Buuyropa AHHa AJleKcaH-
JPOBHA, AacCIUpPaHT, ACCUCTEHT
Kagenpbl aBTOMAaTHKA W KOM-
NBIOTEPHBIX cucteM WHCTHTYyTa
Kubepueruku TITY.

E-mail: anya@aics.ru

OO0nacTp Hay4YHBIX HHTEPECOB:
Om3HEC-MOICTMPOBAHIE, CTPYK-
TYpHBIA aHaiIW3, 0a3bl IaHHBIX,
MH()OpPMALMOHHBIE CHCTEMEI
3JIEKTPOHHOTO JIOKYMEHTO000-
pora, HH(POPMALNOHHO-
YIIPABILSIIOLIAE CHCTEMBI.
Buuyros Biaagumup Hukosa-
€BHY, KaHJ. TeXH. HayK, JOLECHT
Kagenpbl aBTOMAaTHKA U KOM-
NBIOTEPHBIX cucteM WHCTHTYyTa
kubepHetuku TIIY.

E-mail: vlad@aics.ru

OO0nacTp HayYHBIX HHTEPECOB:
MIPOTPaMMHPOBaHUE, 0a3bl J1aH-
HBIX, ABTOMAaTHU3UPOBAHHbIC
CHCTEMBI yIIPaBICHUS.

IManko TI'ennagmii IlaBjoBuy,
I-p TexH. HayK, npodeccop, 3aBe-
JyIoIuii Kadeapoil aBTOMATUKH
U KOMIIBIOTEPHBIX cHCTeM WH-
cruryra knoepHeruku TITY.
E-mail: tsapko@aics.ru

OO0macTe Hay4YHBIX HHTEPECOB:
CHCTEMHBIH aHaIn3, HHQOpPMaIH-
OHHBIC TEXHOJOTHU YIIPABICHHS
JKM3HEHHBIM [IUKIIOM IPOAYKIIUH.

BecTHuk Hayku Cubupu. 2012. Ne 1 (2)

http://sjs.tpu.ru

YK 002.53; 002.53:004.65; 002.53:004.62/.63

OCOBEHHOCTHU UHTEI'PAIIU
NHOOPMAIMOHHBIX CUCTEM
ABTOMATHU3UPOBAHHOI'O
INPOEKTUPOBAHUA U CUCTEM
YIIPABJEHUSA JAHHBIMUA

A.A. Buayroga, B.H. Buuyros, I'.I1. I{arko

ToMckuii MONUTEXHUUECKUA YHUBEPCUTET
E-mail: anya@aics.ru

Paccmotpensl TpeGOBaHMSI K MPOrpaMMHOW MHTerpanuu UHOOp-
MAIOHHBIX CHUCTEM C TOUKU 3pEHHs TEXHOJIOTHI HEeNpephIBHOU
MOJACP)KKH JKU3HEHHOTO IMKiaa u3penud. IlpuBenen mnpumep
CONPSDKEHHUS CHCTEMBI aBTOMATH3HMPOBAHHOTO IPOEKTHPOBAHMS
aMeKTpOHHBIX mpubopos Altium Designer ¢ cuctemoii ympasie-
HUs qaHHEbBIMH Enovia SmarTeam. OnmcaHbl HEKOTOpBIE 0COOCH-
HOCTH TEXHHYECKOH pealn3alii B3aMMOJCHUCTBHS YKa3aHHBIX
MIPOTPaMMHBIX CpencTB. [IpemtoxkeH cmoco®d HHTETpanuy HH-
(dopmanonnsix cucteM Ha ocHoBe API- u COM-texHonoruii, a
TaKKe YHU(UIMPOBAHHBIX ()OPMATOB MPECTABICHUS TaHHBIX.

KuaroueBble ciioBa:
WNudopmaininonHabie CHCTEMBI, XU3HEHHBIN ITHUKJI, MOJETH
TAHHBIX, TEXHOJIOTUH MPOTPAMMHON WHTET PAIIHH.

BBeaenue

B Hacrosiiee Bpems Bce OoJibIlie TOBapOB OCHAIIIE-
HBI CPEJICTBAMH BBIYUCIIUTEIHLHON TEXHUKH M PaIUOdJICK-
TPOHUKU. DTO OOBSICHAET yBEIUYCHHE CIIpOca Ha TPOJIyK-
LU0 TTPUOOPOCTPOUTENBHBIX MPEANpusATHiA. Ennnuma mpo-
MBIIIJICHHON MPOJYKIMKM Ha3bIBAeTCs M3lenueM. B npubo-
POCTPOUTENBHON OTpacid MPOMBIIUICHHOCTH —U3ZeNne
MIPENICTaBIsIeT COOOW B3aWMOCBSI3aHHYIO COBOKYIHOCTH
MHOXECTBa COCTaBHBIX 4acTedl [1]. [lpuHMMas Bo BHHMa-
HUE TEHJCHIIMIO K PacIIUpEeHUI0 (QyHKIIMOHAILHOCTH U HH-
TEJUIEKTyaTn3al[iil TOBapOB, MOXKHO CIENaTh BBIBOJ, YTO

OJTHOM W3 TJIABHBIX 3a]1a4 CETOIHS SBIISIETCS pa3MEIICHUE paanodeKTpoHHbIX cpencts (POC) B ycmo-
BUSIX rabapuUTHO-BEeCOBBIX orpaHnueHuid. CoBoKymHOCTh POC, 00beIMHEHHBIX B COOPOYHBIE €IMHUIIBI
U YCTpOWCTBa, NMpeJHa3HaYCHHBIC IJIs1 IPeoOpa3oBaHusl U 00pabOTKH 3IEKTPOMAarHUTHBIX CHUIHAJIOB,
HEOOXOIUMBIX JJIsl BBINOJIHEHUA HpuOOpa, MPHUHATO HAas3bIBaTh PaJHOIEKTPOHHOW ammaparypoi
(PDA).

OYHKITMOHAIbHAS CI0KHOCTh PDA 00BSCHSECT UTEPATUBHOCTH IPOIECCOB €€ MPOCKTHPOBA-
HUSI U TIPOU3BOJICTBA. [IpH 3TOM XapakTepHON OCOOEHHOCTBIO JAHHOM AEATENLHOCTH SIBIISETCS OOJIb-
10€ KOJIMYECTBO €€ YYACTHUKOB M BHICOKHI YPOBEHb HCIOIB30BaHU MHPOPMAIIMOHHBIX TEXHOJIOTHA
(UT): cuctem aBromatm3mpoBanHoro npoekTupoBanus (CAIIP) m cucrem ympaBieHWs HaHHBIMH
(CY ). Ilpu aTOM ciiexyeT OTMETUTD, YTO NpoeKTUpoBanne POA BkimouaeT, KAK MUHUMYM, JBa B3a-
MMOCBSI3aHHBIX AaCIeKTa: 3JEKTPHUUECKOE IPOSKTHPOBAHHE, KOTOPOE OOECIEUMBACT BBIIOJIHEHHUE
orpeJieNieHHBIX (DYHKIUH B YCIOBHSX BO3JEHCTBUS Pa3IMYHBIX (PAKTOPOB, a TaKKE MEXaHHYECKOE
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IIPOEKTUPOBAHME, 1IeJIb KOTOPOI'0 COCTOUT B pazMelieHuu onpeneneHHbx POC B cooTBeTcTBHH C Tpe-
0OBaHMSMHU K MacCOrabapUTHBIM XapaKTePUCTUKaM Mpruoopa.

B cooTBeTcTBUM C IOJIOKEHUSMH KOHLENLUHN TEXHOJIOIMH HENPEPHIBHON MOANEPIKKH KH3-
HenHoro mukiaa (OKL) m3menwst, CY /| BBITOMHSAET pONb CBA3YIOMIETO 3BEHA MEXAY Pa3TAIHBIMHU
CAIIP. Ins obecnieueHns: LETOCTHOCTH MH(OPMALINH, €€ CTPYKTYPUPOBAHHOTO XPaHEHUS U aBTOMa-
TU3UPOBaHHOW 00pabotku, HeoOxonuma uHTerpaums CAIIP u CY/I. [Ipu sToM ocHOBHOHU 3amaueit
ABJISIETCS. HETIPOTHUBOPEUUBOCTD IIPEICTABICHUSI HMHPOPMALMOHHBIX CYIIHOCTEH, KOTOPBIE CO3IAI0TCs
1 ucnonb3ytotest B paznuunbix MC. Takum oOpazom, npobiema pa3paboTKu METOOB IPOTrPaAMMHOTO
conpsbkerns CAIIP u CYJl nna mpoexktupoBaHusi POA mMmeeT BBICOKHN YpPOBEHb aKTyaJbHOCTH H
MPaKTUYECKONH 3HAYUMMOCTH.

HNudopmannonHbie CyIIHOCTH NPH NMPOeKTHPOBAaHMH PIA

C Touku 3peHms MpoeKTHpoBaHus POA, pa3paboTka m3aenus BKIIOUAeT B ceOs ONMMCaHUC B
pasnuuHbix CAIIP 37eKTpOHHOH CTPYKTYpHI, SIEKTPOHHOW U WHPOPMALIMOHHON Mojenel u3nenus. B
CBS3M C BAXKHOCTBIO 3TUX MOHATHH CIIEAyeT paCCMOTPETh UX OIpEeJIeNeHre C TOUKH 3pEHUs periaMeH-
TUPYIOLIUX JOKYMEHTOB — CTAHAAPTOB €IMHOM CUCTEMBbI KOHCTPYKTOPCKOW JOKYMEHTALIUH.

OnextpoHHast cTpykrypa mnenus (JCU) — 370 KOHCTPYKTOPCKHI JOKYMEHT, COIEpKaIlui
coctaB COOPOYHON €TUHHUIIBI, KOMIUIEKCA WIIM KOMITJICKTa U UepapXUUeCKHe OTHOLICHUS (CBSI3M) MEXK-
Jly €ro COCTaBHBIMH YacTsIMH U JIPYTUE JaHHBIC B 3aBUCHMOCTH OT €ro Ha3Ha4YeHus [2].

CornacHo [3] undopmarmonHas mojens m3aenvst (MMU) — coBOKYyITHOCTh TaHHBIX M OTHO-
IIEHUH MEXIy HUMHM, OMMCHIBAIONIAs pa3IMYHble CBOMCTBA PealbHOTO MU3/EHs, HHTEpPECYIOLINe pa3-
paboTyrKa MOJIENN U MOTEHIUAIBHOTO WIIM PEaJIbHOTO TOJIb30BaTeis. B cBoio oyepenp, ANEeKTpOHHAs
mozenb uzaenus (AMUN) 1o [3, 4] — 3TO 3JIEKTPOHHBIN KOHCTPYKTOPCKHUI TOKYMEHT, COIEpIKaIIlHii
ANIEKTPOHHYIO TEOMETPUYECKYI0 MOJIENb JACTA MM COOPOYHON €TUHMIIBI, COOTBETCTBYIOIIHIE DIIEK-
TPOHHBIE T€OMETPUUECKUE MOJIEH COCTaBHBIX YacTell, CBOWCTBA, XapaKTEPUCTUKU U JIpYTHE JTaHHBIE,
HEOOXOMMEBIE 11 COOpKU (M3rOTOBIEHUS) M KOHTpos. Takum obpasom, DMMU sBiseTcss YaCTHBIM
ciayyaeM UMU. Umenno UMU oTpaxkaeT JaHHBIE O IPOEKTUPYEMOU CYLUTHOCTH C TOW WIM UHOW TOY-
KM 3peHus, Hanpumep, MU asnexTprdeckoro uiu KOHCTPYKTOPCKOTO MPOEKTUPOBAHHUSA, TEIUIOBOTO
MOJEJIUPOBAHUSA U T. 1.

[logBoas uror onucannio HHOOPMALMOHHBIX CYIIHOCTEH, CO3JAIOIIUXCS B MPOLECCE MPOCK-
tupoBanus POA, moxHo caenars BbBoA, uTo DOCU u UMU gBRSAIOTCSA NMEPBUYHBIMU JOKYMEHTAMHU
JUTSI TIOJTYYEHUS! Pa3IMYHbIX KOHCTPYKTOPCKUX MokyMeHTOB (K]I), BXOAAMIMX B OCHOBHOW M TOJHBIN
xommekTsl K/ cornacuo [4]. Hanpumep, cneundukanys, OIUH U3 CaMBIX BaXKHBIX KOHCTPYKTOPCKHX
JIOKYMEHTOB, HEOOXOJUMBIi JUIsl TPOM3BOJICTBA U3/AeHs, GOPMHUPYETCS HA OCHOBE JaHHBIX HHpOpMa-
UOHHBIX Mojiesiel, paspabotaHHbIX B paznuuHbix CAIIP: mpu aneKTpudecKkoM u Mpu MEXaHUIeCKOM
npoexktupoBanuu. U3menenne stux UMW nu 9CU Bneuer n3meHenue ocransHoi K. D10t hakT mon-
JKEH SIBISITbCA 0a3ucoM i1l pa3paboTku npaswil uHTerpanuu VC ¢ TOUKM 3peHust TEXHOJIOTUI Herpe-
peiBHOM moepxku KL uzmemnus.

TpeooBanus k uaTerpanun CAIIP u CY /1

B cootBercTBUM cO cienuuKON MpoeKTHpoBanus POA, MOXHO BBIIEIUTH CIEAYIONIHE OC-
HOBHBIE TpeboBaHus K nHTerpaunu 1C:
e CVY]I aBnsercss HEHTPATN30BAHHBIM XPaHWIHILIEM BCEX XapaKTEPUCTHUK H3JENHS, IPOEKTUPYEMBIX
B pasnuuHbix CAIIP;
WCKJTIIOYEHNE AyOINPOBAaHUS TaHHBIX;
aBTOMAaTHYeCKasi CHHXPOHHM3AINA JaHHBIX B pa3nu4Hbix UC;
aBToMarndeckoe Gopmuposanue K/I;
HAKOIUICHUE JIAHHBIX W OINBITA, BO3MOXKHOCTh UCIIONIb30BaHUSI HHPOPMAIIUU U3 TIPEANISCTBYIONIHX
MIPOEKTOB Pa3pabOTKH M3ICIHH.
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O600mas Beimeyka3anubie TpedoBanus kK uaTerpannu CAIIP u CY /I, MOXHO cienaTh BBIBOJ,
YTO OHHM CBOJATCS K aHaIM3y MpaBuil XpaHneHust u 00padoTku aaHHbX B UC. Cornacno 'OCT 34.321-
96, oHu omuckIBarOTCA cxeMor MaHHbIX. OcHOBHBIM oTiinune CY/J[ OT CHCTeM 3JIEKTPOHHOTO JIOKY-
MEHTO000pOTa SBJISETCS WX HAIPABICHHOCTh Ha MPOEKTHYIO crenuduky aedarenpHOCTH [5]. Paspa-
00TKa M3JENHsl BHIIIOTHIACTCS B paMKaX MPOEKTa, KOTOPBIN ABJSAETCS XPAaHMIUILEM BCEX CBA3aHHBIX C
usnenueM uHpopmanuoHueix cymHoctedt (OCU, MU, K1I). B coBpemennbix CY I npenycMOTpeHO
JIOTHYECKOe pasJielicHre HH(OPMAIMOHHBIX CYIIHOCTEH M MPEICTaBICHHE UX B BUJE CTPYKTYPHPO-
BAaHHOH COBOKYITHOCTH OJHOTHITHBIX OOBEKTOB, HAIPUMED, ACPEBO MPOEKTOB, JEPEBO IEMEHTOB, JIc-
PEBO AOKYMEHTOB, JEPEBO MaTepUaloB U T. A. [Ipu 3ToM Bce MHPOPMALMOHHBIE CYITHOCTH, OTHOCS-
mpecs K OTHOMY U3ZEINNI0, CBSI3aHBI MeX Iy coboit (puc. 1).

l [lokymMeHTbI l
—| OokymeHT_1

|

|
=D
J [okymeHT_2

Wapenus —| [NokymeHT_n
Wanenue 1 CrpykTypa
- nanenus_k
W3penve_2 _| OnemeHT_k_1
l OnemeHT_k_2
Wspenune_n

l OnemeHT_k_n

Puc. 1. Cxemarn4yHoe TpencTaBlieHHE HEPAPXUH M B3aUMOCBSI3M WH(POPMAIMOHHBIX CYIIHOCTEH B
CVY ]I B BUzie CTPYKTYPHPOBAHHBIX JEPEBHEB

[MpoekTbl

MpoekT_1

MpoekT_2

0

MpoekT_n

0
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C ToukH 3peHUs1 0OBEKTHO-OPUEHTUPOBAHHOTO IMOJIX0/1a, CEMaHTHYecKasi TUITU3amus HHHOp-
MAaIMOHHBIX cyniHocTel B cxeme naHHbIX CY ]l o3Ha4yaeT BblJieneHHe OOBbEKTOB C OJJMHAKOBBIM IOBE-
JICHHEM B KJIACChI C OJTHUM Ha0OPOM XapaKTEPUCTUK-aTpuOyTOB. TakuM o0pa3oM, cxema JaHHbIX SB-
nsieTcsi OOBEKTHOM MOZEIbI0, KOTOPasi ONUCHIBAET CTPYKTYPY OOBEKTOB, COCTABISIOIINX CHCTEMY, X
aTpuOYyTHI, OTIepalry, B3aNMOCBS3H C JPYyTUMH 00bekTaMu. Takoe npejcTaBicHne NHQOPMAIIMOHHBIX
CYLIHOCTEH C TOYKH 3pEHHSI O0BEKTHO-OPHEHTUPOBAHHOIO MOJAXO0JA JOJDKHO SIBISTHCS 0a3UCOM st
unterpauu MC. Oto o3Havaer, yro paspadboranHas B CAIIP cymocts (MMU, DCH) nomxua ObITH
0e3 TMoTeph KCIIOPTHPOBAHA B CHCTEMY YIPABICHUS JaHHBIMH, YTO OOECICUYMBACTCS HAIMYHUEM B
CY]l coOTBETCTBYIOIIMX KOHTEHHEPOB (KJIacCOB C HEOOXOAMMBIM HabopoM arpuOyToB). Ha puc. 2
MOKa3aHa yNnpolleHHas cxema nepegadd uHpopmanuonsbix cymnocteid 3 CAIIP B CY /I ans peanu-
3anmu porpammHoro conpspkenus UC.
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FaTprEyT_1

FaTpUEyT_m

Puc. 2. Cxema nepenaun unpopmannonusix cymuoctedt u3 CAIIP 8 CY ]|

PaccmarpuBas nnpopmannoHHsle cynHocTH, paspadborannsie B CAIIP, ¢ Touku 3peHust 00b-
exTHOH Mogenu aanHbix CY /I, cnempyetr oTMeTHTh, 4To MMnopTtupyemas u3 MU u popmupyemas Ha
ee ocHoBe K] oOmamaroT moBeneHneM qokymeHTa. B cBoro ouepenn, DCU momkHa OBITH HHTETPUPO-
BaHa B JIepeBO 31eMeHTOB. Takum oOpa3om, mpu sxcnopTe maanHeix n3 CAIIP B CY]] HeoOxomumo
TeHEePUPOBaTh OOBEKTHl COOTBETCTBYIOIIMX KJIACCOB B paMKax OJHOTO MPOEKTa W OJHOTO HM3/ACIHA.
Kpome toro, nockonbky CY ]l siBisiercss MHOTOMONB30BaTenbckoid IC, HE00X0AMMO TIPeyCMOTPETh
aBropu3anuio Bxona B CY /[ mpu umnopte nanusix uz CAIIP. Ha puc. 3 nokasan 0000IIeHHBIH anro-
PUTM AEUCTBHIA, KOTOPBIH HeoOxoauMo BeimodHuTs B CY J1 ipu 3arpy3ke aanubix u3z CAIIP.

aBTOpU3aLUA

BbIGOp NpoekTa

BbIGOp M3genus

4

nometuenne MU B
AepeBO JOKYMEHTOB

4

nometleHne MU B
[epeBo 3N1eEMEHTOB

Puc. 3. Anroput™m neiicteuii, BeimonHseMbix B CY [l ipu 3arpyske aanubix uz CAIIP
Texnu4yeckne cpeacrea nporpammuoi uaterpanuu CAIIP u CY [

Kpome koHIenTyaipHOH CTOPOHBI Bolipoca o compsbkennu WC, ciemyer Takke ONpeneIuTh
TEXHUUYECKUE CPEJICTBA JUIS PEUICHHS JaHHOH 3a7adui. MOKHO BBIIEIHTh HECKOIBKO Hanboliee momy-
JIIPHBIX HAa CETOJ(HS METOI0B MHTETPALUHU TPUIIOKCHUM:

e 0o0MeH (aiiiaMH, B KOTOPBIE TIOMEIIAIOTCS O0IIHE JaHHbIC,
e o0mras 6a3a nanubix (B/]), B kKoTOpOI coxpaHseTcs o0mas HHPOPMaIIns;
®  yJaJICHHBIN BBI30OB MPOLEAYP ISl BHINOJHEHHS SHCTBUN WM 0OMEHA JTaHHBIMHU;
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e cucremMa oOMEHa COOOLICHUSMH, KOTOPbIE MCIOIB3YIOTCS Al OOMEHA AAHHBIMHU M BBIIOJTHEHUS
JNEUCTBHI,
e BeO-cepBuCH, B ToM uuciie ESB u SOAP.

Bribop ompeneneHHOro MeToAa W3 JAHHOTO CIHHCKAa 3aBUCHT OT CHEUHU(UKH CBSI3BIBAEMBIX
NC, nampumep, B cirydae BeO-ipriioxeHnid Hanbosee 3 PpekTHBHBIM OyeT mocineqauit BapuanT. On-
Hako ecnu conpsaraeMsle VIC (GyHKINOHUPYIOT KaK HaCTOJIbHbIE MIPUIOKEHUS, YTO YAaCTO PAacIpoCTpa-
HeHo cpenu CAIIP u CY/l, nanublii Meton He nojoiaer. O0MeH daiiamu u odmas b/l takxke He
YMECTHBI M3-32 Pa3UYHBIX cXeM AaHHbIX compsraembix MC. Takum oOpas3om, cieqyeT paccMOTpeTh
uaTerpanuio CAIIP u CY /] ¢ momomisio yaaneHHOro BEI30Ba IPOIeNyp U aCHHXPOHHOTO 0OMEHa co-
obmenusmu. [lpuHrMas Bo BHMMaHuE BhIIenpuBeAcHHBIH anroput™m uHTerpauun CAIIP u CVY/,
MOJKHO CHIeNaTh BBIBOJ, YTO €ro NEHCTBHUS, MO CYTH, NPEACTaBISIOT COOOH BBI30B MHTEP(EHCHBIX
¢yaxmmii CY/[. 910 MOXeT OBITh peann30BaHO C IOMOIIBI0 COBPEMEHHBIX TEXHOJOTHHA CO3IaHUS
nporpammHoro obecrieuenus (I110) Ha ocHOBe B3aMMOAECHCTBYIOMNX KOMIIOHEHT, KaKIast U3 KOTOPBIX
MOJKET UCTONB30BaThcsi BO MHOTHX MC ogHOBpeMeHHO. [IpuHIHMIBL 3TOTO MOAX0Aa K IPOrpaMMHPO-
BaHMIO 3aKPEIUICHBI B BHIEC TEXHOJOTHYECKOTO CTaHAapTa koMranuu Microsoft, HazeiBaemoro COM
(ot aarn. Component Object Model).

Cranmapr COM nognepskuBaer nojioxkenust OOI (MHKancy Ao U MOMMMOpPH3M), HO OCHOB-
HBIM ero nousTueM siensietcs COM-kommoHeHT. [Iporpammer, moctpoenHsie Ha ctanaapte COM, dakTu-
YECKH HE SIBJISIFOTCSI aBTOHOMHBIMH IIPOrpaMMaMH, a IPEACTAaBISAIOT co00i HaOOp B3aUMOICHCTBYIOIIMX
Mexny coboit COM-koMIoHeHTOB. Kaxaplii KOMIIOHEHT UMEET YHUKAIBHBIA UICHTH(HUKATOP U MOXKET
OJTHOBPEMEHHO HCIIOJIb30BAThCS MHOTMMH MIporpaMMaMu. KOMIOHEHT B3anMOEHCTBYET C IPYTUMH TPO-
rpammamu gepe3 COM-untepdericsl — Habopbl aOCTPAKTHBIX (DYYHKITHI F CBOICTB.

Windows API (ot auri. Application Programming Interface) npemnocrasisier 6a3oBbie GyHK-
IIUY, TO3BOJISIIOINME Hcnojib3oBaTh COM-komiioHneHThl. bubnuoreku MFC (ot anmi. Microsoft
Foundation Classes — 6ubmoreka Ha si3pike C++, paspaborannast Microsoft u mpusBanHas 00JIeTYUTD
pa3paboTKy npuiokeHui ¢ rpaduueckum naTepdericom s Microsoft Windows) u, ocodenno, ATL
(ot anrn. Active Template Library — HaOop ma0ioHHBIX KJIAcCOB si3bika C++, pa3paO0TaHHBIX KOMITa-
Huer Microsoft ans ympomenuss Hanucanus COM-kommonenToB) u WTL (ot anrn. Windows
Template Library — ceo6oaH0 pacnpocTpansiemast oubnmnoreka madaoHoB C++, nperHa3HaYeHHAS IS
obneruenns pa3pabOTKM MPWIOKEHHH ¢ TpadudeckuMm uHTepdericom mist Microsoft Windows)
MPEIOCTABIISIOT Topa3no 0ojiee THOKUE U ynoOHbIe cpecTBa s padotel ¢ COM. ['taBHOE HOCTOMH-
ctBo COM — HE3aBUCUMOCTH OT SI3bIKa IPOrPaMMHPOBAHMS M UCIIOIHAIOLIEH CPEebl.

Takum obpazom, narepdeiicasie pynkumn CVY /] U3 BBILETIPUBEIEHHOTO AJITOPUTMA UHTETPALIN
CY I u CAIIP moryt ObITh peanu3oBanbl ocpeactBoM COM-KOMITOHEHT, KOTOPBIE, B CBS3H C UX MHOTO-
KpaTHBIM HCIIOJIb30BAHUEM, JIOTUYHO OOBECIUHUTH B JMHAMUYECKH MOJAKIIOUacMyro Oouommorexy (DLL,
anry. dynamic-link library). OnHako naHHbIE AEHCTBUS SIBISIIOTCS BCIIOMOTATENIBHBIMU B PEIICHUH IIPO-
onembl naterpann CAIIP n CY/] u He obecrnieunBaroT ee TIaBHYIO 3a1a4y — dKcropT AaHHex UMU u
OCH. st atoro mHeodbxomumo nepeaats B COM-o0bekT nadopmario n3 CATIP B Buze MaccuBa JaHHBIX
yHUQUIMPOBaHHOTO (opmaTa. B HacTosmiee BpeMs yHHBEpCaIbHBIMU (JOpMaTaMy TaHHBIX IPHHSTO CUH-
Tath S3bIKM  pasMmeTkd, Hampumep, XML. Ho ans wucnoms3oBaHusi NpeUMMyLIECTB OOBEKTHO-
opuenTtrpoBaHHoro nogaxoaa COM pammoHanbHO BBIOpaTh (opMaT pa3METKH, MOAICPKUBAIOIIHN 3Ty
metoposnoruro. Onanm u3 Takux Gopmaros ssisiercst JSON (JavaScript Object Notation). OH ocHOBaH Ha
MIOIMHOKECTBE sI3bIKa MporpammupoBanus JavaScript, onpeneneHaoro B ctannapre ECMA-262, tpetss
penakimsi. HecMoTpst Ha iporcxokaeHue ot JavaScript, hopMar cunraercst si3bIKOHE3aBUCHMBIM U MOYKET
UCTIONB30BATHCS MMPAKTHYECKH C JFOOBIM SI36IKOM MPOTPAMMHUPOBaHUA. J[JI1 MHOTHX SI3BIKOB CYIIECTBYIOT
¢byHKUIMM U151 co3aanus 1 00paboTKH 1aHHBIX B hopmare JSON.

JSON mnpeacrasnser coboii mpaBuiIa Ui ONMCAHNS YHUBEPCAIBHBIX CTPYKTYD JaHHBIX, HA3bl-
BaeMbIX B Pa3HBIX SI3bIKAX MPOTPAMMHUPOBAHHUS TO-pa3HOMY (HarpuMep, 00bEKT, 3alnCh, CTPYKTYPA,
CJIOBaph, X311, IMEHOBAHHBIH CIIMCOK MJIM aCCOLMATHUBHBIM MacCHUB, MacCUB, BEKTOP, CIIMCOK WU MO-
CJIETIOBATEIBLHOCTh U T. JI.) C TIOMOIIBIO IIPOCTOT0 CHHTaKcuca pasmetku: (), {}, [], *”, / u T. A., mog00-
HO XML. Takum o6pazom, JSON moaxoauT ajs ONMUcCaHHs CIOXKHBIX CTPYKTYp B CHIy yaoOoduTae-
MOCTH | JJAKOHUIHOCTH, a TAKKE MEHBIIIMM pa3MepoM daiina mo cpapHeHHIo ¢ XML.
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Pazpaborannas apropamu crateu TexHosorus uaTerpauu CAIIP u CY ] rpadudecku mpencTaBiicHa
Ha puc. 4.

HMCONESYEaT

i’ _____ cya
|
Canr |
Hafioy HeLgai ¢ dil
T~
YTOMHAET
|
|
|
THM BaHHEIX !
chann fpopmata JSON| cnepgyet |
—————— M- X1

Puc. 4. O600mennas cxema Texnosoruu uarerparuu CAIIP u CY /]
IMpumep nporpammuoii uaterpamuu CYJI Enovia SmarTeam u CAIIP Altium Designer

B kauecTBe mpumepa Beilen3I0keHHBIX acniekToB nHTerpanuu CAIIP u CY ], HeoOxoaumoit
MIpH MPOEKTHPOBaHUK PDA B COOTBETCTBHU C KOHIICTIIIMEH TEXHOJOTHI HempepbIBHONW WH(MOpMAaI-
onHol nmoxnepxku XKL uznenuii, KOMaHA0N Pa3pabOTYMKOB C yUaCTHEM aBTOPOB CTaThU OBLI pealiu-
30BaHO nporpammuoe comnpsokenue CAIIP Altium Designer u CY /] Enovia SmarTeam. Pabora BbI-
nonHsutack B paMkax OKP «Pa3paboTka KoMImiekca mporpaMMHBIX i TEXHUYECKHAX CPEJCTB MPOEKTHU-
POBaHMsI, U3TOTOBJICHUS W UCHBITAHUN YHHU(PHUIUPOBAHHOTO Psiia SJIEKTPOHHBIX MOAYJIEH Ha OCHOBE
TEXHOJIOTHH «CUCTeMa-Ha-KpUCTaJJIe» JUUIsl CUCTEM YNPABICHUS U JJIEKTPONUTAHUS KOCMHUYECKHX all-
napatoB (KA) cBsi3u, HaBUralMu M IUCTAHLMOHHOTO 30HIUPOBAHUS 3€MJIHM C IJIUTEIBHBIM CPOKOM
AKTUBHOT'O CyIIeCTBOBaHUs» Mo noroopy ¢ OAO «/HpopMalMOHHBIE CITyTHUKOBBIE CUCTEMBD (T.
XKenesnoropck, Kpacuosipckuii kpaif).

Huterparuss CATIP Altium Designer u CYJT Enovia SmarTeam npeana3HaveHa Juis BBIIOJ-
HEHHUS CIEAYIOIUX (QYHKIIUH:

e pomyudenue u3 npoekra CAIIP Altium Designer ganHbIX 0 (haiiyiaX, MOAKIIOYCHHBIX K MIPOEKTY,
CImCKa cxeM, crmucka snekrpopamuonsienuii (OPUM) na cxemax u cosmanme B CYJI Enovia
SmarTeam cooTBeTCTBYIOIIMX 00BEKTOB KiaccoB «lIpoekt Altium» u «®Paiin Altiumy» ¢ mebio
nomeneHus B HuX naHabpix UMW nis BIOpaHHOW MoTb30BaTeNieM cCOOPOYHOM eHHUIIBI,

e ¢opmuposanue K]l Buna «Ilepeuens anementon» B popmare PDF B CY /] Enovia SmarTeam amst
BBIOpPaHHOH MOJIb30BaTeIeM COOpPOYHOHN €MHUIIBL;

e  (dopmuposanue DCU B CY]] Enovia SmarTeam — 00bekToB Kitacca «I[Ipourie usnenus» s BbI-
OpaHHOI MOJIb30BaTeNIeM COOPOYHON E€AMHUIIBI.

VYunteiBas nognepxkky Windows API B unTerpupyembix MC, panuoHaabHO HCIIONB30BAThH
NpEeuMYIIeCTBa JaHHOTO CpeAcTBa pa3zpaboTku. s mpenocraBieHUs] 00BEKTHO-OPHEHTUPOBAHHBIX
API unm cepBUCOB JpYyrHM NPHIIOKEHHSIM, UCHOIB3YyeTCss 00bEeKTHas Mojelb KoMroHeHToB COM.
Takum o0pa3om, 3amaua unrerpauuu CAIIP Altium Designer u CY ]l Enovia SmarTeam cBogutcs k
¢dopmupoBano COM-o6nexTa u3 CAIIP u ero obpabotka B Enovia SmarTeam. IIpu stom nndop-
marmsa u3 CAIIP nocrymaer B COM-00BeKT B BHJE MacCHBa JAaHHBIX YHU(UIMPOBAHHOTO (GopmaTa
JSON. Crnenyer otmeTuTth, uto, momumo MMU u DCH, nauubi (aill Takke BKIIOYAECT CBEICHUS O
pa3paboTunke, KOHTPOJIEPE U IPYTyI0 HHPOpMaLuio, Heooxonumyto 1ist popmuposanus K/I.

[lepen Tem Kak MPUCTYNUTH HENOCPEACTBEHHO K OIMCAHUIO MEXaHU3Ma pa3paboTaHHOM HHTe-
rpauun MC, ciaemyer MOSICHUTH OCOOEHHOCTH TPEACTABICHHUS AAHHBIX 00 M3AETHH B COMPATaeMOM
CAIIP. B ocnoBe Altium Designer iexur nporpammHas miargopma DesignExplorer, o0bennnstomas
pasIn4yHble MOIYJIH JAJIsl peann3aluy BceX (QYHKUUI CKBOSHOTO aBTOMAaTU3UPOBAHHOTO MMPOEKTHUPOBA-
HUS: PEIaKTOp CXEeM, MEeYaTHBIX IUIAaT, aBTOTPACCHPOBIIHUK, MPOTrpaMMy MojenupoBanus cxem POC,
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CAM-cpenctBa u ap. OYHKIIMOHATLHOCTh KaXI0ro0 KoMroHeHTa Altium Designer 10 OTHOIICHHIO K
JIPYTHM MOXKET OBITh paciuupeHa depe3 ero cooctBeHHblii APl (Hanpumep, Shematic API), a Taxxke
o6mmit WorkSpace API. DTo ocylecTBiIsIeTCs ¢ TIOMOIIBIO BBIMOJHEHHS CKPUIITOB, HATIMCAHHBIX Ha
pasmuIHBIX CKpUNTOBBIX s3bIkax (DelphiScript, EnableBasic, VisualBasic Script, JavaScript). B pas-
paboranHoli nmporpamMmmHuoi cucreme unterpanuun CAIIP Altium Designer u CY/] Enovia SmarTeam
JUTSL TIONTyYeHUs OTHOTO nepevyns DPU (co cxeMbl U ¢ meyaTHOU TUIATH), 8 TAKKE UX XapaKTepPUCTHUK,
OBLT peamn30BaH CKPHUIIT Ha s3bIke Visual Basic Script.

HauanbHoii TouKol Ka)kI0r0 KOHCTPYKTHBHOTO pemienus B Altium Designer sBisieTcst IpoekT
— Ha0bOp JOKYMEHTOB C OJHO3HAYHOW TPaKTOBKOW MaHHBIX. Hampumep, cxema W mjara B MPOEKTHBIX
JIAaHHBIX MPEACTABILIIOT co00¥ Habop (HaiyIoB TSI M3rOTOBJICHUS €AMHCTBEHHOW IEYaTHOM IUIATHI, B
TO BpeMs Kak cxema U TeKCT HDL B MpOEeKTHBIX AAHHBIX AJIS1 MPOrPAMMHUPYEMOM JIOTHYECKON UHTE-
TPalbHOM CXEMBI MPEICTABISIIOT cO00H Habop (aiiyioB, HEOOXOAUMBIX IJISl €€ MPOrPaMMHUPOBAHUSL.
KommnekT HoKyMeHTOB, KOTOpBIE CO3JAlOT IPOEKT, (GOPMHUPYETCS COBMECTHO C (ailioM MpOeKTa.
®aiin npoeKTa COAECPIKUT BCE YCTAHOBKHM, BKIIFOYAs CBSI3U C KKIBIM JOKYMEHTOM B IPOEKTE U BCE
MPOEKTHO-3aBUCHMBbIe OMUUHU. Kaaplii JOKyMEHT B MPOEKTE 3allMChIBAETCS KaK OTICIbHBIN (haid,
KOTOPBII CBSI3aH C TPOEKTOM Yepe3 OTHOCHUTEINbHBIC CCBUIKH K (haiiiaM Ha OHOM U TOM K€ JIOTHYe-
CKOM yCTPOWCTBE WJIH aOCONIOTHBIE CCHUTKH Ha (Daiiiibl HAa Pa3iIMYHBIX JOTHYECKUX YCTpOicTBax. BhI-
XOJHbIE JaHHBIC, TCHEPUPYEMBIE U3 IIPOCKTA, TAKKE CCHUIAIOTCS HAa IPOSKTHBIN (aii.

Takum oOpazom, B mpoekre Altium Designer comepkatcst ¢aiiibl IByX THIIOB: JIOTHYECKHE
(cxeMbl, TIeYaTHBIE IUIATHI, (ailll MpoeKTa) U creHepupoBaHHbIe ((hainel oTyeToB). [[nst sxkcnopra naH-
Heix 13 CAIIP B CY]] HEeoOxonuMo mepeHecTH Bechk mpoekT Altium Designer, moaTomy HE0OX0IUMO
ucnonb3oBath WorkSpace APL

Ha ocHoBe BBIIIEU3IOKEHHBIX MOJIOKEHUI pa3padoTaHa MporpaMMHas MOIYyJIbHas CUCTEMa HH-
terparma CAIIP Altium Designer u CY/] Enovia SmarTeam, xotopas mpenctasisier coboit COM-
KOMITOHEHT, B3aHMOJICHCTBYIOIIMII C BHEIIHMMH MpPOTpaMMHBIMH cHcTeMamMu TmocpeactBoMm COM-
unaTepdeiicoB. bonbmias yacTe MexaHn3Ma MHTerpaiyn ykasaHHelx MC peanmszoBaHa cpecTBaMu si3bIKa
nporpammupoBanust C# u QpyHKImoHUpYeT B 00mIes3bikoBoi cpee BemonHeHnss CLR. CtpykTypa mpo-
TPaMMHOM CUCTEMBI MHTETPallK U cXeMa B3auMoeicTBus ¢ comnpsiracMbiMu IC nokaszana Ha puc. 5.

dann B

CAMNP > dopmaTe JSON

Altium Designer

] v
Mogynb nonyyYeHust AaHHbIX U3 r -
. > NaBHbIN MoAyIb _
fipoekTa CAHP Altium AltiumToSmarTeam Bubnuoteka (pyHKUMi .

Designer »  ans pabotbl ¢ CY[ Enovia
getSchemeComponentForm SmarTeam
CommonUtils
A

v

A

CY[ Enovia
SmarTeam

Mogynb popmupoBaHusa KO n
CTPYKTYpbl COOPOYHOWN €ANHNLbI &
AltiumSupport

Y

®ann “lNepeveHb

3nemMeHToB”

Puc. 5. CtpykTypa nporpaMMHOI CUCTEMBI MHTETPAIMY ¥ CXeMa B3aUMOJICHCTBUS ¢ conpsraembivu IC
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Pa3paboranHas nporpaMMHas CHCTEMa HHTEIPallui COCTOUT U3 CIIEIYIOLINX YacTeil:

e Moayns getSchemeComponentForm oGecrneunBaeT uTeHHE AaHHBIX 00 H3ACTUH U3 IMPOEKTa
Altium Designer, coxpanenne 3TuX AaHHBIX B (aiin B ¢popmare JSON u mepenady ynpaBieHUs
monyimo AltiumToEnoviaSmarTeam.

e Monayns AlitumToEnoviaSmarTeam oGecnieunBaeT nmpoBeeHNE ayTEHTHU(HUKAIH ITOTH30BATEN,
BBEIOOp TTOJTb30BarTelieM IpoekTa Enovia SmarTeam, BEIOOp moTb30BaTeieM COOPOYHOMN ¢IMHMIIBI, a
Takxke co3nanue B Enovia SmarTeam o0bexToB kiaccoB «lIpoekt Altium» u «@aiin Altium» B co-
OTBETCTBHH C JaHHBIMH, TOJTY4YEeHHBIMH U3 TipoekTa Altium Designer.

e Monayns AltiumSupport 3amyckaercss mo 3ampocy nois3oBarens n3 CYJ[ Enovia SmarTeam u
obecnieunBaer GopmupoBanne K/ Buma «Ilepeuens snementoB» B ¢opmare PDF u cTpykTypsr
BBIOpaHHOW COOpOYHOW enuHMIBI Ha ocHoBe naHHBIX VMU, xpamsmmxcs B CYJl Enovia
SmarTeam.

e Moxyns CommonUtils rcronp3yercst ApyruMyA MOAYIISIME TIPOTPAMMHON CHCTEMbI WHTETPAIliH, TI0-
CKOJIBKY cofepskut ootue ¢pyHkimu st padbotsl ¢ CY /] Enovia SmarTeam u ¢ popmarom JSON.

Omucannsrit mpumep uaTerparuu CAIIP u CY /1 sBnsercs JHITb 9acThio paboThI IO OpraHu-
3allui €JUHOTI'O I/IH(bOpMaLII/IOHHOI‘O IMPOCTpPaHCTBA AJId IMPOUCCCOB MPOCKTUPOBAHUA U IIPOU3BOJACTBA

POA. B pamkax 3Toif 3aa4n erie He0OX0IUMO pemuTh Borpock conpspxernss CAITP Mmexanmaeckoro

U DIIEKTPUYECKOTO MPOEKTHPOBaHwMs, a Takxke oomeHa mH(popmanueit CY/l ¢ mpyrumu UC, ncmonb-

3YIOIIMMHUCA U1 HENPEPBIBHOM Mmoaaepx Ky Ha npotskeHun XKL uznemus.

BeiBoabI

I/ITaK, OlmMCaHHasd B CTAThC 3adaydYa WHTCIpalvn I/IH(bOpMaHI/IOHHI)IX CHUCTEM, HCIIOJIB3YCMbIX
JUTS IPOEKTUPOBaHus POA, BKIIFOYaeT AETANBHYIO IPOPAOOTKY CIEAYIOMINX KOMIIOHEHTOB:
e  KOHIENTyaJbHbIC NOHATHI HHPOPMALIMOHHBIX CYIIHOCTEH U X B3aMMOCBSI3b;
e cnemuduyeckue npaBuia XxpaneHus u 0opadbotku nHpopmarmm B CAIIP u CY ], cormacHo cxeme

JaHHBIX 3THX BUIoB HC;

e TpeboBanus K conpspkeHuto VIC ¢ Touku 3peHust MpeaAMETHOH 00acTy;
® TEXHUYECKUE CPEICTBA PECATU3AIHH.

@OpMaIII/I?,OBaHHOG MMpEaACTaBJICHNUE OIMMMCAaHHBIX B CTATHEC NPUEMOB B BUIAC B3aMMOCBA3aHHBIX
METOAMK, MOJEIEH M aJrOPUTMOB IOJIE3HO NPH BBIIOJHEHUH PAa0OT MO0 OPraHU3alUd €AMHOTO HH-
(opMaLIMOHHOTO IPOCTPAHCTBA TPUOOPOCTPOUTEINBHBIX TPEAIPUSITHH.
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