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VJIK 519.6

AJANITAIUA ITO TOYHOCTH B CHCTEMAX OBPABOTKHA
SKCIIEPUMEHTAJIbHBIX TAHHBIX C IBYXYPOBHEBOU
CAMOOPI'AHU3BAIMEN

3ameBckas O.B., k.T.H.,

Mupomnanyenko U.B.

Hayuonanvnvi mexnuueckuu ynusepcumem Yrxuaunvl « Kuesckui
noaumexnuyeckui uncmumym umenu Meopsa Cuxopckozoy (Ykpauna)

B cmamve paccmampuseaemcsa - OUeHKU  HAUAIbHBIX U
UEHMPATbHBIX 0OHOMEPHBIX MOMEHMO0E 00 4-20 nOpAOKa, noyueHHbvle 8
CO3/] nepeozo u eémopozo ypoeHeil camoopzaHu3auyuu, mMoym Ovimb
UCNONb306AHbl NPU  GBIUUCTCHUAX CMEUIAHHBIX  XAPAKMEPUCMUK
6MOP020 NOPAOKA, 6 OCHOGHOM CHEKMPAIbHLIX U KOPPEAAUUOHHBIX
dynkyuil cucnanos, a makxyce npu cunmese cmpykmyp CO3/] mpemwezo
yposua camoopzanuszauyuu. Paspabomka makux cucmem nozeonaem He
MONbKO CMPYKMYPUposams 0anHvle 00 IManax uzzomoeieHus uzoenus,
HO U XpAHUMb UX HA NPOMAICCHUU 6CE20 HCUSHEHHO20 WUKIA.

Kniouegvie cnosa: unghpopmayuonnvie mexmonouu, adanmayus,
cucmemvl 00padOmMKu IKCREPUMEHMATbHBIX OAHHBIX, 0000UIEHHAA
mMOYHOCHLD.

Ilocmanoeka npoonemot. Paccmorpennsie panee Cals-texHonoruu
MO3BOJISUTH paboTaTh M CO37aBaTh YK€ TOTOBoe wu3aenue. PaspaboTka
CUCTEMBI JUIsi O0O0paOOTKA OKCIEPUMEHTAIBHBIX JaHHBIX TTO3BOJIHIIO
MOJYYUTh AQJANTUBHYIO CHUCTEMY C MHOTOYPOBHEBOW CaMOOpraHW3alvU.
Co3naHHbIe CUCTEMBI MTO3BOJISIIOT XPAaHUTh CTPYKTYPUPOBAHHBIE JaHHBIE HA
MPOTSIKEHNUU BCETO KU3HEHHOTO LIMKJIA U3/IEIIHS.

Ananuz nocneonux wuccieoosanuit u nyoaukayuii. OCHOBOU
HAay4YHOU JESTEIbHOCTH, CBS3aHHOW C JKCIEPUMEHTAMU B KOHKPETHOMU
npeametHoi npobnemuoit obmactu (PRAR — Problem area), B xome
KOTOPBIX TIPOBEPSIOTCS OSMIOUPUYECKUE 3HAHUSA, (PUIOCOPCKUE HUJICH,
TUIIOTE3bI, TEOPUH M CO3JAIOTCS KOHIICTIIUH, SBIISIOTCS MaTeMaTHYECKUE
moznenun (MM) mporieccoB B PRAR. B teopun 0000611eHHON TOYHOCTU
CUCTEM  BBIUMCICHUSI cTaTUcTHYeckux  xapakrtepuctuk (CX) 1o
pesyabratam usMmepeHuss napamerpoB PRAR, namee cuctem o6paboTku
skcriepuMeHTanbHbIX JaHHbIX (CO3JI), pa3paboTaHbl MPUOIMKEHHBIC
METOJbl pacyeTa CyMMapHON MOTPEUIHOCTH OT COBOKYIHOTO JE€UCTBUS
HMCTOYHUKOB, OIKCHIBAEMOT0 MareMmaTudeckod mozensto (MM) B Buue
ciay4daitHoro mpouecca &(t). Jmgs MM B Buae crallmoHapHBIX HOPMaJbHBIX

£(t) B TpeHEOpe)KEHWHM aHOMAIbHBIMU OIIMOKAMU BBIPAKEHUSA IS
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cymmapHoit norpemHoctd CODJ] momydyaroTcsi 1OCTaTOYHO MPOCTHIMU H,
caMmoe IJIaBHOE, OJJHO3HAYHbIMH [1, 2].

Cnoxnee 00OCTOMT J€10 C OOOCHOBAaHHEM paclpeeICHUS
TpeOOBaHMM K HCTOYHHMKAM [MOTPEUIHOCTEM TMpU MPOCKTUPOBAHUU
paznmuunbix COD/I, T.e. mpu cUHTE3€ WX CTPYKTYpPhI, TaK KaK MPHU ITOM
HEOOXOMMMO pemaTh OOpaTHYIO 3aJady C MHOXECTBOM PEIICHHM.
[ToaTOMy IPUMEHSIOTCS TIPUOJIMIKEHHBIE METOIBI PEIICHHUS, JOITYCKAIOIIIHE
TPYNIUPOBKY MOMEX nN(t) U HCKIIOYEHHE HEKOTOPHIX M3 HUX U T.I.
Metonbl  yMeHbIIEHHMS morpemHocted npoektupyembix COD3J[ ¢
ajanTalye MOKHO pa3OUTh Ha TpU rpynmsl [3].

1. YcTpanenue nCTOYHUKOB NOTPENTHOCTEN B MECTE BOZHUKHOBEHMUSI:
nojaBjiieHue  n(t) BHYTPH OTUX HMCTOYHUKOB  (IKpaHUPOBAHUE);
YMEHBIIICHUE BHYTPEHHUX IIIYMOB ammaparypbl; Tepexoj Ha Oolee
COBEPIICHHYIO WM MPUHIMIUAILHO UHYIO SJIEMEHTHYIO 0a3y; BpPEMEHHOE,
MPOCTPAHCTBEHHOE W APYTUE€ BUBI PA3ACICHUS KAHAJOB JIJIsi OCIa0ICHUs
WX B3alMHOTO BJIUSIHUSI; MIOBBIIICHUE MOMEXOYCTOMUYMBOCTH MPU TIEPEXO0JIC
KaHaJOB CBSI3M HA CJIOXKHBIE W IIIYMOIIOJOOHBIC CHUTHAJBI; MEPEXO] Ha
HOBBIE JMAaNa3oHbl Tepefayd (MHUIMMETPOBBIE BOJHBI, ONTUYECKUU
Jyana3oH) W O00paOOTKM CHUTHAJOB, TJI€ YPOBEHb IIOMEX PE3KO
YMEHBIIIAETCS; TEPMOCTAOUIU3AIMS M TEPMOUBOJAIUS, MNPUMEHEHHEM
WHTETPATbHOM  TEXHOJOTUW [IJI1  YMEHBIICHUS 4YHUCIa KOHTAKTOB;
cTabuIn3aIs ICTOYHUKOB MUTAHUS U T.I.

2. OcnabneHue AeUCTBUS UCTOUYHUKOB MOTPEIIHOCTEN B TE€X MECTax
COB1, rme ngeiictBue WX  MakcumainbHO. Croga  OTHOCHTCS
MIPOCTPAHCTBEHHO-BPEMEHHAsi 00pa00TKa CUTHAIOB X(t) MJIsi YMEHBIIICHUS

BIIMAHUA ITOMEX n(t) , IMPUMCHCHHC IMPHUHIIUIIOB KOMIICHCAalluu,

WHBAPUAHTHOCTH M KOMIUICKCUPOBAHUSA W3MEPEHUN ISl YMEHbBIIICHUS
anmapaTypHOU MOTPEIIHOCTH; PE3EPBUPOBAHUE aIapaTyphbl; BCTPOCHHBIH
KOHTPOJIb ISl TIOBBIIIICHUST HAJIS)KHOCTH, B TOM YHCII€ U METPOJIOTUUECKOI;
npumeHeHue oOpatHoi cBs3u (OC) nnsi yMEHBIIICHHS TOTPEIIHOCTEH
U3MEPECHU 3a CYET YMEHBIICHUS BHYTPEHHUX HECTaOMILHOCTEM,
nojaByiieHne n(t) ¥ T.O.; TEPMOCTATUPOBAHHUE, DKPAHUPOBAHHWE W ApPYyTas
3alUTa OT PA3JUYHBIX MOJIeH; TPEHUPOBKA ammapaTypbl sl BbISBICHUS
OTKa30B U T.J.

3. KomOuHUpOBaHHbIE METO/bI, IMO3BOJISIIOIIAE YCTPAaHUTh OJHU
HMCTOYHUKH MOTPENTHOCTEN U 0cNaduTh JercTBue Apyrux. OQHUM U3 dTUX
METOJIOB SIBJIAECTCS Tepexoi K mudpoBoit oOpaboTke x(t), MpU KOTOPOM
YCTPAHSIETCSl TIOTPEIIHOCTh OT HEJIMHEHHOCTH W YMEHBIIACTCS BIIHMSIHHUEC
HECTAOWJIBHOCTU TpaKTa mepeaauu. VMcmoab30BaHne HHTErPATbHBIX CXEM C
OONBIIMM ypPOBHEM HHTETpAIMU JTa€T BO3MOXKHOCTH peanm3anuu 0oJiee
MOMEXOYCTOUYUBBIX aJIrOpUTMOB 00paboTku (amanTUBHBIX,
POCTPAHCTBEHHO-BPEMEHHOM 00paboTKH, CTOXaCTUYECKUX,
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UTEPAIIMOHHBIX M T.JI.) U PACIHIUPSAIOTCS BO3MOXKHOCTH pPE3EPBUPOBAHUS
anmnaparypsbl 3a CUe€T IPUMEHEHUS! TUTIOBBIX 3JIEMEHTOB 3aMeHbI (TO3).

Hudpoas o006paboTka, B OOJBIIMHCTBE CJIy4acB, IIOBBIIIACT
0000mennyto TouHocth CODBJ] mnpu HUCMOIB30BAHUU CTPYKTYPHBIX
METOZIOB TIOBBIIICHUS TOYHOCTH [4], TO3BOJSIONIMX HCIOJb30BaHHE
BHCIITHE-BHYTpeHHEeW amanTtarmu. Ho mnpum  1udpoBoir  obOpaboTke
MOSIBJISIIOTCSL  IOTIOJTHUTEIbHBIE TOTPEIIHOCTA OT KBaHTOBaHUS [5] u
MOTPEIIHOCTA AJITOPUTMOB M, CaMO€ TJIaBHOE, 3HAUYUTEJILHO PACIIUPSIETCS
MoJ0Cca YacTOT KaHAJIOB CBSI3M, YTO YCWJIMBAET BIUSHHE JIPYTHUX
MOTPENTHOCTEN, HAIIPUMEDP, OT KOHEYHOM CKOPOCTH BBIITOJIHEHHUS ONEpAuN
Ha OBM.

Dopmynuposanue uenei cmamovu. Co31aTh OTKA30YCTOWYHUBYIO
cUcTeMy JUIsi 0OpabOTKH SKCIIEPUMEHTAIIbHBIX JTAHHBIX.

Ocnoeénasa uwacmsp. IlpuHuMass B KAauyeCTBE OINPEICISAIONIETO
nokaszarens kadectBa COD/] mOrpemnHocTh BBIYUCIECHUS CTATUCTUYECKUX
xapaktepuctuk (CX) mo pe3yapTaTaM U3MEPEHHs MapaMeTpoB X(t) , MOKHO
chopmynupoBaTth TpeOoBaHusi Kk €€ u3MepurenbHoMmy kanany (MK). B
obmem ciayyae WK npencraBiaser coboil MHOrokaHalbHOE (WK
MHOTO(QYHKIIMOHAJIBHOE)  TEXHUYECKOE€  YCTPOWCTBO,  COJEpIKalllee
COBOKYITHOCTb JIaTUUKOB, YCTPOMCTB COIIaCOBaHUs (yCUIIUTENEH, aHAJIOTO-
nM(ppoBbIX MpeodpazoBaresel u T.1.), Mep, KOMMYTAaTOPOB U JIMHHUI CBS3H,
OOBEIMHEHHBIX OOIIMM aJITOPUTMOM IMOJIYYEHHUS] AAHHBIX O COCTOSTHUSAX
npodaemuoit oomactu PRAR (Problem area) B Buje MMEHOBAHHBIX YHCEI
VI JIOTUYECKUX BBICKA3bIBAaHUM.

[Ipn onTuUMabHON 00paboOTKe BBIXOAHBIX cHurHaoB X(f) ot
natyukoB Ha pore momex n(t) CODJl MMEIOT BO3MOKHOCThH BO3JICHCTBUS
Ha OOBEKT M3MEPEHUM C IEJIbI0 MPUONMKEHUS K DKCTPEMyMY IIeJIeBOM
(GYHKIIUU SKCTIEPUMEHTa — MOTPEITHOCTH, HAJIEKHOCTH, 3aTpaT PeCypcoB U
T. A. OCHOBHBIMH COCTAaBJISIIOIIMMU cyMMapHO mnorpemHocty COD/]
SBJISIOTCSL TIOTPEIIHOCTH JIATYUKOB, TaK KaK WX MPUHIUIHAIBHO
HeBo3MOkHO oxBatuTth OC [3]. IloaToMy nmnpu NOpPOEKTUPOBAHUU
amantuBHbIX CODJl pa3nuyHOrO YpOBHS HEOOXOJUMO YYHUTHIBATH
CJICIYIONTNE OCHOBHBIC TIPHUHIIMIBL TMPUMEHEHHE WH(GOPMAIIMOHHBIX
kpuTepueB A(OPEKTUBHOCTH afamnTalii; Y4eT CTENeHH anmpHOPHOU
HEOMPEICJICHHOCTH yCJIOBUM pabOThl; TMPUMEHEHHE BEPOSTHOCTHBIX
CTaTUCTHYECKUX METOA0B U popmanu3arus onucanust COD/I [2].

Eciu ke mmoTHOCTH BEpOSITHOCTH W (X) WM IPYTUe IapaMeTpsl &(t)
HEU3BECTHBI, TO MPUHSITO TOBOPUTH O 3aJa4ax CTATUCTUYECKOTO CHHTE3a B
YCJIOBUSIX ampuOpHOM HeompeaeneHHOCTH. [Ipu sToM Bcerma cieayer
MMETh B BU]Y, YTO, IPU OTCYTCTBUU AllPUOPHBIX CBEACHUN O CUTHaIax X(t)
M ToMexax n(t), pEmeHHEe 3aJa4d CUHTE3a OINTHUMAJIbHOW CHUCTEMBI

HCBO3MOXHO B IIPHHIUIIC. O,IIHaKO Ha IMPaKTHUKEC BCCTJa C€CTbhb AAaHHBIC,
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OCHOBAHHbBIC Ha MPEJBIAYIIEM OIbITe, PUINYECKON TPAKTOBKE 3aJ1a4d WM
uHTYyuIMu. Pusznueckass TPAKTOBKA OTHOCHUTCS K KIIIOUEBOW 3ajaye
dbopmupoBanus MM, a 3agadya MOMY4YEHUS ANpPHOPHBIX JaHHBIX — K
3alayaM QpopMupoBaHusi 0a3 3HaHuil. Jlyuiime pe3ynbTaTbl MOTY4YaroTCs
IpU OCYUIECTBJICHUU HAaIlpaBJICHHOrO Tmiepebopa BapUaHTOB CTPYKTYP,
OMMPAIOILIETOCS Ha ONPEICIICHHBIE 3HAHNUA.

YpoBenb camoopranuzanuu anantuBHbix COJJl ompexpensieTcs
pSIOM WX CBOWCTB, mpHueM Ooiee BbIcOKoopranuzoBanubie COD]]
OINMHUpArOTCs Ha OOJbIIYI0 6a3y 3HaAHHIA.

AnantuBaeie  CODQJl  nepsoco  yposwss  camoopeanHuzayuu
OPUEHTUPOBAaHbl HA BBIYMCICHUE NApaMETPOB (PUINYECKUX BEIUYUH IO
pe3yapTataM u3MepeHuid Toiibko B oaHot PRAR. Anroputm paGoTh
COD3Jl nepBoro ypoBHSI BBINOJHIETCS (UKCUPOBAHHOW MPOTPaMMOi
00paboTKH, KOTOpasi SIBJISAETCS OCHOBHBIM WHBApPUAHTOM TaKHX CHUCTEM,
HaIlpuMep, SKCIEPTHBIX.

Bmopou yposenv camoopeanuzayuu anantuBHbix COJ3J] momxeH
NO3BOJIATh WU3MEHATh IPOrpaMMy OCHOBHOH 0OpaOOTKM U HEKOTOPYIO
yacTb 0a3bl 3HaHWM, YacTO Ha3bIBAEMYI0  YCJIOBHO-IIOCTOSIHHOU
uHpopmanuel (KIacCupHUKATOpbl U Te3aypyChl), MPH U3MEHEHUH yCIOBHI
¢bynkunonupoBanus. MuBapuantamu CODJ[ BTOpOro ypoBHS SIBISIOTCS
yKe 3HaueHusi Kpurepus 3(QPEKTUBHOCTH, MPOrpaMMbl ONTUMHU3ALUU U
METO/Ibl MOBBIIIEHUSI TOYHOCTU. APXUTEKTYypa OOJBIIMHCTBA aJalTUBHBIX
CO3/1 BTOpOrO YpOBHS MOXKET OBITh MpEJCTaBlieHa HA0OPOM MOIYyJEH
uHpopmanmonHoro (MO) u matematnyeckoro (MO) obecrieueHus.

[IpoektupoBanue COD]l mpemwvezco ypoeus camoopeanuzayuu B
OOJNBILIMHCTBE  CIy4aeB  CBOJAMTCA K  IPOEKTUPOBAHUIO  HEKOH
nByxypoBHeBoii COJJl, B KOTOpOM WHBapUaHTAMH SIBIIIOTCA YiKe
METaKpUTEpUU — KpUTepUn O0Jiee BHICOKOTO paHra, Harmpumep, ITHUECKUe
nuiu 3ctetndeckue. McxogupiMu gaHHbBIMH B 3TuX CODJI sBisitoTes x(t) U
BO3MOYHbBIE BHYTPEHHHE COCTOSIHUS BCETO MOJIMHOKECTBA
npoektupyeMbix CODJ] HmxHUX ypoBHEH. K cucremaM TpeTbero ypoBHs
OTHOCSITCSA Tak HasbiBaemble ‘“‘nmHTeiiekTyalibHble CAIIP” ¢ moctosHHO
OOHOBJISIEMBIMU 0a3aMH 3HAHUIA.

OneiT  paszpadotkn CODJ] mepBoro ypoBHsS sl 0OOpabOTKH
HerayccoBbIX &(t) B paznudHbix PRAR naét ocHoBaHMs mosnarath, 4To Npu

pazpabotke amantuBHBIX CODJ[ BTOPOTO YpOBHS CamMOOPTaHU3AIUU
JIOJDKHBI ~ OBITh ~ WICTIONIB30BaHBl  METOJBI  TOBBIIICHUS O00OOIIEHHOM
TOYHOCTH, B YaCTHOCTH M MeToJ KomruiekcupoBanus [3]. Ilpu stom miis
YMEHBIIICHUSI CPOKOB pa3pabOTKM M CTOMMOCTH M3JEHHUS JO/DKHA
ucnois3oBatbesi CALS-texnosorus (Computer Aided Acquisition and
Logistic Support) — HempepbiBHas HH(DOpPMAIMOHHAS  IOIEPIKKA
7 PeKTUBHOTO yMpaBieHUs Ha BceX /-Mu 3Tanax LT mro0oi TexHu4YecKou
cuctemsl [6].
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1. BuemHee  mnpoekTUpoBaHHE:  pa3pabOTKa  KOHIEHIUH,
dbopmupoBaHue TpeOOBaHUM K CHUCTEME M pa3paboTKa TEXHUYECKOIrO
3ananus (T3) Ha BHyTpeHHee MpOeKTUpOBaHUE. J[Jisl yCEIHOro pelieHHs
3a/lauun BHEITHETO MPOEKTUPOBAHMUSI, Ha3bIBAEMOTO TaKKe
undonornyeckum yposruem onucanmii (DESL — Description Level), ogHoii
u3 Hauboyiee BaXKHBIX SBISETCSA MpoOJeMa MOCTOSHHOTO TMOMOJHEHHS U
oOHoBieHus1 wucxonHbix naHHeix HMO. IlpomsBoautcs pa3paboTka u
UCIIOJIb30BaHUE TMPOTPAMMHBIX CPEACTB yINpaBieHHUs Oa3aMu JIaHHBIX
(CYB/l), Ha koTOpoM pemarTcs 3amadud co3fganus MM (KoHienuuu
mozaenupoBanusi) COJJl, onucaHuss €€ CTPYKTYpbl, OrpaHUYCHHM
LETTOCTHOCTH U JIOMYCTUMOCTHU mpouenyp oopadotku. be3 takoro MO unes
aBTOMATHU3WPOBAaHHOTO BHemHero mnpoektupoBanus CO3J[ ma DESL
YPOBHE MOXET ObITh AUCKpEAUTHPOBaHa [3].

2. Bropoit »stan (DATL — Data Level) — BHyTpeHHee
MPOCKTUpOBaHUE sBIsieTcss cramued paszpaborku CODJl, Ha KOTOpOIi
MPOUCXOAUT Tpolecc mnpeodpazoBanus uHPopmanuu 00 00bEKTe
IPOEKTUPOBAHUSA HAa OCHOBE OIbITa MPOEKTHUPOBAHUS CUCTEM-AaHAJIOIOB B
BbIXOJIHYI0 MH(popManuto s u3rotosienuss CODJ[. Ha DATL yposue
CALS-TexHOMIOTMN MCTIONB3YIOT crieruanu3upoBannbie cuctemsl: CAIIP —
CAD (Computer Aided Design); WH)XEHEPHBIX aHAJIM30B U PACUYCTOB —
CAE (Computer Aided Engineering); KOMITbIOTEPHU3UPOBAHHBIX
UHTEerpupoBaHHbIX  mpousBoacte — CIM  (Computer  Integrated
Manufacturing) wmm CAM (Computer Aided Manufacture); ynpasnenus
npoektom — PDM (Product Data Management) u 1utaHupoBaHuS U
ynpasiieHus npou3soactsoM — ERP (Enterprise Resource Planning).

3. Ha tperbeMm, Haubosnee popmMann3zoBaHHOM, dTalle U3rOTOBICHUS
(CONL) wucmonb3yroTcs MPOTPECCHBHBIC TEXHOJIIOTMH  HM3TOTOBIICHUS
AJIEMEHTOB, cOOpkHu, HacTpoiiku U peryaupoBku CODJI. Usroromnenwue
€IMHUYHBIX  OMNBITHBIX OOpa3sloB M JOBOAKA HUX JIO YpPOBHS
IPOMBIIIJIEHHOTO MPOU3BOACTBA (CEpUHHOTO WJIM MAacCOBOIO) SIBISETCA
omHuM U3 riaBHBIX HampapneHui stamma CONL. O6ovpenunenus DATL u
CONL yposneit B oqun 3tan DATCONL npuBoaut k pazpadbotrke CAIIP
Ha  “0e30yMaXHBIX  HOCHUTENSIX , WHTETPUPOBAHHBIX B  THOKHE
aBromaTtusupoBaHHbie npoussojctea (['All) — “CID-CIM”.

4. Ucnbitanue COD/] u ee mpOMBIIITIEHHOE MPOU3BOJICTBO.

5. Dkcrutyartanus (1e1eBoe TPUMEHEHHE).

6. MoaepHU3anmst SKCIITyaTHPYEeMOil CHCTEMBI.

7. Yrunuszaus.

CAIIP — 310 nuanoroBas cuctema, B KOTOPOH JAHAJIOr CTPOUTCS Ha
aHany3e HH(OpMalMM, TOJYYEHHOM B pe3yibTaTe pEIIeHUus CTPOro
dbopManM30BaHHBIX 3aJa4 HA OCHOBE METOJOB MaTEeMaTHYEeCKOTO
mozaenupoBanus. Tennenuus k uHterpauun CAD-cucrem u ERP-cuctem
yOpaBICHUS C  OJHOBPEMEHHBIM  ABTOMATHUYECKUM  BBIJEICHUEM



64

KOHCTPYKTUBHBIX ocoOeHHOcTei (Design patterns), a taxke MOsIBICHHE
y3koro kiacca cneruanusupoBaHHbix CAD-cucreM reHepupoBaHUs
WHHOBAIIMI /JA TOBBIIICHUS KaueCcTBa PEIICHUS] MHTETPAIMOHHON 3a]1a4H,
IpHBEIN K mosBicHUIo kKouuenuu Product Lifecycle Management (PLM),
KOTOpasi HE SBJISIETCSI HU MPOIECCOM B CMBICIE €ro TJIaBHBIX MPU3HAKOB
(ueTkoit ONpeaeIEHHOCTH, YHPABIIEMOCTH U U3MEPUMOCTH
XapaKTEPHUCTHK), HU COOCTBEHHO MPOrPaMMHBIM PEIICHUEM (ITPOIYKTOM).

B nacrosimee Bpemss PLM koHumemuusi XapakTepusyercs ee
passutueM B Hampapiennn GCE (Global Collaborative Environment —
['mobankHOE KOJUIEKTUBHOE OKPYXEHHE) — pa3paboTke yHHKanbHOW PLM
cuctembl mis Beex 3tanoB LT. Ilostomy BHeapenne CALS-texHoOTHMA
HEBO3MOKHO 0€3 KOMIUIEKCHOTO BHEJIPEHUS! BBIIIECTIEPEUNCICHHBIX CUCTEM,
tak Kak HH onxHa u3 cucteM CAD/CAM/CAE, PDM, ERP He sgBisercs
YHHUBEpPCAJIbHOW, TO €CTh COBEPLICHHOW C TOYKHM 3pEHUsl pa3pabOTUYHMKOB
TEXHUYECKUX CHUCTEM JIJIsl ucclieoBaHus pusznyeckux npoieccoB B PRAR.
IIpu BHemHeM n BHyTpeHHeM mpoektupoBaHuun COJJl conmep:kaTesbHas
CTOpPOHA MpOoUEeAypbl onucanus ((HopManu3aluu) UMEET CBOIO ClEeHUpUKY
U BO MHOTMX CJIy4dasX, HalpuMep, B CEUCMOJIOTUU, TUIPOAKYCTHUKE,
MEIUIMHE, aCTPOHOMUH, (U3UKE U Jp., YHUKAIbHA, YTO J1a€T OCHOBAHMSI
mojaratb O  HEBO3MOXHOCTM  co3aaHuss  yHuBepcanmbHOou — CAIIP,
unBapranTHoit kK PRAR [2].

NH}opManmoHHO-U3MEPUTETBHBIN IIOJX0/ rapaHTUpyeT
M3MEPUMOCTh MHOXECTB OLIEHOK CX B BUIE pe3yrbmamos usmeperuu. B
OCHOBE  JKCHEpPUMEHTaNbHbIX  uccienoBanuit B PRAR  nexar
U3MEpUTENbHbIE MPeoOpa3oBaHusl CUTHAIOB x(t) oT maruukoB CODJ u

BBIYMCIIEHHE TI0 3aaHHOMY anroputMmy oreHok CX ©°[x(t)] kak mpemenos
BBIOOPOYHBIX ~ CpPEAHMX 3HA4YeHHH x(t). DTO JaeT BO3MOXKHOCTH
paspaborarh OOIILY0 METOAWKY BBIYUCIEHHS O'[x(1)] W omnTMMaIbHO
COTJIaCOBATh YaCTHBIE MorpemHocTu komnonenToB COD /I, onpenenstoiume
CYMMapHYIO OrpemHoctb A® [x(t)]. CymmapHas morpemHocts A [x(t)]

BBIYHCIICHHS OlleHKH CX K-T0 MopsiaKa, B KOTOPYIO BXOAUT M MOTPEIITHOCTh
KIaccupuKaluu,  ONPEeNesstoTcs  OOmMMH U CHeUDUUECKUMU
OTpaHUYCHUSIMHU.

OO6mme orpaHudeHus: 00yCIOBICHBI (PU3UIECKUM CMBICIIOM 0 [x()],
YPOBHEM pPa3BUTHS TEOPUH U B3auMojielicTBreM 00bekToB B PRAR, uTo He
no3BoyiseT (opmanu3oBath uacanbHbld omepatop (ldeal operator)
BBIYUCIICHUS] 00pa31[0BOM OLIEHKU G)[x(t)]. CnenuduueckuM orpaHMYCHUEM
SBIISICTCS ~ WCIOJIb30BaHUEe peanbHOro omeparopa (Real operator),
3aBUCSIIETO OT KOHEYHOCTH O0ObeMa BHIOOPKM d MIHOBEHHBIX 3HAYCHUM
HOCJIeI0BaTeIbHOCTEH  {x,(t)} WM aHcamOnel peamuzauuit {x(t,)},

MOJYYEHHBIX IO PE3yJIbTaTaM U3MEPECHUM.
Torna, mojaras
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©[x(t)]=lim sd[g[x(®)]|
sgo iy 1 Pl def
rae Sd = Wiz:l: = ! VNT 2 — oneparop ycpennenus, d = f{NvT v NT} —

napaMeTp, XapakTepu3yloluii 00beM JaHHBIX U, UCKIIOUYMUB a0CTpPaKTHbBIC
(T.e. TIPAKTUYECKH HEpealn3yeMble) MOJIEIU, TMPU HUCIOJIb30BAHUU
peabHOrO Oreparopa MoJIy4aeTcsl OLEHKa!
©"[x()]=sd[g[x() | ©[x(®)]. (1)
Pa3HooOpa3ue CTaTHCTHYECKUX W3MEPUTEIBHBIX 3a/ad JTUKTYeT
HEOOXOJMMOCTh UX Kaccudukanuu [8], 0oCOOEHHO Ha 3Tare BHEIIHEro
npoektupoBanuss CODJ npu peanmmzanun PLM u GCE-texHomoruii.
OCHOBHOW TpPYAHOCTBIO TIPH HCIIOJB30BAaHUM KJIacCU(PHUKATOpPOB [8]
ABJISIETCA MOJYYECHUE CBEICHHUM O Kilacce &(t), WM, HHAYEe TOBOPS, OLIEHKU
MOTPENTHOCTH Ki1accuukanuu npuHaToi MM.

Ceuenne x(t), Mg ONHCAHUS KOTOPOTO HCIIONB3YETCS CilydailHas
byHkIusa £(t,w) IBYX NepeMeHHbIX: t€T U 3IeMeHTapHOTO COOBITHS
@ € () BCEro MHOXECTBA COOBITUHN C 3aJJaHHON Ha HEM BEPOSTHOCTHIO, HA
a000M 3HaueHUW aprymeHTta t sBusercs ciaydaiiHoW BenumuuHou (CB),
3aIaHHON Ha OCHOBHOM BEpPOSTHOCTHOM IpOCTpaHcTBe (&,P,F), roe F —
anreOpa COOBITHH, HANpUMeEp, OpAUHATA OTPAKEHHOTO 30HAUPYIOIIETO
CUTHaJja u JIp.

Ecmu t — Bpems, To cemeinictBo CB £(t,w) Ha3bIBAIOT CIy4alHbBIM
nmpoueccom £(t). Ilpm ananuse cimydalHbIX X(t), XapaKTEPU3YIOLIHUX
aHOMAaJIMU CKOPOCTU OTPAXKEHHOTO CUTHaja (IpU paJlio U TUIPOJIOKAIUH,
aKTHUBHOM ceificMOpa3BeliKe, yIbTPa3ByKOBBIX UCCIEIOBAHUSIX B MEAUIMHE,
BBIYUCJIEHUH TApaMETPOB IIEPOXOBATOCTH B MAIIMHOCTPOCHUU U T.H.)
HeoOxoauMa 00paboTKa T.H. “mojiel”, B KOTOPBIX B KAa4ECTBE apryMeHTa
BBICTYIIA€T MPOCTPAHCTBEHHAs MEpPEMEHHasi |, HO MamemamuyecKuul
annapam &(t) npu uzmenenuu nepemennoi t na | ne uzmensemces, a CX
sToii MM B BHI€ MOTYT OBITH ONpPENETEHBI MO Pe3yJibTaTaM HU3MEPEHUI
opauHatr CB peanuzanmii  £(t), HampuMep OpAMHAT IIEPOXOBATOCTU
MOBEPXHOCTH [7].

Ecnu £(t) IpeAcTaBieH peanusamusaMu {x, (t)} U HCIONB3YIOTCS IBE
HE3aBHCHUMEBIC MepeMeHHbIe — BpeMsi U u HoMep peamm3aruum N, TO €ro
Teopernueckre BX BwipaxkatoTcs uepe3 3 mpejesia BBIOOPOYHBIX CPEIHUX
KaK CTaTMCTHYECKHE XapaKTepucTuku O[x(t)]:

o[x(n)]= L‘L‘Lﬁi glx (0] = Tliggc%j ol (t )it = Jim [ exobt.  (2)

[Ipu npeacTaBneHun &(t) NOCIEN0BATENLHOCTIME {Xi (t)}:
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olx®)=lim > gl )] =1m L ol fim L5 gl ()

Ni=20.Np =20 N1N2 i=1 j=1
B ananoro-umgpossix CODJ] mepBoro ypoBHS caMOOpTaHU3ALUU
BHEIIIHE-BHYTPEHHSS ajanTanus MOKET OBITH MPOU3BEICHA
MHUHUMM3aIMen uucna paspsgoB ALl gns  gocTwkeHus 3agaHHOM
CYMMAapHOM NOTPELIHOCTH A®*[X(t)] BEIYHMCIIEHUS oleHKku O [x(t)]. s
ATOTO  MPOU3BOJMTCS  HENPEPBHIBHBIA  AHAIM3 OLEHKH IUIOTHOCTH
BeposTHOoCTH W ' (X) — T.e. (dopmupyeTcs “TeKyimas TrucTorpamMma’

W[ X;(t;) ], mo xoTopoii onpenenseTcs MUHUMaIbHOE YiCIo pa3psanos AL
JUIS IOCTH KEHUs TpebyeMoii norpemHoct A® [x(t)] Beeit CODI.

B takux amantuBHbix COD/] omeHKa £l K-TO mOpsiaka BEIYUCIISICTCS
KaK

o’ =(0,0] = AXS X OT W, 69 | @

*

rae [, — OLEHKA LEHTPAIBHBIX g, K-TO MOPSAJAKA, BBIYMCIAEMBIX IO
amantuBHOMy anroput™y, W, (X)= W[X(t;)] — omenka W(x) B BHze
“Texymieil ructorpammsel”’ ¢ yuciaoM N, nuddepeHnraibHbIX KOPUAOPOB

mupuHOi Ax, X () — KBaHTOBaHHOE 3HAYEHUE OPAMHATHI JISl CEPEIUHBI i-
ro quddepeHuaIbHOT0 KOPUI0pa MUPUHOM AX -

B ananoro-uudposeix CO3Jl BTOpOro ypoBHSI CamMOOpraHu3aluu
ONVH W3 METOJIOB YMEHBIICHUS AG)*[x(t)] COCTOUT B TOM, UYTO B

aJIaNTUBHBIA anTOpPUTM (4) BBIYMCICHUS [l BBOIUTCS KOI(P(UIIMEHT a
omHocumenbHol Koppekyuu (CIBUTA) OTCUETa OpPJAUHATHI CUTHama X(t)
OTHOCUTEJBHO cepeanubl nuddepennnansuoro kopuaopa AL [9].

Breruncnenne fl TPOU3BOAUTCS IO AITOPUTMY:

Ly = Axi{[qu + (i —)Ax]a} Wi (x) | (5)

*

rae Mgk — OIIEHKa KOPPEKTHMPOBAHHOIO 3HAUeHMs i, , W, (X) — olleHKa
IUIOTHOCTH BEPOSITHOCTH Uil I-T0 MU QepeHIIUaTBLHOTO  KOpUaopa
mupuHoil AX, X,,, — KBAaHTOBaHHOE 3HAYEHUE OPAMHATBHI CEpEIUHbBI

HayaJbHOro (repBoro) auddepeHuuaIbHOro Kopuaopa ¢ GUKCUPOBAHHOM
mpuHOH  AX, @ — Ttabmuunable 3HavyeHms [10] koaddummenTa

OTHOCHUTEJILHON KOPpEeKIUH, 3aBucse ot Buga W, (X).

Beruucnennsle 1o agantuBHeIM - anroputmMamM  (4) u  (5)
HKCIIEpUMEHTAJIbHbIE 3HAYeHUS napameTpoB 53Tod MM Kak OlLeHKH
MOMEHTOB IIEPBOrO U BTOPOIO MOPSAAKOB (HAYAIBHBIX @, WU LUEHTPAJIbHBIX

,UK*), MOI'yT OBITH MCHOJIb30BAaHBI JJI1 BBIYMCIICHHUA OLICHOK CMCIIaHHBIX



67

MOMEHTOB BTOPOI'0 NOpsAJKAa — CIEKTPAIBHBIX S(w) U KOPPEIAUMOHHBIX
R, (z) dynkuuii [10].

Boi6oovt. OueHkH HayajdbHBIX W UEHTPAIBbHBIX OJHOMEPHBIX
MOMEHTOB 10 4-ro mopsaka, noiaydeHHole B CODJl mepBoro m BTOPOTO
YPOBHEH caMOOpraHu3alii, MOryT ObITh UCIIOJIb30BAHbI ITPU BBIYUCIECHUSAX
CMENIaHHBIX XapaKTEPUCTHK BTOPOTO MOPSAIKA, B OCHOBHOM CIIEKTPAJIbHBIX
U KOPPEJSLMOHHBIX (YHKIUI CHUTHAJIOB, @ TAK)KE IPU CHUHTE3E CTPYKTYP
COJ3/] TpeTpero ypoBHs caMOOpraHU3alUu.
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AJAIITAIIA 3A TOYHICTIO Y CUCTEMAX OBPOBKHA
EKCIHHEPEMEHTAJIBHUX JTAHHUX 3 IBYXPIBHEBOIO
CAMOOPI'AHI3ALICIO

3anescbka O.B., Mipomniuenko [.B.

B cmammi po3zenadaemovca oyinka nouamrKoeux ma ueHmpaaibHux
00HOBUMIDHUX MOMeHmi8 00 4-20 nopioky, ompumani 6 COE/] nepuiozo
ma Opy2020 pi6HA CAMOOP2AHIZAULL, MONCYMb OYMU GUKOPUCMAHI NpU
00pAxXyHKYy  3MIWMAHUX  XAPAKMEPUCHMUK  Opy2020  NOpAOKYy 6
CHEKMPATbHUX MA KOPEAAUIUHUX (YHKUIAX CUZHANIG, 4 MAKO)C npu
cunmesi cmpykmyp COE/] mpemuvozo piena camoopzanizauii. Po3pooka
MAaKux cucmem 00360J1€ He MIIbKU CHMPYKHYypyeamu OaHi npo emanu
6U20MOBNIEHHA 6upoly, ane 1 30epicamu iIX RNpoOomMA2OM 6CbO20O
HCUMMEBO20 UUKITY.

Knrwuoei cnosa: inghopmauiiini mexnonozii, adoanmauyis, cucmemu
00pOOKU eKchepemenmanbHUX 0aHUX, y3a2aibHeHa moYHiCmb.

ADAPTATION IN ACCURACY IN EXPERIMENTAL DATA
PROCESSING SYSTEMS WITH TWO-LEVEL SELF-
ORGANIZATION

Zalevska O., Miroshnichenko I.

The article considers estimates of initial and central one-
dimensional moments up to the 4th order, obtained in the first and
second self-organization EEDS, can be used in calculations of second-
order mixed characteristics, mainly spectral and correlation functions of
signals, as well as in the synthesis of the third-level EEDS structures self-
organization. The development of such systems allows not only to
structure the data on the stages of manufacturing the product, but also to
store them throughout the life cycle.

Key words: information technologies, adaptation, experimental
data processing systems, generalized accuracy.



