
MAaIIMHbI, BKJIIOYAIOMUN (parMeHThl MPUBOJA U MEXaHU3Ma, a TaKke Bce OJIOKM JaHHBIX, TO
noJy4uM (haiisl 3HaYUTENbHBIX pa3MepoB. PabotaTs ¢ HUM OyneT cioxHO U Hey1o0Ho. [TosTomy,
B TaKUX CIy4asX 4acTo MOJb3YyITCs nHCTpyKuuei npemnporeccopa SINCLUDE. Ona no3Bosisier
BKJIIOYATh B TEKCT mporpammbl Ha si3ike PRADIS conepxkumoe npyrux ¢aiinos. IIpu stom
TEKCT BKJIIOYaeMoro ¢aila rmomemaercs B TeKCT 00pabaTbiBaeMOil  MporpaMmbl
HEMOCPECTBEHHO B TOM MecTe, Tae Haxoautcess mHCTpykuust SINCLUDE.

Bepnemcst k pazOupaemomy npumepy. Jlomyctum, OI0OK AaHHBIX U ()parMeHT NPHUBOJA
HaxoasTcs B ¢aine PRIVOD, Onok gaHHBIX M (parMEHT HMCIOIHUTEIBLHOTO MEXaHU3Ma — B
daitne MEHAN, a onncanue n3o0paxenus oobekTa B Xxozae pacuera — B ¢aitne VISUAL. Torna
TEKCT TPOTPaMMBI, OIMCHIBAIOMIEH BCIO MaIIMHYy, MOT OBl BBIVIAAETH Tak (0e3 yuera
MHCTPYKLMH ONUCAHUA 33aJJaHUs Ha pacueT U oToOpakeHHe):

$ DATA

3aBop MexAay MHOJNBYHOM M HATrpPy3KOM
XecTkocTe ymnpyroro ydacrka
MakcuMansHasi cuia

0.2
5000. {500/ (0.3-0.2)}
500.

$ INCLUDE : PRIVOD { onmucanme npmueogmal}
$ INCLUDE : MEHAN { onmcanme mMexaHmszMa}

$ FRAGMENT : MAIVHA
# BASE : 2
# STRUCT
Ipuson 'NPUBOJ (2 1)
HcnonHuTeNbHM MexaHmsM'MEXAHM3BM (2 1 3)
Harpyska 'UPRP (2 3; Basop MexAay MOJIBYHOM M HarpPy3KOM,
XecTkoCcTE ympyroro ydacTka,
MakcuManesHasi cuia)
# OUTPUT:
Ycunme rTexHonmormdueckom Harpyskmu'X (I:Harpyska; 1)
$ INCLUDE : VISUAL { onmucaume usoBpaxeHus}

B nannom cnyvae ucnonbzoBanue uHCTpykimu SINCLUDE mno3Bonuiio cTpyKTypupoBaTh
uHpopmaruto. EctectBenHo, uro B 3ToM mpumepe (aitiet PRIVOD u MEHAN  nomkHBI
comepxkatb Toibko pasgenst DATA u FRAGMENT (co cBouMuM HMeEHaMHu, T.€.,
noumeHoBaHHbIe). Konrorka nmporpammel (pazaensl PRINT, RUN u END) moxeT HaxoauThCs B
aToM daiine, B daitne VISUAL wunu ObITh BBIAETICHHON B OTAENBHBIN Qaitn. B ciydae
BBIIETICHUS pa3/ieNioB omucaHusa 3afaHus U 3arojioBka END B ornenbHbIl (aiin ero MoXHO
UCIIOJIb30BaTh KaK IpPU aHaJIM3€ BCEro 3aJaHus, TaKk M B clydyae 3alycka 3aJaHus Ui yxkKe
c(hopMUPOBAHHOIN MOJIEIH.

HyxHO cka3aTb, 4TO BKIIOYaeMble (Qaiiasl He 00s3aTeNnbHO JOJDKHBI COJIEPXKaTh
MOJTHOCTBIO 3aKOHYEHHBIE pa3/iesbl MmporpamMmbl. B aTux Qaiizax MoryT OBITh Takke KaKHhe-TO
YYacTKH IIOJIHOI'O TEKCTA pa3Jella WK JaKe YYaCTKU OTIEIbHBIX CIIUCKOB IIapaMeTPOB.

[TpuBenemM mnpumep Takoro wucnoib3oBanus HHCTpykimu $SINCLUDE. Jlns pacuera
JTUHAMUKY TPUBOJIA ¢ KYJIAYKOBBIM MEXaHHU3MOM MPOQHIIb KyJladka 3aJaeTcsi Tadymien "yroiu
MOBOpOTa Kyjauka — momabeMm Tonkatena'. IloaroroBka Takoi TaONUIBI MOXKET OBITh
OCYIIIECTBIICHA ABTOHOMHOW MPOrpaMMOil mpoduiMpoBaHus Kyjadka. Torma, B paszelne
OTMCaHUA JaHHBIX MPO(UIIH KyJIauyka MOKHO OMUCATh TaK:
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Ipodune xynauka =
$ INCLUDE : COORD.DAT

B ¢aiine COORD.DAT B nmaHHOM ciiy4ae OyayT HaXOAHWTHCS JAHHBIE IO MPOQHUITIO
KyJlauKa, 3aJJaHHble, HAIIpUMEP, B TAKOM BUJE:

10., 0.0898,
20., 0.875,

Takum oOpazom, ¢daitmn  COORD.DAT gnerko Moker OBITh IOATOTOBJICH B
ABTOMATH3MPOBAHHOM PEKHUME, ¥ €T0 He 0053aTeNILHO BKJIFOYATh B TEKCT OCHOBHOM MPOTPAMMEI.

Brnoxennocts nnctpykimii SINCLUDE He orpannuena. T.e., Bkitodaemble (aitiibl camu
moryT coxaepxkath WHCTpykimu $SINCLUDE. Ilostomy, HYXHO OBITH OCTOPOXHBIM W HE
3alUKINTh porpamMMy. Ecnu daiin A comepxut TpeOoBaHUE BKIIOUUTH B TeKCT ¢aiin B, daiin
B — Bximounts ¢aiin C, a daiin C — Bkirounth paitn A (XOTS OYE€Hb TPYJHO MPEJCTaBUTh ceOe
TaKyro OMMOKY Jutst mporpammbl Ha si3bike PRADIS, ckopee oHa MokeT OBITH XapakTepHa JUIs
MPOLEAYPHBIX SI3BIKOB) — TO, B 3aBHCHUMOCTH OT pa3MepoB CBOOOIHOTO JIMCKOBOTO
IIPOCTPAHCTBA, BBl MOYKETE OUEHb JOJITO XAaTh, KOTJAAa MPEMpPOLEcCOop 3aKOHYUT CBOIO paloTy.
Kak u Bcskoe cpelncTBO, MCIMOJIB30BaHUE BO3MOKHOCTH BKIIIOUEHHUs (DalIOB B TEKCT 3aJaHHs
CJIelyeT OIrpaHUYUTh pa3yMHBIMU IIpesenaamMu. Bo MHOTHX porpaMMax €CTeCTBEHHOM BBITJISIUT
BJIO)KEHHOCTh Ha OJUH-TpU ypoBHS. OJHAKO, COMHHUTEIBHBIM MpPEJICTaBISETCsS clydaid, Korja
BJIO)KEHHOCTh JOCTHTaeT JeciaTu ypoBHel. Takas mporpamma, KOHEYHO, OyaeT oOpaboTaHa, HO
BEPOSITHOCTH OITMOKH B HEH, BUIUMO, OYJIET OOJIBIION.

Korma BbI Oyzere pemarth BONPOC O TPUMEHEHHWH WM HENPUMEHEHUH B KaXIOM
KOHKPETHOM Cllydyae »3TOro CpeACTBa, NOAyMaiTe O TMOJib30BaTeNne, KOTOpBIH Oyner
UCIIOJIB30BaTh Ballly Mojeib. Eciu, UIsi TOro, 4ToObl pa3o0parbcs B TEKCTE MPOrpaMMBbl, OH
nosokeH Oynet npoaupathest yepes tec SINCLUDE, Bpsia in OH cKakeT BaM criacu0o.

Ho, ecnmu BBl XOTUTE €My HACOJIUTh, TIOMHHUTE, YTO OCOOCHHO 3((EKTHO BKIIFOUCHUE
Bi0keHHBIX HHCTpYKIUH SINCLUDE BbITISAMT TaM W CSIM BHYTPH CIIOXKHOTO TOJpas/elia
#STRUCTURE, ocob6euno, ecau #OUTPUT ccpuraeTca Ha MOMENH, ONMCAHHBIE HA IIECTOM-
CebMOM YpOBHE BIIOKEHHOCTH. OJHAKO, MPUMEHSAS TaKue NMPUEMYHUKH, PUCKYETEe OJHAXKIbI
YCIIBIIIIATh CKa3aHHOE MPUTITYIIEHHO BaM B CIIUHY: "3acTaBb Jypaka bory monutecs, ...".

B kadectBe YHOpaXXHCHHA, IIO0Jb30BATCIIbL CaM TCICPb MOXKET HOHpO6OBaTI> JOBECCTU
OIMCaHHE 00BEKTA J0 KOHIIAa U BBIIIOJITHUTD 3aJaHUC Ha aHAJIU3 BCEH MaIIUHEI B OcI0oM.

B crnenytomieii riaBe paccMaTpuBaIOTCs HEKOTOPBIE BO3MOKHOCTH M300paKeHUSI 00bEKTa
B XOJI€ aHAJIN3a, TO3BOJISIOIINE TOJTYYUTh 00JIee ICTETHUHYI0 KapTUHKY. C y4eToM 3Toro, Oyaer
MPEJIOKEH MOJTHBIA TEKCT 3aJaHusl U1l MOJEIMPOBAHHS MAIMHBI, PACCMOTPEHHON B 3TOM
rinase. Mcnonb3yst 3TOT TEKCT, BMECTE C IOJIb30BATEIEM IPOBEJEM HECKOJIBKO HMTEpaluil 1o
no00py MapamMeTpoB aHATU3UPYEMOI MAIIMHBI [0 alITOPUTMY, MPENIOKEHHOMY B paszzene 5.2.

5.4.PE3IOME.
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1. 3ameHa mapaMeTpoB B yke COPMUPOBAHHOI IPOrpaMMe OCYIIECTBISIETCS C TTIOMOIIIBIO
paznena REPLACE. Bce cniucku mapamerpoB, onucanubie B pasaene REPLACE, 3amemator
CIUCKHU TTapaMeTPOB B MEPBOHAYAIBHOM TEKCTE OMUCAHUS 00BEKTA.

2. Ilpu onMcaHuU CIOXKHBIX ()ParMEHTOB MOXKHO HMCIIOJIb30BaTh BOZMOKHOCTH KOMITJIEKCA
o ¢parMeHTaIy TEKCTa ONMMCaHusI O0BEKTa. Torna Kaxaplid U3 KOHCTPYKTHUBHBIX Y3JI0B MOXKET
OTHCHIBATHCS B BUJIE OTAETHHOTO ()parMeHTa M OTIAKHUBATHCA OTACIBHBIM 3aJaHueM. B TekcT
OKOHYATEJIbHOTO OMHUCAaHUA OOBEKTa Takhe (PParMEeHTHl BKIIOYAIOTCS KAaK MaKpOAJIEMEHTHI.
KonmuecTBO oTAENBHBIX (hparMEeHTOB (KOTOPHIE BOMAYT 3aTEM B TEKCT OMHCAHUS TJI0OATBEHOTO
(dbparmMeHTa) He OTPaHUYUBACTCA.

3. B Tekcre rnobanbHOTO (pparMeHTa KaxkJIblii U3 BKIOYaeMbIX B HETO ()parMEeHTOB OyJeT
UMETh CTOJIbKO CTeNeHed CBOOOJbI, CKoNbKO HX omnucaHo B moapasaene EXTERNAL
cooTBeTcTByMOIIEero (parmenrta. Ilpu >TOM MNOpPAOOK ONUCAaHUS Y3JI0B NpPHU BKIIOUYEHUHU
(dparmMeHTa JI0JKEH COOTBETCTBOBAThH NOPSIKY MX onucanus B moapasaene EXTERNAL.

4. B noapaznene EXTERNAL mokeT ObITh OnmMcaHoO He Ooyiee OAHOTro 0a30BOro ys3ia.
KpOMe TOro, B CIIMCKE€ BHCIIHUX Y3JIOB OJJMH W TOT XKC Yy3€JI HC MOJIDKCH IMOBTOPATHCA ABAXKIbI
wiM OoJibliee KOJIMYECTBO pas.

5. TlonHblii wuAeHTU(UKATOP BBIXOAHON IEPEeMEHHOW, BXOAALIEH BO BKJIIOYAEMBIH
bparMeHT, COAEPKUT HUACHTUPUKATOP 3TOro (QparMeHTa W HACHTU(UKATOP MEPEMEHHOM,
pasnenennsle cumBosioM "/". Ecnmum mepemenHas 'chpsrtaHa' Oosee rryOoOKo, HEOOXOAMMO
yKa3bIlBaTh '"MONMHBIA MyTh" K 3TOM IMEPEMEHHONW — IOCIIENOBATEIbHOCTh HJIEHTU(UKATOPOB
(dparMeHToB, colep)KaluX (QparMeHT C ONUCaHHWeM TpeOyeMOl BBIXOJHOW MEepeMEeHHOM.
Panbine ykaspiBaeTcsi uaeHTU(UKATOp (parMeHta Oosiee BBICOKOIO YpPOBHS, IOCIETHUM —
uaeHtuukarop nepemenHoi. Hampumep, ZZZ / YYY / XXX (ZZZ - wunentucpukarop
¢dbparmenTa, Bxozsmero B TioOanbHBIA (parment, YYY — uaeHtudukatop ¢QparmeHnra,
BXozsmero B ZZZ, XXX — ueHTu(uKkaTop BHIXOAHOHN epeMeHHON, onucaHHoi B YY'Y).

6. B 5T0il ri1aBe Mbl Hay4dyWIMCh II0JIb30BATHCSA KIIHOYEBBIM IApaMETPOM IPOTrpaMMBI
unrerpupoBanrsi SMAX. CraTucThka WUCIONB30BaHUS 3TOrO0 MapameTpa JJisi pacueToB
¢parmenta I[IPUBO/l mnokasbiBaeT, YTO COKpAIlEHHWE BBIYUCIUTEIbHBIX 3aTpaT IpU €ro
rPaMOTHOM HCIIOJIb30BaHUU MOXKET ObITh BECbMa CYII€CTBEHHBIM.

7. Hns omepaTMBHOIO KOHTPOJS XOJla pacuera MOXXHO W HY)XHO HCIIOJIb30BaTh
CTaTUCTHUYECKYIO MH(POPMALIMIO, BBIJIABAEMYIO MPOIrPaMMON MHTETPUPOBAHUS HA SKpaH JAUCIUIES
no xoay pacuera. B ciydae, ecam cTaTUCTUKa pe3ynbTaToB OyIEeT HEYIOBIIETBOPUTEIHHON
(MHOTO TOTEpSHHBIX IAroB), MpPOrpaMMa HHTETPUPOBAHUS MOXKET ObITh NpepBaHa, U ee
napaMeTpbl CKOPPEKTUPOBAHBI.

8. Hactpoiika nporpamMmbl HMHTETpUpPOBaHMS (3HAUYEHHS KIIOYEBBIX MapaMeTpoB IO
YMOJYaHHIO) Ui Pa3HbIX SK3eMIUIsipoB koMmiuiekca PRADIS moxer ObiTh pasznuunoii. B
YaCTHOCTHM, HACTpPOMKa Balllero KOMIUIEKCA MOXET OTJIMYaThbCs OT HACTPOMKH KOMILIEKCa,
UCIIOJIB30BAHHOTI'O JUIsl DKCIIEPUMEHTOB IIPU HANIMCAHUH 3TOI'0 JOKYMEHTA.

9. OtyagKy HEKOTOPHIX (hparMeHTOB (HAIPUMEp, CBA3AHHBIX C AHAIM30M MEXAaHU3MOB)
yA00HO MPOU3BOJUTH C HCIIOJIb30BAHUEM CPEACTB M300pakeHus o0bekTa. B 3Tol rimaBe mbl
HAY4YWJIUCh TOJIydaTh H300pakeHHEe oOBekTa '"mo ymonuaHuio", MacmTaOupoBaTh €ro Hu

OMMpPECACIIATD IMOJIOKCHUE Ha6moz[aTen${ .

10. ITpaBuna xopomero ToHa.
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a) Bce cmucku napamMeTpoB He TOJBKO YAOOHO (C TOYKM 3peHUs AalbHEHIIEero
ucnonb3oBanus cpenacrsa SREPLACE), Ho u He00X0auMO (C TOUKH 3pEHUS YeJIOBEeKa, KOTOPBIH
Oynet paboTaTh ¢ Balieil MOJIEIBbI0) OMUCHIBATH B OT/ACIBHBIX pa3/ieliax ONMMCAHUS JTaHHBIX.

0) /lns ompeneneHuss CIUCKOB IMapaMeTPOB, COJEPKAIUX OoJee OIHOTO TapameTpa,
PEKOMEHIyEeTCsI UCTIOIB30BaTh BO3MOXXHOCTh (JOPMUPOBAHUSI COCTAaBHBIX CIIMCKOB MapaMETPOB
(T.e., CIFCKOB TTapaMeTPOB, COCTOSIINX M3 paHEee ONPEICICHHBIX CIIUCKOB ITAPaMETPOB).

B) [lpu co3ganuu mnporpamm OOJBIIOIO pa3Mepa MOXKHO IOJIb30BATHCA HHCTPYKIHEH
BKJIrOUeHHs1 (aiina B Tekct mporpammbl (SINCLUDE). Bo MHoOrux ciydasx 3TO TO3BOJISET
CTPYKTYypHUPOBaTh TEKCT MPOrpamMMbl U OOJIETYUTH €r0 MOHUMaHWe. JTa MHCTPYKIUS IMOJe3Ha
TaKK€ B Clly4ae AaBTOMATU3UPOBAHHOM IOATOTOBKU JAHHBIX JJII MOJENM C IIOMOIIBIO
ABTOHOMHBIX MporpaMMm (Kak 3TO ObUIO B MpHMEpEe C MOATOTOBKOM JaHHBIX A Mpoduis
KyJIauka).
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6. AONONHUTEJNIbHbIE BO3BMOXHOCTU
YMNPABJIEHAA PABO4YEU NPOIrPAMMOW

6.1.M30BPAXEHUE UCIMNOJNTHUTEJIBHOIO
MEXAHU3MA

N300pakeHUsT MCTIOJHUTEIHHOTO MEXaHW3Ma, IMOJIy4eHHOro '"mo ymoidaHuio", (Takoro,
KaK B TpeAbIAYyILIEH TIJIaBe), MOKET OKa3aTbCsl JOCTATOYHO JJIsl OTJIAAKU TEKCTa OINUCAHUS
o0bekTa. OpHako, yacTo TpeOyeTcs TMoJaydaTh H300paKeHHs OO0beKTa, WMeEIIHue Oojee
"ToBapHbIM" BUA (CKakeM, BaM B CIUHY JBIIIMT HA4YaJbCTBO, WJIH HYXHO COOPYIHUTbH
KOMMEpPUYECKYIO MPHUKJIaAHyI0 cuctemy). MHoraa pacmmpenHsie Bo3MoKHOCTH pasaena SHOW
MOTYT HIPUTOJUTHCS JUIsl AETAJIbHOTO PAaCCMOTPEHUS IBMKEHUS YacTU WM 4acTel ucciieqyeMoi
CHCTEMBI B ONIpeAeIEHHOM MacIITade WK ONpeeIeHHOM paKypce.

3,I[CCB MbI IMTPOUJIIIIOCTPHUPYEM 3TU BO3MOKHOCTU CPCIACTB I/1306pa)KeHI/I$I 00BEKTa B Xoace
pacucTa Ha NPUMECPE UCITOJTHUTCIIBHOI'O MEXaHHU3Ma TEXHOJIOTHYSCKOM MAIIIUHBI U3 HpGI[BII[ymeI
T'JIaBBbI.

Ha mnepBom »Tame MbI cTaBUM Tiepea cobor 1enb "oOmaropoauTs" u300pakeHue
MeXaHu3Ma U clieJaTh ero 6osiee nHGopmMaTuBHBIM. J{Jis 3TOTO:!

1) momyuuM M300pakeHHUsI COCTABHBIX YACTEM HCIIOJIHUTENBHOIO MEXaHHW3Ma pa3HbIMU
L[BETaMH;

2) B COUJICHEHUSIX N300pa3uM MIAPHUPDI, OKAKEM OIOPHI KPUBOIIUIIA K KOPOMBICIIA;

3) n300pa3uM MOJI3YH U HAMPABJISIOIHE.

6.1.1.YnpaBneHue cocTaBoOM 1 LBETOM U300paxxeHnsa Ans crnos

Jns pemenns nepBoit 3amaun pasnen $SHOW B mporpamme u3 mpensiaylieil TiaBbl
U3MEHUM TaKuM O00pa3oM, 4YTOOBl HM300pa)KE€HHUs Pa3IUYHBIX 3JIEMEHTOB HCIOJHUTEIHHOTO
MEXaHHW3Ma TONajd B pa3jIMYHbIE CIOM H300pa)KeHHs. DTOr0 MOXKHO JOOWUTHCSA SBHBIM
OMHMCAHUEM COJEPKUMOTO KaXJIOTO0 U3 cioeB. BHauane 1Bera clioeB MOXHO 3a7aTh IO
ymomuanuio (0), HO OCTaBUTh BO3MOXXHOCTh i uX u3MeHeHus: ¢ nmomoibio REPLACE (T.e.,
3aJaBaTh OTACIbHBIMH CIIUCKaMU TapaMeTpoB). C 1enbio 601ee KOMIAKTHOM 3alMucy ONMUCAHUS
KaXJ0r0 cJosl (10 CPpaBHEHUIO C ONMCAHHEM, MCIIOJIb30BAHHBIM B KOHIIE MPEbIAYIIEH IJIaBbl)
0o0BeIMHUM TpPHU TEPBBIX CIUCKAa MapaMeTPOB, BXOISAIIMX B OMNHCAHHE MapaMeTpoB CIOs
M300paXKeHMsl, B €JUHBIN CIIMCOK napameTpoB. Toraa B paznene DATA nosiBATCS MHCTPYKIUU:

IIBeT mMB306paxeHus KpMBOWMIA 0
IlIBeT mMsBo6paxeHMss WaTyHa 0
IIBeT mBobpaxeHust xopomsicna = 0
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IIBeT msobpaxeHusr pruara =0

llapaMeTpsl CJost = JInaMeTp OKPYXHOCTH,
IleHTp ®KpaHa, BcnoMoraTelbHHE TOYKMK;

Onmucanmne M306paxce1-mz o6BeKTa C BHIOEJEHMEM KaXOoI'o M3 3SJIEeMEeHTOB
MCIIOJIHUTENBHOT'O MeXaHusMa B OTHAEJILHEIM CJIOM Gyne'r TaKNM:

$ SHOW
Kpmeoumn 'LAYER (Kpwueoumn ;[lapamMeTpsl cjosi,
IIBeT mMB306paxeHMs KpMBOWMNA)
laTyH 'LAYER (llaTyH ;[lapaMeTpsl cinost,
IIBeT MBo06paxeHns maTyHa)
Prruar 'LAYER (Pmuar ;[lapaMeTps cJosi,

IIBeT mMBo06paxeHms: pedara)
Kopomeicimo 'LAYER (Kopomsicno ;IllapaMeTps! cios,
IBeT ms306paxeHMsT KOPOMEICIA)

Ecnu 3HayeHust mapamMeTpoB, OTHOCSIIIMXCS K IIBETY M300pakeHHUs, OCTaBISATh HYJIEBBIMH,
TO DJIEMEHTHl KaXJOro ciios OyayT u3oOpaxkaTbcs CBOMM IBeToM. [Ipmuem, HOMep IBera
COOTBETCTBYET IMOPSIAKOBOMY HOMEPY CJIOsl B ONMMCAaHUM H300pakeHus oOwbekra. B PRADIS
IPUHSAT CIEeAYIOMIMMI MopsAI0K cienoBanus 1BeToB (Tabmuna 6.1):

Taxum o0pa3omM, nepsblii cioit ("KpuBommun") OyJeT UMeThb KENAThIN LBET, BTOPOMl ciaoi
("LIaTyH") - 3enenblii U T.A. L[BeT ClI0s MOIB30BaTENIb MOKET ONMPEEIATH SBHO, 33/1aBasi HOMEP
[[BETa B COOTBETCTBHM C IPHUBEIEHHBIM BbIIIE cIUCKOM. OpHAaKO, MpeXae YeM BapbUpOBATH
[[BETAaMU HU300pakeHHsI, €CTh CMBICI MOCMOTPETh, YTO MONy4usaoch. Jljig STOro BHeEceM
ONMCAaHHbIE BbIIIE H3MEHEHUs B TekcT mnporpammbl TESTSM, 3anumieM HW3MEHEHHYIO
nporpammy B ¢aiiin TESTO6M u BeIoTHIM (GOpMHUPOBAHUE U pacdeT MOJICIIH.

Taouauna 6.1. Homepa useroB B PRADIS.

Howmep [IBer Howmep IlBet
1 HKEJITBII 8 TPSI3HO-3€JIEHBIN
2 SIPKO-3€JICHBIN 9 (buoneToBbIN
3 CBETJIO-KOPUYHEBBII 10 TEMHO-3€JICHbIN
4 PO30BO-KPAaCHBIN 11 CBETJIO-KPACHBIN
5 CBETJIO-CUHUI 12 CUHUU
6 6es0-rosy0oit 13 CepbIii
7 TEMHO-KPACHbIN >13 OenbIii

Teneps npenctaBuM cebe 3CTETa, )KETAIOIEro OKPaCUTh KOPOMBICIIO B O€J0roay0oit 1BeT,
a maTyH - B cuHU. Torga 3TOT CyOBEKT, €CaM OH, KOHEYHO, LIEHUT CBOE BpeMs, NOJIKEH
OCYILECTBUTh 3aMeHy MapameTpoB B chopmupoBanHoi mozaenu (ucnonb3yss REPLACE) u
3aIycK 3afjaHust Uil y>ke chopMUpoBaHHOM Mojenu. Eciu cBoe BpeMsi OH He IIEHUT, TO MOKET
3aMEHUTh NapaMmeTpbl B Tekcre mporpamMMel TESTO6M u BbImonHuUTH HOBOE (popMupoBaHHE
MoJiesH (T.€., TPONUTH uepe3 3Tarlbl TPAaHCIALNY, GAaKTOPU3ALNU U T.1T.).

ABTOpPBI HA CBOEM KOMIBIOTEPE MPEANPUHSIN CIAEAYIOINE TEUCTBUS:

1) Harmmcanu 3amanue 115 3aMEHBI TapaMeTPOB B YKe CHOPMUPOBAHHON MOJICIIH:

$ REPLACE
IeeT msobpaxeHMsr waTyHa
IIBeT msBob6paxeHMsT KOpPOMEICIa = 5

|
(o))

82



$ RUN

ABTOHOMHBII aHaNMMB3 MexaHmsMma 'SHTERM (END=2, SMAX=0.1)
$ PRINT

PesynsTaTe pacuera ' DISP ()

$ END

2) 3anmcanu 310 3aaanue B (aiin TOM.

3) Boinonauim koManay

> SLANG T6M TEST6M

Onun meronuyeckuit coBer. Ecnu Bel paboTaete ¢ MoJenbio, W 1edb Bamield paboThl
COCTOUT B MOJ0OOPE TEX WJIM MHBIX MapaMeTpOB, TO MOYTH HABEPHSKA BBl OyJeTe MOJIb30BATHCS
cpeactBom $ REPLACE - Ttak ynoOHee u Obictpee. Kak mpaBuiio, 0 OKOHYaHHUU PabOTHI C
MOJIENIBI0 HMJIM 10 OKOHYaHMU Kakoro-nuOo srama 3Tod paboThl (ailn, coaepkammi
BBIMIOJHSAEMBIA MOAYJb pabouell mporpaMmsbl, ¢Gain 3aMeHsEMBIX MapaMmMeTpoB U  (haiibl
pPe3yJbTAaTOB yNAJSIOTCS IMOJIb30BATEIEM C MAarHUTHOTO HOCHUTEINS, TaK KaK 3aHMMAOT MHOIO
Mecta. @ainel Tuna T6M ToOXe )XKUBYT Heoar0. B 3T0M cuTyaluu, OTJIOKHUB HAa KaKOE-TO BpeMs
paboTy ¢ MOAENbI0, MOXXKHO 4Yepe3 HEKOTOpoe BpeMs II0 HEOCTOPOXKHOCTH YTpPaTHThb
uHbopMaIio 00 yxe TpoAeNaHHOW OAHAaXIbl padote. Jlydine B3STh 3a MPaBUIO HYXHBIE
napaMeTpsl COXpaHATh B HCXOJHOM TEKCTE ONHCAaHUS MOJENH OObEKTa W/WIM OTpa)xarb
HCTOPHIO pabOTHI C 3TOI MOJENBI0 B KOMMEHTApHIX (OHU MOYTH HE CKA3bIBAIOTCS Ha CKOPOCTH
00paboTKH, a O3y MPUHOCAT HEOLIeHUMYT0). COBCEM yxKe HEJOCTH)KUMBIN HJIeall - OCTaBIISATh
B TOM >X€ KaTajore, 4ro M TEKCT MOJENH, JOKYMEHT, COAEpKallui pe3yibTaThl palboThI C
MO/JIENBIO (aBTOPBI JOCTUT A HJl€aa CUUTAHHbBIE pa3bl IPU 0COO0 BaXKHBIX pPacyeTax).

Bricka3zanabie BBIIIC C006pa)KCHI/I$I CTAHOBATCA CILIC Oonee AKTyaJIbHBIMHU, CCJIM BbI
OOHapyKWJIM B TEKCT€ MCXOAHOTO 3a/laHUsl OUIMOKY B JIAHHBIX W JJIS YCKOPEHHUS MOIy4eHUs
pesynbrata ucnonbdyere cpeactBo $ REPLACE. Toraa mydie BCero BBITOIHHUTH 3Ty PadoTy
napajjiesibHO - CO3JaTh 3a/laHUe Ul 3aMEHbI MapaMeTpoB B yke C(HOPMHPOBAHHOM MOJENH,
coJepaKallee pa3fesl 3aMeHbl [apaMeTpoB, M 10 XOAYy Jela HUCIPAaBUTh NApaMETPbl B TEKCTE
HCXOJIHOTO ONUCAHUsI OOBEKTA.

HyxHO Takke He YIycKaTh M3 BHJY, YTO 3aMeHa mapameTpoB ¢ momoisio SREPLACE
JIeMCTBYET TOJNBKO BO BpeMsl TeKylero pacuera. Tak, ecnu B daitnme TOM ymanuth pasien
3aMEHbI MapaMeTPOB M BHOBBH 3allyCTUTh 3TO 3ajaHue g moaenu TEST6M, To KopombIcio
OIISITh ITIOPO30BEET, a NIATYH MO3EJIEHEET.

Eme omHo HaOdroeHHME, KOTOPOE MOXKHO OBUIO C/eNaTh MO XOAy JTOTO pacueTa.
M3MeHeHHe TOJbh30BaTEIeM I[BETa HEKOTOPBIX CIIOEB HE NPUBOJUT K HM3MCHEHUIO IBETOB
OCTAJIBHBIX CJIOCB, MPUHUMACMBIX IO YMOJYAaHUIO. TaK, IBCT pblyara Mmo-npexHeMy OCTaJICA
KOPUYHEBBIM, & KPUBOIIIUIIA - )KEITHIM.

6.1.2.Acnonb3oBaHue HeCcTaHAAPTHbIX rpacdnyeckux obpasos

[TockonbKy MBI YK€ HCIOJB30BAIM BCE BOZMOKHOCTH MO "MoT4amuBoMy' H300pakeHUIO
MEeXaHu3Ma, Ui JaJbHEHIIEero YIy4dllleHWs KapTHUHKHA BOCIOJIB3yeMCS TaK Ha3bIBAE€MbIMU
"HecTaHIaPTHBIMH"' TpapUIECKUMU 00pa3amu.

Heckompko ciioB 1o MMOBOAY O6H_[I/IX IMPUHIOUIIOB, ITOJIOKCHHBIX B OCHOBY IIOACHCTCMBI

n3o0paxeHus oOwvekTa. IlockonbKy mpezmnonaraercs, 4To B OOJBIIMHCTBE CIy4aeB MOJEIb
00BEKTa COCTOMT M3 DJEMEHTOB, TO M300pakeHHe OOBEKTa CTPOUTCA W3 M300paKeHUi
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DIIEMEHTOB, COCTABISIIOIIMX Mojenb. Mrak, "aTtoMom" H300pa)keHUS CIYXUT Tpaduueckuit
o6pa3 snemenTa. ['padudeckue oOpa3pl AIMEMEHTOB MOTYT BXOJWUTh B H300pakeHHE OO0BEKTa
TOTJa U TIOCTOJIbKY, TIOCKOJBKY MOJETh KaKOTOo-TMOO »JlIeMEHTa BXOAUT B OOIIYIO
MaTeMaTHYECKyI0 MOJelb Oo0bekTa. Ilpm 3TOM OJHON MoJenu 3JeMeHTa He O00s3aTelbHO
COOTBETCTBYET TOJBKO OJIMH TpadudecKuii oopas.

Hcxons u3 aToro, yxxe Npu peaqu3alii IporpaMM rpapuueckux o0pa3oB 3aKIabIBACTCs
BO3MOXXHOCTh WX HCIIOJIb30BaHUS TSI M300paKeHUsSI TBUKCHUSI TOTO WJIM MHOTO KOHKPETHOTO
3JIeMEHTa (MM JJIEMEHTOB OJHOro poja). B HauOonbiiel cremeHHM 3Ta BO3MOXKHOCTh
OTIpeZIeTIsIeTCs] KOJIMUECTBOM CTENeHel cBoOo bl aneMenTa. KommuecTBo creneneit cBoOOabI Ui
Mojenu U rpapudeckoro oOpasza JOIDKHO OBITh OJMHAKOBBIM. Tak, rpaduueckuit obpas,
CIy)XKalllMid Il M300paKCHUs CTEPIKHEBOTO JJIEMEHTA, OKAXKETCS HETNPUTOMHBIM ISt
n300pakeHust OaJIKi WK TPEYTOJIbHHKA.

B xaxmoit Mmomenu oOwekTa Ha si3bike PRADIS o6s3aTenbHBIM 00pa3oM MpPUCYTCTBYET
YCJIOBHO HETIOJIBIDKHOE TeN0, C KOTOPBHIM CBsi3aHa cucTteMa koopauHaT. Kak cremyer u3
MPEAbIAYIIETO U3JI0KEHUS, 3TO TEJIO HE YKA3bIBACTCS SIBHO MPHU OMUCAHUU CTPYKTYphl. OHAKO,
CTENEeHW CBOOOJBI, CBA3aHHBIE C HHUM, mepeuncistorcs B moapazaene #BASE. C cucremoit
KOOpJMHAT B H300paKeHUH OOBEKTa TaKKe MOTYT OBITh CBSI3aHBI OJWH WU HECKOJIBKO
rpaduyeckux oopasos.

Bcero M0oxHO BBIZIETUTH HECKOJIBKO Pa3HOBUAHOCTEH rpauIecKux 00pa3oB:

1) I'paduyeckue oO6pas3bl, CBSA3aHHbIE C cuUCTeMOM KoopauHaT. OHM ciayX.aT It
U300pakeHHsT OKPYKEHHUsI, B KOTOPOM JIBUXKETCS OMMChIBaeMblii 00bekT. I'paduyeckue oOpassl
STOW TPYMNIbI HE MOTYT OBITh MCIIONB30BAHBI JUISI M300pa)XKEHHs] KaKUX-THOO IBMKYIIUXCS
AIIEMEHTOB H300paxkeHus. [l BKIIOUEHHsT B M300pakeHHe oObekTa rpaduyeckoro obdpasa,
CBSI3aHHOT'O C CHCTEMOI KOOpJIMHAT, HYKHO 3aJaTh UMsI 00pa3a 1 ero napaMeTpsbl.

2) I'padpuueckue 06pa3bl 2eMeHTOB "o yMonyanuio". Mms Takoro rpadudeckoro odpasa
dopmHpyeTcsl TIO OINpeNeNeHHbIM MpPaBUaM W3 MUMEHH COOTBETCTBYIOIIEH MOJICNH 3JIEMEHTA.
Jns BKirOUeHHS Takoro rpaduyeckoro obpaza B m3o0paxeHue 00beKTa TpeOyeTcs MpOCTo
yKa3aThb WJCHTU(UKATOpP DJIEMEHTa, H300pakeHHe KOTOPOro HY)XHO TIOCTPOUTh, WIH
noTpedoBaTh M300pakKeHHsS BCEX 3JIEMEHTOB O0bEKTa, MMEIOUMX TIpadudeckue oOpasbl 10
YMOJTYaHHIO (BCE 3TO yXe ObUTO CKa3zaHO BbIle). B obmiem ciyyae, 06pa3bl 3TOM TpyIbsl MOTYT
CIIy’)KUTB JUTSI N300pakeHUs] HECKOJIBKUX 3JIEMEHTOB OJTHOTO poja (HarmpuMep, pasHOBUAHOCTEH
IUIOCKOTO  CTEp)KHEBOro 3neMeHTa). ['padumueckue o0pazbl "HMO yMOM4aHUIO" MOTYT
CYIIIECTBOBATh TOJBKO JUISl DJIEMEHTOB, TIPY OTIMCAHUHM KOTOPBIX SIBHO 3aJ1aeTcs reoMeTpus (T.e.,
B OCHOBHOM 3JIEMEHTOB, COBEPILIAIOMIMX IJIOCKOE U MPOCTPAHCTBEHHOE JBIKEHHE - OalIKH,
CTEp>KHH, IJIACTUHBI U T.11.).

3) Hecrangaptaeie rpaduueckue o0pas3sl. OOpa3sl ATOTO THIA, KaK MPABUIIO, TOXXE MOTYT
OBITh WCIOJB30BAaHbI IS HM300paKEHUS HECKOJIBKUX JJEMEHTOB, HO 3TO HE 00s3aTeNbHO
JOJIKHBI OBITH  DJIEMEHTEI OoAHOro poJaa. 3)1601) NPpUHOUIINAJIBHO BO3MOXHO, HAIIPpHUMED,
peann3oBaTh OJUH 00pa3 Uisl U300paKEHUS Pa3IUYHBIX IIEMEHTOB, MMEKOIIUX OIMHAKOBOE
KOJIMYECTBO CTemeHed cBoOoabl. JIisi BKIIFOUEHHS HECTaHIAapTHOro Tpaduueckoro obpaza B
n3o0paxkeHne OOBEKTAa HYXKHO YKa3aTh WISHTH(PUKATOp H300pakaeMoro »>JIeMEeHTa, UM
HCITOJIB3YEMOTO ISl €r0 M300pakeHus rpadudeckoro obpaza u ero mapamerpsl. Bo MmHOTOM
BBI30B HECTAHJAPTHBIX TIpaduueckux oO0pa3oB CXOXK C BBI30BOM rpaduueckux o0pa3oB Aiis
I/1306pa}KeHI/I$I OKPYKCHUA, 3a UCKIIIOYCHHUEM TOI'O, YTO IJIA HHUX YKa3bIBACTCA I/IHeHTI/I(i)I/IKaTOp
dJIEMEHTa, KOTOpOMY 00pa3 coOTBETCTBYET. IIpu MCTIOIB30BaHUU HECTAHAAPTHBIX IpaUUecKux
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00pa30B MOJIb30BATEND JOJKEH BHUMATEIBHO M3YUUTh MHPOPMALUIO, I N300paKeHUs KaKUX
3JIEMEHTOB MO>KET MCIIO0Ib30BaThCs KaXK/IbIi KOHKPETHBIN rpaduueckuit oopas.

Havano mynkrta 6.1.2. XapakTepu3oBajOCh JOCTATOYHO BBICOKHUM YPOBHEM IUIOTHOCTH
UH(pOpMaLIUK, TaK YTO Ja)ke aBTOPHI "3anmapuinck”. Ha mepBblif B3IJIs1 Bce 3TO YKACHO CIIOXKHO.
[ToHATHO TOJIBKO, YTO, MCIONB3Yysl CpeAcTBa H300paxeHHs oObekra komruiekca PRADIS,
Padasnem wumm, ckaxem, Ilukacco He cranemnb. IlocienHee yTBep)kIeHHE CHpaBeIUBO,
KOHEYHO, HO OE30THOCUTENBFHO K KOMIUIEKCY - YTOObI cTaTth PadasneMm, HyxHO ObITh Padasnem.
A 4TO KacaeTcsi UCTOJIb30BaHUS "HECTaHJApTHHIX" rpaduuecKkux o6pa3oB, TO MbI HaJleeMCsl, YTO
BCE PAa3bSICHUTCA MIPU PACCMOTPEHHUH HAIIETO NMPUMEDA.

Jo cux mop mpu u300pakeHMH OOBEKTa B XOJE pacueTa Mbl MOJb30BAJIUCh TOJBKO
rpagpuueckuMu  obpazamMu 371eMeHTOB '"mo ymosyanuio". Temeps MocineaoBaTebHO H3YYUM
BO3MOXXHOCTH ONHCAHMsSI H300pa)keHUsi OOBEKTa C HCIOJIb30BAHMEM HEMOJBMKHBIX U
HECTaHAAPTHBIX TpapuuecKux o0pa3oB.

Alfa = 0

OcHl TIToSATBHOM CHCTEME KOOpTHHAT

a) )

Puc. 6.1. I'padpnuecknii 00pa3 HeMOABHKHOI ONOPBI:
a) reoMeTpryecKne NapaMmeTpsbl
0) n3o0pakeHus1 ONOPHI IPH PA3JIMYHBIX 3HAYCHUSIX napameTpa Alfa

Chauana u3zo0pas3um omopsl. CrienaeM 3To, UCIONB3Ys rpaduueckuil 00pa3 HENOIBHXKHOM
onopel ¢ mapHupoM - OPORAD. Kpatkyro crnpaBky MO 3TOH NpOrpaMMe MOKHO IOJTY4YUTh
ctanaapTHeiM criocobom (ARM ? OPORAD). HMudopmanums, comepkamascs B CIpPaBKe,
nosicasiercs puc.6.1. BooOmie rosops, ans Toro, 4yTtoObl HM300pa3uTh OMOpPY B TOM BHUJE, B
KOTOPOM OHa M300pa)keHa Ha 3TOM PUCYHKe, TpeOyercs ropaszo Ooibliie pazMepoB. OmHaKo,
yBEJIMUYEHUE KOJIMYECTBA MapaMeTPOB, KOTOPbIE HE BIMSIOT HAa pacueT MO CYIIECTBY, U B TO K€
BpeMs HEOOXOIMMBI JJIsl CO3/IaHUs TPUEMIIEMOro M300pakeHusi, HexkenarenbHo. [loatomy s
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0a30BBIX TpadUIeCcCKUX 00pa30B MIUPOKO UCTIONB3YyeTCs mapaMerpu3aius. Mcrnoas3oBanue 3Toro
MOJIX0/J]a YacTo MO3BOJIAET JUIsl (hOpMUPOBaHUS M300pakeHHs OOOWTHCH TOJIBKO MapamMeTpaMu,
HEOOXOJUMBIMHU JJIs1 BKIIFOUEHHBIX B CTPYKTYPY aHATH3UPYEMOro 0OBEKTa MOJIETIei 2JIEeMEHTOB
(oHM Bce paBHO MPHUCYTCTBYIOT B pazaene DATA), unum OrpaHMYUTHCS OYEHb HEOOJBIITNM
KOJIMYECTBOM JIOTIOJIHUTEIBHBIX MapamMeTpoB. BosBpamiasch K H300pa)KEHUIO OIMOPHI, MOXKHO
CKa3aTb, YTO COOCTBEHHBIE pa3Mepbl OMOPBI OMPENESIOTCS TaK Ha3bIBAEMBIM '"XapaKTEPHBIM
pasmMepoM" - paauycoM OKpPYXHOCTH C IIEHTPOM B TOYKE C KoopAauHaTamMu Xc U Yc,
MPOXOJIAIIEH Yepe3 OCHOBAHUE OMOpbI, KaK 3TO MoOKa3aHO Ha puc. 6.la. Ha pucynke srta
OKPYXXHOCTh HM300pa’keHa MyHKTUpPHOW nuHued. Eciu B Mozens oO0beKkTa BKIIIOUEHA MOJEIb
sneMeHTa '"mapHup", TO AWaMETp MIapHUpA 3aJaeTCAd B CIHCKE MapaMeTpOB ATOM MOIEIH
sneMeHTa. Eciii mapHUpbl OTCYTCTBYIOT B CTPYKTYpE MOJIEIH, KaK B HallleM Clydae, TO 4acTo
npuoOeralT K MpHeMy, TIPH KOTOPOM BCE€ IMOIBWIKHBIE MIAPHUPHI W IIAPHUPHI HEMOABUKHBIX
OMop M300paxkaloT KpPy>KKaMH OJHOTO pa3Mepa, UTO CYIIECTBEHHO COKpAIlaeT KOJIMYECTBO
apaMeTpoB, KOTOpbIe HYXHO 3a/1aBaTh. KoopauHaThl OMOPHI B II100aIbHON CUCTEME KOOPAUHAT
(Xc, Yc) mpucyTCTBYIOT B MOJEIH OOBEKTa ISl OMpENeICHHs MOJOXKEHHUS TOTO JJIEMEHTa,
KOTOPBI B ATOM MECTE COEIUHSETCS C OMOpoi (B HameM ciaydae 3To - Touka O, ¢ KOTOpoi
COEJIMHAETCS] KPUBOIIHUII, U Touka E, ¢ KoTOopoli coeaHeHO KOpoMbIcio). /st moaasistoniero
OOJIBIIMHCTBA CIIy4aeB OINOPY MOXHO H300pa3uTh MapalljieIbHO OJHOW W3 OCeil KoOpauWHAT
9KpaHa (Kak 3TO MOKa3aHo Ha puc. 6.1.0 ). B To ke Bpems, ecim OmpenensTh Ui TaKUX
MOJIO)KEHUH TOYHOE 3HAYEHHUE YIJIa B pajJudaHax, 3TO BBI30OBET Yy CpeIHEro 4YeioBeka (He
YMEIOIIETO MOJdy4YaTh B yME IIECTh-CEMb 3HAKOB IMOCIIE 3aMsSITON MpU YMHOXKEHUHU Ha YHCIIO TI)
OIpE/ICNICHHBIE CIOXHOCTU. 3aJjaHue yrja B Ipajycax CHacaeT TOJIBKO OTYACTH, TaK Kak AJis
OOJIBIIMHCTBA MPOTPaMM B KOMIUIEKCE MPUHATO 3a/laHue YIJIOB B pajauaHax. B maHHoM ciydae
OBLJIO pelIeHO MOMTH Ha OrpaHUYEHME, MPU KOTOPOM 3HAUYEHHUE YIJIA, 3a/Ial0lIEro MOJIO0XKEHHUE
OTIOPBI, OKpYyTIsieTcs 10 Onmxkaiimero 3HaueHus u3 psaa 0, 102, 1 3/210 M300pakeHrue onopsl
Ha DKpaHe MPH pa3INYHbIX 3HaYeHHIX mapamerpa Alfa mokazano Ha puc.6.16.

Jlnist n300paXkeHHs OMopbl KPUBOILIUIIA 3a/1alMM 3HaueHue napamerpa Alfa=5, a s onopsl
kopomeicia Alfa=0. Pazmeps! onop u mapHUpPOB BbIOEpPEM TaKUMHU, YTOOBI OHU COOTBETCTBOBAIIU
U300paKeHUSIM phIYaroB MexaHu3Mma (KapTHHKa JojbkHa "cMoTpethes'). [lo Hamemy MHEHMIO,
s pasmepa omopbl - 310 mpumepHo 0.10, mns nmamerpa mapHupa - 0.05. 3Hauenue
KOOpAMHATBl ZcC, KOTopoe TpeOyercs i IOJHOTO ONpEeIeNCHHUs TIOJI0KEHUS OIOphl B
MPOCTPAHCTBE, B JAaHHOM cliydae Oe3paznuuHo. [loatomy Zc=0. N300pakeHus omnop OnuiieM B
OTJIEIIBHOM CJIOE.

C HemoABWXKHOW CHCTEMOM KOOpAMHAT OylIeT CBA3aHO Takxke H300pakeHue
HanpasJsione nonaszyHa. [Ipocmotp umeromuxcs B 6a3oBoii 6ubanoTeke rpapuueckiux 0opazoB
MOKa3bIBAET, 4YTO Ui TOJYYEHHUS HEMOJBM)KHOTO H300pakeHUs] KaKOro-JIMOO CIOXKHOTO
IJIOCKOTO KOHTYpa MOXeT ObITh ucrnosib3oBana nporpamma KONTUR, B kauecTBe mapameTpoB
KOTOpPOM 3a7ar0TCsl JECATh Nap KOOPAMHAT TOYEK, ONPEACIAIOMUX 3TOT KOHTyp. Cpennuii ( =
JICHUBBIA B XOPOLIEM CMBICJIE ATOrO CJIOBA, T.e. HE JKENAIOIIUNA TPaTUTh CBOE BpeMs IO
nycTsikam) nons3oBareiab PRADIS, BeraBmmii nepen nepcrekTUBON ONpeAeauTs s y4eOHOro
3amanus JecsaTh (1) map abCTpaKkTHBIX TOYEK, EAUHCTBEHHOM IIEJIBIO MOJ00pa KOTOPBIX SIBIISETCS
yKpalieHne n300paxenus, He OyJaeT 3TUM 3aHuMaTbes. 110CKoIbKY KOOpIUHATHI KOHTYpa, Ipu
9TOM CIIELIMAJIbHO HaMJIEHHBIE JIJISl ATOrO ciiydas aBTOpaMM B OymkailieM KycTapHHKE, OyayT
UIpaTh ONPEJEICHHYIO pOJIb B JaJbHEMIIEM M3JI0)KEHMH, Mbl MpeAsaraeéM AJis CTOMKH Ipecca
UCIIONIb30BaTh aBTOPCKUM au3aiiH. (OOpaTuTe BHUMaHUE, YTO MPU ITOM Kak Obl Jenaercs
OJI0JDKEHHUE TM0JIb30BaTeNto). KoopanHaTel Touek KOHTypa CTOMKHM NpHUBEIEM HUXKe B OJOKe
JTAaHHBIX BHOBb C(HOPMHUPOBAHHON IPOrPaMMBI.
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[lepeiinem k H300pa)K€HHUIO TMOABMXKHBIX 3JeMeHTOB. IIpocMoTp crmucka rpaduueckux
00pa30B 0a30BOil OMOTMOTEKH C LIETBI0 HAUTH 00pa3 [uIsl N300paKeHUs! MOABHKHBIX IIaPHUPOB
IPUBOJUT HAC K CIIEAYIOLIEMY pe3yJIbTarTy:

1) st m3o0pakeHHsl MIApHUPOB B HaIleW 3ajaye MOXKHO HCIOJIb30BaTh rpadudecKuii
o0pa3 ToukH, ABrKyIencs B mockoctd (DOTD, puc.6.2.);

2) 5TOT rpaduvecKuii 00pa3 HeIb3s CBA3aTh HU C OJTHAM M3 DJIEMEHTOB, TPUCYTCTBYIOIINX
B cTpykType moaenu mexanusma (DOTD umeer Tpu cTenmeHd CBOOOJBI, CTEPXKEHb - YETHIPE,
TPEYroJbHUK U 0ajka - 1o IIeCTh).

-
X -

Ocim ITIoDATIEHOIT CHCTeME KOOpOHHAT

Puc. 6.2. I'eomerpnueckue napamerpsl rpapuyeckoro oopasa DOTD.

B oOmeMm, sta cuTyanus sBIseTcs NPsAMBIM CIEACTBUEM YNpOLIeHHs Mojenu. Mbl ee
coOpanu TakuM 00pa3oM, 4TOOBI HE YYUTHIBATh CBOWCTBA PEAIbHBIX IIAPHUPOB B 0OBEKTE, HO
n300pakaTh 3TH MWAPHUPBI XOTUM. OJTHUM CJI0BOM, "M BOAMIIBI UCIIUTh, U IOPTKHU HE 3aMOYUTH'".
Brupanue 04koB BBI3BIBAET OOBIYHO JOMOJHUTEIbHBIE HENPOU3BOAUTEIBHBIE TPYI03aTpPaThl.
MuHUMaNbHOM KPOBBIO B JAHHOM ClIyyae MOXHO OOOMTHCH, BBEIs B MOJENb MEXaHH3Ma s
y4eTa MHEPLUOHHBIX CBONCTB IIAPHUPOB TOUYEYHBIE MHEPLUOHHBIE JIEMEHTHI, COBEPIIAIOIINE
wiockoe JBmxkeHue (dnmemeHT MD). Ecnm Mbl cuuTaeM, 4To OHM HE CKaxyTcs oco00 Ha
JUHAMHYECKHX TPOIIeccax, TO MOKHO 3aJaTh U Maccy U MOMEHT MHEPLUU LIAPHUPOB PaBHBIMU
0. Ho, pa3 y>x HaM Bce paBHO NPUIETCS BHOCUThH 3TOT 3JIEMEHT B ONUCAHUE CTPYKTYPhl MOJIEIH,
3a/IaIUM Maccy IMapHUPOB COM3MEPUMOI ¢ Maccamu pbryaroB. Hampumep, 0.03 xr. MomeHT
MHEPIH, YUYUTBIBAs, YTO YIJIOBbIE KOOPJMHATHI B MOJIEIH BO BCEX MOJBUKHBIX y3/1aX BCE paBHO
OTCYTCTBYIOT, ipuMeM paBHbIM (. EcTecTBeHHO, WTO B naipHEimieM, B pe3yibTare SKOOBI
IpernonaraeMoil KOHCTPYKTUBHOM NMPOpabOTKH y3I1a, 3TH MapaMeTphl TOJKHBI YTOUHSTHCS.

W neHTUpUKATOPEl  HOBBIX  JIEMEHTOB, IIOSBUBLIMXCS B  ONHUCAHUM  CTPYKTYpPHI
UCTIOJIHUTEIIFHOTO MexaHu3Ma, OyneM (opMupoBaTh B COOTBETCTBHH C OYKBEHHBIMHU
o0o3HaYeHUsIMH cOOTBeTCTBYIOIMX Todek puc. S5.1. ("LHapuup A","apaup B" u T.1.). [Ipu
TakOM H3MEHEHHUU CTPYKTYpbl MOJEIM MOXXHO TeHepb CBS3aTh C O3TUMHU 3JIEMEHTaMU
rpapuueckuit o6paz DOTD, 3amaBmmce, a1 yao0cTBa, TEMH e pa3MepaMu IapHUPOB, YTO U
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i onop. ['padmueckuit o6pa3 DOTD no3Bossier n300pakaTh Kak Kpyr (apameTp 3anoIHEeHUs
B 9TOM CJIy4ae JOJIKEeH OBbITh 3a/laH PaBHBIM 1), TaK ¥ OKPY>KHOCTH (ITapaMeTp 3alO0JHEHHs paBeH

0).

[TockoabKy MBI 37€Ch KOCHYJIMCh MOHATUS "MUHUMAaIbHOW KpoBHU" (HajeBO MOWENb -
JoaaAb MoTepsellb), TO MOKHO yKa3aTh M MaKCHUMaJIbHO KpPOBaBbIil MyTh (HarpaBo MOIAeNb -
roJOBbl JUIIKIIbCA). B maHHOM ciyyae 3TO HM3y4yeHHME JOKyMeHTa "BkitoueHue mporpamm
HoJb30BaTesl B OMONMOTEKM KOMIUIeKca. PyKOBOJICTBO Toib30Barens.", W HalUCaHHUE
¢upmenHoro rpadudeckoro obOpasza [MApHUPA, KOTOPBIH MOXHO CBA3aThb C HY>KHBIMHU
JJIEMEHTaMHU.

s n300paxkeHus MoJa3yHa MOXKHO MCIOJIb30BaTh rpadudeckuii oopas npsmMoyrojibHUKa,
nskyierocs B miockoctd (RECTD). Ero napameTpsl 3a1at0TCsl IO TOMY e HMPUHIIHITY, YTO U
st anementa DOTD (koopnuHaTel 1IeHTpa, pa3Mepsl - BbICOTa W IIMpHHA). VckimoueHuem
SBIISIETCA TO, YTO ATOT 00pa3 Bceraa "3amuBaeTcs’ TEKyIIMM LBETOM H3o0pakeHus. Kak u B
ciaydae ¢ ucrnosbzoBanueM DOTD, ero HeoOxoammo CBs3bIBaTh ¢ yieMeHTOM MD, T.e. mis
MOJICJIMPOBAHMS MOJI3yHa HCIIOJIb30BaTh HE MoJieinb M (MMeeT oJHy cTeneHb cBo0ojbl), a MD
(Tpu cTemeHu cBOOOJBI, MONEpeYHass U YIJoBas CTENEHU CBOOOIBI CBS3aHBl C CHUCTEMOM
KOOpJMHAT).

U, nakoHel, MopsAOK ONHMCaHus cioeB u3oOpaxenus. Ilpu ero ompeneneHuu ciemyer
YUUTHIBaTh, YTO CJION M300pa)K€HUs, OMMCAHHBIM paHblIe, U PUCOBATHCSA OyJET TOXKE paHbIIIE.
Ecnu roBoputs 0 Hallel porpaMMe, TO €CTb CMBICII BHAYaJIe HAPUCOBATh HEMOABUKHBIE OIIOPbI
U KOHTYp HAIpaBIAIOIIECH, 3aT€M - IOJI3YH, pblYard MEXaHW3Ma, M, HAKOHEL, I[OJBHKHBIE
LIapPHUPBI.

[TapannenbHO NPUBEIEHHBIM B 3TOM IIYHKTE PACCy’KIEHUSAM HaMU BHOCWINCH U3MEHEHUS
B TekcT (Qaitna TESTO6M. VYuutbiBas, uTo, HauMHasg C MATOM TJaBbl, B KayeCTBE MPUMEPOB
IPUBOJATCS OOBEMUCTBIE NMPOrPaMMbl, 32 KOTOPHIMH CTAaHOBHUTCS HE BHJIHO XHBOTO TEKCTa
PYKOBOJICTBa, OT aBTOPOB IMOCTYNHJIO MPEUIOKEHHE NMPUBOAUTH TOJNBKO (parMeHThl TEKCTOB
3TUX MpOrpaMM C Hamboyiee CYyIIEeCTBEHHBIMM H3MEHEeHusMHU. [Ipu 3ToM Ha moib30BaTems
BO3JIaraeTcsi OTBETCTBEHHOCTh 3@ IMOJIy4YeHHE OKOHYATEIbHOr0 TeKCcTa mporpammsl. [lockombky
yuTaTeNeil Ha MOMEHT NPUHATHS pPElIeHUs NOONM30CTH He ObLI0, MpeioKeHHe Habpaio
HEe00XoaruMOe OOJBITMHCTBO TOJIOCOB. [loaTOMYy 31€Ch MpUBOAMM HauOoJiee CYIIECTBEHHBIC
U3MEHEHHUs OINUCaHMUA O0BEKTa M €ro M300pa)KeHus, a TaKkKe OOCLIaHHbIE BBIIIE KOOPAMHATHI
KOHTYpa CTOMKH:

$ DATA
* * *

Koopmguuarm cromxkmum = 0.5 , 0.1, 0.5, 0. ,
0.75,-0.2, 0.75,-0.4,
0.601,-0.65, 0.601,-1.55,
0.0 ,-1.55, 0. , -1.65,
0.9 ,-1.65, 0.9, 0.;

* ok  *

$ FRAGMENT: MEXAHNM3M

# BASE: * * x 15

# STRUCT:

* k%
llapump A 'MD (4 5 6; 0.5, 0)
*  x %
MonsyH 'MD (13 14 15; Macca nomnsyna, 0)
* * *
$ SHOW
Onops! '"LAYER ((OPORAD; Touka O,0., Pasmep omnops, 5,

InaMeTp mapuupa) ,
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(OPORAD; Touka E,0., Pasmep onops, O,
IOunamMeTp wapHMpa) ;
[lapaMeTps cJosi,
IIeeT mMsBo06paxxeHMsT ONOPEH )

MonsyH 'LAYER (IlonsyH (RECTD;Toukxa D, llmpuHa nonsyHa,
BricoTa nonsyHa) ;
[lapamMeTps! ciost,
IlIBeT mMBo6paxeHMss MOJIBYyHa )
Crorka Maumeb' LAYER ((KONTUR; KoopAamMHATE CTOMKM) ;
[lapamMeTpsl ciost,

IIBeT mMB06paxeHMsT CTOMKM )
* x %

apHMpPE! 'LAYER (lWlapump A (DOTD;Touxa A, llmameTp mapHmpa,l),
lapump B (DOTD;Touka B,uamMeTrp wapHupa,l),
lapump C (DOTD;Touka C,JuamMeTp mwapHupa,l),
llapuup D (DOTD;Touka D,ImnamMerp mapuupa,l) ;
IlapamMeTps CJOsI,

IIBeT MBOo6paxeHMs WAPHUPOB )
* * *

B kauecTtBe HE0OXOOUMOTro MPUMEYaHUs OTMETUM, UTO 3BE3JI0YKH IOBCIOJy B TEKCTE
IIPOrpaMMBbl HE SABJIAIOTCA 4acTblo Tekcra Ha sA3plke PRADIS. DT10 - cienbl HOXHUL,
pykxoBoauMbIX aBTopaMu. 13 pabouero tekcra nporpammsl TEST6M Obu1o BhIpe3aHO 3HAKOMOE
YUTATEII0 U OCTaBJIEHBI TOJILKO HEKOTOPBIE HOBBIE 3JIEMEHTHI IPOrpaMMBbl, O KOTOPBIX 111 PeYb
B 9TOM IIyHKTE.

6.1.3.CBA3b cnosi n3obpaxxeHMsa ¢ NOABMKHON CUCTEMOW
KOopAuHaTt

Br1 cupeny korga-HuOyAb Ha matyHe MexaHusma? MHorma mo00onbITHO TTOCMOTPETh, Kak
BeJIET ceds OKpysKaromasi 00CTaHOBKA (B JIaHHOM ciydae, eCTECTBEHHO, Ha MOJENH, Oe3 prcKa
3alIMOUTHCS), €CIIM Bbl COBEPIIACTE KaKOE-HUOYIb CII0KHOE JIBUYKEHHUE. 3/1€Ch - IJIOCKOE (HO
HUYTO HE MEIIaeT BaM Ha JI0cyre coOpaTh MPOCTPAHCTBEHHBIH MEXaHU3M, H MPOKATUTHCS YK
MPOCTPAHCTBEHHO U elle 00jiee HETMHEWHO).

[lpu omumcanmm wu3obOpaxenuss B PRADIS-porpamme MOXXHO CBsi3aTh Kakue-Iu00
KOHKPETHBIE CIIOW M300pa)KEHUSI ¢ TEMU WIM MHBIMHU CTENEHSIMH CBOOOABI Monenu. s aToro
BEpHEMCSI K pHUC.5.6. U BCIHOMHHM, YTO TOYKa 3pEHHUs HaAOMoJaTeNss Ha OOBEKT 3aJaercs
MOJIO’KEHHEM ToueK As (3/1ech momeraercs: HabmoaaTens), Bs u Cs (3a1a10T MOI0XKEHHE SKpaHa
u ero Bpamenue). Mumekc "s" 31ech UCmonb3yeTcs Ak TOro, 4TOObl HE CIyTaTh 0003HAUYCHUS
9THUX TOYEK C XapaKTepHbIMU TOYKAaMU MeXaHu3Ma. ECIu MBI XOTHM CHCTEMY KOOPJIWHAT
clenaTh MOABM)KHOM, TO B ATOM ClIydae YK€ HE YyJNacTCsl TaK JHMXO ONPENENsITh HadalbHOE
MOJIO’KEHHE BCIIOMOTATENBHBIX TOYEK, KaKk 3TO ObUIO paHee, Ja)e eclid M300pakeHHe 00BhEeKTa
HaxoauTcs B miuockoctu OXY. Jlydie Bcero ux cBA3arb ¢ KAKUMU-IMOO pealbHBIMH TOUYKaMH
n3o0paxenus. B Hamem ciyuae mpesaraeTcs HabmogaTens mocaauTh Haj Toukoil C maryHa
(abcumcca u opauHata Touek As u Cs OyayT paBHbl abcumcce U opauHate Touku C matyHa,
amnruiMKaTa To4ku As OyeT paBHa, Hampumep, 1, Touku Cs - 0), a Touky Bs moMecTuTh B TOUKY
D. Kpome Toro, Hy>kHO CBsI3aTh CJIOl M300pa)xKeHUsI CO CTeNeHsIMHU cB000abI 3THX Touek (C u D
miatyHa). Jlis ompeneneHus TEpeMENIeHUS CHCTeMbl KOOPAMHAT, CBSI3aHHOM €O ClIOeM
n300pakeHus1, MOTpeOyeTCs 3aAaTh NEBATHh CTENeHerd cBOOOAb - X,Y,Z I KaXJI0W U3 TOYEK
As,Bs,Cs. B Hamem ciydae cTemeHb CBOOOBI, OINpeneNsionias IBMKEHHE KaKIOM U3 ITHX
TOYEK 10 ocu Z, OyzeT cBsi3aHa ¢ 6a30BOM cucTeMoit koopauHat. CTeneHn CBOOOIBI MO 0csM X
u Y ans touek As 1 Cs Hy)KHO CBS3aTh C COOTBETCTBYIOLIUMHU CTETIEHIMH CBOOO b1 ToukH C, Bs
- co creneHsMu cBoOOABI Touku D. Tlopsaok 3aganust creneneid BoOo sl Touek As, Bs u Cs mipu
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OTHMCAHUU CJI0S N300pakeHUs TaKo! Ke, KaK U MPH 33JaHUH HAYaIbHBIX KOOPAMHAT dTUX TOYEK
- Xc,Ye,Zc, Xa,Ya,Za, Xb,Yb,Zb.

C yd4eToM CIeTaHHBIX HW3MEHEHWW OMHCAaHWE CJIOSA JUIsl HW300pa)KeHWs, HaIrpumep,
KPHUBOIIIUIIA B CUCTEME KOOPJIUHAT, CBSI3aHHOM C IATyHOM, Oy/IeT BHITTISACTD TaK:

Kpmsoumn 'LAYER (KpueBoummn; I[lapaMeTprl cyos,
IIBeT mMsBo6paxeHMsT KPMBOUMIIA ;
11 12 1 11 12 1 13 14 1)

BepnyBmuce k Tekcty 3aganus TEST6M, BHeceM B HEro U3MEHEHHUS C IIENIbI0 U300pa3uTh
MEXaHH3M B TOJIBIKHOM CHCTEME KOOPIWHAT (IJI1 BCEX CIOEB M300pakeHHs OyIyT 3a1aBaThCs
Takhe € CTENEeHU CBOOOJbI, KaK M IS CJIOS B IPHUBEICHHOM BBILIE IpUMeEpe). 3amnuiieMm
nonydeHHoe 3amanue B (aiitn TEST63M. JIro60NBITCTBYIONINE MOTYT BBITIOTHUTH IJISI 3aaHUS
TEST63M xomanny SLANG u mocuaeTs Ha IaTyHe BO BpeMs IBIDKCHHS (aBTOPHI HE OTKa3aJIn
ceOe B yIOBOJIbCTBHH).

6.2.YNPABJIEHUE TOYHOCTbIO PELLEHUA CUCTEMbI
ay

I[To xoxy oTnanku MoJieny MeXaHu3Ma MPOIOJKUM 3/1€Ch U3yUEHHE BOIIPOCOB YIIPABICHHUS
paboToii mporpamMMbl HMHTETpHUpOBaHHA. B 3ToM monpasziene paccMOTPHM — KIFOYEBEIC
napaMeTpsl, YIPaBJIAIOLe TOYHOCTBIO PEIIeHUs] CUCTEMBbl TU(PepeHIMaIbHbIX YPaBHEHUH, 1
CBSI3aHHBIE C 3TUM OCOOEHHOCTH BBIYMCIUTEIBHOTO aJITOPUTMA.

6.2.1.0KkOH4YaTeNbHbIN TEKCT NPOrpamMmmbl, peanuayrllen
Moaesnb MexaHu3Mma

Jlist Tmo0anpHBIX TeNield, chOpMYTUPOBAHHBIX B TJIaBe 5 (OCYIIECTBIICHUE HECKOJIBKHUX
UTepalii TPOEKTHOTO pacyeTa MalIuHBI C TOCIEA0BATEIbHBIM YTOUYHEHUEM €€ TapaMeTpOB) U
BBITIOJTHCHHSI TOTO, YTO OBUIO OOEIIAHO B 3aroJioBKe mojapasnena 6.2, OyneM BasTh B 3TOM
MyHKTE TeKCT OKOHYATEIbHON MPOTpaMMBbI [T aHAIH3a MEXaHU3MA.

B kauecTBe OCHOBBI Ul OKOHYATEIBHOI'O TEKCTa HCHOJIb3yeM MporpamMmy u3 Qaiina
TEST63M. YGepemM B 3TOM TEKCTE CBSA3b CIIOCB H300pPKEHHS C TOABIIKHOW CHCTEMOM
KoopauHAT (4ToObI He 3akpykuiach rojora), a B monpazaen OUTPUT goGaBum omucanue
BBIXO/IHBIX NIEPEMEHHBIX, KOTOPbIE MOT'YT MOHAJ00UTHCS HaM JJIs aHalln3a paboTOCIIOCOOHOCTH
MexaHu3Mma. [Ipy 3TOM OCTaBMM B CTOpPOHE BOIPOC C pacyeToM KpUBOIIUMNA M phlyara (B
pearbHOCTH OHHM OyIyT MpPEICTABICHBI, BHIUMO, OCOOBIMH KOHCTPYKTUBHBIMH JJIEMEHTaMH,
pacuer KOTOpbIX crenuduueH. Hampumep, KpHBOLIMII MOXET OBITh BBIIOJHEH B BHJE
OKCIICHTPUKOBOTO KOJIeca WM KoJeHdYaToro Bana). Jns Hac BakHOW Oyzer mMHQoOpmanus o
BEJIMYMHE MTPOJOJIBHBIX YCUJINN B KOPOMBICIIE U IIATYyHE, KOTOPBIE B ATHX 3JIEMEHTAX ONPEACIIAT
BEJIMYMHY CXKUMAIOMX (pacTArMBaIOIINX) HanpsokeHud. Tak Kak MoJenb CTEpPXKHS He
BOCIIPMHHUMAET IONEpeUHble HArpy3KH, MHTEPECYIOIllee HAC YCUIME MOXKET ObITh BBIBEACHO C
nomouibto nporpammbl  ROUT (oHa paccuMThIBae€T pe3yibTUPYIOIIYI0 BEIMUMHY Kak
KBaJJpaTHBI KOPEHb U3 CYMMBI KBaJIpaTOB COCTaBIAIOMNX). [IoCKOIBKY ycuiue U HampsikeHue
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cBs3anbl 3akoHOM ['yka ( Sigm = P/F = = 1/F * P), To B kauecTBe MacmTada 1Jis BEIYUCICHUMA
MOKeT ObITh BbIOpaHa BenuuuHa 1/F, u Torma OyaeT paccUMTHIBATHCS HEMOCPEACTBEHHO
BEJIMYMHA HampspkeHus. TakuMm oOpas3om, B OJioke onucaHus JaHHbIX U noapaszaene OUTPUT
9TOTO 3a/1aHuUs MOSIBATCS CIIEAYIOIINE OTUCAHUS:

$ DATA
Macmra6 nepecuera Hanp.waryHa = 1.E4
Macmra6 nepecuera Hanp.kopom. = 1.E4
* * *

$ FRAGMENT : MEXAHK3M

* * *
# OUTPUT
HanpsikeHme B maTyHe 'ROUT (I:WlaTyH (1), I:llarysn (2);

Macmra6 nepecueTa Hamp.llaTyHa)
Hanpsikenme B kopowsicie'ROUT (I:Kopowmsicyo (1), I:Kopowmsicyo (2) ;

Macwrab nepecueTra Hamp.KOPOM.)
* k%

VYuuTeiBas yIpOUIEHHBIN XapaKkTep HAIIErO WUTFOCTPATUBHOIO IPUMEPA, 3TOTO HaM MOXKET
0Ka3aTbCs JOCTaTOYHO.

HemocpencTBeHHO At 9KCIIEPUMEHTOB C TOTPEITHOCTHIO PAacueTOB aBTOPHI JTI0OABHIU B
CBOE€ 3aJIaHUE pacueT CKOpOCTeH MO BCeM CTEeNeHsM cBOOOIbl MexaHusMma. llpu anamuze Bceit
MAaIIMHBI pacyeT dTUX BBIXOJHBIX MIEPEMEHHBIX B POrpamMme OyIeT OTCYyTCTBOBATb.

6.2.2.Kno4yeBble NapamMeTpbl, onpeaenstowme nokKarnbHyr
NOrpeLwHOCTb UHTErpupoBaHnA

3nech Mbl Oojiee MOAPOOHO PACCMOTPUM AJNTOPUTM OLIEHKH M KOHTPOJIS TOYHOCTHU
pelieHuss cucTeMbl auddepeHuanbHbIX ypaBHEHUH, HCMonb3yeMbli B komiuiekce PRADIS.
BooOmie roBops, maremaTtuyeckass MOJeNIb TEXHUYECKOro OOBEKTa MpPEJCTABISETCS B BUJE
cucteMbl nuddepeHImanpbHbIX ypaBHeHHH. OHako, 0€3 HapymieHHs OOINIHOCTH, MBIl MOXEM
3/1€Ch PAaCCMOTPETh YMCICHHOE pelIeHHe 0THOT0 (P PepeHIINaTIbHOTO YPaBHEHUS

F(X, X, X", T)=0 6.1),

uMesi B BHIY, YTO pelleHHe cHucTeMbl Iu((epeHuanbHbIX ypaBHEHUN I0JIydaeTcs
aHanornyHo. Kak wu3BecTHO, pemieHueM ypaBHeHus (6.1) sBisiercs OO0bIIOE KOJIHMYECTBO
UHTErpalbHbIX QYHKIMHA X(t), OTIMYAIOMIMUXCS JIPYT OT JApYra MPOU3BOJIbHBIMU MOCTOSIHHBIMU.
OTU NPOU3BOJIbHBIE MOCTOSHHBIE JOJKHBI ObITh OMpEENIeHbl U3 HAadyalbHBIX YCIOBUH. Takum
oOpa3oMm, moiydaeM (QyHKIUIO, oTBevawomylo auddepenunansHomy ypaBHeHuio (6.1) u
3aJJaHHBIM Ha4yaJIbHBIM yci1oBUsAM (Xo u X'0).

[TorpemiHOCTh YHUCIEHHOTO pELIEHHs OIpeneiseTcss TeM, 4YTO Ha KaXJIOM Iare
UHTETPUPOBAHUS HHTErpUpyeMasi (pyHKIUS 3aMEHSETCsl OTPE3KOM WM KPUBOU (B 3aBUCUMOCTH
OT NpUMeHsieMO (OpMyJIbl MHTErpUPOBaHUSA). IDTO, BOOOIIE TOBOPS, BHI3BIBACT IMEpPEXoi K
HOBOH MHTErpasibHON (DYHKIIMH, YOBIETBOPSIONIEH YpaBHEeHHUIO (6.1), HO HE yIOBIETBOPSIOIIECH
3aJaHHbIM HadyallbHbIM  ycioBusiM. [lorpemHocTs pemieHus, TMONy4YeHHas Ha [iare
VMHTETPUPOBAHUS, HA3bIBAETCS JOKAJIBHOM morpemHocTeo. OT mara K mary 3Ta MOTpeIHOCTh
HAKalIMBAeTCs, YTO BEIET K YBEJIUYEHHUIO PACCTOSHHUS MEXIy TOYHBIM pEUIeHHEeM, U
MOJIOKEHUEM MHTETpaibHON (PYHKIMHM Ha TEKYIIeM Iare - T.e., K YBEJIMUYEHHIO HaKOIICHHOMH

91



HOTPEIIHOCTH (WM €eIle TOBOPAT - TJI00aJbHON MOTpelmHoCTH) pemieHus. Jlomyctum, npu
pelIeHnn Kakon-1100 3a1a4u ObUIO CIEIaHO HECKOJIBKO 11aroB MHTErpUpOBaHus U K N-My mary
WHTEIPUPOBAHUs HAKOIUIEHA OIPENENIEHHas NorpemHocTs. Ilociie aToro uaTerpupoBanue crauno
a0COMIOTHO TOYHBIM. Jlaxke MpH ATHX YCIOBHSIX HAKOIJIEHHAs MOTPENIHOCTh pelIeHus He OyneT
OCTaBaTbCAd HEUW3MEHHOW. Ee BenuuMHa 3aBUCHUT OT IIOBEACHUS HWHTEIPAIBHONM KPUBOH B
OKPECTHOCTH paccMaTpuBaeMod TOYKH. [103TOMy, B 3aBHCMMOCTH OT KOHKPETHBIX YCIIOBHH,
JIOKaJbHas MOIPELIHOCTD IIara MHTErPUPOBAHUS MOKET IO-Pa3HOMY BIIMATH Ha HAKOILICHHYIO
MOTPEIHOCTh. Eciin XapakTep W3MEHEHHMs PEIICHMs J.y. TaKOB, YTO YBEJIMYECHHE 3HAYCHUS
(GYHKIMU MPUBOAMT K YBEJIMYECHUIO 3HAUEHHs €€ MPOM3BOJHON (= yMeHbIIeHHe (YHKIHHU - K
YMEHBIIECHNIO MPOU3BOJHOM, T.€. 3HAKM MNEPBOW M BTOPOW MPOU3BOJHOM COBMANAIOT), TO
paccTosiHUE MEXAy MHTErpalibHbIMU KPUBBIMH yBelW4MBaeTcs. Tak BenyT ceds (QyHKIMU THIA
Y=X**N nmpu X > 0, Y=EXP(X) Ha Bceil obmactu ompeneireHuss u T.A. B sTtom ciyudae
HaKOIJICHHAs! TIOTPEIIHOCTh PELICHHUs O0JIbIIIE CyMMBbI JIOKAJIbHBIX MOTPELTHOCTEH KaX /10T 11ara
UHTErpUpoBaHus. EcTecTBEHHO, YTO C YBEIMYEHHEM KpYTH3HBl (YHKUHMU 3Ta pa3HUIA
Bo3pactaer. Kpome TOro, BenMYMHA YK€ HAKOIUICHHOM TOTPEIIHOCTH pelieHus Oyxaer
YBEIMYMBATBCA J1aK€ MPU OTCYTCTBUM JIOKAJIBHOW IOIPEemHOCTH. Ecim ke ¢ yBelndeHueMm
3HaYeHHUs (QYHKIMM TPOM3BOJIHAS YMEHbIIAeTCs (3HAKM IEpPBOM M BTOPOW MPOM3BOJIHON
pa3nuyaroTcs), TO HAKOIUIEHHAs MOTPEIIHOCTh PELIEHUS MEHbIIEe CYMMBbI JIOKaJIbHBIX
MOTPEIIHOCTEN BCeX 1IaroB MHTErpupoBanus. Tak BeayT ce0s ¢pyHkuuu tuna Y=X**N mpu X <
0, Y=SQRT(X) na Bceit obiacTu onpeaeneHus 1 T.1.

B kommnekce PRADIS, xak npaBuiio, JIOKajdbHasg MOTPEUIHOCTh PEIIEHUS OIEHUBAETCA
OTHOCHUTENIBHO cKopocTu. Puc. 6.3. wimocTtpupyer merton ee omnpeaeneHus. g pemeHus
ypaBHeHHUd (6.1) ucnonb3yeTcss OJUH U3 HESIBHBIX METOAOB MHTETPUPOBaHUS (B TEXHHYECKHX
NPUWIOKEHUAX OCHOBHBIM siBNIsieTcs MeToj llltepmepa, Ui y4eOHBIX M HCCIEI0BATEIbCKUX
3aJa4 4acTO MOXET HCHojb30BaThcsi MeTol Hpiomapka). B moOom ciydae, sl HEsIBHOTO
METOJla MHTETPUPOBAHMS XapaKTEPHO BBINIOJIHEHUE Illara MHTEIPUPOBAaHMs B JBa dTama. Ha
IIEPBOM 3Tale OCYLIECTBISAETCS SBHBIM IPOTHO3, HA BTOPOM - UTEPALMOHHO NOBTOPSIOIIASCS
Koppekius. B ckoOkax 3aMeTuM, 4To JII0O00H SBHBIA METOJ] MHTETPUPOBAHHUS SIBJISIETCS] YaCTHBIM
CJIy4aeM HESBHOTO0, KOI'/1a OTCYTCTBYET KOPPEKIMS PEeIeHHs. Eciii rOBOPUTE O TEOMETPUUYECKON
MHTEPIIPETAIMA HEABHOIO METOJa HHTErpupoBaHus (puc.6.3), TO BBINOJIHEHHE IPOTHO3a
SKBHBAJIEHTHO 3aMEHE HWHTETrpaJibHOM KPUBOM HAa BPEMEHHOM HHTepBajie |[titi] OTpe3koM
KacaTeNbHOM K HeW B Touke ¢ alciuccoil ti BTopoil sTam cBOAMTCS K HAaXOXAECHHUIO YIJa
HAKJIOHAa KacaTeJIbHOW K MWHTErpajbHOW KpUBOM B TOuke c abcuuccoil tiy; M 3aMeHe
MHTETPaAJIbHON KPUBOW HAa BPEMEHHOM MHTEPBAJIE [t;,ti+1] OTPE3KOM ITOM KacaTeJIbHOM.

3HaueHue CKOPOCTHU, IOJTYUYEHHOE SBHBIM MPOTHO30M, 0003HaYUM VP, CKOPPEKTUPOBAHHOE
3Ha4YeHHe CKOpocTH - Ve (nepea Ve He MUHYC, a THpe!).

3nech, MOXKET ObITh, YMECTHO K CJIOBY pacckas3aTh OJIMH clyyail U3 roiy0oro JeTcTBa Io
MOBOJy 3HAaKOB M OyKB B TEKCTE, JOIMYCKAIOIIUX BOSIKOE TOJKOBAHME, a IOJIb30BATENIO -
HEeMHOro pacciabuthes. OIMH pa3 yuyuTeNbHHLA CKa3alla yueHHuIle, cjlabo ycreBaroliei o
MaTEMaTHKE, YTO IS TMOJY4YEHHUS 3aBETHOM TPOMKHM TOW HAJ0 BBIYUYUTh HaM3yCTh HECKOJIBKO
naparpadoB u3 ydyeOHHMKa 1o reoMerpud. Ha crnenyrommii aeHb, BO BpeMs SK3aMeHa C
npucTpacTreM, Ha Bonpoc "KakoBa qmHa okpyxHocTu?" 6bu10 oTBeueHo: "/[Ba I1» Ye", uem u
3apaboTtaHo 3 6auia - HUKTO HE CMOT YCTOATh Ha HOTax, Jaxke yuuTenb. MTak, emie pa3 - 31ech
HMMEJIOCh BBUlY THpE.

[To mocTpoenuto, 3TH 3HaUeHHs (MMeeTcst BBUIY Vp U Ve, Uil TeX, KTO ycren 3a0bITh)
HaxoIATCs II0 pa3Hble CTOPOHBI OT JIOKAJIBHO TOYHOI'O 3HAYEHHsI CKOPOCTH, JIEKAILLEro Ha
TEKyIled WHTETpalbHOM KpUBOM. 3aMeTUM, YTO B ClIy4yae, €CIM Ha KaXJOM Iare
UHTETPUPOBAHUS TOIYYaTh JOKaIbHO TOYHOE 3HAUEHUE CKOPOCTH, TO MBI HE OyJIeM YKIOHATHCS
OT TOYHOTO penieHuss. Ha camom nene momydaercs MOrpelHOCTh, HE MPEBBINIAONIAs B CAMOM
HEeOJaronpusITHOM cilyyae BeJIMYMHBI Vp - Vc. B kadecTBe OlIEHKM aOCONIOTHOTO 3HAYEHUS
JIOKaJIbHOM MOrPEIIHOCTH Ha 1are narerpupoBanns B PRADIS npuaumaeTcs BennunHa
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Ay =(Vp-Ve) /2 (6.2)

N3 pucynka 6.3 BUJIHO Takke, 4YTO YMEHBLIEHHE LIara MHTETPUPOBAHUS NPUBOJUT U K
YMEHBUICHNUIO BEJIMYUHBI JIOKAIbHOM IMOTPEeIIHOCTH, TaK KaK pa3HUIla MEX1y MPOTHO30M H
KOppeKlIMel TNpu MeHbllleM Inare ymeHslnaercsa. [loaToMy, ecnu Tekymias JIOKajdbHas

MMOTPCITHOCTL IMPEBOCXOAUT MAOIIYCTUMYIO IIOI'PCHIHOCTH, 3aJldHHYIO I10JIb30BATCJICM, TO IHar
HHTCTPUPOBAHUA JOJIKCH OBITE YMCHBIIICH.
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Opnnako, B HEKOTOPBIX Ciy4asX aOCONIOTHYIO MOTPEIIHOCTh JUIsl OLEHKH TOYHOCTH
BBIYUCIICHUH HCIIONB30BaTh HEYJ00HO. DTO OyJeT MpOMCXOJUTh BCEria, Koraa aOCoIOTHOE
3HaYeHHe CKOPOCTU BEIUKO. Toraa oTanuue Mexay IPOrHO30M U KOppeKLuel Aake Ha JIecaThble
U COTbIE JOJM MPOIEHTAa MOXKET MPUBECTH K TOMY, YTO aOCOJIIOTHAs BEJIMYMHA JIOKAJIHHOMN
HOTPEHIHOCTH OyJleT CIMMIKOM OoibIIoil. B 3TOM ciydae uisi KOHTPOJIsI TOYHOCTH IOJIE3HO
MCII0JIb30BaTh 3HAYEHHE OTHOCUTEIIBHON BEJIMYMHBI JIOKAJTILHOU MOTPEIIHOCTH

€1 = A i+1 /VC (63)

Ho u 3Ta oneHka He sBIsieTCs yYHUBEpCalbHOW. B 00macTi Manblx 3HaYeHHH CKOpOCTei
OTHOCHUTEJIbHAs OUIMOKa OyJeT MoJIydyaThCs CIMLIKOM OOJIBIION, U MporpaMma MHTETPUPOBaHUS
HAYHET CWJIBHO MENbYUTh IIar. XOTs 3TO, Kak MIpaBwuiio, He TpeOyerca. U nmelicTBuTENbHO,
OOBIYHOTO TOJIB30BATENS BPSJ JIM OYJET BOJIHOBATH BOIPOC, C KAKOH TOYHOCTHIO OMPEICIICHO
3HayeHue ckopoctu - 1% wmm 100%, ecnu ee Tekymas BennuuHa paBHa 0.00001 wm/c, a
aMIUTHTYIHOE 3HAYCHHE IS ATOTO Tporiiecca 1m/c.

Wrak, ucxoass M3 NPHUBENECHHBIX BBIIIE PACCYXKICHHM, CTAaHOBUTCA IOHATHBIM, 4TO B
oOnactu OONBIIUX 3HAYEHUH CKOpOCTEH [UIsi KOHTPOJIE TOYHOCTH TOJYyYaeMOro pEelIeHHS
IPEIIOYTUTENIBHO UCIOIb30BaTh OTHOCUTENIbHYIO MTOTPEMIHOCTD, a B 00JaCTH MaJIbIX CKOPOCTEN
- abcomotHyto. Ho rue rpanp mexnay OonbmuM U mansiM ? (OOpaTtuTe BHHUMaHHE, BOIPOC U3
cepuu "beiTh man He OBITH?", "UTo ecTh mctuHA?" M T.A. C OJAHUM TOJNBKO THM BOIPOCOM
MOXHO yroauTh Ha 3onorbie Ckpmxamu Mcropum YenmomedectBa). [losTomMy, m mMes BBHIY
POKOBYIO O€CIOIIAIHOCTh ATOIO BOINPOCA, JIJISI KOHTPOJS BEITMYMHBI JIOKAJIBHON MOTPEIIHOCTH
1rara MHTETPUPOBAHMS HCIIONIb3YETCSl 3HAUeHHE aOCONIOTHOM MOTPEUTHOCTH, MONYYEHHOH H3
CJICYIOIIUX COOOPaKeHHUI:

1) Tlonwp3oBaTenb 3a7aeT AOMYyCKAEMYHO BEITUYHHY OTHOCUTEIBHOU (B 001acTH OONBIINX
CKOpOCTeH) M aOCONIOTHOW (B 0O0JaCTH MalbIX CKOPOCTEH) JIOKAJIbHOW TOTPEIIHOCTH
(cooTBEeTCTBEHHO, [£] 1 [A]).

2) Homyckaemoe 3HayeHHE aOCOMIOTHOM JIOKAIBHOM MOTPENIHOCTH Ul TEKYILEero Iara
WHTEIPUPOBAHHUS OIIPEAEIIAETCS MPOrPaMMON HHTETPUPOBAHHUS 110 3aBUCUMOCTH

[A]=[A] +[€] * Vc (6.4)

3) [y OLIEHKH JIOKAJIbHOM TOYHOCTH IIara MHTETpUpOBaHUs BeauuuHa Ai.; CpaBHUBAETCS
¢ [A]. Eciu Bemonusiercs cootHomenune A iy < [A], To cuutaercs, 4ro TpedyeMasi TOUHOCTh
JOCTHUTHYTA.

[Tpoanamm3upyem Bbipakenue (6.4). Ecaum BenmmunHa ckopoctu Ve BelIMKa, TO BTOPOU
4YIeH TMpPaBOM 4YacTH ITOrO BBIPAXKEHUSA, XapAKTEPU3YIOLIIUN BIUSHUE OTHOCUTEIIBHOU
MOTPEIIHOCTH, CTAHOBUTCS OINPEACINSIONUM WM COU3MEPUMBIM C 3aJaHHOW aOCOMIOTHOMN
NOTPEIIHOCThIO (KOHEUHO, €CJIM HE 3aJaH0, 4TO JoIycKaeMas aOCOJIIOTHAs IOIPENIHOCTh
pelIeHusl MPEBOCXOJUT MAaKCUMAaJbHOE 3HAYEHHE CKOPOCTH, a HAaxXOIWUTCd B Pa3yMHBIX
npenenax). Korzma sxe BenmnumHa ckopocTd Ve Mana, BIMSHHE 3TOTO 4IEHA CTAaHOBUTCS
MpPEeHeOpeKMMO MajbiM, M Ha OLEHKY IMOrPeHIHOCTH OyJeT OKa3blBaTh OCHOBHOE BIIMSHUE
JIOTTyCKaeMO€e 3Hau€HHe aOCOFOTHON MOTPEIHOCTH.

[TosTomy miist 3aaHus TOKAJBHOM MOTPEIIHOCTH MHTETPUPOBAHUS TOJIB30BATENIb MOXKET
HCIIOJIb30BaTh JIBa KJIIOUEBBIX MapamMerpa nporpammbl uHTerpupoBanus - DRLTX u DABSX.

DRLTX 3amaeT OTHOCHTEIHHOE 3HAYEHHUE JIOMYCTUMOW JIOKAIBHON TOrpemHocTy (B o0mactu
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OonpmMx 3HaueHW ckopocreif), a DABSX - aGcomoTHoe 3HaueHHE AOMYCTUMOM JIOKaJIbHOMN
MoTpenTHOCTH (B 00JacTH MalbIX CKOpocTteid). s omnpesaesneHus JAOMyCTUMON abCOTIOTHON
NOTPEIIHOCTH IlIara MHTETPUPOBAHUS B 3aBUCUMOCTH OT TEKYLIETO 3HAYEHUS CKOPOCTH
WCITONIB3YETCs BhIpakeHue (6.4).

Eme oano nupuueckoe otcrymieHue. Puc. 6.3. MOXeT co3AaTh BIIEYATIICHHE, YTO
3HAYEHHE CKOPOCTH, MOJTYUYEHHOE MPOrHO30M, TOUHEE OKOHYATEIBHOTO PEUICHUSs, MOTyYEHHOTO
KOppekuuend. DTO MPOMCXOIUT IMOTOMY, YTO B TOYKE C aOCIMCCOM ti 3HAUEHHE CKOPOCTH,
SABJISIFOIIEECS] HAYaJbHBIM JUIsI JAHHOTO IIara MHTErPUPOBAHUSA, YXKE OTIMYAJIOCh OT TOYHOIO
pemenus. Ilpu »ToM OTKIIOHEHHE OBUIO B Ty CTOPOHY, KOTOpas XapakTepHa JUIsl HEIBHOIO
MeTola MHTerpupoBaHus. [103TOMy KakIblil MOCIEAYIOUIMN HESBHBIM LAl WHTETPUPOBAHUS
OyIeT 3Ty MOTpelHOCTh YBEeNW4HMBaTh. B ciywae, ecnmu Obl MHTErpUPOBAHHE IMPOBOJIUIOCH
SBHBIM METOJIOM, TO CKOPOCTh B TOYKe C aOciuccoil t; Takke Oblia Obl HaifmeHa ¢
MOTPEIIHOCTHIO.

Opnako, ee 3HaYE€HUE HAXOIWJIOCH Obl MO IPYTryI0 CTOPOHY OT MHTErpajbHOW KPUBOM.
[TosTOMYy KaXIbplii SIBHBIM IIAar WHTETPUPOBAHUS ATY MOTPEIIHOCTh TAKXKE YBEIHMYUBAI OB
BooO1ie, TOYHOCTH SIBHOTO U HESIBHOI'O METO/I0B MHTETPUPOBAHMSI IIPU UCIIOJIB30BAHUU (POPMYJT
WHTEIPUPOBAHUS OJHOIO NOpsAJIKAa OJMHAKOBA. J[pyroe neio, 4To ABHbIA METOJ UHTETPUPOBAHUS
OTJIMYAETCS HEKOTOPHIMU HENPHUITHBIMU OCOOEHHOCTAMU (HEYCTOWYMBOCTh METOJa), H3-3a
KOTOPBIX, HECMOTpPs Ha BCIO €ro IPOCTOTY, €ro KCIOJIb30BAHME B CEPHE3HBIX IPOrpaMMax
ABJIIETCS TIPOOIEMaTHUHbIM.

6.2.3.Y4ucneHHbIe IKCNEPUMEHTbI C NTOKaNIbHOW NOrpeLHoOCTbLI0

I/ICHOHB3yeM MOJIYUYCHHOC B IIYHKTC 6.2.1 oKOHYATEIHFHOEC OIHCAHUE MOACIN MCXaHU3Ma
JJIs1 HECKOJIBKUX YHCJICHHBIX OKCIICPUMEHTOB C JIOKaJTLHOM IIOrp€IIHOCTBIO.

XapakTep M3MEHEHHUsI CKOPOCTEH M0 BCEM CTEMEeHsIM CBOOOJbI MEXaHH3Ma TaKOB, UYTO B
paifoHax >KCTPEeMyMOB HMHTETpaJibHbIE KPUBbIE OyIyT PE3KO PAacXOJUThCA. B cOOTBETCTBUM C
T€M, YTO ObUIO M3JI0KEHO B MyHKTE 6.2.2, B 3TOM MecTe OyayT HaOIoAaThCcsi MaKCHMajbHbIE
HAKOILJICHHBIE IIOIPEIIHOCTU. B0k OCTaJbHOW HHTErPAJbHOM KPUBOM  HAKOIUICHHAs
MOTPEIIHOCTh JIOJKHA OBbITh 3HAYMTENhHO MeHblIe. Eciaum momyuyuTh "TouHoe" 3HaueHue
CKOpOCTM B pailoHE JKCTpeMyMa (HampuMep, 3HAUMTENIbHO O0Jiee TOUYHBIM pPAacyeTOM), TO
CpaBHEHME 3HAYEHMH CKOpOCTeH B OKCTpEMalbHBIX TOYKax OyJIeT XapaKTepu3oBaTh
MaKCUMaJIbHYI0 BEJIUYMHY HAKOIUIEHHON NOTPELIHOCTH.

Brauane mnposeneM TouHbld pacuer, 3amaB DRLTX=1l.e-5, DABSX=1l.e-5. bynem
aHAJM3UPOBaTh JIBE CEKyHAbI Ipolecca. HakomieHHyr0 HOrpemHoCcTs 3TOro pacuera MOXKHO
OLICHUTh, CPAaBHMBAsI MAaKCUMAJIbHOE U MHUHHMAJIBHOE 3HAUYEHUE CKOPOCTH HA aHAIU3UPYEMOM
uHTtepBasie. IlockoibKy 3a 3TO BpeMs MeEXaHU3M COBEpIIAeT KadaHUe BIEpeA-Ha3al,
3aBUCUMOCTH JUII CKOPOCTEH JOJKHBI OBITh CHMMETPUYHBI, MaKCHUMajJbHas M MHHHMMAalbHas
CKOPOCTH - PABHBI 110 aOCOIIOTHOM BEITMUUHE.

[To xomy pacdera BelMWMYMHA IIIara WHTETPUPOBAHMS HUT/AEC HE TMOJHHMAIACh JIO
MaKCUMaJlbHO pa3pelieHHoro. B mpenenax ToOro mara, KOTOPBIA ONpeAessics 3aJaHHOU
JIOKaJIBHOW TOTPENTHOCTHIO, MPOIIecC OBLT MPaKTUYECKH JIMHEHHBIM. KommuecTBo urepanuii Ha
nrar uHTerpupoBanus B cpearem (16128+326)/(8118+163)=1.987. I1o nokansHOM MOTPEITHOCTH
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notepstHo 163 mara. Pe3ynpTaThl pacueToB JABYX MEPBBIX SKCTPEMYMOB CKOPOCTEH MO BCEM
CTEMeHsM CBOOOBI MEXaHU3Ma MpUBEICHBI B Tabnwuie 6.2. Bpems pacuera - 3167 c.

[To 3TUM pe3yibTaTaM MOXHO CKa3aTh, YTO HAKOIUIEHHAs MOTPEUIHOCTh pacuyeTa He OYEHb
BEJIMKA, TAaK KaK pa3sHHUIA MEXAy aMIUIMTYJaMH MHMHUMAJIbHOW M MaKCHUMalbHOH cKopocTeit
okoi0 0.5% wim Mensbiie. [loaToMy a0COIIOTHOE 3HAYEHHE MEPBOrO IKCTpEMyMa Ul HalIUX
JAIbHEHWIINX ILeJed MOXKHO IPHUHATh 32 TOYHOE 3HAYEHUE HKCTPEMyMa CKOPOCTH IO AITOMU

CTENeHW CBOOOABI (IO HEKOTOPHIM CTEMEHSM CBOOOABI ATO - 3HAYCHHE MHUHHUMYMaA, IO
HEKOTOPBIM - MAKCUMYMa, T.€. TOTO SKCTPEMYMa, KOTOPBIN OOJIbINE 0 a0COTIOTHOM BETUYHHE).

Taduauna 6.2. IkcTpeMyMbl CKOPOCTH 10 CTENEHAM CBO0OAbI MEXaHU3MA,
MOJIy4eHHbIe TOYHBIM PacyeTOM.

Crenenb cBOOOIBI CkopocTb
MuHuManabHast MaxkcuMansHas
3 -.19009 E+02 .19102 E+02
4 -.32736 E+01 32931 E+01
5 -42931 E+01 43112 E+01
6 -.19009 E+02 19102 E+02
7 -.26446 E+01 26639 E+01
8 -.11539 E+01 11377 E+01
11 -.40192 E+01 40111 E+01
12 -.11734 E+01 11577 E+01
14 -.16707 E+01 .16711 E+01

Tabanna 6.3. 3aBHCHMOCTD AMIVIMTYIHBIX 3HA4YCHUH CKOPOCTEeil 0T 3aJaHHOM
BeJIMYHMHbI A0COTI0THOM JIOKAJIBHOM NMOIPELIHOCTH.

CKOpOCTBH I10 CTEIIEHU CBOOOIbI
DABSX 3 5 8
min max min max min max

l.e-4 -18.345 18.826 -4.1497 |4.2418 -1.1509 1.0605
0.001 -17.720 18.621 -4.0143  14.1904 -1.1489  10.9939
0.005 -17.110 18.267 -3.8758 |4.1121 -1.1470 0.9229
0.01 -16.479 17.948 -3.7358 14.0379 -1.1450 [0.8531
0.1 -13.688 16.651 -3.1138 |3.7335 -1.1437 10.5939

Taoauna 6.4. CtaTucTHKA Pe3yJIbTATOB PACY€TOB.

N | DABSX | Yenemnsix | Ilotepu Bcero Bpems | Urepaunii
11aroB niaroB | urepanuii | cuera (c) Ha miar
1 l.e-4 1304 39/0 2682 510 1.997
2 0.001 652 16/0 1382 265 2.069
3 0.005 430 23/0 1164 212 2.570
4 0.01 309 32/1 944 170 2.760
5 -0.10 177 33/6 776 132 3.593

Tax, ans TpeTbeii crenenu cBooos! - 310 19.102 1/¢, nnst msaroit 4.3112 m/c, nns BocbMoi
1.1539 m/c). Kpome Toro, B HamieMm JajbHEHIIEM aHAIN3€ HECKOIBKO OTPAHHYUM KOJIHMYECTBO
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paccMaTpUBaeMbIX CTereHel cBoOoabl. byaeM aHaau3upoBaTh CKOPOCTH MO CTENEHSIM CBOOOIbI
¢ Homepamu 3, S u 8.

3naveHue kimoudeoro napamerpa DRLTX 3amagum nmo ymonuanuro. B Hamem BapuaHTe
KOMIUIEKCa €ro BeJIM4YMHA 10 ymMondanuto coctasisuia 0.001. IIoaToMy Ha TOUHOCTH pe3yJIbTaTOB
pacueroB OyAeT BIUATH B OCHOBHOM 3HaueHue mnapamerpa DABSX. HauneM wu3MeHsATH
pa3pelIeHHYI0 a0COMIOTHYIO MOTPEIIHOCTh, CBOJIS MOIy4YE€HHBIE pe3ysbTaThl B TAaOIHLbI 6.3 H
6.4.

Heckonbko KOMMEHTapueB K pacueraM. 3/1eCh, KaKk M TpPEjIarajoch BBIIIE, B KaueCTBE
OIICHKM HAKOIUIEHHOW TOTPEIIHOCTH pelieHus OyJeM HCIOJb30BaTh  HAKOIUICHHYIO
MOTPEIIHOCTh B pailoHe IKCTpeMyMa CKOPOCTH.

Bo-niepBBIX, CpaBHEHHE TIEPBOTO M BTOPOTO 3KCTPEMYMOB CKOPOCTH JUISI BCEX CTENEHEH
CcBOOOABI MEXaHM3Ma M BO BCEX pacueTax IOKa3bIBAET, YTO, KaK W CIIEJIOBAIO OXHUAATh,
HAKOIUIEHHAsl OINOKa HHTErPUPOBAHHUS C TEYEHHEM BPEMEHHU BO3pacTaeT (T.€., UHTErpUpOBaHUE
ATOrO TpOoIlecca HEeSIBHBIM METOJOM B KOHEYHOM HMTOTE MpPHBENET K 3aTyXaHUIO KoieOaHUi B
CHUCTEME).

Bo-BTOpBIX, MOKHO CpPaBHHUTH BETMYMHY HAKOIUIEHHON MOTPEIIHOCTH C OPUEHTUPOBOYHOMN
CYMMOH JIOKaJbHBIX MOIPEHIHOCTEN BCEX LIaroB MHTErpUpoBaHUs. EciM roBopuTh O TpeThei
CTeleHu CBOOOABI, TO JUId NEPBOrO pacyeTa CyMMa JIOKAJbHBIX TIOTPEIIHOCTEH IIaroB
MHTErpUpoBaHust (OpueHTHpoBoYHO 107**1304 = 0.13) 3HAUWTENLHO MEHBIIE HAKOIUICHHOM
MOTPEIIHOCTH PEIIeHUss B pailoHe BTOpOro skcTpeMyma (opueHTupoBodyHo 19.102-18.345 =
0.757). ns BTOpOro pacyera 3Ta TEHACHIUS COXpAHIETCS, XOTS pa3HUIA YMEHBIIWIACH
(cootBercTBeHHO, 0.652 m 1.382). B TpeTrbeM u ueTBEpTOM pacyeTax HAKOIUICHHAs ONIMOKa U
CyMMa JIOKQJIBHBIX NOTPEIIHOCTEN 1aroB UHTErPUPOBAHMS IPUMEPHO OAMHAKOBBI. {7151 msiTOro
pacuera cyMMa JIOKaJbHBIX IOTPEIIHOCTEH IIaroB HMHTErPUPOBAHMS BHYIIMTEIHHO OOJbILE
HaKOIJIEHHOH JoKanbHOW norpemnoctd (17.7 u 5.4). 9T0 nIpoucXoUT MOTOMY, 4TO B pailoHe
JKCTpEMyMa MUK CKOPOCTH MOXHO CpPaBHUThH C UToikoi. M uem Onmke Mbl mojdupaemcs K
HKCTPEMYMY, TeM OOJIbIlIe pacXoJsATCsl MHTErpaibHble KpuBble. [loaTOMY 3cKanmanus TOYHOCTH
BJIEUET 32 CO0O0M HEMPOMOPIMOHATBFHOE YBEIMYEHUE BBIYMCIUTENbHBIX 3aTpaT. OTCI0]a MOKHO
cIenaTh BBIBOJA: IO BO3MOYKHOCTH HE CyH HOC B y3Kue mienu, MoryT otnaBute! Hy a ecnm
OTJIOKUTh IIYTKH B CTOPOHY, TO MOXHO CKa3aTh, YTO OIpeIeJeHHEe TOYHOTO 3HaueHUs
UHTETpaTbHOM (YyHKIMM B paiioHE NHUKOBBIX HSKCTPEMYMOB C HCIOJIB30BAHHEM METOJA
[lITepmepa sBisieTca noporocrodimieit 3areei. Ecau "cunbHO BaM HeiiMeTcs", MOXKHO IS 3THX
neneit ucnosnb3oBaTh Metoa Hetomapka. OH umeer Oojiee BBICOKHIA MOPSAIOK TOUHOCTH, M MPH
CPaBHMMBIX BBIYMCIIUTEIBHBIX 3aTpaTax HalJeHHbIE UM pelieHus Oyayt tounee. Ho mpu stom
BBI JIOJKHBI OBITh TOTOBBI K TOMY, YTO Balll HOC OyJIeT MomnajaaTh BO BCE BBIEMKH Ha 3TOM MYTH -
Jake MeJbYailiie, OTCIIeKUBask 0-BO3MOKHOCTH BCE KoJieOaHMsI, B TOM YHMCIIE Mapa3uTHbIE U
HUKaK Bac HEe MHTEPECYIOIKE B JaHHBII MOMEHT. A ecld, He Jail 60T, 3a30pYMKH UITH YAAPHI ...

B Tperbux, oOpatuM BHHUMaHHE Ha TOT (DaKkT, 4TO CHI)KEHHE TPEOOBaHWUN K TOYHOCTHU
pEeLIEHNUs] TPUBOIUT K YXYAILICHUIO CXOJWMOCTH PEIICHUS CUCTEMbl HEJIMHEWHBIX YPaBHEHHIA.
DTO M TOHATHO - B KAueCTBE HAYalbHOTO MPHUOIIKEHUs Ha KaXKJOM Ilare WHTETPUPOBAHUS
Oepercst pereHue, MOJTyYeHHOe Ha mpeasiaymiem mare. [lostomy, dem Oonblie miar, TeM
0oJbIlIe Pa3MMUAIOTCs HAaYadbHOE MPHOIMKEHHE W MCKOMAasl TOYKa, W JJIs PEIICHUS CHCTEMBI
HEJTMHEHWHBIX YpaBHEHHU TpeOyeTrcs Oonblliee KOJIMYECTBO UTeparuii. B dyeTBepTOoM M msarom
pacyerax Ha HEKOTOPBIX IIarax MHTErPUPOBAHUS MOSABUIIACH HECXOJUMOCTh PEIIECHUS CUCTEMBI
HEJTMHEWHBIX YPaBHEHUN 32 MaKCUMAJIBHO JIOMTyCTUMOE KOJTMYECTBO UTEPAlU (B HAIIEM CITydae
ObLIO 5).
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Puc. 6.4.
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Ha puc. 6.4. npuBoastcst pe3ynbTaTbl HHTETPUPOBAHUS CKOPOCTH IO TPEThEH CTENEHU
cBobOoabl - TouHoe pemeHne (DABSX=1.E-5) u pemenus nns pa3HbIX 3HAUEHUN KIIOYEBOTO
napamerpa DABSX.

B menom, ontumanbHOE 3HAYEHHUE JOIMYCKAaeMOW aOCOJIOTHOW MOTPEIIHOCTH ISl ATOTO
pacueTa JIexuT, BuaumMo, B npeaenax 0.01...0.005, ecnu nonb3oBarens ya0BIETBOPUT yMEpPEHHAs
BEJIMYMHA HAKOIJIEHHOW morpemHocty. /lanbHelee yBelnMueHUE TOYHOCTH MoTpedyeT Oosee
CYIIECTBEHHOT'O YBEJIMUEHHUS BBIYUCIUTENbHBIX 3aTparT.

6.3.PACYET TEXHONOM'MYECKON MALUUHbI

Kak mpemnaramocs B myHKTe 5.3.6, coOepeM OKOHYATEIBHBIM TEKCT MPOTPAMMBI IS
MOJICTTMPOBAHMS BCEH MAalIMHBI C HUCIOJb30BaHWEM MHCTpyKimu npenpoueccopa SINCLUDE.
[Tockonpky 3Ta mporpamma OyAeT HaXOAWTHCS B HECKOJNBKUX (haidyiax, Ieecoo0pa3Ho s
paboThl ¢ Hell chopmupoBaTh HOBBINM KaTajnor, Hanpumep, MASHTST. ®@aiin PRIVOD 6yner
CoZIep>KaTh ONMCAHKE JAaHHBIX U CTPYKTYpbI puBoaa mamuuel, MEHAN - mexanusma, VISUAL
- onMcaHue n3o0pakeHus. TeKCT OCHOBHOW IMporpaMMbl OyeT HaxoauThes B (aiine TESTO3.

Conepxxumoe daitna PRIVOD nomkHO OoTIMYaThes OT MPOrpaMMBbl ONUCAHHS MPHUBOAA,
MOJIyYECHHOW B IISITOM TiaBe. /[eo B TOM, 4TO mporpamMma W3 ISATOM TJIaBbl KMEET HEOOJIbINe
pasmepsl. [loaTomMy OBLIO MOUTH OE3pa3IMYHO, Pa3rOHATh MaXOBHK C HYJEBOW CKOPOCTH, WIIH
3alaTh HAYaJIbHYI0 CKOPOCTh MaxOBHKa pPABHOM HOMHUHAIBHOW CKOpocTH aABurarens. st
060nBIINX MOZETICH 3TO MOXKET UTPaTh CYIIECTBEHHYIO poiib. Bo ¢pparmente PRIVOD, koTopsrit
MBI OyZieM UCHOJIb30BaTh 3/1€Ch, HaYallbHAsl CKOPOCTD BaJia IBUraTelis 3aJaeTcs MOJIb30BaTENIEM.
OTo0 nenaercs ¢ UCHOJb30BaHUEM Mojeiau VN (3JIEMEHT, 33Jar0lliMi Ha4aJlbHYK CKOPOCTb TOM
CTeneHu cBOOOBI, C KOTOpoi OH cBsizaH). EctectBenHo, uto B (aitie PRIVOD orcyTcTBYyIOT
paznenst RUN, PRINT u 3aronosok $END.

@aiin MEHAN coaepxut onucanue cTpykTypsl ¢pparmentra MEXAHW3M, nonydeHHoe B
nyHkTe 6.2.1 (6e3 pazgenoB SHOW, RUN, PRINT u 3aromnoBka END). Kak roBopuiiocs BeIe,
3leCh HaM YK€ HEe IOHaJO0O0UTCS BBIBOAUTH CKOPOCTH IO Pa3IMYHBIM CTEHEHSIM CBOOOIBI
MeXaHU3Ma.

®aiin VISUAL comepxut omucanue M300pakeHHs 00BbEKTa B XOJIe pacuera M3 TOH Ke
porpaMmsl 1. 6.2.1.

K ommcanuto oOBekTa, TpUBENCHHOTO B 5.3.6 W MOJHOCTHIO WCIIOIH30BAHHOTO B
nporpamme TEST63, mMbl 100aBuiIM OnMucaHWe 3aJaHHs HA pacyeT OJHOTO pabodvero IMKia
MAaIllMHBl ¥ 33/1aHUEe Ha OTOOpa’keHHE BBIXOJHBIX MEPEMEHHBIX (Kak 3T0 ObUIO caenmaHo B 5.3.5
JUTSI IPOTPaMMBI, He ncnofib3yroniedt nHeTpyKiuu SINCLUDE).

Bce mannbIe, OTHOCSIIMECS K ONMUCAHUIO TEOMETPUU 00BEKTa, OBLIN MEPEHECEHbI U3 OJI0Ka
JAHHBIX HCIOJIHUTEIBHOTO MEXaHW3Ma B TJIO0ANBHBIN OJOK MaHHBIX. JTO HYKHO CIeNaTh
MOTOMY, YTO pa3Jie] ONUCAaHUs H300pakeHUsT 0OBbEKTa OTHOCHUTCA KO BCEMY OOBEKTYy, a HE K
oTaensHbIM (pparmMentaM. [loaTomy B 3TOM paszene MOCTYHHBI TOJBKO T€ JaHHBIE, YTO
OTHOCSITCS K TJIOOQIBHOMY (hparMeHTy.

Kak Bcerna, 3amycTum npoueaypy BBIOJHEHUS 3a/1aHUs U TPOBEIEM BU3YyalIbHBIH OCMOTP
Ha MecTe.
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[To pe3ymbpTaTam mepBoro pacdera OpocaeTcs B ria3a nBa ¢akra: 1) Mydra crumkom
HEMOIIIHA, YTO MPHUBOAUT K €€ 3aro3JajioMy MOJHOMY BKJIIOYEHHUIO (YXe IOCJe BBIIOIHEHUS
pabouero xoma). Kpome Toro, mpu KaXJoM HOBOM paboueM XO0J€ OHa MPOCKaIb3bIBaeT (B
MOMEHT MaKCHMAaJbHOTO YCKOPEHHS TMOJ3yHa). 2) Phluard HCIONHUTENHHOTO MEXaHH3Ma
UCHBITHIBAIOT HeOobIIne Harpy3ku (Menbine 10 MIla).

Eciu moaxoauth K "HPOEKTHOMY pacdeTy MallMHbl" B MEPBOM NPUOIMKEHUU YECTHO,
XO0Ts Obl Ha YpOBHE CONPOTUBJICHHS MAaTepHajoB, HYXKHO pblyaru ocnabusare. [Ipumem B
KAaueCTBE OPHMEHTHPOBOYHOM BEJIIMYMHBI JOINyCKaeMbIX HamnpspkeHud BenmnunHy 100 MIIa. Ho
py OCIabJIeHUH MIaTyHOB HEOOXOJMMa MX MpOBEpKa Ha YCTOHYMBOCTh. B paccmarpuBaemoit
3a/1aue 3TO TPYJHO CAENaTh CPEACTBAMHU KOMILJIEKCA, TaK KaK pElIeHUE BONPOCAa YCTOWYMBOCTH
IperonaraeT yueT B MOJIeNTd T€OMETPUH TONIEPEYHOro ceueHus ppryaros. JInbo 3amgauy HyKHO
nepeopmyanpoBaTh (MOJPOOHO OMMCHIBATH T'€OMETPUIO TOMEPEYHOr0 CEeUeHHUs HiaTyHa |
KOPOMBICJIA, YTO HE BXOAMJIO B HAIIM IUIAHBI MIPU HATUCAHUU 3TOTO JOKYMEHTA), JINOO clieNnaTh
MPUKUIOYHBIC pacueThl Ha Onm3iexameM 3abope. Mbl mpearaeM 3/1ech MOUTH 1O BTOPOMY
nytd. Ilomaras, 4To pbl4arn B CEYEHUH, JOCTATOYHO YAAJIEHHOM OT UIAPHUPOB, HMEIOT
CIUIOIIHOE KBA/IPATHOE CEUYEHHUE, ITOIYUUM:

- pamuyc MHepUuMU CeUeHUs i SQORT (J/F) = SQRT (a**2/12) = 3.46%*a

mu*l/i = 0.29*mu*l/a = 0.29*1/a
(mu pist ®Toro crayuass = 1)

- IMOKOCTE pPHYaroB Lam

Jlist matyna (y4uThiBasi, 9to ero jumHa - 0.763 M), momyunm Lam = 22.12 (koaddunuent
CHIDKEHHUS JTOIycKaeMoro HampspkeHust okosio 0.95), mns xopomeicia - 11.36 (koadduiment
0iM30K K enuuuie). Eciv yMeHblIaTh TJI0MIAh MONEPEYHOr0 CEYEHUs phlyaroB B 4 pasa,
noryduM JiiHy ctopoHsl ceueHus 0.005, u ruOkoctu OyayT: y martyHa - 44 (koadduiment
CHUIKEHUS JOMYCKaeMbIX HamnpspkeHud = 0.62, eciiv NpUHATH, YTO MaTepuall pblYaroB - 4YyryH;
BEJIMYMHA JIOITyCKaeMbIX HanpsbkeHui - 62 MIla), y kopomsicia - 22 (ko3ddurment oxono 0.95,
noryckaeMble HanpspkeHus - 95 MIla). [Ipu 5ToM Hy)HO He 3a0BITh CKOPPEKTUPOBATH IUTOIIAAN
MOTEPEYHOI0 CEUEHHUs PHIYaroB U MaclITaObl epecyera yCUInil B HapsiKeHHsL.

[To moBomy MydTHI MBI OyAeM BapbHUpOBAaTh TOJBKO OJHHM IAPAaMETPOM - CPEIHHM
IMaMeTpoM (PHUKIMOHHBIX HAKIAAOK (CUMTaeM, 4YTO KOI(D(OUIMEHT TPEeHUs ONpeesieTcs
MaTeprualioM TPYLIMXCS MOBEPXHOCTEH M 3a7aH). MaKCHMalbHBIH MOMEHT Ha BTOPOM Bally
npuBoja - 32 u*m. lns ero obecnieuenuss Mmyra I0KHA UMETh CPETHUHI JUAMETp MOIyMy(pT
0.640 MM (32 /500/0.2 * 2).

C yuerom npemiiaraembix u3menenui pasnes REPLACE niig 3aMeHbl mapameTpoB B yiKe
c(hopMUPOBAHHOHN MOJIEH OYIET BBITJISICTh TAK:

$ REPLACE

Macwrab6 nepecuera Hamnp.maryHa = 4.E4

Macmra6 nepecuera Hanp.kopom. = 4.E4

F xopomeicma = 0.25 E-4 ; F wmaryHa = 0.25 E-4

Cpenuuii gmuaMeTp OUCKOB TpeHmss = 0.640

Kax o6s1yHO, nonomaum 510 onucanue paznenamu RUN u PRINT u BeimonHuM KOoMaHay
3amycKa 3aJaHus U1 y)Ke cOpMUPOBAHHOM MOJICIIH:

> SLANG T63 TEST63
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Ha »skpane mocie NpoOXOXAEHUS JHMCTHUHra MOSABISETCS COOOIIEHHE 00 OTCYTCTBHM B
TEKCTe MPOrpaMMbl CHHTAaKCHYECKHUX OLIMOOK U, Cpa3y IMOCIe ITOro, - COOOLIeHHE MPOrpaMMbl
ynpaBieHusi 6a3oil gaHHbIX (S 145) 0 TOM, YTO HM OJUH U3 CIIMCKOB MApaMeTpPOB, 3aJaHHBIX
HaMHU JIJIS1 3aMEeHbI, HEe 00OHApY>KEH B HCXOJHOM TE€KCTE IPOrPaMMBI.

HenonnenbHO yBIIEYEHHBIE THUIIOTETUYECKHMH IPOEKTHBIMHM pacdeTaMu il MHUMOMN
TEXHOJIOTMYECKOM MAaIIUHBI, AaBTOPHl HATOJIKHYJIHWCh Ha OJHO W3 OIPAaHMYEHHUH CpEICTBA
$REPLACE, 0 koTOpOM OBLITO CKa3aHO BBIIIE - IS 3aMEHBI JOCTYIHBI T€ W TOJIBKO TE CITUCKH
apaMeTpoB, KOTOpbIE SBHO MPHCYTCTBYIOT B TEKCT€ OMHCAHUS TIJOOAIBHOrO (parMeHTa.
OpnHako, yXe ONMCAaHHBIMH B 3TOM JOKYMEHTE CpEACTBAMH B 3TOM 3aJaHUU HEBO3MOXKHO
JOOUTHCSA TAaKOTO MPUCYTCTBUS CIHMCKOB MApPaMETPOB, pa3Be UTO PacIOTPOLIUTH (pParMeHThl U
COOpPYANTHh EAWHBIA TEKCT omucaHus cTpykTypsl MammHbl. B PRADIS wnmeercs, oanako,
BO3MOXKHOCTh 3aMeIllaTh CHHCKH MapaMeTpoB M BO (pparMeHTax, BKJIIOUYEHHBIX BO (parMeHT
Oosee BBICOKOTO ypoBHA. [ 3TOro ucmonb3yercs MOJHbIM (opmar omucanus (parmeHra.
Bocnonb3yemcs 31eck 3TUM mpueMoM. B pasnen omucaHus JaHHBIX NI00AnTbHOTO (pparmeHTta
BKJIIOUMM T€ CIIHCKH MapaMeTpoB, KOTOpble HaMm 3axoTenoch uMmeTh B paszziene REPLACE (F
Kopombicia, F maryna, macmrabbel nepecuera W T.4.). IIpy 3TOM HOMYyTHO BCIIOMHHM, YTO
crimcok mnapamerpoB "CpegHudl aHaMeTp JAMCKOB TPEHHs' HE MCIHOJB3YETCs B ONUCAHUU
cTpykTyphl ¢parmenta [IPUBO/I, a BXoauT B cocTaBHOW cmucok mapamerpoB "llapameTpsl
myQTsl". TloaTOMy A popMupoBaHHS 3TOr0 CHUCKA MapaMeTpoB HEOOXOAMMO B I100aJILHOM
0JI0Ke JaHHBIX MMETh TaKXe OINMCAaHME BCEX MapaMeTpoB, BXOIIIMX B CHHCOK MapaMeTpoB
MyQThl. BkitodeHue (parMeHTOB NpUBOAA M HCIOJHUTEIBHOIO MEXaHHW3Ma B TIoJipaszelie
STRUCTURE rno6ansHoro ¢parmenTa OyaeT B 3TOM Cllydae BBITIIAACTD TaK:

Ipusox 'NPUBOJ (2 1;
NapamMeTpr MybTE = [lapamMeTpsl MydTs)
VcrnnonmHuUTeNbHEM MexaHmusM'MEXAHU3BM (2 1 3;
Macwmrab nepecueTa Hanp.WwaTyHa =
Macwra6 nepecueTa Hamp.WaTyHa,
Macwrab nepecuera Hamnp.KOPOM.=
Macuwrab6 nepecueTa Hamp.KOPOM.,
F xopomiicnia = F kopomMmiCcna,
F wmaTyHa = F maryHa)
Ilpueopm 'NPUBOL (2 1;
IlapameTps MybTs = [lapaMeTpsl MydTEH)
VICIONMHNUTENBHENM MexaHmus3M'MEXAHU3BM (2 1 3;
Macwmra6 nepecvueTa Hanp.wWwaTyHa =
Macuwrab6 nepecueTa Hanp.mWaTyHa,
Macwra6 nepecueTa HaNp.KOPOM.=
Macuwrab nepecuera Hamnp.KOPOM.,
F xopomMricnia = F KopoMmICla,
F maTyHa = F marTyHa)

[Tocne crnucka y3/10B NMOAKIIOYEHHS KaXKJIOro U3 (parMEeHTOB 3aJaeTCs OMHCAHUE TeX
cnckoB napamerpoB BKIIFOUAEMOI'O ¢parmenta, KOTOpbIe TOJKHBI 3aMEIIaThC CIIMCKAMU
napametpoB TEKYIIEI'O dbparmenTa.

KoneuHo, B JaHHOM ciyyae MPHUAETCS MOBTOPUTH (POPMHUPOBAHHME MOJEIH CO BHOBb
MOJIyYEHHBIM TEKCTOM IMPOTpaMMBbl. 3aTO B JAJIbHEUIIIEM MOXKHO JUIsl 3aMEIIAIOIINX CIIHCKOB
mapaMeTpoB IMOJIb30BaThcs BO3MOxkHOCThI0 SREPLACE.

Bnecem ucnpasienust B TekcT nporpammbl TEST63 1 BbIMOSHUM 3aJjaHHE€ HA aHAIW3 U
dbopmupoBanne mojenu MamuHbl (SLANG TEST63). Pa3nensl onucaHus JaHHBIX M 3aMEHBI
napaMeTpoB OyIyT BBITIIAJAETh YKE HE TaK ONTUMHUCTUYHO, KaK BHayaJe:

$ DATA
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{ Mypra }

XecTxkoCTeE BOBBPATHHX MNPYXMUH = 1. E4
OceBasi X€CTKOCTB NOJIyMydT = 9. E5
COBMUI'OBasi XeCTKOCTE IIOJNyMydT =1. E9
PabBoummt xon HaxmMMHOTo 3JieMeHTa = 0.005
CpenHuii OMaMeTp OUCKOB TPEHUS = 0.640
Kosdduumenr rTpeums: = 0.2
MoMeHT MHepuMM NHepBOM noaymydTer = 1.25
MoMeHT MHepumyu BTOpoOM noanymydTer = 0.10
Macca HaxXMMHOI'O 3JleMeHTa = 1

$ REPLACE
Macuwra6 nepecuera Hanp.waryHa = 4.E4
Macumra6 nepecuera Hanp.kopom. = 4.E4
F xopomsicma = 0.25 E-4 ; F maTyHa = 0.25 E-4

NapaMeTps MybTE = XeCTKOCTE BOBBPATHHX MPYXMH,
OceBast %eCTKOCTBL HOJXyMydT,
COoBuIroBasi XeCTKOCTBL nonymyodr,
Paboumit xXon HaXMMHOI'O 3JIEMEHTa,
Cpenuuii OMaMeTpP LUCKOB TPEeHMUS,
Kosbddmuumenr rTpeums,
MOMEHT MHepUMM NepPBOM IIOJIYyMydTH,
MOMeHT MHepUMM BTOPOM MOJIyMydTs!,
Macca HaXMMHOI'O 3JIEMEeHTA;

Pe3ynbraThl pacueTa HOBOrO BapuaHTa ¢ yCHJIEHHON My(Toil 1 ocinaOleHHBIMU phlYaramMu
IIPUBEIH K TAKUM PE3yJIbTaTaM:

1) Mydra pabortaeT nyulie, HO CMBIKA€TCS BCE paBHO MO3JHO. B xone manmpHeifmen
palboThl OHa MPOCKATIBL3bIBAET. YBEIUUUM CPeAHUN AuaMeTp (GPUKIMOHHBIX HaKIaIokK a0 1250
MM (MakCHUMaJIbHBII MOMEHT Ha MydTe 62H*M, 62/500/0.2/ *2 = 1240).

2) HampspkeHus B miaTyHe M KOPOMBICIE COCTaBMIIM coOTBeTCTBEHHO 21.6 MIla u 34 MlIla.
Ectp eme HeboiblION 3amac. YMeHbIIaeM IUIOMIAAb MOMEPEeYHOro ceueHus eme B 1.5 pasa.
['mOkocTh maTyHa cocTaBUT 66 (KOX(PGUIUEHT CHUKEHHs JOMyCKaeMbIX HampspkeHuil - 0.38;
noryckaemble HanpspkeHus - 38 Mlla). ['mOkocts kopomsbicna - 33 (coorBerctBeHHo 0.77, 77
MITa).

HoBslil pacuer npuBen K CAEAYIOMMUM pe3yIbTaTaM:

1) MydTa npakTHuecKH He POCKaIb3bIBaeT.

2) Hampsokenust B martyHe U kopombicie - 38 u 64 MIla. DTo nmpuMepHO COOTBETCTBYET
IIpeeIbHBIM 3HAaUEHUSAM J0IyCKaeMbIX HanpsbkeHuil. [loaTomy ¢ "onTumuzanueil” nonepeyHbix
cedeHui nmpodusiel 3aBepImuMm.

OpnnHako orisiHeMcsi HEMHOTO Ha3aJ U MOCMOTPHUM Ha JIeJI0 PYK CBOMX. DTakas IITydKa C
pblYaraMy U3 TOJICTOW IMTPOBOJIOKH MPUBOJUTCS B AEUCTBUE IPUBOJIOM, I'/I€ MOHYMEHTAIBHOCTBIO
CBOMX pa3MepoB Bbiaensercs Mypra. Ee monepedHuk npubimxkaeTcst K mojayTopa MeTpam (T.e.
Mammna - Mydra). Ona pazsuBaet ycunue 10 500 H (!), coBepmias npumepro 1 pabounii xo/ B
cexkyHnay. [Ipu sTom MydTa 6opeTcs B OCHOBHOM HE C TEXHOJIOTUYECKOM Harpy3koi (mmpecc ee He
3aMEUaeT), a C MHEPLIMOHHOCTBIO AJIEMEHTOB HCIIOJHUTENIBHOIO MEXaHU3Ma. AHAJIOTOB MUPOBOE
MalIMHOCTPOEHHE HE 3Hajlo M 3HaTh He Oyxaer. [IpaBaa, ecnu maTyH NEHCTBUTENBHO HWMEET
TaKue TMOINEPEeYHbIe pa3Mepbl, Mbl, BUAUMO, PEIIMIN 3aJJauKy O HelepecedeHnu padoyeil 30HbI
niaTyHa W CTOMKM (SI3BIK HE MOBOPAYMBAETCSl CKa3aTh, YTO Ipecca, CKopee - mpecc-My(QThl)
JIOCTaTOYHO TOYHO.
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Hamm paccyxnenus B mogpaszaene 5.3 MO NOBOJLY HEKOTOPBIX MapaMeTpOB MallWHBI,
BUJUMO, JIOJDKHBI TIOJBEPTHYTHCS CEPHbE3HOW KOPPEKTUPOBKE, Kak, BUAMMO, H CaMO
"rexHuueckoe 3aganue" puc.5.1. Bo-nepBbiX, HE 0YEHb CEPHE3HO TOPOJUTH OTOPOJ U3 TOJICTOM
MPOBOJIOKU. bosnblie cmbiciaa, BUIUMO, HECKOJBKO YBEIMYUTH JOMYCKaeMyl0 Harpy3ky Ha
nomyH (xots 6s1 1o 1000 H). Hampumep, coBmecTuTh B 0JHOM pabodeM XOfe MOJI3yHa JIBE
oneparuu. Ilpu 3TOM OBICTPOXOAHOCTH Ipecca MOXHO YMEHBIIMTH (JIBUTaTeNb OyJleT
BOCTIOJIHATH 3aTPauyeHHYI0 pabOTy HECKOJIBKO JIOJIbIIE). Y MEHbIICHUS OBICTPOXOJHOCTH MOYXKHO
JTOOUTHCS 3a CYET yBEIMYEHUS IEepPEeAaTOYHOIro OTHOLIEHUS peaykropa B 2 paza. Ilpu stom
VMHEPLIMOHHBIE HArPY3KHU OT MCIIOJIHUTEIBHOIO MEXaHW3Ma 3HAYMTEIbHO CHU3STCS. BO-BTOpBIX,
CHI)KEHHE OBICTPOXOJIHOCTH MAIIUHBI OJaroTBOPHO CKakeTcs Ha rabapurax MyQTsl. s
YMEHBIICHUs Ta0apUTOB B pealbHOI KOHCTPYKIIMU, KOHEYHO K€, IPUMEHSIOTCS MHOTOIUCKOBBIE
¢puxuonnsie My(dThl. Hampumep, ycwine npmwkuma (QpukuMoHHBIX Hakiaanok 500 H s
JBYXJAUCKOBOW (DPUKIIMOHHON My THI Oy et sxkBuBaiieHTHO ycuinuto 1000 H s oqHOAMCKOBOM.

Wrak, BHECEM B ONMCAaHUE MAIIMHBI CIEIYIOIINE U3MEHEHNUS - NIEPENATOYHOE OTHOLIEHHUE
npuBoJAa - 8, ycwine TexHojorndeckon omnepauuu - 1000, ycnnme Ha HO)XKMUMHOM DJIEMEHTE -
1000 (3xBHBaJIEHTHOE yCHJIME MPMKAMA Ui IBYXIUCKOBOM My(ThI). OkHaeMoe yMEHBIIIEHNE
rabaputoB MypThel - npuMepHo B 4 * 2 = § pa3 (ecnum HE YUUTHIBATH BO3POCIIEE BIMSHUE
TEXHOJIOTHYECKOM Harpy3ku). [loaTomy MydTy B mepBoM pacueTe JUisi HOBOTO BapuaHTa BEpHEM
K TIepBOHAYaJIbHBIM pa3MepaM. [1nomaam nonepeyHbix ceuyeHui maTyHa 1 KOpoOMbICIIa 3313 IuM
no 0.25 kB. caHTuMeTpa. VI3MeHeHHWe NepeaaToyHOro OTHOIIEHUS MpuBoAa Tpedyer
BMemarenscTBa B TekcT (parmenta [IPUBOJI, mosTomMy st BBITTOJIHEHHS 3TOTO ITUKIIA
U3MeHeHU TpedyeTcs chOpMUPOBATh HOBYIO MOJIENIb MAILIUHBI.

[Tocie HECKONBKHUX WTEpalMii, OCTAaBUB TIOMEPEUYHOE CEYCHHE CTEepPKHEH B TIOKOE,
noo0pai cpelHu TruaMeTp (PPUKIIMOHHBIX IUCKOB CIeruieHuss MyQThl. Ecim 3T0oT pasmep
oko1o 300 MM, Mmy(dTa HE MPOCKATH3BIBAET.

JUis  mocnenyommx pacyeToB  (PPUKIMOHHBIX JIMCKOB Ha JOJTOBEYHOCTH MOXKHO
UCIIONIb30BaTh IMOTEpU B My(PTe NpU BKIOYEHUH M NPOCKaIb3bIBaHUH. UTOOBI MOIYYHUTH
BEJIMYMHY TOW dHEPTuH, HY>)KHO CMOJAEITUPOBATh BHIK/IIOUEHHE MY(ThI B KOHIIE pabodero xonaa
npecca. [Ipu 3ToM HakoIJIeHHasi BETMYMHA YHEPTHH KaK pa3 U OyJeT XapakTepu3oBaTh padoTy,
3aTpayeHHyl0 Ha paspylieHue (QpPUKIHOHHBIX JaUCKOB. Kpome »srToro, 3amaBas pacyer
COOTBETCTBYIOIIUX BBIXOAHBIX IEPEMEHHBIX, MOXKHO pEIIaTh TAKWE 3aJadd, HalpuMep, Kak
OPUEHTUPOBOYHOE OIPEACIICHUE K.II.J. MAIIWHBI, paCYeThl HA JOJITOBEYHOCTH I10 MIPOYHOCTH U
W3HOCY U T.JI.

Ham kaxercs, 4TO TMINOTETHYECKHI INPOEKTHBIA pacyeT Ha 3TOM HYXKHO 3aKOHYMTb,
MOCKOJIbKY 0€3 ydeTa KOHKPETHBIX YCIOBHH MPOU3BOJACTBA, TPeOOBaHMH K KOHCTPYKIMU M
rabapuTaM MalllMHbl, KOHCTPYKTHUBHOM MNpOpabOTKU y3710B OH TepsieT ocoOblii cMmbici. Ilo
HalleMy MHEHUIO, IIPUBEACHHBIM 31€Chb IIpUMEp B KAaKOW-TO CTEIEHU JIEMOHCTPUPYET
TEXHOJIOTMK0 NPUMEHEHUS MOJCINPOBAHUSA IPU NIPOCKTUPOBAHMM, HAYMHAsA C OSCKHU3HBIX
NPUKUAOK. ECTECTBEHHO, YTO OT CTaJAMM K CTaJAMM MPOECKTHUPOBAHUS, KOIZA MPOEKTHUPYEMBIN
00BEKT HayHeT o0pacTaTh TOBSIMHOM, MOJenb OyAeT yCIoxHSThcs. He MCKiIto4YeHo, 4To Ha
KaKOM-TO 3Tare pacueT MOJIHOM Mojenu Juis Bamied OBM craner HemocuibHOU 3aja4yeil, 1 BaM
OpuaeTcss  OpUMEHUTh  Oomnbiie  (aHTasum U HU300peTaTeNnbHOCTH,  QOopMHUpYS
runeprpoupoBaHHbIe MOJENH, Kak JTO JenatoT Oonbmive XyJoxHUKH. [Ipu  sToM
WHTEPECYIOIINI Bac y3€il MIPONKCHIBAETCS BO BCIO CHILY BAIlIEr0 MacTepCTBa U TAJIAHTA, a TO, YTO
B JIaHHOM CJIy4ae JIEKHUT BHE BAaILErO IOJIA 3PEHMS - JIMIIb 3CKU3HO, TOJBKO JUIS CO3AAHMS
"paboueit aTMocheps" st TPOSKTUPYEMOTO y3Jia. EcTecTBEHHO, UTO MOACIUPOBAHUE TIPH ATOM
CTAHOBUTCS JOCTATOYHO CIIOKHOM Pa3HOBUIHOCTBIO MCKYCCTBA, CINIABOM OIIBITA U MacTEPCTBA.
ToJIBKO COMMAHBIA ONBIT MPUMEHEHHsI PACUYETOB IS PEAIBHBIX MPAKTUYECKUX 3a70a4 CMOXKET
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JaTh BaM YBEPEHHOCTh B MPABWJIBHOCTH BBIOOpAa TON WM HHOW MOJENHU NI KaXAOTro
KOHKPETHOro paccuntbhiBaeMoro ciydas. [Tomau! Uro 3anoxun B 9BM, TO OT Hee u moayqunib!

6.4.PE3IOME

1. Pacuersl mnpuHecyT OoOJibllle 3CTETHYECKOTO YJOBIETBOPEHMs, €CIM Bbl Oyzere
MOJIb30BATHCSl PACHIMPEHHBIMH BO3MOXKHOCTAMHU OMMCaHUs H300paxeHus oowvekra (SHOW).
[Tpu 5TOM MOXXHO yNpaBJIATE COCTABOM M300paKEHMsI, BKJIIOUasi B HETO T€ WU UHBIE SJIEMEHThI
00BEKTa, LIBETOM HM300paXEHMS 3TUX DJIEMEHTOB, BBIOMPATh I HEKOTOPHIX H300pa)kaeMbIX
3JIEMEHTOB HECTaHAapTHBIE Tpadrueckue oOpasbl.

2. OCHOBHOW TIPUHIIUII, TIOJIO)KEHHBIM B OCHOBY (OPMHPOBAHUS H300PAKEHUS:
n300pakeHne OOBEKTa CTPOUTCS W3 HM300paKCHUH 3JIEMEHTOB, BKIIOYCHHBIX B OIHCAHUE
CTpYKTypbl 00BekTa. C 3THUMH, M TOJBKO ATHUMH 3JIEMEHTAMH MOXKHO CBS3aTh KaKHe-THOO
rpapuueckue oopassl. ['paduueckne o0pas3sl OObETUHSIOTCA B CIOM M300pa)KeHHUs, a U3 TeX, B
CBOIO O4Yepenb, - (hOPMUPYETCS OJHO HIIM HECKOJBKO M300pakKeHH 00BEKTa, MHTEPECYIOIINX
MI0JIb30BATEIIS.

3. HO KCIIAHHUIO II0JIB30BAaTCiIsA, OH MOXCT CBA3aThb OAMH MM HCCKOJILBKO CJIIOCB
M300pakKeHHS C TIOJIBIYKHON CUCTEMOM KOOpIHAT.

4. KouTpoJsib JOKaJbHOW TOYHOCTH pemieHuss B komiuiekce PRADIS, kak mnpasuio,
MMPOU3BOAUTCA IO CKOPOCTIM. I[JIH YHpaBJICHUA TOYHOCTHIO PCIICHUA UCIIOJB3YIOTCA KIIFOYCBLIC
napaMmeTpsl mporpammbl uHTerpupoBanusi: DRLTX - momyckaemasi OTHOCHUTENIbHAsI JIOKaJIbHAS
MOTPEITHOCTh B paiioHe OonbIMx a0COMOTHBIX 3HaueHud ckopocted ([€]), m DABSX -
JoIrryckaeMasi abCOJFOTHASI JIOKAJIbHAS TIOTPEITHOCTh B pallOHE MajblX aOCOJIOTHBIX 3HAYCHHU
ckopocreit ([A]). Jomyckaemas JiokajgpHas MOTPEIIHOCTh IIara MHTETPUPOBAHMS I Kaxa0u
CTETICHH CBOOO/IBI OTIPEICNIICTCS TI0 3aBUCUMOCTH:

[A] =[A] + [€] * Ve

5. HakomieHHast HOrpeIiHOCTh UHTETPUPOBAHUS MOXKET OBITh Kak OOJbIIE, TAK U MEHbILIE
CyMMbl JIOKQJbHBIX IOTPEIIHOCTEH BCEX IIaroB MHTEIPUPOBAHUS. OITO ONpeenseTcs
XapaKTepOM IOBEICHHSI HHTErPajIbHBIX KPUBBIX B OKPECTHOCTH IOJyYEHHOIO HAa JaHHOM LIare
pemienus. Ecinu uHTErpanbHble KpUBbIE pacXoAsTcs (T.€., 3HaKU MEPBOIl U BTOPOI MPOU3BOJHON
COBIMAJAIOT), TO HAKOIUIEHHAs JIOKaJbHAas IOIPEHIHOCTh OOJbIlleé CYMMBI JIOKaJbHBIX
IIOTPELIHOCTEN BCEX IIAaroB MHTErpupoBaHus. [10 3TOM MpUYMHE JOCTATOYHO CIOKHO IOTYYUTh
TOYHOE 3HAYE€HUE CKOPOCTH B pallOHE PE3KUX 3KCTPEMYMOB NHTETPAJIbHBIX KPUBBIX.

6. IlpuMeHeHHe MOJENUPOBAHUS NPHU NPOEKTHOM pacueTe CBOAMUTCS, KaKk MpPaBUIIO, K
IPOBEJICHUIO CEPUU IIOCIEA0BAaTENbHBIX YTOUHSIOUMX pacueToB. [Ipum 3tom Mopenupyercs
Kakas-1nu6o pabouast JUIsl IPOEKTUPYyeMOro oobekta curyanus. Ilo pesynbratam MoaeIMpOBaHUs
OIIPEIICTSAIOTCA  HOBBIE, OoJice palMOHAIBHBIC 3HAYCHHS IIAapaMeTpoB. OTO H3MEHEHHE
napaMeTpoB B OOIIEM ciydae BJICUET 32 cO00I M3MEHEHNE XapaKTEePUCTHK MPOLIECCOB, TO3TOMY
TpeOyeTcsl yTOUHSIONMHA pacdeT. B Hamem mpumepe ans momdopa mapameTpoB My(Thl H
CTEep>KHEH MOTpeOOBaIOCh MPOBECTH BA-TPH YTOUHSAIOIIUX pacyeTa.

7. Yronok uuctonucanusd. Hama TpaguunoHHas pyOpuKa COOSPXKHT BE PEKOMEHJIAINH,
OTHOCsIIMECA K pasaeny 3ameHbl napamerpoB (REPLACE).
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a) CoxpaHsiiTe CIaBHYIO HCTOPHUIO 3aMEHbI MapaMeTPOB B Ka)KJO0M KOHKPETHON MOJEIH.
OTO MOXKHO JIe/IaTh KaKk B KOMMEHTapHsIX, B UCXOAHOM TEKCTE IPOrpaMMBbl, TaK U B JOKYMEHTE,
CHeLHaIbHBIM 00pa30M MOATOTOBIEHHOM M COJAEPXKALIEMCS B TOM K€ KaTajore, 4To U MOJIENb.
He nonaraiitec B aToM ciydae Ha ¢aiinbl Tuna TO6M wnu TTT — 3aganus, ucnonb3yrouiecs
JUIsL 3aMEHbl TapaMeTpoB B Y€ CcHOpMHpOBaHHOW MoOJEiIH, a, TeM OoJjiee, Ha CBOIO
(eHOMEHATTBHYIO TaMSITh.

0) Crapaiitecs (hopMHUPOBATH MOJIENb O0BEKTa TAKUM 00pa3om, uToObI HE 00pe3aTh cede B
JATBHEUIIIEM IITUPOKHE BO3MOXHOCTH I10 3aMEHE MTapaMeTPOB B yike CPOPMUPOBAHHON MOJICITH.
Jlyist 5TOTO pEeKOMEHAYETCS 3apaHee MperycMaTpuBaTh, KaKUe CIUCKU MapaMeTpOB MOTYT OBITh
W3MEHEHBI B JaJIbHEHIIIEM, OCOOCHHO €CIIM 3TH CIIMCKHU IMapaMeTPOB BXOIAT B OJIOKH JTAHHBIX
¢dbparMeHTOB, BKIIIOUYAEMBIX B TEKylIuil (parMeHT. B 3TOM cily4ae HCHONB3YyEeTCS TMOJHBIN
dbopMaT OmMHMCAaHUS BKIOYAEMOTO (pparMeHTa ¢ yKa3aHHEeM JIOCTYITHBIX JUIsl 3aMEHBI CITHCKOB
apaMeTpoB.
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7.BOMNPOCHbI K YHEBHOMY MNOCOBUIO

INPUMEYAHUE. 3Be3104K0i OTMEYEHBI BOITPOCHI MOBBIIIEHHOMW CIIOKHOCTH.

7.1.BOMNPOCHLI K I'TABE 1

1. Haznauenmne kommrexkca PRADIS.

2. HaszoBure maremaruueckue MeTojsl, ucnosbdyembie PRADIS nnst gopmupoBanus u
aHaJIM3a MaTeMaTHYeCKONH MOJIeNIn 00bEKTa.

3. Onumure y310Boi MeTo (GOPMUPOBAHUS MATEMAaTHIECKON MOJIENH.

4. Kaxwue YpaBHCHHU HA3BIBAIOTCSA Tornojornyecknumu? Kakwne YpaBHCHUA IIPUHATHI B
Ka4CCTBC TOIIOJOTUYCCKUX B Y3JIOBOM MGTOI[G?

5. Kakue ypaBHEHHMS Ha3bIBalOTCAd KOMIOHEHTHbIMH? [lpuBeautre  mpuMepsl
KOMIIOHEHTHBIX ypaBHEHHMH. B KakoM BHJE 3alUCBIBAIOTCS KOMIIOHEHTHBIE YpaBHEHUs IS
y3JI0BOTO MeToa?

6. Uto mpexacraBisier U3 cedsd MaTeMaTH4ecKas MOJENb CHUCTEMBI, COPMHPOBAHHAS IO
y310BoMy MeToy? OObSICHUTE pa3HUILy MEXIY crioco0aMH coeluHeHUs cTepxHel puc. 1.1.6. u
1.1.B. (*) Yro mpousoHaeT, eciu J1Ba CTEpKHS OyIyT MMETh TOJIbKO OJHY OOIIyI0 CTENEeHb
cB00OOABI (Hampumep, B HampaBieHuu ocu X). (*) Uro Oyzaer, ecnu CTEpKHU COETUHEHBI KaK B
npumepe puc. 1.106., o1HAKO KOOpAMHATHI KOHIIOB OOOMX CTEpXKHEW paszHble (B TOM 4YHCIE U
KOHIIOB, MMEIOIMX OJMHAKOBbIe cTeneHu cBoOozbl)? IlpuBeaure mpuMepbl M HapucyiTe
BO3MOYKHBIE TTOJIOKEHUS CTEPIKHEH B XO/I€ ABIKEHHUS.

7. llepeuncnure OCHOBHBIE METOHBI, HCHOJIB3YEMBIE BBIYHCIUTEIBHBIM AJITOPUTMOM
komiiekca PRADIS s nmonyuenust pemienust cuctemsl Y. Ilokaxute cBsi3b 3TUX METOJ0B

JIPYT C IPYTOM.

8. Kakas wmHpOp™Mamus o0 0o0OBEKTE W B KAKOM BHJIC IPEACTABISCT COOOW HCXOIHBIC
nansble i komiiekca PRADIS? Kakum o6pa3zom B mporpammy BBoauTcs cucrema J1V?

9. OnuimTe peKOMEeH1yeMblil aBTOpaMH MOPSAOK U3yUEHHUs] y4eOHOTro HocoOusl.

7.2.BOMNPOCHI KTNABE 2

1. HazoBuTe npouenyps! nosib3osateis komiuiekca PRADIS.

2. KakoBslI ()yHKIIMH TIPOIIETYPHl BBITOJHEHHS 3aJaHHs?
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3. Ilosicuure mouHsATHA "mipouiecc (GOpMUpOBaHUS MoJeau" U "BBINOJHEHHE 3alaHus IS
yke chopMUpoBaHHON Moien".

4. HazoBute OCHOBHbIE (YHKIUH MpOLEAYpbl OOCITYKHMBAaHUS CHUCTEMHOTO KaTallora.
[Tepeuncaure (aitbl, MOABIAIONIMECS B TEKYILIEM KaTajore rmocie Mmpolexypbl 00CIyKUBaHUs
CHUCTEMHOTI'O KaTajiora.

7.3.BOMNPOCHI KT'TIABE 3

1. OnummTe MOCIeN0BaTENIFHOCTD MIAroB, KOTOPhIE JOJDKEH MPEANPHHAThH OJIb30BaTEeNb
Ui POPMHUPOBAHUS MATEMAaTHUECKOM MOJIENIN OOBEKTA.

2. Kakue apyrue MoJienu 31€MEHTOB (KpOMe MOJIENU MTOCTOSIHHOTO CHUJIOBOTO BO3EHCTBUS
F) MoxHO OpuTO OBl HCHONB30BAaTH ISl MOJEIUPOBAHUS CUJIBI TsbkecTd. Onummre
MPEUMYIIECTBA U HEJOCTATKU Ka)XJIO0Tro M3 3TUX crnocoOoB Kakue apyrue sSBICHHS PEeabHOTO
mporiecca MOXXHO ObLTO OBl YYECTh MPU UCIIOIB30BAHUH KaXKI0OH U3 3TUX MOJIeTIei?

3. B uem pasH#mIa mporeccoB KoyeOaHWi B MEXaHWYECKUX cHcTeMax puc. 3.1. B ciyuae
JUHEHHON U HETMHEHHOM >KEeCTKOCTE! MPYKUH ()KECTKOCTh HEJIMHEWHOW MPYKUHBI TaKOBA, YTO
B MOJIOKEHUH CTaTUUYECKOI'0 PaBHOBECHUSI OHA MMEET TaKylo ke AeQopMalluio, YTo U IpyKHHa C
JMHEHHOU KeCcTKOCThI0). CpaBHUTE aMIUIUTYy W MEpHOJ] KojeOaHUi B TOM U JIPYrOM cliyyae.
Kak my4iie npoBecTu 3To cpaBHEHHE?

4. IlpoaHanu3upyiTe NOBEICHHE CHUCTEMbI puc. 3.1. Ha JOCTATOYHO MJIUTEIBHOM
uHTepBalie BpeMeHUu. COOTBETCTBYIOT JIM TMOJydaeMble pPe3yJbTaThl pacdeTa c(HOPMUPOBAHHON
BaMu Mojenu oObekrta? IloBeaeHnio kakoro oOBEKTa COOTBETCTBYIOT IOJy4YaeMble BaMU
pe3yJIbTaThl?

5. KakoBa TouHas BenwuMHA Mepuoja KoaebaHui 3Toro MasTHUKa (o Gopmylie U3 Kypca
¢usukn)? Kakoit mepuon KoneOaHWi MasTHHKA TIOJMy4aeTcss B pe3yibTaTe pacdera?
Paznuuarorcs mu nmepuoasl 1-ro u 5-ro konebanus? CMokeTe TU BBl OOBSICHUTH MMOJTYYCHHBIE
pe3yJIbTaThl?

6. Ilepeunciure MoOAENM 3JIEMEHTOB, KOTOpBIE CTAld BaM HW3BECTHbI B pe3yJIbTare
U3y4EHHUs MaTepuala pasziena 3 U B X0/ie OTBETOB Ha BOIPOCHI.

7.4.BOMNPOCHLI KI'TIABE 4

1. Yro Takoe '"mporpamma pacyeTa BBIXOJHBIX MepeMeHHBIX"? Onumure QyHKIUHA
mporpamMMm pacdera BBIXOAHBIX mepeMeHHbIXx B komiuiekce PRADIS. Kakue pasnoBumnoctu
MIPOrpamMM pacueTa BBIXOJHBIX IEPEMEHHBIX BaM U3BECTHBI?

2. Uto Takoe "BHYTpEHHHE TIepeMeHHbIC" , "BBIXOJHBIC TIEpeMeHHBIE" U "0TOOpakaeMbIe
nepeMeHHble"?
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3. UYro Takoe '"yka3zareab Ha BHYTPEHHIOIO IepemMeHHyw"? Kakue ykazarenn Ha
BHYTPEHHHUE NIEPEMEHHBIE UCIIONB3YOTCS B KoMIuiekce PRADIS?

4. Ilepeuncnute nmporpaMmbl oToOpaxkenus komruiekca PRADIS. Jlns gero ucnonb3yercst
KaKJash M3 Ha3BaHHBIX BaMu IporpaMM? OIMIIUTE H3BECTHBIE BaM KIIOYEBBIE MAapaMETPhI
KaXJ0W U3 mporpaMM otodpaxenus. OObsICHUTE X Ha3HAUEHUE.

5. Kakumu croco6amMu MOXKHO OTOOpa3uTh 3HAYEHHME MHOTOKOMIIOHEHTHOM BBIXOJHOM
NIEPEMEHHOI?

6. MOXXHO I BTOPHUYHO OTOOpa3uTh pe3ylbTaThl pacuera 0e3 ero moBTopeHus? Kak 3To
nemaercs?

7. JJi1 HEKOTOPBIX MPOrpaMM OTOOPA)KEHUS MOKHO YCTAaHOBUTH BEPXHIOI M HUKHIOIO
IpaHuIlbl 0OTOOpaXxaeMoil mepeMeHHo!. J{Js KakuxX mporpamMm O0ToOpa)keHHUs: 3TO BO3MOxHO? UTo
MIPOUCXOUT, €CIIN 3TU TPaHMIIBI HE ycTaHOBIEHbI? Kak mo BHelmIHeMY BHY IpaUKOB MOXKHO
y3HaTh, YCTAaHABIUBAJ JIM MOJIH30BATENb I'PAHHUIIBI OTOOPAKAEMBIX NEPEMEHHBIX WM OHM ObUIH
YCTaHOBJIEHBI aBTOMAaTHYECKH?

7.5.BOMNPOCbHLI KITIABE 5

1. MoXHO M TPOAOKUTH MPEPBAaHHBIM pacyeT C TOTO MECTa, Ha KOTOPOM OH ObLI
3akoH4YeH? ONHIIUTEe, KaK 3TO ASIacTC.

2. KakuM 00pa3oM MOXKHO U3MEHHUTH TOT WM HHOM CITUCOK MapaMeTpoB CPOPMHUPOBAHHON
MO/IEJIN HE BBINOJIHSASA €€ TOBTOPHOTO (pOPMUPOBAHUS?

3. Uro mNpOMCXOTUT TMPH COBMECTHOM Hcronb3oBanuu pas3nesioB SREPLACE w
$RESTORE? 1o wim nocine pazaena FRAGMENT nomken naxomutbes pazaen SREPLACE? A
paznen $ RESTORE?

4. Kakue KIIF04YeBbIC MMapaMeTphbl TPOrpaMMbl HHTETPUPOBaHUS BaM U3BeCTHBI? OOBICHUTE
UX HAa3HAYCHUC.

5. Kakum o00pa3oMm pekoMeHAyeTcs NOJdy4daTb MaTeMaTHUECKHEe MOJEIH CIIO0XKHBIX
o0bekToB? IlpuBenure HECKOABKO TpHMEpoB. ONUIIUTE MOCIEAOBATEIBHOCTh Pa3/ciioB
OIIHMCAaHUuA OJAHHBIX U OIIMCAHUA O6’beKTa B KaXIOM U3 MPUBCACHHBIX BaMU NPUMCPOB. OCO60€
BHUMAaHHE YJICTIUTE MOHITUAM '"3aKpEIUICHHBIN y3en" U "BHeIHUM y3en'".

6. Kakum 006pa3om MOKHO TOJTy4IHUTh H300pakeHne oobekTa?

7. Kakum oOpa3zoM nzobOpakeHue 00beKTa OMEIIAETCs B TOM MIIM MHOM 00JIaCTH KpaHa U
macmtabupyerca? Pacckaxute o mapamerpax nporpammbl LAYER u ux Ha3HaueHuu.

8. Kakue mozenu 31eMEeHTOB U IIPOrpaMMBbl pacdyeTa BbIXOJHBIX NIEPEMEHHBIX Bbl 3HaeTe?
[Tepeuncnure creneHu cBOOOABI U MapaMeTphbl HA3BAHHBIX BaMU Mojeleil aneMeHToB. HazoBute

MOPSIZIOK CIIEOBAHUS CTENIEHEH CBOOOIBI U TAPAMETPOB.

9(*). Kak Oyzer nBUTaThCs CTEPIKEHb, OMMCAHHBIN CIICAYIOIIMM 00pa3oM:
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Crepxerp 'STRGN (1 1 2 2; Touka A, Touxa B, MaTepman)

Onumure MoBeCHNE CTEPKHS MPU Pa3INdHbIX 3HAYCHHSX CIIMCKOB NapameTpoB "Touka
A" u "Touka B". OnumuTe noBeieHUE CTEPKHS B CIIydae, €Clid OJHa U3 CTeneHe cBoOos! (1
WM 2) 3aKperuieHa.

11(*). B pa3nene onucanus TaHHBIX 3aJjaHbl CIEIYIOIINE CIUCKH TapaMeTPOB:

A=1,
B =4,
Touxka A
Touxa B

2, 3
5, 6

-~

B paznen onucaHus CTPYKTYpbl 0OBEKTa BKIFOUEHA MOJIEIb OaIOYHOTO JIEMEHTA:

Masstumk 'BALKA (A B; Touka A, Touka B, ...)

[Tpenmonioxum, 4TO BHIIOJHEHO 3aJaHKe Ha (opMupoBaHHE MoJeal 00bekTa. MOXKHO U
teneps B paszaene $ REPLACE: ocyiecTBUTh TaKyto 3aMEHY CITUCKOB MapaMeTPOB:

$ REPLACE:
A =4,5, 6

OTtBeT 00oCHYHTE.

12(*). Kak Oyamer paborarb Mojenab HJeanbHO YIpyroro siemeHta K B ciyuae
CJIEZYIOLIETO OMUCAHUS:

Onopa 'K (1 2 3 4; XecTkoCTh)

BapHaHTBIOTBeTOBZ

1. Kak nBe He3aBUCUMBIE TIPYKUHBI OJUHAKOBOM JKECTKOCTH. [lepBas - Mexay CTeneHsIMU
cBoOoab! 1-3, BTOpas - Mmexay 2 u 4.

2. Kak n1Be He3aBUCUMBIE MIPYKUHBI OJJUHAKOBOM JKECTKOCTH. [lepBas - Mexay cTeneHs MU
cBoOoAbI 1-2, BTOpas - Mmexay 3 u 4.

3. Kak ogna mpyxuHa MEXay cTeneHsMu cBoOonbl 1,2 u 3,4, coBepiuaromias MmiIoCKoe
nBrkeHue. Ecmu BBIOpaH 3TOT BapUaHT OTBETA, TO MOSICHUTE, KaK B 3TOM CJIy4yae yUHUTHIBAIOTCS
HaYaJIbHBIC MTOJIOKEHHUSI KOHIIOB CTEPIKHSI.

4. Bam BapuaHT OTBeTA.

7.6.BOMNPOCHLI KTJTIABE 6

1. OnummMre BCe M3BECTHBIE BaM BO3MOKHOCTH pasjeia (hOpMHPOBaHHS H300paKeHHUs
oobexkTa $ SHOW.

2. MoxHO 71 B U300pakeHNe 00bEeKTa HECKOJIBKO Pa3 BKIIOYATh U300paKeHHE OJHOTO U
TOTO e diieMeHTa?

3. Kakue pa3HOBHIHOCTH TPOTpaMM peanu3anuu Tpaduueckux 0Opa3oB BB MOXKETE
Ha3BaTh?
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4. TlosicHuTe mnoHATHE '"nMOKanbHas NOrpemHOCTh". C NOMOIIBI0 KAKUX KIIFOUEBBIX
[IapaMeTPOB BBl MOYKETE YIIPABJIATH JOKAJIBHOM MOTPEIHOCTBIO?

5. MoxHO 1M J0OUTBHCS JyYIIUX PEe3yJbTaToB B mpumepe puc.3.l., yem oHM ObuIH
IIOJIyYEHBI IIPX OTBETE Ha 5 BOIIPOC K 3 IJIaBe.
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