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JTOCJLIKEHHSI IPUHIMIIIB TOBYJIOBU FA3 JAHUX

3PA3KIB BUCOKOTEXHOJIOT'TYHOI MAIIMHOBY IIBHO1

MPOJYKIII HA OCHOBI BA30BOI MOJIEJII JAHUX NATO
CALS

HarionansHuil TexHiuHUN yHIBEpcUTET «XapKiBCHKUHN MOMITEXHIYHNHN IHCTUTYTY», XapKiB

Awnotaniss. HeoOxiqHICTh pO3BUTKY BUCOKOTEXHOJIOTTYHOrO MAalIMHOOYAyBaHHs B YKpaiHi BUMarae BIpOBa/DKEHHs iHQOPMALIHHUX TEXHO-
JIOTiH Ha BCIX eTamax >KUTTEBHX ILHUKIIB MamIMHOOymiBHOI mpoxaykuii. Lle BuMarae BrpoBampkeHHs: koHnenuii Continuous Acquisition and
Life-cycle Support (CALS), sika 1aBHO BHKOPHCTOBYETHCS B TEXHOJOIIYHO PO3BHHEHMX KpalHaX Il BHIIE3a3HaueHWX wLinell. 36ip Ta
00poOKka IaHuX, 5IKi TeHEepye 3pa3oK BHCOKOTEXHOJOTIYHOI MamMHOOYAIBHOI MPOAYKIii, Oyae KOPUCHHM Ui 3MEHILICHHS BHUTPAT MpU
eKCILTyaTanii, 301IbIIEHHS CTPOKY CIIY>KOH, ITiJIBHINEHHS MIBUAKOCTI OpraHi3amii peMOHTHHX pOOIT, onTHMi3amii 3a pi3HUMHU KPHTEPiIMH
MOJIepHi3amii 3pa3ka BUCOKOTEXHOJIOTIYHOI MAaIMHOOYIIBHOI MPOMYKIIil, CHPUATH PO3pOOLi HOBHX aHAJOTIYHUX 3pa3KiB MAIIMHOOYIIBHUX
BHPOOIB TOIIO.

Meroro cTaTTi € BU3HAYEHHsS] HAYKOBHX OCHOB BHKOpHcTaHHS 0a3oBoi mogneni nannx NATO CALS s moGynoBu 0a3 1aHUX 3pa3KiB BUCO-
KOTEXHOJIOTTYHOI MAaIIMHOOY/JiBHOT IPOYKIIii, 30KpeMa 3pa3KiB 030pO€HHS Ta BiHCHKOBOI TexHikH. [locTaBiieHa MeTa TOCATA€ThCS MUIIXOM
CMIBCTaBICHHS PeKOMEHIaLii 3 KepiBHIX 10KyMeHTiB NATO Ta ykpaiHChKHX MOXJIHMBOCTEH MOOYAOBH iHOOPMALIHHUX CHCTEM ITiAIPHEM-
CTBaMU MaIIMHOOYAIBHOI raiy3i Ta eKcIuTyaTaHTaMH iX mpomykimii. ITokazaHo, IO OCHOBHI TEOPETHYHI MiAXOOH IS MOOYHOBU MOIENeH
JTaHUX 3pa3KiB BUCOKOTEXHOJIOTIYHOI MamIMHOOYiBHOT TpOyKIii, HaBesieHi B kepiBHUX gokyMeHTaXx NATO 3 CALS-texHoIIOTH Ta cucTeM,
€ aktyansHuMH. OfHAK TOTPiOHI GBI CyYacHi Ta ZOCTYIHI IHCTPYMEHTH Ui MOOYIOBU MOJENeH JaHUX Ta MOJENe 0a3 JaHuX, MPUIOMY
NPUHINAINN CEMAHTUYHOI PO3OUBKH MPOAYKTY Ta BUALICHHS CyTHOCTEH, 3B’S3KiB Ta aTpHOYTiB MOXKYTh OYTH B3STi i3 KEpiBHUX JOKYMEHTIB
NATO npaxtuyno 6e3 JOIOBHEHb. Y SKOCTI HEPCIEKTHB ITOJABIINX JOCIIPKEHb IPOIOHYETHCS IPOBECTH NOPIBHUILHIN aHAII3 HOTALiH,
MOB MOJCJIIOBAHHS Ta MPOrPaMHUX HPOIYKTIB, Ki iX peai3yloTh M MOJEIIOBAHHS JaHMX BUCOKOTEXHOJIONIYHOI MAIIMHOOYAIBHOI PO-
JTYKITT.

Karouosi cioBa: CALS-konnenuisi, mogeas nanux NATO CALS, 6a3a nannx, ER-niarpama, moBa moaenoBanns, PostgreSQL,
CeMaHTH4YHA PO30MBKa.

AmnoTtanus. Heo0XoquMOCTh pa3BUTHS BEICOKOTEXHOJIOTHYHOTO MAIIMHOCTPOCHUS B YKpauHe TpeOyeT BBeJeHHsI HH(POPMAIMOHHBIX TEXHO-
JIOTHH Ha BCEX dTalax JKU3HEHHBIX [UKJIOB MalIHHOCTPOHTENEHOM NpoayKIuH. D10 TpedyeT BHeapeHus koHnenuuu Continuous Acquisition
and Life-cycle Support (CALS), 1aBHO UCHOIb3yeMOii B TEXHOJIOTHYECKH Pa3BUTHIX CTPAHAX JUIsl BhILIEYKa3aHHBIX Leseid. COop u 06pabot-
Ka JJaHHBIX, TeHEPUPYIOMHX 00pa3ell BEICOKOTEXHOJIOTUIHOH MaIIHHOCTPOUTEIBHOMN NMPOAYKIMH, OyeT MOJIC3HBIM ISl yMEHBIICHUS 3aTpaT
IIPY DKCILTyaTalluH, YBEIMIEHUS CPOKA CIIY>KOBI, IIOBBIIIEHHSI CKOPOCTH OPTaHU3ALMU PEMOHTHEIX pa0boT, ONTHUMH3AIMH 110 Pa3HBIM KpHTe-
pHsIM MOZIEpHH3aIMU 00pasiia BHICOKOTEXHOJIOTHYHOH MAIIMHOCTPOUTENBHOI HPOTYKI[HH, CHOCOOCTBOBATh Pa3pabOTKe HOBBIX aHAJIOIHY-
HBIX 00pa3Il0B MAITMHOCTPOUTENBHBIX U3/ISIHI U T.]1.

Ienbio cTaThy SBISIETCS ONpEJeIeHNe HayIHBIX OCHOB HCIIONb30BaHuUs 0a3oBoi Monenyn naHHbIX NATO CALS s noctpoenus 6a3 maH-
HBIX 00pa3I[0B BHICOKOTEXHOJIOTHYHOH MAIIMHOCTPOUTENBHOM MPOAYKINH, B TOM YHCIe 00pa3ioB BOOPYKEHUs. H BOCHHOH TexHUKH. [lo-
CTaBJICHHAs LIeJIb JOCTHTAeTCs ITyTeM COITOCTABIICHUS PEKOMEH Al 110 pyKoBosimmM qokyMeHTaM HATO u ykpanHCKAM BO3MOXKHOCTSIM
TIOCTPOEHHMST HH(POPMALMOHHBIX CHCTEM HNPEANPUSATHSIMHI MAIIHHOCTPOUTEILHON OTPACH M 9KCIUTyaTaHTaMH HX npoxykiuu. ITokaszano, 4To
OCHOBHBIC TEOPETHYECKHE MOAXO/BI K IOCTPOCHHUIO MOZEIEH JaHHBIX 00pa3l{0B BHICOKOTEXHOIOTHYHOI MAIIMHOCTPOUTEILHON MPOIYKIIHH,
npuBeneHHbIe B pykoBomsamux gokyMeHTax NATO mo CALS-TeXHONOTHSIM M CHCTEMaM, SIBISTIOTCS aKTyalbHBIMH. OIHAKO HEOOXOIMMBI
Oornee coBpeMEHHBIE M JOCTYITHbIE HHCTPYMEHTHI [UIS IIOCTPOEHHST MOJIeNell TaHHBIX U Mojeneil 6a3 JaHHBIX, IPHIeM NPUHIUIEI CEMaHTH-
YeCKOW pa3OMBKU MPOAYKTA U BBIACICHUE CYLTHOCTEH, CBsI3ed U aTpuOyTOB MOTYT OBITh B3SThI U3 pyKOBOAAIIMX JoKyMeHTOB HATO mpak-
THYeCKH 0e3 NOIOIHEeHNH. B xadecTBe mepcrekTHB NalbHEHIINX MCCIeIOBaHMI IIpeuIaraeTcsl IPOBECTH CPaBHUTENBHBII aHAIH3 HOTAIHH,
SI3BIKOB MOJIETIUPOBAHUSI M HPOTPAMMHBIX TIPOJIYKTOB, PEATH3YEMBIX Il MOJCTUPOBAHUS JAHHBIX BEICOKOTEXHOJIOTMYHONH MaIIHHOCTPOU-
TENbHOW MPOAYKIMH.

KutoueBbie cioBa: CALS-koHuenuusi, moaeib aaHHbix NATO CALS, 6a3a nannbix, ER-quarpamma, si3bik MojeupoBaHus,
PostgreSQL, cemanTuueckas pa3ouBKa.

Abstract. The need for the development of high-tech engineering in Ukraine requires the introduction of information technology at all stages
of the life cycle of engineering products. This requires the implementation of the concept of Continuous Acquisition and Life-cycle Support
(CALS), which has long been used in technologically advanced countries for the above purposes. Collection and processing of data generat-
ed by a sample of high-tech engineering products will be useful to reduce operating costs, increase service life, increase the speed of repair
work, optimize according to various criteria of modernization of high-tech engineering products, promote the development of new similar
samples of engineering products.

The aim of the article is to determine the scientific basis for using the basic NATO CALS data model to build databases of samples of high-
tech engineering products, including samples of weapons and military equipment. This goal is achieved by comparing the recommendations
of NATO guidelines and Ukrainian opportunities to build information systems by machine-building enterprises and operators of their prod-
ucts. It is shown that the main theoretical approaches for building models of these samples of high-tech engineering products, given in the
NATO guidelines on CALS-technologies and systems, are relevant. However, more modern and accessible tools are needed to build data
models and database models, and the principles of semantic product breakdown and identification of entities, links and attributes can be
taken from NATO guidelines almost without additions. As prospects for further research, it is proposed to conduct a comparative analysis of
notations, modeling languages and software products that implement them for modeling data of high-tech engineering products.

Keywords: CALS-concept, NATO CALS data model, database, ER-diagram, modeling language, PostgreSQL, semantic breakdown.
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Beryn
3 IHTEHCHUBHUM PO3BHTKOM TEXHOJIOTiIH BENMKHX JAHWX Ta MAlIMHHOTO HABYAHHS JaHi CTaIM HE MEHII

[[IHHAM aKTHBOM, HIXK MaTepiasbHi pecypcu. 3pa3Kku BUCOKOTEXHOJIOTIYHOI MaTHHOOY1iBHOT POAYKIIii, 30Kpe-
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Ma 030pO€HHs Ta BIHCHKOBOI TEXHIKH, T'€HEPYIOTh BEJIMKY KIJIBKICTh JAaHUX Ha YCIX eTamax CBOIX MKHTTEBUX
KB, 30ip Ta 00poOKa IUX AaHMX OyJae KOPHUCHOIO JUIs 3MEHIICHHS BUTpPAT NPH eKCIUTyaTarlii, 301bIIeHHs
CTPOKY CIyOH, IiABUINCHHS IIBUAKOCTI OpraHi3allii peMOHTHHUX pOOIT, ONITUMI3yBaTH 32 Pi3HUMHU KPUTEPisIMH
MOJIEpHI3aIlil0 3pa3ka BHUCOKOTEXHOJOTIYHOI MAamMHOOYIIBHOI MPOAYKIii, CHPUATH po3poOIli HOBHUX aHa-
JIOTIYHUX 3pa3KiB MamMHOOYNiBHUX BUPOOIB Tomo. Jist 3aificHeHHs 300py, 30epiraHas Ta 0OpoOOKHM JaHWX BU-
COKOTEXHOJIOT19HOI MAaITMHOOYIiBHOI MPOAYKIIii Ayke KopucHIMH € imei kormemnii Continuous Acquisition and
Life-cycle Support (CALS). CALS-konremntiist 3apoaunacst B CIIIA B cepenuni 80-x pokiB XX cT. Ta 3apa3s ax-
THBHO BHKOPHCTOBYETHCS 3aXiTHUMH PO3POOHMKAMH, BUPOOHUKAMH Ta €KCIUIyaTaHTAMH BHCOKOTEXHOJIOTTYHOT
MamrHoOyAiBHOT mpoaykuii. Ha xaib, B kpaiHax banTiiicbko-40pHOMOPCHEKOTO perioHy, 30KkpeMa B YKpaiHi, 10
1i€1 KOHIICMIT TITbKY TTOYHHAE 3'SIBJISATUCS IHTEPEC.

AHaJi3 ocTaHHIX JOCSATHeHb Ta My0Jaikaliii B HAPSAMKY J0CTiIzkeHb

Jlo HenaBHBOTO yYacy HaykoBa ITyOmikariiiHa axtuBHIicTH B HampssmMky CALS-konuenuii B Yxpaini 00-
MeXyBanacsi orjsioBuMu crartsimu [1-3 ta iH.]. Jlume ocTtaHHi ABa-Tpu poku B YKpaiHi 3'SBISIOTBCS J0-
CJIIJPKEHHS] HayKOBUX OCHOB BrpoBakeHHs: CALS-TexHO0TiH Ta cHCTeM y BHCOKOTEXHOJIOTIYHE MalIMHOOY-
JlyBaHHsI Y KpaiHu.

Tak, y crarTi [4] BUB4arOThCS MUTAaHHS OpraHizalii cucTeM BOYJOBaHOTO KOHTPOJIO 3pa3KiB 030pO€HHSA i
BIICHKOBOI TeXHIKHU. [neHTH(iKOBaHI OCHOBHI MPUYHHH, IO 3aBaXKAOTh 3acTocyBaHHIO CALS cucteM Ta TexXHo-
JOTIH 0 KOMIUIEKCIB i cucteM 030poeHHs BupoOHHMITBa Yacie CPCP. Ommcani OCHOBHI HAIPSIMKH PO3BUTKY
CHCTEM TEXHIYHOI AiarHOCTHKW. Bu3HaueHi HaWOIMBII JOIIIEHI METOMU MIarHOCTUYHOTO KOHTPOIII0 aBTOMATH-
30BaHUM 200 aBTOMaTHYHUM criocoboM. [lizkpecmoeThes, mo nepenada iHGopMarlii mpo TEXHIYHUI CTaH 3pas3-
KiB 030pO€HHS Ta BIMCHKOBOI TEXHIKH, IO (IKCYEThCS aBTOMAaTHYHO 3ac00aMM JIarHOCTUYHOI'O KOHTPOJIIO, €
TUM 3BOPOTHIM 3B’SI3KOM, IO ITOB’sI3y€ BIHCHKOBI YaCTUHHU 3 pO3pOOHMKAaMH Ta BUpoOHHKamu. [loka3aHa BBax-
JUBICTh cTaHaapTta [S] mist npaktudHoro 3actocyBanHs CALS cucteM Ta TEXHOJIOTIH 0 CYINPOBOKCHHS KHT-
TEBHX IIUKJIIB 3pa3KiB 030pPOEHHS Ta BICHKOBOI TeXHIKM. ABTOPH CTaTTi [4] 3poOuIIM BUCHOBOK, 1110 PO3po0Ka Ta
HIMPOKE 3aCTOCYBaHHS CHCTEM aBTOMAaTH30BAHOTO KOHTPOJIIO Ta JIarHOCTHUKH 3pa3KiB 030pOEHHS Ta BiHCHKOBOI
TEXHIKH I03BOJHUTH HAOIHM3UTH IPOIECH TEXHIYHOTO 3a0e3MedeHHs 10 CTaHAAPTIB, MPUHHATHUX Yy MPOBLTHUX
KpaiHax — WICHaX CUCTEM KOJEKTHBHOI Oe3neku. [TokasaHa Ba>kIMBICTh CTBOPEHHS 0a3 TaHMX 3pa3KiB 030poeH-
HS Ta BiHCHKOBOT TEXHIKH.

HesBakaroun Ha BHCOKE HAyKOBO-TIPAKTUYHE 3HAYCHHS poOOTH, [4] BOHA Opi€HTOBaHA Ha paioNOKaliiHi
CTaHI{ Ta 3eHITHO-paKeTHI KOMIUIEKCH. [IponoHyoThCS METOIM AiarHOCTUKH Ta 300py AaHUX Ul pajioenek-
TPOHHOTO Ta PaliOTEXHIYHOTO OOJIaAHAHHSI, B TOH K€ Yac MATAHHS MiarHOCTUKHA MEXaHiYHHX, TiIPaBIiYHAX Ta
MTHEBMATUYHUX BY3JIB Ta arperariB 3aJUIIAI0THCS BIAKPUTUMH. [1iIKpECIIOEThCS JOLUIBHICTh CTBOPEHHS 0a3n
JIAaHUX 3pa3ka 030pOEHHS Ta BIHCHKOBOI TEXHIKH, OZJHAK KOHKPETHI NPUHILMUIIA CTBOPEHHS Takol 0a3u JaHUX He
3a3HayeHi.

Crarts [6] BUBUA€E MiAXOAM 10 pO3poOKH iHTerpoBaHoi 6a3u JaHuX 3pa3ka 030poenns (Integrated Weapon
System Data Base (IWSDB)). Iloka3ano, mo HaiiBaxiusimoro ¢yskuieto IWSDB e cTBopeHHs: Habopy enek-
TPOHHHUX TEXHIUYHHX NOKyMeHTiB (electronic technical documentation (ETD)), Bkitouaroun iHTErpaTHBHY JIOKY-
MEHTAIIiI0 3 poOOTH 1 00cimyroByBaHHs (interactive operational and maintenance documentation (IOMD)). IToxka-
3aHO, M0 Halip Takoi MOKYMeHTalii 3a3Bu4ail Mae GopMy KOTEpPEeHTHOI CYKYIMHOCTI €IeKTPOHHHX ITyOJiKariit
po3TamoBaHuii B €quHIN 0a3i manux. Ctpykrypa Habopy IOMD BcranoBmroeTses cnenudikariero ASD S1000D
(International Specification For Technical Publications Utilizing A Common Source Database). HaBoautscst
cxeMma Jutst podi i mictst [IOMD B sKUTTEBOMY IHKITI IPOIYKTY.

PoboTa [6] Oe3ymMOBHO Mae (hyHIAMEHTAJIbHUI Ta IHHOBAI[IHUN XapakTep /Uii YKpaiHu Ta BIUIOMY IS
banriiicbko-4opHOMOpPCEKOTO perioHy. OHaK, MOXKJIMBO, KOHLIEMIis iHTerpoBaHoi 0a3u TaHKUX 3pa3ka 030pO€H-
us (Integrated Weapon System Data Base (IWSDB), 3anpomnoHoBana B ctarti [6], He Oy/e MMOBHOI MipOrO
BiAnoBigatn Buknukam [naycrpii 4.0 depe3 BiCYTHICTh MOJYINIB JUIsl IHTEPAKTUBHOI B3a€MOJIl i3 JaTUMKaMH
3pa3ka MamKWHOOYIiBHOI MPOAYKILi. ABTOpH [6] HE PO3TIAHYIH MOHATTS MOJAETI TaHUX, a BOHA 3HAYHOIO MipOIOo
BH3HAUae cxeMy 0a3u AaHux [7-9 Ta in.].

B po6otax [10-13 Ta iH.] po3riIsimaroThCcs MUTAHHS IOB'sI3aHi 13 BIPOBaKCHHAM Mozeni qanux NATO
CALS B 000OpOHHO-TIIPOMHCIIOBOMY KOMIUIEKCI 1 CHJIOBHX CTpPYKTypax YkpaiHm Tta kpain banriiicbko-
YOPHOMOpPCHKOTO perioHy. B crarrsax [10-13 Ta iH.] mokasaHo, [0 OJHWM i3 HaWBaKJIMBIIIMX IHCTPYMEHTIB
CALS-konuerniii MeHemkMenty nanux € momenb gannx HATO CALS (NATO CALS Data Model). TIpo-
anamizoBana monenb qaHux HATO CALS Ha npeaMer 11 BOPOBaKCHHS B MCHE/DKMEHT JAHUX BUCOKOTEXHO-
JIOTIYHOr0 MAaIIMHOOYyBaHHS YKpaiHM Ta iHIIUX KpaiH banTificbKo-40pHOMOpPCHKOTO perioHy. Mozenb 1aHux
HATO CALS ananizyBanacs 3a NATO CALS Handbook sik ocHoBHUM kepyrounM qokymerToM HATO i3 Bipo-
BapkeHHss CALS-koHIenIii, a TakoX IHITUMHU JTOTMOMIXHUMH JpKepelaMu. BcTaHOBIIEHO, IO MepeBaru 3a-
crocyBanHs Mozeni maamx HATO CALS y MeHeDKMEHTI JaHWX BHCOKOTEXHOJOTIYHOTO MAIIMHOOYIyBaHHS
JaayTh 3MOry YKpaiHi Ta iHIIMM KpaiHaM banTiiicbKo-40pHOMOPCHKOTO PErioHy 3HAYHO MiBHUIINTH KOHKYPEH-
TO3JaTHICTh BKa3aHOI raitysi.

37



ISSN 1999-9941, “IHOOPMALIIIHI TEXHOJIOI'Li TA KOMIT'YOTEPHA IHXEHEPIS”, 2021, Ne 3

B [10-13 Ta iH.] moka3aHo, IO MEPENOHU Ha NUIAXy BrpoBakeHHsS CALS-koHuemnii B YkpaiHi 30kpema
mozeni janux HATO CALS, 3BonsTbCs 10 TBOX OCHOBHUX NPUYUH — PO3YMIHHS BHIIIM MEHEIKMEHTOM Ma-
MMHOOYIIBHUX MiINPUEMCTB HEOOXITHOCTI BIPOBAHKEHHS 1HOOPMAIITHAX TEXHOJIOTIH Ta MPaKTHYHOI BiACYT-
HOCTi B YKpaiHi kanpoBoro 3abe3neueHss y cgepi CALS texnomoriit Ta cucrem. Li mpobiemMu MOXKyTh BUPIITY-
BaTHCS 32 pPaXyHOK 30iNbIICHHS MyONiKamiiHOI aKTUBHOCTI B HAmIpsAMi JOCIiIKEHb ISl IiIBUIIEHHS iHTEepecy
HAYKOBOTO CITIBTOBAapPHCTBA, MCHEDKMEHTY MIiANPHEMCTB Ta IMHPOKOi CIIIHHOTH B YKpaiHi Ta IHIIUX KpaiHax
Banriiiceko-yopHOMOpCHKOTO periony no CALS-koHmermii.

Onnak Garato mutaHs Bukopuctanus mozeni gaaux NATO CALS (NATO CALS Data Model (NCDM))
npu 1noOyaoBi 0a3 JaHWX BHCOKOTEXHOJIOTIYHMX MAIIMHOOYIIBHUX BHPOOIB 3aJIMIIAIOTHCS BIAKPUTUMH. TUM
6inbe, mo moxens gaHux NATO CALS ne He onuH, a rpyna HiIXxoAiB 10 BiIoOpakeHHsS CEMaHTHKU AaHUX Ta
noOynoBU miarpaM “‘cyTHicTh-3B’s130K” (ER-miarpam) mns mopanmeinoi moOyaoBH 0a3 JaHUX BHUCOKOTEXHO-
JIOTTYHUX MalIMHOOYAIBHUX BHPOOIB, 30KpeMa 3pa3KiB 030pOEHHS Ta BIHCHKOBOI TEXHIKH.

3amadero T0CaiIKeHHA

Po3pobka HayKOBO-IIPaKTUYHUX OCHOB BIpoBajkeHHs 6a30Boi Moneni NATO CALS ans nmoOynosu 6a3
JTAaHUX BHCOKOTEXHOJIOTIYHOI MaImMHOOYIiBHOI MIPOAYKIIil, 30KpeMa 3pa3KiB 030pO€HHS Ta BIHCHKOBOI TEXHIKH.

AHaJii3 Ta y3arajbHeHHs 10cBiny Bukopucranns 6a3oBoi moaenai NATO CALS nis no0ynoBu 6a3 gaHux
BHCOKOTEXHOJIOTiYHOI MaIIMHOOYAIiBHOT NpoayKIii

[epm 3a Bce Bim3HaumMoO, mo mMoxaenb naHux NATO CALS e He 9iTKOIO TOTMOIO, a Ay>Ke THYIKHM 3aCO-
0OM ceMaHTHYHOI PO30WBKHU IAaHHX, IO T€HEPYIOTH 3pa3KM BHCOKOTEXHOJIOTIYHHX MAIIMHOOYAIBHUX BHpPOOiB
MPOTSTOM CBOIX JKHUTTEBUX IMKIIB. B mepmry wepry mpoanamizyemo iHpopMamio mpo 0a30By MOAETh NaHUX
NATO CALS (CoreModel) naBeneny B ocHoBHOMY Kepytouomy nokymeHTi NATO i3 CALS texHosoriii Ta cu-
creM [7]. Ti cyTHicTh monsrae B HACTYIMHOMY:

- igeHTHdIKaLIsl TPOIYKTY;

- CTPYKTYpa NPOJYKTY (SIK IPOJYKTH BUKOPHCTOBYIOTBCS IJIsl CTBOPEHHS 1HIIHMX IPOAYKTIB);

- BU3HAYCHHS MPOIYKTiB, BKIIIOYAIOUYH (QYHKIIOHATBHI Ta 1HII XapaKTePUCTUKH.

HaiiBa)xIBINIOr0 CYTHICTIO IPH MOJEIIOBaHHI JaHUX BUCOKOTEXHOJIOTIYHUX MAITUHOOYIIBHUX BUPOOIB €
«rponykty». CaMe 3a II€I0 CYTHICTIO BinOyBaeThCsl (yHKIIOHATbHA PO30MBKa. SK i 6araTo iHIINX MPHUHITUIIB,
CALS-konmemnis 3anmo3nymia MOHATTS «poxykT» i3 cranmaptiB STEP (STandard for Exchange of Product
model data) [14 Ta iH.], K¢ TPOMYKT BU3HAYAETHCA K «pid a0 PeUOBHHA, OTPUMAHA MPUPOTHUM HUITXOM abo
IIJISIXOM BUPOOHHITBa». TakuM YMHOM TEPMIH «IPOIYKT» TyT Ma€ AyKE 3arajbHe 3HAUCHHS, BiJ Ay)Ke€ CKIal-
HUX BUPOOIB, 10 3Bu4aiiHOi raifiku. NCDM cruinye ¢popmi STEP i BukopuctoBye STEP-minxin 1o BH3HaYeHHS
CTPYKTYpH mpoaykry. [1ig cTpyKTyporo MpoAyKTy pO3yMItOTh CHOCIO, SIKUM OJIMH TPOIYKT 30MPAETHCS 3 1HIINX
npoaykriB. [Totim Oyna jogaHa MOKIIMBICT BU3HAYATH 1HIII XapaKTEPUCTUKHU MPOAYKTY, TakKi sSIK (GYHKIIOHAIb-
Ha abo 30HajbHA po30uBKa. LI 10AaTKOBI XapakTEepUCTUKH Hallalli BAKOPUCTOBYIOTBCS JUIS HPUKPIIUICHHS 110-
B'si3aHoi iH(popmariii. Buxoasuun 3 STEP, NCDM ciinye iaei mpo Te, 0 CYTHICTh MPOAYKTY MPEICTABIISLE OC-
HOBHA KOHIIEIIsl MPOAYKTY, TOOTO #Oro iA€HTHYHICTh, a He iHdopmauito, mos's3aHi i3 nmpoaykroMm. Taka
iHpopMallis BKIItoUae ieHTHdiKkalio, Oyap-sKki Bepcii, a Takoxk OyIb-siKy iHIIY iH(pOpMaIio, sKa BU3HAYAE Xa-
PaKTEepUCTHKH MPOAYyKTy. Lle mae BianpaBHy TOUKY JUIS MOJEIOBAHHS, SIK [TI0Ka3aHO Ha puc. 1.

of _product of _version

product O— product_version O___ product_definition

Pucynoxk 1 — Cytnocri nponykry [7]

Lle no3Bossie MaTH AeKibKa Bepciii 0JHOro MpoXayKTy i Oararo BH3HaueHb IHOro NpoAykTy. CyTHICTB
product definition posrisiiaerbes sk HaOlp JaHMX, SIKI BU3HAYalOTh BUKOPHCTAHHS MPOAYKTY JUIS JIaHOT METH.
Ile mae MOXXJIMBICTH MAaTH KiJIbKa Pi3HUX BU3HAYEHB NMPOIYKTIB JJIS Pi3HUX JoricTHuHUX 1ineid. NCDM He Bu-
Marae HasBHOCTI OJHOTO MigXOXy IOBEPX IHIIOTO i HE BHMAara€ CTBOPEHHSA OJHi€i (opMu paHimie iHIIOI.
PosrnsiHeMo sk peanizyroThes I1i IPUHIKIN POo30UBKH 3rinHO i3 [7].

[epm 3a Bce pO3MIITHEMO CTPYKTYPY NPOAYKTY JUISI TPOEKTyBaHHS 1 BUpoOHUNTBA. J[X)epeno [7] B3su10 mio
YaCTHHY MOJENi 3 HEBEIUKOI KUTbKiCTIO 3MiH 3 iHTerpoBanux pecypciB STEP (ISO 10303, wactunm 41 i 44).
OcHOBHa YacTHHA MOJEJNi BU3HAYa€ MEPEXy B3a€EMOIOB'I3aHUX BU3HAUYEHBb MPOAYKTY, /1€ BU3HAUYEHHS 30ipKU
TIOB'S13aHO 3 BU3HAUCHHSIMH YaCTHH MPOAYKTY, BUKOPHCTOBYBAHUX B 301pIIi.
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Ha TIPaKTHIL 30ipka, SIK MPaBUIIO, 00po0IsETHCS 3a JOTIOMOT' 010 CYTHOCTI
next_assembly usage_occurrence. Ile dikcye Toit ¢axr, mo omHa yactuna (abo, Tounirre, product_definition
JUTSL ZIETalll) BHKOPUCTOBYETHCS SIK KOMITOHEHT y 36ipiii (a Touwirme structured_product_definition (SPD) 36ipkn).
I'padiuno e mpencrasneHo Ha puc. 2. [Ipumuomy next assembly usage occurrence (NAUO) e acomiaTuBHOIO
CYTHICTIO, TOOTO 3'€qHYE €K3eMIUIIPH CYTHOCTEH PI3HUX THIIIB, a TAKOX MICTHTH aTpuOyTH, XapaKTepHi I
3B'SI3KY MK IIIMHU CYTHOCTSIMH.

SPD
Fy
NAUO NAUO NAUO
SPD SPD SPD
NAUO NAUO NAUOQ NAUO NATIO NAUOQ NAUO
¥ ¥ ! ! v \
SPD SPD SPD SPD SPD SPD SPD

/el BN /]

L1l II\I
|‘||'||L||J'| ﬁl‘i‘ll‘i‘l

Pucynok 2 — Ipukiag cTpyKTypu NPOAYKTY

ATpubyt name o6'ekra next_assembly_usage occurrence moBHHEH BHKOPHUCTOBYBATHCS Ui 30epiraHHs
ineHTH(iKaTOpa KOHKPETHOIO MICIIs, JIeé BUKOPHCTOBYETHCS KOMIIOHEHT. Lle BiNINOBiZae BUKOPHCTaHHIO JBOX
pisaux Logistic Support Analysis (LSA) Control Number (LCN) amst po60TH, HampuKIam, 3 JIBAM i IpaBUM
PO3MIIIIEHHSIM Hacoca, JBiYl BAKOPUCTOBYBAHOTO B OJJHOMY 1 TOMY K IBUTYHI. L{s curyaris nokasana Ha puc. 2,
ne nBa 00'ektu next_assembly usage occurrence BKa3ylOTh Ha OJHY 1 TY 3K CKJIaJIOBY YaCTUHY.

Takox 3rifiHO i3 [7] po3risiHeMO CTPYKTYPY MPOAYKTY JUIS JIOTICTHYHOI PO3OMBKH i MOAANBINOI MOOYIOBH
MoJeNi JaHWX. YCi BOHH B BH3HAYAIOTH i€papxiro po30MBKH Ta po3rismarotbes B NCDM sk piBHOIpaBHI.
BinmpaBHOIO TOUKO¥O pO30MBKH € CyTHiCTH breakdown (cBOTO poxy BH3HAUCHHS MPOAYKTY), sSKa iAEHTH]IKYE
KOHKPETHY PO30HMBKY 3a IM'AM Ta OMHCOM (BOHH € y BCiX BH3HAYEHHSIX MPOAYKTY) i BKazye THUI PO30OHMBKH
(mampuknan, «dysKIioHANEHUI»). Y NCDM normyckaeTscsl psa CTAaHAAPTHHUX THUIIB 1 MOXYTh OyTH BKa3aHi
nmomatkoBi tumu. CyTtHicTh breakdown Takok BKa3zye Ha IOYATKOBI €IEMEHTH PO3OMBKHU. 3a3Bmyail s
PO30MBKHU 3 OJHUM KOpeHeM OyIe JHIIe OAWH MTOYaTKOBHHU eneMeHT. [licis mporo MomaTKOBi piBHI PO3OHBKH
3a[1al0ThCs 3a J0MOMOror cyTHoctel element relationship. ITpusimn Takol po30MBKY BUKOHAHOT MOBOIO MO/IC-
moBauHs EXPRESS-G mokasano Ha puc. 3 [7].

Cyraicts breakdown  mae atpubyt min Hazsoo «formy, skuit BAKOPUCTOBYETHCS TSl BU3HAYECHHS (HOPMH
JIOTiKH, sIKa 3aCTOCOBYETHCS ITPH CTBOPEHHI CEMaHTHUYHOI po30mMBKU. JIJIs IbOTO TMepeadadeHo Kijdbka CTaHIapT-
HUX TIIXOMiB, @ TaKOX MOXKJIHMBICTh BU3HAYATH «HECTAHAAPTHI» Gopmu po3dmBku. lo cTanmaptHux (Gopm
BITHOCSATHCA HACTYIIHI: KaTalo)kHa, (yHKIIOHaNbHA, TiOpmaHa, ¢i3WdHa, CHCTEMHa i 30HambHA. [lpuHINI
PO30OMBKM BKa3ye Ha KpHUTepii, IKi BUKOPHUCTOBYIOTHCS 1H)KEHEPOM 3 JIOTICTHKH IPH BH3HAYEHHI €JIEMEHTIB B
CTPYKTYpi Mojeni nanux. ['iOpuana ¢opma nepenbayae koMOiHOBaHY (i3HUHO-(YHKIIOHATIBHY PO30OMBKY 1 He
MOBHHHA BUKOPHCTOBYBATHCS IS 1HITHX KOMOIHAIIIH.

VY KoXHOTO enemMeHTa B po30uBLi € ineHtudikarop. Lle nosunis 8 NCDM, sKy MOXHa BUKOPHCTOBYBATH
st yrpuMmanas LCN. IcHye okpema cyTthicTh element definition, Ha siKy mocunaetscst cyTHicTh element . Lle
JIO3BOJISIE BUKOPHCTOBYBATH 3arajibHe BU3HAa4YeHHS (0e3 IyOroBaHHS) UL TBOX €JIEMEHTIB B Pi3HUX CEMaHTHYe-
CKUX po30mBKax. TakuM 4WHOM, 3aranbHUM HaOip BU3HAUEHB €IEMEHTIB MOXe OYyTH HOCIHIJOBHO 3aCTOCOBAHMUI
JI0 KUTBKOX pO30MBOK B paMKax OJiHi€T a00 AeKIIbKOX crcTeM. Lle BiAmoBiac BUKOPUCTAHHIO CTAHJAPTU30BAHUX
JIOTICTUYHHX TEPMiHiB KOHKPETHOIO OpTraHi3ali€lo.
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Pucynok 3 — EXPRESS-G of Breakdown [7]

HasiBHICTh y KOXXHOTO BHU3HAYECHHS eJeMeHTa HeoOOB'si3k0BOro arpudyty «formy HeoOximHO mpu BH3HA-
YeHHI riOpuAHUX pO30MBOK 1 TO3BOJISIE BU3HAYMTH MIPUPOAY JAHOTO elieMeHTa B po30uBLi ((PyHKIiOHATEHUN 200
¢iznunmii). CTaHaapTHI 3HAYESHHS 1S IMX aTpUOYTIB HACTYIIHI:

- (i3WYHMIA: eNeMEHT MpeAcTaBisie piBeHb y (i3uyHid po30uBLiI ab0 (i3WyHy YacTHHY B TiOpHIHOT
pO30uBII;

- (YHKIIOHATBFHAN: €IEMEHT MPENICTABISE PiBeHb Y (PYHKIIIOHANBHIN po30uBIi a00 QyHKIIO B TiOpHUIHOT
pOo30uBIL;

- 30HAJIBHUIA: €JIEMEHT NPECTABIISIE 30HY B 30HAJIBEHOT PO30UBLLI;

- KaTaJIOXKHUIA: eJIEMEHT NPeJICTaBIIsI€ piBeHb B pO3OMBII KaTaJIOr'y;

- CHCTEMHUIA: €JIEMEHT NPECTaBIsi€ piBeHb B PO3OMBII CHCTEMH;

- TPYIIOBHIL: €IEMEHT BU3HAYAETHLCS SIK element_group [7].

€ 11Ba KOHKPETHUX MiATHIY CyTHOCTI element , a came:

- element _group BHKOPHUCTOBYETHCS Ui BU3HAYCHHS €JICMEHTA B PO30OHBIN, SIKHUM € TOYKOI 30ipKH ISt
IHIIKUX eleMeHTIiB. I]e BUKOPHCTOBYEThCS, 100 BiIOOPa3UTH JIOTIYHY CTPYKTYPY PHUCYHKIB Ta KPECJCHb B KaTa-
Jorax JeTalei, Jie KpecaeHHs] BUKOPUCTOBYETHCS /ISl BU3HAYCHHS IPYITU JieTaleil.

- LSA element - micTuTh 101aTKOBY iH(OPMAIIIO PO T€, Y MOBUHEH €JIEMEHT PO3TIISAAATHCS K KaHIM-
JIaT JUTS aHaJi3y JOTiCTUYHOI MiATPIUMKH.

3B'SI3KK MiXk elleMeHTaMH (PiKCYIOTBCS 3a JOMMOMOTOI0 CyTHOCTI element relationship. Ile Takox BipHO st
3B’SI3KIB MK PIBHSAMH BIICTYITy B TpaaumiiHiii cxemi Hymeparnii LCN. Tak B [7] HaBeZeHO HACTYITHUH IPUKIIA]]
st Hymepartii LCN :

Tabmuus 1- [puknan ans aymepariii LCN

id Ha3sBa

28 [TanuBHaA cucrema
2801 Cucrtema 30epiraHHs najiusa
2802 Cucrema HargiTaHHS [ajJuBa

Mix enemeHTOM 3 ineHTHdiKaTopoM 28 i enemeHTOM 3 ineHTUdiKaropoMm 2801 Oyze SBHUN B3a€EMO3B'SI30K
€JIEMEHTIB (3BEPHITH yBary, 10 TAKOX € JOIMYCTUMHM BKa3yBaTH iIeHTU(IKATOp eleMEeHTa CUCTEMH 30epiraHHs
nanuBa 01. To#t dakr, mo cucrema 30epiraHHs HajdvBa € YaCTHHOIO MalMBHOI CHUCTEMHM, (IKCYeThCS SBHUM
B32€EMO3B'SI3KOM, 1 TOMy OiNIbIlle HEMae HEOOXiJHOCTI MOBTOPIOBATH «28» B iIeHTH(IKATOP €IeMEeHTa CUCTEMH
30epiraHHs najmsa.).
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Y NCDM Bu3HaueHO KiJlbKa TUIIB BITHOCHH MiX eneMeHTaMu element relationship. Bonu HeoOXxinHi s
BU3HAYCHHS Pi3HUX THIIIB 3B'SI3KIB, BCTAHOBJICHUX U1l PO30MBOK, BUKOPHCTOBYBAaHUX B AaHHH 4ac JJIsl JIOTICTH-
ku1, B MIL-STD-1388 LSAR a60 B po30uBKax, BCTAHOBJIECHUX JJIS KATAJIOTIB 1 MOCIOHUKIB.

J103BOJIEH] HACTYIIHI THITH BiTHOCHH MiX €JIEMEHTaMH:

- alternate _element_relationship: aBa exeMeHTH Ha OZHOMY PiBHI pO30MBKH YEPTYIOTHCS OJWH 3 OIHUM;

- element_equivalence_relationship: nBa enemMeHTH eKBiBaJEHTHI OJUH OTHOMY;

- sub_element_relationship: oxun enemenT € migenementom inmmoro. (L{e THII, IKHif BAKOPUCTOBYETHCS IS
BiOOpa’keHHS HOBOTO PiBHA BiACTyMy B cTpykTypi LCN.);

* element conversion factor: BUKOPUCTOBYETBHCS ISl BU3HAUSHHS TOTO, SIK Y3araJbHIOIOTHCS 3HAUCHHS,
TMIOB's13aH1 3 JIEMEHTOM (HAIPUKIIa] KOJIM BU3HAYAETHCS PiYHE BUKOPUCTAHHS);

* element_group membership: BUKOPHCTOBYETHCS, 1100 MMOKa3aTH, 10 €JIEMEHT BKIIOYEHUH B IpyIy ele-
MEHTIB. (aHaJIOT TOTO, LIO JIETaIb BKIIOYEHA Y 30ipouHe KpecIeHHs);

* element_group_relationship: BUKOpHCTOBYEThCS, 11100 TTOKa3aTy, 110 JBi element group (KpecieHHs) mo-
B's13aHi [7].

Bumie 6ynu po3risHyTi MoknuBocTi BuKopucTtaHHs B NCDM ABOX pi3HHX THIIIB CEMaHTHYHOI pO30OWBKH
BHCOKOTEXHOJIOT19HOTO MammMHOOYNiBHOTO MpoaykTy. OAWH 3 MiAX0IiB BUKOPUCTOBYE cTaHaaptu rpymnu STEP
IUIsL SIBHOTO BW3HAYCHHS CIiBBITHOIICHHS 30ipku Ta ii yacTWH. TyT BU3HAUCHHS NPOAYKTY IUI OYaAb-5KOI
3i0paHoi feTani crtae Mepeskero TOB'sI3aHNX BU3HAYCHB 1HIMUX NpOoXyKTiB (11 wactuH). Llei minxin, sK mpaBHIio,
BHUKOPHCTOBYETBCS Ha €Talli IPOSKTYBaHHS Ta BUPOOHHUIITBA BUCOKOTEXHOJIOTIYHOTO MAIIMHOOYAIBHOTO BHPOOY.
[Hmmi migxig 70 BU3HAYEHHS NMPOIYKTY MOIIUPEHHH B JOTICTHUIN, TOOTO HA eTali eKCIUTyaTallii BACOKOTEXHO-
JoriYHOro MamuHoOyAiBHOTO BUpoOy. TYT BHKOPHCTOBYETHCS pPO30MBKa, sIKa 3aCTOCOBYETHCS 10 HPOIYK-
Ty/cucteMH 1 BCix 11 CKIagoBUX yacTUH/(QYHKLIN B LIJIOMY 1 B OCHOBY 5IKOi MOKJIa[eHi AENIO 1HII MPUHLIUIIHN:
¢dyHKIiOHANBHUH, KaTanoxHu, (iznunmii Tomo. NCDM He BuMarae HassBHOCT1 OZJHOTO THITy PO30MBKU MOBEPX
IHIIIOTO 1 HE BUMArae CTBOPEHHsI o/iHi€T popmu paniiie iHmof [7].

BucHOBKM Ta nepcreKTUBH MOJAJBIIMNX J0CTiIKEeHb

[MocibHuk [7] mae myke KOPHCHI peKOMEHIAMIi 0 CeMaHTHYHIN PO30HBIII BUCOKOTEXHOIOTIYHOTO MAIIIH-
HOOYIIBHOTO MPOIYKTY, BU3HAYCHHIO CYTHOCTEH, 3B s3KIB MK HMMH, aTpHOYTiB CyTHOCTeH. Peamizaris mooy-
JIOBH JiarpaM “cyTHicTh-3B's30K~ (ER-miarpam) mpomoHyeThCs 3miMCHIOBATH i3 BHKOPHCTAHHAM CTaHIAPTHOI
MOBH MOJICTIOBaHHS AaHWX Mpo BupoOHMITBO EXPRESS. Ane mist BUKOpHCTaHHSA Ii€l MOBH MOJICITIOBAHHS B
VYkpaini Ta i y iHImMX kpaiHax banTifickko-4oOpHOMOPCHKOTO pErioHy HeMae KaapoBoro 3adesmedeHHs. Lle Oymo
BCTAHOBJICHO B XOJIi aHAJI3Y CaWTiB i3 momyKy poootu B IT cexropi. MotuByBatu | T-cnenianicTiB BUBYaTH MO-
By MojentoBanHs EXPRESS HeedexkTnBHO uepe3 psj mpu4HH, a caMe HECIIBCTABHICTh PIBHS OIUIATH Mpalli B
IT-ranysi ta MammHOOyyBaHHI YKpaiHH, By3bKUI CHEKTP 3aCTOCYBaHHs Ili€i MOBH, IIEBHUII 4ac, HEOOXIIHUIA
Ha ii omaHyBaHHS. B pamkax naHOi poOOTH NPONOHYEThCA 30epiraTi IPUHIMITA MOJISIIOBAHHS JAHUX 3aIpPOIIo-
HOBaHMX B [7], ik oCHOBHOMY Kepytouomy ngokymeHTi NATO, ta cranaaprax rpynu STEP. Tum Oinblie, 1o i
NPUHLUIIE MOXKYTh OyTH 3acTocoBaHi aiist moOyqoBu ER-niarpam i3 BUKOpUCTaHHSM IHIIMX MOB MOJICITIOBAHHSL.
VY SKOCTI MEPCHEeKTHB MOJAANBIINX JOCIIDKEHb MPOMOHYETHCS TMPOBECTU MOPIBHUIBHUN aHaIi3 HOTalii, MOB
MOJICTIOBAHHsI Ta MPOTPaMHUX MPOJIYKTIB, sSIKi X pPeasli3yroTh JJIsi MOJENIOBAHHS JAHUX BUCOKOTEXHOJIOTIYHO]
MaIIPHOOYIIBHOT POTYKIIii.

VY sKOCTI CHCTEMH YHpaBJIiHHS 0a3aMH JaHUX BHCOKOTEXHOJOTIYHOI MAIIMHOOYIIBHOI MPOAYKINI MPOIIO-
HyeThest BUKOprcToByBaTH PostgreSQL, a He ORACLE, six e mpononyeThes B [7]. Take pimeHHS 00yMOBJICHO
B IIepiry 4epry TimM, mo PostgreSQL cuctemoro ynpaBiiHHS 0a3aMH JaHHX, IO PO3MOBCIOJDKYETHCS 3a JILCH-
3i€10 BUIBHOTO JIoCTyNy. BoHa Mae mmpokuii ¢pyHKIioHan it poOOTH 13 JaHUMU Pi3HOT MPUPOJIH, SIKI BUHHKA-
I0Th Ha YCIX eTamax >KUTTEBOTO IMKIY BHCOKOTEXHOJIOTIYHOT MalIMHOOYAIBHOI MPOJIYKIII, 30KpeMa 3pa3KiB
030pO€HHSI Ta BIICHKOBOT TEXHIKH.

Oxpim 6a3oBoi mozaeni NATO CALS (CoreModel) icHye nexinbka iHIIMX TPUHIUITIB MOACITIOBaHHS JaHUX
B CALS-xoHuenmii. IXx BUBUEHHS TakoX BiTHOCHTBCS IO IEPCIEKTUB MOAANBIIO] HAyKoBOi poOOTH i3 BIpo-
BamkeHHsT CALS-koHIenmii B BHCOKOTEXHOJIOTIYHE MAIIMHOOYIyBaHHS YKpaiHu Ta iHmmX kpain CximHOi
€spornu.
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